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

YTBEPKAEHO

IIpopekTop mo y4eOHoii padoTe u
JOBY30BCKOI IOAT0TOBKE
A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

Mo TUCHHUIIJIMHE: OOmas ¢usmKa: onTHKA

10 HANPABJIEHHIO: CucteMHbII aHANU3 U yTIPAaBICHUE

NpoduJIb MOATOTOBKH: CucteMHbII aHATU3 U yIIPABICHUE B TEXHUYECKHUX, SKOHOMUYIECKHUX U COLIMATIbHBIX
crcTeMax

dusTex-urkona A3pokocMuueckux TexHomoruit
kageapa obueit pusnku

Kypc: 2

KBaJU(PUKAHA: OaxanaBp

Cemectp, (hopMBI IPOMEKYTOUHOH arTecTanuu: 4 (BeCeHHUN) - DK3aMeH

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 90 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 180, Bcero 3au. en.: 4
KommyecTBO KOHTPONIBHEIX paboT, 3aaHuii: 3
[IporpamMmy cocraBunu:

1O.P. Ananaksn, a-p ¢us.-mar. Hayk, npodeccop, npodeccop
I'.P. Jlokmwn, 1-p ¢us.-mar. Hayk, ipodeccop, mpodeccop
I1.B. [lonos, ka1, ¢u3.-Mar. HayK, JOLEHT

A.B. I'aBpukoB, kaHa. ¢pu3.-MaT. HayK, JIOLCHT, JOLCHT

I0.H. ®unaros, kana. ¢pu3.-MaT. HayK, TOLECHT

C.B. Bunorpaznos, kaua. ¢u3.-MaT. HayK, JOLEHT, IOLEHT

[Iporpamma obcyxneHa Ha 3aceqanuu kKadenpst oomei ¢puzuku 06.03.2020



AHHOTANMA

B kypce paccMaTpuBarOTCs KIIFOUEBBIC TIOHATHS U METOABI T€OMETPUYCCKOW M BOJHOBOM ONTHKU KaK YacTH
Kypca obmeit ¢pusuku, unraemoro B MOTHU. Cravana paccMarpuBarOTCs 3JI€MEHTBI TEOMETPUIECKON ONITHKU
u (OTOMETPHH, IIOCIIE YEro BBOISATCS OCHOBHBIC BEJIMYWHBI, MOHSATHS W TOCTYJIAThl BOJHOBOW OITHKH.
N3naraercst kiaaccuueckas Teopust aucnepcuu. PaccmarpuBaercst uHTEpdEpeHIMs MOHOXPOMAaTHYECKHX M
KBa3MMOHOXPOMATHYECKUX BOJIH. OOCYKIAIOTCS MOHSATHS BPEMEHHOH M MPOCTPAaHCTBEHHOI KOTePEHTHOCTEHA.
@opMynTUpYIOTCS OTpaHUYEHHS Ha JOMYCTHMYIO pa3HOCTh XO/la, a TaKKe Ha JOIMYCTHMBIE pa3Mephl
UCTOYHHMKA W amnepTypy HHTep(EepeHIMd B JBYXJIyYeBBIX HHTEPQEPEHIMOHHBIX cXeMaX. M3ywarorcs
mappakunn  Dpenens u  PpayHrodpepa. AHAIMZUPYIOTCS OCHOBHBIE XapaKTEPUCTHKH CIEKTPAJIbHBIX
npuOOpOB HA MpHUMEpe MPU3MBbI, AHU(paKIuOHHON pemérku u uHTtepdepomerpa Padbpu—Ilepo. Msnararorcs
npuHIUIE Gypre-onTuku. PaccmarpuBaercs meton Pames pemenus 3agaun qudpakiun (IpoCTpaHCTBEHHOE
dbypre-paznoxkenue). Msywdaercs teopus AOOe (OpMUPOBaHHMS ONTHYECKOTO W300pakeHUs (TIPHUHIIAIL
nBoiiHoN audpakiuun). OOCYKIat0TCs TPUHITUITBI TONOTpaduu U 3JIEMEHTHI KPUCTAJUIOONITHKU B OJTHOOCHBIX
kpucrawiax. Paccmarpusatorcs addextsr Papanes, Keppa u Ilokkensca u ux npumeHenue. OTaenbHbBIC
JIEKIIMU TIOCBSIIEHBI TEOPUH pacCesHUE CBETa U PACIPOCTPAHCHUIO HIEKTPOMArHUTHBIX BOJIH B BOJIHOBOJAX U
CBETOBOJaX. B 3aKkiroueHne paccMaTpuBalOTCs HEJIMHEWHBIC ONITHYECKHE SBJICHUS: HEJIMHEIHAS TOISApH3aLus
Cpelbl, TeHepaLus BTOPOil rapMOHMKH, (a30BbIii CHHXPOHH3M, SIBICHHE CaMO()OKYCHPOBKH.

Kypc comepxur B cebe obOcyxkacHHe 0a30BbIX (U3WYECKUX MPOIECCOB, pa3bop 3ajad, JEeMOHCTpAIUH
(GU3MUECKUX DKCIEPHUMEHTOB, 0€3 KOTOPBIX HEBO3MOXKHO IIIyOOKoe moHuMaHue oOmeid ¢usnku. s
YCIICIIHOTO OCBOEHUS OHJIAIH-Kypca CITyIIATeNto KeJIaTeabHO 3HaTh Kypce o0mmeit pu3nku: « DIeKTpHIECTBO U
MarHeTu3M» ¥ BJIaJeTh OCHOBAaMH MaTeMaTHYECKOTO aHajHM3a, 3HATh OCHOBBI JIMHEWHOW anreOpbl U yMETh
OIIEPUPOBATH C KOMIUIEKCHBIMH YHCIIAMH.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

OcBoeHue cTyaeHTaMu 0a30BbIX 3HAHMH B 00JIACTH ONTHYECKUX SBICHUH Il NaNbHEHIIETO N3y4eHus
JOpyTuX pas3nenoB GU3MKU U yrIyOneHHOTo n3ydeHnus (yHIaMEeHTaIbHBIX OCHOB OITHKH.

3agauu AUCHUTLIHHBI
* (dopMmupoBanue y o0y4arormmxcs 0a30BbIX 3HAHHI B 00JIACTH ONTHUKA

. (dbopMupoBaHHE YMEHHUIl M HABBIKOB IPUMEHSTH HW3yYEHHBIE TEOPETUUECKHE 3aKOHBI U
MaTeMaTHYeCKHe HHCTPYMEHTHI [UIS PeIIeHHs Pa3IMYHbIX GU3HUCCKUX 3a/1a4

. ¢dopmupoBanre 00MEPUINIECKON KyJIBTYpPBl: YMEHHs BBIIEIATH CYIIECTBEHHBIC (QH3MUECKHE
SBJICHUS M IpeHeOperarb HeCYNIEeCTBEHHBIMU; YMEHHS IPOBOIUTH OLEHKH (PU3NYECKUX BEIHYHH;
YMEHHUS CTPOUTDH MPOCTEHIIINE TEOPETHUECKIE MOAIEIIH, OTMCHIBAOIINE (PU3HUECKUE TTPOLIECCHI

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($9174:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

VYK-1 CriocobeH oCymiecTBIsTh MTOUCK,
KPUTHYECKUI aHAJIM3 U CUHTE3 HH(POPMALHH,
MPUMEHSATh CUCTEMHBIH MOXO/ sl PEIICHUS
MOCTABJICHHBIX 33]1a4

VYK-1.1 Ananusupyert 3aaady, BeIIEIASA 3TANbl €€ PEIICHHUS,
JIEHCTBUS IO PELIEHUIO 331a41

OIIK-1 CnocobeH aHaM3UPOBaTh 3a/1a4u
YIpaBJICHUS B TEXHUUECKUX CUCTEMax Ha
OCHOBE IIPHOOPETEHHBIX 3HAHUH

OIIK-1.1 OcymecTBisieT JIEKOMITO3HUIIHIO 3a/1aun
yIpaBJeHUs, BbIIEsAET 0a30BbIE COCTABIISIOIINE 33/1a91

OIIK-2 Criocoben ¢popMynupoBarh 3a1a4u
YIpaBJIEHHs] B TEXHUYECKUX CUCTEMaX Ha
OCHOBE 3HAHUH 110 MPOPHIBLHBIM pa3esam
MaTeMaTHYeCKUX U €CTECTBCHHOHAYYHBIX
JTUCIUTITHH

OIIK-2.1 Buageer ¢QyHIaMeHTaIbHBIMH  HOHATHSIMH,
3aKOHAMM U TEOpUsAMH  NPOQWIBHBIX  pa3/esioB
MaTeMaTHYECKUX U €CTECTBEHHOHAYYHBIX AUCIMITIINH

