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COBPEMEHHbIE JIA3EPbI:
HOBble rpaHu cBeTa

Nekuunsa 1

OCHOBHbLIE CBOUCTBA U XAPAKTEPUCTUKU
NNABEPHOIO U3JNTYYEHUAL.

OnTtnka n ceeT. ICTOYHUKN OMTUYECKOrO U3NYyYEHUS.
MoHoxpomaTnyHocTb. KorepeHTHOCTb. Bbicokas
MHTEHCMBHOCTb. HanpasneHHocTb. CpaBHEHWE nasepoB
C KnaccuyecknmMmmn UCToYHMKamMn ceeTa. J1asepsbl 1
coBpeMeHHasa ontuka. PoToHMKa



Y10 MbI 3Haem o Jlazepax?




YTto MbI 3Haem o Jlazepax?

Buaeo KapTuHkm HoBocTi

ﬂHHEKc nazepHuii|

Haihgetca Bcé. Hanpumep.

JNazepHbIn npuHTEP
JlazepHbIn ypoBeHb
JNazepHbIn gansHomep
JNasepHbIn rupockon
NasepHbIn npuuen
NaszepHbIn HUBenNMp
NasepHbIn rpaBep
NasepHbI mapkep
NasepHbIn gokTop
JNlasepHbIn ckanbnenb
NasepHbIn NUNKHT
Na3sepHbIn annapar (?)
INasepHbIn 3ByKOCHMMATEND
JNasepHbIn nHTEpPdEpPOMETP

Kaptel Mapket [lepeeogunk  My3sika TB oHnalH  ewe

NasepHasn anunaumsa
NasepHasn xupyprus
NasepHasn koppeKums 3peHuns
NasepHas peska

NasepHoe opyxue
NasepHoe oy
NasepHoe oTGenuBaHne
NasepHoe oTGenvBaHne

NaszepHble TexHOMOrMK
JNlasepHbIN LUMHOMOHTaX

NasepHbIn Wnem ansa pocta BoOfocC
.....0ETOHOYKNaguMK

Haitn



3aKOHbI KNTacCU4eCKON ONTUKMU
‘ MpsimonuHenHoe pacnpocTpaHeHue cBeTa
OTpaxeHue cBeTa: '
a=d
MpenomneHue cBeTa
(3akoH CHennunyca, 1621r.)
n sina =n,sin g

MagaoLwmn, oTpaxkeHHbIN,

I'IpeJ'IOMJ'IeHHbIIZ Ny4YKkn nexart
B MMOCKOCTN NageHnda

NMonHoe BHyTpeHHee

oTpaXeHue
.n,
o, =arcsin—
r]1
, 7 A
Tabnuua «OnTuka» B 21 f 2f 1
Lunknoneaun 1728 r. (AHrMuns) a T =T
(Cyclopedia or an Universal & N/\

Dictionary of Arts and Sciences



CKopocTb cBeTa

OnbITbl PéMepa (1676r.)

opbura vo

op6uta
wnurepa

3emns

+

op6uta
Semnu

Mo 3aTmeHuaM cnyTHMkoB KOnutepa
oLeHnBanun TouHoe Bpems (Mo MpuHBMYY) U
reorpacomyeckyro JONroTy.

Pémep obpaTun BHMMaHue, 4YTO B
3aBMCMMOCTU OT PaccTosiHMA OT 3emMnu o
KOnutepa yactota 3aTMeHMI cMeLLaeTcs
OTHOCUTENbHO cpeaHero 3HaveHus. OH
NPeanooXu, YTO U3-3a KOHEYHOCTH
ckopocTu cBeTa. CaenaHHas oueHka:

227000 km/c

OnbITbl Pu3so (1849r.)

i —light source

mirror

toothed wheel

basa namepenuin coctansana 8,2 kKm.
3ybuaTtoe koneco umeno 720 3ybbes..
[NocTeneHHo yBennymeasa CKOpoCTb,
[o6uBanncb NCYE3HOBEHUS N306paxeHus
MCTOYHMKA. HalgeHHoe Toraa 3HayeHue
CKOPOCTW:

313000 km/c

®yko noBTOPUIN M3MEpPEHUS ¢ Bason
okono 20 M 1 8-rpaHHON NPU3Mon B
KayecTBe npepbiBaTENS:

298000,5 kmMm/c




PasBuTUe npencraBneHun o npupone cBeTa.

BonHa vnn yactunua?

