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OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
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CamocrositensHas pabora: 30 gac.
[ToaroroBka x sk3ameny: 30 yac.
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[Iporpammy cocrtaBui: K.B. Hukonaes, phd
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AHHOTANMA

Kypc "CuHXpoTpOHHBIE METOIBl B HAHOMETPOJOTHU" TMpelycMaTpUBACT M3YUYCHHUE TEOPETUUYECKHX OCHOB
CHUHXPOTPOHHBIX METO/IOB MCCJIEIOBAHUS HAHOCTPYKTYp, a Takxke IMpecieayeT Lelb CHOpMUPOBATH
MpPEICTaBICHHE O TOM, KakuM 00pa3oM 3TH METOIbl HCIONB3YIOTCA B HCCIEIOBAHHUAX U Pa3paboOTKe
COBPEMEHHBIX KOHUEIIUNA MUKPOIIEKTPOHUKHY.

3amaun Kypca:

L] O3HaKOMHTh CTYACHTOB C OCHOBHBIMHU TCOPECTHUYCCKUMH KOHUCTIHHUAMU PACCEAHUSA CHHXPOTPOHHOIO
HU3JTy4CHHA B KOHACHCUPOBAHHLIX Cpeaax

® C(I)OpMI/IpOBaTB YMCHUC HOI[O6paTI: Hy>KHBII>i MCTOJ HMCCJICOOBAHUA IJId aHalI3a CTPYKTYP Pa3IMYHBIX
THIIOB

L] BI)Ipa6OTaTL HaBBIK IIOCTPOCHHA MATCMATHYCCKUX MOI[GHCIZ, aJICKBATHBIX BBI6paHHBIM MCTOOaM
HUCCICAO0BaHUs, AJId aHAJIN3a SKCIICPUMCHTAJIbHBIX JTaHHBIX.

OcHoOBHOE COACPIKAHUC KypCa U3JIOKCHO B CJICAYIOIIUX pa3aciiax:

. ICTOUYHUKN CHHXPOTPOHHOTO U3YYCHUS U METOJIbI HCCIICTIOBAHUS

. BzanMonieiicTBre CHHXPOTPOHHOTO U3JTyUYSHHUSI ¢ KOHACHCUPOBAHHBIMH CpEIaMH
. Teopust BO3MYIIIEHUI W CTOXaCTHUYECKUE TPOLISCCHI

. UccrnenoBanue miiaHapHbIX HAHOCTPYKTYP

. ®a304yBCTBUTEILHBIC METO/IBI UCCIICTOBAHHUS

. UccrnenoBanre MarHUTHBIX CBOWCTB MaTeprasioB

. CBepxOBICTpOE paccessHue PEHTTEHOBCKUX JTyuei

0 NN N bW~

. MareMaTi4eCcKie METOIbI aHAIH3a JaHHBIX
1. leau u 3apauun

eap AUCUMNIIMHBI

N3yunTh TEOpETHHYECKHME OCHOBBI CHHXPOTPOHHBIX METOJOB MCCIEJOBAaHUS HAHOCTPYKTYD.
CdopmupoBarh npeAcTaBIeHUE O TOM, KAKUM 00pa3oM 5TH METOJbl UCIIOJIB3YIOTCS B HCCIEJOBAHUSIX U
pa3paboTKe COBPEMEHHBIX KOHIETIIINH MUKPO3IEKTPOHHUKH.

3agauu AUCHUILIHHBI

o (O3HAKOMUTH CTYACHTOB C OCHOBHBIMU TCOPETUYCCKUMHU KOHICIIUAMU paCCCAHNA CUHXPOTPOHHOI'O
HU3JTy4CHHA B KOHACHCUPOBAHHLBIX Cpeaax

® C(I)OpMI/IpOBaTB YMCHUC HOI[O6paTI: Hy>KHBII71 MCTOA HCCICAOBAHUA [JIs1 aHaJIM3a CTPYKTYP
Pa3JIMIHBIX TUIIOB

L] BI)Ipa6OTaTL HaBBIK MMOCTPOCHUA MATEMATUYCCKUX MOI[GHCIZ, aJICKBATHBIX BBI6paHHBIM MCTOOaM
HUCCIICAO0BaHUs, JId aHAJIN3a SKCIICPUMCHTAJIbHBIX JTaHHBIX.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie (W1 ($9174:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIKIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHUN B
pamMKax TemaTuueckoi oOmacTu cBoeil mpodeccrnoHambHON
[IK-1 CnocoGen craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pelarh 3aja4u, B ToM uncie pa3padareiBath 1 [IK-1.2  CriocoOeH  BBIABUTATH  THIOTE3bI, CTPOUTH
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH MaTeMaTHYeCKHUEe MOJACIH ISl  ONMCAHHA W3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHHUH U MPOLECCOB, OLIEHUBATh Ka4eCTBO pa3pabOTaHHOM
aHAJM3UPOBATh HAYYHBIC TIPOOJIEMBI, IOIYYaTh |MOJEIN

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HayyHOM 3amadye W WHTEPIPETHPOBATH  MOTYyYCHHBIC
pe3yabTaThl