OIIK-3 CriocobeH npuMeHSTh MOTy4YeHHBIE
3HAHUS, YMCHUS U HABBIKY ISl PELICHHS
THUIIOBBIX 33]1a4 yIPABJICHUS B TEXHHYECKUX
cucTeMax

OIIK-3.1 Bunazmeer OCHOBHBIMHU IIOHSATHSIMHU W 3aKOHAMH
TEOpUU yIPaBICHUS




ITK-1 CriocobGeH MpoBOUTH UCCIIEI0BAHUE [K-1.1  Bnageer  ¢yHAaMEHTANBHBIMH  MOHSATHSIMU,
CHCTEM YIIpaBJICHUS U UX KOMIOHEHT 3aKOHAMHU M TEOPUSIMH CUCTEMHOTO aHAJIN3a

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

3HATh:
0 (yHaaMeHTaIbHBIEC 3aKOHBI M MOHATHS ONTHKH, a TAK)KE TPAHUIIBI UX IPUMEHUMOCTH:
o mnpunimn OepMa 1 3aKOHBI TEOMETPHYESCKON ONITHKH;
0 BOJHOBOE ypaBHEHHE, INIOCKHE U CEepHUCCKUE BOIHBI, IPHHIUII CYTIEPIO3ULIUN U HHTEP(EPEHIH
MOHOXPOMATHYECKUX BOJIH;
O BpeMEHHas U MPOCTPAHCTBEHHAs! KOTEPEHTHOCTh HCTOYHUKA,
o mnpuHuui [toiirenca—®penens, nudpaxuus Openens:
o nmudpaxnus OpayHrodepa Ha MIeNH;
0 CHEKTpaJIbHbIC MPUOOPHI U MX OCHOBHBIC XapaKTEPUCTHKH;
0 TPUHIHIEI Pyphe-ONTHKH, TPOCTPAHCTBEHHOE Pypbe-paziiokenne, 3Gdekt camopenpoayKinu;
o Tteopusi AbOe hopMHPOBaHUS ONITUUECKOTO N300PAKEHUS, IPUHIHI JBOUHON JU(PPaKLIUY;
0 TPUHIHMIIEI Tosorpaduu, yciaosue bparra—Bynbda.
0 Juchnepcus cBera, (pa3zoBas U rpyNIoBasi CKOPOCTH, KJIacCUYECKasi TEOPHS IUCIEPCUH;
0 MOJISIpU3aLUs CBETA, ECTECTBEHHBIN CBET, siBJieHHEe bprocrepa;
0 IUXPOU3M, HNOJSIPOUIBL, 3aKOH Maitoca;
0 JIBOMHOE JIy4enpeiIoMIICHHE B OJHOOCHBIX KpHCTaIaX, HWHTEP(QEPEHIMOHHbIE SIBICHUS B
KPUCTAJUIMYECKUX TUTacTUHKAX, 3 dekt Dapanes u adhdexr Keppa.
0 HEeJTMHEHHbIE OINTHYECKHE SBICHMS, HEJIMHEWHas MOJIApU3aLuUsl Cpeibl, TeHepalus BTOPOH
rapMOHUKH (YABOCHHE YacCTOTHI), (ha30BbIi CHHXPOHU3M, CaMO(OKYCHPOBKA.

YMETh:
0 IPUMEHATH U3y4eHHbIe o0Imue Gpru3ndeckrue 3aKoHbI IS PeIleHHs KOHKPETHBIX 33/1a4 110 ONTHKE:
0  TNPHUMEHATH 3aKOHBI T'€OMETPUYECKOM ONTHUKU NPU MOCTPOCHHU H300paKEHHH B ONTHYECKHUX
CHCTEMax;
0 pemars ypaBHeHUs [elbMrosbpLa JuIs CirydaeB INIOCKUX U C(hEepUIeCKUX BOJIH;
0 HCIOJIb30BaTh NOHATHE O 30HaX Ppenens u cnupanu OpeHens Npyu pelIeHnH 3a1a4 AuppaKkIul Ha
9KpaHe C 0CEBON CUMMETpHEN
0  HCHoib30BaTh MeTon Pames pemeHus 3amaun Ju@pakiuy: BOJHOBOE IOJE KaK CYHNEPHO3HIHS
TUTOCKHMX BOJIH pa3HbIX HAIIPaBJICHUH (IIPOCTPaHCTBEHHOE (Pyphe-pa3iokeHHe);
0  aHanMM3MpoBaTh (U3MYECKHE 3aJadM, BBIIENAS CYIICCTBEHHBbIE M HECYIIECTBCHHBIC ACHEKTHI
SBJICHUS, ¥ Ha OCHOBE IPOBEACHHOTO aHalli3a CTPOUTH YNPOIIEHHBIE TEOPETUUECKHE MOACIH
(DUBNYECKUX SIBICHUM;
0 NPUMEHATh Pa3IUYHbIE MaTeMaTHYSCKHUE HMHCTPYMEHTHI pEIICHHWs 33jad HCXOAs W3
c(OpPMYIUPOBAHHBIX (U3NUECKUX 3aKOHOB, M IPOBOJUTH HEOOXOIMMbIE aHATUTHUECKUE U YHUCIICHHbIE
pacy€Thl.

BIIAJICTh!

O OCHOBHBIMHU MCTOAAMH PCIICHUA 3a4a4 OIITUKU;
O OCHOBHBIMHU MATCMATUYCCKUMU MHCTPYMCHTAMU, XapaKTCPHbIMU UIA 3a1a4 OIITUKU.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jejiaM) ¢ yKa3aHueM
OTBEJeHHOI'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 3aHATHH, BKIIIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI

pabora

| I'eomerpuueckass onTuka M 3JIEMEHTHI ) ) 6

¢doromeTpuu.
2 UnTepdepenuus BoiH. 4 4 12




3 Judpakius BoJH. 4 4 12

4 Pa3zpemraromias ciocoOHOCTh ONTHYECKUX 4 4 12
HWHCTPYMEHTOB.

5 OneMeHTH! Qypbe-ONTUKH. 4 4 12

6 OneMeHTHI Tosorpaduu. 4 4 12

7 Hucnepcusa. @PazoBas u  rpymnmnosas ) ) 6
CKOPOCTH.

] [onspuzanus CBETa. OJeMEeHTHI ) ) 6
KPUCTAJUIOOIITHKH.

9 Paccesnue cera. 2 2 6

10  |HenuneWHbIE ONTUYECKHE SBICHUS. 2 2 6

Hroro yacos 30 30 90

[TonroToBka k 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 180 gac., 4 3au.ex.

4.2. Cogpep:xaHue OUCUUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 4 (Becennuii)
1. eomeTprueckas ONTUKA U AJIEMEHTHI (JOTOMETPHUH.

[punnun ®epma u 3aKOHBI reoMeTpUUecKoi onTHKH. [loTHOE BHYTpeHHee oTpaxkeHne. OnTudyeckre
WHCTPYMEHTBI: TEJECKOI, MHUKPOCKON. OJeMEHThl (oToMeTpuu. SpKOCTh W OCBELIEHHOCTD
N300pakeHUs.

2. NaTepdepenius BOH.

BonHoBoe ypaBHEHHME, MOHOXPOMAaTHYECKHE BOJHBI, KOMIUIEKCHas aMIUINTYAd, YpaBHEHHE
I'enpmroneia, miockue M cdepudeckne BoMHBL. [IpuHIMN cynepmo3unmu U UHTEp(EpeHIHs
MOHOXPOMAaTHYECKHX BOJH. BuumHocts mnonoc, mupuHa nojockl. CrarucThUYeckas Npupona
M3JTy4eHHs. KBa3MMOHOXPOMATHUECKOH BONMHBI. BpemeHHas KOrepeHTHOCTb, (YHKIHS BPEMEHHOM
KOTEpPEHTHOCTH, CBSI3b CO CHEKTPaJbHOH HHTEHCHBHOCTBbIO (Teopema BuHepa—XuH4uHA).
OrpannueHue Ha JOMYCTHMYIO pa3sHOCTb XOJa B JBYXJIYYEBbIX HHTEP(EPEHIMOHHBIX CXEMax,
COOTHOILIEHHE HeomnpeaeneHHocTe. MHTepdepeHLnss MpH  HMCIOIB30BAHUU  MPOTSHKEHHBIX
UCTOYHUKOB. [IpocTpaHCTBEHHAs KOT€PEHTHOCTb, (PYHKUIHS IPOCTPAHCTBEHHOW KOTEPEHTHOCTH,
CBSI3b C paclnpeneieHueM  HHTEHCHBHOCTH W3Iy4YeHHA 10 HUCTouHUKy [(x) (Teopema Ban
Hutrepra—llepuuke). OrpaHudeHuss Ha JOIYCTUMBIE pa3Mepbl MCTOYHMKAa U aleprypy
uHTep(EpPEeHIUH B IBYXJIyueBbIX cxemax. Jlazephl Kak MCTOYHUKU KOT€PEHTHOTO U3TYUYCHHUS.

