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Thrasa 26

ONTHUHKA. NPHHU AN HAUMEHBUEIO
BPEMEHH

§ 1. Cser

drta rnasa — nepBasi U3 NOCBAILEHHBIX 3/€K-
TPOMACHUTHOMY u3Asyderuro, CBET, C MOMOILbLIO
KOTOPOTO MBI BHAMM, COCTABJ/SIET TOJBKO HEOOJb-
IIyI0 4YacTb IIHPOKOrO CIEKTpPa fBJEHHH OLHOMH
[IPHPOLB, NMpHYEM pasHble YaCTH CIIEKTpa Xapak-
TEpPU3YIOTCA pa3HBIMM 3HAUCHHAMH oOlnpeleseH-
HOHl (u3HYecKOH BeNHUYHHBL. DTy BeJHUHMHY Ha-
3BIBAIOT «IJHHOH BOJHH». [To Mepe TOoro Kak oHa
npoberaer 3HayeHus B Hpefenax CIeKTpa BHIH-
MOTO CBeTa, IBET CBETOBBIX Jiyuell MeHSIeTCsi OT
KpacHoro pxo ¢uoserosoro. CucreMaTHyeckoe
H3yueHHe CIIeKTpPa. OT AJMHHHBIX BOJH K KODOTKHM
Jyulle BCero HayaTb C Tak Ha3blBaeMBIX paduo-
804x. B TexHMKe pajHOBOJIHBI MOJY4alOT B ILUH-
POXOM 1Hana3oHe RJUH BOJH M Haxe GoJiee JJMH-
Hble, YeM Te, KOTOpble HCNOJb3YIOTCSl B OOBIYHOM
paavoBemaHud. B paauoBemaHuH NPUMEHSIOTCS
BOJIHBEL JJIMHOH OKoJ10 500 #, 3a HUMH HAyT TaK
HasbIBaeMble KOPOTKUE 80/AHbL, lajlee pajHOJIOKa-
HHOHHBIH AMAaNa30H, MUJJIMMETPOBBI [AHANa30H
i 1. 4. Ha camom gmese Mexay pasHbIMH jHana-
30HaMH HeT HHKaKHX TpaHHl, NpHpona HUX He
co3zana. Ymcaa, KOTOphle COOTBETCTBYIOT pas-
HBIM [AMana3oHaM, H, KOHEYHO, caMM Ha3BaHHA
JHana3oHOB BeCbMa YCJIOBHHL.

Hanee, npolias HOJNrHil OYTh uepe3 MHJJIH-
METpOBBLIH AHAama3oH, Mbl NPHIEM K uHpparkpac-
Holm BOJHAM, a OTTYAA K CneKkTpy eudumozo cse-
ra. CoyCTHBIIKCh 33 €ro IpaHMIBI, MBI NONajaeM
B yavTpaguoaerosyto obnacte. 3a yabTpaduoie-
TOBOIl 00/1aCTbI0 HAUHHAIOTCA PEHT2eHOBCKUE
JyuH, HO TPAHHUIly MeXAy HHMH TOYHO oupene-
JUTh MBI HE MOXEM, oHa I'ie-To OKoJjo 10-8 m,
nian 10-2 uk. D10 06/1aCTh MAKUX PEHTTEHOBCKHX
Jydedl, 3a Helo HAeT OOBLIYHOE pEHTI€HOBCKOE

§ 1. Cger

§ 2. Ortpaxenue
H mpejoMJjieHHe

§ 3. Npunnun
HaHMeHbUIEro
BpeMeHH Pepma

§ 4. Npumenenns
NPHHIHIA
Pepma

§ 5. Bonee TouHas
GopMyNHPOBKA
NPHHIHNA
Pepma

§ 6. Kpantosnii
MeXaHH3M



H3JydeHHe, 3aTeM HeCTKOe H3JyueHHe, IOTOM Y-H3/JyuyeHHe U TaK
KO BCe MEHbIIMM 3HaYeHHSAM BeJUYMHBI, KOTOPYIO MbI Ha3BaJju
IJIMHOH BOJIHBI.

B npemenax o6mupHOro AMamasoHa AJHH BOJH HMeeTcss He
MeHee Tpex obsacrei, rle BO3MOXHB! BeCcbMa HHTepeCHble MOpHU-
o6amxenus. CymecrByer, HanpuMep, o6JacTb, Iae IJHHA BOJHBI
MaJa IO CPaBHEHHIO ¢ pa3MepaMu nmpuGOpoOB, C NOMOUIbIO KOTO-
PBIX M3y4aloT TakHe BOJHBI, GoJsiee TOrO, HEPTHsI QOTOHOB, eC/H
TOBODHTb Ha SI3blKe KBAHTOBOH MeXaHHKH, MeHblle HOpOra 4yBCT-
BuTeNbHOCTH HmpubopoB. B atoit o61actu neproe rpyboe npubiu-
JKeHHe JlaeT MeTOJ, Ha3blBaeMBIH 2eoMeTpuuecKkol OnTuUKoU.
C ppyro#t CTOpOHBl, KOTAa IJHHA BOJHBI CTAHOBHTCA MOPSIAKa
pasMepoB npubopa (Takde yCJHOBHA NpOLIe CO34aTb AJs paLuO-
BOJIH, YeM [Js BUIHMOrO CBeTa), a 3Heprus (POTOHOB MO-NMpex-
HeMy HHUTOXHA, NPHMeHseTcs INPYyroe o4eHb I0Je3HOe npubJH-
JKeHHe, B KOTOPOM YyuTeHbl BOJIHOBBIE CBONCTBA CBera, HO CHOBA
npenebperaercs 3¢pdexramMu KBAaHTOBOH MeXaHHKH. DTo Npub/u-
JKE€HHEe OCHOBAHO HAa KAQCCUHECKOl Teopuu 3AeKTPOMACHUTHOZSO
u3ayuenus; oHo Oyaer oOcy:kIaTbCs B ONHOH K3 NOCHeLVIOLIHX
rnaB. Hakonen, ans eume 6Gosnee KOPOTKMX HJHH BOJIH, KOrAa
5Heprusi QOTOHOB BEJIHKA N0 CPABHEHHIO C YYBCTBHTENBHOCTHIO
npuGOpOB W OT BOJHOBOTO XapaKkrTepa H3JyuYeHHUs MOXKHO OT-
BJI€YbCSA, CHOBa BO3HMKAeT MpOCTas KapTHHA. Takyw (oToHHywo
KapTHHY MBI PacCMOTPHM TOJIbKO B o6mux yeprax. [lonnyio teo-
PHIO, ONMUCHIBAIOLLYIO BCE HA OCHOBE eIMHOH MOJenaH, Bbl y3Haere
TOpasno MO3Ke.

B sTofi rnaBe Mbl OrpaHHYHMCH TOH 06/1acCTbiO, /s KOTODPOM
s¢deKTHBHA reoMeTPHUYECKasi ONTHKA, H, Kak 6yAeT BHAHO B JaJb-
HeilllleM, JJIHHAa BOJMHB H (DOTOHHBIH XapaKTep CBETA POJIHM HE Hr-
palor. MBI axKe He 3aJalHUM BONPOCa, a 4TO TAKOEe CBEeT, H TOJb-
KO onuileM e2o nogederue B Macuuitabe IJMH U BPEMEH, MHOTO
6GOJbIIKX, UeM HEKOTOpble XapaKTepHble BeJanuuubl. K3 cxkasaH-
HOTO $ICHO, YTO peub nolner o6 oyeHb rpy6oM NpUOIHKEHUH, MO-
TOM HaM NPHAETCA «OTY4YaTbCA» OT H3JIOXKEHHBIX 3/1€Cb METOAOB.
Ho oTyunmcsi MBIl J1eTKO, NOTOMY 4TO TOYTH cpasy nepedaem x §o-
Jjlee TOUHOMY aHaJHu3y.

TeomerpHuecKkas ONTHKA, XOTS M SIBAAETCH NPUOJMKEHUEM,
npejcTaB/sieT OCPOMHBIA HHTEPEC C TeXHHUYECKOH H HCTOPHUYECKO
ToyeK 3peHHs. Ha Hcropum 2TOro BOmpoca Mbl HaMEPEHHO ocTa-
HOBHUMCA Nogpo6Hee, 4TOOb! AaTh NpeACTaBIeHHE O PA3BUTHH (U~
3HYECKOH TEeOpPHH HJH (PH3HUECKOH HIeH BooOIIe.

