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AHHOTANMA

Kypc "CuHXpoTpoHHBIE METOABI B HAHOMETPOJOTMH'" NPEAyCMaTPUBAET M3yUEHHE TEOPETHUYECKUX OCHOB
CHHXPOTPOHHBIX METO/IOB MCCIJICIOBAHUSI HAHOCTPYKTYp, a Takxke MpecieayeT Ieilb CcpopMUpOBaTh
MpPECTaBICHHE O TOM, KaKHMM O0pa3oM 3TH METOAbl HCIOJB3YIOTCS B HCCICHOBAHMAX W pa3paboTke
COBPEMEHHBIX KOHUEIIUNA MUKPOIIEKTPOHUKHY.

3amaun Kypca:

L] O3HaKOMHTH CTYACHTOB C OCHOBHBIMU TCOPCTHYCCKHMU KOHUCHULIUAMHU PACCEIHUA CHUHXPOTPOHHOI'O
HU3JTy4CHHA B KOHACHCUPOBAHHLIX Cpeaax

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

L] BI)Ipa6OTaTI> HaBBIK TIOCTPOCHHUA MATEMATUYCCKUX MO,I[CHGI‘/’I, aJICKBAaTHBIX BBI6paHHLIM 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 mpeacTaBIeHUE O TOM, KAKUM 00pa3oM 3TH METOABI HCIIONB3YIOTCS B HCCIIEJOBAHUSIX U
pa3paboTKe COBPEMEHHBIX KOHIETIIINH MUKPO3IEKTPOHHUKH.

3agauu AUCHUILIHHBI

o (3HAKOMUTH CTYACHTOB C OCHOBHBIMU TCOPECTUYCCKUMU KOHICIIIUAMU PACCECAHNUA CUHXPOTPOHHOI'O
HU3JTy4CHHA B KOHACHCUPOBAHHLBIX Cpeaax

® C(bOpMHpOBaTL YMCHUC HOILO6paTI> HY)KHBIﬁ MCTOA HUCCICAOBAHUA [JIS1 aHAJIN3a CTPYKTYpP
Pa3JIMIHBIX TUIIOB

L] BLIpa6OTaTb HaBBIK MOCTPOCHUA MATEMAaTUYCCKUX MOI[CJ'IQIZ, aJICKBATHBIX BBI6paHHLIM MCTOOaAM
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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 aKTyalbHBIX pe3yabTraTax UcClIeI0BaHUN

[MK-1 Criocoben craButh, GopmanuzoBbiBath 1 |[IK-1.2  CrnocobeH  BBIABUTaTh  THIOTE3BI, CTPOUTH
pemars 3a/1a4u, B TOM YUCIIe pa3padaThIBaTh U |MareMaTHUeCKUe MOACTH JUIS ONHCAaHUS — H3ydaeMbIX
MCCIIE/I0BAaTh MaTeMAaTHYECKUE MOJICIIN SIBJICHUH ¥ MTPOLIECCOB, OLICHUBATh KAa4eCTBO pa3paboTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOJACIH

aHaJIM3MPOBATh HAyYHbIC MPOOIEMBI, oTy4ath [[IK-1.3 CrnocobeH NpUMEHATH TeOpeTHUeckhe H (WIIHN)

HOBBIC HAYyIHBIC PE3YILTATHI JKCIEPUMEHTANIBHBIE METOABI UCCICIOBAaHUN K KOHKPETHOU
HaydyHOW 3ajjady€ W MHTEPIPETHPOBATh IOIYYEHHBIC
pE3yNbTaThI

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)



B pesynbTrare 0cBOEHHS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI
3HaTh:
OcHOBBI Teopusi paccesHUs CUHXPOTPOHHOI'O M3JIy4E€HHUS U COBPEMEHHbBIE CUHXPOTPOHHBIE METObI
HCCIJICAOBAHMS, a TAK)KE 3HATh KAKOW METOJl IPUMEHHUM K TEM MJIM UHBIM THUIIaM HAaHOCTPYKTYP.
YMETB:
[TocTaBUTh 3a/1a4y U MJIAHUPOBATH SKCIIEPUMEHT JIJIs1 UCCIIEAOBAaHN KOHKPETHON HAHOCTPYKTYPBI.
BIIAJICTh:
MeTtogamu MOAETUPOBAHUS CUHXPOTPOHHOIO SKCIIEPUMEHTA U aHAJIN3a SKCIIEPUMEHTAJIBHBIX JaHHBIX

