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

YTBEPKAEHO

IIpopekTop mo y4eOHoii padoTe u
JI0BY30BCKOIi MOATOTOBKE

A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

MO JUCIUILINHE: BonHoBas ontuka

M0 HANPABJIEHUIO: WNudopmarika v BEIYUCIUTENLHAS TEXHUKA

npopuiab NOArOTOBKH: [Iporpammuast uHXKEHEpUS
nepeioBasi HHyKeHepHasl IIKOJIA PaJHOIOKAIH, PATUOHABUTAIIMY 1 TPOTPAMMHOMN
WHXCHEPUHU
kadempa obmel huznku

Kypc: 2

KBaJU(PUKAHA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 4 (BeceHnui) - JlnddepeHnnpoBaHHbli 3a4eT

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

CamocrositensHas pabora: 15 gac.
Bcero gacos: 45, Bcero 3ad. ef.: 1

KonnuecTBo KOHTPOJIBHBIX pa0oT, 3a1aHui: 2

[Iporpammy cocraBui: B.®. Ko3nos, kauj. pus.-mMat. HayK, TOIEHT, TOTICHT

[Iporpamma obcyxneHa Ha 3acefanuu kKadenpsl oomei gusnku 14.06.2023



AHHOTANMA

[Iporpamma siBIsieTcss COCTaBHOM 4YacThiO Kypca opOmiedl (Qu3MKu, MpegHa3HaYeHHOTo il OCBOCHUS
CTyJeHTaMu crnenuaibHocTh "MHpopMmaruka u BerarciauTeIbHas TexHuka" [lepenoBoii WHKeHEpHOH IKOJIBI
PIIN. Ona npeanonaraeT 3HaKOMCTBO 00y4alOLIMXCs ¢ 0a30BBIMU MOHATHAMU U PE3YNbTaTaMu KJIACCHYECKON
onTHkH. M3ydeHne TUCIMIUIMHBI HAUMHAETCS CO 3HAKOMCTBA CTYACHTOB C TAKMMHU 0a30BBIMM MOHATHAMH, KaK
MpONOJibHAs M TIONEpPEYHask BOJIHA, BOJHOBOE YpaBHEHHE, KOTEPHTHOCTh, AM(pakuus, HHTEpPEepeHIHS,
rpaHu4Hble ycnoBus u Ap. IlocienoBaTenbHO M3/1araloTcsi OCHOBBI TEOPUH TU(PPAKIMOHHBIX SBICHUH U HX
BIMSIHUSA Ha pa3pellarolline CHOCOOHOCTH pa3iMYHBIX OINTHYECKHX HWHCTPYMEHTOB. PaccmarpuBarorcs
BOIIPOCHI PaCIPOCTPAaHEHMsI BOJIH B Pa3JIMUHBIX Cpeliax.

3aBepraeTcss mporpaMma Kypca 3HAKOMCTBOM OOyd4arolIMXcs ¢ OCHOBaMH Teopuu Jjaszepa. lIporpammoii
[IpeNyCMaTpUBaeTCsa CaMOCTOSTEIbHOE OCBOCHHUE CTYIEHTaMU TEOPETUUECKONH COCTABIIAIOLIEH TUCLUIIIUHBI C
HCIOJIb30BAHUEM OJJIICKTPOHHBIX CPEACTB IMCTAHLIMOHHOTO OOY4YEeHHS M PEKOMEHIOBAaHHOH B MporpaMme
y4eOHOW JUTepaTypsl, OBJIAJCHHE OCHOBHBIMH ITPUEMaMU CaMOCTOSITEIBHOTO PEIeHHs 3ajad MO ONTHKE Ha
CEMHHAapax MoJ PyKOBOACTBOM IIPENONABATEIsl U MPHOOPETCHNE HABBIKOB IPOBEACHHS SKCIECPUMEHTAIBHBIX
U3MepeHnii U 00pabOTKM MX pEe3yJabTaToB, a TaKXKe 3HAKOMCTBO C COBPEMEHHBIMH H3MEPUTEIIbHBIMU
ycTpoiicTBaMu B yueOHbIX Jaboparopusix ¢puzuxu MAJIT.

1. leau u 3apauu

eap AUCUMNIMHBI
OcBoenue cTyneHTaMu 0a30BBIX 3HAHUHN B 00JIACTH ONTHYCCKUX SBICHUM IS NadbHEHIIETO H3yueHUs
JPYyTUX pa3/ienoB GU3NKU U yDIyOIeHHOTo U3ydeHus (yHIaMEHTAIbHBIX OCHOB OITHKH.

3axayu QUCHUTNIHHBI
* (popmupoBaHue y 00ydaronuxcsi 0a30BbIX 3HAHWH B 00JaCTH ONITHKH

. ¢opMupoBaHNE YMEHHH U HAaBBIKOB IPUMEHATh H3YyYEHHbIE TEOPETHYECKHE 3aKOHBI |
MaTeMaTH4YeCKUe HHCTPYMEHTHI [UIS PELICHHUS Pa3InYHbIX (PU3NYECKUX 3a7ad

. (dbopmupoBanre 00MEPU3NIECKON KyABTYphl: YMEHUs BBIIEISTH CYIIECTBEHHBbIC (QH3NUECKHE
SBJICHUS M TIpeHeOperarb HeCYNIeCTBEHHBIMU; YMEHHS NPOBOIUTH OLEHKH (PU3MYCCKHX BEIHYMH;
YMEHHUS CTPOUTH MPOCTEHIIINE TEOPETUIECKUE MOJISITH, OIMCHIBAIOLINE (PU3HUECKHE TTPOIECCh

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kon 1 HauMeHOBaHHE KOMIIETEHIIUH NHIuKaTopbl JOCTHKEHNUS KOMIIETEHIINH
OIIK-1 CniocobeH npuMeHSITh OIIK-1.3 CnocobeH ompeaensTh TpaHHIlbl TPUMEHUMOCTH
(dyHIaMeHTalbHbIE 3HAHNUS, IOJIyYCHHBIC B MOJTyYEHHBIX PE3yJbTaTOB

obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HAYK, U HCIIOJIb30BATh UX B
npodeCcCHOHAIBHOMN JIeATeIBHOCTH

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHHS AUCHUIIIMHBI 00y4aIOIINeCs JOIKHbBI
3HAThb!




YMETb:

0 ¢dyHgaMeHTaIbHBIC 3aKOHBI M IOHSATHS ONTHKH, & TAK)KE TPAHUIIBI UX TPUMEHUMOCTH:

0 npuHuun depma U 3aKOHbI FTEOMETPUUECKOUN ONTHUKY;

0 BOJHOBOE ypaBHEHHE, INIOCKHE U CPEPHUUCCKUE BOIHBI, IIPHHIUII CYTIEPIIO3UIIUN U HHTEP(EpEeHIH
MOHOXPOMaTHYECKUX BOJIH;

0 BpeMEHHas U MPOCTPAHCTBEHHAs! KOTEPEHTHOCTh HCTOYHHUKA,

o mnpuHiui [toiirenca—®penens, nudpaxiys Openens:

o nudpaxaus OpayHrodepa Ha LIENH;

0 CHEKTpaJIbHbIC TPUOOPHI U MX OCHOBHBIE XapaKTEPUCTHKH;

0 TpPUHIHMITEI QYpbe-ONTHKHU, IPOCTPAHCTBEHHOE (Dyphe-pasiokeHne, dPPEKT caMOpepOTYKIHH;

o Tteopusit AOOe hopMHPOBaHUS ONITHUECKOTO N300PAKEHHS, IPUHITUIT JTBOWHOM JUPPAKIINY;

0 TpUHIHMITEI ToJorpaduu, ycnosue bparra—Byneda.

0 Jucrepcus cBeTa, Gpa3oBasi U IpyMIoBas CKOPOCTH, KIIACCUYECKasi TEOPHS AUCIIEPCHH;

0 TOJSIpU3alNs CBETa, ECTECTBEHHBIN CBET, siBIcHHE bprocTepa;

0 JHUXPOM3M, NOJSPOUIBI, 3aKOH Maioca;

0 JIBOMHOE JIy4eNpeloMIICHHE B OJHOOCHBIX KpHCTaIaX, WHTEP(PEPCHIMOHHBIC SIBICHUS B
KPUCTAJUTMYECKUX TUTacTUHKAX, 3 dekt Dapanes u adhdexr Keppa.

