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1. HEJIX OCBOEHUMA TUCHUTIINHBI

Lens aucuumiunel «ONTUKa» COCTOUT B (POPMHUPOBAHUM y CTYIEHTOB €JUHON, CTPOMHOM, IOTHIECKH HEIPOTUBOPEUUBOM
(m3nIeckoit KapTHHBI OKPYKAOIIETO HAC MHpPA IMIPUPOBI, IPHOOPETeHNE HABBIKOB PEIICHHUS U UCCIIeJOBAHM KOHKPETHBIX
¢usnyeckux 3anau.

OCHOBHBIE 33J1a4H JUCITUTLUTHHBI: MU3YyUYCHHUE OCHOBHBIX TOHATHIA BOJTHOBOM W KBAHTOBOM OIITUKHU,; N3YyYCHUEC OCHOBHBIX METOI0B
HCCJIICAOBAaHNs B OIITHKE; 3HAKOMCTBO C HEKOTOPBIMU MPUIIOKCHUSIMU ONITUKH.

Pe3yJ’ILTaTI)I 06y'-IeHI/IH 10 JUCHUIITIMHE HAIIPABJICHBI HA JOCTHKCHUEC NHAUKATOPOB!:

OIIK-1.1. O6nanaeT 6a30BEIMU 3HAHHUSMH, TTOTYYCHHBIMHU B 00J1aCTH QU3HUKU U paquoQU3HKH.

OIIK-1.2. leMoHCTpHpYET yMEHHUE pemiaTh 3aa1a4u, GopMyIupyeMble B paMKax (U3UKH U PaguoU3UKH.

OIIK-1.3. ImeeT HaBbIKY UCIIOIb30BAHUS OCHOBHBIX MOHATHH, TEOPEM, 3aKOHOB (DU3UKU U paguo(pU3UKHU I pelleHus 3a1ad
npodecCHOHANHON IeATeIBHOCTH, B TOM YHCIe B cepe MeqarornIecKoi AesITeTbHOCTH.

2. MECTO JUCHUILTMHBI B CTPYKTYPE OIIOII

Huka (pazgen) OITOIT: b1.0.04

2.1 TpeGoBaHus K NMpeIBapPUTEIbLHOI MOAT0OTOBKE 00yYaloIIerocs:

3HEKTpI/I‘I€CTBO U MarHC€TU3sM

MonekynsipHas Gpusuka

MexaHuka

2.2 JIncuUNIMHBI U MPAKTHKH, 1JIs1 KOTOPBHIX 0CBOEHHUE TAHHOH TUCHHUIIMHBI (MOAYJIs1) HEO0X0IMMO KaK MpeallecTByoOIIee:

AromHas dusnka

®duzrka aTOMHOTO Aapa v DJIEMEHTAPHBIX YaCTUIL

N3nyuenue BomH

3. KOMIETEHLUY OB YYAOIETOCSl, ®°OPMUPYEMBIE B PE3YJIbTATE OCBOEHM S JUC LI TAHBI
(MOJYJIS)

OIIK-1: Cnnoco0eH npuMeHATH 6a30Bble 3HAHUA B 00,1aCTH (PH3MKH M paino(PU3NKH M HCNIOIb30BAaTh UX B
Npo(ecCHOHAIBHOM 1eITeJIbHOCTH, B TOM YHCJIe B cepe neaaroru4eckoi AesreJJbHOCTH;

3HaTb:

Jns noctmwkenus OITK-1.1: 6a30Bble HOHITHUS, MOJEINH, HOAXOABI K aHAIN3Y (PU3NYECKUX SBICHUH B paMKaX OINTUKHU; OCHOBBI
TEOPHH, IPHHIUITEl H METOJBI ONITHKHI; METO/BI TEOPETHUECKUX U SKCIICPUMEHTAIBHBIX HCCIICJOBAaHNUN B (hH3UKE

YMmeTnb:

Jus noctmxenus OITK-1.2: ucrons3oBath 0a30BbIE TEOPETHYECKUE 3HAHUS 110 ONTHKE; TOHUMATh, U3JIaraTh U KPUTHYECKH
aHAJTM3UPOBATh 0A30BYIO 00IEHUINUCCKYIO0 HHPOPMAIIHIO; MTOJIH30BATHCS OCHOBHBIMH MOHATHSIMH, 3aKOHAMH U MOJICIISIMU OTITHKH;
peliaTh TUIOBbIE 3a/1a4l ONTHKU

Baaners:

Jus noctmwkenns OITK-1.3: HaBBIKOM pelleHHs KOHKPETHBIX (PU3HMUECKUX 3a/1ad; MeToAaMU 00pabOTKY U aHaIHU3a
SKCIIEPUMEHTAIBHON M TeOpeTHIecKoil (hrmnaeckoit nHGopManum

B pe3yabTaTe 0CBOCHUS TUCHUIIIMHBI oﬁyqaloumiicﬂ JOJI2KCH

3.1|3naTth:

3.1.1|6a30BbIe MOHATHSA, MOJETH, TOAXOBI K aHATIN3Y (PU3HMUECKUX SIBICHUI B paMKaX ONTHKH; OCHOBBI TEOPUH,
HPUHIATE] ¥ METOABI OITHKU; METObI TEOPETHIECKUX U SKCIICPHIMEHTANBHEIX UCCIIEIOBAHIN B (hH3UKE

3.2|Ymers:

3.2.1|ucrons30Bath 6a30BbIC TCOPETHUECKHIE 3HAHUS TI0 ONMTHKE; IOHUMATh, H3JIAraTh U KPUTHIECKU aHATU3HPOBATH
6a30By0 001Ie(U3NIECKYIO HHPOPMALIUIO; TTOJIb30BATHCS OCHOBHBIMH MOHATUSIMH, 3aKOHAMH U MOZCIISIMH OTITHKH;
pelIaTh THUIIOBBIC 3a/[a4l OITHKH

3.3|Baagern:
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cTp. 4

331

TEOpeTHYECKOH (hru3nveckoit HHPpopMaIu

HaBBIKOM PCHICHUSI KOHKPETHBIX (1)H3H‘{€CKI/IX 3ajJa4, MCTOIaMH O6pa60TKI/I " aHalik3a BKCHepHMeHTaHLHOﬁ u

4. OFBEM JUCLUIIIMHBI (MOYJIST)

O6Lwasa TpyaoemMkocTb

33ET

YacoB 1o yueOHOMY TUIaHYy :
B TOM YHCIIE :

AyJUTOPHBIC 3aHSITHS :
caMocCTosTebHas padoTa :
4acoB Ha KOHTPOJIb
KOHTakTHas pabora: 71,3

108

68
9,7
27

9K3aMeHHI 4

Buns! koHTpoONIs B cemecTpax:

HKP: 3,3
5. CTPYKTYPA U COAEP KAHUE JUCHUTIJIMHBI (MOJIY JIsT)
Kon HaunmenoBaHue pa3/ie/ioB U TeM /BUJ 3aHATU/ Cemectp | YacoB Jlutepatypa
3aHATHS /[ Kvpe
Pa3nea 1. 'eomeTpnueckasi onTuka

11 TIpenmer u3ydyenus onTuky. Pa3BuTHe nMpecTaBIeHUH O IPUPOJIC CBETA. 4 4 JIL.1J11.2 J11.3
BoutHOBBIE U KOPIYCKYNSpHBIE CBOWCTBA cBeTa. [Ipubimxenue J1.4]12.1 J12.2
TEOMETPHUIECKON ONTHKHU. 3aKOHBI OTPaKEHUS U TIPEIIOMIICHUS CBETa Ha JI2.3J13.1 JI3.2
TPaHULe IPO3PAYHBIX AUIEKTPUKOB. [ToTHOE BHYTpEHHEE OTPaskeHHUE. 91 32 33 24 25 56
Tpuniun ®epma. [penomieHne cBeta Ha CHepUUCCKON TOBEPXHOCTH. 27
JluneiiHoe u yriaoBoe yBenauueHue. JIunzsl. Pokyc, hokanbHast INIOCKOCTb,

(okycHOe paccTosiHUEe, onTHYecKas cuia. PopMysa TOHKOI JTHH3HL.
ITocTpoenue uzobpakeHuit B 1uH3ax. LIeHTpHUPOBaHHBIC ONTHUECKUE
cucteMsl. /Jlex/

1.2 Pemrenue 3anau. [Ipenomienue ceeta B mpusme. OTpakeHHE CBETA OT 4 4 JIL.1J11.2 J11.3
cdepuydeckoil oBepXHOCTH. | eoMeTpuueckas u Xxpomaruieckas abeppauusi. J1.4J12.1 J12.2
YcrpoicTBo riasa u 3perne. PoroMeTpuieckue MOHATHS U enuHuLbL. /TIp/ JI2.3J13.1 JI3.2

01 32 33 24 25 56
37

13 IIpenmer nsydyenus onTuku. Passurue npencraBiaeHuii o IpUpoJie CBETa. 4 2 JI1.1J11.2J11.3
BoHOBBIE U KOPIYCKYISIpHBIC CBOICTBa cBeTa. [Ipubimxenue JI1.4J12.1 J12.2
TeOMETPUYIECKON ONTUKH. 3aKOHBI OTPAXKEHUSI U IIPEIOMIICHHS CBETa Ha JI2.3713.1 JI3.2
TpaHUIlE MPO3PAUHBIX AUIIEKTPUKOB. [loHOE BHYTpeHHEE OTpaKEeHNE. D132 33 34 35 236
IMpunuun ®epma. [Ipenomiienne cBera Ha chepUuecKoil IOBEPXHOCTH. 97
JluneiiHoe u yrioBoe yBenauueHue. JIunssl. Pokyc, hokanbHast INIOCKOCTD,

(dokycHOe paccTosiHUe, onTHYecKas cuia. PopMysa TOHKOI JTHH3HL.
IToctpoenue uzobpaxxeHuit B tuH3ax. LIeHTpUpPOBaHHBIE ONTHYECKUE
cucremsl. /Cp/

Pa3nen 2. DiaekTpoMaruuTHbIe KoJie0aHUS M BOJIHBI

2.1  |KonebaTenbHblil KOHTYp U ypaBHeHHE Kosebanuil. CBOOOAHBIE, 3aTyXalolLI1e, 4 4 JI1.1J11.2 J11.3
BBIHY)KJICHHBIC 3JICKTPOMArHUTHBIC KOJIeOaHus, pe3oHaHnc. YacTora, nmepuo, JI1.4J12.1 JI2.2
(asbl kosiebanuil. YpaBHeHUsT MaKcBenIa B OTCYTCTBUH 3aps0B U TOKOB. JI2.3713.1 JI3.2
BomHoBoE ypaBHEHHE, 3NIEKTpOMarHuTHEIE BOJHEL. [1m0cKas 213233 34 35 26
9JIEKTPOMArHWTHAs BOJIHA. JJTMHA BOJIHBI, TPYNIOBas U (a3oBasi CKOPOCTH. 97
DHeprusi ¥ MOTOK YHEPTHH JIEKTPOMATrHUTHOM BOJHBL beryiue u crosaune
BOJHEL HTepdepeHuns BoIH, KOrepeHTHOCTb. /JIex/

2.2 Tlepexoxa OT BOJTHOBO# ONTHKK K reomeTpudeckoit. /TIp/ 4 2 JI1.1 J11.2 J11.3

J11.4J12.1 J12.2
JI2.3J13.1 JI3.2
013233 24 25 56
37

© ®I'bOY BO «Yenl 'Yy




MHMNHOBPHAYKH POCCUN
\1} DenepanbHOE rocyJapcTBEHHOE OI0DKETHOE 00pa3oBaTeIbHOe
@ YUpEKICHHUE BBICLIET0 00pa30BaHUs

«YensOunckuit rocynapcrBeHHsliil yausepeuret» (PI'bOY BO «Henl'Vy)

Pabouas nporpamma nucuumuinasl "OnTHKA" 110 HAMpaBJIeHUIO TOATroToBKH (crermansHocT) 03.03.03

"Pannoduznka" HanpasieHHOCTH (podtio) TerekoMMyHUKaMOHHBIE CHCTEMBI ¥ MH(OPMaIMOHHEIE TEXHOJIOTHI cp. 5

®I'bOY BO «Uenl ' V»

2.3 KonebarenbHblil KOHTYp U ypaBHeHHe kKonebanuil. CBoOOIHbIE, 3aTyXalOIIue, 4 2 JI1.1J11.2J11.3
BBIHY)KJICHHBIC 3JICKTPOMAarHUTHBIC KoJieOaHus, pe3oHanc. YacTora, nepuo, JI1.4J12.1 JI2.2
(a3bl kosebanuil. YpaBHeHUs MaKcBelaa B OTCYTCTBUM 3apsI0B U TOKOB. J12.3J13.1 JI3.2
BomHoBoe ypaBHEeHHe, 351eKTpOMarHuTHEIE BOHEL. [110cKas 2132033543556
3JIEKTPOMArHuTHasl BoJHA. [lJIMHA BOJIHBL, TPYNIOBas U (a3oBast CKOPOCTU. 97
OHeprust U MOTOK SHEPIUU JIEKTPOMarHUTHOHN BosIHbL. berymue u crosuue
BOJIHBI. IHTepdepeHIns BOIH, KOTepeHTHOCTD. /Cp/

Pa3znen 3. UutepdepeHnus cBeTOBbIX BOJIH

31 Omnsit FOHra, ycnosue MakCUMyMOB U MUHUMYMOB HHTep(epeHIUOHHOM 4 6 JI1.1J11.2J11.3
kapTuHEL. [I[pocTpaHcTBeHHAsI M BpeMeHHasi KOTEPEHTHOCTD, BIIHSIHHE JI1.4J12.1 JI2.2
pa3MepoB UCTOYHUKA cBeTa. MHTepdepeHIys Ipy AelIeHUU BOIIHOBOIO J12.3J13.1 JI3.2
(dponTa: 3epkana Openens, ounpusma Openerns, oununza buite, 3epkano 2192 33 34 D5 D6
JInoiina. ITonocs! paBHOTO HakJIOHA U paBHOU TonmuHbL Konbia HetoToHa. 97
Crostune cBeTOBBIE BOJNHBI. J{MdNIeKTpHIecKHe HHTEPPEPUPYIOLIHE CIIOH.

Hntepdepeniyst MHOTUX My4KOB; METOA I'PahUUECKOro CI0XKEHHS aMIUIUTYL;
TJIaBHBIE U BTOPUYHBIE MAKCUMYMBL. /JIex/

3.2  |Pewenue 3agau. PacueTr unrephepeHIIMOHHON KapTUHBI IS 3epKaja 4 10 JI1.1J11.2J11.3
®Openens u ounpuzmel Openens. JIByXxiay4eBbie HHTEPPEPOMETPHI. JI1.4J12.1 J12.2
MsuoromnyueBsle HHTephepoMeTpsl (I1acTuHKa Jltommepa-Iepke, 3Tanon J12.3J13.1 JI3.2
®abpu-Ilepo). Unrepdepenumonnnbie Gunbtpsl. /TIp/ 2152 33 34 D5 D6

97

3.3 Omnsit FOHra, ycnosue MakCUMyMOB U MUHUMYMOB HHTep(epeHIIHOHHON 4 1,7 JI1.1J11.2J11.3
kapTuHbL. [I[pocTpaHcTBeHHAs M BpeMeHHas! KOTEPEHTHOCTD, BITHSIHHE JI1.4J12.1 J12.2
pa3MepoB UCTOYHUKA cBeTa. IHTEepdepeHus py AeJICHUH BOJTHOBOTO JI2.3713.1 J13.2
(dponTa: 3epkana Openens, ounpusma Openers, oununza buite, 3epkano 2152 33 34 D5 D6
JInoiina. Ilonockl paBHOrO HakJIOHA U paBHOM TonuHbl. Konbsia HeroToHa. 37
Crostune cBeTOBBIE BOJNHBI. J{MdNIeKTpHIecKie HHTEPHEPUPYIOLIHE CIOH.

