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1. HEJIX OCBOEHUMA TUCHUTIINHBI

enb aucnumuinHbl «ONTUKA» COCTOUT B POPMHUPOBAHUM Y CTYICHTOB €IUHON, CTPOHHOMH, JIOTHYECKU HEIPOTHBOPEUUBOI
¢bu3ugecKoil KapTHHBI OKPYKAIOIIETO HAC MUPa MPHPOJIBI, IPHOOPETCHNE HABBIKOB PEIICHNS 1 HCCIe0OBAHMS KOHKPETHBIX
bu3ndeckux 3agad.

OCHOBHBIE 33J1a4U JUCITUTUTHHBL: N3YYCHUE OCHOBHBIX MMOHSATHH BOJTHOBOM M KBAHTOBOM OINITUKHU; U3YyUCHUE OCHOBHBIX MCTOI0B
HCCICA0BAaHU B OIITUKE; 3HAKOMCTBO C HEKOTOPBIMU MPUIIOKECHUSIMU ONTUKH.

Pe3yJ'II)TaTI>I O6y‘{eHI/I$[ IO JUCHUILUIMHE HAIIPABJICHBI HA JOCTHXKCHUE NHAUKATOPOB!

OIIK-1.1. O6nanaer 6a30BBIMH 3HAHHSMH, TOJTYYCHHBIMHU B 00J1aCTH (PU3UKO-MATEMAaTHUYECKUX U (MIJIH) ECTECTBEHHBIX HAYK.

OIIK-1.2. JIleMOHCTpHpYET YMEHHUE peniaTh 3a1a4u, GopMyJIUpyeMbIe B paMKax (PU3UKO-MaTEMATHUCCKUX U (HITH) €CTECTBEHHBIX
HayK.

OIIK-1.3. VimMeeT HaBBIKU HCIIOIB30BAHUS OCHOBHBIX OHSATHH, 3aKOHOB (DU3MKO-MAaTEMAaTHYECKUX U (WJIN) ECTECTBEHHBIX HAYK JUIS
penieHus 3a1a4 TpohecCHOHATBHON eITeTbHOCTH.

2. MECTO JUCHUIIIMHBI B CTPYKTYPE OIIOII

Hukn (pazgen) OITOIT: b1.0.12

2.1 TpeGoBaHuUsl K NpeIBAPUTEIBLHOM NOAT0TOBKE 00y4aloLIerocs:

aﬂeKTpI/I‘{eCTBO 1 MarH€TU3M

MonekynspHas pu3nka

Mexanuka

2.2 JIncuMnIuHbI U MPAKTUKH, 1JI51 KOTOPbIX OCBOEHHE JAHHOH THCHUILIMHBI (MOYJI5) HE00X0AUMO KAaK NMpealiecTBYoIIee:

ArtomHas dusnka

Jlazepnas ¢usnka

BPIOMeZ[I/IL[I/IHCKaH OIITUKaA

HOJ’[prOBOZ{HI/IKOBble 1 OIITOBOJIOKOHHBIC JIa3€PhI

IToaroroBka k ciade v ciada TOCYAapCTBEHHOI'O DK3aMCHa

3. KOMIETEHIIMHA OBYYAIOIIETOCSl, ®OPMUPYEMBIE B PE3YJIBTATE OCBOEHHS AN CLIMTIIMHBI
(MOJYJIST)

OIIK-1: Cnoco0eH npuMeHSITH 0a30BbIe 3HAHUA B 00J1acTH (PU3NKO-MaTeMaTHYeCKUX M (WJIM) eCTeCTBEHHBIX HAYK B cdepe
cBOei MpodeccuoHAIBLHOI eI TeJIbHOCTH

3HaTh:

Jns noctiwkenns OIIK-1.1: 6a3oBble HOHATHUS, MOJEIH, TOAXOABI K aHATM3Y (HM3UUECKUX SBICHUH B paMKaxX ONTUKHU; OCHOBBI TEOPHUH,
HPUHINTE] ¥ METOABI OIITHKN; METOIBI TEOPETHIECKUX U SKCIICPHIMEHTANBHBIX UCCIIEIOBAHIHN B (hH3HKE

YMmern:

Juns noctmxenust OIIK-1.2: nucnonb3oBatrh 6a30BbIe TEOPETHUECKHE 3HAHUA IO ONITHKE; TOHUMATh, U3JIaraTh U KPUTHYECKU
aHATU3UPOBATh 0a30BYI0 00IIEC(HU3NUECKYI0 HHPOPMAITUIO; TTOJIb30BATHCS OCHOBHBIMHE MOHATHSIMH, 3aKOHAMH U MOJCIISIMU OTITHKH;
pelaTh TUIOBBIE 331a4l ONTHKU

Baanernb:

Jns noctmxenus OITK-1.3: HaBBIKOM peleHust KOHKPETHBIX (pU3NUECKUX 3a1a4; MeToAaMH 00paboTKU M aHAIN3a
SKCHEPUMEHTAIIBHOMN U TEOpeTHIeCKOil pu3ndeckoii nHGopManun

B pe3yabTaTe 0CBOCHUA AU CHUIIIMHBI oﬁyqamlum?icsl JOJIZKEH

3.1|3narth:

3.1.1|6a30BbIe MOHATHS, MOAENH, TIOAXOIBI K aHAIN3Y (PU3NUECKUX SBJICHUH B paMKaX ONTUKH; OCHOBBI TEOPUH, TPUHIUIIEI U
METO/Ibl OITUKH; METO/IbI TEOPETUYECKHX U SKCIEPUMEHTANIBHBIX UCCIEI0BAHUN B (U3UKE

3.2|Ymern:

3.2.1|ucmonk30Bars 6a30BbIe TCOPETHYCCKHIE 3HAHUS [0 ONTHKE; HOHUMATb, H3JIaraTh U KPUTHIECKH aHATM3UPOBATH
6azoByr0 001IehU3NIecKy0 HH(OPMAIIMIO; TI0JIB30BaThCs OCHOBHBIMH TOHSTHSMHE, 3aKOHAMHU M MOJIEIISIMH OTITHKH;
pelaTh THIIOBBIC 3a[aul OINTHKH
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crp. 4

3.3

Baaners:

331

TEOpeTHYECKO# (hru3nveckoit HHPopMaIu

HaBBIKOM PEHICHUSI KOHKPETHBIX (I)I/I3I/IIICCKI/IX 3ajJa4, MCTOJaMHu 06p3.60TKI/I " aHalIn3a 3KCH€pHMeHTaJ’ILHOI71 u

4. OFbEM JUCIHUIIJIMHBI (MOIY.JIST)

O6wwasn TpygoemMKocTb

33ET

YacoB 1o y4eOGHOMY IUIaHY :
B TOM YHCIIE
ayJIMTOPHBIC 3aHSTHUS :
CcaMOCTOsTeNIbHAs paboTa :
9acoB Ha KOHTPOJIb
KOHTaKTHas pabora: 79

108

68 9K3aMeHHI 4
11

18

Buapr KOHTPOJIST B CEMECTpax:

HKP: 11
5. CTPYKTYPA U COAEP)KAHUE JUCHUIIJIMHBI (MOAYJIS)
Kon HanmeHoBaHuUe pa3/e/10B U TeM /BUJ 3aHATHS/ Cemectp | Yacos Jlutepatypa
| 3aHATHSA [ Kvpc
Pazpen 1. 'eomeTpuyeckas onTuka

11 IIpeamer usydenus ontuky. Pa3Buthe npeacraBieHuil o Npupose cBeTa. 4 4 JI1.1J11.2 J11.3J12.1
BosHOBBIE U KOPIYCKYISIpHBIC CBOICTBa cBeTa. [Ipubimxenue JI2.2 J12.3J13.1 JI3.2
TeOMEeTPUYECKON ONTUKH. 3aKOHBI OTPAXKEHUSI U IIPEIOMIICHHS CBETa Ha 91 32 33 24 25 56
TpaHHUIle MPO3PAYHBIX AUIIEKTPUKOB. [loHOE BHYTpEHHEE OTpaskEeHHE. 27
ITpunuun ®epma. IIpenomiieHne cBera Ha chepUuecKoil IOBEPXHOCTH.

Jluneiinoe u yriioBoe yBenuuenue. JInuzel. Dokyc, GpokanbHas MIOCKOCTh,
(okycHOe paccTosiHue, onTHuecKas cuiaa. dopMyia TOHKOH JIMH3BL
TTocTpoeHue n300paxkeHuii B inH3aX. [[eHTpUpOBaHHBIC ONITHYECKHE CHCTEMBI.
/J1ex/

1.2 Pemenne 3anau. [Ipenomnenue cBera B npusme. OTpaskeHUe CBETa OT 4 4 JI1.1J11.2 J11.3J12.1
cepudeckoii oBepXHOCTH. [ eoMeTpuueckasi 1 XxpoMaTudeckas abeppanusi. JI2.2 J12.3J13.1 JI3.2
VYerpoiicTBo rnasza u 3penue. oromerpuyeckue NOHATHS U eauHULBL. /Tp/ 01 32 33 24 25 56

37
13 T'eomerpuueckas ontuka /Cp/ 4 2 JI1.1 J11.2 J11.3J12.1
J12.2 J12.3J13.1 JI3.2
01 32 33 24 25 56
37
Pa3nen 2. DiaekTpoMarHuTHbIe KoJieOaHUS U BOJTHBI

2.1 KonebarenbHblil KOHTYp U ypaBHEHHE KoJicOaHuit. CBOOOIHBIE, 3aTyXaOMIHE, 4 4 JI.1 J11.2 J11.3J12.1
BBIHY)KJICHHBIE 3JICKTPOMAarHUTHBIE KosieOaHus, pe3oHaHc. YacToTa, nepuos, JI2.2 J12.3J13.1 JI3.2
(hasel kosiebanuit. YpaBHeHHsT MakcBea B OTCYTCTBHU 3apsI0B U TOKOB. 213233 34 35 236
BonnoBoe ypaBHeHuUE, 21€KTpOMarHuTHeIe BOJIHBI. [1n0cKkas 97
JJIEKTPOMArHUTHAs BOJTHA. JJTMHA BOJHBI, TPYIITOBas U (ha30Basi CKOPOCTH.

OHeprus U NOTOK HEPIUHU 3JIEKTPOMAarHUTHOHN BOJIHBL. berymiue u crosuue
BOJIHBL. MHTEpdepeHnns BOIH, KOTepeHTHOCTb. /JIex/
2.2 Tlepexon OT BOJHOBOWM ONTHKH K TeoMeTpuieckor. /IIp/ 4 2 JI1.1J11.2 J11.3J12.1
J12.2J12.3J13.1 JI3.2
013233 24 25 56
37
2.3 DeKTpOMarHUTHbIC KoJieOaHust u BoJHbI /Cp/ 4 2 JI1.1 J11.2 J11.3J12.1
J12.2J12.3]713.1 JI3.2
013233 24 25 56
37
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Pa3nen 3. Untepdepenuusi cBeTOBHIX BOJIH

31 Omnsit FOHra, ycnosue MakCUMyMOB U MUHUMYMOB UHTep(epeHIIUOHHOM 6 JI1.1J11.2 J11.3J12.1
kapTuHbl. [IpocTpancTBeHHas 1 BpeMeHHasl KOTEPEHTHOCTD, BIUSHUE Pa3MEPOB JI2.2 J12.3J13.1 JI3.2
UCTOYHUKA cBeTa. ViHTepdepeHIus Ipy AeIeHHN BOJIHOBOIO (PPOHTA: 3epKalia 013233 34 35 26
Openens, ounpuzma Openeds, ounnnza buite, 3epkano Jinoitna. [Tomockr 37
PaBHOIO HaKJIOHA U paBHOM TonmmuHbl. Konbia Hetotona. CTosiune cBETOBbIE
BOJHEL JmanexTpuueckne narepdepupyromue ciou. VHTephepeHnns MHOruxX
IIyYKOB; METO/1 I'PaUYECKOro CIOKEHUS aMIUIUTY/I; TJIaBHbIE 1 BTOPUYHBIE
MaKCUMYMBI. /JIex/

3.2 Pemenue 3ana4. Pacuer unrephepeHIMOHHON KapTUHBI U1 3epKana DpeHens 10 JI1.1J11.2 J11.3J12.1
u ounpusmel @penens. J[ByxiayueBbie HHTEpepoMeTpsl. MHOTOTyUEBBIC JI2.2 J12.3J13.1 JI3.2
uHTepdepomerpsl (IwacTuHka Jlirommepa-Iepke, stanon @adpu-Ilepo). 013233 34 35 26
WNuTepdepenunonnsie GunsTpsl. /TIp/ 37

3.3 Wurepdepenius cBeToBIX BosH /Cp/ 2 JI1.1J11.2 J11.3J12.1

J12.2 J12.3J13.1 JI3.2
30132 33 2435 26
37
Pa3znen 4. Iudpaxknust CBeTOBBIX BOJH

4.1 Hudpaxrus. [punnun Ioitrenca-®penens. 3oub Ppenens. ['papuueckoe 6 JIL.1J11.2 J11.3J12.1
CJIO’KEHHE aMILIUTY]l U YCIOBUE MAKCUMYMOB 1 MUHUMYMOB AU(paKIuu. JI2.2 J12.3J13.1 JI3.2
Judpaxiust oT chepruuecKoro OTBEPCTHSI U KPYTIIOTo MPENsTCTBUS. 30HHAs 2132023543556
riacTuHKa. JIudpakuus ot napaienbHoro nyyka jiyueil. Pacnpenenenue 37
MHTEHCUBHOCTH CBeTa Ha dKpaHe npH qudpakuun Opaynrodepa ot menn.

I'panunsl reomerpudeckoit onTuky, tudpaxunn Openens u Aubpakuu
®dpaynrodepa. AudpakinronHas pemerka. Y cIOBUE MUHUMYMOB, TJIaBHBIX H
BTOPUYHBIX MAKCUMYMOB. CreKTp AuGpaKIMOHHON PEIIeTKH; pa3peIaronas
CIOCOOHOCT, IMHEWHAs U yriioBas aucnepcus. /Jlex/

4.2 Pemenue 3anau. JJudpaxiys OT HEMPO3pavyHOTro Kpast MOJTYILIOCKOCTH. 10 JIT.1 J11.2 JI1.3J12.1
Hudpaknus OpayHrodepa oT Kpyriaoro orseperus. Audpaxuus ot JI2.2 J12.3J13.1 JI3.2
MHOTOMEpHOH pereTky. J{nuppakius peHTTeHOBCKHX JIy4eid, popmya 013233343526
Byneda-bpara. [punimne! co3ganus rojorpaduueckux nzodpaxkenui. /IIp/ 37

4.3 Judpakiys ceToBbIx BoaH /Cp/ 2 JI1.1J11.2 J11.3J12.1

J12.2 J12.3J13.1 JI3.2
013233 34 35 26
37
Pa3zpnea S. Ilonsipuzanus ceera

51 SBnenne momspuzarun. [lomspuzatopsr. [lnockas, kpyrosas, JuAITHIECKast 6 JIT.1 J11.2 JI1.3J12.1
nonspusanus. CreneHs nonspusanuu. 3akoH Mamtoca. [IpoxoskaeHue cBera JI2.2 J12.3J13.1 JI3.2
yepes3 TpaHully ABYX IMPO3pauHbIX cpell. BoiBog u ananus popmyn dpenens. 2192 33 54 D5 D6
3akoHn bprocrepa. SIBnenue qBoiHOTO JTyuenpenomieHus. BoaHoBbie 27
TIOBEPXHOCTH OOBIKHOBEHHOTO ¥ HEOOBIKHOBEHHOTO JTydeil. iHTephepentus
HOJSIPU30BAHHBIX JIydeil, 0JyBOJIHOBAs 1 Y€TBEPTHBOIHOBAS INIACTHHKU.

