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1. HEJIX OCBOEHUSA JUCHHUTIINHBI

Lems quenmmmHbl «OTTHKA» COCTOHUT B (JOPMHUPOBAHHH Y CTYJCHTOB SMHOM, CTPOIHOM, IOTHYECKH HETIPOTHBOPEIHBOH
(m3naecKoit KapTHHEI OKPYXKAIOIIEro Hac MUpa MPHUPO/IBI, TPHOOPETEHIE HABBIKOB PEIICHHS U HCCIETOBAHNS KOHKPETHBIX
(m3nMYecKuX 3a1ad.

OCHOBHEIE 3agaqu JUCHUIUIUHBI: U3YYCHHUE OCHOBHBIX IMOHSTUI BOJIHOBOM M KBaHTOBOMU ONTHKH; U3YICHUEC OCHOBHBIX METOAOB
HCCIICAOBAaHUS B OIITUKE; 3HAKOMCTBO C HEKOTOPBIMH IPHUIOKCHUAMU OIITUKH.

P C3YyJIbTaThl O6y‘IeHI/I$I 10 JUCHHUIITINHE HAIIPAaBJICHBI HA JOCTHXKCHUC NHAUKATOPOB!

OIIK-1.1. O6ragaer 6a30BEIMHI 3HAHHUSAMH, TIOTYICHHBIMH B 00IACTH (PU3UKO-MaTEMaTHUECKUX U (FJIN) €CTECTBEHHBIX HAaYK.

OIIK-1.2. JleMOHCTpUpYeT yMEHHE pelaTh 3a1a4n, (GopMyIupyeMble B paMKaxX (PH3UKO-MaTEMaTHUECKHX U (MIIN) €CTECTBEHHBIX
HayK.

OIIK-1.3. ViMeeT HaBBIKH UCIIOIB30BAHUSI OCHOBHBIX ITOHSTHH, 3aKOHOB (DM3HKO-MaTEMAaTHYECKUX U (FJIH) €CTECTBEHHBIX HAYK JUIS
penreHus 3a1a4 TpopeCcCHOHANBEHON A TETbHOCTH.

2. MECTO JUCIHUIIJIMHBI B CTPYKTYPE OIIOII

[ux (paznen) OIIOIT: b1.0.12

2.1 TpeGoBanus K npeaBapUTe/ILHOI NOATOTOBKE 00y4aI01Ierocs:

SHCKTpI/I‘IeCTBO 1 MAarHCTU3M

MonekyinsipHas pu3uka

Mexanuka

2.2 JIncuMnauHbl U MPAKTHKH, VISl KOTOPBIX 0CBOeHHE JAHHOW AUCHUILIMHBI (MOAYJIs1) HE00X0AMMO KaK MpeAliecTBYIoIIee:

AromHas (usuka

JlazepHas Quzuka

buomenuumHckas onTuka

[lonynpoBoAHUKOBBIE M ONITOBOJIOKOHHBIE JIa3€PhbI

IToaroroBka k ciaye u ciada TOCYyJapCTBEHHOI'O 3K3aMCHa

3. KOMIIETEHIIMY OBYYAIOIIETOCSI, ®°OPMUPYEMBIE B PE3YJILTATE OCBOEHMS JUCLIATLTAHBI
(MOJLYJIST)

OIIK-1: Crioco6eH NpUMeHSITH 0230Bble 3HAHUA B 00J1aCTH (PU3UKO-MATEMATHYECKHX U (MJIM) eCTeCTBEHHBIX HayK B cdepe
cBoeil MpogecCHOHATBHOM AesITeJIbHOCTH;

3HaTh:

21.]'15[ JOCTUKCHUA OIIK-1.1: 6a3oBEIe TMOHATHS, MOACIH, ITIOAXOABI K aHAJIN3Y (1)I/I3I/I‘ICCKI/IX SIBJICHUH B paMKax OINTHKH; OCHOBBI
TCOPpUH, MPUHIHUIIBI U MCTOAbI OIITUKU; METOAbI TCOPCTUUCCKUX U SKCIICPUMCHTAJIbHBIX I/ICCJ'ICI[OBaHI/Iﬁ B (1)I/I3I/IKC

YMeTh:

Jlna noctmxenust OITK-1.2: ucrions3oBats 6a30BbIE TEOPETUUECKUE 3HAHUS 110 ONTUKE; ITOHUMATh, U3J1araTh U KPUTUYECKU
aHAM3UPOBATH 0a30BYIO O0IIEPU3NIECKYIO HHPOPMAIIUIO; MTOIH30BATHCSI OCHOBHBIMHU MTOHATHAMHE, 3aKOHAMH U MOJISIISIMU OITHKHY;
pelaTh TUIOBBIE 3a]1a4i ONTHKH

Baagern:

Js noctmoxernus OITK-1.3: HaBBIKOM penreHnst KOHKPETHBIX (PH3MYECKUX 3a/a9; METOIaMHi 00paObOTKH 1 aHAIIN3a
SKCHEPUMEHTAIBHOI U TEOPETHIECKOH (pru3ndeckoit nH(OopManum

B pe3syJibTare 0CBOCHHS JUCHUIIJIMHBI 00Y4AIOLINIiCH 10JKeH

3.1{3naTb:

3.1.1|6a30BbIE TMOHATHS, MOACIIN, ITOAXOAbI K aHAJIN3Y (1)I/I3I/I[IGCKI/IX SIBJICHUH B paMKax ONTUKH; OCHOBbI TCOPUH,
TMPUHOUIBI U METOABI OIITUKU; METOAbI TECOPETUICCKUX U SKCIICPUMCHTAJIbHBIX HCCIICIOBaHUI B (I)I/I3I/IK€

3.2({YmeTn:

3.2.1|ucmone30BaTh 6a30BEIE TEOPETHICCKHE 3HAHUS 110 ONTUKE; TIOHUMATh, H3JIaraTh U KPUTHIECKH aHATU3HPOBATH
6a30ByI0 00IIE(HI3UIECKYI0 HHPOPMAIIHIO; MOTB30BATHCS OCHOBHBIMHU MOHATHSAMH, 3aKOHAMHU U MOJCIISIMHU ONITHKH;
pelIaTh TUIIOBBIE 3a1a4U ONTHKU

3.3|Baaners:

3.3.1|HaBbIKOM pellIeHHsT KOHKPETHBIX (PU3MYECKUX 3aJ1a4; METOIaMHi 00paOOTKH U aHaIu3a SKCIEPUMEHTAIILHON 1
TEOpPEeTUUECKOM (u3nueckor nHdopmaimm
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4. OFBbEM JUCHUIIIMHBI (MO YJIST)
O6Lwas TpyaoeMKoCTb 33ET
Yacos o yae6HOMY TTaHy : 108 Busbl KOHTpONISL B CEMECTpax:
B TOM YHUCIIE :
ayJUTOPHBIC 3aHATUs © 72 9K3aMeHb! 4
caMmocTosiTeNnbHas padora @ 18
4aCcOB Ha KOHTPOJIb 18
5. CTPYKTYPA U COAEP) KAHUE JTUCHUIIJIMHbBI (MO Y JIsT)
Kon HaunmenoBaHue pa3ie/ioB 1 TeM /BUJ 3aHATUS/ Cemectp | Yacos Jluteparypa
3aHATUS [Kvpe
Pazpen 1. 'eomeTpuyeckast onTuka

1.1 Ipenmer uzydeHus ontuky. Paspurtue npeacraBieHuil o IpUPOJE CBETA. 4 4 J1.1J11.2J11.3
BomHOBBIE 1 KOPITYCKYIISIPHBIC CBOMCTBA cBeTa. [Ipubmmkenue JI1.4J12.1 J12.2
reOMETPUYECKOM ONTUKHU. 3aKOHBI OTPAXKEHUS U MPEIIOMIICHUS CBETa Ha JI2.3J13.1 J13.2
TPaHUIIE TPO3PAYHBIX TUAIEKTPUKOB. [loHOE BHYTpEeHHEE OTpaKeHHe. D132 33 34 35 56
[Mpunun ®epma. [IpenomieHue cBeta Ha chepUIECKOi MOBEPXHOCTH. 27
Jluneitnoe u yrinoBoe yBenuuenue. JIuuzsl. Dokyc, GokanbHas MIOCKOCTb,

(bokycHOe paccTosHUe, onTHYecKas cuiia. PopMysia TOHKOW JIMH3EI.
[MocTpoenue nzodpakeHuii B inH3ax. [[eHTpUpPOBaHHBIC ONTHYECKUE
cucteMsl. /Jlex/

1.2 Pemenue 3anau. [Ipenomnenne ceera B mpuzme. OTpaxeHHne CBETa OT 4 4 JIT.1 J11.2 JI1.3
cepuyeckoii ToBEpXHOCTH. [ eomeTprueckas U Xpomatuieckas: abeppanusi. JI1.4J12.1 J12.2
VYerpolicTBo rnasa u 3penue. doromerpuieckue noHsITUs U enuHuibL. /Tp/ JI2.3J13.1 JI3.2

31 32 33 54 25 D6
37
1.3 I'eomerpuueckas ontuka /Cp/ 4 2 JI1.1 J11.2 J11.3
JI1.4J12.1 J12.2
JI2.3J13.1 J13.2
0132 33 24 25 26
37
Pazaes 2. DiieKTpOMarHuTHbIe KOJeOaHUSI H BOJIHbI

2.1 KonebartenbHblit KOHTYp U ypaBHeHHE KoeOaHuii. CBOOOAHbIE, 3aTyXalolIHe, 4 4 JI.1J11.2J11.3
BBIHY)K/ICHHBIC 3JICKTPOMAarHUTHBIC KojieOaHusl, pe3oHaHc. YacTora, nepuof, JI1.4J12.1 J12.2
(azel koneOaHuii. YpaBHeHuss MakcBesuia B OTCYTCTBUH 3apsi/IOB M TOKOB. JI2.3J13.1 J13.2
BoHoBoe ypaBHEHHE, 37€KTPOMAarHUTHbIE BOJHBL. I1ockas 013233 24 25 26
9JIEKTPOMArHuTHast BoJHA. JlJIMHA BOJIHBL, IPYIIIOBas U Ga3oBasi CKOPOCTH. 37
DHeprus ¥ MOTOK SHEPTUU IEKTPOMArHUTHON BONHBL. beryiiue u croguue
BOJIHBI. MIHTEp(epeHust BOIH, KOTepeHTHOCTS. /JIex/

2.2 ITepexox OT BOHOBOIT ONTHKH K reoMerpudeckoit. /IIp/ 4 2 J1.1J11.2J11.3

J1.4J12.1J12.2
JI2.3J13.1J13.2
013233 24 25 26
97
2.3 DJeKTpOMarHuTHbIC KoeOanus U BoJHbI /Cp/ 4 2 JIT.1 J11.2 J11.3
J1.4J12.1 J12.2
JI2.3J13.1J13.2
013233 24 25 26
97
Pa3nen 3. UnrepdepeHuus cBeTOBBIX BOJTH

3.1 Omert FOHra, ycrmoBre MakCHMyMOB M MUHAMYMOB HHTEp(epeHIHOHHOH 4 6 J1.1J11.2J11.3
KapTuHBbL. [IpocTpaHCTBEHHAs U BpEMEHHAs! KOT€PEHTHOCTb, BIIUSIHUE J1.4J12.1J12.2
pa3MepoB UCTOUHKKA cBeTa. VIHTepdepeHIIust pU JCIICHUH BOJIHOBOTO JI2.3J13.1 J13.2
¢bponTa: 3epkana Openens, ounpusma Openens, onnmnaza buite, 3epkano 019233 34 35 56
JInowima. [Tomockr paBHOrO HakIOHA U paBHOM TommuHEL. Kombiia HeroToHa. 27

Crostaue CBeTOBBIE BONHBI. [{MIIEKTpHIECKIE HHTEP(PEPUPYIOIIHE CITOH.
WHTepdepeHtyst MHOTHX ITy9YKOB; METOJI TPpaUuecKOro CIOKEHHUS
aAMIUTATY/T; TIIaBHBIE M BTOPUYHBIE MAaKCUMYMBI. /JIek/

© ®I'BOY BO «Yenl'V»
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32 Penrenne 3amad. Pacuer nHTEpepeHIMOHHOH KapTHHBI JUIS 3epKaa 10 J1.1J11.2J11.3
Openens u ounpusmel Operens. J[ByxinydeBbie HHTEp(HEpOMETPHI. JI1.4J12.1 J12.2
MHorony4eBsle nHTepdepomeTps! (TtacTuaka Jlirommepa-I'epke, sTanoH JI2.3J13.1J13.2
Dabpu-Ilepo). UaTeppepenunonnsie puastpsl. /I1p/ 013233 54 25 26

97
33 Wnrepdepentius cBeToBbIX BOJIH /Cp/ 2 JI.1J11.2J11.3
JI1.4J12.1 J12.2
JI2.3713.1J13.2
013233 24 325 26
97
Pa3nen 4. ludpaxuusi cBeTOBBIX BOJIH

4.1 Judpaxnus. [puamun Iroiirenca-®penens. 3ous Openernst. ['paduaeckoe 6 J1.1J11.2J11.3
CIIO’KCHUE aMIUIUTY U YCTIOBHE MAKCHMYMOB U MHHIMYMOB JTH(D)PaKIINH. J1.4J12.1J12.2
Judpaxnus oT chepraecKkoro OTBEpCTHsI M KPYTIIOro MPENSTCTBHUSA. 30HHAS J12.3J13.1J13.2
mracTHHKa. Jn(paxius oT mapauiebHOro MydKa rydeil. Pactipenenenue 015233 54 25 26
WHTEHCUBHOCTH CBETa Ha dKpaHe npu audpakipm OpayHrodepa oT menu. 27
['panuIibl reOMETPUYECKON ONTHKH, Audpakimn Openens u qmudpakiunu
®paynrodepa. udpakiponsas pemierka. Y cioBUe MUHUMYMOB, TJIaBHBIX U
BTOPUYHBIX MAKCUMYMOB. CTIeKTp TU(PaKInOHHON PEIIeTKH; pa3pemIaromas
CIIOCOOHOCTS, JIMHEWHAs U yrioBas aucrnepcus. /JIex/

4.2 Peurenue 3anau. Jludpakims ot HEMPO3PaYHOTO Kpast MOTYIIIOCKOCTH. 10 JIT.1 J11.2 J11.3
Judpakius @paynrodepa ot kpyrioro oteeperus. Judpakuus ot JI1.4J12.1 J12.2
MHOTOMEpHOH pemieTku. J{ndpakims peHTTeHOBCKHX JTydeid, popmyra JI2.3J13.1 JI3.2
Bynwda-bpara. [Tpuniunet co3nanus ronorpadguyecknx nuzoodpaxenuid. /TIp/ D192 33 B4 35 D6

37
43 Judpaxkiust cBeToBbix BoiH /Cp/ 4 JI1.1 J11.2 J11.3
JI1.4J12.1 J12.2
JI2.3J13.1 J13.2
31 32 33 54 25 D6
37
Pazpen 5. llonsspuzanus cBera

5.1 SBnenue nonspuzanuu. [onspuzaropel. [Tnockas, KpyroBas, SJTHIITHYECKAS 6 JIT.1J11.2 J11.3
nossipuzanus. CreneHs nonspusanuu. 3akoH Mamoca. [IpoxoxieHue csera JI1.4J12.1 J12.2
yepes rpaHuIly JBYX MPO3payuHbIX cpei. BeiBon u ananu3 ¢popmyn Openens. JI2.3J13.1 J13.2
3akoH bprocrepa. SIBinenue 1BOHHOro J1ydenpenomienus. BonHosele 0132 33 24 25 26
MOBEPXHOCTH OOBIKHOBEHHOI'O ¥ HEOOBIKHOBEHHOTO Jiy4eid. IHTepdepentms 37
MOJISIPH30BAHHBIX JIyYeH, OIYBOJHOBAs  YETBEPTHBOIHOBAS TITACTHHKHL.