Hntepdepeniyst MHOTUX MIy4KOB; METOA I'paUUECKOro CI0KEHUS aMILIUTY;
TJIaBHBIE H BTOPUYHBIE MaKCUMYMEL. /Cp/
Pa3nen 4. ludpakuusi cBeTOBbIX BOJH

41 Hudpaxrus. [punnun Ioitrenca-®penerns. 3oub Openens. ['papuueckoe 4 6 JIT.1 J11.2 JI1.3
CJIOXKEHHUE aMIUIUTY]l U YCIOBHE MAaKCUMYMOB M MUHUMYMOB TU(PAKIHH. JI1.4J12.1 J12.2
Judpaxiiust oT chepruuecKoro OTBEPCTHs U KPYTIJIOTO MPEMsATCTBUSA. 30HHAS JI2.3J13.1 JI3.2
wiacTuHKa. Jludpakiys oT napajulebHOTO Mydka Jiydeil. Pacnipenenenue 013233 34 35 26
MHTEHCUBHOCTH CBETa Ha dKpaHe npH qudpakuun OpayHnrodepa ot menn. 37
I'panunsl reomeTpudeckoit onTuky, Audpakunu Openens u Audpakuu
Opayrrodepa. Judpakunonnas penierka. Y cIioBrHe MUHIMYMOB, TJIABHBIX U
BTOPUYHBIX MAKCUMYMOB. CreKTp AnGpaKIMOHHON PEIIeTKH; pa3peIiaronas
CIOCOOHOCTS, TMHEWHas U yriioBas gucnepcus. /JIex/

4.2 Pemenue 3anau. Judpaxiius OT HEMPO3PAUHOTO Kpas MOTYIIIOCKOCTH. 4 10 JIT.1 J11.2 JI1.3
Judpakius OpayrHrodepa ot kpyriaoro orseperust. Iudpaxuus ot JI1.4J712.1 J12.2
MHOTOMEpHO# pereTkH. J(uppakius peHTTeHOBCKHX JIydeid, popmyria JI2.3J13.1 JI3.2
Bynbda-bpora. Ipuniuns! co3ganus rojgorpaduueckux nzodpaxenuii. /IIp/ D132 33 34 35 26

97

4.3 Hudpaknus. [puauun [Noiirenca-®Openens. 3oup1 Ppenenst. ['paduueckoe 4 1 JIL.1JI11.2 J11.3
CJIOXKEHHE aMIUTUTY]l M YCJIOBHE MAaKCUMYMOB 1 MUHUMYMOB IU(PAKIHU. JI1.4J712.1 J12.2
Judpakuus oT chepruueckoro OTBEPCTHUS U KPYIIIOTO NPEMTCTBU. 30HHAs JI2.3J13.1 J13.2
iacTUHKa. Jlndpakiys oT napajuleNbHoOro Mydka ydeill. Pacnipenenenue 0132 33 54 55 26
WHTEHCUBHOCTH CBETa Ha KpaHe npH qudpakuun Opayarodepa oT menn. 97

I'panunsl reomeTpudeckolt ONTUKY, Tudpakunn Openens u Audpakuuu
Dpaynarodepa. ndpakiionHas pemeTka. Y cIoBie MUHIMYMOB, ITIABHBIX U
BTOPUYHBIX MAKCUMYMOB. CreKTp An(PaKIMOHHON PEIIeTKH; pa3peIaromnast
CIOCOOHOCTD, IMHEHHAast ¥ yriioBas muctepeust. /Cp/
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Paznen 5. llonsipuzauus cBera

5.1 SIBnenue nonsapuzanuu. Ilomsspusaropsl. Ilnockas, kpyrosas, aIIUNTHYECKAs 4 6 JI1.1J11.2J11.3
nossipu3anyst. Crenens nosipru3anuy. 3akoH Mamoca. [Ipoxoxxnenne cera JI1.4J12.1 JI2.2
yepes IpaHully JABYX IIPO3padHbIX cpell. BoiBoa u aHanu3 Gpopmyn Openens. J12.3J13.1 JI3.2
3axon bprocrepa. SIBnenue qBoitHOTO JTyuenpenomieHus. BoaHoBbie 213233543556
HOBEPXHOCTH OOBIKHOBEHHOI'O U HEOOBIKHOBEHHOTO J1ydeil. MHTepdepenius 97
TOJIIPA30BAaHHBIX JTydeH, TOTyBOIHOBAS U Y€TBEPTHBOIHOBAS MIIACTUHKN.

/J1ex/

5.2 Pemenue 3anau. Ionspusanuonuslie npubopsl. Kpucramimueckas niacTHHKa 4 4 JI1.1J11.2J11.3
MeXIy IByMs Hojsipr3aropaMu. MckyccTBeHHOE JBOMHOE JTydernpenoMiIeHHe: JI1.4J12.1 JI2.2
MexaHuueckas nedopmanus, 3¢ dexr Keppa. Bpamenue minockoctu J12.3J13.1 JI3.2
nomspusanuu. D dexr Dapanes. /Ilp/ 013233 34 35 26

37

5.3 Ssnenue nonapusanuu. [omspuzaropsl. [Inockas, kpyrosas, anaunTU4ecKas 4 1 JI1.1J11.2J11.3
nonsipu3arst. CreneHs noispru3anud. 3akoH Mamoca. [Ipoxoxxnenne cera JI11.4J12.1 J12.2
yepe3 IpaHuIly ABYX IIPO3pauHbIX cpel. BeiBoa u ananus popmyn dpenens. J12.3J13.1 JI3.2
3axon bprocrepa. SIBnenne qBoitHOTO ITyuenpenomieHus. BoaHoBEIe 2132333243556
MIOBEPXHOCTH OOBIKHOBEHHOT'O U HEOOBIKHOBEHHOTO Jiyduel. MHTepdepeHnus 97
HOJIIPH30BAaHHBIX JTydeH, TOTyBOTHOBAS U Y€TBEPTHBOTHOBAS TIIACTHHKN.

/Cp/
Pa3nen 6. B3aumopeiicTBie 371eKTPOMArHUTHBIX BOJIH ¢ BeleCTBOM

6.1 |SBnenue aucnepcuu. HopmanbHas 1 aHOMaJbHas AUcIepcusl. DneMeHTapHas 4 4 JI1.1J11.2J11.3
Teopus AUCIIepcHd. [ pyImoBasi CKOPOCTh CBETOBBIX BOJIH B BEIIECTBE. JI1.4J12.1 JI2.2
INornomenue cBeta, 3akoH byrepa, ko3 unueHt noriomeHus. J12.3J13.1 JI3.2
Oco0eHHOCTH TOTIIONIEHHS CBETA B Ta3aX, KOHACHCHPOBAaHHBIX Cpelax, B 213233 543556
pacTBOpax u B MeTalax. PaccesiHue cBeta, 3akoH Panes. Ilonsapuzanus npu 97
paccessHuM. MyTHBIE Cpe/ibl, MOJICKYJIIpHOE paccesiHue. /JIex/

6.2 Kombunannonnoe paccestaue. Ontuka Apmwxyiuxcs cpea. b dekr Jormiepa 4 2 JIL.1J11.2 J11.3
(IpOOIBHBIN U MOMEPEUHBII) AT HIEKTPOMArHUTHBIX BOJIH. D dexT JI1.4J12.1 J12.2
Baswusiosa-Uepenkona. /TIp/ JI2.3713.1 J13.2

D132 33 34 35 26
37
6.3 BsanmoeiicTBrE 3J€KTPOMArHUTHBIX BOJIH C BetecTBoM /Cp/ 4 1 JIL.1J11.2 J11.3
JI1.4J12.1 J12.2
JI2.3713.1 JI3.2
013233 34 35 26
37
Paznen 7. KBanToBBIC CBOliCTBa CBeTa

7.1 Tertosoe usnydenue. 3akon Kupxroga. 3akon Credana-bonbimana, 3akoH 4 4 JI1.1J11.2 J11.3
Buna. Criektp TemioBoro usiydenus, hopmyna Panes-/xunca, hopmyrna JI1.4J12.1 J12.2
ITnanxa. ®otosddexr, 3akousl PoTodddexra. PoToHLL, hopMyna J12.3J13.1 JI3.2
OunmreiHa st Goroaddexra. Dpdexr Komnrona. Ummynsc GoToHOB 1 D152 33 24 D5 56
JIaBJICHUE CBETa. Y POBHU 3HEPTUH B aTOME, IIEPEXO/IbI, IOTJIOMIEHHUE U 97
ucnyckanne (potoHoB. CIIOHTaHHBIE U BEIHYXKICHHBIC ITepexosl. Obimee
YCTPONUCTBO U MPUHIUIBI pabOTHI Ja3epoB. /JIex/

7.2 Pemenne 3amau. Onrudeckast mupoMeTpust. TOPMO3HOE pEeHTT€HOBCKOE 4 2 JIT.1 J11.2 JI1.3
n3nydyenue. OneiT bote. ['a3oBrIie, TBepAOTENBHBIE, TOTYITPOBOIHUKOBEIE JI1.4J12.1 J12.2
nasepsl. JIazepsl Ha kpacurensax. Henmunelinble ontrdeckue 3¢ exTsl. JI2.3J13.1 J13.2
Henuneiinas nonspusanus cpenpl. 'eHepanns BTOPbIX FapMOHHUK. 0132 33 54 55 26
Camodoxycuposka. /TIp/ 37

7.3  |KsanrtoBsle cBoiicTBa cBeta /Cp/ 4 1 JI1.1J11.2 J11.3

JI1.4712.1 J12.2
JI2.3J13.1 JI3.2
0132 33 24 35 26
37

Pa3nen 8. Unas konTakTHasi paboTa
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8.1 WnnuBuayanbHble KOHCYIbTAIUU, TEKYIUH KOHTpoab /TTKP/ 4 33 J1.1J11.2J11.3
J1.4J12.1 J12.2
J12.3J13.1 JI3.2

01 32 33 B4 35 56

97

6. POHJ1 OHEHOYHBIX CPEJICTB

6.1. IlepeyeHb BHIOB OLCHOYHBIX CPeJCTB

OTueT 1o MPaKTUYECKUM 3aJaHUSM.
KonTponbHbIE BOMTPOCHL.

6.2. TunoBbIe KOHTPOJbHBIC 3a1aHUA U HHBIC MaTePUAJIbI JIH Te]cymeifl aTreCcTaluu

Tunosble KOHTPOJIBHBIE 3aJJaHNs M HHBIE MaTepHalIbl AJIs TeKyIlel aTTectanuu npeacrasieHsl B [Ipunoxennn 1.

6.3. TunoBble KOHTPOJIbHbIE BOMPOCHI U 321aHUS JJIsI MPOMEKYTOUHON aTTecTANNHU

TurnoBsie KOHTPOJIBHBIC BOIIPOCHI U 3alaHU AT HpOMC)KyTO‘{HOIZ aTTeCTalliu IPEACTABJICHBI B HpI/IJ'[O)KeHI/II/I 2.

6.4. Kputepuu oneHnBaHus

Ha sk3ameHe CTyIeHTy IpeiaraeTcsi OTBETHTh Ha JiBa TEOPETUUECKUX BONPOCA U PEIIUTH JIBE MPAKTHIECKHX 3a1a4n. [Ipn oTBeTe
CTYZACHT IOJIy4aeT OLEHKY:

«OTIIMYIHO» — 32 Pa3BEPHYTHIN OTBET C MPUMEPAaMH U MOSICHEHUSIMU Ha BCE TEOPETHUECKUE BOTIPOCHI U TIOJTHOCTHIO PELIEHBI 1
pacrucaHsl 1o ASHCTBHUAM BCE 331a4M;

«XOpOIIO» — 3a Pa3BEePHYTHIH OTBET C IPHUMEPAMH H OSICHEHUSIMH Ha BCE TEOPETUUECKHE BOIIPOCHI U TTIOJTHOCTHIO pelieHa u
pacrucaHa 1o JIeHCcTBUAM XOTs Obl 0J1HA 3324, JTH00 MOJIHOE PEIICHUE IBYX 3a/1a4 U HEMOJIHBIN OTBET Ha TEOPETUYECKUE BOTIPOCHI;
«YIOBJIETBOPUTEIBHO» - TaH YSTKHUH JIOTUYHBIN OTBET Ha TEOPETUUECKHE BOIIPOCHI U JIFOOBIE IOTHIHBIE TIOSICHEHUSI 110 3a/1adaM,
100 MOJHBIM OTBET HA OJJMH TEOPETHYECKHH BOIIPOC U PELICHUE OHOM 3a1aun (yacTuuHoe (He MeHee 50% peleHus 3a1a4n) Win
TIOJTHOE B 3aBUCUMOCTH OT CIIOXKHOCTH 33/1a9H), THO0 TouTH TostHOe (He MeHee 80% pemmeHus il KaXI0i 3a1aun) pereHne 00enx
3a1ad;

«HEYJIOBIIETBOPUTENIHHOY - 32 BhINOJIHEHHE MeHee 50% 3amanuil, 3a HCKIIIOUEHHEM Cily4asi TOYTH MoJHoro (He MeHee 80% pemieHus
JUTSL KQKIOW 3a/1a4M) peleHus o0enx 3a1au.

