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

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay
A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 AMCIMILINHE: CoBpemeHHast (pu3uKa PEHTTCHOBCKOTO U3ITyYeHHS
10 HANPABJICHHUIO: dotoHrKa 1 onTOMH(POPMATHKA
NpoduJIb MOATOTOBKH: ®oTOHMKA, KBAHTOBBIE TEXHOJIOTUHU U AByMEPHBIE MaTepHaIbI

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa anekrpoduznku

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - Dxk3aMeH

2 (BeceHHUil) - DK3aMeH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuuu: 60 gac.
cemuHapsl: 0 yac.
nabopatopusele 3ansaTus: 0 gac.

CamocrosrensHas padora: 60 gac.
[TonroroBka k 3x3ameny: 60 yac.
Bcero gacos: 180, Bcero 3au. en.: 4
[IporpamMmy cocraBunu:

C.C. I'mxa, kaHg. pus.-mar. HayK
A.L. TypbsiHCKHiA, A-p (HU3.-MaT. HAYK

[Iporpamma obcyxnena Ha 3aceqanuu kKadenpsl snexrpodusuku 14.06.2024



AHHOTANMA

Kypc nocssien ocHoBaM (HM3MKH PEHTITEHOBCKOTO M3y4eHus. B Kypce n3ydaroTcsi OCHOBBI B3aMMOJICHCTBHS
PEHTI€HOBCKOTO M3IYy4YEHUS C BEIIECTBOM, METOJAbl TE€HEpPAlMd PEHTICHOBCKOTO W3IyYEHUs, METObI
pErucTpaluy pEeHTTEHOBCKOI'O U3JIy4EHUs!.

Ocob60e BHUMaHHE YACIACTCA HOBBIM, dKTUBHO PAa3BUBAIOIIHUMCA UCTOYHUKAM PCHTTCHOBCKOI'O HU3JIYUCHUSA —
CUHXPOTpPOHAM, JIa3€paM Ha CBOGO,E[HBIX QJICKTPOHAX U UCTOYHUKAM Ha O6paTHOM KOMIITOHOBCKOM PACCCAHUM.

B mpomecce wu3ydueHHs MarepuaioB Kypca CTYAEHTBl 3HAKOMSTCS C OCHOBHBIMH METOAMKAMH,
MPUMEHSIONIMMHUCS COBPEMEHHON PEHTI€HOBCKON aHAJIMTHKE, 00JACTH MX NMPUMEHEHUS W UX MpPeAeTbHBIMU
BO3MOXXHOCTSIMH. TakuMm o0pa3om, IO WTOraMm Kypca y CTYyACHTOB (OpPMHpPYETCs IOHMMaHHUE TEPCIECKTUB
MPUMEHEHHsI TOZOOHBIX METOIMK JUII COOCTBEHHBIX HAy4HBIX HCCIIEIOBAHHM.

1. lean u 3apa4un

]_le.]'ll) JAUCHUIIINHBI

DopMUpOBaHUE Yy CTYAEHTOB IOHUMAHUS IPUHIUIIOB B3aUMOJEHCTBUS PEHTIEHOBCKOIO M3JIyUEHUS C
BEILECTBOM, IPUHIIUIIOB FE€HEPALIMU U PETUCTPALIMN PEHTTEHOBCKOTO H3JTy4YECHHUS.

33]13‘[1/[ JAUCHUIIINHBI

O3HaKOMJICHUE CTYACHTOB C COBPCMCHHBIMU UCTOYHUKAMH PCHTTCHOBCKOI'O U3JTyYCHU. 3HAKOMCTBO C
OCHOBHBIMH METOJAUKAMU, IPUMCHICMBIMHA B peHTFCHOBCKOI‘/II aHaJIMTHKEC.

