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AHHOTANMA

Kypc nexkumii «®Pusupueckue METOIAbl MCCICIOBAHUS HAHOMATEpUAJIOB» OPUEHTUPOBAH HA CTYAEHTOB
MarucTparypbl ¢ 0a30BOi NHOATOTOBKOW B oOnactu pu3uku m maremaTuku. Kypc nmaer mpencraBieHue o
COBPEMEHHBIX METOAAX HCCIIEA0BaHMsI Pa3IMUHbIX HAaHOMAaTepUajioB U HAHOCTPYKTYp, BKIIOYas AByMEpHbIE
Marepuabl, YIIEPOAHbIE HAHOTPYOKH, KBAHTOBBIE TOYKH, BaH-IEP-BAaalbCOBBl TETEPOCTPYKTYPHI,
METalOBEPXHOCTU U METaMaTepuallbl U Ipyrue UCKyCCTBEHHbIE HaHOMarepuaibl. Cpelu paccMarpuBaeMbIX B
Kypce JIeKIHi METOAOB CJEOYeT BBIACJIUTH: ONTHYECKYI0 MHUKPOCKONHIO, CIEKTPO(OTOMETPHUIO,
pedIeKTOMETPHIO, ONTHYECKYIO CIIEKTPOCKOINIO, BKJIIOYAsi TEPareploByl0, CIIEKTPAIbHYIO JIUIICOMETPHIO,
KOMOMHALIMOHHOE PACCEsSHUE U TMT'aHTCKOEe KOMOWHAIIMOHHOE paccesiHue, CKaHUPYIOUIYyIO ONMKHETONBHYIO
ONITUYECKYI0 MUKPOCKOIIMIO, CHEKTPOCKOIUIO NOBEPXHOCTHOIO IIJIA3MOHHOIO PE30HAHCA, aTOMHO-CHUJIOBYIO
MHUKPOCKOIHIO, CKAHUPYIOIIYIO TYHHEJIbHYI0 MUKPOCKOIIHIO, PACTPOBYIO M IIPOCBEUHUBAIOLIYIO JIEKTPOHHYIO
MHUKPOCKOIIHIO, a TaKKe PEHTTCHOBCKYIO AM(PAKTOMETPHIO, NEKTPOPHU3MUECKHE U3MEPEHHsS U Psii IPyTUX
SKCIIEpUMEHTAJIbHBIX TEXHUK. Takke B pamkax Kypca OyayT paccMOTpeHbBl 3(PQPEKTHUBHBIE METOIbI
YHUCIEHHOTO aHajlM3a HAHOMATEepHaJoB M HAHOCTPYKTYp. Jlekumm compoBoXIaoTcs J1abopaTOpHBIMU
3aHATUSIMH  JUIS  3aKpEIUICHUS TMPAKTHYECKUX HABBIKOB 10 3KCIEPUMEHTAIBHOW  XapaKTepU3aluu
HAaHOMAaTepHUaJIOB U HAHOCTPYKTYD.

1. lean u 3apa4un

]_le.]'lb AUCHUIIINHBI

- OBHaZeHHE OOYYAIOIIMMHCA OHKCIICPUMEHTAIBHBIMH METOIAaMHM HCCIEJOBAaHUNA HPUPOIHBIX U
HCKYCCTBEHHBIX HAHOMATEpUAJIOB, BKJIOYAs TaKUe MaTepualibl Kak rpadeH, Apyrue IByMEpHBIC
Marepuaibl, yIIepoaHble HAHOTPYOKH, IIEPOBCKUTHI, a TAKXKe pa3In4yHble MeTaMmaTepuaibl. B kauecTse
OCHOBHBIX METOJIOB MCCIICIOBAaHHI HAaHOMAaTepHajoB B PaMKax HACTOAIIETO Kypca CIEAyeT BBHIIEINUTh
ONTHYECKHE  METOABl  MCCIEAOBaHUS  (ONTHYECKYI0  MHKPOCKONHIO,  CHEKTPO(GOTOMETPHIO,
peQIIEeKTOMETPHUIO, CIEKTPOCKOIHIO, BKIIOYAs TEPareploBYI0 CIEKTPOCKONHUIO, CIEKTPAIbHYIO
SJUINIICOMETPUIO, KOMOMHALIMOHHOE pAcCesiHWe W THUraHTCKoe KOMOMHAIMOHHOE paccesiHue,
CKaHUPYIOLIYI0 OJMKHENONBbHYIO ONTUYECKYI0O MHKPOCKOIHUIO, CHEKTPOCKONHUIO MOBEPXHOCTHOTO
IUIA3MOHHOTO PE30HaHCAa M Jp.), aTOMHO-CHJIOBYIO MHKPOCKOINHUIO, CKAaHHPYIOIIYIO TYHHEIbHYIO
MHUKPOCKOIHIO, PAacCTPOBYI0O M IPOCBEUMBAIOLIYIO JJIEKTPOHHYIO MHKPOCKONHIO, a TaKxKe
PEHTI€HOBCKYI0  AW(GPAKTOMETPHIO,  2JIEKTPOPHU3MUYECKHEe  M3MEpPeHus U psadg APYIHX
IKCIEPUMEHTAIIBHBIX TEXHUK.

