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H.0. TUpPeKTOpa GU3TeX-MIKOJIbI
(u3uKH ¥ HCCICNOBAHNNA UM.
Jlanaay
A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIUIIHHE: CoBpemeHHast (pu3uKa PSHTTEHOBCKOTO U3ITyYSHHS
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AHHOTANMA

Kypc nocssiieH ocHoBaM (U3UKH PEHTTEHOBCKOTO M3Iy4deHus. B Kypce n3yuarorcss OCHOBBI B3aUMOJICHCTBUS
PEHTIEHOBCKOTO M3IYy4YEHUS C BEIIECTBOM, METOIbl TE€HEpPAllMM PEHTIEHOBCKOIO W3IyYEHUs, METOMbI
pErucTpaluy pEeHTTEHOBCKOI'O U3JIy4EHUs!.

Ocob60e BHUMaHHE YACIACTCA HOBBIM, aKTUBHO PAa3BHUBAIOIIMMCA UCTOYHUKAM PCHTTCHOBCKOT'O U3JIYUCHUS —
CUHXPOTpPOHAM, JIa3€paM Ha CBOGO,E[HBIX QJICKTPOHAX U UCTOYHUKAM Ha O6paTHOM KOMIITOHOBCKOM PACCCAHUM.

B rmpomecce wu3ydueHHs MaTepuargoB Kypca CTYAEHTBl 3HAKOMATCS C OCHOBHBIMH METOAMKAaMH,
MPUMEHSIOIIMMHUCS COBPEMEHHON PEHTTEHOBCKOW aHAJIMTHKE, O0JIACTH MX MPUMEHEHHS U UX HpeAeTIbHBIMU
BO3MOXXHOCTSIMH. Takum 00pa3oMm, IO HTOraM Kypca y CTYIEHTOB (hopMupyeTcs MOHMMaHUE MEPCIEKTHB
MPUMEHEHHsI TOZOOHBIX METOIMK JUII COOCTBEHHBIX HAy4HBIX HCCIIEIOBAHHM.

1. lean u 3apa4un

Henp AucoMnInHBI
@DopMUPOBaHUE Yy CTYAEHTOB [IOHUMAHUS IIPUHLUIIOB B3aUMOJIEHCTBUS PEHTTEHOBCKOIO M3JIy4EHUS C
BEILECTBOM, IPUHIIUIIOB FE€HEPALIMU U PETUCTPALIMN PEHTTEHOBCKOTO H3JTy4YECHHUS.

33)13‘11/[ JAUCHUIIINHBI
O3HaKOMJICHUE CTYACHTOB C COBPCMCHHBIMH NCTOYHUKAMU PCHTICHOBCKOI'O U3JIYUCHUS. 3HAKOMCTBO C
OCHOBHBIMH METOJAUKAMU, IPUMCHICMBIMHA B peHTFeHOBCKOfI aHaJIMTHKEC.

2. llepedyens popmMupyemMbIX KOMIETeHIMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1.1 SHaer W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBFHOW  NIeATEeNhbHOCTH  (PyHIaMEHTaIbHBIC
Hay4HbIC 3HAHUS B 00JacTH (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTs ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICAOBaHUII B 00JacTH
mpoeCCUOHATBHOM IEATEILHOCTH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3HMKO-MaTeMaTHYECKUX HAyK

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2.1 NmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npoecCHOHaTBHON e TEBHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJIbHOCTh
UCCIICAOBAaHUM B obnmactu cBoed mnpodeccrnoHambHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2 Nmeer npeacrasieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHOM JIeTENNLHOCTH, CIIOCOOCH

Ha HAayYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.3 Brnageer mnpodeccHOHaNbHOW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HayYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-3.1 Crocoben aHanu3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH pemeHus], MpeiaraTh U KOMOMHHUPOBATh CIOCOOBI

