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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  TEpareproBylo

CIICKTPOCKOIINIO,

CIICKTpaJIbHasA  DJIJIMIICOMETPHUS, KOMGI/IHaL[I/IOHHOG

pacCcesasHUuC U TUIaHTCKOC KOM6I/IH3,LII/IOHHO€ paccesaHue, CKaHUupyromasa OJIMKHEIIONBHAS ONTHYECKAs

MUKPOCKOIIHA,  CIEKTPOCKOIIUSA

IOBEPXHOCTHOI'O

IUIa3BMOHHOI'0O  pC€30HAHCA, aTOMHO-CHJIOBaA

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

OKCIICPUMCHTAJIbHBIX TCXHUK.

OneIT  XapaxkTepu3aluu

HaHOMATCpUaJoB,

OpaKThUKa U HU3YyUCHUC pa6OTBI C

KyJABTYPBI

HaHoMaTepuaiaMu. M3yueHne TeXHUKH 0e301acHOCTH paboThl C HAHOMaTepHaIaMu.

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
OIBIT M PEe3ylbTaThl HAYYHBIX HCCIEIOBaHUH B 001aCTH
(hoTOHMKH ¥ ONTOMH(POPMATHKI

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTreMaTHKH W (HU3UKH H CIOCOOCH HMX HPUMEHATh HpPHU
peleHu  3a/1ad B o0nactu (POTOHUKH U ONITOMH(OPMATUKN

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

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U IMPOIECCOB, CHCTEMHO

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpopMaIrio 00 aKTyalbHBIX pe3yabTraTax UcCIeI0BaHUN

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




aHAIM3MPOBATH HAyYHBIC MPOOIEMBL, 101y4ath ([IK-1.3 CrnocobeH NpUMEHATh TeopeTHueckue H (W)

HOBBIC HAYyIHBIC PC3YyJIbTAThI AKCIIEPUMEHTAIILHBIE METOJBI HWCCIEOBaHWA B o0NacTu
($oTOHHKH W ONTOWH(POPMATUKKA K KOHKPETHOW HAy4HOM
3a71a4€ U UHTEPHPETUPOBATH MOJIYYEHHBIE PE3YJIbTAThI
I[IK-2.1 CnocobeH caMOCTOATEIIBHO UWIX B COCTaBe

ITIK-2 CriocobeH caMOCTOATEILHO WU B HAy4YHOI'O KOJUIEKTHBA ILIAHUPOBATh U IPOBOAUTH HAyYHBIE

KaueCTBE YeHa (PYKOBOIUTEIS) MAIOTO HcCienoBaHus B 00acT (POTOHUKU U OTITOMH(POPMATUKH

KOJIJICKTHBA OPraHU30BbIBATh U MPOBOJANTH [1IK-2.2 CnocobeH MNpoBOAUTH ampoOalMi0 Pe3yIbTaToB

HAy4YHbIC UCCIICAOBAHUA U UX aHp06aLII/IIO HayIJHo—Hccnez[OBaTenLCKOﬁ pa60TBI OCPEACTBOM

MyOIMKAIlMK HayYHbBIX CTaTel M yJacTusl B KOH(EPEeHINAX

[MK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKUM H UCTIBITATEIIbHBIM
o0opynoBaHueM (MprubOpamMH U yCTaHOBKAMH,
CTIeATN3NPOBAHHBIMH TTAKETAaMH PUKIIAIHBIX
porpamMmm) B U30paHHON TpeMETHON 00JIaCTH

[IK-3.1 IloHumaer mnpuHOHUIBI PabOTHl HCIOJIB3YEMOTO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

[K-3.2 Criocoben MIPOBOANTH SKCIIEPUMEHT
(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIOBATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
IKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yIbTaTOB

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHUILINHE (MOLYJII0)
B pesynbTrare 0cBOGHUS AUCLUIIIMHBI 00Yy4aIOIINECs JOIKHbI

3HATb:

YMETB:

-OCHOBHbIE PUHIIMIIBI CIIEKTPOCKOIIUHU U CIIEKTPOGOTOMETPUN
-OCHOBHBIE IIPUHIIMIIBI CIIEKTPAIbHOM 3JUIMIICOMETPUHI
-OCHOBHBIE MPUHIUIBI JAIBHETIONBHON ONTHYECKOW MUKPOCKOIIHH
-OCHOBHBIE IIPUHIIUIIBI AaTOMHO-CHUIIOBOM MUKPOCKOIIMH
-OCHOBHBIE MPUHIUIIBI CKAHUPYIOIIEH TYHHEIbHOW MUKPOCKOIIHH
-OCHOBHBIE MPUHIIUITBI CKAHUPYFOTIEH ONMKHETOILHONW ONTUYEeCKO MUKPOCKOTTHN
-OCHOBHBIEC PUHLIMITEI KOMOMHALIMOHHOTO PACCESHUS M TUTAHTCKOTO KOMOMHALIMOHHOTO PACcCEsHUS
-OCHOBHBIE IIPUHIIUIIBI CIIEKTPOCKOIIUH TOBEPXHOCTHOI'O IJIA3MEHHOI'O PE30HAHCa
-OCHOBHBIE PUHIUIIBI PACTPOBOM IIEKTPOHHAS MUKPOCKOITUN
-OCHOBHBbIE IIPUHIIMIIBI [IPOCBEYHBAIOLIEH IEKTPOHHON MUKPOCKOIIUU
-OCHOBHBIE PUHIUIIBI TEPAreproBOi CIEKTPOCKOIITNHI
-OCHOBHBIE NIPUHIIUIIBI ONITHYECKOI pedaekToMeTpun
-OCHOBHBIE PUHLIUITBI PEHTTCHOBCKAas TUPPAKTOMETPHUS
-OCHOBHBIC NIPUHIIHIIBI JTa3epHasi HAHOTIOIMMEepH3alus (MIH AByX(OTOHHAS MOJIMMEpPH3aLs)
-OCHOBHBIEC PUHLHUITEI (DOTOTIOMUHECIIEHTHAS! MUKPOCKOIIHS
-OCHOBHBIC IPUHIUIIBI M3TOTOBJIECHUS O0pa3LoB (HANBUIEHHE METAJUIMYECKUX IUICHOK, ONTHYECKas
surorpadus (horonurorpadust))
-OCHOBHBIE O0OBEKTHI U SBJICHUS, NCCIEJOBAHUE KOTOPHIX BO3MOXKHO ONTHYECKHMHU METOIaMH
-TeXHUKY 0€30IacHOCTH U NpaBuiia padoThl C HAyYHBIM 00OPYI0BaHUEM

- paboTath co cnekTpodoToMeTpoM

- paboTaTh ¢ AITUIICOMETPOM

- paboTaTh ¢ aTOMHO-CHJIIOBBIM MHUKPOCKOTIOM

- paboTaTh CO CKAHUPYIOIINUM TyHHEJIBHBIM MUKPOCKOIIOM

- paboTaTh CO CKAHUPYIOIINUM OJIM>KHETIONBHBIM ONITUYECKUM MUKPOCKOIIOM

- paboTaTh CO CKAHUPYIOIIUM PaMaHOBCUM MHUKPOCKOIIOM

- paboTaTk ¢ PaCTPOBBIM AIEKTPOHHBIM MUKPOCKOIIOM

- pabotath ¢ (HOTONOMUHECIIEHTHBIM MUKPOCKOIIOM

- paboTaTh ¢ MPOCBEUMBAIOILECH AEKTPOHHONH MUKPOCKOITHEH

- paboTaTh ¢ PacCTPOBBIM EKTPOHHBIM MUKPOCKOIIOM

- paboTarh ¢ XUMHUYECKUMH PACTBOPAMH, ONIPEACISITh XUMHUYECKHUI COCTaB PaCTBOPOB.

- paborars ¢ Ban-nmep-BaanmbcoBeiMM Marepuanamu. OIpenensTb COCTaB, CBOMCTBAa, KadecTBO, H
KOJIMYECTBO CJIOCB.