Mpupopa ceBeTa octaBanacb NpeaAMeTOM AUCKYCCUM BNNOTb A0

Ha4vana XIX Beka

N.HbloTOH

«OnTtuka»(«Opticks or a treatise of the
reflections, refractions, inflections and
colours of light»)1704r.

CBeT — NOTOK YacTuL, «KOPMNYCKymn»,
McrnycKaeMblx Teramm

L. 0

[MpsSMONMHENHOCTb pacnpocTpaHeHns
CBeTa, Hanuyve peskon TeHn

«CnpaBefnuneo, YTO S 3aK/oyaro u3
MOEel TeopuM O TENECHOCTU CBETA, HO
a1 [enato 3To 6e30 BcAKoM abCosoTHOM
onpeaeneHHoCTy. .. »

X.lNoureHc
«TpakraTt o cBeTe», 1695 r.

CBeT — BOSHbI, 3anonHsowmne
MUPOBOW 3domp

4 |((¢

neperbITMe Ny4YKOB CBETa, Pa3MbITOCTb
TeHu, ornbaHne ﬂpeﬂﬂTCTBl/IVI




XIX BeK: 30510TO0€ BpeMs BOSTHOBOU ONTUKN
OnbiTbl M.FOHra(1803r.) OnbITbl PpeHensa no aucdppkaumumn
Ha Kpyrnom otBepctumn (1816r.)

r2(1 1
m=—|—+-
Al\a b

- YMCMO OTKPbITbIX
30H PpeHens
m>>1

m~1

m<<1

Aparo: ceeTnoe natHo (NaTHo Aparo-llyaccoHa)
B LIeHTpe TeHn (Habnoganock [envnem elle B
1713r., HO ocTanocb HEOOBLACHEHHbLIM)

Ecnu BmecTo oTBe




AneKkTpomMarHuTHas npupoga ceeta

OTKpbITUSA B obnactu
3neKTpu4YecTBa U MarHeTusma
nepBoM NonoBuHbI XIX Beka
cBuaeTenbLCTBOBAaNU o rnyo6okomn
CBAA3U 3TUX SIBIIEHUN

x.K.MakcBenn

«TpakTat 06 anekTpnyecTse 1
marHeTusme» (1873r.)

OokasaTenbCcTBO
3MEeKTPOMarHuTHOM Teopumn
MakcBenna

AnekTpomarHuTHas
npupoaa ceeta

OTKpbITUE BHELUHEro

¢doToachdekra

. X.9pcTea — BnusHME Toka Ha marHuT (1820r.)
XK.-B.Buo — ®.CaBap — BblpaxkeHue Ans
MarHUTHOW nHAykumm (1820r.)

A.M.AMnep — BnusiHNE MarHUTHOIO NOMs Ha
3NEKTPUYECKMI TOK, B3aUMOLENCTBUE
NPOBOAHMKOB C TOKOM (1822-1826rT.)
M.®apagen — 3aKOH 3NEKTPOMarHMTHOMN
nHaykumm (1831r.), rmnotesa o6 3.-m. none

O606LeHne ero TeopeTndeckmx pabort ¢ 1855r.

Cucrtema ypaBHeHWI AN ANEKTPUYECKOrO 1
MarHUTHOrO Nosien, onuchiBaoLLast UX
B3aMMHOE BINUSHWNE U CBA3b CO CPEON.

I.P.l'epu — oBHapyxeHne aneKTpOMarHUTHbIX
BOJTH, U3MepEeHne CKOpOoCTU (paBHa CKOPOCTU
cBeTa, HO ANWHbI BONH ropasgo 6onblue),
ncecnegoBaHne oTpaxeHus, NPenomMIeHns,
nonspusawmm, co3faHue paguonepeaaTtymka,
NCKpOBOro paguonpuemHuka (1885-1889rr.)

C yTBEpPXKOEHMEM 371EKTPOMArHUTHOM TEOPUK
cBeT ObIN NAEHTUPULMPOBAH Kak
3MNEeKTPOMAarHUTHbIE BOTHbI

I.P.l'epuy — (1886-1887rr.)



