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AHHOTANMA

Kypc nexkumii «®Pusupueckue METOIAbl MCCICIOBAHUS HAHOMATEpUAJIOB» OPUEHTUPOBAH HA CTYAEHTOB
MarucTparypbl ¢ 0a30BO NOATOTOBKOW B oOnactu ¢u3uku m Marematukud. Kypc naetr mpeacraBieHue o
COBPEMEHHBIX METOAAX HCCIIEA0BaHMsI Pa3IMUHbIX HAaHOMAaTepUajioB U HAHOCTPYKTYp, BKIIOYas AByMEpHbIE
Marepuaibl, YIIEPOAHbIE HAHOTPYOKHM, KBAaHTOBBIE TOUYKH, BaH-JEP-BaajbCOBBl TE€TEPOCTPYKTYPBI,
METaloOBEPXHOCTU U MeTamMaTepuabl U Apyriue UCKyCCTBEHHble HaHOMaTepuaiibl. Cpeay paccMaTpuBacMbIX B
Kypce JeKIHid METOAOB CJEAyeT BBIICIUTH: ONTHYECKYI0O MHKPOCKONHIO, CIEKTPO(OTOMETPHUIO,
pedIeKTOMETPHIO, ONTUYECKYIO CIIEKTPOCKOIHUIO, BKIIIOYAsk TEPareproBylo, CIEKTPAIbHYIO JUIUIICOMETPHIO,
KOMOMHALIMOHHOE PacCesHUE U TMIAaHTCKOE KOMOMHAIIMOHHOE PAacCesHUE, CKAaHUPYIOUIYI0 ONMKHENOJIbHYIO
ONTUYECKYI0 MUKPOCKOIIHIO, CHEKTPOCKOIIUIO MOBEPXHOCTHOIO IJIA3MOHHOIO PE30HAHCA, ATOMHO-CHIIOBYIO
MHUKPOCKOIHIO, CKAHUPYIOILYI0 TYHHEIbHYI0O MUKPOCKOIHIO, PACTPOBYIO M IPOCBEYMBAIOILYIO 3JIEKTPOHHYIO
MHUKPOCKOIIHIO, a TaK)XX€ PEHTICHOBCKYIO TU(PPAKTOMETPUIO, SIEKTPOPU3NUECKUEC U3MEPEHUSI U PII APYTHX
JKCIICPUMEHTAJIbHBIX TEXHUK. Takke B paMKax Kypca OyIyT paccMOTpeHbl 3(QQEKTHBHBIE METOIbI
YHUCIEHHOTO aHajlM3a HAaHOMAaTepHaJoB M HAHOCTPYKTYyp. JIeKmmm compoBOXkaaloTcs J1ab0paTOpHBIMU
3aHATUSIMH  JUISL  3aKpEIUICHUS TMPAKTUUYECKUX HAaBBIKOB 110 JKCIIEPUMEHTAJIbHON  XapaKTepu3aluu
HAaHOMAaTepHUaJIOB U HAHOCTPYKTYD.

1. lean u 3apa4un

Henp AucoMnInHBI

- OoBiIaZeHHE OOYYaIOIIMMUCA OKCIIEPUMEHTAIbHBIMH METOAAMH MCCIICIOBAHUIN TNPUPOIHBIX U
HCKYCCTBEHHBIX HAHOMATEpUAJIOB, BKJIOYas TaKWe MaTepuasibl Kak rpadeH, Apyrue AByMEpHbBIC
Marepualibl, yIIepoAHble HAHOTPYOKH, IIEPOBCKHUTHI, a TAKXKe pa3lIn4Hble MeTamaTepuaibl. B kauectse
OCHOBHBIX METOJIOB MCCJICAOBAaHMI HAHOMAaTEpPHAJIOB B paMKaX HACTOSILUETO Kypca CIEAyeT BBIACIUTD
ONTHYECKHE  METOAbl  HMCCIEAOBaHMSA  (ONTHYECKYI0  MHUKPOCKOIHMIO,  CHEKTPO(OTOMETPHIO,
pedIIeKTOMETPUIO, CHEKTPOCKOIHIO, BKIIOYAs TEPareploOBYI0 CIIEKTPOCKONHIO, CHEKTPaJbHYIO
9JUINIICOMETPUIO, KOMOWHALIMOHHOE paccesHHe W T'MTFaHTCKOe KOMOWHAIIMOHHOE paccCesHHue,
CKaHUPYIOLIYI0 OJIKHENONBbHYI0 ONTHYECKYI0 MHKPOCKOIIMIO, CHEKTPOCKOIHUIO ITOBEPXHOCTHOTO
IUIA3MOHHOTO PE30HaHCa M Jp.), ATOMHO-CHJIOBYI0 MHKPOCKOIHIO, CKAaHUPYIOUIYI0 TYHHEJIBHYIO
MHUKPOCKOIHIO, DPACTPOBYID W TPOCBEYMBAIOILYIO 3JIEKTPOHHYI0 MHKDOCKOIHMIO, a TaKxKe
PEHTI€HOBCKYI0  AW(GPAKTOMETPHIO,  2JIEKTPOPHU3MUYECKHEe  M3MEpPeHus U psadg APYIHX
IKCIEPUMEHTAIIBHBIX TEXHUK.

CryneHTbl NONy4aT HaYajlbHbIE HABBIKH PabOTBHI CO CIIOKHBIM HayYHBIM OOOpPYIOBAaHMEM W BBIIIOIHST
Pl TPAKTUYECKUX 3aHATHH Ha 00pa3oBaTeNbHBIX SKCIEPHUMEHTANbHBIX cTeHaax. lIpeamonaraercs
OCBOGHHUE KYJIBTYPbl COBPEMEHHOIO 3KCIIEPHUMEHTA, a TaKKe TEXHUKHU Oe30MacHOCTH IMPH padoTe C
ONTHYECKUM M3JIy4eHHeM M OepeXHOro oOpalleHus C ONTHYECKHUM OOOpYyIOBaHHEM M JIPyTUM
BBICOKOTEXHOJIOTHYHBIM  O0OpyIOBaHMEM.  3akpelyieHHEe  MarepuajoB  JIEKLMOHHOTO  Kypca
OCYIIECTBIISIETCS B paMKax JIabopaTopHOro npaktukyma. Bee mabopatopHbie paboThl CONPOBOKIAIOTCS
JEKUUSIMH, TAEC PACCMaTPUBAIOTCS TEOPETHUYECKUE U MPAKTUICCKUE aCIEKThl pabOThl 000PYIOBaHUS U
MPOBEJCHUS U3MEpEHUil. B paMKax JeKIMOHHOTO Kypca U 1abopaTOpHOTo MpakTUKyMa OyayT U3y4eHbI
0COOCHHOCTH M3TOTOBJICHUS! HAHOCTPYKTYP U TEXHHUKa pabOTHl C IBYMEPHBIMH MaTepHajaMu (CHHTE3
MarepualioB — 3KC(OIMMPOBAHME M XUMHUYECKOE OCAXAEHHE M3 TIa30BOH (as3bl, H3TOTOBIEHHE
HAaHOCTPYKTYp, B TOM YHCJIE€ C MOMOILBIO ONTHYECKOH M 3JIEKTPOHHOH JMTOrpaduu), a TaKKe
U3MEpEHNE OCHOBHBIX IIapaMETPOB HAHOMATEPUANIOB PA3IMYHbIMU (u3mueckumu Mertoxamu. [lpu
BBITNIOJIHEHUH J1a00paTopHBIX padoT oOydarouirecs: Haydarcs TpaMOTHOMY O(OPMIICHHUIO pe3yJbTaToB
9KCIIEPUMEHTOB, HUX IOCJEAYyIomEeH 00paboTke, a Takke MPEACTaBICHHUIO PE3YNIbTaTOB IS OLIEHKU
npenojanareneM. PerieHHple B paMKax JIGKLIMOHHOTO Kypca M JIaDOpaTOpHOrO HPaKTUKYyMy 3ajadu
MOTYT OBITh B JaibHEHIIEM aJalTUPOBAHBI U1 HCCIEJOBAaHHMSA CBOWCTB HOBBIX HAHOCTPYKTYp H
HAHOMAaTEepHaJIOB  JAJbHEHIIEH HCCIICAOBATEIbCKOM  EATENIbHOCTH  CTYIEHTOB. BhImonHeHue
71a00paTopHBIX paboT MpaKTUKyMa MO3BOJIUT C(OPMUPOBATH Y CTYIEHTOB HAaBBIKH HKCIIEPUMEHTAIbHON
paboThl, 4TO B JAajbHEWIIEM IO3BOJIMT UM MOATOTOBUTHCS K BBINOJIHEHUIO HCCIIEIO0BATEIBCKUX
IPOEKTOB B HayuyHbIX Jlaboparopusax. Kypc HaieneH Ha pa3BUTHE TBOPUECKUX HABBIKOB ITOCTAHOBKH
MEPCIIEKTUBHBIX HAYYHBIX 3a7ad.
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W3y4yeHne TEOpeTHUECKUX M MPAKTHYECKHX OCHOB PA3IMYHBIX (PU3NYECKHX METOIOB HMCCIEIOBaHUS
HAaHOMAaTEpHAaJIOB: ONTHYECKAsi MUKPOCKOIIUS, CIIEKTPO(POTOMETpHs, peIEKTOMETpPHS, CIEKTPOCKOIIHS,
BKJIIOYasl TEPareploByl0 CHEKTPOCKOIHMIO, CIEKTpalbHas AJUIMICOMETpUs, KOMOMHAIMOHHOE
paccesiHE M TUTAaHTCKO€ KOMOMHALIMOHHOE PAacCesiHUe, CKAaHUPYIOMas ONMKHETOJIbHAS ONTHYeCcKas
MUKPOCKOIHS, CHEKTPOCKOIIMSI IIOBEPXHOCTHOIO  IIJJa3MOHHOIO  PE30HAHCA, AaTOMHO-CHJIOBas
MHUKPOCKOIHNS, CKAHUPYIOIIAsi TYHHEJIbHAsI MUKPOCKOIIUS, pacTpoBasi M MPOCBEYMBAIOIIAS AIICKTPOHHAS
MHUKpPOCKOIHS, PEHTTCHOBCKas IU(pakToMeTpusi, NEeKTpOPHU3NUECKHEe H3MEpeHHs U PIa APYIUX
9KCIEPUMEHTAIIBHBIX TEXHUK.

