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B nepBofi uwactH Tperpero TomMa Kypca ¢H3HKH comepxuTcs
H3JI0KeHHe TeOMeTpPHYeCcKOH, BOJHOBOA M KBaHTOBOH ONTHKH,
BO BTOPOA—OCHOBE (PH3HKH aTOMa M fiipa. KHHra MOXeT CayXHTb
noco6HeM no ¢H3HKe AJNS CTYJAEHTOB KaK MeJaroruyeckux, Tak
H TeXHHYECKHX BBICIUHX YYeOHbIX 3aBeJleHHii; OHa MOXeT ObITh
noJe3HOH TaKXKe M AJs mpenojapateneil QH3MKH.

Ilpy noctpoennn Kypca HMejach B BHIY He TOJBKO JoOruge-
CKasi TOCJelOBaTeJbHOCTb H3J10)KEHUsI (GH3HUECKOR TeOpHH. HO
H HCTOpPHYECKOE pa3BHTHe I'aBHLIX HAeH ¢H3uKH. Boabioe BHH-
MaHHe yJieleHO OMNHCAHHI0 SKCNEepHMEHTOB, CJYXaluX a8 060-
GHOBaHHA H NpPOBEPKH (PHSHYECKOH TeOpHH.



YACTb VI
ONMNTHKA

BBEJIEHHE

1. Bonpoc o npupone cBeTa H O NPUPOAE H3NydeHHs BooOlle
MMeeT ThICSYEJIETHIO UCTOPHIO; yXKe B TJyOOKOH APEBHOCTH MbiTalHCh
COCTaBHTb cebe MpejcTaBjleHHe O TOM, YTO NMPOHCXOAMT BO BHELIHEM
MHpe, KOTZa Mbl Olllyl1aeM cBeT. Bce 3T MHOrouscJ/ieHHble MHEHHSl CBO-
OHUJINCh K 1 B Y M OCHOBHBIM B3rJfilaM—K TeOpHH KOpnyc-
KYyNsaspHOA H K TeopHH BOJHOBO . B ocHoBe mepso
TEOPHH JIEXKHUT BO33peHHe, UTO CBETALIeecs TeJIo HCIyCKaeT MeJibyaliinye
YacTHILI, AeACTBYIOIIME HA HAll OpraH 3peHHsl, YTO M Bbi3blBaeT y Hac
OlIYIIEHHEe CBeTa; B OCHOBEe BTOPOH JIEXKHUT aHasorus siBjJeHHH cBeTa
C SIBJIEHUSIMH 3BYKa; CBeTslleecs: Teslo, NOJOOHO KaMepTOHY, eCTb LeHTp
koseGaHUH; 3TH KoJeOaHHS B OKpYXKaiwollled cpefie NOPOXKAAIOT BOJHHI,
BOCIIPHHHMaeMble HaMH KaK CBeT.

B konne XVII B. o6e runote3sbl o0 Npupole cBeTa NOJYYHJIH HAyYHOS
o6GocHOBaHHe B pyKax ABYX BeJIMKHX Hcc/efoBaTtesiefl, KOTOpbIe AepKa-
JUCb TIPOTHBOIMOJIOXKHBIX B3rysiioB Ha cBeT: H b 1o To H npuaepxu-
Bajicss KopmnyckyaspHoit Teopuu («Ontuka», 1675, 1704); T 10 @i-
reHC pa3BuBaj BoJHOBYIO TeopHio («Tpakrar o cBete», 1690).

B Teuenue Bcero XVIII B. GosbinHcTBO HH3HKOB, cienysl aBTOpH-
tery Hb 10 ToH a, mepxanocs KopnyckynspHoit runortesnl. Cpean
CTOPOHHHKOB BOJIHOBOH TEOpPHH TOrO™ BpPEMEHH CliellyeT OTMEeTHThb
M.B.J/loMoHocoBa u ditaepa.

B nHauane XIX B. onbitbl @ peHens u IOHT a obHapyxuiu
uHTepdepennuio ceeta (I, § 140). 1o OoTKpbITHE GbIIO BOCTIPUHATO KaK
HEOCNOpHUMOe I0Ka3aTeJIbCTBO BOJIHOBOH MpHpoJbl cBeTa. MHOrounc/eH-
Hble JaJjibHefllIne 3KCNepUMeHTa/lbHble H TeOpeTHYECKHEe HCC/eJOBaHHA
caMoro ® pe HeJ 1 M MHOTHX APYrHX (M3HKOB CO3[a/lH K TMOJOBHHE
XIX B. cTpoHHYIO TEOpHIO CBeTa KaK BOJIHOOGpa3HOro mpoliecca, pacs

o cM
MPOCTPaHSIOIEroCs C OrPOMHO M cKopocThbio ¢=3- 1010 cer B THIIOTETHYe:

ckoil cpefie — sarpe. OnHaKo cBoHcTBA 3TOH Cpelbl OCTaBaJHCh Hesc-
HbIMH; TIOTILITKH MPHJIOXKHUTL OOLLYI0 TEOPHIO YNPYrocTH K 3dupy npH-
BeJM K HeOOXOHMMOCTH HaJeJIHTb ero B3aUMHO HCKJIOUYAIOUHMH CBOM-
crBaMH. Hanpumep, ¢ ofHO# CTOpOHBI, XapaKTep CBETOBbIX KojieGaHH M
TpeGoBas npHnucaTh 3pUpy ynpyrde CBOMACTBA TBEPILIX Tej, C APYrod
CTOPOHbI, OblJI0 M3BECTHO, YTO TOT Xe 3(DHpP He OKa3biBaeT 3aMeTHOTO
CONPOTHBJIEHHS JIBHXKYIINMCS B HéM HeGecHbIM TesnaM. B TeueHue Bcero
XIX B. HecMOTpsl Ha yCH/IMSl 3HAMEHUTHIX YYEHBIX TOrO BpEMEHH, He



4 Onmuxka. Beedenue $1/

yJa0Ch NOCTPOUThL HENIPOTHBOPEYHBYIO MOJie/Ib MEXaHUYECKOH cpeapl—
abHpa, Kak HOCHTEJsI CBETOBbIX KoJieGaHHH.

B konue XIX B., ¢ nosiBleHHeM TeOpHH 3JIEKTPOMATrHUTHOTO MOJISA,
runorte3a o6 agHpe KaK 0 MeXaHHYeCKOH cpefie cTaja H3JHLIHEH.

Hmenno B koHue XIX B. MaKcBe sy co3man 3JeKTpOMarHuT-
HYI0O TEOPHIO CBeTa, MOKa3aB BO3MOXHOCTb pacCMaTpHBaTb CBETOBbie
BOJIHBI, KaK BOJIHBI 3JIeKTPOMarHuTHble, oOJajfaioliue omnpeneéHHOM
3Hepruel, nJoTHOCTbL KoTopoi pasua (lI, § 30, 138, 140):

_ __eE?  pH? spe
w—we‘*‘wm-—-s—; 8% T "

[osarast sgech e=1, p=1, Mbl HoJyyaeM BLIpaXKeHHUs JIJS1 3Hep-
CHH CBETOBOH BOJIHBI B 0GBbEME, JIMIUEHHOM BCSIKOrO BellleCTBa M 3amoJi-
HEHHOM TOJIbKO 3JIEKTPOMAarHUTHLIM TOJIEM.

DJIeKTPOMarHUTHbIE H CBETOBble SIBJIEHHS HMeIOT OOLLyi0 NPHPOLY,
Tak Kak u Teopud MakcBesnsa, u skcnepumeHTs [ epuma
YCTaHaBJIMBAIOT, YTO CBOHCTBA 3/IeKTPOMATHUTHOH BOJIHBI TOXJAECTBEHHbI
co cBoiicTBamu cBeToBoi BoJiHEI (T. 11, § 136—150). I1pu aToM 0Kasanoch
HeoOXOAMMBIM paccMaTpUBaTh JeKTPOMarHHTHOE MoJie Kak cBoeoGpas-
HYIO MaTepHaJIbHYIO Cpelly, KaK ocoOblil BHJ MaTepHH, CYLIECTBYIOLIH A
Hapsxy ¢ OObIYHBIM €€ BHJOM — BeIleCTBOM. DJIeKTPOMarHuTHasi TeOpHs
cBeTa INpHBesa K OOOOeHHIO TNOHSTHS MaTepHH M chesajla HeHYX-
HOU rumnoTe3y o6 3pHpe Kak MeXaHUYECKOH cpefie, B KOTOpo# pac-
MPOCTPAHAIOTCA CBETOBblE BOJHBI.

B 1900 r. Hemenkuii pusuk IlsaHK, H3yuas 3aKOH pacnpejesieHHs
SHEPTHH B CNIeKTpe YEPHOTro TeJsla, BBE/ THNOTe3yO KBaHTa X 9 H e p-
I H H, O JUCKPeTHhIX MOPLHUAX SHEPTHH, KOTODble HUCIYCKAIOTCH H3Jy-
YAOIUM TeJoM. D HH m Te B H Bbickasan (1905) Mbicab, YTO CBeT
COCTOHT U3 OTJEJIbHBIX KBAaHTOB — (JOTOHOB. B TeueHue nepBoi 4eTBepTH
XX B. rumoreda DHHWTeHHAa o GOTOHAX TMOJyudJa I[POYHOE
TeOpeTHYecKoe U 3KCIepHMeHTajbHOe OBGOCHOBaHHE.

Takum o6pa3om, B BO33peHHSIX Ha NPHPOAY CBeTa IOSIBHJICH 1 Y a-
J M 3 M: CBET — 3TO OJHOBPEMEHHO H BOJIHBI, U (OTOHBI. DTOT Ayanusm
co3/lajl KpH3HC, JUajleKTHYeCKoe NpeoJoJieHHe KOTOPOro JOJIXKHO GbLIO
SIBUTbCS. HOBBIM 3TalioM B Pa3BUTUH (DH3HKH.

Cpelst BCé H3JIOKEHHOE, MOJYUHM CJEAYIOUYIO TabauIly, BHIpaxaro-
myio 6opb0y BO33peHHIl Ha CBeT:

Kopnyckynsipsasi Teopus | BosiHoBast Teopus
1704 r. HeioTOH 1690 r. I'oiirenc
1813 r. Buo 1756 r. JlomoHocoB
. e e« « . . .. 1769 r. Diinep
1900 r. IMnauk 1815 r. ®penenn
1905 r. Ditvwtelin 1865 r. Maxkcsesa
N s st o, . e s

1924 r. e Bpoabu.
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Ha B0O3MOXHOCTb CHHTe3a 3THX BO33peHHH Ha TNPHPOAY CBeTa
B 1924 r. yxasan ¢pannysckuit pusuk deb poabu (§ 145, 163).
K siBnreHHsIM, H3yYaeMhiM B ONTHKe, NpeXJe BCEro OTHOCATCS
SIBJIEHHS, CBSI3aHHble C BUAHMBIM CBETOM, KOTOPBIH CIOCOGEeH BbI3biBaTh
3pHTesbHBlE OIILYLIEHHS B 4YeJOBEYecKoM rIJase.

JIMUHBI 3/1eKTPOMAarHUTHBIX BOJIH JJIs1 BUJMMOTrO CBeTa Jiexar B Ipe-
genax ot 0,4 p no 0,8 p'. OxHako 3a mpefenaMu 3THX IpaHHLl GbLIH
oGHapyXeHbl 10 XHMHYECKOMY, TEIJIOBOMY H APYTMM JAeHCTBHSM H3Jy-
geHusi GoJiee KOPOTKHX U GoJiee AJMHHBIX BOJIH. JIyud C AJHHOM BOJIHBI
Gosbwel yem 0,76 ¢ (mpumepHo 1o 400 p), npuHATO Ha3biBaTh MH)pA-
KPacHBIMH JIyYaMH.

UsnyueHuss, uMelomne NJIMHY BOJIHB MeHbmyio uYeM 0,4 p (1o
0,004 p), HasbiBAIOTCS YJIBTPA(PHONETOBLIMA JIY4aMH.

Jlyun PeH Tr e H a uMeloT elmé MeHblUHe AJHHBI BoJH. Jlnanason
PEHTIEHOBCKHX JiyyeH NpOCTHpaeTcs NPHMEPHO OT 500 A% mo 0,02 A.

OGI KM J/11 TIepEeYHCJIeHHBIX H3JyYeH il SIBJISIeTCS TO YTO OHH M3JY-
YaIOTCA OTJAEJNbHBIMH aTOMaMH HJIH MOJIEKYJaMH H3J1y4YaloIlero TeJa.

ITUMH H3JyYeHHSIMH He OrpaHHuYKMBAaeTCs, OJJHAKO, CIIeKTp 3JeKTpo-
MarHUTHBIX BOJIH. CyIIeCTBYIOT 3J1eKTPOMarHWTHbIE H3JIyYeHHs C elmé
MeHbLIeH AJIMHO BOJIHBI, YeM PEHTTEHOBCKHE. DTO raMMa-J1yuu (y-J1yuH),
H3jlyyaeMble TpH SIIEPHBIX MpoLeccax.

C nmpyro#i cTopoHbl K HH(GpPaKpacHbIM JiyyaM NpPHMBIKaeT CIIeKTP
3JI€eKTPOMArHUTHBIX BOJIH, TIPUMEHSIEMBIX B palHOTeXHHKe,—paiHo-
BoJIHBI. KaK H3BeCTHO, paJlMOBOJIHBI H3Jy4aloTCsd BHOGpAaTOpaMH Makpo-
CKOTIHYECKHX pPa3MepoB.

B cBfI3H C CylIeCTBEHHBIM pa3JIHyHeM NPOUCXOXKIEHHS STHX H3Jyde-
HHHA OHH SIBASIIOTCS NpEIMETOM H3YUeHHS OTHAEJNbHbIX pas3fiesloB ¢H-
3uKH (paauousHKH M sAfepHOH (HU3MKH), H NOTOMY He BKJIOYAIOTCA
B ONTHKY.

HTak, MOXHO CYMTaTh, 4TO B HacTosilee BPeMsl O NMPHUPOJE CBETa
YCTAHOBJIEHBl TPH TOJIOXKEHHUS:

I. Cer ecTb siBJeHHe BOJIHOBOTO XapakTepa.
II. Cger ecTb siBNeHUEe 3JE€KTPOMAarHUTHOE.

IT1. Cger ecTb fiBNeHHe KBaHTOBOE.

B panpHeiimeM mpejacTOUT paccMOTpeTb, KaK OGOCHOBBIBAIOTCS 3TH
BO33pEeHHs] M BO3MOXEH JIH HX CHHTe3.

H3yueHue 3THX BONpPOCOB COBpeMeHHOH (PH3HKH TpeGyeT He TOJBKO
3HaHHS ONTHKH, HO TaKKe PACCMOTPEHHs] OGLUMPHOTO Kpyra SIBJeHHH
H TEOPETHYECKHX BO33pPEHHH, COCTABJSIOUIMX COJEpXKaHUe AaTOMHOM
¢u3ukH.

1 {p=1 (Muxpor)=10-3 uu.
8 1 A=1(anrctpem)=10~% cu.



r”1ABA I
ONTUKA JIYYEH

I. 3AKOHbI TEOMETPHUYECKOHA ONTHKH

2. ['eomeTpHuyecKkast ONTHKAa HJIH ONTHKA JIyueH OCHOBbIBaeTcs Ha
8aKOHe NpSIMOJIMHEHHOro pacnpocTpaHeHHsI CBeTa, KOTOpLIA yTBep-
JKIaeT, YTo B OJHOPOJHOH cpefie CBeT pPacHpOCTpaHseTCs IPSMOJIH-
He#Ho.

Kaxpasi Touka cBeTsiilerocsi Tesja NpeAcTaBiasieTcss HaM I e H-
TPOM PACXOASAMHUXCSHA NYUYKOB JaYyue i OrlenbHble cBe-
TOBble yYKH JiyueH Mbl MOXKeM paccMaTpHBaTb CKOJib YTOJHO TOHKHMH,
B Tpellesie — 3TO reoMeTpHYeCKHe NpsMble, oNnpefeJisiolide HampasJe-
HHs, 10 KOTOPbIM pacmnpocTpaHsieTcss CBeT.

IlpencraBneHue o Jyuasix cBeTa Kak O reoMeTPHYECKHX NpSMBIX
NOJIOKHUJIO Hadano ocoOOMYy MeTOAY H3yueHHsl ONTHYECKHX fIBJeHHH,
He Kacascb BONpOCa O NpUpOJie CBeTa, paccMaTpHBalOT pacnpocTpaHeH e
cBeTa B pasHbIX CpeflaXx KaK reomMeTpHuYecKylo mnpob-
AeMy. JTOT NyTb H3YyYeHHS SIBJeHHH cBeTa, Haubosee JpeBHHA
(EBkaun, Il B. jo H. 3., [ITo10Me i, I B.), okasajcad oueHb
NJI0JOTBOPHBLIM IO CBOHM IIPHJIOXKEHHSIM, OCOOEHHO B TEOPHH OINTHYe-
CKHX HHCTPYMEHTOB.

B onHopoaHOH, H30TPOMHOM cpefle CBeT pacmpocTpaHsieTcs 0 p f-
MOJ HHeEIHHO, 3T0 yTBepXJAeHHe eCTb pe3yJbTaT pasHOOOPasHBIX
OMbITOB M HaOJIOfeHUH: SIBJIeHHs] TeHeH, acTPOHOMHYECKHX 3aTMeHHH
CBeTHJI, H300pa)keHus B Kamepe-oOcKype, B (oTokamepe H T. A. JIeTKO
OOBSICHSIIOTCS YKa3aHHbIM 3aKOHOM NPSIMOJIMHEHHOTo pacrnpocTpaHeHH:
cBeTa.

CepHst TIPOCTHIX, 3JIEMEHTAapHBIX ONBITOB YCTaHABJIMBAaeT, 4TO IpH
fepexojie U3 OJHOH cpelibl B IpYTyl0, Ha rpaHHIle ABYX cpell N p 1 M O-
JHHeHHOCTDh JydYa Hapymaercs, JydY MeHseT CBo€
HanpabJieHHe.

Jlyy SO, npsimonuneiino unymui no 1-it cpene, B Touke O (puc. 1)
najaet Ha rpaHuuy IByx cpei—I1-# u 2-i; aToT Ay4y B Touke O pasje-
AsieTcsl Ha OTPaXKEHHbIA M NPesIOMJIEHHBIH JIYUH.

3. HanpaBneHusi najaomero, OTPaKEHHOro M TNPeJIOMJIEHHOTO
Jiydeil CBfi3aHbl MeXAYy COOOH 3KCINepUMEeHTAJbHO YCTaHOBJIEHHBIMH
SaKOHaMH:
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I. Jlyuy, nanarownit SO, orpakénuniit OS,, npenomnéunbii 00,
¥ neprneHgukynsip ON K NMOBEpXHOCTH pasjiela B TOYKe MNaJeHHus —
7exar B OJHOM IJIOCKOCTH. B ciyuae najgeHusi Jyya Ha KPHBYIO
noBepxHocTb ON ecThb HOpPMajib K 3JEeMEHTy NOBEPXHOCTH (pHC. 2).

N 5
N l
I
7 il
= 0| p—
Z N
/ 01"'7 ‘
\ 52
Puc. 1. Puc. 2.

[1. ¥Yron nagenusr paBeH yryy oTpaxenus: i=1i,.
III. Ons BCAKMX ABYX Cpej OTHOLUEHHe CHHYCa YyrJyia majieHus §
K CHHYCY yrja npeJoMJieHHs r (puC. 2) eCTb BeJMYHHA NMOCTOSIHHAM:

sint
snr = P (1)
ITO mNOCTOSIHHOE ANsl MNaHHBIX ABYX Cpel 3HaueHHe OTHOLIeHHs
HA3bIBA€TCSl OTHOCHTEJILHBIM — INOKa3aTeJieM TpeJioOMJeHHsl BTOpOH
Cpe/lbl OTHOCHTEJIbHO MepBOH.
IV. las BcskuX TpéX cpell MeXKAY HMX OTHOCHTENbHBIMH IIOKa-
3aTeJISIMH NpeJIOMJIeHHs] CYILEeCTBYeT COOTHOLIEHUE: .

Ry No3 = Nyg. 2)

[lonaras 1 u 3 cpeny TOXKJeCTBeHHBIMH (Hanpumep, | — BO3ZyX,
2 —cTeka0, 3 — BO3AYyX), HMeeM:

Ry Ry =0y =1; ’112=,,IT1 .

JTO 3HAYUT, YTO HaNpaBJieHHs MaJalolero H NPeJIOMJIEHHOro
Jyuell B3aHMHBI, eCJIH BO BTOPO{l Cpejle MNpeJOMJEHHOMY Jydy JaThb
ob6paTHOe HamnpaBJieHHe, TO INOCJTEe HOBOTO NpEJOMJEHHS] OH NOHAET
B mepBoil cpepe B HanpaBJeHuu OS.

V. AGCoNOTHHM mNOKa3aTeJeM TMNpeJoMJeHuss Cpefbl
(HanpuMep, BOJAbI) Ha3bIBAlOT OTHOCHTENBHBEIA MOKasaTesb 3TOH
cpefbl OTHOCHTEJNbHO BakyyMa. Ho Tak kak aGCoJiiOTHHII TOKa3a-
TeJib BO3JyXa NpH HOpPMaJbHHIX YycaoBHusx paBed 1,0002919, T. e.
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Jy4 W3 BaKyymMa B BO3JyX HAET NMOYTH He NPeJOMJSACh, TO NpakK-
THYECKH JIONYCTHMO OTHOCHTEJIbHBIH NOKa3aTelsb NpeJiOMJEHHs] JaHHOM
cpejpl (HanmpuMmep, BOJBI) OTHOCHTENbHO BO3JyXa CYHTaTh abCoOJIOT-
HbIM TIOKa3aTeJieM IDpeJioMJieHHsl 3Toil cpenbl. Takum oGpasoM, [Jisi
omnpefiesieHUs1 aGCOJIIOTHOTO IOKasaTeJsiss NpeJIOMJIEHHSI KaKoro-Ju6o
BellleCTBA JIOCTATOYHO OMNpPeAeJUTb €ro InoKasaTesb  IpeJIOMJeHHs
OTHOCHUTEJIbHO Bo3Jlyxa. TakoBhl, HanpuMep, aGCOJIOTHEIE NOKa3aTesH 1:

Kpon ¢ocar— 1,504 Bona —1,333
®aunT nérxuit — 1,547 1. cnupt —1,363
®uuHT TAXRENBIH — 1,647 Cepoyriepog —1,628
Keapy nsaei.—1,458 Kanapnckuit 6anpzam—1,540

ITycte umeem Tpu cpenbt — BakyyMm 0O, mepBasi cpefa 1, BTopas 2;
cooTHOIIeHHe (2) nosydaer BHA:
o2

Ryy Ny = Ry, = o (3)

DTO 3HAUHT — OTHOCHTEJbHBIH IOKa3aTeslb MpeJIOMJEHHsT BTOPOH
CpeJbl OTHOCHTEJIbHO IepBOH paBeH OGpaTHOMY OTHOLIEHHIO aGCoJIOT-
HBIX TOKa3aTeJslell NpeJIOMJIEHHsI 3THX cpel; TaK, 3Has a6COJIOTHbIE
nokasatesn BoAbl (R, =1,333) u KpoHa (my,=1,504), ' MoxeMm
no ¢opmyJe (3) BHIYHCIHTL 72,, OTHOCHTEJbHBIH NOKa3aTeJb INpPeJOM-
JIEHHS] BOJbl OTHOCHTEJIBHO KPOHa. _

VI. O6o3nauuM aGCOJIOTHbIE TNOKa3aTeJH IpPeJIOMJCHHS JBYX
Cpefl COOTBETCTBEHHO 72, M I,; TOTAA:

n __ Tz, _sini | ny _sini,
27 1o’ 12" sinr ° n, sinr’
ny-sini=n,-sinr. 4

Orciofia BHAHO, 4YTO /sl BCeX Jydell, NajaloUMX Ha [aHHYIO
NOBEPXHOCTb pasjiesla JBYX Cpej, NPOH3BeJeHHe NOKa3aTelisl IPeJIoM-
JleHUsl Ha CHHYC YrJja Jyua ¢ HopmaJjbio (puc. 1) B mepBoil u BO BTO-
poit cpesie moctosiHHO. CJjleloBaTesIbHO, €CJH 12y < My, TO i > T, T. €.
Jy4 TIpU TIPeJIOMJIEHHH TPUOJHXKaeTcsi K HOPMaJiH.

4. Ecnu n, > n,, Hanpumep, ecau Jyd4 HAET u3 crekyaa (n,=1,5)
B BO3AYX (r,=1), To i < r — Ny4 NpeNOMJIeHHbIH, BEILIEWN BO BTO-
pylo cpely, B BO31yX, YAaJseTcsi OT HOpMaJjH, o6pasys C Hell yron
r > i, NepBylOo Cpelly C NOKa3saTesleM I, €CTeCTBEHHO Ha3BaTb «OINTH-
yecKd» 6oJiee IJIOTHOH, TeM JoJjiee, 4YTO 3Ta ONTHYeCKasi IJIOTHOCTb
NOYTH BCerja CoBNajaeT ¢ (U3HUECKOH IJIOTHOCTBIO MaTepuaJia.

Ilpu HeKOTOpOM 3HAuYeHWH yrJja i YroJl r MOXeT JOCTHTHYTb
sHayenus 90°. Ilycth, HanpumMep, cBeT HJAET H3 CTeKJa B BO3JYX

1 lna cpepHeft yacTH cnekTpa (T. €. AJAfl XKEJATHX Jayueil).
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(puc. 3); ayun 1, 2, 3 BHiAYT B BO3AyX, Jyu 4 moligér no rpa-
HULEe JBYX Cpel, OH CKOJb3HT MO HX IIOBEPXHOCTH pasjena; Yrod
NajieHust 3TOTO Jydya i, Ha3bIBAETCS YIJIOM NOJHOrO BHYTPEHHEro
OTpa’KeHHs MJH NpeliesibHbIM YIJIOM; JJs CTeKJa MNpeiebHbli yroa
iy =41°, nns Bomel iy=49° ana anamasa i,=24° u 1. a. Ilpu yraax
najeHusi, GOJbIIMX i, JY4Yd He BHIXOAAT BO BTOPYIO Cpely; Tak,
Jy4 5 TepmuT MOJHOEe BHYTPeHHee OTpa)KeHHe B CTeKJe, B BO3AYX
OH He BBIXOJHT.

A
N\
AN
N
N
A * 6
5
Puc. 4.

[ns onpejiesieHusi yryia TOJHOTO BHYTPEHHETO OTPaX{e€HHsi JaH-
HOH Cpefbl (HampuMmep, CTeKJa) UMEEM YCJOBHe:

. . .
n,-siniy=n,sinr; r=90%

o . . . n
n,-siniy=mn,, sini,= ’—13 =N,
1

CrenoBaTesIbHO, MpefeNbHbIH yron i,—3TO TaKOH yroj, CHHYC
KOTOPOro paBeH OTHOCHTEJIbHOMY IIOKa3aTeJlo NpeJIOMJIEHHs] Cpejbl,
onTHyeckH OoJiee MJIOTHOH OTHOCHTENBHO MeHee IJIOTHOH (12, > RMy);

3
Il CTeKNa W BO3AyXa My=, By=1,

s 2 .
smto-;:?\; iy~ 41°.

[Myctb, Hanpumep, MMeeM CTeKJISIHHYIO TpusMmy, ceuenne eé ABC
(puc. 4) npsAMoyroJbHbIH TPeyroJibHUK C paBHBIMH KaTeTaMi AB = CB;
ayu SO, majasi Ha rpane CB, B Touke O HCHLITHIBAET TNOJIHOE BHY-
TpeHHee oTpa)KeHue (i =45°) u BbBIXOAMT no HampasJennio 0S,. Ora
npu3Ma C NOJHbIM BHYTPEHHHM OTpa’KeHHeM H3MeHsleT HallpaBJleHHe
ayda: ayd SO ropusoHTaseH, ayud OS, — BepTHKaJEH.
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II. NPHHLUHIT $EPMA

5. 3akoHbl NpsIMOJIMHEI'Or0 pacnpocTpaHeHHs!, OTPaKeHHs U Ipe-
JIOMJIeHHs1 CBeTa oObejiiHeHbl B Oosee oO0lleM MpHHLHKIE, YCTaHOBJIEH-
#oM (paHuy3ckum MartematHkoM Pepma (1639)“ U Ha3blBaeMOM

«IPUHLHUNOM KpaTyafiero BpeMeHn».

S N (depMa BbICKA3aJ MBICJbL, YTO

CBeT, paclpoCTPaHAAsACh OT TOYKH S

I\ 4 (puc. 5) no Touku S;, HAéT Mo Ta-

¢l \\ \ KOMY MNYyTH, KOTOPBIH NPOXOAUTCA

«B Oojiee KOpPOTKOEe BpeMs», UYeM

' KaKoM-1n60 UHOH NYTb MEXAY STHMH

TOUKaMH.

| B u3n0XeHHH STOro NpHHIHIA

\ :% Nojipa3ymeBaeTcsi, YTO B Pa3HbIX Cpe-
I

I
2 A 0,\

AaxX CBeT HMeeT pa3Hble CKOpOCTH.

\ INonoxxum, uto B nepBoil cpege cKo-
poCThb CBeTa U;, BO BTOPOH — v,
S, npuuéM v, > v,. MoOXKHO TNOKasaThb,

uyro nyte SOS, Gynaer npofigen cee-
TOM CKOpee,” YeM NpSIMOJHHEAHbIA
nyts SO,S,, ecau i U r— yranl na-
JEHHs] H NpeJoMJIeHHs }.‘lJIﬂ nNaHHbiX ABYX cpej (puc. 5). IeiicTBH-
TeJIbHO, MoJoKUB SO =1,, §,0=1,, SA = a, S,B = b, naxonum Bpems i
CeK., 3aTpayeHHOEe CBETOM Ha NPOXOA MyTH SOS,:

Puc. 5.

I3

t— — )
U Ug
HHaye:
a b
= v, COS § + vgCusr * (a)
Tak Kak HMeeM CBS3b:
AO+4+OB=AB=atgit+btgr, (6)

T0, paccMaTpHBasi r Kak (QYHKUHIO I, HAXOAUM, COTJIaCHO NpHHIMITY
Depma, ycsioBrHe MHHUMYMa (yHKUHMH (a):

di ’  vycos?i + vgcos?r di

dat 0 asini bsinr dr ()

Oupdepenuupys (6), Haxoaum
o+

cos2i

bdro.

cos?r di



I11. Cxopocme csema 11

dr
OnpesenuB orcioa ; ¥ TIOACTaBUB B (B), 6yneM uMeTb:

sini sinr

’

Uy Ug
sini 0 1
sinr ~ 127 g, ° M

[Monyuenuntft, cornacHo npununny Pepma, pe3ybTaT yTBEpKAAET,
9TO MHHHMaJjibHOe BpeMsi JJisi Nepexoja H3 TOYKH S B TOuky S,
CBETOBOH Jlyu 3aTpauWBaeT Ha TaKoM NYTH, JAJs KOTOpPOro Mokasa-
TeJIb NpeJIOMJIeHHs BTOPOH Cpejlbl OTHOCHTeJbHO MepBOH paBeH OTHO-
IEHHIO CKOpOCTel CBeTa B NepBOH W BO BTOPOH cpejax.

B nactosiilee BpeMsi cymiecTByeT OOLUMPHBI MaTepual, NOATBep-
KIalomuil pe3yJbTaThl, K KOTOpbIM NpuHBOAMT npuHuun QPepma.
Corsiacyercsi ¢ ONbITHBIMH JlaHHbIMH W ¢opmyna (1), u3 KOTOpOH,
B 9acTHOCTH, CJelyeT, 4YTO aGCOJIIOTHBIH MNOKasaTelb NpeJOMJIEHHS
[aHHOH cpelbl M, BMOJIHE ONpeJeNsieTCsl CKOpOCTbi0 CBeTa B 3TOM
cpelle, TaK Kak B BblpaxkeHHH

_c
Ror =7,

CKOpPOCTb CB€TA ¢ B BaKyyMe H3BeCTHA H paBHa

c=3.1010 %
cexK

III. CKOPOCTb CBETA

6. MHoro pa3 yxe B TeyeHHe 3TOro Kypca IPHBOJMJIOCH 3HAYEHHE
cM
CKOPOCTH CBeTa B BaKyyMe c=3-101°a . PaccMoTpuM HekoTophbie
SKCNepUMeHTaJIbHble CrocolObl ONpefiesieH|si CKOPOCTH CBeTa.

A. CMOCOB PEMEPA! (1676)

Tak Kak cKopocTb CBeTa OrpOMHA, TO AJISl 3€MHBIX PacCTOSIHHI CBET
IpaKTHYeCKH pacnpocTpaHseTcs MrHOBEHHO, MO3TOMY BCe IOTbITKH
H3MepHTb CKOPOCTb CBeTa MpH MOMOLIM TOro e NpHEMa, Kako#l Gbla
rofled Aasi u3MepeHHs1 CKOpocTH 3ByKa (1, § 154), okasanuch Gesycner-
#biMH. [losTOMy nepBble cnoco6bl, KOTOpble MO3BOJNHAH YCTAHOBHTD 3Ha-
9eHHe CKOPOCTH CBeTa,—3TO acCTPOHOMHYECKHe crocolbl, rae Oblio Bo3-
MOXKHO HabJll0faTb XOJ CBETOBOTO Jydya Ha OrPOMHBIX PacCTOSIHHSIX.

IOnuTep—nsnaHeTa coJiHeYHOH CHCTeMbl, HMeeT HaHGOJbLIYIO Maccy
cpemu Apyrux naadet (okoso 0,001 maccel CosHua); cpefHee paccTosi-
uue lOnurtepa ot CosnHua B nmATb pa3 GoJsiblle pPacCTOSHHUSI 3eMJH OT
Connua; Bokpyr lOnurepa BpamaioTcs JeBATh cOyTHUKOB. [lepBbifi,

1O0nadp Pemep (1644—1710), maTuaHuH; ero HayuHas HAefATEJbHOCTb
aporekaina B [lapuxe.
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OMmDKaHINA K TJIaHeTe CHOYTHHK HMeeT INepHojJ OOpalleHHs OKOJo
naaHetsl 42% wuaca (tounee—1 cytku 18 wac. 27 muH. 33,48 cek.)
#l IPH KaXJI0M 060pOTe NOrpy»Kaercst B TeHb MJ1aHeTwl J (pHc. 6); Habuo-
patenb ¢ 3emnd T BHUIMT 3aTMEHHe CNyTHHKA: cjabas 3Be€3fouka D
oxoJio IOnuTepa BOpyr npomnaznaer, 3aTeM BHOBb NOSIBJSIETCA—3TO KOHELl
saTMeHusl. DTH HaG/OfeHHs1 3aTMeHHHl cnyTHuKoB lOnuTepa urpaior
GoJIbIIYIO POJIb B MOpEIJiaBaHWH, NPH OPHEHTHPOBKe Kopabne#, u mo-
ToMy aupekTop Ilapuxckoii o6cepBatopun actpoHoM Kaccuuu (B mosio-
BuHe X VII B.) BhIYHC/IMI 3apaHee HA M3BECTHBI CPOK Hauajna H KOHIIbI

Puc. 6.

3aTMeHHi nepBoro cnyTHHKa IOnuTepa M cocraBua Tabiuuy, AANOWLYiO
BpeMeHa 3aTMeHHH cnyTHHKa. Pemep, ObIBUIMH TOraa acCHCTEHTOM
Kaccunu, npou3BoJus HenocpelCTBeHHble HAOJMIONEHHST 3aTMEHHH Tep-
BOrO0 CNYTHHKAa M CPaBHHBAJ pe3yJbTaThl HaOMIOAeHHH ¢ TabuuHuen
Kaccunn, (1675). Okasanoch, 4To pe3y.sbTaThl HaG/IOfeHHHA He coBna-
HAIOT ¢ NpeJBbIYUCICHHBIMH CPOKAMH 3aTMEHHU i, BHECEHHBIMU B TaGiuLy.
TmarenbHoe M JOJIrOBpeMeHHOE H3yUeHHe XapaKTepa STHX OTKJOHEHHH
no3BoJujo Pemepy ycTaHOBHTB ciepyiouiue (hakThi:

1) korza 3emJs, ABUrasich No cBoeil opbute U3 nosoxenuit T, B T,
HJET HABCTpPeuy JIyuy CBeTa OT CNYTHHKA [, 3aTMeHHsT (MJIM HX KOHIIbI)
IPOUCXOJAT BCE paHblle W paHblle, yeM TPeGYIOT Tab Hlibl;

2) korza 3emus uA€T u3 noJoxenus T, B T,, yransascs ot IOnurepa
J u cnytHuka D, 3atmeHuss Bc€ GoJibllle W GOJiblle 3anasfibiBalOT II0
CPaBHEHHIO CO CPOKaMH HX, 0603HaUYeHHBIMH B TaOJNHLAX; IPH 3TOM CBET
HaxoIuT 3eMJ/i0 Bcé Ha GOJIbIIMX U GOJBLIHX PACCTOSHUAX OT J.

ComnocTaBHB 3TH pe3yJibTaThl HaboneHu i, PemMep Boicka3aj 0CHOBHOe
NpelnoJioXKeHHe: CBeT pAaclpoCTPaHAeTCsI C KOHEYHOH CKOPOCTBIO;
ynpexieHUs W 3anas3jblBaHUs 3aTMEHUH NPOUCXOJAT NOTOMY, YTO NpO-
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XOJMMble CBETOM pAacCTOSIHHSI JO 3eMJH B Pas3HBIX €€ MOJIOKEHHSIX
pa3nnuHbl. OH Xe NoKasaJ, Kak MOXHO H3 3THX HalOJIOfleHHuii ompeje-
JUTb CKOpoCTb cBeta. Ecisu, ucxols u3 HabniofeHuil 3aTMeHH B HoJIO-
xeHuH 3emau T, BbIUHCAHTL CPOKHM 3aTMeHHH i JuaMeTpajibHO
NPOTHBOMOJOXHOTO noJyioxXehusi 3emnn B Tg, To, OKasblBaeTcsl, B Tg
3aTMeHUs NpoucxoJAaT Ha 16 muH. 41,6 cek. (nmpubau3uTeNbHO Ha
1000 cek.') paHblue, yeM Mbl BLIYHCJIHJIH; €CJH XK€, HA0GOPOT, HCXOAS
u3 HabmiofieHu i B T, BBIUHCIHTb CPOKH 3aT™MeHui B T, T0, OKasbiBaeTcH,

Puc. 7.

3aTMeHHs 3anasjbiBaloT Ha 16 muH. 41,6 cex. Dt 16 mMuu. 41,6 cex.
ecTb TO BpeMsi, B TeyeHHe KOTOPOro CBeT NPOXOAHUT IHAMEeTp 3eMHOM
opOuTH 2 r, T. e. paccTosiHusl 2r=2.149500000 xx; oTcioza:

__ 2-149500000 xu
~ 1001,6 cex

=~ 300000 22 |
CeK

. KM
Pemep Haweén ¢=215000 cex > MCTODHYECKH 3TO MepBoe ompeJeJe-

HUe CKOPOCTH CBeTa.
7. dpanuysckue dusuku Puso u Pyko? B cepenune XIX B. paspa-
GoTasu crnoco6bl onpefiesieHHus] CKOPOCTH CBeTa B Ipejiesiax 3eMJH U Jaxe
ZHy‘l‘pH J1abopaTOPHH; OHU ONMHPAJNHUCH TIPH 3TOM Ha HJieH, BbiCKa3aHHbIe
paro3.

1 310 HoBble gaHHblE, caM Pemep nawéa 1320 cek.

2 duso (1819—1896) u ® y ko (1819 — 1868) — ppanuysckue ¢Gu3nkH,
KOTOpble MOAHSINIH SKCNEePHMEHTaJbHOe HCKYCCTBO A0 BBICOKOH CTENEHH TOUHOCTH,
Tpyan ux kacaiooTcsi pa3Hblx obsactedi ¢H3HKH.

3 Aparo (1786—1853) — Boiqalomuficss 3HaTOK GH3HKH M €€ HCTODHH,
chenan PSR OTKPLITUH B pa3HbIX ob6JjacTsax ¢u3MKH; KaK u3BecTHo (cM. T. II),
OH BMecTe ¢ AMmepoM fBJSeTCSl OCHOBaTeJeM Y4YeHHs 00 S/leKTpOMarHeTH3Me.
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b. METOJl $U30

® 30 mnpewioxua crnoco6 3y6uatoro Koseca (1849). CuabHbii
TOYEYHbIHl HCTOYHUK cBeTa S (pHC. 7) MpH NOMOIUHM JHH3bI L, nocbliaer
cJierka CXOsIUicA MYYOK Jydyeil Ha 3epKasibHYIO MJACTHHKY P; 3atem
AYy4YH CBeTa, OTpasuBLIKCh OT P, cxoasitcsa B F—riaBHoM doKyce JIHH3H
L,, nonanaior Ha auH3y L., KoTopasi npeBpallaeT NyyoK B mapajeb-
Hbil U HanpaBJsieT ero Ha JHH3y L,, cobupalollylo Jy4H Ha NoBepx-
HocTH cepuyeckoro 3epkana R. PokycHoe paccTosiHye 3TOro 3epkana
paBHO OKYCHOMY PAcCTOSIHHIO JIHH3bI L,, BCJGACTBHE Yero JyuH, oTpa-
XKEHHbIE 3epKaJiOM, CHOBAa MONajaloT Ha JHH3Y L, U, npoiiasa yepe3 Heé,
BHOBb CTaHOBSITCSl MapaJljie/ibHbIMH H BO3BpALLAIOTCA Ha NUIACTHHKY P,
re Jy4d YacTHYHO OTPAXKAIOTCS, a YaCTUYHO NPOXOAAT Yepe3 MNACTHHKY
P B okyasip O u B ryas HaGaiopatensi. 3y6uatoe Koseco N nometneHo
Tak, 4YTO €ro 3yOLbl MOTYT MperpajguTb NyTb cBeta B F; ecau Xe npw
NIOBOpPOTE KOJIeca OKOJIO OCH QQ B F craHo-
- = BHTCA TIPOMEXYTOK MexJay 3y6uaMu,—cBeT
123456, npoxoaut yepe3 F. Takum oGpa3oM, npu Mej-
: JIeHHOM BpallleHHH KoJeca Hab.iopatens B O
OyZleT BHJAETb MepUAIOIIHil CBEeT; NMPH yBeJHue-
HHH CKOPOCTH HacTOJIbKO, 4TO 3yOLbl U MpoMe-
XYTKH OYAyT cMeHAATbc npumepHo 10 paa
B CeKyHly, HaGmogatesb B O OymeT BHIeTb
Bcé BpeMsl. cBeT (YMeHBLIEHHOH SIPKOCTH)
, BCJIEICTBHE TOTO, YTO IJla3 COXpaHseT 3pUTelib-
Hble BIeYaT/JeHHsl, pasjeéHHble BO BpeMeHH

npoMexxyTkoM, MeHbiuum 4eMm 0,1 cex.
Ho npu nanbHeiilleM Bo3pacTaHuH CKOpO-
CTH BpalleHUs sIBJeHHe H3MeHseTcs: CBET CO-

q BepILUEHHO TacHeT NPH HEKOTOpoi onpeneséH-
HOH CKOpPOCTH BpalleHHS; 3TO MPOHUCXOIUT
Prc. 8. TOrja, KOrja CBeT, NpoiAs yepe3 oTBepcTUe /

(puc. 8) u mpoiina nyts FL,L,RL,L,F, BcTpe-
THT 3y6er 2 (puc. 8), T. e. Npu TakoH CKOPOCTH BpallleHHs], IPH KOTO-
pOfl OTBepCTHE yCIleeT CMEHUTbCS COCeHHM 3YGLOM 3a TO BpeMsl, B Te-
yeHHe KOTOpOro cBeT Mpo#aéT mytb FR —|—RF d10 paccTosiHUE B yCTa-
HoBke ®u3o paBHsJOCH 8633 M.

Ecsu yaBOHTb CKOPOCTb BpallleHHsl, ONATb YBHAUM CBET: JIyd, Npo-
meqUui Yepe3 OTBepCTHe 7 NpH CBOEM BO3BpAallleHWH BCTPETHT OTBep-
crie 3. Ilpu nanpHeiillleM yBesMYeHUH CKOPOCTH BpallleHUsl CBET ONATD
HCYe3HeT H T. [.

[Tos102XHM, 4TO NMPH NEpBOM HCUE3HOBEHHH CBETa CKOPOCTb BpalleHHs
TaKoBa, YTO KOJIeco JieiaeT v 060POTOB B CEKYHAY; MyCTb Ha HEM HMeeTCs
n 3y6LOB U n NpoMexyTKoB. Torpa BpeMsl, HYXHoe AJsl TOro, YToOH
OTBEpCTHE CMEHMJIOCh COCeJHHM 3YOLOM, BbIpa3HM TakK:

1
t_2T cex.;
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B 9TO BpeMsi CBET NPOXOXHT paccrosiHue 2l=FR+RF, nosromy:
c=2 —axpy 2 @)

- M
Cam ®uso npu moMowu sToro Meropa Hameén ¢=3,15.10° wor

B. METOJd ¢YKO

Cxema ycraHoBku Pyko TakoBa. CBEeT OT CHJILHOrO HCTOYHHKA S
(puc. 9) OPOXOAUT CKBO3b IJIOCKONAapaule/bHyl0 [UIACTHHKY P

N
e P

S

4 e

/ V i S

Pamc. 9,

H TpH NOMOIIM JUH3H L cnaGo cXoasmuMcs Ny4YKOM HanpaBJsieTCs.
Ha 3epkajio A, Moryulee GbICTPO BpallaThCsi OKOJO ocH Q (mepmen-
IUKYJsipHOH K uepTexy). [loka 3epkasno A HemoiBMKHO, ymaBlIHe
Ha HEro Jiy4u OTparkaioTCsl Mo HanpasJeHHio QM, rie oHu BCTpeyaroT
Boruyroe 3epkajo M. OrtpasuBwIHCh OT BOTHYTOro 3epkana B M,
cBeT GoKycHpyeTcsl Ha 3epKaje A U NPOXOAHT OGPaTHO TOT XKe MYThb
MQS, Bosppaumasicb K uctounuky S. Ha nyta k S
yaCTb CBeTa OTpa)kaeTcsl OT MJAacTHHKM P u nomna-
naeT B TpyOy C OKYJsIPHbIM MHKDOMETPOM, e Hab-
Jiojatenb BHAMT M (HKCHpPYeT TOUYKY Ha omlpeje-
JIEHHOM flesleHnn MukpoMmerpa O (puc. 9a).

1. Ecau 3epkano A craHeM BpaulaThb € yMe- Puc. 9a.
peHHoil ckopocTeio, T0 B O 6yaeM HabaonaTb Mep-
maloumuil cBeT, TaK KaK OTpaKEHHblI OT Bpamiaionierocsi 3sepkala
cBeT He Bcerga Oyner nomanath B M. )

2. Ipu yBenuueHnu ckopoctd BpameHnss o 10 oGopoToB ™ Mep-
nande mnpekpatHtcas W B O Bcé Bpemss OyleT BHIEH CBeT, XOTH H
ocnabJieHHblf, BCJEACTBHE TOTO, YTO pa3jiesibHble CBETOBble BlleyaTJe-
HHSI COJIBIOTCSI B OJIHO.

&
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3. Ho npu panbHeiilneM BO3pacTaHHH CKOPOCTH BpalleHHs
(y ®yko—pmo 800 oGopoToB B CeKyHAy) Habaimojarelb 3aMeTHT
Ha wkaJe (puc. 9a) cmeulenue O B nonoxenue 0, (y Pyxo na 0,7 mn).
H3smepenue 3TOro cMemeHusi U NO3BOJSET H3MEPHTb CKOPOCTb CBeTa.

4. Teopusi siBJeHHs 3aKJOuaercs B TOM, YTO IIPH OueHb 60Jib-
Ofi CKOpOCTH BpalleHHsl 3epKajo A ycrneeT NOBEPHYTbCA Ha HEKO-
TOpLIH MaJblil yroJ ¢ 3a TO BpeMs, B TeUeHHH KOTOPOro CBeT Mpo#-
nér paccrosinne QM -+ MQ = 2I; otpa-
KEHHbIH oT M nyu Ha#igér sepkajso A
B NOJIOXKeHWH A;; Kak H3BeCTHO, MNpH
NOBOPOTe 3epKajla Ha yrod a, OTpa-
XEHHBIA Jyy noBepHéTcst Ha 2a¢. B mep-
BOHayaJbHOM ombiTe PyKo:

QM =1=4 n.

Hanomuum nokasarenbcTBO TOro, 4To yrod mno-
BOPOTa OTPaXKE€HHOrO Jyya paBeH 2a NpPH mo-
BOPOTE 3epKaja Ha yrod a.
IMycTs nepBoHauanbHOE TOJIOXKEHHE 3ep-
Puc. 10. Kana A, napaomwuii ayu SQ, otpaxéHHHA QS
(puc. 10), QN — HopMasib; mocJjie NOBOpPOTa 3ep-
KaJa B HOBOe moJjoxeHue A; Ha yroja a Hop-
Majb BpalaeTcss Ha yrojq a B NojloxeHHe QN,, a OTpaxEHHBIA Jyd4 HAET MmO
HanpabjiedHio QS;; HEMOCPeACTBEHHO M3 UepTeXa HAXOAHM:

£SQS;=2i +22; £5QS, =2i;
8108 =2a,

yT0 H TpeGOBaJOCh JOKas3aThb.

5. CnenoBsaTenbHo, npu moBopore 3epkaia A (puc. 9) Ha yroa a,
OTpaxKEHHbIH MY4YoK Jyueld GyneT UMeTb OCh QSy, a He QS, mpuuém
S,QS = 2a. [lpousoiifér cmeulenne orpaxéxHord jyuya SS; =a, KoTo-
poe'ZHa6mo,uaTe.nb 3aMETHT H H3MEDHUT B OKYJSDHOM MHKpPOMETpe
Kak cMmeuenne 00, =d.

6. OGosnaunB nyTe QM, nNPOXOJHUMBI CBETOM MeXAY ABYMs
3epkaJsiamu, uepe3 [/, nMeeM:

c=7; (a)
8/iecb [ — YHCJIO CeKyH], B TeyeHHe KOTOPhIX 3epkajo A noeepHy-

JIOCb Ha YTOJ a; IO3TOMY:
t a

T 2x

aT a .
o = o (6)
3leCb v — UHCJIO OGOPOTOB 3epKaja B CeKyHAy. I[loacraBuM Hafijen-
Hoe 3HaueHHe ! B ¢opmyay (a):

4nvl

.
a
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Bomnpoc cBomuTCs K OMpeleseHHIo o, TaK Kak v u [ onpejensiorcs
3apaHee W3 HernocpeicTBeHHbix H3Mmepenuil. [lycte QS = R; u3 Tpe-
yroabHuka SQS; umeewm:

d=Rtg2; tg2a= 3

yroa o BechbMa MaJ, nostomy (§ 18):

= d
T 2R

Hrak, BopaxaeMm ¢ uepe3 u3MepsieMble IpH JKCIEPUMEHTE BeJIH-
YHHBI:

e=2 4mR. A 3)

Cam Pyko noayuua c=2,98.101° —c% 4

9. B ycranoBke ®Pyko 6blio aBa HejocraTka: 1) manoe cmete-
HHe d BCJeacTBHe MaJgoro paccrosHus [ (I —wmakcumanbHo 20 m);
2) Hesb3st ObLIO pydaTbCsi 3a IIOCTOSIHCTBO Y — 4HcJaa OOOpOTOB.
JanpHefilnne HcCleOBaHHA NO 3TOMY MeTOAY CTPEMHJIHCh YCTpa-
HHTb 3TH HEJOCTAaTKH H MOBBLICUTb TOYHOCThb OIpejeJieHUs C.

Haunnyummmx pesysabratos no mMetoay ®Pyko moctur M a fi K € J b-
COH, B TeueHHe psila JieT NOBbIIAS TOYHOQTb U KOHTPOJHDPYEMOCTb
Bcell yctaHoBKU M eé jetajedl (1874 — 1926). '

M3amepenne ckKopocTH BpallleHHsl 3epKaJia, HacaXKeHHOTO Ha OCh
BO3/JyLIHOH TypOHHLI, NPOU3BOJHMJIOCH IPH IOMOLIY CPaBHEHHS 4YHCJIA
060pOTOB 3epKaJja C YHCJAOM KoJeGaHW{ CTaHJIapTHONO KaMepToHa
(v = 256), BbIBEPEHHOr0 MO MAasITHUKY aCTPOHOMHUYECKHX 4acoB H IpH-
BOJMMOro B KoJeGaHHe 3JIEKTPOMAarHuToM (B MOCJAEJHHUX OMNbITAX —
JaMIOBLIM  KoJieGaTe/bHBIM KOHTYPOM); Jiyu CBeTa, OTPaKEHHBIH
OT Bpallalollerocsi 3epKaJjia, MNajaj Ha 3epKaJblle, NPHKPEIIEHHOE
K HOXKe KaMepTOHa, KOTOpoe NOCHLIANO Jyud cBetra B TpyGy. Ecum
uicJO KosieGaHHH KaMepToHa v M 3epKaJsa ObliM paBHBI, TO MSATHO
cBeTa B TpyOe OblO0 HEMOABHAKHO; €CJH 3TOro paBeHCTBA He ObLIO,
Bosnukaau Guenus (I, § 141); Torna v 3epkasa paBHSJIOCH CyMMe
uhcsia KoJsieOaHWH KaMepTOHa W uHcJ/a Ouenuit B cekyHny. CKopocCTb
BpalleHHs MOXHO OblJO PeryJupoBaTh, M3MeHsisl TOK BO3JyXa B TYp-
Oure. [lopsijoK TOYHOCTH H3MepeHHSI v MOXeT GbiTh npuHAT 5-10-6.

Bpamatoieecst 3epkajio A 3ameHeHo Bpawaioulefics 8-rpaHHoH,
a 3aTeM 32-rpaHHOi TpPHU3MOM, BbIBEPEHHOH C MoMomibio HHTepgepo-
Metpa (§ 59). Dt1o ycoBepuleHCTBOBaHME B CBfI3M C YCTAHOBKOM
JJUHHOOKYCHOH JnH3bl L Mexay Q u M u c yBeinueHHeM pac-
crosiuust [ cHayana jgo 600 m, 3aTeM Bcelt ycraHoBKH A0 35 Km!

! Mexny ropamu Bunbcon u Caur-Antonno 6mus Ilaccagens, B Kaaudop-
UM, [=40,5 kM.

2 Kypc dusuku, . III
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NO3BOJILJIO TOJYYHTh Gojlee sipKoe u30GpaxkeHwe S; U GoJbliee cMe-
wenve d (o 150 mm), usmepsiemoe c rtounocteio jo 1075, Uucao
oBopotoB poxoauyo po 1060 B cekynny.
OxoHuaTe/ibHBIH pe3yJibTaT, noJyueHHnii B 1926 r., Maiikesbcon
BHIPa3uJ TaK: '
c=[299796 + 1] £~

cex *
_ M
c¢=[2,99796 + 10-5].101° wor

HUrak, pacCMOTpeB pe3yJbTaThl OCHOBHBIX METOJOB H3MEPEHHSI CKO-
poCTH CBeTa, B CpeJHEM MOXKEM IIPpHHATD;

c=3.10102

cex
3ameruM, uto onbT Pyko mepBOHAUaNbHO OB 3aJlyMaH H OCYyIIle-
cteiéH (1850) He pJs1 aGco/IOTHOrO H3MepeHHs] CKOPOCTH CBera,
a JUIsl CpaBHEHHS] CKOPOCTH CBeTa
b4 i/ B BO3yxe («nyctoTe») H B GoJee
npesomJsiiomel  cpefe, Hampumep,
‘BojJie. OTO CpaBHeHHe B TO BpeMs

g ——: § ObLJIO B BHICIIEH CTENEeHH BaXKHO, Tak
: KaK OHO Wrpajio pelaolmyio poJb
4 B BOMpoOCe O BOJHOBOH M KOPHYCKY-

JIIPHOH TpHpOJe CBeTa.
B sTux onbiTax, Kpome 3epkana M
(puc. 9), B ycraHoBke PyKo MOHTH-
4 pyercsa ewé 3sepkano M, (puc. 11),
Puc. 11. TaKk 4To6bl QM = QM,. Ha nytu QM,
craBuJach Tpy6a Z ¢ Bojo#l (uyH 3a-
NoJIHeHHast APYro#, CUJIbHO mpesomasioulell cpepoit). Torga B mpo-
necce omnbita PyKo BHAMM B OKYJSIDHOM MHKpOMeTpe [Ba CMelile-
Husi d; W d,, 3aBUCAllEE OT NPOXOXK/JEHHS CBETa MO ONTHYECKH pas-
HBIM nyTsM QM u QM,. Boipaxasi sTu cMeweHusi no gopmyJse (3):

8nv/R
s da = v
2

Mbl MOXeM CpaBHUTb U; H U, — CKODOCTH CBETa B BO3JlyXe H B BoJe:

I

Ug dl :
Onbir faét d; < dp; 5TO 3HAYAT, YTO U, > U,, T. €. CKOPOCTh CBETa

B Bo3Ayxe GoJjiblle, 4eM B cpele 3anojiHsoumeir Tpy6y Z. Otu xKe
ONBITHl NPHBOAAT K COOTHOLUEHHIO:



1V. Ompasxcerue ayueil ceema 19

KOTOpOe MNO3BOJISieT H3MepsiTb IOKasaTeJH IpeJIOMJEeHHs] pasHblX
Cpell; OHO BHOBb 3KCIIEDHMEHTAJbHO NMOATBEPIK/aeT PaHee YCTAHOBJICH-
Hoe (§ 4) moJioXkeHHWe, YTO NOKasarTesb INPeJOMJEHHS] NpPH Nepexoie
CBeTa W3 MNepBOH Cpellbl BO BTOPYIO YHCJEHHO PaBeH OTHOUIe-
HHUI0 CKOpOCTeHl CBeTa B 3THX Cpejax.

IV. OTPA)KEHHME JIYYEW CBETA

10. Cnenaem kpaTkuii 0630p cBefieHHii! 06 OTpaKeHHHW M mpe-
JIOMJICHHH J1y4Yel.

A. IUIOCKOE 3EPKAJIO

M3 ceersimefics Toukn S (puc. 12) najgaet Ha miaockoe 3epkano LL,
pacxojsmuicsa MyYoK Jydel; NIOCTPOMB YIB! NafieHHs ayueit SO, SO,,

) L
L / g 0 0 9/
0%

Puc. 12,

SO, 1 yraibl X OTpaxeHusi, HAHEM U CaMble OTPAXKEHHbIE J1yuH, KOTO- -
pble HAYT TOXe pacXoisluMcs nmydykoM. Haxonsch noj BmeuatieHuem
3TOro pacxXoAsllerocss nyyka OTpaXkeH-
Hoix Jyyelt (puc. 13), Mbl 1o CBO#-
CTBY HALUEro 3peHHsi NpOJOJIKaeM 3TH
JAyYd 3a 3epKajo M INpeacTaBiseM
ce6e, YTO OHH BBLIXOAAT H3 TOUKH S,
B KOTOPOH MNepeceKaloTcsi HX MbICJIEH-
Hble TIPOJOJIKEHHS; 3Ta TOYKa Hasbi-
BaeTCA MHHMbIM H306pakeHHeM TOUKH S.
MHuMEIM NOTOMy, YTO Ha caMoM JeJie
Aydyell 3a 3epKajioM HeT, HET W HX Ile-
peceueHuss S;; HaM TOJbKO KaXeTcs

1 Cu. yueGHHKH CPejHel WIKOJb.
A
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N0 CBOHCTBY HAILEro rjasa, 4TO PacXOAsAIIHHcs MYy4oK JyueHd BbIXO-
IUT U3 ONHOH Touku S,, sIKOOHI Jexamell 3a sepkamom (puc. 13) Ha
paccrosinun 0S;=0S.

b. COEPUYECKUE 3EPKAJIA

11. U3 cdepuyeckux 3epKaj YCJOBMMCS pPacCMaTPHUBATh TOJBKO
TaKHe, KOTOpble NpPeICTaBIsIOT Manyio yacTb chepnl. Ilycts AB mpen-
cTaBasieT co6oil cepuuyeckuil cermeHT (puc. 14), KOTOpPOMY COOTBETCT-

4 ByeT HeGOoJIbIIOH LEHTpaJbHBIH yrod
(rpamycoB 5). Ecam ormoampoBarhb
BHYTPEHHIOIO 4acTb CerMeHTa, TO Mbl
nosiyuaeM BOTHyToe cdepuueckoe
3epkaJjo; npsamas MC, npoxopnsuias
uyepe3 ueHTp C U BeplIHHY CerMeH-
Ta M, Ha3bIBaeTCs TJIaBHOH OChIO 3ep-

8 Kana. Ecin oTnosupoBaTh BHEIIHIOK
Puc. 14, 4acTb CerMeHTa, TO Mbl IOJYYHM
BBIYKJIOE 3epKalo.

BouenpuBei€HHOe  YCJIOBHE MOXHO HHaue (GOpMYyJHpPOBAaTh TaK:
6y/ZeM pacCMaTpHBaTh TOJILKO TaKHe JIy4H, KOTOpble GJIU3KH K JIaBHOH
OCH H COCTaBJISIIOT C HeH JIMIIb MaJsble YIJibl; TaKHe JIyYH Ha3blBaloTCA
napakcHaJbHBMH.

Ecau Ha Boraytoe cdeprueckoe 3epKajo majaeT OT YAaJEHHOTO

MCTOYHHKA NapaJJe/ibHbld My4oK Jydyel, TO MOCJIe OTPaXKeHHs 3epKaJio
cobupaeT Jyyd NMyyKa B ORHOH

touke S;. Ecaum nmaparomuil Ha /

3epKaJio NyYyoK Jydeii napasJe- [
JieH ryaBHO# ocu (puc. 15), To

JyYd mocjie OTpaxeHus cobu- M £ -
patotcst B Touke F Ha rJaBHOI

OCH, Ha3blBaeMOH TJIaBHBIM (¢o- \
KYyCOM 3epKaJa.
InaBubii  poKyc — BHoJIHE Puc. 15,

onpejeJéHHass W eJMHCTBeHHas
TOYKA I/l JaHHOTO 3epKaja—HaXOJUTCS Ha CepellHe ero pajmyca.
Bynem HasbiBaTb paccTosiHWe TJaBHOro ¢okyca Jo 3epkana FM

riaBHBIM (DOKYCHBIM paccTosiHHeM H o0o3HauaTb ero uepes F; ecau
R—panuyc 3epkana, to

R

U3 ceeramefics Toukn S (puc. 16), Haxoxsmedcss Ha ryaBHOH oCH
BOTHYTOTO 3epKaJjia, MNajaeT Ha Hero pacXOAsILIMACH My4yoK Jiydeil;
nocJie OTpaXKeHHs! 3TH JIyYHd BHOBb NepeceKyTcss B HEKOTOpOH Touke S,
TOXKe Jiexallned Ha rJiaBHOH OCH. ’
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muit 0,S, napasuesen Jaydy naparomemy SO, HO cCMeléH NO OTHO-
wendio K Jayuy SO Ha paccrostHue O, K=x (puc. 18); ecau Obl
He ObLIO TUIACTHHKH, Jiyd wéja Obl no nytd SOS,, a H3 IJIaCTHHKH
OH BBIXOAWT no HanpasjeHuio 0;S;:
e g d
x=00,-sin(i—r); 00, =57’
d-sin(i—r)
r= cosr ) ®)
Tak cMelmenue Jiyya 3aBHCHT OT TOJIIHHBI IUIACTHHKH d.
IIpesioMJIeHHe FOMOLEHTPHYECKOTO MyUKa Jiyuei Ha IUIOCKOM NoBepX-
HocTH (puc. 19) BooGlle HapyLIaeT ero FrOMOLEHTPHYHOCTb. PaccMoTpuM
nyuok Jayueit SO,, SO,, SO, ...," najalIUd Ha MJIOCKYIO TPAHHILY
nByx cpen AO. HOasi ayua SO,

>

HMeeM COOTHOLIEHHS: N
00,=0S8tgi,, ! 5
001=081 tgfl; 'I éz

OStgi, =08, tgry; 4?/’/ /
tgi s
0S,=0S=1. i 7193
1 tg ’1 /’/
N Vi
S /|
q 1
. /N
i S
y S Z 5 ‘1
// 7 y, /
Py d L / I/
¢ a0 £ 0 F a6l a] g o
Pl 5 7 7
7
& 6 g I3
7
Puc. 18, Puc. 19,

Tak Xe AJS HHBIX Jyueii:
— tgis | . tgi,
0S,=08 tgry b oss_osm...

OrHolweHHe NOSIBHBIUMXCS TAHTEHCOB HENMOCTOSIHHO AJSl PasHBIX { W r,
TaK KaK II0 3aKOHY IPeJIOMJIEHHsS IJs HHUX IOCTOSIHHO OTHOLUEHHe
CHHYCOB.

ITO 3HAUHT — MepeceyeHne NPOJOJKEHHBIX NPEeJOMJEHHBIX Jydedt
0,05, 0505, Og05 ... NMPOMCXOAHMT He B OAHOH Touke (puc. 19), myuok
CTajJl HErOMOUEHTPHYHbIM. Takoii acTurmaTuuyeckKHi! mnyuok

! I'peu. otiypa— TOUKA, aCTHIMATHUYECKHA —HE M3 TOUKH,
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ot 0,S, napasnesen Jayuy najatomemy SO, HO CMEIEH MO OTHO-
menuto Kk Jayuy SO Ha paccrosiine O, K=x (puc. 18); ecau Obl
He ObLJIO MAACTHHKH, Jyd méja Oel no nyta SOS,, a W3 NJacTHHKH
OH BBIXOJMT N0 HampaBjeHuto O,S;:

d

x =00, -sin (i —r); 001=cosr'
o desin(i—r) (3)

> cosr
Taxk cMemenue Jiyya 3aBHCHT OT TOJIIHHBI IUIACTHHKH d.
IIpesiomMyieRne rOMOLEHTPHYECKOrO NMyYKa Jyueil Ha IUIOCKOR nosepx-
HocTH (pHuc. 19) BooOLe HapylaeT ero roMOLEHTPHYHOCTb. PaccMoTpum
nyyok Jayueit SO,, SO,, SO, ...," najalomui Ha IJOCKYIO TIpaHHLY

1

aByx cpen AO. Haa ayua SO,

HMeeM COOTHOILEHHUS: N
00, =08, tgr,; ; gz
OStgi,=08,tgr,; ‘?/’/ /
0S,=0S 84 A /(5
tg r v
N i
S /|
1
. 7/ !
{ S
P _ 0 P /7
// r Y, /
H s a L / , [
¢ LG € 7 7 a4 8l 4] ¢
s 5 fil kB
8; S 6.’ é 61
7
Puc. 18. Puc. 19.

Tak xe anas HHBIX Jdyuveii:
tgis tgi
0S,=0S ; =08 =2
2 ter, 0S,=0S8 tgr,
OTHoleHHe NOSBUBIINXCS TAHFEHCOB HENOCTOSIHHO JJS PasHBIX I H r,
TaK KaK 00 3aKOHy IpPeJIOMJEHHS AJSl HHX MOCTOSIHHO OTHOILEHHe

CHHYCOB.

OTO 3HAUMT — nepeceveHHe NPOJOJIKEHHBIX NPEJOMJIEHHBIX JydYell
0,01, 0505, Og04 ... NPOHCXOAHMT He B OAHOH Touke (pHc. 19), myuok
crajl HeroMoueHTpuyHbiM. Takoli acTurmaTHueckHH! mnyyok

! I'pey. otiypa— TOUKA, ACTHrMATHYECKHH—HE H3 TOUKH,
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He JaéT u3o0paKeHHs TOUKH B BHJe TOUKH, HO I'Je-HuOGyab B 00J1aCTH
nepeceueHusi OTheJibHbIX Jayuelt Q (puc. 19) rnas yBuaur cBetsOE
NSITHO HJIHM KaKYIo-JIM60 NPUXOTINBYIO GUrypy Tpéx usMepenuii (puc. 20).
DTO NMSITHO MOXKHO MPHUHATH 332 HCKaXKEH-
Hoe M3006paeHHe TOUKH S. =
[lpu HeGosbliux yraax i W r, Korja
OTHOLIEHHSI TAHTeHCOB MOXHO 3aMeHHTb
OTHOUIEHHSIMH CHHYCOB, BbILIEHANIHCAHHbIE
¢opmyanl pawot pas 0S;, 0S,, 0S,...
OJIHO H TO XKe MOCTOSTHHOe 3HaueHHue; Torja
aCTHrMaTH3M WCue3aeT, M TOYKa B Ipe-
IeJie NPH TakUX OJHM3KHX K HOpMaJH
(«mapakcHaJibHbIX») JyuyaX H300paxKaeTcs
TOYKOH. ' : '

b. MPHU3MA

13. Kak wusBsectHo, Genwlit syu SO,
OpoHsl 4epe3 CTEKJSIHHYIO NpHU3MY, BO-
nepBbiX, OTKJIOHSIETCSI OT CBOEro0 Hampas-
neHust K eé ocHoBaHuio (puc. 21) W, BO-BTOpBIX, pasjaraetcsi, oGpa-
3ysi Ha 3Kkpane LL ngernyio nosocy K@ — cnektp. OTBiekasch noka
OT 3TOr0 TOCJEHEro siBJIeHHs, Ha3blBaeMOro A HcHepcHe! cBera,
pPacCMOTpPHM CHayaJjia TOJIbKO IIepBOe siBJIeHHE — XOJX Jiyya B NpH3Me,

a5

Puc. 20.

Hpacrsi
pucnemalord

Puc. 21,

noJiarasi, 4To B Heé BCTyNaeT OJHOLBETHHII—MOHOXpoOMaTHUYe-
CKHUZ%—yyuy (KpacHblii, 3eJ€HbII H T. J.); KaK IpU3Ma MeHseT ero
HanpasJieHHe?

1. Tlycte ABC — ceuenne npusmbl (puc. 22); Ha rpanb BA nanaer
MoHOXpoMaTHuecKHi Jyu SO; yron A GyjneM HasblBaTbh IPeJOMJIsi-
IOIMM YyrJioM NpH3Mbl. Bxoasi B npusmy nop yriom i = SON, ayu SO

! Jlar. dispergere— paccenBaTb, pa36pachlBaTh.
? T'peu. Mdvoc—onuH.
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npesiomJisiercsi, NpubmuKaack K HopMajgu NO. BHyTpu mpusmbl Jayy
uaér npamoauseiino O00;; B Touke O; OH BBIXOAMT H3 TPHU3MEI
no HampasJenuio 0,S;, OTKJOHAACH OT Hopmaau O,Ny; yroa S,0,N,
Has3biBaeM YIJIOM BbiXofa Jyda. Clie0BaTeJbHO, 110 BBIXOJE U3 NPH3MbI
Jy4 OTKJIOHSH OT CBOEro HauaJbHOro Hampasienus SOS, wHa yroa
a=3S,DS, k ocHoBauuio mpusMbl BC, a rias, paccMaTpuBaOLIUi
TOuKy S uepe3 npusMy, BHAHT eé no Hampasjenuio S,0,S;, T. e.
H3o6parkeHue S NPUNONHSATO H3 CBOETO AEHCTBHTEJBHOTO MeCTa.

2. ¥Yroa «, OuUeHHBaIlui npesJoMJsollee JAeHCTBHE NPH3Mb
AJs Jlyya JaHHOH IBETHOCTH, 3aBHCHT OT INpEJIOMJSIOEro yria
H OT YIJIOB, NOJ KOTOPBIMH JIyY
BXOJHT M BBIXOJHT H3 MNpPH3MBI:

a = D00, + DO,0;
o=i—r+4r,—i;
a=itri—(r+i); r+i,=A4;

a=i+r,—A. (4)

TakoBa uckomasi CBsi3b, BbIpa-
JKalolias 3aKOH OTKJIOHEHHs Jiyda
MpU3MOH.

3. OnbIT NOKa3kIBaeT, YTO eCJIu
BpallaTh MpPU3MY TakK, 4YTOOBI
. YMEHDIIAJCS yroJ OTKJIOHeHHs a,
TO HacTymaeT MOMEHT, KOFJa o HMeeT HauMeHblliee 3HaUeHHe, INPH
JajibHeHlleM BpallleHHH B Ty XK€ CTOPOHY (HampHMep, NPOTHUB CTPEJIKH
4acoB, pHC. 22), yroj o« BHOBb HayMHAeT BO3PacTaTh.

OneiT' ¥ TeopHs INOKa3bIBAlOT, YTO 3TO $IBJEHHE HAMMEHBLIETO
OTKJIOHEHHsl HACTynaeT INPH CHMMETPHH XOJa Jydyedl OTHOCHTEJBHO
rpaseil MPH3MBI, T. €. IpU i=r; U r=1i,.

Puc. 22,

4. [Ipy HauMeHbleM OTKJIOHEHHH {=r; H i;=r; NO3TOMY:

a=2i—A; 2r=A;
_a+4 ____A_ .
- 2 ’ r= 2 ’
SAKOH MpeJIOMJIEHHSi NDHHHMaeT BHA:
sin a‘;A
n=_sir-l-_i_ N (4’)
2

Kak BugHo M3 3TO# ¢opmyanl, namepuB yriaol A H a, HaXOJHM MOKasaTeJlb
npesoOMJIeHHS BellecTBa NPH3Mbl 1.

5. llns wu3MepeHHMs YrJOB B ONTHKe MOCTOSHHO ynoTpeGasercss [pubop
roauoMeTp (puc. 23). OcCHOBHbIE YaCTH T'OHHOMETpA— pasfeéHHBIA Kpyr
c HoHHycamMH N, u N,, aBe Tpy6nl L, M L, u Bpawamowmuiica cToauk P (puc. 24).
I Tpy6a L; HemoABMXXHO 3aKpeljieHa, B KOHUE €€ liejb S, Nepej KOTOPOH Haxo-
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AMTCA HCTOYHHK CBeTa; LieJb NomelieHa B QoKyce JiMH3b L;, KOTOpasi HanpasJser
Jallee napajJesibHBIA NMYyYyOK Jydyell (Ha npusmy); 3Ta Tpy6a HasbiBaeTCSi KOJJIH-
marop 1.

II Tpy6a mepemeinaercst mo Kpyry; ¢ Hei cBsi3aHbl HOHMUYCH N; H Na, 0pH
MOMOILH KOTOPHIX YIJOBO€ NepemelieHHe 3TOH TPyObl L MOXKHO OTCYHTHBATh
Ha pasfiesi€éHHOM Kpyre (aumbe).

S

q‘««m L

PaspaGotaHo MHOro cnocoGoB JAJsi H3MepeHHsi NpPEeNOMJSIOUIHX YIJIOB HPH3M
HJH YIJIOB MEXAY I'DaHsiMH KPHCTa/uIoB. OJHH M3 NPOCTEHIIHX CNOCOGOB BBINOJ-
HEeTCA TaK. YCTaHOBHUM TPyGy L, Tak, 4TOGbl B HEE OTpasu/CH H MOMaJ Ha KpecT
HUTeHd OKyJsipa Jy4, NepneHAUKYJspHbIH K rpand AC npusmbl (puc. 24); 3aTeM
nepeBoiuM TPyOGy B TaKoe MOJOXKe-
HHe, uTOOH B Heé monaja Jyuy, nep-
neHAUKYJAsApHBIA K rpadu AB. [Tono-
JKHM, YTO MPH 5TOM NPHILIOCH TPY-
6y L, NMOBepHyTb Ha Yroa ¢; TOr-
Ja TpeJIOMJSIOIHHA = yros TpH3MbI
A =180°—¢. KoHneuno, BhINOJHE-
HHe 3TOro H3MepeHHs TpeGyeT npej-
BapHTeJbHOH TIATeNbHOH YCTaHOBKH
annapara (HanpuMep, HeOOGXOAHMO,
yTO6Bl IeHTp JHM6a coBnajajg c
LUEeHTPOM omucaHHoro okojo ABC
Kpyra, 4ro6el péépa TNpH3MbI OBLIH
nepneHAHKYJIAPHBI K VIOCKOCTH JIHM-
6a, 1 T. A.). .

3Hasi IpeJOMJSIOIHH yroJ faH-
HOl mpu3aMbl A, moayuyaeM B Tpy-
6e L, n3obpaxenue menan S (puc. 24)
H, Bpallasi CTOJNHK C NpH3MOi, oI-
penensieM YroJ a HanMeHbllero ortkjoHeHHs. Torza no dopmyne (4’) BHuucAsieM
3HayeHHe I10KAa3aTeJisl NpPeJOMJIeHHs BellleCTBA MPU3MBI. .

14. TomouenTpuueckHil MyYoK Jydyed MocJe MPeJOMJEHHS B NPH3ME CTaHO-
BHTCS HeromoueHTpHuYecKHM (§ 12); mosTeMy, paccMaTpHBasi 4yepe3 MPH3MY KaKOH-
n160 mpeAMeT, BUAMM €ro HCKaXEHHoe H306paxkeHHe BCJIeJCTBHE aCTHIMaTH3Ma,
TOYKH M300pa)KeHHsl pacnojaraloTcs HeOAHHaKOBO B ILIOCKOCTH cevedus ABC
H B LRJOCKOCTAX, NMapajjelbHblXx pe6py. ONBIT NOKa3blBaeT, YTO HaMMeHbliee

1 HcnopyeHHOe JIaTHHCKOE CJIOBO — KOJIIHHEATOp — NPAMO HaNpaBJIsIOUIM .
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HCKaXkeHHe BCJIEJICTBHE aCTHIMaTH3Ma H306pakKeHHs! MOJyuaeTCsl NMPH CHMMETpHY-
HOM XoJie JyueH, T. e. NDH YCTaHOBKE MPHU3Mbl HAa HaHMeHbllee OTKJIOHEHHE.

AcTHrMaTH3M CBOAHMTCS K MHHHMYMY B TOHKMX MpH3Max, NPH MajblX Yrjax
nafeHus, T. €. AJs Jyueil, HAyWHX GIH3KO K HOpPMAaJH.

EciM uMeeM TOHKYIO MPH3MY, T. €. eCiH A=r-i; Malo H €CJH yroa mage-
HHSl § TOXe MaJ, T. €. Jyd NajaeT Ha rpaHb NpPH3Mbl TOYTH TNeEPNEHAHKYISAPHO,
TO B 3aKOHE MpeJOMJeHHs:

sini _ sini
sinr ~ '

1
sinry,  n
MOXeM SaMeHHTb OTHOINICHHE CHHYCOB OTHOUIEHHEM COOTBETCTBYIONIHX IYT:
i i 1
LI H_ 1

r 1 n
i=nr; ri=ni,. (5)

’

IonycTHMOCTD 3TOR 3aMeHB! fICHA H3 CJeAyiolledl TaGJaHILBI:

IOyra ¢ sin ¢ tg e A
1° 0,0174524 0,0174551 0,0000027
2° 0,0348995 0,0349208 0,0000213
3° 0,0523359 0,0524078 0,0000719

Kaxk musBecTHO:
tge > ¢ > sine.
Orciona: .
‘ tge—o < tge—sine; ¢—sin¢ < tg ¢ —sin .

[TosTomy, ecan npu ManbiX yrjax saMeHHM sin¢ HaH tg¢ uepes ayry ¢, T
OrpellHOCTb 3, NMPH 3TOM JonycKaeMas, GyjeT MeHblle, YyeM pasHOCTb A, ompe-
IensieMast BblluenpuBeAEHHOH Tabauiedl; Tak Ais ¢=1° 3Ta NOrpelHOCTH

m-1

B=l—8——sm 1

6yner Menbwe 0,0000027.
IpeoGpasosas Ha ocHoBaHMH ¢opMya (5) Bepaxenne yriaa a (¢opmyna 4),
HaXOMHM:

a=n(r+i,)—A4; a=(n—1)A. (6)
Tak ompegensieTcsi OTKJIOHEHHE TOHKOH NpPH3MOH Jyya NaHHOf IIBETHOCTH.
B. NMPEJIOMJIEHUE HA COEPHYECKOHW MOBEPXHOCTH
1. Beepenue
15. ToMoueHTpHUecKHH MyuyoK Jyuell W3 TOUKH S majaeT Ha NO-
BepXHOCTb cdephl (puc. 25), paspgessiollylo JBe Cpejbl, HampHMep

BO3AYX H CTekJo. SlBisiroTcss Bompocel: 1) mocse npeJioMJieHHs
OCTaETCS. I NYYOK TOMOLEHTPHUYECKUM, T. €. IepeceKyTcss JH Tpe-
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JIOMJIEHHBIE JIYUH B OJHOH TOUKe; 2) ecJM Takasi TOYKa eCTb, TO TAe
oHa Haxoautcsl. OTBeTHI Ha 3TH BONpPOCHL pellAlOT OOLLYI0 3ajady
ONTOTEXHUKHU—TEODUH M TPAKTUKK TMOCTPOCHHS ONTHYECKHX
HHCTPYMEHTOB, IIpeXJe BCEr0 MUKPOCKOINOB, aCTPOHOMHUYECKHX Tpy6
1 APYTHX annapartoB, NO3BOJSIIOIIUX CTOJb TIJyOOKO HM3yyaTh MHp,
B KOTOPOM Mbl XKHBEM. )

CBs3p MexJy BeJMYHHAMH, XapaKTEPH3YIOMUMH TpeJOoMJIEHHe
Ha c(epHYeCKOH INOBEPXHOCTH, YCTAaHABJHBaeTCs AOBOJBHO NMPOCTHIMH

Puc. 25.

paccyxaenusamu. OGosnauus pajuyc cdeper CA uepes R (puc. 25)
u nojoxuB SA={f, AS,=f,, Haxomum:

m1. ASAC+nn. ACAS,=nn. ASAS;;
%fRsini+-é—flR sinr=—é-f.flsin(i_r);

1 sini +l 1 sin(i—r) .

T sinr T F T R sinr
no ¢opmyae 4 § 4:
e i . SN Aa
sini-my=sinr-ny, Go=7-
Mo3TOMY:
n ns 1 .
T‘—I——fl—:f[nzcosr—nlcosz]. 4

9TO OCHOBHOE ypaBHEHHE «ONTOTEXHUKH» — TEOPHH U KOHCTPYKUHH
ONTHYECKHX HHCTpyMeHTOB. OHO CBs3blBaeT HampaB/eHHE MNaJalolEero
Ha cepHuecKyio NMOBEPXHOCTb Jyuya SA c npeJsiomieHHbIM JayuoM AS,
U onpeJieJisieT NoJoXKeHHe TOUKH S;—H300paxKeHus CBeTsEeHCs TOUKH S.
[TpuMensis 31O ypaBHeHHe ABaXKJbl K BBINYKJOH M BOTHYTOH NOBepx-
HOCTH, TNOJIYYUM YypaBHeHHe c(epHYecKoro CTeksa — JIMH3BI, a 3aTeM
¥ CHCTeMbl MHOTHX JIHH3.

DTOT, MOBHIUMOMY, CTOJb NpPOCTOH MJaH BCTpeyaeT HEHMOBEpHbLIE
TPYAHOCTH MaTeMaTHYeCKOTO XapakTepa, 6sarojapsi CJIOXKHOCTH CTpoe:
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HUS BTOPOH 4YacTH ypaBHeHHs; BeJMYaHIlNe YCHJUS MHOTHX 3HaMme-
HHUTHIX MaTeMaTHKOB B TeUeHHe TPEX BEKOB NPHBEJH K BO3MOXHOCTH
Jullb OpUOJHXKEHHBIX peIleHHH Bolpoca, JAaloWMUX Ty HJIH APYTYio
CTeneHb TOYHOCTH.

Hcropuyecku npH 5TOM BO3pacTaHUH TOYHOCTH HCCNeJOBaHHHA MOXKHO
OTMETHUTb TPH 3Tala Pa3BUTHS ONTOTEXHUKHU:

1. IlepBoe, BecbMa BaxKHOe W MJIOAOTBOPHOE NPHUOJIMKEHHE COCTOUT
B TOM, YTO 1) JIMH3BI CYUMTAIOT HACTOJILKO TOHKHMH, YTO MOXHO NpeHe6-
peub HUX TOJIUMHOH NpH pacuére XojJa Jyduell; 2) yribl i W r CYHTAIOT
TaKMMH MaJbIMH, YTO BMECTO HX TPUTOHOMETPHYECKHX (DYHKIHH MOXKHO
B3ATb COOTBETCTBYIOILME JIYIH; CJEIOBAaTeJbHO, JYYH HAYT GJIH3KO
K ONTHYECKOH oOcH JIHH3bl, oOpa3ys napakcuanbHeli nyuok (I a-
aunei, Kennep, 1611).

2. ToacTble JHH3BI, HO Jy4d NapakcHa/bHble; TaK OOGCTOHT AEJO
B aCTPOHOMHYeCKHX H 3eMHBIX Tpy6ax (I'a y c c, 1840).

3. lupokue NMyuKkH Jyueil, TOJNCTbE JHH3bI; MHKpocKon (D fime p,
1769, AG6Ge, 1873, Pene i1, 1896).

2. Tonkue cepuyeckue JHH3BI

16. OmnbIT MOKAa3bIBaeT, YTO NPH NPEJOMJIEHHH Jydyell B chepHIeCKUuX
JIHH3aX PacXoAAWHUiics NyYoK Jiyyel, BhILICAIIHX U3 CBETAIIEHC TOUKH,
npoias yepe3 JHH3Y, obpallaercs B cxoadauuiics (puc. 26) HiH cTaHo-

,67 L 0, ¢ 5

Puc. 26. Puc. 27.

6

N
~
~N
<

BuTcst emé Gosiee pacxonsimuMmcsi. [TosToMy JIHH3BI pasfeNsilOTCs Ha
coGuparomue (1, 2, 3) u paccenBarouue (4, 5, 6); y nepBbIX ToJe cepe-
IMHa, y BTOpbIX—Kpas (puc. 27).

BBeéM OCHOBHbIE OMNpelesieHHsl U YCJOBHS.

1. TlpsiMasi, mpoxojsumasi yepe3 LEHTPbl CPepHYECKHX MOBEPXHO-
creit O, u O, (puc. 28), Ha3biBaeTCs I'1aBHOH ONTHYECKOH OCHIO JIHH3LI.

2. Jlyd, upymuii mo ryiaBHOH ONTHYECKOH OCH cTeksa, HIET Ges
npeJIOMJIEHHsI — OH HAET 110 HOPMAJH K NIOBEPXHOCTH CTeKJa (yroJ mafe-
nus 0°).

OmnbIT NOKasbiBaeT, YTo BO BCAKOH JIMH3e eCThb Ha IJIaBHOH oNTHYe-
CKO{1 OCH TOUKa, 4epe3 KOTOPYIO JIyd JIIOG0TO HampaBjeHHs HAET, TIOYTH
He mpesioMysisick. Ity Touky O (puc. 28), yepes KOTOpYIO Jy4yH HAYT,
MOYTH He MpPEJOMJIASCh, Ha3biBaeM ONTHYECKHM IIEHTPOM JIMH3BI; NpsIMble
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A\B,C\D,, A,B,C,D, u T. 1., IpoXoZsimue yepe3 ONTHYECKHH LeHTp,
HaKJIOHHO K TJIABHOH OCH, HOCSIT Ha3BaHHMe MOGOUHEIX OCeil.

3. Onbit nokasbiBaet, uto ayun A,B;, A,B,, A;B,..., napanienbuse
J1aBHOM ONTHYECKOH OCH, NOCJe MpeJOMJIEHHS! B CTeKJ/e MepeceKaloTcs
B oJiHOH Touke F (puc. 29), Jexaimeil Ha rJ1aBHOM ONTHYECKOH OCH. DTa
Touka F, B KoTopoil mepece-
KaloTCsl TOCJIe TpesIOMJIeHHUST
JAy4yd, mapajjiejibHble TIJiaB-
HOHU OCH, Ha3biBaeTcsl I'J aB-
HbIM GOKYCOM JIHH3H, a
paccTosiHue eé 0 ONTHYECKO-
ro LEHTpa JIMH3bl Ha3biBaeT-
Csl TJIaBHBIM (POKYCHBIM pac-
crosineM F. Kaxnpasi nuH3a
vMeeT [iBa IyaBHBIX (okyca,
CHMMETPHYHO  PacmoJIOXKeH-
HBIX 110 06€ CTOPOHBI JIHH3bIL,

4. IlpoBena  moGouHYyIO
ocb OA (puc. 30), Haiigém,
4TO BCe JIY4YH, MapasjiesibHble 3TOH NOGOYHOH oCH, mocie NMpesoMJIeHHS
B CTEKJIe MepeceKyTcsi MOYTH B ONHOH Touke F,, jexamel Ha N0GOYHOR
ocH; 310 GoKyc Ha moGoyHOH OCH. ,

5. Mbl paccmaTpuBasi ABOSIKOBBINYKJYIO JIHH3Y; Te XKe ornpejeJe-
HHUSl HMEIOT 3HaueHHe AJs1 BCSAKOH WHOH JIMH3BI, HanpuMep AJs1 ABOSIKO-

BorHytofl. Tak, Nno OTHOIUEHHIO K ABOSIKOBOIHYTOH JIHH3€ MOXKHO yCTa-
HOBHTb: 1) Bo BCSiKO# IBOSIKOBOTHYTOE JinH3e ecThb Touka O (puc. 31),
depe3 KOTOPYIO JIyUH HAYT, IOYTH He IpPeJOMJASACh—3ITO ONTHYeCKHH
LeHTp JIMH3BI; 2) napaJjulesibHbIH NMy4YoK Jydell, WAYWHHA NapaJjesbHo
ONTHYECKOH OCH, MocJe NMpeJoMJeHHUsl B JIHH3e, CTAHOBHUTCS pacxojs-
mumcst (puc. 32); ecsin cMOTpeTb uepe3 JIMH3Y (HaBCTpeuy pacxojsiie-
Mycsl myuyKy Jydeil), To Jyuu, napaJjJesbHble TJIABHOH ONTHYECKOMH OCH,

! Eeau nokasartenu npeJIOMJIEeHHs cpelhbl € ofenx CTOPOH JIHH3bl OAHHAKOBHI.
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NpeACTaBJsIIOTCST HaM BBIXOASIIIUMH M3 OIHOH TOYKH F, KOTOopasi Ha3hbl-
BAaeTCsd MHHUMBIM IJIaBHbIM Q)OKyCOM.

6. Jlna npuGIHXKEHHOU TeOPHH JIMH3, KaK yXKe GbLIO CKa3aHO, HMeeM
ABAa OCHOBHHIX Y C J1 0 B ¥ 1. Mbl GyJleM npejnosararh, 4to: 1) JIHH3bI,
N .

Puc. 30. Puc. 31.

C KOTOPBIMH Mbl HMeeM JIeJio, 0 Y € H b T 0 H K U (TosuuHa 5—10 mm),
2) MX MOBEPXHOCTH TpPEeACTABJSIOT OYeHb MaJble YacTH TeX CHEepHYECKHX
NOBepXHOCTel, M3 KOTOpPbIX OHH Bbipe3dansl (puc. 33), yrae AO,B
u AO,B ouenb MaJibl, Toraa Jyud, Najaiolye Ha JHH3Y, GIH3KH K ONTH-
4eCKOH OCH M 00pasyloT MapaKCHaJbHBIA MyYOK.

- Ecsu 3TH ycJIOBHS BBINOJIHEHBI, TO MOXHO OTOPOCHTD CJIOBO «IOYTH?,
KOTOpOe BXOAMT B HAIUM ONpejeJieHHsl, U CUHUTaThb, YTO JIYYH AeHCTBHU-
TEJIbHO TlepeceKaloTcsl B OMHOH TOuKe. !

Ho nyun, ynanéunsie ot ocu OA, cHibHee MpesOMISIIOTCS W BCTpe-
4aloT ocb OKXKe K cTeKay (puc. 34), ueM Jsiyud, 6auskue K ocH OA. D1o
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YKJIOHEHHEe OT TFOMOIEHTPHYHOCTH MpeJOMJIEHHBIX JyyeHl Ha3blBaercs
chbepuueckoil abeppamnueil ecid B Touke A nocraButh
3KpaH, TO Ha HEM MOXKHO 3aMeTUTb GoJiblilee HJIH MeHblliee NMATHO CBeTa,
a He TouKy. Ecun ke Mbl GepéM TOHKHe
JIMH3Bl ¥ Jy4H, OJM3KHe. K ONTHYeCKOH
OCH, TO MOXeM NpeHeOpeub cepuyecko
abeppauueil; nosiaraeM, 4To TO4Ka nocje
npeJIOMJIEHHS] TIyykKa Jyyeddl B JIHH3e
u3o6pasutcs Toukod. lasi Takux onru-
YeCKHX CHCTeM TeOopHsl BecbMa YIpO-
ulaeTcs; 3TOT NepBbIi ITan NPUOIHIKEH-
Ho#l Teopuu (cTp. 28) yxe umeer GoJib-
moe 3HauyeHHe NpPH KOHCTPYHPOBaHHH
ONTHYECKUX HHCTPYMEHTOB.

17. U3 Touku S Ha onTHYecKO#l OCH TOHKOH JIBOSIKOBLITYKJIOH JIHH3bI
najiaeT Ha e€ NOBEPXHOCTb PACXOJALIHHCS NapaKCHalbHbIf MYYOK Jyyelt
(puc. 35); ocHO BHOH BOTMpPOC TeO P HH: NOCJe NPeJOMIEHHUS CO-

Puc. 33.

K g DW

Puc. 34. Puc. 35.

Gepé€Tcst JIH 3TOT NMYYOK B HEKOTOPOH Touke S;, T. €. U306pa3uTCs Ju
tToyka S Toukoi? Byger s nyuok mnpesoMJEHHBIX Jyyeidl roMo-
HeHTPUYECKUM?

—
5 o6 0 8 G 5
Puc. 36.

~ Bo3sbmém npousBosbHbIN ayuy SC M3 myuyka, BHIXOAAIIErO0 H3 S
(puc. 36), W mocTpouM ero XoA BHYTPH JuH3b. OroBopka — JIHH3a
H300paxkeHa ToJICTasl, 4TOOb BHIETb XOJ Jyya, Ha CaMOM jJeJe
e€ TOJMHA HHYTOXHA 1O CPaBHEHHIO C APYrWMH AjuHamu: SO =d,
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0S8;=Ff, 0,B=R,, 0,C=R. Buaum, uto XoA Jyuel B JHH3e NO700eH
xony Jsiyueit B npuaMe (puc. 22). Ha pucynke 37 cxemaTHuecKu
umeeM Jun3y LL,, O,C n O,C—HopMasu K nepefHeil u 3aHell noBepx-
HOCTH, d — pacCTOsiHHe TOYKH S JO JIMH3BI, [ — paccTosiHHE O JHH3bI
TOuKH S,, rje npenomaénnelii ayu CS, Bctperua ayu SOS,, uaymui
no HopMaJu. IlepecekyTcs Jiu B 3TOH TOuKe S, BCe JyuH MapakcHalb-
HOTO MyYKa, BBIEJUIero U3 TOYKH S?

INpyHuMasi BO BHHMaHHe YCJIOBHSI NMpPUOJIHKEHHOH TEOPHM TOHKHX
JHH3 M MapakCHaJbHBIX JyueH, mnoJoxXuMm B ofbmell dopmyse (I)
cosi=cosr=1 u BMecTO { U f, BBeIéM pacCTOSIHUS JO JHH3H OT S
u S;, 0603HauuB HX uepe3 d W f; 3aT M 3Ty YNPOIEHHYIO (GopMyJy

Puc. 37.

NpUMEHHUM J[Ba pa3d K NepefHell u 3ajaHell cpepHyeCKOH NOBEPXHOCTH
JIUH3bl; TOrAa NOJYyYdM (GOpPMYJNYy JABOSKOBBINYKJBX TOH-
KHX JUH3 NPH NapakCHaJbHbIX Jyuyax:

Ttr=—1)[g+5]- @

Koneuno, 3Ty xe ¢opMyJy MOMXKHO NMOJYYHUTH NPH NMOMOLIH OObIY-
HOr'O 3JIEMEHTApHOro BbIBOJA .

IlpaBasi u cTb 3TOr0 YypaBHeHHsi — IOCTOSIHHAS BeJMYHHA JJIs1
JaHHOrO BeIlleCTBa JIMH3bL (172) U AJs JAaHHOH eé€ QopMmbl (R, U R,);
(u3uuecKoe 3HAueHHe STOH BeJHYHHBI BbISICHSEM, NOJOXHUB d—> co,
T. €. NMpeANOJIOXKHB NapaJjlesu3M Najalolux Jydeil; torpa: f=F,
rJIaBHOMY (POKYCHOMY DACCTOSIHHIO JIMH3bI:

F=m-)|g+g]: F= — 0

[ ST

u (bopMyJly JIMH3 3aNHCHIBaeM KPAaTKO:
1 1 1
Z"I"/__T‘ 4)

Cawmpiit Buj 5Tol (OpMyJibl RaéT OTBeT HA NOCTABJICHHBbIH Bbllle
BOMpPOC: MOJIOXKEHHe TOYKH S; mpH NocTosiHHOM F, onpejensemoe

1 CM. yueGHHKH CpeJHell LIKOJH.
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paccTosiuieM f, 3aBHCHT TOJIBKO OT IIOJIOXEHHsI TOUKH S, OIpefesie-
MOTO pacCTOsHHeM d; 3TO 3HAYUT — FOMOLEHTPHUYECKHH Ny4yoK Jyuel
u3 S mocsie 1npesyoMJeHHS OCTaéTcsl TOMOUEHTPHYECKHM, TO4Ka S
n300pa3uTcs TOYKOH S;, MOJIOXKeHHe KOTOpOH H3BeCTHO:
__dfF __F
f=a—F= _F-
d

UeM MeHblle (POKYCHOE pacCTOSIHHE, TeM «CHJIbHee» JIHH3a, TeM
OJMKe K JIHH3e TepeceKaloTcst mpejioMJéHHble B Hell yyud. Ilostomy
BBOJSIT BeJIHYHMHY:

1
D=-f,

obGpatnyio F, W NpHHHUMAIOT €€ KaK XapaKTepHUCTHKY ONTHUYeCKOH
cuabl gun3bl. Ecin F BbpaxkeHO B MeTpax, TO ONTHYecKas CHJA
JauH3bl D BbIpaxkaercsi B JHONTPHAX; Tak, ecan F =25 cm, 10
D=4 puonrpun.

Ecau Touka moclie IIpesioMJIeHHS MyYyKa NPH YKa3aHHBIX YCJOBHSAX
n3o0paxaercsi TOYKOH, TO oOOecreueHo TOJyueHHe UYETKOrO H30-
OpaxkeHHsi NpejMeTa, KOTOPOe MOKeT ObITh INOJIyUYeHO MJisi DPasHbIX
€ro TMOJIOXKeHUil mnepej JIMH30H, TIPHUEM BO3HHKAIOT YyBEJHUYEHHbIE
H yMeHblUeHHble H300paxenus!.

Bcé 310 mccrepoBaHHe MMeeT 3HaueHHe M JUISI HMHBIX THIIOB TOH-
KHMX JIMH3, NpUYéM HaAJO NPHHMMAaTb BO BHHMaHHe BeJMYHHBl U 3HAKH
R, u R,. Tak, nnd mjocKOBHINMYKJOH JuH3Bl (puc. 27, 2) mojiaraem
Tl=0 u ¢opmyna (3) mpUHUMAaeT BHA:

1

F,= F,>F, uo D, <D.

T
(n—1) N
Jnsi [BOSIKOBOTHYTOH JIMH3BI MMEEM:
1,1 1 1 7.
ati= -0 [g+g ]
1 1 1 i
vl +7= -5 49

V1. OGOBIEHUE TEOPHM JIMH3
A. HEJOCTATKH U30BPA)XEHHUNA

18. ITpuOAMKEHHOCTb H3JIOKEHHOH TEODHH HauMHaeT CKa3biBaTbCs, €CIH eé
NPUXOXHUTCS NMPHMEHATh B ONTOTEXHHKe—IIPH NOCTPOEHHH ONTHYECKUX HHCTPY-
MEHTOB H NpH paboTe ¢ HUMH. B acTpoHOMHYECKHX M 3eMHHIX TPy6ax, B MHUKpO-

1 CM. yueGHHKH CpPejHEel WKOJH.
3 Kypc ¢pusnkn, T. 11
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CKONax HMeeM JeJI0 C JIMH3aMH 3HaYUTeJIbHOM TOJNIHHB H C LIHPOKHMH, Aané-
KHMH OT OCH NMyYKaMH JyueH, pasHoo6pa3HO K Hell HaKJOHEHHbIMH. Ilpu 3TOM
OOHapyXHBAlOTCI HCKaXeHHsA H306paxeHHud# obuwas NpHIHHA
KOTOPbIX 3aKJIOYaeTcss B TOM, YTO FOMOUEHTPHYECKHH MYy4oK Jyueil mocie mpe-
JIOMJIEHHS] CTAHOBHUTCS HErOMOLEHTPHYECKHM; 3TO sSIBIE€HHE OGYCJOBJEHO CleAyIo-
IHMH OOGCTOSITENbCTBAMHU:

l.Chepunueckass abeppanHsa—InepeceueHHe OCH B PasHLIX TOU-
Kax NpeJOMJEHHBIMH JyuaMH, BbllUeAUIMMH H3 OLHOH TOYKH Ha ocH (puc. 34).
INonyuaioTcs pa3MbiThie H300paXKeHHS.

2. K om al—abeppauus myuka, HMeIOUero HeHTp He Ha OCH; TOYKa H306pa-
XKaeTcsl B BHJe CBETJIOTO MATHA, HECHMMETPHYHO OCBEILEHHOTO.

3. Acturmartu3m (ctp. 32) KOCBIX NYYKOB, HaNpaBJeHHHX NoJ 60Jb-
WHMH yraaMi K ocH. Teopusi nokaseiBaer, 4TO H300pakeHHsi TOYEK, PacnoJo-
XEHHBIX Ha nNpsaMoi AB B oAHON MJIOCKOCTH, OT KOTOPLIX Ha ONTHYECKYIO CHCTEMY

, B AL g g4 ¢ 8AL
a g c
Puc. 38.

flaflaloT CHJIBbHO HAKJIOHEHHBIE K OCH JYYH, PacrojaraiTcs He B OAHOM IJOCKO-
CTH; BO3HHMKAIOT ABa HECOBNAJalOiUX, HCKPHBJIEHHBIX H300paxeHUs MNpsSMOH.

4. O uctopcusa?—u3obpaxesne mnpeamera (puc. 38) He sBasgeTcs no-
JOOHBIM OGBEKTY; NPOMCXOAHT MCKpHBJIeHHe npsimbix (B u C) BcaeicTBHe TOroO,
4TO JIHHelHOe yBeJHYeHHe HEOXHHAKOBO B Da3HbIX PacCTOSHMSX OT LEHTpa ol-
THYECKOH CHCTEMBI.

K atuM HepocTaTKaM H300pakeHHH, KOTOpble HMelOT oOLlYyi0 NMPHUHHY, HaXo
emé npubaBUTh X poMaTHuUecKY abeppal HIo— COeKTPalbHYIO
OKpacKy H300paxkeHHsl KaK CJeACTBHe AMCNepCHH B JHH3e.

MoxHO cKa3aTb, 4YTO COBpPEMEHHOE HCKYCCTBO OINTOTEXHHKH INPaKTHUECKH
NpeojloNieJI0 Bce YKa3aHHble TPYRHOCTH, M B HacToslllee BpeMs NMPH NOMOILH OCO-
6b1x npHéMOB IIH(OBKH M NoAaGopa CTEKOJ HMeeM ONTHYeCKHe CHCTeMbl, CBO-
GoaHble OT NMepeuHCJaeHHbIX HeRocTaTKoB. Ho Iis BO3MOKHOCTH 3TOH NMpPaKTHKH
H Ans eé o60CHOBaHHS NOTPeGOBaNHCh T'PaHLHO3HbIE TeOpeTHUeCKHE H3bICKaHHA
MHOTHX YUY€HBIX, CPeIH KOTOPBIX OCOOEHHO Haj0 OTMETHTb TaKHX BEJHKHX HC-
caenoBatenefi, kak Jitnep, Ianambep, I'aycc, AGGe m Peueii, koTtoprie nann
COBEpUIEHHYIO TEOPHIO ONTHYECKHX HHCTPYMEHTOB.

