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OcHoBHaA upesa IpejyaraeMod KHHIH -— OPraHUYeCKH COBMECTUTH B
OAHOM y4eGHOM HOCOOHH U3JIOXKeHHe NMPHUHIIHMIIOB TEOPHUH M IIPAKTHKY pe-
uieHus 3agay. C 9To# 1lesbI0 B Ka’KJ0H [JlaBe CHayaja N3JaraeTcs TeOPHA
COOTBETCTBYIOLEr0 BOIIpoca (C MIUTIOCTpAl[Mei Ha KOHKPeTHBIX [IpUMepax),
a saTeM paercsa pasbop psjga 3agad, U'Ze HOKa3bIBaeTCs, K a K, II0 MHEHHIO
aBTOpA, CJeZyeT IOAXOAUTb K HX DEIIeHH0. 3afadyyl TeCHO CBS3aHbI C
OCHOBHBIM TEKCTOM, HaCTO SBJAIOTCA €ro Pa3BUTHUEM U JOTIOJIHEeHUEM, 1109-
ToMy paboTa HaA HUMH JOJKHA IPOBOAUTHCH HapaljIeJbHO C H3YYeHHEeM
OCHOBHOI'O MarepHasa. Kpome Toro, mpenjaraeMbll Ha0op 3apa4 ZOJIKeH,
II0 3aMbICJIy aBTODA, JaTh BO3MOMKHOCTb YHaIlleMyCA JOMOJHNUTENBHO 004y-
MaTh PAX Ba)XHBIX BOIIPDOCOB M IIOMOYb HPENCTABHTH (Ha)ke eCJIM MHOrHe
3ajaYy He DelaTbhb, a IPOCTO NIPOYUTATh MX ycaoBuA) GoJbLIOH AHAIIA30H
NPHJIOXKEHHUA H3ydaeMbIX M.

IIpu n3J10:K€eHUH TEOPETUUYECKOT0 MATEPHAJ a aBTOP CTPEMHMIICA HCKJIIO-
YUTh U3 TEKCTA BCE BTOPOCTENEeHHOe, ¢ TeM 4YTO0bI CKOHIIEHTPUPOBATb BHHU-
MaHHe YNTaTes]s Ha OCHO6HbLIX 3aKOHaX BOJHOBHIX IIPOLIECCOB W, B YaCTHO-
CTH, Ha BOTIpocax HauboJiee TPYAHBIX AJ% NoHUMaHUs. CTpeMyedne u3Jo-
JKUTb OCHOBHBIE MAEYW KPaTKO, AOCTYIIHO W BMECTe ¢ TeM [JOCTATOYHO
KODPPEKTHO No0yAHI0 aBTOpa HAaCKOJBKO BO3MOXKHO OCBOGOLMTD MaTepHasl
OT M3JIMAIIHEH MaTeMaTH3alMK M IePeHEeCTH OCHOBHOM aKIeHT Ha (puamue-
CKYI0 CTODOHY paccMaTpHBaeMbix ABNeHUH. MeHHO nodToMy H3 [BYX
$opM npeJcTaBjeHHA KOMILIEKCHOH aMIIIUTY LBl aBTOD [IPEAINOYes BEKTOp-
HY0, Kak Oosiee mpocTyio u HamisagHyo. C TOH "Ke 11eJbI0 IHUPOKO HUCIOJb-
30BAHBI pas/IMYHble MOJEJLHBIE IIPEeCTABICHM A, YIIpoliawine GaxkTophbi,
YacTHBIe CJAy4aH, cooDpa’keHMS CHMMETDHH ¥ AD.

Hanoxxenue peferca 8 CH. Bmecre ¢ TeM, YYUTBIBAA AOCTATOYHO IIMUPO-
Koe ucnosab3oBanue cuctemsl [aycca, B [lpunoikenuun faga cBogKa OCHOB-
HBIX euHUI 1 Haubosiee Ba)kHBIX (Gopmys Kak B CU, tak u B cucteMe I'a-
ycca.

Kypcusom BuIfe/ieHB! BasKHeiIIMe IOJOXKEHUA M TepMUAHBI. IleTur HC-
[I0JIb3YeTCsA AJIS MaTepyaiia IOBBILIEHHON TPYAHOCTH M OTHOCHTEJIbHO IPO-
MO3AKHX pacyeToB (3TOT MaTepuas IIPH IIePBOM YTeHNU MOXKHo Gesboses-
HEHHO OIYCTHTE), & TaKKe AJA IIPHMEPOB M 3aJad.

Kuura kax yuebuoe mocobue paccuuraHa Ha CTYAEHTOB BY30B C paciliy-
peHHO#M nporpammoi no ¢dusuke (B pamMkax Kypca obmel dusuxu). OHa
MOyKeT ObITh IOJIE3HOH ¥ NPenoAaBaTeNsIM BY3OB.

Asrop rayboxo npuaHaTeseH gupextopy usparenbcrsa M. H. Bopozn-
HY, 0OyAMBIIEMY IPOAC/DKHTL paboTy Hax co3faHueM CileAyHliux y4ieb-
HBIX ocobuil us cepuu «OCHOBHEBIE 3aKOHBL...» II0 KypCY 001el (PH3UKH.

. Upopnos.



IIpunareie 0603HaYeHNA

Bexrops1 0603HaYEeHEL NIONYKUPHBIM NPSAMBIM HIDHKTOM (HanpuMep, v,
E); Tta »xe 6ykBa KypCHBOM U CBeTJBIM IupudrToMm (v, E) o3HauaeT MOAYJb
BEKTODaA.

Cpenune senuuwmHpl 0TMedeHBI CKOOKaMy (), Hampumep W, (S.

CumBosibl nepe]; BeIMYHHAMM O3HAYAIOT:

A — KOHe4YHOe IpHpalleHue BeJUIHUHBI, T. €. PA3HOCTh € KOHEYHOTO U
HA4aJIBHOrO 3HAYEHHH, Hanpumep AQ = ¢, — ¢,, AE=E, -E;

d — puddepenunan (becKkCHEMHO MaIOe NIpUpalierne), Hanpumep, do, dk.

8 — dJeMeHTapHOe 3HadeHHe BEJIMYVHBI, HAIpUMep OL;

o — 3HAK MPOIOPUHOHAABHOCTH;

~ — BeJMYHMHA HOpAAKA... {h ~ 107 cm).

Oprbt — egMHHYHbIE BEKTOPSI:

e, e, e (uin i, j, k) — OpTEl AEKapTOBLIX KOOPAMHAT;
e, — OpT pajuyca-BEeKTODa;

n -~ OPT HOPMaJU K 3JIEMEHTY IIOBEPXHOCTH;

T -— OpPT KacaTeJbHOH K KOHTYDY WJIM IpPaHMIlE pasfesa.

IIpon3BogHas N0 BpeMeHH OT NPDOM3BOJBHON PYHKINU X 0603HaAUEHA
dx/dt nnp touxkoil Hany pyuxuueit, x. To ke i BTOPOH HPOM3BOXHOM:
d’x/dt* mam X

Harerpaast j1:10060i1 kpaTHocTH 0603HAYEHE! OSHUM-€IHHCTBEHHBIM 3Ha-
KOM | M pag/M4YarTcA JULIbL 0GO3HAYEHHEM dJIeMEHTAa HHTerDHPOBAHHSL:
dV — snemenT o6bema, dS — pieMeHT noBepxHOCTH, dl — 9jeMeHT KoOH-
Typa. 3rak § obo3HauaeT MHTErPHPOBAHME [0 3AMKHYTON IIOBEPXHOCTH
HIYA 10 3aMKHYTOMY KOHTYpY.

BexkTopHsiit onepatop V (Habaa). Onepauuy ¢ HUM 0603HaYeHBI TAK!

Vo — rpagueHT ¢ (grad o),

V-E — puseprenuus E (div E),

VxE — porop E (rot E).
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Ynpyrvie BoHbl
w

§ 1.1. YpaBHeHHe BOJJHBI

Yupyroil BOJHOK Ha3bIBAIOT IIPOIECC PACHPOCTPAHEHMS BO3MY-
IeHUA B yHPyro# cpexe. IIpu 3ToM IpOUCXOAUT PACHPOCTPAHEHHE
MMEeHHO BO3MYIIIEHUA YAaCTHL, CPeJbl, HO CAMM YAaCTHUIIbI HCILITHIBA-
IOT ABMKEHKS OKOJIO CBOHX IIOJIOXKeHHH pasHoBecud. Cpeny Oyzem
paccMaTpHUBaTh KaK CIJIOIIHYIO ¥ HelpPepPLIBHYIO, OTBJICKAACH OT ee
aTOMHUCTHYECKOT'0 CTPOCHUH.

Pasnuyaior BOJIHBI npodoibHble I nonepeiHbvle, B 3aBUCHMOCTH
OT TOro0, ABMXKYTCA JIM YACTHIBI OKOJO CBOUX MOJIO’KEHHN paBHOBe-
CHA BAOJIb HJH IIONIEPEK HalpaB/JIeHWs DACIPOCTPAHEHHs BOJHEL.

¥YpasHeHne BoJHbI. Hecmorps Ha 6osbiioe pasnooOpasue dusuge-
CKHX IIPOIECCOB, BBIZBIBAIOIINX BOJIHBI, HX 00pasoBaHMe IIPOUCXOLHT
1o of1eMy NPHUHIMTY. Bo3MyllleHue, IpoKCIIeailee B KaKou-uuby b
TouKe A cpefibl B HEKOTODBIII MOMEHT BPEMEHH, IIPOABIAETCH CIYCTSA
onpefieIeHHOE BpeMA Ha MHTEPECYIOIIeM HAC PACCTOSHHUY OT TOUKH A,
T. €. [lePefaeTcda C OUpe/AeleHHOH CKODOCTBIO.

PaccmoTpuM 11 ipocTOTHI pacIpOCTpaHeHHe BOSMYIIEHHSA BIOJIb
JJIMHHOTO HATAHYTOTO LIHVPA, C KOTOPHIM COBMeCTHM 0Chk X. MuI Mo-
JKeM IIPeACTaBUTh BO3MYUIeHMe £ — cMeIlleHMe 2JeMEeHTOB IHHYpa
U3 II0JIOXKEeHUSA PABHOBeCHA — KaK (DYHKIIHIO KOOPAMHATHL X ¥ Bpe-
Menu t, T. e. £ = f(x,t). JIerko BUJeTb, YTO PaCIpOCTPaHEHHUE BOZMY-
IIeHUsl CO CKOPOCTBIO U B TOJIOMKUTE/ILHOM HalpaBieHuu ocu X
uzobpasurcs TOH JKe QYHKIUeH f, ec/id B ee apryMeHT X u t OyayT
BXOAUTH B Buje KoMbuHauu (vt — x) unu (¢ — x/v). JelcTBUTEIb-
HO, Takoe CTPOeHHEe apryMeHTa IMOKA3bIBAET, 4TO 3HaYeHHe (DVHK-
1uu f, KOTOpoe 0Ha MMejia B TOYKe X B MOMEHT t, 6yner B 1a 1bHeMH-
1IIeM COXpaHAThCH, ecau vt — x = const. Ho aro tax u ecrh, nocko-
JBKY MMEHHO IpPH 3TOM yciaoruu dx/dt = v.

HUraxk, mobas pyuxnua or aprymenra (vt — x) unn (t ~ x/v) Bbl-
pakaer pacmpocTpaHeHHe BO3MYIeHUSA CO CKOPOCTBIO U:

x,t) = f(t — x/v). (1.1)
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3TO ¥ eCTb ypaBHEHMWE BOJHBI, PACHPOCTPAHAIOUIEHCS B IOJOMKUTE-
JBHOM HampaBJeHuu ocu X. Bonsa ke, pacnpocTpansomascs B
OTpUIATEILHOM HanpaBieHUU X, ONHUCHIBAETCH YpPaBHEHHEM

x,t) = f(t + x/v). (1.2)

Ocobyio poJib Cpefu Pa3JUYHBIX BOJIH HUIPAET 2APMOHULECKAS
604Ha. BO MHOIMX OTHOIIEHMAX 3TO IIpOCTeHIIee BOJHOBOE IBHU-
JKeHUe U ero BBIJe/IEHHOCTL CBA3aHa ¢ 0coObIMU CBOMCTBAMM rap-
MOHHUYECKHX OCLMJIISATOPDOB. YDaBHeHHEe TapMOHHYECKOH BOJIHBI
“MeeT BUJ

& x,t) = acos w(t - x/v), (1.3)

rge @ — aMILIMTYAA BOMHBI, 0 — LUKJIWYecKad (KPyrosas) 4acrora
KoJebanu# gyacTul cpeasl (c™1). OTa BoIHA IePHOAHYHA BO BpeMeHH
¥ [IPOCTPAHCTBE, MOCKOJLKY caMa (PYHKIIUS NEepUOAUYHA U ee [e-
puoj paBeH 27. V3 nepuoguYHOCTH BO BpeMeHU 0At = 21 HaXOoAUM
At = 2n/w. ITOT IIPOMEKYTOK BPeMeHM Ha3blBalOT nepucdom woJe-
banui:

T =2n/0. (1.4)

Y3 nepuoAMYHOCTH B IPOCTPAHCTBE 0 AX/U = 2T HAXOOUM Ax =
= 2nv/m = vT . Paccroanne Ax HasbiBalOT JAuHOU goaub. . Ta-
KHUM 006paszoM, AJIMHA BOJHBI — 3TO PACCTOAHKE Mexkay Gauykaniiu-
MH TOYKAMH CpPedbl, KOJeOMIOIMUMUCA ¢ pa3HocThio has 2rn. Opyru-
My CJI0OBaMH, 9TO PACCTOSAHME, HA KOTOpPOe paclpocTpaHaeTcd BOJIHA
3a BpeMsd, paBHOe Iepuony kojgedaHur T

A = oT. (1.5)

Hockonbry T=1/v, roe v — uactora koaebauuit (I'un), dopmyny
(1.5) MOoKHO TpeacTaBUTL WM Tak:

L =v/v. (1.6)

YpasHeHMe rapMOHHYECKOH BoJIHbI (1.3) IPUHATO 3alIHCHIBATD B
cuMMeTpudHOM Oosiee yHo6HOM ¥ npocToM BHAe. s 2TOro BHeceM
w B CKOOKy, TOoTaa

ot —ox/v=ot - kx,
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rae B = o/v = 2n/Tv, uin
k= 2n/\. 1.7

Bennuuny k Ha3bBIBAIOT 60JHOBbIM HUCLOM.
Torpa ypasuerme (1.3) upumer CieLVIOIIUA CUMMETPUYHBIN BH/:

& =acos(nt —kx). (1.8)

OrMmeTnM, uTO QUIYPUPYIONIAs BBILIE CKOPOCTh U ~— 3TO (Paso-
8aa CKOPOCMb BOJIHBI, T. €. CKOPOCTb, C KOTOPOM pacnpocTpaHaeTcs
olpejielleHHOE 3HAYEHHE (A3bl €0JHbL — BEIUYHHBL B CKOOKax Qop-
myx (1.1), (1.2), (1.8). Umenno da3a xapakTtepusyer onpegericHECe
COCTOAHME IBMKEHUA YACTHIL cPeibl IIPU NPOXO0KACHUH BOJHBI.

o cux mop mpeamosarajioch, UTO BOJHA PACIIPOCTPAHALTCA B He-
norJIomianiel yupyroi cpeje, no3TOMY ee aMILIATYAa a = const. C
VUETOM 2Ke TIOIJIOMEeHUS aMILIMTYAa BOJHBI, KaK IOKa3blBAeT OMBIT,
YMEHBLIAETCS ¢ PACCTOSHHEM X 110 3aKOHY @ =aqe ', The ¥ — K0IQ-
puyuenm szamyxanus 6oanv. (M'l), M ypaBHeHMe BOJHBI OyieT
HMeTh BU:

E=aye " cos(ot —kx). (1.9)

Ypapgenue nmiaockoit BoaHbl. ¥YpasHenuda (1.1), (1.2), (1.8) onu-
CBHIB&IOT M ILJIOCKYIO BOJIHY B VIPYIOH cpefe. B njiockoi BoSHE BOJ-
HOBBIE ITOBEPXHOCTH (IZe TOUKY CpeXbl Konebiiorcs B OZUHAKOBOM
thaze) uMeT BN IIIOCKocTel. Korga roBOpAT, YTo J0CKas BOJHA
pacmopocTpaHaeTcsa BAOJbL 0CH X, TO 9TO HAAO IIOHUMATL TAK, UTO ee
BOJIHOBBIE IIOBEPXHOCTH (IIJTIOCKOCTH) IEPIeHANKYIAPHEL 3TOH OCH.

Ecnn ke mIocKad BOJHA PacHpPOCTPAHAETCH B NPOH3BOJILHOM
HaUpaBJIeHMH, XapaKTepu3veMoM eAWHHYHBIM BEKTOPOM N
(puc. 1.1), To

E=f(t ~1/v) = f(t —rn/v), (1.10)

IJie rn = xcos o + ycosf + zcosy, a, 3,y — YIVIBI MEXKAY BEKTOPOM N
1 OCAMH KOOpAHHAT.
st rapMoHUYeCcKOM BOJHEBL cosw(t — nr/v) =cos(wt — rneo/v) 1

£ =acos(wt - kr), (1.11)
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/
0 NXx
Pue. 1.1
roe k — 6osH0600 eexmop:
k = (o/v)n =2n/M)n. (1.12)

3aMeTuM, YTO B OTJIMYME OT BOJIHOBOTO BEKTOpa, (asopasd CKO-
DOCTB U He ABAAEMCSA 8eKMOpoM: B T0DOM HalpaBJeHUH, COCTABIIAIO-
1IIeM YTOJ O C BOJHOBBIM BEKTOPOM K, CKODOCTh HepeMelleHUdA LaH-
HOH ¢a3bl paBHA V/cos c > U (a He U CoSs O, KaK JOJLKHO OBITh, ecu Obl
CKODOCTh ABJIANACH BEKTOPOM). MIrHOpUpOBaHME 3TOTO OOCTOATEJIBCT-
Ba Hen30e)KHO TIPUBOAMUT K DPa3IMYHOTO DPOJa HEAOPASYMEHUAM.

ITpu pacnpocTpaHeHMN BOJHBIL B IIOTJIOLIANOIIEH cpele B ypaBHe-
Hud (1.10) u (1.11) ByKHO nobaBUTh 9KCIIOHEHIIHMAJIBbHBIA MHOMXHU-
Tenp et =T,

Cohepuueckan u HUIHHAPHYECKAA BOJHBL. B OZHOPOLHOM M30T-
POIIHOHM Cpefe NPOLOJbHAs BOJNHA OT TOUYEYHOIr0 HCTOUHMKA Ipen-
cTaBisAeT coGON cepuUecKU pacxXogflieecs BO3MYIUEHUE BHIA

é=% fit ~r/v), (1.13)

rge r — pPaccTodgHMNEe OT TOYEYHOIr0o MCTOYHHUKA. B gacTrOCTH, ecam
HCTOYHHK Boaﬁyxc,aae’r OIPOAOJbHBIE MOHOXPOMATHYECKHE Koueba-
HHUA, TO IpegblAylilee ypaBHeHUe IIpDUHNMAaeT BHI

gz%‘icos((»t - kr), (1.14)

rae a, — IIOCTOAHHAA, /7 — aMIJIMTYAA BOJHEL. Ee BOJIHOBLIE II0-
BEPXHOCTH ABAAIOTCA chepudecKumMu., OTMETHUM, YTO B BhIPAXKeHUN
(1.14) crout umenHOo k (BOJHOBOE YMCJIO), 4 HE BOJHOBOHM BeKTOp K,
KaK [IJA IJIOCKOM rapMOHUYECKOM BOJIHEL.

Ecny y4aureIBaTh NOIVIOIIEHHE cpelbl, To B Gopmyiasr (1.13) u
(1.14) cnepyer mobaBUTh MHOMKHUTEJbL €.
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WHTepecHO, UTO IPU NPOXOXKAEHHUY CepUUeCKON BOJIHBL B KaXK-
OOH TOo4YKe cpeXsl Bcerfja HaOJomaioTcAd KakK CryIleHUs, TakK K1 pas-
psoKeHHUs (B OTJIMYME OT IJIOCKOM BOJHBI, KOTOPas MOYKET COCTOATH
TONBKO K3 OJHHUX CTYLIEHUWH HJIN paspaKeHui).

HOpyro#f BaKHBIH BHJA CHMMETPUYHON BONHBI — UuUAuHOpUHLe-
cKas, pacxojAuiasaca HampuMep OT HCTOYHUKOB, PaBHOMEpPHO pac-
IpefeIeHHBIX BAOAL OCH B OFHOPOXHOH cpenme. CTPYKTYypa NMJIMHL-
pHUYeCcKO# BOJIHBI 3HAUHUTEIbHO ClloHee cdepuyeckoil, u ee ¢gopma
He IOBTOPSET BPEeMEHHOI'O HOBeAeHMA (PYHKUUM HCTOYHUKA, KAaK B
ciydae cpepruecKoi, — BOJIHA TSAHET 3a cOO0H MIUHHBIN «IIjedd».
M ronbko Ha Oonpmnx paccToAHUsAX K OT McTouHMKA (OOJBLINX II0
CPaBHEHHIO C XapaKTePHbIM IapaMeTpOM AAaHHOH BOJIHBI) ee MOXKHO
NIPeACTABUTH B BH[E

£=%f(t “Rp). (1.15)

B uacTHOCTH, MOHOXpOMaTHUeCKas PaCXOLAIAaACS BOJHA HA pac-
CTOAHUNAX B, 3HAaUNTEJbHO IIPEBHIIIAIONTNX ee AJIUHY BOJIHBI, HMeeTr
BHU]

a
£ =-— cos{wt - kR),
'R (1.16)
rae @ — nocrosHHas. Llunungpudeckas BOJIHA, Kak u chepuye-

CKas, HellpeMeHHO NOJ/DKHA COZEPsKaTh KaK CIYIeHHs, TaK U pas-
PAMKEHNA.

§ 1.2. BorHossie ypaBHEeHHSA

JluneitHOe BOJIHOBOE ypaBHeHHne. AHAJIOIMYHO OCHOBHOMY ypas-
HEeHHUIO TUHAMHUKHY, KOTODPOE OIHCLIBAET 6C€ BOSMOJKHBIE NBHMKEHHA
MaTepuaabHOM TOYKM, M 3Jech, B 0DJACTH BOJIHOBBIX IIPOIIECCOB,
CYLIECTBYIOT YPaBHeHMA, ABIAKINHEcCA 0000IleHHBIM BhIpasKeHHEM
BOJIH, HE3aBUCHMO OT X KOHKPETHOrO BHUAA. 3T0 AUb(epeHIuals-
Hbleé YPABHEHUS B YACTHBIX IPOM3BOJHBIX, CBA3BIBAIOIINE U3MeHe-
HUA PYHKIUH, XapaKTepUIYIOIINX BOJHY, BO BpeMeHU U [IPOCTPaH-
cTBe.

Haiigem aTy cBsss AJMA BoJIH Tuna § = f(t - x/v). O6osHauum
dasy BosHbl OYKBOH @, T. €. =t — x/v. Torga
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ComnocraBus IIOJIYYeHHbIEe BBIpAXEeHHdA, IIOJIYYHUM
12 S WG S

= va (1.18)

3T0 ypaBHeHHe CIIPaBelJINBO, K COXKAJNEHUIO, TOALKO AJS BOJH, pac-

TNPOCTPARAIOMINXCH B IOJOMKUTENbHOM HanpaBieHuw ocu X. ns

BOJIH, PACHPOCTPAHAICUINXCA B OTPHIATEJHHOM HAIPAaBJIEHHH OCH

X, cnpaBa, KakK HETPYJHO IIPOBEPHUTE, JOJIKEH CTOATH SHAK «+»,
Taxum obpasom, MOXKHO Hamucathb

]
l
=+ y
[ ox v ot | (1.19)

Tle 3HakKH{ «—» N «+» OTHOCATCA TONBKO K TeM BOJHAM, XOTODble
pAaCcIPOCTPAHAITCH COOTBETCTBEHHO B IOJIOKHUTENBHOM HJIM OTPH-
IIATeJIBHOM HamparjieHuu ocu X.

Ypasraeune (1.19) sapaserca OpocTeHUINM 604HOBLIM YDUSHEHU-
ex. Bo MHOrHX ciydadx OHO OK#A3bIBAETCSI BeChMa IOJE3HBIM.

BriscEuM (QU3HYECKME CMBICK IPCHU3BOLHBIX, BXOAANIUX B 3TO
BOAHOBOe ypasHenue. IIpoussognas 1o spemenu 9&/0t =u, — 9ro
NIPOEKIIUA CKOPOCTH YACTHIBL CPe/bl, ABHIKYILEHCS OKOJO CBOEro
MOJIOXKEHNUA PaBHGBECHA, a Of/Cx =& — omuocumeavHas degopma-
yus cpeder. IlocienHee HANO HOSICHUTS.

BrigesinM MBICIEHHO Majblil (10 CPABHEHHIO ¢ H3MEHEHHeM IpPo-
PuIA BOJHBI) NUJIMHAPHMYECKHH 3JeMeHT cpeabi Ax (puc. 1.2)

Ax BAOJL HaOpasJieHHs pacipocTpaHe-
l?“ Ax +AE l HUSA BOJIHBL. [Ipu NMpoxo’Kaeduy Ipo-
i F 1 JOJBbHOH BOJHBI 2TOT 3JieMeHT Oyger
E" é‘—:; cMeratbesa u gedopmuposatsca. Ha-
+AS IpHUMep, JAeBbIil €ro Topel HepeMec-

Puc. 1.2

THTCH Ha {, a npaBblil — Ha & + AL.
IIo ompepesieHnI0, OTHOCHTEeNbHAA Fedopmanns

. A O
£=lim =2 = % .

A0 Ay Pr (1.20)
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9ra BenmuuHa anrebpawdeckasi, oHa Moxker ObITh bosnbule HyJs
(pacTsi’keHue), paBHA HYJII0 U MeHbIIe HyaAs (CykaTue).

IIpumep. [Ipogonbuas BosIHA PaclpoCTPAHSAETCS B JJIMHHOM CTEpPXKHe (0Ch
X). B HeKOTOpPbBI MOMEHT CMEILeHHNA YacTHIL U3 HOJOXKEHUS PaB-
HoBecus £(X) uMewoT BHA Kak Ha puc. 1.3. 3Has, 9TO BOJIHA pac-
ITPOCTPAHACTCS B NOJOXKUTEILHOM HAIIpaB/JeHHH ocu X, HaigeMm
(kayecTBeHHO) 3aBHCHMOCTh CKOPOCTH YaCTHUI Cpejpl B 9TOT MO-
MeHT OT KOODAHMHATHI X.

Mer snaeM, 4uto OF/0t 3aBUCHT OT OF/CX, COTJIACHO YPAaBHEHMIO
(1.19). Vimes B Buay, 4TO IIPOM3BOAHAA CL/CX B KaKZOW TOUYKe
XapaKTEPU3YeT HaKJIOH (MM KDYTH3HY) KPUBOI £(x), n3obpasum
rpaduk 05/Cx Kak (PYHKIHIO X (LWITPHXOBOU JnHHEl).
TlocKOABKY BOJIHA PACIPOCTPAHSETCSH B MOJIOMKUTEJIBHOM HANpaB-
neunn ocu X, B ypaBHeHuH (1.19) moimkeH ObITh 3HAK «—». ITO
osHavaer, 4To rpaduk OL/0t(x) OymeTr «3ePKaJbHBIM» IIO OTHO-
wennn K rpapury of/ox. O mzobpaskeH TOYeUHOH KDPHBOIi.
O6mee BoaHOBOE yYpasHenne. Y pasuenue (1.19) coorBercrByeT BoJI-
He, PaCIIPOCTPaHAIONIeCcsa W B NOJOXKUTEIHOM HallpaBjieHuU ocu X
(3HaK «—»), WIN B OTPULATENBHOM (3HaK «+»). MOXKHO OLHAKO HOJTY-
YHUTh YpaBHeHWe, CIIPaBejIMBOE A1 BOJIHBI JI000ro HANpaBiIeHUdA, a
TaK)Ke M JJIA CYTIePIO3UIHMY TaKuX BoJH. s aToro npoguddepeHIin-
pyem Bblpakerusa (1.17) emme pas mo ¢ ¥ IO X COOTBETCTBEHHO:
o't 0

ot* (otj ot
o° 18, 108, 5 1., 1 1 .,
,__g;_____w(gm):___Lﬁ____, (__j:_g_

o, o "
HIOR 1

@

ox® v ox v 0p Ox v "\ b
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W3 comocrasienud 3THX Bmpaxcennﬁ HOJIYYHM:

z (1.21)

9TOo OZHOMEpHOe BOJHOBOE ypaBHEHMeE 2-T0 IIOPsSAKA B YaCTHBIX
HUPOM3BOAHLIX. EMY YIOBIETBOPAIOT KaK BoaMylueHus Bupa (1.1),
(1.2), Tak u Gojee obuiee pellleHHE

E_,Zfl(t—X/U)+f2(t+X/l)), (122)

rae f, ¥ f — TNPOH3BONbHBIE PYHKIUH, COOTBETCTBYIONIME BOJHAM,
pacnpoCcTPaHAIOIUMCS B HIPOTHBOIOJIOKHBIX HaIpaBiIeHUAX ocH X.
3aMeTuM, 4TO BOJHOBHIE ypaBHeHus (1.19) 1 (1.21) cnpasegan-
BBl [J1 OJHOPOSHEIX M30TPONHLIX CPEJ, 3aTyXaHue B KOTOPHIX IIpe-
HeOGPEKUMO MAJOo .
OGobmienne ypaBaerusa (1.21) Ha TpexMepHBIH ciydalf OpHBO-
OUT K BOJHOBOMY YDaBHEHHIO BIIA

BT
’ v o’ 1.23)
rre V2 £ = é ——i— ~—§'— . OngHako 3TO ypaBHeHHe Mbl He Oy-
ox® oyt oz

JeM HCIOJb30BaTh. OTMETHM TOJBKO, UTO BLIPAXKEHUA JiaA chepu-
YeCKUX W NWJINHJIDUYECKUX BOJH SBJSIOTCS PelleHNeM BOJHOBOTO
ypasuenuns (1.23).

BosHoprle ypaBHenus (1.21) u (1.23) mrparmoTr BecbMa BaKHYIO
POJIF B TEOPHUH BOJIHOBBIX NIPOLECCOB. ECJIM MBI, HCXOAA U3 3aKOHOB
MexXaHHKH IPH HM3y4YeHHH HEeKOTOpOro SIBJIeHH:, IpHAeM, HanpH-
Mep, K ypaBHeHuIo BHga (1.23), To cpasy MOKHO yTBep)KAAaTh, 4TO
uMeeM [IeJI0 ¢ BOJHOBBIM IIPOI[ECCOM, CKOPOCTh PACIIPOCTPAHEHUN U
KOTODPOTO JIETKO HANTH M3 COIIOCTABJEHUA HOJYUEHHOI'0 YPaBHEeHU
¢ (1.23). B panbHelIleM MBI 3TUM H BOCIOJIb3yeMCH.

* Tlpm HaJINYMM 3aTYXaHHA o;momepﬂoe BOJIHOBOE yPaBHeHue nMeeT BHJI
8° 1 0
E + Zy é + Y % = —é-
ox v? at?
rae Y — K03 dHUUHEeHT 3aTyXaHusa BOJIH!:I,
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§ 1.3. CkopocTh ynpyrux BOJH

CkopocTs BOJIHBI B TOHKOM cTep:kHe. 1I0f TOHKHMM HMeeTcs B
BUAY CTepP)KeHb, TOJILMHA KOTOPOI0 MaJja 110 CPABHEHHIO C JJIHMHON
BOJNHBI A. IIpH ManbIX NMPOJOJIBHBIX AedOPMAI[UAX CTEPIKHS cIpa-
BeyiuB 3axon I'yxa:

o = Eg, (1.24)

rae ¢ — nanpsokenue (H/M?), E — mogyas IOura (I1a), € = 6¢/0x.
3aMeTHM, UTO C, KakK U €, BeJIMYUHA aarebpanvyeckas, ¥ 3HAKH C U

€ BCerfa ONUHAKOBBI: IIPU PACTAKEHHH —— IOJIOXKHTEJbHBIE, IPH
CXaThuu — OTpHIaTeJIbHbIE.
F(x)<0 lF (x+Ax)>0
O(x) O'(x+Ax) X
Puc. 1.4

PaccMoTpumM MAaJIbli 3IeMeHT CTeDPXKHS Ax « A B MOMEHT, Korja
IIPH IPOXOXKJEHUHU BOJIHBI OH OKasaJiCA, HAIpUMED, B PacTAHYTOM
cocroanuu (puc. 1.4). IIlpumenuM K 3TOoMy 3JeMeHTyY 2-H 3aKOH
HeioTona:

p AxS-E =F, (x + Ax) + F_(x),

rAe p — ILUIOTHOCTh MaTepHaJia CTEeP)KHA, S — IJIomiagb ero Iole-
peYHOro ceyeHWd. B JaHHBIE MOMEHT, KaK BHHO M3 PHCYHKA,
Fx'(x + Ax) > 0, a F, (x) < 0. CooTBeTcTByIOIME Ke 3HAUEHUSA T B
CeYeHHAX X U X + Ax nonoxkutensHble (pacrakenue!). ITosromy
NPaByI0 4acTh YPABHEHNS MOXKHO IIepelucaTh TaK:

F_(x+ Ax) + F,(x) = So(x + Ax) - So(x) = S—Z—GA

rfle y4TeHo, uTO cjeBa F, M o ¥MelT pa3Hble 3HaKkHK (310 OyAer u
npu coxarum). Torga ypapHeHMe LBHXKEHUS IIOCJE COKDAIeHUA Ha
Ax - S npumer BUL pé = dg/0x. Ocraerca yuects (1.24), mocie gero
OOJIYYMM OKOHYATEJLHO!

(1.25)
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Mz npunuim, TakuM o6pa3oM, K BOJHOBOMY YPaBHEHUIO. ITO IHO-
3BOJIAET YTBEPIKATh, YTO B cTepyKHe Oy[eT pacupoOCTPAHATLCS IPO-
LOJIBHAS BOJIHA, CKOPOCTh U KOTOPOH JIETKO OIIPEJe/IUTh, COIOCTa-
BUB IIOJIyUeHHOe BeIpakeHue ¢ (1.23):

v=yE/p. (1.26)

3aMeTHM, YTO JJIA He TOHKOTO CTEDPXKHS BBIPaXKeHHUEe A U UMe-
er 6oJiee CIOXKHBLIH BHJ YU 3HAaUYeHHe U OKa3biBaercs OoJiblille, yeM B
clly4yae TOHKOTO CTep)KHS.

Mo>xHO HMOKa3aTb, YTO CKOPOCTHL NOnepeiHbiX yIPYTHX BOJH B
HEOrpaHU4YeHHOH H30TPOIHOM TBEpAOH cpene

v =G/, (1.27)

rge G — MOAyAb CABHTA CpeLbl, p — €€ IJIOTHOCTS.

Cxopocrts BoHBI B rn0koM mHype. Halinem ypaBHeHMe MaJBIX
nonepedYHBIX KoJebaHU HATAHYTOroO UIHYypa, MCXOAA U3 OCHOBHOTO
ypaBHeHUs AuHaMMKH. Ha mamsnit saement 12 muypa (puc. 1.5)

g F
2
! |
oy [
E | [
| |
1 {
0 x x+dx X
Puc. 1.5

cJieBa geHcTBYeT cuja HaTsaykenus F. Ee BeprukaibHasg IPOEKUINA
F,(x) = -F sina. Ilpn Majislx CMeIeHUAX sina = tgo = 05/0x, ¥ MBI
MOJKEM 3aIIUCaTh

Fe(x) = —F 0¢/ox.

AHanoruygoe BRIpakeHHe NJIf IPOeKINH CHUJBI (TOJBKO CO 3HAKOM
«+») MOXXHO 3anucaTh ¥ AJIs IPABOr0 KOHIA ajleMeHTa [2. Pe3ynb-
TUPYIOIIAas 3THX ABYX MPOEKLUHHA CHJI

[Fﬁj +[_Fﬂj =E(F§jdx. (1.28)
ox /, ox ), Ox ox
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IIpenebperan mameneHueM cuibl F Brosp mHypa (3170 cupaBeJinBo
IS MaJIblX CMeLLieHH# 1npu KonaebaHusax), NIPaByio YacTh IPenbIAy-
1Iero BhIPA’KeHHUA MOYKHO IepernucaTh Tak: F(62§/5x2)dx. Ecnu am-
HeliHadA IIOTHOCTH IIHYpa (Macca eSMHHIBI €ro JJIMHBI) PaBHA p,,
TO 1o BTOpOMY 3akoHy Hplorona p,dx- & = FEdx, unn

A (1.29)

W3 cpaBHeHus ¢ (1.23) HaxoAUM BBIpA)XKeHHUe IJIA CKODPOCTH BOJIHBI
B LUHYpe:

v=JFlp,. (1.30)

CrkopocTs 3BYKa B JEHAKOCTAX M rasax. Popmyny (1.26) MokHO
HCIIONIBb30BATL AJIA BBIYKUCIECHUA CKOPOCTU IIPOACJIBHBIX BOJH B XKUJL-
KocTAX M rasax. [leficCTBHUTENBLHO, BBIPE3aB MBICJEHHO KaHasJl B Ha-
IpaBJeHHY pPacHpOCTPAHEHUS IJIOCKOHM BOJIHBI, MBI MOXKeM IOBTO-
PUTH BCe pacCy XKJeHHs, NpuBeAIne Hac K 2Toil opmysre. Ocraerca
TOJIBKO BLISICHUTD, ¥MO B 9TOM CJIydae urpaeT poJb Monyns IOHra E.

IIpu npozosbHBIX BOJIHAX B Cpefie BO3ZHHKAIOT CXKATUA M paspd-
KeHHNA OTHeJbHBIX CJIOEB, M 3aK0H I'yKa B JaHHOM CJaydae — CBA3b
U30BITOYHOI'O AABJEHHA AP C OTHOCHUTEJBLHBIM H3MeHeHUEeM [JIMHBI
aJIeMeHTa AX LIWJIWHIPUUYECKOro KaHana AL/Ax — mnpumer Bug
Ap = - EAE/Ax, TAe 3HAaK MHHYC CBA3aH C TeM, YTO IIpUpAaIleHUA
JaBJeHUs Ap U AJAWHBI AL NIPOTHBOMOJIOXKHBI II0 3HaKy. Y MHOKHB
YHCJIUTEJb ¥ 3HAMeHaTelJb Ha IJIOIIaAb IIOIIePevYHOro Ce4eHUs Ka-
HaJa, HOJYUYUM

Ap = - EAV/V, (1.31)

rge AV/V — oTHocHTe/JbHOE IIpUpallleHue ob6beMa paccMaTpUBae-
Moro asnementa. llepeiins K npegeiny, NOJYYUM

E= —Vdp/dv. (1.32)

O6beM V asiemeHTa AX M ero IJIOTHOCTb MEHSIOTCA IIPH IPOXOMKJe-
HHUH BOJHBI, HO UX IIpOM3BefeHUe, T. e. Macca pV = const. Orcroza
dp/p = —dV/V, sHauur

av =-Vdp/p. (1.33)
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ITocne nopcranoBky aroro BeipakeHus B (1.32) monyunm E = p dp/dp,
U CKOpOCTH BOJIHBI — ¢dopmysa (1.26) — mnpumer Buj

v =./dp/dp. (1.34)

Iro BhIpa)KeHnne ClpaBel/INBO OJIA BOJH B KHUIAKOCTAX N rasax.
Onsrt IIOKa3plBaeT, 4YTO NPpH pacupoCTpaHeHNM 3ByKa B rase
CBA3bF MEXXAY IHaBJIeHHeM H obneMoM orpenesidgerca ypaBHeHUEM

pV' = const, (1.35)

rfe y — TaK HasblBaeMas IIOCTOSHHAsA afmabaThl, paBHas OTHOIIe-
HUIO TeIJOEMKOCTeH ra3a IIPU IIOCTOSHHEIX AaBJIeHUM U 06beMme,
y = C,/Cy — Bennm4nHa, XxapaKTepHas JJI KXKJ0ro rasa. 3anuiieM
auddepeRIInal HaTypaJbHOro Jiorapudma BripakeHuAa (1.35):

gl_). + y(_]‘Z =0,
P V
orkyna dp/dV = — yp/V, u dopmyna (1.32) upuHUMaeT BUL
E =yp. (1.36)

Taxum o6pa3soM, CKOPOCTL 3BYKOBOHM BOJIHBI B rase

v =yp/p- (1.37)

JTo BRIpa’KeHUe MOXXKHO npeobpasosBars K Gosee yao6HOMY [AJs pac-
4eTOB BUAY, €CAM y4YeCTh YPAaBHEHUE COCTOAHMS HIEalbHOIO rasa
pV=(m/M)RT, roe, sanoMHUM, m -— Macca rasa, M — ero mo-
AsApHas Macca. VI3 ypaBHEHHA COCTOSHHA ONPeReJHM ILJIOTHOCTD
kak p = m/V = pM/RT, u ypaBuenue (1.37) craHeT Takum:

v =YRT/M, (1.38)

rge R — YHHBeDCaJdbHaA ra3oBas IIOCTOAHHAA.

§ 1.4. OHeprua ynpyroi BOJHBI

IInoTHOCTH 3HepruM ynpyroi Boausl. IIpesxae Bcero HaiigeM Bbl-
pakeHue AJIs IIOTHOCTH YIPYro# (IOTeHIMAaJbHOI) 9HEpruu pac-
TAHYTOT'O (WX CXKATOT0) CTEp)XKHA. IIPHIOXKHUM K TOPIY CTEepXKHA,
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APYroM KOHeI[ KOTOPOro 3aKpelljieH, PacTAruBanmyo cuiry F(x) n
Gynem MeAJIeHHO yBeJHuuBaTh ee oT 0 fo sHadenus F. ¥YiiuHexune
cTepykHsA npu sroM Oyzer meHsitbesa or 0 go x. Ilo sakomy I'yka
F(x)=ux, rae x — xoapduuuesT ynpyrocru. Pabora cuasr F(x) B
3TOM IIpoIecce

2

A= ]F(x)dx =¥ ].xdx =X
1} 0

2

Jdra paboTa uper Ha yBejuueHWe ynpyroi ssHepruu U crepkHd,
3HAYUT

U = »x2/2. (1.39)

ILlnorrocTs e ynpyro#t speprun w, = U/SI, rae S n I — mo-
IaZb IIOIIEePEYHOro CeYeHWA M JiuHa crepykHs. [Ipeobpasyem BbI-
paxkenue (1.39), yuurwigas, uto xx = F =68, o = Ec u ¢ = x/I,
Torga

Orciofia BHAHO, UTO IUIOTHOCTh YIIPYTO#l SHEPrHH
wy, = Ee2/2. (1.40)

IIp; mpoxoXkaeHUM IPOJOJILHOM BOJIHEI B CTEP)KHE Ka)Kaasd eIu-
Hu1a o6beMa ero obnafaeT Kak MOTEHIMAabHON dHeprue ynpyroy
nedopManuy w,, TaK M KHHeTHUYecKoi sHepruedt w,. IlmorHocTh
TNOJHO#A JHEPTHHU

w=w, +w, =p &*/2 + Ee*/2. (1.41)

Ins romkoro crepxkus E = puv?, cormacmo (1.26), u BrIpaskeHHe
(1.41) MoxkHO mepemnucarb TakK:

3 AN
""z[{atj +v(6xj ' - (142)

Kax cienyer m3 BosHOBOro ypasHenus (1.19), oba craraeMbix paBHbBI
OpPYT APYTY, T. €. IINOTHOCTH KWHETUYECKOH U yIIpyroil sHepru# odu-
HAKO06bL X N3MeHA0TCs cuHGpasHo. [TosToMy MBI HMeeM B pe3yJIbTaTe

w=pE®. (1.43)
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B uyacrmocTH, fas rapMOHHMYecKOd BOJIHBI & =acos(wt — kx)
w = pa?e? sin®(ot — kx). (1.44)

CoorBercTByIOIlee pacnpezeseHne w(x) BLOIb CTEPKHA B HEKOTO-
pPBIE MOMEHT IIOKa3aHO Ha puc. 1.6.

S w0,
v v
~ ~
0 ~ - —_ X
Puc. 1.6

CpefniHee 3Ha4YeHUe IIJIOTHOCTH 9HEPIUHU 3a Nepuof (UJIX 3a BpeMs
3HauYHUTEeaALHO OosblIee meprofa KoJsebaHHiIl) paBHO

w» =pa’o’/2, (1.45)

NIOCKOJIBKY CPefHee 3Ha4YeHHEe KBaJpaTa CHHyca paBHo 1/2.

B zaknouerne oTMeTHM, YTO IIOJIyYeHHbIe BRIDAYKEHUS CIIPaBes-
JIUBBI M IJIs YIPYIHX BOJH B JKHAKOCTAX U rasax.

IInoTHoCTh MOTOKA 3Hepruu. Tak Kax oHepPrus mepeMeliaeTcs B
cpejie BMecTe C BO3MYILJeHHeM, BBOAAT MOHATHE MTOTOKa 3Hepruu O.
OTO KOJIMYECTBO 9HEPTUH, IIEPEHOCHMOE BOJHON Yepes OIpefeseH-
HYIO NTOBEPXHOCTH S B eJHHHUILY BPEeMeHH:

@ =dw/dt, (1.46)

roe dW — sHeprus, mepeHoOCUMas depe3 JAHHYIO [TOBEPXHOCTH 34
Bpema dt.

IloTok 9Hepruu B pasHbIX TOYKAX IIOBEPXHOCTH S MOJKET UMETh
pPa3sin4YHYI0 UHTEHCHBHOCTD. JIg XapakTepHCTHKH 9TOTO 00CTOA-
TeJbCTBA BBOAAT IOHATHE NJIOMHOCMU NOMOKA IHepzul. ITO IO-
TOK DHEPrHUH Yepe3 eJUHHUYHYIO IJOLIaAKY, NePHeHIUKYIAPHYIO K
HaANpasJeHUIO TepeHoca JHEPTHUM:

j=d®o/ds,, (1.47)
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roe d® = dW/dt, a dW — aTo sHeprus,

3aKJIOYEHHAsA BHYTPH KOCOTO IMJIMHApA ds n
(puc. 1.7) ¢ ocHoBaHMeM 1wiomaneo dS u o
ofbpasylomen gnauHoM vdt, rae v — CKO- > j

poCTh HepeHoca 3HEPruy (BO3MYLIEHHA).

Pasmepb! 3TOro nMJIMHAPA LOJYKHBI OBITH

HaCTOJIbKO MaJibl, YTOOLI BO BCEX €ro TOY- vdt
Kax IJIOTHOCTb dHeprum w Onlia O6nI oqu-
HakoBoit. Torga dW = wdV, dV — ob6bem
OAaHHOTO HUJIMHIPA, ¥ Mbl MOXXEM 3alKCcaThb:

dW =wv dtdScosa =wv dtdS,.

Puc. 1.7

C yd4eToM 3TOr0 COOTHOLUEHMA BhIpaskeHme (1.47) nmpuMmeT BHA:
j = wuv. (1.48)

A onpepeneHUs IJIOTHOCTH IIOTOKA M ero HalnpaBJIEHUSA BBOIAT
eexmop Ymoea j:

i=wv, (1.49)

I'le V — BeKTOP CKOPOCTHM, HOPMAaJIbHbLIN K BOJHOBOM IOBEPXHOCTH
B ganHoM Mmecte. s rapMOHMYecKO#l BOJHBEI V = (0/Rk)n.

B ciayyae MOHOXpOMATHMUYECKOH BOJIHBI BEKTOpP j, KaK M ILJIOT-
HOCThL 9HEPruy, M3MeHAEeTCs CO BpeMeHeM II0 3aKOHY KBajpara CH-
"yca (1.44). ITosTomMy cpefHee II0 BpeMeHU 3HAYEHHE BEKTOpa ¥ MO-
Ba ¢ yueroM (1.45) MoKHO 3ammcaTb Kak

. 1 2 2
G =Epa 0°V. (1.50)

ITo BeIpa)KeH#e CIPaBeIINBO AJIs BOJH JIIO00r0 BHAA — ILIOCKOH,
chepryeckod, UIVHAPUYECKOH, 3aTyXalWUX U Ap.

CpefHee 110 BpeMeHM 3HAYEHHE IJIOTHOCTH IIOTOKA JHEPTHH Ha-
3bIBAIOT MHTEHCHUBHOCTBIO BONHBIL: [ = (.

3HasA BeKTOpP YMOBa BO BCEX TOUKaX HMHTEpeCyIOUieHd Hac IIOBepX-
HOCTH S, MO>KHO HAaWTH IIOTOK SHEPIUHX CKBO3b 3Ty IIOBEPXHOCTh. [JIs
3TOT0 pasofbeM MBICJEHHO HNOBEPXHOCTEH S Ha 9JIEMEeHTapHbIE VYaCTKH
dS. IloTtox sHepruy# yepes 9TOT yd4acTOK, coryacHo (1.47), ecrs

d® =jdS, =jdScosa =jdS =, dsS,
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rhe j, — NPOeKLMA BeKTOpa j HA HOPMAIb N K 3JIEMEHTY IOBEPXHOCTH
dS (cM. puc. 1.7). Torga nomHbIi NOTOK SHEPIUH CKBO3b IIOBEPXHOCTD S

® = [jdS = [j,ds, (1.51)
S S

3gecs dS = ndS. Bripaxxenne (1.51) osmayaer, 4T0 IOTOK dSHEPTHUU

paBeH IOTOKY BEKTOpa j CKBO3bL BTy IIOBEPXHOCTBH S.

Hpumep. Ybegqumca, 4To aMIIUTyAa @ cPepudecKoil BOJHBI AeHCTBUTEIb-
HO TIPONIOPLMOHANbHA 1/7.

Jdns sToro HalifeM cpefgHee 3HAYeHHe IIOTOKA SHEPrHH CKBO3b
BOJIHOBYIO HOBEPXHOCTH paguyca r. IIOCKOJBKY BO BCeX TOUKax
3TOH IIOBEPXHOCTH ¢f) OQMHAKOBO, TO ONpeje/ieHHe CPESHEero Io-
TOK& CBOAMTCA IIPOCTO K YMHOMEHHIO (f) Ha HJIomaAb cdepsl:

@ =y 4nr® oo a’r’.

Ecnu sHeprus BoJIHBEI He HorJomaerca cpefoi, To (P> He ZOKHO
3aBUCETL OT r, a 3HAYHUT a,zrZ =const. Orcioga u crefgyer, 4TO
a, ~ 1/r.

HeobxonumMo oTMeTHTB, UTO MOJydYeHHOoe BbhipakenHme (1.49)
CHpABEeRJIMBO MOAbKO nnA OGeryiiell BOJHBI. Eciau ke MbI mMeeM
ZIejio ¢ Gosee CI0XHBIM 00pa3oBaHMeM — CyIeprnosuipel (Haugoxe-
HUeM) HEeCKOJBKHX TPOAOJABLHBIX BOJIH, BRIPAKEHMIO IJAA BeKTOpa
VYwmosa (1.49) cnemgyer npuzath Apyroil BmA:

j=-—ou, (1.52)

rge ¢ — HampsykeHue (MIH M30BITOYHOE AaBjeHMe), U — CKOPOCTb
4acTHI{ CpeXbl (He CKOPOCTH BOJIHBL). JTO BhIpakeHue CIPaBeJIMBO
IJIS JKUAKHX U ra3o00pasHbIX cpell, AJIA TBepJbIX XKe cpef, CTPoro ro-
BOpSA, — TOJIBKO B CIy4Yae TOHKOTO CTePXKHA WX TOHKON IJIaCTUHBI.
Bripaskeame (1.52) mosxHO moayuuTts Tak. IlycTs BosMyLieHme
PacnpoCTpaHseTCA, HaIpUMeD, B [TOJOKUTEJIHbHOM HAaNpaBJIeHUH OCH
X. Torga BexkropHoe paBeHCTBO (1.49) B ipoekiiuu Ha ocs X IPHUMET
Bug j, = wv. Tak kak, corsacHo (1.43), w =p&*wu v =ﬁ, TO

-t LBV E_(12)%,
v v \ot) p v ot ) ot
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Bripaskense B nociegHux ckobkax, corsacro (1.19), pasro —dE/0x
(a1 BoJIHBI, pacmpocTpaHsIoLuedics B IIOJOXKHUTEJIHHOM Halpasile-
Hun ocu X).

3HauuT

Je =R o e (1.53)
orkyma u ciaegyer (1.52).

OrmeTHM, YTO AJIA BOJHBI, PACHPOCTDAHSIOIIECHCHA B IOJOMKMUTE-
JBHOM HanpaBjeEHH ocH X, B 10604 MOMEHT BeJTMYHMHB C M U,
HIPOTHBOIOJOKHEI IO 3HAKy ¥ SHAYHT BCe BpeMd j, > 0, kak u foJ-
KHO OBITH B HJAHHOM cJIydae.

§ 1.5. Croguue BOJHBI

¥YpaBuenne crosidedi Bosmbl. IIpm pacnpocrpameHuy B ynpyro#
cpezie OJHOBPEMEHHO HECKOJBKHX BOJIH BO3SHUKAET UX HaJOXKEHHe,
IIpHYeM BOJIHBI He BOSMYILAIOT ZPYr ApyTra: KojgebaHUus YacTHI] Cpefbl
OKAa3BIBAIOTCA BEKTODHOH CyMMO# KoJiebaHWi#, KOTOphIE COBepIIasy
6bI YacTHB! IIPH PACHPOCTPAHEHHH Ka’KAO0H U3 BOJH B OTHENLHOCTH.
9T0 Ha3BIBAIOT NPUHYUNOM cynepno3uyul (HaJIOKEeHMs) BOJH.

PaccMOTpHM IpakTHYeCKM Ba’KHBIN ciayyall, KOrga gBe rapMo-
HHUYeCKHe BOJIHBI C OAWHAKOBBIMH HYacTOTOH o M aMIUIMTYAOH a pac-
NPOCTPAHAIOTCA B IIPOTHBOIOJOXKHBIX HAIpaBJeHUAX ocu X:

g =acos(wt —~kx) u &, =acos(wt + kx).

Yrobbl He YCIOKHATE (OPMYJIBI, Hayasa OTcueTa BpeMeHH U KOOop-
LUHATHI BRIOpAHEI TaK, YTOOHI fo6aBouHble (ashl ¢y U o, OBLIH paB-
HBEI HYJIO.

Cyrepnosunusa 3THX BOJH [AeT:

E=§ +&, =Acoskx-coswt, rned = 2a. (1.54)

9To ¥ eCTb YpasHeHue cmosieil 60axbl. BULHO, YTO ee yacToTa Ta Xe,
T.e. ®, & AMILIATYAa PaBHa |Acos kx| u, B oTmume oT Gerymeit rap-
MOHMUYECKON BOJIHBI, 3aBHCHT OT X. B TOoukax, rae ]cos kx| =1, MBI
uMeeM MaKCHMYMBI — NyiHOCMu, a rae cos kx =0, — MHHUMYMEI —
y3avt. Ilepuon |cos kx| pasen m, mosromy kAx =7 u Ax =n/k = A/2.
T. e. “HTEPBAJILI MEXKJY COCEHUMM IYYHOCTIMH MM y3JIaMM PABHBI
IIOJIOBHHE AJXHEI BOJHEI (puc. 1.8, roe moxkasaHbl KpaiHue cMelle-
Hua £ depe3 IOJOBHHY NEPHOAA).
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A2
3 e
| |
0 X
Puc. 1.8

Mesxay ABYMA COCEIHHMMH Y3JIaMK BCe TOUKHK Cpelbl KOJIeDIIoT-
cA cuH(pas3Ho, IpH IIepexofe ke yepes y3ei (pasa usMeHseTCA Ha 7,
T. e, xosiebaHUA TIO0 pa3Hble CTOPOHBI OT y3Ja (B Ipexesax IIOJYBO-
JIHBI) IPOMCXOAAT B IpoTUBodasze. ¥Y3Jbl CMellleHHA Kak Obl pasge-
IAIT cpefy Ha aBTOHOMHbIe 00J1acTH, B KOTOPBIX FAapMOHUWYECKHE
KoJsieGaHUA CcOBepIIAOTCA He3aBucuMo. HUKaKoil mepegaun JBIKe-
HUA U3 OAHOH! 06JaCTH K APYroi, a 3HAUNT U NepeTeKaHusd 3HePIruu
Yyepes y3JIbl He IPOUCXOZUT. JpyruMu cioBaMu, HeT HUKAKOTO pac-
IIPOCTPaHeHua BO3MYILIEHUA BAOAb ock X. MeHHO 103TOMY BO3MY-
HieHuns, omuckiBaeMmble ¢opmyaoid (1.54), u HaspIBalOT cToAdYel
BOJIHOH.

JdHeprua croAauvei BoJHbI. Ilepexons K pacmpele/ieHHI0 3HEPIHUK
B CTOsYeH BOJIHE, OIIpefeINM cHadasa ¢ nmomoubio (1.54) Bripaxke-
HHUe AJIA CKOPOCTH é YacTHL, CPeAbl U ee OTHOCHUTEJIbHOH! JedopMma-
nun e = 05/0x:

?, =— Awmcoskx - sinot,

g =~ Ak sinkx - cos of. (1.55)

Bugno, uro o6e BEJIHYNHBEI, & U €, TOXKE CTOAYHE BOJIHBI, IPHYEM
OHHY COBHHYTHI OTHOCHTENBHO APYT Apyra no ¢ase Ha /2 — Kak B
[IpOCTpaHCcTBe, TaK M BO BpeMeHH. Kpome TOro, yaJjbl M NYyYHOCTH
CKOpPOCTH & YaCcTHI[ CPeLbl COBNAZAIOT C Y3JIaMH M NMYYHOCTAMHU HUX
cMenjeHHA §. Y3JBI Ke ¥ OYYHOCTH AedopMally € COBIARAIOT CO-
OTBETCTBEHHO C MYYHOCTAMHU U Y3JAMU CMellleHHA. ITO IOKa3aHOo
Ha puc. 1.9 g1a momeHnToB t = 0 nt = T/4, 3gech y3Jbl CMeIlleHUA
OTMeUYeHb! XXUPHbIMU TouKaMu. B moment t = 0, xorga & u € cra-
HOBATCH MaKCHMaJbHBIMH, CKOPOCTH é obpaimjaeTca B HYJIb, U Ha-
obopor (t = T/4).

COOTBETCTBEHHO IPOMCXOOAT HPEeBPALIeHUsE SHEPIUH CTOAYEH BOJI-
HBI: TO HOJIHOCTBIO B IOTEHUIHANLHYIO (YIIDYTYIO), TO HOJHOCTHIO B KH-
HETHYECKYIO (aHAJIOTHYHOE IIPOUCXOAUT HNpH KoJe0aHNAX MaATHHKA).
Ha puc. 1.10 noxasano pacnpeneseHye IJIOTHOCTH HEPIHU B MOMEH-
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Puc. 1.9

tei t = 0 n ¢t = T/4. B nponecce koneGaHU NIPOUCXOLUT NIeEpeTEKaHKe
9HEePrUM OT KaKJOTO y3Jia K COCERHMM C HUM IYYHOCTSIM M o0paTHO.
CpefgHHH »Ke 0 BpeMeHY IOTOK SHEPrué B JIOGOM CeYeHHMH CTOsYei
BOJIHBI paBeH HYJIW.

w t=0 t=T/4

0 L—X/Z———-J X

Puc. 1.10

IIpumep. B ToHKOM cTepoxkHe yCTAaHOBMJIACH IIPOAOJIBHAA CTOAYAs BOJIHA
Buga £ = a sinkx - sin ot. Haligem npoexiuio BekTopa YMoBa Ha
ocb X, B3ATYIO BAOJb CTEPXKHA.

Bocnoassosaswmucek dopmyioit (1.52), sanuuiem:

_g % %
ox Ot

x

=~ E (akcoskx - sinwt) (aw sin kx - coswt) =

- % Ea’ko sin 2kx - sin 20t.

BupHo, 4TO j, HepHOAHYECKHN MEHAET 3HaK, a 3HAYUT BEKTOp j —
Hanpasnenue. Ho B mobom ceuennn ¢j) = 0, a B cewenusx, rae
2kx = nn, n — 1en0e 9ucio, j, = 0 nocroAsHo. OTHU CevYeHHUH OT-
CTOAT APYr OT Apyra Ha A/4.
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Konebauna crpyHs: (crep:kHsa). B HaTAHyTOH cTpyHe, 3aKpeln-
JIEHHOH Cc 000MX KOHIIOB, IPH BO3OYKAEHMM KaKOoro-nubo NpoM3BO-
JIBHOTO IONEPEYHOTO BO3MYIIEHHS BO3HMKHET [OBOJIBHO CJIOYKHOE
HecTaLMOHapHoe asw:Kenue. CralUoHapHOe ’Ke ABMIKeHUe B BHJE
cToAYeld BOJIHBI BOSMOXKHO JIMIIIbL IIPH BIIOJIHE Olpele/eHHBIX 4acTo-
TaX. 3TO CBA3aHO C TeM, YTO Ha 3aKPEIIEHHBIX KOHLAX CTPYHBI JOJI-
3HBI BBIIIOJHATHCA OIIPeJileJieHHbIe 2DAHULHbIE YCA08UA: B HUX CMe-
meHue £ BCce BpeMsA AOJIPKHO PAaBHATHCA HYJIO. JHAYUUT, €CIU B CTPY-
He B0O30y:KJaeTcsi crosgyas BOJHA, TO KOHUBI CTPYHBI AOJMKHBI OBITH
ee ysuamu. OTcroza ciaeayer, 4TO Ha AJIMHEe CTPYHBI | JOJDKHO YKJa-
ABIBATHCS IIeJIOe YHCJO0 N IOAYBOJH: [ =n - A/2. A3 aToro ycioBus Ha-
XOAWM BO3MOJKHBIE JNJHHBI BOJIH:

Ap,=2l/n, n=1,2,... (1.56)
CooTBeTCTBYIOL{E YACTOTHI

v
Yy == 1.57)

v
n

A, 2
rge v — (a3oBasd CKOPOCTb BOJIHLI, OnpefeisieMasn, corsacHo (1.30),
CHJIOH F HATSKEHHUs CTPYHBI ¥ JIMHEHHOHA IIJIOTHOCTBIO Py, T. €. Mac-
COMl eUHUIbI ee MJIUHEI.

YacToTsl ¥, HA3BIBAIOT COOCMEeHHbIMU Hacmomamy cTpyHEI. Yac-
TOTY v; (n=1) Ha3LIBAIOT OCHOBHOIL JACTOTOMH, OCTANBHEIE Vy, Vg, +oo —
ob6epmonamu. FapmMonuyeckue kosebanusa ¢ dacroramu (1.57) Haswl-
BaIOT COOCMEEHHbIMU KOAeOAHuAMU, WU zapmoHukamu. B obuiem
ciydae KojiefaHUA CTPYHBI IPEJCTaBIAIT COBOH CYIepHo3UuIHIo pas3-
JUYHBIX I'aDMOHHUK (CIEKTD).

Konebannsa cTpyHsl DpUMedaTeJbHBI TEM, UTO B PAMKAX KJIACCH-
YecKoil GU3HKH BO3HUKAaeT JUCKDETHBINA CIeKTp OLHON M3 BeJIMYUH
(zacrorsr). Takas JUCKPETHOCTD AJISI KJIACCHUYECKOH DUIHKH SABJISA-
eTcaA UCKJIOUeHHEeM, B OTJNYUE OT KBAHTOBOH (QH3HKH.

IIpuseneHHsie Bbllle coobpa’keHUA OTHOCATCS He TOJBKO K
CTPYyHE, HO H K CTEP>KHAM, 3aKPEIJIEHHBIM DasJNYHBIM 00pasom —
B cepejHHe, Ha OZHOM KOHIE ¥ T. 4. OTin4ue 3aK/JII0YaeTCH JUIIb B
TOM, YTO CBOGOZHBII KOHEL, CTePXKHA ABAAESTCA NIYUHOCTBIO. ITO Ka-
caeTcAd Kak IONEPeYHBIX, TAK ¥ HPONOJbHBIX KOJieGaHHM.
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IIpnmep. Haiigem cobGcTBeHHBIE 4aCTOTHI CTEPXKHA, 3aKPEIJIEHHOIO HA OJ-
HOM KOHIe, eCJH AAuHa crep)xHA [, Moayiab IOHra marepuasna
crepxkHa E u ero mnoTHOCTB p.

ITockoabKY CBOOGOAHBIN KOHeH CTEepXXHS JO/DKeH ObITh IIYYHO-
CTbIO, HAa AJIMHE CTEP’KHS YCTAHOBUTCA ILi€J10€ YKCJIO IIOJIYBOJH H
elle YeTBEPTh BOJHBI, T. €. { = nA/2 + A/4 = (2n + 1)L/4. OTcio-
Ja HalzeM BO3MOXKHBbIe 3HA4UeHHd A,, a 3aTeM, y4yurhisada (1.26),
M COGCTBEHHBIE YaCTOTHI:

v, =u/h, =JEp @n+1)4l, n=0,1,2,. .

§ 1.6. Iddexr donnepa ajA 3BYKOBBIX BOJH

IlycTs MCTOUHMK, HAXOZAUIMHCA B rase UIMW KHAKOCTH, HCIIY-
CKaeT KOPOTKYE MMIIYJIBCHI C YacTOTOH v. EcI UCTOYHUK K NIpueM-
HHUK IIOKOATCA OMHOCUMEAbHO Cpelbl, B KOTOPOY pacIpocTpaHseT-
¢S BOJIHA, TO HacTOTa BOCIIPHHUMAEMBIX NPHEMHHKOM HMIIYJILCOB
6yzeT paBHA 4acToTe v MCTOYHUKA. ECIM ke UCTOUYHMK, WM IPH-
eMHUK, HIM 00a ABMIKYTCA OTHOCHTEJNBHO Cpeibl, TO HacTrora v,
BOCIIPHHMMAaeMas [IPUEeMHHKOM, BooOIIe roBOpA, OKAa3bBIBAETCS OT-
JIMYHON OT YaCTOTHI MCTOYHHUKA: ¥’ # v. JTO ABJIeHHe HA3LIBAIOT 3¢h-
dexmom Jonnepa.

CuauaJjia pacCMOTPHM cJiydail, KOrga HCTOYHHUK S U IpHeMHHUK P
OBIDKYTCSI BOOJIb NIPOXoAAmieil yepe3 HUX HPAMOH C IIOCTOAHHBIMH
CKOPOCTAMYM U ¥ U’ COOTBETCTBEHHO (OTHOCHUTEJIBHO CpEXbI).

Ecau 6p1 gBHragca TONLKO MCTOYHHK HABCTPeUy NPHEMHUKY,
HCIYCKasA MMNYJAbChI ¢ nepuogom T = 1/v, TO 3a aTo BpeMs o4depef-
HOI MMIIYJABC IPOIiJeT OTHOCHUTEJIbHO Cpe-
Aabl paccroanue A = vT, rge v — CKOPOCTB |
BOJIH B cpefie, ¥ NoKa 6yaeT MCIYyHIEH CJe- |
OYVIOLIMHA HMIIYJIbC, HMCTOUHHK <«HAroOHHUT» i
IpeAbIAYINKUN UMIYAbLC Ha paccTrosnue uT. '1
Taxum ob6pa3oM, pacCTosIiHHEe MEXAY HM- L o ———t X
nyJsCaMH B Cpelje CTaHET pAaBHBIM
XN =vT -uT (puc. 1.11), u BOCIIpUEHMAaE-
Mas HeNOABH)KHbIM IIPMEMHHKOM uYacTrora (YMCJI0 HMIYJIbCOB 3a
eIUHNIY BpeMeHH)

’

uT A

Puc. 1.11

’

1) v

Y =—7:(v——u—) . (1.58)
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Ecnm xe geiokercs ¥ NpHeMHHK (IIYCTh TOMKe HAaBCTPEYy MCTOYHH-

Ky, TO MMIIYJILChl OTHOCHUTEJILHO NpHeMHUKA OyAyT UMETh CKOPOCTH

U + U/, ¥ YHCJIO BOCIPUEKMAaeMbIX 34 efUHHUIY BpeMeHH MMIIYIbCOB
v+u v+u

Y :T(v—u)zv v-u (1.59)

Herpynso coo6pasurts, 4TO npu ABMKEHMH KAK HMCTOYHMKA, TaK M
IIPYMeMHUKa B IPOTUBOIIOJIOMKHBIX HAITPABJIEHUAX, 3HAKY Iepef u' U u
HaJo IOMeHATH Ha obparurie. Euje pas noguepkHeM, 4TO CKOPOCTH U
U U — 3TO CKOPOCTH IIPHUEMHUKA U NCTOYHNKA OMHOCUMENbHO cpedbl.
Kax BugHO M3 IpuBefeHHBLIX paccyskpeHuit, addexr [omiaepa
SIBJIAETCA CJIELCTBHEM «YIJIOTHEHHA» (UK PA3PAKEHHS) MMIYIIb-
COB, OOYCJOBJEHHBIM [ABH)XEHHEM HCTOYHHKA M IIPHEMHHKA.
Popmynay (1.59) nenecoobpasnee sanucars B nHO#N Popme, Hosee
obmeit 1 6osiee mpoCTON AAA 3AlOMHHAHUA M MCHIOJL30BAHMA:

(1.60)

rAe u, M u, — NPOeKIUHN CKOPOCTell IIpHeMHHKa M MCTOYHHMKA Ha
ochk X, IMPOXOASAIIYI0 Uepe3 HUX M MOJOKHUTENbHOE HalpaBeHUe
KOTOPOH COBIIafaeT ¢ HalpaBJeHHEM PaclpOCTPaHeHUs UMITYJIbCOB,
T. €. OT HCTOYHHKA S K IpHEeMHHKY P.

