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: IIpuknagHbie MaTeMaTHKa U (pU3MKa
NpoduJIb MOATOTOBKH: @du3MKa aTOMHBIX SIIEp ¥ JIEMEHTapHBIX YaCTHI, (PU3HMKA BBICOKUX YHEPTHUil

Ou3TEX-1IKOIa TPUPOAOTIONOOHBIX, TNIA3MEHHBIX U SIIEPHBIX TexHoJorwid uM. U.B.
Kypuarosa

kageapa obueit pusnku
Kypc: 2
kBaTuuKkanus: 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 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.
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MarHeTu3M, KojieOaHus M BOJHBI, BOJIHOBAsl ONTHKA : y4eOHuK 1ist By3oB / A. C. Kunrcer, I. P.
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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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4. Metonp! pemeHns 3aga4 B oomem kypee ¢pusuku. Onruka [Tekcr] : yue6. moco6ue s By3os / B. 1.
KopsaBos .— M. : Ctynent, 2012 .— 344 c.
5. Bonnsl. udpakaus. [lpoctpancteennas ¢punstpanus [Teker] : yueb. nocobue ass By3oB / I P.
Jlokma ; M-Bo oOpazoBanus u Hayku PO, @en. arenctBo no oopazoBanuto, MOTU .— M. : MOTU,
2006 .— 160c.

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)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa
IIpO(l)I(lJIb MnoATrOTOBKMU: ®du3uka aTOMHBIX AACP U SJICMCHTAPHBIX YaCTHI, (1)I/IBI/IKa BBICOKHX 3Hepr1/1171

dusrex-mkona HpI/IpO)_IOHOI[O6HBIX, IMJIa3MCHHBIX U AACPHBIX Texaonoruii um. M.B.

Kypuatosa
kadenpa oomieit pu3nku
Kypc: 2

KBaJIMpUKALUS: 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-1.2 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. llepeyeHb TUMOBBIX KOHTPOJIBHBIX 32IaHUI, UCIOJIB3yeMbIX /IJIS OLIEHKH 3HAHU, yme-
HUM, HABLIKOB

[Ipomexxyrounas arrectanus no aucuumuimHe «OOmas ¢usuka: OnTHKa» OCYIIECTBISETCS B
dbopme 3K3amMeHa. DK3aMEH COCTOUT U3 JABYX YACTEH: MPOBOAMTCS B MUCbMEHHOM M YCTHOU (op-
M€.

Ha nucemeHHON 4acTu 3K3aMeHa CTYJEHTY IpelularaeTcsl peluTh S5 3aaad. Bee npeanaraemslie
3ajJjauyl MPEJICTaBIAIOT COOON OpUTMHANIBHBIE aBTOPCKHE 337a4M, CHELMaIbHO MOATOTOBIECHHbBIE
JUIsl K3aMEHa.

VYcTHas yacTh 3K3aMeHa NMPOXOJUT 1o OmietaM. B kaxmom O6unere coaep XuTcsi TeOpEeTUUECKUM
BOIIPOC W3 IIPUBEIECHHOTO HUXKE CIMCKA 3K3aMEHALMOHHBIX BonpocoB. Kpome Toro, cryaeHry
IpeUIaraeTcsl U3J0XKUTh IOJTrOTOBJICHHBIH 3apaHee «BOIPOC IO BBIOOPY», KOTOPBIM, MOXET
OBITh, KaK OJJMH U3 IIYHKTOB MIPUBEIEHHOTO HIKE CIIHUCKA, TaK M JIIOOO0H BOIPOC, 3aTparuBaeMblii
B M3y4aeMOM Kypce MJIM HEMOCPEICTBEHHO CBSI3aHHBIA ¢ HUM. B kauecTBe Bompoca 1o BbIOOpY
MOTYT OBITh U3JI0KEHBI PE3yIbTAThI IPOACTAHHON CTYJEHTOM J1a00paTOPHOI pabOTHI.