/JTex/

5.2 Pemrenue 3anau. [Tonspuzanuonnsie npudopsl. Kpucrannnueckas miacTuHKa 4 JI.1J11.2J11.3
MEXAY ABYMs NoJsipu3aTopaMu. MckycCcTBEHHOE ABOMHOE JTydelpelOMIICHHE: J1.4J12.1J12.2
MexaHnueckas nedopmarms, adhdext Keppa. Bpamenue mrockoctu JI2.3J13.1J13.2
nomsiprsarmu. Dddexr Papanes. /Tp/ 31322 33 54 25 56

97
53 Ionspu3arms ceta /Cp/ 2 JI1.1J11.2J11.3
JI1.4J12.1 J12.2
JI2.3713.1J13.2
013233 24 25 26
97
Pa3nen 6. B3anmoseiicTBue 3J1eKTPOMarHUTHBIX BOJIH € BeleCTBOM

6.1 SBnenue nucnepcun. HopmanbHas U aHOManbHast AUCIIEpCHs. DJIeMeHTapHas 4 J1.1J11.2J11.3
TEopHs AUCHePCHU. [ pyIIoBast CKOpOCTh CBETOBBIX BOJIH B BEILIECTBE. JI1.4J12.1 J12.2
[Mormomenne cBeta, 3akoH byrepa, K03 GHUITMEHT MOTTOMEHHS. J12.3J13.1J13.2
OCo0eHHOCTH TIOTJIONISHUSI CBETa B Ta3axX, KOHJCHCUPOBAHHBIX Cpenax, B D1 32 53 D4 35 56
pacTBopax u B Metauiax. PaccesHue cBera, 3akoH Panes. [lonspuzanus npu 27
paccesiHun. MyTHBIC CpeJibl, MOJICKYIISIpHOE paccesiHue. /JIex/

6.2 Komb6unanmonnoe paccestaue. Ontrka IBwKymuxcs cpea. Dddexr Homrepa 2 JI1.1J11.2J11.3
(TIPOJIONBHBIN U MOMEPEYHBIH) ISl IEKTPOMATHUTHBIX BOJH. D QeKT JI1.4J12.1 J12.2
Basuioa-Uepenkona. /TIp/ JI2.3J13.1 JI3.2

D1 32 33 54 25 D6
37
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6.3 BzaumonelicTBre 31€KTPOMAarHUTHEIX BOJH ¢ BerecTsoM /Cp/ 4 2 J1.1J11.2J11.3
J1.4J12.1 J12.2
JI2.3J13.1J13.2
0135233 24 25 26
97
Paznes 7. KBaHTOBBIE CBOIiCTBa cBeTa

7.1 TerutoBoe uzydenue. 3akon Kupxroga. 3akon Credana-bonbiivana, 3akoH 4 6 JIL.1JI1.2J11.3
Bunaa. Criextp TemoBoro minydeHus, Gopmyna Panes-/IxunHca, hopmyna J1.4J12.1J12.2
ITnanka. ®otoaddexr, 3akoHb! hoTodhdekra. PoTOHBI, hopMyna JI2.3J13.1J13.2
OitamTeitna 11 porodddexra. dpdexr Kommrona. Mmmynsc GoToHOB 1 0135233 24 325 26
JTaBIICHHE CBETA. Y POBHHU YHEPTUH B ATOME, IIEPEXOABI, OTTIOMICHHE U 97
ucnyckanue (potoHoB. CIIOHTaHHEIE U BRIHYXK/ICHHBIE ITepexosl. Obimee
YCTPOWCTBO U MPUHIUTIBI paboTHI Ta3epoB. /JIex/

7.2 Pemenue 3aga4. Onruyeckast nupomeTpust. TopMO3HOE PEHTTEHOBCKOE 4 4 J1.1J11.2J11.3
n3nydenue. OnsiT bote. I'a30Bble, TBEpAOTENIBHBIE, IOIYIPOBOIHUKOBLIE JI1.4J12.1 J12.2
na3sepsl. Jlazepsl Ha kpacutensx. HenuneliHbie ontudeckue 3pQexTs. JI2.3J13.1 J13.2
Henunelinas nonspusanus cpeasl. I eHepanys BTOPbIX TAPMOHHUK. D130233 343536
Camodokycuposka. /I1p/ 37

7.3 KBanroBebie cBolicTa cBeta /Cp/ 4 4 JI.1J11.2J11.3

J1.4J12.1 12.2
JI2.3J13.1 J13.2
01322 33 B4 25 26
37

6. ®OHJ] OIEHOYHDBIX CPEJCTB

6.1. IlepevyeHb BU/I0B OLIEHOYHBIX CPEJICTB

OTyer Mo NPaKTUIECKUM 3aJaHHSM.
KonTponbHbie BOpOCHI.

6.2. TunoBbie KOHTPOJIbHbIC 3aJaHMsl H HUHbI€ MaTepUaJIbl 1A TeKymeﬁ aTreCTalnumn

TunoBble KOHTPOJIBHBIE 3aaHNS U MHbIE MAaTE€pUaIbl VI TEKYyIeH aTTecTaliuy npeactasieHsl B [Ipunoxennn 1.

6.3. TunoBbie KOHTPOJBbHBbIC BOITPOCHI M 3alaHUSA /I HpOMe?KyTO‘lHOﬁ aTrrecranuu

Tunossie KOHTPOJIbHBIC BOIIPOCHI U 3aJaHUA JIsd l'lpOMe)KyTO‘IHOﬁ aTTeCTalluu MpeACTaBJICHBI B HpI/IJ'IO)KeHI/II/I 2.

6.4. Kpurepun oneHuBanus

Ha sk3ameHe CTy[IeHTY MpeiaraeTcst OTBETHTh Ha JIBA TEOPETUIECKHUX BOMPOCA M PEIIUTD JIBE MPAKTHIESCKUX 3a1aun. [Ipu oTBeTe
CTYIICHT MOJy4aeT OI[CHKY:

«OTJIMYHO» — 3 Pa3BEPHYTHIN OTBET C MPUMEPAMH U MOSCHEHUSIMU Ha BCE TEOPETUIECKHE BOMPOCH! M TIOTHOCTHIO PEIICHBI 1
pacmucaHbl 1O ISHCTBUSAM BCE 3a1a4H;

«XOpOILIO» — 33 Pa3BEPHYTHIN OTBET C MPUMEPAMHU U TIOSICHEHUSIMH Ha BCE TEOPETHUESCKUE BOMIPOCHI U MOJTHOCTHIO PelieHa U
pacrrcana 1o AeHCTBUSIM XOTs OBl OJTHA 3aj1a4a, JIM0O TOITHOE PEIIeHHe IBYX 3a/1a4 U HETIOHBIA OTBET HA TEOPETUYECKHE BOIPOCHT;
«yIIOBJICTBOPUTEIBHOY - TAH YSTKUI JIOTUYHBII OTBET Ha TEOPETUUECKHE BOMPOCHI U JIFOOBIC IOTUYHbBIC MTOSCHEHHUS 110 3a]a4aM,
7100 MOJHBIA OTBET HA OJTUH TEOPETUUECKUI BOMIPOC U pellIeHHe OTHOM 3aauu (dacTuuHoe (He MeHee 50% peleHus 3a1a4n) Win
MIOJTHOE B 3aBUCHMMOCTH OT CJIOKHOCTH 33/1a4H), 1100 1ouTu mnosiHoe (He menee 8§0% perieHust JUis Kak10M 3a/1a41) perieHne o0enx
3a/1a4;

«HEYJIOBIICTBOPHUTEIHHOY - 32 BIMOIHeHNE MeHee 50% 3aJaHuii, 3a HCKITIOUYECHUEeM CITy4Jast IOYTH TOIHOro (He MeHee 80% permeHust
JUTSL KQKJIOW 3a/1a9M) peleHus 00enX 3a/1ad.

7. YHEBHO-METOJUYECKOE U UTHO®OPMAIIMOHHOE OBECIIEYHEHUE JTUCITUIIJIMHBI (MO YJIS)

7.1. PexomeHyemasi JiuTepatrypa

7.1.1. OcHoBHas JiuTEpaTypa

ABTOpBI, COCTABUTEIH 3arnaBue W3zparensctBo, ron| Pecype
JI1.1 (CuByxun [I. B. O6mwmit xype pusukn. [T. 4] : OnTuka: yaebHOe mocobue s By3oB |Mocksa : Hayxka,
1980
JI1.2 |Uponos . E. 3agaun no obmel Gpusnke: yaeOHOe mocodue IS By30B Camnkr- [lerepoypr |  OBC
(https://e.lanbook.com/book/152437) : Jlans, 2021
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ABTOpBI, COCTaBUTENU 3arnaBue WzparensctBo, ron| Pecype
JI1.3 |Casenbes U. B. Bonnzel. OnTrka Camnxr- Ilerepbypr | 39bC
(https://e.lanbook.com/book/167872) : Jlanb, 2021
JI1.4 |CaBennes U. B. KBanToBast ontika. AToMHas (usnka. OHU3nKa TBEPAOro Tera. Cankr- [lerepOypr 9bC
du3nKa aTOMHOTO sIJIpa U AJIEMEHTAPHBIX YaCTHIL] : Jlans, 2021
(https://e.lanbook.com/book/167873)
7.1.2. JlonoJIHUTE/ILHASI JIUTEPATYpa
ABTOpBI, COCTaBUTENN 3arnaBue WznarensctBo, ron| Pecype
JI2.1 |Jlamgcoepr I'. C. Onrrrka: ygeOHOe ocodne Mocksa : 9bC
(https://biblioclub.ru/index.php?page=book&id=485257) Ousmataur, 2017
JI2.2 |byrukos E. 1. OnTuka Camnkr- [lerepOypr OBC
(https://e.lanbook.com/book/168365) : Jlans, 2021
JI2.3 |Kamammaukos H. I1.,  |IIpakTukyM 1o pemreHnIo 3amad 1Mo odmeMy Kypey Gpusuxn. Canxkr- Iletepbypr | OBC
Koxepaukos H. M., |Konebanus u Boausl. OnTrka : Jlans, 2021
Koteipno T. B., (https://e.lanbook.com/book/168598)
Crmpun I'. T
7.1.3. Meronnueckue pa3padoTKku
ABTOPBI, COCTaBUTEIHN 3arnasue WsnarensctBo, Ton | Pecypce
JI3.1 ®dusnueckast ONTHKA: MPAKTUYECKOE TOCOOUEe Mockga : Hayxa, 9BC
(https://biblioclub.ru/index.php?page=book&id=116429) 1970
JI3.2 |Capuna M. I1., BonHoBast 1 KBaHTOBast ONTHKA: ydeOHOE TIocoOHe HoBocubupck : 9BC
Xomsieko B. H. (https://biblioclub.ru/index.php?page=book&id=576508) HoBocubupckuit
TOCY/AapCTBEHHBII
TEXHUUYECKUH
yausepcutert, 2019
7.2. IlepeyeHb pecypcoB HHGOPMALHOHHO-TEJIeKOMMYHHKALUOHHOI ceTn "WHTepHeT"
D1 |9BC «YHuBepcuterckas oubnuoreka onnaiiny» http://biblioclub.ru/
92 [3BC uznarenscrBa «Jlanpy» https://e.lanbook.com/
93 [3BC uznarenscrBa «MHppa-M» znanium.com http://znanium.com/
24 [3BC «Opaiit» https://biblio-online.ru/
D5 [Hayunas snextponnas oubnuoreka Poccuiickoit Akanemun Hayk http://www .elibrary.ru
D6 |Hayunble u Hay4HO-TIONMy/IsipHbIE JieKuu http://elementy.ru
D7 |YuebHO-MeTomuueckuit cait «[IpemogaBartessiM u cryaeHTam» http://teachmen.csu.ru

7.3 Ilepeyenb uHGOPMANMOHHBIX TEXHOJIOT Ui

7.3.1 IlporpammHoe obecnieyeHue

Adobe Reader

WinDjView

LibreOffice

Adobe Connect Acrobat

LMS Moodle

MS Office365

7.3.2 IlpodeccuonaibHble 0a3bl AAHHBIX U HHPOPMALMOHHO-CIIPABOYHbIEC CHCTEMbI

1. DaexTpoHHBIH KaTajor HaydHoH 6nomrorexn Yenl'Y [DrexTpoHHEIH pecypce] : 6a3a maHHBIX / Yens0. roc. yH-T. — UensOnHCK,
1992.

2. APS JOURNALS. Physical Review Letters, Physical Review X, Physical Review, and Reviews of Modern Physics : sxypHasI
American Physical Society : caitr. — URL: http://journals.aps.org/about — 5I3. anri. — PexxuM gocTymna: TOTBKO U3 CETH
yHHUBepcuTeTa. — TeKCT : 3JIeKTPOHHBIM.

3. Web of Science : mynpTHARCIIIIUTHAPHAS pedepaThBHAs 6a3a TaHHBIX / KoMmaHus Thomson Reuters. — Pexxnm moctyma: st
3apeructpup. noab3opateneil Yenl'V. — TeKCT : 21eKTpOHHBIH.

4. Scopus : pedeparuBHas 6a3a ganubix / Elsevier BV. — URL: http://www.scopus.com/ — $I3. aarin. — Pexxum gocrymna: uist
3apeructpup. nmons3opareneid YenlY. — TeKCT : 2eKTPOHHBIH.

5. Springer Link : [caiit]. — URL: http://link.springer.com/ — 5I3. anri. — Pexxum noctyna: yis 3aperucTpup. noyis3oatenein Yenl'VY.
— TeKcT : AIeKTPOHHBIN.
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6. KoHCIIEKTHI JIEKIHIT ¢ IEMOHCTPALMAMA M BUPTYaJIbHBIMHU JIa00paTOPHBIMH KCIIEPIMEHTAaMH Ha caiite http://teachmen.csu.ru

8. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCIHUILJIMHBI (MOAYJISA)

I[J'Iﬂ peanm3anni JUCHUIIIMHBI UCTTOJIB3YHOTCA y‘{e6HI>IC AyAUTOPUU JJIs1 ITPOBECACHU 3aHITUI JICKIIMOHHOT'O TUIIA, MPAKTUICCKUX
3aH5[TPII71, TPYHITIOBBIX 1 UHAWUBUAYAJIbHBIX KOHCYJ'H)T&I.II/Iﬁ, TEKYLICrO KOHTPOJIA U HpOMe)I(yTO‘{HOﬁ aTreCralyu, a TakKKE IMOMCIICHUA
JJIA CaMOCTOSITETbHOM pa60TI>I.

VueOHbIe ayTUTOPUH YKOMITIEKTOBAHBI CIICIIHAM3UPOBAHHON MEOCIIBbI0 M TEXHHIECKUMH CPEACTBAMU O0YUCHUS -
MYIBTUMEIUHHEIM 000pyI0BaHHEM (3KpaH, HOYTOYK, IPOEKTOP, KOIOHKN).

Jlnst mpoBeeHns 3aHATHIA JIEKIIMOHHOTO THITA MPe/IaraloTcss HaOOpHI IeMOHCTPAIOHHOTO 000PYIOBaHUS B yIeOHO- HATTISIHBIX
nocoOwuit (MyIbTHMEUITHBIC TIPE3CHTAIINH).