7. YHEBHO-METO/JMYECKOE 1 HTHO®OPMAIIMOHHOE OBECIIEYHEHUE JTUCHUIIJIMHBI (MOAY JIS)

7.1. Pexomenayemasi 1uTepaTypa

7.1.1. OcHoBHasi TUTEPaTypa

ABTOpBI, COCTaBUTEIH 3arnaBue WzparensctBo, ron| Pecypc
JI1.1 |Casenes U. B. KBanrosas ontuka. ATomHas ¢pusnka. Ou3uka TBEpAOTro Tena. Cankr- [lerepbypr | OBC
®duzrka aTOMHOTO SI/Ipa U AJIEMEHTAPHBIX YaCTHI] : Jlans, 2022
(https://e.lanbook.com/book/210611)
JI1.2 |®enopyk B.A., Tiokun |Konebanus u BonHbl. OnTHka: yueOHOe ocodue Owmck : Cubupckuit| OBC
A.B. (https://znanium.com/catalog/document?id=435709) rOCYIapCTBEHHBIIH
aBTOMOOWIBHO-
JIOPOKHBIN

yHuBepcurer, 2023

JI1.3 |CaBenses U. B. Kypc o6mieii ¢puzuku. B 3 romax. Tom 2. DIeKTpHUECTBO U Cankrt- [letepoypr | OBC
MarHeTu3M. Bonubl. OnTuka: yueOHUK 11 By30B : Jlans, 2025
(https://e.lanbook.com/book/505381)

JI1.4 |CagenbeB 1. B. Kypc o6mieii puzuku. B 5 romax. Tom 4. Bonnsl. Ontuka: yuebnoe (Canxr- IlerepOypr | OBC
nocoOue 1Jisi By30B : Jlansb, 2025

(https://e.lanbook.com/book/505413)

7.1.2. lonoiHATEIbHAS JIUTEPATypa

ABTOpBI, COCTaBUTEIH 3arnaBue WznarensctBo, Ton| Pecypc
JI2.1 |Jlanaco6epr I'. C. Onruka: yaeGHOe mocobue Mocksa : 3BC
(https://biblioclub.ru/index.php?page=book&id=485257) Ousmatiur, 2017
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ABTODBIL, COCTaBUTEIH 3arnaBue W3zpatensctBo, ron| Pecype
JI2.2 |byruxos E. 1. Onruka Cankr- [lerepOypr | 3BC
(https://e.lanbook.com/book/210761) : JTanb, 2022
JI2.3 |Kanamnukos H. I1., ITpakTHKyM IO peLIeHHI0 3a/1ad 10 00IeMy Kypcy pu3uku. Canxrt- Iletepbypr | OBC
KosxxeBuukos H. M., Konebanus u BoHbl. OnTHKa : JIannp, 2022
Korsipiio T. B., (https://e.lanbook.com/book/211400)
Crupun I'. T'.
7.1.3. MeToauueckue pa3padoTku
ABTODBI, COCTaBUTEIH 3arnaBue W3zpatensctBo, ron| Pecype
JI3.1 dusnyeckas ONTHKA: MPAKTUIECKOE MOcoOue Mocksa : Hayka, 9BC
(https://biblioclub.ru/index.php?page=book&id=116429) 1970
JI3.2 |Capuna M. I, BonHoBas 1 KBaHTOBasl OITUKA: yueOHOe ocobue HoBocubupck : OBC
Xomssko B. H. (https://biblioclub.ru/index.php?page=book&id=576508) HoBocubupckwuii
roCyJapCTBEHHBIN
TEXHHYECKUHI

yHUBepcurer, 2019

7.2. Ilepeuens pecypcoB HHGOPMALHOHHO-TeJIeKOMMYHHKAIUOHHOM ceTH "UHTepHeT"

D1 |3BC «YHuBepcureTckas oubimoreka onnaita» http://biblioclub.ru/

92 |9BC uzparenscrpa «Jlanby https://e.lanbook.com/

33 |9BC uznarenscrBa «MHPpa-M» znanium.com http://znanium.com/

24 |3BC «Opaitr» https://biblio-online.ru/

D5 |Hayunas snexkrponnas 6ubamoreka Poccuiickoit Akagemun Hayk http://www.elibrary.ru

36 |Hayunsle u HayuyHO-IIOIyJIsIpHBIE Jiekuy http://elementy.ru

37 |YuebHo-meTonuueckuii cait «[Ipenogasarensm u crynenram» http://teachmen.csu.ru

7.3 IlepeyeHb HHGPOPMALMOHHBIX T€XHOJIOTHii

7.3.1 [IporpammHOe oGecnieueHue

Adobe Reader

WinDjView

LibreOffice

Adobe Connect Acrobat

LMS Moodle

7.3.2 TIpodeccuonasibubie 6a3bl JAHHBIX H HHPOPMALMOHHO-CIIPABOYHbIE CHCTEMBbI

1. DnekTpoHHbIH KaTanor HayyHoi Oudauoreku Yenl'Y [DnexTponHsli pecypce] : 6a3a nanubix / Yensd. roc. yH-T. — UensOuHCK,
1992.

2. APS JOURNALS. Physical Review Letters, Physical Review X, Physical Review, and Reviews of Modern Physics : sxypHais
American Physical Society : caiit. — URL.: http://journals.aps.org/about — 5I3. anrit. — Pexxum I0CTyTa: TOIBKO U3 CETH
yHHUBepcuTeTa. — TEeKCT : 2NEeKTPOHHBIN.

3. Web of Science : mynpTHIUCIIMIUITMHAPHAS pedepaTBHAst 6a3a qaHHBIX / KoMmnaHus Thomson Reuters. — Pesxxum nocryna: mjis
3apeructpup. noab3osaresneil Uenl'Y. — TekcT : 31eKTpOHHBIN.

4. Scopus : pedepatuBHas 6a3a manubix / Elsevier BV. — URL: http://www.scopus.com/ — 5I3. auri. — Pexxum mocTyna: mis
3apeructpup. noas3osarencii Uenl'V. — TekcT : 3€KTpOHHBIN.

5. Springer Link : [caiit]. — URL: http://link.springer.com/ — £I3. anri. — Pesxxum fgoctyma: 1uist 3aperucTpup. mosb3osareneit Yenl'V.
— TeKcT : ANeKTPOHHBIH.

6. KoHCIEKThI JIEKIHI C IEMOHCTPALUSAMH U BUPTYaJIbHBIMH JTa0OpATOPHBIMHU SKCIIEpUMEHTaMH Ha caiite http://teachmen.csu.ru

8. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYHEHME JUCIUIIJINHBI (MOY JIS)

I[J'[ﬂ peamm3ani JUCHUIIINHBI UCIIOJIB3YIOTCA y‘{CGHLIe AyAUTOPUN JIsI IPOBEACHUS 3aHATUH JICKHUOHHOTO THIIA, TPAKTUYCCKUX
3aHATHH, TPYIIOBBIX U HHAUBUIYaIbHBIX KOHCYNBTAINI, TEKYIETO KOHTPOJIS M IIPOMEKYTOUHON aTTECTAINH, a TAKXKE IIOMEIICHHS
JUISL CAMOCTOSATENbHON paboTHL.
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Y4eOHble ayTUTOPUH YKOMIUIEKTOBAHbI CHIENUAIN3UPOBAHHON MEOENIbI0 M TEXHUYECKUMH CPEJICTBAMHU 00yUEHHS -
MYJIbTUMEINHHBIM 000pyI0BaHUEM (IKpaH, HOYTOYK, IPOEKTOP, KOJIOHKH).

JInist mpoBEICHUS 3aHATHIA JISKIIMOHHOTO THUIA MPEJIaratoTcsi HAbOPhI JEMOHCTPAIOHHOTO 000PYA0BAHUS M Y4eOHO- HATJISIHBIX
nocoOuii (MyIbTUMEUIHBIC TIPE3CHTAIINH).

Hcnonb3yercs 3NeKTPOHHBIN YNTANbHBIH 3a1 HaydHO# Onbimotreku Yenl'Y (ayauropus 206) 11t caMOCTOSATENLHON pabOThI
CTYJIeHTa, OCHAIIICHHBIN MEPCOHATBHBIMU KOMITBIOTEpaMH, MYJIbTUMEUIHHO# anmaparypoil. B aynuropuu obecrnedeH q0CTym K
Pa3IMYHOM CIIPABOYHOI JUTEPAType, SHIUKIONEUSIM, ONOIHOrpadMuecKHM U MOJTHOTEKCTOBBIM 0a3aM JTaHHBIX,
UH()OPMAIIMOHHBIM pecypcam «THTepHEeT.

9. METOAUYECKHUE YKA3AHUSA AJIS1 OBYYAIOIIUXCS 11O OCBOEHHUIO JUCHUIIJIMHBI (MOY JIST)

OcBoeHnue coiepxanus yaeOHoH ucHuMmIMHbl «ONTHKa» OCYLIECTBISETCS Ha JIEKIUX, IPAKTUYECKUX 3aHATUSAX U B IIpoliecce
CaMOCTOSITEIILHOM yueOHOM! IeSTENILHOCTH CTYACHTOB.

Jlek1IMOHHBIE 3aHATHS 00ECIIeUNBAIOT TEOPETUUECKOE U3YUeHHE TUCIUIUIUHBL. OCHOBHBIMUY METOJaMU 00yUEHHUS SIBIISIOTCS
MH()OPMAITOHHO-00BICHUTENBHBIH U MpoOneMHbIH. Ha JeKIisx n3inaraercsi OCHOBHOE COJIep)KaHHe TeM MPOrPaMMBI, TPOBOIUTCS
aHaJIU3 OCHOBHBIX MOHATUI U pacCMaTPUBAIOTCS IPUMEPHIL.

JIeKIMOHHBIN MaTepHa SIBISETCS BXKHBIM, HO HE €IMHCTBEHHBIM ISl YCBOCHUSI yIeOHOM AUCIMIUTHHEL Ero o0s3arensHO
HE0OXO0IUMO JOIOJIHUTh MaTepPHUalOM OCHOBHOM U JIONIOJIHUTEIBHON JIUTEpaTyphl 110 TeMe. [IpakTudeckue 3aHATHS CIIyXKaT UL
3aKpeIUIeHUS] TEOPETHIECKUX OCHOB, M3JIaraeMbIX B JIEKIMAX. Ha mpakTHIecKuX 3aHATHAX 00ydaeMble OBIIaJAEBAIOT OCHOBHBIMHU
METOJaMH U NIpUeMaMH PEeIleHUs 3a1ad.

BaxHBIM MOMEHTOM IIPH U3YYEHHH JTF000H TUCIUIUIAHEI SIBJISIETCS OPTaHU3AMNs CaMOCTOATENbHON padoTsl. [Ipu ocBoeHNH
Marepuaia He ClIeJlyeT CTPEMUTHCS K MEXaHUUECKOMY 3allOMHHAHUIO IPUBEAECHHBIX ONpeeaeHu, GopMyIUpOBOK U NOJI0XKEHUH,
ecnu TpeboBaHMs K BaM IpsiMo He yKa3bIBaloT Ha 3T0. BrionHe 3¢ (heKTHBHOI MOXKET OKa3aThCs MOMBITKA MOHATH CYTh SBICHNS,
BBIPa0OTaTh CBOE OTHOLIEHHE K HEMY, OIIMPAsCh Ha MaTepuall, coJepKaluiics B peKOMEeH10BaHHOI nuteparype. Taxke
pPEKOMEHIyeTCsl PABHOMEPHO PACTIPEAENIATh Harpy3Ky CaMOCTOSITEIbHOTO OOYUSHHS B TEUSHHE CEMECTpa.

B cityqae npuMeHeHUs IpU 00yUSHUH IUCIUILUIMHBL 3JICKTPOHHOIO 00Yy4YeHUs, AUCTAaHIIMOHHBIX 00pa30BaTeIbHBIX TEXHOIOTUI
o01IeHre 00yJarOIUXCs U MPENOIaBaTelIsl OCYIIECTBISCTCS B PEXKUME PEabHOTO BpeMeHH (OHIaiH-TIeKIiK (BEOUHAPHI), YaThl,
BUJIC0-KOH(EPEHIINH U JIP.) WU OTI0KEHHOTO BpEeMeHH (CHCTeMa qucTaHImonHoro ooy4yenus Moodle, MS Office365, dpopymsr,
SJIEKTPOHHASI [T0YTa U JIp.).

IIpu 0Oy4yeHun null ¢ OrpaHUYEHHBIMU BO3MOXKHOCTSIMU 3/10POBbsI JJICKTPOHHOE 00YUCHUE, AUCTAaHIIMOHHbBIE 00pa30BaTe/IbHbIE
TEXHOJIOTHH TIPEIyCMaTPHBAIOT BO3MOKHOCTD IpHeMa-Tiepejadr MHYOPMaIHU B JOCTYITHBIX U HUX (hopMax.

Peanu3anust AUCIMIUTMHEI C TPUMEHEHNAEM dJIEKTPOHHOTO 00YUYEeHUsI, TUCTaHIMOHHBIX 00pa3oBaTeIbHBIX TEXHONOTHI (Hanee — D0,
J1OT) ocymectBnsercss Ha OCHOBaHUHU «I10JIOXKEHUS O peaIu3allii OCHOBHBIX U JIOMIOJIHUTENIBHBIX 00pa30BaTeNbHbIX IPOIPaMM C
MPUMEHEHUEM 3JIEKTPOHHOTO 00yYeHHs M AUCTaHIIMOHHBIX 00Pa30BaTENbHBIX TEXHOJIOTHH B (heiepalbHOM TOCYyIapCTBEHHOM
010/PKETHOM 00pa30BaTEILHOM YUPEKICHUH BBICIIET0 00pa3oBaHus «Hemsi0MHCKUM rocyJapCTBEHHBIN YHUBEPCUTETY,
«[TonoxxeHns o mopsiIKe 3a4era 00yJAIOIUMHUCS IO OCHOBHBIM NMPOQECCHOHAIFHBIM 00pa30BaTelbHBIM MPOrpaMMaM BBICIIIETO
obpazoBanus B DTBOY BO «Henl 'V» pe3yabTaToB OCBOCHUS B OPraHU3aLUX, OCYLIECTBIISIOIINX 00Pa30BaTEIbHYIO
JIeATeNTbHOCTD, YIeOHBIX MPEIMETOB, KypPCOB, TUCIHUIUINH (MOIyJIel), TPaKTHK, AOTIOJHUTEIBHBIX 00pa30BaTEIbHBIX TIPOTPaMM»
MOCPEICTBOM JIEKTPOHHOH HHpOpMaMOHHO-00pa3oBarenbHol cpenbl PTBOY BO «Uenl Vy». B HCKIIOYUTENBHBIX CIydasx
(popc-makop U T.11.) ipH peanu3anny 00pa3oBaTeIbHON nesaTenbHOCTH ¢ npuMeneHneM D0, JJOT MoryT npuMeHsITh KOMIIOHEHTHI,
He BXOJSIIHE B IEPEUeHb dIEKTPOHHONH HH(POPMALMOHHO- 00pa30BaTENbHOM CPebl.

10. CHIEIIMAJIBHBIE YCJIOBUSI OCBOEHUS JUCHHUIIIMHBI OBYYAIOINIUMUCSH C HHBAJIMJHOCTBIO 1
OI'PAHUYEHHBIMHW BO3MOKHOCTSAMMHU 31OPOBbS

OcBoenne JAUCHUIUIMHBI NUHBAJIUAAMU U JIMIIaMHU C OI'PAHUYCHHBIMU BO3MOKHOCTAMU 3J0POBbS OCYUIECCTBIISICTCA C UCITIOJIB30BAHHUCM
CHEUUAIBHBIX TEXHHUYECKHX CPEICTB M HMH(POPMALMOHHBIX TEXHOJIOTUH, HMpeaocTaBiIseMblXx PecypcHbIM y4eOHO-METOAMYECKHM
LEHTPOM 10 OOYYEHHI0 WHBAIWIOB W JIMI C OTPAaHMYCHHBIMH BO3MOXKHOCTSAMH 310poBbs Uenl'V mo 3ampocy oOydaromierocs
(MOOWJIBbHBIE CHEUUalbHbIE TEXHUYECKHE CPEJICTBA Ul JIML C HapyIICHUSAMHU 3pEHUS U C HapyIIEHHEM CllyXa, aCCHCTHUBHbBIE
MH()OPMAIIOHHBIE TEXHOJIOTHN).

IIpu HeoOxomumocTH uisi OOYYarOIIMXCS C HapyIISHHSMH 3peHUs Ha pabouyumx Mecrax Uil NPOBENCHHS NPAKTUYECKUX WIN
71a00paTOPHBIX 3aHATHH YCTAHABIMBAETCS CIELHATIbHOE NMPOrpaMMHOE oOecredeHue (IIporpaMMa peyeBOil HaBUTAIMH, pPEdEBbIC
CHHTE3aTOPbI, SKPaHHbIE JIYIIBI).

