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YTBEPKAEHO

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

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)
OO6mas guszmka: onTHKa
IIpuknagHbie MaTeMaTHKa U (pU3MKa

npo¢uib NOArOTOBKHU: PannorexHuKa 1 KOMIBIOTEPHBIE TEXHOJIOTUU

Kypc:
KBaJIU(PUKALMSA:

®usrex-mkoia Pannorexuuku n Kommneiorepasix TexHonoruii
kadenpa oomeit Gu3nku

2

Oakanasp

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

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:

nekrnuu: 30 gac.

cemuHapsbl: 30 yac.

nabopatopusle 3ansaTus: 0 gac.

CamocrosrensHas padora: 90 gac.

[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 180, Bcero 3au. en.: 4

KonuecTBO KOHTPOJIBHBIX pa0oT, 3aIaHui: 3

[Iporpammy coctaBuiu:

1O.P. Ananaksin, 1-p pus.-mar. Hayk, npodeccop, npodeccop
I".P. JloxummH, 1-p ¢pu3s.-mart. Hayk, npodeccop, mpodeccop
I1.B. TTonos, kaua. ¢pu3.-MaT. HayK, JIOICHT

A.B. T'aBpukoB, kaH1. (GU3.-MaT. HAyK, JIOICHT, JIOIICHT

1O.H. ®unaros, kaua. ¢us.-MaT. HayK, JTOIICHT

C.B. Bunorpasios, kaHa. ¢pu3.-MaT. HayK, JIOIEHT, JIOIIEHT

[Iporpamma obcyxneHa Ha 3aceqanuu kKadeapsl oomein ¢pusuku 06.03.2020



AHHOTANMA

B kypce paccMarpuBarOTCs KIIFOUEBBIC TIOHSITHS M METO/bI TEOMETPUYECKON M BOJHOBOHM ONTHKU KaK YacTH
Kypca obmeit ¢pusuku, unraemoro B MOTU. CHauana paccMaTpuBaroTCsl DIIEMEHTBI T€OMETPHUECKON ONITHKH
1 (OTOMETpHH, TOCIE YEro BBOIATCS OCHOBHBIC BEIMYHMHBI, TIOHSATHS W TIOCTYJAaThl BOJHOBOH ONTHKH.
N3naraercst kimaccuueckas Teopust aucnepcuu. PaccMmarpuBaercst mHTEp(EpeHIs MOHOXPOMAaTHYECKHX MU
KBa3MMOHOXPOMATHYECKUX BOJIH. OOCYKIAr0TCs TIOHSTHSI BPEMEHHOW U IPOCTPAHCTBEHHON KOTEPEHTHOCTEHA.
@opMynUpYIOTCS OTpaHMYEHHMS Ha JOMYCTUMYIO pa3HOCTh XOJa, a Talkke Ha JOIMYCTHMBIE pa3Mephl
UCTOYHHMKA W amnepTypy HHTepPEepeHINH B JBYXJIYYEBHIX HWHTEP(PEPECHIMOHHBIX cXxemax. M3ydarorcs
mappakunn  Dpenens u  DpayHrodepa. AHAIUZUPYIOTCS OCHOBHBIE XapaKTEPUCTUKU CIEKTPAIbHBIX
npuOOpOB HA MpHUMEpe MpU3MBbI, AU(PaKIMOHHON pemérku u uHtepdepomerpa Pabpu—Ilepo. Msnararorcs
npuHIMIE Qypre-onTuku. PaccmarpuBaercs meton Panes pemenus 3amgaun audpaxkuuu (IpocTpaHCTBEHHOE
dbypre-paznoxkenue). Msywdaercs teopus AOOe (OpMUPOBaHHMS ONTHYECKOTO W300pakeHUs (TIPHUHIIAIL
nBoiiHoM audpakiuun). O6Cy)Iar0TCss MPUHIUITBI TOI0rpaduyl U JEMEHTHI KPUCTAJUIOONITUKH B OJTHOOCHBIX
kpucrawiax. Paccmarpusatorcs addextsr Papanes, Keppa u Ilokkensca u ux npumeHenue. OTaenbHbBIC
JIEKIIMHU TIOCBSIIEHBI TEOPUH PacCessHUE CBETa U PacIpOCTPAHEHHUIO AJIEKTPOMArHUTHBIX BOJIH B BOJTHOBOJAX U
CBETOBOJAX. B 3axitoueHrne paccMaTpuBarOTCs HETMHEHHbBIC ONTUYECKUE SBICHHS: HETMHEHHAS MOISIPU3AIns
Cpelbl, TeHepaLus BTOPOil rapMOHMKH, (a30BbIii CHHXPOHH3M, SIBICHHE CaMO()OKYCHPOBKH.