HauHeM ¢ Toro, uto CBeT 3HAKOM KaXKIOMY H H3BECTEH C He-
3anaMsiTHBIX BpeMeH. BosHukaer mepBasi nmpoGJeMa: KakoB Mexa-
Hu3M suderus cBera? TeopHit 6GbLIO MHOrO, HO B KOHIlE KOHIOB
OHH CBeJHCb K OJHON: cyllecTByeT HeuTO, Nonajamwilee B /a3
NpH OTPaXXeHHH OT NPeAMeTOB. DTa Hies CYIIEeCTBYeT yXKe JaBHO
H CTOJIb NIpPHBLIYHA, YTO TeNepb La)Ke TPYAHO cebe NPENCTABUTH
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Apyrue HiAeH, npeisoXeHHble, OJXHAKO, BeCbMa YMHBIMH JIOAbMH,
HanpuMep, YTO HEYTO BBIXOJAHT H3 TJia3a H YYBCTBYET OKpyXkalo-
uyde 1npeaMerhl. BBM M Apyrue BaxKHBle HaG/dI0JeHHMSA: CBeT
pacnpocrtpaHsieTcsi H3 OJHOH TOUKHU B ADPYTYIO 10 APAMOL AURUL,
€CJIH HHYTO eMy He NPeNATCTBYeT u JYYH CBeTa He B3aHMOJeH-
CTBYIOT Japyr c¢ jpyroM. MHbiMu crnoBamu, cBer pacnpocTpa-
HSeTCs B KOMHaTe BO BCEBO3MOXKHbBIX HampaBJeHHAX, HO TOT JyH,
KOTOPHIH MepHneHJHKyJsipeH HalpaBJeHHIO Halllero B3rasjga, He
BO3ZeHCTBYeT Ha JyuH, HAYILIHe K HaM OT Kakoro-aubo rpeamera.
B cBoe BpeMsi 3TO OblJ CHIbHEHIIHN apryMeHT NPOTHB KOPIYCKY-
JIAPHOH TeOpHH CBeTa, M ero HcnoJab3oBaa [iofirenc. Ho ecan
npencTaBuTb ceGe CBeT B BHUJAe NyuKa JeTSIIUX CTPeJs, TO Kak
Morau Obl TOrZla Apyrue CTpeJbl Jierko NpoHH3nbiBaTh ero? Ha ca-
MOM Jlesie IIEHHOCTb TaKHX CXOJACTHYECKHX [OKa3aTesbCTB Bech-
Ma CcOMHHTesbHa. Bcerma MOXHO CKasaTth, YTO CBer COCTOMT
HMEHHO M3 TaKHX CTpeJ, KOTOphle CBOOOAHO NPOXOAST APYr 4e-
pes apyra!

§ 2. Orpaxcenue u npesomaenue

Bce cxaszanHoe naer mpencTtaB/iieHHe 00 OCHOBHOH udee reo-
MeTpHuecKoll onTHkKH. Temepb nepeiiieM K €e KOJHYECTBEHHOMY
onucanuio. o cux mop mbl pasbupaJnu ciayyaif, Korga cBer pac-
OPOCTPaHSAETCs MeXJAy JABYMs TOYKaMHM 1o mnpsMo#t suuuu. Ilo-
CMOTPHM TeNepb, YTO NPOHCXOIHT, KOTJa CBeT Ha CBOeM NYyTH
HaTaJKHBaeTcsl Ha Kakxoii-to ob6bekt (¢ur. 26.1). ITpocreitmuui
00bekT — 3TO 3epKajio, H B ITOM cJydiae Mbl 3HaeM TaKOH 3aKOH:
cBeT, nomajas Ha 3epKaJjo, He NPOXOAHUT uyepe3 Hero, a oTpa-
KaeTcs M CHOBA YXOAHT NO NPSIMOH JIMHHH, NpHYeM HallpaBjeHue
OpsiMOit MEHsSIeTCS] IPH M3MeHeHHH Hak/0Ha 3epkasa. Enle B npes-
HOCTH JIIOAH OBbIIH 3aHSITHI BONPOCOM: KaKOBO COOTHOLIeHHe Me-
KAy ITHMH ABYMS yriamMu? 3TO OUeHb IPOCTOE COOTHOLIEHHe, H
HaiiieHo oHO OblIO HaBHbIM-IaBHO. [lagaomuit Ha 3epkano Jayd
MOC/IEe OTPAXKEeHHs ABHIXKETCS 10 TaKOMY IYTH, UTO YIJIbI MEXIY
KaXXAbIM Jy4OM H 3epKasioM paBHbl. Ilo psany coobpaxeHHi yrisl
yAOGHO OTCUMTHIBATH OT HODMaJH K NOBEPXHOCTH 3epKana. Torxa
TaK HasblBaeMblil 3aKOH OTPaKEHHUSI FVIACHT:

0,=0,. (26.1)

B orsuuHe OT MPOCTOTO 3aKOHA OTpPaxKeHHs Gosee CIOXKHBIA
3aKOH BO3HHKaeT NPM NepeXole CBETa H3 OJHON Cpelbl B APYIYIO,

6.\ 6,

Due 261 ¥Yeon nadenus pasen
yeny OTpadenus.




P ue 262 ITpu nepexode us odrod
cpedst 8 Opyeyto ayw ceeTa npe-
AOMARLTCA.

O HanpuMep M3 BO31YyXa B BOLY; 31ech

! TOXEe CBeT [BHXKETCs He N0 MNpPsIMOH.

TpaekTopus Jsyua B Boje 00pasyer He-

KOTOPHI/i yroJ ¢ TpaekTopHel B Bo3ayxe. Korma Jayu nagaer
MOYTH BEPTHUKANbHO, YTOJ OTKJIOHEHHS 0; HEBEJHK; €CaH Ke Jyd
HanpaBUTb NMoJ OOJILIIHM YIJIOM, OTK/JIOHEHHE CTaHOBHTCS 3HAYH-
TeqbHBIM (Pur. 26.2). Bo3nnkaeT BONPOC: KaKOBO COOTHOLIEHHE
MeXAy IAByMsa yraamu? B apeBroct 3ta npo6sema H04ro cra-
BUJIa JIOLEH B TYNHK, HO OTBET TOrZAa Tak WU He Obly Haitnen! Tem
He MeHee HMEHHO [I0 TOMY BONPOCY MOMKHO HaHTH OUEHb PEIKYIO
B JipeBHerpeuecKoi (hHM3HKe CBOAKY SKCNEPHMEHTANbHbIX NaHHbIX!
Knapnuit Ilronemefi cocraBHa Tab/HIy YIJIOB OTKJIOHEHHS
cBeTa B BOJEe [ LEJOTO psfa YIJOB NMaleHHs H3 BO3JyXa.
B Ta6n. 26.1 npuBenensl yrubl B BO3LyXe B rpalycax M COOTBET-
CTBYIOIHe YIB! 4151 Bofbl. (ITpHHATO cuMTaTh, UTO APEBHUE rpe-
KM HHKOTZa He cTaBHJ/H onblToB. Ho, He 3Hast 3akoHa, Takyio Tab-
JHLYy MOXKHO COCTaBHTb TOJBKO Ha OCHOBAaHHH 3SKCIIEpPUMeEHTa.

Tabauya 26.1 [ [IPEJIOMJIEHHUE CBETA
[10 IITOJIEMEIO

Yroa B BO3myXe, rpan Yroa B Boxe, rpai
10 8
20 15,5
30 22,5
40 28
50 35
60 40,5
70 45
80 50

Hano oTMeTnTh, OLHAKO, UTO JaHHbIE TaGJHIUBI CHAHUIKOM XOPOLIO
Joxarcad Ha nmapaboJjy, HOSTOMY OHH He MOIVIH GHITb pe3y/ibTa-
TOM HE3aBHCHMBIX H3MEpeHHH; 9TO JHIIb PsiA YHCes, HHTEePIOaH-
POBAHHBLIX [0 HEMHOTHM H3MEDEHHBIM TOYKaM.)

D710 6bla OYEHb BaXKHBIA LIar B CTAHOBJEHHH PU3HUeCKOTrO 3a-
KOHa: cHayasa Mbl HabsioonaeM 3addekT, 3aTeM NPOBOLHM H3Me-
PEeHHSI M CBOAMM pe3yJbTaThl B TabJHIy, MOC/Ie 4ero nbiraemcs
HaliTH 3QKOH, IO KOTOPOMY OJHH BeJHUYHHH CONOCTaBJISIOTCS C
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apyrumu. IIpusenennas tabauua Ghiia cocraBieHa eile B 140 r.
Hawe#l 3pbl, 1 BIOTh A0 1621 r. HEKTO He cMOr HalTH Takoro 3a-
KOHa, KOTOpbI#l cBsi3as Obl 3TH ABa yria! 3aKoH OB yCTaHOBJIEH
ro//iaHACKHM MaTteMaTtukoM Buine6poprom CHessoM M uHuTaercs
TakK: nycTb O; ecTb Yroa B BO3AyXe H 0, ecTb yroj B BOZe, TOTAA
cunyc 0; paseH cHHycy 0, YMHOXEHHOMY Ha HEKOTODYIO KOH-
cTaHTy

sin®; = sin®6,. (26.2)

Has Boab yncao n paBHO npumepHo 1,33. Pasencrso (26.2)
HasbiBaeTcs 3aKonom CHeanq; OH NO3BOJISIET npedcKasars OTKJIO-
HeHHe OBeTa NpPH mepexoe M3 BO3Ayxa B BoAy. B ta6.. 26.2 yxa-
3aHbl YrJbl B BOJe H BO3AyXe, NOJYYEHHbIe C MOMOLIbIO 3aKOHA
Cuenna. OBpatnuTe BHHMaHUe Ha YIMBUTEJbHOE COrJlacHe ¢ Tal-
auuei Ironemes.

