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ST0T — yerBepTHIH — TOM 00LIEro Kypca (PU3HKH MOCBALIeH (H3H-
YECKOH ONTHKE M fBJSETCA €CTECTBEHHBIM NPONOJ/IKEHHEM NIPEABIAYILErO
TOMa, B KOTOPOM H3Ji1araercsi yueHue o0 3JeKTPHYECKHX M MarHUTHBIX
ABJeHHsX. PH3nyecKas ONTHKA pacCMaTpUBaeTcs B HeM INIPeUMMYLIECT-
BeHHO C BOJIHOBON (KOHEUHO, 3JEKTPOMAarHUTHOM) - TOUKH 3peHus.
Bonpochl KBaHTOBOH ONTHKM 3aTparWBalOTCs JHIIb YacTHYHO. [laeTcs
npeAcTaBieHHe o (GOTOHAX M mpollecce U3JAy4YeHHSI KaK O KBAaHTOBOM
nepexoJie aTOMHBIX CHCTEM U3 OJHOTO 2HEepPreTHYECKOro COCTOSTHUS B
Ipyroe. 210 HeOOXOAMMO A/ BBeleHMS TOHATHA HHAYOUPOBAHHOTO
U3/1yueHUs U 0ObsACHEeHUs NPUHLHUIOB paboThl na3epoB. OfHaKO cucTe-
MaTHYeCKOe H3JI0XKeHVe OCHOB KBAHTOBOH ONTHKH, B TOH Mepe, B KaKoH
5TO BO3MOXKHO C/IeJ1aTh B PaMKax o0llell (pH3MKH, a TaKKe OTHOCSIUXCS
Cloa KBaHTOBBIX siBJieHHH (potoaddekr, abdexr Komnrona, cnekr-
paJ/ibhble 3aKOHOMEPHOCTH, JIIOMHHecLeHIUs, s¢dekt 3eemana, sddeKT
Irapka u mp.), npeanonaraerca Aath B NSATOM TOMe, Ije 6yneT uana-
raThCsi aTOMHasl (M3HKA B LIHPOKOM CMbiC/le 3TOro CJ0Ba.

Bomnpocsl reoMerpuuecKofl onTUKH co6paHbl B NEPBHIX IBYX IVIaBax.
Kypca, 4ToGhl B JajbHeHIIeM MOXKHO ObIJIO CChIIAaThCSi HA HUX NPH H3J10-
JMeHHHM HHTepdepeHUUH, AUPPAKUUM H ADYTUX pasfesoB (u3UUeCKOi
ontuKH. ['eoMeTpHuecKasi ONTHKA HM3/1araercs He KaK MaTeMaTHuecKas,
a Kak (u3uyeckas IHCUMIVIMHA — KaK NPUOMIKEHHBIH NpelesbHbIM
c1yyall BOMHOBOH ONTHKH. TeM caMbIM 4eTKO OfNpefessitoTCsl TPaHHMILbI
ee npuMeHUMOCTH. C 11e/1b0 IPOCTOTH B OCHOBY OGOCHOBaHUS reOMeTpPH-
YeCKOH ONTHKU IOJIOXKEHO CKa/fipHOe BOJIHOBOe YypaBHeHHe. XoTs
B 0o0l1ieM Cc/yyae HEOJHOPOLHOHM CpEeJibl OHO H HEBEPHO, HO Jaxe B 3TOM
c/y4yae NpHU PacCMOTPEHHU IpefilelbHOTO Nepexoja K reoMeTpHYecKoi
ONTHKE OHO NMPUBOJUT K NPaBU/IBHEIM pe3yJbrataM. KoHeuHo, Ha ocHOBe
CKaJIIPHOTO YpaBHEHHUS HHYEro HeJb3si CKa3aTb OTHOCHTEJIbHO Bpalile-
HHSA TJIOCKOCTH NOJISIpU3alMU Jiyya B HEOXHOPOJHOH cpefe. s 3Toro
HaJo ObL10 Gbl MOJIOXKHTH B OCHOBY BEKTOPHBIE YpaBHeHHs MakKcBesia.
Ho 510, HHuero Hé MeHsii B HMIEHHOM OTHOIUEHHH, NOTPe6GoBaIO Gbl
JOBOJIBHO T'POMO3AKHX BbluncaeHHH., CylleCTBEHHO, YTO CKaJisipHOe
BOJIHOBOE ypaBHeHNe NPaBHJIbHO IepefilaeT OCHOBHbIE 3aKOHOMEPHOCTH
pacnpoctpaHeHHs BOJIH He TOJbKO B OHOPOJHBIX, HO H B HEOLHOPOAHBIX
cpenax. ['eomerpuueckas e ONTHKA NMOJy4aeTcsl U3 HEro B NpeeJbHOM
clyyae KOPOTKMX BOJIH, MJHMHBI KOTOPBIX IpeHeOpeXXHMO MaJsbl IO
CPaBHEHHIO C XapaKTEDHBIMH DPasMepaMH, ONpeeJsiOutuMi pacnpo-
CTpaHeHHe CBeTa B Cpeje.
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- BnipoueM, 00GOCHOBaHME TreoOMeTpHUYECKOH ONTHKM IpU BCeH ero
Ba)XHOCTH MOXKeT ObITb ONYLIEHO NpH MNEePBOM YTEHHH KHUTH.

Ilocnie u3/10:KeHHSI OCHOB reOMETPHYECKOH ONTHKU BO BTOpPO#i IVaBe
u3JjlaraeTcsl reoMeTpHuYecKass TeOpHsl ONTHUYECKHX H306paXkeHUH —
[JIaBHEIM 00pa3oM C TNpPHHOMOUAILHONH CTOpOHHL. bBosbliag uacrs
Martepuasa 3TOH IJIaBbl IPH NEPBOM YTEHHH MOMeET OLIThb TaKkKe Omy-
meHa. JloCTaTOYHO OrpaHUYMTBCH MHHHMYMOM: TOJIYUEHHEM ONTHUEC-
KHUX H306pakeHMH B apakcuaJbHOM NPUGIHKEHHY U OCHOBHEIMM NOHS-
THSIMH (otoMeTpuH. K ocrajbHBIM BOIpocaM MOXKHO ofpamarbcs IO
Mepe HaJlOOHOCTH B IIpollecce H3YyueHHs (PU3HUYECKOH ONTHMKH.

OcHoBHOe cOfiepKaHMe Kypca cocTaBjsfeT (Pu3HuYecKas OMNTHKa,
H3JI02KeHHe KOTopoil HaunHaetcs ¢ riasbl [11. B Hee BxonsT Takxe cne-
LMaJbHasl TEOPHS OTHOCUTETBbHOCTH, KPaTKOe H3J/I0XKEHHE NPHHIMIOB
paboThl ONTHYECKHX KBAHTOBBIX T'€HEPATOPOB (/a3epoB) H 3JIEMEHTOB
HenMHeliHO# onTHKU. Kak M B NpeAbIyliMX TOMax Kypca, IJIaBHOe
BHHMaHHe 3/ieCb o0pallleHo Ha BHISICHEHHe (PM3HUECKOTO CMbIC/IA U COJep-
>KaHHSA ONTHYECKHX fBJEHUH, HAa CBA3b MEXAY HUMM M C OOLIMMH NPHH-
uunamMu QusHKH. ABTOp CTpPeMUJICH K MIEHHOH NIPOCTOTE H3JIOXKEHHS,
HO crapajcs usberaTtb BYJbrapH3alyi.

Bornpocsl HCTOpHH, 3KCIEpHMeHTa/lbHOe 0GOCHOBaHHE 3aKOHOB OII-
THKH, NPUMEHEHUS ee B TeXHHKEe U JPYTHX HayKaX 3aTPOHYTH JHUIb
HOCTONBbKY, HOCKOJBKY 3TO HeOOXOAMMO MJs YSCHEHHS OCHOBHHIX
AIBJIEHHH ¥ NPUHIUNIOB ONTHKHU. M3-3a HeJlocTaTKa MeCTa faxe ONHCaHHIo
J€MOHCTPaLHU# B 5TOM TOME yJIeJIEHO MeHbllle BHUMAHHS, YeM B NIPeAbIAY-
UMX TOMax Kypca. Brpouewm, neMoHcTpanuu, ocyniecTsieHHble B Moc-
KOBCKOM (PH3MKO-TeXHUYECKOM HMHCTHTYTe MOMMH JIEKIIHOHHBIMH acCHC-
teHtamu E. H. MopososeiM, M. Y. MaxknakoBeiM, B. I1. MonuanoBbIM,
B. A. Ky3HenoBoii, KoTopbIM sl T1yGoKo GJarojapeH, ChIrpaiu HeMma-
JIYIO posib NIPH HANHCaHHM M 3TOrO TOMa Kypca (U3HKH.

Pyxonuch storo ToMa Oblla TIIATEJNBHO NPOCMOTPEHA pelleH3eH-
tamu — npodeccopom C. C. Iepuureiinom, npogeccopom M. C. T'opGa-
HeM U COTPYJHHKAMH DPYKOBOJIMMOH MM KadeIpnl 3KcIepHMeHTalbHOH
¢usuku KueBckoro rocypapcrBeHHoro yHusepcurera uM. T. I'. Iles-
YEHKO, a TaKXKe JOKTOpPOM (u3nKo-mMatemaTnueckux Hayk I'. I1. Ileko#.
Hx cnpaBenivBEIe KpUTHUECKHE 3aMeYaHUs YUTEHH IPU OKOHYATEJ]bHOM
pelaKTHpPOBaHHM KHHUrM. BceM 3THM JuMuaM aBrop TNPHHOCHT TJY-
60Kylo 6J1aroJapHOCTb.

. B. Cusyxun



F'TABA I
BBEJAEHUE

% ¥

§ 1. INpepmer onTHKM

Onmuxa, TouHee — ¢husuueckas onmuka, €cTb pasiesn (HIHKH,
H3yyaromuil cBoHcTBA M (M3MUECKYIO NPHPOLY CBETa, a TaKKe €ro
B3auMoJelicTBHe ¢ BewlecTBOM. [lojl CBeTOM MNOHMMAIOT HE TOJBLKO
6udumbLil céem, HO U TMIPHUMBIKAIOIKE K HEMY IUIMPOKMe 06/1acTH CrekTpa
S/I€KTPOMATHUTHOTO H3JIyYeHUs — UH@ppaxpacryio U yavmpaguoremo-
éyr0. PazjnuuHble YYaCTKH CHEKTpPa 3/1eKTPOMATHUTHOTO H3JY4YEHHS
OTJIMUAIOTCS APYT OT ApYyra OAuHol 60axbl A W 4acmomotli v — Beandu-
HaMH, XapaKTepU3YIOUIUMH He TOJbKO 604HO8ble, HO U KBAHMOBblE C80Li
Cmea 3J€KTPOMArHHUTHOTO M3JyueHHs. JIEKTPOMAarHHTHHIA CIEKTp
NPUHATO JeJUTb Ha paduoBoaHbl, UHpPaKpacHoe, eudumoe, Yabmpa-
huosemosoe, peHM2eHOBCKOe Y 2AMMA-U3AYHEHUSA. DTH YYacTKH .CrieKTpa
pasuualoTcs He mo cBoell (pM3MYeCKOH NpPHPOAe, a no cnocoby eexepa-
yuu u npuema udayuerus. IloaToMy MeX1y HUMH HeT PEe3KHX IePEeXoI0B,
CaMH YyYaCTKM IIepeKpBbIBAIOTCH, a TPAHHUBl MeXAY HHMH YCJIOBHHL.

Paduososnamu HaswpiBalOTCS 3JEKTPOMATHUTHBIE M3JYUEHHS, AJIHHBI
BOJIH KOTOpPHIX mpeBocxojat npuMepuo 0,1 mM. MIX npuHsTO NENUTBb
Ha: 1) ceepxOaunnole 60aHbL ¢ JMHON BoJHBL A > 10 KM (uacroTta
v << 30 kI'n); 2) Oaunnvie goaner (A = 10—1 kM, v = 30—300 &l'n);
3) cpednue oanet (A = 1 kM — 100 M, v = 300 x['w — 3 MI'w); 4) xo-
pomkue oanet (A = 100—10 M, v = 3—30 MI'n); 5) yaemparopomrue
60arbt (A << 10 M, v > 30 MI'u). Ilocsennue B CBOWO Ouepeib NMPHHATO
NofpasfieIiTh Ha Memposvie, OeyuMempossle, MUAAUMEMPOBble W CYO-
MUAAUMEMPOBble UNN  MukKpomemposole. BoJHBI ¢ aauHOH A <<1 M
(v> 300 M[') npUHATO TaKXKe HA3LIBATb MUKPOSOAHAMU HIM
goanamu ceepxsvicokux dacmom (CBU). M3-3a Gosnblumx 3HaueHuHi A
pacnpocTpaHeHHe paJHOBOJIH MOXKHO paccMaTpuBaTh (heHomeroa02uU-
Yecku 6e3 yueTa aTOMHCTHYECKOTO CTPOeHHs cpepl. Mckiouenue cocras-
JIFIOT TONIbKO CaMble KOPOTKHE PajHOBOJIHH, NPHMBHIKAWIIHe K HHppa-
KpacHOMY y4acTKy crekTpa. [IpakTHuecKH He CKasblBalOTCS H KBaHTO-
Bble CBOHCTBA pajHOU3JyUEHHUS.

Buaumoe, uHbpakpacHoe M yabTpaduosieToBOe H3Jy4eHHS COCTaB-
JSAIOT TaK Ha3bIBaEMYIO Onmuueckyro 00aacmb cnekmpa B LIHPOKOM
CMBICJIE 3TOTO CJIoBa. Brijenenue Taxkoit 06;1acTH 06YCJIOBIEHO HE TONBKO
6J1130CTbI0 ' COOTBETCTBYIOIMX YY4CTKOB CIIEKTPa, HO H CXOJCTBOM
METOXOB H HNPHOGOPOB, NPUMEHSIOIINXCA 414 ee HCCeN0BaHUA U pa3pa-
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GOTaHHBIX HMCTOPHYECKH IVIABHBIM 00pasoM IpPH H3YYEHHH BHIUMOIO
cBeTa (JMH3BI M 3epKasia L (OKYCHPOBKH H3JIyueHHUs, NPU3MHI, 1H-
(hpakUMOHHBIE pelleTKH, HHTep(epeHIHOHHble NMPUOOPH AJS HCCIeo-
BaHMs CIIEKTPAJbHOTO COCTaBa M3JyueHHUs U Np.). Onmuueckuil cnekmp
3aHUMAaeT JUanasoH OT YCJIOBHOH IpaHHLBI HH(PPAaKPaCHOrO H3JyuEHHUS
(A =2wmM, v=15:10"T1) 10 ycI0BHOH KOPOTKOBOJIHOBOH I'pPaHHILIbL
yasrpaduonera (A = 108 cm = 10 uM, v = 3 -10%® I'ny), uto cocraBser
npuMepHo 18 okTaBp !). Buuumoe uanyuenne 3aHuMaeT NpUOIN3UTENbHO
onHy okraBy (A = 400—760 um), yabrpaduoser — 5 okras (A = 10—
400 uM), uHdpakpacHoe HaayuyeHue — 11 okraB (A = 760 um — 2 mMm),
B ontuueckofi o6satTH CHeKTpa YacTOTHl vV YyKe IepecTarT OBITh
MaJIbIMH IO CPaBHEHHIO € COGCTBEHHBIMH UaCTOTAMH aTOMOB M MOJIEKY/I,
a JUVIMHBL BOJIH GONBLIBMH 1O CPAaBHEHHMIO C MOJIEKYJISIPHBIME Pa3MepaMH
H MeXMOJIEKYJ/ISIPHEIMH paccTosiHusiMH. Biaronaps stoMy B aTo#l 06-
JIaCTH CTAHOBATCS CYIIECTBEHHBIMU SIBNE€HHSA, 0OYC/IOBJIEHHbIE aTOMUCTH-
yecKuM cTpoeHHeM BemlectBa. [lo Tofi ke mpHuuHe, Hapsily C BOJIHO-
BBIMH, NPOSIBJIAIOTCA M KBaHTOBble CBOHCTBA cBeTa. DHepPrusi CBETOBOTO
KBaHTa ONpefeNfieTCsl BhIpaxkeHHeM

&€ =hv, (1.1

rae h = 6,63 -107% apr - ¢ — nocmosarnnas Ilranxa. TlosesHo 3aMeTHTB,
4TO 7151 AJIMHB! BOJHBEL A = 1000 HM Heprus cOOTBETCTBYIOILETO KBaHTa
cocraBasier & = 1,23 3B, uau npuGIM3UTENBHO ONHH 3JIEKTPOH-BOJbT.
Ha xonuax Bumumoro crnexkrpa (A, = 760 HM, Ay, = 400 nM) a4
sHeprud kpanta ¢opmyaa (1.1) naer &, ~ 1,6 3B, &, ~3 3B.

B o6Gnact# peHTreHOBEKOro M raMMa-H3jJyyeHHsl Ha NepBHIA IIaH
BBICTYIAIOT KBAHMOBbIE CEOLICMBA U3AY4eHUs. PeHTreHOBCKOe H3JyueHHe
BO3HHUKAeT NMPHU TOPMOXKEHHH OBICTPHIX 3apsKEHHBIX YaCTHIL (3JIeKTpO-
HOB, NIPOTOHOB U 11p.), a TAKXKE B pe3yJIbTaTe NPOLECCOB, IPOUCXOASIIUX
BHYTPH JEKTPOHHBIX 060/I0ueK atoMoB. I'aMMa-u3nyueHHe NOsABJSAETCA
B pe3yJbTare NPOLECCOB, NMPOUCXOJSIIMX BHYTPH aTOMHBIX sjep, a
TaKXXe B pe3yJ/ibTaTe NpeBpallleHHs dJeMeHTapHbIX yacTHi. OHO ross-
JsleTCsl U NPH TOPMOXKEHHH ObICTPHIX 3apsKEeHHBIX yacTHll. Xapakrep-
Hble 3HEPrHH raMMa-KBaHTOB — MNOpPSJKAa  OJHOTO MJH HeCKOJbKHX
MsB. T'panunpl o6nacreli peHTT€HOBCKOTO U I'aMMa-H3JIy4YeHHsi, B OCO-
6eHHOCTH KOPOTKOBOJIHOBEHIE, MOTYT OBbITb OIpeJeJieHBl JHIIb BecbMa
yciaoBHo. las o6ielt OpHEHTHPOBKH MOXHO HPHHATb, YTO SHEpPrHs
PEHTreHOBCKHX KBaHTOB JeXHT B mnpefenax 203B — 1 MaB (A =
= 50—107® uM), a 3Heprusi ramma-kKBaHtoB — GoJabine 0,1 MaB (A <<
<< 102 um).

Crnenyer 3aMeTHTb, YTO BOJIHOBblE H KBAHTOBble 3aKOHOMEPHOCTH
ABJIAIOTCS OOUIMMH I/ BCETO CIIEKTPa 3/1€KTPOMAarHHTHOTO. H3/1y4eHH .
Tonbko, B 3aBHCHMOCTH OT AJIHHBI BOJIHBI, Ha MepPBbIf IIaH BLICTYNAIOT

1) Okrapoit Ha3bIBaeTCA MHTePBA] YacTOT MeXAy DPOH3BOJBHOX YacToTolt @
Hee rapMmonuKoi 20,
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pasHble BJCHHS, PAa3Hble METOAB HCC/IeIOBaHHA M pasHble NPaKTHYeC-
KHe npuMeHeHusi. [losToMy Ha ONTHKY HeJb3sl CMOTPETh KaK Ha 3aMK-
HYTYIO JUCIMIVIMHY, U3Y4aIOLLYIO TOJBKO ONTHYECKYIQ 00JacTh ClIEKTpa,
OTJEeJIEHHYI0 OT APYruX o6nacTefl pe3KMMH TpaHHIAMH. 3aKOHOMep-
HOCTH H Pe3yJbTaThl, HallleHHble B 3THX APYIHX 006/1acTsX, MOTYT OKa-
3aThCsl NPUMEHUMBIMH B ONTHYECKOH OOJNIACTH CHEeKTpa M 06paTHo.

IlpaxTrueckoe 3sHaueHHe ONTHKH M ee BJUsSHHE Ha JPYrHe OTPaciH
SHaHHs HMCKJIIOUMTENbHO BesMKH. V3o0peTeHue TeJseckolia M CIEKTpo-
CKONa OTKpHUIO Mepell 4eJOBEKOM YAMBHTeJNbHEeHIIMH U OGorartefmui
MHD SIBJIEHUH, NPOUCXOAAUINX B HeoObpATHOH Bcenennoi. M3oGperenune
MHKDPOCKOINIa NIPOU3BeJIO PeBOJIOLHUIO B 6uosorun. Portorpadus noMoraa
H NPOJOJIKaeT NOMOTaTh YYTh JIM He BCEM OTpacisM Hayku. OnuuM U3
BaXKHeHIINX 3JeMEHTOB HAy4HOH annapatypnl sBaseTcs JuH3a, DBes
Hee He Obl10 OBl MHKPOCKOII2, TeJIeCKOIla, ClIeKTPoCKona, ¢oToannapara,
KMHO, TeJleBueHHs U T. 1. He Obl10 Gbl O4KOB, ¥ MHOTHE JIIOLH, KOTOPBIM
HepeBaJIUJIO 33 NATHIECAT JieT, OblIM Obl JIMIIEHBI BO3MOXKHOCTH YHTaTh
H BBHINOJHATE MHOrHe paloThl, CBSI3aHHBIE CO 3PEHHEM.

O6nactp sBJIeHUi, H3yuaeMasi ¢usnyeckoli onTHKOM, BechbMa 06-
wnpHa. OnTHYeCKHe sBJIEHHsI TeCHeHIHMM o6pa3oM CBs3aHbl C sBJe-
HMSIMH, H3y4aeMbiMH B IPYTUX pasjenax GU3HKH, a ONTHUECKHE MEeTOb!
HCC/IeIOBaHNs OTHOCATCS K Haubosiee TOHKHM U TOYHBIM. IlosTomy me-
YAHBHTEJNBHO, YTO ONTHKE Ha IIPOTSXKEHHM MNJIMTEJIbHOTO BpeMeHH
NpHHaJAMeXaJ/na Bedyllash poJib B OUeHb MHOTHX (yHI@MEHTaJbHBIX HC-
C/J1eJIOBAaHUAX M Da3sBUTHH OCHOBHHIX (M3HUeCKUX Bo33peHuil. [locra-
TOYHO CKa3aTb, UTO 00e OCHOBHEIE (PH3HYeCKHe TeOpHH TEKYIUero CTo-
JIETHSl — TEOPHSI OTHOCHTEJbHOCTH M TeOPHA KBAHTOB — 3apPOJHJHCh
H B 3HAUUTEJILHOH CTeNeHH PasBHJIHMCH Ha IOYBe ONTHYECKHX HCCJe]0-
Banuil. MsoOpereHne /1a3epoB OTKPLUIO HOBHIE HIHpoYaHIIHe BO3MOXK-
HOCTH He TOJIbKO B ONTHKE, HO H ee NPUJIOKEHHAX B pasJHUHbIX OoTpac-
JSX HayKH U TeXHHKH. '

§ 2. l'eomeTpHuyeckas ontuka

1. Tlpocrefiiine onTHYeCKHe $ABJIEHHS, HANpPHMep BO3HHKHOBEHHE
TeHeH U TMoJyyeHHe H306pazkeHHH B ONTHYECKUX NPHOOpax, MOTYT GhITh
TIOHATH! B paMKaX TaK Ha3piBaeMOH eeomempuueckoil onmuxu. B ocHoBy
(hopMaNLHOTO NOCTPOEHHS NOCTeHe! MOXKHO MOJIOXKUTD YeTHIPe 3aKOHa,
YCTaHOBJIEHHBIX ONBITHBIM NyTeM: 1) 3akon npamoauneiinozo pacnpo-
cmpanenus ceema; 2)-3AKOH HE3ABUCUMOCITILL CBEMOBbIX NYy4Ko8; 3)°3aKoH
ompasicenus U 4) 3axon nperomaenus ceema. Jns noHuMaHus GoJee
CNOXKHBIX fIBJIEHHH HYXKHA YXKe (usu4eckas onmuxda, pacCMaTpHBaIo-
as 3TH ABJEHHS B CBA3U C usuueckod npupodoii ceema. PusnHueckas
ONTHKA TO3BOJIfET, B YAaCTHOCTH, He TOJNBKO BHIBECTH BCe 3aKOHBHI reo-
MeTPHYECKOH ONTHUKH, HO M YCTAHOBHTb 2PAHUUbL UX NpUMEHUMOCTU,
Bes 3nanus sTHX rpasul GopManbHOe NPHMEHeHHe 32KOHOB reOMeTpH-
YeCKOH ONTHKH MOXKET B KOHKPETHBIX CJy4asiX NPUBECTH K pe3y/bTaTaMm,
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NpOTHBOpeYaUuM HabJiofaeMbIM siBeHUsM. [lo3ToMy Hesp3si orpamu-
YUTBCA YHMCTO (POPMANBHEIM MOCTPOEHHEM TI'eOMETPHUECKOH OINTHKH,
a HeoOXOAMMO CMOTPeTb Ha Hee KaK Ha pasdea ¢husuueckod onmuxu.
OGocHoBaHHe TreoMeTpHYeCKOH ONTHKH OyfeT JaHO MOCTENeHHO Ha
npoTsuKeHUH Hauero Kypca. Cefluac xe orpaHnuumcsa (GopMyJHPOBKOMH
Tiepeyuc/IeHHbIX YeThipeX OMNBITHBIX 3aKOHOB.

2. CorslacHO 3aKOHY IIPsIMOJIMHEHHOro pacnpocTpaHeHus, Ceem
8 npoapauroli 00HOPOOHOL cpede pacnpocmpanaemes no RPAMOIM AUHUAM.
OnbITHBIM IOKa3aTelbCTBOM 3TOrO 3aKOHAa MOTYT CJYXKHUTb pe3KHe
TeHH, OTOpachIBAEMble HENPO3PAUHLIMH TeJNaMH, OCBELIaeMbIMH TOYey-
HBIMH HCTOYHHMKAMH CBeTa, T.€. HCTOYHHKaMH, pPa3Mepsl KOTOPBHIX
BeCbMa MaJibl TI0 CPABHEHHUIO C pa3MepaMU OCBELAeMOT0 TeJjla H pacCTosi-
HueM 10 Hero. Henpospaunniéi mpeaver AB (puc. 1), nocraBneHHbiil

Puc. 1. Puc. 2.