B Haue BpeMsi 3Ty TeopHio mo HoBomy nyTH npozeHuysa J. J. MakcyTos.

19. BocnpounsBeneHHe HeMCKaXEHHBIX, OTYETIHBBIX H300pa<eHHH CBOAHMTCH
K BO3MOXHOMY YCTPaHEHHIO NepevyHCJeHHbIX BbllIe HEeJOCTaTKOB, a 3TO NPHBO-
RHUT K HeoGXOAMMOCTH noiaGopa H COYETaHHs PasHLIX COPTOB H THIIOB CTEKOJ,
4YTO JOBEAEHO COBPEMEHHbIMH ONTHKaMH JO BBICOKOH CTeNeHH COBepLIeHCTBA.

B Hacrosimee BpeMsi MHOTHe yupexleHHs! BbIpaGoTali H OCBOMJH NpPHEMH
BapKH BLICOKHX COPTOB ONTHYECKOro CTeKJa; y Hac BO IJiaBe 3TOH BaxkHOH Ans
BOEHHBIX H MHPHLIX UeJed NPOMBILULUIEHHOCTH CTOHT I'ocysapcTBeHHBIH onTHue-

1 I'peu. Képa —npsgs Boaoc.
® Jlar. Distortio—HnckpuBaenne.
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cKuil HHCTHTYT (JIeHHHTpaZR), co3jaHHBI ycuansaMu akagemMuka . €. P o x-
AecTBeHCKOTroOL, :

OnTuHueckoe CTeKNO HMeeT OueHb CJOMHBI COCTaB, KOTOPHIi MNOCTENeHHO
ompejieificsi coo6pasHo TpeGOBaHMAM NPHGOPOCTPOeHHs. B Buje npuMepa npu-
BEJIEM COCTaB HEKOTOPLIX COPTOB CTeKJa: co

1) Jlerkuit dauar  (rn=1,5480); SiO;—61%" N7:
Na,0—4,5; K,0— 8; PbO—26,3; As,03—0,2. NA
2) Tawénetht annt (n=1,7550); Si0,—31,6%; NN
K;0—2,8; PbO—65,3; As;03—0,2. NA
3) BaputoBnifi kpoH (n=1,5302); SiO,=63,1%; §‘-§
B;0;—3,2; Na0—3,1; K,0—10,4; BaO—14,7; ¥

Zn0—5,2; Asy,0,—0,2.

4) Taxénnii xkpou (n=1,5726); SiO;—50,2%;
B,0;—3,3; K,0—6,1; BaO0O—30,2; ZnO—9,5;
Sb203—0,5; A5203=0,1.

O6beKkTHB acTpoHOMHUecKO# TPYGHI (puc. 39), potoannaparta (puc. 39a) nau MuK-
pockona (puc. 39 6) Bcerja mpeAcTaBasieT CoGOi CJIOXKHOE COYeTaHHe JIHH3, Ha3bl-
BaeMoe UEHTPHPOBAHHOM CUCTEMOH, TaK KakK LEHTPbl 3THX JIHH3 JieXKaT Ha OAHOH mps-
moit. ' a y ¢ ¢ nan Teopuio (1838) UeHTPHPOBAHHOMN CHCTeMEI AJ1sl NaPAKCHAJIBHBIX Jyyeii.
MoXHO cKasaTh, YTO 3TO TEOpHsSI aCTPOHOMHUYECKOH M 3eMHOM TPyObl, B KOTOPHIX

RNE

20

LLLMMMIMIMMIIN
Puc. 39a. Puc. 396.

noJie 3peHHsl BecbMa CYXXEHO, H TO03TOMY JYYH HIYT OueHb GJIH3KO K OCH CHCTEMbI,
napakcumanbHO. B MHKpockone u ¢oToannapaTe HIYT IIHPOKHE, BHEOCEBHIE NYUKH
Nyueii; MOJHYK TEOPHIO LEHTPHPOBAHHON CHCTeMbl AJIS MHKpOcKona jan A 66e.

B. TOJICTBIE JIMH3bl

20, PaccMOTpHM OCHOBHBIE TIOJNOXKEHHs TeopuH laycca.
OnuIT yCTaHABJIHBAET, YTO NapajJielibHblil MYy4YOK NapakCHAaJBbHBIX Jydell, HAY-
mux cjesa HampaBo (puc. 40), mocie mnpenoMJieHHS B LEHTPHPOBaHHOH CHCTeMe

lPoxnecrBenckufi Juutpnit Cepreesnu (1876—1940), npcdec-
cop JIeHHHTPaACKOro YHUBEPCHTETA; eMy NPHHAANEXHT PAJ BHIAAIOIHXCS dKCIe-
puMeHTanbHBHIX paGoT NO ONTHKe H No cTpoeHHio artoMoB. OcHosana. Tocynap-
CTBeHHbIH onTuHueckHil HHCTUTYT (1918) M. Obini nepBeiM ero aupektopoM. Man
HOBYI0O TEOPHIO MHKpOCKONa. o

3.‘
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ToscTol. iuH3bl 0200, nepecekaeTcst B OJHOH TOuKe, B IJIaBHOM (POKyce CHCTeMH
Fy; Takxe aJa mapajiiebHOTO Mydka crnpaBa HMeeM (QOKyc Fa. )

Ipoxonxkus ayu NyFy, BolllefIIH# U3 CHCTeMbl, Ha3ajl 1O INEPECEUYEHHs] ero
¢ HampasieHneM S;A; (puc. 41) g0 BXOJa B JHH3Y, ONpPEAENHM TOUYKY L,; mpoBexns
yepe3 L; MIOCKOCTb, MEPrNeHAHKYJSPHYI0 K 0CH 0200, NOCTPOHM TaK Ha3blBaEMYIO
mepBylo TJIaBHY!0 MAOCKOCTH L./, Hawel cucrembl; Touka H, mepeceue-
HHS 3TOH IJIOCKOGTH C OCbI0 Ha3blBaeTCs NepBOH FIaBHOH TOYKOH CHCTEMHI.
Takoe e mocTpoenye JJisi MapasjefbHBIX Jydeil, HAYIIHX CIIpaBa HaJeBO, HAMpH-
Mmep mna ayua SpA,, HampaBJleHHOTO TOCJe INpenoMileHHs MO NyF,, onpepensier
BTOpO# raiaBHBEIA (oKyc cuCTeMbl Fp, BTOPYIO TJaBHYIO MIOCKOCTb LoHgy M BTOpYIO
raaBHyio TOuky H, paccmarpuBaeMoii cHcTeMbl 0p0;. OGpartHO, ecau Jyd FoNga
NajaeT Ha CHCTeMY CJieBa HanpaBo IO HampaBJeHHI0 Fas, TO 1O CBOHCTBY B3aHM-

L
->_/
; -
)
p
Nz N
% 3 73 VX U
7%
A,
P 5
Puc. 40. Puc. 41.

HOCTH Jayuedi, majaomux H npenomiénssix (§ 3, IV), nocje npenomienus Ha mio-
CKOCTH L, OH BHIXOJHT M3 CHCTeMbl MO HampasieHHi0 A,S,. OBosnauum paccrosi-
aus FiH; u FoH, GOKycoB 10 rJaBHbIX miIockocTedl uepes S; H Sa.

21, Ilpenver AB HaxoxuTCs Ha paccTOSHHHM d =S, + X (PHC. 42) OT ryaBHOH
NJIOCKOCTH CHCTeMBl L,; BhiGepeM H3 Nyuka Jiyyeil, HAYIMHX OT A, Jiyd AN,

B L, ¢
A - Nl
(3 5 ) ot A
Hl 0 A, B,
2 7 ‘7 7
& .,
- 4
7
Puc. 42.

napannenvHeifi ocu, u AN, MAymuill yepes riasHbiit GoKyc Fp. Beimosnus oTHO-
CHTEJIbHO 3THX Jyuell mpejbifyllee IMOCTPOeHHE (TpeloMJeHHE Ha TMJIOCKOCTAX L,
u L,), HaxoguMm TOuKy HX mepeceuenuss A, — usobpaxenue TOYKH A; B Touke A,
nepeceKyTcst Mocje MpeloMIeHHsl BCe NMapakCHaIbHbIE JydH, BblIIEJIHE H3 TOUYKH
A. TlpuMen#B 3TO NMOCTPOEHHe KO BCAKOH Touke npeamera AB, HaXOJHM ero. u3o-
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6paxenne A;B;. OGosnauup JuHeHAHBle DasMephl npeaMera AB uepes [=AB
A H3o6paxkenus uepes [, = A;B;, HaXOZUM JuHeHHOe yBeauyeHue N:

L
N=+. (1)

W3 nopoGHbIX TPeyrosbHUKOB HMeeM:

Sg L., x_IhL,

2o Aoy @

X3 l Sy !

Sg *1

—— == X;X5=8;S5.

X2 51 ’ 142 1°2

Ecau cpena, mo KoTopoii pacnpoCTpaHSIOTCS JyYH JO NpEJOMJIEHHsT M Mocje
npeJoOMJIeHHS OJIHA M Ta Xe, HanpUMep BO3AyX, TO S, =Sy =F, rge F—raapHoe ¢o-
KyCHO€ pacCTOsIHHe TOJICTOH JIMH3BI; MpeAbiAymas (GopMysa I0JyyaeT BHA:

Xy%; =F% (3)

5T0 ypaBHeHHe Hblo TOHaA A9 napakCHaabHBEIX Jydyed B KakoH YrogHo
ONTHYECKOH CHCTeMe. ’

Beeast paccrosiune d= BH, or npeamera AB 1o neBOA TJaBHOA TJOCKOCTH
Ls n pacctosne f=H;B; OT mpaBoii I'/1aBHOH MJIOCKOCTH O H306paxeHus A,B,
HMeeM:

Xg=d—83; xX1=f—5y;
(d—82) (f—81)=F;

nocjie oGbIyHBIX Npeo6pa3oBaHHil HaxOAHUM yparHeHHe ['aycca:

1 1 1

4 + TTF (4)
BIIOJIHE aHAJIOTHYHOE ypaBHeHHIO (4) nisi Tomkux JauH3 (§ 17), HO paccrosuus d,
f, F cuntaeM He OT onTHYeckoro uenTpa O JIHH3H, a OT I'JIaBHBIX Touek H, u H,.
§lcHO, YTO B cjlyyae TOHKHX JIHH3 TJaBHble IUIOCKOCTH L; M Ly COBMeWAlTCSH
B OJHY IJIOCKOCTb H TOYKH H, W Hy B ogHy Touky O.

INonoxxenne raaBHbix Touek H,; W H, W riaBHBIX miockoctelf L, u Ly, B onTH-
YeCKOH CHCTeMe, HampuMep B TOJCTOH JIHH3e, MOXeT OBITh ONpejeNieHO, eCJH
M3 ONBITAa H3BECTHBl (POKYCHOE paccTOsHMe F M yBenuueHHe N AJisi JaHHOTO MOJIO-
XeHHs mpeamera (puc. 42); Torja, sHas PacCTOSIHHS X; M X, NpeAMera M H300pa-
XKeHHsl 10 ¢oKyca, H3 COOTHOIIEHHS (2) HaXOJHMM PAacCCTOSIHHS S; H Sy, ONpPEJesio-
ImHue TOJOXKeHus: Touek H, U Hy u nnockocreit L, u L,.

HccnenoBanne dopmynel (4) M mocTpoeHne H306paXkeHHA AN pasHBIX MOJIO-
KEHHHl TpejMeTa TNPOBOAMTCH TaK 2Ke, KaK H B cJyyae TOHKHX JuH3 (§ 23).

YTOO6b! NPHOGAH3HTD ONTHYECKYIO CHCTEMY K YCJOBHIO NApaKCHaJbHOCTH Jiyueil,
CYXAalOT NYYOK JyueH InpH noMomH AvadparMbl, CTaBsg Ha NYTH Jyuell Hempo-
3pauHble 3KpaHbl C Gojlee MJHM MeHee Y3KHMH OTBEPCTHSIMH, OrpPaHHYHBAIOLIMMH
WHPHHY CBETOBBIX INYYKOB, NajaloliuX Ha Jun3y. ONHAKO 3THM He HCUEpPMLIBaeTCs
poab auadparm, uro 6yzer BhisicHeHo jaabuie (§ 36).

H1ak, teopus I'aycca, ocHOBBH KOTOPOH H3J0XKEeHbl BHIE, H38T BO3MOMKHOCTH
NPHMEHHTb MeTOJ HCCJeJOBaHHs TOHKHX JIHH3 K JHH3aM JI0GOH TOJIIHMHBI; A5
STOro NPHILJIOCH BBECTH OTCYET (OKYCHBIX pacCTOSIHHH OT JBYX CONpPAXKEHHBIX
naockocTeit Ly u Ly, MOJNOXKEHHE KOTOPBIX ONpejiesieHO JJIs1 BCSKON TOJCTOM JIMH3B

B. CJIO)KHBIE JIMH3bI

22. Kak GBLIO yXe OTMeueHQ, HCNpaBIeHHE HEJOCTaTKOB H306paXKeHHs Tpe-
6yeT COueTaHHs HECKOJNbKHX, MHOrJa MHOTHX JIHH3, COCTaBJSIOIKX LEHTPUPOBAH-
Hylo cuctemy. Paccmorpum e auHsm O u O; (puc. 43), Haxopsumuecs Ha pac-
CTOSIHMHM | Jpyr OoT Apyra. . .
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TepBast nunsa faér usobpaxeHnue TOukH S B S;;

1 1 1
=5 @

di " h F
Jlyun u3 TOUKH S; MAYT PaCXOASAULHMCSH MYYKOM, KaK M3 BGAKOA AeACTBHTEINb-
Hoft cBersmedica Touku. IlosTomMy Touka S; MO OTHOWEHHIO KO BTOPOH JIMH3E
MIpPaeT Takyio ke poJib, KaK TOUKa S MO OTHOIIEHWIO K MepBofl JiMH3e. DTO 3Ha-

4uT, YTO H306paxkeHHe S, ABIAETCS NpeAMeTOM AJsl BTOPOM JIHH3EI, KOTOpas NaéT
ero uso6paxeHue B Ss:

1 1 1
T R
WJIH: )
IS
I—F " F Fy°
Onpenenus u3.(a) paccrosmne fy:

Puc. 43.

NOJCTAaBHM 3TO BblpaxkeHHe B (6); HalIéM ypaBHeHHe:

1 1 1
R RTR’

yCTaHaB/JHBalOLlee CBSI3b MexXAy dy M fy, ONpefeNsOIMMH MOJOXKEHHS IpeaMeTa
# H300pa’KeHUsl OTHOCHTENbHO CJOXHOH JIMH3bl, M BeJHYHHaMH F; U Fy H [,
XapaKTepH3YIOUWHMH CaMO& CHCTeMy.

IosoxuB B 5TOM ypaBHeHHH d —> OO, HaXOJHM, YTO IO BBLIXOJE H3 BTOpPOH
JIMH3Bl JIYyYH coGepyTcsi He B TOUKe S, Ha DAacCTOSHHH fa, @ B (DOKyce CJOXKHOR
JIUH3Bl HA PacCTOSHHH F OT BTOPOH JIMH3bl, TaK 4TO B NPEAbIAYILEM YpaBHEHHH
HaZo NOJNOXHTb fp=F; nosToMy HMeeM:

1 + 11
I—F,  F  Fy'
HJIH:
‘ 1 11
— = 5
FotRTF ®
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TakoBa ¢opmyJsia CHCTEMBl JIMH3, COCTOsflledl M3 XBYX JIMH3, HaXOAMLIMXCS
Ha pacCTOSIHMM [ JpYr OT JApyra; OHa TOAMTCA ANfl BCeX THMOB CJIOXHBIX JIHH3
H BCSIKHX H300paKeHHl; KOHEYHO, B PasHbIX YaCTHBIX CJayuasix Heo6XOJAMMO IpH-
HAMaTh BO BHHMaHHe 3HAKH BEJMUYHH BXOLAWHKX B dopmyny (5).

Ecju JHH3bl CABHHYTH BIJIOTHYIO, TO [=0 K ypaBHeHue (5) mpHHHMaeT BHJ:

11,1 ,
F=F D=D, +D,. (5"

Sro 3HaYUT, 4YTO B 3TOM CJiyyae OnNTHYeCcKass CHJAa CHCTEeMH
JIHH3 paBHa CYyMMe ONTHYECKHUX CHJ COCTABJAKUIUX JHH3

D=D,+D,. (6)

3nece D; u Dy—vuncaa.puonTpuii neppoi U BTOpolt JHH3, D —uHCcaO0 AHOMN-
TPUH CJIOXKHOH JIHH3LI.

H3 sroit popmysbl BHAHO, YTO AJISI YBEJHUEHHS ONTHYECKOH CHJIBI .BLIMYKJIOHR
JIHH3bl K Hefl HaJ0 MPHCOEAHHHTb APYTYIO BBHIMYKJYIO JHH3Y; (POKYCHOE paccTosiHHe
CJIOXKHOH JIHH3bl GyJleT MeHblle, YeM Yy KaXAOH W3 B3ATHIX JIHH3, a OMNTHUYeCKas
cuja 6oapwe. Hao6opoT, eciu XOTAT YMEHbWHTb CHJY INepBOH JHH3B, K Hel
HaJo MPHUCOEJHHHTb BOTHYTYIO PaCCEHBAIOULYIO JIHH3Y, GOKYCHOE pacCTOSHHE TaKoi
cHCreMul Oyjer GoJsiblle, YyeM Yy OJHOH JIHH3bl, a ONTHYECKas CHJa MeHblle.

Vil. ONTHYECKHE WHCTPYMEHTDI
A. BOOPY)XEHHOE 3PEHHUE

23. Bce onTtHuecKkune npuGopbl MMEIOT LEJbI0 PACHINPUTH BO3MOXK-
HOCTH OCHOBHOrO Hamlero npu6opa JAJjsi BOCHPHSTUS CBETOBBIX OILy-
IeHHl — ryasa.

Jleonapno na Bunuu (XVI B.) nepBuii ykasam, 4TO
ria3 —3sTo poji KaMmephl-0OCKYpH, B KOTOpoH mosyudawoTcss H3obpa-

8

v ﬁ 4 ¢

A -
Puc. 44.

iy

JKEeHHsl IpeIMETOB BHEIIHero MHpa; ONMCaHWE YCTPOHCTBA TJyasa HOJA-
TBepXKJaeT MPaBUJbHOCTb 3TOH MBICJH.

Bcé npoctpaHCcTBO, KOTOpPOe HAaXOAMUTCS IMlepe]] HAIIMMHU TIJa3aMH
1 OXBAaThIBAaeTCH HAIIHM B30pPOM, HasbiBaeTcs noseM 3penus. Ilo BepTu-
KaJbHOMY HanpaBJIeHHIO IoJie 3peHHsl OXBaThiBaeT okoJo 120°,
N0 OPU30HTAJBHOMY JJIsl OJHOrO rJjiasa — okoJo 160° ana aByx —
GoJee 180°.
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IIpu BoOpy:kéHHOM 3peHMH IIOJie 3peHHs] OrpaHHUYeHO pa3MepaMHu
MHCTPYMeHTa ¥ ero jauacdparmos.

Ecan or gByX Kakux-jiuGo Touek B noJe 3penus A u B (puc. 44a)
NpoBejiéM IIpsiMble Yepe3 Y3J0BYIO TOYKY raasza O, tTo yroJa a = AOB
Ha3blBaeTCsl yIJIOM 3peHHsi, NOJ KOTOPHIM IJia3 BHAMT npeameT AB.

Uem GoJsiblie yroJ 3penust, TeM O6oJbllle H300pakeHHe IpeiMera
Ha ceTyaTkKe, TeM GoJiblie NOAPOOGHOCTEH MBI MOXEeM pasjHuuTh IpH
paccMaTpUBaHUKM NpeMeTa. YTOJ 3PeHHS 3aBHCHT: 1) OT BeJHYHHBI
paccmaTpuBaemoro npeamera AB (puc. 44); 2) or paccTosiHus, Ha
KOTOPOM HEXOJHUTCSl paccMaTpuBaeMbld TpeAMeT oT rjasa (puc. 45).

OtHomenne AB (MCTHHHOH BeJMYMHBI mpeimera, puc. 44) k OL
(ero pacCTosiHHIO OT IJ1a3a) HA3bIBAETCS YTJOBBIM JUaMeTPOM IpefMeTa:
8___.431 '

oL ~
3peHusi, TO BMeCTO YIJa 3peHHs MOXHO pacCMaTpPHBATh YIJIOBOH
IHaMeTp; MOXKHO CKa3aTh, 4YTO YIJIOBOH JHaMeTp OLEHHBAaeT YroJ
3peHHs.

YcraHoBJieHO, UTO IS TOrO, 4TOGHI Be ToukH A W B pa3nunua-
JKCh IJ1a30M Kak JBe pasjiiuHble TOYKH, HEOOXOAHMO, YTOObl yroJ
spenusi a = AOB 6bl1 He Menblle 1’; ecau 3TOT yrosn OyJeT MeHblue

OJHOH MHHYTBHI, TO IJISl Hallero 3pe-

2 “ 2 Hus ABe ToukH A u B coBMemlaorcs

f, B ONHY, MB TOBOPHM, YTO TJa3 He

J;  paspeliaeT Takue JIBe TOUKH; cJle-

A~ KOBaTeJbHO, €CJM Mbl XOTHM BH-

feth npeaMer AB He B BHAe OfHOH

Puc. 45. TOYKH, a B BHJE TeJa, XOTHM pac-

CMOTpeTb ero IOBepPXHOCTb, TO He-

o6xonuMo, utobbl yroJ 3peHus AOB 6w Goabme 1. Tak, ecau

AB =50 cm, 10, paccmaTpuBas npeamer AB ¢ paccrosinus 5 M, Mbl

GyneM BHeTb €ro noj yrJjoMm 3perus 11°26’, c¢ paccrosnus 50 m —

1°9’, ¢ paccrosinust 5000 » — nox yraom 40”; B mocjegHeM cuayuae

pasriisfieTb 4TO- 60 B AB Mbl yxe He MoxeM, a ecau AB — cBersi-

muiicsi NpeMeT, TO Mbl BHAesH Obl ero B Buje Touku. Ha nesepx-

Hoctd JIyHBl HauMeHbIIHH pasimyaeMblii TIJ1a30M MNpeAMET JOJIKeH

6biTh He MeHee 100 xm naunoil, a Ha Coanue amuHa 720 KM COOT-
BETCTBYeT YIJIy 3peHHus Jub B 17,

U3 Bcero ckazaHHOro $ICHO, 4YTO JJIS1 TOTO, YTOOH! Pa3jH4yaTh AeTaJH
KaKOro-HUOy/b Tesa, HaXOASLIerocss OT HAc Ha GOJIbLIOM pacCTOSHUH,
HaJo ero NpuOIM3HTh K IJady (Hanpumep, IeyaTh B KHHMIE) HAa TaKoe
paCCTosmlne, IpH KOTOPOM YTJIBl 3pEeHHs] OTJeJbHBIX Jerajefl OyayT
Gosblue 1’

Tak kKak 8 3aBHCUT OT TeX Ke BEJHYHH, YTO H YroJa

o

AB

1) CnenoBajio Obl HaImHCATh: tg7=7: OL; no BooGwe yroa ¥ MaJa, noyemy

AB

H MOXeM B3fiTb d=-——
OL



VII. Onmuueckue uncmpymenmeot 41

Ho ectb mpepMeTel, KoTopble MBI He MOXKeM INpHOJIHMKAThH (HANpH-
Mep, HeDecCHble Tesa) C APYrodl CTOPOHBI, €CThb U CTOJb MaJible, YTO
Ja)ke Ha pacCTOSTHHM HaHUJy4YllIero 3peHHsl YToJ 3peHusi, M0J KOTOPHIM
MBIl X BHAHM, BCE ke ocraércst MeHblue 17,

U3 storo Mbl 3aKioyaeM, YTO BOOOIIE Halle 3peHHE IOCTaBJEHO
B OYeHb Y3KHe I'PAHHLBI: MBI HE MOXKeM paccMaTpuBaTb HH TeJs yja-
JEHHBIX, HH Tesa MaJjblx. IloaToMy Besnuaiiiee 3HayeHue JJi NO3Ha-
HHS MHpA HMeJO H300peTeHue ONTHUECKHX HHCTPYMEHTOB, TIJIaBHOE
HasHaueHHe KOTOPHIX COCTOMT B TOM, U4TO OHH IO3BOJSIOT HaM YBe-
JHYHBATh YIJIbl 3peHHsI, NOJ KOTOPbIMH Mbl BHAHM IpeiMeTHl. bes
MHKpOCKona M Ge3 TeJeCcKoNa Mbl HUKOTJA Obl He Y3HAJH HH CTPOCHUS
BCeJIeHHOH, HH Mupa GaKTepuil M BooOlle MHKPOOPTaHH3MOB.

BriepBble onTHYecKHe HHCTPYMEHTHI (3pHTEJbHBIE TPYObl H MHKPO-
CKOIbI) 6blH nocTpoeHsbl B ['onyananu B Havase XVIIB. Tanuneit
nepBuiit B 1609 r. HaGmonan HeGO BOOPYIKEHHBIM IJIa30M B MOCTPOEH-
HyI0 UM TpyOy; Hlesi acTPOHOMHYECKOH TpyObl, HbIHe yNOTpe6JseMoH,
npuHagiexur Kemepy (1611).

B. CXEMbl ONITHYECKUX UHCTPYMEHTOB

24. TlpocTefIMi ONTHYECKHH HMHCTPYMEHT — JIyma; 3TO JBOS-
KOBBINYKJIOE CTeKJO C (POKYCHBIM paccTosiiHeM F mnpumepHo oOT 1
no 10 cm, ymnortpeGisemoe [1Jisi pacCMaTpPUBAHHS MHHMOTO H30-
6paxenus A,B; (puc. 46) ka-
KOTO-HHGYIb OYeHb  MaJoro
npeamera AB. Jlyny Tak pac-
nosnaraeM, 4to0bl Ha paccTosi-

HUM Haugydwero 3penus OL, /.
(okosi0 25 (M) TONYyUHJTIOCH  /
MHHMOE u300pakeHue mpej-
meta AB. Slcuo, uTO mpeaMer
AB Ge3 Jaynel Mbl Bujesau Obl
Ha pacCTOSIHUH HauJ yyIlero 3pe-
Hua OL, moj MeHbUIHM YIJIOM.
JluvefiHoe yBeJMueHHe JIyNBl
MOXHO BBbIPa3UThb (OPMYJIOH:

N="B_ 0L, Puc. 46.

OL npubanxénno pasHo F; OL,=m=25 cM — pacCTOSHUIO HAHJIYY-
ILEr0 3peHHusi; MO3TOMY:

N=

- 3

. (7)
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Orciona cyenyet, 4To KOPOTKOQOKYyCHas Jyna faér GoJbliee yBeJH-
yeHHe, ueM JMMHHOPOKYyCHasi, W JaNbHO30PKUH IJaa3 TMOJYYUT OT
HDaHHOH Jynbl GoJiblliee yBenHyeHHe, yeM OJHU30PYKHI.

s yayulleHus KauecTB H300pa<eHHsl, YMeHblLEHHS €ro HeJo-
CTaTKOB H JJs OOJBLIMX yBeJHYeHUi COOPYXKAlOT CJOXKHBIE ONTHYe-
CKHe CHCTeMbl — MHKPOCKOINbI, aCTPOHOMHUYeCKHe TPYObl (TeslecKOIb)
H 3eMHble TPyObl. OTH HHCTPYMEHTbl HMMEIOT J[BEé OCHOBHbl€ YaCTH:
1) oObekTuB, CTeKJO, KOTOpOe [aéT B IJIOCKOCTH, CONPSKEHHOH
C NpeAMeTOM, JeHCTBHTeJIbHOE M OGpaTHOe ero u3oOpaxeHue; 2) OKy-
Jsp, €ro Ha3HayeHHe — JaTh YBeJHYEHHOEe MHHMOe H300parxkeHue
H300pakeHusi, AaHHOro o6beKTHBOM. CllieJ0BaTesIbHO, OKYJSP 1O OTHO-
MIEHHIO K NepBOMY H300paKeHUI0 UrpaeT poJib JYMbI.

Takum 0o6pa3oM, BO3HMKAIOT JBE OCHOBHblE CXeMbl.

[. Mukpockon. [lomectus npeamer AB Mexny ¢okycom F
¥ 1BOHHBIM ¢okycoMm 2F o6bektnBa O (puc. 47), nonyuum JefCTBH-
TeJIbHOE W yBeJHueHHoe u3oOpaxenue A;B,. 3areM ycTaHaBJUBaeM

Az
~x
l N~
| SN
| > —
N §
~ZF F %

A g | 7 '
st
| ==~

L=
&
Puc. 47

okynap O, Tak, uToGbl uzoOpaxkenne A,B, NOMECTHIIOCH MeXXIy OKY-
aspoM O, ¥ ero riaBHbIM (OKycOM F; TMpPH TakoM YCJOBHH OKYJSp
O, 6yner urpatb poJib Jymbl AJ5 H3o6paxeHus A,B,. ['1as, nomeén-
HBlff mepef okyaspom O;, 6yleT paccMaTpUBaTh ABaXK/bl yBeJTHYEHHOe
MHHMOE H300pakKeHHe mNpejaMeTa.

YBennueHne MHKpockona N BHIPasuTC OTHOIIEHHEM BeJHYHHB
MHHMOro usobpaxkeuus A,B, B OKyJspe K BequunHe npexmerta AB:

N="252 DB 2B,

3J1eChb:
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AB
15 = N1 — yBenuuenne oGbeKTHBa;

Ang
A5, — N, — yBennuenne okyJspa.

CiefioBaTesIbHO:
N=N,-N,. (8)
BrisichuM, oT yero 3aBucaT N; u N, (puc. 48).

A\By _ AiBy _ FFy |
) N= AB oC ~ OF °
npunuMaeM FB,= FF,, noromy 4TO cjiefyeT HOJyYHTb U300paKeHHe

A,B, Kak MOXHO 6Janxe K (oKycy Jynbl — okyJaspa F,, 4ToObl HMETb
HauOoJibillee yBeJHYeHHe OKyJsipa; o6o3Hauum FF;— paccTosiHue

4q 3
8, 4 5 /
8F 0 F 7
4
A
Puc. 48.

Mexay ¢dokycamu o6beKTHBA M OKyJsipa—uepe3 L; 3TO Tak Hasbl-
BaeMblfl ONTHYECKHH HHTepBaJ MuKpockomna. Mrak:

L
M3 3ToH (OpMYJbI BHAMM, YTO JJIsl NOJYYeHHUS HanOOJBIIUX yBeJnue-

HUfI OOBKTHB MHKPOCKONA' JOJDKEH MMEThb BO3MOXKHO KOPOTKHIH (oKyc
(nanpumep, F =2 mum).

2) YBesuuenue okysaspa O, Kak Jynel: Nz—%, rie m— pac-
CTOSIHHE HaWJIy4Ilero 3peHHs.
3)- [osTomy:
Lm
=¥ ©

TaK Bblpa}l(aeTCﬂ JIMHeHHOe YBeJHueHle MUKPOCKONa; 3;{er m=25 cm.
[TnockocTHOE yBeJMUeHHE MHKDOCKONA PAaBHO N2,

-CorsiacHo 3To# opmyJsie, yBeJrueHHe MHKPOCKOIOB MOTYT JJOCTH-
raTh OrpOMHbIX 3HaueHuil, Hanpumep: F=0,2 cu, F=1cm, L=18 cm;
torga yseauuenue N = 2250. Opunako, kak yBupuMm (§ 67), andpaxk-
LMOHHBIE fIBJIEHUS CTABAT NpejieJ] N0JIe3HOMY YBeJHUYEeHHIO MUKPOCKOIA.
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25. II. Cxema actpoHomMuuecKold TpyO6n Kemnnepa
OJMHAKOBa C MHUKpockomoM; HO o6bekTHB O (puc. 49) maér ymeHb-
méHHoe u3oOpaxkeHue A;B;, Tak Kak acCTPOHOMHYECKHE MpeIMEThI
HaxofsiTcs JajleKo 3a 2F o6bekTuBa; OKynasip O, Urpaer poJb JiyInbl
NpH paccMaTpUBaHUK u3o6paxeHus A,B;; BUAUM B OKYyJisipe yBeJH-
ueHHOe H3oOpaxeHue A,B,.

Tak kak acrpoHoMHueckHe OOBEKTH HAGJIOJEHUI OUeHb yJaJleHHl,
TO MOXHO CYHTaThb (OKaJbHble IJIOCKOCTH OOBEKTHBa W OKYJspa
coBnafamomuMi (puc. 50) U B jfanibHefllleM paccMaTpuBaTh YIJOBOe
yBeJuueHne TpyOnl (§ 23).

NN 7
NN
N2 /
Ve \
7 Wil

Puc. 49.

YrioBHIM yBesHueHHeM TPYGHl Has3blBaeTCsl OTHOLIEeHHe yrijia ape-
HUSl o,, TOJ KOTOpbIM BHIHM YAaJEHHBIA NpeAMeT (Hampumep, Jlyny)
B OKyJsipe TpyOBl, K YIJy 3peHHS &, NOJ KOTOPHIM TOT XKe INpeiMeT
BH/IUM HEBOOPYKEHHBIM IJIa30M:

N="1

1
P

(10)
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Taxk kak yrael a M a; MaJbl, H n3o6paxenus A,B; =2l u A,B,=2l,

nojyueHbl BOJM3H GokycoB F u F, (puc. 50), To BO3MOXKHBI CJefLy-
fomye npeoGpasoBaHUA:

Puc. 51.
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afecb F u F; cytb (oKycHble paccTOSIHHSI OGbeKTHBA MW OKYJsipa
TPYOHI.
Takum oGpasoM, HMeeM:

F
N=+%; (11)

3TO 3HAYHT, YTO YBeJHYeHHE TPYObl DABHO OTHOLICHHIO (DOKYCHBIX
paccTosinuid OObEKTHBA H OKYJIsipa, MJIH NPOH3BeJeHHIO (POKYCHOro pac-

CTOSIHHSI OGBEKTHBA HA ONTHYECKYIO CHJY OKyJsipa (D =-F11-' .

Ipu HaGmiofleHHH Pa3HBIX aCTPOHOMHYECKHX OGBEKTOB NMPHXONHTCS
NOJNb30BATHCS Pa3HBIMHM yBeaHueHUsiMH. l3MmeHeHusi yBeJnueHus Jo-
CTHTAIOTCsl CMEHO# OKYJISIPOB; MOSTOMY Y aCTPOHOMHUECKHX TPYO BCerja
€CTh HECKOJIbKO OKYJSIPOB C Pa3JHYHBIMH (DOKYCHBIMH PaCCTOSSHHSIMH
(npumepHo, ot 50 mm mo 6 mm).

Tak, Gosbwoii peppaxrop?! (puc. 51) Ilynxosckoit oGeepBaTopun 2
npu F =14,12 u (16°C) umeer 12 oxynspoB, KOTOpble [alOT yBEJH-
yenue ot 150 jgo 1550 pas (nose 3penust or 15’ mo 17).

OznHako MaKCHMaJbHble YBeJHYeHUsl Ha NPAKTHKe PelKO NMPHUMEHSIOTCS,
TaK KaK M300pakeHHs NMOJYy4YaloTcsl HesICHble U pacIJibiBYaThie, C OJHOM
CTOpPOHBI, BCJEACTBHE BJMSHHS aTMOC(EpHBIX YCJOBHH (0COGEHHO TOX
JleHuHrpanom), ¢ Apyroi — noToMy, 4To NPH 3TOM pe3KO OGHApyKH-
BalOTCSl HEJOCTAaTKH H300pakeHUH, 0 KOTOpbIX GyJeT CKa3aHo JaJjblie.

Bb. CHCTEMbl OBBEKTHBOB

26. OGBEeKTHB OITHYECKOrO HHCTPYMEHTAa €eCTb CJIOXKHAafl CHCTEMa CTEéKOoJ
(puc. 39, 396), ycTpoiicTBO KOTOpOil HMeeT uleab ocnabutb cpHYeCcKyi0o H Xpo-
maTuyeckyio ab6eppanuio. O6beKTHB aCTPOHOMHUYECKOH TPYObl—CTeKI0 60/bILOTO
pasmepa, OZHOPOAHOE MO COCTaBY, YTO AejaeT o6paGOTKy ero JejioM BBEICOKOTO
HCKYCCTBa, KOTOpO€ IOJ CHJY HeMHOTrHM YyupexJaeHuaMm EBponbl B AMepHKH.
Bosbuias miomajb o6beKTHBA no3BoasieT cobpath B TpyOy MHOTO cBeTa OT Npex-
MeTa HaGJII0JeHH S, UTO NOBLIIIAET OCBEIIEHHOCTh M APKOCTb H306paxenus. OfHaKo
He BCe JIYYH, NpolieflliHe Yepe3 OOBEKTHB, NonalayT B TrJas.

O6bektHB O (pHc. 52) HaxOAHTCS KaK NpeiMeT nepel okyJaspom O, u jpaér
B HéM geficTBUTeNbHOe H300paxkeHne MN; sicHo, 4To uepes MN mnpoiigyt Bce
Jyud, BblluefluHe H3 oObeKTHBAa. J10 H3obpaxenue MN HasbiBaeTcs riasHoOM
KpYKOK, H60 3pauok rjasa Hajo NnoMecTHTb HMeHHO B MN, yToOHl HCMOJb30-
BaTh BCIO MOLLb CBETOBOTO INOTOKAa M3 oObeKTHBa; B MN craBHTCH amepTypHas
AuadparMa M K Hell HeNOCPeNCTBEHHO MOABOAMTCH rya3. Ecau rnasnoit Kpy»Xok
MN wMenblie 3pauka, Kak 3T0 0ObIKHOBEHHO OLIBAa€T B cayuae MHKpocKona (Bcjen-
CTBHE HHYTOXHOH BesJMUYHHBI Ha0/al0RaeMbBIX NpPEAMETOB M MaJoOCTH JHaMmeTpa

1 Pedppaktop (unar.)—refringere —npesoMnaTb; Tak Ha3bBAalOTCSA TPYOh!
CO CTEKJISIHHBIM, TpeJOMJSIONHM OGbEKTHBOM B OTJHYHEe OT peduaexkropa (OT
reflectere —orpakartb), rie oGbeKTHBOM fIBJASETCS 3epKaJo.

2 3unamenutas IlyjkoBckas oGcepBaTopusi ocHoBana B 1839 r., paspymena
Hemuamu B 1941 r. BoJbuwoli nyJkoBckHH pedpakTop HMea OOGbHeKTHB AHAaMETPOM
76 cm— OfUH M3 caMbiX KDPYMHBIX B MHpe; HauGOJbIUHA OGBEKTHB Yy pedpaKkTopa
o6ceppatopun Hepkca (61n3 Unkaro), auametp 102 cu.
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00beKTHBA), TO BeCb CBeT, BHINERUIHA H3 OKyJasipa, MomajaeT B IJia3; eclH e
r1asHoii Kpy»oK GoJblie 3pauka, TO KpafiHHe JyuM, npollefiiue uepe3 oGbeK-
THB, Gecnosie3nbl, OHH NMOJHOCTbIO He MONagyT B raa3. Kak BUAHO M3 uyepTexka
52, atu nyuu, uaymue BHe konyca (AO;A,, B;0,B), He AalyT NOJAHOTO OCBelle-

Puc. 52.

HHS H HX MOXHO YCTPAHHTb; IJIsl 3TOTO CTaBAT Auadpparmy monas spenus DDy;
OHa OnpegeJsieT MoJe 3peHHsi annmapara, KOTopoe, KaK BUAHMM, Bcerja MeHbuie
foJifi 3PeHHS HEBOOPYXEHHOTO TrJasa.

HenoaBuxHble 3BE3fbl BHANMBI TOYKAMH B caMble CHJbHBIE TpyOhl. Poab
OIITHYECKOTO annapa'ra B 3TOM cjydyae CBOAHTCA K TOMY, YyTO OH Hanpaa.nae'r
BCEe CBETOBLIE Jy4H, Najgaiol(He Ha CcTeKJo OOBbEeKTHBA, IJIOIaAb KOTOPOro BO
MHOTo pas Gosblie mJoWaid 3payka rjasa, B Iya3 HaGjwojaTensi, BCAeACTBHE

Puc. 53.

4ero yBeJHYMBAeTCsl SIPKOCTb H306paXKeHHsl, MOJy4aeMOro Ha ceTuaTKe IJa3sa.
SIpkoctb Gyaer TeM GoJblilue, YeM Gosibllle OTBepCTHE OGBEKTHBA acTPOHOMHYECKOR
Tpy6hi. B 3TOM 3aKjioyaeTcsl OCHOBHAash H OrpOMHasi pOJb acTPOHOMHUYECKHX
Tpy6 AJs NMO3HAHUS CTPOEHHS MHUpa: B TPYObl SIpPKO BHAMM He TOJNbKO cJjaGhble
3BE31bl, HO HAXOAMM H HEeBHAMMbIE I'1a30M 3BE3Jbl H TYMAHHOCTH, HaXOASILIHECS
OoT Hac Ha pacctosiHHAX Ao 140.10'® kxm (no 140 MHJIHOHOB CBETOBLIX TOLOB).

OrpoMHoe 3HaueHHe B aCTPOHOMHH HMMeIOT pelpIeKTOpbl — OTpakaTeJbHhLIE
tesieckonul (puc. 53); B HUX poJb OOBEKTHBA Mrpaer BOrHyTOe napaGojHuecKoe
sepkaso C, Kotopoe Raé€T JeHcTBHTeqbHOe H300paxkeHue AB, paccmaTpHBaeMmoe
B okyasp O. EcTb HeckonbKo THNOB pedieKTOpOB, npelsoxenHnix M. B. Jlo-
MoHocoBbiM, HbloTonoM, I'epieniem, I'peropun H xp. Ha pucynke 53 nso6pakena
cxema [epwens (1785). B npexxHux pedJsieKTopax CTeKJI0O NOKphIBajsoch cepeb-
poM, B HacTosillee BpPeMsl 3epPKaJoO NOKPLIBAIOT CJOeM aJIOMHHHA.

IMone 3peHus oTpaXkaTeNbHLIX TEJECKOMNOB OYeHb Majo, NoyeMy OHH yNoTpe6-
JISIIOTCA TJIaBHBIM 00pa3oM AJ51 H3YYeHHS OTAEJbHbLIX OOBEKTOB — TyMaHHOCTeH,
SBE3JIHEIX CKONJIEHHHA M T. X., a8 TakKxe JAJA CHeKTPaibHHX HabmaioAeHHH.
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27. B cnyuae MHKpOCKoma, HaoGopOT, OTBepcTHe OOBEKTHBA MHOTO MeHble
spauka rIjasa, BCJAEACTBHE Yero CBEeTOBOH IOTOK OT HabsiofaeMoro o6beKTa,
najamomui Ha 3pavoK HEBOOPYXKEHHOTO TJIa3a, 3HaUUTeJNbHO GoJjblle, 4eM CBETO-
BOll MOTOK, Majamouuil Ha 0OBEKTHB MHKDOCKOMNA, a TaK Kak H300paxkeHHe, MO-
JyuyaeMoe Ha ceTyaTKe C INOMOL[bI0 MHKDOCKONA, 3HauHTeJbHO Gosblie H300pa-
JKeHHs, NOJyuaeMoro HNpH HeBOOPYXEHHOM 3DEeHHH, TO SIPKOCTb ero OyleT 3Ha-
YHTeJbHO MeHbllle, YeM IpH HEBOOPYXKEHHOM 3peHHH. [ns monyuenus Jnocra-
TOYHO SIPKOTO H306paxeHHst NPUOEraoT K NMOMOULH JONMOJHHTENbHOTO OCBelleHHS
npeaMera. mocpeicTBoM c(hepHYECKOTO 3epKaja H CIeNHaJbHOIO KOHAeHCopa
(cucreMbl JHH3).

Yron ACA;=a, NOCTPOEHHbI NpPH LEHTPE pacCMaTPHBaeMOro IpeAMeTa
H onupawouuiics Ha oTBepcTHe oOBeKTHBa (pHC. 52), ompefensieT TOT KOHYC Jy-
4yelf, KOTOPBIH, HCXOAS OT OCBelHHOH TOYKH Ipenapara, BOHAET B MHKDOCKOMN;
TMOJIOBHHA 3TOTO yria HasbiBaeTcss anep Ty po . Tak kak npeamer oueHb GIH30K
K OOBEKTHBY, KOTODBIH Bcerja ectb KopoTKchokycHas cucreMa (F—2—10 mn),
TO amepTypa MHKpockona BecbMa Beauka (2=80°—120°); 310 3HaYuT — Ha 00b-
eKTHB MajaeT INMPOKHH NYYOK Jydel, KOTOpble HHKaK HeJb3s CYHTaTb Iapa-
KcHanbHbIMH. [lostomy nepBas 3a6oTa CTpPOHTeJeH MHKPOCKONa — 3TO MO-
CTPOHTb TaKylO CHCTeMY, B KOTOPO M JJIs LWIHPOKOTro My4yka Jyueil 6oy Ol CBe-
JeHh K MHHUMyMY cdepuueckass U xpomaTHueckasi abeppaimui. DTO AOCTHraercs
CJIOXHBIM M HCKYCHBIM Iof6opoM JiuH3 (puc. 396, 53a), cocTaBasiomux OGBEKTHB
MHKDOCKOMNA; TaKHe OGBHEKTHBHI CJIOXKHON KOHCTPYKUMH, B KOTOPbIX NPAaKTHYECKH
ycTpaHeHHl aGeppalliH, Ha3blBAlOTCS anoxpoMmars !. )

A66e2, nas (1879) nomHyi0 TeopHI0 COBPEMEHHOrO MHKDOCKOMA, BBEN KaK
BaXXHeHIyI0 XapaKTePHCTHKY CBOHCTB JaHHOI'O MHKPOCKOMAa OCOOGYI0 BeJIHUYHHY
A—uucnoByl amepTypy OGbeKTHBA:

@ .
_2_n
3JeCb N —IIOKasaTeJb IIpeJIOMJIEHHS Cpeabl, B KOTOPOfI HaxoJAHTCs mpenapar,

A=nsin (12)

a
& —aneprypa 0GbeKTHBa.

3HayeHHe YHCJIOBOH amepTypel OTMEUEHO Ha KaXJOM OGBEKTHBe.

Teopus mokasplBaeT, YTO YHCJIOBasi anepTypa oOnNpejiesieT JABa BakHefne
CBOHCTBa OGBEKTHBA: )

1) KoanyecTBo cBeTa (CBEeTOBOH MNOTOK), NpOXOjsiiee Yepe3 OGBEKTHB OT
OCBeIEHHOTO MpejMeTa, NPONOPUHOHANBHO KBaJpaTy YHCJOBOH amepTyphl:
a
5

2) Paspemaromeii CoCOGHOCTbIO MHKPOCKONA HA3bIBaeM Dpefies BHAHMOCTH,
NpH KOTOpOfl JBe TOUKH NpeAMeTa pasiduaeM, Kak JBe TOYKHM H306pakeHHsi; pas-
pelaomas CnocoGHOCTb 3 MHKPOCKONA NMPH NPOYHX PaBHEIX YCJIOBHAX NMPOMOPLHO-

D =FkA2=rkn?sin?

HalbHAa YHCJIOBOH anepType oObeKTHBa. Tak, eCaM JJs ABYX MHKPOCKONOB HMeeM
a;=80° n a;=120°, To OTHOLIEHHe HX pa3pelIAlOHX CMOCOGHOCTeH Gyaer:

sin 40° : sin 60°=0,64 : 0,87.

M BennurMHa CBEeTOBOrO NOTOKAa, H paspeliamolas CHoCOGHOCTb, KaK BHIHO H3
dopmyan (12), Bo3pacTaloT ¢ yBeJIHYSHHEM 72; TO3TOMY NpPH GOJBIIHX yBeaHYe-

1 Bes UBETHOCTH, 6e3 OKPackH.

2 AGGe (1840—1905) nan TeopeTHUECKHE HCCJEAOBAHHSA IO ONTHKE H MpakK-
THYECKH NPHMEHHJ HX Ha H3BECTHOM 3aBOJe ONTHYeCKUX HHCTpyMmeHTOB llefica-
8 Hene.

3 ‘Mlnorza roeopsAT — epa3pellaomas CHaas,
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{IUsiX BHITOJHO 3aMEHATb BO3AYX (#=1) MeXxJAy IOKPOBHBIM CTEKJOM Npenapara
M HHXKHel JMH30§ oGbekTHBa (pHC. 53a) KHAKOCTbIO —BOJOH (r=1,33) uan
KeJApOBBIM MacjoM (72=1,51); B nepBoM cJjiyYae KOJIHUECTBO CBeTa YBEJHYHBaeTCs
B (1,33)2=1,77 pasa, a Bo Bropom—B (1,51)2=2,28 pasa; paspeluarouas cnoco6-

onynap

ORYAFPHA A 2ul63a
OoidBuscHan
2pyban

yemanobra
(KPEMANIEDD)

MOHKAA

Y yemanobra
(murpo-
mempuyecxuu
Bunm)

(py4xa)
Jepacmens
ma é/ a1

Puc. 53a.

HOCTb B TMePBOM Cayyae noBbilwaeTcst Ha 33%, a Bo BropoM—Ha 519%. SroT cno-
co06 HabJIoJleHHs, IPH KOTOPOM HHXKHSfA JIHH3a OGBEKTHBA NMOTPYXKEHA B XKHAKOCTD,
Ha3blBaeTCsl HMMepcHs 1.

[Ipu MuKpockone BCerja HmeeTCsi Ha0op OOLEKTHBOB (pHC. 53a) M OKyJaspOB
pasnHyHOil ONTHYECKOH CHJbI; AJIsI KaXJOro OTJAeNbHOrO poja HaGMIOfiCHHH cJe-
AyeT COCTaBJsIThb HAAMeXallylo KOMOHHAlHIO H3 OOGLEeKTHBOB H H3 OKYJSPOB JaH-
HOrO MHKpOCKoOna.

K Bompocy o paspewarnuieif CrlocoGHOCTH MHKPOCKOMa INpHAETCH elé Bep-
HYTbCS C TOYKH 3DEHHSl BOJHOBOH TNpHpOje!l cBeta (§ 67).

28. Cneayet em? OCTaHOBHTBCS Ha HEKOTOPHIX OCOGEHHOCTsX (oTorpaduye:
CKOro o0BbeKTHBA, Ha3HaueHHe KOTODPOI'O— JaThb BO3MOXHO SIPKO€ H TOYHOE jefi-

I UMmmepcus (n1aT.)— norpyxeHue,
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e

CTBHTeNbHOE H300pa)keHHe MpejMeTa Ha 3afHell cTeHKe (OTOKaMephl, TIje noMe-
maeTcs GOTONMEHKA MMM (oTomacTHHKA (puc. 54); 3ajusisi CTeHKa KaMmephl NOA-
BHXKHA H MOKET IepeMellaTbCsl AJis HaBOAKH «Ha (OKyc», T. €. A MOJydeHUs
ICHOTO M306pakeHUs MpeJMeTa COOGPAa3HO C ero pacCcTOsHHeM OT OObeKTHBA.

®0oTO06BEKTHBH (pUC. 54 a) NOCTPOEHBI U3 HECKOJNBKHUX JIHH3, COUETaHUE KOTOPBIX
JOIDKHO OGecneunTh: 1) OTCyTcTBHe Cgeprueckoil aGeppauuu (alslaHaTH3M),
2) Han6oJsiee MOJHOE yCTpaHEHHE XpPOMaTHUYeCKOH aGeppally (axpoMaTHsM); 3) Tma-
TelbHOE BHIMpAaBJEHHE acTHIrMaTH3Ma, TaK KaK MpH CbEMKax NPHXOJHTCA HMETb
ZeJo C JyuaMu, BechMa JanéKHMH OT OCH CHCTEMBl, MNajaloMUMH Ha WHPOKHA
06BEKTHB.

OcBem@HHOCTb H306paXeHHsl Ha (OTOMIACTHHKE, C OJHOH CTOPOHHI, MPONOp-
LHOHA/NbHA IUIOMANH OGBEKTHBA, T. €. KBaApaTy ero amamerpa D; ¢ apyrod
CTOpOHBI, ueM JmuHHee (OKyc obbekTHBa F, TeM Gonblie JHHelHOe nsoOpaxkeHue

Puc. 54.

¥ TeM GOJiblue MJOWAb H300pPaXKEHHs; CJENOBaTEeNbHO, NPH JaHHOM CBETOBOM
NOTOKE OCBELISHHOCTb H306pa’keHus o6paTHO MPONOPUHOHANbHA KBafpaTy ¢okyc-
Horo paccrosHusi, Coefunsis 062 3TH YCJOBHS, MOXeM BBECTH 0COOYI0 BEJHYHHY
$, Ha3blBaeMYIO CBETOCUJIOH OOBEKTHBA:

D2
‘F_2‘1

rae k—HekoTopbli KO3bdHUHEHT NPONOPUHOHANbHOCTH. XOAOBble THNH (hOTO-

1 1 -
OGBEKTHBOB HMEIOT CBETOCHJY ' 35 ATA HYXKL aspoCheMKH M KHHOCBEMKH
’

1
NOSIBWIHCh OYeHb CBETOCHJbHble OOBEKTHBH — 0 ——

0,8°

KpoMme OCBemEHHOCTH H3006pax{eHHsl, BaXXHO, 4TOObl OHO GBIIO Pe3Ko, T. €.
uyTOGHl TOYKM MpejMeTa, HaXOAfUIHecs Ha pa3HbBIX PACCTOSHHAX OT OGbEKTUBA, HE
CJIMILIKOM pa3jHyaHCh MO Pe3KOCTH HX H3o6paxeHnii Ha dQoTomnactunke. ITO
CBOMCTBO — laBaTh Pe3KHe H300pakeHus— peryjaHpyeTcss NpHMeHeHHeM JAHadparw;
yeM MeHbllle OTBepPCTHe AHadparmMel NMpH OOBLEKTHBE, TeM pas3ue H306paKeHHs; HO
NpH 3TOM YMEHbIIAeTCsi CBETOCHJA OOGBLEKTHBA, YTO NMPHXOAHTCH KOMIEHCHPOBAThb
yBeJIHYEHHEM BpeMEHH 3KCMO3HIIHH.

p=Fk
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I'. CHCTEMbI OKYJISIPOB

29. M3 BbIIEH3NTOKEHHOIO BHJAHO, YTO BaXXHeHIUYiO POJIb BO BCEX ONTHYECKHX
HHCTPYMEHTaxX HrpaloT OGbeKTHBBI; OHH JAIOT M306paxeHHs, KOTOpble 3aTeM pac-
CMAaTpHBAIOTCS Yepe3 OKYJNSAPHI; POJib OKYJSAPOB— YBeNHUHTb H3006paxeHHe, MOJY-
YeHHOe OGBHEKTHBOM, HO OHH HHUEro He NMPHOGABJSIOT K AOCTOHHCTBAM H306paKeHHH,

A2

Puc. 55,

#2060pOT, OHH MOTYT YBeJHUYHThb HX HeaocTaTKH. OGBIYHO OKYJIAP COCTOHT H3
ABYX CTEKOJI, MOJOGPAaHHBIX TaK, YTOGH OHHM AaBaJH YBeJHYEHHOE, OTUETIHBOE H TO
BO3MOJXKHOCTH HeHCKaXéHHoe H300pakeHHe TOro H300paxkeHHs, KOTOpoe pnan
O0GBEKTHB.

[MoxGu past MpH MOMOLLK peBOJbBepa Hajjexauinil oObeKTHBH COOTBETCTBYIO-
mHfi eMy OKYJsp, MOXKeM MOJYYHThb T0Je3HOe YBeJHYeHHe MHKpocKona o 1300—
1500, B HEKOTOpHIX CleuHanbHbIX ycTanoBkax u jgo 2500.

3emMHO# okyasap (puc. 55). TpyOnl jaloT o6paTHble H300paXkeHHs mpej-
MeTOB, YTO HeyYJOGHO TmpH HaGMIOJEHHH HJH pacCMaTPHBAHHH 3eMHBIX OGBEKTOB

A
/'\ ~
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A ! R R
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N =S s \
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~
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Puc. 56.

(mopeit, spanuit u T. n.). IlosroMy mnpm ycTpoiicTBe 3pHTeNbHBIX TPY6 flepen
OKYJNAIpOM BBOXAT OJHY HMJH JBe obpamaiouine JHH3bl Op, KOTOpble CTaBATCHA TaK,
uroGel H3o6paxkenne A,B,;, naHHOe OGHEKTHBOM, HaXOJHJOCH TNPHMEPHO Ha JBOM-
HOM (OKYCHOM pacCTOsSHHM obpamanomeil JuH3bl Op; TOTAa B OKyJasp O, paccma-
TpuBaeM NpsiMoe H306paxkeHHe A.B,.

Okyaap Fanuunesd B nepponavanbHoit Tpy6e Ianunes (1609) oxymnspom
CJYXHT IBOSIKOBOrHyTasi suH3a (puc. 56), pacnonoxeHHas Tak, YTO OHa mepece-

4»
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-
K1eT CXOAflHeCs My4YKH Jyded, HAylHe OT OOBEKTHBA NpeXkjie, 4YeM OHH oOpa-
30Ba/Ii ReHCTBHTENbHOE H300pakeHHe, W pacCEHBAeT HX; TIJa3 BHAHT MHHUMOe,
npsiMoe H yBelH4yeHHOe H3o6GpaxeHue A,B,. Kak H3BecTHO, 3TH TpyOsl lanunes
Tenepb ymoTpeGJsioTCs B BHAe GHHOKIeH ¢ yBennueBHsMH oT 2—10 pas.
Hapsiny ¢ oOGbIYHBIMH GHHOKJSIMH B HacTosliee BpeMs B OGOJIBIIOM XOAY Tak
I113biBaeMble MPH3MATHYECKHe OHHOKIH. DTO COeJHHeHHe ABYX 3eMHBIX 3DHTENbHbIX

10022000 1,0 A
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2777,

Puc. 57.

Tpy6 (puc. 57, o6bekTuB O, okyasp 0,), B KOTOpbIX TNepeBEPTHIBAHUE H300paXxe-
_HMH XOCTHraeTcs 4eTHIDEXKDATHBIM IIOJHBIM BHYTPEHHHM OTPa)K@HHEM OT rpaseit
npusmut (I, II),

J. MPOEKUHOHHBIA AMMAPAT

30. IpoekuuonHnslii anmapar c¢ mojoBuHsl XIX B, sABASETCA OJHUM H3 BaX-
HefIUHX CPeJACTB, KOTOPHIM IOCTOSIHHO TMOJb3YIOTCH B Mpelo/laBaHUH; BBeJeHHE
NpoeKuHH oGecMeydBaeT HATJISAHOCTb —OJHO H3 BaKHEHIIHX YCJIOBHIE O3HAKOMJe-
HUS ¥ TIOHHMaHHA.

[poekuuounsiit anmapat (puc. 58) COCTOMT H3 TPEX OCHOBHBIX UacTei:
1) ncrouyHuka csera S (oOblyHAsg BOJBTOBA Ayra WJIH 0C00asg JlaMma HAKAJHUBAHHA
B Kopnyce ¢oHaps; 2) kouuercopa K;; 3) o6bvekTuBa O.

Kongencop —o6biuH0 KoMOHHauusi fAByX Juu3 K; u K, ¢ oxJgagutesem W
(puc. 59); Ha3HayeHHe KOHjJeHCOpa cOOpaTh BO3MOXHO GOJblLie CBETA HCTOYHHKA,
nouyeMy auameTp JHH3 3HaunTeseH (112—155 ma), u crenaTh pacXoAAUHHECS My4OK
Jydedl CXORAWMMCSH HJIM mnapajienbHeiM. CBeToBOH mOTOK @, oOCBewawoUHil
MpPOEKTUPYeMbiil mpeAMeT L (AHamo3uTHB, MPUOOpP) MPOMOPLHOHAJIEH OTBEPCTHIO
KOHJIEHCOpa HJIM KBajJpaTy ero juaMmerpa. ’

OGBbeKTHBOM CJYKHT JiMH3a O, KOTOpas MOXET AaTb JelCTBUTe/NbHOE H305pa-
xeHue npeamera L (puc. 60); n3obparkeHHe, KOHEUHO, JOJIKHO OBITH yBeJHYEH-
{bIM — TAaKOBa 1leJb NMPOEKIHH, MO3TOMYy npeAMer L pacmosaraercs MexAay ¢HoOKy-
cOM U JABOHHBIM (pOKYycOM OOBCKTHBA, OUeHb OJIH3KO K GOKYCy, UTOOBI yBeJHUYeHHE
6O 3HAYHTENBbHO. B xopownx ammapatax BBOIAT 00beKTUBH GoTorpaduueckue,
KOTOpble FapaHTHPYIOT, UTO H300paxkeHHe OyaeT HEHCKaKCHHOe H 0e3 OKpacKH.
O6bexTuB O 06A3aTeNBHO MOJIBHIKHBIN (pHC. 58), YTOGH! ero mnepeMeleHHEM MOXKHO
66110 MeHsAThb paccTosiine OB (puc. 60) 1o 3KkpaHa M MpH TOM pacHosiarath ero Tak,
uToObl He OblIO MOTepb CBeTa, YTOObl BeCh MYYOK CBeTa, BHILENIIHH K3 KOHJeH-
copa, npouéa yepes OOLEKTHB.
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Ilpn sTHX ycnoBusX MOXHO BbICKasaTh ClIefiylolye Coo6paXKeHHst O ABYX
BaXXHEHIIMX 06CTOATENBCTBAX, XapaKTepH3YIOLLUX H300paXkeHHe Ha SKpaHe: 06
VBEJIHUEHHH H SIDKOCTH €ro.

Jluneiinoe ypennuenne N (§ 24):

_h_ T
N—h=f. @

Puc. 58.

rpe I # Iy cyTb nuHelHble pasMephl NIPOEKTHPYEMOTO mpeAMeTa L (AHANO3UTHB2)
M €ro nso6paXkeHHs Ha 3KpaHe L,, d— paccTosiiue AQ u f—paccTonnue or o6bex-
THBa O 10 SKpawa B; dopmyny (a) MoxHO npeo6pasoBaTh Tak:

Puc. 59.

B o6hiunbix annmaparax O0BEKTHB — KODOTKOGOKYCHasl CHCTeMa (F npumepno
15—30 cx); paccrosnme or 06BeKTHBA J0 SKpaHa f-—HECKOJNBLKO METPOB; MO3TOMY
NpHOIHKEHHO MOXHO MOJOMKHTD:
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{} — s = BesnHuHUHa, ompejeJsiollas MiolaAb H300paXKeHUsT HAa SKpaHe:
2 1

_plt e L

s=1 F2 ey F2'

{ ¥ f ana paHHOrO mpejMeTa M MU AAHHOTO PAacloJIOXKeHHs OObeKTHBAa H 3KpaHa
BEJHUYHHBE [OCTOsIHHBIE; MYCTb [2f2 = k Torna:

&k
F?'
[ToTok cBeTa mpowenwuit yepes KOHIEHCATOD, NPH NMPOYHX PaBHLHIX YCJIOBHSAX
IpOTIOPIHOHAa/NEeH KBajpaTy ero juameTpa:

& = kD%

(6)

2F

Puc. 60.

I05TOMY OCBelléHHOCTb H 3aBUCAllasg OT Heé sAPKOCTb H300pakeHHsT H JKpaHe
UoJIyyaeT BhipaKeHHe:

E=2 % pipakpor,

raK 3aBHCHT SIPKOCTb HM306paXKeHHs OT JHaMeTpa KOHIeHCOpa H (OKYCHOro pac-

crosiHuss obGbekruBa. HKTak, npuH mpouux pasHBIX YCJOBHAX ' AJIHHHODOKYCHBIR

00beKTHB NaéT MeHbllee, HO Gosee sipKkoe H300paKeHHe, YeM KOPOTKO(DOKYCHHIf.
Ise dopMyabl JHH3:

AAI0OT COOTHOIWIEHHUSA:

F= N=%———l; f=FN+1),

N+1’
KOTOpHle MO3BOJIAIOT NPHONHKEHHO pellaTb BCe BONPOCH! NMPAKTHKH OPOEKTHPO-
BaHHS:

1. Kako#t Hago B3aTb OGbeKTHB F IpH 3aflaHHOM yBeJqHYeHHH N H paccTos-
HHH JNO 3KpaHa f.

2. Kakoe MOXHO 0XHJaTb yBeJHYeHHe Npu AaHHbIX F H f.

3. Ha kakom paccTosiHHH OT OGLEKTHBA [ HaJo MOCTaBHTb 3KpaH, 4TOGH Ha
46M mpH JaHHOM F moJy4uTb yBejiuueHHOe B N pa3 usoGpaxeHue.
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Puc. 61.

Puc. 6la.
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S
N

[IIupoko H3BeCTHH NpPHMEHEHHs MPOGKUHOHHbIX anapaToB AJsl NMPOEKUHH TOpH-
30HTaNbHO Jexaluux npeameroB K (puc. 61, 61a, HanpuMep, MarHuTHbIE CIEKTPbI)
H Henpo3pauHelX npeaMmeToB R (puc. 61, HanpuMep, PHCYHKOB HJIM IIeYaTHOT'O TeK-
cTa); 3HaueHHe BBOJAMMBIX 3epKail L M L, CHO H3 NpHUBEACHHBIX CXeM.

OcobenHO 3aMeuaTe/ibHAa pOJb NPOEKLUHOHHOrO anmaparta B KWHO. B mose kou-
JeHcopa ctaBuTcs (puc. 62) oxJgaxnpaomuii cocyn W M aBTOMaTHYeCKHH 3aTBOp
K, xoTopblii aBTOMATHYeCKH 3aKpbIBaeTcsi, KOra HeT BpalleHHs KOMEC R; U Ry;

T

3THM NpefOTBpallaeTCsi HarpeBaHHe JIeHTHl NpPH eé caydyaHHOH ocTaHoBKe. JleHTa
CMaTblBaeTCA C OJHOrO KoJieca Ha JApYroe; NpH 3TOM KajApbl GHJIbMa C XeJaTejb-
HOH 4acTOTOH H CKOPOCTBIO NMPOXOAAT MexAy OKHOM K H o6bektuBoM O (10—12
JAMONTpHH), KOTOPLIH NMPOEKTHPYET MX HA 3KpaH. ['J1a3 Mo ero CBOMCTBY yaepXH-
BaTb cBeTOBble BredaTaeHus j0 0,1 cex cauBaeT OTAeNbHBIE KapTHHBI B ORHO
coObITHE.

VIII. CHEKTPOCKOITHS
A. THNbI CNEKTPOB

31. HabunioneHnue npesiomyieHHs CBeTa B NpHU3Me YCTAHOBHJO, UYTO
Geqblii ayd S (puc. 63) He TOJBKO NpeJOMJsieTCsT B HPU3ME, HO H
pasjaraetcsl, AaéT LBETHYIO INOJOCY, Ha3blBAEMYIO CIIEKTPOM.



VIII. Cnekmpockonus 57

OTo sBJIeHHe Pa3JIoXKeHHsi GeJIOTO Jiyya Ha IBeTHble Ha3blBaeTcs
AHcnepcued ceera. Hb10TOH BhepBbie BOCIPOU3BEN 3TO SIBJEHHE
(1666), monyuuB «uBeTHOe H306paxenne Cosnnal.

Ilpuama no-pasHoOMy OTKJIOHSIET JIyud PasHOH LBETHOCTH, HHaye
CKasaTb, JIyyd PasHOH LBETHOCTH HMMeEIOT Pa3JjMuHBIE TNOKA3aTelNH Mpe-
JIOMJIEHHSI; 110 PACIIOJIOXKEHHIO UBETOB B CIIEKTpe HMeeM Clefyiollee
COOTHOLIeHHe ToKasaTesefl NpeJoMJeHUs JydyeH pasHON 1IBETHOCTH:

nyp < Ropanx < Rxinr < Raen < Rronx << Ry < Reuon- (1)

Kak 6bl10 ykasaHo, nokasatenb NpeJOMJEHUS! TIPH Iepexoje
Jyya M3 HEKOTOPOH TepBOi Cpefbl BO BTOPYIO UHCJICHHO paBeH OT-
HOLIEHHIO CKOpOCTeH CBeTa .

B 3THX NepBOH W BTOPOH
cpenax:

Uy -
12:172 2‘7%32%/5
Henrmtri
Ecin o6osnauyum, Kak FeneHsis
Bcerjga, uepes c¢=23-10% Tonybod
cH ' CuHUG
5 CKOPOCTb CBeTa B Ba- Suaremo-
KyyMe H (NpubJHKEHHO) B bbrd
BO3ZlyXe, TO [Ji Cpejbl, B Puc. 63.
KOTOpPOH  CKOpOCTBb  CBeTa
ecTb V, HMeeM:
c
n=7. (3)

ComnocTaBJsisl 3HaueHUsl TNOKa3aTesiel TpeJOMIeHUs sl Jydeil pas-
Ho# uBetHocTH (1) ¢ onpeseneHueM (3), HaX0AUM, YTO NPHYHHOH AUCHEp-
CHH SIBJISIETCS TO OGCTOSITEICTBO, UTO JIYUH Pa3HOH LIBETHOCTH Pacmpo-
CTPAHSIIOTCS B CpPelax, Ijie TPOUCXOJUT AUCNEPCHS, C Pa3HbIMH CKOpPO-
CTSMH; Ha ocHOBaHUH (1) H (3) 3aKioyaeM, 4TO B puU3Me ¢ HauGoJibie i
CKOPOCTBIO pacIpOCTPAHSIOTCS KpacHble JIYYH:

pr > Uopaml( > Uxgar > 00 > Uqano.m (4)

OKCNepHMeHTaIbHO YCTaHOBJIEHB CJEAYIOMHe THIBI CNEKTPOB:
1.CneXTp cnJjoIllHO H, BKOTOPOM LiBeTa HENPEpPLIBHO Uepes
GeCKOHEYHOe YHCJO OTTeHKOB HAYT OT KpacHoro 1o (hHoJieTOBOro. JT0
OpH OOBLIYHBIX 3E€MHBEIX YCJOBHSIX CIEKTPbl PAacKajéHHBIX TBEPABIX U
XUAKUX Tes. TakoB cnektp yraeii ayru Iletpoa (puc. 64).
2.CnekTpbl JHUHeHYaTh € COCTOAT U3 OTAEJbHBIX IBET-
ubpix JuHui. Takue crnekTpel JalOT pacKaséHHble OJHOATOMHbIE Ta3bl
v napel. Kaxaplil ras (uau nap) uMeeT CBOM XapaKTepHbIH CekTp,

1 Hp 1o ToH, Ontuka, I'ms, 1927, crp. 31.
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BCE JIHHUH KOTOPOro MOTYT ObIThb 3aMKCHpOBaHBI Ha IIKajie Ha olpe-
NeJE€HHBIX PacCTOSIHUAX; APYr oT jpyra (puc. 65). TakoBbl cnekTpel
nmapoB Na u K.

Ha wu3yyeHHH 3THX CIeKTPOB OCHOBAH CHNeKTpaJdbHB |
aHaJu3—Ccnocod HCCJeOBaHHS BellleCTB IpPH TOMOIIM aHaJau3a
#x crekTpoB. CrieKTpbl MHOrOATOMHBIX T'a30B H NIApOB COCTOSIT U3 NOJIOC,
a He M3 JHHHH; 5TO MOJIEKYJsipHBle cleKTpbl. CHJIBHBIE CIIEKTpaJsibHbIE
annapathl ¢ GoJibLIOH paspeliaiomeil CIOCOGHOCTBIO pasjiaraloT 3TH
TIOJIOCHl HA MHOXKECTBO GIM3KHUX JPYT K APYry JHHHH.

Puc. 64.

Puc. 65.

3. Ecau Ha myTH Jydell HCTOYHHKA, JAIOMIEr0 CIJIOLIHON CHEKTp,
TIOMECTHTb Cpelly, H3GHpaTeJbHO TOIVIOUIAIONLYI0 HEKOTOpble JIYUH,
TO Ha HX MeCTax B CIJIOIIHOM CHEKTpe MOSIBATCA TEMHBIE TOJIOCH HJIH
JauHHM. MX MoXHO nosyyuTh, nponyckasi GeJblii CBET yepe3 pacTBOpHI
CuSO,, KMnO,, uepes uperHsle cTéKJa—GUIBTPE H T. A.

Takue cnekTpbl, B KOTOPBIX CILIOIIHOH Nepexo/] IBETOB MpepbiBaeTCs
TEMHBIMH II0JIOCAMH HJHM TEMHBIMH JIHHHSIMH, Has3blBalOTCS C I € K-
TPaMHM TNOTJOI €HHS, TaAK KaK OHM TPOUCXONSAT BCJEJACTBUE
TIOTVIOIEHHs] NAHHBIMU TeJaMH Jydell TOH TpesoMJsIEMOCTH, KOTOphie
9TH TeJla HCHYCKAIOT IpH JOCTAaTOYHO BBICOKHX TeMIepaTrypax. TakoB
cnekTp CosHua (puc. 65), B koropom ® payHrodep (1817) Hawén
TEéMHble JIMHHUH; HauboJsee 3ameTHnle u3 Hux A, B, C, D, E, F, G, H
Ha3BaHbl OblH (QpayHropepoBLIMH JIMHHSMH; OHH NPOHCXOASAT BCJEN-
cTBHe morJoileHHss B atMocdepe CoJiHIlA HAXOASIUMHUCA TaM TasaMH
Jyyed, HCXOASIIMX M3 UeHTpasbHbIX obJacreil CoJHua.
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KoHeuHo, MO JIMHHAM MOTJIOMIEHHS TOXe MOXHO CYIHTb O COCTaBe
forJomarouiero BemectBa. Tak, B cmekrpe ConHua A u B—iunuu
norJioenust kuciaopona, C u F—sonopona, D—natpus, E—xenesa
d T. I. KpoMe 3TuX nuHuit norsouenus, B cnekrpe Cosnua oGHapy-
JEeHbl THICSYH MHBIX; CPelH HHX HAaXOIATCS JIHHHH TOIJIOLIEHHUS JiydeH
B 3eMHOH artMocdepe.

b. HABJIIOJEHHUS CNEKTPOB

32. Kupxrod u B yusen (1859) npuMeHHIH METOJ TOHHO-
Metpa (§ 13) K HaGMIONEHUIO CNIEKTPOB U TOCTPOHJH MepBbli npuoop,

KOTOPBI HaéT BO3MOXHOCTb: 1) MOJIY4HTb UUCTBIA CHeKTp; 2) PUKCHpO-
BaTb pacIoOJIO}KeHHe CNeKTpaJibHbIX JIHHHE. DTO Tak Ha3biBaeMblil Crek-
TpocKon ¢ Tpemsi TpyGamu (pHc. 66).

1. Ha koHue TpyObl A HaxomuTcs Wiesb, LWUHPHHY KOTOPO#H MOMKHO
peryiupoBaTh BUHTOM R; 3Ta lleJib NI0CTaB/eHa B Qokyce cobupatoulei
JIMH3bI, TaK, YTO JIYUH HCTOUHNMKA E majaior Ha npuamy P napaiJiesbHbIM
nyukoMm. Dta Tpyoa A HasbiBaeTcs KOJIHMATOPOM.

2. Tpy6a B nocraBjeHa Ha «GeCKOHEUHOCTb», T. €. TpHCHOcoGeHa
ANd napajyeJbHbIX Jydeld.

3. CHuMmeM mpusMmy P co CTOJIHKA; pacnoyoXuM Tpyosl A u B Tak,
4TOObl OCH UX coBnanu. OcBeTHB liesib, CMOTPHM Ha Heé uepe3 Tpy6y B;
noBopaurBasi TpyOy €O ILeJIbi0, CTABHM IeJlb BepTHKAaJbHO.

4. TlpuaMy nocraBuM Ha €€ MeCTO U 3aKpoeM KapTOHHbBIM KOJIMAYKOM
¢ Npope3aMH; OCBETUB LueJib, HabmonaeM yepe3 Tpyoy B cmekrtp; Bpa-
masi np#3My U Tpy6y, HaXOAUM IOJIOXKeHHe HaHMeHbLIero OTKJIOHEHHS

(§ 13)s
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5. PaccMoTpuM, yero Mbl JOCTUIJIH 3TOH yCTaHOBKOH. Pacxoasimuiics
13 wenH F (puc. 67) nyyox Jiyyeil nocye NpoXoKAeHUs yepe3 JUH3Y L,
(B dokyce KoTopoH HaxomuTcs wenb F) majaer Ha mpusmy P mnapaa-

L

-
NN

S

“
&N

Puc. 67.

JgenbHpIM nyukoM. Ilpuama pasnaraer 3TH napajJiesibHble JYYH Ha
nyuykd OBeTHbIX Jyued. Takum o6pasom, Ha JuH3y L; (B TpyGe B,
puc. 66) majalT NyykH KpacHBIX JydyeHd MO OJHOMY HampaBJeHHIo,

Puc. 68.

KEnTeix—rno ApyroMy u T. A. CoGupast ux, JHH3a Ly B IJIOCKOCTH f
(puc. 67) maér maneHbkoe H3oGpaxenue cnekTpa BH; B Touke B na
no6ouHoi ocu bB cobGpaHbl KpacHble Jyud, B Touke H Ha moGouHoi
hH—o}uoneroBsle, ocTajbHble—MeXay Toukamu B u H. Haxkonen, npu
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NOMOLIH JHH3Bl Ly, KaK IpH NOMOLIY JYINbl, pacCMaTpHBaeM MHHMOE,
VBeJIHYeHHOe H3o0paxeHue cmnektpa B H,.

6. OcBeTHM MaJIeHbKOH 3/IeKTPHYECKOH JIAMNOYKOH HJH JAPYruUM
HEeCHJIbHBIM MCTOYHHKOM Iiesb S Tpetbell Tpy6ul C; B Hell HaxoauTcs
IIKaJla Ha CTeKJie, KOTOPYIO JIMH3a 3TOH TPYOH! NPOEKTHPYET HA TpaHb
1pu3Mbl (pHuc. 66), a 3HAUHT, HA CTEKTP.

Illxana obpauiaeT CIEKTPOCKON B CTI € KT P O M€ T P; BO3MOKHO
e TOJbKO KaueCTBeHHOe H3y4yeHHe CIeKTPOB, HO M (dUKcauus JHHHH,
BXOJSIIUX B €ro COCTaB; B aHAJU3
CIIEKTPOB BBOJSTCH KOJIMYECTBEHHbIE
XapaKTepHCTHKH.

7. Tlepen wiesblo KoJJHMartopa
CTaBHM HCTOYHHK C HECBETAIIUM I1a-
MCHEM; TIIpM TOMOWIM JHH3B L,
(puc. 67) MpOeKTHpYeM CBeT HCTOY-
IMKa Ha ueab. B 310 niaaMs BBOAHM
114 TIPOBOJIOKE KyCOK acGecTOBOH Ba-
Tbl, IPONUTAHHOH PacTBOPOM XJIOpH-
croro Hatpus (NaCl). Ha6mopas B
Tpyby B, perynupyeM LIHPHHY Lie-
JM, 4TOOBI BHJETb PE3KYIO KEJTYIO
JUHHIO D HaTpusi; ILHpHHA ILEJH
TNpHMEpHO paBHA OJHOMY JeJIeHHIO
1LIKaJB.

[Tepememast TpySy C co wmikasoi, Puc. 69.

CTaBHM JIHHHIO HATPHsI HA ONpefieNIéH- ,

1Hoe nejieHHe IIKambl, HanpuMep Ha 50 uau 100, Tak, 4TOGHI 3T JHHHS
npuuuiack NpUOIH3UTEbHO Ha MoJoBUHe mKanel. [locne storo Tpy6y
€O WKano# 3akpensieM BHHTOM. CrieKTPOCKOI TOTOB /IS HAGMIOAeHHUH.

BBoas B nnams uHble BellecTBa (HampuMep, coJK Gapust WM JHTHS
W T. I.), TpH HaOJIOAEHHH HX CIIEKTPOB MOXKeM (DHKCHPOBATb HX JIMHUH
fla OTpeleNéHHBIX [IeJeHHsIX WIKajibl (puc. 65).

8. CnekTpocKor, B KOTOPOM MOXKHO BBIIEJIHTb ONpPeJeJEeHHYIO ClieK-
TPaJbHYIO JIMHHIO HJIH Y3KYIO 06/1aCTb CIIeKTpa AJId JAeTaJbHOrO HccJe-
JI0BaHHS, HA3bIBAETCI MO HO X poMaTo poM (puc. 68); 6apaGan C
TI03BOJIsIET BpallaTh NPU3MY H NPHBOJMTB Ha lLieJb B TpyOe B Hccnenye-
MYI0 Y3KYIO o6siacTb CneKTpa. B coBpeMeHHBIX CHEKTPOCKONAax BMECTO
LIKaJIbl TIOJIOKEHHe JIHHUH omnpejiesifieM IPH NOMOIIH OTCYETA HeseHH i
#a Gapabane C (puc. 69).

9. Ecnu BMecTo onTHYecKo#i cHcTeMbl TpyObl L, (puc. 67) nocTaBuTh
cdotorpaduueckyro kamepy (puc. 70), To cmeKTpockom oOpaliaeTcs
B cunektporpad. [locne nHamnexamel (GOKyCHPOBKH CIEKTp
WJIH HCCJIeyeMYIO 4acTb ero noJjydaem Ha (OTOMJIACTHHKeE, YTO obecre-
4HBaeT 0COOHHO TOUHOe H OOBEKTHBHOE H3yuyeHHe ero. Bpauras 6apabax
C, npuBonuM 4 hoKycHpyeM Ha (OTONNIACTHHKE Te HMEHHO JIHHHH CIIEKT-
pa, KOTOpble MOAJIeXAT BOCTIPOM3BeEHHUIO H HCCleloBaH 0. [leneHus Ha
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6apabane (puc. 69) no3BoJSIOT TOUHO GHKCHPOBATH NOJIOXKEHHE KaXAOH
CHEKTpaJbHOH JIMHUH, 3aMeHsIs OTCUET Mo IUKaJe.
HHble BHABI CHeKTpasbHBIX annapaToB OGYAyT ONHCaHBl HHXKE.

Puc. 70.

B. AXPOMATH3M

33. Ecau ayu, najamomuid Ha npusmy, Genbli (HeMOHOXpPOMaTHYecKHH), To
MHAUBULYaJbHble SIBJEHHS OTKJIOHEHHS pAasJHYHBIX Jyuell 0GyCJOBJAHBaIOT
oflyee, CyMMapHOe siBJleHHe NMCNEPCHH, KaK CleJCTBHe 3aBHCHMOCTH NOKasaTess
npesoMJeRHsT OT CKOPOCTH pacnpoCTPaHEHHS BOJH B BelleCTBE NPHU3MBI.

Eciau B3siTb NPU3MBI C ORMHAKOBBIMH INPEJOMJSIONIHMH yraamMH A, HO H3
pasHbiX BeL(ecTB, HanpuMep H3 (JIHHTA, KPOHA H BOAbl, TO CHEKTPHl MOJY-
YMM pasHOf AJIHHBI; 3TO MOXKHO BBIPa3HTb TaK, YTO RUCNEPCHS y Pa3HBIX BELECTB
pa3nnyHa. 3a Mepy JAHMCNEPCHH NPHHHMAIOT DPa3sHOCTb MeXAY IOKa3aTeJsiMH
NpeJOMJIEHHS JIyyeH, OTHOCSAUIMXCSH K PasHbIM o6JMacTsM CIeKTpa, HanpHMep:

§=ﬂF-—nC;

3lech My —IMokasaTeab BOROPOAHOH JuHuM F (rony6as), m, —noKasaTejb Bo-
noponHoit sauHHM C (KpacHasl); 3Ta pasHOCTb O ONpejesnsieT, KaK JajlekKo
HaxolAsATCcs APYT OT ApYra yKasaHHbIe JIMHMH IDH JHCIEDPCHH B pasHHIX Be-
mectBax. IIpuBenémM npuMeps:

Créxana 3aBoja Jlensoc Crékna 3aBoja HMsoc
Tun crexua Nep d=ngp—n, || Tun creksa ep d=np—n,
JI-62 1,4982 0,00765 101 1,5100 0,00805
JI-57 1,5111 0,00845 106 1,5181 0,00879
JI-14 1,5163 0,00806 113 1,5399 0,00905
JI-2 1,5484 0,01045 125 1,6139 0,01114
JI-8 1,6129 0,01660 141 1,5480 0,01195
JI-66 1,6222 0,01174 151 1,6128 0,01659
JI-11 1,6975 0,01912 155 1,6257 0,01756
J1-18 1,7550 0,02743 178 1,6259 0 01609
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Kak BuAHO M3 3TOH TaGJHLbI, TPYAHO YCTAHOBHTb 3aBHCHMOCTb MEXLY My
noKasaTeJieM NpeJioMJIeHHs cpefHel xéatolt JuHUM D W BeJMUHHON AucnepcHH 3.
OnHako, NO/b3YysICh Pa3JHYMSAMH BeJHYHH JAHUCIEPCHH M IIpeJOMJIEHHs, Teo-
pPeTHYECKH DPacCUHMTBIBAIOT H NPAKTHUYECKH NOAOHPAIOT NMPHU3Mbl H JHH3Bl H3 pas-

Puc. 71. Puc. 72.

HbBIX COPTOB CTeKJa TaK, YTOObl HX KOMOMHAUMH HJH YHHUYTOXAJH AHUCHEPCHIO
H CBS3aHHYI0O ¢ HeH OKpacKy (axpoMaTH3M), HO COXpPaHSJH Obl NpejoMJaeHHe
JAydelt, HJIH, Hao60pOT, coXpaHANH Obl JHCIOEPCHIO, HO NMapajau3oBali Obl B Cpen-
HeM OTKJOHeHHe JiyyeH (npuH3Ma NPsIMOrO 3pEHHS).
BosbméM aBe npH3Mbl (TOHKHE) H3 Pa3HOTO CTekK-
aa, Hanpumep ©=0,00765 u 8=0,01912; ngucnep-
CHfl BTOpPOro CTeKJa IOYTH B JABa pasa OGoJsblue
nepsoro. Ecau npenomasiiomuii yron nepBoH NmpHs-
Mbl A;, TO MOXHO mojo6paTb TaKOH YroJ BTOpOI
npu3Mel A,, clleaB ero NpUMepHO BJABOE MeHblle,
4TOObl NPH  NPOTHBOMOJOXHOM  PacHoJIOXKeHHH
npusM (puc. 71) YHHUTOXHTb AHCHepcHio HauboJee Puc. 73.
ApKo# yacTu cnektpa Mexay C u F. Ho Tak kak no-
Ka3aTeJH INpeJOMJeHHS 3THX NPH3M OTIHYAITCH
apyr or apyra (1,501 u 1,617), To oTK/IOHeHHe nydel MOCJIE NPOXOKAEHHS yepesd
NpU3Mbl OCTaHETCsl, HMMEHHO IIpH3Ma M3 KpDOHa ¢ OGoJbLIMM NPeJOMJSIOU UM
YTJIOM JacT TaKoe OTKJIOHeHHe, KOoTopoe He GyNeT BIOJIHE CIrJ1a)XEHO IPOTHBO-
T0JI0XKHBIM OTKJIOHeHHeM ¢JIHHTA.

/4

-
|| 0 6’0’

T Y
e s ___ . N5 4
Z ) i
ro 7

A R =

Puc. 74.

Jlyun (pmc. 72), npenomasiioTcs B JIHH3e M BCJEACTBHE  JUCIEPCHH
nepecekaloTcsi He B ORHOH Touke, a pacnpefejsioTcs N0 JHHHH ¢-kp
dokyc ¢uonseToBEIX Jayueit O6yner B ¢, KpacHbx-—B kp. Ecan mnocraBHTb
3KpaH B ¢, NoJNyuynM Ha HEM mouTH Genbli KPYXKOK C KpacHOH KafimMoifl, ecan
NOCTaBHM €ro B kp,—C (HOJETOBOR. DTO siBJeHHe OKpPacKH H306pakeHHH Hasbi-
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BaeTcsl XpoMmaTHuecKkol abeppanueii. [l YHHUTOReHHst 3TOH abeppauuu, Jyyue
cKa3aTb—JIsl BO3MOXHOCTH e ocJjabieHHs, MOAGHPAIOT COYETAaHHs JIHH3 Tak)

Puc. 75.

4To6bl DOKYCH JiyueH pasHOi LBETHOCTH COBMaja/nH., BnepBble axpoMaTHYecKue
o6beKTHBb noayuua Jlomon n (1757) B JlonnoHe mpH nomouiH KOMGHHAHMH
ABYX JHH3—cobupatomeil u pacceuBalouieit (puc. 73).

I. CHEKTPOCKON NMPAMOro 3PEHUS

34. Kax BuaHo u3 Tabauusl Ha cTp. 62, MHOrHe copTa cTEKO. 06/afaloT JUC-
nepcuesl 3 B ABa H Gojee pasa Oosbluei, yeM Jpyrue copta NPH [OYTH OAMHA-
KOBOM OTKJIOHEHHH cpefHHX Jyuell. CleZoBaTeJbHO, MOXKHO MORXOGPATh NPH3MbI
H3 3THX cTéKoa (pHc. 73) H PacHoOJOXHTb HX NpeJOMJSIOUHMH pEOpaMH B pas-
Hble CTOPOHH TaK, YTOGBI cepefiHa CIHeKTPa—KEJThle H 3eJEHbe JYYH OCTaJHCh
HEOTKJIOHEHHBIMH, JieXalu Obl Ha MPOAOJIKEHHH majatouero U3 S Gesoro Jyua,
a ayuyu kpacHbie R u duoneroBble V Gbliu Gbl OTKJIOHEHB! OT 3TOM CpeAHel JHHHH,
obpa3ysi crnekTp MexAay RV, oObiuHo GepyT Tpu H 6ojee NMpH3Mbl. DTO H €CTb
OCHOBHAasi uacTb CIEKTPOCKONa NpsiMOro 3peHHss P (puc. 74.)

Tpy6a K (puc. 74, 75) 3akmouaer B cebe meab S, muH3y O, B raaBHoM Qokyce
KOTOpO# HaxoauTcsl S, MpU3My NpsMoro 3peHust P (u3 Tpéx npusm) u Juusy O;.
HcTouHHK cBeTa MOCHLIaeT JyYH Mo HanpaBiaeHuio 250; nocie JuH3b O Ny4YoK
CTAHOBHTCS MNapaJlieJbHBIM, NajgaeT Ha npHaMy P u Aaér cnektp Ge3 OTKJOHe-
HHUSI, KOTOpHII paccmaTpuBaercd B JHH3Y O;; HeCKoNbKO JHH3 O pasmelieHbl
Ha BpaujamleMcs Kpyre (peBosbBepe); Bpamas 3TOT KpPyr, noabupaem no riasy
Haubosiee TNOAXOASLYI0 JHUH3Y. XOf Jayuei U oOpa3oBaHHe CIEKTPa B 3TOM
CHEKTPOCKOMe SICHO M3 DHCYHKA 74; HeT oOlIero OTKJOHeHHs BceX Jyuell B ORHY
CTOPOHY (K OCHOBaHHIO Npu3mbi). B 3Ty xe TpyGy, B BepXHIOIO 4yacTb €€, MOXHO
HaNpaBUTb JIYYH el APYroro HCTOYHHKA NPH TNOMOWH 3epKajia D M Npu3MbL
¢ MOJHbLIM BHYTPEHHHM oOTpaxeHHeM no nytH 1DSO; Torza B nose 3peHus
¥meeM ONMH Hag APYTHM JABa CNEKTPa, KOTOphHle YROGHO CPaBHHUBATh.

B tpy6e H (puc. 75) Haxoxutes wKana E (puc. 74); 6yayuu ocBeieHa UCTOY-
HUKOM L (371eKTpHuecKas JaMmouyKa, CKpbiTas B Tpy6e), LIKajsa HPH NOMOLLH
JIHH3B A, TIPH3Mbl C NOJHBIM BHYTPEHHHM OTpaxeHHeM R u snuH3bl Oa Npoek-
THpyeTcsi Ha rpaHb npu3mbl P. CieloBaTesqbHO, pacCMaTpuUBasi CIEKTP uepes
AuH3y O;, BHAMM €ro pachoJIOXeHHhM Ha IukKaje. OGBIYHO LIKajsa B NOAOOGHHIX
CHEKTPOCKONaxX HENMOABHXKHA M IpajyHpoBaHa Ha JJHHBI BOJH TakK, 4TO JJsi BCs-
Koft Hab/ofaeMofl CNeKTpanbHOM JIHHHH YHTAeM NpPSMO AJHHY COOTBETCTBYIOLIEH
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eil BonHel. Ecau wkana noasuxkHa (pHuc. 74), TO NDH OPHEHTHPOBOYHOM HaG.io-
JEHHH TIpexJe Bcero nepeMemaeM H3o6paxkeHHe LIKajbl, NOMEIIEHHOH B TpyGe
H rak, utoObl Kakasi-1M60 M3 OCHOBHBIX JHHHH (cTp. 58) 3aHssia cBOé onpeje-
JIEHHOE MeCTO Ha luKaJne, Hanpumep, xéntas auHusa D crana 6bl Ha 5890 nau Kpac-
Hasgs Cd—Ha 6438 u T. A.; mocje 3THX INpelBapHTeJbHbLIX HabJjOJeHHH CHek-
TPOCKON rOTOB AJSI HM3YUYeHHS] HHBIX CIEKTPOB.

4. HEBUIMMBIE YACTH CNIEKTPA

35. Buaumbllt cieKTp AJIsi Hallero 3peHHUsl 3aKaHYMBAeTCs Pe3KUMH
rpaHUIlaMH Y KPacHOro 1 (pHOJIeTOBOrO KOHIOB; HccyleJoBaHue NI0Ka3alo,
YTO CYIIECTBYIOT 332 KPAcHbIM H (HOJIETOBBIM KOHUIAMH HEBUIHUMblE YacTH
cneKTpa—HH(paKpacHble U YJAbTpadUOJIETOBBIE JYUH.

Jlns vccniejloBaHus 3THX HeBHIUMBIX YacTell CIEKTpa NpexJe BCero
HEOGXOJMMO 3aMEHUTDb CTEKJISIHHYIO ONTHKY-—JIHH3bl U MPU3MBI KBaple-
Bo# (In1s1 yJabTpaduoJIeTOBOH YacTH) UK U3 KaMeHHO conu (aas uHbpa-
KPacHoH), TaK KaK CTeKJO CHJIbHO NMOIJIOIAeT H NOTOMY He IPONyCKaeT
HeBHJUMbIE JYYH, OCOOEHHO yJabTpaduoJieToBble. 3aTeM Hago HaWTH
cnenuduyeckue AeHCTBUA 3THUX HEBHJUMBIX Jyuell, 4yToObl HX OOHapy-
XXHTb. PacCMOTpUM HEKOTOphIE H3 3THX CHOCOGOB.

I. Kak Gbuio yxe ynoMsHyTo, OJMH U3 BaKHeHIIHX cocoGoB Hecle-
JIOBaHHSI, KaK BHAHUMOH, TaK U HEBHUAMMOH YacTH cliekTpa,—oTorpa-
¢us; He TOJBKO BHAHMBIE H YJbTpadHoJIeTOBble, HO H OJIM3KHE K Kpac-
HbIM, —HH(paKpacHble JyYd AeHCTBYIOT Ha (OTOIJIACTHHKY, BbI3bIBas
NMoTeMHeHHe CBeTOUYYBCTBHTEJBHOTO CJIOSI B TeX MecCTax, Ha KOTOophble
najamT 3TH JYyuH.

IpaBna, goTonsacTuHKH (WK GOTONIEHKH) HEOJUHAKOBO YYBCTBH-
TeJIbHBI K JIyyaM pas3HOil LIBETHOCTH; NMPHXOAUTCS IPUMEIUHBATh K UyB-
CTBUTEJLHOMY CJIOIO KpacKH (CeHCHGHIU3ATOPhI), OTJIOMAIoIHe Te JYUH
(HanpuMmep, HHGpaKpacHble), KOTOpble 6e3 HX NOCpeACTBa He NoxefcTBO-
BaJd Obl Ha IJIACTHHKY.

[Tpu u3yyeHHH KpaHHHX YJAbTPa(HOJNETOBBIX Jiydeli NpPHXOAUTCA
IPOU3BOJMTL CHUMKH Ha 0COObIX MJIEHKAX B BaKyyMe, TaK Kak 3TH JY4H
CHJIBHO TIOTJIOLIAIOTCSI B BO3JyXe M B CJIO€ XKeJjaTHHA.

I1. Ceet BOOOGIIE, B YACTHOCTH yJbTPahHOJETOBblE U PEHTTeHOBCKHE
Jyud, crnoco0eH Bo3CyXAaTb JIOMHHecLeHIHo ((ayopecueHnuo),
T. €. CBeUeHHe MHOTHMX BellleCTB Ge3 MOBHILIEHUs TeMnepatyphl (§ 155).
Ecau aKkpaH, NOKpPBITHIH NOAXOAALIEH COJbIO (HanpuMmep, MJaTHHOCHHe-
POIMCTHIM GapueM!) BBECTH B CIEKTP, TO SICHO BHAHM IIPOJOJIKEHHe
CrekTpa B yJbTpadHOJIeTOBOM YacTH: TaM, TJe IJ1a3 He BUIUT HHUKaKHX
Jay4yel, 3KpaH CHseT 3eJeHOBaTbIM CBETOM.

I11. Bce Buapl sHepruu Jierko nepexofsit B Temno (I, § 249); ceer,
HorJoasch B TeJaX, TAKXKe NMPOU3BOIMT B HHX TeIJIOBble JAeHCTBHSA;
10 3THM JefCTBHUSIM MOXeM CYIUTb O HeBHAMMBIX JydYax, IpeHMylle-
CTBEHHO B HHGpaKpacHOH YacTH CHEKTPa, TaK KaK 3TH

1 BaPt(CN),-4H,0.
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JYyYd TIDOM3BOAAT OCOGEHHO CHJIbHBIE TemJyioBolt 3bdekt. Tep-
weab (1800), KoTopblii nepsblii HccaenoBan HH$paKpacHy YacTb
CMeKTpa, pasMmellla/ B Hell MaJjileHbKHe TepMOMeTpH! H Habatojan fe icTBHe
HAa HUX HMH(paKpacHLIX Jyyeil.

T'opaspo Gosiee 4yBCTBHTEJIbHBIM CMOCOGOM HCC/ICNOBaHMSI HEBHIH-
MBIX Jyueil CJYXKHUT MeTol «GoJioMeTpas. AKTUBHBIM 3jeMeHTOM 60Jo-
MeTpa siBjifileTcsl TOHuakuias 3auepH€HHasl NJaTHHOBAsl NpoBoJioKa LE
HJH noJiocka; ToamuHa nopsagka 1—O0,1 ma (puc. 76).

L

JHETE AR 1THIK

SR,
Puc. 76.

[Tpu nagenun cBeta Ha 3Ty noJocky LL oH morJjomaercss 1 Harpe-
BaeT MpPOBOJIOKY (MOJIOCKY), 3JIeKTPHUYECKOe CONpPOTHB/EHHE NPOBOJIOKH
H3MeHsleTcsl. DTO H3MeHeHHMe CONpPOTHBJEHHSI H3MepsieTCs € IOMOLIbIO
MocTa YHTCTOHA.

3Has TemnepaTypHblii Koadduunent nposoJokd a (11, § 58) no dop-
myne R,=R,(l+at) onpenensieM nosbilleHHe e€ TemnepaTyphl C TOY-
HocThbio o 10-8 rpadyca, 4To nNo3Bo.JseT oleHHBAaTh MHHHMAaJIbHbIE KOJH-
yecTBa JIYUHCTOH 3HEpPrHH, AefiCTBYIOWlell Ha MNpPOBOJIOKY.

[Nepemelnast npoBoJIOKy GoJIOMeTpa 10 CNEKTPY, BHAWM, UYTO HAHGOb-
Ilee HarpeBaHNe NPOUCXOJUT B KpacHoi 1 nHdpaKpacHoi 4acTu CnekTpa;
5TO MOATBEPXKAAET CYLIECTBOBAHHE Jyyeil 32 KPACHBIM KOHLOM CleKTpa—
HHbpaKpacHbIX Jyyed.

IV. Tlpu conpuKOCHOBEHHH ABYX TeJs, COCTOSIIIHX H3 paBHOpolleIX
BellleCTB, HalpuMep ABYX IIACTHHOK M3 MeJ¥ H CYpPbMbl, Ha HHX, KakK
H3BECTHO, BO3HHMKAeT TaK HasblBaeMas KOHTaKTHas pas3HOCTb MOTeH-
unanos (II, § 54).

Ecau umeem asa mMeranna A u B (puc. 77), nanpumep Bi—Sb uan
Cu—Sb, npuuéM cnam ux uMeloT pasHble Temmepatypsl 7, u Ty, To Ha
Pa3sOMKHYTHIX KOHLAX LeNnH, XOTS OHH H IpPH OJMHAKOBOH TeMmepa-
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type T,, BO3HHKaeT pasHOCTb MOTeHHHaJ0B AV, 1o siBjeHUe Ha3bIBa-
eTCsl TEPMO3JIEKTPHYECKHUM, @ CaMoe COeJUHEHUE TeJl—TepPMOIIEMEHTOM.

Puc. 77.

hl
Puc. 78.

BooGiie Bo3HHKalOIMHe B TAKOM 3JJeMeHTe 3/JeKTPOJABHIKYIIHE CHJIb}
oueHb MaJibl, nopsinka 10-% 6 Ha 1° pasHuubl TeMnepaTyp.

CoeHSAIsS HECKOJIBKO TepMO3JIEMEHTOB NOCJ/IeI0BATENbHO, TIOJNYJaOT
TepMobGarapeio (puc. 78). B HacTosiiee BpeMsl TepMO3JIeMEHThI, TEpMO-
6araped M aKTHBHEIE 3J1eMEHTHl 6OJIOMETPOB YacTo
nomeaiorcst B BakyyM. Ilpu 3tom 3HauuTesbHO L M
MOBBIIIAETCS] YYBCTBHUTEJbHOCTb 3THX NPHUGOPOB.

HaunGosee coBepluieHHYIO TeOpHIO 3THX IpH-
6opoB pasu yuéHble Byabpcon u Koswbipes. Ilop
HX pYKOBOJACTBOM ObliH paspaboTaHbl HauGoJsee
4yBCTBHTEJIbHbIE TEpMO3JIEMEHTH H TepMmobaTa-
peu. UYyBcTBHTEJBHOCTb JyullUX 06pasuoB Jo-
cruraet nopsiaka 108 em Ha 1 c¢m? BocmpuHHMa-
tOIedl NMOBEpXHOCTH.

Knemmbl L u M (puc. 79), K KOTOpHIM 1oJiBeleHa
IPOBOJIOKA OT CBOGOJHBIX KOHIOB TepMO3JIEMEHTa,
3aMKHYThI Ha rajbBaHoMetp G (puc. 79); ansa 60.b-
(el YyBCTBHTEJILHOCTH NpHOOpa OepéM 3epKaJibHbIH
rajbBaHOMeTp (4yBCTBUTEJbHOCTb NpHUMepHo 102 a).
Torpa maneiias pasHocTb TeMnepatyp cnaes (m0-
cTaToyHo K AB mnoaHecTH pyKy) OGHapyXHBaeTcs
OTKJIOHEHHeM 3ailiunKa NpH IepeMelleHHH 3epKaJa
raJbBaHOMeTpa.