CryneHTbl NONTy4aT HaYajbHbIE HABBIKK PaOOTHI CO CIOXKHBIM HayYHBIM OOOPYIOBAHUEM U BBITOIHST
Pl MPAKTUYECKUX 3aHATHH Ha 00pa30BaTENbHBIX IKCIIEPUMEHTANbHBIX cTeHAax. Ilpeamonaraercs
OCBOGHHUE KYJIBTYPbl COBPEMEHHOTO JKCIEPUMEHTA, a TAaKKe TEXHHKH O€30IacHOCTH NpH padoTe c
ONTHYECKUM M3IyYeHHeM M OepeXHOro oOpalleHHs C ONTHYECKUM OOOpYIOBaHMEM U JAPYIUM
BBICOKOTEXHOJIOTHYHBIM  00OpyIOBaHMEM.  3akKpelyIeHHEe  MaTepualoB  JIEKIUOHHOIO  Kypca
OCYIIECTBIISIETCS B paMKax JJabopaTopHOTo MpakTuKyMma. Bee maboparopHbie paboThI CONPOBOXKIAIOTCS
JEKUUSMH, TAEC PACCMATPUBAIOTCS TEOPETHUYECKUE M MPAKTUUYECKUE ACHEKTHl paboThl 000PYI0BaHUS U
MPOBEICHUS U3MEpEHUil. B paMKkax JeKIMOHHOTO Kypca U 1JabOpaTOpHOTOo MPAaKTUKyMa OyayT U3y4ueHbI
0COOCHHOCTH M3TOTOBJICHUSI HAHOCTPYKTYDP M TeXHHKa pabOThl ¢ ABYMEpHBIMU MarepuaiaMu (CHHTE3
MarepualioB — 3KC(OIMHMPOBAHME W XHUMHUYECKOE OCaXKICHHWE W3 Ta3oBOM (a3bl, W3rOTOBICHHE
HAHOCTPYKTYp, B TOM 4YHCJIE€ C TIOMOLIbIO OINTHYECKOW W OBIEKTPOHHOM JuTorpaduu), a TakKe
U3MEpPEHNE OCHOBHBIX IapaMeTPOB HAHOMATEPHAJIOB PAa3IMUYHBIMU (HU3MUECKUMH MeTomamu. llpm
BBITIOJIHEHUH J1a00paTOpHBIX padoT oOyuaronecs Haydarcs TPaMOTHOMY O(OPMIICHHUIO PE3yJbTaToB
HKCTIEPUMEHTOB, UX MOCIenyome o0padoTke, a TakkKe MPEICTABICHHIO PE3yNIbTaTOB Ul OLIEHKU
npenojanareneM. PerieHHple B paMKax JIGKLIMOHHOTO Kypca M JIaDOpaTOpHOrO HPaKTUKYyMy 3ajadu
MOTYT OBITh B JajbHEHIIEM aJalTHUPOBAaHBI I HCCIEIOBaHMS CBOWCTB HOBBIX HAHOCTPYKTYp H
HAHOMAaTepHUaJiOB JalbHEHIIEH HWCCIIEAOBATEIbCKOM  NIEATENPHOCTH  CTYACHTOB. BrimonHenue
71a00paTopHBIX paboT MPaKTUKyMa MO3BOJIUT COPMUPOBATH Y CTYICHTOB HAaBBIKU SKCIIEPUMEHTAILHON
paboThl, 4TO B [ajbHEUIIEM IIO3BOJUT MM TIIOATOTOBUTHCA K BBINOJHEHHUIO HCCIEI0BATEIBCKAX
MPOEKTOB B HayuyHbIX Jlaboparopusax. Kypc HameneH Ha pa3BUTHE TBOPUECKMX HABBIKOB ITOCTAHOBKH
MEPCIIEKTUBHBIX HAYYHBIX 3a7ad.

33]13‘[]([ JAUCHUIIINHBI



M3y4yeHne TEOpeTHUECKUX M MPAKTHYECKHX OCHOB Pa3IMYHBIX (PU3NYECKUX METOIOB MCCIICTOBAHUS
HAaHOMAaTEpHAaJIOB: ONTHYECKAsi MUKPOCKOIIUS, CIIEKTPO(POTOMETpHs, peIEKTOMETpPHS, CIEKTPOCKOIIHS,

BKJIIOYasi TEParepuoByl0 CHEKTPOCKONHIO, CIEKTpaJbHas JJUIUIICOMETpPHUs,, KOMOHMHAI[MOHHOE
paccessHHE M THMTAaHTCKOE KOMOMHAIIMOHHOE paccesHHe, CKaHUPYIOUIas ONMKHENONbHAS ONTHYecKas
MHUKpPOCKOIHS, CIEKTPOCKONHUS TOBEPXHOCTHOTO  IUIA3MOHHOTO  PE30HAHCa, AaTOMHO-CHIIOBas

MHKPOCKOIHSI, CKAHUPYIOIIasi TYHHEJIbHAsE MUKPOCKOIIHS, pacTpOBasi U MPOCBEUYHUBAIOIIAS SJIEKTPOHHAS
MHUKpPOCKOIHS, PEHTTCHOBCKas IU(pakToMeTpusi, NEeKTpOPHU3NUECKHEe H3MEpeHHs U PIa APYIUX
9KCIEPUMEHTABHBIX TEXHHUK.

OneIT  XapakTepu3allid HaHOMAaTepPHalOB, TMpPaKTHKa M  HM3YYEHUE  KYJIBTYPBI
HaHoMaTepuaiaMu. M3yueHne TeXHUKH 0e301acHOCTH paboThl C HAHOMaTepHaIaMu.

pabotel  C

CuHTe3 M M3rOTOBJICHHE HaHOMarepuanoB. PaGora ¢ AByMEpHBIMH MarepuasaMH — dKC(osinanus 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 3Haer w© croco0eH HCIIOJIL30BAaTh B
nmpoeCCHOHANBPHOW ~ JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4YHbIC 3HaHUS B 00JacTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKU OLIEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIECJOBaHUH B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3UKH M CHOCOOEH WX NPHUMEHSTh NpU
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 Bnameer mnpodeccrnoHaIbHOW TEPMHHOJIOTHEH,
HCIIONb3yEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMH YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH 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 Cnocoben aHanu3upoBarh 3ajady, IJIAHHPOBAThH
MyTH pEIIeHHs, Mpeiarath U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHIE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, NPUMEHss 3HAHHS B
pa3IMUYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.3 BnageeT aHaIUTUYECKHMMH U BBIYUCIUTEILHBIMHA
METOJaMU 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 CnocobeH mnpuMeHATh 3HaHHA B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PEeIIeHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIY4YEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHPOBAaHO BBIOMpATh CIOCOO
MPOBEICHUS] HAYYHOTO HCCIICIOBAHUS

IIK-1 CnocobeH cTaBuTh, (hOPMaIHU30BLIBATE U

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaINIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHI B
paMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccrnoHambHON
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  BbIBHTaTb THIIOTE3bl, CTPOUTH
MareMaTH4ecKue MOACTH JUI ONHCAHUS H3y4YaeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KAYECTBO Pa3pabOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue M (WiIn)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl

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

[IK-2.1 Cnoco0eH IUIaHUPOBaTh M TPOBOAWUTH HAYYHBIC
HCCJICAOBAHUS CAaMOCTOSITENIbHO MJIM B COCTaBE HAy4HOTO
KOJIJIEKTHBA

[IK-2.2 CnocobeH mpoBOAWTH ampoOaIio pe3yJIETaTOB
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 TloHumaeT NpPUHIUIBI pPabOTHI HCIOIHE3YEMOTO

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

(MonenMpoBaHUe) ¢ MCHONBb30BAHUEM HCCIIEIOBATEIbCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPaMM)

IMK-3.3 CnocobeH oOIeHHBaTh TOYHOCTh IOJNyYEHHBIX
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
-OCHOBHBIC TPHHLHUIIBI W3TOTOBJICHUSI O0pa3LoB (HANBUICHWE METAUIMYECKHX 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 ¢ BaH-nep-BaanbcoBbIMU MaTepuanaMu. OIpenensTs COCTaB, CBOMCTBA, KayecTBO, U
KOJIMYECTBO CJIOEB.