Ha MYTH CBETOBOTO NMYYKa OT TOYEUHOTO MCTOYHHKA S, He NMpomycKaer
CBeT B IIPOCTPAHCTBO 32 3TUM MPeIMETOM, OrpaHHYeHHOe GOKOBOM
noBep XxHOCTbIo KoHyca SCD, kacamoielics Kpaes npenMera AB. OnHako
Ha pacnpefiesieHde CBeTa BHE 3TOro NMPOCTPAHCTBAa MPHUCYTCTBHE Npen-
Meta AB He OKa3biBaeT HUKAKOTO BJMAHHSA. DTO U 3HAUMT, YTO pacnpo-
CTpaHeHHe CBeTa NMPOMCXOAHUT BJIOJIb NPAMBIX JuHUI ). JIpyroe nokasa-
TeJBbCTBO JlaeT OOLIeH3BECTHEIH crnoco® mosiyueHHsi H3oOpakeHHil cBe-
TAWKXCS NpPeAMETOB B KaMmepe € MaJibiM oTBepcTHeM (KaMepe-oOCKype,
puc. 2).

Ha6mionatorest oTcTyn/ieHHsi OT 3aKOHa NPSMOJNHMHEHHOro pacnpo-
cTpaHeHusi cBera. PaccmMoTpuM, HampuMep, TeHb OT pe3KOro Kpas
Henpo3payHoro npeaMeta. Ec/iu NCTOUHUK CBeTa TOUEUYHBIH, TO, COTVIACHO
5TOMY 3aKOHY, CJeI0Bajo Obl OXHAATb, YTO HA SKpaHe MOJYUHTCSA
COBEpIUEHHO pe3KHuil nepexoj oT cBeTa K TeHH. Ha camom zeje BO3HH-
KaeT nepexojHasi 06JacTb, B KOTOPOil OCBEIEHHOCTb MeHseTcd ‘Hempe-

1) ITpoTsixeHHbIl HCTOYHHK BefeT ceGsl Kak COBOKYMHOCTb TOYEYHHIX KCTOY-
HHKOB, Kax/IOMy H3 KOTOPbIX COOTBETCTBYET CBO€ pachpe/esieHHe CBETOBOTO MOJS
Ha 9KpaHe. B pe3y/ibrate Ha/NOKeHHsI TAKUX KapTHH Hapsily C TEHSMH BO3HHKAIOT
NOJIyTeHH, T. €. obJjacTH -GoJice MM MeHee MJIABHOTO NEPEXOjA OT OCBELIEHHBIX yacTei
'9KpaHa K MGHEe OCBCIUCHHBIM W COBCEM TEMHLIM,
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PHIBHO M He MOHOTOHHO: B Heil Ha6/I0al0TCA «IH(PaKUHOHHbIE TIOJOChIY,
AnasioruuHoe 1oJIoXKeHne HMeeT MeCTo B Kamepe C MaJibiM OTBEPCTHEM,
Ecnn oTBepcTUe HEZOCTATOYHO Majio, TO M300pa)keHue NpenMera pas-
MBITO, TaK KaK CBeTAlascs Touka H300paxkaercs B BHIE CBETJOrO
KpYyKKa. MoxKHO Gbuio Gbl OXKHJATh, YTO NPHU YMEHBIIEHHH OTBEPCTHS
pasMepnl KpyKKa OyAyT YMeHbIUATbCsl, @ OTUETIHBOCTb H300paiKkeHs
YBeJHUHBATbHCH, XOTS CaMo M300paXKeHHe M MOJYUHTCA Menee ApKHM,
‘Ha camom jnene 310 onpasapiBaeTcsi JHMb A0 H3BECTHOTO - npenena, a
TIpH Ja/ibHeMIleM YMEHbIIEHUH OTBEPCTHS PE3KOCTb U306 axKeH i cHoBa
HAuHHAET YXYMLAThCS. Korza nuamerp oreeperus ~ 1073 MM, a nerou-
HHK CBeTa TOUCUHBIH, MOJy4yaeTCsl NPaKTHYECKH papHOMepHas OCBelleHs
HOCTb 3KpaHa.

[TpuBeneHuble nNpuMepbl MOKasHIBAIOT, YTO CBeT, NOJA0GHO 3BYKY,
orufaer mpensiTCTBHs, CTOSIIHE HA MYTH €ro pacnpocrpatients. 310
siBJleHVe Ha3sbiBaetcsl dugppakyuei.

Ecou cpepa myTHasi, HanpuMep TyMaH, TO M3-32 AMGbPaKLKH NPMO-
JIMHelHOoe pacnpOCTpaHeHne CBETa CONPOBOXKLZETCA €0 PACCesHUEM
6 CMopoOHbL.

3. 3aKoH HE3aBHCHMOCTH CBETOBHIX MYYKOB COCTOUT B TOM, HTO
PAcnpocmpaHenue 6CAK020 CBeMO0B020 NYUKA 8 Cpede COBEPUIEHHO He 2asii=
cum om moeo, ecms 8 Heli Opyeue nyuxku ceema uau Hem. CBeTOBOH NYUOK,
npoweanii yepe3 KaKylo-jiubo o6aacTb NPOCTPAHCTBA, BLIXONHT H3
Hee OJITHHM U TEM Ke, He3aBHCHUMO OT TOTO, 3aNoJIHeHa OHa JIP YTHM CBETOM.
/M He 3anoJiHeHa. Tak, n3o6paxkeHHe Ha ceTUaTKe IJ1a3a He U3MEHIITCS],
ecJH cBeT, o6pasyomuil 310 u3obpaxkenue, GyIeT Ha CBOEM NYTH Npo-
XOIUTb Yepe3 GOKOBbIE MYYKH CBeTa, He NMONajaiouiye B Iia3. [ panuiisl
NPHMEHUMOCTH 33aKOHAa HE3aBHCHMOCTH CBETOBBIX MYUKOB Jyuille pac-
cMaTpHBaTh B CBfA3M C Teopuell cBeta (cM. §§ 3, 5 u ra. XI).

3aKOH He3aBHCHMOCTH CBETOBHIX MYYKOB HEOOXOHMMO JONOJIHHTD
YTBEPKIEHHEM, ONpeleJsIOUMM COBMECTHOE AefiCTBHE CBETOBBIX Myu-
KOB MPH HX HaJIOXeHUH APYr Ha apyra. OHO COCTOHT B TOM, YTO OC6€=
WEHHOCMb  IKPAHQA, €030A8AEMAR  HECKOAbKUMU . CEenioseImil  NYMKAMU,
pasra cymme oceewjeHHocmell, cosdasaemvix kaxcOoim nyuxom 8 omadeao-
Hocmu. Hapymenusi cripaBelyIHBOCTH 9TOTO YTBEPXKIEHHsI HMEIOT MeCTo
B ABJEHUAX uHmepeperyuu ceema.

4. Ha ocHoBe 3aKOHOB NpsMOJHHEHHOTO pacnpocTpaHeHus H He3a-
BHCHMOCTH CBETOBBIX NYUYKOB CJIOXKHJIOCH IPEICTaBJEHHE O CGCHIOBHIY
aysax. B mamemamuueckom cmoicae ayw ecme aunus, 60osb Komopou
pacnpocmpansemes céem. 10 — MareMaTHyeckas aberpakuusi. O cyuie-
CHIBOBARULL AY4A 8 MAKOM CMbICAE MONCHO 2080PUIMb AULLL NOCHIOALKY,
NOCKOAbKY OH 8X00Um 8 COCIMAB C8emosoe0 Nny4ka, Cojeprailero Gecko-
HeyHOe MHOXKeCTBO Jiyueil. PeasibHoe CYIleCTBOBaHHE HMEIOT He Mare-
MaTHYeCKHe Jyud U GeCKOHEUHO TOHKHE NYUKH CBETa, a NYyuKu KOHCUHO20
nonepe4roeo ceueHus, Bolpe3aeMble, Hanpumep, AuadparMamu. [lostonmy
noo AYy4oM 6 (HUBUMECKOM CMbICAe IMO20 CA08Aa Mol Gydem NOHUIMAME
KOHeunbul, HO Jocmamo4ro yskutl ceemogoti ny4oK, KomopoLil ewe moxcein
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Clyujecmeosame U30AUPOBAHHO om Opyeux nyuxos. Jlyd, Bbiie/eHHEIH
Kako#-n1u60 nmadparmol, He MOKeT ObITb GECKOHEUHO IJIMHHBIM, TaK
KaK u3-3a Au(pakKiuy pacnpocTpaHeHHe CBeTa CONPOBOXK/IAETCS YBeJH-
yeHHeM IMONePeYHBIX pasMepoB Jyya, T. €. €ro GOKOBBIM YIIHDEHHEM
¥ pasmbiTHeM. Uem IiuHHee Jiydy, TeM Gosblie 3TO AH(DPaKUHOHHOE
ywnpenre. O Jiyue MOXHO TOBOPHTb TOJNbKO TOT/A, KOTAa yIUMpPeHHe
Malo [0 CPABHEHHIO C TONePevYHbIMH -pasMepamu camoro Jyda. s
3TOro JUIMHA Jiyya He JOJKHA IpeBbIIATh
OINpejieJIEHHOIO Tpefesia, BeJIHYHHA KOTOPOTO
TeM GoJiblle, YyeM LInpe ayu (cM. § 6, hopmyay
(6.17)).

5. Korna Jsiyu jpocturaer miockoft rpaHu-
IIbl pa3fiela JBYX NpO3payHBIX Cpel, OH 4a-
CTHYHO NPOXOAHUT BO BTOPYIO cpelny (mpesoMm-

Pue. 3. JsieTcsl), UYacTHYHO BO3Bpallaercsi oGpaTHO

. (oTpaxaercs). 3aKOH OTpaxeHHUsl CBeTa ObLI

u3BecTeH ele rpekaMm. OH yTBep:KaaeT, uToO nadaroujull t OmMpagiceH-

HoLl Aydu Aexcam 6 0OHOL NAOCKOCMU C HOPMAALIO K eparuye pasdeaa

6 mouke nadeHus (5Ta IVIOCKOCTb HA3bIBAETCH MAOCKOCH1LIO NAOEHUS),
npusem yeor nadenHus ¢ pageH yeay ompascerus ¢ (puc. 3).

6. 3akoH mnpesoMIeHHS Obl1 YCTAHOBJEH 3KCIEPHMEHTaJbHO B
1621 r. ronnanackum yuyenniM CHesnycom (1580—1626) u onyGauko-
BaH TOJIbKO Tocse ero cMepTH. [Tosanee Hekapt (1596—1650) B 1637 r.
onyO/IMKOBal TOT e 3aKOH, He cchuiasicb Ha CHeanuyca. 3Han Jud
Jekapt paGotel CHessmyca — 3TOT BONpPOC
OCTaJICs OTKPBITHIM, XOTS1 OH H Obl1 IpelaMe-

TOM MHOTOUMCJIEHHBIX JUCKyCcui. Jlekapt

HONYYH 3aKOH nmpesjomienusi CHesnuyca, #
NoJIb3YSCh aHAJQTHEH MeKAY NpesoMJIeHUeM
CBeTa U NpPOXOXKIEHHeM YHpYroro mapa (Mms-
4a) yepe3 rpaHUIly pasjiesa BO3AyXa C BOJOH. v
Ero paccyxnenusi Obliun HeyOefuTesNbHBl U
KpaiilHe TyMaHHBl, HO OKOHYaTeJBHBIH pe-
3yJAbTaT, K KOTOPOMY OH II pHlleJ, oKa3ajcs Puc. 4

BEPHBIM.

CornacHo 3akoHy npenomyieHusi CHeqsinyca, npeaoMAeHHbitl ay4
ACKCUM 8 NAOCKOCIU NAOEHUS, NpUteM OMHOUWEHUE CURYC Yead Naderus
¢ (puc. 4) K cunycy yera nperomaeHus P 0an paccmampusaemvix cped
8a8UCUM MOALKO 0 OAUHbL CBEMOBOLL BOAMBL, HO He 3a8uCUm Om yeaa nade-
Hus, m. e,

Sine _p,.. @.1)

IMocrosiHHAs Be/JIMUMHA Ny HA3LIBAETCS OMHOCUMEAbHBIM NOKA3AMEAeM
mm Ko3ghhuyuenmom nperomaenus 8mopol cpedst OMHOCUMEALHO hep-
. Iokasameno nperomerus cpedbt OMHOCUMENbHO 6AKYYMA HA3bL-
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eaiom abcoriomnsim nokasamenes (KOIPPUUUEHMOM) npPesoMACHUS. IMOL
cpedor. Ero 6ynem oGosHauaTh 4epe3 n, cHaGxkas 3Ty GyKBY, €CJInH Tpe-
6yercsi, COOTBETCTBYIOIIMMH HHAeKcamH. Hanpumep, n, — mokasarenb
TpeJiOMJI€HHS NepBOH, a n, — BTOPOH cpel. Pany KpaTKOCTH BEJHNYHHY
n o6bIYHO Ha3bIBAIOT NMPOCTO NMOKasateseM (KO3(GhHLUHEHTOM) NpejoMJe-
HHSl Cpellbl, T. €. ONYCKAIOT NpHJaraTejbHOe «aGCOJIOTHBII».

OTHoCHTe/IbHBIA TIOKa3aTeNb NPEJOMJIEHHS 1y, BBIPAXKAeTCs uepes
aGCoJIIOTHEIE TI0KAa3aTel 1y ¥ Ny COOTHOLIEHHEM

Ng1 = My/Ny. (2.2

Oro COOTHOLIEHHE MOXKHO IOJYYHTh NyTeM MNpeAesbHOro Tepexoia.
Ilyctb cBeroBoii Jyu majaer M3 BaKyyMma Ha IUIOCKOMAapaslelibHYIO
IJIaCTHHKY C MOKasaTesieM NpeJOMJIEHUS 1y, a 3aTeM MoNajder g cpelny
C moKasareJjieM npeJoMIeHus N, (puc. 5).
Jlns mpenoMieHds Ha TrpaHHOax mJa-
CTHHKH MOXHO HalHCaThb

sing __ sing, __ 4 Bargyn
sing, V siny =Na.

IlepemHoxas HanucaHHble PaBEHCTBA, #
HOJyYHM :

-32—$=n21n1. (2.3) A

ST0 COOTHOLLIEHHE CTpaBelJIMBO, KaKOBa
O6bl HU Obl1a TOJIIHHA MJjacTHHKH. OHO Puc. 5.
OCTaeTCsl BEPHLIM M B NPEeJeIbHOM CJ1y-
yae, KOrja TOJINMHA MJACTHHKH crpemutcss K Hymo. Ho Ttoraa ceer
6yleT NpeJoMIsiTbCA TaK, KaK ecqd Obl HHKAKOH NJIACTHHKH Boobule
He 6bL10. - [Tostomy Hos3kHO ObITH Sin ¢/sin ¢y = n,. CpaBHenue 3TOTO
pesyJibTaTa € NpelbAYLIHM H TIPUBOJMT K COOTHOLIeHHIO (2.2).

Cnabasi cTopoHa NpPHBELEHHOrO PacCyKAeHHS COCTOMT B Clefylo-
weM. [lokasatenb npenoMyieHHS] €CThb MAKPOCKONUYECKAA Xapakmepuc-
muka cpedet. Korna TonmpHa MJ1acTHHKH, pasfensiomiedl cpeast 1 u 2,
CTaHOBHUTCS NMOPSKA aTOMHEIX Pa3MepoB, ee yxKe Heslb3sl pacCMaTpHBaTh
KaK HeNpephiBHYIO Cpelly, TaK YTO MOHSITHE NOKa3saTess NpesoMIeHHS
TepsieT cMbicl. OfHaKO OKOHYATe/bHEIH pe3y/braT (2.2) ocraercs Bep-
HbIM. OH NOATBEpPIKAAETCS OMBLITOM M B JajbHelilieM NpH PacCMOTPeHHH
TEOPHH OTPaKeHHUS M NpeJOMJIEHUS CBeTa OYJAeT BbIBEAEH C Pas/iHYHBIX
TouyeK 3peHus (cM. §§ 3, 64).

C yueToM cooTHoUIeHNS (2.2) 3aKOH NPeJOMJIEHHS MOXKHO 3anucarh
B CHMMeTPHYHOH (opMe:

nysin @ =n, sinP. (2.4)
M3 dopmyan (2.2) crenyer Takxe: ,
Ngy=1/ny5. (2.5)
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7. Ecnn nyy << 1, TO MOXeT OKasaThCs, UTO BesiMuHHa sin P, ¢op-
Manblio BelYMCIeHHanA no dopmyJe (2.1), HauHeT NPeBOCXOAUTH eJMHHILY,
T. €. sin @/ng; > 1. CoOTBETCTBYIOLIETO yI/a MPEJOM/IEHHS He CYIIeCT-
Byer. [lo5TOMy npesioM/IeHHBIH J1yd He BO3HHKaeT, a CBET OTPaXKaercs
MOJIHOCTBIO. 3DTO SIB/JEHHE HA3bIBAETCS MOAHbIM OMpanceruem. Y rod
najieHusl, I[PH KOTOPOM OHO BO3HHUKAaeT, Olpele/seTcss YCJIOBHEM
¢ = @y, NpHuYeM '

Sil’l q)o = nglo (2.6)

Benuunna ¢, Ha3bLIBaeTCA npedesbHbIM Y2AOM NOAHO20 OMPANCeHUS.
INonHoe orpaxenue Gyner HccienoBaHo B § 66. o

8. Ecan noBepXHOCTh Tesa, Ha KOTOPYIO HAJalOT CBETOBHIE JyuH,
He NJOCKas, a KpHBas, TO ee MOXHO MBIC/JIEHHO Pas3GUTh Ha MaJjble
MJIOIA/KH, CYHTAs KAXKAYIO U3 HUX IJIocKoH. Torxa xox sydelt MOXKHO
HaliTH TO 3aKOHaM OTPaxKeHUs U MPeJOM/IEHHs], U3JIOXKEHHBIM BhllLe,
a saTeM BBIIOJIHUTb INpelesbHBIH Iepexol K IVajKoH MOBEpPXHOCTH,
ycTpeMsisisl K HYJIO pa3Mepnl Kaxno#l myomankd. OfHAaKO 3TOT NpHeM
TIPHMEHHM TOJILKO TOTHA, KOTAA KPHBH3HA MOBEPXHOCTH HE NpeBHILIaeT
HEKOTOPOTO Inpeflena, TaK KaK B NPOTHBHOM C/lyuae HaYMHAIOT MpPOSB-
NATbCH OTCTYMJIEHUSA OT 3aKOHOB NPaBHJILHOTO OTPAXKEHHUs U IIpesioMJle-
HHA W HacTynaer audpakius.

[lepoxoBaThie MOBEPXHOCTH NAIOT HE IPABUJIBHOE, a PACCEAHHOE,
nu Qughbgpysroe, oTpakeHne M npejoMieHue cBera. Tosbko Grarofaps
5TOMY MOBEPXHOCTb TeJa CTAHOBUTCA BHAMMOH. AGCO/IOTHO 3epKalb-
Hasi IOBEPXHOCTb HEBHAMMA, BHAHHI TOJIbKO OTPaxKeHHHIE OT Hee JyuH,
flonajaioliie OT HCTOYHHUKOB CBETa, pPacloJ/IOXKeHHbIX BHE 3epKaJa,
T. €. BUAHBI TOJBKO CaMH 3TH HUCTOYHHKH CBeTa.

S3ANAUYH

-

1. JIBa nJiockHX 3epkasa | ¥ 2 HaKJIOHEHH! APYT K IPYry, o6pasys ABYrpaHHbIi
yroa o (puc. 6). [Tanatomnii nyy, nexamuit B II0CKOCTH, NEPHEHAUKYJISPHOR K pe6py
JBYTPaHHOrO yrjia, OTpa)caeTcsl CHayaJja OT ORHOro, a 3areM OT APYroro 3epxana.
IToxasatb, uTO B pe3ynbTaTe STUX ABYX OTPaMKeHHil Jyu OTKIOHseTcss Ha yroa O,
BeJHMYHUHA KOTOPOrO He 3aBHCHT OT HafpasJieHHs Nafaioero cseta. Bruucsnts yroa 8.

PewmeHue Kak snauo us_tpeyronvunka ABD, 6 = 2 (9; -+ ¢o), a u3 Tpe-
yronsHuka ABC @; + @, = o.. [lostomy 8 = 2a. Pe3ysbrar crnipaBejyius npu J060M
o H Jo6OM HanpaB/iellMH NaJalOlero cCBeTa, ecJM TOJbKO YroJ o OTCYHTHIBATH OT
3epkasa 1, Bpaias ero no KparuaiieMy nyTH K 3epKany 2, a yroa § — ot HampasJie-
HHA NaJaloIero Jyua §; K HalupapJeHUI0 BHIXONSILEro Jiyya Sg, MPOU3BOAS BpalleHHe
B TOM e HanpaB/ieHHH.

2. TlokasaTtb, uTO Jiy4 CBCTA, 1OCJEAOBaTeJIbHO OTPaXaIoOMHHCsA OT TPeX B3aUMHO
nepnesAUKYASAPHLIX 3epKaj, McHsieT CBOe HanpaB/leHHe Ha NPOTHBONOJOXKHOE.

Pemenune. [lycrs S, Sy, So, §3 — AHHAYHBIE BEKTOPHI MAJAIOIMIErO U OTPaXKeH-
ELiX ayueft, a Vy, N,, N; — efulIMYHbBle HOPMaJIM K OTPaKalOUUM IIJIOCKOCTSAM 3epKaJl.

Torpa
$1—8o=—2(N,50) N,
S3— 83 =—2 (Ny8;) Ny,
83— Sy =— 2 (N3S;) N3.
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Hs nepporo ypaBHeHHs CKanspHbiM yMmHOxenuem Ha Ny u N; nonyuaem
(Vps1) = (NpS0),  (N3s,y) = (N3So).
AHaNOruuRo, ‘CKaJPHOE YMHONEHHe BTOPOro ypaBHeHHs Ha N3 Aaer
(N382) = (N3$1) = (N35o)- .
[MouneHHO CKAaALIBas BCe TPU YpaBHEHHs W YUHTHIBAA HafileHHbe COOTHOMIEHHS,

fonyyuM
§3— Sy =—2 (Ny50) Ny —2 (Ny0) Ny—2 (N35,) N3= — 25,

OTKyﬂ.a 33 = - SOo

IMonyyeHHbI# pe3y/bTaT JIEKHT B OCHOBE YCTPOACTBA YrOJKOBOTO OTpaxaTess,
TIPUMEHSIOLIErocs AJisl H3MEHeHHUsl Hanpas/eHHs] PacNpOCTPaHeHHUs] CBETa Ha NPOTHBO-
TIONOXKHOE. YTOJIKOBBIf OTPaxaresib MOX-
HO NOJIyYHTb, OTCEKas OT CTEKJAHHOIO
Ky6a c nocepeGpeHHbLIMH TPaHSAMH TpeXe
IPaHHBI yroJM MJIOCKOCTBHIO, NepreHiH-
KYJISIPHOIl K MPOCTPaHCTBEHHOH AMaroHa-
am Ky6a. Beskmit Jayu, BCTynuBuImit
BHYTPb TaK NMONYYeHHOH MHPaMu/Ibl yepe3
€e OCHOBAaHHE, HCILITAB OTPaXKeHHs OT
Tpex ee GOKOBBIX rpaHefi, BbliifieT yepe3
TO e OCHOBaHHMe, U3MEHHMB CBOe Hampas-
JieHHe Ha TPOTHUBOMOJOKHOe, [eficTBH-
TeJIbHO, TpeJIOMJIeHHe Ha OCHOBAHHH MH-
PaMP/LI, HCNLITBIBaEMOe MajalolHM JIy-
YoM, He HIpaeT pPOJH, MNOCKOJbKY OHO
MIONIHOCTBIO KOMIIEHCHPYeTCsl TpesoMe-
HHEM Ha TOM JXe OCHOBaHHH NMpH BLIXOJe
Jlyya u3 TNHPaMHIBL )

3. Jlyu cBeTa NpOXOAHMT uYepe3 psA Puc. 6
OLHOPOJAHLIX Cpell, pa3rpaHHyYeHHBIX MJI0- T
CKOCTSIMH, NapaJlyieJibHEIMH MeXAy coGoii. i
Ilokasatb, YTO HampaBieHHe Jiyya B mociefHefl cpefie (ec/iM Jyd MPOHHKAeT B Hee)
8aBHCHT TOJILKO OT yIJa MaJieHUsl ¥ OT Noga3aTesieii NpesoM/IeHAs nepBOfi U NocJel-
Hefi cped. B uwacTHOCTH, eciM moKa3aTeqH NPEeJOMJIEHHS MepBOA W moc/efHell cpes

A

Puc. 7.

OJIMHaKOBE!, TO JIy4 BOH/eT B MOCJEJHIOD cpelly Mapajieblio TOMY HanpasieHuo,
KOTOpOE OH HMeJl B MepBofi cpege.

. 4 B npenomnsiomeit npuame (puc. 7) £C = LD, LA =0, LB = 2a. Csero-
BOMl JIy4 BCTynaer B MPU3My 4epe3 rpaHn BD, Haxolsich B ee IJIABHOM CEUEHHH, T. €,
B INIOCKOCTH, NMEPNeHANKYJIAPHON K IPeioMsionuM peGpaM MPU3MLL, a 3aTeM NocJe-
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JoBatenbHO oTpaxaercss oT rpareli AC u AD, BHIXOAS Hapyxy tepe3 rpanb BC.
IMokasaTth, YTO yroJ § OTKJIOHEHHs BHILEAWEro JydYa OT HCXORHOLO HaNPaBJEHHA Ho
3aBUCHT OT yIVIa NajeHns, Buuucauts yroa O, Lo

OtrBert 0=2a. ‘ . -

5. HlccnenoBaTh mpesoMeHHe CBETOBOTO JiyYa B IVIABHOM CEYEHHH TDPeXTPaHHOMN
npusMel, Onpeje HTb YToN OTKJIOHEHHS CBETOBOTO JyYa § OT HCXOAHOrO HanpaBjeHus
"M €ro HaHMEHbiee 3HayeHue O,u.

