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)

Mo TUCHHUIIJIMHE: ITo3MLIMOHHO-UyBCTBUTENbHbIE JETEKTOPBI HA OCHOBE MOIYIIPOBOJHUKOBBIX
(hOTOTIPHEMHHKOB

10 HANPABJIEHUIO: SnepHbie Gu3nka U TEXHOIOTUH

Nnpo¢uJIb NOATOTOBKH: Anepnas ¢puzuka, YTC 1 koMIbIOTEpHBIE METOIBI B (PU3UKE

OusTex-mkona GU3NKUA U ucciaeaoBanuil uM. Jlanaay
kadeapa QpyHIaMEHTATbHBIX B3aUMOACHCTBUIA U KOCMOJIOTHH

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHunpoBaHHbIi 3a4eT

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsbl: () yac.
naboparopHsbie 3ausaTus: 30 yac.

CamocrositensHas pabora: 75 gac.

Bcero gacos: 135, Bcero 3au4. ex.: 3

[Iporpammy cocrasuin: M.B. MopnoBckoii, kaua. (pu3.-Mart. HayK

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadenpsl GyHAaMEHTAIBHBIX B3aUMOAEHCTBUI 1 kocMornoruu 04.04.2022



AHHOTANMA

Kypc nmaer cBeneHust CTyneHTaM O COBPEMEHHBIX OKCIIEPUMEHTAIBHBIX YCTAHOBKAaX, B KOTOPBIX JUIS
perucTpanuy 4acTHUIl UCTIONB3YIOTCS MIPUOOPHI C PEerucTpalyell CBeTOBBIX UMITYJIbCOB. Takke 00CyKIaroTcs
BO3MO)KHOCTH TPUMEHEHHS HOBEHIIMX IOJYIMPOBOIHUKOBBIX (DOTONMOAOB KaK B HCCIIEIOBATEIBCKIX
(U3MYECKUX yCTaHOBKAaX, TaK M B HapoOJHOM xo3sicTBe (MeauimHa - [19T tomorpadwi, Ouomorus -
MUKPOCKOIIBI, TPAHCIIOPT - JTUAAPHI U T.1.).

OOcyxgaercss MPUHIMI PabOTHl OCHOBHBIX CYHIECTBYIOIIMX (OTONETEKTOPOB, MapaMeTpbl M MPHHIUIIBI
BBIOOpA JUIS SKCIIEPUMEHTOB MX KOMITIOHYIOIIUX (CHMHTHIUISITOPOB, CBETOBOAOB, OCHOBHBIX ()OTOIPHUEMHHUKOB
u 1.71.). [Ipn 3TOM ynop aenaercst Ha 006CyXI€HHE MYIbTUIIUKCEIBHBIX JJABUHHBIX (POTOIMOIOB.
JlaGoparopHble pabOThI MPHU3BAaHBI OCBEKUTH 3HAHUS, MOITYyYEHHbIE B MPEIBIIYIIMX CEMECTpax, 3aKpelnuTh
HOBBIC W TOJYYHTh HABBIKM CAaMOCTOSTEIBHOTO IUIAHHMPOBAHHS, MPOBEICHUS IKCIIEPUMEHTAa U 00pabOTKH
pe3yabraToB. BaKHBIMM SBJISIOTCS MOHMMAaHHME CTYJCHTAaMM 3HAUC€HMH HM3MepseMbIX MapaMeTpoOB YCTaHOBOK
(BpeMeHHbIE, aMILTUTYIHbIE pa3pemieHus, 3pHEeKTHBHOCTH, ITyMOBBIE XapaKTEPUCTUKH H TIP.)

1. leau u 3apauun

eap AUCUMNIMHBI
* OCBOCHHUE CTYJCHTAMU TEOPETHUYECKUX M IKCIIEPHUMEHTAIBHBIX OCHOB Pa0OTHl HOBBIX COBPEMEHHBIX
JETEKTOPOB YacTUI[ HAa OCHOBE MYJBTHIIMKCEIFHBIX JIABUHHBIX (DOTONHMONOB U HOBEUIINX
CIMHTHJUISIITUOHHBIX KPUCTAIIIOB;
. 03HAKOMJICHHE C BO3MOXXHOCTSIMH WX MpPHMEHEHHs KaK B HOBEHIIUX HCCIICAO0BATEIHCKUX
(hM3HUeCcKNX yCTaHOBKAX, TaK U B HAPOIHOM XO3SIICTBE.