Crucok BOIIPOCOB YCTHOI'O 5K3aMCHa:

1. BousnoBoe ypaBHeHHe. MoHOXpoMaTHyeckie BOJIHbI. KoMIlIekcHas aMIiuTyna. Y paBHe-
Hue ['enpMrosnbna.

2.  MonoxpoMaTrueckue BONHBL. KomIiekcHast aMIuinTyaa. Y paBHEHHE TUIOCKOW U cepu-
yeckoil BosH. [IpuHiun cynepno3unuu, HHTepQepeHIys.

3.  Hurepdepenuuss MoHOXpOoMaTHYeCKHX BOJH. MHTEpdepeHIrs mI0CKOi U chepruiecKoit
BouH. llIuprna uHTEpPEepeHIIMOHHBIX MToJI0c. BuaHOCTH MOJIOC.

4. BiusHue HEMOHOXPOMATUYHOCTH CBETa Ha BUIAHOCTb HHTEPHEPEHIIMOHHBIX IOJIOC.
@DyHKIMS BPEMEHHON KOT€peHTHOCTH. CBsA3b BPEMEHU KOTEPEHTHOCTH C LIMPHUHOM CIIEK-
Tpa. Teopema Bunepa-Xununna. COOTHOIIEHHE HEONIPEAEIEHHOCTEH.

5.  BuaHocTh MHTEPHEPEHLIMOHHBIX MOJIOC U €€ CBSI3b CO CTENEHbI0 KOTEPEHTHOCTH IIPU HC-
II0JIb30BAHNN KBa3UMOHOXPOMAaTHYECKUX HMCTOYHHMKOB cBeTa. OLEHKa MaKCHMaJbHOTO
yyciia HaOIoAaeMbIX Mojioc. MakcUMallbHO JIOMyCTHMasi Pa3HOCTh XOAa B MHTEp(eEepeH-
LMOHHBIX OIBITAX.

6. Amneprypa MHTep(EpPEHLIMOHHOM CXEMbl U BIMSHHE Pa3MEpPOB MCTOUYHMKA HA BUIHOCTD
UHTEepPEPEeHIIMOHHBIX MoJ0c. DYHKIMS MPOCTPAHCTBEHHOW KOorepeHTHocTH. Paguyc mnpo-
CTPAaHCTBEHHOMN KOI'€PEHTHOCTH.

7. Cps3p paanyca IpOCTPAHCTBEHHON KOI€pEHTHOCTH € YIJIOBBIM pa3MepOM IPOTSKEHHOIO
ucrounuka. Teopema Ban-Llurrepra-LlepHuke. BunHocTs uMHTEphEpEHIIMOHHBIX I0JIOC
MIPU UCIIOJIb30BAaHUU MPOTSHKEHHBIX UCTOYHUKOB CBETA. 3BE3[HBIN MHTEephepomerp Maii-
KEJIbCOHA.

8.  MakcumanpHO AONYCTHMas Pa3HOCTh XOJa BOJH B MHTEP(EPEHIMOHHBIX OMbITaX U €€
CBS3b CO BPEMEHEM KOT'€PEHTHOCTH.

9.  Pamgmyc mpocTpaHCTBEHHON KOTEPEHTHOCTH M OTPAaHWYCHUE Ha JIOIYCTUMBIC Pa3Mephl UC-
TOYHHUKA B UHTEP()EPEHIIUMOHHBIX OIBITaX.

10. Tpunuun [roitrenca-@penens. KonnuectBennas ¢gopmynupoBka npuHimna [ roireHca-
O®penens. BoaHoBoi mapameTp Kak KpuTepuid 1oo0us AUPPaKIHOHHBIX SBICHUN.

11. [udpakuus Ppenens Ha kpyriiom orBepctuu. Crnupans ®@penens. [lsatao Ilyaccona u
YCITIOBHS €TI0 HaOJIIOICHHUS.

12. 3onnas mnactunka ®@penens. IHTEHCUBHOCTH cBeTa B (pOKyce 30HHOM utacTUHKU. Wae-
anpHas J1nH3a. DOKYCHUPOBKA CBETA.

