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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
B.B. UBanoB

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: [IpuGopsl 1 METOIBI PEHTIEHOBCKOM U 3JIEKTPOHHOM Iu(pakunn
110 HANIPABJICHUIO: [Ipuxagaeie MaTeMaTHKa U GU3NKA
Nnpo¢uJIb NOATOTOBKH: ®u3nKa MEPCHEKTUBHBIX TEXHOJIOTHUIN: JIEKTPOHUKA Y KBAHTOBBIE TEXHOJIOTUU

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa HAHOMETPOJIOTUM U HAHOMAaTEPHAaJIOB

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocraBui: I1.C. Ymxor

[Iporpamma obcyxneHa Ha 3acefjanny Kadeapsl HAHOMETPOJIOTHH U HaHoMaTepuaiioB 29.05.2020



AHHOTANMA

Kypc "IlpuGopsl m MeToAbl PEHTICHOBCKOM M BIEKTPOHHOM Audpakuuu" mperycMaTpuBacT H3yUeHHE
TEOPETUYECKUX U NMPAKTUYECKUX OCHOB METO/Ia PEHTI€HOBCKOM TH(ppaKToMeTpu.

3amaun Kypca:

* 3HaKOMCTBO C OCHOBHBIMH TEOPETHUECKUMHU MOJCISAMH TU(PPAKIIMNA PEHTTEHOBCKOTO M3ITyYECHUS

* [TocraHOBKa OCHOBHBIX 33/1a4 PEHTT€HOBCKON TU(PPAKTOMETPHUHN, 3HAKOMCTBO C METOIAaMH UX PELICHUS.
* BripaOoTka npakTHYECKUX HABBIKOB PETHCTPAIMU U 00paOOTKH TU(DPAKTOTPAMM.

ITo pe3ynbTaram 0CBOEHHS Kypca CTYJCHT JI0JDKEH:

3HaTh:

TCOPETI/I‘ICCKI/IC OCHOBBI OIIMCAHMSI B3aMMOICUCTBUS PECHTICHOBCKOIO U3JIy4YC€HHA € BEIICCTBOM, OCHOBHBLIC
MOACIN ,Z[H(bpaKHI/II/I Ha WJCAJIbHBIX U PCAJIbHBIX KpUCTAJIIaX.

VYMeTs:
Peructpupoars n 00padaTeiBaTh AUPPAKTOTPAMMBI TOJIUKPUCTATUTMYECKIX 00BEKTOB.

Bnaners:

MeronaMu KaueCTBEHHOTO MW KoiaumdecTBeHHOro P®MA, wuHAMIMPOBaHUS, IOIHONPOPHIBHOTO aHAIH3a
TUQpaKkTorpamMmm.

OcHOBHOE cofepxKaHHue Kypca U3JI0OKEHO B CIEAYIOIIUX pa3aesax:

. OcHOBBHI KpUcTaIIIOTpaduu.

. BzanmMosieiicTBre peHTIreHOBCKOTO U3TYUYCHHUS C BelleCTBOM. JIudpakius Ha uaeaibHOM KpUCTallIe.
. [IpodunbHbiii aHamm3 audpakrorpamm. KauecTBeHHBINH peHTreHo(]a30BbIi aHAIN3.

. Texnuka 1upakInOHHOTO SKCIIEPUMEHTA.

. Cummetpus obparHoro nmpoctpancTBa. MHaunupoBanne 1udpakTorpaMm.

. [lonmHOTIPOdMIIBHEI aHaW3 AudpakTorpamm. Meton Putenbaa.

. KonnuecTBenHblit peHTreHO(ha30BbIN aHATHN3.

. Jndpakius Ha peaqbHbIX KpUCTaJUIaX. MeToIbl aHaIM3a MUKPOCTPYKTYPBI.

O 00 39 N Ui A W N —

. AHaIIM3 TOHKUX IJICHOK. PeHTreHOBCKast pedieKTOMETpHSI.
1. lean u 3apa4un

Heab AuCHUILIMHBI
*M3y4YCHHE TEOPETUUECKUX U MPAKTUYECKUX OCHOB METOJIa PEHTI€HOBCKOM T (paKTOMEeTpuH.

33}13‘-[1/1 JAUCHUIIINHBI
¢ 3HAKOMCTBO C OCHOBHBIMH TCOPETUUCCKUMH MOACIIAMU I[I/I(I)paKI_II/H/I PECHTICHOBCKOI'O U3JTYUCHHA;

* IIOCTAaHOBKa OCHOBHBIX 33/1ad PEHTT€HOBCKOM IU(PPAKTOMETpUH, 3HAKOMCTBO C METOAAMH HX
peleHus;

* BEIPa0OTKa MPaKTHUECKUX HABBIKOB PEruCcTpanuy U 00paboTKu TudpakTorpaMm.
2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronux KOMHGTGHL[HﬁI

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHILI/IKaTOpBI JOCTHIKCHHUA KOMIICTCHIIMH

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBAThH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax MCCIe0BaHUN B
paMKax TeMaTH4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON

