degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO
JAupexTop

JA.B. Ky3bmun

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: Mertozb! nccieq0BaHNUs CBOMCTB U ITOBEJCHUS HAHOCTPYKTYP
10 HANPABJICHHUIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npo¢uib NOArOTOBKHU: buodusnka u nHXKeHepus B HAHOOMOTEXHOIOTUSIX

dusrex-mrona buosgornueckot 1 Menunuackor OU3NKU
kadeapa CUCTEMHON M CHHTETHYECKOW OHOIOTHn

Kypc: 1
KBaJIMpUKALS: MarucTp

Cemectp, hopMbl IpOMEXKYTOUHOH arTecTauuu: 1 (ocennuil) - JuddepennupoBannslii 3a4eT

AynuTopHBIX 4acoB: 15 Bcero, B TOM 4HCIIE:
Jekuuu: 15 gac.
cemuHapsl: 0 yac.
nabopatopusle 3ansaTus: 0 gac.

CamocrosrensHas padora: 30 gac.

Bcero gacos: 45, Bcero 3au. ef.: 1

[Iporpammy cocrtaBui: C.J. 3BepeBa, kaHz. OMOJI. HAayK, IPETIOJABATEb

[Iporpamma obcyxieHa Ha 3acefjanny Kadenapa CUCTEMHOM U cUHTeTHYecKoi ononoruu 20.12.2024



AHHOTANMA

Hucnuminaa "MeToapl HCCleOBaHUs CBOMCTB W TOBEJCHHS HAHOCTPYKTYp' HalpaBlieHa Ha W3y4eHHe
OCHOBHBIX METOJOB M TEXHHMK aHaji3a U BCECTOPOHHEH XapaKTEpHUCTHUKM HaHodacTHl. B Xome n3ydeHus
JHUCIUIIIMHBI CTYACHTBHI O3HAKOMATCS ¢ OCHOBHBIMU IPUHIUIIAMU PAaOOThl COBPEMEHHBIX METOAMK, BKIIOYAs
CIEKTPOCKOINIO, MHUKPOCKONHIO, XpoMmarorpaduio W Jpyrue MeTonsl aHaiuza. Kpome Toro, cCTyaeHTHI
MO3HAKOMSTCS C TEOPETHYECKMMHU OCHOBAaMHM M METOJAaMM pacdeTa (U3MYECKHX CBOMCTB HAaHOYACTHUI], HX
MOBEICHUS M B3aUMOACHCTBHUS C OKpyxkamoomeil cpemoil. [lucumminHa BritodaeT B cedd JEKUUH H
71a00paTOPHO-NPAKTHYECKUE PAOOTHI, MO3BOJISIOIINE YYACTHUKAM OBJIA/IETh OCHOBHBIMU

COBPCMCHHBIMU TCXHOJIOTUAMHU U HAYKOCMKHMHU HCCJIICJOBAaHUSAMU B obmactu HaHOMATepuajioB U
HAHOTEXHOJIOTHIl.

1. leau u 3apauu

eap AUCUMNIIMHBI

- OBJIaJIEHUE COBPEMEHHBIMU METOIAMHU U TEXHUKAMM Kau€CTBEHHOTO UCCIIEA0BaHMs HAHOMATEpUaJIOB.
VYryOnenHoe u3yueHre 0COOEHHOCTEH HaHOCTPYKTYP, aHAIM3 WX CBOMCTB M MOBEACHHS HA MUKPO- H
HaHOYPOBHE.

33}13‘-[1/1 JAUCHUIIINHBI
- UI3Yy4YCHHUEC MCTOJOB CMHTC3a HAHOYACTHL PA3JIMIHBIX MAaTCPUAJIOB;

- ompeneneHue pasmepa W (GOPMBI HAHOYACTHI[ C MCIOIB30BAHHEM COOTBETCTBYIOLIMX METO/OB
aHanm3a;

- UCCJICAOBAHUC MTOBCACHU S HAHOYACTHUI] B PA3JIMYHBIX CPCAax U YCIIOBUAX,

- OIICHKA BJIMAHUSA pa3Mepa U (I)OpMLI HaHO4YaCTHIl Ha UX (I)I/IBI/IKO—XI/IMI/I"ICCKI/IC CBOﬁCTBa;

- U3YyUCHUC B3aHMO}IeI>iCTBHH HaHOYaCTUl C ApyruMu BCUICCTBAMUA U MAaTCpHUATIaMU;