- IUIAHUPOBATh HKCIICPUMEHT JUIS PEIICHHs HayYHOH 3a/1a4y C UCHOIb30BAHUEM ONTHYECKUX METOOB.
- cobupars, 00padaTeIBaTh M MPEACTABIATH PE3YIbTAThl IKCIIEPUMEHTA, YUUTHIBAs BO3MOXKHBIC OITHOKU
Y TIOTPEIIHOCTH

BJIAJIETD:




-METOJJaMH aHAJIN3a U 00PaOOTKHU SKCIIEPUMEHTAIIBHBIX TaHHBIX.
-HaBBIKAMU IIPEJICTABIICHUS SKCIIEPUMEHTAJIbHBIX JJAHHbBIX.

-HaBBIKAMHM XapaKTepU3allMl H3TOTOBJICHHBIX OOpa3LOB C MCIOJIBb30BAaHHEM aTOMHO-CHUJIOBOM
MHKPOCKOIIMH, pACTPOBOM U NPOCBEUNBAKOLIEN MIEKTPOHHON MUKPOCKOIIHH.

-HaBbIKAMHM  DPELICHHA  HAay4yHBIX  3a4ad4
(Kombunanimonnoe paccessHue, ruranTckoe KoMOMHAanMOHHOE paccesHue,

OKCIICPUMCHTAJIbHBIMHA OIITUYCCKUMH

OJIMKHEITOIbHAS MHKPOCKOIIHUS, DJUTUIICOMCTPUH, (1)OTOHIOMI/IHGCL[CHTHOI>'I MI/IKpOCKOHI/II/I)

METOAAMH

creKTpodoToMepus,

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIHHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO paboTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora

1 UckyccTBenHbIe HaHOMATEPHAJIbI. 1 5 3
TexHOJI0TNU U3TOTOBICHUS

) ITpuponusie HaHOMAaTepHaIbI. 1 ’ 3
TexHonornM CUHTE3a U U3TOTOBJICHUS

3 00630p fpmw{ecm/lx METOJIOB 1 ) 3
HCCIIeJOBAaHUH HAHOMATEpUaJIOB

4 OnTuueckue CBOMCTBa HAHOMATEPHATIOB 1 2 3

5 OnTHdeckass MUKPOCKOIHUS 1 2 3

6 CriekTpocKomus U CrIeKTPOhOTOMETpHSI 1 2 3

7 TeparepiioBasi CIIEKTPOCKOTIHS 1 2 3

3 Cnexrpockomnus KOMOWHAIMOHHOTO 1 ’ 3
paccesHus

9 CriexkTpockonus TUTaHTCKOTO 1 ) 3
KOMOHMHAIIMOHHOTO PacCesHUs

10 Cnexrpockomnus MIOBEPXHOCTHOTO 1 ’ 3
IUIa3MOHHOTO pe30HaHca

11 CriexTpaibHast SITUIICOMETPHS 1 2 3

12 CnexrpanpHast AITUIICOMETPHUS 1 5 3
AHM30TPOIHBIX MAaTEPHAJIOB

13 Ckanupyrommas OMMKHENONbHAs 1 ’ 3
ONITHYECKast MUKPOCKOIIHUS (anepTypHasi)
Cxkanupyroriast ONMmKHETIoNbHAS

14  |omTuueckas MHUKPOCKOTIHS 1 2 3
(GezaneprypHas)

15 Onekrpoduznueckne METOJIBI 1 ’ 3
WCCJICAOBAaHMS HAHOMATEPHAIOB

16 | ATOoMHO-CHIIOBass MUKPOCKOTIHS 1 2 4

17 Ckanupyrormas TYHHEJIbHAs 1 ) 4
MHKPOCKOTHS

18  |PacTpoBast anekTpoHHAs MUKPOCKOIHUS 1 2 4

19 ITpocBeunBaromas ANEKTPOHHAS 1 ’ 4
MHUKPOCKOIHS

20 Ontuueckas nuTorpadus 1 5 4
(poronurorpadus)

21 OnexkTpoHHas TuTorpadus 1 2 4

22 |PeHTreHoBcKast TUPPaKTOMETPUS 1 2 4




23 JlazepHass HaHomonumepuzauus (WK | ) 4
IBYX()OTOHHASI IOJTMMEPHU3ALIHS)

24 DOTONIOMUHECIIEHTHAS MUKPOCKOIIHS 1 2 4

25 Criexktpockonus KOMOHMHALMOHHOTO 1 5 4
paccesiHUsl AByMEPHBIX MaTepHaioB

2% CrekrpanbpHas IIUIICOMETPUS | ) 4
JBYMEPHBIX MaTepUajioB

27  |Onruueckas pedeKToMeTpus 1 2 4

aJbHETIONbHAS onTHYeCKast

28 - 1 2 4
MUKPOCKOIHUS

29  |Ban-nep-BaanbCoBBI MaTepUaibl 1 2 4

30 OO030p TeXHOJOTWH CHHTE3a M METOOB | ) 4
HCCIJICAOBAaHUM HAHOMATEPHAJIOB

Hroro yacos 30 60 105

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 225 yac., 5 3ad.en.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 1 (Ocennuii)

1. I/ICKYCCTBCHHLIG HaHOMAaTCpHUaJbl. TexHOI0ruHl U3rOTOBICHUS

Meramarepuaibl, METaoOBEPXHOCTH, (OTOHHBIE KpHCTaLIbl. [unepOommueckue MeTaMaTepuansbl.
Ban-nep-BaanbcoBbl TeTEPOCTPYKTYPBl. MeETOABI M3rOTOBIEHUS HCKYCCTBEHHBIX HAaHOMAaTEpHAJIOB.
Mertobl XapakTepu3aly HCKYCCTBEHHBIX HAHOMATEPHUAJIOB.

2. Ilpuponnsie HaHOMaTepHabl. TEXHOJIOTUM CUHTE3a U U3TOTOBJICHUS

I'paden. JIBymepHbie Marepuanbl. Okcdonumamus IBYMEpHBIX MarepuajoB. MeToisl CHHTE3a ¢
MOMOIIBIO YJIBTpa3Byka U XUMHUYECKOE OCaXK/IeHHE U3 ra3oBoi ¢assl. [lepeHoc HaHOMaTepuaioB Ha
pa3nuyHbIE MOATIOXKKH.

3. O0630p (pU3MYECKUX METOJIOB MCCIIEAOBaHN HAHOMAaTEPHAaJIOB

OnTrueckne W DIEKTPOPU3NUECKHE METOJbl HCCIIeoBaHMs HaHoMaTepuanoB. O030p MeTo0B
ONTUYECKOM  CHEKTPOCKONUHU, aTOMHO-CHUJIOBOM, CKAaHUPYIOIICH  TYHHEIBHOW, pacTpoBOM
3IEKTPOHHOU M IPOCBEYMBAOIIECH 3JIEKTPOHHON MUKPOCKOIIUU.

4. OnTryeckue CBOMCTBAa HAHOMATEPHAJIOB

Onrtuueckne cBoiicTBa 00bEeMHOro BemecTBa. KiaccMueckue TEOpHM ONTHYECKUX IOCTOSHHBIX.
Mognens Jlopenna. MHoOroocumisITopHas MoAenb. Mojens aHU30TPONHbBI3 OCHHILUIATOPOB. Mozaemnb
Hpyne. OnTuueckue XapakTEepUCTUKH BemiecTBa. ONTHYECKHE CBOWCTBA YacTHIl. OKCTHHKIHA,
MOMJIOLICHNUE, PACCESTHHE.

5. OnTrueckas MHKPOCKOIINA

CoBpeMeHHass MUKpOCKonnueckas: TexHuka. KondoxanbHas nazepHast CKaHUPYIOIAsh MUKPOCKOTIHS.
Mynerudoronnas koHpoxanpHas Mukpockonus. KonndyecrBeHHas (piayopeclieHTHash MUKPOCKOIIHSL.
Mertonel cBepxpaspelieHusi. CrienuanbHble ONTUYECKUE METOBI.