3. IlepeyeHb MIIAHMPYEMBIX Pe3yJIbTATOB 00y4YeHHS 110 AMCHUILINHE (MOXYJII0)
B pesynbrare 0cBOGHUS AUCHUIIMHBI 00Yy4aIOIINeCs JOIKHbI
3HaTh:
OcHOBBI Teopusi paccesHUsl CUHXPOTPOHHOI'O H3JIyUYEHHUS U COBPEMEHHbIE CHHXPOTPOHHBIE METOJbI
HCCJICAOBAHMS, a TAK)KE 3HATHh KAKOW METOJl IPUMMEHHUM K TEM MJIM UHBIM THUIIaM HAaHOCTPYKTYP.
YMETh!
[locTtaBuTh 3a7a4y U MJIAHUPOBATH SKCIEPUMEHT ISl UCCIEIOBAaHUA KOHKPETHON HAHOCTPYKTYPHI.
BJIaJICTh:
MeTtonamu MOJIEIMPOBAHUS CHHXPOTPOHHOTO SKCIIEPUMEHTA U aHAJIN3a HKCIIEPUMEHTAIbHBIX JAHHBIX

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpynoeMKOCTb 110 BUAAM YUE€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 HcTOUHUKH CHHXPOTPOHHOTO H3IIy4eHUs ) )
W METOJIbI UCCIICIOBAHMS
B3aumopeiicteue CHHXPOTPOHHOTO
2 HU3JIy4eHUs1T C  KOHACHCHPOBAHHBIMU 4 4
cpeaamu
3 Teopust BO3MYLICHUH W CTOXaCTHYECKUE 6 4
MPOIECCHI
4 Hccnenosanue IJIAHAPHBIX 6 4
HAHOCTPYKTYP
5 da30uyBCTBUTEIbHbIC METOABI 4 4
WCCIICIOBAHMSI
6 HccnenoBanue  MarHWTHBIX ~ CBOMCTB ) 4
MaTepHajoB
7 CaepxObIcTpOE paccesiHue ) 4
PEHTTEHOBCKUX TTy4ei
3 Maremarnyeckue  METOIBI  aHau3a 4 4
JAHHBIX
Hroro yacos 30 30
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennuii)
1. IcTOYHUKM CHHXPOTPOHHOTO U3IY4YCHUS U METObI HCCIIeIOBAHNUS

[Tokonenust ucTouHuKoB cuHXporpoHHOro usnyudeHust (CH). OcHoBHBIE mapaMeTpbl UCTOYHHUKOB:
SPKOCTb, SMUTTAHC, KOTEPEHTHOCTh, 3Heprud. Crenuduka CHHXPOTPOHHOIO 3KCIIEpUMEHTa. THIbI
HAHOCTPYKTYp, Hccienyoomuecss ¢ nomoupblo CHU: ToHkHe TMIEHKM, MOHOKPUCTAJUIBI U
MOJIMKPUCTAILIIBL, XUMUYECKHE COEIUHEHUS, CTPYKTYpUPOBaHHbIE I0BEPXHOCTH, HAHOYACTHUIIBI.

2. B3aumMozeiicTBre CUHXPOTPOHHOI'O U3JIyUeHUsI C KOHACHCUPOBAaHHBIMU CpelaMu




BonHoBoe ypaBHeHHMe M ypaBHeHMs MakcBeiia B CIUIOIIHBIX cpenax. CraloHapHbIe peLIeHUs
BOJIHOBOTO ypaBHEHHA. AHaJIOTHs CO CTaluuoHapHBIM ypaBHeHueM lllpenunrepa. PaccenBarommit
MOTEHIMaJl KOHIACHCUPOBAaHHOM Cpeabl Al CUHXPOTPOHHOIO M3ilyueHus. BosHoBoe ypaBHeHHE U
KBaHTOBasl »dJEKTPOAVHAMMKA. BOJHOBBIE TMpoliecchl Ha S3BIKE ONEPATOPOB POXKACHUS U
YHUUYTOXKEHUSI.

Kunemarndeckast Teopusi paccestHUs. BBIBOJI U3 3IEKTPOJMHAMUYECKMX HPHHIMIIOB. BbiBox u3
KBaHTOBOMEXAaHUYECKUX  NpHHIUNOB. [lpuOmmkenne  bopra. I'paHunBl  TPUMEHUMOCTH
KrHeMarndeckoil Teopun. [IpoGnema morepu ¢aszel. BBenenue NmoHATHS 0OpaTHOTO MPOCTPAHCTBA.
HawuBHas Monens Tudpakiyy B HIeaIbHBIX KpHCTAIUIaX: rpedénka [upaka.

JvuHamuueckas Teopusl paccessHus. BpIBOI M3 3J€KTpoAMHAMUYECKUX NMPUHLIMIOB. Teopema bioxa.
Mupuna nudpaknuoHHoro nuka - mupuHa Japsuna. [lpencraBnenue o OIMKHEM U JaJIbHEM T0JIE
(r- u k-nipencrapnenns). KorepeHTHOCTh paccesHHOTO CHHXPOTPOHHOTO U3JTY4YCHUS

3. Teopust BO3MYILIEHUI 1 CTOXaCTHYECKHE MPOIIECCHI

[MpuHIIMT B3anMHOCTH AneKkTpoanHamMuku. [Ipubmmkenue bopra st nckaxxenHnoi Bosnbl (Distorted
wave Born  approximation - DWBA) kak cienctBue  NpPHHLMINA — B3aUMHOCTH.
KBanroBomexannyeckoe onucanne DWBA.  JluddysHoe paccessHHE CHHXPOTPOHHBIX IIydeH.
UnTepdepenuus nuddysHoro paccesiHus B KOPPEIUPOBAHHBIX Cpeax.

Maremarrndeckoe onMcaHue KOppenupoBaHHBIX cped. Croxactudyeckue mporecchl. B uém omimume
CTOXaCTUYECKOTO TMporiecca OT cliydaiiHOW mnepeMeHHON. CTallMOHApHOCTh U 3ProAWYHOCTD
CTOXAaCTUYECKHUX IMPOLECCOB. XaAPAKTEPUCTHKU CTOXACTHYECKHUX IPOLIECCOB: aBTOKOPPENALMOHHAS
(byHKIMA U CHIeKTpasibHAasl INIOTHOCTh. Teopema XununHa — Koamoroposa. CriekTpasibHast INIOTHOCTh
Kak IMpeJCTaBlIeHIE KOPPEIUPOBAHHOM Cpebl B 00paTHOM MPOCTPAHCTBE.