- OIIpCACIICHNEC BO3MOXHBIX croco0oB (1)yHKL[I/IOHaJ'II/ISaL[I/II/I n MO):[I/I(i)I/IKaLII/II/I HaHO4YaCTHII,
- UCCJICAOBAHUC MTOTCHIHUAJIBHOIO IIPUMCHCHU A HAHOYACTUIl B PA3JIMYHBIX o0macTsax HAyKHU.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie CIeayronux KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHILI/IKaTOpBI JOCTHIKCHHUSA KOMIICTCHIIMH

YK-1 Cnocoben ocymectBnsaTs kputnueckuid | YK-1.1 Ananusupyer npoOiIeMHy0 CUTYaIHIO KaK CUCTEMY,
aHaJM3 MPOOIEMHBIX CUTYyalluii Ha OCHOBE BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

YK-3 Cnocoben oprann3oBbiBath 1 pykoBouTh | YK-3.4 CriocoOeH IIaHUpOBaTh KOMaHIHYI pabory,
paboToil koMaHabl, BEIpa0aTeiBas KOMAaHAHYIO |paclpeAessiTh NOPYUYEeHHs YjeHaM KOMAaH[bl, OPraHU30BaTh
CTPATETHIO IS JOCTUKEHUS [T0CTABICHHON 00CyXJIeHUE pa3HBIX UJICH 1 MHEHHUI

3a1auu

[IK-3.1 IloHumaer mnpuHOUIBI PabOTHl HCIOJIB3YEMOTO
00opynoBaHUsS (cienmanu3upoBaHHBIX [IaKETOB

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢ NPUKITAHBIX TIPOTPAMM)

MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
obopynoBaHreM (MpruOOpamMH U yCTaHOBKAMH,
CIIeATN3NPOBAHHBIMH TTAKETaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

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

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
AKCIEPUMEHTANIbHBIX (YMCIEHHBIX) PE3yIbTaToOB

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCLUIIMHBI 00y4aIOIINeCs JOIKHbI
3HAThb!



YMETb!

- OCHOBHBIE METO/bl MCCIENOBAaHMUS HAHOYACTHUL, BKJIOYAs ONTHUYECKUE, DJIEKTPOHHBIE U
MHKPOCKOIIMYECKHE METOIBI;

- NPUHLUNBI ¥ TPUOOPHI, HCIOIb3yeMble JUIS MCCIIEAOBAHUS DPa3MepoB, (HOPMBI, CTPYKTYpbl H
MTOBE/ICHNS HAHOYACTHLI;

- BIMSIHUE MEKMOJIEKYJISIPHBIX U IOBEPXHOCTHBIX B3aUMOJIEHCTBUI HA CBOMCTBA HAHOYACTHLL;

- BO3MOKHOCTH MPHUJIOKEHHUSI MOJTYYCHHBIX 3HAHUI B Pa3iUYHBIX OOJACTIX, BKIIOYAs MEIULUHY,
JIEKTPOHUKY, MaTEpPUAIOBEAECHUE U JPYTUE;

- OCHOBHBI€ ITPUHLMUIIBI Pa0OTHI COBPEMEHHBIX HHCTPYMEHTOB ISl UCCIIEAOBAHUS HAHOYACTHII;

- MeTO/bl 00pa0OTKHU TaHHBIX M MHTEPIIPETALIMU PE3YIIbTaTOB HCCIICI0BAHUI HAHOUACTHII,

- OCHOBHBI€ ITPUHLUIIBI O€30MaCHOCTH UCIIOIb30BAHUS HAHOYACTHII.

- IPUMEHATh COBPEMEHHBIE METOIbl HCCJENOBaHMS HAHOYACTHIl, TaKUE KAaK TPAHCMUCCUOHHAas
IEKTPOHHAS! MUKPOCKOIHS, CIIEKTPOCKOIHS, MACC-CIIEKTPOMETPHHN U APYTHUE;

- aHaJIM3UPOBATH IOJIyYEHHBIE JIaHHBIE U OIPEIEIATh CBOMCTBA U IOBEACHUE HAHOUYACTHLI, TAKHE KaK
pasmep, popma, CTpYKTypa, XAMHUECKUN COCTaB U (PU3HUECKHIE CBONCTBA,

- OLICHUBATh BIIMSHHE DPA3MUUYHBIX (DAaKTOPOB Ha CBOWMCTBA M IOBEACHHE HAHOYACTHI, TAKUX Kak
BHEIIIHKE yCJIOBHA (TeMIIeparypa, JaBJlICHUE), XUMHUYEcKas o0padoTKa W B3aUMOJCHCTBUE C APYTUMHU
BElECTBAMU;

- MHTEPIPETHPOBATh IOJIyYEHHBIC PE3YJIbTaThl W JeNaTh BBIBOJBl O BO3MOMKHBIX IPUMEHECHHUSX H
MEepPCIEeKTUBAX UCIOIb30BAHNS HAHOYACTHI] B PA3JIMYHBIX 00JIACTAX HAyKH U TEXHUKHY;