6. CrieKTpOCKOIIUS U CIIEKTPO(OTOMETPHS




OnTtuueckass  crnekTpockormus.  CrexTpanbHblii  aHanmu3.  CHEKTPOCKONMMYECKHE  METOJIBI.
dotokonopumerpus. Crekrpodoromerpus. DOTONOMUHECIIEHTHAS CIIEKTPOCKOIIHS.

7. TeparepuoBast CIEKTPOCKOTIHS

TeparepiioBasi CIIEKTPOCKONHS HEMPEPBIBHOTO JieHcTBUA Ha Jammax oOpatHoit BomHbl (JIOB).
WmmynbcHas TepareprioBasi CIIGKTPOCKONHS C  BpeweHpmpenieHueM. VHQpakpacHas
@ypbe-CIEKTPOCKOIIHSL.

8. CekTpocKonusi KOMOMHAIIMOHHOTO PaCcCEsTHUS

KombOunanmonnoe paccesiuue ceera (3gdexr Pamana). Knaccuueckas teopusi. KBantoBas Teopusi.
OMIUpPUYECKUE 3aKOHBI KOMOMHALIMOHHOTO paccesHus cBeTa. BuIHyXaeHHOe KOMOMHALMOHHOE
paccesinue. Metonuku paMaHOBCKOM criekTpockonuu. Ctpoenne Paman-cnexkrpomerpa. [lomydenue
HABBIKOB paboThl ¢ PaMaH-CIIEKTPOMETPOM.

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

l'urantckoe komOmHaumonnoe paccesiuue (SERS). DxcnepumeHTanbHble METOIWKH IOMYYECHHS
CIIEKTPOB TUT'AHTCKOTO KOMOMHAIMOHHOTO paccesHus. OCHOBHbBIE XapaKTEPUCTHKH U MEXaHU3MBI
3¢ peKxTa rUraHTCKOro KOMOMHALMOHHOTO paccesiHus. [lpuMeHeHne TMraHTCKOro KOMOMHAIIMOHHOTO
paccessHuS K M3yYeHHIO OMOJIOTHYECKHUX MOJIEKYI. BO3MOXHOCTH M MEPCIIEKTHBBI Pa3BUTUS METOA
CHEKTPOCKOIIMH F'MTaHTCKOTO KOMOMHALIMOHHOTO PACCesSHUSI.

10. CHCKTpOCKOHI/ISI MOBCPXHOCTHOI'O IMJIa3MOHHOT'O PC30HAHCA

IloBepXHOCTHBIE  DIEKTPOMArHUTHBIE  BOJHBL.  IIOBEpXHOCTHBIM  IJIa3MOHHBIA  PE30HAHC.
CriekTpockonusi  IOBEPXHOCTHOIO  IUIA3MOHHOIO  pe3oHaHca. YyBCTBUTEIBHOCTb  METOBI.
Orpannuenuss Meropa. KommnakTHble cxeMbl. buHOCEHCOpBI Ha OCHOBE  CHEKTPOCKOIHMH
IIOBEPXHOCTHOI'O IIJIJA3MOHHOI'O PE30HAHCA.

11. CnexTpalibHas ITUIICOMETPHS

[Monapuzanusa ceera. BBegenue B cnekTpaiibHylo autuncomerpuio. Cxema usmepenuil. [lomydenue
JaHHBIX. AHaIU3 JaHHBIX. VI3MepeHue CrieKTpoB ONTUYECKUX OCTOSHHBIX MaTepUaIOB, B TOM YHCIIE
TOHKUX IUIGHOK. V3yueHHWe CTpPYKTYpPHBIX CBOMCTB TOHKHX IUIGHOK M MeX(a3HbIX TIpaHUIll.
Onpenenenne TONIMH U GUINIECKUX XaPAKTEPUCTUK MHOTOCIOHHBIX CTPYKTYD.

12. CHCKTpaJ'ILHaSI QJUIAIICOMCTPHUA aHU3O0TPOITHBIX MATCPHUAJIOB

BBenenue B CHEKTPAIBHYIO SJUIMIICOMETPHIO aHU30TPONHBIX MarepuasnoB. Marpuua Mirosiepa.
U3mepeHne CHEKTPOB ONTHYECKUX IOCTOSHHBIX aHU30TPOIHBIX MAaTepHajoB. AHAIHM3 CIIEKTPOB
ONTUYECKHUX IIOCTOSHHBIX aHU30TPOIHBIX MATEPUATIOB.

13. Cxanupytomas OJIMKHETIONbHAS ONTHYECKAsT MEKPOCKOIHS (anepTypHasi)

JudpakumonHelii  mpenen. BeemeHue B CKaHUPYIONIYIO — OJVDKHETIONBHYIO — ONTHYECKYIO
MUKpockomuioo. PaspemieHue ckaHupyromed — ONMKHETONbHOW  ONTHUYECKOH  MHKPOCKOIIWH.
[MpuHIMTIMAEHBIE  CXEMbl  CKaHWPYIOIIEH  OJVDKHETIONBHOM ~ ONTHYECKOM  MHKPOCKOIWH.
IIpakTnueckne naMepenus. Pemenue nprukiagHbIx 3a1ad.

14. Cxanupytomias OJIMKHETIONbHA ONTHYECKAsi MUKPOCKOMHs (Oe3anepTypHas)

BBenenne B pacceMBAIOLIYI0 CKAaHUPYIOUIYIO ONMKHETONBHYI0 ONTHYECKYI0 MHKPOCKOIHIO.
Pa3pemenue paccenBaromiell CKaHUPYIOUIEH ONMKHETONBHOM ONTHYECKOW MHKpockonuu. Cxema.
[Ipaktuueckue nusmepenus. Ilpukinanneie 3agaun. [11a3MOHBI B IByMEPHBIX MaTepHUaJIax.

15. DnekTpodusnveckre METOIbI UCCIIE0BAHUS HAHOMATEPHAIIOB



MeTtoasl U3MepeHHs YASIBHOIO CONPOTUBIEHUS. UeThIPEX30HIOBBIM METOJ MU3MEPEHHS YIEIBHOTO
COIIPOTHUBJICHUs. YIEJIbHOE COINPOTHBIEHUE U YICJIBHOE IIOBEPXHOCTHOE COIPOTUBIICHUE.
N3mepenne MOBEpXHOCTHOTO CONMPOTHUBIIEHUSI OTHOCUTEIBHO TOHKUX MOYNPOBOJHUKOBBIX IIACTHH
U TOHKUX TPOBOAALIMX (TIOMYNPOBOAHUKOBBIX M METAUIMYECKUX) CIIOEB, W30JMPOBAHHBIX OT
MPOBOASIINX MOMIOKEK. [[ByXCIIOiHBIE CTPYKTYphl. METOI CaMOKOMIIEHCALIMH T€OMETPUYECKHX
s dexroB. CoBpeMeHHbIE YCTAaHOBKU H3MEPEHUS TIOBEPXHOCTHOTO CONPOTUBIICHHS.

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

[Mpunnnn pabdotel. KoHCTpYKIIMST aTOMHO-CHIIOBOTO MHKpockora. Ocobennoctu pabotel. O6paboTka
MOJY4EHHOI MH(POPMAIH U BOCCTAHOBICHHE TIOyYSHHBIX H300paskeHnii. COBpEeMEHHOE COCTOSIHUE
W PpAa3BUTHE CKAHUPYIOLIEW 30HA0BOM MHKpockonuu. IIpakrnueckue wusMepeHus. ToJuHbI
JIBYMEpPHBIX MaTtepuaioB. LllepoxoBaToCTh TOHKMX METAUTMUECKUX TICHOK.

17. Cxanupytoiiasi TyHHEIbHAsE MUKPOCKOIINS

[MpuHImn padotsl. KOHCTpYKIMS CKaHUPYIOLIETO TYHHEIBHOTO MUKpOcKona. OCOOEHHOCTH paboThI.
O6paborka monmydeHHOW wWH(OpPMANMK W  BOCCTAHOBICHHE TIONYYCHHBIX  H300pasKeHUA.
CoBpeMeHHOE COCTOSIHUE M Pa3BHTHE CKAHUPYIOIICH TYHHEIBHOW MHKPOCKONMH. [Ipakrmueckue
U3MEPEHHSI.