OnbIT  XapakTepu3alld HAaHOMATEpHAJIOB, MpaKTUKa M MW3y4YEHHE KYJIbTyphl paboTBl ¢
HaHoMaTepuaiaMu. M3yueHne TeXHUKH 0e301acHOCTH paboThl C HAHOMaTepHaIaMu.

CuHTe3 M M3rOTOBICHHE HaHOMarepuasioB. Pabora ¢ AByMepHBIMH MaTepuanaMu — SKConuanus u
XUMHYECKOE OCaXKACHUE U3 ra3oBoi ¢a3el. [lepeHOoC HaHOMaTepHaaoB Ha pa3IMYHbIC TTOATIOKKH.

OHpeI[GJ'ICHI/IC HauOoJIee 3(1)(1)6KTI/IBHBIX METOAOB I/ICCJIGI[OBaHI/Iﬁ AJId 3aJIaHHBIX HAHOMATCpUaAJIOB U

HAHOCTPYKTYD.

2. llepedyens popmMupyemMbIX KOMIETEeHUHH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NuaukaTopsl JOCTHKEHHS] KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3MKO-MaTeMaTHYECKUX HayK

OIIK-1.1 SHaer W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBFHOW ~ NIeATEeNhbHOCTH  (PyHITaMEHTaIbHBIC
Hay4YHbIC 3HaHUS B 00JacTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Crmocoben 00001maTe ¥ KPUTHYECKH OILEHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTH
poeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTHHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKH ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 NpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyalbHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NeSTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.3 Brnageer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3yEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HayYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAINN

OIIK-3 CniocoOeH BRIOMpPATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHaIbLHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATbH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSS 3HAHHS B
pa3IMUYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKMMHM U BBIYHUCIHTEIHLHBIMHU
METOJaMH pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHULbl MPUMEHUMOCTH MOIyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJpTara v IIPeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKU TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHUKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAyYHOU JIUTEPATypHl,
MPUMEHEHHSI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CrnocobeH mNpuMeHATh 3HaHUS B o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PEeIIeHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS] HAYYHOTO HCCIICIOBAHUS

IIK-1 CnocobeH cTaBuTh, (hOPMaIHU30BLIBATE U

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTh U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax MCCIe0BaHUN B
paMKax TeMaTW4YeCKOW OOJaCTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH




pemarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIIEeI0BaTh MaTEMaTHYECKHE MOIETH
U3y4aeMblX SBJICHUN U IPOLIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBbIE HAYUYHbIE PE3ysIbTaThl

IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrmocobeH mnpuUMEHATh TeopeTHUecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

[1K-2 CnocobeH caMOCTOSTEIEHO HITH B
Ka4yecTBe uJieHa (PYKOBOIUTEIS) MAIOTO
KOJUICKTHBA OPTaHW30BEIBATh U ITPOBOIUTH
HAyYHbIC UCCIICIOBAHMS U MX arpoOaIiyio

[MK-2.1 Cnoco0eH TuIaHUpOBaTh ¥ TPOBOJAWTH HaydHBIC
HCCJICAOBAHMUS CaMOCTOSITEIbHO WMJIM B COCTaBE€ HAy4HOTO
KOJIJIEKTHBA

[IK-2.2 CnocobeH NpoOBOAWTH anpoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
MyONMKAIMY HAYYHBIX CTAaTe U y4acTusl B KOH(pEepeHIuIx

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIeJOBATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (IpruOOpaMH U yCTaHOBKaMH,
CTIEeUATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX
MporpaMm) B U30paHHON MTPEIMETHOM 00IacTH

IMK-3.1 Tlonumaer npuHOUNBI pPabOTHl HUCIOIB3YEMOTO

00opynoBaHUs (crierManu3upOBaHHBIX MaKETOB
MIPUKJIAJAHBIX TPOTPAMM)
IIK-3.2 Crocoben MIPOBOJNTH AKCIIEPUMEHT

(MonenupoBaHKUe) C HCIOIb30BAaHMEM HCCIIEI0BATEIBCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPaMM)

IMK-3.3 CnocobeH oIleHUBaTh TOYHOCTH IOJyYEHHBIX
9KCIIEPUMEHTAJILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOXYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:

-OCHOBHBIE TIPHHIUIIBI CHIEKTPOCKOIIUH U CIIEKTPO(POTOMETpUHN
-OCHOBHBIE PUHIUIBI CIIEKTPATbHON AIIIUIICOMETPHH
-OCHOBHBIE IIPUHLIUIIBI JAJIbHEIIONBHOM ONTUYECKON MUKPOCKOIIMU
-OCHOBHBIE MPUHIUIIBI aTOMHO-CHIIOBON MUKPOCKOITUN
-OCHOBHBbIE IIPUHIIMIIBI CKAHUPYIOILEH TYHHEIbHON MUKPOCKOIIUH
-OCHOBHBIE PUHLIHUITBI CKAHUPYIOIEH ONMKHETOIbHONW ONTHYECKON MUKPOCKOIINN
-OCHOBHBIE IPUHIUITBEI KOMOMHAIIMOHHOTO PACCesTHUS Y TUTAHTCKOTO KOMOMHAIIMOHHOTO PacCestHus
-OCHOBHBIE MPUHIUIIBI CIIEKTPOCKOIINY NOBEPXHOCTHOTO TIA3MEHHOT'O PE30HAHCa
-OCHOBHBbIE IIPUHIIUIIBI PACTPOBOM IEKTPOHHAsT MUKPOCKOIINU
-OCHOBHBIE MPUHIUIIBI TPOCBEYNBAIOLIEHN 3JIEKTPOHHON MUKPOCKOITUT
-OCHOBHBIE IIPUHIIMIIBI TEPArepLOBOI CIIEKTPOCKOIINU
-OCHOBHBIE PUHLIMITBI ONTUYECKOHN peduieKToMeTpUn
-OCHOBHBIE NIPUHIUIIBI PEHTTCHOBCKAst AU(YPAKTOMETPHS
-OCHOBHBIE PUHIIHUIIHI Ja3epHasi HAHOOJIMMEpU3anus (Il IByX()OTOHHAS MOTMMEPHU3ALIHS)
-OCHOBHBIE IPUHIUIIBI (DOTOTIOMUHECIIEHTHAS! MUKPOCKOIIHS
-OCHOBHBIE TNPHHLHUIIBI W3TOTOBJICHUS OOpa3LOB (HANBUICHUE METAUTMYECKHX IUICHOK, ONTHYeCKas

mutorpadust (horomurorpadusi))

-OCHOBHBIE OOBEKTHI U SBJICHUS, UCCIICJOBAHHE KOTOPHIX BO3MOKHO ONTHYECKIMHU METOIaMH
-TeXHHUKY 0€30TIaCHOCTH U TpaBuiia paboThI C HAYYHBIM 000PY/I0BaHUEM

YMETb:




- paborarth co criekrpodoTomeTpom

- paboTath C AIIUIICOMETPOM

- paboTaTh ¢ aTOMHO-CHJIIOBBIM MUKPOCKOIIOM

- paboTaTh CO CKAHUPYIOLIMM TYHHEJIbHBIM MUKPOCKOIIOM

- paboTaTh CO CKAHUPYIOIINM OJIM>KHETIONBHBIM ONTHYECKUM MUKPOCKOIIOM

- paboTaTh CO CKAaHUPYIOLIMM PaMaHOBCHM MHUKPOCKOIIOM

- paboTaTh ¢ PaCTPOBBIM EKTPOHHBIM MUKPOCKOIIOM

- pabotath ¢ HOTOMOMUHECIIEHTHBIM MUKPOCKOIIOM

- paboTaTh ¢ MPOCBEUMBAIONICH AIIEKTPOHHONH MUKPOCKOITHEH

- paboTath ¢ pacTPOBBIM IEKTPOHHBIM MUKPOCKOIIOM

- paboTaTh ¢ XUMHUYECKUMH PACTBOPAMH, OIIPEAEISATH XUMHUYECKUH COCTaB paCTBOPOB.

- paborats ¢ BaHn-nmep-BaanbcoBeiMH Marepuanamu. Ompenenirh COCTaB, CBOMCTBA, KayecTBO, H
KOJIMYECTBO CJIOEB.

- IJTAHUPOBATh SKCHEPUMEHT ISl PELICHUS HAyYHO! 3aJja4K C UCIIOJIb30BAHHEM ONITUYECKUX METOJIOB.