4. Coaep:xanue TUCUMILIUHBI (MO1YJIs), 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 3aHSATHHA

TpynoeMKOCTb 110 BUJAM YU€OHBIX 3aHATHH, BKJIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 HcTOUHUKH CHHXPOTPOHHOTO H3JIy4EHUS ) )
W METOJIbI UCCIICIOBAHMS
B3aumopeiicteue CHHXPOTPOHHOTO
2 HU3JIy4eHUs1T €  KOHAEHCHPOBAHHBIMHU 4 4
cpeaamu
3 Teopusi BO3MYLIEHHHA U CTOXaCTHYECKUE 6 4
MPOIECCHI
4 Hccnenosanue IIJIAHAPHBIX 6 4
HAHOCTPYKTYP
5 @da30uyBCTBUTEIbHbIC METO/BI 4 4
WCCIICIOBAHMSI
6 HccnenoBanue  MarHWTHBIX ~ CBOMCTB ) 4
MaTepHajoB
7 Caepx0ObIcTpOE paccesiHue ) 4
PEHTTEHOBCKUX TTy4ei
3 Maremarnyeckue  METOJbl  aHalu3a 4 4
JAHHBIX
Uroro 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 CUHXPOTPOHHOTO U3IY4YCHHUS U METObI HCCIIeIOBAHNUS

[TokoneHust UCTOUHUKOB CHHXPOTpoHHOro m3nydeHusi (CHU). OcHOBHBIE mapameTpsl HCTOYHHKOB:
SPKOCTb, SMUTTAHC, KOTEPEHTHOCTh, dHeprust. Crennduka CUHXPOTPOHHOTO SKCIEPUMEHTA. THIIBI
HAaHOCTPYKTYp, Hccienymoomuecs ¢ mnoMompo CU: ToHKME TUIEHKH, MOHOKPHCTAUIBI H
MOJIMKPUCTAILIIBL, XUMUYECKHE COEUHEHUS, CTPYKTYPUPOBaHHbIE I0BEPXHOCTH, HAHOYACTHUIIBI.

2. B3aumMozeiicTBre CUHXPOTPOHHOI'O U3JIyUeHUsI C KOHACHCUPOBAaHHBIMU CpelaMu




BonHoBoe ypaBHeHHMe M ypaBHeHMs MakcBeiia B CIUIOIIHBIX cpenax. CralMoHapHbIe peLIeHUs
BOJIHOBOTO ypaBHEHHsA. AHaJIOTMs cO cTauuoHapHeIM ypaBHeHneM lIpenunrepa. PaccenBarommii
MOTEHIMaJl KOHJACHCUPOBAaHHOM Cpeabl Al CUHXPOTPOHHOIO M3yueHus. BosHoBoe ypaBHeHHE U
KBaHTOBasl DJJEKTPOAMHAMMKA. BOJHOBBEIE TMpolecchl Ha A3BIKE ONEPAaTOPOB POXKACHHA U
YHUUYTOXKEHUSI.

Kunemarnyeckast Teopusi paccesiHusl. BBIBOI W3 ANEKTPOIMHAMHMYECKUX IPUHLMUIIOB. BbiBon U3
KBaHTOBOMEXAaHUYECKUX  NpHHUUNOB. [lpuOmmkenne  bopra. IpaHuisl  mpUMEHHMOCTH
KrHeMarndeckoil Teopun. [IpoGiiema morepu ¢asbl. Beenenue moHATHS 0OpaTHOTO MPOCTPAHCTBA.
HawuBHas Monens tudpakiyy B HIeaIbHBIX KpHCTAIUIaX: rpedénka [upaka.

JAuHamuueckas Teopusi paccesHus. BBIBOA U3 JIEKTPOAMHAMHUYECKUX NPUHUMIIOB. Teopema bioxa.
[upuna nudpaxnuonHoro nuka - mupuHa lapsuna. [IpencraBnenue o OMMKHEM U AalbHEM IOJIE
(r- u k-nipencrapnenns). KorepeHTHOCTh paccesHHOTO CHHXPOTPOHHOTO U3JTY4YCHUS

3. Teopust BO3MYILIEHUI 1 CTOXaCTHYECKHE MPOIIECCHI

[MpuHIIMT B3auMHOCTH AneKTpoanHamMuku. [Ipubnmkenre bopHa nist uckaxxeHHoi BonHsl (Distorted
wave Born  approximation - DWBA) kak crneactBue  OpUHIOMIA — B3aUMHOCTH.
KsanroBomexannyeckoe omnucanne DWBA. JluddysHoe paccesHue CHHXPOTPOHHBIX IyYei.
UnTepdepenuus nuddysHoro paccesiHus B KOPpEIUPOBAHHBIX Cpeax.

Maremarrdeckoe ONMMCaHuEe KOPPeIHpoBaHHBIX cpern. CroxacTuueckue mnpouecchl. B uém otnmuune
CTOXaCTUYECKOTO TMpoIlecca OT CIy4aiHOH mepeMeHHOW. CTalMOHApHOCTh M 3PrOAUYHOCTH
CTOXAaCTUYECKHUX IPOLECCOB. XapaKTEPUCTUKU CTOXAaCTHYECKUX IPOLECCOB: aBTOKOPPEISALMOHHAS
(byHKIMA U CIIeKTpaibHast INIOTHOCTh. Teopema XununHa — Konmmoroposa. CriekTpasbHasi INIOTHOCTb
Kak IpeJCcTaBlIeHHE KOPPEIUPOBAHHOM Cpebl B 00paTHOM MPOCTPAHCTBE.