18. PacTpoBas aeKTpOHHAS] MUKPOCKOTIHS

[Tpunnun paGotel. KOHCTPYKIMS M OCHOBHBIE COCTABISIOIIME PACTPOBOTO  AIEKTPOHHOTO
Mukpockorna. OcobeHHoctu paboTel. OO6paboTka MmoyueHHOW HH(OpPMAMH W BOCCTAHOBJICHHE
NOJTy4eHHbIX n3o0paxenuil. [Ipaktnueckue u3mepenus. Mop@osorust MOBEpXHOCTH YIBTPATOHKUX
METAJITMYECKUX TJICHOK.

19. IIpocBeunBaroias MEKTPOHHAS MUKPOCKOIUS

[Mpuammn padotel. KOHCTpYKIMS M OCHOBHBIE COCTABISIOIIUE MPOCBEYHBAIOIIEIO AJIEKTPOHHOTO
Mukpockorna. OcobeHHoctn paboTel. OOpaboTka MmoydeHHOW WH(pOpPMAnUu W BOCCTAHOBJICHHE
MOJyYeHHbIX u300paxkeHmit. [Ipaktmueckue w3Mepenus. [IpocBeumBaromas —JIEKTPOHHAS
MHKPOCKOIIHS IBYMEPHBIX MaTepPUaJIOB.

20. Onruueckast nurorpadus (dporomurorpadus)

[Mpuamun pabdotel. Ilpouecc ¢oromurorpadun. doromomumepsl. M3roroBieHne MHUKPOCTPYKTYP.
OuncTKa M MOATOTOBKAa MOBEepXHOCTH. Hanecenue ¢oropesucra. Dkcnonuposanue. [IposiBienue.
O06paboTKa MOBEPXHOCTH.

21. DnexTpoHHast auTOrpadus

[Mpunanun pa6otel. [Iporecc anekrponHoit nuTorpadun. Paspenienue B 31eKTpOHHOH JuTOrpaduu.
[MpuHIMIBL 3amucy pucyHKa Ha oOpasme. CHCTeMBI s AIEKTPOHHOW JUTorpaduu. 3ammch
PHUCYHKOB Ha o0Opa3siie.

22. PeHTreHoBCKast TUPPaKTOMETPHUS

TeopeTnueckne OCHOBBI MeTOIa. PEHTIeHOCTPYKTYpHBIH aHanu3. PeHTreHoanpakroMeTpryecKuii
Metoa. Mnentudukanus u KolmdecTBeHHOe omnpenaeicHue a3 (pa3oBbiii ananmmz). [Ipaktudeckue
MU3MEPEHHUS TSl TOHKUX METAUTMYECKUX TUICHOK.

23. JlazepHas HaHonoaMMepHU3ays (Win AByX(OTOHHAS OJIUMEPHU3ALINs)



Teopernueckue ocHOBBl Mertoaa. JIByxdoronnas mnomumepusauus. [lomumepsl. W3rotoBnenue
JBYMEPHBIX U TPEXMEPHBIX CTPYKTYp. Pazperaromias cnocoOHOCTh B THIMYHBIX SKCIIEPUMEHTAX T10
JIa3epHON HaHOMIOJIUMEPHU3ALIHH.

24. ®OTOMOMHUHECUEHTHAS] MUKPOCKOIIHUS

@DOTONIOMUHECLIEHTHAs ~ MHUKPOCKONMS IIpY  KOMHATHOM  TeMmueparype U KapTUpOBaHME.
doTonmoMUHECHIEHTHAs ~ aOCOpOLMOHHAs ~ MHKPOCKONHUSL [P KOMHATHOM  Temmeparype.
HuskoremneparypHas (pOTOIIOMHUHECIEHTHASI MUKPOCKOIIHSI.

25. CriekTpocKonusi KOMOMHAIIMOHHOTO PAaCCESHUS IBYMEPHbBIX MaTepHAJIOB

Mertoanka CHEKTPOCKOIIMM KOMOMHALIMOHHOTO pAcCesHUsl IBYMEPHBIX MarepuayoB: rpadeH Hu
JMXaJIbKOTCHHUIBI IEPEXOJHBIX MeTasoB. [IpakTuueckue namepenus 1 0opaboTka CeKTPOB.

26. CHCKTpaJ'ILHaSI QJUIUIICOMECTPHUA IBYMCPHBIX MAaTCpPpUAIOB

D¢ deKxTuBHBIE MOJETH CHEKTPAJIbHOM AIUIMIICOMETPUH JUIS aHaJInW3a ONTHYECKHUX CBOMCTB
JBYMEPHBIX MaTepuaioB: TpadeH M IUXAIbKOTEHUIbl IEPEXONHBIX MeTauioB. llpakTuueckue
HU3MEPEHUs U U3BJICUEHUE ONTUYECKUX KOHCTAHT.

27. Onrudeckast peueKToMeTpust

Teopernueckue ocHOBBI MeToa. Monenu s aHanu3a. Mogenuposanue. [Ipaktuyeckue usMepeHust
JUTsl TOHKUX U YABTPATOHKUX METAJNINYECKUX IICHOK.

28. JanpHenonbHas ONTUYECKAs] MUKPOCKOIUS

Paccesnne HanouacTun. TemHomonbHass Mukpockonus. Paspemenne Merona. IlpumeHneHns.
I'uGpunHbIe HAaHOCTPYKTYpHI. [IpakTHUecKre n3MepeHusl.

29. Ban-1ep-BaaibCOBBI MaTepHaIbl

du3nka BaH-/Aep-BaalbCOBBIX MaTepuanoB. COOpka BaH-/AEp-BaallbCOBBIX IFeTEPOCTPYKTYp. MeTombl
M3y4YEHHs] BaH-JIEP-BaaIbCOBBIX IETEPOCTPYKTYp. JBYCIONHHBIE CTPYKTYPHI 1 Myap.

30. O630p TEXHONOTUI CHHTE3a U METOJOB UCCIICAOBAaHUI HAHOMAaTEePHUaJIoB

AHanu3 TEXHOJIOTMM CHHTE3a U METOA0OB I/ICCJICI[OBaHI/II\/’I HaHOMAaTCpHUaJioB. TeOpeTI/I‘leCKI/Ie n
IMPAKTUYCCKUE OCHOBBI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHNS 00pa30BaTEJILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)



JlekunOHHBIE 3aHATHS: KOMIUIEKT YIEKTPOHHBIX PE3eHTaLnil/CIai10B; ayInTOpus, OCHAIIIEHHAS
MPE3eHTALMOHHON TEXHUKOH (IIPOEKTOP, SKPaH, KOMIBIOTEP/HOYTOYK); ClIEUaIbHBIE TEXHUUECKHE
cpezcTBa Jiisl 00ydaronuxcst ”HBauo0B 1 i ¢ OB3.

1. YcraHoBKa CIIEKTPOCKOITMU KOMOWHAIIMOHHOTO paccestaus cBeTa Horiba JY LabRAM HR Evolution
C BO3BMOXKHOCTBIO KapTorpadupoBaHusi 00pa3Los

2. PaccenBaromuii ckaHUPYIOMIMN OIVKHETIONBHBIN onTrdeckuii Mukpockon Neaspec NeaSNOM ¢
MOAY/ISIMA BU3YaJIU3alMU H

cnekrpockonuu (padounii auanazon 0,4 - 20 MkMm).

3. Cnekrpockonnueckuii amuncomerp (240-930 um) SENTECH SE 800E ¢ pednexromerpuueckum
3ou10M FTPadvance.

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

5. bruoceHcop Ha 0CHOBE TOBEPXHOCTHOTO Ia3MOHHOTO pe3oHanca BiOptix 104sa.