3. dudpaxius BOIH.

Hudpakuus BonmH. [Tpuniun [olirenca—®penens. [ludpakinus Ha TOHKOM 3KpaHe. |paHHuYHBIC
ycioBusi Kupxroda. Bonnosoit nmapamerp. Hudpakuus @penenst. 3amaun ¢ 0ceBOil CHMMETpHEH,
30HbI Ppenenst, cnupainb PpeHens. 30HHbIE IUIACTUHKH, JIMH3a. Jnpakius Ha TOMOIHUTEIHLHOM
skpane, natHo lIlyaccona. dudpakuus ®paynrodepa. CeroBoe mone B 30He Dpaynrodepa kak
npeobpazoanne Pypre rpanuuHoro mons. Judpakuus Opaynrodepa Ha menu, audpakmoHHAs
pacxomumocTb. JIudpakurOHHBIM Tpemen paspelleHus Teleckona M Mukpockoma.  [lome B
(hOKaITLHOMW TUIOCKOCTH JINH3BL.

4. Pa3permaromasi crocOOHOCTh ONTHYECKUX HHCTPYMEHTOB.

CrniexrpanpHble  mpuOOpel: TpusMa, audpakiuonHas pemérka, uHTepdepomerp Dadpu—Ilepo.
XapakTepUCTUKU CIIEKTPAJIbHBIX TPUOOPOB: pa3pelaromas CrioCoOHOCTh, 00JacTh JAHMCHEPCHH,
yoioBast nucnepcus. Teopuss A66e GpopMUpOBaHMS ONTHYECKOTO H300PaXKECHUs, TPUHITUIT TBOWHOM
madpakuuu. [lonoca mpomyckaHusi ONTHYECKOH CHUCTEMBI, CBS3b C Pa3pelIarolieid ClioCOOHOCTHIO.
Paspemaromiast ciocOOHOCTB PU KOTEPEHTHOM M HEKOI'€PEHTHOM OCBEILICHUH.



5. DneMeHTHl Gyphe-ONTHKY.

[Mpuanmnel  Qypbe-ontuku. Meton Pones pemenus 3amadun nudpakiuy: BOJIHOBOE TIONE Kak
CYNEpHO3UIHMs ITUIOCKHX BOJIH pa3HbIX HampaBlIeHHH (MPOCTpaHCTBEHHOE (yphe-pasioKeHue),
COOTHOIIIEHUe Heomnpenenénnocren. Jndpaxius dpenenst Ha nepuoarUecKux cTpykrypax (3ddekr
camopernpoaykiun). O0IacTh reOMETPUISCKON OTITHKH.

6. DneMeHTHI ToJorpaduu.

[Mpuanmner ronorpadun. [omorpamma ["aGopa. TonorpamMma ¢ HaKJIOHHBIM OMOPHBIM IYYKOM.
Paspematonast cmocoOHocTh romorpammbel. OObEMHass romorpamma, o0ObEMHas pemérka B
perucTpupyloniei cpeze, yciaosue bparra—Bynbda.

7. Qucniepcus. @a3oBas ¥ TpynnoBasi CKOpOCTH.

Hucnepcus cBera, (azoBas M TpymnmoBas ckopoctd, (opmyna Pames. Knaccmueckas Tteopus
nucriepcur. KoMITIEKCHBIM TOKa3aTeslb NpPEeOMIICHHSI U MOTIOMICHHUS CBETa B cpelie. 3aTyxaroliue
BOJIHBI, 3aK0oH byrepa. HopmanbsHas n anomanibHast qucniepcuy. PagnoBoaHbl B noHOC(Epe 1 AaibHAsA
paanoCBs3b.

8. HOJ'IHpI/I3aI_II/I$I cBeTa. DIIEMEHTHI KpUCTAJUIOOIITUKH.

[Monspuzauust ceera. EctectBenHsiil cBeT. fBneHue bprocrepa. JuxpousMm, NOISIpOUIbI, 3aKOH
Matoca. J[BoitHoe JrydenpeaoMiIeHHEe B OJIHOOCHBIX KpucTaiiax. MHTepepeHIIMOHHbBIE SIBICHUS B
KpUCTaJUIMYECKNX ITutacThHKax. [loHaTtne o0 uckyccTBeHHOW aHu3oTponuu. Dddekr Dapanes u

addext Keppa.

9. Paccestnue cBerta.

PaneeBckoe paccestHue (paccestHie Ha (GIyKTyalHsax INIOTHOCTH). DG PEKTUBHOE CEUCHUE PACCEsTHHUS.
[Monsipu3anus paccesHHOTO CBETa

10. HenuHelHbIE ONTUYECKUE ABJICHUS.

Henuneiinas monsipusauus cpensl. ['eHepanuss BTOpoil rapMOHUKH (YIBOCHHE 4acTOThI), (a3oBbII
cuaxponu3M. CaMo(oKyCHpOBKa.

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

JlekumoHHAas ayAUTOPHs, OCHANIEHHAS] MYIBTUMEIUITHBIM IPOSKTOPOM U 3KPaHOM
OOGopymoBaHue JUIs ICKIIMOHHBIX JEMOHCTPALIUA

VY4eOHbIe ayTUTOPUH, OCHAIIEHHBIE TOCKOH

Hocryn k 6ubnmorekaM y4eOHOM TEXHUUECKOM JIUTEPATYPHI, B TOM YHCIIE JJICKTPOHHBIM,

HeO6X0):[I/IMBII\/’I JJI1 OCYHICCTBIICHUSA CaMOCTOSTCIIbHOU pa6OTI:I 06y‘laIOH_II/IXC$I

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. O6mmii kypc pusuku [Tekcr] : 8 S T. T. 4 : Onruka : yue6. mocodue st By30B / JI. B. CuByxun .—
/ 2-e w3a., uctp. — M. : Hayka, 1985 .— 752 c.

2. Ocuossl pusukn. Kypc obmeii pusuku [Texer] : B 2 T. T. 1 : MexaHuka, 3J€KTPHIECTBO U
MarHeTu3M, KoJaeOaHus ¥ BOJIHBI, BOJHOBas ONTHKA : yueOHuK 1uist By3oB / A. C. Kunrcem, I. P.
Jlokming, O. A. OnbpxoB .— M. : ®uszmaniut, 2001 .— 560 c.

3. Onruxka [Tekcr] : y4e6. mocoOue st By3os / E. . Bytuxkos ; mon pea. H. U. KanureeBckoro .— M. :
Bricmias mxkoja, 1986 — 512 c.



4. JlaboparopHsrit mpaktukyM 1o obmieit pusuke [Teker] : B 3 T. T. 2 : Ontuka : yue6. mocobue s
BYy30B / oz pefl. A. B. Makcumbrdesa ; M-Bo oOpa3zoBanus U Hayku PO, Mock. ¢pu3.-TexH. uH-T (Toc.
yH-T) .— M. : MOTH, 2014 .— 446 c.

5. Kamamuukos H.I1., CmonabipeB M.A./OcHoBBI Qpu3nku B 2-x Tomax M.-Jlaboparopus 3uanuii, 2017

JlononHuTeNbHAS TUTEPATypa
1. Kone6anus u Bonubl. BBenenue B akycTuky, paguodusuky u ontuky [Teker] : yued. mocobue asis
By30B / I. C. lopenuk ; mon pea. C. M. PeitoBa .— 3-¢ uzn. — M. : @uzmarnut, 2007 .— 656 c.
2. Onrruka [Teker] : yue6. mocobue ans us. crnerl. By3os / I. C. Jlanacoepr .— 6-e u31., CTEPEOTHII.
— M. : ®usmatiut, 2003 , 2006, 2010 .— 848 c.
3. OcuoBsl ontuku [TekcT] : [y4e6. mocobue i By3oB] / M. Bop, D. Bonsd ; mep. ¢ aari. C. H.
Bpeyca, A. U. TonoBamkuna, A. A. lllyOuna ; nox pexn. I. I[1. MotyneBuy .— M. : Hayka, 1970 .— 855
C.
4. Metofpl pemenus 3a1a4 B oomeM kypee ¢usukn. Onruka [Teker] : yue6. mocobue s By3os / B. 1.
KopsiBoB .— M. : Ctynenr, 2012 .— 344 c.
5. Bonnbl. Jludpaknus. [IpoctpanctBennas ¢punbTpaius [Teker] : yae6. nocodue aist By3oB / . P.