Tabauya 26.2 [ ] [MPEJIOMJIEHUE CBETA
O 3AKOHY CHEJIJIA

Y ron B Bo3ayxe, rpas Yron B BoZe, rpan
10 75
20 15
30 22
40 29
50 35
60 40
70 48
80 49,5

§ 3. Hpunyun naumenvutezo apemenu DPepma

[To Mepe pa3BUTHS HayKH HaM XOUETCSl NMOJYYHTb HeuTo 60JIb-
wiee, ueM npocto Gopwmyny. CHauana Mbl HabJ0faeM SIBJICHHS,
3aTeM C MOMOIULLIO H3MEPEHHH NOJNyyaeM 4YHCJIa U HAKOHel Ha-
XOMM 3aKOH, CBfI3bIBAIOMIMH 3TH uHcaa. Ho HCTHHHOe Geautue
HAYKH COCTOHT B TOM, YTO MBI MOXCeM HAUTU Takod cnoco6 pac-
cyxcOenus, NpH KOTOPOM 3aKOH CTAHOBUTCS O4EBUOHbBIM.

Briepebie OOLIHE NDHUHLHIN, HArISIIHO OODBACHAIOMUN 3aKOH
noBeneHusi csera, Obl1 npeasnoxeH Pepma npumepro B 1650 r.
H [OJYyYHJI Ha3BaHHE NPUHYUNG HOUMEHbULE2O Bpemeru, WU
npunyuna Pepma. Bor ero umes: cBer BbIGMpaeT M3 BCeX BO3-
MOXHBIX NyTeH, COeXMHSAIOUHX JB€ TOYKH, TOT NYTb, KOTOPHIH
TpebyeT HauUMEHbULE20 8pemMenu IJIS ero NPOXOXKIEHHS.

TlokaxkeM cHayasa, YTO 3TO BEpHO AJSA cJydas C 3epKaJjoM,
4TO 3TOT NMPOCTOH NPHHUMN OOBACHAET H NPAMOJHHEHAHOCTb pac-
NpOCTpaHeHHUsl cBeTa, H 3aKOH OTPaxKeHHs CBeTa OT 3epKaja., Mul
SIBHO JeflaeM ycnexu!



Due 263. Hamocrpayus npuw-
{UNa HaumenbLIe20 8PeMeN.

[MonbiTaeMcs pewidth cienymomyto 3agayy. Ha ¢ur. 26.3
n3o6paxensl aBe Touku A u B u niockoe sepkano MM’. Kakum
nyTeM MOXKHO 3a KpaTdaiiulee BpeMs NONacTb U3 TOYKH A B TOU-
ky B? Orser: no npsimoit, nposefenHo# u3 A B B! Ho ecan mbi
n06aBHM [ONOJHHTENbHOE YCJOBHE, 4TO CBET HNOJKEH nonacre
Ha 3epKaJjo, OTPa3UTbCA OT HEro W BEPHYTbCS CHOBA B TOUKy B
OMsATH-TAKM 3a KpaTuaiilliee BpeMsi, TO OTBETHUTb He TaK yXK MpO-
cro. OnuH nmyTh — KaK MOXKHO CKopee go6paTbcs 10 3epkana, a
orTyna B Touky B, 1. e. no nyrn ADB. [lyts DB, KoHeuHO, AJH-
HeH. Eciu cIBHHYTbCS YyTh-uyTh BIpPaBo B TOuKy E, To nepsulit
OTPE30K NMYTH HEMHOTO YBEJHUYHTCS, HO 3aTO CHIBHO YMEHbUIUTCA
BTOPO¥, M BpeMsl NPOXOXKAEHHS] NOITOMY cTaHeT MeHblue. Kak
HaiiTh Touky C, I/isi KOTOPO#l BpeMsi NMPOXOXKAEHHST HaWMeHbliee?
BocnonbayeMcsi [jsi 3TOrO XUTPHIM TeOMETPHYECKHM IIPHEMOM.

ITo npyryto cropony sepkana MM’, Ha TakoM Ke PacCTOSHUMN
OT Hero, YTO U TOYKa B, moctpouM HCKyCcCTBeHHyI0 TOuky B’. 3a-
tTeM mnposefeM Jaunuo EB’. ITockonbky yron BFM npsamoi u
BF — FB’, o EB pasuo EB’. CnexoBarenbHo, CyMMa IJIHH IBYX
orpeakoB AE + EB, nponopuxoHanbHast BpeMeHH HX NPOXOMKJe-
HHsl (ec/H CBeT NPOXOJHT C NOCTOSTHHOH CKOPOCTbIO), paBHa CyM-
me naun AE -+ EB’. Tenepb HYXHO BBISICHHTb, KOTAA CyMMa AJHH
G6yner Haumenblieli. Orger: xorga Touka C Gyner Jexath HQ
npamod, coenunsiomein A u B’! JIpyruMu clIoBaMH, HYXKHO HATH
K MHHMOII Touke B’ (MHHMOMY n3o6paxeHHI0 TOUKH B) u Torma
mbl HaineMm touky C. [anee, eciu ACB’ — npsiMasi JIHHHS, yroJ
BCF pasen yrny B’CF wu, caepoBarensho, yriay ACM. Takum
o6pa3oM, yTBEpXKAEHHe O PaBEHCTBE YIJIOB NAaJeHHUsi H OTpaxe-
HHSl PaBHOCHJbHO YTBEDPIKIEHHIO, YTO CBET [PH OTPAXKEHHH OT
sepkana B TOYKYy B Bri6upaer myTb, TpeOYIOUIHil HaumeHsuieeo
eépemenu. Eme I'epon AnexcaHApPUUCKHE BBHICKAa3aJ yTBEPKAEHHE,
YTO CBeT IIpH OTpaxKeHHH HAET U3 ONHOH TOYKH B APYryw IO
Kparsalitiemy nyTu, Tax 4TO UAes IPHUHLHNA, KaK BHIHTE, HE
HoBa. MIMenHO 310 BHoxHoBHJIO @epMa, u OH nonpoBoBas mpuMe-
HHTb 3TOT NPHHIMI K SIBJEHHIO npesoMJenusi. Ho cser, npesom-
Jg5Cb, OUeBHAHBIM 00pa3oM HIAET He MO Kpardatduwemy nyru, o
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torna ®epma npemsoXKUJI APYroil NPUHIHI — CBET BHIOHPAeT
yTb, 8pemMs TPOXOXKAEHHS 110 KOTOPOMY HaumeHsuiee.

[Ipexxne uem nmepeldTH X BONPOCY O NMpeJOMJEHHH CBera, CHe-
JaeM ellle OHO 3aMeuaHHe 06 OTpaKeHHH OT 3epxaja. Ecau mo-
MECTHTh HCTOYHHMK CBeTa B TOYKY B u HampaBHTb Jyd Ha 3ep-
KaJjlo, CBeT, OTpa)asch OT 3epkaJja, npoilzer u3 B B A tax, Kak
OyaTo Gbl MCTOYHMK HaxoauTcsi B B’, a sepkaja ner soobuye.
Haiu rnas BHAKT TOJBKO TOT CBET, KOTOPHIH NEHCTBHTE/IBHO BXO-
IUT B HEro; ¥ XOTs MCTOYHHK paclosoXKeH B TOYKe B, 3epxaJo
HanpaBJsieT CBET B IMa3 TOUHO Tak, Kak 6HO0TO HCTOMHHK HaXO-
autcd B B’, W cucTemMa ria3 — MO3T HMHTEpPHpPETHPYeT HMEHHO
TaK 370 sBjaeHHe. [1o3TOMY HIIIO3US, YTO MCTOUHHK HJIH NpeAMeT
HaXOAHUTCA 3a 3€pPKaJjiOM, BBHI3LIBAETCSl TOJBKO TeM (DakioMm, 4TO
cBeT nomajaer B rja3 (GH3HYeCKH HMEHHO TaK, KaK ecjaH Obl
rmpeiaMeT NelHCTBUTENbHO OblI n0o3adu 3epKaja (ecau He NPHHH-
MaTb BO BHMMaHHE NLIb Ha 3epKaje W TO, YTO HaM H3BECTHO,
4TO 3€pKajo peanbHO CYILECTBYEeT, H JApyrue cBejeHHs, KOTOPbIE
YVUYUTHIBAET HAll MO3T).