6. Crexrpodoromerp (175-3300 am) Agilent Technologies Cary 5000 UV-Vis-NIR.

7. JTaboparopHbIit monspu3anoHHbi Mukpockon Carl Zeiss Axio Scope.Al.

8. Criekrpomerp UK muamazona (900-2550 am) Ocean Optics NIRQuest256-2.5,

9. dypoe-cnekrpometp (900-2600 am) Ocean Optics ANIR-900-2600,

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

11. Komnaxkraele criekrpometpsr (350-700 am) Thorlabs CCS100.

12. Bakyymnsiit ungpaxpacusiii @ypoe cnekrpomerp BRUKER VERTEX 80V ¢ nndpakpacHbiM
mukpockorrom HYPERION 2000.

13. TeparepueBblii ClIEKTPOMETP, BKIIIOYAsl BKJIIOYAs CUCTEMY BH3yaln3aluuu (MMUIKUHT) Menlo
Systems TERA K15 - All-

Fiber Coupled THz Spectrometer u nporpammuoe odecnieuenne TeraLyzer Single THz.

14. YcTaHOBKa 3JIEKTPOHHOIYYEBOTO OCAXKACHHUS B BRICOKOM BakyyMe NanoMaster Dual-E-beam
Evaporation System NEE-

4000.

15. Cucrema 11t HaHeceHHsl pacTBOpoB HeHTpudyrupoanuem Laurell Model WS-650Mz-23NPP
Single Wafer Spin Processor.

16. YcranoBka mazmeHHoi yucTKU 00pa3ioB Femto (Diener Electronic GmbH).

17. YcranoBka ans nazeproit 3D nutorpadun (Nanoscribe Photonic Professional).

18, Habops! COBpeMEHHO# ONTUKH (B TOM YHCIIE BOJIOKOHHO) U BRICOKOTOYHOM ONTOMEXaHUKH
Thorlabs u Newport.

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas nuTeparypa

1. ®uznueckas onruka [Tekcer] : yueonuk s By30B / C. A. Axmanos, C. 0. Hukutua .— M :
Nza-8o MI'Y, 2004 .— 656 c.

2. Ocuoel Hanoontuku [ Texct] / JI. HoBotHsrii, b. Xexr ; ep. ¢ annn. A. A. Konosko, O. A. lllyToBoit
; mox pen. B. B. Camapresa - M.®@uzmarnut,2009, 2011

3. Hanomrasmonwnka u metamarepuainsl [ Tekct] : yae0. mocobue s By30B / B. A. Acramnenko ; M-Bo
oOpazoBanus u Hayku Poc. @enepanun, Mock. pus.-texH. un-1 (Toc. yH-T .— M. : MOTH, 2011 .—
180 c.

4. OnTuka u ¢poronuka. [IpuHuunel v npumeHenns [nekrponHbii pecypc]. B2 1. T. 1, y4e0. mocobue
/' B. Canex, M. Teiix . — Jlonronpynnsriii, Uaremnekt, 2012.— URL: http://books.mipt.ru/book/301340
(nara obpamenus: 22.12.2020). - [lonuslit Texket (Pexum nocryna : u3 cetu MOTU / YnaneHHsii
JOCTYI)

5. Onruka u goronuka. [IpuHIKTIEI M TpUMeHeHuUs [DneKTpoHHbIH pecypc]. B 2 T. T. 2, yue6. mocobue
/ b. Canex, M. Tetix . — Honronpynusiii, Maremnext, 2012.— URL: http://books.mipt.ru/book/301342
(mara obpamenus: 22.12.2020). - [Monusrit Teket (Pexum nocryna : u3 cetu MOTU / YnanenHsIi
JOCTYTI)

JomnonHutensHas auTeparypa
1. Hanommasmonuka [Tekcr]/B. B. Kitumos, -M., ®usmariurt, 2010
2. KBanToBas Hanorutasmonuka [Tekcr] : [yae6noe mocobue] / E. C. AHgpuanos [u np.] —
Honronpynustit : U3a. nom "Unatennext", 2015 .— 368 c.
3. KBaznuactuiisl B pu3nKe KOHACHCUPOBAHHOTO coCcTOsiHUA [DnexkTponHblid pecypc] / H. b. bpannr, B.
A. Kynbpbauunckuit. — M., ®usmariut, 2010.— URL: https://e.lanbook.com/book/59598 (nara
obpamenuns: 21.01.2021). - Ioxusrii Texct (Pexxum gocryna : u3 cetu MOTU / Yranennslit noctym)



4. Ocuossl ontuku [Teker] : [y4e0. mocobue s By3oB] / M. bops, O. Bonsd ; nep. ¢ aar. C. H.
Bpeyca, A. U. TonoBamkuna, A. A. lllyouna ; nox pen. I. I[1. MoryneBnu .— M. : Hayxka, 1970 .— 855
C.

Literature fund of the basic departament:

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

6. C. I1. Kopu, «IIpumenenus criekrpockornuu KP u PKP B 6uoxumuny, Mocksa, Mup, (1985)

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

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

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOIYJII0), BKJII0OYasl lepeYeHb He00X0AUMOro NPpOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

I[Tpu moAroTOBKE M MPOBEACHHUH JICKIIMOHHBIX 3aHATHUI UCIIONb3YETCS CETh HHTEPHET.
Kpome Toro, ucnoneiyercs Libre Office, a Takke rpaduyeckuii maker Ink Scape.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm o 0OCBOCHMIO JTUCIHUIIINHBI (MO)_Iy.Tlﬂ)

CryneHT, M3y4arollui JTUCHUIUIMHY, JIOJDKEH, C OJHOW CTOPOHBI, OBIAJETh OOIIUM IOHSITUHHBIM
anmnaparom, a ¢ Apyroil CTOpoOHbI, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pe3yabTaTe HU3YUCHUA AUCHUIIIMHBI CTYACHT HOJIKCH 3HATb OCHOBHBLIC OIPCACIICHHUA W IOHATUSA,
YMETb NPUMEHATD IMOJYUCHHBIC 3HAHUS AJI1 pCUHICHUS pa3JIMYHbIX 3a/4a4.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENILHOM Pa0OTHI CTYJICHTA.

CamocrosiTenbHas padoTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuana, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— pelueHue 3aaad, peAaaraéMpIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBITIOJTHEHUIO 33JaHHUI MPOMEKYTOUHOHN aTTeCTalnu.

[lokazarenem BiajeHHUs MaTEpUaAIOM CIY)KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLUAIUIMHBIL.

BaxHo 10oOWTBHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAyeT OOpamiarbesi 3a KOHCYIbTalUAMH K
MIpenoAaBaTesio.

Bo3MoxeH nmpoMeKyTOUHBINA KOHTPOJIb 3HAHUI CTYIECHTOB B BHJE PELIEHMS 33a4 B COOTBETCTBUU C
TEMAaTUKOW 3aHATHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: ®DoToHUKa 1 ONTOMH(POPMATHKA

npopuiIb NOArOTOBKHU: ®DOTOHNKA, KBAHTOBBIE TEXHOJIOTUU U JBYMEPHBIE MaTepHaIbl
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
OIBIT M PEe3yNbTaThl HAYYHBIX HCCIEIOBAaHUH B 001aCTH
(oTOHMKH ¥ ONITOMH(POPMATHKI

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTreMaTHKH W (HU3UKH H CIOCOOCH HMX HPUMEHATh HpPHU
peleHun 3a/1ad B o06nactu (POTOHUKH U ONITOMH(OPMATUKN

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

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaTeIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTh U 0000IIATH
nHpopMaIrio 00 aKTyalbHbIX pe3yabTaTax UccleI0BaHUN

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

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue u (WJiIu)
OKCTIEPUMEHTAIbHBIE METOIbl HCCIEIOBaHUH B oOIacTu
¢oToHHKH W ONTOMH(POPMATUKKM K KOHKPETHOM HAy4HOM
3aj1a4ue ¥ HHTEPIPETUPOBATH MOTy4YEHHbIE PE3YIbTaThI

[IK-2 CnnocobeH caMOCTOSTEIEHO HITH B
Ka4yecTBe uJieHa (PYKOBOIUTEIS) MAJIOTO
KOJUUICKTHBA OPTaHW30BEIBATh U ITPOBOJIUTH
HAyYHbIC UCCIICIOBAHMS U MX alpoOaIiyio