4. UccrnenoBaHue IUIaHAPHBIX HAHOCTPYKTYP

3epKajbHOE OTPAKEHHE CHHXPOTPOHHOTO H3IIyYSHHs OT TOHKOIUIGHOYHBIX aMOP(HBIX CTPYKTYp
(meron: X-ray reflectivity — XRR). Jludpaxiusi peHTTeHOBCKMX ITydedl Ha MOHOKpHCTaUIaX, Ha
AMHUTAKCHAIBHBIX IUICHKaX M Ha AMHTAKCHAIBHBIX CBEpXCTpyKTypax. (Merox: High-resolution X-ray
diffraction HRXRD). [unamudeckass Teopus B AByXJy4deBoM mpuOmmxkenuu. HccnenoBanue
apamMeTpoB KPUCTAJUIMYECKON pemérku. BrusHue neeKToB KPHCTALUIMYECKOH CTPYKTYpHI Ha
au(pPaKIMOHHYIO KapTuHy. lccienoBaHue CTPYKTYpbl MOBEPXHOCTH KpHCTalla C aTOMapHBIM
paspelieHreM 1o riyouHe. PacmpeneneHne MHTEHCUBHOCTH MEXIY AUPPAKIUOHHBIMH MHUKAMHU H
CTep KHHU yceueHus kpucraia (metoxa: Crystal truncation rod — CTR).

Hudpaknus Ha nonukpucramiax (X-ray powder diffraction — XRPD). MccnenoBanue cTpyKTyphl
TOHKUX TUIEHOK Ha IMOBEPXHOCTH XHAKOCTH. [Inénkm Jlenrmropa. ManoyrnoBas nudpaxius B
ckonp3simedt reomerpun  (Metox: Grazing-incidence diffraction — GID). CrpykrypHbiii (haktop
JIBYMEPHOW TEPUOIMYECKOH CTPYKTyphl. CBsI3b KapTUHBI paccestHus W (OPMBI OpraHWYeCcKOU
MOJIEKYJHI B IIEHKAxX JIeHrMiopa — popMm-dakTop.

HccnenoBanue CTpyKTYpbl KOPPETMPOBAHHBIX CHCTEM (HAHOYACTHUIIBI, KBAHTOBBIC TOYKH, JE(EKTHI,
IIEPOXOBATOCTh TIOBEPXHOCTH) - MaJIOYIJIOBOE PACCESHUE PEHTICHOBCKUX JIy4ed B CKOJB3SIIECH U
HOopMallbHOW TeoMeTpun (Mertoabl: Small-angle X-ray scattering — SAXS, Grazing-incidence
small-angle X-ray scattering — GISAXS).

5. q)aSO‘-IYBCTBI/ITeJ'IBHLIC METOABI UCCIICAOBAHUA

HccnenoBanue CTPYKTYpbl OTAEIBHBIX MHUKPOOOBEKTOB. MeTOonbl KOT€pPEHTHOH BH3yalIM3alluH,
ronorpadus, ntuxorpadus. 3agaya BocctanoBienus ¢aspl. (metonsl: Coherent diffraction imaging —
CDI, Holography, Ptychography). Anroputm ®@unana. 3anauu BoccTaHOBICHHS (ha3bl.

PaznenvHoe nccnenoBanue npoguieid KOHUEHTPAUN PA3IUYHBIX XUMHYECKUX 3JeMeHTOB. CTosuue
pEHTTeHOBCKUE BONHBI. (MeToabl: X-ray standing wave — XSW, Grazing-exit X-ray fluorescence
GEXREF). PazpaGotka ontudeckoil cucTeMsl It TuTorpaduu B yOOKOM yabsTpaduonere.



TpexMmepHble cTOsluME pEeHTreHOBckhe BoONHBI. (Meron 3D-XSW) MuoroBomHoBoe auddysHoe
paccessHue. HaHOMETpOIOTHS MUKPOAJIEKTPOHHBIX CUCTEM CO CIIOKHOM TPEXMEPHOM apXUTEKTYPOI:
Fin-FET tpansuctopsi, GAA Tpan3ucropel. Hanomerponorust st nutorpaduui B TITyOOKOM
yabpTpaduoneTe ¢ MHOTOKPAaTHBIM OSKCIOHHPOBAaHHEM: JIETEKTHpOBaHHE jpelida mepuoma
IIEPOXOBATOCTH CTEHOK CTPYKTYPBI

6. UccienoBanue MarHUTHBIX CBOMCTB MaTepHUaioB

HccnenoBanne MarHWTHBIX CBOWCTB MarepwalioB. MarHuTHasi peduiekroMerpus. PeHTreHoBcKui
MarHuTHBIA ~ KpyroBoil/nmuHeinpii  quxpousm. (Meromel: XMCD/XMLD) Hanomerponorus
MarHUTHBIX CTPYKTYpBI, MCCIIEIOBaHUS B OONAacTH pa3pabOTKH YCTPOWCTB MaMSTH CIEIYIOLIETO
MTOKOJICHHUSL.