Hpesxpe 1eM IPoJO/KUTE 06CyKAeHIEe BO3MOXKHOCTEH BhIpaske-
Hua (1.60), npusegem ABa IPOCTBHIX HpUMepAa.

IIpumep 1. MicTouHuK S u npueMHHK P yAaJA0TCs Apyr or Apyra 1o ox-
HOH mpsAAMOI B OPOTHBONOJIOXKHEBIE CTOPOHBI OTHOCHUTENBHO Cpe-
ABI CO CKOPOCTAMM U U u'. HacToTa HCTOYHHUKA ¥V, CKOPOCTb CHI'-
HaJ0B B cpexe v. Hakgem wacToTy V', BOCIIDUHUMAEMYIO IIpH-
€MHHUKOM.

B gaHHOM ciy4ae IPOEKIMS CKOPOCTH IIpHeMHHKa Ha ock X
ecTh U', = U', & IPOEKUHUA CKOPOCTH UCTOYHMKA u, = —u. [Toa-
CTaBUB 3TH BeJWUYUHBL B (opmyay (1.60), moayumm

vi=vv-u')/(v+ u)

IIpumep 2. VicTOUHAK S, UCIIYCKAIOUIKH CHTHAJIBI C YACTOTOM v, ABYIKETCA C
ITOCTOAHHON CKOPOCTBIO Uy OTHOCHTEJBbHO IIPUeMHHKa P, ycTa-
HoOBJIeHHOro Ha GamHe (puc. 1.12). IIpu sToM BO3AyLIHAA Macca
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Uo

7/ S S, /.
Puc. 1.12

IIepeMelIlaeTcsi OTHOCUTENLHO 3eMHOM IIOBEPXHOCTH BIIPABO C
[IOCTOAHHOM CKOPOCTHIO U, (BeTep). CkopocTh 3BYKa B BO3AyXe
v. HaiigeM yacToTy »', BOCIPpUHUMAEMYIO NPUEMHHKOM.

Vimes B BuAy, uTo B hopmyny (1.60) BxoaaT ckopocTu omruocu-
meavHo cpedvi, 3amMINeM: NPOEKIIMs CKOPOCTH I[IPUEMHHUKA
u, = -Uu,, a IPOEKIINA CKOPOCTH MCTOUHHUKA U, = Uy ~ u,. Obe
IIPOEKIIUHM B3SITHI, KaK HOJIKHO OBITh, HA oCchb X, HampasJeH-
Hywo BrpaBo. OcraeTcss NOJCTABUTH 5TH IPOCKUMHU B GOpMyny
(1.60), 1 MBI DOAYYHUM:
. v — (-1i,) -y v+ ou, .
v - (Ug — uy) v - (ug —uy)

Bepuemcsa k o6cyskaeHnio BosMoyxkHocTell dopmyasl (1.60). Oxa-
3pIBaeTcsH, ata GopMyJa IIPH OUpPeJe]eHHBIX IONOJHUTEIbHBIX
YCJIOBHSAX MOJKeT ObITh HCIIOJB30BaHa U B 60jiee CMOXKHBIX CAyYaax,
a MMEeHHO, KOrja HMCTOYHMK ¥ IIPHEeMHHK ABMJKYTCS He IO OGHOH
IIPAMOH U C U3MEHAIONIMMHUCA BO BpeMeHHU cKopocTamu u(t) u u'(t).
B arux caydasx HeoOXOAMMO YUMTHIBATH TaK Ha3bIBaeMbIH 3g-
¢gexm 3anasdvieanus. IIoCKOJBKY CKOPOCTH Iepefadyd CHI'HAJIOB
KOHeYHa, BOCIIPUHUMAaeMad IPUeMHHKOM YacToTa v' B MOMeHT t 6y-
IeT o0ycJIOBJeHa IPHUXOAOM B 3TOT MOMEHT CHI'HAJIOB, MCIYIIEH-
HBIX HCTOYHHMKOM B IpeAIIeCTBYIOLIUNA MOMEHT t'=t — 1, r'je t —
Bpems, HeoOXoqumoe OJis NPOXOKAEHHUA PACCTOAHHUA [ OT HCTOUYHU-
Ka B MOMEHT { — T JOo IPDUeMHUKAa B MOMEHT ¢, T. e. T = [/v. B xaye-
CTBe NPHMEPOB MOIYT CAYKHThH 3ajaund 1.9 m 1.10.

BmMmecTe ¢ Tem, B HEKOTOPBIX ciayuaax 2(PdeKToM 3anas3fbIBaHUSA
MOXKHO 1peHeOpeus — 3TO IPU YCIAOBUH, YTO CKOPOCTH HCTOYHUKA
1 NpueMHHKa 3HAUUTEJbHO MeHbIIle CKOPOCTH 3BYKa (M IPH pasyM-
HBIX PACCTOAHUAX MEXAY MCTOUHMKOM M npuemuuxom). Ilyers uc-
TOYHHK S ¥ IPUEeMHUK P OBMKYTCA, HAIIPUMED, TAK, KAK IOKA3aHO
Ha puc. 1.13, co cropoctaMu u u U’ < V.
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Puc. 1.13

Torga B dopmyay (1.60) ciaeayer IoLCTaBUTH

— [ A | 4
u, =ucosa, u, =ucosa.

B npusenserHOM Ha pucyHke ciaydae u, >0, a v/, <0.

B sakuouenne 3Tof riiaBbl OTMEeTHM, YTO MHOIrHe BONPOCHI, Ka-

caomuecss oco0eHHOCTell BOJIHOBBLIX NPOIeccoB (OTpa)keHUe, npe-
JoMJeHue, UHTepdepennna, gudpaxkuud, guciuepcus 1 gp.) dyayr
paccMOTpeHb! fajlee Ha IpHMepe 9JIeKTPOMAarHHTHBIX BOJIH U B pas-
mene «BoJsiHOBaA omTHKA».

1.1.

1.2,

1.3.

S3agaun
Bosna cMemneHui yacTui cpeinl uMeer BuA £ = a sin(ot - fx), rae a,
o, p — monoxkuTeNbHLBIE IOCTOSHHBIE. HallTH OTHOIIEHHEe AMIIINTY LB
CKOPOCTH YAaCTHI[ CPeAbl K CKOPOCTH BOJIHEI.
P e e 1 u e. CkopocTs yacTuy 6&/0t = aa cos(at — Bx), rge ac — am-

IJIMTYyAa cKopocTH (#,). CKOpOCTh BOIHBI HAXOAUM U3 YCIOBUA ot —

- Bx = const. IIpoguddepeHpoBaB 3TO BRIPaXKEHHE N0 ¢, HOAYYKM:
x = o/p. Hckomoe oTHOLIeHMe u,/x = af.

ToyeyHBI!l M3OTPONHBIA HCTOYHHUK HCIIyCKAET FaDMOHHYECKHNE 3BYKO-
BbIe Koe6anua. Haiitu koaddULUUeHT 3aTyXaHUA Y BOMHLI, €CJIH AMII-
JIUTYAA KoJebaHuH 4acTHL Cpefbl HA PACCTOAHHYU I' OT HCTOYHHUKA B 1
pa3 MeHblle, HexKeJM HA PACCTOAHHUH I.

P e e H 1 e. Bonna, ucnyckaemas TOUEUHBIM MCTOYHMKOM, cthepude-
ckas. Ee ammnuryna a = (a/r) exp(—yr). Ilo ycaosuro,

n = a(ry/a(r}y = (r/ry) exply (r — r,)]. Orcrona

Y = In(ry/r)/(r — rg).

Hajity BosHOBO# BexTOp Kk miI0CKO# BOJIHBI ¢ YacTOTOH w, ecad ee da-
30BbIe CKOPOCTH B IIOJIOXKHTEABHBIX HanpasjeHansax oceit X, Y, Z pas-
HBL U,, U,, U,

P e m e # 1 e. BonHoBo#t BexTop k=Fn, rae n — opr HopmaJiu K BOJ-
HOBOM TIOBEPXHOCTH: N = &, cosa + e,cosP + e cosy, o, B, y — ymim

MeX Yy BEKTODOM N M OpTaMu ocei koopausHar. Ocraercs y4ecTsb, UTO
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B = o/v, v — (daszoBas CKOpOCTh BAOJbL BekTOpa kK, cosa =v/u,
cosf =v/v,, cosy =v/v;.
B pesyasTaTe moayumm:

k=w(e/v, +e/v, + e,/uvy).

1.4. Ilotok sHeprumn. ToyeuHbIH H30TPOIIHBIN HMCTOYHUK 3BYKA MOI[HOCTH
P Haxoaurcsa B LIGHTpe KPYTrJOro IoJIoro HUIMHApPa pagnyca R U BbI-
corsl . HaliTu cpefHu# 1o BpeMeHH IIOTOK SHEPIHMH, Iajalolued Ha
60KOBYI0 IIOBEPXHOCTh LMJAMHADA, IIOJaras, 4YTO er0 CTeHKH TIOJIHO-
CTHI0 IOIJIOIAIOT 3BYK, T. €. HET OTpPaKeHHil.

Peme H u e. CHavasa HalijleM HOTOK i
snepruu d®, nagamomuil Ha GeCKOHeYHO
Y3KYI0 KOJBIIEBYIO HOJOCKY, OTCTOAIILYIO
HA pacCTOsHHUE Z OT CpeAHeil IJIOCKOCTH

(puc. 1.14):
d® =j,dS =jcosa dS = da z
= (P/4nr?) cosa - 2nRdz. 1)
o
ITockorexy z = Rtga, dz = R doa/cos’a. \ =
Kpome Toro, r = R/cosa.
Puc. 1.14

Ilocne mopcTaHOBKM BhIpaXkeHWH AnasA dz
u r 8 (1) nonyyum:

d® = (P/2) cos o da.
Ocraerca IpOMHTErpHPOBATh 3TO ypaBHeHue 10 o oT 0 10 o, cooTBer-

CTBYIOII[ETO KPalo NHUANHADA, K YMHOXHUTL Ha 2, n00 Takoil :Xe BKAaj
JaeT ¥ HIDKHAA [OJOBMHA IiAusApa. B urore:

® = P sina, = PA/1+ @R/h)%.

1.5. HafiTy 3BYKOBYI0 MOWIHOCTH P TOYEYHOr0 M3OTPOIHOIO MCTOYHMKA,
ecJ1y Ha PACCTOSHUM I' OT HETO MHTEeHCHBHOCTh 3BYKa paBHa [ u Ko3h-
(DHULVEeHT 3aTyXaHUs BOJIHBI Y.

P e w1 e v 1 e. [lorox 3ByKOBOI1 Hepruu ckBo3b cepy paguyca r, B
UeHTpe KOTOPOIl HaXOJHUTCA HCTOYHHK, DPaBeH

® =4nr’l = Ae™", ’ 1)

rge y4TeHO, 4TO HMHTEHCHBHOCTh | MPONOPIHOHANBLHA KBAaApPATy aMmIl-
JUTYABL BOMHBI, A — HEKOTOpasA [OCTOSAHHAS, He 3ABHUCAILASN OT .
Ilpu r = 0 norok ® = @, = P. Ilostomy A = P, u us (1) cnenyer, uTo

2yr 2. 2yr
P =0e™ =4nrire™.

2—6327
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1.6.

1.7.

Crosauan Bonna. CrepixeHpb AAUHBI | U3 MaTepuasia, Moayab IOHra ko-
Toporo E u mIOTHOCTE p, 3aKpeIlsleH Ha OAHOM KOHIlE, APYrof — cBO-
6ogen. Hafitu uucao N npoZonpHBIX cob6CTBEeHHBIX KoJiebaHMil aToro
CTeP’KHA B AUANIa30HE 4YacTOT OT ¥, [0 V,.

Pem e Hue. JIOCKONIBKY 3aKpeIlJIeH TOJIbKO OJUH KOHell, TO 3TO 3Ha-
guT, YTO Ha HeM OyJeT yaes, a Ha cBOGOHOM KOHIE — Ny4YHOCTL. Cie-
JOBATeJbHO, Ha [JIMHE CTEPXKHA NOJ/DKHO YKJAABIBATHCA, BOOOIIE ro-
BOpHA, 1€JI0e YMCJI0 IOJYBONH KX OfHA 4YeTBEepPTh BOJHBL:

l=mi/2+Ar/4=(2m +1)1/4, m=0,1,2,...

OnuHa Bonusl )\ = v/v, rae v = Ejp. Ilostomy u3 mepsoil opmyJisl

BO3MOXHBIE 3HAYEHHA M 6YI[YT ciaeaywolgue:
m =2Ww/A[Ep -1/2.

ITogcraBUB B 3TO BHIpa)KeHUe 3HA4YeHHUA v, paBHbIe ¥, H v,, HalineM co-
oTBETCTBYIOLUME m, u m, (OHM 6yAyT He mesouncjaeHHbIMH). Toraa uc-
KoMoOe YHCJ0 coOCTBeHHBIX KosebaHuit

N =[m,-m],

rAe KBajgpaTHbIe CKOOKM O3HAYAIOT, YTO HANO B3ATH IieJ0€ YHCJIO OT
BEJUYHHBI M, — M.
Cynmepnosuuusa BoaH. B ynpyroit ogHOpoHOI cpefie paclipoCTPaHSIOTCA
JBe IJIOCKHME BOJIHBI, OZHA BJOJb OCH X, Apyrasi BAOJIb OCH Y:

& = acos(ot - kx), &, =acos(wt - ky).
Haiiti xapaxTep ABMKEHHA YaCTHI, CPeAkl B IUIOCKOCTH X, Y, ecjiu obe
BOAHBI NONEpeYHble H HamnpapjieHUe KoJe0aHMil OJHHAKOBO.
PemeHue. BTex Toukax, rae pasHocTb
t¢as k(y — x) paBaa kpatHoMy 27, Kojeba-
HuA OyayT npoucxoxuTh B (dase. Orcoona

y=xtmh, m=0,12,..,

T. €, MAKCAMYMBI AMIUINTYAB KoJIeGaHMI,
papHble 2a, GyayT pacmoaaraTscsi BHOJIb

TaKuX npAMeix (puc. 1.15). Booas npamMeix
¥y = x x(m + 1/2)\ pacrosaralorcss MHUHH-
MyMbl AMILIHTYABI, pPaBHbIe HyMO (IOTPH-
XOBble NIPSIMBble Ha PHUCYHKeE).

Puc. 1.15
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18.

1.9.

Iddexr donnepa. HemoaBM>KHBII NCTOYHHK MCIYCKaeT 3BYK 4acTo-
THi ¥,. HaliTi MacToTy 3ByKa, OTDAYKEHHOTO OT CTeHKH, KOTOpas yia-
JAeTcA OT MCTOYHHUKA C IOCTOAHHOH CKOPOCTHIO U. CKOPOCTh 3BYyKa U.
Cunrars, 4TO U « L.

P e w1 e H n e. PaccMoTpuM mponecc oTpaXkeHns 3ByKa B fBe ¢a3bl.
CHavaJsia CTeHKa HrpaeT pojib IPHEMHHUKA M BOCHIPHMHMMAEMAasn eI0 Yac-
ToTa, coriaacHo (1.60), pasna

v = v(v — u)/v. 1)

Ha Bropoii cTagum creHKa KHrpaeT poJb YAAIAOIIEroci HCTOYHHKA
3ByKa C YaCTOTOH ¥, II03TOMY 4YacTOTa OTPa’XeHHOro 3BYKa

v'=wo/@L + u). 2)
TIogcraBus (1) B (2), nonyunmm
v =y, -u) + u) s v, - 2up),

rge ydTeHoO, YTO U « V.

9ddexT 3anasapiBannsd. VICTOYHMK KOPOTKHX 3BYKOBLIX MMIIYJILCOB C
YacTOTOMN ¥, H NPHEeMHHUK HaXONATCA B OJHOH TouKe. B MoMeHT ¢ = 0
VICTOYHHMK HauyyHAaeT yAAJIATHCA OT NPHEeMHHUKA C MOCTOAHHBIM YCKOpe-
HueM g. HaiiTu yacToTy MMIOyJICOB, BOCOPHMHIMAEMBIX NPHEMHUKOM B
MOMEHT ¢, eC/l¥ CKOPOCTh 3BYKa PaBHA U.

P e 1 e H ¥ e. 3mech caegyer ydecTh 3(pexT sanas3gpIBaHuA. ITO 3Ha-
YMT, YTO BOCOPHMHHMAEMbIC B MOMEHT { MMIYJbCH OBLIM HMCIYILEHHI
MCTOYHHKOM B MpeAuiecTByiomuii MomeHt t'. Iloatromy coraacHo
(1.60),

v(t) =vulv + u,.). 1)

CKOpoCTh MCTOYHHMKA B MOMEHT !’ paBHa u, = at', rge t' HaiigeM H3
YCJI0BUA

at”2 =v(t - t'), (2)

T. €. IyTh, NPOAEHHHNH NCTOYHMKOM K MOMEHTY t’, paBeH NpOKU3Beje-
HHMIO CKOPOCTH 3BYKa HA BpeMsd 3anas3fblBaHUA IOJY4YeHHBIX CHIHa-
s0B. Onpegenaus t’' u3 (2), HailfeM u,, ¥ ¢ moMoixslo (1) — HCKOMYIO Ha-
CTOTY:

v (@) = v, /N1+ 2atp.
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1.10. Microunuk sBykxa S, cofcTBeHHas 4yacToTa KOTOPOro ¥,, ABHXKETCH

PaBHOMEDHO IO IPSMOH, OTCTOAIEH OT HeNOABIKHOro HaburozaTte-
asa P na paccroaune I (puc. 1.16). CxopocTs HCTOYHMKA COCTABAAET
1-10 4acTh CKOpPOCTH 3ByKa. Haiitu:

a) 4acTOTy 3ByKAa, BOCIPHHHMAEMY0 HaljIofaTeseM B MOMEHT, KOr-
Ja MCTOYHHMK OKAaXeTcsa B Touke 0;

6) paccroaHye MeXKAY HCTOYHMKOM H HabaionarTejeM B MOMEHT, KOT-
Aa BOoCIpHMHHMaeMaf HaOJ0OfaTeleM 4acToTa v = V.

PemeHue. a) fcHO, 4TO B 3TOT MOMEHT HabiyiogaTenss JOCTUTHYT
CHUTHAJIBI, HCNYILEeHHbIE HCTOUHNKOM, KOrAa OH HAXOAHUJICS emje B He-
Kotopo# Touke S (puc. 1.16). Ee nosoxxenmne NO/KHO ObITH TakuM,

ﬁ ut 0
\\\)a // { X //
\\\(/ ] //
\\ l : //r
N ! //
(o AN ! /
~ (4
~
P
Puc. 1.16

yro6bl 32 Bpems, IIOKA MCTOYHUK ABMXKETCA CO CKOPOCTBIO U O TOUKH
0, cUTrHal CO CKOPOCTBLIO U mocTHr ObI Touku P. OTciofa HpoeKLuA
CKOPOCTM HCTOYHHMKA Ha HanpasieHue SP paBHa U, = U COS«, I
coso = u/ = n. Mckomaa vacrora, corsacHo (1.60),

v=v/lv-—ucosa)=v,/(1 - nz).

6) VlcToOYHHUK, OT KOTODPOrO JOIIeJ CUTHAJ C YaCTOTOH ¥ = ¥, JOJKEH
OpL1 HaxoAuThCA B TouKe 0. IToxa 3By gouwen go Touku P (3a BpeMs
T = 1/v), caM UCTOUYHHK IIepeMeCTHJICH BIPaBO Ha PACCTOAHHUE X = UT.
W3 puc. 1.16 caepyeT, 4TO MCKOMOE PacCTOAHHE

r=yI+ @) =lﬁ+ .




— Fnasa 2 —

JneKTpoMarHMTHble BOJIHbI
v

§ 2.1. BosHOBOe ypaBHeHMe 3JIeKTPOMATHUTHOMH
BOJIHBI

W3 ypaBHenni#t Makcsena ciaeayeT, Kak Mbl ceffuac ybegumes,
Ba’KHBIHM BBIBOJ O CYHIECTBOBAHUY NPUHIUIIKAIBHO HOBOrO huspude-
CKOro JBJIEHHA: 3JeKTPOMArHHUTHOE II0Jie CHOCOOHO CYIeCcTBOBATh
camocmoamenbHo — 0e3 dJIeKTPHUYECKHX 3apAfoB M TokoB. Ilpm
3TOM H3MEHEHHE ero COCTOSHWA (BO3MYIIleHHe Ioasa) obsasaTenbHo
uMeeT BOJIHOBOI xapakrep. ITosns Taxoro pojja Ha3bIBAIOT INAEKMPO-
MAZHUMHbIMU 80AHAMU. B BakyyMe aTHU BOJHBI PACIPOCTPAHSIIOTCHA
€O CKOpOCTBHIO, PABHOH CKODOCTH CBeTa C.

PaccMoTpuM OZHOPOZHYIO HEHTPaAbHYI0 HEIPOBOAAINYIO CDEmy
C NPOHUIIAEMOCTAMH € U |, THe

B = puoH, D =egE. (2.1)

ITockonbKy B BAHHOM CJydYae IJIOTHOCTH 3apAJOB U TOKOB PaBHBI
"Hynwo (p =0 u j=0), ypaBHenusa MaxcBenja OSygyT HMeTh BHJI:

VxE=-B, VxH=-D, (2.2)

VB=0, VD=0, (2.3)

roe ypasuenus (2.2) Beipakator porops!l E 1 H, a ypasrenus (2.3) —
museprernuu B u D. Touka Haj BekTOpamMu B uD osmagaer YaCTHVIO
IIPOM3BOJHYIO 3THX BEJHYWH II0 BpEeMEHH.

IlockonpKy J100ble BOJIHOBEIE NPOIECCHI LOJIXKHBI NONYMHSATHCH
BOJIHOBOMY YDaBHEHHIO, CBA3BIBAIOIEMY BTOPBble IDOM3BOLHBIE IIO
BpPEMEHH ¥ KOODAMHATAM, HONBLITaeMCA NPUATH K HeMy C IOMOIIBIO
HamMCaHHBLIX BbIIIe ypaBHeHH#E Makcsenna. [lynsa storo mpogudide-
peHnupyeM BTOpoe ypaBHeHue us (2.2) 10 BpeMeHHU U 3aTeM HCIIOJb-
3yeM IepBOe ypaBHEHHE:
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N N VL
ot ot ot JTTTIN

Vx (VxE). (2.4)

IIBoiiHOe BEeKTOpHOE MPOM3BefeHMe B NPAaBOi YacTH, COPJIACHO Npa-
puny a x (b x ¢) = b(ac) — c(ab), — «6am MuHyc ual», MOXKHO 3a-
OHCATh TaK:

Vx(VxE) = W(VE) - (V-V)E = - V’E, (2.5)

rak kak V-E =0. Ilogcrasus (2.5) B (2.4), M OpHXOANM K BOJHO-
BoMy ypaBHeHnio i E. AHasmornyHo MOKHO IOJYYUTH HoZOGHOe
JKe BOJIHOBOE ypaBHeHMe M Jjas BekrTopa H.

Taxum obpa3oMm, MBI OIPUXOAVUM B Pe3yJbTaTe K HMAEHTHYHBIM
BOJIHOBBIM YpaBHEeHHAM Juaa BekTopoB E m H:

I [X)

LVZE =gg up B . l

p v 2.6
V'H =eegup o H j (2.6)

3mecy xoadPHLMEHT nepeX BTOPOil IPOM3BOAHOHN IO BpEMEHH €CTh
He UTO MHOe KaK BeJH4YMHa, o6paTHas# KBaJgpaTy CKOPOCTHM U pac-
mpocrpadeHusa BOJHHI, coriaacHo (1.23). CiaepmoBarensHo,

v=c/fen @.7)

rge ¢ — CKOpPOCTH pacnpoCTpaHeHHdA 3JIeKTpOMaI‘HlfITHOI"‘I BOJIHEBL B

BaKyyMe:
¢ =1/yEoh,- (2.8)

Oxaszajoce, 4to ¢ =3- IOBM/C, T. €. COBIAZAET CO CKOPOCTHIO CBeTa
B BakyyMme. 9TO ¥ JaJI0 OCHOBaHHe MaKCBeJUTy NPeANoNIOKNTh 3a-
OOJIIO A0 3KCIEePHMEHTAJNLHOrO IIOATBEPKIeHMsA, 4YTO CBeT Ipen-
craBaseT co60f 3JleKTPOMArHHUTHLIE BOJIHHI.

§ 2.2. IInockas 3JeKTPOMAarHMTHas BOJHA

Ilepenninem ypaBaenns Makcsenina (2.2) 1 (2.3) B dopme Gosee
ynoOHOM anA fajJbHeluiero agannsa, uMes B BULY, 9TO poTopsl E n
H Mo0XHO npeACTaBUTH B BHe onpeAenuTeneil (kax BeKTOPHOE IIpo-
u3BegeHHe ABYX BEKTOPORB):
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ey ey e, ey €y e,
VxE = |g/ox /0y 9/62) = — i H, VxH =|30x Joy 9/02| =, E, (2.9)
Ey Ey E, Hy Hy H,
2+ 28 +%E -0, 2 + 2, +%H -0, (210
Ox Oy 0z Ox oy 0z

The ey, e, e, — OPTHI ocett X, Y, Z.

YcTaHOBMM OCHOBHBIE CBOMCTBA 3J€KTPOMATHUTHOH BOJIHBI Ha
npuMepe IOCKO# BoyHBI. HampaBum ock X TNepHeHAHUKYJIAPHO
BOJTHOBBIM noBepxHocTaM. IIpu atrom E n H, a 3HauuT 1 ux npoek-
LUy Ha ocu Y ¥ Z, He OyZyT 3aBUCETh OT KOOPAUHAT ¥ U 2, T. €. CO-
OTBETCTBYIOIIIMe IPOM3BOJHbIE II0 § K 2 6YAYT paBHBI Hya10. Iloarto-
My ypaBHenud (2.9) u (2.10) ynpoigaiorcsa (OCTaHYTCA TOJALKO IPO-
U3BOLHbIE IO X) M NIPUHUMAIOT BUX:

0=up01:1x, 0=¢e, E,,
~0E,/0x=-pp H,, -0H,/dx=tg,E,,
OE,/0x=-WoH,, 0H,/0x=¢5E,, (2.11)
OE, /0x =0, oH , /ox =0.

W3 ycaosuit 0K, /0x =0 n Ex =0 crenyer, uTo E, He 3aBHCHT HH OT
X, HY OT ¢t (aHAXOTHYHO M Ana H, ). 3To 3HAYMT, YTO OTAUYIHBIE OT
Hyna E_u H_ MoryT 65T 00yC/IOBI€HE] IMIIb IOCTOSHHBIMH OJHO-
POAHBIMHK IIOJISIMHM, HAaKJAABIBAIOIIMMMCSA HA IOJIe BOJHBEI. A s
IlepeMeHHOT0 DOoJA MI0ocKol BosHb E, = 0 u H, = 0, T. e. BeKTOpH
E 1 H neprnengukyJApHBI HAIIPABJICHHUIO PACIpPOCTPaHEHUS BOJI-
Hbl — ocH X. 3HAUHT, 2JIeKTPOMATHUTHAS BOJHA ABJIAETCI none-
peunoit.

Kpome Toro, oxasnisaercs, BekTopsl E 1 H B 3/1eKTPOMarauTHoi
BOJIHE B3aHMMHO OPTOTOHaJNBHAEI. UT0OHl yOexuThCcA B 3TOM, 00bemU-
HUM cpegHue ypaBHeHud (2.11), cogeprkauiue, Harpumep, Ey nH,
B Iapy:

OE, /O0x=-pp,H,, OH,/ox=-¢tg,E, (2.12)
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(Mo2xHO OBLIO OBI B3ATHL U APYTYIO NAPY, COAECPIKAIYIO IPOM3BOAHLIE
E,n H)). VI3 oTux ypaBHeHMH BHAHO, YTO M3MEHEHME BO BPeMEHH,
CKa)XeM, MarHUTHOTO I0JId, HAIpaB/JeHHOTO BJOJb OCH Z, TIOPOXKIa-
eT JJIEKTPHYECKOe II0JIe Ey BAOJL ocu Y. MA3aMeHeH¥e BO BpEMEHH
nona E, B cBoio ouepenp nopoxaaer none H, nr. a. Hu nons E,, vu
oA Hy IIpY 3TOM He BOSHHMKaeT. A »To ¥ 3HaumT, uro E 1 H.

Cesasns MruoBennsix sHauyenuit £ u H. B namem ciayuae, Korga
IIJIOCKad BOJHA pacHpocTpaHAeTcA BAOML ocu X, HampuMep, B ee
TIOJIOKUTEJILHOM HAaIlpaBJIeHHH,

E, =E (¢t - x/v), H, =H,(t -x/v), (2.13)

rae E, u H, — Hexoropsle QyHKLUH, XapaKkTepusywiue popmy
BOJIHbI. BBens obosHauenue ¢ = ¢ — x/v, HalifeM IPOU3BOAHEIE Ey
mo x u H, mo t — B coorsercTBum c (2.12):

ox dp dx oo

oE, _aEy @:BEy (~1j_ 0H, OH, Q_(EZGHZ 1
ot op ot o9

v

ITopcraBuB 3TH BhIpa’keHUs B IepBoe ypasHeHue (2.12), nmomyuum:

10E, OH,
v o Hiy, 20 ’

MIM C Y9eTOM TOro, 4To v =1/ eg Ui, ,

OE
VEEg - =vHH, 5_H2_ .
ey ¢

Orcroma ciemyeT, 4uTO /g€, Ey = Hup o H, +const, rae npousBosb-
Hasg KOHCTaHTa oOycJIOBJeHA HANMWYMUEM IIOCTOSHHOTIO 3JIEKTpHUe-
CKOTO U Mar’HuTHOro noJseit. Hac uHTEpecyeT TOJBKO IepeMeHHOe
nosne, noaromy const = 0, B pesyiabTare MbI MOJIYUHM:

ggy B, =yup, H,. (2.14)

Jro BeIpaxkeHue ozHadaer, uTo E 1 H He TOJIBKO B3aMMHO OpTOTOHA-
JILHBI, HO M COCTaBJIAIOT IIPABOBHHTOBYIO CUCTEMY C HAalpaBJIeHHUEM
pacupocTpPaHeHus: MBI Belb PacCMOTPeJH Cjaydail, Korga BoJIHa pac-
TIPOCTPAHAETCA B IIOJOMKUTEJLHOM HampasieHuu ocu X (puc. 2.1).
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Y

Puc. 2.1 Puc. 2.2

Kpowme toro, E u H, cormacuo (2.14), usmeHA0TCA Py 3TOM cUHGAa3-
HO: Ey u H, oquHaKOBEI B KayKABIH MOMEHT II0 3HaKY, OZHOBPEMEHHO
ofpamaloTcs B HyJb H OZHOBPEMEHHO JOCTHUIAalOT MaKCHMMyMa, 4TO M
IIOKAa3aHO Ha PUC. 2.2 — MTrHOBEHHAHd KAPTHHA B HEKOTOPBIM MOMEHT.

3aMeTHM, 4TO ecaH 6Bl MBI PACCMOTPENH BOJHY, PACIIPOCTDPAHS-
IOLIYIOCA B OTPHIATEIbHOM HanpaBneHnn ocu X, TO E u H, name-
HaIuCh Gb1 B mpoTHBOdase (yegy k, \/ﬁp_o_ H),). OAHaKO TIO-TIPEK -
Hemy oba BekTopa, Eu H, COCTaBJme 651 TPaBOBUHTOBYIO CHCTEMY
C HalpaBJIeHHEM DACIPOCTPAHEHHS. OTO »Xe OTHOCHTCA H K CIy-
yaio, Korga E HanpasiieH BAoJb ocl Z, a H — BRosb ocnm Y, T. e, uX
npoexkurun E, u H,.

BrlAcHUB 3TH JeTajy, HHIOEKCH [ ¥ 2 Y IPOeKIHUI BeKTopoB E n
H MoxxHO He nucaTh (Kak 3To 00bruHO ¥ AenaloT). Ilostromy ypasse-
HHe, HaIpuMep, IJIOCKOH Oeryiiell rapMOHHYECKOM BOJIHBI — OHa
npeacTaBisieT 0ocoObIii MHTEpeC — 3allUCLIBAIOT TakK:

E=E, cos(owt —kx), H=H_ cos(ot - kx), (2.15)

T/e 3HaK MHUHYC B CKOOKAaX 03Ha4aeT, YTO BOJIHA PACIPOCTPaAHAETCH
B [IOJIO’KUTEJLHOM HanpaBieHHH ocH X. B aTux BrIpaskeHHAX © —
Kpyrosada (LUKJIAYecKasa) dacrora xojxebaHuit, ¥ — BOJIHOBOE YmC-
o (B = 2n/Ah, A — [QJHHA BOJHBI).

3amMeTuM, YTO KOrZa I'OBOPAT, UTO ILJIOCKAd BOJIHA pacIpocTpa-
HAeTCHA, HalpuMep, B IOJOKHUTEJIbHOM HampaBieHHH ocu X, TO 3TO
O3HaYaeT, YTO C 3THM HaIIpaBJIeHHEM COBIajaeT ee BOJHOBOI BeK-
Top k uaum, ADYTHMH CJIOBaMH, €€ BOJHOBBIE IIOBEPXHOCTH OPTOrO-
nansasl ocu X. Ho npu sToM KosebaHuA paclupoCTpPaHAIOTCA oue-
BHJHO M B JPYTHX HAaNpPaBJeHHAX.
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IIpumep. Ilnockas rapMOHHYECKAs 3JIEKTPOMarHHTHaA BOJHA PaciIpocTpa-
HAETCA B BaKyyMe TaK, YTO €€ BOJHOBOM BexkTOp Kk mepmenpuky-
JasApeH ocHu Z u cocrasiser yroa o = 60° ¢ oprom ocu X. Haiizem
CKOpOCTh pacnpocTpaHeHns KonaeGanmit Baoss ocu X.
W306pasuB pUCYHOK, aHAJIOTHYHBIH puc. 1.1, HaligeM, 94TO HCKO-
Masa CKOpocTh U = c/cosa = 2c¢! Ilosyuennblil pe3yiabTaT He IIpo-
THBOPEYHUT TEOPMK OTHOCHUTEJBHOCTH: (PA30BasdA CKOPOCTh MOXKET
Or1TH 10601, B OTJIMYHE OT CKOPOCTH CHIHaja, KOTopas He MO-
keT ObITh OoJsibllle ¢ — CKOPOCTH CBeTa B BaKyyMe.

Tenepr paccMOTPHM IpuMep, OTHOcAmuica k dopmyJe
(2.14) — ToXXe Ha CBA3L AMIIUATYX 3JEKTPHYECKOH M MarHWTHOMN
COCTABJIAIOIINX BOJIHBI, HO HE B CKaJIIPHOM, & B BEKTODHOM BHJe.

IIpumep. B BakyyMe pacIpocTpaHAeTCH FrapMOHKYECKasd IIJIOCKAas 3IeKTPO-
MarHUTHAS BOJIHA, 3JIEKTPHYECKafA COCTABNAIOLIAaA KOTOPOil MMe-
eT BHJ

E = e,E cos (ot — kr).

HajineM BeKTOp-aMIUIMTYAY MATHHTHOH COCTABAAKINEH STOH
BosHbl, H, .
Buaxo, 4TO KaHHAS BOJHA DaCOPOCTPAHSETCH B HalpaBJeHWH
pekropa k. 3mauur, Tpu Bekropa, E_, H_, k AoJKHBI cCOCTaBAATD
NpaBoBUHTOBYI0O cucreMy (cM. puc. 2.1). Ortciona ciaepgyer, 4To
BexkTop H, possken O6bITh coHampaBieH ¢ BekTopoM [kE], Hanpas-
JIeHHe KOTOpOro coBmagaet ¢ oproM [n,e,], rae opt n,=k/k. OcTa-
eTcsa HalTH MoAyJsb BekTopa H,, T. e. Bocmosn3oBaThcA dopmy-
a0it (2.14): H, =./eo/i, E,. B pesyanrate monyuum:

H, =[ne,]y&/u, E,.

§ 2.3. Croguana si1eKTpOMarHMTHAsS BOJIHA

B § 1.5 65110 mokasaHo, UTO CTOAYYIO YIPYIYIO BOJHY MOXHO
NpeacTaBUTh KaK pe3yJibTaT CYHePIO3HINK [BYX ORMHAKOBBLIX
BOJIH, Geryimux HaBCTpedy APYT APYTY. JTO OTHOCUTCH M K JJIEKT-
poMarsuTHLIM BojiHaM. OfHaKO Hafl0 y4ecTb, UYTO 3JIEKTPOMarBuT-
Has BOJIHA XapaKTepHU3yeTCA He OZHHUM BEKTOPOM, a OBYMA B3aHM-
HO opTroroHaJsHbBIMH BeKTopamu E m H.
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HYCTL BOJIHa& DacIIpOCTPaHAETCA B IIOJIOXKHUTEJBHOM HAallpaBJie-
HUM ocH X ¥ ONMCHIBAETCA YPaBHEeHHAMHA

E, =E, cos(ot ~kx), H, =H, cos(wt - kx). (2.16)

YpaBHeHNA BOJHBI, pacupocTpaHsioueiics B o6paTHOM Halpasiie-
HHHW, MOXKHO IONYy4YuTh u3 (2.16), ecim 3aMeHNTE B CKOGKAX MUHY-
CHI Ha ILTIOCHI M y4YecTs, uTo BeKTopsl E, H, k Ko/KHBI cocTaBaaTh
npaByio TPoitKy. Jro nosicuser puc. 2.3, rae ciaesa (a) E u H mens-
1orca B pase — BosHa (2.16), a cnpasa E u H — B nporuBodase (Bo
BcTpeuHoit BosHe). Ilociennee osmauwaer, 4To nepen E, mam H,,
JOJIXKeH NOoABUThCA 3HAK Munyc. tak, ypaBHeHNA BCTPeYHON BOJI-
Hbl 6yayT MMeThL BHL:

E, =E, cos(ot +kx), H,=-H,k cos(ot +kx). (2.17)

2

B peayabTare CyNepmo3HIMH 3THX ABYX BCTPEYHBIX BoJH, (2.16) u
(2.17), monyuum:

E, =2E, coskx-coswt, H, =2H,sinkx-sinot. (2.18)

9TO U eCTh YPaBHEHUA cMoaALell 3JeKmpomaziumnuol 6oans.. OHN
COCTOST M3 ABYX CTOAYHX BOJH — 3JEKTPHYECKON M MarHMTHOH.
BuzgHo, uro B aTo# BosHe KonebaHusa BekTopoB E u H caBuHyTH
no dase Ha 1n/2 KaK B IIPOCTPaHCTBEe, TaK ¥ BO BpeMeHHu. Ecin B
HEKOTOPHIA MOMeHT E, Bo BCeX TOUKaX MMeJO MAKCHMaJbHOe 3Ha-
4JeHHe H npu 3tom H, = 0, T0 depe3 YeTBEPTh IIEPHOAA KAPTHHA
6ypmer obpaTHoi: H, JOCTUTHET BCIOAY MaKCHMAaIbHBLIX 3HAYEHMH
CO CABHIOM B IPOCTPaHCTBe Ha A/4, a Ey obparurca B Hyas. Ta-

Y Y
E

a)
Puc. 2.3
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Puc. 24

KuM obpasom, B npomecce KojnebaHU# sJIeKTpUUeCKOe I0Je IocTe-
NeHHO IePeXOLUT B MarHUTHOE, MarHUTHOE — B 9JIeKTPHIECKOoe U
T. i. (puc. 2.4). Ilockonexy kose6anms BekTopoB E 1 H npouncxo-
EAT He B ¢ase, coorHomeHHe (2.14) oxasniBaTecsa CIIpaBeAJTHBLIM
TOJIBKO IJIA aMILUINTYAHBIX 3HaYenu# E, u H  cToAYeid BOJIHEL

E,\Jego =H,, Jup,. (2.19)

§ 2.4. OHeprua 3JeKTPOMArHHTHOM BOJIHBI

C ajexTpoMarHUTHOHN BOJIHOH cBA3aH nepeHoc sHepruu. Ilmor-
HOCTH IIOTOKa DHEPrHH MOXXKHO HAa¥TH C INOMOIILIO ¢opmyJisl (1.48)
KaK NpPOM3BeJEeHMe ILIOTHOCTH JHEPIMM W HA CKOPOCTH BOJHEL U.

B o6pryHOM MBOTPONHOM cpefie ¢ MPOHUIAEMOCTAMY € M | IJIOT-
HOCTH 3HEPrHuy 3JIeKTPOMATHATHOIO II0JA PaBHA CYMMe ILJIOTHOCTEH
3HEPTHH 3JEKTPUYECKOT0 M MarHHATHOI'O MOJeH:

_eeoE’ o H’
2 2

(2.20)

B nanHo# cpene cnpaseauBo coorHowmenue (2.14) mexxgy E u H,
a 9TO 03HAYaeT, YTO IIOTHOCTDb 3JIEKTPHYECKOHN 9Hepruu B Oerymien
BOJIHE PaBHa ILUIOTHOCTH MArsuTHOM sHepruu. Ilostomy (2.20) Mox-
HO 3aIMcaTh Tak:

w=te,E? = Jegqup, EH = EH/v, (2.21)

roe v — CKOpPOCTHL BOJHEL, (2.7).
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YMHOXXUB W Ha U, NOJYYHM IUIOTHOCTb IIOTOKA DHEPIUH:
S =wv =EH. (2.22)

Bekrops: E 1 H B3auMHO OPTOrOHaJBbHLI X 06pasyioT ¢ Hanpas-
JIeHHEM PpAacIpoCTpaHeHHus BOJHBLI IIPABOBHUHTOBYIO CHCTEMY. 3Ha-
yuT, HanpasaeHue Bekropa [EH] coBnagaer ¢ Hanpasienuem nepe-
HOCa DHEPTHH, a MOJIYJb 5TOTO BeKTropa paBeH EH. IlosToMy Bek-
TOp IUIOTHOCTH TIOTOKA 3JEKTPOMATHUTHOHR 3Heprum S MOXKHO
PeCTaBHTh KakK

(2.23)

Bekrop S HasbiBaoT gexmopom Iloinmunea.
B cunydae Oeryieii rapMOHWYECKON 2JIEKTPOMATHMTHON BOJHBI
(2.16) nmorHocTh sHeprum, coryiacuo (2.21), pasHa

2 2
w=¢gg, E, cos*(nt —kx).
IInoTHOCTE JKe IIOTOKa 9HEepPrHHM, Kax cJenyer us (2.22),

S =wv = m Ei COSZ((Dt "kx): (2.24)

TAE YUTEHO, YTO CKOPOCTh V ompefensercs dopmysoi (2.7).

HMaTeHCcHBHOCTL [ Takoil BOJIHBI paBHa, II0 ONpPeAesieHUI0, Cpel-
HeMy 3HAUYeHUIO IJIOTHOCTH HNOToKa aHepruu: I =<S). I[Ipunumasn Bo
BHUMAaHHe, 4TO Upy ycpenuenuu (2.24) cpepgsee 3HaueHue KBajpa-
Ta KOCHMHYca pasHo 1/2, moayuyum

I =\fego/un, E./2. (2.25)

O6paruM BHuMMAaHue, 4To I IIPOIIOPIMOHAJIPHO KBajpaTy aMIJIMTY-
2
ael, I oo E_ .

Ilpumep. B BakyyMe pacrpoCTPaHAETCS IIJIOCKAsA rapMOHUYeCKas JUHEHHO
HONAPH30BAHHASA 9JEKTPOMATHUTHAA BOJIHA 4YacTOTHl ©. WAHTEH-
CHMBHOCTh BOJHBI paBHa I. Haiizem aMIIuTyjHOe 3HAYeHHe IJIOT-
HOCTH TOKa CMEILIeHMSA B 9TOIl BOJHE.

Ilo ompepeneHuio, IVIOTHOCTR TOKa CMelleHus j, = 0D/0t, rae
D = ¢g,E. Ilycts E = E cos(wt — kx), Toraga aMIOIUTyZHOe 3Ha4e-
HHE ILJIOTHOCTH TOKA CMEINeHMSHA ., ... = E®E. Ocraerca HaTu
E,_. Oro penaercs ¢ momomiepio (opmynsr (2.25):
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E, =2Iu,/5,,

¥ MBI HONYYHM H3 IPEeALIAYIINX ABYX (POPMYJ, UTO

jCll MBKC = mvzsoI/c’
rae ¢ = 1/\/gghq.

B crosdeit a1eKTPOMAarHUTHOH BOJIHE SHEPrus IIEPEXONUT M3 YHC-
TO JJIEKTPHUUYECKOM, HMeIoIllell MakCHMMyMBI B ny4yHocTaAx E, B Mar-
HUTHYIO C MAKCUMYMaMH B y4HOCTAX BekTopa H, T. e. cCMeilleHHbIM
B IIPOCTPAHCTBE Ha A/4. ITO aHAJIOrNYHO NIOBEAEHUIO FaPMOHNYECKO-
ro OCHMJINIATOPA, HaIpHMep MaTeMaTHYeCKOro MadATHHKA, Ile dHep-
A NePeXOAUT 13 YNCTO NOTEHIUANLHON (B KpailHeM NOJOKEHNHK) B
KUHETHYECKYIO (B NIOJIO’KEHMH paBHOBeCHs), ¥ HaoGODOT.

OTrMeTHM, YTO eC/I¥ BOJIHA HpeACTaBAAET COBOH HaJIo)KeHMe OBYX
feryiqux BOJIH CO B3aMMHO IePIEeHAUKYVIAPHBIMH IIJIOCKOCTSMH IIO-
aapusanuy (HampasieHueM Kosebannii Bektopa E), To ee uHTEHCHB-
HOCTBh He3aBHCHMO 0T ocobeHHOcTe# aTHX BOJIH OyZeT paBHa cymMMe
HHTEHCUBHOCTeH CKJIafbIBaeMbIX BONH. llelicTBuTentho, E = E,+E,,
a mHTeHCHBHOCTD I co(E® = (B} + 2E,E, + EJ. ITockonbky E; 1 E,,
cxanaproe npousseferue E\E, = 0, u mp1 umeem [ = I, +1,.

§ 2.5. HMnyasc 3JeKTPOMAarHMTHON BOJIHBI

ITepenoc sHeprum 3J1eKTPOMAarHUTHOMN BOJHOH CONPOBOXKAAETCHA U
nepeHocoM MMIyabca. CornacHo TeOPUH OTHOCUTEILHOCTH, MMIIYJIbC
o0BeKTa C HYJIEBOH MacCOH NOKOA, BIXKYILUErocsa CO CKOPOCTBHIO CBe-
ta, p = W/c, rae W — ero sHeprus (3T0 I0-CYLIECTBY BepHO M A1dA
5JIEKTPOMArHWTHON BOJIHBL KaK II0TOKY ¢oToHOB). IlockoneKy B ciy-
Yae OJIEKTPOMArHMTHON BOJIHBl Macca IOKOS <«oGbeKTa» paBHa
HYJI0, CBA3b MEXAY JHEeprueil M MMINYJbCcOM OyAeT TakoH xe:

p=w/c, (2.26)

rje p 4 W — NJAOMHOCMU VMIYJAbCAa VI 9HEPTUHA, T. €. BEAHYUHDI,
OTHeCeHHbIE K efAuHUIle 06'beMa. YMHOKUB YHUCIUTENb U 3HAMeHa-
TeJb IpaBod yacTH paBeHCTBa (2.26) Ha ¢, IOAIYYUM B UHNCJIHTENE,
coryacHo (2.22), nIoTHOCTL NOTOKA 9Hepruu (wc), KoTopas B CBOIO
ouepend paBHa moxyiaio Bekropa Iloitatuura. Taxum ob6pasom, B
BEeKTOPHOM BHJE

p = [EH]/c2. (2.27)
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Ecay nagarmomas HOPMAJIBHO HA IIOBEPXHOCTbL HEKOTOPOro Tesa
3JIEKTPOMATHHTHAA BOJHA IIOJHOCTLIO MOTJIOIIAETCA 3THM TEJOM, TO
eqUHMIE IUIOUIAY IOBEPXHOCTH TeJia coobIaeTcs 3a IPOMEXYTOK
BpeMeHy dt UMIIYJbC, 3aKJIIOUEHHLIN B IMINHApPE C NJIOLIaABIO ceve-
HUA, PaBHOH eguHMIE, M BhICOTOH cdt, T. e. dp = (w/c)edt. Ho um-
nyJsC, COOOIIaeMblii €AHHHUIE IOBEPXHOCTH B €QUHUIY BpPEeMeEHH,
dp/dt, pasen gaBaeHmIO p* Ha IOBEPXHOCThL Tesa. IlosTOMYy ANA HO-
ryomatonieil NOBePXHOCTH JaBiaeHue p° = w, H/m2. B cryaae rapmo-
HUYeCKOH BOJIHBI 3TA BeAWYHHA IYJIBCUPYET C JOCTATOYHO GOJIBIION
YacToTOH, M IpAKTHYECKH IPEICTABJAeT MHTepec JIMIID ee¢ CpegHee
3HAYEHME II0 BPeMeHM:

p* = . (2.28)

[Ona uAeanbHO OTPasKalolel HmOBEpXHOCTH AaBieHMe GymeT B ABa
pasa Goisbiue.

Paccmorprm Gonee neralbHO MEXaHU3M Iepefayyd HMIIYJIbCa
Texy, T. €. KaK BOSHHKAaeT AaBjieHHe. JJEeKTPUIECKOe II0Je BOJIHBI
BO30y’KHaeT B Tejle TOK WIOTHOCTH j = oE, a MarauTHOe IIoje BOJ-
HbI GyReT AeficTBOBATH Ha j B COOTBETCTBHMY C 3aKOHOM AMnepa — ¢
cuiioil, of6BeMHAA IUIOTHOCTH KOTOpPOH paBHA

F, =[iB]l=0c[EB} (2.29)

OTKyga ciaenyer, 4YTO CHJia Halnpap/ieHa B CTOPOHY pacnpocCTpaHe-
HHA BOJHEI.

Hago mMers B BHAY, UTO SJEKTPOMAarHWTHAS BOJHA OKa3biBAET
JABJIeHNEe He TOJIbKO BHYTPH Bemlectsa (IpM YC/IOBMH, YTO YielbHAA
nposogumocTs ¢ # 0), HO ¥ IPH OTPa’KeHUM OT IOBEPXHOCTH, TAX YTO

p* =w(1 + R), (2.30)

rae R — koo GUIMEeHT OTPAXKEHH, T. €. OTHOMIEHNEe MHTEHCHBHO-
CTH OTPa’keHHOM BOJHBI K WHTEHCHUBHOCTH ITafaloIneH.

Hasmenne, BruncieHHoe mo dopmyise (2.28), okaspiBaeTcsa B
OOBIUHBIX yCIOBHAX odeHb ManbiM. Hanpumep, conHeuHBIH cBer
oKaspiBaeT Aamienme mopsagka 1079 Ila (armochepHoe naBierme
= 105 IIa). MaMepuTh Takoe AaBJeHHe 3KCIePHMEHTAIBHO OYEHB
TpynHo. Briepsrie ato ynanocs II. H. JleGegery (8 1900 r.). Ero us-
MepeHHA fajy 3Ha4YeHWe, COIVIACYIOLIeecA C TeOPHeH ¢ TOYHOCTHIO
o 20% . Iosgnee st uaMepeHusa noBropmi I'epaax (8 1923 r.),
OOCTHIHYB TOYHOCTH 10 2%.
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Tor ¢arT, YTO 2JeKTPOMAIHUTHOE I10Jjle 00JIajaeT MMIIYJIbCOM,
IIpeAnychIBaeT NPU COCTABICHUM OajaHca MMIIYJIbCOB YACTHL, YUU-
TBIBATh ¥ MMNYJILC 3JIEKTPOMATHUTHOrO noJid. TonbKo IIpu aToM ¢
3aKOHOM COXpaHeHWs UMIyJbca GymeT Bce B IOpAJKe.

§ 2.6. 9ddexr Jdonnepa AJIA 3JEKTPOMArHHTHBIX
BOJIH

PaccmorpenHoe B § 1.6 maMeHeHMe YacTOTHI 3BYKOBBIX CHTHa-
0B, ob6yciosiennoe sddexrom Hounepa, onpezeaderca CKOPOCTA-
MH JBUXKEHUA UCTOYHHKA M HPUEMHUKA OMHOCUMENLbHO cpedbt, SB-
agwouleicas HOCHTeNeM 3BYKOBBIX BOJIH., s 3JIeKTPOMATIHMTHBIX
JKe BOJIH 0co0GOH cpefbl, KOTOpadA CAYKKJIa OBl MX HOCHTEJIEM, HET.
ITosromy momnepoBcKoe cMellleHHMe YACTOTHI 3JIEeKTPOMarHHTHBIX
BOJIH (CHUT'HAJIOB) OnpefesiAeTcAd TOJBKO CKOPOCTBHIO MCTOYHHKA OmM-
HOCUMEAbHO NPUEMHUKA.

IIycrs B K-cucreMe orcuera HAXOZUTCA HENOABHXKHBIN HpHUeM-
HEK P (puc. 2.5). K Hemy ¢ pensiTUBUCTCKOM CKOPOCTHIO U NIPUOIN-
JKaeTcs S — HCTOYHHK INEePUOTHYECKHX 2JeKTPOMATHUTHBIX (MIH
CBeTOBBIX) cUTHa/I0B. B K'-cucteMe oTcuera, CBA3AHHONA C UCTOYHH-
KOM, CHTHaJIBI HCIYCKalOTCA C 4acToToi v, (cobcTBeHHaA gacroTa).
Haiizem gacrory v, ¢ KOTOPOI BOCHPUMHEHMAIOTCS 3TH CUTHAJbBI IPH-
eMHHKOM.

K| K

7 7 7 /Y
Puc. 2.5

IIpomerxyToK BpeMeHH MeXKIy LBYMS IIOCJIeNOBaTeJbHBIMHU CHTI-
"Hajzamu (umnyiascamu) B K'-cucTeme, CBASAHHOH C HMCTOYHUKOM,
paser T; =1/v,. IIoCKOIBbKY MCTOYHHK JBHXKETCA CO CKOPOCTHIO U,
TO COOTBETCTBYIOIIMM NpOMeKyTOK BpeMeHM B K-cucreMme, corjac-
HO «3(deKTy 3amMeIeHHA X0/a ABHKYIHUXCA YacoB», Oyger Gomb-
e, a HUMeHHO

T =T,/J1-B*, B=v/e. (2.31)
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Paccrosiare MesXKAy COCeIHHMH MMIIyJbcaMH B K-cucreme

A=cT —vT =(c - v)T, /{1 - B°. (2.32)

IlosToMy BOCHpHMHHMaeMas IPUEMHMKOM dYacToTa v =c¢/A, WIH

J1-p° (2.33)

V=vy ——— .

1-v/c

Ecnn ucrounuk npubinmkaercsa (Kax B HAllleM clydae), TO v >V,
eCJIH e YAaJIgeTCs, TO V <V, (B 9TOM CJIy4dae 3HAK IiepeJ U MeHAeT-
cA Ha NIPOTHBONOIOKHBINA). Ilonyduennas dopmyna (2.33) coorser-
CTBYeT npodonvrHomy 3pgexmy Jonaepa.

Kax BuasHo u3 HIpuBeNeHHOTO BHIBOZA, 3dpdext Homiepa mis
3JIEKTPOMATHHUTHBIX BOJIH ABJIAETCA CIEACTBHEM ABYX SABJeHHUH: 3a-
MeJIeHUS Xo4a ABHIKYIIINXCH YacoB (KOpeHDb B YHUCJIUTEEe MOCHes-
Helt GOPMYIBI) B «YIIOTHEHUA» (UK DPA3PAMKEHHA) UMIYJIBLCOB,
CBA3aHHOTO ¢ U3MEHEHHEM PACCTOAHUA MEXAY HCTOYHHKOM M IpH-
eMHHUKOM — 3TO YYTEeHO B IIePBOM paBeHCTBe (opmyJsl (2.32).

v

P

X

Puc. 2.6

Paccmorpum u 60nee ob6muii cayuait: B K-cucreme HCTOYHHK S
ABMJKETCSA CO CKOPOCTBIO V, COCTaBJIAIOUIEN yroJ o C JMHHEH Ha-
onogenus (puc. 2.6). B aroM ciyuae B dopmyite (2.33) cienyer sa-
MEeHHMTb U Ha U, =UCOSa, Ie U, — IPOeKLuA BeKTopa v Ha ock X,
HOJIOKHTeJbHOE HallpaBJieHHe KOoTopo# B3ATO or S Kk P. Torpa

V=v, . (2.34)

B nponecce ABHMIKEHHA HCTOYHMKA S HPOEKIUS CKOPOCTH U,
BoOGIIe roBOpA, MeHseTCA, TIO3TOMY HeoOXOZUMO YUecTs apperxm
3ana3zdvieanua. BocupuHuMaemMasa NpueMHUKOM P yactora v B MO-
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MeHT ¢ Gyger obycioBJieHa CUrHajJaM¥, UCIHYIUEHHBIMYU UCTOYHH-
koM S B mpeamecTByOIuil MoMeHT t' =t —1/c, rpe I — paccros-
HHe OT MCTO4YHHKa S g0 P B MomenT t'. [losTomy 3HadYenune v, HaJO
6par, B mMomenT t'. MTak, uacrtore ¥(t) cooTBeTCTBYET U,(f').

B oranmume ot akycruueckoro addexta Homnepa, npu o = 90
(v, = 0) nabmopaerca nonepeunviii sQgpexm onaepa:

v =v,4/1-p%, (2.35)

NIPH KOTOPOM BOCIpMHMMAaeMas IPHUEMHHUKOM 4aCTOTa OKa3kIBaeTCAa
BCerfa MeHbIlle cCOGCTBEHHOM YaCTOTHI HCTOYHHMKA: ¥ <V, . [lonepeu-
HBI1 3dh@deKkT ABIAETCH NPAMBIM CJeACTBHUEM 3aMeJeHHA XOfa
OBYKYIUKUXCSA 4acoB. ITOT adeKT 3HAYUTEABHO ciaabee IIPOKOABHO-
ro: OH 3aBHCHT OT V/C He B IepBOi CTelleHH, a BO BTOPOil, T. €. AB-
AseTcA KBAAPATHYHBIM OTHOcHTensHO v/c. IlosToMy skcrepuMeHn-
TaJbHO €TI0 MOXXHO HabJofaTh, NPOBOAS M3MEPEHUs NepIeHIUKY-
JAPHO, HalpUMep, NYYKY H3JIydalolNX aTOMOB, HMEIOILeMY OUYeHb
MAaJIBIF YroJ PacxomuMOCTH (YTOGBI NPAKTHYECKH MCKJIIOYNTH IPO-
JONBHBIA 3bderT).

B HepenATUBHCTCKOM cay4ae, KOrga v « ¢, smecto (2.31) MoskHO
cunTath, uro T = T, noaTomy Qpopmya (2.34) e 6ymer comepxaTs
KOPHA ,/1 —[32, ¥ TOrAA BOCNpHMHMMAaeMas 4acToTa

v=v,/-v,/c)=v,(1+0v,/c) (2.36)
Orcioga oTHOCHTEIBLHOE M3MEHeHMe 4acToTul (v —v,)/v, paBHO
Aviv =v, /e (2.37)

Ilpn v, >0 (mcrounux npubamxkaercsa) Av/v >0, ecau xe v, <0
(ucTounnk ynanserca), To Av/v <0. Ilpn v, =0 u Av/v =0.
Oddexr Jonnepa HallleJi MHOTOUHNC/IEHHbIE TIPAKTHYECKHE HPH-
MeHeHusI. C ero NOMOUbIO OINPEREIAIOT, HANIPHMED, CKOPOCTh M3JY-
YaloNniuX aTOMOB B OyUKe, YIVIOBYIO CKOpOCTh Bpawnenus Conrana. Ha
sddexTe lonysepa OCHOBAHB! PagHOJOKAIMOHHBIE METOALI H3Mepe-
HUA CKOPOCTH CaMoOJIeTOB, pakeT, aBToMaiumH M Ap. MMenno aror
3¢heKT NO3BONUI OTKPHITH ABOMHEIE 3Be34LI (CHCTEMBI, COCTOAIHE
M3 ABYX 3Be3]], OBMIKYIMXCS BOKPYyr obiero meHETpa macc) — 06b-
€KTBI, KOTOphle HEBO3MOJKHO paspelliuTh HaXe CAMBIMHM MOINHBIMH
Teseckonamu. C momorusio addexra Honnepa Xa66u (1929 r.) obxa-
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PY>KUN ABJEHVE, HA3BAHHOE KOCMOJOIXYECKUM KPACHBLIM CMEIEHH-
€M: JINHUH B CIIeKTpe M3Jy4eHUs BHerajlaKTHYECKHMX O0'BLEKTOB CMe-
LIeHbI B CTOPOHY OOJBIIMX AJHH BOJH, T. €. B KPACHOBOJHOBYIO
yacThb crieKTpa. OHO CBHIETEJILCTBYET O TOM, YTO BHEraJaKTHUYECKHE
06BeKTH YAANAIOTCA OT Hawleil I'alaKTHKHU CO CKOPOCTSIMH, IIPOMOp-
IMOHAJILHBIMM DACCTOAHMIO A0 HHUX.

PaccMmoTpuM B 3aKJIIOUeHMWEe JBa NpHMepPa Ha IpHUMeHeHHe 3d-
tdekra Jomiepa. Ho npeaBapurensHo npeobpasyem ¢opmyay (2.37)
OT YJacTOT XK AJAuHaM BoaH. Yacrora v =c/A, OTCIOAA MaJjioe Ipupa-
LeHe HacTOThI Av =—(c/x2) AM. IlopcraBuB obGe >T HOpPMYJIBl B
(2.37), nmoxyuum

AL

=_Ls -—vcosa 37"
X p , (2.37")

4

rge o — yroJg Mexxay CKOPOCTBIO V H HalpaBJIeHNeM Haﬁmoaemm.

ITpumep 1. OgHa M3 CneKTPaJbHEIX JHHUH, MCOYCKAeMBIX BO3OYXK/AEHHHI-
mu pouamu He' B cocTosHMHM mOKoA, MMeeT AMHHY BOJHBI A.
Eciau aty auHu0 HabaoaTh I0J YIVIOM O K NYYKY AaHHBIX
HMOHOB, TO 00HAPY>XUBaeTCA ee AOILJIEPOBCKOe CMelleHne Al <0,
npuueM |AA|« L. Ompeaenum CKOPOCTh HOHOB B IyuKe.

Tax Kak |AA|« A, TO 3TO 3HAYHUT, YTO HOHEI ABHKYTCA C Hepe-
JISITUBACTCKOX CKODOCTBHIO M CIpPAaBeAJIMBO COOTHONIEHHE
(2.37°). Ycaosue xe AL <0 osnauaer coryacuo (2.37'), 4ro
cosa >0, T. e. yroa o < w2, MckoMas cxopocTh

_clay
Lcosa

IIpumep 2. IIpu BabnofeHuH crHeKTpanxbHOH JuHuu A = 0,01 MkM B Ha-
npaBJeHHAX Ha MPOTHUBOIOJI0KHBIe KPAasA COJHEYHOr0 AUCKA Ha
ero 9KBATOpe OOHAPYKMJIM pasiuy¥e B [AJAMHAX BOJH Ha
61 = 8,0 nm. Hadizem nepuos T Bpamenus: ConHa BOKPYT co6-
CTBEHHO# OCH.

Tak Kaxk JaHHBIE Kpad AucKa ABMKYTCA IpH BpameHuu CosH-
1A B IIPOTUBONOJ/KHBEIX HANPABJIEHHAX C OAHMHAKOBOH CKOPO-
CTBIO U, TO JOILIEPOBCKOE CMelmeHue 3Toi nuHNK GyAeT oxuHA-
KOBO II0 MOAYJIO, HO IIDOTHBOIIOJOXKHO 1O 3HaKy. Ilostomy
CYMMAPHAA PA3HOCTh CMELUEeHHBIX JJINH BOJIH PaBHA YABOEHHO-
MY [JOILUIEPOBCKOMY CMEUIeHHIO:
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8 _ov _,0R _22nR
A ¢ ¢ c T '
rae ® — yroBas ckopocts ConHua, B — ero paguyc
(=7-10° m).
Orciofa caegyer, uto mepmoj Bpaugenns Conxna
T = AnRh = 25 cyT.
cdh

§ 2.7. H3nyuenne aumoJs

Bos3byxheHne sMeKTPOMATHUTHBIX BOJIH Kako#-inubo cucTemon
HASBLIBAIOT H3JyYEHMEeM 9THX BOJH, & caMy CHCTeMY — H3JIydaio-
mieit cucremoil. [losie 3IeKTPOMArHHUTHOH BOJIHEBI Ha3bIBAIOT IIOJEM
U3JIYyYEeHHd.

CorsiacHoO HpeACTABICHUAM KJIACCHUECKON 2JIeKTPOLUHAMMKHU
9JIEKTPOMArHUTHBIE BOJHBI B BaKyyMe BO30YXKAAIOTCA 3JIEKTDHUE-
CKHUMH 3apajgaMu, ABHKYUIMMUCS ¢ ycKopeHueM. Ilpocrefime# us-
JyyYaiounieil CHUCTeMOM SBJAETCA OCUMJIMPYIONINHA 3JEeKTPHUYEeCKHH
JVIIOJIB, MOMEHT P KOTOPOTO M3MEHAETCA C TeYeHHeM BPeMeHH, —
InemeHnmapHbuLiL 8ubpamop.

Ecnu usnydaipolnas cUcTeMa dJIeKTpOHeHTpajbRa, a ee pasMepsl
MaJibl IO CPAaBHEHUIO C QJIMHOM A M3JIyyaeMbIX BOJIH, TO B TOYKaX,
OTCTOAIIMX OT CHCTeMBl Ha PacCTOAHUAX I'» A — B TaK Ha3bIBae-
MOH 80.2H080IL 30He, — II0JIe U3AYYEHUA OJH3KO K IIOJIO H3JIy'e-
HUSA OCIHMJLIATOPR, UMEIOIIEero TAKOH JKe 3JeKTPUYEeCKHH MOMEHT,
Kax ¥ BcA M3JNYyYaloIas cHUCTeMa.

PaccMoTpyuM HEKOTODBLIE 3aKOHOMEPHOCTH H3JIYYeHUS JIMHEHHO-
I'o rapMOHHMYECKOT0 OCHMIIIATOPA — 3JIEeKTPHUYECKOro AUIIONS, Pas-
Mep KoToporo [ « A, a MOMEHT P M3MeHAeTCA BO BpeMeHH II0 3aKO-

Hy
p =P, cos ot, (2.38)

rfe p,, — aMIUINTYZHOe 3HaueHHe p. Bce janbreimee OTHOCUTCA K
BAKYYMY, Ile JJINHA BOJIHBI A H3JYIeHHA CBA3aHa ¢ J9acToToi o co-
OTHOIIeHHEM A =27n¢/®.

HanioMHEEM, 3JIeKTPHYECKOE II0Jie OCTOAHHOI'0 SUIOJA cIlafaer
Ip¥ yIaJeHuy oT Hero 1o 3akoBy E co 1/r%, B cryuae ke ociuiiv-
pyiomero aunoas nejio obcrour mHave. B HemocpejgcTBeHHON 6iui-
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30CTH OT QUNOJA KapTHHA 3JIeKTPOMATHUTHOI'O IOJIA OYEHb CJIOMK-
Ha. OHa CMJIBHO yIpolllaeTcs B BOJIHOBOM 30HE: GhICTpO cniagaiomee
CTATHYECKOE I0JIe IPaKTHYeCKH HMcUYe3aeT M OCTAETCH TOJBKO IIojie
HU3JIYYeHHUs OT OCHMUIMPYIONIMX 3apAXOB — pacxoAsuasics chepu-
yecKasi BOJIHA ¢ TOM »Ke 4acTOTOM, 4TO M y ocumjiATOopa. AMILIHTY-
& BOJIHBI (3TO AOKAa3LIBAETCH B 3JEKTPOAMHaAMMKE) YMEHbIIACTCH C
POCTOM PaCCTOAHHA I OT AUIONS KaK

E, o H, c > sin, (2.39)
r

rge § — yroJa MexxAy OCbIO QHUIIOJS U Pagd-
yC-BEKTOPOM I TOYKH, rje Habaofaercd
nosne (puc. 2.7). A3 3TOro pucyHKa BHIHO,
uyTo BeKTOp E B Kakao# TOUKe BOJHOBOM
30HEBI HAIIpaBJIeH 110 KacaTeJbHON K MepHUaH-
aHy, a Bektop H — 1o KacarenpHOH K na-
pajiiend, IPHYEM TaK, UTO B KaXKABIH MO-
meHT BeKTOpsl E m H cocrasasror npasyio

Tpoitky ¢ BexTopoMm IloiinTuara S = [EH]. Puc. 2.7
@DakT CYLIECTBOBaAHUSA DIEKTPOMArHUTHOIO IOJd, aAMIJINTyAa
KOTOpOro y6niBaeT C paccTosHNEM Kak 1/r, — noasa A3aydYeHus —

BecbMa BakeH. Hanuuue MMEeHHO TaKOro IOJIA TO3BOJIAET OCYILeCT-
BJIATL Iepefadn Ha GonblIMe DPACCTOAHUA, BU/IETH 3BE3MbI.