Kypc comepxur B cebe oOcyxkneHne 0a30BbIX (U3NYECKHX TMPOIECCOB, paz0bop 3ajaad, JEMOHCTpaIud
(U3MUECKUX DKCIEPHUMEHTOB, 0€3 KOTOPHIX HEBO3MOXHO DIIyOOKOE€ NOHMMaHHe oO0meid ¢usuku. s
YCIICIIIHOTO OCBOCHUS OHJIAH-Kypca CIIyIIaTelIo JKeIaTeIbHO 3HaTh Kypc o0mel Gu3uKu: « DNEeKTPUIECTBO U
MarHeTu3M» ¥ BJIaJeTh OCHOBAaMH MaTe€MaTHYECKOTO aHaIM3a, 3HaTh OCHOBBI JIMHEWHOW anreOpbl U yMeTb
OIIEPUPOBATH C KOMIUIEKCHBIMH YHCIIAMH.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

OcBoeHue cTyaeHTaMy 0a30BbIX 3HAHMH B 00JIACTH ONTHYECKUX SBJICHUH JUIS TaJbHEHIIIEro N3ydeHUs
JOpyTuX pas3nenoB GU3MKU U yrIyOneHHOTo n3ydeHnus (yHIaMEeHTaIbHBIX OCHOB OITHKH.

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

. (¢bopMHpOBaHHE YMEHHH X HaBBIKOB MPUMEHATH HW3YUYCHHBIE TEOPETHUECKHUE 3aKOHBI H
MaTeMaTHYeCKHe HHCTPYMEHTHI [UIS PeIIeHHs Pa3IMYHbIX GU3HUCCKUX 3a/1a4

. ¢dopmupoBanre 00MEPUINIECKON KyJIBTYpPBl: YMEHHs BBIIEIATH CYIIECTBEHHBIC (QH3MUECKHE
SBJICHUS M TIpeHeOperarb HEeCyIIECTBEHHBIMH; YMEHHUS NPOBOIMTH OLEHKH (M3NUECKUX BEINYUH;
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, VK-1.2 HaxomuT, KpUTHYECKH aHAJIU3UPYET M BBHIOMpAET
KPUTHUYECKUH aHAJIN3 ¥ CUHTE3 HHpopManuy, |MHGOpMANNIO, HEOOXOAUMYIO Uil PEIIeHUs MOCTAaBICHHON
MIPUMEHATh CHCTEMHBIHN MOAXOA Ul pELIEHHsT  |3ada4u

[IOCTABJICHHBIX 3a7a4

OIIK-1 CniocobeH npuMeHSITh OIIK-1.1 CriocobeH aHanmM3upoBaTh MOCTABICHHYIO 3ajady,
(dyHIaMEeHTaIbHBIC 3HAHUS, IOTY4YCHHBIC B HaMe4JaTh MyTH €€ PeIICHHUs

obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-3 CriocobeH cocTaBisITh U 0QOpMIIST OIIK-3.2 Bnageet Ha mpakTHKE METOIOJIOTUEN COCTABICHUS
Hay4HbIC U (UJIM) TEXHUYECKHE HAy4YHO-TEXHUYECKHX OTYETOB (IIPOEKTOB)
(TEeXHOIOTHYECKUE, MHHOBAITMOHHBIC) OTICTHI
(my6nuKanym, MPOeKTHI)




[MK-1 CriocoGeH m1aHupoBarh U MPOBOAUTH [K-1.1  Bnageer  ¢yHAaMEHTANBHBIMH  MOHSATHSIMU,
Hay4HbI€ SKCTICPUMEHTHI (B U30paHHON 3aKOHAMU U TEOPUSIMHU COBPEMEHHON (HU3NKU

MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHaMTUYECKHE U UMUTAITMOHHEIC)
HCCIICIOBAHMSI

[MK-2 Cnocoben ananu3uposath nmonydeHHbie B |[IK-2.1 Bnageer meromamu cratuctudeckoit oOpabOTKH U
X0JIe HayYHO-HCCIIEIOBATEIBCKOM PabOThI aHaJIM3a Hay4YHbIX JTaHHBIX