OIIK-3 Cnoco0OeH BbIOUpaTh U (UIH) peLICHUS

pa3pabaThIBaTh MOIAXO/IbI K PEIICHHIO THIIOBBIX
1 HOBBIX 3a71a4 B 00macTu npodeccrnoHanbHON
JEATeIbHOCTH, YIUTBIBAsi 0COOCHHOCTH U
OTrpaHUYEHUS Pa3IMYHBIX METOJOB PEIICHHS

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSS 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKMMHM U BBIYHUCIMTEIHHBIMHU
METOJaMH pElIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJIyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU

OIlK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKU TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI IS TIOMCKA M U3YYEHUS] HAyYHOU JIUTEPaTypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB




dHdJIN3 pCiSleb'l"d.'l"d n llpC,LlC'l"dBl/ll'b BblBO/lbl,
MIPUMEHSISl 3HAHVSI ¥ HABBIKH B 00JIACTH
(hM3UKO-MaTeMaTHYEeCKUX HAYK U
WH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOTHH

OIlK-4.2 CrnocobeH TpUMEHSTh 3HaHWST B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAy4YHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3UPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTHdeckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnmocoOeH  BbABHrarh  THUIIOTE3bl, CTPOHUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCAaHMA H3ydaeMbIX
SIBIICHUH U MPOLIECCOB, OLIEHUBATh KAYECTBO pa3paboTaHHOU
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBaHUN K KOHKPETHON

Hay4yHOM 3ajade M  MHTEPIPETUPOBATh  I10JIyYEHHbIE
pe3yabpTarhl
I[1K-3 Cnoco6en npodeccronansho paborars ¢ |[IK-3.1 Ilonumaer npuHmuMnel paboThl  KCHONIL3YEMOIO

WCCIIEIOBATEIIHCKIUM U UCTIBITATEIbHBIM
o0opynoBanueM (pruOOpaMH U yCTaHOBKaMH,
CHeIHaIN3UPOBAHHBIMH MTAKETAMH MTPHUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH

00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB

MPUKIIAAHBIX TPOTPaMM)

IMK-3.3 CnocobeH oIleHUBaTh TOYHOCTH IOJyYEHHBIX
SKCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOXYJII0)
B pesynbsrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHECs JOKHEI

OCHOBHEIE THIIBI COBPCMCHHBIX PCHTTCHOBCKHUX UCTOYHUKOB, ICTCKTOPOB U UX 0COOCHHOCTH.

[MonoOpath ISl WCCIIEAOBAHUNA MOAXOSILYI0 JKCIEPUMEHTAILHYI0 METOAMKY C HCIOJIh30BaHUEM

3HATB!
YMETB:
PEHTI€HOBCKOTO  W3JIy4YE€HHs, OLICHHUTH
A3MEPUTEIBLHOU CXEMBI.
BJIaJIETh:

HeO6X0):[I/IMBIC nmapamMeTpoB OCHOBHBIX 3JICMCHTOB

Metonamu o1eHOK 3PQEKTUBHOCTH PEHTTEHOBCKHUX CXEM JIISl PEIICHHS MPUKIATHBIX 3a7a4 B CBOHX

HAYYHbIX UCCIICAOBAHUAX.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BH/I0B Y4eOHBIX 3aHATHI

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

TpynoeMKOCTb 110 BUAAM YUeOHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 Bgenenne. 3 3
) PaccessHue pPEHTIEHOBCKOTO M3IIy4EHUS 4 4
aToMaMu.
3 [Tornowenue PEHTIEHOBCKOTO 4 4
U3ITyYCHHUS.
4 PenTrenosckue TpyoKy. 4 4
5 OO0paTHOE KOMIITOHOBCKOE PacCesiHre. 4 4
6 CHHXpOTPOHHOE M3ITYUYCHHE. 4 4
7 Burrneps u oHAYyIATOPEI. 4 4




8 Jlazepbl Ha CBOOOJHBIX AIIEKTPOHAX. 3 3
9 JleTeKTOpBl pEHTT€HOBCKOTO M3TyUYEHHS. 3 3
10 Judpakius peHTTeHOBCKHX JTydeH. 4 4
11 @OKyCHpOBKa PEHTI€HOBCKHX JIyYei. 4 4
12 CriekTpanbHble TPUOOPHI. 4 4
13 PentreHodyopeciieHTHBIN aHaTH3. 4 4
14 CrnekTpoMeTpus MOTIOIMIEHHUS. 4 4
15 Pednexkromerpus. 4 4
16 MarnoyrioBoe peHTT€HOBCKOE paccesiHueE. 3 3
Htoro yacos 60 60
ITonroToBka k 3K3aMeHy 60 gac.