3agaum AUCUUILUITHHBI
* (¢opMupOBaHHE y CTYICHTOB 0a30BBIX 3HAHWI B 007acTH (PU3UKU PaOOTHI MOIYIPOBOIHUKOBBIX
($oTONMONOB, PETUCTPALMKM YACTHUI] B CHUHTWIISILMOHHBIX KpHCTaIax, (GopMHUpOBaHHE MOHMUMAHUS
NPUHIIMIIOB BBIOOpa HEOOXOMMMBIX JETEKTOPOB JUIsi IMOCTABICHHON HCCIEeNOBaTelNbCKON (r3nueckon
3a1a4u;
*  0o0ydYeHHE CTYICHTOB METOAaM IIOJYYEHHUS 0a30BBIX XapaKTEPUCTUK JETEKTOPOB, B YAaCTHOCTH
BPEMEHHBIX M aMIUIMTYJHBIX Pa3pelIeHHH, IIYMOBBIX XapaKTePHCTHK, (OPMHUPOBAHHE y CTYIEHTOB
MOHUMAaHUSI MEXaHU3MOB MIPOIIECCOB, 3 KOTOPHIX CKJIAJIBIBAIOTCS BEIMYMHBI ATUX TAPaMETPOB;
* 00y4yeHue CTyJICHTOB METOIY OBICTPHIX pacyeToB (OLIEHOK) KOHEUHBIX MapaMeTpOB JIETEKTOPOB 110
W3BECTHBIM BEIIMYMHAM XapaKTEPUCTHK BXOJSIIMX B COCTAaB JETEKTOpa KOMIIOHEHTOB (HAmpuMep,
ycuiIeHuto (GpoToauosa, INIOTHOCTSIM, CBETOBBIX0/IaM KPUCTAJIJIOB U T.11.);
*  o0yueHHE CTyIEHTOB (C HCIOJH30BAaHHEM HM3BECTHBIX MAaTEMAaTHYECKHX METOIOB) MOIYYCHHIO
[apaMeTpoB XapaKTEPUCTHUECKUX IHKOB B CIEKTpax C pPa3JeleHHEM MHO)KECTBEHHBIX IHKOB U
BBIJICNICHUS (POHA;
. U3y4YeHUE OSKCIEPHUMEHTAJIbHBIX METOJO0B MAETEKTHPOBAHMSA  YAaCTHUI[ C MCIHOJIb30BAaHUEM
(OTONETEKTOPOB HAa COBPEMEHHBIX YCTaHOBKaxX C (hOpMHpOBAHHEM IOHMMaHHS MPUHIUIIOB BBIOOpA
THUIA TAKUX JIETEKTOPOB;
. uHpopManus O CMEXHBIX 3aJadax IPUMEHEHHUs (OTOAETEKTOPOB B HAPOAHOM XO3SHCTBE
(MenuuHA, MUKPOOUOJIOTHS U T.11.);
* uH(OpMALUA CTYACHTOB O MPOBOAMMBIX HHHOBAIIHOHHBIX Pa3pabOTOK HOBBIX MOIYIPOBOIHUKOBBIX
JIaBUHHBIX (POTOANOAOB U AETEKTOPOB YAaCTHIl HA UX OCHOBE B MUPE.
* (opMHpPOBaHHE HABBIKOB UCIIOJIH30BAaHHUS COBPEMEHHOW AJICKTPOHHOW ammapaTypbl CHCTEM cOopa
nHpopmanuu, GopMUpOBaHKE MOHUMAHKSI METOIOB M MPUYUH BBHIOOpA TOM MM MHOW KOH(MUTYpaluu
cucteM coopa.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

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

OIIK-1.1 NUmeeT npeacTaBiIeHHE O COBPEMEHHOM COCTOSTHUU
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHON e TEHHOCTH




OIIK-1.2 CnocobeH cocTaBisiTh OOIIMA TIAaH PaOOTHI 1O
3aJaHHOW TeMe, Mpeajararb METOAbl HCCIICNOBAaHUS U
OIIK-1 Criocoben ¢popMynupoBaTh LENH U CHOCOOBI 00paboTku PE3YyNBTaTOB, [IPOBOJUTH
3aj1a4y UCCIIEA0BAHNUS, BEIOUPATh KPUTCPUH MCCIIEJOBAaHHS 110 COTNIACOBAHHOMY C PYKOBOJIMTEIIEM ILIaHY,
OLICHKU, BBISBIIAITH IIPHOPUTETHI PEIICHHS 33124 |IPECTABIATH ITOJIY4YCHHBIC PE3YIbTaThI