/JTex/

5.2 Pemenne 3agau. [lonspusannonnsie npubopsl. Kpucrammmueckas niacTHHKa 4 JI1.1J11.2 J11.3J12.1
MEXy JBYyMs MOJsipu3aTopaMu. VIcKycCcTBEHHOE ABOMHOE ITydenpeIOMIICHHE: JI2.2 J12.3J13.1 JI3.2
MexaHuueckas negopmanus, 3¢ dexr Keppa. Bpamenue mnockoctn D132 33 34 35 26
nossipusaimu. D oext Dapazes. /TIp/ 37
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5.3 [onspu3zanus ceera /Cp/ 4 1 JIT.1J11.2 J11.3J12.1
J12.2J12.3]713.1 JI3.2
013233 2435 26

37
Pa3znen 6. B3aumopeiicTBie 371eKTPOMATHUTHBIX BOJIH ¢ BeLeCTBOM

6.1 SBnenue aucnepcun. HopMmanbHas U aHOMalbHas JUcHepcus. DleMeHTapHas 4 4 JI1.1J11.2 J11.3J12.1
Teopus AucTepcud. [ pyIimoBasi CKOPOCTb CBETOBBIX BOJIH B BEIIECTBE. JI2.2 J12.3J13.1 JI3.2
IMornomenue ceta, 3akoH byrepa, koaddunuent nornomenus. Oco6eHHOCTH 0132 33 2435 26
TMOTJIOIIEHNUS CBETA B ra3axX, KOHAECHCUPOBAHHBIX CpeaaX, B PaCTBOpax U B 37
MeTaiuax. PaccesHue cBeta, 3akoH Panes. ITonspusarus npu paccesHu .

MyTHEBIE cpeibl, MOJISKYIIsSIpHOE paccesiaue. /JIek/

6.2 Komb6unanmonnoe paccesiaue. Onruka ABWKymUXcs cpel. Dbdekr Jormiepa 4 2 JI1.1J11.2 J11.3J12.1
(TIpOJIOTBHBIN U TTOTIEPEYHBIH) AJIS AJIEKTPOMArHUTHBIX BOJIH. D PeKT JI2.2 J12.3J13.1 J13.2
Basunoa-Uepenkosa. /T1p/ 30132 33 2435 26

37
6.3 B3anmoseiicTBre 371€KTPOMarHUTHBIX BOJIH C BemecTBoM /Cp/ 4 1 JI1.1 J11.2 J11.3J12.1

J12.2J12.3]J13.1 JI3.2
D192 33 54 35 26

37
Pazgen 7. KBanToBbIe cBOlicTBa cBeTa

7.1 TemsoBoe uznyuenue. 3akon Kupxroda. 3akon Credana-bonbiimana, 3akoH 4 4 JIL.1J11.2 J11.3J12.1
Buna. Cniextp TemioBoro uziayuenus, popmyina Panes-/xuunca, popmyna J12.2J12.3]13.1 JI3.2
ITnanka. @oroaddekr, 3akoubl poTodrddexTa. DoToHbI, PopMyrna DiHIITEHHA 2152 33 34 D5 D6
st porospdexra. Ipdext Komnrona. Ummynsc pOTOHOB U TaBIICHHE CBETA. 37
YpOBHH SHEPrHUU B aTOME, MIEPEXO/IbI, MOTJIOIICHNUE U UCITYCKaHUe ()OTOHOB.

CrnoHTaHHBIE U BEIHYKIEHHBIE TIepexoapl. O0miee yCTpOHCTBO M IPHHIIHITBI
paboTs! 1azepos. /JIex/

7.2 Pemenne 3aga4. Ontudeckast TUpoMeTpusi. TOpMO3HOE PEHTI€HOBCKOE 4 2 JI1.1J11.2 J11.3J12.1
m3nmydenne. OmeiT bote. ['a30BbIe, TBEpAOTENBHBIE, TOTYITPOBOIHUKOBEIE JI2.2 J12.3J13.1 J13.2
nazepsl. JIazepsl Ha kpacutensx. Henmunelinble ontudeckue 3pQexo. 2192 33 B4 D5 D6
Henunelinasa nonspusanus cpeasl. I'eHepanus BTOPbIX TAPMOHUK. 27
Camodoxycuposka. /TIp/

7.3 KsanroBebie cBoiicTBa cBeta /Cp/ 4 1 JI1.1 J11.2 J11.3J12.1

J12.2J12.3J13.1 JI3.2
013233 34 35 26
97

Pa3nen 8. Unas konTakTHasi paboTa

8.1 MuauBuayabHble KOHCYJIBTAIMH, TEKYIUi KOHTpOJb /VIKP/ 4 11 JIT.1 J11.2 JI1.3J12.1

J12.2 J12.3]713.1 JI3.2

D132 33 54 35 26
97

6. POHJ OHEHOYHBIX CPEJICTB

6.1. IlepeyeHb BUIOB OLIEHOYHBIX CPEACTB

OTyeT 1o MPaKTUICCKNUM 3aJaHUSM.
KOHTpOJ’II)HI)Ie BOIIPOCHI.

6.2. TunoBbie KOHTPOJIbHBIC 3a/IaHUAA U HHbIC MaTePpHUaJIbl 1A TeKyl_[Ieﬁ aTreCcralumu

TunoBsie KOHTPOJIBHBIC 3aJaHUS U UHBIC MaTCpUaJIbl JJI TeKyHIefI ATTCCTAllUU IIPCACTABJICHLI B HpI/IJ'IO)KeHI/II/I 1.

6.3. TunoBbie KOHTPOJIbHbIE BONPOCHI U 3aJaHUS JJI IPOMEKYTOYHOI aTTecTaluu

Tunossie KOHTPOJIBHBIC BOTIPOCHI U 3aJaHUs JJIA HpOMe)KyTOqHOﬁ aTTeCTalluy MPEACTABJICHBI B HpI/IJ'IO)KCHI/II/I 2.
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6.4. Kputepuu oneHuBaHus

Ha sk3amMeHe cTyleHTy npeasiaraeTcs OTBETHTh Ha JBa TEOPETHUECKUX BOIIPOCA U PEIIUTH JBE MPAKTUUECKUX 3aaa4u. [Ipu oTBere
CTYZIEHT TIOJTy4aeT OLEHKY:

«OTJIMYHO» — 32 Pa3BEPHYTHIH OTBET C IPUMEPAMH U MOSICHEHUSIMU Ha BCE TEOPETUYECKUE BOIPOCHI U TIOJHOCTHIO PEIlIeHbI U
pacIuCcaHbl O ASHCTBHSAM BCE 3aa4H;

«XOPOIIOY» — 3@ Pa3BEPHYTHII OTBET C IPUMEPAMH U OSCHEHUSIMH Ha BCE TEOPETHYECKHE BOIPOCHI ¥ OJIHOCTHIO PElIeHa U paclucana
IO IeHCTBHUSAM XOTsI ObI OJTHA 3a/1a4a, TMOO0 MOHOE pelIeHNe ABYX 3a4a4 U HETOJIHBIH OTBET Ha TEOPETUUECKHE BOIIPOCHI;
«YIIOBJIETBOPUTEIILHOY - IaH YETKH JIOTUYHBINA OTBET HA TEOPETUYECKUE BOIPOCHI U JIFOObIE JIOTHYHbIE MTOSICHEHHS TI0 337a4aM, JIN00
TIOJTHBIN OTBET Ha OJIMH TEOPETHUYECKUIT BOIIPOC U pelieHne OAHON 3a1a4n (dacTuaHoe (He MeHee 50% pelieHuns 3a1a4n) WK IT0JIHOE B

3aBUCUMOCTH OT CJIOKHOCTH 33/1a4H), 1100 noyTu nosiHoe (He Mmenee 80% peuieHuns Ui Kax101 3a/1a4n) peleHre o0enx 3a1ay;
«HEYIOBIIETBOPHUTEIILHOY - 32 BBINOMHEHHE MeHee 50% 3aaHuil, 3a HCKIIIOUEHNEM CITy4as TI0UTH HOoIHOTo (He MeHee 80% permeHus
JUTS KXKJIOW 33/1a4M) peleHus o0enx 3a1au.

7. YHEBHO-METO/JMYECKOE H HTHO®OPMAIIMOHHOE OBECIIEYEHHWE JTUCHUIIJIMHBI (MOAY JIST)

7.1. PexoMmenayemas Jutepatypa

7.1.1. OcHoBHas JdUTEpaTypa

ABTODBI, COCTaBUTENHN 3ariaBue WznatensctBo, To| Pecypc
JI1.1 |CuByxuHn [. B. OO6mwmii kypc pusuku. [T. 4] : Ontuka: yuebHoe nocobue 11 By30B |Mocksa : Hayka,
1980
JI1.2 |Casennes U. B. Bonnael. Ontuka Cankr- [lerepoypr | 3BC
(https://e.lanbook.com/book/187737) : Jlans, 2022
JI1.3 |Casennes U. B. KganrtoBast ontuka. AtoMHas ¢u3uka. Pu3nka TBEpAOTO Tewa. Cankr- [lerepoypr | 3BC
@Du3uKa aTOMHOTO S[pa U 3JIEMEHTapHbIX YaCTHIL : JIans, 2022
(https://e.lanbook.com/book/210611)
7.1.2. JlonoHuTeIbHAS IUTEPATYpPa
ABTODEBI, COCTAaBHTEIH 3arnaBue UspatenscTBo, Ton| Pecype
JI2.1 |Jlamnc6epr I'. C. Onruka: yyeGHOe mocobue Mockaa : 9BC
(https://biblioclub.ru/index.php?page=book&id=485257) Ousmatiut, 2017
JI2.2 |Bbytukos E. U. Onruxa Cankrt- [lerepoypr | 3BC
(https://e.lanbook.com/book/210761) : Jlaus, 2022
JI2.3 |Kanamnuxos H. I1., IIpakTuKyM IO peleHuIo 33/1a4 o 00IeMy Kypcy GpU3MKH. Cankr- [lerepoypr | 3BC
Koxenukos H. M., Konebanus n Bonasl. OnTuka : Jlann, 2022
Kotsipio T. B., Crimpus | (https://e.lanbook.com/book/211400)
I.T.
7.1.3. MeTtoauueckue pa3padoTku
ABTOpBI, COCTaBUTEIH 3arnaBue WznarensctBo, ron| Pecypc
JI3.1 ®duzndeckas ONTHKA: MPAKTUIECKOE TocoOme Mockga : Hayxka, 9BC
(https://biblioclub.ru/index.php?page=book&id=116429) 1970
JI3.2 |Capuna M. I1., XonsBko |BonHOBas 1 KBaHTOBast ONTHKA: yueOHOE TIOCOOHE Hoocubupck : 9BC
B. H. (https://biblioclub.ru/index.php?page=book&id=576508) HoBocubupckuii
roCyJapCTBEHHbII
TEXHUUYECKUHN
yHusepcuret, 2019
7.2. Ilepeyennb pecypcoB HHGOPMAMOHHO-TeJIEKOMMYHMKAIMOHHOI ceTn ""MHTepHeT"
31 |9BC «YHuBepcuteTckas bubnuoreka ornaita» http://biblioclub.ru/
32 |9BC uznarenscra «Jlauby https://e.lanbook.com/
33 |9BC mnarensctBa «Mubpa-M» znanium.com http://znanium.com/
D4 |9BC «tOpaiir» https://biblio-online.ru/
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D5 |Hayunas snekrponnas 6ubimoreka Poccuiickoit Akanemun Hayk http://www.elibrary.ru

D6 |Hayunsle u HayqHO-TIONMYJISIpHBIE Jekiuu http://elementy.ru

D7 |Yuebno-meTomnueckuii caiit «IIpenomaBarensm u ctyaeHTamy» http://teachmen.csu.ru

7.3 IlepeueHb HHGOPMALMOHHBIX TEXHOJIOTHii

7.3.1 IIporpaMmmHoOe oGecnieyeHue

Adobe Reader

WinDjView

LibreOffice

Adobe Connect Acrobat

LMS Moodle

7.3.2 IlpodeccronabHbIe 0a3bl JAHHBIX U HH(POPMALHOHHO-CIIPABOYHbIE CHCTEMbI

1. DnekTpoHHBIN KaTanor HayyHoi oubnuorexkn Yenl'Y [DnexTponHsIi pecypc] : 6a3a nanubix / Yenso. roc. yH-T. — YensOuHuck, 1992.

2. APS JOURNALS. Physical Review Letters, Physical Review X, Physical Review, and Reviews of Modern Physics : sxypHasr
American Physical Society : caiit. — URL: http://journals.aps.org/about — £I3. anri. — PexxiM q0CTyma: TONBKO U3 CETH YHUBEPCHUTETA. —
TekcT : 37MeKTPOHHBIH.

3. Web of Science : mynpTuanciuminHapHas pedeparuBaas 6a3a JaHHbIX / KoMmaHus Thomson Reuters. — Pexum noctyma: s
3apeructpup. nonp3osareneit Yenl'Y. — TekcT : 3meKTpOHHBIH.

4. Scopus : pedepatuBHas 6a3a manubix / Elsevier BV. — URL: http://www.scopus.com/ — I3. aurit. — Pexum qocryma: st
3apeructpup. nonb3osareneit Uenl'V. — TekCT : 3MeKTpOHHBIN.

5. Springer Link : [caift]. — URL: http://link.springer.com/ — 3. anri. — PesxxuM ocTyma: uist 3aperucTpup. mojb3oBareineit Yenl'y. —
TekcT : 2IeKTPOHHBIN.

6. KOHCIIeKTHI JICKIHI ¢ IEMOHCTPAlUsIMH 1 BUPTYAJIbHBIMHE JIAOOPAaTOPHBIMH SKCIIEpHMEHTaMHU Ha caiite http://teachmen.csu.ru

8. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCIUIIJIMHBI (MOY JIST)

ILJ'I?I peam3ali JUCHUIUIUHBI UCTIOJIB3YIOTCA y‘le6HbIC AYyAUTOPUH IJIs1 IPOBEACHUA 3aHATUH JICKHUOHHOT'O TUIIA, MPAKTUYCCKUX
3aHATHI, TPYIIOBEIX U HHIWBHIYaJIbHBIX KOHCYIIBTAINH, TEKYIETO KOHTPOMS U IIPOMEKYTOUYHOH aTTECTalllH, a TaKKe TIOMEIeHHS
JUISL CAMOCTOSITENILHOM pabOTHL.