Vcnonmp3yeTcs 31eKTPOHHBIH YNTaIBHBIH 3a11 HaydHol 6ubmuorexn Yenl'Y (ayautopmst 206) A1t CAMOCTOSTEITBHOM PabOTHI
CTyJIeHTa, OCHAIICHHBIH MTepCOHATBHBIMU KOMIBIOTEpaMH, MyIbTUMEIHHHON anmapaTypoil. B aymuropun obecriedeH qocTyt K
PA3IMIHON CIIPaBOYHON JIUTEPATYpE, SHIUKIONEIHAM, OMOIHOTpagUIeCKUM 1 TIOTHOTEKCTOBBIM 0a3aM JTaHHBIX,
MH(POPMAIIOHHEIM pecypcaM «HTepHeT».

9. METOAUYECKHUE YKA3AHUA 1JIAA OBYYAIOIIUXCA IO OCBOEHUIO JTNCITUIIJIMHBI (MO YJIA)

OcBoeHue cofiepKanust yaeOHO! TUCIUIUTHHBI «ONITHKa) OCYIIECTBISIETCS Ha JIEKIHAX, MPAKTHYECKUX 3aHATHSX U B TIpoOLiecce
CaMOCTOSITEIIBHOM yueOHOU IeATEIbHOCTH CTY/ICHTOB.

JlekmoHHBIE 3aHATHS 00ECTICUMBAIOT TEOPETHIECKOE M3YUSHNE TUCIHUIUTUHBL. OCHOBHBIMU METOAAMH O0YUEHHS SIBISIOTCS
nH()OPMATOHHO-00BSICHUTEIBHBIA U PpoOIeMHBIH. Ha JIeKIusx u3naraercst OCHOBHOE COEp)KaHHUe TEM IPOTrPaMMBbI, TPOBOIUTCS
aHaJIN3 OCHOBHBIX MOHATHI U paccMaTpUBAIOTCS IPUMEPBI.

JIeKIMOHHBIN MaTepual sIBISIETCS BaKHBIM, HO HE €IMHCTBEHHBIM ISl YCBOCHHSI y4eOHOM AUCUUIUTHHEL Ero o0si3atensHo
HEOOXOIUMO JOMOTHUTH MaTEPUaIoOM OCHOBHOH U JIOMIOIHUTENBHOM JTUTEPaTyphl 110 TeMe. [IpakTHuecKkue 3aHsATUs CITyKaT A
3aKPEIUICHUS TEOPETUYECKUX OCHOB, M3JIaraeMbIX B JIEKLUUIX. Ha mpakTHYecKux 3aHATHsX 00ydaeMble OBIaCBAIOT OCHOBHBIMH
METO/IaMH U TIpUEMaMH peleHUs 3a1au.

Ba)kHBIM MOMEHTOM MU U3Y4EHUH JIFOO0H AUCIUIUTIHBI SBIISIETCS] OPTaHU3AIMS CAMOCTOATENbHOM padoTsl. [Ipu ocBoeHnn
MaTtepuaia He CleqyeT CTPEMHUTLCS K MEXaHMIECKOMY 3alIOMUHAHUIO IPUBEICHHBIX ONpeeNeHNH, (OpMYIUPOBOK U ONOKEHUH,
eciu TpeboBaHMs K BaMm mpsMo He yKka3bIBaroT Ha 3T0. Brionne 3¢ (eKTUBHON MOXKET 0Ka3aThCs MOIBITKA MOHSThH CYTh SBJICHHUS,
BBIPa0OTAaTh CBOE OTHOLIECHHE K HEMY, OIIMPAsACh Ha MaTepual, COAEPKALIMNCI B peKOMEHI0BaHHOM JiuTepatype. Takxe
PEKOMEHTyeTCsl paBHOMEPHO pacIpeieNiTh Harpy3Ky CaMOCTOATENILHOTO 00yUeHUsI B TEUEHHE CEMECTpa.

B cinydae nmpumeHeHus Ipy 00y4eHUH TUCLUILIMHBI 3JIEKTPOHHOI0 00y4eHHs], TUCTAHIIMOHHBIX 00pa30BaTe/IbHbIX TEXHOIOr M
oOrieHre 00yJarouXcsl U NPEroAaBaTelis OCYIIECTBISACTCS B PeKUME pEalbHOI0 BpeMEHH (OHJIalH-JIeKIUH (BeOUHAPHI), YaThl,
BU1€0-KOH(DEPEHINH U JIP.) WK OTJIOKEHHOI0 BPEMEHH (CUCTeMa JUcTaHIMOHHOro o0ydenus Moodle, MS Office365, hopymsl,
9JIEKTPOHHAS [10YTa U Jp.).

ITpu 06yueHun L ¢ OrpaHUYEHHBIMU BO3MOXKHOCTSIMU 3710POBbsI 2JIEKTPOHHOE 00yUeHHE, IUCTAaHIIMOHHbIE 00pa30BaTeIbHbIE
TEXHOJIOTHH MPETyCMaTPHUBAIOT BO3MOKHOCTh IIpHEMa-Tiepeayy HHGpOPMAINK B JOCTYITHBIX JUIS HUX (hOpMax.

Peanuzanust AUCUUIIIMHBI C IPUMEHEHHEM JIEKTPOHHOI0 00Y4EHHUs, IUCTAHIIMOHHBIX 00pa30BaTelIbHbIX TeXHOIOrul (nanee — 30,
JIOT) ocyuectisercst Ha ocHoBaHUU «IlooXKeHUs 0 pealn3allii OCHOBHBIX U JIONIOJHUTEIbHBIX 00pa30BaTENIbHbIX IPOrPaMM ¢
TIPHMEHCHUEM JICKTPOHHOT0 00YJCHUS M AUCTaHIIMOHHBIX 00pa30BaTEFHEIX TEXHOIOTUH B (he/iepabHOM TOCYapCTBCHHOM
610JVKETHOM 00pa30BaTENbHOM YUPEXKICHUH BBICILIETO 00pa3oBaHus «UenssOnHCKUI roCy1apCTBEHHBII YHUBEPCUTETY,
«[TonoxxeHus o nopsiaKe 3a4era 00y4arolUMUCS 10 OCHOBHBIM NIPO(ECCHOHAIBLHBIM 00Pa30BaTeIbHBIM IPOrPpaMMaM BBICILIETO
obpaszoBanus B PI'bOY BO «Henl V» pe3yabTaToB OCBOEHUS B OpraHU3aLUSIX, OCYILECTBIISIOIINX 00pa30BaTe/IbHYIO
JIEATENbHOCTD, YUeOHBIX IIPEIMETOB, KYPCOB, TUCLUILUINH (MOLYyJIeH), IPAKTUK, AOMOIHUTEIbHBIX 00pa30BaTENbHBIX IIPOIPAMM»
MIOCPENICTBOM 3JIEKTPOHHOMN nH(popMannonHo-oopaszoBatenbHoil cpensl PT'BOY BO «Yenl Vy». B HCKITIOUUTENBHBIX CTyYasx
(hopc-maxcop  T.I1.) U peaTi3aI|y 00pa3oBaTeNbHON nesaTenbHoCcTH ¢ mpuMeHerneM D0, JIOT MoryT npuMeHsSTh KOMITOHSHTEI,
HE BXOJIAIINE B TIEPEUCHB AICKTPOHHON HH(POPMAIMOHHO- 00pa30BaTEIbHON CPEIBL.

10. CHEIIMAJIBHBIE YCJIOBHUS OCBOEHUA JUCIHUIIIUHBI OBYYAIOIMUMUCHA C UHBAJIMJHOCTBIO U
OI'PAHMYEHHBIMHA BO3MOXHOCTSAMMU 31O0POBbA

OcBOCHHE AUCUUIUINHBI HHBATUIAMHE U JIMLAMH C OrPAaHUYCHHBIMU BO3MOXXHOCTSIMU 3[0POBbSI OCYILIECTBIISICTCSI C MCIIOIb30BAHIEM
CTEIHAaTbHBIX TEXHIYECKAX CPEJICTB M TOJI0 HH(POPMAIIMOHHBIX TEXHOJIOTHH, MPEIOCTABIIEMBIX PecypcHBIM yaeOHO-METOANYECKUM
LEHTPOM I10 00YIEHHIO HHBAIIUIOB | JIUI] C OrPaHIMISHHBIMHA BO3MOXXHOCTSIMH 3/10poBbst Uenl Y 1o 3ampocy o0ydaromerocs.

1. MobOuibHBIE CICIIHATBHBIC TEXHUYECKHE CPEICTBA IS JIUIL C HAPYIICHHSIMU 3PEHUSI: TOPTATHBHBII KOMITBIOTED C BBOOM/BBIBOJIOM
uipudTom bpaiins ¢ cuarezatopom peun «ElBraile-W14J G2»; HOyTOyKH ¢ mporpaMMHO# 3kpaHHoro goctyna NVDA; aekTpoHHbIe
YBEIMUHTEIH YIS YIaJICHHOrO MPOCMOTPA; BUICOYBEINUHUTEIH TOPTATHBHBIC; THU( I0MIIIeep; 1 pOBbIC AUKTO(OHBI.
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2. MoOuITBHEIE CIIeIUATbHBIC TEXHHYECKHE CPEICTBA JUISA JIMIl ¢ HAPYIICHUSAMH CIIyXa: CHCTeMa CBOOOJHOI'O 3BYKOBOT'O IOJS CO
BCTPOEHHOI coBMecTHMOCThI0 ¢ FM-ycrpoiictBamu; paguokiaccsl «CoHeT-PCM» ¢ mepemaTdMkoM, 3ayIIHBIM HHIYKTOPOM H
MHIYKIHOHHOM TNeTiei; cucreMa MH(OpPMalHOHHAs IS cladocbImanmmx nepeHocHas «Vctok» A2 co BCTPOCHHBIM ILICEPOM —
3BYKOBBIM HH(OPMATOPOM; JTOKYMEHT-KaMepa; IporpaMMHUPYEMbIe CITYXOBBIE anmapaThl HHIUBUIYATEHOTO TIOI30BaHHS.

3. AccuctuBHble MH(POPMAIMOHHBIE TEXHOJIOTHHU: MPOrPaMMHOE OOECIeUYeHHEe SKPaHHOro JOCTyma ¢ cHHTe3oM peun NVDA;
MPOTPaMMBI SKPAaHHOTO YBEJIMYCHIST; TPOrPAMMBI PEYEBOT0 CHHTE3a JUTS KOMIIBIOTEPOB M HOYTOYKOB; MPOrPAMMEI PEYEBOTO CHHTE32
JUTSt MOOHJIBHBIX YCTPONCTB; SKpaHHAsl KIIaBUATYypa; dSKpaHHAs JIyTia.

Ilpu HEOOXOAMMOCTH Ul OOYYArOIUXCS C HAPYHICHHSMH 3pPSHUs] Ha pabOouymMx MecTax JUisi MPOBEICHUS MPAaKTHYSCKUX HWITU
a00paTOPHBIX 3aHATUH yCTaHABIMBACTCS CIEIHATbHOE MPOrpaMMHOE obecrieueHue (mporpamMma pedeBoil HaBurammu NVDA,
pedeBbie CHHTE3aTOPHI, SKPaHHBIE JIYIIHI).

B yueOHble ayauTopum oOecIeYMBaeTCsl OECHPErsITCTBEHHBIH MOCTYN Uil OOYYalOIIMXCs MHBAIWIOB M OOYYAIOIIUXCS C
OrpaHUYEHHBIMH BO3MOXKHOCTSIMU 3JI0pPOBbS. B Ko ayauTopuu, rae oO0y4aloTCs HWHBAIMIbl W JHIA C OrPaHUYCHHBIMH
BO3MOYKHOCTSIMH 3JI0POBbSI, TIPEIyCMAaTPUBAETCS COOTBETCTBYIOIIEE KOTHMIECTBO MECT JUIs OOYUYAIONIUXCS C yIeTOM HapyIIeHUH uX
3J10pOBBSL.

Jlnst ocBOEHMS NMCHMIUIMHBI MHBAIWAAM W JIHIAM C OTPAaHUYECHHBIMH BO3MOXXHOCTSIMH 3JIOPOBBSI MPENIOCTABISETCS JOCTYI K
MeYaTHBIM UCTOYHUKAM, IMEIOIIIMCS B HaydHOi Oubmmortexe Yenl'Y, ¢ moMonipio cenuaibHbIX TEXHHIECKHX CPEJCTB; TOCTYII K
JJIEKTPOHHBIM HCTOYHHKAM, IPEICTaBICHHBIM B (OpME IIIEKTPOHHOTO JOKyMeHTa B (onme HayuHol Oubimorexn Yenl'Y wimm
AIIEKTPOHHO-OMOIMOTEUHBIX CHCTEMAaX, C IMOMOLIBIO CIIEIHMAIBHBIX TEXHHYECKUX M MPOrPaMMHBIX CPEACTB (pabouee MeCTO s
HE3PSYEro IOJIb30BATENS C MPOrPAMMHBIM 00ECICUCHHEM HKPAaHHOTO JOCTyma ¢ cuHTe3oM peud NVDA, pabouee mecto ¢
KOMITBFOTEPHBIM POJUIEpOM U KitaBuaTypoid Clevy ¢ GONbIIMMU KHOITKAMH U C Pa3/ICISIONICH KIIaBHIITH HAKIIAKON ).
Y4ueOHO-MeTOIMUeCKue MaTepUaIIbl s O0YJarOIIUXCsl U3 YHCIA WHBAJIHIOB M JIUI] C OTPAaHUYEHHBIMH BO3MOXKHOCTSIMH 3I0POBBSI
MIPEIOCTABISIIOTCS B JOpMax, afalTHPOBAHHBIX K OTPAHUUYESHHUSIM UX 3I0POBbS M BOCHIPUSITUS HH(OpMAaLIUH:

JInist in ¢ HapyIIeHUsIMU 3peHNST:

- B [1€YaTHOM (hopMe YBEITUUEHHBIM HIPUPTOM,

- B (hopMe AIIeKTPOHHOTO JJOKYMEHTA,

- B popme aymumodaiina,

- B edaTHoi (popme mpudTom bpaiins.

JInist UL ¢ HapyIIeHUsIMU ciTyXa:

- B [1€YaTHOM (hopme,

- B (hOpMeE DIIEKTPOHHOI'O TOKYMEHTA.

JIist UL ¢ HapYIIEHUSIMU OTIOPHO-BUTAaTEILHOTO amnapaTa:

- B [1€4aTHOH (opme,

- B (hopMe IIEKTPOHHOIO IOKYMEHTA,

- B popme ayamnodaiina.

JlaHHBIH IepedeHb MOXKET ObITh KOHKPETU3UPOBAH B 3aBUCHMOCTH OT KOHTUHIEHTA 00YJIaIOIIHXCSL.

J11s1 ’HBAJIMIIOB U JIUI] C OTPAHUYEHHBIME BO3MOYKHOCTSMH 37I0POBbSI OCBOCHHE TUCITUILINHBI MOYKET OBITh YACTUYHO HITH MTOTHOCTHIO
OCYIIECTBJICHO C UCIIOJIB30BAHUEM JIMCTAHIIMOHHBIX 00pa3oBaTesbHbIX TexHonoruit (Moodle, Adobe Connect Pro u mip.).

B 0CBOCHHMH JUCHHUITUIMHBI HHBAINAAMH U JIUIIAMH C OIPAHHYCHHBIMUA BO3MOXHOCTSIMHU 3/I0POBBSI HCTIONB3YETCsl MHANBUIyaTbHAS
pabora. Ilox mHAMBUIYadbHOI paboTOH moxpazymeBacTcs ABe (DOPMBI B3aMMOJCHCTBHS C NPEHOAABATENIeM: HHAMBHAyalIbHAs
yueOHas paboTa (KOHCYJIbTALUM), T.€. JONOJIHUTEILHOE pa3bsCHEHHE YUeOHOro MaTepHana U yrilyOJIeHHOE U3ydeHHe MaTepuana ¢
TeMHd OOYYAIOIUMHUCS, KOTOPbIE B 3TOM 3aMHTEPECOBAHBI, W WHMBUAyalbHAas BOCHHUTATENbHas paboTa. VHIMBUIyaTbHBIC
KOHCYJIbTAaIlM HAaIIPaBJICHBI HA MH/IMBU/TyaIH3aIMI0 00yIeHUS U yCTAaHOBJICHHUIO BOCIIMTATEIBHOrO KOHTAKTa MEX Ty IIPEIoaBaTeseM
1 00y4arOIIMCs] HHBATHIOM I 00yJaroIIUMCs ¢ OTPaHHYCHHBIMI BOSMO>KHOCTSIME 3710POBBSI.