Pemenue. Kak BuiHO H3
Tpeyrobuuka CDE (puc, -8),

8= (@1 — V1) + (@2 — Vo).

Janee, u3 uYeTHIPeXyroJbHHKa
ACFD, y xotoporo yraslt C u D —
npsaMble, uMeeM: A+ F=m, a H3
TpeyronbHuka CDF  (Py 1 ¢o) 4+
+ F=a, Tak 40 Py + P = A =
= const, rie A — npenaomusromuit
yroa npusmbl. ClefoBaTesbHO,

S=¢+q—A. 2.7

Jlns HaxOXAeHHST MHHHUMyMa Yraa
OTKJIOHeHHs1 § ylOGHO 33 He3aBHCH-
MYIO NepeMeHHYIO MPUHATb Yros Tnpes=
JomMneHns Pi, TaK Kak NpH 3T0M GyJeT NIOCTHIHYTa CHMMETPHSI U YIIPOLIeHHe BHIKNA«
oK, [lns1 mepBoii NpOH3BOAHOH NO/MyYaeM

46_‘1‘1?1_'_‘1@2_&_‘1%

dp, — ay, dpy — dp dp,’
HIM, HA OCHOBaHWH 3aKOHa NPeJOMJEHHS,
d§ [ cosyy cos P,
dy, n(cos @1 oSy ) 2.8)

Apanoruuno, ans BTOPOH TNPOM3BOAHOI

ﬂ—n( d_cosy,  d cOS%)__n icdsupl_,_ d cos%)_
dyi T\ d cosqy  dyy, cosgy/  \dp, cosg, | dp, cosgy)
2
=n ¥ S0V o osp, — cos? @)
n‘ A] TV (n? cos® P; — cos® ¢;) .
i=

Ecaun n > 1, 1o d28/d{? > 0, a notcmy kpupas 8 = 8 (§;) BO BceX TOUKax ofpaieHa
BLUTYKJIOCTbIO BHH3. OTClofla cileflyeT, 4TO yroa § AOCTHraeT MHHHMYMa NpH @ = Qq,
T. €. MPH CUMMETPHYHOM XOfie Jyya yepe3 npuaMy. JIpyrux MHHMMYMOB (H BoOGIe
SKCTPEMYMOB) OLITh He MOXeT.

[Tpy cumMeTpuyHOM Xofie yda ¢ = 1/, (A + Oyun), Y = Y5 A, 1 cienoBaTeNBHO,

__sin Yo (A +Ounn) 2

n=—""— ", (2.9)
sm 1/2 A
Ha stoit dopMmysie ocHOBaH yHOGHBII MeTOL HM3MepeHHs! NMOKa3aTesisl NpPeJOMIEHHS .
6. CeeToBOM syy Najiaer Ha GOKOBYIO rpaHb MPH3MbI NOA ManbiM yraoMm. [Tpenom-
Asomuil yron npuaMel A Man (puc. 8). BrIUHCAHTL yron OTKNOHeHHs Jayda O, orpa-
HUYUBAsCb YJeHAMH NepBOH cTeneHH no A. BLIYHCAHTD Tak:Ke yroj HaHMMEHbINEro
OTKJIOHEHUS! 8y, C TOULOCTbIO KO YIeHOB nopsiika A% BKJIOYHTENbHO.

o Pewenne 8 = (¢ —P) + (@—P) = (mpy — %) + (s — ) =
= "(n"— 1) (P; + o), nan, Ha OCHOBAHHM COOTHOWEHHA Py + Py = A4, L
§=(n—1) A. (2.10)
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B. paccMaTpuBaeMoM TPHGMMMKEHHA Yroa § He 3aBHCHT OT yria najenus. B shicmnx
NpUONHAERUAX 3TO yxKe He Tak. B TpeTbeM NPHOJIHKEHHH U3 Gopmyini (2.9), pasaaras’
Oung B PRl, HAXOAHM

Sna = (n—1) 4 [ 4RedD A2] @.11)

7. YnoOHbI MeTON M3MepeHHS NOKazaTeasl NPeJIOMJEHHS TBEPABIX TeJl COCTOHMT
B_caedyioeM. [TnockonapaneibHas MJacTHHKA H3 HCCJeAyeMOro BelllecTBa paccMar-
puBaercst B MHKpockon. CHaya/la MHKPOCKON ycTaHaBlHBaeTcs Al HaGJIIOeHHs BepX-
Hell MOBePXHOCTH MJIACTHHKH. 3aTeM cMelialoT Ty6yc MHKPOCKONA BHH3, IOKa He
GylleT OTUETJUBO BuJHA HHXKHSIA NOBEPXHOCTb MiacTHHKH. ([Ins ymo6erBa Habmio-
JIeHUs] Ha NMOBEPXHOCTSIX MJIACTHHKH MOKHO clesiaTh MeTkH.) [Tokasarth, 4uTo eciu cMe-
weHnye Tybyca paBHO h, a TOMUMHA IJIACTHHKH [, TO NOKa3aTelb MNpENOMIEHHSL
NNaCTHHKH MOXHO HaliTn no dopmy.e

n=I1/h,

Meton roaurcs W AnNS H3MepeHMsl MOKasaTeleil npesioMeHHA XKHAKOCTeH,

§ 3. IBosouus NpeAcTaBJIeHHH O mpuUpoje cBeTa

1. Mudarop (okomo 580—500 mo H. 3.) cuuTaj, YTO NMPeIMETHI CTa-
HOBATCA BHAMMBIMH OJsiarofiaps MeJIbYalIlHMM YacTHIAM, UCIYCKaeMbIM
HMH U NONajalouM B Iy1a3-Habmofaresns. Jlekapt noJaraj, yTo CBeT —
5TO C2KaTHe, paclpocTpaHsiolieecs B HleaabHON ynpyroii cpese (adupe),
3anoJIHIOWE! MHPOBOE I[IPOCTPAHCTBO M TNIPOMEXYTKH MEXIY YacTH-
namu .Te1. OHAKO TOC/IeNOBaTeNbHO NIPOBECTH 3Ty TOUKY 3peHus [e-
KapT He CMOr, NpPH BLIBOJE 3aKOHOB OTPaXKEHHsI W INpeJOMJeHUS] OH
TOJIb30BAJICA NpENCTaBJeHHeM O CBeTe KaK O NoToKe uacTHl. ['yk
(1635—1703) TaksKe CuMTAJ, YTO CBET NPEACTABJAET COGOH HMMYJIbCLL
CXKaTH$l, PacHpoCTPaHSAIOUIHeCss MIHOBEHHO WJIM C OuYeHb GOJbLIHMH
ckopoctsimu. (CKopocTb cBera Obljla ONpefesieHa ToJabKo B 1676 r.
Onadom Pémepom (1644—1710) u3 HabmioneHull 3aTMEHUH CHOYTHHKOB
IOnurepa.) Heckonbkumu ronamu pasee ['yka yemickuit moHax Mapun
(1595—1667) u utanbsinckuit MoHax [pumanban (1618—1663) Takxke
NPHIVIK K MBICJIH, YTO CBeT NpeicTaBisier co6oio GLICTPO pachpocTpa-
HAoWYecss BoJHbL [lofo6HbIE OTPHIBOUHBIE BRICKA3LIBAHHS O NpPHpOJe
cBeTa ObIIH YCOBEPIIEHCTBOBAHBI M Pa3BHTH B Gojiee CHCTEMATHUeCKUe
Teopun Mcaakom HruiotoHom (1643—1727), ¢ onnoii croponsl, u XpH-
cruaHoM [ofirencom (1629—1695), ¢ apyroi.

OcuoBHble onTuyeckue pabotsl HbloToHa foknansBanuch B JIoHaoH-
ckom Koposnesckom obuiecrse (1671—1675 rr.) u Oblid HanmeyaTaHbl
B Tpyaax 3toro oOuecrBa. Colep:KaHHe 3TUX COOOLIEHHH, ;HApALY
C ApYrMMM ONTHYECKHMH HCC/IefoBaHHsMH HploToHa, GbIJIO 3aMMCTBO-
BaHO M3 ero «Jlekuuil no onrtuke» !), Koropnole oH uutan B KemOpumke
B 1669—1671 rr. Cnycrss MHoro Jetr (B 1704 r.) Bbiluia 3HaMeHHTasi

) Hcagk Howomon. Jlexuuu mno onteke. [lepeBof, KOMMEHTapHH H penaxuua
akasiemuka C. M, Basunosa, M3natesncteo AH CCCP, 1946, :
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knura Helorona «Onrukas ). B ontuke HbioroH cocpenotouns ocHoBHoe
BHHMaHYe Ha 3KCIEePHMEHTAJbHBIX HCCJAELOBAHUSIX U CTPEMHJCS NpH
H3JIOXKEHUH 3TOro, KakK M JPYrux pasziesoB GH3HWKH, OTAENUTH JOCTG-
BepHBle (DaKThl OT COMHHTEJbHBIX THIOTE3. DKCIEPUMEHTA/IbHBIE HCCe-
nosanus HbioTona no onrtuke Bmnsoth Ao XIX Beka He umenu ceGe
paBHbIX. Ero «OnTuKa» CJIyKHJIa OCHOBHLIM MCTOUHMKOM, U3 KOTOPOTO
yepnasy MaTepuas Bce y4eOHMKH TOro BpeMeHH («/IeKIHH IO ONTHKe»
6bL1H ONyGIHKOBAHKI Nocje cMepTd HbloToHa ¥ MO, psAAy MpHUMH OCTa-
JINCh TIOYTH HeW3BECTHBIMH). UTo KacaeTcsi MPHPOJLI CBETA, TO K 3TOMY
Bonpocy HeblotoH moxxoaun sHauuTeNbHO 6oJiee OCTOPOXKHO, UeM BCe
ocTajbHble YdeHble, BKaiouasi Itoiirenca. OH npejamouuran ¢ camoro
Hauaja CTPOMTb HUCTO ()eHOMEHOJIOIHUECKYIO TEOPHUIO, 0CBOGOXKAEHHYIO
OT NPOM3BOJIBHEIX rHNOTe3. Bee, uto oTHOCUTCA K QH3HuecKol npHpoje
CBeTa, OH BHIEJNHJ B 0COOHIA pasgen, cofepxauuit 31 «Bonpoc», Koro-
pHIM 3akaHuumBaerca ero «Ontuka». 3jech MOC/e TILATEJNbHOTO pac-
CMOTPEHHSI Pas/IMYHBIX HCK/IOYAIOMUX JAPYr JAPYra BO3MOXKHOCTEH
Hpbloton npuitien K 3ak/ioueHuo, 4To GaKThl FOBOPST GOJbllie B NOJNB3Y
KOpPNyCKYJ/sIpHOH TeopuH, YeM BOJIHOBOH. [losTomy oH, nmpaBia He Ge3
KoJie0aHUl ¥ COMHEHHE, OTAa/ NpeAnouTeHye KOPMyCcKyasipHOA TEOPUH.

IofireHc B CBOMX BHICKa3bIBAHHAX O MPUPOJE CBeTa He ObUI CTOJb
Cllep3KaHHbIM U OCTOPOKHBIM, KaK HblotoH. OH He coMHeBasCs B BOJHO-
BO# npupoje cBera. CBOH BO33pEHUS OH M3JI02KHJ Ha 3acefanny [Tapux-
ckoit Akanemnu Hayk (1678 r.), a 3ateM Gosiee nosiHo B counnenuu «Tpak-
Tat o ceete» %), ony6auKoBaHHOM B 1690 r. B 3TOM CounHeHHM BriepBbie
B HCTODHMH ONTHKH GhlNa cliejlaHa MONBITKA H3J/10KUTh C eJHHON — BOJI-
HOBOH — TOYKH 3pEeHHs pacClpoCTpaHeHue, OTpPaxeHHe, NpesoMJIeHHe
U JBOMHOe JyuenpesJoM/IeHHe CBeTa.

2. Tlepeiinem k Gosiee noapoGHO# XapaKTepHCTHKE KOPIYCKYJasPHOI
H BOJIHOBOH TeOpMH CBeTa. v

Coenacro KOpnYycKYyAapHol meopuu, ceem COCMOUM U3 Meab4atitiux
uacmuy, Ul KOpnyckya, ucnyckaemelx ceemsujumucs mesamtt. C 3T0H
TOUKH 3pPeHHs NpsMOJIMHEHHOe pacrnpocTpaHeHHe CBeTa CBOAUTCSA K 3a-
KOHY MHepuHH. [I1f HCTOJKOBAaHHMS 3aKOHA HEe3aBUCHMOCTH CBETOBBHIX
NY4KOB Hajfo OblIO BBECTH IPEAINOJIONKEHHE, YTO CpelHHe PacCTOsHHUA
MEXJY KOPIYCKY/JaMd B CBETOBBHIX INy4Kax HACTOJbKO BEeJHKH, UTO
KOPHYCKY/Bl PAKTHYECKH He B3aUMOJEHCTBYIOT MeXAy coboi; cayuau
cOMMKEeHHs, B KOTOPHIX MPOSBJISETCS TaKoe B3aHMOJEHCTBHe, KpafiHe
pPelKH Y NPH CYHIECTBYIOLUIEH TOYHOCTH 3KCIepHMeHTa YCKOJb3aloT OT
HabJIIoNleH U,

OrpaeHue U IPeJOMIeHHe CBeTa KOPNYCKY/sipHas Teopus o0bsc-
HAJIa CHJaMH NPUTSKEHHA U OTTAJNKHBAaHUA, JeHCTBYIOLIMMH HA CBETO-
Bble KOPNYCKYJIbl B OUeHb TOHKOM NPUT'PaHUYHOM CJloe BOJH3H IPaHHibE

1) H. Hotomon. OnTHKa WM TPAKTaT 06 OTPaKeHUSX, NpeJOMIeHHAX, Maruba-
HHSIX M LBeTax ceeTa. [lepesop ¢ npumeuannsamu C. W, Baeuaosa, Iocrexuspar, M.,
1954. '

?) X, T'woideenc, Tpakrar o csere, 'ocusgar, M. — JI., 1935,
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pasjiena Cpell, Ha KOTOPYIO NajiaeT CBeT. BHYTPH NPHIPaHUUYHOIO CJOS
NYyTb CBETOBOH KOPNYCKYJ/IbI HCKPHUBJISETCS, N0 BHIXOJie 3 HEro Kopmyc-
KyJa ABHXKETCS CHOBA IpIMOJIMHEHHO M PaBHOMEPHO, HO yXe B JPYrom
HanpasieHud. Eciu Kopmycky/aa oTpakaercd, TO OHa BO3Bpallaercs

Puc. 9. Puc. 10.

B NEPBYIO CPely C MPEKHUM 3HaueHHeM cKopocTH. Ecin ke Kopnyckyna
NPOXOMUT BO BTOPYIO Cpelly, TO BeJHYMHA ee CKOPOCTH H3MeHSercs
(puc. 9 1 10). BBULY TOHKOCTH NPUTPAHHYHOTO CJIOS SIBJIEHHE BOCIpPHU-
HUMaeTcsl TaK, KakK ecjqu Obl Ha TPaHHLE Cpel NPOUCXONUJ De3KHi
H3JIOM TPaeKTOpUH KOPMYCKYJBl (Kak
nokasano Ha puc. 9 U 10 NyHKTHPHEI- v,
MU JIMHHSIMY).

Jlns BBIBOZA KOJIMUECTBEHHBIX 3aKO-
HOB OTpayKeHHs W MPeJOMJIEHHS CBeTa
Hajo OBIO BBECTH NpeNIoJIOKeHHe, YTO
CHJIBI, JeHCTBYIOUIME Ha CBETOBYIO KOp- ¥ \ o
MyCKyJy B NPUIPaHUYHOM CJIOE, HOp-
maneHbl K 2panuye pasdeaa cped. Takue
CHJIBl MEHSIIOT TOJIBKO HOpMaJsIbHbIE CKO-
POCTH CBETOBOH KOPIYCKYJIbI, OCTaBJSAS Puc. 11.
KacateqnbHble Ge3 u3MeHeHusl. Paccmot-
pHM, HanpuMep, npesomseHue csera. O603HAuUMM yYepe3 U; CKOPOCTh
CBETOBOH KOPMYCKYJNHl B INepBOH cpele, a 4epe3 U, — BO BTOPOI.
B cuny paBeHcTBa KacaTeJbHBIX COCTaBJISIIOUMX 3THX CKOpoCTei
vy sin @ = v, sin ¢ (puc. 11), win

P /

N

singp __ v, 3.
Sy = o 3.1)

2ra Qopmyna 6b1a mosyueHa HpioroHoM. M3 Hee caedyem, umo
8 CUAbHEE NPeAOMAAIOUUX cpedax cKopocmb caema dorxcHa Goims Goabuue,
uem @ menee npesomasouux. OnHaxo, yTobwl U3 gopmyasl (3.1) BhiBeeTH
3aKkoH npejoMaenust CHelsnyca, Heo6XoAuMO J0OaBOYHOE IPEAMNOJIO-
JEHHe, UTO OTHOLIeHHe CKOPOCTeH CBeTa U, M Uy JJIsl CBETOBBIX KOpIyC-
KYJ OLHOTO W TOTO K€ THHA TOCTOSIHHO, T. €. ONPENEJIsETCH TOJbKO
cBoiicTBaMU cpel | M 2, B KOTOPBIX KOPNYCKYJH ABHXKYTCS, HO ' He
3aBHCHT OT TOrO, KakKHM IyTeM OHH TyJa nomaJju. Eciu ucnosnbsoBath
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SKCHepHMEHTaNbHBIH (DaKT, 4TO B BaKyyMe CKOPOCTb CBeTa OJHA'
U Ta Xe, TO IJIsi BHIIOJHEHUS 3TOTO YCJIOBHSA HeoO6XOIHMO NOTpefoBaTh,
4TOGbI BCE CHJIbI, I€HCTBYIOLIKE HA CBETOBbIE KOPIIYCKY/bl B IPHTPaHAY-
HBIX CIOSX, GbuIM nomenyuasersi. (3ameTHM, YTO IBeTa CBeTa TOTAA
MOXHO OOBSICHUTH, HaNpUMep, pPa3/HYHBIMH pa3MepaMH KOPIYCKYJ.)
Onnaxo To 06CTOATENIBCTBO, YTO CKOPOCTb CBETOBOH KOPIYCKYJIbI 3aBM=
CHT TOJIBKO OT Cpejibl, B KOTOPYIO OHAa HMCIYCKaeTCsl, HO He 3aBHCHT OT
crocoba HCIYCKaHUs, NPeJCTaBIISETCs MAONOHSATHBIM C TOUKH 3peHHs
KJ1aCCHYeCKOHA MeXaHHUKH. B 3TOM OTHOILIEHHH KOPIYCKYJSpHAsl TeOpHs
ycTynaet BOJIHOBOH TEODHH, NOCKOJbKY B NOCHEIHEH CKOPOCTb CBETA,
€CTeCTBEHHO, eCTb XapaKTepUCTHKA MOAbKO camoli cpedel, B KOTOPOH OH
pacnpocrpaHsieTcs.

Ilpu cnpaBefIMBOCTH BBEJEHHBIX NMpEXIOJNOXKEHHH MoKasaTtelb npe-
JIOMJIEHUSI CPeibl 2 OTHOCHTEJBHO cpelibl | ompejensieTcsi BhIpaXKeHHEM

Ng1 = Ug/V1. (3.2)
B uactHOCTH, /13 aGCOMIOTHOrO NOKA3aTelsl NMPENOMJIEHHs TNOJydyaeM
n=uy/c, (3.3)

IZle ¢ — CKOpOCTb CBeTa B BakyyMe. C/lefoBaTe/bHO, 1, = v,/c, 1, =
= w,/c, a NOTOMY ,
Mgy = Ny/Ny, (3.4)

41O CcOBHajaer C chopmyaoii-(2.2). OnHako 310 06CTOSATENBCTBO HEJb3s
paccMaTpuBaTh KaK aprymMeHT B HOJb3y KOPIYCKYJSIPHOH TeOpUH,
TaK KaK TaKoe >Xe COOTHOLIEeHHEe CJAeAYeT H H3 BOJHOBOH TEOPHU.

3. CoryiacHO 604HO060L meppuu, CBeT NPEACTaBJAsET COGOH 60.1HbL,
pacnpocTpaHsiiollMecss B THNOTETHUECKOH BCENpPOHHKalOWEH cpene, —
MUPOBOM WU C8emOo6OM 3Ihupe — 3aNMOJHSAIOWIEH BCe MHPOBOE IPOCT-
PaHCTBO H NPOMEXKYTKH MeXIY MeJbualIIMMH wacTHuamu Tea. Ecan
KosleGaHHsA yacTHI 3bupa Mai6l, TO YPAaBHEHHS, ONUCHIBAIOLINE pPaclpo-
CTpaHeHHe BOJIH, OYAYT aunelinbt u 60HopooHsb. B 3TOM Ccilyyae cripaBes-
JIUB NPUHYUN CYNepnosuyuu 804, SIBJSIOMMACA B BOJHOBOH TEOPHH
MaTeMaTHYeCKHM BbIPaXKeHHEM 3aKOHA He3aBHCHMOCTH CBETOBBIX ITYUKOB.

3HauYUTeJIbHO CJIOXKHEe 0OCTOSIO AeN0 ¢ OGBbCHEHUEM IIp IMOJIHHE -
HOTO pacmpocTpaHeHHsi cBeTa. [lofireHC HpuUMeHH/] K 3ToH npobieme
NMPHHLUMI, Ha3BaHHHIH No3lHee ero HMeHeM. Ecin KameHb OpoCHTB
B BOZY, TO OT MeCTa MajeHus, KaK M3 LEHTPa, NOGEryT MO NOBEPXHOCTH
BOJIbl KPYTOBbIe BOJIHBI, MM BO3MYIEeHHA, DTOT NPOLIECC NPOJAOJIKAeTCA
M Iocjle TOro, Kak KaMeHb yHaJeT Ha IIHO, T. €. HCYe3HeT NpHUMHa,
nopoauBIIast NepBOHAYa/IbHOE . BO3MYIIIEHKE. Orciona caenyer, uTO
HENOCPeACTBEHHON NPUUHHON PaCIpPOCTPaHSIOWErocst BOJHOBOIO IIpo-
necca fBJsieTCSl He KaMeHb, a TO NePBOHAYaJbHOE BO3MYILEHHe JBHXKe-
HHSl BOJibl, KOTOpPoe OH Bh3Ba/. IlofoGHEle paccyxnenus HaBenu [1oi-
T€HCa HAa MBIC/Ib, YTO KAWOGA IMO4KA B01HOB020 603MYUEHUAR ABASLMCS
UCMOMHUKOM Cheputeckux 6044, PaCNPOCTPAHSIOUIMXCS OT Hee BO BCE
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cropoibl. OHM TNOJNYYHJH Ha3BAHHE GMOPUHHLIX WIIH INEMEHMAPHLIX
6oan ['totizenca. Pe3ynbTHpylollee BOJHOBOE BO3MYILEHHE MOXKHO pac-
CMaTpHBaTh KaK HaJloXXeHHe BTOPUYHLIX BOJH. B 3TOM H cocTouT 3HaMe-
HUTbil npunyun Iodeenca. OH cripaBeyIUB HE TOJBKO JJIs1 CBETOBBIX,
HO U ISl 2100biX BOJHOBBIX NPOLECCOB U B MPHBeJeHHOH (hOpMYJIHpOBKe
MOJHOCTBIO COXpPaHWJ CBOe 3HaueHHe N0 Hacrosmero BpemeHH. Ero
3HaueHue JaJieKO BLIXOAHT 3a PaMKH CDaBHHTENBHO Y3KOH 3ajauu
O NPsMOJUHEHHOM paclpocTpaHeHuH cBera. [leHCTBHTENLHO, MPHHIUI
Ioiirenca ykasbiBaeT Ha NMPUHIHNHANBHYIO BO3MOXHOCTE ONpPEee/eHHsT
BOJIHOBOTO BO3MYIIEHHsi BO BCEM IIPOCTPAHCTBe, €CJIH H3BECTHHL Bce
BTODUYHBIE BOJIHBI, NOPOXKAEHHble B GoJlee PaHHHH MOMEHT BPEMEHH.

Ho Tiofirenc He paccMarpuBaj 3aiauy B CTOMb ofliefl MOCTaHOBKe.
OH pmono/aHua (GopMY/IHPOBKY CBOEro NMPUHIMNA, MPHBEAEHHYIO BHIILE,
3aMeuaHHeM, YTO OTAeJbHble BTOPHYHBE BOJIHBI CJMILUKOM cl1abbl M UTO
3aMeTHOe CBeTOBOe NelCTBHE OHU IPOH3BOJAT TOJNBKO Ha UX oeubaro-
‘wed. Ilocne storo pmomosiHeHMs NpHHOMN [lofireHca notepsis CBOIO
OOIIHOCTb M TIpPEeBPaTW/ICA JIMIIb B NPHOJUMKEHHEIH e2eomempuueckull
peyenm JJisl TIOCTPOEHHsT BOJHOBBIX (DPOHTOB, T. €. MOBepXHOCTeH, 10
KOTOpBIX JIOLIIO CBeToBoe BO3MylleHHe. OH CTajq HempHrofeH st
KOJIHUECTBEHHOTrO pacueTa CBETOBOTO HOJSI, B YaCTHOCTH pacnpefiesleHust
HHTEHCHBHOCTH IOC/IE[HEro B NPOCTpPaHCTBE.

4. OOparumca Tenepb -K OODbACHEHHIO IIPSAMOJIMHEHHOrO pacnpocr-
paneHus cBeTa, AaHHOMY [tofirencoM. I1ycTb ToyeuHbIi HCTOYHHMK CBeTa
S (puc. 12), pacnonoxeHHEl Tepe] HENPO3payHbIM KPaHOM C OTBep-
ctueM AB, u3nyuaer cdepuuecKylo BOJHY.
Ecnu B MOMeHT BpeMeHH ? BosiHAa JOMHeT 1O
KpaeB otBepctusi AB, TO OHO BHIpEXeT U3
BOJIHOBOTO  (poHTd chepuueckuil ydacTox
ACB. TocTpouM U3 KaxIo# TOYKH 3TOTO yya-
CTKa, KaK M3 LIeHTPa, BTOPHYHbIE BOJHBI pa-
IuycoM ¢ df. Orubaromasi BCeX 3THX BTOPHUU-
HBIX BOJIH 06OpBeTCs Ha Kpasx cdepUuecKoro
yuactka A;B;, 3a mpefess KoToporo Ipo-
HHKHYT TOJIbKO OTJI€/IbHbIE BTOPHUHbIE BOJIHBI.
JleificTBHe TaKHX BOJIH, COIVIACHO NpeJroJo-
xenuio [ioitrenca, npenebGpexxuMo Majo, a
MOTOMY BOJIHOBOH (PPOHT BO3MYILIEHHS B MO- Puc. 12.