13. BonnoBoii mapametp. Ycnoue HaOmoneHus nudpaxinuu Openens u DpayHrodepa.
Kputepuii reoMeTpuyeCKON ONTHKY.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.
32.

33.
34.

Hudpaxius @paynrodepa. Cssp ¢ npeodbpazoBanueM Dypoe. Judpakuus OpayHrode-
pa Ha 1ienu ¥ KpyrioMm oTBepctud. [lose B pokanbHOM MIIOCKOCTH JTHH3BI.

Hudpaxus Opaynrodepa B ontuueckux npubdopax. Pazpemaromas cnocoOHOCTh Tese-
ckona u Mukpockona. Kpurepuit Penes.

JudpakionHas pelieTka Kak CleKTpanbHbli mpubop. Paspemaromas cnocoOHOCTh U
obnacth qucnepeuu. Paspemaroimas ciocoOHOCTb MPU3MBI.

Hudpaxus OpayHrodepa Ha pemieTKe: MOI0KEHUE U MHTEHCHUBHOCTD TJIABHBIX MaKCH-
MYMOB, UX IIUPUHA U MAaKCUMAaJIbHBII MOPSIIOK.

HNutepdepomerp Pabpu-Ilepo kak ontuueckmii pe3oHaTop. Paspematromas crmocoOHOCTh
UHTEPHEPOMETPA, CBSI3b C JOOPOTHOCTHIO.

[Tpuniunsl @ypbe-ONTUKU: IPEICTABICHUE TPOU3BOJIHON BOIHBI B BUJIE CYNEPIIO3UIIH
IUIOCKUX BOJIH pa3HbIX HampasieHuil. [IpoctpanctBennoe npeobOpazoBanue dypoe. [Ipo-
cTpaHcTBeHHas yactota. Meton Penes B 3amayax Audpakiu.

Hudpakmus OpeHens Ha TEPUOAUYECKUX CTPYKTYpax. I HEKT caMopernpoTyKITHH.

Teopust AG6e GopMUPOBaHUS ONTUYECKOTO H300paxeHus. Pypbe-MIOCKOCTh ONTHYE-
CKOM CHUCTEMBI.

[IpuHuMns! npocTpaHcTBeHHON unbTpanuu. Metoasl HabM0AeHUS (Pa30BBIX CTPYKTYP.

[Tone B pokanbHOI maockocTr uH3EL. CBsi3b ¢ mpeoOpa3oBanuemM Dypne.

Judpakius Ha aMIUTUTYAHON U (pa30BOM CHHYCOUIABHOMN pelIeTKe.

MeTtoasl HabmoAeHUS TIPO3padyHbIX ((Pa3oBbIX) CTPYKTYyp. MeToapl TeMHOTO oM U da-
30BOr0 KOHTpAcTa.

l'onorpadus. ['omorpamma Toueynoro ucrtouynuka (ronorpamma ['abopa). Pazpemaroras
CIIOCOOHOCTH TOJIOrpaMMBL. ['otorpaMmMa ¢ HaKJIOHHBIM OTIOPHBIM ITYYKOM.

O6bEmuas ronorpamma. Boccranosienue n3o0paxeHuss 00bEMHON TOJI0TPaMMOM, yCII0-
Bue bperra-Bynsda.

DJeKTpOMarHuTHbIE BOJIHBI Ha MPaHUIIE pa3jieNa JIByX IUAJIEKTpUKOB. SIBnenue bprocre-
pa. 3aBUCUMOCTb YHEPreTHYeCKUX KodpPHUIMEHTOB oTpaxkeHus RL u R ot yria nmaneHus
(Ka4eCTBEHHO).

CriocoObl mosry4eHus JIMHEHHO-NOoIsIpu30BaHHOro cBera. Juxpousm. Ilonspoussl. 3akox
Manroca.

DNeKTpOMarHuTHBIE BOJHBI B OHOOCHBIX KpucTamuiax. OObIKHOBEHHAs U HEOOBIKHOBEH-
Hast BOJHBI. Kprcrammdeckue macTuaku A/2 u y/4.