Ipu uccneloBaHKY CIeKTpa NPOBOAST 110 €ro JJIHHe JHHHIO cnaes A B
TepMocToiGuKa (puc. 79, 80) u HaGmonaloT AeficTBHE HA rajbBaHOMETP

5
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ero yacreil, OTHeJbHBIX JIHHUE CrieKTpa, KoTopble majaior Ha AB. Besi-
Kasl CIeKTpajbHasl JHHHSA, rle Obl OHAa HH Oblla—B BUAMMOH, HJIH
B HEBHJUMOH 4YacCTH -CIeKTpa, rnomajasi Ha psij cnaeB AB, u3MeHsieT
HX TEMJIOBOE COCTOSTHHE H PErHMCTPHPYETCS] C HOMOIIBIO rajibBaHOMETpa.
Takum 0GpasoM, NpH TNOMOILIH 3TOH TEPMO3IJEKTPHUUECKOH YCTAHOBKH
MOXHO HCCJENOBAaTbH IUAr 3a IIArOM KaKOH YrOXZHO CHEKTp
¥ BbISICHUTb pacrpelesieHHe B HEM 3Hep-
IUH, KaK B BHIUMOH, TakK W B HEBH[H-
Moii ero uactd. K 3aTomy Bompocy Ml
Bepuémcs (§ 130).

B 3akJi04eHHE OTMETHM BaXKHOE TeX-
HUYECKOE TpUMEHEHHe TepMO3JIeMeH-
TOB—3TO H3MepeHHe TeMmeparyp, OCo-
GeHHO BBICOKHX, 10 BO3HHKAIOIIUM JJI€K-
TpoaBmKyIUM cusiam. Tepmonapa (mia-
THHa)— (nnatuHa—poxui) (90% Pt
+ 10% Rh) siBsieTCst OCHOBHBIM HHCTPY-
MEHTOM NPH U3MEPEHUH TeMIepaTtyp Bbl-

Puc. 80. Puc. 81.

we 500°; nofoGHble HHCTPYMEHTHI Ha3bIBAIOTCS NHpoMeTpaMu. UyBcTBH-
TeJbHOCTb 3To# napel 10-10-% ¢ na 1°. Camblii TepMO3JeMeHT 3akKJio-
yaeTcsl B OTHeynopHylo ¢apdopoByio Tpy6Ky (puc. 81), KieMMbl ero
COEJUHSIIOTCA C YYBCTBHUTEJIbHbIM TaJibBAHOMETPOM, LIKaJa KOTOpPOro
nporpaiyupoBaHa Ha rpagayce (1o 1600°).

IX. POTOMETPUS

36. doTomeTpHsi eCTb OT/JEJ ONITHKH, B KOTOPOM BBISICHSIOTCS H OlIpe-
JeJISIIOTCST SHepreTHYeckHe BeJHUYMHBI, XapaKTepU3YIOIIHe CBETOBhLIC
SIBJIEHUSI, W YCTAHABJUBAIOTCA CHNOCOOBI HX H3MEpeHHs.

Bcesikoe Tesio pH BCSAIKMX Y€JOBHSAX H3JyYaeT SHEPTHIO; MOLIHOCTh
3TOTO M3JIyHeHHS, T. €. SHePIHUsi, Ha/yyaeMas B CEKYH]Y, OLEHHBAETCH
NOTOKOM e€ H Hu3MepseTcss B Bartax. Ho eciu mepefitu K H3JTy4eHHIO
cBeTa, TO HAJO MMeTb B BHJY, YTO He BCSIKHH BHJ JYYHCTOH SHEpTHH
BbI3bIBAeT 3pHTeJbHOe omymleHHe (§ 1); Hakan€HHBI! YTIOr WM Harpe-
ThIfi PEOCTAT UMEIOT MOLIHOE H3JIydeHHe, HO OHO He OIlEeHHBaeTcs
TJ1a30M.

ITycTe S—TovYeuHbIi HCTOUHUK 3Hepruu (puc. 82), Hsnyqaroumu eé
paBHOMepHO BO Bce cTOpoHHI. IlocTponM KoHYC C BepLIHHOH B Touke S
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H YIJIOM ¢ IIpH BeplUKHE KOHYCA; KaK U3BECTHO, 32 €AHHUIY TeJeCHOTO
yrjla NpHHHMaeM CTepajHaH—YyroJ TaKOro KOHyca, BeplHHa KOTOPOTo
JIeXKHT B LEHTpe 11apa ¢ pafuycoM 1 cm M KOTopblil BblesieT Ha IOBepX-
HOCTH 3TOro llapa NoBepXHOCTb cermeHTta B 1 cm? (puc. 83).

N

. S — 0 o,

G é
Puc. 82.

[ToBepxHOCTb cerMeHTa (, BBIDE3aHHOrO Ha IIape C PagHYyCOM 7
COOTBETCTBYIOUIAst YrJy @, H3MEpPeHHOMY B CTepajfiHaHaX, BBIPA3HTCH
TaK:

£ 9. — 42
T Tany =19

CuyuTas NOTOK SHEpPTHH, H3JyyaeMbld TOUKOH S, paBHOMEpHO pac-
npelieJIEHHBIM 10 BCEM HampaBJieHHsM, OyaeM umeTb AJs notoka @,
COOTBETCTBYIOLIErO Yy ¢:

(D?=1<P’
a s Bcero noroka @, usjydyaeMoro HCTOYHHKOM S mpH ¢ = 4x:
® = 4x]. - (1)

3uauenne koddduunenta I BolsgcHseTcss npu ¢ =1 wuau u3 ¢op-
MYJIbL:

Sto 3HauuT, uto / ompeJeJisieT NOTOK 3HEPTHH, KOTOPBHIA H3Jy-
yaeTcsl UCTOYHHKOM BHYTPH TEJIECCHOTO yrJjla B OJHH crepajuad. Cre-

JoBaTeJbHO, | 3aBHCHT HCKJIIOYHTEJbHO OT HCTOUHHKA, XapaKTepuaysi
€ro MOIIHOCTb BBIPaXKEHHYIO B BaTTaXx. ’

ITpumennM sto ofliee paccyKJIeHHEe K CBETOBOMY MNOTOKY,
K THOTOKY 3HepruH, NPOU3BOJALLEMY CBETOBOE OINYII€HHWE Ha IJas3.

I'nas yenoBeka HEOJHHAKOBO BOCIHPHHHMAET CBETOBblE OLLYIIEHHS
pasHoro useta. CpenHIOI [Jisl MHOTHX JIIOAeH UyBCTBHTEJBLHOCTD I'J1a3a
K CBETY PasHOH LIBETHOCTH MOXXHO XapakTepH30BaTb (yHKIMeH HJH
koa¢pduunentoM Bugumocti! V (puc. 84), xom wu3MeHeHuss KOTOpO#

1 OCT 7637.
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nony4uM, OTJiarasi Ha OcH abClUMCC [JIMHBI BOJIH BHIHMOrO CBeTa B
MHKpoHax ot ¢uosetosoro (A= 0,4p) no kpactoro (A=0,7p), a mo
OCH OpDIHHAT — CPeJHIOI0 YYBCTBUI1eJBHOCTD I'1a3a K 3THM [BeTaM HaH-
GoJbliasi 4yBTTBHUTEJILHOCTL IJla3a oGHapyKeHa sl 3eJIEHBIX Jyued
(A= 0,556 p); 3nauenue pyukuuu V paa aTHX Jnyded NpuHHMaeM 3a
eJUHHILY:
Vx)=1.

Torga A/si BCSIKUX HHBIX BHAMMBIX ayueit V(\) < 1; Hanpumep:

1ast Agp = 0,650 p (xpacusle ayun) V (Aep) =0,107;

05T Agea = 0,590 p (xéntble Ayun) V (Axen) =0,757;

ISt Y guon = 0,4 p (puonerosble syun) V (Apuoa) = 0,0004

4 T. 1.
BhbiBoa, K KOTOPOMY MNPHBOAUT 3TO HCCJeOBAHHE: HE BeChb INOTOK
&'iSJIy‘laEMOﬁ SHepPruu BOCHPHHHUMAETCA IJ1a30M Kak CBeT, a JiHlb Ta

/]

{
1>
A 1 2A+dl "".’?

Puc. 83. Puc. 84.

€ro 4acTtb, KOTOpasi omnpejessieTcs QDYHKI.IHeﬁ BHAUMOCTH AJI1 JaHHOro
copra JIy‘-lEﬁ. Yr1o6b! NOJNYYUTb MOIIHOCTb IIOTOKA, OLEHHBAEMOro IO
€ro CBeTOBOMY BO3JIe/iCTBHIO HA TJa3, HaJA0 Bech MOTOK SHepruy,
H3J1yllaeMblﬁ JAHHBIM HCTOYHHKOM

YMHOXHTb Ha GYHKIHIO BHaumocTd V (\); pesyabTar 1aéT MOTOK:
F=0.V, ()

KOTOpBIH ONpeseNNT MOIIHOCTb CBE€TOBOT O MOTOKA.

U3 storo BbipaxkeHusi noroka F BHIHO, YTO NpHU HaHGOJIblieM
3HaueHud KoshguuueHta V 0CTaTOUHO HEGOMBLIOrO NOTOKA 3HEPrHH
®, urobbl BBI3BaTb HMHTEHCHBHOE OLLyllleHHe CBeTa, H OOpaTHO: NpH
MaJibiX 3HaueHusX QyHKuMH V HyKeH Gosbluoff NOTOK 3Hepruu P,
4TOOBl JIOCTUTHYTbH TOTO K€ CBETOBOIO OLLYLIEHHS.
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Pasmepuocts F mo c¢opmydae (1):
[F]=[C*G'S3-V].
37. [Npumensis K cBeTOBOMY MOTOKY F obline cooGpaskeHHs O paB-
HOMepHOM (H30TPONIHOM) MOTOKE 3HEPrHH TOYEYHOro HCTOYHHKA S

(puc. 82), Haxoaum:
a) Jlas cBeTOBOrO MOTOKAa B YTJeE ¢:

F=1I"¢. 3)
6) [lasi Bcero CBeTOBOrO INOTOKa: .
F =4z, 3"

rjae I—xapaKTepncha HCTOYHHKA.

Ecnau norok HensoTpongxﬁ, B KOTOpPOM MOIIHOCTb MeEHfIeTCA MO
pa3HbIM HanNpaBJeHUsM, TO AJs HampaBJeHHs, OIpeessieMOro yIJoM
dp, umeeM:

dF =1'.4e. 3"

Bripaxkas u3 (3) uau (3") Benuunny [/, ompenenseM eé€ ¢usu-

yeckoe 3HayeHHe:
_F . o
I =3 I =% 4)

Kak yxe Oblio cka3aHo, I’ xapaKkTepuayeT caM HCTOYHHK CBeTa,
C TOYKH 3peHHs] ero AefiCTBHSI Ha r/a3; UMEHHO, OTHOLIEHHE CBeTO-
BOTO NOTOKA K TeJECHOMY YIJy, B KOTOPOM OH paclpoCTpaHseTcs,
HasplBaeM CHJOfi CBeTa HCTOYHHUKA.

Mexynaposanble KoHbpepeHUHMH 3JE€KTPHKOB U ClielWaJibHbIE COBe-
manus no ocBeieHuto (¢ 1884 r.) saTpaTtuiu MHOro Tpyjaa, ytolbl KO-
CTUTHYTb €JHHCTBA B ONpejeJieHHd CBETOBbIX €JWHHUIl; HO HaJo IpH-
3HaTbh, YTO NOJHOH ONpejeséHHOCTH B 3TOM BONpoOCe ellé He YCTaHOB-
JeHo.

Ilo MexxayHapoAHOMY COrJiallleHHIo 32 e IUH MY CHJH CBeTa
NpUHSITa CHJA CBeTa C(epHyecKoro H3JyueHHus 3STAJOHHBIX JaMmi,
YCTPOHCTBO M PeXXHM KOTOpPbHIX CTaHJapTH30BaHbI; 3TH 3TaJIOHHbLIE
JaMNbl XPaHATCS B METPOJIOrMYECKHX Yupe JeHHAX KaxKJOoh cTpaHb!
H C HUMH CPaBHHBAIOT MHble HCTOYHMKH cBeTa. TaK yCTaHOBJIEHHas
eJMHHLA CHJIbl CBeTa Ha3blBaeTcs MeXJyHapojHofl cBeuoit (c8)2.

1Y nac—Bo Bcecolo3HOM HayuHO-HCCJIE/IOBATEAbCKOM HHCTHTYTE METPOJOTHH
uMenu 1. M. Menpesneesa.

2 B 1940 r. mpeanoxena HOBas efHHUUA cHJbI cBeta. D10 1/60 cHabl cera,
H3JIyyaeMoro B HanpasjieHHH Hopmanu | cm? uépnoro Tena (§ 135) npu Temnepa
Type 3aTBepieBaHHsi maaTuHbl (2046°,6 K). Cuna csera 3TOro HCTOYHHKA OTJIMYaET-
csl OT MeXAYHapoaHOro Ha 2). .

INono6uyio epunuuy eweé B 1884 r. mpepmoxua ¢panuysckufi pusnk Buonns
(exununa Buonns).
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[Tonarast B pomyne 3) I'=1 ¢8, o=1 cmepaduan, Haxomum:
F=1c¢.1cm=1 an.

M3 storo onpejeneHust cienyer, 4TO eIMHULA CBETOBOIO IOTOKa
JIOMEH eCTh Tako# CBeTOBOH IOTOK, KOTOpHi B 1 cTepajuane
H3JlyyaeT UCTOYHUK B | cs.

[Tonnwifi cpepuueckuit notok F,, usnyuaemniii 1 cs:

Fy=4n.1=12,566 am.

JlroMéH-ceKyHla eCcTb eJWHHLA CBETOBOIl SHEPrHH; I3TO SHEPrus
NepeHoCHMasi CBETOBbLIM IOTOKOM B 1 am B 1 cexk.

Anrcrpem (1884) u npyrue ¢pusuku onpenesuIn MEXaHHUIECKUH
9KBHBAJIEHT CBETOBOH SHEPIHH, T. €. ONPEeJHIU COOTHOIIEHHE MeXAy
JIOMEeH-CeKYH/Jla H JXKOyJeM.

B Hacrosimee Bpems AJs Jyuel HauGoJblIeHl YyBCTBHUTEJIbHOCTH
AJs rnasa (3enaésole Jayuu, A= 0,555p) npunsaro:

1 am-c=0,00155 dox,
HJIH:
1 am=0,00155 em.

O6partHo: 1| 8m =650 anm.
[Mpu nyuyax uWHOH LBETHOCTH, AJs1 KOTOphIX V < 1, JOMEHy COOT-

em
BeTCTByeT Gonbllass MOLIHOCTb; mosTomy Beauumna 0,00155 ——

ABJISIeTCS. HAMMEHBIUNM 3HAYeHHEM MEeXaHHYeCKOro 3SKBHBAJEHTa
cBeTa.
Ecay HCTOYHHKOM cBeTa sIBJIsieTCsl He TOUKA, a NOBEPXHOCTb TeJa,
TO BBOJHUTCSl TIOHSATHE O SIPKOCTH MH3Jy4YeHHUs IOBEPXHOCTH
HCTOYHHKA B JJaHHOM HampaBJ/IeHHH. SIpPKOCTbIO TNOBEPXHOCTH Ha3bl-
BaeM CHJIy CBeTa, H3Jy4aeMOro 3TOH INOBEPXHOCTbIO C €JUHHILI ILIO-
majay B HOPMaJbHOM HampaBJleHHH:
dl’
B = d_S .
3a eauHUIy SIPKOCTH MPHUHAT CTHJABO (c6)—3TO SAPKOCTb PaBHO-
MEpHO CBeTsllelicss IVIOCKOH IMOBEPXHOCTH, HCIYCKalolled B IepIeH-
JHKYJSPHOM K Hefl HamlpaBJIeHMH CBeT CHJOH B OfHy cBeuy c 1 cm?
B 3TOM HalpaBJIeHHH.
Tak, sipkocTu:

Benoii noBepxuocTH, ocBeménHoit CosHueM — 3 cruapba
$lcHoro HeGa —- 0,15 »
Hounoro ne6a — 10 »
Bosocka anekTposiaMiibt —~-300 »
TosepxHoctn CosHua — 108 »
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Ecan JsyyencnyckaHde NPOHCXONMT B [AHHOM HaTlpaBjieHWH N,
ompefensieMom yriom B (puc. 85), TO SPKOCTbIO CBETALLEHCS NOBEPX-
HOCTH § B JJaHHOM HaIllpaBJIeHHH Ha3blBaceM:

_dr
" ascos *

Ecau BEJIHYHHY B otnectu He K TNIOBEPXHOCTH TeJa, a K CEUCHHIO

CBETOBOIO IOTOKAa B JAHHOM MeCTe €ro, TO BEeKTOp:

R dr d= (4

=ds.cosB =ds-cp-cosB

HasblBaeM HHTEHCHBHOCTD 0 CBETOBOIO INOTOKA.

[TosoxxuM, YTO HCTOYHHK HepaBHOMEp-
HO H3JIyuaeT, CHJIa ero CBeTa HeOJHHAKOBa
N0 pa3HbIM HaNpaBJEHUSIM H OIpeJeJsieT-
cd Jsl JAHHOTO HAMPABJIEHHS] 3aKOHOM
Jlambepra:

I=1I,cosB;

TOTa SIPKOCTb He 3aBHCHT OT Hamlpasile-
HUSI M3JIyYeHHS] H OJMHAKOBa MO BCEM Ha-
TIpaBJICHHSIM:

dr
=7 Puc. 85.

TakoBo usnydenre CoJHIla, MATOBBIX MOBEPXHOCTEH.

38. Ilycte B Touke S (puc. 82) HaXOAUTCA HCTOYHHK C CHJIOH
cBerta I’ cBeuefi; onuuteM okono S ciepy papuycom SO = R, M Bbije-
JUM Ha Hell MOBEPXHOCTb CEerMEeHTa G, COOTBETCTBYIOHIYIO TeJIeCHOMY
yray ¢:

‘ 2 .

°=Rlc?)
KOJIMYECTBO JHEPrUH, NMPHUXOJSILIeecs Ha E€IWHHIY [OBEPXHOCTH, Bbi-
pasuTcsl Tak:

- r=F (5)

A1y BeauunHy E HasbiBaeM NOBEPXHOCTHOHN NMJIOTHOCTHIO
CBETOBOTIO NOTOKAa HMJH OCBEIMEHHOCTbIO MNOBEPXHOCTH.
3akoH, BblpaxaeMmblit ¢opmysoil (5), TOBOPHT, YTO OCBEIIEHHOCTb
o6paTHO NPOMNOPLHOHAJbHA KBAJpaTy PacCTOSHHS OT IOBEPXHOCTH 1O
HCTOYHHKA CBeTa.

Tonoxum I' =1 c8, R, =1 cm, Haxonum E=1; 3Ta ejuHHI A
NJOTHOCTH CBETOBOTO NOTOKAa HJH OCBENEHHOCTH
HasbBaeTcs GoT (¢); npusTom¢ = | cTepauany. Ciei0BaTesIbHO,
¢dor ecTh Takasi NJOTHOCTb NOTOKA, NPH KOTOPOH JIIOMEH PaBHOMEPHO
pacnpenenéd Ha 1 cm? NOBEPXHOCTH.
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Epnnvna B 10* pa3 meHbllasg HasbBaeTcss JIOKC; 3TO MOBepx-
HOCTHasi MJIOTHOCTb WJIM OCBeLL@HHOCTb, NMPHU KOTOPOH JIIOMEeH pacrpe-
Jensiercsl Ha 1 m® NOBEPXHOCTH.

Ilpumepsl ocBenIEHHOCTH:
CosiHLe B NONJEHb AETOM — 105 aK
B cBetsoii KOoMHaTe ,— 102 »
Inst pa6oTel nmpu uHcKyccTBeHHoM cBeTe — 30 — 150 »

O6o6iunM 3aKoH ocBewénHocTH. Ha paccrosiunu SO, = R (puc. 82)
OT HCTOYHMKA S MOCTPOHM MJIOCKOCTb, NEPHNEeHAUKYJSPHYIO K OCH KO-
‘Hyca ¢ yrJjoM ¢ npu Bepimse. Ilotok [¢ (omyckaem wtpux) Gyper
najaTth Ha MJOLAZb Kpyra o; OCBEUlEHHOCTb 3TOH Iuomajau kpyra E,
Oy 1eT UMeTb 3HaYEHHe!

Io ’
Ez— q_;
A9 TIIoAagu 6, Ha paccTositnd SO = R;=1 u aHAJOTHYHO HMeeM:
e, o R 5, 2.
Ei=% a=m= R o= Ry
I03TOMY:
1.9
Eg—aR»z.
O6o3HaYNM:
le

—=N; (a)

TaK Kak I, ¢, o, MOCTOSIHHBI JJISi JaHHOrO KoHyca, To K BeiuuuHa
TIOCTOSIHHAS !

K

Ez = E‘z‘ .

Ecmi cekymyio mocKocTh HaKJOHHM K ocH Kouyca SO Tak,

qTo0Bl OHa 00pa3oBajia C 6 YroJ i, TO B CEUEHHH MOJYUHM 3JIJIHIC

(puc '82), myomanp KoOTOpOro 0603Ha'-mM yepe3 o,. OCBemeHHOCTb

3TOH IJIOMIAJH BLIpPAa3UM TakK:

o s o0 R? g,
HO
¢ =0,-COS{
TI03TOMY
COS i
E=K< (6)

310 06OOMEHHbII 3aKOH OCBelleHMS: IUIOTHOCTD CBETOBOTO
MOTOKA MJH OCBelEHHOCTb TOBEPXHOCTH NPSIMO MPONOPLHOHAJbHA
KOCHHYCY yrJjia NajeHus Jydyed W o0OpaTHO MpONOpLHUOHANbHA KBaj-
paTy e€ pacCTOsHHSI OT HCTOYHHMKA CBETOBOIO IIOTOKA.
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HanomuuMm, 4to 3akoH KocuHyca mproOpeTaeT ocol6yio HATJIsI JHOCTD
B YaCTHOM CJlyuae OJIHOPOJHOCTH MOJISi (CBETOBOrO, 3JIEKTPHUECKOTO,
maruuTHoro, cp. II, § 12) npu napanenbHbIX JyuaX; TakoB ciayuyal
ocBeutenusi 3emau CounnieM. OG03HaYHB MOTOK NapaliiesibHbIX Jyded,
HOPMAaJIbHO NajalOWUX Ha TNOBEPXHOCTb G,
uepe3 ¥, ¥ NOTOK, Najawiuii HA Ty XKe X

NoBepXxHOCTb (puc. 86) HAKJIOHHO MOJ yr- 6 %
aom i, uepe3 P, HaxopuM: \ /
D P
g [+
® = @, cos i; i

P . ,
=—tcosi=E,cosi. Puc. 86.

OcBelméHHOCTh TOBEPXHOCTH INPOMNOPLHOHANBHA KOCHHYCY YTJa
najicHusl Jyues.

39. Kosdpouuunent K onpesensieT 4ncyo GoTOB HIH UYHUCJIO JIOKCOB,
OLEHUBAIOIUX OCBELIEHHOCTb IOBEPXHOCTH Ha pacCTosiHUH R=1 cu
(uau, cooTBercTBEHHO, R =1 M); NpY NpOYHX paBHbIX YcJoBHAX K
NpONOpLHOHANLHO cmjie cBeTa Huctouynuka [ (dopmyna a). Ha stom
OCHOBaHUH yCTpauBaloTcd GOTOMETP Bl —

s, f’ s s; TpuOOpBI, NpPH TMOMOLM KOTOPbIX MOXKHO
4 7 A, CpaBHUBaTb K pa3sHbIX HCTOYHMKOB CBeTa,
a CJIel0BaTeJIbHO, H3MepsiTh [ — CHJy CBeTa

Puc. 87. HCCJIe1yeMOro HCTOYHHKA, CpaBHHUBas eé

C CHJIOH CBeTa 3TaJIOHHbIX HCTOYHHKOB.
IlBa ucrounwka ceeta S; u S, (puc. 87) ocsewaT C ABYX
cropon mnoBepxHocTh OO;; mpu ycJaoBHH cosi=1 ocBelEHHOCTH
E, u E, 5TO#l MOBepXHOCTH Y/OBJIETBOPSIIOT YCJIOBHUIO:

- I . I
EI.E2='r—%'.—r-§—"
eCJIn
E1=E2,
TO
Iy i Iy, I _ r}
T R LA 0

TakuM oOGpasoM, u3MepeHHe CHJ CBeTa HCTOYHHKOB CBOJAHTCS
K H3MepeHMIO pacCTOSHUH HMX JI0 OJHHAKOBO OCBEIIEHHBIX HMH TMO-
BEPXHOCTeH.

Pasnnunble TUNbl (OTOMETPOB HMEIOT LENbI0 OCYIIECTBHTH BO3-
MOXKHOCTb CpPaBHHMBATh OCBeLlEHHOCTH NMOBEPXHOCTEH INpH YKa3aHHBIX
ycnoBusix. Cxema c¢oromerpa Jliomepa-BpoaxyHa, Bxoaswas
BO MHorue  jJpyrue (OTOMETpbl, TaKOBa: ABa TejJa B BHJE NpPSIMO-
yrosbubix npusM ABC u A;B,C, U3 OJHOTO H TOTO Xe cTeKJa (0HO
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TeJO HMeeT NPOTHB NPSIMOTO YIJa BBINYKJYK NOBEPXHOCTBH) CJIOMKEHbI
THIIOTEHY3aMH, NPUYéM BBINYKJas 4acTb BTOpoH mnpusmsl MN Tia-
TeJbHO NpHILIHGOBaHA K runoTenyse mnepsod (puc. 88). Jlyum ot
UCTOYHHKOB S; M S, NpoXojasiT uepe3 yuacTok MN Ge3 mpesomJe-
uusg. Jlyun or ucrounuxka S; B Buje nyuka bb momajaiot B moJe
TpyOul Habumofnatesss T; Jyynm e OT MCTOYHHKA S, Bbile M Y HHUXKe
N TepmsT noJHoe BHyTpeHHee oOTpaxKeHHe OT miockocTH AC u B BuJe
KOJIbLIEBOTO NyuKa JydyeH aa Toxe nomapaior B Tpy6y T.

V3
8

SN Y

/C;M at%7

Puc. 88.

Takum obGpasoM, B Tpyde T BHAMM LEHTPAJbHBIA OCBEUIEHHBIHK
KPYXOK 6 OT HCTOYHHKA S; H KOJbLO @, OCBEIEHHOE HCTOUYHHKOM S,,
[lepemeinast uctouHukd S; U S,, A06UBaeMcsl, 4TOObI OCBEIIEHHOCTH
a 4 ¢ ObUIM OAMHAKOBHI;, TOTAa, NpuMeHss ¢opmyny (7), MoxkeM
cpaBHHTb cHsbl cBeta I, u [, ucrounukoB S; u S,. Ecay ucTounuk
S, 3TaJIOHHBI, CUJa CBeTa KOTOPOro H3BeCTHa (Hampumep, 3TaJoH-
Hagd jamna B 40 cBeueil), TO ompezessieM CHJIy CBeTa HCTOUHHKA S,.
JlaGopaTopHoe ocyllecTBJeHHe 3TOH CXeMbl BeCbMa pas3HOO6GpPas3HO
B pasHBIX (poTOMeTpax.

3aMeTHM, YTO TOYHOE CpaBHEHHEe CHJI CBeTa BO3MOXKHO JIMIIb
AJIST OJHOLBETHBIX HCTOYHHKOB, TaK KaK IJla3 BecbMa pasJIHYHO
BOCTIPHHMMAaeT OCBeIEHHOCTH pasHoi LBeTHocTH (§ 36).

[Mocne o63opa siBieHUEl JyyeBOH ONTHKH, C KOTOPBIMH JOJIXKHa
_CUHTAThCS BCSIKas TeOpUsl CBeTa, KaK C OMNLITHEIM MaTepHajioM AiJsi
e€ MOCTpPOeHHsI, MOXKeM INepeHTH K H3Y4eHHIO COBPeMEHHbIX B3TJISAOB
Ha TIPUPOJAY H3JyUeHHS, B YaCTHOCTH Ha NPHPOAY CBeTa.



IT'aasa II
BOJIHOBASI OINITHUKA

1. MHTEP®EPEHLHSA CBETA
A. OCHOBHBIE NPEJACTABJIEHHSI U OIbITbl ®PEHEJIS

40. 1o fir e H ¢ BbHICKA3aJ TUIOTE3y O BOJHOBOH NPHUpPOJE CBeTa
(1690) 1 BecbMa nopoGHO oGocHoBAaJ eé. I1pu 3ToM OH onupasics Ha a H a-
JOrHI0O SBJUEHHUH 3ByKa H CBeTa, ynolobasis cBeTs-
eecsi Teslo 3BydauieMy. Kak OT HCTOUHHKA 3ByKa BO BCE CTOPOHHI IO
BO3JyXy PaclpoCTPaHsIOTes] BOJHBI 3BYKa, TaK Xe H OT CBeTAllerocs
Tesla PacnpoCTPaHSIOTCS BO Bce CTOPOHBI BOJIHBI CBeTa IO MHPOBOH,
BcelpoHHKaloue# cpese—rno a¢upy. Ho T'olireHc He Mor oOGHapyXuTb
BOJIH CBeTa. JKCNepHMeHTaJbHble JOKa3aTeJbCTBA TOro, YTO Cylle-
CTBYIOT BOJIHBI CBeTa, ObLIH JAaHbl aHrjauickuMm ¢usukoMm IO Hr o M?
(1807) u ¢panmysckum @ p e H e J e M2, KOTOphle PSIIOM 3HAMEHUTHIX
IKCEPUMEHTOB HEOCINOPUMO YCTAHOBUJIH BOJIHOBYIO TPHPOAY CBeETa;
PpeHesb NMOCTPOUJ IUMPOKO PA3BUTYIO TEOPHIO O BOJIHAX CBeTa.

[IpaMoe foKa3aTeabCTBO TOro, YTO CBET eCcTb sIBJje-
HYe BOJIHOBOTO XapaKTepa, COCTOUT B SKCIlepHMEHTAJbHOM OOHap yKeHHH
daktauntepdpepenuuun cnerTa(l,§140), 1. e. B foKasa-
TeJbCTBE TOTO MapajoKcasbHOTO (hakTa, UTo CBeT, IpHOaBJeHHbIH K CBe-
Ty, MOXKET YCHJIUTb CBET, 4 MOXET W OCJabUTh €ro H Ja)ke NOTacHTh,
B 3aBHCHMOCTH OT Pa3HOCTH (a3 cJararouiuxcs CBeTOBbIX BOJH. Brep-
Bble 3TO OblI0 JoKa3aHo PpeHeseM; OH mepBLIH YBHAEN, YTO CBET MOXKET
1IOTacUTb CBeT.

IlpucTynas x HccienoBaHHIO HHTepdepeHuuH cBeta, P peHea b
npexJe BCero NoApO6GHO BLIACHUJ, IPH KaKHX YCJOBHAX MOXHO HabJio-
JaTb 3TO SIBJIEHHE.

1'Tomac IOur (1773—1829), cm. 1. I, (§ 89).

2Orwowcrten ®PpeHeasb (1788—1827), poauacs B r. Bponbu, OKOHUHA
[TosnuTexHUyecKylo WIKOJY H BE&J HHXKeHepHble paGOThl B NPOBHHUHH, B TO XKe
BpeMsl HeycTaHHO paboTajJ HaX OCHOBHBIMH BOMpOcaMu ONTHKH. Ero 3skcmeps-
MEHTa/IbHBIE H TEODETHYECKHe HCCIeAOBAHHS ONPaBAANH NPEACTAaBIEHHE O BOJ-
HOBOH NpHpOAE TBera.
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B o61eit Teopuu konebauuit (I 1., ra1. VII) 6b11 pacecmorpen npouece
uHTephepeHlMH BOJH, pAacNpoCTPAHSIOMUXCS OT JBYX HCTOYHHKOB
C NOCTOSIHHBIMH M paBHbIMH T H A, U BbISICHEHbI YCJIOBHUS, IPH KOTOPBIX
HaJloXeHHe (Cymeprno3uuysi) BOJIH BeJET K BO3DACTAHHIO aMILIUTYZ
B OJHHX TOYKAaX BOJIHOBOrO MNOJSI M K YMEHbILUEHHUIO X B APYrUX, UTO
BJI€UET 3a oGO0t aHOMaJIbHOe paclpefie/ieHHe SHePruH N0 HampaBJeHUIo
BOJIHOBBIX TIOTOKOB. . »

BesikHil MCTOUHHK CBeTa COCTOMT M3 MHOMECTBA YacTHIl—AaTOMOB,
MOJIEKYJI, 3JIEKTPOHOB, B3aHMOJEHCTBYIOMUX APYr C APYrOoM, B3aHMHO
B0306YyKIaeMbIX K H3Jy4eHHIO C PaSHLIMH aMILIHTYAaMH, NepHOAaMH
u ¢pasamu. Bce 3TH XapaKkTepUCTHKH XaoTHYeCKH M3MeHsIoTcs npH Gec-
YUCJAEHHBIX B3aUMOJAEHCTBHSAX M3JYUalOUIMX YacTHIl, U B JI000H Touke
CBETOBOrO TMOJISI THX 'MCTOUHHKOB Mbl HalJIOfaeM CPeIHHH C T a T H-
CTHUECKHH pe3ysabTaT CHOXEHHS BCeX BEKTODOB, ONpejeJsio-
{IIHX CBETOBble BOJIHLI, MOSIBUBIIHECS B JaHHOH TOUKe B NAHHBIH MOMEHT
BpeMeHHd. CrieloBaTeibHO, A5 HaO/MONeHUsT HHTepdepeHIIMH Hallo HMeThb
TakHe JBa CBETOBbIX NOTOKA, IPH HAJIOXKEHHUH KOTOPLIX HHTepdepeHHOH -
Hble siBJeHUs OblM Obl 3aMeTHH IIPY HAJHYUH TeX XaOTHYECKHX sIBJie-
HUH, 0 KOTOpBIX Oblja peyb.

D9TO0 ycilJOBHEe BO3MOXHOCTH HaOMIOIAEeHHSH
uHTepPepeHuuu cBeTa PpeHesab Bbpaxaer Tak':

«OnHO M3 HeoGXOIMMBIX YCJOBHH AJsl HaGMIOACHUS HHTepdepeHUHH
COCTOHMT B TOM, YTOOB! CXOASILIMECS JIYUYH HCXOAMJH U3 OAHOro o6uiero
ACTOYHHKA... BcsAkasi cucteMa BoJIH mpH BCTpede C APYroil cHCTeMoi
OyzeT Ha He€ OKa3blBaTh onpefenénHoe AeficTBHe, NpHYEM Ge3pasiuuHo,
6yayT a1 06e OHH HCXOAUTb H3 OJHOTO HJH PasjHYHBIX HCTOUHHKOB...
Ho nast Toro, uto6bl B3aUMOJeHCTBHE CTaJ0 3aMETHO AJISl HAllHX TJjas,
HeJI0CTaTOYHO, YTOOb! OHO CYIIECTBOBaJIO; HYXKHO emé, yToObl NposiBJe-
HHS ero coxpaHuaucb. Ho kak pas sToro u He MoxeT ObiTh, Koraa obe
cHCTEMbl HHTepQEpPHPYIOMUX BOJH HCXOAAT H3 Pa3HbIX HCTOYHHKOB.
B camoM gene, yacTuubl CBeTALIMXCA Tes, KoJieGaHUS KOTOPBIX NPHBO-
fIIT B IBHXKeHHe 3(Up U NPOU3BOJAT CBET, JOJKHBI HCIBITHIBAaTh B CBOUX
KoseGaHUAX BecbMa YacTble BO3MYIIEHHS... DTH MNPOTHBOMNOJOMKHLIE
neficTBUsT OYLYT 4YepeloBaTbCsl C Ype3BblYafHO GOJIbLIOH OLICTPOTOR
# JaAyT rja3y OJHO TOJbKO HelpepbiBHOE OlLLylleHHe, KoTopoe. OyzneT
CpeAHHM H3 6oJiee HJIM MeHee SIpDKHX OLYLIEHHH... H KOTOPOE OCTaHeTC s
HeU3MeHHbIM, KakoBa Obl HH Oblla pPasHOCTb NPOHIEHHBLIX NyTeil.
HMunavye o6cTtouT geno, ecau o6a nmnyuka cBerTa
HCXOAAT U3 OZHOTO o6mWero UCTOYHHUKaA. B atom
ciyyae o6e CHCTeMBbl BOJIH, HCXOJSIIME H3 OJHOTO LeHTpa KoJieGaHUI,
HCIILITBIBAIOT BCe BO3MYIUEHHS O AHHAaKOBHM 0o06pa3oM HB
OJHH H TOT XXe€& MOMEHT, a3T0 He CO31aéT HUKaKOH pasHHLb!
BUX OTHOCHTEJJbHOM TNOJOXEHHH; TaKUM 06pa3oM, eCliH JBH-
JKeHHsl UX BIIOJIHE COBNAJAJH C CAMOro Havaja, TO NpPOAOJKAIOT CO-

o O. dpeneas, O csere (memyap), I'u3, 1928, crp. 55.
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BNaZaTh U jlajiee, €CJH XKe PACXOJUJIHCh, TO NPOJOJIKAIOT PACXOAUTHCS,
M TaK 0 TeX NOp, NOKa LEeHTP KoJjeGaHHA NpPOJOJKaeT NOCHIJIaTh.
CBeT>.

O6o6imas 310 paccyxknieHue P p e H e s, MOXKHO CKasaTb, 4TO
yCJI0BUe BO3MOXKHOCTH HHTep(epeHLHUH JIBYX CBETOBbIX NOTOKOB 3aKJIO-
yaeTcss B ToM, 4ToObl ¢p a3 bl KoJaeo a-
HH A B HCTOYHHKAX 3STHX TMNOTOKOB ObLIH
OJIMHAKOBBl HJIM OTJIMYAJHCh APYr OT Apyra
Ha NMOCTOSIHHYIO BeJuuuHy. McTouHuku, cno-
coGHble JaTh HHTepdepeHLHIo, Ha3blBalOTCA
KOorepeHTHB MHuh

Hrak, mnpexje Bcero HeoOXOAHUMO HMeTb
IBa KOTEPEHTHLIX HCTOYHHMKA cBeTa. PpeHesb
IDOCTHUT 3TOTO NpPHU TOMOLIH YCTaHOBKH J[ABYX
IUVIOCKHX 3epKaJ, CIOCOGHBIX Pas/iBOMTb OJUH
HCTOYHHK CBETa; OH MOJYYHJ OT OJHOTO HC-
TOYHHKA JIBa CBETOBLIX moToka. JIBa muockux
sepkajta A u B (puc. 89) HakJIOHeHBl ApYT
K APYTY nof yryioM, 6auzkum K 180°. Boabmeém
BO3MOXHO SIpKUH HCTOUHKK cBeTa S (puc. 90),
HanpHuMep ejib NPOEKUHOHHOTO (oHaps, na-
pajnenbHylo peGpy nepeceueHusi 3epkan O;
B KaXJOM 3epKaje TOoJy4YuM Mo H3o0paxke- .
HHIO HCTOYHMKA S; H S,. DTH ABa H300pa- Puc. 89.

XKEHHST Mbl MOXeM NpHHSATb 3a JABa TOXJe-

CTBEHHbIX HCTOYHMKA cBeTa. OHH W OyAyT KOTEPEHTHBHIMH HCTOYHH-
KaMH CBeTa, TaK KaK OHH HMEIOT OJHO H TO XK€ MPOHCXOXJEHHEe H IIo-
CTOSIHHBI ONMH OTHOCHTEJbHO APYroro no ¢asam.

CHayana npejanoJioXXuM, uTo o6a MCTOUHHKA MOHOXpOMAaTHYecKHe,
HanpuMep KpacHble; IJisl 3TOTO JOCTATOYHO 3aKPhiTh OCHOBHOM HCTOYHHK.

s, S KpacHbIM CBeTO(DHJIbTPOM.

[Ipy 3TUX YCJOBHSIX B CBETOBOM
noje OyZeT JBe CHCTeMbl HaJaraio-
WHXcst Jpyr Ha gapyra BoJH (puc. 91)

—

-

s,
A\
-

_ __9. 8 or ncrounnkoB S, u S, (I, § 124).
//—____ OG6Go3HAaYHB  CIJIOIIHBIMH  Jyramy.
- | rpeGHH BOJIH, a NYHKTUPHbBIMH—BIa-
‘\1 i IuHbl (puc. 92), BHAMM, YTO B HeEKO-
s TOPbIX TOYKaX TMOJS BOJHBI YCHJIST
Puc. 90. Apyr Zapyra (KpecTHkH), B JApPYrHX—

noracaT Apyr Apyra (kpyxouku). Ecau
3TO CBeTOBOE MoJle nepecedb 3kpanoM QQ (puc. 91, 92), To Ha HEM TO/KHBI
NOSIBUTbCA CBeTJIble U TEMHBbIE TOJIOCH KaK pe3yJbTaT WHTephepeHHn
BOJIH B Pa3HBbIX €r0 TOYKax, coo6pa3sHO C pasHOCTbIO X0Ja BOJH OT S,

1 Cohaerere (:1aT).—CLENNATLCA, HMETh BHYTPEHHIOIO CBA3b, GHTH CBA3AHHEIM.
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uS,: B O ceernast nojoca, B O; u O,—témunie, B O, u O, cBeTJble
TIOJIOCHL H T. A.

ViMeHHO Takywl MHTep(epeHLHOHHYI0 KapTuHY (puc. 93) BmepBble
yeugen Openenb: «Takum 06pasoM,—TOBOPHT OH,—BIIOJIHE JIOKa3aHo,
YTO B HEKOTOPBIX CJIyuasix CBET, NPHOABJEHHBIH K CBETY, JAET TEMHOTY>.

Jlnsi oCyIIecTBJIeHHsl ABYX KOPePEeHTHBIX HCTOYHHKOB CBETa BMECTO
1Byx sepkan A u B ®peHeJib NONb30BAJICS TaKXKe ABYMS CJIOKEHHBIMHU

2a OCHOBaHHUSIMH TOHKHMH IIpuaMaMu A H
‘%ﬁ_“]\"/ B (puc. 94), Tak HasbiBaeMOd OHIIpH3-
AR Moit Dperesisi; B KaXAOH NPU3Me NMYUYKH
[\ \/ P Jydeil, Bbllleflllie M3 HCTOYHHKA S,
,’ \\ /,q\ OTKJIOHSIIOTCSI K OCHOBAaHHAM IIPU3M
\ / \\\\ (puc. 25) W panyT MHUMBlE H306paxe-

g, Hust S; uS,. Kak u B cayvae sepkads,

CJIOXKEHUe BOJIH 3THX JBYX KOTepeHTHBIX
8 HCTOUHHMKOB OGYCJOBHUT Ha 3KpaHe QQ
(puc. 91) mosBieHue mnoJioc HHTepde-
penuuu (puc. 93).

—r== ST OCHOBHBIE OIBITHI U MHOXECTBO
+= MHBIX, UM NOJOOHBIX, yCTaHaBJIHBAIOT,
= YTO CYIIECTBYET HHTepepeHLHs CBeTa

=T HCnenoBaTeJbHO CBET MO
——— CBOEH nNpHpPOJEe €CTh He-
—J=—1" KOTOpPHH BOJHOBOH NPpO-
o l necec.
7 Iz q B. JUIMHbI BOJIH CBETA
Puc. 91. 41. DKcnepHMeHTANbHO YCTaHOBHB

sBJIeHHe HHTepdepeHUuH cBera, Ppe-
HeJb TeEpeén K BbISICHEHHIO BONpoca O AJHHE€ CBETOBH X
B O J H, T. €. 0 PACCTOSIHUAX, KOTOpbIE OTALJSIOT APYT OT Jpyra TOUYKH,
HaxoAdllrecsl B OIHUX H TeX e (dasax IpH pacrnpocTpaHEHUH BOJIHO-
BOro mpoliecca oT ucroyHuka csera (I, § 135).

Ecau onucanHblil HHTepdEepeHIIHOHHBIN ONBIT BBINOJHATD C Pa3HBIMH
cBeToQUIbTPAMH, CTaBsl HA IYTH Jy4ell KpacHoe, 3eJIEHOe U CHHee CTEKJIO
(puc. 95), To cpa3y BHAHM Ha 3KpaHe, YTO CBETJible KpacHble JIHHHH
6oJiee pa3BUHYTHI, YeM 3eJ1E€HbIe, a 3eJiéHble—OoJiee, YeM CUHUE U (uoJie-
TOBLIE.

Ecnn e nosayuuTb HHTepdepeHIMOHHbIE MOJOCH B GejioM CcBeTe,
TO B CcepeliHe KapTHHBI NOJYYHUM OeJyi0 CBETJIYIO JIMHUIO, a OCTaJbHble
CBeT/Ible JIMHHH OKaXyTcsl OKpalleHHBIMH B CIHeKTpaJjbHble IBeTa,
NpUuéM CBeTJble JIMHHM OOpalleHbl CBOMMH (DHOJIETOBBIMH KOHIAMH
K LeHTpanbHOH JuHUK O. DTH Hab/IOAEHHS NIPSIMO FOBOPSIT, UTO AJIHHBI
BOJIH Jlyuel pa3sHOi LiBETHOCTH pa3J/IMYHBIl, TAK KaK yCuJieHHe H ocjabJe-
HHe UX NPOUCXOAAT B pasHbIX TOUKax KpaHa, T. €. PA3HOCTb XoJa 1A
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Puc. 92.

Puc. 93.

Puc. 94.
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o A A ..
STHX BOJIH CTAHOBHTCSA PaBHOH 21 5 HJIH (2n+1) 5 —UCTHOMY HJIH He-

yéTHOMY uHcay nosyBoJiH (I, § 124)—Ha pasHbIX PacCTOSIHUSIX OT HCTOY-
HHKOB S; ¥ S,.

7 /4 J

R
10 00 AT AT

2 J 4
Puc. 95.

Hpacrbrg

CuHUY

=
oo

Urob6rl Gosee TOYHO BBHIICHHTH KOJIMYECTBEHHYIO 3aBHCHMOCTD
IJIUHBI BOJIHBI OT BEJIMYHMH, XapaKTepH3YIOIWUX ONHCAHHYIO YCTAHOBKY,
NpeAcTaBUM cebe, YTO NpPH NoMowH 3epkaj PpeHesst Mbl OJNYUUJH [Ba
MOHOXPDOMATHUECKHX HCTOYHHKA S; U S,, AaOIHX, HaNpHMep, Kpac-
HbIfl CBeT; Ha 9KpaHe B UX CBe-
TOBOM IIOJIe HMeeM DS MAKCH-
MYMOB M MHHUMYMOB CBeTa,
HanpuMep KpacHble U TEMHble
nojiockl (puc. 93). Ilepeceuém
CBETOBOe II0Jie 3KPaHOM, pac-
IIOJIOKHB €ro InapaJsliesIbHO JH-
HAH QQ, (puc. 96); Ha HéM
HabMo1aeM LIeHTPaJbHYIO CBeT-
Jayio juHdio O (B HalleM cJay-
4yae — KpacHyo); AJs 3TOH TOY-
k1 S,0 = S,0, cienoBaresibHO,

i 0; ' Z =7, U, ¢, PasHOCTb Xoja E? 0;" HaJieBO
—2a — U HanpaBo OT Heé TEMHBIE H

cetrJble n0J10CB Oy, 0,,0,, . . .

Puc. 96. MOJIOXKEHHe KaxJoH K3 HHX

OnpeNeNuTCsl pa3HOCTBIO XOfa:
aas Toukd O;:

£, =8,4=85,0,—8,0;;
Aas ToukH O,
£ =5,8=8,0,— 5,0,
HT A
Ecan El=—;— » MM BooOwWe &= (2n-+ 1)-;— (npu n=0,1,2,3,..),
TO B TaKHX 'rquax HMeeM TEMHBIe no.nocu (cBeT moracus CBeT);
ecaH XKe El-2 , HJH BOOOLIE E—.‘Zn (mpn n=1,2,3,...), 10
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B TAKMX TOYKAaX HMEEM CBETJible MO0JOCH (MAaKCHMYM.SPKOCTH, CBET
YCHJMJ CBeT).

O6o3nauus S,;S, =2a, CO=L; 00, = x, uaxogum (puc. 96):
£=35,0,— S0
S0, =VL+ (x+a) 8,0,=VL+(x—a)
1

=L [1 _+_<x-l§:a 2]%—[, [1 +<x—;a>2]§'
Kamneii w3 OuHoMOB pasyoxkm B pan HbioTowa, Tak Kax

a\? x—a\?
(x_t__) H( ; > CYyTb OY€Hb MaJlble BeJUYMHBl (MOJIOCHI OYeHb

6J1M3KW APYT OT Jpyra, a pacCTOsiHHE 10 3KpaHa 3HAYUTEJbHO), TQ
B pas3JioXKeHWH OTOPOCHM BCe WJEHBI, * KpoMe

nepBbIX: —
1 x-{-a)2 1 ] x—a)z]_an
t=L [1 +7< L 2\ L L
Takoe e BBIUHCJIEHHE MOXKHO NpojesaTs no (-t
OTHOILIEHHIO KO BCAKOH JHHHH (CBETJIOH WM TEM- —UT |
HOH); NO3TOMYy BOOOIE HMeeM:
2ax | -
E-—T. 0))] 7 G
3rech & ecTb Pa3HOCTh XOAA AJS HEKOTOPOIl. Puc. 97.

n-i TmoJoCHl, CYHTas OT UeHTpaibHo# O, mas

KoTopoii n=0; x-—paccrosHue oT ueHTpanbHO# Junuy O fn0 Ha-
6monaemMoit n-i.
TosTomy:

A
1. Ecan nabaiojaeM n-10 CBeTJYIO TOJNOCY, TO E=2n4:

AN 2ax 2ax
2”7=T’ nh==>-. (2)
2. Ecau nabmopaeM n-10 TEMHY 0 NOJOCY, TO
E=@nt 1) @ntl)s=22 (3)

INocneanne COOTHOLIEHHS AAKOT (GOPMYJNBI 1Jisl BHIUHCJEHUS] [JIHHbL
BOJIHBI CBeTa OMNpejesI€HHOR IBETHOCTH (HampHMep, KPACHOTO IBETa):

A= ‘fiaix" ; = (2n4—ixl) L (4)

Paccrosiuuss a u L Moryt ObiTb 3apaHee H3MepeHbl AJI JaHHOM

YCTaHOBKH, X — PacCTOSHHE MeX 1Y ABYMs HaGJI01aeMbIMH [10JI0CAMH—

MOXeT ObITb H3MepeHO NpPH IOMOIIM JYIBl HJIH TPYGhl C MHKpPOMET-

poM (puc. 97). Takum o6pa3oM, BCe BeJHYHHbI, BXOAsiulue B ¢hop-
MyJibl (4), H3BECTHBI H IIOTOMY 3Hast HX, MOXKHO BHIUHCJIHTb A.
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42, 3ameuaTesibHble BBIBOJBI, K KOTOpHIM nNpHmén Ppenens mpu
ero Ha6JIl0IeHUsIX PaclpOCTPaHeHUsT U HHTepdepeHUUH CBETOBBIX BOJH
B BO3JyXe, MOTryT OblTb (POPMYJHPOBAHBI TaK:

1. Cy6beKTHBHO BOCIpHHHMaeMass pasHOCTb L BeTHOCTH
CBeTa 3aBUCHT OT OGBEKTHUBHOH PasHOCTH B JJHHAX
CBETOBBIX BOJH.

2. Tnas Ham 1o cBoeMy YCTPOHCTBY crocoGeH BOCIPHHHMAThb
KaK CBEeT BOJHBE, JIJHHBl KOTOPbIX 3aKJ/OuyeHbl B Ipejesax oOT
0,76 p=7,6-10"% cm po 0,4 p=4-10"°% cm.

3. Bonmgnl HauGonbmwed AaUHB (npubd. A=0,76p) BBI3BI-
BAIOT OlLYIleHHe KpacCHOTro I BeTa, BOJHH HaMMeHbleH
AauHbl (npubn. A=0,4p)—PHONEeTOBOrO L BeTa; OCTajlbHble
(lBeTa COOTBETCTBYIOT HAJHHAM BOJH, JeXalluM B 3THX Ipejeax:

0,76 p > A > 0,4 » (MHKpOH),

HJIH: 760 mp >\ > 400 mp (MHJJIHMHKPOH).
- Jlna u3Mepenusi CTOJb MaJblX JJIMH BBeJeHa HOBas eJHHHLA
JJTHHBL — aHrcTpeM 1

1 anrcrpem= 1A =101 % =10-% ¢cu = 10-*

Torpga npengenb BHJLNMOTrO CHeKTpa H300pa3sarcs Tak:
7600 A > A > 4000 A.

Kpagneii koney Duosemossiti KoHey
c M
Ilpu momorM H3BECTHOTO COOTHOLIEHHUS: ¥y ==+, TJe c=3.101 =——
, cek,
HaXOJMM Ipefiesibl 4acTOT KojeGaHHH, KOTOpble IJa3 BOCIPHHHMaeT
KaK CBeT:

4.10% < v<7,6-1014

Ectb Gosee TouHble CriocoGel onpejelenuss NJHH BogH (§ 47, 66)

CBeTa, HO H3YyuYeHHbId cnocob Openenst Gbur nepebifi N0 BpeMeHH
W TIDHHUMNHAJLHO HauGosiee BaXKHbIA, TaK KaK OH DeLIMJ OCHOB-
HOH BONPOC O CaMOM CYILECTBOBAHHH BOJIH CBeTa H O BO3MOXHOCTH
HUX H3MepeHus.
- 4. O603HauuM PacCTOsIHHE OT CepejiHEl LEHTPAJbHOH INoJockl O
{(puc. 96) no cepeaunbl n-f CBeTJNOH MOJOCHL uYepe3 X;, a paccro-
fIHHE OT CepellMHbl LEHTPAJNbHOH MOJIOCH 10 cepeiuHbl (n + 1)-#
HOJIOCHI Yepe3 X,; Toraa no gopmyse (4) umeem:

x1=n)\%; x2=(n+l))\-2~a;
Ax=x2—x1=)\2—L&. (5)

"1 [lo HMeHH WIBEACKOro ¢u3uka AHrcTpema (1814—1874).
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D10 3HAUUT, YTO PACCTOSIHHS MeXAy TM0JIOCAaMH JAHHOro IjBeTa
NPONOPLUHOHANbHB [JIHHE BOJHHL.

5. Ecmm ucTounnk S HeMOHOXpPOMaTHYecKUH, Hanpumep GeJibid,
TO CBETJIble MNOJIOCHI Pa3HOH HBETHOCTH. PAcnoJioKaTcs B Pa3JIMUHBIX

A
MeECTax - 3Kpana (paBJIPI‘IHbI" —2->, U TIOTOMY CBETJIbI€ INOJIOCHI 6y11y1'

OKpallleHbl B CIEKTpaJbHble I[BETA.
B. IUCIEPCHA

1. HopmaabHas pucnepcusi

43. PpeHesb ONHCAHHBLIMU Bbillle OnbITaMH oGocHoBanx (1815)
runotedy I'lofireHca; oH paccMaTpuBa/ CBeT KaK MNepHOAHYECKOe
BO3MyIlleHHe B  3¢Hpe, pacnpoCTpaHsIOleecsi CO  CKOPOCTbIO

cM N .
C=3'IOIOW' XoTs MBI Tenepb HMeeM HHble NpeiCTaBJEHHS O MpPH-
poje TOro BOJIHOBOIO MpolLecca, KOTOPbIH BOCIPHHUMaeM, KaK CBET,
TeM He MeHee Teopusi DpeHens naér o6 He OCHOBAHUSA AN
BCSAKOH CHCTeMBbl HaLIUX BO33PEHHH HA NPUPOALY CBeTa W BoOOLLE
H3JIyYeHHs.

Bcsikasi Teopus cBera JOJKHa fAaTh oObsiCHeHHe TeM (bakram,
KOTOpble Mbl HENOCpeACTBEHHO Ha6/io1aeM IIpH  pPAaclpoCTPaHEHHH
CBeTa — MpsIMOJIHHEiHOe paclpoCTpaHeHHe, OTparKeHHe, NpesoMJeHue,
IZucnepcusi. PaccmorpuM, Kak Teopusi PpeHenss mnpeacTaBJseT . 3TH
fBjenus. Hauném c aucnepcuu.

OnbIT FOBOPHUT, UTO NPH JUCIEPCHH JYY KaXKJOH IBETHOCTH HJET
0 CBOEMYy, OTJIMYHOMY OT APYTHX Jyded nyTH, mpuuém (§ 35):

Ryp < Rop < Byen < -+ < Beun < M guon-

Teopus Ppenensi, paccMaTpuBasi CBET Kak BOJHOBOH npolecc
yCTaHaBJINBAET:
)\Kp > )\op > )\x(é.n > ... > )\cm-: > )\dmon'

OGosnauasi, Kak Bcerja, CKOpPOCTb CBera B NycroTe (T. e. Tam,
rie p=1, e=1) uepe3 ¢ U AJHHY BOJHHI 4Yepe3 kA,, HaXOJHM:

A=cT,

raie T ecTb nepHOA HCTOUYHHKA cBera. Ilpu nepexojie B HHYIO cpeny
(HanpuMep, B CTEKJIO) NPOHCXOAHT JMCIEPCHsl, H3MeHseTCs JJHHA
BOJIHBl M CKOPOCTb pacnpoCTpPaHeHHs] BOJH pasHOH LBETHOCTH; HO
OCTAIOTCs TNOCTOSIHHBIMH v U T

)\Kp = UxpT'; )\op = vopT; Axen = Usenl - .. )\dmon = vdmo.uT;
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TaK Kak:
Ryp = v:p ; Rop= UZp ceeee. Mguon= v;on ,
TO:
Rxp = ]%“ » Mop = —02‘1:772 Myen = _v:;T vuee Rguon =—-0;;T ;
nKP:Tto:; ”op=':.%p; Ryen = )\:(:n e .nq;non:‘)T::;.

HocseHre COOTHOIIEHHST MOXHO KPaTKO BBIPA3HTh TaK:
n=f@), (6)

fiBJieHHe JHUCIepCHH OOYCJIOBJIMBAEeTCSl 3aBHCHMOCTBbIO IOKasaTeJisi
fpeJIOMJIEHUs OT AJUHBl BoJH. TakuM obGpa3oM, pacnpe gesieHue
'UBETHH X Jyuel B CIeKTpe B CYU[HOCTH €CThb pacmnpe-
AeNeHHE HX MO AJHHAM BOJH.

B coBpeMeHHBIX CNEKTPOMETpPaxX TaK H NOCTYMNaKT: AJSI OpHEH-
THPOBKH B PpaCMOJIOKE€HHH CHEKTPaJbHbIX JIHHHH HMX DPOEKTHPYIOT
Ha 1LIKajy, KOTopasi Jaér JJIMHBI COOTBETCTBYIOU[HX BOJH; TakK
xéntass JHHEA D B CneKTpe HAaTpHA COOTBETCTBYET JJIMHE BOJIHbI
0,589 p, ¢punoneroBasi B cnekTpe Kajusg — pJivHe BOJHB 0,404 p 1 T. 1.

OrmeTuM JAJIMHY BOJIHBI KE1TOH JHHHM D B CneKTpe HaTpus:

hp=0,5890 p = 5890 A.

B ocHOBY mNoOCTpOeHHs IUKaJbl AJHH BOJH NO MeXAYHapOAHOMY
corjamennio (1905) nosoxeHo TouHeillee H3MepeHHe IJHHBI BOJHBI
kpacHoil nuauu Kaamusga (Cd) B aarcrpemax:

hca = 6438, 4696A.

Korga 3Ta ocHOBHas JIMHHSI HaHeCceHa Ha IIKaJjy, MOXHO eé.
nporpajiyupoBaTb B aHICTpeMaX, HAHOC HaNpaBO M HaleBO OT
OCHOBHOU JIMHHH CIeKTPaJjibHble JIMHHM HHBIX 3JIeMEHTOB, BbIpaxKas
AJHHBl MX BOJH B aHIcTpeMax. B 3THX eJuHHIAX OYEHb TOYHO
yCTAHOBJIEHB! CJEAYIOUHEe JJHHB, COOTBETCTBYIOUIHE OCHOBHBIM
JUHUSIM (HOpMaJu NepBOro NOpPsIJKa) B CINEKTPax HeKoO-
TOPbIX 3JIEMEHTOB:

1. Kanmuit (K) KpacHast 7664,907 A — 0,766 p;
» KpacHast 7698,979 A;
¢uonetoBasi 4044,140 A;
2. Jlutnit (Li)  xpachas 6707,844 A;
3. Harpuit (Na) xéntble 5889,953 A u 5895,923 A;
4. Kaneumit (Ca) cunsas 4226,728 A;
» 3eJiéHasi 5543 A.
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5. Bapuit (Ba)  3esénas 5535,551 A.
6. Crponuuit (Sr) ronyGas 4607,321 A.
7. Bogopon (H) kpacras 6562,79 A;
» 3eJéHas 4861,327 A;
» CHHSIS 4340,51 A; )
» ¢uonetopast 4101,78 A;
8. Tesmii (He)  xénras 5875,618A;
» ¢uonerosas 3888,646 A;
9. Asor (N) rosetoBbie 3755 A u 3805 A.

[lo 5THM OCHOBHBIM JIHHHSIM OPHEHTHPYIOTCA JIMHHUH HHbIX CHCK-
TPOB IIpH HX HCCJIEJOBAaHHWH, HaANpPHMeEp NJIHHbI BOJH JUHHA B YJ/bTpa-

2951 28
4026, 34

420,97
Liade

4388,10
L7165

213,25

482310
5015,75

2537

i

5875,87
Puc. 98. Puc. 98a.

¢uoNeTOBOH uacTH cnekTpa napoB prytH (puc. 98) HAH JHHHH
norjomenns B crnektpe Cosanua (puc. 98a); Ha 3TOM Ke pHCYHKe
NpuUBeJIeHBl CIEKTP BOJOpOZAa (cnpaBa), CHEKTp reJus (c/eBa).
Kpome TOro, oueHb TOYHO YCTAHOBJIEHHI HOPMAaJIi BTO-
poro mopsAaka, NpHHajJexKampe xeJesy: a) 4 JIHHHH MeXAy



88 T'rasa 11. Boanosas onmuxa § 44

o

6760,163 u 6546,250; 6) sunua 5709,396; B) 27 nuHHA MeXAy
4233,615 u 3370,789, a Takxke B cmnekTpe HeoHa 7032,412 u
5852,488.

[lpr noMom yka3aHHbIX Bbile MeTonoB (§ 35) U MHBIX HCCle-
JOBaHBEl HEBHJIMMBIE YacTH CIIEKTPOB; OKasaJjoCh, YTO 3a KpPacHBIM
KOHIOM BHauMoro cnekrpa (h=0,76 p) mMoxHO npocseuTb HHOpa-
KpacHble Jyud 10 A=343 1 =0,343 mm u 3a PHOJETOBHLIM KOHIIOM
(,=0,4p) B yabrpaduoseroBoii obnacty o h=40A. 3a stuMH
npejesamMu HHQpaKpacHOH U yJabTpapuoJeTOBOH ofjacted, Kak
VBUJUM, C HHOPAKPaCHOH CTOPOHBI PacMOJIOXKEHbl 3JIEKTPOMarHHTHbIE
BOJIHBI, BCé Gosnee M Gosee BO3pacTalollel AJUHBI BOJRBI, CYIle-
cTBOBaHHMe KorTophix ycTaHoBun [epn (II, § 144); stu BosHBHI
UCNOJIb3YIOTCS. B pPaJHOTEXHHKe; C JAPYTrOd CTOPOHHI, YJbTpaguoJe-
TOBasi 00J1aCTh CIeKTpa IPaHHYHT C 06JacThio emé GoJjiee KOPOTKHX
pPeHTreHOBCKHX BoJH ¢ A go 0,1 A (§ 78). ,

Takum oOpa3oM, BBeleHHe NpeACTaBJeHHs] B BOJHOBOM XapakTepe
CBETOBBIX §IBJI€HHH BecbMa CHUJIbHO PaCLIMpHJIO HAlUM CBeJeHHSl O JH-
CIIEpCHH M O BUJMMOH ¥ HeBHJUMOH 4acTu crekTpa. DoJsiee nonpoGHO
3TOT BONpoC paccmoTpeH aaJgbiue (§ 83, 107, 108).

2. da3oBag M rpynmnoBasi CKOPOCTH CBeTa

44, Tlpu ompepesyieHHH CKOPOCTH CBeTa Mbl NpencTaBisieM ce6e, YTO HEKOTOpHIA
BuGpaTOp (Ha moxoGue KaMepTOHa), FIBJAIOWMIACA LEHTPOM BO3HHKAIOLIErO BOJHO-
BOrO fpollecca C 4YacTOTOH v, oOpasyeT BOJIHY B OKpyXKaiollleM IpOCTPaHCTBe,
H CKOPOCTb PacrpOoCTPAHEHHs 3TOH BOJIHBI

c=A\v

Mbl M CTPEMHMCSl OMpejeNUTh; HHaue TO XKe CaMoe MOXXHO BbIPa3HTb TaK, YTO Mbi
ornpejesisieM CKOPOCTb, C KOTOPOil OT TOYKH K TOUKe MEPeXOAHT (POHT BOJHE! HJIH
TMOBEPXHOCTb OJIHHAKOBLIX (a3 kosebauuit (I, § 125). Tak noHnMaeMasi CKOpOCTb,
onpefensieMass mo ¢opmyae (7), HasbliBaeTcs BOJHOBOH, HIH ¢a3oBoO#
CKOpPOCTBIO.

Ha camom pgene, kak mnokasan snepsele (1877) anrauiickufi ¢usuk Jjopp
Peneitl, mnpH Bcex ompefesleHHAX CKOPOCTH CReTa HaXOAMM 3HaueHHe TaK Hasbl-
paeMoil rpynnoBoii, a He ¢a30BOH CKOPOCTH CBeTa.

PaccmoTtpuM caydafi, KOrja pacnpocTpaHeHHe HEMOHOXPOMaTHUeCKOro CBeTa
NPOUCXOAUT B cpefe ¢ aucnepcHedl (§ 44); Xak H3BeCTHO, siBIeHHe JHUCNEPCHH
0GYCJIOBJIEHO TeM, YTO CKODOCTb pacnpoCTPaHEHHs CBeTa B AHCHeprupyiollei
cpejie 3aBHCHT OT JJIHHbl BOJHBI, HMEHHO (CTp. ...):

n=f(Q\);
CJIeA0BATEJIbHO:
a=f(); umn cy=f; (v1)s )]

rje ¢;—CKOPOCTb pacIpOCTpaHeHHs BOJHBI A;, B paccMaTpHBaeMofi cpeje, v, —
COOTBETCTBYIOILAsA € yacToTa.

1 Jlopx Peneii (1842—1919), panee >kon CTpeT, faa psj 3aMeyaTeJbHbIX
HCCJIeIOBaHHH NMO pasHbIM BONPOCAM aKYCTHKH H ONTHKH.
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Ecan B 3TOM e cpene pacmpocTpaHsieTcss Apyras BOJIHA Ay C APYro# CKO-
POCTBIO C; M HHOH uacToTOH KosebGaHH#l vy, Gau3KOA K v; (puc. 99):

ce=f(2); c2=f1(v2)
TO BOOOme BosHuKaiOT 6uenus (I, puc. 253).

IMonoxum Ay > kg H CKOPOCTb C; > Cy; TOrAa B Toukax A u C GoJjee AJIHH-
Hasl BOJIHA (MyHKTHP) pasoiifi€Tcs ¢ 6ojiee KOPOTKOH (CIJIOWIHAs JHMHHSA), B 3THX

ﬂ “AAAAAAH nAAAA |

(KA1 ki1
| | U

Puc. 100.

TOYKAX OTKJIOHEHHE HY/b, BOJHBI NMOracHJu ApPYr Apyra; B Touke B-—dasnl oxu-
HaKOBbl, BOJIHbBl YCHJHJH JAPYT apyra aMIVIUTYa MaKCUMyM. ODTOT pesyabTar
H306paxeH OTAeNbHO BHH3Y (puc. 100).

[NonokuM, u4TO PasHOCTH v;—vy =Av, ¢;—Cy=Ac B \;—Ay=AL BecbMa Ma-
Jbl, T. €. YTO BOJHB HEMHOTrO OTJIHYalOTCH APYr OT npyra, TOTAAa s KaXJoR
BOJIHBI MMeeM ypaBHeHHe eé pacmpoctpanenus (I, § 136):

—Asin[?—ﬂt-—zic] ; Asm[%t 2Lx] 5
= T, M J1° Ya= T, A 47

HHaye:

—Asi at _* 1. . _Asi Caf X
y1=Asin2x [ " 11] i Yys=Asin2x [M 7\2] .

PesyabTaT clOXKEHHA 3THX BOJH H306pasuTGH TakK:

y=A [sln2ﬂ: +slr|21': x] s
2

npeo6pa3oBaHKe 3Tofi GopMyJBl C MOACTAHOBKOM:
Ng=A;—AN; A =Ns+A\; ¢y=cy+4c; cy3=c,—Ac,
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rae AN H Ac BecbMa Majible BeJHYHHBI, NIPHBOAHT K CJeJylolleMy YIPOULEHHOMY
BLIPaXKEHHIO:

_ L 2n [t —x | Ccot—x 2 [cf—x  ct—x7] .
y=2asing [T [eos T [0 ]
. 2n [t (\MAc—c;AN) )ﬂ)_\] . ct—x
y_2Acos2[—————}\%—+ v szﬂ—h .

PaccMaTpHBas MHOXHTENb, CTOfLHA Tlepex CHHYCOM, KaK aMIUIHTYRY
(I, § 136, 143), HaxOAKM, YTO CJIOXKHBIH NMEePHORHYECKHH npolecc, BO3HMKAOULHH
B pesyJbTaTe CJOXEHHS BOJNH Ay H Ay, HMEIOIHX CKOPOCTH ¢, H Cp, pacmpocTpa-
#HseTCS1 B BHJE BOJIHBI C IIePEMEHHOH aMIIHTYJAOMH:
21:[ t (\MAc—c,AN) _l_xAk]

Ay=2A cos 5 ¥ N

9

3HaueHHs] aMIIUTYIBl 3aBHCSAT OT BPEMEHH { M OT MOJNOXeHHs ToukH x. Jlas
NlaHHOTO MOMeHTa (f=const) 3HaueHusl aMIUVIATY] AJIS PasHBIX TOYeK Cpefibl pas-
JIHYHBl B 3aBHCHMOCTH OT 3HauYeHHsl X, MPHYEM STH SHAUEHHS] NEPHOJHYECKH IO-
BTOPSIOTCS, NPOXOASl Psifi OAHHX H TeX Ke 3HaueHH#l OT MaKCHMaJbHOTO TMpH
YCJIOBHH:

t (\JAc—c;AN) + xAN =n)3, (a)
JO HYJIEBOT'O NMPH YCJIOBHH:

2n [t (MAc—cyAN) | xANT] ™
3 [Ty =g ©

Mexay AByMs MOCJieZOBaTeJbHBIMH HYJIEBHIMH 3HAaUECHHSMH aMIUIHTYAbl (QpH
X3 H Xp) 3aKJI0YaeTcsl HEKOTOpOe YHCJO KojebaHHH, KOTOpoe HasbiBaloOT I Py I
no#i. B pucneprupymomeii cpeie Takas rpynna pacnpoCTpaHsieTCs C HEKOTOpO#
CKOpOCTBIO, OTJHYalomelcss oT $a3oBOf CKOPOCTH BOJH M Ha3blBaeMOH T pym-
NOBOH CKOpDOCTHIO.

. Xg— X
Yucao koneGaHHi, BXOASUIHX B OJHY Tpymny, OYEBHIHO, PaBHO 2)\_1 .

1
Hs3 (6) naxonum:
x2—xl___}‘_1___ S}
M AN M—Ay -

Ecan, nanpumep, X, GoJablie A, HAa ORHY COTYIO CBOEHd JJIHHBEI, TO B rpynmy
Bxoaut 100 KoseGauui.

Takum oGpa3om, c/oxKeHHe BOJH Ay H Ap, JABUTAOIUXCS C (a30BEIMH CKOpO-
CTAMH ¢; H Cp, TIOPOXKJAET DPSAAbBl WJIH TPYNIBl BOJIH, PasfeNéHHBIX HYJEBLIMH
3HaYeHHAMH aMILTHTYJ, corjacHo dopmyne (6) (puc. 100). $cuo, uto mpu omnpe-
JleJleHHH CKODOCTH CBeTa Mbl HaGJI0flaeM HMEHHO 3TH CHIHAJbl, COOTBETCTBYIOIHE
MaKCHMyMaM aMIUIUTYJ, KOTOpble, IOXOAS JO HAllero rjasa, IPOH3BOAST Ha Hac
BleyaT/JeHHe CBeTa; Mbl He MOXeM Hab6JI0JiaTh CKOPOCTb mepeMelieHus: ¢as, mo-
3TOMY BCEe METOJbl OMNpefeseHHss CKOPOCTH CBeTa JalOT HaM rpYNNOBYIO, a He
¢$a3oByI0 CKOpPOCTb.

Jlna BblYHCJIEHHS TPYNNOBOH CKOPOCTH CBeTa i BOCNOJb3yeMCSl COOTHOLue-

x
HHeM (a), OmMpejesUM H3 Hero u=-—:

t
u=x
Tt

Ac
=c—Mh A’
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MpHJAaB 5TOMY COOTHOILUEHHIO GoJiee OOUIHH BHJA, TNPHXOAHM K YPaBHEHHIO
Penesn (1877):
de
u=c—h—. 10
a (10)
TakoBa cKOpOCTb, C KOTODOH paclpoCTpaHsieTCSl B JHCHIeprupymolneii cpene
pe3yabTaT HHTep(pepeHIHH NPH CJIOKEHHH BOJH, OTJIHYAIOUIHXCA CBOHMH JJIHHA-
MH; MOXHO YTBepXKJaTh, YTO 3Ta TPYyNNoBass CKOPOCTb U ONpefe-
Jf1eT CKOPOCTb pPacCHNpOCTpPaHeHHS SHEPrHH CBeTa, TaK Kak
BHE I'DYNNbl BOJIH HET HHKAKHX KoJleGaHHi, OHH B3aHMHO TorallleHbl B Npoluecce
uHTepdepeHInH.

3. AHomaabHas aucnepcus

45, Ananus ypasHeHus (10) NPHBOAMT K CJEAYIOLIMM 3aKJIOUYEHHAM:

¢ n .
1. Ecau a:o, HJH a=0, TO W==C; €Clli HeT JHCIepPCHH, TO T'pynHoBas

CKOpOCTb paBHa (a30BOH (BOJHOBOH); MpoOlle CKa3aTb—HET TPYyNN BOJH, CJOXe-
HHEe BOJIH NPOHCXOJHT INPH IIOJHOM COBNafileHHH (a3, H CJOXKHAs BOJIHA JBHXET-
ca ¢ $ha3oBoH CKOPOCTbIO C.
dc

2, Ecan a >0, To u < ¢; B 3TOM Clyyae I'pPynnoBasi CKOPOoCTbh MeHblie ¢a-
dc
dh
Jlee JJIHHHBIE BOJIHBI PACNPOCTPaHSIOTCSH C GOJbLIEH CKOPOCTBIO.

YTo6Bl BHIACHHTb (QH3HYECKHH CMBICJ TOI'O YTBEPXK/JEHHS, NpPEACTaBHM Cce-
Ge, uto Geabllt ayy SO (puc. 22) yepes rpanuny AB TPOHHKAET B MPO3PAUHYIO
cpepy ¢ nucnepcueil (mycTbh, Hampumep, AB ecTb TIpaHb KBapuUeBOH INpPH3MH);
pacnmpocTpaHasich B 3TOH cpeae, GoJiee JJHHHBIE KpacHble BOJIHEI OIlepexaiT
6oJlee KOPOTKHe OpaHXKeBhHle, XKEJThle... pHONeTOBBIE:

Aup > Aop > My > oo > Agpon-

30B0H, MaTeMaTHYeCKHH CMBICJ BbIPaXKeHHs > 0 siceH; OHO TOBOpHT, 4yTO GO-

(a
Cxp > Cop > Can > > Comon-

3ameTHM, UTO PasHOCTb CKOPOCTEHl IpPH PAaCTIPOCTPAHEHHH JIyueH pas3HOH LBeET-
HOCTH, KOTOpasi CJeJyeT M3 PasHOCTH NJIHH BOJH, SKCIEPUMEHTAJIbHO Oblia OGHa-
pyxeHa MajfikenbCOHOM npu HabmOJeHUH HaJ PaclpOCTPaHEHHEM H3JNydeHHH
pa3sHON LBETHOCTH B Cepoyriepoje.

SlcHo, uTO COOTHOWEHHs (a) XapaKTepH3YIOT pacnpejesieHHe Jydel TpH H O p-
MaJbHOH AHCIHEpCHH: HAHMeHee OTKJOHEHb KpaCHble JIYUH (BOJIHBI C HaH-
6onbued CKOPOCTbIO), HaHGOJee OTKJIOHeHbl (HOJEeTOBbIE JYyYH (BOJHBI C HaH-
MCHbLIEH CKOPOCTBIO), OCTaJbHbIE JIY4H pAacloJIOKeHbl B CIUIOIIHOM CIEeKTpe
MeX/ly STHMH KDaHHHMH JyyaMH, a 33 HX NpefeJaMH JeXaT HeBHAMMBIE YacCTH
cnektpa (§ 35, 39). Kak wusBecTHO, TO Xe sIBJl€HHE MOXKHO XapaKTepH30BaTh
HHaye H3MeHeHHeM MOKa3aTeJss NpeJOMJeHHS NPH AHCHEPCHH:

nkp < nop < nmb‘n <. < ndmon' (6)

Hrak, npu sABnreHHH HOpMajibHOH JAHCNEPCHH HalaojaeMass T pyIoo-
Basi CKOpPoCTbh MeHbme pasoBoil.

dc
3. Ecaun il <0, T0 u > ¢; B 3TOM CJjyyae rpynnopasi CKOpocTb GoJbiue ¢a-

30Boli. PaccyxaeHnsi, aHaJOrHUHble NPHBEASHHLIM BO BTOPOM CJEACTBHH, Gopmy-

qpl (a) KB (6), IPHUBOJAAT K 3aKJIIOYEHHIO, YTO JJisi OTAEJbHHIX yacTell CIeKTpa MnpH
c

< 0 MoryT GbiTh, HanpuMmep, TaKHe COOTHOILEHHs:

VCJIOBHH

an > Ryggr BIH Ryan > Mgy oo B T R,
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T. €. IPY 5TOM YCJOBHH MOJXHO OXHJAaTh HEHOPDMAaJbHOTO pacmo-
JOXEeHHS LUBEeTOB B cnekKTpe. Takoe siBleHHe JelCTBHTENbHO CYIIECT-
BYeT H 3KCIIePHMEHTAJbHO ObLJIO OTKPLITO FOPa3fio paHbllleé TOrO BDPEeMEHH, KOrja
Peuneii BoiBen cBoé ypasHenne (10); 37O sBsieHHe Ha3plBaeTCsi aHOMAaJ bHO R
aucnepcuet.

®pannysckuil ¢usnk Jlepy nepoifi otkpeur (1862) aHoManbHOE OTKJOHE-
HHe Jyuefi mapamu Hoja; a HMEHHO: OH YCTaHOBHJ, YTO KpacHble JYYH B 3THX
nmapax GoJjiee OTKJIOHEHH, YeM CHHHE; BCe OCTalbHble JIyYd TMOIJIOWAWTCs Mapa-

wuonem HpacH. QUAHIK, Heenmon

lNoenowyenve

Puc. 101.

mu foxa: npu 700° nokasarenb an=1,0205, ng,,=1,019. 3atem mnocnenosann

MHOTOUHCJIEHHbIE HCCJEJOBaHHS AUCMEPCHH BellecTB He BIMOJIHE NpPO3PayHbIX, Ta-
KHX, KOTOpble 06MajiaioT H36HpaTeNbHOH CIOCOOGHOCTbIO MOrJIOUWEHHS. OHH HMeH-
HO OGHAapYXHBAalT aHOMAaJbHYI JAHCHepcHlo B o6nacTax,
CMeXHBX C MOJOCAaMH NMOTJOILEHH A: NOKas3aTeJb INpPeJOMJIEHHS Jy-
yeil, KOTOpble I'PAHHYAT C MOJIOCOH MOIJIOLUIEHHS CO CTOPOHbI KOPOTKHX BOJIH, MeHb-
e ueMm AJs Jyuei, rpaHHYal(MX C 3TOH MOJOCOIl CO CTOPOHBI JJIMHHBIX BOJH.
Tak, B CIeKTPe pacTBopa (YKCHHAa B aJKOroje HMeeTcs I0J0ca MOrJOLLeHHs
B 3€JEHBIX JiyuaX; B HEM (uOJETOBble JydH OTKJIOHEHHl MEHblue 4YeM KpacHhble
u Xkéarele (puc. 101; a6ecuucch — OTKIO-
HEHUs JyueH, OpPAMHATHl— HX HHTEHCHB-
HocTb); npu 18,8% pacrtBopa ¢ykcuHa B
ajKoroje HaXOXHM CJejylollHe MoKas3a-
TeJH NpeNoOMJIeHHsI Aas Jayued, cCoOTBeT-
CTBYIOIHX (payHroepoBbIM JIHHHAM:

B —1,450 | 3eiéuble nyuu F—1,312
OTCYTCTBYIOT—

C—1,502 | qonoca G—1,285

D—1,561 |MOTIOWERAA | f 4 319

- Bekkepean, 1. C. Poxpgecr-
Puc. 102. BeHckuil, Byn (1901) u npyrue nc-

cJe/loBaTeJ]H TBEPAO YCTAHOBHJIH Bhllle-

OIHCaHHYI0 CBfi3b fIBJEHHS AaHOMAJbHOR
JAMCIEPCHH C fIBJIEHHEM IOTJIOUIeHHs; OHH HCCJEJOBalH MHOXECTBO OKpalleHHbIX
cpen (T. e. cpex ¢ H30HpaTeNbHbIM MOrJjouleHHeM). Mexay npouuM, mapbl Har-
pHsi, KOTOpble AAlOT JHHHIO NMOTrJomesus D, OKoso HeE HMEIOT CHJIbHOe HCKa-
JKEHHE CIeKTPa B YKa3aHHOM CMbICJIe: MOKasaTeJb IpPEeJOMJeHHsl NpH NpHOIHXKe-
HHH K TOJIOCe MOIJIOUWEeHHs CO CTOPOHb HH(paKpacHOH yacTH CHEKTPa aHOMalb-
HO BO3pacTaeT; Ha I'paHHlle IOJIOCH TNOrJOoULeHHs, OGpaléHHOA K (HONETOBOMY
KOHIYy, HMeeT aHOMaJbHO Majblii MOKasaTe/lb MNpeJoMJeHHsi. DTO Xopowo obHa-
pyxuBaetcsi B oneltax akagemuka JI. C. PoxagectBenckoro (1912); ecan
CBET HCTOYHHKA, AAIOLero HeNpephiBHLEIA CIeKTp, NMPONYCTHTb Yepe3 KAMHOOOpa3-
HOe IuIaMsi GYH3eHOBCKOH TOpeJIKH, OKpalleHHOe HaTpueM, TO NJams AeficTByeT
Kak TpH3Ma C NpeJOMJSIUIHM pe6poM BBepXy; Jy4YH, GIH3KHE K MoJOCe TMOrjo-



1. Humepgepenyua ceema 93

uleHua cyaeBa (MAEM OT KpPaCHOI'O KOHLA CHEKTPa), CHJbHO OTKJOHEHb K OCHOBa-
HHIO NpH3Mbl-MaMeRu (puc. 102); 3a JHHHEH NOTJIOUleHHs CHJbHOE OTKJIOHEHHe
BBEPX, T. €. K peGpy NpH3MEl, YTO O3HauaeT aHOMaJlbHOE YMeHbUIEHHE MNOoKasa-
TeJIsi NMPeJOMJICHHS.

. TOHKHE NJIACTUHKH

46. MHOXXeCTBO JaBHO H3BECTHBIX $IBJEHHH MOJYYHJIO CBOE O0B-
sICHEHHe TocJie TOro, Kak OTKpbiTa Oblna MHTepdepeHlus ceBera. Ta-
KOBbI M3BECTHBHIE SIBJIEHHSI OKPAaCKM TOHKHMX IJIaCTUHOK CJIIOJIBI, OK-

2, Ly SL S S5

XXX/ /
NN,

Puc. 103.

packa MBUIBHBIX Ny3blpeil, TOHKHX CJI0€B He(TH, MacJja, CKHNHAapa
Ha BOJe, HaJETOB HHes WJIM TyMaHa Ha CTeKJie, KPhUIbllIeK HaceKo-
MBIX H T. Il. paclpOCTPaHEHHbIE SIBJIEHNS. -

PaccmoTpum Xxof Jydell B OYeHb TOHKOH IJIaCTHHKe (B IJIEHKe),
TOJIIIMHY KOTOpPOoil o6o3HaunM uyepe3 d (nmopsamok d~ 0,1 —0,5p).
Jlyun LA, L,C ... (puc. 103) uacTbio OTpassiTcs OT BepxXHeH TO-
BEDXHOCTH IJIACTHHKHM (Takobel Jyuu AS;, CS,, ES,...), uacTbio
NpoHAYT BHYTPb, OTPA3fATCS OT HUIKHeH e€ IpaHulbl W BHIAAYT B
BO3JyX uepe3 BepXHIOI MoBepxHocTb (nyun BCS,, DES, ...); Hako-
Hell, Y4aCThO MPOUAYT CKBO3b IJIACTHHKY M uepe3 €€ HHIKHIOI IIO-
BEPXHOCTh BHIAAYT B Bo3ayx (ayuu BS’, DS”, FS'" ..)).

Urak, Beakuit ayu LA (puc. 103), napamoomuil Ha BepXHIOK IO-
BEPXHOCTb TOHKOH IJIACTHHKH, JNAéT psf OTPa’KEHHBIX Jyuel
AS,, CS2, ES; ..., BHIIEAUNX Yepe3 BepPXHIOK NOBEPXHOCTb, U PsAJ
ayvelt BS’, DS”, FS", mpomepmux Yepe3 NJAaCTUHKY H
BHIIEIINX B BO3JyX uepe3 €€ HHXKHIOI IOBEPXHOCTb.

Takum oOpasom, BCAKMH Jyd, MNpoleNIUMA 4Yepe3 TOHKYIO TJa-
CTHHKY WJM OTpak&HHBIH OT Heé, UMeeT CJOXHBII COCTaB, COCTOHUT
H3 KOTepeHTHBHIX Jiyduel, UMEIOIUX Pa3HOCTb XOJa U NOTOMY CHOCOG-
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HBIX K HHTepdepeHunn. PaccMoTpuM ¢opMyJbl, Jalollie pasHOCTb
XOJa Jiydell, KOTOpPble BXOAAT B COCTaB Jiyuyell OTPaKEHHbIX H MpoO-
XOASLIHX.

47.—A. ITpoxopgamue nyuH. BosbméMm xakoi-HHOYAb npo-
xoaswui sgyy, Hanpumep — DS” (puc. 104); oH cJ0OXKHICA H3 ABYX
ayuei — L,CDS” u L,ABCDS"; MOXHO J10Ka3aTb, 4YTO pPa3HOCTb XO-
Ja MX BBIPA3UTCH TaK:

tE=2dncosr, (11)

c A o
3lecb d — TOJIILMHA IIACTHHKH, I =7=-h—° — abCcoJIIOTHBIH [OKa3a-

TeJIb MNpeJoMJIeHHsI BelecTBa IJIACTHHKH.

§

5\5;”\51I

Puc. 104. Puc. 104a.

Has noxasatennctBa ¢opmyabl (11) BBeéM IOHSITHE 06 O I T H-
YeCKOM NYyTH Jyua (HIH BOJHBI).

[lycts mexny Toukamu S u S, (puc. 104a) cBeT mpoXoAHT 4epes
HECKOJIbKO CpeJl (BO3AyX, CTeKJ0o, Boja H T. A.). O603HAYUB reomer-
pHueckHe NyTH Jyya B 3THX CpPelax 4Yepe3 S,, Sy Sz ... H CKOPOCTH
CBeTa B HHX COOTBETCTBEHHO ue€pe3 U,, U,, Uy, HaXOAWM BpeMs, B Te-
YeHHe KOTOporo cBeT mpowén nytb u3 S B S; MO HEOJHOPOAHOI
cpene:

et =t

U1

BBeas mokasaTenn mpesioMJIeHHs STHX cpel, uMeeM (§ 43):
¢

Ri=—3, Ro=—; Ng=—...;
1 vl’ 2 l’z’ 8 s .y

rae ¢ — CKOpPOCTb CB€Ta B IyCTOTe.
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ITostomy

n151+n252+ﬂ353+... _t'
c %

HIH
nyS; +nyS, 4+ nys; + - - - =ct.

Ho ¢t =s ecT namna Toro myrs, KOTOpHIi CBeT B TO Xe Bpe-
Msl ¢ npoia€r us S B S, B mycToTe; 3TOT NyTh:

S=n8; + 1,5+ n;s,+ . .. (12)

Ha3biBaeTCsi ONTHUYECKHUM NYTEM Jyya (UM BOJHBEI).
Bbiuncaum ontuueckue nytu jyuedt L,CDS” u L,ABCDS"
(puc. 103, 104) or Touek M u A, KOTOpbHlE HAXOAATCA HA OJIHOM
¢poHTe BOJMHBI M HMeOT OAWHakoBhie (asol (I, § 124), u Hailigém
pa3HOCTb XOJa 3THX JyueH & mpM 5TOM mNOKasaTeslb MNpPeJIOMJIEHHS
BO3Jyxa nosaraem 1, a cpexsl n.
Torpa umeem:

¢ = (AB + BC + CD) n — (MC + nCD).

_ Ao _sini,
3aech n=-"=g-;
2d |
2) MC=AC-sini; AC=2dtgr; MC=2dtgr-sini =
2d-sin®r-sini _ 2dm-sin®r ,
T cosrsinr  ~ cosr
2dn_ 2dnsin®r _ 2d . ) -
3) E=ml__c_os_r_=m(n—nsm2r), (117

E=2dncosr.

Hrak, B Tex MeCTax NOBEPXHOCTH IIACTHHBI, Il KOTOPHIX HMeeM
ycJioBHe: '

I8 I\
2dncosr =0, 2—2—, 47...,

MBI OyJeM BHJAeTb B MNPOXOJsllEM CBeTe MaKCHMyMbl SIDKOCTH, BOJI-
Hbl TYT YCHJAT JApPYr ApYra; ecsiu e:
A I\ A
2dncosr =, 37 » 05

B 3THX MeCTaX MHHHMMYMbl SIDKOCTH, BOJIHBI racaT ApYr JApyra.

CrepoBaTe/IbHO, €CJH CMOTPEThb Ha MOHOXPOMATHYECKHH HCTOYHHK
CBeTa yepe3 TOHKYIO, HefaBHOH TOJINWHBI INIACTHHKY (HampHMep,
uepe3 CJIOAY HJH HaNéT JbJa HAa OKHE), TO YBHIHUM CBeTJble H TéM-
Hble OsATHA M TOJOCHl B 3aBHCHMOCTH OT TOJHLUMHLI TJIACTHHKH d
H HakJoHa Jyuell r. Ecau ucToynuk 6eJblfl, yBUAUM LBETHbIE NOJOCHI.
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OTH TeopeTHUeCKHe 3aKJIOUEHHS COOTBETCTBYIOT HAaGJIONEHHSIM;
Tak, emé B XVII B. anrsmiickuii ¢pusuk Iy K OmucbIBaeT CBOH OIbI-
TBl C «MOCKOBCKHM CTEKJIOM» — CJIO0H: «B0o3bMHTE KycOYeK MOCKOB-
CKOTO CTeKJla M DacKOJIMTe €ro HeCKOoJbKo pa3 Ha Gojee u Gosee
TOHKHe IIACTHHKH..., Bbl YBHAHTE, YTO Ka)KjAas IJIaCTUHKA IpHHH-
MaeT OoueHb IPUSITHYIO OKPAacKy».

B. OrpaxéHHble nyuu. PaccMoTpuM Kako#-jinGo OTpaKEH-
HBlf J1yy, Hanpumep CS, (puc. 103); no 3ToMy HanpaBieHHIO HAYT
uHtepdepupyromue Jayun L,CS; u L, ABCS,; ux pasHocTh X0Ja BHI-
pakaercsl TakK:

E=2dncosr 4+ . 117

IosBosHBl moOsIBJISIETCST BCJEJNCTBHE Pa3HBIX YCJOBHH OTpaKeHHsi
F B B u C (or BO3iyXa u oT uHO# cpeanl, 1, § 144). Ilostomy:
1. MUHUMYMBI SIDKOCTH OTpPaxKEHHBIX Jyued OYAYT NPH YCJIOBUH:

I8 I8 A
- k=g, 85,55
T. e. IIpU TeX YCJIOBUSIX, NPH KOTOPHIX B NPOXOJAIIUX JyyaX HMeeM
MaKCHMYM SIDKOCTH:
A A A
2dncosr——;E—?=O, 25,45
2. MakcuMyMBl spKOCTH OYAyT NPH YCJIOBHH:
I I8
E=0, 27, 4—2- es ey
uHaue 1pd  YCJIOBHH:
X A

N
-g=-§-, 3+ 5—...,

2dncosr==%&— 7 9

T. €. KaK pa3 IpH TeX YCJOBHSIX, KOrAa B INPOXOJsIeM CBeTe Obl-
JU MUHHMYMBbl SIDKOCTH.

Ecnu cBer Gesblll, TO 1O BBISICHEHHOH YXe TpPUUYMHE B OTpPaKEH-
HBIX JlyuyaX OpPH H3MeHsiiolleficsl ToJMHe IVIEHKH WM IUIaCTUHKH
HMeeM pa3HOOOpa3HyIO OKPacKy oOTpaKaloulell MNoBepXHOCTH. TakoBHI
BCEM H3BeCTHble 1BeTAa CTEHOK MbUIbHBIX NYy3blped, TOHKHX CJIOEB
CKMMNKJapa, WJIHd HepTH Ha BoJe, liBeTa NTHYBMX ONEPeHUH, meral-
JIYecKHe 1BeTa KpblIbeB HACEKOMbIX H T. A.

Besi M3/10)KeHHAs] TEOPHSI OTHOCHTCS K TOHKHM IIIAaCTHHKAM HJIH
ciosiM. UeM Todlle MIAaCTHHKH, YyeM Gosbiie d (popmynsr 11, 117), Tem
Opd AaHHOM ) GJHXKe HAYT Jydd pasHbIX TNOPSIKOB HHTephepeHLuu
(mpu n -1, 2, 3), Tak Kak MeHple OyjeT pa3HOCTb HX HampasJe-
HUH, omnpejesisieMblX r, JJsl TOC/Je10BaTeJbHbIX IOPSAKOB HHTep(e-
peHunu. [losToMy mosochl pasHbiX NOpsIAKOB OyAyT MepeKpbiBaTh
Ipyr Apyra, ¥ KapTHHA OT/JeJbHBIX NOJIOC HHTeP(epeHIHH HCYe3HeT.
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48. OcoGoe siBnenue uHTepdepenuun Habmoaan HeiooToH B TOH-
KOM cJloe BO3RyXa d MeXJy JBYMsl CTEKJIaMH — IIOCKHM H c(epH-
yeckuM (puc. 105). TlosokuM Ha mnJocKonapaJsiJieJbHYIO IIACTHHKY
[JIOCKOBBIIYKJIOE CTEeKJO OuyeHb MaJIoH KpHBH3HBI (mpuMepHo, 0,25
IHONTPHH); TOJIIMHA BO3AYIIHOTO CJOSI MeXJy HHMH OuYeHb MaJa
M YMeHblIaeTcsl Mo Mepe IpPHOGJHKEHHS K TOUKe NpUKocHOBeHHs O,
npuuéM OAHY M Ty 2Ke TOJIIHMHY HMeeT KaxJbllf KpyroBoil cjiofl Ha

LaHHOM paccrosinud y ot O (puc. 107).
Eciau cMOTpeTh CBepXy, TO B OTPaXKEHHOM MOHOXPOMATHUECKOM

cBeTe YBHJAMM CBeTJble W TéMHBIe Kosbla (popmyna (117), mpuuém
\\\\ d

DN

4

N

Puc. 105. Puc. 106.

B uentpe O (npu d=0) umeeM TéMHOe mnsarHO (puc. 106), B mpo-
xoasimeM cBete (cmotpum uepe3 A, puc. 105), HaoGoport,
B IleHTpe cBeTsoe nsATHO (dopmyna 17), a 3aTeM HAYT TéMHble
M cBeTsIble Kosblla. Mx pacnpepneneHue ycranaBJuBaeTcs 1o ¢op-
myaam (1) u (17):

A. Tlpoxopasimuit cBet (Ans Bo3jyxa n=1):

A
2dcosr =0, QL, 4—2— ... nk; cBeTJible KOJblla.
2dcosr=—;—, 3—2— , D % ...; TEMHBIE KOJblla.

B. OrtpaxénHuiii cBerT:
2dcosr =0, 2%, 4—22‘- ...Nn\; TEMHbIe KOJbla.

A A A
2dcosr=7, 3—2-, 5?...; CBETJIble KOJbIla.
fIpy MOHOXpOMATHUYECKOM OTPaXKeHHOM cBeTe (Hampumep, B Kpac-
HBIX JyyaX) B LEHTpe HMeeM uépHoe MATHO, a 3aTeM HAYT KOH-
LeHTpUUECKHe KOJblla CBeT/Ible (KpacHele) H TémHble (puc. 106);
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B INpOXOAsIIEM CBeTe —HAoGOpOT: B LEHTPe CBETJOe NATHO, a 3a-
TeM KoJiblla TéMHble U cBeTJible. [Ipn OesioM cBeTe KoJibLA LBETHBIE.

JlnameTpbl KOJiell MOXKHO HaHTH Hemocpe/CTBEHHBIM H3MEpeHHEM;
3Hasg paauyc paHHoro Kosbua y (puc. 107), MoxHO omnpeJesuThb
TOJIIHHY COOTBETCTBYIOILErO cJosi d:

y2=d(2R—d),

rae R —pajauyc KpuBH3HBI yeueBHUB B (puc. 109); tTak Kak d oueHb
MaJio OTHOCHTEJIbHO R, TO NPHOJMIKEHHO HMEeM:

—ORd: d=1>
¥=2Rd, d=35.

[Mpu panHOM yrie r pajguychl KoJell BblpaxkaloTcs yepe3 R H A:

y*=2Rd; 2dcosr=n—;; (12)
nh _ R AL R-nn
“Zcosr’ y2_cosr g Y=V wsro (13)

IOnsa npoxoAsimux Jydyel NOJYyYUM pajuychl CBETJBIX KOJel MNpu
n=0, 2, 4..., TéMHBIXx—npa n=1, 3, 5 ...; A9 OTPa’KEHHBIX
Jayyeil — HaoGopoT. H b 10 T 0 H Henocpe ACTBE HHBIMM H3MepPEHUSIMH JHa-

METpPOB KOJell HalléJl 3aKOH BO3pacTaHus
UX KBaJpaToB B apu(MeTHUeCKOH npo-
rpeccun corsacio ¢opmyne (13). «IIpo-
W3BOAUTE 3T H3MEpEHHs — JEeJIO TOHKOe
G H TpyJaHOoe»,—mnpubasiser HeioToH.
Konbua HeioTtona ecrTecT-

8 7 BEHHO Ha3blBaTh <KPUBBIMH paB-
! / HOH TOJIHHB, TaK KaK HX IOSIB-
A 7 JleHVe W pacloJIoOXKEeHHEe 3aBHCHT OT TOJ-

ILUHBL cJosl d.

Hamepsin 2y — auamerpel KoJiel, H,
nosarasi cosr =1 (JAyus majgarT HOpMaJb-
HO), u3 ¢opmyanl (13) onpejensieM OJHHY BOJIHBI JaHHOIO MOHO-
XPOMAaTHYeCKOro CBETa:

‘A__ 2y2_ 4y2 - (2-’/)2 . (14)

Puc. 107.

Hao6opor, 3Has A JaHHOro MOHOXPOMATHYECKOTO CBeTa, N0 ¢op-
myJse (12) mMoxeM onpefesuTh TOMUKMHY CJOsi d, COOTBETCTBYIONIETO
n-My KOJbIY:

A
_2' .

Cnenyer ocoGeHHO OTMETHTb, YTO 3TO W3MepeHHe NJIHHBI MOXEeT

OLITh  BBINOJIHEHO C TOH 2Ke TOYHOCTBIO, C KOTOPOH M3MepeHa JJIHHa

2d=n (127
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BOJHEI A, T. €. ¢ TouHOCTbIO J0 1072 A =10"1° cu, Mexx 1y TeM Kak
npejiel 3peHHs P NOMOILK MHKPOCKONA JIeXKUT o0KoJo 107% cm (§ 58);
3TO 3HAYMT, YTO TOYHOCTb U3MepeHHs JJHH NpPH NOMOIIH HHTepde-
PeHLHH MOXKeT ObITh NOBHIIEHA B CTO THICSY pas.

4. UHTEP®EPEHIIMOHHASl CIEKTPOCKOMNUA

1. HccanepoBanua Puso

49. ®uso npu Habmopennu Kosen Heiotrona (1862) B MOHOXpOMaTHUECKOM
cBeTe HaTpHs (B ropeiky S Beoaun pactBop NaCl B cnupry) cienan MNOJABUMHON
aunsy L (puc. 108) u, Takum o6pa3’oM, H3MEHsN TOIWMHY d COS BO3fyXa Mexay L

u M; nosToMy oH Mor Ha6alAaTh UH-

/ A Tepdepeninio npu GOMbLIHX, NepeMeH-

A HBIX Pa3sHOCTAX XOja Jiyued, NOXOAf-

mux g0 £=50000A. Meton uabuaofe-
HHSA GBI TaKOB. '

1. MiMest 3Ty yCTaHOBKY, HOJYYHM
KEJIThle M TEMHEIE KOJbLA B MOJE 3pe-
Hus raasa O. MinrepdepeHnnonHas Kap-
THHA BO3HHKaeT BCJIeJICTBHE HHTepde-
PeHIHH Jyuyell, OTPaXEHHBIX OT HHXK-
Hell moBepXHOCcTH L M OT Bepxned M,
NpUYeéM pasHOCTb XoJja JiyueH 3aBHCHT
OT TOJIIHHBEI BO3AYIIHOTO NMPOMEXYTKA
Mexay L u M. Ecnu paxe o6paliéH-
Hble APYT K Apyry mosepxHoctd L 1 M
MJIOCKHE, TO BCE K€ BO3HHKAlOT Mps-
Mbl€ UHTep(epeHIHOHHEIe JHHHH BCIIe-
CTBHE OTCTYIJIEHHH OT mapaJJiesius-

\

e /
== =

Puc. 108. Puc. 109.

JNNRRRTNY,

Ma 3THX INIOCKOCTeil; TaM, rie j2d — ABOHHas}!TONKHA BO3AYIUHOIOy CJIOS paBHA
2-%, 4-5. 6-27 ... (A\p=0,589 p), mMbl yBHIMM uEpHHIE JHHHH B OTPaXKEHHOM
cBeTe; STO JIMHUM PaBHOH TOMWIMHBI cios (§ 47).

2. Tlpu momoly MUKpPOMETpPHUECKOro BHHTa PH30 MelJIeHHO MOJAHMMAJ JHH3Y L,
YBeJIHYHBAsE BO3AYLIHBIA NMPOMEXKYTOK M Pa3sHOCTb XOJia Jyueil; NIpH 3TOM OH HabJlo-
Nal ABHXeHHe HHTepDDEepEeHNHOHHB X JHHHA (CBET/LIX HIH TEMHBIX),
TaK KaK pacrnoJioXeHHe WX ecTb (QYHKUHMS PasHOCTH Xoja §, onpejesieMOfi TOJIIH-
Holt cost d. UTOGH MOXHO GHIJIO CYMTAaTh NPOXOAfIHe uepe3 JAAHHYIO TOUKY TNOJS
JIMHHHM, Ha HHXKHell MOBepXHOCTH JHH3b L cpenansl Metku N, Ny, No ... (puc. 109).