MeHT [ - df orpaHuuuTCs TOJNBKO chepuye-

CKHM yuacTKOM A,B;. B3fiB 3TOT ()pOHT 3a MCXOAHBIH, MOXKHO TaKHUM
JKe NOCTpOeHHeM HalTH BOJiHOBOH (poHT A,B, B Gosee mo3qHHH Mo-
MEHT BpeMeHH, M T. 4. [loctpoeHMe noKasniBaeT, 4TO BOJIHOBOE BO3-
MylleHHe GyleT pe3Ko OGpbIBATHCSH Ha NOBEPXHOCTH TeJIECHOTO YrJa
¢ BepwHHOH S, Bbipe3aemoro auadparmoit AB. A 310 M O3Hauaer
npsAMOJIMHEiHOe pacnpocTpaHeHHe CBeTa.

. Paccyxnenue Iojirenca nunieHo fnokasatenbHoft cunsl. B HeM foka-
8HIBaeTCs TO, YTO MO CYWIECTBY COACPIKHTCS B.HCXOAHBIX IPENOJIONKE-

S
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HHAX. A camo nocrpoenye I'lofireHta ecTb TOJIbKO 00UH U3 BO3MOJNCHBLYE
peyenmog nocmpoeHus 60AH080e0 pporma, Corjacyomuica ¢ npeacras-
JIEHHEM O paclpoCTpaHeHHH cBeTa BIoJb JyueH. HenonsarHo, mouemy
obbpscHeHne [lofireHca NPUMEHHMO K CBETOBBIM, HO He NPHMEHHMO
K 3BYKOBBHIM BOJIHaM, KOTOpHIE, KaK M3BECTHO, OTHOAIOT NpPeNsTCTBHS,
CToslllMe Ha MX NYTH.

EcTecTBeHHO, YTO TaKoe «OOBSCHEHHE» He MOTJIO YIOBJETBODHTDH
Hryiotrona. Kpome toro, HeiotoH, kak u Iofiresc, He BUJes, KaK B pam-
KaxX BOJIHOBOH TEOpPHY MOXKHO OOBACHHUTBH MNOJSIPH3ALHIO CBETa, OTKPHI-
Tyio TiofirencoM B ABOAHOM JyuenpesOM/IEHHH. 2TO IeHCTBUTEIbHO
HEBO3MOXKHO ISl TPOJOJBHEIX BOJIH, KaKHMH, coryacHo [iofirency,
AiBJIsieTcsl CBeT. TOJIbKO TaKHe BOJIHBI M ObLIM H3BECTHHI B (PH3HKE TOTO
BpeMeHH. IIpelcTaB/ienns o NonepeyHLIX BOJHAX ellie He CYIIeCTBOBAJIO.
OTH TPYAHOCTH KasaJucb HbIOTOHY HACTOJNBKO CYIIECTBEHHBIMH, YTO
€ro CHMIIaTHH 0Ka3a/j}Ch Ha CTOPOHe KOPNYCKYJsSPHOH TeOpHH.

IIpo6nema npsiMOJIMHEHHOTO PacHpOCTPaHEHUs CBETA €CTb YACMHbLLL
caydaidl npobaemor Ougppaxyuu 1 MoxeT OBITh pellleHa IO KOHUA TOJBKO
B pamMKax nocieised. Jludpakuusi cBeta Gbuia OTKphiTa I pHMaibiu
W He3aBHUCHMO OT Hero HecKosibKo mnosiHee ['ykom. Hbloton MHOro
3aHHMAJICSl IKCIEPUMEHTAbHEIME HCCIEJOBAHHSAMH JHU(bpaKIHH CBera.
Ho Tiofirenc B «Tpakrare o cBeTe» MOYEMY-TO MOJHOCTBIO OGOLIEN
MosJyaHHeM 3T0 siBJeHHe. KpoMe TOro, eMy ocraznach HeH3BECTHOM
NepHOANYHOCTb CBETOBHIX IIPOLECCOB (B OT/IHYHe oT HbloToHa, KOTOPLIH
nepBblil moaMeTHJ ee). I'lofireHc mucas, 4to €BeT, NMOAOGHO 3BYKY, pac-
NPOCTPAHSAETCS CheputecKUMU NOBEPXHOCMAMU, i IMEHHO TaKye NOBepX-
HOCTH HasbiBasl goaxamu. OH ClelHaJbHO NOJAYEPKHBAJ, ‘YTO YAapH,
B030Y2K/JalOllMe CBETOBLIE BO3MYLIEHHS B LIEHTPaX BOJH, COBEPLIAIOTCS
coBepllleHHO GecnopsoyHO, a IIOTOMY He cJefyeT #iymaTb, UTO CaMH
BOJIHBI C/IEAYIOT APYT 3a JPYrOM Ha PaBHHIX paccTosiHUAX. B 3TOM OTHG-
IIeHUH BhICKasbiBaHUA [lofireHca npHMbBIKawoT K GoJjlee paHHUM Npel-
craBieHuaM Iexapra u I'yka. IloHsiTHe AJIMHBI BOJIHBI HHMIJE He BCTpe-
yaercsi B TeopuHu [tofireHca, a Ge3 3TOro HEBO3MOXKHO YCTaHOBHTb,
NpH KaKHX YCJOBHSX (IPUOJIHMKEHHO) CIPaBEJJIMB 3aKOH NP IMOJIHHEH-
HOTO PacHpOCTPaHEHHS CBETa.

5. TlepefizeM K Bonpocy 06 oTpax<eHMH U NPeJOMJIEHHH CBETa B BOJI-
HoBoj1 Teopuu I'iofirenca. IlyCTh mockasi BoJHA NajiaeT HA MJIOCKYIO
rpaHHly pasjena ABYX cpel. B HeKoTOphIl MOMEHT B Touke A BolHOBOK
¢pont AB nocturser rpaHuipl pasgena cpex (puc. 13). B aror momeHT
M3 /. HauHyT pacIpoCTPaHATbCS BTOPHYHbIE BOJHBI [lofireHca: oana
B IlepBYIO, Apyrasi Bo BTOpYIo cpefy. B Toukax E u D analornyHble
BOJIHbl BO3BHHKHYT HecKoJIbKo nospsee. CorsacHo npunuuny [ofirenca,
OT Ha/lOXeHHs TaKUX BTOPHUHLIX BOJIH B NIepBOil cpeje obpasyercd
ompascerHas, a BO BTOpoll — npeaomaennas Bosaubl. OruGarouas
"BTOPHYHBLIX BOJIH BO BTOpoi#i cpefie FGD eCTh IJIOCKOCTD, ONpeensomasn
BOJIHOBOH (DPOHT NpesIOMIIEHHOH BOJIHBL. AHAJIOrHYHO CTPOUTCS BOJIHO-
BOH (POHT H OTpa:KeHHOH BOJIHbI (Ha puc. 13 oH He ykasaH). TakoBo
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06DbACHEHHE OTDPAXKEHHS H TPEJOMJIEHHS CBeTa B BOJHOBOH TeOpHH
I'ofiredca.- OHO He pacKphIBaeT JeTasbHbIH MEeXaHH3M BO3HHWKHOBEHHS
OoTpaxkeHHOH M npesomyieHHOH BoJH. sl 3TOTO Hajo GbLIO OLI SBHO
HCNO0/b30BATh (PU3NYECKYIO TPHPOJLY CBETOBEIX BOJIH, O KOTOPOH B 3¢up-
Holt Teopuu ['lofireHca, B CYIIHOCTH, HMYEro He TOBOPHTCS.
TFeoMeTprueckne 3aKOHB OTpaKeHHs M IpeJOM/IEHHs, OIHAKO,
cosepuienHo He 3asucam ot PU3NIECKOi IPUPO/bI BOJIH U OT KOHKPETHOTO
MeXaHM3Ma OTPa’KeHHS U NpeoMIeHHS.
OHH OJMHAaKOBH B JI0GOH BOJIHOBOH
Teopun. [leficTBUTEeNbHO, mNajamouias
BOJIHAa BO30yKJaeT BO3MylleHUe, Oery-
liee BJOJb PaHHLBEl pasjiesia CO CKO-
poctbio AD = BD/sin ¢ = v,/sin ¢
(eciM BOCNOJIB30BATHCSA HaJJexalIUMU
eIMHUIAMU), TJe U; — CKOPOCTb CBeTa
B’ mepBoii cpefe. Ho orpaxennasi u
IIpeJiOMJIeHHAsl BOJHBI NOPOXKAAIOTCS
najamouel BoJHOH M To3toMy Oeryr
BMeCTe € HeH BJOJIb I'PaHHLBl pasfena
¢ Tol 3Ke ckopoctbio. CleoBaTesbHO,
MOXXHO HamucaTh Takxke, yro AD = Puc. 13.
= v,/sin @’ = v,/sin P, rae v, — cKo-
pPOCTb CBeTa BO BTOPOH cpefie, ¢' — YroJ Hak/JoHa ()poHTA OTpaKeH-
HOH 'BOJIHB K TpaHHLe pasfjesna cpel (He NOKa3aHHHIH Ha puc. 13).
B pesysbrate mosyuaercs

singp _ sing" __ siny
= =Y, (3.5)

DTUMH COOTHOLUEHUSIMH ONPEJE/SIOTCS HANPABAeHUS (POHMO8 OTpa-
2KEHHOH H NpeJIOMJIEHHOH BOJIH. A Tak Kak B INIOCKOH BOJIHE CBETOBLIE
JyYd NepreHAUKYASPHEL K BOJHOBHIM (P)POHTAM, TO Te K€ COOTHOLUEHUS
OTIPeIeNISIIOT TaKKe HANPABACHUA OMPANCEHHOIX U NPENOMACHHOIX AyHel.
Jlerko BHJETb, YTO ¢ €CTb YroJ mnajieHHus, ¢’ — YroJ OTpaxKeHusd,
Y — yroJa npejomnenus. M3 (3.5) caenyer, uto ¢ = ¢’ (3aKoH oTpa-
WKEeHHS) H

sin @ Uy

. sin vy

(3aKOH mpesiOMJIeHHS). (3.6)

B npoTHBOMOJIOXKHOCTE KOPIYyCKyJasipHo#l Teopun (cM. (3.1)), 6oanosasn
meopus npusodum K 3aKAIOMEHUI0, YMO CKOPOCmb céema 6 60aee npesom-
Asrouell cpede menbiue, uem 8 menee npesomasiowet. Y1 aTo 3akiioueHre
CrpaBe/IMBO HE3aBHCHMO OT TOro, KakoBa (pM3HuyeCcKas npHpoja cee-
TOBBIX BOJIH.
JIJis1 OTHOCHTe/IbHOTO MOKa3saTessl NMpeJoMJEHHS BOJIHOBasl TeOPHUs
Jaer
M3 =0,/0y, @.7)
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a nag abCcoJIIOTHOTO
: n=c/v, (3.8

T. €. BhIpaxKeHus, oO6paTHBIe COOTBETCTBYIOMIMM BEIDaXKEHHSIM B KOpIYyC-
KyaspHo#t Teopuu (3.2) u (3.3). U3 (3.7) u (3.8) cuoBa mnosyuaercs
dopmyna (3.4), Koropasi, CJIefloBaTeNbHO, CNPaBe/VIBa Kak B Kopmyc-
KYJISIpHOH, TaK W B BOJIHOBOJ TEOpHSX.

6. B Bompoce 06 OTpaKEHUH i NPE/IOMICHHH CBETA MEKAY KopIyc-
KY/ISAPHOH M BOJIHOBO¥ TEODHSIMHM HMeeTCs M Jpyroe pasiuune. Onbir

. [IOKa3bpIBaeT, 4TO CBETOBOM I1y4O0K, nkanaloumu Ha rpaHuly pasjnesnaa
.Cpeln, pasnenasdercsa Ha JBa IydKa: OTpa}KeHHblﬁ H HpeJIOMJIeHHbIﬁ

(MCK/IIOUEHHEM SIBJISieTCSl Cjydail IMOJIHOTO OTpa)keHus). B BoJHOBOM

_Teopull oObsicCHeHUe 3TOro (aKkra He BcTpeuaer 3arpyasenuii. Ho kak
_HCTOJIKOBATh €ro C TOUKH 3peHHsi KopnycKyasipHol? Kopnyckyaa Beerna

BefleT ce6a Kak iesoe. OHA He MOXKeT Pasje/MTbCA Ha JiBe YacTH, M3
KOTODHIX OJIHA OTPAXAeTCsl, a APYras NMPOXOJUT BO BTOPYIO CPeny.
B nporuBHOM ciyyae najaiouyiil, OTPaXXeH bl i NPOLIEALIHH CBET bl

.Gbl OKpalleH pasauuHo. [ns npeonosienusi stoil TpyzHoctd Heloton

BBEJ 111€10 O NPUCMYNAX N€2K020 OMPANCCHUS U N€2K020 NPOXOXHCOeHUS,
B KOTOPBIX IEPHOJMUYECKH MOXKET HaXOJHTbCS CBETOBas KOPNYCKyJaa.
Eciin KopnyckyJ/ia NoAXoAuT K rpaHuile Cpell B IPHCTYyINe JIETKOro oTpa-
JeHHs, TO OHA OTTAJKUBaeTCss ¥ oTpakaercsl. Eciu ke 3T0 cryyurcs
B IPHCTYIE JIETKOTO TNpPOXOXJEHHS, TO INPOH30HIET DPHUTSKEHHEe H
NIPOXOXKJEHHEe KOPNYCKYJbl BO BTOPYIO Cpeny.

Mpesn «mpucrynos», xak samerun $I. M. ®penkenn (1894—1952),
HanoMMHaeT COBPeMeHHble NPe/ICTaBICHHS O C8ENO08bLX K8AHMax — ¢homo-
nax. CorjacHO 3THM NPEJACTaBJEHHUSM, OTpPaKeHHe H INPOXOXKIeHHe
(pOTOHOB Yepe3 rpaHuily paszfiesia cpejl YIPaBISETCS CHIAMUCTIUYECKUMU
3aKOHAMY: CYLIECTBYET OIpefiesieHHas BEPOSITHOCTb, YTO (JOTOH OTpa--
3HTCS, U ONIpefieJieHHasi BePOATHOCTD, YTO OH NPOMHJET BO BTOPYIO Cpely.
Cam HpioTOH, KOHEUHO, He PacKpbl1 (U3HYECKHH MEXaHH3M IPHCTYNOB
JIErKOTO OTPaX{eHHs W JIeTKOro npoxoxjeHus. OfHako oH CTaBHJA BO-
npoc, He SIBJIAIOTCSA JIH 9TH HPHCTYNH Pe3yJbTaTOM 00paTHOTO BO3Jek-
CTBHSI KaKHX-TO OBICTPHIX BOJIH, BO30YyXKJaeMbiX B Cpeie CBETOBLIMH
KoprnyckyJjamu. lues npucTynoB HaBfi3blBajach TaKKe nepuoout-
HOCMObIO CBemosblx npoyeccog, noiamedeHHoir HpiofoHoM mpu uccreno-
BaHHH HHTEep(hEePEeHIOHHOTO SIBJEHUS CHBIOTOHOBHIX KoJielly. DTy Ie-
pHoanuHoCcTh HbIOTOH TakKke mbiTancss OOBACHUTb, JOLOJHUB Kopmyc-
KYJ/IPHYIO TeOPHIO BOJTHOBLIMH HPEACTABJIEHHAMHU.

7. Ousuku XVIII u navana XIX BekoB, 3a0biB 0 KosieGaHHAX
H COMHEHHAX Hbmm{a, NPHHSAJIH KODIYCKYJASIDHYIO TEODHIO CBeTa.
CropoHHHKH BOJIHOBOM TEODHHM HAaCUMTHIBaJAHCH eluHuuamu. Ilpaepa,
cpenu HUX Ovtn Ditnep (1707—1783), Jlomonocos (1711—1765) u Ppan-
kaul (1706—1790), BroiaBHraBLiHe BO3paKeHHS NPOTHB KOPMYEKYJIsp-
HOMl M NpPUBOJMBIUME aPTYMEHTHl B NOJIb3Y BOJHOBOH TeOpHH CBeTa.
Siisep, Hanpumep, YTBEPKIal, YTO €C/H Obl KOPMYCKYJsIpHAs TeopHs
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Gblna cnpaBedJIMBa, TO H3-3a H3JyyeHHs cBeTa Macca CoJiHIA 3aMeTHO
yMeHbluasiach Gbl, a 9T0 cKa3anoch Gbl Ha ABHKeHHH IvaHeT. Dpan-
KJIUH YKa3biBaJl, YTO N0 KOPNYCKYJASIpHO# TEOPHU CBET IOJIKEH Obil Gbl
OKa3blBaTh JaBJeHHe Ha OCBelllaeMble Tesla, TOTAA KaK BCe MONBITKH
OoOHapyXUTb 3TO JaBJeHHEe OKaHuMBaJuch Oe3pe3yibraTHo. C1aGocThb
3THX BO3PaXKeHHH COCTOfi1a B TOM, YTO OHH He COJepXKa/ii KOJHYecT-
BeHHBIX OLIEHOK OXHJaeMblX 3(xpekroB. Brpouem, corsiacHo coBpemeH-
HBIM TIpefiCTaBJEeHHUsSM O B3aHMOCBSI3M MeXAY Maccod M 3Heprued,
NoTep A MacChl H3-3a H3JIY4YeHH s, a TAKKe BeJINUMHA CBETOBOTO JaBJIEHHA
COBepILUEHHO He 3aBUCAT OT TOIO, SIBJSIETCHA JIH CBET TOTOKOM YacCTHIL
HJIH BOJIHOBBIM IPOLIECCOM. DTH U aHAJIOTHUHbIE BO3PaXKeHU S, KaK ToKa-
3aJl0 nocjexyollee pas'ane (H3MKH, He MOTJIH PElIHTb CIOp MeXIY
KOPNYCKY/ISIPHOH ¥ BOJIHOBOM TeopusiMu cseta. HyxHbl ObIM HOBblE
JKCTepUMeHTabHbe (QaKTHL.

8. Hauunas c XIX Beka, noJioxeHHe CTaJI0 CKJIaAbIBAThCA B N0Jb3Y
BOJIHOBOH TeopuH Gnarojnaps paGoram IOnra (1773—1829) u B ocoben-
HoctH Ppenens (1788—1827), cucreMaTHyeCKH MCC/eNOBABILNX fBJe-
HuA uHTepdepeHUMH W nudpakuud cBera. Ha ocHoBe BOJMHOBLIX fipen-
CTaB/leHHH Oblia CO3JjaHa CTPOHHAs TEOPMS 3THX SIBJEHHH, BHIBOAHI
H 1pelicKa3aHusl KOTOPOH MOJHOCTBIO COIVIACOBBIBAMHCH C IKCIIEpHMEH-
ToM. OGBbsiCHeHHe IIpSIMOJHHEHHOIO pacnpocTpaHeHHs CBETa CojepiKa-
JIOCb B 3TOH TeOPHH KaK YaCTHBIH clyyad. BblH OTKPHITEL H HCCJEN0-
BaHbl HOBbIE ONTHYECKHE SIBJEHHS: NOJISIPH3ALHSA CBETa IIPH OTPAKEHHH
(Manioc, 1808) u npenomaenun (Mamoc u Buo, 1811), yron noasoit
nonspusauuu  (Bpiocrep, 1815), uHTepdEpeHUHA NONAPHIOBAHHBIX
ayyeii (Ppenenb u Aparo, 1816), KosnudecTBeHHble 3aKOHLI M TEOPHS
oTpaxeHHs W npenoMmieHHd ceera (Pperens, 1821), nBoitHoe npenomie-
HHe cxkaThIM crek/ioM (Bpioctep, 1815), nByocunie kpucraans (bprocrep,
1815), 3aKoHB! H TeOPHS PaCPOCTPAHEHHS CBETA B ABYOCHBIX KPHCTa/JIaxX
(Ppenenn, 1821), Bpauienue MJIOCKOCTH MoJsipusanuu B Keapue (Aparo,
1811) u xuarocrsax (Buo, 1815; o6a siBjeHus HCCIeI0BaNNCh JaJjiee Buo,
Bpioctepom u ap.). IOur (1807) uaMepus Ha onbiTe AJIMHY CBETOBOI BOJ-
#bl. OKasaJjoch, YTO BOJIHB! KPAcHOTO CBeTa AJHHHeE, YeM CHHero H ¢Ho-
JletoBoro. TeM caMbIM B BOJIHOBOH TeOPUH GBIIO JaHO SKCHEePHMEHTa/lbHO
060CHOBaHHOE 00bSICHEHHUE IIBETOB CBETA, KOTOPOE CBA3LIBAJIO 3TO fIBJIEHHE
¢ IiInHO# cBeToBO# BoJsHbI. (Takoe oGbsicHeHHe TIpeTarasoch etle Jiiae-
POM, HO OH He MOT' yKa3aTb, [JIHHA KAKHX BOJIH 60Jibllle — KPACHBIX HJH
cunux.) IOnr (1817) BricKasal TaKkKe MBICTb O NONEPEHHOCMU C8EMOsolxX
601. K TaKOMY e 3aKJIOUEHHIO HE3aBHCHMO OT Hero npuies ®PpeHenb
(1821) 1 oGocHoBaN 3TO 3aKJ/IOUEHHE NyTEM HCCIELOBAHHA NOJApH3aA-
I{H CBeTa M HHTepdepeHLUH NOMSAPU3OBaHHBIX AyueH. Bece atH daKTHl
M B 0COOGEHHOCTH $IBJeHHA uHTepdepeHIMH H audpaKUHH CBera
HaXOJHJH HEeNpHHYXKJAeHHOe OGbSICHEHHE B PaMKaxX BOJHOBOH TeOpHH
cBera. Kopnycky/isipHasi TeODHSi He MOTrJ1a NPOTHBONOCTABHTb HHYEIo
SKBHBAJIeHTHOTO H K Hauany 30-x- romoB XIX Beka Obi1a oCTaB-
JieHa.
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CMepTesbHBIH ylap KOPHYCKYJISIPHOH TEODHH B €€ HBIOTOHOBCKOI
cdopme 6bl1 Hanecen B 1850 r. K sromy Bpemenu @®uso (1819—1896)
u ®yxo (1819—1868) Brnepsble H3MepUJIH CKOPOCTb CBeTa Jlaboparop-
HBIMH MeToflaMH. Kak Mbl yKaseiBaiu (CM. NyHKTHl 2 U 5), 1o Kopmyc-
KYyJISIPHOH TeOPHH CKOPOCTb CBeTa B BoAe GoJibllie, a IO BOJIHOBOH Teo-
puH MeHblUe, ueM B Bakyyme. B 1850 r. ®yko U HE3aBHCHMO OT HETO
®uso u bpere cpaBHuu o6e ckopoctd. ONBIT OKasajics B COIVIACHH
C BOJIHOBOH M IPOTHBOPEYHH C KOPNYCKYJSIPHOH TeOpHSIMH CBeTa.
®Gusuku XIX Beka BoCHpHHSIM 3TO KaK pellaolyil ONbIT, OKOHYaTe/b-
HO JI0Ka3aBLIN# HeNpPaBHJIbHOCTb KOPMYCKYJNAPHOH TEOPHH CBeTa.

9. BoJsiHOBasi TeopHsl, KOHEUHO, He ‘MOIVIa CUHTAThCS MOJIHOH, NOKa
He Obl1a YCTaHOBJIEHA npupoda ceemosvix Koaebanui, Wau KojebGaHui
MHpOBOro 3¢upa, Kak roBopuiu (PU3MKH JeBATHAALATOTO (M OTYACTH
nepBOil YeTBepTH JBajuaroro) Beka. OHH He COMHEBAJHCh, UYTO 3HUP
HoAuHHseTcs] OObIYHBIM 3aKOHAaM MexaHuku HploToHa U K HeMy mpume-
HHUMBI TaKde NOHATHSA, KaK IJIOTHOCTb, YNPYroCThb, NPOCTPAHCTBEHHOE
nepeMellleHHe, CKOPOCTb, yCcKopeHHe M np., OHHM NBITAJHCh BBHIBECTH
CTpoeHUe W CBOHMCTBa 3(upa u3 Hab/iofaeMbIX fIBJeHUH W dKCMepHMeH-
TaJlILHO YCTAaHOBJIEHHBIX 3aKOHOB ONTHKU. [lonepeyHoCTb CBETOBEIX BOJIH
3acTaBH/la MPUNMCATH MHPOBOMY 3bupY CBOHCTBA TBEpPAOH cpeflsl. D10
HOPOAWJIO PAN TPYAHOCTEH, B YaCTHOCTH B Bomnpoce 00 OTpa)KeHHHU
U npeJiom/ieHHd cBeta (moapobuee cM. § 63). Her HeoGxoxumocTH ocra-
HaBJIHBAThCSA HA STHX TPYNHOCTAX M NONBITKaX MX NMPEOJOJEHHUs B TeO-
pun 3¢pupa. Bee 310 yxke 1aBHO NOTePANO aKTYalbHOCTb H COXPAHUJIO
JIMLIb MCTOPHYECKUI HHTepec.