VHTeHCHBHOCTE 2/IEKTPOMATHUTHOM BOJIHBI, T. €. CPEeJIHee 3Haye-
HHe IUIOTHOCTH IIOTOKA 3Hepru# (S), IPOnopIHOHAILHO IPOH3Bese-
muo E H,, snaumt, coraacuo (2.39),

I=(S) o sin’s. (2.40)
=

3aBucumocTts [(9) HarasgHO M306parkaloT ¢ NOMOMIbIO Juazpammol
HANpagleHHOCMU  H3JNYy4YeHUs  AUIOJA

(puc. 2.8). 3necy gauna orpeska O0', or- ‘ 0
CeKaeMoro Ha Jiyde Ioj yrjaom 3, faeT HH- |

TEHCHBHOCTD M3JIYUYEHHS IO 9TUM YIJIOM. 0

BHAHO, YTO MaKCHMyM HaaydeHHa mpo- U
VCXOOUT B 3KBATOPHaJIBLHON IJIOCKOCTH

(8 =n/2), a BROJL ocu (8 = 0) gunosb He
HM3Jy4aeT COBCEM — 3TO BAYKHLIA BLIBOA. i

Pnc. 2.8
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Kax moxasniBaer Teopus, MOIIJHOCTb M3JydeHudA P gumoJs, T. e.
SHepPrus, H3jJyyaeMasi B eJUHNILY BPEMEHH [0 BCeM HAIpPaBJeHHIM,
IIPONOPLMOHAJbHA KBAAPATY BTOPOM IIPOU3BOSHOM AWIOJIBHOTO MO-
MeHTa HO BPEMEHH M onpejesdeTcs (PpopmyJoiu

P=ap®, (2.41)

rae o =p,/6ne (CH) mu 2/c® (CI'C). 3naa 3aBuCHMOCTB P OT t,
dopmyna (2.38), noxyumm:

P= cm"p,z,l cos’ wt. (2.42)

C.rxenosa’renbno, CpenHAsA 110 BpeMEeHH MOIIHOCTD N3NYUYeHHA JUIIONA

P =(a/2)0"p}. (2.43)

ITO BaKHBIH pe3yJbTar: CPeAHAd MOITHOCTh H3JAYUECHUA ocm{'mm-
pyoulero AUNOJA 3aBHMCHT OT KBajgpara ero aMIlJIATyAbl M O4YEHb
CHJILHO OT 4acToTsl (Kak w*). Orciona ciexyeT, 4To, HaIpHMep, pa-
OUOCTAHIIMM HOJIXKHBI MCHONAL30BATH BBICOKHME YaCTOTBI, a H3JIyYe-
HHe JUHUH Nepefad NEepeMeHHOTI'0 TOKAa IPOMBIIIJIEHHOM YacTOTHI
OKal3plBaeTca HE3HAUNTEeJIbHbBIM.

Dopmyaa (2.41) cnpaBefnuBa TakyKe LA W3JIy4YeHHUA 3apsAfa (¢,
ABYKYIIErocs YCKOpeHHo. B caMoM fese, JUIOJIBHBIN MOMEHT MOXK-
HO HpeACcTaBuTh Tak: p=¢ql=¢(r, —Tr.), rgje r, ¥ r_ — pajuy-
CHI-BEKTODH! 3apAfoB ¢ u —¢q. Orcioza

P=q(f-F)=qla-a),

U ecM 3apsaj, Hanmpumep ¢, IOKOUTCH, a ABHXKETCH TOJBKO 3apsp,
-g, TO

p=-qa_.

Ilocsie moACcTaHOBKY 9TOr0 BripasKeHuU B dopMyny (2.41) Haitimem:

(2.44)

rAe o — TOT ke KoadduiuedT, yro ¥ B popmye (2.41).
Jro 3HaMeHHTad QopMyJa AJIT MOIGHOCTH H3JNYYeHUS 3apsaja,
ABIDKYIIETrocss C ycKopeHMem. Wupgexchr ¢ ¥ ' IIOKa3bBIBAIOT, |TO
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MOIIJHOCT, P B MOMEHT ¢ oIIpefeJifieTca YCKOPeHHeM 3apafa, Koropoe
oH umeer B Oosiee paHHMiT MoMeHT ' =t —l/c (addeKkT 3anassanIsa-
Hus). U eme, dopmyna (2.44), Kak ciaefyer U3 TEOpHH, CIpaBeLJINBa
JHIIb AJ5 3aPAJ0B, ABMIKYIIMXCS C MAIBIMM CKOPOCTAMH (U « ¢).

B kauecTBe IpuMepa MOXXHO NPHUBECTM 3apsAKeHHbIe YaCTHIH,
ABHKYITHECA B IIUKJIMYECKUX ycKopurensax (6eraTpoHe, MUKJIOTDO-
He ¥ Kp.). 37ech 06Hapy)>KUBaeTCA eCTeCTBEHHBIA Ipefien LA 2HEp-
THH yCKOpAeMOIl JacTHIlbl, KOrja 9Heprus, coolblaeMas 4acTHIE
3a Nepuof, CTAaHOBHUTCA PABHON 9HEPruM M3JIYUYeHHA.

Hpyro#i npuMep — H3JTydeHHe 3JIeKTpOoHa B atoMe. Ilo Kiaccnu-
YeCKMM HIpe/iCTaBICEHUSM 3JeKTPOH B aToMe coBepluaeT koxebanus,
T. e. JBHXKETCA C YCKOpPeHUeM M, 3HaYuT, M3JydaeT. PacueTr moka-
3pIBaeT, YTO BPeMs T, 3a KOTOPOE aMILJIUTya KojeGaHui 2J1eKTpOHA
yMeHbIaeTcA B e pas, nopanka 1078 c. DTo Bpema HasbIBAIOT cpen-
HUM BpeMeHeM >XH3HH Bo30yKeHHOro aToMa, NN BpeMeHeM H3JIy-
yeHuA. TOYHBIA (KBAaHTOBBEIM) pacueT NPHBOAWUT MOPAKTHYECKH K
TOMY Ke 3Ha4eHHIO 3TOr0 BPEMEHH.

Cnenyer oOpaTuTh BHHMaHKe Ha TO, YTO 3apAjl, Kouebomuica
€ YacTOTOH ®, M3JIyYaeT MOHOXPOMAaTHYECKYIO 3JIEKTPOMATHHUTHYIO
BOJIHY C TO# ’Ke 4acTOTOH ®. Ecay e 3apajg IBHKETCA C IPOHU3BO-
JALHBIM YCKOPEHHEM, TO €T0 U3JyueHHe NpeAcTasiseT coboil cnexTp
PasIUYHBIX YaCTOT.

W nocnepgnee, 3apAf, LBHXKYIIHHCA B BaKyyMe C IIOCTOSSHHOM
CKOPOCTbIO, He M3JydaeT. B aToM sierko ybeguTscsi ¥ HeEIOCPeACT-
BeHHO. [locTaTOYHO NepediTH B CHCTEeMY OTCYeTa, rje 3apAf IIOKOMT-
cs (a TaKOM 3apsAj He M3JIYY&EeT) ¥ 3aTEM BOCHOJIb30BATHCHA IIPHHIK-
IIOM OTHOCHTEJBLHOCTH: €CJAY 3TOTO ABJEHUSA (M3JyUYEHUs) HET B OA-
HO¥l cHCTeMe OTcuYeTa, €ro HeT M B APYIHX, O OTHOWLIEHHIO K
KOTODBEIM 3apAf OBHXKETCH .

*  OTO OTHOCHTCS TOJBKO K ABM)KEHHIO B BakyyMe. Ecin xke 3apafg ABHIKETCA C HOCTO-
SAHHOH CKOPOCTBHIO B CpPeJie, TO B CJHyUae, KOrZa ero CKOpocTh NpeBhIMIaeT (pa3oByIo
CKOPOCTb 3JIeKTPOMarEMTHLIX BOJH B 3TOH cpefie, HaGmiofaeTcs usayienue Basu-
aoea—Yepenxoea (cm. Ilpnaoxkenne).
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3agaun

2.1. Mnockas snexkrpomarnurHas BoaHa E = E, cos(wt — kr) pacmpocrpa-
HAercA B Bakyyme. Hafitu Bexrop H kak ¢pyHKIIMIO BpeMeHH B TOUKe C
paguycoM-BeKTOopoM r = 0.

P e m e 5 u e. Hckomsiit sektop H = H,, cos w¢, rae H, moxno Hailtu
u3 ycnosusd, uro sextops! E , H u k cocrasasior npasyio Tpoiiky, oT-
kyna H, TT[KE, ). Kpome Toro, \/g, E,, = JE;HM. Tloatomy H,, = H e,
rre e, — opT Bextopa H,, pasumiit {kE_ ]/RE,, #, clemoBaTeslnHO,
H, =.e,u,E, [kE,,, ]/kE,,,. B peayiabTare NOAYYHM:

H -1 ’—80— [kE,, Jcos ot.
EYu,

2.2. Bekrop IloiinTunra. B Bakyyme pacmpocTpaHAETCs ILIOCKAA 3JEKTPO-
MAarHuTHAad BOJIHA, aMIIUTYAA SJeKTPHYECKONH COCTABNALIER KOTO-
poit pasua E . Haiitu cpejgHioo 3a nepuoj kojaebaHHi NJIOTHOCTS II0-
TOKa JHEePTHH.

P em e ue. Mogyas Bektopa Ilodiatuura, S = EH, ¢ yuetom (2.14)
npumer Bug S = ,/so/uoEf, cos® ot. Orcioga

<S> = e Mo EL/2,

2
IAe NPHHSATO BO BHUMAaHHe, 4To (COS i) = 1/2.

2.3. B Baxkyyme BROJIb ocu X PACIIPOCTPAHAIOTCA ABe ILJIOCKHE 3JIeKTPOMAT-
HHUTHbIE BOJIHBI, 3/1eKTPHMYECKHE COCTABJSIOLINE KOTOPHIX U3MEHSIOT-
ca mo 3akoHy E, = E cos(wot -kx) u E, = E,cos(of ~ kx + ¢). Haiitu
cpegHee 3HaueHUEe IJIOTHOCTH [IOTOKA IHEPIHH.

Pemenue Hcxoagum us coormomenuiit S = EH u (g, = \Ju H.
Otcrioma <) = \Jeg/to<E>, rme B 060t
rouke E° = EX cos’ ot (mauansmas dasa
He cywiecTtBedHa). Haiigem Ef, CoraacHo
BeKTOPHOM (uam (a3oBoil) gmarpamme 3Ta
aMILIUTya BekTopa E sABaserca cymmoil
BekTopoB E,, pasHocTb (a3 MexAy KOTO-
peiMy paBHa @ (puc. 2.9). a3 Teopemst Ko-
CHHYCOB HMeeM E:, =2(1 + cos (p)Ef. B pe-
3yJbTaTe MCKOMAs BEJUYHHA

Sy = \Eit, A + cosQ)ES,

re yYTeHO, 4T0 (cos’ of) = 1/2.
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2.4. B BaKyyMe pacnpoCTPaHAKTCH ABe IJIOCKHE 3JIeKTPOMarHHTHBIE BOJI-

2.5

2.6

HBI, OZHA — BROJb ocu X, Apyras — BAOJb OCH Y:
E, =E,cos(ot ~- kx), E, =E cos(nt - ky),

rae BexTop E; HanpasJsien napaniensHo ocu Z. Halitu cpenHee 3Haue-
HHe IIJOTHOCTH IIOTOKA HEPTHM B TOYKAX ILJIOCKOCTH Y = X.
PeweHue. Bunockoctn y = x Bektoprl E, u E, 6yayr xosebarscsa B
¢dase ¢ ammauryjoit E, = 2E,. Bexrope! sxe H, u H, — roxxe B dase,
HO nox yrjioM n/2 EpYyr K ApPyry, NO3TOMY aMIUINTYAa pe3yJbTHPYIO-
mero Bextopa H, =+2H,, rae H, ceasano c E, coorHowmenuem

HoHy = \/gE . ITosToMy cpesHee 3HaYeHHe IJIOTHOCTH IIOTOKA BHEp-
MY B IIJIOCKOCTH ¥ = X PaBHO

Sy = QE,-HyV2) = \2e,u, EZ,

rge y4TeHo, 4to (cos’ wt) = 1/2.

Croayas sBoana. IlycTs 3jleKkTprUeCcKasi COCTABIIIOIIANA CTOAUEH 3JIeK-
TPOMAarHUTHOHA BOJIHBI uMeeT BUA E, = E, coskx - cos wt. Halitu ¢ mo-
MOIIBI0 ypaBHeHui (2.12) BblpaXkeHWe I MArHUTHOM COCTABJISIO-
mei aTofi BoJHBI H (x,t).

P e wm e v u e. CornacHo BropoMy ypaBHeHHwo (2.12),
OH /0x = - €8,0E /0t = eg,0E , cos kx - sin wt.
IIpounTerpnpoBaB 9TO BBIP&KEHHE IO X, HOJYYUM:
H, = egvE,, sin kx - sin ot + const,

rae v = w/k = 1//egup . Hac mHTEpecyeT TOABKO NepeMeHHOE IOJE,
moaToMy const = 0. YuureiBaa cBase (2.19) mexny amnanrynamu E_
u H,, naigem:

H,=H_ sinkx-sinot,

T. e. H, ©MeeT BHJ TOXe CTOsIYeH BOJHEI, HO CABMHYTOH B IPOCTPaHCT-
Be (110 X) Ha YeTBEPTH BOJIHLI U 110 BDEMEHHU — HA YeTBEPTh IIEPHUOJA.
dddext Jonaepa. Paguosoxarop paboraer Ha yacToTe ¥,. HaiiTu cKo-
POCTh U HpuOJMIKAIOIIeroca caMoJieTa, ecjy 4acToTa GHeHHH Mexay
CUTHAJAMHY IepeJaTy¥Ka M OTPa’KeHHLIMK OT CaMoJeTa paBHa Av (B
MeCcTe DaCIIOJIOKEeHMA JIOKaTopa).

Pewme s ue. 3mecy MBI UMEEM ZeJI0 C HEPEAATHBUCTCKUM d(h(peKToM
Homnnepa. Yacrora curHasnoB, BOCOIPUHUMaeMasd CAMOJIETOM KaK HpH-
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2.7.

2.8,

eMHHKOM, K KOTopomy npubJsikaeTcs jiokaTop, coryacuo (2.36), paB-
Ha

v =v,/(1 ~vfc) = vy(l + v/e),

IIOCKOJBKY U, = V. CHPHaJBI TaKoM JKe YacTOTHI ¥ CaMOJIeT M OTpaXkaeT
— yKe KaK ABHXKYIIHACA UCTOYHHK. [I09TOMY HpHEeMHHK JIOKaTopa
NPUHHEMAET CUTHAIB! ¢ YACTOTOH

v =w(l + vfc) = v, (L + v/e)’ ~ vy (1 + 2v/c).

Yacrora bueHuit Av =v'— v, =2vv/c. OTciona v = cAv/2v,.

C xakoil CKOpPOCTBIO ZOKHa Obinia ObI BUIraThCA aBTOMAIINHA, YTOOBI
KpacHbI# cBeT cBerodopa, A, = 0,70 MKM, BOCIpPHHMMAJCA KakK 3eje-
Hbll, A, = 0,55 MxM (aHexgor o Byze)?

Pew e nu e Cornacuo (2.34), v = vo,/(l +BN1-B), B =v/c

Otcona

_ )’ -1 (/3 -1
W) +1 (/A +1

B pesyasrate Haxomum U =fc ~ 7-10* xm/c!

J¢dexr sanazgpiBapusn. Vicrousuk S, ucnyckamouui sjJeKTpoMar-
HHUTHBIE CHUT'HAJIBI C YAaCTOTOI v, JBMIKETCA C PEJIATHBHUCTCKOI CKOPO-
CTBHIO UV IO [PAMOil, OTCTOALNEeHl Ha HEKOTOpOe PACCTOSAHHE OT HeIlo-
aBrOKHOro Habiogarenss P (puc. 2.10). Haitru yacToTy CUIHANOB, BOC-
NpYHHUMAaeMbIX HabiozareneM B MOMEHT, KOrja:

a) UCTOMHMK OKaxerca B Toyke 0;
6) mabirogatesb YBHAUT ero B Touke 0.

Pemrenue. a)Baror MOMeHT B TOUKY P AO/XKHBI NIPHATH CHTHAJBL,
S 0 HCIYIeHHble MCTOYHUKOM S JieBee TOY-
Sie- ku 0, KOTAa ero CKOPOCTh COCTABJIAIA He-

KOTOPBIH yroi o ¢ npamoit SP. 3tor yron

JOJIKeH YZOBJETBOPATH YCJIOBUIO

cos a. = vt/ct = v/c, rAe T — BpeMA, 3a KO-

I
|
|
1
!
¢

TOpOEe MCTOYHHK M3 TOYKH S KOCTHUIHET
touxku 0. Ba 3T0 e BpeMA CHPHaJbI HO-
Puc. 2.10 cruryt P. Toraa, cornacHo (2.34),

v=vy /1 - p* - 4

=¥ =
°1- (v/c) cosa o

N e

p

=v/c.
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2.9.

6) B aToMm cary4ae 6yAeT HabiogaThCa YUCTO NonepeyHsbiit acddexT Ho-
nnepa: v = vy4/1 - 2.

Hanyuenmwe aunoas. DJAEKTPOMArsMTHAA BOAHA, U3jdydaeMast AUNO-
JieM, pacIpoCTpaHsSeTCA B BaKyyMe TaK, YTO B BOJIHOBOH 30He Ha
Jyde, NePIeHAUKYASPHOM OCH AMIIOAA, Ha PACCTOAHHUM I' OT HETO MH-
TeHCHBHOCTH paBua [,. HaiiTu cpeaHiolo MOIIHOCTs P n3nyueHusa Au-
oJA.

P e m e n u e. IIpexkae Bcero HaiiieM MOLIHOCTh AP HM3JyYeHHA, NIPO-
XOIAUIEr0 Yyeped KOJbLEeBYI0 NoJocKy dS na i

chepe paguyca r (puc. 2.11). Ilnowmazns aToi T
MOJIOCKHM paBHA IIPOM3BEACHHUIO €€ [JIHHBI
2ntr sin 8 Ha mupuHy rdS. YuuTeIBasg, Kpo-
Me Toro, 4ro, coriacHo (2.40), wunrencus-
HOCTBb IOZ YyrJIOM 9 OTHOCHTCH K MHTEHCHUB-
HOCTH TIOZ yraoM § = 90° xak I/I, = sin’9,
3anMIIeM

dP = IdS = I, sin* 8 - 2nr sin 8 r d8.

Puc. 2.11

IlpounTerpupoBas 3To BHpakeHue 1o $ or 0 Ao n, nojayuum:

P = (8n/3)r,.

2.10. IlocToAHHMI IO MOAYJIO 3JIEKTPHYECKM AHIOJAb P BpalfaioT ¢ IIo-

CTOSAHHOM YIJIOBOH CKOPOCTBIO O BOKPYr OCH, NepIeHAMKYJAPHOHR
ocy AMIIOJA M IpoxopsAuleii 4epes ero cepeAuHy. HaiTH MOIIHOCTH
HM3JIyYeHHA TAKOro AHUIIOJA.

Pem e H n e. Cornacro (2.41), Bonpoc CBOAUTCA K ONpEAEJIEHHIO
BTOPO# NMpOM3BOAHOH BeKTOpa p N0 BpemMeHH. 3a BpeMsa d¢ MOAYIB
OpHpaleHuA Beropa p pase |dp| = podt, sHaumr dp = [wpldt 1

P =[wp]} H3 nocaepnero paBeHCTBa BUAHO, YTO IPH BpaljeHWH NO-
CTOAHHOrO N0 MOAYJIO BEKTOPA P €ro NpoM3BOJAHAS IO BpeMeEH P
onpepeyseTcA KaK BEKTOPHOEe NPOM3BeAeHME » Ha BEKTOP P. ITO
CIIpaBEAJINBO AJIs JI060r0 BeKTOpa, B YACTHOCTH U AJA P . Ero npous-
BOZHadA 1o BpeMeHH, T. e. P =[wp]=[w[wp]], uin no Moxymo

= @’ p. Tloc/ie NOACTAHOBKH TOTrO BhIpa)keHHs B (2.41) moayunm
| Y

P = (Brc)pn’.
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BcrynneHune
v

§ 3.1. CseroBaa BOJIHA

Illkana 3JIEKTPOMarHMTHERIX BOJH. B arom paspgene Gyzer pac-
CMOTpPeH KDPYT ABJEHUH, B OCHOBEe KOTODPBIX JIE2KUT BOJHOBas IPH-
poxa ceBeTa. Pa3in4alOT HECKOJBKO BHAOB 3JIEKTPOMAarHUTHBIX
BOJIH: PajMOBOJIHBI, ONTHUYECKHKI Auana3soH, PEHTTeHOBCKOE U raM-
Ma-usnydeHuna. B pansHeiimeMm Hac 6yaeT MHTepecoBaTh INIABHBIM
o0pa3oM ONTHYECKH IMANA30H AJMHUH BOJH. Ero nmogpasgenqaoT Ha

nHppaKpacHOe H3IYYEeHHE......... A=1mm + 0,76 MkM,
BUIUMOE H3Jy4YeHne (cBerT)....... . A 0,76 +~ 0,40 mMrwMm,
yasTpaduoseToBoe uaayyenue.... A = 0,40 + 0,01 MxmM.

CooTBeTCTByIOIME AJIMHBEI BOJH YKa3aHbl B BakyyMe.

Kpusaa BugnocTH. B BUAMMOM guana3oHe AeliCTBHEe CBeTa Ha
rna3 (CBeTOBOe OINyIeHHMe) BechbMa CHJIBHO 3aBUCHT OT JJIMHBL
BOJIHBI. YyBCTBUTENBHOCTS CPEJHET0 HOPMAJIBHOIO YeJI0BEYECKOT0
rjasa K CBeTY PasHOM JJMHBI BOJIHBI XapaKTepU3YIOT Kpueoil 6ud-
Hocmu (Donee ToOyHOe HazBaHHUE — KPUBAA OMHOCUMENbHOL CneK-
mpanavuoil wygscmeumenvhocmu). Ee rpadux noxasas na puc. 3.1,
rae V, — OTHOCHTe/JbHAA CIeKTpaJbHAaA UyBCTBUTEJbHOCTE. Hau-
0oJiee UYBCTBHUTEJIEH IJIa3 K CBETY C QJIMHOIT BoJHBI 555 HM (3eie-
Hafd yacTh cHexkrpa). Jinda aTo#ft AIMHBI BOJHBI HpPHHATO V, = 1.

W
1,0}
0.8}
0,6}
0,4}
0,2}

0,40 0,50 0,60 0,70 A, MKM
Puc. 3.1
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IIpu ofMHAKOBOM IIOTOKE PHEPI'HH OLEHHBaeMas 3PHUTEJLHO MHTEH-
CHBHOCTL CBeTa APYrUX AJHH BOJH OKa3bIBaeTCA MeHbIIeil. Bue un-
TepBaJa BHAMMBIX AJHH BoJaH V, = 0.

L8 XapaKTepuCTHKY HHTEHCHUBHOCTH CBeTA C YYETOM ero CIIOo-
coGHOCTH BBI3BIBATH 3PUTEJILHOE OLuyuieHHe (UTo ompexnesnseT QyH-
Kiua V,) BBogAT noHaTHe cBeToBoro moroka ®. Ilns NIMHBI BOJIHEI
A CBETOBOM IIOTOK

P =Vo,, (3.1)

rae @, — COOTBETCTBYWOIUH IIOTOK 3Hepruu. PasmepHocTh cBeTO-
BOTO HOTOKA COBIAZAeT C pa3MEPHOCTHIO IIOTOKa 3Hepruu (BT).

Iloxasarens mpeIoOMIeHHA. DJIEKTPOMAarHUTHAA BOJIHA XapaKTe-
pusyerca Bekropamu E u H. TlockonbKy IpakTudecKH Bce AeHcT-
BHA CBETA CBA3AHBI ¢ BeKTOpPOM E, IPHHATO rOBOPUTH O C6emMo80M
sexmope, uMmesa B BUAY BekTop E.

Mojfysp aMIJHTYAB! CBETOBOTO BeKTopa MbI Oyjem o603HadaTh
6ykoBoit A, a nHorza E, .

IloxasaTensb IpeIOMIeHNS 1 HEKOTOPOH CPefbl ONIPEeNeIAIOT KaK

n=c/v, (3.2)

e ¢ — CKOPOCTb CBeTa B BaKyyMe, U — (pasoBasi CKOPOCTL B HaH-
Hoit cpepe. Comocrasienne ¢ dopmynoi (2.7) gaert:

n=ve, (3.3)

YTO CHPABEJJIMBO AJIA MHOJABJIAIONIEr0 GOJBINIMHCTBA IPO3PaYHBIX
BEINeCTB, Y KOTOPBIX U ~ 1.

Ilocnepuasn dopmysa cBA3LIBAET ONTHYECKUE CBOMCTBA BEIECTBA
C eT0 3JIEKTPHIECKHMHU CBOMCTBAMY. 3aMeTHM, YTO £ 3aBHCHUT OT Yac-
TOTBI 9/ICKTPOMArHHTHOH! BOJIHBI. JTUM 00bACHAETCA Jucnepcus cee-
ma, T. e, 3aBUCHMOCTS 71 (WJIM V) OT YacTOTh! (MM AJIUHEI BOJHEI).

Iloxasaresp NpeJIOMIEHHSA 1 XapaKTEePU3YET ONMUYECKYHO
naomuocmsb cpenbl. Cpenly ¢ 601bIIMM IIOKa3aTeleM HPeJOMICHUS
Ha3BIBAIOT ONTHYECKM 60Jiee IIOTHOM.

B BemiecTse gnuua BosxHEL X =v/v =c¢/nv = A/n. Takum obpasom,
IOJIMHAa BOJIHEI CBeTa B CpeJie ¢ [IoKasaTe/leM IpeJIOMJIEHUS n paBHa

N =Nn. (3.4)
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HureHcHBHOCTH BOJHBI. CBETOBYIO BOJHY XapaKTEPH3YIOT UH-
mencuérnocmybio I — 310 MOAYNHL CpPeHEro mo BpeMeHU 3HAYeHH:A
IIIOTHOCTY IIOTOKa 3Hepruu. IINOTHOCTH HMOTOKA 3/J€KTPOMAarHUT-
HOH sHepram ompenendeTcd, KaK MbI y:ke 3HaeM, BekTopom Iloii-
HTHHra S Kak

I=¢» c EpH,. (3.5)

Cornacmo (2.14), H c\n/gEm =nkE,, mosromy dopmyay (3.5)
MOXKHO 3allucaTh TaK:

ITonE, =nA*. (3.6)

JlusuY, opTOroHANLHBIE BOJHOBBIM IIOBEPXHOCTAM, Ha3BIBAYOT
aywamu. Bexrop IloitHTHra Hanpasies B KaXKJOH TOUYKe 1O Kaca-
TeJNbHOM K JIyuy. OTO, OLHAKO, OTHOCHUTCHA TOJBKO K HM30TPOIHLIM
cpesam.

Bugpl cBeToBBIX BOJH. CBETOBBLIE BOJIHBI ABJISIOTCA 3JE€KTPO-
MarHUTHBIMH, [I02TOMY OHH monepeuHs:. OfHako O0GBIYHO OHH He
0o6HapyYKMBaOT aCHMMETPHH OTHOCHTEJIHLHO HAllpaBJIeHUA pacipo-
CTpPaHeHUuA. ITO CBA3AHO C TEM, YTO B CBeTe, HCIYCKAEMOM O0bii-
HbiMU MCTOYHUKAMHU — 3TOT CBET HA3BIBAIOT €CMECMEEHHbIM -—
KonebGaHUA CBETOBOrO BEKTOpPA IIPOMCXOLAT II00YepPeHO B CaMBIX
Pa3HBIX HAIpPAaBJeHUAX, NEePHEHAUKYIAPHBIX HalpaBJIeHHIO pac-
POCTPaHeHHS.

Ilo knaccuyecKMM IPeCTABICHHAM H3JIy4YeHHEe CBeTsAIIerocs
TeJia (rasa) cjaaraeTcsi U3 BOJIH, HCIYCKaeMbIX ero aromaMu. Yismyde-
HHE OTZIeJbHOTO aToMa NpofoJisKaerca mopanka 1078 ¢ u mpexcras-
nsAeT coboi, KaKk TOBODPAT, YY2 60H IPOTHEHHOCTHIO B CPEAHEM IIO-
paaxa 3 m. Msayuus, aToM 4Yepe3 HEKOTOPOe BpeMsi, IPHAA B BO3-
Sy)xaeHHOEe COCTOSHUWE, Hu3aydaer onArs ¥ T. A. OxHoBpemeHHO
HM3JIy4aeT MHOXKeCTBO aTOMOB. JloposkeHHpIle MU I[yTH BOJH, Haja-
rafch APYr Ha Apyra, o6pasyloT KCIYCKaeMylo TeJIOM CBETOBYIO BOJI-
Hy. HanpasneHusa KoyeGaHUP s Ka’KAQOro Lyra OpHUEHTHPOBAHBI
cayuyaiHbIM obpasom. IlosTomy B pesysbTHPYIOIIEi CBETOBOM BOJIHE
KoJieGaHus CBETOBOI'0 BEKTOPA MPOUCXOJAT B Pa3HbIX HAIpaBJIeHHAX
¢ paBHOM BepOATHOCTHIO. JTO HAJO MOHMMATH TaK, UTO IIPH IIPOXOXK-
JeHHH CBETOBOI BOJIHLI Yepe3 HEKOTOPYIO TOUKY KOJieGaHUA CBETOBO-
ro BeKkTopa 6nicTpo M GecriopAaoYHO CMEeHAIT ApyT Apyra. Ho B npe-

3——6327



66 Tnasa 3

fJeax HeKOTOPOro KOPOTKOI'0 BPeMEHU MhI MMe-
eM Jell0 CO CBETOBBbIM BEKTOPOM, HaIlpaBieHHe
KosieDaHMHA KOTOPOI0 COXpaHAeTCH, 3aTeM Ha-
npasJjieHne KoJeGaHMH MeHAeTCA Ha JApyroe u
T. A. Ilpu aroM Mogysib CBETOBOI'O BEKTOpPa OCTa-
eTci HeM3MeHHBIM. YCJIOBHO 3TO H300pasKaioT
Kak Ha puc. 3.2, rge HampaBjeHHe pacIpocrpa-
HEHHUA BOJIHBI NEPIEHJUKYJADHO ILJIOCKOCTH DHCYHKAa.

CseT, B KOTOpPOM HampaBJleHHMe KoJie6aHMIl CBETOBOro BeKTOpa
YHOPALOUEHO KaKHM-Iub60 06pasoM, Ha3bIBAIOT NOJLAPUIOBAHHLLM.
Ecnu kosefaHMA CBETOBOTO BEKTOpa IIPOMCXOLAT TOJBKO B OLHON
IIJIOCKOCTH, CBET HA3bIBAIOT NJAOCKO- (WJIH JUHEUHO-) NOAAPUI0EAH-
HbLM.

Ecau xoxel CBETOBOIO BEKTOPA ONMCBHIBAET 3JUIKIIC, TO TaKOH
CBET Ha3BIBAOT JAAUNMULECKU-NONAPU30EAGHHbIM (B YaCTHOCTH,
MOJIAPU30BAHHBIM IIO KPYTY).

CosgaHye IPUHLAOHAIBHO HOBOIrO HCTOYHUKA CBeTa — Ja3epa —
IO3BOJIHJIO IIOJYHHTDH ILJIOCKO-IIQISPH30BaHHBIN CBET C BBICOKOMH cTe-
MIeHbI0 MOHOXpOMAaTH4YHOCTH. FcCnojgb3oBaHMe TaKOro YMCTOYHUKA
CBeTa CHJIBHO VIIPOCTHJIO 3KCIIePHMEHTAJbHOe pellleHHe MHOTHX BO-
OpOCOB, CBA3AHHBIX C MHTepdepeHuueir, gubpaxiueir U Ip.

Puc. 3.2

§ 3.2. OnekTpoMarHuTHasg BOJIHA
Ha rpaHunle pasgeJa

CooTHOonIeHNsT MeXXY aMILIMTynamu M ¢asamu. BeiscHum, |TO
NIPOMCXOQUT IIPY HANEeHWHM IJIOCKOH 9JIEKTPOMarHUTHOM BOJIHBI Ha
rpaRMIy pasfesia JBYX OJZHOPOAHBIX HM30TPONHBIX HPO3PavYHBIX IU3-
JIEKTPUKOB, MarHUTHas IPOHUIIAEMOCTh KOTOPHIX DaBHA eNUHHIE
(u = 1). 3BecTHO, YTO HIPH 3TOM BO3HHUKAIOT OTPa’KeHHAA M IIPEJIOM-
JieHHas BoJHBL. OrpaHMYMMCS PACCMOTPEHMEM YacTHOT'O, HO IPAKTH-
YecKH BA)KHOIO CJAy4as, KOTAA BONHA IIafaeT HOPMAJALHO Ha TDaHUIY
pasfesia QUBJEKTPHKOB C IIOKA3aTeJIAMH IpPeJOMJIEHHA N, H N,

Ofos3HauuM 9JeKTPUYECKYIO COCTABIAIINYIO B Iafaolleii, oTpa-
JKEeHHOM M NpeJIOMJIEHHON BoJiHax coorsBercTBeHHO yepes E, B u E”,
a MarsuTHyIO cocTaBiasomyo — uyepes H, H u H". U3 coobpaxke-
HUHA CUMMeTpPUM SICHO, 4TO KoseGanus sextropos E, E' u E” npowuc-
XOJAT B OAHOH IVIOCKOCTH. ITO YK€ OTHOCUTCA U K BekTopam H, H 1
H". Ha puc. 3.3 mokasaHBI OTHOCHTEJbHOE DACIIOJIOMKEHHe 3THX
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BEKTOPOB B HETIOCDe/CTBeHHOH Bu-
30CTH OT TpaHUIBI pasjesia ¥ Ha-
IPaBJIeHUA PACIPOCTPAHEHUA BCEX
TPeX BOJIH, 0603HaYeHHbIe BEKTOpA-
mu k, k' u k. Janpueitinnii pacuer
[IOKayKeT, HACKOJBKO 3Ta KapTHHA
COOTBETCTBYET HeiICTBUTENIBHOCTH.
BocnonpayeMea — rpaHUYHBIMUA
YCIAOBUAMHU MAJIS TaHTeHIMaJbHBIX
cocrapiadAlomux BekTopoB E n H:

Eyy = Eyy, Hy, = Hp,. 3.7

IlepenuineM 2TH YCJIOBUA [JA HAUIETO CIydad:

E, +E, =E], (3.8)

H,+H, =H". (3.9)

Cornacuo (2.14), HZN\/EEy =nE,, H]con,E;, no H; co~-n,E/,
IOCKOJIBKY Npoekuuu E) u H', B OTpa)keHHOH BOJHE MMEIOT IIpO-
THBOIIOJIOKHBIe 3HaKKH (cM. puc. 3.3). Ilostomy paseHcTBo (3.9)
MOXHO mnepenucats Tak: nE, ~nE| =n,E;, wim

E, - E, =(n,/m)E,. (3.10)

Pemmus coeMecTHO ypaBHeHua (3.8) u (3.10), moayyum seiparke-
HUA 1A E; " E;’ yepes Ey, KOTODBIe B BEKTOPHON dopme HMMEIOT
BH[;:

-n, . 2
E :.nl__n_:E, E =___nL_ A (3.11)
n, +n, n, +n,

Orcroza cienyer, 4ro:

1. Bexrop E” Bcerga conanpasiues ¢ BekTopoM E, 1. e. o6a BekTo-
pa xoaelITea CUH(asHo — NPHU HPOXOKAEHUN BOJHEL Yyepes rpa-
HHULy pasfgeia ¢asa He IIpeTepreBaeT CKadka.

2. 9ro ke oTHOcuTCcA M K BekTopaM E u E, Ho npu yciosuH, uro
ny>n,y, T. €. eCOH BOJHA IIEPEXOTUT B ONTHYECKH MeHee ILIOTHYIO
cpeny. B ciayuae ke, Korga n,<n,, Apobp B Beipaxenun (3.11) nas
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E oxasbIBaeTcs OTpHUATEJbHOMN, a 9TO O3HAYAeT, YTO HalpaBJjieHUe
BexTopa E' nIpoTHBONOMOKHO HampasyieHuo Bexropa E, T. e. xoxe-
6arns BexTopa E mpoucxogar B nporusodase ¢ KonebaHUAMH BeK-
topa E (sTomy cooTBercrsyer puc. 3.3). Hpyrumu ciaoBaMmu, npu
ompascenuu 80 HbL OM onmuiecku Oosee naomnoii cpedovl ee pasa
U3MEHAEMCA CKAYKOM HA T.

OTH pe3yJsisTaTHl MBI O6yJeM HCIOJIb30BaTh B AajibHelllleM npu
U3y4eHHH WHTepdepeHIIUN BOJIH, OTPa’KeHHBIX OT 00eMX IIOBEPXHO-
CTell TOHKHX ILIACTHHOK.

KoadduiumneHTsl oTpaseHUI N Nponyckauna. Bonpoc 06 aTux
K02(hdHUIeHTaAX Mbl PACCMOTPHUM [Jif CJAYyYas HOPMAJbLHOTO Ha-
JeHVA CBEeTOBOYM BOJIHBI Ha TPAaHUIY pasfeia ABYX NPO3PAYHBIX
OU3JIEeKTPUKOB. Panee Mbl BBISICHHJIN, YTO MHTEHCUBHOCTH I rap-
MOHMYECKON BOJHBI, corjacHo (3.6), mpoIopiroHajibHA «/EEf,,
HJIH Ir.\mE,i. KoaddunuenT orpakesud, 1o oIpefeeHHUIO, ECTh
p=I/I=nFE] /nyE2 . Tocne mopcramosku ormomwenus E, /K,
n3 nepsoi dopmynsr (3.11), HangeMm:

I _(n-n,
p T ——_n1+n2 . (8.12)

O6paTuM BHUMaHHE Ha TO, YTO P He 3aBHCHUT OT HalpaBJIeHUA Iafa-
01Hel BOJIHBI HAa TPAHMILY pasjeia: u3 cpefsl I B cpefy 2, MM HAO-
6opor.

AHanorndHo HaxoAMM H K03 (hHMIIMEeHT HIPOIYCKAHMA T KaK OTHO-
menue I"/I. Cornacuo (3.6), I"/I =n,E"?/n,E’ . Ocraerca yuecTs
Bropyio ¢opmyny u3 (3.11), ¥ MBI HOJYYHM, 4YTO KOa(PHIIKEHT
NPONyCKaHUA

_I"_ 4nn,

T =
I (n +n,)

(3.13)

Herpynuo ybeguthest B TOM, uTO cymMMa oboux KosdbduimeHTOB
p+T=1 Kak ¥ JZOJKHO OBITBH.

IIpn mopmanbHOM (uyu GAM3KOM K HeMy) NafeHHMH CBETOBOH
BOJIHB! Ha TPaHMIY pasjena Bo3Ayx (n, = 1) u crexyo (n, = 1,5 no-
nyaum p = 0,04, 1. e. orpakaeTcs 0Kos0 4% IIagaroniero csera.

3aMeTnM (3TO BaXHO!), UTO ecJIM CBET MajaeT HEe [0 HOpMaJH K
rpagule pasjeJia, TO K03(hPUIMeHT NPONycKanus JOJKeH onpege-
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JIATBCS Yepe3 OTHOLIeHNEe He HHTEHCUBHOCTEH, a IOTOKOB, OCKOJIb-
Ky CeyeHHs I1afalollero M IPeJOMJIEHHOI0 IIYYKOB B 3TOM Clydae
pasnuYHBI, B OTAMYHE OT Nafaloliero M oTpaskeHHoro. B cBa3m ¢
9THM najawiuuii noTok = + ®", so I = I' + I". Utak, B obimem
caydae 1 =@"/®,

§ 3.3. 'eomerpuueckas ONTHKA

JJIHHLI CBEeTOBEIX BOJH, BOCHPUHUMAEMBIX I'Ia30M, OY€Hb MAJIbI
(mMeree 1 mxm). [losTromy pacnpocTpanenye cBetra BO MHOTHX CJY-
4YaAX MOYXHO pAacCMaTpUBAaTh, OTBJIEKAsCh OT €ro BOJHOBOM NpHpO-
ObI, ¥ CYHTATh, YTO CBET PaCIpPOCTPaHsfAeTcs BIOJb Jydeil.

B npenene (A — 0) 3aK0oHBI ONTUKH MOXKHO chHOpPMYJIHPOBATH Ha
A3bIKe reoMeTpuu. CoOTBeTCTBYIOIIUI pasfies ONTHKH Ha3bIBAIOT
zeoMmempuueckol (WA AY4e6oil) ONmukoil.

OcHOBY reoMeTpHYeCKOd ONTHKH COCTABJAIOT TPH 3aKOHA:

1. 3axon npamoruneiinozo pacnpocmparernus céema (B OXHO-
poLHOM cpezge).

2. 3aron ompaxcenus céema:. yroj orpakeHus 3’ cBera paBeH

ero ymiy nagesuda 3,
@11

¥ o0a Jyd4a JieXKaT B OLHOH IJIOCKOCTH C HODMAJIBIO K IIOBEPXHOCTH
pasgea.

3. 3axon npenomaenus ceéema (3axon CHeina): IpHM HOpesomie-
HHUHU CBeTa Ha I'DaHHIe pasfesia ABYX H30TDPOIIHBIX CPej C IIoKasare-
JSIMH OpPeJOMJIEHHA 71, U N, BLIIOJHAETCH YCJIOBUE

lnlsiné’rl =n,sind ,. (3.15)

Orciona, B YaCTHOCTH, CJIEAyeT, YTO HIPH IajJeHHH CBeTa Ha oI-
THYECKH MeHee NJIOTHYIO cpeRy (n,<n,) yroi 9 , MosKeT JOCTHTHYTh
90°. CooTBeTcTBYIOLIMHA YroJ NajeHWA HA3LIBAIOT NpedesbHbiM.

sin8, ,, =n,/n,.

Hna yrnos namenma 8, >98,  Habmiogaercs noanoe enympenHee
ompaxcenue. DTO ABJIeHUEe HAIIJIO AOCTATOYHO INMPOKOE IpaKTHde-
CKOe IIPUMeHeHHe (IIPU3MBbI II0JHOT0 BHYTPEHHETO OTPaKeHus, CBe-
TOBOABI U AP.).
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3aMeTuM, YTO 3aKOHBI OTPAYKEHHS ¥ NPEIOMJIEHUS CBETa MOTYT
OBITH TONYYEHBI KAK CJELCTBHE IOBEJEHUS 5JEKTPOMArHUTHON BOJI-
HBI Ha rpaHUIlEe pasjesa ABYX NUAJIEKTPUKOB C yYeTOM TPaHHYHBLIX
yeaouil niaA Bexropos E, H u D, B.

IIpuauyn @epma. ITOT NPUHINAI TaKKe MOXKeT OLITH IIOJOXKeH
B OCHOBY reOMeTPUYECKON ONTUKY (BMECTO IlepeYHCJIeHHBIX BBIIIE
Tpex 3axkoHOB). OH yTBep:KIaeT, YTO cEeM PACNPOCMPAHAEMCA NO
maxKomy nymu, 0aa npoxoxdenHus Komopozo emy mpebyemca Mu-
Humanbroe epems. TouHee, 3TO BpeMsi KOJDKHO OBITH 3KCcmpemadb-
HbiM, T. €. 1160 MUHMMAJBLHEIM, JKuOO0 MaKCHMaJbHLIM, JubO cTa-
IIHOHAPHBIM — OJMHAKOBBIM [JIf BCEX BO3MOJKHBIX myTei. B mo-
clefHEM CJAydae BCe IYTH CBeTa MeXJy [JByMA TOUYKAMH
OKAaBBIBAIOTCHA MAYMOXPOHHbiMU (TPeOyIOIUMU [JJA CBOEro IIpo-
XOMXK/IEHUA OJUHAKOBOI'0O BDPEeMeHH).
Yuactok nyru ds (puc. 3.4) cet

2 npoxoput 3a sBpemst dt = ds/v, rae
ds U — CKODOCTH CBETa B JJAHHOM MecTe.
1 Tak xak v = ¢/n, 1o dt = nds/c, n
BpeMs T [JiA NPOXOXKAEHHA CBETOM
Puc. 34 nyrtu 1 —» 2 paBHO
T=ljnds =£ B (3.16)
c c

rae L naspiBatorT onmuveckoii daunoli nymu. B ogHOopoaHOM cpene
L = ns.

W3 npuanuna Pepma AeHCTBUTENbHO CIEAYIOT BCE TPH 3aKOHAa
reoMeTpuyecKkoir onTuku. JlokasaTespCTBO, HaIpHUMep, S3aKoHa
IpeJoMJIeHUs CM. B 3azade 3.7.

Jna ganbHeero Hac 6yIeT HHTePECOBATDb TOJBKO OJHO CJIEACT-
BHe npuHnuna Pepma, a UMEHHO IIPUHIUI JefICTBUA JMH3BI — OHA
6yaeT HeOJHOKPATHO MCIOJIB30BATLCA B YCTAHOBKaX IpM Habumone-
Hum gubpaxnunu (Ppayrrodepa). MoykHO TOKasaTh, YTO JHUH3a
(xak u s060i onTHYeCKUH IpubOP) sABASETCA CUCTEMOH maymox-
POHHOIL: BCe ONTHYECKNE HYTH OT HCTOYHUKA HO ero nsobparkeHuns
00unaxo6bl. IMeHHO II03TOMY BCe KOJeOaHMA NPHUXOAAT B OFHON
¢dase, ycusiuBaa gpyr Apyra, 1 BO3HuKaer maobpaxkeHue. Ecau Obl
3T0 GBLIO He Tak, M300pa’keHHUsA MBI Obl He IOJYYMJIIH.
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HanoMHMM cBOMCTBa TOHKOHM JIMH3BI, HEOOXOAMMEIE AJA AAJb-
Heilero”.
1. dopMmyna TOHKOH JMH3LI B BO3AyXe:

1 1 1

E—;=’];, F:(n_l)}i——R—g ’ (3.17)
Ifie § ¥ § — pacCTOsAHHUA OT JUHSBI O UCTOYHUKA S K ero m3obpa-
xkeHua S', ' — saxHee dokycHoe paccrosHue (OT JMH3LI 4O 3ajjHe-
ro ¢okyca F'). 3geck IPUHATO CIeAyiolUee NPasuio 3HAK08: OTpe3-
K¥, OTCYATHIBA€Mble OT JIMH3LI IPOTHUB X0Ja Jyd4ei, T. €. BJIeBO Ha
puc. 3.5, cUATAIOTCA OTPUIATEJBHBIMH, a IO XOAY Jyd4el (BIpaso
OT JIMH3BI) — IIOJIOXKHUTEJbHBIMH. Ha pucyHKe moxkasaH ciaydai,
kxorga § >0, a s < 0. OTo OTHOCHTCA M K paguycaM KPHUBHSHBI IO-
BepxXHOCTe# JuH3BI, R, u R,, — nepeaHeit u sagueil. [na aun3bI,
n3obpakeHHOR Ha pucynke, R,>0, a R,<0.

-8 s
Puc. 3.5

Taxum obpaszom, Bce BeJUUYMEBI (Kpome n), GuUrypupyioiIide B
dopmyne (3.17), anzebpaureckue. IT0 BO MHOI'MX CAYYasiX OYEHb
yno06HO, NOCKOJBKY 3HAYNTEJIbHO YIpOLaeT aHANU3 Pe3YJbTATOB
pacdera: eciy, HalpUMep, okakercs, 4to s <0, To aTo cpasy roso-
PHT O TOM, 4YTO H300pa’keHHe OKAa3bIBAeTCHA CJeBa OT JIMH3EI, T. €.
MHHMMOE H T. II.

Besyauny 1/f B dopmyne (3.17) HasbIBAIOT Onmuueckoil cuno
muasel @, aotp (1 gorp = 1/M). OnTrdeckas ciiia He 3aBHCHUT OT
HanpapJIeHHA XoJa Jyueil: cjleBa — HaIpapo MK Haobopor. JInusza
¢ @ > 0 asasercsa cobuparwweil, a ¢ & < 0 — pacceusarwujei.

* OTH CBOICTBA, CTPOrO roBOPA, OTHOCATCA K IapaKCHAaJbHBIM IIVYKaM, T. €. K Ny4-
KaM Jyded, yrona KOTOPBIX C I'IaBHOH ONTHYECKOH OChIO JOCTATOYHO MaJl.
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3ameruM, uTO ecuy OBI JIWH3a Haxogmaach B cpefe, HOKas3aTesb
npeJIOMJIEHHS KOTOpOo# Obll OBl pasEBIM, HanpuMep, cjeBa 17, a
cIpaBa n', TO IepejxHee U 3agHee GOKYCHbLIE PaCCTOAHMNA OBbIIH ObI
He OZMHAKOBbI. VMIX oTHOIlleHue olpegeisiock Obl opmysoi

f/f=-n'/n. (3.18)

3HaK MHHYC IOKasbiBaeT, uTo o0a toxyca, nepegunii F u sagHuii
F', Bcerga HaxogaTca IO pasHble CTOPOHBI OT JHH3LL. Ciiefyer Tak-
JKe UMeTh B BHAY, YTO IIPU N’ # 1 LeHTP JUH3bI OKa3blBaeTcs He Oll-
THYECKUM LEHTPOM: Jy4, IPOXOLAIINH Uepe3 Hero, 6yger MCIILIThI-
BaTh NpeJOMJIEHME.

2. Ilpu mageHuy Ha JMUH3Y Ny4YKa IDapasjejbHBIX Jydeil Hox yr-
JIOM K IJIaBHOM ONTHYecKOH ocH (Ha KOTODOH HaxOZATCA IEHTPHI
KPHUBM3HBI IOBEPXHOCTEHN JIUH3BI, a TaKkkKe pokycwl F u F') nzobpa-
JKeHne — Touka S’ — obpasyerca B 3amgHell GOKaANABLHONA IIJIOCKOCTH
auH3bl (puc. 3.6). I rnaBrOe: onTHYecKHe IIYTH BCeX JydeH OT
niaockoctn TT', nepneHUKYIAPHON najaiomed Ny4Ky, Ko usobpa-
KeHuda S’ 6YAYT 00uHAKO6bL B CHJIY TAyTOXPOHHOCTH. ITO MBI Oy-
JIeM MCIIOJIb30BAThb B JaJbHeHIIeM HeOTHOKPATHO.

T ’
\ S ’ /1 >S,
0—— ~ 0
\ F ?/ Fr
2
\ —
T'
Puc. 3.6 Puc. 3.7

3. IIpu mocTymnaTe/ibHOM CMeINIeHWM IIapasUIeIbHOTO IIy4YKa Jy-
Yell OJIOJKEHME TOYKH MX CXOKAeHUs S’ B (OKAJBHON IIIOCKOCTH
He mensemca. T. e. IpU cMelleHUH, HANIpUMeDp, OTBEPCTHUA U3 IIO-
jgokeuus I B monoskenue 2 (puc. 3.7) nsobparkenue — Touyka S’ —
fyZeT ocTaBaThCA Ha IIpeXHEM MecTe. JTO MBI OyAeM y4YUTHIBATDH
npu KM3ydeHHHu HedicTBua audpaxkmuoHHON penreTkm (§5.7).

4. JTuneiinoe NN nonepeinoe yeeauvenue aun3vl f=y'/y, rae y
U y — mnomepedyHble pasmepnsl U306pa’keHHMS M CaMOro IpejMeTa
(cMm. puc. 3.5).
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Jlerxo BmMaeTs, yTO
B =s/s. (3.19)

Ha puc. 3.5 BesmuuHB! Y M § OTPULATENbHEBIE, CJIEAOBATEILHO M
B <0. 9To o3nauaer, yTo N306pakeHNe mepeBepHyTOe (OTHOCHTEJIb-
HO IIpeaMera).

W nocnepnee. PaccMoTpeHue MHOTMX BOIIPOCOB 3HAYHTEBLHO
YIPOIaeTCs, eCJIM BMECTO IIYTH JIyda § ¥ JJINHB! BOJHBI A’ B JaHHOMK
cpefle UCIIOJB30BATD MOHATHE ONTHYECKOM IJIMHBI L NyTH ¥ IAMHBI
BOJIHBI A B BakyyMme. 11 MOHOXpOMATHYECKOH BOJIHBI Ha IIYTH A
BO3HMKAaeT oTcTaBaHue 1o ¢ase Ha 21, a Ha nyTe § — Ha 6. OTcroza,
VYUTHIBAA, 4TO AN =Mn u sn = L, nony4um

8 =2nL/A,

rae 8 — oTcraBaHUe IO (hase Ha ONTHYECKOM nyTH L. ATuMH c006-
PaKeHHAMU MBI B DyJeM II0JIb30BaThCs B JaJbHeHIIeM, KOrja mnoi-
JeT pedyb O CBA3H pa3HoOCTH das ¢ ONTHYECKON pasHocThIo Xoza A. U
B 3TOM cJayd4ae

o =2nN\ (3.20)

3anaum

3.1. OTtpaxkenne cBeta. [IokasaTs, 4YTO DU OTPAKEHUM OT 3epPKaia BBHIIIOJ-
HAETCA YCJOBHUE

e = e, — 2(e,n)n,

TAe e U e, — OPTHI OTPA’XKEHHOr0 M NMajaloliero Jy4yed, n — OpT HOp-
MaJy¥ K IIJIOCKOCTH 3epKaja.

P e m e n u e CormacHo puc. 3.8, MOXKHO 3allMCaTh:

e =g, + Ae.

n

Trrrrrrri //7(1/ 7

Puc. 3.8
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3.2.

3.3.

Haitmem sBextop Ae. Ero wmomgyiap, KaxK BUAHO U3 PUCYHKA,
lAe| = 2{ey|cosc =2-1-( ~cosB) =~ 2(e,n). Y cam BexTOp

Ae = - 2(eyn)n,

4yro # TpeboBaJIOCh MOKAa3aTh.

Bocnonpsoapmucs (opMysioll ¥M3 npeAbIAyLHIeH 3aja4uy, LHOKa3aTh,
4TO JIyd CBeTa, INIOCJe[OBATeJbHO OTPA3UBLIMHCH OT TpeX B3auMMHO
NeplueHJHKYIAPHBIX MJOCKUX 3epKaj, MI3MEHUT CBOe HalpaBjeHHe Ha
NPAMO IIPOTHBOIIOJO0MKHOE. DTO TAK Ha3bIBAEMEIH YIOJKOBBIHA OTpaska-
TeJgb — HAeaJbHBIH O0BEKT AJAA pajapos.

P em e ane. CornacHo popmysie U3 npegbIxylyeil sagauy MOXKHO 3a-
MUCATh

e, =e,-2(e,n, )n,, e, =e, —2(e;n,)n,, e, =e, -2(e,n,)n,. (1)

Cnoxus OTAEJIBHO JIeBbI€ U IIpaBble 4acTHU 3THUX PABEHCTB, NOJYYHM
ocJjie COKpameHnua:

e; = e, — 2[(een;)m, + (e;n,)n, + (e,ny)n,]. (2)

B sTom BrIpakeHuu (e n,) = (e, n,) — 3To ciaexyer u3 (1), ecau mepsoe
1772 0°%2
PaBeHCTBO YMHOMHTh CKaJIdApHO Ha Nn,. IlocTynas aHaJormyHo, Hai-
aeMm: (e,n;)=(e,n;)=(e,n;). Ilocae atoro (2) MOXKHO mnepemucaThb
293 13 U
TaK:

e, = e, —2[(e,n))n, + (e n,)n, + (e,n,)n,]. 3)

Benuuuabl B KPYIJIBIX CKOOKAXx — 3TO HAIDABISLIOIIHE KOCHHYCHI
0OpTa e, OTHOCHTE/JBbHO KOODAMHAT C OPTaMH N, N,, N,. 3HAYUT, BeJH-
YHHA B KBAAPATHLIX CKOOKAX ecTh IIPOCTO €, B e, = —e,, YTO U TpeboBa-
JIOCh JOKa3aTh.

CBeT MHTEHCHBHOCTH [, najjaeT HOPMAJIbHO Ha HAEANbHO IPO3PAYHYIO
mwiacTHHKY. Cunrasi, 4T0 KOd(hPHULMEHT OTPAKEHMA KaXKJOH 1moBepX-
Hoctu ee p = 0,05, nadiTu uHTEeHCHBHOCTD I IpolIeAlero yepes IJIac-
THHKY CBETa C y4YETOM:

a) TOJBKO OZHOKDPATHEIX OTPaKeHMH;
6) MHOrOKpaTHBIX OTPa’KeHHUI.
P em e H u e. a) Ilocne nepBoil MOBEpXHOCTH MHTEHCHUBHOCTh 6yzer

pasEa I,(1 - p), mocse BTOpPOH NOBEPXHOCTH

I=I,-p)~1I,1-2p)=09I,.
[} [}
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3.4.

6) Ilocsie MpoxoKAeHUH ABYX HOBEPXHOCTEH HMHTEHCHBHOCTbH PABHA
2 .
I1,(1 - p)°. Ilpu arom uacts Iy(1 ~ p)p oTpaxkaeTca oT BTOPOil moBepx-

HOCTH M 3aTeM, OTPA3UBLIKUCH OT [EPBOIl IOBEPXHOCTH, CTAHET PaBHOM
2 »
I,(1 - p)p”. Y1 cBeTOBaA BOJHA IIPH IIPOXOXKAEHHH BTODPOI NOBEPXHO-

2
ctu 6yAeT uMeTh HHTEHCHBHOCTS [o(1 — p)zp -— 9TO IIOCJIe ABYKPATHO-

ro orpavkenud. CieAymomias BoJIHA MCIBITAET YETHIPEXKPATHOE OTpa-
SKeHue W BhIAZieT U3 IJIACTUHKH C HHTeHCHUBHOCTBIO I (1 — p)zp". 3a-

TeM HaAO y4ecTb BKJAAbl OT INEeCTH-, BOCBMH- M T. 4. KPATHBIX
OTpaXKeHUH.

B cymMMe MHTEHCHBHOCTH IIDOXOASLUEr0 CBETA MOXXHO IIpEACTABHTDH
KakK

I=I,0-p)*A+p*+p*+...) =T, -p)/ A +p)=~09],

" 2
Ile YYTeHO, YTO CyMMa reomerpudeckoft nporpeccuu 1+ p° +p*+...=
2
=1/(1 -p°).
Tlonyuenusiil pesyIbTaT NPAKTHYECKH COBIALAET C HAWACHHBIM B IIpe-
ABIAyIieM TyHKTe (OT/IHuYMe cocTaBiageT Bcero Al/I = p? =0,25%).

IToaToMy, Kak [IpaBHJIO, MHOTOKDATHBIMU OTPa*KEHUSMU NpeHedpera-
0T.

IIpenomiuenne ceera. IIpn KaKoM 3HAUeHHM yTJIa MageHus 9, aAyd, OT-
PAXKEHHBIA OT [OBEPXHOCTY UPO3IPAYHOro AMAIEKTPUKA, Gyaer mep-
MeHAUKYAAPEH [PeJOMJIEHHOMY JIy4y, eClId IIOKasaTelib IIpejoMJie-
HUA OVIJIeKTPUKaA paBeH n?

Pemenue BatToMm caydyae goKHBL ObITH BBINTOJIHEHB! JBa VCJO-
BUA:

sin 8, = nsinY,, 8+ 3, =n/2,

rge §', — yroa orpakeHusi, papabii yray 3,. Ilosromy 1iepeoe paBeH-
1 1

CTBO 3allMIIEM TakK:
sin 9, = nsin(n/2 - §,) = n cos 9,.

Orcrona caepyer, uro tg 3, = n.

. IIyyok mapansenbHbIX jydeld MHTEHCUBHOCTH [, 1ajJaeT Ha IOBEPX-

HOCTh IIPO3PAYHOrO AMIJEKTPUKA C [10Ka3aTejleM NpPeJoMJIEeHUA M.
Yron nagenus 9, rakos, uto tg 8, = n. IIpu aToM p-4acTe cBETOBOrO

IIOTOKa oTpaKaeTcd. Hafiti HHTEHCHBHOCTH [IPpeJIOMJIEHHOTI'O TIy4-
Ka.
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3.6.

PemeHue. [Iycrs nyyok nmapaniedsHbIX Jydeil magaeT Ha oBepx-
HOCTb AuaJieKTpuKa mnoutagu S (puc. 3.9). Mexoqum u3 Toro, 4to Aus
IIOTOKOB ROJI’KHO BBINIOJIHATHCSA DPaBEHCTBO

D, =P + D"

(MMEHHO IJA nomoko8, a He A HHTEHCHBHOCTEH, IIOCKOJBKY ceye-
HUs IaJAalolero ¥ NpeJOMJIeHHOT0 NYYKOB IPH HAKJIOHHOM MajeHHH
He OAMHAKOBHI).

Teneps npeacTaBUM C OMOLUBIO PHC. 3.9 IOTOKM Kak NPOM3BeAEHUA
WHTEHCUBHOCTEH Ha cedeHMd nyuxoB. Torga npefbigyliiee PaBeHCTBO
IpUMeT BUL:

I,ScosY, =pl,ScosY, + I"Scos3,.

Orciopa I" =(1 -p)l,cos8 /cos9,. HUs ycmosua tg9, =n umeem
sin 3, = ncos 8,. ConmocraBuB mocjiefHee DPABEHCTBO C BHIPAYKEHHEM
A7 3aKOHA npeaomienud (3.15), suaum, 4ro cos 8, = sin §,. Orcioxa
cirenyer, 9To cos 3, = sin3,. W sripakenue AJA MCKOMOM MHTEHCHB-
HocTH I” mpuMeT BUA:

I" = (1 - p)y/n.

IloxaszaTe, 4TO NPX TpPeJOMJIEHHM B IIpU3ME C MAJLIM NPEJIOMJISAIO-
UM YIVIOM 0 JIyY OTKJIOHSETCS OT CBOEro IepBOHAYAJBHOI'O HAIpasB-
JeHna Ha yroj o =(n —1)0 HesaBucHMO OT yrJja HajeHUs, ecIK OH
TaKkKe MaJl.

P e ur e v ue. Beaegcrsue MajsiocTy yriioB nafieHus (U IIpeJIOMJIEHMs)
cuHycsl B 3akoHe CHesa (3.15) MoKHO omycTUTh. Torja ycaoBUs 1ipe-
JIOMJIeHUsT Ha NepegHed M 3agHedl MOBEPXHOCTAX NpuaMbl (puc. 3.10)
IIPUMYT BHJ:

9,=n8, n%,=9,, 9 +9, =6 (1)
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3.7.

3.8

A

i 84 | m

i x b-x

A Ci \B'

|ﬂ2 S2 : a,
|
{
B
Puc. 3.10 Puc. 3.11
HckomMplit yros o, Kak BHMIHO K3 PUCYHKA, PaBeH
o= -9;)+ (9, -3, (2)

Tlocne noacraxHoBkm yriaos u3 (1) B (2) noayuum a =(n —1)6.

IIpnaunn Pepma. BriBeCTH ¢ IOMOLIBIO 3TOr0 NPUHIMIIA 3aKOH IIpe-
JIOMJICHMs CBEeTa Ha IpaHuIie pasdfesia ABYX NPO3PAYHBIX JUIJIEKTDH-
KOB C IIOKAa3aTeJIAMH IIDeJOMJEHHA N, U I,

P e 1w e H ue. Haitgem Toury C (puc. 3.11), B KoTOpo#1 Zo/KeH npeso-
MUTHCHA JYY, PACHpPOCTPaHAACh OT A K B, 4ro6nl OnTHYECKas AJIHHA
nytu L Obuta axcrpemaibHOR. IlycTh orpesok A'B’' =b, Toraa, Kak

BHUAHO M3 PUCYHKA,

L=ns + n,s, = nn/al2 + x5+ nz\/a§ + (- x).

IpoanddepeHinpyeM 3TO BhIpaXKeHUE 110 X ¥ IPUPaBHAEM IIPOU3BOA-
HYI0 HYJIIO:

dL mx n,® - x) X nb—x

—_ = — = n,
dx \/af + x° \/azz +@®-x) 5 5y

MuouTEeNU OPU N, U N, PABHBI COOTBETCTBEHHO sin 8, u sin §,. Ta-
KuM obpasoM, moaydaem n, sin 8, =n,sin§,, yro u TpeboBanocs.

BrisecT ¢ momolpo nmpuHNuIa Pepma opmMysy NpeaoMaeHUA Ha-
paKcHaJIbHBIX Jydedl Ha cepHUecKOll NoBepxHOCTHA pagmyca R, pas-
JeNAnmed cpelpl ¢ MOKa3aTelAMU IIPEeJIOMJIEHHUS N U n':



Taara 3

Puc. 3.12

Pemenue. Ilycte S — TOYEUHEI HCTOYHHK CBeTa U S’ — ero u3o006-
pakerue (puc. 3.12). Ilo npuniuny Pepma onTHYECKHE JIHUHBI BCEX
ayueil, BplmeAmnx u3 S u cobpaBmuxca B S', JOJDKHL! OBITh OgWHA-
KoBbI. IIpoBesieM AYru OXKpyskKHOCTeHdl U3 LeHTPOB S M S’ paguycamu
SO u S’ N. Torga ontuueckue nytu DN u OB noaKHBI 66ITh PABHBI:

n-DN = n'-OB. 1)
Ona napaxcuaiabHbIX ayueil DN =~ AO + OC. HaiineM nociepaue gpa oT-
peska. Cuauasa AQ: M3 DHCYHKa BHAHO, uto r’=(SD)’ - (SA)* =
=(SD + SA)YSD - SA)~2(~s)AO, otkyaa AO=r?/(-2s).
Auanormaso OC =r'*2R. OTcioga Hax0AUM cymmy AO + OC, 1. e. DN.
B cBow ouepess OB = OC — BC =r?/2R — r'*/2s'. TIoAcTaBUE 310 BbI-

paxeHue B (1) ¥ umes B BUAY, UTO I’ = I, HOJYYHUM HCKOMOE COOTHO-
LieHHe,.

. Toukas ana3a. Ha#fitu ¢ moMonbo (GOpMYyJIbI MPEJOMACHHUS HA chepH-

YeCKOH rpaHulle paszeia (CM. IpeABIAYINYIO 3aga4y) GOpPMYJIY TOHKOMH
AVH3BI B BO3JyXe.

