MuHuCcTepcTBO HayKu U BhIciero oopasosanus Poccuiickoit denepanun
denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEIKICHUE
BBICIIETO 0Opa30BaHMs
«HanuonanbHbIN Uccaen0BaTENbCKUN SAepHbI yHUBEpcUTET « MUDI)

MHCTUTYT JIA3BEPHBIX U TNTASMEHHBIX TEXHOJIOT M

KA®EIPA ®MN3UKHN TBEPOI'O TEJIA U HAHOCUCTEM

OAOBPEHO HTC JIAIIJIA3
[Ipotokom Ne 3

or 30.08.2021 1.

PABOYAS ITIPOTPAMMA YYEBHOM JUCITATLIIAHBI

METO/bI UCCJIIEJOBAHUA KOHAEHCUPOBAHHBIX CPEJl U HAHOCTPYKTVYP C
NCIIOJIB3OBAHMEM CMHXPOTPOHHOI'O U3JIVHEHU A

Hamnpasnenne noarotoBku [1] 03.04.01 IlpuknagHsle MaTeMaTuka U pusmnka
(cennanbHOCTB)
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AHHOTALMS

B kypce o0cyx1eHbl BaKHEHIITNE CBOMCTBA CHHXPOTPOHHOTO M3JIy4eHUs, 1aH 0030p pa3BUTHUS
coBpeMeHHbIX ucTtouHukoB CU B mupe um B Poccum, npuBeneHbl JaHHbIE O JEHCTBYIOIIMX U
MIPOEKTUPYEMbIX CTaHLUAX KypuaTOBCKOro MCTOYHHMKA CHHXPOTPOHHOIO H3NyueHus. PaccMoTpeHsl
pa3IuyYHble SKCIIEPUMEHTAIbHbIE METOIUKU MCCIIEOBaHHUsI HaHOMAaTepuasoB ¢ ucrosib3oBanuem CU.
Jlano moapoOHOe omucaHue NBYX Hambosee mHPOpMAaTUBHBIX MeTONOB — XAFS- crnekTpockornuu u
(hOTOANEKTPOHHON CHIEKTPOCKOTHH.

1. LEJIU U 3ATAYA OCBOEHUS YYEBHOM JUCHUITIIUHBI

Kypc unrtaercs ¢ 1eiabio 03HaKOMJICHHSI CTYJICHTOB, CIICHUATH3UPYIONINXCS B 00JacTH PU3UKH
KOHJICHCUPOBAHHOTO COCTOSIHMSI, (PU3UKH HAHOCHUCTEM W U T.J. C BO3MOXKHOCTSIMHU HCIIOJIb30BAHUS
cuHxpoTponHoro uanydeHust (CHU) st uccnenoBanus HAHOPa3MEPHOUM CTPYKTYpPhI BEILIECTBA.

2. MECTO YYEBHOW JUCIHHUILIJIMHBI B CTPYKTYPE OOII BO

JlaHHass JWCHMILIMHA OTHOCUTCS K YHCIY CHCHUAIM3HPYIOIIMX W MOXET YHTaThCs
MapajuiesIbHO ¢ KypcamMu (DU3HWKH TBEPJOrO Tejda M B3aUMOJICHCTBUS W3JyYEHHUS C BEIICCTBOM HIIH
MOJOOHBIX, HIIM II03KE

3. ®OPMUPYEMBIE KOMIIETEHIIUU U ITVNTAHUPYEMBIE PE3YJIbTATbBI
OBYYEHUA

YHuBepcanpHbIe H(WIH) 001enpoQeccuoHatbHble KOMIETEHIHH:

KOI{ 1 HAUMCHOBAHUEC KOMIICTCHIIN KOI[ N HAMMCHOBAHUC MHAUKATOPA NJOCTHKCHUA

KOMIETSHIINH
VYK-4 [1] — CriocoOeH nmpuMeHsTh 3-YK-4 [1] — 3narh: npaBmiia U 3aKOHOMEPHOCTH JIMYHON U
COBPEMEHHBIE KOMMYHHKATHUBHBIC JIEJIOBOM YCTHON U MHUCbMEHHON KOMMYHUKAIIUU;
TEXHOJIOTHH, B TOM YHCJIC Ha COBPEMEHHBIE KOMMYHHKATUBHBIC TEXHOJIOTUH HA PYCCKOM U
MHOCTPaHHOM(BIX) SI3bIKE(aX), IS WHOCTPAHHOM $SI3bIKaX; CYIIECTBYIONINE MPOodeCCHOHATbHBIC
aKaJIeMUYECKOro 1 coobmiecTBa 1y MPo(hecCHOHATEHOTO B3aUMOICHCTBHS
npodeccrnoHanIbHOTO V-VYK-4 [1] — YMeTh: NpUMEHATh HA IPAKTUKE
B3aUMOJICUCTBUS KOMMYHHKATHBHBIC TEXHOJIOTHH, METOJIBI U CTIOCOOBI

JIEJIOBOTO OOIIEHHUS I aKaJEMHUIECKOTO U
po(heCCUOHATILHOTO B3aUMO/ICHCTBUS

B-YK-4 [1] — Bnaaets: METOIUKON MEKITUNIYHOCTHOTO
JIEJIOBOT'O OOIICHHS HA PYCCKOM M MHOCTPAHHOM SI3bIKaX, C
pUMEHEHUEM PO ECCHOHAIBHBIX A3BIKOBBIX ()OPM, CPEIICTB
Y COBPEMEHHBIX KOMMYHHUKATHBHBIX TEXHOJIOTHIA

[IpodeccnonanpHble KOMIIETEHIIMM B COOTBECTBHHM C 3a7adyaMu M OOBeKTamMu (00JacTIMHU
3HaHUN) PO EeCCUOHATBHON JAESITEIbHOCTHU:

3apaua O0bexT nimn Kox n HaumeHoBanue Kon n HaumenoBanue
npogeccCHOHATbHOM 00J1aCTh 3HAHUS npogecCHOHATbHOM HHAUKATOPA




aesteabHoctu (3I11)

ydacTue B IPOBEACHUN
TEOPETUUECKHUX
HCCIIEJOBaHUIA,
MIOCTPOCHUU
(buznuecKux,
MaTeMaTHYECKUX U
KOMITbIOTEPHBIX
MOJIETIEN N3y4aeMbIX
MPOLIECCOB U SIBJICHUI,
B [IPOBEICHUU
AHATTUTUYECKUX
HCCIIEJOBAaHUN B
peaIMeTHOM 001acTu
0 POPHITIO
CHelUaIu3alNH;
ydacTre B 00001eHnn
MOJYYEHHBIX JAHHBIX,
hopmupoBaHUN
BBIBOJIOB, B IIOJIOTOBKE
Hay4YHBIX U
AQHAITUTUYECKUX
OTYETOB, TyOIMKAU U
MpEe3EHTaLNI
pe3yJIbTaTOB HAYYHbIX
Y QaHAJIUTUYECKUX
HCCIEIOBAHNH;
ydacTue B pa3paboTke
HOBBIX aJITOPUTMOB U
KOMITbIOTEPHBIX
MIPOrpaMM il Hay4HO-
HCCIEA0BATENIbCKUX U
MPUKIaAHBIX LIEJIEH;
BBIOOP METO/IOB U
MOJIXOJIOB K PELICHUIO
IOCTaBJIEHHON HAy4YHOU
poOIIEMBI,
(dhopMynupoBKa
MaTEMaTHUYECKON
MOJIEJIH SIBJICHMUS,
AHAIUTUYECKHUE U
YUCJICHHBIE PACUEThI;

NPUPOHBIE U
COITMAITbHBIC SIBICHUS
U TIPOLIECCHI,
00BEKTHI TEXHHKH,
TEXHOJIOTUH U
MIPOM3BOJICTBA,
MOJIENIN, METOJIBI U
CpeacTBa
(byHIaMEHTABHBIX U
MIPUKJIIATHBIX
UCCIIEA0BAHUN U
pa3paboToK B
00J1IacTH MaTeMaTHKH,
(GU3UKYN U JpYyrUX
€CTECTBEHHBIX U
COITHAITEHO-
HKOHOMHUYECKUX HayK
0 NpoQuIIAM
IIPEAMETHOU
JeSITETTHHOCTH B
HayKe, TEXHHKE,
TEXHOJIOTHUSIX, &
Takxe B cpepax
HAYKOEMKOTO
IIPOM3BOJICTBA,
YIpaBJICHUS U
OusHeca.