Jlokmms ; M-Bo oOpazoBanus u Hayku PO, @en. arenctso no odpazosannto, MOTU .— M. : MOTH,
2006 .— 160c.

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

1. http://mipt.ru/education/chair/physics/S 1V/Metod 4/— meTonmueckwuii paszen caifta kadeapbl
Oo0meit huzuku

2. http://lib.mipt.ru/catalogue/1412/?t=750 — anexrponnas 6udnuoreka MOTU, pazaen «O0mas
¢duznkar»

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILIMHe (MOIYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Ha nek1inoHHBIX 3aHATUSX UCIIONb3YIOTCS MYIBTUMEIUIMHBIE TEXHOJIOTUH, BKIIIOYasl JEMOHCTPALIUIO
Npe3eHTAlUMN.

Jluteparypa, pekoMeHIyeMas K Kypcy, JOCTYITHA B 3JICKTPOHHOM Buje (cM. I1.[ 1,2] mepeuHs pecypcoB
WH(POPMALIMOHHO-TEICKOMMYHHUKAaIMOHHOH ceTu "MHTepHeT", He0OXOAUMBIX /711 OCBOCHHS
JHUCIUIIINHBI (MOJYJIS1)), TAK YTO CTYACHTHI MOTYT YATAaTh YYEOHUKH MPSMO CO CBOMX IIIAHIIETOB.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

Crynent, m3ydaronmii kypc «OOmasi ¢usuka: OnTHKa», JOIKEH HE TONBKO H3Y4YUTh OOIIHe
(u3MUECKUe 3aKOHBI M TOHATHS, HO HAYYUThCS PUMEHSTh UX Ha MPAKTHKE.

VYeneniHoe 0CcBOoeHUE Kypca TpeOyeT HapshKEHHON caMOCTOATENBHOM paboThl cTyeHTa. B mporpamme
Kypca TpUBEICHO MHHHMAaJIbHO HEOOXOAMMOE BpeMs [uii padoThl CTyAGHTa HaJ TEMOW.
CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

— YTEHHUE U KOHCIIEKTHPOBAHNE PEKOMEH/I0BAHHOM JINTEPATYPHI,

— TpopaboTKy ydeOHOro Mmarepuana (10 KOHCIIEKTaM JIeKIUi, y4eOHOH W HaydHOW JHUTeparype),
MIOAATOTOBKY OTBETOB Ha BOIIPOCHI, IIPETHA3HAYECHHBIX JUIS CAMOCTOSTEIBHOTO H3yUeHHS;

— peleHue 3a1a4, IpeIaraéMbIX CTYJICHTaM Ha JICKIHSX.

— MMOJTOTOBKY K KOHTPOJIBHOM paboTe, cave 3aAaHuid, SK3aMeHy.

PyKOBOICTBO ¥ KOHTPOJIb 3a CaMOCTOSTENBHOW pPabOTO CTylneHTa OCyIIecTBIseTcss B (opme
WHIMBUyaJbHBIX KOHCYJIBTALIUH.

[TokazareneM BIIJCHUS MaTepUAIIOM CIY)KHT YMEHHE pemarh 3aaadd. ns GpopMUpOBaHHS yMEHHS
INPUMEHATh TEOPETHYECKHE 3HAHHUS Ha MPAKTHUKE CTYIEHTYy HEOOXOIMMO PEelIaTh KaK MOXKHO OoJblie
3amad. [Ipu pemenny 3a1a4 KaKa0¢e IeicTBUE HEOOXOMMO apryMEHTHPOBATh, CChUIASICh HA M3BECTHBIC
TEOPETUYECKUE CBEJICHNUS M MPOBOJUTH Bce HEOOXOIMMBIE BBIYMCIICHUS, JOBOAS 3a/1ady 10 KOHEYHOTO
oTBeTa. 3ajaya CUMTACTCS PEIIEHHOH, €CIM OHa COACPKUT OOOCHOBAaHHOE PEIICHHE: CCHUIKM Ha
IpUMeHsAeMble (U3MUYECKHE 3aKOHBI U KOPPEKTHBIE BBIKJIAJIKU, a TAKXKE MPABIWIBHBIN YNCICHHBIH OTBET
(ecnm B 33/1a4€ €CTh YUCIIOBBIC JTaHHBIC).



[Ipu moAroToBKEe K MPAaKTUYECKUM 3aHATUSAM HEOOXOIMMO O3HAKOMHUTBLCSI C OCHOBHBIMHU MOHSITHAMU U
3aKOHaMM, KOTOPbIMH OyleT NOCBAIIEHO 3aHATHE, W PEUIMTh 3aJadd, NPEIyCMOTPEHHbIE I
MTOJITOTOBKH 110 TEME CEMHUHApA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: CuCTeMHEI aHAIIN3 U yHpaBJICHUC
IIpO(l)I(lJIb MnoATrOTOBKMU: CucTeMHEI aHAIIN3 U YHOpaBJICHUC B TCXHUYCCKUX, SdKOHOMHUYCCKUX U COITUAJIIBHBIX
CUCTCMax

®usrex-mrkoiaa A3poKocMUYecKux TeXHONOr it
kadenpa oomieit pu3nku

Kypc: 2

KBau(pukanus: GakanaBp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 4 (BECCHHHI) - DK3aMEH
PazpaGoTunkm:

1O.P. Ananaksn, a-p ¢us.-mar. Hayk, npodeccop, npodeccop
I'.P. Jlokmwn, 1-p ¢us.-mar. Hayk, ipodeccop, mpodeccop
I1.B. [lonos, ka1 ¢pu3.-Mar. HayK, JOLEHT

A.B. I'aBpukoB, kaHa. ¢u3.-MaT. HayK, JIOLCHT, JOLCHT

10.H. ®unaros, kana. ¢pu3.-MaT. HayK, TOLECHT

C.B. Bunorpazos, kaua. ¢u3.-MaT. HayK, JOLEHT, IOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
NPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

OIIK-1 Criocoben aHaIM3UpOBaTh 3a1a41
yIpaBJICHHsI B TEXHUYECKUX CUCTEMaX Ha
OCHOBE IPUOOPETEHHBIX 3HAHUI

OIIK-1.1 OcymecTBiseT JIEKOMITO3HITHIO 3a1a91
yIpaBJeHUs, BBIIENsET 0a30BbIE COCTABIISIIONINE 3a/1a91

OIIK-2 CriocobeH ¢hopMyInpoBarh 3a1a4u
YIpaBICHUS B TEXHUUECKUX CHCTEMaX Ha
OCHOBE 3HaHUH 10 MPOGHUIBHBIM pa3jenam
MaTeMaTHYECKUX M €CTECTBEHHOHAYYHBIX
JAHCUUILTHH

OIIK-2.1 Bumageer ¢QyHIaMeHTanbHBIMU — TIOHSTHSIMH,
3aKOHAMHU u TEOPUSIMH PO UITEHBIX pasaenos
MaTeMaTHYeCKUX U €CTeCTBEHHOHAYYHBIX JUCITUTUINH

OIIK-3 CriocobeH mpUMeHSTh MONy4YeHHbBIE
3HaHUS, YMEHHS U HaBBIKU JJIS1 pELICHUS
THUIOBBIX 33J1a4 yIIPABJICHUS B TEXHUYECKUX
cucreMax

OIIK-3.1 Bnameer OCHOBHBIMH IOHSITHSIMH W 3aKOHAMHU
TEOpUH yIPaBICHUSI

[TK-1 CriocoOeH mpoBOIUTE UCCIIEIOBAHNE
CUCTEM YIIPaBJICHUA U UX KOMIIOHEHT

[IK-1.1  Buageer  ¢yHAaMEHTAIbHBIMH
3aKOHAMU ¥ TEOPUSIMH CUCTEMHOTO aHAJIN3a

IIOHATHUSAMMU,

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIUA

B pesynbrare n3ydenus auciuiuinabl «O01mas Gu3nKka: OrnTHKay 00yJaromuics JOKeH:

3HATb:

0 (QyHIaMeHTaJIbHbIC 3aKOHBI U TIOHATHS ONTHKH, a TAK)KE TPAHULIBI UX TPUMEHUMOCTH:
0 npuHuun depma U 3aKOHbI FTEOMETPUUECKOUN ONTHUKY;
0 BOJIHOBOE ypaBHEHHeE, IJIOCKHE U chepruecKre BOJIHBI, IPUHIHII CyIEPIO3ULIUN U UHTEPPEPEHIIHS

MOHOXPOMATHU4YC€CKUX BOJIH,

BpEMEHHAas U NPOCTPAHCTBEHHAs] KOTEPEHTHOCTh NCTOYHHKA;
npuniun [toiirenca—®penens, mudpaknus Openens:

mudpakuus @paynrodepa Ha 1menm;

CIIEKTpaJIbHbIE IPUOOPHI U UX OCHOBHBIE XapAKTEPUCTUKH;
MPUHLUIBI QYPbE-ONTUKH, TPOCTPAHCTBEHHOE (Dyphe-pasiokeHue, 3pPeKT caMopenpoayKIHHT;

NPUHIHMITBL ToJorpaduu, yenosue bparra—Bynbsda.