JBynyuenpenomienue. MuTepdepeHns noiasspu30BaHHbIX BOJH.

Henuneiinag nongpuzanus cpenpl. ['eHepanus BTOpoi rapMOHUKHU. YcioBUE (a3zoBOro
cuHXpoHMU3Ma. ONTUYECKOE BHINPSIMIICHHE.

Henuneitable ontuyeckue a3gpdextsl. CamopoxycupoBka. I[loporosast MOIHOCTb.

Hucnepcusi. dazoBas u rpynmnosas ckopoctu. @opmyna Penes. Kiaccuueckas teopus
nucnepcuu. AHoManbHas qucnepensd. Jlucnepcus B ioHOcepe U MeTasuiax.

[Tpumepsl MPOCTHIX 3a/1ay, PEIIeHHe KOTOPHIX HEOOXOAUMO MAJIS MOJIYUYEHHUS YAOBIETBOPUTEINb-
HOU OLIEHKH:

Haiiti yronm maneHus cBeTa Ha rpaHMILy pa3zeia Boja/Macio, MPH KOTOPOM BO3HHKAET
nonHoe oTpaxenne. Kosddumment npenomienus Boasin, =4/3, macman, =1.5. U3
KaKOM CpeJibl JJOJDKEeH NaiaTh CBET?

K Tonko#i paccemBaromieii nmmH3e ¢ QokycHbIM paccrostaueM f =—120 cM, npucioHeH

TOHKUH CEerMEHT CTeKJISTHHOHM cdepbl, umetonierr paanyc R =40 cm. Haiitu ¢dokycHoe



pacCTOsIHUE TIOYYUBIICHCS COCTABHOM JIMH3BI, €CITU KO3 PHUIIMEHT MperoMIICHHS CTEeK-
nman=1.5.

e HaiiTh cyMMapHyH0 WHTEHCUBHOCTh IBYX KOTEPEHTHBIX, OJWHAKOBO IOJSPU30BAHHBIX
IIy4KOB CBETa, €CJIM MHTEHCUBHOCTH II€PBOro pasHa |y, Broporo —4l,, a pasnocts xona

MEKy HUMH cocTaBisieT A/ 6.

e Haiiti paccrostHuue ot Imenei 10 skpaHa B omnbite FOHTa, ecnu mupuHa uHTEpdheEepeHu-
OHHBIX 1MOJIOC paBHA AX =1 MM, HHTepBai Mexay memsiMu d =1 MM, ucnosab3yercst Mo-
Hoxpomarndeckuid cBet ¢ A =500 HM.

e [Ipu KaKuX paccTOSHUSAX MEXITy IneasMu B onbiTe KOHra MOXXHO yBHIETh HHTEpEpPEH-
M0 HA 3KpaHe, €Clu YIJIOBOM pa3Mep MCTOYHHMKA PAaBEH 10_4pa,£[. CseT cuMTaTh MOHO-
xpomarudeckuM ¢ A =500 HM .

e HaiiTi KOIMYECTBO IMOJIOC KOTOPhIE MOKHO Ha0JII0aTh B MHTEPPEPEHIIMOHHOM OIIBITE,
IIPY UCIOJIB30BaHUU AymuieTa HaTpus (AyinHbl BosH: 5890 u 5896 aHrcrpem) B KauecTBe
UCTOYHHKA CBETA.

e Haiitin pamuyc Tperbero ceemioro konbna Herorona, mis csera ¢ A =500 Hm, nipu wuc-
IIOJIb30BAaHUH IIJIOCKOBBIITYKJION JIMH3BI C paIuyCOM KpUBU3HBI R =1M.

e OrtBepctue gumamerpoM D =1mMmM ocBemaercs IUIOCKONAPALICIBHBIM — CBETOM
cA =500 aM, co3naBas Ha dKkpaHe, Ha pacctosauu L =0.1M, mudpakumonHoe msTHO.
OnpenenuTs YUCIO OTKPBITHIX 30H DpeHerns.