KOMIIeTEHIIUM;
OcHoBaHue
(npodeccHoOHANBHBIN
cranaaprt-I1C, ananus
oOnbITA)

Hay4YHO-UCCJIEN0BATEIbCKUN

[TIK-1 [1] - Criocoben
CaMOCTOSITENIbHO U (MJIN)
B COCTaBe
HCCIIEI0BATEIbCKOMN
TpyNIbI pa3padaThiBaTh,
HCCIIeIOBATh U
MPUMEHSTh
MaTeMaTHICCKHE
MOJCIIH JTS
KauyeCTBECHHOTO U
KOJIMYECTBEHHOTO
OIMCAHMUS SBJICHUHN U
MIPOIECCOB U (WJIN)
pa3pabOTKK HOBBIX
TEXHUYECKUX CPEICTB

OcHosaHue:
[TpodeccrnonanpHbIM
cranzaapt: 40.011

AOCTHKEHUS
npogeccuoHaILHOM
KOMIIeTEeHIIUN

3-1IK-1[1] - 3nate
OCHOBHBIE METOJTBI
MIPUHIIUITBI HAYYHBIX
HCCIIEIOBAHNH,
MaTeMaTH4eCKOTo
MOJICITUPOBAHMUS,
OCHOBHBIE ITPOOJIEMBI
po¢eCCUOHATBHON
obunacTH, Tpedyromue
WCTIOTb30BaHUS
COBPEMEHHBIX HAYYHBIX
METOIOB UCCIIETOBAHHS
JUIS KAUE€CTBEHHOTO U
KOJIMYECTBEHHOTO
OIHCAHUs SBICHUHN U
MIPOIIECCOB U (KJIN)
pa3paboTKH HOBBIX
TEXHUYECKHUX CPEJICTB. ;
V-TIIK-1[1] - YmeTs
CTaBUTH H PEIIaTh
MIPUKJIaTHBIC
HCCIIEIOBATENbCKUE
3aJla4yu, OIICHUBATh
pe3yIbTaThI
HUCCIIEJOBaHUIA;
MTPOBOJINTH HAYYHBIC
UCCIIETIOBaHUS U
MOJTy4aTh HOBBIE
HAy4YHBIC U
TIPHUKJTATHBIC
pe3yJIbTaThI
CaMOCTOSITENTFHO U B
COCTaBe HAyYHOTO
KOJIJICKTHBA;
B-IIK-1[1] - Bragets
HaBBIKaMH BBIOOpA U
UCIIOJIb30BaHUS
MaTeMaTHIECKUX
MOJIeTIeH ISl Hay4YHbIX
UCCIIEIOBaHUM U (Mn)
pa3paboTKH HOBBIX
TEXHUYECKHUX CPEJICTB
CaMOCTOSITENILHO U
(wm) B cocTaBe
UCCIIeIOBATENBCKOM
TPYTIIBL




CO3/JJaHUE IPOrpPaMM U
KOMILJIEKCOB MPOTPaMM
Ha 0a3e cTaHIapTHBIX
MaKeTOB IS
BBITIOJIHEHUS PaCUETOB
B paMKax
MaTeMaTHYeCKHX
MOJIETIEN, yUacTHE B
pa3paboTKe HOBBIX
aJITOPUTMOB U
KOMITBIOTEPHBIX
porpamMm st HAy9HO-
HCCIEA0BATENbCKUX U
MPUKIaAHBIX LIEJIEH;
W3YUYEHUE U aHAIU3
HAay4YHO-TEXHUYECKOM
uHpopManuy,
OTEUYECTBEHHOTO H
3apy0exHOTro OMbITA IO
TEMaTHKe
UCCleIoBaHus, cOop 1
0o0paboTKa Hay4yHOU U
AHAJIUTUYECKOMN
uH(popMaLuu ¢
HCII0JIb30BaHUEM
COBPEMEHHBIX
[porpamm, CpescTB U
METOIOB
BBIYUCITUTENEHOM
MaTEeMAaTHKH,
KOMITBIOTEPHBIX U
MH(pOPMAITMOHHBIX
TEXHOJIOTHI;
MOATOTOBKA JTAHHBIX
JUTSL COCTaBIICHHUS
0030pOB, OTUETOB U
Hay4YHBIX TTyOIHUKaIHiH,
y4acTHe BO BHEIPEHUU

NPUPOIHBIE U
COITHAITEHBIC SIBIICHUS
U TIPOLIECCHI,
00BEKTHI TEXHHKH,
TEXHOJIOTUH U
MIPOM3BOJICTBA,
MOJIENIN, METOJIBI U
CpeacTBa
(byHIaMEHTAIBHBIX U
MIPUKIIATHBIX
UCCIIEA0BAHUN U
pa3paboToK B
00JIacTH MaTeMaTHKH,
(GU3HUKYN U JpYyrUX
€CTECTBEHHBIX U
COITHAITEHO-
HKOHOMHYECKUX HayK
1o NpoQuIsAM
[IPEAMETHOU
JeSITETTHHOCTH B
HayKe, TeXHHKE,
TEXHOJIOTHUSIX, &
Takxe B chepax
HAYKOEMKOTO
IIPOM3BOJICTBA,
YIpaBJICHUS
OusHeca.

ITK-2 [1] - Ciocoben
KPUTHUYCCKU OLICHUBATH
PUMEHSIEMbIC METOTUKU
1 METOObI UCCIICIOBAHUSA

Ocnosanue:
[IpodeccronanbHbIi
cranaapt: 06.001

3-11K-2[1] - 3natp
METOHMKH OIICHKH U
BbIOOpA METOJIOB
WCCIICIOBAHMSL.;
V-TIK-2[1] - YmeTh
KPUTHYECKH OIICHUBATh
pUMEHsIeMble
METOIMKH U METOIBI
HCCIIeIOBaHMS;
B-TIK-2[1] - Bnamets
HaBBIKAMU OLIEHKH
METOIOB UCCIIETOBAHHS
110 BEIOpaHHBIM
KPUTEPHSIM.

pe3yIbTaToB
HUCCIIEJOBAaHUN U
pa3paboTok.

IIPOU3BOJCTBEHHO-TEXHOJIOTMUECKU
- KBaIM(UIIMPOBAHHOE | MPUPOJIHBIE U I1K-9 [1] - Cnocoben 3-IIK-9[1] - 3nars
HCIIOJIb30BaHUE COLIMaJIbHbIE SIBJICHUS | MPOBOJIUTH OCHOBHBIE METO/IbI U
UCXO/IHBIX TaHHBIX, U TPOLIECCHI, MaTeMaTHYeCcKoe U MPUHIUITBL
MaTepHasoB, OOBEKTHI TEXHUKH, KOMIIBIOTEPHOE MaTeMaTHYeCKOIro U
o0opy10BaHus, TEXHOJIOTUH U MOJIEIUPOBaHKE KOMIIbIOTEPHOTO
METOJIOB IIPOU3BO/ICTBA, 00BEKTOB, CUCTEM, MOJIETUPOBAHUS
MaTeMaTH4eCKOro u MOJIEJIN, METO/IBI U IPOLIECCOB U SIBJICHUN B [ OOBEKTOB, CHCTEM,
¢bu3nIecKoro cpeacTsa M30paHHOM MPEIMETHON | MPOIIECCOB U SBJICHUN B
MO/JIeTUPOBAHUS (byHIaMEHTaJIBHBIX U | 00JacTh n30paHHON
IIPOU3BOJICTBEHHO- MPUKIIATHBIX IpeAMETHOHN 00IacTHy. ;




TEXHOJIOTNYCCKUX
MIPOLIECCOB U
XapaKTEPUCTUK
HAyKOEMKHUX
TEXHUYECKUX
YCTPOUCTB B OOBEKTOB,
BKJIFOYAs
HCIIOJIb30BaHUE
aITOPUTMOB U
MporpamMM pacydera ux
rnapameTpoB

cbop u obpaboTka
Hay4HOU U
AHAJIMTUYECKOMN
nH(popMaLuu ¢
HCII0JIb30BaHUEM
COBPEMEHHBIX
[porpamm, CpesicTB U
METOIOB
BBIYUCIIUTEIILHON
MaTE€MAaTHKH,
KOMITbIOTEPHBIX U
MH(pOPMAITMOHHBIX
TEXHOJIOTHI;

UCCIIEA0BAHUN U
pa3paboToK B
00JIacTH MaTeMaTHKH,
(GU3UKYN U JpYyTUX
€CTECTBEHHBIX U
COITHAITEHO-
HKOHOMHUYECKUX HayK
o NpoQuIIsAM
IIPEAMETHOU
JeSITETTHHOCTH B
HayKe, TEXHHKE,
TEXHOJIOTHUSIX, &
Takxe B cepax
HAYKOEMKOTO
IIPOM3BOJICTBA,
yIpaBJICHUS U
OusHeca.