IIK-1 CnocobeH cTtaBuTh, hOPMaIU30BLIBATE U |ACATCIIBHOCTH




pemarh 3a/1auu, B ToM uncie pa3padarsiBath 1 [[IK-1.2  CriocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOHTH
HCCJICA0BATh MaTEMaTHYECKUE MOJIEIH MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHHUH M MTPOIECCOB, OLIEHNBATH KAY€CTBO pa3paboTaHHOMN
aHaJIM3UPOBATh HAy4YHbIE TPOOIEMBI, [TOJyYaTh |MOJEIIN

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrmocobeH mnpuUMEHATh TeopeTHUecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pE3yNbTaThI

3. [lepevens mIaHUPYeMBIX Pe3yJbTATOB 00y4eHUs 10 AUCHHILUINHE (MOTYJII0)

B pe3ynbrare 0CBOCHUS AUCIMILUTMHBI 00yYaOINeCst JOJDKHBI

3HATh:
- TEOPETHYECKHE OCHOBBI OIMCAHUS B3aUMOJCHCTBUS PEHTICHOBCKOIO H3JIyYCHUs C BELIECTBOM,
OCHOBHBIC MOJIENN TU(PPAKIUK Ha WACATBHBIX H PEATbHBIX KPUCTAIIAX.

YMETh:
- perucTpupoBaTh U 00padaThIBATh TU(PPAKTOrPAMMBI ITOTUKPUCTAIUINIECKUX OOBEKTOB.

BIIAJICTh!
- METOJJAMU Ka4e€CTBEHHOTO M KOJIWYECTBEHHOT0 PDA, MHAWIMPOBAHHUS, TIOIHONPOPHIBHOTO aHAIH3a
TUQpaKTorpamMmm.

4. Conep:xkanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB 1 BH/I0B YUeOHbIX 3aHATHH

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

TpynoeMKOCTh O BUJaM YUeOHBIX 3aHATHIM, BKIIOYas
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 OcHOBBI KpucTAIIIOTpaduH. 2
B3aumopeiicteue PEHTTEHOBCKOTO
2 u3My4yeHus c BeuiecTBoM. udpakuus Ha 4
UJealIbHOM KpHCTalle.
[IpodunbHblil ananu3 aUGPAKTOrpaMM.
3 KauecTBennsiit peHTreHOo(ha30BbIT 4
aHaJu3.
4 Texnauka UG PAKIIMOHHOTO 4
JKCIIEPUMEHTA.
5 CummeTpusi 00paTHOTO TPOCTPAHCTBA. 4 10
WNununypoBanue 1ugpakTorpaMm.
6 [MomHoOMpOdMITBHEIHI aHanm3 4 5
mudpakrorpamMmm. Metox Putsenba.
7 KonmmyecTBeHHBIN peHTreHoa3zoBbIi 4 5
aHaJIu3.
] Judppakuus Ha peanbHBIX KpHCTalIax. ) 5
MerTozp! aHaJIN3a MUKPOCTPYKTYPBIL.
9 AHanu3 TOHKHMX IUIEHOK. PeHTreHoBckas 5 5
pedIiekToMeTpHsI.
Nroro gacos 30 30
[TonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.




4.2.

Coneprxanue JUCIUIUIAHBL (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemecrtp: 2 (Becennuit)

1. OcHOBBI KpucTaIIOrpad .

TpaHCHAIMOHHAs CHUMMETPHA Kak OCHOBHOM BHJ CHMMETpUM KpuctamioB. IloHstme o
KpucTtajuinueckon pemerke. CuMMeTpuss KpUCTaLIMYECKOM pELIETKM, OCHOBHas Teopema
kpuctayuiorpadgun. Pemerku bpase. 3akpbIThle U OTKpBITBIE 3JIEMEHTH CHMMETPHH B KPHCTaJUIaX.
KBazukpucramiel. MaremaTnueckoe omnucaHue ormnepanuii cummerpun. DegopoBCKHE TPyMIbL.
CummeTtpusi pu3NUECcKUX CBOMCTB KpucTawia. OCHOBHBIE JaHHBIE O KPUCTAJUIMYECKOH CTPYKTYpeE.
®opmar CIF, cTpykTypHBIe 6a3bl JaHHBIX.

2. BzamMoneiicTBue pPEHTICHOBCKOTO W3JIy4YCHHs C BemlecTBOM. Jludpakuus Ha uacalTbHOM
KpHCTajIe.

Pentrenosckoe wuznydenne (PM) kak bsnekTpomMarHWUTHOe wW3NMydeHHWe. Tumbl ucTouHukoB PU.
Bzaumopeiicteue P ¢ BemectBoM. TOMCOHOBCKOE paccesiHue, KOMIITOHOBCKOE pacCesHue,
dorodrddekr. JInnelHbid KOAPPUIMEHT TOTIONICHNS. 3aBUCUMOCTD KOG GUITMECHTA MTOTIIOMEHHSI OT
JUIMHBI BOJIHBI — Kpail MOJIOCHl TomouieHus. YpaBHeHUs [amuinsrona-llapsuna. KorepenTHoe
ynpyroe paccesHue — augpakuus PU, BeiBox popmyinsl 11 onpeeneHnss KOMITIEKCHOW aMIUTUTY/IbI
paccesiHHoTO PU.