[TokaxkeM Tenepb, YTO M3 NpPHHLANA HaMMeHbLUEro BpeMeHH
BbiTekaer 3akoH CHelna A TnpeacoMJyeHds. Mbl JOJXKHBI, KO-
HEYHO, 4YTO-TO TPEeNNOJIOKHTb OTHOCHTEIbHO CKODOCTH CBeTa B
Bozfe. bygeM cuHTaTh, UTO CKOPOCTb CBETA B BOJE MEHbIle CKO-
pPOCTH CBeTa B BO3/lyXe, H OTHOLIEHHE BTOPOH CKOPOCTH K NepBOi
00603HaYuM yepes n.

Hama 3anaya mno-npeXHeMy COCTOHT B TOM, 4T0oGbl Ha
¢ur. 26.4 nonactb u3 touku A B B 3a Haumenvwee spems. UtoGul
yOeaAnTbCs, UTO NyTb MO NPSIMOH 3JeCb He caMblii GLICTpBIH, Mpel-
cTaBuM cebe CaelyIONIYI0 CUTYallHIO: XOpPOlIeHbKas NeByIIKa Ia-
JaeT U3 JIOAKH B BOAY B TOYKe B M KPHUHT, NPOCHT crnactd. JIu-
Husg X — 310 Geper. Bn Haxonurech Ha cywe B Touke A H BH-
IuTe, 4TG NPOU3OLLIO, BBl yMeere mjaBath H yMeere Geratb. Ho
Geraere Bbl ObicTpee, ueM mJaBaere. Uto BaM nenath? DBexarb
no npsimoit K Oepery? (Koneuno!) Ho, HeMHOro mopasmblciiuB,
BBl TNOHMeTe, YTO BBIFOAHee Npo6exaTb HECKOJLKO IoJblie IO
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Duez 26.5. Haumenvwee spems
noayuaerca npu sebope Touxu C.
Cocednue TOUKU npusodaT npumepHo

K TAKoMy oce BpemeHu npoxoxdes
RuA.

X ¢ z

6epery, uTo6H YMEHbIHTb Ball NyThb B BOAE, IOTOMY YTO B BOJE
Bbl Oynere HBHraThcsl ropasgo MeanenHee, (Paccyxnas takum
o6pasoM, Jyuiie Bcero ObliI0 Obl 3apaHee TILATEJNbHO BbI4UCAUTE
nytb!) Bo BcsAkoM ciyuae, naBaiTe MONbBITaeMCs 10Ka3aTb, 4TO
OKOHUYaTeJbHOE pelleHHe 3agauu — 310 nyte ACB, Korophlii 3a-
HUMaeT M3 BCeX BO3MOXHHEIX HauMeHbllee BpeMs. Ecan stor
nyTh KpaTuadwuid 1o BpeMeHH, TO JI0GoH IApYyroi OKaKercs
naundee. IToatoMy ecqn OTJOXKHTbL Ha rpaduke 3aBHCHMOCTb
BPEMEHH OT TOJOXKEeHHs1 TOYKH X, HOJYyYHTCs KpHBas, [OX0XKast
Ha uzobpaxeHnnywo Ha ¢dur. 26.5, rne Touka C COOTBETCTBYeT HaH-
MeHbILIEMy BpeMmeHH. DTo o3Hauaer, 4yTo M Touek X 86ausu C
B [epBOM NPHGJAHIKEHHH BpeMs NPOXOXKIEHHS NMPaKTHYeCKH 00u-
Hakosoe, TaK Kak B Touke C HaK/JIOH KpHBOH paBeH mymo. Hrak,
Hal cnoco6 HaWTH UCKOMBIH MyTh CBOXUTCH K TPeGOBaHHUIO, YTOOB!
TIpH HeGOJbLIOM H3MEHEHHH NOJIOKEHHs] TOYKH BpeMs NPOXOxKiae-
Hus He MeHsanoch. (KoHeuHo, BO3HHKHYT GeCKOHe4HO MaJble H3-
MeHEHHs BpEMEHH 8TOp020 NOPAAKa, H OHH AOJXKHB OBITb NOJO-
JKUTEJbHBIMH TIPH CMelleHHH B 06e cropoHb! oT ToukH C.) Bosb-
MeM G/H3KYI0 TOYKy X, BBIYHC/JIHM BpeMs NPOXOXKIAEHHS Ha NyTH
AXB u cpasuum ero co crapeiM nyrem ACB. CxesnaTe 310 OYeHb
nmpocto. KoHeuHo, HYXKHO emle, yToObl pa3HOCTb BPEMEH CTpeMH-
Jach K Hymo masi Maabix paccrosuuii XC. O6patuMcs cHavazaa
K nytd no cyme. Ecin Mbl onyctuM neprnenaukyasp EX, To jerko
VBUAMM, 4TO Hall NyTh cTaj Kopoue Ha miuHy EC. MoxHo cxa-
3aTh, 4TO 3TO paccTossHHe Mbl Bhiurpasu. C Apyro# CTOPOHEL,
onycrus nepneaukyasp CF, Mbl yBHANM, YTO B BOJLE NPHXOAHTCA
NPOIJIBITL AONOJHHTENbHOE paccrosinve XF. B stom Mb mpour-
paau. C TOUKH 3pEeHHs 3KOHOMHH 8pemeni BLINIDLIBAETCA BpeMs
Ha orpeske EC, Ho Tepsiercs Ha orpe3ke XF. Dtu ABa HHTEpBaJa
BpPeMEeHH HOJIKHBH OBbITH DaBHHI, TaK KaK B IEPBOM NPHOIUKEHHH
NOJIHOE BPEMsSl NPOXOXKIEHUs He MeHsAercs. IlpedanosoxuB, 4TO
CKOPOCTb B BOJE paBHa CKOPOCTH B BO3AyXe, YMHOXKEHHOH Ha

1/n, noayuum
EC=nXF. (26.3)

IMostoMy MBI BHAHM, YTO €CJAH HaM YAAJOCh NPaBHIbHO BBHI-
6pate Touky C (XCsin EXC = nXCsin XCF) nnm Mb COKpa-
TH/IM Ha NJAMHY o6medi rumotenysnl XC u 3aMeTH/H, 4TO

EXC=ECN=06; u XCF=BCN =6,
12



TO MBI MOJYYHM
sin®; =nsin®,. (26.4)

Orciona BHAHO, YTO NPH OTHOLIEHHH CKODOCTe#l, paBHOM n, CBET
DOJKEH ABHraThCfA H3 OJHOH TOYKH B APYryI0 IO TakOMy IyTH,
4yTOOB! OTHOLIEHHE CHHYCOB 0; ¥ 0, ObLJIO PaBHO OTHOLIEHHIO CKO-
pocTedl B IBYX cpelax.

§ 4. pumenenun npunyuna Pepma

Paccmorpum Teneph HekoTOpbie HMHTEepecHBle CJAEICTBHS NPHH-
IuNa HauMeHblIero BpeMenu. Ileppoe U3 HUX — NpHHIUN 06paTH-
Moctd. MHl yxKe Hamwu nyte W3 A B B, Tpebyrouui HauMeHb-
HIero BpeMeHH; TMOHAeM Tenepb B OOpaTHOM HampaBJ/eHHH
(cuMTas, 4TO CKOPOCTb CBeTa He 3aBUCHT OT HamnpasJaeHusi). Han-
MeHbIIeMy BPEeMEHH OTBeYaeT Ta Ke TPAeKTOpHs, H, clIefoBa-
TeJbHO, €CJIH CBET PACHPOCTPAHSETCS N0 HEKOTOPOMY NYTH B Of-
HOM HamnpaBJeHHH, OH OyAeT IBHrarbcsd IO 3TOMY NyTH H
B 06paTHOM HampaBJ/IeHUH.

Hpyroit unrepecuslit npumep! Ha nyTu cBera moi HEKOTOPHIM
yIJAOM NOCTaBJieHa YeThIpeXrpaHHas CTEK/siHHas DpH3Ma C na-
paanenbHbIMu rpaHsiMu. CBeT npoxonut u3 Touku A B B u, BcTpe-
THB Ha cBOeM IIyTH npuaMmy (dur. 26.6), OTKIOHsSETCS, NpPHUEM
IJIUTEJbHOCTb NYTH B NPH3Me YMEHbIIAETCsl 3a CYeT H3MeHEeHHs
HaKJIOHA TPaeKTOPHH, a IyTb B BO3LyXe HEMHOro YIJIHHSETCH.
Y4acTKH TPaeKTOPHH BHE IPH3MBI OKAa3BIBAIOTCS NapaJiiebHbIMA
IpYyr ApYry, IOTOMY YTO YIJIBI BXOJa H BBIXOAA H3 HPH3MBI OIH-
HaKOBHI.