- NPUMEHATh TNONYYEHHBIC 3HAHUS I PELICHUS NPAKTHYECKHX 3a7ad, CBA3AaHHBIX C CHUHTE30M,
Moau¢puKanyueil M NPUMEHEHHEM HAHOYACTHII B DPA3IUYHBIX OONACTAX, TaKMX Kak MEIWLUHA,
3JIEKTPOHUKA, KaTaJINu3 U APYTHE;

- QHAJIM3UPOBATh COBPEMEHHbIE HayYHbIE CTAThH U IyOJIIMKAIUYU 110 COOTBETCTBYIOIIEH TEME;

- 9(¢(eKTUBHO HMCKaThb JHUTEPATYpy M IPyrylo clenuanbHylo HHpOpManuio B u30paHHON obnactu
HayKH.

BJIAJIETD:

- MIOHUMaHUEM OCHOBHBIX METOAOB M MHCTPYMEHTOB HCCJIEIOBAHUSI CBOWCTB HAHOYACTHII, TAKUX KaK
CIIEKTPOCKOIHSA, MUKPOCKOIIHS, XpoMaTorpadus 1 dMEeKTPOHHASI MUKPOCKOTIHS;

- YMEHHUEM IPOBOIUTH HKCIIEPUMEHTAJILHBIC UCCIIEIOBAHUS HAHOYACTHUL], aHAJIM3UPOBATh MOTYUYCHHbIE
JaHHBIE U J€JaTh BBIBOJIBI O UX CBOIMCTBAX M MOBEACHUM;

- 3HaHUAMHU 00 OCHOBHBIX METOJaX CHHTE3a HAaHOYACTUI M MX NPUMEHEHHUU B PA3JIMUHBIX O0JIACTIX,
TaKuX KaK MEIULMHA, MaTepPHAJIOBEICHUE 1 MICKTPOHUKA,;

- yMeHueM paloTaTh C COBPEMEHHBIM OOOpPYIOBaHHMEM U MPOTPaMMHBIM OOECIIEUCHUEM IS
UCCIIeJOBAaHNUS HAHOYACTHIL;

- CIOCOOHOCTBIO KPUTHYECKH MBICIUTh M TOAXOAUTh K pEIIEHUI0 NpoOieM, CBS3aHHBIX C
UCCIIeJOBAaHUEM HAaHOYACTHII.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jejiaM) ¢ yKa3aHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

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

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 Mertonpl aHanm3a pa3MepoB U 3apsana 3 10
HAHOCTPYKTYP.
2 Mertonsl cenapaii HAHOCTPYKTYP 5 5
3 MeTonpl MUKPOCKOIIMHM B HCCIIEIOBAHUU 5 10
HaHOCTPYKTYD




Mertoubl CIIEKTPOCKOIIUHU u
4 MAacCC-CIIEKTPOMETPUA B  UCCIIEOBAaHUU 2 5
HaHOOOBEKTOB.
Hroro yacos 15 30
Iloaroroska k sk3aMeHy 0 gac.
Oobmas TpynoEMKOCTb 45 ygac., 1 3au.eq.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennuii)
1. Meroasl aHanu3a pa3MepoB U 3apsa HAHOCTPYKTYP.

Mertonpl aHanmu3a pa3MepoB M 3apsiga HAHOCTPYKTYp. MeTox AMHAMHYECKOTO pPacCesHUs CBETa,
3MEKTpoopeTUIEecKoe CBETOpacCessHUE U JPYyTHE.

2. Metozpl cenapalii HAHOCTPYKTYP

M3ydyeHne MeTONOB pa3[elieHUss HAHOYacTHLl WJIM HaHOCTPykTyp. lLlentpudyruposanue,
anekrpodope3,  MarHuTHas ~ cemapamms, xpomarorpadus.  OmpeneneHue — KOHLEHTpAIUU
OMOTIONMMEPOB, OCHOBBI TeNb-QUIBTPAIlUU, YJIBTPa3ByKoBas 00pa0OTKa, KOHIEHTPUPOBAHHE
BEIECTB U JIp.

3. MCTO,I[BI MHUKPOCKOIIMH B UCCIICAOBAHUHY HAHOCTPYKTYP

W3y4yeHne MeTo[0B UCCIeIOBaHHsI HAHOCTPYKTYP Ha MUKpPO- U HaHOypoBHe. AFM (aromHO-cuitoBast
Mukpockonus), SEM (ckanmpyromas 3JeKTpoHHass MUKpockomusi), TEM (TpaHcmMuccuoHHas
ANIEKTPOHHASI MUKPOCKOIIHS ), CBETOBAsI M KOH(OKAIbHASI MUKPOCKOIHSL. BUIBI METOK, B TOM YHCIIE HA
OCHOBE HAHOYACTHII.

