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1. HEJIX OCBOEHUMA TUCHUTIINHBI

Hens qucnumnuabl «ONTHKA» COCTOUT B (JOPMUPOBAHUY Y CTYAEHTOB €IUHOM, CTPOHHOM’, TOrHUeCKU HEPOTUBOPEUUBOIL
(m3nIecKoi KapTHHBI OKPYKAOIIETO HAC MUpPA MPUPO/IBI, IPHOOPETEHNE HABBIKOB PEIICHHUS 1 UCCIIeJOBAHM KOHKPETHBIX
¢dusnyeckux 3anau.

OCHOBHBIE 33J1a4l TUCITUTUIHHBI: N3YyUYCHHUE OCHOBHBIX TMOHATHHA BOJTHOBOW W KBAHTOBOM OIITUKHU; NU3YYCHUEC OCHOBHBIX METOIOB
HCCJIICNOBAaHNs B OIITHKE; 3HAKOMCTBO C HEKOTOPBIMHU ITPUIIOKCHUAMHU OIITUKH.

Pe3yJ'H>TaTI)I 06y‘IeHI/I${ 10 JUCHUIIIMHE HAIIPABJICHbI HA NOCTHKECHUE NHAUKATOPOB!

OIIK-1.1. O6nanaeT 6a30BBIMU 3HAHUSAMH, TIOJTYYCHHBIMH B 001aCTH (PU3UKO-MaTEMATHUCCKUX M (MITH) ECTECTBECHHBIX HayK.

OIIK-1.2. leMoHCTpHpYET yMEHHUE peliaTh 3a1a4u, GOpMyJIUpyeMble B paMKaX GU3UKO-MATEMATHUECKUX U (MJTH) €CTECTBEHHBIX
HayK.

OIIK-1.3. FImMeeT HaBBIKK MCIIOJIB30BAHUS OCHOBHBIX TIOHSITHH, 3aKOHOB (DU3UKO-MaTEeMaTHUECKUX U (MJIM) ECTECTBEHHBIX HAYK JUIS
penreHus 3a1a4 NpopecCHOHANBEHON NeTeTbHOCTH.

2. MECTO JUCHUIIIMHBI B CTPYKTYPE OIIOII

Hukn (pazgen) OIIOIT: b1.0.12

2.1 TpeGoBaHus K NpeJBapuUTeIbHOIl NOATOTOBKE 00y4aloLIerocs:

SHCKTpI/I‘IeCTBO 1 MarHc€TUusm

MonekynsipHas Gpusuka

Mexanunka

2.2 JIucuUNINHBI U MPAKTUKH, JJIs1 KOTOPHIX 0CBOEHHE TAHHOUH TUCHHUILUIMHBI (MOAYJIs1) HE0OX0AUMO KaK NMpeallecTBYyollee:

AtomHas dusuka

JlazepHas ¢usnka

BI/IOMQ,I[PIHI/IHCKH}I OIITUKa

HOJ’[prOBO[{HI/IKOBbIC 1 ONITOBOJIOKOHHBIC JIa3€PbI

TToaroroBka k ciade v caava rocyJapCTBEHHOT'O 3K3aMEHa

3. KOMIIETEHLIM OBYYAIOIIETOCSl, ©OPMUPYEMBIE B PE3YJIbTATE OCBOEHMS JUCLIATITAHBI
(MOJYJIST)

OIIK-1: Cnoco0eH npuMeHSITh 0a30Bble 3HAHUA B 00J1acTH (PU3NKO-MaTeMaTHYeCKUX M (WJIM) eCTeCTBEHHBIX HAyK B cdepe
cBOei MpodeccuoHANIBLHOI 1eATeJIbHOCTH

3HaTh:

Jns noctmwkenus OITK-1.1: 6a30Bble MOHITHUS, MOJEIIH, HOAXOABI K aHAIN3Y (PU3NYECKUX SBICHUH B PaMKaX OINTUKHU; OCHOBBI
TEOPHH, IPHHIUITEI © METOJIBI ONITHKH; METOIBI TEOPETHUECKUX U SKCIIEPUMEHTAIBHBIX HCCIECOBAHHI B (PU3UKE

YMmeTnb:

Juns noctmxenus OITK-1.2: ucnons3oBath 6a30BbIE TEOPETHYECKHE 3HAHMUS 110 ONTHKE; IOHUMATh, U3JIaraTh U KPUTHYECKH
aHAJTU3UPOBAThH 0A30BYIO 00IIE(HUINUECKYIO HHPOPMAIIHIO; ITOJIH30BATHCS OCHOBHBIMH MOHSATHSIMHU, 3aKOHAMH U MOJICIISIMH OTITHKH;
pelIaTh TUMOBbIE 3a/1a4l ONTHKU

Baanern:

Jans noctmkenns OITK-1.3: HaBBIKOM pelIeHus KOHKPETHBIX GU3MUeCKUX 33/1a4; METOAaMH 00pabOTKU U aHaIu3a
9KCIIEPUMEHTAIBHON U TEOPETUUECKON (hH3UIeCKON HHPOpPMALUU

B pe3yabTaTe 0CBOCHUS TUCHUIIIMHbI OﬁyllalOl[II/lﬁCﬂ JOJIZKCH

3.1|3naThb:

3.1.1|6a30BbIe MOHATHSA, MOJEIH, TOJXOBI K aHATN3Y (PU3NUECKUX SIBICHUN B paMKaX ONTHUKH; OCHOBBI TEOPHH,
HPUHIATE] ¥ METOABI OIITHKU; METOIBI TEOPETHICCKUX U SKCIICPHMEHTANBHEIX UCCIIEIOBAHIN B (hH3UKE

3.2|YmeTh:

3.2.1|ucrnons30Bath 6a30Bbie TCOPETHYECKHE 3HAHUSI TI0 ONTHKE; IOHUMATh, H3JIAraTh U KPUTHYECKU aHAIU3HPOBATH
0a30By0 0011e()U3NIECKYI0 HH(OPMALIUIO; TT0JIb30BATHCS OCHOBHBIMU MOHATUSMH, 3aKOHAMH M MOJICIISIMH OTITHKWY,
pelIaTh THUIIOBBIC 3a/[a4l OITHKH

© ®I'bOY BO «Yenl 'Yy
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33

Baaners:

3.3.1

TEOpeTHYECKO# (hu3nveckoit HHPoOpMaIu

HaBbIKOM PCEHICHUSI KOHKPETHBIX (I)I/I3I/IIICCKI/IX 3ajJa4, MCTOJaMu 06p3.60TKI/I " aHalln3a 3KCHepHMeHTaHLHOﬁ u

4. OFbEM JUCIUIJIMHBI (MOIY.JIsT)

O6Laa TpyooeMKocTb

33ET

YacoB 1o y4eOHOMY IUIAHY :
B TOM YHCIIC
ayJUTOPHbBIC 3aHSITHS :
camocTosTenbHas padora : 11
4acoB Ha KOHTPOJb : 18
KOHTaKTHast pabora: 79

108

68

9K3aMeHHI 4

Buapr KOHTPOJIST B CEMECTpax:

HKP: 11
5. CTPYKTYPA U COAEPKAHUE JUCHUIIIMHBI (MOIY JIS)
Kon HanmeHoBaHue pa3/ie10B H TeM /BH] 3aHATHSA/ Cemectp | Yacos Jlutepatypa
| 3aHATHS /[ Kvpc
Pasnea 1. 'eomeTpnueckasi onTuka

1.1 IIpenmer nsydeHnus onTuky. PasButue npencTaBieHuii 0 IpUpoJIe CBETA. 4 4 JI1.1J11.2J11.3
BosHOBBIC U KOPIYCKYJISIpHBIC CBOICTBa cBeTa. [Ipubimxenue JI1.4J12.1 JI2.2
TeOMEeTPUYECKON ONTUKH. 3aKOHBI OTPAXKEHUSI U IIPEIOMIICHHS CBETa Ha J12.3J13.1 JI3.2
TpaHHUIle MPO3PAYHBIX AUAIEKTPUKOB. [lodHOE BHYTpeHHEE OTpakeHNE. 213233 3435 26
ITpunuun ®epma. IpenomiieHne cBera Ha chepUuecKoil IOBEPXHOCTH. 97
Jluneiinoe u yriioBoe yBenuuenue. JInuzel. @okyc, GokaibHast IIOCKOCTb,

(okycHoe paccTosiHue, onTHueckas cuiaa. dopMyia TOHKOH JIMH3BL
ITocTpoenne n3obpaxennii B muH3ax. LleHTprpOBaHHBIE ONITHYECKHE
cucteMsl. /JIex/

1.2 Pemenne 3anau. IIpenomnenue cBera B npusme. OTpaskeHUe CBETa OT 4 4 JI1.1J11.2J11.3
cepuyeckoii TOBEpXHOCTH. [ eoMeTpruecKast U XpoMaTudeckas abeppanusi. JI1.4J12.1 JI2.2
VYerpoiicTBo rnasa u 3penue. doromerpudeckue NOHATHS U eauHUIBL. /TTp/ JI2.3J13.1 JI3.2

3132 33 54 35 D6
97
1.3 I'eomerpuueckas ontuka /Cp/ 4 2 JI1.1J11.2 J11.3
J1.4J12.1 J12.2
J12.3J13.1 JI3.2
3132 33 54 35 56
97
Pa3nen 2. DaekTpoMarHuTHbIE KOJIe0aHUS ¥ BOJIHBI

2.1 KonebarenbHblil KOHTYp U ypaBHEHHE KoJieOanuii. CBOOOHBIE, 3aTyXaOIIHE, 4 4 JIT.1J11.2 JI1.3
BBIHY)KJICHHBIE 3JIEKTPOMAarHUTHBIE KosieOaHus, pe3oHaHc. YacToTa, nepuon, JI1.4J12.1 J12.2
(hasel kosiebanuil. YpaBHeHHs: MakcBeia B OTCYTCTBHHU 3apsI0B U TOKOB. JI2.3J13.1 JI3.2
BousiHOBOE ypaBHEHME, HIEKTPOMArHUTHBIE BOJMHBL. ITmockast 01 3233 24 25 56
JNIEKTPOMArHuTHAs BOJTHA. JJTMHA BOJHBI, TPYIITOBas U (ha30Basi CKOPOCTH. 97
DHeprus U NOTOK SHEPTUH JIEKTPOMAarHUTHOM BoNHEL. beryiue u crosiune
BOJIHBL. MHTEepdepeHnns BOIH, KOrepeHTHOCTb. /JIex/

2.2 Tlepexon 0T BOIHOBOW ONTUKH K TeoMeTpuieckor. /IIp/ 4 2 JIL.1JI1.2 J11.3

J1.4J12.1 J12.2
JI2.3J13.1 JI3.2
31 32 33 24 25 56
97
2.3 DnexTpoMarHuTHbIe KojeOaHus U BoJHbI /Cp/ 4 2 JIL.1JI11.2 J11.3
J1.4J12.1 J12.2
J12.3J13.1 JI3.2
31 32 33 24 25 56
97
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Pa3nen 3. Untepdepenuusi cBeTOBHIX BOJIH

3.1 Omnsit FOHra, ycnosue MakCUMyMOB U MUHUMYMOB UHTep(epeHIIUOHHOM 4 6 JI1.1J11.2J11.3
kapTuHEL. [I[pocTpaHCTBeHHAsI U BpeMEHHasi KOTEPEHTHOCTD, BIIHSIHHE JI1.4J12.1 JI2.2
pa3MepoB UCTOYHUKA cBeTa. HTepdepeHIys Ipy AelIeHUU BOIIHOBOIO J12.3J13.1 JI3.2
(dponTa: 3epkana Openens, ounpusma Openers, oununza buite, 3epkano 2192 33 34 25 D6
JInoiipa. Ilonocs! paBHOTO HakJIOHA U paBHOU TonmuHbL Konbua HeroToHa. 97
Crostune CBETOBBIE BOJIHBI. JIMANIEKTpHIECKUE HHTEPHEPUPYIOLIHE CIIOH.

NurepdepeHiys MHOTHX [Ty4KOB; METOJ] IpaMIEeCKOro CI0XKEHUS aMILTUTY I,
TJIaBHBIC U BTOPHUYHBIC MAKCUMYMBI. /JIek/

32 Pemenue 3ana4. Pacuer unTepdepeHIIMOHHON KapTUHBI LIS 3epKajia 4 10 JI1.1J11.2J11.3
®penens u ounpuzmel Openens. JIByxiay4eBbie HHTEPPEPOMETPHI. JI1.4J12.1 JI2.2
MsaoromnyueBsle HHTEphepoMeTphI (I1acTuHKa JItommepa-1 epke, 3Tanon J12.3J13.1 JI3.2
®abpu-Ilepo). Unarepdepentnonnsie Gunbtpsl. /TIp/ D192 33 D4 55 56

97
33 WNuTepdepenuns ceetoBbix BosH /Cp/ 4 2 JIL.1J11.2 J11.3
JI1.4J12.1 J12.2
J12.3]13.1 JI3.2
D132 33 54 35 26
97
Pa3znen 4. Iudpaxknust CBeTOBBIX BOJH

4.1 Hudpaxrus. [punnun Ioitrenca-®penens. 3oub1 Openens. ['papuueckoe 4 6 JIT.1JI1.2 JI1.3
CJIOXKEHHUE aMIUIUTY]l U YCJIOBHE MAaKCUMYMOB M MUHUMYMOB JU(DPAKIHIH. JI1.4J12.1 J12.2
Judpaxius oT cheprUuecKoro OTBEPCTHS U KPYIIJIOTO MPEATCTBUS. 30HHAS JI2.3J13.1 JI3.2
wiactTuHKa. Jludpakiys oT napajulesIbHOTO Mydka Jiydeil. Pactipenenenue 30132 33 2435 26
MHTEHCHBHOCTH CBeTa Ha 3KpaHe mpu audppakunu @paynrodepa ot mmeu. 27
I'panunsl reomerpudeckoit onTuky, Audpakuuu Openens u Audpakuu
®dpaynrodepa. AudpakironHas pemerka. Y cIoBUe MUHUMYMOB, TJIaBHBIX
BTOPUYHBIX MAKCUMYMOB. CreKTp AnGPaKIMOHHON PEIIeTKH; pa3peIiaronas
CIOCOOHOCTB, JIMHEWHAs U yriioBas aucnepcus. /Jlex/

4.2 Pemenne 3amgaq. Jludpaxuus oT HEMPO3PauyHOTo Kpas MOIYINIOCKOCTH. 4 10 JI1.1J11.2J11.3
Hudpaxius Opaynrodepa ot kpyriioro orsepetus. Judpakuus ot JI1.4J12.1 J12.2
MHOTOMEpHOI! perieTku. JJudpakius peHTreHOBCKUX JIyuel, hopMyna JI2.3J13.1 JI3.2
Bynbda-bpara. [puniune! co3aanus rojorpadpuueckux u3obpaxenui. /TIp/ D152 33 34 D5 D6

97
43 Judpaxius cBeToBbIX BosH /Cp/ 4 2 JIT.1 J11.2 JI1.3
JI1.4J12.1 J12.2
JI2.3J13.1 JI3.2
D132 33 54 35 26
97
Pa3zpnea S. Iloasipu3zanus cBera

5.1 SBnenne momspuzarun. [lomsspuzatopsr. [lnockas, kpyrosas, dJumAnTHaecKas 4 6 JIT.1J11.2 J11.3
nonspusanus. CreneHs nonsgpusanuu. 3akoH Maimoca. [Ipoxoxnenue cBera JI1.4J12.1 J12.2
yepes3 TpaHully ABYX IPO3pauHbIX cpell. BoiBon u anamus Gopmyn dpenens. JI2.3J13.1 J13.2
3axoH bprocTepa. SIBnenue qBoiHoro J1yuenpenomieHus. BoaHossle 0132 33 54 25 56
HOBEPXHOCTH OOBIKHOBEHHOI'O0 U HEOOBIKHOBEHHOTO J1ydell. MHTepdepenius 97
HOJISIPU30BAHHBIX JIy4eil, 0JyBOJIHOBAs 1 Y€TBEPTHBOIHOBAS TIIACTHHKHY.