e OtBepcTue C MPUIOKEHHON K HEMY JIMH30M OCBEIAETCsl IyYKOM CBETa C WHTEHCHBHO-
cTeio | ). B oTBepCcTHE yMemaeTcs ABe ¢ MOJOBMHOM 30HBI PpEHENs, eCllu CMOTPETh M3

¢doxyca. HaiiTu ”HTEHCUBHOCTD CBETA B HEM.

e Ilens mmpunoitd =0.1 MM ocsemaercss mapamutenbasiM cBeTtoM ¢ A =500 am. K Heid
npuiokeHa JnH3a ¢ GokycHeM pacctosHueM f =30 cm. Haiitn mmmpuny Haubonee sip-
KOH TI0JIOCHI Ha SKpaHe, pacrlo0KEHHOM B (DOKaTbHOM MIOCKOCTH.

e OtBepcrue paanyca R ocBEIIeHO My4YKOM CBETa C AJIMHHOW BOJHBI A . Ha kakoM paccTos-
HUM L 10/KHA 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 MAaKCHMyM B TIEPBBIN pa3 BO3HHUKaeT mpu yrie ckonbxenns30° . TlocTostHHas pe-
metku kpucrayuia papHad =0.2 aM. HaiiTu 1iMHY BOJTHBI H3y4aeMOT0 PEHTI€HOBCKOTO
U3ITyYEHHUS.

4. Kputepuu oueHUBaHUs
[To pe3ynbTaram peuieHus 3a7ad MUCbMEHHON YacTH SK3aMeHa 3a KaXK]IyI0 3a7a4y BICTaBIISIETCS
ot 0 10 3 6ayIoB COTNIaCHO CIEAYIOIUM KPUTEPUSIM:

3 Gayuta: 3agava perieHa MoJHOCTHIO BEPHO (T. €. MPUBEAEHBI MPAaBIIILHOE 000CHOBAaHHOE
pelleHre W JaHbl OTBETHl Ha BCE BOIPOCHI 33aun). BO3MOXXKHO HalmMuyue MENKHX HEeI04ETOB
(omuCKH, HECYIIECTBEHHbIE apu(METHUYECKIE OIIHOKH).

2 6ama: 3ajaya peleHa, X0/l pelieHus 3a/1aud B 11€JI0M BEPEH, HO €CTh CYIECTBEHHbIE
HE04UETHI (OITMOKHU B BBIKJIAJIKaX, a0CYpAHBIA OTBET U T.II.).

1 Gayn: 3agaua He pelieHa, HO BCe OCHOBHBIE (pU3MUYECKUE 3aKOHBI, HEOOXOAUMBIE IS
pemeHust, ChOPMYITHPOBAHBI TPABHIIBHO.



0 OamnoB: 3ajaya He pelICHA WIM pelIeHa HEBEpHO (OCHOBHBIC 3aKOHBI 3aIMCAHBI C
omnOKaMu, JIMOO HE MOJHOCTBIO, MOAXOJ K PELICHUIO 33aJaud MPUHIMIINAIBHO HEBEPEH WIN
pEllIeHUE 3a7]a4ul HE COOTBETCTBYET YCIIOBHIO).

[Tony4yeHHble 6ajibl CYMMHUPYIOTCS U BBICTABIISIETCS OLIEHKA 32 MUCbMEHHYIO YacTh 9K3aMeHa 110
CIEAYIOLIEH cXemMe

OrneHka banasr Cymma
0asuioB
10 15
OTJIMYHO 9 13-14
8 12
7 11
XOPOIIIO 6 9-10
5 8
4 6-7
YIIOBJIETBOPUTEIILHO 3 5
HEYIOBJIETBOPUTEIILHO 2 2-4
1 0-1

Orenka 3a MUCHbMEHHYIO YacTh 9K3aMeHa ONpeessieT MaKCUMaIbHYI0 UTOTOBYIO OIICHKY 32 JK-
3aMeH. B MCKIIFOUMTENBHBIX ClIy4asx, €CJIU Ha YCTHOM YacTU 3K3aMeHa CTYJEHT JEMOHCTPUPYET
MPEBOCXOJIHBIC TEOPETHUCCKUE 3HAHKS U YPOBCHb TOHUMAHHUS TPEJMETa, UTOrOBasi OI[CHKA MO-
JKeT OBITh MOBHIIICHA, HO He OoJiee, ueM Ha 2 Oaruta (1o 10-0abHOM HIKae).