Pewenue. [Ipumenum ykazaauayo popMyay II0CI€A0BATENBHO AJIH
nepefHedl W 3afHeil IIOBePXHOCTeH JUH3BI. 1A nepegHed INOBEPXHO-
ctu (puc. 3.13), nonarast, 4ToO 3a Heil BCIOAY cpeja C IIOKA3aTeJeM IIpe-
JIOMJIEHHA N, 3aIuIlIeM:

n 1 n-1

d+s, s R

Jlna 3afHedl MOBEPXHOCTH JIKMH3Ll MCTOYHMK S, HAXOAUTCA CIpaBa (OH
MHUMBIN), ¥ MBI UMeeM:

rae s, >0, a R, <0 (B COOTBETCTBUM C IIPABIJIOM 3HAKOB).
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S d | S<zs-__
{ I

| [F
e I

Punc. 3.13

| A
n

CloXUB OTAEJBHO JIEBbI€ M IPABbIe YACTH 3THX PABEHCTE C YYETOM
TOr0, YTO TOJUIMHA JHH3BI d HpeHeOpekKKMO Maja, IOJAYYUM:

1 1 1 1

e m = (n —- 1) —_——

s s R, R,
3.10. Hajitu mocTpoeHweM OpPOJNOJKeHHe XO4a Jyda 3a cobuparomeil u
paccenBawineil TOHKHMH Jaun3amu (puc. 3.14, rge OO’ — riaBHasA

onTH4YecKas ock, F u F' — nepegHuil 1 3agHuit Gokycsl JuH3b1). 06-
pPaTuTh BHUMaHHe Ha TO, 4YTO (POKYCHBIe DPAaCCTOAHUA, IlepeaHee U
3afHee, pasHble.

a) 6)

Puc. 3.14

P e m e n ue. a) IIpesxxge Bcero oTMeTHM, 4YTO nepefHee (PoKycHOe
paccroaHue 6oJblIe 3aXHEro, a 9To 3HauuT, cornacHo (3.18), yro mo-
KasaTeJb NpeJOMJICHMA CpeJbl CJIeBa OT JUH3bI 6oJblle, YeM CIIpaBa,
n >n'. XoJ NOCTPOeHHS: BCIOMOraTejbHbIe Jy4M HM306pa3uM 1ITpH-
XOBBIMHM JHHHUAMH U [IOCJeA0BaTEAbHO NepeHymepyeM (puc. 3.15, a),
— 3TO IO3BOJIAET JIErKO BOCCTAHAB/IMUBATEL IIOC/EAOBATENBHOCTH Ca-
Moro nocrpoenus. Ciaeayer o6paruTh BEHMaHue Ha To, 4YT0 Ay4, na-
AAONKUA napajjiebHO 3alaHHOMY JIYYY M IIPOXOAALIUM, He [IPeIoM-
JAs5Ch, Yeped JUH3y U nsobpakenue S’, onpenesiser IIONOKEHUE 3a-
MeyaTeNbHO# TouKH K (ee Ha3bIBAIOT ¥31060il), KOTOPAaA UIPaeT PoJb
ONTHYECKOro LeHTpA JIMH3BL: 10001 1y4, IPOXOAAIINA Yepe3 TOUKY
K, ne npenomnsierca auH3oi, Hanpumep, ay4d KK'. Jlyu xe, npoxo-
AALIMHA Yeped HEeHTpP JUH3L (34ech OH He ABJISETCA ONTHYECKHM ILIeH-
TPOM), NPEJOMJISETCA, YTO JIErKO IPOBEPHUTH C NMOMOINBIO IIOCTpOe-
HusA. [lnA TOYEYHOro MCTOYHUKA, MOMELEHHOro B TOYKY K, JMUH3BI
Kak Onl HeT.
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Puc. 3.15

6) 3aecs, cornacHo (3.18), cnpaBa oT JMH3B! NOKa3aTeNb IpeoMiIe-
HHUA cpefabl OGonbme, n'>n. Xoa TOCTPOGHMA MOKA3aH Ha
puc. 3.15, 6. BcmomorarensHeId Jyy 1, NapajjebHbld Iafa0MeMy
M IpOXozAIIMil uepes mepegHuit doxyc F (oH cupasa OT JHHS3HI),
JOJDKeH 3a JIMH30H CcTarh mapajjieabHbIM ocu OO, ato ayu 2. Ero
TOYKa IIepeceueHHdA ¢ 3aJHeH (DOKaJBLHON MIOCKOCTHI0 3 (OHA cJieBa
OT JIMH3BI) ONpefiesifgeT IOJIOXKeHHe MHHMOro U300parkeHUsa — TOUKHU
S'. IIpogomxeHre HCXOXHOTO Jy4a 3a JUH3I0H JONKHO NPOXOAHUTD Ye-
pe3 Touky S’ — nyu 4. Ilonoxkenue y3aoBoii Touku K maiifem, npo-
BeAA Yepes TOYKY S' NPAMYIO, HapajjeJbHY0 HCX0LHOMY y4y. Tou-
Ka JepecedyeHns 9TON NpaMoi ¢ ontuyeckoil ocslo OO’ M ecTh TOUKA
K, JIwb6o#t nyd, NpoXOoRAWMHA Yyepes 3Ty TOYKY, JHMH30H HE IIpejoM-
aserca (Hanpumep, ayu KK').
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UHTepdepeHunsa cBeTa
A 4

§ 4.1. HaTepdepeHHUA CBETOBHIX BOJH

Warepbhepennnsa 310 0fHO U3 ABNEHUIH, I'Ae NPOABIAIOTCH BOJI-
HOBBI@ CBOMCTBa BOJIH.

KorepentHocTh. PacCcMOTPIM CYIEpO3UIHI0 LBYX rapMoHHdUe-
CKHMX BOJH OZHHAKOBOH YaCTOThI, KOTOPHIE

BO36Y)KIAIOT B MHTePeCcyIoliiel HaCc TouKe 4 A,
IIPOCTpaHCTBa KoJeGaHus OfMHAKOBOro Ha-
[IpaBJeHUA ¢ aMILIUTYAaMu Ay B A,. Ecan 5
pasHocTh (a3 3THUX KojebaHMIT paBHa &, TO 2 -
BO3HUKAeT pe3yJbTHpPYIomiee KojebaHme c p ’41

HC. 4.

aAMIUINTYAON A, KOTOPYIO JIerKO HalTH C
IIOMOIIBIO 6eKMOpHOol (MaK ¢a3060i) dJuazpammer (puc. 4.1) u Teo-
peMBI KOCHHYCOB:

A* =A} + A + 24,4, cos. (4.1)

Ecau oba xonebanmus He COTVIacoBaHbl APYTr ¢ APYyroMm, T. €. pas-
HOCTh (a3 § Kak-TO U3MEHHETCSA BO BDEMEHH, TO TaKkue KojeGaHusd
HAa3bIBAIOT HEKOZePeHMMbIMU. B TOM ciyuae, Korza 8 HelmpepbIBHO
U3MeHAeTCs, IPHYeM TaK, YTO IIPHHHMAET C PABHOI BEPOATHOCTHIO
mo0ble 3HAYEHNA, cPeJHee II0 BpeMeHH 3HadeHMe {cos 8 =0, mocaen-
Hee cnaraemoe B (4.1) ofpaijaercs B Hysb 1 ocraeTcs A’ = Al2 + AL
Ilpunumas BO BHMMAaHMe, YTO MHTEHCHUBHOCTE | IIPOIOPLIMIOHAIbHA
KBaJpaTy aMIUIATYAbl, ] coA®, MoxHO 3ammcaTs

I=1,+ I, (4.2)

JTo 3HAYMT, UTO B HAHHOM CJIydae MHTEHCHBHOCTH Pe3yJbTHPYIO-
mero koJsebaHuMA paBHa CyMMe HHTEHCHBHOCTEH, CO3JaBaeMbIX
KaKIOHM M3 BOJH B OTHEJbLHOCTH.

Eciu ke pasHocTs $as 8 nOCTOAHHA BO BpeMeHH, TO TaKkHue KoJie-
Gauus (¥ BOJHBI) HadbIBAIOT KozepeHmHbimu. B ciayuae cyneprosu-
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II¥¥ KOTEePeHTHHIX BOJIH HHTEHCHBHOCTD Pe3YJILTHDPYIOLIero Koaeba-
HUdA, coryacHo (4.1),

I=I +1,+2I,1, cosé. 4.3)

[Tocnexnee cimaraemoe B atoil opmyse u B (4.1) HazbIBAOT UHMED-
deperyuonnbiM YaeHoMm, PaccMOTPHM ero BIAUAHME HA PE3YIbTUDPY-
OILUYI0 HHTEHCHBHOCTD.

B roukax npocrpancTBa, rie cosd >0, I > I; + I, ; Tam e, rae
cosd <0, I <I; + I, J[IpyruMu croBaMy, IPH CyIEPHOSHIINH KOre-
PEHTHBIX BOJIH IIPDOMCXOAMT IliepepacipefiesieHe WHTeHCHMBHOCTH I B
IIPOCTPAHCTBE: B OAHUX MECTaX BOBHUKAIT MaKCHMYMBI, B APYTIAX —
MHUHHMYMbl MHTEHCHBHOCTH. JTO fBJIeHHE HAaSBIBAIOT UHMepdepeH-
yueit goan. OcobeHHO OTYETNNBO (KOHTPACTHO) MHTepdepeHMs Ipo-
ABJNseTcA Torga, xorga I, = I,. Torpa, cornacso (4.3), [ = 41, B mMaxk-
cumymax u I = 0 B MuEHMyMax. JI)1A HEKOTepeHTHBIX BOJH npu I, =
=1, narencusroCcTh I BClOAY OAMHAKOBa H, coryacHo (4.2), I = 21,.

OcHoOBHOM NPUHIMI HHTepPepeHLHOHHbIX cxeM. MHTepdepeH-
A xapaKTepHa AJs BOJH J060# IPUPOASLI ¥ CPAaBHUTENBHO IPO-
cTo HabaomaeTcA Ha ONBITE JJIA BOJH Ha IIOBEDXHOCTH BOABI HJIA
OJIA 3BYKOBBIX BOJIH. Habmiogarh ke MHTep(EepPeHIUI0 CBETOBLIX
BOJIH MOJKHO JIMIIb IPH ONpPELeJIeHHBbIX YCIOBHAX.

Heno B ToM, 4YTO CBeT, HUCOYUIEHHBINH 00bI4HbIMY (He JIa3€pHBIMH)
HCTOYHHMKaMu, He OBIBaeT MOHOXpOMaTHUeCKHM. TaKo# CBeT MOXK-
HO paccMaTpMBaTh KaK XaOTHYHYIO IOCJENOBATEJIbBHOCTH OT/EJ]b-
HBIX HYTOB CHHYCOMAANbHBIX BOJH. JlIMTelbHOCTL OTREILHOTO
nyra nopagka 1078 ¢, [I03TOMY DM HaJIOXKEHHUU CBETOBBIX BOJH OT
Pa3HBIX HCTOYHMKOB (pa30Bble COOTHOLIEHHUS MEXJY CBETOBLIMH KO-
nebaHNAMH MHOrOKPaTHO M3MeHATCA ciaydaiubIM obpasom. Hec-
TOYHUKH OKa3bIBAlOTCH HEKOTePEeHTHBIMH M JOCTATOYHO YCTOHYH-
BOHl KapTHHBI HHTep(epeHMN He BO3HUKAET (CMEeHsolHue Apyr
Apyra ¢ BecbMa GoJIBLION YacTOTOM KapTHHBI HHTepPEpeHUHHU B Aa-
JbHeHlIeM Hac HMHTepecoBaTh He OyayT, mx perucrpauusa tpebyer
cenuaibHBIX Maj0 WHEPIMOHHBIX NPHEMHUKOB). '

W rem He Menee, KOrepeHTHbIE CBETOBbIe BOJIHBI MOXKHO IIOJY-
9UTE fake OT OOBIYHBIX MCTOYHMKOB. OOuuil NpUHIMI KX MOJyde-
HHSA TAKOB: 60JNHY, USAYHLAEMYI0 O0HUM UCMOYHUKOM c8ema, pa3de-
ARIOM MeM ULU UHbLM CnOCO6OM HaA 08e wacmu u 3amem Haxkaaovi-
éawom ux Opyz Ha Opyza nodxodawum cnocobom.
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Ecau pasHoCcTh X07a 9THX BOJIH OT MCTOYHHKA 4O TOYKM Habiio-
JAeHWA He IPeBHIIIAeT HEKOTOPOH XapaKTepHOH AJMHBI , TO CIydail-
Hble M3MEHEHHUA aMILIUTYABLI U (pas3bl CBETOBBIX KoJIeOaHUNI B ABYX
BOJIHAX NIPOMCXOJAT C022aC084HHO (KOrepeHTHO), ® MbI OyaeM Ha-
6nogaTy UHTepQepPeHIMOHHYI0 KApTUHY, HAIIpUMep CHCTEMY 4Yepe-
OYIOLINXCA CBETJBIX M TEMHBLIX II0JIOC.

Kak 6ymer BugHO B fajibHeiuleMm, o6pasoBaBlunecd mocje pasje-
JIeHUSA BOJIHBL BO BCeX WHTepGEepeHIIMOHHBIX CXeMaX MOXKHO IIpef-
CTABUTh KaK OBl HCXOOAIIMMY H3 ABYX TOYEYHBIX MCTOUHMKOB S| H
S, (feficTBUTEIbHEIX UM MHUMBIX -— 3TO He cyIecTBeHHo). Iloaro-
My 001l MOAXO K MHTEPIIPETALIMY OJAYYaeMbIX Pe3yJAbTaToB §y-

peT €eJHMHBIM, ¢ HEro Mbl M HAYHEM.
X

Puc. 4.2

PaccMoTpuM fBe BOJIHBI, HCXOAIIME M3 KOTePEeHTHBIX HCTOYHHU-
KoB S; u S, (puc. 4.2). B obnacTu, rae aTH BOJHBI IEPEKPHIBAOT-
cA — ee Ha3bIBAIOT 30HOU UHMep(epenyuu — OOJKHA BO3HHUKATH
cucTeMa YepefyIOIMXCA MaKCHMyMOB M MHHHMYMOB OCBEIljeHHO-
CTH, KOTOPYI0O MOXKHO HabiiogaTh Ha 9KpaHe I,

ObosHauuM pasHOCTbL PACCTOAHUH I'y M Iy OT HCTOUYHHMKOB A0 MH-
Tepecylomiell Hac ToUKH P Kak A = ry — ry. 9Ty BeJJMYNHY Ha3bIBa-
10T pasnocmuio xoda. Ecin pasHOCTE XOfa paBHA IeJIOMY YHCIY
OJIEH BOJH, T. €.

A= mA, m=0,+1,+2,..., (4.4)
rae m — nopadox unmepgpepenyuu, To kojaebanud, Bo3OyKTaeMble

B Touke P ofeumu BOMHAMU, ByAYT NpoucXoguTsh B pase. Takum o6-
paszomMm, (4.4) ecTs ycjioBHe BO3HHKHOBEHHS HHTephepeHIIHOHHBIX

* Ke Ha3biBalOT JAUHOU KOZEepeHMHKOcMU, Ho 06 aToM Gojee nogpodHO B Cliefylomenm
naparpade.
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markcumymos. B Toukax iKe, JAA KOTOPHIX A PaBHO IIOJIYIIEJIOMY
qycjy AJHH BOJH, 00pasyioTca MHUHHMYMBIL.

B cayuae, Korga BOJHBI OT HCTOYHMKOB PACIPOCTPAHAKTCSH He B
BaKyyMe, a B Cpefie ¢ IIOKasaTeJieM IIpeoMJIeHus n, B opmyie (4.4)
IIOA A cieAyeT NOHHMATh HE IeOMETPHUYECKYIO, a ORMUYECKYl0 pas-
Hocmb x00a UHTEP(PEepHPYIOMNX BOJH: A = n(ry — ry). IIpu atom A —
3TO MmO-Npe)XKHeMY NJNHA BOJHBI B BaKyyMe.

UIupnaa nuTepdepeHIHONHOI NoJockL. B mpakTHiuecky BaKHBIX
ciyyaax, yroa 0 « 1 (cM. puc. 4.2) ¥ pasHOCTb X0&a A MOXKHO 3allH-
caThb Kak A=d-0, rne d — pacCTosaHNe MeXAy HCTOUHMKaMH S, u
S,. A rak xak 0 = x/l, rae | — paccrosAHNe OT MCTOYHHKOB JIO 3Kpa-
Ha, TO AJI1 MaKCHMYyMOB, coryiacHo (4.4), nonyuum d-x,, /l =m}, oT-
KYZHa

x, =mAl/d. (4.5)

B Touke x = 0 pacmoJiokeH MaXCHMyM, COOTBETCTBYIOINUH HY-
JIeBO#l pasHOoCTH xXofa. InAa Hero nopagok uHTtepdeperuuu m = 0.
9To 1eHTp MHTep(PEepPeHIIMOHHON KapTHHEI.

Ilpu nepexone Kk cocefHeMy MaKCUMyMYy 7 MeHsieTCA Ha eJUHU-
Iy ¥ X — Ha BeJUYMHY AX, KOTOPYIO Has3hIBalOT WUPUHOL uHmMep-
peperyuonnoit norocet. Taxum obpasom,

Ax =Al/d AN

rae \y — yroJj, IoJ KOTOPHIM BHUAHEI 06a MCTOYHHKA U3 IEHTPA K-
paHa, y = d/l (cm. puc. 4.2).

W3 atux GopMys BULHO, YTO AJ1f yBeNUYEHMS IIMPHHEI IOJOCHI
CJeAYeT YBeJIMYHBATD [, MY YMEHBIIATH d, MJIN TO ¥ JPYToe, T. €. B
KOHEYHOM cYeTre -— yMEeHbBIIaTh YIJIOBOE PACCTOSHME \J MEXKAY HC-
TouHHKaMHu. I10J1e3HO MMeTh B BHAY, YTO pasMep MHTephepeHIHOH-
HOH KapTHHBI 00BIYHO HE IpeBblMaeT 1 MM, 3TO IPY PAaCCTOAHUH OT
HWCTOYHMKOB [0 3KpaHa MOPALKA HECKOJIBKUX HECATKOB CAHTHMET-
pOB.

IIpakTHuecku AiA IoJaydeHHsA OoJjiee APKOH MHTepdepPeHIIMOH-
HO# KapTHHBI B KadecTBe MCTOYHMKOB S; K S, HMCIOJIL3YIOT ABe
mean (MM u300parkeHus MCXOAHOI0 UCTOYHHKA — Ineau S), 1 UH-
TepdepeHIINOHHAA KapTHHA HMeeT B[ YepeAyIOIINXCHA CBETIbIX M
TEMHBIX 71040C, NapaJLJIeNbHBIX JAHHBIM IIEJIAM.

(4.6)
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Pacmpenenenne HHTeHCHMBHOCTH. PaccMoTpuM mIeannsupoBaH-
HEIH cloyuad, KOTfa MCTOYHMKY S, u S, CTpOro MoHOXpoMaTHue-
CKkMe. B mHTepeCyIOIYI0 HAC TOYKY 9KpaHa KojiebaHuA OT 3THUX HC-
TOYHHUKOB OyAYT NPUXOSUTE NPAKTHYECKH C ONHMHAKOBOH aMILIH-
Tymo#, A, = A, = A,. Torpa, cormacuo (4.1),

A% =242 + 247 cos 6 =24 (1 + cos &) =4A_ cos*(8/2), (4.7)

rae 6 — pasHOCTH (pa3, KOTopas 3aBUCHT OT PA3HOCTH X0Ja Kak
6 = 2nA/A. B Hamem ciayuae (cm. puc. 4.2) A=d-0 =dx/l. Cnegosa-
TenxbHO, § = 2ndx/IN. IMesa B BuAY, YTO MHTEHCUBHOCTH | A%, mo-
JY4uM

I=1I, cos’nx, (4.8)

raen = nd/lA, 1 — HHTEHCHBHOCTb B MAKCUMYMaX, B MUHEMYyMax [
= 0. IlonyuyenHoe ngeanusupoBaHHOe paclpenesieHye NHTEHCUBHO-
cti I(x) HECKOJIBKO OTIINYAeTCH, €CTeCTBeHHO, OT PeaJbHOro, KOTo-
poMmy cooTBeTcTByeT puc. 4.2.

§ 4.2. KorepeHTHOCTH

B upexbigymiem mnaparpade 6bia OnMcaHa NPHHIUIHAIBHAA
cxeMa mja HabrofeHus MHTephepeHU N cBeTa OT OOBIYHbIX (He Ja-
3epHBIX) HCTOYHUKOB. OKasbIBaeTCsa, OXHAKO, YTO MAES, JieKallas
B OCHOBE TAKHX CX€M, BBLIPA’XKaeT TOJBKO Heo6x00umbie YCJIOBUA,
HO He focrarTouHble, [l mosydeHus MHTepPepeHIMOHHON KapTH-
HBI HeobXomumo emle, uyTobbl GBUIM YAOBJIETBOPEHB! HEKOTODLIE
VCJIOBMS, CBA3aHHbIE C 0COOBIMM CBOIICTBAMH CBETOBBLIX BOJIH. BbI-
SICHHMM, B 4Y€M OHHM 3aKJIIYAITCH.

HanoMHHM, KOrepeHTHOCTBHIO HasbIBAIOT COZAACO6GHHOE TIPOTe-
KaHue KojebarTeiabHBIX (BOJHOBBIX) mpoueccos. CremeHp cornaco-
BaHHOCTH HAa3BIBAIOT CMENEHbl0 KOZePEeHNMHOCMU: YeM JIydlle CcOo-
IJIaCOBAHHOCTH, T€M BbLILIE CTENEHb KOTeDPeHTHOCTH.

Pasnuuaior 0uRy ¥ wWupuhy kKozepenmuocmu”. B uem ux cyme-
CTBO M pasjid4ve MbI IOKa)keM Ha IpHMepe IepBOH 9KCIepUMEeHTa-
JbHOM YCTAHOBKM MJsl AEMOHCTpAlM¥ HHTepbepeHLIHH, Ipeno-
skenaoM IOuroMm (onsem IOnza). B Hedl ApDKHH IYYOK COJHEYHOIO

* OJTH XapaKTEePUCTHMKM CBASAHBI C TAaK Ha3bIBAaEMBIMM 6PDeMENHOU WU Npocmparcm-
GE€HHOU KOTepeHTHOCTAMH.
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Puc. 4.3

cBeTa ocBemlaj y3kyio uienasb S (puc. 4.3). Ilpomenmmuii uepes mjeas
CBET BCJAEICTBHE Audpakiuu obpasyeT pacXomAIliyiocsd BOJHY, KO-
TOpas majaeT Ha ABe y3xue meau S; u S,. OTH INenn AeHCTBYIOT
KaK BTOPDHYHBIE KOPepeHTHble MCTOUHMKM, U UCXOLSMINe K3 HUX
nucdparupoBaHHble BOJHBI, IIEPEKPHIBAsACH, JAIOT HA 3KpaHe J CHuC-
TeMy HMHTep(}epPeHIUOHHIX II0JIOC.

Jnsa mosydyeHus yCTOUYUBOH BO BpeMeHN WHTeP(epeHINOHHOK
KapTUHB HeoO0X0oAMMO, YTOOBI reoMeTpUs YCTAHOBKU YHOBJETBO-
pdAsia onpeAeSeHHBIM YCIOBUAM, CBA3SAHHBIM CO CBOHCTBAMHM HCIIO-
JIb3YEeMOro H3JIy4eHHHA, a UMEHHO C ero JJIWHOI U LIMPUHON Kore-
peHTHOCTH. Mau HaobOpoT, 4id AAHHOH IeOMETPHUH YCTAHOBKHU
obecreyHBalOT ONpefeJeHHbIe 3HAYCHNUA 3THX XaPaKTePDHUCTHK HC-
MOJIb3yeMO#M cBeTOBOH BOJIHBI. TeM camMbIM OOCTATOYHOCTH YCJIO-
Bui 6yzner obecnedyeHa, U YCTOMYUBYIO MHTepPGEPEHIMOHHYIO Kap-
THUHY MOKHO HabloogaTh.

Paccmorpum nogpo6Hee, YTO mpefCcTaBiAAKT co00M JJINHA K LIH-
PHHA KOUe€PeHTHOCTH.

Jdauna korepeHTHOoCcTH. B ombiTe IOHTa MHTepdepeHUHMOHHAA
KapTuHAa 10 Mepe yhaJIeHus OT ee cepefHUHbl PASMbIBAeTCH: HECKO-
JIBKO II0JIOC BUIHBI, HO JaJjiee IOCTENIeHHO OHY HcuesaloT. Ilouemy?

OTBeT ACeH: IOTOMY, UTO CTeNeHb KOMePeHTHOCTH CKJIAAbIBAEMbIX
B 9THUX TOYKaX 9KpaHa KojebaHmil (BOJIH) IIOCTEeIIeHHO YMEHbIIAaeTCs,
¥ KoJie6aHHA CTAHOBATCA HaKOHeL IOJHOCTbIO HEKOTeDEeHTHBIMH.

Hcxopsa us aroro dakra, nonsitaemcsa o0sACHUTE Habiogaemoe
C IIOMOILIBIO CJeAYIOIIe Haraaxuon mogenu. IIycTs MBI BUANM, Ha-
IIpEMep, TIepBble YeThIpe MopsagKa uHHTepdepeHnuu (m = 4), a sa-
TEM IOJIOCHI UCUe3aI0T (ITOT NMepexo HabirogaeTcd ZOBOJILHO IJIAB-
HBIM, HO MbI He OyJeM OcTaHABJMBATHCA Ha gerassix). McuesHose-
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HMEe moJoc ¢ m> 4 osHayaer, 4YTO KojebaHus, NpUIIEAUINE B
COOTBETCTBYIOIIME TOUYKM OKPaHa OT 00eMX BOJIH, OKa3bIBalOTCHA
y>Ke HeKOTrePeHTHBIMM Me>kAy coboit. T. e. Hoxa MX pasHOCThL X0o4a
He mnpeBbIlIaeTr m = 4 IJWH BOJH, KoJeOaHMA B KAKOH-TO CTeneHH
KOIepeHTHBI. 3Ha4YUT, BLOJE PACIPOCTPaHEHUS BOJHBI KOI'€PEHT-
HBIME MeXXAy cob6o¥ 6yayT TOJBKO YJaCTKM BOJHBLL B 9TOM MHTEDPBa-
ne (paune). Janeslil WHTEpBaJ M HA3BLIBAIOT JAUHOU KOZepeHMHO-
cmu l .. B paccmoTpensom caydae [ = 4A. 3aMeTuM, UTO B RaH-
HBIX YCJAOBHMAX 3TO HpOCTeHMMINHA cnocob OIEHKH  IJIMHBI
KOrepeHTHOCTH: [, ~mA, rae m — MaKCHMAaJbHBIN NOPAJOK HH-
TephepeHI M, COOTBETCTBYIOLIMI ellle BUAMMOM CBETJIOH HoJioce.

Puc. 4.4

Bce 3T0 MOXKHO CXeMATHYECKY PEJCTABUTD C IOMONILIC puc. 4.4:
B majawpnied ma obe 1menu BosuHe (puc. 4.3) AMHHA KOTepPeHTHOCTH
l op» LIEJIH CO3JAIOT /IBE BOJIHBI C TOH Ke JJIMHOM KOTePeHTHOCTH, HO
[IOCKOJIbKY OHM JOCTHUTAIOT PAasHBIX TOUEK dKDPaHa C Pa3IMUHBIMHI pPas-
HOCTAMM XOAa, TO VYACTKM KOTEPEHTHOCTH O0eHMX BOJNH TOCTENEHHO
CABUrajOTCA OTHOCHUTEJLHO APYT ADpYyra M, HaUMHAsA C m = 5, mepecra-
10T IIepeKpBIBATh APYTr ApPYra — CKJjaislBaeMble KojgebaHMA CTaHO-
BATCA HEKOTEPEHTHBIMH M MHTepPhepeHIIHOHHbIe II0JIOCH! MCUe3aioT.

Bcee ckasanHoe, XaK Mbl VBUAHM fajiee, CIPABEAJIMBO LIPH YCIO-
BYH, UTO «MePBHYHAA» Ieab S J0oCTaTOYHO y3ka. IIpm pacmmpe-
HUH 3TOH ey BCTymaeT B feiicTBue Apyrou sddekr.

Haiinem BrIpakeHue, onpenenmomee 1, .. asecTHO, uTO CTPOTrO
MOHOXPOMATHUYECKMH CBeT — 3TO HAeanusaunus. PeanbHuiii cer,
Kax 6p HH cTapaThCA €ro MOHOXPOMATH3MPOBATbH, OCTAETCHA B TOH
MJIM MHOM CTeNeHM HeMOHOXPOMATHYECKHUM, TIPEACTABISIOLIAM CO-
6031 Ha6Oop MOHOXPOMAaTHYECKVMX KOMIIOHEHT B HEKOTOPOM KOHE€Y-
HOM MHTepBajie HIUH BoaH (A, A+ A)). IIpumem, 4TO 3TH MOHOXPO-
MaTHYeCKHe KOMNOHEHTHI paBHOMEPHO 3aIOJHAIOT YKA3aHHBIA HH-
TepBaJ.



88 Tnasa 4

Puc. 4.5

Kakx moxassisaer dopmyna (4.6), muputna monoc Ax coi. ¥306-
Pa3HM IOJIOXKEeHHS MAKCHUMYMOB IJIA AJHH BOJIH, COOTBETCTBYIO-
WX KpaflHMUM 3HAYeHUAM CIEeKTpaJbHOro MHTepBasa (A, A+ A)):
CIJIOIIHBIMHA OTPe3KaMHU — A8 A, ODYHKTUPHBIMH — I3 A+ AA
(puc. 4.5). MakcuMyMBsI K€ OT NPOMEXXKYTOYHBIX AJIMH BOJIH 3aII0JI-
HAIOT MHTEPBAJI MEXKAY KPaiHUMH MAaKCUMyMaMl Ka)X[OT0 HOpsAL-
Ka uHTepdepeHIUU. B pesynbTare IPOMEXYTOYHRIE MAKCHMYMEI,
KaK BHOHO M3 PHUCYHKA, OYVIAYT MOCTENeHHO 3alOJIHATL MHTepBAl
MeXIY MaKCHMyMaMH COCEJHHUX IOPARKOB IJS A M A+ AA. A aTo
3HAYUT, YTO Pe3yJIbTUPYIOUINE MAKCUIMYMBI (HY>KHAS YACTh PHCYH-
Ka) 6yayT HOCTEeIleHHO Da3MBIBATHCA, M II0JOCHI MHTephepeHI N
HUCYE3HYT.

C momoiusio puc. 4.5 MOKHO 3aKJIIOYHATS, YTO II0JIOCHI HCUE3HYT
Tam, rge m(A + AN = (m + 1)\, 3xeck m — upegesbHEBIN IOPALOK MH-
TepdepeHIINK, HAaYMHAA ¢ KOTOPOro mojochkl Mcuesaior. OTcioma

m ~ A/ A (4.9)

Bemmumna A/AMA xapakTepuayeT cmernenb MOHOXPOMAMUYHOCMU CBe-
Ta: yeM oHa GoJiplre, TeM DoJIblIe U CTENIEHh MOHOX POMATHYHOCTH,

Taxum 06pasoMm, MEI HALILIM TO 3HAYEHHE M, IIPU KOTOPOM Kap-
THHA HHTephepeHIMKU HcYe3aeT, T. e. CKJaJbIBaeMble KoJeGaHmMA
CTaHOBATCA Y)X€ HEeKOTePeHTHBIMH. 3aMeTHM, UTO YCTAHOBUTL TOY-
HOe 3HaYeHHEe HTOTC M NOBOJLHO 3ATPYXAHHUTEJILHO H3-3a TOro, 4TO
IIOJIOCHI PA3MBIBAIOTCA IOCTENeHHO, BIIPOYEM 3TO U HE TaK CYILIECT-
BEHHO.

HaiigenHoe ssauyeHue m (4.9) cBs13aHO ¢ AJANHON KOrepPeHTHOCTH
Kak [, =~mA Orcioga ciexyer, 4To

Lo = N /AN (4.10)
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Mz BMgUM, UTO IJiKHa KOTEPEHTHOCTH CBETOBOM BOJIHBLI HeIO-
CPeICTBEHHO CBf3aHAa CO CTEIEeHbI0 MOHOXPOMATHYHOCTH (A/AMN):
geM GoJibule nocjaefHaA, TeM Gonbine U JanHA KOorepeHTHOCTH. s
COJIHeYHOro cBera !l . =~ 5A, AaA aydmux (He JIa3ePHBIX) MCTOYHM-
KOB CBeTa YAaJ0Ch TOJYYWUTH L, . NOpALKA HECKOALKHMX JECATKOB
CaHTHMeTPOB. Jlazepnl NMO3BOJIHJIH NOJYUHTh M3JydYeHMe c L . 1o-
pAZKa COTeH MeTPOB (M ga’ke HECKOJBKHX KHJIOMeTpoB!).

\ " " N " M N . " A " . P

Z 2 3 4 mm

Puc. 4.6

IIpumep. Ha puc. 4.6 noxasana 4acTs CHMMETPHYHOrQ pacupeie/IeHNs NH-
TeHCHBHOCTM B HHTepdepeHIOHHOH KapTHHE OT ABYX uiejei
(aasor omsrra IOHra). JnauHA BOJHBL HCIOJbL3YeMOI'O CBeTa
A =~ 0,5 MmxM. OeHUM yTIJI0BOe PAacCTOAHUE MEXAY LIeJAMHK OTHO-
CHTEJNbHO IIEHTPA 9KpaHa, CTeleHb MOHOXPOMATHYHOCTH HCIIOJb-
3yeMOoro CBeTa Y MJIHHY ero KOrepeHTHOCTH.
W3 gagnHoro pucyHKa BUIHO, YTO IMUPHHA NOJAOCH Ax = 0,2 MM. 3Ha-
YWUT, KCKOMOE YIJIOBOEe paccrosnmue, coracHo (4.6), y=i/Ax=
=05-10" MM/0,2 MM = 2,510 pag. Crenenb MOHOXPOMATHYHO-
CTH, coryiacHO (4.9), paBHa npefeJbHOMY HOPAAKY HHTep(hepeHI .
HawbGosnsiremy MakcuMyMy cooTseTcTByer m = 0O (TpeTuil Makcu-
MyM ciepa). ClnegymoIMXx MaKCHMYMOB (IOPSAAKOB mHTepdepeH-
Lp{), KaK BUAHO K3 PHUCVHKZ, paBHO 8. 3Hauut A/AAL~m =8,
JUinaa xorepenTHOCTH l . =~ m)k =8-0,5 MkM = 4,0 MKM.
Hrax, Mbpl MOXeM yTBep:AaTh, UTO AJA IOJIYUeHUA HHTepde-
PeHIIMOHHOH KapTHHBI HeoOXomumo, 4ToOBI onTHMdecKas PasHOCTbL
X0xa CKJIafbIBaeMBIX KoJsieGaHui Oblia MeHblle AJIUHBLI KOTepeHT-
HOCTH:

A<l (4.11)

Oro TpeGoBaHme KacaeTcs 8CeX YCTAHOBOK, C ITOMOIIBI0 KOTODBIX
MBI XOTHM HaOJIO4aTh KapTHHY HHTepdepeHInH.
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B sakiroyeHme 3aMeTHM, YTO [JIMHA KOTepPeHTHOCTY CBA3aHA C
TaK Ha3bIBAEMBIM 6PEMEHEM KOZePeHMMHOCMU T, . — IPOMEKYTKOM
BPEMEHH, B TedeHHe KOTODOro ciaydaiiHble M3MeHeHH: (aspl cBeTo-
BOM BOJIHBI B JAHHOM TOYKE QOCTHTAIOT 3HAYEHHUS NOPAAKa 7. 3a dTO
BpeMA BOJHA PacIIpOCTPAHAETCA HA PACCTOSHHE MOPAKA [, . = CT, .

IlIupuna xorepentuoctu. Mo cux nop mens S B onbiTe IOHTA
(puc. 4.2) npegnosnarajach BecbMa y3Koi (4acTo ropopar 6eckoHed-
HO y3Ko#). Pacuimpenue ’ke Uiesy, Kak M yMeHblIeHue CTelleHH
MOHOXPOMATHYHOCTU CBETA NPHUBOAUT K yXYAUIEHUIO (Pa3MBITHIO)
HHTepQEepPeHIIMOHHAIX I0JIOC U JaXKe K II0JIHOMY MX MCYe3HOBEeHMIO.
Yro6bl BBISSCHHTH POJIb INMPHUHBI IIeJH S, pacCMOTPHUM Teleph Ha
npumepe onsita JOHra Apyroit KpaliHuil cayyaii: M3JIydYeHHe MOHO-
XpoMaTrauecxoe, IeJib He y3Kad.

HutepdepeHiUOHHYI0O KapPTUHY Ha sKpaHe J (puc. 4.7) MoxkHO
NpeACcTaBUTh KaK HAJOKEeHNe HHTepGEepeHIIMOHHBIX KapTUH oT Oec-
KOHEYHO Y3KHX IIeseil, Ha KOTOpbie MBICJIEHHO pa3obbeM LIeb S.
IlycTs moso)keHre MaKCUMYMOB Ha 3KpaHe 9 OT Y3KOH luesu, B3A-
TOM OKOJIO BEPXHero xpas mean S — Touku I — TaKkoBO, KaK OTMe-
YEHO CIIOIUHBIMM OTPe3KaMH Ha puc. 4.8. A MAaKCHMYMBI OT Y3KOH
L{eJIM, B3ATOH OKO0JIO HYDKHEro xpast mejan S — Touku 2 — 6yayr
cMelleHbl BBePX, OHKH OTMedYeHbl TYHKTHPHBIMH OTPe3KaMil Ha 5TOM
JKe pucyHKe. MHTepBabl MeXKAY dTUMKA MAKCHMyMaMHu 3allOJTHEHbBI
MaKCUMyMaMH OT HPOME)KYTOUHBIX Y3KHX IIejel, DacIIOJ0KeH-
HBIX MeXxay Kpasmu [ m 2.

IIpu paciimpeHNn IMIENH S PACCTOAHUA MEXIY MAKCHMYMaMH OT
ee KpaifHHX 5/JeMeHTOB OYAYT YBEJHUUNBATLCH, T. €, UHTEPBAIbLI MEXK-
Ay COCeJHMMH MaKCHMyMaMH OT OAHOTO Kpas Ienu OyRyT mocreneH-
HO 3aNOJIHATBCA MAaKCHMYMaMH OT OCTaJIbHBIX JIEMEHTOB IIEJIH.

</ x

Puc. 4.7 Pue. 4.8
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HOnsa npocrorel 6yaeM cunrars, 4To B cxeMe (puc. 4.7) paccros-
HuA a = b. Torza npu mMupHHe luUejan §, PaBHON IIXPHUHE UHTEpdE-
PEHIIMOHHO ITOJOCH AX, NHTEePBaJ MEKAY COCeZHMMH MaKCUMyMa-
Mu oT Kpad 1 6yfer ImeaUKOM 3amoJIHEeH MAKCHMYMAaMH OT OCTaJb-
HBIX 3JIEMEHTOB IieJIN, 1 UHTephepPeHIIUOHHEIE [10JIOCHI HCUYE3HYT.

WUrak, npu pacmivpesuy meian S nHTephEepeHIINOHHAA KapTHHA
NOCTEIIeHHO Pa3MBIBAETCA M NP HEKOTOPOH IIHpHHE LIeJH Ipax-
TUYECKH HCUYe3aerT.

9to HabmonaeMoe sIBJIeHNE MOXXHO OO'BSICHMTL M MIHaye, a HMeH-
HO: MHTephepeHIIMOHHAasA KapTHHA HUCYe3aeT BCJeACTBHUE TOrO, YTO
BTOPUYHBIE UCTOYHMKM — Ienan S, u S, (puc. 4.7) crapoBaTCca He-
KorepeHTHeIME. CKa3aHHOE IIO3BOJAET TOBOPUTE O WLUPUHE KOZEPeH-
muocmu najamoiie# Ha mean S; u S, CBeTOBON BOJHBI — IUIHPHHE
A, or» H2 KOTOPOI OTRENBbHEIE YYACTKY BOJHBL B JOCTATOYHOM CTENeHH
KOTepeHTHBI MeXXAYy coboii. Bo msbekxaHme Hemopa3yMeHH# yTod4-
HHM: 0OJ INMPHHOK h . MMeeTcA B BUAY XapaKTepHOe AJNA JaHHOH
YCTAHOBKM PacCTOSAHUE MKy TOUKAMH IOBEPXHOCTH, NepHeHANKY-
JIAPHOYN HaNPaBJIEHHUIO DAaCHPOCTPaHEeHUsS BOJIHLI.

Hafinem dopmyny anas Beruucnenus h, .. B paccmarpmsaemoit
cxeMe onbiTa lOHra 3anuuemM ycjoBue, NpH KoTopoM mienn S, u S,
CTARHOBATCA HEKOrePeHTHRIMM MCTOYHUMKaMu: h, =~d, rae d — pac-
CTOSAHME MeXJy IeJAMH. Kpome TOro, Mbl BHIAICHHMJIM, YTO HHTEP-
(epeHIMOHHAA KapTWHa HCYe3aeT, KOTAa INMPHHA IUENH S ~ AX.
Hlnpuna xe nosocsl Ax, cornacHo (4.6), paBaa Ax = Al/d. V3 aTnx
TPeX PaBEeHCTB IOJYUHM:

hoor #d =Al/Ax ~ X/ =A/(s/1) = X/ ¢,

THe ¢ — yIioBas ILIMPYWHA LIeJH S OTHOCHTENbLHO AMadparmsl ¢
OBYyMA IgesnaMu. MTak, IIMpHHA KOT€PEHTHOCTH

(4.12)
9T0 3HAUYMT, UTO LINPHHA KOIePEeHTHOCTH !
MONOPUMOHA/IBHA JJINHE BOJIHBI CBETa U 06- L i
PATHO NPONIOPIMORALHA YI/IOBOM MIMPHHE =~~~ _TPJ - _: h
HMCTOYHHMKA OTHOCHTEJILHO HMHTEPECYIOLIEro -7 N

|

Hac Mecra (B onnite YOHTa — OTHOCHTENDb-
HO MeCTa pacIioJO)KeHUA IBYX Ieseil). |
CkasanHoe mosicHser puc. 4.9. Puc. 4.9
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Ecnu B kKayecTBe HMCTOYHHMKA MCIIOJL30BATh HENOCPEACTBEHHO
Connne (ero yriosoii pasmep ¢ ~ 0,01 pag u A ~ 0,5 Mxm), To m1u-
pHHa KOTepeHTHOCTH, coryiacHo (4.12), k. = 0,05 mm. Jaa nony-
YeHNA HHTepGepeHIMOHHOM KAPTHHLI OT ABYX Iiesell ¢ IOMOIIBIO
TAKOTO H3JYYeHUd pacCTOAHME MEXAY ABYMSA INENAMH HOJIMKHO
6e1Te MeHbmIe 0,05 MM, UTO cAesaTh IpPaKTHUYeCKM HEBO3MOXKHO.

®opmyna (4.12) no cymiecTBy JIeXKUT B OCHOBE MeTOZa, IpeAJo-
skeHHOT0 Pu30 K ocymIecTBAeHHOr0 MaiiKeIbCOHOM — IIO OIIpefesie-
HHIO YIJIOBBIX Pa3MepoB 3Be3f IIyTeM M3MepPeHHdA LINPHHBI KOrepeH-
THOCTH h, . ITonBITKH NIPOBECTH 3TH H3MePEeHUA, IoMellad 9KpaH ¢
ABYMSA HIENsAMH iepe] 00 beKTHBOM TeJIeCKONa OKa3aJIuch Gesycrenl-
HBIMHK: II0JIOCBI HHTephepeHIMH OCTABAJMCH YEeTKHUMM Jake IIpHU
HauOOJIBIIEM PACCTOAHNK MEXKAY dTUMH IieaAaMu. MaliKke/JbCoOH IIpe-
ojoJen 3Ty TPYLHOCTb C [OMOUIbIO 38e30H020 UHMmMeppepomempa
(puc. 4.10). Pacnosnosxenrsie NPOTHB 1iejied 3epKana 3, — 3, Hemo-
OBYKHBIL, & 3epKajta 3 — 3 MOXKHO OfHOBPEMEHHO pPasABUTATh, Me-
HAA PacCTOAHNE i MeXAY HUMH. BHAHOCTH IIOJIOC 3aBUCHUT OT CTele-
HY KOT€PEeHTHOCTH CBETOBBIX KojieDaHMH Ha 3epKaysiax 3 — 3, B TO
BpeMA Kak IIMPHHA IOJOC AX OIpefesisieTCs PACCTOAHUEM MeXAY
menamu. Ilocremenno pasasurasn sepxana 3 — 3, o6HAPYXKHUBAIOT,
YTO IIPY OIpefeIeHHOM PACCTOAHMK A MerxJy HUMH HHTepbepeHIlH-
OHHaf KapTHHa HcuesaeT. JTO 3HAUMT, YTO PacCTOgHHe h MeXKAY
STHMH 3epKajaMu oKas3axochk ~k, . Ocraerca mo gopmyre (4.12) BHI-
uyucauTh ¢. IIpn MaxcuMasbHOM paccTosHUH K~ 6 M MoXXHO OBLIO
U3MEPHUTh YIJIOBOH AuaMeTp o6bexrta ¢ ~ 0,02 yru. cek.

——m 51‘3
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IlepBoi1 3Be3foil, YyrJi0BOH AHMaMeTp KOTOPOH yJaJioCh olpeje-
auTthb, 6bL1a Berennreiize (0,047 yra. cek.). H3MepuB Kpome TOro
paccTosHue 0 Hee (IO napaIakcy), OIpeaesHIM AUAMETP 3TOH
3Be3abl-ruradTa (OH oKasaJyics 60JIbllle AHaMeTpa 3eMHOMH opOuTHI!).

O6mue BpiBOABL. [1s monydeHHs yCTOHYMBONW HMHTephepeHIIH-
OHHOHM KapTHHBI C HCIOJb30BaHMEM OOBIYHBIX (He JIadepHbBIX) HC-
TOYHHMKOB CBeTAa HeoOXOAMMO MCXOIHYIO CBETOBYI) BOJIHY paclie-
IHTH TOAXONANMM criocoGOM Ha ABe YacTd, KOTOphIe 3aTeM B obJa-
CTH MePeKpPLITHS U AaLyT CUCTEMY IIOJIOC, HO... JIHIIbL B TOM CJydae,
€CJIM Y HMCXONHOH CBETOBOH BOJIHBI:

1) AimHA KOrepeHTHOCTH [, . NPEBBIIIIAET ONTHYECKYIO PA3HOCTD

xofa A CKJIafgbIBaeMBIX KoJiebauuil u
2) mupuHa KorepeHTHOCTH h, . IpeBBIIIaeT paccToAHHe d MeX-
oY ILeJaMH .
HackoabKo Gosbiile gOJIKHBI OBITh 9TU BeJHYMHBI, O0LIeIPUHATOrO
coryianienus Her. BygeMm cuurarh, HanpuMmep, 6dece. Torga MOXKHO
3anucaTh:
Lo 22A, 4.13)

h,, >2d. (4.14)

Brinosnenue sTHX YCAOBHI rapaHTHpyeT IOJyueHHe HHTepde-
PEHIMOHHOM KapTHHBI C JOCTATOYHO X0pOolIeHd BEAHOCTHIO TOJIOC.,

§ 4.3. HaTepdepeHIIHOHHBIE CXEMBI

PaccMOTPHAM HECKOJBKO MHTEPPEpPeHIIUOHHBIX CXeM, OTJINYAI0-
mwuxcsa or cxeMmbl IOHra 66nnieidl CBeTOCHJIBHOCTBIO.

Bunpusma Ppenesa. B a1oil cxeme mia pasfesieHUs MCXOLHOH
CBEeTOBOI BOJIHBI MCIIOJB3YIOT ABOMHYI0 npusmy B (6unpusmy) ¢ Ma-
JIBIM IpesioMaAomuM yriaom 8 (puc. 4.11). Mcrounukom ceera ciy-
JKHUT APKO OCBEIIeHHAA y3Kad Ieisb S, NapajlieilbHasd IPeIOMJIsIO-
memy pebpy GMIpPHU3MEL.

IToCKOJIbKY NPEJIOMIAIOLIN YTo/ GUIPU3MBI OUeHb MaJll (LIOpsaf-
Ka JecATKa YIJIOBBIX MHHYT), TO, KAK MOXXHO IIOKa3aTh (CM. 3aja-
yy 3.6), Bce Jyuu OTKJIOHAOTCA ODMIPU3IMOI Ha IIPAKTHUYECKH OXHU-

* Jlanee MBI yBMJAHM, YTO B PA3HHIX HATep(depeRINORHAIX cXxeMax oA d Hafo IOHH-
MAaTh PacCTOSHUE MeXKJy HeKOTODHIMH XapaKTepPHbIMH JYHaMH B MeCTe paclierie-
HHA HCXOZHOH cBeTOBO# BosaHbl. CM., Hanpumep, sagauy 4.6.
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R

Puc. 4.11

HaKOBBIN yros o =(n —1)6. B peayisrare 06pa3yioTcs ZBe KOTrepeH-
THbIE BOJIHBI, KaK 6Bl HCXOAAIIYE U3 MHUMbIX HCTOYHHKOB S u S,,
JeXKailluX B OZHOW IIJIOCKOCTH CO INeJbio S.

IInpuny Ax nHTepdepPEeHIUOHHBIX IIOJIOC HAXOAUM IIO IePBOH
n3 dpopmy (4.6), yuuThIBas, YTO B JaHHOM ciaydae [ = a + b u pac-
cTosHAe Mesxay m3obpakenuamu S; u S, mean S pasHo d =a-2a.
Takum obpasom,

A b
Ax = —(1 + —) . (4.15)
2a a

Buano, aTo mupuHa nogoc TeM 6oabiue, yeMm GoJbiue paccTosHHMe b
oT OGMIpPH3MBEI OO IKpaHa.
Ecin 'xe Ha OMIIpU3MY Najaer IJOCKadA BOJHA, T. €. 4 — 0, TO

Ax =})/2a. (4.16)

OTkyna cienyeT, 4TO LUMPHHA HOJOCHI B 9TOM Clydae He 3aBHCHT
OT IOJIO)KeHHA 3KpaHa (paccTogHuA b).

IIpu HabGaiogenuy B 6esIoM cBeTe LIEHTPAJBLHBIA MakcuMyM (Hy-
sneBoro nopsgka, m = 0) monydaercsa GeasiM, OCTaJbHbIE OKPAIIEH-
HBIMH, IIOCKOJIBKY AXcoA.

Maxcumansaoe 9ucio N BO3ZMOXKHBIX 1I0J10C MHTep(hEepeHINHd Ha
JKpase, rqe IpHUHa 30HL HHTepdepenuu x = b - 2a (cM. puc. 4.11),
ompenenserca yciaosuem N, ... = x/Ax. Orcioma ciegyeT ¢ y4eToMm
(4.15), uro

N -’ _ab
MaKc y a +b ‘ (4-17)
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IIpumep. Ybemnumca, 4To AJId MOJIYHUEHUA HHTEPPEPEHUMOHHON KaPTHHEI C
INMPHUHOH 1oJjoc, Hanpumep, Ax = 0,5 MM npu pasmepax ycra-
HOBKY a = 50 cM, b = 100 cM mpesomursiromuit yros1 6anpusmMsel 6
JoJked ObITH BecbMa MajbIM. ByJeM cYMTaTh, 4yTO MOKasaTelb
npenomieHusa crexja n = 1,5, u aamHa Bosust cBera A = 0,5
MKM.

W3 (4.15) cnepyer, ecam ydecTs, 4To yroa o = (n-1)6:

o M +b/a)

=17 =-3.10%pag ~ 10 yra. mun.
2(n-1)Ax P Y

Haiigem, KcTaTi, U IWMPHHY X 30HBI MHTePhEPEeHI[UH Ha AKPaHe:
x=b-20=2(n-1)6b = 8 mm.

Buano, uto x« b. 3o XxapaKTepHO MJIA MHOIMX HHTepdepeHIH-
OHHBEIX CX€M, 4YTO MBI paHe€e M YYHTBIBAJH, yIpoinas HEKOTOPbIe
pac4deTsi.

B npeamipymiem naparpage ObLI0 ImOKasaHOo, YTO YCJAOBHS, IIO-
Z0oOHBbIe PaCCMOTPEHHBIM HaM# celvac Ans caydasa 6unpusmsl Ppe-
HeJIA, SABJAIOTCA HeoOGXOZMMBIMH, HO €llle He AOCTATOYHBIMM [JIs
NoJIy4YeHNs MBETepdepeHIIMOHHON KapTuHbl. Ciegyer obs3aTesNbHO
y4ecTh POJb IMUPHUHBI § e (0Ha CBA3aHA C IUHPHUHON KOrepeHT-
HOCTH) M CTelleHb MOHOXPOMATHYIHOCTH A/A)A HCIOJIL3YEMOro cBeTa
(xoTopas cBsi3aHa C JJIMHOM KorepeHTHocTH). OKassiBaerca (pacder
MOKHO IIOCMOTpeTh B 3ajaue 4.4), I nojyyeHus uHTephepeHn-
OHHOM KapTHHBI C AOCTATOYHO XOPOIIleHl BHAHOCTBIO HYXKHO, UTOOLI
WIXPHHA § IeJHU YZOBJETBOPATIA YCIOBHIO

A a
s<—|1+—,
1o ( b ] (4.18)
a creneHb MOHOXPOMATHYHOCTH — YCJIOBHIO
A 4o’ab
A Ma +b) ’ (4.19)

rge o =(n -1)6.

Cuenyer o6paTuTh BEUMaHHWe Ha TO, UTO IJId YBEJWYeHUA IIMPH-
HBI Ax HHTepQEepPEeHIMOHHEIX I0JI0C HYKHO, coryacHo (4.15), ysenn-
YyuBaTh OTHOoIzeHWe b/a. A uto6Bl MCHONB30BaTh GoJiee IIMPOKYIO
mens S, T. e. fo6uTbCA 66BN CBETOCHILHOCTH YCTAHOBKH, HAJO,
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kak BuAHO u3 (4.18), maobopor — yBennuuBaTe 06paTHOE OTHOIE-
Hue a/b. KoMnpoMucc MeXAYy STHMU ABYMSA NPOTHBONIOJIOKHLIMA
TpebOoBaHMAMHU pemHIaeTcsl OOBIYHO IKCIEPHMEHTAJbHO.

Buzepkana ®penensa. 37ech ABe KOTePEHTHLIE CBETOBBIE BOJIHBL
[IOJIYYAlOT IPH OTPaXeHHH OT JBYX 3epKaJl, IIJIOCKOCTH KOTOPHIX 06-
pas3yooT Mexay coboit meGoasioi yroa o (puc. 4.12). Mcrounux —
y3Kasfg APKO OCBellieHHasd Iesisb S, napajiejbHasd JMHUY Iepecede-
Hus 3epkajsi. OTpa’keHHbIe OT 3ePKaJ IIYYKH HaJaloT Ha 9KpaH d U
TaM, TJe OHH IEePEeKpHIBAITCH (30HA HHTEepGhEepeHIMH), BO3HUKAET
wHTepdepeHIHOHHAS KapTHHA B BHIEe IOJIOC, ITApaJlIeJIbHBIX IIeJIK
S. OrpaskeHHBIE OT 3epKaJjl BOJIHBI PACIPOCTPAHAIOTCA TAK, KaK eC/Iu
Obl OHM MCXOAWIY M3 MHHMMBIX MCTOYHHMKOB S; M S,, ABIAOIUXCH
usobparkeHMAMH 1eian S.

Puc. 4.12

Haiinem mupuny Ax nHTepdepeHI{HOHHBIX [10JIOC HAa dKpaHe 3.
Bocnosbsyemca nepBoit u3 dopmyn (4.6). B mHamem caygae
l=a+bud= 20-a, nosromy

A b
Ax = 2—[1 + —-) . (420)

o a

BuaHo, YTO IIMpHHA II0JIOC PACTET C YBeJHMYEHHEeM PacCTOAHMS b.
Ecnu ke Ha GusepkaJia IajgaeT IJIOCKaA BOJIHA, T. €. @ — ©, TO

Ax = A/2a, (4.21)

3HAYNUT IIMPHHA I10JIOC B 3TOM CjIydyae He 3aBHCHUT OT PaCCTOAHUA b—
MOJIOXKEHNA 3KpaHa.
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Yucio BO3MOKHBIX N0OJIOC Ha 9KpaHe N = x/Ax, rae x — IINpH-
Ha 30HBI HHTepdepeHUMH Ha 3KpaHe, X =b . 2a. CilegosaTeiibHO,
4a® ab

N="- .
A a+b

(4.22)

Ho uTo05nI BCe aTH NOJIOCH! GhLIK NeACTBUTENbHO BUAHLL (11 LOCTATO4-
HO XOpOLIO), HYKHO YAOBIETBOPUTH TpebopaHuam (4.13) u (4.14).
He BgaBasch B meTann BbIBOja (OH aHaJIOTHUYEH peleHuIo 3ajauu 4.4
s 6unpusmel PpeHesis), HOAYYMM, UTO IINPHHA § eJn S JOKHA
OBITH

A a
ssa—a(1+;), (4.23)
a CTeneHb MOHOXPOMaATHYHOCTH HNCHIOJL3IYEeMOI'Q CBETa
A 40’ ab
M. A a+b’ (4.24)

Obpamjaer Ha ce6d BHUMaHHE TO, YTO MOJYUeHHBIe (HOpMYJIbI
NOJIHOCTBHI MIEHTWYHH ¢ opmynamu ansa Ounpusmbl ®perens.

Bununuza Buite. O6pr4HYI0 cOBMpaTEIBbHYIO JIMH3Y paspesaloT IIo-
[10J1aM II0 ZMaMeTpy, VAAXAA cJoid HeboNbIIOH TONMHBI, B 06e 110-
JIOBMHKH ee CABUTAIOT (MM HeMHOro pasasuraior). Takyio cucremy
¥ Ha3eIBAIOT OusuH30i. PaccMoTpuM OMINH3Y, Yy KOTOPOH TOJIMHA
YLAJIEHHOTO CJI0f PaBHa O, 2 MCTOUHUK — APKO OCBeleHHas Iens S
pacIoyioKeH B IJIOCKOCTH, COeJUHAIONMEN o0e NOJOBMHKH OMIDH3-
MBI, © HaXoZuTcA B ee (GOKAJbHOH IVIOCKOCTH Ha pacCTOAHMH [ OT
6unpusms! (puc. 4.13). B srom cayuae ontudeckuil uentp O, Bepx-
He#l NOoNOBMHKM | GMIIPU3MBI B ONTHYECKHI HeHTp O, HuKHeH 110J0-
BUHKH 2 PacmoyioKeHbl KAaK [IOKA3aHO Ha PHUCYHKE, W PaccTOSHUe
MEXKIY 3TUMH ONTHYECKUMH LEHTPaMH PaBHO TOJIHMHE YAaJIEHHOTO
crnost, T. e. 6. M3o6pasuB NyHKTHpPOM IIOOOUHBIE ONITHYECKHUE OCH,
IpOXOZAIMe Yepesd 11esb S U onTHYecKHe LeHTPHI 00eNX II0JOBHHOK
OUIIPH3MBI, MOYKHO IIOCTPOHUTD M XOJ JIyyeil uepes 3TH I0JIOBUHKH.

Taxum o6pasoM, MBI BUANM, YTO OMIpU3Ma paclienigeT nagaro-
LLYIO Ha Hee CBETOBYIO BOJIHY Ha ABe 4acTH, KOTOPEIE 3aTeM YacTH4-
HO HepeKpeIBaioTCHA (30Ha HHTepdeperuun). Ha sxkpaune 9 B obiac-
TH [epeKpPbIBaAHUA BOJH LOJKHA BOSHHMKHYTH IIDH OIpejesIeHHBIX
NOIIOJHUTENBHBIX YCIOBUAX WHTephepeHUNOHHasA KapTHUHA.

4—6327
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Puc. 4.13

IIIupuny Ax uHTEepdEPEeHINORHON NO0JIOCHl MOXKHO Ha#fiTH C IIO-
MOILbIO BTOPOit U3 dopmy (4.6), nna sToit enu ona Gosee ygobua.
Hmesa B BUAY, UTO yros MeXXAY HanpaBJeHUAMH pacIpOCTpaHeHU:A
IBYX NJIOCKHX BOJH, KaK BHAHO u3 puc. 4.13, pasen a = §/f, moay-
KM

Ax = Af/S. (4.25)

OTrcioja cienyeT, 4TO IIMPHUHA IIOJOCHI B AAHHOM CJydae He 3a-
BHCHT OT PACCTOSHHA MEXAY SKPAaHOM M OHIMH30H.

Ona nopcuera YMCia MOJOC Ha 3KpaHe HAAO y4YecTb, UTO 30HA
nHTepdepeHnUHN 3ech UMeeT BHA BEITAHYTOro pomba, MakCcuUMasb-
HadA IIMpHHA X, . KOTOPDOTO DaBHa MOJIOBHHE xuaMerpa D 6uianH-
3B X, = D/2. IlosToMy Ba)KxHO 3HaTb, B KAaKOM MeCTe 3TOrO
«pomba» HaxomguTCs 9KpaH. Eciau oH pacmoiyokeH OJM>Ke MecrTa,
The X = X, (06braHO Tak u GbpIBaeT), TO IIMPHHA 30HBI HHTEp(depeH-
1NN Ha sKpaHe 6yget x =ba =bs/f. X yucao N BOZMOKHBIX II0JIOC MH-

TepdepeHIMH oKaxkerca N = x/Ax, T. e.
N =b8%/f*\. (4.26)

IIposeneM HexOTOpHIE OLEHKM, YTOOBI MMETH HpeiCcTaBleHHe O
nopsagKe BeJWYWH, C KOTOPHIMU IPHUXOAUTCA MMEThH A0 B NOL06-
HbIX HHTep(depeHIMOHHbIX cXxeMaX. [/IA 3TOro paccMOTPHM CJieAy-
OILUHA YHCJIOBOH IIpHMeEP.

IIpumep. IlycTs Gunnn3a, 0 KOTOPO# 11ia peyb, MMeeT QOKYCHOE PACCTOS-
nue [ = 400 MM u guamerp D = 50 mMm. TonmmpHa yaajieHHOro
caosa & = 1,0 MM, AnuHa Boansl cBeta A = 0,50 mxm. Illens Haxo-
BAUTCA B (POKaNbHOH IIOCKOCTH GMAMH3EI. BRIMHCAMM IAPHUHY
[IOJIOCH AX, paccTosaHMe b, Ha KOTOPOM YKCJIO IIOJIOC MOXKET GLITh
MaKCHMaJbHBIM N, ., ¥ 3HaueHHe N,

MaK Maxc®
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Cornacso (4.25), Ax = Af/6 = 0,2 mM. B namem cayuae Ax He 3a-
BHCHT OT PacCTosiHMA b, 103TOMY MaKCHMAaJbHOe YUC0 mojoc 6y-
JeT B TOM MecCTe, e LIMPHHA 30HbI HHTephepeHUH TOXKe MAK-
CHMMaJIbHa ¥ paBHa, KaK BHAHO u3 puc. 4.13, D/2, M3 aroro pu-
CyHKa TaK’Xe BHMAHO, 4To D/2 ~b-o, rae a = §/f. Orciona

b = D/2a = Df/26 =10 M.

Ha aTom paccrosanuu MoxxHO 66110 661 HAGIIOZATE MAKCHMAIBHOE
YHUCJIO II0JIOC

N,.. = (D/2)/Ax = D5/2Af = 125.

O6sr4yHo GepyTt paccroazHue b ~ 1 M, Ha KOTOpOM MOXHO Habii0-
zate 12 mosoc.

OcraeTcs BBIACHUTH JOIOJHUTEJbHEIE YCIOBHA, KOTOPHIM AOJ-
JKHBI YAOBJIETBODATD IIXPHHA § 1IN S M CTeIeHb MOHOXPOMATHY-
HOCTH A/AMA HCHOJB3YEeMOIO CBeTa, 4TOOH HHTep(PepPeHIMOHHYIO
KapTHHY MOXXHO 6BLIO IOJYYHTH, IPHYEM C HAOCTATOYHO XOpoLIei
BHAHOCTBIO. OTH YCJHOBUS Mbl HaliJeM C IIOMOILIbLI0O COOTHOIMEHHUHA
(4.14) u (4.9). IIpegocTaBHB KeJalOIINUM B 3TOM y6egUTHLCA caMo-
CTOATENbHO, BBINMUIIIEM HX JJs Hallero caydad, KOrja Iejb Haxo-
AuTCA B (POKANBHOM IIJIOCKOCTH OGMIIMH3EI:

s SAfY/b8, (4.27)
MAL = m,,  ~bS%/2Af7, (4.28)

rae my,. .. — MaKCHMAaJbHBIH NOPANOK MHTep(hEePEeHINH Ha 3KpaHe,
OTCTOSAIEM Ha paccrodaHue b or GuauMH3LI (OH paBeH OTHOLIEHMIO
NOJYINUPHHBI 30HBI METEePpepeHNNH K IMIMPHHEe MHTep(epeHIHoH-
HOH IIOJIOCHI).

B sakmiouenue ciefyeT 3aMeTHTb, UTO 0630p MHTepdepeHHOH-
HBIX CX€M Ha 3TOM, pasyMeeTcsd, He orpaHu4uBaercda. Ha Tpex pac-
CMOTPEHHBIX CXeMaX MbI IPOAEMOHCTPHPOBAIHN OOIIHOCTh NOAXOAA
K pacueTry MHTepdepeHIMOHHBIX KAPTHH, IOYYaeMbIX IIOJOOHLIMH
cxemamu. M3 cyllecTBYIOIUX B HAaCTOAILee BpeMs MHTepdepeHIH-
OHHBIX CXeM MOKHO Ha3BaTh elle M Takue: 3epkano JLmoitga (cM.
safauy 4.1), uarepdpepomerp Poases (cm. sagauy 4.2), ssesgublit
nHTepdepomerp MaiikenbcoHa (CM. B KOHIIE IPEeALIAYIErO Hapar-
pada), urtepdepomerp Maxa-Ilenaepa n aAp. Hekoroprie 3 mux
HAIlTY UIIMPOKOe IpHMeHeHHe NpH NpOBeJeHHH OYeHb TOHKHX H
BBICOKOYYBCTBHTEJAbHLIX H3MEpPEeHMNH.
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Ilapannensno 6bina paspaborana Apyrasa Kaes HONYYEHHA M UH-
TepdepeHIUH KOTepEHTHHIX BOJH — IYTEM pacIiellieHUA HepBUY-
HOM BOJIHBI IIPM OTPA’KEHUM OT ABYX I'PaHHUI, pasfesia Npo3pavyHbIX
BUYJIeKTPUKOB. K M3yueHMIO 3TOro MeTOfa MBI M IEPEXOHM.

§ 4.4. UarepdepeHuusa cBeTa NPH OTPAKeHMH
OT TOHKHMX IIJIaCTHHOK

IIpu oTpaxeHnH OT ILIOCKONApaJLIebHON miaacTuHkH. Ilycts Ha
NPO3PaYHYI0 MUIOCKONAPAJIJIEbHYIO IUIACTMHKY afaeT IUIOCKas MOo-
HOXPOMAaTHUECKAs CBeTOBasA BOJHA, HATIpABJE€HWE DacIPOCTPAHEHUS
KOTOpOH NOKAa3aHO MajaloluM Jyyom Ha puc. 4.14. B pesynsrare
OTPaXkKeHUM 0T 006eMX I[I0BEPXHOCTeH IJNACTMHKH HCXOXHASA BOJHA
pacIllenUTCA Ha fABe, YTO M IOKasaHo Jgyuamu I u 2. AMIINTYABL
3THX BOJH MaJO OTJHYAITCA OPYT OT LPYyTra — 3TO BAKHO IJIA IOJIY-
YeHHA LOCTATOYHO KOHTPACTHOM HMHTEepdepeHIIMY.

2

Pnc. 4.14

3ameTnM, 4YTO, KPOME 3THX ABYX OTPa’keHHbIX BoJH (I u 2), Bos-
HHKAaeT elje MHOrOKpaTHoe oTpakenne. OGHAKO HX BKJIaf HPaKTH-
YeckM IpeHebpexumo Mman (cM. 3azauy 3.3), ¥ MBI OTPaHHYMMCH
TOJIBKO BOJIHAMHM, BO3SHHKIUNMH IPHA OJHOKPATHOM OTpPa’KeHMH.

OnTHYeCKYI0 PasHOCTh X04a BoaH I M 2 onpenenuM, COTJIACHO
puc. 4.14, kax

A=n(AB + BC) - AD, 4.29)

IZile n — IIOKa3aTejb NPeJOMJEHMS BellecTBa IaacTHHKU. Kpome
TOro, BUAHO, uro AB = BC =2b/cos8’ u AD =2btgl8' . sin3, b —
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TOJIMHA IUJIACTHHKH. B pesyasTare HOZCTAHOBKM 3THX BhIpayke-
Hui B (4.29) moayuum

A=2nbcos9’. (4.30)

Crepyer TaxkiKe y4ecTh, YTO NIPH OTPAIKEHHM OT BepXHEH MOBEPXHO-
CTH IJTaCTHHKY (OT CpeAnl, ONTHYEeCKH GoJiee ILIOTHOM) B COOTBETCT-
Bud ¢ (3.11) mpoucxoauT ckadox $as3sl Ha T Y OTPayKE€HHOM BOJIHBI,
T. €., KAK T'OBOPAT, «IOTEpPA» NOJYyBOJHbI ( +A/2). VunursiBas elne,
470 sind =nsind’, monyunm

A=2bVn® -sin®9 - A/2 (4.31)

(3zecs MO>kHO OBLIO HamKcaTh U +A/2, HO 3TO He CYLIECTBEHHO).

Ecnu orpaxeHHsle BONHBL I M 2 KorepeHTHHI MeXZY coboil (a
Mbi 00 3TOM mo3afoTuMcs), TO MAKCHMYMBI OTpaXkeHus OyayT Ha-
61100aThCA IIPH YCJIOBHUH

2bvn? —sin®8 ~ /2 = mA, (4.32)

rae m — uenoe uucno (nopAnok unutTepdepeHIUN).

MeHas yron nageHusa 3, Mb1 Oyzem HaGnioAaTh IOCHeZOBATENb-
HYIO CMEHY MAKCHMYMOB I MHHUMYMOB OTpa)keHus. (3aMeTHM, 4TO
IPH MHHUMYMe OTPaKeHHus HalbaiofaeTcsa MaKCHMYM IIPOXOAAIIETO
Yepes IJACTHHKY cBeTa, M HaoGopor.) Ecam 6nI ofe oTpakeHHBIE
BOJIHBI ObLIX HEKOTePEeHTHBIMH, TO TAKOrO ABJCHUS MBI He HabJi0-
Janu 6bl: 110 Mepe YBeJIMYeHNU yIila NafeHHA UHTeHCHBHOCTD OTpa-
JKEHHOTO CBeTa MOHOTOHHO yMeHbIIanach Obl.