Ipu npoBeIeHUH MPOLIEAYPHI OIICHUBAHUSI PE3YIbTATOB O0YUEHHSI HHBAIUIOB U JIUII C OTPAaHMYCHHBIMUA BO3MOXHOCTSIMHU 3/I0POBbS
M0 JUCHUIUIMHE 00ECIEeYNBACTCS BBIONIHEHUE CIIEMYIONIUX JIOMOJHUTEIBHBIX TPEOOBAHUI B 3aBHCMMOCTH OT WHMBHUIYaTbHBIX
0COOEHHOCTEH, 00yJarOIIIXCS:

a) MHCTPYKIUS 110 MOPSIKY TMPOBEICHUS MPOIEIYPhl OLICHUBAHUS MPEIOCTABISIETCS B JOCTYIHON (GopMe (YCTHO, B MUCEMEHHON
(dopme, B mICEMEHHOIT (hopMme mpudToM bpaiiins, YCTHO ¢ HCIOJIB30BAHIEM YCIYT CYypIOIePEBOTINKA);

0) nmocrymHas (opma TpenoCcTaBiICHUs] 3aJaHuil OIIEHOYHBIX CPEACTB (B Te4aTHOH (opme, B medaTHOW (opme yBETHICHHBIM
mpudTom, B medaTHol popme mpudTom bpaiinst, B popme a1eKTpOHHOT0 TOKYMEHTA, 3aJaHHUsI 3a9UTHIBAIOTCS aCCHCTEHTOM, 38 IaHMS
TPEOCTABIIAIOTCS C UCIIONB30BAaHUEM CYPIOIIEPEBOIA);

B) JocTymHasi hopMa TPEIOCTaBICHHs] OTBETOB Ha 3aJaHus (MMCbMEHHO Ha Oymare, HaOOp OTBETOB Ha KOMITBIOTEPE, MMMCHMEHHO
mpudrom Bpaiiis, ¢ HCHONB30BaHIEM YCIIYT aCCHCTEHTa, YCTHO).

[Tpu npoBeneHNH MPOLEAYPHI OLICHUBAHUS PE3YAbTATOB 00YUSHUSI HHBAIUIOB U JIUII C O'PAHUYSHHBIMHI BO3MOXKHOCTSIMH 3JJOPOBbSI
MpeyCMaTPUBAETCS UCTIONh30BAHUE TEXHUUECKUX CPEICTB, HEOOXOAUMBIX UM B CBSI3H C X UHIMBUIYJILHBIMU OCOOCHHOCTSIMU. DTH
cpencTtBa MOryT ObITh mpefgocTaBieHs! Yenl'Y mnmm MOTyT HCIONB30BaThCA COOCTBEHHBIE TEXHHUYECKHE cCpencTa. llpu
HEOOXOTUMOCTH MHBAIMIAM 1 JIUI[AM C OPAaHUUSHHBIMH BO3MOKHOCTSIMH 3JI0POBbS IIPEIOCTABISIETCS IOMOIHUTEFHOE BpeMsT TSt
MIOATOTOBKH OTBETA Ha 3aJlaHusl, POLEYpa OLEHUBAHUS PE3YAbTATOB OOYUEHHUS 10 JUCIHHUIUINHE MOKET ITPOBOAUTHCS B HECKOIBKO
JTaroB.

[IpoBeneHne mporeaypsl OLEHUBAHUS PE3YIbTATOB OOYUSHMS MHBAIWIOB U JIMIl C OTPaHMYCHHBIMH BO3MOKHOCTSMH 37I0POBBS
JIOIYCKAETCSI C UCIIOIB30BAHUEM JIUCTAHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOIOTHH.

© ®I'BOY BO «Yenl'V»




Hpuioxenne 1
IIpumepbl BADUAHTOB 32/1aHUN K NPAKTHYECKUM 3aHSATHAM

I'eomeTpuueckasi onTuka

basoeuvtit yposens

1 CseToBoit IMYYOK BBIXOIUT H3 CTCKJIa B | CKOPOCTb YBCJIUINBACTCHA
BO3YX. Yro MMPOUCXOJUT IIPH 3TOM CO | HACTOTA HEC UI3MCHUJIACH
CKOPOCTBIO nux pacipoCTpaHCHus, | AJIMHA BOJHbI YBCJIUYHNIACH

4acTOTOM AEKTPOMArHUTHBIX
KojeOaHuii CBETOBOM BOJHE, JUIMHOMU
BOJIHBI?

2 Ha nue Bomoema, rimybmHa kotoporo 2 | 1,5m
M, HaxoauTcsi npenMer. Ha kakoit
IyOMHE  YBUAWT  3TOT  TNpEaMeT
HaOmroAaTeNnb, KOTOPBIM CMOTPUT Ha
HETO CBEpXY MEePIEHANKYIISIPHO
MOBEPXHOCTU BOJBI? Ilokazarenn
npenomieHus n=1,33.

3 B aHO BOmoema rmyOmHO#M 2 M BOUWTA | 2,6 M
cBas, Ha 0,5 M BbICTymaromasi U3 BOJbI.
Haitngute aiMHy TEHM OT CBaW Ha JIHE
BOJIoeMa pH yriie najaeHus 60°.

4 | Benuumna  mpsimoro  u3oOpaxkenus | 0,4 m
mpeAMeTa  BIBOE  OOJBIIE  CaMOTO
npeaMera. Paccrosinue MEXTY
peaAMETOM H u300pakeHueM paBHO 20
cM. Uemy paBHO (OKYCHOE pPacCCTOSIHHE
cobuparomei JTUH3bI?

Cpeonuii yposens

1. JIns HEKOTOpOl IJIMHBI BOJIHBI TIOKa3aTelb MPEJIOMIICHHUS IUIOCKOTIApalIeIbHOM
MIPO3pavyHON IUIACTUHKM W3MEHseTCs OT 3HadyeHns ni=1,40 Ha OJHOW M3 MOBEPXHOCTEN A0
m=1,60 ma apyroi. Tommumua mmactuaku d=10,0 mm. Kakoe Bpems t 3aTpaumMBaeT CBET Ha
NPOXO0K/IeHHUE TIACTHHKY B TEPIEHMKYIApHOM K Hell Hanpasneruu? (0,5 10710 ¢)

2. Nmeercst omHOPOIHO CBETAIUIACS TUCK paauyca R, sipkocts koToporo L=Lo cos 3 (Lo —
KoHcTaHTa, pasHas 1,00%10° kn/m?, § — yron ¢ HopMasblo K HOoBepxHOCTH). HaiiTh cBeToBOI
notok @, ucnyckaemslit guckom. (O@=2Lon°R?/3)

3. JIBa MIIOCKUX HpPSIMOYTOJIBHBIX 3€pKaja o00pa3yloT JByrpaHHblii yron ¢=179°. Ha
paccrossiHuu =10 cM OT JMHUM CONPUKOCHOBEHUS 3€pKajl U HAa OJAMHAKOBOM PACCTOSIHUU OT
KaXKJOT0 3€pKajia HaXOJUTCS TOUEYHbIM MCTOYHMK cBeTa. Ompenenuth pacctosHue d mexay
MHHUMBIMH U300pa)KEHUSIMU UCTOUYHHKA B 3epkanax. (3,5 Mm)

4. Bornyroe chepuueckoe 3epkaiio 1aeT Ha 3KpaHe U300pakeHHEe MPeIMETa, YBEIUUCHHOE
B ['=4 paza. Paccrosaue a ot mpeamera mo 3epkana paBHO 25 cMm. Ompenmenuts pamuyc R
KpuBH3HBI 3epKana. (0,4 m)

5. doxkycHoe paccTosiHue f BOTHYTOTO 3epkajia paBHO 15 cM. 3epkasio JaeT ACHCTBUTENHHOE
n300paxkeHre mpeaMeTa, yMEHbIIEHHOE B TpH pa3a. OnpenenuTh pacCTOSHUE a OT IMpeaMeTa J10
3epkaia. (60 cm)

Buicoxuii yposens



1. Bornyroe 3epkano maet Ha skpaHe uzoOpaxenue COJHIIA B BHUIE KPYKKa JTUAMETPOM
d=28 mMm. [{uamerp ConHila Ha HeOe B yriaoBoi mepe =32'. Onpenenuth pagnyc R KpuBH3HBI
3epkaia. (6,02 m)

2. Pamnyc R kpuBu3HBI BeIMyKIOTO 3epkana paBeH 50 cm. Ilpeamer BwicoToit h=15 cm
HAXOJHUTCS HAa PACCTOSIHUU a, paBHOM | M, OT 3epkania. OnpenenuTb pacCTosiHUE b OT 3epKaia J10
n3o0pakenus u ero Beicoty H. (20 cm, 3 cm)

3. Jlya mamaer mox yrimom €=60° Ha CTEKISHHYIO IUTACTHHKY ToimuHOW d=30 mwm.
Omnpenenuth 00KOBOE cMeNIeHHE AX JTyda TOCe BBIX0/1a U3 TIIAaCTUHKH. (15,36 MMm)
4. [lyyox mapannenbHBIX JIyuyed MaJaeT Ha TOJCTYIO CTEKISHHYIO IJIACTUHY MOJ YIJIOM

€=60°, u mnpenomiisisick nepexoauT B crekio. Illupuna a mydka B Bo3nyxe paBHa 10 cwm.
OmnpenenuTs mUpuHy b mydka B crekie. (16,25 cm)

5. Ha crexsiHHy0 TpU3My ¢ TIpesIoMIIsIIonTuM yriom 0=60° mamaet ay4 cBera. OnpeaeuTh
MoKasarejab MPEJOMIICHUS N CTEKJa, €CIM NpU CHUMMETPHUYHOM XOJ€ Jiyda B TMPU3ME Yroj
otkioneHus 6=40°. (1,53)

DJIeKTPOMATrHUTHbIE KOJe0AHUS U BOJIHBI

ba3zoewtii yposens

1 Jlorapudmuaeckum JnekpeMeHToM | 1. oOpaTHasi TIPOMEKYTKY BpPEMEHH, 3a
3aTyxaHusi Has3blBaeTcsl  (usnyueckas | KOTOPbIH aMIUIATY 1A KoseOaHus
BEJMYMHA ... YMEHBIIIAETCs B € pa3

2. mokaspIBaolas, BO  CKOJBKO  pa3
aMIUIUTy/la KoJiebaHWs yMEHbIIaeTcs 3a
epuos

3. mokaszplBaiomias, BO  CKOJbKO  pa3
HampsDKeHWE Ha KOHJEHCATOpe B PE30HaHCce
OoJbIle  HANpPSDKEHUS, TMOJBOJMMOIO K

KOHTYPY
4. oOparHasi yMCJy NEpPHOI0B, B Te4yeHHe
KOTOPBIX aMILUINTY/AA KoJieOaHus

YMeHbIIAETCS B € pa3
S. IpaBUJIbHBIN OTBET HE MPUBEJICH

2 | [log nukimnyueckou (KpyroBoit) 4acToTo# | 1. BpeMsi OJTHOTO MOJTHOTO KOJIeOaHUs
KojebaHus cienyer NOHUMATh ... 2. 4yucno KoJiebaHWi B €JMHUILY BPEMEHU

3. BenuuuHy, OOpaTHYIl0  HIPOMEXKYTKY
BPEMEHH, 32 KOTOPBIM aMIUIUTY1a KOJeOaHui
YMEHBIIUTCSA B € pa3

4. yucs0 kosnedanui 3a 6.28 cexyHa

S. IpaBUJIbHBIN OTBET HE NPUBEJIEH. ..

3 | Ammutyna 3aryxarouiero | 1. nepuoay kojaedanui

ANEKTPUYECKOTO Kosie0aHus | 2. BpeMEHH peraKkcaluu

TEOPETUYECKHU YMEHBILIAECTCS OT | 3. 0eCKOHEYHOCTH

HAYaJlbHOTO 3HA4YeHHMs] J0 Hylas B | 4. ONpENelIeHHOMY IMPOMEXYTKY BpEMEHH,
TE€YEHUE BPEMEHH, PaBHOTO ... pa3IMYHOMY AJISl Pa3HBIX KOHTYPOB

S. IpaBUJIbHBIA OTBET HE IPUBEJICH

4 | JlekpeMEeHTOM 3aTyxaHMs Has3blBaeTcs | 1.  MOKa3pIBaromias, BO  CKOJBKO  pa3

¢buznyeckas BeJIMUMHA ... HanpsDKeHWE Ha KOHJEHCATOpe B PE30HaHCe
OoJpIlle  HAMpPSOKEHWS, TOJBOJMMOTO K
KOHTYPY

2. oOpaTHasi 4HCIIy TEPHUOJIOB, B TEUYEHUE




KOTOPBIX aMIUIUTY/Ia YMEHBIIAETCS B € pa3
3. oOparHas TpPOMEXKYTKY BpeMEHH, 3a
KOTOPBII aMIUTUTY/Ia KoJIeOaHM i
YMEHBIIIAETCS B € pa3

4. noka3piBaKOIasi, BO CKOJIbKO pa3
aMILUINTYAa KoJieDaHWsl yMeHbIaeTcsl 3a
nepuoj

5. Tokas3plBaromias, BO  CKOJbKO  pa3
aMIUTUTYy1a KOJIeOaHHsI YMEHbILIAETCs 3a OAHY

CeKYHly
6. IpaBUJIbHBIA OTBET HE IPUBEJICH

5 | Koaddunuentom 3aryxaHusi | 1. mokasplBaloIias, BO  CKOJIBKO  pa3
HazbIBaeTCs pusnyeckas BEIMYUHA ... HampsDKeHWE Ha KOHJEHCATOpe B PEe30HaHCce
0oJbIle  HANPSDKEHUS, MOJBOJUMOTO K
KOHTYPY

2. oOpaTHas YHCIy TNEpUOJOB, B TEUEHHUE
KOTOPBIX aMIUIUTYy1a KojeOaHus
YMEHBIIIAETCs B € pa3

3. oOpaTHasi NPOMEKYTKY BpeMeHH, 3a
KOTOPbI aMILINTYyaa KoJIe0aHus
yMeHbIlIaeTcs B € pa3

4. moxaspIBarolas, BO  CKOJBKO  pa3
aMIUINTy/a KojeOaHuM  yMeHbLIaeTcs 3a
epuoI

5. IpaBUJIbHBIA OTBET HE IPUBEJICH

Cpeonuii yposens

1. B BakyyMe pacHpoCTpaHseTcs II0cKas 3JIeKTpOMarHuTHas BoiHa ¢ o mopsaka 10 ¢l
AMITTUTYIa JEKTPUYECKOTO BekTOopa BoJHBI En=0,775 B/M. Ha mytu BomHBI pacmosaraercs
MIOTJIONIAIONIAsl BOJHY TIOBEPXHOCTh, HMerImas ¢opmy mnoaychepsl pamuyca 1=0,632 M,
oOpareHHass CBOEW BEPIIMHONM B CTOPOHY pacnpocTpaHeHus BoiHbL Kakyro sHepruro W
MOTJIOIIAET 3Ta MoBepXHOCTh 3a BpeMst T=1,00 ¢? (1 m/Ix)