JIAHHBIC U JIeJIaTh HAyYHbIC BHIBOJIBI
(3aKITrOuCHMS )

3. IlepevyeHpb MIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbsrare oCBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HATh:
0 (yHaaMeHTaIbHBIEC 3aKOHBI M MOHATHS ONTHKH, a TAK)Ke TPAHULIBI UX IPUMEHUMOCTH:
o mnpunimn Oepma 1 3aKOHBI TEOMETPHIYESCKON ONITHKH;
0 BOJHOBOE YpaBHEHHE, INIOCKKE U chepudecKkre BOIHbI, IPUHIIMII CYHEPIO3UIMN U HHTephepeHIINs
MOHOXPOMATHYECKUX BOJIH;
0 BpeMEeHHas U MPOCTPAHCTBEHHAs! KOTEPEHTHOCTh HCTOUYHUKA;
o mnpuHuui [toiirenca—®penens, nudpaxuus Openens:
o mudpaxnus OpayHrodepa Ha MIENH;
0 CHEKTpaJIbHbIC MPUOOPHI U MX OCHOBHBIC XapaKTEPHCTHKH;
0 TPUHIHIEI Pyphe-ONTHKH, TPOCTPAHCTBEHHOE Pyphe-pasiiokenne, 3hdekt camopenpoayKinu;
o Tteopusi AbGe popMHPOBaHUS ONITHUECKOTO N300PAKEHUS, IPUHIHI JBOWHON AU(PPaKLIUY;
0 TPUHIHMIIEI Tosorpadun, yciaosue bparra—Bynbda.
0 Jucnepcus cBera, (pa3oBas U rPyNIoBasi CKOPOCTH, KJIacCCUYECKasi TEOPHSl IUCIEPCUH;
0 MOJSIpU3aLUs CBETA, ECTECTBEHHBIN CBET, siBJieHHEe bprocrepa;
0 IUXPOU3M, HMOJSIPOUIBL, 3aKOH Maitoca;
0 JIBOMHOE JIy4elpeIoMJICHHE B OJHOOCHBIX KpHCTaIIax, HMHTEP(EpEeHIMOHHBIE SBICHHUA B
KPUCTAJUIMYECKUX TUIacTUHKAX, 3 dekt Dapanes u adhdexr Keppa.
0 HENMHEHHBIC ONTHYCCKUE SBICHWSA, HEIMHEWHas IOJIIpU3allisl Cpelbl, I'eHepalus BTOPOMH
rapMOHUKH (YABOCHHE YacCTOTHI), (ha30BbI CHHXPOHU3M, CaMO(OKYCHPOBKA.

YMETh:
0 IPUMEHATH U3y4eHHbIe o0mmue Gru3ndeckne 3aKoHbI IS PeIleHHs KOHKPETHBIX 33/1a4 110 ONTHKE:
0  TNPHUMEHATH 3aKOHBI T'€OMETPUYECKOM ONTHUKU NPU MOCTPOCHHU H300pPaKEHHH B ONTHYECKHUX
CHCTEMax;
0 pemarh ypaBHeHUs [elbMrosbpLa JuIst CirydaeB INIOCKUX M C(HEepUIeCKUX BOJIH;
0 HCIOJIb30BaTh NOHATHE O 30HaX Ppenens u cnupanu OpeHens Npyu perIeHny 3a1a4 AuppaKkIul Ha
JKpaHe C 0CEBON CUMMETpHEN
0  HCHoib30BaTh MeTon Pames pemienus 3amaum audpaxknuu: BOJHOBOE IOJE€ KaK CYMEPIO3ULHS
TUTOCKHMX BOJIH pa3HbIX HAIIPaBJICHUH (IIPOCTPaHCTBEHHOE (Pyphe-pa3okeHHe);
0  aHAIM3UPOBaTh (U3MUECKUE 3aJaud, BBIJEIAS CYIIECTBEHHbIE M HECYLICCTBEHHBIE AaCIEKThI
SBJICHUS, ¥ HA OCHOBE NPOBEIEHHOIO aHaIM3a CTPOUTH YNPOUIEHHBIE TEOPETUYECKUE MOJICIIN
(DUBNYECKUX SIBICHUM;
0 NPUMEHATh PA3IMYHBIE MaTeMaTHYeCKHe WHCTPYMEHTBI pEIICHUs 3aJad HCXOAs U3
cOpPMYIHPOBAHHBIX (PU3MUECKUX 3aKOHOB, U MPOBOAUTH HEOOXOAMMBIE aHATUTUYECKHE U YHCIICHHBIC
pacy€Thl.