3. B pgBuxeHHH 5TUX JuHMA PH30 3aMETHJ CAEAYIOIYIO NPHMevaTelbHYIO
3aKOHOMEPHOCTb: NPH pa3fBHXeHHMH L m M nuHHM uHTepdepeHHHH WIJIH K LEHTPY
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{10J1s1 3pEHHsI, CTAHOBHJIHCb BCE& MEeHee H MeHee 3aMeTHbIMH H, HAaKOHell, COBEpIIEeHHO
MCcuesalld; 5TO MPOHCXOAMI0, Koraa Puso Hacuutan n =490 npoweamnx yepe3 AaH-
HYIO MeTKY JIHHMI; NOJie CTallo pPaBHOMEepHO OcBelléHHbIM. IlpH JanbHefimeM pas-
ABHXKeHMH L u M, T. e. npu jaibHefllleM yBeJHYEHHH Pa3HOCTH XOAa, JHHHH (HJH
M0JIOChl) ONSATb MOSIBJISINCH, CTaHOBHJIHCh sIpue, JOCTHIaNH MpeXHed SPKOCTH
4 OTuéT/IMBOCTH npu n =980 noJjoc, NpolueIIHX Yepe3 JaHHYI0 METKY; KOrja YHCJo
MoJioc, MPOXOASIHX Yepe3 MeTKy, NpHOGJHXKanoch K n= 1470, oHH BHOBb CTajH
HCYe3aTh M COBCeM mpomaau npH n=1470; satem npy n=1960 onsaTh pe3ko mpo-
ABMJNCh U T. X.

CrnenoBaTeNbHO, MOSBJEHHE M HCYe3HOBEHHe HHTephEpeHUHOHHLIX JHHHUMA
B MOJie, OCBEISHHOM IJIaMEeHEeM HAaTpHs, HOCHT MEPHOJHYECKOH XapakTep; JIHHHH
cocTaBasiioT rpynnsl no 980 WTYK, NPH NMPOXOXJEHHH KOTOPhIX fiBJeHHe HHTepde-
peHuMH 3aBepluaeT NEPHOA WIH LHKJ, KOTOphi Jajee BHOBb moBTOpsieTcsd. Puso
gabaofian 52 Takue rpynmsl, npHuéM mpomso okoso 50 000 moJoc,

2, JlnHuM paBHOH TOJIIUHBI H PaBHOrO HAKJIOHA

50. PaccmoTpuM nojpoGHee oOpa3oBaHHe 1OJOC (MJIM JIMHHH)
paBHOH ToauuHbl. Eciu HMeeMm, Kak B cJayuyae koJsen Heiorona,
HAMH3Y, TO CJIOH PaBHOH TOJIIWHBI 0OpasyIOTCsi CaMH cOGOH H HMEIOT
BHJ OKpYXHocTe#l. Ecii uMeeM JBe mJockonapajjiesibHble IJIACTHHKH
(puc. 110), TO mpu cTporoi MX NapasJeJbHOCTH CJIOH MeXJy HH-
MH HMeeT Be3Jle paBHYIO TOJIIHHY, U IJIACTHHKHU KaXKyTCsl PAaBHOMEPHO
OCBEMEHHBIMH; HO eCJH NJacTHHKH MM u NN HakJOHeHHl Jpyr
K JApPYry TOJ YrJOM ¢, TO NOSIBJSIIOTCS Ha HHX TEMHbIE H CBETJIbE
JUHHY — NpsiMble, TapajulejibHble peGpy HX INepeceuyeHHs] — JHHHH
paBHOH TOJILHHEL.

3aKoH pacmpejelieHHs] CBETJBIX M TEMHBIX noJjoc pjaércs ¢op-
mynoit (§ 47):

t=2dncosr, (11)

[pUMeHsieMOH K NPOXOASIMM M K OTPaKEHHbIM JiyuyaM; B NEepPBOM
clyyae cBeTJble, a BO BTOPOM TéMHBIe II0JIOCH HMeeM 1ipu & =0,

2-721, 4% ...=0, A, 2\, 3\ ..., BooOmwe npu tE=nA. Beoxs yroa
najenusi { ¥ uckJouuB U3 (11) yron mpesjioMJeHHs! r, NOJYUYUM:

__sini |
“sinr’

t=2d )V n® —sin?i. (117

sin%i
1—

cosr= 3

.

ST0 3HAuMT, YTO Pa3HOCTb XOJa 3aBHCHT M OT TOJIIMHBI, H OT yrJa
rdagenus . Ilpy Hammx ycJjoBHSX, KOrja Jy4d NajaioT HOYTH HOP-
masbHo (puc. 110), rnaBHOe 3HaueHHe HMeeT TOJILMHA cjos d,
noyeMy H HasbIBAlOTCSl 3TH NOJIOCH IMHUSIMH PAaBHOMR TOJI I HHEIL
Pacctosnus MexJay JHHUAMH KoJell HbloToHa Moryr ObiTh
BbIYHCJIEHBl; TAKXKe MOXHO BbIPA3HUTb U PACCTOSIHHS MEXJY HPSMBIMH
paBHOH TosmuHBEl. VIMeHHO, ecaH 0GO3HAUMM pacCTOSIHHE MeXKAY
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IBYMsI COCEJHMMH 4YépHBIMH noJocaMd uepe3 z=AB, To Haigém
(puc. 110):
z2=(d,—d;)ctga,

rie d, ¥ d, — TOJILIIMHBl CJOEB, COOTBETCTBYIOMHMX JuHUAM A u B,
@ — yroJl MeXJy IUIaCTHHKaMH.

Pashocts xofia mpu mepexoje oT JuHud B k A omnpenensercs
yABOEHHBI M paccrosinueM d, —d;, TaK KaK OHO JIBa)KJbl IIPOXO-
AUTCs JiyyoM (TMpH MafeHHH M TOCJe OTPaXKEHHs); ONTHYECKUHA MyTh,
onpeJeNSIIOMUN 3Ty PasHOCTb, €CTb
2 (dy—d;) n. Bennuuna pasHOCTH N

paeken el SN 7/
S

/4

A=2(d,—dy)nm; - g g
T |'lﬂﬂmﬂﬂﬂﬂﬂﬂ3lil!\lﬂlﬂlﬂmﬂmm\l|||||||l|||||||||||||
i 2= _Qi— A. (15) g0 A 24
CnemoBatenbHo, MOPH  NOCTOSHHOM Pyc. 110.

@ U nr (1] BO3AyXa MOXKHO TIOJO-

XKUTh 7= 1) pacCTOSAHHS MeXIy INOJOCAaMH 2z 3aBHCHT TOJIbKO OT A;
N03TOMY NpPH OCBellleHHH 6eJIbIM CBETOM INOJIOCH GYAYT IIBETHbIE; IpH
MOHOXPOMATHYECKOM OCBEIIEHHH, KaK B HallleM cJydae, II0JIOCHI pac-
N0JIOXKATCSL APYT OT APYyra Ha COBEPLIEHHO OMNpeJeJEHHBIX pPaccTos-
HHSIX, OJIHO3HAUHO ONIpefielisieMblX NJHHOH BOJIHBI H, OGpaTHO, OJHO-
3HAYHO OINpeJeNsOMUX AJHHY BOJHBI A.

B 3TOM 3ak/ouaercs OCHOBHON NPHUHLHMN HHTep(depeH-
LHOHHOHA CNEeKTPOCKONHU: NO HAGIIOJAEMOMY pPaCCTOSTHHIO
MeXJy MNoJiocaMd HHTepdepeHUUH 3aKJjoyaeM O JJIHHEe BOJHBI MOHO-
XPOMAaTHUYECKOTO H3JTyUeHHS.

Ecnn u3nyueHne HeMOHOXPOMATHUHO, TO IOJIOXKEHHE KaKOH-IHGO
CBeTJION JIMHUH B 00JIaCTH, HalpHMep, KPacHOro CBeTa oIpezeJseTcst
u3 ¢dopmyanl (11) B mpoxoxsieMm ceerte:

§=2dn; t=n\; d= n)kl,

ecJqH Majalolmye Jy4Yd HOPMaJsbHBl K TOBEPXHOCTH, T. e. r=_0.

B HEMOHOXPOMATHUECKOM U3y UCHHH Hal €M TaKylo JIHHHIO,
HanpHMep, B 3enéHOH obnactd, AJs KO’I‘OpOPI IpH TOH Xe TOJILKHEe
cyosi 6ypeM HMeTh:

1
a =2_n;(n+ Dk R <Ay
A7l HEKOTOPOH WMHOU CBeT/IOf JHHHU GyJAeT NMPaBUJILHO COOTHOILEHHE:

1
d=2—na(n+2))\3; Ag <Ay M T. I
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Haxoxum paBeHcTBa:
1 i 1
d=2_n1n)\1=2_n2(n+1))\2=§73(n+2))‘3"~ (16)

[To Mepe yBenudeHHSI TOJLIMHBI CJOS d BCe 3TH IOJIOCH CABHHYTCS
B CTOPOHY BO3pacTaHHsl A, a C IIPOTHBOIOJIOXKHOH CTOPOHEI OYAYT
BO3HHKATh HOBHIE MOJIOCH. IIpH OJHOM M TOM 3Ke W3MEHEHHHM TOJILIHHE
cnost d nepeMelleHHe IIOJIOC, COOTBETCTBYIOMIMX PasHbIM JJIHHAM A,
OyzeT BooOLIe HEOJHHAKOBO.

Dra TeopHsa BHISICHAET NPHYHHY sBJeHHH, HabmopaBwuxcs y Puso (ctp. 99):
HeOGXOZUMO JONMYCTHTb, YTO JIMHHS Hatpusa D ecTb ABOMHAas, CIOXKHas
AuHHSA, HMeHHO D, (A, =5896,155) u D, (h,=>5890,186); npHOAHKEHHO MOMKHO
npuesTh 490 X, =490,5 \,; npu yBeauueHuH TOMWHHBL cjdosi d Jsunud Dy u D,
nepeMelnaTca corjacHo ¢opmyne (16) HeomumnakoBo. Kaxkpaa uauuus D; u D,
zaér B annapate duso (puc. 108) cBoio cHcTeMy moJoC (KoJell); KaxKias U3 STHX
CHCTEM MOJIOC, JABHrasiCh KaK OJHO LleJoe NpH yBeJHYeHHH d, 1O BpeMeHaM Gyjer
COBMajaTb C APYrof cHcTeMOH (MOKpbIBast JApPYr JApyra), HHOrjJa pasMellaThbCs
OTAeJNbHO; B 3TOM NOCJIeJHEM CJiyyae CBeTJble NOJIOCH OJHOM CHCTeMbl HaJlaralTcs
Ha TEMHbIE MOJIOCH APYroi, KapTHHA CTaHOBHTCH OJHOPOAHOM, HHAaue CKasaTk—
nosochl ucyesaior. M3 dopmyaet (16) ciepyer, uTo H3MeHEHHs MOJOC OT HAHGOJMb-
wef SPKOCTH O HCYE3HOBEHHS JOJIKHBI NMPOHCXOXHTb B JaHHOM CJyyae IPH TaKOM
H3MeHeHUH d, TpPH KOTOPOM TpPOXOXHT B moJe 3peHus 490 moJjoc, TakK KaK 3TO
H3MeHeHHe COOTBeTCTBYeT (NMPHOJMXKEHHO) pPasHOCTH Xoja TOH M ApYroil CHCTEMH

A . i
Ha 5. TNonublfi MepuoR H3MeHEHHI KOJell COOTBETCTBYET Npoxoxjenuio 980 xouel,

T. €. H3MEHEHHIO pasHocTed Xoja Ha A. 3areM INepHOX H3MeHEeHHH HayHHaeTCs
CHOBA.

B naHHOM ciydae HaTpHeBa JHHHSA D Jlerko pasfenuMa Ha JBe TpH MOMOILH
XOpollero mpu3Maruyeckoro crnekrpockoma. Ho cBouM Meromom Pu30 ycTaHOBHJ
NPUHUMIHAJBHYIO BO3MOXHOCTB pa3jejeHHsT OJIH3KHX cCOekK-
TpalbHH X JHHHH NpH HabGNOXeHHUH HHTepPQepeHUHOHHHX
ABJEHHH, IO3TOMY €ro HyXHO CUHTAaTh OCHOBaTeJeM HHTep(hEepEeHLHOHHOH Clek-
tpockonuH. [Tocie Hero psx HccaejoBaTesefi ycoBeplUeHCTBOBaJM METOJBI HHTEp-
thepeHIMOHHO! CIIEKTPOCKOMUH H JOBEJ HX RO BHICOKOH CTENEHH TOYHOCTH M UYB-
CTBHUTEJIbHOCTH, YTO MO3BOJIMJIO NMPHMEHHTb 3TH METOAbBl K HM3yYeHHI0O ToOH4Yaf-
mefl CTPYKTYpbl CHEKTpaJbHbIX JHHHH, a TAKXKe K HEKOTOPBLIM H3MepeHHSM, KOTO-
pble MMelOT peliaiomee 3HauyeHHe JAAS PsAjAa NPHHUHUINHAJbHBIX BONPOCOB O
CTPOEHHH Hallero MHpa.

®u3o Habaofan HHTepdepeHIHIo NpH Goabioll pasHocTH xoAa (xo 50 000 BouH)
NpH TOSIBNEHHH nojoc (Kojel) PpaBHOH TOJUIHMHE, NPH MJAaHHOM TOJILHHE
d BosnywHoro caosi. Corsacho dopmyne (11) mectam oZHHAKOBOH TOJIIHHHI CO-
OTBETCTBYeT OAMHAKOBas HHTepbepeHIHOHHAsi KapTHHA, paclojioXeHHas Ha ca-
Moil HabGaoqaeMol niacTHHKe MJH JHH3e. [JlanbHelilne HCCIe0BaHHUA NOKa3aJjH,
4T0 GOJIBIIMX pPe3yJabTaTOB MOXHO HOOMTbCH B 06sacTH HHTepdepeHIHOHHOR
CIEKTPOCKONHH, eCu Hab/ai0faTh HHTeppepeHLHIO BHe MIaCTHHKH, Npu H36paH-
HOH, OoJsiblION pAa3HOCTH XOAa, MOJb3ysACh TaK HAa3bIBAEMBIMH J HH H I M H
pPaBHOIroO HaKJOHa.

51. Ha nsockonapanjenpHylo miactuiky MN oT pasHbIX Todek
HCTOYHHKA cBeTa S;, S,... (HanpHMep, OT ropeJKH C HaTpHeM) NajarioT
DY4YKH pacxoismuxcs Jjydedt (puc. 111) BooGuie Nox pasHLIMH YrJjaMH.
W3 HEX MBI MOXKeM BbIJIe/IHTb IOTOKH NMapaJlyiesibHEIX iydell p aBHO T O
HaKJoHa, HanpuMmep NOTOK NapajjiesibHbIX JyyeH, Najaomux noj
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onpefleI€HHBIM yrJyioM . Ecju mocTpouTh HOpMaNH B TOYKAX MNajieHus
A, B ..., To Takye NOTOKH MaJalOMUX H OTPaKEHHBIX NOJ YIJIOM £ Jyuek
B NPOCTPAHCTBE PACINOJIOKATCS MO 00pa3yrolUM KOHYCOB, OCSIMH KOTO-
PBIX CYXKAaT 3TH HopMaJsik. Tak Kak JJisl BceX 3THX Jyyeil d npu cTporoi
IJIOCKONapaJiebHOCTH IJIaCTHHKH OJMHAKOBO, TO HHTepdepeHUHOH-
HBIH pe3yJibTaT B3auMOZEHCTBHS 3THX JyueH nocje oTpaxkeHHsl OyneT
3aBHCETb TOJN bKO OT yraai (popmysna 117’); nostoMy Bce JIyuH,

Puc. 111, Puc. 112.

onpejensieMble JaHHBIM YIJIoM i, JaAyT OJHY U TY 2Ke HHTephepeHIHOH-
HYIO KapTHHY, KoTopylo OyleM HaO/ofaTb B (POKaJbHOH MJIOCKOCTH
auH3el LL, (puc. 112), rae mepecekyTcst 3TH mapaJjijiesibHble OTPaXKEH-
#ble Jyuu. Ecau B sTo#t naockoctu FF, noMectuM riyas uian gortorpadu-
4ecKYI0 NJACTHHKY, TO, TaK KaK B IPOCTpaHCTBe (a He B IJIOCKOCTH
yepTexa) JIy4d PaBHOTO HaKJOHA { GyJAyT mapajiesbHbl 0Gpa3yomHM
KOHYyCa C yrJIOM IIpH BepllHHe 2i, B CeYeHHH C ILIOCKOCThio FF, Gynem
HabmojaTh KOHUEHTpHYECKHEe Kp YT H, No KOTOpeIM pac-
noJoXaTcsi OMpefieJi€HHble YIJIaMH § pe3yJbTaThl HHTepdepeHLHH
(puc. 113); g BcAKOro KOHyca C yrJioM 2 i mpu BeplUHHE pe3yJibTal
HHTep(epeHLIMH B BHJE CBETJIOrO HMJH TEMHOro Kpyra B (oKaJbHOH
IJIOCKOCTH OyJeT OJMH H TOT Xe, TaK KaK OH 3aBHCHT TOJbKO OT yrJia
HakJjona i. [lonyyaeM npu MOHOXPOMAaTHYECKOM CBeTE CBETJIblE H TEM-
Hhle KpHBLI€E PaBHOTIO HaKJOHA, npu GeloM — pafyXHo
OKpallleHHhle KpHBbBie paBHOTO HakKJoHa. KoHeuHo,
TO Xe siBJleHHe OyleM Ha6JIofaTh U B MpoXonsmieM cBere (nuH3a LL,,
Hanpaso oT naacTHHKU MN, puc. 112) ¢ COOTBETCTBEHHbIM H3MeHeHHeM
pacnoJioXeHusi HHTepdepeHIMOHHBIX KPUBbIX. UeM GoJsbllle yroJ mafe-
HHUs, TeM GoJibllle OTBepCcTHE KOHYyca (pHc. 111), TeM majbure oT onTuye-
CKOH OCH JIHH3BI PacroJIoXXaTcs KpHUBble paBHOro HakjoHa (puc. 113);
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Ha 3TOM pHCYHKe uMeeM oTorpaduio KpHBBIX PaBHOrO HakKJOHA, NOJY-
YeHHLIX B pe3yJibTaTe HHTep(epeHUHH B TOHKOH MJACTHHKE CJIOIHI.,

ITH HaGMIONEHHUS TOCJYXKHJH HCXOAHBIM TIYHKTOM JJIsl Pa3BHUTHS
TOYHOrO HCCJIEJIOBAHHSl CIEKTPOB MpPH IOMOIIH OCOGHIX ONTHYECKHX

Puc. 113.

npuGopoB—HHTepGdepoMeTp OB, PacCMOTPUM HEKOTOpbie
HHTephepOMeTpbl, KOTOpble HMEIOT GoJIbLIIoe 3HAYEHHE MJIT COBPEMEH-
HbIX HayYHBIX M TEXHHYECKHX HCCJeJJOBaHUH.

3. Hurepdepomerpni

. 52. ®panuysckue ¢usuku P ab6pu u Ilepo (1897) mpume-
HUJH KpHBble pPaBHOTO HAaKJIOHA K CIIeKTPOCKOIMYECKHM HcCClie[JoBa-
HHUSIM, TIOCTPOHMB alnapar, AAILHN BO3MOXKHOCTb NPOHU3BOAUTH TOHKHE
CHeKTpalJibHble HCC/eloBaHusl, pasfensis OjukKafllhe CHeKTpaJibHble
aunud. CymecrBeHHefias yacTb X annapara (puc. 114) — nBe cierka
nocepeGpéHHbIe MNIACTHHKH CTekaa A U B, KoTopble NpH MOMOIIH OCO-
6oro MexaHH3Ma MOXHO YCTaHaBJHBATb CTPOTO MNapaJjlielbHoO.

Pasjguuaior aTanon ®ab6pu u Ilepo, Koraa paccrosinue
MeXJy IUIaCTUHKaMH He H3MeHsleTcsl, H HHTepdepoMeTp
®atpu u [lepo npu nepeMeHHOM PAaCCTOSIHUH MeXIY NJacTHHKaMHu. Tak
KaK TNpH NepeMeHHOM PacCTOSTHUHM MeX]y IJIaCTHHKaMH TPyJHO obecrne-
9HTb CTPOr'YIO NapajlieJbHOCTh MEXAY HHUMH, TO B INOCJe[Hee BpeMs
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NOJIb3YIOTCS NPEHMYIIECTBEHHO YCTAHOBKAMH C HEH3MEHHBIM paccTos-
HHEM MeXIy IJIaCTHHKaMH.

CxemaTnuecku NpeJCTaBHM JBe NapaJjjeJbHble NaacTHKH A u B
(puc. 114) ¢ nocepeGpénHbiMu noBepxHoctTaME MN u M,N,, Ha HHUX
najaeT WHPOKHH MOTOK syyed S,,S,,S,... (Ha PUCYHKe OIUH U3 HHX),
Kax/Iblil U3 HUX NPOHHMKAET B CJIOH BO3/yXa, OrpaHHUEHHbIH Nocepe6peH-
HbIMH CTEHKaMH, TEPNHT MeXJIy HUMH MHOTOKDATHble OTpaXKeHHUs
U OTYAaCTH BbIXOAHT BBEPX HJM BHHU3 (cepHH JyueH oy, o,, Oy, Og... H
;' 9, 65'...). TlocTaBUB Ha MyTH 3TUX Jiyyeil IMH3Y HJIH 3PHTEJbHYIO
Tpy6y (HanmpuMep, Ha OYTH
ayueite,’, 6,”,a,'..., puc. 115),
6yzeM HabaofaTh B (oKaJb-

6 6 6 & 51
HOH IJIOCKOCTH HJIH Ha 3Kpa- ¥y
He M uHTepdepeHIHOHHYIO
KapTHHY JIMHUH paBHOroO Ha-
KJIOHA B BHJIE CBETJIBIX H TEM- A 2
X 77z2zz7%72..0%: YY)
M N

HBIX Kpyros (puc. 113).

HnTtepdepomerp Pabpu u \/\/[}\/
Ilepo B HacToOsilee BpeMs SIB- B M Gy \/G Ny

NsleTcsl ONHUM M3 BaXKHeHIIHX V77272247202 2
npUGOPOB VIS TOUHBIX H3Me-
PeHHIl B ONITHKE H B TEXHHKE.
B cBfi3u C ycoBepiueHCT- 14 é &
BOBaHHEM 3TOTO HHTepdepo-
meTpa Oblia paspa6oTaHa M Puc. 114.

IoBelieHa O BBICOKOTO CO-

BEpIUEHCTBA TEXHOJIOTHSI H3rOTOBJNEHHS TOHYAHIIHX NPO3payHbIX IJIE-
HOK, TPEHMYIIECTBEHHO CepeOpSAHBbIX, TOJIIHHOH B HECKOJbKO COThIX
aHrcTpema.

Teopust annapatra ® a6pu u [lepo TpeGyer, 4ToOb MPUHSATHI
Obl/I BO BHUMaHHe NPH 06CYKAEHUH HHTepdepeHIMH MHOTO KD a T-
H O OTpaXEHHble Jyud, HMEHHO TO sIBJIeHHe, KOTOpPOe paHee He pac-
cmaTpuBanoch (§ 47) BcieicTBHME HHYTOXKHOH SIDKOCTH 3THX Jyyei;
HO B paccMaTpHBaeMOM cCJiyuyae 3HaueHHe STHX Jiyded BO3pacTaeT IO
NpUYHHE OTpaXkeHHil OT mocepeGpEeHHB X cTeHOK MN
u MN,. Takum oGpa3om, Mbl uMeeM 37lech fieJlo ¢ HHTep pep e H-
HHeld MHOTHX J yUYe i, a He ABYX TOJIbKO, YeM OrpaHHYHBAJIHCD
NpU U3yUeHHHU SIBJIeHHH NPH TOHKHX nuactuHkax. JIyu S, (puc. 114, Ha
pPHUCYHKe He NOKa3aHbl NpeJIOMJeHHUs), OTpasuBIIuCh B C; OTpaxaercs
3ateM B C,, C; 1 T. A., KpOME TOTO, OH TpeJIoMJsieTcsl B 3THX TOYKaX,
H YacTb CBeTa BLIXOAHUT IO HANPAaBJIEHUIO 6, H Oy; TO XK€ CaMOe MPOHCXO0-
IUT U C Jy4oM S,, TakkKe ¢ Jy4yoM S, 4 T. 1. B pe3yabraTe Bcex 3THX
MHOTOKpPAaTHB X OTpaxXeHUH H NpedoMIeHHH
BCAKHH BBIXOASIIIMH JyY— H B OTPaXXEHHOM NOTOKE 0, Oy, Og..., H B
NpoXoJsileM NMOTOKe 6,", 0,°, o4°... OKasblBaeTcss Jy4YOM CJIO X
H Bl M, COCTOSIIMM M3 Jiyyell ¢ pasHbIMH (pasaMH, KOTOpble. IPHXOAAT
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B MeCcTo HalJIOJeHHS] C Pa3sHOCTbIO XOfa, OGYCJIOBIHBAIOWEH B KOHIE
KOHUOB HHTePGEPEeHUHOHHYIO KapTHHY, T. €. Ty HJIH APYrylO HHTeH-
CHBHOCTb CBETa B JaHHOM MecTe noJis 3penust F (puc. 112, 115). SBasiercs

%595
7 i ’ - ’, ’9/
YT (o7 I
¢ QLSS | l
\
\
J 1 \\
M 5 F A
2 7 H oH 4, K &,
Puc. 115. Puc. 116.

BONPOC: KaK YyYecTb WHTEHCHBHOCTb CBeTa B JAaHHOH TOUKE MPH TAKOM
nepenJyieTeHHH MHOTOYMCJICHHBIX SIBJEHHH.

BecbMa ci103kHOe MaTeMaTHUecKoe HCCiefloBaHHe Na€T OTBET Ha 3TOT
- BOTIPOC, KOTOpBIH 3aTeM BINOJIHE MOATBepxkaaercss oneltoM. He ocrana-
BJIMBAasiCb HA CaMOM MaTeMaTHYeCKOM aHaju3e, INpPHBEAEM BbIBOJBI,
H3 HEro BbITeKalolye:

1. BrisicHeHO, OT Yero U Kak 3aBHCHT paclpeje/ieHHe CBeTa B clydae
dHTeppepeHUHH MHOTHX Jiydel; Teopusi Ja€r paclpefeseHHe MaKCHMY-

Puc. 117-

MOB H MHHHUMYMOB SIDKOCTH B noJie 3peHusi annapara F (puc. 115),
pacmpejieJieHHe CBET/IBIX M TEMHBIX HHTep(hepeHUHOHHBIX T0JIOC
(puc. 116, nosocsi A, B—uacTd KpYroB JHHHi PaBHOrO HaKJIOHA).
OnbIT BHoJIHE NMOATBEPXKJACT 3TH PaCUEThI.

2. YcTaHOBJIEHO, YTO SIPKOCTb TNOJIOC 33BHCUT OT Ko3ddulueHTa
oTpaxkeHHs1 R MOBepXHOCTeH MJIACTHHOK; TaK KpHBasi B—pacnpegee-
HHe MaKCUMYMOB sipkocT npu R=0,5 (crekno), kpubass A—npu R=0,9
(cepe6po).
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3. Ilpu Tex pasHoCTAX Xona, NPH KOTOPHIX B OTPaX<EHHOM CBeTe
HaGJIIONaeTCsl MAKCHMYM SIDKOCTH, B MPOXOASIEM ~HMeeM MHHHMYM,
H o6paTHo. B oTpak€HHOM CBeTe BHIHM_ pe3KHe TEMHble JIHHHH (fp-
KOCTb HYJIb) Ha oOlueM CBeTJoM (oHe,
B TIPOXOJISIIIEM CBeTe—pe3KHe CBeTJible
JHHHH Ha obleM TeMHOM ¢oHe. AHa- A~ N
JIOTHSI—HHTePGEe PeHIUs B TOHKHX I1J1a- N\
cTHHKax, § 47. Y \

Hrak, npenmymectBa uHTepdepen- /[ \
(MK MHOTHX Jyuyell NpH MHOTHX, TeO-
peTHYecKH GeCKOHEYHO MHOTHX OTpa-
XKEeHUSIX CBOASTCS IMpexie BCero K To-
My, uto HHTepdepomeTp Pabpu u [lepo \ f 7
1€t B moJe 3peHus Tpy6s F (puc. 115, \ I
117) B BeICIIEfi cTeneHH 4E€TKYIO Kap- 4
THHY CNIEeKTpPa H3JyYalollero HCTOYHH- < -
Ka (HampuMep, PTYTH, TaMJHS H T. A.)
HIH pPSJi Pe3KHX CBeTJbIX JIHHHH Puc. 118.
(n=1,2,3...) Ha TéMHOM ¢poHe, (puc.

117), nnu psx pesknx TEMHBIX JIMHHH Ha oflieM CBeTVIOM ¢oHe
(puc. 118).

53. BbisicHHM, KaK yKasaHHble BHEIUHHE NpeHMylIecTBa HHTepdepo-

METPOB TMO3BOJSIIOT HMH MOJIb30BaThCsl JJIsi TOYHEHINMX H3MepeHHH

COBpeMeHHOH (H3HKH.
/ / 4 / /
[ / / / /
(! Ll
\ \ \ \ \
\ \ \ \ \
. HC

fpacn  ComuiK. € H C A
Puc. 119.

Kak u B cnyuae uHTepdepeHUHH B TOHKHUX mjiacTtuHkax (§ 47, 50),
ycJIOBHE MOSIBJIEHHS CBETJIbIX M TEMHBIX KOJeIl JUHUHA PaBHOTO HAKJOHA
B HHTep(epeHUHOHHOH KapTHHe MNpPOXOJAIHX H OTPAXKEHHBIX Jiydeld
BbIpa3UTCAd TakK:

E=n]k, (16)

rje §—pasHoCTb XO0Ja, KOTOpass BO3HHKAeT Ha MNYTH OTPaAXKEHHBIX
Jydyell MeXAy nocepeGpEHHLIMH MJIACTHHKAMH HHTepdepoMeTpa.

10 ycsoBHe BblAeJsieT B moJie 3peHust TpyGul F (puc. 117) pa s
BCAKOTO A BOTpPaXXEéHHOM CBeTe pe3KHe TEMHbIe JIHHHH, B IPOXOJs-
eM CBeTe—pe3KHe CBeTJIble JUHHH; NpH Besikom n=0, 1, 2, 3... noss-
Jsietcsl OJHa JIHHHS, obGycJioBjeHHass HWHTep(epeHLHed NepBoro, BTO-
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poro, TpeTbero H T. 1. nopsiaka. Takum o6pa3om, Bcikoe MO H O X p O-
MaTHYeCKOEe H3JyuYeHHe, XapakTepusyeMoe ompelenéH-
HO# JAJIMHOH BOJIHBI A, aéT B ycraHoBKe ®abpu-Ilepo cucremy cBeTanix
HJIH TEMHBIX JIMHUH, pacnoJioKeHie KOTOPbIX NMPH NPOYUX PaBHBIX YCJO-
BHAX HaOMIOJeHHs OINpejeJisieTcsl BeJHYHHOH M.

Ecime M3 ydYyeHHUE CJOXHOE M HMEET B CBOEM COCTaBe
IBa NPOCTBIX U3JIyUYeHHUs1, OnpefiesisieMbiX AJMHHAMH BOJH A, H A, (Hanpu-
Mep, KpacHbIll H CHHHH JyuH), TO KaXK/Joe H3Jyd4eHHe Na€T CBOIO C H C T e-
MYy JaHHHUHA (puc. 119); Tak Kak AJHHBI BOJH Pa3JIMYHbI, TO JUHHR
ONHOH W JPYrod CHCTeMbl BOOOILE pacrnoJioXaTcsi He Ha OJUHAKOBbIX
paccTosiHUAIX APYr OT JApY-
ra; Hanpumep, CHHHe OyAyT

/’ // / // // 6arXe Jpyr K ApYry, 4em
( l | / KpacHble. Ec/ii yBeJHunBaTh

[ { \ paccTosinue d Mexny mjac-
\ \ \ \ \ tTuHamt A u B (puc. 114,
AN NAN \ \ \ 115), To nHTephepeHUHOHHbIe

C iHC HC CH CH (CH JMHHUH NPUAYT B JABHXKeHHE,

“Kak 3To OblIO H B OMNbITaX

Pre. 120. ®uszo (§ 48); npu 3TOM ABH-

JKEHHH HeKOTOpble JIHHHH

PasHB X CHCTEM MOIYT COBNACTb, MOKPLITh APYT APYTa; ecJH

310 mpousomo B nosoxexuu O (puc. 120), To 5T0 3HAYMT, YTO AJs

Juand O B JBYX CHCTeMaX KPHBBIX (Hampumep, B KpacHOH M CHHefl)
cobmoneno ycaoshe (popmynaa 16):

2d=E=n1)\1=(n1+m))\2=n2)\2; (17)

OpH ONHOH W TOH Ke pasHOCTH Xoja & Ha JuHuH O NPOHCXOIHT
HHTep(PepeHUHSA PA3HBIX HOPANLKOB: JJs NIepBOH CHCTEMbl
(kpacHoit) 3T0 6yAeT n, TOPSIAOK, AJs BTOPOI (cuHeft) — nopsiiok
ny=n,+m, rie m—uenoe uucao. Kak u B onbite ®u3o, 314 coB-
najiennss OYXYT MEPHOAMYECKH TIOBTOPATBCA MO Mepe H3MeHeHUs
TOJIUMHELL CJ105 d MeXJy WJIaCTHHKAMH, HO KapTWHa OyjeT WHasi:
He OyJleT HCUe3HOBEHHS HHTeP(EPEHUHOHHBIX N0JIOC, GYAYT TOJBKO
HX NepHOJIMYEeCKHe COBNAJEHHSI U PaCXOXK JeHHs.

54. DTOT mpouUecC PAaCXOXKAEHHS NOJNOC U SBJISETCSH OCHOB-
HBIM_TIPHEMOM ]Il TOHYAHIUEro HCCJIeJOBAHUS CNEKTPOB.

IlpeacTaBum ceGe Takyio ycTaHOBKY (puc. 121): nyun cBeta
OT HEKOTOPOro HCTOYHMKA S (Hampumep, pTyTHOH Jammel, I, § 185)
HaNpaBJIAKTCA B CIEKTPOCKON — MOHOXpoMatop M (§ 32), koTopsiil
BBILJISICT B CHEKTPE STOro HanydveHusi (puc. 98) oueHb y3Kyio
OJOCY, Y4YaCTOK CNeKTpa, NpPHJEramluil K HCCJAeyeMoll CIeK-
TPaJIbHOH JIMHWM, COOTBETCTBYIOUIEH MJHHEe BOJHBI A,. JIyun 3TOro
Y3KOro ydacTKa CNEeKTpa HanpaBuM Ha IJIaCTHHBl HHTep(epoMeTpa
A u B (puc. 114) u nabmonaem B TpyOy F pesyibtat untepdepen-
qud (puc. 118) npu nauHom paccrosinuu d MeXJy IJIacCTHHAMH.
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ITycTh u3yuaeMoe H3JydyeHHE COCTOMT H3 JBYX IPOCTHIX JIMHHH
C OueHb OJM3KMMH JJHHAMH BOJH Ay H Ay=\A,;+ A\, re AN— oueHb
Manasi BeJMYHHA NO tpaBHeHHIO ¢ A;. Torza aasa unTepdepeHUHH n-ro
nopsiika umeeMm (opmyna 17):

Ei=nhy; H=n(+AN). (17%)

3nechk &, u E, BoOGIIE MaJo OTJHYAIOTCS APYT OT APYra H JUIsi OOLIKHO-
BEHHOTO CNEKTPOCKONA MOTYT ObITh HEOTJHYHMBI, T. €. JHHUH A, H A,

Puc. 121.

cosnajaior. Ho B unteppepomerpe Pabpu u Tlepo nmpu nomouu yse-
JHYeHHs d MOXXeM YBeJHUYHTb & M MOpANOK HHTepdepeHuuu n (¢op-
myJaa 17’); mpu aTOM pacTér pasHOCTb MEXAY & H §&;:

t,— & =n-Ak; a7

NpH NOCTAaTOYHOM BO3paCTaHHU N PasHOCTb &, — &, CTAHOBHTCS OILY-
THMOH, U JIMHUH N, U A, Pa30HAyTCA, TaK KaK HHTep(epeHIMOHHbIe
NOJIOCHl OJJHOFO W TOTO K€ NOpsiKa 7 C PasHbIMH JJIMHAMH BOJIH
3aHUMAIOT B IIOJIe 3peHHsT BOOOLle pa3Hble MecTa.

O6paTHO: ecaiM NOJydYeHB! JBe CHCTeMBl KoJjel (KpyroB), COOT-
BEeTCTBYIOIIHMX JJHHAM BOJH A, U ky (A; < Ag), TO mpu Hekotopom d
MOXKeT ObITb HaJlOXeHHe KOJIbLia Nopsifika 1 — | cucTeMbl X, Ha KOJbIIO
NOpsiiKa n CHUCTeMbl A;. DTO NpPOM30AAET mpH YCJOBHH (dopmyna 17):

nh=(Mn—1)X.

M3 3toro ycnoBusi MOXKHO onpefenutb AN — pasHOCTb AJIMH BOJIH
IBYX CHCTeM:

R —h)= —hy n-Ah= —L; M="02;

AJIs1 BCAKHX BOJIH:

A . _2d, A
A)\-———'?, 2d—nl, n—T, A)\——ﬂ. (18)
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Ecau d pas panHoro mHTepdepomeTrpa NMOCTOSIHHO H €CJIM A — 3apa-
Hee BbIGpaHHAsl JIMHHS, TNOJYyYeHHe KOTOPOH 3aHKCHPOBAHO B 3ITOM
npubope, TO TaKoH HHTeppepoMeTp Has3biBaeTcs «DTanoH — Pabpu —
Tlepo». OH cayXHUT KaK BBICOKOH YYBCTBHTEJBHOCTH MNpHGOpP NpH
CpaBHEHMH JJHHBI BOJHBI A C JJIHHOH BOJIHBI HHOTO H3JYYeHHS A,
HanpaBJIEeHHOTO B 3TaJIOH IPH IOMOLIY MOHOXPOMATopa.

OG6e nJiacTUHBI B 3TaJlOHE HENOABUXKHO 3aKpeIJieHbl Ha paccrosi-
uin d~ 0,5 cu.

55. Ilpu olleHKe KayeCcTB ONTHUECKOro IpuGOpa — MUKPOCKONA
(§ 27), TpyOBl, BaxKHO 3HaThb €ro pas3pemramwilylo cHnocob-
HOCTh— BO3MOXHOCTb Hab/i0faTh pa3jesbHO JBe BechbMa GJIH3KHe
Jetany u3oOpakeHusi. TOUHO TakK 2Ke JJISl OLEHKH CNIEKTPOCKONA HJIK
UHTepdepoMeTpa HEOGXOAMMO 3HATh €ro pas3pellalomyio CHo-
COOHOCTb— BO3MOXKHOCTb pa3jlelbHO HaO/i0AaTh JBe BecbMa
6in3kue JuHUH. Ilos0XKuM, YTO NpW HaGMIOJEHHH B JaHHbIH HHTEp-
¢depoMeTp JIHHHU A; MBI MOXeM pasfelbHO 0OHAPYKHTh OJHKaHUIyIO
K Hell JHHHIO A, =\, + A\, BeJHuMHA: :

t=2 (19)

NpUHHMaeTcs 3a Mepy paspemalomeil cnoCO6GHOCTH CIek-
TpajbHoro annaparta. OGbluHble cnekTpockonsl Kupxroda—Byn-

3eHa MOryT o6Hapyxutb AN 1m0 20 A, Hamiyumme CHEKTPOCKOINDI
3TOro THUNA CO MHOTHMH mnpusmamu jawor AN po 0,5A; Tak, Hanpu-

Mep, AJis CHHel 4acTH cmeKTpa ), = 4638,02 A paspemalomas cno-
cobHocTh {=9-103. Jlas unTepdepomerpoB umeem (dopmyna 177):

A)\=A—e=--——a2_'El N
n n
NI03TOMY:
A nk; . ,

paspewiaomias CnocoGHOCTb HHTep(hepoMeTpa pacTéT MO Mepe pocTa n,
T. €. NIPM JaHHOM \,, ¢ yBeauuenueM d (popmyna 17).
Mpumepn.
1. Tlyete Ay =X, 4 1073;; AA=10-%)\;; npu n =200 umeem:

oA =-;

3TO JOCTYNHasi HaOJIOfleHHIO BeJHUYHHA, [O3TOMY 3ameuaeM pac-
o 1
xoxJeHne Jupui; npu n=500 n-AA=E —¢ = —2»—)\1 — Hau6oJiblee

pacxoxjenne, a npu n=1000 n-A\=)\,—JHHHM BHOBb COBNAJK
H T. I., Kak B onbite ®uso.



I. Humepgepenyus ceema 111

2. TycTb paccTosinue Mexx 1y miacTiHKamu d = 5 cu; ecain A=0,5p,
To no ¢opmyaam 15 u 16:

E=2d=n); nl——_2 10%;

HabmofaeM HHTepdepeHUHMIO IIpH TpPOMAfHOH Ppa3HOCTH  Xoja
£=2000002,; paspeluaomas CHOCOGHOCTb TaKOH YCTAHOBKH, NPUHH-

Mas E2—51=“5‘)‘13
== 105

cjleaoBaTeJibHO, MOXKeM 3aMETUTb pacCXoXKjaeHHe JIMHAH, eCJIn pas-
HOCTb JJIHH HX BOJIH JlazKe HE NpEBbIlIaeT YHucJa:

AA=10.5-10"1 =5.10"7n=5-10-34,

T. €. NATH AeCATHMHJUIMOHHBIX MHKpOHa. Takue JMHHH B MHTepde-
pomeTpe ®abpu u Ilepo ABOSITCS, BHAUM HX pasienbHo. Paspema-
I0llast CNIOCOOHOCTb TPH3MAaTHYECKHX CIIEKTPOCKONOB He HAET jajiee
1,082A (B ;maHHOil oGmacTH CHeKTpa); 3aKJiouaeM, YTO HHTepdepeH-
HUOHHAsl CNEKTPOCKONHS MOBBIIAET TOYHOCTb HCCJIEJOBAaHUS CIEKTPOB
B 200 c JumKOM pa3, YyBCTBUTEJNbHOCTb METOJA BO CTOJILKO K€ pas
BO3pacTaer.

56. Pa6pu u [lepo Morau npu NOMouULH CBOEro HHTepbepoMeTpa HaGMIIO-
naTh HHTepdepeHUHI0 NpH pasHocTH xoxa xo 750 000, BoJH.

BoT HeKoTopble pe3yJibTaThl 3THX HCCieAO0BaHHH.

1. 3enénan aunus tannus A=5439 A npu d=6,25 mm paspsounace, y Heé
NOsIBHJICA CNabblil cnyTHUK (MM TpabanT): Ay —Ay =AA=21.10"6 A,; npu d =18 mmn
pOU30WJIO HOBOE pa3fBoeHHe Gojee npKOfA JauHHM: Ag—A;=3.1078},; Takum
oGpa3oM, 3esiéHasi JHUHMSA TaJJHA—TpPOHHas.

2. 3enémas aumus prytd A=>5461 A1, B crmekTpe pTYTH HafifeHo OdeHb

MHOTO JHHHE ¢ 3—5 cnyTHukamu. Jlueus A=05461 A sameuaTennna TeM, uro
OHa TpO#iHas, HO BCE JHHHH, Ha KOTODHE OHa pachafaeTcsi, NOYTH OJHHAKOBOMH
ApKoCTH. Jlpyrue ucciefoBaTeNH HalUIH, YTO 3Ta JHMHMA pacmagaercs Ha Gosbllee
YHCJIO JIMHHH.
3. Ilo ¢opmyne (17) umeem.
2d=E=n ;= (ny + m) A\g=nohs;

NpH HENOJIHOM COBMajeHHH:
’ nhy=(ng+a)Aa,
rae a <1 ¥ MOXeT OHTb H3MEpeHO MO pacCTOSHUAM "He cOBNajlalOmMHX JHHHA.
Orciofla MOXHO OYeHb TOYHO BBbIUMCJHMTb OTHOIUEHHE JJIHH BOJIH:
M__nete
AT om
4. Kpacuas auHus xagmusa A=06438, 47A NPH CaMBIX BHICOKHX

nopsiikax HHTepdepeHIHH He pasjarajach M, Kak Gbuio ycranoejseHo B 1907 r.,
He HMeJa CNyTHHKOB.

.

1) Tounee: A =>5460, 7535 (1951).
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Ha ocHoBanmu o6mmpHeIX pa6or MailikenbcoHa, bBenya,
®a6pu u Ilepo Mexpaynaponnas kKomuccus (1907)
npuHAJa cJejylollee oNnpejfejeHHe HHTEPHAIHO-
HaabHOro anrctpema: «KpachHoe u3nyuenue mapos
KaamMHusag B TpyOGKe C 3JJeKTPOXAaMH B CyXOM BO3JyXxe
npu 15°C um HopmManbHOM aTMochepHOM MNaBJEHHH
HMeeT AJHUHY BOJHBIL

A, =6438,4696 anrcTpeMoB».

D10 onpejeJieHHe BBOJHT HOBYIO €JHWHHIY AJIMHBI — HHTE€DHAIlHOHAJIb-

Hblli anrctpeM (1 A), cooTHoLIeHHe KOTOPOl C METPHYECKHMH eJHHH-
1laMH YCTAHOBJIEHO € TOYHOCTBbIO J0 10-7 (1o onHOH JAECATHMHJIIIH-
OHHOH):

" 1A=10"* p=10"7 um=10"8 cu=10"1° u.

CpaBHHB METp C JIMHOA A, BHIPA3HJH AJHHY €r0 4epes AJUHY
BOJIHBl KPAaCHOH JIMHHH KaJMHsi:

1 memp =1553164,13, (A)

usMepenue B Bo3jpyxe npu 15° u 760 mm Hg. DtoT pesyabrar,
Ha3BaHHBIH «CBETOBOH MeTp», MO MEXIAYHAapOJAHOMY
coranamenuto (1907) pemeHo yxe He MEHSITh C TOH
{IeJIblo, YTOOBl BHECTH YCTOHYMBOCTb B YHCJIOBBlE pe3YJIbTaThl BCEX
HHBIX M3MepeHHH, TaK KaK H3MeHeHHe OCHOBHOH eJMHHLBI 3aCTaBHJIO
OBl NepecMOTPeTb BCe Pe3yJIbTAaThl BHIYUCJEHHH, B KOTOpble OHa BXO-
JHT.

Takum obpasoM, AjauHa OCHOBHOH ejunuib!l cucteMel CGS u Me-
TPHUECKOH CBfi3aHA C JJIMHOM, B3ATOH M3 MPHPOIbI; 3THM OCY Ile-
CTBJeHa HJesl OCHOBaTeJed MeTPHUYECKON CHCTEMBI:
B3SITh H3 NMPHPOAB OCHOBHYIO €AMHHIY H3MepeHHH.
Tenepb /it TPOBEPKHM HJH Ha)e BOCCTAHOBJIEHHS MeTpa Mbl HMeeM
BIIOJIHE ONpeJENEHHYI0 U TOCTOSIHHYIO JJIHHY — A, KpacHOH JIMHHM
kaamusi. [IpaBga, HaM HEW3BECTHO, OCTa€TCsl JIM 3Ta JJIHHA, XapakKTe-
pusyoias 3JeKTPOMarHUTHBIH IIpollecC H3JIyYeHHsl, caMa HEeH3MeH-
HOH IIpH NepeMelleHHH COJIHEYHOH CHCTeMBl H 3eMJH B NIPOCTPAHCTBE,
HO eCJii 5TH H3MeHeHHsl KOCMHYECKOro XapakTepa H CYLIeCTBYIOT,
OHM MOTLYT CKasaTbCl M CTaTh 3aMETHbIMH JIMIIb Yepe3 MHUJIJIHOHBI
ger. IlosTomMy MBI MOXeM YTBepXKJaTb, 4YTO TOT MeTpP, KOTOpHIH
fIBJIIETCSI N0 €ro MexXJyHapogHoMy ompefenenuio (I, § 2) npowus-
BOJILHOH [IJIMHOM, TPHHATOH 3a €IMHHIy, B HACTOsllee BpeMsl HMeeT
YHHBEpCAJIbHOE OIpejieJieHHe, KOTOpoe JAaHO eMy uepe3 IOCTOSHHYIO
TIPHPOJABI A, cooTHOleHHeM (A).

KagmueBa KpacHasi JuHHS, JJHMHA BOJHBI KOTOPOH y3aKOHeHa
pa3 HaBcerja Ha OCHOBAHMH paGOT Jy4YIIHX CIEKTPOCKOMHCTOB,
npuHHMaeTrcsi 3a HOpMaJb nepBoro mopsiaka. B 1922 r.
Ta e Mex/yHapoiHasi KOMHCCHSI YCTaHOBHJA psJi JHHHH KaK HOp-
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MaJH BTOPOTO TOpPSJKA, BbIGPAB WX MO JJHHE BCEro CMNeKTpa H3 Ju-
Ui Fe, Ne, He u HekoTOpbIX Apyr#x 3/eMeHTOB; AJHHbI BOJH HOD-
MaJjieli BTOPOro Mopsiika onpejeieHbl HHTep(pepOMeTPHUYECKH MO HOp-
Ma.ﬂgM nepBoro nopsiska. CM. JIAHMH BTOpOro mopsijka Ha ctp. 86
(§ 43). '

Pa6orul, npoBenénnnle B wHCTHTYyTe Metposnorun (1949) nox py-
KoBoacTBoM M. ®. PomMaHOBO#, YCTAHOBHJM NpPHU MOMOILH MOLI-
HOro HHTepdepoMeTpa, YTO KpacHasi JIMHHA KaJIMUS A,, CUHTABIUAsCS
JO 3TOro BpeMeHH OJHOPOJHOH, HMeeT CBEePXTOHKYIO CTPYKTYpY,

a HMeHHO: KPOMe OCHOBHOM JIMHHH A, = 6438,4696 A y Heé ecTb Tpu
JMHHH, OTJIMYaIOUIHecss OT ocHoBHOH Ha: —0,0035 A, 40,0035 A,

40,0095 A. Ho Tak Kak A/MHHAa OCHOBHOM JHHHHM A, ONpejesieHa
C OTHOCHTeNbHOH norpemwHocTbio 1,5-1078, To onpejesende cBeTO-
BOrO MeTPa MPH CTOJb BBLICOKOH TOYHOCTH BOCTIPOM3BELEHHSI OCHOB-
HOH CNeKTpaJIbHON JIHHUH OCTAETCS HenoKoJeGJeHHbIM.

57. Hureppepomerp MafikesnbcoHa, NpH MOMOLIH KOTOPOro
Obltd peliieHbl OY€Hb BaKHble BONPOCH (PH3HUECKOH TeOpHH, OCHOBAH
Ha SIBJIHHH HHTep(depeHUHH Jy- c
yell OT ABYX 3epKaJ, leJjeco- T >
06pa3HO pacrosIOXKEHHBIX B €ro :
annapare. MoHoxpoMaTHuecKHI
cBeT (Kéntas JHHUA HaTpusi
HJIH  KpacHas — KaJgMHusl) OT !
CHJIBHOTO HCTOUYHHKA S nanaer
noa yrJjom 45° Ha nocepeGpéH-,
HYIO N0JIyNpO3pavHyIo MaacTHH- I
Ky A (puc. 122, 123), na koto-'s} - -
polt Jyu pasiensiercsi:

1. YacTb cBera, oTpa)kasch Y
ot A, nnér k sepkaay C, or-
paxasicb oT C, BHOBb HJET K A,
OTH4aCTH NPOXONMT yepe3 mnJja- 1
ctuiky A u unér B TpyGy O. o

2. Yacrtb cBera 3 S npo- Puc. 122,
xomuT uyepe3 A u MAéT K 3ep-

Kany D, orpaxaercs OT Hero, OTYacTH oTpaxkaercs y A u upgér
B TpySy O L

CaenoBatesbio, B Tpy6y O npuxonst aBa syua mo nytam SACAO
1 SADAO, oun uMeloT pasHocTb xoia W B O 6yayt uHTepdepHpo-
BaThb; pe3yJbTaT HHTepdepeHUUH OyJeT 3aBHCETb OT pPa3HOCTH XOAa

1 Tlnactunka F mexay A u D (puc. 123), ToXjuecTBeHHasi ¢ MiacTHHKOA A,
HMeeT Leabio KOMMNEHCHPOBATh onTuueckwe nytH ayueit AC n AD: nnactunka A
HMeeT TNocepeGPEHHYI0O MOBEPXHOCTb, OGpalléHHYl K HaMm (puc. 123), nosromy
ayu SACAO tpuxabl npoxoaur uepe3 A, a aydu SADAO—opaun pa3; HO OH ewé
JIBa pa3a MpOXOAHT uepe3 F,
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L
[
N

STHX JyueH:
t=ACA—ADA.
Ecau paccrosnns CA u DA pasubl, 10 §=0, B Touke O OKy-
nspa TpyGhl NPOHCXOMUT YCHJIEHHE CBeTa; TO ke GyjeT NpH E=2%,
4% Ipu nepemelleHHH OAHOTO H3 3epKaj, Hanpumep C, pas-

HOCTb XOJa H3MeHsieTCsl M YCJIOBHSl HHTep(depeHLHH H3MeHSIOTCS.
Ecau sepkano C M MHHUMOe H3o0paxKeHde 3epkaja D B nocepe-
GpénHoil miacTHHKe A, KoTopoe BuAuM B TpyOy O, B mosoxenun D,

- I HHHIHIIIV“,\‘\“‘
iy —— s

Puc. 123,

(puc. 122) crporo napansenbHel, TO B (oOKanbHO# maocKocTH O
YBHJAHM HHTep(epeHLHOHHbIE KOJbla paBHOrO HakJoHa; ecan xe C
u D, obpasyior HeGonbluoii yroa, To B O OyAyT JHUHHM paBHOH TOJ-
LK HBI.

Ha pucynke 124 nan MoHTax HHTepdepoMeTpa € yCTAaHOBOYHBIMH
BHHTaMH [/ NepemellleHust 3epkana C u AJd NOBOpOTa Ha HeGOJIb-
woil yros 3epkaina D npu nepexofe OT JHMHHH PaBHOIO HAaKJIOHA
K JIMHUSIM PaBHOH TOJILUMHBIL.

Ilpu GoJablux nepemellleHusx 3epkajsa C pasHOCTb XOJa MOXKeT
JIOCTUraTb MHJIJIHOHOB AJIHH BOJH.

Ilpu nsmenenuu paccrosuusi CA, npu nepeMerieHuu 3epkana C
NPy  [OMOWM  BpalleHWs PYYKH, CBSI3aHHOH C MHKpOMeTpHYe-
CKHM BHHTOM (puc. 124), nnTepdepeHUHOHHbIE JIMHUH IepeMelLlaloTCs.
MmenHo, mpu nepeMelenun 3epkana C Ha 4eTBepTb BOJHBI, Pa3HOCThb
xoja £ u3aMeHsiercss Ha !/,A, W NOTOMY Ha MeCTaX MUHHMYMOB $Ip-
KOCTH TOSIBJSIIOTCS MaKCHMYyMbl, H o6paTho. EcJiM yCTaHOBHUTb BH3HD-
HYI0O HHTb MJH 1IKany B (okaJbHOH mJockoctd TpyOsl O (puc. 125),
To GyzneM HabaojpaTh NpH H3MeHeHud paccrosinusgs CA Ha 1/, N cMme-
IleHHe KoJell Ha TOJIKOJbLA, a IpH JHHHSX PaBHOH TOJIIMHBI — CMe-
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HleHHe JIHHHE Ha TNOJIOBUHY PACCTOSHHSI MEeX 1y MaKCHMYMaMH; BOoGwie
npu nepemellenun sepkana C W u3MeHenwnu paccrosinua CA Ha6mio-

JlaeM JBHXKEHHE HHTep(pepe}ILlHOHHb]X 1oJioC.

Puc. 124.

l'IpH 3THX HaOJIONEHHSIX JBHXKEHHUSI MOJIOC CTaBATCA JiBe 3ajaym,
AJis1 pelleHdsl] KOTOPbIX M IIOCTPOEH 3TOT nHTepQ)epomeTp:

1. 3uas BesuuuHy cMmemleHusi 3epkana C,
onpejeJisieM AJUHY BOJHBI A MOHOXPOMAaTHYECKO-
ro ceera.

2. HaoGopor, 3Has ajuHy A, no cuéry mpo-
IIeJlIMX TPH JBHXKeHUW 3epkasa C uepe3 BH-
3UPHYIO HHTb TIOJIOC OMpejessieM BeJHUUHY
cMemeHus 3epkana C.

STu usMepenus, Kak ysuaum (§ 112), nersm
B OCHOBY pellleHHs OJHOIO W3 BaXKHEHIHX BO-
NPOCOB HAYYHOI'O MHPOIO3HAHHS.

B. Il. Jlununuxk mnpennoxun (1933) mu-
KpouHTepepoMeTp Ha npuHLMne Maifikeb-
COHa, KOTOpPhIH NPSIMO MOXHO HAaBHHUMBATh

Puc. 125.

Ha Ty6yC MHKpocKoé

na. Ky6 opsopopHoro creksa (puc. 125a) paspesad no aHaroHaibHOR

.

8*
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nnockocTH AB: ofHa MJOCKOCTh pa3pesa cJerka nocepeGpeHa u 3aTeM
.00e MpH3Mbl CKJeeHbl KaHaACKuM Gajib3aMoM. X0l uHTephepHpyIoLuX
Jiyuedl Tako#d xe, Ka< Ha pHcyHKe 122, miockocTb AB urpaer posb
JIaCTHHKH A.

Bmecto 3epkana C craBuTca Hcciefyemast TnoBepxHocTs CC,
HamnpUMep MJIaCTHHKA MeTaJna; LIepPOXOBATOCTH Ha Hell HWJH HepoB-
HOCTH PaBHOCHJIbHBl YJaJeHHIO HJAH 0OpubuKeHuio 3epkana C
¥ JajyT CMelleHHe JIMHUHA HHTepdepeHuud. IDTOT HHTepdepoMeTp

Onynap

!

Ocb MuKpocKona

S HUcTounun
csera

D7

Zn

C—m——C
Puc. 125a.

SIBJISIETCS TEXHHUYECKUM TIpUOOPOM JJISi HCCJIENOBAHHS TOBepXHOCTedt
H pasHoro poja uIHQOBOK (HaNpHMep, ONTHUECKHX CTEKON) C TOU-
HOCTbIO JIO JeCSIThIX M Jaxe COThIX JoJeH AJuHbl BOJHB (fo 0,01 —
—0.05 l..l.,)

4, Ipuvenenus uHTepdhepoMeTpoB.

58. V3wMepeHusi JJHH HEBOOPYKEHHBIM ryazom HAET no 0,2 mm=
=10"% cm; mpu mnomolu HauboJiee COBEpLIEHHBIX MHKPOCKOMOB —
10 2,5-107% cu (§ 27); 310 ecTb Npenen paspeliaroillell CHOCOOHOCTH
MHKPOCKONA, 3a KOTOPbIM BO3HHUKAIOT JAH(PPAKLUUOHHBIE SIBJIEHHS,
COBepUIeHHO HCKaxarouye Habjiofaemoe usodpaxenue. HHrepdepo-
MeTp JaJjleKO OTOJBHFaeT 3Ty IpaHUly: Kak yKe OblIO YHNOMSHYTO
(ctp. 112), pyuHa BOJHBI KpacHOH JIMHHUM KaJMHsl H3MepeHa C TO4Y-
#octbio o 1078p =10"'2 cu. Hamepenue nJHMHBL $IBJASIETCS Kak
©CHOBHOE, HeNOCPeJCTBEHHO . BBINOJHSEMOe H3MepeHHe, K KOTOpOMY
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CBOJSITCSA JApyTrHe H3MepeHHsl, MO3TOMY TIOBbILIEHHEe TOYHOCTH H3Me-
peHHusl NJIMHbI O0OYyCJIOBJIMBaeT YCOBepLUEHCTBOBaHUE BCeX H3MepeHHil.

Bo3MoKHOCTb TIpHMeHeHHS] HHTepdepeHLHMH K H3MEpeHHIO IJIHH
BBHISICHSIETCSI M3 OCHOBHOH (popmyanl (17); nycTb npu JaHHOM pacno-
JIOXKeHUH MJocKocTedl HHTepdepomeTpa UMeeM AJs JaHHOIO MOHOXPO-
MaTHYecKoro ceera: -

2d = n\;

usmMeHuM d, T. e. B uHTepdepomerpe Pabpu u Ilepo u3meHum pac-
crosiide Mexay A u B (puc. 114); mpu nepexojpe B HOBOe pacro-
JIOXKeHHe B M0Jle 3PeHHs] NepeMecTSTCSl NMOJIOCHl M AJIi HOBOro MOJo-
KeHUsl HMeeM:

2d,=

OoTCroja:
2 (d, —d) = (n,~=n) \; 2Ad = (n, —n)\. (20)

Hrak, npun nomomu cuéta (n,—n)=4n untepdepes-
NHOHHBIX TNOJOC, NPOXOASIMX B TnoJe 3peHus HabJiojarens
yepe3 MeTKy O, onpejessieM:

1) Ecau usBectHo cMeulenue Ad, AJuHY BOJIHBL:

2Ad 2Ad
A= ni—n _ An ' (A)
2) Ecnu n3BecTHa AJMHA BOJHBI A, cMelleHue Ad:
ny—n)h _ Ank
e (B)

T. €. U3MepsieM NJHHY Ad B eauHunax A.

Ha ocHoBanun (A) Moryt ObiTb H3MepsieMbl JJIHHBI BOJIH MOHO-
XpoMaTH4yeCKoro c¢sera ¢ Tol TOYHOCTB!O, O KOTOpOﬁ OblJIO ynowms--
HYTO; Ha OCHOBaHWH HMeHHO 3Toro mnpuHuuna Paépu u [lepo npo-
H3BeJIH OCHOBHOE H3MepeHHe BOJIHBl KPacHO# JMuHUM Kaamus (cTp. 112).

Ha ocnoBanuu (Bb) cTanoBsTcs NpUHUMINAJbLHO BO3MOXKHbI H3Mepe-
HHS JJIMHBI C TOYHOCTbIO D-107°

C aT10ii HMeHHO TouHocThio M afikeabcoH W bBenya B
MexayHapoaHom GlOpo Mep U BecOB H3MEepPHJH MEeTpPOBH H
3TaJOH H BblpaSHJIH €ero B JJHHAaX BOJH Kall'
MU g (KpacHoi, 3eJ€HOil U cuHel).

59. EannmHHWuunua MaccCh—KHJOTpPAaMM IO 3aMbCJAy TBOPLOB
MeTpHuYeCKOH CHCTEeMbl CBSI3aHa C OCHOBHOH eLHHHLEH INHHB, a MMEHHO: Teo-
peTHuecKH KHJOrpaMM ecTb Macca BOAbl B OAHOM KyGHUYeCKOM JeuHMeTpe NpH
4°. MHorue wuccaepoBaTeid MOKa3aju, YTO NPOTOTHN—STANOH KHJOrpaMma
(I, § 2), NpUHATBIA KaK MeXAYHapoAHas eIMHHULA Macchi, OTIHYAETCs OT ero
TEOPETUUECKOrO 3HaueHus; Tak, O. U. MenneneeB ycranosua (1896),
uyTo Macca | ky6. Om uncToll Boabl npu 4° paHa 999,487 2 (B3BelinBaHHe B Ny-
ctoTe). dpaHuysckue yuéHble NpoM3BesH B MexayHapoAHOM Glopo Mep H BecoB
TOuHeHlHe H3MEPeHHsi Pa3MepoB TOro KBapueBoro ky6a, KOTODHIH CJYXHT NpH
MeTofe THAPOCTATHYECKOrO B3BelUMBAHUA IJs oOnpeleNeHHS Macchl AHCTHJAJNH-
poBaHHOH BoAbl B 06BnEMe KyOuuecKoro geuumerpa npH 4°. DTH H3MepeHHs NpH
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nomomH HHTeppepomeTrpa $ a6Gpu u Ilepo B cperHeM MO3BOASIOT MpH-
HaTh (1909): macca 1 Ky6. dm uuctoit Boabl = 999,9732 2 (4°C, 760 mm Hg).
!~ CnegoBatesibho, 1 2 Kak o6béM | ke uucTOH BoAbl npu 4° u 760 mm paseH
1,000027 «y6. Om.

PaccMoTpeHHble mnpuMepbl NpHMeHEHHWS HHTepQepoMeTpoB BHICHSIOT, YTO
BBEJCHHE METOAO0B HHTep(EepeHUHMH NPH MU3MEPEHHH MaJjbiX NJIHH M YTJOB TpHU-
MEDHO B MHJIJIHOH pa3 MOBblIIAeT MpeAeJbl TOYHOCTH H3MEPEHHH MaJjblX BeJH-
YHH MO CPaBHEHHIO C MHMKPOCKONOM H COOTBETCTBEHHO YBEJHUHBAaeT NMPH 3ITOM
TOYHOCTb HabmioeHui. [losTomy HHTepdepoMeTpbl NPHMEHSIOT K H3MEpeHHIo
KO3pOHUHEHTOB yNPYroCTH H pacUIHPEHHs, NPH HCMBITAHHH MJOCKOCTEH H KpH-

i BH3HbI ONTHYECKHX CTEKOJ H T. A.

Ecau 1Be niacTHHKH cTeKaa
He NJOCKH H eCIH HX NOJNOXHThb
JAPYT Ha Jpyra U OCBETHTb MO-
HOXPOMaTHYeCKH, TO BOOOLLE yBH-
MM BecbMa NMPHXOTJHBbIE JIHHHH
pPaBHOH TOJIHHLI; NO Mepe LIJNH-
$OBKH JIMHHH BBIPaBHHBAIOTCS;
NJOCKHE CTEKJA He HCKaXaioT
JHHHKU HHTepd2peHunH. Ecau Ha
3aBeOMO TMJIOCKYIO MJAcCTHHKY
MOJIOXKHTb AJs HCMBITAHHS MNJO-
CKOnapaJieJbHOCTH ApYTyto
NJ1acTHHKY H OCBETHTb HX MO-
HOXpOMaTHYeCKHM cBeTOM (Ha-
npumep, pTyTHOll Jamno#), TO
HabJsofaeM Kosblia PaBHOTO Ha-
KJIOHa B CJyvae TmJockonapaJ-

Puc. 126, JeJTbHOCTH  0GEHX  MJacTHHOK

(puc. 126); ecnu nmIacTHHKH Me-

. peMelaTb B3aHMHO, TO B cayuae

HETOYHOA IJIOCKONAapaneNbHOCTH Kosablla OyRyT JABHrathesi,Tak Kak OGyner
H3MEHSITbCA TOJUIHHA BO3LYyXa MeXIy HMMH. M3 npenbiayiiero sicHo, 4To NpH yBe-
JIHYEHHH TONILHHBI MJIAaCTHHKH KOJblla MOARYT K UEHTPY M TaMm GynyT HcuesarTh,
€C/IH JKe TOJNUHHA MJIaCTHHKH yMeHbllaeTcd (a TOJNUIMHA CJOS BO3JAyXa yBe.H-
YHBaeTcs), TO KoJbua GYAYT PacXORHUTbCS, M3 UeHTpa GyAyT NOABAATHCHA HO-
Bbie. [losiBieHHE MM HCUE3HOBEHHE KOJblla YKa3hbiBaeT Ha H3MEHEHHe TOJIHHB

A
NIACTHHKH HA 5=+

OTO 4YBCTBHTEJNbHBIA CMOCO6 HMCCIENOBAaHHS MJOCKHX H HHBIX MOBEpXHOCTEil,
HMelounid GoJiblioe 3HAYeHHe B COBPEMEHHOH TeXHHKe MPHOGOPOCTPOEHHs, CaMo-
JAETOCTPOEHHUS W T. M.

Mbl o6o3pesii HEKOTOpbIE MpPHMEHEHHS HHTe[(°pOMETPOB; 3TH NpPHMepHl BhI-
SICHSIIOT CTeNeHb TOYHOCTH, KOTOPYI0 BHOCHT HHTe[(2pEHUHOHHAas CNEKTPOCKO-
MU B TEXHUYECKHE H TeopeTHUeckHe HccaegoBaHus. Kak Mbl Buienau, sta cre-
eHb TOYHOCTH HENOCTHXKHMA INPH HHBIX METOAaX H3MepeHH.

I1. MPSIMOJIMHENHOE PACIIPOCTPAHEHME CBETA

A. IPMHUMN THOATEHCA

60. TlpsiMonuHefiHOe pacmpocTpaHeHHWe CBeTa NPENCTABJIAJO BeJH-
yaiilllee 3aTpyaHeHHe sl pa3BUTHS B3rJisJa HAa CBET KaK Ha BOJHOBOH
npouecc. Mbl 3HaeM, uto ecnu B S Haxonutes 3Byuaulee Teso (puc. 127)
H B A HaxoJuTCsl 5KpaH, TO 3ByK OGOTHET €ro u Mbl ycabiiuM B O 3BYK;
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K yXy, nomemaemomy B O, npuayT KosneGaHusi oT Touek S;, S, U T. 1.,
KOTOpble MpHBEelIeHbl B KoJeGaTesqbHOE JBHXKeHHe 3BYKOBOH BOJIHOH 2,
pacnpoctpansiowefics u3 S. Ho ecin B S HaXoauTcss HCTOYHHK CBeTa,
a B A Henpo3spauHblil 3KpaH, To 17123 B O He YBUAUT S U CBeT He JOXOIUT
orSBO,0onHe oru6aeT 3KpaHA u pacnpocTpaHsieTcs JHIIb
NpsIMOJIHeHHO. DTO OCHOBHOE 3aTpyJHEHHe OblIO pa3bSICHEHO C IOo-
mouibio npunuMna o fire H-
C a, KOTOpblii BLISICHfleT Mexa-
HH3M Nepeiayd BOJHOBOTO Mpo-
necca u3 S B 0. O6 3TOM NpHH-
uune 6blyo ynoMsiHyTo B I Tome
(I, § 124); paccmMoTpum BOmpoOC
niofipoGHee.

lo

Puc. 127, Puc. 128,

ITycTb uyepe3 £ cek. mocje Hauana KojeGaHuit B S kosieGaTesbHOE
IABHXKEHHE paclpoCTpaHuJoch Ha pacctosHue SA (puc. 127, 128);
€CJIH Cpesla OKOJIO S H30TPOTHA U OJHOPOJHA, TO BCe TOUKH chepHUecKoH
MOBEPXHOCTH & OJIHOBPEMEHHO 3aTPOHYTHI KoJeGaTesIbHbIM JBHXXKeHHEM
U HaxoAATcsl B OJHOH ase; OHH 0Opa3ylOT MOBEPXHOCThH
BO J H bl. Kaxaasi Touka 3ToH NMOBEPXHOCTH MOXeT ObiTb paccMaTpH-
BaeMa Kak LieHTp HOBo# cdepuueckoil BoJHbI; B Toukax 1, 2, 3 ... npoHuc-
XOIHUT TaKOil e KoseGaTeJbHbIH mpouecc, Kak U B Touke S. [Toatomy
Kose6anue B Touke O eCTb pe3yJbTaT CJOXKEHHSl BCeX TeX HMIYJbCOB,
KoTopble mepenaiorcsi B O OT Bcex Touek noeepxHoctd 2. Kowneuno,
TaKoe e pacCyXJeHHe MOXXHO MPOBECTH OTHOCHTeJIbHO Jit06oi nosepx-
HOCTH BOJIHBI &, @, U T. 1.

Yepes HekoTopoe BpeMsi (£-+f, cek) mocje Hayasna KojeGaHusi B S
BHOBb oOpasoBaHHble OKoJIo Touek 1, 2, 3 ... BOJIHbI yCHeIOT pacnpo-
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CTpaHHTbCsl Ha paccrosinve SB, o6pa3oBaB psi chepHUecKHX BOJH,
LleHTpaMH KOTopbix GyAyT ToukH 1, 2,3, 4 ... [lns Bcex 3THX coep cyiue-
CTByer o Ha orub6aomas NOBepXHOCTb 2, KOTOpyio
nocTpouM, onucae U3 S cdepy pamvycom SB. Ita obuias orubaroulas
HJH KacaTeJbHasi NOBEpXHOCTb &, Ans MoMeHTa (f+f, cek.) Gyaer
HOBbIM «(pPOHTOM» BOJIHBI, T. €. MOBEPXHOCTbIO, 10 KOTOpO# ycreso 3a
yKa3aHHOe BpeMsl pacnpoCTPaHHTbCS KoJieGaTesbHOE JBUXKEHMe; B C €
TOYKH 3TOH NOBEepPXHOCTH HaXoAsATCcsd B OAHOH
H Toll xe dpase.

DTOT HOBbI i BOJIHOBO PPOHT TOXKE BCeMH
8 81 ceoumu Toukamu 1, 11, I11... o6pasyer psig
A BOJIH, AJA KOTOPbIX B KaXKAblH MOMEHT
8 8 BpeMEeHH MOXHO NOCTPOUTb OTHOAaOLLYI0 25,

1 KoTtopasi 6yJeT (pOHTOM BOJIHBI AJs ApY-

Toro MOMeHTa M T. A.

HuTtepdepeHuuss BecbMa CA0XKHOTO Xa-
A 1 pakrTepa yHHYTOXKaeT AeHCTBHS 3THUX 3Jje-
A A1 MeHTapHbIX BOJIH C UeHTpamu B 1,2, 3 ...
TOYKAaX Kak BHalpab/JeHHU K S, Tak U Mex-
Ay Bcsikod napoii noesepxuocTell & H 2Q;
NO3TOMY Mbl M mpeicraBiaseM cebe, YTO
npH pacnpocTpaHeHud M3 S BOJHOBOrO
npouecca Bc€ JeJo OrpaHHYMBaeTcs pac-
npocTpaHeHHeM cpepHUECKUX BOJH &, €, ...;
Ha caMoM JeJie MOBEPXHOCTH 3THX BOJIH
CyTb TOJIbKO orubatouine Tex AelCTBUTEJb-
HbIX cepHuecKHX BOJIH, KOTOopble 00pa3yioTcsl OKOJIO BceX TOueK,
3axBaueHHbIX KoJieOaHHeM B JaHHbIH MOMEHT.

Ha ocHoBe 3TuX mpeicTaBneHuii ycTaHoBjaeHO ofllee MoJioXeHHe,
HasbiBaemoe nNpHHuUuUNDnoM [wirenca®peneas.

Bcsakyo TOYKY Ha NOBEepPXHOCTH BOJHBH
MOXHO paccMaTpHBaThb KaK WLEeHTP HOBOM
B O Jl H bl; 00pa3oBaBLIMECS OKOJNO 3THX TOYEK 3/JeMeHTapHble BOJHBI
HHTepQepHPYIOT MeX1y coOo# TaK, 4To B JAeHACTBHTeJbHOCTH pacnpo-
CTpaHeHHe KoJebaTeqbHOro mnpouecca MpoUCXOAUT TaKHM 06pasoM, Kak
GyATO CYLIeCTBYeT JHWb orvubatumas ¥ 3THX 3JEMEeHTapHbIX BOJH,
KOTOPYIO Mbl H MpHHHMaeM 3a (POHT BOJHBI AJS AAHHONO MOMEHTA.

B takoil ¢opme npunuun lofireHca ecTb onucaHie posH MHKPOCKO-
MHYECKHX 3/1eMeHTOB KoJe6aTesibHOro npouecca B 06pa3oBaHHH MaKpo-
CKOMHYeCKoro o6paza—pacnpocTpaHsiouleiicss B JaHHOH cpefie BOJHbIL.

JlBa 3aMeuaHus, paclIHpsAIOIMe MpedblAyllee pacCyieHHe:

1. Ecau cpepa, B KOTOpoil pacnpocTpaHsieTcst KoJebGaTeJibHblf
npouecc, aHW30TPONHA, TO BCJAEACTBHE pa3JMYHbLIX CKOpocTell cBeTra

5
Puc. 129.

1 Crporoe AokasarteabcTBo ero OO HaHO Jumb B KoHue XIX cronerns
Kupxropom u [ioremom (1882).
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No pasHbIM HaNpaBJeHHSIM TOBEPXHOCTH orubalomux OYyIyT HMeTb
GoJiee CJIOXKHOE CTpOeHue, Hanpumep OYAYT NOBEPXHOCTSIMH 3JUIHI-
COHJIOB.

2. Ecan orubarommne CTpoUM il y4acTKOB MOJis, BeCbMa yaa/€H-
HBIX OT UeHTpa KosieGanuss S, To orubaluiue BOAHB GyAyT
uMeTb ¢opMy naockocTteidn (puc. 129) AA,, BB, ..., mapan-
JleJIbHO TNepeMellaloiuxcst ¢ TeueHHeM BpeMeHH; BecbMa Yyl1anéHHble
or S uactH ctepuueckux nosepxHocteii AA, u BB, npeactasasiorcs
NJIOCKUMH, a Jayuu AB, A,B,—napajjielbHbIMH U NepNeHAHKYyJsp-
HbBIMH K 3TUM oru6amooilpM NjockocTsM. Tak, Jyud cTONb OTAaJEH-
HOro McToyHuka, Kak CoJHue, Mbl CuMTaeM NapaJesbHbiMH.

B. 30Hbl ®PEHEJIA

61. ®penenb mokasaj, uTo, omHpasich Ha NpuHUMN [lofireHca,
MOXHO OObBSCHUTb, MOYEMY CBET IpeICTaBJsieTCss MNP S MO JHU-
HeHf HO pacnpocTpaHslOIUMCS, TOrja Kak B JeHCTBHTENbHOCTH OT
HCTOYHHKA HAyT BOJHBI cBera. He
NPHBOASl MOJIHOCTbIO 3TOr0 JOKasa-
TeJNbCTBA, pPACCMOTPHUM €ro maaH
H OCHOBHYIO HJ€IO.

Ilycte S — MoHoxpoMaTHuecKuit
HCTOYHHK CBeTa, JIJIMHA BOJHbI A
(puc. 130), O—ranas. Pacnopocrpane-
Hue cBeta U3 S K O mnpeicraBisieM
ce6e KaK pacnpocTpaHeHHe BOJIHOBO-
ro mpouecca, KOTopblii, Kak mokasaJ
Itofirenc, cBOIMTCA K MepemeLlleHHUIo
orubaroleli @ B noJoxerue &, d
najee K O. Onuwem u3s O psia coep,
NepeceKamluX KaKylo-uubylb U3
orubaiolluX, Hanpumep <,, Npuuém
BbiGepeM paadycbl 3THX cdep Tak,
4TOObl OHH OTJIMYAJIUCH APYT OT ApY-

ra Ha %)\. Takum obGpasom, panu-

ycbl nepBod, BTOpoH U T. N. cdep 0
COOTBETCTBEHHO OYyJyT paBHbL: Puc. 130.

OC+%=r—|—%; r+2%, r—i—3%

A A
r—i—(n—l)?; r—l—n?,

Tak kak A BecbMa MaJio, cepbl 3TH Oy AyT JeXKaTh OueHb OJH3KO
apyr k apyry. IloBepxHocTH cdep oTceKyT Ha MNOBepXHOCTH oOruba-
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tomet 2, psix cermentos 1C;, 2C,, 3C; ... n 0Gpa3yioT Ha NoBepX-
HOCTH BOJIHBI psif mosicoB M 30H 1221, 2332 . .. IloBepxHOCTH ABYX
N0CJIe/IOBaTeJIbHBIX 30H OYeHb MaJlo OTJIHYAIOTCs MeXAy CoOOi; HMeH-
HO, KaK NOKa3blBaeT BbIUHCJEHHE, P 3THX IOBEpXHOCTEH 30H ecThb
apu¢pMeTHYeCKasi TPOrpeccUsi ¢ pasHOCTbIO A, T. €. C OYeHb MaJoi
Pa3HOCTbIO; CJIe/OBaTe/IbHO, MOBEPXHOCTH PSJOM JIeXKalluX 30H BecbMa
MaJo OTJHYaloTCA APYr OT Apyra.

62. Ilo npunuuny [lroiireHca Kaxknas 30Ha eCTb WCTOYHHK CBeTa
aaa Touku O, MHauye—Kaxlas 30HA SIBJSETCH HCTOYHHKOM KoJse6a-
HHH, KOTOpble, pacnpocTpaHssich, o0ycnaossiT B O KoJseGaTeNbHbIHd Mpo-
ecc, XapakTepuayemblii amMmautynod A.

OG03HauMM COOTBETCTBEHHO Ye€Pe3 Y, Yis Ys - - - Y, CMEINEHHs HJIH
OTKJIOHEHHS B JJaHHbIH MOMEHT, KOTOpble o6ycJioBieHbl B O aeficTBHEM
LIeHTPAJIbHOrO CerMeHTa H INO0CJel0BaTeJbHbIX 30H;

1. Yyo>y, > Y, > ...y, HauOoubliee 3HaueHue ansi O umeer
JedCTBHE UEHTPaJbHOTO CerMeHTa; pOJb OCTAJbHBIX 30H MO Mepe
ynajenusi ot npsmoit SCO napaer: onu nanbie ot O, H TNOTOK Jy-
yeil oOpa3yer BcE GoJibline W Gosbliuxe yriel ¢ HopMadsaMu SN (puc.
130, §.37).

2. [eficTBue mepBOfi 30HBI OTYACTH NMapajH3yeT NefCTBHe BTOPOH,
TaK Kak AJsl Kaxk[0# BOJIHBI TlepBOii 30HbI HaHAETC BOJHA BTOPOMH

A
30HBl C Pa3HOCTbIO XOJa -5 ; BooOlle AJs BOJHBI (n— 1) 30HBI Half-
2

u o A
JETCs BOJIHA N-H 30HBl C PA3HOCTbIO XOAA 7

Takne BosHbl npuHeCYT B O CMeIleHHS C NPOTHBOMOJOMHBIMH
(haszami, a Tak Kak NYTH UX 10 HaNpaBJIeHUIO [TOYTH COBNANA0T (HaNpH-
mep, O,, O;), To Mbl HMeeM 3JleCh YCJOBHe i1 HHTepdepeHUHH KO-
JNe6aHui; 3HaKH cwmelleHud, caaralomuxcsi B O, OyAyT NpPOTHBO-
TI0JIOKHBI:

+y0t — Yy —l'y2’ — Yz ...
3. Tlostomy MoxHO ceGe mnpeicTaBuTb cMemenne y B O Kak

pesyJbTaT ajnre6panyeckoro (a He reOMeTPHYECKOr0) CJIOKEHHS] YMeHb-
IIAMOMKXCA cJaraeMblx, oOpa3ylolUX 3HaKoNepeMeHHBIH psA:

Yy=Yo—h+Ys—Ys+ ... (—=1)"Y,. (a)

[Tocnennsass 3ona orpaHHueHa OCHOBaHHeM KOHyca, oOpasyrollHe
KOToporo KacaTesbHul K cdepe 2, (puc. 130), nns veé a = 90° u no-
TOMY Y, = 0. .

4. BripaxkeHne (a) MOXHO IepenucaTh Tak:

1 1 1 1 1
Y=5Yot5 Wo—Y)— 50 —Y)+5 U= ) —5 Ws—Y)+ ...

Ha ocHOBaHMM Bcex BBILIENPUBEAEHHBIX COOOpaXKeHHH pasHOCTH

B CKOOKax BecbMa MaJible M IPHUTOM YyMEHbIUAIOUHeCs BeJHUYHHAL.
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[TosToMy MOXKeM NpHHATD:
1
Yy=75Yo

3710 3HAaUHT: BOJHOBOH npounecc B O omnpenensercs
KOJeGaHUAMHU,OCYULEeCTBJASIEMBIMH TOJbKO NOJOBHHOH
LeHTpPaJbHON 30HB, T. €. cerMeHTa OKoJo Toukd C.

Ho BcienctBue maJjioctd A moBepxHocTh cermenta 1C; (puc. 130)
OyneT oueHb MaJjia; €CJH TIOCTPOMM KOHHUECKHH NyuoK Jyuei,
HCXONslKA W3 S, yepe3 NOJOBHHY LEHTPaJbHOrO CerMeHra Ha
NOBEPXHOCTH £;, TO Mbl NOJYYHM OECKOHEUYHO Y3KHH Jyy M HauUH
4yBCTBA BOCHPHUMYT €ro npocto kKak npamyio SCO; 3ToH 3HAYHUT,
YTO CBeT MNpejxCTaBJsieTCs HaM pacOpocTpaHfio-
WHUMCH npsAsMoJuHelHo; Haw ria3 B O, cMOTps IO Hampa.Je-
a0 OCS (puc. 130), BHAHT JIHIUb NOJOBHHY LIEHTPAJbHOTO CEIMEHTa,
T. €. NIOYTH TOYKY; OCTaJbHble 30HBl — 1, 2, 3 ... 75 Hero TéMHbIe,
TaK Kak CBeTOBble KoseOaHUA OT HHX IoraileHol HHTepdereHuue.

IlosToMy npsiMosuHeliHOe pacnpoCTpaHeHHE CBeTa
€CTh HHTep(hepEeHUUOHHB I NpoOIeCcC; Mb ero HabJIO]aeM
OTOMY, YTO OOBIYHO TNpH CBOOOJHOM PpacNpOCTPaHEHHH CBeTa BCe
30Hbl Ppenesis CBOGOLHBI M HMEIOT CHMMETPHYHOE PacloJIOXKeHHe MO
OTHOIUEHHIO K TJa3y HaGmogaTess.

Ecnu ke uyem-imbGo HapywaeTcsi cBo6oja W NpaBHJBHOE PacIofio-
XeHHe 30H, TO HapyulaeTCsi H NPSMOJHHEHHOCTb paclnpoCTpaHeHHS
CBeTa; NPY 3TOM, KaK YBHANM, BO3HHKAIOT SIBJEHHS JH(PaKLUH.

1. AUPPAKLHUSA

A. JUPPAKIIUA ®PEHEJSA

63. Korma Ha nyTd Jyueif, HCXOAAIIMX U3 HCTOuHHKaA S (puc. 131),
CTaBUM Henpc3paunoe Tejo AB, To Ha 3kpaHe QQ, BHAHA TeHb
A,B,.

5TO oObluHOE sIBJIeHHE, M Mbl BCerja ero HaGmonaeM, ecau AB
MMeeT 3HauWTeJbHbie pa3mepnl. Ho ecau B3siTb AB crToJb MaJbM,
YTO OH 3aKpOeT JIHlIb LeHTpasbHble 30Hb Ppenensi (puc. 132), TO
cBeT oGoiinér skpaH AB, nyun cBeTa Kak Obl nojayyaT H3J0M, OT-
Kyla ¥ caMoé Ha3BaHue sBJeHUs—AHGpakuusa. Tam, rie Mu
oXujanu O6bl BUAETb FeOMETPUYECKH IOJHYIO TeHb B A,B;, Mbl yBH-
IUM HWHTep(EepeHUHOHHYIO KapTHHY CBeTJBbIX. M TEMHBIX  IOJIOC.
B uenrpe reomerpuueckoii Tenu A;B, (puc. 132) B TOuke O
YBUAMM CBET, TaK KakK, XOTsl LEHTpaJbHble 30HBl 3aKPbITBl 3KPAHOM
AB, wo nas O coxpaHuTcs. AeHCTBHE JPYIHX 30H M NOJIOBHHA NepBOH
He3akpbiToil 30HB jJaér B O ceroBoil apdekr. Takum obpa3om, npu-
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XOIHUM K MapajoKCajbHOMY YTBEPXKAEHHIO: B LEHTPe reOMeTPHYECKOH
Teun O foJKeH ObITb CBeT.

1. OnbIT noATBEpKAaeT 3TO 3aKJIOUEHHe: €CJH OCBETHTb liesab S
H Ha NYTH Jyuyedl HaTAHYyTb TOHKHHA BOJNOCOK HJH NPOBO-
noky AB (mmamerp 0,2—0,5 mm), To Ha sKpane QQ, yBHIMM CBeT-
JIble M TEMHbIE [I0JIOCHl JHGpaKUlH,
§ cpejHsis moJoca cBetsasi. Ho ecan 6pathb
skpan AB Bcé Gosnee u Gosee LIMpPO-
KW, TO OH OyjaeT napanusoBaTb BCE&
GoJibliee U GoJibliee YHCJIO LEHTpaJib-
HbIX 30H, & TaK Kak Y, > Y, > Y >
> Y3 > ..., TO UHTEHCHBHOCTb OCBe-
mwennss B O Oyner najaTb U NpU He-
% 8 @ KOTOpoH wMpHHe 3KpaHa AB craHeT
Puc. 131 COBCEM He3aMeTHOH, T. €. MNOABUTCS
SRELE o0bluHasi reoMeTpuueckasi TeHb, siBJIe-

HHe JubpakuuH HCue3HeT.
Ilna Besikof Apyro#l TOUKHM B reoMerpuueckoil Teru C MMeeT 3Ha-
YeHHe NOJy30Ha OKoJo A M noaysoHa okono B. Takum o6pasom,
BCE siBJleHHe CBOAMTCSI K TOMY, YTO Mbl HMeeM JBa TOYEUHbIX UCTOU-

S

—F; T C6 9
Puc. 132, Puc. 132a.

mika A u B, xak 310 6blI0 B ycTaHoBKe 3epkan dpeness:
1) ectu E=AC—BC=2n % B C — cBeTsias nosioca; 2) ecau § = AC —

—BC=(2n+l)%, B C—rtémHas moJsioca; nojyvyaeM OObIYHYIO HH-

TepdepeHUHOHHYI0 KapTHHY (fuc. 93.).
Takum oGpa3om, 3TH 3ameuaTesbHble HaGJioneHns PpeHens ycra-
HOBHJIM (pakT M3J0oMa Jiyyefl cBeTa, KOTOpble, 00XOAs MaJble N0 CpaB-
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HEHHIO C JJIMHONM BOJIHBI CBeTa MNPensiTCTBUS, NOManaloT B 001acTb
reometpudeckoil Tenu A;B; (puc. 132) m obpasyioT B Heil NOJOCH
cBeta u Tenu (puc. 132a).

OTH BOJIHOBbIE fIBJienHsl XOPOLIO MOXHO HaGJIOAATh HA BOJE; eCJH
Ha NyTH BOASIHBIX BOJIH MOCTaBHTb GOJIbIIOE MO CPAaBHEHHIO C JJIHHOM
BOJIHBI TIPeNsITCTBHE, BOJHBI €0 He OOXOAAT, 32 HUM oOGpasyercs
«TeHb» — CIOKOHHasi Boja (puc. 133); ecnu »xe B3ATh NpPensTCTBHE

Puc. 133. Puc. 134.

MasbiX pa3MepoB, TO BOJIHBI OOOHAYT ero cmpaBa H cieBa (puc. 134);
nepeceKasicb, OHH OyAYT HHTepdepHpoBaTb JAPYT C JpyroM u oGycJio-
BAT MeCTHble YCHJEeHHsI M ocsabJeHusl BOJH.

2. PaccmoTpiM BTOpOe, OCHOBHOE, siBJeHHe Iubpakuud—TIpH Npo-
XOXJIeHHH cBeTa yepe3 y3kyio wedab AB (puc. 135). Ecau um-
puHa wenn AB Besuka, To Ha 3kpaHe ML ™Mbl BHAHM pOBHO OCBe-
weéunyto noaocy A,B,. Ho ecan wens AB ouenb y3ka (poau MuJ-
JIMMeTpa), TO Ha 3KpaHe ML mosBAsIIOTCS MOJOCH CBeTJsble ¥ TEMHbIE
(puc. 93), Kak npH HHTepdepeHUUH, 3HAUNT, B obsacTH cBeta A,B,
OKa3a/uch TEMHbIe MOJIOCH!, rje cBeT moracua cser. (Cm. I, puc. 273,
275).

[nsi o0bsICHeHHST 3TOrO SIBJEHHS] BO3bMEM KaKylO-HHGYIb TOUKY Q
B obnactu A,B, (puc. 136) U NOCTPOMM MO OTHOLIEHHIO K HEH 30HBI
Ppenenst pajuycamu:

I I\ A
QC’ QC+7) QC+2§v QC+3?°"
Ecau B npegenax mesn AB nomellaercsl Aas TOuKH Q 4éTHOe 4HCIIO

9TUX 30H, TO HMIIYJbChl, NPOUCXOASILIME OT HX TOueK, 0OpasyioT
BOJIHBI, KOTOpble B () MOmapHO YHHUYTOXKAaloT ApPyr Apyra, H Io-
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TOMy B 3TOM cjiyuyae B Q uMeeM TE€MHYI0 nojocy. Ecau xe B me-
a1 AB nomeriaeTcsi HeyéTHOe UYHCJIO 30H, NMOCTPOEHHBIX M3 TOUKH Q,
TO OLHA M3 HUX He OyleT napaJju3oBaHa U OOYCJOBUT B Q
cBeTaylo nojgocy. To ke mnocTpoeHHe MOXHO cjenaTb H B Jpy-
rux toukax @Q,, Q, ...

Takum oGpasom, B obGmnactu 3kpaHa A;B;, rje npu IHPOKOH
menu OyJeT cBeT, NpU Yy3KOH Ilenu HabGnojaeM TEMHBIE H CBeT-
Able noJoch (puc. 132 a).

Puc, 135. Puc. 136.

A .
Hrak: 1) ecan AQ—BQ=2n~2—, TO B ToukKe Q TéMHas noJjoca,

2) ectu AQ—BQ=(2n-+1) %, TO B Toyke Q CBeTJias moJioca.

Kak BuAuM, 5TH yCJIOBHSI NMPOTHBOMOJIOXKHBI TEM, KOTOpBE YyKa-
3aHbl JJs1 Y3KOTO 3KpaHa.

b, IH®PAKLHUSA ®PAYHITOPEPA

64. ®penenb Aan MOJHYIO TEOPHUIO AM(PPAKUMOHHBIX SIBJICHHH,
BbiBeJil (COpPMYJBl AJIS BBIYMCJIEHHS] MAKCHMYMOB H MHHHMYMOB CBeTa
B JM(PaKLUHOHHOH KapTHHe IIPH BCEBO3MOXHBIX CJyuasix ABJEHHS
(1815). ®payHrocdep (1821) uccaenoran ocobeHHO BaKHBIH CJ1y-
yaii AM¢ppaKUUU NpPH NapaJJjelbHBX Jyuax, T. e. AHU-
¢pakuuio npu naockux BoaHax. OcyilecTBuTh W HadmoaaTe AMQpak-
uuio Ppaysropepa MOXKHO mpu mnomomd roHuometrpa (§ 13,
puc. 137).

HcTounnKoM CBeTa CJTyKHT MOHOXPOMATHYECKH OCBeILEHHAas 1esb S
B | nenoasmxkHo#l TpyGe (puc. 138). Sta menp Haxozutcs B (okyce
auusbl O, Tak uyTo 43 | TpyObl BHIXOJAHUT NapaJiesIbHbIA MYUYOK Jy4deH,
KoTophiii HanpaBasietcsi Bo 11 tpy6y 0,0,, rpe Jaunsa O, cobupaer
3TH Jyud B cBoéM ¢okyce M. Ilostomy mpu mnomomu okyaspa O,
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BUANM B M u3obpakeHue lieJy — CBETNYIO NIPSMYIO B CepeiuHe TNOJsI
spenusi 1py6el 0,0,. Ho ecsu Ha mnyTu Jayuel, Bblmeammx us I 1py-
6bl, MocTaBUM JuadparMy ¢ y3Koi menbio D (MIM HaTsHEM TOHKYIO
NPOBOJIOKY), TO B MOJIe 3peHHsI OKYyJisipa yYBHAUM YyXKe He OfHY,a Psif
cBeTJblX mnojoc (puc. 139), CHMMeTpUYHO pacNoOJIOXKEHHBIX OTHOCH-
TeJbHO LEHTpasbHOl M W
P- 3/1e/I€HHBIX TEMHBIMH TIpO-
MexyTkam. Ilpp nomoun
OKYJIIDHOTO MUKPOMETpa Mo-
J)KeM H3MepsiTb PacCTOSIHUS
Mexjay noJocamu. Ecau
Ilelb OcBellieHa GeJibIM CBe-
TOM, TO CBeTJble MOJOCHI
OKpallleHbl B CHeKTpaJbHble
1BeTa, Kak 3TO U CJeayeT
u3 obmux coobpax<eHHH O
NPHYHHAX  HHTep(epeHLHH
(§ 42).

PaccmoTtpum  npoucxox-
JleHHe ONM.aHHOH Jaudpak-
LUMOHHOH KapTHHBI DU O{-
HOH ILieJH.

O603naunM wupuny wend AB depe3 a (puc. 140); Tak Kak oHa
OCBellleHa NapaJjuleJbHbIMU Jy4aMH, T. €. K Hell NpPOXOJMT MJOCKas
BosHa L, N,, L, N,, TO caMa IueJb sIBJISeTCA TNOBEPXHOCTbIO IJIOCKOH

Puc. 137.

7/ g 9 a

Puc. 138.

BOJIHBI U BCe TOYUKH €€ mo npuHuuny IlofireHca cyTh KOrepeHTHble
HCTOYHHKH BOJIH, PaclpOCTPaHSIOIUXCHA 3a ILeJbIO.

Bce Touku mosepxHocTH BoJHbl ACB HaxoasiTcs B OJHOH (ase
U NoTOMYy B Touky A npu nosoxeuuu Tpy6ni 0,0, (puc. 138) BoJHBI
lofirenca npugyt Ge3 pasHOCTH XO0Ja; 3TO eCTh IeHTpajlbH.d
cBeTJgaas noaoca M.

Jlast BcsikOoro Jpyroro HamnpaBjeHHs,, Hallpumep MOJ YIJIOM ¢
C HOpPMaJblo K ILleJd, B Touke M, okyaspa II Tpy6ml (puc. 141)
MOXKeT MNOSIBUTLCSI KaK CBeT/asl, Tak W TéMHas mojoca. [lais ompefe-
JerHs XapakTtepa siBieHusi B M, B meay AB moctpouM 30mb Ppe-



128 T'rasa 11. Boanosas onmuxa . §64

HeJsd JJisd JaHHOro HarpasJieHHs], NMpoBeAss B MIEJH IJOCKOCTH, TIIep-
NnenjauKyJisgpHble ¢ W OTCTOsILME ApYyr OT JApyra Ha paccrod-

il S5
i

HHS, clleslaeM pacuér, onpejensio-
Qi

M HHTEHCHBHOCTb CBeTa
B M, npu JaHHOM ¢.
l“"l
Puc. 139. Puc. 141,

1. INepBonauansroe nonoxenue 11 Tpy6er 0,0, (puc. 138, 140) Tako-
BO, YTO OCb e€ coBnajaer ¢ ocbio I Tpy6ul SO 1 Ha e€ ocH HaxoAuTCA
LeHTpaJbHas noJaoca Auppakuuu M; ocrajibHele nojsocel M,
M, ... (puc. 139) pacnoaa-
raloTcsi HaJleBO M HaIlpaso
OT OCH.

UToGbl NPHBECTH HA OJHY
U3 3TuXx nosoc M, oco I Tpy-
6o 0,0,, eé Hamo moBep-
HYTb Ha yroa ¢ (puc. 141);
NOBOPOT Ha PHCYHKe TIpe-
yBeJHYEH, YroJl ¢ OueHb
MaJi, TaK Kak NoJochl GJu3-
KH Jpyr K japyry. 3Haue-
HHe 3TOTO yrJia MoXeT GbiTh
HallleHO OTCYéTOM Ha pas-
JleNéHHOM Kpyre NpH HOMO-
[LH HOHHYCOB.

2. Tlpu HekoTopoM yr-
Jie ¢ pasHOCTb Xoja Kpai-
HHUX Jyuel, BbIXOAALLHUX H3
wenn AB (puc. 140), Bbipa-

3UTCA TakK:

E=AQ=ABsing=a-sing.

Ilpn pasubix 3nauenusix yrna ¢ AQ npHHUMaeT pas3Hbe
3HAYeHHs H, B YaCTHOCTH, CTAHOBHTCS pAaBHbIM YETHOMY WJH
HeYE€THOMY YHCJY IOJYBOJIH.
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a) Eciu §=AQ paBHO HEeYETHOMY YHCJY NOJYBOJH:
E=AQ=(2n—l)%; a-sincp=(2n—l)—;—,

TO 3TO 3HAYMT, YTO B mend AB npu JaHHOM ¢ NOMENaeTCs HeY&T-
HOe UHCJO 30H, Hanpumep 2n— | = 3; npu 3TOM JAeHCTBUS ABYX 30H
B3aUMHO YHHUTOXKAIOTCSl BCJIEJCTBHE HHTeP(EPEeHUUH, a TpeThsl 1O Ha-
npasiennio CCy;M; pnaér cBet. To ke Oygmer npu 2n—1=>5,
2n,—1=7 ¥ T. A.; B 3TUX HANpaBJEeHHsIX BHAUM CBeTJibie TILO-
JOCHI.

6) Ecin §=AQ paBHO YéTHOMY YHCJAY NOJYBOJH:
. .
§E=AQ=2n+; a-sing=n), )

TO 3TO 3HAYMT, 4YTO B Hieau AB npu JaHHOM ¢ MOMelaeTcsi YETHOE
4ucyo 30H, HampuMep 2n=4. Torga jpeficTBHS CMeXHBIX 30H momap-
HO NPH MHTep(pepeHUMH YHHUTOXKAIOTCS, a NOTOMY B HalpaBJeHHH ¢
npu 2n=2,4,6 ... BUIUM TEMHBLIE TNOJOCH.

3. U3 s3Toro paccyXaeHns BBITEKAIOT BHIBOJBL:

a) Ilpu HaGmiojeHun y3KOi IeNH JOJKHBI TOSBUTBCH, KpoMe
OCHOBHO# cBeTsION mnoJockl M, psii TEMHBIX M CBETJIBIX IIOJIOC, pacs
TIOJIOXKeHHBIX psifoM ¢ M (puc. 139).

6) MakxcuMyMb HHTEHCHUBHOCTH CBeTa (CBeTJble IIO-
JIOCHI) pacrnoJioKeHol B TeX MecTax D oJs, OCBelaeMOTo
meablo, AJS KOTOPHIX pPa3HOCTb XOJa BOJH OT Kpa#-
HUX ToYeK meaun AB paBHa HeUYETHOMY UHCJYy NOJay-
BOJIH JAaHHOIO MOHOXPOMAaTHYeCKOIo CBeTa; MHHHMY Mbl — B TeX,
rlie 3Ta pasHOCTb XOJAa paBHA YE€THOMY YHCJY MNOJYBOJH
(TéMHBIE TIOJIOCHI).

B) U3 dopmyanr (1) umeem:
AQ

simp=T; ¢ = arcesin [%‘], n=1,2,3... 2)

DTO 3HAUUT, YTO YeM yXKe [leJb, TeM INpPH JaHHBIX 7 H A
janplie APyr oT Apyra AH(PpaKUMOHHbIE MOJOCH.

HaoGopor, ueM GoJblue @, 4eM Iuupe HieJb, TeM OJHiKe CBETJIbIE
nonockl K M M IIpH JOCTAaTOYHOH IUMPHHE IIeJH BCE OHH CJIMBAIOTCA
¢ M; uMeeM reoMeTpruecKoe H3obparkeHHe MIeJH.

r) U3 ¢opmyasl (2) cienyer, uto mJsi pa3HBIX JJIHH BOJIH pac-
CTOSIHUSI CBETJIbIX MOJIOC TIPH AaHHOH IUMpHHe meau GyAyT pasJiHd-
Hbl, UMEHHO JJisi KPacCHOrO CBeTa pPacCTOsIHHS OyAyT HauGoJblIKe, AJs
droseToBOro — HauMeHbIINE.