B 60-x ronpax XIX Bexa MakcBessioM ObLIM YCTaHOBJEHBI OOLIHe
3aKOHBl 3/MEKTPOMATHUTHOIO TOJIsl, KOTOpble NpPHUBEIH €ro K 3akKJio-
YeHHIO, UTO C8em — Imo drekmpomazrumuste goanst (cM. 1. 111, roi. IV).
INonTBepxaenreM TakoH TOUKH 3peHHS] B TO BpeMsi ObIM OTKPHITHE
®apajeem B 1846 r. BpameHus IJIOCKOCTH MOJSIpH3allM CBETa B Mar-
HHTHOM IIOJIe ¥ COBNAJIeHHe CKOPOCTH CBETA B BaKyyMe C 3/IeKTPOJHHA-
MHYeCKOH NOCTOSIHHOM, ycTaHOBJeHHoe Ha onbite B 1856 r. BeGepom
u Koabpaymem (cM. 1. III, §§51 u 83). Ilocne u3BECTHBIX OMBITOB
I'epua (1887—1888 rr., cm. 1. 111, § 142) snekTpomarHuTHas npupoja
cBeTa GLICTPO MOJyYH/ia NpU3HAHHE. Y Ke B epBoM JecaTunerny XX Be-
Ka OHa H3 THIOTe3Bl MpeBpaTHJach B TBEPAO YCTAHOBJIEHHBIH (aKT.
CeetoBble KoJie6aHUsS GBI OTOXKIAECTBJIEHBI C KOJIEGAHUSIMU SJeKTpO-
MarHuTHoro noJsi. OnTHKa npeBpaTH/ach B pasjien yuyeHHus 06 3JMeKTpu-
YeCKUX M MArHUTHBIX SIBJEHUSIX.

* DJIeKTPOMATHUTHA S TEOPHUS CBETa YCTPaHU/a TP YIHOCTH, C KOTOPBIMH
CTOJIKHYJIaCh TEOPHS ynpyroro tBepjoro apupa. Oxnako ¢pusuku X1X se-
Ka CYMTAJIH, YTO OHa J1a/la He HACTOsIIee, a8 TOJNBKO CUMBOAUYECKOE peLlie-
HHE Bonpoca o npupoje ceera. OHH CMOTpesH Ha Hee Kak Ha (opmalb-
HYiO CXeMy, YpaBHeHHs! KOTOPOH NPaBH/JBHO NMepeaaloT KOJHYeCTBEeHHbIE
COOTHOLIEHHS! MeX1y Pas/HUHbIMH BeJHYMHAMH H SIBJEHHSIMH, HO CHM-
BOJIBI, BXOASIUHE B 3TH YpDaBHeHMs, ellle He IMOJYYHJIH OTUETIHBOrO
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(usHuecKoro ucrosikoBanusi. Cyurasnoch, 4to ypasHeHHs MakcBesia
JOJIKHBI COCTaBJATb MaTeMaTHueCKui ocro Oyayume# GoJsiee moaHo#
(H3MUeCKOH TEOPHH 3JIEKTPOMArHHTHLIX H CBETOBLIX fIBJEHHH, HO caMH
no ceGe OHY TaKOH (pU3HUECKOH TEOPHHU ellle He COCTABJSIOT; NOCAENHSAS
CTaHeT BO3MOXKHOH JIMIUL IOC/IEe TOTO, KaK OyAyT HaiifieHhl MexaHH-
yecKue CBoHcTBa 3¢upa.

OznHako 3TH HajlexxAbl He onpasjaiucb. CpeToBo# (W/H,” Jydlle,
SJIeKTPOMArHUTHBIN) 3(QUpP YNPAMO OTKa3blBa/ICs OOHApPYKHTb CBOH
«MeXaHHYeCKHe cBoiicTBa». B yactHoCTH, MOTepliesin Heyjaady HAcToM-
YHBble NONBLITKH OGHAPYXKHUTH IBIXKeHHe 3eMJIH OTHOCUTeJdbHO 3Gupa,
HavaTele Mafikenabconom (1852—1931) B 1881 r. Ilpu u3yuenuu onru-
YeCKHX H JIEKTPOJAMHAMMUECKHX sIBJIEHHH B ABHXKYIIMXCA cpefax oOHa-
PYXHJINCh M JPYrue pacxoXXIeHHs TeOPHH 3(upa C ONBITOM. 2TO MpH-
BeJo JfnmreiiHa (1879—1955) B 1905 r. K TeOPHH OTHOCHTENBHOCTH.
I'nnotesa Mexanuueckoro a¢upa Oblia ocraBieHa ). Ilomartnyaach
Bepa B «MEXaHHYECKYI0 KapTHHY MHPa», K NOCTPOEHHIO KOTOPOH Tak
HacToiuuBo crpemusnch ¢usuku XIX Beka. M Bce mocaenyomee pas-
BHTHEe HayKH NpHuBeJo (U3UKOB K yOeXKIeHHIO B HEBO3MOXKHOCTH CBe-
JeHUA BceX fIBJIEHHH TPUPOJB K MeXaHHKe. YTBepXKAaTb IIPQTHBO-
TNI0JIOKHOE — 3HAUUT TIPENbABJIATh K NpHposie HeoOGoCHOBaHHbIe Tpebo-
BaHus. IloatoMy, Korjga B COBpeMeHHOH BOJIHOBOH TEOPUH TOBODPAT,
YTO CBET — 3TO KoJsleOaHHs 3JeKTPOMATHHTHOTO MOJf, TO Ha 3TO YXKe
He CMOTPAT Kak Ha ¢opMasbHOe YTBEpXKIAEHMe, a CUHTAIOT, YTO CaMH
3TH KosleOGaHU sl He CBOAATCS K UeMY=TO «GoJjiee IPOCTOMY U HATJISIHOMY».
"~ 10. BaXHBIM 3TanoM B pa3BHTHH MaKCBEJJIOBCKOH 3JIEKTPOAHHAMUKH
6bI0 BBelEHHEe B Hee amomucmudeckux npedcmagreruil, uTto OBLIO
CHCTeMaTHYeCKH NPOBeJeHO B azekmpouroti meopuu I'. A. JlopenTtua
(1853—1928). B Teopuu MaxcBessia BeLIECTBO XapaKTepH30BaJoCh
(heHOMEHON02UMECKUMI  TLOCIMOAHHBIMU — JIUSJIEKTPHUECKOH H MarHur-
HOH IPOHHLAEMOCTSIMH M YJeJbHOH 3JIEKTPUUECKOH TPOBOAHMOCTBIO.
B anexTpoHHO# TeOpUM 3TH MaKPOCKONHYECKHE TOCTOSIHHLIE MOJYYHIH
HCTOJIKOBAHHE C aTOMHCTHUECKOH TOUYKH 3peHHs. B pesysabrarte 3Toro
He TOJIbKO NOJIYYHJIH NMPHHIMNHANBHOE, XOTS H HeloCTaTouyHoe, o6bsc-
HeHHe MHOTHe H3BeCTHbIE 3JeKTPOAUHAMUYECKHe H ONTHYECKHEe fBJIEHHUS

.

1) Heo6X04uMo 3aMeTHTb, OJHAKO, YTO B BaKyyMe HeT OOBbIYHOTO BelecTBa,
KaK OHO moHHMMaercsi B XuMHH. HO BakyyM He ecTh mycroTa B GYKBaJLHOM CMHICJE
a1oro cnoBa, Ero 3amonHsior ¢u3nuecKue noss (rpaBUTalUOHHOE, 3JA€KTPOMarHuT-
Hoe, silepHoe U mp.). OHH, HapsAY C OOBIYHBIM XHMHUECKHM BeILECTBOM, SABJSIOTCS
PasnMYHEIMU. popMaMH Martepuu. B BaKyyMe MOI'yT NPOHCXOAUTh PasyinuHbie (HHU3H-
yeckue npoueccel. [IpuMepoM MOXKET CYKHTb noAfpusayus eakyyma, T. €. POXJenne
nap 3JeKTPOH — MO3HTPOH B CHJIBHBIX JIEKTPHUYECKHX HONsiX. MOXKHO Obino Gbl He
BO3paxaTh NO CYIECTBY NPOTUB YnoTpeGiieHUsl TEPMHHA «3QHP» B CMbICje HOCHTEAs
STHX (H3NYECKHX CBONCTB «NYCTOrO» MPOCTPAaHCTBAa. Bo3paykeHHe OTHOCHTCSA K Npef-
CTaBJIEHUIO 06 3dupe Kak O XKHUAKOM, TBEPAOH, YIPYroil HIN Kakoi-1u6o ApyToil cpefe,
HaJle/IeHHOH MeXaHHYecKMMH cBolcTBaMH. OfiHaKO B COBPeMEHHOH (H3HKe nperoyn-
TaloT He NOJIb30BATLCA TEPMHHOM «3(QHP» B YKa3aHHOM CMbic/e, a ynorpeb/sior Tep-
MHH «BaKyyM»,
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(Hanpumep, ducnepcus u-abcopbyus ceema), HO ObLIH OTKPHITH H 0OBsC-
HeHBl M Ip yrue sBJenus (s6renus Keppa, 3eemana, Papades, Kommona—
Mymona, morexyrsipHoe paccesnue céema u T. A.).

OnHako Kiaccuueckasi GM3HKa M, B YaCTHOCTH, 3/IEKTPOHHAS TeOPHst
OKa3aJMChb HeJOCTaTOUHBIMH JUISl HMCTOJIKOBAHMS SIBJIECHHH QmMOMHO20
macumaba. TlorpeGoBanoch BBeleHHe Kganmosoix npedcmasnrerudi. He-
06X0IMMOCTb H ILIONOTBOPHOCTb TMOCTeAHHX 0GHAPYKHAACh paHee BCETO
NpH M3ydeHUH NpoO/eMbl pachpejlesieHUsl SHEPTHH B CNEKTPe YepPHOro
H3Jy4yeHus, T. €. TEMIEPATyPHOrO U3JyueHHUs1 a6COJIIOTHO YEPHOTO TeNa.
IlpuMeHeHHe K 3TOl npo6seMe NPHHIMIOB KlacCHuYeCKoH QU3NKH TPH-
BOJWJIO K TI1yGOKHM NpOTHBOpeudsiM c ombitoM. Ilnank (1858—1947)
B Konue 1900 r. mosyyns corsacyomyrocs c ombitoM Gopmynay AIs
pacrpenesieHHsi SHEPTHH B CreKTpe YepHOro usiydeHus. Ilpu srom
OH BBeJl YYyXJ0e K/acCHuyecKoi (H3uKe NpeiCTaB/IeHHe, UTO U3JlydeHHe
H TOIJIOLIeHHEe CBeTa OCYLIECTBJISIETCS He HENPEpHIBHO, a KOHMEUHbIMU
nopyusamu, WIN KAHMAMU 3Hepeuu, MPUYEM BeJIMUHHA KBaHTa OIpe-
Jensiercss BoipaxkeHueM (1.1). s pelneHuss npoG/eMbl YepHOTO H3JY-
‘venus IlnaHky RocTaTtoyHO GbLIO NPHUHATH, YTO 3TOT KBAHTOBHIA Xapak-
Tep HM3JyyeHHS] M TOIVIOIIEHHS] CBETA OTHOCHTCH K CMAMUCIMUHMECKUM
npoyeccan. Yepes nare jer DHHIUTEHH TI0Ka3aJ, YTO ero HeoOXOAUMO
pacnopocTpaHUTb U Ha 3aemeHmapHsie npoyeccol, CoryacHo DHHILTEHHY, .
He TOJbKO H3JyYeHHE M IOIVIOUIEHHE, HO M pacnpocmpaHerue ceema.
B NPOCTPAHCTBE NPOUCXOST KOHEUHBIMH MOPIUSMYE — KBaHTaMH CBeTa,
06/1aJ12I0IHMH OTIpe/IENIeHHONH SHeprHeHl M ONpejlesleHHBIM HMITYJbCOM.
Tak Bo3poaunOCH npencTaBJieHle O YaCTHL@X CBeTa, Ha3BaHHBIX NO3J-
Hee ¢homoHamu.

I'unoresa ¢oToHOB NoO3BosWNa Npexkie Bcero oObSICHHTL 3arajou-
Hble 3aKOHOMEPHOCTH B SIBIEHUSAX (hormoaghghexma, coBepILIEHHO HETIOH AT~
Hbie C TOUKH 3peHHs KacCuuecKol BOJIHOBOH Teopuu cBeta. CyllecTso-
BaHHMe HMIYJbca Yy (OTOHOB ObLIO JOKa3aHO OTKpeiTMeM B 1923 r.
sppexma Komnmona — U3MeHeHHUS JIJUHBL BOJHBI IIPH DAaCCesiHHH
PEHTIeHOBCKOTO H3JyueHHsi. ['Mnore3a CBeTOBHIX KBAaHTOB I03BOJIHJIA
NOHSITb Xumuteckue Oeticmeus céema v UX 3aKOHOMepHOCTH. KBaHTOBBIH
XapakTep H3/ydYeHHs ‘M TOIVIOLIEeHHsI cBeTa Obll HCrmosib3oBaH bBopom
(1885—1962) nnsi oGBSICHEHUS CHeKmpPasbHbIX 3AKOHOMepHocmel.

Ho xak corsacoBath KopnycKyJasipHbIe. NpeJCTaBJeHHs O CBeTe
¢ pesyabratam onbitoB Oyko 1 ®duzo (cM. nyHKT 8)? ITH ONLITH BHE
BCIKOTO COMHEHHS OIIPOBEPTaloT KOPIYCKYJASPHYIO TEOPHIO CBETa B ee
HbIOTOHOBCKOH hopme. TIpuxonurcs nostoMy npusHaTh, UTO K CGEMOBbIM
KOpnyckyiam Kiaccuteckue npeOCmasienus 0 OBUNCEHUL HeNnpUMeHUMbL.
Hurepdepennns u nudpakuus cBera JOKa3biBalOT, YTO B STHX fIBJIEHHAX
cBeT BeleT ceb KakK 6oanbl. PotosddeKr, KOMNTOHOBCKOE paccesiHHe
PEHTIeHOBCKUX Jiydell W Np. ¢ HeMeHbllell yOeAuTeNbHOCTbIO IOKa3bl-
BaloOT, 4TO 3]leCb CBeT JEHCTBYeT KaK wacmuysi. Boollle, asienus pac-
NPOCMPAHEHUS C6EMA NPABUALHO ONUCHIBAIOMCA 6 DPAMKAX BOAHOBbLY
meoput, a 023 onucanus 63aumodelicmsus ceema u Geugecmea 1Heo6x0--
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Oumbl KOPRYCKYAAPHbIE NPedcmasieHts. DTOT «QYaiU3M 60AH U HACIMUYY
HaJlo PacCMaTPUBATL KaK KCMEPHUMEHTAIbHBIA (aKT, H NO3TOMY MOJHAS
TEOpHs CBeTa JO/KHa ObIThb He KOPNYCKYJApHOH H He BOJIHOBOH, a
KOPRYCKYAAPHO-B0AHOBOU.

Takoe napaJoKcasbHCE TOJOXKEHHKe ellle Gosiee pacCIIMPHICCh Nociae
Toro, Kak JIasucconom .(1881—1958) u [lxepmepoMm (1896—1971)
B 1927 r. 6uiia oTKpmita Ougparyus assexmporog. OKasalocb, 4TO
60AHOBbIE CEOLCMBA NPUCYWU U wacmuyam 00b6iMHO20 sewiccmea, — Ues,
pasBuBaBLIasicss (paHLy3cKHM ¢usukoMm fe Bpoinem (p. 1892) 3a he-
CKOJIBKO JIET JI0 OTKpPHITHA AudpaKkuun 3JeKTpoHoB. Pa3BuTHe KBaHTO-
BOH MeXaHHKH MO3BOJIUJIO YacCTHYHO OOBSACHHUTH BO3HHKIIee Napajo-
Kca/lbHOe IOJIOXKEHHe LEeHOM OTKa3a OT OCHOBHOTO TOJIOXKEHHd KJjac-
CHYeCKOH (PU3UKH — NpUHYUNG NPUUHHOCMY 8 (hopme OemepMUHUIMA.
A uccnenoBanus B o61acty guauku evicokux Hepenil (MHaue Ha3biBaeMoii
usuKoll aremenmaprbix Yacmut) TIOKa3aau, 4TO €C/IH SHeprusl 4acTHIL
MPEBOCXOJHUT UX 3HEPTHIO TOKOS, -TO YACTHILI MOTYT POXKAAThCs, Hcye-
3aThb HJH NpeBpalarbCcsi APYr B Apyra. B 3ToM OTHOLIEHHH OHH BedyT
ce6st nofo6HO PoTOHAM, KOTOPBIE MOTYT H3/1Y4aThCs HJIM MOTJIOLIATHCSH.
B kBaHTOBOI 3/€KTPOAMHAMHKe (POTOHBI PAaCCMAaTPHUBAIOTCS KaK K8AHMbL
aaexmpomazrumroeo noas. Ilostomy B pu3HKe BHICOKHX SHEpPruil uese-
Cc000pasHO FOBOPUTH 06 IAEKMPOHHO-NOBUMPOHHOM, ME3OHHOM, HYKAOH-
HOM W NPOYUX NOJAAX, KBAHTAMH KOTOPBIX SIBJISIOTCS 3JEKTPOHBI, NMO3HU-
TPOHEBI, ME30HLI, NPOTOHHI, HeHTPOHH H T. A. TakuMm o6pasoM, Bonpoc
O TNpHUpOJie CBeTa CTaj 4acTbio Gosee obiefl npob/eMbl CTPOEHHS! Be-
1ecTBa.

§ 4. HckpuBieHHe CBeTOBHIX Jiyueil B HEOQHOPOAHBLIX cpeaax

1. B HeoJIHOPOXHBEIX cpefaX NpeACTABJIEHHE O PacmpoCTPaHeHHH
CBETA BJOJIb JIyueHd COXPaHSeTCH, HO CaMH JIy4H CTAHOBSTCS KpuEOAU-
Hetinbimu. JleHCTBHTENBHO, PACCMOTPHM CpPelly, COCTOSIILYIO H3 IJIOCKO-
napasjieJIbHbIX CJI0eB C TOCTOSIHHBIMH IIOKa3aTe/siMH NpeoMJIeHHs
(puc. 14), MeHSIOMHKMHCA CKauyKooOpasHO OT c/os K c/1ot. CBeToBofi
J1y4, NpeJIOMJIsISICh Ha FpaHuIaX CJIoeB, NIPUMeT GOPMY JIOMAHOH JIHHHH.
Bynem HeorpaHuueHHO yBelMYMBATb YHCJIO CJIOEB, YCTPEMJISAS K HYJIO
HX TOJIUMHBI M CKAauKH INOKasartejs npesnomseHus. Toraa B npegene
NoKasare/lb MPeJOMJIEHHS Cpellbl CTAHET MeHATbCA B IPOCTPAHCTBE
HenpepbIBHO, a Jiyu MepefifileT B KPHBYIO C HEMNPEPLIBHO M3MeHsIOLeHca
KacaresbHo#l. JlonmycTHM Teneph, YTO NMOKasaTelb NPeJOMIEHHS MeHS-
€TCA B NIPOCTPAHCTBE KAaK YTONHO, HO He CJHIIKOM Pe3KO (CM. ClIeAyIo-
ui naparpag). IlpoBeneM B cpele NMOBepXHOCTH PaBHOTO NOKasaTtels
npesoMieHus. B mpezesax KaxIOro JOCTaTOYHO Majioro oGheMa 3TH
TIOBEPXHOCTH MOXKHO CUHMTATh IVIOCKHMH, a Cpely ILIOCKOCJICUCTOI,
K KOTOPOH NPHMEHHMO pacCyXKIeHHe, NpPHBEJeHHOe BHILLE. .
M3 n3noxennoro cinenyer, uto reoMerpuueckyio GopMmy Jyya MOMKHO
OJIHO3HAYHO ONpeAeNUTb H3 3aKoHa CHesJJHyca NyTeM TNpeae/bHOIo
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nepexozna. Ho saxon Cuemmyca MoJyuyaeTcsl He TOJBKO B BOJIHOBOM,
HO ¥ B KopmycKyasipHoii teopun Hprorona. [Tostomy npu onpenenenun
(opMEI CBETOBOTO J1y4a MOXKHO PACCYKAATh TAK, KakK eC/i Obl CBET COCTO AT
13 HbIOTOHOBBIX KOPMYCKYJ, @ MOKa3aTe/b PEJOM/ICHHUS 1 ONPeeSNCs
q)opmymﬂ (3.3). l'locxonbxy NpesIoMJICHHE OMpPelssIfieTcs OTHOCHTENb-

HBIM [OKa3aTeJsieM NpeJoM/ieHus, abCoIOTHbIHA

\\ NOKa3aTeslb MOXKHO 3aMEeHHTb BeJIHUHHOH, eMy
N nponopuxoHasbHoH., Paji KpaTKoCTH MOXHO

\ npocro HoJoxuTh n = v. CKopocTh Kopmoyc-

KyJBl U OJNHO3HAYHO ONpelensieTcsi ypaBHe-

N\ HHEM COXPaHEHHs IHEPTHH, a MOTOMY U MOXK-

\ HO paccMaTpHBaTh KaK M3BECTHYIO (YHKIHIO
\ KoopauHat. Takum oGpasom, mpaekmopus
N

KOPNYCKYAbL 8 NOMEHUUANLHOM NOAe CUA 2e0-

MEMPUHECKYU COBRAOQEM C AY4OM C8ema 8 cpe-

Puc. 14. Oe, MOKa3are/1b NPeJOMJIEHHS 1 KOTOPOH 4HC-

JIeHHO paBeH v. JIna 3Toro, KoHeuHo, HeoGXo-

IMMO, YTOOBI HCXOJHBIE HANpPAaBJEHHUs 3THX IBYX KPHBBHIX ObUIH OJHHAa-

KOBBbl. Dra. (JopMa/NbHAs aHAJIOTHS MeXKNY.IBH:KEHHEM YacCTHLbl H pac-

NpocTpaHeHHeM CBETOBOIO Jyya [O3BOJISIET MepPeHeCTH pe3yJ/bTaThl,

NoJly4eHHble B CBETOBOH ONTHKE, B 94eKMPOHHYIO MUKPOCKONWIO, THe

pOJib CBETOBLIX Jyuell BBIMONHSIOT 3/1€KTPOHbI, IBUXKYIIHECH B MOTEH-
LHAJbHBIX 3JEKTPUYECKHX MOJSX..

Bocrnosib3yeMcsi oTMeueHHOH aHaJsorHell JUIsi BHIYHC/IEHHS panuyca

KpuBH3HE R cBeroBoro syuya. HopmasnbHoe yckopeHue KOPMYyCKYJbI

onpenensierca Gopmyaoi

muy? =F ou
R T INTToNe

rae Fy — cocrasasitomias nefctByiomefl cuiwl F BIOML eIMHUYHOTO
BeKTOpa ryaBHOH HopMmasu N, a U — noteHnnanbHas 3Heprus Kopnyc-

kynel. [Jubdepenunpys Broab N ypaBHeHHe 3Hepruu 1y, mu® -
-4 U = const, nonyuaem Fy = mv 6v/ON, a notomy

1 - 1 dv
R v ON*
3amensss v Ha n, HaXOAUM Bbipa)keHWe IJIi KPHMBM3HEI Jyya:

L Lo _ 9 anp. 4.1)

[pu 3TOM yCKOpeHUe KOPIYCKYJbl, a C HUM ¥ cHJa F He HMeIOT coCTaBs-
asiolell BIob GhHOpManu b k Tpaexropud, T.e. F, = —0U/db =
= mv dv/0b = 0. Orciona Jdv/db = 0, a NOTOMY TaKiKe onlob = 0.
3uauur, BeKTop grad n JIeXKHUT B conpUKacaomlelcsa MIOCKOCTH CBETO-
Boro syya. [TosTomy U3 Beex HanpaB/ieHHH, NepNeHAUKYAAPHLIX K JIyuy,
HanpasJ/ieHHe IVIaBHOH HopMaau N XapaKTepH3yeTCs CaMbiM ObICTPBLIM
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H3MeHeHHeM NoKaszaTess MpeJoM/IeHHs Cpefibl. DTO 3HAUUT, UTO 8 Heod-
Hopodroil cpede ayu uszubaemcs @ CMOPORY HAUGOAce Bbicmpo2o U3MeHe-
Hua noxasameasn npeasomaenun. Ecam cpena omsopoana (n = const),
70 KpHBH3HA 1/R ofpamaercs B HY/b, T. €. CBETOBble JIY4d NpSMO=
JIUHeHHEIL.

2. [lnotHocTh 3emuoOft atMocephl, a ¢ Hefl W MOKa3aTesb mpe/omieHus y6uiBalOT
¢ BBICOTOH, DTUM OOGbsicHAeTCA PAN 9BJEHHH, CBA3AHHLIX C MCKPHBJEHHEM CBeTOBHIX
aygeit. K HUM OTHOCHTCS, HanpPHMep, acmpoHo-
Mudeckas pepakyus, T.e. Kaxyueecs nojusf-
THe HeGeCHOro CBETH/IA M3-33 UCKPHBJEHHUS CBe-
TOBHIX Nyuyeil B 3eMHOI atMocdepe. Ecu cBetnso
¢TOUT BBICOKO Hajl TOPH3OHTOM, TO MPH pacueTe
BTOr0 SIBJEHAs MHl He ClejlaeM 3aMeTHOH Omub-
KH, CUMTas MOBepXHOcTb 3eman maockoi. Ho
TAK TMOCTYynaTh HeJb3sl, KOTA3 CBETHJIO Haxo-
autcs BGAM3M ropu3oHnTta, B stom cnyuae Haje
yuuTbiBaTh CPEPHUHOCTb SEMHON MOBEPXHOCTH.

