He3Hatlowmm NnycTb Hay4YmUTCA,

a 3HAlOLW MK NYCTb YC/AbILWUT ewe pas




Y10 Takoe cBeT?

«llycTb Tpu cTONETbA MUHYIO C TEX NOP,
Elle He paspelunncsa aToT crnop.
OAVH cKasarn, YTo CBET 9TO — BOSHa,
noagobHa MexaHN4eckou oHa.
Ilpyron ckasarn, 4YTo cBeT — NOTOK YacTuu
B nobon cpee He 3HaeT OH rpaHul,.
CBeT TBOEro okHa —
OH KBaHT UK BONHa?»




Teopuu cBeta. XVII- XIX Beka

KopnyckynapHasa Teopua ceeTta BonHoBasA Teopua cBeTa

UcaaK HblOTOH XpuctuaH MNoureHc




1ipupoaa cBera

17 Bek
Icaak HeroToH XpuctuaH ['roiiresc
KOPIYCKVJIAPHASA TeOpus
BOJTHOBASA TeEOPUS
(cBeT— MOTOK YacCTHII)
(cBeT— BOJIHA)
19 Bek

JIxeiivc Knapk MakcBesls1 — 3J1eKTpoMarHUTHasA NPUPoJa CBeTa

20 Bek

Makc IlnaHk — KBaHTOBas IPUPOJA CBeTa



KopnyckysisipHasd Teopusl cCBeTa

CBeT McnyckaeTca Tenamm B
BMAE NOTOKa MenbYyanLlumnx
4acTUL, KOPMYCKY/, Aanee
OHU OBUKYTCH
NPAMO/IMHENHO MO
NHEPLUW.
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BoJsiHOBag TCOPHUAd CBETA

CBeT — 3TO BO/IHbI, KOTOpPbIe
PacnpoOCTPaHATCA B
ocobou cpeae —adupe,
KOTOPbIM 3aMO/IHEHO BCe
NPOCTPaHCTBO.

Apucrtortesib




¢ IIpoLeCChbl U3/1IYyHEHHUA U
IMor1IoeH s BHEKTPOMaFHHTHOﬁ
QHEPIrMr HAI'PETDHIM TE€J/IOM
IMMPOUCXOAAT HE HEIIPEPbIBHO, KdK
ITO IIPUHHUMAJlId KJIaCCHUYECKasd
clmsnxa, d KOHE4YHbIMHU IMOPLUHAMMHA —
KeadHmMmamu.

* KBaHT - 9TO MUHHUMaJIbHasi IOPL U
9HEPIruu, U31y4aeMou niun
I10I/1I0LIae MO TEeJIOM.




OnTUKAa

OntuKa — pasaen PU3nKKM, U3yyvatomin 3aKOHOMEPHOCTH
CBETOBbIX AB/IEHUI, NPUPOAY CBETA U ero
B3aMMOENCTBUE C BELLLECTBOM.

OnTuKa
[eomeTpuyecKasn BonHoBas KBaHTOBaA

ONTUKa ONTUKa ONTUKa



Meomempu4yeckas onmuka, He paccMaTpuBas BOMpoc O NPUPOAE CBETA,
NCXOAMUT U3 AMMUPUYECKMX 3aKOHOB €ro pacrnpoCcTpaHeHUs 1 UCMONb3YeT
NPefCcTaBnNeHNe 0 CBETOBBIX My4vax, oTpaxatoLUXca v NPenoMsoLMXCa Ha rpaHuLax
Cpeq, ¢ pasHbIMU ONTUYECKUMU CBOMCTBAMMU U MPAMONMUHENHBIX B OMTUYECKN

ofHopoaHoON cpepe.

doTonneHkKa

Kpucrann
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[eomeTpUyeckan
ONTUKA

3aKOH NPAMOJIMHEMHOTO
pacnpocTpaHeHus ceeTa

II 3aKOH npeanomineHusn

3aKOH OTpa*keHusnA




BosHoBas1 onTHKA

e [IpiHImm I'rornrenca
oJLnICTIEPCIIsI CBETA
Nurepdepenis |
*NHTeppepeHis CBeTOBbIX BOJIH
eNurep@epeHinnsi B TOHKIX ILICHKAX
IIpumeneHie mareppepeHun
 Innpp axunist
o JIn(ppaKinsi CBETOBBIX BOJIH
o JInnpp AKIMIIOHHASA PEIIETKA
lloasipu3anms cBeTa |



CBeT

CBeT— 3TO 3/IeKTPOMArHUTHbIE BO/IHbI C AMana30HOM
yactotoT 4*10%* no 7,5*10%4 I'u.