Teneps BBIAICHUM YCJIOBHA, NIPU KOTODPBLIX OTpa’keHHbIE BOJHEI
6YAYyT KOTEePEHTHBIMHM U CMOTYT MHTepdepupoBaTh, T. €. BBIIOJIHA-
1oTca cooTHomienus (4.13) u (4.14).

IpounmrocTpupyeM cCHUTyaLyio ¢ noMombio puc. 4.15. Bergeaum
B Tajalneil BOJMHe HeKOTOpywoo o6jacTe KorepeHTHOCTH [ R, .
(oHa cyierka saTeHeHa Ha PHCYHKe) W IIPOCJIeAUM 3a ee JajJbHedInei
cyanboii. Ilocse paclmemyiieHus nagarolileidl BOJIHBI PacIIeNHUTCA H
BhIZe/IeHHas 00J1acTh KOTePeHTHOCTH, IPUYEM TaK, YTO B OTPaKeH-
HBIX BOJIHAX 9TH 00J1aCTM KOTepPeHTHOCTH CMECTATCA OTHOCHTEJIbHO
npyr apyra (puc. 4.15, a). Ecin oy npu 9ToM nepexpriBaioTea (Ha
pucyHKe 60Jiee TeMHBIH y4acToK), HHTepdepeHuA 6yner Habarona-
ThCcA U TeM 6oJiee OTYET/IMBO, ueM GOJIbIlle CTENeHb NePeKDPBITHA.
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Puc. 4.15

HeTpyaHo BuzeTs, YTO AJA NJACTHHKH C 6oJblueil TOJIIMHONR 06-
JIaCThs IIePEeKPBLITMA  KOTepPeHTHHIX YYacTKOB  YMEHBIAaeTCs
(puc. 4.15, 6), 1 uareppepeHuna 6ygeT HabaoKaTHCA BCe MEeHeE OT-
yerAnBo. HauMHaA ¢ HeKOTOPOH TOMNIMHEI IIJIACTUHKH HTepdepeH-
LKA UCYEe3HET COBCEM.

W3 puc. 4.15 BANHO, YTO CMeLleHHe pacuyeHeHHBIX dacTeil 06-
JIaCTH KOTePEHTHOCTH NPOMCXOAXUT KaK BAOJb PaclpOCTPaHEHUA
BOJIHBI (OHO He JOJKHO IPEBOCXOAMTE JJIMHY KorepeHTHOCTH [ ),
TaK M MNONEepeK paclIpoCTpPaHeHHA BOJHBI (CMelleHHe He INOJIKHO
TIpPeBOCXOANTE IUHPHHY KorepedTHocTH h ). MuTepbepennus 6y-
JAeT HaboAaThCA JKUIIL B TOM ciydae, Korga OyayT yAOBJIETBOPEHEI
o6a aTu ycaoBuda. HamoMHMM, 4TO A Jyulliedl BUAHOCTH MBI AOTO-
BOpMWJINCh OpaTh IOJIOBMHBI 3HauUeHu#t l . u k. .

IlepefineMm x pacuery. Cornacro (4.13), Heo6xomumo, 4TOGH On-

THYecKasd pasHoCTe Xoma A < [ /2. CremosaTennHoO,

2bVn® -sin®$ - A/2 <1, /2. (4.33)

IO1a ouneHKH HeoOGXOZMMOro 3HAYEHUA TOJILMHBI MJIACTHHKY b Gy-
JeM CUMTaATh, YTO KOPEHb B 9TOM BHIPpAKCHHH PaBeH BeJIMYHHE II0-
pAgKa eguHunbl (uTo 0OBIYHO M OhIBaeT), a Takke npeHeGperxkeM
A/2. Tormga moay4yum

2 <L, /2

T. e. Heo6X0AMMO, UTOOLI YABOEHHAA TOJLIMHA IIJIACTUHKHM Gblla He
fosee DOJOBHHBI JJVHBE! KOM€PEHTHOCTH HMCIIOJIB3yEMOIO H3Jjydye-
Hua. Hanpumep, ecan A = 600 1M, a AL = 3 HM, TO TOJIOMHA IJac-
THHKHI

b <A*/4AN =3 -10%HM = 30 MKM.
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Hanee, monepeuHbli CABHIr yacTeil 06J1aCTH KOrepeHTHOCTH He AOJ-
¥ eH IIPeBOCXOAMTDL IIOJOBHHBI IIMPHHBI KOTepeHTHOCTH A, .. DTOT
COBHUT, KaK BUAHO u3 puc. 4.14, paseH orpesky DC. 3Hayur, Heob-
xogumo, utober DC < b, /2. U3 puc. 4.14 caegyer, 4to

sin29
JYn® —sin’3

910 cMellleHHe CYIeCTBEHHO 3aBHCHT OT yrja nageHusa 3. Yem me-
Hbllle YroJl mafeHus, TeM MeHblue cMewmeHne DC, TeM MeHbIle Mo-
xet 6b1Th b, . V1 0OCHOBHYIO POJIb B 3TOM ciydae 6yfeT HTrpaTsy AJIH-
Ha KorepeaTHocTH. IIpu 8 =0 cMeleHMe DPONCXOAUT TOABKO BAOJb
pacIpocTpaHeHHs BOJIH, IIOIlePeK — OHO PaBHO HYJIO, ¥ IIHMPHHA
KOrepeHTHOCTH /i, . CTAHOBHTCA NPAKTUYECKH HE CYIIeCTBEeHHOH.

O6paTMcA K BOHpPOCY, HYTO CJeAyeT IIOHMMATb II0J CJIOBAMH
«TOHKasd» IJIacTuHKa. Korga roeBopar, uro uHTepdepeHIUA IPOKC-
XOAUT NPH OTPa’>KeHHUH OT MOHKOU ILIAcTHHKH, TO HUMEIOT B BHUAY,
YTO ee TOJIHHA MeHbIIe (B TOH UM HHOH crenenn) L u b  (ecam
3 #0). IIpruem — 3TO BasKHO — NIPHX HOPMAJbHOM HNaJeHHHU HHTED-
(epennua ofecIeUNBACTCH TONBKO COOTHOIIEHWEM MEXAY TOJINM-
HOA IUIACTMHKH H [ .

HOna conneunoro csera (.. ~ 5A) nnacTmEKa GyJeT TOHKOH,
€CJIN ee TOJIMHA IIOPAAKA HECKOJbKMX NJUH BOJH. [[auHy Kore-
PEHTHOCTH MOKHO YBEJHUYHTH C IOMOIIBIO CBeTOQHUIBLTPOB, COOT-
BETCTBEHHO YBEJIHUYHUBAETCH M TOJMIMHA IUIACTHHKH, KOTOPYIO MBI
Ha3bIBaeM TOHKOH. [[ys 51a3epHOro ke HM3JIy4YeHMA TOHKOH Oyger
NJAaCTHHKA B JECATKH CAHTHMETDPOB M MeTPOB (B 3aBHCHMMOCTH OT
IUIMHBI KOTePeHTHOCTH H3JIy4eHHMS MCI0JIB3yeMOoro Jasepa).

Hrak, MBI BRIACHMJIHN, UTO IPH NaZeHUH IIJIOCKOHN CBETOBO BOJI-
HBl Ha ILUIOCKONAPaJIIeSIbHYIO TOHKYIO IIJIACTUHKY MHTEHCHBHOCTD
OTPa’KeHHOTro CBeTa 3aBHCHUT OT yIvia HajeHus. MaMeHsas aToT yroa,
MBI Oyaem HabiogaTh depeJoBaHNE MaKCHMYMOB ¥ MUHHMYMOB OT-
pa’KeHHOTO CBeTa. JTO MOXXHO HCIIOJNbL30BATL AJA IIOJYYeHUSA HH-
TepdepeHIIHOHHON KapTHHBI B BHJAE IPHUBLIYHONA CHCTEMBI IIOJIOC.
JocTaToYHO HCIONL3OBATEH B KayecTBE NaJalolero pacCedHHLIH MO-
HOXpoMaTH4YeCKHi cBeT (OH COAEP:KHUT BOJIHBI, Majalolye Ha IJjac-
THHKY OLHOBpPEMEHHO II0f Pa3sHBIMM YIVIaMH), & Ha IIyTH OTPa’KeH-
HOTO CBETa NIOCTABMUTH JMH3Y ¥ B ee (DOKaJbHON NJIOCKOCTH dSKPaH
(puc. 4.16).

Kor

DC =2btg3'cos3 =b
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R

9
\<1
L
Pnec. 4.16

MakcumMyMbl Ha sxpaHe OyAyT pacrnojarareCi B MecTax, COOT-
BeTcTBYOIMX yeiosuio (4.32). Ilosoca gansoro nopagka uuTepde-
peHuuy ofGycyioB/eHa CBETOM, HAJAlOUIWM HA IJIACTHHKY NOL OX-
HUM M TeM *Ke yIVioM 3, Ho ¢ pa3dHuIX HanpaBiaeHuil. IlosTomy Ta-
K¥e TI0JOChI HA3BIBAIOT NOAOCAMU pA6HOz0 HaxaoHa. Ilpnm
pacmosio’KeHHHM JIMH3bl KaK IIOKasaHO Ha PHCYHKE, 3TH I0JIOCHI
MMeIOT BUJ KOHIEHTPHUECKHUX KOJell ¢ LeHTPoM B ee ¢oKyce F. Ilo-
PASOK MHTeD(pepPeHIUH M PACTeT ¢ YMEHbIIeHUeM yrJia nafgesnd 3,
M B LEHTPe KapTHUHBLI OH MaKCHMaJeH.

Tockonsky paa HaOmiofeHNsa WHTepPGepPeHUHOHHOH KapTHHBI B
OaHHOM ciydae 9KPaH NOMeINaloT B (DOKaJBbHOM IJIOCKOCTH JIMH3LI,
T. €. TaK, KaK ero PacIojlaraioT AJId NOJYyYeHNA Ha HeM H306paskeHus
6eCKOHEYHO yAadeHHbIX NPENMEeTOB, TO I'OBOPAT, UTO 110.I0CbL PABHOZ0
HAKAOHA JOKAAU308aHb. 6 Oeckonevwnocmu. Posb NWH3BI M dKpaHa
MOJKeT MIpaTh XPYCTAJIMK M CeTYaTKa IJasa. B aToM criydae ajisa Ha-
Oy0eHNA [IOJIOC PABHOTO HAKJIOHA I'VIa3 HYKHO aKKOMOJUPOBaTh (Ha-
cTpauBaTh) Tax, Kax OPH PACCMOTPeHHH YIAJeHHBIX IIpefMeTosB.

B Gesrom cBere nmHTEepepeHIIMOHHEBIE IOJIOCH OKpainesbl. IloaTo-
My Takoe fBJIeHHe HA3BIBAIOT UEema MOHKUX NAAGCMUHOK.

KnuuoBuausie niacTHHEU. [1ycTh CTeKJIARHAA IIJIACTHHKA HMe-
eT opMy KJIHHA C YIJIOM PacTBOpa d « 1, ¥ Ha Hee Hajaer IJIOCKaA
MOHOXpOMAaTHUYECKasa cBeToBadA BoJiHA. Teneps oTpa’keHHbIE OT IIO-
BEPXHOCTEH KJIMHA CBETOBBIE BOJHEI OYOYT PACIHPOCTPAHATHLCA HE B
OQHOM HaIpaBJIeHHH, a o4 HEeKOTOPhHIM yrioMm (puc. 4.17).

BrisicuuMm npeskze Bcero, rge OyxeT JOKalu3oBaHa HHTepdepeH-
IIMOHHAA KapTUHA. OTO IMIpOule BCEro CHeJaTh ¢ IIOMOILLIBIO
puc. 4.18, Ha KOTOPOM IIOK&3aHO, YTO IIPOUCXOIUT ¢ 00JaCThIO KO-
TePeHTHOCTH NOCJe paCIeHJIeHUSA BOJHLI IPY OTPakeHUM OT I0-
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Puc. 4.17

BepxHOCTeH KauHa. fIcHo, uyTo npu HebonbmIuX sHaYeHHA L, U A,
06yacTh I1ePeKPBITUSA KOMePeHTHBIX YacTed OTpasKeHHBIX BOJH JIO-
KaJIN30BaHa B OCHOBHOM BGJIM3H ITOBEPXHOCTH KJAMHA ¥ CTAHOBUTCH
Bce Ooslee y3KOH IO Mepe IlepeMelieHMS B CTOPOHY YTOJNIIEHHA
KJHHa, IIoCTeneHHO mcue3ad coBceM (puc. 4.19). Ha pucyske 06-
JIACTP JIOKAQJIM3alMM HECKOJIbKO 3aTeMHeHa.

Taxk kak pasHOCTh XOofa Jyd4eH, OTPA3SHBHIINXCS OT Pa3JIUYHBLIX
Y4aCTKOB KJIMHA, HEOQUHAKOBa, B 00JIaCTH JIOKAJIN3aUU HHTepde-
peHIIMHN HOABATCS CBETJIble X TeMHBbIe II0JIOCHI, NapaJjiejbHble peb-
py KnuHa. Ka)kgas M3 Takux IOJIOC BO3HUKAET B pe3yjbTaTe OTpa-
JKeHUH OT y4acTKOB KJIMHA C OJMHAKOBOH TOJIIMHOM, IO3TOMY KX
Ha3BIBAIOT NOJAOCAMU PABHOU MOLUUHYL,

Jlokann3oBaHHbIE BOJM3M IIOBEPXHOCTH
KJIMHA WHTepGepeHIIHOHHbIe TI0JIOCh! MOXK-
HOo Habilo#aTh HEIOCPeACTBEHHO IJIa30M,
doKycupysa ero Ha INOBepXHOCTb KJIHHA,
anb0 ¢ HOMOINBI) JIMH3bI, CHOKYCUPOBAH-
HOH TaKyKke Ha II0BeDXHOCTH Kjanea. C mo-
MOLIIBIO JIMH3BI WHTepPdEePeHIIHOHHYI0 Kap-
THUHY C IOBEPXHOCTH KJIMHA MOXKHO OTO-
OpasuTk Ha 9KpaH I, DPacHOJIOKEHHBIH B
TIJIOCKOCTH, CONPSAXKEeHHOM ¢ NOBEPXHOCTHIO KAuHa (cM. puc. 4.19).

Tostocsl paBHOH TOMMIMHLI MOMKHO HaOJIIOAATH B TOHKOH KJIHMHO-
BHJHON IIPOCJIOMKE BO3AYXa MEXKAY IIOBEPXHOCTAMHM ABYX IIpospad-
HBIX IIIaCTUHOK. Ecim Hanpasienue HabmogeHus OIM3KO K HOPMATE-
HOMY, TO ONITHYECKasa Pa3HOCTh XO4a Jyuell, OTPa’KeHHBIX OT II0BEPX-
HOCTell KJIWHA B Mecre, Ie LIVPHHA 3a30pa paBHa b, onpegeisercs
Kak A=2b— A/2. Tam, rue A= (m - 1/2)A, m =1, 2, ..., BOSHHKAIOT
MUHEMYMEHL. T. e. TeMHbIe N10JIOCHI BO3HMKAIOT B T€X MeCTaXx, I'le TOJ-
muHa 3a3opa b = mM/2. Ilepexom oT 0gHOM NOJIOCH K coceiHel (m-
pPHHA IOJOCHL AX) COOTBETCTBYET HM3MEHEHMIO TOJIITUHBI 3a30pa Ha

Puc. 4.19
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A/2. Kaxkgasn moJjioca COOTBETCTBYeT ONpefe/IeHHON TOJMINMHe 3a30pa.
9T0 HCHO/B3YIOT /A NPOBEPKH KauecTBa ONTHYECKHX IOBepPXHOCTeH
npy UX mIA(oBKe, HAbGMogaA B OTPa>KEHHOM CBeTe IIPOCJIOHKY MeXX-
Oy KOHTPOJIMPYEMOH M 3TaJIOHHOH NOBEPXHOCTAMM,

H3Mepss MIMPHHY TOJOCH AX B MOHOXPOMATHYECKOM CBETe C
M3BECTHOH AJIMHOMA BOJHBI A, MOKHO HM3MEDHTH YIJIBI NOPAZKa
0,1 yra. mun u Menbie (cMm. 3agauy 4.6).

B npeapigymux paccy)XZeHMAX MBI IPUHMMAaJII BO BHHMaHMe
TOJIBKO BOJIHBI, OTPa’X€HHbIe OT IOBEPXHOCTEHN BO3AYINHOIO KJIMHO-
BHHOTO 3a30pa, MTHOPHUPYS BOJIHBI, OTPa’KeHHBIE OT HAPYKHBIX
NOBepXHOCTEH IIACTHHOK. JTO MOYKHO CHAEJIAThH JIMINb IIOCTOJIBKY,
TIOCKOJIBKY TOJIINUHA IIJIACTMHOK OOBIYHO 3HAYMTEJIbHO IIpeBbINIAET
OJIHHY KOIepeHTHOCTH MCIIOJb3yeMOrI'0 CBeTa OT OGBLIYHBIX MCTOYHH-
KOB, X OTpa’keHHbIe OT 3THX HNOBEPXHOCTeHd BOJHLI OKa3bLIBAIOTCA
HEKOTePEeHTHHIMH.

Koisua HeloTOHA — 3TO KOJbIiEBbIE IIOJIOCHI PABHOM TOJIIIHHEI,
HabaiogaeMsle IPH OTPa*kKeHHH CBeTa OT IIO-
BepXHOCTEeH 3a30pa MeXXIY CTEeKJIAHHOMN Ilia-
CTHHKOHA M conpHKacaloneics ¢ Hedl BHINYK-
Joi1 3o (puc. 4.20). Boana, orpakeHHad
OT BepXHe# IIOBEPXHOCTH JIMH3bI, B CHJY He-
6onp1IION AJIMHBI KOTEPEHTHOCTH OOBIYHBIX
MCTOYHHUKOB CBeTa, HEKOrepeHTHa C BOJIHA-

Pnc. 4.20 M¥, OTPaXeHHBIMH OT IIOBepXHOCTEl 3a3opa,
H yJacTusa B 00pasoBaHNy HHTephepPeBEIHOHHON KapTHHBI He IDUHH-
maer. IloaTroMy MBI ee u He GyfeM Y4YHTHIBaTh.

Ilpx HOpManbHOM IANeHHH CBeTa KOJBLAa B OTPAXKEHHOM CBETe
MMeIOT BUA KOHLUEHTPHYECKNX OKPY>XKHOCTel C IIeHTPOM B TOYKe CO-
IIPMKOCHOBEHUSA JIMH3LI ¢ IIaCTUHKON. HalifeM pafuycel I TEeMHBIX
KoJjel (MHHMMYMOB).

CHavana samumeM yciaosue o6pasoBaHHA TeMHBIX KoJell. OHu
BO3BHHKAIOT TaM, I'e ONTHUYeCKas PasHOCTb Xo4a A BOJH, OTPaKeH-
HBIX OT 00eMX IIOBEepPXHOCTeH 3a30pa, PaBHA HEUETHOMY YHMCIY NOJY-
BOJIH:

A=2b+M2=(12m +1)\/2,

rae A/2 CBA3AHO ¢ «IOTepei» NOJYBCGJIHBI IPH OTPa*KeHHH OT Ijaac-
tTmEHKE 1 m = 0, 1, 2,... Orcona

2b = mA. (4.34)
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Hanee, cornacHo Teopeme IIucdaropa (cm. puc. 4.20), 2= R%2— (R — b)2.
YuureBasa, uto b « R, HOAyYHMM

r2 = 2bR. (4.35)
W3 (4.34) n (4.35) caegyer, UTO paguyc m-ro memHOzo KOJblia

rm —_-Jm}“R, m=0,1,2,... (4.36)

3aMeTuM, 4TO 3Ha4YeHUIO m = 0 COOTBETCTBYeT MMHHMYM TEMHOTO

namua (He Koabla). AHAJOPHYHBIA pacueT MOMKHO IIPOBECTH M AJIA

CBETJBIX KOJIell,

IIpumep. Hafigem paguyc 5-ro cBeTsioro Koablia, €CJH PagUyC KPUBH3HBI
BBINYKJIOH IMOBEPXHOCTH JMH3bI R = 16 cM M KOHTaKT ee C ILJIOC-

KOHM NMOBEPXHOCTBIO CTeKJia MAeaJbHBIA (B TouKe). IMHA BOJIHBI
ceeta A = 0,50 MxwMm.

YcnoBre MaKCHMYyMOB B JaHHOM CJy4dae UMeeT BH[
2b+ 1/2 = mk, m=1,2,3,...,

roe b — ToJIMHA 3a3opa B MecTe mM-T0 MAaKCHMyMa (3aMeTuM,
YTO ecJHU 6Bl MBI B3AJM —A/2, TO 3HAYeHUs M HaZo OvLIO Ha4u-
HaTs ¢ Hyaa). CoraacHo (4.35), 2b = r,f /R. 3 3THX ABYX COOTHO-
IIeHUNA CJaeJyeT, YTO HCKOMBIH paguyc

r, =+(m-1/2)XR =0,6 MrMm.

Cunenyer o6paTuTh, BHHMaHMe Ha To, 4To (popmyina (4.36) cupa-
BeJJIMBA JIMNIb B CJIy4ae HAeaJbHOro (TOYeYHOro) KOHTaKTa chepu-
YeCKO¥ HIOBEPXHOCTH JIMH3BL ¢ IIacTuHKO#M. Ho maeanpHBIX KOH-
TaKTOB He ObIBaeT, HOMepa KoJiel He paBHBI, BOOOIL IOBOpPs, IIO-
PAOKY HHTeppepeHLHMH M, M 3ITO OOCTOATENLCTBO HeoGXOAMMO
VUMTHIBATh IPH pacyerax (cM. 3agauy 4.8).

Ecny nHMH3Y IIOCTENIeHHO OTOABUIATH OT IOBEPXHOCTH ILJIACTHH-
KH, TO HHTepdepeHINOHHbIe KOJbLa OyAyT CTATHBATHCA K LEHTPY:
3TO Begb KOJbIa (I0JIOCHI) PABHOM TOJLIMHELI, a OHa IIPH 3TOM Iiepe-
MelllaeTcsi K ILEHTPY.

C momomsio kosiel, HploToHA MOYKHO € JOCTATOYHO BBICOKOH TOU-
HOCTbIO KOHTPOJHPOBATH KA4eCTBO H3TOTOBJEHUs, HalipuMep, coe-
pHYECKMX IOBEePXHOCTel.
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PaccmorpuM Teneph Ha KOHKPETHOM NpHUMepe BONPOC, CBA3aH-
HBIA ¢ IPUYMHOMN JOKaMm3auuu xKoJjel HbloToHa B oueHb Maoi 06-
JacTu A OOBIYHBIX JWH3 (KOJblIa NPHXOLNTCA PACCMATPHBATDL B
MUKPOCKOII).

ITpumep. IL1ocKOBBIIYKIAA JIMH3A, PaguyC KPUBU3HE! chepuyecKoil nopepx-
HOCTH KOTOpo#l R = 60 MM, compuracaeTca CO CTeKJAHHOM Iulac-
TuHKOHA. OueHuM paguyc HabaOgaeMOH B OTPa’XeHHOM CBeTe HH-
TepdepeHIHONHOM KAPTHUHRI, €CJIM AJIMHA BOJIHEI ceeTa i = 0,60 MM
u AL = 0,06 mxm. CBeT najaeT IpakTH4eCKM HOPMAJIBHO.
IIpr HOpManNbHOM IIaZEHHM CBeTa OrpAHHYMBATH HHTEphepeHIH-
OHHYIO KapTHHY 6yJeT TOJNBKO JJIMHA KorepeHTHoCcTH ! .. Konsna
HCYe3aloT NpHu yciaosuu 2b = [, rae b — mupHHa 3a30pa B MecTe
HcuesHoBeHnA kxoxen. Cornaceo (4.35), r’ = 2bR, a L= 22 /AN
Hs stux dopmya noayumm r2/R ~ 32 /AL, OoTKyZa

r = AJR/AA = 0,6 Mm.

Yucjso BUAUMBIX KOJeEL, paBHO, corsaacHo (4.9), A/AA = 10. Sror
pPes3yabTaT MOXKHO IIOJIYYHTH M ¢ nomolinbo (4.36).

IIpocBeTrenne ONTHKH. B ee ocHOBe JjeKuT HHTepdepeHIUA
cBeTa IIPX OTPa’KEeHUM OT TOHKUX IJIaCTHHOK. [lejio B TOM, WTO IIpH
OPOXOKIEHUM CBETA Hepe3d KaXKIyIo IIPejIOMJIAIONIYIO IIOBEPXHOCTH
JIMH3BI oTpa)kaeTca NpumepHo 4% mnafarwinero csera. B CHOMKHBIX
00'beKTHBaX TaKHue OTPa’KeHMA COBEPINAIOTCA MHOTOKDPATHO M CYyM-
MapHasa IIoTeps CBETOBOI'O IIOTOKA OKAa3blBaeTCA BeChMAa OIYTHUMOM.
Hanpumep, B npusmeHHoM GMHOKJIE 0Ha ocTaBjseT ceoiine 50% .

B npocBeT/IeHHOH ONTHKE Ha KaXAYIO NOBEPXHOCTH JIMH3LI Ha-
HOCAT OyTeM HalbLJIeHud TOHKYIO NJIeHKY NIPO3PadyHoOro AUdJIeKTPU-
Ka C [I0Ka3aTesIeM NPEeJIOMJICHHUA ' = ([N N, , TAe Ny ¥ Ny — NoKasa-
TeJN IIPeJOMJIEHHA CDhel, MeXXAy KOTODPBIMH HaXOJUTCHA IIJIeHKa.
Ilpu sToM yCIOBMM aMILINTYABI OTPAXKEHHBIX OT 00€HX NOBEPXHO-
cTeil mJIeHKH BOJH OKaabiBaloTcd, coriacHo (3.11), mpaxktmuecku
oguHAKOBBRIMH. ToIIHA JKe IJIeHKH JeJaeTcs TaKoi, YTOOBI BOJ-
HbI, OTpa’keHHbIe OT 06eMX IMOBEPXHOCTEH IJEeHKH, OKA3bLIBAJIUCEH B
npotusodase, T. e. TacuJIM APYyr Apyra.

Hpumep. Halizem nokasarens npeaoMieHdd n' IJEHKH U ee TOJUUHY b,
4yT06bI OTpaKeHHe CBeTa ¢ AnnHO BoHel A = 0,55 MxM oT moBep-

XHOCTHM CTEKJia C IIoKa3aTeJIeM IIPpeJIOMJIEHHA N = 1,5 OTCYTCTBO-
BaJIO Ipyd HOPMAaJIBHOM IIaZeHHH CBeTa.
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Chavana HalifieM N’ , IIPH KOTOPOM AMILIATY- ~ib o~

Abl BOJIH, OTP&YKEHHBIX OT 00euX I10BEePXHO- E % % 7\/\
cTel aeHKW, OGbumn 61 ommmakoBRIMM T | |7 2
(puc. 4.21). Iina storo, coraacHo (3.11), nyx- £~ %7 % }
Ho uroGs1 E]/E = E}/E. Mu1 6ynem npenebpe- E, ] n ;’;’
ATh MHOTOKDATHBIMH OTpaKemmsmu ® cum- =1 1] Bk
TaTh, YTO AMIUIMTYZBI Najamolinx Ha obe mo- Prc. 4.21

BEPXHOCTH IIEHKH BOJIH IIpaKTUIeCKH
OANHaKOBBI. B mamem ciay4yae 3TO BRIMNIAANT Tak:

12

l1-n n'-n

. s

1+n" n'+n
OTKYAa n' = Jn = 1,22. TBepibIX BelleCcTB C TAKHM MAaJIbIM I[I0Ka-
3aTesieM IIpeJoMJIeHHA HeT. TPYAHOCTH MOXKeT OBITH TIPeofoJIeHa
(4TO M FenaioT) MyTeM HCIIOJIb30BAaHUA ABYXCJOMHBIX IOKDPLITHI
C COOTBETCTBEHHO IIOAOOPAHHBIMM IIOKA3aTENAMU IPeoMJIeHUA

(B metann MBI yrayOnarecsa He Gymem).

Tenepr onpelelM TOJIHUHY IIJAEHKH, IPH KOTOPOH OTpa)kKeHHbIe
BOJHEBI 6yZyT B npoTrHBodase. ITO 3HAYUT, UTO OITHYECKAA paa-
HOCTb XOZa 3THX ABYX OTPA)KEHHBIX BOJIH Ha BBIXOJAE K3 ILJIEHKH
A0JOKHA ObITh paBHA IOJYLEJAOMY YHCIAY MJINH BOJH:

2bn' = (m +1/2)%, m=0,1,2,...

3aech y4YTE€HO, 4TO 00e BOJIHBI OTPAKAIOTCA OT OITU4YeCKH Gosiee
IUIOTHBIX Cpef, ¥ 3HAYMT OAUHAKOBO HCHBITHIBAKOT CKAYOK (assl
Ha 7 («I10TepIO» II0JIYBOJIHbI). V13 moc/IefHETO YCAOBUA HAXOLAUM

_(m+1/2))
2vn

Haunmenbpinas tonmusa (npu m = 0) paBHa b = X/4\/; =0,10 MM,

b

Y o06pI4HOrO cBeTa AJMHA KOTePEeHTHOCTH HEBEJIHKa, II03TOMY
IUIeHKa JOJIXKHA MMeTh TOJILLUHY IOPALKA HECKOJbKUX AJINH BOJIH.
9ro obas3piBaeT ¢ 0co00 OCTOPOYKHOCTBIO OTHOCHUTBCA K TaKUM IIO-
KDPBITHAM: MaJleHillee MeXaHHYECKOe MOBpeXXAeHNe IIJIEHKH paspy-
1aeT ee JeHMCTBHeE.

OGRINHO HOpOCBETJEHHe OITHUKM IIPOBOJAT Hid cpeagHesn (oKeJ-
TO-3eJIeHOH) obJsiacTm BMAMMOrO chnekrpa. HJd KpaeB »Xe 3TOro
cneKTpa KoadGHUIHUEeHT OTpaKeHs 3aMeTHO OTINYaeTCs OT HYJAA, K
00BbeKTHUBBL KAXKYTCA B OTPa’KeHHOM CBeTe IIyPIIyPHBIMH, UTO COOT-
BETCTBYET CMEUIEeHHI0 KPacHOro M (hMOJIETOBOTO IIBETOB.
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§ 4.5. HaTepdepomerp MaiikeancoHa

9rot unTepdhepoMeTp chirpas GyHAAMEHTaJAbHYIO POJb B PA3BHU-
THH HaYK¥ U TexHUKHU. C ero moMoubio BIEpBhle GhLa M3MepeHa
OJIMHA CBETOBOH BOJIHBI, IPOBEJEHO M3Y4YEeHUE TOHKOH CTPYKTYPBI
CIIeKTpaibHBIX JUHUIL, BHIOJHEHO epBoe IpAMOe CpaBHeHHe 3Ta-
JIOHHOTO MeTpa C oIpejeseHHON ANUHON BOJHBI cBeTa., C MOMOMHIBIO
aToro uHTephepoMeTpa GbII OCyILleCTBIEH 3HAMEHUTHIA onriT Maii-
KesJbcoHa—~MopJx, LOKa3aBIINi He3aBHCHMOCTb CKOPOCTH CBeTa OT
IBUKEHNA 3eMJIH.

°S
Puc. 4.22

YupomenHaa cxeMa uHTepdepomerpa MailikenbcoHa ToOKasaHa
Ha puc. 4.22. MoHOXpoMaTHUYEeCKHIH CBET OT HCTOYHHMKa S majgaer
Ha pas3fenuTesSIbHYIO IIaCTHHKY P, KOTOpas COCTOUT M3 ABYX OLH-
HAKOBOH TOJIIMHBI IJIOCKOIADPAJIENbHLIX CTeKJAHHLIX ILJIacTH-
HOK, CKJIeeHHBIX ADPYr ¢ ApyroMm. IlpmueM oZxa M3 CKJEHBaeMBIX
ITOBEPXHOCTEH MOKPHITA NOJYNPOIPALHbLM TOHKHUM cioeM cepebpa
UJIH aJXIOMUHUA.

Ilnacrunka P pasiender majaioliui Ha Hee HYYOK Ha JBa B3a-
HMHO IePIeHAUKYISAPHBIX NyuyKa I ¥ 2 OJUHAKOBOM HMHTEHCHBHO-
cru. Ilyuoxk 1, orpakenHEIH 3aTeM OT 3epkana 3;, RTOpHYHO IajaeT
Ha IIACTHHKY P, rge cHOBa pasfensieTca Ha aBe yacTH. OgHa M3
HHX OTpAa)kaeTcf B CTOPOHY 3puTeapHOi Tpybnl T, gpyras ke uger
K HCTOYHMKY S ¥ He IpeAcTaBiIAeT HHTepeca.

IIyuox 2, npolmemuuwil IacTHHKY P, oTpa)kaeTca OT 3epKaJa
3,, BOo3BpalaeTca K IIacTHHKe P, rge onaTs paculenserca Ha ABe
4acTH, OJHAa M3 KOTOPBIX Hmomaaaer B Tpyoy T.

TakuM 06pasoM, OT OJHOTO MCTOYHMKA S MOJYYaIOTCA ABa My4YKa
NIPYMEPHO OJWHAKOBOH aMINUTYbI, KOTOpPHIEe PAcIIPOCTPaHAXTCA IO-
cJie pasjeauTesLHOrO cinosd P B pasHpIX «Iedax» uHTepdepomerpa,
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3aTeM CHOBa BCTPEYAIOTCA M CO3AAIOT NPH YCJIOBHM COBJIIONEeHHA Bpe-
MeHHOH M NpPOCTPaHCTBEHHOH KOrepPeHTHOCTH HHTepdepeHIHMOHHYIO
KapTUHY B (oKaJbHOH IUIOCKOCTH 00BeKTHBa 3pUTEIBLHON TDPYORI.

3epkao 3, HeNOLBHIKHO, & 3epKaJ0 3, MOXKHO IlepeMeIIaTh 110-
CTYIaTeJbHO M H3MEHATb €ro HAKJIOH.

3aMeHHM MEBICJIEHHO 3epPKajo 3, ero MEUMHM H306paxkeHueM 3,
(8 mosymnpospaunoM ¢sepkajyies P). Torma nyuxkm I’ m 2' MoxnO
paccMaTpuBaTh KaK BOZHHKAIOIINE IPH OTPA’KeHWH OT IPO3PaTHOM
«IJIACTHMHKH®, OTPAHMYEHHOHN IVIOCKOCTAMH 3] # 3,, UTO 3aMeTHO
ofiieryaeT ganbHeHINMe PacCyKIOeHMS.

Bug naTepdepeHIHOHHON KapTUHB! 3aBHCUT OT JOCTUPOBKH 3ep-
KaJI H OT PaCXOAMMOCTH IIyYKa CBeTa, Iafalollero Ha pasfenTellb-
HY1I0 IiacTHHKY P. OOGBIYHO MCUOJAB3YIOT ABa CJIOyYas.

1. Ecnn nyuok cierka pacxojamumiicd, a IJIOCKOCTH 3, ¥ 3; Ha-
paslIeIbHEI, TO HOJYYalOTCA NOJAOCH. PA8HO20 HAKAOHA, MMeIoLIHe
BUJ KOHIeHTpHMYeCKHMX koaern. IIpu mocrynmarenbHOM Iepemeliie-
HHUM 3epKaja 3, pagMycChl KOJIel] H3MEHAIOTCA: KOorja 3epkaiuo 3,
npubamxaercd K 3;, KOJbLia CTATKBAIOTCA K LEHTDY, I'/Jie M Ucyesa-
1ot (o6bpaTHOoe TOMy, uTo Habiiogaerca B ciaydae Kojell HbloToHa).
CMelenre KapTHHBL Ha OLHY I10JOCY COOTBETCTBYET IEpPEeMeIleHHIO
3epKaja 3, Ha IONOBHMHY JJIMHE BOJHEI. BH3yaabHO cMelleHwye
MOYKHO OLIEHUTH C TOYHOCTHIO A0 1/20 mosochl, HO eCTh METO/bI, 110-
3BosIsTIONIMeE 06HApPYXHUTH cMemeHue o 1073 monocer. Ilo mepe mpu-
6mmkenus 3, K 3] IINPHMHA IIOJOC BO3PACTaeT, ¥ OPH COBNAJEHHH
3, ¢ 3, OCBEeIIeHHOCTb MOJA 3PeHMA CTAHOBHUTCA DPABHOMEPHOM.

2. Eciu ny4YoK OT MCTOYHHKA S HapAJIeNbHBIH, a IJIOCKOCTH 3,
¥ 3] He mapajieXbHBI, TO B II0JIe 3peHMS TPYObI OYAYT HabmofaTh-
Cs1 NOROCHL PA6HOLL MOAWUHbL (KAK OT KIWHOBUAHOM NiIacTUHKH). B
MecTe nepecedeHud 3, 1 3; — Oenbtii MAaKCHMYM (HY/I€BOH NOPAKOK
u"repdepennuu, m = 0).

ITpn GonpIINX PACCTOAHMAX MEXAY 3, H 3; M BHICOKOH CTeneHn
MOHOXPOMATHMYHOCTH CBETa YAABAJIOCh C IOMOINBI0O He JasepHbLIX
NCTOYHHKOB HabaogaTh MHTepPepeHnuio OYeHb BLICKOTO IOPAAKA
(oxoao 109).

§ 4.6. MBorosyueBass HMHTephepeHIHH

IIpy cynepmosnNLNK ABYX IJIOCKMX KOTePEHTHBIX CBETOBLIX BOJIH
o6pasyorca HHTepepeHIMOHHbIe IIOJOCHL C paclpefeeHHeM HH-
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TEHCHBHOCTH, corsiacHo (4.8), I cocos®(nA/A), rie A — omTHyecKas
pasHOCThL XOAa AaHHBLIX BOMH. CBeTJble M TEMHbLIE [I0JIOCHI B 3TOM
cJydyae OZWHAKOBHI IO LIMPHHE,

IIpu cymepmospimuy >xe GONBIIOrO YHCHIA BOJIH paclpejeJeHHe
MHTEHCHBHOCTH B MHTep(pepPeHIMOHHOM KapTHHE CYIIeCTBEHHO Me-
HAeTcA: 00pa3yoTCa Y3KHe MAaKCHMYMBbI, T. €, pe3dKue cBeTJkble H0JIO0-
Chbl, pasje/ieHHble INUPOKUMH TEMHBIMHU IIDOMeXyTKaMu. Baarogapa
9TOMY MHOTroJIyuyeBas uHTepdepeHUMs NoIyYMIa BaXKHble IpaKTude-
CKHe IIPHMEeHeHH.

BoJspuioe 4pCciI0 KOrepeHTHBIX CBETOBHIX BOJH MOYKHO IIOJIY-
4YUThH, HAIPUMED, IPH IPOXO0XKIEHHUH IJIOCKOH BOJHBI UYepe3 9KpaH
CO MHO’KeCTBOM ORMHAKOBBIX peryJjApPHO pACHOJIOXKEHHBIX OTBep-
cTuil. Pacnipesesene MHTEHCUBHOCTY B COOTBETCTBYIOILEM HHTED-
depeHnuoHHOHi kKaprune Gyser paccmorpesHo B § 5.7 Ha npumMepe
IndpakIHOHHOH pelleTKH. 34ech >Xe MBI PacCMOTPUM uHTepde-
PeHUHIO IIPX MHOrOKPATHBIX OTPAXKEHUSX CBETAa OT ABYX NapaJie-
JIBHBIX HOBepxHocTel. IIpakTugecky 3T0 peanusyercd B unmeppe-
pomempe Pabpu—Ilepo, KOTODBIA ILUMPOKO MCIOJb3YETCS B CIEK-
TPOCKOIIMH BBICOKOI'O paspellieHusi, METPOJOTMH ¥ B KaqecTBe
OTKDBITOrO Pe30HaTopa Ja3epoB.

Hnreppepomerp Pabpu—Ilepo genaror B BUAE IIOCKONApPAIeNb-
HOM CTeKJIATHHOM MM KBaplieBOHl ILJIACTHHBI, Ha 00e NMOBEPXHOCTH
KOTOpOH HaHeCeHbI OTpaKalomiye cion, aubo B BUAE ABYX ILIACTHH,
y KOTOPBIX IIOKDBLITHIE OTPA’KAIOILMM CJI0eM HOBEPXHOCTH YCTAHOB-
JIeHBL CTPOTO HapajlJIeIbHO [Pyl APYTY M pasieseHbl BO3AYIIHBIM
POMEXKYTHKOM,

MHoroxkparsoe oTrpa’keHHe CBeTa OT JBYX IapajljielIbHBIX ILJIOC-
KOCTel nmpuBoguT K 06pa3oBaHNI0 MHTePGEPeHIIMOHHBIX II0JIOC PaB-
HOTO HaKJIOHA, JOKAJIN30BaHHBIX B DECKOHEUHOCTH MJIH B (DOKAIb-
HOH miockocTH o6beKkTuBa (puc. 4.23). ITomockl HMEIOT BUJ PE3KUX
CBETJIBIX KOHHEHTPHUYECKHUX KOJEL ¢ HeHTpoM B dokyce F 00beKTH-
Ba. MaxcuMyMBI (KONbUA) TeM yixe, ueM Goibllle oTpakaresbHas
Cc110COGHOCTH MOBEPHOCTEH IIJIACTHH UHTep(hepoMeTpa. A OHA MOXKeT
OpITH moBegeHa no 95-98Y%. C yeenuyenueM paguyca KOjabiia pac-
[ioJlaraloTc Bce OJMIKe APYr K ADPYTY.

CueBa (puc. 4.23) Ha mHTepdepoMeTp IazaeT pacCesHHLIN CBET.
B mexoropyro Touky P ¢oranbHON MJIOCKOCTH 06BEKTHBA COBUPAIOT-
cA JydIH, KOTOpbIe Ho 00BeKTHBa 00pasyioT ¢ ero ONTHYECKOH OChIo
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T

Puc. 4.23 Puc. 4.24

OfHH K TOT e yroxa 0. PasHocTs xoga A ABYX cocefHUX mHTepdepu-
pyromux xydeil (BOIH) JEIrK0O MO)KHO HANTH C IOMOLIbIO puc. 4.24:

A =BAC — BD =2bcos 8.

MakcuMyMbl MHTEHCHBHOCTH B IPOXOJALIEM CBeTe 00pas3yloTca TaM,
e A CcoCTaBJIsIeT IfeJioe YHCJIO M IJHH BOJIH:

2bcos 6 = mA. (4.37)

OTcroma BMJHO, YTO C yMeHbIIIeHHEeM yria 0, T. e. ¢ upubauKkeHueM
K LEeHTDPY KoJell, NopAJOoK uHTepdepeHuHUH m pacrer. Paccrosnme
b MeXXIy 3epKaJIbHBIMH IIOBEPXHOCTAMHU 0O0bruHO cocTaBiadger 1+100
MM (a B cienuaibHBIX caydasax M Ao 1 m). IloaToMy mopazku mH-
tepdhepernuuyu m ~ 2b/A Becbma BesuKu: npu b = 5 mm m ~ 20 000.

M3 (4.37) cnepyer, uro yroi 6 sasucur or A. Ha aTom ocHoBano
HCIOJIL30BAHNE NAaHHOTO MHTepdepoMerpa B KauyecTBe CIEKTPalb-
Horo mnpmbopa. OpHOIl M3 BaXXHEHIIUX XapaKTepPHUCTHK J060ro
CIeKTpaJIbHOTO Ipubopa ABIAeTCA yznoeas ducnepcus D =do/dA.
Ona ompefenAeT yrjoBoe PAacCTOAHHE MEXKAY CIEKTPaJbHBIMH JIH-
HUAMH (OLHOTO IIOPAZKA M), OTINYAIIIUMUCH [0 AJKMHE BOJIHBLI Ha
equHUINY (HanpuMmep, Ha 1 HM). [ia naTepdepomerpa Pabpu—Ilepo
Ha ocHoBaumnu (4.37) umeem: d0/dA = -m/2bsin0. I nockoabpKy U3
(4.37) Bugno, uto m/2b =cosB/A, TO B pesyjbTarTe MOJYYUM:

do 1 1

e .3
dh Atgd  A-® (4.38)

T/le 3HaK MUHYC O3Ha4aeT, YTO C POCTOM A yroJ 8 girg MakCMMyMORB
TOrO JKe mopagkxa yObIBaer.



114 T'nazpa 4

B (4.38) yureHo, uTo M3aMepeHHsa OOBIYHO IPOBOAAT HA BTOPOM
WIX TpeTheM OT IleHTpa MaKcuMyme (KOoJbIe), AJA KOTOPHIX
0 ~10%pag ~0,6°. Ins rakux yriaos d6/d\ ~ 10 yru.rpas/am, uto
3HAYNTEJbHO IPEeBhIIaeT YIVIOBYIO JUCIEPCHIO APYTFHX CHeKTpaib-
HHIX NpH60POB U ABIAETCS OCHOBEKM HPEHMYIIECTBOM HHTEpdeEpa-
merpa Pabpu-—Ilepo.

Oxguako obaacmb dJucnepcuu AA, T. e. MHTepBaA JNJHMH BOJH, B
npefesiaX KOTOPOro He IIPOMCXOAUT IlePeKPHIBAHMS CIIEKTPOM ADPY-
roro NopsaxKa, oueHb Masa. Hanpumep, upu b = 5 mm u A = 500 M
AM cocrasiiaer meee 0,03 uM. B 3TOM HegocTaTOK JAHHOTO MHTEP-
¢epomerpa. Ho aTor mHTepdepoMerp HesaMeHMM IIPM HCCJELOBA-
HHH CBEePXTOHKOM CTPYKTYphlI CIEKTPAaNbHBIX JWHUH.

3apaum

4.1. 3epxano Jlnokga. B aToil uHTepdepeHUNOHHON cxeMme HHTepdepH-
PYIOT cBeTOBas BoJHA I, MCXOAsIas HEIOCPEACTBEHHO M3 MCTOYHHKA
S (y3Koi ApKO OCBeIeHHOH 1eJH), 1 BoaHA 2, OTPAKEHHAA OT 3epKa-
na 3 (puc. 4.25). Ha skpane 3 obpasyercsa cucreMa HHTephepeHINOH-
HBIX nosoc. HaiiTi qinHy BOJIHBI CBETA, €CJIM M3BECTHO, YTO PACCTOA-
HHe OT MCTOYHHKA JO 3KpaHa paBHO [, mypuHa MuTepdepeHUMOHHOM
NOJIOCH AX, a II0C/Ie TOro, KaK MCTOYHHMK S OTOABHHYJH OT NJIOCKOCTH
3depkasa Ha Ad, wApUHA [IOJ0C YMeHBUIMJIACh B 1] Daa3.

P e e uue. Cornacuo (4.6), paccrosnue d MeXXAy HCTOYHHNKOM S U
ero MHUMBIM u3obparkenneM S’ pasHo d = Al/Ax. Ilocne oToasMranus
MCTOYHHMKA S 3TO paccTodAHKE CTajo

d+ 2Ad = M/(Ax/n) = n\l/Ax.
Briura IIepBoe paBeHCTBO K3 BTOPOTrO, IIOJNIY4YHM:
A =2AxAd/I(n-1).

4.2. Hareppepomerp Pasen. Ero cxema noxanasa Ha puc. 4.26. 3gecs S —
y3Kad 1iesJb, OCBellaeMasd MOHOXPOMATHYECKHM CBETOM C AJHHOMN
BOJIHEI A, ] 1 2 — JBe ofMHAKOBLIe TPYDKH C BO3ZYXOM, ZJNHHA KaXK-
Joil M3 KOTODBIX paBHa l, Topusl — mIpospaunsle, /I — auadparma c

3

e Yl
o<:'- T
5= -.—”J
2

Puc. 4.26
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4.3

asymsa meaamu. Korga Bo3ayx B tpyGke I mocreneHHO 3aMEHUJN ra-
3oM X, To mHTepdepeHUHOHHAA KapTHHa Ha dKpaHe J CMeCTHNaCh
BBepX Ha N nojoc. 3HaA noKa3aTenk IPeJOMJIEHHUA N, BO3AYXa, Olpe-
OeJUTh IIOKa3aTelsb NpejoMJIeHuA n rasa X.

PemeHue CMemenue Ha N mosoc 03HAYAET, YTO ONTHYECKAH
pasHOCTh XoJa A JydeH, MajaWINMX Ha IeJH, CTaja paBHOH N,
T. e. In — Iny = NA. Orcioga n =n, + NA/L.

CMenieHue N10JI0C BBEPX CBHAETEJIBCTBYET O TOM, YTO M MAKCHUMyM HY-
JIeBOro mopsAakKa cMecTHicA BBepX. Ilpu aToM yBenmueHHe reomMeTpH-

YeCKOH AJAMHBI Ay4ya 2 KOMIIEHCHDYeTCA VBEJUYEHHEM OITHYECKOH
OJABHBI ayda 1.

Hntepdpepomerp Pasea ucnons3yercs AJA U3MepeHUs] MaJibIX pasHo-
cTel nmokasaTesned NMpeJoMJeHUA IPO3PAYHbIX BelecTB (I'a30B M JKHUJ-
KocTe).

HUnrepdepernnsa NIOCKUX BoJH. [[Be OfINHAKOBLIE KOTEePEHTHBIE ILJIOC-
K¥e CBETOBLIE BOJIHBI, YTOJI MEXKAY HalpaBJeHUAMH PaclIPOCTPaHEHNST
KOTOPHIX @ « 1, magalT MOYTH HOpMaJbHO Ha 9KpaH. IlokasaTs, 4To
paccTogHHe MEXXAY COCeIHMMH MaKCUMyMaMM Ha dKpaHe (ILIHpPHHA
uHTephePEeHIHOHHOM [TOJIOCH) AX = A/¢, rfe A — AJHHA BOJHBI CBETA.

P e m e v ue Kaxagasa miaockas BOJHA HMeeT BHJ
E = Acos{ot - kr + «),
¥ OTVIMYAIOTCA OHY ADPYT OT Apyra ToibKo BexTopamu k, u k,, a Taxxe

HOIOJHHTENbHEIMH asaMu o, H o,.
B Touke sKpaHa C pagHyC-BEKTOPOM I' pasHOCTb (a3 1aKMX JBYX BOJH
paBHA C/IeLYIOIIEMY BHIPAXKEHUIO:

kir ~ k,r + Ao = Ak - Ar + Aat,

rae Ak = k,— k,. Ilycrs B aToif Touke 3xpaHa 06pas3yeTcd MaKCHMYM,
TOrJAa Iepexof K CAeAYIIUleMy MAKCHMYMY OyAeT olIpeeaaThCsi yCJIo-
BHEM

Ak - Ar = 2m, (1)
rge Ak | Ar. 3amenum aTH BexTODEI Ha HX Moay.an: |Ak| = ko = (2n/L)e
u [Arl = Ax. B pesyasraTte us ¢opmyuast (1) moayunm Ax = L/¢.

Cienyer OTMETHUTD, YTO NPUBEJEHHEBII pacdeT AaeT BO3MOXXHOCTE Hail-
TH TOJBKO UWIMPHHY AX UHTeD(EPEeHIMOHHON TIOXO0CH, HO He NMOPALOK
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44.

uHTepdhepenuun m. Ilocneauee ke GuIBAET BO MHOTHX CJAyYasix BeCh-
Ma HeoOXOAMMBIM.

Bunpnama ®DpeHensi. HaiiTi Bripa)keHVs, ONpeAeNAnOIIUe YCIOBUA
JUIS HIVPHHBI § LIEJM ¥ CTeIIeHM MOHOXPOMATHYHOCTH A/Ak, KOTODHIE

obecrieyuBann 651 MoJiyYeHNe HHTEP(QEPEHUMOHHON KADTHHSI HA BCEH
LIIPHHE 30HBI HHTep(depeHI NN (B MeCTe PACIIONOXKEeHUA 9KpaHa), IPH-
4eM ¢ JOCTATOYHO XOpollIe# BHAHOCTHIO. PacCcTOAHUA OT GUIIPUIMEI A0
WeJIU ¥ 3KpaHa PABHBI COOTBETCTBEHHO @ u b, mpeiaoMiasiiomuil yrou
6mnpusMbl 0, MOKasaTeNp IPEJOMJIEHHUS CTEKJa N.

P e meHue. [Ina BeiloNHeHUA yKasaHHBIX TpeOoBaHUH cjenyer, CO-
raacuo ¢dopmynam (4.13) u (4.14), obecneunTs ZOMKHBIE 3HAYEHUSA
ANUHBI M UIMPHMHBI KOrepeHTHocTH, [, U h .

Korf
Jaa nosnydenus vHTep(hEePeHIIMOHHbBIX 0JIOC Hafo, 4ToGeI ki, B MecTe
pacnoyiokeHns Gunpuamel (PHe BOJHA Dac4yIeHAeTCA Ha ABE 4YaCTH)
npeBblllIajia BABOE paccTosARMe d' MeXJy JAydaMH, KOTOPbIe 3ATEM CXO-
BATCA BOAM3U IeHTPa MHTepdepeHUHOHHON KapTHHBI Ha sKpaHe. B
3TOM ciy4ae CKJIagbIBaeMmble Konebanusa 6yayT NOCTATOYHO KOTEepeHT-
HBI JJIs1 CO3JaHNA MHTep(hEePeHIMOHHBIX II0JIOC ¢ XOpomed BUAHO-
cThio. Urtak, Hamo 4yrober h > 2d'.

3mecs h,,. = L/@ = L/(s/a), s — ucKkomada IIMPHHa meau. Paccrogaue
ke ' HaiflgeM ¢ moMompio puc. 4.27, oTKyga CJeAyeT, 4To

d'/d = bj(a + b),

Kor

rge d = a-2a, 00 — Yrojl OTKJOHEHHA Jiyda, NIOCJe IMPOXOXKACHHNS 4e-
pe3 bunpusMy — OH OLHHAKOEB AJIA BceX Jyuel: o = (n —1)0 (cm. 3aza-
gy 3.6).

1] ’
Ilocsie mojcTaHOBKY BhIpakeHMH A b, U d' B HCXORHYIO (popMyny
HOJIYYUM

OTKYZAA

Teneps BTOpoe ycJ0BHUE — OTHOCUTeNbHO A/AL. Cornacuo (4.13), He-
o6xopmumo, utobr [, > 2A. 3necs [, ~ A*/A), a A — onTudeckas pas-
HOCTBb XOJja, KOTOpas J0JKHA COOTBETCTBOBATDH IIOJIYYEHHNIO MaKCHMY-
Ma HaubOJIBIIETr0 MOPAAKA — HA Kpalo 30HBI HHTepGEPeHIHH B MeCTe
PacroJIoXKeHNA KpaHa. IlycTs monymuprHa 30HB MHTepGhepeHIuN B



Harepdepennuna caera 117

Puc. 4.27 Pnc. 4.28

3TOM MECTe PaBHa X,, TOTJ4 C IIOMOLIbI0 puc. 4.28 u3 nogobusa Tpeyro-
JILHUKOB ITOJIYYHM:

Ald =x,/(a +D),

rge d = a-2a, x, =b-a (cm.puc. 4.11). IMocne noACTAHOBKM BEHIpa-
wenu#l ana | u A B ucxonHyo (OpMyay NOJAYUUM:
» x,d ab

— 222 =4 o,
AX a+b a+bd

OTKYAa

L>4°‘2 ab
AL A a+b

4.5

HuTepdepesuns npy oTpaXkeHHH OT TOHKOH mienkH. Ha mosepxHo-
CTH CTeKJIa HaXOJHUTCS TOHKAas IUIeHKa Bofbl. Ha Hee majgaeT cBeT ¢
JUIMHOM BOJHBI A mop yraoMm 3 K Hopmanu. Hailtu ckopocTs, ¢ KOTO-
po#l yMeHbIIaeTCA TOJIIMHA NJIeHKY (K13-3a HCIapeHus), ecJH WHTeH-
CHUBHOCTh OTPAKeHHOTO CBETA MEHSIeTCH TaK, YTO IIPOMeXYTOK BpeMe-
HU MeXAY Hocief0BaTeIbHBIMM MaKCUMYMaMu OTPAYKeHUS paBeH At.

PeweHue: U3 bopmyast (4.32) cenyeT, 4TO IIepexoh K CAERYIOLIE-
My MaKCHUMYMY IPOHCXOAMT NpH yciaoBun Am = 1 u Ab = vAt. Orciona

U — HCKOMAS CKODOCTE:
A
O e
2Atyn® - sin®$
rge n — noKa3aTreab IIPpeJIOMJIEHHA BOABI.

4.6

HaTtepdepeniina or kanBa. CseT ¢ JIMHON BOJHBI A OT YAAJIEHHOTO
TOYEYHOr'0 MCTOUMHMKA MMafaeT HOPMAJbHO HA IIOBEPXHOCTD CTEKJAHHO-
ro KJnHAa ¢ MajbIM YIJIOM pacTBopa. B oTpa)keHHOM cBeTe HabuarozaioT
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4.7.

CHCTEMY MHTeP(PEePEeHIMOHHbIX Mo0c. PaccTosAHNe MeXAY COCeAHUMH
MaKCHMyMaMy Ha [OBEDXHOCTH KJMHA paBHO Ax. HaliTu:
a) yroj MeXJy rpaHsiMy KJIMHA;
6) AAMHY KOTEePeHTHOCTH, ec/JM HCHe3HOBeHMe HHTepdepeHIMOHHBIX
nonoc Habuoogaercss Ha paccToAHuHM [ oT BepiuuMHBl KauHa (I » Ax).
Peme Hue. a) llpu nepexoge Kk coceHEMY MAaKCUMYMY OITAYeCKAA
PasHOCTh X0J4a A JODKHA DaBHATHCA A, T. €.

2Ax0n = A
3pech y4YTeHO, YTO yroa KJuHA BecbMa maj. Otcioga

6 =2A/2nAx.

6) 3anuineM ycaoBuUe KHCUYE3HOBEHHA HHTeD(EpPeHIMOHHON KapTHHBI
(l4or < A), mpeHeGperas «moTeped» IOJYBOJIHBI, IIOCKOJIBKY B Hallem
cayyae [ » Ax. Torapa

l.. ~2I8n.

ITopcrasus B 3Ty GopMYJy BeIpaykeHne AadA O w3 IpeJBIAYIIEro MyHK-
TA, HOJYYUM:
Lo = Al/Ax.

Koasna Hrrwrona. Ciheprdeckast IOBEPXHOCTh INOCKO-BBITYKJIOH JINH-
3bI COIIPHKACAETCA CO CTEKJAHHOHA macTrHKoH. IIpocrpancTBO Mexay
JINH30H ¥ IUIACTUHKOHN 3aI0JIHEHO HeKOTOPOH IIPO3PAYHOH KHUIKOCTBIO.
N3BecTHBI NOKa3aTeNH HPEJOMJIEHHs JIMH3LL N,, AHHOH >KHUAKOCTH N,
1 IUIACTHHKH N, OpudeM n, < n, < n,. Paguyc Kpusu3HbI chepuyecKoi
TIOBEPXHOCTH JUH3bI paBeH R. OnpeneanTts paguyc N-ro TeMHOTO KOJIb-
Ija B OTPa)KeHHOM CBeTe, IJIMHA BOJHBI KOTOPOTO A.

Pemw e H n e Ilpa TaKOM COOTHOLICHHH MEXKAY NMOKa3aTeJIAMH IIpe-
JIOMJIEHHSA <«IIOTEePA» ITOJYBOJHBI (3TO BeAb CKAYOK (assl Ha 7} IPOHUC-
XOAHUT [IPH OTDaKeHUH OT 06eUX MOBEPXHOCTEH I'PpaHULBI KULKOCTE —
CTeKJIO, ¥ OHK <«racAT» gpyr apyra. Iloaromy ycnosue obpasoBaHHA
m-r0 MeMHO020 KOJbLA BBHITAAAUT TAK:

2bn, =(m ~1/2)k, m =1,2,...N,...
Kpowme Toro, yurem cBa3b (4.35) Mexkay 3a30poM b ¥ paguycoM KOJIBIA It
2bR =%,

Hckmoyus b u3 9TUX ABYX ypaBHEHHH, HOJYYHM:

Ty = 1/(N -1/2)AR/n,.
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3 4 A,
A [A)
\ [
\ \ \
/ / N/ x
4 5 A\

3

Puc. 4.29 Puc. 4.30

4.8. TLnocKo-BrINYKJIaA CTeKJAAHHAA JHH3a C PAAHYCOM KPHUBM3HH chepu-

4.9.

YeCcKOH MOBepXHOCTH R JeXXHT Ha CTEeKJAHHOH IIacTHHe, IpHYeM
13-32 TIONaZaHnsa NBUIMHKK MEXXJy BHINYKJIOH TOBEPXHOCTHIO JIMH3H
M IJIaCTHHKOH HeT KOHTaxTa. HaiiTH paguyc KpHMBH3HBI BHIIIYKJIOH
IIOBEPXHOCTH JIMH3bI, €CJM AHaMeTps! N, -ro U N,-ro TeMHHX KoJjel B

OTPaXXeHHOM CBeTe DABHBI COOTBETCTBEHHO dl u dz.

P e m e u u e 3pece BOCHOAB30OBATHCA HEIIOCPEACTBEHHO (bOpPMYJIOit
(4.36) MBI He MOKeM, TaK KaK He 3HaeM NOPsAAKOB MHTephepeHLH KO-
Jiell; OHM He COBIAZAIOT C HoMepaMu KoJel. Ho pasHOCTH IODPSIAKOB MH-
TepdepeHIA PABHBEI PasHOCTM HOMEpPOB. JTHM MhEI H BOCHOJB3yeMCH.

Veaoemne obpazosaHua TeMHBIX Koaen (puc. 4.29), cornacxo (4.34),
3anuimeM Kak

2@ + Ab) = mA,
KpOMe TOro, reoMeTpudeckas CBA3b Mexjy b u r, corazacHo (4.35);
2bR = r2.
C DoMOmIBLI ITHX ABYX PaABEHCTB HAXOAMM:
r} —-r* = R(2b, — 2b)) = R(m, - m))A = R(N, - N,)\.
Orciona
d - d
4(N, - N))A
B nByxnyueBoM mHTEpdepoMerpe HCIOJIb3yeTCA HEKOTOpasd CleKTpa-
NbHAA JMHMA, COCTOALNAR M3 ABYX OJIM3KMX KOMIOHEHT C AAVMHAMM
BOJH A, = 577 uM H X, = 579 um. IIpn KaKoM HaMMeHbIIEM NOpAAKe

MHTephepeHIMN BUAHOCTh NHTEP(MEePeHINOHHOM KapTHHH Oyaer Han-
Xyawei?

P e mt e B 1 e. N306pasuM pacrioyioxeHne MaKCHMYMOB ABYX KOMIIO-
HenT (puc. 4.30). U3 prcyHKa BHMAHO, YTO BHAHOCTE OyneT Hauxy-
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weif, KOTJa MAaKCHMYM KOMIIOHEHTHI A, OKaXKeTCsd IoCepeJuHe MEXIY
MaKCHUMyMaMH KOMIIOHEHTHI A,. 9T0 6yieTr IpH YCJIOBHM

mh, =mi, + A,/2.
OTcrona
m=5/2(k, — 1) = 140.

4.10. Hurepdepomerp Malikenscona. B HeM KCIIONB3YIOT JKeJTYIO JIHHHIO
HATPUA, COCTORIIYIO U3 ABYX KOMIIOHEHT ¢ AJMHAMH BOJH A, = 589,0
HM # A, = 589,6 M. IIpu nocrynaTesbHOM IepeMel]eHU: OXHOro U3
3epKan HHTepdepoMeTpa uHTepdepeHIIMOHHAA KAPTHHA iepuoaude-
cKH ncyesasa (rmouemy?). Halitn nepeMeileEHe 3epkasia, IIpH KOTO-
POM IOCJIENOBATENLHO INIOABJIAKTCA Hambojee yeTKue MHTepdepeH-
LLAOHHbBIE KAPTHUHEI.

Peme " ue. YcaoBHe nepexoaa oT OKHON YeTKOH KApPTUHEHI K cJje-
ayomen:
(m+ 1)A = md,,

rge m — HEKOTOpoe lejoe Yucao. [Ipu aTOM yCIOBHM MaKCHMYMBI
OoT A, U X, 6yAyT HaKJaZBIBATHCH APYT Ha Jpyra.
CooTeeTcTBylOllee nepeMeiiene Ab 3epkasia onpefendeTcs ypaBHe-
HUEM

2Ab = mh,
TZAe TOX ). MOKHO IOHHMMATB KaK A,, TaK U A, (MX pasjuuMe 3Jech He
CYIecTBEHHO: OHO CAMINKOM MaJjio).

W3 sTHX ABYX YpaBHEHHH HOJMYYUM:

Ab = 32/2A0,

>

rae Ak = A, — 2

vt
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§ 5.1. IIpnaunn Iojireaca—®Ppenens

Beegenne. Ilog nudpaxknueit ceera, Kak M APYrHX BOJIHOBBIX
IIPOILECCOB, IIOHMMAKT JI060e OTKJIOHEeHMEe OT IIPSIMOJHMHEHHOro
pacnpocrpaHeHusa KoiebaHMU B cpefe C pe3KMMH HeOLHOPOLHOCTH-
MU (Kpas 9KPaHOB, OTBEPCTHA M JP.), YTO CBASAHO C OTKJIOHEHW-
MHZ OT 3aKOHOB IeOMeTPHYECKON ONTHKH. JTO IIPUBOAMT K oruba-
HHIO CBETOBLIMH BOJHAMHE IIPEIATCTBHI X IPOHMKHOBEHHIO CBETA B
06sacTh reOMETPHYECKON TEeHH.

Msl nocrossEHO HabaozaeM AUQPPAKIINIO 3BYKOBBIX BOJIH, BOJIH
Ha IIOBEPXHOCTH BOALI, pazuoBoin. [Ina nabaiofgennsa ke gudpax-
UM CBETOBLIX BOJIH HeOOXOAMMBI ClleliuaJIbHble YCJI0BUSA, 06YCI0B-
JIeHHblEe MAJIOCTRIO MX IJIMH BOJH A.

Hab6miogenne gudpakuuy cBeTa IPOBOAAT OBLIYHO MO TaKOM
cxeme. Ha myTH cBeTOBOI BOJHBI IIOMEILAIOT HEIPO3PAaYHYIO IIpe-
TPajgy, 3aKPBHIBAIOUIYI0 YacTh CBETOBOM BOJHLI. 3a Iperpajoil pac-
oJIaraloT 9KPpaH, Ha KOTOPOM IIPH ONPeReeHHbIX YCIOBUAX BO3HH-
KaeT AudpaxkMOHHAA KAPTHHA B BUAE TOH HJIM MHOMN CHCTEMBI II0-
JOC M NATeH — MAaKCHMyMOB M MHUHHMYMOB OCBELIEHHOCTH.
Hccnegosarne pacipefieleHUA MHTEHCHUBHOCTH CBETa Ha sKpaHe H
fyaer SIBAATLCA OCHOBHOH Haiue#l 3ajadel, MOCKOJLKY AaeT AOCTa-
TOYHO OOINMPHYI HHGOPMAIHIO KaK O CBOIMCTBaxX CaMO# CBETOBOM
BOJIHBI, TAK U O JeHCTBHH TOTO MJIKM MHOTO Y4acTKa He3aKPBITOI ya-
cTu nperpafbl (KpyMVIBIX OTBEPCTHH, Iesdel H Ap.).

Ilepeoe o6bsicHeHNEe AU(PAKIIUH CBeTA IPUHALIEKUT PpeHeo
(1818 r.). O nokasaj, YTO KOJUUECTBEHHOE ONMMCAHMe ANPpParitn-
OHHBIX ABJICEHMM BO3SMOKHO Ha OCHOBe nocrpoenus IolireHca, ecjn
ero JAOIOJHHUTH IPHHIUIIOM HHTepPhEepeHIIMH BTOPUYHLIX BOJIH.

Boobie romops, miaa onMcaHuA AUMPPAKLUOHHBIX ABJIEHUN He
TpebyeTcd BBOAUTh HUKAKHX HOBBIX IIPHHIMIOB. B paMxax aizexrt-
POMAarHNTHOM TEODUY CBETa 3ajava CBOAUTCA K HAXOMACHUIO pelie-
HUA ypasHeHuil MaKcBesjla IpH ONpefe/JeHHBIX I'PAHMYHBIX YCJIO-
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Buax. OgHako pelmeHHe TAKOH 3ajauy IpefcTaBasieT foabpLIine Ma-
TeMaTHyeCcKHe TpyAHocTH. IloaToMy B fonbIMHCTBe caydaes, npel-
CTaBJAAOINUX MPAKTHYECKU MHTepeC, BIIOJIHE NOCTATOYHBIM OKa-
3pIBaeTCA NPHOAMIKEHHBIN MeTOJ pelleHMs 3aJaduM O pacupejerie-
HUM HHTEHCHBHOCTH CcBeTa, OCHOBAHHBIM Ha IpHHIHKIE
Tiosirenca—~®Ppenens. UMeHHO 3TOT NPUHIMI X OCHOBAHHEBIC HA HEM
MpocThle ¥ HaIrJIsAAHBIE METOABI pacueTa MbI M BO3bMEM 3a OCHOBY
JaJbHEHINero M3JIOKeHHs.