[IK-2.1 CnocoGeH caMOCTOSATENEHO WJIA B COCTaBe
HAy4YHOTO KOJUIEKTHBA IIAHUPOBATH U MPOBOIUTH HAyYHBIC
HCCIIeIOBaHYsI B 001acT POTOHUKHU M ONTOMH(POpMATHKH

[IK-2.2 CnocobeH mpoOBOAWTH ampoOaIio pe3ylIETaTOB
HAYYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
yONUKAIMY HAYYHBIX CTAaTeH U y4acTusl B KOH(pEepeHIuIx

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
HCCIIeIOBATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLMATN3UPOBAHHBIMU MTAKETAMU TPUKIIATHBIX

o o
TAATAAR ML) D TINARATIITATI TrMA T IaT™ITATT ARTAATTx

[MK-3.1 TloHuMaeT NPUHIUIBI pPabOTHI HCIOIHE3YEMOTO
000opynoBaHUs (cienmanu3upOBaHHBIX MAaKETOB
MIPUKJIAJAHBIX TPOTPAMM)

IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C HCIOIBb30BAHUEM HCCIIC0BATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKJIAIHBIX IPOTPAMM)




LIPUL PAiviivl ] D YIDQUPAMOVYL LLIPVIVIVIAVYL UWJ1av 1L

IMK-3.3 CnocobeH oOIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAJILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesymbrare wiydenus mumcumiiuHbl «Nanomaterials Analysis and Research/®usudeckue MeTozb
WCCIICZIOBAaHUI HAHOMATEPHAIOBY» 00YYaIONIUICS JOIDKEH:

3HATb:

-OCHOBHBIE TIPHHIUITBI CIEKTPOCKOITUH U CIIEKTPO(POTOMETPUHI
-OCHOBHBIC NIPUHIHIIBI CLIEKTPAILHOMN JITUIICOMETPUN
-OCHOBHBIE ITPUHIIHITEI JaJTbHETIOIBHON ONTHYECKOH MUKPOCKOIINU
-OCHOBHBIC IIPUHIIUIIBI aTOMHO-CHIIOBOH MHKPOCKOITUH
-OCHOBHBIE IIPHHIHITEI CKAaHUPYIOIIEH TYHHEIBHON MUKPOCKOIHU
-OCHOBHBIE MPUHIIUITBI CKAHUPYFOIIEH ONMKHETIONLHONW ONTUYEeCKO MUKPOCKOTIHN
-OCHOBHBIE ITPUHIUITEI KOMOWHAIIMOHHOTO PACCEsHHUS ¥ THTAHTCKOTO KOMOWHAIIMOHHOTO PacCesTHUs
-OCHOBHBIE NIPUHIIHIIEI CLIEKTPOCKOIMH OBEPXHOCTHOTO MJIa3MEHHOT'O Pe30HaHca
-OCHOBHBIE ITPUHIIHUITEI PACTPOBOI AIEKTPOHHASI MUKPOCKOTIHU
-OCHOBHBIE NIPUHIIHIIBI IPOCBEYMBAIOIIEH IEKTPOHHOW MUKPOCKOIINHT
-OCHOBHBIE IIPHHIIHIIBI TEPArepOBOM CIIEKTPOCKOTHH
-OCHOBHBIE NIPUHIIUIIBI ONITHYECKOI pedaekToMeTpun
-OCHOBHBIE IIPHHIUITBEI PSHTTEHOBCKAst TH(paKToMeTpust
-OCHOBHBIC NIPUHIIHIIBI JJa3epHasi HAHOTIOIMMEepH3alus (MIN ABYX(OTOHHAS MOJIMMEpPH3aLs)
-OCHOBHBIE TPUHIHITEI ()OTOITFOMUHECLIEHTHAS MUKPOCKOTIHS
-OCHOBHBIC IPUHIUIIBI M3TOTOBJIECHUS OOpa3LoB (HANBUIEHHE METAJUIMYECKUX IUICHOK, ONTHYECKas
sutorpadus (horonurorpadust))
-OCHOBHbBIE O0OBEKTHI U SBJICHUS, HCCIEJOBAHUE KOTOPHIX BO3MOXKHO ONTHYECKHMHU METOIaMH
-TeXHUKY O€30MaCHOCTH U MPaBWiIa pabOThI ¢ HAYYHBIM 000PYIOBaHUEM
yMeThb:
- paboTath co cnekTpodoToMeTpoM
- paboTaTh ¢ AITUIICOMETPOM
- paboTaTh ¢ aTOMHO-CHJIIOBBIM MUKPOCKOTIOM
- paboTaTh CO CKAHUPYIOIINUM TYHHEJIBHBIM MUKPOCKOIIOM
- paboTaTh CO CKAHUPYIOMINUM OJIM>KHETIONBHBIM ONITUYECKUM MUKPOCKOIIOM
- paboTaTh CO CKAHUPYIOIINM PaMaHOBCUM MHUKPOCKOIIOM
- paboTaTk ¢ PaCTPOBBIM AIEKTPOHHBIM MUKPOCKOIIOM
- pabotath ¢ (HOTONOMUHECIIEHTHBIM MUKPOCKOIIOM
- paboTaTh ¢ MPOCBEUMBAIOIIEH AMEKTPOHHONH MUKPOCKOITHEH
- paboTaTh ¢ PaCTPOBBIM MEKTPOHHBIM MUKPOCKOIIOM
- paboTarh ¢ XUMUYECKUMH PACTBOPAMH, ONIPEACISITH XUMHUYESCKHI COCTaB PaCTBOPOB.
- paborars ¢ Ban-nmep-BaanmbcoBeiMM Marepuanamu. OIpenensTb COCTaB, CBOMCTBAa, KadecTBO, H
KOJIMYECTBO CJIOEB.
- IUIAHUPOBATh AKCIICPUMEHT JUIS PEIICHHs HayYHOH 3a/1a4y C UCHOIb30BAHUEM ONTHYECKUX METOOB.
- cobupare, 00padaTeIBaTh M MPEACTABIIATH PE3YJIbTAThl IKCIIEPUMEHTA, YUUTHIBAsI BO3MOXKHBIC OLTHOKU
Y TIOTPEIIHOCTH
BJIA/1eTh:

-METO/IaMH aHaJn3a U 00pabOTKU SKCIIEPUMEHTAIBHBIX JaHHBIX.

-HaBBIKaMH MIPEACTaBICHHS IKCIICPUMEHTAIBHBIX JAHHBIX.

-HaBBIKAMH XapaKTepU3allMd H3TOTOBJICHHBIX OOpa3loOB C HCIOJIB30BAHUEM AaTOMHO-CHIIOBOM
MHKPOCKOIIMH, pACTPOBOM U NPOCBEUNBAKOLIEN MIEKTPOHHON MUKPOCKOIIHH.

-HaBbIKAMH  pEIICHHsS  HAyYHBIX  3aJad  OKCICPHUMEHTAIbHBIMH  ONTHYECKUMH  METONAMH
(KombOuHanmonHoe paccesiHue, TUTaHTCKoe KoMOWHAIMOHHOE paccesiHue, CHEeKTpodoToMepus,
OMIKHENOIBbHAS MUKPOCKOIIHS, SJUTUIICOMETPUH, (POTOIFOMHUHECIICHTHON MUKPOCKOITHH)

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_[I/IMI/IC$I yLIC6HOl"O Marcpuajia mpoBOAUTCA YCTHBII\/’I OIIpoC B
HavaJi€ 3aHATUA 110 TCMC ITPOULJIOTO 3aHATUA.




4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

[lepeueHb KOHTPOJIBHBIX BOIPOCOB:
IlepBeIii cemecTp

1. Uro Takoe MeTamaTepHabl, METallOBEPXHOCTH, (OTOHHBIE KpUCTAILIBL. UTO Takoe runepOoInuecKue
MeTamarepuaisl M Ban-pep-BaanbcoBbl reTepocTpyKTypbl? Kakue ObIBAlOT METOIBI HM3TOTOBICHHS
HUCKYCCTBEHHBIX HAHOMAaTE€pUaIoB?