- cobuparb, 00pabaTeIBaTh U MPEACTABIATH PE3YIIBTAThl SKCIIEPUMEHTA, YIUTHIBAsI BOZMOXKHBIE OIINOKH
Y IOTPEIIHOCTH

BJIAJIETh:

-METOJaMH aHaJIM3a U 00pabOTKH IKCIIEPUMEHTAIBHBIX JJAHHBIX.

-HaBBIKaMH MPEACTABICHHUS YKCIICPUMEHTAIBHBIX JTAHHBIX.

-HaBBIKAMH  XapaKTEpU3allMM HM3TOTOBJICHHBIX OOpa3loB C HCHOJIB30BAaHUEM AaTOMHO-CHIJIOBOM
MUKPOCKOIIHH, PACTPOBOM M IPOCBEYNBAIOIIEH IEKTPOHHONH MUKPOCKOITHH.

-HaBBIKAMH ~ PELICHHsS  HAY4HBIX  33Jad  OKCIIEPUMEHTAJIBHBIMH  ONTHYECKUMH  METOAMHU
(KomOuHanmonHoe paccessHue, rurairckoe KoMOWHAaIMOHHOE paccesiHue, CHeKTpodoTomMepus,
ONDKHETIONBbHAST MUKPOCKOIIHUS, SJLTUTICOMETPUH, (DOTOIFOMUHECIICHTHOW MUKPOCKOITHH )

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJ€HHOI'0 HA HMX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKIIIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
| HckyccrBeHHbIE HaHOMAaTepUaJbl. | ) 3
TexHOIOTUN U3TOTOBICHHUS
) [Ipuponnsie HaHOMAaTepHaJIbl. 1 5 3
TexHosornu cUHTE3a U U3TOTOBJICHUS
3 00630p il)ﬂmqecmzlx METOJIOB 1 ’ 3
HCCIJICA0OBAaHUM HAHOMATEPHAJIOB
4 OnTuyeckue CBOMCTBa HAHOMATEPHUaJIOB 1 2 3
5 OnTuyeckas MUKPOCKOIHS 1 2 3
6 CriekTpocKomnus ¥ CrieKTpohOTOMETPHS 1 2 3
7 TepareprioBasi CIEKTPOCKOIHS 1 2 3
] Criexktpockonus KOMOHMHALMOHHOTO 1 5 3
paccesiHus
9 CrnexTpockonus TUTAHTCKOTO | ) 3
KOMOHMHALMOHHOTO PacCesHUs
10 CriexTpockonus ITOBEPXHOCTHOTO 1 5 3
IUIa3MOHHOI'0 pe30HaHca
11 CrextpanbHas JUTHIICOMETPUS 1 2 3
12 CrekrpanbpHas IIUIICOMETPUSL | ) 3
AHU30TPOIHBIX MaTEPHAJIOB
13 Ckanupytomas OMM>KHETIONbHAS 1 5 3
OINITHYECKast MUKPOCKOMHS (anepTypHasi)




Ckanupytomas OMMKHENONbHAs

14  |onTHueckad MHKPOCKOIIHS 1 2 3
(6ezaneprypHas)

15 Onexrpodusznueckue METO/IBI 1 5 3
UCCJIE0BAaHMsI HAHOMATEPHAJIOB

16 | ATOMHO-CHIIOBast MUKPOCKOTIHS 1 2 4
Ckanupytomas TYHHEJbHAas

17 pyrort y 1 2 4
MHUKPOCKOIHS

18  |PacTpoBast aneKTpoHHAasT MUKPOCKOIHUS 1 2 4
[IpocBeunBaromias 3IIEKTPOHHAS

19 P B P 1 2 4
MUKPOCKOIHUS
Ontuueckas JuTorpadus

20 pad 1 2 4
(poronurorpadus)

21 OnexkTpoHHas IuTorpadus 1 2 4

22 |PenTrenoBckas qudpakroMeTpus 1 2 4

23 JlazepHass HaHomonmumepuzauus (WK 1 ) 4
NBYX(OTOHHAS TIOJTMMEPH3AIIHS)

24 | DOTONOMHUHECIIEHTHAS MUKPOCKOTIHS 1 2 4

25 Crexrpockonus KOMOWHAIIMOHHOTO | ) 4
paccesiHusI AByMEPHBIX MaTepHaioB
CriexrpanpHast AITUIICOMETPHUS

26 P P 1 2 4
JBYMEPHBIX MaTepuaioB

27  |Onrudeckas pedreKToMEeTpus 1 2 4

aJIbHEIOJIbHAs onTUYecKast

28 A 1 2 4
MHUKPOCKOMHS

29  |Ban-nep-BaanbCOBBI MaTepUabI 1 2 4

30 O030p TEXHOJIOTHWIA CHHTE3a W METOIOB 1 ) 4
UCCJIEI0BAaHUM HAaHOMAaTEpUAJIOB

Nroro yacos 30 60 105

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 225 yac., 5 3au.en.

4.2. CopepxaHue TUCHUIUTHHBI (MOAYIISA), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)

Cemectp: 1 (Ocennwii)

1. MckyccTBeHHbIE HAaHOMAaTepHallbl. TeXHOIOTUN U3rOTOBIEHUS

MertamaTepualibl, METAOBEPXHOCTH, (OTOHHBIE KpHCTauibl. [mnepOonuueckue meraMaTepHalibl.
Ban-znep-BaanbcoBbl IeTepOCTPYKTYpbl. MeToabl W3rOTOBIEHUS HCKYCCTBEHHBIX HAaHOMAaTE€pHUAJIOB.
MeTtozas! XapakTepHU3alui HCKYCCTBEHHBIX HAHOMAaTEPHAJIOB.

2. HpI/IpO,Z[HBIe HaHOMAaTCpHaJbl. TexHOoIOruKM CUHTE3a U H3rOTOBICHUS

I'paden. JIBymepHble Marepuanbl. DKcdonuanus ABYMEPHBIX MarepuanoB. MeToabl CHHTE3a C
MOMOILBIO YIBTPa3ByKa U XMMHUYECKOE OCaKACHUE U3 razoBoi ¢aszel. IlepeHoc HaHOMarepuaaoB Ha
pa3inuyHble MOMIOKKH.

3. O630p puzHUECKUX METOIOB HCCIIEIOBAHNN HAHOMATEPHUAIOB

OnTuyeckue W BIEKTPOPU3NYECKHUE METOIBl HCCIeJOBaHUS HaHoMmarepuasoB. O030p MeETOmOB
ONTUYECKOM  CIEKTPOCKOIIMH, aTOMHO-CHUJIOBOM, CKaHHMPYHIOLIEH  TYyHHEIbHOH, pPacTpOBOM
UIEKTPOHHON W IIPOCBEYNBAIOLIEN 21EKTPOHHON MHKPOCKOIHH.



4. OnTryeckue CBOMCTBA HAHOMATEPHAJIOB

Onrtuueckne cBoiicTBa 00BEeMHOrO BemiecTBa. KiaccMueckue TEOPHHM ONTHYECKUX IOCTOSHHBIX.
Mognens Jloperua. MHoroocummisTopaas Moaesib. Moenb aHu30TPOIIHBI3 OCHMILIATOPOB. Monenb
Hpyne. OnTuueckue XapakTepUCTUKH BemiecTBa. ONTHUECKHE CBOMCTBA YaCTUIl. DKCTUHKIIHS,
MOJIOLICHNUE, PACCESTHHE.

5. OnTuueckas MHKPOCKOIIUA

CoBpemeHHass MUKpockonnueckas: TexHuka. KondoxkanpHas azepHas CKaHUPYIOIIash MUKPOCKOIIHSL.
Mynerudoronnas koHpoxanpHas Mukpockonus. KonndyecrBeHHas (piayopeclieHTHash MUKPOCKOIHSL.
Mertonel cBepxpaspeieHusi. CrienuanbHble ONTUYECKUE METOABI.

6. CrieKTpOCKOIIUS U CIIEKTPO(OTOMETPHS

Ontuueckass  cmekTpockonus.  CrnexkTpanbHblii  aHanu3.  CHEKTPOCKONUYECKHE  METOJBI.
dotokonopumerpus. Crekrpodoromerpust. DOTONOMUHECIIEHTHAS CIIEKTPOCKOIIHS.

7. TeparepuoBas CIEKTPOCKOIIHS

TeparepiioBasi CIIEKTPOCKONHS HEMPEPHIBHOTO JeHCTBHUsT Ha Jamnax oOparHod BomHbl (JIOB).
UmnynbcHast TepareproBas CIEKTPOCKONMA C BPEMEHHBIM paspemieHueM. MudpakpacHas
@ypbe-CIEKTPOCKOIIHSL.

8. CeKTpocKonusi KOMOMHAIIMOHHOTO PacCEsTHUS

KombOunanmonnoe paccesiuue ceera (3pdexr Pamana). Knaccuueckas teopusi. KBanroBas Teopus.
OMIUpHUYECKUe 3aKOHBI KOMOMHALIMOHHOTO paccesHus CBeTa. BhIHyXaeHHOe KOMOMHALMOHHOE
paccesinue. Metonuku paMaHOBCKOM criekTpockonuu. Ctpoenune Paman-cnexkrpomerpa. [lomydenue
HABBIKOB paboThI ¢ PaMaH-CIIEKTpOMETPOM.