- IJTAHUPOBATh SKCHEPUMEHT ISl PELICHUS HAyYHO! 3aJja4K C UCIIOJIb30BAHHEM ONITUYECKUX METOJIOB.
- cobupars, 00pabaTeIBaTh U MPEACTABIATH PE3YIbTAThl IKCIIEPUMEHTA, YUUTHIBAs BO3MOXHbIEC OLTHOKU
Y IOTPEIIHOCTH

BJIAJIETh:

-METOJaMH aHaJIM3a U 00pabOTKH IKCIIEPUMEHTAIBHBIX JJAHHBIX.

-HaBBIKaMH MPEACTABICHHUS YKCIICPUMEHTAIBHBIX JTAHHBIX.

-HaBBIKAMH  XapaKTEPU3allM¥ M3TOTOBJICHHBIX OOpa3loOB C KCHOJB30BAHUEM AaTOMHO-CHUIJIOBOM
MUKPOCKOIIHH, PACTPOBOM M IPOCBEYNBAIOIIEH IEKTPOHHONH MUKPOCKOITHH.

-HaBBIKAMH  pELICHHsS  HAy4HBIX  33/ad  OKCIIEPUMEHTAJBbHBIMH  ONTHYECKUMH  METOAMHU
(KomOuHamonHoe paccesiHue, ruranrckoe KomMOMHAIIMOHHOE paccesHue, CIEeKTPOpOTOMEpHS,
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 ibmﬂqecm/lx METOJ/IOB 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 HaHomonmuMmepuzauus (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, METaoOBEPXHOCTH, (POTOHHBIE KpUCTAIbL. [unepOonuueckue MeTamarepuabl.
Ban-znep-BaanbcoBbl IeTepOCTPYKTYpbl. MeToabl M3rOTOBJIEHUS HUCKYCCTBEHHBIX HaHOMAarTepHasoB.
MeTtozas! XapakTepHU3alui HCKYCCTBEHHBIX HAHOMAaTEPHAJIOB.

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

I'paden. [IBymepHble Marepuanbl. DKcdonuanus ABYMEpHBIX MarepuaysioB. MeTombl CHHTE3a C
MOMOILBIO YNBTPa3ByKa H XMMUYECKOE OCa)xaeHue U3 ra3oBoil ¢assl. [lepeHoc HaHOMaTepuanoB Ha
pa3inuyHble MOMIOKKH.

3. O630p puzHUECKUX METOIOB HCCIIEIOBAHNN HAHOMATEPHUAIOB

OnTnyeckue W 3IEKTPOPU3NUECKHE METOAbl HCCIIEAOBaHUsS HaHoMaTepuanoB. O030p MeToI0B
ONTHUYECKOM  CHEKTPOCKOIIMM, AaTOMHO-CUJIOBOM, CKAaHUPYIOUIEH  TYHHEJIBHOW, pacTpoOBOM
UIEKTPOHHON W IIPOCBEYNBAIOLIEN 21EKTPOHHON MHKPOCKOIHH.




4. OnTryeckue CBOMCTBA HAHOMATEPHAJIOB

Onrtuueckne cBoiicTBa 00bEeMHOrO BemiecTBa. KiaccMueckue TEOpHM ONTHYECKUX IOCTOSHHBIX.
Mopnens Jlopenna. MHoroocumisiTopHass MoAenb. Mojiens aHH30TPOIHBI3 OCHHIUIATOPOB. Mozaenb
Hpyne. OnTuueckue XapakTEepUCTUKH BemiecTBa. ONTHYECKHE CBOWCTBA YacTHIl. OKCTHHKIHSA,
MOJIOLICHNUE, PACCESTHHE.

5. OnTuueckas MHKPOCKOIIUA

CoBpeMeHHass MUKpOCKoNInueckas TexHuka. KondoxanbHas na3zepHast CKaHUPYIOIIAsh MUKPOCKOTIHS.
Mynerudoronnas koHpoxanpHas Mukpockonus. KonndyecrBeHHas (piayopeclieHTHash MUKPOCKOIHSL.
Mertonel cBepxpaspeieHusi. CrienuanbHble ONTUYECKUE METOABI.

6. CrieKTpOCKOIIUS U CIIEKTPO(OTOMETPHS

Ontuueckass  crnekTpockornus.  CrexktpanbHblii  aHanmu3.  CHEKTPOCKONMMYECKHE  METOJIBI.
dotokonopumerpus. Crekrpodoromerpust. DOTONOMUHECIIEHTHAS CIIEKTPOCKOIIHS.

7. TeparepuoBas CIEKTPOCKOIIHS

TeparepiioBasi CIIEKTPOCKONHS HEMPEPBIBHOTO JieHcTBUA Ha Jammax oOpatHoit BomHbl (JIOB).
WmmynbcHass TepareprioBasi CIIEKTPOCKONHS C  BpeweHpmpenieHueM. VH(pakpacHas
@ypbe-CIEKTPOCKOIIHSL.