MIPUPOJIHBIC U
COIMAJTHHBIC SBIICHHS
U TIPOLIECCHI,
00BEKThI TSXHUKH,
TEXHOJIOTUH U
MIPOM3BOJICTBA,
MOJIeJIH, METO/IbI U
CpeacTBa
(byHIaMeHTaIbHBIX U
TIPHUKJTATHBIX
UCCIIEA0BAHUN U
pa3paboToK B
o01acTu MaTeMaTHKH,
(UMK U JpYyTUX
€CTECTBEHHBIX U
COLIMAIbHO-
HKOHOMUYECKUX HAYK
0 MPOPUIIAM
MPEAMETHOU
JeSITETTHHOCTH B
HayKe, TeXHUKE,
TEXHOJIOTHUSIX, &
Takxke B chepax
HAYKOEMKOTO
MIPOU3BO/ICTBA,
YIpaBICHUS U
OusHeca.

Ocnosanue:
[IpodeccuonanbHpIi
cranzaapt: 40.011

AKCIEPTHO-aHATUTUYECKUI

ITIK-10 [1] - CriocobeH k
MIOCTPOCHHIO
AHAIUTUYCCKUX U
KOJIMYCCTBCHHBIX
MO/IEJICH MPOLIECCOB B
MIPUAPOJIE, TEXHUKE U

o011ecTBe U K BEIOOpY Ha

UX OCHOBE ITyTEHN

peiCHUs TCOPECTHUICCKUX

U TIPAKTHYECKUX
npo0seM MpUPOHOTO,
9KOJIOTMYECKOTO,
TEXHHUKO-
TEXHOJIOTHYECKOI0
xapakrepa

OcHosanue:
[TpodeccrnonanbHbIM
cranzaapt: 40.011

V-TIK-9[1] - YmeTh
MIPUMEHSITh METOJIbI
MaTeMaTHYeCKOTO U
KOMITBIOTEPHOTO
MOJIETTUPOBAHUS
00BEKTOB, CHCTEM,
MPOLECCOB U SIBJIEHUN B
n30paHHOMN
MpeIMeTHOM 00acTH;
B-IIK-9[1] - Bragets
HaBbIKaMU
MaTeMaTHIeCKOTO U
KOMITBIOTEPHOTO
MOJICTTUPOBAHUS
00BEKTOB, CHCTEM,
MPOLECCOB U SIBIICHUI

3-1IK-10[1] - 3naTh
OCHOBHEIE€ METObI
MOCTPOEHUS
AHATUTUYCCKHUX U
KOJIMYECTBCHHBIX
MOJIEIEN MTPOLECCOB B
MPUPOJE, TEXHUKE U
0OIIIECTBE. ;
V-IIK-10[1] - Ymetb
MIPUMEHSITh METOJIbI K
MIPUHIIUIIBI TOCTPOCHUS
AHAIUTUYCCKHUX U
KOJIMYECTBEHHBIX
MOJIENIEN MTPOLECCOB B
MPUPOJE, TEXHUKE U
00I1IeCTBE IS
peuieHus
TEOPETHUECKUX U
MIPAKTUYECKHUX
po0eM IPUPOTHOTO,
9KOJIOTHYECKOTO,
TEXHUKO-
TEXHOJIOTHYECKOTO
XapaKkTepa;
B-IIK-10[1] - Bnanets
HaBBIKAMH TIOCTPOCHUS
AHATUTUYECKUX U
KOJIMYSCTBCHHBIX
MOJICJICH MPOIIECCOB B
MIPUPOJIE, TEXHUKE U
o011ecTBe U K BEIOOPY
Ha UX OCHOBE ITyTEeHN
perieHus
TEOPETHUUECKUX U




MPAKTUYECKHUX
po0JIeM IPUPOHOTO,
HKOJIOTHYECKOTO,
TEXHHUKO-
TEXHOJIOTUIECKOTO
XapakTepa

4. CTPYKTYPA U COJAEP)KAHUE YYEBHOM JUCIUILIUHBI

Paznensl yueOHOM TUCIUIUIMHBL, X 00bEM, CPOKH U3y4eHUS U (HOPMBI KOHTPOJIS:

IL.II

HaumenoBanue
pasaesa yueOHOH
JTUCIHHUIIINHDI

Henean

JlaGopaTopHbIe

Jlexknun/ Ipaxkr.
padoThbl, yac.

(cemmuHapsi )/

Oo0s13aT. TEKyIIMH

KOHTPOJIb (popma*,

HeJeJs)

MakcuMaJabHBIIH

0aJi 3a pa3gea™*

ATTecTanus
pasnena (popma*,
HeJeJs)
HNuaukaropsl
0CBOCHHUSA
KOMIOATAHIIIIA

2 Cemecmp
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B-

IK-1,
3-T1K-

HUmoeo 3a 2 Cemecmp
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MepOoNnpUsTHSA
Cemectp
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2

50

3-I1K-
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3-TIK-

V-
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B-
I1K-9,
3-TIK-
10,

V-
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10,

B-
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YK-4,
B-
YK-4,
3-TIK-
1,

V-
IIK-1,
B-
IK-1

* — COKpallleHHOE HaMMEHOBaHUE (POPMBI KOHTPOJIS
** — cyMMa MakCHMaJbHBIX OamioB JoipkHA ObITh paBHa 100 3a cemecTp, BKIIOYAs 3a4eT H

(unn) 3K3aMeH

CoxkpailieHre HauMeHOBaHUN (POPM TEKYIIEro KOHTPOJIS U aTTECTAllMU Pa3elioB:

O6o3na | [To1HOe HAaMMeHOBaHM e

YeHue

KN KonTposb no nroram

3 OKk3aMeH

KAJIEHJIAPHBIN IIIAH

Henen | Temsl 3ansaTuii / Cogep:kanue Jlek., | IIp./cem. | JIa6.,

" yac. , yac. qac.
2 Cemecmp 10 35 0

1-8 Yacts 1 6 18 0

1 Tema 1. CBolicTBa CHHXPOTPOHHOI'O U3JIyYeHHUS. Bcero aynutopHbIX 4acoB
Onpenenenne cuxporponHoro uznydenus (CU). OcHoBHBIE 1 |2 [0
cBoiictBa CU. Momrnocts CU. CriekTpalibHO-yTII0BOE Owuaitn
pactpenenenrue MomHocTi. Popmyina lora. Manas 0 0 0
pacxoauMocTh. Bricokas sipkocTh. Bbicokasi MHHTEHCUBHOCTb.

KorepentHocts CH. Bpemennas crpykrypa CU. /lunamuka
AJIEKTPOHA, JBUKYLIETOCs B HAKOIUTEIbHOM KOJIbIIE.
Omurranc CU. CUHXpOTPOHBI IEPBOTO, BTOPOT'O U TPETHETO
ITOKOJICHUH.

2 Tema 2. Cioco0b1 noBbImeHusi 3Hepruu usiaydaemoro CHU. | Beero ayauTopHbIx 4acoB
Crioco0OblI oBBIILIEHUS 3HEpTUU n3nydaemoro CU. 1 | 2 | 0
Crenmanu3upoBaHHbIE MArHUTHBIE YCTPONCTBA - OHAYJATOPb! | Oniaiin
(undulator - o6pa3zyrouuii BoaHbl) U BUrTiiepsl. @okycupoBka | ( 0 0
peHTreHoBcKoro uznydeHus. Cxemsl pokycupoBku CH.
3epkaia CKoJb3sIero najaeHus. bperr-gpeneneBckye JTMH3BI.