OcHoBHBIE MPUONMKEHNSI KHHEMAaTHYecKol Teopun nudpakuuu. PaccessHue Ha aTome, Ha LEMOYKE
JNIEKTPOHOB, Lienouke aroMoB. VHTepdepenimonnas ¢ynkuus Jlays. TpaHcasunoHHass CUMMETPHS
KpucTaiia, nepexoa K psaam dypee. OOparHas pemerka. 3akoH bperra B BEKTOpHOW M CKaJISIPHOM
dopmax. Chepa DBanbaa. DopM-pakTopsl aTOMOB, TApaMETPbl aTOMHOTO CMEIICHUS, 3aCEJICHHOCTD.
CTpyKTypHas aMIUIUTYa. AHOMaJIbHOE paccesiHueE.

[MapameTpbl, BIHSIONIME HA MHTEHCHBHOCTH peduiekca Mpu AUQpakiMid Ha pEalbHbIX OOBEKTaX.
[Monsipu3annoHHbIi (akTop, BiMsHHE MOHOXpomartopoB. [lopomikoBas mugpakrorpamma kak 1D
npoekiuss 3D nudpakiMOHHONH KapTWUHBI, PacCMOTpPEeHHE AUQPaKIUU Ha TMOJUKPUCTAIUTMYECKON
npo0e ¢ moMoIIbl ocTpoeHus: JBanbaa. JlopeHn-dakrop, reomerpuueckuii pakrop. Ilormomenne
PU B mpobe (cimydaii nudpakiym «Ha oTpakeHue» ), abcopounonnslii pakrop. [ToHsTHe 0 TEeKCType
oOpasna, TekcTypHbIi pakrop. KoadpuuneHt skcTHHKINU. DaKkTop MOBTOPSIEMOCTH PEIICKCOB.

3. llpodunbHeiii ananu3 audpakrorpamm. KauectBeHHBIN peHTreHO()a30BBINA aHATUS.

®opmarel 1UGPaKIMOHHBIX JaHHBIX, MPOrpaMMbl KoHBepTauuu QopmaroB. Omucanune ¢ona B
npopwibHOM  aHanm3e. «baszoBeie»  ammpoxcumupyronme ¢ynkuun  (Faycca, Jlopenna).
Peanmuctuunbie anmpokcumupyoomue ¢ynkuun (pseudo-Voigt, Pearson VII). Yuer acummerpun
npopwis. Ciydali  HeMoHOxpomarudeckoro wm3nmydenus ([11/001/012). Tlomsitme o  met
(dyHIaMEHTAIBHBIX TapaMeTpoB. YIIOBas 3aBHCHMOCTh NOJNYIIUpUHBI peduekca. Kpurepun
KayecTBa NpoduibHOro aHanusa. TUNMWYHBIA BUA Pa3HOCTHOW AM(MPAKTOrpaMMBI MPU Pa3THMYHBIX
ommOKax onucanus. [IpakTndeckue COBETHI IO MPOBEACHUIO podritbHOTO ananmu3a. [IporpaMMHBbIit
komruieke « WinXPow».

OcCHOBBI PEHTreHO(a30BOTO0 aHaJM3a: PEHTreHOrpaMMa Kak OTIEYaTOK MajbleB XHUMHYECKOTO
coequaenusi. baser manapix ICDD. Crpykrypa «kaprouku» B 0a3e maHHbix PDF-2. «VYpoBHH
KauecTBa» CTaHAAPTOB. AJITOPUTMBI MOHMCKAa MO 0a3e naHHBIX. OKOHYATENIBHBIA aHAJIW3 JaHHBIX
kadecTBeHHOro P®DA: kpurepun onpeneneHuss Hammums ¢a3 B mpobe. Peammzanus
peHTreHoazoBoro  aHajuM3a B OporpaMMHOM — Komruiekce  «WinXPowx».  Ilporpamma
«Crystallographica Search-Matchy.

4. Texnuka AU(PaKINOHHOTO SKCIIEPUMEHTA.

Ucrounukn u perexktopel PU. OcHOBHBIE 3JIEMEHTHI PEHTTCHOBCKOM ONTHUKH: KOJUTUMATOPHI,
MOHOXPOMATOpBI, PEHTI€HOBCKHE 3epkaina. [loHsTHEe O TeoMeTpun cheMKH. BpiOop onTumanbHON
reomeTpur. IlmaHupoBaHMe SKCHEpUMEHTa: BHIOOpP M3IYYEHUS, JETEKTOpa, MapaMeTpoB CHEMKH.
KOctupoBka npubopa ni1s pemeHus pa3HbIX THIOB 3a4a4. [loHsITHE HHCTPYMEHTaIbHONH (QYHKIMH U
CHeKTpajabHON (yHKIMH. CHCTeMaTHYeCKHE NOTPEITHOCTH B AN(PAKLIMOHHOM SKCIIEPUMEHTE.



5. CummeTtpust 0O6paTHOTO IpocTpancTBa. MHauImpoBanue qudpaxkrorpamm.

CooTHolleHHE omnepaudii CUMMETPUM B TPSMOM M OOpaTHOM HPOCTpaHCTBax. 3akoH Ppupens.
Jlays-knacc kpucramuia. @axkrop NOBTOPSEMOCTH KaK COOTHOLICHHE IOPSAAKOB TOUEUHBIX TPYILI.
LenTpupoBKH, MaTpHULbI IPEOOPa30BaHUS B MIPSIMOM M 00paTHOM IpocTpaHcTBax. CUcTeMaTnyecKue
roracaHust JUisl CTPYKTyp € LEHTPUPOBKAMHU. BiMsHME OTKpPBITBIX 3JIEMEHTOB CHMMETPUU Ha
CTPYKTYpHYIO aMIuiuTyay. CHcTeMaTndyecKhe MOracaHus IJii OTKPBITHIX 3JIEMEHTOB CHMMETPHH.
[TpaBuiia BeIOOpa MPOCTPAHCTBEHHOM I'PYIIIBI 110 JAHHBIM aHAIN3a AU(PPAKTOrPaAMM.