4. UccrnenoBaHue IIaHAPHBIX HAHOCTPYKTYP

3epKaibHOe OTPaKEHHE CHHXPOTPOHHOTO H3IIyYCHHS OT TOHKOIUICHOYHBIX aMOP(HBIX CTPYKTYp
(meron: X-ray reflectivity — XRR). Judpakiiuss peHTTeHOBCKUX JIy4eld Ha MOHOKpHCTAJIaX, Ha
AMHUTAKCHAIBHBIX IUICHKAX M Ha SMUTAKCHAIBHBIX CBEpXCTpyKTypax. (Meton: High-resolution X-ray
diffraction HRXRD). [lunamudeckass Teopusi B JBYXJIy4eBOM TNpuOImkeHnH. MccienoBanue
napamMeTpoB KPUCTAJUIMYECKON pemérku. BrusHue neeKToB KPHCTALUIMYECKOH CTPYKTYpHI Ha
au(pPaKIMOHHYI0 KapTuHy. lccneqoBaHUE CTPYKTYphI IOBEPXHOCTH KpHCTAJUIAa C aTOMapHBIM
paspelieHueM 1o rIyouHe. PacmpeneneHne MHTEHCUBHOCTH MEXIY AWQPPAKIUOHHBIMH MHUKAMU H
CTep KHHU yceueHus kpucraia (meroxa: Crystal truncation rod — CTR).

Hudpakuus Ha monukpucramiax (X-ray powder diffraction — XRPD). MccnenoBanue cTpykrypsl
TOHKUX TUIEHOK Ha TMOBEPXHOCTH XHAKOCTH. [Inénkm Jlenrmropa. ManoyrnoBas nudpaxius B
ckonp3simedt reomerpun  (Metox: Grazing-incidence diffraction — GID). CrpykrypHbiii haktop
JIBYMEPHOW TIEPUOJMYECKON CTPYKTYphl. CBsi3b KapTHHBI paccesHuss ¥ (OPMbI OpraHU4YeCcKOU
MOJIEKYJHI B IIIEHKAxX JIeHrMiopa — popMm-dakTop.

HccnenoBanue CTPyKTypbl KOPPEIUPOBAHHBIX CHCTEM (HAaHOYACTHIbI, KBAHTOBBIC TOYKH, NE(EKTHI,
IIEPOXOBATOCTh TIOBEPXHOCTH) - MaJIOYIJIOBOE PACCESHUE PEHTICHOBCKUX JIy4ed B CKOJB3SIICH U
HOopMallbHOU TeoMerpuu (Meronpl: 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 MHMKPOOOBEKTOB. MeEToabpl KOTEpEeHTHOW BHU3yaJIM3allvy,
ronorpadus, ntuxorpadus. 3agada BocctaHoBieHus $asbl. (Metonbl: Coherent diffraction imaging —
CDI, Holography, Ptychography). Anroputm ®unana. 3anaun BoccTaHOBICHHS (ha3bl.

PaznenvHoe nccnenoBanue npoduieid KOHUEHTPAUN PA3IUYHbIX XUMHYECKUX 3JeMeHTOB. CTosuue
PEHTTEHOBCKHE BONHBI. (MeToabl: X-ray standing wave — XSW, Grazing-exit X-ray fluorescence
GEXREF). PazpaboTka ontudeckoil cucTeMsl JUIst TuTorpaduu B yOOKOM yabsTpaduonere.
TpexmepHble CcTOslUME PEHTreHOBCKUE BONHBL (MeTon 3D-XSW) MuoroBonnoBoe anddysHoe
paccessHue. HaHOMETpOJIOrUs MUKPO3JIEKTPOHHBIX CUCTEM CO CIOXHON TPEXMEPHOU apXUTEKTYPOW:
Fin-FET tpansuctopsl, GAA tpansuctopel. Hanomerposmoruss mis jurorpaguu B IIyOOKOM
yabTpaduoneTe ¢ MHOTOKPAaTHBIM O3KCIOHHMpPOBAaHMEM: JIeTEKTUpOBaHHE apeiida mnepuoma u
LIEPOXOBATOCTU CTEHOK CTPYKTYPBI



6. UccienoBanue MarHuTHBIX CBOMCTB MaTepUaioB

HccnenoBanre MarHUTHBIX CBOWCTB MaTepHalloB. MarautHasi pedrueKToMeTpHsi. PeHTreHOBCKHiA
MarHuTHBIA ~ KpyroBoil/nmuHeinbii  guxpousm. (Meromel: XMCD/XMLD) Hanomerponorus
MarHUTHBIX CTPYKTYpBI, HCCIEAOBaHUS B 00JacTH pa3pabOTKH YCTPOMCTB MaMATH CIETYIOLIEro

ITIOKOJICHUA.