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

4.2. CopaepxaHue IUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 1 (Ocennwii)

1. Benenue.

JlunospHOE M3JIyd€HUE, OIpElelIEHUEe PEHTIEHOBCKOIO MW3JlyueHHs. PaccesHue peHTI€HOBCKOIO
U3IyYeHHUS CBOOOAHBIM 3JIEKTPOHOM. TOMCOHOBCKOE M KOMITOHOBCKOE PacCesiHUe.

2. Paccesaue PCHTICHOBCKOI'O U3JITYy4YCHHA aTOMaMU.

PaccesiHue peHTTeHOBCKOTO M3Iy4YEHUS! aToMaMH. ATOMHBIE (haKTOpBl paccesHHs U JUCIICPCHOHHbIE
nonpaBku. [lokazarens npeaoMiIeHUS! B PEHTICHOBCKOM JHana3oHe, 3aBUCUMOCTh JCHCTBUTEIHLHON
4acTU JAEKPEMEHTA [I0Ka3aTelIs IPEeJIOMIIEHUS OT aTOMHOI'O HOMEpA U OT JJIMHBI BOJIHBI.

3. IloronieHrue peHTreHOBCKOTO U3JIy4EHUs.

Ceuenne u gauddepeHInAIPHOE CEYEeHHE B3aMMOJCHCTBUS PEHTTEHOBCKOTO H3IYYEHHUS C
BEIIECTBOM, HCTUHHOE TOMIOMIEHNE PEHTIEHOBCKHX JIyueld. MaccoBbIi M IMHEHHBIN KOAPPUIHEHTHI
[OIJIOLIEHUs. 3aBUCUMOCTh MHHMOM YacTH JEKpPEMEHTa I10Ka3aTessl MPEeJIOMJICHHUs OT aTOMHOIO
HOMEpA U OT JAJINHBI BOJIHEI.

4. PentreHoBckue TPyOKH.

lenepanyss peHTIEHOBCKOTO w3iydeHus. [IpuHmmm paboThl peHTreHOBCKOW TpyOku. Bums
peHTreHoBckux TpyOok. TopmosHoi cmekrp. XapakrepucThdeckuil crekTp. HHTEeHCHBHOCTB,
JMarpaMMBbl HaNIPaBJICHHOCTH U TOJIAPU3ALIUS N3Ty4EeHHUsI PEHTTCHOBCKOH TPpyOKH.

5. O0GpaTHOE KOMIITOHOBCKOE PacCesHUE.

OOpaTHOe  KOMIITOHOBCKOE paccesHue. JlurpaMMbl — HampaBlI€HHOCTH, MHTEHCHUBHOCTb U
CHEKTpaJIbHbIE XapaKTEPUCTHKH UCTOYHUKOB HA OOPaTHOM KOMIITOHOBCKOM PacCEsHUH.

6. CHHXpOTPOHHOE H3JTy4YCHHUE.

CuHXpOTpOHHOE u3NydeHHe. VICTOpHs OTKPBITHS M Pa3BUTHS CHHXPOTPOHHOTO H3JIyYEHHS.
[TpuHIMI paboThl ¥ OCHOBHBIE 3JIEMEHTHI CHXPOTPOHHBIX HCTOYHUKOB.