IlocranoBka 3ajaud MHAMLUPOBAHMUSA pEHITEHOIpaMM. BinsHue KauecTBa 3KCIIEPUMEHTA.
Cucremarnueckue OMMOKHM ONpeAeieHHs MOJIOKEHUSI TMKOB Ha peHTreHorpamme. MHannupoBanue
PEHTTEHOTpaMMbl KyOMUeCKol CHHTOHUH. BiusiHue cucreMarnyeckux noracanuid. MHIuIMpoBanme
PEHTTEHOTpaMMBbl CpPEJHUX CHHTOHMU (TETparoHaabHOW / TekcaroHainbHon). Tpu “xiaccuueckue”
nporpammbl aprouHaunupoBanus (Treor, Ito, Dicvol). Kputepun KOppeKTHOCTH WHAHUIIUPOBAHHS
(e Bonbda, Cmuta-CHaiinepa). CinoxxHble ciaydau A HHIMOUpoBanusa. HeoqHo3HauHOCTH BEIOOpA
aneMeHTapHOW stueiiku  (geometrical ambiguities). I[IpoGmema “dominant zone”. YTouHeHue
apamMeTpoB dIEMEHTapHOH siueliku metonom MHK.

6. llonmaonpoduneHeiid ananu3 audpakrorpamm. Meron Putsensaa.

«Tpu ypoBHs mnoHumanus» Meroaa Pursenbpa. MaremaTudeckas OCHOBAa METOAA. Y TOUYHSEMbIE
napaMmeTpsl B Merone PutBenpaa. IlpodunbHas (yHKUMA: NOpakTHYECKHWE COBETHI IO CXEMeE
YTOYHEHUs] NpOGHIbHBIX Kod(duimeHToB. PekoMeHIOBaHHAs IOCIIENOBATEILHOCTh yTOYHEHHS
napaMeTpoB. DakTopsl HEOCTOBEPHOCTH, orpaHudeHus. «llpobnema oTpULIATENBHBIX TEIUIOBBIX).
Koppensnus Mexzny napaMmerpaMmu: IpUMepbl, MaTpuiia koppeisiuud. CTaHAapTHbIE OTKJIOHEHUS
yTOUHsIeMBbIX TapameTpoB. PasnocTHbi Dypbe-cuHTe3. IIporpaMMbl JUIsi YTOUHEHHUS! CTPYKTYPBI
metonom Putsenbna (GSAS, Fullprof, Rietan, Topas, Jana, Siroquant): nX 0COOEHHOCTH.

7. KonnyecTBeHHBIH PEHTTeHO(a30BbIi aHAIH3.

Pacnipoctpanenne PU B monmkpucramimyeckoMm obOpasue. CpenHuid KOd(QQHUIMEHT MOTIONICHUS.
Muxkpoabcop6Orusi. B3anmocBs3sb Mexay oObeMHOW Josiei (a3bl M MHTEHCHUBHOCTBHIO peduiekca.
OCHOBHBIE «CTaHAApPTHBIE» METOAbl KOJIMYECTBEHHOTO (Da30BOro aHammsa: METOH HpPSMOM
KaJIMOPOBKH, METOJI 100aBOK, METO/I BHYTPEHHETO cTaHaapTa. MeTos KOpyHIOBBIX Yice (BHEIIHETO
cranaapra). Merton PurBenpaa xak OeccTaHIApTHBIA KOJMYECTBEHHBIH PEHTIeHO()A30BBIA aHAIM3.
Merton k[, onpenenenne abCOMOTHBIX COACPKAHUN KPUCTATITUIECKHX (a3.

8. Iudpaxums Ha peanbHBIX KpUcTaiax. MeTo/pl aHann3a MUKPOCTPYKTYPBI.

Tpu Bkimaga B ymupeHue AU(PAKUUOHHBIX NHKOB. HCTpyMEHTallbHOE YIIMPEHHE H  €ro
JKCIIEPUMEHTAIbHOE OmpeneneHue. Teopust Auppakuuyd Ha KOHEYHOM KpHUCTajule. YIIMpEeHHue,
oOycnoBineHHoe ManbsiM pasmepoM OKP. ®opmyna [lepepa, e€ orpanuueHus. YIHUpeHHE,
0OyCJIOBIIGHHO€ MHUKpPOHANpsHKCHHSAMHU. PazjeneHwe BKIAA0B, MeTol BuibsiMcoHa-Xoia.
Peamuzaumsa B mertome PutBenbna, muTepnperanus npouiabHbIX Kod(pduuuentos. Ilonstue o
MeTO/Iax rapMoHHYecKoro aHanmmusa (YoppeHa-ABepOaxa). BnusHue momuancnepcHOCTH, MOIXOIbI K
onpezaeneHuto pacupeaenenus mo pazmepam OKP. TTonstue o metone WPPM.