KomnozuTHble pedpakiiroHHbIe TUH3bI. VICTOUYHUKH
cuaxpotponHoro uznydeHus: Espomnsi, CILA, Sinonun, Kuras,
Nuaun, FOxuoit Kopen, TaliBansi, bpasunuu, Poccun.
3-4 Tema 3. KypuaToBCKHil HCTOYHHUK CHHXPOTPOHHOI'O Bcero ayiuTopHsIX 4acoB

n3nydenusi — KHCH.
KypuaToBckuii HCTOYHHK CUHXPOTPOHHOTO U3JIy4YECHHUS -

1 |5 [0

Omnuiaiig




KHCH. YcrpolicTBo HakomuTeIbHBIX KoJiel "Cubupb-1" u
"Cubupp-2".
Onucanue skcnepuMeHTaIbHbIX cTadimu KUCH.

Tema 4. B3aumojgeiicTBHe PEHTIEHOBCKOI0 U3JIy4YeHHs ¢
BeleCTBOM.

B3aumMoneiicTBre PEHTI€HOBCKOI'O U3JIy4€HUS C BELIECTBOM.
PaccesiHue u norsnouieHue peHTreHOBCKOIO U3JTyUEHUsI.
KomOuHupoBaHHbI€ SBJICHUS HEYIIPYTOro U aHOMAJILHOTO
paccestHusl. Heynpyrue notepu 3Hepruy peHTT€HOBCKOTO
(boToHa, CBsI3aHHbIE C BO30YKICHHEM KOJIIEKTUBHBIX
KOJIEOaHUI aTOMHBIX S7ep B KPUCTAIUTMYECKON pelIeTKe
(dboHOHOB), CBsA3aHHBIC C BO30OYXKICHEM HOCHUTEIICH 3apsa -
3JIEKTPOHOB U JIBIPOK (IIa3MOHOB), BO30YKICHUEM H
NEPEeX0A0M 3JIEKTPOHOB BAJICHTHOH 30HbI HA BAKAHTHBIE
YPOBHU (CO3/1aHUEM BJIEKTPOH-ABIPOYHBIX 1ap), & TAKXKE C
MOHHN3alMe BHYyTPEHHUX 3JIEKTPOHHBIX 000JI0YEK B JIETKUX
aToMmax (pEeHTTeHOBCKOe KOMOMHAIIMOHHOE, I PaMaHOBCKOE
paccesiHue). PeHTreHOBCKas 3MUCCHsI, aHOMAJIBHOE pacCcesiHue,
PE30HAHCHOE HEYIIPYTO€ PACCESHHUE.

Bcero AYAUTOPHBIX YaCOB

1 |2 |0

Omnuiaiig

0 0 0

Tema 5. PenrrenoBckue MeToabl JUATHOCTHKH U
HCCJIeTOBAHUS HAHOCTPYKTYP.

PeHTreHoBck1e METO/Ibl TMAarHOCTUKU U HCCIIE0BAHUS
HAHOCTPYKTYP C UCIOJIb30BAHUEM CUHXPOTPOHHOTO
usnyudenus. Penrrenosckas audpakuud. AudpakinuonHoe
paccestHie PEHTTEHOBCKUX JTyded Ha KpHUCTaJIaX MPEACTaBIIseT
co00ii rpotiecc HHTep(HEepPEeHIINH TyYKOB, OTPAKEHHBIX
Pa3IMYHBIMY IJIOCKOCTSAMHU KPUCTAIUTHYECKON PEIIeTKU. 3aKOH
bparra-Byneda. Tuner nudpakiuu: qudpakuus Ha
MaKpOMOJIEKYJIaX, OPOIIKOBAst TU(GPAKTOMETPHSI,
MajoyriaoBas Tudpaxkus, 1ByX- U TpeXKpHUCTaIbHas
TU(PPaKTOMETPHsI, MHOTOBOJIHOBAs TU(pakiius, AByMepHas
(moBepxHOCTHAs) TUPPAKITUS, METOI CTOSIYUX PEHTICHOBCKUX
BOJIH, PEHTT'€HOBCKasi HHTephEPOMETPHUS, PCHTTEHOBCKAs
tonorpadus. MajoyrioBoe paccessHue PeHTT€HOBCKUX JTYUEH.

Bcero AYAUTOPHBIX YaCOB

1 |5 [0

Omnu1aiig

0 0 0

Tema 6. PeHTreHOBCKAsl CIEKTPOCKONUS MOTIOIIEHUS
PentrenoBckas crnektpockomnus norionieHus - XAFS -
cnekrpockonus (X-ray Absorption Fine Structure). OcHOBHBIE
npeumytiectBa XAFS-cniekrpockonuu. JIBe obmactu XAFS-
CHEKTPOCKOIUU: OKOJIONIOPOTroBasi CTPYKTypa PeHTT€HOBCKOTO
cnekrpa norjomenus - XANES (X-Ray Absorption Near Edge
Structure) ¥ NpoTsKEHHAs TOHKAasi CTPYKTypa pEHTT€HOBCKOTO
cnekrpa norjomenus - EXAFS (Extended X-Ray Absorption
Fine Structure).

Bcero ayiuTOpHBIX 4acoB

1 | 2 |0

Owntaiin

0 0 0

9-15

Yacte 2

4 17 0

9-10

Tema 7. ®Pusnueckue ocHoBbl EXAFS 1 XANES
CMEKTPOCKOMHM.

®dusnueckune ocHoBbl EXAFS- cniektpockonuu. Bua
AKCIIEPUMEHTAJILHO ONpeensieMoro kKodgduireHTa
MOTJIONICHUS] PEHTTEHOBCKOTO M3mydeHwus. [loHsaTue

ko3 duimenTa noromeHus "cBoOOIHOTO aToma'.
du3nvecKre MPUIUHBI BOSHUKHOBEHUS OCIIUILTUPYIOMICH
CTPYKTYpHI K03 duninenta nornomieHus. OnpeneneHue

Bcero aytuTopHBIX 4acoB

1 | 5 | 0

Owntaiin

0 0 0




EXAFS- ¢pynkuun. Tunst npeacrasiennit EXAFS- Gynkium.
[TocnenoBarenbHOCTH maroB npu u3pneueHnu EXAFS-
(GYHKITUHN U3 SKCIIEPUMEHTAIBHOTO CIIEKTpa. AMIUTHTYAA U
(daza oOpaTHOTO paccessHusi POTOAIEKTPOHOB, 3aBUCUMOCTH OT
BOJIHOBOTO BekTopa. @akrop Jlebas-Bannepa B EXAFS-
cnekrpockonuu. Metonbl monenupoBanus EXAFS- pynkiun.
N3Bnekaemble u3 EXAFS- ciekTpoB napaMeTpsl JIOKaIbHON
ATOMHOM CTPYKTYPBHI.

®dusnyeckre ocHOBbI XANES - ciekTpockonuu.

11-12

Tema 8. JkcnepuMeHTANIbHbIE METOAUKH PErUCTPALMHU
EXAFS-cnekTpos.

DKcrepuMeHTaabHble MeTOIUKHN peructpanuu EXAFS-
creKTpoB. OCHOBHBIE PEXUMBI:

Ha MPOMYyCKaHKe, IO BHIXOAY (IyOopecleHIUH.
JIOTIOJIHUTENBHBIE PEKUMBI: IO ITOJIHOMY BBIXOY JIEKTPOHOB,
1o K03(h(PpULIHEHTY PEHTTEHOBCKOTO OTPaXKEHUS, M0 BBIXOAY
nonoB (PSID, Photon-Stimulated Ion Desorption), o Berxomy
ontuueckoit momuHecteHmu (XEOL, X-ray Excited Optical
Luminescence), o CHEKTpalIbHOM 3aBUCUMOCTH
AJIEKTPONPOBOIHOCTH, MO CIIEKTPAIILHON 3aBUCUMOCTH
WHTEHCUBHOCTU AU(PPAKIIMOHHBIX JIMHUH (aHOMaJTbHAS
mucnepcus). [Ipuanunuansaas cxema EXAFS- cnekrpomeTtpa.
Hoctmxenust XAFS- ciekrpockonuu npy Uccie10BaHUN
JIOKQJIBHOM CTPYKTYpPhI HAHOKJIACTEPOB, HAHOTPYOOK M JIPYTHX
HAHOCHUCTEM.

