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1. HEJIX OCBOEHUMA TUCHUTIINHBI

Henb qucnumnunbl «ONTHKA» COCTOUT B (JOPMUPOBAHUY Y CTYIEHTOB €IMHON, CTPOMHOM, IOTHYECKH HEIPOTUBOPEUUBOM
(m3naeckoit KapTHHBI OKPYKAOIIETO HAC MUpPa MPUPOIBL, TPHOOpETeHNe HABBIKOB PENICHNS U NCCIIEI0BAaHUS KOHKPETHBIX
¢dusnyeckux 3anau.

OCHOBHBIE 33J1a4l TUCITUTUIHHBI: N3YyUYCHHUE OCHOBHBIX TMOHATHHA BOJTHOBOW W KBAHTOBOM OIITUKHU; N3YYCHUEC OCHOBHBIX METO/I0B
HCCJIICAOBAaHNs B OIITHKE; 3HAKOMCTBO C HEKOTOPBIMHU ITPUIIOKCHUSIMHU OIITUKH.

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

OIIK-1.1. O6nanaeT 6a30BEIMU 3HAHHUSMHU, TTOTYYCHHBIMHU B 00J1aCTH QU3HUKU U PaguoU3UKH.

OIIK-1.2. leMOHCTpHpYET yMEHHUE peliaTh 3aa4u, GOpMyIUpyEeMbIe B paMKaX GU3UKH U paTHOPH3UKH.

OIIK-1.3. ImeeT HaBbIKY UCIIOIb30BAHUS OCHOBHBIX MOHATHH, TEOPEM, 3aKOHOB (DU3UKH U Paguo(pU3UKU I pelleHus 3a1ad
npodecCHOHANBHON IeITeIbHOCTH, B TOM YHCIe B cepe MeqarornIecKoi AesTeIbHOCTH.

2. MECTO JUCHUIIIMHBI B CTPYKTYPE OIIOII

Hukn (pazgen) OITOIT: b1.0.04

2.1 TpeGoBaHus K NMpeIBapPUTEIHLHOI MOATOTOBKE 00yUYaloIIerocs:

9H€KTpI/I‘IeCTBO U MarHc€TUusm

MonekynsipHas Gpusuka

MexaHuka

2.2 JIucUUNINHBI U MPAKTHKH, 1JI51 KOTOPBIX 0CBOEHHUE JAHHOW AUCHMIIMHBI (MOAYJIs1) HE00X0AMMO KaK MpeallecTByIolee:

AtomHas dusnka

®duznka aTOMHOTO Aapa 1 OJIEMEHTAPHBIX YaCTUIL

N3nyuenue BoaH

3. KOMIETEHLUY OB YYAOIETOCSl, ®°OPMUPYEMBIE B PE3YJIbTATE OCBOEHMS JUC LM TAHBI
(MOJYJIS)

OIIK-1: Cnnoco0eH npuMeHATH 6a30Bble 3HAHHUA B 00J1aCTH (PM3NKH U PaInOQU3NKHU U HCIO0JIL30BATh UX B
Nnpo¢ecCHOHAIBLHOM 1eATeJIbHOCTH, B TOM YHcJjie B cdepe nmeaaroru4eckoi 1esiteJ1bHOCTH;

3HaTh:

Juns noctmwkenus OITK-1.1: 6a30Bble MOHITHUS, MOJEIH, HOAXOABI K aHAIN3Y (PU3NYECKUX SBICHUH B paMKaX OINTUKHU; OCHOBBI
TEOPHH, IPHHIHUITE! ¥ METOJIBI ONITHKI; METOIBI TEOPETHUECKIX U IKCIEPUMEHTAIIBHBIX UCCIIEIOBaHNH B (hH3MKe

YMmeThb:

Jus noctmxenus OITK-1.2: ucnons3oBath 0a30BbIE TEOPETHYECKUE 3HAHUS 110 ONTHKE; TOHUMATh, U3JIaraTh U KPUTHYECKH
aHAJTU3UPOBATH 0A30BYI0 00IIE(HUINUECKYIO HHPOPMAIIHIO; ITOJIH30BATHCS OCHOBHBIMH MOHSATHSIMH, 3aKOHAMH U MOJICIISIMH OTITHKH;
pelaTh TUIOBbIE 3a1a4l ONTHKU

Baanern:

Jus noctkenns OITK-1.3: HaBBIKOM pelleHHs KOHKPETHBIX (PU3HMUECKUX 3a/1ad; MeToAaM1 00pabOTKH U aHaIu3a
9KCIIEPUMEHTAIBHON U TEOPETUUECKON (hHU3UIeCKON HHPOPMALUU

B pe3yabTaTe 0CBOCHUS THCHUITIMHbI OﬁyllalOl[II/lﬁCﬂ JOJIZKCH

3.1|3naThb:

3.1.1|6a30BbIe MOHATHSA, MOJETH, TOAXOBI K aHATIN3Y (U3HMUECKUX SBJICHUI B paMKaX ONTHKH; OCHOBBI TEOPHUH,
HPUHIATE] ¥ METOABI ONITHKU; METOIBI TEOPETHIECKUX U SKCIICPHMEHTANBHEIX UCCIIEIOBAHIN B (hH3UKE

3.2|YmeTh:

3.2.1|ucnonp3oBaTh 6a30BBIE TEOPETUUECKHE 3HAHUS 10 ONTHKE; TOHUMATh, H3J1araTh U KPUTHYECKH aHAIN3UPOBAThH
0a30By0 001Ie(hU3NIECKYI0 HHPOPMALIUIO; TTOJIb30BATHCS OCHOBHBIMH IMOHATHSIMH, 3aKOHAMH U MOZCIISIMU OIITHKH;
pelIaTh THITOBBIE 3a1a4H ONITHKH

3.3|Baagern:

© ®I'bOY BO «Henl 'V




Y

MHWHOBPHAYKH POCCHUU

YUpEKAECHHE BBICIIEr0 00pa3oBaHHs

denepanbHOE rocy1apCcTBEHHOE OI0DKETHOE 00pa3oBaTeIbHOe

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

Pabouas nporpamma mucuumuinas! "OnTHKA" 110 HAPaBJICHUIO MOATOTOBKH (crieruansHocTH) "Pagnodusuka”

HarpaBJIeHHOCTH (mpodmtio) TerekoMMyHUKAIMOHHBIE CHCTEMBI B MH(popMannoHHEIe TexHosnornn ®T'BOY BO

«Henl'Y»

cTp. 4

3.3.1

TEOpeTHYECKOH (hu3znueckoit HHPoOpMaIu

HaBbIKOM PCHICHUSI KOHKPETHBIX (1)H3H‘{€CKI/IX 3ajJa4, MCTOIaMH 06pa60TKI/I 1 aHallu3a 3KCHCpHMeHT€U’IBHOﬁ u

4. OFBEM JUCLUIIMHBI (MOLYJIS)

O6Lwaa TpyooeMKoCTb

33ET

YacoB 1o yueOHOMY IUIaHY :
B TOM YHCJIE :
AyAUTOpPHBIE 3aHSITHUS :
camocTosTebHas padora : 2
4acoB Ha KOHTPOJb
KOHTaKTHas pabora: 79

108
68 9K3aMeHHI 4

27

Bunp! kKOHTpoONIs B cemecTpax:

HKP: 11
5. CTPYKTYPA U COAEP KAHUE JUCHUIIJIUHBI (MOIYJIS)
Kon HaunmenoBaHue pa3/ie/ioB U TeM /BUJ 3aHATUs/ Cemectp | YacoB Jlutepatypa
3aHATHS /[ Kvpe
Pazpen 1. 'eomeTpryeckas onTuka

1.1 IIpeamer uzyuenus ontuku. PazBuTue nmpeacTaBneHui 0 MpUpPOIe CBETa. 4 4 JIT.1JI1.2 JI1.3
BoutHOBBIE U KOPIIYCKYNApHBIE CBOMCTBaA cBeTa. [Ipubminkenue J1.4]12.1 J12.2
TEOMETPHUIECKON ONTHKHU. 3aKOHBI OTPaKEHUS M TPEIOMIICHHUS CBETa Ha JI2.3J13.1 JI3.2
TPaHuLe IPO3PAUYHBIX AUIEKTPUKOB. [ToTHOE BHYTpEHHEE OTpasKeHHUE. 91 3233 24 25 56
Tpuniun ®@epma. [penomienne cBeta Ha CPEpHUUCCKON TTOBEPXHOCTH. 27
JluneiiHoe u yriaoBoe yBenuueHue. JIunssl. Pokyc, GokanbHas INIOCKOCTb,

(okycHOe paccTosiHUE, onTHIecKas cuia. PopMyina TOHKOH JIMH3BL
ITocTpoenue uzobpakeHuit B 1uH3ax. LIeHTpUPOBaHHBIE ONTHUECKUE
cucteMsl. /Jlex/

1.2 Pemenne 3anau. [Ipenomiienue ceera B mpu3me. OTpakeHHE CBETa OT 4 4 JIT.1J11.2 J11.3
cepuyeckoil oBepXHOCTH. [ eoMeTpuueckas u xpomaruieckas abeppauusi. J11.4J12.1 J12.2
YcrpoiicTBo riasa u 3perne. doroMeTpuueckue MOHATHS U equHuLbL. /TIp/ JI2.3J13.1 JI3.2

01 32 33 24 25 56
37
Pa3nen 2. DiaekTpoMaruuTHbIe KoJie0aHUS M BOJIHBI

2.1 KonebarenbHblii KOHTYp U ypaBHeHHE KosieOaHuid. CBOOOHBIE, 3aTyXalOUIHe, 4 4 JIT.1 J11.2 JI1.3
BEIHYXICHHBIE DJIEKTPOMAarHUTHBIE KoJieObaHus, pe3oHaHc. Yacrora, mepron, JI1.4J12.1 JI2.2
(a3l kosiebanuil. YpaBHeHHsI MaKcBena B OTCYTCTBUH 3apsI0B U TOKOB. JI2.3713.1 JI3.2
BomHoBOE ypaBHEHHE, dNIeKTpOMarHuTHEIE BOJHEL. [In0cKas D132 33 34 35 236
3JIEKTPOMArHUTHAs BOJHA. [IJIMHA BOJIHBL, TPYIINOBas U (a30Basi CKOPOCTH. 97
DHeprust ¥ MOTOK YHEPTHH AJIEKTPOMarHUTHOH BOJIHBL. berymue u crosaue
BOJHEL HTepdepeHnns BoIH, KOTepeHTHOCTb. /JIex/

2.2 Ilepexon oT BONMHOBOM ONTHKY K reomerpudeckort. /TIp/ 4 2 JI1.1J11.2J11.3

J11.4J12.1 J12.2
J12.3J13.1 JI3.2
013233 24 25 56
37
Paznen 3. UnTepdepeHnns cBeTOBBIX BOJH

3.1 OnsiT IOHra, ycnosue MakCUMyMOB 1 MUHUMYMOB HHTEP(EpEeHIIMOHHOM 4 6 JIL.1JI1.2 J11.3
KapTuHbl. [IpocTpaHCTBEHHas: M BpEMEHHAasi KOT€PEHTHOCTD, BIIUSHHUE JI1.4J12.1 J12.2
pa3MepoB HCTOYHUKA cBeTa. IHTephepeHIHs IPH ACIEHHN BOITHOBOTO JI2.3J13.1 JI3.2
(ponTa: 3epkana Openens, ounpusma Openerns, oununza buiie, 3epkano 0192 33 54 35 D6
Jlnoiina. Ionocsl paBHOTO HaKJIOHA U paBHOW TonmuHbl. Konbiia HeloToHa. 37

Crosiune CBETOBbIC BOJHEI. J[MaseKkTpuiYeckue HHTepEpUpyroIIne CIOou.
HHTepdepeHIst MHOTUX ITy4KOB; METOA IPadUuecKoro CIOXKESHUS
aMIUIUTYZA; TIaBHBIE U BTOPUYHbIE MAKCUMYMBI. /JIex/
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32 Pemenue 3agaq. Pacuer unrephepeHIIMOHHON KapTUHBI IS 3epKaja 10 JI1.1J11.2J11.3
®penens u ounpuzmel Openens. [IByxiydeBble HHTEPHEPOMETPHI. JI1.4J12.1 J12.2
MsuoromnyueBsle HHTEphepoMeTpsI (I1acTuHKa JItommepa-1 epke, 3Tanon J12.3J13.1 JI3.2
®abpu-Ilepo). Unarepdepenumonnsie Gunbtpsl. /TIp/ 2192 33 34 D5 D6