OIIK-1.3 Brnameer cHCTEeMAaTHYECKUMH 3HAHUSMHU IO
HAIpaBJICHUIO JIESATEIBHOCTH; YIIyOIICHHBIMUA 3HAHUSMH 110
BBIODaHHON  HANPaBICHHOCTH  TOATOTOBKH, 0a30BBIMH
HaBBIKAMH MTPOBEIICHUSI HAyYHO- HCCIIEHAOBATEILCKUX PadOT
10 IPEIJIOKEHHON TEME

OIIK-2.2 Cnocoben 0000mmars ¥ KPUTHYECKH OIECHUBATH
ONBIT M PEe3yJIbTaThl HAyYHBIX MCCICJOBAaHUH B 00JIacTH
OIIK-2 CriocoOeH NpUMEHATh COBPEMEHHbIE PO ECCHOHATILHOM JIEATENBHOCTH

METOJIbI HCCIIEIOBAHUS, OLICHUBATh U OIIK-2.3 CnocobeH apryMeHTHPOBAaHO BBIOMpAaTh CIOCOO
OPEIICTABIIATh PE3YJIbTAThI BBIMOTHCHHOM [IPOBE/ICHUS] HAYYHOI'O UCCIICA0BaHMsI, IIPUMEHSATh 3HAHUS B
pabotbl oOsactTi MpoeCCHOHANBHON NESTENbHOCTH MJISl PEIlCHUs

MOCTaBICHHON 3amaud, (OpMyTUpOBaHUS BBIBOAOB U
OLICHKH MOJTY4YEHHBIX PE3yJIbTaToOB

[K-1.2 Ymeer CO3/1aBaTh TEOPETUYECKHUE u
[1K-1 CriocoGeH K CO31aHMI0 TEOPETUYECKUX U |MATEMAaTUYECKHE MOJEIHM B 00J1acTH sAACpPHOH (H3UKM M
MaTeMaTHYeCKUX MOJIENICH B 00JIAaCTH SIEPHO# | TEXHOJIOTHH

¢usnkyn u TexHomorMH [IK-1.3 Bnageer HaBbiKamMH pPabOTBI C COBPEMEHHBIMH
PacyeTHBIMH [IPOTPAMMHBIMHU CPEICTBAMU

[IK-3.1 3Haer coBpeMEHHBII YpOBEHb Pa3BUTHSI HayKH H
TEXHOJIOTUH, MpodecCHOHANbHBIE TMPOOJIeMbl B  CBOEH

[1K-3 Crioco0eH 00BEKTHBHO OLIEHUTH MPEAMETHOI 06TACTH

npeajgaracMocC peuICHUeC Uin IpocCKT I10

[IK-3.2 YmeeT cOOTHOCHUTH MpeArojaraeéMoe pelieHue Hin
OTHOILIEHHIO K COBPEMEHHOMY MUPOBOMY

MMPOCKT C COBPECMCHHBIM MUPOBBIM YPOBHEM

YPOBHIO, NOATOTOBUTH SKCIEPTHOE 3AKITIOUCHUE —
I1K-3.3 Bnageer  HaBbIKAMH ~ OKCHEPTHOM  OLCHKU

[Ipe/UlaraeMblX peLIeHUH WIN IPOEKTOB

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHUS AUCLUIIMHBI 00y4alOIINecs JOIKHbI

3HATh:
- MECTO U POJIb JETEKTHPYIOMINX CHCTEM B HAYYHBIX HCCIICIOBAHUSIX;
- COBpPEMCHHBIC MPOOJIEMBI JKCIEPUMEHTAILHOW (QU3UKK B 3ajadax syiepHOd (us3uku M (U3MKH
ANIEMEHTAPHBIX YACTHII ;
- IPUHIMITBI TEOPHU PETHCTPALIMY YaCTHI] B ICTCKTHPYIOIMX CUCTEMAX;
- IPUHIIMITBI paOOTHI HOTOAETEKTOPOB U, B YACTHOCTH, KPEMHHEBBIX (DOTOIETEKTOPOB;
- HOBe#IMe pa3paboTKy U 00JacT IpUMEHEHHUsT (OTOJCTEKTOPOB B (DU3HKE U HAPOJHOM XO3SHUCTBE.
YMETb:
- 3¢peKTHBHO UCIIOJIB30BATh HA MPAKTHKE TEOPETUUSCKHE KOMIIOHEHTHI HAYKH: MOHSTHS, CYXICHUS,
YMO3AKITIOUCHUS, 3aKOHBI;
- IPEJCTAaBUTh IAHOPaMy YHUBEPCAIBbHBIX METOJIOB M 3aKOHOB COBPEMEHHOM (DU3UKH;
- IUIAHKPOBATh ONTHMAJIbHOE TIPOBEACHUE IKCIIEPUMEHTA.
BIIAJICTh!

