Jk3ameH. PacipocTpaHeHue cBeTa B HEOAHOPOAHOM cpejie. JHMKOHAJL.
YpaBHeHue 3iiKOHAJIA (IPOJIOJIKEHUE).

[Toxaxkem, 4TO oOnTHYECKas JUIMHA MYTH NPONOPIHMOHAIbHA pa3zHocTU (a3
CBETOBBIX BOJIH B Ha4ajie U B KOHLE MyTU. I N€HCTBUTEIBHO, PACCMOTPUM Pa3HOCTH
¢a3 A@ CBETOBBIX BOJH B Hayajle U B KOHIIE ITyTH HEKOTOporo jyd4a. PasHocTs ¢a3
A@ MOXHO BBIpa3UTh 4epe3 Bpemsi pacnpoctpaHeHus jayda Af. Iloka ¢aza B
TE€YeHUE BpeMeHU Af pacnpoCTpaHseTcs OT NEPBOUM TOUKU O BTOPOil, a3a B nepBoi
TOYKE M3MEHUTCA Ha @Atr. CienoBareiabHO, Pa3HOCTh (pa3 B MOCIHEAHHN MOMEHT

BpPCMCHH B 3TUX ABYX TOYKaAX paBHA:

A(p:a)At:a)ﬂ:a)A—lzgnAl:kOnAlszAL, riue k0:2_7r:Q —
Vd7 E c 20 c
n

BOJIHOBOE YHCJIO, €CJIM CBET 3TON YaCTOTHI OY/IET PACIPOCTPAHATHCSA B BAKYyMe.

[Ipu nmepexoae U3 cpeasl B CPeAy 4acTOTa CBETA COXPAHSETCS, a AJIMHA BOJIHBI
Y BOJIHOBOE YHUCJIO U3MEHSIOTCS.

A@p =kyAL — pa3HOCTb (pa3 A¢ B Hayalle U B KOHILE IIyTH IPONOPLUOHATIbHA

ONTHUYECKOM JJIMHE yTU AL .
B coorBercTBUM C 3THM pe3yiabTaTOM JaJuM BTOpoe Ooisiee obmiee (4
MIPaBUJILHOE) OMPEIeTICHUE dITKOHAIA:

Lzﬂ, rae kj; — BOIHOBOE 4YHMCIO B BaKyyMe, ¢ — HadanbHas (Qasa

0
CBETOBOU BOJIHBI WM (pa3a B HyJeBOM MOMEHT BpemeHU. HauanwpHas daza (p(? ) B

KaXIOW TOYKE IPOCTPAHCTBA CBOs, TOIJAAa BO BTOPOM OIPEACIICHUH DUKOHaja
OKa)KETCsl, YTO DUKOHAI L(z7 ) ONpENIENICH B KAXKI0M TOYKE NPOCTPAHCTBA 7 BOJIHBI C

IIUPOKUM (PPOHTOM, a HE TOJBKO Ha OJHON KPHUBOM BHOJb Jyya, KaKk B TMEPBOM
(IpeaBapUTEILHOM) OMPEICICHUH dMKOHAA.

B Mamom o0bemMe MOXHO CUYHTaTh, YTO ITOKa3aTedb MPEIOMIICHUS IOYTH
MIOCTOSIHHBIN 1 =~ const , TO €CTh CpeJa MOYTH OJIHOPOJIHAsI, 4 CBETOBAS BOJIHA ITOYTH
IJIOCKasl, €CIAW paauyCc KpHWBHU3HBI (POHTA BOJHBI TOpa3fo OOJIbIIE pa3MepoB
paccMmaTtpuBaeMoro oobema. JIist I0CKOH BOJIHBI B OJTHOPOJIHOM CpeJie HalpaBeHUE
Jyda TEepHeHIUKYJISIPHO TMOBEPXHOCTH PaBHBIX (a3, TO €CTh IMEPICHIANKYISIPHO
MOBEPXHOCTH, Ha KOTOPOM IIOCTOSIHEH JUKOHAI L =const, Tak KaK HHUKOHAI