7. CBepxOBICTpOE paccessHie PEHTTEHOBCKUX JTyuei

HccnenoBanne  TUHAMUKH — TPOLECCOB € (PEMTOCEKYHAHBIM BPEMEHHBIM  Pa3pelICHUEM.
CeepxObicTpas  audpakiysi pEeHTTEHOBCKMX  Jnydeil. (metom: ultrashort X-ray pulses)
dyHnamMeHTaBHBIE UCCIeIOBAaHHS TEIIOOOMEHHBIX MPOLECCOB B KPUCTAIAX M HAHOYACTHIIAX IS
HaHONHTOrpaduu B TITyOOoKOM ynbTpaduoneTe

8. Maremarnyeckue METOAbI aHAJIN3a JaHHBIX

CpaBHEHHE TPSAMOTO MOJICJIIMPOBAHUS C SKCIIEPUMEHTAIBHBIMU JaHHBIMU. DYHKINS MPaBaoNnoao0us
u kputepui 2. Ux cBa3b ¢ Teopemoit baiieca.

JluneitHOe MporpaMMupoBaHue. 3aJaud ONTHMHU3AIMU. MeEToJ MaKCHMAJIBHOTO IPAaBIONOA00US H
MojienupoBaHue omuook. AnroputM Metpononuca. (Monte-Carlo Markov chain — MCMC)

CypporarHble MaTeMaTHUeCKHe MOJIEIH Ul pelleHus npsMod 3amauu. [lommHOMuanbHBIN Xaoc
(Polynomial chaos expansion — PCE). Heiiponnsie cetn. (Optimal transport map)

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

yueOHast ayTUuTOpHs, JTI0CKa, MAPKEPhI, KOMIBIOTEP H MYIBTUMEUIHOE 000pyI0BaHUE (IIPOEKTOP).
6.IlepeyeHns pexoMeHyeMOii JTUTEPATYPbI

OcHoBHas nuTeparypa
1. boyan, /1. K., and b. K. Tannep. Beicokopaszpemniaromast peHTreHOBCKast AuppaKkToMeTpus u
tonorpadusi. Hayka, 2002.
2. ®etucos, ['ennaanii. CHHXpOTPOHHOE H3Ty4deHHe. MeTOoAbl UCCIEOBAHUS CTPYKTYPHI BEIIECTB.
Litres, 2018.

JlononHuTEIbHAS IUTEPATypa
1. Daillant, Jean, and Alain Gibaud, eds. X-ray and neutron reflectivity: principles and applications.
Vol. 770. Springer, 2008.
2. Als-Nielsen, Jens, and Des McMorrow. Elements of modern X-ray physics. John Wiley & Sons,
2011.

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



WWWw.picosun.com,
wWww.mipt.ru

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

Ha 3aHSATUAX UCIIOJIB3YIOTCA MYJIBTUMEIUUHBIEC TEXHOIOTUY, BKJIIOYAsl IEMOHCTPALIUIO IPE3CHTALIHIA.
9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, IpOCIyIaBIIMKA KYypC CEMHHApOB, NOJDKEH OBJIAACTh OOIIMM MOHATUHHBIM anmnaparoM H
Hay4UThCs IPUMEHATh TEOPETUUECKHUE 3HAHUS Ha [IPAKTUKE.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

1) mocemenus Bcex JEKIMH, MPEIYCMOTPEHHBIX YYEOHBIM IIJIAHOM; BEIEHHE KOHCIIEKTOB 3aHSATHIA;
aKTHUBHOE y4yacTue B OOCYXICHHH;

2) BaXXHO AOOWTHCA MOHMMAHMS M3y4aeMOIo MaTepHaja, a He MEXaHHMYECKOro ero 3anoMuHaHus. [Ipu
3aTPyOHEHUM W3YYEHHUS! OTHCJIBHBIX TEM, BONPOCOB, cJeayeT oOpamarbcs 3a KOHCYJAbTalued K
JOKJIIUUKY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTHUI: JJIEKTPOHUKA Y KBAHTOBBIE TEXHOJIOTUU
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa HAHOMETPOJIOTUM ¥ HAHOMAaTEpPHAaJIOB

Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

PaszpatGoTunk: K.B. Hukonaes, phd



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNKIO 00 aKTyaIbHBIX Pe3ylIbTaTax UCCISIOBaHHH B
pamMKax TeMmaTH4ecKoi o0macTu cBoed MpodeccHOHATLHOM
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uuciie paspadareBath 1 |[IK-1.2  CrnocoGeH  BbIIBUTATH  THUIOTE3Bl, CTPOUTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MaTeMaTHYeCKHe MOAENHM M ONMCAHHWA HU3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHHUH U MPOIIECCOB, OLICHUBATh KAYeCTBO pa3paboTaHHOM
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYecKHe U (WiIH)
OKCIIEPUMEHTAIBHBIC METOJIbl MCCICAOBAHUN K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE
pe3yabTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC HU3YUCHUSA AUCHUIIAHBI «CI/IHXpOTpOHHLIe MCTOAbI B HAHOMCTPOJIOTUN O6y‘-IaIOH_II/II\/’IC$I
JOJIKCH:

3HATh:
OcHOBBI Teopusi paccesHUs CUHXPOTPOHHOI'O H3JIyUYEHHUS] U COBPEMEHHbIE CHHXPOTPOHHBIE METOJbI
HCCIJICAOBAHMS, a TAK)KE 3HATHh KAKOW METOJl IPUMMEHHUM K TEM MJIM UHBIM THUIIaM HAaHOCTPYKTYP.
yMeTh:
[TocTaBUTh 3a/1a4y U MJIAHUPOBATH SKCIIEPUMEHT JIJIs1 NCCIEAOBAaHN KOHKPETHON HAHOCTPYKTYPBI.
BJIaJeTh:
MeTtogamu MOAETUPOBAHUS CUHXPOTPOHHOIO SKCIIEPUMEHTA U aHAJIN3a SKCIIEPUMEHTAIBHBIX JaHHBIX

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_II/IMI/IC$I yqe6H0r0 Marcpuajia MmpoBOAUTCA YCTHBIfI OIIpoC B
Ha4aJIC 3aHATHA.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

BOHpOCLI AJId TIOATOTOBKH K 3K3aMCHY:

BOHpOCLI 110 TeOpeTH‘leCKOi/'I JacTu Kypca:

1. ypaBHeHI/ISI MakcBemna AJid CIUIOINHBIX CPE, BOJTHOBOC YPABHCHUC, CTALIMOHAPHBIC PCIICHU.
2. OHCpaTOpBI POXACHUA 1 YHUUITOKCHUS. IToka3arh CBSI3b C KJIaCCHUCCKOM SHGKTpO,I[I/IHaMI/IKOI\/’I.