2. llepedyens popmMupyemMbIX KOMIETeHIMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kon 1 HanmMeHOBaHUE KOMIICTCHIIUH WNHAMKATOPBI JOCTHKEHHSI KOMIIETCHIIN
OIIK-1 Bnaneet cucremoit pynnamentansieix |OIMK-1.2 CrmocobeH 0600mark ¥ KpUTHYECKH OIICHWUBAThH
Hay4YHBIX 3HAHUH B 00acTu OIBIT M PEe3yJIbTaThl HAYYHBIX HCCIEIOBaHUA B 00IaCTH
(hu3HMKO-MaTeMaTHIECKUX HAyK (OTOHMKH U ONITOMH(POPMATHKU

OIIK-2.1 NUmeeT npeacTaBIeHHE O COBPEMEHHOM COCTOSTHUU
WCCIIeIOBaHMi B 00J1acTH (POTOHUKH M ONITOMH()OPMATHKU

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
UCCIICAOBAaHUH B o0nacTh cBoeill mpodecCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpo0OiemMax HayKH U TEXHHKH B 001acTH cBOeH

po¢eCcCUOHANBHON NeSTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBAThH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHONW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMHU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-3.1 Cnocoben ananu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIeHHs, Mpeiarath U KOMOWHUPOBATH CIOCOOBI

OIIK-3 Cnoco0OeH BbIOUpaTh U (UIH) peLICHUS

paspabarbiBarh oaxob! K pemenuio TunoBbix  |OITK-3.2  CrniocobeH HCmonb30BaTh  MCCIENOBATEIBCKHE
1 HOBBIX 33724 B 00macTi npoecCHOHaIbHOM |METOABI NPU PELICHWH HOBBIX 3a/ad, NPUMEHssl 3HaHHUS B
JEATeIbHOCTH, YIUTBIBAsi 0COOCHHOCTH U pas3IuUHBIX 00JIACTAX HAyKH (TEXHUKH)

OrpaHH4CHMA Pa3JIUIHBIX MCTOIOB PCIICHUSA OIIK-3.3 BnageeT aHAIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METO/IaMU PEIICHUS, TOHUMAET U YYUTHIBACT HA MPAKTHKE
TPaHULBI TPUMEHUMOCTH TTOTYYaeMbIX PEIICHHMA

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh OIlK-4.2 CrnocobeH mNpUMEHATh 3HaHWS B 00JacTu
pelIeHne MOCTAaBICHHOH 3a/1a4H, TIPOBECTH (U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
aHaJM3 pe3yabTara U MPeACTaBUTh BHIBOIbI, 3a7a4d, GOpPMYIMPOBAHUS BBIBOAOB M OLIEHKHU ITOJyYEHHBIX
MPUMEHSISl 3HAHUS ¥ HAaBBIKU B 00JIaCTH pe3yabTaToB

(pH3HKO-MaTEeMAaTHYECKHX HAYK U OIIK-4.3 CnocobeH apryMeHTHPOBAaHO BBIOMpAaTh CHOCOO
HH(OPMAIOHHO-KOMMYHUKAIlHOHHBIX [IPOBEAECHUS HAyYHOT'O UCCIIENOBAHMS

TEXHOJIOTUH

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHHN




[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIE/I0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U IMPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.2 CnocobeH  BbIBHTaTb THIIOTE3bl, CTPOUTH
MareMaTH4ecKue MOACTH JUI ONHCAHUS H3y4YaeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KAYECTBO Pa3pabOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue M (WiIn)
OKCTIEPUMEHTAIbHBIE METOIbl HCCIEIOBaHUH B oOIacTu
¢oToHHKH W ONTOMH(POPMATUKM K KOHKPETHOM HAy4HOM
3aj1a4ue ¥ HHTEPIPETUPOBATH MOTy4YEHHbIE PE3YIbTaThI

IMK-3 Cniocoben npodeccnonaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3NPOBAaHHBIMH TAKETaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMeTHON 00JIacTH

[MK-3.1 TloHmmaeT NPUHOUIBI PabOTHI HCIOIBE3YEMOTO
000opynoBaHUs (crienmanu3upOBaHHBIX MAaKETOB
MIPUKJIAJAHBIX TPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
SKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 JUCHMUILINHE (MOLYJII0)
B pesynbTrare 0cBOGHHS AUCHUIIIMHBI 00y4aIOIINeCs JOIKHbI

OCHOBHBIE THITBI COBPEMCHHBLIX PCHTTCHOBCKUX UCTOYHUKOB, IECTCKTOPOB U UX OCOOEHHOCTH.