V4eOHbIe ayIUTOPUH YKOMIUIEKTOBAHBI CIICHHAIN3UPOBAHHON MEOCIIBI0 U TEXHHYECKHUMH CPEACTBAME O0YUCHHUS - MYJIbTUMEIUIHBIM
00opynoBaHHEM (IKpaH, HOYTOYK, IPOEKTOP, KOJIOHKN).

Jlnst npoBeieHns 3aHATHH JIEKIMOHHOTO THTIA TIPEJIaraloTcst HAbOphl AEMOHCTPAHOHHOTO 000pyI0BaHUs U y4eOHO- HATJISHBIX
mocoOuit (MyIbTUMEIUHHBIE TTPE3ECHTALINN ).

Hcnonb3yeTces 31eKTpOHHBIH YnTaNbHBIHN 3a1 HayuHoU 6ubnroteku Uenl'VY (ayautopus 206) st CaMOCTOATENbHON pabOThI CTYICHTA,
OCHAIIICHHBIH IePCOHAIBHBIMU KOMIIBIOTEPaMU, MyJIbTUMEIUHHON annapaTypoil. B ayautopun obecrnedeH JOCTYI K pa3IndHON
CIPaBOYHOH JHUTEPAType, SHIUKIONEANIM, ONOIHOrpadUIecKUM 1 IOTHOTEKCTOBBIM 0a3aM JIaHHBIX, HH(OPMAIMOHHBIM pecypcam
«HTEpHET”.

9. METOAUYECKHUE YKA3ZAHUWS JJIS1 OBYYAIOIAXCSA ITO OCBOEHHUIO JUCHUTIIMHBI (MOY JIST)

OcBoeHue copepxkanust ydeOHOM AnCIUIIHHE «ONTHKa» OCYIIECTBIISETCS Ha JEKLHX, IPAaKTHIECKUX 3aHATUAX U B IPOLEcce
CaMOCTOATENbHON YueOHOH NeATeIbHOCTH CTYICHTOB.

JlexmoHHBIE 3aHATHS 00ECIIEUMBAIOT TEOPETUUECKOE H3YyUEeHHE TUCHUIIIHHBI. OCHOBHBIMHU METOJIaMU O00y4YEHHS SBIISIOTCS
MH(POPMAOHHO-00BACHUTENBHBIH 1 TPOOIeMHBIH. Ha ekiusax n3naraercs OCHOBHOE COJEPKAHHUE TEM IIPOTPaMMEL, IIPOBOJUTCS
aHaJIu3 OCHOBHBIX MOHATHH U pacCMaTpUBAIOTCS TIPUMEPBI.

JIeKIMOHHBIN MaTepHal SBISETCS BXKHBIM, HO HE €IMHCTBEHHBIM JUIsl YCBOCHUS yueOHOH auciuIuinHbl. Ero obs3arensHo
HEO0O0XO0AUMO JOIOJIHUTh MATEPUAIOM OCHOBHOM U JIONOIHUTEIBHON IUTEPATYpHI 110 TeMe. [IpakTuueckue 3aHATHS CIyXKaT IS
3aKpEIUICHUS TEOPETHUYECKUX OCHOB, 3JIaraeMbIX B JIEKIMAX. Ha mpakTHuecknx 3aHATHAX 00y4aeMble OBIaZeBalOT OCHOBHBIMU
METOJIaMHU M IPUEMAMH pEIIEHH 3a1a4.

Ba)kHBIM MOMEHTOM IIPU U3yIEHUH JIF000H AUCIUIUIMHEI ABISETCS OpraHU3aIHs CaMOCTOATeNbHON paboThl. [Tpu ocBoeHNN MaTepHana
HE CJIelyeT CTPEMUTHCS K MEXaHUUECKOMY 3allOMUHAHHIO IIPUBEJCHHBIX ONpeaeIeHul, GOpMyIUPOBOK U MOJOXKEHUH, €CIIU
TpeboBanus kK Bam npsiMo He yka3bIBalOT Ha 3T0. BriosiHe 3¢ (eKTUBHOM MOXKET OKa3aThCsl MOMBITKA IOHATH CYTh SIBICHHMS, BBIPAOOTATh
CBOE OTHOILIEHHUE K HEMY, OIIMPAsACh HA MaTepHall, COAEP KAalIUIC B PEKOMEHI0BaHHOM tuTepaType. Takke peKOMEHIyeTCs
PaBHOMEPHO paclpeeIsiTh HaArPy3Ky CaMOCTOSATEIBHOTO 00yUIEHHs B TEUCHHE CEMECTpa.
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B ciydae mpuMeHeHuUs pu 00yYeHUH JUCLUILUIUHBL 3IEKTPOHHOIO 00YUEeHUs, AUCTAaHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOIOTUI
obmieHre 00yJaromuXCst ¥ IPEToaBaTeNs OCYIIECTBIACTCS B PEXKUME PealbHOro BpeMeHH (OHIaiH-TeKIIH (BeOMHAPEI), UaTHl,
BH/IC0-KOH(EPEHIUH U JIp.) UM OTJIOXKEHHOT0 BpeMeHH (CucTeMa quctaHnnonHoro ooyuenus Moodle, MS Office365, dopymsi,
3JIEKTPOHHAS [TOYTA U JIp.).

ITpu 0Oy4eHuu Ul ¢ OrpaHUIEHHBIMU BO3MOXKHOCTSIMU 3[J0POBbS JIEKTPOHHOE 00yUEeHUE, TUCTaHIIMOHHbIE 00pa30BaTeIbHbIE
TEXHOJIOTHH TIPeJyCMaTPUBAIOT BO3MOXKHOCTD IIpHeMa-fiepeaul HH(GOPMAaIK B JOCTYIHBIX A1 HUX (hopMax.

Peanu3zanust JUCIUILTHHBI C IPUMEHEHHEM JICKTPOHHOTO 00y4YeHHs, TUCTAaHIIMOHHBIX 00pa30BaTeNbHBIX TEXHOIOTHI (1anee — D0,
JOT) ocymectiasercs Ha ocHOBaHUU «[lo0XKeHUs 0 peanu3aluy OCHOBHBIX U JONOJHUTEIbHBIX 00pa30BaTENIbHbIX IIPOrPaMM €
IpPHMEHEHUEM JIIEKTPOHHOTO 00y4eHNUs U TUCTAaHI[MOHHBIX 00pa30BaTeNbHBIX TEXHOIOTHIT B (heiepaTbHOM TOCyIapCTBEHHOM
610/DKETHOM 00pa30BaTEILHOM YUPEXKICHUH BhICIIEr0 00pa3oBaHus «Hensi0MHCKUM TocyJapCTBEHHBIN YHUBEPCUTETY, «IlonoxKeHus
0 MOPS/IKE 3a4eTa 00YJaIOIIUMHUCS [0 OCHOBHBIM MPO(ECCHOHATBHBIM 00pa30BaTEIbHBIM IPOTPaMMaM BBICIIETO 00pa30BaHUs B
OI'BOY BO «Yenl'Y» pe3ynbTaToB OCBOCHUS B OPraHU3aLUsX, OCYLIECTBILIIONINX 00pa30BaTEIbHYIO IESITeIbHOCTh, yUEOHbIX
IpeIMeTOB, KypCOB, TUCIUILIMH (MOIyNeH), MPaKTHK, JOMOTHATEIRHBIX 00pa30BaTeIbHBIX IPOrPaMM» IOCPEICTBOM dIEKTPOHHOMH
uHpopmarronHo-00pa3zoBarensHol cpeasl PI'BOY BO «Henl V». B uckimtountenbHbIx ciydasx (Gopc-Maxop U T.11.) IpU
peanu3zanuu 00pa3oBateNibHOMN AeaTenbHOCTH ¢ mpuMeHeHrneM D0, JIOT MoryT npuMeHsATh KOMIIOHEHTBI, HE BXOIAIINE B IEPEYCHb
JIEKTPOHHON MH(POPMAIIMOHHO- 00pa30BaTEIbHON CPEIbL.

10. CHEIIMAJIBHBIE YCJIOBUS OCBOEHUA JUCHUIIIMHBI OBYYAIONIUMUCHA C UHBAJIMJHOCTBIO 1
OI'PAHUYEHHBIMHA BO3MOXHOCTSIMHU 31I0POBbA

OcBoeHUE NUCLUIIMHBL HHBAJIUJAMHU U JIUIAMHU C OIPAaHUYEHHBIMU BO3MOXHOCTSIMU 3JI0POBBsI OCYILECTBIIAETCS C UCIOIb30BaHUEM
CHEUHATbHBIX TEXHUYECKHX CPENCTB M HH(POPMAIMOHHBIX TEXHOJOTHWH, MpeIoCTaBIsieMBbIX PecypCHBIM y4eOHO-METOANYIECKHM
LEHTPOM N0 OOYYEHHI0 MHBAIMIOB M JIMI C OIPAaHMYCHHBIMH BO3MOXXHOCTSIMH 3710poBbsi Yenl'Y mo 3ampocy oOywaroierocs
(MOOHJIbHBIE CIIEIHABHBIE TEXHHYECKHE CPEICTBAa JUIA JIMI C HApYIICHHSMH 3pEHUS M C HapyIICHHeM CIIyXa, aCCHUCTHUBHEIC
UH(OPMAILIOHHBIE TEXHOJIOTHH).

IIpn HEoOXOmMMOCTH Ul OOYYAIOIMXCS C HApyIICHHSMH 3peHHS Ha padodynMxX MecTax ISl IPOBENSHUS NPAaKTUYECKHX HIIH
J1a00PaTOPHBIX 3aHATUI yCTaHABIMBACTCS CIIEIUAIbHOE HpOrpaMMHOE obOecredeHue (IporpaMma peueBOil HaBUralluM, peyeBbIe
CHHTE3aTOPbI, DKPaHHBIE JIYIIBI).

B yueOHble aynuropun obecrieunBaeTcsi OECIPENnSITCTBEHHBII 10CTYI Ul 00y4aloIuXcsl ¢ MHBAIUIHOCTBIO U C OIPAaHUYCHHBIMU
BO3MOKHOCTSIMH 30POBbs. B Kakmoi ayaIuTopuu, rae 00yJaroTcsi HHBAJUIBI U JIMLA C OTPAHMYEHHBIMUA BO3MOYKHOCTSIMU 37I0POBBS,
IpeyCMaTPUBAETCSI COOTBETCTBYIOIIEE KOTUYECTBO MECT ISl OOYUAIOMIUXCS ¢ YU€TOM HapYIIEHUI UX 370POBbS.

J111st OCBOSHHMS AMCIMIUTMHBI HHBAJIMIAM U JIUIaM C OTPAaHUYSHHBIME BO3MOYKHOCTSIMH 3710POBbS IPEIOCTABISETCS TOCTYII K IEYaTHBIM
HCTOYHMKAM, UMEIOIINMCS B HayuHOH 6ubmuorexe Yenl'V, ¢ moMOLIbIO CHIEIMAIBHBIX TEXHHUECKUX CPEJICTB; HOCTYI € IOMOIIBIO
CHEUHATbHBIX TEXHHYECKUX M MPOTPAMMHBIX CPEICTB K JJIEKTPOHHBIM HCTOYHHKAM, MPEICTABICHHBIM B (DOpMe DIEKTPOHHOTO
JIokyMeHTa B poHze HayuHOH OubnnoTeku Yenl'yY witn 3J1€KTpOHHO-OUOIMOTEUHBIX CUCTEMAX.

Y4eOHO-MeTOIMUEeCKHEe MaTepHalIbl Ul O0YYArOIMXCS U3 YHCJIa MHBAIHIOB U JIUI C OTPAHUYEHHBIMH BO3MOXKHOCTSIMH 3I0POBBSI
IPE0CTABISIIOTCS B hOopMax, alaliTUPOBAHHBIX K OTPAHUUCHUSIM UX 310POBbSI U OCOOEHHOCTSIM BOCHIPUATHUS HHPOPMALIUH.

J111s1 ”HBaJMIOB | JIMII C OTPaHMYEHHBIMH BO3MOXKHOCTSIMH 3I0POBBSI OCBOCHHE TUCLIUILTHHBI MOXKET OBITh YaCTHYHO MU TTOJTHOCTHIO
OCYIIECTBIICHO C UCMOIb30BaHUEM AUCTAHIIMOHHBIX 00Pa30BaTEIbHBIX TEXHOIOTH.

Ilpn mnpoBeneHWM NPOMEXYTOUHOH aTTeCTallid MO JAWCHUIUIMHE OOYYaIOIIUMCS C WHBAJMIHOCTBIO M C OIPaHUYCHHBIMHU
BO3MOKHOCTSIMH 3JI0POBbsSI 00ECIEUMBAETCS MO HMX 3asBJICHUIO IPENOCTAaBICHHE B JOCTYMHOH (opMe B 3aBUCHUMOCTH OT HX
WHIVBHAYaJIBHBIX OCOOCHHOCTEH HHCTPYKIMH O TIOPS/AKE IPOBENSHUS INPOMEKYTOYHOH aTTECTallMd, OLEHOYHBIX CPEACTB U
BO3MOKHOCTU OTBETOB Ha 3a/laHus (NMMCBMEHHO Ha Oymare, Ha0Op OTBETOB Ha KOMIIbIOTEpEe, MUCbMEHHO mpudrom bpaiind, c
WCIIONIb30BAaHUEM YCITYT aCCHCTEHTA, YCTHO).

IMTpu npoBeneHuu NpoLENypbl OLICHUBAHUS PE3yIbTATOB 00YUYEHHsI WHBAJIM/OB U JIMI] C OTPAaHUYEHHBIMU BO3MOXKHOCTSIMHU 37I0POBbS
IpeAycMaTpUBAETCs HCIOIb30BaHuE IpeaocTaBieHHbIX Yenl Y uian coOCTBEHHBIX TEXHUUECKHUX CPEJICTB, HEOOXOIUMBIX UM B CBSI3HU C
WX WHAMBUAYAIBHBIMU 0CcOOCHHOCTSAMU. [Ipy HEOOXOIMMOCTH MHBAIUAAM U JIMLAM C OIPAHUYEHHBIMH BO3MOXKHOCTSIMH 3/10POBbSI
IPeOCTaBIsIeTCS AONOIHUTEIBHOE BpeMs Ul MOArOTOBKU OTBETa Ha 3aJlaHus, IPoLeypa OLEHUBAHHS Pe3ylIbTaToB O0YUEHHUS IO
JUCLUIUIMHE MOJKET MPOBOJUTHCS B HECKOJIBKO ATAIIOB.
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IIpunoxenue 1
IIpuMepbl BADHAHTOB 3aIaHUN K NMPAKTHYECKUM 3aHATHAM

FCOMeTpI/I‘leCKaH OIITHKA

baszoeviit yposens

1 | CBeToBOM Iy4OK BBIXOJIUT U3 CTEKJIAa B | CKOPOCTH YBEJIHYHUBAETCS
BO31yX. UTO NPOMCXOAWUT IIPU 3TOM CO | YACTOTA He M3MEHWJIACh
CKOPOCTBIO  HX  PAclIpOCTpPaHEHHUs, | AJMHA BOJHBI YBEJIUYNIACH

4acTOTOMH AJIEKTPOMArHUTHBIX
KoJIcOaHHMII CBETOBOH BOJHE, JIMHOH
BOJIHBI?