9. AHanu3 TOHKUX IJICHOK. PeHTreHoBcKast pediekToMeTpusl.

Teometpust cxonp3siero nyuka (grazing angle geometry). [IpoGiema aedokyca, HHCTpyMEHTaIbHOE
oopmiieHre MeTona. BimsHHE TONIIWHBI/IIOTHOCTH IUICHKA Ha BHA AW(PAKTOTpaMMBI TIPU
cuMMeTpuuHOi Judpakiuu. TekcrypupoBanue TuieHOK. [Ipenmomienune PU, koadduuent
npenomieHuss PU. SIBneHuMe TONHOrO BHEIIHETO OTPaKGHUs, IOHATHE O pPEHTTCHOBCKOW
peduexromerpun. OTpakeHHE OT TOIUIOKKH, CHCTEMBI IUICHKA-TIOAJIOKKA, TI'€TEePOCTPYKTYPHI.
Ocummsinnu Kuccura. Pedekrorpamma 1 ee cBsizb ¢ @ypbe-00pa3oM pacrpeeneHns dIeKTPOHHOM
TUIOTHOCTH B 00pa3siie.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)



yueOHast ayTUTOpHs, TI0CKa, MAPKEPBI, KOMIIBIOTEP U MYIBTUMEIUIHOE 000pyI0BaHUE (IIPOESKTOP).
6.IlepeyeHns pexoMeHyeMOii JTUTEPATYPbI

OcHoBHas nuTeparypa

1. Bect A. Xumus tBépnoro tena. T.1.
2. Kos6a JI. M., Tpyros B. K. Peatrenodazossiii anamus
3. Pecharsky V.K., Zavalij P.Y. Fundamentals of Powder Diffraction and Structural Characterization of

Materials

JomnonHurenbsHas auTeparypa

1. Bacon G.E. Neutron diffraction
2. Structure Determination from Powder Diffraction Data / edited by W.LLF. David [et al.]

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUS] JUCHMILIUHBI (MOLYJIs1)

1. http://www.elsevier.com
2. http://www.elibrary.ru
3. http://www.books.google.ru

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o JMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 olecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Ha CEMUHAPCKUX 3aHATHIX UCIONB3YIOTCSA MYJIBTUMEINITHBIE TEXHOIOTUH, BKITIOYas IEMOHCTPALIHIO
Npe3eHTAlUN.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, IpOCIyIIaBIIMA KypC CEMHHApOB, JOJKEH OBJIAACTh OOMIMM MOHSATHHHBIM anmaparoM H
Hay4UThCs IPUMEHATh TEOPETUUECKUE 3HAHUS Ha [IPAKTUKE.

VYenenrHoe ocBoeHUe Kypca Tpedyer:

1) mocerieHust BCeX CEMHUHAPOB, NMPEAYCMOTPEHHBIX yUeOHBIM IUIAHOM; BeCHUE KOHCIIEKTOB 3aHSATHIA;
AaKTUBHOE y4yacThe B OOCYXICHHH CEMUHAPOB;

2) BaXXHO AOOUTHCS MOHMMAHMS M3y4aeMOIo MaTepHaja, a He MEXaHHMYECKOro ero 3anoMuHaHus. [Ipu
3aTPyOHEHUN W3YYEHUS! OTICNIBHBIX TEM, BOIPOCOB, CIENyeT OOpaiiaThCsi 3a KOHCYJIbTalKMed K
JOKJIaUUKy Ha CEMUHAape.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

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

Kypc: 1

KBAJM(PUKAIMA: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

Pa3zpaGoTunk: I1.C. Ymxonr



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBaHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.2 CnocoGeH  BbABHrarh THIIOTE3bl, CTPOHUTH
MaTeMaTHYeCcKue MOAEIM Ul OIHUCaHMA H3ydaeMbIX
SIBICHUH U MPOLIECCOB, OLIEHUBATh KAYECTBO pa3padoTaHHOU
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3YIbTATC MIYUYCHHUA AUCIUIIINHBI «HpI/IGOpbl n METOAbI peHTFeHOBCKOﬁ n BHCKTPOHHOI\/’I ,E[I/I(i)paKI_H/II/I»

00yJaromuiicst JOmKeH:

3HATb:

- TEOPCTUYCCKHUE OCHOBLI OIIMCAaHUA B3aUMO/ICCTBUS PEHTTCHOBCKOI'O0 M3JIY4YCHUSA C BCIIECTBOM,
OCHOBHBIC MOJCIIN )_II/I(l)paKLII/II/I Ha UJICAJIbHBIX U PCAJIbHBIX KPUCTAJIJIaX.

yMeTh:

- pCruCTprupoOBaTh U O6pa6aTBIBaTB ):[I/I(l)paKTOl"paMMBI MNOJIMKPUCTAJUINYCCKUX OOBEKTOB.

BJIaJeTh:

- ME€TOAaAMH Ka4C€CTBCHHOI'O M KOJIMYCCTBCHHOI'O Pq)A, UHAWIIUPOBAHUA, HOJ'IHOHpO(i)I/IJ'ILHOFO aHajim3a

TUQpaKTOrpamMmm.

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

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuaina MpOBOAUTCS YCTHBIH ONpoC B

Ha4vaJIC 3aHATHA.

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

o0yuyarommxcst

Bormpoch! /1515 HOATOTOBKH K DK3aMEHY:
. OcHOBBHI KpUcTaIIIOTpaduu.