- IJJAHUPOBAaHUEM, TOCTAHOBKON 1 00pabOTKOM pe3ynbTaToB (PU3NYECKOTO SKCIEPUMEHTA;
- HAy4HOW KapTUHOU MUpa;

- HaBbIKAMH CaMOCTOSATEIbHOMN paboThl;

- MaTeMaTHYECKIM MOZAETUPOBAaHUEM (PU3NIECKHX 3a1ad.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

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

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.




No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
BBenenne B IPUHIIMITBI a0O0THI
1 A . P 10 10 25
(hoToJIeTEKTOPOB
2 Kpemnuebie poToyMHOKUTEN 10 10 25
Hcnons3oBanue KPEMHHEBBIX
3 dhotonromon B COBPEMEHHBIX 10 10 25
(U3NYIECKUX DKCTIEPUMEHTAX
Hroro yacos 30 30 75
[ToaroTroBka k sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2.

Coneprxanue JUCUUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (paszesiam)

Cemecrtp: 2 (Becennuit)

1. BBenenue B npuHIHMIIEI pabOThI POTONETEKTOPOB

dusnueckue NpUHUUIE padoThl. Buemuuii gotosddext. Buyrpennuii ¢porosddext. OcHOBHBIC
TUNBI (OTOAETEKTOPOB, oOmue mapamerpsl. DotoanekTpoHHble yMHOXHUTENU. [lpuHmmn paGoTsl,
ycuiieHre, KBaHToBas 3()()eKTUBHOCTh. BiusHIEe MarHUTHOTO MOJISl HA yCUJICHHE. DHEPreTHUYecKoe
paspeleHue 1 Iym

2. KpemuueBbie pOTOYMHOXKHTEITH

[Tpuanun paboTel. DKBHBaJIEHTHAs cxeMma. Bonbr-aMnepHas xapakrepuctuka. [loHaTHe HanpspkeHns
mpo6osi. MexanusMm rameHust 1aBuHbl. OCOOEHHOCTH M NMPEUMYIIECTBA B CPaBHEHUHU C APYTUMHU
tunamu (hotoneTekTopoB. Yeusenue SiPM. MeTonbl onpeneneHus YCHWICHUS M3 aMIUIUTYIHBIX
cnekTpoB. TemMHOBON TOk. MexaHW3M BO3HHMKHOBEHHs. 3aBUCMMOCTh OT HANpPSOKCHUS H
Temneparypbl. MeTonbl IOAABICHUS UMILYJIbCOB, BBI3BAHHBIX TEMHOBBIM TOKOM. OITHYECKas CBSI3b
MeXIy sueiikamu (QoTtommoma. MexaHM3M M CHOCOOBI TOAABICHHA. 3aBHCUMOCTb BEITHMYUHBI
ONTUYECKOM CBSI3U OT HAIPSDKEHUs. MeTox omnpezeneHusl ONTUYECKOM CBSI3U U3 aMIUIMTYAHBIX
cnektpoB. Ilocnenmmynbebl.  MexaHM3M  BO3HMKHOBEHHSI M CHOCOOBI  HMX — MOAABICHHS.
OddektuBHOCTE  peructpanuu  ¢oroHoB. [lapamerpel, ompexaensiiomue  3PPEKTHBHOCTH
peructpauun. CTpykrypa (OTOIMOIOB C MAaKCHMAalbHOM YYBCTBUTEIBHOCTBIO B CHHEH W 3€JICHOM
obnactax cnekrpa. luHamuyeckuil quana3oH ¢oroanonoB. CrnocoObl yBEIMUYEHUS AUHAMUYECKOTO
nuanaszoHa. TemnepaTypHas 3aBUCUMOCTD HaNpsDKEHUS MPOO0s M yCHIIEHUS POTOANOI0B.