97
Pa3nen 4. ludpakuus cBeTOBbIX BOJIH

4.1 Judpaknusa. [Ipunnun INoiirenca-®penens. 3ousl Openens. ['padpuueckoe 6 JI1.1J11.2J11.3
CJIO’KEHHE aMILIUTY]l ¥ YCIOBHE MAKCHMYMOB U MUHUMYMOB AU(PaKIIUH. JI1.4J12.1 JI2.2
Judpakiys ot chepruueckoro OTBEpCTUsI U KPYIIOro NpensTCTBUsL. 30HHAs J12.3J13.1 JI3.2
riacTuHKa. JJudpakiys oT napaiienbHOro mydyka Jiyueil. Pacnpenenenue 2132033543536
UHTEHCUBHOCTH CBeTa Ha dKpaHe npu qudpakuuu Opaynrodepa ot menu. 97
I'paHuIBI TEOMETPUIECKOM ONTHKH, Audpakuun OpeHens u Tupakiium
Opaynrodepa. JudpakiuoHHas penierka. Y cloBie MUHUIMYMOB, [NIABHBIX U
BTOPUYHBIX MAKCUMYMOB. CrieKTp Au(paKIMOHHON PEIIeTKH; pa3peraromast
CIOCOOHOCTD, JIMHEWHAs U yriioBas aucnepcust. /Jlex/

42 Pemenue 3anau. JJudpakiiyst OT HEMPO3PAYHOTO Kpast MOTYIIIOCKOCTH. 10 JIT.1JI1.2 JI1.3
Judpakius OpaysHrodepa ot kpyriaoro orseperus. ubpakuus ot JI1.4J12.1 J12.2
MHOTOMEpHOH pemieTku. J{udpakius peHTTeHOBCKHUX JIy4eit, popmyria JI2.3J13.1 JI3.2
Bynbda-bpara. Ipunimns! co3aanus rojgorpaduueckux uzodpaxkenui. /IIp/ 301 32 33 2435 26

37
Paspea 5. llonsipuzanms ceeta

5.1 SBnenue nonapusauuu. [omspuzatopsl. Inockas, kpyrosas, aJIIUITHYECKAs 6 JI1.1J11.2J11.3
norsipm3arst. CreneHs noispru3anud. 3akoH Mamoca. [Ipoxoxxnenne cera JI1.4J12.1 J12.2
yepes IpaHUIly ABYX IIPO3pauHbIX cpel. BeiBoa u ananus popmyn dpenens. J12.3J13.1 JI3.2
3axon bprocrepa. SIBnenne qBoitHOTO JTyuenpenomieHus. BoaHoBbIe 213202332435 56
MOBEPXHOCTH OOBIKHOBEHHOT'O U HEOOBIKHOBEHHOTO Jiyueil. THTepdepeHuus 37
HOJIIPU30BAHHBIX JIydell, I0JIyBOJIHOBAs U Y€TBEPTHBOJIHOBAS IIIACTHHKY.

/JTex/

5.2 Pemienue 3anau. [Tonspusaionnsie mpubopsl. Kpucraninyeckas miacTHHKA 4 JIT.1J11.2 J11.3
MEXJIy AByMs noJsipuzaTopaMu. MickyccTBEHHOE ABOMHOE JTydeNpeIoMIICHHUE: JI1.4J712.1 J12.2
MexaHuueckas aedopmarms, apdexr Keppa. Bpamienue miockocTu JI2.3J13.1 JI3.2
nomspuzamuu. D dexr Dapanes. /TIp/ D132 33 354 35 26

37
Pa3nen 6. BzanMopeiicTBHe 3JIeKTPOMATHUTHBIX BOJIH € BelIeCTBOM

6.1 SIBnenue aucnepcun. HopManbHas 1 aHOManbHast AUCTIEPCHUSL. DIIeMEHTapHast 4 JI1.1J11.2J11.3
Teopus AUCIIepcHd. [ pyIImmoBasi CKOPOCTh CBETOBBIX BOJIH B BEIIECTBE. JI1.4J12.1 J12.2
INornomenue cBeta, 3akoH byrepa, ko3 unueHt noryomeHus. J12.3J13.1 JI3.2
Oco0eHHOCTH TIOTIIOIIEHHS CBETA B ra3ax, KOHIACHCHPOBAHHBIX Cpeax, B 91 92 53 D4 35 56
pacTBopax U B MeTajuiax. PaccesHue cera, 3akoH Panes. [lonspusanus npu 97
paccessHruH. MyTHBIE Cpe[ibl, MOJIEKYJISIpHOE paccesHue. /JIex/

6.2 Kombunanmonnoe paccestaue. OnTuka Apwxyimxcs cpea. b ekt Jomrepa 2 JIT.1J11.2 J11.3
(IPOONIBbHBIN U TOMEPEUHBII ) AT SIEKTPOMArHUTHBIX BOJH. D¢ deKxT JI1.4J12.1 J12.2
Basunosa-Yepenkosa. /TIp/ JI2.3J13.1 J13.2

D132 33 324 35 26
97
6.3 BsanmoieiicTBrE 3JIeKTPOMArHUTHBIX BOJIH C BetiectBoM /Cp/ 1 JI1.1 J11.2 J11.3
JI1.4J12.1 J12.2
J12.3J13.1 JI3.2
D132 33 34 35 26
97

Paznen 7. KBaHTOBBIE CBOKCTBA CBETa
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7.1 Tennosoe uznydyenue. 3akoH Kupxroga. 3akon Credana-bonbimana, 3akoH 4 4 JI1.1J11.2J11.3
Buna. CriekTp TemioBoro usny4denus, popmyna Panes-IxuHca, popmyna J11.4J12.1 J12.2
ITnanka. ®otorddexr, 3axoHb! PpoToadhdexra. DoTOHEL, PopMmyna J12.3J13.1 JI3.2
Oiinmreitna s Goroaddekra. Dpdekr Komnrona. Umnynbe HOTOHOB 1 D192 33 54 35 D6
JaBJICHHE CBETA. Y POBHH YHEPTUU B aTOME, IEPEXOBI, TIOTJIOLIEHUE U 97

ucmyckanue GporoHoB. CIIOHTAHHBIE U BBIHYKICHHBIE epexosl. Oomee
YCTPOWCTBO M MPUHIIMITBI PA0OTHI J1a3epoB. /JIex/

7.2 Pemenwne 3anau. OnTuueckas nupoMeTpus. TOpMO3HOE pEHTTEHOBCKOE 4 2 JIT.1JI1.2 JI1.3
n3nyuenue. OnsiT bote. ['a30Bble, TBEPAOTENbHBIE, TIOIYIPOBOIHUKOBLIE J1.4J]12.1 J12.2
naszepsl. JIazepsl Ha kpacurensx. HenuHelinbie onTryeckue 3peKTh. JI2.3J13.1 JI3.2
Hemunueiinas nonspusanus cpelsl. ['eHepalys BTOPbIX FApMOHUK. 013233 24 25 56
Camodoxkycuposka. /TIp/ 37

7.3 KBanToBBI€ cBOMCTBa cBeTa /Cp/ 4 1 JIL.1J11.2 J11.3

J1.4]12.1 J12.2
JI2.3713.1 JI3.2
01392 33 B4 25 56
37
Pazgen 8. Unast koHTakTHast padoTa
8.1 WnnuBuayanbHble KOHCYIbTAIUU, TeKYIUi KoHTpos /MKP/ 4 11 JI1.1J11.2J11.3
J1.4J12.1 J12.2
JI2.3713.1 JI3.2
3132 33 54 35 26
97

6. POHJ] OHEHOYHBIX CPEACTB

6.1. Ilepeuens BUIOB OLIEHOYHBIX CPEACTB

Ortuer 1o MPaKTUICCKUM 3aIaHUSIM.
KOHTpOJII:HLIe BOIIPOCHI.

6.2. TunoBbie KOHTPOJIbHBIC 3a1aHUSI 1 HHBIC MaTCPpHUAJIbI 1/ TeKle_[eﬁ aTrecranuu

TumnoBbie KOHTPOJIBHBIC 3aJaHN U UHBIC MaTCpHalibl 1Jid TCKyHLCﬁ aTTeCTallu NPEACTABJICHBI B HpI/IJ'lO)KeHI/II/I 1.

6.3. TunoBbie KOHTPOJIbHbIE BONPOCHI U 3aJaHUA /15 POMEKYTOYHOH aTTecTaluu

TumnoBsie KOHTPOJIbHBIC BOIIPOCHI U 3alaHUA AT HpOMe)KyTO‘IHOﬁ aTTeCTAalluM IPEACTABIICHBI B HpI/IHO)KeHI/II/I 2.

6.4. Kputepun oneHuBaHus

Ha sk3amMeHe CTyAeHTY Mpe/jiaractcs OTBETUTD Ha JJBa TCOPETUYECKUX BOIPOCA M PELIUTh ABE NPaKTHYSCKHX 3axa4n. [Ipu oTBeTe
CTYJIEHT ITOTy4aeT OLCHKY:

«OTJIMYHO» — 3a pa3BepHyTbu71 OTBCT C IIpUMEpaMU U NNOACHECHUAMHU Ha BCEC TCOPECTUUCCKUEC BOIIPOCHI U IMOJIHOCTHIO PCIICHBI U
pAcCIIFCaHBI 110 ACHCTBUAM BCe 3a1a4H;

«XOpOILIO» — 32 Pa3BEPHYTHII OTBET C MPUMEPaMH ¥ MOSICHEHUSIMHU Ha BCE TEOPETHYECKUE BOIPOCHI ¥ IOJIHOCTHIO PEeLICHA U
pacrmcaHa 1o IeHCTBUSM XOTs OBl O/IHA 3a]]a4a, JTN00 TIOJHOE PElIeHNe ABYX 3a/a4 U HEeTIONHBIH OTBET Ha TEOPETUUECKUE BOIPOCEHL;
«YAOBJICTBOPHUTCIIBHO» - 1aH YETKUH JJOTUYHBIA OTBET Ha TCOPETUYECKUEC BOIIPOCHI U JIFOOBIE JIOTHYHBIC MTOSICHEHUS 10 3azadyam,
100 TIOTHEII OTBET Ha OJJMH TEOPETHYECKHII BOIPOC U PEIICHHE OJHOM 3a1aun (YacTuaHoe (He MeHee 50% peleHus 3a1a4u) Wi
IIOJIHOE B 3aBUCUMOCTH OT CJIOXKHOCTH 33/1a4H), 1100 mouTH nosiHoe (He MeHee 80% pemeHus Ui KaxI0i 3a1aun) pereHue o0eux
3ajau;

«HEYAOBIETBOPUTEILHOY - 3 BBINOJIHEHHE MeHee 50% 3aJaHui, 3a HCKIIIOUSHNEM ClTy4as IIOUTH HOoIHOro (He MeHee 80% pemeHns
JUISL KaKIOH 3a/1aul) perIeHus 00enx 3a/1ad.

7. YHEBHO-METO/JMYECKOE I HTHOOPMAIIMOHHOE OBECIIEYHEHWE TUCHUIIJIMHBI (MOAY JIS)

7.1. PexoMeHnyemas 1urepaTtypa

7.1.1. OcHoBHasi TUTEPaTypa

ABTOpBI, COCTaBUTEIH 3arynaBue WzparensctBo, ron| Pecypc
JI1.1 |CuByxusn J. B. O6uwii kypc ¢usuku. [T. 4] : Onruka: yuebHoe nocobue st Mockga : Hayka,
BY30B 1980
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ABTODBI, COCTABHTEITH 3arnaBue UsnatenbcTBO, Tox| Pecype
JI1.2 |hponos U. E. 3anauu o oouiei ¢pusmnke: yueOHoe mocodue i By30B Cankr- [lerepOypr | 3BC
(https://e.lanbook.com/book/152437) : Jlanp, 2021
JI1.3 |Cagenbes U. B. Bounnel. Ontuka Cankr- [lerepOypr 3BC
(https://e.lanbook.com/book/187737) : JIanp, 2022
JI1.4 |CaBennes U. B. KBanToBas ontrka. AtomHas Qusnka. ®u3nka TBEpAOTO Tea. Cankr- [TerepOypr | 3BC
®du3KKa aTOMHOTO 1pa 1 JIEMEHTAPHBIX YaCTHUL] : Jlanb, 2022
(https://e.lanbook.com/book/206909)
7.1.2. lonoJIHUTeIbHAS JIUTEpaTypa
ABTODBI, COCTABHTEITH 3arnaBue U3natenscTBO, Tox| Pecype
JI2.1 |JTannacoepr I'. C. Onruka: yde6HOe ocodue Mocksa : 3BC
(https://biblioclub.ru/index.php?page=book&id=485257) duzmatiut, 2017
JI2.2 |bytukos E. 1. Orrruka Cankr- [Terepoypr | 3BC
(https://e.lanbook.com/book/210761) : Jlans, 2022
J12.3 |Kanamnukos H. I1., [IpakTHKyM IO PELICHHUIO 3a/1a4 MO 00IIEMY Kypcy QH3HKH. Cankr- [Terepoypr | 3BC
Koxepnuko H. M., Kone6anus u BoHbl. OnTHKa : Jlanp, 2022
Kortsipno T. B., (https://e.lanbook.com/book/211400)
Crupun I'. T'.
7.1.3. MeTonnueckue pa3pabdoTku
ABTODBI, COCTaBUTETHN 3arnaBue WznarensctBo, To| Pecypc
JI3.1 duszpueckas ONTUKA: IPAKTUIECKOE Tocobue Mocksa : Hayxka, 3BC
(https://biblioclub.ru/index.php?page=book&id=116429) 1970
JI3.2 |Capuna M. I1., BonHoBast 1 KBaHTOBas ONTHKA: yueOHOE TTOcOOHe Hoocubupck : 3BC
Xomnseko B. H. (https://biblioclub.ru/index.php?page=book&id=576508) HoBocubupckuit
roCyJapCTBEHHBIN
TEXHUYECKUU
yHuBepcutert, 2019
7.2. IlepeyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIIMOHHOM ceTH "UHTepHeT"
31 [3BC «YHuusepcurerckas oubnuoreka onnaitn» http:/biblioclub.ru/
32 |9BC uznarenncrBa «Jlanwby https://e.lanbook.com/
93 |3BC uznarenscra «MHBpa-M» znanium.com http://znanium.com/
24 |3BC «lOpaiit» https://biblio-online.ru/
35 |Hayunas snextponHas 6udnuoreka Poccuiickoit Akanemun Hayk http://www.elibrary.ru
D6 |HayuHble 1 HAy4HO-TIOMYJISIPHBIC JIEKIHH http://elementy.ru
D7 |YuebHo-MeTomuueckuit caitt «IIpemnomaBarensm u ctyaentam» http://teachmen.csu.ru
7.3 Ilepeuens nHGPpOPMAITMOHHBIX TEXHOJIOTHI
7.3.1 IIporpammHoe oGecneyeHue
Adobe Reader
WinDjView
LibreOffice
Adobe Connect Acrobat
LMS Moodle