Bcero ayiutopHbIx 4acoB

1 |5 [0

Omu1aiig

0 0 0

13

Tema 9. ®uznveckue NPUHUKUIBI (POTOIIEKTPOHHOM
CIIEKTPOCKOIHUH.

duznueckre NPUHIUMIBI (OTOAIEKTPOHHON CIEKTPOCKOIHH.
VYpasaenne potodrddexra. CriocoObl U3BICUSHUST
KOJIMUYECTBEHHOM NH(OpMaLuy 00 SHEPTHSX CBI3U Pa3IUUYHbBIX
YPOBHEM B B PE3YJIbTATE U3MEPEHUS KUHETUYECKON SHEPTUU
BBITIIEAIIETO U3 oOpasna (GoroanekTpoHa. [IpuHIMIHATBHBIC
CXeMBbI (POTOIIEKTPOHHBIX CIIEKTPOMETPOB. PeHTreHoBCKast
dhoToanexkrporHas crekrpockonus (XPS). Oxe-
criekTpockonusi. POTOANEKTPOHHASI CIEKTPOMHUKPOCKOIIHSL.
@DOTO3EKTPOHHAS CIIEKTPOCKOMUS C YITIOBBIM pa3peleHuemM
(ARPES). JToctmxenust pOTOINEKTPOHHON CIIEKTPOCKOITHH
MIPU UCCIIEI0BAaHUH 3JIEKTPOHHOM CTPYKTYpPbl HAHOKJIACTEPOB,
HAHOTPYOOK M IPYTUX HAHOCUCTEM.

Bceero AYAUTOPHBIX YaCOB

1 |2 |0

Omnuiaiig

0 0 0

14 - 15

Tema 12. Jlazepbl Ha CBOOOHBIX IJIEKTPOHAX.

Jlazepsl Ha cBOOOAHBIX AeKTpoHax. [Iporecc camoycuineHus
CIIOHTAHHOT'O U3IYYEHHUs SJIEKTPOHOB, IBUKYIIUXCS B
NEPECMCHHOM MAarouTHOM I10JIC B OHAYJIATOPEC, IPUIUNHBL
BO3HUKHOBEHUS KOTEPEHTHOI0 U3ityueHus. [lepcrnexkTussl
HCII0JIb30BAHUA YHUKAJIbHBIX BO3MOXKHOCTEH H3ITy4YCHUSA
PEHTI€HOBCKOIO J1a3epa Ha CBOOOIHBIX IEKTPOHAX IS
HCCIIEA0BAHUS BHYTPUMOJIEKYJIAPHBIX U BHYTPHATOMHBIX
IIPOLIECCOB.

Bcero AYAUTOPHBIX YaCOB

1 |5 [0

Omnuiaiig

0 0 0

CokpailieHHbIe HAUMEHOBAHUSI OHJIAMH OTIIIHIA:

| 0O0603Ha | IosiHOe HAMMEHOBAHHUE




YeHHue

oK DJIEKTPOHHBIN KypC

IIM [TOTHOTEKCTOBBIN MaTepual

111 IlomHOTEKCTOBBIE JTEKIINHU

BM Buneo-marepuansl

AM Aynmo-marepuassl

[1p3 [Ipe3eHTanmun

T Tectbl

OCM DJIEKTPOHHBIE CIPABOYHBIE MaTEPUAIIbI
4@ MHTEepaKTUBHBIN CANUT

S. OBPA3OBATEJIBHBIE TEXHOJIOI'MHU

Ilpy ocBOEHMM MAAaHHOM JUCLUIUIMHBI OCHOBHYIO pOJIb WIPAIOT ayJUTOPHBIE 3aHATUS H
caMoCTOsITeNIbHAs padoTa CTYICHTOB, 3aKIIOYAONIAsICS B BBHITIOJIHEHUH JOMAIIHUX 3ajaHuil. [t Toro
9TOOBI JaTh COBPEMEHHOE COCTOSIHHE M3Y4aeMOTro Kypca, MPeryCMOTPEHO ITHUPOKOE HCIOIB30BAHHE
COBPEMEHHBIX HAyuyHbIX paboT W nyOnukamuil mo naHHOM Teme. PekoMmeHayercs mocelieHue
CTYJEHTaMH HAy4YHBIX CEMHHApOB U KOH(epeHIuil, B TOM 4ucje, IPOBOAUMBIX B paMkax HaydHoit
ceccun HUAY MUDU, a Takke B APYTruX MOCKOBCKMX YHUBEPCUTETAX U UHCTUTYTaxX.

6. ®OHJ OLIEHOYHBIX CPEJCTB

@®oH/1 OLIEHOYHBIX CPEACTB MO JAUCLUILIMHE 00eCIeYrBaeT MPOBEPKY OCBOCHUS IUIAHUPYEMBIX
pe3yabTaToB O0O0y4YeHHs (KOMIIETEHIIMA W WX HMHIMKATOPOB) MOCPEACTBOM MEPOIPHITUN TEKYIIETro,
PYOEKHOTO ¥ IPOMEKYTOYHOT'O KOHTPOJIS IO JUCLIUTUIMHE.

CBs3p Mexny (opMHUpPYEMBIMH KOMIIETCHIMSMH H (OpMaMH KOHTPOJII HUX OCBOCHHSA
IIPEJCTABIICHA B ClIeAyIOLIeH Ta0nuLe:

Komnerenuus NHaukaTopbl 0CBOEHUS ATTecTAllMOHHOE MePONIPUATHE
(KII 1)

IK-1 3-TIK-1 9, KU-8, K1-15
VY-TIK-1 9, KU1-8, K1-15
B-TIK-1 9, K-8, K1-15

IIK-10 3-T1K-10 2, KH1-8, KM1-15
VY-IIK-10 9, KH-8, K1-15
B-IIK-10 9, KU-8, KM1-15

[IK-2 3-11K-2 9, K1-8, K1-15
Y-TIK-2 9, KU-8, K1-15
B-TIK-2 9, KU1-8, K1-15

[1K-9 3-11K-9 9, K1-8, K1-15
Y-T1K-9 9, K-8, KM1-15
B-TIK-9 9, KU-8, K1-15

YK-4 3-YK-4 9, KU-8, KH1-15
Y-VK-4 9, KH-8, K1-15
B-YK-4 9, KU-8, K1-15

HIkanbl oeHKU 00pa30BaTeIbLHbIX JOCTHKEHHU I




[IIxana Ka)KAOro KOHTPOJIBHOI'O MEPOIPHUATHS JIEKHUT B mpenenax oT 0 10 yCTaHOBIIEHHOTO
MaKCHMAaJILHOr0 Oajljla BKIIOUYMTEILHO. MTorosas aTTecTanuAa I10 JUCHUIIIIMHE OLICHUBACTCA IIO 100-
0aJUIbHOM IIKae W MpeAcTaBiIsieT co00il cymmy OaioB, 3apabOTaHHBIX CTYJEHTOM IPHU BBITIOJTHEHUU
3a/IaHUM B paMKax TEKYIIEro W MPOMEXYTOYHOTO KOHTPOJIS.

Hrtorosas olieHKa BBICTaBISAETCS B COOTBETCTBUHU CO CIEAYIOLICH IIKAJIOM:

Cymma Ouenka no 4-ex Onenka | TpeGoBaHUS K YPOBHIO OCBOSHUIO
OaJUI0B OAJUILHOH IIKAJIE ECTS Y4eOHOU TUCITUTITUHBI

OHCHKa «OTJIMYHO» BBICTABJISACTCS
CTYJICHTY, €CJTH OH TJIyOOKO M IPOYHO
YCBOMJI IPOTPAaMMHBII MaTepuar,
MCUEPIIBIBAIOIIIE, TOCIIEI0BATEIBHO,
90-100 5 — «omauuno» A YETKO U JIOTHYECKH CTPOHO ero
M3JIaraet, yMeeT TECHO YBA3bIBATh
TEOPUIO C IPAKTUKOM, UCIIONB3YET B
OTBETE MaTepUall MOHOTPAPHIECCKOM

JIMTEPATYPHI.
85-89 B O1ieHKa «XOPOII0Y» BBICTABIISIETCS
75-84 C CTYJIEHTY, €CITH OH TBEP/IO 3HACT

MaTepHaj, TpaMOTHO U IO CYLIECTBY
n3Jaraer ero, He JOIyCKas

D CYIIECTBEHHBIX HETOYHOCTEH B OTBETE
Ha BOIIPOC.