Ceert

- U3/1y4yaeTca aToMaMu B BUAE YaCTUL,-KBAHTOB

 pacnpocTpaHAeTca no 3aKkoHam BOJH

]l nornoLwaeTca BelecTBOM KaKk MOTOK YacTul



BUanvbin cBeT
CKOpOCThL CBETa B BaKyyM€E
300 000 xMm\c

JI;IMHa BOJIHBI
or4 107 10 7,5 107" m

Macca mnoxkosi (hoToHa
paBHa O



KO HEeYHOCMDb CKOpOCmu ceema aOK’a.’M)LBGBmCﬂ

IKCNEPUMEHMAALHO NPAMBIM U KOCEEHHDIM
Memooamil.

¢ B HacTosLllee BpeMsd C NOMOLLbLIO
JIa3epPHON TEXHUKN CKOPOCTb CBETA
onpeaensdeTcs Nno N3MepeHNaM AJINHBI
BOJIHbI M YAaCTOThbl PaANOUN3NTYYEHNS

HE3aBNCUMbIMU APYT OT ApPYra cnocobamu
N BbIYUNCJIAETCS Mo popMmye:

c=Av
BbluncneHus gatot > ¢=299792456 2+1.1 wmM/c




10° 10¢ 10 1M 10— 103 10-° 107 10-¢

= aK VNbTPE | PEHTIeHOBCKWM

Paano AMaNazoH VIH® paKpaCHELH LEHTTEHOECKWA
l‘__d_o_'-l____&____—’ 4_.} HDHET Mamma
OO0 SUINKOH, 2003 BHAHMbIH

«Kpyrom Hac, B Hac caMux, BCloQy U Be3fle, Be4HO CMEHAACH, COBMNagan u
CTankKWBaACb, MAYT U3NYyYEHUA PasHOU ANUHbI BONHbI... JTuKk 3eMnu numMu
MEHAETCH, UMW B 3HAYUTENBLHOMW Mepe NenuTCcA».

B..BepHapckui



Buanmbin ceBet

[InanasoH 3nNeKTPOMAarHUTHbIX BOSH C
OTNMNHON BONHBLI 0T 3,8:107" M 40 7,6-107" M
(yactotammn ot 4,0-10" "y go 8,0-10"4 ")

M= =]

iy
O.01lnmnm 1nm 100Nnm

BMAMMaﬂ HyacThb CcBeTa
700Nnm

Va

".
VU8
|
[} |




|El,l/lal'la3OHbI BOJIH U NCTOYHUKN UX U3JTYHEHUNA
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Hu3kne 4acToTel  INEKTPOMarHMTHLIK CNeKTp BbicOKkMe 4acToTh

Papuosontsl | MukpoBONHbI
H3NTYyYeHHe
1
MOryT Bbims KOPOTKME OUyWAeTCa nornowa- | nporskaer VOGS
MM PAAHOBO/ MY KaK CTCA QXONO- CKBO3L PAAMOBKTUB-
70 Hecxonbix | MCnoneayores | rennoeoe BbIM TK3Hb YAy
KHIOMETDOB 8 panapax Ao e
W MYKPOBONHO-
BhbiX Neuax
« Tt

N3 konnekummn www.eduspb.com



Llkana AJ1IEKTPOMAIHNTHBLIX BOJIH

LLIkana anekTpoMarHUTHbLIX BOMH BKIOYaET B CeOS LUMPOKUIK CNEKTP
BOINH oT 103 no 10* M. AnekTpomarHUTHbIE BOMHbI AENATCA Ha
avanasoHbl N0 pasfnnyHbIM Mpu3Hakam (Cnocoby rnonyveHus,
cnocoOy perncrpauyum, B3anMoaencTBMIO C BELLLECTBOM) Ha paano- 1
MWKPOBOJSTHbI, UH(PPaKpacHoe nany4vyeHne, BUAUMbIN CBET,
ynbTpaguosrieToBoe n3rny4yeHne, peHTreHOBCKOe N3nydeHune u
ramma-syum.

HecmMoTpst Ha pasnuyne, Bce anekTpoMarHUTHble BONHbI 0bnagatoT
0OLMMM CBOMCTBAMN: OHU MOMNEPEYHbI, X CKOPOCTb B BaKyymMe paBHa
CKOPOCTU CBETa, OHU NEPEHOCAT IHEPIUI0, OTPaXKatoTcA U
NpenoMNATCA Ha rpaHuLEe pa3gena cpen, OkasblBaloT JaBlieHue Ha
Tena, HabntogarTcs X NHTepdepeHumns, andpakumns n
nonapuaaums.



CBOUCTBA
3NeKTPOMarHUTHbIX BOJIH

Wi eHWe DHOPIIny
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""Hany\leuue / \ -PBAHOBOIIHM

C yBenuvyeHueM 4YactoThbl B O0oblLUEN CTENEHN NPOABNAOTCA €ro
KOopnycKynsapHble cBOUCTBA (CBOUCTBa YacTul)

Haunbonee ApKko Bblpa)KeHHbIMU KOpNYCKYNAPHLIMUA CBOUCTBaAMM
obnapaloT raMma — ny4m.