MS Office365

7.3.2 TIpodeccuonajibHbIe 6a3b1 JAHHBIX U HHPOPMALIMOHHO-CIIPABOYHbIE CHCTEMBbI

1. DnexTpoHHbIi KaTanor HayuHoU 6ubsmorexu Yenl Y [DnexkrpoHHbIi pecypc] : 6a3a nanubix / Yenst0. roc. yH-T. — YesssOUHCK,

1992.
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2. APS JOURNALS. Physical Review Letters, Physical Review X, Physical Review, and Reviews of Modern Physics : sxypHasl
American Physical Society : caiit. — URL: http://journals.aps.org/about — 5I3. anri. — Pexxum ocTyma: TOJIBKO U3 CETH
YHHUBEpCHTETa. — TeKCT : AJICKTPOHHEIH.

3. Web of Science : mynsTHIMCIIMIUTHHAPHAS pedepaTnBHas 6a3a nqaHHbIX / komnanus Thomson Reuters. — Pesxxum nocryna: ajis
3apeructpup. noas3osareneil Uenl'Y. — TekcT : 3€KTpOHHBIN.

4. Scopus : pedepatupnas 0a3za nanubix / Elsevier BV. — URL: http://www.scopus.com/ — 5I3. anri. — Pexxum gocryna: s
3apeructpup. noib3opareneil Uenl'Y. — TekcT : 37€KTpOHHBIN.

5. Springer Link : [caiir]. — URL: http:/link.springer.com/ — fI3. anrn. — Pexxum poctymna: ass 3apeructpup. nois3opareneit Yenl'V.
— TeKcT : AMeKTPOHHEIH.

6. KoHCIIEKTHI JISKIHIA C IEMOHCTPALUAME U BUPTYAILHBIMU JITAOOpATOPHBIMHU 3KCIIEPUMEHTaMH Ha caiite http://teachmen.csu.ru

8. MATEPUAJIbHO-TEXHUYECKOE OBECIHIEYEHUE JUCHUIIJIMHBI (MOAY JIS1)

Jis peanu3aliiy AUCIUILIHHBI UCTIONB3YIOTCS yueOHbIC Ay IUTOPHH AJISI TPOBEICHUS 3aHATHI JICKIIMOHHOTO THIIA, TPAKTUYECKUX
3aHATHH, TPYIIOBBIX U UHIUBHyaIbHBIX KOHCYJIBTAIMH, TEKYIIEro KOHTPOJIS U IPOMEXYTOYHOM aTTECTALINH, a TAKXKE TOMEIICHHUS
JUTSL CAMOCTOSITETEHOM PabOoTEHI.

Y4eOHble ayTUTOPUH YKOMIUIEKTOBAHbI CHIEHUAIN3UPOBAHHON MEOENbI0 U TEXHUYECKUMH CPE/ICTBAMU OOYUYEHUS -
MYJBTHMEAUAHBIM 000pyI0BaHUEM (3KpaH, HOYTOYK, TIPOEKTOP, KOJIOHKH).

Jnst mpoBeaeHNs 3aHATHH JISKIIMOHHOTO THIIA MTPEJIaraloTcst Habopbl JEMOHCTPAIIOHHOTO 000PY/A0BaHHS M Y4eOHO- HATTISIHBIX
nocoOuii (MyIbTUMEINIHBIC TIPE3ECHTALINH).

Hcnonp3yeTcs 3MeKTPOHHBIN YUTANIBHBIHN 32 HayuHOH Oubnroteku Yenl'Y (ayautopus 206) Ui caMOCTOSITEIBHOW pabOThI
CTY/CHTA, OCHAILICHHBIH NEPCOHAILHBIMU KOMIIBIOTEPAMH, MYJbTHMEAUHHON anmnapaTypoii. B ayauropun obGecriedeH 1octym K
Pa3IMYHON CIIPABOYHOM JTUTEPATypE, SHIUKIONEHSIM, ONOIHOrpaUUECKUM U TIOJTHOTEKCTOBBIM 0a3aM JTaHHBIX,
UHPOPMaIIOHHBIM pecypcam «HTepHeT».

9. METOAUYECKHUE YKA3ZAHUA JJIA OBYYAIOIIIUXCA 11O OCBOEHUIO JUCHUIIVIMHBI (MO JIS)

OcBoeHue cofiepkanus yaeOHoNH TucIuMIuHbl « ONITHKay) OCYIIECTBISIETCS Ha JIEKIUAX, IPAKTUUECKUX 3aHATUIX U B Ipoliecce
CaMOCTOSTEIbHOM yueOHON 1eATEIbHOCTH CTYAECHTOB.

JleKIMOHHBIE 3aHATHS 00ECIIeUnBAIOT TEOPETUUECKOE U3YUeHHEe TUCIUIUINHBL. OCHOBHBIMU METOJaMHU 00y4EHHUS SIBIISIOTCS
MHPOPMAMOHHO-00BCHUTEIBHBIN U MTpoOIeMHbIA. Ha NeKnusax n3naraercss OCHOBHOE COJIEpKaHHE TEM IPOTPaMMBIL, TIPOBOINUTCS
aHaJIN3 OCHOBHBIX MOHSATHH U paCCMaTpPUBAIOTCS IIPUMEPBHI.

JlekMOHHBINA MaTepua ABISIETCS BaXKHBIM, HO HE €IMHCTBEHHBIM JUISl YCBOCHHUS y4eOHOM TuciuIuinHbl. Ero o6s3arensHo
HEoOXO0IUMO JIOMOIHUTH MaTepUaJoM OCHOBHOM U IOMOTHUTENBHON IUTEPaTypsl 1o TeMe. [IpakTudeckue 3aHsITUs CITyxKaT JUls
3aKpeIICHUs TEOPETHUECKIX OCHOB, M3JIaraeMbIX B JIEKIMAX. Ha nmpakTuyeckux 3aHATHAX 00ydaeMble OBJIaJeBaIOT OCHOBHBIMU
METOJaMH U NIPUEMaMH PEeIeHHUs 3a1ad.

BaxHpIM MOMEHTOM IIPH N3YyYEHHH JIFOOOH TUCIUIUIMHBI SBIISETCS OpraHU3alis caMoCTOsTebHOI paboThl. [Tpu ocBoeHnn
Marepuasa He clelyeT CTPEMHUTHCS K MEXaHNUECKOMY 3allOMUHAHUIO IPUBEICHHBIX OIIPeAeNeHUH, (OPMYIUPOBOK U MONOKEHUH,
eciu TpeboBaHMs K BaM mpsiMo He yka3bIBaroT Ha 3T0. BrionHe 3¢ (heKTHBHOI MOXKET OKa3aThCs MONBITKA MOHATH CYTh SBJICHNS,
BBIPa0OTATh CBOE OTHOLICHHE K HEMY, OIHPAsCh HAa MaTepHall, COJEPKaLUHCS B pEKOMEHA0BaHHOH auTeparype. Tawoke
PEKOMEHTyeTCsl PABHOMEPHO PACIIPEAENIATh HArpy3Ky caMOCTOSITEIBHOTO O0YUSHHUS B TEUCHHE CEMeCTpa.

B ciiydyae npuMeHeHHs IpYU 00yUSHUH AUCLUIUIMHEL SJIEKTPOHHOI0 00YYEeHUsl, JUCTAHIIMOHHBIX 00pa30BaTeIbHbIX TEXHONIOTHH
o0IeHne 00yJaroIUXCsl U MPENOoAaBaTes OCYIIECTBISIETCS B PEXKIME PEATFHOTO BpeMeHH (OHJIaiH-JIeKIMY (BeOMHAPEI), YaThI,
BU/ICO-KOH(EPEHIINH U JIP.) KU OTJIOKECHHOTO BpeMeHH (CHCTeMa AUCTaHIMOHHOTO 00y4eHuss Moodle, MS Office365, dpopymsl,
3JIEKTPOHHAS T10YTa U Jp.).

ITpu 0Oy4yeHun Ui ¢ OrpaHMYEHHBIMUA BO3MOXKHOCTSIMU 3/I0POBbBSI JJIEKTPOHHOE 00YyUeHUE, AUCTAaHIMOHHbIE 00pa30BaTe/IbHbIC
TEXHOJIOTHH MPeIyCMaTPHBAIOT BO3MOXKHOCTD IpHeMa-niepeaadn HHHOPMaIHu B JOCTYITHBIX U HUX (hopMax.

Peanuzanust AMCHUIUINHEI C IPUMEHEHNEM DJIEKTPOHHOT0 00yUYEeHUs, IUCTaHIIMOHHBIX 00pa3oBaTeIbHBIX TeXHOIOTHil (nanee — D0,
JOT) ocymectBnsercs Ha OCHOBaHUH «I100KeHHsI 0 pean3alui OCHOBHBIX U JJOTIOJHUTENIBHBIX 00pa30BaTeIbHBIX IPOTPaMM ¢
IPUMEHEHHEM 3JIEeKTPOHHOTO 00Y4eHHs M AUCTAaHIMOHHBIX 00pa30BaTENIbHBIX TEXHOJIOIHH B (heiepallbHOM IOCyJapCTBEHHOM
Or0/KETHOM 00pa30BaTEIbHOM YUPEXKICHUH BBICIET0 00pa3oBaHus «UensiOMHCKII rocy1apCTBEHHbBIN YHUBEPCUTETY,
«[TonoxxeHus o mopsiake 3a4era 00yJarOIMMUCS IO OCHOBHBIM NMPOGECCHOHAIBEHBIM 00pa30BaTeNbHBIM MPOrpaMMaM BBICIIETO
obpazoBanus B PI'BOY BO «YUenl'Y» pe3ynbTaToB OCBOEGHHS B OPraHU3aLUAX, OCYIIECTBISIONNX 00pa30BaTeIbHYIO
JeATeNIbHOCTh, YIeOHBIX MPEAMETOB, KypCOB, JUCLUILUINH (MOLyIeH), IPAKTHK, JOMOJHUTEIBHBIX 00pa30BaTEIbHBIX IPOrPaMM»
TIOCPENICTBOM 3JIEKTPOHHOM HH(popMannoHHO-00pazoBarenbHoil cpensl PIBOY BO «Henl ' V». B HCKITIOUNTENBHBIX CITydasx
(popc-Maxkop H T.I1.) PU pealiu3aluy 00pa3oBaTeNbHON AeaTenbHOCTH ¢ npuMeHeHneM D0, JIOT MOryT npuMeHsTh KOMIIOHEHTHI,
HE BXOJISIIME B [IEPEUYEHB 3JIEKTPOHHON MH(OPMALIMOHHO- 00pa30BaTEIbHON CPEeIbl.
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10. CHEIMAJIBHBIE YCJIOBHUS OCBOEHUSA JUCIUITIJINHBI OBYYAIOIIIUMUCSA C THBAJIMTHOCTBIO 1
OI'PAHMYEHHBIMHA BO3MOXXHOCTSAMMU 310POBbSA

OcBoeHNe IUCIMIUIMHBI HHBAJIHIAMH U JHLAMHU C OTPaHMYEHHBIMHA BO3MOXXHOCTSIMU 37I0POBbSI OCYIIECTBISETCS C HCIOIB30BaHIEM
CMeIHUATbHBIX TEXHUYECKUX CPENICTB U TOJI0 HH(GOPMAIIMOHHBIX TEXHOJIOTHIA, MPEA0CTaBISIEMBIX PECypCHBIM yueOHO-METOANIECCKIM
IIEHTPOM I10 00YUEHHIO HHBAIUIOB ¥ JIUI] C OTPAaHIMYEHHBIMH BO3MOXXHOCTSIMU 310poBbst UenlV 1o 3ampocy o0ydaromerocs.