Orciona 3akJoyaeM, 4TO IPU OCBEIleHHH e 6eJHIM CBETOM
JUpaKIHUOHHBIE TOJNOCH GyAyT HMeTb BHJ LBeTHBIX NOJOC,
3T0 OyJeT pAl OKpalleHHBIX H300pakeHHH IIeJH, PacloJ/0XKeHHBIX
Ha/leBO W HanpaBO OT IEHTPaNbHOH GeJioH TOJIOCHI.
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B. AM®PPAKLUHOHHAS PEMIETKA

65. CpeTsiple NOJIOCHI CTAHOBSITCA OYeHb $SIPKUMH, €CJIH TepeiTH
OT OJHOH e/ KO MHOTMM. DTO OCYILEeCTBJIsieTCss B TH ¢ paK L H OH-
Hblx pewértKkax. Ilpy nomomu fesuTeNbHOA MaIUMHBI HAHOCHTCS
PAA NapajJjebHblX IITPHXOB Ha NJIACTHHKH CTeKJa (WM MeTasja);
IUTPUXH HA CTeKJ/e Henpo3pauHbl, TaK Kak OHU Judpy3HO OTpaxaior
Najalolmuil Ha HHUX CBeT, NPO3payHbl TOJBKO HETPOHYThlE MOJOCKH
CTeKJa, KOTOpble HIrpaloT poJib wLieseil.

®OpayHrogep crpousn Takue pewérkd, Hanocsi 100 mTpuxoB
Ha MHJIUMeTDP; aMepHKaHCKHH ¢u3uk Poyuaan g (1882) npu nomonu
YCOBEpLUEHCTBOBAHHOA  J€JUTEJbHOH MalUMHbI HaléJ BO3MOXXHBIM
HadocuTb A0 1700 wrpuxoB Ha MusauMerp. Mwmeior Goabluoe pacnpo-

L Ly 79,7 N I 77| N
AN Ny Ay 27
}9
" M, My M
Vi
il Puc. 142,

crpaHeHHe ¢otorpadpuyeckiie peméTKH, T. €. CHHMKH C OCHOBHOf,
creuyasbHO H3rOTOBJIEHHOH peleTKH, B KOTopoi uMeercs 568 mrpuxos
Ha MHJJIHMETP.

Kaxpasi wmenb—uvacTb CTeksa MeXAy ABYMS COCeJHHMH IUTPH-
XaMu — 1aéT ONMKUCaAHHYIO Bbllle AHPPAKUHOHHYIO KapTHHY; BCe JyuH,
npouleiliie yepe3 3TH Y3KHe [leJH, UMelOT OJHH OCHOBHOH HCTOYHHMK
W TOTOMY CHOCOOHbl K HHTepdepeHLHH, 3TO —Jy4Yd KOrepeHTHbIe.
CnenoBatesbHO, coueTaHue Audpakuuu ¢ HHTepdepeHuMel 00yCJIOBUT
OKOHUaTeJbHbIH pe3ysabTaT NpPH pacnpejeleHHH HHTEHCHBHOCTH CBeTa,
npowelIero yepes peIUETKY.

Mycts AB=CA,=B,C,...=¢ (puc. 142) —ToNmmuHa MWITPHXA,
BC=A,B,=C,A,... =a—1upuHa Npo3pauyHOro NpoMexyTKa LieJH;
ecsii Ha JJiMHe ! MM HaHeCeHbl 1 IUTPHXOB, TO:

'l=(h-l)(a+e); a+e=———l—;

n—1
JJnHa (a-+6) Has3biBaeTCs NEPHOJOM pPelETKH; TaK, eclH n =568,

TO NepHoj, peliéTku a4 6= 557 MM-

IMonoxum, uto DD, — pewérka, NOCTaBJIeHHas Ha CTOJHK TOHHO-
merpa (puc. 141), ocBelneHa napanyesbHbIMH JyyaMH MOHOXpOMAaTH-
YecKOro cBeTa, HampuMep, IJIaMeHH NapoB HaTpHs.
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[MapannenbHble JyuH, OCBelllalollde PeléTKY, MOCJe MPOXOXK je-
uus uepes meau BC, A,B;, C;A, ... 0o6pa3yloT NMyukH napaJiesbHbIX
Jiyuel; eCJIH N0 KaKOMY-HUOY ib HallpaBJIeHHIO, ONpe/ie/IIeMOMY YIJIOM ¢
(puc. 142), nocraeutb Il TpyGy ronnomerpa (puc. 141), To B nose eé
3peHHst OYAYyT coOpaHbl Jyud JaHHOrO HanpasJeHus (puc. 143).

Bo3bMéM myuok mnapaJilesbHBIX JiyuyeH, oOpasymiomui ¢ nepso-
Haya/JbHbIM HanpaBJeHHeM Jiyuell HEKOTOpHIH yrod ¢ (puc. 141 u 142);
B KaXJOH IieJM HaMeTHM COOTBETCTBEHHO PpaclOJOXKeHHble TOYKH

Puc. 143.

L, L, L, L,... (puc. 142); takxe N, Ny, N,, Ng... Jlyuu, mnpo-
LefliNe Yepe3 COOTBETCTBEHHble TOYKH L, Ly, Ly, L, ..., uMelor mpu
AAHHOM @ OJHY M Ty 2Ke pDa3HOCTb Xoja &:

E=LM=LM,=LM,...=(a+te)sing.

Takyio e pasHOCTb XOfa GYAYT WMeTb JIy4Hd 3TOTO IIyykKa, mpo-
wejllile yepe3 Apyrue cooTBeTCTBeHHble TOukH N, Ny, Ny ..., u T. 1.

Pesynbrat uHTepepeHUHM MOHOXPOMAaTHYEeCKHX Jayued
OJIHOrO W TOrO e MNyuKa, OMNpejessieMOro HampaBJeHHeM ¢, BbIpa-
3HTCA B CJEJYIOUHX 3aKJIOYeHUsX:

1. Ecimn ¢ TakoBo, uTO

t=(a+6)sing=0,25, 45, 65 ...,
BooOlLe:
t=(ate6)sing=2n45=n), 3)
to npu n=0,1,2,3,4... noryuuM MaKCHMYMBbl HHTEHCHB-

HOCTH CBE€Ta; HHAuUe€ roBops, napaJjjesjbHble JIyYH, HanpaBJI€HHbIE
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noJ yrJamu, omnpejesseMbIMA YCJOBHAMH:
A 2\ 3\

sing =0, i’ ate ats
BoOOLIe MOJ YIJIaMH:
. n\ |
sing == n=0,1,2,3..., 4)
AafayT cBeTJable JHHHH;, npu n=0 310 Oyler UeHTpaJbHOE
n3o0pa)keHue Iieju, a 3areMm npu n=1, 2, 3... HaleBO U HampaBo

OT LEeHTPaJbHOrO H300pa’keHHsi NOJYyYHM CBeTJble JHUHHU YOhiBarouiei
apkoctd. Mx MoxHO Habmonate B TpyOy (puc. 141), moctenenHo
nepemeriass €€ IO KPyry TOHHOMETPa, OTKJOHSS OT IEHTPAJbHOTO
nosoxenust 00,0, Ha yrabl ¢, yAoBJeTBOpsiomue ycaoBHio (4). Takxke
MOXKHO TPOEKTHPOBATb 3TH CBETJble JIHHHH IPH TNOMOIIM JHH3Bl [
(puc. 143) na skpan DE, Haxojsmuiica B rJjaBHOH (oKasnpHOH IIO-
CKOCTH 3TOH JIMH3bl; HAa S5KpaHe YBHAUM LeHTpasbHyl0 nojsocy O
¥ cBeTsble JuHHH P,, P,, P,, pa3fejéHHble TEMHBIMU IIPOMEXKYTKaMH.

2. lnsa Bcex HHBIX HanpaBJeHHUH, 419 KOTODEIX YroJ ¢
HE YIOBJIETBOPSIET YCJOBHIO (4), Nyuky napajjesbHBIX Jyueil B pe-
3yJbTaTe HHTepdepeHIUH JalOT MHHHMYM OCBEIEHHOCTH HIH
NOJHYIO TEMHOTY, €CJU YHCJO Iesell Y INTPUXOB B pelliéTKe A0CTa-
TOYHO BeJMKO. JloKaxeM, uTO AJsl BCeX 3THX HampasJeHUH, He yJo-
BJIETBOPSIIONIUX YCJIOBHIO (4), pasHOCTb Xoja Jydyel, paclnpocTpaHs-

IONUXCSl M3 JIIOOBIX COOTBETCTBEHHbIX ToueK L, L;, L,, ..., paBHa
HEu&THOMY YHCJY IOJYBOJIH:
X
E = (271, —_— l) -2—' N

H NOTOMY 3TH JyuH, OyAyuH coeluHeHbl TPyOOH WJIM JIMH30H, AafyT
B3aMMHO YHHUTOXatolHecs KojeGaHus.

Ilyctb yroa ¢ ynoBsaeTBopsieT ycaoBuio (4); Bo3bMéM O6.u3Koe,
coceiHee HalpaBJieHHe NapaJJjesbHOro nyuka Jgyueit LP, 'L,P,, ...
(puc. 144), ompenensiemoe yrioM ¢,. Torpa, cuntas Touku L,L,...,
COOTBETCTBEHHBIMH (PacCTOSIHUSI MeXAY HUMH paBHH a-b), MoxeM
u300pasuTh Pa3HOCTH Xoja Jyuyed, MNPOIIEAIMX uepe3 3TH COOTBeT-
CTBEHHbIE TOUKH [IepBO#i, BTOPOH ¥ T. A. LIeJH 1O HAaNPAaBJEHHIO @;, TaK:

LiM,=%§ =(a+e6) Sintpl=(2n+e)%=(2n—|—le)%;
LMy =& =2 (a+6)sing, =2 (2n+¢) 5= (2-2n4 2¢) % ;
 LMy=%=3(a+e)sing, =3 (2n+e)5=(3-2n+3) > ;
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3pech e <1 ecThb uheJO, ONpeeNsiioulee O TK 1O He HH e Pa3HOCTH
X0Ja NpH ¢, OT TOYHOTO PABEHCTBA UYETHOMY YUCJY MOJYBOJH NPH @.
Ecau yncsio WTpUXOB H ILiesiedl JOCTATOYHO BEJHKO, TO, Iepexois
OT OJHOH WWeNu K Apyrof, JoUAéM po TakoH m-H wiesd, AJs KOTO-

\
a+f
. R L A T [iz ——
"
%

% 7

/7;/ y A
Puc. 144.

poii m-e=1 (xoTa G6bl mnpuGauKEHHO). CiegoBaTeNbHO, PasHOCTD
Xoja JyueH, NpOIUEJIIMX Yepe3 COOTBETCTBEHHble TOukH L u L.,
noJiyyaetr BHJ:

b= LM, =m (@n+e) 5 =(m-2n+m-e)5;
b= (m-2n41) 3.

3710 3HAuUT, YTO NPH BCAKOM HAIpaBJIEHHH ¢,, HeYyNOBJETBOPS-
oeM ycjoBHio (4), pasHoCcTb xoja Jsyuei £,, paBHA HEUETHOMY UHCJTY
[OJIyBOJIH, @ NOTOMY JIY4H, PaclpocTpaHsIOLHecs 1o 3TOMY HanpasJie-
HMIO, Oynyud coeJMHeHbl Tpy6oil uan JuH30f (puc. 143), manyt
B3aMMHO YHHYTOXKAIOLUecsl KoJieGaHusl. IDTO JKe pacCyxkJeHue IpH-
MEHHMO K JIIOObIM COOTBETCTBEHHBIM TOYKaM BCeX IieJiel; MO3TOMY
JJIsT BCSIKOTO HanpaBJeHUsl ¢,, He YJIOBJETBOPSIOLIETO YCJIOBHIO (4),
Hen3OeXKHO 3aKJ/IOueHHe: BCe NapaJdijieJbHbe NYUKH Jyuei,
HAyLMe NOJ yraaMHu, KOTOpble He o6ecneYnBalOT AJa4
Pa3HOCTH XOJ4a paBeHCTBA YETHOMY YHCJY HOJYBOJH,
B3aHMHO YHHUYTOXAIOTCA BCAEeJCTBHe HHTephepeH HHU
H 1aloT TEMHBIE NOJOCHL.

3. CuenoBaTenbHo, ofLiasi KapTHHa, NojayuaeMas OT JAudpak-
LIMOHHOH peléTKH INpH MOHOXPOMATHUYECKOM OCBEIlEHHH, BeChMa
nojobHa Toil, KoTopyio faér unreppepomerp Pabpu u Ilepo(§52):
Ha TEMHOM NoJie psiJi pe3KHX CBeTJbIX JHUHHE e PeskocTs
H SIDKOCTb 3THX JIMHHH OOYyCJIOBJEHA TeM, YTO B HHX COCP@ROTOYH-
BaeTCsi BeChb CBeT, Najalomuil Ha pelléTKY LWHPOKUM nyquqeﬁ;
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B 3TOM 3aKJIOYaeTcsl CYLIeCTBEHHOEe MNpPEeHMYIeCTBO PeLi€TKU IO CpaB-
HEHUIO C OJHOH ILeJbIO.

~ 4. Ecnum pewértka oOcBelmeHa HEMOHOXPOMAaTHYECKHM,
G6enbiM cBeTOM (§ 42), T0 HAa OocHOBaHUMW GopMy.bl (4), ycTaHaBJIH-
BaIOILlell 3aBUCUMOCTb Yrja OTKJIOHEHHS] ¢ OT A, MOXKEM YTBepXJath,
YTO BMECTO OJIHOIBETHbIX CBETJBIX JHHHIA pa3BépHyTcss AU pak-
LHOHHbBlE CIEKTphl, PacrojoxeHHble HaJeBO M HaNpaBO OT LEHT-
panbHO# Oejiofi mosiockl W ofpauléHHble K Hell CBOMMH (PHONETOBLIMU
KOHLIAMH, TaK KakK HaWMeHbllel JJ1He BOJIHb COOTBETCTBYET HauMeHb-
liee OTKJIOHEHHe, HJH HaUMeHbLHH Yroa ¢.

Ycnoeue (4) npu n=1: .

pacnpoc:'rpaHéHHoe Ha JJIHHBI BOJIH BCeX I[BETHOCTEM:

, A ) - ) A
Sln?l“":E:—_pb- ... SIn (Plx(é":an_(:?’ oo Sln?].@]{on:%

naér cnextp I mopsapka; mnpHuém

Pixp > Prop > -+ -+ > P1dmons
ycnosue (4) npu n=2:
2\
a+b
TOYHO TaK JXe PacnpoCTPaHEHHOE Ha BOJIHBI BCEX IBETHOCTeH, Ma€r
cnektp II mopsinka u 1. .
OnbIT moaTBep:KaaeT . 3TO TEOPETHYeCKOe paccyjieHne: pelléTka,
OCBellléHHas GeJibiM CBETOM, AaéT AU(paKIUOHHbIE CNeKTPbl; cneKTpot 111
H BbICIUMX TOPSLAKOB OTUaCTH
1z I HajaraloTCsd Apyr Ha apyra

MR (puc.  145). Jas  nosockl

L senoro tisera s namou

“* cnekTpe Gyjer CBOE 3Hauye-

Puc. 145. HUEe OTKJIOHEHHs ¢, TIpPOTOp-

LHOHaJIbHOE (NPH HeGOJbLIKX

OTKJIOHEHHSX) JJIHHE BOJIHBI 3TOrO IBETA; pAaclOJIOXKEHHe B CIeKTpe

Jlyd4ell pasHOll LBETHOCTH 3aBHCHT TOJbKO OT AJHHBI HX BOJH, IO-

9TOMYy JU(PPaKUMOHHbIE CNEKTPbl CYyTb HOPMaJbHBIE CNEKTPHL

ITOro Hesmh3s CKasaTh O NPU3MATHYECKMX CNEKTPax; AUCNEpCHs

B IIpU3Me 3aBHCHT He TOJBKO OT A, HO M OT e BellleCTBA H reome-

TpHUecKnx ocobenHocTeil. BooOlie B mpuavaTH4ecKOM CHEKTpe -Kpac-
Hasl 4acTb CIleKTpa CYyKeHa, a (Ho/leToBasi pacTaHyTa.

‘. Hrak, pudpakuuonHas pew&TKa ecTb CNeKTpPaJbHBIH
annaparT; OHAa CJHYXHT JJSI NPOCTPAHCTBEHHOTO pasjefneHHst BOJH
pasHOH JJIMHH ¥ JJd HX HCCJeJOBaHHUsS, YTO M sBJsgeTca 3ajauel
CNEKTPOCKOIHH.

Sirl C?z =
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B uacteoctn, u3 ¢opMmynsl (3) HemnocpeACTBEHHO BbITEKaeT CNOCOO
H3MepeHHUS JLJHUH BOJH CBeTa, OAUH U3 TOYHEHIUMX -H Bax-
HeHLuX:

(@4 b)singp=nk;
A= 5;';—(’ sin ¢. (5)

Pewérky, nepron kotopoii (@ + b) Ham H3BeCTeH, CTAaBUM Ha CTOJIHK
ronnomerpa (puc. 137, 138); 3amerHB Ha pasjenéHHoM Kpyre (npu
NOMOUIM HOHMYCOB C MHKPOCKOMNaMH) NOJIOXeHHe LieHTPaJbHO# MOJIoCHI,
noBopaunBaem Tpy6Gy M NPHBOAMM Ha KpecT HUTel B TpyGe COOTBETCTBYIO-
mue JuHud npu n=1, 2, 3 ... (puc. 141); uamepsis yrJsl NoBopoTa ¢,
HUMeeM BCe JlaHHble 15 BblukcJeHHss . [lpy momouin Takux u3Mepe-
HHH, a TakxKe M NPH NOMOLLM PacCMOTPEHHBIX METOJOB, OCHOBAHHbIX
Ha sIBJIeHHH HHTepdepeHUMH, W ObLIM NOJydYeHbl TOYHeMLIMe ompeje-
JIeHUst JUIMH BOJIH «OCHOBHBIX» JIHHHH CHEKTPOCKOMNHH, O KOTOPBIX
6buia peus Boille (§ 43, 56).

N3 ¢opmyabr (4) cnenyer, uto 4eMm Gosibllle WITPHXOB Ha 1 ma,
UM 4eM MeHblle (@ -+ b), Tem GoJibllle OTKJOHeHHe Jyuell AaHHOM A,
TeM UIHpe CMNeKTp, HHauye — TeM GoJblue JUCIepCHs.

66. Paspewaluas cunma uau paspematmas cno-
COGHOCTb CNEKTPAJbHOrO aniapaTta OLeHUBAeTCsl OTHOLIeHHeM (§ 55):

Iy
C=‘m‘§
3lecb AN TO M3MeHeHHe AJIMHBI BOJIHBI, NPH KOTOPOM CIIEKTpaJibHble
JIMHHY, COOTBETCTBYMOUIME JJIMHAM BOJH A H A+ AN, cTaHOBATCS
pasjiesibHO HabJ1i01aeMbIMU.

Pa.~MOTpHM, KaKk OUeHHBaeTCs 3Ta BeJHUYHHA N AH(PPAKIHOHHBIX PelIETOK.
1. MakcHMyM SIPKOCTH JIHHMHM C JUIHHOH BOJHBI A B CNeKTpe n-ro mnopsjakKa
onpefeMTCS HanpasJjeHueM ¢ (dpopmyna 4):

sin P=_—p" 4)

GoNee omhefeNEHHO CKaXXeM: YroJ ¢ onpejensieT CepeiHHy CBeTJOA JHHHH, NpH-
HMMasi BO BHHMaHHe, YTO 3Ta JHHHUSA HMEET HEKOTOPYIO LUHDHUHY.
CooTHOLIEHHE

nh=(a+b)sine (a)

Gyner AefiCTBHTENbHO JAJS BCAKOH MNapH COCEAHMX IlejJedl JaHHOH pelNSTKH
c nepuojom (a+ b) (puc. 142).

2. llyctb Bcero umeneii B Hawel pewérke N; TOorja pasHocTb Xoja JJs
yuyac1ka AQ (puc. 146), B KOTOPOM HAXOAHTCSA - meJneii, corid®Ho CoOOTHOILE-
HHIO (@), U306pasHTCs TakK:

N

== @+o)sing; ©)
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HanpaBieHAe QL ompejieiHT CepPefHHY CBeTJIOR CNEKTPalbHOH JHHHH NPH 3TOH
Pa3HOCTH XoJa.

3. Ionoxum, Gauxakmuii MUHHMYM (CepeinHa TEMHOTO MPOMeXYTKa, puc 145)
onpepenuTcst HanpaBieHHeM QM, nas kotoporo GyAeT COOTBETCTBOBAaTb YroJ

o,

? P#AP
4
= W
pap
M
4
L
Puc. 146.

¢+ A¢; TOrja aHaJOTHYHO ypaBHeHHIO (6) HMeeM:
N A .
A+ —Q—=%(a+ b) sin (¢ + A¢).
Ilo manocTH A¢p MOXHO MOJIOXKHTB sin Ap =Agp, cos Ap=1; nostomy

N A N .
ny h+7=(a:+b)—2—[5m°P+COS ¢-49];

l\‘f%\%\\& NN E "‘

_________________ '2\

—&x&w&&kw\mwﬁ

Puc. 147.

niv—l+—— =R k+(a+b) cos ¢-Ag;

=(a+b)Ncos<p Acp,

A
A:P_'(a+b)Ncoscp' ®)
DTHM YIJOM ONpefeNUTCs PacCTOsiHHE OT CepefiuHbl CBeTIOR JHHHH A O
cepeJiHHbl MHHHMYMa (pnc 147).
4. CepesuHa cocefiHeil CBeTJIOH JIHHHH ¢ AnuHOH BoaHBI A+ AL onpespenutcs
HEKOTOPHIM YIJIOM ¢ 4-3¢; [0 COOTHOIeHHIO (a) ¥ no topmyne (4), Haxoaum:
. _n(AHAN)
sin (°P+5<F)——a—+b—’

sin ¢ 4 cos ﬂp-%cp:LZi%—) ;
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cos ¢ -3 n: A
- ‘P— atb’
n-AX
=T ey ©

5. Hrak, 8¢ onpenessieT yrjoBoll NMPOMEXYTOK MEXAY COCEAHMMH CBETJBIMH
CNeKTPaJbHBIMH JHHHAMH A H A4 AN (puc. 147), A —yriosoil NpoOMeXYTOK
MeXJy CepeJHHON CBETJON JIHHHUH M CepefHHOfl COCeJHero MHHHMYyMa; CJeJOBa-
TeJNbHO, AJs1 pasfesieHus JuHul# N u A+ AN HeoGXOXHUMO ycJoOBHE:

3¢ > Ag.

ATo 3HAuMT, UTO AJds pasfeNeHus JHHHH TpeGyercss, 4ToGel JuHHA A4 AK
Jerna sa GAMXKaHIIAM MHHHMYMOM, B KpaifiHeM cjlyyae —B CaMOM MHHHMYMe:

3¢ = Ag.

Ha ocuoBanuu paBeHCTB (B) H (I') 9TO yCJOBHEe H306pasHM Tak:
nA\ - A i
(a+b)cose — N(a+b)cose’

A
== nN; C=ZnN. (6)

®opmysa (6) BbIsICHSIET, YTO pa3pellalolas CIOCOOHOCTD PEIUETKU:
1) He 3aBHCHT OT e€ meproja; 2) NPONOPLHOHAJIBHA OOLEMY YHCJIY
mened (WITpUXoB) pelléTKH N W TOPALKY CHeKTpa n; B CHEKTpax
BBICIINX MOPSIAKOB JIHHUHM JAaJbllie pa3BeTeHbl.

INpumepn. 1. Yro6el paspeantb jBe OMU3KHE JIMHMH HATPUS
B crektpe I nopsaka (n=1)D; (A =589, 155) u D, (A,=5890,
186), Heo6xoxnMo HMeTb pelléTky, B KoTopoit N > 1000:

M

A —nN N~ 1000

JUIsT pasjieieHHs TeX e JUHHE B cnektpe Il mopsaka AoCTaTOYHO:
N =500:

1 L
- =2N; N=500.

2. B 6oabwmx pemérkax Poymaanpga wuncao N JOXOmMT
1o 110000; nuas cpepnedl uactu BHIUMOTO CIeKTpa (» = 6000 A) npu
Ha6JIlO).'LeHHH cnektpa | nopsiaka Tako#l peléTKOH MOXKHO pasielHTh

JMHEM Ha paccTosHHE AN = 0,05 A:
=1-110000; Ar=0,05 A;

npu HaGmiopsenun cnektpa II mopsigka:

- =2.110000; Ah=0,03 A.
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Takaa pewérka ycrynaer uHTepdepomerpy Pabpu u Ilepo
(AA=0,005 A, § 55), HO Ja/NeKO NpeBOCXOJMT JyulliHe NpU3MATHYe-
cKue crektpomeTpsl (Ak = 1,082 A). ,

PoynaHpg crpoun pelléTky He TOJBKO Ha CTeKJie, HO M Ha Me-
Tanne, npuuéM HaOJIOfaJNUCh SIBJEHHS JAHPPaKUUH B OTPaXKEHHBIX
ayuax. [lpu nomowwn Takoll pewérku oH Bnepsbie (1888) mosyuua
tororpacduio. coHeyHoro crektpa AJHHOA B 13,247 m. Dta pewérka
obsiajiaeT OrPOMHOM JucrepcHedl M OrpomHoii paspelatouieil cnoco6-
HOCTBbIO; JJIMHBI BOJIH, OTJMuawoluecss Ha | A, pacnojaraiorcs Ha Hedl
Ha pacctosinud 3,34 mm.

ITU cneKTpajbHble HccaeloBaHHss Poyaanpga W jasnbHelee
usyuenue cnekrpa CoJsHua, B KoTopoe Oblla BHeceHa BbICOKas TOY-
HOCTb ¢ppaHly3ckuMH ¢u3ukamu P a6pu u Ilepo, paau Bo3MOXK-
HOCTb YrJyOHTb HalM 3HaHus o ctpoedud CosHLA H O mpoleccax,
Ha HEM NPOUCXOASALIMX.

Y panoch yCTaHOBHTb, YTO 3HAUYHTEJIbHOE YUCJO JIHHHI B CNEKTpe
‘CoJiHIla COBINAjaeT C JHHHAMH 3eMHbIX 3JeMeHTOB; Tak, 2000 JuHui
COBNAJAIOT C JHHUSIMH B CIEKTpe »KeJse3a, 75 — B CMeKTpe KaJjbuus,
200 —B cnekTpe yrjepoja, MHOrO B CIeKTpe Bojopoja H T. I.
Takxe ¢paynrogpepossl auHud coBnagaior: C (A= 6563) —c suHHeH
B cnektpe H, A(A=7594) —B cnektpe O, D, (A=25896) u D,(A=
=>5890) —B cnekTtpe Na u T. A.

B 3akaiouenue storo o63opa sBAeHHH AUdpaKLHK 3aMeTHM, HTO
Tipy HaOJIOJeHUH B TPYOy YAaséHHbIX acCTPOHOMHYECKHX OOBbEeKTOB
(HenonBuKHble 3BE3/bI) M NPH pacCMaTPHBAaHUM KpaiHe MaJbiX Npej-
METOB B MHUKp CKOMN AH(pPaKUMOHHbIE SIBJIEHHS HCKaXKaloT u300paxe-
HHSl M M3yueHHEe ero CTAHOBHUTCS HeBO3MOXHbIM. Tak, HenoABHXKHble
'3BE3bl MNPeACTABJAAIOTCS HAM He TOYKaMH, 8 KPYXKKaMHU C CHSIHUEM.
Ilpenen BHAUMOCTH [J1s1 MPSIMOrO MHKDPOCKOTHYECKOro 3peHHs] Haxo
nonoxutb 1074 — 1075 cm; 3TOT Npejes nosnaraeTcsd NPUPOAOH CBeTa,
HMMEHHO JJIHHAMH BOJH ero.

I. JUGPAKUMSA B ONTUYECKHUX MPHUBOPAX

67. TeomeTpuueckas ontuka (§2—30) BBOAUT nNpejcTaBleHHe O JydaX—
TEOMEeTPHYECKOM IyYyKe TMpsAMbIX, KaKk Obl 3anofHAIOWMX MPOCTPAHCTBO . OKOJO
CBETSALIMXCA TOYeK (AeficTBHTeNbHBIX HAW MHHUMBbIX). Ham Ttenepb ussecTHoO,
YTO /yud 3TH HE HMEKT PealbHOro CyLLeCTBOBaHHS, YTO HCTOYHHMK CBeTa ecTh
TeHepaTop HEKOTOPOro BOANHOBOTO Mpolecca, KOTOPbH C 3anasibiBaHHeM
:pacnpocTpanseTcsi B noje HcTounuka. [losTomy peanbHuiM spasieTcs npeacrasie-
‘HME O BOJHAX CBeTa; C 3TOH TOUYKU 3pEHHS JyuH reoMeTpPHYeCKOi ONTHKH
CYyTb JIHLIb HOPMaJH K MOBEPXHOCTAM BOJIH, YKa3aTeaH HanpasJjeHu#, Mo KOTo-
pbIM pacnpocTpaHsioTcs Boaubl (§ 60).

leomeTpuueckas onTHka paccmaTpuBaeT M306paxkeHHus, nojyuaeMble OT 3epKal
W JIWH3, KaK Ppe3yJbTaT MepeceéueHdsi OTPaKEHHbIX H MpPEeJOMICHHBIX Jyued,
B YaCTHOM CJyyae —TNpPH MHHMbIX H300pa)keHHUsSX — lake He caMux Jyuedl, a HX
npojonxennii. Tak, npy 06bIYHOM NOCTPOEHHH H300paXkeHuii B MHKpockone (puc. 47)
HaxoAHuM JleficTBUTeNbHOe H300paxeHue A, B, naBaeMoe 06bLEKTHBOM, H MHHUMOE
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AsB,, KOTOpOE BUAMM TNpH TOMOWH OKyasipa. IIpH MOCTPOEHUHM 3THX H3006pa-
¥eHUH Mbl mpeicTaBisieM ceGe CBeT pacrMpOCTPaHAIOWIMNMCA MPAMOJHHERHO; 3TO
SHAYHT, YTO Mbl MMeeM Jefo ¢ HHTepdepeHuHoHHbIM mnpoueccoM (§ 61); n3o6pa-
XeHHe MpeiMeTa sABNsETCA B pe3ynbTaTe HeKOTOpoil HHTepdepeHUHH BosH, 06Y-
CJOBAMBAOUIE MaKkCHMYM CBeTa B TOM MecTe, Tje pacriojlaraeTcsi H306pa)keHue.
Monyuus npu nomoutn auusel LL, (puc. 148) usobpaxenune A,B,, npeamera AB,
MBI TOBOPHM, YTO pacXofsuluiics nywok aydeii LAL, cBoautcsi auusoii B Ay,
rae nonyuaetcs H3oOpakenue ToukM A. Ho Tak kak LL;, B CYWwHOCTH eCTb
OTBEpCTHe, Bblijesiollee 4acTb C(PepuuyecKOoil BOJIHLI, LUEHTP KOTOPOH HaXOAHTCSH
B A (unu B uHoit Touke—O0, B...), TO B A, NpH H3BECTHHIX YCJOBHAX Mbl MOXKeM
OXMJaTb NOABNEHHA AH(PPAKUHOHHBIX fBAEHHH, T. €. MOSABHTCHA, KPOME LleHTpalb-

L
A 5
¢ !
0 -
B .
s ALf Ag
Puc. 148.

HOro Makcumyma A,, pAx TEMHBIX H CBeTJHX INOJOC (HJIH KoJiell), COrJacHO
‘O6IHM 3aKOHaM pacnpejejieHHsi MAKCHMYMOB H MHHHMYMOB HHTEHCHBHOCTH CBeTa
npy Andpakuun. OTH TEMHble H CBeT/ableé NOJOCHl B H306pakeHHAX COCeAHHUX
TOYeK MOryT HanaraTbesi Apyr Ha japyra (puc.148). Toraa He noayuunrtcs
SICHOTO H3006paXeHHSA TOUEK, a CTalo GuITh M NpeaMeTa.

Optako npH NOMOILH ONTHYECKHX HHCTPYMEHTOB, KaK H3BECTHO, Mbl JOGH-
BaeMCsl NOJYHYEHHS] XOPOLIMX H ACHBIX H306pakeHMil. DTO HPOUCXOAHT MNOTOMY,
4TO BO MHOXKECTBe cJyyaeB NpH HaOJiOJeHHH NpPeAMeToB NpH MOMOLULH ONTHYe-
CKHX HHCTPYMEHTOB HeT TeX YCJOBHH, MNMPH KOTOPbIX CTAHOBATCS 3aMeTHbl JH-
¢dpakunontble snenus (§63). Ho npu HaGaioneHuH yRanEéHHbIX aCTPOHOMHYECKHX
061LeKTOB (HenoABHXHble 3BE3]bl) H NPH pacCMaTPUBallMK Kpafine ManblX Mpef-
METOB B MHKPOCKOMN NpOsBJAsSeTCS BAHsHHe Au¢pakilnu, H3o6pakeHHe HCKakaeTcs
# H3yueHHe ero CTAHOBHTCS HEBO3MOXKHbIM. TakK, HenmoOABHXHble 3BE3JbI Mbi BH-
JZIEM He TOUKaMH, a KPYXKaMH C CHsiHHeM (puc. 149 —3Bé3nnl B cosgespnn OpHoHa).

68. SlBnsercs Bonpoc: KakOBbl Ke Te TpaHHLbl, KOTOpble CTaBHT AHpPaKuUHS
HalluM HaOMIOfeHHAM MpH NOMOLLH ONTHYECKHX HHCTPyMeHTOB? MHaue: rpe snexur
mpejfen BHAUMOCTH JANSl BOOPYXEHHOrO 3peHHS H OT Yero OH 3aBHCHT?
JvbpakuHOHHAs TeOpHs ONTHUYECKHX MHCTPYMEHTOB, pa3paGoTaHHas (GH3HKaMU
AG6e u Peneewm, paccMaTpuBaer Bonpoc o paspeuwatumei cnocoo6-
HOCTH ONTHYECKHX HHCTPYMEHTOB, T. €. O Npejesne BHIHMOCTH, NPH KOTOPOM
JlBe TOYKH npeaMeTa Mb pa3JHyaeM Kak JBe€ TOYKH H30-
O6paKeHHs.

I. IlycTe NpH NOMOUIM ONTHYECKOTO MHCTPyMeHTa HaGmioflaeM H BHIHM
OTHenbHO M306pakeHHs ABYX Touek—A u O, pa3sfe/éHHbIX OUeHb MajblM pac-
cTosaHneM AO=Al; o6bekTHB uncTpyMmenta LL, (puc. 150). Ecan O, ecTb usoGpa-
XKeHue TOYKH O, TO 3TO 3HAUHT, 4TO O; CJAYXHT LEHTpoM AH(PPaKNHOHHOH Kap-
THHBI H, MOXeT QblTb, AH(PPAKUHOHHAA KapTHHa H300paxkeHHsa GAU3KOH TOUKH A
HANOXKHUTCA Ha u3o6paxeHue Touku O.
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Jas Toro, uro6u B 0; 6bl10 H30Gpa)keHue TOUKH O, T. . Ghlja .Gbl MaKCH-
MyM SpDKOCTH CBeTa, HEOOXOAHMO, YTOOBI PpAaCNpPOCTpaHAIOUIHeCH BOJHH H3 O
DpuuLiy B O; € OJMHAKOBHIMH (pa3aMH; Ha060POT, UTOGH BOJHbI, PAaCHPOCTPAHAI-

Puc. 149,

muecss u3 A, He JaBalH MakcuMyMa SIpKOCTH B O;, HEOGXOJAMMO, UYTOOBI OHH
npuuiid B O; C NPOTHBOMOJOXHBIMH ¢(asaMu. OAHO H3 YCJOBHH 3TOr0 MOKHO

‘BHIPA3UTh TaK:
AL, —AL=1,, (a)

rae \,—AJHHa BOJHH B Cpejie, OKpyXawoumed O6BEKTHB (Hanmpumep, B BOJE)
B camom pese, npu ycJOBHH (a) J060OMY pacCTOSHHIO B OJHOH IIOJOBHHE IYYKa

T A
‘LAC nafpércs B ppyroii mojosuHe L AC pacCTOsiHHe Ha —2l GoJbliiee; TMPH Takoifl

pa3HOCTH XOZa JIyYH, pacmpocTpa-
HAIOILIMeCS] MO STHM HanpaBleHHAM,
npuHecyT B O, B3aUMHO YHHUYTOXKAI0-
muecs KoJjebanusa. Ecau cpepa, OK-
pyxaioumas oObeKTHB, HMeeT MOKa-
3aTesb NpeJOMJeHHS 1, TO, O603Ha-
1 yas ANUHY BOJIHBI B BO3JyXe yepes
0, L\, umeem:

v A A
=a=ﬁ’ l1=;z—, (6)

L, AL —AL=2
Puc. 150. 2.¥ron LOL,=a, KaK H3BECTHO,

paBeH JBOHHOH anmepType npuéo-

pa (§ 27), a—oTBepcTHe 5 JyueH.

Ilomus, uto ToukH A ¥ O odeHb O6AHSKH, T. e. 4To AO=A[ oueHb Maio,
MOXKHO HalHcaTh’

0L—AL=Alsin-g—; AL, —OL,=Alsin %
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CJlI0XHM 3TH paBeHCTBa:

AL,-—AL:‘?Al-sin%.

CpaBuuB ¢ (6), HaxOAuM:

a A
5 M= @)

2nsin %

= 2Al.sin

]|~

CornacHO HalleMy OCHOBHOMY YCJOBHIO, 3TO Al eCThb HaMMeHbLIEE PaccTOsi-
Hye, NMPH KOTOPOM Mhbl yepe3 o6beKTUB LL; MOXKeM pa3jenbHO HaGJIOAaTh TOYKH O
u A; caenosatenbHO, (opmyaa (7) aaét
Mepy paspewmamoimeil crnocoo6-
HOCTH Hallero ONTHYECKOTO HHCTPY-

a
MeHTa KakK OQyHKUOHH A, n5 .

IpumennM 5Ty ofuyio TEOpHIO K
acTpoHOMHUecKOH TpyGe (pedpakTopy)
H K MHKpOCKOIy.

69. I. Ilpu acTpoHOMHYECKHX Ha-
Gmojenusax yrona speHust ¢ (puc. 151)
OuYeHb MaJl; MO3TOMY:

40 AL
f=oc=0oc’ Puc. 151.

0603HaYNB NOJIOBUHY AuameTpa oGbeKkTHBa LC uepes r, HaXOLHM:

r

oC= : .
yroa a OYeHb Mas; MOITOMY
r Al -sin%
Oc=sin = T
2
Ionoxus ana Bo3ayxa m=1, noacrasum ciofa Al u3. dopmynst (7):
A
=g - ®)

D10 ¥ eCThb nNpejes paspewamumeif cnoco6HOCTH pePpakTopa;
paspelaiomasi CoCOGHOCTb aCTPOHOMHYECKOH TPyObl NMPONOPUHOHAIbHA AHAMETPY
o6beKTUBa: yeMm Gosblue 2r, TeM MeHblle YroJa ¢, MOJA KOTOPHIM Mbl pasjinyaeM
ToukH A u O B HaGmopnaemoM npexametre AO=Al. Taxk, nanpumep, aJs1 GOJIbLIOrO
pedbpakTopa o6cepsatopun B Uukaro 2r=102 cm; nostomy ¢=0,1"; 310 3Hauur,
4TO TIPH €ro MOMOILM MOT'YT ObITh pa3jHuaeMbl CTOJb OM3KHe JBOiHbie 3BE3IHL.

VYcaosue (8) cTaBHT mepel ONTHYECKOH TEXHHKOHR BMOJHE ONpejeléHHY0
3ajlauy: yBeJHYMBATH JHAMETP OGBEKTHBOB aCTPOHOMHYECKHX HHCTpyMenToB. Ho
NpH HACTOSleM COCTOSIHHH TEXHHKH CTEKJa CYIIecTByeT Ipejes 3TOro yBejHYe-
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HHS, 0GYCJOBJIHBaEMblH, BO-NEpPBbIX, UPE3BLIYAHHON TPYAHOCTBIO OTJHBKH OFpOM-
HOfl U OHOPOAHOI MacChl CTeKJla H, BO-BTODBIX, HEOCTAaTOYHOH NPO3PayHOCTbIO
TOJICTOrO CJIOSI CTeKJa.

70. 11. Paspewaiomas cnocoGHOCTh MHKpockona (§ 27), Beipaxaemas no ¢op-
myane (7):

A
Al=—,
2n sin 5

(3

SaBHCHT: 1) OT AJIMHBI BOJHE! A: OHa BO3pacTaeT NPH YMeHbLIEHHH A; 2) OT NOKa-
saTesisl MPEJIOMJIEHUS M; NOSTOMY INpPH CHJBHbIX YBEJHUYEHHSX OOBEKTHB MHKPO-
CKOMa MOTPYXaloT B XHAKOCTb C 6GO/IbWINHM MoKasaTeleM npejoMienus (Boja—
n=1,35; kenpopoe Mmacno n=1,52, monob6pomonadranui n=1,66); 3) Hako-

a -
Hel, OT anepTyphl 7: npu 6oJab10Mi aneprtype Gosnblie H paspelaioumas cnoco6-

HOCTb (T. e. MeHbule:Al); 3TO YCJIOBHE YJIOBJETBOPSETCS BO3MOMHBLIM MpPHGIHKe-
HHeM HabJiojaeMoro npeaMera (T. €. NMPEAMETHOrO CTeKJa) K 06bekTuBy (Gosblle
yron LOL,, puc. 150); npH KOpPOTKO(POKYCHBIX OGBEKTHBAX MOXHO MOJIOXKHTD

. @ . a -
sin ?=1. Benuunny A =nsin 5—A66e NpPeAJIOXKHJ Ha3blBaTh YHCJIOBOM anep-
TypoOii.

Monarass gnsi cpepnedt wactu cnektpa A=0,5 MHKpOHa, NIpHUMeHAs HMMeEpCHIO,
T. €. MOrpyeHHe OObeKTHBA B CHJbBHO TMPEJOMJSIOULYIO XKHAKOCTh (Hanpumep,
a
2
maiouefi CNOCOGHOCTH COBPEMEHHBIX MHKPOCKOIOB:

n=1,66) u cuntas npu Gonbwoi amepType sin—5 =1, HaxoguM mpexes paspe-

Al = 0,15 mMukpona.

3amMeTHM, YTO 35TOT mNpejeJ nNojaraercs CcaMoH NpPHUPOROR
cBeTa (ANHHOM BOJNHBI A) M He 3aBHCHT OT TeXHHUECKHX YCOBEpLIEHCTBOBaHHH,
MEXJAy TeM KaK mpejes LJs TeJecKona 3aBHCHT OT YCNeXOB TEXHHKH Inpu oGpa-
6oTke cTekJaa. [Ipu uccnenoBaHMM JanbHEHLIHX yCOBEpHIEHCTBOBAHHH MHKPOCKOMNa
Mbl BCTpeuaemMcss € audpaxuved, Hckaxawouweh noJyuendoe H3o0paxeHHe, TaK
YTO BCe NpPEeHMYLLeCTBa JajibhefLINX yBeJHueHHH GYAyT napaju30oBaHbl SIBAEHHSMH
AndpakLnH, .

Hrtak, npenen MHUKPOCKONMHUYECKOrO 3pDEHHS HYXHO CYH-
TaTb NPHONHXKEHHO paBHHM |07 mm=10-8 cu. 3Has, yTO AMamMeTp MOJIE-
Kya umeer nopsigok 10-8 cu (I, § 178), Buanum, 4TO MOJEKynbl JiexaT Aajeko 3a
npejenaMH BO3MOXXHbIX HaGJHOJEHHH NPH NOMOLILK HanGoJee CHILHO BOOPYXKEHHOTO
SpeHHsl.

OpHako 3ameuaTh B TOJie 3peHHSI MHKPOCKONA MOXeM M TeJla MeHbIUHX
pasmepos, yem 10-5 cu. TlpuHUMN 5THX, YJIbTPaMHKPOCKONUYECKHX HabJlofeHn’
O001.ACHSAETCS M3BECTHLIM fIBNEHHEM: KOrja Mbl CGOKY CMOTPHM Ha NpPOHHUKLINE
B TEMHYIO KOMHATy COJIHEYHbIH Jy4, TO Mbl BHAHM MeJbuadllMe YaCTHYKH MblH,
B3BelleHHble B Bo3nyxe. Ha camoM pnene Mbl BHAMM He camble 3TH 4aCTHUKH,
a 3ameuaeM B TEMHOM noje Te AudOpakuUHOHHBIE fBIEHHS, KOTOpbie 06pa3yioTcs
B TOM MecTe, TrJe TNPOHCXOAHT JAH(py3HOe oOTpaxeHHe CBeTa OT B3BELIEHHOMR
yacTHubl. Ha sToM ocHoBanMM Obln ycTpoen MHKPOCKON C TEMHLIM TmoJieM 3pe-
HHS M C CHJbHLIM GOKOBBIM' OCBelleHHeM; 3TOT npuGop HasBaH yJabTpa-
MHKpocKomnoM. [lpuMenenne ero Obl0 OMUCAaHO B OMbITax MHAJAHMKeHa
(II, §175). Tlpn nomowH yIbTPaMHKPOCKONA MOXXHO OGHApYXHTb B TEMNIOM moJie
YacTHLLI, JHHefiHble pa3Mmepbl KorophiX He Bbllle 0,06 Mukpona=6.10-¢ cae.
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1IV. PEHTTEHOBCKHE JIYYH
A. OCHOBHBIE ®AKTbI

1. OTKpbITHE PEHTreHOBCKMX Jiyueil M MX CBOHCTBA

71. B konue 1895 r. nmpodeccop ¢usnku B BropuGypre B u a1 b-
reabm Penrren paGoran Hal H3yyeHHEM HEBUAMMBIX Jyueil, A5,
Hero OH MNOJIb30BAaJIC KPYKCOBOH TpyOKoi (kKak Ha pHc. 152) ¢ BHI-
COKO¥i cTenenbto paspexenus (11, § 166); nomecTus 3Ty Tpy6KY B 3aKphI-
ThIl fILHK M3 YEPHOro Kap- ol
TOHAa M NPUJIOKHUB K aHOAY H
KaToAy BbICOKYIO pa3HOCTb
NoTeHUHa0B (0T TpaHcgop-
matopa Pymkopda), oH Harnod
3aMeTHJI, 4TO NpHU JAefCTBHH
TpyOKH CBeTHTCH (hyopec-

LMpPYIOWIKI 3KpaH, HaXojs-

IHACS HA PaCCTOSHUU 3 M OT

TpyOku. Ilpeanonoxus, urto

NPHYAHON 3TOro SIBJEHUS MO-

ryT ObiTb ocobble JyyH, OH

NpOCJeANJ NpH NOMOLUY K-

paHa HX XoJ W Haweén, YTo Puc. 152.

HCTOYHHKOM STHX JyueH, Ko-

TOpble OH Ha3Baj X-J1yuH, siBAseTcs, KaK OH CHayaJia NpernoJioXHJI, To-
MecTo TpYOKH, Ha KOTOpoe NajaioT KaToAHbIe JYYH, rlie Mbl BUIUM dhayo-
PECLEHLHUIO CTEKJISHHON CTeHKH TpyOKH. CTaBsl Ha MYTH 3THX Jyueil He-
NIpo3pauHbie TeJa—SIKK C pa3HOBECKaMH, pyKY U T. N.,—P e H Tr e HY
YCTaHOBHJI, 4TO X-/1y4H, KOTOpPhlE TeNepb Ha3blBAlOTCA p € TTre H O B-
CKHMH JYy4YaMH, HIPOXOJAT Uepe3 Te Tesla, KOTopble HENPO3pauHhbl
J1s1 OObIYHBIX CBETOBBIX JIyuell; cTeneHb NpO3payHOCTH Tes AJisl peHTre-
HOBCKHX Jyueli mpuMepHO oGpaTHA UX MJOTHOCTH; MO3TOMY Ha Qayopec-
LDHUPYIOLEM 3KpaHe HaGJloJaeM TEHH pa3HOH MHTEHCHBHOCTH, HanpHMep
TeHH KocTeill GoJiee 4épHLI, YeM TeHH MBI, HJH KjaeTyaTKku (puc. 153).

B nepBble e Mecsilbl nocse OTKpbITUS caM P e HTr e H u Apyrue
($U3MKH YCTAHOBMJIIH OCHOBHBI € CBO HCTBa 3THX Jyueil:

1. IMponunaowas cnoco6HOCTb; JepeBo, KOXa, CTeKJO, TKaHH
H T. Il. IpeJICTaBJAIOTCA NPO3paAYHBLIMH IJI1 PEHTTEHOBCKHUX Jydel; XKeJe-
30, 30J10TO, 6apuii U T. II. 1 0 Y TH HENPO3payHbl, JAIOT Pe3KHE TeHH..

1 Buavrensm Koupan PenTtremn (1845—1923) ponuncs B Jlenene (Ha
cesepe 'epmaHuu); NesiTebHOCTb €ro nocJeloBaTeJbHO NpoTekana B I'uccene,
Crpac6ypre, Biopubypre, ¢ 1900 r. no cmeptH — B MionxeHne. Ero Beqnkoe oT-
KphbITHE JOCTaBHJO eMy BceMHpHYI0 cnaBy M HoGeneBcKyio npeMmHio.
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Ho u oHH MOTyT cTaTh NpO3payHBIMH AJIS1 «KECTKHX» PEHTreHOBCKHX
Jiyyel, BOSHHMKAIOIIMX IPH OUYEeHb BBICOKHX PAa3HOCTAX IOTEHIHAJIOB
Ha aHoJe W Kartone (zo 200 000 6). Jlyuu, BO3HHKAIOUIHE TPH OTHOCH-
“TeJIBHO MaJsblX pasHocTAX mnoTeHuuanoB (20 000—40 000 ), Hasb-
BAIOTCS «MSITKHMHY.

[TpuGnmKEHHO MOXHO CUYHTATh, YTO MOIJIOIEHHE PEHTTeHOBCKHUX
JIydeld 3J1eMeHTOM IPONOPUHOHANBHO YeTBEPTOH CTENEeHH ero aTOMHOTO
HoMepa B Tabaule MeH e Jee B a; Tak Iy Keje3a U aJIOMHHHS

4 .
HMeeM (f—g) =16; amomuHHi B 16 pa3 npospauHee XxeJjesa.

[MorsiomeHre peHTreHOBCKUX Jyyel B pPasHbIX CpPelax OLeHHBaeTcs
“TOJIIUHOM CJIOSI, BIBOE YMEHBILAIOMEr0 HHTEHCHBHOCTb NafaroUUX
Jiydeil; HanpuMep, 1l OYeHb XKECTKHX JIyyeH TOJIIIMHA 9TOTO CJI0sT UMeeT
3Havenne Aas cBuHpa 0,016 cm, nas
amomuausi—1,6 cu, 105 Boasl— 4,3 cu
u T. 1. Cnoit ceunua 0,4 cm cayxuT
HeNpOXOJUMOH Tmperpajgodl jJaxe s
OYeHb XKECTKHX PeHTIeHOBCKHX Jyuei.

2. CusbHelillee HOHU3YIOIIEe CBOH-
cteo (II, § 163).

3. HefictBe Ha (OTOMIACTHHKY.

4. Bo3byKJeHHe JIOMHHECUEHIIHH.
IT0 CBONCTBO NMOCHYKHJIO K OTKPHITHIO
PEHTreHOBCKHX JYyueH.

HecmoTpsi Ha orpomHoe uucso pa-
60T (1895—1912), noJsiro He yaaBaaoch
BbISICHHTb NIPHPOAY PEHTreHOBCKHUX JIY-
yed; Toabko B 1912 r., T. e. uepe3
17 net mocnie OTKpHITHS 3THX Jyued,
of0HapyXeHbl OblIH HHTephepeHUUs H
Judpakuusg UX U TeM OblJla YCTaHOB-
JeHa BOJ HO B as INpPHPOAA pEeHT-
TeHOBCKUX Jyueil.

OG6sop 3THX HccleloBaHME GYIeT haH Jajblie; pe3yJaAbTaT HX
MOXHO BBIDA3HTh TAK: DPEHTT€HOBCKHE JJYUYH CYTh O4Ye Hb
KOPDOTKHE 3JE€KTDPOMArHUTHE € BOJHB; Kak yBH-
AUM, OHH JAIOT CIEKTP, B KOTOPOM JJIMHBI BOJIH 3aKJIOYAIOTCS MEXAY
4900-10° cm u 1-10-° e (490A—0,1 A); npuHMMasi Bo BHMMaHHe, UTO
HauboJsiee KOPOTKHE BOJIHBI, ACHCTBYIOLIHE HAa HaUl IJia3 Kak (HOJIETO-
BBIA CBeT, UMeIOT AAuHY 4-107% cm, 3akaouaeM, 4TO camble JJIHHHBIE
BOJIHBI peHTreHoBCKUX Jiyyeid B 10 000 pa3s meHble, yeM HanGoJsiee KOPOT-
KHE BOJIHbI, BOCIIPUHMMaeMble HaAMH KaK CBeT.

C 3T0# TOUKH 3peHHs] NpeXKJAe BCEro CTAHOBHUTCS TNOHSITHOH HeoGbI-
YaiiHasi IPOHHIAeMOCTb PEHTTeHOBCKHUX JIydel; st HHX TBEpJOE TeJo,
Kak roopusi P e H TreH, To e, 4YTO KOMHATa, HaloOJHEHHAsA Tabad-
HBIM JIBIMOM, IJId Jiyue# cBera.
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2. PeHTreHoBCcKasl amnmapatypa M NpoLecc B PEHTTeHOBCKOI TpyOke

72. Emé K p y K c o6HapyXHJ, YTO KaTOAHLIN NMYYOK Jyyeidl MOXKHO
dokycupoBaTh, feJas €ro CXOAAILIUMCS NPH TMOMOLIH BOTHYTOTO.3ep-
kana (II, § 166). [TosToMy mepBble ke HCCJENOBATENH PEHTTEHOBCKHX
Jiyueli, KaK TOJbKO ObLJIO YCTAHOBJIEHO, YTO A/l BOBHUKHOBEHHS STHX
Jyyell BaXkKHa He (1yopecleHLUHs] CTeKsia, a HMEHHO, KaTOJAHble JIyuH,
BBEJIH KaTOJ B BHJE BOTHYTOrO 3epKaja (M3 aJIIOMHHHS); NPOTUB HEro
noA yrJom 45° K ocu KoHyca KaToJ-
HBIX J1yyeH Obly IOCTaBJIeH aHTH Ka-
Toj (puc. 154) — maccuBHas nsac-
THHKA U3 TS2KEJ10ro MeTasa, obbiy-
HO U3 MJIATHHBl HMJH BOJb(pama;
AaHTHKATOJ COeJHHEH C aHOLOM.
[Tonoxenne aHTHKaTOZa B 3TOH
PEeHTreHOBCKOH TpyOKe noabHpaeT-
csl Tak, 4yToObl Ha HEM KaK pas3 npu-
xoauicst (POKYC KaTOAHBIX Jyueil; Puc. 154,

H3 3Toro (okKyca pacxoisiumcs

MYYKOM H3BEpraioTcsi peHTreHoBCcKHe Jyud. OueHb BaXKHO, 4YTOGHI
HCTOYHHK Jiyyedl ObI MasblX pa3MepoB, TOJBKO .IIPH 3ITOM YCJO-
BHH M300paXKeHHs MOJIyyaroTcs pe3kHe U HepasMblThle. HUTo Ke Kacaercst
(ayopecUeHIMH CTeKsa, KOTopas 3aMedaeTcsi B HEKOTOPBIX PeHTIeHOB-
CKHX TpyOKax, TO OHa He HMeeT 3HaueHHsl JJis MOJyyeHUsl PeHTIeHOB-
CKHX Jiyuell; BOSHUKHOBeHHe (1yopecleHUHH 3aBUCHT OT UCNYCKaeMbIX
H3 aHTHKAaTOJa BTODHUYHbIX KATOAHBIX JiyyeH, T. €. 3JEKTDOHOB, €CJH
TaKoe SIBJEHHEe INPOUCXOZHT (NpH CPaBHHTEJbHO HeGOJBLIMX IIOTEH-
nuanax).

Hrak, onucaHHbI! mpolecc B PeHTreHOBCKOH TpyOKe MoOXKeT ObIThb
peslOMHpOBaH Tak: NOTOK 3JeKTPOHOB, najgas cocpe-
HJOTOYEeHHB M IYYKOMHAa aHTHUKATOJ], BHI3b BaerT
H3 @aHTHKAaToOXa NOTOK 3JeKTPOMArHHUTHOTO
H3JyuYeHHUS OUYeHb MaJOH JAJHHB BOJHBH; 3TO
H €eCTb PeHTreHOBCKHeEe nYy4uu (puc. 155).

PenTreHOBcKHe TPYOKH YKa3aHHOTO YCTpOMCTBA Ha3bIBAIOTCA T a3 0-
B bl M H, TaK KaK COflepkaT HeGoJiblIOe KOJIMYeCTBO rasa (aaBJieHHe
B npeznesax ot 0,01 no 0,001 mm Hg). [IpucyrcTBHe rasa u ero JaBjieHHe
B TpyOKe HMrpaeT BecbMa BaXKHYIO DOJib NPH OMNpeJieJieHHH KayecTBa
peHTreHOBCKHX Jyuelt. [Ipu KpaiiHe HH3KOM JaBJeHHH PA3HOCTb NOTeH-
MaJOB MeXIy KaToJOM H aHOJOM JoJKHa ObiTb oueHb Besuka (100—
200 x8), ckopocTb 3JieKTpoHOB Toxe Besinka (II, § 183); Takoit mortok
3JIeKTPOHOB OGYCJIOBJIMBAeT IOSIBJEHHE PEHTreHOBCKMX JydeH OueHb
MaJioil IJIMHBI BOJIHBI U OCOOEHHO CHJIbHO TNPOHHIAIOIMHKX; TaKHe JY4H
Ha3biBalOTCSI XK € CT K U M U, 110 aHAJOTHH C XKECTKUM TPYTOM, KOTO-
pbiii MOXKeT GbITb XOPOLIHM 30HJOM NPH NPOHHKHOBEHHH B Tes0. Ecan xe
KOJIMYeCTBO ra3a B TpyOKe yBeJMYHBaeTcsl, TO NMOTeHLHaJ, 00yCJIOBIIH-

Y Anmukomod
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Balom Ui NOTOK 3JEKTPOHOB, MOXeT ObiTh Huxke (20—100 «8), cKopocTb
3JEKTPOHOB MeHbllle, M BO3HHKAIOT PEHTreHOBCKHE JYyYH GoJiblie
IJIMHBl BOJIHBI — M fl T K H €, MeHee INpoHHuamouue. MoXHO mnpejacra-
BHTb, UTO IIPY CPABHHTEJBHO GOJBIIOM JiaBJIEHHH B TpyOKe HMeeTcCs
HEKOTOpOe, HeGOJbIIOE YUCJO HOHOB, KOTOpble JaXKe NpHU HEBBICOKOM
NOTEHLHaJe TMOJYyYyaloT 3HAYHTeJbHble CKOPOCTH H GOMOapJupyOT
KaTo/l, YCHJIUBasi TeM NOTOK 3JIEKTPOHOB.

Ha npakruke, HanpuMep B MeJHUMHE, U3MEPSIOT XKECTKOCTb PeHTre-
HOBCKHX Jiyueil 0cOGbIMH NMpUGOpaMu, HasbiBaeMbIMH TEHETPOMETpaMH.

+

Permeerolecnue sy

Puc. 155.

Jns naHHO# TPYOKH KECTKOCTb €CTh NepeMeHHasl XapaKTepHCTHKa;
3aMeueHo, 4TO Bce TPYOKH [0 Mepe paboTh! CTAaHOBATCA 6oJsee XKECTKUMH.
SIBnenue 3To CJIOXKHOE M NPHUYHHBI €r0 HEe BIOJIHE SICHBI; OJHA M3 BaX-
HeHIINX NPUYHH yBeNHUeHHUS XKECTKOCTH — 3T0 3aMeyeHHoe emé K p y k-
C O'M pacnbleHHe 3JeKTPOAOB NpH paspsjiax; NPOAYKTbl pPaclblIeHHs
NIOKPBIBAIOT CTEHKH TPYOKH H CHJBHO NOIJIOMAIOT HaxoJAIUNCA B Hell
ra3. Kpyxkc pacnpesenun MeTanssl N0 CTeNeHH pPaclblIseMOCTH;
HaunboJsiee pacnblisieMbl NaJNafui, 30JI0TO, 3aTeM IJAaTHHA; HaUMeHee—
amoMuHui. CymecTBYIOT Cnoco6bl MCKYCCTBEHHOTO MSATrYeHHs TPyGOK
NYTEM BNyCcKa B HUX HeGONBLIMX NOPLUHI BO3AYXa; NPHCIOCOONEHUsS 115t
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9TOro OGBIYHO UMEIOTCS NPH GONbIINX TPYOKaX, OHH HA3bIBAIOTCS pere:

HepaTopamH.

Onnako Matepuan Ayl aHTHKAaToOAa BEIGHPAETCS 10 YKA3aHUIO OTBITA
HE3aBHCHMO OT COOoGpaxkeHHH 06 ero pacneisieMocTd. OmBIT TOBOpHT,

9TO aHTHKATOJ JHOJIKEH HMeThb
BBLICOKHH aTOMHBIH BeC, BBICO-
KYIO TOUKY IIaBJeHHS H GOJb-
IIYI0 TeNJONpOBOAHOCTh. [lo-
clelHHe JBa KauyecTBa rapas-
THPYIOT BO3MOXHOCTb (POKYCH-
pOBaHUS KaTOJHBIX Jyuell; Kak
H3BECTHO, OHO HeoGXOJHMO, HO
BbI3bIBAET CHJIbHOE HarpeBaHUe
aHTHKATOJAa, TaK YTO IpH GOJb-
KX TpyOKax, paGoTaoMmHUX pH
BbLICOKHX TOTeHLHanax, Heol-
XOJHMC OXJIaXAaTb aHTHKATOX
Bojofi (puc. 156—peHTreHoB-
cKasgl TpyOKa C BOASIHBIM OXJa-
IUTEJeM aHTHKAaToZa).
Bhicokuit aToMHBIH Bec aHTH-
KaToja HeoGXOIHUM JJisl MHTeH-

725
S [.m,
% < Phe
00 n—
: 7
Q Ta
R 7
S 7 %y
3 ngb e
N
2 50 Zn !
5 Nj/”Cu
N 25 £.Fe
L P
1/ v/ a0 50 200 250
. Amomwbia Bec padamaba
Puc. 157,

CHBHOTO H3J1y4eHHs1. ONbITHBIE HCCJIEIOBAHHS YCTAHABAKBAIOT IOYTH TOY-
HYIO NPONIOPIIHOH AJIBHOCTD MeXK Y HHTEHCHBHOCTBIO HCITYCKaHHUS peHTre-
HOBCKHX Jiyueil H aTOMHBIM BecoM aHTHKatoaa (puc. 157). dra 3akoHo-
MEpHOCTb HMMeeT MeCTO AJsI TaK HasbiBaeMoro «Gesioro» H3JyyeHHd,

Jalolero CIJOWHOM CHeKTp.

10+
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73. [lepBoHayaJbHOE NpejCTAaBJeHH e, NOICHSIO-
Iiee BO3HHKHOBEHUE 3THX «OeJsibiX» JyueH, T. e. Jydeil ¢ pasHbIMH kA CBO-
JUTCS K TOMY, YTO 3JIEKTPOHBl M3 KaTOZa, ABUTAIOIIHECS C OTPOMHBIMH
ckopoctamu (I1, § 183), ucnbiThIBaIOT B BelllecTBe aHTHKATOAA TOPMOXKe-
HHE OT CTOJIKHOBEHHil C aTOMaMH; U3MeHeHHe HX CKOPOCTH, SKBHBAJIEHT-
HOE H3MEHEHHIO CHJIbI TOKa (J =:tf; II, § 174,), BbI3bIBaeT GbICTpOe
H3MEHEeHHe H JaXKe HCUe3HOBEeHHe MarHUTHOTO TI0JIsl, YTO OOYCJIOB/IHBAET
no Teoput M akKcBeJJsa mnosBaeHdHe ajeKktpuueckoro mnoast (II,
§ 135, 140). Takum o6pa3oM, BO3HHKaeT 3/1€KTPOMarHUTHbIH MMOYJIbC,
pacnpocTpaHsIOHKiCa B BUAe 3JIEKTPOMArHUTHOH BOJIHBI.

Kpome «BeJibiXx» PEeHTTeHOBCKHX Jiyuel, KaKioe TeJso, HanpuMep
AHTHKATOJ, CNOCOOHO eIlé UCYCKaTb X apakKTep Hbl e s Hero
pPEeHTreHOBCKHe JY4Hd, Ha3blBaeMble XapaKTepHCTHUYE C K H MH.
DTH Jyud BO3HHMKAIOT TOXe MNoJ AeHCTBHEM MOTOKa 3JEKTPOHOB IpH
OmnpeJleJIEHHBIX YCJIOBHSIX M YCHJIHBAIOT OOllee peHTreHOBCKOEe H3JY-
YeHHe, H3yueHHe XapaKTepUCTHUECKHX Jiyuell B BhICLIEH CTeneHH
Ba)KHO [/I1 TIOHMMAHHUS TIPHPOLbl PEHTreHOBCKHX Jiydell; K 3TOMy
BONpPOCY HaM NPHAETCH elué BepHYTHCH.
©74. OnucaHHble «KJJACCHYECKHe» PEHTIeHOBCKHE TPYOKH YXe He
MMeIOT 3HaYeHUs1 B TeXHUKe U GoJiee He ynoTpeGJISIIOTCA; HX 3aMeHHJIH

Bonepomobon
cnupant

fpoboda dm

TRocenbiq Hakasaa cnupasu

Bonbppamobed
aHmuRa Imog

Puc. 158.

pEHTreHOBCKHe TPYOKH C HaKaJHBaeMbIM KaTOIOM. Briepsbie Takyio
Tpy6KYy moctpous B 1913 r. aMepukaHcKuii pu3uk Ky 1 1 A X, ¥ oHa
fBAsiNach 06pas3loM AN MHOTHX HHbIX anmnapaTtoB.

Cocyn ¥ Bce yacTd TPpYOKH (3MEKTPOAbI H T. A.) OCBOGOXKAAIOTCS IO
BO3MOXKHOH CTeNeHU OT CJeJoB rasa, 4roObl MOXKHO OblJIoO HMeTb B Heili
YHCTBIH 3JIeKTPOHHBIH TOK 6€3 NIpHMeCH HOHHOro. AHTHKAaTOA M3 BOJb-
¢dpama (puc. 158) cayXHT U aHOJOM; KaTOA— MaJjieHbKasi IJocKasi Criu-
pasb U3 BoJb(ppama, KOTOPYIO MOXHO HaKajlHBaTb cnenuajbHol 6aTa-
peell HaKaja HJIH uepe3 MOHWXAIOUWMH TpaHChoOpMaTop, PeryJaupys
HaKaJ NpH noMoly peocrarta. Katon HaXoauTCsl B NHMNHHAPE H3 MOJHO-
JeHa, KOTopblfi OKYCHpYyeT NOTOK 3/€KTPOHOB Ha aHTHKaTozle; (ayo-
pecueHLHH cTekaa He HaGmonaercs. Cnen0BaTe/IbHO, OCHOBHOE H3MeHe-
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HHe, KoTopoe BB&N K y J1 1 1K, COCTOHT B TOM, UTO B TpyOKe NpH reHepa-
HUH PEHTTeHOBCKHX Jydel HCroJb3yeTcsl NPOLECC TepMO3JEKTPOHHOM
smuccuu (11, § 193). Oaun U3 BHIOB COBpeMEHHO 3/IEKTPOHHOMH peHTre-
HOBCKOH TpYOKH AaH Ha pucyHKe 159.

Orpaua, unu Ko3h(UUUEHT TMOoJe3HOro AeHCTBHA, PEHTreHOBCKOH
TPYOKH ONpEeNeJIUTCS OTHOLIEHHeM SHEPrdH peHTreHOBCKHX Jyuyel
K SHEPTHH KaTOJAHBIX JIyueH, T. €. IOTOKA 3JeKTPOHOB. STOT BONpoc Obli
Npe]METOM MHOTHX HCCJIeOBaHHH; BooOlle OTAa4a PeHTTeHOBCKHX TpPY-
6ok BecbMa Masa. OrpomHasi 4acTb SHEPrHH 3JIEKTPOHOB NOTJIOLIAeTCA

Puc. 159,

B aHTHKaToje, MAET Ha ero HarpeBaHHe H Ha Te BHYTPHATOMHEHIE IPO-
LeCChl, KOTOpble HMEIOT OJHHM H3 CBOHX CJEICTBUH PeHTreHOBCKOe
usjnyueHue. BooGuie ornaua pacTér nmpu yBeJHYEHHH MOIIHOCTH; TakK,
npu notexunane 43 kg ona pasHa 0,46%, npu 150 k86— 1,64%; kax
BHIUM KO3((hHIHEHT mNoJie3Horo JeHCTBHA TpyGOK He JOCTUraeT
2%.

MorHocTb, notpebasemass Tpy6kamu P e H Tr e H a, BooGume He-
BeJIHKA; TOK B HHX OObIYHO He MpeBbIIIaeT HEeCKOJBKHX MMJIHamMIep
NpH pa3HOCTH NoTteHuManoB npumepHo 50 000 ¢; Tak, eciu J=5-10"3 a
u V=50-10%¢, 70 N=>5-10-3-50-103=0,25 x6m; Tpy6Ka GoJblueil Moll-
nocru: J=30-10-%a, V=150-10%6; N =4,5 kem. OHaKO B 3JIeKTPOHHBIX
Tpy6Kax Tok poxoauT 1o 200-10-% a, V=100 «e, MowHocTs N =20 Kem,
M BO3MOXHO JaJibHefilllee yBe/JHYeHHE MOLIHOCTH.

McrouHHKOM TaKHX BBICOKHX TMOTEHIHANOB MpeXJe CIYXKHIH TpaH-
chopmatopst Pymkopda (II, § 113) ¢ mauno#t uckpur or 10
o 50 cm (II, puc. 317), Tenmepb — TeXHHUYEeCKHe TpaHCHOPMATOPHI
C 3aMKHYTBIM ToJieM. B ToM W Ipyrom ciyyae B menb HeoGXOAMMO
BKJIIOYHTb BbINPSAMHTENb, TaK KaK HaJl0 HMeTb OTPHLATEeNbHBIH TOJIOC
HCTOUHHKA JJsl TNpHCOeJMHEHHs ero K KaTtoly TpyO6ku. Ecaum mnpu
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uanykTope P yM Ko p ¢ a HMeeTcst xopouo AeficTBYOmuUE npephiBa-
TeJb, JAIOIHI THICSAYH TEepephiBoB B ceKyHAy (BeHenbra miu TypGHH-
HBIH), TO MOJydyaTcsl JOCTaTOYHO SICHO BbIpaXKEHHbIE IOJIOCHL

Puc. 160.

Ofbmee pacnosoXkeHHe pPEHTTeHOBCKCH YCTAaHOBKHM BHIHO Ha pu-
cyHke 160; Tpy6ka R coeluHeHa ¢ moJiocamMu TpaHcdopmaropa A uepes
BbinpsMuTesb F. TexHuueckass ycTaHoBKa— Ha pHCYyHKe 161; B memn
BTODHYHOH OOGMOTKH TpaHcopmaTtopa (BBICOKOE HaNpsiXKeHHe, Harpu-

Tporcapmarmal

Puc. 161,

mep 120 x8) BxJIOU€H B KayecTBe BbimpsiMuTesiss KeHotpoH F (II, § 195),
KOTOpBIi oGecrneyrBaeT NUTaHHEe PEHTreHOBCKOH TPYOKH R BbINpsiMJIeH-
HbIM HanpsikeHHeM. K antukatony A npucoeluHsieTcsl NOJNOXKUTEbHBIA
NoJIIOC BBINPSAMUTENS, K KaTody K—oTpuuaresabHbii.
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B. MPUPOJIA PEHTFTEHOBCKHUX JIYYENA
1. CneKTpocKonusi PEHTreHOBCKUX Jyd4eit

75. Tlocsie OTKPBITHST peHTreHOBCKUX Jydedt (1895) mpowio 17 yer
B [IOMCKaX OTBEeTa Ha BONPOC: KaKoBa MpHpojaa 3TuXx Jyueil? [Ipu BcéM
HX CXOJCTBE C OCTaJbHBIMH BHIAMH H3JyYeHHS He OblIH OOHapy»KeHbl
[pH PEHTreHOBCKOM M3JIyYeHUH BaXKHefillie siBJIEHHs, CBA3aHHbIE C pac-
NPOCTPAaHEHHEM BOJIH: OTpaXKeHWe, IMpesioMJieHHe, HHTephepeHLHs,
mudpakuus. HactofiumBble NONBITKM OTKPBITH 3TH SIBJIEHUS B peHTre-
HOBCKHMX Jy4ax He INPHBOMHJIH K
onpeNie/IéHHbIM pe3yJibTaTaM. ~

B 1912r. Jlays (Mwouxen) N
NpeJIOXKHUJ THIOTE3Y, YTO peHTre-
HOBCKHE JIyUH €CTb IOTOK 3JeKT- \
POMarHWTHOrO M3JIyYeHHSI BecbMa ‘(
MaJIo# JJIMHBI BOJIHBI, A PHMEPHO o, x

10-8 c¢m, okoso 1A, T. e. npubnu-
3UTEJIbHO B IECSATD THICSIY Pa3 MeHb-
llle JJIUHBI BOJH BHIMMOIO CBeTa,; § \I
B 3TOM cJydae NOAXOAsLIeH au- a8
(paKUHOHHOH peleTKoN A1 peHT- J 8
reHOBCKHX BOJIH JOJXKHA ObITh S
KpUCcTaJdJauuyecKas pe- \
W éTKa, KoTopas JEeXHT B OC- {
HOBE CTPOEHHSI BCSIKOTO TBEPAOTO = 9, >
tena (I, § 214). Ppanuysckuit p

nc. 162.
kpucrajorpap B p a Be (1849)
BBEJ HIek O TPABUJIBHOM pacro-
JIOXKEHHH YacTHL B KpHCTaJJe B BHIE pa3Mel@HHBLIX B y3Jax Hpo-
CTPAHCTBEHHOH PeIUETKH aTOMOB HJIH MOJIEKYJl, KOTOpPbIE YIEePXKHUBAOTCA
Ha ONpelleI€HHBIX PACCTOSTHUSIX APYT OT Apyra (puc. 162) MonekyJasip-
HBIM TIPUTSUKEHHEM W OTTAJKHBAaHHEM; B CpelHeM pPacCTOSIHHE YaCTHIL
H IJIOCKOCTeH B KPHCTAJJIHYeCKOH pEIIETKe MOXHO CUHTATb NOPSAKA
10-% cm, T. e. TOoro e mopsiika, Kak W AJIHHA BOJH PEHTrEHOBCKOTO
u3nyuyenus no runorese JI a y 3. CnefoBaTesibHO, €CJM PEHTreHOBCKHE
JyYd TNPOXOAAT yepe3 KPHCTaJJ, TO NOMKHO BO3SHHKHYTb AH(PaKIHOH-
HOe JleHCTBHe KPHCTaJJIMUeCKOH pelléTKHU; MPU JOCTATOUYHOH AUCTIEPCHH
Tako# pewétku (§ 66) Ha sxpaHe uan Ha doTorpaduueckoil NMJaacTHHKe,
KyZa ynaayT 3TH, NpolleflliMe Yepe3 KpHCTaJJ JIYUH, HAJO OXKHIAThb
nosiBJieHHs! AM(GPAKIUHOHHON KapTHHBI C OTIpele/IEHHBIM paclpee/ieHHeM
MaKCHMyMOB HMHTEHCHBHOCTH JeHCTBHSI BOJIH.

Jlays pman mareMaTHuecKylo TEOpPHIO SIBJIEHHS, MO3BOJISIOULIYIO
BBIUMC/IHTDL pachpefieleHHe 3THX MakcuMyMoB. [lo ero ykasaHuio co-
TPYAHHKH eFo B 1912 r. mpousBesH COOTBETCTBYIOIHI OMNBIT C KPH-
CTaJlJIoM HHHKOBOH o6MaHKH (ZnS), 3TOT ombiT GuecTsiie MOATBEepAHI
Teoputo Jl aya.
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Cxema omnbiTa TakoBa. CBHHIOBBIE 3KpaHbl U anadparmel P, P,, P,
(puc. 163) Bblensinin y3KHE Ny4OK peHTreHOBCKUX Jsyueii OK, KOTOpLI,
npoiifs yepes Kpucraaa K, nagan Ha dororpacuyeckyio mJIacTHHKY L.
Tlocne noBOJILHO NPOROJIKHTENBHOR IKCNO3UUHMU Ha QoTorpaduyeckoit

COuryobbiu snpor
Domoepagu. naacmuHHa
/

Hpucrman,

Puc. 163.

IJIaCTHHKe ToJiyyasachk HHTepdepeHIHOHHAas KapTHHA, KOTOPYIO Npef-
BHjena Teopust JI a y 3 (puc. 164); B leHTpe — MHTEHCHBHbIH cael HeoT-
KJIOHEHHOTO Jlyya, KpYroM — cJjefilbl pacnpefieleHHss MaKCHMYMOB
HHTEHCHUBHOCTH JU(parupoBaHHBIX Jyued B BHJE NSTEH.

7,707,
P 0,
AN 0, )

224
T A
1T A

™ A0
?"’r\ %
Z

S
7007,

i

Puc. 164.

H3yuenne mosyyeHHBIX pEHTreHOTpPaMM IOKAa3blBaeT:

1. I1pu npubanxeHuu uau ynaneHun ¢ortorpaduyeckoil NJacTHHKY
OTHOCHTEJIbHOE PacIiofloXKeHHe MSITeH 0CTaBaJ/IoCh NPeXHHUM, HO U3MeHS-
JIICh HX pacCTOSiHUSl JO0 LEHTpaJbHOro MSITHA. _

2. Ilpn BpaimeHun KpuCTaana, T. €. NIPH H3MeHeHHH YIJia NajeHus
ayda OK (puc. 163), naTHa cMellanuch; MelJIeHHO Bpalasi KpHCTaJI,
MOXHO JOOGHTbCSI CHMMETPHYHOTO DPacloJIOXKeHHs! NATeH OTHOCHTENbHO
IeHTPAJbHOTO NATHA. DTO CUMMETPHYHOE PACNOJIOXKEHHe JJIsl KaKIOoro
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KpUCTaJJia CBO€ M, OYEeBHIHO, XapaKkTepHU3yeT BHYTPeHHee CTpPOEHHE

Kpucranna (puc. 165 — cepHOKHC/bIH HHKeJb, pHC. 166—6epua).
ITpuxoauM K BecbMa BaXKHOMY 3aKJIIOUEHHIO: H3 YyYe HH e MOoJYy-

YeHHB X peHTreHOrpamMMmM JaéT MeTOJ HCCJe-

AOBaHHSA BHYTDEHHETrO

CTPOEGHHUS KPpHUCTANNA P77 w25 A
76. Kak ToJBbKO 6bl1H 06 bSABIEHB e A

pe3yJibTaThl ONHCAHHBIX MIOHXEHCKHX

OMbITOB, AHIVIMIACKHE KpHCTaJJIorpa-

¢on Y. X. u¥Y. JI. Bparru (oren

U ChiH) NPeIJIOKHJIH CBOIO TEOPHIO

HHTepdepeHUNH DPEeHTIeHOBCKHX Jy-

yedi (1913); oaHoBpemenHo ¢ Bpar-

raMu M He3aBHCHMO OT HUX TaKue

XKe B3MVIABI Ha 3TO sIBJEHHE BbI-

cKasaJ npogeccop MoCKOBCKOro yHU-

Bepcuteta 0. B. Byuasd.
Teopusi, passuras Bpsrramu s

H Byabdom, HacTosbKO yHHBeEp- AR

cajibHa H B TO XKe BpeMsl pOCTa, YTo

B HacTosiiiee BpeMsi OHa OGIUENpH- Puc. 166.

HATA M JIEXXHUT B OCHOBAaHHH TeX 3a-

MeyaTeJsIbHbIX NPHEMOB HCCJIE/IOBaHHS CTPOSHHSI H BHYTPEHUX CBOMCTB

BellleCTBa, KOTOpble TeNepb HUrpaloT CTOJb BAaXKHYIO POJib B MeTaJlyp-

THH M BooOlLie B TeXHHKe. BBIICHUM OCHOBHBIe 4epTHl 3TOH TEOpHH.

S
o\
S—
5 0
s b
Y
\,,,
Puc. 167. Puc. 168.

IMpencraBuM cefe KpHCTasl BHEIUIHE OTrpaHHYEHHBIH HEKOTOPOMR
rpanbio AB (puc. 167); BHYTpPH. NpOCTPAHCTBEHHOH PEIUETKH MOMKHO
BOOOpa3sHUTb MHOXECTBO IJOCKocTedl p, .p;, P ..., NapaJsielbHbIX
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rpanu AB; Bce 3TH INIOCKOCTH GYIYyT OTHOCHUTENBHO TYCTO (C MaKpo-
CKONHMYECKOH TOYKH 3peHHs)) yCesiHbl IPaBHJIbHO PAacCloJIOXKeHHBIMU
YyacTHIaMH (aToMaMy), BXOJSILIMMH B OTpe/e IEHHOM HOpsiIKe B CTpoe-
HHe TIPOCTPAHCTBEHHOH KpHUCTa/IHyecKoH pewérku. Ecau Ha rpasb
AB najaioT mop yrJom INJIOCKHE BOJIHBL (T. €. mapaJiieJibHblH ITy4YOK
Jyueit SS,, puc. 168), To o6niuHOe moctpoenne I'wiirenca (§ 60,
puc. 128) naér orpaxkéHHble BOJIHBI, KaK OruGaloiie TeX sJeMeHTap-
HBIX BOJIH, KOTopble oOpasyiorcsi mo npuHuuny [ofirenca okoJso
BCSKOH TOYKU rpaHi AB; ojHakKo B JaHHOM CJydYae 3TO YXKe He
MaTeMaTHYeCKHe TOYKH, a PeabHO CYIIECTBYIOIMe YacTHILBI, BXOJs-
[{e B COCTaB KpHUCTaJulnueckKoil pewérku. Ho Tax Kak anuHa peHT-
reHOBCKUX BOJIH, N0 runortese Jlays, croap MaJja, 4YTO KpHCTaJ-

9 .
Puc. 169, Puc. 170,

JHYeCKasl pewérka JJsg 3THX BOJH COCTOHT U3 YHaJéHHBIX JpYT
OT Jpyra 4YacTull, TO 5TH BOJIHBl NPOHHMKAIOT BHYTPb peILETKH, H
OINIHCAaHHOe SIBJIEHHEe OTpaXKeHHs NPOHCXOAUT BHYTPH KPHCTaJaJa,
Ha BCeX TeX NapajleslbHbIX IJIOCKOCTAX P, Py, Pa ..., AO KOTOPBHIX
npoHUKaeT wuasayueHue (puc. 167). Takum ob6pasoM, 31ecb TepMHUH
«OTpaxKeHHe» ynorpeGJsieTcss B YCJIOBHOM CMBIC/IE: 3TO He OTPaKeHHe
OT TIOBEPXHOCTHOH IDaHH KPHCTaJJa (KaK MNPOHCXOMUT C BHAMMBIMH
Jy4amH), a OTpa)keHHe OT BHYTPEHHHX rpaHeil, OT MHJIJIMOHOB NapaJ-
JeJIbHbIX IUIOCKOCTeH DPellETKH, CKBO3b KOTOpBIE NPOXOAAT PEHTIeHOB-
CKHe JIyuH. (

Ecsnu npuHSITb Takoe NpeiCTaBJIE€HHe, TO TEOpUS SIBJEHHS 3aMeya-
TEJBHO YMNPOLLaeTCs: Mbl MMeeM 3JIeCh XOpOIUO H3BEeCTHOE SIBJIEHHE
uHTepdepeHIVH B TOHKHX NactHHKax (§ 46, 47). Bousnbl, oTpaxké-
HbIE OT NocJie OBaTeNbHbIX TJIOCKOCTe! p U p; (puc. 168), Haxoxsmuxcs
Ha paccrosiHMd d Apyr ot apyra (puc. 169), nosyuaroT pasHOCTb Xoja:

t=A0,+0,B=2dsin¥;

rae 3 — yroa syua ¢ rpasblo KpHCTaJa.
Paccmorpum GoJiee NMoApo6GHO XOA ABYX KaKHX-THGO HHTepdepHpyoWux Jyued
S0,0S8; n S,0S,, oTpaxawouxcs oT mIockocrell p u p; (puc. 170).
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PazHocTh xoja 3THX Jyuei:
E= KO; + 010
MOXeT ObITh mpejicTaBieHa Tak (§ 47):

1. 001=$m;

2. KOy= 00, cos (180°—28) = — 00, cos 28 = _535[1 —2sin?9]=
d o
=—m+2d51n8,
3 t=—2 1 odsind4+ -2 —2dsind
* T sind sin +sin8— sin .

MakcuMyMbl MHTEHCUBHOCTH OINpeJeNsiTCS YCJOBHEM:
I .
E=2n—2—=nl; nkh=2d-sin 9.

310 ectb ocHOBHas ¢opmyaa Byabda u bparra:
nh=2dsin ¥. n

Jlns BcsIKOTO MOHOXpPOMATHYECKOIo H3JIyueHusi, OIpeJelisieMoro
JJNMHOH BOJIHBL A, HMeeM MAaKCHMYyMbl HHTEHCHBHOCTH IIPH YCJIOBHSIX:

E=25, 43, 65 ...,
BooGmie npu E=nk; n=1, 2, 3 ...

Koneuno, ¥ 37ecb TepMUH «<MOHOXPOMAaTHYECKOE» H3JyYeHHE UMeeT
YCJIOBHBII CMBICJI N0 @HAJOTHU C BHU/JHMMbIM H3JyYeHHeM OIpejeéHHON
JUTHHB!l BOJIHBI.

77. CaejoBaTeNbHO, HaNpaBJieHdsl, OMNpeJeJsisieMble yrjaMu 9,
[0 KOTOPBbIM TOJIbKO M HaOJI0JaeM OTpaXKeHHs, HaXOJAWM U3 yCJIOBHH:

A=2dsind,; 2\ =2dsind,; 3A=2dsind,; ...,

BooO11e

nh=2dsin¥;
JJIs1 BCeX OCTaJIbHBIX HAIpaBJIeHHH BOJIHBI YHHUTOXAIOT JAPYr JApyra
(ctp. ...). Takum oGpasoM, cJefbl Ha (oTorpacuuecko NJacTHHKE

AajyT Te JyuH, HamnpaBJIeHHS] KOTOPBIX GYAYT ONpeAeNsiTbCsi TaKHMU
yraamu ¥, KoTopble NpH JaHHOM A\ YJIOBJIETBOPSIIOT YCJOBHSIM MaKCH-
MyMa HMHTEHCHBHOCTH:

3\

. A . o . .
sindy=5-; sind;=57; sind;=-- ... 2
Bpamasa xkpucrana, T. e. uaMmeHsii yron ¥ (puc. 170), MoxHO
nocjefoBaTeNbHO JaBaTb eMy 3HaueHus ¥, ¥, &, ..., NpH KOTOPHIX

NOlyYHM HHTepdepeHIHOHHble MAKCUMYMBbI [IepBOTO, BTOPOTrO, TPeThero
U T. A. nopsaka. C fpyroéi cTOpOHbl, €CJH PeHTIeHOBCKOE U3JyyeHHe
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nofo6Ho GesoMy CBeTy, T. e. Npe[cTaBJsieT Co00H CMechb BOJH pas-
JIMYHOHA [JIMHBI, TO, OMNpejesisisi yribl ¢, OpH KOTOPBIX NOJNYYaKOTCH
MaKCHMYMbI HHTEHCHBHOCTH B HHTepGepeHIHOHHOH KapTHHE, Mbl MOXKeEM
no ypasHeHuIo (l) HaXomuTb JJIHHBI BOJH A, KOTOpble 06YyCJIOBJIHBAIOT
HabmofaeMble MakcuMyMmbl. IIpH mnocreneHHOM BpauleHHH KpHCTasia
HaXOJIHM Bce JUIHHBI BOJIH HCCJIElyeMOTo H3JyYeHHs, T. €. NP O U 3 B O-
JHM cHeKTpaJabHBH aHa-
VN3 PEHTreHOBCKHX JY-
qe .

Jlnsl ocymiecTBJeHHsT ITHX HCCJle-
JIOBaHUH HeBUJMMOH 4YacTH CIeKTpa
B 00JIaCTH PEHTreHOBCKUX Jy4ei
Bparr BMecto dortorpaduueckoit
NJIaCTHHKH BB&1 MOH UM 3 a Il H O H-
HY1 KaMmMepy.

B ronuomeTpe JJil BHIUMBIX Jy-
geit (puc. 138, 141, § 64, 65) Habmao0-
JlaeM CIeKTpaJsibHble JIHHHH B TpYGy
I, oTkyoHAIA €€ Ha yroa ¢ yloBJje-
TBOpAlOMiT ycnoBuio 4, § 65.
B parr B ronnomerpe ans peHTre-
HOBCKUX Jyuell (puc. 171) Bmecto 11
'TPpYObLI'BB&I HOHH3alLHOHHYIO
KaMepy;,; 3T0 MeTaJJIHYeCKUI
wuaueap J ¢ rasom (Bo3nyx, SO,);
B HéM okowKo O, 3akpriToe GakeJu-
ToM, HeajodaHoM U T. n. (puc. 172);
XOPOILO H30JIMPOBaHHBIf (HTapb) OT
CTEHOK HMJIMHJIpa cTepxeHb K BBo-
IUTCS B LeNb reHepartopa &€, HaIOIIero
NOCTOSIHHOE ~ HanpsiKeHHe; JpPYTHM
3JI€KTPOAOM CJIYXKAT CTEHKH LHJHHI-

Prc. 171, pa J; TakHM 00pa3oM, NOJYYHJCS
KoHfeHcaTop J K.

Korna B nunuHip yepes orBepctie O nonajaeT peHTreHOBCKHI Jy4d,
oTpaxkéHHbIH oT KpHcTaisna C (puc. 171), BHYTpH LHUJIHHAPA BO3HHKAET
HOHHM3alMUs rasa, HOHHBbIH TOK 3aMmblKaeT lenb ¢J KGE B J K, uTo oTMe-
yaercd rasnbBaHoMeTpoM (. Cxema BKJIIOUEHHS H O H M 3 all H O H-
HOH KaMepbhl NOKa3aHa Ha pUCYHKe 173, ofiuH 3/1eKTpOJ reHepa-
Topa & u ranbBanoMetp G OTBeJeHB K 3eMiie.

Jlns wuccnefioBaHus CNeKTpa pPEeHTreHOBCKHX Jydvelt kpuctaaa C
(puc. 174) nomernaetcsi Ha cTonuk G oco6oro ronuoMeTpa. [1pu BpaueHun
crosiKa 4 Kpuctanaa C (puc. 171, 174) otpaxéuHble oT ero rpaHeil npu
HEKOTOpHIX yraax 4, ¥,, ¥, uuTepdepupyrouie peHTreHOBCKHE JIy4H f10-
najfaiT B HOHH3aLUHOHHYIO KaMepy J, 4TO OTMeuaeTcs rajibBaHOMETPOM;
yrael %, NpH KOTOPLIX 3TO NMPOUCXOJHUT, OTCYHTHIBAIOTCS Ha pasfienéH-
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"HOM Kpyre rOHHOMEeTpa. DTH YrJibl YAOBJIETBOPSIOT YCJIOBHSM (2), onpe-
IeNsIOIUM MaKCUMyMbl HHTeHCHBHOCTH. Kpome Toro, oTMeuast 3HaueHHst

J

0
0

=]
x

/5"'

Puc. 172,

OTKJIOHEHH It rajbBaHoMeTpa, CyaAuM O CHJie MOHHOroO TOKa B Kamepe,

KOTOpasi OrnpefiesisieT CPaBHHTENbHYI HMHTEHCHBHOCTb OTPaXKEHHBIX
npu pasHblX ¥ peHTreHOBCKHX JyuyeH.

J

-

Puc. 173.

KoHeuHo, BMeCTO HOHH3aLHOHHO ! KaMepbl MOXKHO TIPHHSITb OTPaXKEH-
Hble J1yud Ha GOTONNIACTHHKY (pHc. 175), Kak 3To Gbl10 BonbiTax J1 ay 3
(puc. 174, B).
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LOUWDHNLIKY

I T

= IIIII;IIIIIIIIIII[IIIIIIIIIIHIIII il Illml

Gomoepaguvecran nrac-
munxa

Puc. 174, Puc. 175,

78. Ecnu Ha KpHCTaldsl NajaloT JYy4YHd CO BCEBO3MOXHBLIMH 3Haye-
HUSIMH A, T. e. «GeJiblily peHTTEeHOBCKUH JIyY, TO NpHU JII0GOM yrie ¥ KoM-
GuHanus 3HaueHHH N ¥ d MoXeT JaTb 3aMeTHOe OTpaxceHHe, NOITOMY
BCAKas PEHTreHoBCKass TPYyOKa HaéT npexje BCero HEHHTEHCHBHBIH
«CIIJIOLIHO» peHTreHOBCKHH crieKTp. Ha sTom cnekTpe, kak Ha ¢one,

Puc. 176,

pacronaraioTcst peskHe MaKCHMyMEI, COOTBETCTBYIOIIHE OTPeJe/IEHHbIM
A (puc. 176); 3T0 «inHeHuaThI» peHTreHoBCKHi cnekTp. Emé B 1908 r.
6BIIO YCTAHOBJIEHO, YTO AHTHKATOX (mJjaTHHA, BosbdpaM M T. A.) MOJ
NeHCTBHEM KATOAHBIX Jiyuell HCIYCKaeT, KpoMe oOIero «Gesioro» peHT-
reHOBCKOTO NOTOKA, elié XapaKTepHoe JJisl BellecTBa aHTHKATOAA H3JYy-
YeHHe. DTH PEHTTEHOBCKHE JIYUH Ha3BaHbI OblIM X apaKTe p H C T HU-
YyeCcKHMH, TaK Kak HCCIeJOBaHHE IOKa3ajo, YTO OHH  3aBHCAT
TOJNLKO OT aTOMHBIX CBOMCTB aHTHKATONA M KaXKIBIH U3 HUX sIBJsETCS
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B BBICLIEH CTeNIeHH MOHOXPOMATHYHBIM; JJIMHBI UX BOJIH COBEpIIEHHO He
3aBHUCAT OT TOr0, KaK OHH BO30YXJEHHI, a 3aBHCAT TOJIbKO OT BelllecTBa,
KOTOpOe HX H3JydaeT.

Takum o6pasoM, NpH CIeKTpaJbHOM aHANH3€e PeHTTeHOBCKOTO H3Jy-
yeHHUs noJydyaeM (OH CIJIOLIHOTO CNIEKTPa U Ha HEM pe3KHe MaKCHMYMEI
HHTEHCHBHOCTH, COOTBETCTBYIOLIYE JJIHHAM BOJIH XapaKTepHUCTHUYECKOTo:
u3ayueHus (puc. 176); uHTeH- -
CUBHOCTb 3TUX JIHHUH Xapak-
TEPHUCTHYECKOrO CIIeKTpa pes-
KO BbllesisieTcsl HajJ oOme#
HHTEHCHBHOCTBIO CIIJIOIIHOTO
cnextpa. Hapucyuke 177 Bbl-
JAl0TC TpH IJaBHbIE JUHHH
B CIeKTpe NepBOro, BTOPOTrO
H TpeTbero nopsjKa IpH
pasHbIX ¥; aHTHKATOA-PORHH,
B €ro CreKTpe TpH JHHHH
pasHOil HHTEHCHBHOCTH («sp-
KOCTHY) 06pasyloT XapakTe-
PUCTHYCCKHH CNEKTp pojus.

] rngpadon

2 nopadon )
/u\ ! 1 ! ]

A b 5° 10° 75°
HbIX 51112?4521;};3?;;? ,‘(’iﬁe_ Yentr crantotcerus nodoruur X-nyved
IYIOIIMM 3aKJIIOUEHHSIM: Puc. 177

l.ITagaromu it Ha .
KpHCTaaJ MNOTOK PEHTreHOBCKHX Jy4Yeld eCThb
Wemsoe» u3nydeHue (pasHBIE A), K KOTOpPOMY
npuMellaHb XapaKTepHCTHYECKHE JYUH, 3KCIe-
pUMeHTAJIbHO OGHapyXUBaeMble 10 MaKCHMyMaM, COOTBETCTBYIOUIHM
oTipeJleIEHHBIM A.

2. XapaKTepucTHUeCKOe H3JyueHHEe 3 aBHCHT HCKJIOYH-
TeJbHO OT BemecTBa H3Jyyalomero aHTHKa-
TO I a.

Boslee noipo6HOe H3yyeHHe XapAKTEPUCTHYECKOTO M3JYUEHHs MpH-
BEJIO K 3aKOHOMEPHOCTSIM, KOTOphie JIeXXaT B OCHOBe HAllMX CBeJeHHH
0 CTPOEHHH aTOMOB; K 3ToMy Mbl oGpatumcs Hasee (§ 80), Temepn e
COCPeIOTOYMM BHUMaHHe Ha TOM, KaK ObuIM OmpeJieJieHbl JJIHHBI BOJIH
PEHTTeHOBCKHX Jiyyell M TeM CaMbiM BBISICHEHAa HX TpPHpOAA.

Abwacmb ormparceroes” mysa

2. Onpepejiende IJHH BOJH

79. TlpousBozs HaG/IONEHHS NO METOAY Bpalaiolerocs KpuCTalia
NpH TIOMOIIM MOHM3ALMOHHON KaMephl, KaK Henand Bparru, uiu npu
nomomy oTorpacdu, Kak neaan e Bposbu, MoxkeMm HaXoAUTh yribl 9,
COOTBeTCTBYIOIME MAKCHMYMaM XapaKTepHCTHUECKOTO H3JyueHHs Bellle-
CTBa aHTHKATOAa, a oToMy no dopmyJe (1):

nh=2d sin %
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MOXHO ObIJIO Obl BHIYMCJIHTD JJIHHB! BOJIH A peHTTeHOBCKOTO H3JIyueHHus,
ecJin Obl 3apaHee 3HaTbh d — pacCTOSIHHE OTPAXKAIOIHKX IJIOCKOCTeH B faH-
HoM KpucTanje (puc. 170). StoT Bonpoc Obly pell€H 3amMeyaTebHbIMH
pabotamu Y. JI. Bparra (1913), KoTopbii JeTalbHO HCCaeLOBa
KDHCTaJIJIHYECKYIO CTPYKTYPY FaJOMAHBIX coJlel eJIOYHbIX MeTaslJoB—
XJIODHCTOTO HaTpHs, XJOPHCTOrO KaJjHs, OpPOMHCTOrO H HOAUCTOrO
kaaus. PaccMoTpuM wmccaenoBanue xsopucroro Hatpus NaCl.
OcHoBhasi runotesa Bparra cocrossia B ToM, YTO B y3Jax
fIPOCTPAaHCTBEHHON peléTKHY HAXOAATCS HOHH, a He
MouneKyan. Ilostomy B kpucrammueckoii pemwérxe NaCl, koropas
HMeeT KyOMUYeCKYI0 CTPYKTYy-
d d Py, MBI HMeeM TIpaBHJbHOE
yepelOBaHHEe HOHOB HAaTpUsl U
xJjopa (puc. 162); mjockoctu
Py ° B 9TOH pewéTKe, YycesHHbIE
1 1 STHMH HMOHaMH, W SBJSIOTCA
3]
l

i

Na CL
IJIOCKOCTSIMH BHYTPH KpHC-
Tanja, Ha KOTOPBIX MPOHCXO-
AT OTpa{eHHs PeHTreHOB-
CKHMX Jyyeil; OHM pa3sjieJieHbl
Puc. 178, paccrosiudeM d. IlpeactaBum
cebe, 4TO OKOJIO Ka’K/10ro HOHa
HaTpUSl U OKOJIO KaX<J0ro MOHa XJiopa mnocTpoeH ky6 ¢ peGpom d,
TaK 4TO HOH HaXOMUTCS B LieHTPe 3Toroky6a (puc. 178), T. e. B LeHTpe
KyOnueckoro o6béma d?; siCHO, 4TO 3TH KyGbl 3aNOJHAT BeChb OGBEM
KpHCTaJa.
MoXHO BBIYHCIHMTb MacCy m B OGbéMe JBYX TakHX Ky6os 243,
HIMEHHO: ‘

m = mya -+ mci,

Tle mNa M Mc) COOTBETCTBEHHO MacChl aTOMOB HATPHSl M XJOpa; 3Has
Hx aToMHble Beca: Ana=23 u Aci= 35,46 u 3Hasi Mmaccy aToMa Bojo-
pona my=1,67-10"2% 2 (I, § 188), naxoaum:

m = mya+ mec1=[23+35,46]-1,66-10724 = 97,04 .10-2¢ .
OGosHauuB MIOTHOCTE KaMmeHHO# coiu NaCl uepes 3, umeem:
m=2d3.3;

oueHb TOYHBIE M3MepeHHsl AaoT: & = 2,164; orclona: mas paccTosiHHs
MeXAy y3aamH Kpucrajnauyeckoil peinérku NaCl naxopum:

¥ /97,04.10-24

d= 2.9, 164

=2,814.10"% cm.

9To 4yucnao, onpepensionee CTPYKTYpy KpHCTaJ-
auvyeckoir pewmérku NaCl, JaeXuT B OCHOBaHHUH
CNEeKTPOCKONHUH PeHTreHOBCKHUX Jyuel.
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Ecnm nna xpuctanna KamMeHHOH COJMM yCTaHOBJEHO 3HaueHHe d,
TO, HabJtonas MaKCHMyMbl HHTEHCUBHOCTH OTPa’KEHHBIX OT HEro Jyuel

U U3Mepss COOTBETCTBYIOLIME MM yribl @, ¥y, ¥; ..., no copmy.e:
nh=2dsind
BBIUHCJISIEM JJIMHBI BOJH Ly, by, A4 ..., ONpeNesiioniye XapakTepucTH-

YeCKHH CMeKTp PeHTreHOBCKOIrO M3JyueHHsl BelleCcTBa JaHHOIO aHTH-
Kartoja.

INpumeps. 1. I ni1aTHHOBOTO aHTHKATOa UIMEEM MAKCHM VMBI
np¥ ¥, =11°,565, #, =23°,65, ¥,=236°65; Bbiuucass A AJls TepBOro

3 5THX YIJIOB, HaxomuM A, =1,12-1078 cu=1,12 A; TaKKe HaXOMHM
A 115 ApPYTHUX YTJOB.

2. [IBa MakcuMyMa pojueBOro antukarosa (puc. 177) cooTBeTCTBYIOT
AaMHAM BOAH A, = 0,607-1G78 cn=0,607 A u A, =5,533-10"8 cu =
=5,533 A.

DTUMH pe3yJbTaTaMH pelwléH BONMPOC O NpHpOIe
PEHTreHOBCKOIrO H3JYyYeHHS; eCaAH BCNOMHHM, UTO HCcae-
JIOBaHHAsl 4acTb yJAbTPadHOJETOBOro CHeKTpa 3aKaH4YMBaeTCsl OKOJIO

A~ 40 A (§ 43), TO peHTreHOBCKME JIyud eCTb BOJHOBOH Tpolecc-
06ycJIOBJIeHHbIH elllé MeHbUWHMH AJHHAaMH BOJH W OoJsblueil uyacToToit
v (119 BOJHBI MIATHHBI v =3-10'8).