Ha YCTHOM OK3aMCHC HpCHOIlaBaTeJH) OLICHUBACT OTBECT CTYILCHTa B IICJIOM U BBICTABJIACT OHCHKy
COIJIACHO MPUBEAEHHBIM HUKE KPUTEPHUSM W M3JI0KEHHBIM BBIIIE 3aMEYaHUSM KacaTelIbHO
OUCHMEHHOU YacTU dK3aMeHa:

Ouenka «otjm4yHo (10)» BbICTABIAETCS CTYIEHTY, NTOKA3aBIIEMy BCECTOPOHHHUE CHUCTEMaTH3U-
pOBaHHbIE TTTyOOKHE 3HaHUS Y4eOHOI porpaMMBbI U 3a e€ MpeaenamMu, a TaKkkKe yMEHUE YBEPEH-
HO MIPUMEHSATH UX Ha MPAKTUKE MPH PEIICHUH CIOKHBIX HECTAHAAPTHBIX 3a/a4.

Ornenka «oTan4Ho (9)» BBICTABISIETCS CTYACHTY, TIOKa3aBIIEMY BCECTOPOHHUE CHCTEMAaTH3HPO-
BaHHbIE NTyOOKUE 3HaHUS y4eOHOM MpOrpaMMbl U yMEHUE YBEPEHHO MTPUMEHATh UX HA MIPAKTUKE
IIPU PELICHNN HECTAaHIAPTHBIX 3a]1a4.

OrneHka «0TJM4YHO (8)» BBICTABIAETCS CTYACHTY, MMOKa3aBIIEMy BCECTOPOHHUE CHCTEMAaTH3UPO-
BaHHBIE TNTyOOKHE 3HAHUA YUeOHOW MPOrpaMMbl U YMEHHE YBEPEHHO MPUMEHSTh UX Ha MIPAKTHKE
MPY PEIICHUH HECTAHAAPTHBIX 3a7a4, OJJHAKO JOMYCTHUBIIEMY HEKOTOpPbIE HETOUYHOCTH MPHU OT-
BETE.

OmeHka «xopouio (7)» BBICTABISIETCS CTY/ACHTY, €CJIH OH MPOAEMOHCTPHPOBAI TBEPJIOE 3HAHUE
Y YBEpPEHHOE NMOHMMAaHHE MaTeprasia ydeOHOM MporpaMMbl U yMeHHE CBOOOJAHO MPUMEHSTH (hu-
3U4YECKHE 3aKOHBI HA TPAKTUKE NIPU PEIICHNUN TUIOBBIX 3a/1a4.

Omenka «xopouio (6)» BBICTaBISIETCS CTYACHTY, €CJIH OH MPOAEMOHCTPHPOBAN TBEPJIOE 3HAHUE
MaTepuaia y4eOHON mporpaMMbl U YMEHUE MPUMEHSATh (PU3NYECKUe 3aKOHBI HA MPAKTUKE MPU
pELICHUH TUIIOBBIX 3a/]1a4.

Onenka «xopouio (5)» BBICTABISIETCS CTYACHTY, €CIIH OH IMPOAEMOHCTPHPOBAI TBEPIOE 3HAHUE
U MOHMMaHHe MaTepuana y4eOHOIl MporpaMMbl U YMEHHE NPUMEHATh (PU3NYECKHE 3aKOHBI Ha



NPaKTUKE MPH PEIIEHUH TUIIOBBIX 3a/1a4, OJHAKO JIOIYCTUJ MPH OTBETE Psiji IPyOBIX HETOYHO-
CTEM.