2. Kakue nBymepHble MaTepuasbl Bbl 3HaeTe. Kakum crnocoOoM MOXHO TMony4yuTh rpadeH?Kaxue
JIBYMEpHBIC MaTepHajbl MOXKHO MIEPEHOCUTH Ha APYTHe MOUIOKKY U Kakasi METOAMKa nepeHoca?

3. Kkakue BBl 3HaeTe METOABI HCCIIENOBaHUS HaHoMarepuaynoB? Kakue onrTuueckue CcBOWCTBa
o0beMHoro BemiectBa7 Kiacchmueckne TeopuM ONTHYECKHX TOCTOSHHBIX. Mogens Jlopenna.
MHoroocunuITOpHast Mozenb. Moaenb aHM30TPONHbBI3 ocuuIATopoB. Mozgens pyne. Onruueckue
XapaKTepUCTUKU BellecTBa. OnTudyeckue cBoicTBa 4acTUll. DKCTUHKIM, IOMIOLEHHUE, PACCEsTHUE.

4. CoBpeMeHHasi MUKpOCKoOIIMUecKas TexHuka. KongoxaipHas jga3epHasi CKaHUPYIOIAs MUKPOCKOIIHS.
MynbtidoToHHas KoH(OKanbHas MHUKpockonus. KommuecTBeHHas (uryopecleHTHass MHUKPOCKOIIHSL.
Mertonsl cBepxpaspemeHusi. CrienuanbHble ONTUYECKUE METOABI.

5. Kakue BBl 3Haetre crekTpockonuiyeckue Meroabl? CrHeKkTpaibHbli aHanu3. POTOKOIOPHUMETPHSL.
Cnexrpodoromerpust. POTONIOMUHECHICHTHAST CTIEKTPOCKONHUA. UTO Takoe (OTONOMHHECHCHIIUH U B
YeM OTJMYME 3TOro Ipouecca OT KOMOWHAIIMOHHOM paccesHuM cBera.? HapucoBare cxemy
YHEPreTHYeCKUX MepexonoB SOGI0HCKOTO.

6. Kako#i npuniun padotsl ciektpodoromeTpa? 3akoH byrepa-Jlambepra-bepa.

7. TeparepuoBasi CHEKTPOCKOIUS HENPEPBIBHOTO JIEHCTBHs Ha Jamiax oOpaTHod BosHbl (JIOB).
VMmybcHast —TepareploBas —CIEKTPOCKONHS C  BpeMepampenicHueM. VH(ppakpacHas
@ypbe-CHeKTPOCKOMIHS.

8. B uem cymHocTh 3¢ ¢erTa KOMOMHAIIMOHHOTO paccesHus? YTo Takoe CTOKCOBO M aHTHUCTOKCOBO
paccesHue?  Tumbl KOMOMHAIIMOHHOTO  pacCesHHs  CBETa, OTIMYAIOIIMECs  MEXaHU3MaMu
B3aMMOJIeHCTBHs cBeTa C BemlecTBoM. Kitaccmueckas teopusi. KBanroBas Teopus. DMmupHuecKue
3aKOHBI KOMOMHAIIMOHHOTO PAacCesiHUs cBeTa. BhIHYXIeHHOEe KOMOMHAIIMOHHOE paccesHue. MeToauku
pamaHoBCKo# criekTpockonuu. Kakoit nmpuauumn padotsl PomanoBckoro Mukpockona?

9. Uro Takoe rurantckoe komOmHaimoHHoe paccesHue (SESR)? C xakuMu KOHICHTpamusMu
MO3BOJISIET OHO paboraTh? OKCINEPUMEHTAIbHBIE METOOUKM TOMYyYEHHUs] CHEKTPOB THUTAHTCKOTO
KOMOMHAaIMOHHOTO paccesHus. OCHOBHbBIE XapaKTEPUCTHKA M MEXaHW3MbI 3(QeKTa THIaHTCKOIo
KOMOHMHALMOHHOTO paccesHus. [I[puMeHeHne TuraHTCKOro KOMOMHAMOHHOTO PacCesHUs K U3yUYCHHIO
OMOJOrMYECKUX MOJIeKyl. BO3MOXHOCTH ¥ TNEpCHEKTHUBBI PAa3BUTHSl METONA CIIEKTPOCKONHHU
TUTAaHTCKOTO KOMOMHALMOHHOTO PACCesHUsL.

10. Yto Takoe NMBEPXHOCTHBIE NIEKTPOMATHUTHBIE BOJIHBL. [I0BEpXHOCTHBIN IUIa3MOHHBIN pPE30HAHC.
CriexkTpockolusi IMOBEPXHOCTHOIO IUIa3MOHHOIO pe30HaHca. UyBCTBUTENBHOCTh U OIPaHUUYCHUS
Metozna. KommnaktHbie cxembl. BOCEHCOPBI HA OCHOBE CIIEKTPOCKONHHU MMOBEPXHOCTHOTO IIa3MOHHOTO
pe30HaHca.

11. Kaxo#t nmpuHnumn aeictBus smiuncomerpa. Kakas cxema uaMepeHus U MOTy4eHHEe JaHHBIX ?

12. Yto Takoe marpuiia Mrosmiepa?

13. Cxkanupyromas ONMXHENONbHAs ONTHYECKas MHUKpockomus (aneprypHas): JudpakiuuoHHbINH
npenes. BBeaeHune B CKaHMPYIOUIYIO ONM)KHENMOJBHYIO ONTHYECKYI0O MHUKpOCKONMIO. Paspemienue
CKaHWPYIOIIEH OMMKHENOIbHON ONTHYECKOH MHUKPOCKOTHMH. [IpUHIMIAATBHBIE CXEMbI CKAHHPYIOIICH
OMKHETIONBHOM ONTUYECKOH MUKPOCKOIIHUH.

14. Cxkanmpyromas ONWKHENONbHAs ONTHYECKass MHKpockonus (OesameprypHasi): Bsenmenue B
paccenBaIONIyl0 CKaHMUPYIONIIYI0  ONIDKHENONbHYI0 ONTHYECKYI0 MHKpOCKomuio. Paspemenue
paccenBaloleil CKaHMPYIOUIEH ONMKHETOJIbHOM onTHYeckod MuKpockonuu. Cxema. [lnmasmoHsl B
JBYMEPHBIX MaTepualax.

15. YeTbIpex30HAOBBIM METOJ M3MEPEHUS yAEIHHOIO CONPOTHBICHHS. YAEIbHOE CONPOTHUBICHUE U
yIEIbHOE  IIOBEPXHOCTHOE  compoTuBieHHe. l3MepeHue  IOBEPXHOCTHOIO  COIPOTUBIIECHHUS
OTHOCHTEJIBHO TOHKUX IOJIyIIPOBOJAHMUKOBBIX IIACTUH M TOHKUX MPOBOIAIIMX (TIOJYIPOBOAHUKOBBIX U
METAJUIMYECKNX) CIJIOEB, H30JMPOBAHHBIX OT MPOBOIAIIMX IOJIOKEK. JIByXCIOHHBIE CTPYKTYpHI.
Merton camokomneHcauun reoMeTpudeckux d¢dextoB. CoBpeMEHHbIE YCTAaHOBKA HW3MEPEHUS
[IOBEPXHOCTHOI'O COIPOTUBJICHUSI.

Bropoii cemectp



1. Kakoit mpuHIMI paOboThl U KOHCTPYKIIMSI aTOMHO-CHIIOBOTO MHKpockomna? HazoBure ocobeHHOCTH
pabotbl. COBpeMEHHOE COCTOSIHME U PAa3BUTHE CKAHUPYIOIIEH 30HI0BOH MUKPOCKOITHH.