1. MoOuITbHBIE CrIeNUaNbHBIC TEXHUUECKHE CPENICTBA JIJIS JIUII C HAPYIICHUSIMU 3PEHHSL: MOPTATHBHBIA KOMITBIOTEP C BBOJIOM/BBIBOIOM
mpudrom bpaiisst ¢ cunrezatopom peun «ElBraile-W14J G2»; HOyTOyku ¢ porpaMMHOii 3kpanHoro noctyna NVDA; a5iekTpoHHbIC
YBEJMYUTEIH sl yAaJICHHOTO MPOCMOTPA; BUICOYBEIUUUTENHN TOPTATHBHBIE; TU(IOILIeED; IU(POBBIC TUKTO(OHBIL.

2. MoOwiibHbIe crenuaIbHble TEXHUUECKHE CPEICTBA AJIS JIMIl ¢ HApYIICHUSAMH CIIyXa: CHCTeMa CBOOOIHOTO 3BYKOBOTO IIOJISI CO
BCTPOCHHON cOBMeCTHMOCThIO ¢ FM-ycrpoiictBamu; paauokiaccel «ConeT-PCM» ¢ mepenaTdukoM, 3aylIHBIM HUHIYKTOPOM H
WHIYKIIMOHHOW TeTJIel; cucTeMa WHPOPMAIHOHHAs JUTs clla0oCIbIIamuX nepeHocHas «Mctok» A2 co BCTPOSHHBIM ILICEPOM —
3BYKOBBIM HH(POPMATOPOM; TOKYMEHT-KaMepa; MporpaMMUpPyeMbIe CITyXOBbIe alnapaThl HHIUBHIYAIHHOTO MOJIH30BaHHUS.

3. AccucTvBHBIC WH()OPMAIHOHHBIC TEXHOJOTHU: MPOTpaMMHOE OOecreueHHe 3KPaHHOIO JOCTyma ¢ CHHTe30M peun NVDA;
MPOrPaMMBbI SKPAHHOTO YBETHMYCHUS, IPOTPAMMbI PEUEBOTO CHHTE3a ISl KOMIIBIOTEPOB M HOYTOYKOB; IPOrPaMMBbI PEYEBOTO CHHTE3a
JUTSL MOOHMJIBHBIX YCTPONCTB; SKpaHHAsl KIIAaBHATYpa; dSKpaHHAs JIyma.

Ilpu HeoOXOAMMOCTH Jis OOYYAIOIIUXCSl C HAPYIICHUSIMH 3pEHHsS Ha pabouux MecTax JUisi MPOBEICHHUS MPAKTHYCCKUX HIIH
mabopaTOPHBIX 3aHATHH YCTaHABIMBAETCS CIIEIIMAIIEHOE IPOrpaMMHOe obecriedeHne (mporpamMma pedeBoit HaBuranmu NVDA,
pedeBbIe CHHTE3aTOPHI, SKPAHHBIE JIYIIHI).

B yueOHble ayauTOpHH OOECIeUMBACTCS OCCHPEMATCTBEHHBIH MOCTYN s OOY4Yarom[MXCs HMHBATUIOB M OOydYaromMXcs ¢
OTPaHUYEHHBIMH BO3MOYKHOCTSIMH 3JI0POBBbs.. B Kakmoi aymuTopud, TAe OOYydYaroTCs WHBAIWABI M JIMNA C OTpaHHYCHHBIMU
BO3MOXKHOCTSIMH 3/I0POBBSI, IIPETyCMAaTPHUBACTCSI COOTBETCTBYIOIIEE KOIMYECTBO MECT JUIs O0YUAIOIIUXCs C YISTOM Hap yIICHUH UX
37I0POBBSI.

Jnst ocBOCHHS JUCHUIUIMHBI HMHBAJIUIAM U JIMIAM C OTPAaHUYEHHBIMH BO3MOXKHOCTSMH 37I0POBbsl MPEAOCTABISETCS JOCTYN K
MeYaTHBIM UCTOYHUKAM, UMEIOIIMMCS B HaydHOU OnOnroreke Yenl'V, ¢ mOMOMIBIO CHIENHaIbHBIX TEXHHYECKUX CPEACTB; JOCTYH K
JNEKTPOHHBIM HCTOYHUKAM, MPEICTABICHHBIM B (OpPME IJIEKTPOHHOTO MOKyMeHTa B (oHae HaydHOW Oubmuorexn Yenl'V wim
JNEKTPOHHO-OMOIMOTEUHBIX CHCTEMAX, ¢ TOMOIIBIO CHEIUATIBHBIX TEXHUYECKHX W TPOTPaMMHBIX CPEACTB (padoyee MecTo Ui
He3psiuero Iojb30BaTellsl ¢ IPOrpaMMHBIM OOECHEYEeHHEM HKPAaHHOIO JOCTyma ¢ cuHTe3oM peun NVDA, paGouee Mecto ¢
KOMIIBIOTEPHBIM POJIIepoM U KinaBuaTypoit Clevy ¢ OOJIBIIMMH KHOTIKAMH | C Pa3IeisioNeii KIaBUIIN HAKIIaIKOH).
Y‘iCGHO-MeTOﬂI/l‘{eCKI/IC MaTepualibl 1Jid 06yqa}0umxcsl U3 YHUCJIa MUHBAJIMAOB U JIMI C OI'PaHUYCHHBIMU BO3MOKHOCTSIMU 3J0POBbsI
MIPEIOCTABIIIOTCS B (hOpMax, aIalTUPOBAHHBIX K OTPAHUYEHUSIM UX 30POBbS M BOCTIPHATHS HHPOPMAIHH:

Jnst mun ¢ HapyIIeHUsIMU 3pEeHUs:

- B TIEYaTHOH (hOpMe YBETHMIEHHBIM IIPUPTOM,

- B (hopMe IJIEKTPOHHOTO JJOKYMEHTA,

- B hopme ayaunodaiina,

- B meyaTHO# dopme mpudrom Bpaiins.

Jnst MI ¢ HapyIIeHUsIMA CITyXa:

- B IeyaTHoi hopme,

- B (pOpMe DIIEKTPOHHOTO TOKYMEHTA.

Jist un ¢ HapyIIeHUsIMU ONIOPHO-ABUraTEIbHOIO amapara:

- B eyaTHO# hopme,

- B (hopMe IJIEKTPOHHOTO JJOKYMEHTA,

- B hopme aymuodaiina.

JlanHbIi nIepedeHb MOXKET ObITh KOHKPETH3UPOBAH B 3aBUCHMOCTH OT KOHTUHI'€HTA 00YUYarouXcs.

J1n1st M”HBAJMIOB M JIUII C OTPAaHUYEHHBIMH BO3MOKHOCTSIMHU 3JJ0POBbSI OCBOCHUE TUCLIUILTHHBI MOXKET OBITh YaCTHYHO WITH TIOJTHOCTBIO
OCYILECTBIICHO C UCIIOJIb30BAHUEM JIMCTAaHIIMOHHBIX 00pa3oBaTenbHbIX TexHOnoTHit (Moodle, Adobe Connect Pro u mp.).

B ocBoeHNH AUCUUIUTHHBI UHBAJIAAAMH W JIMIAMH C OTPaHUYSHHBIMH BO3MOXKHOCTSIMH 3[J0POBbSI UCIIONB3YETCSl HHAWBHIYATbHAS
pabota. ITox wHAMBHAYanbHOW paboTOil moapazymeBaercs 1Be (OPMBI B3aMMOJCHCTBHS C TpPENOAaBaTeNIeM: WHIWBUAyalbHAs
yueOHas pabora (KOHCYJIbTALUM), T.C. JOTIOJHUTEIBHOE pa3bsCHEHHE y4eOHOro MaTepraia 1 yriiyOJeHHOe H3yueHHe MaTepuala ¢
TeMH OOYYAIOIIMMUCS, KOTOpPhIE B OTOM 3aMHTEPECOBAHbl, W WHIWBUAYaJIbHAas BOCIUTATeNbHAs pabora. VHIUBHIyallbHEIE
KOHCYJIbTAllU HAIIPpaBJICHBI HA MHANBUAYaJIU3aIIUIO 06yquI/m 1 YCTaHOBJICHHUIO BOCTIUTATECIIbHOI'O KOHTAKTa MEXAY MMPEIoaBaTe/ICM
7 00y4aroNIMMCsI HHBAIUIOM K 00YYAIOIIUMCS C OTPAaHUYSHHBIMH BO3MOXKHOCTSIMHA 3/I0POBBSL.

IIpu npoBeneHNH NPOLEAYPH! OLICHUBAHUS PE3yIbTaTOB 00yUeHNs HHBAIUIOB U JIML C OTPAaHMYECHHBIMUA BO3MOYKHOCTSIMU 37I0POBbS
10 JUCLUIUTMHE 00ECIICYMBACTCS BBHIMOJHEHHE CICAYIOIMX JOMONHHUTENBHBIX TPeOOBaHHH B 3aBUCUMOCTH OT HHAWBHIYaIbHBIX
0co0eHHOCTeH, 00yJaromuxcs:
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MHMNHOBPHAYKHU POCCUN
\)} denepanbHOE rocy1apCcTBEHHOE OI0DKETHOE 00pa3oBaTeIbHOe
@ YUpEKIECHHUE BBICIIETO 00pa3oBaHUsL

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

Pabouas nporpamma mucuumuinas! "OnTHKA" 110 HAPaBJICHUIO MOATOTOBKH (crieruansHocTH) "Pagnodusuka”
HarpasJIeHHOCTH (po¢dwtio) TelekoMMyHUKAIMOHHBIE CHCTEMBI B MH(popMannoHHEIe TexHosnornn ®T'BOY BO ctp. 10
«Henl'Y»

a) MHCTPYKIUS 10 TOPSAKY MPOBEICHUS MPOLEAYPhl OIICHUBAHMS MPEIOCTABISIETCS B JOCTYMHON (opMe (YCTHO, B MUCHMEHHOMN
(dhopme, B uchMeHHOU opme mpudTom Bpaiins, yeTHO ¢ UCIOIB30BaHHEM YCIIYT CYPIOIIEPEBOIYHKA);

6) noctymHas (opma MPEeIOCTaBICHHS 3aJaHUi OICHOYHBIX CPENCTB (B MeyaTHOW (opme, B medaTHOH (opMe yBENHYCHHBIM
mpudToMm, B ieyatHoi Gpopme mpudrom bpaiins, B popme 3JIeKTPOHHOTO TOKYMEHTA, 33/1aHUSI 3aYUTHIBAIOTCS ACCUCTEHTOM, 3a/1aHHUs
MPETOCTABIIAIOTCS C UCTIONb30BAaHUEM CYPJIONIEPEBO/IA);

B) JOCTymHas (hopMa NpenoCTaBICHHs OTBETOB Ha 3alaHus (MHMCbMEHHO Ha Oymare, HabOop OTBETOB Ha KOMIBIOTEpE, MUCHMEHHO
mpudtom bpaiins, ¢ HCIOIB30BAHUEM YCIYT ACCHCTEHTA, YCTHO).

IIpu npoBeIeHUH MPOIIECAYPHl OLICHUBAHUS PE3yIbTATOB 00yUYCHHS WHBATHUIOB U JIHI[ C OTPAHHYCHHBIMUA BO3MOXHOCTSIMHU 3710PO BbsI
IpeTyCcMaTPUBAETCS HCIIOIB30BaHNE TEXHUIECKHUX CPEJCTB, HEOOXOUMBIX UM B CBSI3H C UX HHINBHAYaJIbHBIMH OCOOCHHOCTSIMU. DTH
CpencTBa MOTYT OBITh mpenocTaBieHbl YenlY WM MOTYT HCIOJB30BAThCSI COOCTBEHHBIE TEXHHYECKHE cpeacTBa. Ilpu
HEoOXOIMMOCTH MHBAIHIAM U JIUIaM C OTPaHHYCHHBIMHI BO3MO)KHOCTSIMH 3/I0POBBSI IPEIOCTABIISETCS TOTIOTHUTEIBHOE BpEeMsI JUIs
MOATOTOBKH OTBETA Ha 3aaHHs, MPOLEypa OLCHUBAHUS PE3YJIbTATOB O0YUSHHUS 10 TUCIUIIMHE MOXKET TPOBOJIUTHCS B HECKOIBKO
JTAIoB.