BIIAJICTh!

O OCHOBHBIMHU MCTOAAMH PCIICHUA 3a4a4 OIITUKU;
O OCHOBHBIMHU MATCMATUYCCKUMU MHCTPYMCHTAMU, XapaKTCPHBIMU JIA 3a1a4 OIITUKU.

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHI

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
leomeTrpuueckas onTHKa U BIIEMEHTHI
1 2 2 6
¢dboroMeTpuH.
2 HuTepdepennus BoiH. 4 4 12
3 Judpakius BoJH. 4 4 12
4 Pa3zpemaromias ciocoOOHOCTh ONTUYECKUX 4 4 12
WHCTPYMEHTOB.
5 OneMeHTH! Qypbe-ONTUKH. 4 4 12
6 OneMeHTHI Tosorpaduu. 4 4 12
7 Hucnepcusa. @PazoBass u  Tpymnmnonas ) ) 6
CKOpPOCTH.
3 [Monspuzanus cBeTa. OneMeHTHI ) ’ 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.

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

Cemecrtp: 4 (Becennuit)

1. reOMCTpI/I‘IeCKaH OIITUKA M 3JICMCHTBI (bOTOMeTpI/II/I.

[punnun ®epma u 3akoHBI TeoMeTprueckoil ontuku. [lonHoe BHyTpeHHee oTpaxeHne. OnTuyeckue

HUHCTPYMCHTBI: TCJICCKOII, MHUKPOCKOII. (bOTOMCTpI/II/I. ﬂpKOCTB u OCBeI]_[éHHOCTB

HN300pakeHUs.

2. NaTepdepenius BoH.

D1eMeHTHI

BonHoBoe ypaBHEHHME, MOHOXPOMAaTHYECKHE BOJHBI, KOMIUIEKCHas aMIUINTYAd, YpaBHEHHE
I'enpMroneia, miockue W cdepuueckue BOMHbL [IpuHIMI cyneprno3suuuu M HHTEphEepeHIus
MOHOXPOMAaTH4YE€CKHX BOJH. BunmHocTe mnomoc, mmpuHa nonockl. CrarucTHyeckas MpUpoaa
M3JTy4eHHs. KBa3MMOHOXPOMAaTHUYECKOM BOJHBI. BpeMeHHas KorepeHTHOCTh, (pyHKLUS BpEMEHHOMH
KOTEPEHTHOCTH, CBSI3b CO CHEKTPaJIbHON HHTEHCHBHOCTBbIO (Teopema BuHepa—XuH4unHA).
OrpannueHue Ha JOMYCTHMYIO Pa3sHOCTh XOJa B JBYXJIyYeBBIX HMHTEPPEpPCHLMOHHBIX CXeMax,
COOTHOILIEHHE HeomnpeaedeHHOCTe. UWHTepdepeHuuss 0pH  HCHOJIB30BAaHUU  HPOTSIKEHHBIX
UCTOYHUKOB. [IpocTpaHCTBEHHAs KOT€PEHTHOCTb, (DYHKUHS MPOCTPAHCTBEHHOW KOTEPEHTHOCTH,
CBSI3b C paclpelelieHHeM  WHTCHCUBHOCTH M3JIy4YEeHUS MO HCTOYHMKY I(X) (Teopema Ban
Hutrepra—Llepuuke). OrpaHudeHuss Ha JOIYCTUMBIE pa3Mepbl HCTOYHMKA U alepTypy
uHTep(EpPEeHIUH B IBYXJIyueBbIX cxemax. Jlazephl Kak MCTOYHUKU KOT€PEHTHOTO U3TYUCHHUS.

3. dudpaxius BOIH.

Hudpakuus BonmH. [Ipunnun [roiirenca—@penens. [udpaknus Ha TOHKOM 3KpaHe. [paHuyHbIe
ycioBusi Kupxroda. BonmnoBoit mapamerp. Jdudpakuus Ppenens. 3agadn ¢ 0CeBOW CHMMETPHEH,
30HbI Ppenenst, cnupainb OpeHens. 30HHbBIC IUIACTHHKY, JTHH3A. Jludpakius Ha JOMOTHUTEIEHOM
skpane, maTHO Ilyaccona. dudpakuus @paynrodepa. CeetoBoe mone B 30He DpayHrodepa kak
npeobpazoanne Pypre rpannuHoro monst. Judpakuus Opaynrodepa Ha menu, audpaKmoOHHAS
pacxomumocTh. [IudpakunoHHBIM Tpeaen pa3pelieHusl Teileckona W MuKpockoma.  Iloie B
(hOKaILHOW TUIOCKOCTH JINH3BL.