O 00 3 O Ui A W N —

[Tpumeps! 3K3aMEHAIIMOHHBIX OMIIETOB.

[Ipumep 1.

. BsanmosieiicTBre peHTIreHOBCKOTO U3TYUYCHHUS C BemleCcTBOM. JIudpakiys Ha uaeaibHOM KpUCTallie.
. [IpodunbHbiii aHamm3 audpakrorpamm. KauecTBeHHBINH peHTreH0(a30BbIi aHAIN3.

. Texnuka 1upakIOHHOTO SKCIIEPUMEHTA.

. Cummetpus obparHoro nmpoctpancTBa. MHaunmpoBanne qudpakTorpaMm.

. [lonmHOTIpOdMIIBHEI aHaW3 AudpakTorpamm. Meton Putsensaa.

. KonnuecTBenHblit peHTreHO(ha30BbIN aHATHN3.

. Andpakius Ha peanbHbIX KpUCTa/UIaX. MeToIbl aHaIM3a MUKPOCTPYKTYPBI.

. AHanM3 TOHKUX IUICHOK. PeHTreHoBcKas pediekToMeTpusl.

1. CummeTpus obpatHoro nmpocrpancTBa. MHaunupoBanne qudpakTorpaMmm.

2. [NonHompoduibHLIH aHaW3 AudpakTorpamm. Meton PutBenbaa.



[Ipumep 2.
1. OcHOBBI KpucTaIIOrpad .
2. B3auMonelicTBrie peHTT€HOBCKOTO U3ITYUYCHHUS C BelleCTBOM. Jludpakius Ha ueaibHOM KpUCTaILIe.