7. CBepxOBICTpOE paccessHUe PEHTTEHOBCKUX JTyuei

HccnenoBanne  TUHAMUKM — TPOLECCOB € (PEMTOCEKYHAHBIM BPEMEHHBIM  Pa3peIICHUEM.
CeepxObicTpas  audpakiuss peHTreHOBCKMX Jiyded. (Mmerox: ultrashort X-ray  pulses)
dyHIaMeHTaBHBIE UCCIIEIOBaHMSI TEILIOOOMEHHBIX MPOIECCOB B KPUCTAIUIAX M HAHOYACTUIAX JUIS

HaHONHTOrpaduu B TITyOOoKOM yibTpaduoneTe

8. Maremarnyeckre METOAbI aHAJIN3a JaHHBIX

CpaBHEHHE PSMOTO MOJEINPOBAHUS C SKCIEPUMEHTAIBHBIMH JaHHBIMU. DyHKIUS TpaBronogoous

u kputepui 2. Ux cBa3b ¢ Teopemoit baiieca.

Jluneitnoe nporpaMmMupOBaHHC. 3a/:[aq1/1 OIITUMH3ALIUH. MGTOZ[ MAaKCHUMaJBbHOTO HpaB,Z[OHO):[O6I/I$I nu

MojienupoBaHue omubok. AnroputM Metpononuca. (Monte-Carlo Markov chain — MCMC)

CypporarHble MaTeMaTU4ecKHe MOIENU Ui pelieHust npsiMod 3ajgaud. [lommHOMUaNBHBIA Xaoc

(Polynomial chaos expansion — PCE). Heiiponnsie cetn. (Optimal transport map)

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0MMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

yueOHast ayTUTOpHs, JTI0CKa, MAPKEPhI, KOMIIBIOTEP H MYIBTUMEIUIHOE 000pyI0BaHUE (IIPOESKTOP).
6.IlepeyeHns pexoMeHyeMOii JTUTEPATYPbI

OcHoBHas 1uTeparypa

1. boyan, /1. K., and b. K. Tannep. Bricokopaspemniaromiast peHTreHOBCKast AuppaKkToMeTpusi u
tonorpadusi. Hayka, 2002.

2. ®etucos, ['ennaanii. CHHXpOTPOHHOE H3Ty4YeHHe. MeToAbl UCCIEOBAHUS CTPYKTYPHI BEIIECTB.
Litres, 2018.

JomnonHurensHas aureparypa

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 JUCHMILIUHBI (MOLYJIs1)

WWW.picosun.com,
Www.mipt.ru



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

Ha 3aHATUAX UCIIOJIB3YIOTCA MYJIETUMEIUUHBIEC TEXHOIOTUY, BKIIIOYAsl IEMOHCTPALIUIO IPE3CHTALIMIA.
9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, IpOCIyIIaBIIMA KypC CEMHHApOB, JOJKEH OBJIAJCTh OOIMIMM MOHSATHHHBIM ammaparoM U
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 AOOWTHCS MOHMMAHMA M3y4aeMOIo MaTepHaja, a He MEXaHHMYECKOro ero 3anoMuHaHus. [Ipu
3aTPyOHCHUM W3YYEHUS! OTICNIBHBIX TEM, BOIPOCOB, CIEIyeT OOpaliaThCsi 3a KOHCYJIbTalKed K
JOKJIIUUKY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: MarepranoBeieHUE U TEXHOJIOTUN MaTepHaioB

Nnpo¢uJIb NOATOTOBKH: [lepcriekTuBHBIE (YHKINOHATBHBIE MATEPUATIBI
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa HAHOMETPOJIOTUM ¥ HAHOMAaTEpPHAaJIOB

Kypc: 1

KBAJM(PUKAIMA: 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

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHUN

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BbIABUraTb  THIIOTE3BI, CTPOUTH
pelIarh 3a/1a4u, B TOM YUCIIC pa3pabaThiBaTh U |MareMaTHUeCKUe MOAETM Ui  ONHCAaHUS  H3y4aeMbIX
HCCJICA0BATh MaTeMaTHYECKUE MOJIEIH SIBIICHUH U MPOLIECCOB, OLEHUBATh KAYECTBO pa3paboTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAYYHBIC MPOOIEMBL, MoIy4arh [[IK-1.3 CrocobeH NpUMEHATh TeopeTHueckue u  (WIH)

HOBBIC HayIHBIC PE3YIIbTaThI 9KCIIEPUMEHTANIBHBIE METOABI UCCIEN0BAaHUI K KOHKPETHOU
Hay4yHOW 3ajadye M MHTEPIPETHPOBATH  IIOJIYYECHHBIC
pe3yabTaThl