2. DNeKTpOMarHuTHas BOJIHA, U3JTydyaemasi 3J€MEHTApHBIM AMIIOJIEM, paclpocTpaHseTcs B
BakyyMme. B BOJTHOBOH 30He Ha Jiyde, IPOBEACHHOM U3 JUIOJS MEPHEHAUKYISIPHO K €ro OCH, B
TOYKe, Haxojsmiedcs Ha pacctosHur r=1,00 M OT OUMONA, AMIUIMTyIa HANPSKEHHOCTH
anektpudeckoro moisi En=1,00 mMB/M. Beruaucouts MomHocTh P m3nydenust aumons (T.e.
SHEPTHUIO, U3TYyYaeMyIO JUIO0JIEM B €IMHUILY BPEMEHH 110 BceM HampasieHusm). (11 Br)

3. Haiiti 4ncino BO3MOXKHBIX COOCTBEHHBIX KojeOaHUIl cTOi0a BO3/lyXa B TpyOe, 4acTOThI
KOTOPBIX MeHbIIe Vo = 1250 I'n. Jmuna tpyOsr 1 = 85 cm. Ckopocts 3Byka v = 340 m/c. Tpyba
OTKpPBITA C 000MX KOHIIOB. (6)

4. Ha mytn nnockoi 3ByKOBOHM BOJIHBI, paCIIPOCTPAHSIOLIEHCA B BO3/1yX€, HAXOAUTCS LIap
pamuyca R = 50 cm. [{nunHa 3ByKoBO#M BomHBI A = 20 cM, yactota v = 1700 I'i, ammauTyna
KoJiebaHuit AaBieHus B Bo3nyxe (Ap)m = 3,5 Ila. Haittu cpennuii 3a mepuos koJieGaHUS MOTOK
SHEpruy, najaromiei Ha nopepxHocts mapa. (0,01094 Br)

Buicoxuii yposens

1. B omHOponHel cpene pactpocTpaHseTcs TIOCKas yrpyras BoJiHa Buaa & = ae™ (ot - kx),
rae a, Y, ® u k — nocrosiuable. Halit pasHocth (a3 kosneGaHUil B TOUKAX, II€ aMIUIUTY/IbI
CMellleH s YacTHI] Cpebl OTIMYAIOTCS APYr OT apyra Ha M = 1,0%, eciu y = 0,42 M u quna
BoJiHBI A = 50 cm. (0,3 pan)



2. M3oTponHbIii TOYEUHBIM MCTOYHMK, 3BYKOBas MONIHOCTH koToporo P = 0,10 Br,
HAXOJHUTCS B IIEHTPE KPYrjoro mojoro muiuHiapa pamguyca R = 1,0 M u Beicotel h = 2,0 M.
[Tomaras,, YTO0 CTEHKH MUJIMHJIPA MOJHOCTHIO MOTJIOUIAIOT 3BYK, HAUTH CpeIHUN MOTOK SHEPTHUH,
naJaronuii Ha 00KOBYIO ToBepXHOCTH ImuHApa. (0,071 Br)

3. Haiiti 4yncno BO3MOXKHBIX COOCTBEHHBIX KOjieOaHHM cTO0a BO3IyXa B TpyOe, 4aCTOTHI
KOoTopbIX MeHbIe vo = 1250 I'n. [dnuna tpyOsr 1 = 85 cm. CxopocTts 3Byka v = 340 m/c. Tpybda
3aKphITA C OJHOTO KOHIIA. (6)

4. Ha paccrosiaun r = 100 M OT TOYE€YHOTO U30TPOITHOTO UCTOYHHMKA 3BYKa 4acTOThl 200 I'11
ypoBeHb rpomkoctd L = 50 pab. Ilopor ciblmuMocTH Ha 3TOM YacTOTE€ COOTBETCTBYET
MHTeHCUBHOCTH 3ByKa lo = 0,10 HBT/M?. Koa(bduImenT 3aTyxaHus 3ByKoBo# BomHBI Y = 5,0 M.
Haiitu 3ByKoBYyr0 MOIIHOCTh HcTOYHUKA. (1,4 B)

HNuTepdepennus cBeTOBbIX BOJIH

Bas3oeutii yposens

1 Kakne YCIOBUS saBisitoTes | 1. OIMHAKOBbIE aMILTUTY/IbI
HeoOXomuMbiMu  Ans  HaOmroaeHus | 2. OMHHAKOBBIE YACTOTHI
YCTOMYHBOM uHTephepeHnonHon | 3. OmuHakoBbIe (a3bl
KApTUHBI? 4. IlocTosinHasi pa3HOCTH (a3

2 Pasnocth XoJ1a IByX | 90°
UHTEPPEPEHIIUOHHBIX BOJIH

MOHOXPOMATHYECKOTO  CBETa  paBHA
YeTBEPTH JUTHHBI BOJHBI. Omnpenenure B
rpajycax pa3HocTh (a3 kojeOaHmid.

3 Ha »skpan oT TO4Y€YHOro HCTOYHHKA, | 5,8 MM
HaxXOJsIIerocss OT HEero Ha O4YeHb
0O0JIBIIOM PACCTOSIHUM, IaJaeT CBET C
JmHoM  BosiHbL 580 HM. B skpane
UMEIOTCS [IB€ MapaljleNibHble IIeIu Ha
paccrostnuu 100 MKM OJlHa OT JpYrow.
Omnpenenure paccTosiHUE MEXIY JIBYMS

COCEIHUMU MOJIOCaAMHU
UHTEPPEPEHIIUOHHBIX MaKCUMYM,
Ha0JII0aeMBbIX Ha JKpaHe,

PacroJiO’)KEHHOM TapajieIbHO JKpaHy
Ha pacCTOSIHUU 1 M OT HEro.

4 Paccrosinne mexay aBymsa mensMd B | 1 m
omnbiTe FOHra 0,5 mMm. Illenu ocpemaroT
MOHOXPOMATHYECKUM CBETOM C JJIMHOMN
BOJIHBI 0,6 MKM. Omnpenenure
paccTosiHue OT IIEeJeH /10 dKpaHa, €Clin
mupuHa HWHTEPOEPEHIIMOHHBIX T0JIOC

paBHa 1,2 m
5 VceranoBka s HaOmomenums  kourer | 1,48
Hrrotrona OCBEIIACTCS

MOHOXPOMAaTUYECKUM CBETOM C JJIMHOU
BOJIHBI 0,6 MKM, MMaIal0IMM HOPMaJIbHO.
[IpoctpancTBO  MeXay  JUH30H H
CTCKIITHHOM TUIACTHHKOM  3aIll0JHEHO
JKHIKOCTBIO, U HAOJIIOJCHHE BEACTCS B
MPOXOJSIIEM cBeTe. Panuyc KpUBU3HBI




nuH3el 4 M. OmnpenenuTe TMoOKaszarelb
MPETOMJICHUS KUAKOCTH, €CIH PaJNyC
BTOPOTO CBETJIOTO KoJblia 1,8 MM.

Cpeonuii yposens

1. Paccrosane d mexnay nByms mensMu B ombiTe FOHra paBHo 1 mM, pacctosnue | or
meneil 10 skpaHa paBHO 3 M. OrmnpenenuTh MIMHY BOJHBI A, HCIYCKaeMON HCTOYHHKOM
MOHOXPOMATHYECKOIr0 CBETA, €CJIM IMpHUHA b mosoc uHTepdepeHny Ha SKpaHe paBHa 1,5 MM.
(0,5 mxm)

2. B ommite FOHTa paccrostane d mexay mensmu pasao 0,8 MM. Ha kakom paccrostaum 1 ot
ieneit cieyeT pacrioaoKUTh IKPaH, YTOObI MIHpUHA b HHTephEPEHIIMOHHON MOJIOCH OKa3aiach
paBHOU 2 MM? (2,5 M)

3. Ha »kpane HaGmionaercss wuHTep(depeHIMOHHAsS KapTMHA OT JBYX KOTEPEHTHBIX
HMCTOYHHUKOB CBeTa C JUTMHOW BOHBI A=480 HM. Korja Ha myTH OJHOTO W3 MYYKOB IMOMECTHIIN
TOHKYIO TUIQCTUHKY U3 TIUIAaBJIEHOTO KBaplia ¢ TokazareineM TmpenomsieHus n=1,46, 1o
nHTepdepeHIIMOHHAs KapTUHA CMECTIIIach Ha M=69 mojoc. OnpenenuTs ToamuHy d KBapIieBou
MJIACTUHKH. (72 MKM)

4. VYrinoBori muamerp 3Be3abl berenbreiize (oo Opuona) paBeH 0,047 yriioBoW CEKYHJIBI.
Uemy paBeH paanyc KOTEPEHTHOCTHU Pxor CBETA, MPUXOIAIICTO HA 3eMIIIO OT ATOM 3Be37b1? (2,98
M)

5. KrnunoBunnas mnactuaka mupussl a=100,0 MM nMeeT y ogHOTO Kpast Toauny bi=0,358

MM, a y npyroro b,=0,381 mM. ITokazarens npenomnenus miactuaku n=1,50. [Tox yrmom 9=30°
K HOpMaJId Ha TUIACTUHKY MaJlaeT My4oK NapaulebHbIX Jyuel. J[JInHa BOJIHBI MalaloUIero cBeTa
A=655 uM (kpacHbIi 11BeT). OnpenenuTs MupuHy AX HHTEPPEPEHIIMOHHBIX TOJIOC (M3MEPEHHYO
B TUIOCKOCTH TJIACTUHKHU), HAONIOAaeMbIX B OTPa)KEHHOM CBETe, JUIsl Cllydas, KOrJa CTeleHb
MoHoXpoMmaTudHOCTH cBeTta A/AL paBHa 5000. (1 Mm)

Buicoxuii yposens

1. Paccrosaus ot 6unpusmel @penens 10 y3KOU eI | 3KpaHa paBHBI COOTBETCTBEHHO a =
25 cm u b = 100 cm. bunpusma creknsHHas ¢ npeaomsitonm yriaom 0 = 20'. Haiitu amuny
BOJIHBI CBETA, €CJIU IIMPUHA UHTEPHEPEHITMOHHOM MOJI0CH Ha 3kpane AX = 0,55 mM. (0,6 MkM)

2. [Inockasi MOHOXpoMaTH4ecKasi CBETOBas BOJIHA MMaJaeT HOPMAJbHO Ha auadparmy c
IBYMs Y3KUMU IIEISIMHU, OTCTOSIIIUMU JIpYT OT Apyra Ha paccrosHue d = 2,5 mM. Ha skpane,
pacrnioiokeHHoM 3a auadparmoit Ha | = 100 cm, obpasyercs cucrema WHTEPHEPEHITMOHHBIX
nosnoc. Ha kakoe paccTosiHue U B KaKyr0 CTOPOHY CMECTSTCS 3TH IOJIOCHI, €CIIU OJHY M3 IIeNei
MEePEKPBITh CTEKISTHHON TUIACTHHKOW TONIMMHBI h = 10 MKkM? (2 MM B CMECTHTCS B CTOPOHY
IIeJIM CO CTEKJITHHOW TUIACTUHKOM )

3. Halitn MuHMManbHYIO TOJNIIMHY IUIEHKM C TOKaszareneM mpenomieHus 1,33, mpu
KOTOpPOM CBET ¢ NIMHOW BOJIHBI 0,64 MKM HCHBITBIBAET MAaKCUMAJIbHOE OTPAKEHUE, a CBET C
mnHOM BosiHbI 0,40 MKM He oTpaxaeTcs coBceM. YToJ najieHus ceta paseH 30°. (0,65 Mxm)

4. [Imocko-BeIMyKI1as CTEKJIIHHAS JIMH3a C paguycoM KpuBH3HbBI R = 40 cm compukacaercs
BBIMYKJIOW MOBEPXHOCTHIO CO CTEKISTHHOM TIaCTUHKOM. [Ipy 3TOM B OTpaK€HHOM CBETE PAIAYC
HEKOTOporo KoJbla r = 2,5 mMm. Habmroas 3a TaHHBIM KOJIBIIOM, JIMH3Y OCTOPOHO OTOABUHYIIH
ot mactuHku Ha Ah = 5,0 mxm. Kakum cran paguyc atoro xonbsua? (1,5 Mm)

5. Ha Bepmune cepruueckoii MOBEPXHOCTH IUIOCKO-BBITYKIIONW CTEKJISTHHOM JIMH3BI UMEETCSI
COILTM(OBAHHBIN TMIOCKUN ydacToK paguyca ro= 3,0 MM, KOTOPbIM OHa COIpPHKAcaeTcs Co
CTEKJITHHOM IIJIaCTUHKOM. Panyc KpUBU3HBI BBITYKJION MOBEpXHOCTH JIMH3BI R = 150 cm. Haittn
pasnyc IIECTOrO CBETJIOrO KOJIblia MPU HAOJIOJIEHUU B OTPAKEHHOM CBETE C UIMHOM BOJIHBI A =
655 um. (3,795 mm)



JAundpakuus cBeTOBBIX BOJIH

ba3zoewtii yposens

1 [Ipu OCBEILICHUU TOYEYHBIM | 1. pa3MelaeTcsi CBeTJI0€ MSATHO
MOHOXPOMATHYECKUM CBETOM KPYIJOro | 2. pa3MemlaeTcsi TeMHOE MATHO

OTBEPCTHSl OYEHb MAJIOT0 pajauyca Ha | 3. NpH MOCTEeNEeHHOM YBeJIWYeHUH paauyca
9KpaHe HabOmoJaercss IU(PPAKLNOHHAS | OTBEPCTHSI  OCBEIIEHHOCTh B IEHTpe
KapTuHa. B 1ieHTpe KapTuHHI. .. cHayajia yBeJIMYMBaeTcsl, 3aTeM YObIBaeT
No4YTH 0 HYJISl, 3aTemM BHOBb
yBeJIU4nBaercs u T.1.

4. TmpH TOCTENIEHHOM YBEJIMYEHUH pajuyca
OTBEpCTHS  OCBEUIEHHOCTH B IIEHTpE
YBEJIMYUBACTCS M JOCTUTaeT MaKCHUMAaJIbHOTO
3HAYCHUS

2 Onpenenure paauyc TpeTbedl 30HHI | 1,64 MM
OpeHens A ciaydasl MIOCKOW BOJIHBI.
PaccTostHre OT BOJIHOBOU MOBEPXHOCTH
no Touku HaOmomenws 1,5 m. JlnmHa
BOJIHBI 0,6 MKM.

3 Ha mens mupunoit 0,1 mm mnagaer | 1 m
HOPMaJIBHO MOHOXPOMAaTHYECKUI CBET C
JUTMHOU BOJIHEI 0,5 MEKM.
JudpakunoHHas KapTHHA HaOIIOIACTCs
Ha JKpaHe, PacIoJIOKEHHOM
napajuieIbHO HIEJIH. Onpenenure
paccTosiHue OT IIEIW JI0 dKpaHa, €Clid
IUpPUHA [EHTPAIBHOTO Makcumyma |
CM.

4 | Ha nuadparmy ¢ KpyribsIM OTBepcTHEM | 8
nuamerpoMm d=4 MM majgaeT HOPMAaJbHO
napasieabHbINA My40K Jay4den
MOHOXpomaThueckoro csera (A=0,5
MKM). Touka HaOMIOIEeHNS HAXOAUTCS Ha
OCH OTBEpCTHS Ha paccTosHUU b=1 M ot
HETO. CkoJibKO 30H ®peHens
YKJIa/IbIBAETCS] B OTBEPCTHH?