7. Burmiepbl ¥ OHIYJISATOPBL.




1,2 v 3 mokoieHus] CHHXPOTPOHHBIX UCTOYHHUKOB. BeTaBHBIE yeTpoiicTBa. Burrnepst 1 OHIYISTOPEL.
WNHTEHCUBHOCTh U CIIEKTpajbHBbIE XapaKTEPUCTUKH PA3TUYHBIX THUIIOB CHUHXPOTPOHHBIX KaHAJOB.
0030p CyIIECTBYOMNX UCTOYHUKOB CHHXPOTPOHHOTO H3Ty4YCHUS.

8. JIazepnl Ha CBOOOJHBIX JIEKTPOHAX.

Jlazeppl Ha cBOOOmHBIX dyekTpoHaxX. [IpuHHMII paboOTBl W  OCHOBHBIE XapaKTEPUCTHKH.
ABTo(da3upoBKa B JUIMHHOM OHAYJSATOpE. BO3HMKHOBEHNE YaCTUYHO KOT€PEHTHOTO H3ITyYCHHUS.

Cemecrtp: 2 (Becennuit)
9. JIeTeKTOpbI PEHTT€HOBCKOTO U3JTy4CHHS.

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

10. Indpakuns peHTI€HOBCKHUX JIy4eH.

Judpakius peHTTeHOBCKOTO M3ITydeHHs Ha Kpuctamiax. YcenoBue bparra-Byneda, ypasaenus Jlays.
Cxema bparra u Jlays. Ungekcel Munnepa u oOparHast pewmetka. [padudeckas monens DBayiba.
I'pynmsl cuMMeTpuii B KpucTasuiax.

11. ®okycrpoBKa PEHTTEHOBCKUX JTy4eH.

PenTreHoBckue NHMH3BL MOMUKANWUIApHas M pedpaxuuoHHass JuH3bL. OCOOEHHOCTH, TpaHHIIBI
IpUMEHEHUs], pacueT napamerpoB. Poxycupyromue 30HHbIC MIIacTHHKY. [1nockue u Gokycupyromme
PEHTTEHOBCKHUE 3epKaia.

12CniexTpanpHble TPUOOPHIL.

12. CnekrpanbHble TPUOOPHI.

Abcopb1roHHast PEHTI€HOBCKas CIIEKTpOCKoNuA. McciaenoBanne XMMUYECKUX COCTABOB MO TIIyOuHe
ckaukoB ¢oromoromenus. XAFS cnekrpockonust kpuctamioB. NEXAFS ananus.

13. PenTtrenodyopeciieHTHBIN aHAIU3.

OcHoBbl Merona peHtreHoduyopecuentoro ananm3a EDXRF, WDXRF, TXRF weroasl.
Oco6eHHOCTH KaxI0T0 U3 MeTo10B. [IpenenbHble 4yBCTBUTENBHOCTH IEPEUNCICHHBIX METOAOB.

14. CnekrpoMeTpus NOTIOLICHHUS.

AbcopO1MoHHAast PEHTI€HOBCKas CIIEKTpOCKONHUA. McciaenoBanne XMMUYECKUX COCTABOB MO TIIyOuHe
ckaukoB ¢oromornomenus. XAFS cnekrpockonust kpuctamioB. NEXAFS ananus.

15. Pediexromerpust.

OTtpaxeHue pEeHTIEHOBCKOTO M3JIy4eHUs OT TpaHUlbl pas3znena AByX cpeld. PexyppeHTHble
COOTHOILEHUS i1 pacueta Kod(Q(GUIMEHTa OTPaXCHHS OT MHOTOCIOWHOW CTPYKTYpBI.

BosHoBoaMCIEpCHOHHAS 14 9HEPrOJUCIIEPCUOHHAS PEHTTEHOBCKAs peduiekToMeTpHs.
OtHocHTeNnbHAs PEHTTCHOBCKasi pediekroMeTpus. lIpuMeHeHHe TpU3MBl JUIS PEHTTCHOBCKOW
pedIiekToMeTprH.