nponopuMonaneH ¢gasze L =-——.
ko

Fpa,Z[HeHT .THO6OFO CKaJIHpHOFO I10JI41 HepHeHI[I/IKyJI}IpeH HOBerHOCTI/I
ITIOCTOSHHOI'O 3HAUYCHU I 3TOIro I10JI41. TOI‘IIa FpaIII/IeHT 3I>'IKOHaHa ﬁL
HepHeHI[I/IKyJIHpeH HOBCpXHOCTI/I L = const ,acC yI‘IeTOM TOT'O, YTO HaHpaBHeHI/IC qua
TePIICH/IUKYISIPHO TOBEPXHOCTH L = const, MOIy9HM, 9TO TPAJUEHT diiKoHana VL
HaHpaBJIeH BIOJIb Hy‘la.

[Ipoekuus TpagveHTa CKalIIpPHOIO IOJS Ha J000€ HampaBlIeHUE pPaBHA
IPOM3BOJHON OT CKAJIAPHOIO IMOJA [0 3TOMY HampapieHuro. Torga mis Jro6oro



CKaJIAPHOTO IIOJISI MOAYJIb I'paliCHTAa PABCH HpOPI3BOI[HOI>i OT I10JIs1 IO HAITpaBJICHUIO

rpaJueHTa:
= OL 0 oL
‘VL‘ =—, Ile — — OPOM3BOJHAA BJOJb JIy4a, a C YYETOM TOr0, YTO — =1,
ol ol ol
MOJIy4aem
WL‘ =n =>
S . .
= — CIWHMYHBIM BEKTOp BIOJb Jy4a, TA€ S — BEKTOp

VL =ne,, tne ¢, =

et}

[ToiiHTHMHra, KOTOPBIA HATPABIIEH BIIOJIb JIy4a O CAMOMY CMBICITY JIy4a.
VL = né; — ypaBHEHHE dHMKOHAA. =>

— 2
(VL) =n? — 510 YpaBHEHUE TOXKE HA3BIBAIOT YPaBHEHUEM DUKOHAJIA.

DakyJIbTATHBHO. JUKOHAJ N0 ByTHKOBY.
B xnure E. . Byrukosa "Onrtuka" u B Mmonorpaduu M. bopna u O. Bonbda
ONpENECICHNEM JHKOHana L SBIAETCA BBIPAXKCHUE A

"OCHOBBI OIITHUKH"
HaMpsH>KEHHOCTH CBETOBOTO TOJIS:
= =\ - jord - i(koL(?)—a)f+¢70)
E(t,r) —Eo(r)-ep (r)-e
DTO ONpeAeNeHUE OTIWYACTCS OT HAIIETO BTOPOTO OMPEAECICHUS SHUKOHAa

HECYILIECTBEHHON KOHCTAHTON ¢ .

JK3aMeH. YpaBHeHHeE ISl BLIYHCJIEHHUS] TPACKTOPHH Jiyya B HEOJHOPOIHOM

cpeiae.
Bo3pmem I'padlCHT OT YPABHCHUA a@—? =n " II0JIY4YUM
Vn=9L-291-C(g) =
ol ol ol

— 0
Vn=—(ne
8[ ( N )
Paznoxxum mpou3BOJIHYIO OT MIPOU3BEACHUS U MOTYYUM
— 0 on oe
Vn=—(ne,)=e.,—+n—=
( S) 5ol ol

—

oe
OTKYJia BBIpPa3UM — M IOJIYYUM YpaBHEHHE, ITIO3BOJISIOINICE BEIYUCIIATH TPACKTOPHIO

Jiy4a B HCOJTHOPOJHOU CpeJe:
oe; 1? 1 on.