OT BOJIH K KBaHTaM

Ab6contoTHoe _ WNpes 06 nanyyeHunn dPoToadhekT
FMaBeHCTBO BONHOBOV  cpaTa nopumusaMM — A.SVHWTENH — nornoLyeHve

Teopuu HapyuleHo, He TaKKe NponcxoauT KBaHTaMu
oBHapyXeH MUPOBOIl cBeTOBbIMU KBAHTaMU

acump
M.naHK — nony4ymn n )HL)2
o6ocHoBan gopmyny, v = "le =+
ONUCbIBaKOLLYHO - i
pacnpegeneHne aHeprum B
— CMeKTpe U3ny4vyeHus

2 abConTHO YepHoro Tena,
” r : BBEJ NoHATUE
YoM —_ ksaHTa h(1900r.)

oo —t M, 27?1/2 h 1%

r = Asbix
v, 2 hv ! kT
e -1

OnbiThl A.MankenbCcoHa-
3.Y.Mopnu (1881r.)

4 Ex(Us)

0 B hy

yneTpacduonetosas
aractpocpa

Mnaxk




KopnyckynsipHo-BonHOBOW Ayanusm

CBeT — aneKTpoMarHuTHas
BOJIHA

lMonepeyHasn BonHa, BEKTOPLI
ANEKTPUYECKOTro U MarHUTHOro nonen
B3aUMHO NeprneHanKynsipHbl

(4 c

v=— ==
C n

BekTopa anekTpnyeckoro 1 MarHUTHOro nNonen

paBHoMnpaBHbl. PoTOXUMMYECKOE,

doToanekTpudeckoe U MU3nonormyeckoe

[evicTeune cBa3aHbl B ocHoBHOM ¢ E .

MoaTomy nnockocTk konebanuin E
onpeaensoT Kak NoCKOCTb nonspusaumm

CBeT — NoToK pOTOHOB

He nmeeT mMacchl NOKOsi, aNeKTp. 3apaaa
OHeprus doToHa & = hv
Mmnynbc doToHa P

p=hv/c=h/1, h=6,62:10340x-c

Mnockas MoOHOXpomMaTuyeckas
nonapu3oBaHHaaA BOJIHaA npencrtaBnidaeT
Habop POTOHOB B OAHOM ¥ TOM e
COCTOAHUN.

doTOH aBnseTcsa 603oHoM. Yem Gonblue
(POTOHOB B IAHHOM COCTOSIHUU, Tem Gonee
BEPOSITHO €ro 3acerfieHne apyrumm
doToHaMu



CI'IeKTp AJNIeKTPOMArHUTHbIX BOJIH
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Llenb co3paHna nasepa: nony4yeHme NCTOYHUKOB
cBeTa C HOBbIMU CBOUCTBaMM

NasepHoe nanyyeHwe -
3NEeKTPOMArHNTHOE U3nyyeHne
ONTUYECKOrO AnanasoHa,
obnaparollee TakMMy CBOMCTBaMW,
KakK

- MOHOXPOMAaTUYHOCTb

- KOrepeHTHOCTb

- HAanpaBJ/1eHHOCTb

- CNneKTpanbHasa APKOCTb
- NONApnN3oBaHHOCTb

YTO NO3BOJIAET CO3aBaTb 6OJ'IbLLIyI0
NOKalribHYH KOHUEHTpaUno aHeprm

Cam TepmuH «JIASEP» nosiBuncs
B 1958 rogy, He3apgonro fo
co3gaHuA nepBoro paboratowero
nasepa

«[MpnroToBUTLY» U3Ny4YeHUe TENOBbIX
MCTOYHUKOB C Nogo6HbIM HABOPOM CBOWCTB —

HepeannldyemMmasa 3agada

C Cc
Av,,, =————~3,7x10" I,
et /?'blue ﬁ’red
AA=400 am

Av,, ~1,5x10°Tn, AA=0,002 M



MoHoxpoMaTU4YHOCTb

MoHoxpomaTnyeckasa BosiHa — CTPOro rapMoHu4yeckas
(cMHycomnpaanbHas) BofHa C NOCTOSAHHBIMU BO

BPEMEHM YaCTOTOMW, aMNNINTYAO0N N Ha4YanbHOWU ha3on

CneKTp MOHOXPOMAaTMUYECKON BOJIHbI CnekTp nsnyyeruns ConHua u
npeacTaBngeT 6E€CKOHEYHO Y3KYHO MUHMIO. TENMOBOro U3ny4vyeHns 3emnm

yé-uamyuenne  eugunbii
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HrCHanyuEHHE MK-HInysenme
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Wanysenme Connua Tennosoe anysenve Semnn

CTeneHb HEMOHOXPOMAaTUYHOCTH: MpocTpaHCTBEHHAs KOrepPEeHTHOCTh
E= AV/VO =]/2- vy, Pagwnyc KorepeHTHOCTU - MaKkcMMmarnbsHoe,
A roe rnonepeyHoe HanpasieHuIo

V- pasbpoc vacTot pacnpocTpaHeHNs BOMHbI PAcCTOsIHUE, Ha
Av=lz,,, 7,,,- xapakTepHas KOTOPOM BO3MOXHO MPOsIBNEHNE
[NUTENbHOCT LIyroB (MoHoXpoMaTudeckux ~ HTEP(epeHumn
y4acTKoB), r,.®4/p, @-yrmosoit pasmep
T - BPeMsi KOT@PEHTHOCTH.