HO,I[O6paTB JUIA I/ICCJ'IC,I[OBaHI/Iﬁ OoAXOAAINYH0 SKCIICPUMCHTAJIbHYI0 MCTOAUKY C HUCIIOJIB30BAHUCM

3HATh:

YMETh:
PEHTI€HOBCKOTO  M3JIYYEeHHs, OLIEHUTh
HU3MEPUTENBHOU CXEMBI.

BJIAJCTh:

HCOGXOI[I/IMLIC ImapamMeTpoB OCHOBHBIX 9JICMCHTOB

MeTOZ[aMI/I OILICHOK 3(1)(1)CKTI/IBHOCTI/I PCHTICHOBCKUX CXCM JUIA PCHICHUA NPUKIIAJHBIX 3a/la4 B CBOUX

HAay4HbIX UCCJICAOBAHUAX.

4. Conep:xkanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYIIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh O BUJaM Y4eOHBIX 3aHATHI, BKIIIOYas
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL

Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.

pabora
1 Beenenue. 3 3
) PaccesHue pEHTTEHOBCKOTO W3ITy4EHHS 4 4

aToMaMH.
3 [ornomenue PEHTTEHOBCKOTO 4 4
U3ITy4eHHS.

4 Pentrenosckue TpyOKH. 4 4
5 OO0parHOE KOMIITOHOBCKOE paccesiHue. 4 4
6 CHUHXPOTPOHHOE U3ITyUYCHHE. 4 4
7 Burrneps! u oHAynATOpHI. 4 4
8 Jlazepbl Ha CBOOOJHBIX AIIEKTPOHAX. 3 3
9 JleTeKTOpBl pEHTTEHOBCKOTO M3TyUYeHHUS. 3 3
10  |dudpakuus peHTIeHOBCKUX JIy4deH. 4 4
11 @oKyCHpOBKa PEHTI€HOBCKHX JIyYei. 4 4
12 |CnexrpanbHble MTPUOOPHI. 4 4
13 |PenTtrenodayopeciieHTHBIN aHAIN3. 4 4
14  |CnexTpomeTpus MOTIOMICHHUS. 4 4
15  |Pedraexromerpus. 4 4
16 |ManoyrmoBoe peHTTEHOBCKOE PACCEsTHHE. 3 3




Nroro yacos 60 60
[TonroToBka k 3K3aMeHy 60 gac.

OO01mas TpynoEMKOCTh 180 yac., 4 3au.en.

4.2. CopaepxaHue TUCHUILTUHBI (MOYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 1 (Ocennwii)

1. Benenue.

JluronpHOE M3JIy4€HUE, OIpEelesieHUEe PEHTICHOBCKOIO W3lydyeHus. PaccesHue peHTIeHOBCKOIo
U3IyYeHHUS CBOOOAHBIM 3JIEKTPOHOM. TOMCOHOBCKOE M KOMITOHOBCKOE PacCesiHUE.

2. Paccesiue PCHTICHOBCKOI'O U3JITYy4YCHHA aTOMaMU.

PaccesiHue peHTTeHOBCKOTO M3JTy4YEHHUsS] aToMaMH. ATOMHBIE (DAaKTOPBI paccessHUsA M AUCIIEPCHOHHBIE
nonpaBku. [lokazarens npeaoMIIEHUSI B PEHTIEHOBCKOM JHarna3oHe, 3aBUCUMOCTh JICHCTBUTENBHOM
4acTU JEKPEMEHTa [I0Ka3aTelis IPEeJIOMIIEHU OT aTOMHOI'O HOMEpA U OT JJIMHBI BOJIHBI.