—Vn-——e¢;.

ol n nol”’
N neicTBUTENBHO, IEPENUIIEM 3TO YPABHEHHUE B BUE
LS 15”*de (11.1).

de.=| —-Vn———
% (n " n@les



OTO ypaBHEHHME IO3BOJISIET HAWTH HM3MECHEHUE HAIPABICHWS Jy4da dé, IpHU

HeOOJIBIIIOM TiepeMelieHnn dl BIoJb Jiyda. Eciiu B HCXOHOM TOUKE MPOCTpaHCTBA 7
3aJ]aHO HaIPaBICHHE JIydya €, M B KAXKAOM TOUYKE CpEIbl U3BECTCH II0KA3aTelb

IIPCIOMJICHUA I/l(l_’:), TO B PICXOI[HOﬁ TOYKC IIPOCTPAHCTBA MOKHO BBIYHCIINTDH

BBIpaKEHHE B CKOOKax B mpaBoi yactu ypaBHeHus (11.1). Torma ypaBuenue (11.1)
I03BOJIIET HATH M3MEHEHHE BEKTOpa €, U HOBOE HAIlpaBJICHHE JIyya B COCEIHEH

TOYKE BJOJIb JIyda Ha PacCTOSAHUMU dl OT UCXOJHON TOYKU. 3aT€M HOBYIO TOYKY U
HOBOE HAIpaBJieHHWE JIyda MOXHO paccMaTpuBaTh, KaK HCXOJHBIC, U TOBTOPUTH
IIpoUEnypYy.

VYpaBuenue (11.1) mokaspiBaeT, B KaKOM HaIpaBJICHUH MOBOPAYMBACT JIy4 B
HEOTHOPOHOM cpene. Popmyiia sl U3MEHEHUSI €AUHUYHOTO BEKTOpPA BIOJb JIyya
COICPKUT JABa cllaraeMbIX. BTopoe ciaraeMoe HampaBlIeHO BIONb Jdyda €, M HE

1 =
U3MCHACT €TI0 HaAIIpaBJICHUA. HepBoe cimaraemoe —Vndl HaIlpaBJICHO, KaK H
n

rPAMEHT IIOKA3aTels TNpPENOMICHHS V7. [pagdeHT HANpaBIeH B CTOPOHY
YBEJIMUEHHs OKa3aTels MPeloMIICHHUS.

CreoBaTeIbHO, JIyd MOBOPAaYMBAECT B ONTHYECKH OOliee ILIOTHYIO Cpedy, B
cpely ¢ GONBIIMM I0KA3aTeleM IPEeIOMICHHUS.

DaKyIbTaTHBHAS BCTABKA.

PaBeHcTBO 1n-sin(@)=const ¢ y4eroM TOro, YTo Jyd IOBOPAYMBACT B

IJIOCKOCTH JIy4da W TPaJeHTa TOoKa3aTessl MPeOMIICHHS], YKBHBAJICHTHO PABEHCTBY
- 1= 1on._
de, =| —Vn———é¢, |dl.
n n ol
Konelr gakyJIbTaTHBHON BCTaBKH.

Ixk3amed. [Ipunnun @epma.
[Ipuanmnn @epma yTBEPKAAET, YTO CBET PACIIPOCTPAHSIETCS MO ITyTH, KOTOPBIN
3aHUMAeT MUHUMYM BPEMEHU.

MuHuManeHOE BpeMsl pacpOCTpaHeHUs OT TOUYKH | 10 Toukm Il o3Hagaer, 4to
/|

Idt =min.
1
a=dL_d_1 =
V¢ £ C
n
1l 1l
j—ndzzmin <=> jndzzmin.
1 ¢ 1

KauectBenno npuniun depma MOKHO OOBICHUTH CIEyIONUM 00pa3oM. CBeT
u3 Touku | mpuxomut B Touky Il BcemMu BO3MOKHBIMU MYTSIMH W TPUXOJIUT C
pasHbiMu (pazamu. Daza orpezensercs BpemMeHeM pachpoctpaHeHusi. Ecim ¢azbl
COBCEM IMMPOU3BOJIBHBI, TO COOTBETCTBYIOLIUE PA3HBIM (azaM JIydH racsT ApyT Apyra.