9. CHGKTpOCKOHI/ISI THUTaHTCKOI'O KOM6I/IH3.LII/IOHHOFO paccesaHusn

l'urantckoe komOuHaumonHoe paccessuue (SERS). DkcnepruMmeHTalbHBIE METOAMKH IIOJYYEHUS
CIIEKTPOB T'MT'AaHTCKOTO KOMOWHAIIMOHHOTO paccesHus. OCHOBHBIC XapaKTEPUCTUKU M MEXaHU3MBbI
s¢peKxTa rTUraHTCKOro KOMOMHALMOHHOTO paccesiHus. [IpuMeneHre ruranTckoro KOMOMHAIMOHHOTO
paccessHUS K M3y4EHHIO OMOJIOTMYECKHX MOJIEKyJ. BO3MOKHOCTH M MEPCIEKTUBBI Pa3BUTHS METOA
CHEKTPOCKOIIMH F'MTaHTCKOTO KOMOMHALIMOHHOTO PACCesHUSL.

10. CHCKTpOCKOHI/ISI MOBCPXHOCTHOI'O IMJIa3MOHHOT'O PEC30HAHCA

IloBepXHOCTHBIE  DJIEKTPOMArHUTHBIE  BOJHBL.  IIOBEpXHOCTHBIM  IJIa3MOHHBIA  PE30HAHC.
CrexTpockonusi  IIOBEPXHOCTHOIO  IUIa3MOHHOTO  pe30oHaHca. UyBCTBUTENBHOCTb  METOZBI.
Orpannuenus Meroxa. KommnakTHble cxeMmbl. buoceHCOpBI Ha OCHOBE  CHEKTPOCKOIIMHU
[IOBEPXHOCTHOI'O IIJIJa3MOHHOI'O PE30HAHCA.

11. CnexTpalibHas ITUIICOMETPHS

[Monapuzanusa ceeta. BBenenue B criekTpanbHyIo summncomeTpuro. Cxema udmepenuit. [lomydenue
NaHHBIX. AHaIM3 JaHHbIX. V3MepeHne CrieKTpoB ONTUYECKUX MOCTOSHHBIX MaTepUaloB, B TOM YHCIIE
TOHKUX IUJICHOK. [3yueHHe CTPYKTypHBIX CBOWCTB TOHKHMX IUIEHOK M MeX(a3HbIX TpaHuIll.
Onpenenenne TONIIMH U GUINIECKUX XaPAKTEPUCTUK MHOTOCIOHHBIX CTPYKTYD.

12. CHCKTpaJ'ILHaSI QJUIAIICOMCTPHA aHU30TPOITHBIX MATCPHUATIOB

BBenenue B CHEKTPAIBHYIO 3JUIMICOMETPHUEO aHU30TPONHBIX MarepuanoB. Marpuua Mrosuiepa.
U3mepeHne CHEKTPOB ONTHYECKUX IOCTOSIHHBIX aHU30TPOIHBIX MAaTepHajoB. AHAIHM3 CIIEKTPOB
ONTUYECKHUX IIOCTOSHHBIX aHU30TPOIHBIX MATEPUATIOB.



13. Cxanupytromas OJIMKHETIONbHAS ONTHYECKAsT MEKPOCKOIHS (anepTypHasi)

JudpakunoHHelii  mpenen. BBeaeHWe B CKaHHPYION[YIO  ONMKHEMIONBHYIO  ONTHYECKYIO
MUKpOcKomuioo. Pa3pernieHne  ckaHUpyOWmed  OIMKHENONBHOM  ONTHYECKOW  MHKPOCKOIHH.
[MpuHIMTIMATEHBIE  CXEMbl  CKaHHPYIOMIEH  ONMMKHENONBHOH  ONTHYECKOM  MHUKPOCKOIWH.
IIpakTnueckne nuaMepenus. Pemenue nprukiagHbIx 3aad.

14. Cxanupytomias OJIMKHETIONbHA ONTHYECKAsh MUKPOCKOMHs (Oe3anepTypHas)

BBenenne B paccenBalONIyl0 CKAHUPYIOUIYIO ONMKHENOJIBHYIO ONTHYECKYI0 MHKPOCKOIHIO.
Pa3pemenue paccenBaromiell CKaHUPYIOLICH OJIMKHETIONBHOM ONTHYECKOH MHUKpockomuu. Cxema.
[Ipaktnueckue nusmepenus. [lpukinanneie 3agaun. [11a3MOHBI B IByMEPHBIX MaTepHUaJIax.

15. DnekTpodusnveckre METOIbI UCCIIE0BAHUS HAHOMATEPHAIIOB

MeTtoasl U3MepeHUs YAEIbHOIO CONPOTHUBIEHUS. UeThIpEX30HA0BBI METON M3MEPEHUS YIEIBHOTO
COIIPOTHUBJICHUs. YIEIBHOE CONPOTUBIEHUE U YIEJIbHOE IIOBEPXHOCTHOE COIIPOTHUBIICHHUE.
N3mepeHne NoBEpXHOCTHOIO COMPOTHUBIICHUS OTHOCUTEIBHO TOHKHX IMOJIYIPOBOIHUKOBBIX ITACTUH
U TOHKUX TPOBOAALIMX (TIOMYIPOBOAHUKOBBIX M METATIMYECKUX) CIIOEB, H30JMPOBAHHBIX OT
MPOBOMSIINX IOAJOXKEK. J[ByXCIIOMHBIE CTPYKTYphl. MeTon CaMOKOMIEHCAIMM TeOMETPHUYECKUX
s dexroB. CoBpeMeHHbIE YCTAHOBKU H3MEPEHUSI TIOBEPXHOCTHOTO CONPOTUBIICHHS.

Cemecrtp: 2 (Becennuit)
16. AToMHO-CHIIOBasi MUKPOCKOTTHUS

[Mpuanmn pabdotel. KoHcTpykins atoMHO-criioBoro Mukpockomna. OcodeHnoctr padbotsl. O6padboTka
MOJYYEeHHOH HH(POPMAIH U BOCCTAHOBIICHHE TIOTyYSHHBIX H300paskeHnii. COBpEeMEHHOE COCTOSIHUE
W PAa3BUTHE CKAHUPYIOLIEW 30HA0BOM MHKpockonuu. Ilpakrnueckue wusMepeHus. ToJIIMHBIL
JIBYMEpPHBIX MaTrepuaioB. LllepoxoBaToCTh TOHKMX METAUTMYECKUX TUICHOK.

17. Cxanupytoiiasi TyHHEIbHAsE MUKPOCKOIINS

[MpuHImn padotsl. KOHCTPYKIHMS CKAaHUPYIOIIETO TYHHEIBHOr0 MHKpockomna. OcoOeHHOCTH paboThlI.
OOpaborka TONMy4YeHHOW WH(POPMAIMM W  BOCCTAaHOBJIIGHWE IONYYEHHBIX  HM300pa)KeHUH.
CoBpeMeHHOE COCTOSIHHUE W Pa3BUTUE CKAaHHPYIOIIEH TYHHEIbHOH MHKpockomuu. [IpakThyeckue
U3MEPEHHSI.

18. PacTpoBasi aIeKTpOHHAS] MUKPOCKOTIHS

[Mpuamun paGotel. KOHCTPYKIMS M OCHOBHBIE COCTABISIOIIME PACTPOBOTO  AIIEKTPOHHOTO
Mukpockona. OcobeHHoctn paboTel. OOpaboTKa MONMy4YeHHOW HH(POpPMALUMU U BOCCTAHOBICHHE
NOTy4eHHbIX n3o0paxenuil. [Ipaktuueckue m3mepenus. Mop@osorust MOBEpXHOCTH YIBTPATOHKUX
METAJTMYECKUX TJICHOK.

19. IIpocBeunBaromias MEKTPOHHAS MUKPOCKOIUS

[Mpuammn pabGotel. KOHCTpYKIMS W OCHOBHBIC COCTABISIOIIUE MPOCBEYHMBAIOIIETO AJICKTPOHHOTO
Mukpockorna. OcobeHHoctn paboTel. OOpaboTka MONMy4YeHHOW HWHQOpPMAIMM U BOCCTAHOBICHHE
NONy4eHHbIX u300paxeHwit. [Ipaktuueckme wu3MmepeHus. I[lpocBeumBaromasi — 3JIEKTPOHHAS
MHKPOCKOIIHS IBYMEPHBIX MaTepPUaJIOB.

20. Onruueckast nurorpadus (dporoaurorpadus)

[Mpuamun pabdotel. I[pouecc ¢otomurorpadpuun. dotomonmumepsl. M3roToBieHHEe MHKPOCTPYKTYD.
OuncTKa M MOATOTOBKAa MOBEpXHOCTH. HaneceHue ¢oropesucra. DkcnonupoBanue. [IposiBieHue.
O06paboTKa MOBEPXHOCTH.



21. DnekTpoHHast TUTOrpadus

[Mpuammn padotel. [Iponecc snexTponHO# nmTorpaduu. Paspemenne B MeKTpOHHON JIUTOrpaduu.
[IpuHIMnBEl 3amicu pucyHKa Ha oOpasue. CHCTeMBI Uil DIEKTPOHHOW JHTOrpaduu. 3ammch
PHUCYHKOB Ha o0Opasie.

22. PeHTreHoBCKast JUPPaKTOMETPUs

Teoperndeckre OCHOBBI METO/A. PEHTICHOCTPYKTYpHBIM aHanu3. PeHTreHomndpakToMeTpudecKuii
Metoa. Maentudukanus n xonudecTBeHHoe onpeaeneHue (a3 (da3zoBblii ananus). [Ipakrnueckue
U3MEPEHUs AJIs1 TOHKUX METAJUIMUECKUX IIJICHOK.