Tperbe uHTEpecHOe sIBJIEHHE COCTOHT B TOM, 4TO KOTZa MHI
CMOTPHM Ha 3axofsllee COJHIIE, TO OHO HAa CaMOM jejle Haxo-
IUTCSl yXKe HMXKe JHMHHMM ropusoHta! Ham xascercs, uto coqHle
ellle HaJ rOPH30HTOM, a OHO aKTHYeCKH yxXe sauuro (bur. 26.7).
Heno amecy B caenpyroomeM. 3eMHass atMocthepa BBepxy paspe-
)KeHa, a B HHXKHHX ciosx OGonee mtotHada. Cser pacmnpocrpa-
HSIETCS B BO3AyX€ MelJIeHHee, ueM B BaKyyMe, U HO3TOMY COJ-
HeuHble JIYUH JOCTHTHYT KaKOH-TO TOUKH 3a FODH30HTOM GhICTpee,
ecan OYAyT ABUraTbCs HE IO NPSIMOH JIMHHMH, a 1O TPaeKTOPHH
¢ GoJiee KPYTHIM HAKJIOHOM B INIOTHBIX CJ10SIX aTMOc(ephl, cOKpa-
mas TakuM 06pas3oM CBOH NyTb B 3THX CJIOfX.

bue 266. Jyz ceera, suxo-
dawud u3 npoapaunoll naacru-
Hot, napaasesen  nadarouemy
AYRY.
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K Kaseywemycs

noAOMEHUID
// Connya Due 267. Y eopusonra
Coanye xaxerca na , epa-
dyca eovlue, HeM HA CaAMOM
Oeae.

[lymb ceema

\

Ammocgepa

K ucmunnomy

TionoxeHU ConHya
Jemns

Ewe npumep TOro e pona— MHpax, KOTOpbiil dacTo Habao-
HalOT MyTELIeCTBEHHHKH Ha pacKajJeHHbIX coslHueM poporax. Onu
BHAAT Ha JOPOre «BOILY», a KOTJa MONbEe3XKaloT Tyda, To Kpyrom
OKasbiBaeTcs BCe Cyxo, Kak B nycTbiHe! CyUIHOCTb ABJEHHSA
B caenyomeM. To, 4TO MBI BHAMM B 3TOM C/1ydae, 3TO «OTPaXKeH-
Hblii» nopdéroit ceer. Ha ¢ur. 26.8 noxasaHo, kax nagamomui Ha
mopory Jyu csera nomajaaer K HaM B raa3. [Touemy? Bosayx
CHJIbHO pacKasieH HaJ caMoil JOpOrofl, a B BEPXHHUX C/IOAX XO-
Jonxee. opsiuuil BO3ayx, paciiupsasich, cTaHOBHTCA OoJjlee paspe-
XKEHHBIM, a NOTOMY M CKOPOCTb CBeTa B HeM OoOJbille, YeM B XO-
JgonHoM. pyruMu cioBamu, cBeT GbicTpee NPOXOZHT B TeIVIBIX
CJI0s1X, 4eM B X0/10ZHbIX. [To3TOMY cBer mpoxoAuT He Mo NPSIMOH,
a WIeT 1O TPAeKTOPHM C HAaUMEHbUIMM BpeMeHeM, 3aBopauuBas
JJA 3TOTO B TelJble CJOM BO3AyXa, 4YTOOBI COKPATHTb BpeMH.
Takum 0o6pasom, CBET HAET IO KPHBOH.

N eme omuu npumep. [lpepcraBum cebe Takyio CHTYaLHIO,
KOTIA Becb CBET, MCNyCKaeMblil B Touke P, cofupaercs oOpaTHO
B apyryio Touky P’ (¢ur. 26.9). dTto o3Havaer, KOHEUHO, 4TO
CBET MOXeT monactb H3 ToukH P B P’ mo npaMoil JIHHHH. ITO
npasuabHo. Ho kak ycrpouTh Tak, u4toGbl cBer, Haymuii or P
K Q, toxe mnoman B P’? Mel xorum cobpaTb Becb CBeT CHOBA
B OJHOIf TOUYKe, KOTOPYIO HasbBalOT hoxycom. Kak 3to cienarb?
ITockonbKy cBeT Bcerna BbOHpaeT NyTh C HaUMEHbUIMM BpeMe-
HEM, TO HaBEepHSiKAa OH He MOHIET MO APYTHM INpeNJOKeHHBIM
HaMu nyTsaM. EpuHcTBeHHEI cnoco6 clenartb Ueabir psaa GJus-
JIeKauluX TPAeKTOPHHl NpHeMJ/eMbIMH IJs CBeTa — 3TO YCTPOHTb
Tak, YTOGH Jis BCeX BpPeMst NPOXOXKJAeHHs ObLIO TOUHO 00UHAKO-
sgoim! B NpPOTHBHOM ciyuae CBeT NOMJET 1O TPAaeKTOPHH, Tpebyio-
mei MuHHMaJjabHoro Bpemenu. [TostoMy 3amaua mocrpoeHus ¢o-
KYCHPYIOHIEH CHCTeMbl CBOLMTCSl IIPOCTO K CO3JaHHMIO YCTPOlCTBa,
B KOTOPOM CBeT TPAaTHT Ha 8Cex NyTAX OJHMHAKOBOe BpeMs!

Takoe ycrpoiicTBO co3maTh npocro. BosbMeMm Kycok crekJa,
B KOTOPOM CBeT IBHXKeTcs MelJeHee, ueM B Bozayxe (¢ur. 26.10),

Pacxanennoil necor unu dopoza, due. 26.8. Mupasx,

\
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IlpocaennuM nmyTthb Jyua cBeTa, NPOXOASIIEr0 B BO3AYyXe MO JUHHU
PQP’. dror nyTh AJNHHHee, YyeM npsiMo u3 P B P/, U HaBepHfKa
3aHuMaer Oosbwie BpeMmeHH. Ho ecau B3siThb KYCOK CTeksna HyX-
HOH TOJILHHBI (TI03Ke Mbl BBIYHC/IHM, KaKoil HMEHHO), TO MyTb
B HeM CKOMIeHCHpyeT No6aBOuHOe BpeMs, 3aTpauynBaeMoe NpH
OTKJIOHEHHHM Jiyda Ha Ttpaekropuu PQP’. Tlpu 3tux ycaosusx
MOXHO YCTPOHTb TakK, uToGbl BpeMs, 3aTpaudBaeMoe CBETOM Ha
NyTH 10 NpsiIMOM, COBMAjAaJo CO BpeMeHEeM, 3aTPauHBAeMblM Ha
nytd PQP’. TouHo Tax e, eCaHM B3fATb YaCTHYHO OTKJIOHEHHBIH
aydy PRR’P’ (Gonee KopoTkuil, uem PQP’), TO mpHAETCs CKOM-
NEHCHPOBATb yXKe He TaK MHOTO BDEMeHH, KaK Jsl NPSIMOJUHEH-
HOM TPaeKTOPHH, HO HEKOTOPYIO JOJII0 BPEMEHH BCE XK€ CKOMMEH-
cupoBaTh npuaercsa. B pesysbrate Mbl npHXoAHM K dopMe Kycka
ctekna, usobpaxkenHoid Ha ¢ur. 26.10. Ilpu rakoir dopme Bech
ceeT 3 Touku P monamer B P’. Bce 310 HaM U3BeCTHO yXKe NaBHO,
H HasblBaeTCsl Takoe YCTPOHCTBO coOHpaTeNbHO# Aun3ol. B cie-
Jlylollel rjase Mbl BHIYMCJIMM, KaKOH JO/IXKHa ObITh QopMa JIHH-
3B, YTOOH NOJYYHTbL HIEaJbHYI0O (OKYCHPOBKY.

Haxkoneun, nocnenuunit npuMep. [TpeanosoxuM, 4To HaM HYXKHO
TaK NOCTaBHTb 3€pKaJso, YTOOBl CBET M3 TOYKH P BCerma npuxo-
aua B P’ (¢ur. 26.11). Ha m060m nyTH cBeT LOJ/KEH OTPA3UTHCSA
OT 3epKaJjia, H BpeMs AJd BCeX MyTell JOKHO OBITh OJUHAKOBBIM.
B nanHOM cayyae CBeT NPOXOXHT TOJMBKO B BO3AYyXEe, TaK 4YTO
BpeMs NPOXOXKJEeHHs NPONOPHUHOHANBHO HJAHHe nyTH. I[lostomy
Tpe6oBaHHe paBEHCTBAa BPEMEH CBOLMTCA K TPeGOBaHHIO paBeH-
CTBa NOJHBIX AJuH myTel. CieloBaTebHO, CyMMa pacCTOSIHUE 7y
M 72 JNO/IKHA OCTaBaThbCsl NMOCTOSIHHOMN. Jasunc obiagaer Kak pas
TeM CBOHCTBOM, UYTO CyMMa pacCTOSHHUH JIOGOH TOUYKM Ha €ro
KPHBOH OT ABYX 3aJaHHBIX TOYEK IOCTOSTHHA; MO3TOMY CBET, OT-
pasuBLIHCh OT 3epKaJja, HMelollero Takyio (opMy, HaBepHsAKa
flonajer U3 opHoro Qokyca B APYroi.

o
-Dw

Due. 26.10. Poxkycupyro-
Wan ONTUHECKAR CUCTEMA. '
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Due 26.11. daruntuyeckoe 3epraso.