MuHMMaILHOMY BPEMEHHM PACHpPOCTPAHEHHUS COOTBETCTBYET MHUHUMAaJlIbHas (hasa.
Oxkono MuHuMyMa (a3sl U3MEHEHUE (a3bl KBAJIPaTUYHO (OYEHb Majo) MpU MaJou
nedopMalii CBETOBOIO0 MyTH. B TakoM cilydyae MHOTO pa3HbIX IyTell JJIs CBEeTa
MMeeT NPUMEPHO OJMHAKOBYIO (azy. OTH JIydd YCWIMBAIOT JApyr apyra. B
pe3yabTaTe CBET UAET UMEHHO TAKUM ITYyTEM.
dakynpTaTUBHAS BCTABKA.
Jlanee mnpuBeAeM HE OYEHb CTPOrO€ MAaTEMAaTUYECKOE JOKa3aTeIbCTBO
1
npuHunna Pepma. Jlokaxkem paBEHCTBO Indl =min, TO €CTh JOKaXeM, YTO
1
onTHYeCKas JJIMHa Mexay Toukamu I u I BIoJb peaabHOro jiyda MEHbIIE, YeEM BIIOJIb
000 Ipyroi MbICIMMOMN KpUBOM, coenuusitomeid Touku [ u II.

OGosHaunm: dl — MEepEMEIIICHHE BJOJb PEAJbHOIO JIyua, 7 —
nepeMenieHue BAOIb JTF0O0M MBICIUMOUN KPUBOM.
11 /4
Torma n0ocTaToYHO J0Ka3aTh, 4YTO Indl < Indl '. B nanpHeimmx (opmymnax
I I

HY>KHO BHUMATEJIBHO CIICIUThH 3a TE€M, TJie CTOUT dl, arne — dl'.
1> cos(dl dI ) —

17 17
Indl'z In-cos(dl ,dl ') dl', tne o0a wuHTErpaja B3SATHl BAOJb JHO0OM
1 1

MBICJIUMOUN KPUBOM.

. oL
B IMpaBON 4aCTH HCPABCHCTBA 3aMCHUM 7 Ha 5 COIIaCHO HacEMy IICPBOMY

. 0
ONpeaeNeHUIO diikoHana L, rae 3 IPOU3BOHAS BAOJb peasibHOrO Jdy4a. Toraa

Il Il oL o 1l o
jndz'z j—cos(dz,dz ')dz' = HVL\cos(dz,dl ')dl'.
al
1 1 1
yt—ITGM, qTo FpaI[I/IeHT BﬁKOHaﬂa HaHpaBHGH BIOJIb nyqa, qTo cnez[yeT nu3

ypaBHEHHs diikoHana B hopme VL = né, . OTKyna
dl Mve = cos(df,df') :cos(§L,df') =>

1 1 11 I oL 17
[nar> [[VL|cos(VL,di")dl'= [(VL) - dI'= [ dl'= [dL =
1 1 1 a 1 ol 1

= L(II)-L(1).

[lepeitnem Teneps B MpaBoOil 4acTH HEPABEHCTBA OT MHTETpasia BAOJb JII00OM

MBICIIUMOU KpHBOﬁ K HHTCTpalIy BAOJIb PCAJIbHOIO JIy4a.

11 IIaL 11
[nar=r(m)-1(1) = jﬁdz = [ndl =

1 1 1



Vi yii
jndz'zjndz.
1 1

Ytou TpC6OBaJ'IOCB JOKa3aThb.
11

Ha camom nene nmpunuun ®epma BBINOJHSIETCS B BUAE Idt =min, HO HE B
1
11
BHJIE Indl =min . Tak, HanpuMep, B TAYCCOBOM ITyUKe JIydel Jake B MYCTOTE JTy4u
1
pacupoCTpaHsIOTCS HE MO KpaTdyadlluM MpSMbIM JIMHUSM, a IO Truiepoosam.
CuiibHEE BCETO JIy4H MCKPHUBILIIOTCS B IIEWKE KAYCTHKH, TAE Iy4OK Jy4ed HMeEeT
HAUMEHBIIUN THAMETP.
['me »xe nomyiieHa HeCTpOrocTh B BeIBOJE puHIMna @epma? /[eno B TOM, 4TO

c o
PaBCHCTBO ng =— CTpOro BbBIIOJIHACTCA TOJIBKO JII BOJIHBI C OJHHAKOBOU

n
. d d 1
aMIUTMTYJI0M B pa3HbIX TOYKAX (PpOHTA, MOATOMY df =— * =—ndl . Hanmpumep,
¢ “ c
n

paHbLIE MBI pacCCMaTPUBAJIM IayCCOB MYYOK JIy4eil B MMyCTOTE, U (Pa3oBasi CKOPOCTH B
aTOM TyuKe Vg, >c.