2 | Ha mue Bomoema, rimybuna kotoporo 2 | 1,5 m
M, Haxoautcsi npeaMer. Ha kakoit
rIyOMHEe  YBUAUT  OTOT  TPEIMET
HaOII0aTeNbh, KOTOPBIM CMOTPUT Ha
HETO CBEpXY NepPHEHINKYIISIPHO
MTOBEPXHOCTH BOJBI? IToxasarenn
npesnomiienus n=1,33.

3 B nHo Bomoema riyOGuHOi 2 M BOuUTa | 2,6 M
cBas, Ha 0,5 M BbICTynaromas 13 BOJBI.
Haiigure mivHy TeHM OT cBaM Ha JHE
BOZIOEMA MpH yrie najgeHus 60°.

4 Benuunna  mpsmoro  umzoOpaxenus | 0,4 m
mperMera  BABOE  Oousiblllie  camMoro
npeaMera. Paccrosiaue MEXIY
IpeIMeToM U u3o0paxeHueMm paBHO 20
cM. Uemy paBHO (OKYyCHOE pacCTOSHUE
coOuparonIel JTUH3bI?

Cpeonuii yposeno

1. Jns HEKOTOpOMl [JIMHBI BOJIHBI TOKA3aTelb MPEJIOMIICHUS IUIOCKONapaIeIbHON
IIPO3payHON IUIACTMHKM HM3MEHseTCs OT 3HadyeHusd ni=1,40 Ha OJHOM M3 NOBEPXHOCTEH 0
n2=1,60 Ha npyroi. Tonmmmua nmnactuaku d=10,0 mm. Kakoe Bpems t 3arpaunBaeT CBET Ha
TIPOXO03/IeHHE MITACTUHKY B TIEPHEHIMKY/IAPHOM K Heii Hartpasinenuu? (0,5 10710 ¢)

2. Nmeetcst omHOpoIHO cBETAIIMNCS AUCK paanyca R, sipkocts kotoporo L=Lo cos 3 (Lo —
KoHcTaHTa, pasHas 1,00%10° ka/m?, 3 — yron ¢ Hopmanbio kK mosepxHocTH). Haiftu cBetoBoii
notok @, ucrnyckaemslit guckom. (O@=2Lon’R?/3)

3. JIBa TUIOCKMX THPSMOYTOJIbHBIX 3epKana oO0pa3yroT AByrpaHHbIi yron ¢=179°. Ha
paccrosiHun =10 cM OT JTMHUM CONPUKOCHOBEHHS 3€pKal M HAa OJMHAKOBOM PACCTOSHUU OT
KaXJI0Or0 3epKajia HaXOJUTCS TOUEYHBbIM MCTOYHHMK cBeTa. OnpenenuTb paccTosiHue d Mexmy
MHUMBIMH H300paKEHUSIMU UCTOUYHHKA B 3epkainax. (3,5 mm)

4. Bornyroe cdeprudeckoe 3epkaio IaeT Ha SKpaHe U300paKeHHe MpeMeTa, YBEIMUYSCHHOE
B ['=4 paza. PaccTrosHue a or mpeamera g0 3epkana paBHO 25 cM. Omnpenenuth paauyc R
KpuBH3HBI 3epkana. (0,4 m)

5. dokycHoe paccTosiHue f BOTHYTOr0 3epKasia paBHO 15 cM. 3epkaio JaeT AeHCTBUTEILHOE
u300pakeHue npeaMeTa, yMEHbIIEHHOE B TpH pa3za. OnpeaenuTh pacCTOSHUE a OT MPEeaMETa J0
3epkaiia. (60 cm)

Buicokuii yposens



1. Bornyroe 3epkaio maer Ha skpaHe mzoOpakeHue CoJIHIIA B BHAE KPYXKKa THaMETPOM
d=28 mm. [lnamerp Connua Ha HeOe B yrioBoi mepe f=32'. Onpenenuts paanyc R KpuBU3HBI
3epkaiia. (6,02 m)

2. Pagnyc R xpuBm3HBI BeITyKsIoro 3epkana paBeH 50 cm. Ilpeamer BeicoToir h=15 cm
HAaXOJIUTCs Ha PACCTOSHUU a, paBHOM 1 M, OT 3epkana. OnpenenuTs paccTosiHue b ot 3epkana 10
n3zo0paxenus u ero Boicoty H. (20 cm, 3 cm)

3. Jlyau mamaer mox yriom &=60° Ha CTEKISHHYIO IUIACTMHKY ToJIUMHON d=30 mwm.
Ornpenenutb 00KOBOE cMenieHre AX Jiyda rmocie Beixoaa u3 miacTuHku. (15,36 mm)
4. [lydok mapamienbHbIX JIyded MajaeT Ha TOJICTYIO CTEKISIHHYIO IUIACTUHY MOJ YIJIOM

€=60°, u npenomissAck nepexoguT B crexso. llupuna a nmyuka B Bo3ayxe paBHa 10 cwm.
Onpenenuth mupuHy b mydka B crekie. (16,25 cm)

5. Ha crexistHHyI0 MPU3MY ¢ MPEIOMIISTFOIIUM yrioM 0=60° magaer myd cBeta. OnpeaenuTs
nokKazareib MPEJIOMIICHHSI N CTEKJA, €CIUM NpPU CUMMETPHYHOM XOJe Jiydya B TpPU3ME Yroil
otkionenus 6=40°. (1,53)

3HeKTp0MaFHI/ITHbIe K0J1e0aHUS U BOJIHDI

KBasoguvuii yposens

1 Jlorapudmuueckum JIeKpeMeHToM | 1. oOpaTHass IpPOMEXYTKY BpEMEHH, 3a
3aTyxaHMsl  Has3blBaeTcsl  (U3MYecKas | KOTOPbIH aMILTUTY/1a KosieOaHus
BEJIMYMHA ... YMEHBUIAETCS B € Pa3

2. TOKa3plBapINasi, BO  CKOJbKO  pa3
aMIUIMTyZla KoJieOaHMsl yMEHbLIaeTcs 3a
epuo.

3. TmoOKa3pIBalomas, BO  CKOJIBKO  pa3
HaNpsODKCHUE Ha KOHJICHCATOPE B PE30HAHCE
0onblIe HAIIps>KCHUA, IoaABOAUMOI'O K

KOHTYPY
4. oOpaTHasi 4uCJIy NEPUOOB, B TedeHHe
KOTOPBbIX aMILINTY/AQ KoJIe0aHus

YMeHbIIAETCS B € pa3
S. IpaBUJIBLHBIN OTBET HE PUBEJICH

2 | Ilox mukianyeckol (Kpyropoif) yactoToit | 1. BpeMsi OJHOr0 OJTHOT0O KoJeOaHus
Kosie0aHus ClIeyeT MTOHUMATh ... 2. yucio KonebaHuil B €JMHUILY BpEMEHU

3.  BenMuuHy, OOpaTHYI  MPOMEXKYTKY
BpPEMEHH, 32 KOTOPbII aMIUINTya KoneOaHun
YMEHBILUTCS B € pa3

4. yncJio KoJie0aHmni 3a 6.28 cexyHa

5. IpaBUJIbHBIN OTBET HE NIPUBEJIEH. ..

3 | AMmuTyaa 3aryxatoiero | 1. nepuony kojeOaHui

JIEKTPUYECKOTO KoJIeOaHus | 2. BpeMEeHH pellakCaliu

TEOPETUYECKHU YMEHBIIACTCS oT | 3. 0eCKOHEYHOCTH

HAa4YaJlbHOTO 3HA4Y€HWs [0 Hyldsd B | 4. ONpPEIEICHHOMY IPOMEXYTKY BpPEMEHH,
TE€UEHUE BPEMEHU, PABHOTO ... pa3IMYHOMY JUISl pa3HbIX KOHTYPOB

5. IpaBUIILHBIN OTBET HE IPUBEJICH

4 | lekpeMeHTOM 3aTyxaHusl Has3blBaeTcs | .  MOKa3pIBamoIas, BO  CKOJBKO  pa3

(du3nueckas BeIHUMHA ... HalpsDKEHUE HAa KOHAEHCATOPE B PE30HAHCE
OomnpIlle  HANPSHKEHHWS, TOABOJMMOTO K
KOHTYpY

2. oOpaTHasi 4YHCIy TEPHOJIOB, B TEUEHUE




KOTOPBIX aMIUIUTY/1a YMEHbILIAETCS B € pa3

3. oOpaTHas TPOMEXYTKY BpEMEHH, 32
KOTOPBIi aMILIUTY/1a KOJIcOaHMI
YMEHBILIAETCS B € pa3

4. mnoka3biBalOIasi, BO CKOJbKO pa3
AMILUTMTYIa KOJIeOAHMS yYMEHbIIAeTcH 3a
nepuoj

5. TmokasplBawoIlas, BO  CKOJBKO  pa3
aMIUIMTY/1a KoJieOaHUsI YMEHbBIIAETCS 32 OJIHY
CEKYHIY

6. MPaBUJILHBINA OTBET HE MPUBEJICH

5 | Koapdpunmenrom 3aryxaHud | 1. mokasblBarolias, BO  CKOJIBKO  pa3
Ha3bIBaeTCs (PU3NYECKasi BEIMYUHA ... HaNpsDKEHUE Ha KOHJEHCATOpe B PE30HAHCE
Oonbllle  HANpPsOKEHUs, IMOABOJUMOIO K
KOHTYPY

2. oOparHas 4YHCIly NEPUOJIOB, B TEUYEHUE
KOTOPBIX aMIUIUTY1a KoseOaHus
YMEHBILIAETCS B € pa3

3. oOpaTHasih NPOMEKYTKY BpeMeHH, 3a
KOTOPbIii aMILUINTY/Aa KoJIe0aHus
yMeHbllIaeTcs B € pa3

4. moka3pIBalIas, BO CKOJbKO  pa3
aMIUIUTya KojeOaHui yMeHbIIaeTcs 3a
epuos

5. IpaBWILHBINM OTBET HE MIPUBEJICH

Cpeonuii yposens

1. B BakyyMe paclpoCTpaHseTcs IIOCKas 3JIeKTPOMAarHUTHAs BoiHa ¢ o mopsaka 100 ¢,
AMIUTATY]a 3IEKTPUIECKOTO BekTopa BosHBI En=0,775 B/M. Ha myTtu BomHBI pacmoiaraercs
MOTJIOIIAIOIIAs BOJIHY IOBEPXHOCTh, HMeromas ¢opmy mnonychepsl pamumyca 1=0,632 M,
oOpaillleHHasi CBOEM BEpPIIMHOM B CTOPOHY paclpocTpaHeHus BoJHbL. Kakyio sHepruto W
MOTJIOIIAET 3Ta MoBepXHOCTh 3a BpeMs 1=1,00 c? (1 m/[x)

2. DneKTpOMarHuTHas BOJIHA, M3JlydyaeMasi 3JIEMEHTApHBIM JMIIOIEM, PaclpoOCTpaHseTcs B
BaKyyMe. B BOJIHOBOH 30HE Ha Jlyde, IPOBEACHHOM U3 JUIOJS NMEPIEHAUKYISIPHO K €T0 OCH, B
TOUYKe, Haxojsmieics Ha paccrossHuM 1r=1,00 M OT JumoJd, aMIUIUTyJa HaNpsKEHHOCTU
anektpuyeckoro mons En=1,00 mMB/M. Bprumcnute momuocTs P usnydenus gumnonst (T.e.
SHEPIHI0, U3ITYYaeMYIO AUMOJIEM B €IUHUILy BpEMEHH 110 BceM HampasieHusm). (11 Br)

3. Haiitu ymcino BO3MOXKHBIX COOCTBEHHBIX KoJieOaHHMM cTo0a BO3ayxa B TpyOe, 4acTOThI
KOTOpBIX MeHbIne vo = 1250 T'u. JInuna tpyosr 1 = 85 cm. Cxopocts 3Byka v = 340 m/c. Tpyba
OTKpBITa ¢ 000UX KOHIIOB. (6)

4. Ha myty mmockoi 3ByKOBOM BOJIHBI, paCIIPOCTPAHSIOIIEHCS B BO3AYyXe, HAXOAUTCA LIap
pamuyca R = 50 cm. lnuHa 3BykoBoi BosmHBl A = 20 cM, yacrota v = 1700 I'u, ammiuryna
Konebanuit maBieHus B Bo3ayxe (Ap)m = 3,5 Ila. Haittu cpennuii 3a mepuos Koye0aHUs MOTOK
SHEPruu, Majaromiei Ha mopepxHocts mapa. (0,01094 Br)

Buicokuit yposens

1. B onHoponHeit cpese pacnpocTpaHsieTcs MI0cKas yrnpyras BojaHa Buja & = ae™" (ot - kx),
rae a, Y, ® u k — nocrosiHable. HaliTu pasHocTh (a3 koneOaHuil B TOYKax, TA€ aMILTUTYIbI
CMEIEHHs YacTHI] CPEbl OTIMYAIOTCS APYT OT Apyra Ha N = 1,0%, ecom y = 0,42 m! u nnna
BotHBI A = 50 cm. (0,3 pan)



2. N3oTponHblif TOYEUHBIH HCTOYHMK, 3BYKOBass MoIIHOCTHL kotoporo P = 0,10 Br,
HaxOJUTCA B IIEHTPE KPYTJIOTO Mojoro muwmHzapa paauyca R = 1,0 m u BeicoTel h = 2,0 ™.
[Tonarasi, 94TO CTEHKU MMIMHAPA TOJHOCTHIO MOTJIOMIAIOT 3BYK, HAUTH CPEIHUN MOTOK SHEPTHUH,
najaromri Ha O0KOBYIO oBepxXHOCTH IrHapa. (0,071 Br)

3. Haiitu ymcno BO3MOXKHBIX COOCTBEHHBIX KoJieOaHMH cTo0a BO3ayXxa B TPyOe, 4acTOTHI
KOTOPBIX MeHbIne vo = 1250 I'u. JInuna tpyosr 1 = 85 cm. Ckopocts 3Byka v = 340 m/c. Tpyda
3aKphITa ¢ OAHOTO KOHIIA. (6)

4. Ha pacctositnun r = 100 M OT TOU€UHOT'0 U30TPOIHOIO UCTOYHUKA 3BYKa 4acToThl 200 I'1y
ypoBeHb rpomkoctd L = 50 ngb. Ilopor chpliMMOCTH Ha 3TOM YacTOTE COOTBETCTBYET
MHTeHCUBHOCTH 3ByKa lo = 0,10 HBT/M?. Koo duimenT 3aTyxanus 3ByKoBoi BoIHBI Y = 5,0 M.
Haiitu 3ByKoBYy10 MOIIHOCTH UcTOYHUKA. (1,4 B)

HNurepdepeHuns cBETOBbIX BOJIH

ba3zoewviit yposens

1 Kakwne yCIIOBUSA aBisitores | 1. OquHaKoBbIE aMIUTUTY b
HEOOXOAMMBIMU i1 HaOmoaeHus | 2. OQMHAKOBbIE YaCTOTHI
YCTOMYUBOM uHTeppepeHmonHol | 3. OnuHakoBbIie (ha3bl
KapTHUHBI? 4. IlocrosinHas pa3HoCcTh (ha3

2 PasnocTh xoza IByx | 90°
UHTEP(PEPEHITUNOHHBIX BOJIH

MOHOXPOMATHYECKOTO  CBETa  paBHA
YeTBEPTH JUIMHBI BOJIHBL. Ompenenure B
rpajycax pa3HOCTh (a3 KoJIeOaHHil.