B yuebOHble aynutopun obecniednBaeTcs OCCIPEnsSTCTBEHHBIH TOCTYIT AUl 00YYaIOIMXCSl ¢ HHBAJIUIHOCTBIO M C OTPaHUYEHHBIMU
BO3MOKHOCTSIMH 370pOBbsL. B kak10ii aymutopuu, riae 00y4aroTcss HHBATUIBI U JIUIA C OTPaHMYCHHBIMU BO3MOXKHOCTSIMH 37I0POBB,
IpeLyCMaTPUBAETCS COOTBETCTBYIOLIEE KOIUYECTBO MECT ULl 0OYJAIONIUXCS C yIETOM HapyLUISHHH UX 3J0POBbS.

© ®I'BOY BO «Henl'V»




MHNHOBPHAYKH POCCUN
\)} DenepanbHOE rocyJapcTBEHHOE OI0DKETHOE 00pa3oBaTeIbHOe
@ YUYpEKICHHUE BBICIIETO 00pa3oBaHUsL

«YensOunckuit rocynapcrBeHnsliil yausepeuret» (PI'bOY BO «Henl'Vy)

Pabouas nporpamma nucuumuinas! "OnTHKA" 110 HaMpaBlIeHUIO TOAroToBKH (crermansHocTr) 03.03.03
"Pammodusnka" HanpaBineHHOCTH (podmto) TerekoMMyHNKaIMOHHEIE CHCTEMBI M HH()OPMAITHOHHBIE TEXHOIOTHH ctp. 10
OI'BOY BO «Henl'V»

Jnsi ocBOCHHS JUCUUIUTMHBI MHBAJNUIAM U JIMIAM C OTPAaHWYCHHBIMH BO3MOXKHOCTSMH 3II0POBbSI MPENOCTABISACTCS IOCTYI K
HEeYaTHBIM MCTOYHUKAM, HMEIOIIUMCS B HaydHO# Oubmroreke Yenl'VY, ¢ MOMOIIBIO CHEHAIBHBIX TEXHUYSCKUX CPEICTB; TOCTYII C
MOMOIIIBIO CHEIUATIBHBIX TEXHUYECKAX M TPOTPAMMHBIX CPEACTB K OJJIEKTPOHHBIM HCTOYHUKAM, MPEICTABICHHBIM B (opme
3JIEKTPOHHOTO JIOKyMeHTa B (poHIe HayuHO# Onbanoreku Yenl'Y witu 31eKTpOHHO-OMOIHMOTEUHBIX CHCTEMAX.
Y4eOHO-MeTOINUECKIe MaTepHabl Il O0YYAIOIMXCS M3 YHCIA WHBAIHIOB M JIUIl C OTPAaHUYCHHBIMU BO3MOXKHOCTSIMH 370POBbS
MPEOCTABISIOTCS B JOpMax, alaliTHPOBAHHBIX K OTPAHUYCHHUSM UX 3I0POBbS U OCOOCHHOCTSIM BOCTIPHATHS HH()OPMAIIHH.

JI71st MHBAJIMIOB U JIMIL C OTPAaHUYCHHBIMH BO3MOXKHOCTSIMH 3/10POBbSI OCBOCHHE TUCIUILIHHBI MOXKET OBITh YaCTHYHO HIIU HOJTHOCTHIO
OCYIIECTBIICHO C UCTOJIb30BAHUEM JUCTAHIIMOHHBIX 00Pa30BaTEIBHBIX TEXHOJIOTHH.

[lpn mpoBeACHWH MPOMEKYTOYHOH aTTEeCTAlMH [0 THCLMIUIMHE OOYYAIOIIMMCS C HHBAJIUAHOCTBIO M C OrpPaHUYCHHBIMH
BO3MOXKHOCTSIMH 37I0pPOBbsl O0ECIICUMBACTCS MO HX 3asABICHHIO MPEIOCTABICHHE B JOCTYIMHOW (OpME B 3aBUCHMOCTH OT HX
WHAWBHIYaJbHBIX OCOOCHHOCTEH HHCTPYKIMH O IOPSIKES MPOBEACHUSI IMPOMEXKYTOYHOH aTTECTalllu, OLCHOYHBIX CPEACTB H
BO3MOXKHOCTH OTBETOB Ha 3aJlaHus (MHCbMEHHO Ha Oymare, HaOOp OTBETOB Ha KOMIIbIOTEpe, MHUChbMEHHO mpudtom bpaiins, c
HCIIOJIB30BAHIEM YCITYT aCCHCTEHTA, YCTHO).

ITpu npoBeCHUH MPOLIEAYPHI OLCHUBAHUSI PE3YIIBTATOB 00YUCHHSI UHBAJIHUIOB U JIUI[ C OTPAaHMYCHHBIMUA BO3MOXHOCTSIMU 370POBbS
IpeIycMaTpUBaeTCsl HCIONB30BaHue mpeaocTaBieHHbIX Yenl'Y min cOOCTBEHHBIX TEXHUYECKUX CPEACTB, HCOOXOAUMBIX MM B CBSI3U
C MX WHIUBHIYATBHBIMH 0COOEHHOCTSIMU. [Ipy HEOOXOJMMOCTH WHBAIMAAM U JIUIAM C OTPAHHYCHHBIMUA BO3MOXKHOCTSMH 3J0POBbBSI
OPEIOCTABIISIETCS TOMOIHUTENFHOE BPEMSI [UIs MOATOTOBKM OTBETA HA 33aHus, POLEAypa OLCHUBAHHS PE3YIbTaTOB O0YUCHHUS 110
JUCIUTUINHE MOXKET MPOBOTUTHCS B HECKOJIBKO ITAMOB.

© ®I'BOY BO «Henl'V»




IIpunoxenue 1
IIpuMepbl BADHAHTOB 3aIaHUN K NMPAKTHYECKUM 3aHATHAM

FCOMeTpI/I‘leCKaﬂ OIITHKA

baszoeviit yposens

1 | CBeroBOil My4OK BBIXOJUT M3 CTEKJIA B | CKOPOCTH YBEJIUYMBAETCSA
BO31yX. UTO NPOMCXOAWUT IPH 3TOM CO | HACTOTA He M3MEHWJIACh
CKOPOCTBIO ~ HX  PAclIpOCTpPaHEHHMs, | AJMHA BOJHBI YBEJIUYNIACH

4acTOTOMH AJIEKTPOMArHUTHBIX
KoJIcOaHHMII CBETOBOH BOJHE, IJIMHOU
BOJIHBI?

2 | Ha mae Bomoema, rmybmua koroporo 2 | 1,5 m
M, HaxomuTca mnpeamer. Ha kakou
rIyOMHE  YBUAWT  OTOT  TPEIMET
HaOII0aTeNbh, KOTOPBIA CMOTPUT Ha
HETO CBEpXY NepPHEHIUKYISIPHO
MOBEPXHOCTU BOJKI? Ilokazarens
npenomtenus N=1,33.

3 B nmHo Bomoema riyOGuHOi 2 M BOuUTa | 2,6 M
cBas, Ha 0,5 M BbICTynaromas 13 BOJBI.
Haiigure mivHy TeHUM OT cBaM Ha [JIHE
BOJI0€Ma Mpu yrie nageHus 60°.

4 | BennunHa — mpsMoro  u3o0paxenus | 0,4 m
mperMera  BABOE  Oosbllie  €camMoro
npeaMera. Paccrosinue MEXTy
peIMeToM U u3oOpaxeHueMm paBHO 20
cMm. UYemy paBHO (hOKycHOE paccTosiHuE
coOuparomien JUH3bI?

Cpeonuii yposens

1. JUis  HEKOTOpOH JJMHBI BOJHBI IOKa3aTedb MPEJOMJIEHUS IUIOCKONapauleabHOM
IIPO3payHON IUIACTMHKM HM3MEHseTCs OT 3HadyeHusd ni1=1,40 Ha OJHOM M3 NOBEPXHOCTEH 10
n2=1,60 nwa apyroi. Tonmmua ruactunku d=10,0 mMm. Kakoe Bpems t 3aTpaumBaeT CBET Ha
TIPOXOK/IEHNE MITACTHHKY B TIEPIIEHANKYIApHOM K Heil Hanpasnenuu? (0,5 10720 ¢)

2. Hmeercst 0IHOPOIHO CBETAIIUICS AUCK paauyca R, spkocts koToporo L=Lo cos 9 (Lo —
KoHCcTaHTa, paBHas 1,00%10% ka/M%, § — yronm ¢ HopMamblo K moBepxHocTH). HaiiTi cBeToBoii
notok ®, ncryckaemsiit auckom. (P=2Lon°R?/3)

3. JIBa TUIOCKMX TNPSMOYTOJIHBIX 3epKana oO0pa3yloT ABYyrpaHHbId yron ¢=179°. Ha
paccrosiHuu 1=10 cM OT JMHHM CONPUKOCHOBEHUS 3€pKaJl U Ha OJMHAKOBOM DPACCTOSHUU OT
KaX/I0OT0 3epKajla HaXOJUTCS TOUEUHBIM MCTOYHHMK cBeTa. OmnpenenuTh paccrosiHue d Mexmy
MHUMBIMH H300paKEHUSIMU UCTOYHHKA B 3epkainax. (3,5 mm)

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

5. dokycHoe paccTosiHue f BOTHYTOr0 3epKasia paBHO 15 cM. 3epkaio JaeT AeCTBUTEILHOE
n300pakeHne npeMeTa, YMEHbIIEHHOE B TpH pa3za. OnpeaenuTh pacCcTOSHUE a OT MPEaMETa 10
3epkaiia. (60 cm)

Buicokuii yposens



1. Bornyroe 3epkano naer Ha skpaHe uzoOpaxeHue ConHIa B BUAE KPYXKKa JUAMETPOM
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 BwicoToir h=15 cm
HAaXOJUTCs 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 rocie Beixoaa u3 miactuiku. (15,36 mm)
4. [lydok mapamienbHbIX JIyded MajaeT Ha TOJICTYI0 CTEKISHHYIO IUIACTUHY MOJ YIJIOM

€=60°, u npenomisisick nepexoguTr B crekyo. llupuna a nmyuka B Bo3nyxe paBHa 10 cwm.
Onpenenuth mUpuHy b myudka B crekie. (16,25 cm)

S. Ha crexnsanyro npusmMy ¢ npenomisitoniuM yriaom 0=60° nagaer ayu cBera. Onpeaenurhb
1oKazaresb MPEJIOMIICHHSI N CTEKJA, €CJIU NpPU CUMMETPHYHOM XOJe Jiyda B TpPU3ME Yroi
otkionenus 6=40°. (1,53)

3HeKTp0MaFHI/ITHbIe K0J1e0aHUS U BOJIHDI

KBasoguvuii yposens

1 | Jlorapupmuyeckum JeKpeMeHToM | 1. oOpaTHasi IpPOMEXYTKY BpPEMEHH, 3a
3aTyxaHMs  Has3blBaeTcsl  (U3MYecKas | KOTOPBIH aMILTUTY/1a Kosie0aHus
BEJIMYMHA ... YMEHBUIAETCS B € Pa3

2. moKasplBalomIas, BO  CKOJNBKO  pa3
aMIUIMTyla KoJieOaHHWs yMEHbIIaeTcsd 3a
Hepuoz

3. mokasplBaroImias, BO CKOJBKO  pa3
HanpsDKeHHe Ha KOHJEHCAaTOpe B PE30HaHCe
0ombIIe HaIps>KCHUA, IoaABOAUMOI'O K

KOHTYPY
4. oOpaTHasi 4YuCJIy NMEPUOAOB, B TedeHHe
KOTOPBIX aMILINTY/AA KoJie0aHus

YMEHbIAETCS B € pa3
S. IpaBUJIBHBIN OTBET HE PUBEJICH

2 | Ilog nuxnuyeckoi (KpyroBoii) 4actoToil | 1. BpeMst OHOTO MOJHOTO KoleOaHus
Kosie0aHUs ClIeyeT MOHUMATH ... 2. yucio KonebaHuil B €JMHUILY BpeMEHU

3. BenMuYuHYy, OOpaTHYI0  MPOMEXKYTKY
BpPEMEHH, 32 KOTOPBII aMIUINTya KojeOaHui
YMEHBILUTCS B € pa3

4. ynciio koJie0anmii 3a 6.28 cexkyHn

5. IpaBUJIbHBIN OTBET HE NPUBEJIEH. ..

3 AMIunTyma 3aTyxatomiero | 1. mepuoay xKoieOaHuit

JIIEKTPUYECKOTO KoJieOaHus | 2. BpeMEHH peslakCaliu

TEOPETUYECKHU YMEHBIIACTCS OT | 3. 0eCKOHEYHOCTH

HAa4YaJIbHOTO 3HAa4Y€HWs [0 Hylsd B | 4. ONpPEIEICHHOMY IPOMEXYTKY BpPEMEHH,
TE€UEHUE BPEMEHU, PABHOTO ... pa3IMYHOMY JUISl pa3HbIX KOHTYPOB

5. IpaBUJILHBIN OTBET HE IPUBEJICH

4 | lekpeMeHTOM 3aTyxXaHusi HasbIBaeTcs | 1.  ToOKa3piBarolias, BO  CKOJbKO  pa3

¢du3nueckas BeIHUMHA ... HaIpsKEHUE Ha KOHAEHCATOpe B PE30HAHCE
OoJpIlle  HANPSDKCHHWS, TOJBOJMMOTO K
KOHTYPY

2. obpaTHasi 4WCIy NEpUOAOB, B TEUYEHHUE




KOTOPBIX aMIUIUTY1a yMEHbLIAETCS B € pa3

3. oOpatHas TpPOMEXYTKY BpEMEHH, 3a
KOTOPBII aMILIATY/]1a KoJIeOaHuit
YMEHBILIAETCS B € pa3

4. mnoka3biBalOlIasi, BO CKOJbKO pa3
AMILUTMTY/Ia KOJIeOAHMS YMEHbIIAeTCH 3a
nepuoj

5. TmokasplBawoIias, BO  CKOJBKO  pa3
aMIUIUTY/1a KoJieOaHHsI YMEHbIIAETCS 3a OJIHY
CEKYHIY

6. IPaBUJILHBIA OTBET HE MPUBEJICH

5 | Koapdumuenrom 3aryxaHud | 1. mokasblBarolias, BO  CKOJIBKO  pa3
Ha3bIBaeTCs (pU3MUECKasi BEIUUMHA ... HanpsDKeHWE Ha KOHJEHCAaTOpe B PE30HaHCE
Ooibllle  HANpsOKEHUs, MOABOJUMOrO K
KOHTYpY

2. oOpaTtHas 4YHCIy TEPHOJIOB, B TEUEHUE
KOTOPBIX aMILTUTYa Kosie0aHus
YMEHBILIAETCS B € pa3

3. oOpaTHasi NPOMEKYTKY BpeMeHH, 3a
KOTOPbIi aMILINTY/AA KoJIeOaHus
yMeHbIIAETCs B € pa3

4. mokaszplBaromiasg, BO  CKOJBKO  pa3
aMIUIUTy/la KoJIeOaHUM yMeHbIIaeTcs 3a
epHoJ