3. IloronieHre peHTreHOBCKOTO U3JIy4EHUs.

Ceuenne u nuddepeHINAIPHOE CEUYEHHE B3aMMOJCHCTBHS PEHTTEHOBCKOTO H3IY4EHHUS C
BEIIECTBOM, HCTUHHOE TOMIOMICHNE PEHTIEHOBCKHX JIyueld. MaccoBbIf M IMHEHHBIH KOAPPUIHEHTHI
HOIIOLIEHUs. 3aBUCUMOCTh MHMMOI 4acTH AEKpEMEHTa II0oKa3arels IPeJOMIIEHUS OT aTOMHOIO
HOMEpA U OT JAJINHBI BOJIHEI.

4. PenTtreHoBckue TPyOKH.

lenepanss pEHTICHOBCKOTO H3JIydeHHUs. [IpuHIMN pabOThl PEHTICHOBCKON TpyOKu. Bumabl
peHTreHoBckux TpyOok. TopmosHoW cmekrp. XapakrepucThdecKuil crekTp. HMHTEeHCHBHOCTB,
JMarpaMMBbl HAlIPaBJICHHOCTH U TOJIAPU3ALUS N3Ty4EeHHUs] PEHTTCHOBCKOH TPpyOKH.

5. O0GpaTHOE KOMIITOHOBCKOE PacCesHUeE.

OOpaTHOe KOMITOHOBCKOE paccesHHe. JlurpaMmbl — HalpaBI€HHOCTH, WHTEHCHBHOCTH U
CHEKTpaJIbHbIE XapaKTEPUCTHKH UCTOYHUKOB HA OOPaTHOM KOMIITOHOBCKOM PacCEsHUH.

6. CHHXpOTPOHHOE H3JTy4YCHHUE.

CuHXpoTpoHHOE u3Ny4yeHHe. VCTopus OTKpBITHS W DPa3BUTHUA CHHXPOTPOHHOTO H3IIy4CHHUSI.
[TpuHIMI paboThl ¥ OCHOBHBIE 3JIEMEHTHI CHXPOTPOHHBIX HCTOYHUKOB.

7. Burmiepbl 1 OHIYJSTOPBL.

1,2 u 3 moKoJeHNus CHHXPOTPOHHBIX HCTOYHUKOB. BeTaBHBIe yeTpoiicTBa. Burrmepsr u OHIyISTOPEI.
WVHTEHCHUBHOCTh M CIIEKTpajbHbIe XapaKTEPUCTUKH PA3TUYHBIX THUIIOB CHHXPOTPOHHBIX KaHAJIOB.
0030p CyIIECTBYOMNX UCTOYHUKOB CHHXPOTPOHHOTO H3Ty4YCHUS.

8. Jlazepnl Ha CBOOOJHBIX JIEKTPOHAX.

Jlazeper Ha cBOOOmHBIX odnekTpoHaX. [IpuHOKMI pabOTBI W OCHOBHBIE XAPAKTEPUCTHKH.
ABTo(da3upoBKa B JUIMHHOM OHAYJSATOpE. BO3HMKHOBEHNE YaCTUYHO KOT€PEHTHOTO H3ITyYCHHUS.

Cemecrtp: 2 (Becennuit)




9. JlerekTopbl PEHTI€HOBCKOIO U3J1y4EHUSI.

JleTeKTupoBaHUE PEHTIEHOBCKOro u3ilyuyeHus. OCHOBHBIE THUIIBI JIE€TEKTOPOB, BPEMEHHBIE,
MIPOCTPAHCTBEHHBIE U CIIEKTPAJIBHBIE XaPAKTEPUCTUKH JETEKTOPOB.

10. Iudpakuns peHTT€HOBCKHUX JIy4eH.

Judpakius peHTreHOBCKOTO U3NyUeHHs Ha KpUcTaluiax. YcioBue bparra-Byneda, ypaaenns Jlayo.
Cxema bpoarra u Jlays. Munekcet Muiepa u oOparnas pemierka. ['paduueckas monens DBanbia.
I'pynmsl cuMMeTpuil B KpucTasuiax.

11. ®okycrpoBKa PEHTTEHOBCKUX JTy4eH.

PenTtreHoBckue JMH3BL MOMUKANMWULAPHAS M pedpakuuoHHAs JUH3BL. OCOOEHHOCTH, TPaHHUIBI
MPUMEHEHHs, pacueT napamerpoB. PoKycupyromue 30HHbIe INTACTUHKY. [Inockue u ¢poxycupyromue
PEHTIEHOBCKHE 3epKala.