2. Iloka3arei OLleHUBAHUS KOMIIEeTeHITHH

B pE3YJIbTATC HU3YUCHUA AUCHUILIAHBI ((CHHXpOTpOHHBIe MCTOAbI B HAHOMCTPOJIOTHUUN» 06y‘laIOH_[PII>'ICH
JOJIKCH:

3HATh:
OcHOBBI Teopusi paccesHUs CUHXPOTPOHHOI'O HM3JIy4EHHUS U COBPEMEHHbBIE CUHXPOTPOHHBIE METObI
WCCJICAOBAHMS, a TAK)KE 3HATh KAKOW METOJl IPUMMEHHUM K TEM MJIM UHBIM THUIIaM HAaHOCTPYKTYP.
yMeTh:
[TocTaBUTh 3a/1a4y U MJIAHUPOBATH SKCIIEPUMEHT [Tl NCCIEAOBAaHN KOHKPETHON HAHOCTPYKTYPBI.
BJIaJeTh:
MeTtogamu MOAETUPOBAHUS CUHXPOTPOHHOIO SKCIIEPUMEHTA U aHAJIN3a SKCIIEPUMEHTAJIBHBIX JaHHBIX

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMY KOHTPOJII0

C HCJIBIO KOHTPOJISI OCBOCHUSA O6y‘laIOH_II/IMI/IC$I yqe6H0r0 Marcepuraja InpoOBOAUTCH YCTHBIfI OorpocC B
Ha4aJIC 3aHATHA.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarumuxcst

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 U YHUUITOKCHUS. IToka3ark CBSI3b C KJIaCCHUCCKOM SHGKTpO,I[I/IHaMI/IKOI\/’I.

3. BrBectn OPpUHIOHWII B3aUMHOCTHU B OUIIOJIBHOM HpI/I6J'II/DKeHI/II/I n3 ypaBHeHI/Iﬁ MakcBemra JUIA
CILIOIIHBIX CPEI.

4.  Kunemarmueckass Teopusi paccesHMA. BbIBOI M3 KBaHTOBOMEXaHMYECKHX COOOpa)KEHUI.
[Ipubnuxenue bopna.

5. Jlunamuueckas Teopus paccesHusd. BeiBox ¢ momomnipro Teopemsl bioxa. Ilokaszare cBsI3p MexIy
mupuHOH JlapBrHa U TITyOMHON SKCTUHKITUH

6. CranmoHapHbIe cToxacTHuecKkue npoiieccrl. Jlokasars TeopeMy XuHurHa-Koamoroposa.

7. CrepxHHU KpHCTalIMyeckoro yceuenus. Ha ocHoBe nmpubmmxenus bopHa mokasaTrh kak CTpyKTypa
MIOBEPXHOCTH BIIMSET HAa PAacIpe/ie]IieHue MHTEHCUBHOCTH MEX Iy THU()PAKIIMOHHBIMYU ITUKaMH.

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

9. Camonono0OHble TOBEPXHOCTH. OLIEHUTH ACUMIITOTHYECKOE MTOBEJCHNE CTOXaCTHYECKHX MPOLIECCOB
C JKCHOHEHIMAJHHOW aBTOKOpPEISIUMOHHOW —(yHKmuen. [ng omnucanus ¢pakrtasoB Kakdx
pa3MepHOCTEeH MPUMEHUM TaKOH MOAXOA?

10. BeiBecTu MeTO ONTHYECKUX MaTPHII.

Bomnpock! o 3KcriepuMeHTalIbHBIM METO/1aM (33/1a4n):
1. 3epkanbHOe OTpaskeHHEe CHHXPOTpPOHHOTO m3mydeHus (XRR).



2. Jludpaxnus Ha MoHOKprcTaax u ceepxpemérkax (HRXRD).
3. TlopomkoBas qudpaknus (XRPD).
4. ManoyrioBas opouIkoBasi Tu(pakKiysi B TeOMETPHH CKojb3stiero najaeHus (GID)

5. ManoyrioBoe peHTIeHOBCKOE paccesHHs Ha aHcaMOJIsIX HAHOYAaCTHIl B T€OMETPHHM HOPMAJIbHOTO
nagenus (SAXS)

6. ManoyrioBoe pEHTTEHOBCKOE PAacCesHUE Ha aHCaMOJIIX HAHOYACTHUI[ B TCOMETPUN CKOJIB3SIIIETO
naneHus (GISAXS)

7. MeToabl KOTepeHTHOW BU3yau3alyu, Trojaorpadus, ntuxorpadus.
8. MeTon CTOSIUMX PEHTICHOBCKUX BOIH. (XSW)

9. TpexMepHble CTOSIYME PEHTIEHOBCKUE BOJHBI W HAHOMETPOJOTHSA CTPYKTypHPOBAaHHBIX
MTOBEPXHOCTEM.

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

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

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

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIICTOB.