16. MasioyrioBoe peHTT€HOBCKOE pacCesHUE.

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



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueOHast aymuTopus, 10CKa, MEAUAIIPOEKTOP, SKPaH.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. ®usuka perrrenoBckux dydei [Texct]/M. A. bnoxuwn, -M., l'octexusnat, 1953
2. CHHXpOTpPOHHOE U3Ty4YeHHue. MeTtoasl uccienoBanus ctpykrypsl Bemects [Texct] / I'. B. @etucos -
M.®Puszmariaut,2007
3. P. Willmot. An Introduction to Synchrotron Radiation: Techniques and Applications 2011 John
Wiley & Sons, Ltd

JomnonHurenbpHas auTeparypa
1. Teopus paccesinus pertreHoBckux nyuel [Texct] / B. U. Beponoga, I'. I1. PeBkeBuy -
M.MI'Y,1978
2. Teopernueckas ¢pusnka [Texcr] : B 10T. T. 2 : Teopus mons : yue6. mocobue st By3os / JI. J1.
Jlannay, E. M. JIndpmun .— 7-e u3a., ucp. — M. : Hayka, 1988 .— 509 c.
3. Ed by M. Bass. Handbook of optics Vol.5. McGraw hill comp. 2010
4. P. Brower. Theory of XRF. Panalytical B.V. 2010.
5. AcnanoB JILA. TpeymiaukoB E.H. OcHOBEI Teopun mudpakiuy peHTreHoBekux Jrydeit. MI'Y 1985

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

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

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Ha nexmoHHBIX 3aHATHAX UCIOB3YIOTCS MYJIBTUMEIUITHBIE TEXHOJIIOTHH, BKITIOYas IEMOHCTPALIAIO
Hpe3eHTalrl. JOKYyMEHTOB. THUITOBas KOMIUIEKTALMS JOJKHA BKIIIOYATh: MYJbTUMEAUNHBIN HPOEKTOP U
[IEPCOHAJIBHBIA KOMITBIOTEP, OCHAILEHHBIA COBPEMEHHBIMH IPOrpaMMaMu JJIs IPE3ECHTALUI.

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollui IUCLUUIUIMHY, OJDKEH, C OJHOW CTOPOHBI, OBNAJETh OOIIMM IMOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCs IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pesynbrare m3ydeHHs NUCUUIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIE OMpEAENEHUS M TOHATHUA,
YMETb MPUMEHSThH NOJYYCHHBIE 3HAHUSA JIJISl PEILICHUS PA3IUUHbIX 3a]1a4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YUEOHBIM TUTAHOM T10 AUCIHILTHHE;

— BEJICHUA KOHCIIEKTa 3aHATUH;

— HaMPsDKEHHOMW CaMOCTOATEIHLHOU PaboTHI CTYIEHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YTEHUE PEKOMEHIOBAHHOMN JTUTEPATYPHIL;

— mpopaboTKy yd4eOHOro MarepHuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAjaraéMpIx CTyJIeHTaM Ha 3aHATHAX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.

[Tokazarenem BiajeHHs MarepHajoM CIYXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JACIUTLINHBL.



BaxxHO moOWTHCS TTOHMMAaHHS W3y9aeMOT0 MaTepualia, a He MEXaHWYECKOTO ero 3anmoMuHaHus. [lpum
3aTPYJHCHUU W3y4YEHHs OTJACIbHBIX TEM, BOMPOCOB, CIEAYeT OOpamarbcsi 3a KOHCYJIBTAIUSIMU
MPEIoIaBaTelio.

Bo3MoxxeH mpOMEKYTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/1a4 B COOTBETCTBUU C
TEMaTUKON 3aHSITHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
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 cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATELHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer nipeacraBieHrne 00 aKTyalbHBIX
npoOiieMax HayKu M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOM JIeTENLHOCTH, CIIOCOOCH
Ha HayYHOM s13bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJIa4u

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npodecCuoHanbHON e TENHHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICAOBAaHUM B obnmactu cBoed mnpodeccrnoHanbHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
muTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CniocoOeH BRIOMpATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CnocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH pemeHus], MpeiaraTh 1 KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3IMYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIHMTEIHLHBIMHU
METOJaMH pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara U IIPeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKH TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHUKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHSI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CrnocobeH mNpuMeHSTh 3HaHUS B o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIICHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS] HAYYHOTO HCCIICOBAHUS