23. JlazepHas HaHOTIOTMMEpHU3aI¥sl (WK AByX(OTOHHAS TIOJIUMEPHU3AIINS)

Teopernueckue ocHOBBl Mertoaa. [IByxdoronnas mnonumepusauus. [lomumepsl. WsrotoBnenue
JIBYMEPHBIX U TPEXMEPHBIX CTPYKTYp. Paszpemaronast CiocOOHOCTh B THITMYHBIX SKCIIEPUMEHTAX I10
JIa3epHON HaHOMIOJIMMEPHU3ALIHH.

24. ®OTOMIOMHUHECUEHTHAS] MUKPOCKOTIUS

@®OTONIOMUHECIIEHTHAasT ~ MMKDOCKOIIMSI NIpM  KOMHAaTHOM  Temmeparype M  KapTHpPOBaHHE.
doronroMuHECIIGHTHAasT ~ a0COpOLIMOHHAsE ~ MHKPOCKOIIUS ~ IpM  KOMHATHOW  TeMmIeparype.
HuskoremneparypHas (OTOIIOMHUHECIIEHTHASI MUKPOCKOIIHSI.

25. CriekTpocKonusi KOMOMHAIIMOHHOTO PAaCCESHUS IBYMEPHbBIX MaTepHAJIOB

Metoarka CHEKTPOCKONMM KOMOWHALIMOHHOTO PACCEsIHUS JBYMEPHBIX MaTepuaioB: rpadeH u
JUXaJIbKOTCHHUIBI IEPEXOJHBIX MeTasoB. [IpakTnueckue namepenus 1 00padboTka CeKTPOB.

26. CHCKTpaJ'ILHaSI QJUIUIICOMECTPHUA IBYMCPHBIX MAaTCpUAIOB

D¢ dexTuBHBIE MOJETN CHEKTPaJbHON JUIMICOMETPUM JUIS aHaju3a OINTHYECKUX CBOMCTB
JBYMEPHBIX MaTepuaioB: TpadeH M IUXaIbKOTEHUIbl IEPEXONHBIX MeTauioB. llpakTuueckue
U3MEPEHUs U U3BJICUEHUE ONTUYECKUX KOHCTAHT.

27. Onrudeckas peueKToMeTpust

Teopernueckue ocHOBBI MeToAa. Moaenu g ananusa. Moaenvuposanue. [Ipaktuueckue nu3aMepeHus
JUTSl TOHKUX U YABTPATOHKUX METAININYECKUX IIEHOK.

28. JanpHenonbHas ONTUYECKAs] MUKPOCKOIUS

Paccesnne HanouacTuu. TemHomonpHas Mukpockonus. Paspemenue wmetona. IlpumeHenwus.
I'uGpuaHbIe HAaHOCTPYKTYpHI. [IpakTHUecKre n3MepeHusl.

29. BaH-1ep-BaaibCOBBI MaTepHaIbl

du3nka BaH-AEp-BaalbCOBBIX MaTepHuaioB. COOpka BaH-AEp-BaabCOBBIX IeTEPOCTPYKTYp. MeTombl
M3y4YEHHs] BaH-JIEP-BaaIbCOBBIX IETEPOCTPYKTYp. JBYCIONHBIE CTPYKTYPHI U Myap.

30. O630p TEXHONOTUI CHHTE3a U METOJOB UCCIICA0OBAaHUI HAHOMAaTEePHUaJIoB

AHanu3 TEXHOJOrMM CHHTE3a H MCTOOOB I/ICCJ'IC):[OBaHI/Iﬁ HaHOMAaTCpHUaJIoB. TeOpCTI/I‘{eCKI/IG n
MMPAKTUYCCKUE OCHOBBI.



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

JleKuMOHHBIE 3aHATHS: KOMIUIEKT JICKTPOHHBIX NMPE3CHTALNI/CIIaiiI0B; ayIMTOpHsl, OCHAIIICHHAS
MPE3eHTAIMOHHON TEXHUKOH (IIPOEKTOP, SKPaH, KOMIIBIOTEP/HOYTOYK); CIIEIIUAIbHBIC TEXHIUECKHE
cpencTBa s oOyvaronuxcs HHBauIoB u i ¢ OB3.

1. YecraHoBKa CIIEKTPOCKOITMU KOMOMHAIMOHHOTO paccesHus ceera Horiba JY LabRAM HR Evolution
C BOBMOYKHOCTBIO KapTrorpadupoBaHusi 00pasios

2. PaccenBaromuii cKaHUPYIOIIMK OJIMKHENONBHBIN onTrdeckuil Mukpockon Neaspec NeaSNOM ¢
MOAYJISIMU BU3yaJIU3aluu 1

CHeKTpOoCKonuu (padouwnii quana3od 0,4 - 20 MxMm).

3. Cnekrpockonnueckuii amumncometp (240-930 um) SENTECH SE 800E ¢ pednekromerpuieckinm
3o10M FTPadvance.

4. Crnekrpockonnyeckuii ammuncomerp (250-3200 am) Woollam VASE.

5. buoceHncop Ha 0CHOBE MOBEPXHOCTHOTO IIa3MOHHOTO pe3oHanca BiOptix 104sa.

6. Cnexrpodorometp (175-3300 um) Agilent Technologies Cary 5000 UV-Vis-NIR.

7. JJaboparopHbIi mosapu3aoHHbI MuKkpockon Carl Zeiss Axio Scope.Al.

8. Cnexrpomerp MK muamazona (900-2550 am) Ocean Optics NIRQuest256-2.5,

9. ®ypre-cnexkrpometp (900-2600 aM) Ocean Optics ANIR-900-2600,

10. Cnekrpometp (200-950 am) Ocean Optics QE65000,

11. Komnaxrasle criekrpomerpsl (350-700 am) Thorlabs CCS100.

12. Bakyymnsiit nngpakpacusiii @ypoe ciekrpomerp BRUKER VERTEX 80V ¢ undpakpacHbiM
mukpockoriom HYPERION 2000.

13. TeparepieBblii ClIEKTPOMETP, BKJIFOYAsi BKJIIOYAs CUCTEMY BH3yaIn3aluu (MMUKUHT) Menlo
Systems TERA K15 - All-

Fiber Coupled THz Spectrometer u nporpammuoe obecnieuenne TeraLyzer Single THz.

14. YcraHoBKa 3J€KTPOHHOIYYEBOTO OCAKACHUS B BBICOKOM Bakyyme NanoMaster Dual-E-beam
Evaporation System NEE-

4000.

15. Cucrema Juist HaHeceHMsI pacTBOpoB 1eHTpudyruposanuem Laurell Model WS-650Mz-23NPP
Single Wafer Spin Processor.

16. YcranoBka minazmeHHol uncTku oopasios Femto (Diener Electronic GmbH).

17. YcranoBka ans naszepnoit 3D nutorpaduu (Nanoscribe Photonic Professional).

18, HabGopbl coBpeMEHHO ONTHKH (B TOM YHCIIE BOJIOKOHHON) M BEICOKOTOYHOM ONITOMEXaHUKU
Thorlabs u Newport.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa

1. ®usnueckas ontuka [Tekcer] : yueonuk qs By30B / C. A. Axmanos, C. 0. Hukutua .— M :
N3n-so MI'Y, 2004 .— 656 c.

2. OcHoBbl HanoonTHkH [Tekct] / JI. HoBotHslit, b. Xext ; niep. ¢ anri. A. A. Konosko, O. A. IllyToBoii
; mox pen. B. B. Camapriesa - M. ®usmarnut,2009, 2011

3. Hanorutazmonwuka u Mmetamarepuaist [ Tekct] : yued. mocobue st By3os / B. A. Acranenko ; M-Bo
oOpaszoBanus u Hayku Poc. ®enepaunn, Mock. pus.-texH. un-T (Toc. yH-T .— M. : MOTH, 2011 .—
180 c.

4. Onruka u ¢oronuka. [IpuHnmnel v npumeHenus [DnekTponHbiid pecypc]. B2 1. T. 1, y4e6. mocobue
/ b. Canex, M. Teiix . — Honronpynusiit, Maremnext, 2012.— URL: http://books.mipt.ru/book/301340
(mara obpamenus: 22.12.2020). - [Momusrit Teket (Pexum nocryna : u3 cetu MOTU / YnaneHHbIi
JOCTYTI)

5. Onruka u ¢oronuka. [Ipuauuner u npumenenus [OnexkTpoHHbli pecypce]. B 2 T. T. 2, yue6. mocobue
/ B. Canex, M. Teiix . — Jlonronpynnsiii, Uaremekt, 2012.— URL: http://books.mipt.ru/book/301342
(nara obpawmenus: 22.12.2020). - [lonuslit Texket (Pexum nocryna : u3 cetu MOTU / YnaneHHsii
JOCTYI)

JlomonHuTenpHAs IUTEpaTypa
1. Hanomtasmonuka [Teker]/B. B. Kimumosg, -M., ®u3mariurt, 2010

2. KanToBast HanoruiazMonuka [TekcT] : [yaeoHoe nocodue] / E. C. Auapuanos [u ap.] .—
Honronpynasti : U3a. mom "UuaTemnext", 2015 .— 368 c.