TIpoBeseHre TpOIenypbl OLICHUBAHUS PE3yJIbTATOB OOYYEHHsS HWHBAJIHIOB M JIMI] C OTPAHUYCHHBIMH BO3MOXKHOCTSMH 30POBbBS
JOIyCKaeTCs C UCTIOIb30BAaHUEM JAUCTAHIIMOHHBIX 00pa30BaTEeIbHBIX TEXHOJIOTHH.
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IIpunoxenune 1
IIpruMepbl BADHAHTOB 3aIaHUN K NMPAKTHYECKUM 3aHATHAM

FCOMeTpI/I‘leCKaH OIITHKA

baszoewviit yposens

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

4acTOTOMH AJIEKTPOMArHUTHBIX
KOJIcOaHHMII CBETOBOH BOJHE, IJIMHOH
BOJIHBI?

2 | Ha mue Bomoema, rmybuna koroporo 2 | 1,5 m
M, Haxoautcsi npeaMer. Ha kakoit
rIyOMHEe  YBUAUT  OTOT  TPEIMET
HaOmo1aTeNnb, KOTOPBIA CMOTPUT Ha
HETo CBEpXY NePHEHIUKYIISIPHO
MMOBEPXHOCTHU BOJIbI? [Tokazarens
npenomieHus n=1,33.

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

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

Cpeonuii yposens

1. JIns HEKOTOpOl [JIMHBI BOJIHBI TOKA3aTelb MPEJIOMIICHUS IUIOCKONApaIeIbHON
IIPO3payHON IUIACTMHKM HM3MEHseTCs OT 3HaueHusd ni=1,40 Ha OJHOM M3 NOBEPXHOCTEH 0
n2=1,60 na apyroil. Tonmuua nuactuaku d=10,0 mm. Kakoe BpeMms t 3aTpaunMBaeT CBET Ha
TIPOXO0/IEHHE MIIACTUHKY B TIEPHEHIMKY/IAPHOM K Heii Hartpasnenuu? (0,5 10710 ¢)

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

3. JIBa TUIOCKMX THPSMOYTOJIbHBIX 3epKana oO0pa3yroT ABYyrpaHHbIi yron ¢=179°. Ha
paccrosiHuu 1=10 cM OT NTMHUM CONPUKOCHOBEHHS 3€pKal M HAa OJMHAKOBOM PACCTOSHUU OT
KaXJI0T0 3€pKajia HaXOJUTCS TOUEUHBbIM MCTOYHHMK cBeTa. OmnpenenuTb paccrosiHue d Mexmy
MHUMBIMH H300paKEHUSIMU UCTOYHHKA B 3epkaiax. (3,5 mm)

4. Bornyroe cdepudeckoe 3epkaio IaeT Ha SKpaHe U300pakeHHe MpeIMeTa, YBEIMUSCHHOE
B ['=4 paza. PaccTrosHue a or mpeamera g0 3epkana paBHO 25 cM. Omnpenenuth paauyc R
KpuBHU3HBI 3epkana. (0,4 m)

5. dokycHoe paccTosiHue f BOTHYTOT0 3epKasia paBHO 15 cM. 3epkaio JaeT AeHCTBUTEIHLHOE
u300pakeHne npeaMeTa, yMEHbIIEHHOE B TpH pa3za. OnpeaenuTh pacCcTOSHUE a OT MpPeaMETa J0
3epkaiia. (60 cm)

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

2. Pagnyc R xpuBm3HBI BeITyksioro 3epkana paBeH 50 cm. Ilpeamer BeicoToir 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 ToOJIMHON d=30 mm.
Ornpenenutb 00KOBOE cMenieHre AX Jiyda rmocie Beixoaa u3 miacTuHku. (15,36 mm)
4. [lydok mapamienbHbIX JIyded MajaeT Ha TOJICTYIO CTEKJSIHHYIO IUIACTUHY MOJ YIJIOM

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

5. Ha cTexstHHyI0 IPU3MY ¢ MPEIOMIISTFOIINM yrioMm 0=60° magaer myd cBeta. OnpeaenuTsb
noKazareib TPEJIOMIICHHSI N CTEKJA, €CIU NpPU CUMMETPHYHOM XOJe Jiydya B TPU3ME Yroil
otkionenus 6=40°. (1,53)

3HeKTp0MaFHI/ITHbIe K0J1e0aHHUS U BOJIHBI

KBasoguvuii yposens

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

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

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

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

YMeHbIIAeTCs B € pa3
5. IpaBUIIBLHBII OTBET HE IPUBEJEH

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

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

4. yncJio koJie0anmii 3a 6.28 cexyHn

5. IpaBUJIbHBIN OTBET HE NIPUBEJIEH. ..

3 | AMmmTyaa 3aryxatoiero | 1. nepuony kojedaHuit

JIEKTPUYECKOTO KoyieOaHus | 2. BpeMEeHH pellaKkCaliu

TEOPETUYECKU YMEHBIIIAECTCS oT | 3. 0eCKOHEYHOCTH

HAa4YaJIbHOTO 3HA4Y€HWs [0 Hylsd B | 4. ONpPEIEICHHOMY IPOMEXYTKY BpEMEHH,
TE€UEHUE BPEMEHU, PABHOTO ... pa3IMYHOMY JUISl pa3HbIX KOHTYPOB

5. IpaBUIILHBIN OTBET HE IPUBEJICH

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

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

2. oOpaTtHasi 4YHCIy TEPHOJIOB, B TEUEHUE
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KOTOPBIX aMIUIUTY/1a YMEHbILIAETCS B € pa3

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

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

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

6. MPaBUJILHBIA OTBET HE MPUBEJICH

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

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

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

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

5. IpaBWILHBINM OTBET HE MIPUBEJICH

Cpeonuii yposens

1. B BakyyMe paclpoCTpaHseTcsi IIOCKas 3JIeKTPOMAarHUTHAs BoiHa ¢ o mopsaka 1010 ¢,
AMIUTATY]a 3IEKTPUIECKOTO BekTOpa BosHBI En=0,775 B/M. Ha myTtu BomHBI pacmojaraercs
MOTJIOIIAIOIIAs BOJIHY IOBEPXHOCTh, HMeromas ¢opmy mnonycdepsl pamumyca 1=0,632 M,
oOpaillleHHasi CBOEH BEPIIMHOM B CTOPOHY paclpocTpaHeHus BoJHBL. Kakyio sHepruto W
MOTJIOIAET 3Ta MoBepXHOCTh 3a BpeMs 1=1,00 c? (1 m/Ix)

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

3. Haiitu umcino BO3MOXKHBIX COOCTBEHHBIX KoJieOaHHMM cToi0a BO3ayxa B TpyOe, 4acTOThI
KOTOpPBIX MeHbIe vo = 1250 I'u. JInuna tpyosr 1 = 85 cm. Cxopocts 3Byka v = 340 m/c. Tpyba
OTKpBITa ¢ 000UX KOHIIOB. (6)

4. Ha myty mmockoi 3ByKOBOM BOJIHBI, paCIIPOCTPAHSIOIIEHCS B BO3AYyXE, HAXOAUTCA ILIap
pamuyca R = 50 cm. lnuHa 3BykoBoil BosmHBl A = 20 cM, yacrota v = 1700 I'u, ammiuryna
Konebanuii maBieHus B Bo3ayxe (Ap)m = 3,5 Ila. Haittu cpennuii 3a mepuoj Koye0aHUs MTOTOK
SHEPruu, Majaromiel Ha mopepxHocts mapa. (0,01094 Br)

Buvicokuit yposens

1. B onHoponHeit cpese pacnpocTpaHsieTcs MI0cKas yrnpyras BojaHa Buja & = ae™*(ot - kx),
rae a, Y, ® u k — nocrosiHable. HaliTu pasHocTh (a3 koneOaHuil B TOUKax, TA€ aMILTUTYIbI
CMeIIeHH s YaCTHI] Cpeibl OTIMYAOTCS ApYr oT apyra Ha 1 = 1,0%, ecnu y = 0,42 M™' u qnuHa
BotHBI A = 50 cm. (0,3 pan)
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2. WN3oTponHblif TOYEUHBIH HMCTOYHMK, 3BYKOBash MoIIHOCTH kotoporo P = 0,10 Br,
HaxOJUTCA B IIEHTPE KPYTJIOrO Mojoro mwmHzapa paauyca R = 1,0 m u BeicoThl h = 2,0 ™.
[Tonarasi, 9TO CTEHKU MMWIMHAPA TOJHOCTHIO MOTJIOMIAIOT 3BYK, HAUTH CPEAHUN MOTOK SHEPTHUH,
najarori Ha O0KOBYIO oBepXHOCTH IrHapa. (0,071 Br)

3. Haiitu yncno BO3MOXKHBIX COOCTBEHHBIX KoJeOaHMH cTon0a BO3ayXa B TpyOe, 4acTOTHI
KOTOPBIX MeHbIne vo = 1250 I'u. JInuna tpyosr 1 = 85 cm. Ckopocts 3Byka v = 340 m/c. Tpyda
3aKphITa ¢ OAHOTO KOHIIA. (6)

4. Ha paccrositnun r = 100 M OT TOU€UHOT'0 U30TPOITHOIO UCTOYHUKA 3BYKa 4acToThl 200 I'1y
ypoBerb rpomkoctd L = 50 ngb. Ilopor cipliMMOCTH Ha 3TOM YacTOTE COOTBETCTBYET
MHTEHCUBHOCTH 3ByKa lo = 0,10 HBT/M%. Koo duimenT 3aTyxanus 3ByKoBO# BOIHBI Y = 5,0 M.
Haiitu 3ByKoBYy10 MOIIHOCTh UcTOYHUKA. (1,4 B)

HNurepdepeHuns cBETOBbIX BOJIH

baszoewviit yposens

1 Kakwne yCIIOBUSA aBisitores | 1. OquHaKoBbIE aMIUTUTY b
HEOOXOAMMBIMU 11 HaOmoaeHus | 2. OQMHAKOBbIE YaCTOTHI
YCTOMYUBOM uHTeppepeHmonHol | 3. OnuHakoBbIie (a3bl
KapTHUHBI? 4. IlocTrosinHast pa3HoOCTH (ha3

2 Pa3uocts xoJa IByX | 90°
UHTEPPEPEHITUNOHHBIX BOJIH

MOHOXPOMAaTHYECKOIO0  CBETa  paBHA
YETBEPTH JUTMHBI BOJIHBI. Orpeaenure B
rpajycax pa3HOCTh (a3 KoJleOaHHil.

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

COCEHUMH oJI0CaMuU
MHTEPPEPEHINOHHBIX MaKCUMYyM,
Ha0JII01aeMBIX Ha JKpaHe,

PacrojoKEeHHOM TapaieIbHO D3KpaHy
Ha pacCTOSHUM | M OT Hero.

4 | PaccrosHue Mexnay AByMs LensMH B | 1 m
ombeiTe FOHra 0,5 mMm. Illenun ocBemiaroT
MOHOXPOMATHYECKUM CBETOM C JITTHHOM
BOJIHBI 0,6 MKM. Onpenenure
paccTrosiHue OT IIeeil 10 dKpaHa, eciu
UpUHA HMHTEPPEPEHIMOHHBIX  TOJIOC

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

MOHOXPOMATUYECKUM CBETOM C JUJIMHOU
BOJIHBI 0,6 MKM, MMaIAlOIIMM HOPMAaJIbHO.
[IpocTtpancTBO  Mexay  JIMH30H U
CTEKJIITHHOM IUIACTHHKOM  3aIlOJHEHO
JKUJIKOCTbIO, M HAOJIIOJICHUE BEACTCSA B
MPOXOISIIEM CBeTe. Pannyc KpHBU3HBI
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aua3bl 4 M. Onpenenute MoKaszaTelb
MPEJIOMJICHUS >KUAKOCTH, €CJIH PaJnyC
BTOPOTI'O CBETJIOrO KOJbla 1,8 MM.