4. Pa3permaromasi crocoOOHOCTh ONTHYECKUX HHCTPYMEHTOB.

CrexrpanpHble NpuOOpBI: Tpu3Ma, audpakiuoHHas pemérka, uHTepdepomerp Dadbpu—Ilepo.
XapakTepUCTUKU CIIEKTPAJIbHBIX NPHOOPOB: pa3pemaronmas CrocoOHOCTh, 00JaCTh IUCIICPCUH,
ymioBast nucnepcus. Teopus A6Ge GopMupoBaHHsI ONTHYECKOTO M300pa)KeHWs, TPUHIIMI JBOWHON
madpakuuu. [lonoca mpommyckaHusi ONTHYECKOH CHUCTEMBI, CBS3b C Pa3pelIaronieid ClioCOOHOCTHIO.
Paspemaromiast ciocoOOHOCTB NPU KOTEPEHTHOM M HEKOI'€PEHTHOM OCBEILICHUH.

5. DneMeHTHl Gypbe-ONTHKY.

[Mpuanmner  Qypee-ontuku. Merton Pames penieHust 3amauu Judpakiyu: BOIHOBOE IOJNIE Kak
CYNEpIO3UIHMs ITUIOCKHX BOJH pPa3HbIX HaNpaBlIeHUH (IIPOCTPAHCTBEHHOE (ypbe-pa3ioKeHue),
COOTHOIIIEHUE Heomnpenenénnocren. Judpakuus OpeHens Ha TEPUOAUUECKUX CTPYKTYpax (dddekT
camopernpoaykiuu). O0IacTh reOMETPUISCKON OTITHKH.

6. DneMeHTHI ToJorpaduu.

[Mpuanmner ronorpaduu. [omorpamma ["aGopa. TonorpamMma ¢ HaKJIOHHBIM OMOPHBIM TYYKOM.
Paspematomast cmocoOHocTh romorpammbl. OObEMHasi romorpamMma, oObEMHAsh pemeéTka B
perucTpupyloliei cpeze, yciaosue bparra—Bynbda.

7. Qucniepcus. @a3oBas ¥ TpynnoBasi CKOPOCTH.

Hucnepcus cBera, (aszoBas M TpymmoBas ckopocTH, ¢opmyna Poanes. Kiaccudeckas Tteopus
mucriepcud. KOMIUIEKCHBIH TOKa3aTellb MPeIOMIICHUS M MOIVIOLICHUSI CBETa B Cpefe. 3aTyXalolue
BOJIHBI, 3aK0oH byrepa. HopmanbHas u anomasibHast quctiepcuy. PagmoBoHbl B HOHOC(EpE U AaIbHAS
paanoCBs3b.

8. lonspu3arus cBeTa. DIEMEHTHl KPUCTAJUIOOTITHKHY.

[Monspuzauust ceera. EctecTBenHblid cBeT. SBiaeHue bproctepa. Juxpousm, MNONSPOUIbI, 3aKOH
Matoca. JIBoitHoe ITydenpeioMiIeHue B OHOOCHBIX KpucTamiax. MHTephepeHIIMOHHbIC SBICHUS B
KpUCTaJUIMYECKNX ITutacThHKax. [loHsTne o0 uckyccTBeHHOW aHu3oTpornuu. Dddexr Dapanes u

addext Keppa.

9. Paccestnue cBerta.

PaneeBckoe paccesinue (paccessHue Ha (UIYKTYaIHsIX TWIOTHOCTH). DPPEKTHBHOE CEUCHHUE PACCESTHHUSL.
[Monspu3anus paccesHHOTO CBETa

10. HenuHelHbIE ONTUYECKUE ABJICHUS.

Henuneiinas monsipusauus cpensl. I'eHepanusi BTOpoil rapMOHUKH (YIBOCHHE YacTOThI), (a3zoBbId
cuaxponu3M. CaMo(oKyCHpOBKa.