4. MeTozbl CIIEKTPOCKOIIMH M MacC-CIIEKTPOMETPUH B UCCIIEIOBAHMM HAHOOOBEKTOB.

CHeKTpOCKOIUS. ¥ MacC-CHEKTPOMETPHS, METOIbl aHaJIM3a XUMHYCCKHX COCAWHEHUH M CTPYKTYp
Mosekya. OnpezneneHue cocTaBa, CTPYKTypbl, (OPMBI M pa3MepOB TaKHMX HAHOOOBEKTOB, Kak
HAHOYACTUIIbl, HAHOTPYOKH, HAHOIUTACTHHKH H T. [I.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYueOHas aymuTOpHsl, OCHAIIICHHAS KOMITBIOTEPOM U MYJIBTUMEIMHHBIM 000pyI0BaHHEM (TIPOSKTOP,
3BYKOBas CHCTEMA).

Hayunas maboparopusi, OCHaIlIeHHass 000PYJI0BaHUEM JIJIi XAMUYESCKOTO CHHTE3a HAaHOYACTHII, UX
XapakTepu3auu (CIeKTPATbHOTO aHAIN3a, MUKPOCKOITHH | JIP.), & TAKXKE JIJISl HCCICIOBAHUS X
OHOJIOTHUECKUX CBOMCTB.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPhI

OcHoBHas 1uTeparypa




Jluteparypa npenocrasinsieTcsi Ha 6a30Boi Kadeape:

1. OcHOBBI U3MEpeHUil. DIEKTPOHHBIE METOABI U IPUOOPHI B M3MepuTenbHOU TexHuke. Kinaaccen K.b.
Mockga: [Toctmapkert, 2000.

2. OcHoBbI MONIEKyIApHOHU criekTpockonuu. benyann K. Mocksa: Mup, 1985.

3. ®usnyeckue metoasl B xumun. T. 1, 2. [Iparo P. Mocksa: Mup, 1981.

4. dusnueckue METOIbI uccienoBanus: yued. nocooue. Opankesuy E.JI. Mocksa: MOTH, 1978 (Y.
1); 1980 (4. 2); 1986 (4. 3).

5. @usnyeckue MeTob! uccienoBanus B xumuu. [leatun 10.A., Bunkos JI.B. Mocksa: Mup, 2003.
6. OCHOBBI U3MEPEHU. DJIEKTPOHHBIC METO/IBI U IPUOOPHI B M3MepuTenbHOU TexHuKe. Kinaaccen K.b.
Mockaa: IToctmapker, 2000.

7. Artomuas u MonieKylsipHas ciekTpockonus. Enpsamesud M.A. Mocksa: KomKnura, 2006.

8. Onexrpoxumus. b.b. amackun, O.A. [erpwit, ' A. Hupnuaa

9. OcHoBnl puzndeckoit xumun. B.B. Epemun, U.A. Yenenckas, C.1. Kapros, H.E. Ky3emenko, B.B.
JIyHun.

10. Komnmonnnas xumus. E.JI. lllykun, A.B. [lepros, E.A. Amenuna

11. ®usnka razosoro paspsaa [Tekcr] : [yueb. mocodue ans By3os] / HO. I1. Paiizep .— 3-e m3n.,
nepepad. u gorn. — Jonronpyansii : Uatemnexr, 2009 .— 736 c.

12. Jlexuuu 1o CHeKTPOCKOIINY siiepHOTro MarauTHoro pesoHanca [Tekcr]. Y. 1, Beoansiii kype / 0. A.
Yereiaok - M. Texnocdepa,2016

13. Metonb! uccnenoBaHul B 3KCiepuMeHTanbHou usuke [ Texct]: yued. mocodue 1 By3oB / M. 1.
[leprament. — M.: Unrennext, 2010. — 304 c.