K02

AnvHa korepeHTHocTH | =7 -C



KorepeHTHOCTb

KorepeHTHOCTb BOMHbI 03HAYaeT, YTO B PasfnYHbIX NPOCTPAHCTBEHHbIX TOYKaX
BOJIHbI OCLIMNIIALUMM MPOUCXOAAT CUHXPOHHO, TO €CTb pasHOCTb a3 Mexay AByMs
TOYKaMU He 3aBMCUT OT BpeMeHU. OTCYTCTBUE KOrepPeHTHOCTU, CriefoBaTerlbHO —
cuTyauusi, Korga pa3HocTb a3 Mexay ABYMSl TOYKaMM He MOCTOsIHHA, a MEeHsieTcsl Co
BpeMeHeM. Takasi cutTyauusi MOXeT MMETb MECTO, €CN BONHa Obina creHeprpoBaHa
He eAMHbIM U3fyYyaTeneM, a COBOKYMHOCTbLI0 OAMHAKOBLIX, HO HE3ABUCHMBbIX (TO €CTb,
HeKoppPEeNMpPOBaHHbIX) U3nyyaTenen.

Kak NPpUroToBUTb I'IpOCTpaHCTBeHHO-KOFepeHTHbIl7| NCTOYHUK N3 HeKOI'epeHTHOI'O?

pinhole Wavelength
aperture filter




HaﬂpaBHEHHOCTb n3ny4vyeHus

Knaccu4yecknm MCTOYHUK JlazepHbIN UCTOYHUK




INupunyeckoe oTcTtynneHue:
NMouemy A .H.Toncton Hanucan «'mnep6onounp

UHXeHepa NapuHa»?

A.H.Toncton,

Mnep6onouna nHxeHepa MapuHa, A~ fz{ncpﬁ.ﬂﬂU%GKUﬁ' JEPKAN0
1927 ron

MepepaboTka 1939 roga

Ayuu, codpanyvie
Ayvu 8 “odur WHYP, W’;’,:i
L Ayvebod wHyp

B-Tuneplonoud us wamoruma

A.H.Toncton: «Korga nucan «mnepbonouna
nHxeHepa apuHa» (cTapblin 3HakoMblin, ONEeHuH,
pacckasan MHe O4eNCTBUTENbHY UCTOPUIO
NMOCTPOWKM TaKoro ABOMHOIO runepbonounaa;

ANEKCEW TONCTON o
THNEPBOJIOWL WHXEHep, cOenaBLUMIiA 3TO OTKpbITME, Nornd B 1918

MHXEHEPA TAPHHA

rogy B Cnbvpu), — npuLLnocb 03HAaKOMUTBCS C
HOBENLUNMMW TEOPUSIMU MONEKYTSPHON (PU3NKN»



OTpaxeHune B KMHemarorpade

V|3au,v1 1973 roga

Y ... |




«'vnep6onouna nHxeHepa " s Tl
THE GARIN
DEATH RAY..

"apuHa»

WG

Cover of the 1955 English revised
edition
Charles H. Townes, the inventor of laser,
said that his invention had been inspired
by this novel*.

*) The Pentagon's Brain: An Uncensored History of
DARPA, America's Top-Secret

DARPA —the Defense Advanced Research Projects
Agency




J1a3ep — OAHO U3 rMaBHbLIX TEXHOJNTOINNM4YeCKUNX

AoCcTMXeHun XX Beka
M300peTeHne nasepa paccmaTpmBaeTcs B umcrne 12 Hanbonee aHa4YMMBbIX:

TenesugeHve Oenexne
aToOMHOro aapa
ABunauus (-
— —
(—

PebeHok n3
npooupku

MWKpOaNeKTpoHUKa
KomnbtoTepsl

Kocmunyeckue
rnonethbl

MpoTuBO3ayaToY
Hble TabneTku

TpaHcnnaHTaums
opraHoB




Y10 MOXeT BOUTU B CNMNCOK AOCTUXKEeHUU XX| Beka?