5. IpaBUIILHBIN OTBET HE IPUBEJIECH

Cpeonuii ypogens

1. B BakyyMe pacrpocTpaHseTcs TocKas dIeKTpOMarHuTHas BoiHa ¢ o mopsaka 1010 ¢,
AMIIUTYAa 37eKTpuueckoro Bekropa BoiHbl Em=0,775 B/M. Ha mytu BosiHBI pacnosnaraercs
MOTJIOIIAIOIIAs BOJIHY IOBEPXHOCTh, HMeromas ¢opmy mnonychepsl pamumyca 1=0,632 M,
oOpaillleHHasi CBOEH BEPIIMHOM B CTOPOHY pachpocTpaHeHus BoJHbL. Kakyio sHepruto W
MOTJIOIAET 3Ta MoBepXHOCTh 3a BpeMs 1=1,00 c? (1 m/Ix)

2. DneKTpOMarHuTHas BOJIHA, M3JlydyaeMasi 3JIEMEHTAPHBIM JMIIOJIEM, PaclpoCTpaHseTcs B
BaKyyMe. B BOJIHOBOH 30HE Ha Jiyde, IPOBEACHHOM U3 AMIOJS MEPIEHANUKYISIPHO K €r0 OCH, B
TOYKe, Haxonsmeiics Ha pacctosHuu r=1,00 M OT [OUMOJA, aMIUIUTyAa HANpsSKEHHOCTH
anekTpuyeckoro mnoisi Em=1,00 mMB/M. Bpruucnute momuocTs P usnydenus aumnonst (T.e.
SHEPrHI0, U3ITY4aeMy0 JUMOJIEM B €IUHUILy BpEMEHH 110 BceM HampasieHusm). (11 Br)

3. Haiitu ymncino BO3MOXKHBIX COOCTBEHHBIX KoJieOaHHMH cTo0a BO3ayxa B TpyOe, 4acTOTHI
KOTOpPBIX MeHbIne vo = 1250 I'u. JInunaa tpyOsr 1 = 85 cm. Cxopocts 3Byka v = 340 m/c. Tpyba
OTKpBITa ¢ 000UX KOHIIOB. (6)

4. Ha myty mmockoi 3ByKOBOM BOJIHBI, paCIIPOCTPAHSIOIIEHCS B BO3AYyXE, HAXOAUTCS ILIap
pamuyca R = 50 cm. nuna 3BykoBoil BonmHBl A = 20 cM, yacrota v = 1700 I'u, ammiuryna
Konebanuit maBieHus B Bo3ayxe (Ap)m = 3,5 Ila. Haittu cpennuii 3a mepuos KoyeOaHUs MMOTOK
SHEPruu, Majaromiel Ha mopepxHocts mapa. (0,01094 Br)

Buvicokuit yposens

1. B omHOpoaHe# cpene pacrpocTpaHseTcs IUIocKas yrpyrasi BojaHa Buaa & = ae™" (ot - kx),
rae a, Y, ® u k — mocrossHHbie. Halitn pa3HocTh ¢a3 kojaebaHWil B TOYKAX, II€ aMIUIATYAbI
CMeIIeHH s YaCTHI] Cpeibl OTIMYAIOTCS ApYr oT Apyra Ha 1 = 1,0%, ecnu y = 0,42 M u quna
BostHBI A = 50 cm. (0,3 pan)



2. N30TponHblii TOYEUYHBIH HCTOYHHMK, 3BYKOBass MoIIHOCTh kotoporo P = 0,10 Br,
HaxOJUTCA B IIEHTPE KPYIJIOro mosioro mwmHzapa paauyca R = 1,0 m u BeicoTel h = 2,0 ™.
ITomarasi, 4TO CTEHKH LUIMHAPA MOJHOCTBIO IOTJIOIIAIOT 3BYK, HAMTU CPEIHUN MOTOK YHEPIUH,
najaroyi Ha O0KOBYIO oBepXHOCTH IrHapa. (0,071 Br)

3. Haiitu ymcino BO3MOXKHBIX COOCTBEHHBIX KoJeOaHM cTon0a BO3ayXxa B TpyOe, 4acTOTHI
KOTOPBIX MeHbIne vo = 1250 I'u. JInuna tpyOsr 1 = 85 cm. Cxopocts 3Byka v = 340 m/c. TpybOa
3aKphITa ¢ OAHOTO KOHIIA. (6)

4, Ha paccrosinun r = 100 M OT TOU€UHOT'0 U30TPOIHOIO UCTOYHUKA 3BYKa 4acToThl 200 I'1y
ypoBerb rpomkoctTd L = 50 ngb. Ilopor cipliMMOCTH Ha 3TOM YacTOTE COOTBETCTBYET
MHTeHCHBHOCTH 3ByKa Io = 0,10 HBT/M%. KOs dHIMeHT 3aTyXaHns 3BYKOBOH BOTHBI ¥ = 5,0 ML,
Haiitu 3ByKoBYy10 MOIIHOCTh UcTOYHUKA. (1,4 B)

HNurepdepeHuns cBeTOBbIX BOJIH

bazoewit yposens

1 | Kakue yCI0BUS aBisitoTes | 1. OquHaKoBbIe aMILUIUTY/IbI
HEOOXoIuMBIMH Ui HaOmogeHus | 2. OquHAKOBbIE YACTOTHI
YCTOMYUBOM uHTeppepeHonHou | 3. OnuHakoBbie (a3bl
KapTHUHBI? 4. IlocTrosinHas pa3HOCTH (ha3

2 | Pa3nocth xoJa nByx | 90°
UHTEPHEPEHIIMOHHBIX BOJTH

MOHOXPOMAaTHYECKOTO  CBETa  paBHa
YeTBEPTU JUIMHBI BOJHBL. Orpenenure B
rpajycax pa3HocTb (a3 KoyebaHui.

3 | Ha okpaH OT TOYEYHOTO HCTOYHHUKA, | 5,8 MM
HaxoJiIIEerocs OT HEro Ha O4YEHb
00JIBIIOM PACCTOSIHMM, MAaJaeT CBET C
JHOW BoiHBL 580 HM. B akpane
UMEIOTCS JIB€ MapajuleNibHbIe ILEIH Ha
pacctostHun 100 MKM OJHA OT JpPYroOM.
Onpenenure paccTOSTHUE MEXIY JBYMS

COCEHUMH [0JIOCaMU
MHTEpPEPEHINOHHBIX MaKCUMYM,
Ha0JII01aeMBIX Ha JKpaHe,

PACIIOIO’KCHHOM IapaJlICIIbHO J3KpaHy
Ha paCcCTOAHUHA 1 M oT Hero.

4 | PaccTossHue MEXIy ABYMS MIEMsIMH B | 1 m
ombiTe FOHra 0,5 mMm. Illenun oceemiaror
MOHOXPOMATHYECKUM CBETOM C JIJTHHOM
BOJIHBI 0,6 MKM. Omnpenenure
paccTostHuEe OT IIEeJei 0 dKpaHa, eclin
MpUHA HMHTEPPEPEHIIMOHHBIX TOJIOC

paBHa 1,2 M
5 VYcranoBka it HaOmromenunst kouerg | 1,48
Hrrotona OCBeIIlaeTCs

MOHOXPOMATHYECKUM CBETOM C JIJTMHOMN
BOJIHBI 0,6 MKM, MMaIalOIIMM HOPMAaJIbHO.
[IpocTtpancTBO  Mexay  JIMH30H H
CTEKJIITHHOM IUIACTHHKOM  3aIlOJHEHO
JKUJIKOCTbIO, M HAOJIIOJCHUE BCACTCSA B
MPOXOJISIIEM CBeTe. Paanyc KpHUBHU3HBI




muH3bl 4 M. Onpenenute MoKa3zaTelb
MPEJIOMJICHUS KUIKOCTH, €CJIM PaJnyC
BTOPOTI'O CBETJIOrO KOJblia 1,8 MM.

Cpeonuii yposenw

1. Paccrosinne d mexay nByms mensmu B ombiTe FOnra paBHo 1 mm, pacctosnHue | ot
mienieit 10 9KkpaHa paBHO 3 M. OmnpenenuTh AIUHY BOJHBI A, HUCIYCKAeMOW HCTOYHUKOM
MOHOXPOMAaTHYECKOI'0 CBETa, €CJIM HIMpUHA b MoJIoc UHTEepPEpEeHLIMN Ha SKpaHe paBHa 1,5 MM.
(0,5 mxm)

2. B ompite FOHTa paccrosaune d mexay mensmu paBHo 0,8 mm. Ha kakom paccrosiuuu 1 ot
Hiesiel ciieyeT pacloIoKUTh IKPaH, YTOOBI IIUPUHA b HHTEP(EPEHIIMOHHON MOJIOCHI 0Ka3alach
paBHoO# 2 MM? (2,5 M)

3. Ha »sxpane HaOmromaercs wuWHTEpPEpEHIIMOHHAS KapTHHA OT JABYX KOTEPEHTHBIX
MCTOYHUKOB cBeTa ¢ JinuHON BoiHbI A=480 HM. Korma Ha myTu OHOTO M3 MYyYKOB MTOMECTUIIU
TOHKYIO TUIACTMHKY U3 IUIABJICHOTO KBaplia C IIOKa3aTeieMm TmpenomieHus n=1,46, 1o
uHTep(epeHIIMOHHAas KapTUHA cMecTUIach Ha m=69 nonoc. OnpeaenuTs TOMmKUHY d KBapieBoi
IUTACTUHKHU. (72 MKM)

4. VYrnoBoii nuamerp 3Be3nbl berenbreiize (oo Opuona) paBen 0,047 yrioBod CEKyHIIBI.
Uemy paBeH panyCc KOT€PEHTHOCTH Pxor CBETA, MPUXOSAIIETO Ha 3EMIII0 OT 3TOM 3Be3abl? (2,98
M)

S. KiunoBuanas minactuaka mupuHsl a=100,0 MM uMeeT y oHOTO Kpas Tonmmay bi1=0,358

MM, a y npyroro by=0,381 mm. [Tokaszarens nmpenomienus miactuaku n=1,50. [Tox yrioom 9=30°
K HOPMaJIi Ha IUIACTUHKY IaJlaeT My4YOK NapasuieiabHbIX Jiydel. JlJInHa BOJIHBI 1aIAIOLIET0 CBETa
A=655 HM (kpacHbIi 11BeT). OnpenenuTs MUPUHY AX UHTEPPEPEHIIMOHHBIX MOJI0C (M3MEPEHHYIO
B IUIOCKOCTH IUJIACTHMHKH), HAOJIIOJaeMbIX B OTPaX€HHOM CBETE, JUIS Ciydasl, KOTrJa CTEIEeHb
MOHOXpOMaTHYHOCTH cBeTa A/AM paBHa 5000. (1 mm)

Buvicokuit yposens

1. Paccrostaust ot Ournpusmer OpeHens 10 y3KOH e U SKpaHa paBHbI COOTBETCTBEHHO a =
25 cm u b = 100 cm. bunpusma crekisHHas ¢ npenomsomuM yriaom 0 = 20'. Haittu qiinny
BOJIHBI CBETA, €CJIU MIMPUHA UHTEP(HEPEHIIMOHHOM oNIockl Ha 9kpaHe Ax = 0,55 mm. (0,6 MKkMm)

2. [Inockass MOHOXpoOMaTH4yeckas CBETOBas BOJIHA MaJaeT HOpMajibHO Ha auadparmy c
JIBYMsI Y3KMMHU IIEISIMHU, OTCTOSIIIIUMU JPYT OT Apyra Ha pacctosHue d = 2,5 mMm. Ha skpane,
pacmionoxxeHHoM 3a auadparmoii Ha 1 = 100 cm, oOpasyeTrcs cuctema UHTEp(EPEHIIMOHHBIX
nosioc. Ha kakoe paccTositHue ¥ B KaKyl CTOPOHY CMECTSITCSI 9TU TIOJIOCHI, €CJIM OJIHY W3 IIeJeH
MEPEKPHITh CTEKISTHHON MIACTUHKOW TommuHbl h = 10 MkM? (2 MM M CMECTUTCS B CTOPOHY
IEeNTU CO CTEKISTHHON TTaCTUHKOM )

3. HaiitTu MuHMManbHYIO TOJIIMHY IUIEHKHM C TOKaszareineM mnpenomieHus 1,33, mpu
KOTOpPOH CBET ¢ JIIMHOW BOJIHBI 0,64 MKM HCHBITHIBAET MAKCHUMAJIbHOE OTPaXE€HUE, a CBET C
mmHOM BonHBI 0,40 MKM HE OTpa)kaeTcs COBCeM. YTol najaeHus cBera paseH 30°. (0,65 Mkm)

4. [Inocko-BeINyKIIas CTEKJISIHHAS JIMH3a C paguycoM KpuBu3HBI R = 40 cMm conpukacaercs
BBINTYKJION MOBEPXHOCTHIO CO CTEKJISIHHOM TiacTUHKOM. [Ipy 3TOM B OTpa)k€HHOM CBETE pajinyc
HEKOTOPOro KoJibIla r = 2,5 Mmm. Habmronast 3a JaHHBIM KOJIBIIOM, JIWH3Y OCTOPOKHO OTOJIBUHYJTH
ot mnactuHk Ha Ah = 5,0 Mmxm. Kakuwm cran paguyc atoro komnbma? (1,5 mm)

S. Ha Bepmmne ceprueckoii mMOBEpXHOCTH TUIOCKO-BBIMTYKIONW CTEKJISTHHOM JIMH3BI HMEETCS
conuTH(OBAHHBIN IUIOCKUN y4acTOK pamuyca ro= 3,0 MM, KOTOpPHIM OHa COINPHUKACAETCSI CO
CTEKJITHHOM TUIACTUHKOW. Paanyc KpuBH3HBI BBIMYKJIOW MOBEpXHOCTH JIMH3BI R = 150 cm. Halitu
paznyc MIECTOTO CBETJIIOrO KOJIbIIA MPU HAOIOICHUU B OTPAXKEHHOM CBETE C JUTMHON BOJHBI A =
655 am. (3,795 mm)



Juppakuus cBeTOBBIX BOJIH

baszoeviit yposens

1 |Ilpu OCBEILIEHUU TOYEYHbIM | 1. pa3menaercs cBeTJioe NSATHO
MOHOXPOMAaTHYECKHM CBETOM KPYTJIOTro | 2. pa3MellaeTcsi TEMHOE IS THO

OTBEPCTHS OYEHb MAJIOr0 pajauyca Ha | 3. NPpH MOCTeNEeHHOM YBeJIU4YeHUH pajguyca
9KpaHe HaOmogaeTcs IUQPAKIHOHHAS | OTBEPCTHS]  OCBEIIEHHOCTh B  IEHTpe
KapTuHa. B leHTpe KapTUHHI. .. CHayajla yBeJIMYHMBAETCSl, 3aTeM YObIBaeT
Nno4YTH hi (1] HYJIS, 3aTemM BHOBb
yBeJIH4MBaeTcs u T.1.

4. TIpU IOCTENIEHHOM YBEIMUYEHUHU paguyca
OTBEpCTUSl  OCBELIEHHOCTh B IIEHTpE
YBEJIMYUBAETCS U JOCTUTAET MaKCUMaJIbHOIO
3HAYCHUS

2 Ompenenure paanyc TpeTbed 30HHI | 1,64 MM
O@penend s ciayyas IJIOCKOW BOJIHBIL.
PaccTositHue oT BOJTHOBOM MOBEPXHOCTH
a0 Touku HaOmoxenus 1,5 m. JlnunHa
BOJIHEI 0,6 MKM.