JMcnepcHs cBeTa, (pa3oBast U rPpyNIoBas CKOPOCTH, KJIACCUUECKasi TEOPHs AUCIIEPCHH;
MOJISIPU3alKs CBETa, ECTECTBEHHBIN CBET, siBJieHHe bpiocTepa;

JIUXPOU3M, MOJISIPOUIBI, 3aKOH Maioca;

0
0
0
0
0
o Tteopusi AbOe hopMHUPOBaHUS ONITHUECKOTO N300PAKEHHS, IPUHITUIT JBOWHOM JUPPAKIINY;
0
0
0
0
0

JIBOMHOE JIy4erpelIoMIICHHE B OJHOOCHBIX KpHCTaIaX, WHTEP(PEPCHIMOHHBIC SIBICHUS B
KPUCTAJUTMYECKUX TUTacTUHKAX, 3 dekt Dapanes u adhdexr Keppa.
0 HEJIMHEWHBIE ONTUYECKUE SIBJICHHS, HEIWHEHHAs NOISIpU3alus Cpelbl, TeHepauus BTOPOi
rapMOHUKH (YIBOCHUE YaCTOTHI), (Da30BbIl CHHXPOHU3M, CaMO(OKYCHPOBKA.

yMeThb:




0 TNPHUMEHATH U3yUYCHHbIE 001IMe (PU3nUecKre 3aKOHBI JJIs1 PELICHUsI KOHKPETHBIX 337a4 [0 ONTHKE:

O  NPUMEHATh 3aKOHbI T€OMETPUYECKOW ONTHKH IpPH IMOCTPOCHUH H300paXEHHH B ONTHYECKUX
CUCTEMaAX;

0 pemath ypaBHeHHUs [ enbpMrosbua Ui CilydaeB INIOCKUX U C(hepuuecKuX BOJIH;

0 HCHOJNB30BaTh NOHATHE O 30HaX Ppenens u cnupand OpeHens Npu pelieHUH 3a4ad TudpaKkIuy Ha
3KpaHe C 0CEBOM cUMMeETpUEn

0  HCIONB30BaTh MeToA Pamest pemeHus 3afgadn Audpakuuy: BOJTHOBOE MOJE€ KaK CYyHEpPHO3HULIMS
IUTOCKHMX BOJIH pa3HBIX HAIlPaBJIECHUH (IIPOCTPAHCTBEHHOE (Pyphe-pa3nokeHue);

0 aHaJIM3UPOBaTh (M3MYECKUE 3aJaud, BBIIEISSI CYLICCTBEHHBIE M HECYIICCTBEHHBIE ACIEKTHI
SIBJICHUSl, U Ha OCHOBE IIPOBEAEHHOIO aHajlu3a CTPOUTh YIPOIUEHHBIE TEOPETUUYECKUE MOZIEIU
(U3NYECKUX SBICHUH;

0 [PUMEHATh pa3IUyHble MaTeMaTUYECKUEe MHCTPYMEHTHI pEIIeHUs 3aJad MCXOIsd U3
c(hOpMyYIIUPOBAaHHBIX (PUZNUECKUX 3aKOHOB, H TPOBOAUTH HEOOXOAMMbIE aHAIMTHUECKHUE U YHCIICHHBIC
pacy€Thl.

BJIaJeTh:

O OCHOBHBIMH MCTOAAMU PCUHICHUA 3a1a4 OIITUKHU,
O OCHOBHBIMH MAaT€MaTH4YCCKUMHU MHCTPYMCHTAMHU, XapaKTCPHBIMHA UIA 3a1a4 OIITUKU.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0



3. IlepeyeHb THIOBBIX KOHTPOJIbLHBIX 3aIaHMI, HCIO0JIb3YeMbIX VI OLEHKH 3HAHMIi, yMe-
HUM, HABHIKOB

[TpomexxyrouHas arrectauus no aucuummHe «OOmas ¢usuka: OnNTHKa» OCYILECTBIAETCS B
¢dopme sk3amMeHa. DK3aMeH COCTOUT U3 BYX YaCTeH: MPOBOAUTCS B MUCHBMEHHOW U yCTHOU (hop-
Me.

Ha nucepMeHHOH yacTu 3K3aMeHa CTYAEHTY IIpe/ularaercst pemuTs 5 3aaa4. Bee npeanaraemslie
3a[a4d TPEACTaBISIOT cO00i OpUTHHAIBHBIE aBTOPCKHUE 33aJauH, CIEIHATIbHO MOATOTOBJICHHBIC
JUIs DK3aMeHa.

VYcTHAs 4acTh 3K3aMeHa MPOXOIUT 1O OmiieraMm. B kaxmaom OuiieTe comep KUTCs TEOPETHUECKHUMA
BOINPOC M3 IPUBEJCHHOIO HWXKE CIIMCKA 3K3aMEHALMOHHBIX BOIpPOcoB. Kpome Toro, cryneHTy
Ipe/IaraeTcsl U3JI0KUTh IOJITOTOBJICHHBIM 3apaHee «BONIPOC IO BHIOOPY», KOTOPBIM, MOKET
ObITh, KaK OJJMH U3 IIYHKTOB IPUBEJEHHOIO HUXKE CIIHUCKA, TAK U JIFOOOH BOIPOC, 3aTparuBaeMblii
B M3y4aeMOM KypcCe MJIM HEMOCPEICTBEHHO CBSI3aHHBIA ¢ HUM. B KauecTBe Bompoca 1o BIOOpY
MOTYT OBITh U3JI0KEHbI PE3YJIbTAThI IPOAEIAHHOHN CTYJEHTOM Ja00paTOPHOM pabOTHI.

Crmcok BOIIPOCOB YCTHOI'O 5K3aMCHaA:

1. BonnoBoe ypaBHeHHe. MoHOXpoMaTHueckue BoJHbl. KoMmmekcHas aMmmiuTyna. YpaBHe-
Hue ['enpmrosnsua.

2.  MounoxpomaTnueckue BosHbl. KomIiekcHast aMIuinTyaa. Y paBHEHHE IUIOCKONH U cdepu-
yeckoi BoJH. [IpuHIMn cyneprno3uium, HHTepQepeHITHs.

3. Hurepdepenuus MoHOXpoMaTHUYeCKHX BOJIH. MHTEepdepeHus mI0ckoi U cepudeckoit
BoJiH. [lIupuHa uHTEephepeHIMOHHbIX ToJI0c. BuaHocThk nosoc.

4. BnusHue HEMOHOXPOMAaTHYHOCTH CBETa Ha BHJHOCTb MHTEPPEPEHLMOHHBIX IOJIOC.
@YHKIMS BPEMEHHON KOrepeHTHOCTH. CBSA3b BPEMEHU KOTEPEHTHOCTU C LIMPUHOH CHeK-
tpa. Teopema Bunepa-Xununna. CoOTHOILLIEHHE HEONPEIEIEHHOCTEM.

5. BunHocTbh nHTEphEPEHIIMOHHBIX MOJOC U €€ CBA3b CO CTENEHbI0 KOT€PEHTHOCTH IpH UC-
[I0JIb30BAHNN KBa3UMOHOXPOMAaTHUUYECKUX HMCTOYHHUKOB cBeTa. OlLEHKa MaKCHUMaJbHOTO
yuciaa HaOMolaeMbIX MoJ0c. MakcUManbHO JIOMyCTUMasi Pa3HOCTh X0/a B MHTEp(epeH-
LUOHHBIX OIIBITAX.

6. Ameprypa uHTep()EpPEHIIMOHHOW CXEMbl W BIHMSHHAE Pa3MEpPOB MCTOYHHWKA HA BHIHOCTD
UHTEp(PEPEHIIMOHHBIX MoJIoc. DYHKIUSA MPOCTPAHCTBEHHOW KorepeHTHocTu. Paguyc npo-
CTPAHCTBEHHON KOI'€PEHTHOCTH.