JomnonHutenbpHas auTeparypa

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

https://www.nanowerk.com/nanotechnology/introduction/introduction_to nanotechnology 1.php
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5654254
https://www.sciencedirect.com/topics/chemistry/nanoparticle-characterization

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nex1inoHHBIX 3aHATUSX UCIIONb3YIOTCS MYIBTUMEIUIHbBIE TEXHOJIOTUH, BKIIIOYasl JEMOHCTPALUIO
npeseHTauui. [IpuBeTcTByeTCSs HaTMUKE BO BpeMst 3aHATUH cMapT(OHOB/HOYTOYKOB [UI y4acTHS B
HUHTEPAKTUBHBIX YIPAKHEHUSX.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0CBOCHMIO JTHUCHUIIJINHBI (MO)_Iy.Tlﬂ)

YcnemHoOe 0CBOCHHE Kypca TpeOyeT HaNpsKEHHOW caMOCTOATEILHOU padoThI CTy/ileHTa. B mporpamme
Kypca TIpUBEJICHO MHUHUMAILHO HEOOXomMMoe Bpemsl Juis paboThl CTyJeHTa HajJ TEMOM.
CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YTEHHE U KOHCIIEKTHPOBAHUE PEKOMEHI0BAHHOM JINTEPATYPHI,

— TpopaboTKy ydeOHOro Marepuaina (IO KOHCIIEKTaM JICKIWH, y4eOHOH M Hay4yHOW JHTeparype),
MOATOTOBKY OTBETOB HAa BONPOCHI, IPEJHA3HAUYCHHBIX JUISI CAMOCTOATEIHFHOTO — M3YYeHHS,
JI0Ka3aTeJIbCTBO OTAEIbHBIX YTBEPKIACHUN, CBOMCTB.

PykoBOACTBO M KOHTPOJNb 3a CaMOCTOSATENBHOM paboTON CTygeHTa ocymiecTBisieTcss B (opme
VHIUBUyaTbHBIX KOHCYAbTalMi. [ popmMupoBaHus yMEeHHSI IPUMEHSTh TEOPETUUECKNE 3HAHUS Ha
MPAKTHUKE CTYACHTY HEOOXOIMMO pelaTh Kak MOXKHO Oosnblie 3a1ad. B Havyane 3aHATHS, Kak IpaBuio,
npoBoguTcs kKopoTkui (10-15 MuHYT) ompoc MO Marepuany NPOIIEANINX 3aHITHH B YCTHOW WU
MUCBbMEHHOH (popme. BaxkHo 1OOUTHCS MOHMMAaHUS M3y4aeMOro Marepuaja, a He MEXaHH4ECKOro €ro
3anomuHanud. [Ipu 3arpyaHeHMHM W3y4YeHHS OTAEIBbHBIX TEM, BOIPOCOB, CIEAyeT oOpamarbcs 3a
KOHCYJBTAllUSIMU K JIEKTODY.



[IpomesxyTouHBIN KOHTPOJIb 3HAHUH IPOBOAUTCS B BUJIE OIIPOCOB, HA KOTOPBIX CTYIEHTY IIPEJlaraercs
YCTHO OTBETHUTHh Ha TEOPETHUYECKHH BONPOC W PEIIUTHh JBE 3aJaud Mo TeMe ceMuHapa. CTyneHTsl,
YCIEIIHO MpoIleAlmre Bce (GOPMBI MPOMEXKYTOUYHOIO KOHTPOJS, JIONMYCKAIOTCS K  clade
TQepeHIMPOBAHHOTO 3a4eTa 110 AUCLHUILTHHE.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa

npopuJib NOArOTOBKHU: buodwusuka u nHxEeHEpPUS B HAHOOMOTEXHOIOTHSIX
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kadempa CHCTEMHON U CHHTETUIECKON OMOIOTHH

Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT

PaszpatGoTunk: C.J. 3BepeBa, kaHz. OMOJI. HAayK, IPETIOJABATEb



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo0 NEUCTBUN

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

YK-3 Cnoco6GeH oprann30BbIBaTh H PYKOBOIUTD
paboToii KoMaH/IbI, BEIpa0aThIBasi KOMaHIHYTO
CTpATETHIO JUIS JOCTHKCHUS ITOCTABICHHOMN
3a/1auu

VYK-3.4 CnocobeH miaHupoBaTb KOMaHAHYIO padoTy,
pacnpenensaTh HOpy4eHUsl 4ieHaM KOMaHbl, OpraHU30BaTh
00CyXJIeHUE pa3HbIX UICH 1 MHEHUI

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIEJ0BATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CIEeLUATN3UPOBAHHBIMU MTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHOU ITPEIMETHOM 00IacTH

[MK-3.1 TloHuMmaeT NpPUHIUIBI PabOTHI HCIOIBE3YEMOTO
00opynoBaHuUs (cienmanu3upOBaHHBIX MAKETOB
MIPUKJIaJAHBIX TPOTPAMM)

I1K-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C MCIOIBb30BAHUEM HCCIIC0BATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKJIAIHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIeHHBaTh TOYHOCTh IOJNyYEHHBIX
SKCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC HU3YUCHUA OUCHUILJIMHBI ((MCTO,E[BI HCCIICA0OBAHUA CBOHICTB H MOBCACHUA HAHOCTPYKTYP»