IIpumep 1.

1. CraumonapHble croxacTuieckue mnpoueccsl. JJokazars Teopemy Xunuuna-Konmoroposa.
2. Iopomxkosas nudpaxuus (XRPD).

3. 3amaua

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

2. MaoyrioBoe pEHTIEHOBCKOE pacCesHUE Ha aHCaMONSIX HAHOYACTUI[ B TEOMETPUH CKOJIB3SIIIETO
naneHus (GISAXS)

3. 3amgaua

Kpurepun onennBanus
10 6amtoB — (ITIPEBOCXOHO):

*  CHUCTEMaTU3UPOBaHHbBIC, IIyOOKHE M MOJHBIE 3HAHUS IO BCEM pasjenaM y4eOHOI mporpammsbl, a
TaKXe [0 OCHOBHBIM BOIIPOCaM, BBIXOIAIIUM 3a €€ IPEEIIbI;

° TOYHOC HCIIOJIBb30BaHHC Haquoﬁ TCPMUHOJIOTUHN (B TOM 4YHCJIC Ha HWHOCTPAHHOM $I3I>IKG),
CTUJIMCTUYCCKHU I'PaMOTHOEC, JIOTUYCCKHU MTPABUIJIBHOC U3JIOKCHHUE OTBETA HAa BOIIPOCHI;

*  Oe3ymnpedHoe BIAJCHHEC HHCTPYMEHTapHeM Y4eOHOW IWUCIUILTUHBI, yMEHUE ero 3(pQPeKTHBHO
HCIOJIb30BaTh B MIOCTAHOBKE M PEILICHUH HAyYHBIX U MPO(GECCHOHANBHBIX 3a1a4;

. BBIP2KEHHAs! CIIOCOOHOCTh CaMOCTOSITENIbHO M TBOPUYECKHM peIIaTh CIOKHBIE HpoOIeMbl B
HECTaHJAPTHOW CUTYyalUu;

*  TIOJHOE W IIIyOOKOE yCBOEHHE OCHOBHOW M JOTMOJHHUTENBHON IUTEparyphl, PEKOMEHJIOBAaHHOMN
y4eOHO# mpoTrpaMMOi TUCITUTUINHEI,

¢* YMCHHUC OPUCHTHUPOBATHCA B TCOPUAX, KOHLCIIIUAX U HAIIPABJICHUAX I10 I/I3y‘IaeM0ﬁ JUCLHUIIIMHE U
AaBaTb UM KPUTUYCCKYIO OLICHKY, UCII0JIb30BATh HAYYHBIC JOCTUIKCHUA APYTUX JUCHHUILINH,

*  TBOpYECKas CaMOCTOSTENbHAs paboTa Ha NPAKTUYECKUX, JTa0OPATOPHBIX 3aHATHIX, AKTUBHOE
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BRICOKUN YPOBEHB KYJIBTYPbI HCIIOTHEHHS 33 JaHHMH.

9 6amnoB — (OTJIMYHO):

* CcHCTEMaTU3UPOBAHHbBIEC, ITTYOOKHE U MOJIHBIE 3HAHUS 110 BCEM pa3zieiaM yueOHOH MporpaMmbl;

. TOYHOE HCIOJb30BAHWE HAYYHOH TEPMHUHOJIOTUM (B TOM YHWCJIE Ha HMHOCTPAaHHOM S3BIKE),
CTHIMCTHYECKH I'PAaMOTHOE, JIOTHUECKH MPABUIBHOE N3JI0KEHNE OTBETA Ha BOIPOCHI;

*  BJIAJICHUE MHCTPYMEHTapueM y4eOHOW NUCLUIUIMHBI, yMEHHE ero 3(QQEKTUBHO HCIOIb30BaTh B
MOCTAHOBKE M PEIICHUH HAyYHBIX M MPO(PECCHOHANBHBIX 3a1a4;



*  CIOCOOHOCTb CAaMOCTOSITENIFHO M TBOPUYECKH pelIaTh CIOXKHBIC MPOOJIIEMBI B HECTaHAAPTHOM
CUTyallul B paMKax Yy4eOHOM Nporpammbl, IOJHOE YCBOCHHE OCHOBHOW M JONOJHU "TEIbHOM
JUTEpaTyphl, PEKOMEHA0BAaHHON Y4eOHON MpOrpaMMOil TUCIUITIINHEI;

*  YMEHHE OpPHUEHTUPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEMIMUAX M HANpPaBICHUAX IO H3y4acMOU
JUCLUIUIMHE U JaBaTh UM KPUTHYECKYIO OLEHKY;

*  caMmocTosATeNbHas paboTa Ha MPAKTHYECKHX, JJAOOPAaTOPHBIX 3aHATHSAX, TBOPUECKOE ydacThE B
IPYNIIOBBIX 00CYKACHUSAX, BHICOKUN YPOBEHB KYJIBTYPbI HCIIOTHEHHS 3aJaHHMH.