0 HENIMHEWHBIC ONTUYECKUE SIBJICHHS, HEIWHEHHAs NOJISIpH3alus Cpelbl, TeHepauus BTOPOi
rapMOHUKH (YIBOCHUE YaCTOTHI), (Da30BbIl CHHXPOHU3M, CaMO(OKYCHPOBKA.

0 TNPUMEHATH U3yUYCHHbIE 001IMe (PU3NUeCKre 3aKOHBI IJIs1 PELICHUSI KOHKPETHBIX 3a7a4 [0 ONTHKE:

O  NPUMEHATh 3aKOHbI T€OMETPUYECKOW ONTHKH IPH IMOCTPOCHUH H300paKEHHH B ONTHYECKUX
CUCTEMaAX;

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

0 HCHOJB30BaTh NOHATHE 0 30HaX Openens u cnupann OpeHens Npu pemeHNH 3a1a4 Au-QpaKuy Ha
3KpaHEe C 0CEBOM CUMMETpUEn

0  HCIONB30BaTh MeToA Pamest pemeHus 3afgadu audpakuuu: BOJTHOBOE MOJ€ KaK CyNEpPHO3HLIMS
IUTOCKHMX BOJIH pa3HBIX HAIlPaBJIEHUH (IIPOCTPAHCTBEHHOE (Pyphe-pas3inokeHue);

0 aHaIM3UpOBaTh (U3MYECKUE 3aJaud, BBIIEISSI CYLICCTBEHHBIE M HECYLICCTBEHHBIE ACHEKTHI
SIBJICHUSl, U Ha OCHOBE IIPOBEAEHHOIO aHajlu3a CTPOUTh YIPOIUEHHBIE TEOPETUUYECKUE MOZIEIU
(U3NYECKUX SBICHUM;

0 IPUMEHATh pa3IMyHble MaTeMaTUUYECKUE MHCTPYMEHTHI pELIeHUs 3aJad MCXOIs U3
c(hOpMyYIIUPOBAaHHBIX (PUZNUECKUX 3aKOHOB, H IPOBOAUTH HEOOXOAMMBIE aHAIMTHUECKHUE U YHCIICHHBIC
pacyéTnl;

BJIAJIETD:

O OCHOBHBIMH MCTOAAMU PCUICHUA 3a1a4 OIITUKHU,
O OCHOBHBIMH MAaT€MAaTHYCCKUMH MHCTPYMCHTAMU, XapaKTCPHbIMU JIA 3a1a4 OIITUKU;

4. Coep:xanue TUCUMILTUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIHHEI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUast
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 leomeTpuyeckass ONTHKA W JJIEMEHTHI 4 )
¢dboroMeTpuH.
2 HuTepdepennus BoiH. 4 2
3 Judpakius BoJH. 4 2
4 Pa3zpemraromias ciocoOHOCTh ONTHYECKUX 4 )
WHCTPYMEHTOB.
5 OneMeHTH! Qypbe-ONTUKH. 4 2
6 OneMeHTHI Tosorpaduu. 2 1




7 Hucnepcusa. @azoBass H  IpyIIOBas ) |
CKOPOCTH.

] [Monspuzanus CBeTa. DJeMEHTHI ) 1
KPHCTAJUIOOTITHUKH.

9 Paccesiaue cBera. 2 1

10 Henuuelinpie onTHYeCKUE SIBICHUS. 2 1

Htoro wacos 30 15

[TonroToBka K 3K3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 45 yac., 1 3au.ex.

4.2. CopaepxaHue AUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 4 (Becennuit)
1. 'eomeTprueckast ONTHKA U 2IIEMEHTHI (POTOMETPHH.

I'eomerpuueckas ontuka u aneMeHTsl Qotomerpun.llpuauun depMa U 3aKOHBI TEOMETPUUYECKON
ontuku. IlomHoe BHyTpeHHee orpaxkeHue. ONTHYECKME HMHCTPYMEHTBI: TEJIECKOI, MUKPOCKOIL
OneMeHTHl poToMeTpUH. SPKOCTH U OCBEHIEHHOCTH U300paKEHUSL.

2. UnTepdepenuus BOIH.

Wnrepdepennuss  BosH.BonHOBoe  ypaBHEHHME, MOHOXPOMATHYECKHE BOJIHBI, KOMILJIEKCHAs
aMIUTUTY[a, ypaBHeHHe [enbpMronbla, miockue U chepuyeckue BOIHBL. [IpHHLIMIT Cyneprno3uuu u
uHTep(EpeHIsT MOHOXPOMATHYECKUX BOJIH. BuaHoCTh mosoc, mupuHa nonocsl. Craructudeckas
NpUpoOAa H3MYUYEHHs] KBa3UMOHOXPOMAaTHUYECKOW BOJHBL. BpeMeHHas KOrepeHTHOCTb, (YHKLHUS
BPEMEHHOM KOTEPEHTHOCTH, CBS3b CO CIIEKTPAIbHOW HHTCHCUBHOCTHIO (Teopema Bunepa—XuHunna).
OrpannyeHre Ha JOMYCTUMYIO Pa3HOCTh XOIa B JBYXJYUYEBBIX HHTEP(PEPEHIMOHHBIX CXEMax,
COOTHOIIIEHHE HeompexaeneHHocTe. MHrepdepeHmMs npu  HCIOIB30BAaHMU  IPOTSHKEHHBIX
HUCTOYHHUKOB. [IpocTpaHCTBEHHAas KOTEPEHTHOCTh, (DYHKIMS MPOCTPAHCTBEHHOM KOT€PEHTHOCTH,
CBA3b C pacHpelesieHHeM  WHTEHCHUBHOCTH M3JIy4YeHHMs] 1O HCTO4HHMKY [(x) (Teopema Ban
Hutrepra—Llepuuke). Or-paHuueHuss Ha JOIMYCTUMBIE pa3Mepbl HCTOYHHKA U amepTrypy
uHTep(dEepeHIN B IBYXIIy4eBbIX cxeMax. Jlazepbl Kak HCTOUHUKH KOT€PEHTHOTO U3IIyUeHHUS.

3. Iudpaxius BoIH.

Hudpakuust BonH. [Ipunnun [roiirenca—@penensa. [Iudpakuns Ha TOHKOM 3KpaHe. |paHuyHBIE
ycioBusi Kupxroda. Bomnoso#t nmapamerp. Jdudpakmus @penens. 3amaun ¢ 0ceBoil CHMMETpHEH,
3086l @penensi, cnupans Openensi. 30HHbIC TUIACTHHKH, JHUH3A. JMppakus HA IOMOJIHUTEIEHOM
skpane, matHo Ilyaccona. Judpakmus ®paynrodepa. CeroBoe mone B 30He Dpaynrodepa kak
npeobpazoanne Pypre rpanuuHoro nons. Jdudpaxkuus Opaynrodepa Ha menu, audpakIHoOHHAS
pacxomuMocTh. JIMppaKIMOHHBIN Tpeien pa3pelleHus Teleckona W MukKpockoma.  [lome B
(hOKaIBbHON TUIOCKOCTH JINH3BL.

4. Paspemafomaﬂ CIIOCOOHOCTH ONTHYECKUX HUHCTPYMCHTOB.

Paspemaroniass cnocoOHOCTh ONTHYECKUX HHCTPYMEHTOB..CIIEKTpaJIbHbIe TNPHOOPBI: MpHU3Ma,
madpakunonnas pemérka, wuHTephepomerp Dadpu—Ilepo. XapakTepHCTHKH CHEKTpPaIbHBIX
mpuOOPOB: paspemaronias CrocoOHOCTh, 00NacTh JTUCTepcHH, yrioBas nucrnepcus.Teopus A6Ge
(bopMUpPOBaHUS ONTHYECKOTO M300pakeHHs, TPUHIUN JBoWHON audpakuuu. [Toroca mpormyckaHus
ONTHUYECKOH CHCTEMBI, CBS3b C pa3pelIaloleii crocoOHOCThI0. Pa3pemarommas crocoOHOCTh TpH
KOT€PEHTHOM U HEKOT€PEHTHOM OCBELICHUH.