4 — «xopouioy
70-74

65-69 OrneHKa «yI0BJIETBOPUTEIBHOY

BBICTABISIETCS CTY/ICHTY, €CIIM OH UMEET
3HaHMS TOJILKO OCHOBHOTO Martepuala,

3 - HO HE YCBOWJI €ro JICTaNeH, JOImyCcKaeT
60-64 «Y0081eMBOPUMENLHOY E HETOYHOCTH, HEJIOCTATOYHO IPABUIIEHBIE
(hopMyTUPOBKH, HAPYIIEHUS
JIOTHYECKOM MOCIEI0BATEIBHOCTH B
U3JI0)KEHUH OPOrPaMMHOI0 MaTepuaa.

O1leHKa «HEYOBIETBOPUTEIBHOY
BBICTaBJIACTCA CTYACHTY, KOTOpLIfI HC
3HAET 3HAYUTEJIBHOMN YacTH
MPOrPaMMHOTO MaTepuala, JOMmyCcKaeT
H 60 2- F CylIecTBeHHbIe ommnOKu. Kak mpasuio,
HoRe KHEYO0BI1eMBOPUMETLHOY OIICHKA «HEYIOBJICTBOPUTEIHHOY
CTaBUTCS CTYJICHTaM, KOTOPbIC HE MOTYT
MIPOJIOJDKUTE 00yIeHHE 0e3
JOITIOJTHUTCIIBHBIX 3aHSATUH 110

COOTBCTCTBYIOHleﬁ JVUCIHUIITIMHC.

7. YYEBHO-METOAUYECKOE U TH®OOPMAIIMOHHOE OBECIIEYEHHE
YYEBHOH JUCHUTILJIUHBI

OCHOBHAA JIMTEPATYPA:

1. DU S98 Synchrotron Light Sources and Free-Electron Lasers : Accelerator Physics, Instrumentation
and Science Applications, Cham: Springer International Publishing, 2016

2. O @50 ®dusnyeckre OCHOBBI METOJA0B UCCIIEA0BAHUS HAHOCTPYKTYP U TOBEPXHOCTH TBEPIOTO
Tena : 1abopaTopHsblil npakTukyMm, Mocksa: HUAY MUDU, 2014



3. O ®©50 dusnueckre 0OCHOBBI METOJOB UCCIIEN0BAHUS HAHOCTPYKTYP U IOBEPXHOCTHU TBEPOTO
Tena : yaeOHoe mocobwue it By3oB, Mocka: HUSLY MUDU, 2014

4. O M50 ®usnueckre OCHOBBI Ja3€pHOM TEXHOJIOTHH : yueOHoe rmocodue ajs By30B, A. I1.
Menymenkos, B. H. Hesonun, B. H. Ilerposckuit, Mocksa: HUAY MU®U, 2010

5. 539.2 ®50 dusznyeckne OCHOBBI METOJIOB MCCIICAOBAHUS HAHOCTPYKTYP M IOBEPXHOCTH TBEPIOTO
Tena : yuebHoe mocobue st By30B, B. W. Tposia [u ap.], Mocksa: MUDU, 2008

6. 621.38 J155 YckopuTenu 3apsHKEHHBIX YaCTHI] B OKCIIEPUMEHTATLHON (PU3UKE BHICOKUX SHEPTHH :
teket geknuii, FO. I1. Jlobperos, Mocksa: MU®U, 2008

JOIIOJIHUTEJIbHAS JIMTEPATYPA:
1. 1 L47 Accelerator physics : , New Jersey [and oth.]: World scientific, 2012

2.621.38 1188 Bpenenue B (pu3nKy yCKOpUTENeH 3apsKeHHBIX YacTULl : Kypc Jekiuii, lyona: OV,
2012

3. 1 N50 Neutrons and synchrotron radiation in engineering materials science Part 1 General, ,
Weinheim: Wiley-VCH, 2008

4. 1 N50 Neutrons and synchrotron radiation in engineering materials science Part 2 Methods, ,
Weinheim: Wiley-VCH, 2008

5. 1 N50 Neutrons and synchrotron radiation in engineering materials science Part 3 New and
Emerging. Part 4: Industrial applications, , Weinheim: Wiley-VCH, 2008

6. 621.37 M50 Jlazepuas texnosorus 4.1, , M.: MUOU, 1992

7. 535 M50 JlabopaTtopHnas padota "JlazepHas Texnonorus" : , A. II. Menymenkos, b. M. XXupskos,
B. H. Ilerporckuii, M.: MU®U, 2006

8. 539.2 B88 CoBpeMeHHBIE METOIBI UCCIICIOBAHUS MTOBEPXHOCTH : , Bynpad [1.,Jlemaap T.;I1lep.c
anri., M.: Mup, 1989

9. 548 ®45 CunxpoTpoHHOE U3Iy4eHue. MeTOoabl HCCIIeOBAHUS CTPYKTYPhI BELIECTB : yueOHoe
nocobue st By3oB, I'. B. ®@etncos ; pen. JI. A. Acnanos, Mocksa: ®usmatiut, 2007

10. 538.9 3-56 ®uzuka noBepxHOCTH : , 3eHryui J.;Ilep.c anri., M.: Mup, 1990
11. 621.37 ®33 DneKkTpoH B CUILHOM cBETOBOM noiie : , M.B. ®enopos, M.: Hayka, 1991

12. 620 ®50 dusnueckoe MarepuaioeacHue T.3 MeToabl uccienoBaHus CTPYKTYPHO-()a30BOTO
coctosinust matepuainon, H. B. Bonkos [u np.], Mocka: MU®DU, 2008

13. 539.2 175 IlpubGopsl 1 METOABI PEHTTEHOBCKOU U 3JIEKTPOHHOU Ju(pakiny : ydeOHOe mocodue,
I1. C. Ynxos [u ap.], MockBa: MOTH, 2011

14. 535 K23 ®oroanexkrponnas u Oxe-cnexkrpockonus : , T. A. Kapacon, Jlenunrpan:
MammnocTtpoenue, 1981



15. 537/.8 M30 Jlazepsl Ha cBOOOIHBIX dNIEKTpoHax : , T. Mapmamr; [lep. ¢ anrn., M.: Mup, 1987

16. 537 T35 CunXpOTpOHHOE U3ITy4YCHHE U €ro MpuMeHeHue : Yueb. mocodue st By30B, TepHOB
W.M., Muxaiinuna B.B., Xamnos B.P., M.: MI'Y, 1985

17. 537 @71 CroxacTuueckas TeOpys U3Ty4YCHUS : HEIUTEepaTypHbIi TekcT, @neitimman ['.J1., Mockaa.
NxeBck: MHCTUTYT KOMIBIOTEPHBIX UccienoBaHuil. PerynspHas u xaotudeckas nuHamuka, 2008

I[TPOTPAMMHOE OBECITEYEHHUE:

CriennanbHOe IporpaMMHoOe obecriedeHre He Tpedyercs
LMS U UHTEPHET-PECYPCBI:
https://online.mephi.ru/