CnepoBaTeJJbHO, 3a Npejenamu y.nb'rpacbnoneTo~
BOTO CNeKTpa JEeXHT CNeKTpP PEeHTTeHOBCKOro H3ay-
YeHU . .

Takum of6pasom, runotesa Jlays um Bpsrra onpasnanace,
KpPHUCTAJIMUecKasl peléTka JeACTBUTEJbHO OKa3ajlacb MNOIXOASLLHM
CMeKTpa/bHbIM annapaTtoM JJs H3yuyeHusl HHTeptepeHUHOHHbIX 3(pq:e1<-
TOB B PEHTTeHOBCKHX Jyuax.

3ametuMm, uto B 1927 T. amepukanckuii ¢usuk KommnTtow
¥ ¢panuysckuii Tun6o paspaboTany MeTOAbl M3MepeHHs JHH BOJH
PEHTreHOBCKHX Jyuel NpH NOMOILLK OObIYHbIX ONTHYECKHUX AH(DPaKLHOH-
Hbix pewétok (y Tu6o 200 wrpuxoB Ha | mm).

[MpyHuKMnHanbHas Ba’KHOCTb 3TOrO MeTola 3aKJl4aeTcsl B TOM,

4TO JJIMHA BOJIH ONTHYECKOrO CreKTpa (lepranHO.ﬂeTOBOI‘O no 130 A)
M DEHTreHOBCKOro (ot 400 A) usmepsieTcs 0HOH U TO# e annapaTy-
poii. CiegyeT OTMeTHTb, YTO STH CNEKTPbl MEpPeKpbiBalOT APYT APYyra,
KOHell MepBOro 3aXOAMT B HauaJjo BTOpOro.

O6wmprble paGoTbl MHOTHX HcCJeioBaTesed Naju Npomepbl IJHH
BOJIH KaK «0ejioro», TaK M XapaKTepHCTHUECKOro PEeHTIreHOBCKOro
H3J1yueHUs.

MoKHO CcuuMTaTh, 4YTO AJHHbl PEHTreHOBCKHX BOJH 3a-
KJueHb B Npejejax oT . =493 A (v—6 10'%) po )=
1-10 ® cm = 0,1 A (v=23-10'%). OnbIT roBOpHT: YeM XKECTYE JIyud, TeM
60.blile 4acTOTa M MeHblle JJIHHA BOJHbI.
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3. O cTpyKTypHOM aHa/m3e

80. anbHelimee pasBHTHe PEHTTEHOBCKOH CHNEKTPOCKONHH MOIULIO MO ABYM
HanpasJIeHHsIM: .

I. IlnanomMepHoe M3yueHHe PEeHTTrEeHOBCKHX CNEeKTpPOB 3Je
MeHTOB, HauyaToe aHrIHHCKHM ¢usnkom Mos3au (1913) u npoaosken-
HOe PSAJOM BHIAAIOUHXCH HCCJIeAoBaTesell NMOKasajo, 4TO PEHTFEHOBCKHMH chek-
TpPaJbHbIH aHaANH3 ecTb MOTYIIecTBeHHOe CPeACTBO AJf MO3HAHHSI CTPOEHHs aTo-
MOB. ToJIbKO sIBJIeHHS] PAaJjHOaKTHBHOCTH M PEHTTEHOBCKHE JyuH Jajli TOT SKcre-
pHMEHTaJbHBIA MaTepHaJ, KOTODbIH NO3BOJIMJ MNOCTPOHTb TEOPHIO CTPOEHHf
atoMa H ero sagpa. (Fa. VI, VIIIL) )

II. ‘Ecay u3BeCTHH A DEHTTeHOBCKOrO M3JYYEHHSI, TO MNO HaGJIOAaeMBIM
yraaMm 3 MOXHO BHIYHCANUTD d—NOCTOSSHHYII KPHCTaajandecKoR

“% p4

N

X

N

N

Puc. 179,

peméTKH JAaHHOrO KPHCTajjia; TpPH TNOMOMH OTPaXKeHHHA OT PasiIHuHHX
rpasefi onpegensiercsi d AJA PasNHYHBIX HanpaBJeHHA B KPHCTajne H, TAKHM
06pa3oM, HCCIeAYyeTCs PacnosoXeHe aTOMOB B KDHCTalJHYeCKOR pelwéTke. TOT
cnoco6, BcecTopoHHe paspa6otaHHbii B psrrawmu, nosBoiser npousso-
AHTh- TNYGOKHil aHaJM3 CTPOEHHS KPHCTaJoB; caMH B parru BuscHHIH
cTpoeHHe UMHKOBOM o6maHkH (ZnS), kaabuura (CaCOg), KameHHoft conu (NaCl),
xesiesnoro koauenana (FeS,), anmasa, mean, Hukeas u ap. 1. Kpome Toro, pent-
reHOBCKHH aHaiu3 TBEPALIX TeJ MO3BOJSET TLIATEJNbHO H3YUHTb MX CTPOEHHE IpH
JIAHHOM COCTOSIHMH, BXOJSIME B HHUX I'DUMECH, BHYTpEeHHHE HaNpsiKeHUs BCJed-
cTBHe ropsiuefi H XoJojHOH 06paGoTKH; COBPEeMeHHas TeXHOJIOTHS MeTaJoB Ga3u-
pyeTcss Ha 5TOM CTPYKTYpPHOM aHaJiM3e NpH NOMOILM PEHTTeHOBCKHX Jyuef.

Oco6GeHHOe 3HaueHHe MONYYHJN B TeXHHKe MeTOJ DEeHTTeHOBCKOTO aHaJH3a,
NpeANOXKeHHbI ONHOBPEMEHHO (1916) HNe6aem, lleppepom u Te-
N eM, Ha3bBaeMbli «METOAOM INOpOLIKOB».

1y, X. Bperr u Y. JI. Bperr, PeHITeHOBCKHE JYYH H CTPOEHHE
kpucraayaoB. IlepeB. npcd. ' B. Byasrvoa.
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He6onbmasi 6ymaxuas uau KojjouaHass TpyGouka C (ZnameTp OKoso 2 mm)
Salo/IHAETC TOHKHM MOPOLIKOM HCCJAeAyeMOro KpHCTaj/Ja H MomellaeTcs Ha
OCH LHMJHHADHYECKOA CBMHUOBOK Kamepbl M (puc. 179); BHyTpeHHsis moBepX-
HOCTb KaMephbl ycTJaHa ¢oTonjénkoll; B 60KOBOH CTeHKe HMeeTCs y3Koe OTBep-
crie F. B 310 oTBepcTHe uepe3 CBHHIOBble AuHadparMbl MajaeT Ha NOPOLIOK MO-
HOXPOMAaTHUECKHH pEeHTreHOBCKHH Jayd AB c anuHofi BoaHb A. Menbuafuive

Puc. 180.

KPHCTAJJIHKH B NOpPOLIKE DAaCHOJIOXEHHl XaOTHYeCKH, NO3TOMY CpeiH HHX Hail-
NyTCS1 TaK PacroJloXeHHble N0 OTHOIIEHHIO K OCH JYyuH AB, u4To RJsl HX NJOCKO-
crefi GyReT yAoOBJeTBOpeHO ycaoBHe Byab¢pa-Bpoarra:

nk=2d sin 9.

BcsiencTBHe MHOXKECTBA OTPaXalolMX TJIOCKOCTefl KPHCTa/NIHKOB KakAbIA
yroa ¥, onpefieN€HHEIA H3 3TOTO COOTHOINEHHs, 0OYCJIOBHT NOSIBJIEHHE Ha (OTO=
naacTuike LL, nmocTaBleHHOH NepneHAWKYAsp-

HO K mnepBOHauaJbHOMY ayuy AB, MakcumyMma

SIpDKOCTH B BHJAe okpyxHocTH (puc. 180), orpa-

HHuMBaMLed OCHOBaHHE KOHYCa C YTJOM NpH

pepuinHe 4%; nas uHoro yrsa ¥, T. €. NpH HHOM

nopsiike JHHHA n, NOSBUTCS CBOH MaKkCHMyM B ‘
BHJle OKPYXHOCTH B OCHOBaHHH KOHYCa C yrjaoMm

npu BepuwnHe 4%, u 1. K. (puc. 181).

Ecan xe BMecTo nuockoil ¢potonnactuiku LL
NpHHATL OTpaxéHHble NoA yraamu 3, &, 9,. .. ‘

JyYH Ha GOTOMNEHKY LHJIHWHAPHYECKOR KaMephbi
MM (puc. 179, 180), To Ha Hell MakCHMYyMbl 3a-
neyaTneloTCs B BHAE AYroBblX oTpe3KoB (puc. 182)
STO 4YacTH OKPYXHocTeil, KOTOpble YMeCTHJHChb Puc. 181.
Ha Yy3KOH UuUHJAMHApPHYecKOH ¢oTonnéHKe; NpHu
JlaHHOM A OHM COOTBETCTBYIOT JIHHHUAM PasHbIX Nnopsiakos n=1, 2, 3...

Takum o6pasom, Ha 3TOA peHTreHorpamme cpasy noJyuaeM CHEKTPaJbHbIe
JMHUH N pasHbIX MNOPAAKOB; AJs NOCTHXEHHS 3TOrO e NpPH TMOMOIH TFOHHO-
MeTpa Hajo Bpamatb Kpuctana (puc. 171, 174). Tlpu MeToae nopowkos nJo-
CKOCTH KpHMCTajjla CaMH TNOBEPHYTBl MO OTHOIWIEHHIO K Jyuy IOX Pa3HbiMH
yraamu 8.

Ha pucyuke 182 nmeem peHTreHOrpammy yTJIEPOAHCTON CTaJM C NPHMECAMH,
BIIMSIHHE KOTOPbIX CKa3biBaeTCsl Ha PAachnoJIOXEHHH I10JI0C; H3yuyeHHe NOJYHeHs
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HOW PpEeHTreHOTPAaMMbl TIO3BOJSIET BLHICHHTb CTPOEHHE BelecTB, MNOABEPTHYTHIX
obsyueHHio, H BXOAsiHe B HUX npuMecH. Ha pucynke 182a npeacraBieHa peHT-

Puc. 182.

reHorpamma KaJjbuusi—Bosatppamata. UyBCTBHTENBHOCTb MeTOAa MOXKET ObITh
nosenena 1o 0,01%; nostomy OH OCOGEHHO LEHEH MPH aHaNH3e PeAKHX H XHMEs

Puc. 182a.

9eCKH CXOIHBIX 3JIEMEHTOB (HanpHMep, W3 TPYMNNBbl MJIATHHBI) H NPH TEXHUYECKR
Ba)XHOM aHaju3e npumecefi B MeTajJsax (CTaju), CTOJb CHJAbHO HM3MEHAIOU[HX
uX ¢u3HYeCKHe CBOHCTBA.

B. PEHTTEHOBCKHE CIEKTPbI

81. PesysnbTaThl 3KCMepUMEHTa M TEOPETHYECKHX HCCJeJOBaHHUA,
KOTOpble TOJIbKO YTO pacCMOTPEHbI, HMEIOT OCHOBHOE 3HaueHWe s
pa3sBUTHA HalUMX BO33peHHH Ha cTpoeHHe BellecTBa. [Ipexine Bcero
ofpallaeM BHUMaHHe HA CBA3b BTOPHYHBIX XapaKTePHCTHUECKHX PeHT-
FeHOBCKHX Jiydyell ¢ MOpSAKOBBIM YHCJIOM (aToMHbIM HoMepoM) Z Belle-
ctBa B Tabauue MeHpgesneeBa.

Anraniicknii pusuk b a p kama B 1908 r. OTKpbLI, 4TO MpPH OCBelIe-
HUHW DPEHTIeHOBCKHMH JiyuaMH pa3/IMYHBIX TeJl, HamnpHMep MJacTHHOK
N/1aTHHbL, cepe6pa, MeIM U T. ., Haps Ay C paccesiHHbIMH PEHTreHOBCKHMHU
JyuaMH BO3HHK3IOT X apaKTepHCTHYeCKHEe BTOPHU-
Hble PEHTreHOBCKHE JYyUH, HCyCKaeMble TeM BeIECTBOM,
Ha KOTOpOe ynajd nepBHUHble Jy4H. X apaKTepUCTHUECKHE JyUH HMEIOT
JuHeHvaTbifl CEeKTP, COCTOAUINN U3 OTAEJNbHbBIX JHHHIH, XapaKTepHU3yio-
IHX CBOUMH YacTOTaMH HCMYyCKaollee BellecTBO. TiiaTeIbHbIMH H TOH-
KHMH HCCJIeJOBAHHAMH JIYYLWIHX PEHTreHOJIOroB Obllo YCTaHOBJIEHO,
YT0O XapaKTEepPHUCTHUYECKHH CNeKTp pPeHTreHoB-
CKHX JyuyeH COCTOMT M3 OTAEJbHB X Tpynm,
HJHU cepHi, B KOTOpble MOXHO cOOpaTb JIHHHH 3TOrO CHeKTpa;
yeTbipe T'PYMMb, UK cepuu, oGo3Hauatoress K, L, M, N; kaxnasa cepus
JUHU OTZe/ieHa OT CoceiHe il NPOMEXYTKaMHU YacTOT B HECKOJIbKO OKTaB:
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JUHHH, COOTBETCTBYIOLIHE HaHOOJIbIIeH YacToTe v, NPHHALJIEXKAT CEpHH
K, 310 HauGonee ©KECTKHE» Jy4H; 3aTeM HAYT JHHUH cepHH L, AyuH
MeHee XKE€CTKHe, OHH paclloJioxkeHbl 6/KXKe K yJabTpadHOJeTOBbIM J1yuaM,
3areM JUHUHU rpynnbl M, 3ateM N — Bcé Gosiee U GoJsiee MSArKUe Jiy4, BCé

L-cepusq
H-cepur r @
I ,,..Dﬁ,.l.,t.g,
A T 70 15 204
Puc. 183.

MeHbIIeH yacToThl M GoJsbllell IJHHBI BoJiHBl. Ha pucynke 183 mpuse-
IeHo pacnoJioxkeHHe JNHHHH cepun K, L B pEHTreHOBCKOM CIeKTpe
BosibhpaMa (mopsiiKoBbIA HoMep Z=T74):

rpynna uay cepus K B 3TOM CneKTpe OrpaHHueHa JIJIMHAMH
sosn ot 0,178 A no 0,2134;

rpynna uiau cepus L,—ot 1, 025A o 1, 675A

rpynna unu cepusi M,—ot 6,066 A 1o 6 973 A.

HayueHue peHTreHOBCKHX CIEKTPOB pa3J/iMYHBLIX BELIECTB NPHBEJIO
K BbiCllefl CTeneHH BaXXHOMY OTKpPLITHIO: DPeHTreHOBCKHE
CNeKTpH BCeX 3JeMeH-
TOB OTHOCHTEJNbBHO OAH-

#HaKoBBH. J10 3HAYUT, YTO B Kax-
e« [T

IO CepHH CTNEKTPOB Pa3HbIX JJeMeH-
TOB, HamnpHMep eje3a H Meld i L
(puc. 184), NMHUH OTHOCHTEJILHO OJU-
HAaKOBO PAacroJioXKeHbl, HO TpH 3TOM v I I
CaMH pEHTIeHOBCKHE CIIeKTphbl 3Je- or [
MEHTOB Ka K lleJble CABHT a-
I0OTCS B CTOPOHY O6O0JbIIKMX Mnrl
JacTOT NO Mepe pocTa aTOM-
HOTO Beca HJH AaTOMHOTO
HoMepa 3JeMeHTa. Bo3bMéM, Co
HanpuMep, ONpeleséHHYI0  JIHHHIO
rpynnel (#u cepun) K, eff cooTser- -
CTBYIOT JUIHHBI BOJIH: Cu
B cnekTpe Mn (Z = 25) —2,09732
B cnexktpe Cu(Z=29)—1,53730 | = A
B cnektpe Ag(Z=47)— 0,55816
B cnektpe Pb(Z=282)—0,16516 Puc. 184.
dT. I.;
AMMHB BOJH YMEHbIWIAIOTCA NO Mepe BO3PACTaHHs Z, a 4acToTHl
W JKECTKOCTb Jyueil yBeJHUNBAIOTCS, B3AHMHO® Xe PacrosoNeHHe JH-
HUH B CNEKTPax OCTaéTcs OJHO H TO XKe. ‘
HTak, peHTreHOBCKHE CNeKTPB BCeX 3JeMEHTOB
ONHMHAKOBBE, HO MO Mepe pocTa aTOMHOro BeCa HJH
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ATOMHOTO YHCJAa 3JeMEeHTOB CJIBHTralOTCsd B CTOPOHY
6oNbLWIKX YAaCTOT; MOXHO CKa3aTb, YTO YeM TsXKeJiee aToM, TeM
3KECTUe PEHTreHOBCKHE JIyuH, KOTOpble OH ucnyckaer. Ha pucynke 184
npeJCTaBJeHO B3aHMHOe pacnosioxenue cepud K snemeHtoB oT Ca
1o Cu; cnekTpel CABHTaioTCs B CTOPOHY YBeJHUHBAIOIIKXCS 4YacToOT.
Ha pucynke 185 u300paxkeHo pacnosioxeHHe CHeKTpaJbHbIX CepHil
K, L, M, N (otaeibHble JuHHM 0GO3HaueHHl &, B, ) AJs 3JeMEHTOB

77 | )

20 1[4« A

bV 4
1 1l il
o lII Il

2

=

83| 1 [ [
86 M
89 N
g2 LI II [ 11 |
12 3 & § 6 7 8 9 1w 11 12 1374 A®
——— A

Puc. 185.

or Z=11 (Na) ro Z=92 (U). 3amernm, 4YTO KaK BHJHO Ha 3TOH
Auarpamme, He Yy BceX 3JIeMEeHTOB BO3HHKAlOT BCe TPH CNEKTpaJjbHble
(cepun); Tak, y JETKHX 3JeMEHTOB HMeeM TOJbKO cepHio K; cepus
M Bosnukaer ¢ Z=68 (Er, spbuii). Ha aGcuucce oT/0xKeHBI LJIHHH
BOJIH B aHICTpeMax.

82. Conoctasasisi v 4 Z — 4acTOTy KaKOH-JH00 JMHUH B PEHTTeHOB-
CKOM CIIeKTpe 3JeMeHTa C aTOMHbIM uyucjoM Z, Mo3au! Hawén
¢opMysy, CBA3BIBAIOMLYIO v C Z:

Vy=a(Z—b); @)

1 Adramiickuli ¢usuk, yo6ur Ha TypeuxoM ¢ponre B 1915 r.
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3TOT 3aKOH Mo3au MOXHO GOpPMyJHPOBATH TaK: KOpPeHb KBaj-
PATHBIA M3 YACTOTHI JIWHHM PEHTTeHOBCKOIO CIIEKTpa JaHHOTO 3JIEMEHTa
eCcTh JiMHeldHasi (QYHKUMS aTOMHOrO YHCJa 3TOrO 3jeMeHTa; YHCjia a
¥ b TNOCTOSIHHBI /ISl CIEKTPOB BCEX 3JIEMEHTOB, HO JAJSI OTJEJbHBIX
MUHME MMeIOT pasHble 3HaueHHus; Tak, Aasg K, B L, uuciao b coot-
BETCTBEHHO paBHO | u 7,4. 3aBucuMocTb, BblpaxeHHast dopmyoi (3),
rpauuecKH H300pasuTCs AAs KaxKJoH cepud mnpsmoit (puc. 186);
flo OpAMHATaM OTJIOXKEeHbl aTOMHbIE YhcJa Z 3/1eMeHTOB, No abcuucce —
KOpHH KBajpaThbie u3 v 1078,

505n - T

‘;
479 4655d /',,/’

Amomuos HoMED
L7
N
N

"6 8 w0 1z w16 18 wwzg 24

Coomuowerus Mosnu dna H-usnyverus
Puc. 186.

O6patuM BHMMaHHe Ha JBa CJeJACTBHS M3 3aKoHa Mo3uu;

1. KeajpaTHbli KOpeHb M3 YacTOTbl INIPONOPLHOHAJEH YHCIY,
H3MeHSIIoeMYCS] HA eAMHHLYy INpPHU INepexolie OT OJHOr0 3JjeMeHTa
K caepymoomemy. Ho, kak bl yBuaum (§ 170), npu mepexojie ot ogHOro
3JIeMeHTa K CJeAYyIolleMy MeHsleTC Ha eJHHMIY 3apsij, fijipa aToMma;
ClIe[l0oBaTebHO, OCOOEHHOCTH PEHTreHOBCKHX CNEKTpPOB
3JJeMEHTOB XapaKTepU3YIOT 3apsaAjx ssApa atomMma.

2. Tlostomy, obpaTHO: aHaJH3 PEHTreHOBCKHX CHEKT-
pOB eCThb MeETOJ H3YuUYeHHUS CTPOEHHS aTOMOB—HX
fIlEPHBIX 3apPSNOB, YHCJA H PacloJIOXKeHHs 3J1eKTPOHOB. Kak yBHIHUM
Aajiblie, ACHCTBUTEJIbHO, PEHTreHOBCKUN aHAaJH3 Jaj OYeHb . MHOTO
BAiKHBIX CBEJEHUIl O CTPOEHHH aToOMa.

B uacTHOCTH, uHCJIO U pacnosoKeHUe 3JIEMEHTOB B IePHOLHYECKOR
CHCTeMe BMOJIHE BhisicHseTca auarpammod 186. Ha Helt MBI BuauMm,
4TO OT BOJOPOJA JO ypaHa pa3MelleHbl TOJbKO 92 3jeMeHTa M NpH-
TOM B IOPsAAKE HX aTOMHBIX 4YHCeJ. ODTa OroBOpKa HMeeT 3HayeHHe
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MOTOMY, YTO B TPEX cJyuasix MocJjefoBaTeJbHOCTb MO aTOMHBIM BecaM,
KaK 370 Tpebyercsi tadnuued Menneneena (I, §170, 111, § 192),
NPOTHBOPEUHUT pACIpelleleHHIO 3JIEMEHTOB MO HMX XHMHYeCKHM CBOii-
CTBaM; HMEHHO:

I. Aprod, Ay=39,94; Z=18.

Kaauii, Ax=239,1; Z=19.

I1. Kobaabt, Aco=58,97; Z=27.

Hukenb, Anj=58,68; Z =28.

111. Teanyp, Are= 127,5; Z==52.

Pog A;=126,92; Z =53.

XuMHUecKHe CBOHCTBA 3THX 3JeMeHTOB TpeGOBaJH HX pacrnoJioxke-
HHSl B NepUOAMYECKON CHCTeMe KakK pa3 TaK, KakK TpeGylOT peHTreHOB-
CKHe CNeKTpbl — 0 aTOMHbIM YHCJaM, a He N0 aTOMHbLIM BecaM.

OG30p siBneHH# uHTepdepeHUHH, AHCNepCHH, AudpakuuH, Heco-
MHEHHO, YCTaHaBJ/IHBaeT, YTO CBeT eCTb fIBJIeHHe BOJIHOBOTO XapakTepa.

BosHKiKaeT RajbHeflINH BOMpPOC: KAKOB XapaKTep TeX BOJHOBLIX
IPOLIECCOB, KOTOpbI€ BLI3bIBAIOT CTOJb PAa3HoOGpasHble NpOsBJEHHS
Jy4yucTofi 3Hepruu. Ecau orpaHnuuTbcs MeXaHHYeCKOH TOUKO# 3peHHd,
5TOT BOMpOC CBOJAMTC K TOMY, YTO H KaK KoanebGaeTcsd
H Kakoro poja OOGHAapyXHBalOTCA BOJHBI, KOrAa Mbl BOCIOpHHHMaeM
NpOSIBJIEHUs] JIYUHCTOH SHepruH.

DtoT Bonpoc MOABOAMT HAC K 3JeKTPOMAarHHUTHOM TEOpHH CBeTa.



TF'aacea I
AJIEKTPOMATHUTHAS TEOPHUSI CBETA

I. 3JIEKTPOMATHUTHBIE BOJIHbI U BOJIHbI CBETOBBIE

83. Teopust 3JeKTpOMarHuTHOro TnoJsi, Kak oOHa Obula pas3BuTa
MakcBeanaoM B ero siameHuToM «TpakraTe 06 3JEKTpHUECTBE
W MarHeTusMe» (1873), BBoAUT npe/iCTaBJeHHe O pacNpOCTpaHEHHH JJIEKT-
POMarHuTHOro moJisi ¢ KoHeyHoli ckopoctbio (11, § 136):

V= —=.
Ven

B nanHO# TOuke mepeMeHHOE 3JIEKTPOMArHHTHOE MOJIE XapaKTepH-
syeTcsl nepHoguyeckd uamensiromumucs (I1, § 140) Bektopamu E u H;
CJe[0BaTeNbHO, B PasHbIX TOUKaX INOJsS 3HauYeHHsl 3TUX BekTopoB E
H H B I1aHHBI MOMEHT BpeMeHHU pasJjinyaiorcs no ase, T. €. HMEeT MeCTO
TO 3ana3fibiBaHKHe B PaclpocTpaHeHHH KoJsebaTeJIbHOrO mpouecca, KOTo-
poe BeJ€T K o6pa3oBaHHI0 BosHbl. Kak H3BecTHO, B Kax /o Touke noJss
BeKTOphl £ U H B3aMMHO nepneHNKYyJaspHbl 4 (asbl HX COBNAJAIOT.
Takum o6pasoM, MakcBejs1 TeopeTHYeCKH INpPHILET K YTBEPKAEHHIO,
49TO MepeMeHHOe 3JIeKTPOMAarHuTHOe TMoJie PaclpocTpaHsieTcsl B BHJIE
9JIEKTPOMATHUTHOH BOJIHBI, B KOTOpPOH KOJEOJIOMUMUCS 3JleMeHTaMU
SIBJISIOTCSI BEKTOPHI. 31IEKTPHYECKOTO U MarHuTHoro noss E u H: B kax-
Jofi TOUKe MOJSl 3TH BEKTOPb! B3aHMHO NepNeHAHKYNSPHbl H H3MeHSIOTCS
ot 0 1o HekoToporo MakcumMyma E u H,; Tak co31aéTcsi 31eKTpOMarHuT-
HbIH Tpollecc, KOTOphIH HHAYKTHBHO NepeaéTcsi B NoJie B BHJe BOJIHbB
(puc. 187).

Kosie6anust 5THX BeKTOPOB NOMNEpeuHbl, T. €. MNPOUCXOMAT B IIO-
CKOCTH, NEpNeHHKYJspHOH K HanpaBJeHHIO pacHpoCTPaHEHHs BOJIHEL
(11, puc. 368, 370), nHaue—K HanpaBJIeHUIO CKOPOCTH U, H IPHTOM B 3TOM
TJIOCKOCTH BekTopbl £ m H Bcerja B3auMHO NepIeHIHKYJSIPHBI.:

Hakonen, nanomHuM, uyTo B Bakyyme (e=1, p=1) ckopocTb
pacnpocTpaHeHHs 3JeKTPOMarHUTHOH BOJIHBI PaBHAa CKOPOCTH CBeTa:

. cm
v=c=3-1010"-.
cex
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OT0 3HAMeHaTeJIbHOE TOXAECTBO CKOPOCTEH, a TaKKe 3HaueHHe
otHoweHust (II, § 83):
Jo _c=3.100
Jm
MOCJYXHUJA JJis1 MakcBessla HCXOAHBIMH TYHKTaMH JJs1 NOCTPOEHHA
9JeKTPOMAarHUTHOH TEOpPHHU CBeTa, B KOTOPOH BOJIHBI CBETA
paccMaTpHBAIOTCSl, KaK YaCTHbIH cjyuadl BOJIH 3/1€eKTPOMarHUTHBIX,
KaK O/{HO H3 NPOfBJIeHUHl NlepeMeHHOr0. 3JIeKTPOMarHHTHOTO N0JIsl, KOTO-
poe Mbl BOCIIDHHHMAaeM, KakK OJIHO U3 NPOSIBJEHHH JYUUCTOH SHepruH.
Kak u3BecTHO, 3TH TeopeTHYecKue BO33peHuss MakcBeJJa
(1873) ObliM 3KcnepuMeHTaabHO oONpaBgaHbl omnbitaMd [ epia

Puc. 187.

(1887), koTophlii fOKa3as CyLleCTBOBAHHE 3JE€KTPOMArHMTHHIX BOJH,
npejAcKa3aHHbIX TeopeTHueckn Makcsesiom (II, § 140).

Onbitel ['epua ycTaHOBHJIM BecbMa TOYHBIH MNapaJjesNu3M Mexay
SIBJICHUSIMH ONTHKH M 3JEKTPOMATHUTHBIX BOJIH.

Fepu o6GHapyXuJ sBIEHAS] OTpaKeHHs, IpeJIOMJIEHHS, HHTep-
(depeHlUrd, MOssipu3alny 3JeKTpoMariuTHbix Boad (11, § 145 —151)
H YCTAaHOBHJI TOX/IECTBO 3THX SBJEHUH C COOTBETCTBEHHBIMH SBJIE-
HHSIMH OINTHKH.

Kpome KauecTBeHHBIX aHAJOTHii 3THX ABYX KJAacCOB, CTOJb,
[IOBUMMOMY, Pa3JHUHbIX sIBJeHHH, OCOGEHHO 3amedaTeJbHBI COOT-
HOLUEHHST KX KOJHYeCTBE HHbl X XapaKTepPUCTHK.

I. Muorouuc/ieHHble onpeJeseHust CKopocTd ceeta (§ 6—9) u cko-
POCTH pacnpocTpaHeHusi 3jeKTpoMarHuTHeix Boad (I, § 139, 191)
COBEpIUeHHO oIlpee/éHHO YCTAHOBMJH MX PaBEHCTBO.

II. 3akon MakcBeaaa (I, § 137):

c
V=——
Ven
J1aéT 3HaUeHHEe CKOPOCTH pPaCIPOCTPAHEHHS JCKTPOMATHMTHHIX BOJIH
B cpelle, XapaKTEepPUCTUKaMH KOTOpoll cayxaT € # p. JLas MHOrux
JU3JEKTPHKOB (BO31YX, Cepa, KHCJOPOJ U T. I.) MOXKHO MNOJOXHTb
(11, § 23) p=1. Torpa:

v=gm g =Ve
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c o
Ho - =MNo 370 alCoMIOTHBIA MOKa3aTejib IpeJIOMJIEHHST 3TOR
cpeanl (§.3). Iloaromy:

n,=Ve; e=nl. (1)

B 3TOM cOOTHOLIEHHH CBSI3aHBI [IBe BEJHUYHHBI: I, —chnenuduye-
CKH OonTHYecKass M & — CNeLH(pHUYeCKH 3JeKTpHueckKas: I H 3 J e K-
TPHYECKAasi IOCTOSIHHAN Cpelb (3MeKTpHUecKas
NPOHHIAEeMOCTb) PaBHA KBajApaTy NoKasaTenasd
npeloMJeHHST 3TOH cpenHL

Jlnsi MHOTHX IM3JIEKTPHKOB OIBIT MOATBEPXKJAeT 3TO COOTHOIIe-
HHe, HalpuMep: '

HuanexkTpuk af t° e n} JuanekTpuk t° & n}
Boznyx 1 | 0°|1,000576|1,000577 | Kucaopox —182° | 1,49 | 1,49
Cenunit 1 | 0° {1,0000741,000066 || Boanyx —190° | 3,78 | 3,78
Boznopoa 1 ]0°(1,000273]1,000272 || Cepa I — 4,0 | 4,0
Asot 1 | 0° {1,00058] |1,000584 || Jlen —4° 3,1 3,1
Kuncanopog 1 { 0°|1,000543|1,000539 (| [Napadun 20° 2,22 | 2,22

Jns HeKOTOpbIX JH3JNeKTPHKOB (BOJA, TJIMIEPHH H JAp.) 3aMe-
4eHbl OTCTYNJIEHHSI OT 3TOr0 3aKOHA; OHH OGBSICHAIOTCS OCOOHIMH
YCJIOBUSIMH JAMCIEpPCHH B 3THX CpejaXx.

HI. Teopuss MakcBesnana npeaBujaesa, 4TO CBET JOJXKeH Mpo-
H3BOJAHWTb JaBJieHHe Ha Tejla, Ha KOTOpble OH IajaeT; 3HaMEeHHThIE
onbithl [T. H. Jle6GegeBa ofuapyxuid 35TO JaBJjeHHe U TeM HOA-
TBEpANJM Dpeicka3anve Teopun Maxkcsenna. O6 stom Gosee mo-
apo6Ho Oypner ckasaHo gaabue (§ 121).

84. B nepsBoHayaJbHBIX onbiTax e pIl HMes JeJo ¢ BOJHAaMH OT
60 cm 1O HeCKOJbKHX MeTpOB, YeMy COOTBETCTBOBAJM HYacCTOTHI ¥
nopsaka 108 u 10%. Crpemsich. moJyuuTh BO3MOXKHO. GoJiee KOPOTKHE
BOJIHBI, YMeHbLUAJH pa3Mmepbl BuGpaTopa, T. €. yMeHbmaad L u C
cornacHo ¢opmyse KeabBuna (II, § 128):

T=2=)LC.

Tak, I1. H. Jle6enes, emé B 1895 r. nonyuus A= 06 mm, ycTpous
MHKpocKonuueckuil BuGpatop ['epua pnwnoilt 2,6 mm; mosxke ypnalioch
em® CHU3UTH JJHHBI BoJH 70 A = 0,2 um (§ 104).

CcymiecTBieHie BO3MOXKHO KOPOTKHX 3JIEKTPOMArHHTHBIX BOJIH
uMeeT OoJbllOe NPUHUHMNHAJbHOE 3HauYeHHe, COMIKaAA
BOJIHBI 3JIEKTPOMarHuTHble (M3JyuyaTeJld MaKpOCKOoNHuyecKHe — BHOpa-
top I'epua, pas/jnusble aHTeHHB U T. 1.) C BOJHAMH ONTHYECKUMH,
UMEHHO C HH(aKpacHO#i 00/1acTbiO CIeKTpa (aTOMHble H3JyyYaTelH).
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Usnyuenne uuadpakpacHoro cnektpa (§ 35) nossoasier
yTBEpK AaTb, UTO CYILILEeCTBYIOT HH(ppaKpacHble BOJHBI C HauboJblueid
IauHoit npumepHo 0,400 mm = 400p. ITtu HccaepoBaHus B obJacTH
KpafiHUX MH(pPaKpacCHbIX BOJIH TIJIaBHbIM 00pa3oM NpuHaJJIeKalH rep-
Maunckomy ¢usuky Py6GeHcy u ero mkode.

85. Ons pa3BuTHS HAaWIHX BO33peHUA Ha TIPUPOLY H3JTYYeHHS
Ba)XXHO YCTaHOBUTb CBfI3b 00enx obGjactefi BOJH — HHQpaKpacHbIX

H repueBblX; 03TOMY OblJIO IPO-

H3BeJIEHO OTPOMHOE YHCJIO 3K-

F . f; CMepUMEeHTaJlbHbIX HCCJeJ0Ba-

\ ‘;g..i;.;/ HU#i B 00JacTH MJIMHHBIX HH-

(dpakpacHbIX H KOPOTKHX 3JleK-
TPOMAarHUTHBIX BOJH.

1. M.A. JleBuTcKas
(1926. Jlenunrpan) noctpousa
CHCTeMY BHOpaTopoB H3 KyCO4-
KOB ToHuafeH MoJnGreHOBOR
npoBoJioukd (aunamerp 0,2 mm)
aaunon ot 0,1 g0 0,4 mm; 3tH
KYCOUYKH TIPOBOJIOKH OblJIM MpH-
KJleeHbl K CTeKJY H OblJH BBeje-
Hbl B Llellb BTOPHUHOH OOMOTKH
crennajsbHoro  TpaHcdopmaro-
pa, nepBHyHas OOMOTKa KOTO-
poro BKJOY€HA B lLieNlb C KOH-
JIeHCaTOpoM U HCKpoH. Jdra cu-
cTeMa BHOpPaTOpPOB HaXoAuJjach
B oKyce napabosinueckoro 3ep-
Kajla; OHO HamnpaBJisljlo BOJHBI
Ha IH(PaKUHOHHYIO PelleTKy:
pelwérka pasJaraja 3TO CJOX-
HOe H3JyyeHHe Ha COCTaBHble
YacTH, KOTOpble HCCAENOBaJHCh
TepMoaseMeHTaMu. [lonarator,
YTO B 3TOM OMbITE yXKe TPYLHO
OTJHYHTBL BOJIHBI, H3Jy4yaeMble BUOpaTopaMH OT HHGPaKpacHHIX BOJIH
HCKPOBBIX Pa3psAfioB. 3aperucTpUpoBaHbl AJAWHbI BOJMH OT A=915 p
1o A=30 p.

2. B onmncaHHBIX ONBITAX MHTEHCHBHOCTb M3JIYUeHHs OUeHb Mana,
SHeprus BOJH HUYTOXHA, MO3TOMY OYeHb TPYAHO BECTH C HUMH 3KCIEpH-
meHtHpoBanue. A. A. I'maroneBa-ApkaagbeBa (1922,
MockBa) nepela K «MacCoOBOMY H3J1yyaTesiio», B KOTOPOM JefCTByeT
He OJMH MHKpOCKONHUuYecKHi BuOpartop ['epua, a orpomMHoe uX 4ucJo,
NOJO6HO TOMY KakK B JIIOOOM H3J1yyalollleM TeJjle Mbl MMeeM MHOXEeCTBO
aTOMHBIX BHOpAaTOpOB.

B cocyzne A (puc. 188) HaxoAUTCS CMECh MEJIKHX JIATYHHBIX (HJIH aJii0-

Puc. 188.
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MHHHEBBIX) OTHJIOK H Macjia, KoTopasi IOCTOSIHHO aBTOMAaTHYECKH Tiepe-
melnBaeTcsi. BoicTpo Bpautatoeecs kapGoauToBoe Koseco K 3axBathi-
BaeT cMecb B BHJE OKpYXaiolleil KoJeco LIMHbI, K KOTOPO# MojBeJeHbl
snextponbl F u F ot Tpanchopmartopa. Bosnukano orpomHoe uucio
HCKPOBbIX Pa3psifioB MeXJy OTAe/NbHbIMA TPaHYJIaMH OMNUJIOK, NONaB-
KX B 06JacTh BbICOKOH Pa3HOCTH MOTeHUHAJOB; NPOHCXOMHJIO Macco-
Boe M3JyuyeHHe, MOXHO MpeanosaraTb «Ge/noe», T. €. COCTOsiBlUee H3
BOJIH BeCbMa pPa3/HUHOH JJIMHBI.

Puc. 189,

Ilnsi wamMepeHUs: NJIMHBI OTHEJbHLIX BO3HHKAIOUIMX BOJH NMpuGerand
K TOMY JKe crocoGy HHTepdepeHLHH, KOTOpbIM Nosb3oBajcs euwé [epir.
MaccoBbtit uanyuatenb noMeuiancs B Gokyce napaGosuveckoro sepkana
P, (puc. 189), napansenbHble Ny4KH Jyuell majanu Ha JBa 3epkana S,
u S,, npuuém S, noaBHKHOE, NepeMellaeTcs PH NOMOLK MUKpomeTpa B,
TMocne oTpaxeHus ot 3epkan S; U S, Ayun naganu Ha BTopoe napagou-
yeckoe 3epkajo P,, B doKyce KOTOPOro HAaXOAHTCH TEPMO3JIEMEHT,
coeMHEHHbIH ¢ ranbBaHoMeTpoM. Co3aaBasi pasHocTb X0Aa Jiyueil nepes
MelleHHeM 3epKaJa S, U OTKNabiBasi Ha OCH aBCLKCC CMeLleH s 3epKadna,
a Ha OpAMHaTax—IOKa3aHHUsl rajbBaHOMeTpa, NOJYYHM KpHBYIO, pac-

CTOSHHA MeX1y MaKCUMyMaMH KOTOpO# paBHbl - (puc. 190). Takum

obpasoM, Mnoc/e CcooTBeTCTByMoulell 06paboTKH HallleHbl OTHEeJbHbIE
HHTEHCHBHbI® M3JY4YeHHs ¢ AJUHamMH BosH A=150 p, 300, 180 u 82 p.
Ecnn conoctaButh nnuHHefiline uHpakpacHbie BoJHb =400
H CaMble KOPOTKHe 3JeKTpOMarHuTHole BosiHbl ['epua =150, 80, 30 p,
(puc. 190), To NPHUXOLHM K 3aKJIOUEHHIO: BUAUMbIH CNIEKTP HEMpPEPbIBHO
NIEPEXOUT B CNEKTP HHPPAKpaACHbIX BOJH, TaKKe HHPpaKpaCHbIf CIEKTP
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HENpepLIBHO NEepPeXONUT B CMNEKTP IJNEKTPOMAarHUTHBIX BOJH ['epua u
paanoBoJiH. CHIeKTp Ke 3THX BOJIH, HAUMHAsICh C YKA3aHHBIX MaJlblX BOJIH
B HECKOJIbKO MHKPOHOB (v=10'3) HeonpeaeséHHO MPOROJIKAETCS B CTO-
POHY BO3pacTalOLIUX AJHH BOJH H YMEHbILAIOIKUXCA YacTOT; HHKaKok
BepXHeH rpaHHlbl 3JeKTPOMAarHUTHBIX BOJIH yKa3aTb HeJb3fl. BoaHbl
suauMoro cnekrpa (0,76 >\ >0,4 p), BocipuHEMaeMble IJ1a30M KakK CBeT,
HEeNpepbIBHO MEpexosiT B BOJHbI MH(MPaKpacHOH yacTH, He BOCMPHHH-
MaeMod rJasoM, M Jajlee B paJHOBOJIHBI, AJS KOTOPbIX TOXe Heo0Xo-

(ho20n8b0 - Aphodbedn 7923
Yrsmpazepyelor Eonmts
A=750,300. 180«

100 %
90 %

80%

700%

pybewc v bovel 7977

0% Tennobére Bosrtbr
A-343,2184 .
50% - N 1 1 1 1 L
a7 a7 a2 Q4 a6  mm

Puc. 190.
JIMMBI 0CcOOBle IPHEMHHUKH; BCE 3TH BOJIHBI NMPEACTABJSIIOT SIBJEHHS ONHOMR
H TOH e TPHPOLbL — JEKTPOMArHuTHole BOJHBL. OGbeIUHs oM F
OpU3HaK BCEX 3THX BOJH — OJlHA M Ta K€ CKOPOCTb PacnpocTpaHeHHS
cM o
B mycrote: ¢=3-101° ver> Pa3DCIMHSIONNY NPH3HAK—pa3HbIE JIHHH
BOJH M YacTOTbl; 3TH KOJIMYECTBEHHble pa3JHYUs BOCNPUHHMAIOTCS
HaMH KaK KayeCTBeHHble pas3J/IMyHsl SIBJIECHHH.

I1. NIOJIAPU3ALUSA CBETA

A. OCHOBHBIE $IBJIEHHA

86. I'epu skcnepuMenTanbHo yctanosua (I1, § 143, 147), uto uccre-
HOBaHHBIE MM 3JEKTPOMATHUTHbIE BOJIHBI—3TO BOJIHBI C IONEPEYHBbIMH
KOJIeGaHHSIMH U TIDUTOM YK€ TOJIIpU30BaHHble, UMEHHO: KoJseGaHHs
BekTOpa E BO3MOXHBI TOJIbKO B MJIOCKOCTH, NpoXxoasiieil yepe3 ocb ZZ
ayua (II, puc. 380) u ocb BuGpaTopa, a KoseGaHusi BeKTopa H Bo3-
MOXHBI TOJIbKO B TJIOCKOCTH, MepreHANnKYasipHo# K ocu BuGpatopa (11,
puc. 397). Urak, snekTpoMariuTHele BosiHb 'eplia yxxe noJisipuaylorcst
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npH CBOEéM 00pa3oBaHMH, HMEHHO 3JIeKTpHUEeCKHe KoJleGaHHs NOJsSpHU30-
BaHbl B IJIOCKOCTH, NMepreHAMKYJSPHOH K OCH BHOparopa, MarHWTHbIe
KoJie6aHus TOJISIpPH30BaHbl B NJIOCKOCTH, NIPOXOJsLIEH yepe3 och BHOpa-
topa (II, puc. 398).

3a 80 Jsiet no oneiToB epua ¢panuysckuil Gusnk M a J110 ¢ OTKpBIA
fiBJIeHHe noJisipu3aury ceeta (1808); 3aTeM oHO GbLIO BCECTOPOHHE HCCJIe-
nosaHo Bpiocrepom, Aparo, Buo u raasubiM oGpazom Ppenenem (1821).

I'1aBHAast MBIC/Ib 3THX HCCJIeJOBAaHHH COCTOUT B TOM, UTO JIy4, HAYLIHH
oT CoJHIIA HJIM PACNPOCTPaHSIOMMIACA OT HHOTO MCTOYHHKA, HanpuMep
OT AYTH, €CTb JyY eCTeCTBeHHbIH, HemnoJiipU30BaHHbIH, B HEM BO3-

R
. h
0
Y %
Puc. 191. Puc. 192,
MOXHBI KoJIeGaHHs BO BceX MiockKocTsiX R, Ry, R,, R, . . ., MpoXoAsmux

uepe3 ocb Jyda O (puc. 191); HO mocJsie BCSAKOTO NpeJsioMJIeHUs U OTpa-
JKeHHUs JIyY OKa3biBaeTcsl YacTHYHO nossipusoBaHHbIM. Otciona caenyer,
970 CBE€TOBb € BOJHB —3TO BOJHB C momepeuy-
HBIMH KoJdeGaHHSMHU;, KaK B 3JEKTPOMArHHUTHbIX BOJIHAaX
lepua, Tak U B BoJiIHaX, BOCTIpHHHMaeMbIX HaMH KaK CBeT, KoJieGaHHS
MPOHCXOJAT B IJIOCKOCTSIX, TepHNeHAHKYJSPHBIX K OCH Jyua.
PaccmoTpuM, Kak oGHapyXHBaeTcsl TNOJSpHU3alHs CBeTa.
MMonapusanusa B KpucTaaaaXx. Bosbmém ase mia-
CTHHKH KpHCTaJlJla TypMasJHHal, Bbipe3aHHble MapaJJeJibHO ero KpH-
crajinyeckoit ocu (puc. 192, 193). Ecau st nnactunku I u 11 nocra-
'BHTb IIPYT 32 APYrOM TaK, 4ToGbl KX OCH Gbliiu mapaJuiesbHbl (puc. 193),
H NPONYCTHTb Yepe3 HHUX Jyd CBeTa, TO 3TOT Jy4, Npoias uyepe3 obe
TJIACTHHKH, TOJYYHUT 3eJIEHOBATYIO OKPAcKy; HUKAaKHX APYTHX OcOOeH-
HocTell B HéM Mbl He 3ameTM. Ho ecain HauaTh Bpawath 1l nnactunky,
ocTaBssl | B e€ mepBoHaYabLHOM MOJIOXKEHHH, TO 3aMeTHM TOCTeNeHHoe
ocJiaGeHHe CHbl CBETa, MPOLIELIEro yepe3 ABe NacTHHKY (puc. 193a);

1 Xumuyeckufi COCTaB €ro BeCbMa HENOCTOSIHEH; KpHCTaNIH3YeTC B tdopme
pom6oanpoB (puc. 192).
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3aTeMHeHHe 3T0 GYIeT pacTd 1o Mepe janbHeHiero Bpauwenus II maa-
CTUHKH, H, HaKOHell, Jy4 OyJleT coBeplieHHO morameH (puc. 1936) npu
fiepeKpelleHHbIX KpHCTalIax, T. €. NPH B3aUMHO NepleHIHKYJsSPHBIX
ux ocsix. Ecau mposmosxkath BpallleHHe B TY XKe CTOPOHY, TO OCBelleHHe
fIOCTeNeHHO YCHJIMBAeTCsl M JOCTUraeT MaKCHMyMmMa BHOBb HpH Hapas-
JIeIbHOCTH OCell TypMaJjiMHOB.

Puc. 193. Puc. 193a. Puc. 1936.

OG6mbsicHeHHe ~9TOro SIBJIEHHS 3aKJIo4aeTcsl B OOLIMX HAEAX O ecTe-
CTBEHHOM M TOJisipu3oBaHHOM Jyue. Ha I TypmannuoByio nnacTuHKy
flajaeT ecTecTBeHHbIH Jiyu, B HEM BO3MOXHbI CBETOBblE. KoJeOaHHs
BO BCeX IJIOCKOCTSX, MPOXOASALIHX yepes och (puc. 191). Ho I NIacTHHKA
TNPONYCTHT M3 HUX TOJbKO Te KoJeGaHHf, KOTOpbie MNapajiefibHbl eé

KPHCTA/LIHYECKOH OCH; 9TO 3HAUHT, UTO
3 U3 He€ BbIIIET JyY MNOJISIPU30BaHHBIH
0 B MJOCKOCTH, NEpHeHIUKYJNPHOH K eé
2 $ " OCH; B HEM HEBO3MOXHbl KoJieOaHusl,
neprneHAHKyAspHble K ocH | naacTuHku.
¢ Tenepsb sicHo, uto ecnu naactuHky 11 no-
CTaBUM Tak, uTto ocu naactuH I u I1 6y-
® 0% AayT B3aUMHO TepNEHAUKYJSIPHBbI, TO
naactuHka Il He nponycTHT WMeHHO Te
KosieGaHusi, KOoTopble BO3MOXHBI B MNa-
JIAloLIeM Ha Heé MoJIipH30BaHHOM Jyue,
npouweguem yepe3d | nnactuHky; noato-
‘Puc. 194. My Jy4 BooOlle OyeT MoraltleH.

‘ [Tyctb ocu kpucransoB I u Il 06-
pasytot Mexay coboit yroa a (I1, § 150)

TOTJa MJOCKOCTH moJasipusaumnu: | naactuuku—P, (puc. 194), 11—P
Amnuntyny nossipusoBaHHOro Jyua, mpolenwero yepes | A2CTHH-
Ky A, MOXeM pas3/loXHTb Mo HanpasiaeHuio ocu Il naactueku ¥ no
Hanpas/ieHHIO MJIOCKOCTH noJspu3auud gayda Bo Il nnactuhke Py

OC = Acosa; OB=Asina; OC+O0B=A.

Il nnacTyHKa npomycTHT uepe3 cebsi TOJNLKO KoJieGaHHS C aMIUIH-
Tynoit OC = Acosa; KoneGauusi ¢ ammuutynoii OB = Asina Gyayt
porawennl Il naacTHHKOM, Kak Jexawue B MJOCKOCTH MNOJASIDH3A-
uun P,.

X
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Kak usBecTHO, 3Heprusi npu KoJeGaTeJbHOM IIpoliecce TpOIOp-
IIHOHAJIbHA KBajApaTy aMIUIMTYJbL: ’

W =kA.

IMpunarasi 310 ofllee NOJOXKeHHe K SIBJICHHSIM CBETa, NPHUXOJAHM
K 3aKJIIOUEHHIO, YTO WHTEHCHBHOCTb CcBeTa [, OleHHBaeMasi 3Hepruei
CBETOBBIX KoJieGaHuil, NponopuuoHaibHa KBajpaTy aMILIHTYHHI;

I=FkA%.

HOSTOMy Aaa Jyda, npoiiejuniero uepes o0e MJIACTHHKH, MOXEM
HanucaThb:

I=Ek.-0C*=Fk-A%cos?a.

Orcroga:
I, kA% costa
T kAT
I, =1cos%a. (n

dra ¢opmyJsa, NO3BOJSIONIAS OLEHHBATb HHTEHCHBHOCTb CBeTa,
N0JISIPU30BAHHOTO Jyya, NPOILeIIero yepes o6a KpUcTalia, CpaBHHBas
€€ ¢ MHTEHCHBHOCTbIO | cBeTa, majawomero Ha Kpucramn 11, Beipakaer
3aKoH Mauiocal! HHTEHCHBHOCTb Jiyya, NPOLIEAUIEro yepes JBa
KpHCTaJJ1a TIPH JI060M HX PacroJIOXKeHHH, IPONIOPIHOHANbHA KBaAPaTy
KOCHHYCA YrJla MeX]y HX ociMH. UacTHble cayyau, paHee pacCMOTpeH-
Hble, 3aKJIOYalOTC B 3TOM 3aKOHE:

)a=0; I,=I; 2)a=90°% I,=0.

Takum ofpasoMm, coyeTaHye ABYX KDHCTAJIHUECKHX IJIACTHHOK
T03BOJISIET MCCJIEeJ0BATh JIYUH C TOUKH 3pEHHS UX NOJISpU3alMH; NepBas
U3 HUX, NOJIAPH3YIOUasi eCTeCTBEHHHI J1yy, Ha3blBaeTcsl MO J g p H-
3 aTO PO M; BTopasi, HCCJIe/lyIollasi STOT NOJISIPU30BaHHBIH J1y4, Ha3bl-
BaeTcs aH aJH3aTo poM. HaoGopor, nonsipusatop H aHaJIH3aTOP
C H3BECTHBIM 3apaHee PACMoJIOXKEHHEeM MJIOCKOCTeH MOJISpH3aLHH MOTYT
CHYXHTb JJIl ONTHYECKOTO HCCJEJOBAHHS KPHCTAJJIOB.

87. lonsipusanus npu oTpaxetuu Ecau ayu 0S,,
OTpaxEHHBIH OT MJyIocKoro 3epkana LL, (puc. 195) ¢ oxHo# oTpaxarouiei

12Tben Maanwec (1775—1812). C 1808 mo 1811 r. npexctaBma psa
MeMyapoB AKaneMHH, B KOTODHIX ONHCal CBOH OMNbITH, YCTaHOBHBLIHE
ABJIEHHE MONAPHU3ALMH CBeTa IPH OTPAXKEHHH H NPH JABOHHOM INpEJOMJIECHHH
B KpHucrannax. OH ke BBE1 Ha3BaHHe «NOJSIPU3ALHUs» CBeTa, OODBSICHSASA €ro
TeM, 4TO cBeIOBoi’x Jy4 Kak Obl HMeeT .MOJIOCHI—IBE CTOPOHBI, obJajaroliue
pa3sHbIMH CBOHCTBAMM «OTPa)XaTbCSi» HJH (YKJOHATBCS» OT OTPaMeHHsl, 3TH
CTOPOHBI HJIM TOJIIOCHI CBETOBOTO Jiyda pPacloJIOXKEHbl BCerAa MO MPSMBIM YoM
Apyr K JApyry.
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NOBEPXHOCTbIO (4€pHOe cTeKso, BojAa, dapdop U T. A.), NPONYCTHTb
yepe3 aHaJM3aTop — IUIACTHHKY TypMajuHa T, To NpH BpalleHHH Typ-
MaJIiHa 0KoJIo oTpaXK€HHoro jyya OS, Kak OKOJIO OCH 3aMETHM H3MeHe-
HHe MHTEHCHBHOCTH OTPaXXEHHOTO Jyya; IIPH HEKOTOPOM OIpeleNéHHOM
yrae najaeHus i (A1 cTekJa {=56°) TypMasHH NpU MNOJHOM 0GOpOTe
JABaXK[pl TOJIHOCTbIO TacHT OTpaxKéHHbI Jyd. OTciofa 3akjioueHwue:
OTpaKEHHBIH Jy4 NOJIIPH30BAH: MOJIAPHU3AaTOPOM CJYXKHT 3epkajo LL,,
aHanusatopoM — Typmagaud T. [loxpobGHoe HccilejoBaHHe TNOKa3biBaeT,

Puc. 195.

9TO OTPaXKEHHBIH J1yY M0JISIPU30BAH B IJIOCKOCTH NajileHHUsl, TaK YTo KoJie-
6aHMs B HEM NPOUCXOMSAT B IJIOCKOCTH, NePNEHANKYNAPHOH K NJIOCKOCTH
nageHusi (puc. 196).

Ananu3atopoM oTpaxEHHOTO J1y4a MOXKET CJYXKHTb HE TOJBKO Typ-
MaJIH WJIH KaKoH-HUOYIb APYroil KpHCTaJl, HO U BTOpOe MJIOCKOe 3ep-
kano MM, (puc. 197); ecau 3to 3epkano MM, BpamaTb 0KoJo OTpa-
xKeEnHoro Jayda OO, KaK OKOJIO OCH, TO HHTEHCHBHOCTb CBETa OTPaXKEH-

Horo oT Hero Jaiyya O,S, MeHsieTcs1; OH

M g M, iBa pa3a JOCTUrHEeT HauGoJbllel HH-
TEHCUBHOCTH, a UMEHHO: KOTJa IJo-

b CKOCTH OTpaxkeHHsI B 060HX 3epKaJjiax
Ly COBNAJAIOT, ¥ JBA pasa HaHMeHblLe#

‘ 5, WHTEHCHBHOCTH — KOTZla  IJIOCKOCTH

L OTpaXKeHHUs BITHX 3epKajax B3aMMHO
Puc. 197. nepneHANKYyAspHbl. HaunGosbliee 3a-

TemHeHde Jyda O.S, nponsoHEér

ONSITb TOJILKO TIPH OMNpeleN€HHOM YrJje NaleHus i, UMeHHO, TpH
CTEKJISHHOM 3epKaJsle, KOrja 3TOT yroJ Giu3oK 56°% npu Apyrux yrjax
OyzeT JiMlIb YacTHYHOe ocablleHie CBeTa, CJeJIoBATe/IbHO, OYeT JIHLIb
yacTHYHasl MOJISIpU3alus C pasJioXKeHHeM BEKTOPOB, KOTOPOE H B 3TOM
cJyyae TMPUBOJMT K 3akoHy Mautoca (popmyana 1); ToNbKO NpU 3TOM 5B~
Jenuy [ eCTb HHTEHCHBHOCTb OTPaKEHHOTO, a He NpPOXOMSILEro Jyua.

[Noasipu3auuio NpH OTpa’KeHHH YAOOHO HAGMIONATh NPH MOMOILH TaK
HasbiBaeMoro npubopa HoppenGepra (puc. 198). Jlyu ceera S manaer
Ha CTeKJISTHHYIO TJacTHHKY A, (nosasipusaTtop), oTpa)kaeTcsl OT Heé
Ha nocepeGpEHHOe 3epKaso L ¥ HIET BepTHKAJbHO BBEpX, Najasi Ha 3ep-
Kajo A, (ananusarop). O6a sepkana— A, U A, — MOryT Bpauartbcs
OKOJIO TOPH3OHTAJIbHBIX OCel, IPHUUEM H3MEHSIOTCA Yribl NajeHHs
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Jyuedi; Kpome TOro, 3epKano A, MOXeT BpallaThcsl OKOJIO BepPTHKaJb-
HO# OCH TMajaiollero Ha Hero oTpak€uHoro Jyda. Ilpu ToM nosoxeHHn
3epKaJjl, KOTOpoe NMoKa3aHo Ha pucyHke 198, Koraa mJoCKOCTH oTpaxe-
HHUs 9THX 3epKaJs B3aUMHO NepNeHANKYASPHbI, IPOUCXOJAUT 3aTeMHEHHE
OTpaKE€HHOro Jyya; NpH HajjexaneM nojdope yria najeHus MOXHO
IOGUTBbCS M TIOJHOTO TOTAIleHHsl 3TOro Jyua.
Anrnuiickuit ¢usuk B pocTe p, oco--
GeHHO MOAPOGHO HCC/EeJOBaBIIMH TNOJIApPH3a-
nuio npu  ortpaxenun (1811), ycranosua,
YTO /ISl BCAKOUN Cpefbl, Ha NMOBEPXHOCTb KO-
Topo#l majaetr Jyd, CYLIECTBYyeT OIpeesieH-
HbIfl yroJl TajeHHsl, NMPH KOTOPOM OTPaXKEéH-
HbIH JIyY BLOJIHE TIOJISIpU3yeTcsl B IJOCKOCTH
nagenus (puc. 197). 1ot yroa najeHus i =p
Bptocrep HasBas yrJjoM noJHo i nosspusa-
IIWK; U3yuasl ero 3HaueHHe IJIsl pasHbIX Cpef,
OH YCTaHOBHJI COOTHOLIEHHe, HasblBaeMoe
3akKoHoOM BplcTepa; TaHreHc yraa
p TOJIHOM MOJIAPU3ANMH YMCJIEHHO paBeH Io-
Kas3aTeJlio IpeJioMJIeHHs OTpaKaioulel cpepl:
’ tgi=tgp=n.
M3 sTOrOo yCJOBHS BBITEKAET:

sinp sinp |

cos p sinr ’
cos p =sinr = cos (90° —r);
p=90°—r; p+r=90°

1o 3HAYHT, YTO TOJHAS TMOJSPU3ALHUST OT- Puc. 198.
paXX€HHOTO Jy4a HacTymaeT TOrAa, Korja
JyYd — OTPAXKEHHLIA M TNpeJOMJIEHHBIH B JAaHHOH cpele — B3aHMHO
nepneHAuKynsipubl. Tak, ecau Ads JAHHOTO cOpTa CTeKJa MNpHMeM
n=1,5, To p=>56°19’; npu APYrux yriaax naneHusi i OTPaKEHHBIHA JyY
TOXKE OKa3blBaeTcsl MOJIPH30BAHHBIM, HO MOJISIPU3ALHS €ro HemoJHas.

Ecau nipu oMoty kakoro-HuGY b aHANH3aTOPa HCCIENOBATD JYd —
OpesOMJNEHHbI W TpOLICAIIXE 4Yepe3 CTEKJSHHYIO TJIACTHHKY WJIK
Jyullle — yepe3 CTONY CTEKJSTHHBIX IJIACTHHOK, TO HaiinéM, 4to mpejo-
MJIBHHBIH J1yY TOXe TIOJISIPH30BaH, HO B MJIOCKOCTH, NMePHeHAHKYs PHO &
K IJIOCKOCTH TIpeJioM/eHusl U nafieHusi. CTona CTEKJSHHBIX IJIaCTHHOK
siBJIsieTcsl yIOGHBIM TOJISIPU3ATOPOM U aHAJIM3aTOPOM; TPH MHOTOKpaT-
HbIX OTP@XKEHHAX OT OTJACJbHBIX MNJIACTHHOK OTPaXKEHHBIH CBeT o6oTa-
maeTcss BOJIHAMH, MOJISIPU30BAHHBIMH B TJIOCKOCTH NajeHHsl, a TpeJio-
MJIEHHBIH — TIPH MHOTOKDATHBIX NPEJIOMJIEHUSX B OTIEJbHBIX IJIACTHH-
Kax BOJIHaMH, TMOJIIPU30OBAHHBIMH B TJIOCKOCTH, INepleHAUKYJsipHOR
IJIOCKOCTH TaJeHHus.
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Tak kak 3akoH Bpiocrepa ycTaHaB/inBaeT 3aBUCHMOCTD YIJia MOJIHOMH
noJIIpH3aluH OT NoKasaTteJs NpPeJIOMJIEHHs], a 7 Pa3JHYHO A pasHbIX
JUIHH BOJIH, TO NOJISIPU3alHs MOXKeT ObITb MOJIHOKM TOJIBKO NPH MOHOXPO-
MaTHYEeCKOM CBeTe; eCJIM Xe MaJaroumui Jyd Oesblf, TO AJas KaxIoH
H3 €r0 COCTaBHBIX YacTell CyLECTBYeT CBOH yroJ MOJIHOH NOJIsipH3alHH.

B. I.lBOFIHOE. NPEJIOMJAEHHUE

88. Orpomtasi 06JacTb 3aMeyaTesbHBIX $IBJEHHH MNOJSPH3ALHUH
cBeTa NpPHU TNPOXOXKAEHHH €ro yepe3 KPHCTaJJbl COCTaBJIsIET NpeAMET
H3y4YeHHsT 0COGOH JUCUKIJIMHBI — KPUCTAJJIONTHKU. 3/1eCb Mbl KOCHEMCA
JIMIIb OCHOBHBIX SIBJICHHI 3TOH 0O6JacTH. '
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Puc. 199. Puc. 200.

Harckuit yuéneiii Baprtonunyc' samernn (1669), uro kpu-
craan ucnavackoro mmara (CaCO;, KpHCTaNNHYECKHE yrieKHCJbIH
Kanbuui) faér nBa usoOpaxeHusi mpeameTa (puc. 199), KoTopbiii Mbl
paccmMaTpHBaeM yepe3 KDHCTalJ; 3TO 3HAYHT, YTO KPHCTaMJ HCJaHK-
CKOTO LINaTa pasjBaWBaeT NAJAOMKi HAa HEro Jyd4, TaKk YTo B HEM
TOABJSIOTCA M Yepe3 HEro NPOXOAAT JBA NPEJOMIEHHBIX Jyua. DTo
sIBJIEHHE, Ha3biBaeMOe JIBOIHBIM MpeJIOMJIEHHEM, 0Ka3aJoChb CBOHCTBEH-
HBIM MHOTHMM KDHCTajljlaM, B YaCTHOCTH KBaply H TypMajuHy; HO U3
TYpMaJlKHa BBIXOJHT OJUH J1y4, BTOPOH TOTIJIoIaeTcss BHYTPH KPUCTaa.

KpucTaaibl MCIaHACKOIO LINATa MOXHO TNPH MOMOLIH pacKaJibiBa-
HUSl TIONYYHTb B BuAe pomGosjipa (puc. 200): mapasjesnorpamel, ero
orpasuunBaromue, uMetot yrisl 101°, 55 1 78°, 0; npsimast A B, coeaunsio- -
masi BepIUMHbI ABYX NPOTHUBOIOJOXHBIX TYINbIX yrioB A u B, Ha3bl-
BaeTCsl ONTHYECKOH HJIM KpHCTaJJorpadHyeckod oCblo KpHCTasia,
a BcsIKas IJIOCKOCTb, NMPOXOJAsAINas yepe3 OoCb WJH €l napaJsJebHas,
Ha3bIBaeTCsl TVIaBHBIM CEYEHHEM KpHCTalJa.

Baproaunyc cienan 3ameuatesibHOe HaGMIOJEHHE: €CIH TYIble YIJbl
poMObo3Jipa HcaaHJcKoro mmara cpesath (puc. 200, 201) mepneHauKy-
JIIPHO K OINTHYECKOH OCM ¥ HAaNpPaBHUTh JYY MO ONTHUe-

19pasm Baproaunyc (1625—1689), npodeccop MaTeMaTHKH H Me-
aduuHEl B Komewrarewe.
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CKOfl oCH HIM el napajyielbHO, TO TaKOH Jyd He: p a3 A B aH-
BaeTc d, ABOMHOrO NpeJioMieHus: He nporcxoaut. Ho oHo nosBaserca
npy MajiefilieM HaKJOHe Jlyda K ONTHYECKOH OCH.

Och
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Puc. 201. Puc.. 202._,

Ecan nepneHfuKyJasipHO K OZHOM H3 rpaHell KpHUCTa/ia HCIAHACKOTO
wnara nagaer ayd E (puc. 202), To Mbl oxxujand Gbl, YTO OH MpOHAET
6e3 mpeJiomienusi. M gefictBuTesbHO, NosiBASeTCa ayu S,, uaymuii 6es
npeJIoMJIeHHs, HO PSZIOM C HUM HJIET 1YY Sy, CMEIEHHBIH OTHOCHTENBHO
Jyua S, H, CllefloBaTeJIbHO, HCTBLITABLUIKI NpeJoM/eHHe; TePBbIH Jyd
HasplBaeM 0 6 bl KHO Be H H bl M
JYy4YoM, Bropoi—Heo 6 Hl K-
HOBEeHHB M.

Ecnu moaBeprHeM HccJieIOBa-
HUIO o6a 3TH Jiyya IIDH TIOMOLIH
Kakoro-yn6o aHanu3aropa, To ybe-
IuMcs, yTo o6a Jiyya BIOJIHE TIOo- 7 q
JIIPH30BaHBl BO B3aHMHO IepIieH-
JUKYJSIPHBIX IJIOCKOCTAX, @ HMeH~ A
HO (puc. 202): 1) OGbLIKHOBEHHbI P
NOJIIpPH30BaH B I'JIaBHOM CeYeHHUH; /
2) HeOOGBLIKHOBEHHBIH — B IIJIOCKO-
CTH, NepHeHIUKYJASPHOH K rJas-
HOMY CeYeHHIO. %

Ecnin syy namaer HakJIOHHO Puc. 203.

K IpaHy, To o0a JyJya TpeJsoMJs-

IOTCS, HO TOKasaTeJb TpeJioMJeHHs OObIKHOBEHHOrO J1y4a NOCTOSIHHBIH
(m1s muuum HaTtpust D oH pasen 1,65), a mokasaTesib NpeJIOMJICHHS
HeoObIKHOBEHHOTO Jiyya 3aBHCHT OT yrja MNajieHusl H H3MeHseTcs JJist
quHuu D B mpepmenax ot 1,48 mo 1,65.

3akon Manioca npHMeHHM K OGLIKHOBEHHOMY M HEeOOGbIKHOBEHHOMY
aydam. IlosoxkuM, 4to Kose6aHus B JIyde, BbILEJIIEM H3 KpUCTalJa—

c A
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qonspusaropa P, Hanpasnenst no OA (puc. 203), u, cjefoBaTesbHO,
NJIOCKOCTb MOJISIpU3alHH JJIs 3TOro Jyda HMeeT HanpasjeHue OP,.
Ecsu at0oT Jiyy Jajee majaet Ha aHanuzatop A H3 JBYNpeJOMJSIOLIETO
KpPHCTa/l1a, TJIaBHOE CEeYeHHe KOTOpOro HMeeT HanpasjeHue OP,,
TO KoJeGaHHSI B OGHIKHOBEHHOM Jiyuye BO3MOXKHBI TOJIBKO B IJIOCKOCTH
OQ u uepe3 aHaju3aTop NPOUAET TOoNbKO caaraemass OB, KoTopas omnpe-
JeJUT aMIUIUTYRy 3Toro Jjiyuya, a OC ompeJieIUT aMIIUTYAy HeOObIKHO-
BeHHoOro Jsiyua (puc. 199):

b OB=A.cosa; OC=A-sina,

rie a —yrojd MexXJAy IUIOCKOCTBIO MNOJSpH3allid Najalolliero Jyda
OP, v raaBHBIM ceuenueM aHamusatopa OP,.

[TosTOMY MHTEHCHBHOCTH OGBLIKHOBEHHOTrO ! [, U HeOGLIKHOBEHHOrO
I, nyueilt cooTBeTCTBeHHO OYAYT:

I,=Icos?a; I,=1Isin%a,

rie [ — UHTEHCHBHOCTh NAJaloOlero Ha AaHAaJH3aTOp IOJSPU30BaH-
HOTO Jiyua.

Caencrausi:

1. Cymma VHTeHCHBHOCTEH STHX JBYX Jydyedl paBHAa HMHTEHCHBHO-
CTH NAajaIolLIero Jyda:

Iy+1,=1.

2. Ecyn o =0, aHaAn3aTOp NPOMYCTHT TOJbKO OOLIKHOBEHHBIH JIyd:
I,=1.
1

3. Ecmu a=45° 10 Iy=1,=+5I.

4. Ilpu o =90° uMeeM TOJNLKO HEOOBIKHOBeHHBIH Jyu: [, =I.

Bce aTH siBleHHs1 MOXKHO HaOMI0AaTh, Bpalllasi aHaJAW3aTOpP BOKPYT
HanpaBJeHHss najawoomiero Jyua (puc. 204).

Hapsiny ¢ ecTecTBeHHbIM JBOHHBIM MpeJIOMJIEHHEM B KpHCTaJJax
(McnaHACKME 1IMaTt, TypMaJuH, THIC, CJIOAA M T. I.) MHOTHe TeJsa
0pU BHEIUHUX BO3JeHCTBHSAX [MOJy4alOT 3TO CBOACTBO HCKYCCTBEHHO.

Tak, crekJio NpH ONPEJEJEHHBIX YCJOBHSX 3aKaJKH CTAHOBUTCH
IABYTNPEeJIOMJISIFOIMM, MHOTHE Tesla NPHOGPETaIOT 3TO CBOMCTBO NPH Mexa-
HuYyecKux JAepopmanusax. Hakoren, 6blIo JaBHO 3aMeueHO, YTO MeJib-
yailliie KPUCTANIHKH CyJbdara HOAUCTOro XMHUHA 00J1aflaloT ABOHHBIM
npeJjioMJieHNeM, NpHYEM OOLIKHOBEHHBIH Jy4 TIOYTH HaleJo MorJo-
LaeTcsi B 3TOM BellecTBe, NOJOGHO TOMY, KaK 3TO MPOHCXOIUT B Typ-
ManuHe. Eciiy HaHecTH 3TH onpefe/1€HHBIM CNIOCOGOM OpHEHTHPOBAHHbBIE
KPUCTAJJIMKH Ha LeJYJOUAHYIO NMAEHKY, TO MOJYYHUM HCKYCCTBEHHBIH
MOJISIPH3aTOP, KOTOPbIf MOXET BBINOJHATb Bee (PYHKIUMH ecTeCTBeHHbIX

1 o —ordinaire, e —extraordinaire.
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KPHUCTAJIJIOB B KAYeCTBe NOJISIPH3ATOpa HJIM aHaIK3aTopa. ITH MJIACTHHDI,
HasbiBaeMble TOJISIPOUaMH, YXKe BOLLIM BO MHOTHE TEXHMYECKHe yCTa-
HOBKH, Hanpumep B (apbl aBTOMOGHJIEH.

Puc. 204.

89. Teopus nBoiiHoro npesiomyeHns fana eié ['olireHcoM ¥ NopoGHO
oGocHoBaHa PpeHeseM. I'saBHas MbIC/b 3TOH TEOpHH 3aKJIOyaeTcs
B TOM, 4YTO B JIBYIIpeJIOMJISIIONIeli Cpejie S/ieMeHTapHble BoJiHbl ['oiirenca
(§ 59) BhI3EIBAIOT OGpasoBaHHue JBYX BOJH, MPHYEM ONHA pacrnpocTpa-
HSIeTCSl B KPHCTaJlJIe C INOCTOSIHHOH CKOPOCTBIO, He3aBHcsLleH oT eé
HaTnpaBJeHHs] B KPUCTaJJie: 3Ta BOJHA BOCIDHUHHMAaeTcsl KaK OObIKHO-
BEHHBIH JIy4Y; CKOPOCTb K€ BTOPOH BOJIHBI 3aBHCHT OT €€ HamnpabJjleHUs
B KpHUCTaJlJie OTHOCHTEJIbHO OCH KpucTasyia. OCHOBBI 3TOH TeOpUH H3JI0-
JKeHbl Jajblie.

Tak kKak KaXAbli Jy4 OOBIKHOBEHHBIH M HEOObIKHOBEHHBIA—IIOJN-
HOCTBIO MOJIIPH30BaHBI, TO Ka)KAbIH KPUCTA/JJI MCJIAHICKOTO IUmara
MOJKeT CJYXHTb KakK MoJIApU3aTOpoOM, TaK M aHasinsaTopoM. JList aTux
nesefl ocobeHHO yHoOHa TakK HasbiBaeMas «mnpusma Hukxoas», uau
npocTo H H KO J bl

Kycok ucnanHickoro mmaTa paspesblBalOT Uepe3 ero TYIble YTIJbl
E u F (puc. 205) nepneHauKyJasipHo K rpausiMm AE u FC u 3ateM ckJien-
BalOT KaHaACKuM 0ajb3aMOM, I10Ka3aTe/b TPEJOMJEHHSI KOTOPOTO
1,54. Tlostomy o6bikHOBeHHBHIH aydy KO (p=1,65), pacnpoctpaHsifichk
B Tpu3Me B I'VIaBHOM CeYEHHH, TEePIHT Ha CJoe KaHajAcKoro Gajb3ama
I0JIHOE BHYTPEeHHee OTpakKeHHe U He BBIXOJHUT U3 KPUCTaJ1a; HeOObIKHO-
BeHHBIf ke Jyd KMN (p=1,515) npoxoaut HackBo3b. KoseGanus B 3ToM
Jyuye MPOUCXOAAT B muockocTd AECF, oH moJisipu3oBaH B MJIOCKOCTH,
NepneHJUKYJNSIPHOH K YepTexy.

Takum o6pasom, npuama Hukoust n1aér oJiuH noJisipu3oBaHHbIH JyY,
NpHY€M IJIOCKOCTb €ro NoJIsipU3aluu 3apaHee u3BecTHA. Hukosb MoxeT

1 Hassana Tak no wumenu aurauiickoro ¢usuka H M K0 J 5, KOTOpH
snepsoie eé npumenHa (1833).
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CJYXKHTb U TOJIIPH3aTOPOM, H aHaJH3aTOPOM; OH yAoGHee TypMaJslHHA,
Tak Kak OoJjiee npo3paueH U GecliBeTeH.

JBa Hukoss P u A, nocTaB/eHHble APYr 3a APYroM Ha NMyTH HCCe-
ayemoro Jgyua (puc. 204), cocTaB/isIOT NOJISIPH3ALMOHHBIA NpHGOP
Wi MONSIpHMETp:

1. Ecsiu 06a HuKONA PACHOJIOKEHBl TaK, YTO UX OCH NapalljielibHBI,
TO CBET NpOHAET yepe3 o6a HUKOJSA; NYCTb MMeeM Jiyd, MOJisipH30BaH-
HbIH [0 BCTYIUIEHHS B INOJIIPHU3ATOpP, TO, €CJIH OH MOXET IPOHTH uepes
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nosspusatop P, oH npofifér u yepes anamusatop A.

2. Ecau nponyctuth Jiyy yepe3 o0a HHUKOJS HpPHU
napaJJeJbHOCTH HX Ocel, a 3aTeM HayaTh BpauiaTh
OJIMH M3 IHX TaK, YTO HX OCH 06pa3yIoT YroJs Mexny
coGoHi, TO J1yd CTAaHOBHTCSI BCE MeHee U MeHee SIDKUM,
KakK 310 H TpeOyer 3akoH Mauioca (dopmyna 1); us-
TEHCHBHOCTb Jlyya INpONOpLHOHANbHA KBaJApaTy KO-
CHHYCa YIJla MeXJy TJIaBHBIMH CeYeHHUSIMH.

3. Ecan onTtHueckue ocH HHKOJeil B3auMHO Iep-

D

A

/ NEHJUKYJSPHBI, JYy4Y Yepe3 HHUX He NPOXOIHMT: He-
OOLIKHOBEHHBIH Jiyd HHUKOJSA P OyleT 0ObIKHOBEHHBIM
a5 HEKOJIE A ¥ NOTepIHUT B HEM MOJIHOE BHYTpeHHee
/ oTpaxkeHue. ['0BOpHM, YTO mNepeKpelleHHble HHKOJH,
/ / T. €. TaK [OCTaBJIEHHBbIE, YTO IJIOCKOCTH NOJSIpU3alUU
£ /4 UX B3aUMHO NepNeHANKYAspHbI (puc. 204), racsT cBeT.
M A 4. Ho ecsu npu nepekpellleHHbIX HHKOJSIX BBECTH
¢ MexJy HHUMH IJacTHHKY kBapua (puc. 204), Bbipe-
3aHHYIO NepNeHJUKYJAAPHO OCH, TO Jy4 He racurcs,
ceeT mpoxoAuT. Ecam cBeT MoHOXpoMaTHyeckuil, To
BpallleHHeM aHaju3aTopa HampaBo HJM HajleBO Ha
HEKOTOpPHIHl YroJl MOXKHO BHOBb mnoracuth Jyd. CiefoBaTesbHO, KBapll
HMeeT CNOCOGHOCTb BpallaTh NJOCKOCTb TMNOJSPHS3a-
muu Jaubo HajneBo (eClH CMOTpETb NMPOTHB BHIXOAfIlEro U3 A gyua),
Ju60 Hanpaso; NOITOMY pasHble KPHCTAJJBl KBapLa Ha3blBalOTCA «IIpa-
BhIf» KBapll WM «IeBblH» KBapu. b u o ycraHoBua, uro: 1) BpameHue
NPONOPLUHOHAJNBbHO TOJIIKHE IJIACTHHKH KBapua. Tak, NpH TOJIIHHE
B 1 mm nast xéntoro ceeta BpauleHHe paBHO 21°, 67; 2) BpalneHue pas-
JINYHO JJISl BOJIH PasjIMYHOH JJIMHBI, MMEHHO OHO OOpaTHO IpONOp-
HUOHAJIbHO KBaJpaTy AJMHBI BOJIHBI; C/eJOBaTeJIbHO, BpauleHHe 60Jb-
me g5 GUOJeTOBBIX, YeM Ml KpacHbIX Jayueit. ITostomy, ecam syu
OeJiblif, TO NpH JAaHHOM BpAIIEHHH aHANU3aTOPAa MOXHO IOracHTh
TOJIbKO OIMH IBET, U IoJie 3peHusl OygZer oKpameHo. P peHeJd b
JlaJl TEOPHIO 3TOTO SIBNEHHUS, KOTOPYIO paccMotpum nagbiie (§ 90, 95).
CnocoGHOCTb BpalllaTh MJOCKOCTb NOJNSPHU3AUUH HMeeT He TOJbKO
KBapll, HO M MHOTHe Jpyrue KpHCTANIHYECKHe M HeKpHCTaJlJHYeCKHe
Tesia, MHUJIKOCTH H TNapbl, KOTOpble ObIIM Ha3BaHbl AKTHBHBIMH.
OcoGeHHO 3aMedaTesbHO, UTO TPH PacTBOpe AKTHBHOIO BEIECTB&
yroJ BpallleHHs! IJIOCKOCTH MOJISIPH3alMM PacTBOPOM INPONOPLUHOHAJIEH

Puc. 205.
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TOJIbKO KOJIMYECTBY 3TOrO BEUIeCTBA, T. €. €ro KoHUeHTpauuH. Ilo
yriy BpalleHHs MOXHO ONpeleJUTb KOJHMYECTBO pAacTBOPEHHOrO
BellecTsa B | ky0. cm pacTBopa. JTa 3aKOHOMEPHOCTb HMeeT TeXHHYe-
CKOe NPHMEHeHHe B (DU3HUYECKOH XHMHH M MeJHLHHe; GoJblioe 3HaueHHe
HMeeT onpejieJieHUe NPOLEHT-
HOTO COJepXKAHHS TPOCTHH-
KOBOTO caxapa B pacTBOpax,
AJisi 4ero CTpPosATCS 0cobbie
NOJIIPHMETpPEI, HasblBaeMble
B 9TOM cJy4yae caxapHMer-
pamu.

5. TlomoGHble mnossipusa-
UHOHHBIE anmnaparthl — Il O-
aAapuMeTp b (puc. 206)
HMEIOT OGLIHpHOE NIpHMEHe-
HHE NIPH HAyYHBIX U TE€XHH-
YeCKHX HccaefoBaHusx. Io-
JISIpU3aTOp — HUKOJAb P |
aHaiusarop A Bpamaiorcs
B CBOHX o6oiiMaX; MexIy
HUMH B S BBOJAT Bpallaio-
ye BellecTBa, B YACTHOCTH TPYOHI C pacTBopaMu (HampuMmep, caxapa).

[TnockocTs mosisipu3anuy MOHOXPOMATHYECKOro Jiyuya, BhlleJIlero
U3 HUKoasl P, ¢pukcupyeM Ha Kpyre C, oTMeuasi IpH NOMOILIM HOHHYCOB
noJioxkeHne aHaju3atopa A TNpH MOJHOM 3aTeMHEHHH MOJs, KOTOpoe
HaCTynaeT NPH COBIAJEHHH IJIaBHOTO ceyeHHsI A C NJIOCKOCTDIO MOJSPH-
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Puc. 207.

3auuy ayua (puc. 206, 204). Ilpu BeoZe B S Bpalaomiero BelecTsa noJje
ocBelaetTcss; Bpaumas A 0 HOBOro 3aTeMHeHHsl TOJisI, ONpejelisieM
yroJ, Ha KOTopblil Gbljla CMellleHa MJIOCKOCTb NOJISIPH3alHHU.

6. Jlois HanpaBJeHHs Jqydell B MosiipuMeTpe M AJS NOJyYeHHs npa-
BHJIbHOTO H SIPKOTO M300paKeHHs! 3TOT annapar YCJOXHSIOT, BBOAA
B €r0 CHCTeMY HHKOJIH, JIMH3bI, JuadparMbl; TaKoe COueTaHHe Ha3biBaeTCs
NoASPU3aLHOHHBIM MUKpOCKonoM (puc. 207). OxHa 13 BO3MOXKHBIX CXeM
TakoBa. JIyun ucTOuHHKa (Gesoro WM MOHOXPOMATHYECKOro) NajaioT
Ha nosisipu3aTop P 1 3aTeM IpOXOAAT yepe3 AuacdparMy F,, HaXoAALLYIOCSH
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B rJaBHOH JOKaJbHOH MJOCKOCTH CHJIBbHOH ueueBHIbl L,. Bropas suu-
3a L, cobupaer napaJuiesibHble NY4KH Jydel, Bullefmne u3 L,, B cBoeifl
ryiaBHO# oKaJbHOH mocKocTH F,, rie oGpasyeTcsl n3oOpaxkeHue aua-
¢parmbl F,. D10 H3006paxkeHne yeueBHlell L, yepes ananusarop A Ha-
npaBasieTcsl Ha 3KpaH E uau npsfMo K raasy. !

I1pu nomomy sT0ro npubopa MoxHo HabJ/0AATh SIBJEHUS TOJSIpU3a-
UM B NapaJjesbHbIX Jy4ax, TOrja KpUcTaJ CTaBUM B F,, HJIH B CXOAS-
uxcs Jyuax, korjga kpucraaa B C.

KpaTkuit 0630p siBjieHH# MoJIipH3aluy CBeTa MO3BOJIsieT BHICKa3aThb
cJeflylolye 3aKJIOUeHHs:

1. BosiHBI cBeTa CyTh BOJIHBI C NOTEPEYHBLIMH KOJEGAHHSIMH.

2. D1 KoJeGaHHSl B €CTECTBEHHOM Jiyue JieXKaT BO BCEBO3MOXHBIX
IJIOCKOCTSIX, NPOXOJAILHUX Yepe3 OChb Jiyya HJH 4Yepe3 HampaBieHHe
pacnpocTpaHeHUsl BOJIHEI.

3. B moasipH3oBaHHOM cBeTe KOJeOAHHUS TPOUCXONAT B OXHOH H3
3THX IJIOCKOCTEH, OCTaBasiCh MNEpPNEeHAMKYJIAPHBIMH K HanpaBieHUIO
pacrpocTpaHeHHS BOJIHBL.

4. TMoasipu3sauus cBera HHYEM NPHHLUHNHAJBHO He OTJIHYaeTCs OT
NOJIIPU3aLHH 3JEKTPOMAarHUTHBIX BOJIH, KaK 3TO siBJeHHe ObLIO ycTa-
HoBJieHO ['epuem.

B. TEOPUS JIBOAHOTrO MPEJIOMJ/IEHUSA

90. Teopus ABOHHOro mpesnomJeHusi, KaHHag P peHeJ eM H OCHOBaH-
Hasl Ha NpejCTaBJeHUH 06 ynpyrom 3dpupe, He MOXeT GbITb MPHHATAa B HACTOS-
mee BpeMsi, HO OCHOBHasi HAes €ro O Pa3/JHYHBIX CKOPOCTX CBeTa MO pa3HbIM
ocsM KpHCTa/lJa NpaBHJIbHA M NPHBOLHT K BEPHBIM pe3yJbTaTaM.

Beskufi KpucTansa sIBASETCH aHH30TPOMHBIM TesJOM, CBOMCTBA KOTOPOTO—
TENJIONPOBOAHOCTb, 3JEKTPONPOBOAHOCTb, MOKa3aTelb NpeJOMJEHHsI, a CJelo-
BaTeNbHO, U CKOPOCTb PacnpoCTpaHeHHsl CBeTa — pa3jiHYHbl MO PAa3HbIM Hanpa-
BJEHHAM. SIBJIEHUS MOHH3AUMH IKUAKOCTEH M Tra3oB, NOJADH3AUMH AHIJIEK-
TPHKOB, TOK npoBoaumocTH H cmewenus (II, § 21, 158 u ca.) ycranaBauBaior,
4TO B TeNaX HaXOLATCA HOHbI H CBOOOLHbIE 3JEKTPOHB, KOTODble B3aHMHO
HaxoAATCs B MOJsAX APYT ApPYyra; HX B3aumoleficTBHs, 00yC/NOBIHBAIOT CBOMCTBA
TeJ W CHJbl, AeficTBYylouHie B HEM MO pasHbIM HanpaBieHHsAM. B aHH30TponHOM
Tese 3TH B3aUMONEHCTBHUS pasTHUHbl B Pa3HbIX HaNpaBJeHHUSX.

ITycTb HampsXKEHHOCTb 3JEKTPUYECKOro MOJI—B HEKOTOPOd TOUKe KpH-
ctanna E, a eé caaraemele mo ocsm KoopauHat Ey, Ey, E,, Torpa:

E*—E3+E}+ E}. (a)

B aHW30TPOMHBIX Cpefax CBS3b MEXJYy HanpskéHHOCTbIO E M HHAyKuHei
(cmeutenuem) D Gosiee clOXKHAsi, YeM B H30TPOMHBIX, TJe 3TH BeJHUYHHBl MOXHO
CYUMTATh [pPOMNOpUUOHANbYBIMH ApYr Apyry. OfHaKo © B aHH30TPOMHBIX Cpelax
BCErJa MOXKHO BbLIGPAaTh TaKyl0 CHCTeMYy MPSAMOYTOJIbHBIX JE€KapTOBHIX KOODAHHAT,
49To6bl BAOJb ocell X, Y, Z BHIMOJHANHCH paBeHCTBA

Dx=s2xEyx, Dy=eyEy, D,=c¢,E,, (6)

npuuéM B o6lLeM CJyyae ex, €y, €; AHINEKTPHUECKHE TNOCTOAHHEIE B Hampasie-
HHSIX OCcell BbIGPaHHOH CHCTEMbl KOOpIAMHAT He paBHbl Apyr apyry. Orciona,
B YaCTHOCTH, CJeAyeT, YTO B AaHH30TPONMHBIX Cpejax HalpaBleHHs BEKTOPOB
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- -
E u D ue cosmajaioT. B cuay cootHomenuit (6) MOXKHO paBeHCTBO (a) mepemu-
caTh B BHJE:

2
Dz Dy 2
2 __ x 2z
E == + Y + ol
T Y 3
BeenéM oGosHaueHHs:

Dy, Dv_ . D:_,
E-_%» ETY FE=*

Torza mpeawbiAylee ypaBHeHHe NepemnullieM Tak

X2y B
- —”'+';§= H )]

fIONYYHJIH YypaBHEHHE TPEXOCHOT O 3NJNHNCOHN A AUDJEKTPHUYECKHX
NOCTOSHHBX.

CnenoBaTeNbHO, JAM3JEKTPHUECKas TOCTOSIHHAsl B KaXJOH TOYKe aHH30TpOI-
HOH cpejbl MMeeT GeCuHCJEHHOe MHOXeCTBO 3HaueHHfA: B o6lueM cilydyae 3TH 3Ha-
YeHHs Pa3qHUHbl B PasHUHBIX HanpaBleHHsX. Bei6paHHas HaMH CHCTeMa KOOPAH-
HaT o6JanaeT TOi OCOGEHHOCTBIO, YTO BJOJNb OAHOA M3 eé ocell AHINEKTpHUe-
cKasl MOCTOfIHHAs MMeeT MaKCHMaJbHOe 3HaueHHe, BIOJb JAPYrod —MHHHMaJbHOE.

c
Tak kak cornacHo 3akony MakcBemyna: v==——, TO npu p==1 cKOpocThb

Ves
pacnpocTpaHeHHs 3JeKTPOMAarHHTHOH BOJIHBI OMpejessieTcss XU NEeKTPHUYECKOH no-
CTOSIHHOH: MOITOMY B AaHH30TPOMHBIX CpelaX CKOPOCTb pacnpocTpaHeHHs CBeTa
B pa3HbiX HanpaBJieHHfX JOJKHAa HMEeTb pasHble 3HaueHHs.

DTOT S/JMACOMA HMeeT BIOJHE ONpefeJcHHbIH ¢(usuueckuit cmpica. Ipumem
HEKOTOpYI0 TOYKY B KpHCTaaie O (puc. 208) 3a weHTp M MOCTPOHM 3JAHNCOHJ
C OCAIMH, COOTBETCTBEHHO paBHbIMH JH3JEKTPHYECKHM INOCTOSHHHIM B TPEX Ha-

-

NpaBNEHHSAX aHHU3OTPOMHOHR cpeabl (ex, €y, €;); BCAKHHA pajMyc-BEKTOp r, npose-
JNEHHBIl B KAKOM-JTHGO HalpaBleHHH O MOBEPXHOCTH 3JIJIMICOMJA, ONMpPEAeJHT Ha-
npaBjieHHe HMHAYKUHH B MOJe KpHCTa/la M 1O BeJHuyHHe OyJaeT ed mpomopuuo-
HaJleH; HMEeHHO, BEKTOD I YHCJEHHO paBeH OTHOLUeHHI0 HHAYKUHH B JIaHHOM Ha-
npaBleHHH KPHCTa/Jla K HampsiKEHHOCTH NOJs, Bbi3BaBlueH eé:

K24yt 22=r2;
Dy \2 Dy 2 D, N\2_
(F)+(Z)+(F) =
D2 D
(7)=m zp=r== 2)

CornacHo (2) BCiKHH pafuycCBeKTOp .B NOCTPOEGHHOM Tak
9JJMHNCOHJEe NaéT 3HAYEeHHEe JAHIJIECKTDHYECKON MOCTOSAHHOH
BJaHHOM HanpaBJeHHMH KpDHCTaaJa.

91. 3agonro A0 TOro, KakK CTali BO3MOXHbI H3JOXKEeHHble cooOpaXKeHHs O pac-
NPOCTPaHeHHH B KpHCTa/lJe 3JeKTPOMarHUTHOH BoaHbl, Lo fdrenc (1690)
co3flan MnpeicTaBjeHHe O NBOHHOM NpPEJOMJEHHH B HCJAHACKOM Iumare, Ipex-
JIOXMB MOCTPOEHHEe HEKOTOPOro 3JIIMICOMAA, XapaKTepH3YIOIEero 3TO sIBJEHHE.
3atem @ peneanb (I821) yrounun ato npeacrasienue, onupasice Ha Gonee
GoraTblii OMBITHLIH MaTepHas, H JaJj cjelylolilee 3aMeyaTe/lbHOe NPaBUJIO, B KO-
TOPOM 3aKJIO4aloTcsi BCe 3aKOHBI, peryJHpyiolie paclpocTpaHeHHe CBeTa
B KpHCTadJIax:

«lnsi BCAKOH KPHCTANNM4YeCKOA CpeAbl MOXHO IOCTPOHTB 3SJJIHICOMA, KO-
Topblii GyReT INOJNHLIM YyKasaTeJeM KaK CKOpocTefl cBeTa, TaK M HanpaBJeHHH
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KoneGaHMi AJisi BCeX CBETOBBIX BOJIH JAAHHOrO IEpHOA3, MOTYUIHX pacnpocTpa-
HATbCS B 3TOM KpHCTaJlje».

Eciu fana ¢asoBasi mIOCKOCTb BOJIHEL M TpeCYeTcs PpeluTh, C KaKHMH
CKOPOCTSMH ¥ TPH KaKOil NOJSPH3alMK TaKas BOJHA MOXET pacnpoCTpanAThCs
BHYTPH KpHCTajJja, TO OTBeT OYAET TaKOH:

«[IpoBejéM yepes mentp samncousa (puc. 209) cevenue, napajenspHoe daso-
BOM IMIOCKOCTH BOJHH P: BooGlle OHO OyJeT OrpanuueHo sjmncoM LN. Jlee
HOJYOCH 3JUIMNCA ry U rg AAAYT HaM HanpaBJleHHS] IBYX BOSMOXHBIX KoJieGaHui
B 5Toll MJIOCKOCTH BOJIHBEI, a JUIMHBL 9THX moJyocefi 6YAYyT oOpaTHO MpOMOpuUKMOHA-
JIBHBI CKOPOCTAM CBETOBBIX BOJH C STHMH HalpaBJeHUsMH KoJsieGaHui».

M3 3TOro mocTpoeHusi BHAHO, YTO 3aauncoup PpeHens B CYILHOCTH €CTb He
YTO WHOE, KAaK SJUIHINICOMJ AM3JeKTPHUECKHX MOCTOSIHHBIX, K MOCTPOEHUIO KOTOPOro
NpHBOJUT HM3YueHMe 3/IEKTPHUECKOro ToJsi B KpHcTamle (¢popmyJa 1).

Puc. 208. Puc. 209.

Takum 06pasoM npH pacnpocTpaHEHHH INIOCKOH BOJHBI PP BO3MOXHH X B O f-
Korosujga koneG6aHHus: |) konebauust no OL; Jy4 ¢ TaKMMH KoJeOaHHAMH
TIOJIAPH30BaH B NJOCKOCTH, INpoxojsueil uepes OM u nepneHaukyaspHo#i k OL;
CKOpOCTb  PacnmpoCTpaHeHHs TaKHX KojeGaHHH 0OOpaTHO NPONOPUHOHANBHA Iy,
2) Konebanusa no OM; mNJOCKOCTb TMOJSpU3aLHH TNPOXOAHT uepe3 OL; CKOPOCTH
06paTHO NPOMNOPLHOHANDBHA Iy.

Ho na ocHoBanuu ¢opmysnl (2) umeeM:

r=ey; ro=¢ty;

MeXJy JHM3JeKTPHUECKOH MNOCTOSHHOH cpeAn M e rnokasareneM NpeJIOMJEHHR
cyuiecTByeT cooTHouweHHe (§ 89):

e=n?;
NMo3TOMY:
— c . — 02 .
n—? H € ry
c? c2
n=-s: ra=-5,
v} %
oTCIo/a:
c c c
U= =— = V=== = . (3)
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Tak KaK B HampaBJeHHSIX OCefiry H ry CKOPOCTH U; M U PasjIHUHBI, TO JAOJKHH
SbITh Pa3IHYHBIMH M TIOKA3aTeJNH NPeJOMJEHHsI CBETa B STHX HamnpaBJlieHHsIX.

n1='§l‘ =Vn=Vea n=Ve. (4)

92. Teopus 3NJHNCOHAA AH3NEKTPHUYCGCKHX NOCTOAHHHX
unu snauncon na GpeHess NPHBOAHT K CJAEAYIONHM 3aKJIOYEHHAM:

1) BcepcTBHE aHM30TPONMH KPHCTaJNa, ONpefessieMOl pasjHyHeM AH3JNeKTpH-
YeCKHX IOCTOSHHBIX 1O Ppa3HbIM HanpaBJeHHsIM, Jyd cBeTa B HEM JAaéT Haualo
JBYM BOJIHAM, PacNpOCTPAHSIOMMMCA C Pa3HUHEIMH CKOPOCTSIMH U; H Ug;

2) 3TH CKOPOCTH ONpefeNfAloTCA JHJIEKTPHYECKHMH TNOCTOSIHHBIMH €; H €3
B HanpaBJIeHHSIX ABYX OCeH SJJIMNCA CeYeHHSIr; H Iy, IJIOCKOCTb KOTOPOro mapaf-

Puc. 210. Puc. 211.

JefbHa Mnajaoliedl BOJHe; o6e 3STH BOJHH 00JafaloT pasHBIMH NOKasaTeasiMH
NpeJIOMJICHHSI, PABHBIMH COOTBeTCTBeHHO V &y H €g.

Tak paspscHseTcs siBJeHHe JIBOHHOIO TNPEJOMJEHHS C TOYKH 3PEHHS 3JIEKTpO-
MarHUTHOH TeopHH.

Iast nocTpoenns anaunconsa @ peHesss HYXKHO H3MEDHTh IJaBHbE MOKa-
3aTeJIH TpeJIOMJIEHHs IO HanpaBJieHHsIM ocefl KpuCTalia a, b, ¢; 3Has Ny, My, M,
uo ¢opmyaam (4) u (3) onmpesenum ocu snnuncoua Ppenenas, uro aaér BO3-
MOJXHOCTb ero NMOCTpPOEHHS.

3ameTtuMm, uto saauncons Ppenens, cTporo rosops, HaNO CTPOHTb AJS
JIaHHOTO MOHOXPOMATHYECKOrO CBeTa, TMOCKOJbKY OCH €ro 3aBHCAT OT CKOPOCTH,
CBETa, a 3HAYHT, H OT JJHH ero BOJH.

Econ b=c, nuMeeM 3JUTHNCOHM] BpallleHHs, B KOTOPOM a €CTb OChb CHMMETDHH
(puc. 210); cooTBeTCTBYIOIIHA KPHCTal/l Ha3blBaeTCSl ONHOOCHBIM: KBapil, HCJIaHA-
CKMH 1maT, TYpMaJHH H Ap.; BOJHA B TaKOM KDHCTaljlle HMeeT JBe CKOPOCTH H
ZBa_miokasaTeJsiss npejaomienus (muHusa D, t=18°C):

Kaapn, — ngy==1,54426; n.=1,55337,
Ucnanpckuit wnat — no=1,65835; n,=1,48639;
Typmanun — n,=1,63T7; n.=1,619.

[lo sTUM naHHEIM BbiuUCAsEM a, b, ex, €.

Ecnu Ke BoJHA pacnpocTpaHseTCsl MO HamNpaBJdeHHIO OCH @, T. €. NapajljieJIbHO
Kpyrosomy ceuennio AB, TO OHAa MMeeT B KPHCTaljle OAHY CKOPOCTb, JBOHHOrO
fIpeJioMJIEHHS] He MPOMCXOAHT. DTO HampaBjleHHe B KpDHCTalie, IO KOTOPOMY HeT
ABOAHOrO NPEJIOMJIEHHS, Ha3blBaeTCs ONTHYECKOH OCBIO KPHCTajJa, HarnpasJieHHe
€8 MoXeT ObITb ONpeieleHO WMEHHO IO HCUE3HOBEHHIO ABOHHOrO npejomiaeHus (§ 88).
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Ecan smnmunconn @PpeHens A JaHHOTO KPHCTasJla HMeeT TPH pasHbie OCH
a, b, ¢, TO TakHe KPHCTalJbl Ha3blBalOTCH JABYOCHBIMH (THIC, CJlIOAa, MeAHbIH
Kynopoc). B Takux sanuncompax (puc. 211), Kak H3BECTHO, CYIECTBYIOT JBa
KpyroBbix ceuennsi K; u Ky; ecan a > b>c¢, To paguyc 3THX KpPYyros paseH b.
BoJina, pacnpocTpangioliasicss napajjesbHO OAHOH M3 MJOCKOCTeH 3THX KPYroBhHIX
ceyeHHi, MOXeT HMeTb OJHY TOJbKO CKOPOCTb H NOTOMY B Hanpabjenusx OL,
H OL,, mNepneHAHKYJNsPHBIX K IIOCKOCTAM ceueHuii K; U Kj,, HeT JABOMHOro
npeJioMJieHH .

Otu HanpaBiaeHusi OL, u OL, HasbpiBaoTCA ONTHYECKHMH OCSMH ABYOCHOrO
Kpucraauaa. OnpejenHB HanpabJjieHHsl, B KOTOPbIX JIyYH He HMEIT JABOHHOro
npeJOMJIEHHs, HaXORUM HanpaBJieHHe ONTHYECKHX oced KpHcTajia. ’

r. AHTEP®EPEHUHUS NMOJIIPU30BAHHBIX JIYUEN

I. SJIJIHI'ITH‘ICCKaﬂ, npﬂmonuueijﬂaa H KpyroBasi noJspusanus

93. Jlyun, Bo3HHKawouMe B pe3yJbTaTe JIBOMHOTO IpeJIOMJIEHHS
B KpHCTaJl1e, NOJSApH30BaHbl BO B3aUMHO MepHeHAUKYJASPHbIX IJIOCKO-
CTAX, KONeOaHHUSA HX B3aUMHO NEPINeHAUKYJSPHbl U NMOTOMY OHH HECHO-

Puc. 212.

co6ubl nuTepdepupoBath (puc. 199). OnHako NMpu NOMOIIHK HaJJleKallero
pAacroJIoXKEHHsl aHanu3aTopa W MOJSPH3aTOPa MOXKHO KoJeGaHHS HX
KOMIIOHEHTOB CBECTH K OIHOH TpsIMOH U, TaKHM 06pa3oM, HaGJlofaTh HH-
TepdepeHNHIO NONAPU30BaHHBIX Jiydei. [Ipex e yem nepefitu K Teopuu
3TOro SIBJIEHUS, pACCMOTPHUM HECKOJIbKO TpeJBAPHTEJIbHBIX 3aMevaHuil.