3. Ucnonw3oBaHue KPCMHUCBBIX (1)OTOI[I/IO,[[OB B COBPCMCHHBIX (1)I/ISI/ILICCKI/IX OKCIICPUMCHTAX

OcHoOBHBIE CBOWCTBa (POTOAMONOB, ONPEAENAIOIIME MX HCIOIb30BAaHME B IKCIIEPUMEHTAX.
Henocrarku ¢orommomoB. OCHOBHBIE METOABI CheMa CBETa C JAETEKTOPOB OONBIIMX Pa3MEpOB.
[TpuHmMn pabGoTBl  ONTHYECKUX  BOJIOKOH. CBolicTBa OCHOBHBIX BHUJOB MCIIOJb3yEMbIX
CUMHTWIUIATOPOB.  TpurrepHsie cuctembl. CrocoObl  momaBieHUs (HOHOBBIX — HMITYJIBCOB.
Kanopumerpsl ¢ HCIOIB30BaHMEM KpPEMHHEBBIX (DOTOYMHOXKUTEIEH. Meroasl chema cBeTa ¢
CUUHTWILIATOPOB. COBpPEMEHHBIE TPEKOBBIE CHUCTEMbI C HCIIOJIB30BAaHMEM CLHUHTHIUIALIMOHHBIX
BOJIOKOH M KpPEMHHEBBIX (QoToymMHOXkHTenel. [IpocTpaHcTBeHHOE paspeimeHue. lcnonab3oBaHue
KpEMHHEBBIX (POTOYMHOXHTENEH B uepeHKOBCKUX cueTynkax. RICH-aerexkTropsl — npuHIKI paboThl
U METOIbl ONTHMHU3AIMKU cBeTocOopa. OCHOBHBIE YCTAHOBKH, HCIOJB3YIOIINE KPEMHHEBbIC
¢oroanonsl. IlpuMeHeHne KpeMHHEBBIX (POTOAMONOB B MEAULIMHE, OUOJIOTHH, TPAHCIOPTE U T.A.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)




Heo0xonnmoe ob6opynoBaHue 1Jis JIEKIUNA: KOMIBIOTEP U MYJIBTUMEIUIHOE 000pya0BaHuE (ITPOEKTOD,
3BYKOBasi CHCTEMA)

Heo0xonnmoe obopynoBaHue 1ist 1a00paTopHBIX paboT: aBTOMAaTU3UPOBAHHBIN CTEH U1 U3MEPEHUS
napaMeTpoB ¢ortoaerekTopoB (B coctaBe muHucnekTpomerp CAEN, nururaiizepst CAEN, kop3uHbI
CAMAC c xontposiepom, NIM, ananoroseie u HuQpoBsie O10KK cOOpa AAHHBIX, XJIaJOTEPMOCTAT,
cBUHIIOBas 3amuTa, uctounnku OCI'U, nerekropsl Ha ocHOoBe @OV u kpucramioB Nal, mudposoii
ocuuyuiorpad, KOMIbIOTEPHI.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. }YO.K. AkumoB. DoToHHBIE METOABI perucTpaunu usnydeHuil. lyona. 2006

JomnonHutensHas auTeparypa
1. CnopaBounuk no kpucramtorpaduu «International Tables for Crystallography»

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

https://www.caen.it/families/educational-experiments-advanced-statistics/

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLeCTBJICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepeyeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha 3ansTusx ucmons3yercs clieAyloliee IporpaMHoe ooecredeHue:

QtPlot/ MS Office Exel - 06paboTka sKcriepuMEeHTaIbHBIX JaHHBIX J1a00paToOpHBIX padoT;
MS Office Power Point - noka3 npe3eHTauuii;

Moodle -BuneoxonpepeHImm.

9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOXYJIs1)

CryneHT, M3y4arollMi IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAAETh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT AOJDKCH 3HATb OCHOBHBLIC ONPEACICHUSA W IIOHATUA,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUA IJId PCUICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIUILTHHE;

— BeJICHUS KOHCITCKTa 3aHATHH;

— HaMPsDKEHHOW CaMOCTOATEIHLHOU PabOTHI CTYIEHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], MPEAHA3HAYEHHBIX 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 U3y4yaeMOro mMarepualna, a He MEXaHHYeCcKOro ero 3amomuHaHus. [lpu
3aTPYNHEHUH W3YYCHHUS OTICNBHBIX TEM, BOMPOCOB, CIEAYeT OO0pamarbcs 3a KOHCYIBTAIUSIMU
MIpenoaBaTesio.

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



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: SnepHble pU3MKA U TEXHOJIOTHH

npopuJib NOArOTOBKHU: Snepuas duzuka, YTC 1 KOMITBIOTEpHBIE METOJIBI B (PU3UKE
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa QpyHIaMEHTATbHBIX B3aUMOACHCTBUIA U KOCMOJIOTHH

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHunpoBaHHblil 3a4eT

PaszpatGoTunk: M.B. MopnoBckoi, kanj. (hu3.-Mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Cnocoben hopMynupoBarh eI U
3aj1a4M MCCIICAOBAHNUS, BEIOUPATh KPUTEPUH
OLICHKH, BBISBIISITH IPHOPUTETHI PELICHHS 3a/1a4