7. CBsa3b paanyca MpOCTPAHCTBEHHOM KOTEPEHTHOCTH C YIJIOBBIM Pa3MEpPOM MPOTSKEHHOTO
ucrounnka. Teopema Ban-llutrepra-llepnuke. Bumnocts uHTEphEPEHIIMOHHBIX TMOJOC
IPY UCHOJIb30BAHUYU MPOTSKEHHBIX MCTOYHUKOB CBETa. 3Be3/AHbIN MHTepdepomerp Maii-
KEJIbCOHA.

8. MakcumanpHO JONMYCTHMAas Pa3HOCTh XOZa BOJH B WHTEP(EPEHIIMOHHBIX OMBITaX M €&
CBS3b CO BPEMEHEM KOT€PEHTHOCTH.

9.  Paguyc npocTpaHCTBEHHON KOT€PEHTHOCTH U OTPaHWYEHUE Ha JIOYCTUMBIE Pa3Mephl UC-
TOYHHKA B UHTEPPEPEHIIUOHHBIX ONbITAX.

10. Tlpunamun Irolirenca-®Openens. KomndectBenHas ¢opMyimpoBka npuHiuna [rolreHca-
Openensi. BoiaHoBoI mapameTp kKak KpUTepHii og00Ms TU(PAKIIMOHHBIX SIBICHUI.

11. Judpakmus Ppenens Ha kpyriiom orBepctuu. Crupans @penens. [IarHo Ilyaccona u
YCJIOBHS €T0 HAOJIIOACHMUS.

12. 3onnas miactuaka Operens. IHTEHCHBHOCTH cBeTa B (JOKyce 30HHOW IUTaCTUHKH. Mie-
anbHas 11H3a. POKyCUpOBKaA CBETA.

13. BomHoBoi mapametp. Ycioue HaOmoneHus mudpakiuu Openens m DpayHrodepa.
Kpurepuii reoMeTpUYECKON ONTHUKHU.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.
32.

33.
34.

Hudpakuus Opaynrodepa. Csazb ¢ mpeodpazoBannem Dypoe. dudpaknus OpayHrode-
pa Ha 1IeNu ¥ KpyriioMm oTBepcTH. [lose B hokanbHOM MIIOCKOCTH JIMH3HL.

Hudpakuus dpaynrodepa B ontudeckux npudopax. Paszpemaromas cnocoOHOCTb Tese-
ckona u Mukpockona. Kpurepuii Penes.

JudpakimonHas pemnieTka Kak CreKTpaabHbId npubop. Paspemaromias crocoOHOCT U
oOmacth nucnepcun. Paszpemaromas criocOOHOCTh MPU3MBI.

Hudpakuus OpayHrodepa Ha pelieTke: MOI0KEHUE U MHTEHCUBHOCTD INIABHBIX MAKCH-
MYMOB, UX IIMPHUHA U MaKCUMAaJIbHBII MOPSIIOK.

Huteppepomerp Pabpu-Ilepo kak ontuueckuii pesoHarop. Pazpemaromias crnocoOHOCTh
UHTEPHEPOMETPA, CBSI3b C JOOPOTHOCTHIO.

[TpuHumnel Oypbe-ONTUKH: NPEACTABICHUE IIPOU3BOIBHON BOJIHBI B BUJIE CYNEPIO3ULUU
MJIOCKUX BOJH pa3HbIX HampasieHuil. [IpoctpanctBenHoe npeodpazoBanue dypoe. [Ipo-
CTpaHCTBeHHas yactoTa. Merox Penes B 3agauax audpaxium.

Hudpakuus Openenst Ha NEPUOJUUECKUX CTPYKTYpax. DPPeKT camopenpogyKIuu.

Teopust AGGe GOpMUPOBAHUS ONTUYECKOTO H300paxeHus. Pyphe-MIOCKOCTh ONTHYE-
CKOW CHCTEMBI.

[TpuHIMIBI TPOCTPaHCTBEHHON QuibTpanu. Metoibl Habm0AeHNS (A30BBIX CTPYKTYD.

ITone B pokanbHOI maockocTu uH3bL. CBsi3b ¢ mpeoOpa3oBanuemM dypoe.

Judpakius Ha aMIITUTYAHOH 1 (a30BOM CHHYCOUIATIBHOMN pelieTKe.

Mertoapl HaOmoIeHHST TPO3padHbIX ((a3oBbIX) CTPYKTYp. MeToapl TEMHOTO Mot U da-
30BOT0 KOHTpAcCTa.

lNonorpadus. I'onorpamma Toyeunoro ucroyHuka (romorpamma ['abopa). Paspemaromas
CIIOCOOHOCTH TosIorpaMMel. ['oorpaMmMa ¢ HaKJIOHHBIM OIIOPHBIM ITYYKOM.

O6béMHas ronorpamma. BoccranoBienue nzo0paxeHnus o0bEMHON TOIOrPaMMOi, ycio-
Bue bperra-Bynsda.

DNeKTpOMarHUTHHIE BOJIHBI HAa TPAHUIIE pa3jielia JABYX AUAJIEKTPUKOB. SBnenue bprocte-
pa. 3aBUCUMOCTh dHEPreTUYecKuX K03 (GuUIeHToB oTpakeHust RL u R ot yria nagenus
(Ka4eCTBEHHO).

Crioco6b! TONTy4eHHs TIMHEWHO-TIONsIpu30BaHHOTO cBeTa. Juxpousm. [lonspousnsl. 3akon
Mamroca.

DNeKTpOMarHuTHbIE BOJHBI B OJTHOOCHBIX KpHcTamiaaxX. OObIKHOBEHHAs M HEOOBIKHOBEH-
Hast BOJIHBI. Kpucranindeckue miacTuHku A/2 u y/4.

JiBynyuenpenomiienue. IHTepdepeHns noaspu30BaHHbIX BOJH.

Henuneitnas nonspusanus cpenbl. ['eHepanust BTOpoil rapMOHMKH. YcioBHe (ha30BOrO
CUHXpOHMU3MA. ONTUYECKOE BBINPAMIICHHE.

Henuneiinble ontuueckue 3¢ dextsl. Camodokycuponka. [loporosas MOIHOCTb.

Hucnepcus. @a3oBasg u rpynmnoBasi ckopoctd. @opmyna Penes. Knaccuueckas teopust
nucriepcud. AHOManbHas qucnepeus. Jucnepcust B HoHOC(epe U MeTajuiax.

[Tpumepsl MPOCTHIX 3a/1a4, PEIICHHEe KOTOPHIX HEOOXOJUMO ISl TIOJIYYCHHS yIOBIECTBOPHUTEIb-
HOW OLIEHKH:

Haiitu yron majseHusi cBeTa Ha IpaHMIly pasjiela BOAa/Macio, MPU KOTOPOM BO3HHUKAET
noiHoe orpaxenue. Kospouuuent mnpemomienus BomsiN, =4/3, macman, =1.5. U3
KaKo# cpeJibl JOJKEH MajgaTh CBET?

K tonkoi#t paccewBaromeii nmH3e ¢ QokycHbIM pacctossHueM f =—120 cm, mpuciioHeH

TOHKUH CEerMEHT CTeKJISTHHOHM cdepbl, umetonielr paanyc R =40 cm. Haiitu ¢dokycnoe



PACCTOSIHHE TIOJTyYHMBIICHCS COCTAaBHOM JIMH3BI, €ClIM KO3()(UIIMEHT MPETOMIICHUS CTEK-
aan=15.

e HaifTn cymMMapHyI0 MHTEHCHBHOCTH JIBYX KOTEPEHTHBIX, OJMHAKOBO IOJSPU30BAHHBIX
Iy4YKOB CBETa, €CJIM MHTEHCUBHOCTD nepBoro pasHa |, Broporo —41,, a pa3Hocts xo1a

MEKy HUMH cocTaBisieT A/ 6.

e Haiiti paccrostHuue ot Imenei 10 skpaHa B omnbite FOHTa, ecnu mupuHa uHTEpdheEepeHu-
OHHBIX MMOJIOC paBHA AX =1 MM, uHTepBan Mexay measmud =1 MM, HCHOIB3yeTCs MO-
Hoxpomarndeckuid cBet ¢ A =500 M.

e [Ipu KaKuX pacCTOSHUSIX MEXIY IIEIsIMHA B ornbiTe KOHra MOXHO YBUIETh UHTEpEpEH-

IIMIO HA 3KpaHe, eCIIM YIJIOBOI pasMep McTouHuKa paBen10 *pax. CBer cumrarh MOHO-

xpomatudeckuM ¢ A =500 HM .