12. CnekrpanbHble TPUOOPHI.

AbcopO1MOHHAsT pEeHTI€HOBCKas crieKTpockonus. MccnenoBanne XMMUYECKUX COCTaBOB IO ITyOHHE
ckaukoB ¢oromoromenus. XAFS cnekrpockonust kpuctamioB. NEXAFS ananus.

13. PenTtrenodyopeciieHTHBIN aHAIU3.

OcHoBbl Metona pentreHoduyopectientHoro anammza EDXRF, WDXRF, TXRF wmerons.
Oco6eHHOCTH Kaxa0T0 U3 MeTo0B. [IpenenbHbie 4yBCTBUTENBHOCTH IEPEUNCICHHBIX METOAOB.

14. CnekrpoMeTpus NOTTIOLICHHUS.

AbcopO1MOHHAsT pEeHTIeHOBCKas crieKTpockonus. MccinenoBanne XMMUYECKUX COCTaBOB IO ITyOHHE
ckaukoB ¢oromornomenus. XAFS cnekrpockonust kpuctamioB. NEXAFS ananus.

15. Pedpnexromerpust.

OTpaxeHue pEHTTCHOBCKOIO M3JIyd€HHUs OT TIpaHUllbl pasfenla JByX cpel. PexkyppeHTHble
COOTHOILEHUS i1 pacueTa Kod(Q(GUIMEHTa OTPaXCHHUS OT MHOTOCIOWHOW  CTPYKTYpBHI

BosHoBoaMCIEpCHOHHAS u JHEPrOJMCIIEPCUOHHAS PEHTTeHOBCKas pedexTomeTpusL.
OtHocHTeNnbHAs pEHTIeHOBCKash peduekromerpus. [IpruMeHeHHe TpU3MBI Ui PEHTTEHOBCKON
pedIiekToMeTprH.

16. MasioyrioBoe peHTT€HOBCKOE pacCesHUE.

OCHOBBl MAaJIOyIJIOBOTO peHTreHOBckoro paccesHus. Mertoasl SAXS, GISAXS. Pump-Probe
AKCIIEPUMEHTHI ¢ ucronb3oBanneM XFEL u LCLS.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOAMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)

VYuebHas ayquTopusi, 10CKa, MEIUAIIPOEKTOP, IKPaH.
6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI
OcHoBHas 1uTeparypa

1. ®uzuka pertreHoBckuX Jydeit [Texct]/M. A. broxuH, -M., l'octexuznat, 1953

2. CHHXpOTpOHHOE U3Ty4YeHHe. MeTobl ccieqoBanus cTpykTypsl Beniects [Texct] / . B. ®@etncos -
M. Pwuzmariaut,2007



3. P. Willmot. An Introduction to Synchrotron Radiation: Techniques and Applications. - John Wiley
& Sons, Ltd, 2011
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5. Acnanos JI. A. TpeymnukoB E. H. OcHoBBI Teopun audpakiuy peHTTeHOBCKUX JIy4ei. - MI'Y,
1985
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JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

NIST.gov : X-ray data tables
https://henke.lbl.gov/optical constants/ - TabynupoBaHHbIE JaHHbIE

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYIIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPpOrpaMMHOIo odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Ha nexmoHHBIX 3aHATHAX UCIIOB3YIOTCS MYJIBTHUMEIUITHBIE TEXHOJIIOTHH, BKITIOYas IEMOHCTPALIHIO
Hpe3eHTalul. JOKYMEHTOB. THUITOBas KOMIUIEKTALMS JOJKHA BKIIIOYATh: MYJbTUMEAUNHBIN IPOEKTOP U
[IEPCOHAIBHBIA KOMITBIOTEP, OCHAILEHHBIA COBPEMEHHBIMU IPOrpaMMaMu JJIs TPE3CHTALUI.