8. CeKTpocKonusi KOMOMHAIIMOHHOTO PacCEsTHUS

KombOunanmonnoe paccesiuue ceera (3gdexr Pamana). Knaccuueckas teopusi. KBantoBas Teopusi.
OMIUpPUYECKUEe 3aKOHBI KOMOMHALIMOHHOTO paccesHus cBeTa. BuIHyXaeHHOe 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 komOuHaumonnoe paccesiHue (SERS). DxcnepumeHTanbHble METOIWKHA IONYYCHHS
CIIEKTPOB TUT'AaHTCKOTO KOMOMHAIMOHHOTO paccesHus. OCHOBHbBIE XapaKTEPUCTHKH U MEXaHU3MBI
3¢ peKxTa rUraHTCKOro KOMOMHAMOHHOTO paccesiHus. [lpuMeHeHne TMraHTCKOro KOMOMHAIIMOHHOTO
paccessHUS K M3yYeHHIO OMOJIOTHYECKUX MOJIEKYT. BO3MOXHOCTH M MEpPCIIEKTHBBI Pa3BUTUS METOA
CHEKTPOCKOIIMH F'MTaHTCKOTO KOMOMHALIMOHHOTO PACCesHUSL.

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

IloBepXHOCTHBIE  DJIEKTPOMArHUTHBIE  BOJHBL.  IIOBEpXHOCTHBIM  IJIa3MOHHBIA  PE30HAHC.
CriexkTpockonusi  IOBEPXHOCTHOIO  IUIA3MOHHOIO  pe3oHaHca. YyBCTBUTEIBHOCTb  METOBI.
Orpannuenuss Meropa. KommnakTHble cxeMbl. bHOCEHCOpPBI Ha OCHOBE  CHEKTPOCKOIHMH
[IOBEPXHOCTHOI'O IIJIJa3MOHHOI'O PE30HAHCA.

11. CnexTpalibHas ITUIICOMETPHS

[Monapuzanusa ceera. BBegenue B cnekTpaiibHylo autuncomerpuio. Cxema usmepenuil. [lomydenue
JaHHBIX. AHaIM3 JaHHBIX. VI3MepeHue CrieKTpoB ONTUYECKUX OCTOSHHBIX MaTepUaIOB, B TOM YHCIIE
TOHKUX IUIGHOK. V3yueHHWe CTpPYKTYpPHBIX CBOMCTB TOHKHX IUIGHOK M MeX(a3HbIX TIpaHUIL.
Onpenenenne TONIIMH U GUINIECKUX XaPAKTEPUCTUK MHOTOCIOHHBIX CTPYKTYD.

12. CHCKTpaJ'ILHaSI QJUIAIICOMCTPHA aHU30TPOITHBIX MATCPHUATIOB

BBenenue B CHEKTPAIBHYIO 3JUIMIICOMETPHIO aHU30TPOMNHBIX MarepuasnoB. Marpuua Mirosiepa.
U3mepeHne CHEKTPOB ONTHYECKUX IOCTOSIHHBIX aHU30TPOIHBIX MAaTepHajoB. AHAIHM3 CIIEKTPOB
ONTUYECKHUX IIOCTOSHHBIX aHU30TPOIHBIX MATEPUATIOB.



13. Cxanupytromas OJIMKHETIONbHAS ONTHYECKAsT MEKPOCKOIHS (anepTypHasi)

JudpakumonHelii  mpenen. BpemeHue B CKaHUPYIONIYIO — OJVDKHETIONBHYIO — ONTHYECKYIO
MUKpOckomuioo. PaspemieHue ckaHupyromei  ONMKHETONbHOW  ONTHUYECKOH  MHKPOCKOIIWH.
[MpuHIMTIMAEHBIE  CXEMbl  CKaHHWPYIOIIEH  OJMVDKHETIONBHOM  ONTHYECKOM  MHKPOCKOIWH.
IIpakTnueckne nuaMepenus. Pemenue nprukiagHbIx 3aad.

14. Cxanupytomias OJIMKHETIONbHA ONTHYECKAsh MUKPOCKOMHs (Oe3anepTypHas)

BBenenne B pacceMBAOLIYI0 CKAaHUPYIOUIYIO ONMKHETIONBHYIO ONTHYECKYI0 MHKPOCKOIHIO.
Pa3pemenue paccenBatomiell CKaHUPYIOUIEH ONMKHETONBHOW ONTHYECKOW MHKpockonuu. Cxema.
[Ipaktnueckue nusmepenus. [lpukinanneie 3agaun. [11a3MOHBI B IByMEPHBIX MaTepHUaJIax.

15. DnekTpodusnveckre METOIbI UCCIIE0BAHUS HAHOMATEPHAIIOB

MeTtoasl U3MepeHHs YASIBHOIO CONPOTUBIEHUS. UeThIPEX30HIOBBIM METOJ M3MEPEHHS YIEIBHOTO
COIIPOTHUBJIEHUs. YIEIbHOE COINPOTHBIEHUE U YIACIBHOE IIOBEPXHOCTHOE COIPOTUBIICHUE.
N3mepenne MOBEpXHOCTHOTO CONMPOTHUBIECHUS OTHOCUTEIBHO TOHKUX MOJYNPOBOJHUKOBBIX IIIACTHH
U TOHKUX TPOBOAALIMX (TIOMYNPOBOAHUKOBBIX M METAUIMYECKUX) CIIOEB, H30JMPOBAHHBIX OT
MPOBOASIINX MOMIOKEK. [[ByXCIIOiHBIE CTPYKTYphl. METOI CaMOKOMIIEHCALIMH T'€OMETPUYECKHX
s dexroB. CoBpeMeHHbIE YCTAHOBKU H3MEPEHUSI TIOBEPXHOCTHOTO CONPOTUBIICHHS.

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

[Mpunnun padotel. KoHCTpYKIIMS aTOMHO-CHIIOBOTO MHKpockora. Ocobennoctu paborel. O6paboTka
MOJY49EHHOI MH(POPMAIH U BOCCTAHOBICHHE TIOTyYSHHBIX H300paskeHnii. COBpEeMEHHOE COCTOSIHUE
U PAa3BUTHE CKAHUPYIOLIEW 30HA0BOM MHKpocKonuu. IIpakrnueckue wusMepeHus. ToJuHBL
JIBYMEpPHBIX MaTrepuaioB. LllepoxoBaToCTh TOHKMX METAUTMYECKUX TUICHOK.

17. Cxanupytoiiasi TyHHEIbHAsE MUKPOCKOIINS

[MpuHImn padotsl. KOHCTpYKIMS CKaHUPYIOMIETO TYHHEIBHOTO MUKpOcKona. OCOOEHHOCTH paboThI.
O0paborka monydeHHOW wWH(OpPMANMK W  BOCCTAHOBIECHHE TIONYYCHHBIX  H300pasKECHHIA.
CoBpeMeHHOE COCTOSHUE M Pa3BHTHE CKAHUPYIOIICH TYHHEIBHOW MHKpOCKONHUH. [Ipakrmueckue
U3MEPEHHSI.