3. BrBectn OpUHOHWII B3aUMHOCTH B JUIIOJIBHOM HpI/I6J'H/I)KeHI/II/I n3 ypaBHeHI/Iﬁ MakcBemra JUIA
CILIOIIHBIX CPEI.

4.  Kunemarmueckass Teopusi paccessHusA. BBIBOJ U3 KBAaHTOBOMEXAHHYECKHX COOOpakeHMH.
[Tpubnuxenue bopha.

5. JluHamuueckas Teopusl paccesHusa. BreiBox ¢ momonisio TeopeMsl biioxa. IlokazaTe cBA3b MeXIy
mupuHOH JlapBrHa U MTyOMHON SKCTUHKITUH

6. CranmoHapHbIe cToxacTHueckue npoiieccrl. Jlokasars TeopeMy XuHunHa-Koamoroposa.

7. CrepxkHH KpHCcTalM4yeckoro ycedenus. Ha ocHoBe npuOnmxenus bopHa mokas3are Kak CTPYKTypa
MOBEPXHOCTH BIIMSIET HAa PAaCIpe/ieIieHue MHTEHCUBHOCTH MEX Iy THU()PAKIIMOHHBIMYU MUKaAMH.

8. Omnucarb aAJIrOpuTM ®dunana. Maremarniecku 000CHOBATE CXOAUMOCTB 3TOI'0 aJiropuT™ma.

9. CamononoOHbIe TOBEPXHOCTH. OLIEHUTh ACUMITOTUYECKOE MTOBEAECHUE CTOXaCTUYECKUX MPOLIECCOB
C OKCIOHCHIMAJbHOW aBTOKOPPESIMMOHHOM (yHkumed. Jlns onucaHus (pakTanioB  KaKHX
pa3MepHOCTEe MPUMEHUM TaKOH MOAXOA?

10. BeiBecTu MeTO ONTHYECKUX MaTPHII.




Bomnpock! o 3kcriepuMeHTalIbHBIM METO/1aM (3a/1a4n):

1. 3epkanbHOeE OTpaskeHHEe CHHXPOTpPOHHOTO m3mydeHus (XRR).

2. JIudpaxnus Ha MoHOKprcTaax u ceepxpemérkax (HRXRD).

3. TlopomkoBas qudpaknus (XRPD).

4. ManoyrinoBas opouIkoBasi Tu(pakKiysi B TeOMETPHH CKojb3stiero najaeHus (GID)
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MaJioyrioBoe peHTTEHOBCKOE pacCesiHUSl Ha aHCaMOJsIX HaHOYACTHUI[ B T€OMETPUU HOPMAJIBHOTO
nagenus (SAXS)

6. ManoyrioBoe peHTTCHOBCKOE PACCEsSHHE HA aHCAMOJISIX HAHOYACTHI] B TEOMETPHH CKOJIB3AIICTO
naneHus (GISAXS)

7. MeToabl KOTepeHTHOW BU3yau3alyu, Tojorpadus, ntuxorpadus.
8. MeTon CTOsIUMX PEHTICHOBCKUX BOJH. (XSW)

9. TpexMepHble CTOSIlYME PEHTIEHOBCKUE BOJHBI W HAHOMETPOJOTHSA CTPYKTypHPOBAaHHBIX
MTOBEPXHOCTEM.

10. PeHTreHoBCcKMif MarHUTHBIN KPyroBOH/MuHEHHbIN nuxponsM. (Metoasi: XMCD/XMLD)
11. CsepxObicTpast qudpakuys PEHTT€HOBCKUX JIy4deH.

12. MareMaTHU4ecKue METO/IBI aHalIn3a JJaHHBIX. AnroputM Metpononrca (MCMCOC).

13. MareMaTudeckue MeTo/Ibl aHam3a JaHHbX. [lomnroMuansHbIi xaoc (PCE).

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIICTOB.

IIpumep 1.

1. CraumonapHble croxacTuieckue mnpoueccol. JJokazars Teopemy Xununna-Konmoroposa.
2. Iopomxkosas nudpaxuus (XRPD).

3. 3amaua

[Ipumep 2.
1. Onucarp anroputm Punana. MaremaTnuecku 000CHOBAaTh CXOAUMOCTD 3TOTO aJrOPUTMA.