ST10T npHHUMIN GOKYCHPOBKH CJYXKHT AJsl HaGJIONeHHs CBeTa
3Be3a. Ilpu moctpofike Gospioro 200-m110iMOBOro TeslecKomna B
obcepsatopun Ilasomap ucnosb3oBasnack cnemymoluasi uges. Bo-
o6pasure cebe 3Be3Ny, YLAJeHHYI0 OT HAac Ha MHJIMapDIBl KHJO-
METpOB; Mbl XOTHM cOGpaTh Becb HCIyCKaeMHl el cBeT B (oKycC.
KoneuHo, Mbl He MOXeM HAUePTHTh BCIO TPAEKTOPHIO Jyueid IO
3Be3JlBl, TeM He MeHee Mbl JOJIXKHBI IIPOBEPHTb, HACKOJbKO Bpe-
MeHa Ha pas3/iHYHBIX TPAEKTOpPHAX paBHb. MBI, KOHeYHO, 3HaeM,
4TO ecJH MHOXKECTBO Pa3JIMYHBIX JydeHd TOCTHIIO miockoctH KK,
NepreHAUKYJASpHONl HampaB/eHHIO JyueH, TO BpeMeHa [/ BCeX
3THX Jayued Oynyrt pasHB (¢ur., 26.12). Hanee Jyun HDOJKHHI
OTPasUTbCS OT 3epKaja U 33 paBHble NIPOMEXYTKH BpPEeMeHH IIO-
nactb B Goryc P’. D10 03HauaeT, UTO Mbl JAOJ/DKHBI HAHTH TaKyio
KpPHUBYIO, I/ KOTOpoil cymMma paccrosinuit XX’ 4 X’P’ Gynmer no-
CTOSIHHA, He3aBHCHMO OT BuIGopa Touku X. Jlerue Bcero 3to cue-
Jath, TPOXO/KHB o0Tpe3ok XX’ mo mnmockoetu LL’, Tlorpe-
6yeM Tenepb, uTOOBI BHINOJHSAAHCH cooTHourenus A’A” = A'P’,
B’'B” =B’P’, C'C’" u 1. I.; B 3TOM Cjlyyae Mhul IOJyYyaeM
HYXKHYIO HaM KpHBYIO, HOTOMy uto cymMma ujaud A’A -+ A'P’ =
= AA’+ A’A” Gynmer mOCTOSHHON [JsI BCeX TOYEK KPHUBOiH. 3Ha-
YMT, HAllla KPHUBAsl €CTb FEOMETPHUYECKOe MEeCTO BCeX TOueK, paB-
HOYLaJeHHBIX OT JIMHHM M HEKOTOpOil 3alaHHOi TOYku. Takas
KpHUBasi HasblBaercsl napabo.aoi; BOT 3epKajo Tejaeckona U ObLIO
M3TOTOBJEHO MMEHHO B ({opMe napaboJbi.

[lpuBenenHsle npuMepel B OOMHX YepTax MIIIOCTPHPYIOT
NPHHLMN YCTPOHCTBA ONTHUYECKHX cHCTeM. TOYHBIE KPHBblE MOXHO
paccuuTaTh, HCNOMB3Ysl NMPABHJIO PAaBEHCTBA BPeMEH Ha BCexX MNy-
TSIX, BEAYIIHX B TOUKY (oKyca, H Tpebys, 4ToGbl BpeMsi MPOXOHK-
JEHHSA Ha BCeX COCEJHHX NyTsiX OBLIO GOJIBIIHM,
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B cnenyomeit riaBe Mbl elile BepHeMcs K (DOKYCHPYIOIIUM
ONTHYECKUM CHCTEMAaM, a Tenepb OOCYAHM daJibHeHlillee pa3BHTHe
teopud. Korna npenasaraercss HOBbIH (H3HYECKHH NpHHOMIN, Ta-
KOM, KaK INPUHUUI HAHMeHbLIEro BpeMeHH, TO Halled NepBOH
€CTeCTBEHHOH peaknueil Morau Obl OBITH ciioBa: «Bce 3To oueHb
XOpOLIO, BOCXHTHTEJNBHO, HO BONPOC 3aKNOYaeTcs B TOM, YJyu-
maeT Ji¥ 3T0 BoOoOlle Halle NoHHMaHue ¢usuku?» Ha ato MoxKHO
oTBeTHTb: «Jla. ITocMoTpHTe, CKOJIBKO HOBBLIX (DAKTOB MKl TeNephb
nousiaul» A kro-To Bo3pasuT: «Hy, B 3epkasnax s ¥ tak pasbu-
patlocb. MHe HyXKHa Taxkas KpuBasi, 4ToObl KaxKJas KacaTeJbHad
K Hell IIJJOCKOCTb 00pa3oBbiBaja PaBHBEIE YIVIBI C ABYMS Jy4aMH
cBera. Jl MOTYy paccuudTarth H JIHH3Y, NOTOMY 4TO KaxKIblH najato-
INMA Ha Hee JydY OTKJIOHAETCs Ha YroJ, JaBaeMblil 3aKOHOM
CHesutas. 3aech oueBHAHHIM 00pa3oM colepiXKaHue NPHHIHIA
HauMeHblLIero AefCTBHS COBNAZLaeT C 3aKOHOM paBeHCTBA YIVIOB
NpH OTPa*KeHHUH H NPONOPIHOHAJbHOCTH CHHYCOB YTJIOB IIpH Ipe-
gomienud. Torma, moxer GbiTh, 3T0O (ua0cOdCKUN BONPOC, a MO-
XKeT ObITb, BOIPOC NPOCTO B TOM, KaKO# NMyTb KpacHBee? MOXKHO
IIPMBECTH apryMeHTHl B 0Jb3y OOEHX TOYEK 3PEHHS.

OnHako KpHUTEepUiI BaXXHOCTH BCSKOrO NPHHLUUNA COCTOHUT
B TOM, UTO OH npedcKa3vi8aeT HewTO HOBOe.

Jlerko nokasatb, yto npuHiun Pepma npeiackassiBaer pan
HoBbIX (akroB. [Ipexae Bcero mpeanosoXuM, 4T0 HMEIOTCA TPU
Cpelbl — CTeKJ0, BOAA H BO3AYX — H MBI HabJioJaeM siBjeHHe
NpesoMJIeHHsl 1 H3MepSeM NoKasaTesb f IJs NMepexoja H3 ONHOH
cpeanl B apyryio. O6osHauuM uepe3 njp NMoKasaTelb NpesoMmie-
HUS 1Js nepexojla u3 Bo3ayxa (1) B Bomy (2), a uepes ny3—
Ijs mepexona u3 Bosayxa (1) B crexno (3). Mamepus npesnom-
JleHHe B CHCTeMe BOJa — CTEeKJIo, Hali/leM ellle OIHH NOKa3aTelb
NpeJOMJIEHHST M HAa30BEM €ro f,3. 37ech 3apaHee HeT OCHOBaHHU
CUMTaTh, YTO Mig, Mi3 H Mg CBA3aHBI MeXAy coboi. Ecnu xe ucxo-
IUTb H3 NPHHLHINA HAaVMEHbLIEro BPEMEHH, TO TaKyi0 CBSI3b
MOXKHO ycTaHOBHTb. [lokasarteb 7y eCTb OTHOILIEHHE NBYX BeJH-
YHH — CKOPOCTH CBeTa B BO3JAyXe K CKODOCTH CBeTa B BOJe; IO-
KasaTesb f;3 €CTb OTHOUIEHHE CKOPOCTH B BO3AYyXe K CKOPOCTH
B CTeKJe, a fg3 €CTb OTHOLIEGHHE CKOPOCTH B BOZE K CKOPOCTH
B crekqe. IToatomy, cokpamias CKOpPOCTb CBeTa B BO3AyXe, MOJY-
yaem

fgy == T o DUV P13 (26.5)

U3 v1/0, 12

Jpyrumu cioBaMH, Mbl npedcKas3vigaen, UTO MOKa3aTelb NPeaoM-
JIeHus [N Mepexofa M3 ONHOI0 MaTepHasa B APYrofi MOXKHO IO-
JIYYHTb H3 IOKasaTejeH HpeJOMJEHHS KaXKAOro MarepHaja Io
OTHOILEHHIO K HEKOTOPOH Cpelle, CKaxXeM BO3LYXy HJH BaKyyMy.
Takum o6pasom, H3MepHB CKOPOCTb CBETa BO BCEX CpPEAAX, MBI
o6pasyeM ONHO UMCJIO Il KAXKAOH CPellbl — N0Ka3aTte/b NMpejoM-
JIEHUs VISl mepexofa H3 BaKyyMa B Cpelly —H Ha3blBaeM ero f;
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(Hanpumep, n; AJs BO31yXa €CTb OTHOLIEHHE CKOPOCTH B BO3LyXe
K CKOPOCTH B BaKyyMe H T I.), NOCJ€ Yero Jierko HanucaTh HyX-
Hyio ¢opmyny. ITokasarenp npesoMmJenns mias JIOOHIX ABYX Ma-
TEpPHAJIOB i U j paBeH

Ny=—=—-:- (26.6)

Hcnoabays Tonbko 3akon CHesua, nono6HOe COOTHOLUEHHE Mpef-
cKkasatb HeBo3MOXKHO *. Ho cBsa3b 31a cymecrsyer. CooTHouieHue
(26.5) u3BECTHO MaBHO M TOCHYXKHJIO CHJABHBIM apryMeHTOM
B TNIOJIb3Y NPHHUKINA HaHMEHbIIEro BpeMEHH.