http://library.mephi.ru/

8. MATEPHAJIbBHO-TEXHUYECKOE OBECIIEYEHUE YYEBHOU
JNCHUITVINHBI

CriennanbHOE MaTepUATBHO-TEXHUYECKOE 0OecrieueHne He TpedyeTcs

9. YYEBHO-METOAUYECKHUE PEKOMEHJALIUU JJISA CTYAEHTOB

[Ipy w3y4yeHWW AAaHHOW Y4YEeOHOW IUCHUIUIMHBI HEOOXOIMMO TBEPJO YCBOUTH OCHOBHBIE
MOHSTHSI, XapaKTepU3YIOLIUE CBOMCTBA CHHXPOTPOHHOTO W3IY4YEHHs: SPKOCTb, PacXOJAUMOCTb,
CHEKTPaJbHBIM JMana3oH, CHEKTPaJIbHO-YIJIOBOE pAaCIpeleseHHe MOIIHOCTH, MOJISIpU3allMOHHbIC
cBoiicTBa, »SMMuTaHc. HeoO6XoaMMO O3HAKOMHUTBCSI C OCHOBHBIMU MpPHUHLUIAMU  PabOTHI
CUHXPOTPOHHBIX HCTOYHUKOB U YCTPOUCTB, 00ECMEUNBAIOIINX WHXKEKIIMIO U HAKOTICHUE 3aPsKEHHBIX
YacTUL[ B HAKONUTEIBHOM KOJIbLIE: JIMHEWHBIX yckopuTenei, BY-pe3oHaTopoB, yCKOpPUTEIbHBIX
MIPOMEXKYTKOB, IOBOPOTHBIX MarHUTOB, BUITJIEPOB, OHAYIATOPOB. MIMeTh npencTaBiieHne O pa3BUTUU
CHUHXPOTPOHHBIX LeHTpoB EBpomsbl, fAAnonun, Kuras, CILIA u Poccun. OGmanars uHpopmarmein o
BO3MOXHOCTSIX KypuyaTOBCKOro I€HTpa CHHXPOTPOHHBIX HCCIEJOBAaHUM U HAHOTEXHOJIOTHH.
Heo6xomumo rimy6oko pazo0parhbcsi B MpoIeccax B3aUMOJCUCTBUS PEHTTC€HOBCKOTO H3JIYUYEHHUS C
BemecTBOM. [loHMMaTh pu3nyeckue NpUYMHbI PACCESIHUS U MOTJIOIIEHUSI PEHTTEHOBCKOTO U3TyUYEeHHSI.
OtnuyaTh KOMOMHHpPOBAHHBIE SIBICHUS HEYNPYroro M aHOMalbHOro paccesHus. Crenyer M3y4uTh
PEHTT€HOBCKHME METOJAbl JMAarHOCTUKM U HUCCIEJOBAHHMS HAHOCTPYKTYp C HCHOJIb30BAaHUEM
CUHXPOTPOHHOTO HW3IyYEHHUs, BKJIOYas PEHTICHOBCKYIO IHU(PAKIUI0O M MaJOYTIOBOE pacCesHHe
PEHTI€HOBCKUX JTy4eH.

IIpy wu3yueHMM METOAAa PEHTTEHOBCKOM cIeKTpockonuu norjiouieHus - XAFS —
cnektpockonuu (X-ray Absorption Fine Structure) cTyaeHTH M[OKHBI TMOHHMATH TPUYUHBI
pa3ieneHus CIEKTPOB Ha JBE OOJIACTH-  OKOJIOMOPOTOBYIO CTPYKTYPY PEHTT€HOBCKOTO CIIEKTpa
nornomeHus — XANES (X-Ray Absorption Near Edge Structure) n npoTspkeHHYIO TOHKYIO CTPYKTYypa
pentreHoBckoro crnekrpa noriomenus — EXAFS (Extended X-Ray Absorption Fine Structure).
Heobxogumo 3Hath (usnyeckue ocHoBbl EXAFS- cnekrpockonuu, moHaTtue KoddduimeHTa
MOTJIOIICHHSI «CBOOOIHOTO atomay, onpeneneHue EXAFS- ¢ynkiuu, tunsl npeacrasinennii EXAFS-
(GyHKIUY, OCIe0BaTeNbHOCTh maroB npu ussnedeHnn EXAFS- dyHKIMU U3 3KCrepUMEHTaIbHOTO



cnektpa. Hajo mmerh mpejacTaBieHHE O 3aBUCUMOCTH aMIUTUTYIbl U (a3bl OOpaTHOTO paccesHus
(hOTOZTIEKTPOHOB OT BOJIHOBOT'O BEKTOPA, IOHUMATh OTINYME (PU3NUECKOTO 3HaUeHus pakropa Jledas-
Bamnepa B EXAFS- criekTpockonuu OT aHaJTOTMYHOTO MOHSATHS B PEHTT€HOBCKOHM TU(paKInu, 3HATH
Meronbl MozenupoBanus EXAFS- ¢yskimuum u cnocoOsl u3Bneuenus u3 EXAFS- cnektpos
rapaMeTpoB JIOKAJIbHOW aTOMHOM CTPYKTypbl. Hammexut 3Hath Qusnueckne ocHOBEl XANES —
CIEKTPOCKOIIMM BCJIEACTBUE MHOTOKPAaTHOTO OTpake€HHsl (OTOIIEKTPOHHOM BOJHBI OT AaTOMOB
ONMDKafIIero OKpPY)KEHUs aTOMa-NOTJIOTUTENsl PEHTIEeHOBCKOro KBaHTa. lmers mnoHsATHE O
qyBcTBUTENbHOCTH XANES — crnekTpockonmuu K CUMMETPUM KPUCTAJUIMYECKOW PEIeTKH, WU B
OTCYTCTBHE TAaKOBOH B aMOP(HBIX CTPYKTypaxX — K CUMMETPUU B3aUMHOI'O PACIIOJNIOKEHHUS aTOMOB.
Paz6upatbcst B aKkcrepuMeHTaIbHBIX MeToaukax perucrpaunu EXAFS- u XAMES- cniektpoB, ymeTh
cocTaBUTh NpuHLUNUaNbHYyl0 cxeMy EXAFS- cnexkrtpomerpa, mpuBecTH HpUMEpbl JOCTHXKEHUMN
XAFS- criekrpockonuu NpU UCCIEIOBAHUM JIOKAJIbHONW CTPYKTYpbl HAHOKJIACTEPOB, HAHOTPYOOK U
JPYTUX HAHOCUCTEM.

[Ipn m3ydyennn Merona (POTOIEKTPOHHON CIEKTPOCKONMHMH HEOOXOAUMO 3HATh (PU3UUYECKHE
IIPOLIECCHI NTPH MOIJIOIIEHUH BELECTBOM M3JIyUY€HHs C SHEprUel KBaHTOB B PEHTI€HOBCKOM 00JIaCTH,
WM B 00JIaCTH BaKyyMHOI'O yJibTpaduosiera ¢ Mocieayouei smuccueil GoTo31eKTpoHa, YpaBHEHUE
¢doroapdexra. HeoOXoauMO MOHMMATH IMPOLECCHl BO3HUKHOBEHUS M 3alOJHEHUS BAaKaHCUH Ha
BHYTPEHHUX 000JI04Kax, (pu3nky oxke-mnpoueccoB. CieayeTr 3HaTh METObl U3BJICUCHHU WH(POpMALUN
13 (OTOIIEKTPOHHBIX CIEKTPOB, MPOIENypy KaTMOPOBKU (POTOINEKTPOHHOTO CIIEKTPOMETPA, YMETh
COCTaBUTh NMPUHIMIIHAIBHYIO CXeMY (OTOIJIEKTPOHHOTO crieKTpoMeTpa. Mmers mpejacraBienue o0
O0COOEHHOCTSIX PEHTI'€HOBCKOH (hOTOANEKTPOHHOM criekTpockonuu (XPS) u cnexkrpockomnus B odnactu
BakyymMHoro ynbrpaduonera (UPS), ¢poTodnekTpoHHON CIEKTPOMHUKPOCKONUH, (POTOIIEKTPOHHOM
CIEKTPOCKOMHUY C yrioBeiM paszpenieHueM (ARPES).

IIpu wu3yuenum pasznena «Jlazepbl Ha CBOOOJHBIX AJIEKTPOHAX» HEOOXOAMMO IOHUMATh
NPUYMHBI BO3HUKHOBEHUS KOTEPEHTHOTO W3IY4YeHHs IpU JBU)KEHUU CIYCTKOB OJJIEKTPOHOB B
onnymnsatope. TpebyeTcs NOCKOHAJIBHO HM3YYMTh MPOLECC CAMOYCHJICHHS CIIOHTAHHOIO H3JIy4EHHS.
Heo6xonuMo uMeTh MpeaCTaBlIeHHE 00 YHUKAIBHBIX BO3MOXKHOCTSX H3JIyY€HHs] PEHTTEHOBCKOIO
Ja3epa Ha CBOOOJHBIX D3JIEKTPOHAX JJISl MCCIECNOBAaHHMA BHYTPUMOJICKYJSPHBIX M BHYTPHATOMHBIX
IIPOLIECCOB.