C yMeHblleHUeM 4YacToTbl B O0sbLLEN CTENEHN MPOABMAKTCA ero
BOJTHOBbIE CBOWCTBA

Haunbonee ApKko Bblpa)keHHbIMY BOMTHOBLIMU CBOUCTBaMMU obnagatoT
PaANOBOJIHbI.



NMHdpakpacHoe nany4vyeHuve

— 3TO HEBUOMMOE [Ma3oM 3MNeKTPOMarHMTHoe
U3nyyeHue, ANMHbI BOJTH KOTOPOro HaXOAATCH B
avanasoHe ot 8:1077 0o 1073 m

[ony6ble obnactu — bonee
XOnoAHble, XEnTble — bonee
Ténnble. ObnacTn pasHbiX LIBETOB
OTNM4aloTCA No Temnepartype.

doTtorpacdusa ronossl B
UHdpaKkpacHOM
NU3ny4vYeHuu



YnetpadouonetoBoe
na3ny4vyeHue

OnekTpomMarHMTHoe n3nyyeHne, HEBUAMMOE [1a3oM B
ananasoHe ANMH BOSTH oT 10 A0 380 HM

YneTpadunonetoBoe nsrnyyeHne cnocobHo yomeatb 6011e3HETBOPHbIX
OakTepmin, NO3TOMY €ro LWUPOKO MPUMEHSAIT B MeauunHe.
YneTpadpuonetoBoe wu3nyd4eHne B COCTaBe COJSIHEYHOro CBeTa
BbI3bIBAET BMOSIOrMyeckme npoLecchl, NpUBoadaWmMeE K NOTEMHEHMIO
KOXW  4yeroBeka — 3arapy. B  kadectBe  MCTOYHMKOB
yNeTPadomoNETOBOrO  U3Ny4YeHUss B MeOuUMHE  UCMONb3YHTCS
rasopaspsigHble namnbl. TpybkM Takmx namn M3rotaBnmMBaloT U3
KBapLa, Npo3padvyHoro ans ynsrpaduoneToBblX Nyden; No3aToMy aTu
namMnbl Ha3blBalOT KBApLEBbIMU NnamMnamMu.



PeHTreHoBCKMEe Ny4n

Bunbrenobm KoHpan PeHTreH — HemMeLuKuin
donauk. Pogurncsa 27 mapTta 1845 r. B ropoae
IleHHen, 6nus Odioccenbgopda.

PeHTreH Oblfl KpYNHENLUUM 3KCNEPUMEHTATOPOM, OH
NPOBEN MHOXECTBO YHUKamnbHbIX 45 CBOEro BpeMeEHN
9KCMEPUMEHTOB.

Hanbonee 3HauynmtenbHbIM OOCTUXeHueM PeHTreHa
ObINO OTKPbLITUE UM X-NYyYEWN, KOTOPblE HOCAT Tenepb

ero nuwv.
310 OTKpbITME PeHTreHa pagukanbHO W3MEHWNO

NpeacTaBnNeHUs O LKane 3nekTpoMarHUTHbIX BOJSTH.
3a duroneToBon rpaHULEN ONTUYECKON YacTu
CneKkTpa W gaxe 3a rpaHuuen ynsrpadpuosrieTosomn
obnactn oOHapyxunacb obrnactb ewe 6onee
KOPOTKOBOSTHOBOIO 3f1EKTPOMArHUTHOIO U3nyveHus,
NpPUMbIKaKOLLLEro ganee K raMmMa-guanasoHy.



[Mpy NpoXxoXXaeHUM PEHTIEHOBCKOIo U3ry4YeHns Yepes BELLLECTBO
YMEHbLLAETCHA MHTEHCUBHOCTb U3Ny4YeHNS 3a CHET PacCeAHNNA U
NOrNoLEeHus.

PeHTreHOBCKME Ny4n NPUMEHSIOTCH B MeauUMHe Ans ANarHoCTUKN

3aboreBaHun 1 ONs fie4eHNa HEKOTOPbIX 3aboieBaHn.
Ondopakuma peHTreHOBCKUX Nny4ven

NO3BOSISIET UCCNeaoBaTb CTPYKTYPY
Kpuctannuyeckux TBépabix Ten.
PeHTreHOBCKME fy4Yn UCNOMb3YyKTCA AN
KOHTPONS CTPYKTYPbl U34enumn,
oOHapyxeHnsa 0edeKToB.




CBeT -3710 U3ny4vyeHue,
BOCNPUHUMAEMOe

rnasom. [loaTomy cBeTt
Ha3biBAOT BUAUMbIM

N3Ny4eHueMm.

UCTOYHUK CcBeTa — Teno, oT

KOTOPOro UCXOAUT CBETOBasA
BOJIHA.