/JTex/

5.2 Pemenne 3agau. [lonspusannonnsie npuOopsl. Kpucrammmyeckas miiacTHHKa 4 4 JIT.1J11.2J11.3
MEXy IByMs Hojsipu3atopaMu. MickyccTBEHHOE JBOMHOE JTydenpenoMIICHHE: JI1.4J12.1 J12.2
MexaHuueckas nedopmanus, 3¢ dexr Keppa. Bpamenue minockoctn JI2.3]713.1 JI3.2
nossipusaim. I dext Dapanes. /TIp/ 2192 33 54 D5 D6

37
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53 [onspuzanus ceera /Cp/ 1 JIL.1J11.2 J11.3
JI1.4J12.1 J12.2
J12.3J13.1 JI3.2
D132 33 54 35 26
97
Pazgen 6. B3aumopeiicTBue 31eKTPOMarHMTHBIX BOJIH € BeLIECTBOM

6.1 SBnenue aucnepcun. HopMmanbHas U aHOMalbHas JUcHepcusl. DlIeMeHTapHas 4 JI1.1J11.2J11.3
Teopus AUCIepcHu. [ pyIimoBasi CKOPOCTh CBETOBBIX BOJIH B BEIIECTBE. JI1.4J12.1 JI2.2
IMornomenue cBera, 3akoH byrepa, ko3 hpUIUEHT norIomeHus. J12.3J13.1 JI3.2
OCOOCHHOCTH TMOTJIONICHHS CBETA B ra3aX, KOHJICHCUPOBAHHBIX Cpe/iax, B 2132033543536
pacTBOpax u B MeTayiax. PaccesiHue cBeta, 3akoH Panes. [Tonspusanus npu 97
paccessHuM. MyTHBIE Cpe/ibl, MOJICKYJIIpHOE paccesiHue. /JIex/

6.2 Kombunannonnoe paccestaue. OnTuka apmwkymmxcs cpe. I dexr Jormepa 2 JIL.1J11.2 J11.3
(TIpOJIOTIBHBIN U TOTIEPEYHBIH) JIS 3JIEKTPOMArHUTHBIX BOJIH. D PeKT JI1.4J12.1 JI2.2
Basunosa-Uepenxkosa. /T1p/ J12.3]J13.1 JI3.2

D132 33 54 35 26
97
6.3 B3aumopeiicTBHe 31€KTPOMAarHUTHBIX BOJIH ¢ BemecTBoM /Cp/ 1 JI1.1J11.2J11.3
JI1.4J12.1 J12.2
J12.3J13.1 JI3.2
D132 33 54 35 26
97
Pazgen 7. KBanToBbIE cBOMiCTBA cBeTa

7.1 TemsoBoe uznyuenue. 3akon Kupxroda. 3akon Credana-bonbiimana, 3akoH 4 JIL.1J11.2 J11.3
Buna. Criextp TemioBoro uziayuenus, Gpopmyina Panes-/xuunca, popmyna JI1.4J12.1 J12.2
ITnanka. @oroaddekr, 3akoubl hoTodrddekTa. DoToHbI, PopMmyrna JI2.3713.1 J13.2
Onnmreiina s Goroapdexra. dddexr Komnrona. IMmynsc GoToHOB 1 301 32 33 2435 26
JaBJIeHUe CBeTa. Y POBHH SHEPTUH B aTOME, IEPEXO/IbI, TOTJIONICHHE H 37
ucnyckanue GotoHoB. CIIOHTaHHBIE U BBIHYKJCHHBIE Tiepexobl. OO01iee
YCTPOHCTBO M MPUHIIMIBI PabOTHI Jia3epoB. /JIek/

7.2 Pemenne 3anaq. Ontudeckast nupoMeTpust. TOpMO3HOE pEHTI€HOBCKOE 2 JIT.1 J11.2 JI1.3
m3nmydenne. OmeiT bote. ['a30BbIe, TBEpAOTENBHBIE, TOTYITPOBOIHUKOBEIE JI1.4J12.1 J12.2
nazepsl. JIazepsl Ha kpacutensx. HenuHelinble onTuyeckue 3P QeKThl. JI2.3J13.1 JI3.2
Henuneitnas nonsipuzanust cpensl. ['eHeparyisi BTOPHIX TapMOHHK. 213233 2435326
Camodoxycuposka. /TIp/ 37

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

JI1.4J12.1 J12.2
J12.3J13.1 JI3.2
D132 33 54 35 26
97
Pa3nen 8. Unas konTakTHast padoTa
8.1 MuauBuayanbHble KOHCYIBTAIMH, TEKYIUi KOHTpoJb /VIKP/ 11 JIT.1J11.2 J11.3
JI1.4J12.1 J12.2
J12.3J13.1 JI3.2
D132 33 354 35 26
97

6. POHJ1 OHEHOYHBIX CPEJICTB

6.1. IlepeyeHb BUI0OB OLICHOYHBIX CPEICTB

Otyer no NpakTUYECKUM 3aJaHUAM.
KonTponbHble Bonpochsl.

6.2. TunoBbie KOHTPOJIbHbIE 32JaHUS M MHbIE MaTepHAJIbI VISl TEKYLIeH aTTecTaluu

TumnoBsie KOHTPOJIbHBIC 3aJaHUS 1 UHBIC MaTCpUaJIbl JJIA TCKyHIefI ATTCCTAllUU IIPCACTABJICHBI B HpHJ’IO)KeHI/II/I 1.

6.3. TunoBbie KOHTPOJIbHBIC BONIPOCHI U 3aJaHUA JIsA l'[pOMe)KyTO'-[HOﬁ aTrrecraunmu
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Turnosie KOHTPOJIbHBIC BOIIPOCHI U 3alaHU 11 HpOMe)KyTO‘-IHOﬁ aTTeCTallui IPEACTAaBJICHBI B HpI/IJ'IO)KeHI/II/I 2.

6.4. Kputepuu oneHuBaHus

Ha sk3ameHe CTyAeHTy Mpe/iaractcs OTBETUTh Ha JBa TECOPETUYCCKHX BOMPOCA M PELINTh ABE NPAKTHICCKHX 3ama4n. [Ipu oTBere
CTYIICHT MOJy4aeT OLCHKY:

«OTJIIMYHO» — 33 Pa3BEPHYTHIN OTBET C IIPUMEPAMU U MMOSCHECHUSIMHI Ha BCE TEOPETUYCCKUE BOIPOCHI M IIOJHOCTHIO PCLICHBI H
pachucansl IO ISHCTBUSAM BCE 3a71a4H;

«XOpOILIO» — 3a Pa3BePHYTHIIl OTBET C MPUMEPAMH U HOSICHEHUSIMU HA BCE TEOPETUYECKUE BOIPOCHI M OJIHOCTHIO PeLICHA H
pacmucana 1o JeHCTBUsIM XOTs OBl OJIHA 33j1a4a, THOO0 MOJTHOE PelICHHE IBYX 334 U HEMOHbIH OTBET Ha TEOPETHYESCKUE BOTIPOCHI;
«yIOBICTBOPUTEIIBHO - JaH YETKHUiT JIOTHYHBIA OTBET Ha TEOPETHYCCKIE BOIIPOCH H JIFOOBIC IOTHYHBIC TIOSICHEHHM 110 3a1a4aM,
7100 MOJHBIA OTBET HA OJIMH TEOPETUUSCKHI BOTIPOC U PEIICHHE OJHOM 3amaun (yactuuHoe (He MeHee 50% pelieHus 3a1a4n) Wik
MIOJTHOE B 3aBUCUMOCTH OT CJIOXHOCTH 33/1a4H), TM00 MouTH osiHoe (He MeHee 80% pemmeHus il KaXI0i 3a1aun) pereHne 00enx
3aj1ad;

«HEY/IOBIICTBOPHUTEIILHOY - 32 BHITOJHEHHE MeHee 50% 3aqaHuii, 32 UCKIIOUSHUEM CITyJasi MOYTH MOJTHOTo (He MeHee 80% peleHust
JUSL KKZIOH 3a/1a4k) pelieHust 00eux 3a/1ad.

7. YHEBHO-METO/JMYECKOE © HTHOOPMAIIMOHHOE OBECIIEYEHUWE JTUCHUIIJIMHbBI (MOLY JIST)

7.1. Pexomennyemasi 1utepatypa

7.1.1. OcHoBHas aUTEpaTypa

ABTOPBI, COCTaBUTENHN 3arnaBue WznarensctBo, To| Pecypc
JI1.1 |CuByxun /1. B. O6uwmii kypce dusuku. [T. 4] : Onruka: yuebnoe nocobue ist By30B [Mocksa : Hayka,
1980

JI1.2 |hponos U. E. 3amauu 1o oomiei Gpusmnke: yueOHoe mocoOue i By30B Cankr- [Terepoypr | 3BC
(https://e.lanbook.com/book/152437) : Jlans, 2021

JI1.3 |CaBennes U. B. Bonnsl. Ontrka Cankr- [Terepoypr | 3BC
(https://e.lanbook.com/book/187737) : Jlans, 2022

JI1.4 |Casenbes U. B. KBanroBas ontuka. AToMHas ¢usuka. Ousnka TBEpAOro Tena. Canxr- ITerepbypr | OBC
®du3uka aTOMHOTO SIZIpa U JIEMEHTAPHBIX YaCTHI] : Jlans, 2022

(https://e.lanbook.com/book/206909)

7.1.2. JlonoTHuTeIbHAS TUTEPATYPa

ABTOpBI, COCTaBUTEIH 3arnaBue WznarensctBo, ron| Pecypc
JI2.1 [JlarncGepr I'. C. Ontrka: yuyeOHoe mocobue Mockga : 9BC
(https://biblioclub.ru/index.php?page=book&id=485257) ®uzmatiut, 2017
JI2.2 |bytukos E. 1. OnTuka Cankr- [TerepOypr | 3BC
(https://e.lanbook.com/book/210761) : Jlans, 2022
JI2.3 |Kanammukos H. I1., [IpakTHKyM MO PELICHHUIO 3a/1a4 MO 00IIEeMY Kypcy QHU3HKH. Cankr- [Terepoypr | 3BC
Koxepnuko H. M., Konebanus u Bonubl. OnTHKa : JIanw, 2022
Kortsipio T. B., (https://e.lanbook.com/book/211400)
Crupun I'. T.
7.1.3. MeTtoauueckue pa3paboTku
ABTOpBI, COCTaBUTENN 3arnaBue WznarensctBo, ron| Pecypc
JI3.1 dusnyeckas ONTHKA: MPAKTUIECKOE MOcOOUe Mocksa : Hayxka, OBC
(https://biblioclub.ru/index.php?page=book&id=116429) 1970
JI3.2 |Capuna M. I1., BonHoBas 1 KBaHTOBas ONTHKA: yueOHOE TTocoOHe Hoocubupck : OBC
Xomnseko B. H. (https://biblioclub.ru/index.php?page=book&id=576508) HoBocubupckuit
roCyIapCTBEHHBIN
TEXHUYECKUI

yHuBepcutert, 2019

7.2. IlepeyeHb pecypcoB HH(OPMALMOHHO-TeJIeKOMMYHHKAMOHHO¥ ceTn "UHTepHeT"

D1 |9BC «YHuBepcuterckas oubanoreka oHnaiuy» http://biblioclub.ru/
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32 |9BC uznarenscrBa «Jlanp» https://e.lanbook.com/

33 |9BC uznarensctBa «Hbpa-M» znanium.com http://znanium.com/

94 [3BC «IOpaiit» https://biblio-online.ru/

D5 |Hayunas snekrponHas 6ubmuoreka Poccuiickort Akanemun Hayk http://www.elibrary.ru

26 |Hayunsle u HayuHO-nIONyJsIpHBIE Jiekuuy http://elementy.ru

97 |YuebHo-meronuueckuii caiit «IIpenonaBarensm u cryaeHTam» http://teachmen.csu.ru

7.3 IlepeyeHb HHGOPMALMOHHBIX T€XHOJIOTHIi

7.3.1 IIporpaMmmHoOe oGecnieyeHue

Adobe Reader

WinDjView

LibreOffice

Adobe Connect Acrobat

LMS Moodle

MS Office365

7.3.2 llpodeccuonanbubie 6a3bl JAHHBIX H HHGOPMALHOHHO-CIIPABOYHbIE CHCTEMbI

1. DnexTpoHHbIil KaTanor HayuyHou 6ubmuorekn YenlY [DnextpoHHsIid pecype] : 6a3a nannbix / YensiO. roc. yH-T. — YenssOUHCK,
1992.

2. APS JOURNALS. Physical Review Letters, Physical Review X, Physical Review, and Reviews of Modern Physics : xypHaib
American Physical Society : caiitT. — URL: http://journals.aps.org/about — 5I3. anri. — Pexxum nocrymna: TOJIBKO U3 CETH
yHHUBepcHTETa. — TEKCT : 3IEeKTPOHHBIMH.

3. Web of Science : mynpTunuciuuiiHapHas pedeparuBHas 6a3a qaHHbIx / komnanus Thomson Reuters. — Pexxum nocryna: st
3apeructpup. nonp3opareneit YenlVY. — TeKCT : 271€KTpOHHBII.

4. Scopus : pedepatuBnas 0a3a nanubix / Elsevier BV. — URL: http://www.scopus.com/ — 5I3. anri1. — Pexxum goctyna: s
3apeructpup. noiab3opareneil Uenl'Y. — TekcT : 37eKTpOHHBIN.