5. OneMeHTH! Qypbe-ONTHKH.



Onements! Qypre-ontuku.lIpunnunel ¢ypbe-ontuku. Merox Panest pernenus 3agaun Judpakiuu:
BOJIHOBOE I10JI€ KaK CYNEPIO3UIMs IUIOCKUX BOJIH DPAa3HBIX HAIlpaBICHUH (IIPOCTPAHCTBEHHOE
(dypbe-pa3iokeHne), COoTHoIIeHHe Heomnpenenénnocreld. Jndpaxius OpenHenst Ha MEPHOTUIESCKIX
cTpykTypax (3dexr camopenponykuun). O06aacTb reoOMETPHUUECKON ONITHUKU.

6. DneMeHTHI ToJorpaduu.

[Mpuanmner ronorpaduu. [omorpamma ["aGopa. TonorpamMma ¢ HAaKJIOHHBIM OMOPHBIM IYYKOM.
Paspematomast cmocoOHocTh romorpammbel. OObEMHass romorpamma, oObEMHas pemérka B
perucTpupyloliei cpeze, yciaosue bparra—Bynbda.

7. Qucniepcus. @a3oBas ¥ TpynnoBasi CKOPOCTH.

Hucnepcus. ®azoBast u rpymnmnosas ckopoctu.Jlucniepcusi cBeta, (pa3oBasi U TPyIIOBas CKOPOCTH,
¢dopmyna Pomes. Knaccudeckass teopus nucnepcud. KoMmIUIeKCHBIH TOKa3areslb IMPEIOMIICHUS WU
HOIVIOLIEHUsl CBETa B Cpefe. 3aTyxarollue BOJHBI, 3aKkoH byrepa. HopmanbHas u aHomaibHas
nucriepcud. PannoBonHbl B noHOC(hEpe U AaIbHsIS paAUOCBSI3b.

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

[onspuzauus cBera. DieMeHTHl KpUCTAIOONTUKH.. [lomspusaums cBeta. EcrecTBeHHBIH CBeT.
SBnenune bprocrepa. JuxpousMm, mnossipouisl, 3akoH Mamtoca. [[BOMHOE JydenpenoMIICHHE B
OIHOOCHBIX KpucTaimiax. HTepdepeHIoHHbIe SBICHUS B KPUCTAIIMYECKUX TUIacTUHKAxX. [lonsTre
00 ucKyccTBeHHOU anuzotponuu. Dpdexr Papazaes u apdexr Keppa.

9. Paccestnue cBerta.

Paccesinue cera. PaneeBckoe paccesiHue (paccesHue Ha QIUyKTyanusx IUIOTHOCTH). DddektuBHoe
cedeHue paccessHus. [lonspuzaims paccestHHOTO CBeTa.

10. HenuHelHbIE ONTUYECKUE ABJICHUS.

Henuneitnble ontuyeckue siBneHusa. HenuueliHas mnonspusanust cpenbl. leHepauuss BTOpoit
TrapMOHUKH (YBOCHUE YacTOTHI), (ha30BbIi CHHXPOHU3M. CaMO(pOKYCHUPOBKA.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

* Aymuropusi, OCHaIIEHHAS! MYJIBTUMEAUHHBIM ITPOSKTOPOM H IKPAHOM

» OO0opynoBaHue st AEMOHCTPALMI

* Y4eOHbIC ayIUTOPHUHU, OCHAIEHHBIE TOCKOU

» JlocTyn Kk OMOIMOTEKaM y4eOHON TEXHUYECKON TUTeparyphl, B TOM YHUCIIE 3JICKTPOHHBIM,
HEOOXOAMMBIN JUISI OCYIIECTBIICHUSI CAMOCTOSTEIILHOM PabOoThl 00yYarOIIXCS

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 /st By3oB / A. C. Kunrcem, I. P.
Jlokming, O. A. OnpxoB .— M. : ®uszmariut, 2001 .— 560 c.

3. Onruxka [Tekcr] : y4e6. mocoOue st By3os / E. . Bytuxos ; mon pea. H. U. KanuteeBckoro .— 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. Kanmamnukos H.II., CmonabipeB M.A./OcHoOBBI Qpu3nku B 2-x Tomax M.-Jlaboparopus 3uanuii, 2017



JlononHuTeNbHAS TUTEpATypa
1. Konebanwus u BoiHbI. BBeneHue B akycTuky, paguodusuky u ontuky [Tekcr] : yueb. mocodue aiis
By3oB / I. C. l'openuk ; mox pea. C. M. PeitoBa .— 3-e uzn. — M. : @usmarinut, 2007 .— 656 c.
2. Onruka [Teker] : yue6. mocobue mis ¢us. crer. By30B / I. C. JlanncOepr .— 6-€ u31I., CTepeoTHIL.
— M. : ®usmamiut, 2003 , 2006, 2010 .— 848 c.
3. OcHossl onTuky [Tekct] : [yuebd. mocobue s By30B] / M. boph, 3. Boned ; iep. ¢ anri. C. H.
Bpeyca, A. U. TonoBamkuna, A. A. lllyouna ; nox pen. I. [1. Morynesnu .— M. : Hayxka, 1970 .— 855
C.
4. ®usnueckas ontuka [Texcr] : yaueOnuk mist By30B / C. A. Axmanos, C. 1O. Hukutua .— M :
W3n-Bo MI'Y, 2004 .— 656 c.
5. Merogpl perienus 3aaa4 B o0meM kypee ¢pusuku. Onruka [Teker] : yae6. mocoowue aist By3oB / B. I1.
KopsiBoB .— M. : Ctynenr, 2012 .— 344 c.
6. Bomubl. Jludpaknus. [IpoctpancTBennas ¢pubTpaius [Teker] : yae6. nocobue aist By3oB / I 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
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

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

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

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYIIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 oldecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha 3aHATHAX HCHONB3YIOTCS MYJIBTUMEANNHHBIC TEXHOIOTUH, BKII0Yask AEMOHCTPAIMIO IPE3EHTALUH.
Jluteparypa, pekoMeHyeMasi K Kypcy, JOCTYIIHA B 3JIEKTPOHHOM Buje (cM. 11.[1,2] mepeuns pecypcos
WH(POPMAIIMOHHO-TEICKOMMYHHUKAIIMOHHOM ceTn "HMHTepHeT", He0OXOAMMBIX JIJISl OCBOCHHS
JUCHUTUTHHBI (MOAYJIS1)), TaK YTO CTYACHTHI MOTYT YUTATh YIEOHUKHU MPSAMO CO CBOMX IUIAHILIETOB.

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

Crynent, u3yuaronuii kypc «BoigHOBas onrTuka», JOHKEH HE TONBKO HM3Y4YUTHh 00mme (u3mdeckue
3aKOHBI M TTOHATHS, HO HAYYUTHCS IPUMEHSTh UX HANIPAKTHKE.

YcnemHoe 0CBOSHHE Kypca TpeOyeT HanpsHKEHHOW caMOCTOsTENLHOM paboThl cTyneHTa. B mporpamme
Kypca TpUBEJACHO MHHHUMAIBHO He0oOXoAMMOE BpeMs s pabOThl CTYyJAeHTa HajJ TEMOHU.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE U KOHCIIEKTUPOBAHHUE PEKOMEHIOBAHHOU JIUTEPATYPHI,

— npopaboTKy y4yeOHOro marepuaina (o yuyeOHON M HaydHOW JHMTEpaTrype), MOATOTOBKY OTBETOB Ha
BOIIPOCHI, IPEIHA3HAYECHHBIX JJIs1 CAMOCTOSATEIIBHOTO U3YUCHHUS;

— MOJITOTOBKY K KOHTPOJIBLHOH paboTe, ciade 3aJaHui, SK3aMeHY.