1. Ilycrtb a1y4, nonsipusoBanHblél B P (puc. 212), nanaetr Ha TOHKYIO
KPHCTaIJIMYECKYIO TIIaCTHHKY Q M TepIHT B Hell JBOHHOE mpesioMiieHHe.
HanomuuM, yto miacTHHKa Q HO/KHA ObITb NPH 3TOM TaK Bbipe3aHa,
uTOOBI J1yY IIEN He N0 HaNpaBJeHHUIO e€ ONTHYECKOH OCH; KaK M3BECTHO,
B IOCJEIHEM cjyuae He OyJeT IBOHHOTO MpeJIOMJIEHHS.

Ecau nnactiHka Q 10CTaTOYHO TOHKAS M Jy4 Ha Heé mafgaeT M O H 0-
XpoMaTHUeCKHH, TO Aydn oObIKHOBEHHBIH S; M HeOObIKHOBEH-
HbIl S, HAYT NOYTH N0 OfHOH NpsAMo# (puc. 213) u KoseGaHus UX CKaa-
abiBatotest. Tak Kak: 1) 3TH KoJeGaHHSI B3aHMHO MNepNeHIHKYJSPHH;
2)o6aagaioT pa3HoOCThio Pa3,u60TyUYH BKpHUCTAAAE
IWJH C PAa3HBIMH CKOPOCTSMH UyH U, TO Ml HMEEM HaH-
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Goslee oOmuil cjyyail cjoxeHusl NEepNeHANKYJAPHBIX KoJseGanuit (I,
§ 121), B pesysabTaTe KOTOPOTO BO3HHUKAIOT KOJIeGAaHHUS MO SJIHICY.
Takum o6pa3omM, U3 KpHCcTaJ/a Bblllel 3 AJHUNTHYECKH MO J -
pH30BaHHHBH JYy4Y; B HEM TPaeKTOpHUH KoseGaHUH He MpsiMble,
a 3JUIMICHI, TJIOCKOCTH KOTOPbIX INepHeHJUKYJSPHbl K HalpaB/leHHIO
pacnpoCTpaHeHHusl Jyua.

3ameTtuM, uTo ecau Obl Ha Q yman Jiyd ecTeCTBEHHbIH, HENoJIsipH30-
BaHHBIH, TO M BbIlLeJ Gbl U3 HETO J1yY HENOJIPU30BaHHbIM, €CTeCTBEeHHBbI:
BCEBO3MOXKHble HaNpaBJieHHsl cJaraeMblX Kose6aHHH B eCTeCTBEHHOM

q

Sy /
s

Puc. 213.

Jyye JaflyT BCeBO3MOXHbIE HANPABIeHUs Ocell 3JJIHICOB B JIyye, BbIXO-
AsleM H3 Kpucranjna. TakoBo 6oJee oOIlee mpeicTaBleHHe
O eCTeCTBEHHOM Jyue.

2. B kpucramie Q 06a Jyua—OoGbIKHOBEHHBII H HEOOBIKHOBEHHBIH—
HIYT C Pa3HbIMH CKOPOCTAMH U, H Ve (§ 91) H, cileloBaTeIbHO, C pa3HBIMA
NOKa3aTeJIsIMH NPeJIOMJIEHHS Ry H He, IO3TOMY NIPH BBIXOJE M3 KpUCTaNJIa
3TH JYy4Yd NpPHOOpPeTYyT pa3HOCTb XOAa H PasHOCTH
¢ a 3. OnpenesnnM 3TH BeJHYHHBI.

Ecau TosiyHa naacTHHKY d, TO OTNITHYECKHE TTYTH B KPUCTAJIE JTyyel
OGBIKHOBEHHOTO [/, 1 HEOObIKHOBEHHOTO [l Bbipassitcs TaK (§ 47):

ly=ny; l,=nd,
rupe:

n—c° n .
£ =_:
0T 7 e

TN03TOMY HCKOMasi pa3HOCTb xoja E:

E=1l,—l,=d(n,—n,). ©®)
Jlas onpejenenns passocTd das d umeem nponopuuio (I, § 120):
&,
2n = %
OTCIOfa:
27 2 6
=2t =2 (n,—n,). (6)
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Kak Bugno u3 cdopmya (5) u (6), pasHoctd xopa u ¢a3 3aBHu-
CAT OT TOJNIIMHKE NJAacTHHKHU Kpucrania d. [lpy nomomu npu-

Puc. 214.

dopa, Ha3biBaeMOro KomMmneHcatopoMm BbaGuue, MoOXHO noJsipu-
30BaHHBIM JIyyaM [pHAaTh JI00yl0 pasHoCTh (a3. Irtor mnpubop

T

(puc. 214) cocTOMT M3 JABYX TOHKHX
KJIHHOOOPa3HbIX KBapLEBBLIX NPH3M; OJ-
Ha u3 HUX ABD HenojiBHMHa, APYryio
BCD npu momommy MHKPOMETPHUYECKOTO
puata M (puc. 215) MOXKHO cChBH-
raThb BJOJIb IEPBOH; NIPU 3TOM H3MEHSIET-
csl TOJIIHHA KpHCTaJna d, NpoXoau-
Masi JIyuoM, H, CJeJ0BaTesIbHO, H3Me-
HSIIOTCSI PAa3HOCTH & M §; Ha HENOJBMK-
HOH TpH3Me HaHeCeHa IUKAaJja, HOIBHXK-
Hasl MMeeT yKasaTesb, M0 MNOJOMKEHHIO
KOTOPOTO OTCYUHMTBIBAEM TOJIUHY d.

94 IlycTb ¥MeeM TNJIaCTHHKY KpH-
CTajjJa TaKOH TOJILMHB,, YTO OHA
obycyioBJMBaeT  pa3HocTb (az 3=

k1
= + & TaKas pasHoCTb (pa3 COOTBET-

CTBYeT pa3HOCTH XOAa & B YeTBepPTh

BOJIHBI:
LN N
E = 2_1: = T ’
2nd X
Y (no - ne) ’
A 1
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Takast niacTHHKA Ha3blBaeTCsl MJIACTHHKOH «YeTBepTb BOJIHBI».

Ecau ryiaBHOe ceueHHe TaKOH TMJIACTHHKH HAaKJOHEHO K IJIOCKO-
CTH TOJISIPpU3alMM BCTyNuBLIero B Heé Jayuya noja yraom a (§ 88,
puc. 203), TO aMnAHTYAbl OOBIKHOBEHHOTO Y HEOOBIKHOBEHHOTO Jyueit
A,=Acosa nu A, = Asina nponopuHoHaJbHBl OCSIM 3JUIMNCA TOro
KoJieGaHusl, KOTOpOe BO3HMKaeT B pe3yJibTaTe CJIOXEHHs 3TUX Jyuyei.
DTOT 3JUIMOTHYECKH NOJSPU3OBAHHBIA Jy4 Ipu & = 45°%

005a=sina=—V2—2, A =4,

obpamaercs B nojaspusoBaHHb# no kpyry (I, § 121), uan

© © o T
B KPYFOBOH Jy4Y, HMEHHO, JIeBblil KPyroBoii mpu 3= + - M npa-
o o T
BBl Kpyrosoil mpu 3= —— .
Ecan 3T0T KpYyrosoit Jy4 BHOBb NpPONYCTUTh dYepe3 IUIACTHHKY
T
«4eTBePTb BOJIHBIY, TO JOGABHTCSI HOBas pasHOCTb a3 + o ; pas-

N
HOCTb anS CTaHOBHUTCA =, DA3HOCTb XOJa 7; TaKasi CoCTaBHasa ILjia-

CTHHKA HasblBaeTCs IJIACTHHKON «mojsosubl». Hseectno (I, § 121,
122), yto Takue B3aMMHO NepneHAHUKYJspHble KoJeOGaHHS NpPH pasHo-
¢t ¢a3 8=0 uau 3= JalOT DpH CJOXKEHHH KojebaHus Mo npsi-
moii. Jlyu u3 BTOpOH «4eTBepTb BOJIHbI» BBIXOAHT NMPSIMOJHHeHHO
noJsipu3oBaHHBIM B asumyrte + 45°. KoHeuHo, Tex e pe3yJib-
TAaTOB MOXHO JAOOUTbCS, B3fB (HanpuMep, DNpU NOMOILM KOMIeHCa-

TOpa) cpa3y pasHoCTb (a3 3= + (pasnocm Xoza %) .

Takum oOpa3oM, NJNacCTHHKH «4YeTBePTb BOJHBI CJay-
KaT Aasd npeob6pa3oBaHUs NOJAPH3ALUUH SJAJUOTHYE-
CKOH UNU KPYTOBOH B NIPAMOJHHEHHY IO.

IlnacTuHKka «4yeTBepTh BOJHbI» OObIYHO BbIPE3bIBACTCS M3 CJIIOJBI
WK THICA, ToJIMHA €€ B ciyuae cJjiofbl okojo 0,032 mm.

Ecnan Ha KpHCTA/NIMYECKYIO MJACTHHKY TIajaeT He MOHOXpOMa-
THYeCKHH (KaK Mbl NOKa MpeAnojaraju), a OeJblil nojspH3oBaH-
Hblif CBeT, TO S$BJIeHHEe YCJOXHseTCsl W InpuHoOpeTaeT XapaKTep
LBeTHOH NOJNSAPH3ALHH.

2. Xon Jayueii B moasipumetpe

95. Jnsi Ttoro utoGbl mpousollTa WHTephepeHuus npsimMoJieiiHo
NOJIIPU30BaHHbIX Jydel, HeOOXOAUMO CBECTH HX KoJeOaHHS K OJHOHN
NUIOCKOCTH; 3Ty 3a1a4y BBINOJIHSIET aHaJU3aTop. .

Hanpasum napasnenbhble nyud Gesioro cBeTa uepe3 TNOJSIPH3aTOP
P (puc. 212) Ha TOHKYIO NJIACTHHKY JBYNPEJOMJISIIOIIEr0 KPHCTaJ-
Ja Q; 3aTeM o0a Jyya NpOXOAAT uepe3 aHaauzaTop AW; pe3yJbTar
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HabaofaeM WJH HENOCPeJCTBEHHO TJIa30M, HJH TIPOEKTHPYeM Ha
sKkpaH. OkaspiBaeTcss, UTO HHU NPH KaKOM mnojoxeHud P u Ax jyu
He racHeT BIIOJIHE, HO NMPOXOIMT LBETHbIM, NPHUYEM B CJyuae mapaJ-
JeJbHbIX Jyyefl BCE moJie okpaweno B oauH uBeT. OGbsicHeHHe 3TOrO
SIBJIeHHs1 3aKJjiodaercss B ¢opmyJsax 5 u 6, cornacHo KOTOpbLIM pas-
HOCTb X012 & M pasHoCcTh (a3 & 3aBHCAT He TOJNBKO OT TOJILHHEI
NJIaCTHHKU d, -HO M OT JJIMHBI BOJIHBL M.

Kpome Toro, omucannoe Bbille siBJieHHe, HECOMHEHHO, YCTaHaBJH-
BaeT TOT (pakT, uTO NOCJe BbIXOJA W3 aHajH3aTopa AH DPOHCXOAHT
Qo 0ork HHTep(epeHLMsT OObIKHOBEH-

HOT'O ¥ HeOObIKHOBEHHOTO JY-
Ao | A Yeli; CJe0BaTebHO, aHAJU-
N 3aTOp CB&Jl MX KoJeGaHusl B

An oaHy mJocKkocTb. Kak 3T0

7 [POH30LLJI0?
/ 1. IlpenctaBasieM ceGe,
YTO mapaJjJlesibHbll  NyYoK
Jyueil 6esloro cBeTa pacnpo-
0 N CTpaHsieTcsl IepheHAHKYJsIp-

Ny HO K NJIOCKOCTH uepTeka 216.
S~le. Gewedburk M3 nonsipuzatopa P O BHI-

el N T~
~ ~p XOJUT NOJSPU30BAHHBIM B
aw /A N 7 IJIOCKOCTH P, Tak uTO KO-
ananu3amop \P se0aHusl B HEM HaMpaBJieHbl
P 2 no P u uMeloT aMnautyay A.
nOSIRPUSAITION 2. 3ateM 3TH Jayuy na-
Puc. 216. Jal0OT HOPMaJbHO Ha KpH-

CTaJIIMYeCKYIO MJIACTHHKY Q,
KOTOpast ABOUT Jy4 (puc. 213), BO3HHKAET J1yy OObIKHOBEHHbIH C aMILIK-
Tyjaol A, U HeoObIKHOBeHHbIH ¢ ammiuTyjnoii A, (puc. 216).

Ay=Acosa; A,=Asina.

3. DTH Jyusm HanpaBJsIOTCS Jajee B aHaauzatop Ax, mJO-
CKOCTb TOJISIpM3alMH KOTOporo P,; NO3TOMYy uYepe3 aHaJu3aTop NpoH-
IyT JHIIb Te KoJsieOaHHsI, KOTOpble HanpaBjeHbl B €ro MNJOCKOCTH
KoJiebannii Au; aMOauTYAbBl KOJeGaHU{ B 5TOH IJIOCKOCTH BBIPa3siTCA
TaKk (puc. 216):

A, =A,cosB=AcosacosB; A,=A,sinB=Asina-sin;

KOJIeGaHHSI 3THX KOMIIOHEHTOB NPOHCXONAT NO OJHOH NpAMOW
OAn v cnocoGHBl HHTep)epUpPOBATH.

4. PasHoctb ¢a3 3 u pa3HocTb Xoia &, KOTOPYIO NMOJYYHJH JIydH
B KpHCTaJlle, coxpausieTcssi B KoJieOaHHSIX, KOTOpble NpOLIH uepe3
aHanu3aTop; No3ToMy A4 — aMIMIMTYJa CJOXKHOTO KoJeGaHus B Jiyue,
BLlLEAIIEM M3 aHaiusaTopa Awm, GyneT uMetb 3Hauenue (I § 123;
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dopmyna 12):
2ng

A= A+ A3+ 24,4, c08 2%,

HJIH:
Ay = A2+ A2+ 2A,A, cos?d.
[Ipeo6pasyem sty cdopmyay:

N .o B
coso=1 ——2sm23 ;

A= (A, + A) — 44, Ay sin® <.

Beepém yroa 1=B—a (puc. 216):
A+ A, =Acosy; 44,4, = A%sin2a-sin 28;
. . . o O
Aj = A?cos? 1 —sin 2a-sin 28- A?sin® 5 . (7)
B 3TOM COOTHOWEHHH CBSI3aHBI aMIUIHTY ALl KoNeGaHuil A — Brlefi-
‘WYX U3 noasipuzatopa U A — BHILEAIMX H3 aHAJM3ATOpPA.
PaccmoTpuM cocTaB 3TOrO COOTHOLLEHHS.

Ecnu naparomuit Ha mossipusatop Jyd GeJsblif, TO 3a Mepy ero
MHTEHCUBHOCTH IIOCJIe BBIXOJa M3 IOJSPH3aTOPA MOXKHO NPHHSIThH

I, =A%, Ho nocine BHXoxa M3 aHajusatopa [=ZILA%, rae Aa, A4

A4’ ... cyTb aMIJIUTYAbl Pa3JHYHBIX IBETHHIX Jiyded, Ha KOTOphle
pasJjoxuics Oesblil Jiyy mocjie npoxoja 4epe3 Kpuctasia. Hrak:
. . s 0 O
I =XA?cos?7—sin2a-sin 2B TA®sin 5. 8)

1) TlepBuifi uden:
LA%cos? 1 =cos® 7 LA?

BXOJUT B BbIpa)K€HHe WHTEHGHBHOCTH [ Bhllle[IIMX M3 aHaJM3aTOpa
Jyyeli Kak MHTEHCHBHOCTb ocsabJieHHoro 6enoro ayuda (cost < 1),
T. €. KaK HMHTEHCUBHOCTb KOMIIOHEHTH NaJalollero Ha aHaJu3aTop
6eJsioro Jyda.

2) Bropoit anen

. . . o
sin 2a-sin 2 EA®sin® 5

3aBHCHUT OT d:

2nd
3= ™ (ry—n,),

T. €. 8aBHCHT OT TOJILUMHBI IUIACTHHKH KpHcTalyia d W OT JJHHBI
BOJIHE ), CJIelOBaTeJbHO, OT- 3TOr0 YJjleHa 3aBHCHT LBeT:
HOCTh NOJSIPU3OBAHHOIO Jyua.
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3. LigeTHas noJaspusanus

96. M3yuum xapakTep 3TOH 3aBHCHMOCTH H YCJIOBHSl BOSHHKHOBEHHS L(BETHOR
(xpomaTHueCKOH) MoNApU3aunH.

1. Ecan sin2a.sin 28 =0, TOo syy BbIXOAHT Oesblifl, pa3HOR HHTEHCHBHOCTH
B 3a8BHCHMOCTH OT TMOJIOXKEHHfl HHKOJeH. MMeHHO, ecaH 3TO ycJOBHE BLINOJ-
HAeTCs, IJIOCKOCTb KoseGanuit P wiau AH coBnajiaeT ¢ MJIOCKOCTbIO KoJe6aHui
Q, uan Qg, T. €. C MJIOCKOCTAMH KoJeGaHHH OOGbIKHOBEHHOTO HJIH HEOOLIK HOBEH-
Horo Jqiyueit (puc. 216); torga Ag=4A, uan A,=A, JBOHHOrO NpeJOMJIEHHA HeT.
Ecnu npn atom emé y=90° To u mepbiii uneH cos? yXA2 obpaiwaercs B Hydab,
Jy4 He NMPOXOAHT (HMKoaM P u A nepekpeiuenn:, puc. 212).

2. Ecan sin2a-sin23 < 0, 1o BTOpO#l uneH c¢opmyab (8) onpefenuT uBer-
HOCTb TOrO CBeTa, KOTOphHi npuGabutcs K O6enomy (mepBblil UJEH): LBET STHX
ayueit 6yner 3aBHCETb OT B, CTano ObITb—OT TOJIHHL MJAACTHHKH d.

Eciu ToNmMHA NJaCTHHKM IMOBCIOAY OJAMHAKOBA, TO OKpacka MOJydaercs
MOHOXpOMaTHuecKas. i

3. Ecan sin2a-sin23 > 0, To okpacka npM NpeABAYWHX YCJAOBUSX GyjneT
TOXE MOHOXPOMAaTHYECKas, HO LBET €€ JONMOJHUTEJbHbLH TOMY, KOTOPbA Gbla TpH

ycaosuu sin 2a-sin 28 < 0;
JIy4d TOH LBETHOCTH, KOTO-

0 Z Ap pble mpHGaBAsIHCh K Ge-

S _,__S_,_ % JIOMy CBeTy, Tenepb OT
A Ap 7 Hero OTHHMAIOTCSI.

p Z Ay (7 4. Ecan sin 2a-sin 23=1,

q T. e. eciH a ¥ B paBubl + 45°

Puc. 217 uau -+ 135°, To ceueHus

HukoJeld Pu An au6o cos-

najaioT, JHOO nepekpe-
HIeHBI M CUMMETDHUYHBI 10 OTHOLIEHHI0 K CeueHHsIM Kpuctamia Qo H Q. [lpn stom
BTOpOfl uned ¢opmyan (8) umeer Haubosbluee (MOJNOXKHTEJNbHOE HJH OTPHUA-
TeJbHOE) 3HaYeHHE, OKPAaCKH B3aHMHO JOMOJIHMTENbHbLIX [BETOB OyAyT HauGojee
SIPDKH.
P 97. Jlo cux mOp MHl TNOJIarajH, 4YTO JY4YH MajaloT HA KPHCTALJIHYECKYIO
MIacTHHKY napannenbHbiM mnyukoM (§ 101). Paccmortpnm caywait, xorpa Ha nua-
CTHHKY Q majaeT cXOA AWM M ACA mydyok Jyueii (puc. 207).

IlycTb ocb KoOHyca cxoxsmuxcs Jaydeii SO nepneHAMKy/afpHAa K MJaCTHHKe
Kpuctaana Q u mnepecekaer et B Touke O (puc. 217). B no6oit Touke O kpH-
CcTaana BO3HHKHYT KoseGaHHs! OGBIKHOBEHHOrO M HeOOBIKHOBEHHOTrO Jyued mno na-
npasaenusM Ay u A,, napannenbHbiM Qp U Q., rie Qe, KaK M paHblie,— Hanpa-
BlcHHe riaasnoro cedenusi. CnoxeHwe 3THX KoseGaHHil ¢ pasHOCTbiO (a3 b pacr
no vanpasaeHuto A A, napanyenbHOMY IJIaBHOMY CeueHHIo aHaln3aTopa OA# (puc. 216)
Kosebalins, KoTopble OyAyT NpOMyLleHbl aHaNHW3aTOPOM H OGYCJOBAT HabJiojae-
Mbifi pe3y/bTar. '

N3 storo nocTpoeHHss $CHO, YTO BeChb XOX PacCyXIeHHs TO OTHOLIEHHI0
K J1060if Touke KpucTaana O ToXAecTBeH ¢ npupeAéHHbM B § 93,95 BbiBOKIOM
OTHOCHTEJNIbHO Jyuell mapajsiefbHBIX; TMO3TOMY B 3TOM CJyYae CXOASLHXCSH
Ayyefl MHTEHCHBHOCTb Jiyda A,, BEIXOAsWero M3 mpuGopa, oNpeaeJHTCs NO Tok
x)e dopmyne (8), kKoTopasi Gblna BhIBefileHA AN Jyuel napajJejbHBIX.

Ilpuxoaum K chaenyioIHM 3aKJIOYEHHAM:

1. Jlyu u3 npuGopa BbXOAMT BoCClle LBETHOH, HO HEMOHOXPOMaTHYeCKHI:
BTOpO#l uneH ¢opmyanbl (8) 3aBHCHT OT d H, CJeJOBaTesbHO, OT TOJIWHHH d, WIH
OT AJHMHBI XOJa Jiyua B KpHCTaJJje; HO AJHHA 3Ta JJA Jydyell pasHOro HaKJoOHa

BCXoaAweMcs myuke GyaeT pasauuHa (pue. 18): 00, = dr H 3aBHCHT OT
cos

yria, noA KOTOPEIM Jy4 majgaeT Ha KPHUCTaJJ. v
2. Ecau B35Tb TOUKH S), Sgy S3... Ha OJHOR H TOR K€ OKPYXKHOCTH, C lIEHT-
pom B O, TO, mpejmojarasi TOJNIMHY MJAaCTHHKH Be3jle OJHHAKOBOM, AJs BCEX
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3THX TOYEeK AJHHAa NyTH Jyuya B KpHCTaljne d GyneT OAHA M Ta e, H NMOTOMY
BO3HHKHET MOHOXPOMaTHYEeCKOe KOJblO.

To e camoe CKa)keM H O BCAKOM IPYroM KoJblle, PacrloJIOXXEeHHOM Ha Apy-
roM paccTosiHHu oT O, UBETHOCTb ero GyjAeT Apyras; BoOOUle YCAOBHSA AJS MOHO-
XPOMaTHYeCKOro KoJbla:

d=constans, unan: d=constans.
3. Mexnay useTHBIMH KoJsiblaMH Oyayr Oeible H Y€pHHIE KOJbLA; yCJIOBHE
Ansa KoJgen Ge3 okpackH (¢opmyaa 8):
sin 2a-sin 23 =0.

4. Hukoau (nosisipH3aTop M aHaNH3aTOp) NepeKpelleHkl: 1=% (puc. 204, 216).

Puc. 218.

IMepeuit unen dopmynsr (8) Hyabp M Mepa HHTEHCHBHOCTH IBETHHIX KoJel’
AaéTCsl BbIpaXKeHHEM:

I=sin%2a TA2 sin‘-"—z- ,

TaK Kak B=7+a=90°+a.
KakoBn 6w HH Obiim A, 8 w d mpum ycaopun a=0, nan d=i2'-

HHTeHCHBHOCTL [=0. 3TO 3HauUT, 4TO B 3THX a3umytax (puc. 212) Bce
T
TOYKH fuameTpoB OP u OA, xoTopule mpH 1=%5 H d=0 B3auMHuO mep-

NeHJAUKYJASPHEl K HanpaBieHbl Mo Q, # Q., OynyT uépHble; HMEHHO, cJaraemas
A,=0, a Ay—noraweHa anaausatopoM. [lonyuaercsi 3amevaTeNbHas KapTHHa:
HBEeTHH E MOHOXPOMaTHYEeCKHEe KOJblla mepeceyYyeHB YEp-
HHM KpecToM (puc. 218).
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‘5. Ecam cBeT, majalomufi Ha KpHCTaJJ, —MOHOXPOMaTHUYeCKHi, TO KOJbla,
nepecekaemMble UYEPHHIM KPeCTOM, MOnepeMeHHO TEMHblE M LBETHble, NMPHYEM LBeET
KoJlell onpeleUT A Majaiollero caeTa:

a) Pacnojoxenne TEéMHBIX KoJel, JaéTCH YCJOBHEM:

sin’%:O. HIH sng—j_o

: A .
OHO ynos.ue‘raopﬂercn npH €=2n—§ , T. €. TEMHbIE KOJIbLAa TMOABJAIOTCA B MOJie

aHaJH3aTOpa TpH:

Log=2 -g- , 4%. 6-—;—. .., BooGue npu §=nk.
6) Pacnosioxenne CBeTJBIX KoOJell AaHHOR IBETHOCTH MOAYHHEHO YCJOBHIO:
i 2 _
l ’

A
KOTOpoe ygoBieTBopsieTcss mpH §=(2n4-1) 7 » MHTEHCHBHOCTb CBeTa STHX KO-
nemn:
I =sin?2a XA?

T
pasiuuHa npH pasHbiX a, a npy a=0 Han e=7 obpamaercs B HYJb—IpH

8CAKOM § mosiBasieTcs 4épHbIH KpecT.
6. Hukonun (mossipusatop M aHanu3aTop) MapaJijedbHH (puc 212, 216):
Y=0, cosy=1; MHTEHCHBHOCTb Jiyua onpejeaserca ¢popmyJoi:

I=%A%—sin? 2a $A?sin? %

T
Ias seakux 3 0 A npu a=0 HIH a= sapkocTb I =2XA?2; useTHHle KoJbla

fepecevyeHbl GesIbM KpeCTOM; LIBETHOCTb KOJel, AONOJIHHTEJNbHA K TOM. ®oTopas

6bia B DOpefbIAYIEM cJydae IpH y = ;

CooGpakeHHsl, aHANOTHUHBIE TOJBKO YTO pacCMOTPEHHHIM, NMPHBOAAT K BHI-
BOZY:
a) Jlas nosBneHus TEMHHIX Kojell (HaHMeHbIUas SIPKOCTb) HMeeM YCJOBHe:

sin2 —2—= sin? Q—KE— 1,

A
KOTOpO€ YAOBJETBOPSIETCA NPH E=(2n+l)—2—; MO3TOMY STH KOJbIa MOABATCS

OpH CJIeJyIOIHX 3HAYEHHAX Pa3sHOCTH XOJa:
A A A
E= 5 3 50 5 o

6) CeeTiible MOHOXPOMAaTHUYECKHE KOJIbLA MOSBATCHA MPH YCJOBHH:

A
E=2n g—n)\.

. B xpucrannax nByocHbIX BCe siBJIeHHS MOJSIPH3ALlMH HMEIOT ropasjo 6GoJee
CJIOKHBIN XapakTep M BeCbMa TPOMO3JKYIO TEOPHIO.
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Bce TeopeTHueckHe BbIBOJbI, H3JIOXKEHHbe HA MpelblAylIHX CTpaHH-
Uax, COOTBETCTBYIOT HaOJIIOJEHHSM, KOTOpbleé MOXHO  BOCIPOH3BECTH
NpH MOMOIIM NoJisipH3audoHHoro npubopa (puc. 206, 207), nabmonasn
MX WM CyGbeKTHBHO—TJ1a30M NP aHasnu3aTope (puc. 212), uiy B NpoeK-
UMM Ha 3KpaH.

I1l. BPALIEHUE TNJIOCKOCTH MOJIAPU3ALIUA
A. 3KCMEPUMEHTAJIbHOE M3YYEHHME SIBJIEHUS

98. Bruo yxe ynomsnyTo (§ 89), uto KpHCTanIHUeCKasi MIaCTHHKA,
BBeI€HHAsT MeX]y nossipusatopoM P u aHanusatopoM Ax (puc. 212),
BpamaeT NJOCKOCTb MNOJSDHS3aIHH. Beury Teopern-
4eCKOH W TEXHHYECKOH BaXKHOCTH 3TOTO SIBNEHHS CJEJYeT pacCMOTPeThb
ero Gosiee noapo6HO.

Ecau Mexny nepekpelieHHBIMH HHKOJSIMH (puc. 204) (moJie TéMHOE)
BBECTH MJIACTHHKY KBapla, BbIPE3aHHYIO NepHNeHAUKYJsSPHO ONTHYe-
CKO# OCH, TO MOJIe OCBeLAeTCs, NPHUEM: a) eciTH
CBET MOHOXpPOMAaTHYeCKHH, TO M OKpacka mnoJs
MOHOXPOMAaTHYeCKas: HalJexalluM MO0BOPOTOM
aHaju3atopa (HaJeBO HJH HAaNpaBo) MOXHO
BHOBb COBEpLUEHHO TOTacHTb CBeT; 0) ecJu CBeT
GeJibli, BOSHHKAET OKpalleHHoe MoJe; NpH Bpa-
UIEHHH aHaJu3aTopa H3MeHSAIOTCS IBeTa OKpa-
CKH, HO COBepLIEHHO He racHyT. 3aMeTuM, 4YTo
Ayd B KBaple HAET napajjejbHO ONTHYECKOH
OCH M He JaéT NBOHHOrO MNpeJIOMJEeHHS.

HenocpenctBeHHO W3 3THX HabJa0AeHHH BBITE-
KaeT 3aKJIoueHHe: KBapl, BpallaeT MJOCKOCTb Puc. 219.
noJfiipU3alUny Jyya; nNpaBbld KBapl Bpaiaer
HanpaBo, €CJH CMOTPeTb Ha BHIXOAALIUH M3 aHANW3aTOpa Jyd, JeBblH
KBapl, BpaulaeT HaJjeBO (MPOTHB CTPEJIKM 4YacoB).

dto siBneHHe Obl10 OTKphiTo A p aro (1811), 3atem 6blno moa-
poGHo wuccienoBaHo buo u ®peHeseM, KOTOPbIA Ja €ro TEOPHUIO.

3aKoHbl 3TOTO BpalleHHus:

1. Yroa BpaileHuss NpONOpUHOHAJEH TOJIIIMHE KPHCTANJHYECKOH
MJIaCTHHKH.

2. Yrasl BpallleHHs CKJIaAbIBAIOTCA ajreGpanyecKH; NO3TOMY JBe
OIMHAKOBLIE TIIACTHHKU NPaBOTO U JIEBOTO BpAlLEHHS, PACHOJIOXKEHHbIe
ApYr 3a JpyroM Ha MNyTH Jiyya, YHUYTOXKAIOT BpalleHHe, IJOCKOCTb
NoJsipU3alldi He NOBOPaYHBaETCH.

3. Yrous BpalleHUsI 3aBUCHT OT JJIHHBI BOJIHBI (HJIH OT NepHOZa KoJle-
Oanuit), T. e. BpalleHHe MJIOCKOCTH MOJSIpH3aUUH ANS Jyuefl pasHoi
HBETHOCTH pa3nuuHo. Ecsn Gesbiil, mossipusoBaHHbiil B miockoctd OP
Jy4 TafaeT nepneHAMKyJsipHo B Touke O (puc. 219), To nJaocKocTH
floNspU3aluy Jyyeil cnekTpa o6pa3yioT Kak Obl Liesblil Beep IJIOCKOCTeH
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nonsipusauud. Tak, NIOCKOCTb MNOJSIPH3ALHH KPacHOro Jiyya, COOT-
BeTCTBYIoLero (ppayHrodepoBoii muHuK B, Bpamaercs Ha 15°,3 u 3aiiMér
nosoxenue OB; njockocTb nossipusauuu GproseToBOro Jyua (bpayHro-
¢depoBa sauHusA H) Bpamwaercs Ha 51° u 3aHuMaer moJoxenune OH,
MeXJly HUMH pacnoJiaralorcs JI0CKOCTH MOJIpH3aLHH OCTAJNbHBIX JyYel.
Ortcioza siCHO, YTO aHANU3aTOP NPH JIOOOM ero NoJIOXKEHHH M O X € T
NOTacCUHTbh JNHMWb oNpejfenéHHB H JYyUu, Hanpumep
XKENTbIH, €CNH TJIOCKOCTb TNOJISPH3alMH aHaju3aTopa IepHeHANKY-
JsipHa K naockocTii OD; no3ToMy NpH OCBeLleHUH MOJsipH3aTopa GeJsibiM
CBETOM HM INPH KAaKOM TNOJIOXXEHUH aHaju3aTopa He NoJyyaeM coBep-
IIEHHO TEMHOTO TNOJSA; NPH JOO0M a3UMyTe aHaJHU3aTopa NoJe OCBelleHO
JIyuyaMH JONOJIHHTEJIbHOH LBETHOCTH K TeM, KOTOphie NoralleHbl.

Cpenn 3THX JOTOJHHTEJbHBIX OKPacoOK 3ameuaTtesieH cepo-(HONeTOBLIA OTTe-
HOK, KOTOpbIH BO3HHMKaeT, KOraa noraueHa Haubosee sipkas xé€1T1o-3enénas
yactb cnektpa. Ilpu manefiliem BpaleHHH aHanHM3aTopa 3TOT OTTEHOK pe3Ko
NepexXoAHT MJIH B KpacHbIA, MK B cCHHMi uBeT. [losToMy OH Ha3biBaeTcsl 4y B-
CTBHTEJbHBM OTTEHKOM,; €CIH Mbl €ro moJyuyHJaH, TO caMmoe cJja-
6oe H3MeHeHHe CBOHCTB Bpallaloliero BelecTBa BeA8T K H3MEHEHMI0 OKPacKH
M TOSIBJIEHHIO WM KPAacHOro, MJH cHHero nojas. Jns naacTHHKH kBapua B 1 mm
TOJILIMHLI YYBCTBUTEJbHbIH OTTEHOK BO3ZHMKaeT NPH asuMyTe aHajusatopa B 24°,
3HAuuT, Npu 3,75 mm TOJILHHBI a3sUMYyT aHanusatopa paseH 90°, T. e. uyBCTBH-
TEJNbHBIH OTTEHOK HMeeM MpPH INepeKpelleHHbIX HHKOJfX.

HccnenoBanus nokasanau, 4TOo, KpoMe KBapla, AaKTHBHBIMH SIBASiIeTCA MHO-
JKECTBO NPYFMX TeJ, KoTopble 00/iafaioT CHCCOGHOCThIO BpallaTh IJ1I0CKOCTh
noJasipi3auuH.

TakoBbl ameTHCT, KnHoBapb (HgS) (naet cunbHoe Bpamenue: cnoit 1 mm Tou-
Hiunbel Bbi3biBaeT noBopoT Ha 270° npu Temnepatype 22° C); ABOHHbIE CepHOKHC-
Jble COMIM Kalus H HATPHUS H JAp., MHOTHe >XHAKOCTH, PacTBOpbl M maphl; Tak,
HanpaBo BpallalOT TPOCTHHKOBBLIA caxap, KpaxmaJs, npaBas BHHHas KHCJOTa,
npaBoe TepNeHTHHHOE Macao, Kamdopa H T. A., HaleBO—JeBYyJn03a, JieBasi BHH-
Has KHMCJOTa, anbOyMHHBl, XHHHH H T. A.

99. B H 0 H3 CBOMX MHOrOYHMC/JEHHBIX HCCJIeNOBaHHH BEHIBEJ, 4YTO YroJ Bpa-
meHHsi @ XHAKOCTH MJH napa NPONOPLHOHANEH YHCJY YacTHIl Bpaulawouero
BelecTBa, MOMajaloLiuXcsl Ha NYTH Jyya, CJefoBaTeqbHO, NPH NPOYHX PaBHBIX
yCJAOBHUAX—TONUUHE caosi d M nJaoTHocTH D:

a=pDd.
Kosdduuuenr:

a
P=Da M

Ha3pIBaeTcsl yAenbHOR Bpamalomell crnoco6HocTbio. OcofeHHO 3amevaTeJsbHO,
4YTO NpH pacTBope AaKTHBHOrO B CMbic/le BpauleHWsi BewecTBa (Hanpumep, ca-
Xapa) B HeaKTHBHOH MMAKOCTH (Hanpumep, B BOJAE) Yros BpalleHUss nponop-
MOHANEH TOJ b KO  KOJIHYECTBY 3TOro BelilecTBa B efHHHLe 0O0béMa pac-
TBOpa, T. €. NPOMOPLHOHANEH KOHLUEHTPauuu pacTopa A:

a=p Dd-A;
OTCIOAa JAJIsT PacTBopa:
a
P=paa-
HaoGopor, na6niofass BpalleHHe MJIOCKOCTH NOJSIPH3aLHH PacTBopa H 3Has

yaesbHYIO BpamarteyibHYlo cnoco6HOCTh paCTBOpéHHOFO BelecTBa P, MOXHO BbI-
YHCAHUTD A-—KOJHYECTBO paCTBopéHHOI‘O BellecTBa B CAHMHHLE o6béMa pactBopa.
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OTH M3MepeHHMS HTrpaloT BaXKHYIO PO.Jb BO MHOTHX Bomnpocax ¢H3HdYecKo
XHUMHH M ¢u3HoaOrHH. B wacTHOCTH, lIMPOKOE NMpHMEHEHHWe HMeeT B MEAHILHH-
CKOfl H 33aBOACKOH NMpaKTHKeE CaXapHMeTpH s—onpelejeHie NPOUEHT-
HOTO COlepXkaHUsl caxapa B pacTBopax. MHorouucieHnHble npu6opbl, NMOCTPOEH-
Hble IS ueJell TeXHHYeCKOH caxapHMeTPHMH, B NMPHHLUHNE HMEIOT BHA OObIYHOTO
nonsipumerpa (puc. 206); F—MOHOXpOMaTHUECKHH HCTOYHHK; MexAy AByMs
nepekpelleHHbBIMH HHKOAsIMA P n A BBoauTcs TpyGKa S, HanoJHeHHas Hcche-
AyeMblM PacTBOPOM; MNpPOHCXOAMT BpallleHHe IJIOCKOCTH TNoJsipH3auuH, mnoae
OCBellaeTcsi; BpaUlaiOT aHA/JH3aTop, NOKAa CBET He HCYe3HeT B MoJe; yroJa no-
BOpOTAa OTCYHThIBaeTCs Ha JHMGe.

B. TEOPUSI ®PEHEJISA

100. P peHenb Jjan TeOpHIO SIBIEHHH BpaUIeHHS IJIOCKOCTH
NoJIsS pH3aLHH.

H3yuenne clioxkeHHs] B3aMMHO NepreHINKYJISPHBIX KoJeGaHui npu-
BOJUT K cJjefyiomum nogoxkeHusim (I, § 121, 122):

1. JIBa B3aWMHO NeprneHAMKYJISPHBIX KoJeGaHHSI C pPasHOCThbiO (a3

T 3
3=, w3 = m Cc PaBHLIMH AMILTMTYIAMH H TIePHOJAMH, CJIarasich,

2 2
JlaloT B pe3yJibTaTe Kpyroeoe KojeOaHHe C TeM XKe NEepHOJAOM M aMIIH-
TyHOH.

2. JlBa KpyroBbIX JBHXKEHHSI C OXHHM H TeM e mnepuoioM T u
COJHOM M TOH XKe aMmIuTynoi A—ofHO JieBoe, a Apyroe npaBoe—cia-
raiorcs B OJHO TrapMOHHYecKoe KojeGaHHWe NO OLHOMY M3 JAHaMeTpOB
¢ TeM e niepuozioM T, Ho ¢ ABofiHO ammauTyRO# 2A.

3. Ecau mepHozibl IBYX cJlaraeMbiX KpYTroBbIX JBHXXKeHHH—JeBOTo
H TIpaBOro—HEMHOTO OTJIHYaIoTCs APYr OT ApYyra, TO AMaMeTp, Mo KOTo-
pPOMY NPOHCXOMMT pe3yJbTHpYylolee KoJeGaHHe, BpallaeTcsi B CTOPOHY
6oJsiee OBICTPOro JBHXKEHHS.

®peHenb nmpeAcTaBua cebe, YTO B Jyye, NMPSIMOJHHEHHO NOJISIPH30-
BAHHOM, T. €. B COCTaBJeHHOM H3 IBYX KPYroBbIX (paBOro M JIeBOro),
NpH BCTYIJIEHHH BO Bpallaiomyio cpefy (HanpuMmep, B KBapl) NMPOHCXO-
JUT HapylleHHe paBeHCTBA CKOPOCTeH NpaBoro M JIeBOro BpauleHHH.
Taxo#i ayu Bo Bpamarouieil cpelie pasJioKHTCA Ha JBa KPYroBbIX, U3
KOTOPbIX OZHO (MOJIOXKHM, NpaBoe) uMeeT GOMbIIYIO CKOPOCTb BpallleHHs,
yeM gmpyroe. Ilpoiiaa Bpamaiomuil cioi, 3TH Jy4H ONATH HMEIOT OAHY
U Ty e CKOPOCTb BpAlIEHHS M CJOXATCA B OJUH INpSIMOJHHeiHHO-
NOJIIPU30BAHHBIA J1y4, HO MJOCKOCTb, B KOTOPOH NPOHCXOAAT KoJieba-
HHSI B 3TOM Jiyye, a 3HAYUT, U IJIOCKOCTb €ro noJsipusauuu Oyner
NOBEPHYTA (MOJNOMHM, HANpaBO) HA HEKOTOPBIA yroa OT IIOCKOCTH
NOJIIpM3alMK Jiyya [0 Bpallamoliedl cpepsl.

IponsBeném pacuér yrsa Bpamenusi. I1ycTb B KBaple CKOPOCTb
BJIOJIb OCH NPaBOro Jiyya v, JIEBOrO U,, NMPHYEM U, > U,; CJefOBa-
TeJIbHO, JJMHA BOJIHBI NpaBoro koJebaHus .y = v,T, neBoro A, =v,T.
910 3HAauMT, 4TO Ha paccTosHud v, T OT MOBEPXHOCTH KpHUCTa/JIa
¢dasa npaBoro KoJieGaHUsI M3MEHHTCS Ha 2w, a B JIeBOM KoJieGaHHH
OHAa M3MEHMTCS Ha 27 Ha PacCTOSTHUU U,T OT°TIOBEDXHOCTH KPHCTaJIa.
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Torpa pasHocTh:
2 2n

v, uT

ONpeliesUT pa3HocTb (a3 npaBoro W JeBoro KoJseGaHuil, KoTopas
BO3HMKJIa Ha €JMHHUE JJHHBI NYyTH B KpUCTasje; €CJH TOJIIHHA
NNacTHHKM KpHCTaana d, TO 3a BCE BpeMsi, B TeueHHE KOTOPOTO

JYYd HAYT BHYTPH KpHUCTaslja, y HUX oOpa-

A F  3yercs pa3HOCTb . (as:
3= 2t |- (a)
E T Ug (4%
y % lFeomeTpuueckH 3TO TNpPeACTaBHTCA  Tak.

[Myctb BosHa, majaiouiasi Ha KPUCTaJJ, HMeeT
7 @MIIHTYRY A0, xosebaHusi B 3TOM NOJSIpHU-
30BaHHOM Jiyue Hanpasjedol no A,0B,
(puc. 220). Ilpn BXoZe B KpucTaJa 3TO - Nps-
7, MOJIMHefiHOoe KoJieOaHHe pasJiaraeTcsi Ha JBa
2 KPYroBblX — NpaBoe ¥ JieBoe —C aMIJHUTY 0k
OA (I, § 122), Koropble, pacnpocTpaHssACh
10 OCH KpHCTalla CO CKOPOCTSAMH U, H U,
(vy>v,), K MOMEHTY BbIXOJa U3 KPH-
cTaJjgJa HMeIT pasHocTh a3 & mno ¢op-
Prc. 220, myse (a).
OTO 3HAYMT, YTO €CJM B 3TOT MOMEHT Npa-
BOBpALlAIOWHACA BEKTOp 3aHMMaeT MOJOXKe-
ave OC, ompenensiemoe ¢asoit ADBC, To JeBoBpawialomuica Bek-
TOp B 3TOT K€ MOMEHT 3aHuMaeT nosoxenue OD, onpepensiemoe ¢a-
soii ACBD, npuuém mno ycaosuio ADBC > ACBD; cnepnoBaTtesbHO,
pasHocTb (a3 & BbIPA3UTCA TaK:

8= ADBC — ACBD =~ DA—~—CA=~ DA—~—DC,=~—C,A.
Hrak, no ¢opmyse (a) umeem:
3=2rd [_I__L] = C,A;

oGpa3oBaBluasicsi pasHocTb (a3 uncjeHHo paBHa ayre C,A.

IMpu BbixOAe M3 KpHCTaJsia 3TH ABa KPYroBblX KoJeOaHHSI BHOBb
CKJIaJIbIBAIOTCA B NPAMOJIMHEHOe; pPe3yJbTaT CJO0XKEHHs OMpejenuT
HanpaeJjieHue NpsiMoJiuHeHdHOro Kosebauus, uMmenHo, FEOF,, npuuém
Touka E peautr nomosam ayry CAC,D, a ciaepoBaTesbHO, U AYLY
CA=3.

Hrak, nanpasieHue KoneGauui FF,ayua, BelIeIIEro U3
KpHCTaJJa, CcocTaBJsieT C HanpaBjeHueM KoJiebaHuit Jyua, naja-
towero Ha Kpuctann A,B;, yron AOE; cjefoBaTesbHO, H NJOCK O-
CTH MNOJAPH3AUNH 3THX JAydeld o06pa3ywT MexAy
co60H TOT Xe yrous,
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3a Mepy 3TOro BpatleHHst IUIOCKOCTH TOJsipH3allii B CTOPOHY GoJiee
ObiIcTporo JBMKeHHst npuHuMaeM yroad AOE uau COOTBeTCTBYIOLLYIO
eMy pyry AE=g¢:

1 nd 1 1
vAE=.2_a___T[v_z__vl_]=¢. (2)

Takum obGpa3om, Teopusi PpeHens 1a€T NPAaBUIbHYIO KapTHHY
IBJIeHHS] BpallleHHsl TJIOCKOCTH MOJISIpU3alHH H NPHBOJAMT K Bhlpaxe-
HHIO, NO3BOJSAIOILEMY KOJHYECTBEHHO OLLEHHTb OXKHJaeMoe BpallleHHe.
Ilng Toro utoGbl GbIO BO3MOXKHO BLIUUCJSATH BpalleHHe MO Npejbl-
Ayueil ¢opmyJie, HajO 3HATb BeJHUHHBl T, Uy, U,; NOHSITHE O BbIYH-
CJIeHHH 3THX BeJMYUH MOXKET JaTb YUYET TeX SJEeKTPOMarHUTHbIX CHJI,
KOTOpble CBOMMH JefCTBHSIMH BHYTPH KpHCTaJJa HJAH BooOlle Bpa-
warouero Tesa oOycJOBJAHBAIOT HabJiojaeMble sIBJIEHHS.

®opmyay (2) MOXHO NpeoGpasUThb:

el S e e
- [_C__ ¢ ]=%[n2—nl]; (27

] U

yroJl noBOpoOTa IJIOCKOCTH NOJSPU3AlHMU BhIpa)keH B (YHKIWH MNOKa-
3aTeJieil MpeJIOMJIEHHS] KPYTOBbIX Jiyuell, a 3HauuT, H B (PYHKUHH HX
AJHH BOJH. DTa 3aBUCHMOCTb ONpeJeNsieT Te SiBJEHHsl, KOTOpble
Hab/oJanuch NPU BPallleHHU MJIOCKOCTed MOJIipu3alid MOHOXpOMaTH-
geckoro 4 OeJjioro cmeTa.

IV. MATHHTOOINITHKA H 3JIEKTPOONTHKA
A. SIBJIEHMSI ®APAJIESI U 3EEMAHA

101. B 1845 r. ®apapgeii o6HapyXuJ, YTO M HeaKTHBHBIE MPO-
3payHble U MNOJYNpo3payHble TeJia BPALLAIOT TJIOCKOCTh MOJSIpU3aLUH,
HaXOAfCb B MarHUTHOM ToOJe.

N S

A

P
_ . . L L | ;
a AN S

Puc. 221.

Bpamenve umeer HauGosblllee 3HaUeHHe, KOr'Aa TOJISIPH30OBaHHBIA
Jy4 WAET MO HaNpaBJeHHIO MarHUTHOrO MOJIST — [0 CHJIOBBIM JIHHHSM
WJIH TIPOTHB CHJIOBBLIX JIMHWHA. Jlaisi ofHapy»KeHHsl 3TOro siBjleHusi HC-
cnenyemoe Teno F (Hanpumep, MJIAacTHHKY cTekJa, puc. 221) nome-
aeM MeXJy MoJilocaMH 3JeKTpomaruuta NS, cepleuyHHKH KOTOpOro
NpocBepJieHbl HAaCKBO3b; Mepeji OTBEPCTUSIMU Cep/leYHHKOB NOoMellaloTcs
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pukoaun P u A. Ecin HUKOJM TepeKpeiueHbl U MarHUTHOTO NOJISt HET,
10 ayy SO noraweH, noje 3penuss B O Témuoe. Ho kak TOsIBKO
NnosiBJAseTC BJOJb Jiydya MarHuTHoe noje, B O MNOsIBJsieTCS CBET H,
yTOOBI NMOracuTb Jiyd, NMyTb KOTOPOTO JIEXKHT 4yepe3 noJie, Hajo0 aHa-
au3aTop A NOBepHYTb Ha HEKOTOPbIA Yyroj ¢.

Bepne u A. bekkepeJb YCTaHOBWJIM 3aBHCHMOCTb yTJia Bpa-
eHHs1 ¢ OT OOCTOATEJbCTB OINbITA:

¢=pHdcosa;

snecb H —HanpsiKEHHOCTb MAarHHUTHOrO T0Jisl, d — TOJIIIMHA CJIOs

BellleCTBa, MPOHH3LIBAEMOrO JyuoM, o — YroJl MEXJY JIMHHUSMH TOJis

W HanpaBJieHWeM INyuykKa JydeH; p— MarHuTHas BpaulartesbHas CIoO-

COGHOCTb HCCJIefyeMoro BeiiecTBa. Kpome Toro, BpauiaTesbHasi Cro-

COOHOCTb pa3JiiuHa AJisi BOJIH

0 pasHoO# JJIMHBI; ¢ NPHOJIH3H-

TeJIbHO O00paTHO NPONOPLHO-

H=0 HalbHO KBajpaTy JMJIHHH
BOJIHBI.

®apagneit, OTKPBIBHIKEI 3TO

v, V; > sIBlleHHe, Has3blBajll €ro «Ha-

MarHH4yeHueMm CBeTa», OH yT-
O O #llayy i
BepXKJaaJ, YTo pa3 MarHuTHoOe

— nosie AeHCTBYeT Ha JIy4H CBe-
a A Vo un Ta, TeM 6o.nyee oHO );o.nxmo

Puc. 222. BJUATb Ha CaMblii HCTOUHHK
cBeTa.

Ecan npeanosioxutb, 4T0o BCfIKas CNEKTpaJbHasi JIMHHSL COOTBET-
CTByeT HEKOTOPOMY 3JIEKTPOHHOMY Npolleccy B aTOMe, TO INOMeLIEHHe
HCTOYHHKA CBeTa B MAarHUTHOE IOJie JOJIKHO H3MEHUTb YacTOTy 3TOro
KoJie6aTesIbHOrO Mpollecca, YTO BHELIHe BbIPA3UTCSl CMelleHHEM CIeKT-
paJbHOM JIMHHH K KPacHOMY HJIH (PHOJIETOBOMY KOHILY CIEKTpa.

® apapnein nomeuwan miaMs HaTpUS MeXAy MOJIOCAMH MarHUTa
H TIIATeJbHO HCKaJ CMelleHHsl nojocel D B cnektpe HaTpusi. Ho emy
He yZaJjocb 3aMeTHTb HCKOMOIO CMEIeHHSl BCJIEJCTBHE HEJOCTATOYHOH
CHJIbI MarHUTHOTO NOJIST H OCOGEHHO BCJEJCTBHE HEJOCTATOYHOCTH €ro
crnekTpasabHbIX cpelcTB. Jlumb B 1896 r. siBjeHHe, KOTOpoe MbITalCA
o6Hapyxutb Papaiel, 6blJO0 OTKPLITO TrojaHAcKuM ¢usukoMm 3 e e-
M a H oM. OH momeman nyiams ropenku DyHseHa ¢ HaTpueM Mexny
ToJIIocaMy  cHAIbHOTO 3neKTpomarHuTa (40 000—50 000 spcren, 11, puc.
276) u HabJofan CNEeKTp NapoB HaTpHs IPH TOMOUIM AH(PPaKUHOHHOH
pel€TKH; NpH HaGJMIOAEHHH JyYel, napaJesbHbIX NOJIO (KaK B ONbITE
dapanes), 3eemaH oOHapPyXHU1 pa3ABoeHHe JHHHH D Hatpus
(puc. 222) B maruuTHOM moJe (1896).

JanbHefuye onbITel caMoro 3eeMaHa W MHOTOUHCJIEHHBIX €r0 TOCJe-
JoBaTeJiell yCOBepIIEHCTBOBAaJNH 3TOT MeTOJ; B KaueCTBe MCTOYHHKA
CBeTa IM0JIb30BalUCh HCKDOBbIM paspsafioM M paspsjaMH B TpybOKax
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[Tnokkepa (puc. 222a) cnenyanbHo# GOpMBI M IPHOETANH K CHIIbHE HIIHM
uHTeppepomerpam Pabpu u [lepo u T. n. (§52 u ca.). Boobiue cmelenne
CHeKTpaJbHbLIX JIMHUE OYeHb MaJsio; Tak, npu H=25 000 spcrej cMerie-

une auHun D qnmb 8.=0,3 A, T. e. okoso '16 paccrosinusi mexay D, uD,.

OcoGenno 3ameuartesibHO Habmofenne 3eemana (1897) Hap paciie-
neHueM roJy6oil JuHUM Kaamusi (h=4678 A); okasanoch, uYTO NpH
HaOJII0/IeHUH BJ0J1b CHJIOBBIX JINHUH TI0JIS1 IHHHS YABaUBaeTcs, a MpH Ha-
6/I0JleHUH TNepNeHAUKYJISPHO K CHJIO-
BbIM JIHHHSM NOJISE JIMHUS yTpauBaeTcs,
nosaydaercst TpunJet (puc. 2226). Te xe
siBJIeHUs] OblIM YCTAQHOBJIEHBl TNpH Ha-
OJII0[leHHsIX HHBIX CNEKTPOB (Hanmpumep
A=4680 A B cnekTpe uuHka). Hrak,
MarHuTHOe TMoJle H3MeHsieT IEepHOA H
IJIHHBL BOJIH CBeTa.

OtkpuiTust Papaness u 3eemana
HMEIOT OrpOMHOe 3HaueHHe JJIsl pa3BHs

z
| H=0

O OHY

— | F [——nt

- =

a V
Puc. 222a. Puc. 2226.

THS HAallKX B3MJISIJIOB Ha CBET: HMH YCTaHOBJIEHA BO3MOXHOCTb “BJIHSITb
Ha CBeT NPH NOMOLIH MarHHTHOTO T0J151, OTBbITHO OGHapyXeHa Hemocpes-
CTBEHHasl CBf3b MeX]Iy INPOLeCcCOM 3JeKTPOMAarHHUTHBIM H MPOLeCCOM
ayuencnyckanusi. Takum o6pasom, Teopust MakcBessia, paccMaTpuBaio-
masi CBeT KaK BOJIHOBOH Mpolecc 3jJeKTpoMarHuTHoro xapaktepa (II,
§ 140, III, § 83), npuoOpeTaeT HOBOe 3KCNEpHMEHTaJbHOE OCHOBAHHE;
OHO SIBJISIETCST OIHUM U3 BaXKHEHIIKX, TaK KaK BIHSHHE MArHUTHOTO MOJS
Ha MCTOYHHK HM3JyYeHHS] HENOCpPeJCTBEHHO yKasblBaeT Ha 3JeKTpoMmar-
HUTHBIH XapaKTep caMoro SIBJeHHs H3Jy4YeHHsl CBeTa.

Teopuio siBnenuss 3eemana Jjanx JlopeHn Ha ocHOBe
anekTpoHHOH Teopur. OfHAKO B HAcTOSILIee BpeMs HCXOAHbIE NOJIOXKEHHS
TeopuH JlopeHla Hesb3sl CYHUTATb NpPaBHUJbHBIMH.

Ilostomy Teopust siBnenusi 3eemaHa OyleT paccMOTpeHa B CBOEM
MeCTe Ha OCHOBe KBaHTOBHIX nNpefctaBaeHuii (§ 207).
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Bb. ABJIEHUE KEPPA M HITAPKA

102. Kpome siBnenuit Papaness u 3eeMaHa, CYUIeCTBYIOT H JpYrue
fIBJIeHHs], B KOTOPbIX OGHApY>XUBAETCs! BJUSIHHE MArHUTHBIX H JEKTpH-
9ecKHX MoJieil Ha JyyeHCnycKaHHe; YroMsiHeM O HEeKOTOPbIX H3 HHX.

1. Ecnu Ha nosioc 3jieKTpoMardHuTa MAM BooOblle Ha NOBEPXHOCTb
HaMarHM4YeHHoro 3epkana (CHJbl TOJS Tapajje/bHbl NOBEPXHOCTH)
TlajaeT NpsSIMONHHENHO MOJSIpU30BaHHbIH Jy4, TO PH OTpPaK€HHH ero
TIPOHCXOJUT BpallleHHe MIOCKOCTH NOJIAPU3aLHH. ITO iBJeHHe, OTKPLITOe
Keppowm (1877), nabaonaercs 0coGEHHO SICHO NPH OTPaXKEHHH OT
(eppOMarHUTHLIX TeJ W CMJABOB; YroJ BpallleHHsl MponopLUHOHaJeH
HHTEHCUBHOCTH HamarHuueHusi I (a He HanpsixéHHoctH, 1I, § 47):

e=Fkl;
k—TOCTOSIHHOE YHCJIO JJIs1 JAaHHOrO BelllecTBa; Tak, AJs KeJje3a k=
=0,0138.

2. Panee 3storo MarHuToONTHYecKoro siBleHHss Kep p OTKpbln
aNeKTpoonTHyeckKoe saBaeHue (1875); oH nokasasn,

' uyTo GOJIbLUOE YHCJIO AH3Je-

1 KTpHYECKHX XKUJKoCcTeH (BO-

Ia, xJopodopM, cepoyrJie-

poxr ¥ T. A.), OyAyYyd IO-

| MeIeHO B 3J e KT P HYe-

J / / — \ \ 9 cxoemnoae E, npuoG-
| —/ 1\ peTaeT CBOMCTBA KpHCTaJ-
’ | a JIOB: TIPH NPOXOXACHHH Ye-

pe3 HHUX CBET HCIIbITbIBAET

IBOIHOE JIyyernpesloMyIeHHe.

Mexny cKpelleHHbIMH

Puc. 223. Hukoasivi P u A (puc. 223)

BBOJAMM cocyn M ¢ uchbl-

TyeMOH JKHIKOCTBIO; IOKa HeT 3JeKTPHYECKOro mnoJsi, Habiioaaem

B O TéMHoe ToJie; KAaK TOJbKO Ha MOJIIOCaX, BBeNEHHBIX B XXHJKOCTb,

[0SIBJISIeTCS] Pa3HOCTb MOTEHLHAJOB, IT0Jle NpOCBeTJsieTcs, 0GHApYXH-

BaeTcsl SIBNeHHE JBOMHOTO MpejioMJeHHs. 3aKOH SIBJIEHUS] Bblpakaer

Pa3HOCTb CKOPOCTell HeOGbIKHOBEHHOTO U, H OOBbIKHOBEHHOTO U, Jy4eH.
v, — U, = BAE?;

B—nocTosiHHas Aas JaHHOH JXMIKOCTH; TaK, Ans cepoyriaepopa B=
=3.10"7 (mna xéaroit suuum D), mnsa HuTpoGeHnsona B=2-10-F;
(E B cucreme CGSE).

«fueiika Keppa» (puc. 223) Bowna Bo MHOTHE J1aGOpaTOpHbIE H TeX-
HHYECKHE YCTAaHOBKH, KaK MPAKTHUeCKHH Ge3HHepLHOHHbIA 3aTBOP HJIH
BLIKJIIOUATe/b: BpeMsi [JIS TIOSBJIeHHs] HJIM HCUe3HOBEHHS] aHW3OTPONHA
KHAKOCTH He npeBhimaer 10-° cexk.

3.Casanenunem Keppa BXKHIKOCTAX TECHO CBSI3aHHI sIBJIe-
HUs nedopMany it TBEPABIX TeJ1 NPH ACHCTBHH CHJI 3JIEKTPHUECKOTO NOJ.
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Taxk, CTeKJI0 B 3JIeKTPHYECKOM M0JIe TPHOGPEeTaeT CBOCTBA aHH3OTpON-
HOro TeJsa, oGHAapyXXHBaeT JBOMHOE MpeJsoMJieHHe, KOTOopoe SIBJSIeTCS
BTOPHYHbIM SIBIEHHEM, KaK pe3yJbTaT MNOsIBHBLIMXcA AedopMmauni
BHYTPH AH3JEKTPUKA NPHU €ro noJsipu3auuu B noJje. Korna An3eKTpHK
NONISIpU3yeTcsl B 3JIEKTPHUUYECKOM TMOJE, TO BCJEACTBHE pPa3iBHKEHHS
sapsloB H BpameHus gunoaeit (II, § 19, 124) Bo3HukaloT BUYTPH HEro
feopMallMd W HATSXKEHHUS; 3TH SIBIEHHS] Ha3bIBAIOTCSl 3JEKTPOCTPHK-
nuei.

4. IHtapk B 1913 r. oTKpLIT SABJIEHHE paclleNJIeHHs CIEKTPalib-
HBIX JIMHHE BO BHELIHEM 3 JIe KTPHUUYECKOM 1o Je. [laa uccie-

RN A

x
ENY

l 1000008

Cnermponbubid
annaparm
Puc. 224.

goBanusi OoH Opasl MoJoXHUTeJbHble Jyud («kaHanoswles, II, § 188);
MOJIOKHTEJIbHbIE HOHBbI TIPOXOJMJIH B 3aKAaTOAHOE MNPOCTPAHCTBO H IO~
majiaik B MOIIHOE 3JIEKTPHYECKOE NOoJe KOHJeHcaTopa (pHc. 224), Hanps-

. , 8
XEHHOCTb KOTOpOTO JAoBoAusach no 10° o Ha6nionennem cnekrpa

.

BO30YXIEHHbIX aTOMOB B 3TOM IIOJIe YCTAHOBJIEHO pacllienyieHHe CleK-
TPaJbHBIX JIMHHH TNOA JHeCTBHEM 3JIEKTPHYECKOIo TNOJs.

AcTpoHOMHYECKHMH Ha610fe HIMH 0GHapY KEHO pacluenJieHHe MOHO-
XpOMATHYeCKMX JIHHHH BOJOpPOJAA, JKeJje3a H T. A. Ha TOBEPXHOCTH
CoaHua; 3THM yJocToBepeHo, yto Ha CosiHlle ¥ B HeJIpax ero NPOUCXOAsAT
rpaHIHo3Hble 3JleKTpoMaruuTHble npoueccsl; CosHlLe ABASETCS MOLLHBIM
reHepaTopoM 3JEeKTPOMAarHWTHOH 3Hepruu. D10 MNpejcTaBjeHHe ObiJo
Pa3BHTO JaJbHEHIIMMH HCCNEJOBAaHUAMH XH3HH H cTpoeHuss CoJHua
H Jpyrux 3BE3f.

103. OkouJio JeBsIHOCTA JIeT NPOLLJIO C TeX Mop, Kak MakcBeJi1 co3aan
reHHaNbHYIO TEOPHIO, B KOTOPOH CBeT pacCMaTpHBaeTcsl KaK YacCTHBIH
cayyail NposiBeHHs] NePEMEHHOro 3JeKTPOMarHuTHoro noJs. JlanbHed-
wee pa3sBHTHE TeOPHH MakcBeJsia B CBfI3H C 3JIEKTPOHHOH TeopHei,
omupalolleecss Ha OTPOMHBIH ONBITHBIA MaTepuas, TNO3BOJISET TeNepb
¢ 6oJIbLIOH CTENEeHbIO NOCTOBEPHOCTH CKa3aTb, YTo B3rasjbl Makceessa
OblIM TIPaBHJIbHBI, YTO CBeT JefCTBHTE/ILHO €CTh SIBJEHHE dJeKTpoMar-
HHTHOE, OHO H3 GECKOHEYHO Pa3HOOGPa3HBIX MPOSBJEHHH H3NYUeHHH,
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KOTOpble Mbl BOCMDHHHMaeM TO KakK CBeT, TO KaK PaJHOBOJIHBI, TO Kak
pPEHTreHOBCKHe J1YYH, TO KakK MH(ppaKpacHble JYuyH H T. .

Bce 3TH cTosIb pas/inyHbie NPOSIBIEHHS H3JYYeHHS HMEIOT OJHY
IPHUPOJLY H OJHO NMPOHCXOXKJeHHEe — BC& 3T0 (HOPMbI NPOSIBIEHHS] SHEPIUH
nepeMeHHbIX 3JIEKTPHUECKOrO M MAarHUTHOrO NoJieH, WHAYKTHBHO CBS-
3aHHbIX MeXJy coO0H corsnacHo oOWMUM YpaBHeHHsIM MakcseJsuia
(I1, § 134). Droit cBA3bIO XapaKTepu3yeTcsl MHPOBOI MpoLecc B U3yyae-
Mol HaMH 4acTH BCeJIEHHOH, TMOCKOJIbKY YCTaHOBJIEHO CYIIECTBOBaHHE
H TeyeHHe 3JIEKTPOMArHUTHbIX mnpoleccoB Ha CosHue, Ha 3BE3gax
H B KaXJOM aToMe.

V. HWIKAJIA 3JIEKTPOMATHHTHBIX BOJIH

104. Ilpu enuHCTBE MPHPOAB! BCeX BHIOB 3J€KTPOMAarHHTHOTO H3JY-
YeHHs Mbl HaGsioaeM GecKoHeyHoe pasHooOpasue ero GopM H NposiBie-
Hull. D10 pasHoobpa3ue 0OyCJOBNEHO OJHHM, TNOBHAUMOMY, Oecrpe-
JIeJIbHO H3MEeHSIIOWUMCSl TPHU3HAKOM —[JIHHOH BOJIHBI MJIH YacTOTOH
TeX KoJjieGaTesIbHbIX NPOLECCOB, KOTOPhle PaCIpOCTPaHSIIOTCSI C KOHeu-
HOH CKOPOCTbIO B BHJle 3JIeKTPOMAarHUTHBIX BOJIH.

Korza mna peub o pacuiupeHHH CNeKTpa B CTOPOHY GOJIBLINX BOJIH
(§ 85), ObiI0 yKasaHO, KaK KOJIHUECTBEHHble HW3MEeHEHHS JUIHH
BOJIH M YaCTOT M3MEHSIIOT KauyeCTBO HAllero BOCHPHSITHSI TNPOLECCOB.
Tenepb NpoAOJKHM H3YydeHHe 3TOrO BONpoca H CHeJlaeM MOJHBIH
0630p 3JIEKTPOMAarHUTHBIX BOJIH BCeX H3BECTHbIX HaM JJIMH.

I. MepJieHHble 3JIeKTPOMarHHTHble KoJieGaHHsI BO3HHKAlOT B KOH-
Typax ¢ Gosbliod camouHpykuueit u émkoctbio (II, § 132); Tak, npu
paspsajge koHgeHcatopa C=1000m¢p wuepe3 camounaykuuio L=
= 1000 2# BO3uHKaIOT KoJeGanus ¢ nepuogom T =2x |/ LC = 6,3 cex.;
COOTBETCTBYIOILAST UM JJIMHA BOJHBI A =2-101 cy=2-10% km. Tene-
paTop Haulero oGbIYHOIO NepeMeHHOro TOKa C MNePHOAOM:

T=5]—0 cex. = 0,02 cex., v="50,

Raét BoJHbl OrpoMHO# JJHHBI: A=6-10% cmu =6-10% ku.
Uucaa KosebaHuii B TejedoHHOH ceTd poxoast a0 v=25-10%;
€Jie JOBaTeJbHO,

A=06-10% cu =60 knu.

II. PagnoBosHbl UMeloT AJHHB OT A=6.10° cu=6 kM mo A=
=0,1 M; UM COOTBETCTBYIOT yacToThl 5-10% < v < 3-10° (1I, § 201).

III. Hugpakpacuble BoJHbl OT A=4-10% ¢y =400p (§ 95) no
7,6.10-% cu=0,76 p; 0,75-102 < v < 4-104.

3aMeTHM, 4TO MeJJeHHble 3JeKTPOMAarHUTHbIe KOJNeGaHUs H pajiHO-
BOJIHBI, NepeuncieHHble B I v Il nmyHKTax, —3TO HCKYCCTBEHHO BO3-
OyxaeMoe TeXHHYeCKOe, 3JIeKTPOMarHHUTHO® H3JyueHHe B MaKpOCKO-
nuuecKux BHOpaTOpax; ¢ HH(pPaKpacHOro CleKTpa Ha4UHAIOTCS ecTe
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CTBEHHbIe 3JIEKTPOMATHUTHbIE BOJIHBI, KOTOpble PaCCMaTpHBAIOTCS Kak
H3JlyueHHe aTOMOB H MOJEKYI.
IV. Bugumbiii cnektp: 0,76 p > A > 0,40 p nnu:

7600 A > X > 4000 A; 4-1414 < v< 8-10'¢ (§ 43,66).

V. VabtpacdHoneToBslii crekTp HaunHaeTcs oT A = 0,36 p = 3600 A
H npojosxkaerca 10 40 A (okosno 5 okras); 8-1014 < v < 7,5-10,

Or KoHUa BUAMMOro crektpa o »=3000A yabTpadroseToBbIe
Jy4d MOTYT OblTb HCCJIeOBaHbl OGBLIKHOBEHHBIM CHEKTPOMETPOM CO
CTEeKJISIHHOA ONTHKOH; C KBaplUeBbIMH CTEKJAaMH H NMPHU3MaAMH JOXOAAT
no 1850°C. Ho nas Gosiee KOPOTKHX BOJIH KaK CTEKJO, TaK M KBapll
CTAHOBATCA HeNpo3pauHbMH. [103TOMY OblIH BBel€Hbl JIMH3bI U NPU3MBI
u3 ¢ayopuTa (MJIaBHKOBOro LinaTa), a cnektporpag noMelléH B Ba-
KyyMm (§ 35) AJst yMeHblUeHHs] TNOJIOUEHHS BOJH B BO3jayXe (ryaB-
HbIM 0GpasoM KHCJIOPOJOM); 3TO MO3BOJMJO PACIUHPHUTL YJbTpagpuo-
JeToBbIH cnekTp A0 A= 1230A.

YcoBepLIeHCTBOBaHHEM BaKyyM-clekTporpada H 3aMeHo#l moOrJO-
maroule onTHYeCKOil cHCTeMbl oOTpaxkatowel pewérkoll Poynaunpa

(600 wtpuxos Ha | mm) ypanock pofith go h=136 A (1920). B no-
clleAHWe rojbl MHOrHe (OU3WKH NpPH MOMOLLM ONTHYECKHUX HCCJIeNOBa-
HUli ray6oKO MPOHHUKJHM B PEHTTeHOBCKYIO 00jacTb, OOHapy»XHB B
yAbTpaHONeTOBbIX CHEKTpPax pas3HblX 3jeMeHTOB JuHuH o 100— 60
u jaxe 12A.

VI. PeHTreHOBCKHI CNEKTP; H3MePeHHs JJIUH PEHTIeHOBCKHUX BOJIH
IPH NMOMOLLY KPUCTaJIMUeCKHX H HCKYCCTBEHHBIX pelléTok (§ 65) mpator

IJIS 3THX BOJH cJjelylouide npegeab: 493 > 1 >0,1 A; [103TOMY
6-10° < v 3-10%.

VII. Crnenytouast o61acTb 3/1eKTPOMAaTHUTHBIX BOJIH, Jiexauas 3a
PEHTreHOBCKHUM CNEKTPOM, — 3TO 7-BOJIHbI, BO3HHUKAIOLLHE TNpH saep-
HbIX [poueccax, B YaCTHOCTH NpH pajyvoa - THBHbIX siBJeHUsIX (ra.V ).
DT0 BecbMa KOPOTKHE U NPOHMKAIOULHe BOJHBI.

M3MepeHHe aJuH -BOJIH MPOW3BOAUTCA NPH MOMOLLH HaGMIOIEHNUS
vHTep(epeHlH T-BOJH, OTPa*KEHHbIX OT BHYTPEHHHX CJIOEB KpPHCTaJ-
Juueckol pewléTKH (MeTOA Takod »Ke, KaK H /s PeHTreHOBCKHX
Jayuei.)

Pesepdopn u npyrue ucciaefoBaTeNd HAULIM, YTO AJSI BOJIH
7-7y4ell MOXKHO CUHTaTb YCTAHOBJEHHBbIMH TIpejeJibl OT 0,428 A n0
0,007 A; cooTtBeTcTBeHHO: 6-10'8 < v < 4-1020,

EcTb Ji u3/1yyeHuss ¢ MeHblUel NJMHON BOJIHBI, NPOLECCH! ¢ GoJblief
4acTOTOH — B HacToslilee BpeMsi Mbl He 3HaeM, XOTsl eCTb OCHOBaHHSA
No03peBaTh HX cyulecTBoBaHHe (§ 221).

105. Ceném Becb 0030p IJHH BOJH H 4YacTOT, ONpeJeJsioUX
pa3Hble MpOsIBJEHUST H3JYyueHHsl, B OAHY Tabauuy; TakuM obpasom,
NOCTPOHM LIKAJNYy 3JEKTPOMATHHTHBIX BOJIH HJIH €JHHbIA
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CHeKTpP 3JeKTPOMAarHUHTHBIX IpoOneccoOB: B OCHOBE HX
KayeCTBEHHOTO Pa3JIMUHs JIeXKHT KOJNHYeCTBEHHOe Ppa3HOOOpasHe HJIHH
BOJIH ¥ 4aCTOT; BEPXHHUI N HHXXHUH Npeflesibl 3TOrO CNIeKTPa HeH3BeCTHbI;
B HalmeM o00630pe OXBayeHO pa3Hoo0pasWe BOJH M YacToT OT A=

=2.108 ku=2-10" ¢cu (v=16.10®) g0 A=0,007A=7-10"1 cn
(v=4-102); orpenpHble HabGmiofeHus A0XoAAT 10 A=0,0001 A,v=
=3.10%2.

YacTH 2JeTPOMarHHTHOLO CIEKTpa A v
1. IlepeMEHHBIA TOK . . . . . . . . .| 6-10% km 5.10t
2. PaguoBoJiHBl « . ... . . . . . . .| 6-108 »—0,1 M 5.10¢—-3.10°
3. Uu¢pakpacHuit cnektp. . . . . .| 4-102 cu—7,6.105 }0,75-101”—4-10“
' 400 p—0,76 n
4. Bugumbificnektp. . . . . . . . .| 0,76 p—0,40p 4.1014—8. 1014
‘ 7600 A—4000 A :
5. YabrpadpnoneToBhil cnektp . . . .| 3600 A—40 A 8.1014—7,5.101¢
6. PenTreHoBCKHH COeKTp. . . . . .| 500A—0,1A 6-1015—3.101°
7. CrekTp y-nyueit . . . . . . . . .| 0,428A—0,003A | 6.1018—4.10%,

[To moBony sToil TaGnHlbl CleNyeT cAenaThb HECKOJBKO 3aMeyaHwil.

1. YKasaHHple rpaHuusl o6JacTefl €JWHOrO 3JEKTPOMArHUTHOTO
CIIEKTPA UCKYCCTBEHHbI H Y Pa3HbIX HCCJefoBaTesiell KoJe6oTcs; BepX-
HSIl H HIDKHASL TPaHHLbBl CIEKTpa HeonpejeséHHEI.

2. Oco6eHHO BaXXHO TO OGCTOSITENILCTBO, YTO 0GJIACTH, HA KOTOpbIE
pasfiei€H eluHBId 3/eKTPOMATHHTHBIA CIIEKTP, MepPeKpbIBAlOT ApPYrT
Apyra; TaK, BUIHMM, YTO JJIHHBI BOJIH, HCCelyeMble Kak HHpaKpacHbie,
OKasblBalOTCA JAJIMHHEE, YeM KODOTKHe PajHoBOJHHI (cM. 1. 2 u 3):
A=4-10% cu 1 A=10"% cm; TO Ke MOXKHO CKa3aTb O CIEKTPaxX yJbTpa-
¢HONICTOBOM H DEHTTreHOBCKOM (M. 5 M 7), rpaHuubl 3THX obJjacTelt
3ax0JAT IOpPYT 3a Apyra. A

4. Becb HbiHe HCC/ICHOBAHHBIH CIEKTP 3JEKTPOMAarHHTHBIX BOJIH
OXBaThIBaeT CBHILE 76 OKTaB; CPellM HHX CIEKTP BUAMMLIX Jiyueil 3aHH-
MaeT MecTO HEMHOro MeHbllle OJHOH OKTaBHI.

B utore 310#i raBbl Mbl HME€EM BO3MOXKHOCTb YTBEPXKJAAThb, UTO CBET
BCeX BOCNPHMHHMMAeMbIX HAIMM TIJIa30M OTTEHKOB €CThb BOJIHOBOH 3Jie-
KTPOMAarHUTHbIH Mpollecc, 3aHMMAIOUIMH BIOJIHE ONpeleéHHOE MECTO
CpelH JpYTrHX 3SJEeKTPOMArHUTHBIX NPOLeccoB NOJOGHOTO XapakTepa,
pasJjuyasich OT HHUX TOJbKO €My CBOICTBEHHHIMH 3HAUEHHSIMH A H V.

KapTHHa IuKa/bl 371€KTPOMarHWTHHIX BOJIH— IPEKPacHbIHl MpHUMep
IHaJIEKTHYECKOTO Tpoliecca —Mnepexoja KoJHYecTBa (A) B KayecTBO.



ri1ABA IV
OCHOBbI TEOPMH OTHOCHUTEJIbHOCTHU

1. MIPUHLHUII OTHOCHTEHbHOCTH B MEXAHHUKE

106. Ecyu HekoTopylo cucteMy koopauHat XY Z (puc. 225) npumem
3a cucteMy otcuéTa (I, §5, 38) npu aBuxeHuu Tema M B
nyockocTd XY, ToO CKOPOCTb €ro v; OTHOCHTEJIbHO 3TOH CHCTEeMbl Ha3bi-
BaeM O THO CH TeJ b H 0 H, a CKODOCTb U, ABHKEHHS CaMOil CHCTEME!
oTcuéra—Im e p € HO C H 0 H; pe-
3yJbTaT HX CJOXEHHS U Hasbl- y
BaeTcsi CKO PO CTb IO CJI O XK-
HOTO JABHXEHHS; S$CHO, YTO
3TO0 TOXe OTHOCHTeJbHas CKO-
pOCTb IO OTHOLIEHHIO K HEKOTO-
poi OCHOBHO i cuCTeMe, K
KOTOPOH OTHOCHTCSl TEepEHOCHOe
JIBUKEHHE. M % ¥

[Tpumep: v, — cropoctb
ABHXEHHS Taccaxupa B BaroHe,

U,—CKOPOCTb NIepPEMELIEHHS Baro-

HA MO OTHOLIEHHIO K 3emje, v— £

CKOPOCTb MacCaXKupa 1o OTHOILe- Puc. 225.
HHIO K 3eMue.

Bce ckopocTH, ¢ KOTOPBIMH HMeeT JleJlo MeXaHHKa, CyTb O T H O C H-
TeJlbHB € CKOPOCTH; CKOPOCTb JIOAKH OTHOCHTENbHO Oepera
WJU BOJbl, CKOPOCTb CaMOJIETa OTHOCHTEJNbHO INOBEPXHOCTH 3eMJIH H
OTHOCHTEJIbHO BO3/yXa; TeJlo, He TepeMellajolleecss OTHOCHTENBHO 3eM-
HOHM TNOBEpXHOCTH, JABHXKeTCS BMecTe ¢ 3eMJ€H oTHocutesbHO CoJsHIa,
a BMecre ¢ CosiHLIeM — OTHOCHTENbHO 3Bé3]. [Ipyu M3yueHuH M HaGJioze-
HHH JBHXKEHHH Mbl 1IDOM3BOJILHO NPHHHMAaeM KaKyio-JIHGO CHCTEMY TeJ
3a HeMOJABHKHYIO CHCTeMY KOODJAMHAT H K Hell OTHOCUM JBHXKEHHS ApY-
THX TeJ; Yalle BCEro B 3eMHBIX YCJOBHSIX IBHXKEHHS TeJl OTHOCATCS
K 3eMHO#H TOBEPXHOCTH HJIM K CHCTEMaM TeJsl Ha Hell, HanpuMep K Gepe-
raMm pekH, K pejbcaM M T. 1.
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Bouio BeisicHeHo (I, §38,41), noueMy MbI MOKeM cHCTeMy OTCUYETa CBsi-
3bIBaTh C 3eMn€il, XOTA OHA HMeeT ABOSIKOE JBHXKEHHE C YCKOpeHHeM,
d Obul0 OTMeueHO ocofoe 3HaueHHe HHEep U HaJbHBX
CHCTEM,T. €. JBUTAIOWHKXCSA APYT OTHOCHTEJIBHO Apyra Ge3 ycKope-
HHH, paBHOMEDHO M NpAMOJHHeHHO. EjkefHeBHbIN OMBIT rOBOPHUT, UTO
npy NOMOIIH HAlIMX YYBCTB Mbl HE MOXKeM BOCMPHHHMATb HJIH 3aMedaTh
COGCTBEHHOr0 PaBHOMEDHOTO JBHXKCHHS; CTOHT TOJbKO BCMOMHHTB
Kaxyieecsi cytrouHoe aBumxkeHue CosiHua u 3BE3J, fiBAeHHd, Habonae-
Mble TpH BCTpeye Moe3JoB MW Kopabsiell u T. . 1o GpyHAaMeHTa bHOE
sakmouede H b 1o T o H pesioMupyer tak!: «OTHOCHTeNbHbBIE JBHXKE-
HUS [0 OTHOLIEHHUIO APYT K APYTY TeJl, 3aK/IOUEHHbIX B KAKOM-JHO0 Mpo-
CTpaHCTBE, OAMHAKOBbI, MOKOUTCSA JIH 3TO MPOCTPAHCTBO HJH ABHIKETCH
paBHOMEPHO M MPSAMOJHHeHHO Ge3 BpalleHHA... ITO MOATBEPXKAaeTCH
06UJIbHO OTILITaMHU. Bee fBHXeHHSI Ha Kopa6Jie CoOBepLIATCS 0AMHAKOBO,
HaXOJHUTCS JIH OH B MIOKOE HJIH IBHXKETCS paBHOMEPHO U MPSIMOJIMHE fHOY.

TakuM 06pa3oM, JIHILIb YCJIOBHO Mbl MOXEM Ty HJH APYTYIO CHCTEMY
TeJ MPUHUMATb 32 HEMOJABHXHYIO, €€ HHepUHaJlbHOe JBHXKEHHe YCKOJIb-
3aeT OT Haluero HaGmwleHHs. «Pacro3HaHhe M CTH H H bl X JIBHXe-
Huil Tes,—roBopuT H b 10 TO H,— H TOuHOE WX pa3rpaHuueHHe OT
KaX Yy HUXCs BeCbMa TPYyZAHO, HOO YacTH MPOCTPAHCTBA, B KOTOPOM
COBepLIAIOTCS HCTHHHBE JBHXXEHHS TeJ, He OLLYLAITCS HALUWMH
qyBCTBaMH... MOXKeT 0Ka3aThCsl, 4TO B JeHCTBHUTENLHOCTH He CyllecT-
ByeT NOKOsillerocst Teja, K KOTOPOMY MOXHO Oblio Obl OTHOCHThb
MecTa W JBHXKEHHs INpPOUHX Tell».

I1n coobparkeHHs] MPUBOIAT K BHIPAXKEHHIO MEXAaHHYECKOTO
NPUHLHOA OTHOCHTEJNbHOCTH: BCE MeXaHHYECKHe TMpOLecCH
NPOUCXOASAT B MHEepLHAJbHO NepeMellalollelics CHCTeMe TaK ke, Kak
U B HeNOJABHKHOH.

107. IlpenctaBum ceGe [Be MexaHHYeCKHe cHCTeMBl S H S,
(sanpumep, Cosnue u 3emns); nycTh cucTema S, nepememlaercs
NpsSIMOJIMHEfIHO M PABHOMEDHO MO OTHOLIEHHIO K CHCTeMe S CO CKOpo-
cTbio v. He Hapyiiasi o6IHOCTH paccyXfeHHs, YCJOBHMCS B BbiGope
ocell koopauHat (puc. 226):

a) Jdns momenta =0 navana O u O, cuctem S u S, coBnanar.

6) Ocu X u X, COBNajaloT H MMEIOT HaMpaBJ/ieHHe CKOPOCTH U.

B) Ocu Y u Y,, Z u Z, napannenbpHsl BO BCE BpeMs IBHXKEHHS.

Torpa dopmysibl npeoOGpa3soBaHUs KOOPAMHAT, NMO3BOJSIOLHE Nepe-
XOAUTh OT OJHOH CHCTeMbl K ApYroil, 6yAyT TaKoOBbI:

Or cuctemsl S K S;: Ot cucremnt S; K S:
X, =x—0l; X =x,+vt; (1)
=Y &1=2% Y=Y 2=24 :
t,=t. t=t,.

1 HpioToH, MareMaTHueckHe Hayana HaTypaabHod ¢uaocodun, I,
crp. 35, 45, 46.
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OtH ¢dopMysBl Nepexoja MM NpeoGpa3oBaHHWH KOOpAMHAT Ha3hIBa-
torcsl rpynnoii nmpeoGpasoBanuil Ianunes. OSpatuM BHHMa-
HHe Ha IOCJe[lHee COOTHOLUEHHe 3TOH rpynnel. DTO OJHO U3 OCHOB-
HbIX TIOJIO}K€HHH MeXaHHKH, CMbICJ KOTOPOro 3akJlouyaercss B TOM,
4TO NPH MeXaHHYeCKHX Ipolleccax MoJiaraloT TedYeHHe BpeMeHH
He3aBHCHMBIM OT JIBHXKEHHSl CHCTeMbl, B KOTOPOH NpPOU3BOASATCS Ha-
6nonennd; Bcerpa {=*%;, T. e. IpPOMEXKYTOK BpeMeHH H3MepseTcs
OJIMHAKOBO BO BCEX CHCTeMax BCceMH HabJOfaTeNsiMU, KaKoBbl Obl
HH OblIM HX OTHOCHTEJIbHbIE IBHKEHHS.

Takum o6pasoM, Bcsikoe coGbiTHe B MHpe oOmNpefesseTcs ye-
THPbMSI KOOpDAMHATaMH X, Y, 2, {; TP H3 HUX — OObluHbIE
NPOCTPaHCTBEHHbIE KOOpAMHA-

Thl, 4eTBEPTast €CTb KOOpAUHATA Y Y
BpPeMeHH, OMNpejesionias He-
KOTOpBIH NPOMEXKYTOK BpeMEHH vl o .
OT Hauyaza cuéra [0 3TOro Co- 7 X 9 %
6bITHS.

Ilycth umeeM nBa coObITHA
A u B; xoopauHaThl cobbitusg ‘% Z
A B cucteme S cyTb X, Y, 2, Puc. 226.

B CUCTeMe S;, KOOpAHHATH CO-

6bitust A —x,, y,, 2,; KoopauHaThl B cooTBetcTBeHHO &, W, { H &,
Ny Gy} PACCTOSHHA § M S; MeXJAY TOYKAaMH, B KOTOPbIX NPOHCXOAST
co6uiTiss A u B, B cuctemax S u S, Bblpassitcs Tak:

. = (=P =0
st=(x— &)+ (¥ —m)* + (2. — 0%

PaccMoTpuM cilenylonue o6CTOSITENBCTBA:

a) Cobbitusi A u B ojHOBpeMeHHbl, cucTeMbl S M S;, He 1O -
BHJKHBI OTHOCHTENbHO JpPYyr jApyra. B stom caydae v=0, x=x,,
E=¢§,, u mpeoGpaszoBanns ["anunesa nawT s=S;. TO 3HAUMT, UTO
paccTosiHHe MeXJy JABYyMsl TOYKaMH IPH yKa3aHHbIX YCJIOBUSIX €CTb
HHBapHaHT. DT0 ecTh cayuaii oGblyHBI# B reoMeTpHu: ¢urypa reo-
MeTpuyecKas eCTb abCOJIIOTHAsl BeJIMUHHA, Hanpumep, AJHHA CTOPOHLI
HJIM BBICOTa JAAHHOTO TPEYToJIbHHKA.

6) CoObiTUsl OAHOBpEMEHHBI (f = {,), HO CHCTeMa S; HMeeT JBHXKEHHe
CO CKOPOCTBIO U IO OTHOILEHHIO K cHCTeMe S.

[lpeoGpasoBanust 'anunes paior:

Kn=x—ut; t=Et—0f

= (x = (g7 4 (2= U
st=(x—vt—E+ vl + (y,— M)+ (2 — 0%

(A)

OTClOia:
S= 31,
pacCTOsIHHE § HWHBApHAHTHO.
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B) Ecmu cobuitHst A 1 B HeoJHOBpeMeHHEI U NPOHUCXOASAT B Mepe-
MeIllalomuXcsl B3aHMHO CHCTeMaX, TO { He paBHO f; U S HE PABHO S;;
U3MepeHHsl S B PasHbIX CHCTeMaX MAAlOT pasHble pPe3yJbTaThI.

Ilpumep. Baron pBuKeTcsS IO OTHOUIEHHIO K 3eMJyle CO CKO-
POCTBIO U; uepe3 OTBEPCTHE B IOJY IoCJefoBaTeNbHO (I < ;) 6pocator
JBa IpeiMera; AJs HaOMIOAATeJst B BaroHe 3TH COGBITHS. NPOHCXO-
AST B ofHoM MecTe M s=0; jaaa HaOaojgartesss Ha MOJOTHE ITH
COOBITHS MNPOUCXOAAT B PAasHbIX TOUKAaX; pPaCCTOSIHHS MeXKAY HHMH
s, =vf. Paccrosgnue wMexay TtoukamMmH A u B mnoTepssio CBOHCTBO
HHBapPHAHTHOCTH.

r) Ecmu £=%=0{=0, T. e. paccrosiHie s OTCUHTHIBaeTCsi OT Ha-
4ajla KOOpDAWHAT, TO HHBAPUAHT § MOJYyYaeT BHUJ:

=y ()
6oJiee OGIIMA BHA:
ds®* =dx?+dy?+ dz2.

Kak Bugum, c¢opmyasr (A) u (B) namoT oGbluHbIE COOTHOLIEHHS
aHAJIUTHYECKOH I'eOMeTpuH.

108. IlpeoGpasosanna I'anmunes KuHemMaTHYecKHe; BBEJEM HX
B jAuHaMuueckoe ypaBuenue II npuninuna Hewotoua. Ilycts mo Ha-
npasjenuio ocu X pelicTByer cuna [ B cucreme S:

d%x

f=ma=m‘d[—2.

[Ipn nepexogme ot cucreMnl S K cucreMe S; HMeeM:
d?xy _ d?®(x—vof) _ d% |
drr de? T ode
cllejoBaTeJibHO, B MexaHuke HbwoToHa HHBapHaHTHU
Macca U YyCKOpEeHH:

s P S
dez " der T -

m

Hrak, oCHOBHble YypaBHEHHSI JHHAMHKHM IIpH IpeoOpasoBaHHAX
Fanunes coxpaHslOT cBolo (opMy IpH NEpexofie OT OZHOH CHCTEMBI
K Jpyrofi, VHepuHaJbHO [iepeMeIlalomelcs OTHOCHTEeJBbHO IepBOH.

[TostoMy MexaHHYyeCKHH NPHUHLHUI OTHOCHTEJNbHOCTH (OpPMYJHpyeM
TaK:3aKOHB ABHUXEHHST B MHEDPUHAJbHB X CHCTe-
MaxXx MHHBAapHaHTHHS.

D710 W 3HAYUT, YTO HHKAKUMH HaOJIIOAECHUAMH MeXaHHYECKUX siBJie-
HHH BHYTPH CHCTeMBl HeJsib3sl OGHApyXHTb €€ PaBHOMEPHOIO H NpsIMO-
JIMHEHHOTO JBUXKEHHs, a TeM GoJiee ONpesieIUTh ero CKOPOCTb; 3TO 3HA-
4UT, YTO HeT aOCOJIIOTHOTO HHepLHAaJbHOrO IBHXKEHHS, BCIKOE TaKoe
IBHXKEHHe TI0 TNpHUpOJe cBoell oTHOCHTebHO. MOXXHO rOBOPHTL O PaBHO-
MEpPHOM H IPSIMOJIMHEHHOM JBIIKEHHH TOJBKO IO OTHOLICHHIO K Tely
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HJIM CHCTeMe TeJl, KOTOPYIO Mbl yCJIOBHO NPH3HaEM 3a HENOABHXKHYIO,
NpHHHMAasl e€ 32 CHCTeMy OTCYETa.

Ho Tak Kak yckopeHHsS] HMEIOT aOCOJIIOTHBIE CMBICJ W HHBApUAHTHBI
IJIS1 pa3HBIX CHCTEM OTCYETa, TO MOXKHO OGHApYXHUTb L BH K EHH e
C YyCKOpeHHEeM 1o HabJNIOJeHHsIM BHYTPH CHCTeMbl, B KOTOPOH
HaxouTcss Habmopatenb. VMeHHO, 3TO OyAyT HaOJIONEHHS TeX CHJ
HHEpIIMH, KOTOPble BOSHHKAIOT IIPH BCKOM H3MeHeHHH CKOPOCTH CUCTEMBI;
HX TIPUXOJHUTCH BBOIHTb HAOJIONATENIO, CBI3aHHOMY C CHCTEMOH, JBH-
rawoweiics ¢ yckopenueMm (I, § 37, 38); B yactHocTH 3TO GYAYT MpOsiBIeE-
HHSl LeHTPOOEXKHOH CHJIbl HHEpUHH, HAalpHMep IpPH BpaUleHHH 3eMJIH
okoJio ocu (I, § 41, 42, 43), npu ABHKEHHH BaroHa MO 3aKPYIJIEHHIO
H T I

109. Bce HaOmofaeMble HaMH [BHXXEHHS OTHOCHTEJbHBE, H BO3HH-
kaer nocraBieHHbIH emé H bioToHOM Bompoc: CymecTByer Jik
B NIPHpOJe MOKosileecsl TeJO, K KOTOPOMY MOXHO OblIO Obl OTHOCHTb
BCE OCTajIbHble JBIXKEHUs?

Teopus T'iofirenca-Ppenens o MupoBoM adupe (§ 40)
KaK O Cpeje, HamnoJHsoUEeH MHp, TOBHAUMOMY, CO3jana NpejcTaBJe-
HHE O TOH HEIOJBIXHOMH CHCTeMe KOOPJUHAT, K KOTOPO# MOXKHO OTHOCHTD
IBIXKEHHUS] OCTAJIbHBIX CHCTeM, B YaCTHOCTH ABHXeHHe 3emun. Pusnka
XIX B. paccmarpuBana ahup Kak BMEeCTHJIHLIE MOJel rpaBUTAlHOHHBIX
¥ 3JIEKTPOMArHUTHBIX, HO He MOIJIa HAJIeJIUTh €ro CBOACTBaMH, KOTOphIe
npujanyd Obl eMy onpefienéHHblll ¢usuyeckuiéi obpas. Ilo mpexncrasie-
Huio F'lofireHca U P peHessa cBeToBbe BOJHBI pacnpocTpa-
HAI0TCS! B 3Hpe Kak B cpefie, He UMeIoiIell NOCTYNATeJbHOTO JBHKEHHUS
U He yBJieKaeMOH JBHXKYIIMMHUCS B Hell TeJlaMH. DTO yYeHHe O HemoJ-
BkHOM 3¢upe B KoHue XIX B. 6buio mnogpoGHO pasButo JI o-
peHIleM.

Ecnu aup HemoiBuKEH, €C/H OH He YBJIEKaeTCs HH ABHXKYILUMHCS
TeJlaMH, HH PacnpoCTPaHSIOWUMUCS B HEM CBETOBbIMH, 3JI€KTPOMArHUT-
HBIMH BOJIHAMH, TO, OTHOCSI K 3(Hpy BCe 3TH MpOLECCH, MBI U M€ J H
66 a06COJNITHYI CHCTeMY OTcCYéTa, aGCoJIOTHO He-
NOJIBUXKHYIO CHCTEMY KOOpAMHAT. Toria MoOXHO OblJI0 Gbl TOBOPHTH
06 abCOJNIOTHOM JABHXEHHH

C TOYKH 3peHHs] HBIOTOHOBCKOH MeXaHUKH TYT HHUEro HeT HOBOTO;
TAaK Has3blBaeMbli THNOTEeTHYECKHH 3buUp HrpaeT pOJb
abcoJtoTHOrO npocTpaHcTBa H b0 TO H a2, K KOTOPOMY OTHOCATCS
ABMKeHUs BceX Tesl. Ho mpUHUOIUEHAaNAbHO HOBOE 3aKJio-
4aeTcsl B TOM, YTO K pelIeHHIO BONpoca O HaGMIONeHHH aGCOJIOTHOTO
JBHXXEHHS] NIPHBJIEKAIOTCS HE TOJBbKO MeXaHWyeCKHe, HO U O TN T H 4 e-
CKHe,T.e. 5JIEKTPOMAaTrHUTHL e, SBJEHHST H BO3HHU-
KaeT HOBBIH IO CYIIECTBY BONPOC: HEJb3sl JIH NPH IIOMOIIH ONTHYECKHX
ABJIEHUH OOHApYXHUTb aGCOJIIOTHOE JBHXKEHHE, B UaCTHOCTH JBHXKEHHE
3emsH B MHPOBOM NpocTpaHcTBe? JlaTh OTBET Ha 3TOT BOIPOC, MOATBEP-
JHTb MJIM OTIPOBEPTHYTD 3TH MOJIOKEHHUSI TEOPHH MOT TOJIBKO O I BI T}
TakoH onbIT Brepsble B 1881 r. GbuT OCyIecTBNEH aMepHKAHCKAM (GH3H-
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KOM M afi Ke s bcCoHOM!H3aTeM B TeyeHHe NATHAECATH JIeT Pa3Ho-
06pa3Ho 1 MHOTOKpAaTHO MOBTOpPEH UM CaMMM U ApYrumu juuamu. Bech
KOMIJIEKC De3y/ibTaTOB 3THX OMNbITOB JAaéT OTPHLATe/bHbI# OTBET:
a6CONITHOrO ABHUXEeHUSA OOHAapPYyXHUThb He yJIa-
JOChb.

[lpexkie yeM paccMOTpeTb CXeMy 3TOTO 3HAMEHHTOTO OMbITA, CAeAyeT
OCTZ4HOBHTbCS Ha HEKOTOPbIX COOOpaXKeHHSIX O pacnpocTpaleHUH CBeTa
B ABHXYILUXCA TeJax U O CKOPOCTH €ro. )

1. CKOPOCTb CBETA U JABW)XEHHUE 3EMJIN

110. Cger naér HaM CBeleHHS O ABJEHHAX BHe 3eMJH H Ha 3emie.
Ecau coBpeMeHHble acTPOHOMHYECKHE HHCTPYMEHTH MO3BOJSIOT -HaM
HabJoaTh SBJEHUsS NpUMepHO B cdepe ¢ paauycom B 140 MuanuoHOB

L CBE€TOBbIX .ne'r2, TO 3TO TOJILKO IIO-

2| ¢ —={  TOMy, uYTO yjanéHHefiluMe TyMaH-
4 hocTm, Haxoishecs Ha CTOJb

OTPOMHBIX OT Hac pacCTOSTHHAX

Puc. 227 P P :

H3J1y4aloT 371eKTPOMarHUTHble BOJI-

Hbl, KOTOpbLIE, CTPAHCTBYS MO MpPO-
CTPAHCTBY B TEUEHHE MHJIJIMOHOB JIeT, HAKOHEll, yJaBJAHBaOTCs HallKM
BOOPYXEHHbIM 3penueM. CaMoe CyXXieH1e 0 pacCTOSHHH MeX Iy yaanéH-
HbIMH Npe/iIMeTaMH Ha 3emJje, a TeM GoJiee MexJy acTpOHOMHYECKUMH
TeslaMH U IBJE€HHAMH BO3MOXHO TOJIbKO TPH MOMOIIH ONTHYECKUX Ha-
6umonennii. TeopeTHyeckH usmepenue paccrosinusi AB (puc. 227) Moxer
GbiTb MpeficTaB/eHo Tak. B A naércst B onpeienéHHbIN MOMEHT BpeMeHH
CBeTOBOH CHMrHaj (HanpuMmep, BCNbIXHBAaeT MpPOXKEKTOp), a B B ycra-
HOBJIEHO 3epPKaJlo; CBeT, Npoias paccrosinne AB = [, oTpaxaertcsi B Bu

BosBpauaercss B A. Ecin Mexay cursasom B A u ero Bo3BpauieHneM
npowuio ¢ cex., To 2/ =ct.

21 ‘
O6paTHo, ecau ! M3BEeCTHO, TO t="-, TaKkoBa cXeMa H3MepeHHs
BpeMenu. B wacTHocTH, ecan B A npousouwio HekoTopoe coGbiTHe X
l
(MoJiHMsI, B3pLIB), KOTOpoe B B 6bl10 3aMeueHO yepes — CeK. mocje

4 1
HekoToporo cobertist Y B B (Hanpnmep, uepes — Cek. nocjie JaH-

HOTO TOJIOXKEHHsS YacOBOH CTPeJIKH Ha JBYX CHHXPOHHBIX yacax B A
H B), To Mbl roBopuM, uTO cOObITHSE X U Y OJHOBpeMEeHHH!.

Takum o6pa3oM, BHAHM, UYTO H3MepPeHHS PAaCCTOSIHHA, BpeMEHH,
yCTaHOBJIEHHE OJHOBPEMEHHOCTH COObITHH, IPOMCXOASILUX B PasHbIX

1AnbG6epr MadkeanbcoHn (1852—1931), ponom us IToabwH,
pa6oran B CIA; B cBOHX HCC/elOBaHHSIX NaJeKO OTOABHHYJ MNpelefbl BO3MOX-
HO#H ToYHOCTH pu3nueckux uamepenuit. B 1907 r. nonyunn HobeneBckyio npeMuio.

2 ] cBetoBoii roa=3-101.365,25-24-60-60=9,5- 1012 kx; 140-10°% cB. JeT=
=13,3-1020 xm.
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TOYKax NPOCTPAHCTBA, OCYHM EeCTBHUMB TOJbBKO NPH NMOMOILLH
ONTHYECKHX IBJEHUHN W NPH 3HAHUHU CKOPOCTH CBeTa C.