Tpere6pexxeM ManbiMH GOKOBBLIMH FpajueH-
TaMH [I0Ka3aTess NPeJOMJEHHSI BO3LYXa n W
GyleM CUMTaTb, YTO N 3aBHCHT TONbKO OT BBICO-
Thl HajJ 3eMHO! MOBEPXHOCTbIO H/H, YTO TO Ke
caMoe, OT PpacCTOSiHASl r OT IEHTPa 3eMHOTO Puc. 15
wapa O (puc, 15). Cserosoii 1yds AM o1 Hebec- A
HOro cBeTHJIa OyleT JlexaTb B BepPTHKaJbHOI
t&m{gxocm, npoxoasiuweli uepes sTO cBeTHNO W a3 HaGuioaatesns, Ha ocHosauum

do 4 d(lnn) Or d (In n)
TG == W= "
Ille 0 — TaK HA3LIBAGMOE BEHUMMOE PACCMORALE, T, €, NePeMeHHbIA YroN Mexay Bepe

THKaAbIO MecTa MZ n KacaTe/JbHOH K Jydy, a § — [/IMHA Jydd, OTCYUThHlBaeMan Of
rna3a "aGaogarens M, Kak suaHo u3 puc. 15,

do do dr do,

sin B,

ST s @ b
a noromy L4
o d .
Hanee, r dy = ds sin B, orkyna
| dy _Lds oo 1
tgp dr ~ 1 dr =7

Bbmmaa 5TO paBeHCTBO U3 (4.2) W NpUHEMAs BO BHAMaHHe, 9T0Q — ¢ =~ 3, nonytmu

df dr
.__.th = —d In n———r = —dln (nr).
HHTerpHPOBaHHe 9TOro ypaBHeHHWA NaeT

nr sin B = nyry sin oy, 4.3)

[lle HyAMKOM OGOSHAYEHE! BE/IMYMHLI A, 7, 0 B TOUKE M (B kotopoit @ = B), Buuncaus
orcioia tg f v noacraBuB ero suauexue B (4, 2), HaiileM

>
(< o nr. sina S dlnn ____d' - :
-— == —— - .
© 7 0o ", dr ¥Vt —nyrisintoy
0

(4:9)
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3Jiechb Oy — BHAKMOE 3EHUTHOE PACCTOSIHUE CBETHJA B TOUKe M, a o — yroi Mexay

acHMNTOTOH Jiyya M BEPTHKA/IbIO B TOH 3Ke TouKe. PasHocTh O — 0ty HashBaeTcst

pegpaxyued. JIns ee BHIUHCIAEHHS B cay:xKHT dopMmyna (4.4). 3Hast 3aBHCHMOCTD IIOT-
HOCTH BO3/lyXa p OT BLICOTHI HaJl 3eMHOH MNOBEPXHOCTbIO, HAXOAAT n Mo dapMyne
(n — 1)/ p = const, nocje uero nPOM3BOAAT YHCJEHHOE HHTErPAPOBaHHE B (hOp-
myJe (4.4).

Ec/iu CBETH/I0 HaXOMHUTCS He CJHLIKOM GJIM3KO OT FOPH30HTA, TO KPUBH3HOMH 3eMHOR
NOBEPXHOCTH MOXKHO npeHeOpeyb. Toraa pedpakius He 3aBHCHT OT XapaKTepa H3Me-
HeHHs NOKa3aTesis NPeNOMJEHHs C BBHICOTOH H MOXeT OHITb BLIYHCJIEHa 1o GopmyJie

sin @, =n, sin o, (4.5)
(cMm. 3apauy 3 k § 2). Omnbka, naBaemas 3Toli Gopmysioi, GEICTPO YOBIBAET C YMeHbLue-
HueM o Yxe TpH oo = 80° oHa ne mpesocxoaut 3%. Ipu oy < 75° dopmyaa (4.5)
JiaeT JOCTAaTOYHYIO TOYHOCTb.

Ecan CBeTHJIO HAaXOAMTCS Ha ropusoHre (o = 90°), To cpefnsin pedpakuus npu
10 °C u 760 MM pT. cT. cocTaBasieT 35'24”. OHa GLICTPO YMEHbLIAETCS MO Mepe MOAHS-
THS CBETHJ1a HaJl TOPH3OHTOM. YiKe NpH oy = 89° cpeauss pedpakuus ymeHbiuaerest
1o 24’37”. DruM obbsicHsieTcst cliuitockyTtas ¢opma CosHLA NpH BOCXOAe M 3axofe.

C pedpakumell CBSI3aHO HEKOTOpOe YyMIMHeHHe AHA. [as cpelHUX WHPOT OHO
cocTaBisieT B cpefiHeM 3—4 MHHYTHL

Pedpakuns 3aBHCHT OT AVIMHBI BOJHH. [loaromy mpu 3axome CosnHua chHauana
JIOJKHBI HiCYe3aTh KPacHble H JKeJIThle JIYYH, a OCTaBIIMHACS CerMEHT COMHEYHOrO AMCKa
JIO/I’KEH OKpalIWBAaTbCsl HAa OJHY-AiBe CEKYHJB! B 3e/leHbl MM Aaxe cHHuii uBet. [Ipn
pocxofie CosHIa, HaoGOpOT, JO/IKHA CHAuasa MOABJATLCH KPaTKOBPEMEHHas 3esleHast
BCIILILIKA. 3TO sIBNEHHE «3eJIeHOTO Jyua» HabmolaeTcss Ha Mope, Aa H TO KpaiiHe peaxo,
TaK KaK HeOGXOJHMH HCKJIOUHTEIbHO CIIOKOHHas aTMochepa M sicHas morofa.

3. MHorpa BOIH3M 3eMHOii MOBEPXHOCTH H3-3a CHJIBHOTO HarpeBaHHs HJIH OXJax-
JIeHHs] BO3HMKAIOT GOJIbLIME TPajHeHTbl NMOKasaTesisi NpesoM/ieHHs Bo3fyxa. Toraa
mapoo6pasHocTs 3eMJIH MOXHO He YUYHTHIBAaTb. EC/M TpafiMeHT n HanpaeJeH BepTH-
KallbHO, TO MOXKHO BOCNOJIb30BaThcsl ¢opmyJioit (4.3), nonaras B Heit f = a, r = r,.
B pe3ysibTaTe nosyyuTcs

n sin a = n, sin oy = const. - (4.6)

JlonycTuM pajfi¥ OnpelesieHHOCTH, YTO CBETOBOM JIy4 PacrpoCTpaHsSIeTCsi BBEPX
‘MOJA Ma/EM YIJIOM K TOPH30HTY, a MOKa3aTeJb NpesoMJeHHss n =— n (z) yGuiBaeT ¢
BLICOTOR 2. MOXeT C/lyuMTbCs, YTO Ha HEKOTOPO# BbicoTe yroa o oGparutcsa B 90°.
“Torzia KacaTteqbHasi K Jiyuy CTaHeT rOpH3OHTa/nbHOH. Bricota z = h, Ha xoTopoit 3TO
‘MOXeT TNPON30MTH, ONpelle/IUTC H3 COOTHOIIEHHS :

n (h) = ny sin ay.

Tax Kak noxkasaTe/b NPeJOMIEHHSI BO3PAcTaeT BHH3, TO, AOCTHIHYB BBICOTHI 2 = M,
J1yY B laNbHelIIeM oJKeH 3arHyThesl KHU3Y. Ha yKasaHHO# BbICOTe IPOMCXOLHT HEUTO’
aHaJIoTHYHOe TOJIHOMY oTpaxeHHIo (pHc. 16).. Takoe siBieHHe MOXeT BOSHHKHYTb NMpPH
CHJILHO aHOMAaJIbHOM pacripefieJleHHH IJIOTHOCTH BO3LyXa IO BbICOTE H SABJSETCS NpPH-
S YUHO PasIHYHOro poja mupasiceil,
Ha6nioflaeMblX B aTMocdepe.
O6biuno  HabnicfaeTcs  6gpx-
Huti Win Huoscrud mupasc. Tlpn
‘BepXHeM MHpake, NOMHMO CaMHX
npeAMeTOB, BHAHH HX H300pake-
Puc. 16. HHS, PACTOJIOKEHHEIe CBEPXY; NPH
m ’ HHXKHEM MHpaxe H300paxeHHe
ToNyyaeTcsi HUKe CaMoOro npeamera. Hmxumit Mupax naGniofiaeTcst B NMYCTHIHAX H_
B cTensiX B TeIJoe BpeMs rojia, KOria NPHJeramolluii K 3eMHON NOBePXHOCTH CJIOK
BO3JyXa CHJIPHO Harper, 8 ero IVIOTHOCTh M M0Ka3aTe/lb NPeJOMJEHHs! OLICTPO BO3-
pacraior ¢ Bhicotoii. M3 kaxmoft ToukM mnpeiMera B rsa3 HaGuwofaTeas BCeria
NONajaloT npsiMBle JYYH, T, €, JYYH, He HCOBITABIUHE NOJHOrO OTPaXKeHHs B BO3+
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AyXe; MM COOTBETCTBYeT OOLIYHOe — MnpsiMoe — H3oGpaxkeHne npeamera. Ho mpu

GOMbiIMX TPajMeHTaX NOKa3aTens MPENOMJIEHHS MOTYT TaKiKe MONacTb Jy4d, HCMbl-

TaBwMe nosiHoe oTpaxexuwe. OHH NalOT O6paTioe H306paxKeHHe mNpeaMera, Kak B

sepkane (puc. 17). Ilpu 3TOM JAYuH, BHIXOASIIHE M3 Pa3/IHYHBIX TOYEK MpeAMeTa,

NpeTepneBaoT MOJNHOe OTpa)eHHe Ha He-

CKOJIbKO pa3HbIX BbICOTaX; TOuka M, B ko-

TOpO#i OTpawaercs Jy4, BHIXOASILHH H3 A,

JIXKHT HECKOJNBbKO BHIIe TOYKH N, B KOTO-

poit OTpaxkaeTcsi Jy4, BHIXOASIAH H3 B,

Ha6nionarens BHAMT fBa H300paKeHHs: A

npamMoe M o6patHoe, Cosjaercss WAMIO3UA

BOJAHOH MOBEPXHOCTH, B KOTOpOH, Kaxk B ‘g,

3epKaJjie, BUAHO H306paxkeHue Heba. 4
AHanoruyHo OoO6BSCHSETCS U BepXHUH ///A///

mupax. OH Ha6mofiaeTcss 3uMoii B XOJOA- A " e

HbIX CTpaHax, Korja BGJHM3H 3eMHOH no- —— -

BEPXHOCTH O6pasyeTcsi XOJNOAHBIA C/IO# BO3- Y -

Jlyxa, B KOTOPOM MOKa3aTe/lb NpeNOMJeHHs -

ObicTpo y6uiBaeT ¢ BhIcOTOi. B ropax, xors ie

H OYeHb peAKo, Habsioaaercss 60k080d mu- g

paxc, CBA3aHHbIA C W3MeHeHHeM NOKa3aTens Puc. 17

npenoMyIeHHst BO3AyXa B GOKOBOM Hampas- ¢ e

Jenuu. Boobme, B 3aBHCHMOCTH OT Xapak- .

Tepa pacnpefiesieHus OKa3aTesist NpeJioMieHHs BO3lyXa, MHPaX NpPOSBJASETCS B BECbMa

pa3HOOGPa3HLIX M YacTO MPHYYATUBBHIX dopmax.

3AN0AUYHU
1. INoka3aTb, 4TO B NpeHeGpeiKeHHH KPHUBH3HOH 3eMHON NOBEPXHOCTH cChpaBed-
nusa QopMyna
R — %= (,—1) tg a, (4.7)

2. Onpefenutb, NPH KaKHX rpajueHTax TemnepaTypul T BO3AyXa BO3MOMeEH
HUKHUT MUDAX.

Pewe nue [lokasatens npeiomieHus, a C HAM H TMJIOTHOCTb -BO3AyXa p
ROVIKHH YBEIHUMBATLCH C BHCOTOR h (T. e. dp/dh > 0). Bocronb3yemest ypasHeHuem
cocroniust P == uP/(RT), rae P — jaBieHne, | — OTHOCHTeJbHAS MOJIEKYASAPHAA
Macca BO3AyXa, a R — yHHBepcasbHas ra3oBasi nocrosHHas. K3 Hero Haxomum

1 dp 1 dP 1 dT

[pu MexanAueckoM paBHOBecuu Bo3ayxa dP/dh = — pg, rie g — yckopeuue cBoGoj-
HOro najleHus. B pesysnbrate nonyuaem
' dT _ pg
an < 72— . 4.8)
Hcnoassys cootHoweHne cp — ¢, = R/p, 9TOMY YC/TOBHIO MOKHO MPHAATL BHA
dT g
E’ <—F; %—0,025 K/M. (4.9)

Tle Cp U €, — YAeNbHbE TelJIOEMKOCTH BO3AYXa MPH MOCTOAHHOM AaBACHHUU K NOCTOSH-
HoM oOneMe. Takoe pacnpefle/ieHHe TEMNEpaTyP KOHGEKMUBHO Heycmodsueo, TaK Kal
i KOHBEKTHBHOH YCTOHYMBOCTH HeOOXOAMMO

dT g )

(em, 1 11, § 121),
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§ 5. Ilnockue 2JeKTPOMArHHTHbIE BOJIHBI

1. C 31eKTPOMAarHUTHEIMH BOJIHAMH MBI BCTPEUAJIHCh YXKe B TOME
111 nawero xypca (ri1. X). BroiBesieM ellle pa3 OCHOBHBIE Pe3YJIbTAThI,
nosnyueHusle B § 139 ykasanHoro ToMa, npejosaras 3JieCb, YTO BOJIHL —
MOHOXpomamuyeckue. ByneM NpeicTaBAsiTh UX B KOMIJIEKCHOH QopMe.
B cBsA3u ¢ aTuM nosie3Ho eie pa3 obpatutbest K § 126 Toro xe ToMma,
rlie BBeleHbl KOMILIEKCHBIe 0603HAUYeHUS U H3JIOXKEHBI NPaBHJia onepu-
poBanusi ¢ HUMH. Tlo mpuuHHAM, KOTOpble BEIICHATCA B XOJ€ H3JIOXKe-
HHS$1, MOHOXPOMAaTHYeCKHe BOJHBl H HX KOMILIEKCHasl GopMa UMEIOT BaxK-
Helilllee 3HauUeHMe B YYeHHH O BOJIHAaX BooOlle, a B 0COGEHHOCTH B ON-
THKe. j

JlonmycTuM, 4TO BOJHBI PacnpoOCTPaHAIOTCA B OJHOPOIHOM™ He3aps-
JKEHHOM Au3/eKTpHKe. [IpUMEHHM K HUM GyHAaMeHTa/bHble YpaBHEHUS
Makceenna

1 oD 1 0B
rot H=——, 1ot E=———~ (5.1)
H MaTepHajbHbE ypaBHEHHs
| D=cE, B=pH. (5.2)
ITycTs BOJIHA — MJIOCKast U MOHOXPOMaruyeckas. 3amnuileM ee B KOM-
IVIEKCHOM BHJE N
E___Eoet (cot—kr)’ H= Hoel (a)t—kr)’ (53)

rie ® — KpyroBasi yacrota, R — BOJIHOBOH BEKTOp, a aMIJIUTYbI
E, u H, nocrosinnbl. JudbepeHunpys no speMeny, nonyuaem 0E/0t =
= [oFE, T. e. onepauus anddepeHIHPOBaHUS B ITOM Cjyuae CBOJMTCS
K YMHOXEHHIO Ha [®. AHasnoruuso, audxpepeHLHPOBaHHE MO KOOpAH-
HaTaM X, Y, 2 CBOAUTCA K YMHOXEHHIO HA —ik,, —ik,, —ik,. 3ameTun
910 M 0603Hayas KOOPAHHATHBHIE OPTH Yepe3 e, €,, €., Nojyyaem

e, e e e e, e

a a4 0 . .
rot H=| == o oz |= ¢ ky ky k|=—Ii[RH]

Hy H, H, Hy H, H,

u ananornuHo jans rot E. B pesyavrate ypaBHenus (5.1) mepefinyr B
o (0]

[kH]=— D, [kE]=-c- B. (5.4)

BBezeM enuHnuHbIi BekTOp N HOpMalu K (POHTY BOJHEI H CKOPOCTb

pacnpocTpaHeHHsl NOC/JEAHErO B HaNpaBJeHHH 3TOH HOpMaslH — Tak

Ha3biBaeMYI0 HopMabHyto ckopocme v. Torna

=N, (5.5)
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U NpelplAyllliie COOTHOIIEHHA NepeHAyT B
D=—2[NH], B=Z[NE]. (5.6)

Orciona BUAHO, uTO BeKrophl E, H, © B IJOCKO# 3/1€eKTPOMAarHUTHORH
BOJIHE B32HMHO NepneHAuKyasapHbl. KX B3auMHOe pacnoJsioxenue mpe-
crasJieHo Ha puc. 18. [lepnennukynapHoctb BekTopos E u H K BeKTOpY
@, WIH, YTO TO K€, K HANPABJEHHUIO PACIIPOCTPAHEHU S BOJIHLI, 03HAYAET,
UTO 3NeKMPOMASHUMHbIE 60AHbL nonepedrst. Takum obGpasom, npobiema
TOTIEPEUHOCTH CBETOBHIX BOJIH, C KOTOpPO#i He e
MOIJIM CIIPAaBUTbCA TEOPHH - MEXaHHYECKOIo ‘
supa, coBceM He BO3HHKAET B 3/eKTpoMar-
HUTHOH TEOpHH CBera.

CrieyeT OTMETHTb, UTO MeXAYy B3aHMHO
MepneHANKYJ/ISPHBIME  COCTABJAIOMINMH, Ha
KOTOpPHlE MOXKHO pasJIOXKHTb KOMIJIEeKCHble o
amnutyisl E, u H,, MoXeT CylecTBOBaTh
Kakas-t0 pasnoctb ¢a3 ¢. Eciu ona pasua
HYJI0 WK 7, To BeKTop E BO BCeX TOUKax
TIPOCTPAHCTBA U BO BCe MOMEHTHl BpeMenH Gy- Puc. 18.
JieT HaXOMUTBhCSl B OJIHOH M TOH XKe [IIOCKOCTH,
npoxojsieli yepe3 HanpasJjeHue HopMaau N, a sektop H — B mioc-
KOCTH, K Hell mepneHAnKy/asapHoi. Torna BoJHY HasbBalOT AuHeliHo-
uiu naockonoaapusosanrod. Tlnockocrs (E, N), B KOoTOpoOil JieKaT Bek-
Toppl E u N, HasbBaeTCfl n.A0CKOCMbI0 KOACOQHUL WU NAOCKOCHIHIO
noaspusayuu eoanolt). Eciu ¢ He paBHa HYJIO WIM T, TO BO3HHKaET
TaK HasblBaeMas saaunmudeckas noaapusayus. Vlccnenopannem ee Mol
saiiMemca B raasax V, VI u VII.

M3 ypaBHeHu# (5.1) MOXHO ONpeie/IuTh H CKOPOCTD JIEKTPOMATCHHUT-
HOH BoJiHBI ¥. C 3TOH UeJblo 3amHuleM 3TH YPaBHEHHA B cKaaapiofi

tdopme: '
4 4

U
¢ g
¢eE=—_H, pH=_E. (5.8)

Orciona moc/ie NOYJIEHHOTO MNEPEMHOMKEHHSl W cokpauleHuss na Eil
nosyyaeM MIs U M NOKasartens MNpeNOMIeHHs f = /v Clefylolile

BbIpaXKeHHUs: .
=c/Ven, (5.9)
n=Vep (5.10)

1) PaHblie n0CKOCTbIO MOMSIpH3alMH HaseiBanu miaockocts (H, N), nepuengu-
Kynsphuywo K (E, N), Ho 310T TepMHH B TaKOM MOHUMaHHH BBLIXOAUT U3 ynotpeGienus,
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TTocnennee cooTHolleHHe Ha3biBaeTcsa 3akoHom Maxceerra. s Hemar-
HHUTHBIX cpell (p = 1) OHO mepeXomuT B

n=7Ve. (5.11)

B Bakyyme v = ¢, T. €. U COBNANaET C 3AEKMPOOUHAMULECKOLi nOCMO-
aunoti ¢. TeM caMbIM packpbiBaeTcst TIYGOKHH (PU3HUECKUH CMBICI
otkphuiTisi B. BeGepa (1804—1891) u P. Koabpayma (1809—1858),
BIiepBHIE U3MEPHUBIIKX 3Ty nocrosiHHYIO B 1856 r. (eM. T. 111, §§ 51, 83).
2. O6paTtuMmcs Tenepb K 3KCIepUMEHTaNbHOH IPOBEpPKE COOTHOLilE-
Hua (5.11). B Tabn. 1 comocrap/ieHbl 3KCNEPUMEHTaNbHO M3MepeHHble

3HaueHHs n U )/ e Ana psana BeluecTs (NOKa3aTesH NPeJOMIEHHS OTHO-.
CATCS K XKeJNTOH JIMHMK Hatpus). /s rasoB, NpHBENEHHBIX B 3TOi
Tabanue, 3akoH Makceensa (5.11) xopomo cornacyercsi ¢ ONBITOM.
J1s XHAKHX YIVIEBOJOPOJOB corsacHe Xyke. Jlasi BOAb M CIHPTOB,
a Takxe JUisi GOJIBLIKHCTBA AP YTUX TBEPABIX U XKUAKUX TeJ1 Hab/ofaloTcst
pe3Kue HapylleHus cootHoiueHus (5.11). Onnako B 5TOM HeT HHYero
HeoxHuaaHHoro. Jleso B TOM, 4TO 3HA4YeHUs &€, NIPHBeJieHHbIe B Tab. 1,
OTHOCSITCSI K CMAQMU4eCKUM 3AeKMPUYecCKUM noAsiM, a 3HaYeHHUs 1 —
K 94eKMPOMASHUMHBIM NOAAM C8EMOBbLX 80AH, YACTOThl KOTOPHIX NOP KA
510" I'u. JuanekrpuuecKas NPOHHLAEMOCTb € OOYCJIOBJIEHA NOAAPU-
sayueil OQussekmpuka, T.e. CMellleHHeM 3apsiXKeHHBIX YacTHI[ BHYTPH
4TOMOB W MOJIEKYJ MOJ JefCTBHEM BHELUHETro 3JeKTPUUECKOro MoJis.
Jlns npaBUJIBHOTO CONOCTABJIEHH s HaJlo GpaTh 3HAYeHHs &, H3MepPeHHbIe
B 2JIEKTPUYECKHX IOJIAAX mex oike wacmom. JIeACTBUTENbHO, aTOMHI H
MOJIeKYyJIbl 00/1a[1al0T . COOCTBEHHBIMH YaCTOTAMH, TaK YTO aMINIHTYHHI
(u.¢asbl) BHIHYXKJIEHHBIX KosleGaHUH 3JEKTPOHOB M siiep, H3 KOTOPBIX
OHH COCTOSIT, 3aBHCAT OT YACTOThl BHELIHETO 3JIEKTPUYECKOTO .TOJS.
Oco6eHHO CHJIbHYIO 3aBHCHMOCTb CJIeflyeT OXHAaThb B TeX CJydasx,
KOTJla YacCToTa BHeLIHero moJs 6J13Ka K OJHOH M3 COGCTBEHHBIX YacTOT
4TOMOB WJIM MOJIeKYJ (pe3oHaHc]). B pe3ynbrare BO3HUKaeT 3aBHCHMOCTD
nokasatesisi NPeJOMJIEHHs1 BEIeCTBA OT YacTOThl CBETOBOMH BOQJIHBI —
TaK HasbiBaeMasi Qucnepcus ceema.

Ta6auna 1
BelecTso n Ve BewecTno n Ve
Bosgyx 1,000292 | 1,000302 || Tosryou 1,499 | 1,549 :
Asor 1,000299 | 1,000307 || YeTbipeXXA0PUCTHL 1,461 | 1,523
Kucaopon - 1,000270 | 1,000273 | yraepoxn i
Boxropon 1,000139 | 1,000139 || Bensoa 1,501 1,511
¥Yraexucaora 1,000499 | 1,000485 || Cepoyrstepon 1,629 | 1,626
Tenuit 1,000035 | 1,000037 | [Tapapun - 1,422 | 1,405
OKHCcb yriepoa 1,0003351{ 1,000346 || Bona 1,33 9,00
Ammuaxk 1,000385 | 1,000385 || MeTus0BHII ciupT 1,34 5,7
3akuch asora 1,000507 | 1,000547 || tunoBelil cnHPT 1,36 5,1
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AHanoruuHo, HaMarHH4YeHHOCTb BellecTBa (napamarHeTusMm H dep-
pOMarHeTH3M) BO3HMKAeT B Pe3y/bTaTe HOBOPOMO8 MAZHUMHOLX MOMEH=
mo8 amomos u moaexkys TON JeACTBHEM BHEIIHErOo MArHUTHOTO MOJIS.
OnHako B NoJAX CTOJb BHICOKHX YacTOT, KOTOpPbIE JIeKAaT B ONTHYECKO
06/1acTH cneKkTpa, aTtoMbl H MOJIEKYJbl He YCHEBAalOT IIOBOPAuyMBaThCs
3a BpeMeHa NOpsijJKa NepHoja CBeTOBHIX KoseGaHuH. J{MaMarHuTHbIH
ke 3bdeKT, NPHHLHKNHAIbHO HMEIOHH MeCTo BO BCeX BellleCTBaX, Ipe-
‘HeGpexkumo MaJ. [TosToMy B mojisix yKasaHHBIX YacTOT HaMarHHYUBa-
HYe BellleCTBA NPAKTHUECKH He NPOMCXONHUT, BoT mouemy B onTHYeCKHX
SIBJICHHUSIX, 32 PeIKUMHU HCKJIIOYEHUSIMH, MATHHUTHHIE CBOHUCTBA BellecTBa
He NpOSBJAAIOTCA, M MOXHO IoJb30BaThca (opmydsoi (5.11) Bmecto
Gosee obweit popmydrt (5.10).