5. Springer Link : [caiitr]. — URL: http://link.springer.com/ — £I3. anrn. — Pexxum poctyna: asis 3apeructpup. nois3opareneit Yenl'V.
— Tekcr : 3JeKTPOHHBIN.

6. KOHCIIeKTHI JIeKIMi ¢ AEMOHCTPAIMAMH U BUPTYyaJIbHBIMHU JIAOOPaTOPHBIMU KCIIEpUMEHTaMU Ha caiiTe http://teachmen.csu.ru

8. MATEPHAJIbHO-TEXHUYECKOE OBECIHIEYEHME JUCHUIIJIMHBI (MOAY JIs1)

I[J'lﬂ peamm3ain JUCHUIIINHBI UCIIOJIB3YIOTCA y‘{CGHbIC ayIUTOPUU It IPOBECACHUA 3aHATUI JICKHUOHHOTO THIIA, IMIPAKTUICCKUX
3aHATHH, TPYMIOBBIX U HHAUBUIYaIbHBIX KOHCYNBTAINI, TEKYIIETO KOHTPOIS M IIPOMEKYTOUHON aTTECTAINH, a TAKXKE IIOMETICHUS
JUISL CAMOCTOSATENIBHON pabOTHL.

Y4eOHble ayIUTOPUU YKOMILIEKTOBAaHBI CHIEHHATH3UPOBAHHOI MeOENbI0 M TEXHHIECKUMH CPEICTBAMU O0yYEeHUS -
MYJIbTUMEANHHBIM 000pyI0BaHUEM (IKpaH, HOYTOYK, IPOEKTOP, KOJIOHKN).

Jlnst mpoBeaeHNs 3aHATHH JIEKIIMOHHOTO TUIA NIPEAJIaraloTcst Habopbl JEMOHCTPALMOHHOTO 000PYA0BAaHUS U y4eOHO- HATTIAIHBIX
ocoOui (MyIIbTUMEIMHHbIE TPE3CHTAINN).

Hcnonb3yeTcs 3eKTPOHHBIA YATANBHBIHN 32 HayuHoU Onbmuotexu Yenl'Y (ayautopus 206) it caMOCTOSITEIBHOM PabOThI
CTYJIIeHTa, OCHAIIEHHBIN IePCOHATBLHBIMU KOMITBIOTEPAaMH, MYJIbTUMEUIHHOM ammapatypoil. B aynuropun obecredeH qocTym K
pa3IMYHOU CIIPaBOYHOMU JIUTEPAType, SHIMKIONEAUAM, OuOI1orpadMuecKuM U MOJHOTEKCTOBBIM 0a3aM JaHHBIX,
MH()OPMAIIMOHHBIM pecypcaM «HTepHeT».

9. METOANYECKHUE YKA3AHUA AJI1 OBYYAIOHIUXCSA IO OCBOEHHIO JUCHUTIJIMHBI (MOLY JISA)

OcBoeHnne cofepKanus yaeOHo! ucIumIMHb «ONTHKa» OCYLIECTBISETCS Ha JIEKIHAX, TPAKTUIECKUX 3aHATUAX U B IIpOLIecce
CaMOCTOSTEIbHON yueOHOH AeATeNbHOCTH CTYJEHTOB.

JleKIOHHBIE 3aHATHS 00ECTIeUNBAIOT TEOPETUUECKOE U3YUeHNEe TUCIUITUHBL. OCHOBHBIMH METOJaMH 00y4eHHS SIBISIOTCS
“H(GOPMALUOHHO-00bACHUTEIbHBIN U IpoOi1eMHbli. Ha nekuusax uinaraercs OCHOBHOE COZEPKaHUE TEM IIPOrpaMMBbl, IPOBOJAUTCS
aHaJIN3 OCHOBHBIX MOHATHH U pacCMaTpUBAIOTCS IPHUMEPBI.

JIeKIIMOHHBII MaTepUall SIBISETCS BaXKHBIM, HO HE €IMHCTBEHHBIM JUIs YCBOEHUs ydeOHOM AucuumiHel. Ero o0s3arensHo
HEoOX0IMMO IOMOIHUTH MaTeprUaJoM OCHOBHOH M TOTIOTHUTENBHON JIUTEPaTypHl 1o TeMe. IIpakTudeckue 3aHATHS CITyXKaT Ui
3aKpEILICHUs] TEOPETUUECKUX OCHOB, U3JIaraeMbIX B JeKuusaX. Ha mpakTudyeckux 3aHATHAX 00ydaeMble OBJIaJAEBAl0T OCHOBHBIMU
METOJIaMH U ITPUEMaMU PELICHM 3a1a4.
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Ba)xHBIM MOMEHTOM IIPH M3yYEHHH JTI000H TUCIUIIIMHEI SBIISIETCS OpPraHu3anis CaMOCTOSATEILHON paboTel. [Ipu ocBoeHIH
Marepuaja He CleyeT CTPEMHUTHCS K MEXaHNUECKOMY 3allOMHHAHUIO TPUBEICHHBIX OIIPpeAeIeHUH, (POPMYIUPOBOK M MOJIOKEHUH,
eciu TpedoBaHUs K Bam npsMo He yKka3bIBaIoT Ha 3T0. BrioiHe 3¢(heKTHBHOI MOXKET OKa3aThCsl MOMBITKA IIOHATD CYTh SIBJICHUS,
BBIPa0OTaTh CBOE OTHOLIEHHE K HEMY, OIMPAsCh HAa MaTepuall, COJACPKaIUiCs B pEeKOMEHA0BaHHO uTeparype. Taxoke
PEKOMEH/TyeTCs] PABHOMEPHO PacIpe/ielIATh Harpy3Ky CaMOCTOSITEIHBHOTO 00Y4eHHUS B TSUCHUE CEMeCTpa.

B ciyuae npuMeHeHHs IpU 00YUCHUHN TUCIUILIMHEI 3JICKTPOHHOTO 00y4eHNs, TUCTAHIMOHHBIX 00pa30BaTebHBIX TCXHOJIOTHH
o01eHre 00yJarIUXCs U MPENOIaBaTelIs OCYIIECTBISIETCS B PSKUME PEealbHOTO BpeMeHH (OHJIaiH-TIeKIK (BEOUHAPHI), YaThl,
BUJICO-KOH(EPEHIUH U JIP.) WU OTIO0KEHHOIO BpEMEHHU (CHUCTeMa JUCTaHIIMOHHOro o0y4yeHus Moodle, MS Office365, ¢popymsl,
3JIEKTPOHHAS TI0YTa | JP.).

Ipu 0OyueHHN JHI] C OTPAaHUYECHHBIME BO3MOXKHOCTSIMH 37I0POBBS JICKTPOHHOE 00YYEHNE, TUCTAHIIMOHHbIE 00pa3oBaTeIIbHBIC
TEXHOJIOTHH MPEIyCMaTPHBAIOT BO3MOXKHOCTD IIpHeMa-niepeadr HHHOPMAaIMy B JOCTYITHBIX U1 HUX (opMax.

Peanm3anyst AUCIUILTHHEI C IPUMEHEHHEM 3JIEKTPOHHOTO O0YUYEHHs, AUCTAaHIIMOHHEIX 00pa30BaTeNbHEIX TexHoNorHit (nanee — 50,
JOT) ocymectBusiercst HA OCHOBaHUHU «I10JIOXKEHHSI 0 PeaT3alii OCHOBHBIX U IOMOJHUTEIBHBIX 00pa30BaTeNbHBIX IPOrPaMM ¢
HNPUMEHEHUEM JICKTPOHHOTO 00Y4CHNUS ¥ AUCTaHIIMOHHBIX 00pa30BaTeNbHBIX TEXHOJIOTHIT B (heiepaIbHOM roCcy1apCTBEHHOM
OFO/PKETHOM 00pa30BaTENIHLHOM YUPEKISHUH BBICIIETO 00pa3oBaHusl « UeIssOMHCKHIA TOCYIapCTBEHHBIN YHUBEPCUTETY,
«ITosoxeHust 0 MOPsIIIKE 3a4eTa 00YYaIOIIUMHCS 110 OCHOBHBIM NPO(ECCHOHATBHBIM 00pa30BaTeIbHbIM IPOTPAMMaM BBICIIIETO
obpazoBanus B DI'BOY BO «Uenl 'Yy pe3ynbTaToB OCBOCHHS B OPraHH3ANHUAXK, OCYIIECTBISIONINX 00pa30BaTEbHYIO
JCATENBHOCTh, YUCOHBIX IIPEAMETOB, KypCOB, AUCIUILINH (MOAYJICH), IPAKTHK, JOMOJTHUTEIBHBIX 00pa30BaTEIbHBIX IPOrPAMM)»
MTOCPEICTBOM 3JIEKTPOHHOH MH(popMannoHHO-00pazoBarebHoit cpenpl PIBOY BO «Uenl V. B HCKIFOUHTENBHBIX CITydasx
(pope-makop u T.11.) pH peanu3anuu odpa3oBaTeIbHOI AesiTenbHOCTH ¢ npuMereHreM D0, JIOT MOryT IpUMEHSATh KOMIIOHEHTHI,
HE BXOJISIINE B IIEpEeUYeHb dIIEKTPOHHON HH(POPMAIIMOHHO- 00pa30BaTeIbHON CpeIbl.

10. CHEIIMAJIBHBIE YCJIOBUSI OCBOEHUS JUCHUIIIMHBI OBYYAIOINMMUCS C HHBAJIMJTHOCTBIO 1
OI'PAHUYEHHBIMHU BO3MOKHOCTAMMU 310POBbs

OcBoeHNe QUCIMIUIMHBI HHBAJIMJAMU U JUIAMU C OIPAHUYEHHBIMU BO3MOXKHOCTSIMU 3[J0POBbS OCYILIECTBILIETCS C UCIIOIb30BAHUEM
CIIeNMATBHBIX TEXHUYECKUX CPEJICTB U TOJI0 HHPOPMAIIMOHHBIX TEXHOIOTHH, MPEIOCTaBIsIeMbIX PecypCHBIM ydeOHO-METOANIECKIM
LEHTPOM 110 00YYSHHIO MHBAJIUJIOB U JIUI] C OTPAaHMYCHHBIMU BO3MOXKHOCTSIMU 3710poBbsi Yenl'Y no 3anpocy oOy4aromerocs.

1. MoOunbHEIe cTienHaTbHbIe TEXHIYECKHE CPECTBA AT JIALI C HAPYIICHUIMH 3PCHUS: HOPTATHBHEIH KOMITBIOTEp C BBOJJOM/BBIBOTIOM
mpudToM bpaiins ¢ cuntesaropom peun «ElBraile-W14J G2»; HOyTOyku ¢ mporpaMMHO# 5KpaHHOTO focTyna NVDA; aneKkTpoHHbIe
YBEIMYUTEIH ATl yAAJIEHHOTO IPOCMOTPa; BUICOYBEIMUUTENN IOPTATHUBHBIE; TH(IOMIIIeep; TU(POBLIE AUKTOGOHBL.

2. MoOmIbHbIe CrIennanbHble TeXHHYECKHe CPEeCTBA IS JHI] C HAPYIIEHHAMH CIyXa: CHCTeMa CBOOOJHOTO 3BYKOBOTO IIOJS CO
BCTPOEGHHOU coBMecTUMOCTbI0 ¢ FM-yctpoiictBamu; paguokiaccel «Coner-PCM» ¢ mepenaTyukoM, 3aylIHBIM HHAYKTOPOM U
WHIYKINOHHOHN TIeTiel; cucreMa MH(OPMAIMOHHAS JUIS CIa0OCTBIIAIMX nepeHocHas «cTok» A2 co BCTPOCHHBIM IIEEPOM —
3BYKOBBIM HH(POPMATOPOM; JOKYMEHT-KaMepa; IporpaMMHUpPyeMbIe CIIyXOBBIE allapaThl HHAUBUAYAILHOTO OJIb30BaHHUS.

3. AccuctuBHble MH()OPMAaNMOHHBIE TEXHOJIOTHH: IPOTpaMMHOE oOecliedeHHe 3KPaHHOTO JIOCTyma C cuHTe30M pedn NVDA;
IpOrpaMMBbl SKPaHHOTO YBEIHMYEHUS; IPOrPaMMBbl PEUEBOr0 CHHTE3a JJIsl KOMIIbIOTEPOB M HOYTOYKOB; IPOrpaMMBbl PEYEBOTO CHHTE3a
JUIsE MOOHMIIBHBIX YCTPOHCTB; SKpaHHAs KIaBHATypa; SKpaHHAs JIyma.

IIpu HeoOXoauMoCTH AN OOYYAIOIIMXCS € HAPYIICHUS MU 3peHHs Ha Pabouux MecTax IJIs MPOBEICHUS MPAKTUYECKUX MM
71a00paTOPHBIX 3aHATUI yCTaHABIMBAETCS CHELHUAIbHOE NPOrpaMMHOe oOecreueHue (mporpamma pedeBoil HaBurauun NVDA,
peueBble CUHTE3aTOPbI, SKPAHHBIE JIYIIBI).

B yueOHble aymuropmu oOecreunBaeTcs OECTIPEMATCTBEHHBIH HOCTYI JUIi OOYYalOIIMXCS WHBAIUIOB M OOyJaloIIMXcs C
OTPaHUYEHHBIMH BO3MOXHOCTSIMU 3JI0pOBbsl. B Kakmoll aynuropuu, rie oOydyaroTCsl MHBaIUABI M JIMLNA C OTPAaHMYEHHBIMU
BO3MOKHOCTSIMU 3JI0POBbsI, IPEAYCMATPUBAETCSI COOTBETCTBYIOLIEE KOJMYECTBO MECT AT OOyUYarOLMXCs ¢ y4ETOM HapyIIeHUH UX
3/10pOBBS.