OIIK-1.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
HCCIICAOBAaHUM B pPaMKax TeMaTU4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-1.2 Cnocoben cocTaBisiTh OOLIMIA MJIaH PabOTHI 1O
3aJJaHHOW TeMe, MpeAjararb METOAbl HCCIIENOBAaHUS U
CH0COObI 00paboTku PE3YyNbTaToB, MIPOBOJUTH
HCCIIEJOBAHMS 110 COINIACOBAHHOMY C PYKOBOJHMTEJIEM ILIaHY,
MPE/ICTABIISATH OTYYCHHBIC PE3YIbTaThI

OIIK-1.3 Biageer cHCTEMAarHYECKMMM 3HAHUSAMH 110
HATPaBJICHUIO JCATEIbHOCTH; YIIYOICHHBIMUA 3HAHUSMHU I10
BBIOPAaHHOW  HAmNpPaBIEHHOCTH TOJATOTOBKH, 0a30BBIMHU
HABBIKAMHU IMIPOBEICHUSI HAYYHO- MCCIIEOBATEILCKUX paboT
10 IPEAJIOKEHHON TeME

OIIK-2 CriocobeH npuMeHSTh COBPEMEHHbBIE
METO/Ibl HCCIJICIOBAHUS, OLIEHUBATh U
MPECTABISATH PE3YIBTAThl BHIIOJTHEHHOM
paboThI

OIIK-2.2 Cnocoben 0000mare ¥ KPUTHYECKH OLEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-2.3 CnocobeH apryMEHTHPOBAaHO BBIOMpATh CIOCOO
MPOBEICHUS] HAYYHOTO MCCIICOBAHMS, IPUMEHSITH 3HAHUS B
obyiactTi MPOo(eCCUOHANBHON NEeATENFHOCTH JJISl PEIICHUS

[IK-1 Crioco0eH K cO3AaHUI0 TEOPETUIECKUX U
MareMaTH4ecKuX Mojielieli B 001acTy sIepHOi
(U3UKH U TEXHOJIOTUH

MOCTAaBJICHHON 3agau, (OPMYIUPOBaHHUA BBIBOJOB U
OLICHKH MOJyYEHHbIX Pe3yJIbTaTOB
K-1.2 Ymeer CO3/1aBaTh TEOpEeTUYECKHE u

MaTeMaTUYeCKHe MOJIENIM B OONacTH sAepHON (Qu3uku u
TEeXHOJIOTHH

[IK-1.3 Bnageer HaBblkKaMH pPabOTBl C COBPEMEHHBIMH
pacueTHBIMU [IPOrPaMMHBIMU CPEICTBAMU

I1K-3 CnocobOeH 00bEKTUBHO OLIEHUTH
npearaeMoe pelieHrue Win MPOEKT 110
OTHOIICHHIO K COBPEMECHHOMY MHUPOBOMY
YPOBHIO, TMIOJITOTOBUTH IKCIIEPTHOE 3AKIIFOUCHHE

[IK-3.1 3HaeT coBpeMEeHHBIH YpPOBEHb Pa3BUTHA HAYKH U
TEXHOJIOTUH, MpodecCHOHaNbHbIE MPOOJeMBl B  CBOEH
MpeMETHOM 0bmacTu

[IK-3.2 YmeeT COOTHOCHTH NpEAIoiaracéMoe peIIeHne WiIn
MPOEKT C COBPEMEHHBIM MUPOBBIM YPOBHEM

[IK-3.3 Brnameer HaBbIKAMH  JKCHEPTHOM  OLIEHKH
MpenaraeMpIX PENIeHUN WK MPOCSKTOB

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesymerare wusydeHus gucHUIUIAHBL  «[103WIIMOHHO-UYBCTBUTENBHBIE JETEKTOPHI HAa  OCHOBE

HOJTYIPOBOJHUKOBBIX (POTOMPHEMHHUKOBY 00yUarOIUiCs JOKEH:

3HATb:

- MECTO U POJIb JETEKTHPYIOMINX CHCTEM B HAYYHBIX HCCIICIOBAHUSIX;
- COBpPEMCHHBIC MPOOJIEMBI JKCIIEPUMEHTAILHOW (QU3UKK B 3ajadax syiepHOd (us3uku M (U3MKH

QJICMCHTAPHBIX YaCTHUI] ,

- IPUHIMITBI TEOPHU PETHCTPALIMY YaCTHI] B ICTCKTHPYIOIMX CUCTEMAX;
- IPUHIIMITBI paOOTHI HOTOAETEKTOPOB U, B YACTHOCTH, KPEMHHEBBIX (DOTOIETEKTOPOB;
- HOBe#IMe pa3paboTKy U 00JacT IpUMEHEHHUsT (OTOJCTEKTOPOB B (DU3HKE U HAPOJHOM XO3SHUCTBE.

yMeThb:

- 3((EeKTUBHO HCIOJIB30BATh HA MIPAKTUKE TEOPETUUECKNE KOMIIOHEHTHI HAYKU: MOHATHSA, CY)KICHHS,

YMO3AaKJIKOYCHHNA, 3aKOHBI;

- IPEACTaBUTh ITAHOPAMy YHHBEPCAIbHBIX METOJIOB U 3aKOHOB COBPEMEHHOMN (PU3UKHU;
- IJTAHUPOBATh ONTUMAIBHOE TPOBEICHUE IKCIIEPUMEHTA.