Takum o00pa3oM, pacxoxkieHUs 3akoHa Makceenana (5.10) uniu
(5.11) ¢ onbiTOM NPOMUCXOAAT 32 CUET HAPYUIEHUS MAMEPUANbHBIX Ypas-
Henuti (5.2). Takne ypaBHeHHS CpaBeJIUBBI He BCerla, a TOJBKO AJIS
MOHOXpOMAMUYECKUX noaetl, TIPHYEM & U |\ ABAAOMCA PYHKYUAMU Hac-
momel 3AEKMPOMASHUMHO0 NOAS, DPA3JUUYHBIMH JJIf DPa3/MYHBIX Be-
mectB. UToOBl OTMETHTb 3TO OGCTOSITEBCTBO, BEJUUHHEL € () H U (0)
YACTO HA3LIBAIOT OUHAMUYECKUMU OUINEKMPUYECKOL 1 Ma2HUMHOL npo-
HUYaeMocmamu, B OTIIHYHE OT CIMAMUUECKUX npoHuyaemocmeli, B KOTO-
phle oHH nepexofdr npu o = 0. JIHIb B 06/1aCTH CPaBHHUTEJIBHO JJIMH-
HBIX 3/J1€KTPOMarHUTHBIX BOJIH (MpeBHILAIOMMUX NpuMepHO 1 cM) QyHK-
UuH € (0) 1 P () CTAaHOBATCS NOCTOSIHHBIMH /15 BceX BellecTs. [losTomy
B ONTHKE 3JeKTPOMarHUTHOE MoJjie MPUXOJUTCS pasfaratbh Ha MOHOXPO-
MaTHuYeCcKHe COCTaBJ/AIOLME, YTO BCErd BO3MOXKHO, COIJIaCHO MaTteMma-
THuecko# Teopeme Pypoe (cm. 1. 111, § 128). INpennonaras, yro BemoOJ-
HAETCA NPHHLMN CYNEepPNO3HIMH, 3TH MOHOXPOMATHUYECKHE COCTaBJISIO-
LIHe MOXHO paccMartpuBaTh He3agucumo Opye om Opyea. Takum nyrem
MOKHO HCC/IeJJOBATh PACNPOCTPAHEHHE 3€KTPOMATHHTHBIX BOJIH JIOOOrO
cnektpajbHoro cocraBa. PYHKIMH MOXHO pasjaratbh He TOJbLKO MO
CHHYCaM M KOCHHYCaM, HO 4 N0 GeCKOHeYHOMY MHOXeCTBY [pYTrHX,
«0OMHBIX cucTeM» pynkuuii. OIHAKO BLINOJHEHHE MaTepHaJbHBIX ypaB-
HeHu#l (5.2) N MOHOXPOMATHUECKHMX IOJieH, a TaKie MHOTHe Apyrue
TIDUYMHBL JIeJIalOT B ONTHKE Pa3joXxeHHe NoJell Ha MOHOXpoMaTHYeCKHe
COCTaBJSAIOLINE (Pu3uecKu 6oi0eseHHbIM CPElM MHOXeCTBA APYIHX
MaTeMaTHYeCKH BO3MOXKHBIX pasJjioxeHui. ManoxeHHble coobpaxeHus,
'KaK M cooOpakeHHs, H3JaraeMble B CJelylolleM NYHKTe, MMeEIOT, KO-
HeuHo, obliee 3HayeHKe, a He TOJbKO ISl MJOCKUX 3JeKTPOMarHHUTHBIX
BOJIH. '

3. CoGaiozienne MaTtepHaibHBIX YypaBHeHu#t (5.2) (ms MoHOXpO-
MaTH4YeCKHMX MoJsiefl) nmpedmoJsiaraer, KOHeYHO, YTO BeJIHYMHA € He 3aBHU-
cut or E. Baarogaps stoMy ypaBHeHHS NOJS AuHelinbl 1 00HOPOOHbL.
OnHako 3TO CIpaBe[VIHBO TOJILKO B CAa0biX NOASX, T. €. TAKHX NOJAX,
HANpPSKEHHOCTh KOTODbIX BecbMa Masa N0 CPaBHEHHMIO C HampsiKeH-
HOCTAIMH BHYTPHATOMHBIX' M BHYTPUMOJEKYJspHbIX mojeil (10—
108 B/cM). B cuneubix noasx, rie 10 yciaoBue He coljronaercs, ypas-
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HeHH S TI0J15 B CpeflaX CTAHOBATCH HeAUHEHbIMU, UTO BELIET K HAPYUIEHUIO
NPpUHYUNG cynepnosuyuu, a CleloBaTeNbHO, H 3aKOHA HE3aBUCHMOCTH
CBETOBHIX NYYKOB. ONTHKY c1aGbIxX 3/IEKTPOMATHUTHLIX TOJIeli (B yKa-
3 aHHOM BBblIlIE CMbICJIe) Ha3bIBAIOT AUHedHOt onmuKotl, a ONTHKY CHIbHBIX
noJsieit — Heaunelinoll onmukou.

Jlo HenaBHero BpeMeHH HCTOUHHKHA CBeTa, KOTOPHIMH pacioJiarana
OTITHKA, NO3BOJISIIM MOJY4YaTh CBETOBLlE MYYKH JIHIb «CjlaGoiy MHTEH-
CHBHOCTH € MAKCHMAaJbHBIMH 3JeKTpHuecKMMH mnojsamu 0,1—10 B/cum
(cM. 3ajauy K Stomy naparpady). Henuneiinbie adpexrtnt (3a pelKUMH
HCKJIIOUEeHHSIMH) B 3THX C/y4yasix coBceM He3aMeTHbl. Clydyall CHJIbHBIX .
3JIEKTPUUECKHX TOJiel B ONTHKE CUHTAJICH YHCTO YMO3DUTENbHLIM H
zonroe BpeMsi He HccaepoBancsa. Haumnas ¢ 1960 r. — ropa usoGpe-
TEHHS] ONMUYMECKUX KBAHMOBLIX 2eHepamopos (Aas3epos) — MOJOKEHHe
U3MEHHJIOCh. DTH HCTOYHHKH -CBeTa IMO3BOJISIIOT NOJYYaThb CBETOBblE
BOJIHBI, B KOTOPHIX 3JIeKTpHueckue moad. gocruraior 105—107 B/cm.
Takue noJist y2xe He MOTYT CYHTATbCA NPeHeOPeXHMO MaJIbIMH TIO CpPaB-
HEHHIO C BHYTDHATOMHBIMH M BHYTPHMOJIEKYJSIDHBIMHU NOJAMU. B Hux
HAOMIONAKOTCS KaueCTBEHHO HOBHIE (HEAUHELHble ABACHUA» W TIPUTOM He
KaK MaJible IONPaBKH K «IMHEHHBbIM a(peKTaM», a KaK A8AeHUA KPYNHOEO
macwmaba, TOJYYUBLIHE YKe BaXKHble NPAaKTHYECKHe INPHMEHEHHS.
O nenuHeliHO# onTHKe Mbl OyieM roBopuTh B ry1aBe X 1. Bo Bcex ocradnb-
HBIX IVIaBaX H3Jaraercs JHHeHHas ONTHKa.

4. JIns HeKoTOpHIX ueJell Tpebyerca GoJsiee nMoapoGHOE HCCJ/IeNOBa-
HUe CHCTeMHl ypaBHeHHH (5.4), KOTOpoe MBI U NpPOH3BEAEM. 3anuileM
3Ty CHCTeMY C YYeTOoM MaTepHa/bHbIX YypaBHeHuil (5.2):

[kH)=— ZE, '[RE]=<1H. (5.12)

INosicransas H w3 BTOPOro ypaBleHHs B NepPBOE, IOJYYHM
: « v

o (R [FE]]=—=>E.

Tak kaK BekTophl k 11 E B3aHMHO TlepNeHIuKYJ/IAPHbI, TO TIOC/e PAaCKpPHI-
THSI IBOHHOTO BEKTOPHOTO Npou3BeleHMs H cokpalleHus Ha E orcioma
HaiizieM

2
2 __ [0
k ——02—8]1«, (5.13)
I, n’peHe6pera$1 HaMarHK‘{HBaHH8h4 ‘BeUJ,_eCTBa:,

B=2e. (5.14)

TaKoBO yCJOBHE COBMECTHOCTH ypaBheHHit (5.12). Tak Kak mo camomy
OTpejie/IeHNI0 BOJHOBOTO BeKkTopa k = o/vu, To u3 (5.13) cnenyer:

=c/) ep, 1. e. npexuuit pesyibrar (5.9).
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Onnako ycaosusaM (5.13) uan (5.14) MOXKHO YZIOB/IETBOPHTH H B TeX
cayyasx, -KOrja BOJHOBOH BEKTOD R KoMniexcHoul, T.e€. HMEET BHL

k=k —ik", (5.15)

rie Bektopsl B’ M B” — BelecTBeHHble. B 3TOM cilyyae BOJIHY Ha3HBAIOT
He0OHOPOOHOU, B OTIIHUNE OT 00HOPOOHOU 60AHbL, Y KOTOPOH BOJIHOBOI
EEKTOp R BelleCTBEHHBIH. DJIeKTPUUECKUH BEKTOP HEOJHOPOJHOM BOJIHBI
MOJKHO TNpPEJCTaBHTh B BHJE

E = Ejp—¥ret (ot —k'r), (5.16)
10 BHIPaXKeHHe MOXKHO PacCMaTPHBaTh KakK BOJHY, aMIIHTYAa KOTOPOH
paBHa Ege™*’r. OHa 3KCnoHeHIHaAbHO yOHBaeT B HaNpaBJIeHUH BEKTOPa
£". J11s1 TaKOHA BOJIHBI MOXKHO TOBOPHTD O NOBEPXHOCMAX PABHLIX AMNAU-
myd W nosepxrocmax pasruix ¢a3. TloBepxHocTH PaBHBIX aMIIHTY]
CyThb IJIOCKOCTH, TNepNeHIMKy/sipHble K BekTopy k“. IloBepxnoctu
paBHBIX (a3 TaKxke IJIOCKOCTH, HO NePNeHAHKYASpHbe K BeKTOpy k',
B nenoesowarowiell usomponHoi cpede NAOCKOCMU DPABHbIX AMAAUMY)
u pasHolx a3 e3aumno nepnenduxyaapust. J1na nokasarejabcTBa NOJCTa-
cuM Boipaxkenne (5.15) B Qopmyay (5.14). Oriensis BellecTBeHHYIO
yacTb OT MHHMMO#H, HalaeM

- k- k"2=%s, (B'k") =0. (5.17)

V13 BTOpOTrO COOTHOLLEHUS BHAHO, UTO BEKTOPHl kB’ 1 k", a c1efloBaTesIbHO
¥ TJICCKOCTH PaBHHIX aMIVIMTYA M (a3, B3aMMHO NepreHIHKYJISPHHIL,
J1151 MOTVIOWAIONMX CPeXl 3TO YTBEPKAEHHE, BOOOIIe TrOBOPS, He crpa-
BeJUTHBO.

Urc6bl TIONYYHTh GOJIee OTYETIMBOE NPeCTaBIeHHe O HEOJHOPONHOM
BOJIHe, 3allMILEM ee B BellecTBeHHOH ¢opme. HampaBuMm ocb X Bhosn
pextopa k', a ocb Z — Brosb BekTopa R”.. KpoMe TOroO, moJioxum
E,. = A, exp (i8,) u ananornuno ana Ey, u E,,. Toraa neoaHopoznnyio
BoJHY (5.16) B BelllecTBeHHOH (pOpMe MOXKHO NpPEICTAaBUTb TaK:

Ex =A.¥e_ k"z CcOS ((Dt— k'x + ax),
E,= A e %2 cos (ot —k'x+0,),
E,= A, %2 cos (ot —k'x+8,).

ITnockocTH paBHBEIX a3 pacnpocTpaHAIOTCA B Hanpas/ieHHH ocH X
co ckopoctbio v = ®/k’. OHa MeHbllle CKOPOCTH ONHOPOAHBIX BOJIH

¢/V'e, nockonbky k' > @) e/c, Kak ato crenyer u3 (5.17). AMnanryna
y6uiBaet B HanpassieHun ocu Z. Koraa z — — oo, aMniuTyna HeoxHO-
pORHOI BOJIHEI Bo3pacTaeT HeorpaHuuyeHHo. [TostoMy miockue HeosHO-
polibie BOMHB B HeOorpaHHYeHHOH cpeje cyuiecrBoBaTh He MoryTt. Ho
OHH MOTYT NpPH-ONPENEJEHHBIX YCJIOBHAX BO3HHKAThb BOJIM3H IpaHUIb
cpeanl. Tak, Hanpumep, TakHe BOJHBEI BO3HHKAIOT B ONTHYECKH MeHee
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ILUIOTHOM Cpejie TIPH TOJIHOM OTpameHuu csera (cM. § 66). ITose neoano-
PONHOM BOJIHBI 3aMeTHO JIMLIb B IOTPAHHYHOM CJIOE, TOJIIHHA KOTO-
poro mopsiika IJIMHBI BOJHEL. Ilo 3TO# NMpHUMHE HEOJHOPOMIHBLIE BOJIHELI
Ha3bIBAIOT TAKKE NOBEPXHOCMHbIMU BOAHAMU.

3AO0AYHYA

OlieHUTb HANPSKEHHOCTDb TOJISI COMIHEYHOrO M3Jy4YeHHS BOJIH3H 3eMHOI IMOBep X+
HOCTH, €C/IM BeJHYHHA COJHEYHOM IOCTOSTHHOM COCTaBJ/ISieT OKOJIO 2 KaJ-CM™2 MHH ! =
=1,39-10% apr-cm2ct. Coaneunoil nocmosHHOi Ha3BIBAETCS KONMYECTBO 3SHEPTHH,
nonafatoiueii ot CosnHua (npn‘ero CpefHeM yjasieHAH OT 3eMJIH) 3a eIUHUIY BPEMEHH
Ha eMHUIY TJIOMAAK 3eMHOH MOBEPXHOCTH, NEPNEHAUKYJISAPHOH K M3/yyYeHHIO (IpH
oTcyTcTBHH aGcopbuuH B aTMocdepe).

Pemenue Boany, usnyyaemyio CosiHIEM, Y 3eMHOH MNOBEPXHOCTH MO)KHO
c4YuTaTh MIOCKOH. B- Takoit Bomwe E = H, NOCKOJbLKY A/l BaKyyMa € = [ =

. c c “..
IlnotHocTh noTOKa 3Hepruu WE H = E2, TlpupaBHuBas cpefHee 3HaUeHHe 3TOH

BeJIHYHHBl 3HAYeHHUIO COJIHEUHOH MOCTOSTHHO#, TNoJy4YuM

{EF?=1,39-100, otkyza E?=5,85.10¢, J/ E® =0,024 CIC3=7,2 B/cwm.

§ 6. IpeneabHblil Mepexon OT BOJHOBOH ONTHKH
K reoMeTpHYecKoi

1. leomMerpuuecKasi ONTHKA ABJSETCS NPHUGIHKEHHBIM NpelebHBIM
cjiyyaeM, B KOTOPHIH IepeXOJMT BOJIHOBasi ONTHKa, KOTAa IJIHHA CBe-
TOBOH BOJIHBI CTPeMHUTCSl K HYyJI0. UToObl MOKa3aTh 3T0, Halo GbLIO Gbl
HUCXOAUTb U3 ypaBHeHHH MakcBeJ1a B HEOQHOPOZHBIX cpefax. OxHako
Takoll NyThb NPUBOJMT K TI'DPOMO3LKHMM BBIYHCJIEHHAM. Mbl mocrymum
unHaue. Cpelly, B KOTOpOIi pacnpocTpaHsiercsl cBer, GylieM CUHTaTh IIPo3-
paunoii u opHopoznHoil. Ilpeanosnarasi cHavyasna, YyTo OHa H30TpPOIHA,
HCKIIoYuM u3 ypaBHeHH# (5.1) u (5.2) Bekrop H. C 310t Lesbio nepBoe
ypaBrenue (5.1) nuddepenuupyem mo £, a or obeux yacreit BTOPoOro
BO3bMeM ONepanHio rot, BOCIONb30BaBIUMCh NPH ITOM BEKTOPHOH ¢op-

MyJo#
rot rot E=grad div E—AEY), . (6.1)
rie A — oneparop Jlansaca B IpAMOYToJIbHON CHCTEMe KOODAMHAT, T. €.
0® a2 02
AEvz=a—x2+a—y2+ '-a—z—z'. (62)

Hs NMOJMy4eHHbIX TAaKHM 06p830M COOTHOLEHHH JIeTKO HMCKIo4YuTh .
B pe3yJ/ibTate NOJY4YHTCS
AE_ 1 OE _
v o
1) Ary dopmyny Jerko noAy4HTh, 3anucas Jesyio uacts B Buie [V[VE]] u pac-
KPHB 110 OCBLIYHOMY NpaBuJay JBOiHOE BeKTOpHOe mpou3Belenue. Ilpu aToM Hago
TONBKO TOMHHTB, 4TO BeKTOpH V 1 E Henbast NepecTaB/IATh, Takum nyrem no.nyqaew
V (VE) — V2E, T, e, npasyto- 9acts (6,1),

0, 6.3)
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Tle v onpefeiserca NpeXHHM BhipaxenueM (5.9). Ypasrenue (6.3)
Ha3BIBACTCS 60/HOB6IM. TaKOMY Xe YPaBHEHHIO YNOBJIETBOPSET W BeK-
Top H.

Jnst HeomHOpOMHBIX cpeni ypaBHenue (6.3) ycnoxusercs. Onnaxo,
€CJI HHTEPECOBATbCS 1MOAbKO UHMEHCUBHOCMbIO 80AH, OTBJIEKASCh OT HX
noaapu3ayuu, TO OKa3bIBAaeTCs, YTO B NPeNeJbHOM C/yyae reoMeTpHye-
CKOfi ONTHKY ypaBHeHHe (6.3) MPHBOJUT K NPABUJIBHLIM pe3yJsbTartam 1),
INosToMy jaxe B clyuae HEONHOPOJAHBIX Cpell NpelesibHLIN Mepexon
K FeOMeTPHYECKOM  ONTHKE MOXKHO BBHIIOJHHTD Ha OCHOBE BOJIHOBOIO

dBHEHHA
P 1 QE

AE——5m

=0, (6.4)
B KotopoM E o3Hauaer 1yiuHy BeKtopa E, a CKOPOCTb ¥ CUHTaeTCsi U3-
BeCTHOH yHKIKeli KoopAuHaT. X0TS TaKo# NYTh ¥ He BIOJIHE YIOBJET-
BOpHTEJIEH, HO Ha HeM NpOlle YSCHUTb METOJ, NPHMeHAeMblH npH o6o-
CHOBaHMH reoMeTPHUECKOH ONTHKH. Pe3yJbTaThl, K KOTOPEIM Mbl NIPHIEM,
NPHMEHHMBI He TOJIbKO K CBETOBBIM, HO H KO 6Cem Opyaum 60AHAM, HaTIpH-
Mep aKyCTHYeCKUM MJIM BoJHaM fie Bpolisa B KBaHTOBO# MexaHHKe.

2, Ilpeanonarasi BOJHY MOHOXPOMAaTHYeCKOH, 3amullleM ee B BUJe

E=a(r)e @ —k®), (6.5)

rae a (r) u O () — BeulecTBeHHble (GYHKUMH KOOpAHHAT. Bosinosoe
YKCJI0 B BaKyyMe R, = /¢ = 2n/A BBeleHO 1151 yAo6CTBa, KaK 6oJib-
wwioH pasMepHbiil mapamerp. TloxcraBum Brpaxenue (6. 5) B ypaBHeHue
(6.4) ¥ oTAENIMM BellleCTBEHHYIO YacTh OT MHEMOMH. B pesyiibrare .novy-
UMM ]Ba YpaBHEHHS: -

(grad ) =n 4 4o, 6.6)
a AD +2gradagrad ® =0. 6.7)

JlonycTuM Tenmepb, 4TO AJIMHA BOJHBI Maja, a aMIIUTYAa @ MeHseTcs
B IIPOCTPAHCTBE He OuYeHb OBICTPO, TaK YTO COGJIONAETCS HePaBEHCTBO

Aa
T | = [T < 6.8)
ILHH 3TOro J0CTaToO4YHO, qTOébl BBIHOJIHHJIHCI) Y(;JJIOBPU{
0%
|x e (6.9

175 Jo6oro Hanpaanennﬂ ocn X. I[eﬁcmmenbﬂo, TOTZia
IA'Z 0%

0x2

.. 1y IlpenenbHit mepexon K TeOMETPHYECKOfl ONTHKe Ha OCHOBE BEKTOPHHIX ypass
Henuii MaxcBessia noLpoOHO Mccaenobas B Kuure: Cusyxun M. B. Jlexuun mo dusns
ueckoir onrtuke, 4, lI, Porampuutnoe uananue. Hoaocnéupcx, 1969,
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uyto copnafaer ¢ (6.8), tax Kak | Aa| ~ | 0%a/0x® |. IlpeneGperas
B (6.6) mocienHUM UJIEHOM, TOJIYYHM

(grad @)% =n2, (6.10)

Ypasuenus (6.10) u (6.7) ¥ cOCTaBAAIOT cucmemy YpasHeHuti eeo-
mempuueckod onmuxu. Y13 ux BbIBoJIa ICHO, UTO YCAOBUEM NPUMEHUMOCITL
2C0MEMPUUECKOLE ONMUKLL SIBASIEMCA MQAAOCIb USMEHEHUS aMAnAUmYyObl
BOAHBL U ee Nnepebix NPOCIPAHCMBEHHbIX NPOUSBOOHbIX HA NPOMANEH U
OauHbL 60AHbL. B NPOTHBHOM Cllyuae MOT'YT BO3HHKATh 3aMeTHBIE OTCTY I~
JIEHHS] OT TeOMeTPUYECKOl ONTHKH. DTO NMPOUCXOJUT; HANpPUMep, B CJe-
pylomux caydasx: 1) Ha. rpaHuue reoMerpuHueckod TeHH; 2) BOIH3H
(oKyca, T. €. TeOMETPUYECKOH TOUKHM CXOXKIeHHsi Jydel; 3) mpu pac-
NPOCTPaHEHHH CBeTa B CPejle C Pe3KO MeHSIOIMMCS NOKasaTesieM mpe-
JIoOW/IeHHs (HanpuMep, B MYTHOH cpejie); 4) MpH pacnpocTpaHeHHHU CBeTa
B CHJIBHO TNOIVIOLIAMIOUIMX Cpelax (HAampuMmep, MeTasiax).

3. Bemnuuny @ Knaysuyc (1822—1888) wassan silkonasom, a
ypaBHenue (6.10) — ypasnenuem sixonara. Ero MoxHO 3anucarb
B BEKTODHOH ¢opme:

grad ® = ns, 6.11)

raie § — eMHHYHbIH BEKTOp HOpPMa/lM K (PPOHTY BOJIHBI
ot — k) = const, 6.12)

NPOBEJEHHBIl B CTOPOHY €e paclnpoCTPaHEHHUS.

YpaBHeHHe 3HKOHa/a onpefiesisieT CKOPOCTb PAcHPOCTPAHEHHS BOJI-
HOBOIO (hpoHTa B HanpasJeHUH HopManu §. JeHCTBHTENBHO, Ha OCHO-
BaHMU OTpe/ie/IeHH sl IPainueHTa MOXHO 3anucath (6.11) B Bune 00 /ds = n,
C npyro# croponsl, AuddepeHIHPOBaHHE YPAaBHEHUs PACIPOCTPAHEHHSA
BoJiHOBOTO (poHTa (6.12) maer w df = k, dD, uin

o)dt=—(°—ﬁp—ds=3nds=9—ds.
c Os c v

Orciopa 1J1s1 HOpMaJIbHOH CKOPOCTH BOJIHOBOTO (DpOHTA HAXOAHM

d
=20 (6.13)

T. €. 5Ta CKOPOCTb TaKasl XKe, KakK Yy MJIOCKOH BOJIHBL. DTOTO U CJIeJI0BaJIO
OXHUAATh, TAK KaK MaJiblil yUaCTOK BOJIHOBOTO (h)poHTa B MajibiX 0GheMax
NPOCTPAHCTBA JI0/KeH BeCTH cebs Kak nyockuil. [TonyueHnslit pesynbrar
N03BOJISIeT NMOCTPOHMTb BOJIHOBOH (ppoHT Fy, B MOMEHT BpeMeHu [+ df,
€CJIN M3BEeCTHO ero nosoxkenue F; B MomeHT f. Jlsis 3TOro u3 KaxJao#
TOUKH MCXOJHOTO BOJIHOBOro (ppoHTa F, (puc. 19) cienyer oTyoXuTh
B HATIPABJIEHHN HOPMaJIM OTPe30oK AIUHOMN v df, CoelHHUB KOHIbI BCEX
TaKHX OTPe3KOB, Mbl H TIOJTyYHUM BOJIHOBO# (DPOHT F, B MoMeHT ¢ - dt.
BMecTo 3T0ro MOXKHO M3 KaxKIOH TOUKM BOJIHOBOro (poHTta Fy, KakK u3
ueHTpa, onucarb chepnl paauycom v df, Orubaiomas Takux cdep H
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6yneT BosiHOBLIM PpoHTOM F,y. O6a nocTpoeHU st COBEPILIEHHO IKBHBAJICHT-
nel. Tem cambiM nocrpoenue Iiofirenca (cM. § 3, nyHkr 4) pacnpocrpa-
HSeTCA U Ha BOJIHBI B HEOXHODOJHBIX Cpelax.

4. Bropoe ypaBHeHHe reoMeTpHYeCKOH ONTHUKH (6.7) Tenepb MOMKHO
3amHcaTbh B BHJE

aA®+2n 2 o, (6.14)

Ec/lu ONpesiesuTh Ayd Kax opmozoHaibHYi0 mpaekmoputo K cemeticmsy
60AHO8bLX hpoHmMO8, uru cemeticmsy pastoix ¢as (6.12), To B3ATHE MpO-

t+at

NN

i
Puc. 19.

M3BOJHOM MO S MOMXHO NOHMMAThb B CMhbicie AudepeHUHPOBAHHA TO
InuHe Jyuya s. Vurerpupys ypaBHeHue (6.14) Baonb Jyya, npuiem
K COOTHOLIEHHIO
S
AD
2n

a=aqayexp|— ds]), (6.15)

0

rie a, — aMIIMTYAa B «HayaJbHOH TOUKe» Jyya, OT KOTOPOH OTCUMTHI-
paerca JiuHa S. Popmysa (6.15) nmokaswiBaet, uTO LISl ONpejeJeHUs
BOJIHOBOTO TI0J11 BO BCeX TOUKaxX Jyya AOCTaTOYHO 3HATh €ro 3HayeHHe
B Kakoi-i1u6o ofHOH Touke Toro ke syuya. Ho ypaBHeHus reoMerpuuec-
KO ONTHKH HUYEro He MOTYT CKa3aThb OTHOCHUTEJIbHO H3MEHEHHS aMIlIH-
TYZBI HOJIS IPH Nlepexojie OT OJHOrO Jyua K cocefineMy. OHH IONyCKaloT
Jo6ble M3MEHEHHSI aMIVIMTYABI OT Jyua K nyuy. HeoGxozuma Tosbko
JOCTaTOYHasi Mel/IEHHOCTb TAKOTO M3MeHeHHs1, YToObl BoslHa, GopManbHO
YIOBJETBOPSAIOIIAA YPaBHEHUSIM IeOMETPHUYECKON ONTHKH, MOr/ia ObiTh
peanusoBaHa B JAeHCTBHTENbHOCTH. TakuM oGpasoM, 8 npubiunceHuu
260MEMPUYECKOLL ONMUKL C8EMOB0E NOAE HA 6CAKOM Ayue COBEPUIEHHO He
sagucum om noaeil Opyeux ayuedl.