Jns ocBoeHMs AUCLUILIMHBI MHBAJIUIAM U JHLUAM C OTPAaHUYEHHBIMH BO3MOMKHOCTSAMM 3J0pPOBbsl IPEIOCTaBIIETCS JOCTYN K
HeYaTHBIM UCTOYHHUKAM, NMEIOIIMMCS B HaydyHOH Onbianorexe Yenl'VY, ¢ MOMOIIBIO CHEHUANbHBIX TEXHUYECKUX CPEACTB; LOCTYI K
9JIEKTPOHHEIM HMCTOYHHKAM, MPEJCTAaBICHHBIM B (hopMe >IEKTPOHHOTO NOKyMeHTa B (oHIe HaydHoU OmOmmorexn Yenl'V wmmm
JNIEKTPOHHO-OMOIMOTEUHBIX CHCTEMAaX, ¢ IOMOIIBIO CHELHATbHBIX TEXHUYECKHX W MPOrpaMMHBIX CpeAcTB (pabouee MeCTO AL
HE3pSAYEro IMO0Jb30BaTeNs € IPOrpaMMHBIM OOECIIEUEHHEM SKPaHHOIO JOoCTyma ¢ cuHTe3oM peun NVDA, pabouee MecTo c
KOMITBIOTEPHBIM POJUIEPOM U KiaBHaTypoil Clevy ¢ GONbIIMMY KHOIIKAMH U ¢ Pa3AeiIomeil KIaBUIIY HaKJIa[IKOMN).
YuebHOo-MeToAnYEeCKHE MaTepUalbl A1 00y4arolMXCsa U3 YHUCIa UHBAIMIOB U JIULl C OTPAaHUYEHHBIMU BO3MOXKHOCTSMH 340POBbs
IPEeOCTaBIAIOTCS B OpMax, alaiTHPOBAHHBIX K OTPAHHMUYCHHUSAM UX 3I0POBBSI U BOCIIPUSATUS HHPOPMALIUHL:
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MHMNHOBPHAYKHU POCCUN
\)} denepanbHOE rocyJapcTBEHHOE OI0/DKETHOE 00pa3oBaTeIbHOe
@ YUpEKIECHHUE BBICIIETO 00pa3oBaHUsL

«UensOunckuii rocynapcrsenHsiil yausepeurer» (PI'bOY BO «Henl'V»)

Pabouas mporpamma aucuuminasl "OnTHka" M0 HaIpaBJICHUIO OATOTOBKH (crenuansHocTH) "dusnka

HampaBieHHoCcTH (podunio) Menuuunckas ¢pusuka PI'BOY BO «Uenl ' V» crp.- 10

JIist 7M1 ¢ HApYIICHUSIMU 3PCHUS:

- B IIeYaTHO# hopMe yBETHUCHHBIM HIPUPTOM,

- B ()OpMe IIEKTPOHHOTO IOKYMEHTA,

- B hopme ayaunodaiina,

- B IeyaTHOH dopme mpudrom bpaiins.

JList 7M1 ¢ HApYIICHUSIMA CITyXa!

- B eyaTHoO# hopme,

- B ()OpMeE IEKTPOHHOTO JOKYMEHTA.

Jns M1 ¢ HapyLIIeHUsIMU OTIOPHO-/IBUTaTeILHOTO ammapara:

- B IeyaTHoOi opme,

- B (hopMe FIIEKTPOHHOTO TOKYMEHTa,

- B (hopme aynuoaiina.

JlaHHbI IepedeHb MOXKeT OBITh KOHKPETH3HPOBAH B 3aBUCHMOCTH OT KOHTHHI'€HTA 00yJaromuxcsl.

JU71st MHBaNUJIOB 1 JIMII C OTPAaHUYICHHBIMU BO3MO)KHOCTSIMH 3I0POBbSI OCBOCHUE TUCILUIUIMHBI MOXKET OBITh YaCTHYHO MU HOJTHOCTBIO
OCYII[ECTBIICHO C HCIIOJIb30BAHMUEM JIMCTAaHIIMOHHBIX 00pa3oBaTenbHbIX TexHONoTHi (Moodle, Adobe Connect Pro u mp.).

B OCBOCHHHM TUCLMIUTMHBI MHBAIUIAMH U JIMLIAMHU C OrPaHHYCHHBIMH BO3MOXKHOCTSIMH 37I0POBBsI HCIIOJIB3YCTCSl HHAMBHIyaJIbHAas
pabota. [lon mHAMBUIYanbHOH paboToil moapazymeBaercsi aABe (GOpMBI B3aMMOJEWCTBUS C MperoJaBaTeNieM: WHIUBHIYyallbHAsS
yueOHas paboTa (KOHCYNbTAallUM), T.€. JONOIHUTENBHOE Pa3bsICHEHUE Y4eOHOr0 MaTepuaia U yrIyoJeHHOe U3ydyeHHe MaTepuaia ¢
TeMH OOYYAIOIIMMUCS, KOTOpPHIE B OTOM 3aMHTEPECOBAHbI, W HWHAWBHAYaJIbHAas BOCIHUTaTeNbHAs pabora. VHmuBHIyalbHEIE
KOHCYJIbTalliM HallpaBJIeHb! Ha HHIUBUIYAIN3aLUI0 00 ydEHHUs U yCTAaHOBIICHHUIO BOCIIUTATEIbHOIO KOHTAKTa MEX 1y IIperojaBaTeeM
7 00y4aroUIMMCsI MTHBAIUIOM HITH O0YJAIOIIUMCS ¢ OTPaHHYSHHBIMHI BO3MOYKHOCTSIMH 3/10POBBSI.

IIpu mpoBeICHUHN TPOLIEAY Pl OLICHUBAHMS PE3YJIbTATOB O0YUCHHS MHBAJIMIOB U JIMI C OTPAHNYECHHBIMH BO3MOKHOCTSIMH 3JI0POBBS
10 JUCUHUIUIAHE 00ECIeYNBASTCsl BHIOJHEHHE CIEAYIOIIMX IOIOJHHUTENBHEIX TPEOOBaHUHA B 3aBUCHMOCTH OT WHIMBHIYaJIbHBIX
ocoOeHHOCTell, 00yJaromuxcs:

a) MHCTPYKUUS TI0 TOPSAKY TPOBENSHUS MPOLEAYPhl OLIEHHBAHHS MPEIOCTaBIsIeTCS B JOCTYIHON (opMe (YCTHO, B NIMCBMEHHON
¢dopme, B mucsMeHHOH (opme mpupToM Bpaiinis, ycTHO ¢ UCIOJIB30BaHUEM YCIYT CYpAONEPEBOIUUKA);

0) moctymHas (opMa TpPEAOCTABICHUS 3aJaHUN OIICHOUHBIX CpeACTB (B mevaTtHOW (opme, B medaTHOH (opMme yBETHUCHHBIM
mpudToM, B neyaTHoi popme mpupTom bpailns, B popme 31eKTPOHHOTO JTOKYMEHTA, 3aJaHUs 3aUUTHIBAIOTCS aCCUCTEHTOM, 33/1aHUs
MIPETOCTABISIOTCS € HCIOIB30BAHIEM CYPIONIEPEBO/IA);

B) nocrynHas (opMa MpeOoCTaBICHUS OTBETOB Ha 3a/laHus (IMCbMEHHO Ha Oymare, Ha0Op OTBETOB Ha KOMIIBIOTEpE, MHCHbMEHHO
mpudrom Bpaiins, ¢ ncnonp30BaHHEM YCIYT aCCUCTEHTa, YCTHO).

IIpu npoBeneHNH NPOLEAYPH! OLICHUBAHUS PE3YNbTaTOB 00y4eHH UHBAIHIOB U JIML C OTPAHNUCHHBIMU BO3MOXKHOCTSIMH 3/J0POBbS
MIPeAyCMaTPHUBAETCS HCIIOJIb30BAHIE TEXHIIECKUX CPENICTB, HEOOXOJMMBIX M B CBSI3H C UX HHIUBHAYAJIHHBIMU OCOOCHHOCTSIMH. DTH
cpencTBa MoryTr ObIThb mpefnocTaBieHsl YenlY wuiaM MOTyT HCHOJNB30BaThCd COOCTBEHHBIE TEXHHYECKHE cpencTBa. llpu
HEOOXOMMOCTH MHBATUJIAM M JIMI]AM C OTPAaHUYSHHBIMH BO3MOYKHOCTSIMH 3I0POBBSI MPEJOCTABISIETCS JOTIOTHUTEIBHOE BPEMSI LIS
MTOJTOTOBKU OTBETA HA 3aJlaHusl, IPOLIETypa OLICHUBAHMUS PE3YJIbTaTOB 00yUYEHHS M0 AUCHUILIMHE MOKET MPOBOIUTHCS B HECKOJIBKO
9TaIoB.

IIpoBenenre npouenypbl OLEHHBAHHS PE3yJIbTATOB OOYYEHHsS WHBAIWAOB W JIMI C OIPAaHHYCHHBIMH BO3MOXKHOCTSIMH 3IOPOBBS
JOITYCKACTCs C UCIOJIb30BAHUEM NUCTAHIIMOHHBIX O6pa3OBaTeJ]I)HI)IX TEXHOJIOTHH.

© ®I'BOY BO «Henl'V»



IIpunoxenune 1
IIpumepbl BADHAHTOB 3aIaHUN K MPAKTHYECKUM 3aHATHAM

FCOMeTpI/I‘leCKaH OIITHKA

baszoewviit yposens

1 | CBeToBOM Iy4YOK BBIXOJIUT U3 CTEKJIA B | CKOPOCTH YBEJIHYHUBAETCS
BO31yX. UTO NPOMCXOAWUT IPU 3TOM CO | YACTOTA He M3MEHWJIACh
CKOPOCTBIO ~ HX  PAclIpOCTpPaHEHMs, | AJMHA BOJHBI YBEJIUYNIACH

4acTOTOMH AJIEKTPOMArHUTHBIX
KOJIcOaHHMII CBETOBOH BOJHE, IJIMHOH
BOJIHBI?

2 | Ha mue Bomoema, rmybuna koroporo 2 | 1,5 m
M, Haxoautcsi npeaMer. Ha kakoit
rIyOMHEe  YBUAUT  OTOT  TPEIMET
Ha0II0aTeNbh, KOTOPBIA CMOTPUT Ha
HETO CBEpXY NePHEHIUKYIISIPHO
MTOBEPXHOCTH BOJBI? ITokasarenn
npenomieHus n=1,33.

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

4 Benuuuna  mpsmoro  umzoOpaxenus | 0,4 m
mperMera  BABOE  OoJsblllie  €camMoro
npeaMera. Paccrosiaue MEXIY
IpeIMeToM U u3o0paxeHueMm paBHO 20
cM. Uemy paBHO (OKYCHOE pacCTOSHUE
coOuparomIel JTUH3bI?

Cpeonuii yposeno

1. JIns HEKOTOpOl [JIMHBI BOJIHBI TOKa3aTelb MPEJIOMIICHHUS IUIOCKONapaIeIbHON
IIPO3payHON IUIACTMHKM HM3MEHseTCs OT 3HauyeHusd ni=1,40 Ha OJHOM M3 NOBEPXHOCTEH 10
n2=1,60 na apyroil. Tonmuua nnactuaku d=10,0 mm. Kakoe Bpems t 3aTpaunMBaeT CBET Ha
TPOXO0K/IeHHE MIACTUHKY B TIEPHEHIMKY/IAPHOM K Heii Hartpasnenuun? (0,5 10710 ¢)

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

3. JIBa TUIOCKMX THPSMOYTOJIbHBIX 3epKana o0pa3yroT ABYyrpaHHbIi yron ¢=179°. Ha
pacctosiHun =10 cM OT JNTMHUM CONPUKOCHOBEHHS 3€pKal M HAa OJMHAKOBOM PACCTOSHUU OT
KaX/I0r0 3epKajia HaxOJUTCS TOUEYHBbIM MCTOYHHMK cBeTa. OmnpenenuTb paccrosiHue d Mexmy
MHUMBIMH H300paKEHUSIMU UCTOYHHKA B 3epKainax. (3,5 mm)

4. Bornyroe cdeprudeckoe 3epkaio IaeT Ha dKpaHe U300paKeHHe MpeIMeTa, YBEIMUSCHHOE
B ['=4 paza. PaccTrosHue a ot 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
n300pakeHue npeaMeTa, yMEHbIIEHHOE B TpH pa3za. OnpeaenuTh pacCTOSHUE a OT MPEeAMETa J0
3epkaiia. (60 cm)

Buicokuii yposens



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

2. Pagnyc R xpuBm3HbI BeIyksioro 3epkana paBeH 50 cm. Ilpeamer BeicoToir h=15 cm
HaXOJUTCs 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 ToJIMHON d=30 mwm.
Ornpenenutb 00KOBOE cMenieHre AX Jiyda rmocie Beixoaa u3 miacTuHku. (15,36 mm)
4. [lydok mapamnenbHbIX Jyded MajaeT Ha TOJICTYH0 CTEKISIHHYIO IUIACTUHY MOJ YIJIOM

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

5. Ha crexstHHyIO IPU3MY € MPEIOMIISTFOIINM yrioMm 0=60° magaer myd cBeta. OnpeaenuTsb
noKazareib MPEJIOMIICHHSI N CTEKJA, €CIUM NpPU CUMMETPHYHOM XOJe Jiyda B TpPU3ME Yroil
otkionenus 6=40°. (1,53)

3HeKTp0MaFHI/ITHbIe K0J1e0aHHUS U BOJIHDBI

KBasoguvuii yposens

1 Jlorapudmuueckum JIeKpeMeHToM | 1. oOpaTHass IpPOMEXYTKY BpEMEHH, 3a
3aTyxaHMsl  Has3blBaeTcsl  (U3MYecKas | KOTOPbIH aMILTUTY/1a Kosie0aHus
BEJIMYMHA ... YMEHBUIAETCS B € Pa3

2. TOKa3pIBapINasi, BO  CKOJBKO  pa3
aMIUTTy/1a KoJIeOaHWsl yMEHbIIaeTcs 3a
epuo.

3. TmoOKa3pIBalomas, BO CKOJIBKO  pa3
HaNpsHKCHUE Ha KOHJICHCATOPE B PE30HAHCE
0oJblIe HAaIIps>KCHUA, II0ABOAUMOTI'O K

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

YMeHbIIAETCS B € pa3
S. IpaBUJIBHBIN OTBET HE IPUBEJICH

2 | Ilox mukianyeckol (Kpyropoif) yactoToi | 1. BpeMsi OJHOr0 OJHOT0 KoJeOaHus
Kosie0aHus ClIeyeT MTOHUMAT ... 2. yucio KonebaHuil B €JMHUILY BpEMEHU

3. BenMuuHy, OOpaTHYI0  MPOMEXKYTKY
BpPEMEHH, 32 KOTOPbII aMIUINTya KoneOaHui
YMEHBILUTCS B € pa3

4. yncJio koJie0anmii 3a 6.28 cexyH

5. IpaBUJIbHBIN OTBET HE NIPUBEJIEH. ..

3 | AMmmTyaa 3aryxatoiero | 1. nepuony kojedaHuit

JIEKTPUYECKOTO KoyieOaHus | 2. BpeMEeHH pellaKkCaliu

TEOPETUYECKU YMEHBIIIAECTCS oT | 3. 0eCKOHEYHOCTH

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

5. IpaBUIILHBIN OTBET HE IPUBEJICH

4 | lekpeMeHTOM 3aTyxaHusl Has3blBaeTcs | .  MOKa3plBaloIas, BO  CKOJBKO  pa3

(dusnueckas BeIHUMHA ... HalpsDKEHUE HAa KOHAEHCATOPE B PE30HAHCE
OOnpIlle  HANPSHKEHHWS, TOJBOJMMOTO K
KOHTYpY