2. ManoymioBoe pEeHTTEHOBCKOE pacCesHUe Ha aHCcaMOJIIX HAHOYACTHI[ B TCOMETPUHU CKOJB3SIICTO
nageHus (GISAXS)

3. 3amgaua

Kpurepun onennBanus
10 6amtoB — (ITIPEBOCXOHO):

*  CHCTEMaTU3UpPOBaHHbIC, IIyOOKHE M TOJIHBIC 3HAHMS 10 BCEM paszeiaM y4eOHOW MporpamMel, a
TaKXe [0 OCHOBHBIM BOIIPOCaM, BBIXOIAIIUM 3a €€ IPEEIIbI;

° TOYHOC MHCIIOJIb30BaHHUC Hay‘IHOﬁ TCPMUHOJIOTUHA (B TOM 4YHCJIC Ha HWHOCTPAHHOM $I3BIK€),
CTUJIMCTUYCCKHU I'PaMOTHOEC, JIOTUYCCKHU MTPABUIJIBHOC U3JI0KCHHUE OTBETA HAa BOIIPOCHI;

*  OesympeuHoe BIAJICHUE HHCTPYMEHTapUeM Y4eOHOW IUCIMIUIMHBI, yMeHHe ero 3(QeKTHBHO
HCIOJIB30BaTh B MIOCTAHOBKE M PEILICHUH HAYYHBIX U MPO(PECCHOHANBHBIX 3a1a4;

. BBIP@XEHHAs! CIIOCOOHOCTh CaMOCTOSTEIbHO M TBOPUYECKU peEIIaTh CIOXKHBIE NPOOJIIEeMBI B
HECTaHIAPTHOW CUTYyal1u;

*  MOJIHOE W TIIyOOKOE YCBOGHWE OCHOBHOH M JOTOJHHUTENBHOM JUTEpaTyphl, PEKOMEHIIOBAHHOM
y4eOHO mpoTrpaMMOi TUCITUTUINHEI,

* yYMEHHE OPHUEHTHPOBATHCA B TEOPHUSX, KOHIETLHUIX U HANPABICHUAX 1O U3y4aeMOil AUCLUIUIMHE U
JlaBaTh UM KPUTUUYECKYIO OLIEHKY, UCIIOJIb30BaTh HAYYHbIE JOCTHKEHUSI JPYTUX JUCLUIUINH;

*  TBOpYECKas CaMOCTOSTENbHAs paboTa Ha MPAKTUYECKUX, JTa0OPAaTOPHBIX 3aHATHIX, AKTUBHOE
y4acTHe B IPYNIOBBIX 00CYKICHUSAX, BHICOKUH YPOBEHB KYJIBTYPbI HCIIOJTHEHHS 33 JaHHMH.

9 6amnoB — (OTJIMYHO):

* CcHCTEMaTU3UPOBAHHbBIEC, ITTYOOKHE U MOJIHBIC 3HAHUS 110 BCEM pa3zeiaM yueOHOH MporpaMmbl;

. TOYHOE HCIOJIb30BAHUE HAYYHOM TEPMHHOJIOTMU (B TOM 4YHCIIE HAa HWHOCTPAHHOM SI3BIKE),
CTHIMCTHYECKH I'PAaMOTHOE, JIOTHUECKH MPABUIbHOE N3JI0KEHNE OTBETA HAa BOIPOCHI;

*  BIIAJICHUEC MHCTPYMEHTapueM y4eOHOW IMCLUIUIMHBL, yMEHHE ero 3(p(EeKTHBHO HCIIOIb30BaTh B
MOCTAHOBKE M PELICHUH HAyYHBIX M MPO(PECCHOHANBHBIX 3a1a4;



*  CIIOCOOHOCTH CaMOCTOSITEIbHO W TBOPYECKH PEIIaTh CIOXKHBIE MPOOJIEeMbl B HECTaHIAPTHON
CUTyallud B paMKax ydeOHOW NporpamMMbl, IOJHOE€ YCBOEGHHE OCHOBHOM U JIONOJHHU TEIbHOM
JUTEpaTyphl, PEKOMEHA0BAaHHON Y4eOHON MpOrpaMMOil TUCIUITIINHEI;

* yMEHHE OpPUEHTHPOBATHCS B OCHOBHBIX TEOPHUSAX, KOHLEMIUAX W HANPABICHUAX O H3y4acMOU
JUCLUIUIMHE U JaBaTh UM KPUTHYECKYIO OLEHKY;

*  caMocCToATeNbHas paboTa Ha MPAKTUYECKHX, JIAOOPATOPHBIX 3aHATHUSAX, TBOPUYECKOE ydacTHE B
IPYNIIOBBIX 00CYKACHUSAX, BHICOKUN YPOBEHB KYJIBTYPbI HCIIOTHEHHS 3aJaHHMH.

8 6amnoB — (IIOUYTHU OTIIMYHO):

* CHCTEMaTU3UPOBaHHbIEC, ITYOOKHE U MOJHBIC 3HAHUS IO BCEM MOCTABICHHBIM BOIIPOCaM B 00bEMe
y4eOHOH MPOrpaMMbl;

*  HCIOJIb30BAaHME HAy4YHOM TEPMUHOJIOIMM, CTHIMCTUYECKU IPAMOTHOE, JIOIMUECKU IPaBUIIbHOE
W3JI0KEHUE OTBETA Ha BOIIPOCHI, YMEHHUE JeJIaTh 000CHOBaHHBIC BHIBOJIBL;

* BIQJICHUE WHCTPYMEHTapueM yueOHOH AMCUMIUIMHBI (METOAaMU KOMILJIEKCHOTO aHaJN3a, TEXHUKOM
MH(QOPMAIMOHHBIX TEXHOJOTHI), YMEHHE €ro HCIOJIb30BaTh B IOCTAHOBKE W PEIICHHM HAyYHBIX U
npoeCCHOHANBHBIX 337a4; CIOCOOHOCTh CaMOCTOSTENBHO pPELIaTh CIOXKHBIE MPOOJEMBI B paMKax
y4eOHOH MPOrpaMMbl;