9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)

CryneHT, W3ydaromuil TUCIUIUIMHY, JOKEH, C OAHOW CTOPOHBI, OBIAAETHh OOIIMM MOHSITHIHBIM
anmapaToM, a ¢ JPYroil CTOPOHBL, JOKEH HAYUUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrare m3ydeHHs NUCUUIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIE ONpEAENEHUS U TOHATHUSA,
YMETh IPUMEHSATH MOTyYCHHBIC 3HAHUS JIJISl PEIICHUS Pa3IMYHBIX 3a71a4.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHSATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHILTHHE;

— BeJICHUS KOHCITCKTa 3aHATHH;

— HaMPsDKEHHOMW CaMOCTOATEIHLHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], IMPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeajaraéMpIx CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.

[Mokazarenem BiajeHUsS MaTEpUAIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 10 TEMaM
JTVCIIATLIAHEL.

BaxxHo 10OWTHCS TMOHMMaHMs U3ydyaeMOro mMarepualna, a He MEXaHHYeCKOro ero 3armoMmuHaHus. [lpu
3aTPYIMHEHWN W3yYCHUS OTICIBHBIX TEM, BOIPOCOB, CIEMyeT OOpaIiarhCs 3a KOHCYJbTAIMSAMH K
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 33a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: ®DoToHUKa 1 ONTOMH(POPMATHKA

npopuiIb NOArOTOBKHU: ®DOTOHNKA, KBAHTOBBIE TEXHOJIOTUU U JBYMEPHBIE MaTepHaIbl
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa anekrpopuznku

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
1 (ocenHuit) - Dx3aMeH

2 (BeceHHMH) - DK3aMeH
PaspaGorunkm:

C.C. I'mxa, kaHj. pu3.-mar. HayK
A.T". TypbstHCKWMiA, A-p Pu3.-Mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTEeMaTHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OIECHUBATH
OIBIT M PE3yJIbTaThl HAYYHBIX HCCICNOBaHUA B 00IaCTH
(hOTOHMKH U ONITOMH(POPMATHKU

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
poeCcCHOHANBHOM e TENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 Umeet npeacrapieHUe 0 COBPEMEHHOM COCTOSTHUH
WCCIIeIOBaHMi B 00J1acTH (POTOHUKHU M ONITOMH()OPMATHKU

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
UCCIICIOBAaHUH B o0jactu cBoeil mpodecCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3yEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMH YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAINN

OIIK-3 CniocoOeH BRIOMpPATh U (HITH)
pa3pabaThIBaTh MOXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 00acTH npodeccuoHamTbLHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 Cnocoben ananmu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIeHHs, Mpeyiarath U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CmocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METO/bl TIPU PEIICHUH HOBBIX 3a]a4, NPUMEHss 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKH)

OIIK-3.3 BnageeT aHaIUTUYECKHMMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHULbl MPUMEHUMOCTH MOIyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJpTara v IIPeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocoOeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMAaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1a4¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHPOBAaHO BBIOMpAaTh CHOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

[IK-1 CnocoGen ctaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAyYHbIE TPOOIEMBI, [TOTyYaTh
HOBBIE Hay4YHbIE PE3YyJIbTaThI

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBaTh M 0000IIATH
nHpOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHHN

[IK-1.2 CnocoGeH  BbABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM Ul ONMCAHUS H3y4aeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

[MK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
OKCIIEPUMEHTAIbHBIE METOIBl HCCIIENOBaHUA B 00IacTu
($hoTOHHKH W ONTOMH(POPMATUKKA K KOHKPETHOW HAy4HOM
3aj1a4ye ¥ MHTEPIPETUPOBATH MOTYYCHHBIC PE3YJIbTaThI

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
HCCIIeJ0BATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLMATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH

[IK-3.1 IloHumaer mnpuHOUIBI PabOTHl HCIOJIB3YEMOTO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TIPOTPaMM)

IMK-3.3 CnocobeH oIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3YIbTATC U3YUCHUS AUCHHUILINHBI <(COBpeMeHHa$I (I)I/I3I/IKa PCHTICHOBCKOTO H3JTYUYCHUA» 06yqa10m1/1171c5{

JOJIKCH:

3HATb:

OCHOBHBIE THITBI COBPEMCHHBLIX PCHTTCHOBCKHUX UCTOYHUKOB, IECTCKTOPOB U UX OCOOEHHOCTH.

yMeThb:




[TomoOpark nmnst MCCIIEOBaHUN MOIXONAIIYO 3KCIEPUMEHTAIbHYI) METOIUWKY C HCHOJIh30BaHHUEM
PEHTTEHOBCKOTO  M3JIYYCHHUS, OLEHUTh HEOOXOAMMBIC IapamMeTpOB  OCHOBHBIX  DJIEMEHTOB
HU3MEPUTENBHOU CXEMBI.

BJIaJeTh:
Metogamu omieHOK 3(pPEKTUBHOCTH PEHTTEHOBCKUX CXEM IS PEIICHUs MPHUKIAIHBIX 33/1a4 B CBOUX
Hay4YHBIX HCCIIEOBAHUSX.

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

C 1menplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
HayaJe 3aHATUS WIK B KOHIIE 3aHATHUS 10 IPOUJEHHON TEME.

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

[lepeuenb KOHTPOIBLHBIX BOIPOCOB (9 cemecTp):
1. PaccesiHue peHTI€HOBCKOTO M3Ty4YeHHUsS] CBOOOAHBIM 3JIEKTPOHOM U CBOOOIHBIM aTOMOM.
2. IlpuHIMIBI TeHEPALUH CHHXPOTPOHHOTO U3ITy4eHHS.

3. Ceuenne u guddepeHIMaTbHOe CEYCHHE B3aUMOJCHCTBUS PEHTICHOBCKOTO W3IYYCHUS C
BeIeCcTBOM. MacCOBBIN W JIMHEWHBIH KOA((OUITUEHTHI TTOTIIONICHHUS.

4. 3aBUCHMOCTb MHHMMOI YacTH ACKPCMCHTA I10OKa3arcyid NpCIOMJICHUA OT aTOMHOIO HOMCpa M OT
JJIMHBI BOJIHBI.

5. TlpuHnmn paboThl PEHTIEHOBCKOM TpyOKW. Buabl peHTreHoBckux TpyOOK. MHTEHCHMBHOCTS,
JMarpaMMBbl HAIPaBJICHHOCTH U TOJISIPU3ALUS U3TYYCHUsI PEHTTEHOBCKOH TPyOKH.

6. JlurpaMMbl HampaBICHHOCTH, HHTCHCUBHOCTh M CHEKTPAJIbHBIE XapaKTEPHCTHUKH HCTOYHHKOB Ha
00paTHOM KOMITTOHOBCKOM PACCESIHUU.

7. BeiBectn opMyity TudepeHInaIEHOTO CeUeHU TOMCOHOBCKOTO PAaCCEHUS.

8. Ilokazarenp mpenoOMIIEHHS B PEHTTEHOBCKOM JHana3oHe, 3aBUCUMOCTH JEHCTBUTENBbHON dYacTh
JIEKPEMEHTA TTOKA3aTeNsl MPEJIOMIICHUS OT aTOMHOTO HOMEPa U OT JIJIMHBI BOJHBI.

9. 1,2 1 3 noxoneHusI CHHXPOTPOHHBIX UCTOYHUKOB. BeTaBHBIE yeTpoiicTBa. Burmepst u OHLyIsTOpEI.
10. Jlazepbl Ha cBOOOAHBIX ANeKTpoHaxX. [IpuHIMIT pabOTHI U OCHOBHBIE XapaKTEPUCTHKH.