3 Ha menp mmpunoit 0,1 mm mnamaer | 1 m
HOPMaJIbHO MOHOXPOMAaTHYECKUI CBET C
JUTMHOU BOJIHEI 0,5 MKM.
Judpakimonnas kapTHHA HaOIIOJACTCS
Ha JKpaHe, pPacnoyIoKEHHOM
napauieIbHO IICIIH. Onpenenure
paccTositHuEe OT WIENHM 10 JKpaHa, eciu
IIUPUHA TEHTPAIBHOTO MakcuMmyma 1
CM.

4 | Ha guadparmy ¢ KpyribIM OTBEPCTHEM | 8
auaMeTpoM d=4 MM majaeT HOPMaJbHO
MapajuIeIbHbIN IIy40K Iyden
MOHOXpoMaTHdeckoro ceta (A=0,5
MKM). Touka HaOJItOIeHUsT HAXOJUTCS Ha
OCH OTBEpPCTHsI Ha PacCTOsHUU b=1 M oT
HETO. Ckonbko 30H Openens
YKJIQJIBIBAE€TCS B OTBEPCTUN?

S5 | AudpaknuoHHas pemeTrka COAEPKUT | 7
n=200 mTpuxoB Ha 1 mm. Ha pemerky
najaeT HOPMAaJIbHO
MoHOXpoMaTHueckuii cset (A=0,6 MKm).
MakcuMyM ~ Kakoro  HaumOOJIBIIETO
NopsiIKa JaeT 3Ta penierka’?

Cpeonuii yposens

1. Ha nmudpaxnmonnyio pemerky ¢ mnepuonom d=10 MM mox yrimom o=30° mamaer
MOHOXpPOMAaTHYECKUH CBET ¢ umHOW BOMHBI A=600 HM. Omnpenenuts yroia ¢ audpakiuu,
COOTBETCTBYIOUIMI BTOPOMY INIaBHOMY Makcumymy. (38,3°)

2. JudpaknroHHass KapTHHA TOJIYYeHA C TOMOIIBI0 JAU(PPAKIIMOHHON PEIMETKH IJITUHOMN
1=1,5 cm u nepuogom d=5 mMxm. OmnpenenuTp, B CHEKTPe KaKOro HAaMMEHBLIETO MOpAIKa dTON



KapTUHBI TIOTy4YaTCsl pa3ebHble H300paKEHHS IBYX CHEKTPATbHBIX JIMHUNA C PA3HOCTBIO JJIUH
BoJTH AA=0,1 HM, €CclIi JTUHUY JISKAT B KpaltHEe#H KpacHOM yacTu cnekrpa (A=760 um). (3)

3. Ha rpanp kpucrtaiyia KamMeHHOW COJNM MaJaeT MapajuieIbHbI My4OK PEHTTEHOBCKOTO
usnydeHus (A=147 nm). Onpenenuts pacctosiHre d MeX1y aTOMHBIMH IIOCKOCTSAMH KpPHCTAaJLIa,
eciu TU(PaKIMOHHBIA MAaKCHMyM BTOPOTO TMOPSIKAa HAOMIOAAETCs, KOT/Ia M3IYYCHHE IaaeT
nox yriom 3=31°30' k moBepxHocTH kpuctaiia. (1,933 am)

4. KakoBa juiiHa BOJHBI A MOHOXPOMATHYECKOTO PEHTIC€HOBCKOTO M3Ty4EHUSs, MMaJat0IIero
Ha KPUCTAJUT KalblUTa, €Cld OU(PAKUMOHHBIA MaKCHUMyM MEpBOIrO MOpsiiKa HaOIOAaeTcs,
KOrJia yroja ¥ MeXIy HalpaBlIeHHEM IaaloNIero M3JIyYCeHUs W TPaHbI0 KpHCTalia paBeH 3°7
Paccrosinue d Mmexxmy aTOMHBIMH IUTOCKOCTSIMH KpHUCTaJlia MpUHITH paBHBIM 0,3 HM. (31,2 M)

5. TouedHbIi HICTOYHHK CBETA C JUIMHOUN BOJHBI A = (0,50 MKM pacrmofioskeH Ha pacCTOSTHHUH a
= 100 cM nepen nuadparmoii ¢ KpyribiM oTBepcTueM paauyca r = 1,0 mm. Haiitu pacctostHue b
or nuadparMbl JO TOYKH HAOMIOACHWS, IUII KOTOPOW dYuCio 30H DpeHenss B OTBEPCTUU
coctaBmsieT k = 3. (2)

Buvicokuii yposens

1. Mexy TOYEUHBIM HCTOYHHKOM CBETa U SKPAHOM IMOMECTHIIU AuadparMy ¢ KpyribiM
OTBEPCTHEM, PAIHYC KOTOPOTO I MOXXHO MEHSTH B Ipoliecce onbiTa. PaccrostHus oT anadparMel
JI0 UCTOYHUKA U 9KpaHa paBHbl @ = 100 cm u b = 125 cm. OnpenenuTs JJIMHY BOJTHBI CBETA, €CIIU
MaKCHUMYM OCBEIICHHOCTH B IICHTpPE MU(PPAKIMOHHOW KAPTHHBI Ha dKpaHE HAOIIONACTCS IPH
r.=1,00 MM u cnepyrouuii MakcumyM mipu 12 = 1,29 mm. (597,7 um)

2. [Inockasi MoOHOXpoOMaTHYecKasi CBETOBas BOJIHA IIaJlaeT HOPMAJIbHO Ha Kpyrjioe
orBepctue. Ha paccrostuuu b = 9,0 M 0T HEro HaxXOAUTCS SKpaH, T HAOIIOAAIOT HEKOTOPYIO
TupakIMoHHYI0 KapTuHy. uamerp orBepctust ymeHblinian B 1 = 3,0 pasa. Haiitu HOBoOe
paccrosiHue b', Ha KOTOPOM Ha/I0 MOMECTHTh YKpaH, YTOOBI MOIYUUTh HA HEM IU(PAKIUOHHYIO
KapTUHY, TOJOOHYIO TOH, UTO B MPEABIAYIIEM CIydae, HO YMEHbIIEHHYIO B 1) pa3. (1 m)

3. TouyeuHbII HMCTOYHMK MOHOXPOMAaTHYECKOTO CBETa PACIOJIOKEH Iepes, 30HHOU
IUTACTUHKOM Ha pacctossHMM a = 1,5 M or Hee. M300pakeHne HMCTOYHMKA oOpasyercs Ha
paccrosiuuu b = 1,0 M ot muiactunku. Haiitu pokycHoe paccrosiHue 30HHOM mnacTuHkA. (0,6 M)
4. Cset ¢ mnuHO# BosHBI A = 0,50 MKM majmaet Ha menb MUpUHBL b = 10 MKM 1107 yriioMm
90 = 30° x ee HOpmanu. Haiitu yrimoBoe mosioskeHHe MEPBBIX MHHUMYMOB, PAcOJIOKEHHBIX MO
00€ cTOpOHHI IIeHTpalIbHOTO (ppayHTOdhepoBa Makcumyma. (26°45")

5. Cser, coaepkamuid 1Be crekTpajibHble TuHUM ¢ JnuHaMu BosH 600,000 u 600,050 HM,
najaeT HOpMaIbHO Ha Ju(pakuoHHYyIo pemierky mupuHbel 10,0 MM. Ilog HekoTOpBIM yriiom
TUuGpakuu 3 3TH JTUHUM OKa3aIMCh Ha Tpefene paspemieHus (mo kpureputo Panes). Haiitu 9.
(46,059°)

6. IIpy TpPOXOXAEHHWH TIydyKa PpPEHTreHOBCKMX Jyueh ¢ A = 17,8 1M dyepe3
MOJIMKPUCTAIUIMYECKUI 00pa3el] Ha 3KpaHe, pacloyio)KeHHOM Ha pacctosHuu 1 = 15 cm ot
oOpa3ua, o0pazyercs cucreMa AU(PPaKIUOHHBIX Kojen. OnpeaenuTb pajnyc CBETIOro KOoJblia,
COOTBETCTBYIOILIETO BTOPOMY MOPSAKY OTPaKEHUSI OT CUCTEMBI IJIOCKOCTEN ¢ MEKIUIOCKOCTHBIM
paccrositauem d = 155 mm. (0,035 m)

Hoasipusanus cBera

baszoeuviit yposens

1 Onpenenure  crenenb  nospuzauuu | 0,8
YaCTUYHO TOJISPHU3AIMOHHOTO  CBETAa,
€ClIi aMIUIUTy/la CBETOBOTO BEKTOPA,
COOTBETCTBYIOIIAS MaKCHMAaJIbHOM
WHTEHCUBHOCTH CBETa, B 3 pasa OombIie




aMIUTUTYJIbI, COOTBETCTBYIOIIEH  €ro
MUHAMAILHOA MHTEHCUBHOCTH.

2 Onpenenure BO CKOJIBKO pa3 | 9,88
YMEHBIIUTCS WHTEHCHUBHOCTD
€CTECTBEHHOI'O  CBETa, IPOILIEIIIEro
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 ectecTBeHHOrO cBeTa majaer Ha | 1,73
CTEKJSIHHYI0 TnpusMmy c yrioMm 30°.
Onpenenure IMOKa3aTeNlb MPETOMICHHS
CTEKJIa, €CIIM OTPAXKEHHBIN JTyY SIBIISICTCS
TIJIOCKOTIOJIIPU30BAHHBIM.

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

IIPEIOMIICHUS €2 Iy4Ka, eciu
OTPaKEHHBIN IIy40K IIOJIHOCTBIO
MOJISIPU30BaH.

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

yroi o MEXTY IUIOCKOCTSIMU
MIPOIYCKaHUA oJsipu3aTopa U
aHaIM3aTopA. [MoTtepsmu
HHTCHCHUBHOCTU CBC€TAa B aHAJIMU3ATOPC
npeHedpeyb.
Cpeonuii yposeno
1. VYron o MeXy IIIOCKOCTSIMH MPOMYCKaHMs MOJISpU3aTopa U aHaiau3aropa paseH 45°. Bo

CKOJIbKO pa3 YMEHBIIUTCS WHTEHCHUBHOCTh CBETA, BBIXOMAIIETO W3 aHAIM3aTOpa, €CIU Yyroil
yBenU4uTh 10 60°? (B 2 pasa)

2. Bo ckonbpko pa3 ociabmnsieTcsi HHTEHCUBHOCTD CBETA, MPOXOSIIEro Yepe3 J1Ba HUKOJIA,
IUIOCKOCTH TPOMYCKaHHUsI KOTOpPbIX 00pa3yroT yron 0=30° ecinu B KakJIOM M3 HHUKONEH B
otaenbHOCTH TepsieTcst 10 % WHTeHCUBHOCTH Majiatomiero Ha Hero ceeta? (3,29)

3. B yacTMYHO-NONSIPU30BaHHOM CBETE aMIUIMTYZAA CBETOBOTO BEKTOPA, COOTBETCTBYIOLIAS
MaKCUMaJIbHOM WHTEHCHBHOCTH CBETa, B N=2 pa3a OOJIbIIIE aMIUIMTYAbI, COOTBETCTBYIOIIEH
MHUHHMaJIbHON MHTEHCUBHOCTU. OnpeienuTh cTeneHs noyspusanuu P cera. (1/3)

4. [Inactunky kBapua ToaumuHOW di1=2 MM, BBIPE3aHHYIO MEPHEHAUKYISIPHO ONTHYECKOM
OCH, TIOMECTWJIM MEXAy MapajUIeIbHBIMM HUKOJISMH, B peE3yjlbTaTe Yero IJIOCKOCTh
MOJISIpU3AIlMU CBETA MOBEpPHYNAch Ha yron ¢=53°. OmnpenenuTs TOMMUHY d2 MIACTUHKH, TPH
KOTOpOH JaHHBI MOHOXPOMAaTHUUYECKUI CBET HE MIPOXOAUT Yepe3 aHaiu3arop. (3,4 Mm)

S. Ha mytn yacTHYHO-TIONSIPU30BAHHOTO CBETA, CTENEHb Mojspuzanuu P koToporo paBHa
0,6, mocTaBMIM aHAJIM3aTOp TaK, YTO MHTEHCHUBHOCTb CBETA, MPOLIEAIIETO YEpe3 HEro, craja
MakCUMalbHOW. BO CKOJIBKO pa3 yYMEHBIINTCI HMHTEHCUBHOCTb CBETA, €CIH IUIOCKOCTh
IIPOITyCKaHMs aHaJIu3aTopa NOBEpHYTH Ha yroa a=30°? (1,23)

Buvicokuit yposens



1. JInHENHO MNOJIAPU30BAHHBIA CBETOBOM IIy4OK MAJAeT Ha IOJISPU3ATOp, BPALLAIOIIMKICS
BOKPYI' OCH IIy4Ka C YIJIOBOM CKOpocThio ® = 21 paxm/c. HaiiTu CBEeTOBYIO SHEpruto,
IPOXOJALIYI0 Yepe3 MOJSAPU3aTOp 3a OJUH 000pOT, €CIM MOTOK SHEPrHH B MAJAIOLIEM ITy4yKe
®g =4,0 mBr. (0,6 MIx)

2. Ilydyok ecTecTBEHHOro cBeTa MajgaeT Ha cucreMy M3 N = 6 HHKOJIEH, IJIOCKOCTh
IPOMYCKaHHUsI Ka)XIO0ro M3 KOTOPBIX MOBEpHyTa Ha yroid ¢ = 30° OTHOCHTENBHO IIOCKOCTH
IPOIyCKaHWsl NPEpIIylero HUkois. Kakasg yacTb CBETOBOIO IIOTOKA IMPOXOAUT YeEpe3 3Ty
cucremy? (0,12)

3. Crenenp noaspusali YaCTUYHO NoJisipu3oBaHHoOro ceera P = 0,25. Halitu oTHOLIEeHUE
MHTEHCUBHOCTH TOJIIPU30BAaHHON COCTABISAIOLIEH 3TOr0 CBETa K MHTEHCHUBHOCTH €CTECTBEHHOU
cocrasssitomiet. (0,333)

4. Ha nyTu 4yacTu4HO NOJSPU30BAaHHOIO Iy4YKa NOMECTHIIM HUKOJb. [Ipy nmoBopoTe HUKOISA
Ha yroi ¢ = 60° U3 NOJOXXEHUs, COOTBETCTBYIOLIETO MaKCUMyMY IIPOIYCKAaHMs CBETa,
MHTEHCUBHOCTH IPOILEAIIEro cBeTa yMeHblmiaach B | = 3,0 pa3a. Haiitu crenens nosspusanuu
nagaromrero ceera. (0,8)

S. Ha nmoBepxHocTh BOAbI NoJ yrioMm bprocTepa majgaer mydok IJIOCKONOJISPU30BAaHHOIO
cBera. [lmockocTe KoyebaHM CBETOBOrO BEKTOpA COCTaBIsET yroia ¢ = 45° ¢ IIOCKOCTHIO
naneHus. Halitu ko umuent orpaxenus. (0,039)

B3aumoneiicTBHe 3JIEKTPOMATHUTHBIX BOJIH € BellleCTBOM

baszoeuviit yposens

1 |Ilpu npoxoxneHun B  Hekortopom | 1/8
BEIIIECTBE MYyTH | MHTEHCHUBHOCTD cBeTa |
yMEHbIIAeTCs B J1Ba pa3za. Bo ckonbko
pa3 yMeHbIIUTCS | mpu TPOXOXKIEHUU
nytu 31?