Cpeonuii yposens

1. Paccrossune d mexny nByms mensmu B omnbiTe FOHra paBHo 1 MM, paccrosiHue | ot
mienieit 10 9KkpaHa paBHO 3 M. OmnpenenuTh AIUHY BOJHBI A, HUCIYCKAeMOW HCTOYHUKOM
MOHOXPOMAaTHYECKOI'0 CBETa, €CJIM HIMpUHA b MoJIoc UHTEepPEpEeHIIN Ha SKpaHe paBHA 1,5 MM.
(0,5 mxm)

2. B ompite FOHTa paccrosaune d mexay mensmu paBao 0,8 mm. Ha kakom paccrosiauu 1 ot
Hiesielt ciieyeT pacioIoKUTh IKPaH, YTOOBI IIUPUHA b HHTEP(EPEHIIMOHHON MOJIOCHI 0Ka3alach
paBHO# 2 MM? (2,5 M)

3. Ha »sxpane HaOmromaercs wuWHTEpEpEHIIMOHHAS KapTHHA OT JABYX KOTEPEHTHBIX
MCTOYHUKOB cBeTa ¢ JiauHON BoiHbI A=480 HM. Kornma Ha myTd OHOTO M3 MyYKOB MTOMECTUIIU
TOHKYIO IUIACTMHKY U3 IUIAaBJICHOTO KBaplia C I[IOKa3aTenem mpenomieHus n=1,46, 1o
uHTep(epeHIIMOHHas KapTUHA cMecTUIach Ha m=69 nonoc. OnpeaenuTs ToAmKuHY d KBapieBoi
IUTACTUHKH. (72 MKM)

4. VYrnoBoii nuamerp 3Be3nbl berensreiize (oo Opuona) pasen 0,047 yrioBoW CEKyHIIBI.
Uemy paBeH panyCc KOT€PEHTHOCTH Pxor CBETA, MPUXOAIIETO Ha 3EMJIII0 OT 3TOM 3Be3abl? (2,98
M)

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

MM, a y npyroro by=0,381 mm. [Tokazarens npenomienus miactuaku n=1,50. [Tox yrimom 9=30°
K HOpMaJIi Ha IJIACTUHKY IMajaeT My4YOoK MMapajulebHbIX JTydei. J[IrMHa BOTHBI MaIal0ero cBeTa
A=655 HM (kpacHblii 11BeT). OnpeaenuTs MUpUHY AX HHTep(HEPEHIIMOHHBIX MOJI0C (M3MEPEHHYIO
B IJIOCKOCTH IUTACTUHKH), HAOJIOJaeMbIX B OTPaXCHHOM CBETE, JJIS CiIydasi, KOTJa CTEleHb
MOHOXpoMaTH4YHOCTH cBeTa A/AL paBHa 5000. (1 mm)

Buvicokuii yposens

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

2. [Inockast MOHOXpoMaTHyecKasi CBETOBas BOJIHA IMaJaeT HOPMAJIbHO Ha Auadparmy c
JBYMsl Y3KMMH IIEJISIMH, OTCTOSAIIMMHU JIpYyT OT Apyra Ha pacctosHue d = 2,5 mm. Ha skpane,
pacrionio)keHHOM 3a auadparmoif Ha 1 = 100 cM, oOpasyercst cucremMa MHTEpPEpEeHIIMOHHBIX
noJsioc. Ha kakoe paccTosiHMe U B KaKyl0 CTOPOHY CMECTSITCSI 3TH IOJIOCHI, €CIIM OJIHY U3 IIenei
MEPEKPHITh CTEKISHHON MIACTUHKOW TommuHbl h = 10 MkM? (2 MM M CMECTUTCS B CTOPOHY
IIEJIU CO CTEKISTHHON TTaCTUHKOM )

3. HaiiTh MUHMManbHYIO TOJIIMHY IUIEHKHM C IOKasaTteiaeM mnpenomiueHus 1,33, npu
KOTOpO# cBeT ¢ JIMHOM BOJIHBI 0,64 MKM MCIBITHIBAET MaKCUMalbHOE OTPa)XKEHHE, a CBET C
JuinHOM BosHbI 0,40 MKM He oTpakaeTcsi COBceM. Yrou najaeHus csera paseH 30°. (0,65 Mkm)

4. [1nocko-BeINyKIIas CTEKJISIHHASA JIMH3a ¢ paauycoM KpuBu3Hbl R = 40 cm conpukacaercs
BBIMYKJION MTOBEPXHOCTHIO CO CTEKJISIHHOM IJIaCTUHKOW. IIpn 3TOM B OTpa’keHHOM CBETE paanyc
HEKOTOPOro KoJibIla r = 2,5 Mmm. Habmronast 3a JaHHBIM KOJIBIIOM, JTWH3Y OCTOPOKHO OTOJIBUHYJTH
ot mactuHk Ha Ah = 5,0 Mmxm. Kakuwm cran paguyc atoro komnbma? (1,5 mm)

5. Ha Bepmmne ceprueckoii mMOBEpXHOCTH TUIOCKO-BBIMTYKIONW CTEKIISTHHOM JIMH3BI HMEETCS
couun(OBaHHBIM TUIOCKUHM ydyacToK paauyca ro= 3,0 MM, KOTOpBIM OHa CONPHUKACAETCS CO
CTEKJITHHOM IIJJACTUHKOW. Pamnyc KpMBU3HBI BBITYKJI0M MOBEpXHOCTH JIMH3BI R = 150 cMm. Halitn
paxuyc MIecTOro CBETIIOro KOJblla MpH HAOMI0EHUH B OTPaKEHHOM CBETE C JAJTMHON BOJIHBI A =
655 HM. (3,795 Mm)
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JAu¢ppakuus cBeTOBBIX BOJIH

baszoewviit yposens

1 [Ipu OCBEILEHUU TOYEYHBIM | 1. pa3MelnaeTcs CBeTJI0e NSATHO
MOHOXPOMAaTHYECKHM CBETOM KPYTJIOro | 2. pa3MellaeTcsi TEMHOE IS THO

OTBEPCTHSl OYEHb MAJIOr0 pajauyca Ha | 3. NPpH MOCTEeNEeHHOM YBeJIU4YeHUH paguyca
9KpaHe HaOmogaeTcs IUQPAKIHOHHAS | OTBEPCTHS  OCBEIIEHHOCTH B  IEHTpe
KapTuHa. B leHTpe KapTUHHI. .. CHayajla yBeJIMYHMBAETCSl, 3aTeM YObIBaeT
NOYTH h (1] HYJIS, 3aTemM BHOBb
yBeJIHYMBaeTcs u T.1.

4. mpu TIOCTENEHHOM YBEIUYEHUU paguyca
OTBEpCTUSl  OCBELIEHHOCTh B LEHTpE
YBEJIMUUBAETCS U JAOCTUIAET MaKCUMAaJbHOI'O
3HAYEHUS

2 | Onpenenure paauyc TpeTbed 30HHI | 1,64 MM

Openenst ans ciydas IJIOCKOW BOJIHBIL.
PaccrosiHre OT BOJIHOBOM MOBEPXHOCTH
q0 Touku HaOmomenus 1,5 M. JlnmnHa
BOJIHEI 0,6 MKM.

3 Ha menp mmpunoit 0,1 MM mnamaer | 1 m
HOPMaJIbHO MOHOXPOMAaTHUYECKUN CBET C
JUIMHOU BOJIHEI 0,5 MKM.
JudpakimonHas kapTHHA HAOIIOJACTCS
Ha JKpaHe, PacmoI0KEHHOM
apajuieIbHO LIEJH. Omnpenenure
paccTosiHue OT IIeJIH 0 SKpaHa, eciH
LIIMpYUHA LEHTPaJbHOrO0 Makcumyma |
CM.

4 | Ha mmadparmy c KpyrJibIM OTBEpCTHEM | 8
nuamerpoMm d=4 MM majgaeT HOPMAaIbHO
MapajuIeIbHbIN IIy40K Iy4den
MOHOXpoMaTHdeckoro ceta (A=0,5
MKM). Touka HaOJItOIeHUsI HAXOJUTCS Ha
OCH OTBEpPCTHsI Ha PacCTOsHUU b=1 M oT
HEro. Ckomnbpko 30H Openens
YKJIaJbIBA€TCS] B OTBEPCTUU?

5 | AudpakinuoHHas pemerka COAEepKuT | 7
n=200 mTpuxos Ha 1 mm. Ha pemerky
najgaer HOpPMAaJIbHO
MOHOXpoMaTHueckuii cBet (A=0,6 MKM).
MakcuMyM ~ Kakoro  HaumOOJIBIIETO
NOpsAJIKA JaeT JTa pemerka?

Cpeonuii yposens

l. Ha mudpakinuonnyro pemerky c¢ mnepuogom d=10 mxm mox yrmom 0=30° mamaer
MOHOXpPOMAaTHYECKUNA CBEeT ¢ JUIMHOM BOJHBI A=600 HM. OmpenenuTs yron ¢ audpakuuy,
COOTBETCTBYIOILIMI BTOPOMY IJIaBHOMY MakcUMyMy. (38,3°)

2. JudpaknroHHass KapTHHA TOJYY€HA C TOMOIIBI0 JAU(PPAKIIMOHHON PEIETKH IITUHOMN
1=1,5 cm u nepuogom d=5 mMxm. OmnpenenuTs, B CHEKTpe KaKOro HAaMMEHBLIETo MOpsAIKa ITOH
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KapTUHBI TIONy4YaTCs pa3/ielbHbIe N300paXeHHs IBYX CHEKTPAIbHBIX JTUHHUA ¢ Pa3HOCTHIO JTHH
BoTH AA=0,1 HM, €clii JTUHUY JISKAT B KpaiHe# KpacHOM yacTu cnekrpa (A<760 um). (3)

3. Ha rpanp kpucraiya KaMeHHOW COJM MajaeT MapauieIbHbI My4OK PEHTTEHOBCKOTO
uznydeHus (A=147 nm). Onpenenuts pacctosiHre d MeX1y aTOMHBIMH IJIOCKOCTSAMH KPHUCTAJLIa,
eciu TU(PaKIMOHHBIA MaKCHMyM BTOPOTO TMOPSIKAa HAONMIOAAETCs, KOT/Ia M3IYYCHHE IMaaeT
nox yriom 3=31°30' k moBepxHocTH kpuctaiia. (1,933 am)

4. KakoBa juiiHa BOJHBI A MOHOXPOMATHYECKOTO PEHTIC€HOBCKOTO M3TyUEHUSs, MMaat0IIero
Ha KPUCTAJUT KalblMTa, €Cld OU(PAKUMOHHBIA MaKCHUMyM MEpBOrO MOpsiiKka HaOIroAaeTcs,
KOrJia yroja ¥ MEXIy HanpaBlIieHHEM IaaloNIero M3JIy4YeHUs U TPaHbi0 KpHCTamia paBeH 3°7
Paccrosinue d Mmexxmy aTOMHBIME IUTOCKOCTSIMH KpHUCTaJlia MpUHITH paBHBIM 0,3 HM. (31,2 M)

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

Buicokuii yposens

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

2. [Inockasi MoOHOXpoOMaTHYeCKasi CBETOBas BOJIHA IaJlaeT HOPMAJIbHO Ha Kpyrjioe
orBepctue. Ha paccrostauu b = 9,0 M 0T HEro HaxXOAUTCS SKpaH, T1ie HAOIIOAAI0T HEKOTOPYIO
TUGpakIMOHHYI0 KapTuHy. Jnamerp orBepctus ymensimmim B 1 = 3,0 pasa. Haiitu HOBOE
paccrosiHue b', Ha KOTOPOM Ha/I0 MMOMECTUTh SKpaH, YTOOBI MOJYUUTh HA HEM IU(PAKIUOHHYIO
KapTUHY, NOJOOHYIO TOH, UTO B MPEABIAYIIEM CIydae, HO YMEHbIIECHHYIO B 1] pa3. (1 m)

3. ToyeuHblii HMCTOYHHK MOHOXPOMATHUECKOTO CBETa pACIOJIOKEH Tepes 30HHOU
IUIACTUHKOM Ha paccTtossHMM a = 1,5 M or Hee. M300pakeHune McTOYHMKA oOpasyercs Ha
paccrosiuuu b = 1,0 M ot muiiactunku. Haiitu pokycHoe paccrosiHue 30HHOM minacTuHKU. (0,6 M)
4. Cser ¢ anuHoM BoiHbI A = 0,50 MKM majgaeT Ha wiesb MHUPUHBL b = 10 MKM 101 yriiom
o = 30° x ee HOpMmanu. Haiitu yrimoBoe moiioskeHHe MEPBBIX MHHUMYMOB, PAclOJIOKEHHBIX MO
00€ cTOpOHHI IIeHTpalIbHOTO (ppayHTOdhepoBa Makcumyma. (26°45")

5. Cser, coaepxamuid 1Be criekTpajibHble JuHUU ¢ AnuHaMu BosH 600,000 u 600,050 HM,
najaeT HOpMaIbHO Ha JU(pakuoHHYyI0 pemierky mupuHbel 10,0 MM. Ilog HEKOTOpBIM yriiom
Tudpakuy 3 3TH JTUHUM OKa3aIMCh Ha Tpefene paspemieHus (mo kpureputo Panes). Haiitu 9.
(46,059°)

6. [Ipn mnpoxokaeHWM TMydka pEHTTeHOBCKUX Jydedr ¢ A = 17,8 1M depes
MOJIMKPUCTATHYECKUM 00pa3el] Ha JKpaHe, PACIOJOKEHHOM Ha paccTostHuu | = 15 cMm oT
oOpa3siia, oOpasyercs cuctema IudpakiuOHHBIX Konell. OnpenenuTs paanyc CBETJIOrO KOJblla,
COOTBETCTBYIOILIETO BTOPOMY MOPSAKY OTPAKEHUS OT CUCTEMBI IJIOCKOCTEN ¢ MEKIUIOCKOCTHBIM
paccrosiauem d = 155 nm. (0,035 m)

Hoasipusanus ceera

baszoeuviit yposens

1 Onpenenure crenedb  nojspuzanuu | 0,8
YaCTUYHO TIOJIAPU3AIIMOHHOTO  CBETa,
€CIM aMIUIUTYyJa CBETOBOTO BEKTOPA,
COOTBETCTBYIOIIAS MaKCUMaJIbHON
WHTEHCUBHOCTHU CBETa, B 3 paza OombIie
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aMIUIUTYZIbl, COOTBETCTBYIOILEH  €ro
MUHUMaJIbHOW MHTEHCUBHOCTH.