5 JudpakuroHHas peueTka COIepKuT | 7
n=200 mrpuxoB Ha 1 MMm. Ha pemerky
najaer HOPMaJIBHO
MOHOXpoMaTu4eckui cBeT (A=0,6 MKM).
MakcumyM ~ Kakoro  HaumOOJIBIIEro
MopsJIKa JaeT 3Ta pemeTka?

Cpeonuii yposens

1. Ha mudpaxkmuonnyro pemerky c mnepuogom d=10 mxm mox yriaom o=30° mamaer
MOHOXpOMAaTHYECKH cBeT ¢ AauHOM BoJHBI A=600 HM. Omnpeaenuth yron ¢ audpakuuy,
COOTBETCTBYIOIIMN BTOPOMY TJIaBHOMY MakcuMymy. (38,3°)

2. JudpakunoHHass KapTHHA TOJIyY€Ha C MOMOIIBI0 JU(PPAKIIMOHHOW PEIIETKH IITUHOMN
I=1,5 cm u nepuogom d=5 mxMm. OnpenenuTb, B CHEKTPE KaKOro HAUMEHBLIEro MOpsIKa 3TOH



KapTUHBI TOJy4aTcsl pasiebHble U300paXeHusl IBYX CHEKTPAIbHBIX JIMHUN C Pa3HOCTHIO JUIUH
BoJiH AA=0,1 HM, eclii TUHUY JIKAT B KpallHEW KpacHOU YacTH criekTpa (A=760 um). (3)

3. Ha rpanp kpucramia kaMeHHOH colM TMaJaeT HapauieldbHBIA MYy4OK PEHTTE€HOBCKOTO
uznydeHus (A=147 nm). Onpenenuts paccrosiHue d MeX Ay aTOMHBIMH TUIOCKOCTSIMU KpUCTAILNIA,
ecnu U(PaKIUOHHBIA MaKCHMyM BTOPOTO MOpsAKa HaOMI0JaeTcs, KOTrJa H3JIydyeHUe MagaeT
nox yriom 9=31°30' k moBepxHoctu kpuctaiia. (1,933 um)

4. KakoBa mymHa BOJHBI A MOHOXPOMATHUECKOTO PEHTI'€HOBCKOTO H3Ty4YeHHUs], MaJaroIIero
Ha KPUCTAJI KaJbIUTa, €ClIM IU(PPaKIMOHHBIH MaKCUMyM MEpBOrO Mopsiika HaOmromaercs,
KOT/Ia yrojl § MKy HampaBlieHHEM MaJalollero U3JIydeHUs U TpaHblo KpucTaaia paBeH 3°7?
Paccrosiame d Mmexay aTOMHBIMU TUTIOCKOCTSIMH KpUCTauIa MpUHITh paBHBIM 0,3 HM. (31,2 M)

5. TodveuHbIi ICTOYHUK CBETA C JTMHOM BOJIHBI A = (0,50 MKM pacrioyio’keH Ha PacCTOSTHUH a
= 100 cM mepen quadparmMoit ¢ KpyriasiM oTBepcTHeM paauyca r = 1,0 mm. Haiitu paccrosiaue b
oT nuadparMbl 10 TOYKM HaONMIONEHUs, i KOTOpod uyucino 30H DpeHens B OTBEPCTHH
coctaBiseT k = 3. (2)

Buicoxuii yposens

1. Mexly TOYeUHbIM HCTOYHHKOM CBETa M SKPaHOM IMOMECTHIN AuadparMy ¢ KpyribiM
OTBEpPCTHEM, PAIUYC KOTOPOTO I' MOKHO MEHATH B Ipolecce onbITa. PaccTosnus ot nuadparmbl
JI0 UICTOYHHUKA M dKpaHa paBHbI @ = 100 cM u b = 125 cM. Onpenenuth AIUHY BOJHBI CBETA, €CIIU
MaKCHMYM OCBEILEHHOCTU B LIEHTpe IU(PAKIMOHHON KapTUHBI Ha 3KpaHe HaOI0JaeTcs Mpu
r1 = 1,00 MM u cnenyronuit MakcumMyM 1ipu 12 = 1,29 mm. (597,7 am)

2. [Inockas MoOHOXpoMaTHYecKas CBETOBas BOJIHA TaJaeT HOPMAJIbHO Ha Kpyrjioe
otrBepctue. Ha paccrostauu b = 9,0 M 0T Hero HaxoAUTCs 3KpaH, rie HAOIIOJAI0T HEKOTOPYIO
mudpakMOHHYIO KapTuHy. Jlnamerp otBepctusi ymeHwmmmian B 1 = 3,0 pasa. Haiitu HOBOe
paccrosiHue b', Ha KOTOPOM HaJ0 MOMECTUTh SKpaH, YTOOBI MOJYYUTh Ha HEM JU(PAKIUOHHYIO
KapTUHY, TOJ00HYIO TOH, YTO B MPEABIAYIIEM Clydae, HO YMEHBIICHHYIO B 1) pa3. (1 m)

3. ToyeyHblii HMCTOYHMK MOHOXPOMATHYECKOTO CBETAa PACHOJIOKEH Iepell 30HHOU
MJACTUHKOM Ha paccTtossHud a = 1,5 M or Hee. M3o0paxeHue HMCTOYHUKA 0OpaszyeTcss Ha
paccrosituuu b = 1,0 M ot mmactuaku. Halitn pokycHoe paccTosiHre 30HHOM TiacTUHKH. (0,6 M)
4. Cset ¢ pnuHo# BosHBI A = 0,50 MKM majaet Ha mienb mMUpUHbI b = 10 MKM mof yriiom
90 = 30° x ee Hopmasiu. Haiitu yrioBoe moJio)keHHE TEPBBIX MUHUMYMOB, PACIIOJIO0KEHHBIX 110
00€e CTOPOHBI IIEHTpATLHOTO (hpayHrodhepoBa Makcumyma. (26°45")

5. Caer, conepxaniuii 1Be crekTpaibHble JUHUU ¢ JiuuHaMu BoH 600,000 u 600,050 HM,
najaeT HOpMajiabHO Ha IupaknuoHHYyI0 pemierky mupuHbsl 10,0 MmM. Ilox HekoTOphIM yriom
mudpakuud 3 9TH JTMHUM OKa3aJlMCh Ha Mpejenne paspemnieHus (rmo kpureputo Panes). Haiitu 9.
(46,059°)

6. [Ipu mpoxokaeHMM TMy4Ka PEHTTCHOBCKUX Jyded ¢ A = 17,8 mnm depes
MOJIMKPUCTANTMYECKA 00pa3ell Ha dKpaHe, PACIOJOKEHHOM Ha pacctostHuu | = 15 cMm oT
obpasta, o0pa3yercs cuctema AUPPAKIUOHHBIX Kosen. OnpenenuTs paanyc CBETJIOTO KOJIbIIA,
COOTBETCTBYIOIIETO BTOPOMY MOPSIAKY OTPAXKEHHUSI OT CUCTEMBI TIOCKOCTEH C MEXKIIIOCKOCTHBIM
paccrosiuueM d = 155 nim. (0,035 m)

IHonsipu3anus ceera

KBas3oewtit yposens

1 Omnpenenure  creneHb  noJsspusanuu | 0,8
YaCTUYHO TOJSPU3ALMOHHOTO  CBETa,
€ClIi aMIUIMTy/a CBETOBOTO BEKTOpa,
COOTBETCTBYIOIIAS MaKCHUMaJIbHOU
WHTEHCUBHOCTH CBETa, B 3 pa3a OoJibie




AMIIJIMTYIbI, COOTB eTCTByIOIHeﬁ €ro
MUHUMAaJLHONW HHTEHCUBHOCTH.

2 Onpenenute BO CKOJIBKO pa3 | 9,88
YMEHBIIUTCS WHTEHCUBHOCTh
€CTECTBEHHOTO  CBETa, MPOILE/IIIEro
4yepe3 JBa HUKOJIS, TJIaBHbIE TUIOCKOCTH
KOTOPBIX oOpasyroT yroa B 60°, ecnu
KOKIBIH W3 HHUKOJEH Kak MOTJIOIIAET,
TaKk U oTpaxaer 5% MaJarouiero Ha HUX
CBETa.

3 ITygok ecrecTtBeHHOro cBera majgaer Ha | 1,73
CTEKISIHHYIO TIpu3My ¢ yriaom 30°.
Ompenenure MOKa3aTeNlb MPEIOMICHHS
CTEKJIA, €CJIU OTPAKCHHBIN JIyd SBIISICTCS
TIJI0OCKOTIOJIIPU30BAaHHBIM.

4 IIydox cBera, wuaymui B BO3ayXxe, | 36°
nazaeT Ha MOBEPXHOCTh KUJKOCTH IO
yrioMm  €=54°. Onpenenuts  yroia

'

MpeIOMIICHUS € my4Ka, ecnu
OTpaKEHHBIN My40K MOJIHOCTBIO
MOJISIPU30BaH.

5 | Amaimm3atop B k=2 pasza ymensbimaer | 45°
WHTCHCUBHOCTh CBETa, MPUXOJSIICTO K
HEMy OT mnojsipu3atopa. OmnpenenuTtsb

yroia a MEXTy IUIOCKOCTSIMU
MIPOITYCKaHUs MOJISIpU3aTOpa u
aHanM3aTopa. [ToTepsmu
MHTEHCUBHOCTU CBE€Ta B aHaIM3aToOpe
peHeOpeyb.
Cpeonuii yposens
1. Yron o Mexay TUIOCKOCTSIMU MPOITYCKAHUS NOJIsIpU3aTopa U aHanu3aropa paseH 45°. Bo

CKOJIBKO pa3 YMEHBIIUTCS WHTEHCHUBHOCTh CBETa, BBIXOJSALIEr0 M3 aHAJINW3aTOpa, €CIU Yyroll
yBenu4HTh 10 60°? (B 2 pasza)

2. Bo ckonbko pa3 ocnabisieTcsi MHTEHCUBHOCTD CBETA, MPOXOJIIEro Yepe3 J1Ba HUKOJI,
MJIOCKOCTH TPOMYCKAHHUS KOTOPBIX 00pa3yroT yron o=30°, eciaum B KaXKJIOM M3 HHUKOJICH B
oTaenbHOCTH TepsieTcst 10 % WHTEeHCHBHOCTH Tajaromiero Ha nero csera? (3,29)

3. B yacTHUHO-NONSPHU30BaHHOM CBETE aMIUIUTY/Ia CBETOBOTO BEKTOpPA, COOTBETCTBYIOLIAS
MaKCUMaJIbHOW WHTEHCHBHOCTH CBE€Ta, B N=2 pa3a OOJIbIIE aMIUIUTYbI, COOTBETCTBYIOIICH
MHUHHMaJIbHOW MHTEHCUBHOCTU. OTpefieuTh cTeneHp noispusanuu P cera. (1/3)

4. [InactuHky kBapua TOMIMHONW di=2 MM, BBIPE3aHHYIO MEPIEHIUKYISIPHO ONTHYECKON
OCH, TIOMECTWJIM MEXJIy NapajuleJbHbIMU HUKOJISIMM, B pe3yJbTaTe€ 4Yero IUIOCKOCTb
MOJISIPU3AIlK CBETAa TMOBEpHYyJach Ha yroa ¢=>53°. Onpenenuth TOMMMHY d> MIIACTUHKH, TPH
KOTOPO TaHHBI MOHOXPOMAaTUYECKUN CBET HE MPOXOJIUT uepe3 aHanuzarop. (3,4 Mm)

5. Ha mytun 4acTH4YHO-MOJSPU30BAHHOIO CBETA, CTENEHb MOJsipu3anuu P KoToporo paBHa
0,6, mocTaBWJIM aHAJIU3aTOP TaK, YTO MHTEHCHUBHOCTb CBETa, MPOIIEJIIEr0 yepe3 Hero, crajia
MakcUMajdbHOW. BoO CKONBbKO pa3 yMEHBIIUTCS HWHTEHCUBHOCTH CBETA, €CJIHM IUIOCKOCTh
MPOMYCKAaHMS aHAIM3aToOpa MOBEpHYTh Ha yroi 0=30°?7 (1,23)

Buicoxuii yposens



1. JIuHeHO MOJApU30BaHHBIA CBETOBOM MYyYOK MaJacT Ha MOJSAPU3ATOP, BpaLIAIOIIUNCA
BOKPYT OCH Ty4YKa C YIJIOBOM CKOpOCThIO = 21 panm/c. HailTm cBeTOByHO »HEpPruio,
MPOXOJIAUIYI0 Yepe3 MOJSIPU3aTop 3a OAMH O0OpOT, €CIIM MOTOK PHEPTUU B MAJAIONIeM IydKe
®o =4,0 mBr. (0,6 MJIx)

2. [Iydok ecTecTBEHHOro cBeTa MajgaeT Ha cucremMy U3 N = 6 HUKOJEH, IJIOCKOCTh
MPOIYyCKaHMs KaKJIOTO W3 KOTOPBIX MOBEpHYTa Ha yroid ¢ = 30° OTHOCUTENBHO MJIOCKOCTHU
MPOIyCKaHMs TpPEabIIylero Hukomis. Kakas 4yacThb CBETOBOTO IMOTOKAa MPOXOAUT Yepe3 3Ty
cuctemy? (0,12)

3. CreneHpb NoJisipU3alii 4YaCTUYHO MOJIsipU30BaHHOrO cBeta P = 0,25. Haititu oTHOIIEHUE
MHTEHCUBHOCTHU TOJISPU30BAHHON COCTABIISIOLIEH 3TOT0 CBeTa K MHTEHCUBHOCTU €CTECTBEHHOU
coctasstomiei. (0,333)

4. Ha mytu yacTu4HO MOJISPU30BAHHOTO My4YKa MOMECTHIIM HUKOJb. [Ipy moBopoTe HUKOIS
Ha yrol ¢ = 60° U3 MOJIOKEHHUS, COOTBETCTBYIOIIETO MAaKCUMyMY IIPOIYCKaHHUSI CBeETa,
MHTEHCUBHOCTH MPOIIEAIIEro cBeTa yMeHblmiach B 1 = 3,0 pa3za. Haiitu cTenenp nomnsipuzanuu
nagaromiero cgera. (0,8)

5. Ha mnoBepxHoCTh BOJABI MOJ yIJIoM bproctepa magaeT my4yok IJIOCKOIOJISPU30BAHHOTO
cBera. IlmockoCcTh KoJIeOaHWM CBETOBOTO BEKTOPA COCTaBIAET yroa ¢ = 45° ¢ IUIOCKOCTHIO
naneHus. Havitu ko dumuent orpaxenus. (0,039)

B3anmopaeiicTBue 3JIEKTPOMATHUTHBIX BOJIH ¢ BelIeCTBOM

Bas3oewtit yposens

1 [Ippu  mpoxoxneHun B  HekoTopoMm | 1/8
BEIIECTBE MyTH | MHTEHCHBHOCTH cBeTa |
yMeHbIIIaeTcsl B JIBa paza. Bo ckoibko
pa3 ymeHbIuTCA | TpuU MpPOXOKJIEHUU
nytu 31?

2 | Bo ckombkO pa3  MHTEHCUBHOCTH | 3,254
MOJIEKYJISIDHOTO ~ PAacCesiHUsl  CHHEro
ceera (A=460 HM)  TPEBOCXOJMUT
MHTEHCUBHOCTh PAacCesHUsl KpPacHOTO
ceera (A=650 aHM™)?

3 | Haiftu  xoHuneHtpamuioo  cBoGOmHBEIX | 2,4 10" M3
AJIEKTPOHOB  MOHOC(EpPBI, €Cau I
paanoBoJiH ¢ yactotod v = 100 MI'1 ee
nokaszaresnsb npesomiienus n = 0,90.