00yJaronuiics JOmKeH:

3HATb:

- OCHOBHEBIC MCTOABI HMCCICAOBAHUA
MHUKPOCKOTIMYCCKUC MCTOLI,

HAaHO4YaCTHUL, BKJIOYas OITUYCCKUC, OIJICKTPOHHBIC U

- NPUHLUNBI ¥ TPUOOPHI, HCIOIb3yeMble JUIS MCCIIEAOBAHUS DPa3MepoB, (HOPMBI, CTPYKTYpbl H

INOBCACHHA HAHOYACTHIIL,

- BIIMSIHUE MEXMOJIEKYJISIPHBIX U TOBEPXHOCTHBIX B3aUMOJICHCTBUI Ha CBOMCTBAa HAHOYACTHIL,

- BO3MOXXHOCTH TIPUJIOKCHHS TIOJYYEHHBIX 3HAHWNA B PA3NIMYHBIX 00JACTIX, BKIIOYAsS MEAWIIMHY,
3NIEKTPOHUKY, MaTepUaIOBEEHIE U IPYTHE;

- OCHOBHBIE MIPUHITUIBI PA0OTHI COBPEMEHHBIX WHCTPYMEHTOB IS UCCIISIOBAHUS HAHOYACTHIT;

- METO/IBI 0OPaOOTKY JIAHHBIX U MHTEPIPETAINN PE3yAbTaTOB UCCIICIOBAHUN HAHOYACTHIL,

- OCHOBHBIE ITPUHITUIIBI O€30ITACHOCTH UCTIOIH30BaHUS HAHOYACTHII.

yMeThb:

- NPUMECHATb COBPEMCHHBLIC MCTOAbI HCCJICOOBAHHWA HAHOYACTHIL,

TaKUE€ KaK TPaHCMHUCCHOHHAaA

QJICKTPOHHAA MUKPOCKOIIUSA, CIICKTPOCKOIIUA, MAaCC-CIICKTPOMCTPUUN U IPYTUC,

- aHaJIM3UPOBATH IOJIyYEHHBIE JaHHBIE U OIPEIEIATh CBOMCTBA U IOBEACHUE HAHOUYACTHLI, TAKHE KaK
pasmep, popma, CTpYKTypa, XAMHYECKUN COCTaB U (PU3HUECKHE CBONCTBA,

- OLICHUBATh BIIMSHHE DPA3MUUYHBIX (DAaKTOPOB Ha CBOWMCTBA M IOBEACHHE HAHOYACTHI, TAKUX Kak
BHEIIHKE yCJIOBHA (TeMIIeparypa, JaBjlICHUE), XUMHUYEcKas o0padoTKa W B3aUMOJCHCTBUE C APYTUMHU
BElECTBaMU;

- MHTEPIPETUPOBATh IOJIyYEHHBIE PE3YJbTaThl U JeNaTh BBIBOJBl O BO3MOMKHBIX IPUMEHECHHUSX H
MEepPCIEeKTUBAX UCIOIb30BAHNS HAHOYACTHI] B PA3JIMYHBIX 00JIACTAX HAyKH U TEXHUKHY;

- NPUMEHATh MONYYEHHBIC 3HAHUS I PELICHUS NPAKTHYECKHX 33a7ad, CBA3aHHBIX C CHUHTE30M,
MoaupuKanyueil M NPUMEHEHHEM HAHOYACTHII B DPA3IUYHBIX OONACTAX, TaKMX Kak MEIWLUHA,
3JIEKTPOHUKA, KaTaIN3 U APYTHE;

- QHAJIM3UPOBATh COBPEMEHHbIE HayYHbIE CTAThH U IyOJIIMKAIMU 110 COOTBETCTBYIOIIEH TEME;

- 9(¢(eKTUBHO HMCKaTh JHUTEPATYpy M IPyrylo clenuanbHylo HHpOpManuio B u30paHHON obnactu
HayKHu.