CxopocTbh cBeTa. 299792458 m/cx=3-108M/c

One KpucreHceH Pemep ApmaH Unnoaut Jlyn ®uso
1676 ropg 1849 ropg,




CkopocThb cBeTAa

O =¢=299792458 X ~3.108 %

ceema
C ¢



CKOpOCTh CBETa B BaKyyMe€ SBISCTCS OJHOM U3
(byHAaMEHTAIbHBIX (PU3NYECCKHUX ITOCTOSHHBIX.
Ecim cBeT pacnpocTpaHsIeTcs B KaKOM-IHOO cpene, TO
CKOPOCTh €0  pacopoOCTpAaHEHHS TaKXKE  BBIPAKACTCS
CIEIYIOIIMM COOTHOIIICHUEM:

rJe: 1 — IMOKa3arenb MPEeIOMIICHHS BEIIECTBA — (DPU3HMYECKas
BEJIMYMHA, [IOKA3bIBAIOIIAsA BO CKOJIBKO pa3 CKOPOCTH CBETA B
CpeiC MEHBIIIC YEM B BAKYyME.



[naBHbIM UCTOYHUKOM cBeTa ABndaeTca ConHue

T




OTpakeHue cBeTa

PaccesiHHOe oTpakeHIe 3epKkajibHOE OTpakeHIle

(epoxoparas MoOBepPXHOCTH) (rmagkas NOBEePXHOCTD)




OTpaXkeHune CBEeTOBbIX JIyYeu
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JepKanbEHOE OTPaXeHHE PacceanHoe oTpaxeHue

LLlepoxoBaTtaa noBepXHOCTb, B OT/IN4UE OT 3epKaanoﬁ,
OTpaXaeT CcBeToBble /1Yy4U B Ppa3Hble€ CTOPOHDbI



Buabl oTpakeHus

Quddyaxoe otpaxenue
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3epKanbHoe OTpaxeHve
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» [ToBEepPXHOCTb, pa3mepbl
HEPOBHOCTEM KOTOPOWM
6o/blUe CBETOBOW BOJIHbI,
OTPaXKaeT Iy4m no
BCEBO3MOMHbIM
HanpaBAEeHUAM

» NoBepPXHOCTb, pa3mepbl
HEePOBHOCTEN KOTOPOWM
MeHbLUEe A/IMHblI CBETOBOM
BO/IHbI, OTPaXaeT yun
napanaenbHbIM My4YKOM.



OTpakeHUe cBeTa

» Jlyd nagatowmm, nyy
OTPaXKEHHbIN U
nepneHanKkynap K
rpaHuLUe pa3gena aByx
cpen, BOCCTAHOB/IEHHbIN B
TOYKEe NageHuna 1yya,
NeXKaT B O4HOWU
NNOCKOCTMH.

» Yron otparkeHma paBeH
yray nageHus



anJIOMJIEHI/Ie CBeTa

MpenomneHue cBeTa — 3TO U3MEHEHME PAaCNPOCTPaHEeHUSA
CBeTa Npu NPOXOXKAEHUM Yepes rpaHuLy pasgena asyx
cpea

MNagaouwmn Hopumans Orpaxentun
nyv nyv
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Mpenomnemmsin
nyv



Hembipe 3aKOHa

2eoMempu4yeckKkou onmuku,
YCTaAHOBJ1€HHbIE OlbITHBIM MYTEM.

1. 3aKOH npsiMoOJsIUHEeUHOo:20
pacrnpocmpaHeHUss ceema;

2. 3aKOH He3aeucumMocmu

ceemosbix nay4yeu;

3. 3aKOH OompakeHus,

4. 3aKOH rpesiomsieHuUss ceema.

20



MpamonnHenHoe pacnpocTpaHeHue cBeTa

CBeTOBOM /1YY — 3T0 ANHUA, BA,OND
KOTOPOW pacnpocTpaHAeTca 3Heprus

OT UCTOYHUKA CBeTa. Ecan mexay rnasom
U KaKUM-HUbyab UCTOYHUKOM CBEeTa
NOMECTUTb HENPO3pPaYHbIX NpeaMeT, TO
UCTOYHUK CBETA Mbl HE YBUAUM.

ObbacHaeTca ato Tem, yto B OAHOPOQHOﬁ
cpege cBeT pacnpocrtpaHAaeTca
anMOﬂMHEﬁHO. 06 stom nucan ewé SoN

ocHoBaTe/lb reomeTpum EsBknuna. /})/
W)
@\
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1.3aKoH nPAMOIUHCIHHO20 PACRPOCMPAHEHUSL C6eMA

ceenmt 6 OnNMUYECKU __ 0OOHOPOOHOU __ CPeo
paAcnpocmpaHaemcs nPAMOJIUHEUHO.