BJIaJd€Th:




- IJTAHUPOBAaHUEM, TIOCTAHOBKON 1 00pabOTKOM pe3ylbTaToB (PU3HUYECKOTO IKCIIEPUMEHTA;
- HAy4YHOU KapTUHOW MUpa;

- HaBBIKAMH CaMOCTOSITEIbHON paboThI;

- MaTeMaTHYECKUM MOJCTHPOBAaHHEM (PU3MYECKHX 3a/1ad.

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

[Ipumepnoe coneprkanue 1a00paTOPHBION paboTHI:
1. OObsicHeHue PUHLIHUIIOB PabOTHI cUCTEM cOOpa TaHHBIX U IETEKTHUPYIOLICH annapTyphl.
2. COopka IeTeKTHPYIOLIEH CUCTEMBI, BKIIIOUEHNE U HACTPOMKA MapaMeTpPOB.

3. CpaBHeHHE TmTapaMeTpPOB CcHUCTeM cOopa JaHHBIX Ha OCHOBE IMOJYYEHHBIX JJAaHHBIX OT
JNETEKTUPYIOIINX CUCTEM.

4. O6paboTKa SKCIIEPUMEHTAIBHBIX JAHHBIX.

[Tpumep KOHTPOJIBHBIX BOIIPOCOB K J1abopaTopHOit padote Nel:
[MosicanTh nmpunIMn padotst MAPD.

B xakux cinydasx npuMeHuMo pactpeneienue I[lyaccona.

Uro BxoauT B 3 dekruBHOCTD peructpainyu horona (PDE).
Cpennee umcio GpOTOAIEKTPOHOB.

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

[lepeueHb KOHTPOJIBHBIX BOIIPOCOB:
1. Kaxoit poTosddexT (BHEMHNH, BHYTPEHHHI) JIEKHUT B OCHOBE pabOThl (OTOAETEKTOPOB?

2. Ipunmmn paGoThl M OCHOBHBIE MapamMeTphbl (POTOAIEKTPOHHBIX yMHOXHTeNeH. Kakue mapamerpsr
OOV MoryT MOBIUATH Ha BEIOOP QOTOAETEKTOPA /I (PU3NIECKON YCTaHOBKU B TI01b3y MAPD?

3. B uem 3akirouaercs I1aBHOE OTIMYKE puHIHIA padotel APD ot apyrux doroauonos?

4. Kaxkoll HOBBIM MapaMeTp MOSABISAETCS Y NETEKTOpa MOHM3UPYIOUINX HW3JIy4eHHH Ha ocHoBe MAPD
(MynerunukcensHoro Qgoroauona) B ommunu oT APD? Ot kakux cBoiicte MAPD 3aBucur
JUHAMUYECKUI Uana3oH U JMHEHHOCTh 3TOro napameTpa’?

5. Kak onpenensiercst koahUIMEHT yCHUIeHHs 1eTekTopa Ha ocHoBe MAPD?

6. Kakomy 3aKkoHy MOTUMHSETCS paclpelelieHHe BEpOATHOCTH Mporecca 00pa3oBaHHs
(hotoanekTpoHoB B GoTtoperekTope? OOBSICHATH TIOYEMY.

7. Ha xakue mapametpsl AeTekTopa Ha ocHoBe MAPD moryTt BiuATh JTUHEHHBIE pa3Mephl MUKCENs,
E€MKOCTb IHUKCEISl, yCUIICHUE TTUKCENs?

8. TemuoBoil Tok. Kakue cymiecTByIOT METOABI TMOJABICHHS HMMITYJIECOB, BBI3BAHHBIX TEMHOBBIM
TOKOM?

9. Onruueckas cBs3b Mexay suelikamu (ortommona. Kakume cmocoObl MOJABIIEHUS TaKOW CBS3U
UCHOJIB3YIOT KOHKYPHUPYIOLIUE MPOU3BOANTENN (POTOAECTEKTOPOB?

10. TMocneummynbcel. BO3MOXKHO 1M MCHONB30BaHUE MOCICHMITYILCOB IS MOMXy4YeHUs! (HU3NYeCcKOr
nHpopmanuu aerektopoM? Kakue cymecTByIOT criocoObl IOAABICHHS MOCIEUMITYIIECOB?