Kpurepun onennBanus
10 6aitnos — (ITIPEBOCXO/IHO):
*  CHUCTEMaTU3UPOBaHHbBIC, IIyOOKHE M MOJHBIE 3HAHUS IO BCEM pasjenaM y4eOHOIl mporpammsbl, a
TaKXe [0 OCHOBHBIM BOIIPOCaM, BBIXOIAIIUM 3a €€ IPEEIbI;
. TOYHOE HCIIOJb30BAHWE HAYYHOH TEPMHUHOJIOTUM (B TOM YHWCIE Ha HMHOCTPAaHHOM S3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKHU IIPAaBUIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;
*  OesymnpedHoe BIAJCHHEC HHCTPYMEHTapHeM Y4eOHOW IMCIUILTUHBI, yMEHHE ero 3(pQPEeKTHBHO
WCIOJIb30BaTh B IOCTAHOBKE M PEILICHUH HAYYHBIX U MPO(GECCHOHANBHBIX 3a1a4;
. BBIp2KEHHAs! CIIOCOOHOCTh CaMOCTOSITENIbHO M TBOPUYECKHM peIIaTh CJIOKHBIE NpoOIeMbl B
HECTaHIAPTHOW CUTYyalUu;
*  TIOJHOE W IIIyOOKOE YCBOEHHE OCHOBHOW M JOTOJHHUTENBHON IUTEparypbl, PEKOMEHJIOBAaHHOMN
y4eOHO# mpoTrpaMMOi TUCITUTUINHEI,
* YMEHHE OPHUEHTHPOBATHCS B TECOPHAX, KOHLENIMIX U HANPaBICHUIX 0 U3y4aeMOW AMCLUUIUINHE U
JlaBaTh UM KPUTUUYECKYIO OLIEHKY, UCIIOJIb30BaTh HAYYHbIE JOCTHKEHUSI JPYTUX JUCLUIUINH;
*  TBOpYECKas CaMOCTOSTEIbHAs paboTa Ha MPAKTUYECKUX, JTa0OPAaTOPHBIX 3aHATHIX, AKTUBHOE
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BHICOKUN YPOBEHB KYJIBTYPbl HCIIOTHEHHS 33 JaHHMH.
9 6amnoB — (OTJIMYHO):
* CHCTEMaTU3UPOBAHHbBIEC, ITTyOOKHE U MOJIHBIC 3HAHUS 110 BCEM pa3zeiaM yueOHOH MporpaMmbl;
. TOYHOE HCIIOJb30BAHWE HAYYHOH TEPMHUHOJIOTUM (B TOM YHWCJIE Ha HMHOCTPAaHHOM S3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKHU IIPAaBUIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;
*  BJIAJICHUE MHCTPYMEHTapueM y4eOHOW NUCLUIUIMHBI, yMEHHE ero 3(QQEeKTUBHO HCIOIb30BaTh B
MOCTAHOBKE M PEIICHUH HayYHBIX M MPO(PECCHOHANBHBIX 3a1a4;
*  CHOCOOHOCTH CaMOCTOSATEIIBHO M TBOPUYECKH peEIIaTh CIOKHBIE MpoOIeMbl B HECTaHIAPTHOM
CUTyallud B paMKax Y4eOHOW MporpamMmbl, IIOJIHOE YCBOCHHE OCHOBHOW U JIOMOJHU "TEIbHOM
JUTEpaTypbl, PEKOMEHI0BAaHHON Y4eOHOW POTpaMMO TUCIIUITITHBEI;
*  YMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOM
JUCLUUIUTMHE U JaBaTh UM KPUTHYECKYIO OLECHKY;
*  caMOCTOsTENbHass padoTa Ha MPAKTUYECKHX, JaOOpaTOPHBIX 3aHITHUAX, TBOPUECKOE y4yacTHE B
IPYIIOBBIX 00CYKICHUAX, BBICOKUI YPOBEHb KYJIBTYphl HCIIOJTHEHHS 3aJaHuUil.
8 6amnoB — (IIOUYTU OTIIMYHO):
* CHCTEMaTH3UpPOBaHHbIC, NNIyOOKHE M IOJIHBIE 3HAHUS 10 BCEM IMOCTABJIEHHBIM BOIIPOCaM B 00beMe
y4eOHON MpOrpaMMel;
*  HCHOJNb30BaHHE HAYYHOM TEPMHUHOJOTHH, CTHIMCTHYECKHM TI'PaMOTHOE, JIOTMUECKH MpPaBHIBHOE
M3JI0’KEHHE OTBETAa HA BOIIPOCHI, yMEHHE JIeIaTh 000CHOBAHHbIE BBIBOJIBI;
* BIAJICHUE MHCTPYMEHTapueM y4eOHOH AMCIMIUIMHBI (METOJaMU KOMIUIEKCHOTO aHAJIN3a, TEXHUKON
WH(POPMALIMOHHBIX TEXHOJIOTHH), YMEHHE €ro HCIOJIb30BaTh B MOCTAHOBKE M PEUICHUU HAyYHBIX U
poQecCHOHANBHBIX 33/a4; CIIOCOOHOCTh CaMOCTOSTENIBHO peIIaTh CIIOXKHBIE MPOOJIeMbI B paMKax
y4eOHON MpOrpaMMel;
*  YCBOCHHE OCHOBHOW W JIOTIOJHUTEJILHOW JUTEPaTyphl, PEKOMEHIOBAHHON y4eOHON NMpOrpaMMoit
JUCLUIUIMHBL,
*  yYMEHHE OpPHUEHTUPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEMIMUAX M HANpPaBICHUAX IO H3y4acMOU
JUCLMIUIMHE W JaBaTh UM KPUTHUYECKYIO OLIEHKY C IO3ULMI rocyqapCTBEHHOH wujeoioruu (1o
JUCLHUTUTMHAM COLUAIbHO-TYMaHUTAPHOTO LIKKJIIA);
* aKTHBHAs CaMOCTOsTENIbHAs paboTa Ha MPAKTUYECKHX, J1a00PATOPHBIX 3aHATHUSIX, CUCTEMATHUECKOE
ydacTue B IPYIIIOBBIX 00CYXKJICHUSAX, BBICOKUH YPOBEHb KYJIBTYphl HCIIOTHEHHS 3aJaHuil.
7 6annos — (OYEHb XOPOILLO):
* CHUCTEMaTHU3UPOBAHHbIC, NTyOOKHE U MOTHBIE 3HAHMUS 110 BCEM pa3zieiaM yueOHOM MporpaMmel;
* HCII0JIb30BAHKUE HAyYHOU TEPMUHOJIOIMHM (B TOM YMCJIE HA HHOCTPAHHOM SI3bIKE), IUHIBUCTUYECKU U
JIOTUYECKH MPAaBUIILHOE U3JIOKEHHE OTBETA Ha BONPOCH], YMEHHE AeNaTh 000CHOBAaHHBIC BHIBOBL;
* BIIAQJICHUE MHCTPYMEHTapHeM y4eOHOW NUCHMIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B MOCTAHOBKE U
pELIeHNU HAayYHBIX U MPO(ECCHOHATIBHBIX 3a/1a4;
*  YCBOCHHME OCHOBHOW W JIOTIONIHUTENHLHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHOH MpOrpaMMoit
JVCLUUTUIHHBL,



° YMEHUE OPUCHTHUPOBATHCA B OCHOBHBIX TCOPUAX, KOHLCHIMUAX W HAIPABJICHHUAX I10 HSy‘IaeMOﬁ
AUCHUIUIMHEC U JaBaThb UM KPUTHUYCCKYIO OLICHKY,

*  caMocTOsiTeNbHas paboTa Ha MPAKTHYECKUX, JIA0OPATOPHBIX 3aHATHSX, Y4acTHE B TPYNIIOBBIX
00CY’KIEHUSX, BBICOKUI yPOBEHb KYJIbTYPbI HCIIOJIHEHUS 33/1aHHH.

6 6autoB — (XOPOILO):
* JIOCTATOYHO IOJHBIC U CUCTEMATU3UPOBAHHBIC 3HAHUS B 00beMe yueOHO! MPOrpaMMBI;

® HCIIOJIB30BaHUC HEO6XOI[I/IMOI\/'I Hay‘IHOﬁ TCPMHHOJIOTUHU, CTUJIIMCTUYCCKU I'PaMOTHOEC, JIOTUYCCKHU
MMPpaBHUIIbHOC U3JI0OKCHUEC OTBCTA HA BOIIPOCHI, YMCHUC [CJIATh 000CHOBaHHEIC BBIBO/IbI;

*  BIAJCHUC HMHCTPyMEHTapUeM Yy4YeOHOH IUCIMIUIMHBI, YMEHHE €ro KCIOJIb30BaTh B PEIICHUU
y4eOHBIX U MPOPECCHOHATBHBIX 3aa4; CIIOCOOHOCTh CAMOCTOSTEIBHO NPUMEHSTh THUIIOBBIC PEIICHHUS
B paMKax y4eOHOW MpOrpaMMel;

* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMECHJOBAHHOW yUeOHOM MPOrpaMMON JTUCITUTUTUHBL

*  YMCHHE OPHEHTUPOBATHCS B 0A30BBIX TEOPHSX, KOHIECIIMAX M HANPABICHUSAX I10 W3y4aeMOu
IMCUUIUIMHE ¥ JaBaTh WM CPaBHUTEIBHYIO OICHKY; AaKTUBHAas CaMOCTOsTENbHas pabora Ha
NPAKTUYECKUX, JIAOOPATOPHBIX 3aHATHSX, NEPUOIUYSCKOE YdYacTHEe B TIPYIIOBBIX OOCYKICHHSX,
BBICOKHI YPOBEHb KYJIBTYpPbI UCTIOTHCHUS 3aJaHUH.

5 6amnoB — (IIOYTHU XOPOILO):

* JIOCTaTOYHBIC 3HAHHA B 00beMe Y4EOHOH MPOTrpaMMBL;

*  HCIOJB30BaHHWE HAYYHOW TEPMHHOJOTWH, CTHIMCTUYECKH TPaMOTHOE, JIOTHYECKH MpPaBUIILHOE
U3JI0KEHHE OTBETA Ha BOIPOCHI, YMEHHE JIeJIaTh 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;
* YCBOCHHE OCHOBHOM JINTEPATYPbI, PEKOMEHJOBaHHOW y4eOHOM MpOrpaMMON AUCIUIINHBL

° YMCHHUC OPpHUCHTHUPOBATLCA B 0a30BBIX TCOpUAX, KOHLCIIIUAX W HAIPABJICHHUAX I10 I/IBY‘IaeMOﬁ
AUCHUIUIMHE U JaBaTb UM CPABHUTECJIIbHYIO OLICHKY;,

*  caMmocTosTenbHas padoTa Ha MPAaKTHUECKUX, Ja0OPAaTOPHBIX 3aHATHAX, y4acTHE B TPYyIMIIOBBIX
00CYXIIEHUSX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJHEHUS 3adaHUH.

4 6amra — (YJOBJIETBOPUTEJIbHO), 3AUYTEHO:

* J0CTaTOYHBIA 00BEM 3HAHUH B paMKax 00pa30BaTeILHOTO CTAHIAAPTA;

* YCBOCHHE OCHOBHOU JIUTEPATYPhl, PEKOMEHIOBAHHOW y4eOHOM MPOrpaMMOi AUCIIUILTAHEL,

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

*  BIAJICHUE HMHCTPyMEHTapHeM y4eOHON IMCIUIIMHBL, YMEHHE €ro HCIOJb30BaTh B PEIICHUU
CTaHJAPTHBIX (THUIOBBIX) 3a/1a4;

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

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

. paboTa mOA PYKOBOJACTBOM IIPENOAAaBaTelsl HAa MNPAKTUYECKUX, JaOOpaTOPHBIX 3aHATHAX,
JOITyCTUMBIA YPOBEHB KYJIBTYPbI HCTIOIHEHHS 3aJaHHH.

3 6amra — (HEYIOBJIETBOPUTEJIBHO), HE3BAYTEHO:

* HEJO0CTAaTOYHO MOJHBIA 00BEM 3HAHUH B paMKax 00pa30BaTeILHOTO CTaHIApPTa;

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

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

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

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

* TACCHBHOCTh Ha MPAKTUYECKUX U JIA0OPATOPHBIX 3aHATHUSAX, HU3KHI YPOBEHb KYJIBTYPhl UCTIOHEHUS
3aIaHUH.

2 6amra — (HEYIOBJIETBOPUTEJILHO):

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

. 3HAHWS OTAETBHBIX JINTEPATYPHBIX HWCTOYHHKOB, PEKOMEHJIOBAaHHBIX YYEOHOW MPOrpaMMOin
JUCIUTIINHEL,

. HEYMEHHE HCIIONb30BATh HAYYHYH0 TEPMHUHOJIOTHIO JUCIMILIMHBI, HAMYUE B OTBETE TIPyObIX
CTHJIMCTHYCCKUX U JJOTMYECKUX OIIMOOK;



* TACCHBHOCTh HA MPAKTUYECKUX U JIA0OPATOPHBIX 3aHATHUSAX, HU3KHI YPOBEHb KYJIBTYPhl UCTIONTHEHUS
3aIaHUH.
1 6amt — (HEYIOBJIETBOPUTEJIBHO):

¢ OTCYTCTBHUC 3HAHUM U KOMHGTGHL[I/Iﬁ B paMKax 06pa3OBaTeJ'ILHOFO CTaHAapTa UK OTKa3 OT OTBCTA.

5. MeTonuueckune MaTepuasbl, onpeaeasionie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

IIpu mpoBeneHMM 3K3aMeHa oOydaroniemycs npegocrtaBisercs 30 MUHYT Ha mToArotoBky. Ompoc
o0yuaroIerocs mo OWJIeTy He JO/DKCH MPEBBINIATh JBYX aCTPOHOMHYECKHX YacOB B YCTHOW W (WJIN)
MMCEMEHHOU (opme.