Cpeonuii yposens

I. B 3eMHBIX yCIIOBUSX JJIMHA BOJIHBI HUCITYCKa€MOW aTOMAPHBIM BOJOPOJAOM CHEKTPAIBHON
muaun Hg paBHa A=656 uwm. [lpu usMepeHMM [UJIMHBI BOJHBI 3TOW JIMHUM B U3JIYYEHUH,
MPUXOJAIIEM OT JWaMETPalibHO MPOTHUBOIOJOKHBIX KpaeB COJHEYHOIO [HCKa, ObLIO
obHapyxeHo paznuuue, cocrapisromee AA=0,0088 am. Bocmnonp30BaBMIMCH 3TUMH JTaHHBIMH,
Haitu niepuoa T obpamienus ComHIla BOKPYT €ro ocH. (25 CyTOK)

2. Buecmmii 607b11101 BKIIaJ B pa3BUTHE ONTUKU M3BECTHBIN aMepukaHCKul ¢usuk Pobept
Byza ouens mr00ui mrytky 1 po3sirpsbiil. C ero HMeHeM CBA3aHO MHOTO JjiereHa. CorjiiacHO OJHOM
u3 HUX Byn ogHaxpl, ynpaBiiss aBTOMOOWJIEM, Mpoexal Ha KpacHbId cBeT. OCTaHOBUBLIEMY
ero nonuieickoMy Byn oOBsICHHI CBOM MPOCTYNMOK TeM, 4To BcieacTtBue 3¢dekra [Jomnepa
KpacHbI CBET eMy Tmokaszayics 3eneHbIM. [lomumeiickuii Toxke moOun mytky. [lostomy o
corjacuicsi MPUHATH Bepcuio Byna, ogHako omitpagoBasl €ro 3a HPEBBIIIEHHE CKOPOCTH.



TpebyeTcst HalTH CKOPOCTh ABTOMOOMJIS V, IPU KOTOPOM KPACHBIN CBET ¢ JUIMHOW BOJIHBI 690 HM
ObLT GBI BOCITPHHSAT BOJMTENEM KaK 3eJIeHbIH ¢ utiHoi BoHbl 530 HM. (7,7 107 M/c)

3. Kocmuueckuii kopabnp ymamsiercs OoT 3emid co ckopocThto v=10 kwm/c. Yacrora
Vo 3JIEKTPOMArHUTHBIX BOJIH, M3JIy4aeMbIX aHTEHHOW kopabis, paBHa 30 MI'n. Onpenenuth
JOTLIEPOBCKOE CMeIlleHue AV 4aCcTOThI, BOCIPUHUMAEMOM MprueMHUKOM. (MeHbIIe Ha 1 k['1)

Buvicokuit yposens

1. Wmes B BUAY, UTO JUIsSl JOCTATOUHO KECTKUX PEHTTEHOBCKUX JTy4ei 3JIEKTPOHBI BEIIECTBA
MO>KHO CUHTaTh CBOOOJHBIMHU, ONPEAETUTh, HA CKOJIBKO OTIMYAETCS OT €AMHHUIBI MOKa3aTellb
npenoMiieHus rpaduTa Ui peHTTeHOBCKHUX Jy4el ¢ JJIMHOM BOJIHBI B Bakyyme A = 50 mm. (-8
107)

2. [Ipn xakoi mpeaenbHOM CKOpOCTH V (B JOJSAX CKOPOCTU CBETAa) HMCTOYHUKA MOYKHO
BMECTO PENIATHBUCTCKON opmyibl v=vo*sqrt((1-B)/(1+P)) ms addexra Jomnepa mosb3oBaThes
MPUOJIMKEHHBIM  BhIpaKeHUEM V=Vo(1-B), €cliim MOrpemHoCTs B ONPEISICHUH YacTOThI HE
noixHa rpessimath 1 %7? (0,14c)

3. [Ipu u3yueHuu crekTpa U3Iy4eHUs HEKOTOPON TYMAaHHOCTH JIMHUS U3JIy4eHHUS BOJOpOIa
(Ae=656,3 HM) OKazaymach CMelIeHHOW Ha AA=2,5 HM B 00JIacTb C OOJIbIICH JJTMHOW BOJIHBI
(kpacHoe cmemenue). HailTu CKOpOCTh V JIBHXKEHUS TYMaHHOCTH OTHOCHUTEIBHO 3eMIU U
yKa3aTh, yIAIAeTCsl OHA OT 3eMIIM MM NPUOIIKaeTcs K Heil. (ymansercs co ckopoctbio 1,14 108
M/C)

4. PacckazbiBaroT, uto u3BecTHBIN (u3uk Pobept Byn, mpoexaB ogHaxapl Ha aBTOMAITMHE
Ha KpacHbIM CBET cBerodopa, ObUT OcCTaHOBIEH OmrocTuTenem Tmopsiaka. Pobept Byn,
cocnaBumch Ha dpdext Jlomnepa, yBepsi, YTO OH exall JOCTaTOYHO OBICTPO M KpPAcCHBIM CBET
cBeTodopa Al Hero U3MeHuICs Ha 3efeHblid. OLUEHUTh CKOPOCTh V, C KOTOPOil 10JKHA ObL1a Obl
JIBUTAThCS aBTOMAIIMHA, YTOOBI KpacHbIM curHai cBerodopa (A1=650 HM) BOCTIpUHUMAJICS KaK
senenslii (=550 um). (5 107 m/c)

KBanroBble cBoiicTBa CBeTa

KBas3oewtii yposens

1 OT Kakux  MapaMeTpoB  3aBHCHUT | 1. OT 4acTOTHI OOJIyyYaloIEero cBeTa
BEJIMYMHA TOKA HACHIIIEHUS? 2. 0T MOIIHOCTH 00J1y4aeMOro cBera

3. OT CKOPOCTH BBUIETAOIINX IEKTPOHOB
. OT CBOMCTB BellecTBa (poTokaToa

2 OT KakuMx MmapameTpoB 3aBUCHUT paboTa
BbIXO1a TIpH hoTodhPexTe?

. OT YaCTOThI OOTYJaIOIIEro CBeTa

. OT MOIIIHOCTHU 00JTy4aeMOTO CBETa

3. OT CKOPOCTH BBUICTAIOIIHNX 3JICKTPOHOB
4. ot cBOMCTB BelecTBa ¢gorokaroaa

N =

3 | Ckoabko (POTOHOB M3NydeHHUs C JuIMHOM | 26 101
BOJIHBI 520 HM B Bakyyme OyAyT MMETh
sHepruro 1 mJx?

4 | Ilydok onexkTpoHOB, Tmpouas uepe3 | 13,3 km/c
Y3KyH0 IIelb, CO3JaeT TaKykw XKe
IUQPaKIMOHHYIO  KapTHHY, KaKk U
MOHOXPOMATHYECKOE  U3JIyYEHUE  C
JUTMHOM BOJIHBI 55 HM. KakoBa ckopocTh
AIEKTPOHOB?

5 Jo xakoro MakcuMasibHOTO TIoTeHIMana | 4,5 B
3apAIUTCA YAAJIEHHBIA OT JPYruX Teil
MEIHBIH IApUK 0OpU OOJIYyYEHUHU €ro




AJICKTPOMArHUTHBIM ~ HM3Jy4CeHHUEM  C
JUIMHOU BOJIHEL A = 140 aM?

Cpeonuii yposens

1. Nmeercss aBa abCONIOTHO YEpHBIX HCTOYHHMKA TEIJIOBOTO M3iIyudeHus. Temmeparypa
oaHoro u3 Hux T1= 2500 K. Haiftu TtemnepaTypy Apyroro MCTOYHHKA, €CIW JIJIMHA BOJIHBI,
OTBEYAOIIas MAaKCUMYMY €r0 UCITyCKaTeIbHOUM criocoOHOCTH, HAa AA = 0,50 MKM OOJIbIIIE TJTUHBI
BOJIHBI, COOTBETCTBYIOIIEH MAaKCUMyMYy HCIYCKAaTEIbHOM CHOCOOHOCTH MEPBOr0 HCTOYHHKA.
(1,75 kK)

2. DHepreTuyeckas CBETUMOCTh abCOMIOTHO uepHoro tena M, = 3,0 Br/cm?. Onpenenuts
JUTHHY BOJIHBI, OTBEYAOIIYI0 MAaKCHMyMY MCIYCKaTelIbHOH crocobHOCTH 3Toro Tena. (3,4 107
M)

3. Mennseiii mapuk auamerpa d = 1,2 ¢cM moMecTUSIM B OTKa4aHHBIM COCYJ, TeMIlepaTypa
CTEHOK KOTOpOTO MOJJIEp>KMBaeTcs Onu3koi k abcostoTHOMY Hymo. HauanbHasi TemmepaTypa
mapuka To = 300 K. Cuurast moBepxXHOCTh IIapuKa a0COJIFOTHO YEPHOU, HAWTH, Yepe3 CKOIBKO
BPEMEHH €ro Temreparypa ymeHsmutcs B 1) = 2,0 pasa. (3 u)

4. Haiitn ¢ momompto dopmynsl [lnanka MOIIHOCT M3Iy4eHUs €IWHUIIBI MOBEPXHOCTH
abCOJIIOTHO YEPHOro Teja, MPUXOAIIErocs Ha y3KUil uHTepBan JuIuH BoJaH AA = 1,0 HM BOIM3H
MaKCUMyMa CIIEKTPaJIbHOW TUIOTHOCTH HM3JIy4eHus, npu Temmeparype teaa T = 3000 K. (3,12
kBT1/M?)

5. ®doton ¢ sHeprueit ho = 250 k3B paccesuics mox yriom 3 = 120° Ha mepBoOHaYaIBHO
IOKOUBITIEMCS CBOOOTHOM 371eKTpoHe. OnpeieanTh YHEPruio paccesHHoro ¢gorona. (2,31 1071

JIx)
Buicoxuii yposens

1. TodveuHbIit U30TPOMHBIA UCTOYHUK HCITyCKaeT cBeT ¢ A = 589 um. CBeToBasi MOIIHOCTH
ucrounuka P = 10 Br. Halitu paccTtosiHMe OT HCTOYHHMKA J0 TOYKH, IJI€ CPEAHSA KOHIICHTpaUs
dotoros n =100 cm>. (8,87 m)

2. Jlazep uznmyunn B umiyinbce uTenbHOCThIO T = 0,13 Mc mydok cBeta ¢ sHeprueit E = 10
Jx. Haiitm cpemHee naBieHHWE TaKOTO CBETOBOTO HMMITYJbCa, €CIU €ro ChOKYCHpOBaTh B
nATHRIIKO auaMerpoM d = 10 MKM Ha MOBEPXHOCTb, MEPNEHIUKYISPHYIO K IYUKy, C
koaurmentom orpakenus p = 0,50. (4,897 Mlla)

3. Haiitn Temneparypy MOJHOCTBIO HOHW30BAHHOW BOJOPOJHOM IUIa3Mbl IUIOTHOCTBIO P =
0,10 /cM>, ipy KOTOPO# aBJIEHNE TEMJIOBOTO M3/TyUeHHs PAaBHO Ta30KHHETHUECKOMY JaBIEHUIO
yacTull miaa3Mbel. MMeTh B BUIy, YTO [aBi€HHE TEIJIOBOIO M3Iy4eHUS p = U/3, rme u —
o0beMHAs TUIOTHOCTh HSHEPrUM M3JIyUYEHHs, W 4YTO IPHU BBICOKMX TEMIIEpaTypax BellecTBa
IO JUHMHSIOTCS YPABHEHUIO COCTOSIHUSA UaeanbHbIX raszos. (1,88 107 K)

4. [Ipu yBennueHUn HaNpPsDKEHUS HA PEHTIe€HOBCKOM TpyOke B M = 1,5 pasa uiMHA BOJIHBI
KOPOTKOBOJTHOBOW TPAHMIIBI CIUIONTHOTO PEHTTEHOBCKOTO CIIEKTpa M3MEHUIach Ha AL = 26 mm.
HaiiTn nepoHauaibHOe HanpsbkeHue Ha Tpyoke. (16 kB)

5. Haiitn jummHy BOJIHBI KOPOTKOBOJIHOBOW I'PAHHUIIBI CIUIOIIHOIO PEHTTEHOBCKOTO CIIEKTPA,
€CJIM CKOPOCTh AJIEKTPOHOB, MO JIETAIOIINX K aHTUKATOy TpyOku, v = 0,85¢, rie ¢ — CKopocTh
cBeTta. (2,8 nm)

6. [Ipyn mooyepeHOM OCBELIEHUM MOBEPXHOCTH HEKOTOPOTO0 METajlla CBETOM C JUIMHAMHU
BoJdH A= 0,35 Mxm u A = 0,54 MKM 0OOHApyXWJIH, YTO COOTBETCTBYIOLINE MaKCHUMaJIbHbIE
CKOpocTH (POTOIIEKTPOHOB OTINYAIOTCS APYT OT npyra B | = 2,0 paza. Haiitu paGoTy BbIxoma C
MOBEpPXHOCTH TOro MeTasia. (1,88 aB)
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Bompocsl k 3k3aMeny

VYpaBHenust MakcBesia v 3J1€KTPOMAarHUTHBIE BOJIHBI.

[Tepexoa OT BOJIHOBOM ONTHUKH K TEOMETPUUYECKON. Y paBHEHHE dIKOHATIA.
3akoHbI reoMeTpruyeckoit ontuku. [Ipuniun depma.

LlenTpupoBaHHbIe onTHYeckue cucteMsl. [locTpoeHre n3o0paxeHuii B TMH3aX.
doToMETpUYECKUE TIOHATUS U €TUHUIIBL.

[Tonsitue korepenTHOCTH. [IpocTpancTBEHHAs 1 BpeMEHHAasi KOTEPEHTHOCTb.
SBnenue untepdepeniuu. Knaccuueckre nHTEpPEepEHIIMOHHBIE OTBITHI.
WuTtepdepeHius B TOHKHUX TICHKAX.

MHorounyueBas UHTEpPEpEHIHS.

. Hudpakums. 3oub1 Openens.

. Audpakuus @penens u Opaynrodepa.

. AudpakuronHas pemeTka.

. Andpakuus peHTTeHOBCKUX JTy4eH.

. [IpuHIIMTBI co3Manus ToJIOTrpadUIECKUX N300pAKCHHM.

. [Tonstpuzanms ceera. [lnockas, snmmunTuyeckas nossipusamnus. 3akoH Masntoca.
. Honsipuzanus npu OTpaXeHUH U MPETOMIICHUHN Ha TPAaHUIIE MPO3PAYHBIX AUIICKTPHUKOB.

®opmynbsl OpeHernsi.

SABnenue aBoitHOTO JIydenpenomiieHus. MaTepdepeHns moisipu30BaHHBIX JIYUCH.
HckyccTBeHHOE IBOMHOE JTydenpeoMICHUE: MeXaHrndeckas aedopmarus, 3pdext

Keppa.
Bpamenue ninockoct nonspuzanun. Db ekt Dapazes.
Jlucniepcus cBeTa. DieMeHTapHas TEOpHs AUCIIEPCUU.

. [lornomenue u paccessnue ceeta. 3akoH byrepa. 3akon Panes.
22.
23.
24.
25.
26.
217.
28.
29.
30.

Dddexr Jomutepa 1ist SIEKTPOMArHUTHBIX BOJIH.

3aKOHBI TETJIOBOTO U3JTy4EHHS] KOHAEHCUPOBAHHBIX CPE/I.

Teopus TemioBoro uznyuenus. opmyna Panes-Jxunca. @opmyna [Lnanka.
dotorpdexr. 3akonsl hoTodrddexra.

Dddext Komnrona.

Wmmynbc GOTOHOB U JaBJI€HHE CBETA.