e HaiiTu KOMMYECTBO MOJIOC KOTOPhIE MOXKHO HAOJOAaTh B MHTEP(EPEHIIMOHHOM OIIBITE,
IIPY UCIOJIB30BaHUU AyIuieTa HaTpus (AyinHbl BosH: 5890 u 5896 anrcrpem) B KauecTBe
UCTOYHHUKA CBETA.

e Haiitu paguyc tperbero cmerioro konslia Herotona, mis ceera ¢ A =500 Hm, mpu wuc-
N0JIb30BAaHUH TJIOCKOBBIITYKJION JIMH3BI C PAINyCOM KPUBU3HBI R =1M.

e Ortsepcrue jguamerpoM D =1mMM ocBem@aercs IUIOCKONAPAIUICIBHBIM — CBETOM
cA =500 um, co3naBas Ha dkpane, Ha paccrossHud L=0.1M, nudpakiimoHHOE MSATHO.
OrmpeaenuTh YHUCIIO0 OTKPBITHIX 30H Ppeners.

e OrtBepcTUe ¢ NPUIOKEHHOH K HEMY JIMH30W OCBELIACTCS MYYKOM CBETA C HHTCHCHUBHO-
cteio | ). B oTBepcTne ymemaercs aBe ¢ MOJIOBHHON 30HBI DpeHes, eciii CMOTPETh M3

¢doxyca. HaiiTu ”HTEHCUBHOCTD CBETA B HEM.

o Illens mmpuuoiid =0.1 MM ocBemaercs mapamuieiabHbeiM cBeToM c¢A =500 um. K Heit
npusoxkeHa JnH3a ¢ GokycHeIM pacctosHueM f =30 cm. Haiitu mmmpuny naubonee sip-
KOH TI0JIOCHI Ha SKpaHe, pacrlo0KEHHOM B (DOKaTbHOM MIOCKOCTH.

e OrtBepcrue paauyca R ocBeleHo MyYKoM cBeTa ¢ JUIMHHON BOJHBIA . Ha Kakom paccTosi-
HUM L 10JKHA HaXOAUTHCS TOYKa HAOMIOJEHUs, 4TO Obl AM(PPAKIUI0 MOXKHO OBUIO CUM-
taTh @payHrodepoBoii? (0TBET NPeAOCTaBUTh B BUJE « L MHOTO OoJbIle (MEHBIIIE) TaKO-
ro-TO XapaKTEPHOI'0 pazMepa)

e [Ipu moOBOpOTE KpHCTAJUIA BO BPAIIAIOMIEMCS] PEHTTCHOBCKUM CHEKTporpade, oTpakeH-

HbIIi MaKCHMyM B TIEPBBIN pa3 BO3HHUKaeT mpu yrie ckonbxenus30° . TlocTostHHas pe-
metku kpuctauia papHad =0.2 am. HaiiTu 1inHY BOJTHBI H3y4aeMOT0 PEHTT€HOBCKOTO
U3ITyYEHHUS.

4. Kputepuu onieHMBaHUsA
[To pe3ynbTaTam pemieHus 3a/1a4 MMCbMEHHOM YacTH K3aMeHa 3a KaXKAYI0 33/1a4y BBICTaBIISIETCS
oT 0 10 3 6aI0B COrIacHO CIEAYIOIIUM KPUTEPUIM:

3 6asuta: 3agaua perieHa MoJHOCTBIO BEPHO (T. €. IPUBEACHBI IPaBUILHOE 00OCHOBAHHOE
pelIeHre W JaHbl OTBETHI Ha BCE BOIPOCHI 337aur). BO3MOXHO HainWyue MENKHX HEIO0YETOB
(omMCKH, HECYIIECTBEHHbIE apr(PMETHUECKHE OLTHOKHN).

2 Gamra: 3ajaya pemieHa, X0/ pelieHus 3a/1aud B 1IeJIOM BEpEeH, HO €CTh CYIIECTBEHHBIC
HEeT0uETH (OIMOKY B BBIKJIA/IKAX, A0CYp/IHBIN OTBET U T.I1.).

1 6amn: 3agada He pelieHa, HO BCE OCHOBHBIE (DM3WUYECKHE 3aKOHBI, HEOOXOAUMBIC IS
peleHust, ChopMYIUPOBAHBI TPABUIIBHO.



0 GammoB: 3amaya He peIlIeHA WJIM PEIIeHa HEeBEpHO (OCHOBHBIC 3aKOHBI 3alMCaHBI C
omuOKaMu, JTMOO HE TMOIHOCTHIO, TIOAXOA K PEUICHUIO 3a]a4d MPUHIMIIHAILHO HEBEPEH WU
pEIICHHE 3a]]a4i HE COOTBETCTBYET YCIIOBHIO).

[TomrydeHHbIE OAIUTBI CYMMUPYIOTCS U BBICTABIISICTCS OI[CHKA 33 MMCbMEHHYIO YacTh YK3aMeHa 110
CIEyIOLIEH cxeme

Onenka basibt Cymma
0ajoB
10 15
OTJINYHO 9 13-14
8 12
7 11
XOPOIIO 6 9-10
5 8
4 6-7
YIIOBJICTBOPUTEIILHO 3 5
HEYIOBJIETBOPUTEIILHO 2 2-4
1 0-1

OreHka 3a MICHBMEHHYIO YacTh dK3aMeHa ONpe/essieT MaKCHMAaIbHYI0 UTOTOBYIO OIICHKY 32 JK-
3aMeH. B MCKIIFOUMTENBHBIX CITydasiX, €CIM Ha YCTHOW 4acTH dK3aMEHa CTYJICHT JCMOHCTPHPYET
MIPEBOCXOHBIC TCOPSTHUSCKUE 3HAHUS M YPOBCHD MMOHMMAHHS MIPEIMETa, UTOTOBAs OIEHKA MO-
JKeT OBITh MOBHIIICHA, HO He OoJee, yeM Ha 2 6ayuta (1o 10-0ayibHOM 1IKae).

Ha YCTHOM 3K3aMCHEC IPCIIOAaBaTC/ib OUCHUBACT OTBET CTYJACHTA B LICJIOM U BBICTABJISICT OLICHKY
COorjiiaCHO HpI/IBeI[éHHI)IM HHUKC KPUTCPHUAM MU H3JIOKCHHBIM BBIIIC 3aMCHAHUAM KacCaTCJIbHO
MMMCHhbMEHHOM YacTH YK3aMeHa:

Ouenka «oriau4Ho (10)» BbICTaBIIAETCA CTYAEHTY, MOKA3aBLIEMY BCECTOPOHHUE CUCTEMATU3H-
poBaHHbIE TNIyOOKHE 3HaAHUS y4eOHOM MporpaMMbl U 3a €€ MmpejesiaMu, a TakKe YMEHHE YBEpPEeH-
HO IPUMEHSATh UX Ha IIPAKTHUKE IIPU PELICHUU CJIOKHBIX HECTaHJAPTHBIX 3a1a4.

Ouenka «oTm4HO (9)» BBICTABISETCS CTYJCHTY, MIOKAa3aBIIEMY BCECTOPOHHHE CHCTEMATH3UPO-
BaHHbIE NIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl U YMEHHE YBEPEHHO IPUMEHSTh UX Ha MPAKTUKE
IIPU PELIEHUN HECTaHIapTHBIX 3a]1a4.

Onenka «oTau4HO (8)» BBICTABIIAETCA CTYACHTY, IOKa3aBIIEMY BCECTOPOHHHE CUCTEMAaTU3UPO-
BaHHbIE NIyOOKHE 3HAHUA y4eOHOW MPOrpaMMbl U YMEHHE YBEPEHHO MPUMEHSATh UX Ha MIPAKTHKE
IIPU PELICHUH HECTAHAAPTHBIX 3aad, OJAHAKO JOIYCTUBIIEMY HEKOTOPBIE HETOUHOCTHU IIPH OT-
BETE.

OreHka «xopouio (7)» BBICTABISICTCS CTY/ACHTY, €CJIH OH MPOJAEMOHCTPHPOBAI TBEPIOC 3HAHUE
U yBEpEHHOE NOHMMaHMe MaTepuana yueOHOH MporpaMMbl 1 yMEHUE CBOOOJIHO MPUMEHATh (pu-
3MYECKHE 3aKOHBI Ha IPAKTHKE MPU PEIIEHUHN TUIIOBBIX 3a/ad.

Ornenka «xopomuio (6)» BBICTABISIETCS CTYACHTY, €CJIH OH MPOJAEMOHCTPHPOBAI TBEPIOE 3HAHUE
MarepHaia yd4eOHOW MporpaMMbl M YMEHHE NMPUMEHATh (PU3UUYECKUE 3aKOHBI Ha MPAKTHKE MpPU
pEIIeHNH TUIOBBIX 3a]1ay.