11. YUro Takoe sddektuBHOCTh peructpaiuu ¢orona (PDE), or kakux mapameTpoB 3aBUCHT ee
BeITU4HHA?

12. Kak BBEIUUCINTE EMKOCTH ITUKCENA?
13. Kak onpenenuts cpegHee 4uciao GOTOIIEKTPOHOB?

14. Yem OMpeaACIICTCA MPOCTPAHCTBCHHOC Pa3pClICHUC B COBPCMCHHLBIX TPCKOBBIX CHUCTEMAX C
HCIIOJIb30BAHUCM CHUHTUINIIUOHHBIX BOJIOKOH U KPEMHUEBLIX q)OTOYMHO)KHTeHCﬁ?

15. Tlouemy omHOQOTOHHBIN (MaIOGOTOHHBIN) CheM WHPOPMAIIMU B AETEKTOpax ObICTPO pa3BHBAETCS
B HayKe W NpoMbInuieHHOCTH? [IpuBecTH pUMEpHI, T1Ie OH UMEET IPHOPUTETHOE HAIIPABICHHE.

[Tpumeps! OuIETOB:
burer 1.
1.DHepreTrueckoe paspemieHue u 1mym-gpakrop OIY



2.TemuoBo#i Tok SIPM . MexaHn3m BO3HHKHOBEHUS. BiusHue Ha XapaKTepUCTUKU (DOTONETEKTOPOB
Ha ocHOBe SIPM.
buner 2.
1. PIN -muongr. IIpuHIun paboThl 1 OCHOBHBIC CBOMCTRA.
2. 3aBUCUMOCTh BEJIMYUHBI ONTHYECKON CBsA3W OT HampspkeHus s SIPM. Meron ompeneneHus
OINITUYECKOM CBSA3M U3 aMIUIUTYHBIX CIIEKTPOB.
buner 3.
1. Cnoco06s! monaBneHus (OHOBBIX UMITYJILCOB. TpUTTEpPHbBIE CHCTEMBI.
2.0mpenenenue cpenHero uucia (HOTOIEKTPOHOB, TOMABIIMX Ha (POTOIMON (ManohoToOHHBIH
pexum)?
buner 4.
1. OcHOBHBIE METOIBI ChbEMa CBETA C AETEKTOPOB OONbLINX pa3MepoB. [IpuHLIKI pabOTBl ONTHYECKUX
BOJIOKOH.
2. JlunamMudeckuit 1uana3zoH Gpotonuonos. CriocoObl yBeIUYEHUS TUHAMUYECKOTO JTHara3oHa.
buner 5.
1. RICH -neTexTopbl — MpUHIKIT pabOTHI U METOJIbI ONITUMHU3AIIMH CBETOCOOpa
2. Ilocnenmnynbebl B AeTeKTOpax. Mexanu3Mm Bo3HUKHOBeHUs A SIPM u OV

Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYEOHOHM MNpOrpaMMbl AMCHUUIUIMHBI, TMPOSBISIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATh UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3a/]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Onenka OTIMYHO § ©OauioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHATHh IOIy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTATOYHO
IrpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.
Ouenka xopoo 6 6ajoB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MIOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0aioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAHHUs HA MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka yIOBIETBOPUTENbHO 4 Oaya - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuania, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOydeHus, u
MOYKET IPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
OneHka yIOBIETBOPUTENIHHO 3 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (GopMynupoBKax 0a30BBIX HOHSTHH,
HapylIEHUs] JIOTUYECKOH MOCIeq0BaTeIbHOCTH B H3JIOKEHUH NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HeyIOBIETBOPUTENIBHO 2 0ajuia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl IUCHMIUIMHBI, JAOIyCKaeT rpyOble OmHOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.



OueHka HEYIOBIETBOPUTENbHO 1 0aim - BBICTABISAETCS CTYIEHTY, KOTOPBI HE 3HAeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue ommOK B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBEI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3a/1ad.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNne MPoueIypPbl OIleHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

JuddepeHumpoBaHHbId 3aueT MPOBOTUTCS B ycTHOW ¢opme mo Owieram. B kaxmom Owiete
NPE/CTaBICHO JBa TEOpPETHYECKHMX Bompoca. I[lpm mpoBeneHumm 3auéra  oOydaromiemycs
npenocrapisiercs 30 MUHYT Ha moAroToBky. Ompoc oOydaromerocs He JOJDKEH HPEBBINIATh OJHOTO
aCTPOHOMHYECKOTO Yaca.