3 | Ha »kpaH OT TOY€YHOrOo MCTOYHHUKA, | 5,8 MM
HaxXOJsIIeTocss OT HEero Ha O4YEHb
OOJIBIIIOM PACCTOSHUM, MAJaeT CBET C
quHor  BoaHbl 580 HM. B akpane
UMEIOTCS JIB€ MapajuleNibHbIE ILEIH Ha
pacctostHun 100 MKM OJHA OT JpPYroOM.
Omnpenenure paccTOSTHUE MEXIY JBYMS

COCEHUMH [oJIOCaMU
MHTEpPEPEHINOHHBIX MaKCUMYM,
HaOJII01aeMBIX Ha JKpaHe,

PACIIOJIIOKCHHOM MapaJlICJIbHO J3KpaHy
Ha paCcCTOAHUHN 1 M oT Hero.

4 | PaccrosHue Mexnay AByMs LemsMH B | 1 m
oneiTe FOHra 0,5 mM. Illenu ocemarot
MOHOXPOMAaTHYECKUM CBETOM C JJIMHOU
BOJIHBI 0,6 MKM. Onpenenure
paccTrosiHue OT IIeieil 10 dKpaHa, eciu
IIMpUHA HMHTEP(EPEHLMOHHBIX IOJIOC

paBHa 1,2 M
5 VYcranoBka aiusa  HaOmogenus koner | 1,48
Hprorona OCBEIACTCS

MOHOXPOMAaTUYECKUM CBETOM C JUJIMHOU
BOJIHBI 0,6 MKM, MMaIAlOIIMM HOPMAaJIbHO.
[IpocTtpancTBO  Mexay  JIMH30H U
CTEKJITHHOM TIUIACTHHKOM  3aIlOJHEHO
JKUJIKOCTbIO, M HAOJIIOJICHUE BCACTCSA B
MPOXOJSIIEM CBeTe. Pannyc KpHUBHU3HBI




aua3bl 4 M. Onpenenute MoKaszaTelb
MPEJIOMJICHUS >KUAKOCTH, €CJIH PaJNyC
BTOPOTI'O CBETJIOrO KOJblia 1,8 MM.

Cpeonuii yposenw

1. Paccrosiune d mexny nByms mensmu B omnbiTe FOHra paBHo 1 MM, paccrosHue | ot
mieneil 10 sKkpaHa paBHO 3 M. OmnpenenuTh AIUHY BOJHBI A, HUCIYCKAeMOW HCTOYHUKOM
MOHOXPOMaTHYECKOI'0 CBETa, €CJIM HMIMpUHA b MoJIoc UHTEpPEPEeHIIN Ha SKpaHe paBHA 1,5 MM.
(0,5 mxm)

2. B ompite FOHTa paccrosaue d mexay mensmu paBao 0,8 mm. Ha kakom paccrosinuu 1 ot
HIesiel clieyeT pacloIoKUTh IKPaH, YTOOBI IIUPHUHA b HHTEp(EPEHIIMOHHON MOJIOCHI 0Ka3aach
paBHO# 2 MM? (2,5 M)

3. Ha »sxpane HaOmromaercs wuHTEpEpEeHIIMOHHAS KapTHHA OT JABYX KOTEPEHTHBIX
MCTOYHUKOB cBeTa ¢ JiauHOoN BoiHbI A=480 HM. Korjma Ha myTu OHOTO M3 MyYKOB MTOMECTUIIU
TOHKYIO IUIACTMHKY U3 IUIAaBJICHOTO KBaplla C I[IOKa3aTeieMm mpeinomieHus n=1,46, 1o
uHTep(epeHIIMOHHAas KapTUHA cMecTUIach Ha m=69 nonoc. OnpeaenuTs ToAmMKUHY d KBapieBoi
IUTACTUHKHU. (72 MKM)

4. VYrnoBoii nuamerp 3Be3nbl berenbreiize (oo Opuona) paBen 0,047 yrioBod CEKyHIIBI.
Uemy paBeH painyC KOT€PEHTHOCTH Pxor CBETA, MPUXOSAIIETO Ha 3EMJIII0 OT 3TOM 3Be3abl? (2,98
M)

5. KnunoBuanas minactuaka mupuasl a=100,0 MM uMeeT y oHOTO Kpas ToiammHay b1=0,358

MM, a y npyroro by=0,381 mm. [Tokazarens npenomienus miactuaku n=1,50. [Tox yrimom 9=30°
K HOpMaJIi Ha IJIACTUHKY IMafaeT My4OoK MMapajuleibHbIX JTydei. J[IrMHa BOTHBI MaIal0ero cBeTa
A=655 HM (kpacHblii 11BeT). OnpeaenuTs MUpUHY AX HHTep(HEPEHIIMOHHBIX MOJ0C (M3MEPEHHYIO
B IJIOCKOCTH IUTACTUHKH), HAOJIOJaeMbIX B OTPaXCHHOM CBETE, /ISl CiIydasi, KOTJa CTEleHb
MOHOXpoMaTH4YHOCTH cBeTa A/AL paBHa 5000. (1 mm)

Buvicokuii yposens

1. PaccrosiHust ot Gunpusmel @peHens 10 Y3KOH 1IeNH U KpaHa paBHbl COOTBETCTBEHHO a =
25 cm u b = 100 cm. bunpusma crekisHHas ¢ npenomsiomuM yriaom 0 = 20'. Haiitu qiinny
BOJIHBI CBETA, €CIIM IIUpPUHA HHTEP(EPEHIIMOHHOM NoJ0ckl Ha 3kpaHe Ax = 0,55 mm. (0,6 MkMm)

2. [Inockasi MOHOXpoMaTHyecKasi CBETOBas BOJIHA IMaJaeT HOPMAJIbHO Ha Auadparmy c
JBYMsl Y3KMMH IIENISIMH, OTCTOSIIMMHU JIpyT OT Apyra Ha pacctosiHue d = 2,5 mm. Ha skpane,
pacrionio’)keHHOM 3a auadparmoit Ha 1 = 100 cM, oOpasyercst cucreMa MHTEpPEpEHIIMOHHBIX
noJsioc. Ha kakoe paccTosiHMe U B KaKyl0 CTOPOHY CMECTSITCSI 3TH IOJIOCHI, €CIIHM OJIHY U3 Ieei
MEPEKPHITh CTEKISHHON MIACTUHKOW TommuHbl h = 10 MkM? (2 MM M CMECTUTCS B CTOPOHY
IIEJIU CO CTEKISTHHOW TTaCTUHKOM )

3. HaiiTh MUHMManbpHYIO TOJNIIMHY IUJIEHKHM C IOKasaTteiaeM mnpeiaomiueHus 1,33, npu
KOTOpOH cBeT ¢ JIMHOM BOJIHBI 0,64 MKM MCIBITHIBAET MaKCUMalbHOE OTPaXKEHHE, a CBET C
JuinHOM BosHbI 0,40 MKM He oTpakaeTcsi CoBceM. Yrou najaeHus csera paseH 30°. (0,65 Mkm)

4. [Tnocko-BeINyKIas CTEKJISHHASA JMH3a ¢ paauycoM KpuBu3Hbl R = 40 cm conpukacaercs
BBIIMYKJION MTOBEPXHOCTHIO CO CTEKJISIHHOM IJIACTUHKOW. IIpn 3TOM B OTpa’k€HHOM CBETE paanyc
HEKOTOPOTo KoJibIla r = 2,5 Mm. Habmronast 3a JaHHBIM KOJIBIIOM, JIWH3Y OCTOPOKHO OTOJIBUHYJTH
ot mnactuHku Ha Ah = 5,0 mxm. Kakuwm cran paguyc atoro komnbma? (1,5 mm)

5. Ha Bepmmne ceprueckoii mOBEpXHOCTH TUIOCKO-BBIMTYKIONW CTEKIISTHHOM JIMH3BI HMEETCS
couutn(OBaHHBIM TUIOCKUI ydyacTok paguyca ro= 3,0 MM, KOTOpBIM OHAa CONPHUKACAETCA CO
CTEKJITHHOM IIJIJACTUHKOW. Pammyc KpMBU3HBI BBITYKJI0M MOBEpXHOCTH JIMH3BI R = 150 cMm. Halitn
paxuyc MIecTOro CBETIOro KOJblla MpH HAOMI0EHUHN B OTPaKEHHOM CBETE C JAJTMHON BOJIHBI A =
655 HM. (3,795 Mm)



JAu¢ppakuus cBeTOBBIX BOJIH

ba3zoewviit yposens

1 [Ipu OCBELLEHUU TOYEYHBIM | 1. pazMelaeTcs CBeTJI0€ NSATHO
MOHOXPOMATUYECKUM CBETOM KPYTJIOrO | 2. pa3MeIiaeTcss TEMHOE MSTHO

OTBEPCTHSl OYEHb MAJIOr0 paauyca Ha | 3. NPpH MOCTEeNEeHHOM YBeJIUYeHUH pajguyca
9KpaHe HaOmogaercs TU(GPAKIUOHHAS | OTBEPCTUSI  OCBEIIEHHOCTh B IEHTpe
KapTHUHA. B IeHTpe KapTUHBI. .. CHayajla yBeJIMYHMBAETCSl, 3aTeM YObIBaeT
MO4TH hi (1 HYJIA, 3aTeM BHOBb
yBeJIH4MBaeTcs u T.1.

4. mpu TIOCTENEHHOM YBEIUYEHUU paguyca
OTBEpCTUS  OCBELIEHHOCTh B LIEHTpE
YBCIUMYUBACTCA U OJOCTHUIa€T MAKCHUMAJIbHOI'O
3HAYCHUS

2 | Onpenenure paanyc TpeTbed 30HHI | 1,64 MM
O@penend s ciayyas IJIOCKOM BOJIHBIL.
Paccrosinne oT BOJTHOBOM MOBEPXHOCTH
a0 Touku HaOmoxenus 1,5 m. Jlnmna
BOJIHEI 0,6 MKM.

3 Ha menp mmpunoit 0,1 mm mnamaer | 1 m
HOPMaJIbHO MOHOXPOMAaTHYECKUI CBET C
JUIMHOU BOJIHEI 0,5 MKM.
JudpakimonHas kapTHHA HAOIIOJAeTCS
Ha JKpaHe, Pacog0XKeHHOM
napajuieIbHO IICIIH. Ompenenure
paccTosHUEe OT IeJHU JI0 AKpaHa, €CIIH
IIUPUHA TEHTPAIBHOIO Makcumyma 1
CM.

4 | Ha mumadparmy c KpyrJibIM OTBEpCTHEM | 8
auaMeTpoM d=4 MM majaeT HOpMaJbHO
MapajuIeIbHbIN IIy40K Ty4den
MOHOXpoMaTHdeckoro ceta (A=0,5
MKM). Touka HaOJItOIeHUsI HAXOJUTCS Ha
OCH OTBEpPCTHsI Ha PacCTOSsHUU b=1 M oT
HEro. Ckomnpko 30H Openens
YKJIQJIBIBAE€TCS B OTBEPCTUN?

5 | AudpakuuoHHas pemeTka COAEpKuT | 7
n=200 mTpuxos Ha 1 mm. Ha pemerky
najgaer HOPMAaJIbHO
MOHOXpoMaTH4eckuii cBet (A=0,6 MKM).
MakcuMyM ~ Kakoro  HaumOOJIBIIETO
NopsiiKa JaeT 3Ta peuierka’?