2 Bo ckombko pa3  MHTEHCUBHOCTH | 3,254
MOJICKYJSIPHOTO ~ PACCESIHUSI  CHHETO
ceeta (A=460 HM) TIPEBOCXOIUT
WHTECHCUBHOCTh PACCESHHUS KpPaCHOTO
cBeta (A=650 Hm)?

3 | Halitu KOHIEHTpamuio  cBOOOAHEIX | 2,4 1013 M3
AJIEKTPOHOB ~ MOHOCQEpPBI, €ClIu IS
paaroBoH ¢ yactotor v = 100 MI'1 ee
nokasareib npenomierus n = 0,90.

Cpeonuii yposens

1. B 3eMHBIX yCIIOBUSX JJIMHA BOJHBI HCITyCKAaeMON aTOMapHbIM BOJIOPOAOM CIIEKTPaIbHOM
muann Hy paBHa A=656 uM. Ilpu u3MepeHMM [JIMHBI BOJHBI STOW JIMHUM B W3IyYCHUH,
OPUXOJAIIEM OT JWaMETPaJbHO MPOTHUBOMOJIOXKHBIX KpaeB COJHEYHOrO JUCKa, ObUIo
oOHapyxeHo paznuuue, coctaBisiomee AA=0,0088 M. Bocmonbp30BaBIIMChE ATUMH JTaHHBIMU,
Haiitu iepuon T obOparerus: CoHIIa BOKPYT €ro ocH. (25 CyTOK)

2. Brecmuii 6071b11101 BKJIa B pa3BUTHE ONTHUKH M3BECTHBIA aMepuKaHCKui ¢pusuk Pobept
Byn odenp mo6uit myTky v po3birpsiil. C ero UMEHEM CBsI3aHO MHOTO JiereH 1. COrIacHO OHOM
U3 HUX Byn ogHaXIbI, yIpaBisiss aBTOMOOWIIEM, Mpoexail Ha KpacHbI cBeT. OCTaHOBUBIIEMY
ero monuienckoMy Bya oOBsSCHUII CBOM TPOCTYNOK TeM, 4To BcienacTBue dddekra [Jormmepa
KpacHBId CBET eMy IMoKasajics 3eleHbIM. [lommmelickuii Toxe mrobun mrytky. Ilostromy oH
corjacuicsi MPUHATH Bepcuio Byna, ogHako omrtpadoBan ero 3a MPeBBIIEHHE CKOPOCTH.



Tpebyercst HATH CKOPOCTH ABTOMOOWMIIS V, TIPU KOTOPOIl KpacHBI CBET C JUIMHOM BOJIHBI 690 HM
OBLT OBI BOCIIPHHAT BOJMTEIIEM KaK 3eJCHBIH ¢ JmHOi BoiHb! 530 HM. (7,7 107 Mm/c)

3. Kocmuueckuit kopabip ymansercs oT 3emun co ckopoctbio v=10 km/c. Yacrora
Vo 2JICKTPOMArHUTHBIX BOJIH, M3JIy4aeMbIX aHTEHHOW KopalOussa, paBHa 30 MIn. Omnpenenuthb
JIOTIEPOBCKOE CMellleHUne Av 4acTOThI, BOCIPUHUMAEMOIN IpUEeMHUKOM. (MeHblue Ha 1 kI'1r)

Buvicokuit yposens

1. Wwmest B BUy, YTO 7151 TOCTATOYHO )KECTKUX PEHTTEHOBCKUX JIy4eid SJIEKTPOHBI BEIIECTBA
MOYKHO CUMTaTh CBOOOJHBIMH, ONPEAEIUTh, HA CKOJBKO OTIMYACTCA OT €IMHUIIbI I10Ka3aTelb
npejoMIIeHus TpaduTa A peHTTeHOBCKHX JIydell ¢ JUIMHOW BOJIHBI B Bakyyme A = 50 mm. (-8
107)

2. [Ipn xakoil mpenenbHOW CKOpOoCTH V (B JOJSX CKOPOCTH CBETA) MCTOYHUKA MOXKHO
BMECTO PeNATHBUCTCKON opmyitsl v=vo*sqrt((1-B)/(1+P)) mis addexra JJomaepa monb30BaThCs
NpUOIKCHHBIM BBIpaKeHUEeM V~vo(1-f), eclii TOrpemHocTh B ONPEACICHUM YacTOThl HE
nomxHa npessimath 1 %7? (0,14c)

3. [Ipu M3ydeHuu CrieKTpa H3IydeHHs] HEKOTOPOW TYMaHHOCTH JIMHUS M3IIydeHHs] BOJOPO/Ia
(A=656,3 HM) OKa3ajach CMEIICHHOW Ha AA=2,5 HM B 00sacTh ¢ OONBIICH IMHOW BOJIHBI
(kpacHoe cMmenieHue). HaliTu CKOpPOCTh V JIBUYKEHUS TYMaHHOCTHM OTHOCHUTEIBHO 3€MJIU U
yKa3aTh, yJanseTcs oHa OT 3eMJIH Wi NpUOIIKaeTcs K Heil. (yaansercs co ckopocThio 1,14 108
M/C)

4. Paccka3zpiBarot, uTo u3BecTHbIN pusuk Pobept Byn, npoexas oHax1pl HA aBTOMAIIMHE
Ha KpacHBIi cBeT cBetodopa, ObUT OCTaHOBJIEH OmtoctuTeneM mopsaka. Pobepr Byn,
cociaBch Ha 3pdexT Jlomiepa, yBepsa, 4TO OH €xall JOCTaTOYHO OBICTPO M KPacHBIM CBET
cBeTodopa /1151 Hero U3MEHWICS Ha 3eleHblid. OLEeHUTh CKOPOCTh V, C KOTOPOI 10JIKHA ObL1a Obl
JIBUTAThCSl aBTOMAIIIMHA, YTOOBI KpacHbIN curHai ceerodopa (A1=650 HM) BOCIpHHUMAICS KaK
3enenblit (A2=550 HM). (5 107 M/c)

KBaHnTOBBIC CBOIiCTBA CBETA

ba3zoewtii yposens

1 |Or «kakux  mapaMeTrpoB  3aBHCUT | 1. OT 4AaCTOTHI OOJIyYaIOIIEro CBETa
BEJIMYMHA TOKA HACHIILICHHS ? 2. 0T MOLIHOCTH 00J1y42eMOro cBeTa

3. OT CKOPOCTH BBUIETAIOIINX JJIEKTPOHOB
. OT CBOMCTB BeIIecTBa (poTokaToaa

2 | Or Kakux MmapaMeTpoB 3aBHCUT pabora
BbIX0J1a TpH poTordpdexTe?

. OT 9aCTOThI 00TYJarOIIEero CBeTa

. OT MOIIHOCTH 00JIy4aeMOoro CBeTa

3. OT CKOPOCTH BBUIETAIOIINX JJICKTPOHOB
4. ot cBOICTB BeulecTBa hoTokaToga

N — |

3 | Ckonbko (hOTOHOB M3NyYeHHs ¢ JIMHOM | 26 101
BOJIHBI 520 HM B BakyyMe OyIyT UMETb
sHepruto 1 M/x?

4 | Ilydok oanexkTpoHOB, mpouas uepe3 | 13,3 km/c
Y3KyI0 Ielb, CO3JaeT TaKyl XKe
TUQPPAKIMOHHYI0  KapTUHY, Kak ®
MOHOXpPOMATHYECKOE  M3JTy4yeHUe C
JUTMHOM BOJIHBI 55 HM. KakoBa ckopocThb
JIEKTPOHOB?

5 Jlo xakoro mMakcuMajabHOro noreHuuana | 4,5 B
3apANUATCS YAAJICHHBIA OT IPYruUX Tell
MEIHBIN MIApUK NpHU OOJYyYEHUU €ro




AJICKTPOMArHUTHBIM ~ U3JIYyYCHHEM  C
JUTMHOM BOJIHEL A = 140 aM?

Cpeonuii yposens

1. Hwmeercss nBa aOCONIOTHO YEPHBIX HMCTOYHMKA TEIJIOBOTO HM3JIydyeHHs. Temmeparypa
oaHoro u3 Hux Ti1= 2500 K. Haiitu TtemmnepaTypy Apyroro MCTOYHHKA, €CIW JIJIMHA BOJIHBI,
OTBEUAIoIasi MAKCUMYMY €T0 MCITYCKaTeIbHOU crtocoOHocTH, HA AL = 0,50 MKM OOJIBIIIE THHBI
BOJIHBI, COOTBETCTBYIOILIEH MaKCUMYyMY HCITYCKATE€JIIbHON CIIOCOOHOCTH IEPBOTO HCTOYHUKA.
(1,75 kK)

2. DHepreTHyeckas CBETHMOCTh abCONIOTHO uepHoro tema M, = 3,0 Br/cm?. Omnpenenuts
JUTMHY BOJIHBI, OTBEYAIOIIYI0 MAKCUMYMY HCITyCKaTelIbHOH crocodHoctH sToro Tena. (3,4 10°
M)

3. Mennbiii mapuk quamerpa d = 1,2 ¢cM OMECTHUIM B OTKaYaHHBIA COCY[, TEMIEparypa
CTEHOK KOTOPOTO MOJJIep:KUBaeTcs OMu3koi kK abcomoTHOMYy Hymto. HauanpHas temmepatypa
mrapuka To = 300 K. CuuTas noBepXHOCTh IIapuKa abCONIOTHO YEPHOU, HAWTH, Yepe3 CKOJIBKO
BPEMEHH €ro TeMieparypa ymeHbmutcs B 1 = 2,0 paza. (3 u)

4. Haiitu ¢ momomipio ¢opmynsl [ImaHka MOIIHOCTH M3ITyYEHHS €IUHHIIBI TOBEPXHOCTH
a0COTIOTHO YEPHOI0 Tella, MPUXOAAIIErocs Ha Y3KUi nHTepBal JH BoJH AA = 1,0 HM BOIM3U
MakCHMyMa CHEKTpPaJIbHOM IJIOTHOCTH M3Iy4deHHs, npu Temneparype tena T = 3000 K. (3,12
KBT/M?)

5. @otoH ¢ sueprueit ho = 250 k3B paccesuics mox yrimom § = 120° Ha mepBOHAYAIBHO
TIOKOMBIIEMCSI CBOOOIHOM 3J1eKTpoHe. ONpeieuTh Hepruio paccesHuoro ¢orona. (2,31 1074

k)
Buoicoxuii yposens

1. ToueuHblil U30TPONHBINA UCTOYHUK MCIYCKaeT cBeT ¢ A = 589 HM. CBeToBass MOIIHOCTh
uctounuka P = 10 Br. Haiitu paccTossHHE OT HCTOYHUKA 10 TOYKH, TJI€ CPENHAS KOHLIEHTpaLUsI
doronos n = 100 cm. (8,87 m)

2. Jlazep u3my4nsn B uMIyJsbce JIMTENbHOCTRIO T = 0,13 Mc my4ok cBera ¢ sHeprueit E = 10
Jlx. HaliTu cpeaHee naBieHHE TaKOTO CBETOBOIO HMMIYJbCa, €CIM €ro chokycHpoBaTh B
naTHBIIKO guamerpoM d = 10 MKM Ha MOBEpXHOCTb, HEPHEHIUKYISPHYIO K MY4YKy, C
koaurmentom orpaxenus p = 0,50. (4,897 Mlla)

3. Haiitn TemnepaTypy NMOJTHOCTBIO HOHU30BaHHOW BOJOPOJHOM IIA3MbI INIOTHOCTBIO p =
0,10 r/cM®, Ipu KOTOPOIt JaBJIeHNE TEMIOBOTO M3TyUeHHs PABHO Ta30KUHETHUECKOMY JABJICHHUIO
yacTull mia3Mmel. Mmers B BuIy, 4TO [aBieHHE TEIUIOBOTO H3Iy4yeHUs p = u/3, rme u —
o0beMHasl IUIOTHOCTb SHEPIUM H3JIYYEHHUsS, U 4YTO INPU BBICOKMX TeMIlepaTypax BeIIecTBa
TIOIUMHSIOTCS YPaBHEHHIO COCTOSHHSA HaeanbHbIX Ta30B. (1,88 107 K)

4. [Ipu yBenuueHUM HaIpsDKEHHUsI Ha PEHTTeHOBCKOM TpyOKke B M = 1,5 pasa /uimHa BOJHBI
KOPOTKOBOJIHOBOW TPAHUIIBI CTUIONTHOTO PEHTIEHOBCKOTO CIEKTpa M3MEHMIach Ha AL = 26 nm.
Haiitu nepBonauanbHoe HanpsbkeHue Ha TpyOke. (16 kB)

S. Haiiti n1iuHy BOJHBI KOPOTKOBOJHOBOW I'PaHMIIBI CIJIOUIHOTO PEHTI€HOBCKOIO CIEKTPA,
€CJIM CKOPOCTh 3JIEKTPOHOB, MOJIETAIONINX K aHTUKATOAy TpYOkH, v = 0,85¢, re ¢ — cKopocTb
cBerta. (2,8 nm)

6. IIpn moouepeHOM OCBEIIEHNWH MOBEPXHOCTH HEKOTOPOrO METajlla CBETOM C JUIMHAMHU
BoIH A= 0,35 Mkm u A1 = 0,54 MKM OOHapy>XWiM, 4TO COOTBETCTBYIOIIME MaKCHUMAaJbHbIE
CKOpOCTH (HOTORIEKTPOHOB OTIUYAIOTCS APYT OT Ipyra B 1 = 2,0 pasza. Haiitu paboTy BbIxona ¢
MOBEpXHOCTH 3TOr0 MeTaa. (1,88 3B)
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Bonpocsl k 3k3ameny

VYpaBHeHuss MakcBea 1 3J1€KTPOMarHUTHBIE BOJIHBI.

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

LlenTpupoBaHHbIe onTu4eckue cucteMsl. [locTpoenne nzobpaxeHuii B TMH3aX.
DOTOMETPUYECKUE MTOHSATUS U STUHUIIBI.

[TonsiTue korepenTHOCTU. [IpOocTpaHCTBEHHAs! U BpeMEHHAs! KOT€PEHTHOCTb.
SBnenue nnrepdepenuun. Knaccuyeckne nHTEpHEpEeHIIMOHHBIE OMBITHI.
WuTepdepeHius B TOHKUX IUICHKAX.

MHoromny4eBast UHTEpEpEHITHSL.

Hudpakmus. 3oae1 Openens.

Hudpaxus Openens u Opaynrodepa.

JudpaxkiuonHas pelieTka.

Judpakuus peHTT€HOBCKUX JIyueH.

[TpuHIMIIBI cO31aHuUs TONOTpadUIECKUX U300paKEHHI.

[Tonspuzanus ceeta. [Inockas, smuntudeckas nosisipuzanus. 3akod Maioca.

HOJ'ISIpI/ISaI_II/IH IIpHU OTPAKCHUU U IIPCIIOMIICHUN HA I'PAHULC ITPO3PAYHBIX JUIJICKTPHUKOB.

®opmyinbl OpeHes.