JIoKa3aTeIbCTBOM 3TOrO 3aKOHA SABIIICTCSI HAJIHYH
TCHH C PE3KUMH TPaHUIAMH OT HEIIPO3PAUHBL
MPEIMETOB TPH OCBEIICHUM UX HUCTOYHUKAMU MAJIbL
Pa3MEpPOB.

+ SKpaH

< TMpeamer



TeHb, OT6paCbIBaeMaFI NnPeEAMETOM, o6ycn08neHa npﬂMOﬂUHeaHOCMbPO
yacripocmpaHeHuUs ceemosbix nyqed B OMNMTUYECKN OAHOPOAHBLIX Cpeax

Ecnu pasmepbl NpensTcTBUS
MHoro 6onblLue ANUHbI BOMHBI, TO
BOSTHbI 3@ HEMO HE MPOHUKALOT,
cospaercs ob6nacTb TEHW

22




OoOpa3oBaHue TeHHU U MOJIyTEHHU

A

TeHb

Tens obpasyercs, eciiu pazmep
HCTOUHHKA MeHbIIIe pazMepa
NpensTCTBUA.

S2

S1

ITonyTeHb oGpasyeTcs, ecan
pasMep HCTOUHHKA D0/bIIIe
pasMepa NpensaTCTBIA.

A1

[onyTeHb




nOﬂyTEH b — 310 06nacTb NpocTpaHCTBa,

B KOTOPYIO nonapjaer cBer
OT YaCTU UCTOYHMUKA CBeTa.




I IposBienne NpAMOJIMHENHOTO paclpoCTpaHEHU A
cBeTa — 0Opa30BaHUE TECHHU.
ColIHEUHOE 3aTMEHHUE

o Bun us sovm A

Cax) Bun us 308u B

\/ Bunussouu C




MpAamonnHeHoe pacrnpocTpaHeHue cBeTa

B

MasK loaybuHein Meic 86a1M3sKn KanndopHuickoro ropoga CaH-PpaHuymcko e CLLA ocsewaer
MECTHOCTb, KaK U CTO N1eT Hasag. CBeTNATU KePOCUMHOBbLIX 1aMn NpoXxoguTyepes 24
Bpawamwmeca MMHsel PpeHens, npegynpexaan npmbankarowmeca kopabam o 6amMskom 6epere




2. 3aKOH He3asucuMocmu ceemosbiX My4YKos:
3 peKT, NponseoguMbIA OTAENbHBIM NMYYKOM, HE 3aBUCUT OT TOro, AEeUCTBYIOT NK
oAHOBPEMEHHO OCTallbHble MYyYKWN UMW OHWU YCTPaHEHD!.

Pa3bnBas cBeTOBOM MOTOK Ha OTAeNbHbIE CBETOBbLIE MYyYKU
(Hanpumep, ¢ NoOMoLLbIO Anadparm), MOXXHO MokasaTb, UTO
AENCTBUE BblAemNeHHbIX CBETOBbIX MYYKOB HE3ABUCUMO.

lMpou3eodum K10m Hanu4yu¥

dpyaux nyykoe



3. 3aKOH ompaxkeHuUs

« Y20 nadeHus paeseH yany ompakeHus.
« OmpaxeHHbIU Ny4 nexum 6 Oo0HoU nnockocmu ¢ nadarowum ny4YoMm U
neprneHOUKYNApoM, K epaHuye pasdena dseyx cped e movke nadeHus.

S, - OTpaxatollaa NoBepxHoCTb; S, - MMockocTb nNageHusa; AO -
nagarowmnn nyd; OB - oTpaxeHHbln nyd; ON - HopMamb K
OoTparkatoLLle NOBEPXHOCTMU.



JdoKkazamenbcmeo amo20 3aKoHa ebimeKaem U3 npuHyuna MolzeHca.

MpuHyun rrouzeHca
Kaxdas mo4yka, 0o Komopou dJdoxodum ceemosoe 6036yx0eHue,
Aensemcss 6 C60K o4yepedb UEHMPOM 6MOPUYHbIX 60OJH, [108epPXHOCMb,
ozubarouwjasi 8 HeKomopblli MOMeHmM epeMeHU 3Mmu 8MOpUYHbIe 6O/HbI, YKa3bleaem

MONIOXEHUe K 3moMy MOMeHmy chpoHma delicmeumernbHO pacripocmpaHsowelics
8O/THbI.

36



[MpuHuMun lNounreHca

Kamaﬂ TOUKa Cpeabl, 10 KOTO])Ofl JoILTa BoJIHa, CaMa CTAHOBHTCHA HCTOYHHKOM
BTOPHYHBIX BOJIH.

DpoHT NepBHYHOIT BOJIHBI — 3TO
orudawmas ppoHTOR BTOPHUYHBIX

TOUEUHBNT BOILL

TICT OUHIIK [ ]



3aKOH OTpaX*KeHuA.