OueHKa «yA0BJIeTBOPHTENbHO (4)» BBICTAaBISCTCS CTYICHTY, MOKa3zaBlleMy (parMeHTapHbIH
XapakTep 3HaHUH, JOMYCKaBIIEMY HETOYHOCTH B ()OPMYITMPOBKE OCHOBHBIX 3aKOHOB U 0a30BBIX
HOHATHUH, HO MPU 3TOM NPOJEMOHCTPUPOBABILEMY CIIOCOOHOCTb pelllaTh MPOCThIE 33Ja4u U Bia-
JICHHE OCHOBHBIMU pa3jeiaMy y4eOHOH MporpamMMbl, HEOOXOIUMBIMU ISl JallbHElero ooyye-
HUSL.

Ol1leHKa «yI0BJIETBOPUTEIBLHO (3)» BBICTABIIACTCS CTYACHTY, IMOKAa3aBIIeMy CHJIBHO (pparmMeH-
TapHBIA XapakTep 3HAHUH, JOIMyCKaBIIeMy IpyOble OIMOKH B ()OPMYIUPOBKE OCHOBHBIX 3aKO-
HOB U 0a30BbIX MOHATUN, HO MPHU 3TOM IPOAEMOHCTPUPOBABIIEMY CIIOCOOHOCTH peIlaTh MPo-
CTBIC 3a/1a4M U BIIAJICHUE OCHOBHBIMH pa3jeiaMy y4eOHOW MporpamMmbl, HEOOXOAUMBIMU ISt
JanbHENIEero o0yueHusl.

O1leHKa «HeY/0BJIeTBOPUTEIbHO (2)» WM «Hey10BJIeTBOPUTEIbHO (1)» BBICTABIACTCS CTY-
JIEHTY, KOTOPBI HE 3HACT 3HAYUTEIIHHYIO YaCTh OCHOBHOTO COJIEP>KaHUS TPOTrpaMMBbl, CUCTEMa-
TUYECKH JI0MyCKaeT rpyObie omuOKu nmpu GopMyIupPOBaHUN OCHOBHBIX (PM3MUYECKUX 3aKOHOB
WIH HE CTIOCOOCH KOPPEKTHO MPUMEHSATh (PU3NUYECKUE 3aKOHBI JJAXKE JUIS PEIICHUS TPOCTHIX 3a-
Jad.

5. MeToauyeckue MaTepuaJbl, onpeaesolue Nnpoueaypbl OleHUBAHUA 3HAHUA, YMeHMH,
HABBIKOB M (MJIM) ONbITA JeATEJIbHOCTH

ITopsiiok npoBegeHUs] MUCbMEHHOT'0 IK3aMeHa.

Bpems npoBeneHns NMCbMEHHON YacTH 3K3aMEHA COCTABIIAET 4 acTpOHOMHYECKHX yaca. Ha ak-
3aMeHe MpeJyIaratoTcs Ul PelieHns 5 OpUTHHANBHBIX 337a4. TeMbl COOTBETCTBYIOT TEMaM Ce-
MUHApCKUX 3aHATHI. 3afaya cUMTaeTcs peHI€HHOM, €Clii OHAa COJIEPKUT 0OOCHOBAHHOE pellie-
HUE: CCBUIKM Ha NMpUMEHseMble (U3NYECKHUE 3aKOHBI U KOPPEKTHbIE BBIKJIAAKH, a TAKXKe Ipa-
BUJIbHBIN YMCIIEHHBIN OTBET (€Ciu B 3aJ1a4e ecTh YUCIOBbIe NaHHble). Ha sk3ameHe pasperiaercs
HOJIb30BAThCS JIFOOBIMH 3aITUCSIMH M y4eOHBIMU MOCOOMSIMH B OyMakHOM Buje. Kareropuuecku
3anpeniaeTcs BKI0YaTh J00bIe YCTPOICTBA, KOTOPHIE MOTYT CIIY)KMThb CPEJICTBAMU CBSI3U — HO-
yTOYKH, TUIAHIIETHI, TeaedoHsb! U T.1. HapymuTenn yaanastoTcs ¢ 3K3aMeHa C OLIEHKOH «Heyo-
BJICTBOPUTENIbHOY. Pa3pelaeTcsi mosib30BaThes KalbKyJIATOpaMU. 3alpeliaercsl MoJb30BaThCs
KaJIbKYJISITOPaMU B MOOUJIBHBIX Tesle(OHAX, HOYTOyKax M T.II.