PykoBOACTBO W KOHTPOJIb 32 CaMOCTOATENBHON pabOTOH CTyJeHTa OCYIIECTBIsAEeTCS B Qopme
WHAWBHUIYaJIbHBIX KOHCYJIBTAIUM.

ITokazareneM BiIQAEHUS MaTepUaIOM CIYXKHUT YMEHHE pemarh 3aaadu. Jns GopMHpOBaHHS yMEHHS
MPUMEHATh TEOPETUYECKUE 3HAHUS Ha NPAKTUKE CTYACHTY HEOOXOIMMO peliaTh KaKk MOXKHO OoJbIie
3amad. [Ipu pemennu 3a1a4u Kaxkaoe JeiicTBHE HEOOXOMMO apryMEHTHPOBATh, CChUIASICh HA U3BECTHBIC
TEOPETHUYECKHE CBEJCHHS U MPOBOIUTH BCE HEOOXOAMMBIC BBHIYMCIICHUS, TOBOAA 3a7aqy 10 KOHEYHOTO
oTBeTa.3a7adya CUYMTACTCA PELIEHHOH, €CIM OHA COACP)KUT OOOCHOBAHHOE DEIICHHE: CCBUIKM Ha
npuUMeHsieMble (PU3NYECKUE 3aKOHBI U KOPPEKTHBIE BBIKJIAIKY, @ TAKKE MPABUIILHBINA YHCICHHBIH OTBET
(ecnu B 3amade eCTh YUCIOBBIC JaHHEIE).

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



B kypce «omnrTuhka» HIMPOKO MCHOJB3YIOTCS TMOHATHS U METOJbl MaTeMaTU4YecKoro ananuza Eciu
CTYJICHT CTAJKHBAETCS C MaTeMaTU4YeCKHM IOHITHEM, KOTOpOe elle He OBbLIO M3yYyeHO B paMKax
YIOOMSIHYTBIX ~ MaTe€MaTH4YeCKUX KypCOB, OH JOJDKEH IMPEIBAPUTEIBHO  O3HAKOMUTBCA C
COOTBETCTBYIOIIMM  pa3lelioM  MaTeMaTHUKH CaMOCTOSTEIIBHO. HeoOxomuMmplii  MUHHMYM
MaTeMaTUYeCKUX CBEJCHUI W3NIaraercs Kak Ha JIKIUSAX, TaK U B OCHOBHOW y4eOHOW JmTeparype,
pEKOMEeHIyeMOH ISl U3y4eHUs JaHHOW JUCIUIUTNHBL.

[IpomexyTOuHBI KOHTPOJIb 3HAHUI MPOBOIUTCS B BHJIE KOHTPOJIBHOW pabOThI, HA KOTOPOH CTYIEHTY
IpeAaraeTcsl pelmTh MATh 337a4 10 NPOWIEHHBIM TeMaM B (opMare, aHAJIOTMYHOM IMHCbMEHHOMY
sKk3aMmeHy. 11 MpOBEPKU 3HAHWM, a TAK)Ke NMOHUMaHMS U BIaJCHHA MaTepUalioM, B IPOLECCe Cladn
3aJaHui IpernojaBareslb MOXKET 3a/1aBaTh CTYIEHTY JONOJIHUTENIbHbIE TEOPETUUYECKHUE BOIPOCHI IO
mporpamme Kypca Hid AaBaTh AJS PELICHHS JOMOMHUTENbHbIE 3a1a4un. OO0s3aTeIbHbBIM TPeOOBaHUEM
SIBJISIETCS. BBINOJHEHUE IOMAIIHUX PaboT, KOTOpbIE OQOPMIIAIOTCS B CIEIHAJIbHO OTBEAEHHOM s
3TOTO TETPAIN U CUCTEMAaTHYECKH CIAIOTCS HA IPOBEPKY.

Ha nucemMeHHOM 3K3aMeHE CTYIEHTy Mpearaercs peluTh 5 3afad. TeMmaruka 3anad IOJHOCTBIO
COOTBETCTBYET MPOTpaMMe Kypca, OJHAKO BCE 3aa4M IMHUCBMEHHOTO 3K3aMEHa SIBIISIOTCSA MOITHOCTBIO
OopUrMHaNBHBIMH. Ha 9K3aMeHe CTyJieHTaM pa3pelieHo MoJb30BaThCs JIF00OH CIIPaBOYHON WIIH Y4eOHOM
nuteparypoi. Takast ¢popMa SK3aMeHa MCKIIoYaeT Oe3AyMHOE 3ayYyMBAHHWE 3aKOHOB M HaIpaBiICHA Ha
MPOBEPKY IIIyOMHBI MOHMMAaHUs MaTepuasia U CIIOCOOHOCTH CaMOCTOSTENIEHO IPUMEHATh (PU3nUecKne
3aKOHBI B HECTAHJIAPTHOM CUTYallVH.

ITomMuMO M3y4eHUs pa3/ieioB «ONTHKa», 0003HAYEHHBIX B IPOrpaMMe Kypca, CTYIEHTYy PeKOMEHIyeTcs
CaMOCTOATENIBHO HW3y4yaTh pasziIU4YHbIe BOIPOCHI, OTHOCALIMECS K oO0med ¢(us3uke, BO3MOXKHO
BBIXOJSIIIIUE 32 PaMKHA TMPOTPAMMBbI, PaCHIAPsIsl TakuM o0pa3oM CBOW Qu3uueckuii Kpyrozop. Ha
9K3aMEHE CTYAEHTY INpeAjiaraeTcsi B KauecTBE OAHOTO W3 IMYHKTOB OwWiieTa BBIOpaTb UM paccKasaTh
MOOOH 3apaHee TOATOTOBJICHHBIM TEOPETHUYECKHH WM DKCIIEPHUMEHTAIbHBIN BOMPOC, HMMEIONIHIA
OTHOILICHHE K NPOUIECHHOMY Kypcy (3TO MOXeT ObITh MO0 YIIyOJeHHOE H3JIOKEHHE OJHOTO W3
BOIIPOCOB MPOTpPaMMbI Kypca JIM00 BONPOC, HE 3aTparuBaeMblil B MporpaMme Kypca, KOTOPBIH OIHaKO
MOXeET OBITh PAacCMOTPEH B pPaMKax M3Y4YEHHOTO Kypca), NPOJAEMOHCTPUPOBAB TaKUM 0OPa3oM
CIIOCOOHOCTh CaAMOCTOSATENIFHO pa30upaThbes B pa3IMYHBIX BOMPOCAX M 3a7adax (U3MKH, OCHOBBIBASICH
Ha IPUMEHEHUH eIUHBIX 00LIe(PU3NIECKUX 3aKOHOB.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA
Nnpo¢uJIb NOATOTOBKH: IIporpammuas nHXEeHEpHs

nepeaoBasi HHKeHepHast LIKOJIa PaJUOIOKALH, PAJUOHABUTALIMN U TPOrPAMMHON
UH)XEHEpUU

kadenpa oomieit pu3nku
Kypc: 2
KBaJIMpUKALUS: GakanaBp

Cemectp, hopMBI IPOMEXYTOUHOH arTectauuu: 4 (BeceHHul) - nuddepeHunpoBaHHbIil 3a4eT

Pa3zpatGoTunk: B.®. Ko3nos, kaua. ¢u3.-mMaT. HayK, JOILEHT, JOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kon 1 HauMeHOBaHME KOMIIETEHIINH NHIuKaToOpbl JOCTHKEHNUS KOMIIETEHIINH
OIIK-1 CnocobeH npuMeHSITh OIIK-1.3 CnocobeH ompenensTs TpaHUIbl TPUMEHHUMOCTH
(dyHIaMeHTalbHbIE 3HAHUS, IOJTyYCHHBIC B MOJTyYEHHBIX PE3YJbTaTOB

obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HAyK, U HCIIOJIb30BATh UX B
npodeCcCHOHALHOMN JIeTeTBHOCTH

2. Iloka3zare/iM OLCHMBAHMS KOMIIETCHIMIA
B pesynbrare n3ydeHus AUCIUTUIMHBL « BOTHOBas ONTHKa» 00yYatoNIUiCs JOIDKEH:

3HATb:

0 (dyHIaMeHTaIbHBIC 3aKOHBI M IOHSATHS ONTHKH, & TAK)KE TPAHUIIBI UX TPUMEHUMOCTH:
0 npuHuun depma U 3aKOHbI FTEOMETPUUECKOUN ONTHUKY;
0 BOJHOBOE ypaBHEHHE, INIOCKHE U CPEPHUUCCKUE BOIHBI, IIPHHIUIT CYTIEPIIO3UIIUN U HHTEP(EpEeHIH
MOHOXPOMaTHYECKUX BOJIH;
0 BpEeMEHHas U MPOCTPAHCTBEHHAs! KOTEPEHTHOCTh HCTOYHUKA,
o mnpuHimi [toiireHca—®penens, nudpaxiys Openens:
o nudpaxuus OpayHrodepa Ha LIENH;
0 CHEKTpaJIbHbIC TPUOOPHI U MX OCHOBHBIC XapaKTEPUCTHKH;
0 TpUHIHMITEI PYpbe-ONTHKHU, IPOCTPAHCTBEHHOE (Dyphe-pasioKkeHne, dPPEKT cCaMOpEPOLYKITHH;
o Tteopust AOGe hopMHUPOBaHUS ONITHYECKOTO N300PAKEHHS, IPUHITUIT JTBOWHOM JUPPAKIINY;
0 TpHHIHMITEI ToJorpaduu, ycnosue bparra—Bynbda.
0 JucIepcus cBeTa, Gpa3oBasi U IpyMIoBas CKOPOCTH, KIIACCUYECKasi TEOPHs AUCIIEPCHH;
0 TOJISIpU3alNs CBETa, ECTECTBEHHBIN CBET, siBIcHHE bprocTepa;
0 JHUXPOM3M, NOJSPOUIBI, 3aKOH Maioca;
0 JIBOMHOE JIy4erpeloMIICHHE B OJHOOCHBIX KpHCTaIaX, WHTEP(PEPCHIMOHHBIC SIBICHUS B
KPUCTAJUTMYECKUX TUTacTUHKAX, 3 dekt Dapanes u adhdexr Keppa.
0 HENMHEWHBIC ONTUYECKUE SIBJICHHS, HEIWHEHHAs MOISIpH3alus Cpelbl, TeHepauus BTOPOi
rapMOHUKH (YIBOCHUE YaCTOTHI), (Da30BbIl CHHXPOHU3M, CaMO(OKYCHPOBKA.
yMeThb:
0 TPUMEHSATH U3yYeHHbIC 00Imune Gru3nyecKkrne 3aKOHbI ISl pelIeHIst KOHKPETHBIX 33/1a4 110 ONTHKE:
O  NPUMEHATh 3aKOHbI T€OMETPUYECKOW ONTHKH IPH MOCTPOCHUH H300paKEHHH B ONTHYECKUX
CHCTEMaX;
0 pemath ypaBHeHHUs [ enbMrosbua Ui CilydaeB INIOCKUX U C(hepruUecKruX BOJIH;
0 WCIIONBb30BaTh MOHATHE 0 30HaX DpeHens u ciupanu OpeHens nmpu perieHun 3a1a4 11u-Qpakuuy Ha
3KpaHEe C 0CEBOM CUMMeETpUEn
0  WCIonb30BaTh MeTon Pames pemeHus 3amaun qudpakiUy: BOTHOBOE IMOJIE KaK CYHNEPHO3UIIHS
IUTOCKHMX BOJIH pa3HBIX HAIlPaBJIEHUH (IIPOCTPAHCTBEHHOE (Pyphe-pas3inokeHue);
0  aHaNMM3WpoBaTh (U3MYECKHE 3aJadyd, BBIIENSAS CYIIECTBEHHBIE M HECYIICCTBCHHBIC ACHEKTHI
SBJICHUS, ¥ Ha OCHOBE IIPOBEACHHOTO aHaM3a CTPOUTH YIMPOIIEHHBIE TEOPETHYECKHE MOAEIN
(U3NUECKUX SBICHHIA;

0 IPUMEHATh pa3jIMyHble MaTeMaTHYECKUE MHCTPYMEHTHI peIIeHUs 3aJad MCXOIsd U3
c(hOpMyYIIUPOBAaHHBIX (PUZNUECKUX 3aKOHOB, H IPOBOAUTH HEOOXOAMMBIE aHAIMTHUECKHUE U YHCIICHHBIC
pacyéTsl;

BJIaJeTh:

O OCHOBHBIMHU MCTOAAMU PCUHICHUA 3a1a4 OIITUKHU,
O OCHOBHBIMH MAaT€MaTHYCCKUMHN MHCTPYMECHTAMU, XapaKTCPHbIMU JIA 3a/1a4 OIITUKU,

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

C 1enbl0 KOHTPOJS OCBOSHHUS O0ydYaromUMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC B
HayaJie 3aHsTHs WIN B KOHLE 3aHATUS 110 IPOUIEHHON TEME.



3. IlepeyeHb THNOBBLIX KOHTPOJbHBIX 3aJaHUMH, UCNOJIb3yeMbIX /sl OLEHKH 3HAHMIi,
YMeHHii, HABLIKOB

ITpomMexyTouHas arrecTalnys 10 IUCHUIUIMHE «BOIHOBaAs ONTHKA» OCYIIECTBISAETCS 110 JKe-
JaHUIO CTyAEHTa B ¢opMme nuddepeHIIPOBAHHOTO 3a4eTa (B IPOTUBHOM CIy4ae CTYACHTY BBI-
CTaBJIIETCA B 3a4ETHOM BEJOMOCTH «HE SBWICS». 3a4ET JOJDKEH IIPOBOAUTHCS C YYETOM TEKY-
LIEH YCIIEBAEMOCTH M CIIa4YM 3aJaHUM, IIPETYCMOTPEHHBIX IIPOrPaMMON JUCLUILIIMHBL.

[Tpuem nuddepeHurpoBaHHOrO 3a4eTa MPOBOJUTCS B BUJIE YCTHOIO cobece10BaHMs Pperno-
JlaBaTessi-CEMHUHAPUCTA CO CTYJACHTAaMHU Y4eOHOW TPYIIBI B CHEUMATBHO HA3HAYCHHOE BPEMS.
KaxxnoMy CTyneHTy Hpeasaraercss BOIIPOC U3 IpOrpaMMmsel Kypca U 1-2 HecIOXKHBIE 3ala4d Ha
IIOHUMaHUE MaTepuaa.

Criucok BonpocoB auddhepeHInpoBaHHOIO 3a4eTa:

1. BonnoBoe ypaBHeHHE. MoHOXpOMaTHueckue BoJaHbl. KommiekcHasd ammiuTyna. Y paBHe-
Hue ['eapMrosoia.

2.  MoHoxpomarudeckue BOJHBL. KOMIUIEKCHAsI aMITTUTYAa. Y paBHEHHE IJIOCKOW U cdepu-
4yeckoil BotH. [IpuHImn cyneprno3unun, HHTepQepeHITHs.

3. Hurepdepenuus MoHOXpoMaTUYeCKHX BOJIH. MHTEepdepeHus MmI0ckoi U cepudeckoit
BoJiH. [lIupuHa unTEepdhepeHIMOHHbIX oJ0¢. BuaHocTs nooc.

4. BnusHue HEMOHOXPOMAaTHYHOCTH CBETa Ha BHJIHOCTb MHTEPPEPEHLMOHHBIX IOJIOC.
@YHKIMS BPEMEHHON KOrepeHTHOCTH. CBSA3b BPEMEHU KOTE€PEHTHOCTU C LIMPUHOH CHEK-
Tpa. COOTHOLIEHHE HEONIPEAEIEHHOCTEN.

5. BumgHocTh MHTEPHEPEHIIMOHHBIX TIOJIOC U €€ CBA3b CO CTEIEHBIO KOTePEHTHOCTH NP HC-
[I0JIb30BAHUN KBa3UMOHOXPOMAaTUUYECKUX MCTOYHHMKOB cBeTa. OlEHKa MaKCHUMaJbHOTO
yuciaa HaOmolaeMbIX MoI0c. MakcuManbHO JOMYyCTUMasi Pa3HOCTh X0/a B MHTEp(epeH-
LIMOHHBIX OIBITAX.