Besnuaiiiiee 3HaueHHe 1J1s NMOHMMAaHHSI CMbICJIa U3MepeHUil Ipo-
CTPaHCTBA M BPEMEHH, TOJNbKO YTO CXEMAaTHYeCKH OIHCAHHBbIX, UMeeT
TO OOCTOAATEJILCTBO, YTO BCe€ 3TH H3MepeHUS NPOH3BO-
AATCA Ha ABUXymekcsa 3emae. PaccMoTpuM, Kak J0JNXKHO

v ’ KMt
OTpasuThCsl JBHKEeHHe 3eMi 1o e€ opGuTe CO cKopocThio ¥ =30 =

Ha ONHCAHHBIX H3MEpEeHUAX lu t; npyd 3TUX H3MEPEHHsIX MBI He IIpH-
HAMaJIi BO BHHMMaHHe [JBHKEHUE

Touek A U B, MeXJ1y KOTOpPbIMH = l —~|
NPOUCXOAMT ~OOMEH CBETOBBIMH A 0w Z v
CHTHaJIaMH.

1. [osioxkuM, yTo HampasJe- Pue. 228.

HAe JBHXKeHHs1 3eMJH COBII a-
paeT c jgunuedt AB, T. e. mycth Toukn A u B jgBuraiorcs co CKo-
pocTbio v Mo Hanpasneruto AB (puc. 228).

Jlyu cBera, pacmpoctpansisicb u3 A, NpoXoauT A0 B nyTh, yIJH-
HAIOWIMACS KaXKAYI0O CeKYHAY Ha U: MOXHO ce0e MNpeJCTaBUTb, 4TO
CKOpOCTb CBeTa craja (¢ — v), ¥ AJs Toro, 4ro0bl noiitH or A no B,

l
CBET 3aTPaTHT BpeMs #; > —-, HMEHHO:

T
c—v’

t,=

[Tpu obpaTHOM JBHMXKEHHHM OTpa)kéHHOro Jyda or B k A cser
HAET HaBCTpeuy JBHXKeHMS A, M NOTOMY NPOXOAHT PpacCTOAHHE

BA =1 B TeueHne BpeMeHH [, < %:

l
t2=c+v .

Hrak, npu HaGmiofeHnH Ha ABHXKYIelcs 3eMae OJLHO H TO Xe
paccrtosinue [=AB JOJAXHO TNPOXOJAHTHCH CBETOM
B pa3Hble IPOMEXYTKH BPEeMEHH, B 3aBUCHMOCTH OT TOro,
N0 KaKOMYy HanpaBJeHHIO PpacNpoOCTPaHSeTCss CBeT OTHOCHTEJbHO
HanpaBJieHHS] CKOPOCTH U. 3aMeTHM, YTO 3TOT BbIBOJ COCTaBJIsIeT
HENoCpeICTBEHHOe CJIeJICTBHE OObIYHOTO NpaBHJAa CJIOXKEHHSI CKOpO-
creii (I, § 8), kak oHo Bcerga ¢opmyaupyercsi B HBIOTOHOBCKOH
MeXaHHKe.

Takum o6pasoM, B TOM cCJyuyae, eCJH CKOPOCTb U HampaBlieHa
no AB, cBer 3aTpaTuT Ha npoxox oT A Kk B u obpatHo oT B K A

1 y—99,776 %
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2
He BpeMs ! = —cl-, a uHoe BpeMs f—=1,+1,, UMeHHO:

P S N R B
=T"¢—v " c+v c2—0v [ va] ’

c?

BBeass o6o3HayYeHHeE:

>2
Vi-g=s

HaXOQHM:

f==_—2£vT‘=223[_2' @)
c [1—-—2] .
4

2. Iycts HanpaBjieHHe pacnpocTpaHeHust ceeta U3 A B B u 06-
paTHO oGpasyer IpsiMOH yros ¢ HamnpaBJeHueM v (puc. 228a). Toraa
P s HaboaTeb B A, BRIIyCTHB
CBETOBOH CHI'HaJl 1O Hanpas-
s JeHuio AB, TNOMYYHT CBeT
o6paTHO (HOCJEe OTpaKeHHs
Ab-—————————= 5 B B) B HekoTOpOM mOJIOKe-
> HuH A,; 3Ta Touka A, ompe-
A S JeJisleTcsl M3 TOro coobpa-
- 4 FKEHHS, BHITEKAIOWEro M3
. : - NIpaBUJIa CJIOXKEHHSI CKOpO-
crefl c M v, YTO 32 BpeMs I,
Puc. 228a. CeK., B TeueHHe KOTOPOro
Bcsl npsiMasg AB nepeMecTHT-
¢l CO CKOPOCTbIO U B moJjioxXeHHe A,B,, CBeT ycreeT NpoATH paccTo-
siune AB,=s u oTpasusuch B B, paccrosinne B;A,=s; Bcé pac-

CTOSIHHe, NPOHJeHHOe CBeTOM, paBHO AB; -+ B A, = 2s.

DopmysupyeM NOJNOXKEHHE TaK:

AA,=vty; 2s=ct;
Ady=24A, =2V F—T
2VsE—PB=ut); 2s=ct,;

-
2]/222_J-—12=vtb
21 21

f=——— =1 3)
c‘/l—z—: f

1 BpoxuM 0GO3HAuYeHHe: f——-BpPeMsi NpPH JBHXKEHHH CBETa MAPAANENbHO U;
¢| —BpeMsl TIpH JBHXEHUH CBeTa NEPHeHIHKYISAPHO K U,
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Tak Bblpaxkaercss BpeMmsi, B TeueHHE KOTOPOTO CBeT IpOHAET
or A 1o B u o6paTHO, eciu HanpaBjieHHe €ro paclpocTpaHeHHs
neprneHUKYJSPHO K HalpaBJIeHHIO JBHXKEHHs 3eMJH, HJAH BooOlue
K HampaBJIeHHIO CKOPOCTH ¥, C KOTOPON NOCTYNATeJNbHO NepeMeliaeTcsi
Habmopatens A u 3epkajo B.

111. M3 Boipaxenuit (2) u (3) BHITEKAIOT CJEICTBHSA:

1. Tak kak v <c, 10 Beerpa t) < {—; cBeT mpoxoAuT nyTb ABA
B MeHblee BPeMsi B TOM CJiyuae, €CJH CKOPOCTb U COCTaBJsSeT Ips-
MOH yroJ c HanpasJeHuem ABA, uem B TOM cjiyuae, KOria CKOPOCTb U
HampaBJjieHa no AB.

ITO 3HAYHT, YTO HaNpaBJeHHe NepeMelleHHs HaObJdlo-
laTesid JOJNXHO CKas3bBaThCsAg Ha CKOPOCTH pacmnpo-
ctpaHeHuss cBeta. CnejnoBaTensHo, HaGmopateab A 6yner
onpefelisiTh Pa3Hble 3HaYeHHS] CKOPOCTH CBETA B 3aBHCHMOCTH OT TOTO,
KaK HalpaBjieHa M KaK BeJIHKa ero coO6CTBeHHasi CKOPOCTb.

2. Cpepnsii cKopocTh 3eMJiM TIPH JBHXKEHHH €€ 1O OpGHTe

KM cM
v=30 —=3.10® ——; noatoMmy:
Cex cex

=V 1-5=V1-(ow ) =VT-10%

B 3TOM CJiyyae B OueHb MaJIO OTJIHYaeTcsl OT €AHHHIBI U C GOJbIIOH

4 2l
CTeNeHbIO MPHOJIMKEHHS MOXKHO NOJOXKHTb f) =l_==.

Ina ppyrux, emé MeHbLUIHX CKOpocTell (HampuMmep, AJsl CKOpO-

- M M
cTH camosiéta v =100 = 104%’ JLJisI CKODOCTH CHapsiia U=

M .
= 1000(7,2 H T. A.) B emé MeHble OTIAHYaeTcsl OT €JHHHIBI, H JAJS

BCeX 3THX JBHXKeHHH Ha 3eMje NpakTHUeCKH [) =(_=1.

Ho 'Bo Bcel cuie ocraércs NpPpHHIOKHNOMAJbHOE 3HAauUeHHe
1-ro clencTBHS: CKOPOCTH CHCTEMbl OTCYUéTa JOJXKHA OTPa-
XKaTbhcsg Ha CKOpPOCTH cBeTa. I3 >3Toro BO3HHKaeT wujes:
HabJjiojlas M3MeHEHHsI CKOPOCTH CBeTa IO Pa3HbBIM HalpaBJIEHHSM
Ha JIBHMylLlefics 3eMsie, MOXHO ONpeNeJHTb CKOPOCTb H HaIpasile-
HHe aGCONIOTHOTO JBHXeHHS HabJiofaTenss B NPOCTPAHCTBE.
OTa ujesa n Gblia oCymecTBjeHa B onbiTe Mafikenbcona (1881).

III. ONbIT MAUKEJIbCOHA

112. Hpes oneita MafixeJqbCcOHA 3aKjawoualach B Habmoje-
HHM T0JI0OC HHTepepeHUHH BOJH, HAYIUX OT JABYX 3epKaJbHBIX
H300paKeHHH OJQHOrO MCTOYHHKA CBeTa, Pa3JMYHO OPHEHTHPOBAHHBIX
OTHOCHUTEJIbHO JBHXKeHHsI 3eMJIH, KOTOpPOe B TeueHHe KODOTKOro Ipo-
MeXyTKa BPeMEHH MOXKHO ToJarath uHepuuajJbHeiM (I, § 45). Has
3T0ro M Obl1 coopykéH ero wuHTeppepomeTp (§ 57). Bpamennem
Bcero nputGopa (puc. 123) moxno paTh ayuam CA m DA nampabie-
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HHS: OJHOMY — MapaJjlylelbHOe JBHKEHHIO 3eMJIH, a IPyroMy — nepreH-
IHKYJSPHOE JBHXKEHHIO 3eMJH.
Torpa pasHocTs xo0pa:

t=ACA—ADA,

oGycJIOBIIMBAIONAsl PacnosioXKeHHe HHTephepeHUHOHHbIX JHHHEA (paB-
HOrO HaKJIOHa HWJIH paBHOH TOJIIMHBI) Ha luKaje Tpy6o (puc. 125)
OGyneT 3aBHCETb, COIVIACHO YCTAHOBJIEHHBIM coOTHOwWweHusaM (§ 111),
TakKXe H OT TOro, KaK OpHEHTHPOBaAaHH MNJeuu
nuteppepomerpa AC u AD no OTHOWIEHHIO K HanNpa-
BJIEHHIO JABHUXeHUS 3eMJH.

o

i

4
)
&)
ey
&

I
[

S
2

i

A N D e IR -

Puc. 229.

IMosoxuM, uTo cHavasa HHTephepOMETp pacmoiokKed Tak, uto AD
HampaBJieHo MO JBHXKeHHI0 3eMJH, T. €. NnapaJjlelbHO CKOPOCTH U,
AC — nepneHuKyJsipHO K v. 3aTeM Bechb annapar BpamatoT Ha 90°,
€ro MJeYyd H3MEHSIOT CBOE pacnoJIoXKeHHe OTHOCHTENBHO CKOPOCTH
3eman. Bechb uHTephepoMeTp yCTaHOBJEH Ha CTaJbHOM HJM GETOH-
HOM OCHOBaHuM M, KOTOpOe nyaBaeT B PTyTH, TaK 4YTO HOBOPOT BHIIOJ-
HSIeTCs1 JIErKO Ha JioGoi yrog (puc. 229). ‘

B O vaxoputcsa TpyG6a C MHMKpPOMETpOM, INpPH MNOMOIIM KOTOPOro
MOXHO OYeHb TOYHO (PUKCHPOBAThb MNOJOXEHHe NOJIOC HHTepdepeH-
uun (puc. 125).

Hccnepyem, Kak ROJKHA H3MEHATbCS Pa3HOCTb XOJa MNPH MOBO-
poTe uHTepgepomMeTpa.

1. ®opmyanl (2) u (3) nawT Bpemena {— u ¢ (§ 110):

=2 1= =2 [1+5+.. ]

tl=271[l—%; '5=%[1+%z—:+...].
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OTH BpeMeHa He PaBHBI; Pa3HOCTb HX MO3BOJNHMT HAHTH Pa3sHOCTb
ONTHYeCKHX NyTel syued L— u L; B uHTepdepoMeTpe:

L=ct_=2l [1+Z_:];

Ly=cy=2[1+5%];

v2

L=_LJ'=E=IC2' (4)

2. TlpenctaBuM cefe HEKOTOpOe pacroJioXKeHHe NoJoc HHTepdepeH-
uun (puc. 125), Kotopoe uMmesio Gbl MeCTO NpH HAGMIOJEHUH Ha HeNo-
nBuxHOH 3emye. JIBHKeHHe 3emsu 0O0yCJOBHT B HHTepgepomerpe,
PacroJIOXKeHHOM yKa3aHHbIM 0OGpa3oM, pasHOCTb Xoja Jyued &,
onpezeasiemyto ¢opmysoii (4). PasvocTh ke xona & 3aBHCsAASA
OT ABHXeHHS 3eMJH, OOyCJOBHT CMEllEeHHe Ha MHKPOMETpE
TpyGet O Bcell uHTepdepeHUHOHHOH KapTuHbl. Kak BHAHO H3 ¢op-
MyJabl (4), 3Ta Pa3HOCTb eCTb BeJHYMHA BTOPOro MOPsfIKA OTHOCH-

v v?
TeIbHO — ; MPHHHMAA — = 108 u nonarast [=1 u (B pa3HbIX ycTa-

HOBKaX MafiKeJnbcOHa HerocoTpyaHukoB ! uamensnoch or 1,2 u
no 32,4 m), HaxomuM mnpubauxeénHo E=10"® cm; TakoB NOPSAOK
BEJIHUHMH, MOJAJeXallUX H3MEepeHHIo.

3. INoBopot Bcero anmnapata Ha 90° M3MEHHT PacnoJiOXKEHHE IJied
UHTep(epoMeTpa OTHOCHTENbHO HaMpaBJieHHsi CKOPOCTH v, ecau AD
6buI0 NapaJisiesibHO cKopocTH v (puc. 123,229), o tenepp AD Gyner
nepneHAuKyasipio K v, a AC napannenbHo v. Takoe pacmoJioxe-
HHE MUied BbI3OBET CMelleHHe MOJOC, COOTBeTCTBYIOIEE TOH XKe

2
pasHOCTH Xoja E=l~(c%, HO B apyryio ctopoHy. Cnenosa-

Te/IbHO, eciM HabJIojaTh NOJOCHI HHTepdepeHUHH Ha MHKpoMerpe

BO BpeMsi CaMOro BpalleHHs, TO AOJKHbI 3aMETUTb mepe-

Melletne nosioc HHTepdepeHLuH, COOTBETCTBYIOLLEE PA3HOCTH XOja
1%

26=2l 5.

Takue HaGmOJeHHs] BNOJNHE BO3MOXHbI TNpH BPAlleHHH IJIHTHI
¢ annapatoM muaBaioulefi B pryTH  (puc. 229): mnoaHbld oGopoT
annaparta npoHcXoauT B TeueHue 40 — 80 cex. '

4. PaccrosiHHe MeXJy AByMsl MOCJelOBaTeNbHbBIMH CBETJILIMHA
10JIOCaMH HHTepdepeHlHH COOTBETCTBYeT M3MeHeHHIO pPasHOCTH XOJa
Ha pauny BosHbl h (§ 42). [lostomy, B35iB OTHOLIEHHE Pa3HOCTH XOJAa
2% K AnMHe BOJIHBI, T. €. Bbipasup 2t B AJHHAX BOJH, HaMuéM,
Ha KaKyl0 4acTb PacCTOSIHMs MeXJ1y nojocaMu (puc. 125) JaomxHO
NPOU30iTH HabJIOJaeMOe CMelleHHte:

28 _2 ®)
A Aot
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Tak, B nepsoM onuite Malixenbcona (1881. Bepaun, puc. 123,
=120 cm, A pas xéntoit suHUK HATPHS hp = 5890 A = 5,89-10-5 cm)

2
% paBHO 2~106;%= 1078; caepoBaTesbHO, Pa3HOCTh X0Ja B JOJAX
PacCTOSIHUSI MeXJy LeHTpaMH I0JIOC MHTep(epeHIMH BBHIPA3HTCH TAK:

% 2 05 5 106 1025_
T_T‘7—2 2.10%-10-%= 0,04.
Paspemaromasi crnoco6HocTb HHTepepoMerpa MafikesnbcoHa
(§ 63) oGecnieurBajia HaGMIO/EHHE 3TOTO CMeELIEHHS.
Tem He Menee MaifikeJbCOH, ONUPasCh Ha CBOH HaOJIOJEHHUS
C 3THM aNnapaToM, y»Ke HalIEs BO3MOXKHBIM C/leJlaTh 3aKJ/I0UeHHe: «T H-
noTe3a HEeNOJABHUXKHOTro sdpupa
OKashblBaeTCsd HeBepHOHMH», Tak
KaK OXHJaeMoe CMelleHHE MO-
Joc He OOHapyXuBaeTCH.
113. JlanbHelllne NOBTOPEHHS OINbl-
Ta MalikeabCcoOHa J0 HAUIUX jHei
UMeJd LeJbl0 JOCTUTHYTh Gojee Tou-
HBIX H ONpeJeséHHbIX Pe3yJbTAaTOB IpH
NOHCKAaX OTBETA Ha BOIPOC: MOXHO JIH
IpU TIOMOULU CMEIEHHST HHTepdepeHIH-
OHHBIX TIOJIOC 3aMeTHTb a06COoJI0T-
Hoe ABUXeHHe 3emau. B 1887r.
MaifikenbcoH u-Mopuaeii noctpo-
unn B Kiusnenge B CIIA Gosee coBep-
Puc. 230. LeHHbIE uHTepgepomerp (puc. 230),
B KOTOPOM NYyTb Jyda yAJMUHEH Jo 11 M
IPH TMOMOIIM MOCJieOBATE/IbHBIX OTPaXKEHUH OT CHCTEMBI 3epKaJl; Mo-
3TOMY TeOpPeTHUeCKH OXKHJAaeMoe CMellleHHe JOJIKHO GOBITh OKOJIO
0,4 unTepdepenunonHoi noJsocel (popmysaa 5). OnHo HesneHHe MHKPO-
merpa 3skBuBajienTHo 0,02 mosockl, Tak 4TO OTCUETHI MOMKHO GBLIO
NPOU3BOJUTE C TouHocThiO 0 0,01 nosocel. Ilaura, Ha KoTOpOIT pacno-
JOXeH HHTephepoMeTp, NPHBOAHMJACL B MeJJIEHHOE BpallleHHe (OfHH
o6opoT B 6 MHH.); HA cOCyJe C PpTYTblO HaMeueHnl 16 asumyTOB,
B KOTOpPHIX TNPOHU3BOAMJIHCH HAOJIOAEHHS — OTCYETHl PACIOJIOKEHH S
nosoc. Bausinpe nBuKeHHsT 3eMJIH 1O ONpeNeNEHHOMY HamMpaBJEHHIO
JIOJIKHO GBLIO CKas3aThCsi B TOM, YTO NpH 8 HaOJMIONEHHSIX IOJIOCH!
OYAyT CHBHHYTHl B OJHY CTOPOHY M IIPU OCTaJbHBIX 8 —B JpYryio.
Ho Takoli nepHOAMYHOCTH He NMOJYUYHJIOCH.
Sror anmapatr MafikenbcoHa H Mopies NOCTYXKHUI NPOTO-
THIIOM MHOTOYHCJIEHHEIX YCTAHOBOK H OINBITOB, HMEIOHUX Ty Xe
OCHOBHYIO Uenb?!; Tak, B 1904 r. Gbliu mpousBefeHH ONBITHI Mo p-

1 [ToapoGHoe onucaHHe BCeX OMBITOB 10 TEOPHH OTHOCHTENBHOCTH MOXKHO-
Hafith B kHure: C. . BaB HJ 0B, DKCIepHMEHTAJIbHbIE OCHOBaHHA TEOPHH OTHO-
cHTeabHocTH, 'us, M., 1928.



1V. Hpunyun omuocumerbrocmu IJiHwmeldna 223

AeeM H Muanepowm; ¢ 1906 r. GecuucsieHHble HaGMIOAEHUST TIPO-
U3BOJAHUT OJMH Musaep; oH HabGmognan B Kiuienge u Ha rope
Buabcon; Iukap u Ctaagap—Habmogaln Ha BO3IYIUHOM ILape
(1927); Mooc (1930, B HMene) noenicua ToyHocTh oTcuéra ao 0,001
IUMPHHBL  TIOJIOCHI, YTO MO3BOJHJIO Obl OGHAPYXKHTb CKOPOCTb 3eMJIH,

KM KM
ecqi Obl OHa Obuia JHlb 1,5 —=— (BMECTO 30 —=—
CeK cexK

ComnoctaBiM pe3yJibTaThl HaGJIIOJleHHH PasHBIX HccJefoBaTesiell no
Metoly MaftikeanbcoHal

BrlyuciienHoe
Teopermec | Harcominee | syguen cropoets
Ha6moparenu u rogbi 3eMJiH, COOT-
CMellenHe cMeLleHHe
10JI0C noJioc BETCTBYIOIlEE
3TOMY CMeLIeHHIO
Mafixeabcon, 1881 0,048 0,015 18%
MafikeanbcoHn-Mop- 0,4 0,02 7 » e
aeit, 1887 §I S
Mogneﬁ-Mnnnep, 1,5 0,01 3,5 » =]
1905
Muanep, 1925—1927 1,5 0,005 1,5» f 8
Mukap u Craaavs, 0,064 0,0007 5 » <
1926 =)
Kennengu, 1926 0,2 0,001 2 »
Uanuursopr, 1927 0,2 0,0005 I »
Hooc, 1930 0,75 0,001 1,5 » /

10T 0630p pe3yJabTATOB HCCAEJOBAHHHA JYYIINX SKCIEpHMEHTATO-
pOB MPHBOJHUT K 3aKJIIOYEeHHSIM:

1. Oxupgaemoro mo TeOpHH CMeIIEHHSl TOJIOC HHTephepeHUHH He:
o6HapyKeHo.

2. 'mnore3a HemojBHxHOro 3upa He HMOATBEpAHJIACH.

3. Hukakumu onbiTamMu Ha 3eMile JABHXeHHe €€ B TPOCTPAHCTBe
o6HapyXHTh He yHaloch.

Urak, o6Gobuiasi pe3ysbTaThl ONHCAHHBIX H MHOTOYHCJEHHBIX HHBIX
JKCIepHMEHTaJAbHbIX HCCJeJOBAaHHH, IPHXOJUM K CJIeYIONIEMY O CHO B-
HOMY 3aKJIUYeHHIO: IPH NOMOILH ONBITOB H H a-
6anofeHnit ABJeHUA HAa 3eMie Heab3sd o6HApY-
XHTb €€ mocCcTynaTtTeJNbHOe JIBHXEHHEe B MpoO-
CTpaHcTBe H TeM OoJiee olpefileIHTh €€ CKOPOCTb; BCe 3TH SIBJe~
HHS TPOTEKAaIOT TaK, Kak ecJqH Obl 3emis Obljla HEMOXBHXKHA.

1 Ta6auua B cymecTBeHHEIX uepTax B3fiTa M3 KHHTH akajiemuka C. U. B a
BHJ OB a.
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IV. NPUHLUIT OTHOCHUTEJIbHOCTH 3UHIITENHA

114. Bcs cepust yNOMSIHYTBIX ONBITOB, HaYHHAsi C NEpPBOTO OMNBITA
MafikeabCOHa U A0 HAUUX AHeH, HMesa LEJbIO PELIUTh OCHOB-
HOH BONpOC (PU3HYECKOTO MHPOINOHHMAHHSA: MOXHO JIH NPH TOMOIILH
HaluofeHU i B cUcTeMe S 3aMeTHTb e€ HHeplHaabHOe JABHXKEHHE H Onpe-
JeJUTb ero ckopocTb? B ombitax MalikeanbcoH a 3emas Gbuia
3TOJi CHCTeMOH S, TaK Kak ABHXKeHHe €€ Ha HeGOJIbIIOM OTpe3Ke OpPGHTHI,
NPOXOAMMOM B TeYEHHE HKCIePHUMEHTA, MOXHO CUHTATb HHEPLHAJbHBIM.

BrltenpuBeI€HHbIA  9KCNepUMEHTaNbHbI  BbIBOJ — NpeJCTaBJsieT
ofmuit 3aKoH ISl BceX CHCTeM M [l BceX HalJiofaTesiel; B pasHbIX
HHepUHaJbHbIX CHCTeMax Bce (DH3UUecCKHe fIBIeHHA OYAYT NpoTeKaTb
10 TOXJACGCTBEHHBIM 3aKOHaM; BCCBO3MOXKHble HaGJIONEHUS NagyT CBe-
JIeHUs! JiUlb 00 OTHOCHTEJbHBIX ABHXXEHHAX CHCTeM, B KOTOPbIX MpPOH3-
BOASITCS HaOJIOfEHHS; TAKOBbl aCTPOHOMHYECKHE HAOGMIONCHHSI B3aHM-
HBIX CMelleHUH CcBeTuJ, abeppalud, NapasJaKTHYECKHX CMelleHHMH
HT. 0.

MoxkeT 1oKasaTbcsl C NepBOro B3TNIAZA, YTO STH YTBEpXKAEHHS AAIOT
JHIIb HHble (OPMYJHPOBKH MeXaHHYECKOro MPHHUHNA OTHOCHTEJIb-
HOCTH, HO 3T0 He TaK. OnbiTl M afi KeJ b CO H a BBeJH B Mpolecce
HCCJIeIOBAHUS fIBJEHUA ONTHYECKHE, 3JeKTPOMAarHuTHble, BOoOLe Npo-
SIBJIEHUS JIYYHCTOH 3HEPTHH, H 0Ka3ajocCb, YTO BCE 3TH SIBJAEHHS, Kak
M SBJEHHS MeXaHWyeCKHe, He JAlOT HMKAKHX 3aKJIO4YeHHH 00 uHep-
OHaJbHOM JBHXKEHHH CHCTeMbl S.

Ho TyT Bo3HHMKaeT ocHOBHOe NpPHHUHMNHAJNbHOE 3aTpYAHEHHe.

PaccyxJenusi, GedynpeyHble C TOUKH 3pEHUs MEXAHHUYECKOH OTHOCH-
TeJIbHOCTH (npeo6pa3oBaHus I asu e s, cioxeHne ckopocTteil), NPpHBO-
14T K GopMy.iam (2) u (3), B KOTOPbIX Bblpa)KeHa MbICJIb, 4TO HabJiofaeMast
CKOpOCTb CBeTa 3aBHCHUT OT cKopocTH chcTeMsl (§ 110); no pa3Hbim Hanpa-
BJIEHUSIM [0 OTHOWLIEHHIO K CKOPOCTH U Mbl HOJKHBI HabJIOAaTh pa3Hble
ckopoct cBeta. Ho Ttoraa crano Obl BO3MOXHbIM OfpejeieHHe CKo-
pOCTH aGCOJIIOTHOrO ABHXKEHHS U, YTO ONPOBEPraeTcsi 3KCHepUMeHTaJb-
HbIMH HccliefoBaHusMH (onbiThl MajikesbcoHa u Ap.). M3 3Tux onbitoB
NpsMO BbITEK3eT, YTO BCAKHH HaOJofaTe]b JOKeH cebs CUHMTAThb
HEMNOJBMXHBIM M0 OTHOILUEHHIO K Cpelle, IO KOTOpPOH pacnpocTpaHsiercs
cBeT M BoOOLIE 3JIeKTPOMarHWTHbIE BOJIHBI; BCe SIBNEHHUSA AJs HEro npo-
TeKaloT TaK, KaK ecau 6ul c6em pacnpocmparHAsci ¢ 00UHAKO60L CKO-
POCMbIO NO KCeM HANPABAEHUAM; HAKAKHX SBJIGHHH, KOTOpble OpHeHTH-
poBanu Obl HabJiojaTesisl 1O OTHOLIEHHIO K €ro OTHOCHTEJIbHOH CKO-
pOCTH, OBHapYXHTb He YAa/loCh.

115. D i v w T e # H! nokasas, YTo 3aTpyHEHHE YCTPAHsIeTCs, eClH
BBECTH- HOBOE€ NOHSITHE O BpeMeHH. dra ujied, BHocALas

1 AnbGept dfinmrtedn (1879—1955) onuH M3 BbIJAIOMMXCA MBICTH-
Tejeft B 06aacTH OCHOBHbIX HAelt ¢u3ukuH. OO6OCHOBAJ NPHHUHN OTHOCHTENb-
HOCTH ‘M KBaHTOBYIO TeopHio cBeta. b npodeccopom B Lilopuxe, satem B Bep-
JuHe, nochaeiHue roaol xua B CIIA. .
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CyllleCTBeHHble H3MeHEHHS B HAlM OOblYHbBle NpejCTaBJeHHS O TpO-
CTPAHCTBE U BPEMEHH, JIEXKHUT B OCHOBAaHHH NOCTPOeHHOH D B H I T e K-
HOM TeOpPHH OoTHOocHuTeabHOCTH (1905).

DiHmTe #H npuHHMaer obGa ¢akra, KOTOpble YTBEPKIAIOTCA
BCEM XOJIOM 3KCIEPHMEHTAJbHOIO HCCJeNOBaHUA:
~ 1) TOXKJIECTBEHHOCTb 3aKOHOB INpPHPOABI BO BCeX HHEPIHUANbHBIX
CHCTeMax;

2) He3aBHCHMOCTb CKOPOCTH CBeTa OT JBHKEHHs CHCTeMbl, B KOTOPOH
HaxoauTcs HabJsrojatelb.

DT, ONBITOM yCTaHOBJeHHBEe PaKTH NpPOTH-
BOpEUYHBH C TOYKH 3peHHS MeXaHHYeCKMX BO33peHHH Ha mpo-
CTPAHCTBO ¥ BpeMsl, eCJIH OCTaBaTbCcsl B 06JaCTH NMOHATHH 06 abcoJor-
HOM TIpOCTpaHCTBe U aGcontoTHoM BpeMeHH (§ 106, 110). CnenoBartesbHo,
HajJo OTKa3aThbCS$ OT 3TUX NOHATUH U BBECTH HOBblE IpeJCTa-
BJI€HUS] O NIPOCTPAHCTBE U BPeMeHH M YCTaHOBHTb HOBblE CIIOCOOBI H3Me-
PeHHs] COOTBETCTBYIOIIMX BeJMYHH. DTy 3ajauy M pewna O i H-
wTe # H.

Kak pe3yJsbpTaT Bo3MOXKHOT0 0000MIeHHS ONBITHBIX HaHHBIX OH Npef-
JlaraeT cJeJymiolye JABa NpUHHLHMNA:

I.BoBcex cuctemMax, HaXOAAMWHUXCSA B paBHo-
MEepHOM H NpPAMOJHHEHHOM JABHXEHHH OTHO-
CHTeJbHO JAPYT ApYyra, 3aKOHHB BCceX SIBIEeHHH
TOXK J€CTBeH H bl. ITO yTBepXKJeHHe ABJIAeTC pPacnpocTpaHeHHeM
NpHHIMNA MHBADHAHTHOCTH 3aKOHOB MEXaHHKH Ha Bce SIBJEHHS NpH-
poxsl (§ 106).

II. Bo Bcex cucTeMax, HaXoJAfAMHUXCSI B paBe-
HOMEpPHOM H NPpSAMOJNHHEHHOM JBHXEHHH OTHO-
CHTEeJbHO APYT APYyra, CKOpoCTb CBeTa OLHH a-
KOBa moBceM HanpaBJEeHHSAM, OHa He 3aBHCHT
OT ABHUXEHHS CHCTEMBb.

I1 mpuHUMDN yTBepXKJaeT NOCTOSHCTBO CKOPOCTH CBeTa HJIH TPHH-
LU HE3aBUCHMOCTH CKOPOCTH CBeTa OT JABHXXKeHHS HalbaiofaTens
(omeiT MafikenbcoHa). Beegenne storo mpuHmuna Ttpe6yer
HOBBbIX TIOHSITHH O BpeMeHH M NpOCTpaHcTBe: ¢ ToukH 3peHus II npun-
uMna najgaioT Bce 3akioyeHus § 110 (bopmydnl 2 u 3), Tak KaK CKOPOCThb
CBeTa eCTb MHpOBasi NOCTOSIHHASA.

O6a npuHuuna DA H W Te i H a SBIAIOTCS UCXOAHBIMU NTYHKTaMH
CJIOXKHOTO MATEeMaTHYeCKOTO DPa3BHTHUSI TEOPHH OTHOCHTEJNBHOCTH; OHH
nonoGHbl npuHIMNaM H b 10 To H a B MexaHHKe H NMPHUHLHIIAM TepMO-
gnHamukd. Ha 3tux npuHumnax, kak Ha QyHIaMeHTe, TOCTPOEHO 37a-
HHE TEOPDHH OTHOCHTEJbHOCTH, KOTopas OOHapyXHuja
HEeTOYHOCTH HalIMX OObIYHBIX NpeJCTaBJeHHH O BpeMeHH, IIPOCTPaHCTBe,
Macce U 3HEprHH, KOPOTKO TOBOPS, O BceX HAIIHMX OCHOBHHIX (hH3Hye-
CKHX NpeACTaBJEHHsIX O MHpe. DTH NpelCTaBJeHHS] HeoGXOIHMO mepe-
CTPOHTb, 3aMeHHB HX OoJiee TOYHBIMH U OOCIIHMH, XOTH H HENpH-
BBIYHBIMH JJIfi Hac MNOHATHAMH, OJHAaKo, GoJiee CIOCOOHBIMH CJYXKHThb
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AJl TMO3HAHHSI TOTO KOMILIEKCAa MHPOBBIX COOTHOLIEHHH, KOTOphbie Xa-
PaKTepU3YIOT AeHCTBHTENbHOCTD.

V. NNPEOBPA30BAHHUS JIOPEHLA

116. [Ipeo6pasoBanus [anunesa gawor QopMmyin
AJsl Nlepexojia OT OfHOM cucTeMbl S K Apyroft S;, HaxojsueHcs B OTHO-
CHTEJIbHOM JBHXXEHHH CO CKOPOCTbIO U, MpHUEM BpeMsi cyuTaeTcsi abco-
JIOTHBIM, OJMHAKOBbIM B TOH M Apyro# cucteme (§ 107):

t=t,.

Ecnn oTkasaTbcst OT 3TOro HoJIOXKEHHS, T. €. €CJH OTKasaThCs OT
abCoJIIOTHOrO BpeMeHH, To Ha Ao JAJf KaX AOH CHCTeMH
BBeCTH CBO& coG-
CTBeHHOE® BpeMd,
TeyeHHe KOTOPOTO OTJIHYHO
OT TeyeHHs] BpeMeHH B JpY-
rux cucremax; Toraa dbopmy-
zz, Jbl IpeoObpa3oBaHus KOOpAHU-
HaT IIpd [epexoje OT CH-
crembl S K cucreme S, npH-
MYT COBepILeHHO WHOH BHA.
3a UCXOAHbIA NMYHKT NpH
BBIBOJI€ 3THX HOBHIX (hopMyJl
npeo6pa3oBaHuiéi, KOTOpble
HOJIKHBl  3aMeHHTb (OPMYJIBI TrajiujleeBblX NpeoGpa3oBaHuil, GepyT
clleyloillie cooOpaKeHHs.

Pacnonoxum ocu KoOpAMHAT B cucTeMax S u S, Tak ke, Kak
6bl10 ykasawo B § 107 (puc. 226). B MomeHT coBnajenuss ocefi
¥ Havyaa cucteM S u S, BO3HMKAeT CBeTOBOH CHTHAJl B 0O6LIeM
Hayase O u cucremMa S; INepeMelLlaeTcsl NO OTHOIUEHHIO K S cO CKO-
POCTbIO U, HampaBjeHHOH no ocu XX, (puc. 231), uau cucrema S
fiepeMellaeTcsi Mo OTHOLIEHHIO K S; CO CKOPOCTbIO — U.

1. Habmonatens B cucteMe S uepes f cek. HaXOAHT, YTO CHTHAJ
pacrpocTpaHuJCs Ha pacCTOsiHHEe r = ¢f, HHCTPYMEeHThl B cucTeme S,
pacnoJioxeHHble Ha MNOBEPXHOCTH Cdepbl C PaauycoM r = cf, Hanpumep
B TOuKe M OTMeTAT, YTO A0 HHUX JAowéa 31oT curHajg. Crenosa-
TeJbHO, HabjojaTeNd B CHCTeMe S YCTaHOBAT, uTO uepes ! cex.
nocje nosiBjenuss curiana B O OKOJIO 3TOi TOYKH 0OGpasoBasach
cepryeckas BosHA C PafHYCOM r; ypaBHeHHe eg:

x2+y2+z2=r2; x2+y2+22=02t2;
B+yi4 22— =0. (a)

Puc. 231.



V. [Ipeobpasosarus Jlopenya 227

2, Ho uabmionatenu B Touke O; B cucteMe S; TOXe CUHTAlOT,
9TO CBET, PAaCNpOCTPaHsACh ¢ TOH ke ckopocThbio (II npunuun) B Teye-
HHe ¢, cex., oOpa3oBas c(epHueCKylO BOJHY:

B+yi+8—ch=0. (6)

Onn cuntator cebsi HENOJBUIXKHBIMH B IeHTpe 3TOH BosHH O;.

3. Ecau xoopaunatel (X, Y, 2, £) B {Xy, Yy, 23, {;) CYTb KOOpAH-
HATBl OJIHOTO M TOTO JKe SIBJICHUs], HaTIpUMep KOOPJHHATHI annapata M
(puc. 231), xoTOpbI# NpHHSIJI CBETOBOH CHMIHaJ B cucTeMe S uepes
t cek., TO Bolpaxkenus (a) u (0), npeicTaBJsdOLe QJHO U TO XKe
(¢u3uyeckoe siBJeHHE, JOJKHBI OLITh TOXKJIECTBEHHO PABHbl; 3TO HeMo-
Cpe/cTBeHHO cjeayeT u3 I mpunuuna D AHMmTed Ha: 3aKOHBI siBJe-
HHS He JIOJKHBl H3MEHSThCS TIPH Tepexojie OT CHCTeMbl S K CHCTEME Sj.
Hrak, umeem ToXgecTso:

Bty 42— =xt Yy + 84— (6)

CMBICJT 3TOTO TOXKIECTBA B TOM, UYTO IIPH TNepexofle OT CHCTeMbl S
K cucteMe S, (4a1u 0oOpaTHO) JBe YacTH 3TOrO TOXKJECTBA NEPeXOsT
omnHa B apyryio. CrnejoBartesibHO, cooTHolueHwe (6) ycTaHaBJMBaeT
¢opMy HHBapHaHTa BeJHYHH NpPH YCJIOBHM OTKa3a OT abCOMIOTHOCTH
Bpemenu. Ho ans npeoGpasoBanunit Faaunaes (§107, ¢)opmyna AuB)
NpH yCJOBUM ! =1, UHBApHAHT HUMeeT BHJA:

ds?=dx?+ dy? -+ dz2. (B)

Ecim ke sTOro yc/noBMs HeT, TO HHBApHAaHT, COJIACHO ¢op-
myse (6), ananoruuno (B) BeIpasurcsi Tak:

ds? = dx?4- dy? 4 dz® — c2di2. (7)

310 3HAYMT, YTO JOJIKHHEI OBITh JaHB HOBble (GOpPMYJEI NpeoGpaso-
BaHUS KOOPAMHAT, MNPH KOTODHIX COOTHOLUEHHe NPOCTPAHCTBEHHBIX
M BpeMeHHblX KoopAuHaT (7) ocTaBanoch Obl NMOCTOSIHHBIM, OblIO OH
MHDOBBIM HHBAapHaHTOM TNpH Nepexoje OT OJHOM CHCTEeMH
KOOpJAHHAT K JIOO0H HHOH.

117. DfinwTe #H DOKasaJ, YTO NAJs1 YIOBJETBOPEHHS TOXKIe-
ctBa (6) Heo6XxOaHMMa, BMeCTO rajujeeBblX ¢opMysa mnpeobpa-
30BaHusag KoopauHat (1), uHas cucteMa (opmyJs, KOTOpble, NMO3BOJSA
NepexoJuTh OT OJHOH CHCTeMbl KoopJuHaT S K npyrod S;, yno-
BJleTBOpsiAM Obl ToxpectBYy (7). Takas cucrema c¢opMyn nansg Ipe-
o0pa3oBaHHs KoopauHaT Obia Aawa Jlopenuowm (1896) nas ypas-
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HEeHHUH 3JIeKTPOMAarHUTHOTO NO0Jd; OHa HMMeeT CJeAYIOMHH BHA 1
Ot cuctemsl S k S;:| Ot cuctemnt S; Kk S
= g x—ot); %= (5t ob);
h=Y ==z Y=t 2=2;
h=g(t—5). | t=5(6+2).

1 GopMyNBl HOCAT Ha3BaHHe JOpPEeHN OBH Npeo6pasoBa-
HUS, HA HUX OCHOBbIBaeTCsi BCE JaJibHelillee MaTeMaTHYeCKoe pas-
BHTHE TEOPDUH OTHOCHTEJbHOCTH.

(8)

Y6enumcss HanocpeACTBEHHOH NMOACTAaHOBKOM, YTO COOTHOLIEHHE
ds?=dx?{ dy? + dz? — c? dt? )

¥HBAapHAHTHO MO OTHOIUEHMIO K MpeoGpasoBaHusiM JIO p e H U a. [ToJ0oXKHM, 9TO MHI
TiepexOAHM OT CHCTeMbl S K cucTeMe S;; aaa 3toro B ¢opmynay (7) noacrasum
3HAYEHHA Xy, Y1, 21, {1 H3 JIOPEHUOBLIX Npeo6GpasoBaHHM:

ds}=dx}+dy}+dz3—c2 di2=

Bz [(dx—v dt)2—c? (dt— de) ]+ dy?4-dz?=
dx

[dxz—zo du-di 402 dif—c? df® + 20 d-dt — 2 ]+dy2+dz=—

=F [(l—-c—2> dx”-—c2<l-ﬁ>dt3] +dy?4-d2=

=BL2 [B2 dx2—c2 B2 df2] + dy? + dz22 = dx2 + dy? 4 dz?— 2 di2 = ds2.

Hrak, npu_ nepexone OT cucTeMbl S K KaKoO# yrojHO HHepIHaJb-
HOlt cucTeMe S; 3HaueHHe COOTHOLIEHHS KOOPAHHAT

ds? =dx?*+dy?+dz* — c*dt?

OCTa€TCcsl MOCTOSIHHBIM, 3T0 MHPOBOH HHBapHAHT.

B ¢opmynax JlopeHIla 3acayXuBalOT 0cO60TO BHHMaHHS Tep-
Bas M MOCJeNHsIss CTPOuKH. [lepBasi rOBOPHT, 4TO H3MEPEHHE AJHHBI X
3aBHCHT OT OTCYETa BpeMeHM {; INOCJeAHSIsT yTBepKJaeT, 4TO H3Me-
peHHe BpeMeHH ! 3aBHCHT OT CKOPOCTH U H PpacCTOSIHHS X; 3TO
3HAYHUT, YTO BPEeMsI HMeeT OTHOCHTEeJhHOE 3HAUEHHE,
cBO& B KaxJoll cucteme. B 3TOM mOJIOXKEeHHH 3aKJIOYaeTcs
OPHHIHI OTHOCHTEJbHOCTH BpeMeHH; Bpe¥s, a6CoJioTHOE
B cucreMe N'anmunes-Hootona (§ 107), OTHOCHTEJILHO B CHCTEME
DiinmrTedHa.

1 Buigog cm. XBOoabCcOH, T. V, cTp. 353,
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VI. OTHOCUTEJIbHOCTb U3MEPEHUH AJIUHbI, BPEMEHU

118. PaccMoTpuM riaBHefilMe CJIeACTBUS JIOPEHLOBHIX mnpeobpa-
30BaHHUH:

I. Ecau v oueHb Majo IO CPaBHEHHIO CO CKOPOCTbIO CBeTa ¢,
To B 6/MM3KO K enMHHLe M npeoOpasoBanus JlopeHIa mnepexomdr
B npeoOpasoBanuss laaunnes: x,=x—9t;, y,=y; z;=2; t,=L.

91n npeobpasoBanust, Kak Mbl BuauM (§ 108), oGycnoBauBaioT
HHBapHAHTHOCTb OCHOBHBIX YpaBHEHHIl MEXaHHKH H TeOMeTpPHYeCKOro
cootHowenus (b). CnenoBatensHo, MexaHuka HoloToHa gaért
npubAHKEHHOE pelleHHEe MeXaHHYECKHX BOINDPOCOB,
OJIHAKO, JIOCTATOYHO TOYHOE JIJIS1 BCeX 3eMHBIX JBHXKEHHH, a Takxe
U sl siBJeHUH HeGecHOM MeXaHHMKH, TOCKOJIBKY HalJjiojaeMble
aCTPOHOMHYECKHE CKOPOCTH He NpeBOCXOJSIT COTEH KHJIOMETPOB
B cekyHAay. Ho Kak ToJbKO MBI mepexoauM B 06JjacTb 3JEKTPO-
MarHUTHBIX SIBJIEHHI, TAe BCTPEYalTCs CKOPOCTH, GJIHU3KHeE
K ¢ (HanpuMep, CKOPOCTH JBHKeHHsI 3jekTtpoHoB, II, § 175, 183),
HJIM B 00JIacTb BHYTPHATOMHBIX SIBJIEHHH, NpeoOpa3oBanusg [anunes
CTAHOBAITCS HEJOCTATOUYHBLIMH, OHH BeAYT K HEeNPaBHJIbHBIM 3aKJIO-
ueHHsM, U HeoOXOAHMMO 06paTHThCH K npeobGpasoBanusaM JlopeHua,
KOTOpble Aal0T oOlLYI0 KapTHHY MHPOBBLIX IIPOLECCOB C TOUKY 3PeHHS
NpPHHLUUNA OTHOCHTEJNbHOCTH. Jl O pe HI mokasajd, yro ero npeobpa-
30BaHHUs OOYCJIOBJIHMBAIOT HHBAPUAHTHOCTh ypaBHeHMd MakcBesaa,
OCHOBHBIX YypaBHeHHH 3JleKTpoMarHuTHoro noJs. Takam oGpasom,
3aKOHH MeXxaHHMKH HbloToHa HABJAAITCA YaCTHHM
BUJOM 6oJlee o6mMHUX 3aKOHOB, HMEHHO 3TO 3aKOHH
ABJEeHHUH, B KOTOPbIX CKOPOCTH 3HAaYHTEJbHO MeHbIlE
CKOpPOCTH CBeTa.

II. IlycTe KOOpAMHATH ABYX cobbitHit A U B B cuctemMe S CyTh
X Y, 2, t uk 7 { t; KOOpAUHATEL TeX XKe COObITHH B cucTeMe S,
CyTb Xy, Yy 215 by M &gy 0y, Gy Ty

Torpa npeoGpasoBanust JlopeHI a nosyvyaioT BHA:

< (m=glr—ob); (=g (v
2 g

E Yyi=Y, z2=2; % m="n &=L

b 1 < 1 &
S t1=?<t—%’2‘~). S 11=—E<'c 2.

31ech v — OTHOCHTENbHASE CKOPOCTb CHCTEMBI S;.
HNHTepBaJbl MEXJAY 5THMH COGLITHSAMH B NIPOCTPAHCTBE
U BpPEeMEHH BbIpPa3siTCs CJeAyolUM o6pa3oM:

H—h=g =Y —g =) (%)
b= =g (=7 =5 o (£ B). (10)
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OTO 3HAUHT:

1. Nsmepenne paccrosinus [,=x,—§& B cucreme S;, mnpousse-
JAE€HHOE U3 CHCTeMbl S, 3aBHCHT OT OTHOCHTEJbHOH CKOPOCTH CUCTEMBL S,
¥ OT HHTepBasja BpeMeHH (f—t) (dopmyna 9).

2. Hsmepenue uHTepBajsa BpeMeHH (f;—7,) B cuCTeMe S, mpo-
H3BOJYMOE H3 CHCTeMbl S, 3aBUCHT OT CKOPOCTH U M OT DpOCTPaH-
CTBEHHOrO pAacCTOAHUSI (X —E) MeXAy COObITHSIMH, pa3sjenéHHBIMH
80 BpeMeHH (¢opmynaa 10).
© B 3Tux 3akJioueHHsix HauboJiee NOJHO BLIpaXKeHa OTHOCH T € Jl b-
HOCTh H3MepDeHHMH NpOCTpaHCTBA M BpPEeMEHH H HX
B3auMHasl CBS3b, KaK KOODAMHAT COOBLITHH, NPOMCXOASALIMX B MHUpe.

119. Eciu x u £ eCTp KOOpPAHHATBI JABYX KOHLOB HEKOTOpOH
AJMHBI, U3MepsieMOfl B cucreMe S, Hanpumep x —E=/ ecTb JAJHHA
HEKOTOpOro CTepiKHsl, pacroJioKeHHoro mo ocu X, TO ero AJUHA
x,—§&,=1[,, uamepsemas B cucreme S;, onpefienurcss no dopmye (9):

1
B
Ecan KOOpAHHATBI KOHLOB CTEPXKHSI B CHCTEME S Ha6JIlO}la}OTCﬂ

OJIHOBPEMEHHO, T. €. OJHOBPEMEHHO [eJIaloTCsl OTCYETBl X H §, TOf==*
1 NO3TOMY:

l,= l—%v(f—r).

zl=%z; =Bl
- Hrak, anuHAa OTHOCHTEeJbHA H 3aBHCHT OT TOro, KakKylo
CHCTEeMy Mbl CYHTaeM Haxojsillefics B IIOKOe: eCJH HaGJojfeHHe
crepxkHst A, B, B cucteMe S,, HeNOABHXKHOTO B 3TOH CHCTeMe, J[aJjio
ero MIHHY [, TO HaGMIOfEHHe ero e W3 CHCTeMbl S, MO OTHOLIEHHIO
KOTOpOi OH INepeMellaeTcsi CO CKOPOCTbIO U, JAéT ero MJHHY:

==Y 1%t 1<1y; (1)

CTepXKeHb, M3MepsieMblil U3 CHCTeMBl S, KaXeTc] YKOPOYEHHBIM

. 2
B OTHOILUEHHH l: Vl——c—z—, T. €. B 33BUCHMOCTH OT CKOPOCTH €ro

nepemeliennsi v. KoHeuHo, cTepxeHb, U3MeDeHHBIl KakK HeNOJBHK-
Hblll B cucTeme S, npuuéMm HaliieHa ero AJuHa [, npu HadJIONEHHH
U3 cucTeMbl S;, IO OTHOIUIEHHIO KOTOPOH cHCTeMa S H CTepiKeHb
niepeMellaloTcsl ¢ TOf XKe CKOpOCTbIO, OKaXKeTCA KOopoue B TOM XKe
OTHOLLUEHHH

L=Bl I, <l

. Ho, eciu cTepkeHb pacnosioxkeH 1O HanpasjeHuo ocd Y wiu Z,
T. e. MEepNeHAHKYJSIPHO U, TO TaK Kak Y, =Y, 2,=2, HHKAKOro
COKpalleHusi He OynerT.
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Cokpallenyie JHHEHHBIX pa3MepoB OTPa3HTC Ha OGBEMAxX Tel,
Tak, ecJu KMeeM [Iap, HaxOAsIMice B TNOKoe B cucTeMe S,
70 Habalonatesib B S YBHJMT He Iuap, a JJIMICOMJ BpalleHHs, TaK
KaK y Hero OyJeT COKpalléH auameTp, napaJjule/ibHbld v, U He GYAYT
COKpallleHbl JuaMeTpbl MepreHAHKYJsipHbie K 0.

3. Eciu t=1, T. e. ecau cobbitusi A u B B cucTeme S oxxo-

BpeMeHHBl, TOo ¢opmyna (10) maér:
Li—t=——=——75((x—8).

OTO 3HAYUT, YTO COOLITHSI OJHOBPEMEHHEIE B CHCTeMe S, HEOXHO-
BPeMeHHbl B CHCTeMe S;; OJHOBPEMEHHOCTb ABYX COOH-
THH—TNOHSITHE OTHOCHTEJbHOE;, TOIbBKO B TOM CJyuae,
Korga x =& uMeem f, =<,. CnejoBaTeibHO, JBa COOBITHS OJHOBpe-
MeHHBle B cHcTeMe S, BooOile OYAYT HeOJHOBpPeMeHHBl B JPYrHX
CHCTeMaX, HAaXOAfIUXCS B JBHXXEHHH 110 OTHOLIEHHIO K cHCTeMe S,
3a HCKJIIOYEeHHeM TOTO CJydasi, KOrja coBmajeHHe COOLITHI 1O Bpe-
MeHH COMpPOBOXJaeTcs COBMNajeHueM B mnpocTpanctBe. Korma mpouc-
XOJSIT OJAHOBpeMeHHO (f{ =) JaBa coObiTHS B ONHOH M TOH 2XKe TOuKe
(x=2%), Torpa ¢, =r,, npoucxoauT aGCOMIOTHOE COBMajeHHe BO Bpe-
MEHH ¥ B NPOCTPAHCTBe; HanpuMep, CTOJKHOBEHHe JBYX TeJ OJHO-
BPEMEHHO [J11 BCEX CHCTEM.

OTo 3aKJioueHHe 06 OTHOCHTEJLHOM OJHOBPEMEHHOCTH SIBJISIETCS
cJIeICTBHeM 00Llero Bo33peHuss 06 OTHOCHTEJbHOCTH BPEeMeEHH,
KOTOPOe HaXOIHWTCSl yxKe B MocjejHeM mnpeoGpa3oBanud JlopeHIla
(dopmyna 8); ecan B HEéM nosokuM x =0, T. e. HaGJIOJaTeJb HaXO-
HUTCST B Hayajle KOOpJAWHAT CUCTeMBl S, TO:

t1=-;Tt; t=Pty; £ > 1. (12)
OTo 3HAUYHT, YTO B HEKOTOPHIF MOMeHT f=7% =0 Hauama Koop-
AvHAT cucteM S ¥ S; coBnajpaju; HabialonaTesb HaXOJ:[HTCH B Hauaje
CHCTeMbl S M OTCYUHTBIBAET [0 HEKOTOPOro CJIeAYIOUIero COOLITHS
BpeMsi ¢{; HO HabaojaTesNb B S;, HauaBIUMH CYET BpeMeHH OIHOBpe-
MeHHO ¢ HabJuonaTeseM B S, OTCUHTBHIBAET JO 3TOrO e COOLITHS
Bpems ¢, >{. Jna 3toro HnabmnionaTenst B cucTeMe S, BpeMms
B cucTeMe S; TeuéT MefnJNeHHee, yueM B S, H TeM MejJeHHee,
yeM OoJibllle OTHOCHTEJIbHAasfi CKOPOCTb CHCTeMBl S;:

P t
tl = ——_-:vé .
e
B sTom sakmouaetcs YTBepXK/leHHe OTHOCHTENbHOCTH BpPEMEHH:
BCsiKasi cHCTeMa MMeeT CBO& COGCTBEHHOE BpeEMS.
Kak yxe 6110 otmeueno (§ 121), B 3Toif maee 06 OTHOCHTeNb-
HOCTH BPEMEHH JIeXKMT OCHOBHOE DAaCXOXKJEHHE MEXJY HbIOTOHOBCKOMH
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MeXaHHKOH M TeopHell OTHOCHTENBHOCTH; B MexaHnke HpioTona
t=1,—>3T0 aKcuoMa, Ha KOTOPYIO ONUPAIOTCS Bce €€ BBIBOAB!, U ITH
BLHIBOJIBI XOpOIIH, [OKa XapakTep HaOJI0JeHHI MO3BOJseT IpeHe-
6peratb BJHMSIHHEM CKOPOCTH ¥, HMEHHO, IIOKa CKOpPOCTb U MaJja
[0 CPaBHEHMIO C ¢ HJIM IIOKAa HU3MepeHHsl He JNOBOJSITCS JO TOH BHICO-
KOH TOYHOCTH, KOTOpylo Aaér onuiT MalikejbCcoHa.

Ecau conocraButs ¢opmyast (2), (3) (ctp. 218) u (4) (cTp.221)
c ¢opmyaamu (11) u (12) (ctp. 230, 231), TO cTaHOBHTCA fICHO, YTO
onbiT MalikelbCOHA M He MOXET YAaCTbCs, HOO MNMOJOKHTENbHbIHA
OTBeT NpOTHBOpeuus Obl BCeM TeM YTBEPXKIeHHIM 06 OTHOCHTE/b-
HOCTH H3MepeHuIl NPOCTPaHCTBA U BpeMeHH, KOTOpble HenocpeACTBEHHO
BHITEKAIOT W3 OCHOBHBIX NPUHIMNOB DiHHIWITeHHa (cTp. 221).

120. U3 coueranns mpeAbIAYWIHX BHIBOJOB BBITEKaeT CJHeACTBHe, Kacawolleecs
cnoxeHHs ckopocTe#d. [lycte B cucteme S,, nepemeuaiouiefics GTHOCH-
TEJIbHO CHCTEMB S CO CKOpOCTbIO U, HaxXOJAHTCA B JABHXKE€HHH TeJO, CKOpPOCTb

KOTOpOro Habiiofartesd B S ONpefeNsioT Kak w; TOTJa CJaraeMble Mo OCAM CKO-
POCTH W BBIPa3uM TakK:

dx, dy, dz,
Ca=gr PnT g PaT g (@
Jna naGmonarteiss B cHCTeMe S CKOPOCTb W TeJja H CKODOCTb U CHCTEMBI Sy
JIOJKHBI OblId Obl CKJaJblBaThCs MO MPaBHNY NapajJesorpama; 0603HaYUB pe3yJlb-
THPYIOLLYI0 CKOPOCTb, HalJiojaeMyld B cHcTeMe S, uepe3 u, a eé cnaraemble
IO OCAIM — Yepes Uy, Uy, U;, HAa OCHOBAHHH NpeobpasoBanuil anuaesa (dopmyan 1)
NOJYy4YHM HerNoCPeJCTBEHHO OObIYHbIH pe3ysbTaT:
Upy=U+Wx;, Uy=Wy;, U;=—Wy,
rze:
u _dx, u _dy, u _dz
x—-dt: y—dt’ z—dt'
E’ 2 2
u? =ux+uy + uz.
Ho mnpeoG6pasoBanus Jlopenma (¢opmynsr 8) pmaioT coBep-

MEeHHO HHOH pe3yJabTarT:
dx =% (dxy + o dty);
dy=dy,; dz=dz;;
1 v
dt=F(dtl+-c—,—dxl>.
Beexs cooTHoweHus (a), HAXOAUM:
dx U‘l‘wxl .

ux=‘Tt‘= U'w.l:l'
Tt

w = _ By,

LA TE ]+ij1 ’
CZ

u _@__Bwh

TR 14 % )
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B gactHOM caydae, €CJH W INapajjieJibHO U, Pe3yJbTaT CJO0XKEHHsA cxopoc-reﬁ
NoaAy4YuM mnpolrue:
vTw
u=—2t? 13)
1 vw
to

M3 3TOro BHIpaXKEHHSI 3aKOHA CJIOXKEHHS CKODOCTeil BEITEKalOT CJEACTBHS:
1. Ecan vw—oueHb Majas BeJMYMHA MO CPaBHEHHIO C €2, TO MMeeM HM3BecT-
HBIA pe3yabTaT (npeo6pasoBanus [anmnaes):

u=v+4w.

Kak H3BeCTHO, 3TO HaCTHBIA CJayyait OGBIYHOTO IpaBHJA Mapajsenorpama.

2. Ecnn ke 3TO orpaHHYeHHe He HMeeT MecTa, TO B oflleM cJjyuae CJOXe-
HHe CKOpOCTeH yXe NPOHCXOJAHMT He MO NpaBUJY NapajjenorpamMa, a mo ¢op-
myJae (13).

3. BbiBOABI 3TH OTMeualOT OCOGEHHOE 3HayeHHe CKOPOCTH cBeTa. Ecam naxe
cJaraeMble CKOPOCTH paBHbl NMOPO3Hb CKOPOCTH CBeTa: v=C¢, W=¢, TO pe3yJbTaT
HX CJOXeHHs He OyleT MpeBbllIaTb CKOpPOcTH cBeTa u=c (¢opmyna 13). Tem
Gonee, eciH v U W OYAYT HMeTb 3HaueHus Jo6Gble, MEHbIIME CKODOCTH CBeTa,
Mbl BCErja B pe3y/bTaTe CJOXEHHs HaHJéM CKOpocTb MeHbwylo. Hrtak, cko-
POCTb CBeTa €CTh NpefeNbHOE 3HauyeHHE BCeX CKOpocCTeil
H He MoXeT GHTbNpeB3OoiigeHa.

VII. MACCA U 3HEPrus

1. JABJIEHHE CBETA

121. Co Bpemenu HreloToHa Macca siBasieTcsl BaxkHefimlell xapakre-
PHCTHKOH BCSKOro TeJa, BCKOH BblJeJNEHHOH YacTH MaTepuu, GyAb TO
CosiHUe MJIM aToM, NMOE3JHOH cocTaB HJIM 3JeKTpPOH. Macca onpejensieT
¢u3uyecKue CBOACTBA M 3HAYeHHe TeJ NpPH MX YYaCTHH B CaMbIX pasHoO-
o6pasHblX IIpolleccax.

OpHako pacnpocTpaH€HHeHIIHH KJjacc $BJeHHA—CBeT BO Bcex
ero nposiBJeHusiXx—a0 KoHua XIX B. crosin oco6o B (usnyeckom yue-
HHH O Macce: ©¥MeeT JH CBeT Maccy?

OtBerT Ha 3TOT Bompoc fAanu 3HaMeHuTole onbiTel I1. H. Jle 6 e-
I e B a' no cBeTOBOMY JaBJIeHHIO, BHINOJHEHHble B (hHU3HUecKoil nabopa-
topun MockoBckoro yHuBepcuTtera (1895—1910).

MaxkcBeJsJ TeopeTHUECKH NpHIén K 3akaoueHu1o: «B cpene,
B KOTOPOH pacnpoCTPaHsIOTCS 3JIeKTPOMarHUTHbIE BOJIHbI, CYLIECTBYET
JaBjieHHe B HaNpaBleHWH HOPMAaJbHOM K BOJHAM, YHCJEHHO paBHOE
SHepruu B eJuHHIE 0GbéMar®.

)

1Te6enen Ilérp Hukonaesuu (1866—1912), npodeccop Mockosckoro
yHUBepcHTeTa. B HccieloBaHHM CBETOBOTO JAaBjeHHs W B ApYrux paborax
0o0HapyXHUJ U3YMHTEIbHOE IKCMEPUMEHTATOPCKOE HCKYCCTBO NPH H3yYEHHH TPYA-
HeHluuX BOMpocoB (Gu3nkH. OCTaBHI MHOTOYHCJEHHYIO IIKOJNY YYEHHKOB, KO-
TOpble SIBHJIHCh DYKOBOAUTENSIMH KadeAp BO MHOTMX HAyUYHBIX YUPEXAEHHAX
H YHHBEpCHTETax.

2 «Tpakrar, ra. XX, 792, 793.
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BbiuncsieHHs1 MO 3TOH TEOpHH naro'r' JaBJIeHHe OTBeCHBIX Jyueil
CosnHua anst '-IepHOM nosepxHoctd 0,4 % &» A1sl aGCOMIOTHO OTpaxalo-

uLeH—O,S

Aro-To HuyTOXKHOe JaBjeHne ceeta I1. H. JleGeneB cymen
O N bl THO 0GHApYXKUTb uepe3 27 JeT nocsie Teopui M a K ¢ Be Ji J a.

CusibHBI NMYYOK CBeTa HANpaB/sijcs Ha TNOJBELICHHbIE B BbICOKOM
BaKyyMe Ha ToHuaiuieli KBaplueBod HUTH KpblblliKY P, P, (puc. 232),
HJIH JUCKH H3 MJATHHBI,
CJIIOZb!, aMIOMHHHUS (TOJI-
muHa  0,1— 0,01  mm).
IaBnenneM cBeta 3TH
KPbIJILIUKH OTKJIOHSJIHCh
OT NOJIOXKEHHS paBHOBe-
CHfl; MO OTKJIOHEHHIO HA
IKase 3aduuka 3epkana

H
JM
5
4 02 10 20 30 40 50 60cw
H | — L ] ] | | ]
Puc. 232. Puc. 233.

M ompegmensincs yroj KpyuyeHHsl KBapLUeBOH HHTH H CHJA, JeHCTBYIO-
mas npu e€ 3aKpy4YHBaHHH.

Cxema ycraHoBKM H300pakeHa Ha pucyHke 233. Jlyun cuibHOR
AyroBo# JaMrbl B nocse MPOXOXKIEHHS yepe3 OXJaxKAarolHe QHIbTPHI,
npu nomown auH3 C u K, sepkan S,, S,, S,.... v qmu3 L, L, nanpa-
BJISITHCb C TOH WM ApYrofl CTOPOHBI Ha KPBbUILILKH R, MoxBelleHHbIE
B LIEHTpe CTeKJSHHOro 6aJJyoHa (;mameTp 20 cm), maBjieHHe B KOTOPOM
6blio He Buie 1074 mm Hg.

II. H. JTe6eneBy H ero COTpyIHHKAM NPHLULIOCH TNPOBECTH
OGLIHpHbIE BCIOMOTaTeJsIbHbIe HCCeNOBaHUs, NI0Ka He YAajoch JAOCTHT-
HYTb TpeOyeMoii TOYHOCTH HaOJIOfleHHH.
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Peayabratel aautenbHolt paGoThl B TeueHue psiga jet I1. H. Jl e 6 e-
neB dopMyaupyer Tak!:

1. «[lapgaromuii nyyok cBeTa NPOU3BOIMT HaBJeHHE KaK Ha MOIJO-
WafoL(He, TaK ¥ HAa OTpPaXkalolllHe NOBEPXHOCTH...

2. Cunbl DaBJIeHHS CBeTa NMPSIMO MPOTNOPUHOHANBHB SHEPTHH Najalo-
UIero Jy4a H He 3aBHCAT OT LIBETay.

3HaueHHus1 faBjieHus cBeTa, onpenenénusle onnitamu [1. H. JIe 6 e-
I € B a, paBHbI TEM 3HAYEHHSIM, KOTOphbIe NpeiBHAesa Teopust Makcseaa.

YcraHoBuB ¢akT paejsennss cBeta (1900) Ha TBépABIE Tena
(muckn mertannos), I1. H. JleGe neB nepewén Kk HenaMepumo GoJee
TPyAHO! 3ajave — oH OGHapyXuJ JaBjeHue cBeta Ha rasol (1910),
NpHYéM eMy MNPHXOLHJIOCH HM3MepsiTb HUUTOXKHBIE CHJBbl (Hampumep,
nasJjeHue cseta assa H, paBuo 0,76-10°¢ Quwu[cm?).

Takum o6pasoMm, jaBJeHHEe CBeTa YCTAaHOBJEHO HpS-
MBIMHU ONBITAaMH.

ITn 3aMeuaTesbHble HccgepoBanus mnpurecad I1. H. JleGenemy
MHDOBYIO CJIaBy; MHOXECTBO YY€HbIX OOLLECTB H YHHBEPCHTETOB,
cpeln KOTopbix JoHgoHckoe KoroseBckoe ofmiecTBo, H36GpaJjo ero
CBOHM TMOUYETHLIM 4YJieHOM. DTHM MpU3HABaJNach He TOJLKO ero pabora
KaK BbIAIOUIErocsl 3KCMNEepHMEeHTaTopa, HO W OCOGEHHO TO BeJHKOe
OTKpBITHE, KOTOPO€ HEMNOCPeJCTBEHHO BBITEKAeT M3 €ro OIMbITOB:
CBET, OTKJIOHSIS KPBUIBIUKH, COOOILIaeT UM MUMNyJabC K M KOJHUECTBO
asuxenusi: K =Mo, rge M —wmacca KpbuIblIEK, U — HX CKOPOCTb;
TakKoe e KOJIHUeCTBO ABHKeHus1 TepsieT cBeT (I, § 35):

K=me, . (14)

rje m—macca CBeTa, C—ero CKopocTb. J[oka3aHo: CBeT HMeeT
Maccy.

DTHM TOJIOXKEHHEM CBeT BKJIIOYEH B MaTepHAJNbHYIO KH3Hb MHpa,
KaK BH] MaTepHH, HMeOllel CBOIO OCHOBHYIO XapaKTEPHCTHKY — Maccy.
IanbHeiinee pasBUTHE 3TOrO YYEHHsI H3JI0XKEHO B KBAHTOBOH TEOpHH
cseTta (ra. V.)

2. B3BAUMHA{ CBSI3b MACCHI H 3HEPTHH

122. PaccMoTpuM Gosiee mMoApoGHO CaMblil Mpolecc JAaBJeHHS
cgeta. IlycTe HOpMambHO K CBOGOAHOH 4Y€pHOH NIAaCTHHKe (K KpbI-
JBIUKY) s cm? (puc. 234) majgaeT nJockasi CBeTOBas BOJIHA; MPHHO-
cHMasi cBeTOM 3Heprusi dE npeo6pa3ye'rc;1 B pa6oTy mnepeMelleHus
NIaCTHHKY Ha paccTosinie dh mnpu JeHCTBHM CHJIBI JaBJIEHHS pS,
rje p — JaBJieHHe CBeTa Ha IUJIACTHHKY S Cm%:

dE .= ps-dh.

17. H. Jle6eneBn, OubTHoe HCCIefOBaHHE CBeTOBOro jaaBneHus. Co-
6panue counHenufi, 1901, crp. 147.
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Ho dh ectp paccrosinne, Ha KOTOpPOM CBeT, PaclpoOCTPaHssiCh CO CKO-
pOCTbIO ¢, TPOU3BEN B TeyeHHe BpeMeHH uMIyJbca df paGory mepe-
MelleHUs] IJIACTHHKH B €& HOBOe NOJIOKEHHE; II03TOMY:

dh=c-dt,
dE = psc-dt;
oTCI0JIa:
— dE 3
b=gar

B 3HaMeHaTeJie 3TOTO BHIDAXKEHHSI HMeeM 06BEM du:
sc-dt = s-dh = dv,

B KOTOPOM IIPOM30LLIO NpeoOpa3soBaHHe 3HEPTHH BOJIH CBeTa B paboTy
CHJIbl J1aBJIEHUs] CBeTa.
[lostomy:

—r == (15)

m rjie ¢ — IJIOTHOCTb SHePrHH CBeTa, T. €. 3Hep-
rusi B e luHULEe 00DbEMa.

CrnepoBaTtesibHO, TPHXOAUM K OIpejele-

HHl0o MaxkcBeaaa (ctp. 233): paBaenue

CcBeTa HJH BOOOLle JaBJieHHWEe JYYHCTOH SHEPTHHM YHCJEHHO paBHO

NJIOTHOCTH SHEPTHUH.
Hmnynec K, uiM KOJHYECTBO JBUXKEHHSI, COOGILEHHOE CHJIOH
f=ps nnomazke, Ha KOTODYIO NPOU3BEJIEHO JaBJieHHe, BbIPa3HM TaK:

dK=f-dt = ps-dt;

Puc. 234.

dK =", K=1—

4

dE;

oty

HMINYJLC JJIUTCA B TCUYCHHE BPEMEHH ITIOJHOTO npeoépasoBaHuﬂ SHEPruu:
==, (16)

ITo 3axkoHy coxpaHenuss KosuuecTBa aBmxkenus (I, § 35) 310 Xke
KOJIHYeCTBO JABHKeHHs1 K OyJleT moTepsiHO H3JyueHHeM 3a Bpems di
npeo6pa3oBanusl B paboty. s Toro uyto6bl BbIPAa3UTb 3TO KOJIH-
4eCTBO ABMIKEHHsI, HEOOXOJUMO H3JYyuYeHHI0O HJH CBeTYy, 3aHH-
MamomeMy oO0béM v, MpUNUCATh Maccy m; TOrja:

K=mec. (14)

ConoctaBuB ¢opmyast (16) u (14), NIpUXOAUM K COOTHOLIEHHIO:

E =mc®. (17)
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Dta ¢dopmysa —OJHA U3 OCHOBHBIX B COBPEMEHHOH (hpu3HKe; OHa
yCcTaHaBJMBaeT COOTHOIIeHHEe MEeXAY OJHeprueld H mac-
cofi. BuiBoj 3TOro COOTHOILEHHSI ONHPAeTCss Ha ONBITHBIH (QaKT cBe-
TOBOTO JiaBJIeHHS] H Ha oOmMe onpefeseHHss MacChl, KOJHYecTBa
IBUXKEHHsI, SHEPTruM U eé NpeBpalleHHHd M NMOTOMY SBJSIeTCS COOTHO-
mweHdeM, HMemomuM ob6mee 3HaueHHe. CylmecTBylOT UHbIE
BBIBOJbI cooTHoueHus1 (17); HO OCHOBHasl, peajibHas NpOBepKa COOT-
HOIUEHHS] MeXXJy 3SHeprueii M Maccoil NPOMCXOJHT NPH SIJIepHBIX peak-
LUSX; TeOpHst M PacuéThl INpeBpaIleHHs] aTOMHBIX SIIep H HCIOJB30-
BaHHe f1lepHOH SHepruM OCHOBAaHbl Ha COOTHOWeHHH (17), Kak Ml
3To cBoeBpeMeHHO yBuauMm (ra. VIII).

123. QPusnueckuil CMbICJa (HOPMYJIHL:

E=mc?, wm: E=cm

COCTOUT B YTBEPKJEHHH, YTO Macce TeJjia m B JaHHOM €ro COCTOSTHHH
COOTBETCTBYeT HPONOPLUOHAJBLHOE KOJUYECTBO 3Heprud E H obpatHo.
CrnepoBaTtesibHO, €CJH H3MeHseTCss Macca TeJa Ha Am, TO COOT-
BETCTBEHHO H3MEHseTCs ero sHeprus Ha AE:

AE = c2-Am. (18)

OGpatHo —ecat  u3MensieTcsi 3Heprusi Teja Ha AE, TO cooOT-
BETCTBEHHO H3MeHsieTCs Macca Ha Am:

Am = AE. (18%)

Taxk kax ¢ =(3-101°)2 =9-10% ~ 102, T0: 1) Npy H3MEHEHHH MaCChI
Am =1 2 BO3HHKaeT OrpOMHOE H3MeHeHHe 3Heprud AE = 9.10%°
apeos =9-10'% Joc; 2) npu usmeHeHuu sHeprun AE =1 gpey cooTser-
CTBEHHO BO3HHKaeT HHUTO K HOeE H3MeHeHMe Macchl Am~ 1072 e,

ITostomMy npH OOBIYHBIX MaKPOCKONHYECKHX IIPOLECCaX MEeXaHUKH
M TepMOAMHaMUKH (TpH yjaape, nedopMaunuu, HarpeBaHHH, nmapoobpa-
30BaHMM H T. J.) MBI JIETKO 3aMeyaeM H YYHTblBaeM H3MeHeHHeE
9HepruHu, HO He 3aMeyaeM M3MeHEeHHS MaccCH, KOTOpoe Mpo-
NOPUHOHAJNBHO H3MEHEHHIO JHepruH, HO TPYAHO OOHapyXKHBaeTcs
10 cBoeli MaJioH BeJuuHHe (IepeBOAHBIH MHOXKHTesb 10-21).

3uamenutsie onbiTel M. B. JlomonocoBa (1756) u JlaByasee (1789),
noBTopeHHble U yrouHéHuble JIanponpToM (1908), ycranoBHBLIME 3aKOH
COXpaHeHHs] MacChl, CONPOBOK JAJHCh H3MEHEHHSIMH 3HepriH BEleCTB,
YYaCTBYIOIIMX B peakLHsX (HarpeBaHHe, OXJaXKJeHHE), HO COOTBET-
CTBYIOLIMEe M3MEHEHHsI MacC IO HX HHUYTOXHOCTH He MOIJIH GHITh
YyuTeHbl HaOJIIoaTeNIsIMH.

Mras kapTuHa BO3HHKaeT IpH SIePHBIX peaKUHsX; H3MEHEeHHs
aHeprud AE orpomnbl, mopsinka 101° 3-6 u Gosblile, mouemMy U H3Me-

HeHUsI MacChl Am CTaHOBATCS 3aMETHBI M H3MepHMHI («JedeKT Macchl»,
ra. VIII).
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Ha ocHoBaHMH 3THX ©peACTaBJeHHHd MOXHO 3aKJIOYHTb, YTO
BCSIKOEe TeJl0, BCfIKas 4YacTb BbIJIeJIEHHOH MaTepuH HMeeT Maccy m
H CBSI3aHHYIO C 3TO{ Maccofl 3Hepruio E, npuuéM HX B3aWMHas CBfI3b
A3o6paxaetcss (popMyJIOf COOTHOLIEHHS MacChl H 3IHEPTHH:

E=c*m;
9TO 3HAYHT, 4TO Macce B 1 & /o6oOro BemecTBa COOTBETCTBYET
KOJIoCCaJIbHOe KoJsnuecTBO 3Hepruu 9-10%° spros, u obpathHo — 1 apry
sHepruu cgotBetcTBYyeT 10721 2 Macchl. JIBe OCHOBHBIE XapaKTepH-
CTHKH BCSIKOTO TeJsla — Macca U SHeprusi — HeoTAeJUMBl JPYT OT ApYra,
H HMX H3MeHeHHSl BCerja B3aHMHO NPONOPLHOHAJbHBI.

OTU HJeH O Macce W 3Heprud OblJM BrepBbie BBeAeHB DUHIITEH-
HOM B TeopHH oTHocHTesabHocTH (1905); 3fech OHM M3J0XKeHBl B TOH
¢dopMe, K KOTOpOfi IpHBeJia HX 3BOJIOLMS B TeueHHe NATHAECSATH JeT.

.

3. 3ABUCUMOCTb MACCbl OT CKOPOCTH

124. M3meHeHne MacChl 3JIeKTPOHA NPH HApPaCTaHHH €ro CKOPOCTH
6bLJIO yCTaHOBJEHO onbiTaMu MHorux yuéueix (II, § 178) u 6Gbuto
NOKa3aHO, YTO M3MeHeHHe CKOPOCTH IPOHCXOAHT MO 3aKOHY:

m=—’"°—02, (19)
V-5

NOSIBUBILIEMYCSI B TEODHH OTHOCHTEJBHOCTH ODHHIUTEHiHA KaK OJHO H3
e€ caencTBuii. PaccMOTpPHM OAMH H3 BBIBOLOB 3TOH (POPMYJIBL.

VYpasuenne Il 3akona HblotoHa psisi ciyuasi nepeMeHHOH Macchi
(I, § 38) umeer BuA: '

f-dt =d (mv);
f-dt=m-dv+v-dm; (a)

paGoTa Ha oTpe3ke ds, paBHas 3arpauyeHHOH 3Heprun dE Ha 3TOM
NYTH, BbIPA3UTCSl ypaBHeHHEM:

dE = f-ds = fv-dt;

NO5TOMy ypaBHeHHe (a) NMPHUHHMaeT BHJA:
dE = mu-dv + v?.dm.
BBejsém ofiee COOTHOIIEHHE MacChl U SHEpruu:
dE =c?-dm;
c2.dm = mv-dv + v?dm.

Paspenum nepeMeHHble:

(c?—0?) %": v-dv;

dﬂ_ v-dv

m  2—uvd
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Ilpu uHTerpupoBanum nojaraeM, urto npu v=0 Macca HMeeT
3HayeHHe my,—Macca MOKOS; IPH CKOPOCTH U 3HAauyeHHe MaccChl
0603HayuM yepe3 m; TOrAa:

n 14
dm __ v-dv
m T ) cr—v??
mg 0
m 14
l Inm= — ;—ln(cz—v”)
mo 0
1
1 n[£=27 2

m-’——-——v; m=moB’1. (19)

dto W ecThb Ta ¢opMysa, KoTopasi Na€T 3aKOH H3MeHEHHs] Macchl
B 3aBUCHMOCTH OT H3MEHEHHS] CKOPOCTH, KOTOpbld OblJl yAOCTOBEpEH
GpY JBHXKEHHH 3JieKTpoHa onbitamu Kaydmauna u ppyrux (1I, §178).

‘OcHoBHOe moJioXKeHHe MexaHWKd HbloToHa m = m,, Macca HHBa-
puanta. 3akoH (19) roBopHuT, 4TO 3TO NOJIOKEHHEe NOCTOJbKY chpa-
BeJJIHBO, IIOCKOJIbKY CKOPOCTH MNepeMellleHHsl MacChl U MaJbl
No CpPaBHEHHIO CO CKOPOCTBIO CBeTa. B TexHHueCKHX BONpoOCax Mk
AMeeM BC€ OCHOBaHHSl CUMTaTb MacCy TNOCTOSIHHOH, TaK KaK CKOpPOCThb
TEXHHYECKHX MaKpOIpOlecCOB MaJjla NO CpPaBHEHHIO CO CKOPOCTBIO
cBeta ¢. Ho npu H3yueHHH ABHIKEHHSI 3JeKTPOHA M JAPYrHX 3jeMeH-
TapHbIX 4YacTHL, B aToMe U sApe NPUXOAUTCS BBOJUTH NONPaBKH
no 3akoHy (19), u6o TyT Mbl HMeeM Je€JO CO CKOPOCTSIMH, CPaBHH-
MBIMH CO CKOpOCTbIO CBeTa.

125. BeenéM B COOTHOLIEHHE MACChl H SHEPTHH BbIpaXKeHHe Macchl,
3aBHCHMOH OT CKOPOCTH:

. mor?
E =m02, E=—F72— .

Paanarasi sHaMeHaTteNb B psA, UMeeM:

1 3 mgvt
me?=myc®+-5 m*+ o ——+ . ..

Ecan CKOpPOCTh U MaJla IO CpPpaBHEHHIO C €, TO MOXEeM B3fITb TOJIBKO
nepBbie JIBa 4JieHa pasJIoXKeHHsi:

mc? = myc? -j—% mgv®. (20)
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DTo BbIpa)Ke€HHE TOBOPUT, YTO H3BECTHOe BHIpaXKeHUe KHHETHYECKOMH
SHeprHu:
—l—movz=AE
2
OlLleHMBaeT JIMIIb HUYTOXHOE NpHpAalleHHe SHEPruy, OGYCJOBJIEHHOE
NepexoloM MacChl 1, OT NoKosl (v= 0) K ABHXKEHHIO CO CKOPOCTbBIO V:

1
5 MgV? = mc® — myc?, (21)

OrPOMHBII Xe 3amac 3Hepruu my? COOTBETCTBYIO-
IMHHA Macce NOKOS, OCTaJCsl CKPbITHIM B BElleCTBE H IPH TOKOE,
W IpY [BHIKEHHH; 00 3TOH KOHLEHTpPAalUH SHePrHH B BellecTBE HaM
CTaHOBHUTCH H3BeCTHBIM JIHLIb NpH sfepHbIX mnpoueccax (ra. VIII).
Tak, Mbl yxe Bugeiu (cTp. 237), uTO «COGCTBEHHAass» SHeprusi, CKOH-
LeHTPUPOBAaHHAsA B Macce IOKOs m, =1 & jo60ro BelecTBa, BhIpa-
JKaeTcsl OTPOMHBIM YHCJIOM:

E=my?=1-9-102=9.10% apeos.

Tak ke BBIUHCJSIETCS «COOCTBEHHAsl» SHEPrHs MacChl NOKOSl 3JieK-
tpona m,=9,1-10-28 2 (II, § 175):

E,=m,?*=9,1.10"%8.9.10* =0,81-10-% spe06=0,5-10° 5-6.

OTMeTHM 3TOT pe3yJbTaT: SHepPrHsi, COOTBETCTBYIOLLAsl Macce MOKOs
3JIeKTPOHA, pPaBHa NMOJOBHHE MHJJHOHA 3JEKTPOH-BOJBT.

Ilo stomy o6pasiy MOryT GbITb BLIYHCJIEHBI «COGCTBEHHBIE» SHEPIHH
Macc NMOKOsl H JAPYTMX YacTHIL.

YpaBHenue (20) BblpaKaeT 3aKOH COXpDaHEHHS] SHEPTHH, €ro xe
MOKHO HamucaThb B BHJe 3aKOHA COXpaHEHHS MaccChl:

1
m= My -t 5z my*,
HJTH:

AE
m= o+ 77

AE
rie —3 =Am—npupalleHHe MacChl, COOTBETCTBYIOLlee NPHPALIEHHIO

SHeprud, NOSABJsAIOUEHCS B BUje KHHETHUECKOH 3Hepruu Tesa, NOJY-
YHBLIETO CKOPOCTb 0.

O6obuas nocjeHHe BLIBOAbI, NPUXOAUM K 3aKJIOUEHHIO, YTO
NpH BCeX SBJEHUSIX, NPH KOTOPHIX H3MEHSIeTCA 3HEprus CHCTeMHI,
COOTBETCTBEHHO H3MeHsieTcsi e€ macca, H 0OOpaTHO — NP H3MeHeHHH
MacChbl U3MEHSIeTCS SHeprusi 4 OpH TOM TaK, YTO JJs1 BCAKOIO MO-
MeHTa 3TH INapaJylesIbHO HIYIIHe MPOLecch OO0YyCJOBJIHBAIOT A
BCIKOrO T€Jia COOTHOIIEHHE:

E =mc?.



VII. Macca u snepeus 241

4. 3AKJIOHEHHUE

126. BaXHO OTMETHTb—H 3TO €CTb OJHO W3 OCHOBHBbIX BO33peHHH
CcOBpeMeHHOH (PU3HKH, — 4TO C 3TOH TOYKH 3DEHHS] MOXKHO FOBOPHTb
O Macce H3JyuYeHHUS:

¥ 00 ero WHeplHH, KOTOpas OleHWBaeTcs 3TOH Maccoi.
PasBuBas 3TU MbICJH JaJjiee H [OpUHHMas, UYTO Macca HHepTHasi
(M MHepunaJbHasl) KBUBAJIEHTHA MacCe I'PaBUTALMOHHON (MJM TArO-
Telollel), MOXXHO TOBOPUTb O IpaBUTAaLH-
OHHOH Macce H3JyueHHd, T. e. 0 eé Be- 3 <,
ce, B yacTHocTH O Bece ceeta (I, § 57).
Ha ocHoBaHMH 3THX cooOpa)keHHH
DHHWTeHH BbICKa3aJ MbIC/b, YTO JIYYH
CBeTa B CHJIbHBIX MOJAX TATOTEHHs, Ha-
npumMep—okoJio CoJiHIa, HO/KHBI HCKPHB-
JSITbCSl B CTOPOHY MNpPUTATMBAIOIEHd Mac-
¢bl. [loaTomy 3B€31bI, NyUH KOTOPBHIX MpO-
xoasT okoso Kpass Coanua S (puc. 235),
6ynyt pas Habmonatens O KasaTbcs cMe-
EHHBIMH U3 MoJioXeHHus X B X,. Cmelenue
Jayueit, gaxe B MouHoM mnoJe CosHua,
OoueHb Masio; D HH I Te A H BbIYUCIHI,
4TO Jy4 CBeTa, MpPOXOJsl Ha pacCTOSIHUH r
ot ueHtpa CoJiHIA, [OJKEH IpeTepneTh

N

OTKJIOHEHHe Ha YroJ o: 7

(

B=175.1. Puc. 235.

B03MOXXHOCTb aCTPOHOMHYECKOH NPOBEPKH 3TOTO BBIBOJIA MOSIBJSIETCS
TOJIbKO BO BpeMsl MOJIHOTO COJIHEYHOro 3atMmeHus, koraa auck CosHua
3aKpbIT AuckoM JIyHbl B MOXHO coTorpadgupoBaTh 3BE€31bl, Haxons-
IHecs OKOJIO Kpasi COJIHEUHOH MOBEPXHOCTH; U3 CPABHEHHS HX MOJOXKe-
HHUI BO BpeMsl COJIHEYHOTO 3aTMEHHS C HX NOJOXKeHUsAMH, Korjaa CosiHie
He MPOeKTHpYeTCsl B AaHHYI0 06/1acTb He6a, BbISICHSIETCS CYILIeCTBOBaHHE
M pa3Mmep CMeLleHHs 3BE3 1, a 3HaUUT — U UCKpHBJeHHe Jyueii cBeTa. Cre-
H1aJbHble KCNEeAHUUH BO BpeMsl COJIHEeYHbIX 3aTMeHHil 1919 u 1922 rr.
(8 Bpa3uauu u ABcTpanuu) clesnany MHOTOUHCJIEHHblE CHUMKH; Ha HHX
YCTaHOBJICHO HECOMHEHHOE CMellleHHe 3BE3J,, U MPUTOM BeJMUHHA 3TOro
CMellleHHsl COOTBeTCTBYeT opmysie D B H W Te ¥ H a. TakuM o6pasom,
CyLIeCTBOBaHHE Y CBeTa IpaBUTALMOHHON Macchl, MOBUAMMOMY, INOJ-
TBepXKJaeTcsl 3TUMH HaOJIOJeHUAMH, XOTSl CYILECTBYIOT MHEHHS, 4TO
3TH OTKJIOHEHHS Jiyuell cBeTa MOFYT HMeTb U HHble NPHYUHbI B 00J1aCTH
noaa Cosnua, GAU3KOH K ero noBepXHOCTH.
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127. Urak, BaxHefillne BHIBOABI M3 ABYX NpUHUMONOB D ii H-
ILITe dHa MOXHO BbIpa3suTb TakK:.

1. OTHOCHTEJNbHOCTL H3MepeHHil BpeMeHH W NpOCTPaHCTBA.

2. Maea o coGcTBeHHOM BpeMeHH H O NOCTOSIHCTBE CKOPOCTH CBeTa.

3. 3aBHCHMOCTb Macchl OT CKOPOCTH. '

4. B3auMocBsizb MacCbl U 3SHEPIHH.

CoBOKYMIIOCTb 3THX MOJIOXKEHHH Tenepb OOBIYHO Ha3blBAlOT Y a ¢ T-
HBIM TOpPUHLHIOOM OTHOCHTEJbHOCTH, TaK Kak
DQinmwTe i H B 1915 r. Boickasan 6osee obuiee noJoxeHHe 06 OTHO-
CHUTeJIbHOCTH BCCX SIBJEHMH MHpa, KOTOpOe Ha3BaHO WM OOILHM IpHH-
[MMOM OTHOCHTEJIbHOCTH.

OcGo06ieHde, KoTopoe BBEM D il H LI T € i H, 3aKJI0YaeTCsl B TOM,
uyro B BbipaxeHud | u Il npunuuna (ctp. 229) oH BBIKMHYJ CJjOBa:
«HAXOISIIMXCS B paBHOMEPHOM IBHXKEHHH OTHOCHUTEJIbHO APYT Apyra;
Torja mnosBjsiercss OOMmMMUH NmpHHLUHUIO OTHOCHTEJ b-
HOCTH.

Bo Bcex cHcTeMax MHpa 3aKOHBI BCeX SIBJIEHH TOXKAECTBEHHBI, He3a-
BHCHMO OT TOTO, KaKue JBUKEHHS — NPSMONUHeHble, KPUBOJHHEHHbIE,
YCKOpPeHHble M T. A.—3TH CHCTCMbl COBEpUIAIOT JPYr OTHOCHTEJNBHO
Apyra. DTOT NPUHUMN eCTb MOCTYJiaT, OH He BbITEKAeT HH H3 KaKHX
OMbITHBIX (AKTOB, KaK YacTHbIH NpPHUHUMI; €ro HaAleXHUT ONpaBiaTh
HcclieJoBaHHeM — COBNAJAOT JIM CJEACTBHSI, M3 Hero BLITEKAIOLIHE,
C XOJOM TPHPOIbI, MK NPOTHBOPEYAT KaKHUM-JHOO ONBITHBIM HCCJENI0-
BaHHAM.

OG630p OCHOBHBIX NMOJIOXKEHHH TEOPHH OTHOCHTEJBHOCTH NOKAa3bIBaeT,
YTO 3Ta TEOPHUS BHECJA pAJ OCHOBHBIX H O BBl X TNOHSITHH H MOJIOXKe-
HHUil B Qu3HUecKoe yueHHe O MHpe, B KOTOpoM Ml XXueéM. HecMotps
Ha TO, YTO 3TH MOHSTHA BBeAeHbl 00 JeT Ha3al, OHH BCE Xe NPU3HAIOTCS
«HOBbIMH», TAK KaK Hapsaly C HUMH OCTAalOTCsl U HMEIOT MOJIHOe 3HaueHue
«CTapble» MOHSATHS, UMEIOLIHe MHOTOBEKOBYIO JaBHOCTb. JTO TPOHCXO-
JUT OTTOTO, YTO HOBbl€ COOTHOLLUEHHSI, ONpefiesisieMble TEOpHEeH OTHOCH-
TeJIbHOCTH, BBIIBJASIIOTC TOJbKO TOTJa, Korja P= Vl —%’;
He MOXeT OblTb 3aMeHeHO eJHHHULEeH, T. . IPU ABIKeHHUAX H mpoleccax,
NPOTEKAIOIHX C OTrPOMHBIMH CKOPOCTSIMM; KOTOpble Mbl BCTpeyaeM
B aTOMHBIX M SIIEpHBIX NpolLeccax, a TaKXKe H BO BceX Npolleccax, rje
OpsSIMYIO UJIH KOCBEHHYIO POJib HIpaeT paclnpoCTpaHeHHe CBeTa.

Ha nouBe «HOBH3HBLI» TCOPHH OTHOCHTEJNbHOCTH BO3HHKJIH MHOTO-
YHCJIEHHble HIeaNHCTHYeCKHe H MNpPOCTO OWIHOOYHbIE HX TOJKOBaHMS,
0 KOTOpbiX oTyacTH roBopusnt yxe B. M. JlenuH B cBoéM Tpyze
«MaTepuanu3M H SMNHPHOKPUTHLHK3M» (1908).

OctaHoBUMCS Ha JABYX BaKHeHIIUX TOJKOBAHHSAX.

1. Macca Tena u3MeHsieTcs M YyMeHbluaeTcsl; OTCIOfa JeJiaeTcs
BbIBOZL 06 mcuesHoBeHHH MaTepud. Ho, Bo-mepBbix, Macca He MaTepHs,
a arpubyT, XapakTepucTHKa JaHHOH 4YacTH MaTepuH, paBHO KaK H
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S5Heprusi — BTOpasi eé xapakTepUCTHKa. Bo-BTopbIX, HUrAe He yCTaHo-
BJIEHO MCYe3HOBEeHHe MacChl; BO BCeX CJyuasx filepHbIX MpPOLECCOB, Tie
MOXeT BO3HHUKHYTb 3TOT BONpOC, HMeeTcsl JiMWb MNpeoOpasoBaHue
Macchl B HHble GOpMbl €€ CYLLeCTBOBaHHUS.

2. B cBs3u ¢ cooTHolieHHeM E=mc® roBopsiT O NpeoGpa3oBaHUH
Macchl B 3Hepruio, U obparHo. Hurge He naGaropancs 3TOT mpouecc;
Kak yxe 6bl10 pasbsicHeHo (cTp. 240), mbl Beerja HabJaioaeM Ba napaj-
JleJIbHBIX [Ipoliecca — npeo6pa3oBaHust MacC W NpeoOpa3oBaHHs S3HEPTHH.

HoBoe yuyeHue 06 OTHOCHTENIbHOCTH BO3HHKJO, KaK BO3HHKaeT BCsAKas
¢u3nyeckas Teopusi: Korja Osarojapsi Bo3poclueli TOUHOCTH HabJiofe-
HMH HaKOMHJHCh (aKTbl, He OXBaTbiBaeMbie CTapoil TeopHell HbIOTOHOB-
CKOli MeXaHHKH, NMpPHILIO BpeMsl pPaCLUHPUTb TEOPHIO, OMJIOAOTBOPHB €&
HOBbIMH HJesAMH. Ecau, o6o3peB BCIO TeOPHIO OTHOCHTEJbHOCTH, OTbl-
CKaTbBHEH OCHO BHOMH N y H K T, OT KOTOPOTO HAET pa3BUTHE BCEro
yUYeHHsl, TO cJielyeT yKa3aTb Ha Gpa KT pacnpoCTpaHeHHH
cBeTa C NOCTOAHHOHNH HO KOHEYHOH CKOpPOCTbHIO
N0 BCeM HanpamJ/eHHAM, He3aBUCUMO OT [BHXeHHs HabJiofareJsi.
Ortciofia — 3anasfbiBaHie CHTHaJOB O COGBITHSIX, Ppas3liesiéHHbIX Npo-
CTPAHCTBEHHbIM HHTEPBAJIOM, NMOHSTHE 00 OTHOCUTEJIbHOCTH H3MepeHH R
BpeMeHH H MNpPOCTPaHCTBA, HOBOe NMpeAcTaBjeHHe 00 OJIHOBPEMEHHOCTH
H T. J.; 3TOT ONbITHLIA (PAKT C NpuUcoefnHeHHeM 0600LIEHUS] MeXaHHue-
CKOro NPHHUMMA OTHOCHTEJNbHOCTH Ha BCe SiBleHUs TNPUPOAbI H cocTa-
BJSIET HCXOJAHbI DYHKT TEOPUH OTHOCHTEJNbLHOCTH.



YACTH VII
ATOMHAS ®H3UKA

F'arasga V
HU3JIYYEHHUE H NOrJIOIWEHUE 3HEPIUH

1. BBEAEHUE

128. Hasywas MmHorooGpasHble siBneHHs, HaGmiofaeMble NPH pac-
NPOCTPAHEHHH CBeTa (AMCNepCHio, HHTephepeHUHIo, NOJSPH3AIHUIO
H T. [.), Mbl IO CHX TODP OCTaBJIlJIH B CTOPOHE BONPOC O BO3HHKHOBEHHH
cBeTa M BooOUle H3jayueHHsi. [LiHHHBbIE BOJIHBI MOTYT ObITb HCKYCCT-
BeHHO Bbi3BaHbl NPH MOMOIIH 3JEKTPOMarHMTHbIX MaKpo-BUGPAaToOpOB
(§ 83; 11, § 144, 147), HO KOpOTKHe BOJIHbI, B TOM YHCJ€ BOCMpPHHH-
Maemble Hamd Kak cBeT (0,76 — 0,4 p), UMEIOT CBOMMH HCTOYHMKaMHU
MOJICKYJIbl H aTOMbl H CBfI3aHbl C NPOLECCAMH, MPOHCXONSIIHMH B HeJ-
pax aromoB. [lo3TOMy u3yyeHHe 3/€KTPOMarHHTHOrO H3JydYeHHS
H TIOTJIOUIeHHS fIBJsSieTCs Ba)KHeHIUMM CpPeACTBOM, NPH HOMOLIH KOTO-
poro Mbl co3iaéM cebe npejcTaB/ieHHe O CTPOEHUH BeEIECTBAa U 06 aTOM-
HbIX Tpoleccax.

OcCHOBHOe TOJIOXKEHHe, KOTOpoe XapaKTepH3yeT 3TH MNpOLecCHl
¢ HauGoJiee OOlIeli TOUKH 3peHHS, BbITEKAET M3 BCEro MpeJblAyllero
o6G3opa GHU3UUECKUX SBJEHHI; BHYTPH aTOMOB H MOJIEKYJ CYLIECTBYIOT
3JeKTpHUeCKUe 3apfAibl, AefCTBYIOT 3JIeKTpHYECKHE CHJbl H Cylie-
CTBYIOT 3JIEKTPOMAarHHTHbIE MOJIS.

Gusnka XX B., CONOCTaB/AS y¥Ke OMNUCAHHBIE SIBJEHHS C TeMH,
K PpaccMOTPEHHI0 KOTOPbIX Mbl MepexoluM, MpHILIAa K BbIBOLY, 4YTO
MexaHuKa HbioToHa 1 aekTpoarHaMuKka MakcBessia He MOT'YT GbiTh Ge3
BeCbMa MPHHUHUMHANBHBIX H3MEHEeHHH MpuUMeHeHbl K aTOMHbIM MpoLec-
caM. HoBble uen B 310t o6s1acTu 1as BepBble 3HaMEHUTbIH repMaHCKH i
tdusuk [T au k! (1900), BBeas noHsirve o K B a H T a X. OcHoBHas
mbicaib [lJ1aHKa COCTOUT B TOM, 4yTO 3 HeprHsd HcCOYy-
CKaeTCH H OOrJouaeTcss He HeNlpepLBHO,a AHC-
X peTHO, OTAeJbHbIMH MODUHSIMH HJIH KOJIMUYECTBAMM; 3TH KOJiHYe-

I'Makc IMaauk (1855—1947)—3namennTolil yuéHblfl, OCHOBATENb KBaH-
toBo# Teopuu. HMmeer psix ueHHbIX paboT B 06acTH TepMOAMHAMHKH H CTaTH-
cruyeckoil ¢u3uku. Bou1 npogeccopom Teoperuuecko#t ¢pusuku B Bepaune.
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CTBa SHEPTrUH €, KOTOpbie Y4acTBYIOT B TNpOLeECcCax H3JYyYeHHUs U IMOTJIO-
[meHus, Kak leJsble NOpPUUU 3JHepruu, 6blaH HasBaHbl [lnaHKOM KBaH-
Tamu SHeprud. BooOlille KBaHTHI MOryT MMeTb pasHble 3HAUeHHS; MpPH
JaHHOM [polecce JYUYeHCNyCKaHus 3HayeHHe KBAHTa € INpONOpLHO-
HaJbHO YacToTe vy KoJebaHHUi:

e=hv;

anecb A—ko3hHUHEeHT NPOTOPUHOHANBHOCTH, Ha3biBaeMbll NOCTOSH-
Hoii TlyaHka; yKMc/OBOe 3HAuUeHHe 3TOH NOCTOAHHOMU ONpejesieHO MHOro-
006pa3HbiMH  croco6amu:

h=6,62-10"%" gpe.cex.

B mMakpoMexaHHKe BesuyKMHAa, HMelowasi pa3mep [ape. cex]=[C?G'S-!],
HasbiBaeTcsl «AefiCTBUEM», MO3TOMY A HasbiBalOT KBAaHTOM Je i-
CTBH Sl B OT/IMYHE OT & KBAHTA SHEPTHH.

UTo6bl MOHATb BO3HMKHOBEHHE, PasBHTHE M BceoOllee 3HAUeHHe
TEODHH KBAHTOB, CJ€fyeT OOPaTHTbCS K 0630pYy HAIUHMX OMNBITHBIX CBe-
IeHHH O SIBJEHHSIX JYUEHCIyCKaHWsi M MOrJIOLieHHs.

I1. OBIIME 3AKOHbI M3JIYYEHUS

A. 3AKOH KHUPXTO®A

129. TIpu u3yyeHHH CeKTPOCKONHH OBl PacCMOTpPEHB! pa3Hoo6pas-
Hble crocoObl U NpUOOPL!, NPH NOMOLLH KOTOPbIX MOXXHO H3YyYaTb HeBH-
InMble yact cnektpa. bosomerp (§ 35), ycoeepluencTBoBanHbli JI a H r-
J eeM, Jal BO3MOXHOCTb OYeHb TOYHO BHIICHHTb p acnpe fAe.Je-
HHe HepPrHH B CONHEYHOM CHeKTpe H B IPyrux
crnekTpax. ¥ norpebasasi NpH3Mbl H3 KaMEHHOMH COJIM, a BMECTO YeyeBHI—
cepeOpsiHble 3epKaJa, HccJeloBaTe/d MoMellanu NpoBosoky LL Gouo-
meTpa (puc. 236) B pa3Hble MecTa COJIHEYHOro cmekTpa (pHuc. 76).
BoJsoMerp nossossia pasauuate 10-% rpapnyca.

Hccnenoanuss Jl anrae s (1886) nokaszanu, uTo SHeprusl BecbMa
HepaBHOMEPHO pacnpelie/ieHa B COJH<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>