BJA€Th:



- MIOHUMaHUEM OCHOBHBIX METOAOB U MHCTPYMEHTOB HCCJIEIOBAHUSI CBOWCTB HAHOYACTHII, TAKUX KaK
CIIEKTPOCKOIHSA, MUKPOCKOIIHS, XpoMaTorpadus 1 dMEeKTPOHHAST MUKPOCKOTIHS;

- YMEHHUEM IIPOBOIUTH SKCIIEPUMEHTAJILHBIC UCCIIEIOBAHUS HAHOYACTHUL], aHAJIM3UPOBATh MOTyUYCHHbIE
JaHHBIE U J€JaTh BBIBOJBI O UX CBOIMCTBAX M MOBEACHUM;

- 3HaHUAMHU 00 OCHOBHBIX METOJaX CHHTE3a HAaHOYACTUI M MX NPUMEHEHHUU B PA3JIMYHBIX O0OJIACTIX,
TaKuX KaKk MEIULMHA, MaTepPHAJIOBEICHUE U MICKTPOHUKA,;

- yMmeHueM paloTaTh C COBPEMEHHBIM OOOpPYIOBaHHMEM U MPOTPaMMHBIM OOECIIEUCHUEM IS
UCCIIeJOBAaHNUS HAHOYACTHIL;

- CIOCOOHOCTBIO KPUTHYECKH MBICIUTh M TOAXOAUTh K pEIIEHUI0 NpoOieM, CBS3aHHBIX C
UCCIIeJOBAaHUEM HAaHOYACTHII.

3. IlepeyeHb THNOBBLIX (IIPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJII0

1. Ompenenenne cocTtaBa, CTPyKTyphl, (POPMBI U pa3MepOB TAaKUX HAHOCTPYKTYp, KaK HAHOYACTHIIBI,
HAHOTPYOKH, HAHOTUTACTHHKY H T. JI.

. BBaHMOHCﬁCTBHe MCXKAY HaHOYaCTHIAMU U IPYT'UMHA BCUICCTBAMU,
. MeTO}:[BI MOACIINPOBAHUS MTOBCIACHUA HaHOCTp}IKTyp?

. Binsane q)OpMBI HaHOYaCTHIl HA UX CBOMCTBA B IIOBCACHUC,

. q)aKTOpLI, BIIMAKOIIHKC Ha CTaOMILHOCTh HaHO4YaCTHII,

2

3

4

5

6. Onpenenenne KOHIICHTPAIIUU HAHOCTPYKTYP B 00pasIie;

7. TepMoAMHAMUYECKUE U KUHETUYECKUE CBOMCTBA HAHOYACTHLL;

8. CrmekrpanbHbIe METOBI UCCIICOBAHNS HAHOUACTHII;

9. ITapameTpsl, BIUSIONUIKME HA arperalyio U AUCIEPrUPOBAHNE HAHOUYACTHUII;
1

0. Ponb HaHO4YaCTHII B COBpeMeHHOfI HAayKe U 6I/IOMGILI/II_II/IHC.

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

1. Mertonpsl, UCIIONb3yEMbIE AJISI MCCIIENOBAHUS Pa3MEpPOB U 3apsja HAaHOCTPYKTYp (AMHAMUYECKOIO
paccesiHus CBETa, NEKTPOPOPETHUECKOE CBETOPACCESHUE);

2. Mertozpl, HCIIONIB3yeMBbIE AJISl KCCIIEIOBAHUS CBOMCTB HAHOYACTHL] HAa UX [TOBEJICHHE;

3. Mertoapl, HCHOIB3YEMBIE JIs1 HCCIIEOBAaHUS CTPYKTYPBI HAHOCTPYKTYD;

4. Omnpenenenne GU3NIECKUX U XUMHUECKHUX CBOMCTB HAHOCTPYKTYP;

5. Meronsl cenapanuu HaHOCTPYKTYp (UeHTpU(YTHpOBaHUE, SIEKTPOPOpe3, MarHUTHAS cenaparus,
xpomatorpadusi).

6.  OmpeneneHue KOHILEHTpPALUM OHONOIMMEPOB, OCHOBBI Telb-(QDUIBTpAlMU, YIBTPa3ByKOBas
00paboTKa, KOHIIEHTPUPOBAHUE BEILIECTB H JP.

7.  Metoapl MHUKPOCKOIIMM B HCCJIEJOBaHUM HAHOCTPYKTYyp. M3yueHune MeTOmOB HCCIICAOBAHUS
HAHOCTPYKTYp Ha MUKPO- U HAHOYPOBHE.

8. AFM (aromHo-cunoBasi mukpockonus), SEM (ckaHupyromias 31IeKTpoHHass MUKpockonusi), TEM
(TpaHCMHCCHOHHAS JIEKTPOHHAs MMKPOCKOIIUS), CBETOBas M KOH(OKaIbHAas MHUKpoOcKomus. Bumis
METOK, B TOM YHCJIC Ha OCHOBE HAHOYACTHII;

9. Metonsl mpenBapuTENbHON MOATOTOBKH 0Opa3LOB HCIOIB3YIOTCS IEpel aHAJIN30M HaHOYACTHUIL
METOJIOM Macc-CIIEeKTPOMETPUHI

10. MeTozbl CHEKTPOCKOIINH U MAaCC-CIIEKTPOMETPUHN B UCCIICIOBAHUHM HAHOCTPYKTYD.

Kpurepun onennBanus

Onenka "ommuno" (10 Ganmos) BBICTABIISIETCSI  CTYJIEHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEeOHOH MNpOorpaMMbl AMCHUUIUIMHBI, TMPOSBISAIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00acTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTh UX Ha MPaKTHKE MPH PEILICHUH KOHKPETHBIX 3a]a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HNPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (9 06amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUH.