[lepeuenp koHTpoONIBHBIX Bompocos (10 cemectp):

1. Metoas! GOKYCHPOBKH PEHTI€HOBCKOTO U3TYUYCHUSI.
2. Buspl peHTT€HOBCKUX JETEKTOPOB.

3. PertrenoguryopecieHTHBIN aHaIu3.

4. Nudpakuusi peHTTCHOBCKUX JTy4ei.

5. AGcopOLroHHas! pEeHTTEHOBCKasl CIIEKTPOCKOIIHSL.

6. PaccumTarh CHEKTpajbHBIE  XapaKTEPHCTHKH  IMOBOPOTHOTO MAarHUTa TpU  3aJaHHBIX
XapaKTepUCTHKAX ITyYKa.

7. Paccuntars KO3 PHUIMEHTHI OTPaKEHHSI PEHTTCHOBCKOTO U3ITyUEHHsI OT MHOTOCTIOWHOW CTPYKTYPHI.
8. Paccunrarh nonokeHus 1nppakMOHHBIX MAKCUMYMOB JUIS 3aaHHBIX CEMENHCTB IIOCKOCTEH.
9. Paccuntars yIibl BbIX0Ja pEHTTEHOBCKOI'O U3JIy4Y€HUs U3 PEHTTEHOBCKON IPU3MBI.

10. OcHOBBI MAaJOyIJIOBOTO PEHTreHOBcKoro paccesHus. Mertoasl SAXS, GISAXS. Pump-Probe
AKCIIEPUMEHTHI ¢ ucronb3oBanneM XFEL u LCLS.

[IpumMepsl 3K3aMEHALMOHHBIX OUJIETOB:

9 cemecTtp

Buner Nel

1. CpoiicTBa TOPMO3HOTO M XapaKTEPUCTUUECKOTO U3ITyUCHHUS.

2. lloka3arenp IpeIOMIICHUS] B PEHTTEHOBCKOM JIHAIa30He.

buer Ne2

1. BonHOBBIE U KOPITyCKYJISIpHBIE CBOMCTBAa PEHTI€HOBCKOTO U3TyUYCHUSI.
2. OO6parHbiii KOMOTOH 3()(DEKT.



10 cemectp

buner Nel

1. CUHXPOTpOHHBIE UCTOYHUKH 3 U 4 TIOKOJICHHUSI.

2. T'eHeparusi peHTTEHOBCKHX JTyUeil B pEHTI€HOBCKOH TPyOKe.

buner Ne2

1 ToMCOHOBCKOE M KOMIITOHOBCKOE PacCessHUE CBOOOIHBIM 3JIEKTPOHOM.
2. Ounpynaropsl. KoaddunmeHnt onaynstopa.

Kpurepun onennBanus
Onenka ommuuHo 10 OamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEOHOH MNpOorpaMMbl AMCHUUIUIMHBI, TMPOSBISIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSThH UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HNPUHATHIX PELICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PELICHNN KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Onenka OTIMYHO § OauioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
peleHni, ¢ HeKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATh IOIy4YEHHbIC 3HAHUS HA IPAKTUKE, HO HEIO0CTATOYHO
IrpaMOTHO 00OCHOBBIBAET MOITYYCHHBIEC PE3YIJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTABISETCS CTYACHTY, €CIM OH TBEPJO 3HACT MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MIOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0ajioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHMs Ha MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 33a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.
OneHka yIOBIETBOPUTENHHO 4 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTH B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Zieibl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOydeHus, u
MOYKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
OneHka yIOBIETBOPUTENIHHO 3 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynupoBKax 0a30BbIX HOHSTHH,
HapylIEHUs] JIOTUYECKOH IMOCIeJ0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IMporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00ydeHus 1
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HeyIOBJIETBOPUTENIBHO 2 Oauia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbLICH 4acTH
OCHOBHOTO COAEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIMyCKaeT rpyOble OmHOKH B
(hopMyIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYIOBIETBOPUTENbHO 1 0aiim - BBICTABISAETCS CTYIEHTY, KOTOPHI HE 3HAeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUPOBKaX
0a30BBIX MOHATUN IUCLUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

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

DK3aMeH MpOBOIATCS B YCTHOM ¢opme mo Ouneram. B kaxaom Ouiiete NpeAcTaBICHO /Ba
TeopeTuueckux Bompoca. [Ipu nposeaenun sx3ameHa oOydaroremycs npegocrasisercd 30 MUHYT Ha
noaroroBky. Onpoc o0ydaromerocs: He JOJKEeH MPEBbIIIaTh OHOTO aCTPOHOMHYECKOTO yaca.