2. oOpaTtHasi 4YHCIy TEPHOJIOB, B TEUEHUE




KOTOPBIX aMIUIUTY/1a YMEHbILIAETCS B € pa3

3. oOpaTHas TpPOMEXYTKY BpEMEHH, 3a
KOTOPBIi aMILIATY/1a KOJIeOaHMI
YMEHBILIAETCS B € pa3

4. mnoka3biBalOIasi, BO CKOJIbKO pa3
AMILUTMTYIa KOJIeOAHMS yYMEHbIIAeTCH 3a
nepuoj

5. TmokasplBawoIlas, BO  CKOJBKO  pa3
aMIUIMTY/1a KoJIeOaHUsI YMEHBIIAETCS 32 OJIHY
CEKYHIY

6. MPaBUJILHBIA OTBET HE MPUBEJICH

5 | Koapdumuenrom 3aryxaHud | 1. mokasplBarolias, BO  CKOJIBKO  pa3
Ha3bIBaeTCs (pU3NYECKasi BEIMYUHA ... HaIpsDKEHUE Ha KOHJEHCATOpe B PE30HAHCe
Oonbllle  HANpsOKEHUs, IMOABOJUMOIO K
KOHTYPY

2. oOparHas 4YHCIly NEPUOJIOB, B TEUEHUE
KOTOPBIX aMIUIUTY1a KoseOaHus
YMEHbILIAETCS B € pa3

3. oOpaTHasi NPOMEKYTKY BpeMeHH, 3a
KOTOPbIii aMILUINTY/Aa KoJIe0aHus
yMeHbllIaeTcs B e pa3

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

5. IpaBWILHBINM OTBET HE MIPUBEJICH

Cpeonuii yposens

1. B BakyyMe paclpoCTpaHseTcsi IIOCKas 3JIeKTPOMAarHUTHas BoiHa ¢ o mopsaka 1010 ¢,
AMIUTATY]a 3IEKTPUIECKOTO BekTopa BoyHBI En=0,775 B/M. Ha myTtu BomHBI pacmonaraercs
MOTJIOIIAIOIIAs BOJIHY IOBEPXHOCTh, HMeromas ¢opmy mnonychepsl pamumyca 1=0,632 M,
oOpaillleHHasi CBOE BEpPIIMHOM B CTOPOHY pachpocTpaHeHus BoJHbL. Kakyio sHepruto W
MOTJIOIIAET 3Ta MoBepXHOCTh 3a BpeMs 1=1,00 c? (1 m/Ix)

2. DOneKTpOMarHuTHas BOJIHA, M3JlydyaeMasi 3JIEMEHTApHBIM JMIIOIEM, PaclpoOCTpaHseTCs B
BaKyyMe. B BOJIHOBOH 30HE Ha Jiyde, IPOBEACHHOM U3 IAUIOJS NMEPIEHAUKYISIPHO K €r0 OCH, B
TOYKe, Haxojsuieics Ha paccrossHuM 1r=1,00 M OT [umoissd, aMIUIUTyJa HaNpsKEHHOCTU
anektpuyeckoro mnois Em=1,00 MB/M. Bpruucnute momuocts P usnydenus pumnonst (T.e.
SHEPrHI0, U3ITYYaeMYIO AUMOJIEM B €IUHUILy BpEMEHH 110 BceM HampasieHusm). (11 Br)

3. Haiitu ymcino BO3MOXKHBIX COOCTBEHHBIX KoJieOaHMM cToi0a BO3ayxa B TpyOe, 4acTOThI
KOTOpPBIX MeHbIne vo = 1250 I'u. [nuna tpyosr 1 = 85 cm. Ckopocts 3Byka v = 340 m/c. Tpyba
OTKpBITa ¢ 000UX KOHIIOB. (6)

4. Ha myty mmockoi 3ByKOBOM BOJIHBI, paCIIPOCTPAHSIOIIEHCS B BO3AYyXE, HAXOAUTCS LIap
pamuyca R = 50 cm. [lnuHa 3BykoBoi BosHBl A = 20 cM, yacrota v = 1700 I'u, ammiuryna
Konebanuii maBieHus B Bo3ayxe (Ap)m = 3,5 Ila. Haittu cpennuii 3a mepuoj KoyeOaHUs MTOTOK
SHEPruu, Majaromiei Ha mopepxHocts mapa. (0,01094 Br)

Buvicokuit yposens

1. B onHoponHeit cpese pacnpocTpaHsieTcs MI0cKas yrnpyras BojaHa Buja & = ae™ (ot - kx),
rae a, Y, ® u k — nocrosiHable. HaliTu pasHocTh (a3 koneOaHuil B TOUKax, TA€ aMILUTUTYIbI
CMelIeHH s YaCTHI] Cpe/ibl OTIMYAOTCS ApYr oT Apyra Ha 1 = 1,0%, ecnu y = 0,42 M™' u qnuHa
BostHBI A = 50 cm. (0,3 pan)



2. WN3oTponHblif TOYEUHBIH HMCTOYHMK, 3BYKOBash MoIIHOCTH kotoporo P = 0,10 Br,
HaxOJUTCA B IIEHTPE KPYTJIOrO Mojoro mwmHzapa paauyca R = 1,0 m u BeicoThl h = 2,0 ™.
[Tonarasi, 9TO CTEHKU MMIMHAPA TOJHOCTHIO MOTJIOMIAIOT 3BYK, HAUTH CPEIHUN MOTOK SHEPTHUH,
najarori Ha O0KOBYIO oBepXHOCTH IrHapa. (0,071 Br)

3. Haiitu yncno BO3MOXKHBIX COOCTBEHHBIX KoJieOaHMH cTo0a BO3ayXa 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 paccrosithun r = 100 M OT TOU€YHOT'0 U30TPOITHOIO UCTOYHUKA 3BYKa 4acToThl 200 Iy
ypoBerb rpomkoctd L = 50 ngb. Ilopor cipliMMOCTH Ha 3TOM YacTOTE COOTBETCTBYET
MHTEHCUBHOCTH 3ByKa lo = 0,10 HBT/M%. Koo duimenT 3aTyxanus 3ByKoBO# BOIHBI Y = 5,0 M.
Haiitu 3ByKoBYy10 MOIIHOCTH UcTOYHUKA. (1,4 B)

HNurepdepeHuns cBeTOBbIX BOJIH

baszoewviit yposens

1 Kakwne yCIIOBUSA aBisitores | 1. OquHaKoBbIE aMIUTUTY b
HEOOXOAMMBIMU i1 HaOmoaeHus | 2. OQMHAKOBbIE YaCTOTHI
YCTOMYUBOM uHTeppepeHmonHoH | 3. OnuHakoBbIie (ha3bl
KapTHUHBI? 4. IlocrosinHas pa3HoCTH (ha3

2 Pa3uocts xoJa IByX | 90°
UHTEPPEPEHITUNOHHBIX BOJIH

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

3 | Ha »kpaH OT TOY€YHOrOo MCTOYHHUKA, | 5,8 MM
HaxXOJsIIeToCss OT HEero Ha O4YeHb
OOJIBIIIOM PACCTOSHUM, MAJaeT CBET C
quHor  BonHbl 580 HM. B akpane
UMEIOTCS JIB€ MapajulesibHblE ILEIH Ha
pacctostHun 100 MKM OJHA OT JPYroOM.
Omnpenenure paccTOSTHUE MEXIY JBYMS

COCEHUMH 1oJIOCaMU
MHTEPPEPEHINOHHBIX MaKCUMYyM,
Ha0JII01aeMBIX Ha JKpaHe,

PACIIOJIOKCHHOM MapaJlICJIIbHO J3KpaHy
Ha paCcCTOAHUHN 1 M oT Hero.

4 | PaccrosHue Mexnay AByMs LensMH B | 1 m
oneiTe FOHra 0,5 mMm. Illenu ocemaroT
MOHOXPOMAaTHYE€CKUM CBETOM C JJIMHOU
BOJIHBI 0,6 MKM. Omnpenenure
paccTrosiHue OT IIeeil 10 dKpaHa, eciu
IIMpUHA HMHTEP(EPEHLMOHHBIX IOJIOC

paBHa 1,2 M
5 VcranoBka s HaOmonenus kouerf | 1,48
Hrrotona OCBEIACTCS

MOHOXPOMATUYECKUM CBETOM C JUJIMHOU
BOJIHBI 0,6 MKM, MMaIAlOIIMM HOPMAaJIbHO.
[IpocTtpancTBO  Mexay  JIMH30H U
CTEKJIITHHOM IUIACTHHKOM  3aIlOJHEHO
JKUJIKOCTbIO, M HAOJIIOJICHUE BEACTCSA B
MPOXOISIIEM CBeTe. Pannyc KpHBU3HBI




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

Cpeonuii yposens

1. Paccrosiune d mexny nByms mensmu B omnbiTe FOHra paBHo 1 MM, paccrosHue | ot
mienieit 10 9KkpaHa paBHO 3 M. OmnpenenuTh AIUHY BOJHBI A, HUCIYCKAeMOW HCTOYHUKOM
MOHOXPOMaTHYECKOI'0 CBETa, €CJIM HIMpUHA b MoJIoc UHTEepPEpEeHLIN 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 IIUPUHA b HHTEP(EPEHIIMOHHON MOJIOCHI 0Ka3alach
paBHO# 2 MM? (2,5 M)

3. Ha »sxpane HaOmromaercs uWHTEpEpEHIIMOHHAS KapTHHA OT JABYX KOTEPEHTHBIX
MCTOYHUKOB cBeTa ¢ JiauHOoN BoiHbI A=480 HM. Kornma Ha myTu OHOTO M3 MyYKOB MTOMECTUIIU
TOHKYIO IUIACTMHKY U3 IUIAaBJICHOrO KBaplia C I[OKa3aTenem mpenomieHus n=1,46, 1o
uHTep(epeHIIMOHHAas KapTUHA cMecTUIach Ha m=69 nonoc. OnpeaenuTs ToAmKUHY d KBapieBoi
IUTACTUHKHU. (72 MKM)

4. VYrnoBoii nuamerp 3Be3nbl berenbreiize (oo Opuona) paBen 0,047 yrioBod CEKyHIBI.
Uemy paBeH panyCc KOT€PEHTHOCTH Pxor CBETA, MPUXOIAIIETO 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 apyroro by=0,381 mm. [Tokazarens npenomienus miactuaku n=1,50. [Tox yrimom 9=30°
K HOpMaJIi Ha IJIACTUHKY IMajaeT My4OoK MMapajuleibHbIX JTydei. J[IrMHa BOTHBI MaIaloero cBeTa
A=655 HM (kpacHblii 11BeT). OnpeaenuTs MUpUHY AX HHTep(HEPEHIIMOHHBIX MOJI0C (M3MEPEHHYIO
B IJIOCKOCTH IUTACTUHKH), HAOJIOJaeMbIX B OTPaXCHHOM CBETE, JJIS CiIydasi, KOTJa CTEleHb
MOHOXpoMaTH4YHOCTH cBeTa A/AL paBHa 5000. (1 mm)

Buvicokuii yposens

1. PaccrosHus ot Gunpusmel @peHens 10 Y3KOH LIeNH U 3KpaHa paBHbl COOTBETCTBEHHO a =
25 cMm u b = 100 cm. bunpusma crekisHHas ¢ npenomsomuM yriaom 0 = 20'. Haiitu minny
BOJIHBI CBETA, €CIIU IIMpPUHA HHTEP(EPEHIIMOHHOM No0ckl Ha 3kpaHe Ax = 0,55 mm. (0,6 MKkMm)

2. [Inockasi MOHOXpoMaTH4ecKasi CBETOBas BOJIHA MMaJaeT HOPMAJIbHO Ha Auadparmy c
JBYMsl Y3KMMH IIEJISIMH, OTCTOSIIMMHU JIpyT OT Apyra Ha pacctosiHue d = 2,5 mm. Ha skpane,
pacriono)keHHOM 3a auadparmoit Ha 1 = 100 cM, oOpasyercst cucremMa MHTEpPEpEeHIIMOHHBIX
noJsioc. Ha kakoe paccTosiHMe U B KaKyl0 CTOPOHY CMECTSITCSI 3TH IOJIOCHI, €CIIM OJIHY U3 IIenei
MEPEKPHITh CTEKISHHON MIACTUHKOM TommuHbl h = 10 MkM? (2 MM M CMECTUTCS B CTOPOHY
IIEJIU CO CTEKISTHHON TTaCTUHKOM )

3. HailiTh MUHMManbHYIO TOJNIIMHY IUIEHKHM C IOKasaTteiaeM mnpeiaomieHus 1,33, npu
KOTOpO# cBeT ¢ JIMHOM BOJIHBI 0,64 MKM MCIBITHIBAET MaKCUMalbHOE OTPaXKEHHE, a CBET C
JuinHOM BosHbI 0,40 MKM He oTpakaeTcsi COBceM. YTrou najaeHus ceera paseH 30°. (0,65 Mkm)

4. [Tnocko-BeINyKIIas CTEKJISHHASA JMH3a ¢ paguycoM KpuBu3Hbl R = 40 cm conpukacaercs
BBIIYKJION MTOBEPXHOCTHIO CO CTEKJISIHHOM IJIACTUHKOW. IIpn 3TOM B OTpa’)k€HHOM CBETE paanyc
HEKOTOPOTo KoJibIla r = 2,5 mm. HabGmronast 3a JaHHBIM KOJIBIIOM, JTWH3Y OCTOPOKHO OTOJIBHHYJTH
ot mnactuHk Ha Ah = 5,0 Mmxm. Kakuwm cran paguyc atoro komnbma? (1,5 mm)

5. Ha Bepmnne ceprueckoii mMOBEpXHOCTH TUIOCKO-BBIMTYKJIONW CTEKIISTHHOM JIMH3BI HMEETCS
couun(OBaHHBIM TUIOCKUHM ydyacTok paauyca ro= 3,0 MM, KOTOpBIM OHAa CONPHUKACAECTCS CO
CTEKJITHHOM IIJJACTUHKOW. Pamnyc KpMBU3HBI BBITYKJI0M MOBEpXHOCTH JIMH3BI R = 150 cM. Halitn
paxuyc IecTOro CBETIOro KoJblla MpH HAOMI0EHUH B OTPaKEHHOM CBETE C JAJITMHON BOJIHBI A =
655 HM. (3,795 Mm)



JAu¢ppakuus cBeTOBBIX BOJIH

baszoewviit yposens

1 [Ipu OCBEILEHUU TOYEYHBIM | 1. pa3MelnaeTcs CBeTJI0e NSATHO
MOHOXPOMATUYECKUM CBETOM KPYTJIOrO | 2. pa3MeIlaeTcss TEMHOE MSTHO

OTBEPCTHS OYEHb MAJIOr0 pajauyca Ha | 3. NPpH MOCTEeNEeHHOM YBeJIU4YeHUH pajguyca
9KpaHe HaOmogaercs IUQPPAKIUOHHAS | 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 IEHTpE
YBCIUYUBACTCA U OJOCTHUIa€T MAKCHUMAJIbHOI'O
3HAYCHUS

2 | Onpenenure paauyc TpeTbed 30HHI | 1,64 MM
O®penend s ciayyas IJIOCKOM BOJIHBIL.
Paccrosinne oT BOJTHOBOI MOBEPXHOCTH
q0 Touku HaOmomenus 1,5 M. JlnmnHa
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 HAOIIOJACTCS
Ha JKpaHe, PacIoa0XKEHHOM
napauieIbHO IICIIH. Omnpenenure
paccTosHUE OT IEJHU JI0 AKpaHa, €CIIH
IIUPUHA IEHTPAIBHOIO MakcuMmyma 1
CM.