8 6amnoB — (IIOUYTHU OTIIMYHO):

* CHCTEMaTU3WPOBaHHbBIC, IyOOKHE M IOJHBIC 3HAHMS [0 BCEM IOCTABJICHHBIM BOIpOcaM B 00beMe
yueOHOM IporpaMMBl;

*  HCIOJb30BaHUE HAYYHOH TEPMHUHOJIOTMH, CTWJIMCTUYECKH I'PaMOTHOE, JIOTMUYECKU IPaBUIIBHOE
W3JI0KEHUE OTBETA Ha BOIIPOCHI, YMEHHUE JeJIaTh 000CHOBaHHBIC BHIBOJIBL;

* BJIAJICHUE MHCTPYMEHTApHEM YUeOHOU IUCHUILTUHBI (METONAMHU KOMIUIEKCHOTO aHajn3a, TeXHUKOM
MH(QOPMAIMOHHBIX TEXHOJOTWH), YMEHHE €ro HCIOJIb30BaTh B IOCTAHOBKE M PEIICHUHM HAyYHBIX U
npoeCCHOHANBHBIX 3a7a4; CIIOCOOHOCTh CAMOCTOSITENIFHO pPEeIIaTh CIIOKHBIE NPOOIEMBI B PaMKax
y4eOHOM porpaMMBl;

*  YCBOCHHME OCHOBHOW W JIOTIOJHUTEIHLHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHOH MpOrpaMMoit
JVCLUUTUIHHBL,

*  YMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOM
JUCUMIUIMHE W JaBaTh MM KPUTHYECKYIO OLIEHKY C IO3WIHUI TOCyJapCTBEHHOH wHIeojaoruu (1o
JUCLUIUIMHAM COLUAJIbHO-I'YMaHUTAapHOIO LIUKJIA);

* AaKTUBHAas CaMOCTOsTENIbHAs paboTa Ha MPAKTHYECKUX, JTa0OPATOPHBIX 3aHATUSIX, CHCTEMAaTHUECKOE
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BHICOKUN YPOBEHB KYJIBTYPbI HCIIOTHEHHS 33 JaHHMA.

7 6anoB — (OYEHb XOPOLIO):

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

* HCIIOJB30BaHME HAYYHOUW TEPMUHOJIOTHH (B TOM YHCJIE€ HA HHOCTPAHHOM SI3bIKE), IMHIBUCTUYECKH H
JIOTMYECKH MPAaBUIIBHOE M3JI0’KEHHE OTBETA Ha BONIPOCHI, YMEHHUE JeNIaTh 000CHOBaHHBIE BBIBOIBI;

* BJAJCHHE MHCTPYMEHTapHeM y4eOHOW NUCHUIUIMHBI, YMEHHE €ro HMCIOJIb30BaTh B IMOCTAHOBKE U
pEIIeHUH HAay4YHbIX U NMPO(eCCHOHANBHBIX 3a1ay;

*  YCBOCHHE OCHOBHOW W JIOTIOJHUTEJILHOW JUTEPaTyphl, PEKOMEHIOBAHHON y4eOHOH NpOrpaMMoit
JUCLUIUIMHBL,

*  YMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOM
JUCLUUIUTMHE U JaBaTh UM KPUTHUECKYIO OLEHKY;

*  caMocTOsiTeNbHas paboTa Ha MPAKTHYECKUX, JIA0OOPATOPHBIX 3aHATHSX, Y4acTUE B TPYNIIOBBIX
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;

*  BIAJICHUE HMHCTPyMEHTapHeM y4eOHON IMCIUIIMHBL, YMEHHE €ro HCIOJb30BaTh B PEIICHUU
y4eOHBIX U MPodecCHOHANBHBIX 3a[a4; CIIOCOOHOCTh CAaMOCTOSATEIEHO MPUMEHSITh TUIIOBBIE PEIICHUS
B paMKax y4eOHOW MpOrpaMMel;

* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MPOrpaMMON JTUCITUTUTUHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSX, KOHIEMUIUSAX M HANpaBICHUSAX MO H3ydaeMOi
JUCUMIUIMHE W JaBaTh MM CPaBHHUTEJIbHYIO OLICHKY; AaKTHBHAas CaMOCTOsSTElIbHas pabora Ha
MPaKTHYECKUX, J1a0OPAaTOPHBIX 3aHATUAX, IMEPUOAMYECKOE YYaCTHE B TPYHIOBBIX OOCYKACHUSX,
BBICOKHUH YPOBEHB KYJIBTYPbI HCIIOTHEHUS 3aJaHUH.