18. PacTpoBasi aIeKTpOHHAS] MUKPOCKOTIHS

[Mpuamun paGotel. KOHCTPYKIMS M OCHOBHBIE COCTABISIOIIME PACTPOBOTO  AIIEKTPOHHOTO
Mukpockorna. OcobenHoctu paboTel. OO6paboTka moilydeHHOW HH(OpPMAMH W BOCCTAHOBJICHHE
NOJTy4eHHbIX n3o0paxeHuil. [Ipakrtuueckue m3mepenus. Mopdonorus moBepXHOCTH YIBTPAaTOHKUX
METAJTMYECKUX TJICHOK.

19. IIpocBeunBaromias MEKTPOHHAS MUKPOCKOIUS

[Mpuammn pa®otel. KOHCTpYKIMS M OCHOBHBIC COCTABISIOIIUE MPOCBEYHBAIOIIEIO AJIEKTPOHHOTO
Mukpockorna. OcobeHHocTn paboTel. OOpaboTka MmoilydeHHOW WH(OpPManuu W BOCCTAHOBJICHHE
MOJNMyYeHHbIX u3o0paxkeHmit. [Ipakthmueckue w3Mepenus. [IpocBeumBaromas — JIEKTPOHHAS
MHKPOCKOIIHS IBYMEPHBIX MaTepPUaJIOB.

20. Onruueckast nurorpadus (dporoaurorpadus)

[Mpuamun pabdoter. Ilpouecc ¢oromurorpadun. doromomumepsl. M3roroBieHne MHUKPOCTPYKTYP.
OuncTKa M MOATOTOBKAa MOBEpXHOCTH. HaneceHue ¢oropesucra. DkcnonupoBanue. [IposiBieHue.
O06paboTKa MOBEPXHOCTH.



21. DnekTpoHHast TUTOrpadus

[Mpuammn padotsl. [Ipomecc snexTpoHHO# MuTorpaduu. PaspemieHne B 21€KTPOHHOH JTUTOrpaguH.
[IpuHIMnel 3amicu pucyHKa Ha oOpasne. CHUCTEMBI ISl DJIEKTPOHHOH JuTOorpaduu. 3ammuch
PHUCYHKOB Ha o0Opasie.

22. PeHTreHoBCKast JUPPaKTOMETPUs

Teoperndeckre OCHOBBI METO/a. PEHTIeHOCTPYKTYpHBIN aHalu3. PeHTreHomudpakroMeTpuyecKuit
Metoa. Unentudukanms u xonmdecTBeHHoe onpexaeieHue ¢a3 (¢asoBbiii ananuz). Ilpaktudeckue
U3MEPEHUs AJIs1 TOHKUX METAJUIMUECKUX IIJICHOK.

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

Teopernueckue ocHOBBl Mertoaa. [IByxdoronnas mnomumepusauus. [lomumepsl. W3rotoBnenue
JBYMEPHBIX U TPEXMEPHBIX CTPYKTYp. Pazpermaromias crnocoOHOCTh B TUIMYHBIX SKCIIEPUMEHTAX 10
JIa3epHON HaHOMIOJIMMEPHU3ALIHH.

24. ®OTOMIOMHUHECUEHTHAS] MUKPOCKOTIUS

@DOTONIOMUHECLIEHTHAS. ~ MHUKPOCKONMS IIpU  KOMHAaTHOM  TeMmueparype U  KapTUpOBaHME.
doTomoMUHECHIeHTHAs ~ aOCOpOLMOHHAs ~ MHKPOCKONHUSL [P KOMHAaTHOM  Temmeparype.
HuskoremneparypHas (OTOIIOMHUHECIIEHTHASI MUKPOCKOIIHSI.

25. CriekTpocKonusi KOMOMHAIIMOHHOTO PAaCCESHUS IBYMEPHbBIX MaTepHAJIOB

Metoanka CHEKTPOCKOIIMM KOMOMHALMOHHOTO pAcCEesHUs IBYMEPHBIX MarepuayoB: rpadeH Hu
JUXaJIbKOTCHHUIBI IEPEXOJHBIX MeTasoB. [IpakTnueckue namepenus 1 00padboTka CeKTPOB.

26. CHCKTpaJ'ILHaSI QJUIUIICOMECTPHUA IBYMCPHBIX MAaTCpUAIOB

D¢ deKxTuBHBIE MOJETH CHEKTPAJbHOM AIUIMIICOMETPUH JUIS aHaJINW3a ONTHYECKHUX CBOMCTB
JBYMEPHBIX MaTepuaioB: TpadeH M IUXaIbKOTEHUIbl IEPEXONHBIX MeTauioB. llpakTuueckue
U3MEPEHUs U U3BJICUEHUE ONTUYECKUX KOHCTAHT.

27. Onrudeckas peueKToMeTpust

Teopernueckue ocHOBBI MeToa. Moaenu s aHanu3a. Mogenupoanue. [Ipaktuyeckue usMepeHust
JUTSl TOHKUX U YABTPATOHKUX METAININYECKUX IIEHOK.

28. JanpHenonbHas ONTUYECKAs] MUKPOCKOIUS

Paccesnne HanouacTun. TemHomonbHas Mukpockonus. Paspemenne Merona. IlpumeHneHns.
I'uGpuaHbIe HAaHOCTPYKTYpHI. [IpakTHUecKre n3MepeHusl.

29. BaH-1ep-BaaibCOBBI MaTepHaIbl

dusnka BaH-/Aep-BaalbCOBBIX MaTepuanoB. COOpka BaH-AEp-BaallbCOBBIX FeTEPOCTPYKTYp. MeTombl
M3y4YEHHs] BaH-JIEP-BaaIbCOBBIX IETEPOCTPYKTYp. JBYCIONHBIE CTPYKTYPHI U Myap.