4 | Ha mmadparmy c KpyrJibIM OTBEpCTHEM | 8
auaMeTpoM d=4 MM majaeT HOPMaJbHO
MapajuIeIbHbIN IIy40K Iy4den
MOHOXpoMaTHdeckoro ceta (A=0,5
MKM). Touka HaOJItOIeHUsI HAXOJUTCS Ha
OCH OTBEpPCTHsI Ha PacCTOsHUU b=1 M oT
HEro. Ckomnbpko 30H Openens
YKJIaJIBIBAE€TCS B OTBEPCTUN?

5 | AudpakinuoHHas pemerka COAEepKuT | 7
n=200 mTpuxos Ha 1 mm. Ha pemerky
najaeT HOPMAaJIbHO
MOHOXpoMaTHueckuii cBet (A=0,6 MKM).
MakcuMyM ~ Kakoro  HaumOOJIBIIETO
NopsiiKa JaeT 3Ta penierka’?

Cpeonuii yposens

l. Ha mudpakmuonnyro pemerky c¢ mnepuogom d=10 mxm mox yrmom 0=30° mamaer
MOHOXpPOMAaTHYECKUA CBET ¢ JUIMHOM BOJHBI A=600 HM. Ompenenutsh yron ¢ audpakuuu,
COOTBETCTBYIOILIMI BTOPOMY IIaBHOMY MakcUMyMy. (38,3°)

2. JudpaknronHas KapTHHA TOJyY€HA C TOMOIIBI0 JAU(PPAKIIMOHHON PEIETKH IITUHOMN
1=1,5 cm u nepuogom d=5 Mxm. OmnpenenuTs, B CHEKTpe KaKOro HAaMMEHBLIETo MOpsAIKa ITON



KapTUHBI TIONy4YaTCs pa3/ielbHbIe N300paXeHHs IBYX CHEKTPAIbHBIX JTUHHUA ¢ Pa3HOCTHIO JTHH
BoTH AA=0,1 HM, €clii JTUHUY JISKAT B KpaiHe# KpacHOM yacTu cnekrpa (A<760 um). (3)

3. Ha rpanp kpucraiya KaMeHHOW COJM MajaeT MapauieIbHbI My4OK PEHTTEHOBCKOTO
uznydeHus (A=147 nm). Onpenenuts pacctosiHre d Mex1y aTOMHBIMH IJIOCKOCTSMH KPHCTAJLIA,
eciu TU(PaKIMOHHBIA MaKCHMyM BTOPOTO TOPSIKAa HAOMIOAAETCs, KOT/Ia M3ITYYCHHE IMaaeT
nox yriom 3=31°30' k moBepxHocTH kpuctaiia. (1,933 am)

4. KakoBa juiiHa BOJTHBI A MOHOXPOMATHYECKOTO PEHTIC€HOBCKOTO M3TyUEHUSs, MMaJat0IIero
Ha KPUCTAJUT KalblMTa, €Cld OU(PAKUMOHHBIA MaKCHMyM MEpBOIrO MOpsiiKa HaOIOAaeTcs,
KOrJia yroja ¥ MEXIy HanpaBlIieHHEM IaaloNIero M3JIy4YeHUs U TPaHbi0 KpHCTamia paBeH 3°7
Paccrosinue d Mmexxmy aTOMHBIMH IUTOCKOCTSIMH KpHUCTalia MpUHITH paBHBIM 0,3 HM. (31,2 M)

5. ToueuHbI HICTOYHHK CBETA C JUTMHOUN BOJHBI A = (0,50 MKM pacrmofioskeH Ha pacCTOSTHUH a
= 100 cM mepen nuadparmMoii ¢ KpyribiM oTBepcTueM paauyca r = 1,0 mm. Haiitu pacctostHue b
or nuadparMbl J0 TOYKH HAOMIOACHWS, IUISI KOTOPOW YuCiOo 30H DpeHenss B OTBEPCTUU
coctaBisieT k = 3. (2)

Buicokuii yposens

1. Mexy TOYEUHBIM HCTOYHMKOM CBETa U SKPAHOM IMOMECTHIIU AuadparMy ¢ KpyribiM
OTBEPCTHEM, PAINYC KOTOPOTO I MOXXHO MEHSTH B Ipoliecce onbiTa. PaccrostHus oT auadparMel
JI0 UCTOYHHMKA U 9KpaHa paBHbl @ = 100 cm u b = 125 cm. OnpenenuTs JJIMHY BOJTHBI CBETA, €CIIU
MaKCHMYM OCBEIICHHOCTH B IICHTpPE MU(PPAKIMOHHOW KAPTHHBI Ha dKpaHEe HAOIIONACTCS IPH
r1 = 1,00 MM u crnenyromuii MakcumyM npu 12 = 1,29 mm. (597,7 am)

2. [Inockasi MoOHOXpOMaTHYecKasi CBETOBas BOJIHA I1aJlaeT HOPMAJIbHO Ha Kpyrjioe
orBepctue. Ha paccrostauu b = 9,0 M 0T HEro HaXOAUTCS SKpaH, TJle HAOIIOAAIOT HEKOTOPYIO
TUpakIMOHHYI0 KapTuny. Jnamerp orBepctus ymensimmim B 1 = 3,0 pasa. Haiitu HOBOE
paccrosiHue b', Ha KOTOPOM Ha/I0 MOMECTUTh SKpaH, YTOOBI MOJYUUTh HA HEM TU(DPAKIUOHHYIO
KapTUHY, NOJOOHYIO TOH, YTO B MPEABIAYIIEM CIydae, HO YMEHbIIECHHYIO B 1) pa3. (1 m)

3. ToyeuHblii HMCTOYHHK MOHOXPOMATHUECKOTO CBETa pACIOJIOKEH Tepes 30HHOU
IUIACTUHKOM Ha pacctossHMM a = 1,5 M or Hee. M300pakeHune HMcTOYHMKA oOpasyercs Ha
paccrosiuuu b = 1,0 M ot uiiactunku. Haiitu pokycHoe paccrosiHue 3oHHOM minacTuHKU. (0,6 M)
4. Cser ¢ anuHoM BoiHbI A = 0,50 MKM majgaeT Ha wiesb MHUPUHBI b = 10 MKM HOJ yriiom
0 = 30° x ee HOpMmanu. HaifTu yrimoBoe mosioskeHHEe MEPBBIX MHHUMYMOB, PAcOJIOKEHHBIX MO
00€e cTOpOHHI IIeHTpalIbHOTO (hpayHTOhepoBa Makcumyma. (26°45")

5. Cser, conepkamuid 1Be crekTpajibHble TuHUM ¢ AnuHaMu BosH 600,000 u 600,050 HM,
najaeT HOpMaIbHO Ha JU(pakuoHHYyI0 pemierky mmpuHbel 10,0 MM. Ilog HekoTOpbIM yriiom
Tudpakuu 3 3TH JTUHUM OKa3aIMCh Ha Tpefene paspemieHus (mo kpurepuro Panes). Haiitu 9.
(46,059°)

6. [Ipn mnpoxokaeHUM TIydKka pEHTTeHOBCKUX Jydedd ¢ A = 17,8 1M depes
MOJIMKPUCTATHYECKUM 00pas3el] Ha JKpaHe, PACIOJOKEHHOM Ha paccTostHuu | = 15 cMm oT
oOpa3siia, oOpasyercs cuctema IudpakiuoOHHBIX Konel. OnpenenuTs paanyc CBETJIOrO KOJblla,
COOTBETCTBYIOILIETO BTOPOMY MOPSAKY OTPAXKEHUSI OT CUCTEMBI IJIOCKOCTEN ¢ MEXKIUIOCKOCTHBIM
paccrositauem d = 155 nm. (0,035 m)

Hoasipusanus cBera

baszoeuviit yposens

1 Onpenenure crenedb  nojspuzanuu | 0,8
YaCTUYHO TIOJIAPU3AIIMOHHOTO  CBETa,
€CIM aMIUIUTYyJa CBETOBOTO BEKTOPA,
COOTBETCTBYIOIIAS MaKCUMaJIbHON
WHTEHCUBHOCTHU CBETa, B 3 paza OombIie




aMIUIUTYZIbl, COOTBETCTBYIOILEH  €ro
MUHUMaJTbHOW UHTCHCUBHOCTH.

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

3 [Iyyok ectecTtBeHHOro cBeTa majaer Ha | 1,73
CTEKJISIHHYI0 TnpusMmy c yrioMm 30°.
Onpenenure IMOKa3aTeNlb MPEIOMICHHS
CTEKJIa, €CIIM OTPAKEHHBIN JIyY SIBJIAECTCS
TIJIOCKOTIOJIIPU30BAHHBIM.

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

IIPEIOMIICHUS ) Iy4Ka, eciu
OTPaKEHHBIN IIy40K ITOJIHOCTBIO
MOJISIPU30BaH.

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

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

CKOJIbKO pa3 YMEHBIIUTCS WHTEHCHUBHOCTh CBETA, BBIXOMAIIETO W3 aHAIM3aTOpa, €CIU Yyroil
yBeNnu4uTh 10 60°? (B 2 pasa)

2. Bo ckonbpko pa3 ocnabmnsieTcsi HHTEHCUBHOCTD CBETA, MPOXOSIIEro 4epe3 J1Ba HUKOJIA,
IUIOCKOCTH MPOMYCKaHHs KOTOpPbIX 00pa3yroT yron 0=30°, ecnu B KakJIOM M3 HHUKOJEH B
otaenbHOCTH TepsieTcs: 10 % WHTeHCUBHOCTH Majiatoiiero Ha Hero cseta? (3,29)

3. B yacTMYHO-NONSIPU30BaHHOM CBETE aMIUIMTYZAA CBETOBOIO BEKTOPA, COOTBETCTBYIOLIAS
MaKCHMaJbHOW WHTEHCUBHOCTH CBETa, B n=2 pa3a OoJbllle aMIUIMTYIbI, COOTBETCTBYIOLIEH
MHUHHMMaJIbHON MHTEHCUBHOCTU. OnpenenuTs cTeneHs noyuspusanuu P cera. (1/3)

4. [InactuHky kBapua ToaumuHOW di=2 MM, BBIPE3aHHYIO MEPHEHAUKYISIPHO ONTUYECKOM
OCH, TIOMECTWJIM MEXIy MapajUIeIbHBIMM HUKOJSMH, B pE3yjJbTaTe 4Yero IJIOCKOCTh
MOJISIpU3AIlMU CBETA MOBEpPHYNAch Ha yron ¢=53°. OnpenenuTs TOMMUHY d2 MIACTHHKH, TPH
KOTOpOH JaHHBI MOHOXPOMAaTUUYECKUI CBET HE MIPOXOAUT Yepe3 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. BO CKONBKO pa3 yMEHBIIUTCS HWHTEHCUBHOCTH CBETA, €CJIHU IJIOCKOCTh
IPOMYCKaHMs aHAINU3aTopa MOBEpHYTh Ha yrou a=30°?7 (1,23)

Buvicokuit yposens



1. JInHENHO MOJSAPU30BAHHBIM CBETOBOM IIYYOK IaJaeT Ha IOJSAPU3aTOp, BPALLAIOIIMICS
BOKPYI OCH IIy4Ka C YIJIOBOM CKOpocThio ® = 21 paa/c. HaiiTu CBEeTOBYIO SHEpruto,
OPOXOJALIYIO Yepe3 MOJSPU3aTop 3a OJUH 000pOT, €CIM MOTOK SHEPrHU B MAJAIOLIEM Iy4Ke
Dy =4,0 mBr. (0,6 MIIx)

2. Ilydyok ecTecTBEHHOro cBeTa MajgaeT Ha cucreMy M3 N = 6 HHKOJIEH, IJIOCKOCTh
IPOMYCKaHHUsI Ka)XJI0ro M3 KOTOPBIX MOBEpHyTa Ha yroia ¢ = 30° OTHOCHUTENBHO IIOCKOCTH
IPOIyCKaHMWsl NPEbIIylero HUkois. Kakasg yacTb CBETOBOrO IOTOKA IMPOXOJAUT 4Yepe3 3Ty
cucremy? (0,12)

3. Crenenp noaspusali YaCTUYHO INoJisipu3oBaHHoro ceera P = 0,25. Haiitu oTHolIeHue
MHTEHCUBHOCTH TOJIIPU30BAaHHON COCTABIISAIOLIEH 3TOr0 CBETa K MHTEHCHUBHOCTH €CTECTBEHHOU
cocrasssitonieit. (0,333)

4. Ha nmytu yacTu4HO NOJSPU30BAaHHOIO Iy4YKa NOMECTHIIM HUKOJb. [Ipu moBopoTe HUKOISA
Ha yroi ¢ = 60° U3 IOJOXXEHUs, COOTBETCTBYIOLIETO MAaKCUMyMY IIPOIYCKaHMs CBETa,
MHTEHCUBHOCTh IPOILIEALIEro cBeTa yMeHbIuaach B 1 = 3,0 pas3a. Halitu crenens nomnsipusanuu
nanatoiero ceera. (0,8)

5. Ha noBepxHocTh BOABI NOJ yrioM bprocTepa majgaer mydok MJIOCKONOJSPU30BAaHHOIO
cBeta. [lmockocTe KkoyiebaHMI CBETOBOrO BEKTOpA COCTaBIsET yroia ¢ = 45° ¢ MIOCKOCTbIO
naneHus. Halitu ko umuent orpaxenus. (0,039)

B3aumoneiicTBHe 3JIEKTPOMATHUTHBIX BOJIH € BellleCTBOM

baszoeuviit yposens

1 I[Ipu npoxoxnaenuu B  HekoTopom | 1/8
BeIIeCTBE MyTH | HHTEHCUBHOCTH CBeTa |
YMEHbIIIaeTCs B JBa paza. Bo CKOIbKO
pa3 yMmMeHbIIUTCS | mpu TPOXOXKIECHUU
nytu 31?