Ormenka «xopouio (5)» BBICTABISIETCS CTYACHTY, €CIIH OH MPOJAEMOHCTPUPOBAI TBEPIOC 3HAHUE
U MOHUMaHHe MaTepuana y4eOHOU MporpaMMbl U YMEHHE NMPUMEHATh (PU3NYECKUE 3aKOHBI Ha



MPaKTUKE TIPU PEIICHUH THUIIOBBIX 3aJ]1ay, OJTHAKO JOMYCTHJI MPU OTBETE P IPyOBIX HETOYHO-
CTEN.

O1cHKa «yTOBJIETBOPUTENBHO (4)» BBICTABISCTCS CTYJICHTY, MMOKa3aBIIeMy (parMeHTapHbIN
XapakTep 3HAHM, TOMYCKaBIIEMYy HETOYHOCTU B (DOPMYJIUPOBKE OCHOBHBIX 3aKOHOB U 0a30BbIX
HOHATHUH, HO TIPH 3TOM MPOJEMOHCTPUPOBABILIEMY CIIOCOOHOCTDH peIIaTh MPOCThIC 33Ja4u U Bia-
JIEHUEe OCHOBHBIMH pa3ziesiaMH yueOHON mporpamMmbl, HEOOXOIMMBIMU I ajbHeiiero ooyye-
HUSL.

O1eHKa «yTOBJIETBOPUTENBHO (3)» BBICTABISCTCS CTYACHTY, IMOKAa3aBIIEeMy CHJIBHO (pparmMeH-
TapHBI XapakTep 3HaHWUil, JOMyCKaBIIeMy IpyOble OMIMOKH B ()OPMYIMPOBKE OCHOBHBIX 3aKO-
HOB M 0a30BBbIX MOHSATHH, HO MPH 3TOM MPOJEMOHCTPUPOBABILEMY CIOCOOHOCTH pelaTh Mpo-
CThIC 3aJa4d ¥ BJIaJCHHE OCHOBHBIMH pa3feiaMH y4eOHOW MPOrpaMMbl, HEOOXOAUMBIMU LIS
JanpHeero ooy4eHusl.

O1ieHKa «HeYy/I0BJIeTBOPUTEIbHO (2)» WM «HEYT0BJIETBOPUTEIBHO (1)» BhICTaBIISETCS CTY-
JIEHTY, KOTOPBIA HE 3HAET 3HAYUTENIbHYIO YaCTh OCHOBHOT'O COJIEP>KaHUS ITPOrpaMMbl, CUCTEMA-
TUYECKHU JOMYCKaeT rpyObie OmMOKH pu (GOpMyTUPOBAaHUH OCHOBHBIX (PU3NYECKUX 3aKOHOB
WM HE CIIOCOOEH KOPPEKTHO MPUMEHSTh (PU3UYECKUE 3aKOHBI JaXKe JUIS PEIIeHUs TPOCTHIX 3a-
Jag.

5. MeToauyeckue MaTepuaJibl, onpeesiomue nMpouea1ypbl OeHNBAHUS 3HAHWN, YMEHUH,
HABBIKOB M (WJIH) ONBITA IeATEILHOCTH

ITopsinok npoBeeHusi MMCbMEHHOI'0 IK3aMeHa.

Bpems npoBenieHNsI TMCbMEHHON YacTH K3aMeHa CocTaBiseT 4 acTpoHoMHYeckuX yaca. Ha sk-
3aMEHe IpeasiaralTcs JUisl pelieHns 5 OpUrHHaNIbHBIX 33/1a4. TeMbl COOTBETCTBYIOT TEMaM Ce-
MHUHApCKUX 3aHATUH. 3a7aya CUUTAETCs PELIEHHOM, ecM OHa COAEepPKUT 0OOCHOBaHHOE pellle-
HUE: CCBhUIKM Ha NMpHUMEHsieMble (PU3NYECKHE 3aKOHBI M KOPPEKTHbIE BBIKJIAIKU, a TaKXKe Ipa-
BIJIbHBIM YMCIICHHBIN OTBET (€C/In B 3ajJjaue ecTh YMCoBbIe TaHHbIe). Ha sk3aMeHe paspemaercs
M0JIb30BATHCS JIFOOBIMU 3alUCAMU M y4eOHBIMU ocoOusaMu B OymakHoM BHzie. Kateropuuecku
3arpelaeTcs BKIIYaTh JI00ble YCTPOICTBA, KOTOPBhIE MOTYT CIIY’KUTh CPEJICTBAMU CBSI3U — HO-
yTOyKH, MJIaHIIEThI, TesaedoHbl U T.11. HapymuTenu ynanstoTcs ¢ SKk3aMeHa ¢ OLEHKON «HeyJl0-
BJIETBOPUTENIbHO». Pa3pelaeTcs Mmosib30BaThes KaldbKYJIATOPaMU. 3alpelacTcs MOJb30BaThCs
KaJIbKYJIATOPaMU B MOOUJIBHBIX TenedoHax, HOyTOyKax u T.II.

IHopsiniok npoBeaeHUst YCTHOIO IK3aMeHa.

DK3aMeH MPOXOAUT B TPATULIMOHHOM (opme Oecenibl MpernoaaBares co CTYASHTOM IO Te-
Me 3K3aMEHallMOHHOI0 OMJIeTa.

Ha nmonarotoBky k orBery o Ouiery cryaeHty aaércs ot 30 no 45 munyT. B Teuenue sk-
3aM€Ha CTYACHTY HE pa3peniaeTcs MoJab30BaThCsl BBIYMCIUTEIBHON TEXHUKOW, JINTEpATypoH, 3a-
paHee MOArOTOBIEHHBIMU COOCTBEHHBIMHU 3aITUCSIMU U IPYTMMHU MaTepHajaMH, OTHOCALIUMHUCS K
IIPEAMETY, KpOME 3K3aMEHALMOHHOM MPOrpaMMBbl Kypca.

B npouecce orBeTa o OmiieTy 3K3aMeHaTOp MOXKET 3ajlaBaTh yTOUHSONIUE Bonpockl. [o-
clie OTBETa MO OWJIeTy 3K3aMEHATOp BIPaBe 3aJaBaTh CTYACHTY JHOObIE JOMOJHUTENIbHbBIE BO-
IIPOCHI T10 IIPOrpaMMe Kypca.

B coBokynHOCTH ompoc 00y4aroiierocs Ha yCTHOM 3K3aMeHe He JO0JKEH MPeBBIIIaTh IBYX
aCTPOHOMHUYECKHX YaCOB.



BUJIET Nel
1. Bonipoc 1o BEIOODY.
2.BonHoBoe ypaBHeHre. MoHOXpoMaThieckue BoJIHbl. KomIiekcHast aMmmuinrya. ¥Ypas-

Heuue [ enpMrosia.

BUJIET Neo2

1. Boripoc mo BeIOOpY.

2. MonoxpomaTtrueckue BOJIHbL. KoMiiekcHas amruntyna. Y paBHEHHE TUIOCKOH 1 cde-
pudeckoit BosH. [Ipunnun cynepno3unuu, nHTephepeHIus.

BUJIET Ne3

1. Boripoc mo BeIOOpY.

2. NnTepdepeniius MOHOXpOMAaTHIECKUX BOIH. MIHTEepdepeHins miockoi u chepuye-

ckoii BosH. [IIupuHa naTepdepeHIMOHHBIX Moj0c. BuaHocTh monoc.

BUJIET Ne4
1. Bomipoc o BeIGOpY.
2. BiusiHue HEeMOHOXPOMATHYHOCTH CBETa Ha BUJHOCTh MHTEP()EPEHIIMOHHBIX MOJIOC.

@yHKIMS BpEMEHHOM KOrepeHTHOCTU. CBsI3b BPEMEHU KOI'€PEHTHOCTH C IIMPUHOM CHEKTPA.
Teopema Bunepa-Xununna. COOTHOIICHHE HEOTIPEACIEHHOCTEH.

BUJIET Ne5

1. Bomipoc o BeIGOpY.
2. BugHOoCTh MHTEPEPEHIIMOHHBIX MTOJIOC M €€ CBS3b CO CTEIECHBIO KOTEPEHTHOCTH TPU UCIIONb-
30BaHUU KBA3UMOHOXPOMATHYECKUX MCTOYHUKOB cBeTa. OIeHKa MaKCHMAJILHOTO YHCia HabJo-
JAEMBIX T10J10C. MaKCUMAaIIbHO JOMYCTHUMAst Pa3HOCTh X0/1a B UHTEP(EPEHIIMOHHBIX OTBITAX.