Eile ooHO npencKasaHHe NPHHLUKNA HaHMEHbLIETO BPEeMeHH
COCTOMT B TOM, UTO CKOPOCTb CBEeTa B BOAE NpU uU3Meperuu
JIOJDKHA OKa3aTbCHl MEHbILE CKOPOCTH CBeTa B BO3lyxe. DTO yKe
npenckasanue cosceM apyroro poxa. Ono ropasmo ray6Gixe, no-
TOMY UTO HOCHT TEODETHUEeCKHH XapaKkTep M HUKaK He CBSI3aHO
¢ HaGaoneHHsiMH, U3 KoTopbix PepMa BHIBEJ NPHHHUI HaHMEHb-
1iero BpeMeHH ([0 CHX NOp Mbl HMeJNH JeJIo TOJbKO C yeaamu).
Kak oxa3anocb, CKOPOCTb CBeTa B BOJAe 0eliCTEUTEAbHO MeHblle
CKOPOCTH B BO3AYXe, H POBHO HACTOJBKO, 4TOGHI MOJYYHJICS Tipa-
BHJIbHEII TIOKa3aTesb NpeJOMJIeHHS.

§ 5. Boaee Tounan dopmyaruposka
npunyuna Pepma

Ho cux mop Mbl (aKTHYECKH NOJb30BAJHCL HENpaBHAbHOMN
$OpMyJHMPOBKOH NpPHHIMNIA HaHMEHbIIEro BpPeMeHH. 37eCb MBI
chopmynupyeMm ero Gosee TouHO. Mbl HenpaguibHO Ha3bIBAJH
€ro NMPHHIMIOM HaHMeHbIIEero BPeMeHH M M yA006CTBa 1O XOLy
Jesia NPHMEHSIIM HenpaBMWJbHYIO ero TpakToBKy. Ho remepn mul
BHISICHHM TOYHOE cojepxaHHe npuuuuna. I[Tycrts nMeercs 3ep-
Kajo. Mul ero noxasaau Ha ¢wur. 26.3. OTKyna cBer 3Haer, 4TO
OH JIOJIKeH ABHraThecsl K 3epkany? OueBunaHO, myTb, TpebyrOUlHi
Haumerobuieeo BpeMenH, — ato auHus AB. Koe-kto nosromy Mmo-
»KeT ckasaTb: «MHorza sror nyth TpeGyeT Kak pa3 HaH60JbLIEro
Bpemenu». Tak sto nenpasuavuo! ITyTh mo KpuBOK HaBepHAKA
saiimer eute Gonbiie Bpemenn! Tounas GopMyaHpoBKa RpHHLMIIA
caenymoumas: Jyd, NPOXOAAIKMA IO TPaeKTOpuH, o6Jjanaer TeM
CBOIICTBOM, UTO JI060e Masoe U3MeHeHHe nyTH (ckaxeMm, Ha 1%),
pacrosioKeHHs] TOUKH TajeHus Jyya Ha 3epkajo, uan (PopMbl
KPHBOH, WM Kakue-THGO MHble H3MEHEHHst He npusodaT B Iep-
BOM MOpSIiAKE K M3MEHEeHHIO BPEMEHH NPOXOXKIEHHs; H3MeHeHHe
BPEMEHH NMPOHMCXOAHT TOJbKO 80 8TOpOM mopsaake. JdpyraMu cio-
BaMH, COTJIaCHO 3TOMY NpPHMHIMIY, CBET BHIOMpaeT OJAMH NyThb H3

* Ero MOXHO BBIBECTH, €CJI¥ JIOTIOJHHTENbHO TNPEANoNOXHTb, 4TO MPH AO0-
6GaBNEHUH CJIOA ONHOH Cpeibl K TIOBEPXHOCTH JPYrod yros NpeOMJEHHs Ha
BHIXOJle M3 nocieaHes cpeibl He MEHAETCA.
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MHOXKecTBa 0/1M3/1exallux, TpeOyoWux MOUTH 00UHAK08020 Bpe-
MEHH JJIS NPOXOKACHHUS.

C npHHUMIOM HaMMEHbLIErO BpeMeHH CBfi3aHa elle OfHa
TPYAHOCTb, KOTOPYIO MHOTHe, He JIOOAIUME TAaKOro poga TEOpHH,
HUKaK He MoryT mepesaputb. Teopus CHe/lna nomoraer Jierko
«MOHSiTb» moseleHue cBeta. CBeT MpPOXOMHT, BHAHT Nepes CoOOi
NMOBEPXHOCTb H OTKJOHAETCS, NOTOMY 4YTO Ha NOBEPXHOCTH C HHM
4TO-TO NPOUCXOAHMT. JIerko MOHATH HAEI0 NPHYMHHOCTH, MPOAB-
JAIOLLYIOCA B TOM, UTO CBET HIAET H3 OJHOH TOYKH B APYrylo, a
3ateM B cieaytomyo. Ho npuHnunm HammeHbllero BpeMeHH ecTb
¢unocoPckHit NPHHUUN, KOTOPHIH COBCeM HHAaye OOBSCHSET IMpH-
YUHY fBJEHHE B npupoie. BMecTo MpUYHHHON OGYC/JOBJIEHHOCTH,
KOT[la M3 OJHOro Haulero AeHCTBHA BbITEKaeT ApPyroe u T. A., 3TOT
NPHHUMI TOBOPHT CJeAyIOIlee: B JAHHOH CHTyallHH c8eT BhIOH-
paer nyTb C HaWMeHBLIMM, HJH 3KCTpeMaJsbHBIM, BpeMmeHneM. Ho
Kax yRaercsi CBeTy BLIOHpATb CBOH NyTh? Bbirioxugaer OH 4UTO
JIM COCelHMe NMYTH H CPaBHUBAET MX NMOTOM JApyr ¢ Apyrom? B He-
KOTOPOM CMBbIC/IE TaK M HPOHCXOAHT. DTy CIOCOOHOCTb CBeTa
HeJb3sl IOHATb B PaMKax F€OMETPHYECKOH ONTHKH, IIOCKOJBbKY OHa
cBsi3aHa C MOHSATHEM OAUHbLL B0AHOL, AJHHA BOJHBL, TPpy0o roBops,
€CTb TOT OTPE30K BIEepelH JeKaUero nyTH, KOTOPHI CBET MOXeT
«IOYYBCTBOBaTb» M CPAaBHHUTb C COCEAHHMH NYTSIMH. DTOoT (QakKkT’
TPYAHO NPOAEMOHCTPHPOBATb HA ONBITE CO CBETOM, TaK Kak JJIH-
Ha BOJIHBI CBeTa YpesBblYaiiHO MaJsa. Ho pagHOBOMHBI ¢ JJIHHOM
BOJIHBI, CKa)XeM, 3 CM «BHUAAT» HaMHoro jnajsbiue. Ilpennosoxum,
HMeeTcs HCTOYHHK paJMOBOJIH, IETEKTOP H 3KpaH CO HIe/bI0, KaK
nokasaHo Ha ¢ur. 26.13; npu 3THX YCJAOBHAX Jyyd OyAyT HpPOXO-
auth U3 S B D, MOCKOJbKY 3TO NpAMOJHHefHas TPaeKTOpHs, H
Jlaxke eCJd CY3HTb llenb, JIy4YH Bce paBHo npoinyr. Ho ecau Te-
nepb OTONBHHYTH AETeKTOp B TOuky D’, TO mpu IIHPOKOH wLieau
BOJIHBI He mo#Ayrt u3 S B D’, mOTOMY 4TO OHH CpaBHAT G/au3se-
Kaue nytH H ckaxyt: «Her, Apyr moii, Bce aTH nyTta TpeGyloT
npyroro Bpemenud». C Apyrofl CTOPOHBI, €CAH OCTaBUTb TOJBKO
Y3EHbKYIO HIe/IKy H TakuM o0pasoM nomewars BOJIHAM BbIGHPATD
NyTh, TO OKAXYTCA FOAHBIMH y¥e HECKOJbKO NyTed W BOJHBI IOH-
nyt no wum! Ecan miens yskas, B Touky D’ nomager GoJbiue u3-
JIy4eHHs], 4eM Hepe3 MIHPOKYIO IHeJb!