Crpoxe npuHuun depMa BBITOIHACTCSA, €CJIA TOYKOM [ SBJISIETCS TOYECUHBIN
HMCTOYHUK CBETAa, HO M 3[E€Ch €CTh IOJABOX B CJIydae, €CIIH CBET OTPAXaeTcs OT
3epkana. B 3Tom ciayyae myTh I CBETA, KOTOPHIM MOBOPAYMBAET, HE JOXOISA 10
3epKajia, OKa3bIBaETCA KOPOYE, YEM IIYTh C OTPAKEHHUEM OT 3€pKaJIa.

KpoMe Toro npu oTpakeHHH OT 3€pKajia CBET MOXKET MOUTHU MyTEM, KOTOPBII
MMEET MAaKCUMAJIIBHYIO ONITUYECKYIO JUIMHY BMECTO MUHUMAJIbHOM JIJIUHBL.

Kownen ¢akynbTaTHBHON BCTABKHU.

dakvabTaTnBHo. U3 npuunnna @epmMa MOKHO NOJYVIUTH 3AK0H NPEJOMJICHHUS.

3akoH CHeimyca MOKHO BBIBECTH W3 TOT'O, YTO ONTHYECKAs JUIMHA IIyTH OT
touku | 1o Toukm Il 17151 peanbHOrO Jiydya JAOHKHA OBITH MEHBILE, YEM ISl JII0OO0ro
JIpYroro, nu300paX€HHOTr0 MYHKTHPOM.



mhy nyhy
cos(aq) cos(ay)

1
[ToncTaBuM B IepBOE PABEHCTBO T =41+ tg2 (a) U TIOJTyYUM
cos(

nlhlﬂl-f—tgz(al) +n2h2ﬂ1+tg2(0{2) = min

To ecTh

=min npu ycnosuu hy1g () + hy1g(ay ) = const .

Bo3bMEM OT TOr0 PAaBEHCTBA IPOU3BOIHYIO d ¥ TIOJy4HM
d(1g(ay))
d
i g () nohy 1g() (1g(2)) _0
1+1g° () 1+1g% () d(1g(e))
[ToxcTaBuM g(e) =sin(¢;), aHanOrmyHO g(22) =sin(a,),

1+tg2(0{1) 1+lg2(a2)

d(ig(x)) n

KpoMe TOro — (tg (051)) - 3 yCToBHs 1tg (o) + hytg(ay ) = const u monydum

Ix3ameH. Pedppakmus.
[Tonsarue pedpakiuuu ©UMeeT TPU CMBICIA.
1). B mnepBoMm cwmeicie pedpakius — J000€ MpeIOMICHHUE CBETa.
Pedpakromerp — npubop aisg ©u3MepeHUs TTOKa3aTes IPEITOMIICHHS CPE/IbI.

2). Bo BTOopoM cwmbiciie pedpakinus B aTMocdepe WM acTpOHOMHUYECKAsS
pedpaxius — Ha6mroaeHre CoTHIIa U3-T10]] TMHUY TOPU30HTA 3EMITH.

[IppyunHa MOBOpPOTAa COJHEYHBIX JIyded — yMEHBIICHUE IIJIOTHOCTH
atMocepbl 3eMiM ¢ YBEJIMYEHHEM BBICOTHI Haj 3emied. Jleno B TOM, 4TO C
YMEHBIIICHUEM IJIOTHOCTH M COOTBETCTBEHHO KOHIIEHTpAllMU MOJIEKYJ Bo3ayxa N



YMEHBIIIAETCS II0KA3aTeslb NPEJIOMIICHUS 7, TaK KaKk B Pa3pekEeHHOM cpele
(n - 1) ~N.