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

3 [Iyyok ectecTtBeHHOro cBeTa majaer Ha | 1,73
CTEKJISIHHYI0 TnpusMmy c yrioMm 30°.
Onpenenure mnokazareib MPEIOMICHUS
CTEKJIa, €CIIM OTPAKEHHBIN JIyY SIBJIAECTCS
TJIOCKOMOJIIPU30BAHHBIM.

4 | Ilydok cBera, wuaymui B Bo3ayxe, | 36°
najaeT Ha MOBEPXHOCTh >KUJIKOCTH IO
yriom  €=54°. Ompenenutrb  yroi

IIPEIOMIICHUS ) Iy4Ka, eciu
OTPaKEHHBIN IIy40K ITOJIHOCTBIO
MOJISIPU30BaH.

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

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

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

2. Bo ckonpko pa3 ociabmnsieTcsi HHTEHCUBHOCTb CBETA, MPOXOSIIEro Yepe3 J1Ba HUKOJIA,
IUIOCKOCTH MPOMYCKaHHsI KOTOpPbIX 0Opa3yroT yron 0=30°, ecnu B KakJIOM M3 HHUKONEH B
otaenbHOCTH TepsieTcst 10 % WHTeHCUBHOCTH Majiatoiiero Ha Hero cseta? (3,29)

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

4. [InactuHky kBapua ToaumHOW di=2 MM, BBIPE3aHHYIO MEPHEHAUKYISIPHO ONTUYECKOU
OCH, TIOMECTWJIM MEXIy MapajUIeIbHBIMM HUKOJSMH, B pE3yjlbTaTe 4Yero IIJIOCKOCTh
MOJISIpU3AIlMU CBETA MOBEpPHYNAch Ha yroa ¢=53°. OmnpenenuTs TOMMUHY d2 MIACTUHKH, TPH
KOTOpOH JaHHBIH MOHOXPOMAaTHUUYECKUI CBET HE MIPOXOAUT uepe3 aHaiu3arop. (3,4 Mm)

5. Ha mytu yacTH4YHO-TIONSPU30BAaHHOIO CBETA, CTEMEHb MoJigpu3anuu P koToporo paBHa
0,6, mocTaBMWIM aHAJIU3aTOp TaK, YTO MHTEHCHUBHOCTH CBETA, MPOLIEAIIETO YEpe3 HEro, craja
MakcUMaibHOW. BoO CKONBKO pa3 yMEHBIIUTCS HWHTEHCUBHOCTH CBETa, €CJIHU IJIOCKOCTh
IPOMYCKaHUs aHAIKW3aTopa MOBEpHYTh Ha yrou a=30°?7 (1,23)

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

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

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

4. Ha nytu yacTu4HO NOJSPU30BAaHHOIO IyYKa NOMECTHIIM HUKOJb. [Ipu moBopoTe HUKOISA
Ha yroi ¢ = 60° U3 NOJOXXEHUs, COOTBETCTBYIOLIETO MAaKCUMyMY IIPOIYCKaHMs CBETa,
MHTEHCUBHOCTH IPOILIEALIEro cBeTa yMeHbluaach B 1 = 3,0 pa3a. Halitu crenens nosnsipusanuu
nanaromiero ceera. (0,8)

5. Ha nmoBepxHocTh BOABI NoJ yrioM bprocTepa majgaer mydok IJIOCKONOJSPU30BAaHHOIO
cBeta. [lmockocTe KoyiebaHM CBETOBOrO BEKTOpA COCTaBIsET yroia ¢ = 45° ¢ MIOCKOCTHIO
naneHus. Halitu ko umuent orpaxenus. (0,039)

B3aumoneiicTBHe 3JIEKTPOMATHUTHBIX BOJIH € BellleCTBOM

baszoeuviit yposens

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

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

3 | Haiitu  KoHuEHTpauuio  CcBOOOAHBIX | 2,4 1013 M3
ANEKTPOHOB HMOHOCQEpPBI, €clu IS
paauoBoJiH ¢ yactoroit v = 100 MI'1 ee
nokasarenb npenomienus n = 0,90.

Cpeonuii yposens

1. B 3eMHBIX yCIOBHUAX JJIMHA BOJHBI HCITYCKA€MOM aTOMAPHBIM BOJOPOJOM CHEKTPATBLHON
muHnn Hy paBHa A=656 uMm. [lpu u3MepeHMH [JIMHBI BOJHBI STOW JMHUM B U3ITy4YEHHH,
OPUXOJAIIEM OT JWaMETPabHO MPOTHUBOIOJIOXKHBIX KpaeB COJHEYHOrO JUCKa, ObuIo
oOHapyxeHo paznuuue, coctaBisomee AA=0,0088 uHM. Bocmonp30BaBIIMChE ATUMH JTaHHBIMU,
Haitu iepuon T obOparerust CoHIIa BOKPYT €ro ocH. (25 CyTOK)

2. Brecmuit 6071b1101 BKJIaJ B pa3BUTHE ONTHUKM M3BECTHBIA aMepuKaHCKuil ¢pusuk Pobept
Byn ouens nro0ui mryTky U po3birpeiil. C ero uMeHeM CBsA3aHO MHOTO JiereHa. CoriacHo oaHON
U3 HUX By ogHaXIbI, yrpaBiss aBTOMOOWJIEM, Mpoexaid Ha KpacHbI cBeT. OCTaHOBUBIIEMY
ero monuienckoMy Bya oOBsSCHHUI CBOM MPOCTYMOK TeM, 4TO BcienactBue dddexra [ormepa
KpacHBI CBET eMy IMoKasaics 3eleHbIM. [lommuelickuii Toxe mrobun mytky. [losTromy oH
corjacuicsi MPUHATH Bepcuio Byna, ogHako omrTpadoBan €ro 3a MPeBBIIEHHE CKOPOCTH.

© ®I'BOY BO «Henl'V»



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

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

Buvicokuit yposens

1. Wwmest B BUy, YTO 7151 TOCTATOYHO )KECTKUX PEHTTEHOBCKUX JIy4el JIEKTPOHBI BEIIECTBA
MOKHO CUUTaTh CBOOOJHBIMHU, OINpPENETIUTh, HA CKOJBKO OTJIMYAETCS OT €IMHUILIbI [OKa3aTelb
npejoMiIeHus rpadura A peHTTeHOBCKHX JIydell ¢ JUIMHOW BOJIHBI B Bakyyme A = 50 mm. (-8
107)

2. [Ipu kakol mnpenenbHOM CKOpPOCTH V (B JOJSAX CKOPOCTH CBETA) MCTOYHMKA MOXKHO
BMECTO PeIATUBHCTCKON popmyibl v=vo*sqrt((1-B)/(1+p)) mnsa addexra Jlomnepa monbp3oBaThCs
npUOJIMKEHHBIM BbIpaKeHHeM V=vo(1-B), ecnu NOrpemHOCTh B ONPEACICHUU YaCTOTHI HE
noixHa npessimath 1 %7? (0,14c)

3. [Ipu n3ydeHnu CrieKTpa M3IydeHHs] HEKOTOPOW TYMAaHHOCTH JIMHUS M3IIydeHHs BOJOPO/Ia
(A=656,3 HM) OKa3ajach CMEIICHHOW Ha AA=2,5 HM B 001acTh ¢ OONBIICH IMHOW BOJIHBI
(kpacHoe cMmenieHue). HaiiTu CKOpPOCTh vV JIBUYKEHUS TYMaHHOCTHM OTHOCHUTEIBHO 3€MJIU U
YKa3aTh, yJalseTcs oHa OT 3eMJIU WK IpHOIHKaeTcs K Hell. (yaansercs co ckopocthio 1,14 10°
M/C)

4. PacckaspiBaroT, uto u3BecTHBIN (us3uk Pobept Byn, mpoexaB oaHa)apl Ha aBTOMAIIHHE
Ha KpacHbIi cBeT cBetodopa, ObLT OcCTaHOBJIEH OmtoctuTeneM mopsaka. Pobepr Byn,
cocnaBimch Ha 3¢pdext Jomepa, yBepsl, YTO OH eXxal JOCTATOYHO OBICTPO U KPACHBIM CBET
cBeTodopa sl HeTO U3MEHWIICS Ha 3eNeHbIiH. OLUEHUTh CKOPOCTh V, ¢ KOTOPOH T0JKHA ObLIa OB
JIBUTAThCS aBTOMAIIIMHA, YTOOBI KpacHbIM curHai cBerodopa (A1=650 HM) BOCTIpUHHMAJICS KaK
3enenslit (L=550 um). (5 107 m/c)

KBaHnTOBBIE CBOIiCcTBA CBeTAa

ba3zoewtii yposens

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

. OT CKOPOCTH BBUIETAIOIINX AJIEKTPOHOB
. OT CBOMCTB BelecTBa (poTokaroa

. OT YaCTOTHI 0OJTYJaroIIero CBeTa

. OT MOILITHOCTH 00Jy4aeMoro cBeTa

. OT CKOPOCTH BBUIETAIOIINX AJIEKTPOHOB
4. ot cBOIiCTB BenlecTBa hoTokaTrona

3 | Ckonbko (POTOHOB U3IydeHHs C JAJUHON | 26 1014

BoJIHBI 520 HM B BakyyMe OyayT UMETb
sHepruto 1 MJIx?

4 | Ilydok »snexkTpoHOB, Tmpoias uepe3 | 13,3 km/c
Y3KYyI0 II€Ib, CO3Ja€T TaKyl K€
TU(QPaKIMOHHYI0O  KapTUHY, Kak H
MOHOXPOMAaTHYECKOE  M3JIyY€HHUE C
JUTMHOM BOJIHBI 55 HM. KakoBa ckopocThb
JIEKTPOHOB?

5 Jlo xakoro MakcuMajgbHOTO ToTeHIana | 4,5 B
3apsANTCS.  YIAICHHBIM OT JPYTHX Tel
MEIHBIH IMApuK TPH OOJIYYEeHHH €ro

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

W N =k W
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AJIEKTPOMArHUTHBIM ~ HM3JIYYCHHEM  C
JUIMHOU BOJIHEI A = 140 aM?

Cpeonuii yposens

1. Hwmeercss nBa aOCONMIOTHO YEPHBIX HMCTOYHMKA TEIJIOBOTO HM3IIydeHHs. Temmeparypa
oaHoro u3 Hux Ti= 2500 K. Haiitu TtemmnepaTypy JIpyroro MCTOYHHKA, €CIU JIJIMHA BOJIHBI,
OTBEUaloIasi MAKCUMYMY €T0 HCITyCKaTeIbHOU crtocoOHocTH, Ha AL = 0,50 MKM OOJIbIIIe JITHHBI
BOJIHBI, COOTBETCTBYIOIIEH MaKCUMYyMY HCITYCKaTE€JIbHON CIIOCOOHOCTH IEPBOTO HCTOYHUKA.
(1,75 xK)

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

3. Menusenii mapuk nuamerpa d = 1,2 cM momecTuian B OTKauyaHHBIH COCY[, TeMIieparypa
CTEHOK KOTOPOTO MOJJIepKUBaeTcs OMu3koil k abcomoTHOMY Hymto. HauanpHas temmepatypa
mapuka To = 300 K. Cuutast moBepXHOCTh HIapHKa a0COIIOTHO YEPHOM, HAWTH, yepe3 CKOJIBKO
BPEMEHH €ro Temieparypa ymeHbmutcs B 1 = 2,0 paza. (3 u)

4. Haiitu ¢ momomipio ¢opmynsl [1aHka MOIIHOCTH HM3ITy4EHHS €IUHHIIBI TOBEPXHOCTH
a0COIIOTHO YEPHOI0 Tela, MPUXOAAIIErocs Ha Y3Kui nuHTepBal JMH BosH AA = 1,0 HM BOIHM3M
MakCHMyMa CHEKTpPaJIbHOM IJIOTHOCTH M3Iy4deHHs, npu Temneparype tena T = 3000 K. (3,12
kBT1/M?)