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

* JlekunoHHas ayqUTOPHs, OCHAIEHHAS MYJIBTHMEAUHHBIM ITPOSKTOPOM H IKPAHOM

+ OO0opynoBaHue /IS JICKIIMOHHBIX JIEMOHCTpALNii

* Y4eOHbIC ayAUTOPHUHU, OCHAIEHHBIE TOCKOU

» JlocTyn k OMOIHOTEKaM y9eOHON TEXHUYECKON TUTepaTyphl, B TOM YHUCIIE 3JICKTPOHHBIM,
HEOOXOAMMBIN JUIS OCYILIECTBIICHUSI CAMOCTOSTEIILHOM PabOThl 00yYarOIIXCS

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa



1. O6uwmit kype ¢pusuku [Texcr] : B 5 1. T. 4 : OnTuka : yue6. nocooue aist By30B / JI. B. CuByxun .—
/ 2-e m3n., uctp. — M. : Hayka, 1985 .— 752 c.

2. OcHoBbl pusuku. Kypce obmeit pusuku [Teket] : B2 T. T. 1 : Mexanuka, SIEKTpHYECTBO U
MarHeTu3M, KojieOaHus M BOJHBI, BOJIHOBAsl ONTHKA : y4eOHuK 1ist By3oB / A. C. Kunrcer, I. P.
JlokmuH, O. A. OnpxoB .— M. : ®uszmariut, 2001 .— 560 c.

3. Onruka [Tekcr] : y4e6. mocobue st By3oB / E. . Bytukos ; mon pea. H. WM. KanureeBckoro .— M. :
Bricmas mxoma, 1986 — 512 c.

4. JlaboparopHbiii ipakTukyM 1o obmieit ¢pusuke [Teker] : B 3 1. T. 2 : OntHka : yue6. nocobue amns
By30B / oz pen. A. B. Makcumbrdesa ; M-Bo oOpa3zoBanus U Hayku PO, Mock. ¢pu3.-TexH. uH-T (Toc.
yH-T) .— M. : MOTH, 2014 .— 446 c.

5. Kanmamnukos H.IT., CmonabipeB M.A./OcHOBBI Qu3nku B 2-x ToMax M.-JlaGoparopust 3uanui, 2017

JlononHuTenbHAs TUTEpaTypa
1. Konebanwus v BoiHbI. BBeneHue B akycTuky, paguodusuky u ontuky [Tekcr] : yueb. mocodue aiist
By3oB / I. C. l'openuk ; mon pea. C. M. PeiroBa .— 3-e uzn. — M. : @usmariut, 2007 .— 656 c.
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7. llepedyeHs pecypcoB HH()OPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

1. http://mipt.ru/education/chair/physics/S_1V/Metod 4/— meroauueckuii pasjen caira kadeapsl
Oobweit huzuku

2. http://lib.mipt.ru/catalogue/1412/?t=750 — anexrponnas 6ubnmoreka MOTU, paznen «O0mas
¢duznkay

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIECTBJICHUH 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AMMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nekumoHHBIX 3aHATHIX HCIIONB3YIOTCS MYIBTUMEIUIHBIE TEXHOIOTUH, BKIIOUasl AEMOHCTPALHIO
MpE3EHTALNN.

Jluteparypa, pekoMeHyeMasi K Kypcy, JOCTYIHA B 3JIEKTPOHHOM Buje (cM. 11.[1,2] mepeuns pecypcos
WH(POPMAIIMOHHO-TEICKOMMYHHUKAIIMOHHOM ceTn "HMHTepHeT", He0OXOAMMBIX JIJISl OCBOCHHS
JUCHUTUTHHBI (MOAYJIS)), TaK YTO CTYACHTHI MOTYT YUTATh YIEOHUKHU MPSAMO CO CBOMX IIAHILIETOB.

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

Crynent, m3yvarommii kypc «OOmas ¢usuka: OnTHka», JOIKEH HE TOJNBKO H3Y4YHTH 0O0IIHe
(u3MuecKre 3aKOHBI ¥ MOHATHS, HO HAyYUThCS IPUMEHATh UX Ha MIPAKTHKE.

YcnemHOe 0CBOCHHE Kypca TpeOyeT HaNpsKEHHONW caMOCTOSTEILHOU padoThI CTy/ileHTa. B mporpamme
Kypca TIpUBEJICHO MHUHUMAILHO HEOOXomMMoe Bpemsl Juis paboThl CTyJeHTa HajJ TEMOH.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— UTCHUC U KOHCIICKTUPOBAHUC peKOMeH,E[OBaHHOI\/’I JINTCPATyphl,

— TpopaboTKy ydeOHOro marepuaia (IO KOHCIIEKTaM JICKIHH, y4eOHOH M Hay4dHOW JuTeparype),
[IOJrOTOBKY OTBETOB Ha BOIIPOCHI, IIPEAHAa3HAYEHHBIX JUIsl CAMOCTOSITEIbHOIO U3yUEHUS;

— pellIeHue 3a/1a4, peAIaracMblx CTyIeHTaM Ha JIEKLUAX.
— TMOJITOTOBKY K KOHTPOJILHOH paboTe, ciade 3aJaHuii, SK3aMeHY.