SBnenue qBoitHOrO Nydenpenomienus. UutepdepeHIus moaspu30oBaHHbIX Tydeil.
HckyccTBEeHHOE ABOWHOE JTydenpesioMIICHUE: MexaHndeckas aedopmanmsi, 3pdext

Keppa.

Bpamenne miockoctu nonsipuszanmn. Dddext Dapanes.

Jucnepcus cBera. DneMeHTapHasi TEOpUsl TUCIIEPCHH.

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

O ekt Homnepa aiist 31€KTPOMArHUTHBIX BOJIH.

3aKOHBI TETJIOBOTO U3JTy4YEHUsI KOHACHCUPOBAHHBIX CPEl.

Teopus remnosoro usnydenus. opmyna Panes-/>xunca. @opmyna Ilnanka.
®dotordpdext. 3akonsr pororddexTa.

Oddext Komnrona.

Hmnynbc GOTOHOB U JaBI€HUE CBETA.

YpOBHU 3HEPrHH B aTOME, IEPEXO/IbI, MOTJIOIEHUE U UCITyCKaHHE (DOTOHOB.
OGree ycTpOMCTBO U MPUHIIUITBI paOOTHI JIa3€POB.

Henuneiinble ontuyeckue 3pGeKThl



IIpuMepsbl 3K3aMeHAUMOHHBIX 3aJaAHUI

Ne
/o

DopMynMpoOBKa BOIIPOCa

BapuanTel oTBETOB

1

ITon nukauueckol (KpyroBoil) dvacTtoToi
KoJIeOaHus clieyeT IOHUMATb ...

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

3. BeNMYHMHY, 00paTHYIO MPOMEKYTKY
BPEMEHHU, 3a KOTOpBIM aMIUIUTyAA
Kosie0aHuN YMEHBUIUTCS B € pa3

4. yncio koJiedanuii 3a 6.28 cexyH
5. MpaBUJIbHBIA OTBET HE MPUBEJIEH. ..

Ha »3kpan 0T TOYEYHOro MCTOYHUKA,
HAXOJSIIErocs OT HEr0 Ha OYeHb OOJIBIIOM
pacCTOSTHUMU, TAJaeT CBET C JJIMHOW BOJIHBI
580 ©HM. B 9kpane wumMeroTcs  JBe
napajuleJipHple 1enu Ha pacctosHun 100
MKM ogHa or gpyroi. Omnpenenure
paccTosiHue  MEXIy JIByMsS  COCEIHUMH
MOJIOCAaMH UHTEP(PEPEHIIMOHHBIX MaKCUMYM,
HaOJIOJJaeMBIX Ha JKpaHE, PACIOJI0KEHHOM
napajuieIbHO dKpPaHy Ha PacCTOSHUM 1 M OT
HETO.

5,8 Mmm

VYcranoBka mis HaOmoaeHus kojel HeroTona
OCBEIIACTCS MOHOXPOMATUYECKHM CBETOM C
amuHOM  BomHBI 0,6 MKM, HagaroIIdM
HOpMasbHO. [IpocTpaHCTBO MEXAY JIMH30U U
CTEKIISTHHOM IJIACTUHKOU 3aII0JIHEHO
JKMAKOCTBIO, MW HAOJIOACHHE BEIETCA B
NpOXOAsIIEM CcBeTe. Paauyc KpUBU3HBI
mua3el 4 M. Omnpenenute  MOKas3aTelNb
NPEJIOMJIEHUST  KUAKOCTH, €CIU  Paanyc
BTOPOTO CBETJIOTO KoJbla 1,8 MM.

1,48

Ha mens wmmpunoit 0,1 MM manpaer
HOPMaJIbHO MOHOXPOMATHYECKUH CBET ¢
mmHoit BomHbl 0,5 MkMm. JludpakunonHas
KapTUHA HaOJIroqaeTcs Ha JKpaHe,
PacnoJIOKEHHOM napajjieabHO IIETH.
Ornpenenurte pacCcTOSTHUE OT IIENH JI0 dKPaHa,
€CM IIMpHHA UEHTPaAJIbHOr0 Makcumyma |
CM.

Ha pmumadparmy c¢ KpyriabeIM OTBepcTHEM
muamerpoM d=4 MM majgaer HOPMAaJbHO
napajuleIbHbII IIy40K Iy4den
MOHOXpOMaTH4Yeckoro cBeta (A=0,5 MKkm).
Touka HaOMOJEHUS HAXOAUTCS Ha OCH
OTBEPCTUSl HA PacCTOSHUU b=1 M OT Hero.
Ckonpko 30H @peHens yKiIagblBacTcsi B
OTBEPCTUM?

Judpakuuonnas pemerka conepxut n=200
mTpuxoB Ha 1 mm. Ha pemerky mnangaer
HOpPMaJIbHO MOHOXpoMaTHueckuit cet (A=0,6
MKM). MakcuMyM Kakoro HauOOJIBIIEro




MOpsIIKa TAeT 3Ta penieTka?

Ornpenenure CTereHb MOAIPU3aLUUA YACTUYHO
MOJIIPU3ALMOHHOTO CBETa, €CIU aMIUIUTYy[a
CBETOBOI'O  BEKTOpA,  COOTBETCTBYIOILAA
MaKCHMaJbHOW WHTEHCHUBHOCTH CBeTa, B 3
pasa OoJIbIIe aMIUTUTYbl, COOTBETCTBYIOIIEH
€ro MUHUMAaJIbHOM MHTEHCUBHOCTH.

0,8

Ormpenenure BO CKOJIBKO pa3 YMEHBIIUTCS
WHTEHCUBHOCTb €CTECTBEHHOTO CBeETa,
MPOLIEAIIET0 4Yepe3 JABa HHUKOJSI, TJIaBHBIC
IJIOCKOCTH KOTOPBIX oOpa3yroT yroa B 60°,
€CIIM KaXXObId M3 HUKOJIEH KakK IMOIJIOIIACT,
TaKk W oTpaxkaeT 5% mnagaromero Ha HUX
CBeETA.

9,88

Bo CKOJIbKO pa3 WHTCHCUBHOCTh
MOJICKYJISIPHOTO ~PAaCcCesHUSI CHHETO0 CBEeTa
(A=460 HM) mnpPEBOCXOAWT HWHTECHCUBHOCTH
paccesinusi KpacHoro cseta (A=650 um)?

3,254

10

ITyqok 5JIEKTPOHOB, MpOWAA dYepe3 Y3KYIO
Ieb, CO3MAeT TaKYI0 XK€ TU(PPAKIHOHHYIO
KapTUHY, KaKk M  MOHOXPOMAaTHYECKOE
U3JIydeHHe ¢ JJIMHOM BOJIHBI 55 HM. KakoBa
CKOPOCTb 3JIEKTPOHOB?

13,3 km/c




CoNoA~WNE

Tl e Y N SE S T
OO~ WNEO

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

IIpunoxenne 2

TunoBbie KOHTPOJIbHbIE BONPOCHI [IJI IPOMEKYTOYHOM aTTecTAlUU
VYpaHenust MakcBelia v 3J1€KTPOMarHUTHBIE BOJIHBI.
[Tepexon OT BOJIHOBOM ONTHUKHU K TEOMETPUUYECKON. Y pPAaBHEHHE SMKOHAJIA.
3akoHbl reomeTpuyeckoit ontuku. [Ipunnun depma.
LlenTpupoBaHHbIe OnTHYECKUE cUCcTeMBI. [locTpoeHue H300pakeHUH B INH3AX.
doTomMeTpuiecKre MOHATUS U €TUHUIIBL.
[Tonsitue korepenTHocTU. [IpocTpancTBeHHAsI U BpeMEHHAsi KOT€PEHTHOCTb.
SBnenue unrepdepeniun. Kiaccuueckne nutephepeHInOHHbIE OTBITHI.
WNuTtepdepeniius B TOHKUX TUICHKAX.
MHoronyueBas unTepQepeHus.

. Audpaxmus. 3oas1 Openers.

. Hudpakuus Openens u Opaynrodepa.

. AndpaxnmonHas pemerka.

. JAudpakiuss peHTTeHOBCKUX JTy4eil.

. [lpuHIUIBl co3nanus ronorpaguuecKknx n300paKeHUH.

. [Monspu3zanus ceeta. [Inockas, snnmuntudeckas noispusanus. 3akon Mamtoca.

. Ionsipuzanus mpu OTpakKeHUH U MIPEIIOMIICHUH Ha TPAHUILIE TIPO3PAYHBIX AUIIIEKTPUKOB.

Dopmyibl Openerns.

SIBrieHue qBOMHOTO JMydernpenomieHus. MHTepdepeHnns noaspru30BaHHbBIX JTydeH.
HckyccTBeHHOE J1BOIHOE JTydyenpesiomiieHre: Mexannueckas aedopmanus, s¢pdext Keppa.
Bpamenune miockoctu nossipusanuu. Iddext Dapames.

Jucnepcus cBeTa. DieMeHTapHas TEOpUs JUCIIEPCHH.

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

D¢ dext Homnepa s 3IEKTPOMArHUTHBIX BOJIH.

3aKOHbI TEIJIOBOTO U3JIy4Y€HUsI KOHACHCUPOBAHHBIX CPEl.

Teopus remnosoro usnydenus. Gopmyna Panes-/>xunca. @opmyna I[lnanka.
dororpdext. 3akonsl PoTodddekTa.

Dddext Komnrona.

Nmnynbe GOTOHOB U JaBJIEHHE CBETA.

YpOBHM 3HEPTHH B aTOME, EPEXO/Ibl, MOTJIOIIEHNE U UCITyCKaHHE (DOTOHOB.
OO6m1ee ycTpOWCTBO U MIPUHITUIIBI paOOTHI JTa3€POB.

Henuneitnbie ontuyeckue 3pGexThl



TunoBbie KOHTPOJIbHBIC 3aIaHUA 1JIA l'lpOMC)KyTO‘lHOﬁ aTTeCTaluu

®opMynHMpoOBKa BOIIPOCa

BapuanTel oTBETOB

Ilon wuknuyeckol (KpyroBoil) YacTOTOM
Kosie0aHUs ClIeyeT IOHUMATH ...

1. Bpemsi OJTHOTO MOJTHOTO KOJIeOaHUs

2. 4uCio KoJieOaHUH B €MHUILY BPEMECHH

3. BeNMYMHY, OOpaTHYyI0 MPOMEXKYTKY
BPEMEHHM, 3a  KOTOpBIA  aMIUIUTYyna
Kosie0aHUH yMEHBIIUTCS B € pa3

4. yucjio Kosie0anmii 3a 6.28 cexkyH

S. IpaBUJILHBIN OTBET HE IPUBEJIEH. ..

Ha »3kpan oOT TOYEUHOro HCTOYHHKA,
HaXOJSIIETOCS] OT HEr0 Ha OYEHb OOJIBIIOM
paccTOsiHUM, MaJaeT CBET C AJUHOW BOJIHBI
580 umM. B okpaHe wumeroTca  JBe
napajienbHble 1meau Ha pacctosHur 100
MKM onHa oT Jgpyroi.  Ompenenure
paccTosiHue MEXAy JBYMsl  COCETHUMHU
MOJIOCAMH HMHTEP(PEPEHIIMOHHBIX MaKCUMYM,
HaOIII0/IaeMBIX HA JKpaHEe, PacHOJIOKEHHOM
MapajuieJIbHO SKpaHy Ha PacCcTOsHUHM 1 M OT
HEro.

5,8 Mmm

VYcranoBka a1 HaOmroaeHus Kojel, Hprotona
OCBEIIACTCS MOHOXPOMATHYECKHM CBETOM C
JauHOM  BoyHBI 0,6  MKM, IagaroniuM
HOpMalibHO. [IpocTpaHcTBO MeXy JIMH30M U
CTEKIITHHOM IUTACTHHKOM 3aMoJIHEHO
JKHUJIKOCTbIO, W HAOJIOJEHHE BEOCTCI B
MPOXOMSIIeM CBeTe. Paaumyc KpUBU3HBI
muH3el 4 M. Ompenenute  MOKa3aTelb
MPEJIOMJICHUS  KUJKOCTH, €CIIH  PaanycC
BTOPOTO CBETJIOTO KoJiblia 1,8 MM.

1,48

Ha mens mmpunoit 0,1 wmmM manmaer
HOPMaJbHO MOHOXPOMAaTHYECKHH CBET C
mHoit BosHbl 0,5 MkM. [udpakumonnas
KapTUHA HaOro/1aeTcs Ha JKpaHe,
PacroI0KeHHOM MapajuIebHO IeJH.
Omnpenenure pacCTosHUE OT ILEIH 0 YKpaHa,
€ClIi IIMPHUHA LEHTPAJbHOTO Makcumyma |
CM.

Ha puadparmy c KpyriasiM OTBEpPCTHEM
auameTrpoM d=4 MM majaeT HOPMaIbHO
MapajuieIbHbII IIY40K ny4den
MOHOXpoMaTHdeckoro cBeta (A=0,5 wMxm).
Touka HaOmOIEHUS HAXOAMTCA Ha OCH
oTBepcTUsl Ha paccTtosHuu b=1 M oT Hero.
Cxonbko 30H OpeHens yKIaabIBaeTcs B
OTBEpPCTUU?

Judpakuuonnas pemerka comepxut n=200
mrpuxoB Ha 1 MM. Ha pemerky nagaer
HOPMaJIbHO MOHOXpOMaTu4eckuii cBet (A=0,6
MKM). MaKCUMyM Kakoro HauOOJIBIIEeTO
MOpsJIKa JaeT 3Ta pemieTka?




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

0,8

Omnpepenute BO CKOJBKO pa3 YMEHBIIUTCS
WHTEHCUBHOCTh €CTECTBEHHOTO CBeTa,
MPOINIC/IIET0 Yepe3 JBa HUKOIs, TJIABHBIC
IJIOCKOCTH KOTOPBIX 00pa3yroT yrom B 60°
€CITM KaKIBIH M3 HUKOJEH KaK MOIJIOIIaeT,
Tak U oTpaxaerT 5% majgarolero Ha HHUX
CBeTA.

9,88

Bo CKOJIBKO pa3 WHTEHCUBHOCTh
MOJIEKYJISIPHOTO pacCesHUs CHHEro CBeTa
(A=460 HM) nPEBOCXOAUT HWHTEHCHUBHOCTH
paccesiHus KpacHoro cBeTa (A=650 uM)?

3,254

10

[Iy4ok >JI€KTPOHOB, TPOWUAS YEpe3 Y3KYIO
1ienb, CO3/JaeT TaKyl ke AU(PpakIrOHHYIO
KapTUHY, KaKk H  MOHOXPOMAaTHYECKOE
M3IIy4eHue ¢ JUIMHOW BosHbI 55 HM. Kakoa
CKOPOCTb JIEKTPOHOB?

13,3 km/c




MHWHOBPHAYKH POCCHUI

\,} denepanbHOE rocyaapcTBEHHOE OI0KETHOE 00pa30BaTeIbHOE
y4pexKAEHUE BbICIIEro 00pa3oBaHus
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[Iporokon 3acemanus Ne 04 ot 05.02.2026

[Ipencenarens YueHoOro cosera
¢dusudeckoro (axyipTeTa COIIaCOBAHO

3acenanuem kadenpsl oo01eil u Teoperudeckoii puznKu
[potokon 3aceqanust Ne 06 ot 05.02.2026
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