*  YCBOCHHME OCHOBHOW W JIOTOJIHUTEIHLHOW JINTEPATYphl, PEKOMEHIOBAHHOW y4eOHOM mporpammon
JVCLUUTUIHHBL,

*  YMEHHME OPHUEHTHPOBATHCS B OCHOBHBIX TEOPHSX, KOHLENLMAX M HANpaBICHUIX 10 U3ydaeMO
JUCUMIUIMHE W JaBaTh MM KPUTHYECKYIO0 OLEHKY C MO3ULMHA TOCYIapCTBEHHOW HAeonoruu (mo
JUCLUIUIMHAM COLUAJIbHO-I'YMaHUTAapHOIO LIUKJIA);

* aKTHBHAs CaMOCTOSTENbHAs paboTa Ha MPAKTUYECKUX, JTa0OPATOPHBIX 3aHATUAX, CUCTEMATHUECKOE
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BHICOKUN YPOBEHB KYJIBTYPbI HCIIOTHEHHS 33 JaHHMA.

7 6anoB — (OYEHb XOPOLIO):

* CcHCTEMaTU3MPOBAHHbBIEC, ITTYOOKHE U MOJIHBIC 3HAHUS 110 BCEM pa3zieiaM yueOHOH MporpaMmbl;

* HCIOJb30BAHUE HAYYHOW TEPMUHOJIOIHHU (B TOM YHCIE HA HHOCTPAHHOM S3BIKE), TUHTBUCTHYECKU U
JIOTMYECKH MPAaBUIIBHOE M3JI0’KEHHE OTBETA Ha BONIPOCHI, YMEHHUE JeNIaTh 000CHOBaHHBIE BBIBOIBI;

* BJIQJICHUE MHCTPYMEHTapueM y4eOHOI AMCIMIUIMHBI, YMECHHE €r0 MCIHOJIb30BaTh B MOCTAHOBKE U
pEIIeHUH HAay4YHbIX U NMPO(eCCHOHANBHBIX 3a1ay;

* YCBOCHHME OCHOBHOW W JIOTOJIHUTEIBLHOW JIUTEPATypbl, PEKOMEHIOBaHHOW y4eOHOH mporpammon
JUCLUIUIMHBL,

*  yYMEHHME OPUEHTHPOBATHCS B OCHOBHBIX TEOPHSX, KOHLENLMAX M HAIpaBICHUIX 0 U3ydaeMOM
JUCLUUIUTMHE U JaBaTh UM KPUTHUECKYIO OLEHKY;

*  caMmocCTosTelbHasg padoTa Ha MPAKTUUYECKHX, JaOOpPaTOPHBIX 3aHATHUSX, Y4acTHE B TPYMIIOBBIX
00CY’KIEHUSX, BBICOKUI yPOBEHb KYJIbTYPbI HCIIOJIHEHHS 33/1aHHH.

6 6autoB — (XOPOILO):

* JIOCTaTOYHO IOJHbIE U CHCTEMAaTU3UPOBAHHBIC 3HAHUS B 00beMe yueOHO! MporpaMMsl;

*  HCHOJIb30BaHUE HEOOXOIUMOH HAay4YHOW TEPMHMHOJOIMH, CTHJIMCTUYECKH I'DAaMOTHOE, JOTHYECKU
MPaBUIILHOE U3JIOKEHUE OTBETA Ha BOIPOCHI, YMEHHE AeNaTh 000CHOBAaHHbBIE BHIBOJBL;

*  BJIQJICHUE MHCTPYMEHTapueM Y4eOHOH NMCHMIUIMHBI, YMEHHE €ro HCIOJIb30BAaTh B PEIICHUH
y4eOHBIX U MpOo(hecCHoHaIbHBIX 337a4; CIOCOOHOCTh CAMOCTOSTENILHO IPUMEHSTh THIIOBBIE PELICHHUS
B paMKax y4eOHOW MpOrpaMMel;

* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MPOrpaMMON JTUCITUTUTUHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSX, KOHIENIUSAX M HANpPaBICHUSAX IO HM3ydaeMoil
JUCUMIUIMHE W JaBaThb HM CPaBHHUTEIBHYIO OLICHKY; AaKTHBHAs CaMOCTOATENbHas palboTa Ha
MPAaKTHYECKUX, J1a0OPaTOPHBIX 3aHATHAX, NEPHOANYECKOE ydacTHe B TPYMIOBBIX OOCYXICHHUSX,
BBICOKHUH YPOBEHB KYJIBTYPbI HCIIOTHEHUS 3aJaHUH.

5 6amnoB — (IIOYTHU XOPOILO):

* JIOCTaTO4YHbIC 3HAHUA B 00beMe yueOHOM MPOTrpamMMmBl;

*  HCIOJIb30BAHHE HAYYHOW TEPMHMHOJIOTMH, CTHIMCTHYECKH TPaMOTHOE, JIOTMYECKH IMPaBUIIBHOE
U3JI0KEHUE OTBETA Ha BOIIPOCHI, YMEHUE J€J1aTh BBIBOIbI;

*  BIQJICHHE MHCTPYMEHTapueM Y4eOHOH NMCHMIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B PEIICHUH
y4eOHBIX U TPOEeCCHOHAIBHBIX 33/1a4;

* CrOCOOHOCTH CAMOCTOSATEIBHO MPUMEHATH THUIIOBBIE PELICHHUS B PAMKax Y4€OHON MPOrpaMMbl;

* YCBOCHHME OCHOBHOM JIUTEPATYPbl, PEKOMEHJOBaHHOW y4eOHOM MpOrpaMMON AUCIUIINHBL

*  YMEHHE OpPHUEHTHPOBAThCS B 0A30BBIX TEOPHUSIX, KOHUEIIMAX M HANPABICHUAX [0 HM3y4aeMOM
JUCLUIUIMHE U JaBaTh UM CPAaBHUTEIBbHYIO OLEHKY;



*  caMmocCToATeNlbHas paboTa Ha NMPAKTUYECKHX, JJAOOPAaTOPHBIX 3aHATHSX, y4acTHE B TPYMIIOBBIX
00CYXIIEHUSX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJHEHUS 3adaHUH.