30. O630p TEXHONOTUI CHHTE3a U METOJOB UCCIICA0OBAaHUI HAHOMAaTEePHUaJIoB

AHanu3 TEXHOJIOTHM CHHTE3a U METOA0OB I/ICCJICI[OBaHI/II\/’I HaHOMAaTCpHUaJioB. TeOpeTI/I‘leCKI/Ie 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
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180 c.
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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 IUCLUUIUIMHY, IOJDKEH, C OTHOW CTOPOHBI, OBIAAETh OOIIMM IOHSATUHHBIM
armaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pesynbrare m3ydeHHs NUCUUIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIE ONpEAENEHUS U TOHATHUSA,
YMETh IPUMEHSATH MOTyYCHHBIC 3HAHUS JIJISl PEIICHUS Pa3IMYHBIX 3a71a4.

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 Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], MPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeajaraéMbpIx CTyJIeHTaM Ha 3aHATHAX;

— TIOATOTOBKY K BBITIOJTHEHHIO 3aJJaHHUI MPOMEKYyTOUHOM aTTeCTallru.

[Mokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
JUCITUILIUHEL.

BaxxHo 10OWTHCS TMOHMMaHMs U3y4yaeMOro mMarepuala, a He MEXaHHYeCKOro ero 3amoMmuHaHus. [lpu
3aTPYINHEHWN W3yYCHUsS OTIEIBHBIX TEM, BOIPOCOB, CIEIyeT OOpamiarhCs 3a KOHCYIbTAIMSAMH K
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 3a7ad B COOTBETCTBUH 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 3Haer w© croco0eH HCIIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKl M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
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 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMH YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH 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 CnocobeHn ananmu3upoBarh 3ajady, [JIaHHPOBAThH
MyTH pEIIeHHs, MpeiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKN)

OIIK-3.3 BnageeT aHaIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU 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 CnocobeH mnpuMeHATh 3HaHHA B o0JacTu
(HU3UKO-MaTEMAaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIY4YEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMEeHTHPOBAaHO BBIOMpATh CIOCOO
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

IIK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTh U 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
pamMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccroHambHON
IEITEILHOCTH

I[IK-1.2 CnocobeH  BbIBHTaTb THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAYeCTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue M (WJiIu)
SKCIIEPUMEHTAIBHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl

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

[IK-2.1 Cnoco0eH IUIaHUPOBaTh M TPOBOAWUTH HAYYHBIC
HCCJICAOBAHUS CAaMOCTOSITENIbHO MJIM B COCTaBE HAy4HOTO
KOJIJIEKTUBA

[IK-2.2 CnocobeH mpoBOAWTH ampoOaIio pe3yJIETaTOB
HAyYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
MyONUKAIMY HAyYHBIX CTAaTe U yJacTusl B KOH(pepeHIuIx

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢

[MK-3.1 TloHuMaeT NPUHIUIBI pPabOTHI HCIOIBE3YEMOTO
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 HCIOIB30BAHUEM HCCIEIOBATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTHh ITOJYYCHHBIX
SKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaTOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare n3ydeHust AUCIUTUIMHBL «DU3HYECKUEe METOIbI CCIIeIOBAHNN HAHOMATEPUAIIOBY 00yYaroIuics
JOJKEH:

3HATh:
-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 00pa3loB (HANBUICHUE METAUTMYECKUX 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.
- paborarh ¢ BaHn-nmep-BaanbcoBeIMH Marepuanamu. OIpenesnsTh COCTaB, CBOICTBAa, KadeCTBO, H
KOJINYECTBO CJIOEB.
- IUIAHKUPOBATh AKCIICPUMEHT JUIS PEIICHHs HAyYHOH 3a/1a4¥ C HCIOIb30BAHUEM ONITUYECKUX METOOB.
- cobupars, 00pabaThHIBaTh U MPEACTABIATH PE3YJABTaThl IKCIIEPUMEHTA, YIUTHIBAs BO3MOXKHBIE OITUOKH
1 TIOTPEIIHOCTH
BJIA/IETh:
-MEeTO/IaMH aHaJn3a u 00pabOTKN SKCIEPUMEHTAIBHBIX JaHHBIX.
-HaBBIKaMH MPEACTABICHHUS YKCIICPUMEHTAIBHBIX JTAHHBIX.
-HaBBIKAMH  XapaKTepU3allMd M3TOTOBJICHHBIX O0Opa3llOB C HCIOIB30BAHHEM AaTOMHO-CHIIOBOIA
MUKPOCKOIIHH, PACTPOBOM M MPOCBEYNBAIOILIEH IEKTPOHHONH MUKPOCKOITHH.
-HaBbIKAMH  pEIICHMS  HAyYHBIX  3aJad  OKCICPHUMEHTAJIbHBIMM  ONTHYECKUMH  METONAMH
(KomOuHamonHoe paccesiHue, ruranrckoe KoMmMOMHAaIMOHHOE paccesHue, CIEeKTPOPOTOMEPHS,
ODKHETIONBHAST MUKPOCKOIIUS, SJTUTICOMETPUH, (DOTOTFOMUHECIICHTHOW MUKPOCKOITHH )

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



C nenpro KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC 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 MeTaMaTrepHabl, METAIIOBEPXHOCTH, (POTOHHBIE KpUCTAILIBL. UTO Takoe rurepOoIndecKue
Meramarepuansl 1 Ban-zmep-BaanbcoBbl reTepocTpykTypbl? Kakne ObIBalOT METOIbI M3rOTOBJICHUS
HCKYCCTBEHHBIX HAHOMAaTEpPHaIOB?

2. Kakue nBymepHble MaTepuanibl Bbl 3Haere. Kakum crmocobom MoxHO monyuuth rpaden?Kaxue
JBYMEpHBIE MaTepuajbl MOXKHO IIEPEHOCUTH Ha APYTrHe MOUIOKKU U Kakasi METOAMKa IiepeHoca?

3. Kxakue BbI 3HaeTe MeETOIbl HCCIEAOBaHUS HaHoMarepuanoB? Kakue omnTuueckne CBOMNCTBa
o0beMHOro BemectBa7 Kiaccuueckue Teopun ONTHYECKHX TNOCTOsSHHBIX. Mopens Jlopenua.
MHoroocunuIsITOpHast Mozellb. MoJiennb aHM30TPOIHBI3 ocHuuATopoB. Mozens [Ipyne. OnTuueckue
XapaKTepUCTHUKH BellecTBa. ONTHYECKUE CBOMCTBA YaCTHUI. DKCTUHKIMS, TOTIOLICHHUE, PACCESTHHE.