3. KBaznyactuiiel B pu3nKe KOHACHCUPOBAHHOTO cocTOsiHUA [DnekTpoHHbli pecypc] / H. b. bpaunnr, B.
A. Kynbbauunckuit. — M., ®usmariut, 2010.— URL: https://e.lanbook.com/book/59598 (nara
obpamenns: 21.01.2021). - Ioxuerii Texct (Pexxum gocryna : u3 cetu MOTU / Yaanennslit noctym)

4. OcHoBol ontuky [Tekct] : [y4e6. mocobue s By3oB] / M. boph, 2. Bonw ; mep. ¢ aarn. C. H.
Bpeyca, A. U. TonoBamkuna, A. A. lllyOuna ; nox pexn. I. I[1. MotyneBnu .— M. : Hayxka, 1970 .— 855
C.

Literature fund of the basic departament:

5. b. A. Konecos, «IIpuknagnas KP-cnexrpockonusi», Mocksa, PAH, (2018)

6. C. II. Kopu, «IIpumenenus cnexkrpockonuu KP u PKP B 6uoxumuny, Mocksa, Mup, (1985)

7. llepedyeHs pecypcoB HH()OPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHeT", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCHMIIJIMHBI (MOTYJIs)

https://mipt.ru/education/chairs/physics_and_technology of nanostructures/study.php

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NporpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

[Ipu nmoaroToBKe M NPOBEACHUH JCKIIMOHHBIX 3aHATUH UCIIONB3YETCS CETh MHTEPHET.
Kpowme Toro, ucnonssyercs Libre Office, a Takke rpaduueckuii maker Ink Scape.

9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)

CryneHT, M3y4arollMd IJUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBNAJETh OOIIMM MOHATUHHBIM
armaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATh OCHOBHBLIC ONPCEACICHHUSA W IOHATHL,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCUICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHILTHHE;
— BeJICHUS KOHCIICKTA 3aHSITUH;

— HaMPsDKEHHOMW CaMOCTOATEIHLHOU PabOTHI CTYIEHTA.

CamocrosTenbHas paboTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeajaraéMbpIx CTyJIeHTaM Ha 3aHATHAX;

— TIOATOTOBKY K BBITIOJTHEHHIO 3aJJaHHUI MPOMEKYyTOUHOM aTTeCTallru.

[Tokazarenem BiajeHHs MarepHajoM CIYXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JHUCUUILIINHEL.

BaxHo 10OWTHCS MMOHMMAaHUS M3yd4aeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3armoMmuHaHus. [lpu
3aTPYIHEHUN W3yYCHUS OTJENBHBIX TEM, BOMIPOCOB, CIEAYeT OOpamarhcsd 3a KOHCYIBTAUAMHU K
MIpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIN KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBHH C
TEMATUKOH 3aHSATHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa QU3NKU U TEXHOJIOTHH HAHOCTPYKTYP

Kypc: 1

kBaTuuKkanus: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIH 3a4eT

2 (BeceHHMH) - DK3aMeH
PaspaGorunkm:

B. Bonkos, phd (k.¢.-M.H.)
C. HoBukoB, kau. (u3.-MaT. HayK
I"'N. lenukos, kauj. (pu3.-MarT. HAyK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATELHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeet npeacraBieHne 00 aKTyaabHBIX
mpo0OiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CriocoOeH BRIOMPATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH peIeHus], MpeyiaraTh U KOMOMHHUPOBATh CIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKN)

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIMTEIHLHBIMHU
METOJJaMH pElIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJIYyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpUMEHATh 3HAHUST M HABBIKH TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHUKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHSI TPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CrnocobeH mNpuMeHATh 3HaHUS B o0jacTu
(HU3UKO-MaTEMAaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS HAYYHOTO HCCIICIOBAHUS

[IK-1 CnocoGen craBuTh, hOpMann30BHIBATh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIAThH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax MCCIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4HOM 3ajaue W HHTEPIPETUPOBATH  IOJyYCHHBIE
pe3yabTaThl

[1K-2 CnocobeH caMOCTOSTEIIEHO HITH B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTr0O
KOJUICKTHBA OPTaHW30BEIBATh U IMTPOBOIUTH
HAyYHbIC UCCIICIOBAHMS U MX arpoOaIiuio

[MIK-2.1 Cnoco0eH TuUIaHUpOBaTh ¥ TPOBOJAWTH HaydHBIC
HCCJICAOBAHUS CaMOCTOSITEIbHO WMJIM B COCTaBE€ HAy4HOTO
KOJIJIEKTUBA

[IK-2.2 CnocobeH NpOBOAWTH anpoOaIuio pe3yiIbTaToB
HAyYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
MyONUKAIMY HAyYHBIX CTAaTe U yJacTusl B KOH(pepeHIuIx

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢

IMK-3.1 Tlonmmaer npuMHOUNBI pPabOTHl HUCIOIB3YEMOTO
000opynoBaHUs (cienmanu3upOBaHHBIX MAaKETOB
MIPUKJIAJAHBIX TPOTPAMM)




HCCICNOBATC/IIbCKUM U UCLIbITA1ICIIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3NPOBAaHHBIMH TAKETaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMeTHON 00JIacTH

[IK-3.2 Criocoben [IPOBOANTD 3KCIIEPUMEHT
(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEILCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oOneHMBAaTH TOYHOCTh IOJyYEHHBIX
SKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaTOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare wusyuenwss gucumipiiebl «Nanomaterials Analysis and Research/®@usudeckune MeTombl
UCCIIeJOBaHUI HAHOMATEPUAIIOBY» O0YYAFOIIHICS TOJDKEH:

3HAThb:

-OCHOBHBIE TIPHHIUIIBI CHEKTPOCKOIIUH U CIIEKTPO(POTOMETpUHI
-OCHOBHBIE IIPUHIHITEI CIICKTPAILHOM IUTHIICOMETPHU
-OCHOBHBIC IPUHIIHIIBI AAJTBHENOIBHON ONTHYECKOH MUKPOCKOIINU
-OCHOBHBIE IIPHHIUITEI aTOMHO-CHIJIOBOW MHKPOCKOITUHI
-OCHOBHBIC IPUHIIUIBI CKAaHUPYIOIIEH TYHHEIbHON MUKPOCKOIIUU
-OCHOBHBIE ITPUHIHITEI CKAaHUPYIOIIEH OMKHETIONBHON ONTHYECKON MUKPOCKOITHA
-OCHOBHBIE IPUHIUITBEI KOMOMHALIMOHHOTO PACCesTHUS ¥ THTAHTCKOTO KOMOMHAIIMOHHOTO PacCestHus
-OCHOBHBIE ITPUHIHITEI CIIEKTPOCKOMIH TOBEPXHOCTHOTO IJIA3MEHHOTO Pe30HaHca
-OCHOBHBIE IIPUHIIUIIBI PACTPOBOI AMEKTPOHHASI MUKPOCKOIIMI
-OCHOBHBIE ITPHHIIHITEI TPOCBEYHBAIOIICH IEKTPOHHOW MUKPOCKOIIUT
-OCHOBHBIC IIPUHIIHUIIBI TEPArepioBOi CIEKTPOCKOINH
-OCHOBHBIE IIPHHIHITEI OITUYECKOI pedIeKTOMETpUH
-OCHOBHBIE NIPUHIUIIBI PEHTTCHOBCKAst AU(YPAKTOMETPHS
-OCHOBHBIE IIPHHIIHIIBI JTa3ePHAst HAHOTIOIMMEepH3aus (MU IBYX(OTOHHAS TIOJIMMEPH3AIINs)
-OCHOBHBIC IPUHIHIIBI (DOTOTIOMUHECIIEHTHAS MUKPOCKOIIHS
-OCHOBHBIC TPHUHIIMITEI M3TOTOBJICHUS O00pa3loB (HANBUICHHUE METAUTMUECKUX IUICHOK, ONTHYECKas
mutorpadust (horomurorpadusi))
-OCHOBHBIE OOBEKTHI U SBJICHUS, NCCIIEJOBAHHE KOTOPHIX BO3MOKHO ONTHYECKHUMHU METOIaMH
-TeXHHUKY 0€30TIaCHOCTH U TpaBuiia paboThI C HAYYHBIM 000PY/I0BaHUEM
yMeThb:
- paborarth co criekrpodoTomeTpom
- paboTaTk ¢ AIUTUIICOMETPOM
- paboTaTh ¢ aTOMHO-CHJIIOBBIM MUKPOCKOIIOM
- paboTaTh CO CKAHUPYIOIIUM TYHHEIEHBIM MUKPOCKOIIOM
- paboTaTh CO CKAHUPYIOIINM OJIM>KHETIONBHBIM ONTHYECKUM MUKPOCKOIIOM
- paboTaTh CO CKAHUPYIOIIUM PaMaHOBCUM MHUKPOCKOIIOM
- paboTaTh ¢ PacCTPOBBIM EKTPOHHBIM MUKPOCKOIIOM
- paboTarh ¢ (POTOITIOMUHECHEHTHBIM MUKPOCKOIIOM
- paboTaTh ¢ MPOCBEUMBAIONICH IIEKTPOHHONH MUKPOCKOITHEH
- paboTaTk ¢ PacCTPOBBIM AIEKTPOHHBIM MUKPOCKOIIOM
- paboTaTh ¢ XUMHUYECKUMH PACTBOPAMH, OIIPEAEISTh XUMHUYECKUH COCTaB pacCTBOPOB.
- paborath ¢ Ban-nmep-BaanbcoBeiMH Marepuanamu. OIpenensTb COCTaB, CBOICTBAa, KadeCTBO, H
KOJINYECTBO CJIOEB.
- IUIAHKUPOBATh AKCIICPUMEHT JUIS PEIICHHs HAyYHOH 3a/1a4¥ C HCIOIb30BAHUEM ONITUYECKUX METOOB.
- cobupars, 00padaThIBaTh U MPEACTABIIATH PE3YJIBTATHI SKCIICPUMEHTA, YUUTHIBAsI BO3MOXKHBIE OITHMOKH
1 TIOTPEIIHOCTH
BJIA/IETh:
-MEeTO/IaMH aHaJn3a u 00pabOTKN SKCIEPUMEHTAIBHBIX JaHHBIX.
-HaBBIKaMH MPEACTABICHHUS YKCIICPUMEHTAIBHBIX JTAHHBIX.
-HaBBIKAMH XapaKTepU3allMd M3TOTOBJICHHBIX OOpa3loOB C HCIOJB30BAHUEM AaTOMHO-CHUIIOBOM
MUKPOCKOIIHH, PACTPOBOM M MPOCBEYNBAIOILIEH IEKTPOHHONH MUKPOCKOITHH.
-HaBbIKAMH  pEIIEHHMS  HAyYHBIX  3aJad  OKCHEPUMEHTAJIBHBIMH  ONTHYECKHMMH  METOAAMHU
(KomOuHamonHoe paccesiHue, rurairckoe KomMOWHAaIMOHHOE paccesiHue, CcHeKTpodoTomMmepus,
ODKHETIONBHAST MUKPOCKOIIUS, SJTUTICOMETPUH, (DOTOTFOMUHECIICHTHOW MUKPOCKOITHH )