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

M)
Buvicoxuii yposens

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

2. Jlazep u3my4nsn B UMIyJsbce JINTENbHOCTRIO T = 0,13 Mc my4ok cBera ¢ sHeprueit E = 10
Jlx. HaliTu cpenHee naBieHHE TakKOTO CBETOBOIO HMMIYJbCa, €CIM €ro c(oKycHpoBaTh B
naTHBIIKO guamerpoM d = 10 MKM Ha MOBEpXHOCTb, HEPHEHIUKYISPHYIO K MYy4YKy, C
koaurmentom orpaxenus p = 0,50. (4,897 Mlla)

3. Haiitn TemnepaTypy NMOJTHOCTBIO HOHU30BaHHOW BOJAOPOJHOM IIA3MbI INIOTHOCTBIO P =
0,10 r/cm®, ipu KOTOPOIA NaBjeHHEe TEMIOBOIO M3MyYEHHUs PABHO Ta30KMHETHYECKOMY JABICHHUIO
yacTull mia3mbl. MIMeTh B BUAY, YTO JaBJICHUE TEIJIOBOTO HW3JIY4YeHHS p = u/3, rae u —
o0beMHasi IUIOTHOCTh HSHEPIUM H3JIYYEHHUS, U 4YTO IPU BBICOKMX TeMIlepaTypax BellecTBa
TOIUMHSIOTCS YPABHEHHIO COCTOSHHUS MeanbHbIX ra3oB. (1,88 107 K)

4. ITpu yBenuueHUM HaIpsDKEHHUsI HA PEHTTeHOBCKOM TpyOke B M = 1,5 pa3a juinHa BOJHBI
KOPOTKOBOJIHOBOM TPAHUIIBI CIUIONTHOTO PEHTIEHOBCKOTO CIIEKTpa M3MEHMIach Ha AL = 26 nm.
Haiitu nepBoHavansHoe HanpsbkeHue Ha TpyOke. (16 kB)

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

6. IIpn moouepeTHOM OCBEIIEHNWH MOBEPXHOCTH HEKOTOPOrO METajlla CBETOM C JUIMHAMU
BoIH A = 0,35 Mkm u A1 = 0,54 MKM OOHapy>XWiIM, 4TO COOTBETCTBYIOIIME MaKCHUMaJbHbIE
CKOpOCTH (HhOTORIEKTPOHOB OTIUYAIOTCS APYT OT Jpyra B 1 = 2,0 pasza. Haiitu paboTy BbIxona ¢
MOBEpPXHOCTH ATOTO MeTaya. (1,88 3B)

© ®I'BOY BO «Henl'V»



Bonpocsl k 3k3ameny

VYpaBHeHus: MakcBeia 1 3J1€KTPOMarHUTHBIE BOJIHBI.
ITepexoa OT BOJIHOBOM ONTUKH K TEOMETPUYECKON. Y paBHEHUE dMKOHAA.
3akoHbl reomeTpuueckoi ontuku. [Ipunuun depma.
LlenTpupoBaHHbIe onTu4eckue cucteMsl. [locTtpoenne nzobpaxeHuii B TMH3aX.
DOTOMETPUYECKUE MOHATUSA U €IUHULIBL.
[Tonsitue korepentHOCTHU. [IpocTpaHcTBEHHAs U BpeMEHHAasi KOTEPEHTHOCTb.
SBnenue unreppepenuun. Knaccuueckne nHTEpPEpeHIIOHHBIC OMBITHI.
WuTepdepeHius B TOHKUX IUICHKAX.
MHoromnyueBast UHTEpEepEHITHSL.
. HMudpakaus. 3oae1 Openens.
. Hudpaxmus @penens u Gpaynrodepa.
. AudpakionHas pemerka.
. Audpaxus peHTTeHOBCKUX JTy4eH.
. [IpuHIMnIBI co3nanus roiorpadguyecKux n300paskeHu.
. [Hongpu3zauus ceera. [lnockas, ammnrudeckas nosispusanus. 3akod Maioca.
. [Monapu3zanus npu OTpaXeHUH U MPETOMIICHUH Ha FPaHULIE TPO3PAUYHBIX JUIEKTPUKOB.
Popmyisl OpeHes.
17. SIBnenue nBoitHOTrO MydenpenomieHus. UHTepdepeHius noaspu30BaHHbIX JTy4dei.
18. MckyccTBeHHOE ABOMHHOE JIydenperoMIIeHUE: MeXxaHndeckas aedopmanus, shdext
Keppa.
19. Bpamenue miockoctu nosisipusanuu. Iddexr Dapanest.
20. lucniepcus cBeTa. DaeMeHTapHasi TEOPHS IUCIIEPCUU.
21. [lornomenue u paccesuue ceeta. 3akoH byrepa. 3akon Panest.
22. Dddext Jomnepa 1y1st S7E€KTPOMArHUTHBIX BOJIH.
23. 3aKOHBI TETJIOBOTO M3JIYYCHUS! KOHJEHCUPOBAHHBIX CPE/I.
24. Teopus temioBoro uzinydeHus. @opmyina Panes-/xxunca. opmyna [1nanka.
25. ®oroaddext. 3akonsr poTodrdhdekTa.
26. O¢pdext Komnrona.
27. Umnynbsc (GOTOHOB U JJaBJIEHHUE CBETA.
28. YPOBHU 3HEPTUU B aTOME, NEPEX0/Ibl, IOTJIOIEHUE U UCITyCKaHUE (POTOHOB.
29. O0miee ycTpOMCTBO M MPUHIIUITBI PAOOTHI JIa3€pOB.
30. Henuneiinble ontrueckue 3¢ HexTsl
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IIpuMepsl IK3aMeHAUMOHHBIX 3aaHUI

Ne
/o

DopMynMpoOBKa BOIIPOCa

BapuaHTb! 0TBETOB

1

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

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

3. BeNMYHMHY, 0OpaTHYIO MPOMEKYTKY
BPEMEHHU, 3a KOTOpBIM aMIUIUTyAA
Kosie0aHUN YMEHBIUIUTCS B € pa3

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

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

5,8 Mmm

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

1,48

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

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

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

© ®I'BOY BO «Henl'V»




MopsiIKa TAeT 3Ta penieTka’?

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

0,8

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

9,88

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

3,254

10

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

13,3 km/c

© ®I'BOY BO «Henl'V»
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IIpunoxenne 2

TunoBble KOHTPOJIbHbIE BONPOCHI JI1 IPOMEKYTOYHOM aTTeCTAlMU
VYpaBHenus: MakcBelia v 3J1€KTPOMarHUTHBIE BOJIHBI.
[Tepexon OT BOJIHOBOM ONTHUKHU K TEOMETPUUYECKON. Y pPAaBHEHHE SMKOHAJIA.
3akoHbl reomeTpuyeckoit ontuku. [Ipunnun depma.
LlenTpupoBaHHbIe onTHYecKue cucteMbl. [locTpoeHue n300pakeHU B INH3AX.
doToMeTpuiecKre MOHATUS U €TUHUIIBL.
[Tonsitue korepenTHocTU. [IpocTpancTBeHHAs! U BpeMEHHAsi KOT€PEHTHOCTb.
SBnenue unrepdepeniun. Kiaccuueckne nuTephepeHInOHHbIE OTBITHI.
WNuTtepdepeHius B TOHKUX TUICHKAX.
MHoronyueBas unTepQepeHus.

. Audpaxmus. 3ousr OpeHerns.

. Hudpakmus @penens u paynrodepa.

. AudpaximonHas pemerka.

. Andpakius peHTTeHOBCKHUX JTy4eH.

. [IpuHIUTIBI CO3MaHMS TONOTPAPHIECKUX N300pAKEHHN.

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

. [lonsipu3anus npu OTpaXKEHUU U MPETIOMIICHUN Ha TPAHUIIe TPO3PAYHBIX JHIIEKTPUKOB.

Dopmyibl Openerns.

SIBienue qBOWMHOTO JMydenpenomieHus. MHTepdepeHnns noasipru30BaHHbBIX JTydeH.
HckyccTBeHHOE /1BOIHOE JTydyenpesiomiieHre: Mexannueckas aedopmanus, s¢pdext Keppa.
Bpamenue miockoctu nossipusanuu. Iddext Dapanes.

Jucnepcus cBeTa. DieMeHTapHas TEOpUs JUCIIEPCHH.

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

D¢ dexr omepa A 3IEKTPOMATHUTHBIX BOJIH.

3aKOHbI TEIJIOBOTO U3JIy4Y€HUsI KOHJACHCUPOBAHHBIX CPEl.

Teopus Termosoro uznydeHuss. Popmyina Panes-/xxunca. @opmyina [lnanka.
doroaddext. 3akonsl GoTodrddekra.

D¢ddext Komnrona.

Nmnynbe GOTOHOB U JaBJI€HHE CBETA.

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

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

dopMynHpoBKa BOIIpOca

Bapuantsl oTBETOB

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

1. BpeMsi 0JTHOTO TIOJTHOTO KOJIeOaHUs

2. 4uci0 KoJIeOaHuH B €IMHUILY BpEMEHU

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

4. yncii0 Kosiedanmii 3a 6.28 cexkyH

S. IpaBUJILHBIN OTBET HE IIPUBEJIEH. ..

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

5,8 Mm

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

1,48

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

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

JudpakiuonHas pemierka coaepxxutr n=200
mrpuxoB Ha 1 mMm. Ha pemerky namaer
HOpMaJbHO MOHOXpOoMaTHueckuii cet (A=0,6
MKM). MakcuMyM Kakoro HauOOJIbILIEro
TOPSI/IKA JA€T 9Ta perieTka?
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Onpenenure cTeneHb NOISPU3ALNN YACTUIHO
MOJISIPU3AIMOHHOTO CBETA, €CIM aMIUIUTY/a
CBETOBOTO  BEKTOpa,  COOTBETCTBYHOLIAs
MaKCUMaJIbHOM WHTEHCUBHOCTU CBETa, B 3
pa3za Oouibllle aMIUTUTY/bl, COOTBETCTBYIOLIEH
€ro MUHUMAaJIbHOW WHTEHCUBHOCTH.

0,8

Omnpenenute BO CKOJBKO pa3 YMEHBIIUTCS
WHTEHCUBHOCTh €CTECTBEHHOTO CBeTa,
MPOINICIIEr0 Yepe3 JBa HUKOJS, TJIABHBIC
IJIOCKOCTH KOTOPBIX 00pa3yroT yroi B 60°,
€CITM KaKIBIH M3 HUKOJEH KaK MOIJIOIIaeT,
Tak U oTpaxaerT 5% majgaromero Ha HHUX
CBeTa.

9,88

Bo CKOJIBKO pa3 WHTEHCUBHOCTh
MOJIEKYJISIPHOTO pacCesHus CHHEro CBeTa
(A=460 HM) NPEBOCXOAUT WHTECHCUBHOCTH
paccesiHus KpacHOro cBeTa (A=650 uHM)?

3,254

10

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

13,3 km/c
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MIMHOBPHAYKHU POCCUN
\,} DenepanabHOE roCyIapcTBEHHOE OI0DKETHOE 00pa3oBaTeIbHOe
@ YUPEKACHUE BBICIICTO 00pa3oBaHuUsI

«Yenabunckuii rocynapctBeHHbid yHusepcuret» (PI'bOY BO «Henl'Vy)

PaGouas mporpamMma aucuuminHbl "OnTuka" Mo HanpaBlIeHHUIO OATOTOBKH (cnenuansHocTH) "Paanodusuka’
HarpaBJIeHHOCTH (mpo¢dmtio) TerekoMMyHUKAIMOHHBIE CHCTEMBI B HH(popManuoHHEIe TexHosnornn ®T'BOY BO
«Henl'Y»

cTp. 28

PabGouas nporpaMmMa qIMCUMILIMHBI (MOYJIs1) 0100pPeHAa U PEKOMEH/I0BAHA:
[TpopexTop mo yueOHoit pabote yTBepxkaeHo 24.04.2023  B.E. ®enopos
YueHbIM cOBEeTOM (HHU3UYECKOTO (paKyIpTeTa

[Iporokoin 3aceqanust Ne 09 ot 20.04.2023

IIpencenarens YueHOro coBera

¢buzuyeckoro dakynpreTa COIIaCOBAHO M.A. 3arpe6un
3acenanueM kadeapsl o01Iel U TeopeTHYECKOH PU3NKH

[Iporokoi 3aceqanust Ne 06 ot 13.04.2023

3aBemyronuii kageapoit COTJIaCOBAHO A.E. Maiiep
ABTOpBI (COCTaBUTEIIN) A.E. Maiiep
A.A. D6enb

CrpykTtypa pado4eii nporpaMMsbl COOTBETCTBYyeT npukasy pekropa ®I'bOY BO
«UYeal'¥» ot «13» anpeas 2021 r. Ne 247-1
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