4. CoBpeMeHHasi MUKpOCKoNn4eckasi TexHuka. KoHdokanbHas J1azepHasi CKaHUPYOIasi MUKPOCKOIIHSL.
Mynberudoronnas xoHgpokambHas MHUKpockonusi. KommuecTBeHHas (ayopecleHTHass MHUKPOCKOIHS.
Mertonel cBepxpaspeieHusi. CrienuanbHble ONTUYECKUE METOBI.

5. Kakue BBl 3HaeTe cnekTpockomuueckue meronbl? CrekTpanbHblii aHanu3. doTokomopumerpus.
Crnexrpodoromerpus. PoToaOMUHECIEHTHAsS CIIEKTPOocKonus. UTo Takoe (HOTOMOMUHECIICHLIMU U B
YeM OTJIMYMEe JTOro Impouecca OT KOMOMHAIIMOHHOM paccesHuHM cBera.? Hapucosarh cxemy
SHEPreTUUECKUX NepexonoB S0I0HCKOrO.

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

7. TeparepuoBasi CHEKTPOCKOITUSI HEMPEPBHIBHOTO JEHCTBHsI Ha JjaMmmax oOpatHoi BomHbl (JIOB).
WmmynbcHass — TepareploBas — CIIGKTPOCKOIHS C  BpeMepagperneHueM. VH(pakpacHas
@ypbe-CIEKTPOCKOIIHSL.

8. B "em cymHOCTh 3¢ dekTa KoMOMHAIIMOHHOTO paccestHus? YTO Takoe CTOKCOBO W aHTHUCTOKCOBO
paccessuue?  Tumbl  KOMOMHAIIMOHHOTO — paccesHUsl CBETa, OTIMYAIOUIMECs  MeXaHU3MaMH
B3aMMOJIEICTBUS cBeTa ¢ BemlecTBoM. Kitaccuueckas teopusa. KmanToBas Teopusa. Dmmmpudeckue
3aKOHBI KOMOMHALMOHHOTO paccesiHus cBeTa. BrIHyX)IeHHOe KOMOMHAIIMOHHOE paccesHrie. MeToauku
pamMaHOBCKOH criekTpockornuu. Kakoit mpunmumm pabotsl PoMaHOBCKOTO MEKpOCKOTa?

9. Uro Takoe ruranrckoe komOuHanmoHHoe paccesHue (SESR)? C kakumMu KOHIEHTpauusMu
MO3BOJIIET OHO paborarh? OKCIEPUMEHTAIBHBIE METOJUKH TIOJyYCHHs CIHEKTPOB THUIAHTCKOTO
KOMOMHALMOHHOTO paccesHusi. OCHOBHBIC XapakTEPUCTUKH W MeXaHU3Mbl 3(¢eKTa THIaHTCKOTO
KOMOMHAIIMOHHOTO paccessHus. [IpiMeHeHne ruraHTckoro KOMOMHAIIMOHHOTO PacCcesHUsl K N3yUYEHUI0
OMOJIOTUYECKMX MOJIEKYJI. BO3MOXHOCTH M MEPCHEKTHUBBI PAa3BUTUS METONA CHEKTPOCKOMHUH
TMI'AaHTCKOTO KOMOMHAIIMOHHOTO PACCEsTHMUS.

10. Yto Takoe MBEPXHOCTHBIE AIEKTPOMATHUTHBIE BOJHBI. [[0BEpXHOCTHBIN TUTa3MOHHBIN pE30HAHC.
CriekTpocKoIusl MOBEPXHOCTHOTO IUIa3MOHHOTO pe30HaHca. UyBCTBUTENBHOCTH W OTPaHHUYCHHS
Metoza. KomnaktHble cxeMbl. BoceHCOpBl Ha OCHOBE CIIEKTPOCKONUHU ITOBEPXHOCTHOIO I1a3MOHHOI'O
pe30HaHca.

11. Kakoit npuHIun aeictBus sumncomeTpa. Kakas cxema u3MepeHusl ¥ OIy4YEeHUE TaHHBIX?

12. Yro Takoe marpuiia Mromnepa?

13. Cxkanupyromas ONMXHENONbHAs ONTHYeCKas MHUKpockomusi (ameprypHas): dudpaxuuoHHbINH
npeznen. BBeneHne B CKaHUPYIOUIyIO OJNIVMKHEOJNBHYIO ONTHYECKYI0 MHKpOCKomuio. Paspemienue
CKaHUPYIOLIEH OMMKHENOIbHON ONTHYECKOH MHUKpPOCKONHH. IpuHIMNMAIbHBIE CXEMbI CKAaHUPYIOLIEH
OMKHETIONBHOM ONTHYECKONH MUKPOCKOTTHH.

14. Cxanmpyromas ONMKHENIONBHAS ONTHYECKass MHKpockomus (OesameprypHasi): Beenmenue B
paccenBalollyl0 CKaHMPYIOUIYI0 ONMKHETONbHYIO ONTHYECKYI0 MHKpPOCKONMIO. Pazpemenue
paccenBaroleil CKaHHPYIOUIEH ONMKHETONLHOW onTHueckold Mukpockonuu. Cxema. [lnmazmoHbsl B
JIBYMEPHBIX MaTepuaiax.

15. YeTbIpex30HI0OBBIM METOA U3MEpEHHs YACIbHOTO COMPOTHUBIEHUS. YIEIHHOE COIPOTHUBICHHE U
YIENbHOE  IOBEPXHOCTHOE  COMPOTHUBIEHUE. l3MepeHHe NOBEPXHOCTHOIO  CONPOTHBIICHUS
OTHOCHUTENIBHO TOHKUX I1OJIyIIPOBOJAHUKOBBIX IIJJACTUH M TOHKUX IPOBOIALIMX (TIOJIyIIPOBOJAHUKOBBIX U
METAJIMYECKHUX) CIIOEB, M30JMPOBAHHBIX OT MPOBOIAIIMX TNOAJOXKEK. J[ByXclOWHBIE CTPYKTYpBHI.
Merton camokomreHcanuu TreoMeTpudeckux dddexroB. CoBpeMEHHBIE YCTAaHOBKH H3MEpPEHHS
[TOBEPXHOCTHOTO COMPOTHUBIICHUSI.