Ipunigyun Tojirerca—Ppenend. 3TOT NIPHHIIUI ABJIASTCA OCHOB-
HBIM MOCTYJIATOM BOJHOBOH TEOpHMH, OMHCHIBAIOIIUM H O0BACHAIO-
MM MeXaHN3M PacIpoCTpaHeHHus BOJIH, B YACTHOCTH CBeTOBHIX. B
4YeM ero cyrs?

Puc. 5.1

PaccmoTpum sKpaH 9 ¢ HEKOTOPHIM OTBEPCTHEM, uepe3 KOTOpoe
IPOXOAUT CBET OT TOYEYHOI0 MOHOXPOMATHYECKOrO MCTOYHHKA P
(puc. 5.1). 3agaya cocTONT B ompejesieHUM HAIPAKEHHOCTH E B
n06oit Touke P 3a 3KpaHOM.

B merone Ppenena npezmonaraercd, YTO HAUPAKEHHOCTs E B
TOYKAX OTBEPCTHA TAKOBA, KAK U IPH OTCYTCTBHM 3KpaHa, M 4TO B
TOYKaX HEeNOCpeACTBeHHO 3a s3kpaHoM E = (. T. e. cuuraercs, uro
CcyLiecTBeHHA TOJBKO (OpMa OTBEPCTHA 9KpaHa, HO HE CaM 3KpaH.
JT0 MpeANONOKeHue, KAK MOKAa3al ONsIT, CIPABEAJINBO, KOrAa pas-
Mephl OTBEPCTHMA H PAacCTOAHMA A0 MCTOUYHMKA M TOYKM Habuiope-
HUA P 3HauMTeNbHO GOJIble OJIMHBI BOJHBL A, T. €. KOTAa OTKJIOHe-
HUA OT [eOMeTPHYECKON ONTHUKM NOBOJLHO Mabl. OHO Hapymaercs
[IJIA OTBEDPCTHA, HAIDHMED, IIeJH, IUHPHHA KOTOPOH 3HaYUTEILHO
MeHbHIE A.

3axpoeM MBICAEHHO OTBEPCTHE B 3KpaHe IIPOU3BOJIbHON IIOBEPX-
HocThio S. Pa3zo6beM 3Ty IIOBEPXHOCTH HA 3JIeMEHTAPHBIE YYACTKH
dS. Ilo npeanonoxxenuio PpeHess KAXAbIN U3 3THX YYACTKOB CTa-
HOBUTCA MCTOYHUKOM BTOPHUHOH cHepHUYECKOH BOJHBI. AMILIUATY-
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Ia BTOPMYHOM CBeTOBOH BOJIHBI, HOCTHralOLIeN MHTEepecylollei Hac
TOYKH P, gomxHa 6uITh NpONOPIMOHANbHA aMILTNTYAe E,, nmepsBuu-
HOM BOJIHBI, IpUXOAsIel K sjeMeHTY dS, a TakiKe IJIOIALHN CaAMO-
ro sjemedra dS, u o0paTHO IPONOPLMOHAJIBHA PACCTOAHHUIO I OT
aneMenta dS g0 Toukm P.

I1a onpenesieHNs pe3yJIbTUPYIONIEH aMIUTUTYABI KOJeGaHMi B TOY-
Ke P, T. e. CyMMBbI 3/IEeMEHTAPHBIX aMIUINTYH, HeoOXOOMMO elle y4ecTbh,
4yro KoJiebaHus oT pasHBIX ajleMeHTOB dS JocTHraloT TOYKHK P ¢ pasHbI-
My daszamMu. 310 IPHUBOIUT K IOARIEHMIO B BHIDAYXKEHUH IS Pe3YJIbTH-
pyiollieil aMIIMTY bl MHOXKITENA cos(kr + o), rae k = 2n/A, a & — fO-
noJHUTe/IbHAA (asa, paBHadA (asze NepBMUHON BOJHLI B dj1eMeHTe dS
(anA pasHBIX 3JIEMEHTOB OHa B o0mieM ciyuae He OXMHAKOBA).

Takum o6pa3oM, pesyJsTHPYIOLIAA AMIIINTYAA HAIPAKEHHOCTH
E,, B Touke P MoxkeT ObITh DpeACTaBjJeHa KaK CyNepmnosuuus aje-
MEHTapHBIX aMILIMTYA C YYEeTOM HX B3aMMHHBIX (a30BBIX COOTHOLIE-
Hu:

E, = [K(9)22 cos(kr + a)dS, (5.1)
s r

rae WHTEerpHpoBaHME TIPOBOAUTCH TO BHIOpAHHON HAMH IIOBEPXHO-
ctu S.

B unrerpane (5.1) a, — BesuunHa, onpesesndeMas aMIJIHTYROK
CBETOBOM BOJIHEI B MeCTe Haxo:xkaeHus siaemesTa dS; K(8) — nHeko-
TOpHIA KO3b(PUIUEeHT, 3aBUCALINM OT yria 3 MexxAy NmepBOHAYAIb-
HBIM HaIpaBjleHHEM CBETOBOM BOJHBI B JAHHOM TOYKE — BOJHOBHIM
BeKkTOpoM k — ¥ manpaBienueM Ha Touky P. EcrecTBeHHO npenmno-
JIOKHTh, 4TO Ko3ddunuesT K MOHOTOHHO yOBIBaeT C POCTOM yria
8. MHOrye npaKTHYeCKH BaXXKHble AUdpaKLNOHHbIE 3afaYy MOXKHO,
K&K MBI YBUAMM [ajiee, PellIdTh NPH BechbMa o0IuX IpeAmosoiKe-
HUAX OoTHOCHUTeAbHO K(8), He YTOYHAA KOHKDETHOrO BMAA 3aBUCM-
MOCTH ero or yria 9.

B pnanseitmem Mul GygeM pacCMaTpUBaTh CUTYaIUH, IO3BOJIAIO-
I#e B Ka4ecTBe HOBEPXHOCTH S 6paTh 60.1HOBYI0 NIOBEPXHOCTH Ia-
Lalolmey BOJHEI, YTO 3HAYNTEJLHO YIPOUIAeT pacyeTsl. B aTom ciy-
4yae yroa 9 B Koappuuuente K(3) npeacraBnaser cofoit yron mexxay
HOPMAJIBIO N K 3JIeMeHTY OBepXHOCTH dS ¥ HanpasjeHEHeM oT dS K
TouKe P, a gonosHHTENABHYI0 ¢asdy o B (5.1) MOXKHO CYHTATH pas-
HOH HyMO, o = 0.



124 T'nasa 5

Harerpan (5.1) BeipaXkaer cobodl MaTeMaTHYECKyi0 (OpMyau-
poBKy npunyuna I'oitzenca—Ppenens. CyTh 5TOro mpHHIUNA B
caenywuiem: das onpedenenus amnaumydv. Korebanus 6 mouke P,
Jexxaued mepes HeKOTOPOH MOBEPXHOCTBIO S, HAdo Halmu amniu-
mydv. Konebanuil, npuxodaujux 6 amy MowKy om écex IAEMeHMO8
dS nosepxnocmu S u 3amem crOHUMb UX C YHremom amnaumyd u
pas. Ilpu aToM mpepmonaraeTcs, YTo BCe SJIeMeHThI IOBEPXHOCTH S
B3aMMHO KOT€PEHTHBI — 3TO HeoOXoAMMOe yCJOBHE JJIA MHTepde-
PEHIMHA BTOPUYHBIX BOJIH.

IMpunuun CoiireEca—@peHena MOKHO OPEACTABUTE B IIPOCTOH K

HaraagHo#i popMe C IOMOIBIO BEKTOPHOH
¥ (da3zoBoii) auarpammei (puc. 5.2). Hcno-

JIb30BaHNE HONOOGHEIX JHUATPAMM B JaJb-

He#IIleM IOBBOJMT SHAYHMTENBHO YIIPOC-

THTE MHOTHE PacCy’XAeHHA M pacyeTsl.
dE, dE; Ha oTofi gumarpaMme pe3yabTHPYIOIIAA
aMInTysa — BexTop E, — mpexcrasire-
Ha KaK BeKTOpHaA cymMma aMiuuryr dE
konebaHu#t B Touke P or pasanyHbIX 371eMeHTOB dS HOBEPXHOCTH S €
y4yeToM mx (a3, T. €. YrJOB MeXAY HHMH.

E,

Puc. 5.2

§ 5.2. Judpakuua Ppenesa Ha KPYrjiIoM OTBEPCTHH

3oubr ®penensn. CymmuposaHue (MHTETPHPOBaHHME) AMILIUTYL
9JIEMEHTApPHBIX KoaebaHui, IPUXOAAIINX B TOYKY P, BooOlile roso-
pdA, BecbMa cioykHO. Ho B mpocredimmx caydaax, obJagaiolliux
onpezeieHHON cCHMMeTpHeH, HHTerpUpOBaHHe, KakK moxasan Ppe-
HeJlb, MOJKeT OBITh 3aMeHeHO IPOCTBHIM ajirebpamyecKuM mau rpa-
drUeCKUM cloXKeHWeM (mocjenHee OCOOEHHO HATJIALHO).

CyMMupoBanue aMILUIUTYX KoJieGaHUH, TPUXOSAIUX OT Pasainy-
HBIX 3JeMEHTOB BOJIHOBOI moBepxHOCcTH S, PpeHeNb HPexioKuI
[eJlaTh ¢ MOMOINbIO pa30HeHUs ITOBEPXHOCTH S Ha 30HBI, KOHPUry-
pamus KOTOPHIX 3aBUCHUT OT CHMMETDPHH PacCMaTpPHUBaeMOH 3ajadH.

Ilonssysace metogom PpeHena, oupese/ MM aMIUIUTYAY CBETOBBIX
KoJsiebanuii B TouKe P 3a KpyIrJibIM OTBepCTHEM Ha ero ocu (puc. 5.3).
BonHoBas moBepXHOCTE S, KOTOPOX MBI IIEPEKPOEM OTBEPCTHE, CHM-
MeTPHYHa OTHOCHTEJBHO NpAMoit P P, IosTOoMy ee HauboJiee Leseco-
obpasno pa3buBaTe Ha KOabYESbie 30HBI C LEHTPOM HAa OCH OTBED-
cTHsA. OTH 30HBI BLIOMpaeM Tak, 4TOObI PACCTOSIHME OT KPaeB Kaik-
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Puc. 5.3
JOM 30HBI JO TOYKHM P OTJIMYA/JOCE APYr OT APYyra HA IHOJOBHHY
JANMHUHBI BOJHBI, A/2. 3T0 1 ecTh 30Hbt PpeHens B JAHHOM caydae.
Halinem sHemawuit paguyc m-i sousl Ppenens, r,,. C 310i1 nessio
BOCIIOIb3YEeMCHA pHrC. 5.4, U3 KOTOPOrQo BUAHO, YTO 0Tpe3ok CO paBeH

h, + h, = mA\/2. (5.2)

Bripasum h, um h, 4Yepe3 r, M COOTBETCTBYIOLIME Dajuychl @ M
b + mA/2. Cornacuo Teopeme IIudaropa, r,,z, =a® —(a - h,,)z. Ipe-

0o6pa3oBaB IpaByI0 4YacTb 9TOI'O PABEHCTBA KAK PA3HOCThs KBajapa-
TOB, NOJYUYHM r,f =(2a - h,)h,. Obrruno Mb1 6ygeM MMETH HeJO CO
cIyyasaMH, KOrfa h, « 2a, I03TOMY NpeAbIAylee PaBEHCTBO MOYKHO
3anmcaTh Tak:

h, =1, /2a. (5.3)
Paccy>kxnas aHasormyHo AJIA NpaBoit YacTH prc. 5.4, TOJIy4INM crienyio-
miee BhIpasKeHHeE: rm2 =(b+mi/2)% - (+mi/2 —hb)z =(@2b+mAi-h)h, .
TIpenebperasn 3pech B mocyieAmed CKOOKEe CaraeMbIMH mA M h, mo
cpaBHeHHIO ¢ 2D, NPUXOOMM K BBIBOAY, UTO

h, =r>/2b. (5.4)
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Ocraetrca nogcrasutek (5.3) u (5.4) B ucxoguyio ¢popmyay (5.2), n
MBI NOJIVYHMM, YUTO BHEIUHHWH paguyc m-# 30HB PpeHensa

ab
a+b

r. =.mAi

' (5.5)
3aMeTHM, YTO eCIM Najaioliad HOPMaJbHO Ha XaHHOe OTBEpCTHe
BOJIHA IJIOCKasA (@ — «©), TO

r. =~mhb. (5.6)

Ecan xe nagaomaa BoJIHa chepHYecKas H CXOZAIAACA B TOUKeE,
PAacIIONIO’KEHHOM 3a OTBEPCTHEM HA PACCTOAHMY @ OT HEro, TO g CJie-
AYeT CUHUTATb OTpHHATeJbHBIM: a < (.

Y106l MMETh HEKOTOpOe NpeACTaBJeHNEe O MOPAAKAX BEJINYMH,

C KOTOPBIMH NIPHXOJUTCA MMETh [JeJI0 Npu AHdpaKU Uy CBeTa, pac-

CMOTPHMM CJEAYIOLIWN NpuMep.

Ilpumep. Ha kpyrioe orsepcTue paguyca r = 1,0 MM HOpMaJIbHO Hajaer
II0cKaa ceerosas BoaHa ¢ A = 0,50 mxM. Onpesenum YHCIO 30H
(PpeHesnsi, KOTOPhIe YKIAALIBAIOTCA B 3TOM OTBEPCTHH IJISI TOYKH
HabmoneHua P, pacnosioskeHHOH Ha OCH OTBEPCTUSA M OTCTOALLEM
OT Hero Ha paccroanuy b = 80 cm.

ITockoneky nagalomas BOJHA NIOCKas, CAeAYET BOCHOJb30BATH-
ca dopmyioit (5.6), oTkyaa Haxomum

m:——:———T——=2,5,
A 05-107-08

T. €. B J&aHHOM cCJiy4ae B OTBEPCTHHN yKJAaAbIBaerca ABe C IIOJOBH-
HO# 30HBI DpeHend.
2 2
Inowadu 3on (mpm gocTaTouHo Majiwx m) AS =nur, -ar, .,
IR
ab
AS =7A ,
a+b (5.7)
T. e. IPaKTHYeCKY OguHaK0Bsl. Ho aMnauryaer konebanuit, Npuxo-
OAIIUX B TOYKY P OT aTHX 30H, MOHOTOHHO M cjabo yObiBaloT M3-3a
YBeJHYEHNHA PaACCTOAHMA 7 OO TOUYKH P OT Kakmod ciexylomel
30HH ¥ pocTa yIjia 3 Me)xXay HOPMAJIbIO K 3JIeMEHTaM 30HBL M Ha-
mpaBJieHHeM Ha TOouky P.
Pazrr Konebanuit, Bo36yKgaeMbIX B TOUKe P COCEJHMMH 30Ha-
Mi, OTJMYAIOTCS HA T, I[I03TOMY BEKTOPBI-aMIIJIUTYABI HEeYeTHBIX
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30H NPOTHBOIIOJIOMKHEI 110 HANIPABJIEHHIO BEKTOPaM-aMIJIATYAaM OT
yeTHBIX 30H. M pesyiapTHpylomas aMIUIATYAa, & 3HAYUT M HHTEH-
CHMBHOCTh, 3aBHCHUT OT TOI'0, YeTHOe MJH HedeTHOEe YMCJO m 30H
®peHens YMeIjaeTca B OTBEPCTHH — JJjiA TOYKH Habmiogenus P.
Ecnu 4mcao 30H HeyeTHoe, B Touke P HabimiofaeTci MaKCHMyM,
€CJIM ’Ke THUCJI0O 30H UeTHoe, TO — MHHHMYM.

Yucno 30H m B OTBEPCTHMM MBI MOXKeM H3MeHAThb. Hanpumep,
IJI YBeJUYEeHHUA YNCJIa 30H HAfO0 MJIM PACIIMPHTb OTBEpPCTHE, HJIH
upuGINIUTH IKPAH K HEMY, WIH TO M APyroe BMecTe. 3TO HeIOCpes-
CTBEeHHO BHITeKaeT U3 Gopmysst (5.4), ecnu mop r,, IOHUMATE pajfH-
yC OTBepCTHA.

Cmupans Ppenensa. PaccMoTpuM rpadpudecKHMH MeTOH CJIOX<e-
HUSA aMIJIATYR. B 9TOM IIpocTOM M HarIAZHOM MeTOAe BOJIHOBYIO
IIOBEPXHOCTh MBICIEHHO DasfHMBAIOT Ha BechbMa Y3KHE KOJbIEBbIE
30HBI. AMOAKATYARY KoJjeGaHMIi, cO3JaBaeMbIX KaXXJOH M3 TaKHX
30H, #300pasuM BexkTopoMm dA. BeaefcTreue yBesMYeHHsi paccTos-
HHA r 4 yMeHbLIeHUA Koabdnnuenra K ammiauryna konebanuit, co-
31aBaeMBIX KaykJOoH ciefyolneil ysKOH KoOJbLEBOI 30HOH, OyAer
y6BIBATH IO MOAYJIIO X OTCTaBaTh 10 dase oT KojebaHHUIL, co3jaBae-
MBbIX Ipeabiaymieit 30HoM., M306pasuB oTcraBaHue 10 (ase MOBOPO-
TOM KakKA0ro BeKTopa dA npomue 4acoBoil CTPENKH Ha COOTBETCT-
BYIOHIVIH YTOJI, IOJNYYHM IIENOYKY BEKTOPOB, BEKTOPHaA CyMMa KO-
TOPLIX K €CTh Pe3yJIbTHPYIOIAS aMILINTYHa KonebaHuil B Touke P.

Ha puc. 5.5, a nokasas pesyabrar AelicTBuA 1-if 30Hb Dpenens.
3xecs amnautyga Koaebaumit dA, oT y3Koro Kojabua, mpHJerailne-
ro K rpauuie 1-i 3ous1 @peHens, orcraeT o ¢ase Ha T OT AMILJIATY-
IOul Kose6aHui, NPUXOAAMINX B TOUKY P u3 ueHrpa 1-ii 30HBI — OT
dA,, MO3TOMY COOTBETCTBYIONIME 3THM AMIIUTYAAM BEKTOPHI B3aHM-
HO NPOTHBOIOJIOMKHBI 110 HANPABJEHHUIO.

a) 6) 8)

>

A,
Puc. 5.5
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IIpopmonkas mocTpoenue, NOJYYHM BEKTOPHYIO AUATPAMMY AJs

Pe3yIBTHPYIOLIEH aMILIATYAbI KosebaHuil B Touke P oT AeldcTBUSA

nepBBIX ABYX 30H ®penena (puc. 5.5, §), zarem

OT HepBHIX TpeX 30H Ppenena (puc. 5.5, 8)

u T. g. llennouka no Mepe yBeJHMYeHHA YNCIa Y3-

KHX KOJbLEBBHIX 30H OYAET «3aKPYUYMBATHCA» B

CIupaJib, U B pe3yJibTaTe aMIUIHTYAa OT AeHCT-

BUS BCeX 30H (Bcei BOJHOBOM IIOBEepXHOCTH) OY-

fet paBHa A, (puc. 5.6). Ory cnupaabr HasoBeM

Puc. 5.6 cnupaavio Pperens (B OTIHMYME OT APYroi cuu-
paJyiz, ¢ KOTOpoil MBI BCTPETHMCH B CjeAyiolleM naparpade).

3aberas BIepef, OTMETHM, uTO Audpaknusa PpeHens cBA3aHa C
JeHCTBHEM JIMUIL HeCKOJBKHMX IePBBIX BUTKOB climpatu (boJiee 1mo-
Apo6HO 06 sToM B § 5.4).

Takxum o6pasoM, aMIIUTYAa KoJIeDaHHI B MHTEHCHBHOCTL CBeTa
B Touke P (cM. puc. 5.3) o Mepe yBeJIMYeHHUS paguyca OTBEPCTHUS B
SKpaHe HM3MeHAeTCA He MOHOTOHHO. Iloka OTKphIBaeTCH IepBas
30Ha PpeHend, aMIIUTYAa B TOUKe P yBeJIHUYWBaeTCA M JOCTHUTaeT
MaKCHMMyMa IIPH IIOJHOCTBIO OTKPBITOH 30He (cMm. puc. 5.5, a). Ho
IO Mepe OTKPBIBAHUA BTOPOH 30HBI ®PpeHess aMINIHUTyZa KoJeba-
Hu# B Touke P yOnIBaeT, ¥ P OJHOCTHIO OTKPBITHIX ABYX HEPBBIX
30HAX YMEHbINAETCHA ITOYTH A0 HyJadA (cM. puc. 5.5, 6). 3arem amn-
JIUTyJa yBeJIuWdHBaeTcs cHoBa (puc. 5.5, 6) u T. A.

To sxe camoe 6ymer HabIOZATHCH, €CIN BMECTO YBEJIUYEHUSA OT-
BepcTHA IpuUbaukaTs K HEeMY TOUKY Habmiogenus P BJOJMbL IPAMOI
PyP (cm. puc. 5.3). 9T0 JerKOo NOHATE M3 JAHHOTO PHUCYHKA: NPH
3TOM YHCJIO OTKPBbIBaeMbIX 30H PpeHesisi B OTBEPCTUM 3KpaHa J 6y-
IeT yBEeJHYHBATHCH.

Ha mepBsiit B3rJIAL 9TH pe3yJIbTaThl, IpPelCKa3aHHble Ha OCHOBe
npusnuna [ofirenca—®penend, BEIMMASAT HapagokcaabHeiMu. Of-
HAKO OHHM XOPOIUO ITOATBEPIKIAIOTCH ONBITOM. B TO »XKe Bpemsa co-
rJIACHO I'eOMEeTPHUYECKOH ONTHUKE WHTEHCUBHOCTE CBETa B TOYKe P He
JOJ’KHA 3aBUCETh OT paguyca OTBEDPCTHS.

HUrax, amniautyga xonebauumii B Touke P OT MOJHOCTHIO OTKPHI-
TO# BOJIHOBOII MOBEPXHOCTH, COIJIACHO NpeAcTaB/eHusM PpeHeid,
pasHa A, = A,/2, T. e. uHTeHCHBHOCTD (I o A?%) B ueTHIpe pasa Me-
Hbllle, YeM [P HAJIWYHMH 9KPaHa C KPYIJIBIM OTBEPCTHEM, OTKPBIBa-
01IeM TOJNBKO 1-10 somy PpeHend.
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OcobeHHO HeOKHIAHHBIM B MeToze PpeHensa IpeXCTaBIAETCSH
TOT YAMBHUTENLHBIA BHIBOK, UTO HPH OTBEDPCTHY B 3KpaHe, OTKPHI-
BamoIeM A TOYKM P aBe 30HLI PpeHeld, HHTEHCUBHOCTEL B 3TOH
TOYKe NafaeT NMPaKTUUeCK! AC HYJA, XOTH CBETOBOM NOTOK 4depes
OTBEpPCTHEe OKasblBaeTcs BABOe (oJjplIe.

IIarao Ilyaccona. He mMenee HeoXHMIaHHO W TO, 4YTO 3a Kpyr-
JIBIM HEIIpO3payHEIM LHCKOM B I[€HTPE €ro reOMeTpPHYeCKON TeHH
WHTEeHCHBHOCTEL He PaBHA HYIKO. Ecau KUCK mepeKphIBAaeT JHIIL
HECKOJNbKO 30H PpeHensdA, TO HHTEHCHUB-
HOCTH B LIeHTPe reOMeTPHYeCKON TeHH I0Y-
TH TaKafd ’Ke, KaK IIPHA OTCYTCTBHH AHCKA.
OTO HemOCPeACTBEHHO CleJyeT U3 CIUPATIH
Dpenens (puc. 5.7), HOCKOJIBKY €ClHA TUCK
3aKpbpIBaeT, ckaskem, 1,5 3oHbl PpeHeind,
TO pPe3yJbTHPYIOUINHA BeKTOp A, IpH IIOJ-
HOCTBIO OTKPBITOH BOJIHOBOM IOBEPXHOCTH
MO>XHO IpeACTaBUTh KAK CYMMY JBYX BEK-
T0poB: A, = A 5 + A, Tak Kax mepssle Puc. 5.7
IIOJITOPHI 30HEBI 3aKPHITHI, TO OCTAETCA TOJIBKO BEKTOP A ., — OT
BCeX OCTAJbHBIX 30H. OTOT BEKTOD II0 MOAYJIO JIUIIbL HEMHOTO Me-
HbIle BeKTOpa A._.

9To cBeTJIoe IATHO B IIEHTpPe IeOMETPHYECKOM TeHM Ha3bIBaloT
namuom Iyaccona. Paccmarpusas B cBoe BpeMa Meron Ppenesd,
IIyaccon mpuines K BBHIBOAY, UTO B IeHTPe TeHU OT OUCKA LOJKHO
OBITHL CBeTJIOE IIATHO, HO CYeJ 3TOT BBIBOL CTOJb abCypAHBIM, UTO
BLIIBUHYJ ero Kak ybeguresbHOe BO3payKeHHe IDOTHB BOJHOBON
Teopuu, pasuBaemoii ®@penesem. OpHako 3T0 «abcypaHoe» Hpex-
cKasamme OBLIO 3KCIEPHMEHTAJILHO IIOATBepPXKAeHO AparodoM. Bou-
HOBaf Teopud PpeHesd BOCTOPyKeCTBOBaJA.

3oHHas MNacTHHKA. Ecan B sKpaHe OTKPHITh TOJBKO HeYEeTHEHIE
3ousl Ppenena (1-w, 3-10,...), TO BEKTOPBI-aMILIIUTY ALl OT 3THX 30H
O6yayT coHampaBJeHLI M B CYMMe JaAayT BeKTOp, BO MHOTO pa3 Iipe-
BOCXOAALIMH MO MOoAyTIO BeKTopsl A, ¥ A,;. Tako# sKpaH HaskIBa-
OT 30HHOU NAAGCMUHKKOL. AHATOIrHYHO MOYKHO M3TOTOBUTH 30HHYIO
ILIaCTHHKY, TAEe OTKDBHITHI TOJBKO YeTHble 30HBI PpeHeid.

30HHaA IJACTHHKEA, COAEp Kalias /1 OTKPHITHIX 30H, CO3JaeT B
Touke P MHTEHCHBHOCTL mpubGausnTensHo B n? pas 66bIIyIo, yeM
oTBepcTHe B IepBy10o 30HY Ppeneis.

5—6327
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Ycunenne MHTEHCHMBHOCTH CBeTa 30HHOH IJIACTMHKOHM SKBUBAa-
JIeHTHO (hOKyCHUpYIomieMy geficTBUIO IUH3BI. PaccTodAHuA OT 30HHOHR
TJIACTHHKY 0 HCTOYHMKA P, 1 ero «u3obpakeHua» P cBA3aHbI Ta-
KHM JKe COOTHOIIIeHHEM, KaK M COOTBETCTBYIOIME PAaCCTOAHUA IJIA
JuH3b. YTo6bI B 3TOM y6eIUTHCS, LOCTATOUHO IEepenncaTh Gopmy-
ay (5.5) B Bupge

mA

R
b ’ (5.8)

Q|

r

ERe

T[e BRIpa’KeHHe B IIPABOM UacTH PaBEHCTBA MOXKHO PacCMaTpPHMBATh
kak 1/f, f — doxycHoe paccroanue: f :r,,zl /mh :rf/?\, OCKOJBKY
r,,z, com. Ho B oT/iuMe OT JUH3LI, 30HHAA IJIACTHHKA — CHCTEMa He
TAayTOXPOHHAA: KojebaHUsA, npuxogauiue B ¢dokyc F or cocegHuUx
OTKPBLITHIX 30H, pasjuyaioTcA Io (ase Ha 2n (pasHOCTBE XOoZa A).
Kpome sToro poxyca (0CHOBHOTO), 30HHAA IJIACTHHKA UMEET U APY-
rve, a UMeHHO Te TOUKH F', B KOTOpble KojebaHusA OT COCeIHUX OT-
KPBITHIX 30H OIPHUXOLAT C PA3HOCTBIO X04a 2A, 3A U T. &. ITU APYTrUe
POKyCHI OKa3bIBAOTCS Gostee ciabbIMU 110 CPABHEHUIO C OCHOBHBIM.

HMuTencusHocTs cBeTa B IIaBHOM (oKyce F 30HHOM IIJIACTHHKU
MOYKHO yBeJIMYUThH ellle B UeThIPe pa3a, ecay M3MEHHUTDb Ha T (passl
BTOPHUHBIX BOJIH, HCXOLAIIMX U3 BceX 30H PpeHeass C UeTHBIMU
(u1u geveTHnIMU) HOMepaMu. TorZia BeKTODBI-aMIUIUTYABLI OT BCEX
30H OygyTr coHallpaBJIeHbI M DEe3YJILTHUPYIOUIAA aMILJIUTYLa BO3pac-
ter ete BaBoe. Takad nmaacTuHKa OblIa uarorosaeHa Byaom nyrem
TPABJIEHHA B COOTBETCTBYIOIIWX 30HAX TOHKOT'O JIAKOBOT'O IIOKPBI-
Tus. Ee geficTBHe BIOJIHE S9KBUBAJEHTHO HeHCTBUIO JUH3BI, TaK KaK
B 000MX cay4YasiXx BTOPHYHLIE BOJHBI OT BCEX TOYEK BOJIHOBOH IIO-
BEPXHOCTH IIPHUXONAT B TOYKY F B oZMHAKOBHIX (asax.

Jonoauurensusie 3aMedannsa. OHM KacaioTca Kak caMOd CIIH-
panu PpeHenss B KaudecTBe pabodyero WHCTPYMEHTa, TAK M BHIA
InpakIMOEHON KapPTHHBL B 3aBUCUMOCTH OT Paguyca OTBEPCTHUS.

1. Ilpu pelleHHH HEeKOTOPBIX BOIIPOCOB, €CJIM LeJIO OTpaHUYMBa-
eTCA IEepBLIM BUTKOM cnupaiy PpeHesnd, T. e. IepPBOH 30HOHI, U MBI
He NIpeTeHAyeM Ha 0coOyI0 TOYHOCTh PE3YJIbTATOB, TO BIIOJIHE JOCTa-
TOYHO NEpPBBI BHTOK IPUHMMATL 338 OKPYMKHOCTb. llorpemrsocts
OyperT mpu 3TOM AJIA MHOTHX CIy4aeB HECYILeCTBEHHOI.



Judpaknna ceera 131

IIpumep. Ilnockas cBeToBadA BOJIHAa MHTEHCUBHOCTH [, MasaeT HOPMAaJbHO
Ha 9KpaH, B KOTOPOM [AJdA TOYKK HabnoneHud P OTKDBITHI TOJb-
KO BHYTpPEeHHAd NOJOBHHA 1-H 30HBI
Ppenesnst U BrOpasi (BHEIUHAA) II0JIO-
BHHAa 2-i 30HbI PpeHensi. Haligem uH-
TEeHCUBHOCTb CBeTa B TO4YKe P, A

IlppHEuMas [epBBIE BHUTOK CIMpaJIH
®DpeHeNss 3a OKPYKHOCTb, IIOCTPOHM
COOTBETCTBYIOII[E BEKTODPHl A, u A,
(puc. 5.8), u oTBeT OYEBH/EH:
A = 24, orkyna I = 4I,.
Puc. 5.8
2. Meron son Ppenena no3BossgeT cpaB-

HUTEIBHO UPOCTO HAWTH WHTEHCHBHOCTL CBETA TONBKO B Touke P,
JerKallel Ha OCH KPYIVIOTO OTBepCTHS B 3KpaHe. Pacuyer ke pac-
npepesieHNs HHTEHCUBHOCTH IJa Bcell ANMDPaKIMOHHON KapTUHEI
3HAYUTENbHO CIOKHee. Bca xapTunua obagaeT KpyroBoid cUMMeT-
pHuel u IpeAcTaBiaAeT coboi depeAyiolueca CBeTJIble ¥ TeMHEIe KO-
Jblla, HJABHO IePexofAlllue APYr B Apyra.

Ecin B OTBepCTHH 9KpaHa YKJajgbiBaeTca 1-a 30Ha Ppenesnsa
HJIY ee 9acTh, TO HHTEHCHBHOCTh MAKCHMAaJIbHA B LIEHTPEe KaPTHHBI
(1. e. B TouKe P) 1 MOHOTOHHO Y6LIBaeT IIPU yZajeHU! OT TOUKH P.
Ecan orsBepcTie B 5KpaHe OTKPHIBAET OBE NepBble 30HEI PpeHend,
TO B OKPECTHOCTH TOUYKH P BOBHHKAET TeMHOEe KPYIJVIOE IIATHO, a BO-
KPyr Hero — cseTjioe KoJiabio. C yBeInyeHueM YMCIa M OTKPBITHIX
30H B OTBEPCTHH 9KPaHA YBEJIWYNBAETCSH M YMCJIO CBETJBIX U TeM-
HbIX xoJsen. Ha puc 5.9 nokasano pacupespenenue naTeHcuBHOCTH |
OT PACCTOSHHUA 7 70 IeHTpa AU PaKIIUOHHON KaDTHUHEI IIDH Pasjind-
HOM 4YHCJie M OTKDPHITHIX 30H Ppemens. Korma ke B orBepcTHH
yKJIanblBaeTcd GoJIbIIoe YHCJIO 30H Ppenesa, HHTEHCHBHOCTDL BOIU-
3¥ TOYKH P OKa3nIBaeTCsd IIOYTH PaBHOMEDPHOH M JUIUb YV KpPaeB Ireo-
MeTpHYECKOH TeHM OTBepCTHsl HabJIomaeTcs depefoBaHHe BechbMa
V3KHX CBETJIBIX M TEMHBIX KOJIBIIEBBIX IIOJIOC.

I I I I
m=1 m=2 m=3 m=4
0 r 0 r 0 r 0 r

Puc. 5.9
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IIpogeMoHCTPHpPYeM Ha KOHKPETHOM IIpHMepe BO3MOXKHOCTH CIIHU-
panu Ppenena (cM. puc. 5.6) npy Judpakuuy OT HEKOTOPBIX 00BEK-
TOB, He 0OJAfAOIUX KPYTroBO# CHMMeTDHEH.

a) 6)

o

P P
Puc. 5.10

Ipumep. Ilnockas cBeroBad BoJIHA MHTEHCHBHOCTH [, IafaeT HOPMaJIbHO
HA 3KpaHbI, MOKasaHHble Ha puc. 5.10. Haitnem uHTeHCHBHOCTH
cBeTa B TOYKe P, PacIosIo)KeHHOH 3a 9KpaHaMM, eCJIH B cIydae a)
OTKPHITO 3/4 BOJIHOBOH IIOBEPXHOCTH, a B cly4dae §) sakpyrJ/eH-
Hasl 4acTb dKpaHa ABAserTca rpannuei 1-i1 sousl POpeHensa pna

ToukH P.

IIpexknme Bcero sACHO, YTO B 3THX CAy4YasaX AUGMPAKIMOHHAA Kap-
THHA (YepeAyIOIHecA CBeT/]bie X TeMHBbIe I10JI0CkI) He byaer obaa-
naTh KPYroBo# CHMMeTpHel, OHa SHAYHUTeNbHO caoxkHee. Ho pac-
YeT OJid YKa3aHHON TouKy P OKa3bIBaeTCA HOCTATOYHO NMPOCTHIM.
HeiicTBUTENbHO, B CJydae a) OT Kaxkjoil 30HBI PpeHena Oyner
IeHCTBOBATh TOJBKO 3/4 ee yacTH, cJefOBaTeJbHO, aMIUIUTyAA B
Touke P Gymer A = (3/4)A, ¥ MHTEHCHUBHOCTb [ = (3/4)210.

B cayyae ke 6) peayabTHpyoOIIad aMILIUTYJa A B Touke P Gyzmer
PaBHA Pa3HOCTH aMILIHNTYZASI OT NePBOH 30HBI PpeHesss A, ¥ aMII-
JILTYABL OT BCeX OCTANBHBIX 30H (3/4)A,,, rae A, =~ A_. [Togdepx-
HeM: UMeHHO Pa3HOCTH, MOCKOJbKY 06eMM aMILIMTYyZaM Ha CHH-
paan PpeHens (cM. puc. 5.6) COOTBETCTBYIOT BEKTOPHI, IPOTHUBO-
[10JIOKHO HAaNpaBJeHHBIE, T. €. UMelIinue pasHocTs da3 n. Hrax,
pesyiabTHpyIOIiad aMIINTYZa B Touke P paBHa

A=A, - (B/DA,, = 24~ (3/4)A,= (5/4)A..

Orciona uHTeHCHBHOCTE I = (5/4)%] o

3ameuanus o metoge ®penena. BeiuncieHns, BhIIOJHEHHbIE HA OCHO-
Be npuHiuna 'oiiredca — PpeHens, KaT, KaK IOKA3BIBAET OIBIT, HIPABH-
JIBHOE DacIipefiejieHyie MHTEeHCUBHOCTH IpH Au(pPaKL#U, T. €. [MO3BOJSIIOT
HaiTH HpaBHIbHOE 3HAYEHUE AMILIUTYALI Pe3yJbTHPYIOMIEeR BOAHBI B JIIO-
6oit Touke 3KpaHa, €CJYM Pa3Mephl OTBEDCTHH WIM NPeNATCTBUI He OKa3hl-
BAIOTCHA CJAUIMKOM MaJIbIMH (CPABHMMBIMHK C JJIMHOH BOJHEI A), APYI'HMU
CJIOBAMM, NPH He O4YeHb GOJBIIMX yriaax AudpakLiuu.
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IIpu sToM, ogHako, B MeTofe pacyera PpeHeNsa eCTh IPUHUMINANBHDIE
HeACHOCTH. [JIaBHBIE M3 HHX 3aKAIYAOTCH B CIASAYIOIIEM.

1. ITpu BHIMHUCIEHUN Pe3yJIbTaTOB HHTEDGEPEHIIMY 316 MeHTAPHBIX BONH
NPHXOAUTCA CUNUTATH, YTO aMILUINTYAA KoaeGanuil oT snemenros dS BojHO-
BO¥ IIOBEPXHOCTH 3aBHCHT OT yIia § MeXXAy HOPManbio K jJeMeHTy dS u
HaIIpaBjleHWeM Ha TOUYKY P, AnA KOTOpPOH BeAeTcs pacuyeT. AMIUIATyZa
MaKcuManbHa IpH 3 = 0 ¥ MOHOTOHHO yOLIBAET O HYJIS IIPU CTPEMJICHUHX
8 K n/2, T. e. Her «00paTHOH» BOJHBL. IJTO 06CTOATENBCTBO OCTAeTCA HeE
oGocHoBaHEBIM B Teopuu Ppenend.

2. PacyeTt no merony PpeHens gaeT HenpaBUJIbHOe 3HaveHue (asrl pe-
3yAbTHpYyoOUIero konebanna. 1a NoJIHOCTHIO OTKPHITON BONTHOBOH IIOBEpX-
HOCTH OHA OTVIMYAETCHA Ha T/2 OT AeHcTBuTEAbHON. dTO BHAHO M3 puc. 5.6.
Hanpasienue cnupaiu PpeHensa B ee Hayajle JaeT B TOUKe HabxofeHHA
dasy xonebaHMH OT IEHTPAJBHOIO dJIEMEHTA IIePBOH 30HBI. JTO ¥ €CTh TO
sHadeHne (Ppaspl, KOTOPOE COOTBETCTBYET NeHCTBUTENLHOCTH. PesyabTupy-
IOUUH ke BEKTOP OT IIOJHOCTBIO OTKPBITOI BOJHOBOH IIOBEPXHOCTH IOBEp-
HYT Ha 7t/2 IPOTUB 4YacOBOH CTPeNKH, T. e. oTcTaeT no ¢ase Ha 7t/2. Taxum
obpasom, mocryJjar PpeHess:, IPaBUIBHO 3aJaBasg aMIIUTYAL BCIOMOTA-
TEJBHBIX HCTOYHHUKOB, HEYAA4YHO ompepeiser uMx (agsbi.

Insa GonpinuHCTBA 3aZad BOIpPOC O ¢ase He mMeeT 3HaueHHUsd, nbo Hac
HHTEPeCyeT MHTEHCHBHOCTS DPe3YJIbTUPYIOHIeH BOJIHBI, KOTOPas NPOIOPIH-
OHAJIbHA KBAaApaTy aMILINTYAbl. 3HaueHHe JKe TocaemgHeill meroxy Ppenens
faeT NpPAaBHJIBHOE.

Hrak, HecMoTpss Ha HeKOTODBIe HeHOCTATKH, MeTon (PpeHesNss B BOIIPO-
caxX pacyeTa MHTEHCHBHOCTH BOJH AJA MHOTMX CHYYaEB ABISETCHA BeChbMA
ILIIOFOTBOPHBIM .

§ 5.3. Indpakuusa PpeHeass Ha NOJYIJIOCKOCTH
H UIeJH

B mpegpipymem maparpage MBI pacCMaTPHBAJKA C IIOMOIIbLIO
npurnuna [oiirenca—~®peHena gudpaknuio chepUIecKO BOJHEBI
ot Kpyraoro oreepcrus. Ocepas cMMMeTpHA 3aJayl IOLCKa3bIBaIa
BBIOOp KOHGPHUrypauuu 30H, HAa KOTOPble MBI pa30OMBAJIA OTKPHITYIO
YaCTh BOJIHOBOM MMOBEPXHOCTH — B BUAE KPY206biX KoJjel. Temeps
nepeiizeM K cjydalo, KOrga BOJHOBAA IOBEPXHOCTh HJIOCKAd M Xa-
paKTep HpPemATCTBUA (NOJYIUIOCKOCTh, IIejb) IpeAIHChIBAeT Das-
6MBaTE OTKPBLITYI0 YaCTh BOJIHOBOM IIOBEDPXHOCTH Ha 30HBI B BHJE
npAMOLUHEURbLX TIOJNOCOK.,

* Boocneacreun Kupxrod zan Gosee crporyio ¢popMyJHpPoOBKY HpHHuuny I'ioiires-
ca—Ppeneis, yCTpaHAOINYIO GOPMaJBHO IOYTH Bee HeAOCTATOKH Teopuy PpeHes.
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-

6)
Puc. 5.11

Jdudpakumusa oT NPAMOJIMHEHHOro Kpas nojymiockocrn. Ilycts
Ha 9KpaH J HNajaeT HOPMAaJIbHO IUIOCKAas MOHOXPOMATHYECKaA BOJI-
Ha AJUHBI A. PacnonoxkuM mepes 3KpaHOM HA PACCTOSHUU [ OT HETO
HEeNPO3PaYHYI0 MOJYILJIOCKOCT N ¢ HpsIMOMUHEHHBIM KpaeM
(puc. 5.11). Ecsnu 6b1 cBeT pacnpocTpaHsIcsa NpAMONIHHEeHHO, TO HA
3KpaHe J MBI Habaogaian Pe3Kyio TeHb OT Kpad 9TOH MOJYIIJIOCKO-
ctu (Touka P, Ha pucyHKe). B feficCTBUTEIBHOCTH Xe 13-3a BOJHO-
BOTO XapaKTepa CBeTa Ha sKpaHe O o0pasyeTrcsA CIOKHAA JUDPaK-
LMOHHAaA KapTUHa.

A pacuera 3TOM KapTHHBLI BOCIOJb3yeMcA Npuamunom I'1oi-
reaca—Ppenena. B raHHOM ciaydae B KaueCcTBe MHTEPECYIOIIeH Hac
BOJIHOBOH ITOBEPXHOCTH S BO3bMEM TY OTKDBITYIO €e JacTh, KOTOpaA
IPOZOJIKAaeT HeNPO3PauyHyl0 MOJYIJIOCKOCTh. COoOTBeTCTBYyIOIUE
pacyeThl OBLIM IIPOBeLeHbI aHANUTHYECKN PpeHesneM, HOJYUEHbBI
pesyJbTaThl B BUJAe TaK Ha3bIBaeMBIX UHMezpaao8 Ppenens, u 3a-
mada, TakuM obpasom, Gblia pellleHa.

Mbr He 6ygeM BOCHPOM3BOLHUTL 34eCh 3TOT pacyeT M OrPAHMYMM-
cA JIMIL UHTEPIpeTanueil ero 1 IOJYYeHHOTO pe3yJbTara ¢ IOMO-
OIbI0 BEKTOPHON AuarpaMMbl. JTO HauboJiee IPOCTON M HATJIAOHBII
MeToJ, OTKPHIBAIOIINH K TOMY *Ke BecbMa 3¢ (eKTHBHBIE IPaKTHIe-
CKHe IIPUMeHEeHH. )

W3 coobparkeHn# CHMMETPHH SICHO, YTO AUPPaKIMOHHAS KapPTH-
Ha Ha sKpaHe J OyJeT 3aBUCETH TOJBKO OT PACCTOSHUSA JO TPAHUIIBI
reoMeTpHYecKOo# TeHM — TouKH P Ha puc. 5.11, T. e. cBeTnbie u
TEeMHBIE IIOJIOCHL LOJKHBI ObITh IapajiielbHbl IPAMOJHHEHHOMY
kpar K HenpospauHo# nmonymrockoctr N. I'oBopa pasee 06 aMnin-
Tyme KosiebaHWE B Touxe P Ha 9KpaHe, MBI OygeM uMeTh B BHULY,
YTO 3TO OTHOCHUTCA KO BCEM TOYKaM NpaAMmMoil, IPOXOAsAlueHd depes
TOUuKy P ¥ mapasieslbHOH Kparw IIOJYIJIOCKOCTH.
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Crauasa HaliieM aMIUINTYAY KosnebanmHH B Touke P, KoTopas Ha-
XOQUTCA Ha Kpaio reoMerpudeckoit TeHu (puc. 5.11, a). Iaa sToit
TOUKHK (M TOJBKO s Hee) MbI MOIVIH OBl MCIOJIBL30BaTh paszbueHue
OTKDPBITOH YaCTH BOJIHOBOM IIOBEPXHOCTH Ha IIOJYKOJbIAa — II0JIY30-
BBl Ppe”ensa. Ho NoCcKOJBKY HaM IPEACTOUT ONpPeAesaTh aMIIJIUTY-
oy xosebaHUN U B JPYTrUX TOYKaX 9KpaHa, TO B COOTBETCTBUH C CUM-
MeTpHuel ZaHHOH 3amaul pa3obbeM MBICJIEHHO OTKDPBITYIO YaCThb BOJI-
HOBOH II0BEPXHOCTH S Ha BeckMa Y3KHe OAWHAKOBOHM IIMPHMHBI
IpAMOJIMHENHBIe MOJOCKHK (30HBI), HapasijiellbHbIe KPalo IOJYILIOC-
KOCTH.

Amnutyny xonebaHHuil, IPHXOAAIINX B TOYKY P, OT nepBo# 30-
HBI-IIOJIOCKY 1306pasuM BekropoM dA, (puc. 5.12). AMOauryny xo-

aebaHuil OT ciexyrome#l HOJIOCKH — BEKTO-
pom dA,, ITOBEPHYTHIM Ha OYeHb HeBOJBINON
yroJ Npomué 4acoBOU CTPEJIKH, TaK KaK 3THU {

KonebaHuA MPOXOJAT A0 TOUYKM P, HeCKOJb-

KO GoJsibIliee PACCTOSHME U, 3HAYHUT, OTCTAIOT dAx
o ¢ase.
B manpHeimmem yroa MeXXgy COCETHHUMHM A
BeKTOPaMU-aMIINTYJaM¥ CTaHOBHUTCA Bce
fosipllle, MOCKOJBKY 3alasabiBaHue 10 (dase /
KosnebaHMH, IPUXOJAIMX B ToOUKy Py or mo- g/ .~
CIeYIOIMX 30H-IOJOCOK pacreT Bce 6omp- dA,dA:
me. Mogynu ke BekTopoB dA,; 6yayT yMeHB- Puc. 5.12
mIaTheA (M3-3a yBEAWYEeHUA PACCTOAHKA N0 Py u yria 3 Mexay HOp-
Malbi0 K IIOJIOCKe M HalpaBJIeHHeM Ha TOuYKy P).
PesynsTHpyiomas aMIUIMTYAa KojebaEmii B Touke P, or mocra-
TOYHO IIIMPOKOH IIOJIOCHL BOJTHOBOH ITOBEPXHOCTH S u3obpasurcsa cyMm-
MOH (memodKoil) BeKTOPOB dA; OT BCeX YKJAABIBAIOLINXCH Ha 9TOH
T0JI0Ce 3JIEMEHTAPHBIX 30H-TOJIOCOK. OTO BeKTOp A Ha pume. 5.12.
Cnupans KopHro. B npegene, xorga mUpPHHA I0J0CH CTPEMUTCS
K GeCKOHEYHOCTH, T. e. IIPeBpaInaeTcA B IOAYILIOCKOCTh, M IIMPHHA
KaXKJI0M 9/1eMEeHTAPHON 30HBI-NOJIOCKH CTPEMUTCA K HYJIIO, LEeII0YKa
BEKTOPOB NPEBpalaeTcA B MJIABHYIO KPHBYIO, ABAAIOIIVIOCS IIPaBOi
nonoBUHONA cnupaau Kopuwo (puc. 5.13). Ora cnupalb COCTOUT U3
OBYX CHMMETDHUYHBIX BeTBeH, 3aXpPyUHUBAIONIUXCA BOKPYT (HOKYCOB
F, u F,. Ee neBas NoJIOBHHA OIIMCHIBAaeT AeicTBHe Konebaruit, IpH-
XONAUX B TOYKY P, OT y4acTKOB BOJHOBOW IOBEPXHOCTH (ecau 6B
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OHY OBLIM OTKPHITEHI), Jie-
JKallliX Jiesee Kpas K He-
IIpO3PavHOH II0NYIIJIOCKO-
ctu (cMm. puc. 5.11, a).

Amviutnryga koJieba-
HHM# B Touke P, oT BOJ-
HOBOHM IIOBEDXHOCTH, Jie-
skamieit mpaBee kKpas K
HemIpo3payHoO# IIOJIYILIO-
CKOCTH, us3obpasurca
BEKTOPOM, IIPOBeAeHHBIM
u3 touku O B oxryc F,
cnupanu Kopsro. Awmn-
JIUTYA2 »Ke KoJeDaHHH B

Pne. 5.13 Touke P, OT IIOJHOCTEHIO
OTKDPBITOM BOJHOBOM IOBEPXHOCTH — BEKTOPOM, IIPOBEAEHHBIM U3
doxyca F, B dokyc F,.

Ilns HaXOXKJeHUA BEeKTOpa-aMIJIHUTYALI KojJebaHuil B Touke P,
Jexkameil, HanpuMep, mpasee Touku P, (cM. puc. 5.11, 0), or ka-
KOMR-1100 I0JI0CHI BOJHOBOM IIOBEPXHOCTH, JIeKAaLled MeXIy KOop-
AHATAMHA X| K X,, HYKHO IIOCTPOUTH BEKTOD, KOTOPBIH 3aMBIKaeT
COOTBETCTBYIOIIMH 3TOH moJioce yuacToK cnupanu Kopxio.

3To mesraercsa Tak. Ka)xgo# Touke criupasu KopHIO COOTBETCTBYET
OIpeje/IeHHOe 3HAaYeHUe HEeKOTOpOro mapamerpa S (OH IIPOIOpPIHOHA-
JIEH AJIKHE OYTU CIIHpasM, OTCUMTBIBaeMoi ot Touku O na puc. 5.13).
3HaueHHS IapaMeTpa yKasaHbl BAOJb KpHBOH. VI3 aHalMTHYeCKOro
pacyeTa CJAEAyeT, YTO IlapaMeTp S CBA3aH C PACCTOSHHUEM X, OMCHU-
muteaemvin om moxrku C 1o UHTEpecyiomel Hac TouKK D BOJHOBOM
noeepxHocT! S (puc. 5.14) dopmyson

8 = x,/2/IA, 5.9)

0
o

x , roe A — OJnHAa BOJIHEL cBeTa, | — pac-
% CTOSHHE MEXAY 9KPaHoM I H BOJIHOBOH
/ NOBEPXHOCTHIO S, B IIJIOCKOCTH KOTOPOH
/ PACIIOIOKEHO TO MM HHOE IpPeIATCT-
, BH€ Ha IIYTH CBETOBOM BOJIHBI.

T e e
L]

Puc. 5.14
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O6paruM BHHMaHWe Ha TO, YTO IapaMeTp S IPOIOPIHOHAJIEH
pPacCTOAHHUIO X. 3HAYHUT, X o0 § ¢ JJIHNHe Ayrd cnupaau Kopuio, or-
cuuThIBaeMo# ot TouKHu O (cM. puc. 5.13) B COOTBETCTBYIOIIYIO CTO-
poHy (BpaBO MM BJIEBO).

Tenepsr noxakeM Kak ¢ nomomipio cnupainu KopHio monyaurs
pacupefesieHVe MHTEHCHBHOCTY CBeTa Ha dKpaHe BOJIXU3M Kpad reo-
MeTpUYeCKOHd TeHH HPH AUPPaKIHK IIJIOCKOHM BOJIHBI OT NPAMOJIH-
HeHOT'0 Kpas HeIpo3padyHoi oaynaockocTtd N, Eciau Touka P Ha-
XoAuTCH Impasee TOUKM P (cMm. puc. 5.11, 0), To npaBad 4acTk BOJ-
HOBOH moBepxHOCTH S (or Toukym C) MOJHOCTLIO OTKpbITA, X Ha
cnupanu KopHio aMminTyna xKosebGaHu#l B TOUuKe P COOTBETCTBYeET
BekTOpy DF,. Konel, aToro Bekropa HaxogurcdA B dpokyce F,, a Ha-
yajo — ToYKa D — B 3aBHCHMMOCTH OT IoJokeHNA Touku P. Korzga
P paxopures Ha Kpaio reomMeTpudecKol Tenu (B Touxe Pg), Touxka D
cosnagaer ¢ Touxkoil O Ha cuupann Kopsrio (cMm. puc. 5.13), u Bek-
TOP-aMILIUTY/ja COOTBETCTBYIOIINX KOJe6aHUN N300pasuTCsa BEKTO-
pom OF,, paBHBIM NOJOBHHE BeKTopa F;F, — 0T HOJHOCTHIO OT-
KpbITON BOJHOBOM noBepxuHoctTu S. [losToMy MHTEHCHBHOCTDL CBETa
B TOUKe P B 4eThIpe pa3a MeHbIIle WHTEHCUBHOCTH [, B OTCYTCTBHE
HeIpO3payHo# IIOJIYIJIOCKOCTH.

[Ipu nepememernun Touku P Bnpaso or Touxku P, Ttouxa D Ha
cnupanu Kopsio (Hadano BexTopa DF,) 6yaer nepeMemaTsCca 110 Je-
BOI BETBH CIIHMpaJIH, TaK Kak cjeBa oT ToUKH C 6YAYT OTKPBIBATHCA
BCe HOBBIE 30HBI-IIONIOCKU. JTO IPUBOJUT K TOMY, YTO aMILIATYJa U
WHTEHCHBHOCTD B TOUKe P IIpH ymanenuu ee ot P, 6yayT nocnenosa-
TeJIBHO IMPOXOAUTEL 4Yepe3 MAKCHMyMbl ¥ MWHHUMYMEI, pasjandue
Me)KAY KOTOPHIMH IIOCTETIeHHO YMeHbINAeTCs ¥ MHTEHCUBHOCTD IIPH-
6amxaerca K 3gadernuio [, (puc. 5.15).

Ilpnm nepememenuu Touxyu P BieBo oT Toukm P, — B 06sacTsb
reoMeTpHUYeCcKO¥ TeHH, Touka D Ha cnupanu KopHio mepeMeraercs

I

Puc. 5.15
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Brupaso oT Touku O. Jlerko BuaeTs, uTo AuuHa BekTopa DF,, a 3Ha-
YHT ¥ HHTEeHCHUBHOCThL, OYyJeT MOHOTOHHO YMEHBINATLCA IO HYJId
(cM. puc. 5.15).

Teneps moxka)keM Ha KOHKPETHOM NpHMepe KaK IIPOCTO € IIOMO-
mpblio cnupanu KopHio u dopmyns: (5.9) pematoTcsa BOIPOCHI, CBA-
3aHHBIE C pacHpeAe/ieHNeM MHTEHCHBHOCTH IpY IudpPaKIUU CBETa
OT Kpad Henpo3pauyHoOH IOJYIJIOCKOCTH.

IIpnmep. Judpaknuio IIOCKOH BOJHBI OT KPas HEIPO3PadyHOM MOJYILIOC-
KOCTH HabII0JaloT Ha 9KpaHe J, OTCTOAN[EM OT HOJYIUTOCKoCTI N
Ha paccrosanue [ = 100 cm. [Inura Boans: ceeta A = 500 um. Haii-
ZleM paccTofiHMe AX MeXX/Jy IIeDBhIMH ABYMS MaKCHMyMaMH Ha
sKpaHe J M UHTEHCUBHOCTH [I€PBOI0 MaKCHUMyMa, €CJIX HMHTEHCHUB-
HOCTh IaJalolero cseTa paBHa I.

CornacHo ¢dopmyne (5.9)
Ax =2, —x, = (s, ~ 5)YIA/2 =

=(2,3-1,2)41:500.107°/2 =55-10" M = 0,55 mm.

C nomowsio puc. 5.13 1 1uHeK HAXOAMM, YTO OTHOLIEHHE aM-
IVIATYALL 1-r0 MAaKCHMYMa, T. €. PACCTOAHHSA MeXJy TodKamMu G
u F,, x ammiantyge nagamouero ceera F\F, pasHo 1~ 1,175. Caego-
BaTeJIbHO, WHTEHCHUBHOCTh 1-r0 MakCHMyMa

I =v'I, =1371,.

Cienyer oTMeTUTE, YTO 00BIYHO TOYKa Habmiogenus P B gabopa-
TOPHBIX YCTAHOBKAX HAXOAHUTCA 3a HENPO3PAYHOHN MONYILIIOCKOCTHIO
Ha PACCTOAHHH, He IIPeBBIIIAIONIEM NOpAAKa OgHOro Merpa. IIpu
5TOM [J1d olpefesieHusa aMILIUTyAbl Pe3yJIbTHPYIONero KosiebaHnA
HrpaeT PoJb CPAaBHUTENbHO HeBOILIIOH yYACTOK BOJTHOBOH HOBEPX-
HocTH S, sexamnil BOIN3K Kpad MOJIYIVIOCKOCTH. B TAKKMX YCJIOBH-
AX Kpa¥l npakTH4ecKH JI0DOTo IIDeNATCTBHA MOYKHO CUHTATh IIPs-
MOJVHENHBIM U AJA pacdera JUPPaKIMOHHON KapTUHBI YCIEIIHO
oJIb30BaThes cuupansio KopHio.

Judpaxuna or mean. Takum xe o6pazom — € HOMOINBIO CIUpA-
nu Kopaio n dopmyas: (5.9) ~— MOXKHO paccuuTaTh pacipeneseHue
MHTEHCHMBHOCTH B AUGPAKIMOHHON KapTHHe OT 0eCKOHEeUHO MOJIHH-
HOH nmpAMonuHerHo# menn. Cama qudpakuoHHAA KAPTHHA Ha 9K-
paHe MMeeT CUMMETPHUYHEBIN OTHOCHTEJIbHO CepefyuHbl BHUA Yepenyio-
IIUXCA CBETJIBIX M TEMHBIX II0OJIOC, NapaJjie/bHbIX wean (Ipeanosia-
raeTcd, 4To IUVIOCKas CBeTOBas BOJIHA NIAJaeT Ha LIeJIb HOpMaJbHO).
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a) 0) 8)
A A A
0 0 0
Puc. 5.16

C nomonrslo TOH ke crupany Kopuio serko yéeguTbeCA B TOM, UTO
NPy MOCTEIEHHOM VBeJIMYeHUH IIMPHHBI 11eJ1 HWHTEHCUBHOCTD B Ce-
penuHe TUPpPaKIUOHHON KapTUHEBL 6yeT cHAYa/la UMETh MAKCHUMYM,
3aTeM MUHHMYM, IIOTOM OHATH MaKcuUMyM u T. A. (puc. 5.16, a, 6,
8). Takum obpaszomM, MbI OyeM HAOIIOZATE HIPH 3TOM IIOCJIEHOBATENb-
HOe YepeJoBAHME MAaKCHMYMOB M MHHHMYMOB (B cepeguHe KapTH-
HBI), PA3HOCTL MEXKIY KOTOPLIMHU OylIeT MOCTEeIeHHO YMEHBIIATLCSH,
CTpeMsACh K HHTEHCHBHOCTH [, manaoIero Ha Ijesab ceeta. Cama ke
oudpakIoHHAA KapTrHa OYAeT IOCTEIeHHO JOKAMIU30BbIBATLCS TO-
JIbKO BOJW3YM reOMETPHYECKON TeHU OT Kpaep ILeJH.

IIpumep. Ha npamosnunefiHyio Ineas B HeNpo3payHOM Iperpaje majaer
HOPMaJIbHO IIJIOCKas cBeToBad BosHA (puc. 5.17). Hdumua BOIHBI
A = 0,60 mmM. PaccToanue or menu o sxkpaHa 9 pasHo [ = 50
cM. HaijleM MPHUMAJIBHYIO INUPUERY b 11Ie1H, IPU KOTOPOH B TOY-
Ke P MHTeHCHBHOCTH OymeT MaKCHUMAaJIbHOM.

9T0 o3HayaeTr, 4YTO AaMILIATYAA

xonebannii B Touke P gomxma | | A | | | ]
ObpITh MAKCHMaNIBHOH, T. €, COOT- ————— -~~~ m
BeTcTByOLIel puc. 5.16, a. IIpu Y E
3TOM [apaMeTp § AOJIKeH OBITh Vo
paBHBIM (cM. puc. 5.13) 5 ~ 1,3, i
Coraacuo ¢Gopmysne (5.9) stomy Y
3HAYEHUIO [IapaMeTpa S OTBeYaeT 3
paccrosgue x = §./IL/2 = 0,5 MMm.
3HayuT, HCKOMAaA LIUPHHA LIeJx
b=2x=1mm.

N

Puc. 5.17

OrmeruM, uTo B oT/IMYMe oT cnupauyn PpeHend, Koropasd Jasaja
BO3MOJKHOCTb peIliaTh BOIPOCH! 00 MHTEHCHUBHOCTH TOJIBKO B OJHOMH
ToyKe AudpPaKIMOHHON KapTUHBI, CHHpass KOpHIO I03BOIsgeT B
psifie cAy4aeB HAXOAWTH paclpejiesieHNe HHTeHCUBHOCTH BO BCeX
TOYKaX AUMPAKIMOHHON KapTHUHBL.
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§ 5.4, Indpakuusa dpaynrodepa

Jdudparxuna Opayurodepa. Ppayrrodep OpeLI0KHNI HHON CIIO-
cob nabuaronenusa Juppakuuy, IOJXYINBIINY 3HAYUTEJIBHO 6oJbIiiee
IIPaKTUYMeCKOoe IMPUMMeHeHNe B ONTHKE, [IOCKOJBKY IpuBOIUT K Go-
Jlee IPOCTBIM 3akoHOMeDHocTAM (dopmysam). B sTom cmocobe na
IndpaKkIHOHHBIN 00'beKT (OTBEPCTHE, 1IeAb U AP.) HAIPABJIAIOT IIa-
pajjienbHBIA NYYOK cBeTa (ILIOCKYIO BOJIHY) ¥ JudpakIMOHHYIO
KapTHHY Ha6IofaloT Ha HOCTATOYHO GOJBLUIOM PacCTOAHHUM, T. €.
NIpaKTU4YeCKH B NlapaslIeJbHBIX JIydax. OTO U ecTh dugparyus Ppa-
yHeopepa AU OuPparKyus 6 napaniesivHblX AYLaAX.

Ecty xpurepuit, mosBoIAMOIIUE CYLUTh, ¢ KaKMM BUAOM ILU-
paxknuy — (peHeneBoil miu ppayHrodepoBoil — MBI HMeeM JeJI0 B
KaKJIOM KOHKPeTHOM ciaydae. UToOBI ero moJyduTh, BOCIOIb3YEM-
ca ¢opmyioi (5.6), t. e. r, =+mAb. Hamomaum, sra dpopmysra or-
HOCHTCA K CJIy4aro, Korja Ha OTBEepPCTHe pajHyca I, lafaeT HoOpMa-
JIBHO IJIOCKAasi CBETOBas BOJHA, NPHYeM 71 O3HAYaeT YHUCJIO 30H
DpeHessd, KOTOPBIE YKIAABIBAIOTCS B JaHHOM OTBEPCTHH LJIA TOYKU
Habmiongenua P, orcrofAme# oT oTBepCTHA Ha paccrodHme b. U3
aTo# GOPMYJBI CIEXYeT, UTO M =rm2 /Ab. Tam xe 6pLIO OTMEUYeHO,
YTO XapakTep ISUGDPAKIHMOHHOH KapTHHB! ONPELENSeTCA TOJIBKO
YUCJAOM M OTKPBITHIX 30H PpeHesd, U HHYEM JPYTHM. 3HAYHUT, IIO-
cJIefHee BbIPAXKEHHUE AJIA M U MOYKHO B3ATH B Ka4eCTBe HHTEPECYIO-
1ero Hac napaMeTpa p, 3aMeHHUB B 3TOM BEIDaXKeHHH I',, Ha HEKOTO-
pPHIf XapaKTepHBIA pasMep h OTBepCTHA B uperpage u b ma [l

Taxkum obpasom, GespasMepHbIH TapaMeTp p OIpeLeNdaeTCs Cle-
OYIOUINM BBIpa’KEHKEeM:

(5.10)

rie h — HeKOTODRIH XapaKTePHBIA pasMep: pagwyc MM OUAMETD
(3TO He CyIeCTBEHHO) KPYIJIONO OTBEDPCTHH, WM, HAIpHUMep, ILIH-
pUMHA INejau U T. I

3HaueHNEe MMEHHO 3Toro 6e3pa3zMepHOTO IlapaMeTpa U OIpexeIs-
eT XapakTtep audpaxmum:

P « 1 — pudparnua Ppaysrodepa,

P ~ 1 — pudpaxuua Ppenens, (5.11)

P » 1 — npubinmxenue reoMeTPHUYECKON ONTHUKH.
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IIpumep. BrisicHuM, ¢ KakMM BUAOM Audparuun (ppeHeneBoil win dpayH-
rothepoBoi) MBI HMeeM X0, eCJIM NapaUICAbHBIA IIYYOK CBETa C
AauHo# BoaHEL A = 0,6 MKM nazaeT HOpMaIbHO Ha KPyIJjioe OTBep-
crue auamMerpom D = 1,0 MM, o6pasyst ANDPAKLNOHHYIO KAPTHHY
Ha 3KpaHe, OTCTOAUIEM OT OTBEPCTHA Ha paccrosnue | = 50 cmM.
B arom cayuae mapamerp

p? _ (10-3)2

I 05.06-10°

Corsacro xkputepuio (5.11) aro coorsercTByer Aubparnuyn Ppe-
Hend. W pacyer pudpakKnMOHHONH KapTHHBHI GyAeT HpaBHJIbHEIM,
eCc/AH ero NpOBOAWTE mo GopMmynaM aubpaknun PpeHess.

Ls N L2 3

Puc. 5.18

IIpakTuueckn pubpaxnuio PpayHrodpepa HabIIOAAIOT ¢ IIOMO-
DIBIO CXeMBbI, IIOKasaHHoM Ha puc. 5.18. ToyeuHbIH UCTOYHUK CBETa
S pacnonaraior B dokyce F nun3er L;. M3 1uH3bI BEIXOZUT Napal-
JIeIbHBIA TYYOK Jy4deil, Ha NYTH KOTOPOro HaXOAWUTCS HEKOoTopasd
nperpaga N ¢ TeM HJIM HHBIM oTBepcTHeM. JlnbparupoBaHHBIE
JIyYH IPOXONAT JHH3Y L, B 1afaloT Ha 9KpaH J, PacnoJIoXKeHHBIH B
toxanpHOi mIockocTy AuHSEL L, (Ha dokycrHoM paccrosuuu f). Ta-
KM 00pa3oM, B KaXKAyI0O TOYKY 9KpaHa NaJaloT TOJBKO T€ JIY4H,
KOTOphle A0 NHH3E L, ORlIM mapasuleNbHB ADYT APYTY.

Bup nudpaxnuoHHOM KAPTHHBI Ha DKPaHe 3aBHCHUT OT (pOPMBI K
pa3MepoB OTBEPCTHA M AJMHLI BOJHBI ITazaioliero ceera. Hamia 3a-
Jada — HAWTU pacHpefiejieHHe WHTEHCHBHOCTH B AU(PpaKIUOHHOMN
xapTuHe. B o6uieM ciyyae IpoU3BOJIbHONA (DOPMEI OTBEPCTHS pelle-
HUe 9TOH 3ajauy — IIpolelypa BeChbMa TPyAHadA B TeXHUYECKOM OT-
HOLIeHHH K, BOOOLIe roBopA, He MpeAcTaBjifgeT 0coboro uHTEpeca.