PykoBOACTBO W KOHTPOJNb 32 CaMOCTOSTENBHOW paboTOM CTyJaeHTa ocymiecTBisieTcss B (opme
WHAWBHUIYaJIbHBIX KOHCYJIBTAIUM.

ITokazaTteneM BiaJieHUs] MaTepUaJOM CIYXKHUT YMEHHUE pelarh 3agadd. g dbopMupoBaHus yMeHUs
MPUMEHSATh TEOPETUUYECCKUE 3HAHMS HA MPAKTHKE CTYACHTY HEOOXOAMMO pellaTh Kak MOXKHO OoJibIIe
3amad. [Ipu pemennu 3a1a4 Kaxaoe qeiicTBHE HEOOXOAMMO apryMEHTHPOBATh, CChUIAsICh HA U3BECTHHIC
TEOPETHUYECKUE CBEJCHNUSA M MPOBOAUTH BCE HEOOXOANMBIC BBIYMCICHHS, TOBOAS 3a7ady 10 KOHEYHOTO
oTBeTa. 3ajada CUUTAETCS PEIIEHHOM, €CIM OHA CONEPXKHUT OOOCHOBAHHOE pEIIEHHE: CCHUIKM Ha
MpUMeHsieMble (PM3NYECKUE 3aKOHBI U KOPPEKTHBIC BBIKIIAJKH, a TAK)KE TPABUIIbHBIN YUCIICHHBIA OTBET
(ecnu B 3aade eCTh YUCIIOBBIC JaHHEIC).

[Ipu moAroToBKe K MPAaKTUYECKUM 3aHATUSAM HEOOXOIMMO O3HAKOMHUTBLCS C OCHOBHBIMHU MOHSITHAMU U
3aKOHAMM, KOTOPBIMU OyleT TOCBSINEHO 3aHATHE, M PEIIUTh 3aJadd, MPEAyCMOTPEHHBIC IS
MTOJITOTOBKH 110 TEME CEMHUHApA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa

npopuJib NOArOTOBKHU: PaanorexHuka 1 KOMIIBIOTEPHBIC TEXHOIOTUU
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kageapa obueit pusnku

Kypc: 2

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

PaspaGorunkm:

1O.P. Ananaksin, 1-p ¢pus.-mar. Hayk, npodeccop, npodeccop
I"P. JloxumH, n-p ¢pu3s.-mart. Hayk, npodeccop, mpodeccop
I1.B. TTonos, kaua. ¢pu3.-MaT. HayK, JTOIEHT

A.B. T'aBpukoB, kaH1. ($U3.-MaT. HAyK, JIOICHT, JIOIICHT

1O.H. ®unaros, kaua. ¢pus.-MaT. HayK, JTOICHT

C.B. Bunorpasios, kaH. ¢pu3.-MaT. HayK, JIOIEHT, JIOIIEHT



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-1.2 HaxomuT, KpUTHYECKH aHAIU3UPYET M BBHIOMpAeT
nHpOpMaLKI0, HEOOXOOUMYIO AJISl PELICHUS! IMOCTaBICHHON
3a7a4n

OIIK-1 CrocobeH npuMeHSTh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3MKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.1 CnocobeH aHanM3upoBaTh MOCTABICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLeHUs

OIIK-3 CriocobeH cocTaBisTh U 0HOpMIIATH
Hay4HbIC U (UJTM) TEXHUYECKHE
(TeXHOIOTUYeCKHEe, NHHOBAIIMOHHBIE) OTYETHI
(myGnuKanum, MpoeKThI)

OIIK-3.2 Brnageer Ha MPaKTHKE METOIOJIIOTUEH COCTABICHUS
HAYYHO-TEXHUYECKHX OTYETOB (IIPOCKTORB)

[MK-1 Crioco6eH m1aHupoBarh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIUOHHBIC)
WCCIICIOBAHMSI