Cpeonuii yposens

1. Ha nudpaxnmonnyro pemerky ¢ mnepuogom d=10 MM mox yrmom o=30° mamaer
MOHOXpPOMAaTHYECKU CBET ¢ JUIMHOM BOJHBI A=600 HM. OmnpenenuTh yron ¢ audpakuuy,
COOTBETCTBYIOIIMI BTOPOMY IJIaBHOMY MakcUMyMy. (38,3°)

2. JudpaknronHass KapTHHA TOJIYYeHA C TOMOIIBI0 JAU(PPAKIIMOHHON PEIMETKH IITUHOMN
1=1,5 cm u nepuogom d=5 Mxm. OmnpenenuTs, B CHEKTpe KaKOro HAaMMEHBLIETo MOpsAIKa ITON



KapTUHBI TIONy4YaTCs pa3/ielbHbIe N300paXKeHHs IBYX CHEKTPAIbHBIX JTUHHUA ¢ Pa3HOCTHIO JTHH
BoTH AA=0,1 HM, €clii JTUHUU JISKAT B KpaitHEe# KpacHOM yacTu cnekrpa (A<760 um). (3)

3. Ha rpanp kpucrtaiyia KaMeHHOW COJNM MaJaeT MapauieIbHbI My4OK PEHTTEHOBCKOTO
usnydeHus (A=147 nm). Onpenenuts pacctosiHre d MeX1y aTOMHBIMH ITIOCKOCTSAMH KPHCTAJLIA,
ecnu TU(PaKIMOHHBIA MAaKCHMyM BTOPOTO TMOpSIKAa HAOMIOAAETCs, KOT/Ia M3ITYYCHHE IaaeT
nox yriom 3=31°30' k moBepxHocTH kpuctaiia. (1,933 am)

4. KakoBa juiiHa BOJHBI A MOHOXPOMATHYECKOTO PEHTIC€HOBCKOTO M3TyUEHUSs, MMaJat0IIero
Ha KPHUCTAJUT KalblMTa, €Cld OU(PAKUMOHHBIA MaKCHUMyM MEpBOIrO MOpsiiKa HaOIOAaeTcs,
KOrJia yroja ¥ MeXIy HanpaBlIieHHEM IaaloNero M3JIyYeHUs U TPaHbi0 KpHCTamia paBeH 3°7
Paccrosinue d Mexxmy aTOMHBIMH IUTOCKOCTSIMH KpHUCTaJlia MpUHITH paBHbIM 0,3 HM. (31,2 M)

5. TouedHbIi HICTOYHHK CBETA C JUIMHOUN BOJHBI A = (0,50 MKM pacrmofioskeH Ha pacCTOSTHUH a
= 100 cM nepen nuadparmoii ¢ KpyribiM oTBepcTueM paauyca r = 1,0 mm. Haiitu pacctosiaue b
or nuadparMbl J0 TOYKH HAOMIOACHWS, IUISI KOTOPOW YucCio 30H DpeHenss B OTBEPCTUU
coctaBisieT k = 3. (2)

Buicokuii yposens

1. Mexy TOYEUHBIM HCTOYHMKOM CBETa U SKPAHOM IMOMECTHIN AuadparMy ¢ KpyribM
OTBEPCTHEM, PaIHyC KOTOPOTO I MOXXHO MEHSTH B Ipoliecce onbiTa. PaccrostHus oT AnadparMel
JI0 UCTOYHHMKA U 9KpaHa paBHbl @ = 100 cm u b = 125 cm. OnpeaenuTs JJIMHY BOJTHBI CBETA, €CIIU
MaKCHMYM OCBEIICHHOCTH B IICHTpPE MU(PPAKIMOHHOW KAPTHHBI Ha dKpaHE HAOIIONACTCS IPH
r1 = 1,00 MM u crenyromuii MakcumyM npu 12 = 1,29 mm. (597,7 um)

2. [Inockasi MOHOXpOMaTHYeCKasi CBETOBas BOJIHA IaJlaeT HOPMAJIbHO Ha Kpyrjioe
orBepctue. Ha paccrostuuu b = 9,0 M 0T HEro HaXOAUTCS SKpaH, TJe HAOIIOAAIOT HEKOTOPYIO
TUpakIMOHHYI0 KapTuny. Jnamerp orBepctus ymensmmmim B 1 = 3,0 pasa. Haiitu HOBOE
paccrosiHue b', Ha KOTOPOM Ha/I0 MIOMECTUTh SKpaH, YTOOBI MOJYUUTh HA HEM IU(PAKIUOHHYIO
KapTUHY, NOJOOHYIO TOH, UTO B MPEABIAYIIEM CIydae, HO YMEHbIIECHHYIO B 1] pa3. (1 m)

3. ToyeuHblii HMCTOYHHK MOHOXPOMATHUECKOTO CBETa pACIOJIOKEH Tepel 30HHOH
IUIACTUHKOM Ha pacctossHMM a = 1,5 M or Hee. M300pakeHune HMcTOYHMKA oOpasyercs Ha
paccrosiuuu b = 1,0 M ot uiactunku. Haiitu pokycHoe paccrosinue 30HHOM miiacTuHKU. (0,6 M)
4. Cser ¢ anuHoM BoiHbI A = 0,50 MKM majgaeT Ha wiesb MHUPUHBI b = 10 MKM 101 yriiom
0 = 30° x ee HOpMmanu. HaifTu yrimoBoe moJioskeHHe MEPBBIX MHHUMYMOB, PacrOJIOKEHHBIX MO
00€ cTOpOHHI IIeHTpalIbHOTO (ppayHTOdhepoBa Makcumyma. (26°45")

5. Cser, conepxamuid 1Be criekTpajibHble TuHUU ¢ AnuHaMu BosH 600,000 u 600,050 HM,
najaeT HOpMaIbHO Ha JU(pakIuoHHYI0 pemierky mupuHbel 10,0 MM. Ilog HekOoTOpBIM yriiom
Tudpakuu 3 3TH JTUHUM OKa3aJIMCh Ha Tpefene paspemieHus (mo kpureputo Panes). Haiitu 9.
(46,059°)

6. [Ipn mnpoxokaeHWUM TIydKa pEHTTeHOBCKUX Jydedr ¢ A = 17,8 1M depes
MOJIMKPUCTATHYECKUM 00pa3er] Ha JKpaHe, PACIOJOKEHHOM Ha paccTostHuu | = 15 cMm or
oOpa3siia, oOpasyercs cuctema IudpakiUOHHBIX Konell. OnpeaenuTs paanyc CBETJIOrO KOJblla,
COOTBETCTBYIOILIETO BTOPOMY MOPSAKY OTPAKEHUSI OT CUCTEMBI IJIOCKOCTEN ¢ MEKIUIOCKOCTHBIM
paccrositauem d = 155 nm. (0,035 m)

Hoasipusanus cBera

baszoeuviit yposens

1 Onpenenure  crenedb  nonsgpusanuu | 0,8
YaCTUYHO TIOJIAPU3AIIMOHHOTO  CBETa,
€CIM aMIUIUTYyJa CBETOBOTO BEKTOPA,
COOTBETCTBYIOIIAS MaKCUMaJIbHON
WHTEHCUBHOCTH CBETa, B 3 pasa OombIie




aMIUIUTYZIbl, COOTBETCTBYIOIEH  €ro
MUHUMaJTbHOW WHTCHCUBHOCTH.

2 | Onpenenute BO CKOJIBKO pa3 | 9,88
YMEHBIUIUTCS WHTEHCUBHOCTD
€CTECTBEHHOT'O  CBETa, IPOIIEIIIEro
yepe3 JIBa HHUKOJIS, TJIaBHBIE IIOCKOCTH
KOTOPBIX oOpa3yioT yron B 60°, eciam
KKIBI W3 HHUKOJEH KaK IIOTJIONIACT,
TaKk U oTpaxaer 5% MaJarolero Ha HUX
CBeTa.

3 [Tyyok ecrecTtBeHHOro cBeta majaer Ha | 1,73
CTEKJISIHHYI0 TnpusMmy c yriaoMm 30°.
Ompenenure IMOKa3aTeNlb MPEITOMICHHS
CTEKJIA, €CIIM OTPAKEHHBIN J1yY SIBJIACTCS
TIJIOCKOTIOJIIPU30BAHHBIM.

4 | Ilydok cBera, wuaymui B Bo3ayxe, | 36°
Ma/IaeT Ha TOBEPXHOCTh JKUIKOCTH IO
yriom  €=54°. Ompenenutrb  yroi

MIPEIOMIICHUS € Iy4Ka, eciu
OTPaKEHHBIN IIy40K IIOJIHOCTBIO
MOJISIPU30BaH.

5 | Anmammzatop B k=2 pasa ymenbmaer | 45°
MHTEHCHBHOCTh CBETa, MPHXOJIIETO K
HeMy oOT mnossipuszaropa. Omnpenenurtsb

yroi a MEXTY TUIOCKOCTSIMU
MIPOITYCKaHUS noJsipu3aTopa u
aHaJIM3aTopA. [otepsimu
WHTECHCUBHOCTH CBETa B aHAJIM3ATOPE
peHeOpeYb.
Cpeonuii yposens
1. VYroa o Mexay MIOCKOCTSMU MPOITYCKaHUs MOJSIpU3aTopa u aHanu3aropa paseH 45°. Bo

CKOJIbKO pa3 YMEHBIIUTCS WHTEHCHUBHOCTh CBETA, BBIXOJAIIETO W3 aHAIM3aTOpa, €CIU Yrojl
yBenu4uTh 10 60°? (B 2 pasa)

2. Bo ckonbpko pa3 ociabnsieTcsi HHTEHCUBHOCTD CBETA, MPOXOSIIEro Yepe3 J1Ba HUKOJIA,
IUIOCKOCTH TNPOMYCKaHHUsI KOTOpPbIX 00pa3yroT yron 0=30°, ecnu B KaXJIOM M3 HHUKOJEH B
otaenbHOCTH TepsieTcst 10 % WHTeHCUBHOCTH Majiatoiiero Ha Hero cseta? (3,29)

3. B yacTMYHO-NONSIPU30BaHHOM CBETE aMIUIMTYAA CBETOBOIO BEKTOPA, COOTBETCTBYIOLIAS
MaKCHMaJbHOW WMHTEHCUBHOCTHU CBETa, B n=2 pa3a OoJbllleé aMIUIMTYIbI, COOTBETCTBYIOLIEH
MHUHHMMaJIbHON MHTEHCUBHOCTU. OnpeienuTh cTeneHs noyuspusanuu P cera. (1/3)

4. [InactuHky kBapua ToaumMHOW di=2 MM, BBIPE3aHHYIO MEPHEHAUKYISIPHO ONTUYECKOM
OCH, TIOMECTWJIM MEXIy MapajUIeIbHBIMM HUKOJISMH, B pE3yjJbTaTe 4Yero IIOCKOCTh
MOJISIpU3AIlMU CBETA MOBEpPHYNAch Ha yroa ¢=53°. OmnpenenuTs TOMMUHY d2 MIIACTHHKH, TPH
KOTOpOM JaHHBI MOHOXPOMAaTUYECKUI CBET HE IPOXOAUT Uepe3 aHaiu3arop. (3,4 Mm)

5. Ha myt yacTH4YHO-TIONSPU30BAaHHOIO CBETA, CTEMEHb MoJigpu3anuu P koToporo paBHa
0,6, mocTaBMWIM aHAJIU3aTOp TaK, YTO MHTEHCUBHOCTb CBETA, MPOLIEAIIETO YEpe3 HEro, craja
MakcUMaibHOW. BoO CKONBKO pa3 yMEHBIIUTCS HWHTEHCUBHOCTH CBETa, €CJIHU IJIOCKOCTh
IPOMYCKaHMs aHAINU3aTopa MOBEpHYTh Ha yrou a=30°7 (1,23)

Buvicokuit yposens



1. JInHENHO MOJAPU30BAHHBIM CBETOBOM IIYYOK IaJaeT Ha IOJISAPU3aTOp, BPALLAIOIIMICS
BOKPYTI OCH ITy4Ka C YIJIOBOM CKOpocThi0 ® = 21 paa/c. HaiiTu CcBeTOBYIO SHEpruio,
IPOXOJALIYIO Yepe3 MOJSAPU3aTop 3a OJUH 000pOT, €CIM MOTOK SHEPrHH B MAJAIOLIEM Iy4yKe
Do =4,0 mBrt. (0,6 MIIx)

2. Ilydyok ecTecTBEHHOro cBeTa MajgaeT Ha cucreMy M3 N = 6 HHKOJEH, IJIOCKOCTh
IPOMYCKaHHUsI Ka)XIO0ro M3 KOTOPBIX MOBEpHyTa Ha yroid ¢ = 30° OTHOCUTENBHO IIOCKOCTH
IPOIyCKaHUsl IPEbIIylero HUkois. Kakasg yacTb CBETOBOIO IIOTOKA IMPOXOJUT 4Yepe3 3Ty
cucremy? (0,12)

3. Crenenp noaspusalMi YaCTUYHO INoJisipu3oBaHHoro ceera P = 0,25. Haiitu oTHoOlIeHuE
MHTEHCUBHOCTH TOJIIPU30BAHHON COCTABIIAIOLIEH 3TOr0 CBETa K MHTEHCHUBHOCTH €CTECTBEHHOU
cocrasssitoniet. (0,333)

4. Ha nmyTu 4yacTu4HO NOJSPU30BAaHHOIO Iy4YKa NOMECTHIIM HUKOJb. [Ipy moBopoTe HUKOISA
Ha yroi ¢ = 60° U3 IOJOKEHUs, COOTBETCTBYIOLIETO MAaKCUMyMY IIPOIYCKAaHMs CBETa,
MHTEHCUBHOCTh IPOILIEAIIEro cBeTa yMeHbIuaach B 1 = 3,0 pa3a. Halitu crenens nomnsipusanuu
nanaroirero ceera. (0,8)

5. Ha noBepxHocTh BOAbI NOJ yrioM bprocTepa majgaer mydok MJIOCKONOJSPHU30BAaHHOIO
cBeta. [lnmockocTe KoyiebaHMI CBETOBOrO BEKTOpA COCTaBIsET yroi ¢ = 45° ¢ IJIOCKOCTHIO
naneHus. Halitu ko umuent orpaxenus. (0,039)

B3aumoneiicTBre 3JIEKTPOMATHUTHBIX BOJIH € BellleCTBOM

baszoeuviit yposens

1 [Ipu nmpoxoxkaenun B  HeKoTopoMm | 1/8
BeIIeCTBE MyTH | HHTEHCUBHOCTH CBeTa |
yMEHBIIIaeTCs B JiBa paza. Bo CKOIbKO
pa3 yMmeHbIIHTCS | TpU MPOXOKIECHUU
nytu 31?

2 | Bo CcKOmbKO pa3  HMHTEHCUBHOCTH | 3,254
MOJICKYJIIPHOTO  pPacCEsiHUSI  CHHETO
ceeta (A=460 HM) TIPEBOCXOIUT
WHTECHCUBHOCTh PACCESHHUS KPaCHOTO
cBeta (A=650 Hm)?

3 | Haiitu  KoHuedTpauuio  cBOOOAHBIX | 2,4 1013 M3
JIEKTPOHOB ~ MOHOCQEpBI, eclnu  Juis
paauoBoiiH ¢ yactoroit v = 100 MI'1 ee
nokasarenb npenomieHus n = 0,90.

Cpeonuii yposens

1. B 3eMHBIX yCIOBHUSAX JJIMHA BOJHBI HCITYCKA€MOM aTOMAPHBIM BOJOPOJIOM CHEKTPATBLHON
muann Hg paBHa A=656 uM. Ilpu u3MepeHMM [JIMHBI BOJHBI STOW JMHUM B U3ITy4YEHHH,
OPUXOJAIIEM OT JWaMETPabHO MPOTHUBOMOJIOXKHBIX KpaeB COJHEYHOrO JUCKa, ObUIO
oOHapyxeHo paznuuue, coctaBisomee AA=0,0088 uM. Bocmonp30BaBIIMChE ATUMH JTaHHBIMU,
Haitu iepuon T obOparerus: CoiHIIa BOKPYT €ro ocH. (25 CyTOK)

2. Brecmuit 6071b11101 BKJIaJ B pa3BUTHE ONTHUKM U3BECTHBIA aMepuKaHcKuil ¢pusuk Pobept
Bya ouens no0ui mryTky U po3bIrpeinl. C ero uMeHeM CBA3aHO MHOTO JiereHa. CoriacHo oaHON
U3 HUX Byl ogHaXIBI, yrpaBiss aBTOMOOWJIEM, Mpoexal Ha KpacHbI cBeT. OCTaHOBUBIIEMY
ero monuienckoMy Bya oOBsSCHHUI CBOM MPOCTYNOK TeM, 4TO BcienactBue dddexra [Jormepa
KpacHBI CBET eMy IMoKazaicsi 3eleHbIM. [lommuelickuii Toxe mrobun mytky. [lostomy oH
corjacuicsi MPUHATH Bepcuio Byna, ogHako omrTpadoBan €ro 3a MPeBBIIEHHE CKOPOCTH.