6. Amneprypa uHTEep()EpPCHIIMOHHOW CXEMbl W BIHMSHUE Pa3MEPOB MCTOYHHMKA HA BHIHOCTD
MHTEp(PEPEHIIMOHHBIX MoJI0c. DYHKIUS MPOCTPAHCTBEHHOW KorepeHTHocTu. Paguyc npo-
CTPaHCTBEHHOU KOTE€PEHTHOCTH.

7.  MakcumanbHO JONYCTHMAas Pa3HOCTh XOZa BOJH B MHTEP(HEPEHIMOHHBIX OMBITAX M €&
CBSI3b CO BPEMEHEM KOT'€pEHTHOCTH.

8.  Pagmyc mpocTpaHCTBEHHON KOT€PEHTHOCTH U OTPaHUYEHUE Ha JIOMYCTUMBIE pa3Mephl UC-
TOYHHUKA B UHTEP()EPEHLIUMOHHBIX OIBITAX.

9. Tlpunnun Toiirenca-®penens. KommuectBernast GpopmynupoBka npuHnuna [ roireHca-
®penens. BoaHoBol napaMeTp Kak KpuTepuil Hoo0us AUPPAKIIUOHHBIX SBICHUN.

10. dudpaxus Openens Ha kpyriaoM orBepctuu. Crninpans Openens.

11. 3onnas miactunka Openens. UneanpHas nua3a. @oKycupoBKa CBETA.

12. BomHoBoii mapametp. Ycnoue HaOmoneHus mudpakiuu Openens u DpayHrodepa.
Kpurepuii reoMeTpuyecKOl ONTHKH.

13. Judpakuus Ppaynropepa. Csasp ¢ npeodpazoBanuem Dypoe. Audpakunus Opaynrode-
pa Ha 1enu U KpyriioMm otsepcTui. [lose B hokanbHON MIIOCKOCTH JIMH3BI.

14. Judpakuus @payHrodepa B ontuyeckux npubdopax. Pazpemaromas crnocoOHOCTh Tene-
ckona 1 Mukpockona. Kpurepuii Penest.

15. JludpakunonHasi peuieTka Kak CHEKTpajbHBIM mpubop. Pazpemiaromias cnocoOHOCTh U
obyacte qucnepcuu. Paszpemarorias cnocoOOHOCTh IPU3MBI.

16. Mudpaxmus OpayHrodepa Ha pemieTke: MOT0KEHUE U MHTEHCUBHOCTD INIABHBIX MaKCH-
MYMOB, UX IIUPHUHA U MAaKCUMAJIbHBII MOPSIIOK.

17. Wurepdepomerp Pabpu-llepo kak ontuyeckuil pezoHarop. Paspemniaromas cnocoOHOCTh
uHTepPepomeTpa, CBsI3b C T0OPOTHOCTHIO.

18. Mudpaxius Openenst Ha NEPUOJUUECKUX CTPYKTYpax. DPPeKT caMopenpo yKInu.

19. Tlone B pokambHOM mT1ockocTH JIMH3BL. CBS3h ¢ Mpeodpa3oBanneM Dypre.



20.
21.

22.

23.

24,

25.

26.
217.

Judpakuus Ha aMIUIATYIHOW 1 (Pa30BOM CHHYCOUIATBLHOM PEIIETKE.

I'onorpadus. 'onorpamma To4eyHOro UCTOYHUKA (rojorpamma ['abopa). Paspemaromias
CIIOCOOHOCTH TOJIOrpaMMBL. ['otorpaMmMa ¢ HaKJIOHHBIM OTIOPHBIM ITYYKOM.

O6béMHas ronorpamma. Boccranosienue nzo0paxeHnus o0bEMHON TOIOrpaMMOi, ycio-
Bue bperra-Bynbda.

DneKTpOMarHUTHHIE BOJIHBI HAa TPAHULIE pa3fielia IBYX AUAJIEKTPUKOB. SIBineHue bprocre-
pa. 3aBUCHUMOCTh dHepreTuyeckux kodhduurenton otpaxenus RL u Ry ot yrna nanenus
(Ka4eCTBEHHO).

Crioco6bl oJy4eHHs JIMHEUHO-TIONsIpu30BaHHOrO cBeTa. Juxpousm. [lonspounsl. 3akoH
Mantoca.

DNEeKTPOMarHUTHHIE BOJIHBI B OJHOOCHBIX KpucTaiaXx. OObIKHOBEHHAs! U HEOOBIKHOBEH-
Hast BoJHbI. Kprcraumyeckue riactuaku A/2 u y/4.

JiBynyuenpenomiienue. IutepdepeHns noaspu30BaHHbIX BOJH.

Hucnepcus. @azoBas u rpymnmnoBasi ckopoctu. Popmyna Penes. Knaccuueckas teopust
nucriepcud. AHOMalbHas qucnepcus. Jucnepeus B HoHOChEpe 1 MeTaliax.

Huxe IMPUBCACHBI ITPUMCPLI IIPOCTHIX 3a/lad, pCIICHUC KOTOPBIX HeO6XO)II/IMO AJIsL TIoJIy4C-
HUS TOJI0XKUTSIBHOM OICHKH:

Haiiti yron majeHus cBeTa Ha IpaHHIy pa3zeia Bojaa/Macio, MPH KOTOPOM BO3HHKAET
nosHoe otpakenue. Koahouuuent nperomnenus Boast N, =4/3, macma n, =1.5. U3

KaKO# cpelibl JOJDKEH MMajaTh CBeT?

K ToHKoi#1 paccenBaromieit mH3e ¢ QoKycHbIM pacctosiHuem f =-120 cwm, npucionexn
TOHKUH CETMEHT CTEKISTHHOH cdepbl, nMeromeil paguyc R =40 cm. Haiitu doxycnoe
paccTostHie TOTYYHUBIIEHCS COCTaBHOM JIMH3BI, €CTIH KOI(GUIIMESHT MPETOMIICHHUS CTEKIIa
n=15.

Haiitn cymMMapHyr0 MHTEHCUBHOCTH JIByX KOT€PEHTHBIX, OJMHAKOBO MOJSPHU30BAHHBIX
Iy4YKOB CBETa, €CJIM MHTEHCUBHOCTH TepBoro paBHa |y, BToporo — 41, a pa3Hocts X0-

Jla MEKIy HUMH cocTaBiisieT A /6.

Haiiti paccrosiHue OT mieneid 1o skpaHa B onbite FOHra, ecnu mmpuHa HHTEpEpeHIH-
OHHBIX TIOJIOC paBHA AX =1 mm, nHTepBan Mexay menimu 0 =1 MM, HCTONTB3yeTCs MO-
HoxpoMatudeckuii cBeT ¢ A =500 HM.

[Tpn KaKuX pacCTOSHUIX MEX.IY IIensMH B onbiTe KOHra MOXHO yBHAETh MHTEp(hEpeH-
IIMIO Ha YKpaHe, eCl yrIoBOil pasmep ncrounnka pases 10 *pax. CBeT cuMTaTh MOHO-
xpoMatuyeckuM ¢ A =500 HM .

Haiit KOIM4YecTBO MOJIOC KOTOPBIE MOKHO HAOJIONaTh B MHTEPPEPCHIIMOHHOM OIBITE,
IpY MCIIOJIb30BaHUM AyrieTa Hatpust (AiauHbl BosH: 5890 u 5896 aHrcrpem) B KadecTBe
UCTOYHHKA CBETA.

Haiitu paguyc Tperbero cmersoro konsiia Hetorona, mst ceera ¢ A =500 HM, nipu uc-
M0JIb30BaHUH TJIOCKOBBIMYKJION JIMH3BI C PAIUyCOM KPUBU3HBI R =1M.