IIpakTuueckn HaubonblIMil MHTEpeC HMEIOT TPH CJydas:

1) audpakuma Ha KPyrioM OTBEePCTHUH,

2) audpaknus Ha Y3KOM NpsMOJHHEHHOHN Iiean,

3) mndpakumusa Ha peryJaApHON cucreme mejeil (qudpakLuon-

HaA pelIeTKa).
PaccmorpuM aTH caydau nompobHee.
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§ 5.5. Iudpakuua Ppaynrodepa
Ha KPYIJIOM OTBEPCTHH

Oudpakuusa Ppayarodepa Ha KPYIriIoM OTBEPCTUH NIPELCTaBIA-
er OoMbUION NPaKTHYECKMI WHTEpec, IIOCKOJbBKY B ONTHYECKUX
npubopax onpasbl JUH3 U 00BEKTUBOB, a TaKyke Auadparmsel ume-
10T 00BIYHO Kpyriyio dopMmy.

HudpakuuoHuyio kKapTuHy PpayHrodepa or KPYrjioro oTBep-
ctus B nperpage N MoskHO HabjogaTh Ha 9KpaHe J B (GOKaJIbHOHR
IJIOCKOCTH JIMH3HI L, HalpaBuB Ha OTBEPCTHE HOPMAJIBHO IIJIOCKYIO
CBETOBYIO BOJIHY (prc. 5.19). OTa kapTHHA UMeeT BMJ IIeHTPAIBHO-
ro CBETJIOTO IIATHA, OKPYKEHHOrO dYepenyIOUIMMUCA TEMHBIMH U
cBeIBIMU KoabliaMu., CooTBercTByIOmuil pacuer (OH IpejcTaBiIaeT
GoJsibiliNie TPYLHOCTH, ¥ MbI He OyieM ero IPUBOLUTL) JaeT, UTO MU-
HEMYM IIEPBOTO TEMHOTO KOJbIIa OTCTaeT OT LeHTPa AuPpparkimoH-
HOH KapTHHBI Ha YTJIOBOE DacCTOosHUe

(5.12)

— 3TO IPH YCJIOBHH, YTO JuaMeTp orBepcTHa D » A, 4To yare Bcero
u ObIBaer.

Ha puc. 5.20 nokasana 3aBUCHUMOCTb HHTEHCHUBHOCTH cBeTa [ OT
yraosoro paguyca 3 (yria gudpaxinuu), sgecs 0 — meurp gudpax-
UHUOHHON Kaptunsl. M3 dopmynsl (5.12) caenyer, uro pasmep gud-
PaKIMOHHON KApTHUHBLI TeM MeHbllle, YeM (OoJbllle AuaMeTp OTBEp-
crua D. Tlogasasiiomasn yacts cBeroBoro moroka (84%), npoxogsa-
111eT0 Yepes3 OTBePCTHe, IoIafaeT B 06JIaCTh HEeHTPaJIbHOTO CBeTJIOT0

. N

0,5

Puc. 5.19 Pue. 5.20
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naraa. [losromy B nepsoM INpubIMIKeEUN AUPPAKIIHOHHYIO KapTH-
HY MOXXHO CYHUTATh COCTOAIEH M3 OZHOTO JIMIIL CBETJIOIO IATHA C
YIVIOBBIM pagmuycoMm 9, ompefensaeMsM dopmysoi (5.12). M nent-
pajbHOe CBEeTJIOE IATHO MOXKHO PacCMaTpUBATh KaK H300parkeHme
yOaJIeHHOr0 TOYeYHOro HCTOYHHKA, VIIMpPeHHOoe Audpaxiueil or
KpaeB KPYIJIOTO OTBepcTuA muamerpa D,

IIpumep. Hatinem guamerp d B MM I[€eHTPaJILHOT'O CBETJIOrO NIATHA Ha 3Kpa-
He, ecau guamerp orsepctua D = 1,0 MM, GoKycHOe paccTosHue
f =50 cm u gnusa BoJHEI cBeTa A = 0,5 MKM. DKpaH HAXOAUTCA B
GoKaNBHOM IJIOCKOCTH JIMH3BI.
OCBeILIEHHOCTh CBETJIOrO 1eHTPAaJIBHOIO IMATHA II0 Mepe yBeauye-
HUA yriaa gudpaxiuy 3 MOHOTOHHO nagaer (cMm. puc. 5.20) u npn
BH3YAJIbHOM HalJIIOfeHUY [0 KOHTPACTyY 3TO IIATHO KAXKETCA Me-
Hbie. Ero «gmamerp» d npubinXKeHHO MOXKHO CUHUTATh PABHBIM
paguycy IepBOro TEMHOIO KOJbLa, T. e. d =~ [§,. Bocnonbaosas-
muck opmynoi (5.12), moayumm

-6
d=~ 1,222”1 - 1,229_’5_'1_(1_3_'_0_’?_
D 10°

~0,3-10"m = 0,3 mm.

Caenyer o6paTUTh BHUMAaHKe Ha TO, UYTO B IeHTpe dpayHrodepo-
BOH Nu(dpaKIIMOHHON KAPTHHLI OT KPYIJIOTO OTBEPCTHA 6cezda 06-
pasyeTrca MaxcuMyM (B oTiinYue OT dpeHeeBo Audbpakiuy, KOorga
B LIEHTPE MOJKeT 06pasoBaThCcAd KaK MAaKCHUMYM, TaK ¥ MUHHMYM).

JudpakiMoHHad pacXoZMMOCTh ITyuyKa. [losyueHHbIe pe3ynabra-
THI MOYKXHO HCIIOJIB30BATh AJIA OLEHKH AU(PPAKIHOHHON PACXOLUMO-
CTH IYYKOB CBETa, AUAMETP KOTOPHIX OrpaHHYeH, HallpHuMep, B pe-
3yJIBTATe HPOXOXKAEHUA IIIOCKOH CBETOBOI BOJIHBI Uepe3 OTBEPCTHE
(unn guadparmy). Mbl OTMETHJIHM, YTO OCHOBHAA YacTb CBETOBOTO
IOTOKA, IPOXOAAIIET0 Uepe3 OTBEPCTHE, IPUXOAUTCA Ha LEHTPAaJb-
HBIA ANQPaKIUOHHBIA MaXKCHUMyM, IIO3TOMY €0 INMPDHHY MOXKHO
NIPHUHSTL B KadecTBe OIEHKHU YIVIOBOH DPacXOZUMOCTHA &0 IIydka C
IIepBOHAYAJILHBIM AMaMeTPOM IIONEePeYHOro ceueHHA D:

50 ~ X/D;i (5.13)

9TO BeChbMa Ba’KHBIM BBIBOJ: NPHHIUNNAIbHO (M3-3a Audpax-
IHH) HeBO3MOIKHO CO34aTh COBEPIIEHHO IapajielbHbII OrpaHUYeH-
HBII B CeUEHUH NYYOK CBeTa. JTHM YIUINPEHHEM MOXKHO HpeHeOpeun
JHIIL B TeX caydafx, KOTJa OHO MaJIo JI0 CPABHEHHIO C HCXONHOM
LIXPUHOHE TIYIKa.
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Ipumep. Ouesnm fudpakuoOHHOE YIIVPEHHE «IIapajliiebHOro» JIa3epHo-
rO Ny4YKa C HMCXOAHBIM AuaMeTpoM D, = 2 MM Ha pacCTOSHHH
{ =100 M oT nasepa, ecau AIXHA BOJHBI cBeTa A = 0,60 MxM.

W3-3a qudpakHoHHEON pacXOAHMMOCTY HHTEPecyKLiuil Hac Zua-
MeTp HY4YKA OKa3biBaeTCHA PABHBIM

D=~130~11/D, =100-0,6-10°/2-10° =30.10"m = 30 mm.

Kak BuaHO, AuPPaKUMOHHOE YINMPEHMe BeChMa 3HAYUTEJLHO.

JAndpaxiua oT MHOKeCTBA OTBEpPCTHH. BakKHO OTMETHUTh, YTO
npu hpayarodepoBoil AuPPAKIMN PacIpee/eHIe HHTEHCUBHOCTHA B
AudpaKIIOHHOK KapTHHe ONpefeseTca TOJbKO HAnpasienuem Jy-
Yeil, a He II0JIO/KEeHUEM CBETOBBIX NYYKOB. JTO O3HAYaeT, 4TO pac-
npefeieHNe MHTEHCUBHOCTH He M3MEHUTCH, €CJIM OTBEPCTHE B IIpe-
rpajge CMeCTHTh B CTOpPOHY (e3 M3MEHEeHWsA ero OpHeHTAI[UH.

OcobsIif MHTEpEC mpeAcCTaBASeT CHUTYalusa, KOrga B mperpaje
umeercsa foavwoe wucao N odurnaxogvix omeepcmuil. 3nechk BO3-
MOJXKHBI [{Ba CJaydad:

1) orBepcTUA PACHOJIOMKEHBI Xa0THUYHO, GeCHOpAL0YHO;

2) OTBEPCTHA DACIOJIOKEHB! YIOPALOYEHHO, PEryJIApHO.

B nepsomM cayuae ha3oBble COOTHOIIIEHHSA MEXIY BOJIHaMU, Jud-
paripoBaHHBIMH OT OTJEJbHBIX OTBEDPCTHH, UMEIOT cay4YaifHbIi Xa-
paxkTep (BOJIHBI OKAa3BIBAIOTCA Hekozepenmuuimu). Ilosromy pnsa
KaXKJOr'0 HalpaBjJeHus HabMIOneHMs NPOUCXOLHUT IIPOCTOE CIIOMKe-
HMe METEHCHUBHOCTEN BOJIH, TUPPATrHPOBAHHLIX OT BCEX OTBEPCTHI.
PacnpenesieHue MHTEHCUBHOCTH B TUPPAKIUOHHON KAPTHHE OT OX-
HOrO OTBEPCTHS He 3aBUCHUT OT ero mojokenusa. OT 60JbII0r0 Yncia
N orBepcruil nosiydaerca Taxkad ke KapTHHa, HO YCHJICHHAA 110 HH-
TeHcHBHOCTX B N Dpas.

OTHM IPHEMOM, KCTaTH, MOJMb3YIOTCH, JKeJIasd YCHJINUTEL OCBEIleH-
HOCTB AU(PaKIUOHHON KaPTHHBI OT «OJHOTO» OTBEPCTUA, €CJIU HC-
TOYHHK CBeTa HOBOJIbHO CJIAOBIH.

Bo BTOpOM citydae, HalPOTHB, BOJHBI, AutparupoBaHHble OT CO-
CeJHUX OTBEPCTHH, HMEIOT olpejesieHHOE 3HAUEHHE PAZHOCTH (a3,
¥ BOJHBI OKa3bIBAlOTCA Kozepenmhubimu. HHTeppepeHuus 3THX
BOJIH CYII[eCTBeHHO H3MeHdAeT AUGPAKIHOHHYIO KapTHUHY, obpasys
pe3Koe yBeJHMYeHHe WHTEHCHBHOCTYM B HEKOTOPHIX HAIpaBICHHUAX.
310 06CcTOATENLCTBO NMeeT GoJIbILIOe IPAKTHYECKOe 3HAYeHHE, U 60-
Jiee TOZPOOHO MBI PAaCCMOTPUM 3TOT BOIIPOC Ha IIpHMepe Audpaxi(u-
OHHOIT pemreTxku B § 5.7.
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Paspemaromas croco6uocts ob6wmexrnBa. Kax Mol ceifuac yBu-
OuMm, coorHomenue (5.12) urpaer BaXXKHYIO POJIb B TOM Bompoce.
Besencreue BosHOBOM NpHUpOALI cBeTa H306pakeHue TOYKH, AaBae-
MoOe JIMH30H, MMeeT BHJ AUMPPAKIHUOHHOTO KPYXKa — pesyJbraT
oudpakuy cBeTa Ha olpase JUH3BL. Tak kKak csbime 80% mpoxo-
IOAILIEero Yyepes JWH3Y CBETOBOI'O IOTOKA IPHUXOZUTCA HA LEHTpPalb-
HOe CBeTJI0e IIATHO, TO B AaJIbHEHIIIeM Ha OKPY’Kaloliye ero KoJbla
MOXKHO He ofpalnaTh BHUMAaHMNI.

Temeps paccMOTPHM JIBa OAMHAKOBLIX HEKOTePEHTHBIX TOYeY-
HBIX HCTOUHMKA. ECIM paccTosHMe MEXKAY LIeHTpaMu UX u3obparke-
HUH MaJjio IO CPABHEHHIO C Pa3MEPAMH LEHTPAJLHBIX CBETJIBIX IIA-
TeH, TO Pe3yJIbTUPYIOIAs KaPTHHA IPAKTUYEeCKH He OTJNYAETCA OT
u30GparKeHUs OQHOr0 TOYEYHOro MCTOYHHKA. K Torga rosopsar, uro
o0'BEKTUB He paspeuiaenm paccMaTpUBaeMble TOYKH.

Haumnasa ¢ HEKOTOPOro PaCCTOAHUA MEXAY LeHTpaMH 06oMX
CBETJIBIX KPY’KKOB, Me)XJy HUMHU I[IOSIBJAETCA TEeMHBIH NPOBaJ, H
370 GyZeT BOCIpUHHMATHCSH KaK pasfelbHoe H300parkeHne ABYX TO-
yek. O0beKTUB, Kak roBopAT, OyneT paspewamb 9TY TOUYKH.

KomruecTBeHHBI KpUTepHi paspelnaiouiell CIOCOGHOCTH MOXKET
OBITE chopMyIMPOBAH N0 PAAY NPHUYMH JIMOIL yCia0BHO. Takoi ycios-
HBIM KpuTepuit 6611 npepnoken Pameem. CorsacHo kpumeputo Paaes,
JBa TOYEUHBIX HEKOTePEeHTHBLIX MCTOUHMKA CUMTAIOTCS PaspellleHHbI-
MH, €CJIY IEeHTD ZU(MPaKIHIOHHOrO ATHA OT OQHOr0 U3 HUX COBIIALAET
¢ OMMKaNIIUM K LeHTPY MHHUMYMOM SUGPaKIMOHHOM KapTHHEI OT
Ipyroro. 3T0 COOTBETCTBYET MHHMMAILHOMY YIVIOBOMY PACCTOSHUIO
MeXJy UCTOYHMKaMH, onpeaeisieMomy (opmysoi (5.12):

A
g =1222.
won = 1,2 D (5.14)

PesynpTupyoomas xapryHa noxasaHa Ha puc. 5.21, rae nposai co-
CTaBAsET OKOJIO 25% OT MaKCHMyMa HMHTEHCHUBHOCTH.

f

ﬁum«

Pne. 5.21
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Benmumny, obparryio npepeibHOMY yIay 3,,., HaseIBAlOT pad-
pewanuelt cnocobHocmeio (MMM pa3pelaromledl CUJIOHN):

1 D

R= “1z2n (5.15)

S

MHH

PaccmarpuBaemsIil Bonpoc 0COGEHHO Ba*XeH B TEOPHH TEJIECKO-
na. Mzobpakenne 3Be3nbl B GOKAJBHOH MJIOCKOCTU OOBEKTHBA Te-
JlecKoma npencraBaseT coboil auis fubpakIHOHHYIO KADTUHY, 06-
pasyeMy0 KpyrioiH onpaBo# o6bexTnBa. Kak Bugso us (5.15), pas-
pellamias CrocobHOCTh 06 beKTHBA TejieCKONa MPOIOpPIHOHAILHA
Zuamerpy obbexTusa. Teseckorn ¢ guaMerpoM 3epkaia D = 5 M mo-
J)KeT obecreynTs qiia cBeta ¢ A = 0,55 MKM yriI0BOe paspelieHMe

S e =1,22 ~13-107" ~0,03 yri.cex

0,55-107°
5

U paspelamulyio CHOCOOHOCTL R ~ 107,

¥YBennyenune paspemaioiei c1oCOOHOCTH TeJIeCKOIOB IYTEM CO-
OPY°KEeHMSI TUraHTCKUX KOHCTPYKIUH MMeeT eCTeCTBeHHEIN IIpese,
00yCIOBIEHHBI# IIPOYHOCTHI0 KOHCTPYKIIMOHHBIX MATEPHANOB.
JToT mpenes IPaKTUYECKH YK€ OOCTUTHYT. IIpHHIMNNAALHO HO-
Bbl€ BO3MOKHOCTHU NOBHILLIEHHA paspelarilei cnocoGHOCTH CBA3A-
HBI C Heeld, CYTh KOTOPOH COCTOMT B IOCTPOeHNH GOJIBIION ONTHYe-
CKO# CHCTeMBbl M3 MHOJKECTBA 3€pKaJl CPABHUTENLHO HeGOJbLIOTO
pasMepa, KOTOpble 06pasyoT eAMHYIO II0BEPXHOCTh., JTO II03BOJIAET
CYLIECTBEHHO CHHU3WTb MACCY COCTABHOT'O 3€pKaJia-OTParKaTeJs.

T'snas npu paccmarpuBanuy yAaJeHHBIX IIPeAMETOB HeHCTBYeET B
OpAHIUAIe TaK ke, Kak o0pexTus. llosromy dopmynsr (5.14) u
(5.15) npumerumMst ¥ K Iagy. Posp Besnuunsl D urpaer guamerp
d spauka riasa. Ioaaras d ~ 4 mMm, L = 0,55 MKM, HaxoZuM, 49TO
paspelllaeMoe YIJIOBOE DPacCTOSHME IJIa30M

9, =12220/d =1,67-10" =35 yra. cex.

JTOT pesyabTaT YAUBUTENIBHO XOPOIIO COTJIACYeTCs ¢ (husuoornye-
CKO# OleHKOW paspelnamoiyedl crIoco0HOCTH IJiasa, CBABAHHOH CO
CTPYKTYpPOH €ro ceT4YaTKH.



Andpaxnua csera 147

§ 5.6. Iudparkuua Ppayurodepa Ha IeJTH

B ornmaue or gudpaxkuyu @payurogepa OT KpyIJyoro OTBEPCTHA,
pacuer IUGPAKIMH OT YSKOM IJIHHHON INeJX C IapaleIbHbIMH
KpasAMK OKasbIBaeTcAd SHAYMTENBbHO IIPOINEe, W Mbl BOCIDPOUIBELEM
ero LOoCTaTouHO HeTajbHo. COOTBETCTBYIOIINI pacdeT H 3[ech Oyaer
IpOBEJeH C TOMOIbIO NpHHIMNa Ilo¥ireHca—PpeHensa.

Paccmorpum cayuait, xorga Ha miesb j { A ‘
IHUPHHEI b NagaeT HOPMAJLHO IJIOCKas [ , b l
cseToBass BoJsiHa (pme. 5.22). Paszobrem B
MBICJIEHHO 3Ty ILIEJb — OHAa )K€ OTKPBHI- 7
Tad YacTh BOJHOBOM MOBEPXHOCTH — Ha
OYeHb Y3KHEe ONMHAKOBBIE II0 IINDHHE
B0HBI-TIOJIOCKY, IlapajijiesibHble NPAMO- |
IuHeHHbIM KpaaMm wmenu. Cymmuposa- ' 3
Hue BTODHYHBIX BOJIH IIPOBeLeM C IIOMO-
LIBbI0 BEKTOPHOM AMArpaMMbl.

Kosebanua, npuxogaime B TOYKY P 0T KaXKA0H TaKOH 30HbBI-IIO-
JIOCKH UMEIOT 00UHAK06Y10 aMIIUTYAy dA, IIOCKOIbKY PacupocTpa-
HAIOTCA HapaJlyIeIbHO APYTr APYry nepen JUH30H M, 3Hauurt, dA He
3aBUCUT OT NPORAEHHOTO TYTHA A0 TOYKM P (HanoMHMM, 4TO JHH-
3a — cucTeMa TayToxpoHHas). IIpu sToMm pasHOCTh (Das MexkAy KO-
nebaHuAMH, OPUXOAAIMMH B TOYKY P OT COCeHMX 30H-IIOJOCOK,
6yaeT ofMHaAKOBA.

Orcrona cienyer, 94To Opu rpaduyecKoM H300pakeHUH Mbl IIOJIY-
YUM IETIOYKY BeKTOPOR dA,, OMMHAKOBBIX [I0 MOAYJIC U IIOBEPHYTHIX
OTHOCHTEJIBHO JPYT APYTa Ha OOMH U TOT ke yrox (puc. 5.23, a). Pe-
3YJALTHPYIONIAA aMIUIUTyAa W300pasuTcsi BeKTOpoM A — Xopnoi
OYyry OKPY/KHOCTH C IeHTpoM B Touke C.

3aMeTHM, YTO AJIA TOUKH P, 9Ta nenouka obpasyer npamyo, 4To
COOTBETCTBYeT MAKCHMYMY HHTEHCHBHOCTH,

Y cioBre MUHHMYMOB. Ecu pasHocTs X04a KpalHUX Jydel (CM.
puc. 5.22) cocrasaser A = A, TO UX pasuocTh Gas § = 27, uHenouka
OKa3bIBAETCHA 3aMKHYTOH M aMIIUTYHa pesyabTHPYIOLIEro KoJeda-
HusA obpamjaerca B HyJIb (puc. 5.23, 6). 9T0 nepBblil MUHIMYM Huh-
PaKIIMOHHOM KapTHUHE!, HNpPeCcTABAAIOIEd co60H CHMMETPHYHYIO
OTHOCHUTEJILHO CepPelHHBl CACTEeMY UepPeAYIOUIUXCA CBETJIBIX U TeM-
HBIX IIOJIOC, TlapallIejIbHBLIX IIeJTH.

—— N
A

Puc. 5.22
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o=2n

6)

Puc. 5.23

PeasyapTupyiomas aMiauTyga ofpamiaercss B HYJb W TOTAA,
KOoraa pasHoCTh (a3 OT KpalHHUX 3/IeMEeHTOB L[e/TH PaBHa 21m, I'ge
m =1, 2,... Ilenouka npu 3TOM 3aMbIkaeTcs Ilocie m 060OpOTOB,
NpaKkTHYECKH He MEHAAL céoell Oaunbt Ay, MOCKOABKY Yroa aud-
pakuuu 3 0OBIYHO ZOCTATOYHO MaJl.

PasnocTs ¢as § cBs3aHa C pa3HOCTBIO X0jJa A COOTHOIIEHHEM
(3.20), 1. e.

A
6=2n—,
A
roe A — AJWHA BOJHBL CBeTa.

Tax kak A =bsin$ (cm. puc. 5.22) n B MmuHumyme 8 = 2nm, TO U3
9THX TPEX PaBEHCTB CJeLYeT ycrosue OAf MURUMYMOSE:

bsind , =+ mi, m=1, 2, ... (5.16)

3ameruM, uto m # 0, nockoabky npu m = 0 obpasyerca makcu-
mym (UenoyKa BeKTOPOB CTAHOBUTCA npamoit). M3 aToit popmynst
BUHO, YTO yMeHbIIIeHHMe INUPHHBI b IleJU IPUBOLUT K paciiupe-
HUIO AUGPaKIMOHHON KapTWHEL.

Pacupenenenne nurencusuoctu. Halizem nHTeHCHBHOCTD I CBe-
Ta Ha 9Kpade B 3aBUCHMOCTH OT yria Audpakiuu 3. ITo JerKo cge-
JaTh ¢ momompio puc. 5.23, a. O603HauuB paAuyc LENOYKU-NYTH
yepes R, sanummem:

A =2Rsin§ , A, =RS (5.17)
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Ocraercsa NCKJIIOYUTL R M3 3TUX ABYX paBeHCTB, 1 MEI IIOJIYUNM:
4=a, 5082
8/2 (5.18)

2
A tak xKak oo A", TO UCKOMad 3aBHUCHMOCTL'OyaeT MMeTh BULI:

a? (5.19)

roe o = 8/2 =nA/A =nbsin8 /A, I'pabuxk sasucumoctu I or sind no-
KasaH Ha puc. 5.24. HTeHCHBHOCT, BTOPOro MaKCIMyMa COCTABJIA-
eT 0x010 4% OT MHTeHCHBHOCTH IHEHTPAJIbHOT'O, IO3TOMY MOYKHO
CYHUTATh, YTO IIPAKTUYECKH BECh CBETOBOM IIOTOK, IIPOXOASIINH ue-
pes miesb, COCPefOoTOYeH B NEPBOM (LIEHTPANBLHOM) MakCUMyMe, yI-
JI0Bas NMOJYIIMPHHA KOTOPOTO paBHa A/b. DTOT pe3ybTaT Corjacyer-
ca ¢ dopmyaoit (5.13), onpenensiomei KMDPaKIUOHHYIO PACXOAH-
MOCTB «II12pajIJIeJIBHBIX » CBETOBBIX IIYYKOB OTPaHMYeHHOTO CeYeHM .

I

Pnc. 5.24

OrTMeTHM Takske, YTO B cepefUHe CHMMETPHYHON AM(PPaKIIMOH-
HOHM KapTHUHBI, COCTOANIeN K3 YePeAYIOIHMXCH CBETIbIX M TEMHBIX
noJioc, npu gudpaxknuu Ppayaropepa 6cezda obpasyercs MaKCH-
MYM OCBeIIeHHOCTH (B oTyindMe OT (peHesieBOH gudpaKumu, rae
IeHTpaJbHAA II0JI0ca MOXKeT ObITH Kak CBeTNOH, TaK W TEeMHOIT).

Ecnu miiockas cBeToBasi BOJIHA HajaeT Ha IeJb HAKJIOHHO IIOX
yriom 9, K HOpMaJ¥, TO PasHOCThL X04a MeXAy Koje0aHHAMH, pac-
NIPOCTPAHAIOLIMMNCS OT KpaeB IeJH noj yriom 8 K Hopmanu, 6y-
ZieT paBHa A =b(sind - sin3,). 9To npu ycaoeuu, uro oba yria, S u
9, OTCUHTLIBAIOTCA OT HOPMAJH B OfHY CTOPOHY — 710 HJIH NPOMuUe
YaCOBOH CTpEJIKH.



150 Taasa 5

Ycaosue qudpakiMOHHBIX MHHHUMYMOB B JaHHOM CJlydae IIpH-
HEMaeT BU[

b(sinS , -sin8,) =t mi, (5.20)

Ilerrpansubpiit MmakcumyM (m = 0) OymeT pacmosoKeH IOJ YIJIOM
3, =3,, 7. e. B HanpaBJeHUN NAafa0IIell BOJIHBI, H ANDPAKIHOH-
Hasd KapTuHa OyaAeT HeCUMMeTDPHYHA OTHOCHTEJBHO ILEHTpPaJILHOU
CBeTJIOH IOJIOCHI.

Teopema Ba6une. OTa mosesHad TeopeMa Kacaercs CBOMCTB Tak Hagdbl-
BaeMbIX JOnoaHUMeRbHbLX JKpaHo6. HanprMep, B HalueM ciayyae, KOrga B
HeNpo3padyHOoil Iperpajse UMeeTcs L[eJb, TO HONOJHUTENbHBIM K HEMY 9K-
panoM GymeT HelpoadpadHas NPAMOJVHeHHAs I0JIOCKA, IIWPHHA KOTOPOH
paBHA WIMDHHE LIENH. v

CorsnacHo Teopeme Babune, ppayHrogpepossl Au(ppaKklMOHEbIE KAPTHHBI
B GOKaJbHOM IJIOCKOCTH 00beKTHBA COBEPIIEHHO OAMHAKOBHL OT NOIIOJIHU-
TeALHBIX SKPAHOB, 3a UCKJIOUEHHEM caMoro Qoxkyca. JTa TeopeMa cAexyeT
M3 TOrO, 4YTO comiacHo npuHumny Iioiirenca~®pedensa gudparupoBaHHbIe
BOJIHBI MOJKHO HPENCTABUTH KaK CYMMY BTOPHYHBIX BOJIH, UCXOAAIIUX U3
KaKJ0r0 9JieMeHTa ILJIOUIAAN OTBepCTH# 9KpaHa. IIycTh BEKTOpP-aMILIHTY-
xa AuGparupoBaHHON B HEKOTODPOM HAIPaBJAEHUM BOJHBI A NAHHOTO 9K-
paHa paBHa A,, a A1 JOIOJHUTEJLHOrO K HeMY 3KPaHa B 9TOM Ke HaIpaB-
Jgenun — A,. B orcyrcTsue 060oux 9KpaHOB aMILIUTYABLI BOJH AJId BCeX Ha-
IpaBjeHuil, KpoMe HanpaBJeHus IIePBOHAYAJIBHOM BOJIHBI, PABHBI HYJIO.
CaepoBaTtenpHO, o npusuuny lofrenca—®Pperensa noayuum A, + A, = 0,
otkyna A ;= A, Tak KaK MHTeHCHBHOCTb [ o> A®, To TeM caMbIM Teopema Jio-
KasaHa.

Teopema Babune 1no3sossger yIPOCTUTH pelIeHNe MHOIUX AU(PPAKIHOH-
HBIX 3ajad, saMeHAs 9KpaHBI AONOJHHTeAbLHbIMU. Hanpumep, Haxo ompe-
JeJIATh TOJIIUHY 4YeJOBe4YecKoro Bosioca. ILjasl 9TOro mojaydamT OT Hero
¢payHrodepoBy Au(PPaKIMOHHYI0 KAapTHUHY, a 3aTeM MAaKyI0 Xe no pasme-
Py kapmury — oT Inenu, nopbupas ee mupury. Halnennada mupuHa
mieJy¥ ¥ PaBHA AUAMETDPY UYeJI0BEYeCKOI'0 BOJIOCA.

§ 5.7. IndpakymoHHAA pPeLIETKa

HudpaxnuonHas pelleTKka ABJAeTCA BaKHEHININM CHEeKTPaJlb-
HBIM nOpuGopoM, NIpegHa3sHAUEHHBIM [JIA pasjoKeHWT CBeTa B
CIeKTP ¥ H3MepeHHUA AiauH BoxH. OHa mnpexcrasiser coboi crek-
JAHHYIO MM MeTaJIJIMYeCKYIO IJIACTHHKY, Ha KOTOPBIX HaHeCeHO
O4YeHb MHOro (MHOTZA A0 COTeH THICAY) HPAMBIX PaBHOOTCTOAIINX
LITPUXOB OLUHAKOBON KOH(PHUTYpaIlviu.
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PaccmoTpum npocreiimyio uaeain3supoOBaHHYIO PeIIeTKY, COCTO-
ALTYI0 M3 OJHHAKOBLIX PABHOOTCTOAMIUX INejed B HEIPO3padHOM
skpane. IlycTs mupHHa KaXKJo# Ilesu paBHa b, a mepHoj peler-
Ku — d. B pemerke peanusyeTcs MHOrojsiydepaa mHTeDPdepeHIHA
KOTepPeHTHBIX AUPPArdpOBaHHBIX TYYKOB CBeTa, MCXOLALINX U3 IIe-
Jiefl pellleTKM IIPYM ee OCBELIeHHH,

Judpaxmuonnyno (rouree audpaKIMOHEO-NHTePp(epeHKOH-
HYIO) KapTuHy HabiamoganoT no merony Ppayurodepa, T. €. B napaji-
JIeJBbHBIX JIY4YaX, & NPaKTH4YecKH — B (JOKaNBLHOH IIJIOCKOCTH 00'B-
extusa (puc. 5.25, a).

> ]

“_d_’l
\/Q A= dsint
-
|
!
P F

Puc. 5.25
HYCTL IJOCKaAa MOHOXpoMaTH4UYeCKad CBeTOBasdA BOJIHaA IIajaeT Ha

pelueTKy Hopmaavho. Kadkaas u3 Ijesedl B OTHeJIBHOCTH JaBaja On1
B GOKAJLHON NJIOCKOCTH O6BLeKTHBAa AUMPAKIMOHHYIO KapTHHY,
noKasaHHyio Ha puc. 5.24. VI Takre KapTHUHEI OT BCeX LIejiell B OT-
CYTCTBYE KOT€PEeHTHOCTH TOYHO HaKJIAALIBAJIUCh ObI APYT Ha Apyra,
HEe3aBUCHMO OT MX IIOJI0KeHHA. MHTeHCHBHOCTH DK 9TOM CKJIALBI-
BaJuCh Obl, X MBI HOAYYHJIK ObI Ipu Haauuunu N Inesiedl ARGpPaKIIU-
OHHYIO KApTHHY KaK OT OLHOM ILiejaH, HO yCHJIeHHYI0 B N pas.

ITpu OCBEIllEHUH Ke DPeIlIeTKY KOZepeHmMHbLM CBETOM, CBETOBLIE
BOJIHBI OT BceX Luesedl HHTepQepupyoT ADYT C APYTOM, U Zudpak-
IMOHHAA KapTHHAa Pe3sKo MeHserca. Me1 Oyaem Hab/0faTh CUCTEMY
JOCTATOYHO Y3KHMX MaKCHMYMOB.

T'nasupie mMakcumymsl. B cepenuny andpaxijmoHHO-HHTepde-
peHIIHOHHOﬁ KapTI/IHLI* KOorepeHTHBbIE xonebaHMA OT BCex meneﬁ
OpUXOAAT B ¢aze. ITO 3HAYUT, UTO €CJIHM AMILIUTYAA OT OJHOH
ey paBHA A,, a YHCJIO IieJell B pemieTke N, TO pe3yabTHPYIOIAA

* Ifanee Mb! Gy/JeM Ha3BIBATH €€ IO TPaJHIHAH IIPOCTO JU@PAKYUOHHOIL.
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aMIIATYyZa A X COOTBETCTBYIOIIANA el UHTeHCUBHOCTL I OyayT onpe-
genarnca dopmynaamu

A=AN, I=IN2

Taxo#l >Ke pesyabTaT moaydaeTrcs WM IPH yIiax audpakuum 9,
[AJIsT KOTODBIX ONTHYECKasl pasHOCTh X04a A KoyreGaHuil OT cocegHNX
mesnelt (cm. puc. 5.25, 6) paBHa I[eJIOMY YHCAY OJAMH BOJIH:

dsin8  =xmk, | m=0, 1, 2,..., (5.21)

T7e 3HaKHU «t» CIAEeLYIOT M3 CUMMETPUM AUPPaKIMOHHON KapTHHEI
OTHOCHTeIbHO HOpMatu K pemetke (3, = 0): mpu sHake «+» yrox
$,>0, a npu 3Hake «—» yroux 9, <0.

B nanpasnerusax 3 ,, , onpefeyseMbIX 3TUM ypaBHeHHEM, BOSHHU-
KaloT MaKCHMYMbI, HET€HCHBHOCTh KOTOPHIX B N2 pa3 IpeBOCXOJAT
MHTeHCHBHOCTDb OT KasXKAOH IIeNH B TOM »Ke HampasieHuu. Ux Ha-
3BIBAIOT 2/1A6HLLMU MAKcumymamu m-ro IopAagKa, a ypaBHeHHUe
(56.21) — ycaosuem zaasHbix makcumymos. VIMeHHO riaBHBIE MaK-
CUMYMBI ¥ IIPEACTABJAIOT 0cOOBIi IpaKkTHUeCKUH nuTepec. Kak Mur
YBHAUM Jajiee, OHH IOJIy4YaloTCA TeM 0ojiee Y3KUMH U pe3KHMH,
yeMm Gospinee uypcao N INTPUXOB COLEPXKUT pelieTKa.

IIpn BakIOHHOM NafeHNH IVIOCKOH BOJIHBI Ha PellleTKy — IIOF YyIJIoM 3,
K HopManu (puc. 5.26, @) pagHOCTs X0Za COOTBETCTBYIOILINX JIViell OT ABYX
cocegHuX MTpuxXoB (mieneit) paBaa A =d(sin 8 -sin$,), u HanpasiaeHus
8, Ha riaBHBIEe (payHrodepoBEl MaKCHMYyMBbI OIIPEAeINIOTCA YCJIOBHEM

d(sin 8, —sin3;) = £ mA. (5.22)

¢ y4eToM CJIeAYIILero npasuad 3HAK06 AJA YIJIOB 3, ¥ 3, OHHU HOJIYKHBI
OTCUMTBLIBATHCHA B 00HOM HAIDABJIEHMH OT HODMAJIH K PeIleTKe, HalpuMep
no 4yacopo# crpeaxe (cM. puc. 5.26, a, rge 8, m 3,>0).

Puc. 5.26
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970 ke ycnaoue (5.22) copaBeAanBO K AJA OTPaXKaTeJbHON peIIeTKH,
€CJIH YIVIBI SmYI SO OTCYHUTBHIBATb B NPOMUGONONONHbIX HAIPABJEHHAX OT
Hopmanan (cM. puc. 5.26, 6, rae S, u 3,>0).

OrmeTuM IIONyTHO, 4TO CbOpMﬂ IITPNXOB PelIeTKH He BAMAET Ha II0J0-
JKeHHUe TVIABHBIX (hpayHrohepoBrIXx MAaKCUMYMOB, ¥ ycioBus (5.21) u (5.22)
ABJAKNTCA YHUBEDPCAJBHEIMU.

HartepdepeHnnoHEble MHEHNMYMbI. [ BHISICHEHHA HaJIbHe-
mux gertaneil dpayHrodeporoit nudpakIHOHHONR KapTHHBI BOCIO-
JIb3yeMCA BEeKTOPHOHN guarpaMmoii, KOTopas MO3BOJIUT JErKo HaiTH
U De3yabTHPYIOUIYI0O aMIIUTYRY A Kojebanuil, IPHXOASALIAX B
IPOM3BOJBHYIO TOUKY P GoKanpbHOHA ILIOCKOCTH 00beKTuBa (CM.
puc. 5.25).

Pue. 5.27

BexTopHas gmarpaMma B HaleM CJAydae npeacTasisieT coboii
LeIIOYKY BEKTOPOB-aMILIUTYJ KOTEPEHTHRIX KojebaHui, NPUXOoLA-
mux B ToUKy P or Kaxzaoh u3 N meneil: A), A,,..., Ay (puc. 5.27).
ITo mogysio aTH BeKTOPH! OOMHAKOBEI, B KAKABLIM CIAENVIOUINI OT-
CcTaeT OT HpeAbIAyIlero (MM oIepeKaeT, 3TO HE CYIIECTBEHHO) IO
(hasze Ha OOMH M TOT Ke YroJ y. ITOT YroJ CBs3aH C OITHYECKOH
Pa3HOCTBHIO XOLa A COOTBETCTBYIOUIUX JIydeidl OT COCeNHMX IIeJielt
usBecTHbIM cooTHomienmeM (3.20), T. e. B HameM cjy4ae — TpPH
HOPMAaJIbHOM NaJeHUN CBeTa Ha pPeIueTKY

v =2né =2ndsmé} ’
A A (5.23)
rge d — mepumox pemrerkn (cm. puc. 5.25, 6).

Tenepr npocieguMm, Kaxk 6ymeT BecTu ceba aTa IenoyKa BEKTO-
POB (a 3HAYNUT M ee 3aMblKaoman A) nIpy yxaleHuu Touku P ot do-
kyca F (cm. puc. 5.25, a), 1. e. ¢ pocToM yria gudpaxkuuy 9.
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fAcHo, uTo IpK aTOM OYET YBeIMUUBATLCA Pa3HOCTh a3 Y MeXK-
oy KosefaHnAMHU OT COCeNHHUX Inesiedl, W I[eIOYKa BeKTOPOB Oyner
HOCTEIIeHHO 3aKPy4YKBaThCA. [lepBrIil pa3 oHa 3aMKHETCH M BEKTOD
A ofparurca B HyJb, Korga yrojg Ny cTaHeT PaBHBIM 27T — 9TO He-
IOoCpelCTBEHHO BHAHO M3 puc. 5.27, 6.

IIpu gansHe#eMm pocre yriaa 3, a 3HA4UT, pasHOCTH (a3 y u Ny,
Henodka 0ygeT NepHOTHYECKH TO PaCHPAMIATECA (IIaBHBIe MAKCH-
MyMbI, A = Makc), TO 3aMbIKaThcsA (MHTEPGEPEHIIMOHHbIE MUHAMY -
mbl, A = 0). [TocienHee DyZeT NPOUCXOAUTH NPH 3HAUEHUAX yIJIa
Ny KpaTHBIX 27

Ny =2nm/, (5.24)

rae m' IpUHUMAET IeJOYUCIeHHbIe 3HaYeHudA, kpome 0, N, 2N,...,
IIpH KOTOPBIX IlelIOYKa PacHpAMISeTCH, M MBI HOJYUaeM IJIaBHbIe
MAaKCHUMYMBI.

ITopcraBus B (5.22) 3HaueHUe y U3 Gopmysl (5.23), momxyaum:

dsing =+ A
N (5.25)

3To BhIparKeHHE NIPeACTaBIAeT coB0OH ycaosue Oaa unmepgepen-
YUOHHbLX MUHUMYMOE (IPH ILIEJOUNCHEHHbIX 3HAYeHUAX m', KpoMe
0, N, 2N,..). OHO ke comepXKHUT u yciobue (5.21) L miaBHBIX MaK-
cumymoB (npu m' =0, N, 2N, ...). Mexxay AByMsa COCEOHUMH IJIAB-
HBIMHM MaXKCHUMyMaMHU pacrojiodkeHsl N—1 nHTepdepeHINOHHBIX M-
HUMYMOB. A MeXIy IIOCIeZHHMH, B CBOIO oUepenb, — J06agouibie
MAKCUMYMbL, UHTEHCHBHOCTD KOTODPBIX IIPH HOCTATOYHO OOJBIIOM
yycse N IITPHXOB pellleTKH IpeHeOpeknMo Masa (Kax Mbl YBULUM
majee, oHa cocrapjaseT He 6osee 5% OT MHTEHCHMBHOCTH IVIaBHBIX
MaKCHMYMOB).

B orauuue or yeaosud (5.21), KoTopoe faeT TOMBKO NOLONCEHUSR
IrJIaBHBIX MaKCHMYMOB, cooTHolleHume (5.25) mossosasier oupepe-
JUTH U UX YzA08y10 wupury. B camom fiese, Ipu mepexoje OoT rias-
HOr0o MaKCHUMyMa K coceJHeMY MUHUMYMY (puc. 5.28) m' Meusaercs
Ha eguHNny, Hanpumep ot N 1o N + 1. Torga npu gocratouso 60-
apmioM N yryioByI0 NOJYIIMPHUEY 83 riiaBHOro MakcumMyma 1-ro mo-
pAgKa MOYKHO HaWTu, B3fAB AuddepexHunan ypaBHeHua (5.25) ¢
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m= N-1 N N+1
Puc. 5.28

YYEeTOM TOrO, YTO m’ NpPH 3TOM MeHsieTcs Ha emusuny (dm' = 1).
Torga dcosd 83 =A/N, oTKyaa
_ A A
NdcosS hcos9 (5.26)

O6pamaer Ha cefa BHUMaHume TOT Qaxr, uro 83 saBucur He or d M
N B OTHEJBHOCTH, a OT WX IIDOM3BEAEHHUsS, KOTOPOE eCTh He UTQ
uHOe Kak mmpnHa pemerku A = Nd. C pocrom yria gudpaxnuu 4
IIMPHMHA IVIAaBHBIX MaKCHMYMOB yBeJUdYHBaeTcs. [JIaBHbIe MaKCH-
MyMBbI OYAYT TeM yoxe, uyeM OoJibine IIMPHAHA peIlieTKH b ¥ MeHbIe
yron pudpakmau 9.

Temeps BbISICHMM, UTO O3HAYAET YTBEPYKAeHME, HAIIPUMED, «yI-
JloBasd IIMPHHA PJAaBHOro Makcumyma 63 manas. ITo cpaBHeHHIO c
yem? OTBeT JOCTATOYHO OYEBHIHBINA: BeJIHYHMHY 09 Haxo CpaBHH-
BATEk C YIJIOBOM HIMHON A9 MeKIy COCEZHHMH INIABHBIMM MAKCHMY-
mamiu. Ecan 63 « A3, MBI rOBOPHM, UTO IJIABHBIE MAaKCHMMYMBI Y3KHe
(peskue). OLleHNM OTHOLIEHUE 3TUX ABYX BeJWUYMH. 3HayeHue &9
coorBercTByeT M3MeHeHuIo m’ B (5.25) Ha eguHEMIY, HO TaKUX 3Ha-
yeHNE m' MeXAy ABYMA COCEAHUMMU I'NIAaBHBIMY MaKCHUMyMaMM OKa-
spiaerca N. Cumras, 4To Ha KaxkAbid wHTepBaa dm' = 1 mpuxo-
IHTCS OJHO K TO )Ke 3HaueHHe 83 (14 OLleHKHM), IPUXOAUM K BBIBO-
Iy, utro 83 B N pas Mmeumsbiue, yeM A9 . MTak, pe3KoCTb I'JaBHBIX
MaxCHMyMOB IIPOIOPIMOHAJILHA YHCJIY LITPUXOB pemeTkn (OoJee
TOYHBIM pacyeT NPUBOLUT K TOMY Ke DEe3yJbTAaTy).

Taxum obpasom, ¢ momoinpio yemosuit (5.21) u (5.25) mbr Mo-
JKeM YCTaHOBUTHL He TOJIBKO IIOJIOMKEeHHNs IVIaBHBIX MAKCHMYMOB, HO
¥ UX YIVIOBYIO IIUPHHY (pe3kocTs). OcraeTcA peImInThk BOIIPOC 06 UX
MHTEHCHMBHOCTH. PaccMOTpHUM ero cHadaja KadeCTBEHHO.
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IIpocaesxuBasn ¢ momMolbio puc. 5.27, xak 6yner BecTHu ceba BeK-
TOpHas gUarpaMMa IO Mepe yBeJIWYeHHs yria Judpakuguu 3, MBI
ocTaBrJN 6e3 BHUMAHUSA TOT (GAKT, UTO IIPH 3TOM KaKAbIA BEKTOD
LENIOYKH .1I0 MOZYdio 6yzeT ymMeHbIIaThcsH, M60 OH omnpezessieTcs
dugpaxyueir ot Kaxkznoit uienu. B coorBercTBUM JKe ¢ puc. 5.23 pe-
3yJbTHPYIOMINA BEKTOD IIPK 3aKPYyYMBAHUM UENOYKU OYLET cHava-
Ja YMEeHbIIATbCA U B JajlbHeiIlleM BecTH cebA aHAJIOrHYHO TOMY,
KaK IOKa3aHO Ha pmc. 5.24.

CnenoBaTesibHO, KpOMe HHTEP(PEPEHIIMOHHBIX MHUHNMYMOB, He-
00X0JUMO UMETEL B BUAY U OUupPAKYUOHHble MUHUMYMbL, OIPELEsA-
emble yciaosmeMm (5.16), T. e.

bsinS  =+tmA, m=1,2,...,

rge b — mIMpHHA KayKOoH ILIesH.

IIpu aroM yclioBHH 6ce BEKTODPSBI LENOYKY oGpaljaoTca B HYJb,
3HAYUT ¥ Pe3yAbTUDPYIOIasd NMHTEHCHBHOCTD B SMUX HalIPaBJIeHUAX
Bcerga LoJKHA ObITH papHa HyJsi0. [aske B TOM ciyuae, eCJIH 3TOMY
HalpasJeHUIO COOTBETCTBYET IVIaBHBIN MaKCHMYM mM-I'0 MOPSAAKA.
IIpumep. HailgeM oTHOIIeHWMe HepHofa pelleTKH K INHpHHe mieaw, d/b,

NIPA KOTOPOM IIpomajaeT IJIABHBIM MaKCHUMyM 3-r0 NOpPAAKA.

B sToM HanpaBierHuMM — noj yriaoMm AuGpPakmud 3 — MOMKHBI
BBIMTOJIKATHECA [IBA YCIOBUA:

dsin8,=+3k, bsind =z A.

W3 oTHOLUIEHMA 3THX ABYX PaBeHCTB HaxoauM: d/b = 3. 3To 3Ha-
YHUT, YTO B IIpefesax OCHOBHOrO AM(PPAKIMOHHOrO MaKCHUMyMa
MeI OyzeM HabiwogaTh ABa IJIaBHBEIX MakcumyMa. TpeTHit moma-
AeT Ha AudpaKnHOHHBII MHHHMYM H, 3HA4HT, Npomajer.
HHTeHCHBHOCTH I'TaBHBIX MaKCMMYyMOB. Pacnpenesienne MHTEH-
CUBHOCTH B AuMpPaKkIUOHHO-UHTeP(hEePeHIIMOHHOR KapTyHe IIpolle
BCEro IIOJNYYHUTb C IIOMOINBIO BEKTOPHOM JyarpaMmbl {(CM.
puc. 5.27). U3 a710i# guarpaMmsl BHAHO, UTO Pe3yJIbTHUPYIOIIVIO aM-
nauTynsy A npu uHTepdepeHuuu N BOJH MOYKHO 3aIucaTh TaK:

A =2Rsin(Ny/2),

rge B — BcnoMoraTresabHBIH paguyc OYTH OKPYXXHOCTH, OIIKCAHHOM
BOKDYT JaHHOM L[eIOUYKH BeKTopoB. Kpome Toro, amminryza A; xo-
nebaHM OT KaAOM INeNH, KaK BMAHO M3 3TOr'O JKe PHCYHKA,

A, =2Rsin(y/2).
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Hcxaouns 2R u3 nocaeaHux ABYX GopMyJ, HOJYYHM:
sin(Ny/2)
= A, 2T
sin(y/2)

YuursiBad, uTo A, onpepensaerca dopmyroi (5.18) m mHTEHCHB-
HocTh [ oo A%, IIPUXOAUM K CIERYIOIIEMY (MCKOMOMY) BhIpaXKeHHUIO:
sin®(8/2) sin’(Ny/2)

“T @2 sint(y/2) (527

rae, HallOMHHUM,
8 =2nbsinS /A, vy =2ndsin3/\ (56.28)

Ionyuenssit pesyasrar (5.27) rpadmuyecky IpejcTaBiIeH Ha
puc. 5.29 Kak 3aBICHMOCTb, MHTEHCHBHOCTH AUGPAKIMOHHONA KapTH-
Hel 0T yriaa gudpaxkuun 9, Tounee or sind. Kax sumum, nnatepdepen-
LM MHOT'HX TIYYKOB IIpHBeJa K Pe3KOMY Iiepepacipeqe/IeHHI0 HHTEH-
CUBHOCTH CBETa,- oﬁycnonnennomy mgudpaxieil OT KayKJOH IljesH.

\

AAJ f e W
L
d

L L 0 7» sin®
d d

Q>

A
d

Q.I

Puc. 5.29

IlepBas zpobs B BhIpaskenun (5.27) mpepcrasisier co6oi mias-
Hyio dyHKnuio or sin$ (oma mokasaHa IYHKTHPOM Ha puc. 5.29 u
oTpakaeT AudpaKIMOHOE pacupeneieHle HHTEHCHUBHOCTH OT Kaj-
goM menm). OTa ILUTaBHAA (QYHKIUA MOAYIHUPYET MHOTOJIYUYEBYIO
nHTepepeHIHOHHYI0 KapTuHy oT N Ieseil, KOTOPYIO OIHCHIBAET
Bropas Zpobs B dopmyae (5.27).

IIpaxTyeckn Hanbosiee BaKHBIMHU SBISIOTCS IJIaBHBIE MaKCH-
MYMBI, IONAZAKOIINe B IEHTPAIbHBIH AUMDPaKUOHHLEINA MaKCHMyM
OT KaX[oH IeNd — OHHM ABJASIOTCA Hambosee MHTeHCHBHBIMH .

* 3ameTnM, 4TO pacnpegeaeHue I(8), mokasanmHoe Ha puc. 5.29, cnpaBeAnuBo ANA
npocToi 1wesneBoi pemeTKH. Ecan xke KoahPUIMEHT NPO3PAYHOCTH (KN OTPaske-
HMs) MeHseTcs B pelIeTKe, HalpuMep, 0 CAHYCONAAILHOMY 3aKOHY, TO BO3HHKa-
10T IVIaBHble MAKCUMYMB! TOJIBKO HYJIEBOTO ¥ NePBOro mopaaxkos: m=0 u m=1+1.
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§ 5.8. IudpakunoHHAR pPeHIETKA KAaK CIEKTPAJbHBIA
npubop

W3 dbopmynsr (5.21), onpepesnsiolieil HarpaBjieHUA Ha IVIABHbIE
(payHrodepoBsl MAKCHMYMBI, BUXHO, UTO 3TH BanpaBieHua 3, 3a-
BUCHAT OT JJIMHBI CBEeTOBOM BOJIHBI A (32 MCKJIOYeHHEeM MaKCHUMyMa
HyJeBoro nopaaka, m = 0). [IoaroMy peireTka B KaXXAOM HOpPsgKe
m = 0 pasIoKUT Najalonuil Ha Hee CBET 8 CReKmMp Pa3INYHBIX II0-
pazkos. IIpuuem Hambosblee OTKJIOHEHHE B KaKAOM IIOPALKE HC-
OBITBIBAET KpacHas 4acTh clnexkTpa (0osee NINMHHOBOJIHOBASA).

OCHOBHBIMH XapaKTePUCTHKAMHU JI060T0 CIeKTPaJIbHOTO Ipudo-
pa ABJAAIOTCA Y2a08as Oucnepcus, paspeuianu,as cnocobHocmbv u
obracmv ducnepcuu.

1. YrnoBas gucnepcusa D xapaxkTepusyeT CTeNeHb IPOCTPAHCT-
BeBHOro (yrJjIOBOrO) pasfefleHMS BOJH C Pas/IMYHBIMM AJIHHAMHE A.
IIo onpepenenuso,

D =dS/dx (5.29)

Huddeperuupya dopmyay (5.21) npu gaHHOM m HaX0gUM 0as pe-
wemku dcosd dS =mdA, orkyna

s _ m
dv dcosS (5.30)

Buaso, uTo Xn8 sagaHHOTO IOPARKA /M CIeKTpa yrjosasi ZHC-
nepcud teM OoJsbille, YeM MeHbIlle nepuof d pemieTku. Kpome Toro,
d3/dA pacrer ¢ yBenmueHmeM yria gudpaxmum I.

2. Paspemaroman cnoco0Hocts R. Ilo onpegenenuio,

R =A/8\, (5.31)

rge SA — HamMeHbIIasl Pa3HOCTh AJIMH BOJIH CHEKTPAJbHBIX JTHHUIA,
P KOTOPOH 3T JMHHK BOCHPHMHMMAIOTCA ellie PasfejbHo, T. €.
paspewaiomcs. Benuuura A He MoOKeT ObITh IO PAAY IPUYHH
onpefiesieHa TOYHO, a JHIIb OPHEeHTHPOBOUHO (yciaoBHO). Takoi
VCIOBHBIA KpuTepr# 6blin npeasoxxeH Pajneem (aBajiormuso Tomy,
KakK 2T0 OBLJI0 PACCMOTPEHO IIPY PeLIeHHH BOIpoca 0 paspelnaoiiei
cnocobHocTH O6BexTHBA, cM. § 5.5, B KoHIe).

CorsnacHOo Kkpumepuio Panea, cueKTpaibHble JUHUYA C PA3HBIMU
JLJIHAM¥ BOJIH, HO 00UuHAK060I. MHTEHCUBHOCTH, CUUTAIOTCA pa3pe-
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IIeHHBIMHY, €CJIH TJIaBHBIH MaKCHMYM A A+dL
OJHOY CHEKTPaJbHOM JVWHUM COBIAa-
JaeT C IePBbIM MHHHMYMOM [pyro#
(puc. 5.30). B srom cnydae MexIay
OBYMsi MaKCHMyMaMH  BO3HHKAET
IPOBaJ, COCTABAAKIINN okoao 20%

OT MHTEHCHBHOCTH B MaKCUMyMax, U 9
JIMHHAM elle BOCIIDHHMMAIOTCA pa3ne- Un
JIBHO. Puc. 5.30

Hrax, cornacHo kpurepuio Pasnea u dopmyne (5.27), neobxogu-
MO, 4TOGBI MakcumMyM m-ro nopsagka (m’ = mN) AMHMKM ¢ AIWHOMR
BOJIHBI A + OA (cM. puc. 5.30) coBmazas o HalpaBJEHHUIO C IIEPBBIM
MMHMMYMOM JuHHH A (m' = mN + 1), 1. e.

dsin®,, = m(h + 81) =(m . %)x

Orcroga ciemyer, 4TO

@

OTo U ecThb HMCKoMada popMyJia AJIA paspewiarueit cnocobrocmu
audpaxumorHoi pemrerku. Jawnaa dopmysna gaer BepxHME Ipe-
Jen paspernatomeit crocobnoctu. OHa cupaseqivBa IIPH BHIIOJIHE-
HUM CJHeLYIOUINX YCJIOBHI:

1. MuareHcuBHOCTE 060MX MaKCHMYMOB JOJIKHA OBITH OMHHAKO-

BOH.

2. PacuiupeHnue TuHUH JOJMKHO GBITH O6YCJIOBIEHO TOJLKO AUD-

pakmuei.

3. Heobxomumo, uToOb HAJAONIMH HA PEIUeTKY CBET MMeJ IIH-

PHHY KOTepeHTHOCTH, HPeBBHIIIAIONYIO pasMep peuierku. To-
JIBKO B 3TOM cjyd4ae Bce N IITPHUXOB pelleTKM OyayT «pabo-
TaTb» COrJIAaCOBAHHO (KOrepeHTHO), M MBI JOCTHIHEM ’KeJae-
MOTrO pe3yJbTaTa.

[ noBelumeHHsA paspemaroieil CHOCOGHOCTH CIEKTPaNbHBIX
npubopoB MOXKHO, Kak NoKasbiBaeT Gopmysa (5.32), aubo yseawyn-
BaTh YMCJI0 N KOrepeHTHBIX NYYKOB, JUOO IOBBINATL NOPANOK HH-
Tepdeperuun m. Ilepsoe McHoOaL3yeTCA B AU(PPAKLMOHHBIX peIleT-
kax (uucso N poxozur mo 200 000), Bropoe — B HHTepdepeHLHOH-
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HBIX CHEKTpaJbHLIX Npubopax (Hanpumep, B uHTepdepomerpe Pab-
pu—Ilepo unucio N uHTepdepHUpPYIOMNX BOJAH HEBEJINKO, NOPAKKA He-
CKOJBKUX HECATKOB, & IOPAAKU HHTepPdepeHIIHHI m~10° u 6omee).

3. O6nacts gucnepcuu A\ — 3TO HIMPHHA CIEKTPAIBHOTO MH-
TepBajia, [IPH KOTOPOH elfe HET IIePeKPHITHA CIIEKTPOB COCEAHMX
NOpAZKOB. EC/IM CIEKTPHI COCEAHUX NOPALKOB IIePeKpPLIBAIOTCA, TO
CHEeKTPAJILHBIA allllapaT CTaHOBUTCA HenpuzoOnbiM A UCCIENOBa-
HHA COOTBETCTBYIOLIEIO0 YYacTKa CIeKTpa.

JIIMHHOBOJIHOBLHIII KOHEI] CIEeKTpa m-Tro NOopAJKa COBHIaJaeT ¢
KOPOTKOBOJIHOBEIM KOHI[OM crnekrpa (m + 1)-ro mopazkxa, eciau
m(:A + AN) =(m + 1)A, oTKyga ciaepyeT, 4TO obnacmb ducnepcuu

o0

3HauuT, obsacTk Aucnepcru AL o6paTHO NPONOPUIUOHANBHA IIO-
pagky cuextpa m. IIpm pabore co CleKTpaMH HHM3KHX NOPALKOB
(06BIYHO BTOPOTO MJIK TPeThero) AA(paKIiimoOHHAA pelleTKa IPHUToAHA
IJIA KCCJIeJOBAHMS M3JIYUeHMs, 3aHMMAIOIIEeTo JOCTATOYHO HIMPOKWI
CIIEKTPaJIbHBIN MHTEepBaJl. B 3TOM IJIaBHOe IIpeHMMYylUecTBO Audpax-
IUOHHBIX pelIeTOK IepeJ HHTephepeHIIMOHHBIMH CIEKTPaJbHbIMU
nputopamu, HanpuMep, uarephepomerpom Pabpu—Ilepo, y koroporo
13-32 BBICOKHX IOPAAKOB m 00JaCcTh AWCIEPCHH O4YeHb Maja.

Eme o pudpakiumoansix penrerkax. Judpaxknonnas penieTka ABJIAeT-
Cs1 OJHUM M3 Ba)KHeHINNX CHeKTPAIbHHX IpubGopoB, KOTOpOMY Hayka o0s-
3aHa MHOTHMHM YHAAMEHTAILHBIMY OTKPBITHAME. CIIEKTP — 9TO IO cylne-
CTBY KOJ, KOTOPBI# OyAy4Hu paciuudpoBaH ¢ NOMOIKBIO TOTO KM HHOTO Ma-
TeMATHYEeCKOI'0 anmapara /JaeT BO3MOXKHOCTb IOJYYHTh I€HHEHINYIo
uHGOPMAaNUI0 0 CBOMCTBAX ATOMOB M BHYTPHUATOMHBIX IIPOLIECCOB.

Jlna agekBaTHOrO pelieHMA 3TOH 3aJa4¥ CIEKTDP JOKeH ObITh HEHCKa-
KEHHBIM M YETKO Da3JUYMMBIM — B 3TOM CYTh TOH CJAOKHeHINeHd Hayd-
HO-TeXHUYeCKOi npobJjieMbi, KOTOPYIO IIPHINJIOCH PeIlluTh, 4ToObl HaKOHel,
NOGHUTBCA II0Jy4YeHHs BBICOKOKAYECTBEHHBIX AU(PPAKLIHOHHBIX DEIIEeTOK.

TexHoMOrnA H3roToBjeHHA AubpPaKIUOHHBIX PelIeTOK B HacTosllee
BpeMs HOBeAeHa AO BHICOKOM CTeNeHHM COBepIIeHCTBa. IlepBble BHICOKOK&-
YeCTBEHHBIE OTpa’KaTelbHBIe pPelleTKH ObLIM CO3JaHBI B KOHIE IPOLIJIOIO
crometnsa Poyaengom” (CIIIA). O TexHM4YecKOH CJOMHOCTH pemaeMoi
npo6eMbl rOBOPHUT X0Ts OB yike Takoi dakT, yTo HeobXxogumas JJIA 3TOH
Leau AennTenbHAsS MaliMHA co3jasanachk B TeueHume 20 jet!

* Ero feso npofoJLKUIM AHjepceH, ByA u Apyrue 3HaMeHUThIe 9KCIEPUMEHTATODHI.
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CoBpeMeHHBIE OJHOCTHIO ABTOMATU3NPOBAHHBIE AeANTENbHEIE MAIIMHEL
[IO3BOJIAIOT C IIOMONIBI0 AJIMASHOTO DPe3l[a MSrOTOBJSITH PEIIeTKH C IIOYTH
CTPOro SKBHAMCTAHTHBIM paclo/iokeHneM mTpuxoB. TpyAHO gake nmpejcTa-
BHUTH, YTO aJIMA3HBIM pesell IIDH 9TOM IIPOYEPUYUBAET AECATKHU KIJIOMETPOB,
IPaKTHYECKH He N3MeHAA CBOM npoduib, — a 3TO IPUHIMIKAIBHO BAXKHO.
Pasmeps! yHuUkansHBIX pemeTok gocruraioT 40 x 40 em! (Taxue pemerku
HCTIOJNBL3YIOT B OCHOBHOM B acTPO(H3UKE.)

B 3aBUCHUMOCTH OT 061aCTH CIEeKTPA PEeIIeTKH HUMEIOT Pa3jinvHoe YHUCJIO
WTPUXOB Ha 1 MM: OT HECKOJIBKMX IITPHXOB, HAYMHAA ¢ MH(PPAKPACHOMN
obnacru, xo 3600 — pasa yasrpadumosieTosoil. B suaumoit o6acTH cneKTpa
600 — 1200 mrpux/mmM. fcHO, UTO o6palleHue ¢ TPABUPOBAHHOMN NOBEPX-
HOCTBIO TAKHUX DelleToK TpebyeT npeAesbHON OCTODPOKHOCTH.

BenencTBue BHICOKOM CTOMMOCTH OPHTHMHAJIBHBIX I'DABUPOBAaHHBIX pellle-
TOK IIOJIYYWJIN PacHpOCTPaHeHUe peniuky, T. €. OTIeYaTKN IPaBUPOBAHHBIX
PellleTOK Ha CHelHabHBIX IJIACTMACCAX, IOKDPHITHIX TOHKHM OTPasKaTeJib-
HbIM cnoeM. IIo Ka4yecTBY DEILIMKH IIOYTH HE YCTYMAKT OPHUTHMHAIAM.

B 1970-x rogax 6su1 paspaboraH HOBBIH, rojorpadbuiecKkuil MeTon m3-
roTOBJIeHUA AU(PPAKIHOHHBIX pelleTOK. B 3TOM MeToje IIJIOCKAA IOZJIOMK-
Ka CO CBETOYYBCTBUTENLHEIM CJIOEM OCBEILAETCH JBYMA IJIOCKUMHU HAKJIOH-
HBIMH IYYKaMH KOT'eDEeHTHBIX JIa3ePHBIX MIJIYYEHHH C onpeneneHHON Aiu-
HON BoJHBI. B o6nacTu mepecedyeHHA MYYKOB 00pa3yeTcsa CTALMOHADHAS
uHTephepeHIIMOHHAS KapTHHA C CHHYCOMAAJNbHBIM pacipefesieHHMeM HH-
TeHCUBHOCTHU. Ilocsie cooTBeTcTBYIOIIE 06PabOTKM CBETOYYBCTBHTEIBHOIO
CJI0SI MOJIyYaeTCcsa KaveCTBeHHAs AU(QPAKINOHHAA DPELIeTKA.

OTMeTHM B 3aKJI0YEHHe, YTO, KPOMe IIPO3PavuHbIX M OTPA’KaTeIbHbLIX pe-
IIETOK, CYLIECTBYIOT elle U (a3oevie. OHU BAUAIOT He Ha aMIUTUTYAY CBETO-
BOM BOJIHBI, a BHOCAT IIepUOJUYECKUE M3MeHeHHUs B ee ¢asy. ITo artoii npu-
YMHE UX ¥ Ha3sIBaOT (asosbiMu. IIpuMepoM (Has3oBoi pellleTKH MOMKET CJIy-
SKHTh IUIACTMAacCOBas KiOBeTa C IIPO3Pa4YHOM JKHUAKOCTBIO, B KOTOPOH
Bo36y)KZeHa IJIOCKAs CTOSYaA YJIAbTPA3BYKOBAaA BOJHA. OTO IPHUBOAUT K Iie-
PHOSHMYECKOMY H3MEHEHHIO ILIOTHOCTH KHUAKOCTH, & 3HAYUT ee NOKa3aTeNsd
TIPeJIOMJIEHUA K ONTHYECKOH PasHOCTH xofa. Takad CTPYKTypa MeHAET He
aMIUINTYAY IPOXOISALUEro IOMEPEK BOJIHEI CBeTa, a TOJIbKO Gasy. Pas3oBbie
PeIIeTKH TaK)Ke HAaXOAAT MHOIOYHCJIEHHBbIE IIPAKTHYECKME [PUMEeHeHUA.

OgHoMepHasi peureTka BHGPaTOpOB. AHJIOrMYHO JUPPaKIIUOH-
HOM peinerke Bejer ceba B pagmoguanasone cucrema us N napajuie-
JIBHBIX APYT APYyry BuOpaTtopoB-aHTeHH. Eciu OHM JeliCTBYIOT CHH-
dasno, TO HyJIeBOH (OCHOBHOM) MaKCHMyM H3JIYUYEHHUA HAIpaBJieH
HOPDMAJIPHO K pellleTKe B €€ SKBaTOpHaIbHOM mirockoctd. M 3fecs
BOBHHUKAET MHTEpecHas B HPAKTHMYeCKOM OTHOILUEHHMH BO3MOXKHOCTB.
Ecin coamaTh peKHM, IpH KOTOPOM KojeGaHMA Ka)xXA0H ciaexyomien
aHTeHHbI OYIyT, HAaIPHMEp, OTCTAaBaTh IO (ase oT KoJiebaHUH IIpebI-

6—6327
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Ayllleit Ha OXHY U TY Ke BeNWUYUHY ¢, TO HyJeBoH MakcuMmyM He Oy-
ZAeT COBIaAaTh C HOPMAJbIO K pemneTke. YI3MeHsas >Xe ¢ BO BpeMeHM
IO OIpejeIeHHOMY 3aKOHY, MBI IIOJIyuaeM CHCTEMY, Y KOTOpOi Ha-
IpaBjieHNe IJIaBHOT'O MaXCuMyMa 6y[eT U3MEHSATHCA B IIPOCTPAHCTRE.
Taxum 06pa3zoM MbI NPHXOAMM K BO3MOYKHOCTH PaJHOJIOKAIMOHHOIO
0030pa MECTHOCTH C TOMOIIBI0 HENOABMXKHONR CHCTeMBI aHTEHH.

§ 5.9. Indpakumsa Ha IPOCTPAHCTBEHHOH pelleTKe

IIpumep IpoCTpaHCTBEHHON AU(PPAKIIMOHHOM pEIIeTKH — 3TO
KpHCTaJNIRYecKas pellleTKa TBepAoro resa. Yactuipl, o6pasyloime
3Ty pellieTKY, HI'PAIOT POJIb YIIOPALOYUEHHO PACIIONOKEHHBIX IEeHT-
pOB, KOrepPeHTHO PAaCCEeHBAIOINMX NAaZaloIlyio Ha HHUX BOJHY.