Tpebyercs HallTH CKOPOCTH aBTOMOOWMIIS V, IPU KOTOPOI KpacHBI CBET C JUTMHOM BOJIHBI 690 HM
OBLT OB BOCTIPHHST BOAUTENIEM KaK 3eJIeHbIH ¢ TiHOM BoHbI 530 HM. (7,7 107 M/c)

3. Kocmuueckuit kopabip ymansercs oT 3emin co ckopoctbio v=10 km/c. Yacrora
Vo DJICKTPOMArHUTHBIX BOJIH, M3JIy4aeMbIX aHTEHHOW KopaoOuss, paBHa 30 MIn. Omnpenenuthb
JIOTIIEPOBCKOE CMellleHUe AV 4acTOThI, BOCIPUHUMAEMOIN pUEeMHUKOM. (MeHblIe Ha 1 kI'1r)

Buvicokuit yposens

1. Wwmest B BUy, YTO 7151 TOCTATOYHO KECTKUX PEHTTEHOBCKUX JIy4el 3JIEKTPOHBI BEIIECTBA
MOKHO CUUTaThb CBOOOJHBIMH, OINpPENEIUTh, HA CKOJBKO OTJIMYAETCS OT €IMHULbI [OKa3aTelb
npejaoMiIeHus Tpadura A peHTTeHOBCKHX JIydel ¢ JUIMHOW BOJIHBI B Bakyyme A = 50 mm. (-8
107)

2. [Ipu kakoi mnpenenbHOM CKOPOCTH V (B JOJSAX CKOPOCTH CBETA) MCTOYHMKA MOXKHO
BMECTO PeIsATUBHCTCKON popmyibl v=vo*sqrt((1-B)/(1+p)) ansa abdexra Jlomnepa monp3oBaThCs
npUOJIMKEHHBIM BBIpaXeHHEeM V=vo(1-B), ecnu NOrpemHOCTh B OMNPEACICHUU YacTOThI HE
noixHa npessimath 1 %7? (0,14c)

3. [Tpu n3ydeHuu crieKTpa U3IydeHUs] HEKOTOPOW TYMaHHOCTH JIMHUS M3IIydeHHs BOJOPO/Ia
(A=656,3 HM) OKa3ajach CMEIICHHOW Ha AA=2,5 HM B 001acTh ¢ OONbBIICH IIMHOW BOJIHBI
(kpacHoe cMmenieHue). HailTu CKOpPOCTh V JIBUYKEHUS TYMaHHOCTHM OTHOCHUTEIBHO 3€MJIU U
yKa3aTh, yJalseTcs oHa OT 3eMJIU WK IpHOIHKaeTcs K Hell. (yaansercs co ckopocthio 1,14 10°
M/C)

4. PacckasbiBaroT, uto u3BecTHbIN (us3uk PobOept Byn, mpoexaB ogHaapl Ha aBTOMAIIHHE
Ha KpacHBIi cBeT cBetodopa, ObUT OCTaHOBJIEH OmtoctuTeneM mopsaka. Pobepr Byn,
cocnaBimch Ha 3¢pdext Jlomaepa, yBepsil, YTO OH exaa JOCTATOYHO OBICTPO M KPACHBIM CBET
cBeTodopa sl HeTO U3MEHWIICS Ha 3eleHbIiH. OLUEHUTh CKOPOCTh V, ¢ KOTOPOH T0JKHA ObL1a OB
JIBUTAThCS aBTOMAIIIMHA, YTOOBI KpacHbIM curHai cBerodopa (A1=650 HM) BOCIIpUHHMAJICS KaK
3enenslit (L=550 um). (5 107 m/c)

KBanToOBBIE CBOIiCTBA CBeTAa

ba3zoewtii yposens

1 OT Kakux  THapaMeTpoB  3aBHCUT | 1. OT 4AaCTOTHI OOJIyHaIOIEro CBETa
BEJIMYMHA TOKA HACHIILICHHS ? 2. 0T MOIIHOCTH 00J1y42eMOro cBeTa

. OT CKOPOCTH BBUIETAIONIUX JIEKTPOHOB
. OT CBOMCTB BeliecTBa porokaTona

2 | Or kakux napaMmeTpoB 3aBHCHUT padora
BbIX0J1a TpH poTordhdexTe?

. OT YaCTOTHI 0OJTyJaroIIero CBeTa

. OT MOIIIHOCTH 00JIy4aeMoro CBeTa

. OT CKOPOCTH BBUIETAKOUIUX JIEKTPOHOB
4. ot cBOICTB BenlecTBa hoTokaTrona

W N =k W

3 | Ckonbko (POTOHOB M3IydeHHs C AUHON | 26 104
BOoJIHBI 520 HM B BakyyMe OyayT UMETb
sHepruto 1 MJIx?

4 | Ilydok »snexkTpoHOB, Tmpoias uepe3 | 13,3 km/c
y3KyI0 IIeJb, CO3JIaeT TaKyl ke
ITUGPAKIUOHHYIO  KapTUHY, Kak H
MOHOXPOMAaTHUYECKOE  H3IydeHHe ¢
JUTMHOM BOJIHBI 55 HM. KakoBa ckopocThb
JIEKTPOHOB?

5 Jlo xakoro MakcuMajgbHOTO ToTeHIana | 4,5 B
3apsAIATCS YAAJICHHBIA OT JPYrux Tel
MEIHBIH MIApUK TOpHU OOJIyYEeHUU €ro




AJICKTPOMArHUTHBIM ~ HM3JIYYCHHEM  C
JUIMHOU BOJIHEI A = 140 HM?

Cpeonuii yposeno

1. Nmeercs nBa aOCONIOTHO YEpPHBIX HCTOYHHKA TEIUIOBOTO H3Iy4YeHHs. Temmeparypa
oanoro u3 Hux Ti= 2500 K. Hailitu TtemmnepaTypy JApyroro MCTOYHHKA, €CIU JIJIMHA BOJIHBI,
OTBeUaloIas MAaKCUMyMY €r0 HCITYCKaTeIbHOU crtocoOHocTH, HAa AL = 0,50 MKM OOJIbIIIe JITHHBI
BOJIHBI, COOTBETCTBYIOILIEH MaKCUMYyMY HCITyCKaTE€JIbHON CIIOCOOHOCTH IEPBOTO HCTOYHUKA.
(1,75 xK)

2. DHepreTHyeckas CBETUMOCTh abCOTIOTHO uepHOro Tena M, = 3,0 Br/cm?. Onpenenuts
JUTMHY BOJIHBI, OTBEYAIOIIYI0 MAKCUMYMY HCITyCKaTelbHOI crnocoOHocTH sToro tena. (3,4 107
M)

3. Menusenii mapuk nuamerpa d = 1,2 cM momecTuian B OTKauaHHBIH COCY[, TeMIleparypa
CTEHOK KOTOPOTO MOJJIepKUBaeTcs Onu3koil k abcomoTHOMYy Hymto. HauanpHas temmepatypa
mapuka To = 300 K. Cuutast moBepXHOCTh HIapHKa a0COIIOTHO YEPHOM, HAWTH, Yepe3 CKOJIBKO
BPEMEHH €ro TeMieparypa ymeHbmuTcs B 1 = 2,0 paza. (3 u)

4. Haiitu ¢ momomipio ¢opmynsl [I1aHka MOIIHOCTH M3IIyYEHHS €IUHHIBI TOBEPXHOCTH
a0COIIOTHO YEPHOI0 Tela, MPUXOAAIIErocs Ha Y3KUi nHTepBal UIMH BosH AA = 1,0 HM BOIM3U
MakCHMyMa CHEKTpPaJIbHOM IJIOTHOCTH M3Iy4deHHs, npu Temneparype tena T = 3000 K. (3,12
kB1/M?)

5. @otoH ¢ sueprueir ho = 250 k3B paccesuics mox yrinom $ = 120° Ha mepBOHAYAIBHO
TIOKOMBIIEMCSI CBOOOIHOM 3J1eKTpoHe. ONpeieIuTh JHepruio paccesHuoro ¢orona. (2,31 1071

Jx)
Buoicoxuii yposens

I. ToueuHblil U30TPONHBINA UCTOYHUK MCIYCKaeT cBeT ¢ A = 589 HM. CBeTOBass MOIIHOCTh
ucrounuka P = 10 Br. HaiiTu paccTosiHue oT UCTOYHMKA A0 TOYKH, I'/I€ CPEIHSS KOHIICHTPALUs
doronos n =100 cm™. (8,87 m)

2. Jlazep u3my4ns B UMIyJsbce JUINTENbHOCTRIO T = 0,13 Mc my4ok cBera ¢ sHeprueit E = 10
Jlx. HaliTu cpenHee naBieHHE TakKOTrO CBETOBOIO HMMIYJbCa, €CIM €ro c(hoKycHpoBaTh B
naTHBIIKO guamerpoM d = 10 MKM Ha MOBEpXHOCTb, HEPHEHIUKYISIPHYIO K MY4YKy, C
koaurmentom orpaxenus p = 0,50. (4,897 Mlla)

3. Haiitn TemnepaTypy NMOJTHOCTBIO HOHU30BaHHOW BOJOPOJHOM IIA3MbI INIOTHOCTBIO P =
0,10 r/cm®, ipu KOTOPOIA NaBjieHHEe TEMIOBOIO M3MyYeHHUs PABHO Ta30KMHETHYECKOMY JABICHHUIO
yacTull mia3mbl. MIMeTh B BUAY, YTO JaBJICHUE TEIJIOBOTO HW3JIY4YeHHS p = u/3, rae u —
o0beMHasi IUIOTHOCTh SHEPIUM H3JIYYEHHUS, U 4YTO NPU BBICOKMX TeMIlepaTypax BellecTBa
TIOIUMHSIOTCS yPABHEHHIO COCTOSHHUS MeanbHbIX ra3oB. (1,88 107 K)

4. IIpu yBenuueHUM HaIpsDKEHHMsI HA PEHTTeHOBCKOM TpyOke B M = 1,5 pa3a /uinHa BOJHBI
KOPOTKOBOJIHOBOM TPAHUIIBI CIUIONTHOTO PEHTIEHOBCKOTO CIIEKTpa M3MEHMIAch Ha AL = 26 nim.
Haiitu nepBoHauyansHoe HanpsbkeHue Ha TpyoOke. (16 kB)

5. Haiiti n1vHy BOJHBI KOPOTKOBOJHOBOW IPaHMIIBI CIJIOUIHOTO PEHTIE€HOBCKOIO CIEKTPa,
€CIIM CKOPOCTh 3JIEKTPOHOB, MOAJIETAIONINX K aHTUKATOAy TpYOkH, v = 0,85¢, rie ¢ — cKOpocTb
cBerta. (2,8 nm)

6. IIpn moouepeHOM OCBEIIEHNUH MOBEPXHOCTH HEKOTOPOrO METajlla CBETOM C JUIMHAMHU
BoIH A = 0,35 Mkm u A1 = 0,54 MKM OOHapy>XWiM, 4TO COOTBETCTBYIOIIME MaKCHUMAaJbHbIE
CKOpPOCTH (HOTORIEKTPOHOB OTIUYAIOTCS APYT OT Jpyra B 1 = 2,0 pasza. Haiitu paboTy BbIxona ¢
MOBEpXHOCTH ATOr0 MeTaya. (1,88 3B)
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Bonpocsl k 3k3ameny

VYpaBHeHus: MakcBeia 1 3J1€KTPOMarHUTHBIE BOJIHBI.

Ilepexoa OT BOJIHOBOM ONTHKH K TEOMETPUYECKON. Y paBHEHUE dMKOHATIA.
3akoHbl reomeTpuueckoi ontuku. [Ipunuun depma.

LlenTpupoBaHHble onTu4eckue cucteMsl. [locTtpoenne nzobpaxeHuii B TMH3aX.
DOTOMETPUYECKUE MTOHSATUS U €TUHUIIBI.

[Tonsitue korepenTHOCTHU. [IpocTpaHCTBEHHAs U BpeMEHHAasi KOTEPEHTHOCTb.
SBnenue unrepdepenuun. Knaccuyeckne nHTEpHEpEeHIIMOHHBIE OMBITHI.
HuTepdepeHius B TOHKUX TUICHKAX.

MHoromny4eBast UHTEpEpEHITHSL.

Hudpakmus. 3oa61 Openens.

Hudpakuus Openenst u @paynrodepa.

JudpaxkuoHHas peeTka.

Judpakiuust peHTTeHOBCKUX JTy4ei.

[TpunHLMIIBI cO31aHuUs TONOTpadUIECKUX U300paXKEHHI.

[Tonspuzanus ceeta. [Inockas, smunrudeckas nossipuzanus. 3akod Maioca.

HOJ'ISIpI/ISaI_II/IH IIpHU OTPAKCHUU U IIPCIIOMIICHUN HA I'PAHUIC ITPO3PAUYHBIX JUIJICKTPHUKOB.

®opmyinsl OpeHers.

SBnenue nBoitHOrO Nydenpenomienus. UatepdepeHIus moaspu30BaHHbIX JTydeil.
HckyccTBEeHHOE ABOWHOE JTydenpesioMIIeHHE: MexaHndeckas aedopmanmsi, 3pdext

Keppa.

Bpamenune miockoctu nomsipuzanun. Dhdext Dapanmes.

Jucnepcus cBera. DneMeHTapHasi TEOpUsl TUCIIEPCHH.

[Tornmomenue u paccesiuue cBera. 3akoH byrepa. 3akon Panest.

O ekt Homiepa a1 31€KTPOMArHUTHBIX BOJIH.

3aKOHBI TEIJIOBOTO U3JIy4Y€HUsI KOHACHCUPOBAHHBIX CPEI.

Teopus remtosoro usnyyenus. Gopmyna Panes-Ixunca. opmyna Ilnanka.
doroaddexr. 3akoHbl poTodrddexTa.

O¢ddext Komnrona.

HNmnynsc GOTOHOB U JaBJIEHHUE CBETA.

YpOBHU 3HEPTHH B aTOME, IEPEXO/Ibl, MOTJIOIIEHUE U UCITyCKaHHE (DOTOHOB.
OO01ee ycTpOMCTBO U MIPUHIIUIIBI pa0OTHI JTA3€POB.

Henuneiinble ontuyeckue 3pGeKThl



IIpuMepsl IK3aMeHAUMOHHBIX 3a1aHUI

Ne
/o

DopMynMpoOBKa BOIIPOCa

BapuaHTb! 0TBETOB

1

I[lox unumknmyeckoir (KpyroBoi) 4YacTOTOM
KoJIeOaHus clieyeT IOHUMATb ...