B HeogHOpOIHOW cpelie ¢ M3MEHSIOMMMCA OT TOYKM K TOYKE IMOKa3aTeleM
MIPEJIOMJIEHUSI CBET MOBOpPAYMBAET B ONTHUYECKH OoJsiee IIIOTHYIO cpeay. B Hamem
CJIy4ae CBET NOBOPAYMBAET B CTOPOHY 3E€MIIH.

3). B nByx nepBbIX cMbIciax pedpakiuus — 3TO siBJeHUE. B Tpetbem cmbicie
pedpakuust — 370 pu3HUEcKas BEIUUHHA.

V n2 —1
R =— = — pedpakius, MonspHas WIM MOJCKYIsIpHas pedpakiius.
vV n +2
31ecy V — 00BEM BeliecTBa, V — YUCIO MOJIEH, — — 00BEM OJHOI'O MOJISL, 71 —

1%
MoKa3aTelb MPEIOMIICHUS CPEIbI.
YacTo BMECTO MOJIIPHOUW pedpakiuu pacCMaTPUBAIOT YACIbHYIO pepaKiinio
1 n?-1 .
;-2—2, rage o — IUIOTHOCTh Cpelbl. 3J€Ch MO CPaBHEHUIO C MOJSIPHOU
n- +

. V
pedpaxiueit 00beM 0HOTO MOJISI — 3aMEHEH 00bEMOM €AUHUIIBI MACChl — = —.
1% L m

Momnsiprast pedpakius npeacTaBiIsieT HHTepec s aHanu3a Gopmyisl JlopeHi
— JlopenTua:
2
n—-1 4
———=57Na,
n-+2

rae N — KOHUEHTpaUMs MOJIEKYJ, & — IOJSIPU3YEMOCTb OJHOU MOJIEKYIIbI
WM KO3(P(QUUHUEHT MPOMOPIUOHAIBHOCTH MEXKAY HABEIEHHBIM JIHUIIOJIbHBIM

MOMCHTOM MOJICKYIJIbI ]_5 N HAIIPAKCHHOCTBIO 3JICKTPHUYICCKOI'O ITOJIA E:

p=akE,

n — IOKa3aTesb PEIOMIICHHS CPENIBI.

@opmyna JlopeHn — JlopeHTHa Il ONTUYECKUX IIOJEN JTOKA3bIBAETCS
aHanoru4yHo opmyie Knaysnyca — MoCCOTTH B 311€KTPOCTATUKE:

-1 = 4 TNa

e+2 3

I[CJ'IO B TOM, 4YTO pasMeEp aromMa B THICAYY pa3 MCHBIIC AJMHBI BOJIHBI CBCTA,
IIO3TOMY CBCTOBOC II0JIC MOJKHO CHHUTATh MCIJICHHBIM ITIOJICM JI1 aTOMA.

B onituke n=./gu ~e = can’.
2
W3 omnpenenenuss pedpakiuud ClIeayer nz_ =R % Torma c yderom
n°+2
dhopmyisl Jlopenir — JlopeHTiia mojryyaem:
RY=2anvae = r=2:Y,
Vo3 1%

rae — = N 4 — 4uciao ABOragpo WIK YUCIIO MOJEKYJ B oqHOM Moue. Toraa
1%



4
R:§7Z'NAQ'.

To ectb MoussgpHass pedpakius [T0DKHA COXPAHITHCA HE3aBUCUMO OT
KOHIIGHTpAIlMX BEIIECTBA B cliydae BhIMOIHEHUs: Gopmynsl JlopeHi — JlopeHTia.

®opmyna Jlopenny — JlopeHTHa BBINOJHSATCS HE COBCEM TOYHO. OTKIOHEHHE OT
dbopmynsl Jlopenny — JlopeHTra sIBIsSE€TCS NPEIMETOM COBPEMEHHBIX Hay4YHBIX
uccnenoBanuii. OtkiaoHeHue ot ¢opmynsl Jlopennm — JlopeHTia yaoOHO

paccMaTpuBaTh, Kak HI3MEHEHHE MOJISIpHOU pedpakiuu R.