IHopsiaok nmpoBexeHHsI YCTHOI'O IK3aMeHa.

DK3aMeH MPOXOJUT B TPAAUIIMOHHON popMme Oecespl mpenoaBarTess co CTYACHTOM IO Te-
Me 2K3aMEHAIMOHHOTO OHIIeTa.

Ha nmoarotroBky k oTBeTy mo Ousnery cryaeHty aaércs ot 30 mo 45 munyT. B Teduenne k-
3aMEHAa CTYAEHTY HE pa3pelaeTcs MOJb30BaThCs BRIUUCIUTENBHON TEXHUKOM, JINTEPATYPOi, 3a-
paHee MOATOTOBJIICHHBIMUA COOCTBEHHBIMU 3aIMUCSIMHU U APYTUMH MaTepuaiaMu, OTHOCSIIIUMHUCS K
MpeaMETy, KpOME dK3aMEHAILMOHHON TPOrpaMMBbl Kypca.

B nporecce orBera no OmiieTy sK3aMeHAaTOp MOXKET 3aJlaBaTh yTOUHsoLMe Bonpockl. [1o-
CJie OTBETa MO OWJIETY DK3aMEHATOp BIPaBe 33aJaBaTh CTYACHTY JIOOBIC JOMOIHUTEIbHBIE BO-
MPOCHI MO MporpamMme Kypcea.

B coBokymHOCTH Onpoc 00yJaromerocst Ha yCTHOM 9K3aMeHE He JTOJKCH MPEBBINIATh ABYX
aCTPOHOMHYECKHX YaCOB.



BUJIET Nel
1. Boripoc mo BeIOOpY.
2.BonHoBoe ypaBHeHre. MoHOXpoMaThieckue BoJIHbl. KomIiekcHast aMmmuinrya. ¥Ypas-

Heuue [ enpMrosia.

BUJIET Ne2

1. Bomipoc o BeIOOpY.

2. MonoxpomaTudeckue BoHbL. KoMriekcHas aMIuIuTya. Y paBHEHUE TUIOCKOM U cde-
puueckoii BosH. [IpuHIMD cynepno3unuu, uHTephepeHus.

BUWJIET Ne3

1. Bomipoc o BeIOOpY.

2. UnatepdepeHiyst MOHOXpOMaTHUECKUX BOJIH. MHTepdhepeHus miockoi u chepude-

ckoii BosH. [IIupuHa naTepdepeHIMOHHBIX Moj0c. BuaHocTh monoc.

BUJIET Ne4
1. Bonipoc 1o BeIOODY.
2. BnusiHue HEMOHOXPOMATUYHOCTH CBETA Ha BUJHOCTh MHTEP(PEPEHIIMOHHBIX TOJIOC.

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

BMJIET Ne5

1. Bonipoc o BeIGOpY.
2. BugHocTh MHTEPEPEHIIMOHHBIX MTOJIOC U €€ CBS3b CO CTENEHBIO KOT€PEHTHOCTH TPU UCTIONb-
30BaHMM KBa3UMOHOXPOMATUYECKUX UCTOYHUKOB cBeTa. OleHKa MaKCUMaJIbHOIO YHcia Ha0JIo-
JTAeMBIX T0J0¢. MaKCUMalIbHO JOMYCTHUMAsl Pa3HOCTh X0/1a B UHTEP(EPEHIIMOHHBIX OTBITAX.