Mapaowmm nyy, oTparKeHHbIN
JIy4 U nepneHauKynap K

OoTpa)Kalwen NnoBepxHOCTH,
BOCCTAaHOBJ/IEHHbIN B TOYKe NePNeNANKYNAP

oOTpaS¥<eHHBIA

ﬂa,D,EHMﬂ, J1IeXXaT B OAHOﬁ Na a3 ou A | e
ny4
NM/TOCKOCTMU. I B
Sl
Yron nageHua paseH yray g
OTpa)KEHMﬂ' Ol — vron nagernmna

B — YWron orTpax<eH A



4. 3aKkoH npenomiaenus:

* OMHOWICHUEC CUHYCA Y21d NAOCHUA K CUHYCY yeld
NPeL1OMICHUA €Chb eAUUUHA NOCMOAHHAA 0711 OAHHDBIX
cpeo:

* JIVY MAJAFOINNN, VY MIPETOMIICHHBIN U MEPIIEHINKYIIAP,
[IPOBEJICHHLIN K IpaHUIE pas3/elia B TOUKE MaJeHusd, JIeKaT B
OHOHU IIJIOCKOCTH,

ﬂaz}‘a;’ttc‘)muﬁ OTtpamennb i
y nyy

/ e

lNpenomnerHbli
nyy

m 42



IpesiomiieHue cBera

3aKO0H MpeJoMIeHH CBeTa: YU NaJalIUil HA MOBePXHOCTh, JVY MNpe1oMIeHHbIII I
MepHeHANKYIApP, BOCCTABJIeHHBII B TOUKe MaJeHH J1eKAT B 0JHOI INI0CKOCTH;
OTHOILIIeHHUS CITHYCA VIVIA NajJeHUs K CHHYCY VIVIA OTPAa’KeHIs eCTh BeJIYHHA MOCTOSIHHAS
IJIS1 JAHHBIX JBYVX Cpe].




CneacrtBuA U3 3aKOHA
npenomMneHus

n -aOCONTHbIE NoKasaTenu npenomMneHus @

no Tabnuiue Ne12

cpu3nyecKum CMbICH NOKasaTens npenomMieHus

nokasatenb NpenoMneHus NoKasbiBaeT BO CKONbKO pas
M3MEHAETCA CKOPOCTb CBETa NPU Nepexoae U3 ogHOM
Nnpo3pavyHou cpeabl B APYryHo




¢ IIpoLeCChbl U3/1IYyHEHHUA U
IMor1IoeH s BHEKTPOMaFHHTHOﬁ
QHEPIrMr HAI'PETDHIM TE€J/IOM
IMMPOUCXOAAT HE HEIIPEPbIBHO, KdK
ITO IIPUHHUMAJlId KJIaCCHUYECKasd
clmsnxa, d KOHE4YHbIMHU IMOPLUHAMMHA —
KeadHmMmamu.

* KBaHT - 9TO MUHHUMaJIbHasi IOPL U
9HEPIruu, U31y4aeMou niun
I10I/1I0LIae MO TEeJIOM.




KBaHTOBasA Teopus

B 1900 rogy Makc NnaHkK BblaBUHYI
rMnoTesy, YTo aToMbl UCMyCKatoT
SNEKTPOMArHUTHYIO 3HEPrUto
nopUMAMN — KBAHTaMMU.

OHeprua KeaHTa E= hV,
rae h - noctosaHHasa NnaHka,

h=6,63"10734x/c

KBaHT ANEKTPOMArHNTHOro
N3ny4yeHnsa HasbiBaloT POTOHOM

Makc lNnaHk
(1858—1947)



KBaHTOBas Tepus

1900 .

Makc MNnaHk «KBaHT» - NopuuA

CBeT usny4aeTtcs, pacrnpocTpaHAeTCA U NornoLwaeTcs NopLumamMmn —
KBaHTaMu.

E=hv )

= 3Heprud oaHoOro KBaHTa

E=h£ g cseTa
A

h = 6,63 - 10_34 ﬂgfc . C = nocTtosHHas MNnaHka

D:%:LOS}IO_MLZM-C



KBaHTOBasa Teopus

B 1905 rogy Hemeuknn U3k
AnbOepT SNHLUTENH BblABUHYI
rMnoTesy, YTo SrieKTpoMarHUTHbIe
BOJSTHbI C YacTOTOM V. MO>XHO
paccMaTpuBaTbh Kak NOTOK KBAaHTOB
nsnyveHua ¢ aHepruen E = hv.

- CBeT npeacTaBnaeT cobou
SNEKTPOMarHUTHYIO BOSHY, MNoKa He
NPONUCXOANT OOMEH 3HEpPrmnen c
BELLECTBOM.