2 Bo ckombkO pa3  MHTEHCUBHOCTH | 3,254
MOJICKYJIIPHOTO  pPacCesiHUsI  CHHETO
ceeta (A=460 HM) TIPEBOCXOIUT
WHTECHCUBHOCTh PACCESHHUS KpPaCHOTO
cBeta (A=650 Hm)?

3 | Haiitu  KoHuEHTpauuio  CcBOOOAHBIX | 2,4 1013 M3
JIEKTPOHOB ~ MOHOCQEpbI, ecnu  Juis
paauoBoJiH ¢ yactoroit v = 100 MI'1 ee
nokasarenb npenomienus n = 0,90.

Cpeonuii yposens

1. B 3eMHBIX yCHOBHUAX JJIMHA BOJHBI HCITYCKAEMOM aTOMApHBIM BOJOPOJOM CHEKTPATBLHON
muaun Hg paBHa A=656 uM. Ilpu u3MepeHuM [JIMHBI BOJHBI STOW IMHUM B U3Iy4YEHUH,
OPUXOJAIIEM OT JWaMETPaJbHO MPOTHUBOMOJIOXKHBIX KpaeB COJHEYHOrO JUCKa, ObUIo
oOHapyxeHo paznuuue, coctaBisomee AA=0,0088 M. Bocmonp3oBaBIIMChE ATUMH JTaHHBIMU,
Haitu iepuon T obOparerus: CoiHIIa BOKPYT €ro ocH. (25 CyTOK)

2. Brecmuit 6071b11101 BKJIaJ B pa3BUTHE ONTHUKM M3BECTHBIA aMepuKaHckuil ¢pusuk Pobept
Byn ouens nro0ui mryTky U po3birpeinl. C ero uMeHeM CBsA3aHO MHOTO JiereHa. CoriacHo oaHON
U3 HUX By ogHaXIbI, yrmpaBiss aBTOMOOWIIEM, Mpoexaid Ha KpacHbI cBeT. OCTaHOBUBIIEMY
ero mojuienckoMy Bya oOBsSCHHUI CBOM MPOCTYMOK TeM, 4TO BcienactBue dddexra [Jormmepa
KpacHBId CBET eMmy IMoKasaicsi 3eleHbIM. [lommuelickuii Toxe mrobun myTtky. [losTromy oH
corjacuicsi MpPUHATH Bepcuio Byna, ogHako omrTpadoBan €ro 3a MPeBBIIEHHE CKOPOCTH.



Tpebyercs HallTH CKOPOCTH ABTOMOOWMIIS V, IPU KOTOPOIl KpacHBI CBET C JUTMHOM BOJIHBI 690 HM
OBLT ObI BOCTIPHHST BOAUTENEM KaK 3eJIeHbIH ¢ JiHOM BoHbI 530 HM. (7,7 107 M/c)

3. Kocmuueckuit kopabip ymansercs oT 3emun co ckopoctbio v=10 km/c. Yacrora
Vo 2JICKTPOMArHUTHBIX BOJIH, M3JIy4aeMbIX aHTEHHOW KopaOuss, paBHa 30 MI'n. Omnpenenuthb
JIOTIIEPOBCKOE CMellleHne AV 4acTOThI, BOCHIPUHUMAEMOIN IpUEeMHUKOM. (MeHblIe Ha 1 kI'1r)

Buvicokuit yposens

1. Wwmest B BUy, 9TO 7151 TOCTATOYHO )KECTKUX PEHTTEHOBCKUX JIy4el JIEKTPOHBI BEIIECTBA
MOKHO CUUTaTh CBOOOJHBIMHU, OINPENETIUTb, HA CKOJBKO OTJIMYAETCS OT €IMHHULBI MOKa3aTelb
npejoMiIeHus rpadura A peHTTeHOBCKHX JIydel ¢ JUIMHOW BOJIHBI B Bakyyme A = 50 mm. (-8
107)

2. [Ipu kakoi mnpenenbHOM CKOpPOCTH V (B JOJSAX CKOPOCTH CBETA) MCTOYHMKA MOXKHO
BMECTO PeIATUBHCTCKON popmyibl v=vo*sqrt((1-B)/(1+B)) mnsa addexra Jlomnepa monp3oBaThCs
npUOJIMKEHHBIM BbIpakeHHeM V=vo(1-B), ecnu NOTrpemHOCTh B ONPEACICHUU YacCTOThI HE
noikHa npessimath 1 %7? (0,14c)

3. [Tpu n3ydeHuu crieKTpa U3IIydeHs] HEKOTOPOW TYMAaHHOCTH JIMHUS M3IIydeHHs BOJOPO/a
(A=656,3 HM) OKa3ajach CMEIICHHOW Ha AA=2,5 HM B 001acTh ¢ OONbBIICH IIMHOW BOJIHBI
(kpacHoe cMmenieHue). HailTu CKOpOCTh 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 Pobept Byn, mpoexaB ogHa)apl Ha aBTOMAIIHHE
Ha KpacHbIi cBeT cBetodopa, ObLT oOcTaHOBJIEH OmoctuTeneM mopsaka. Pobepr Bya,
cocnaBimch Ha 3¢pdext Joraepa, yBepsil, YTO OH exaa JOCTATOYHO OBICTPO M KPACHBIM CBET
cBeTodopa sl HeTO U3MEHWIICS Ha 3eNeHbIiH. OUEHUTh CKOPOCTh V, ¢ KOTOPOH T0JhKHA ObL1a OB
JIBUTAThCS aBTOMAIIIMHA, YTOOBI KpacHbIM curHai cBerodopa (A1=650 HM) BOCIpUHHMAJICS KaK
3enenslit (L2=550 um). (5 107 m/c)

KBanToOBBIE CBOIiCcTBA CBeTAa

ba3zoewtii yposens

1 OT Kakux  THapaMeTpoB  3aBHCUT | 1. OT 4AaCTOTHI OOJIyHaIOIIEro CBETa
BEJIMYMHA TOKA HACHIILICHHS ? 2. 0T MOIIHOCTH 00/1y42eMOro cBeTa

. OT CKOPOCTH BBUIETAIONIUX JIEKTPOHOB
. OT CBOMCTB BeliecTBa porokaToaa

. OT YaCTOTHI 0OJTYJaroIIero CBeTa

. OT MOIIIHOCTH 00JIy4aeMoro CBeTa

. OT CKOPOCTH BBUIETAKOUIUX JIEKTPOHOB
4. ot cBOIiCTB BenlecTBa hoTokaTona

2 | Or kakux NapaMeTpoB 3aBHCHUT padora
BbIX0J1a TpH poTordpdexTe?

W N =k W

3 | Ckombko ()OTOHOB M3IyUYCHUs C JTHHOM | 26 1014
BoJIHBI 520 HM B BakyyMe OyayT UMETb
sHepruto 1 MJIx?

4 | Ilydok »snexkTpoHOB, Tmpoias uepe3 | 13,3 km/c
y3KyI0 IIeJb, CO3JIaeT TaKyl ke
IUGPAKIMOHHYIO  KapTUHY, Kak H
MOHOXPOMAaTHUYECKOE  H3Iy4eHHe ¢
JUTMHOM BOJIHBI 55 HM. KakoBa ckopocThb
JIEKTPOHOB?

5 Jlo xakoro MakcuMajgbHOTO ToTeHIana | 4,5 B
3apsAIATCS YAAJICHHBIA OT JpPYrux Tel
MEIHBIA MIApUK OpHU OOJIyYEeHUU €ro




AJIEKTPOMArHUTHBIM ~ HM3JIYYCHHEM  C
JUIMHOU BOJIHEI A = 140 aM?

Cpeonuii yposens

1. Nwmeercss nBa aOCONMIOTHO YEPHBIX HMCTOYHMKA TEIJIOBOTO HM3IIydyeHHs. Temmeparypa
oaHoro u3 Hux T1= 2500 K. Haiitu TtemmnepaTypy Ipyroro MCTOYHHKA, €CIU JIJIMHA BOJIHBI,
OTBEUaloIasi MAKCUMYMY €T0 HCITyCKaTenbHOU crtocoOHocTH, Ha AL = 0,50 MKM OOJIbIIIe JITHHBI
BOJIHBI, COOTBETCTBYIOIIEH MaKCUMyMY HCITYCKATEJIbHON CIIOCOOHOCTH IEPBOTO HCTOYHUKA.
(1,75 xK)

2. DHepreTHyeckas CBETUMOCTh abCOMIOTHO uepHoro Tena M, = 3,0 Br/cm?. Onpenenuts
JUTMHY BOJIHBI, OTBEYAIOIIYI0 MAKCUMYMY HCITyCKaTelbHOH crocodHoctu sToro Tena. (3,4 107
M)

3. Menusenii mapuk nmuamerpa d = 1,2 cM momecTuiIn B OTKauyaHHBIH COCY[, TeMIieparypa
CTEHOK KOTOPOTO MOJJiep:KuBaeTcs Onu3koil k abcomoTHOMY 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 HM3IIyYEHHS €IUHHIIBI TOBEPXHOCTH
a0COIOTHO YEPHOT0 Tela, MPUXOAAIIErocs Ha Y3Kui nuHTepBal JH BosiH AA = 1,0 HM BOIM3U
MakCHMyMa CHEKTpPaJIbHOM IJIOTHOCTH M3Iy4deHHs, npu Temneparype tena T = 3000 K. (3,12
KBT1/M?)

5. ®otoH ¢ sueprueir ho = 250 k3B paccesuics mox yriaom § = 120° Ha mepBOHAYAIBHO
TIOKOMBIIIEMCSI CBOOOIHOM 3J1eKTpoHe. ONpeieuTh Hepruio paccesHHoro ¢orona. (2,31 1071

k)
Buoicoxuii yposens

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

2. Jlazep u3my4nsn B UMIyJsibce JIMTENbHOCTRIO T = 0,13 Mc my4ok cBera ¢ sHeprueit E = 10
Jlx. HaliTu cpenHee naBieHHE TakKOTO 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 IUIA3MbI INIOTHOCTBIO P =
0,10 r/cm®, ipu KOTOPOIA NaBJieHHE TEMIOBOrO M3MyYeHHUs PABHO Ta30KMHETHYECKOMY JABICHHUIO
yacTull mia3mbl. MIMeTh B BHUAY, YTO JaBJICHUE TEIJIOBOTO HW3JIY4YeHHS p = u/3, rae u —
0o0beMHasi IUIOTHOCTh SHEPIUM H3JIYYEHHUS, U 4YTO NPU BBICOKMX TeMIlepaTypax BellecTBa
TIOIUMHSIOTCS YPABHEHHIO COCTOSHHUS MealbHbIX ra3oB. (1,88 107 K)

4. [Tpu yBenuueHUM HaIpsDKEHHUsI Ha PEHTTeHOBCKOM TpyOke B M = 1,5 pa3a /inHa BOJHBI
KOPOTKOBOJIHOBOM TPAHUIIBI CIUIONTHOTO PEHTIEHOBCKOTO CIEKTpa M3MEHMWIAch Ha AL = 26 nm.
Haiitu nepBoHavyansHoe HanpspkeHue Ha Tpyoke. (16 kB)

3. Haiitn mymmHy BOJIHBI KOPOTKOBOJIHOBOM I'PAHMIIBI CIUIOIIHOTO PEHTIE€HOBCKOTO CIEKTPA,
€CIIM CKOPOCTh 3JIEKTPOHOB, MOAJIETAIONINX K aHTUKATOAy TpYOkH, v = 0,85¢, rie ¢ — cKopocTb
cBerta. (2,8 nm)

6. IIpn moouepeHOM OCBEIEHNUH MOBEPXHOCTH HEKOTOPOrO METajlla CBETOM C JUIMHAMHU
BoIH A = 0,35 Mkm u A1 = 0,54 MKM OOHapy>XWiM, 4TO COOTBETCTBYIOIIME MaKCHUMAaJbHbIE
CKOpPOCTH (HhOTORIEKTPOHOB OTIUYAIOTCS APYT OT JIpyra B 1 = 2,0 pasza. Haiitu paboTy BbIxona ¢
MOBEpPXHOCTH ATOT0 MeTaa. (1,88 3B)
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Bonpocsl k 3k3ameny

VYpaBHenust MakcBesia v 3JIeKTPOMarHUTHbIE BOJTHBI.

Ilepexoa OT BOJIHOBOM ONTHKH K TEOMETPUYECKON. Y paBHEHUE dMKOHATA.
3akoHbl reomeTpuueckoi ontuku. [Ipunnun depma.

LlenTpupoBaHHbIe onTu4eckue cucteMsl. [loctpoenne nzobpaxeHuii B TMH3aX.
DOTOMETPUYECKUE MTOHSATUS U €TUHUIIBI.

[TonsiTue korepenTHOCTU. [IpOocTpaHCTBEHHAs! U BpeMEHHAs! KOT€PEHTHOCTb.
SABnenne nntepdepeniuu. Kimaccnaeckue nHTepGEPEHIIMOHHBIC OTTBITHI.
HuTepdepeHius B TOHKUX TUICHKAX.

MHoroirydeBast UHTEpPEpEHITHUS.

. Hudpakaus. 3oa61 Openens.

. Hudpaxus @penens u Opaynrodepa.

. AudpaxkuonHas pemerka.

. Audpaxius peHTTeHOBCKUX JTy4eH.

. IlpuHIMIBI CO3MaHUA TONOTpapUUECKUX N300paKECHUH.

. [Hongpu3zanus ceera. [lnockas, ammnruyeckas nosispusanus. 3akod Maioca.
. IlonApuzanus npu OTpaXECHUH U NPEJOMIICHUHU HAa IPaHULIE IPO3PAYHbIX JUAJIEKTPUKOB.

@opmyinsl OpeHes.

SBnenue qBoitHOrO Nydenpenomienus. UutepdepeHIus moaspu30oBaHHbIX Tydeil.
HckyccTBEeHHOE ABOWHOE JTydenpesioMIIeHUE: Mexanndeckas aedopmanmsi, 3pdext

Keppa.

Bpamenune mockoctu nomsipuszanun. Dhdext Dapanes.

Jucnepcus cBeTa. DeMeHTapHas TeOpus AUCTIEPCHH.

[Tornmomenue u paccesiuue ceera. 3akon byrepa. 3akon Panest.

O ekt Homepa a1 3I€KTPOMArHUTHBIX BOJIH.

3aKOHBI TEIJIOBOTO U3JIy4Y€HUsI KOHJACHCUPOBAHHBIX CPEI.

Teopus rertosoro usnydenus. Gopmyna Panes-/Ixunca. ®opmyna Ilnanka.
doroaddext. 3akoHbl poTodrddekTa.

O¢ddext Komnrona.

Hmnynbc GOTOHOB U JaBJIEHUE CBETA.