1. BpeMst 0JTHOTO TIOJIHOTO KOJIeOaHust
2. YUCIO KOJeOaHWUW B EAUHUILY
BpPEMCHH

3. BeNUYHMHY, 0OpaTHYIO MPOMEKYTKY
BPEMEHHU, 3a KOTOPBIM aMIUIUTyAA
Kojie0aHuN YMEHBIUIUTCS B € pa3

4. yncio koJiedanuii 3a 6.28 cexyHn
5. MpaBUJIbLHBIA OTBET HE MPUBEJIEH. ..

Ha »5kpan 0T TOYEYHOro MCTOYHUKA,
HAXOJSIIErocs OT HEr0 Ha OYeHb OOJIBLIOM
pPacCTOSIHUM, MaJaeT CBET C JJIMHOW BOJHBI
580 ©HM. B skpane wumMeroTcs  JBE
napajuleJpHbple 1enu Ha pacctosHun 100
MKM ogHa or gpyrod. Omnpegenure
paccTosiHue  MEXIy JIByMsS  COCEIHUMH
MOJIOCAMH UHTEP(PEPEHIIMOHHBIX MaKCUMYM,
HaOJIOJaEMBIX Ha JKpaHE, PACIOJI0KEHHOM
napajuieIbHO dKpPaHy Ha PacCTOSHUMU 1 M OT
HETO.

5,8 Mmm

VcranoBka mis HaOmoaeHus kojel HeroTona
OCBEIIACTCS MOHOXPOMATUYECKHM CBETOM C
mmHOM  BoaHbl 0,6 MKM, IIaJaroniuM
HOpMasbHO. [IpocTpaHCcTBO MEXAYy JIMH30U U
CTEKIISIHHOM IJIACTUHKOU 3aII0JIHEHO
JKMAKOCTBIO, MW HAOJIOACHHE BEICTCA B
MpOXOAsIIEM CcBeTe. Paauyc KpUBU3HBI
muH3el 4 M.  Omnpenenure  Mokas3areib
NPEJIOMJIEHUST  KUIKOCTH, €CIU  Paanyc
BTOPOTO CBETJIOTO KoJbla 1,8 MM.

1,48

Ha mens mmpunoit 0,1 MM mnanpaer
HOPMaJIbHO MOHOXPOMATHYECKUH CBET ¢
mmHoit BomHbl 0,5 MkMm. JludpakunonHas
KapTHHA HaOJI01aeTCst Ha JKpaHe,
PacnoyIOKEHHOM napajjieabHO IIEH.
Ornpenenurte paccTOSTHUE OT IIENH JI0 dKpaHa,
€CIM IIMpHHA UEHTPAJIbHOr0 Makcumyma |
CM.

Ha nwuapparmy ¢ KpyriibIM OTBEpPCTHEM
quamerpoM d=4 MM majgaer HOPMAaJbHO
napajuieIbHbII IIy40K nyden
MOHOXpoMaTH4eckoro cBeta (A=0,5 Mkm).
Touka HaOMIOJEHUS HAXOAUTCS Ha OCH
OTBEPCTUSl HAa PacCTOSHUU b=1 M OT Hero.
Ckonpko 30H @DpeHens ykiagblBaeTcs B
OTBEPCTUH?

Judpakuuonnas pemerka cojaepxkut n=200
mTpuxoB Ha 1 mm. Ha pemerky mnamgaer
HOpMaJIbHO MOHOXpoMaTHueckuit cet (A=0,6
MKM). MakcuMyM Kakoro HauOOJbIIEro




MopsiIKa TAeT 3Ta pemierka’?

Ornpenenure CTeneHb MOAIPU3ALNNA YACTUYHO
MOJIIPU3ALMOHHOTO CBETa, €CIU aMIUIUTY[a
CBETOBOI'O  BEKTOpa,  COOTBETCTBYIOILAA
MaKCHMaJlbHOW WHTEHCHUBHOCTU CBeTa, B 3
pasa OoJbIIe aMIUTUTYbl, COOTBETCTBYIOIIEH
€ro MUHUMAaJIbHOM MHTEHCUBHOCTH.

0,8

Ormpenenure BO CKOJIBKO pa3 YMEHBIIUTCA
WHTEHCHUBHOCTD €CTECTBEHHOT'O CBETA,
MPOLIEIIIET0 4Yepe3 JBa HUKOJS, TJIaBHBIC
IJIOCKOCTH KOTOPBIX 00pa3ytoT yroa B 60°,
€CIN KaXXIbIM W3 HHUKOJCH KakK IIOTJIOIIACT,
TaKk W oTpaxkaeT 5% mnagarolmero Ha HUX
CBeETA.

9,88

Bo CKOJIbKO pa3 WHTCHCUBHOCTh
MOJICKYJISIPHOTO PAacCesHUSI CHUHEr0 CBeTa
(A=460 HM) mnpPEBOCXOAWT HWHTECHCUBHOCTH
paccesinusi KpacHoro csera (A=650 um)?

3,254

10

ITyqok 53JIEKTPOHOB, MpOWAA dYepe3 Y3KYIO
Ieb, CO3/MAeT TaKYI0 XK€ TUPPAKIHOHHYIO
KapTUHY, KaKk M  MOHOXPOMAaTHYECKOE
U3JIydeHHe ¢ JJIMHOM BOJIHBI 55 HM. KakoBa
CKOPOCTb 3JIEKTPOHOB?

13,3 km/c
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IIpunoxenne 2

TunoBbie KOHTPOJIbHbIE BONPOCHI JI1 IPOMEKYTOYHOM aTTecTAlMU
VYpaBHenust MakcBeiia v 3J1€KTPOMarHUTHHIE BOJIHBI.
[Tepexon OT BOJIHOBOM ONTHUKHU K TEOMETPUUYECKON. Y PABHEHHE SMKOHAJIA.
3akoHbl reomeTpuyeckoit ontuku. [Ipunnun depma.
[lenTpupoBaHHbBIE ONITUYECKUE cucTeMbl. [locTpoeHue H300pakeHUH B INH3AX.
doTomMeTpudecKre MOHATUS U €TUHUIIBL.
[Tonsitue korepenTHocTu. [IpocTpancTBeHHAsI U BpeMEHHAasi KOT€PEHTHOCTb.
SBnenue unrepdepeniun. Kiaccuueckne nuTephepeHInOHHbIE OTIBITHI.
WNuTepdepeHiius B TOHKUX TUICHKAX.
MHoronyueBas uHTepQepeHIus.

. Audpaxmus. 3ousr OpeHerns.

. Audpakmus Openens u paynrodepa.

. AudpakmonHas pemerka.

. Andpakius peHTTeHOBCKHUX JTy4eH.

. [IpuHIUTIIBI CO3MaHMS TONOTPAPHIECKUX N300PAKEHH.

. Honspuzanus ceera. [lnockas, smuntuyeckas noiaspusanus. 3akoH Maioca.

. [lonsipu3anus mpu OTpaXKEHUU U MPETIOMIICHUN Ha TPAHUIIe TPO3PAYHBIX JHIICKTPUKOB.

Dopmyisl OpeHnerns.

SIBieHue qBOWHOTO JydernpenomieHus. MHTepdepeHnns noasipru30BaHHbBIX JTydeH.
HckyccTBeHHOE 1BOIHOE JTyyenpesiomiieHre: Mexannueckas aedopmanus, s¢pdext Keppa.
Bpamenune miockoctu mossipusanuu. Iddext Dapamest.

Jucnepcus cBeTa. DieMeHTapHas TEOpUs JUCIIEPCHH.

[Tornomenue u paccessuue ceera. 3akoH byrepa. 3akon Panest.

D¢ dexr Homepa s 3MEKTPOMArHUTHBIX BOJIH.

3aKOHbI TEIJIOBOTO U3JIy4Y€HUsI KOHIACHCUPOBAHHBIX CPEl.

Teopus Termosoro uznydenus. Popmyina Panes-/xxunca. @opmyina [lnanka.
doroaddext. 3akonbl GoTodrddekra.

D¢ddext Komnrona.

Nmnynbe GOTOHOB U JaBJI€HHE CBETA.

YpOBHM 3HEPIHH B aTOME, IEPEXO/Ibl, MOTJIOICHNE U UCITyCKaHHE (DOTOHOB.
OO611ee ycTpoWCTBO U MIPUHITUIIBI pa0OTHI JTa3€POB.

Henuneitnbie ontuyeckue 3pGexThl



TunoBbie KOHTPOJIbHBIC 3aJaHUA TJI51 HpOMe)l(yTO‘lHOﬁ aTTeCTAalluN

®opMynHpoBKa BOIIpOCca

BapuaHntsl oTBETOB

Ilon nuknuyeckol (KpyroBoil) YacTOTOM
Kosie0aHUs ClIeyeT IOHUMATh ...

1. BpeMsi 0THOTO TIOJTHOTO KOJIEOaHUs

2. 4uci0 KoJIeOaHui B €IMHUILY BpEMEHU

3. BeNMuYMHY, OOpaTHYyI0 MPOMEXKYTKY
BPEMEHHM, 3a  KOTOpPBIM  aMIUIMTYyna
KoJie0aHU yMEHBLIUTCS B € pa3

4. yuciio Kosiedanmii 3a 6.28 cexkyHj

S. IPaBUJILHBIN OTBET HE IPUBEJIEH. ..

Ha »3kpan oOT TOYEUHOro HCTOYHHKA,
HaXOJSIIETOCsl OT HEr0 Ha OYEHb OOJIBIIOM
paccTosiHUM, MaJaeT CBET C AJUHOW BOJIHBI
580 um. B okpaHe wumeroTcs  JBe
napajuienbHble 1meau Ha pacctosHur 100
MKM oaHa oT Jpyroi. Omnpenenure
paccTosiHue MeXAy JBYMs ~ COCETHUMHU
MOJIOCAMH HMHTEP(PEPEHITMOHHBIX MaKCHMYM,
HaOIII0/IaeMBIX HA JKpaHEe, PaCHOJIOKEHHOM
MapajuieJIbHO SKpaHy Ha PaccTOsHUM | M OT
HEro.

5,8 Mm

VYcranoBka miis HaOmroaeHus Kojel, Hprotona
OCBEIIACTCS MOHOXPOMATUYECKHM CBETOM C
JauHOM  BoyHBI 0,6 MKM, IagaroniuM
HOpMaibHO. [IpocTpaHcTBO MeXay TUH30H U
CTCKIITHHOM IUTACTHHKOM 3aM0JIHEHO
JKHIKOCTBIO, M HaOIIOJEHHE BEIETCSI B
MPOXOASIIEM CBeTe. Paauyc KpUBU3HBI
qua3el 4 M.  Omnpenenure  MokasaTeib
MPEJIOMJICHUS  KUJKOCTH, €CIId  Paanyc
BTOPOTO CBETJIOTO KoJiblia 1,8 MM.

1,48

Ha mens mmpunoit 0,1 wmmM manmaer
HOpPMaJbHO MOHOXPOMAaTHYECKHH CBET C
mHoit BosHbl 0,5 MkM. [udpakumonnas
KapTUHa HaOIr0/1aeTCs Ha JKpaHe,
PacroI0KeHHOM apajuIeIbHO IeJTH.
Omnpenenure pacCTosHUE OT ILEIH 10 YKpaHa,
€ClIi IIMPHUHA LIEHTPAJIbHOTO Makcumyma 1
CM.

Ha puadparMy ¢ KpyriasiM OTBEpPCTHEM
auameTrpoM d=4 MM majaeT HOPMaIbHO
NapajuIeIbHbIN IIy40K ny4den
MOHOXpoMaTHdeckoro cseta (A=0,5 wmkm).
Touka HabmOIEeHUS HAXOAMTCA Ha OCH
oTBepcTUsl Ha paccTtosHuu b=1 M oT Hero.
Ckonbko 30H DpeHens yKIaabIBaeTcs B
OTBEpPCTUU?

JudpakiuonHas pemierka coaepxxutr n=200
mrpuxoB Ha 1 mMm. Ha pemerky namaer
HOpMaJIbHO MOHOXpoMaTHueckuii cet (A=0,6
MKM). MakcuMyM Kakoro HauOOJIbILEro
TOPSI/IKA AA€T Ta perieTka?




Onpenenure cTeneHb NOISPU3ALNN YACTUYHO
MOJISIPU3ALMOHHOTO CBETA, €CIM aMIUIUTY/a
CBETOBOTO  BEKTOpa,  COOTBETCTBYHOLIAs
MaKCUMaJIbHOM HWHTEHCUBHOCTU CBETa, B 3
pa3a Oouibllle aMIUTUTY/bl, COOTBETCTBYIOLIEH
€ro MUHUMAaJIbHOW WHTEHCUBHOCTH.

0,8

Omnpenenute BO CKOJBKO pa3 YMEHBIIUTCS
WHTEHCUBHOCTh €CTECTBEHHOTO CBeTa,
MPOIICIIET0 Yepe3 JBa HUKOIS, TJIABHBIC
IJIOCKOCTH KOTOPBIX 00pa3yroT yroi B 60°,
€CITM KaKIBIH M3 HUKOJEH KaK MOIJIOIIaeT,
Tak U oTpaxaerT 5% majgaromero Ha HHUX
CBeTa.

9,88

Bo CKOJIBKO pa3 MHTEHCUBHOCTh
MOJIEKYJISIPHOTO pacCesHus CHHEro CBeTa
(A=460 HM) NPEBOCXOAUT WHTEHCUBHOCTH
paccesiHusI KpacHoOro cBeTa (A=650 HM)?

3,254

10

[Iy4ok >JI€KTPOHOB, TPOWUAS YEpPE3 Y3KYIO
eNb, CO3/JaeT TaKyl ke AU(pakiHOHHYIO
KapTUHY, KaKk M  MOHOXPOMAaTHYECKOE
M3IIy4eHue ¢ JUIMHOW BoiHbI 55 HM. Kakoa
CKOPOCTb JIEKTPOHOB?

13,3 km/c




03.03.02 ®u3uka, HanpaBJeHHOCTH (MPo¢uiab) «Puzukay, PII/] mo mncunminne «Onrukay, 2025 rog
HaOopa, ouHasi ¢popma oOyueHust

[IpopexTop 1o yuebHol padbote yrBepxaeHo 24.02.25 A.A. CanamaToB

Yd4eHbIM coBeTOM (pru3ruecKoro akyibreTa

ITpotokomn 3acemanus Ne 05 ot 06.02.2025

IIpencenarens YdeHoro coBera
(buzmueckoro QakynpTeTa COTJIaCOBaHO M.A. 3arpe6un

3acenanuem kadeapsl o0lell U TeopeTH4ecKkoii (PU3UKU

[Mpotokon 3acenanust Ne 04 ot 30.01.2025

3aBenyromuil kadeapoit COIJIaCOBaHO A E. Maiiep
ABTOpBI (COCTaBUTEIIH ) A.E. Maiiep
A.A. Dbenp

CrpykTrypa padoueii mporpaMMbl cOOTBeTCTBYeT nNpuka3y pekropa ®I'bOY BO «Heal'¥V» ot «13»
anpens 2021 r. Ne 247-1