3. IlepeyeHb THNOBLIX (IIPHMMEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIIeMy KOHTPOJIIO




C 1enpl0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Y4eOHOro MaTepuasna MPOBOAWUTCS YCTHBIH ONpOC B
Hayaje 3aHATUS 110 TEME IIPOIIOTO 3aHATHS.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

IlepeueHb KOHTPOJIBHBIX BOIIPOCOB:
IIepBslii cemecTp

1. Yto Takoe MeTaMaTepHalibl, METaIOBEPXHOCTH, (DOTOHHBIE KpUCTAILIBL. UTO Takoe runepoonyeckue
Meramarepuansl 1 Ban-zmep-BaanbcoBbl reTepocTpykTypbl? Kakne ObIBalOT METOIbI M3rOTOBJICHUS
HCKYCCTBEHHBIX HAHOMAaTEpPHaIOB?

2. Kakue nymepHble Marepuaibl Bbl 3HaeTe. Kakum crocobom MOHO moiyuuth rpaden?Kaxue
JBYMEpHBIE MaTepuajbl MOXKHO IIEPEHOCUTH Ha APYTrHe MOUIOKKU U Kakasi METOAMKa IiepeHoca?

3. Kxakue BBl 3HaeTe METOABI HCCIENOBaHMS HaHomarepuanoB? Kakue omnruyeckue CBOMHCTBa
o0beMHOro BemectBa7 Kiaccuueckne TeopuHM ONTHYECKMX MOCTOAHHBIX. Mogpens Jlopenua.
MHoroocuusITopHass MoAelb. Mojiellb aHMU30TPOIHbI3 ocumuATopoB. Mozaens [Ipyne. Ontuueckue
XapaKTepUCTHUKH BellecTBa. ONTHYECKUE CBOMCTBA YaCTHUI. DKCTUHKIMS, TOTIOLICHHUE, PACCESTHHE.

4. CoBpeMeHHasi MUKpOCKoNn4ecKasi TexHuka. KoHdokanbHas a3epHas CKaHUPYIOIasi MUKPOCKOIIHSI.
Mynerudoronnas xoHdokanpHash MUKpockonus. KonmmuecTBeHHast (uiyopecLeHTHAas MHKPOCKOIHSI.
Mertonel cBepxpaspeieHusi. CrienuanbHble ONTUYECKUE METOBI.

5. Kakue BbI 3HaeTe crnekTpockonmuueckue meToabl? CrnexkTpainbHbI aHamu3. POTOKOIOPUMETPHUS.
Crexrpodoromerpusa. PoTOMOMUHECIEHTHASI CIEKTpocKonus. Uto Takoe (POTONOMUHECIICHLINN U B
YeM OTIMYME JTOro Ipolecca OT KOMOMHAIIMOHHOM paccessHuM cBera.? HapucoBars cxemy
SHEPreTUUECKUX NepexonoB S0I0HCKOrO.

6. Kakoii npuanun padotsl cnekrpodoromerpa? 3akon byrepa-Jlambepra-bepa.

7. TepareprioBasi CIIEKTPOCKOIMSI HEMPEPHIBHOTO JEWCTBUS Ha Jammax oOparHoil BomHbl (JIOB).
UmnynbcHasi TeparepuoBasi CIEKTPOCKONMS C  BpPEMEHHBIM  paspemieHueM. HHdpakpacHas
@ypbe-CIEKTPOCKOIIHSL.

8. B ueM cymHOCTh d(dekrta KoMOMHAIIMOHHOTO paccestHua? UTo Takoe CTOKCOBO M aHTHCTOKCOBO
paccessuue?  Tumbl  KOMOMHAIIMOHHOTO  paccesiHUA ~ CBETa, ODIMYAIOIIMECS  MEXaHHW3MaMHU
B3aMMOJIEICTBUS cBeTa ¢ BemlecTBoM. Kiaccuueckass Teopus. KBaHToBas Teopusi. DMIUpHYECKHE
3aKOHBI KOMOMHALIMOHHOTO PaccesiHUsI CBeTa. BrIHYKIeHHOe KOMOMHAIIMOHHOE paccessHue. MeToauku
pamMaHOBCKOH criekTpockornuu. Kakoit mpunmumm pabotsl PoMaHOBCKOTO MEKpOCKOTa?

9. Uro Takoe rurantckoe koMmOuHanmonHoe paccesaue (SESR)? C kakuMHM KOHLEHTpPALUSIMH
MO3BOJIIET OHO paboTarh? OKCIEPUMEHTANIbHBIE METOAMKH IOIYYEHHUs CIEKTPOB T'HTaHTCKOTO
KOMOMHALMOHHOTO paccesHusi. OCHOBHBIC XapakTEPUCTUKH W MeXaHU3Mbl 3(¢eKTa THIaHTCKOTO
KOMOMHALIMOHHOTO paccesHus. [IpuMeHeHre THTraHTCKOTO0 KOMOMHAIIMOHHOTO PACCESIHUSA K M3Y4EHHIO
OMOJIOTUYECKMX MOJIEKYl. BO3MOXHOCTH ¥ TEPCHEKTHBBI PAa3BUTHS METOAA CHEKTPOCKOINHU
TMI'AaHTCKOTO KOMOMHAIIMOHHOTO PACCEsTHMUS.

10. Yto Takoe MBEPXHOCTHBIE 3JEKTPOMArHUTHBIE BOJHBI. [I0BEpXHOCTHBIN MJIa3MOHHBIA pEe30HAHC.
CrekTpoCcKoIusl TOBEPXHOCTHOIO IUIa3MOHHOTO pe3oHaHca. UyBCTBUTENBHOCTb M OTPAHUYCHUS
Metoza. KomnakTHble cxeMbl. BOoceHCOpEl Ha OCHOBE CIEKTPOCKOIIMH [TOBEPXHOCTHOIO IUIa3MOHHOIO
pE30HaHCa.

11. Kaxo#t npuHIUI AeiicTBus amummncomMerpa. Kakas cxema u3MepeHus ¥ MOTyYCHHE TAHHBIX ?
12. Yro Takoe marpuiia Mromnepa?

13. Ckanupyoomas OIMKHENONbHAs ONTHYecKas MHUKpockonus (amepTypHas): JdudpakiuoHHBINA
npeznen. BBeneHne B CKaHUPYOUIYIO OMMKHEMONBHYIO ONTHYECKYI0 MHUKpOCKOmMio. Paspemienue
CKaHHUPYIOLIEH OMMKHENOIBHON ONTHYECKOW MHUKpOCKOnuH. [IpuHIMnuansHble cXeMbl CKaHUPYIOIEeH
OMKHETIONBHOM ONTHYECKONH MUKPOCKOTTHH.

14. Cxkanupyromas OmmKHENoNbHAs ONTHYecKas MHUKpockorusi (OezaneprypHas): Bseaenue B
paccenBalollyl0 CKaHMUPYIOUIYI0 OJNMKHETONBHYIO ONTHYECKYI0 MHKpPOCKONMIO. Paszperienue
paccenBaroneil CKaHUPYIOMIEH OIMKHETIONBHON onTH4YecKol MHuKpockornuu. Cxema. [lna3moHbl B
JIBYMEPHBIX MaTepuaiax.

15. YeTbIpex30HAOBBIN METOA M3MEPEHHS YIAEIbHOTO COMPOTHBIICHUSA. YAETHbHOE COMPOTHUBIEHHE U
YIENbHOE  TOBEPXHOCTHOE  CONpPOTHBIEHHE. V3MepeHHWe  IMOBEPXHOCTHOTO  CONPOTHUBIIEHHS
OTHOCHUTENIBHO TOHKUX IOJYIPOBOAHUKOBBIX IUIACTUH U TOHKHUX IIPOBOJSINUX (TIOJYIPOBOIHUKOBBIX U
METAJJIMYECKHUX) CIIOEB, HM30JMPOBAHHBIX OT MPOBOIIIIMX MOAJIOXKEK. J[ByXCIOWHBIE CTPYKTYpHI.
Mertox camokomIeHcanuu reoMeTpudeckux 3ddexkroB. COBpeMEHHbIE YCTAHOBKU H3MEPEHHS
[TOBEPXHOCTHOTO COMPOTHUBIICHUSI.