? KBaHTOBblE KaHanbl CBA3M

? NopTaTUBHbIE UCTOYHUKN SHEPTUN

? ALONTUBHbIE TEXHONOMMN

? CoumanbsHble cetu

? KBaHTOBbI KOMMbIOTEP

? BecnunoTHbIN TpaHcnopT

? NleTarowme asTomoomnu

? Cuctembl BUPTYyanbHOM peasibHOCTU
? ['eHHasa nHXxeHepusa

? PereHepaTnBHaa meavumHa

? VlckyccTBEHHbIE OpraHbl

? VIcKyCCTBEHHbIN UHTENNEeKT

? YnpasneHue n cunTbiBaHMe MHOpMaLMmM Yepes MbICIIEHHbIN NHTEpdENnC
?

?



OCHOBHbIe yCTpOMCTBA COBPEMEHHOW ONTUKN

N306peTeHus, kapauHanbHO M3MEHUBLLME MECTO OMMUKU B HayKe, TEXHOMNOrMYeCcKoMm
pPas3BUTUN, XO3SIUCTBEHHOWN N NOBCEAHEBHOM XU3HU:

- nasepsbl (HOBOE Ka4eCTBO CBETA,
NPOHUKHOBEHWNE BO BCE cdepbl
YernoBeYecKon AeATENbHOCTM)

- ONTUYECKUE BONOKHA [C HU3KNMU
notepsiMu] (BO3MOXHOCTU AUCTAHLMOHHON
nepegayu, kKapanHanbHoe U3MeHeHne
€MKOCTM KaHaroB CBSA3N)

- NONYNPOBOAHMKOBbLIE ONTUYECKNE
yCTpoOMCTBaA (MCTOYHUKM , B T.4., NNA3epHbIe,
[ETEKTOPbI U3IYYEHWS, YCUNTUTENMN,
nepeknoyarTenu, KOMMyTaTopbl 1 fp.).




COBpeMeHHaﬂ ONTUKa U CMeXHble ANCUUNJINHLI

B pe3ynbTate pa3BnTn4d nna3epoB, OoNTUYeCKUX BOJTIOKOH, NONyNnpoBOAHUKOBbIX
onTn4yeckKux YCTpOﬁCTB BO B3aMMOCBSI3/ CO CMEXHbIMM 00acTsMum (SJ'IeKTpOHVIKa,
ANIEKTPOTEXHUKA, ONTUHECKNE MaTepmharbl, MarHETUKN N np.) NoABUITINCb HOBbIE
onTn4yeckKkmne TepMuHbl N pa3BmBaOTCA HOBbIE OUCLUUMNIINHDBI, TAKNE KakK

ONTO3NEKTPOHUKA - UCIMO/Ib308aHUE ONMUYECKUX U 3/1IeKMPUYECKUX MemModo8
obpabomku, xpaHeHus U nepedayqu uHgopmayuu

ANEeKTPOONTUKA - UBMEHEHUE ONMMuUYecKux ceolicme cpedbi nod delicmauem
371€KMpUYEeCKO20 rorsisi

KBaHTOBasi aNeKTPOHUKA - ycusieHue, 2eHepayus u npeobpasosaHue Yacmomsi OM
KonebaHul U 80J1H, OCHOBAHHbIE Ha 8bIHY>XOEHHOM U3/1y4eHUU UU HEeTUHeUHOM
83aumoolelicmsuu ¢ 8ew,ecmsom

KBaHTOBasA ONTUKA — U3y4YeHUEe K8aHIMoe8bIx ceolicme ceema

onTn4yeckKkmne TeXHOJNIOrnMn — peweHue rmpakmu4eckux 3aday ripu ucriosib3oeaHuu
onmu4ecKkoeco usriy4eHus

doTOoHMKA

B nocnegHue rogel Bowen B ynoTpebneHne n nonyyun passutne tepMmuH otoHuka. o
aHarnorumn ¢ SreKTPOHUKON. DNEKTPOHMKA — yNpaBreHme NoTokaMmu 3apsaoB (B Bakyyme, B
BeLLeCTBe, Ha rpaHuue cpes). doToHUKa — yripaBneHne notokamu oToHOB (B
cBOOOHOM NPOCTPaHCTBE, B Cpefe, Ha rpaHuLe cpen).
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COBPEMEHHDbIE J1A3EPbDI:
HOBbIE T'PAH/ CBETA
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