IK3amMeH. Mupaxu.

Ecnu cMOTpeTh JIeTOM BIIOJIb PACKAJIEHHOTO IIOCCEe, TO IIe-TO JAlIeKO ac(haabT
Ka)KETCS MOKpPBIM, TOKPBITBIM Jyx)aMu. Ecinu y aBTOMOOWIIA BKJIIOYEHBI (papbl, TO B
OTpaK€HUU KaK ObI OT JIy’KU BHJIHA €IIE OJIHA NTapa BKIIOUEHHBIX (ap.

[IpyunHa STOM WJUIIO3MM B TOM, 4YTO Y paszorperoro acdanbTa BbIIIE
TeMIiepatypa Bo3ayxa 7, a JaBlieHHEe BoO3ayXa p oJauHakoBoe: p = NkT,

CJIEIOBATENIbHO, ¥ Pa30rpeToro acganbTa MEHbIIE KOHIIEHTPAlUs MOJIEKYJ BO3/1yXa
N.

MeHb11asi KOHIIEHTPALKs MOJIEKYJl 03HA4aeT, MEHbIIIEEe 3HAUCHHE MOKa3aTess
MPEJIOMJIEHUS, TaK KaK MPU HEOOJIBIIONW IIIOTHOCTH U3 (popmyisl Jlopenu-JlopenTia
cienyer (n—1)~N.

CBeT NoBOpauMBaET B ONTUYECKU OOJI€€ IIIOTHYIO CPEy:

KaKy1Ieecst
TOMOKeHHE JTY3KH

[Ipn ckodp3silieM MMaJeHUU CBETa CBET IOBOPAYMBACT Yy IOBEPXHOCTH
acasibTa, Kak Obl OTPaXKasiCh OT JIyKHU. B 3TOH Iy’ke, KOTOPOil HA caMOM JieJie HET,
BUJIHBI OTpakeHUs1 HeOa, COTHIIA, AEPEBLEB WIH (hap aBTOMOOUIIS.

B packaneHHOIl MyCThIHE CBET MOBOPAYMBAET HE TOJBKO y PACKaJICHHOTO
MecKa, HO M B BBICOKMX Pa3pEeKEHHBIX CJIOSX aTMochepbl. OTU OTpakKeHUs
MOPOXKJIAIT MUpaxu. OTpaxeHus MNO3BOJSIOT BUIETh 0a3UC U3-MOJ[ JUHUU
TOPU30HTA U BUJIETh BOJIHBIEC IOBEPXHOCTH, KOTOPBIX HA CAMOM JIEJIE HET.

CrekTp cBera.
CnexTp cBeTa — 3TO IBETHBIE M300paKEHUS BXOJHOM IIEIN CIEKTPOMETpa B
(hOoKaIBHOM TIIIOCKOCTH €ro 00bekTHBa. CIIEKTP — ATO 3aBUCMMOCTh HHTEHCHBHOCTH




CBETa OT KOOPJAMHATHI B 3TON MIOCKOCTU. CHEKTp CBETA MPOMOPIIMOHATICH KBAIpaTy
Moaysst dypbe 00pasza dMEKTPUUECKOTO OIS,

JK3amMeH. /Inana3oHbl 3JIeKTPOMATHUTHBIX BOJIH M HCTOYHHMKH U3JIYYeHHS.
dakynpTaTUBHASA BCTABKA.

J171st BOoJIHBI JIF0O0M TIPUPOABI TPOU3BEICHUE JJIMHBI BOJIHBI HA YaCTOTY PaBHO
dazoBoit ckopoctu BOJHBL: Av=c. C 1983 roma 3Ha4YeHHME CKOPOCTH CBETa B
BaKyyMme nocrynupyercs: ¢ = 299792458 m/c, 4TO MO3BOJISET UMETh €IUHBIA ATAIIOH
JUIS JUIMHBL U BpeMeHHU. J[0 ATOro MOMEHTa JJIMHY HU3MEpsUId, CPaBHUBAs JJIUHY
BOJIHBI 3TAJIOHHOW KPacHOM JIMHUM KPHUNTOHA C JUIMHOW HM3MEPSAEMOro IpeaMera ¢
noMoupo uHTEphepomerpa MaiikenbcoHna. YacToTy H3MepsIM, CpaBHUBas C
YaCTOTOM I€3UEBOro ATamoHa d4actoTel ~9/7y. K 1983 romy ¢ mnomomisio