I1IK-1.1 Bnamgeer  yHmameHTanbHBIMU
3aKOHAMU U TEOPHUSIMU COBPEMEHHON (DU3UKH

IIOHATUSAMU,

[MK-2 CriocobeH aHanu3upoBaTh MOTyUYCHHBIE B
XO0JIe HayYHO-HCCIIE0BATENLCKON paObOThI
JIAHHBIC U J€J1aTh HAyYHBIC BHIBOJIBI
(3aKITrOYCHMS )

[IK-2.1 Bnangeer merojamMH CTaTHCTUYECKOW OOpabOTKH U
aHaJIM3a Hay4YHbIX JTaHHBIX

2. Iloka3arei OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC U3YUCHUA TUCHUILIJIMHBI «061113.51 (I)I/IBI/IKaI OIITUKa» O6y‘IaIOI].[HI>inI JOJIKCH:

3HAThb:

0 (yHaaMeHTaIbHBIEC 3aKOHBI M MOHATHS ONTHKH, a TAK)Ke TPAHULIBI UX IPUMEHUMOCTH:
0 npuHIHN PepMa U 3aKOHBI TEOMETPUUECKON ONTUKH;
0 BOJHOBOE YpaBHEHHE, INIOCKKE U chepudecKkre BOIHbI, IPUHIIMII CYHEPIO3UIMN U HHTephepeHIINs

MOHOXPOMAaTHUYCCKHUX BOJIH,

BpPEMEHHAs U IPOCTPAHCTBEHHAsI KOTEPEHTHOCTh UCTOUHUKA;
npunuun [ oiirenca—®penens, nudppakuns Openens:

mudpaknus OpayHrodepa Ha 1menw;

CIIEKTpaJIbHbIC IPUOOPHI U UX OCHOBHBIC XapAKTEPUCTHUKH;
MPHHIUTIBL QYPhE-ONTHUKH, IPOCTPAHCTBEHHOE (Dyphe-pasiokeHue, 3PPeKT caMOopenpOyKIIHHT;

MPUHIUTIBI Tonorpaduu, ycinosue bparra—Bynsda.

Jycriepcus cBeTa, (ha3oBasi v IpyIIOBast CKOPOCTH, KIIACCHYECKask TEOPUs AUCIICPCHUU;
MOJISIPU3aLKsl CBETA, ECTECTBEHHBIN CBET, siBJIeHHE bprocrepa;

JUXPOU3M, MOJISIPOUABI, 3aK0H Mamnoca;

0
0
0
0
0
o Tteopusi AbGe hopMHPOBaHUS ONITHUECKOTO N300PAKEHUS, TPUHLIHI JBOWHON JU(PPaKLIUY;
0
0
0
0
0

JIBOMHOE JIy4erpeiIoMJICHHE B OJHOOCHBIX KpHCTaIIax, HMHTEP(EpEeHIMOHHBIE SBICHHUA B
KPUCTAJUIMYECKUX TUIacTUHKAX, 3 ekt Dapanes u adhdexr Keppa.
0 HENMHEHHbIC ONTHYCCKUE SBJICHWSA, HEIMHEWHas MOJIIpU3allUsl Cpelbl, I'€Hepalus BTOPOMH
rapMOHUKH (YABOCHHE YacCTOTHI), (ha30BbIi CHHXPOHU3M, CaMO(OKYCHPOBKA.

yMeTh:




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  HCIOJB30BaTh MeTox Panest pewmenus 3agaun nudpakiuu: BOJIHOBOE IOJE KakK CYNEPIO3ULUS
IUTOCKHMX BOJIH pa3HBIX HAIlPaBJIECHUH (IIPOCTPAHCTBEHHOE (Pyphe-pa3nokeHue);

0 aHaJIM3MpOBaTh (U3NYECKUE 3aJadd, BBIACNAA CYIIECTBEHHBIE M HECYIIECTBEHHBIC AaCIEKTHI
SIBJICHUs,, U HA OCHOBE IPOBEIEHHOIO aHalIM3a CTPOUTH YIPOLIEHHbIE TEOPETUYECKUE MOJIEIIU
(U3NYECKUX SBICHUH;

0 IPUMEHATh pa3MyHble MaTeMaTUYeCKUEe MHCTPYMEHTbl pELIeHMs 3afad HUCXOAs U3
c(hOopMyYINPOBAaHHBIX (PU3UUECKUX 3aKOHOB, U MPOBOIUTH HEOOXOINMBIC aHATUTUICCKUE U YHCIICHHbIE
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.