Z‘
S—
\_

DQue 2613. [Ipoxosdenue
paduo080oAr CKBO3b Y3KYIO Wens.
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Takoll e ONBIT BO3MOXEH CO CBETOM, HO B GOJLIIOM Mac-
mrabe ero npoaesarb TpyaHo. dtor addekr, 0AHAKO, MOXKHO Ha-
6.1100aTh B CJIEAYIOIHX NPOCTHIX yciaoBHsax. Hafinnte manenbkuii
M SIPKHAl MCTOYHHK CB€Ta, HANpHMep YJAHYHBIA (oHApb [Ae-HH-
6yab B KOHIE yJHUIbI HJIH OTPa)keHHe COJHIA OT KoJjieca aBTOMO-
6uas. [locraBbTe nepen ryiazaMu ABa najblia, OCTaBHB Ui CBETA
Y3€HbKYIO 1llesb, H MNOCTeNeHHO cO/MxKalTe NaJblibl, MOKa ILlesdb
MOJMIHOCTbIO He HMCYe3HeT. Bl yBUAMTE, 4TO CBET, KOTOpLIH BHA-
yane Ka3aJjca KPOXOTHOHN TOUKOMH, HauHEeT PACIJ/IBIBATbCS H Jaxke
BBITAHETCA B JJHHHYIO JHHHIO. [IpouCXOQUT 2TO IOTOMY, YTO Me-
WY najdbllaMH OCTaBJeHa JHIIb OUeHb MaJieHbKasl IleJgb H CBET
He HAEeT, KaK OOGBIYHO, N0 NPAMOH, a PACXOAUTCS MOK HEKOTOPHIM
yrJIOM H B TJla3 Nonajaer ¢ pas3HblXx HanpasJjeHUH. Ecau Bbl Oy-
fere DOCTATOYHO BHHUMATEJbHBI, TO 3aMeTHTe elile GOKOBble Mak-
CUMyMBl H cBOeoGpasHyio KaiiMy mo KpasiM. Kpome Toro, camo
uzobpaxeHue Oyner okpauleHo. Bce 3sto Gyner B CBOe BpeMs
0OBSICHEHO, a cefiuac 5TOT OMBIT (a4 ero OueHb JIerKO NMpofesnaathb)
TPOCTO LEMOHCTPHPYET, YTO CBET He BCeria paclpocTpaHsercs
no npsiMOH.

§ 6. Keanrosoii mexanusm

B 3akmawouenue naauM odeHb rpyOyio KapTHHY TOro, 4To Mpo-
HCXOLUT Ha CaMOM Jele, KaK NPOTEKaeT Bech MPOLECC Paclpo-
CTpPaHEHHs1 CBeTa C KBaHTOBOMEXaHHUECKON TOUKH 3PeHHs, KOTO-
pylo cefiuac CUMTaIOT caMOH INpaBUAbHOH (pasyMeercs, Haiue
onucanue GyleT HOCHTb JIHIIb KauecTBeHHbI xapakrep). Hccie-
ays ceer Ha nyt# u3 A B B (cM. ¢ur. 26.3), MOXKHO OGHapYKHUTD,
YTO OH BOBCE He mpejcrasjsier co6oil BojHbl. Jlyun cBera, OKa-
3bIBAETCH, COCTOAT M3 (POTOHOB, KOTOpHle MOXKHO peaJbHO 3ape-
THCTPUPOBAThH C MOMOLIbIO (DOTOHHOrO CUETUMKA; OHH 3aCTABJAIOT
€ro 1ejKaTh. JIPKOCTb CBeTa NPOMOPUHOHANbHA CPEIHEMY YHCIY
($OTOHOB, npoJseTalleMy B 1 cex, a Hac HHTepecyeT 8epOATHOCTb
nonanauust dorona us A B B npu orpaxkeHuu ot 3epkana. [Ipa-
6UA0 BBIYHCJIEHUS 3TOH BepOSITHOCTH BecbMa HeoObiuHO. BoiGepem
Kako#-HHOYAb MyThb W HaljeM BpeMs Ha 3TOM NyTH; 3arteM 06-
pasyeM KOMILIEKCHOE UHC/JIO0 MM HapHCYeM MaJleHbKHI KOMILIeKe-
Hbfl BexTop pei®, rme yeonr O nponopyuonasen spemenu. Hucao
06OpOTOB BeKTOpa B CeKyHAY — 3TO yacTora cBera. Bosbmem Te-
nepb ApPYroi myTh, H NyCTb OH 3aHHMAaeT [pyroe BpeMs; TOria
COOTBETCTBYIOUIHA €My BEKTOD MOBEpHETCH Ha yroJl, OTJHYHBIH OT
nepBoro (BCIOMHHM, 4TO YroJ BCerja IPOMNOPUHOHAJeH BpeMe-
nu). ITepeGepeM s8ce BO3MOXKHBIE NYTH H CJHOXKHM BEKTODH AJA
KaXJloro H3 HHX, TOTAAa KBaApar AJHHb CyMMapHOro BEKTOpa ofl-
peNesIHT BepOsiTHOCTh NMPOXOXKAEHHs (OTOHA U3 Haya/JbHOA TOUKH
B KOHeUHYIO!

TlokakeM Temepb, uTO OTCHOJA CJeAYyeT NPHHUUI HauMeHb-
IIero BpeMeHH AJAa 3epkana, BosbMeM Bce BO3MOXHble NYyTH
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QDue 2.14. Cymmuposanue /K’\\
AMNAUTYO 8EPOATHOCTU HA 6CeX .
803MONCHOLY cOCeOnux Tpaexro- E C
pusx.

D

ADB, AEB, ACB u 1. 1., usob6paxenusie Ha o¢ur. 26.3. Ilytb
ADB BrocuT HeGONbINOH BKAan, a cocennuit nytb AEB zanumaer
yXe JApyroe BpeMs, H ero yroa 6 nosromy npyroii. Ilyerb Touka
C coOTBeTCTBYET NYTH ¢ HAaUMEHbIIWM BpEMeHeM, TOrla NpH He-
60/1bIIOM H3MEHEHHH NMyTH BpeMs He MeHsercs. TouHee, cHayana
BpeMsi 3aMeTHO MEHSJI0Chb, HO ¢ npHuO/IHKeHHeM K Touke C OHO
MeHseTcsi Bce MeHbule W MeHbme (¢ur. 26.14). Takum obGpasom
BEKTOPHl, KOTOpble ME CKJajbiBaeM, Npoxoast BOausum C mouty
NOX ONLHHM H TeM XKe YIVIOM, a 3aTeM BpeMeHa HAauMHaloT [HOCTe-
[IEHHO pacTH, BEKTOpH [IOBOPAYHBAIOTCA M T. A. B pesyabrare
nonyuyaercsl Tyrofi kayGok BekTopos. [losiHas BEpOSATHOCTb €CThb
paccTosiiMe OT OJHOrO KOHIA O APYroro, BO3BeLEHHOE B KBajl-
par. IToutu secv 6x4a0 8 3TY CYMMAPHYIO 8EPOATHOCTL BHOCUT
obaacte, 20e sexTopbl UOYT 8 00HOM HanpasierHuu (¢ ONHON H
Toli ke dasoil). Brians or nyrtel ¢ pasubimy BpeMeHAMH B3aHM-
HO COKpAallaloTcs, MOTOMY 4YTO BEKTODHl HAampaBJieHW B pasHble
croponsl. BoT noueMy, ecau 3akpHTb Kpas 3epkaja, oHo Gylmer
OTPaXaTh MOUTH TOYHO TaK K€, KAK U paHbIIE, NOCKOJIbKY B HpH-
BEJIEHHON BHlILE INpPOLeLype 3TO COOTBETCTBYET OTGPACHIBAHHIO
YacTH BEKTOPOB BHYTPH CNHDAJbHBLIX KOHUOB AHarpaMMbl, a AJs
CBETa 9TO Maj0 YTO H3MEeHHT. TaxoBO COOTBETCTBHE MEXAYy CO-
BpeMeHHOl TeopHell (QOTOHOB ¢ ee NOHATHEM BEPOSTHOCTH MPO-
XOXKIEHHUs, 3aBHCALIEH OT CYMMHDOBaHHA BEKTOPOB, H IDHH-
IMIIOM HaNMEHbIUEro BpeMeHH,
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