SNHWTENH [lepexoa 3Heprum oT ceeTa K
(1873-1969) BELLECTBY UM OT BELLECTBA K CBETY
noAYNHAETCA COOTHOoLWEeHU E = hv.




DPOTOH

dOTOH — 3TO ANEeMeHTapHasa YacTuLa,
ABMAKOLLASACSA KBAHTOM
3NEKTPOMAarHUTHOro N3Ny4YeHns.

doTOH HEe oOnaagaeT maccou NOKOS
POTOH HE MMEET 3apsaaa

$OTOH pacnpoCTPaHAETCH CO CKOPOCTbIO
CBETA



d‘\

SHeprua KBaHta E
NPAMO NPONOPLMOHANbHA YaCTOTE
cBeTa

E=hf

h=6.63*10-34 x*c - noctosaHHasa TTnaHka




dPoTOH= CBEeTOBOU KBAHT

— /ICKTPHUYECKHN HETPAJ/IbHAA CBETOBAA HaCTHULA.

¢ CyLIecTByeT TOJIbKO B IBMDKEHHUH (HET MaCChI ITOKOS ).
* YacTuia 2/ieKTpOMarHMTHOTO MOJIS.

@ ,Z[BI/I)KQTCH CO CKOPOCTbHH CBETA.

E=hf p = E/c=hf/c
m = h f/c?
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IIokazarens ImpeIoMICHUA

o | 9) B kakou U3 cpeg (cMm. Tabn.) ceet
aJiMa3s ’ PacrnpocTpPaHAETCHA C HAUMEHbLUEN
BOJIA CKOpOCTbHO?

) OTBeT: B anmMase

BO3IVX

10)4YemMy paBHa CKOpPOCTb CBeTa
B BoOe?

CIIUPT 1.

SYTUJIOBHIN

CEPOVITIEPO]]

2
CTEKIIO
3.
4

OTtBeT: 2.



loccapuu

Honsamue 3Hnauenue
reoMeTpuYeCcKasi pa3fgen  ONTUKHW, B  KOTOPOM  H3yYalOTCS  3aKOHBI
OIITUKA pacopoCTpaHEHUsI CBETOBOM AHEPIrUM B MPO3PAYHBIX Cpeaax

Ha OCHOBC IIPCACTABJICHUA O CBCTOBOM JIYYC.

ITpunun 'rorrexca

Kaxmast Touka cpenspl, 10 KOTOPOU AOILIO BO3MYIIICHUE, CaMma
CTAHOBHUTCS HCTOYHUKOM BTOPHUYHBIX BOJIH.

Nutepdepenius 3TO  CJIOXKEHUE JBYX BOJIH, BCIEJACTBHE  KOTOPOIO
HaOJIIO/IaeTCsl YCTOMYMBAs BO BPEMEHU KapTUHA YCHJICHUS
WM OCNa0JIeHUs1 pe3yIbTUPYIONIMX CBETOBBIX KOJICOaHUU B
pa3JIMYHbBIX TOYKAX MPOCTPAHCTRA.

Hudpakus 3TO orubaHue BoJIHAMU Kpa€B mpenarctBuil. Jludpaxuus
IpuUCyIa JIIDOOMY BOJJHOBOMY JABUKECHHIO

JudpakmonHas peACTaBisieT CO00M COBOKYITHOCTh OOJIBIIIOTO YHCIIA OUYCHb

pemmerka Y3KUX LIEJIEN, PA3ACIEHHBIX HENPO3PAuYHbIMU
IPOMEKYTKAMHU.

Jlyu DTO JIMHUSA BAOJb KOTOPOU PACHPOCTPAHSIETCS CBET

CxopocTh cBeTa

MaxkcumMajibHO BO3MOKHasi CKOPOCTh B IIPUPOJIE, CKOPOCTh
pacopoOCTpaHCHUSI AJCKTPOMArHUTHOW BOJHBI, ITOCTOSIHHAs
BEJIMYMHA.
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Ha30BHUTE YUYECHBIX U MX BKJIAJ B PA3BUTHH
OIITUKU. Kak Ha3bIBA€TCA TEOPHUSA KaXKI0r0. B
4eM CYThb TCOPHH.

| BApUaHT Il BApMaHT




UTo nokazaHo Ha cxeme. Ha3zoBurte
npoLeccbl 1 BUAbI.

| BapmnaHT Il BApnaHT



Kakune pusnueckue sBineHus Bel BUauTe? HazoBute
3aKOH ONTHKHM , IIOATBEPKIAOIINM 3TO ABJICHUE. JlanTe
(OpMYJIMPOBKY 3aKOHA.