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJICA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3UPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThl

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax MCCIe0BaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCCHOHATLHON
IEITEILHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | MPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrocobeH mNpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN

HayyHOH 3ajadye M UHTEPIPETUPOBATH  I1OJYUYECHHBIE
PpE3yNbTaThI
[1K-3 Cnioco6en npodeccuonansio paborars ¢ ([1K-3.1  IlonumaeT npuHIMIBL pabOTHl  HMCIOJIL3YEMOTO

MCCIIEIOBATEIbCKAM H UCTIBITATEIbHBIM
obopynoBanueM (MprubOpaMu U yCTaHOBKAMH,

000pynoBaHUs (cienmanu3upOBaHHBIX
MIPUKJIAJAHBIX TPOTPAMM)

IIaKCTOB




CTIeaTN3UPOBAHHBIMU MTaKeTaMU NPUKIAAHBIX ([TK-3.3  CriocobeH oOLEHMBaTh TOYHOCTh MOJTY4EHHBIX
IpOrpamMM) B U30PAaHHOM NPEAMETHON 00JIACTH  |9KCIIEPHMEHTAIBHBIX (YHCIICHHBIX) PE3yJIBTaTOB

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3YIBTATC U3YUCHUA AUCHUIIIINHBI «COBpeMeHHaSI (1)1/131/11(3 PCHTICHOBCKOTI'O H3JIYYCHUS» 06y‘laIOH.[PII>inI
JOJIKCH:

3HATh:
OCHOBHBIE THITBI COBPEMEHHBIX PEHTT€HOBCKHUX MCTOYHUKOB, IETEKTOPOB M UX OCOOCHHOCTH.
yMeThb:

[TomoOpare nmnst MCCIIEOBaHMI TOMXOMANIYIO JKCIEPUMEHTAIbHYI) METOAUKY C HCHOJIb30BaHUEM
PEHTTEHOBCKOTO  W3JIYYCHHUsS, OICHUTh HEOOXOMUMBIE TIApaMETPOB  OCHOBHBIX  DJIEMEHTOB
HU3MEPUTEINBHOU CXEMBI.

BJIaJeTh:

MeTO)IaMI/I OLICHOK 3(1)(1)6KTI/IBHOCTI/I PCHTICHOBCKUX CXCM IUIA PCHICHHUA MPUKIAIHBIX 3a1a4 B CBOUX
Hay4HbIX UCCJICAOBAHUAX.

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

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuana MpOBOAWUTCS YCTHBIH ONpoC B
HayaJe 3aHATUS WIK B KOHIIE 3aHATHUS 0 IPOUJEHHON TEME.

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

IlepeueHb KOHTPOJIBHBIX BOIIPOCOB:

1. PaccestHue pEeHTI€HOBCKO M3JIy4CHUsI CBOOOTHBIM IEKTPOHOM M CBOOOIHBIM aTOMOM.
2. IlpuHIMIBI TeHepaluy CUHXPOTPOHHO U3JIYUYEeHHUS.

3. Metoas! pOKyCHPOBKH PEHTI€HOBCKOTO UIIUTY4EHHS.

4. Buapl peHTI€HOBCKUX J1€TEKTOPOB.

5. PertrenoduryopeciieHTHBIN aHaJN3.

6. [ludpaxnust peHTTeHOBCKUX JTy4CH.

[IprMepbl KOHTPOJIBHBIX 33JaHUN

1. Paccuurarh cHeKTpajlbHblE  XapaKTEpPUCTHKM IIOBOPOTHOIO  MarHuTa IpH  3aJaHHBIX
XapaKTepUCTHUKAX MyUKa.

2. PaccunTarh k03((HUIMEHTH OTPAXKEHUS] PEHTTEHOBCKOTO M3JIy4YE€HHUS! OT MHOTOCIIOMHOM CTPYKTYPBHI.
3. Paccumnrare nonokeHust JUPpakInOHHBIX MAKCUMYMOB JJIS 33/1aHHBIX CEMEHCTB MJIOCKOCTEH.