OtBepctiie numametrpoMm D =1wmMM ocBemaercs IUIOCKONAPAIUIEIbHBIM CBETOM C
A =500 Hm, co3maBas Ha skpaHe, Ha paccrosHun L =0.1m, audpakunonHoe msTHO.
OrnpenennuTs 4nuciao OTKPBITHIX 30H DpeHernsi.

OtBepcTHE ¢ NPUIOKEHHOW K HEMY JIMH30M OCBEIIAETCS MyYKOM CBETa C HHTECHCHUBHO-
creto |y. B oTBepcTHe ymemaercs ABe C MOJIOBUHOM 30HBI DpeHeNs, €Clii CMOTPETh U3

¢doxyca. HaiiTu ”HTEHCUBHOCTB CBETA B HEM.



lens mmpuroro d =0.1 MM ocBemraercs napauieiabHbiM cBeToM ¢ A =500 um. K Heit
npusoxeHa JuH3a ¢ GokycHeiM paccrosinueM f =30 cm. Haiitu mmmpuny Haunbonee sp-
KO MOJIOCHI Ha SKPaHe PacIio0KEHHOM B (POKaTIBHOM IIIOCKOCTH.

OtBepcrre pagmyca R OCBeIIEHO IMyYKOM CBeTa C JUIMHHOHN BoiHBI A. Ha kxakom pac-
cTosiHMM L JTOJDKHA HAXOJUTHCS TOYKA HAOJIOJCHUS, YTO Obl TU(PPAKIIHMIO MOXKHO OBLIO
cuntath PpaynrodepoBoii? (0TBET MpeaocTaBUTh B BUIE « L MHOro Gonbiie (MEHbIIE)
TaKOT'0-TO XapaKTEPHOTO pa3Mepar)

[Tpu moBopoTe KpuCTamia BO BpAIIAIOIIEMCS PEHTTEHOBCKHM CIIEKTporpade OTpa)kKeH-

HBI MakCHMyM B TIEPBBIi pa3 BO3HHMKaeT npH yriie ckonmkenus 30°. IMocrostHHas pe-
metku kpructauia papia d =0.2 um. Haiitu 1iMHy BOJHBI H3y4aeMOro PeHTI€HOBCKOTO
U3ITyYEHUS.

B 1BoiiHOI 3Be3HON cucTeMe Haxossmeics oT Hac B 200 cB. roxax (1cB.rogx 10%km),
paccrosiHue Mexay aBymst oenbiMu 3Be3gamu (A =500H1M) coctaBiser 1 mupa. km. Ka-
KHUM JIOJDKEH OBITh AMaMeTp 3epKaja KOCMHYECKOIr0 TEeNIECKOMa, 4To Obl X MOXKHO OBLIO
Pa3IMYUTh?

O6paser, ucciaeayeMblil IO MUKPOCKOTIOM, HAXOAUTCS HA PACCTOSHUM 3 MM OT €ro 00b-
eKTHBa, uMerolero auamerp 8 MMm. KakoBo MHHHMMajIbHOE paccTOsSHUE, pa3perraeMoe
MUKPOCKOIIOM?

Kak m3MeHUTCS HHTEHCUBHOCTh CBeTa B (DOKYCE TOHKOW JIMH3BI, €CJIH BJIBOC YBEIHYUTH
ee quameTp?

Chopmynupyiite kputepuii Penes.

Jlnst myuka cBera ¢ A =500 HM 1iepBbIii MAKCUMYM JTH(DPAKIIMOHHOW PEIICTKH HAXOINT-

ca na 30°. Kakoii 10o/KHA ObITH MUHMMAaJbHAsS NIMPUHA ITy4Ka CBETA MAJAOIIETr0 Ha pe-
HIETKY, YTOOBI MOXKHO OBIJIO PAa3IMYUTh JIMHUU KEITOr0 AYIUIeTa HATpus (AJTUHBI BOJH:
5890 u 5896 anrcrpem)?

B paifoHe niaMH BOJNH enToro ayruiera HaTpus (JuiMHbI BoaH: 5890 u 5896 anrcrpem)
CTEKJIO, U3 KOTOPOTO M3rOTOBJICHA MpU3Ma, MMEeT 3akoH mucrnepcuu N(A) =15+ A-A,

rie A=6-10"um *. KaknM ZOWKHO GBITh MHHEMAIBHOE OCHOBAHHE MIPU3MBI, YTOOBI
MOYKHO OBUIO pa3IMYUTh AYIUIET?

Paccrosiane mexny 3epkanamu B uHTepdepomerpe Dadpu-Ilepo L =5 mm. Kakum no:-
eH ObITh KOA((ULHEHT OTpaXKEHUS 3epKaJl, YTOObI MOXKHO OBLIO Pa3JIMYUTh JBE OJIU3-
KHe criekTpasibHbie JInHuK ¢ Ay = 6000 uA, =6000.01 anrcTpem?

Paccrostane mexny 3epkaiamu B uHTEephepomerpe Dadbpu-Ilepo L =1 cm, dokycHoe
paccrostane nuH3bl f =20 cm. MHTepdepomeTp mpospadeH 1is mapauienbHbBIX JTy4er ¢
A =500uMm. Haiitn as1s 9TO# AIMHBI BOJHBI Palyc 2-0r0 Koyiblia B (POKAJIBHOM TIIOCKO-
CTH JIMH3HI.

AMIUTUTYAHBIA KO3(DPUIIMEHT MpoIycKaHusl rojorpammsl ['abopa 3aBUCHUT OT paauyca

Kak t(r)=A+BCOS(Cr2+(p), rne A, B, ¢ — HekoTopble KOHCTAaHTHI, a

C =6.28-10° M°. Ha xaxom pPacCTOSIHUU OT TOJIOrpaMMbl OyyT HAXOAUTHCS M300paxe-
HHSI, €CJIH €€ OCBETHTH MapajlieIbHbIM cBeTOM ¢ A =500 HM?
AMIUIUTYIHYIO penietky ¢ ¢yHkuueir mnpomyckanus t(X) = o+ [3cos(ux)+ycos(2ux)

OCBCIHIAKOT IMTYYKOM CBE€Ta C JJIMHOM BOJIHBI A.3a peHlCTKOﬁ HaxoauTCs JIHMH3a C (I)OKYC-



HbIM paccrostareM f . CKOJIBKO mosioc OyeT Ha SKpaHe, paclooKeHHOM B ee (oKaib-
HOM TUIOCKOCTH, U Ha KaKUX PACCTOSIHUSX APYT OT apyra?

e Ha skpane nony4aroT u3o0pakxeHue y3koi menu, Haxonsuierics B 40 cM ot nuH3bI ¢ o-
KycHbIM pacctossHueM 20 cm. Haiiti nepuon u3o0paxkeHus, MONTYUUBIICTOCs TOCIE TO-
ro, Kak B (POKaJIbHOM IJIOCKOCTH PACIOJIOKHUIN AUPPAKIUOHHYIO PEIIETKY C IUIOTHO-
cthto mTpuxoB1l00 mWTPUXOB/MM .

e ECTECTBEHHBIN CBET ¢ MHTEHCUBHOCTBIO | MMamaer Ha CUCTEMY M3 JIBYX HOJISIPU3ATOPOB,

ckpereHnsix mox yriom 30°. Uemy paBHa HHTEHCHBHOCTD MPOIIC/IIIECTO YepPe3 MOSPH-
3aTOpbI cBEeTa?

e Kak nomensercs BUAHOCTb MHTEP()EPEHIIMOHHOW KapTHHBI, €CIM HHTEp(hepupyolme
Iy4YKH HEMOJSIPH30BAaHHOI'O CBETAa IPOIYCTHTH 4Yepe3 MOJSIPU3aTOphI, HAIIPABICHUS KO-
TOpBIX 00pasyroT yroa 60°?

e KoaddunuenTsl npenoMineHuss UCIAaHACKOrO IInara Aas OOBIKHOBEHHOW M HEOOBIKHO-
BEHHOH BOJIHBI paBHBI N, =1.48 un, =1.65 coorsercrBenHo. Kakoii nomkHa ObITH MHU-