5 6amnoB — (IIOYTHU XOPOILO):

* JIOCTaTO4YHbIC 3HAHUA B 00beMe yueOHOM MPOTrpamMMmBl;

*  HCHOJNb30BaHHME HAYYHOM TEPMHUHOJOTHH, CTHJIMCTUYECKHM TI'PaMOTHOE, JIOTMUECKH MpPaBHIBHOE
U3JI0KEHUE OTBETA Ha BOIIPOCHI, YMEHUE J€J1aTh BBIBOIbI;

*  BIAJICHUE HMHCTPyMEHTapHeM y4eOHON IMCIUIIMHBL, YMEHHE €ro HCIOJb30BaTh B PEIICHUU
y4eOHBIX U TPOEeCCHOHAIBHBIX 33/1a4;

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

* YCBOCHHME OCHOBHOM JIUTEPATYPbl, PEKOMEHJOBaHHOW y4eOHOM MpOrpaMMON AUCIUIINHBL

*  YMEHHE OPHUEHTHPOBATHCS B 0A30BBIX TEOPHUSX, KOHUEHIMAX M HANPABICHUSAX IO H3Y4aeMOM
JUCLUIUIMHE U JaBaTh UM CPAaBHUTEIBbHYIO OLEHKY;



*  camocTosTeNnbHas padoTa Ha IMPAKTHUECKUX, JaOOPAaTOPHBIX 3aHATHAX, y4acTHE B TPYyIMIIOBBIX
00CYXIIEHUSX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJHEHUS 3adaHUH.

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

*  HCIONb30BAaHHWE HAYYHOU TEPMUHOJIOTMH, CTUIMCTUYECKOE U JIOTMUECKOE H3JI0KEHUE OTBETa Ha
BOTIPOCHI, YMEHHE JIeTIaTh BLIBO/IBI 0€3 CYIIECTBEHHBIX ONIHOOK;

*  BIAJICHUE HMHCTPyMEHTapHeM y4yeOHON IMCIUIIMHBL, yMEHHE €ro HCIOJb30BaTh B PEIICHUU
CTaHJAPTHBIX (THUIOBBIX) 3a/1a4;

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

*  YMEHHUE OPUEHTUPOBATHCS B OCHOBHBIX TCOPHUSIX, KOHLEMIMSIX W HAMPABICHUSIX IO U3y4aeMoil
JTUCITUIUIMHE U 1aBaTh UM OLIEHKY;

. paboTa mOA PYKOBOJACTBOM IIPENOAAaBaTelIsl HAa MPAKTUYECKHUX, Ja0OpaTOPHBIX 3aHATHAX,
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,

*  HCHOJb30BAHWE HAYYHOU TEPMUHOJIOTHHU, HU3JIOXKEHUE OTBETA HA BOMNPOCHl C CYUICCTBEHHBIMU
JIMHTBUCTHYECKUMHM M JIOTHYECKUMH OLITHOKAMH;

. cnaboe BIAJICHUE WHCTPYMEHTapueM YYeOHOW IUCIUIUIMHBI, HEKOMIIETEHTHOCTh B PEIICHUH
CTaHAAPTHHIX (TUITOBBIX) 3a/1a4;

*  HEYMCHHUE OPHUEHTUPOBATHCS B OCHOBHBIX TEOPHUAX, KOHIEMUMUSAX W HAMpPaBICHUSAX H3ydaeMoOil
JUCIUTIINHEL,

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

2 6amra — (HEYIOBJIETBOPUTEJILHO):

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

. 3HAHWS OTAETBHBIX JINTEPATYPHBIX HCTOYHUKOB, PEKOMEHJIOBAHHBIX YYEOHOW MPOrpaMMOin
JUCIUTIINHEL,

. HEYMEHHE HCIIONb30BATh HAYYHYH0 TEPMHUHOJIOTHIO IUCIMILIMHBI, HAlMYUe B OTBETE TIPyObIX
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. MeTonu4eckne MaTepuabl, onpeneasone Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

Buner coctouT u3 AByX BompocoB U 3amauu. IlepBriii BOompoc TeopeTHdecKuil - TpedyeTcs MpoBeCTH
MaTeMaTHYeCKUe BBIKJIAJKH M M3JIOKUTh MX (DU3HYECKUi cMbICI. BTopoll BOMpOC MpakTHYECKHH -
TpeOyeTcsl 1aTh KaueCTBEHHOE OIMCaHHE SKCIEpUMEHTaJbHOro Meroaa. llpu mpoBeneHun sk3ameHa
oOyuatomemycsi npenocrasisercs 30 MUHYT Ha HoaroroBky. Ompoc ofyuaromierocs mo OuiaeTry He
JOJDKEH MPEBBIIIATh OAHOTO aCTPOHOMHUYECKOTO Yaca B YCTHOHW (opme.