C O:HLI\F:

O Bun us z08m A

) Bun us 3080 B

\ 4 BupuzszouuC Z
udl | e

| BapmnaHT Il BApnaHT




NMNOHATUAM:

| BapmnaHT |l BApnaHT




Kakue nyun HanOosiee criibHO il Kakoi, 1Mo 1BETY, CBETOBOM JIy4
IPEIOMIISICTCS? MMEET HauOOJIbIIYH) CKOPOCTH?

o eHne auopﬂm o
A) ro.ﬂyﬁim, g .:\;“" HOHHO ‘mm A) cuHmii,
bB) cunwuii, 1"“ *m.auo AWK by ‘°0~ B) kpacublii,

B) opankeBbiid, B) ¢puoserossblii,

I') kpacHp1if, Bswmuﬂ ') opaHsKeBBblii,

ceer

I[) (l)I/IOJICTUOBI)II/I, anrpnuonor "Wpamm 21) )I(QJITI)Iﬁ,
E) :keaTsrit, "W’"“ E) 3enensbii,
7K) 3e/1eHbIii. Peurreuoacxoo M“KPO'O""O'OO 7K) ronyooi.
uany\aeuuo usnweuuo
e “\Jmmmm



CnoxxeHue BOJIH
pacIpOCTPAHSIIOIIMXCS B
IIPOCTPAHCTBE HA3BIBACTCH:

Orubanue BOJHAMU
MPENATCTBUN HA3BIBACTCS:

A) nucnepcuen, A) nucnepcuen,
b) nmpenomienuemM, b) npenomienuemM,
B) unrepdepenuueit B) unrepdepenumeii

| BApUaHT [l BApnaHT




[lpeaMeT KaxkeTca Ham

O€JIBIM 4YCPHBIM

e A. 0OMHaAKOBO OTpaXkaeT e A. 0OMHaAKOBO OTpaXkaeT
BCe najgatoLine Ha ero BCe nagatouine Ha ero
nyyu; nyyu;

e B. 0oanHakoBO e B. oanHakoBoO
norrnoLlaeT Bce norrnoLwlaeT Bce
NagaroLline Ha ero nyuyu; nagaroLine Ha ero nyuyu;

e B. ognHakoBoO e B. ognHakoBoO
nornowaeT n oTpaxaet nornowaeT n oTpaxaet
BCe najgatoLine Ha ero BCe nagatouine Ha ero

] / n /
| BapPUaHT 1] BapPNaHT



YroJs naaeHus gy4da CBeTa
Ha 3€PKAIBbHYIO
ITIOBEPXHOCTH paBeH 15
rpaaycoB. Uemy paBeH
YIOJ1 OTPAXKEHUSA !

Yrosa Mexay nagarolium 1
OTPAXCHHBIM JIy4aMH PABEH
30°. Kakum OyAeT yroJ
OTPAKCHUS, €CIIA YIOJI
nageHus ypeanyures Ha 15%

| BApmMaHT Il BapmnaHT



Kakumu ponxeH ObITb yron, nageHus
CBETOBOrO J1y4a, YTOObI OTPaAXXEHHbLIN NYyY4
COCTaBnMAN C NagaroLwmuMm yron

4 \ 4

| BapuaHT — 502 Il BapnaHT — 80°.




Kak MeHAeTca CKOpOCTb CBETA npu
nepexone us:

BO34yXa B CTEKIO BOAbl B BO3OYX

A) yMeHblLaeTcq;
b) yBennumnBaetcs;
B) He MeHseTcA.

| BApmMaHT

Il BapmnaHT






1. CxopocTs pacnnpocTpaHEHMs cBeTa B IIepBOii cpene
225 000 xm/u, a BO BTOpo#1 — 200 000 xm/c. JIyuy cBeTa
nagaeT Ha IOBEePXHOCTHL pa3eyia 3THUX cpej 0oL YyIrJIOoM
30° 1 mepexoaHT BO BTOpPYVIO cpeay (puc. 111). Onpexne-
JIMTEe YyroJl NpeJOMJIEHHsI Jiyda M Inoxas3aTeJsib InNpeJyioMJie-
HHU S BTOPOM cpeAabl OTHOCHUTEJIBHO IIEepPBOM.

Harno: Pewernue:

v, = 225 000 kxm/c i
v, = 200 000 xm/c I cpeda :
cf i OO 2 cpeda

ne, — ?

B9 Puc. 111

Bropasi cpena onTHu4dYeckKMu OoJsiee 1mJoTHasi, TakK Kak
CKOPOCTHL CBeTa B Hel MeHbllle, yem B nepson. Cnenosa-
TeJabHO, B < a.

Ilo onpeneneHuo 7 s BETR CF
Bea 1.2 sin 3
. in & sin o
sin § = 3L 2. B = arcsin )
ni;o n;2

PHu3UNUEeCKH CMBICJI OTHOCHMTEeJILHOIoO InmoKasaTens

npe;JdtoMJIeHHHA
U
1121 = : -

Vo
OTcrona:
225 000 kKm/cC
n = L = 1,129.
21 200 000 xm/c