Bropoii cemectp

1. Kakoit nmpuHIMn paboThl ¥ KOHCTPYKIIMST aTOMHO-CHJIOBOTO MHUKpockomna? HazoBute ocoOeHHOCTH
pabotbl. COBpeMEHHOE COCTOSIHME U Pa3BUTHE CKAHUPYIOIIEH 30HI0BOH MUKPOCKOITHH.

2. Kako#i npuHOuI paboThl U KOHCTPYKIHS CKAaHUPYIOLIETO TYHHEJIbHOTO MUKpocKkona? OcoOeHHOCTH
pabots? COBpeMEHHOE COCTOSHUE U Pa3BUTHE CKAaHUPYIOIIEH TyHHEIbHONH MUKPOCKOIIHH.

3. IlpunHmunm paboTBl pacTPOBOTO IMEKTPOHHOTO MHUKpocKoma. KOHCTpyKIMS ¥ OCHOBHBIC
COCTABIISIOIIME PACTPOBOTO AEKTPOHHOTO MUKpOCcKona. OcCOOEHHOCTH pabOThI

4. TlpyHUMO pabOTHl NMPOCBEYMBAIOLICTO IJIEKTPOHHOTO MHKpOcKoma. KOHCTpYKIHMsT M OCHOBHBIE
COCTABJISIOIIUE ITPOCBEYMBAIOIIETO AEKTPOHHOTO MUKpOcKona. OcoOeHHOCTH paboThI.

5. Uro Takoe onrudeckas Jsurtorpadus (doronurorpadus)? ONUIIKMTE TONIATOBO MPOIECC
¢doromurorpadum.

6. UYro Ttakoe snekrponHas surtorpadus? Ilpomecc snexrponHoit nutorpaduu. Paspemienue B
ANEeKTPOHHOH JuTorpaduu. [IpHHIKIIE 3aMTUCH PHUCYHKA Ha 00pasIie.

7.  Pacckaxute  TeopeTMUECKHME  OCHOBBI  MeToAa  PeHTreHoBckas — JU(PPaKTOMETPUH.
PentreHoctpykrypHblii  aHanu3. Pentrenommdpakromerpuueckuii  Metoa. UWaentudukamus  u
KOIIM4ecTBEHHOE onpenencaue (a3 (ha3oBblii aHAH3).

8. Uro Takoe nByxdoronHas monuMmepusanus? [lpunnun neiictBus. [lomumepsl. M3rorosneHue
JIBYMEPHBIX U TPEXMEPHBIX CTPYKTyp. Paspemaromas cnocoOHOCTh B TUIMYHBIX AKCIIEPUMEHTAX IO
JIA3€pHOX HAaHOIOJIMMEPU3ALIUH.

9. @OTONIOMHUHECLUECHTHAS MHKPOCKONHMS TpPU KOMHATHOM TEMIIEpaType U KapTUPOBAHUE.
DoTOIIOMUHECIICHTHAS abcopOIroHHast MUKPOCKOTIHS npu KOMHATHOM TeMIIeparype.
HuzkoremneparypHast (OTOTFOMUHECIIEHTHAS. MUKPOCKOTIHS.

10. OnTrdaeckas pedaekToMeTpus: TEOPETHIESCKIE OCHOBEI MEeTO/Ia. Moemnu IS aHaIn3a.

11. Paccesnue HaHowacTul. TemHomonpHas Mukpockonusi. Pazpemenue Merona. IlpumeneHwus.
I'uGpunnbie HaHOCTPYKTYpHI. [IpakTHdeckue nuzmepenus. Teopus Mu.

12. ®dusnka BaH-JIep-BaIbCOBBIX MaTepuasioB. COOpKa BaH-/IeP-BaalbCOBBIX TETEPOCTPYKTYP. MeTobI
W3y4YEHUsl BaH-/IeP-BaalbCOBBIX I€TEPOCTPYKTYP. JIBYyCiIOiHbIE CTPYKTYPBI U Myap.

13. O630p TEeXHONOTHI CHHTE3a U METOJJOB UCCIICAOBAaHHUI HAHOMAaTEePHUaJOB.

[IpumMepsl KOHTPONBHBIX 3a1aHuil (2 cemecTp):

1. Kpurepuidi nNpoCTpaHCTBEHHOrO paspemeHust (HoTonuTorpadMueckoro MeToga  CO3JaHUs
HaHOCTPYKTYyp?

2. B kakoil »neMeHTapHOW KBAHTOBOM HAHOCTPYKTYpPE OSHEPreTUYECKUW CHEeKTP JJIEKTPOHOB
JUCKPETHBIN?

3. Kak uzmensiercs sHeprus pa3MepHOro KBAaHTOBAHMSA C YBEIMUCHHEM pa3Mepa HaHOCTPYKTYPHI?

4. CKONBKO M KaKue 3JIeMEHTapHbIe MPOLECCHI, MPOTEKAIOIIKE B 30HE POCTA, BKIIIOYAET B ce0sl METOI
MOJIEKYJISIPHO-JIy4€BOH 3nUTaKcuu?

5.OcHOBHBIE METO/IbI XapaKTepH3aLuu (POTOHHBIX KPHCTAIIOB?
[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner 1.

1. [TpuHIUIIB paOOTHI ATOMHO-CHUIIOBOW MUKpPOCKOITMH. Pazpenienue.
2. Metozbl XapakTepu3aly JBYMEPHBIX MaTepUaJIOB.

buner 2.

1. Tlpuanmmel paboThl TPOCBEUMBAIONICH JJIEKTPOHHOW MHUKpockomuu. [IpobomoaroToBka.
Pa3pemenue.

2. MeToapbl onpeneneHus ONTUYECKUX CBOMCTB MaTEpPHAIOB.

buner 3.

1. IlpuHIUIB! paboTHl CKAHUPYIOLIEH AIIEKTPOHHONH MUKpOCKonuH. Pa3zpemenue.
2. I3MepeHne npoBOAUMOCTU IBYMEPHBIX MaT€pUaIOB.

burner 4.

1. TIpuHUMIBI CEKTPANIBHOU uiuncoMeTpun. Bo3moxkHOCTH MeTOAA.

2. DnexrponHas aurorpadus. [Ipuanun padotsl. [Iponecce anekrpoHHO# auTorpaduu. Paspemenne B
ANIEKTPOHHOU JIUTOrpaduu.



buner 5.
1. Dnekrpoduzrueckre METOIbI UCCIIEIOBAHNS HAHOMATEPHUAJIOB.
2. KomOunanmonnoe paccesiuue csera (3ddexr Pamana). Knaccuueckas Teopus. KBantoas Teopusi.

Kpurepun onennBanus
Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW NPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.
Ouenka ommyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.
Onenka OmIMYHO § Oa/uIOB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMYy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PEHICHNH KOHKPETHBIX 3a]ad4, MPaBUIbHOE 000CHOBAaHHME MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BBICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, TPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJy4YCHHbIC 3HAHUS HAa NPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOIYUYCHHBIEC PE3YIJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh MOIY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka Xopomio 5 6ayuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U TI0 CYIIECTBY HM3JIaraeT €ro, yMeeT INPUMEHATH MOJydYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka ymoBIETBOPUTENbHO 4 Oanya - BBICTABISETCS CTYIEHTY, MOKa3aBIIeMy (parMEeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHHUs JIOTHYECKON MOCIIeI0BATEIIbHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Jieibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOJKET IPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.
OneHka ymoOBIETBOPUTENbHO 3 Oaiya - BBICTABISIETCS CTYIEHTY, IMOKa3aBIIeMy (parMEeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HAHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbHOCTH B H3JIOKEHHHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW MporpaMmbl, HEOOXOAUMBIMHE JUTS JaJIbHEHIIEro o0y4eHus U
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HEyJOBJIETBOPUTENIBHO 2 Oalia - BBICTABISIETCA CTYACHTY, KOTOPBII HE 3HAaeT OOJNbIIeH YacTH
OCHOBHOTO COACp)KaHUs y4eOHON IporpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX MPHUHIUIIOB M HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYIOBIETBOPUTENbHO | 0ayml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozep kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimune omuOKy B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTUYECKHX
3ajay.

5. MeTonuueckne MaTepuajbl, onpeneasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

OnennBanue 3HaHUI poucxoauT B ¢popme auddepenurpoBanHoro 3auera (9-i cemectp) U IK3aMeHa
(10-#i cemectp). JuddepeHunpoBaHHBIN 3adeT W OSK3aMEH NPOBOAATCS Mo Owieram. Hukakue
BCIIOMOTAaTENbHBIE CPEeACTBAa He AomyckaioTcs. CTyAeHT MpenCcTaBiIseT CBOE pelIeHHE MOCTaBICHHOM
3a7a4d M OTBET Ha BOIIPOC OMiIeTa HK3aMEHATOpy. 3aTeM 5K3aMEHATOp 3aJaeT CTYICHTY HECKOJIBKO
BOIIPOCOB, KOTOPbIE PABHOMEPHO OXBATBHIBAIOT COACpX)aHHUE Kypca. MIToroBasi OIleHKa BHICTABIISIETCS HA
OCHOBE Ka4eCcTBa OTBETOB  IIPOJEMOHCTPUPOBAHHOTO YPOBHSI TOHUMAHHUSL.