. YPOBHI/I OHEPTHUU B aTOMC, IICPEXOAbI, ITOTJIOIICHHUEC U UCITYCKAHUC (I)OTOHOB.
29.
30.

OO0r11ee ycTpOMCTBO U MPUHITUIIBI paOOTHI JIa3€POB.
Henuneiinble ontuyeckue 3pGeKThl



IIpuMepsl IK3aMeHAUMOHHBIX 3aaHUI

Ne
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DopMynMpoOBKa BOIIPOCa

BapuaHTb! 0TBETOB

1

I[lon numkamyeckoir (KpyroBoi) 4YacTOTOM
KoJIeOaHus clieyeT IOHUMATb ...

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

3. BeNMYMHY, 0OpaTHYIO MPOMEKYTKY
BPEMEHHU, 3a KOTOpBIM aMIUIUTyAA
Kosie0aHuN YMEHBIIUTCS B € pa3

4. yncio xoJiedanuii 3a 6.28 cexyH
5. MpaBUJIbLHBIA OTBET HE MPUBEJIEH. ..

Ha »5kpan oOT TOYEYHOro MCTOYHUKA,
HAXOJSIIErocs OT HEr0 Ha OuYeHb OOJIBIIOM
pPacCTOSIHUU, MaJaeT CBET C JJIMHOW BOJHBI
580 ©HM. B skpane wumMeroTcs  JBe
napajuleJpHbple 1enu Ha pacctosHun 100
MKM ogHa or jgpyrod. Omnpegenure
paccTosiHue  MEXIy JIByMsS  COCEIHHMH
MOJIOCAaMH UHTEP(PEPEHIIMOHHBIX MaKCUMYM,
HaOJIOZJaeMBIX Ha JKpaHE, PACIOJI0KEHHOM
napajuieIbHO IKpPaHy Ha PacCTOSHUM 1 M OT
HETO.

5,8 Mmm

VcranoBka mis HaOmoaeHus Kojel HeroTona
OCBEIIACTCS MOHOXPOMATUYECKHUM CBETOM C
mmHOoM  BoaHbl 0,6 MKM, IIaJaroniuM
HOpMasbHO. [IpocTpaHCcTBO MEXAYy JIMH30U U
CTEKIISIHHOM IJIACTUHKOU 3aII0JIHEHO
JKHAKOCTBIO, MW HAOJIOACHHE BEICTCA B
MpOXOAsIIEeM cBeTe. Paanyc KpUBU3HBI
muH3bel 4 M.  Omnpenenure  Mokasareib
NPEJIOMJIEHUST  KUAKOCTH, €CIU  Paanyc
BTOPOTO CBETJIOTO KoJbla 1,8 MM.

1,48

Ha mens wmmpunoit 0,1 MM manpaer
HOPMaJIbHO MOHOXPOMATHYECKHUM CBET ¢
mmHoit BomHbl 0,5 MkMm. JludpakunonHas
KapTHHA Ha0Jr01aeTCst Ha JKpaHe,
PacnoyIOKEHHOM napajjieabHO IIEH.
Ornpenenurte pacCcTOSTHUE OT IIENH JI0 SKpaHa,
€CIM IIMpHHA UEHTPaJIbHOr0 Makcumyma |
CM.

Ha nwuapparmy ¢ KpyribIM OTBEpPCTHEM
muamerpoM d=4 MM majgaer HOPMAaJbHO
napajuieabHbII IIy40K nyden
MOHOXpOMaTH4Yeckoro cBeta (A=0,5 Mkm).
Touka HaOMOJEHUS HAXOAUTCS Ha OCH
OTBEPCTUSl HA PacCTOSHUU b=1 M OT Hero.
Ckonpko 30H @DpeHens ykiagblBaeTcs B
OTBEPCTHUH?

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




MopsiIKa TAeT 3Ta penieTka’?

Ornpenenure CTeneHb MOAIPU3ALNNA YACTUIHO
MOJIIPU3ALMOHHOTO CBETa, €CIU aMIUIUTYy[a
CBETOBOI'O  BEKTOpA,  COOTBETCTBYIOILAA
MaKCHMaJbHOW WHTEHCHUBHOCTU CBeTa, B 3
pasa OoJIbIIe aMIUTUTYbl, COOTBETCTBYIOIIEH
€ro MUHUMAaJIbHOI MHTEHCUBHOCTH.

0,8

Ornpenenure BO CKOJIBKO pa3 YMEHBIIUTCS
WHTECHCHUBHOCTD €CTECTBEHHOT'O CBETA,
MPOLIEIIIET0 uYepe3 JBa HUKOJS, TJIaBHBIC
IJIOCKOCTH KOTOPBIX 00pa3ytoT yroa B 60°,
€CIN KaXXIbIM W3 HHKOJEH KakK IIOTJIOIIACT,
TaKk W oTpaxkaeT 5% mnagaromero Ha HUX
CBeETA.

9,88

Bo CKOJIbKO pa3 WHTCHCUBHOCTh
MOJICKYJISIPHOTO PAacCesHUSI CHUHEr0 CBeTa
(A=460 HM) mnPEBOCXOAWT HWHTECHCUBHOCTH
paccesiHusi KpacHoro cseta (A=650 um)?

3,254

10

ITyqok 53JIEKTpOHOB, MpOWAS dYepe3 Y3KYIO
Ieb, CO3/MAET TaKYI0 K€ JUPPAKIHOHHYIO
KapTUHY, KaKk M  MOHOXPOMAaTHYECKOE
U3JIydeHHe ¢ JIMHOM BOJIHBI 55 HM. KakoBa
CKOPOCTb 3JIEKTPOHOB?

13,3 km/c
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IIpunoxenne 2

TunoBbie KOHTPOJIbHbIE BONPOCHI [IJI1 IPOMEKYTOYHOM aTTecTAlMU
VYpaBHenust MakcBelia v 3J1€KTPOMarHUTHBIE BOJIHBI.
[Tepexon OT BOJIHOBOM ONTHUKHU K TEOMETPUUYECKON. Y pPABHEHHE SMKOHAJIA.
3akoHbl reomeTpuyeckoit ontuku. [Ipunun depma.
[lenTpupoBaHHbIE onTUYECKUE cucTeMbl. [locTpoeHue n300pakeHUH B INH3AX.
doToMeTpuUeCcKre MOHATUS U €TUHUIIBL.
[Tonsitue korepenTHoctu. [IpocTpancTBeHHAsI U BpeMEHHAsi KOT€PEHTHOCTb.
SBnenue unrepdepeniun. Kiaccuueckne nurephepeHInOHHbIE OTIBITHI.
WNuTtepdepeHius B TOHKUX TUICHKAX.
MHoronyueBas unTepQepeHIusl.

. Audpaxmus. 3ousr OpeHerns.

. Hudpakmus Openens u Opaynrodepa.

. AudpakmonHas pemerka.

. Anudpakius peHTTeHOBCKHUX JTy4eH.

. [IpuHIMTIIBI CO3MaHMS TONOTPaPUIECKIX N300pAKEHHH.

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

. [lonsipu3anus mpu OTpaXEHUU U MPETIOMIICHUN Ha TPAaHUIIE TPO3PAYHBIX JHIIEKTPUKOB.

Dopmyisl Openerns.

SIBienue qBOMHOTO JMydenpenomieHus. MHTepdepeHnns noasipru30BaHHbBIX JTydeH.
HckyccTBeHHOE 1BOIHOE JTyuenpesiomiieHre: Mexannueckas aedopmanus, ¢ ekt Keppa.
Bpamenue miockoctu nossipusanuu. Iddext Dapamest.

Jucnepcus cBeTa. DieMeHTapHas TEOpUs JUCIIEPCHH.

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

D¢ dexr Homepa s 3IEKTPOMArHUTHBIX BOJIH.

3aKOHbI TEIJIOBOTO U3JIy4Y€HUsI KOHACHCUPOBAHHBIX CPEl.

Teopus Termosoro uznydeHuss. Popmyina Panes-/xunca. @opmyina [lnanka.
doroaddexr. 3akonbl GoTodrddexra.

D¢ddext Komnrona.

Nmnynbc GOTOHOB U JaBJI€HHE CBETA.

YpOBHM 3HEPIHH B aTOME, EPEXO/Ibl, MOTJIOICHNE U UCITyCKaHHe (DOTOHOB.
OO6miee ycTpOWCTBO U MIPUHITUIIBI pa0OTHI JTa3€POB.

Henuneitnbie ontuyeckue 3pGexThl



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

dopMynHpoBKa BOIIpOca

Bapuantsl oTBETOB

Ilon nuknuueckol (KpyroBoil) YacTOTOM
Kosie0aHUs ClIeAyeT IOHUMATh ...

1. BpeMsi 0JTHOTO TIOJTHOTO KOJIeOaHUs

2. 4uci0 KoJIeOaHuH B €IMHUILY BpEMEHU

3. BenMuUMHY, OOpaTHYyI0 MPOMEXKYTKY
BPEMEHHM, 3a  KOTOpPBIM  aMIUIMTYyna
KoJie0aHUl yMEHBLIUTCS B € pa3

4. yucii0 Kosiedanmii 3a 6.28 cexkyH

S. IPaBUJILHBIN OTBET HE IPUBEJIEH. ..

Ha »o3kpan OT TOYEUHOro HCTOYHHKA,
HaXOJSIIET0Csl OT HEr0 Ha OYEHb OOJIBIIOM
paccTosiHUM, MaJaeT CBET C AJUHOW BOJIHBI
580 um. B okpanHe wumeroTcs  JBe
napajienbHble 1meau Ha pacctosHur 100
MKM oaHa oT Jpyroi.  Omnpenenure
paccTosiHue MeXAy JBYMs ~ COCETHUMHU
MOJIOCAMH HMHTEP(PEPEHITMOHHBIX MaKCHMYM,
HaONI0/IaeMBIX HA JKpaHe, PacHOJIOKEHHOM
MapajuieJIbHO SKpaHy Ha paccTOsHUHM 1 M OT
HEro.

5,8 Mm

VYcranoBka a1 HaOmroaeHus Kojell Hprorona
OCBEIIACTCS MOHOXPOMATHYECKHM CBETOM C
JauHOM  BoyiHBI 0,6 MKM, IafaronuM
HOpMaibHO. [IpocTpaHcTBO Mexay TUH30HM U
CTCKIITHHOM IUTIACTHHKOM 3aM0JIHECHO
JKHIKOCTBIO, M HaOJIIOJEHHE BEIETCSI B
MPOXOASIIEeM CcBeTe. Paaumyc KpUBU3HBI
qua3el 4 M.  Omnpenenure  MokasaTeib
MPEJIOMJICHUS  KUJKOCTH, €CIIHd  Paanyc
BTOPOTO CBETJIOTO KoJiblia 1,8 MM.

1,48

Ha mens mmpunoit 0,1 MM manmaer
HOpPMaJbHO MOHOXPOMAaTHYECKHH CBET C
mHoit BosHbl 0,5 MkM. [ludpakumonnas
KapTUHa HaOIro/1aeTcs Ha JKpaHe,
PacroI0KeHHOM MapajuIeIbHO IeJTH.
Omnpenenure pacCTosHUE OT ILEIH 10 YKpaHa,
€ClIi IIMPHUHA LIEHTPAJIbHOTO MakcuMyma 1
CM.

Ha puapparMy ¢ KpyriasiM OTBEpPCTHEM
auameTrpoM d=4 MM magaeT HOPMalIbHO
MapajuIeIbHbIN IIY40K ny4den
MOHOXpoMaTHdeckoro cseta (A=0,5 wmkm).
Touka HaOmOnEeHUS HAXOAMTCA Ha OCH
oTBepcTUsl Ha paccTtosHuu b=1 M oT Hero.
Ckonbko 30H DpeHens yKIaabIBaeTCcsl B
OTBEpPCTUU?

JudpakiuonHas pemierka coaepxxutr n=200
mrpuxoB Ha 1 mMm. Ha pemerky namaer
HOpMaJbHO MOHOXpOoMaTHueckuii cet (A=0,6
MKM). MakcuMyM Kakoro HauOOJIbILIEro
TOPSI/IKA JA€T 9Ta perieTka?




Onpenenure cTeneHb NOISPU3ALNN YACTUIHO
MOJISIPU3AIMOHHOTO CBETA, €CIM aMIUIUTY/a
CBETOBOTO  BEKTOpa,  COOTBETCTBYHOLIAs
MaKCUMaJIbHOM WHTEHCUBHOCTU CBETa, B 3
pa3za Oouibllle aMIUTUTY/bl, COOTBETCTBYIOLIEH
€ro MUHUMAaJIbHOW WHTEHCUBHOCTH.

0,8

Omnpenenute BO CKOJBKO pa3 YMEHBIIUTCS
WHTEHCUBHOCTh €CTECTBEHHOTO CBeTa,
MPOINICIIEr0 Yepe3 JBa HUKOJS, 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 WHTEHCUBHOCTh
MOJIEKYJISIPHOTO pacCesHus CHHEro CBeTa
(A=460 HM) NPEBOCXOAUT WHTECHCUBHOCTH
paccesiHus KpacHOro cBeTa (A=650 uHM)?

3,254

10

[Iy4ok >JI€KTPOHOB, TPOWUAS YEpPE3 Y3KYIO
enb, CO3/JaeT TaKyl ke JU(PpaKkirOHHYIO
KapTUHY, KaKk M  MOHOXPOMAaTHYECKOE
M3IIy4eHue ¢ JUIMHOW BoiHbI 55 HM. Kakoa
CKOPOCTb 3JIEKTPOHOB?

13,3 km/c




03.03.02 @Pusuka, HanpaBJdeHHOCTb (mpoduiab) «MeauuuHcKass ¢QuUHKaY,
PII/JI nmo nucunmiaune «Onruka», 2023 roa Hadéopa, ounas ¢popma odydeHust

[TpopexTop no yuebHoii padbore yTBepxaeHo 24.04.2023  B.E. ®enopos

VYueHbIM coBEeTOM (puzndeckoro akyapTeTa

ITporokon 3acemanus Ne 09 ot 20.04.2023

[Ipencenarens YueHoro cosera

¢dusnveckoro (akynpTeTa COTJIACOBAHO M.A. 3arpebun

3acenanueM kageapsbl 001eil U TeopeTHIecKOM GU3NKHN

[Iporokon 3acenanus Ne 06 ot 13.04.2023

3aBenyromumii kadenpoi CcorjIacoBaHO A.E. Maiiep
ABTOpBI (COCTaBUTEIN) A.E. Maiiep
A.A. D0Oeib

Crpykrypa paboyeil mporpamMmbl cOOTBeTCTBYeT npukasy pekropa ®I'bOY BO
«YHeal'V» ot «13» anpeas 2021 r. Ne 247-1