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

3. Ilpunmun paboThl PAcTPOBOTO DJIEKTPOHHOTO MHKpockona. KOHCTpYKLMsI U OCHOBHBIE
COCTABJISIIOIIME PACTPOBOTO AIEKTPOHHOTO MUKpOCcKona. OCOOEHHOCTH pabOThI

4. TlpyHUOMT pabOTHl NMPOCBEYMBAIOUICTO JIEKTPOHHOTO MHKpOCcKoma. KOHCTpPYKIHMsT M OCHOBHBIE
COCTABJISIOIIUE ITPOCBEYMBAIOIIETO AIEKTPOHHOTO MUKpOcKona. OcoOeHHOCTH paboThI.

5. Uro Takoe onrtudeckas mutorpadus (poromurorpadus)? ONHIIUTE TMOIIATOBO TMPOIECC
¢doromurorpadum.

6. UYro Takoe anekrpoHHas iutorpadusa? Ilpoumecc snexkrpoHHOW nurorpaduu. Pazpemenue B
ANeKTPOHHOH JuTorpaduu. [IpUHIKITE 3aMTUCH PUCYHKA Ha 00pasIie.

7.  Pacckaxutre  TeopeTMUECKHME  OCHOBBI ~ MeToAa  PeHTreHoBcKas — JU(PPaKTOMETPUH.
PentreHoctpykrypHblli  aHanu3. PentreHomudpakromerpuueckuii  MeTon. MpeHtudukanms wu
KOJIM4eCTBEHHOE onpenencane (a3 (ha3oBblii aHAIH3).

8. Uro Takoe nByxdoronHas monmumepusanus? Ilpuanun geiicteus. [lomumepsl. W3rorosienue
JIBYMEPHBIX U TPEXMEPHBIX CTPYKTyp. Paspemaromas cnocoOHOCTh B TUIMYHBIX AKCIIEPUMEHTAX IO
JIa3€pHOX HAaHOIIOJIMMEPU3ALIUH.

9. ®oTonrOMUHECHIEHTHas MUKpPOCKONHA TNpH KOMHAaTHOM TeMmMIeparype W KapTUpOBaHUE.
doronmoMuHEeCIEHTHass ~ aOCOpOLMOHHAs ~ MHUKPOCKOIMS  IIpU  KOMHATHOM  TemImeparype.
HuszkoremneparypHasi ¢OTOTIOMHHECHEHTHAS MUKPOCKOTIHSI.

10. OnTrueckas pe(l)J'ICKTOMCTpI/IHI TCOPCTUICCKUC OCHOBBI MCTOAA. MO,I[GJ'II/I JUISA aHaJIk3a.

11. Paccessnue HaHouacTull. TemHomonbHas MUKpockonusi. Paspemenuwe wmerona. Ilpumenenus.
I'uGpunnbie HaHOCTPYKTYpHI. [IpakTudeckue uzmepenus. Teopus Mu.

12. ®usnka BaH-Jep-BaaibCOBBIX MarepuanoB. COOpka BaH-Aep-BaalbCOBBIX TETEPOCTPYKTYP. MeTobI
W3y4YEHUsI BaH-/IeP-BaalbCOBBIX I€TEPOCTPYKTYP. JByCiIOiiHbIE CTPYKTYPBI U Myap.

13. O630p TEeXHONOTHI CHHTE3a U METOJJOB UCCIICAOBAaHHUI HAHOMATEPHUaJOB.

[TpumMepsl KOHTPONBHBIX 3a1aHuil (2 cemecTp):

1. Kpurepuidi mnOpoCTpaHCTBEHHOTO paspemeHus (HOoToauTorpaduueckoro MeTroga  CO3AaHUs
HaHOCTPYKTYyp?

2. B kakoil aneMeHTapHOW KBAaHTOBOW HAHOCTPYKTYpE OHEPTreTHUECKHH CIEKTp 3JEKTPOHOB
JUCKPETHBIN?

3. Kak uzmensiercs sHeprus pa3MepHOro KBaHTOBAHMSA C YBEIMUCHUEM pa3Mepa HaHOCTPYKTYPHI?

4. CKONBKO M KaKHE 3JIEMEHTapHBIE MPOLIECCHI, MPOTEKAIOUINE B 30HE POCTA, BKJIIOYAET B ce0sl METOA
MOJIEKYJISIPHO-JIy4€BOM 3nUTaKCUu?

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

buner 1.

1. ITpuHIMIIBL paOOTHI ATOMHO-CHUIIOBOW MUKpPOCKOITUH. Pazpenienue.
2. Metobl XapakTepu3aly JByMEPHBIX MaTepUaJIOB.

buner 2.

1. TlpuHnmmbel paboOThl TPOCBEUMBAIOIICH AJNIEKTPOHHOW MHKpockonuu. [IpoGomoaroroBka.
Pa3pemenue.

2. MeTozp! onpefieIeHUsI ONTHYECKUX CBOMCTB MAaTEPHAJIOB.

burer 3.

1. IlpuHIUIB! paboOTHl CKAHUPYIOLIEH AIIEKTPOHHONH MUKpOCKONuH. Pa3zpemienue.

2. I3mepeHne npoBOIMMOCTH IByMEPHBIX MaTepHajOB.

burer 4.

1. IlpuHIMIBI COEKTPAIIBHOM SJUITMIICOMETPHUN. BO3MOXKHOCTH MeTOa.

2. DnexrponHnas sutorpadus. [Ipuauun padotsl. [Ipouecc 3nekrponnoit aurorpaduu. Paspemenne B
ANIEKTPOHHOH JIUTOrpaduu.

buner 5.

1. Dnekrpoduzrueckre METOIbI UCCIIETOBAHNS HAHOMATEPHUAJIOB.



2. KombOunanmonnoe paccesiue csera (3ddexr Pamana). Knaccuueckas Teopus. KBantoas Teopusi.

Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYEeOHOHM MNpOorpaMMbl AMCHUUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSThH UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpPOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNN KOHKPETHBIX 3a]1a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Onenka OTIMYHO § OauioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISIETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATh IOIy4YEHHbIC 3HAHUS HA IMPAKTUKE, HO HEIO0CTAaTOYHO
IrpaMOTHO 00OCHOBBIBAET MOITYYCHHBIEC PE3YIJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTABISETCS CTYACHTY, €CIM OH TBEPJO 3HACT MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araer ero, yMeeT NPUMEHATh MTOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0ajioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHMs Ha MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 33a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.
OneHka yIOBIETBOPUTENHHO 4 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIero oOydeHus, u
MOYKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
OneHka yIOBIETBOPUTENIHHO 3 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronemy omuOku B (GopMynupoBKax 0a30BbIX MOHSTHH,
HapyLIEHUs] JIOTMYECKOH IMOCIEeJ0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH MporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HeyIOBJIETBOPUTENBLHO 2 Oajuia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbLICH 4acTH
OCHOBHOTO COAEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIMyCKaeT rpyOble OmHOKH B
(hopMyIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYNOBIETBOPUTENbHO 1 0aim - BBICTABISAETCS CTYIEHTY, KOTOPHIH HE 3HAaeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBEI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

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

OnennBanue 3HaHUI TPoOUCXonuT B Gopme nuddepeHupoBaHHoro 3adeta (9-if cemecTp) U sK3aMeHa
(10-#i cemectp). JuddepeHunpoBaHHBIN 3adeT W 9K3aMEH NpPOBOAATCS Mo Owneram. Hukakue
BCIIOMOTaTEIbHbIE CPEeACTBAa HE AomycKatoTcs. CTyIeHT NMpEeACTaBIsieT CBOE pPEIICHUE MOCTABICHHOM
3a7la4d ¥ OTBET HA BONPOC OMJIETa IK3aMEHATOpy. 3aTeM JK3aMEHATOp 3a/aeT CTYACHTY HECKOJBKO
BOIIPOCOB, KOTOpPBIE PAaBHOMEPHO OXBaTHIBAIOT COAEpKaHUE Kypca. MIToroBas oleHKa BbICTaBIsIETCSA Ha
OCHOBE Ka4eCcTBa OTBETOB  IIPOJEMOHCTPUPOBAHHOTO YPOBHSI TOHUMAHHUSL.