4. PaccunTarh ymibl BBIXOAA PEHTTEHOBCKOTO U3IYUYEHUS U3 PEHTTEHOBCKOM MPU3MBI.

5. BeiBectu opmyiy nudepeHIHalIbHOTO CEUEeHUsI TOMCOHOBCKOTO PACCEHHS.

[Ipumepsl 3K3aMEHALMOHHBIX OUJIETOB:

1. CuHXpOTPOHHBIE HCTOYHUKH 3 U 4 TOKOJICHHUS.

2. T'eHepanusi peHTT€HOBCKUX JIy4Yeil B pEHTT€HOBCKOH TpyOKe.

buer Ne2

1. CpoiicTBa TOPMO3HOTO M XapaKTEPUCTUUECKOTO U3ITyUCHHUS.

2. Tlokazarens NpenoMIIEHHS B pEHTTEHOBCKOM AMAINa3oHe.

Bbuier Ne3

1 TomcoHOBCKOE ¥ KOMITOHOBCKOE PacCessHuEe CBOOOIHBIM AIIEKTPOHOM.
2. Ounpgynaropsl. Koadduument onaynstopa.

buner Ne4

1. BosHOBBIE U KOPITYCKYJISIPHBIE CBOMCTBA PEHTITE€HOBCKOTO H3JIy4EHHUS.
2. OO6parHbiii KOMOTOH 3()(DEKT.




Kpurepun onennBanus
Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NMPH PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbLHOE 00OCHOBaHHE
HPUHATHIX PELICHAMN.
Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0Ka3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW MpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh UX Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.
Onenka oOmIMYHO § Oa/uIOB -  BBICTaBJISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPaKTHKE MPU PEHICHUH KOHKPETHBIX 3a1ad4, MPaBUIbHOE 000CHOBAaHHME MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuall, TPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymMeeT HPUMEHATh IOJY4YCHHbIC 3HAHUS Ha MNPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha MPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka Xopomio 5 6ayuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U 10 CYIIECTBY HM3JIaraeT €ro, yMeeT NPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIONyCKaeT B
OTBETE WJIM B PELLICHUH 33a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka ymoBIETBOPUTENbHO 4 Oaisa - BBICTABISETCS CTYAEHTY, MOKa3aBIIeMy (parMEeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpPaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCTIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIC Pa3JieNibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.
OneHka ymoBIETBOPUTENbHO 3 Oaiya - BBICTABISIETCS CTYIEHTY, IMOKa3aBIIeMy (parMEeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOmycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHUH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbBHOCTH B HM3JIOKEHMHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJIeET OCHOBHBIMHU pa3JesiaMH y4eOHO! MporpaMmbl, HEOOXOANMBIMHE JUIS JaJIbHEHIIEro o0y4eHus U
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOU CUTYalHH.
OneHka HEyJOBJIETBOPUTENIBHO 2 Oalia - BBICTABISIETCA CTYACHTY, KOTOPBI HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COJEp)KaHUs y4eOHON IporpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmUOKH B
(hopMyIIMpOBKaxX OCHOBHBIX MIPHUHIUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYIOBIETBOPUTENbHO | 0aml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILIUHBI, JOIMycKaeT rpyOeiimne ommOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHHS THIOBBIX MPAKTHUYECKHX
3ajay.

5. MeTonuueckne MaTepuajbl, onpeneasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1M) oNbITA AESITEILHOCTH

OK3aMeH TMpoBOIATCS B YCTHOH ¢opme mno Owmneram. B kaxxgom Owujere mnpencTaBieHO Ba
TeopeTuueckux Bompoca. Ilpu nmpoBeneHnu sk3amena obydaronemycs npenocrasisercs 30 MUHYT Ha
noaroroBky. Onpoc o0ydaromerocs: He JOJKEeH MPEBbIIaTh OHOTO aCTPOHOMHYECKOTO yaca.