HUMaJIbHAs TOJIIMHA U3TOTOBIICHHOM U3 HETO JIBOSIKOMPEIOMIISFOIICH TUIACTUHKH, YTOOBI
OHAa MOTJIa MEHSATH JIMHEHHYIO MOJSIPU3AIIMIO MTPOXOIAIIETO Yepe3 Hee CBeTa C JITMHOW
BOJHBI A = 680 HM, Ha KPYroByI0?
o [lpu xakom yriie najeHusi OTpaKEHHAs BOJIHA OyJeT MOJHOCTBIO MOJISIPU30BaHa, €CIIU KO-
s ¢unment npenomiieHust N =1.7 7 Ykaxute HalpaBICHUE TOJSPU3AIIUH.
e BemecrBo orpaxkaer 16 % HopMmanbHO magaromiero csera. Haiitu kosd¢uimeHt mnpe-
JIOMJICHHS BEIIICCTRA.
e 3anuIIMTe BOJHOBOE YPaBHCHUE B BEIIECTBE C KOADDUIMEHTOM MPETOMICHHUS N .
e I3BecTHO, YTO (ha30Basi CKOPOCTh IEKTPOMATHUTHOM BOJIHBI B HEKOTOPOM BEIIECTBE 3a-
BHCHT OT JUIMHBI BOJHBI KaK Uy =0.5C+b-(Ay—A), rae ¢ — ckopocts cBera. Haiiti BbI-

paxkeHue s rpynnoBoi ckopocTu. Uemy paBeH Kod(DPUIMEHT MpEenoMIIEHHs CBETa C

JUTMHOW BOJTHBI A ?

4. Kpurepun oneHuBaHus
ITo pe3ynbTaTaM cobeceqoBaHUs MPENOJABATENb BBICTABISET CTYACHTY B BEJOMOCTb OLICHKY 3a
QG depeHIIMPOBAHHBIN 3a4€T B COOTBETCTBUHU C MPUBEIEHHBIMU HUXKE KPUTEPUSIMHU:

Ouenka «otjam4yHo (10)» BbICTaBIAETCS CTYIEHTY, IOKa3aBUIEMY BCECTOPOHHHUE CHUCTEMAaTH3H-
pOBaHHBIE TIIYOOKHE 3HAHUS Y4eOHOU MPOTpaMMBbl U 3a €€ MpejenamMu, a TakKe YMEHHE YBEPEH-
HO MPUMEHSATH UX Ha MPAKTUKE MPH PEIICHUN HECIOKHBIX CTaHAAPTHBIX 3a/1a4.

Ouenka «oTam4HO (9)» BBICTABISETCS CTYJCHTY, MIOKa3aBIIEMY BCECTOPOHHHE CHCTEMATH3UPO-
BaHHbIE NIyOOKHE 3HAHUS y4eOHOU MPOrpaMMbl M YMEHUE YBEPEHHO IPUMEHATh UX HA MPaKTHKE
IIPU PELLIEHNUN CTaHJAPTHBIX 3a1a4.

Onenka «oTau4HO (8)» BBICTaBIIAETCA CTYACHTY, IOKa3aBIIEMY BCECTOPOHHUE CUCTEMATU3UPO-
BaHHbIE NTyOOKHE 3HAHUA y4eOHOW MPOrpaMMbl U YMEHHE YBEPEHHO MPUMEHSTh UX Ha MIPAKTHKE
[IPU PELICHUM HECTAHAAPTHBIX 3a/1ad, OJHAKO JOIYCTUBLIEMY HEKOTOPBIE HETOYHOCTH IIPU OT-
BETE.



OreHka «xopouio (7)» BBICTABISIETCS CTYACHTY, €CJIH OH MPOJAEMOHCTPHPOBAI TBEPIOE 3HAHUEC
U YBEpEHHOE NIOHMMaHHe MaTepuana yueOHO| MporpaMMbl U yMEHUE CBOOOIHO MPUMEHATH (pu-
3M4YECKHUE 3aKOHBI HA IIPAKTUKE IPU PEIICHUH TUIIOBBIX 3a/a4.

Ornerka «xopomuio (6)» BBICTABISIETCS CTYACHTY, €CJIH OH MPOJAEMOHCTPHPOBAI TBEPIOE 3HAHUEC
Marepuaia yd4eOHOW MporpaMMbl M YMEHHE NMPUMEHATh (PU3UUYECKHE 3aKOHBI Ha MPAKTHKE MPU
PELIEHUH TUIIOBBIX 33]1a4.

Orenka «xopomio (5)» BBICTaBIAETCS CTYIACHTY, €CIIH OH IIPOJAEMOHCTPHPOBA TBEPIOE 3HAHHE
U TIOHMMaHHE Marepuana ydeOHOH MporpamMMbl U yMEHHE NPUMEHSTHh (PU3MUYECKUE 3aKOHBI Ha
MpaKTUKE TPHU PEIICHUH THUIIOBBIX 33J1a4, OJTHAKO JOMYCTHJI NMPU OTBETE Pl IPyOBIX HETOYHO-
CTEN.

O1eHKa «yTOBJIETBOPUTENBLHO (4)» BBICTABISETCS CTYACHTY, MOKa3aBlIeMY (hparMeHTapHBIH
XapakTep 3HaHUH, JOMYCKaBLUIEMY HETOYHOCTU B ()OPMYIMPOBKE OCHOBHBIX 3aKOHOB U 0a30BbIX
MOHATHH, HO TIPH 3TOM MPOJEMOHCTPUPOBABIIEMY CITIOCOOHOCTD pelIaTh MPOCThIC 33Ja4u U BiIa-
JIeHHE OCHOBHBIMU pa3zieiaMy y4eOHOH mporpamMmbl, HEOOXOIUMBIMU IS JalibHEero o0yye-
HUSL.

Ol1ieHKa «yT0BJIETBOPUTENBHO (3)» BBICTABIISCTCS CTYACHTY, IMOKAa3aBIIEMy CHJIBHO (pparmMeH-
TapHBIN XapakTep 3HAHUH, JOMYCKaBIIEeMy IrpyOble omIMOKM B OPMYIMPOBKE OCHOBHBIX 3aKO-
HOB M 0a30BBIX MOHSTHH, HO MPU 3TOM IMPOJEMOHCTPHPOBABIIEMY CIIOCOOHOCTH PEUIaTh MpO-
CTHIC 33Ja4d W BIAJICHHE OCHOBHBIMH pa3JellaMH y4eOHOH MporpaMmbl, HEOOXOJUMBIMU JUIS
JabHENIEero o0y4yeHusl.

Ol1ieHKa «HeY/0BJIeTBOPUTEIbHO (2)» WM «HEYT0BJIeTBOPUTENbHO (1)» BhICTaBISETCS CTY-
JIEHTY, KOTOPBII HE 3HACT 3HAUYUTENBbHYIO YaCTh OCHOBHOI'O COJEPKAaHUS IPOrPaMMBbl, CUCTEMA-
TUYECKHU JOMYCKaeT rpyObie OmMOKH MpH (HOpMYyTUPOBAaHUHA OCHOBHBIX (PU3NYECKUX 3aKOHOB
WIN He CIOCOOEH KOPPEKTHO MPUMEHATh (PU3MUECKUE 3aKOHBI JJasKe JUIs peIlieH s TPOCThIX 3a-
Jad.

5. MeToanyeckne MaTepuaJibl, onpee/siionme Npoueaypbl OHeHUBAHUS 3HAHUI, YMEHUI,
HABBIKOB M (MJIM) ONBITA 1eATEJIbLHOCTH
Bo Bpems nmpoBeeHus 3aueTa 00ydaronecs MOTyT HOJIb30BaThCs MPOrpaMMOi AUCIUILIN-
HBI. 3anpeniaercs nojab30BaThcsl HOYTOyKaMu, cMapT(GoHaMU U yUeOHUKaMU.
B nporuecce oTBeTa mo Omiery mpemnojaBaTeilb MOXET 337aBaTh YTOUHSIOIIME BOMPOCHI.
[Tocne orBeTa 1o OuieTy OH BIpaBe 33aBaTh CTYAEHTY JIOObIE JTOMOJIHUTENIBHBIE BOIIPOCHI 110
IIporpaMMe Kypca.