Bropoii cemectp

1. Kakoi#t nmpuHIMI paOboThl U KOHCTPYKIIMSI aTOMHO-CHIIOBOTO MHKpockomna? HazoBure ocobeHHOCTH
pabotbl. COBpeMEHHOE COCTOSIHME U Pa3BUTHE CKAHUPYIOIIEH 30HI0BOH MUKPOCKOITHH.

2. Kako#l npuHUIun paboTsl U KOHCTPYKLHKS CKaHUPYIOLIETO TYHHEIBHOro Mukpockona? OcobeHHoCTH
pabots? COBpeMEHHOE COCTOSHUE U Pa3BUTHE CKAaHUPYIOIIEH TyHHEIbHONH MUKPOCKOIIHH.

3. Ilpunmun paboThl PAcTPOBOTO DIEKTPOHHOTO MHKpockona. KOHCTPYKLMsI U OCHOBHBIE
COCTABIISIOIIME PACTPOBOTO AEKTPOHHOTO MUKpOCcKona. OcCOOEHHOCTH pabOThI

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

5. Uro Takoe onrtudeckas nutorpadus (poromurorpadus)? ONHIIUTE MOIIATOBO IMPOLECC
¢doromurorpadum.

6. UYro Ttakoe anekrpoHHas sutorpadus? Ilpouecc snexkrpoHHOW nurorpaduu. Pazpemenue B
ANEeKTPOHHOH JuTorpaduu. [IpHHIKIIE 3aMTUCH PHUCYHKA Ha 00pasIie.

7.  Pacckaxute  TeopeTMUECKHME  OCHOBBI  MeToAa  PeHTreHoBckas — JU(PPaKTOMETPUH.
PentreHoctpykrypHbiii  aHanu3. PentreHomudpakromerpuueckuii  MeTon. MpeHtudukanms w
KOIIM4ecTBEHHOE onpenencaue (a3 (ha3oBblii aHAH3).

8. Uro Takoe nByxdoronHas monmumepusanus? Ilpuanun pgeiicteus. [lomumepsr. W3rorosienue
JIBYMEPHBIX U TPEXMEPHBIX CTPYKTyp. Paspemaromas cnocoOHOCTh B TUIMYHBIX AKCIIEPUMEHTAX IO
JIA3€pHOX HAaHOIOJIMMEPU3ALIUH.

9. @OTONIOMUHECIEHTHAS MUKPOCKOIKA IpU KOMHATHOM TeMImepaTrype U KapTUpPOBaHUE.
DoTOIIOMUHECIICHTHAS abcopOIroHHast MUKPOCKOTIHS npu KOMHATHOM TeMIIeparype.
HuzkoremneparypHast (OTOTFOMUHECIIEHTHAS. MUKPOCKOTIHS.

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

11. Paccessnue HaHouacTull. TemHomonbHas MHKpockonusi. Paspemienuwe wmerona. Ilpumenenus.
I'uGpunnbie HaHOCTPYKTYpHI. [IpakTHdeckue nuzmepenus. Teopus Mu.

12. ®dusnka BaH-Jep-BaabCOBBIX MarepuanoB. COOpka BaH-Aep-BaalbCOBBIX TETEPOCTPYKTYP. MeTob
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 npoCTpaHCTBEHHOTO paspemeHus (HoToauTorpaduueckoro MeTroga  CO3AaHUs
HaHOCTPYKTYyp?

2. B kakoil aneMeHTapHOW KBAaHTOBOW HAHOCTPYKTYpE OHEPTeTHUECKHH CIIEKTp 3JEKTPOHOB
JUCKPETHBIN?

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

4. CKONBKO M KaKHE 3JIEMEHTapHBIE MPOLIECCHI, MPOTEKAIOUINE B 30HE POCTA, BKIIOYAET B ceOsl METOA
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. TlpuHnmmbel paboOThl TPOCBEUMBAIOIICH AJIEKTPOHHOW MHKpockonmuu. [IpoGomoaroroBka.
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 gutorpadus. [Ipuanun padotsl. [Ipouecc anexkrponHoii mtorpaduu. Paszpemenue B
ANIEKTPOHHOU JIUTOrpaduu.



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

Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEeOHOHM MpOorpaMMbl AMCHUUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI M YMEHHUE YBEPEHHO
MPUMEHATh UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a/]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Onenka OTIMYHO § ©OauioB -  BBICTABISETCS  CTYHACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh X Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 00O0CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHATHh IOIy4YEHHbIC 3HAHUS HA IMPAKTUKE, HO HEIO0CTAaTOYHO
rpaMOTHO 00OCHOBBIBAET MOIYUYCHHBIEC PE3YIJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTABISAETCS CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepuall, paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh [IOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0aioB - BHICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHUs HA MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka yIOBIETBOPUTENbHO 4 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH O0a30BBIX MOHSTHI,
HapyLIEeHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOydeHus, u
MOJKET IPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.
OneHka yIOBIETBOPUTENIHHO 3 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynupoBKax 0a30BbIX HOHSTHH,
HapylIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHWH NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HeyIOBJIETBOPUTENIBHO 2 Oajuia - BBICTABISETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COAEp)KaHUsI y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIyCKaeT rpyOble OmHOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYNOBIETBOPUTENbHO 1 Oaiim - BBICTABISAETCS CTYIEHTY, KOTOPHI HE 3HAeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeilmue omuOKd B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaJIbl, ONpeIeJsONINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

OnenuBanue 3HaHUH TporcXonuT B Gopme nuddepeHupoBaHHoro 3adeta (9-if cemecTp) U sK3aMeHa
(10-#i cemectp). JuddepeHunpoBaHHBIN 3adeT W OSK3aMEH NPOBOAATCS Mo Owieram. Hukakue
BCIIOMOTaTEIbHbIE CPEACTBAa HE AomycKatoTcs. CTyIeHT MpEeACTaBIsieT CBOE pPEIICHUE MOCTABICHHOM
3a7la4d ¥ OTBET Ha BONPOC OMJIETa IK3aMEHATopy. 3aTeM JK3aMEHATOp 3a/aeT CTYIACHTY HECKOJIBKO
BOIIPOCOB, KOTOpPBIE PAaBHOMEPHO OXBaTHIBAIOT COAEp)KaHUE Kypca. MiTorosas oleHka BbICTaBIsIETCS Ha
OCHOBE Ka4eCcTBa OTBETOB  IIPOJEMOHCTPUPOBAHHOTO YPOBHSI TOHUMAHHUSL.