10. YYEBHO-METOJIWYECKHE PEKOMEHJIAIIAU JJISI IPEIIOJIABATEJIEM

ITpu n3ydyeHun Kypca HEOOXOAMMO TBEPAO YCBOMTH OCHOBHBIE NMOHSTHS, XapaKTepU3YHOIHE
CBOMCTBA CHHXPOTPOHHOTO H3JIy4E€HHS: SPKOCTb, pacCXOAUMOCTb, CHEKTPAJIbHBIM JUaNa3oH,
CHEKTPAJIBHO-YIJIOBOE  PACHpPElEICHHE MOLIHOCTH, IMOJIIPU3ALMOHHBIE CBOMCTBA, HMMMTAHC.
Heo6x0oauMo 03HAaKOMHMTBCS C OCHOBHBIMM MpPHUHLIUNAMU PaOOThl CHHXPOTPOHHBIX HCTOYHHKOB MU
YCTPOMCTB, 00ECHEUMBAIONINX HHXKEKIUI0 U HAKOIUIGHHWE 3apsHKCHHBIX YacTUI] B HAKOIMUTEIHHOM
KOJIbLIE: JIMHEHHBIX yckopureneld, BU-pe3oHaTopoB, yCKOPUTENIBHBIX IIPOMEKYTKOB, IOBOPOTHBIX
MarHuToB, BUITJIEPOB, OHIAYJIATOPOB. VIMeTh mpeacTaBieHUE O Pa3BUTUU CUHXPOTPOHHBIX LIEHTPOB
EBpomnbl, Anonuu, Kwurtas, CIHA u Poccun. O6magate wuHpopManmmeil o0 BO3MOXKHOCTSIX
KypuaToBcKOTO 11€HTpa CHHXPOTPOHHBIX HMCCIEIOBAHWUN W HaHOTeXHOJorui. Heobxomumo riay0Ooko
pa3o0parbCcsl B Mpoleccax B3aUMOJEHCTBHS PEHTICHOBCKOIO M3Jy4yeHMs ¢ BemecTBOM. [loHumarsb
¢u3nyeckue TMPUYMHBI pacCcesHUS U IOIVIOIIEHUS PEHTICHOBCKOro wu3nydeHus. OtiauyaTth
KOMOMHUpPOBAHHbIE SBJICHUS HEYNPYroro M aHOMajbHOro paccesHus. Crenyer H3y4uTh
PEHTT€HOBCKHUE METOJbl JUArHOCTUKM M HUCCIEJOBaHMSI HAHOCTPYKTYp C HCIOJIb30BAaHUEM



CUHXPOTPOHHOTO M3JIy4€HHs, BKJIIOYAs PEHTICHOBCKYIO IU(PAKIMIO M MaJOYIJIOBOE pacCesHUe
PEHTI€HOBCKHX JIy4eH.

IIpy wu3yueHMM MeETOAAa PEHTTEHOBCKOM cHeKkTpockonuu mnorjiouieHus - XAFS —
cnekrpockonuu (X-ray Absorption Fine Structure) cTyaeHTb AOMKHBI TOHUMATh MPUYUHBI
pasfesieHrs CHEeKTPOB Ha JB€ 00JIaCTH-  OKOJIONOPOTOBYIO CTPYKTYPY PEHTIE€HOBCKOTO CHEKTpa
nornomenus — XANES (X-Ray Absorption Near Edge Structure) n npoTspkeHHYIO TOHKYIO CTPYKTypa
pentreHoBckoro crnekrpa norjomenus — EXAFS (Extended X-Ray Absorption Fine Structure).
Heobxomumo 3Hath Qusnueckue ocHOBbl EXAFS- cmekrtpockonuu, mMOHATHE KOApUIIUEHTA
MIOTJIOIEHUS] «CBOOOJHOrO aromay, onpenaenenne EXAFS- gynknuu, Tunel npencrasnennii EXAFS-
(yHKIMH, TTOCIIEA0BAaTENFHOCTh MAroB npu u3siedeHnu EXAFS- QyHkuuu U3 skcrepuMeHTaaIbHOrO
cnekrpa. Hamo mmerh mpeacTaBieHHE O 3aBUCUMOCTH aMIUTUTYIbl U (a3bl 0OpaTHOTO paccesHus
(hOTODTIEKTPOHOB OT BOJIHOBOT'O BEKTOPA, IOHUMAThH OTINYME (PU3NIECKOTO 3HaUeHus pakropa Jledas-
Bannepa B EXAFS- cniekTpockonuu OT aHaJIOTUYHOTO MOHSTHSI B PEHTT€HOBCKOM Tu(pakiuy, 3HaTh
Metoasl MopaenupoBanus EXAFS- ¢yakmum u cnocoOsr m3BieueHus u3 EXAFS- cnexrpor
rapaMeTpoB JIOKAJIbHOH aTOMHOM CTPYKTypbl. Hammexut 3Hath ¢usnueckne ocHOBbl XANES —
CHEKTPOCKONUHU BCIIEACTBHE MHOTOKPAaTHOTO OTpakeHHsI (OTORIEKTPOHHOM BOJHBI OT aTOMOB
ONMmKafIIero OKpY)KEHUsl aTOMa-NOTJIOTUTENs. PEHTIeHOBCKOro KBaHTa. lmers mnoHsATHE O
gyBcTBUTENbHOCTH XANES — cnekTpockonuM K CHUMMETPUM KPUCTAJUIMUECKON PEIIETKH, WU B
OTCYTCTBHE TAaKOBOH B aMOpP(HBIX CTPYKTypax — K CHMMETPUU B3aUMHOT'O PACIIOJIOKEHHUS aTOMOB.
Paz0upathcst B 9KkcrepuMeHTaIbHBIX MeToaukax perucrtpaunu EXAFS- u XAMES- cniektpoB, ymeTsb
cocTaBUTh NpuHUUNUanbHylo cxemy EXAFS- cnexkrtpomerpa, mpuBecTH HpuUMeEpbl JAOCTHXKEHUMN
XAFS- crekTpoCcKONuu MpU HMCCIECTOBAHUU JIOKAILHON CTPYKTYpPhl HAaHOKJIACTEPOB, HAHOTPYOOK W
JIPYTUX HAHOCHUCTEM.

[Ipn uzyuenun metrona (HOTOINEKTPOHHOU CHEKTPOCKOMHH HEOOXOJUMO 3HATh (PU3UYECKHE
MIPOLIECCHI MPH MOTJIOIMIEHWH BEIIECTBOM M3IyUYEHUS! C SHEpPTUel KBAaHTOB B PEHTTEHOBCKOW 00JacTH,
WIK B 00JaCTH BaKyyMHOI'O yibTpaduojera ¢ Nocieayomei sMmuccuei (oTodIeKTpoHa, ypaBHEHHE
dotorddexkra. HeobxomumMo MOHMMATH MPOIECCHl BO3HUKHOBEHHUS M 3allOJIHEHUS BaKaHCUU Ha
BHYTPEHHUX 000JI04Kax, (pu3nky oxke-mnporeccoB. Cieayer 3HaTh METObl U3BJICUCHHUS WH(POpMALUN
13 (OTOIIEKTPOHHBIX CIEKTPOB, MPOLENypPy KaTHOPOBKU (POTOIIEKTPOHHOTO CIIEKTPOMETPA, YMETh
COCTaBUTh NMPUHIUIHUAIBHYIO cXeMy (OTOAIEKTPOHHOIO crekTpomerpa. ViMers mpexacraBieHue o0
0COOCHHOCTSIX PEHTI'€HOBCKOM (hOTOANEKTPOHHOM criekTpockomnuu (XPS) u cnekrpockomnus B o0nactu
BakyyMmHOro yibTpaduonera (UPS), $hoTodmeKTpOHHOW CHEKTPOMHKPOCKONHH, (POTOAIEKTPOHHON
CIIEKTPOCKOMUY C yrioBbeIM paspemnieHueM (ARPES).

ITpu wm3yuenun paszznena «Jlazepbl Ha CBOOOJHBIX AJIEKTPOHAX» HEOOXOAMMO IOHMMATh
IIPUYMHBl BO3HUKHOBEHHS KOT€PEHTHOI'O W3IY4YEHHUs IpU [BWKEHUU CTYyCTKOB OJJIEKTPOHOB B
onnyistope. TpeOyercss JOCKOHAIBHO Pa3o0paTh MPOLECC CAMOYCHIICHHS CIIOHTAHHOTO M3JTy4EHUS.
Heo6xomuMo wMeTh MpeacTaBieHHE 00 YHUKAIBHBIX BO3MOXKHOCTSIX H3JIyYEHHs] PEHTTEHOBCKOTO
Ja3epa Ha CBOOOJHBIX 3JIEKTPOHAX MJI HCCIENOBAHUS BHYTPUMOJIEKYJSPHBIX M BHYTPUATOMHBIX
MIPOLIECCOB.
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