4 6amna — (YOBJIETBOPUTEJIBHO), 3AYTEHO:
* JIOCTaTO4YHBIN 00BEM 3HAHUN B paMKax 00pa30BaTeIbHOIO CTAHJAPTA;
* YCBOCHHE OCHOBHOM JIUTEPATYPbl, PEKOMEHJOBaHHOW y4eOHOM MpOrpaMMON AUCIUILINHBL

*  HCIIOJIb30BAaHUE HAYYHOW TEPMUHOJIOTMH, CTHIMCTUYECKOE U JIOTUYECKOE H3JIOKEHUE OTBETa Ha
BOTIPOCHI, YMEHHE JIeTIaTh BLIBO/IBI 0€3 CYIIECTBEHHBIX ONIHOOK;

*  BJIQJICHUE MHCTPYMEHTapueM Y4eOHOH NMCHMIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B PEIICHUH
CTaHJAPTHBIX (THUIOBBIX) 3a/1a4;

¢ YMCHHC I10J pYKOBOACTBOM IIpCTIOAaBaTCyid pCllaTh CTAHAAPTHBIC (TI/IHOBLIG) 3aaa4u,

*  YMEHHE OPHUECHTUPOBATHCA B OCHOBHBIX TE€OPHUSIX, KOHIEMUUAX U HANPABICHUSIX MO U3y4aeMoil
JTUCITUIUIMHE U 1aBaTh UM OLIEHKY;

. paboTa mOA pPYKOBOJCTBOM IIPENOAABATeNs Ha IPAKTHUECKUX, J1a0OPAaTOPHBIX 3aHATHIX,
JOITyCTUMBIA YPOBEHB KYJIBTYPbl HCTIOIHEHUS 3aJaHHH.

3 6amra — (HEYIOBJIETBOPUTEJIBHO), HE3BAUTEHO:

* HEJO0CTaTOYHO IMOJHBIA 00hEM 3HAHUHN B paMKax 00pa30BaTeILHOTO CTaHIAPTa;

* 3HaHWE YaCTH OCHOBHOW JIUTEPATyphl, PCKOMEHIOBAHHOW y4eOHOM MPOTrpaMMOi JUCIIUILTAHEL,

*  HCIHOJIb30BAHUE HAYyYHOH TEPMHUHOJIOIMH, U3JIOKEHHUE OTBETa HAa BOMNPOCHI C CYIICCTBEHHBIMU
JIMHTBUCTHYECKUMHM M JIOTHYECKUMH OLITHOKAMH;

. ciaboe BIaJICHUE WHCTPYMEHTapueM Yy4eOHOHM JHUCIUIUIMHBI, HEKOMIIETEHTHOCTh B PEIICHUU
CTaHAAPTHHIX (TUITOBBIX) 3a/1a4;

*  HEYMCHUE OPHUEHTUPOBATHCS B OCHOBHBIX TEOPHUSAX, KOHLCHIUSAX W HANPABICHUSIX H3y4aeMOu
JUCIUTIINHEL,

* TACCHBHOCTh Ha MPAKTUYECKUX U JIAOOPATOPHBIX 3aHATHUSAX, HU3KHI YPOBEHb KYJIBTYPhl UCTIONTHEHUS
3aJIaHUH.

2 6amra — (HEYIOBJIETBOPUTEJILHO):

* (hparMeHTapHBIC 3HAHUS B paMKax 00pa30BaTEIbHOTO CTaH/IaPTa;

. 3HaHWS OTACIBHBIX JINTEPATYPHBIX WCTOYHHMKOB, PEKOMEHIIOBAHHBIX Y4YeOHOH mporpamMmoin
JUCIUTIINHEL,

. HEYMEHHE HCIIOJh30BaTh HAyYHYH) TEPMHUHOJIOTHIO JUCIMIUIMHBI, HAaJUYWE B OTBETE TPyOBIX
CTHJIMCTHYCCKUX U JJOTMYECKUX OIIUOOK;

* IMaCCHBHOCTH HA MPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KHHA YPOBEHB KYJIBTYPHl UCIIOTHEHUS
3aJIaHUM.

1 6amt — (HEYIOBJIETBOPUTEJILHO):

* OTCYTCTBHE 3HAHMH M KOMIIETCHLIMI B paMKax 00pa30BaTeIbHOIO CTaHAapTa UM OTKa3 OT OTBETA.

5. MeTonuyeckne MaTepuaJbl, onpeaesiiome NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

Buner coctouT u3 AByX BompocoB U 3amauu. IlepBriii BOompoc TeopeTHdecKuil - TpedyeTcs MpoBeCTH
MaTeMaTHYeCcKUe BBIKIAAKH W HM3JIOKUTh MX (U3NUECKH CMbICI. BTOpoil Bompoc mpakThdeckuil -
TpeOyeTcsi 1aTh KaueCTBEHHOE ONMHCAHME 3KCIIEPUMEHTaNbHOro merona. [Ipu mpoBeaeHuu sK3aMeHa
oOyuatomemycsi npenocrasisercs 30 MUHYT Ha HoaroroBky. Ompoc ofyuaromierocs mo OuiaeTry He
JOJDKEH MPEBBIIIATh OAHOTO aCTPOHOMHUYECKOTO Yaca B YCTHOHW (opme.