MIPUEMHUKOB M3JIy4€HUs THNA "KOoLIauyuid yc'" yJaajaoch MPOBECTH CPABHEHUE YACTOT
J1a3€poB, [IJIs1 KOTOPBIX YAaCTOThI OTIMYAIOTCS B HECKOJIBKO pa3, HaIpuUMeEp B ciydae,
Korna vy;—3v, SBISETCA JOCTaTOYHO HU3KOM YacTOTOM Il PpEerucrpanuu

AJIEKTPOHHOM CXEeMOM yacToToMepa. B pesynbrare yaamochk cpaBHUTH yactoTy He-Ne
nazepa A=3.39mKkmM M 4YACTOTy II€3MEBOr0 3TAIOHA 4YacTOThl npumepHo 9 I'Tm.
He3aBucuMoe TO4YHOE HM3MEpPEHHE YacTOThl M JUIMHBI BOJIHBI T'€HEPALMH J1a3€poB
MO3BOJIMJIO IEPEUTH K €AMHOMY 3TAJIOHY JITMHBI U YAaCTOTBHI.

Konen ¢gakynbTaTUBHOM BCTABKHU.

DNEeKTPOMAarHUTHBIE BOJIHBI JEJSITCS HAa JMANa30Hbl B 3aBUCUMOCTH OT JJIMHBI
BOJIHBI A WJIH OT YacTOTHI V.

Pa3nenenne Ha guana3zoHsl OPUOIM3UTENIBHO  OINPEAENSeTCS  TUIIAMHU
WMCTOYHUKOB MU3IMy4deHUs. [[is1 M0OBIX MCTOYHMKOB 3JIEKTPOMAarHUTHOE HM3IydeHHE
BO3HMKAET TOJIBKO ITPH YCKOPEHHOM JBUKEHUU 3apSKEHHBIX YaCTHL.

PaccMoTpuM 1HMana3oHbl, HAUMHAS C CAMBIX OOJBIIMX JJIMH BOJIH.

Hu3kre uian npoMBIIIJIEHHBIE YaCTOTHI.

A>3KkMm v <100xI'

VcTOYHMKN — Tapa3uTHOE HW3IIYYCHHE MPOMBIIIUICHHBIX AJIEKTPOYCTaHOBOK:
AIEKTPOIBUTATENH, SJICKTPOTEHEPATOPHI.

PagnoBOJIHEL.

IM <A< 3kM 100xI'm <v < 300MI'11

HNctounuku — IOTBIPCBBIC AHTCHHEIL.

[IpocTeiias aHTeHHA — JBa IITHIPSA U KOAKCHAIBHBIN KaOelb, 0 KOTOPOMY
CUTHAJ ITOJIBOAUTCS K NIEPEAAOIICH AaHTCHHE.

MukpoBoaHoBoy uan CBY auamnasoH.

CBY — cBepXBBICOKHE YaCTOTHI.

IMM <A< 1M 300MI'r <v < 300ITx




VIcTOYHUKN — MarHeTpOHBI U KIIUCTPOHBI (0OOBEMHBIE TIOJIBIE METAJUTHYCCKUE
PE30HATOPHI).

[lepenaua oT pe3oHaTOpa K aHTEHHE B CAHTUMETPOBOM W MUJUIUMETPOBOM
JMana3oHe MPOU3BOAUTCS MO TMOJOMY METAJUTMYECKOMY BOJHOBOAY. AHTEHHA CO

C(l)epI/ILIGCKI/IM OTpaXaTciICM — CIIYTHHKOBAA TapcCJKa. TGJ'IGBGIHEIHI/IG,
paanuoJoKanuA.