YpOBHU SHEPrUM B aTOME, I1EPEXO/Ibl, MOTJIOLIEHUE U UCITyCKaHue (POTOHOB.
OO611ee yCTpOMCTBO M MMPUHITUIIBI pabOTHI JTa3€POB.

Henuneiinbie ontuueckue 3hdexTob



IIpumepbl 3K3aMeHANMOHHBIX 3a1aHUH

Ne
/o

dopmynrpoBKa Bompoca

BapI/IaHTBI OTBCTOB

1

ITon 1mkIUYeckor (KpyroBoil) YacTOTOM
KOJICOaHHUS CIICJYeT TOHUMATH ...

1. BpeMsi 0JTHOTO TIOJTHOTO KOJIeOaHUs
2. 4yucno KojeOaHUW B EIUHUILY
BPEMCHH

3. BEIMYUHY, OOpPaTHYIO MPOMEXYTKY
BPEMEHH, 3a KOTOpBI aMIUIMTy1a
KoJIeOaHUH YMEHBIIIUTCS B € pa3

4. yncjio kosedanmii 3a 6.28 cexkyHa
5. IpaBUJIbHBIA OTBET HE IPUBEJICH. ..

Ha »9kpaH oOT TOYEYHOro WCTOYHHKA,
HaXOSIIErocss OT HEro Ha OYEeHb OOJBIIOM
pPAcCTOSTHUM, TAJaeT CBET C JUIMHOW BOJIHBI
580 HmM. B okpaHe uMmeroTCsS  JBE
napajieibHble 1mean Ha pacctosaur 100
MKM OJHa OT Jpyrod. Omnpenenure
paccTosiHUEe  MEXIy JBYMS  COCEIHUMH
MoJ0caMu HMHTEP(HEPEHITMOHHBIX MaKCUMYM,
HaOMIOAaeMbIX Ha DSKpaHe, PAaCIO0KEHHOM
napajuieJIbHO dKpaHy Ha pacCTOSHUH | M OT
HETO.

5,8 Mm

VYcranoska Uit HaOroaeHus koJjiery HproroHa
OCBEIIACTCS MOHOXPOMATUYECKUM CBETOM C
mmmHOM  BoiHBI 0,6 MKM, ITagaroniuM
HopMalibHO. [IpocTpaHCTBO MEXIy JIUH30M U
CTEKIITHHOM IUTACTUHKOM 3aM0JIHEHO
JKHIKOCTBIO, M HAOJIOJEHUE BEIETCS B
MPOXOJAIIEM CBeTe. Paauyc  KpHUBU3HBI
qua3el 4 M. Omnpexaenure  MoOKaszaTesb
MPEIOMIICHUST  JKUJKOCTH, €CIIH  PaJNyC
BTOPOT'O CBETJIOrO KoJbla 1,8 mm.

1,48

Ha menp wmpunoii 0,1 MM mamaer
HOPMQJIBHO MOHOXPOMAaTHYECKHH CBET €
mHod BonHbl 0,5 MkMm. Jludpakumonnas
KapTHHA HaOroaeTcs Ha JKpaHe,
PacIoJIO’KEHHOM napajuIeIbHO LICIIN.
Omnpenennre pacCTOsAHUE OT IIEIHU A0 YKPAHA,
€CIM IIMPHHA LEHTPAIBHOTO MakcuMyma |
CM.

1m

Ha numadparmy ¢ KpyriasiM OTBEpCTHEM
nuamerpom d=4 MM magaeT HOPMAJIbHO
MapajuIeIbHbIN IIy40K ay4den
MOHOXpomaTHueckoro cseta (A=0,5 Mkm).
Touka HaOmIONEHUST HAXOAUTCS Ha OCH
OTBEPCTHSl HAa pacCTOsIHUU b=1 M OT Hero.
Ckonpko 30H DpeHens yKIaabIBaeTcsi B
OTBEPCTHUH?

JudppakuronHas peuietka conepxutr n=200
wTpuxoB Ha 1 mm. Ha pemerky nagaer
HOPMaJbHO MOHOXpoMaTHueckuii cet (A=0,6
MKM). MakcumMyM Kakoro HauOOJbIIEro




IOopsaAKa 1acT 5Ta pemeTKa?

OHpe,HCJ'II/ITe CTCIICHD MOJIApU3allu 4aCTUIHO
MNOJIPU3AalIMOHHOI'O CBETA, C€CJIM aMIUIMTYyJdad
CBCTOBOI'O BCKTODa, COOTBCTCTBYIOIIAsA
MaKCHMaJIbHOM HWHTECHCHBHOCTH CBCTa, B 3
pasa OoJIbIIIE AMIIJIMTYIbI, COOTBGTCTBYIOH_ICI‘/'I
€ro MUHHUMAaJIbHOW MHTEHCUBHOCTH.

0,8

Omnpenenure BO CKOJBKO pa3 YMEHbBIIUTCS
MHTEHCUBHOCTh €CTECTBEHHOTO CBeTa,
MPOLIEAIET0 Yepe3 JBa HHUKOJS, TJaBHBIC
IJIOCKOCTH KOTOPBIX 00pa3yroT yrosa B 60°,
€ClIM KaXIbli M3 HUKOJIEH Kak MOTJIOIIAeT,
Tak U OoTpaxkaeT 5% Majaroliero Ha HUX
CBETa.

9,88

Bo CKOJIBKO pa3 WHTCHCHUBHOCTb
MOJIEKYJSIPHOTO ~ pacCesHUsl CHHEro CBeTa
(A=460 ©HM) TPEBOCXOAUT WHTEHCUBHOCTH
paccesiHus KpacHoro cBeta (A=650 Hm)?

3,254

10

[Iydok 57eKTpOHOB, TPOHIS dYepe3 Y3KYIO
eNb, CO3JAaeT TAKYH XKe JAUPPAKIIUMOHHYIO
KapTHHY, Kak ¥  MOHOXPOMAaTHYECKOE
W3JIy4YEHHUE C JUTMHOW BOJHBI 55 HM. KakoBa
CKOPOCTb 3JIEKTPOHOB?

13,3 km/c
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[Mpnioxenne 2

TunoBbie KOHTPOJIbHbIE BONPOCHI 1JIsl MPOMEKYTOUHOH aTTecTAlUN
VYpaBHenust MakcBesia v 3J€KTPOMAarHUTHIE BOJIHBI.
[Tepexoa OT BOJTHOBOM ONTHUKHU K TEOMETPUUYECKON. Y paBHEHHE dKOHAJIA.
3akoHbl TeomeTpudeckoit ontuku. [Ipuniun depma.
LlenTpupoBaHHbIe onTuyeckue cucteMsl. [locTpoenne n3o00pakeHuil B TMH3AX.
doToMeTpUYECKHE MOHATUS U €TUHUIIBL.
[Tonsitue korepenTHOCTU. [IpocTpancTBEeHHAs U BpeMEHHAasi KOTEPEHTHOCTb.
SBnenue untepdepeniuu. Knaccuueckne nHTepPEepeHIIMOHHBIE OTIBITHI.
WuTtepdepeHinsg B TOHKUX MJICHKAX.
MHoronyueBas UHTEpPEepeHIIUs.

. Andpakius. 3oub1 OpeHens.

. Audpakmus Openens u @paynrodepa.

. Audpaxnuonnas pemierka.

. Judpakius peHTTeHOBCKUX JTy4eH.

. [IpuHIIMTIBI cO3/1aHus TOJIOTpadUUECKUX N300paskeHHH.

. [llonspuzanus ceera. [1nockas, snnuntuyeckas noiaspusamus. 3akoH Maioca.

. [lonstpusanust pu OTpaXKEHUU U MPEIOMIICHUN HA TPAHUIIE TPO3PAUHBIX TUIIEKTPUKOB.

®opmynbl Openernsi.

SABnenue aBoitHOTO JTyuenpenomiieHus. MHTepdepeHns moisipu30BaHHBIX JIYUCH.
HckyccTBeHHOE TBOMHOE JTydenpeoMIIeHHE: MexaHndeckas aegopmanus, 3pdext Keppa.
Bpamenue minockoctu nonsipusanun. Db ekt Dapanest.

Jlucniepcus cBeTa. DieMeHTapHas TeOpHs AUCIIEPCUU.

. [llornouienne u paccesinue ceeta. 3akoH byrepa. 3akon Panes.
22.
23.
24.
25.
26.
217.
28.
29.
30.

Dddexr domtepa 1t 3IEKTPOMArHUTHBIX BOJIH.

3aKOHBI TETJIOBOTO W3JTy4EHHS] KOHIEHCUPOBAHHBIX CPE].

Teopus temnoBoro uznydenusi. @opmyna Panes-Ixunca. Dopmyna Ilnanka.
dotordpdexT. 3akonsl hoTodrddexra.

Oddexr Komnrona.

Hmmynbc GOTOHOB U JaBJIEHHUE CBETA.

VYpOBHU SHEPTUM B aTOME, I1€PEX0/Ibl, MOTJIOLIEHUE U UCITyCKaHue (POTOHOB.
OO61iee yCTpOMCTBO M MMPUHITUIIBI pabOTHI JTa3€POB.

Henuneiinbie ontuueckue 3¢ GHexTobl



TunoBble KOHTPOJIbHbIE 32aHUA IJIs1 TPOMEKYTOYHOM aTTeCTAIuN

dopmynrpoBKa BOmpoca

BapI/IaHTBI OTBCTOB

[Ton 1mkIUyeckor (KPyroBoil) YacTOTOM
KOJICOaHUs CIIeyeT MOHUMAT ...

1. Bpemsi 0JTHOTO MOJTHOTO KOJIeOaHus

2. 4yucno KoJiebaHuii B €IMHUILY BPEMEHU

3. BenuuuMHy, OOpaTHYl0 MPOMEKYTKY
BpEMEHH, 32  KOTOpBIM  aMmIUIUTy1a
KoJieOaHU YMEHBIIUTCS B € pa3

4. yncjio kosedanmii 3a 6.28 cexkyHa

5. IpaBUJIbHBINA OTBET HE IPUBEJICH. ..

Ha »9kpaH oOT TOYEYHOro WCTOYHHKA,
HaXOSIIErocss OT HEro Ha OYEHb OOJBIIOM
pPAcCTOSTHUHM, TAJaeT CBET C JUIMHOW BOJIHBI
580 HmM. B okpaHe uMerOTCS  JBE
napajiesibHble 1meau Ha pacctossHur 100
MKM OJHa OT Jpyrod. Omnpenenure
paccTosiHUe  MEXIy JBYMS  COCEIHUMH
MoJ0caMu HMHTEP(HEPEHITMOHHBIX MaKCUMYM,
HaOMIOAaeMbIX Ha DSKpaHe, PacIo0KEHHOM
napajuieJIbHO dKpaHy Ha pacCTOSHUM | M OT
HETO.

5,8 Mmm

VYcranoska [t HaOMroneHus KoJjiely HproTroHa
OCBEIIIAETCSI MOHOXPOMATHYECKUM CBETOM C
mmmHOM  BoaHBI 0,6 MKM, ITagaroniuM
HopMaJibHO. [IpocTpaHCTBO MEXy JIUH30M U
CTEKJITHHOU IUTACTUHKOM 3aI0JIHEHO
JKHIKOCTBIO, W HaAOJIIOJEHUE BEOETCS B
NpOXOJsiieM cBere. Panuyc  KpUBH3HBI
qua3el 4 M.  Omnpexaenure  Mokaszaresb
MPEIOMJIEHUST  JKUAKOCTH, €CIH  PanuycC
BTOPOTO CBETJIOrO KoJbla 1,8 Mm.

1,48

Ha menp wmpunorn 0,1 MM manmaer
HOPMQJIBHO MOHOXPOMATHYECKHH CBET C
mHod BosHbl 0,5 MkMm. [Jludpakumonnas
KapTHUHA HaOJIrOmaeTcs Ha JKpaHe,
PaCIOI0KEHHOM napauieIbHO IIEJIH.
OmpenenuTe paccTOSIHUE OT MIEH J0 dKpaHa,
€CJIM TIMPHHA IIEHTPAIBHOTO MakcuMyma |
CM.

Ha mmadparmy ¢ KpyrJibIM OTBEpCTHEM
nuamerpoM d=4 MM magaeT HOPMAJIBHO
MapajuieIbHbIN IIy40K nyden
MOHOXpomaTHueckoro cseta (A=0,5 wMkm).
Touka HaOmonEeHUST HAXOAUTCA Ha OCH
OTBEpPCTHSl HA paccTOsiHUM b=1 M OT Hero.
Ckonpko 30H @DpeHens yKIaabIBaeTcsi B
OTBEpPCTHH?

JudpakuronHas peuietka coiepxutr n=200
mTpuxoB Ha 1 mm. Ha pemerky mnagaer
HOPMaJbHO MOHOXpoMmaTHueckuii cset (A=0,6
MKM). MakcumMyM Kakoro HaumOOJbILEro
MOPSAKA JACT 9Ta PEIIeTKa?




Omnpenenure CTeNeHb MOISPU3ALUNA YACTUYHO
MOJIIPU3ALMOHHOTO CBETa, €CIIM aMIUIUTY/Ia
CBETOBOIO  BEKTOpa,  COOTBETCTBYIOLIAS
MaKCUMaJbHOW HMHTEHCHUBHOCTH CBeTa, B 3
pa3a OoJibllle aMIUTUTYAbI, COOTBETCTBYIOIIEH
€ro MUHMUMAaJIbHOM WHTEHCUBHOCTH.

0,8

Omnpenenure BO CKOJBKO pa3 YMEHbBIIUTCS
MHTEHCUBHOCTh €CTECTBEHHOTO CBeTa,
MPOLIEANIET0 Yepe3 JBa HHUKOJS, TIaBHBIC
IJIOCKOCTH KOTOPBIX 00pa3yroT yrona B 60°,
€ClIM KaXIbli M3 HUKOJIEH Kak MOTJOLIaceT,
Tak U OTpaxkaeT 5% TMajarollero Ha HUX
CBETa.

9,88

Bo CKOJIBKO pa3 UHTCHCHBHOCTb
MOJICKYJISIPHOTO ~ pacCesHUsl CHUHEro CBEeTa
(A=460 ©HM) TPEBOCXOAUT WHTEHCHUBHOCTH
paccestHust KpacHOTro cBeTa (A=650 HM)?

3,254

10

[Iydok 57€KTpOHOB, TPOWIS dYepe3 Y3KYIO
eNb, CO3JACT TAKYIO K€ JAUQPPAKIIMOHHYIO
KapTUHY, KaKk ¥  MOHOXPOMAaTHYECKOE
M3JIy4YeHHUE C JUTMHOM BOJHBI 55 HM. KakoBa
CKOPOCTb 3JIEKTPOHOB?

13,3 km/c




03.03.02 ®u3uka, npodpuiab Mexnuunckas ¢pusuka, Onruka, 2022 rox Habopa, ouHas
dopma o0yueHnus

[IpopexTop mo yueOHoii pabote yrBepxaeHo 30.05.2022  B.E. ®enopos

VY4eHbIM cOBETOM (U3NIECKOTO (PaKyIbTeTa

[Iporokon 3aceqanus Ne 07 ot 28.04.2022

[Ipencenarens YueHoro coBera

dbusnueckoro pakyapTeTa COIIacOBaHO J.A. 3axapbeBuu

3acenanuem kadenpsnl o01Iel U TEOPETHYECKON (PU3MKH

[Iporokon 3aceganus Ne 07 ot 21.04.2022

3aBenyromuii Kadenpoi COIIaCOBAHO A. E. Maiiep

ABTOp (COCTaBUTEIB) A. E. Maiiep

CrpykTypa padoueii mporpaMMsbl COOTBETCTBYeT npukasy pexkropa @®I'bOY BO
«Heal'¥» ot «13» anpeast 2021 . Ne 247-1