Onenka "ortnuuno" (8 0amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
peIeHui, ¢ HEKOTOPBIMH HEOYETAMH.

Onenka "xopomio" (7 0anioB) BBICTABISETCS CTYACHTY, €CIIU OH TBEPIO 3HAET MaTepuai, rPaMOTHO U
[0 CYIIECTBY M3J1araeT ero, yMeeT MPUMEHAThH IOJIyY€HHbIC 3HAHUS Ha MPAKTHKE, HO HEAOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

Onenka "xopomo" (6 0anoB) BBICTABISETCS CTYACHTY, €CIIM OH TBEPAO 3HACT Marepuai, FPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPUMEHSTH MOJTy4YeHHbIE 3HAHHMsS Ha NPAKTHUKE, HO JOIyCKAeT B
OTBETE WJIH B PELLICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.

Omnenka "xopomo" (5 0anmoB) BBICTABISIETCS CTYACHTY, €CIM OH B OCHOBHOM 3HAeT Marepual,
IrPaMOTHO M IO CYWIECTBY HM3JIaraeT €ro, yMeeT NMPUMEHATh MOITYy4YEeHHBIC 3HAHUS Ha NPAKTHUKE, HO
JOIyCKaeT B OTBETE WM B PEILICHUH 3a/1a4 JOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.

Onenka "ynmoBneTBopuTedbHO" (4 Oanna) BbhICTABISIETCS CTYICHTY, MMOKa3aBUIeMYy (QparMeHTapHBIMH,
pPa3po3HEHHBI XapakTep 3HAHHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapyLIEHUs JOTHYECKON MOCIeI0BAaTeIbHOCTH B U3JIOKEHUHU IIPOrPaMMHOI0 Marepuasna, HO P 3TOM
OH OCBOMJI OCHOBHBIE pazfiefibl y4eOHOH MpOrpaMMbl, HEOOXOAUMBIE Ul JaJIbHEHIIero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

Onenka "ynoBnerBoputenbHO" (3 6amia) BBICTABISIETCS CTYACHTY, IMOKa3aBlieMy (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWMU, AOMycKaroulemy omHuOku B (popMynupoBKax 0a30BbIX NOHSTH,
HapyLIEHUs] JIOTHYECKOM IOCIEeI0BaTEeIbHOCTH B M3JIOKEHHH IPOrPaMMHOIO Marepuana, ciabo
BJIaJIe€T OCHOBHBIMH pa3aesiaMu yueOHOM mporpaMMbl, HEOOXOAUMBIMHU JUTSI TadbHEUIIETO 00yYeHHS U
C TPYAOM IIPUMEHSET MOIyYEeHHbIC 3HaHU JJa’Ke B CTAHAAPTHON CUTYalHU.

Ornenka "HeyJOBIETBOpUTENBHO" (2 Oaia) BBICTABISETCS CTYJCHTY, KOTOPBIA HE 3HAET OONbIICH
4acTH OCHOBHOTO COIEpKaHHsI y4eOHOM MpOorpaMMbl AMCLMIUIMHBL, JOIMYCKaeT rpyOble OmMOKH B
(bopMyIHpOBKaX OCHOBHBIX IPUHIUIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
TUTIOBBIX 3a]a4.

Onenka "HeynosierBoputenbHo" (1 0aymi) BBICTaBISETCS CTYACHTY, KOTOPBIA HE 3HAE€T OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOK B GOpPMYTUPOBKaX
0a30BBIX TOHITUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PELICHUS THIIOBBIX MPAKTUYCCKHX
3ajad.

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

AtTecranus MO0 AMCUMIUIMHE OCylIecTBisieTcs B Qopme nuddepeHuupoBanHoro 3auera. llpum
MPOBEJCHUH YCTHOTO TU(QepeHIINpOBaHHOIO 3aueTa olyyaromemycs npenocrasiusiercs 60 MUHYT Ha
noaroroBky. Onpoc ofyuaromierocsi o OUIETy Ha yCTHOM AUQQepeHIIMPOBAHHOM 3aueTe HE JOJDKEH
IIPEBBIIIATH OJIHOTO AaCTPOHOMMYECKOI'0 yaca.