Orciona cefyer OCHOBHOE NpeNCTaBJeHNe IeOMETPHYECKOH ONTHKH
0 pacnpocmpareruu ceemogoti aHepauu 600ab ay4eti, TOYHee — BIOJb
«1yueBHIX TPYGOK», oGpasoBaHHHIX Jyuamu. Otciona Takxe cliefiyer,
YTO IPH HAXOXJIEHUH BOJHOBOTO (ppoHTa mocrpoeHneM [lolireHca HOBEIH
BOJIHOBOH (DPOHT He BBLIXOZMT 3a Npejennl orubawolell BTOpHUHHX cde-
puueckux BosH I'iofirenca. Tem camMbiM laHO N0JIHOE 0GOCHOBAHHE THIIO-
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Tesnl ['1oiireHca o6 orubatomiell ¥ NOKas3aHo, YTO 3Ta TUINOTE3a CIpPaBej-
JIUBA TOJIbKO B TNPHUOJH2KEHHH TeOMeTPUUECKOH ONTHKH.

K npencraBiieHHIO O pacnpocTpaHeHHH CBeTa BAOJDb Jyuell MOXHO
NpUiTH U APYTUM NyTeM. YMHOXas ypaBHeHue (6.7) HA a U 3aMeuas,
yto A® = div grad ® = div (nS§), nepenuiieMm 310 ypaBHeHHe B BHIE

a? div (ns) 4 2agrad a (ns) =0,
WK
’ div (na*s)=0. (6.16)

IMonyueHHoe cooTHolleHHe mo (opMe COBHajaeT ¢ ypaBHEHHEM Herpe-
poiBHocTH div j = 0 1sis CTAaLHOHAPHOTO TeYEeHUS HECKHMAEMOH XKHUAKO-
cri. Posib IMHUE TOKA HIPalOT CBETOBBE JIYuH, a IJIOTHOCTH IOTOKA
JKHAKOCTH — BeKTOp J = na’s, NponopuuoHa/bHbIA MVIOTHOCTH NOTOKA
cBeToBO#1 5Hepruu. CBeT Kak Obl TeyeT BJO/Nb Y3KHX «CBETOBBIX TPYOOK»,
T. e. TpPYO6OK, OOKOBble CTEHKH KOTOpPHIX oOpa3oBaHbl Jyuyamu. Uepes
3TH GOKOBBIE CTEHKH CBET He NpoHuKaeT. Eciin ¢ — nonepeurioe ceuenue
TpyGKH, TO BJOJIb Hee BeJHUMHA na’c COXPaHSETCs HEM3MEHHOM, KaK
3T0 BUAHO M3 ypaBHeHHs (6.16).

MoOXHO BBIIENTHUTb OTHENbHYIO CBETOBYIO TPYOKY, WM ¢huduueckuil
c8emo6oli ay4, TOCTaBHB Ha MYTH pacrpocTpaHsiouleiicsi BoHBL (6.5)
y3Kyio nuagpparmy. Toabko nuadparma He Ho/KHA ObiTh OCOGEHHO
y3Koii, a cBeToBast Tpy6Ka CIUIUKOM JNUHHOH. [leslo B TOM, 4TO Ha Kpasix
Auacparmel ¥ BOJIM3H GOKOBLIX rpaHHIl TPYOKM aMIIUTYIA NOJS MeHf-
eTCsl pe3Ko, T. e. YCJIOBHSl NPHUMEHHMOCTH IeOMeTPHYeCKOH ONTHKH He
BbIMOJIHAIOTCH. Bo3HuKaeT qudpaKiuus cBeta, NpHBOASIAs K YIIHPEHHIO
cBeroBoro nyuka. OfHako, eciau Auadparma He CIHILKOM MaJja, a CBe-
TOBasi TPyOKa He C/AHILKOM JUIMHHA, 3TH 3(beKThl MajoCyIleCTBeHHbI.
Ho oHn Bcerza ckaxyrcss Ha GOJIBIUIHX PacCTOSIHUAX OT AxadparMel.
B teopun nudpakuuu GyleT NOKasaHO, YTO HEOOXOAHMBIM YCJIOBHEM,
TpH BBINOJHEHHH KOTOPOTO MOXKHO TOBOPHTb O (PH3HUECKOM CBETOBOM
Jyde, fIBJSeTCH HEPaBEHCTBO

1< DA, (6.17)

rae D — munMManbHbIH JHHeHHbIA pa3Mep auadparmel, a /| — paccrosi-
HHUe oT AuadparMbl, H3MepeHHOe BJOJb JYy4a.

OnTtHuecKol JJIHHOHN JIHHHH B OXHOPOAHOH cpelle Ha3LIBAETCS NPOHU3-
BeJileHHe reoMeTpHUeCcKoi JIMHBI 3TOl JIHHUHK [ Ha MOKasaTeb MpeJioM-
Jenus n. Eciu cpera HeoOJHOPOAHA, TO ONTHYECKAs AJHHA ONpefiessieTcst

MHTErpajom S n dl, B3THIM BIIO/Ib paccMaTpuBaeMoii iunuu. Ecniu ABC—

reoMerpuyeckast JyiuHa JIMHHH, TO ONTHYECKas J/HHA ee 06o3Hauvaercs
depe3 (ABC), T. e. 3aK/oueHUeM B KPYIJible CKOOKH reoMeTpHUYecKoi
AnuHbl, M3 nocrpoenus I'ofireHca, H3/OXeHHOro B NYHKTe 3 3TOro
naparpada, cjefyer, YTO ONTHYECKHe JIHMHBLI BCeX JyueHd Mexay AByMs
HOJIO2KEHHUSIMH BOJIHOBOTO (pOHTA PaBHBI ‘MeXKALy ‘Co60H,
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. 5. HerpynHO NONYyYHTb U3 BOMHOBHIX NpPEACTaB/IEHHH H BHIPaXeHHE AN KPUBH3HLI
Jlyua B OAHOPOAHOH cpefe. Ilnsi 3TOro yepes GecKOHEUHO MaJsblii OTPe3oK Jayua AC.
nposejieM cOMpHKacaromyiocs maockoctb (puc. 20). Ona nmepeceueT BOTHOBLIE (BPOHTHI,
TPOXOAALIME Yepe3 KOHUBI 3TOr0 OTpeska, BEOAb KPHBHX AB u CD. Ilycts BD —
GeckoHeYHO GNM3KMK JyY, Jexamuil B ToH ke miockoctH. Tak Kak nyun nepnexju-
KyJSPHH K BOJHOBLIM ()POHTAM, TO BCe YI/ibl GeCKOHEYHO MaJOr0 KPHBOMHHEHHOro
yeThIpexyronbiika ABDC mnpsMbe. A Tak Kak ONTHYECKHe MJIHHBI Jydell Mexiy
J100LIMA ABYMS TIOJIOXKEHHSIMH BOJIHOBOTO ()POHTA ONMHAKOBHI, TO nl = (n -+ dn) (I
-+ dl), roe ! u | 4 dl — pnuHbt otpesxoB AC u BD, a n u n -+ dn — coorsercTBYIO-
mHhe HM TOKasatenn npenomienusi. C TOYHOCTBIO JO
GeCKOHEYHO MaJlbiX BHICIIETO MOPSAAKa OTCIOAa MoJyya-
eM ldn- ndl=0. Ilo onpeleneHHio paimyca KpH-
BU3HH [ = R, Tle @ — yroj MexAy KacaTeJbHbIMH
kK ayuy AC B toukax A u C, paBHBIi yray Mexay
KacaTeJbHEIMH K oTpe3kaM AB u CD B Tex Ke TOYKax.
OueBufHo, dl = — a@, rle @ — AIWHa orpe3ka AB.
Tpupawenne nokasaTeJss MPeNOMAeHUsT dn TIPOUCXONUT
BlOJb ryiaBHOH HopManun N, Tak ut0 dn = (dn/0N) a.

YuuThBasn BCE 9TO, noayuaeM: R (0n/ON) a — nag = 0, \ o/
OTKyJa : 1 3 . \ /
® N (6,18) \ /
uto cosnajaet ¢ opmynoi (4.1). \\ p /
§ 7. Npunuun depma V

1. Ileep Depma (1601—1675) BHIABHHYA 7

NPHHLHMI, COTJIaCHO KOTOPOMY céem npu pacnpo- Puc. 20.
cmpaneduu u3 O0HOU mouxu e Opyeyio 6vibu-

paem nyme, KOMOPOMY COOMBEMCMBYEm HAUMEHbUIEE SPEMA  PAcnpo-
cmpanrenus. Pepma pyKOBOJCTBOBAJICA TeJEOJOTHUECKHMH COO0pake-
HHMAIMH, COIVIaCHO KOTOPHIM NpHpOJa JeHCTByeT LeJleHalpaBJeHHO: OHa
He MOXeT ObITb PacTOUHTENIbLHOH M JIOJKHA NOCTHTaTh CBOHMX UeJei
¢ HauMeHblUeH 3aTpartoil cpeictB. IlonoGHule coobGpaxkeHUs, KOHEUHO,
YyXKIbl HayKe W He MOTYT CJYXKHTb 060CHOBaHUHeM NpuHuuna Pepma,
Ho cam npuHmun (mocie BBeleHHSI HEKOTOPBIX YTOUHEHHH) BepeH. H
MOXKeT OKa3aTbCsl IOJIE3HBIM NPH pelleHHH OTHe/bHEIX BONPOCOB Ieo-
MeTpUUYECKOH ONTHKH. D10 OBWIO NPOJEMOHCTPHPOBAHO YXKe CaMHUM
®epma, KOTOPHIH € IOMOIILIO CBOETO NMPHUHIKMIIA BbIBEJ 3aKOH IpesioMie-
Hus CHe/JVIHyca ‘M NOJYYHJI TaKoe e BHIPaXKeHHe LI TMOKasaTens
NpeJIOMJIEHHS], YTO U B BOJTHOBOH T€OPHH cBeTa. B yacTHocTH, OH IpHILes
K 3aKJ/IOYeHH!0, YTO CKOPOCTb cBeTa B OoJiee IpesomJsioliedl cpefe
MeHbllle, YeM B MeHee npesoMJsioied.

2. IInsi nokasatenbcrtBa npuHnuna Pepma jfonycruMm CHauadga,
YTO NOKasaTeJlb NpeNOMIeHHs Cpelbl MEHSETCA B NPOCTPAHCTBE Hempe-
PBIBHO U IOCTAaTOYHO MeJIEHHO, TaK YTO YCIOBHS NPUMEHUMOCTH reoMer-
pHuecKo# oNTHKH BeinoJHeHbl. [1ycTh B cpefie pacrpocTpaHseTcs BoJHA
Buja (6.5), Hanpumep MOpPOKAeHHAsh TOYEYHBIM MCTQUHHUKOM. Eil coot-
BETCTBYET CHCTeMa Jiyuell, npeicraBieHHas Ha puc. 21. Ecau sfixonan
@ — onHo3HauHas (YHKUMSA KOOPAMHAT, - TO_ H3 YypaBHeHus. (6.11)

“
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CJIe/lyeT, UTO HUPKYJISLKS BeKTopa n§ No Jo0oMYy 3aMKHYTOMY KOH-
Typy paBHa HyJO, T. €.

§n(sdn=0, (7.1)

rie dl — BeKTOp 3/IeMEHTapHOIo CMelleHHS BJOJb 3TOro KOHTYypa.
BosbMmeM jiBe npou3BosIbHbIE TOUKH A ¥ B, Jlexauiue Ha OHOM U3 JTyueil.
CoenuHuM HX npousBosbhoil junueii ADB. B cuny (7.1)

{ nisan= § n(san.
ACB AbB

Ha nyuye ACB Bektopn! § 1 dl HanpasJ/ieHbl OJIMHAKOBO, C/leJOBATENbHO,
(s dl) = dl. Ha nunun xe ADB
(sdly = dl cos (s, dly<< dl. Tlo-
aTOMY

{ ndi< § ndl. (7.2
ACB ADB

3HaK paBeHCTBAa OTHOCHTCS TOJIb-
KO K cl1ydaio, Korja kpusas ADB
cama aBJasieTcs JyyoM. Takum o6-
pasoM, ecau noxkasamenb npesoM-
Puc. 21. NCHUS MEHALMCS 8 NPOCMPAHCMEe
HENnpepLIBHO, Mo Onmu4eckas Oau-
Ha ayda mexcly mobbimu O8YMS MOUKAMIL MEHbUle ONMUYECKOl OAUHbL
ecsxoti Opyeoll aunuu, coedunsowed me sce mouku. Ho 3to ectb apyras
tdopmynupoBka npuHuuna Pepma, Tak Kak ONTHYeCKas JIHHA Jiyua
NpOTOPIUHOHA/IbHA BPEMEHH PacnpoCTpPaHeHHA CBeTa BAOJb HEro.
[Npusenennas ¢opmyauposka npuxuuna ®epma HyXKaaeTcs B yTOY-
HeHUHM. B HEKOTOpHIX C1yyasX OHA MOXKeT OKas3aTbCa HeBepHoH. Pac-
CMOTpPUM, Hanpumep, cpefly ¢ chepuue-
CKM CHMMETDHYHBIM pachpejiesieHueM
nokasareJisi IpeJIOMJIEHHSA BOKPYT LEHT-
pa O (puc. 22). [TpumepoM Takol cpe-
Ibl MOXeT CJYXHTb IVIaHETHasl aTMO-
cepa. Ilpeanosio:kuM, 4To nokasaresb
NpeJIOMJIEHUST MeHsIeTCsl B IPOCTPAHCTBE
TaK, YTO CBeTOBOH Jyd, BBIAAA H3 Ka-
KOH-TH00 TOYKM NEPNeHAUKYJSAPHO K
paauycy,OnHCHIBAET OKP Y2KHOCTh C LIEHT- Pue. 22,
pom B Touke O. Ilycre cBer nomapaer
U3 ToukH A B TouKy B no Goabiuoit ayre ACB stoit okpy:kuocTH. Ho on
MoxeT npoiith u3 A B B u no ayre ADB Toli xe OKpPyKHOCTH, 3aTpa-
ypBas Ha pacCmpoCTpaHeHHe MeHbliee BpeMs. MeHbliee BpeMs noTpeGo-
Basoch Obl H B TOM CJydyae, eciu Obl CBeT M30pas KakoH-1uGo Apyroit
nyTtb, 6eckoHeyHo O6auskuii kK ayre ADB. Bce 310 npoTHBOpEYHT NpHH-
nuny ®epMa B npuBefieHHOH Bhile (opMYyNHPOBKE.
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[Tpuurna IPOTHBOPEUUS COCTOHT B TOM, YTO B NPUBE/IGHHOM NPUMepe
siikonan @ He ecTb OfHO3HAYHAS PYHKIHA KOOPJAHUHAT, KaK 3TO Npel-
noJiarajioch npH BuiBoJe. JlefCTBHTENIbHO, €CH J1yd ONMHUCHIBAET OKP yXK-
HOCTb BOKPYT ueHTpa O, TO OH BepHETCs B HCXOXHYIO TOUKY C HOBLIM
3HaueHueM 3#KoHana: siikoHan @ noayuyur npupaiienue nl, riae [ —
JJIMHA OMTHUCAHHOM OKPYKHOCTH. EC/M OKpPyKHOCTD ONHUCHIBaeTCs m pas,
TO NpHUpalleHue 3fiKonana 6yner 2mnl. 1o U 3HauuT, Yro QyHKuUA @
HeofiHo3HauHa, Jlna cnpaBeajuBocTH npuHuuna ®epma HeoGXoAUMO
HAJIOKHTb Ha BLICOP BoOOpa)KaeMbIX TNyTeH pacOpoCTpaHeHHsl CBeTa
TaKue orpaHdueHusi, ytoObl sfikoHas @ Ben ceba Kak 0dnosHauHaA
pynkyua koopouram. B npuBeleHHOM MpHMepe 3TOro MOXKHO JOCTHI-
HYTb, MOCTaBHB NEPEropoiKY BAOJb MepHAHOHAIbLHOH NOJYMIOCKOCTH
ODE v orpaHn4MBasiCh TOJbKO TAKUMH NYTSIMH, KOTOPbIe He NepeceKalor
8Ty NIePeropoixy.

[TonoGHBIM MPHEMOM MOXKHO BOCNOJIb30BATbCS H BO BCEX OCTAJIbHBIX
c/1yuasix, B KOTOphIX diikonaa @ okaspiBaeTcs HeOAHO3HAYHEIM. Bripouewm,
B npHMeHeHHsX npuHuMna Pepma nocraTouHO OTPaHHYHTLCA TOJIBKO
TaKHUMH NYTSMH, KOTOPbIE TPOXOAAT GECKOHEYHO G/IH3KO OT JelCTBHTE b-
HOro MyTH CBeTa. B 3TOM ciyuae HafoGHOCTb BO BBeNeHHH NEPeropoiok
oTnajaer.

3. Ilpm HanuuWM MOBepXHOCTel pasfesa cpell, Ha KOTOPHIX JYYH
MOryT HCHBHITBIBATH OTPayKelne HJH IpesoMJIeHHe, Bq)opmynnposxy
M JI0Ka3aTeNbCTBO NPHHUHKNA 4
depMa Hafo BBECTH JOINOJ-
HeHus. Ilycts ayy, Bbifias
u3 Touku A (puc. 23), nocye
oTpaxeHH# MJH TpeJomie-
uuit B Toykax C,D, E, ... no-
nanaet B Touky B. Hasopem
BUPMYANbHOIM NYMeM Ceema
o6y aunuio AC’D’E’B
MeXxy KpaHHHMH TOYKaMH
A u B, Kotopas noJjiydaercsi,
us ACDEB B pesy.abrate
6eCKOHEUHO Masoro GOKOBO- - Puc. 23,
ro CMeLLeHH sl ee U OTJIHYaeTca
OT Hee GecKoHeuHO Masio no Hanpassenuto. Ilpunuun Pepma yTBepk-
1aeT, YTO onmuHecKas Oiuna OellcmeumenbHo2o ceemosoeo nymu (uau
NPONOPUUOHAALIOE ell BDEMS PACH POCMPAHEHUS) CMALUOHAPHA. DTO 3Ha-
YHT, YTO PA3HOCTb ONTHUYECKHX I/IHH NeHCTBHTENBHOTO H BHPTYaNLHOTO
nytell cBeTa ecrb BeJHYMHA 004€€ 6bILOKO20 NOPAOKA MAAOCMU, YeM
GOKOBOE CMellleHHe BHPTYaJbHOIO NYTH OTHOCHTENBLHO JAeHCTBUTENb-
Horo. Tosbko 3Ta CTaMOHAPHOCTH, a He' MHHHUMAJLHOCTh ONTHYECKOH
JUIHHEI J1y4a U CYLIeCTBEHHA B NPHJIOKeHUAX.

Ilpn pokasarenbCTBe JNOCTATOYHO OrPAHHUUTHLCA MpeEJOMIECHHEM
Ha oauoii .rpanune. Cnyyall oTpaxenus uccienyercs tak xe. I[lycrb.
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MN — rpanuua pasnena cpen 1 u 2, a ACB — neficTBUTeNIbHBIN A1y,
coefuHAOWMA Touky A ¢ Toukoit B (puc. 24). BooGpa3um nsa Gecko-
HEUYHO Y3KUX Ny4YKa Jyuei: OlHH B NIepBOii cpejlie, UCXOAALIMH U3 TOUKH A,
JIpyroit Bo BTOpo#l cpefie, cxolsiuiica B Touke B. 3a MosoxuTeNbHbIE
HanpasJ/ieHUs JyyeH nmpuMeM HanpasieHusi oT A Kk B. BriGepeM B 31HX
nyukax gsa sayya AC’ n C’B, nepeceKalolmyxcsl Ha rpaHulie pasjesa
B Touke C’. Kpusyio AC’B MOXKHO paccMaTpuBaThb KaK BHPTYaJbHHIN
NyTh CBeTa, TakK Kak Jyu4 C'B B ofLieM clyyae OTHIOAb He BO3HHKaer
B pe3ynbrate npejgoMieHus jayya AC’. O6osnauum uepes @, u @,
5AKOHAJIbl paCCMAaTPHUBAEMbIX NYYKOB JyueH, OTCYHTHIBaEMbIE OT TOUeK A
u B coorBerctBenHo. Torna

{ nds=( nds+ § nds= { nds— { nds=0,(C)—@,(0).
ACB Ac cB Ac o

Bapuanus unTerpana Sn ds npu cMmenieHHH TOYKH C B NPOUSBOJIBHYIO
6eckoHeuHo OM3KYI0 Touky C’ rpaHuusl pasjena Oyner

8 {nds =00, — 8,

Ecan 87 = CC’ — BeKTop cMeleHus, To 80, = (grad @, 8r) = n,(s,8r)
u anajoruudo 0@, = n, (8,0r), TaK uTO

8§ nds=(n,8, — n,8,) br.

B cuny 3akona npejomnenusi CHelnuyca BEKTOp (1,8 — 1,8,) nep-
NEeHJUKYJsSPeH K rpaHulle pasiena cpel B TOUKe MajeHHs, a NOTOMY H
K 6eCKOHEUHO MajioMy CMeLleHHIo BIoJb cpaHuunl O7. Takum o6pasom,
B NepBOM MNOpfAiKe no Or BapHauHUs OI-
THYecKOH InuHbl Jyda ACB oGpamaercs
B Hyab. [lpu jAoKasartenbCTBe npeanoJa-
rajoch, YTO BHPTYaJbHBI NYTb COCTOHT
-u3 orpe3koB Jayueii AC’ n C’'B. Opnako
pe3yJbTaT He H3MEHUTCs, €CJAH 3TH OTr
pe3KH 3aMeHUTh IPOU3BOJILHEIMH GecKo-
HeyHOo OJM3KUMH K HUM JIHHHSMH, COEJU-
HsomuMu Te ke Touku A u C’, C’ u B.
B camom nene, mockosneky AC’ u C'B —
ZleACTBUTE/IbHEIE IYUH B NepBoH M BTOPOH
cpeliax, UX ONTHYECKHE JJIMHHI 10 JOKa3aH-
. HOMY BHIlle MHHUMaJbHHL. [lo 3To#i mpu-
Puc. 24. ypHe 3aMeHa IefiCcTBHUTENbHHIX Jyuyelt AC’
n C’'B GeckOHeuHO OJIM3KUMH K HHM JIH-
HUSIMH, COEAMHSAIOUMMH Te JXe KpafiHue TOUKH, He MEeHSieT B NEepBOM
TIOpsiIKe ONTHUECKHe LJIHHBI COOTBETCTBYIOMUX nytelt. ClefoBarenibHO,
Bapuauus ontuyeckoil anuubl aydya ACB ocraHercss paBHOH HYJIO,
KakoB Obl HH Gbl1 BHPTYaJbHBIN MyTh CBeTa. A K 3TOMY B pacCMaTpH-
BaeMOM CJyyae H CBOJMTCHA colepxaHde mpuHiuna Depma.
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4, B npuMeHEHHSIX WHOTJA yno6GHA Clefyouas TeopeMa, SABIAIOmAA-
Csl HEMocpeACTBeHHbIM ciefcTBHeM npuHuuna ®epma. [Tycms A u B —
npouseosbHole mouku ayua ACB (puc. 25). Ilposedem uepes mouxy B
npoussosbHYo eradkyro nosepxrocme BE, opmoeonarsnyio k ayuy ACB
6 mouxe B. Ilycmo BD — 6eckoneuro maroe cmewierue 600ab 3motl no-
6epXHOCMIU. Coedurum Havarenyro mouxky aysa A ¢ moukoti D npoussonrs-
totl aunued AHD, GeCKOHEHO MAn0 OMAUMQIOWENCS NO HANPABACHUIO
om ay4a ACB. Toz2da sapuayus onmu-
4ecKoll OauMbL npu nepexode om UCMUH-
noeo nymu ceema ACB k supmyanoromy
AHD 6ydem pasta Hyatw.

[ns nokasatenbcTBa BO3bMEM NYYOK
ayuedt, ucxoasuux u3 touku A. Bee
3TH JIYYH OPTOrOHAJNbHbI K BOJIHOBOMY
¢pouty BF, a uMX ONTHYeCKHe IJIHHBI
oT TOYKH A JI0 BOJHOBOTO (POHTA OJH-
HakoBbl. B uactHocty, (ACB) = (AMK).
Ho no npunuuny depma ¢ TOUHOCTbIO
110 GeCKOHEYHO MaJlblX BBICILIETO MO AAKa Puc. 25.

(AMK) = (AHK). Janee, NocKOJbKY

nosepxHocty BDE u BKF xacawoTtcs Apyr Apyra B TouKe B, anuna
ayua KD Gygmer 6eCKOHeYHO MaJjioH BbICLIEro NMOPSAKA MO CPaBHEHHIO
¢ BD. Tlostomy onrtuyeckas jmnuHa AHD 6yner oTiu4aThCsl OT ONTH-
yeckofi mmuHel ACB TakXe Ha BeJHUMHY BBICIIETO NOPsiiKa Majo-
CTH TO CpaBHeHHIO ¢ GOKOBbIM cMeuieHHeM BD. 3to u TpebGoBasioch
10Ka3arb.

5. Ecau cBer pacrpocrpansieTcs B OAHOPOJAHBIX CPefax, rpaHUvalux
Mexay coGofl, To B KaxJIof cpelle nyTb cBera OyleT NpsIMOJIHHEEH.
B 3TOM ciyuae 3ajaua CBOAMTCS TOJNBKO K HaXOX/IEHHIO TOUEK Ha Mo-
BEpXHOCTAX pa3jiesia cpell, B KOTOPHIX IPOMCXOUT OTPaKEeHHE U TPeJIoM-
JieHHe CBETOBOro Jyda. [To3ToMy HeT HEOGXOJAUMOCTH BBOIUTbL KPHBOJIU-
HefHble BUPTYasbHble YTH cBeTa. JJ0CTaTOYHO OrpaHUYUTHCS JIOMAHbI-
MH BHPTYaJbHBIMH NYTSIMH, COCTOSILMMH H3 OTPe3KOB NpPAMBIX JHHH