Paccmorperne nudpakuuy Ha YHOPALOUYEHHBIX CTPYKTYpax HIpo-
Ille BCeTO Ha4aTh ¢ AU(MPAKIMU MOHOXPOMATHYECKOTO M3JTYy4eHUsS Ha
UPAMOJUHEHAHON [[ETIOYKe, COCTOSIeH M3 OJWHAKOBLIX PAaBHOOTCTOS-
mux yactuy (Hanpumep, aromoB). 1IycTh paccrosnue MeXxAy cocel-
HUMH yacTuiamu (nepuod cmpykmypbl) paBEHO d ¥ TapaljleJbHbIN
IIY4OK M3JIy4eHus C SJAMHOM BOJIHBI A IafaeT Ha TAKYIO LEIOYKY IOX
VTJIOM CKOJBXKEHHuA o, (puc. 5.31). PasgocTs Xoga Mexxay gydamu I u
2, paccesHHBIMH COCEQHWMEK YaCTULIAMM IOf yIJIOM (., PaBHAa, KaK

Pne. 5.31

BUAHO U3 sroro pucyHka, A=AD -CB =d(cosa —cosa,). Yrist
o =0, , IoJ KOTOphLIMH o0pasyioTcd (ppayHropepoBbl MaKCHMYMEI
m-ro MopAKa, ONPENeJAIOTCA YCIOBHEM, NIPH KOTOPOM 3Ta Pa3HOCTh
XO[a paBHa ILEJIOMY YHCIY [JUH BOJH:

d(cosa, —cosa,)=tmh, m=0,1,2,...
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Ycaosua Jlays. PaceMoTpuM AJIA IPOCTOTHI IPAMOYTOJBHYIO
pellieTKy, IepHoAbl KOTOPOH BROJb ocell xoopauuar X, Y, Z, na-
pajlIeILHBIX TpeM pebpam pelieTKH, paBHH d,, dy, d;. Torna npn
dpayHropepoBol AuPpakuuM IVIaBHBIE MAaKCHMYMBI HOJIKHBI
VZOBJETBOPATL TPEM COOTHOMIEHMAM, AHAJOTHYHBIM TOJBKO UTO
NpUBEJEeHHOMY AJA AUPPaKIMOHHBIX MaKCHMYMOB IIPDH HaKJOH-
HOM IaJeH’H U3JIY4YeHUA Ha NPAMOJUHENHYIO IeNOYKY. 3THU COOT-
HOIleHNA — Yycnoeua Jdays — mMeroT BHI:

d,(cosa —cosa,) =xmA,
d,(cosP —cosPBy) =+m,A, (5.34)
ds(cosy —cosy,) =1m,A,

rae oy, By Yo B O, B, ¥ — YIVIBI MeXAy oCAMH KoopauHaT X, Y, Z u
HanpaBJIeHHAMH pPaclpoCTPaHEeHHU:A Najaloniero ¥ gudparuposaH-
HOTO IYYKOB; m,, My, M; — HeJible YNCHIa, ONpeAeIAIomue nopsA-
poxk maxcumyma (0, 1, 2,...).

¥Yrasl a, B, y He ABIAIOTCA He3aBUCHMBIMHU. B ciydae npaMoyro-
JIBHOY CHCTEMBI KOOPAWHAT OHM CBA3AHBI COOTHOINEHUEM

cos’a + cosZB + coszy =1. (5.35)

IIpn ogHOBpPeMeHHOM BLIIIOJIHEHUM 9THUX YeThIPeX ypaBHeHWMII (a
3TO OKa3bIBAETCS BO3MOXKHBIM JIMIIb AJIS HEKOTOPBIX, BIIOJHE OIpe-
JlleJIeHHBIX OJHH BOJH A) Ka’KJOMY TAaKOMY 3HaueHHIO A COOTBETCT-
ByeT CBOil MakcumyM (M HampaBjeHHsI «, 3, Y Ha Hero).

Y eme oano Ba)kHOe 06cTOsATENLCTBO. Ecau njinHa BOJIHBI A 00-
JBIlle MAaKCHUMAJbHOM PAasHOCTH Xo4a KojiebaHHil OT COCegHHUX Y3-
JoB pemerk® (A > 2d), To HOJKHBI OTCYTCTBOBaTh Bce Aubpakun-
OHHbIE MAaKCHMYMBbI, KpoMe HyJseBoro. VaiaydyeHye ¢ TaKMMH JJIH-
HaM¥ BOJIH pacnpocTpaHseTcsd B cpefie, He HCHBIThIBAA Andpakmun
(pacceannsn).

ITocTosHHBIE KPHUCTANNIHYECKHNX pelIeTOK 3HAYUTEJbHO MeHbIIe
IJIHHBI BOJHBL BAnMoro cseta (d ~ 0,5 uam, A ~ 500 aMm), moaTomy
IJIA BUAAMOTO CBETA KPUCTAJLILI ABIAIOTCH OITHYECKHA OQHOPOLHLI-
MU cpefaMy (He pacceuBaloluMH). 1A PeHTreHOBCKOIO ke U3Jy-
YeHus, HA000pOT, KPHUCTANIBI IIPEACTABIAIOT €CTeCTBeHHLIE AUD-
PaKLUAOHHLIE PELIeTKH.
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®opmyna Bparra—Bynsda. Ycenosua Jlays (5.34) Briparkaior du-
3MYECKYIO CYILIHOCTh ABJIEHMA AUGPaKIUKM Ha IIPOCTPAHCTBEHHOMH
crpykrype. Ho mel He Gyzmem Gosee mozpoGHO OCTaHABAVWBATHCA HA
aHanze pe3yJILTATOB, KOTODPblE MOXKHO IIOJYYHTH C IIOMOILBIO 3THUX
yCIOBUH, IIOCKOJIBKY CYILECTBYeT DoJjiee IPOCTO MeTOZ pacuera Sud-
PakKIu¥ PEHTTEHOBCKOTO W3JYYEHUA B KPHCTaJIe, JTOT MeTOA, GbLa
npegoxeH Bpsrrom u Bynpdom: gudpakiinio PeHTTeHOBCKOIO M3JIy-
YeHNSA B KPHCTAJ/Ie MOXKHO PAcCMaTPHBATDL KaK Pes3yJLTaT 3epKafb-
HO0Zz0 OTPa’KeHUA OT CHCTEMbI NAPAJLIeNbHBIX KPHCTAJUIMIECKUX NAOC-
Kocmeil, T. e. ILIOCKOCTe, B KOTOPHIX JIeJKAT Y3Jibl KPUCTAIIIMIECKON
pemerxky. BropuuHbie BOJIHBI, OTPASUBINNCL OT PasHBIX ATOMHBIX
IIocKOoCTeH, KorepeHTHBI M OynyT mHTepdEepPHpOBATE MEXZY cO6Oi.
Iloxasarens mpesOMJIEHHsI BCEX BEIECTB [JIX PEHTIeHOBCKUX JIydyei
6H30K K eqUHHIE, II03TOMY PAa3HOCTh XO4a ABYX BOJIH, OTPasHBUIHX-
CA 3epKaJbHO OT COCEJHHX KDUCTA/IMYECKUX IJIOCKOCTeH, paBHa,
Kax BuaHO u3 puc. 5.32, ABC =2d sina, roe d — MennnockocmHuoe
paccmostue, o — Yyzoa ckoavxuceHus. IIpu 9TOM HampaBieHUs, B KO-
TOPBIX BOBHHKAIOT (payHrotheposbl IUGPAKIIMOHHLIE MaKCHUMYMBI,
onpegneasorca ¢gopmynoi Bpszza—Bynvda:

2dsina=+mh,| m=1, 2, ..  (5.36)

B xpucranine MOXXKHO IDPOBECTH MHOXKECTBO CHCTEM ATOMHBIX
HJOCKOCTeH B pas/IMuHbIX HanpasaeHmAX (puc. 5.33). Kaxkgasa cuc-
TeMa IJIOCKOCTEeH MOMKeT farh AUPPaKIHOHHBIA MaxCHMYM, €CIH
o1 Hee GyneT BeIONHeHO yeaoBue (5.36). Oguako apHeKTUBHBIMH
ABJAIOTCA TOJLKO TaKMe IJIOCKOCTH, B KOTOPBIX aTOMBI pacHoJIo-
sKeHB] HauboJlee IJIOTHO.

3ameruMm, uro opmysra (5.36) moxxer 6RITH HONyUeHA KaK CJel-
creue ychaopuit Jlays (5.34).
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lIpumenenns pudpaxuuy peHTreHoBcKuX dyuei. udparnusa
PEHTTeHOBCKUX JyYel OT KPHUCTAJIOB IOJYYHWJIa PA3BUTHE B JBYX
HaNpaBIeHUAX: PEeHMZEH06CKAA CNnEKmpockonusa (HcciefoBaHUe
CHEeKTPaJbHOIO COCTABA 3TOr'0 USJAYUYEHHA) H PEeHIM2ZeHOCMPYKMmyp-
Hblll anaau3 (A3y4YeHHe CTPYKTYPH! KPUCTAJIOB).

CrexTpadbHBLIAl COCTAB MBAYUEHHUs, T. €. MEMEpeHue ero AJHUH
BOJIH, MOJXHO OIIPE/IENNTH C TOMOINbLI0 hopmyasl (5.36), Halixga Ha-
IpaBIeHUA Ha MaKCUMYMSI IIpU AUGPAKIMY HA KPHUCTALIe C U3Be-
CTHOH CTDPYKTYPOil.

B peHTreHOCTDYKTYpHOM aHaju3e paspaboTaHbl JBA MeTOHA:

1. Memod Jlays, B KOTOPOM Y3KUH NYyYOK PEHTTEHOBCKOTO M3-
JIy4eHUS HampaBiafdeTcsd Ha HcclegyeMbl MOHOKpHcTamia. Jlaa
KaXX O CHCTeMbl KPHCTA/JINYECKHUX IIJIOCKOCTEeH B H3NYVYEHUH Ha-
XOOUTCA [HJAWHA BOJHBI, IIPM KOTOPOH BBIMOJHAETCA YCJIOBUE
(5.36). B pesynsraTe Ha IOMeUlIeHHOM 3a KpuCTaJaoM (oTomaac-
THHKE IOJAYYaeTCsa CHCTeMA NATeH-MaKCHUMYMOB, TaK HA3LIBAEMAS
aaysepamma. BaauMHOe pacmosioKeHHe IATEeH OTPAXKAeT CHMMET-
PHIO KpHCTaJIa. A II0 PacCTOSHHAM MeXy MaKCUMyMaMd U HUX
MHTEHCHUBHOCTH MOXXHO pacmudpoBaTh CTPYKTYDPY AAaHHOrO KpPHC-
Tana.

2. Memod [Jeb6as—Ilepepa, B KOTOPOM HCTIONB3YETCH YIKUN NY-
YOK MOHOXPOMATHYECKOr0 PEHTreHOBCKOIO M3JIYUeHHHUsA M obpaser
B BHJe NOJUKpHCTajia. VicclenyeMblil KpUCTAI NPegBapUTEILHO
K3MeJbYaloT B NOPOIIOK (0YeHb MEJKHNe KPHUCTAJNNKH), U U3 Hero
npeccyerca obpasen B BUIe CTep/KeHbKa. B 60JbIIOM KOJHUECTBE
f6eCrIOpANOYHO OPHEHTHPOBAHHBIX KPUCTANINKOB HalAeTCs MHOMXe-
CTBO TaKMUX, JIA KOTOPBIX ycaosme (5.36) oxakeTcs BBINOJHEH-
HBIM, ¥ AuGpParupoBanHLIA ny4yok Oyger o0pasoBbIBaTL KOHYC Ha-
TIpaBJeHUN — CBOM [JIA KaXXJOM CHCTEMBI MEXKILJIOCKOCTHBIX pac-
crosguil d u mopanka gudpakuuu m. PeHTreHorpamma ofpasua,
noJIiyyeHHas 110 9TOMY MeTORy — delaiizpamma — MMeeT BHI CHC-
TeMbl KOHI[eHTpHYecKHuX Kosell. Ee pacimmudpoBka Takske I03BOJIA-
eT OIPEeHeJUTh CTPYKTYPY KDPHCTAJJIA.

§ 5.10. O roaorpacduu

Tonozpagueil HA3HIBAIOT CHOCOD 3AIIMCH W IIOCJIEAYIOINIEr0 BOCCTA-
HOBJIEHHSI CTPYKTYpPS! CBETOBBIX BOJIH, OCHOBAHHBIA Ha ABICHHAX
Ludparuuy ¥ HHTephEepeHUNH KOrepPeHTHBIX CBETOBBIX HYYKOB. B
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orauyue oT ob6uryHOM oTorpadun, rosorpadbus — 9TO UPUHIIUIHA-
JIBHO HOBBIM METOJ IOJIYUEeHHUs 00beMHBIX H300parkeHNH IPeIMeTOB.

B srom merone perucTpupyercs He ONTHYeCKOoe M300parkeHue
npeaMeTa, a unmepgepeRyuoHHaAs KapmuHa, BO3IHMKalOmad NpH
HAJIOXKeHHU CBeTOBOI BOJIHEI, PACCESIHHON IIpeMeTOM, ! KOTepeHT-
HOH ¢ Hell OnopHoil BOMHBIL. JTa HHTephepeHIHMOHHAS KapTHHA
duxcupyer nHGOPMALHMIO O pacupeleleHUN He TOJNBKO aMIUIUTYA,
Ho u a3 B npedmemnoil Bonre. Takum crioco6oM MOXKHO NOTYUUTH
¥ 3aperucTPHpPOBaTh Ha (POTONIACTHHKE 3HAYMTENLHO OoJee moJI-
Hy10 nHGOpManHuio 00 00'bEeKTe, HeXeJIH IIyTeM o0bIYHOrO doTorpa-
¢upoBaHus.

Wpen, nesxaiye B oCHOBe roJiorpacdun, 6611 BRICKa3aHbl U IIPO-
JeMOHCTPHUPOBaHb! Ha ombiTe ['abopom B 1947-48 rr. s upakTu-
YeCcKOH peajim3aliyy roxorpadmy HeoOXOAMMbI HCTOYHHUKH CBeTa C
BBICOKOHM CTENEeHBI) BPEMEHHON M IPOCTPAHCTBEHHOH KOTepPeHTHO-
ctu. IloaToMy IINPOKOE pacIpocTpaHeHHe OHa IIOJydHJa HocJe Co-
3aHUA JIa3epoB.

CyTb aTOTO MeToAa (rojorpa¢ui) MOMKHO HMOSCHHUTE ¢ IIOMOLIGLIO
puc. 5.34, a. PoromnacTuHka @ perucTpUpyeT MHTepdepeHIHNOH-
HYIO KapTHHY, BOSHHKAIOIIYIO IIPY HAJOKEHUHU OTPaKeHHOH nped-
MemHoll BOJHEL 1, paccessHHOM 00BEKTOM A, H KOrepPeHTHOH c HeH
onophoi BonEsl 2. Bonna 2 ucnyckaeTcs TeM Ke MCTOUYHHKOM CBeTa,
KOTOpBI# ocBenjaeT 00beKT A, U [0OCjIe OTPaKeHUs OT 3epKasa 3 ma-
IaeT HeNOCPeACTBeHHO Ha doTomiacTuHKy P. ViHTEpdepeHNUOHHYIO
KapTuHy, 3adMKCHPOBAHHYIO Ha (OTOIIACTUHKE IIoCe ee IIPOSBIIe-
HHA, HAa3LIBAKOT 2040zpammoil. B orauume or oberynoit dotorpadny,
roJIorpaMma IpefcTaBifeT co00M MeJKUH M 3aMBICIOBATHIM Y30D U3
uepenyIolmuxca obacreil pasMUIHOT0 HOYePHEHN A (POTOIMYIBCHU.

Puc. 5.34
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Tonorpamma B saxonupoBaHHOM GopMe COAEPIKUT IOIHYIO MHGOP-
Mamii o6 aMIIATYnax 1 dasax pacCesTHHOH IpPeEMeTHOH BOJHBI.

Boccranosnenue (fexogupoBanve) n300pakeHUs NpegMera mo-
KasaHo Ha puc. 5.34, 6. I'onorpammy I' IpOCBEUHBAIOT KaK AHUAIO-
3UTHB TOHM Ke OIOPHOM BOJIHOA 2, KOTOpas MCHOJb30BAJACH HJIA
ee MOJYYeHHUA, IPUYEM IIPH TOH 'Ke OPHEeHTAI[MU I'oJIOrpaMMbl IO
OTHOIIEHUIO K OIIOPHOM BOJIHe. DTa CBeTOBas BOJHa AuGparupyer
Ha roJiorpaMme, B pesyJabTaTe 4ero Habiamofalorcs gBa 00beMHBIX
nazobpaxkenus obwvexta. MuHuMoe m3obpakenme A’ HaxoZUTCS B
TOM MecTe, I'fe 6511 06BeKT A Ipu cbeMKe. OHO BUAHO CKBO3b I'0-
JorpaMmMy Kak depes3 oKHo. [eiicTBHTesbHOe m3obpakeHme A’
PAacIIOJIOXKEeHO II0 ApYrylo cTOpoHY rojorpammbl. OHO kax 6B BH-
CUT B BO3[yXe mepes IoJiorpaMMOil B ABJISETCSA 3€PKAJbHBIM H300-
pa)kenueM oGBEKTA.

OOBIYHO HOJB3YIOTCA MHUMBIM m300paykeHneM A’', KOoTopoe IIO
3PUTENLHOMY BOCHPHATHIO IPAKTHYECKH TOXK/JECTBEHHO CaMOMY
06BeKTy.

Yro6el IMOHATL NPHHIMI ToJjorpaduy, pacCMOTPUM OSUH H3
mpocTednnX 00BEKTOB — CBETAIYIOCA HIPAMYIO HHUTh A, KOTOpas
HCIIyCKaeT MUIMHAPHYECKYIO BoIHY. Ha puc. 5.35 (gna HarasgHo-
CTH OH CHJIbHO AeOpMHUPOBaH) IIOKa3aHa cJieBa CTagus 3alucy I'o-
JIOrpaMMbl; HUTh A IepeneHJUKYJASpHa IIJIOCKOCTH PHUCYHKA.

IIycts miockadA omopHas BoJiHA 2 majgaeT HOpPMaJbHO Ha (OTO-
naactuHky. IIpegmerHas sxe BosiHA I, KOTePeHTHAA C OIIOPHOH, Ia-
JaeT Ha IJIACTMHKY TaK, 4TO ee JYYK HaKJOHHE (CM. puc. 5.35, a).
KonebGanusa omopHO# BOJIHBI ZOCTUralOT NJIACTUHKY BCE B ONHOM
thaze. Konebanud ke nmpeAMeTHON BOJHBI — C PasHbIMHU (pasamu.

Puc. 5.35
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AcHo, YTO BeaeACTBHE NHTEPPEPEHIIUN B TeX MeCcTaX, Kyja kKoueba-
HHA OPUAYT B OZHOH U To¥ ke dase ¢ KosebaHUIMHY OIODHOH BOJI-
Hbl, BOBHHKHYT MAKCHMYMbI MHTEHCHBHOCTH, 4 3HAYHUT ¥ MaKCHMY-
MbI nodepHenus, Ilociae xmmudeckoi 06paboTKHM MoJyUeHHas To-
JorpamMma Oyner UMeTh BHJI YepPeLYIOLIMXCS CBETJILIX M TeMHBIX
NPAMBIX IIOJIOC, NPEACTABJAICIINX N0 CYIIECTBY 30HHYIO ILIACTHH-
Ky Ppenens, TOJBKO ¢ APYyro# ¢opmoi 30H.

Ha cragum BoccTaHOBIeHMS M300paXkeHus TOJOTPaMMY OCBellja-
IOT TOJIBKO TOH e omopHo# BoyiHO# 2 (cM. puc. 5.35, 6). 'onorpam-
Ma AJIs 9TOH BOJIHBI MrpaeT pPoJib 30HHOH ILUIACTUHKM: B Pe3yJbTare
IudpaKIny MaKCUMAaJbHO YCHJINBAThL APYT Apyra 6yAyT TOJNBKO Te
aydu (xoJseGaHKna), pasHOCTh XO4a MeXXIY KOTOPBIMH OT COCEJHUX
30H paBHA [JINHE BOJIHBI A. A 3/]€Ch €CTh JiBe BO3MOYKHOCTH BBIIIOJI-
HEHMS 3TOr0 YCJOBWS: HJM B HAIPAaBJIEHUN IPONOIKEHHA Jyded
nafaBiledl IpegMEeTHON BOJIHBI, MM CHMMETPHYHO OTHOCHTEJIBHO
HopMmaau. B nepBoM ciydae Mbl 6ygeM HabmogaTs MHUMOe H3obpa-
xxenue A', Bo BTopoM — peicrsuTensHoe A", Hambonsuwimit muTE-
pec nJjs rojorpaduy Urpaer BOJHA, JalOlias MHMMOe n306pakeHue
npeaMera.

OTIMUATESbHONR 0COGEHHOCTDHIO 9TOH 30HHOM IJIACTHHKHM ABJISET-
Cs TO, YTO ee MPOIyCKaTeJbHad CIOCOOHOCTh H3MEHAETCS B HAIpas-
JICHHH, NIePHeHIUKYJIAPHOM NHTephepeHINOHHBIM ToJIocaM (30HaM)
He CKAYKOM, a NPaKTHYeCKH II0 CHHYCOMAAJIBLHOMY 3aKOHY (MeXIy
COCeTHNMH MaKCHMyMaMH). JTO NPUBOAUT K TOMY, YTO BO3HHKAIO-
mue UHTephepPeHIUMOHHbIE MAaKCHMYMbI COOTBETCTBYIOT PA3HOCTH
Xo/la MeyKIy KoJe0aHMSIMH OT COCeJHHX MOJoC (30H) TOJILKO B 00HY
IJIMHY BOJIHBI A. MHTEeHCHMBHOCTP MaKCHUMyMOB Gojiee BBLICOKOT'O IO-
pAKa MpaKTHU4YeCcKW pPaBHa HYJIO.

HeTpynHo 3aMeTHTh, YTO U3MEHEHUE IIOJOKEHNA HUTH A IIPHUBO-
OUT K H3MEHEeHUIO He TOJbKO HHTEHCHBHOCTH HHTEephePeHIIHOHHEIX
MaKCHMYMOB, HO M K PACCTOAHMIO MeXXIy HMMHK. PaccrosHme xe
MEXAY MaKCHMyMaM¥ XapaKTepH3yeT ONIpeJe/IeHHYIO pasHOCThb
X042, WIX pasdHocTh (das.

IloaToMy H TOBOPAT, YTO T'OJIOTPAMMa COZEPIKUAT HHGOPMAILHIO
06 aMnnuTyRe BONHEI U ee (da3e. ITOTO JOCTATOUHO, UTOOBI BOCCTa-
HOBHUTH NIPEAMETHYIO BOJIHY B TOM BHIe, B KaK0OM OHa Obljia B ZeHcT-
BHTEJILHOCTH B MECT€e PACIOJIOXKEeHNA [oJIorpaMmel. 3adHKCHpOBaH-
Has BOJIHA «OXKHBAET» C IIOMOIILIO TOJIOrPAMMBI M CO3HaeT IOJHYIO



Hugpakuua ceera 169

W03 peaibHocTH HabmaofaeMmbix upenmeros. MameHsas moJo-
JKeHHe Iviasa, MO>KHO BHIETh IIPpeJIMeT B Pas3HbIX paKypcax u Jaxke
3arJIAALIBATL 3a HETO.

HHTepdepennorHas KapTHHA B Ka'KAOH TOYKE I0JIOTPAMMBI
ompenesAeTcdA CBETOM, PacCesHHLIM BCeMM TOYKaMu o0beKTa. ILoo-
TOMY K&)KABIM YYaCTOK IOJIOrPaMMBI COZEPKHT mHGopManuio 060
BceM obwexTe. Ecau rosorpamma cayyaitno pasbmnach, TO ¢ IIOMO-
mbIo Jake HeOOJIBIIIOrO e€e OCKOJIKA MOJKHO BOCCTAHOBHTH M306pa-
JKeHue Bcero obbexra. OTauune OyxeT AMML B TOM, YTO YMEHBIIIA-
eTcs ee paspelnaminas cnocofHOCTh — MeHee YeTKO M ApKOo Oyaer
BOCCTaHaBAMBaThCA H300pa)keHwe. C TOUKM 3PeHHUS HALEKHOCTH
XpaHeHNA uHGMOPMaLMK T0JIOTPAMMa 3HAUHTEJILHO IIPEBOCKOTUT
0OBIYHBIN (POTOHEraTHB.

Haxownen, Ha ogHo# (OTOMIACTHHKE MOYKHO IIOCIEA0BATENLHO 3a-
IHCaTh HECKOJBKO IOJIOIDAMM OT pasHBIX 00BEKTOB, IpHiYeM H3006-
pa)keHue KaXKA0ro o6’beKTa MOXKHO BOCCTAHOBUTDH 0e3 IIOMeX CO CTO-
POHBI EPYIUX U300pasKeHMH, ITO MOXKHO CAeaTh, H3MEHAA KaXXAbIA
pas, HampuMep, yroJ HaJeHHA OIOPHON BOJIHBI.

B macrosimee Bpems rojorpadus npelcTaBisgeT CAMOCTOATENb-
HBIA OBICTPO pasBHBAKINUUCA pasfie]l HAYKH U TeXHHKH. Tpymuo
Tarke nmepeumncanThb 00JIacTH, rie OHa Hallla 3(h(PeKTHBHOE HCIOJIb-
30BaHHe (BKJIOUYAA M aKYCTHYECKHE T'0JIOTPAMMEL).

3agaun

5.1. Judparuua PpeHenss Ha KPYIJIOM OTBePCTHH. MeXJy TOYeUHBIM HC-
TOYHUKOM CBETA ¥ PKPAHOM HAXOAUTCA Auadparma ¢ KPYribiM OTBED-
CTHEM, PagHyC I KOTODOI'O MOXKHO H3MeHATh. PaccTosgHMA OT gua-
dparmsl 10 NCTOYHUKA U 9KPAHA PABHLI coorBeTcTBeHHO a u b, Halitun
JUTHHY BOJIHEI CBETa, €CJM MaKCHMYM OCBEeLIeHHOCTH B IleHTpe Aud-
DaKkIMOHHOH KapPTHHBI Ha 9KpaHe nabiiofgaercda Ipu paguyce OTBep-
CTHA I, ¥ CHeAYOLIUH MaKCcUMyM — UpH I, (r, > r).

Pewenn e MakcuMyMbl COOTBETCTBYIOT HEYETHOMY YMCJY 30H
Dpenenst. BoconszopaBminck dopmynon (5.5), sanumem

2 2 ab
r, —n =(m, -m)i .
a+b
WMes B Bugy, 4TO B HallleM ciayyae m, — m, = 2, IOJYYUM:
2 2
ry - T
A=-=2—1 (a+b).

2ab
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5.2,

5.3.

Ilnockas cserosas Bonna ¢ A = 0,64 Mmxm u mHTeHCHBEOCTEIO [, Mana-

eT HOPMaJbHO Ha KpyrJoe oreepcrue paguyca r = 1,2 mm. Hadity na-

TEHCHBHOCTH B IIeHTpe AMQPAKIMOHHOH KApTHUHBL Ha 9KpaHe, OTCTOA-
1eM OT OTBepCTHUA Ha paccrosnue b = 1,5 m.

Pem e n ue. IIpexzge Bcero BEIMHCINM YKHCI0
m soH PpeHess, YKAALbIBAIINXCA B AaHHOM
orBepctuu. CorsnacHo dopmyie (5.6)

m=r/Ab =15.

9TO 3HAYeHHe M COOTBETCTBYET BEKTOPY A Ha
puc. 5.36, rme npuBejgeHa ¢«JeHCTBYIOIAA»
YyacTe IIepBOr0 BHUTKa crupaan PpeHensa. Us
9TOT0 PHCYHKa CPa3y BHAHO, 4TO A = ﬁAﬁ, a

Puc. 5.36

3Ha4YUT MHTeHCHBHOCTH I = 21

Ilnockasn ceeroBas poaHa ¢ A = 0,60 MKkM nagaeT HOpMaJIbHO Ha JO-
CTATOYHO GOJBUIVIO CTEKJAHHYIO ILIACTHHKY, Ha ofpaTHO# cropoHe
KOTOpO# cpenana Kpyruaast BeieMka (puc. 5.37). das roukn Habniozge-
Hna P oua mpeiAcrtaBaseT co00H IepBble IIOJTOPHI 30HBI PpeHesd.
Ha#itu rnybuuy h BoleMKH, DX KOTOPOH MHTEHCHBHOCTD CBETa B TOY-
Ke P bBypger:

a) MaKCHMAaJbHOH;
6) MHHHUMANBHOM.

P e e H u e. [Ipexkae Bcero nzobpasymM Ha [epBOM BUTKe crnpauu Ppe-
HeJA MHTepeCcywoli[He Hac BeKTOphI 8 omcymcmaue BoleMKH (puc. 5.38),
rge n306paKeHHble BEKTOPHI COOTBETCTBYIOT aMILTUTYAaM KoJiebaHuH:
oT Bce#l BOAHOBOI moBepxHOCTH (A_), OT NepBBEIX HoJyTOopa 30H Ppe-
Hend (A, ;) ¥ OT BeexX oCTanbHbIX (A,). Bugno, uto A_ = A [+ A .

0CT

IS
S~
%
| %k
— \z
— //
N ’|__~_.____P4

\\\&&

t\

IS
Puc. 5.37 Puc. 5.38
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Tenepr npegcraBuM cebe, UTO Mbl HaYaJIW IOCTENEHHO HEJNATH BHIEM-
Ky — YBEeJAWUYUUBATL A. DTO IPUBEJET K TOMY, UTO KojJeGaHHs, IPOXO-
gAlMe depe3 BbIEMKY, Ha4YHYT onepexcamb 1o ¢ase, IIOCKOIBKY HX
OIITMYEeCKUI IyTh YMeHbHIUTCA HA A = h(n — 1), 4TO coOTBETCTBYET
cABUTY To dase Ha § = 2nA/\ 1 MOBOPOTY BEKTODA A, ; H& 3TOT YTOJ N0

qacoBO% CTpeJKe. Hanomuaum, uro omcmasanue mo cbase MB!I YCJIOBH-
JIUCh XapaKTepu30BaTh NOBOPOTOM npomus 4acoBO# CTpeJKHX, 3HA4YUT
onepexcenue — no YacoBOi CTpeJIKe.

A15

AOC‘I‘

a) 6)
Puc. 5.39

a) [nsa monydyeHUA MAKCHMyMa MHTEHCHUBHOCTH, & 3HAYUT U AMILIATY-
ABI, HAMO, YTOGB! BEKTOp A, OKa3a/CA COHAIIPABJIEHHLIM C BEKTODOM
A .. JIna sToro ero caegyeT IOBEpHYTH, KaK IIOKasaHo Ha puc. 5.39, a,
Ha yroa 6 = (3/4)n + 2am, rae m =0, 1,... Urak, u3 yciosua & = 2nA/A
MOyYUM

h(n-1)

§n+2nm=2n———,
4 A

OTKYAa CJAEAyeT, 4YTO

h = x m+§~ .
n-1 8

6) Mna nonyueHHss MHHMMYyMa HYXKHO, 4TOOBI BeKTOD A, , OKaszaicd
IPOTHBONOI0KHO HAIIpaBJeHHsIM BekTopy A .. H3 puc. 5.39, 6 Bua-
HO, YTO JAJIf 3TOTO €ro Hajf0 MOBEPHYTE HA yroJ d = (7/4)n + 2rnm, m =

=0, 1, 2,... CiegoBaTenpHO,
h(n -1)

Zrt+21rm=2n———,
4 A

OTKyZa MCKOMAasd IVIyGHHA BBIEMKH

h= & m+Z .
n-1 8
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5.4. Indpaxuna Ppayarodepa or menn. Ilnockass cBeToBass BoJIHA €
. A= 0,60 MXM nagaeT HOpMaJbHO HA I'PaHb CTEKJIAHHOTO KJHHA C YIA0M
pactBopa 0 = 15° u norasarenem npesomiaerus n = 1,5. Ha nporuso-
MOJIOMKHON HeNpo3payHOM IpaHM KJIWHA MMeeTcs IIpo3pavHas Iesb
mwupusoi b = 10 MM, napannensHas pebpy xkiamHa. IIpeHebperas or-
PaKeHUSIMH, HaiTu:

a) yroa S8, Me:xxnay HampaBJeHHeM Ha IEeHTPaJIbHBIH (payHrodepos
MaKCHMMYM M HaIpaBJieHHeM I1ajalollero cBeTa;

6) YIJIOBYKW IUMPHHY UEHTPAJIBHOTO MaKCHMYyMA.

Pemenue a)dua yenrpansuoro MakcuMyMa (MAaXCHMyMa HOPAL-
ka m = 0) onTHYeCcKue IYyTH BCex JiyueHd OT OAHOI MYHKTUDHOH IIpH-
Moil mo ppyro# (puc. 5.40) noJKHBL OBITH OZUHAKOBBI. JTO 3HAYHT,

Puc. 5.40

YTO ONITHYECKaA NJIMHA JIOMAHOI'0 OTPe3Ka AB ne AOJIXKHA 3aBHCETE OT
X, T. e.

n-xsinb+ @ — x)sin ¢ = const.
CrpyrnnupyeM cjaraeMbie, CORep:KalljHe X, TOrAa
(n-sin 6~ sin ¢)x + b sin @ = const.

Yro0bl JIeBaA YacTh 3TOrC PABEHCTBA He 3aBHtesia OT X, BhIpa)KeHue B
ckobKax nepex x AoJoKHO OmITh paBHO Hynaw. Orciooza

nsin § = sin @.
Tak kak ¢ =0+ §,, To UCKOMBI# yroa

9, = arcsin(nsing) - 6 ~ 8°.
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5.5.

5.6.

6) VcsioBre MEHMMYMOB, GAMKafIIVX K MAKCHMYMY HYJIEBOTO TIODSA-
Ka, JOJDKHO COOTBETCTBOBATH PA3HOCTH XOha KosieGaHHHA OT KpaeB
wieAy B OJHY AJAHUHY BOJHBI, HJIM COIJIacHO puc. 5.40

b(singp —nsind) = 1 A.
OTciofa OpU 3HaKe ¢+» HAXOOUM @,, & [IPY 3HAKE «—» (_, I 3HAYUAT

Ap=9, -9 =8 -3 =4A3=73"

Judipakunonas pemerxka. Ceer ¢ gnuHo#l BonHel A = 535 HM magaer
HOPMAaJBHO Ha NPO3pauHyio AUPPAKIUOHHYIO pemeTKy. HalitTy ee me-
PHOH, ecau OOuH M3 (payHrodepOBbHIX MAaKCHUMYMOB BO3HHMKAET II0X
yraom gudparuun 3, = 35° 1 Hauboabvil NMOPSAKOK MaXKCUMyMa pa-
BEH HATH.

Pew e u e 3anummuem YCJIOBHA IVIABHbBIX MAaKCHMYMOB.

dsin 8, = ma, 1)
dsin 8 =5\ (2)

MAKC

W3 atux dopmyn nonyyum
sin 9

m = 5 —._— -
Sin 8,4, (3)

JIlnst BerumcieHuA m Hafo, 4Tob6bl 3HaveHHe sind,, 66170 PaBHEIM Kak
MOXXHO OJIDKe K efUHMIlEe, HO TaKUM, 4YToOnl m OBb1JO IIpU 3TOM Yye-
avim. 3to OymeT, KAk HETPYAHO YCTaHOBHTH, npwm sinS, . = 0,955.
Torga m = 3, u us Gopmyast (1) HalgeM HCKOMBIA NEPHOA:

m)  3-0,635
siny, 0,573

d= MEM = 2,8 MKM.

Csert ¢ gnuHOM BoaHEI A = 0,53 MKM majgaer Ha [IPO3pa4dHyi0 AHU(ppakK-
IIMOHHYI0 DemeTky ¢ mepuogoM d = 1,50 mxm. Haiit yron ¢ Hopma-
10 K pelleTKe, [0 KOTOPHIM ofpa3yercs MaKCHMYM Haub0abuULe20 I10-
PAZKa, eCJH CBeT IajaeT Ha peLIeTKY

1 1 2
nog yraom 3, = 60° x Hopmanu. :

L)

P e w e H u e. Makcumymy Haubosble- ! A
~

ro IopsaifgKa A0JKHA OoTBedaTh MaKcHUMa- I/ d S~

JbHas1 pasHOCTH XOZa A MeXJy COOTBeT- BD\Q
CTBYIOIMMH JyyaMu [ B 2 OT COCEAHHUX x Y. c
meseil, KaK [oKa3aHo Ha puc. 5.41. as

3TOro Hajxo, 4TOOBI Puc. 5.41

A=AB+ BC =d(sin 9, + sin 9,) = ma. (1)
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5.7.

5.8.

CHavana HaliaeM MaKCHMaJbHOe 3HaYeHHe m. Y4YHThIBadA, uTo 9, He
MOXKeT IPeBOCXOAUTH 7/2, monoxkum sind, = 1. Torxa

d, .
Mopee = [I(sm 8y + 1)] =[5.3]=5, (2)

rae KBajapaTHEBIE cKOOKM 03HAYaIOT, YTO OT IIOJIYY€HHOT'0 YHMCJIOBOT'O
3HAYeHUA Hag0 B3ATh TOJIBKO II€JYI 4acTb.

OcTaeTcAa MOACTABHUTH M B (1), ¥ MBI MOJYYHM:

MaKe

sin8, =mki/d-sin8, =0,9.

Otkyna §, = 64°.

Paspeniaromasn cnoco6HocTs Andpakuuonnoi pemerku. Ceer, coaep-
JKaUMH JBe CHEeKTPAJbHBIE JUHUM OAMHAKOBOH MHTEHCHBHOCTH U C
AJMuHaMHU BoaH A, = 600,00 M u A, = 600,05 M nagaer HOpMaJILHO
Ha AUQPPaKLHOHHYIO peiteTKy mupuHoit A = 10,0 mM. Ha#irn yrona 3,
10/ KOTOPHIM 3TH JIMHHM OKAXXYTCHA Ha Ipefese paspeimeHus (B cooT-
BeTCTBHH C KpUTepueM Poajes).

Pew e ue V3 kpurepusa Panesa ciaenyer, 4To paspemiamoias clo-
co6HOCTh A/8A = mN. C Rpyroif cTOpoHBI, yCIOBHE I'IaBHBIX PPayHIO-
(hepoOBBIX MaKCHMYMOB yTBep:kAaeT, uro d sin 8, = mA. Hs stux AByX
COOTHOLIEHHH HAXOHUM HCKOMBIH YyroJ:
;\'2
siny, = —=0,72, 9, =46°,
h &\

m

rae y4YTEeHO, YTO IIMPHHa pewmerkun h = Nd.

Paspeimaromas cnocoGHOCTs M yriaoBas gucmepcus pemerkn. Cser
najfaeT HOPMaJIbHO HA JUPDAKIMOHHYIO pPelIeTKY, IIHPHHA KOTOPOH
h = 20 mMm. Ilpm pocrarouHo MaiblXx yriax AaudpakiuM, Korjaa
cos 3 = 1, yronoBas aucnepcus pewmietTks D = 5,0 yra. mun/uM. Haii-
TH (cornacHo KpHTepHio Pajied) MaKCHMaJBHO BO3MOXXHYK paspenia-
OLIYI0 CIOCOGHOCTh peleTKd B 9TUX YCJAOBHIX.

Pem e H ue BcoorseTrcTBuM ¢ KpuTepueM Panesa paspemaiouias
cnocobuocte (5.32) A/8A =mN. Vruaopas xe paucuepcus (5.30)
D = m/d, nockoabRy B HamieM caydae cos 3 ~ 1. M3 atux aByx ¢op-
MYJ Haxogum

A om 5-10°

—Nd =Dh =

AR = 20107 =3.10".
sA d 60-57,3
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5.9. Indpakuus PeHTreHOBCKOrO M3JyYeHMA. Y3KMI NYYOK DEHTIeHOB-

CKHUX Jy4ell ¢ AJMUHOI1 BOJHDBI A TaZaeT NoJ YIVIOM CKOJIbXKeHHns o = 60°
HA eCTeCTBEHHYI rpaHb MOHOKpucTaiiaa NaCl, JI0THOCTs KOTOpPOIO

p = 2,16 r/cu’. TIpu sepKanbHOM OTPa)XkKeHMH OT 3TOH rpanu ofpasyer-
csi MaKCHMyM BToporo nopazka (m = 2). Onpeaenuts A.

P e m e s ue ComnacHo ¢opmyne Bparra—Byabda (5.36)
A =2dsina/m.

Kaxk BHJHO, pellleHHe 3aflaqi CBOAUTCA K HAXOXKACHUIO MEXKILJIOCKOCT-
Horo paccroanusa d. IlociegHee paBHO pebpy - Na Ccl
3JleMeHTapHOH KyOHYecKo# sA4edKH, B yajax
KOTOPOH NOlepeMeHHO HaxoaATca aToMbl Na un
Cl (puc. 5.42). Ha Takyio s4edKy OT KaKAOTO )
aroma npuxogurca 1/8 wacts. 3HAUMT, HA BCIO 4
ayeiiry npuxozurca 4-(1/8) = 1/2 aroma Na un

1/2 atoma Cl, r. e. Macca M, npuxogsuiascs Ha
obsem d°, paBHa mosioBuHe Macchl M, MOMeKy-

asr NaCl: M = M, /2.

IlnoTHOCTL — 3TO OTHOWIEHHME MACChI, NPUXOAAWIEHACA HA KaXKAYIO
a 13
Aqeiiky, k ee obwemy: p = M/d°. Orcoga

d=3M/p =3M, /2.

B pesynbTare moaydum:

1/3 1/3
p o2 [;"i’y.) sina = 2 5845 0,866 = 244 .
m 2o 26,025-10% -2.2,16

Puc. 5.42

5.10. de6aiirpamma. IIpy DpPOXOXKAEHHMH Y3KOro Ny4YKa PEHTHeHOBCKHX
Jy4ye# ¢ AJMHOM BOAHBI A = 17,8 nM uepe3d nmoJHKpUCTALIHYECKUI
obpa3ell, Ha 9KpaHe, PACIIOJIOKEHHOM Ha paccToaHNu [ =15 cM oT 00-
pasua, BOZHMKAET CHCTeMa KOHIEHTPHYeCKHX AUGPAKIIMOHHBIX KO-
Jgen-MaxkcuMymoB. OnpefeniTh panyc CBeTJIOT0 KOJbIla, COOTBETCT-
BYIOIIETO BTOPOMY MOPSAAKY OTPAXEHHUA OT CHCTEMHBI ILJIOCKOCTEH ¢
MEXKIIJIOCKOCTHBIM paccrogaueMm d = 155 om.

P e m e u u e. Cornacuo (opmysne Bparra—Bynsba
2dsina = mA. 1)

Vros CKOJbXKEHUs O HaHAeM C noMouboo puc. 5.43, oTKyaa BHAHO,
4T0

r =1tg2a. _ 2)
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200

Puc. 543
IIpeobpasyem tg 2a uepes sina:
2tga 2

tg20 = - :
8o J1-tg?a  1/sin*a -2

rge sino onpegenfercs ypaBHenuem (1).

Pemus coBMecTHO aTH TP ypaBHEHHA, NOAYUHM:

r=1/y(d/mA)? ~1/2 = 3,5 cm,

rae m=2.

(3)
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Monspunsauunsa csera
v

§ 6.1. O6iue cBegeHMA O MONAPHIALMH

Buaer noxapusanun. Boany, B KOTOpOH HanpaBiieHue KoJjeba-
HUH cBeroBoro Bexktopa E ymopagouenHo xakum-nmn60 o6pasoM, Ha-
3BIBAIOT N0AApu30éantoi. Ecin xonebanus BexTopa E npoucxogar
TOJILKO B OAHOM HAOCKOCTH, IPOXOAAINESH Yepes JyYy, TO MBI BMeeM
JZeJIo € naocko- (WA AUHEUHO-) NOAAPU306aHHOU BoJaHOM. Ilioc-
KOCTBh, B KOTOpOH KoJebiercsa BeKTop E, HaspBalOT naockocmbio
nonspusayuu” (NAOCKOCMbI0 KOLE0AHULL C8emoeoz0 6exmopa).

Hpyro# Bum monApU3aliuyl 3akjiodaeTcsd B TOM, 4YTO BeKTop E
BpaujaeTcsa BOKPYTr HaNpaBjeHWs PacHpocTpaHeHWs BOJIHBl OLHO-
BpPeMeHHO M3MEeHAACh NEePHOLNUECKH 110 MOAy/a0. IIpu aTOM KOHeI]
BeKTOopa E onuceiBaer amiunc (B Ka)kJoHl Touke cpenwl). Takyio
BOJIHY Ha3BIBAIOT SAAUNTNULECKU-NOAAPUI08AHHOU. Wan norspuso-
8AHHOU Nno Kpyzy, eciu KoHel BekTopa E onyceiBaeT OKPYsKHOCTE,

B zaBucuMmocTH oT HanmpasieHud BekTopa E pasmuuaior npasyio
U Je6yi0 siunThYeckye (MJM KDPYroBhle) mnoaspusanuu. Eeau
CMOTPeTb Ha8CMpewy DPacIpOCTPaHEeHUA BOJHBI, ¥ BexTop E npm
5TOM HOBOpPAYUBAETCH 110 YACOBOH CTPENKE, TO NOJAPHUIAINIO HA3I-
BAIOT NIPA60y, B IPOTHUBHOM ciayuae (eciy npomué 4acoBOM CTpeJi-
KH) — J1e60il.

JJLIUNTAYECKH-IOAPU3OBaHHAA — 9T0 Haubonee obmui BUA
TNOAAPHAIANUHN BOJIHBI, NePeXOAAIINHA NP ONPEefeIeHHBIX YCAOBUAX
B JHHERHYIO U KPYTOBYIO IOJIAPHU3ALMHA.

Bonny ¢ sanuntHdeckoll mossApHsanuedl Bcelfa MOMKHO pasiio-
SKATh (MJIM TIpefCTaBUTH) Ha ABe B3AMMHO IEPHEHAMKYJ/APHbIE JH-
HeHHO-TI0APHU30BaHHbIE BOJHBI ¢ B3AUMHO OPTOrOHAIBLHBIMHE IIJIOCKO-
eraMu nonspusanuu. [Ipuuem pasHocTe das 3TUX LBYX BOJH COXpa-
HAETCS IIOCTOSHHOW BO BpemeHH. Takme BONHBI, KaK MBI 3HaeM,

* TlepeoHa4aJbHO HJIOCKOCTH MOJSIPH3AIMH CBA3BIBAJM C ILIOCKOCTBHIO, B KOTOpOi
Konebnercs Bexrop H (nan B). HecMoTpd Ha To, 4TO 3TO ycTapeso, cleayeT GuITh
BHUMATEJIbHBIM, IOCKOJBKY B HEKOTOPHIX YueDHMKAX Z0 CHX IOP HOHATHE «ILJIOC-
KOCTb MOJISPU3aIHU» UCIOJb3YETCA B HPEXKHEM CMBICJe,
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Ha3BIBAIOT KOZEPEHMMbLMU, B OTJIHYKE OT HEKOrePeHTHBIX, Y KOTOPHIX
pa3HocTh a3 XaoTHYeCKH MeHAETCHA BO BpeMeHH. Boee nogpobuo Bo-
mpoc 00 2JIIHIITHMHMECKOH [OJIApM3aly MbI paccMoTpuMm B § 6.3.

EctecTBenHbIN cBeT. B cilyyae pagmoBOJH CO3AATH JIUHEHHO- MJIHN
SJUIUITHYECKU-TI0JAPU30BAHHYIO BOJHY He IpeJCTaBdeT HUKAKOIo
Tpyha. MlHaue 06CTOMT [€JI0 ¢ 3eKTPOMATrHUTHRIMM BOJHAMH OITH-
YecKOro Juana3oHa BBUAY ocoboli cnennduru GU3HUECKNX Npoilec-
COB, JeXKaIx B MpPUpOZe M3NnydeHHs Takux Boud (cMm. § 3.1).

B ocHOBHOM MBI OyzeM paccMaTpuBaTh OOBIYHEIE (HE JIa3epHLIE)
HCTOYHUKH OITHYECKOr0 M3JNYUYEeHHA (CBeYeHUe PACKaJIEHHBIX TBEp-
IBIX TeJ, cBeueHMe Bo30yKAeHHBIX aToMoB rasa). IIpu ucnoabsosa-
HUM JKe JIa3epPOB MBI JOJI)KHBI IIO-MHOMY HOAXOOHUTH K paccMoTpe-
HUIO MHOTHX OITHYECKHUX ABJIEHUN B CHJIY O0COBBLIX CBOMCTB HMX M3-
JIYy4eHUs: OHO B BBICOKOH CTEIEHM MOHOXDOMATHYHO M JHHEHHO
NOJNAPHU30BAHO.

HecmoTpa Ha TO, 4TO CBETOBBIE BOJIHBI M OT OOBIUHBIX HMCTOYHM-
KOB NONEepedYHbl, OHM, KaK IPaBujo, He o0HAPY>KHBAIOT aCHUMMeT-
PUH II0 OTHOUIEHUIO K HAIIPABJIEHHIO pacnpocTpaHennd. Takoi ceer
Ha3bIBAIOT ecmecmeeHHuiM. B ecTeCTBEeHHOM cBeTe KoJe0aHUd BeK-
Topa E B n1060# (pHKCHPOBAHHOI) TOUKe CPefAbl COBEPIIAIOTCS B
pasHbBIX HalpaBleHUaX, ObICTPO U 6ecnopafoYHO CMEHAA LPYT APY-
ra. YciIoBHO 370 H306pa)kaloT, KaK IHoKasaHOo Ha puc. 6.1 cresa
(HanpaBsieHHe paclpOCTpaHeHUA CBeTa NepHeHAUKYIAPHO NIJIOCKO-
CTH PHMCYHKA).

EcrecTBenHsIil cBeT MOXHO NPEACTAaBUTh KaK HaJIOKeHHe (CyMm-
MY) JBYX HEKOrepeHTHBIX IIJIOCKONOJISIPH30BAHHBIX BOJIH C B3aUMHO
OPTOT'OHAJBHEIMH IJIOCKOCTIMM IOJAPU3aNNM, YTO ¥ IIOKA3aHO Ha
puc. 6.1 cpasa. KcraTtu, sTHM npueMoM Mbl 6yneM TOJIbL30BATHCA
B JaIbHeHAIIeM HeOAHOKPATHO, YTOObI 3HAYKTENbHO YIPOCTHUTL aHa-
JI¥3 MHOTHX BOIIPOCOB. Ba*XKHO NOAYEPKHYTH, UTO OPHEHTALIUAA STHX
IBYX B3aMMHO OPTOTOHAJNBHBIX IIJIOCKOIIOJAPUSOBAHHBIX BOJIH CO-
BEPIIEHHO HeCYIeCTBeHHA.

Pne. 6.1
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Ilonapusaropsl. /I3 ecTecTBEHHOTO CBETA MOYKHO IONYIUTH ILJIOC-
KOTIOJMISIPM30BAHHBIA C IIOMOILIbIO IIPHUOOPOB, HA3BIBAEMBIX NOJAPU3A-
mopamu. Ity Npubopsl cBOGOZHO NPONYCKAIOT Koie0aHuA CBeTOBOro
BeKTOpa, IapajjejbHble IIJIOCKOCTH, KOTOPYIO MBI OyAeM HashIBaTh
NAOCKOCMbIO NPORYCKaHuA nonaspudamopa. Konebanusa sxe, mep-
NeHAVUKYAADHBIe K 9TOHM IUIOCKOCTH, BaJePyKHBAIOTCA IIOJHOCTBIO
UM YaCTUYHO. B mepBoM ciydae IOJAPHU3ATOp ABNAAETCHA udeanv-
HbiM. B ganpueiinneM Mbl OyReM MMeTh B BUAY UMEHHO Taxkue (Upuea-
JIbHbIE) MOJAPHU3ATOPHI, ecnu He Oymer KakmxX-iaubo OroBOpOK.

Cremnens nonapusanum. [IoMrMO II0CKONONAPH30BAHHOIO U €C-
TECTBEHHOIO CBETA CYILECTBYET ellle «IIPOMEeXXYTOUHbI» caydad —
YACTMUYHO-NOAAPUI0B6AHHKHbIL  cBeT.  YacTHYHO-TIONAPU30BAHHBIN
CBeT, KaK M eCTeCTBeHHEIH, MOXKHO IDPeACTABHTH B BHAE HAJIOXKEHHHA
ABYX HEKOTE€PEHTHBIX IIJIOCKOIIOJAPHU30BAHHBIX BOJH C B3aUMHO IIep-
NeHAUKYJIAPHEIMY ILIOCKOCTAMH IIOJISPHA3aIlNY, HO PA3HBIMH IO HH-
TeHCUBHOCTH (puc. 6.2). Ero raxke MOKHO paccMaTpHBaTh Kak
cMech (CYMMYy) eCTeCTBEHHOH (ecm) M IUIOCKOIIOIAPUBOBAHHOMN (n01)
COCTaBISIOIIAX, KaK [IOKA3aHO Ha 5TOM DPHCYHKe CIIpaBa.

¥

Puc.6.2

Hs puc. 6.2 BugHO, UTO BepTHKAJIbHEIE K0J1e6aHUA COOTBETCTBY-
IOT MaKCHMaJbHOH MHTEHCHBHOCTH, 'OPH30OHTAJbHbIE -—— MHHIIMA-
apHOHR (I, . ¥ 1), 9TO MOXKHO 06HAPYKHTE C IOMOIIBIO MOJIADPH-
3aropa.

‘Iac'ranc;(ﬁonﬂpnsoBaHHmﬁ CBeT XapaKTepPHU3YIOT CIMENneHbl0 no-

rApusayuu P, KOTODYIO ONpeAeNsioT Kak
- Inmxc _Imm — Inon (6 1)

Imaxc + Imm IO
3necs I, — WHTEHCUBHOCTb IIOJSPU3OBAHHON COCTaBAAIOLIEH,

I, — nonHaa MHTEHCUBHOCTD YACTUYHO-NOJAPHU3OBAHHOTO CBETA:
I, =1 + I

Makxc
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s naocxononapusosansoro ceeta (I,
sanuu P = 1, pns ecrectseHnoro csera (I
KpaflHuX cJydas.

3aMeTHM, YTO [AJA JUIHITHYECKH-IOJAPHU30BAHHOIO CBeTa IO-
HATHe «CTelleHb NOJAPHU3AIHH», & 3Ha4YUT U ¢dopmynaa (6.1), He
NPUMEHHMBI.

3axon Manroca. ITonsapusaTopbl MOXKHO MCHOJIL30BaTh ¥ B Kaye-
CTBe aHANM3ATOPOB — [JIA OlNpefieleHMA XapaKTepa M CTEIeHU IIo-
JIAPHU3AINY MHTEPEeCYIOIero Hac cBeta.

IlycTs Ha aHanM3aTOp HajaeT JHUHEHHO-IOo-
P JIAPH30BAHHEIA CBeT, BeKTOp K, KoToporo co-
CTaBJfeT YIoJj ¢ C IJOCKOCTBIO NPONYCKAaHUA
P (puc. 6.3, rge Hanpap/ieHue CBETOBOTO IIy4-
Ka NepIesgUKYIIPHO K MIOCKOCTH PHUCYHKa).
AHanuaaTop HPOIIYCKAET TOJIBKO TY COCTaBJsA-
omyno BexTopa E;, KoTOpasm napajiienpHa
MJIOCKOCTH Iponyckanud P, t. e. E = B cos .
VIHTEeHCHBHOCTD, NIPONOPIHOHAIbHA KBafpaTy
Puc. 6.3 Mony/ia cBeToBoro Bextopa (I oo E?), mosTromy
WHTEHCHBHOCTE IIPOLIEALIETO CBETa

(6.2

rae [, — MHTEHCHBHOCTD HAJAIONIETO IJIOCKOIONAPH30BAHHOTO CBe-
Ta. JTO COOTHOIIEHMEe M BhIpa)kaeT coboir 3axon Manioca.

= I;) cTerleHs NOADH-
=0) P = 0. 9o gBa

non

IIpumep. Ha cucreMy, COCTOSINYI0 M3 ABYX IIOJIAPHIATOPOB, IJIOCKOCTH
IPOIYCKAaHUA KOTOPHIX HOBEPHYTHI OTHOCUTENBHO APYT APyra Ha
yTOJI (, TaffaeT eCTeCTBEHHEIH cBeT wHTeHCHBHOCTH [, IIpenebpe-
rasi OTPa)KeHUAMH, HafileM MHTEHCHUBHOCTb ] cBeTa, IIPOLIEAIIe-
ro CKBO3b 3Ty CHCTEMY.

ITepsrifi nonspusaTop Iponyckaer, Kak Jerko coobpasure, moso0-
BHEHY Iajaloliero Ha Hero csera, T. e. I,/2, HO sTO0 byner yxke
TIJIOCKOIIONAPN30BAHHEIN cBeT. BTOpoil nosapusaTop COIJIacHO
saxony Manmwca (6.2) nponycrur

I =(I,/2)cos® .

3T0 ¥ ecTh MCKOMBEIH pe3yasTar.

O penonspusaunu. noraa sBo3Enkaer o6paTHas 3ajayua: NOASAPU30OBAH-
HBIA CBeT IPEeBPATHUTh B €CTECTBEHHBIH, T. €. HEMOJAPU3OBaHHBIN. ITO
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MOJKHO JOCTUTHYTH CJHeAYIOIIUM 06pa3doM: IIPUI'OTOBHTH CIOH M3 MEJIKO HC-
TOJYEHHOIr0 cTekJa (mopoiuka). IlonspH3oBaHHBINA CBET, MPOXOAALINH Ye-
pe3 Taxoi cioli, IpeTepleBaeT MHOTOKDATHBIE OTPAKEHWHA, B pe3yasTate
yero ero moadpusauus Oyner paspylueHa.

Takyio ke poab HrpaeT, HApPHUMeDP, KaJbKa (IOJYIPO3pAYHAS BOCKO-
Bas fymara). [TocTaToOYHO HOMECTHTH ee 3a IOJAPH3ATOPOM, YTOGHI ¢ TOMO-
IIbI0 BPalleHUs BTOPOro HoJiApu3aTopa (aHanm3aTopa) ybeguThcsa, 4TO Ka-
JIbKA IOYTH MOJIHOCTHIO JeNoASPU3YyeT CBET, NOJAIPH30BAHHBIN NePBHIM II0-
JIAPHA3aTOPOM: MHTEHCHBHOCTH INIPOXOAAINErc 4Yepe3 BTOPOH II0JISPHU3ATOD
CBeTa IIpaKTHYeCKM He 3aBUCHUT OT ero yrJia IIOBOPOTa.

§ 6.2. Ilongpu3anuA npu OTPaKeHHH
U NpeJOMJIeHHH

3aron Bprocrepa. Ecay yroa nageHus: ecTeCTBEHHOI'O CBeTa Ha
TPAHUILY pasfesa ABYX IIPO3PAUHBIX AUIJIEKTPUKOB OTJHUYEH OT
HYJA, TO OTPasKeHHBIH X NPEeJOMICHHLIN IYYKH OKAa3bIBAIOTCA dac-
THYHO-IIOJAPN30BAHHLIMK. B oTpaskeHHOM cBeTe npeobiagaioT Ko-
neGanud sBexkropa E, nepueHIUKYIApHBIE K MIOCKOCTH NAageHKd, a
B IpEJOMJIEHHOM CBeTe -— [Apa/lie/IbHbIEe IIJIOCKOCTH NaJeHHA.
CremneHs noasapusaiiuy 06eux BOJH (OTPAsKEHHOM U IPEeJIOMICHHOH)
3aBHCHUT OT yrJla IafeHusd.

IIpu HekoTOPOM 3HAYEHMHM yIUIa IIaAeHUA OTPa’KeHHBIH CBET CTa-
HOBYITCS NOJHOCTBIO MONAPU3OBAHHBIM, K €T0 IJIOCKOCTH HOJAApH3a-
uu¥ (1JIocKoeTs Konebaunit BekrTopa E) oxaspiBaeTcs NepHeHINKY-
JAPHOM K IIOCKOCTH HafeHus. 3TOT yroa Sy, YAOBIETBOPAET Cle-
AYIOMIEMY YCJIOBUIO:

ltg8 5, =n,/m, .| U 6.3)

JagHOoe COOTHOIIEHHEe Ha3bIBAIOT 3akoHoMm Bpiocmepa, a yron

Sgp — Yenom bpiocmepa WK Yyz2oM noA-
KOl noaspu3ayuy. 31eck ny/n, — OTHO- 3 ;
HIeHHe IIOKazaTesiell IPeIOMJIEHHUS BTO- * m
po¥t cpexnsl u nepsoit (puc. 6.4). Touka-
MH K 4YepTOYKaM# Ha OTPAYKEeHHOM M
NpeJIOMJEHHOM JydYaX 3TOTO DHCYHKa
NOKAa3aHBI HalpaBiIeHus KoJaebaHuH
BeKkTOopa E.

*

n,

Puc. 6.4



182 Tnaga 6

Moxkno y6egursea (cM. 3agauy 3.4), 4TO NpH MaJeHUH CBeTa HOL
yrioMm Bpiocrepa ompaxcenubill U npesoMieHMblil AYYU E3AUMHO
OPMOZOHAAbHBL.

IIpu mageHuu eCTECTBEHHOTO CBETA I0A yIJIoM Bprocrepa Ha rpa-
HHIY pa3fena ABYX NPO3PAYHBIX JUIJIEKTPHUKOB IIPeJIOMJEHHAA
BOJIHA CTAHOBUTCA YaCTHYHO-IOJAPHU3OBAHHOH, IpHYeM CTeIleHb
noisApu3anuy ee OKaspiBaeTcsd MaKCHUMaabHOHR. B cBA3H ¢ 3THM BoO-
npocoMm (yrioM DpiocTepa ¥ CTeneHBIO NOJSPU3ANHUN) PACCMOTPUM
ABa IpuMepa.

IIpumep 1. EcTecTBeHHBIH cBeT najaeT moj yrijioMm DBprocrepa Ha HOBEpX-
HOCTb BOABI. IIpH 3TOM p—4acThb NAZAOIIEr0 CBeTa OTPaXKAeTCH.
Haiigem crenesns noaspusauuu P IpeIoMJIEHHOI'O CBeTa.

Ilycts cBeroBO# moTok magawuiero csera paBer @, Cremens
TOJSIpU3alli¥ NIPEJIOMJEHHOIO CBETa, N0 OIpelesIeHHIO
P - q)non - p(’bo = p
0 D,-pP, 1l-p

npex

s

rpe © — CBETOBOH IIOTOK IIPEeJIOMJICHHOI'O CBeTa.

npei

IIpumep 2. HacTuuHO-IIONAPHU3OBAHHBIN CBET NafaeT MOJK yrioM Bpiocrepa
Ha IIOBEPXHOCTH IIPO3PAYHOr0 AUANEKTPUKA TAK, YTO P-4acThb
CBETa OTPaXKaeTcH, ¥ IPEJOMJICHHBIN CBeT OKAa3blBAaeTCA ecTe-
crBenHbiM. Haiinem creneHs nonapusanuy afaiolnero cBera.

Ofo3HauYuM NAJAIOUHE YaCTHUYHO-TIOJAPU3OBAHHBIA CBETOBOM
noToK yepe3 @,. Ero cremeHs HOJAPH3ALMY MOXKHO IpeACTa-
BHTh CJeAYIOMIEM obpa3oM:

rge (Du ~— [MOJAPN3OBAHHAA 4YaCTh ajalollero CBeTOBOI'O 110TO-
Ka, (an — CBeTOBOH ITOTOK nazaninero 4YacTUYHO-II0ONAPHN3O0-
BaHHOTI'O CBeTa.

Hpumep 3. EcTecTBeHHBIN CBET NajaeT II0J yIyioM DBplocrepa Ha IOBEPX-
HOCTh MPO3PAYHOM ILIOCKONAapaJUIeNbHON mractuHku. Iloka-
JKeM, UTO HpeJOMJIEHHBIH CBeT HajaeT HA 3aJHIO IIOBEDX-
HOCTh ILJIACTHHKH TOXKe II0F yriom DBprocrepa.

BocnoJsbssyeMcsa TeM, YTO HPU HaJEeHNN CBeTa IIOf yryiom Bpioc-
Tepa yroJ MeXJy OTPAKEHHBIM M HPEeJOMIEHHBIM JIYYaMH ROJ-
xer 6b1Th npaMbiM. Ha puc. 6.5 yroa 8, = Sy, u merko suners,
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yro ecan n-(9, + 8;)=n/2, To *__] 1
Ipy OTPa)KeHHMU M 0T HUKHeH B !
IIOCKOCTY IUIACTHHKHK YroJl Mex-
Ay aydamu 2’ m 2" Oyner Toxke
n/2, T. e. ny4 2' OyneT Takixke au-
HelHO-IIoNAPN30BaHEBIM. Ha pu- | /
CYHKe TOYKaMHM OTMeYeHO, YTO )
BekTOp E B 06oMx oTpasKeHHBIX
ayuyax Kojebnercda IepneHAuKYy- ] 2
JAPHO IIOCKOCTY MafeHus. Prc. 6.5

O monsapHzanny NpeIoMIEeHHOTO CBe-

Ta. Crenens monApHU3alyM IPEeIOMJIEHHON BOJIHBI IIPH YIJe Iaje-
HUdA, PABHOM Vriy BpiocTepa, JOCTHraeT MaKCHMAaJLHOIO 3Ha4e-
HUA, O/{HAKO 3Ta BOJIHA OCTaeTCA JHIUb YaCTUIHO-IIOJSIPH30BaH-
HOH.

Tak xax xoathbUIHMEeHT OTpa’KeHUA CBeTa B JAaHHOM cJydae 3Ha-
YUTeJBHO Menbllle eguHNIEL (0koy0 0,15 niA rpaHuusl pasgeia Bo3-
IyX — CTeKJIO), MOMKHO MCIHOJIb30OBATH IIPEJOMJICHHBIN CBET, IIOBBI-
uias ero CTeleHb NOJAPU3alUM IIYTEM pAa MOCIeTOBATENbHBIX OT-
pasKeHHIl 1 [peioMJIEHUM. JTO OCYIEeCTBIAIOT C IIOMOINLIO CIMONbL,
COCTOALIEeH M3 HECKOJBKUX ONMHAKOBHIX U NapaJlyleJIbHBIX APYT APY-
I'y ILJIaCTUHOK, YCTAHOBJIEHHBIX NOA yrioM BplocTepa K majamoieMmy
cBery. Ilpu pocrarodHo GOJBHIOM YHCJIe IJIACTHMHOK IIPOXOASIIIMH
yepe3 3Ty CHCTEeMY CBeT OyAeT HNpaKTHYECKH IIOJHOCTHIO JIHMHEI-
HO-NIOJIAPU30BAHHBIM. VI MHTEHCUBHOCTbH IIPOIIE/IIETO Uepe3 TAKYIO
cTony cBeTra (B OTCYTCTBHe IIOIVIOHIeHHA) OygeT paBHa IOJOBHUEHE HH-
TEHCHBHOCTH IIaJal0IlleT0 Ha CTOIY e€CTeCTBEHHOI'0 CBeTa.

dra UOesA Halljla BBICOKO3(P(EKTUBHOE HCIOJB30BaHHE B raso-
BBIX Jladepax, I'le TOPLb! paspagHOH TPpYOKHK IIpeAcTaBiIAOT coBOH
IUIOCKOTapasijie/ibHbie CTEKJISHHBIE IIACTUHKH, pPacHoJiOKeHHbIe
nog yriiom Bprocrepa K ocu TpyOku (puc. 6.6). IosTomy maiyue-
HHUe, paclpOCTPaHAIOIeeca BLOJIb OCH TPYOKH MeXKJy 3epKajlaMy 1
NOJIAPHU30BAaHHOE B IJIOCKOCTH HaJeHUA Ha NIJIACTHHKY, MHOTOKDAT-
HO IIPOXOJHUT CKBO3b HMX IPaKTHYeCKM GecnpenATCTBEHHO, He HC-

2 /ﬂﬁEP ﬁsp?\ E

Puc. 6.6
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OBLITHIBAA OTpa>keHMA. B pesysabraTe U3 Jiazepa BBIXOLUT Jyd, IIO-
AAPU30BAHHBIM B 3TOHM IJOCKOCTH, YUTO M IOKA33aHO HA PHUCYHKe.
[pyras cocTaBasAIOMIaA U3IYyYeHH A, IJIOCKOCTh NONAPHA3ALUYN KOTO-
po¥ TIePHeHAMKYJISAPHA IJIOCKOCTH NAaNeHHsd, IOYTHU IIOJHOCTBIO
yganserca M3 nydka Omarosaps oTpakKeHUAM.

O ¢opmynax Ppenens. C mOMOLIbI0 I'DAHUYHBIX YCJIOBHH A
BekTopoB E 1 H M0oXHO HaliTH COOTHOLIEHHA MeXAY aMITUTYLaMK
u dasaMm nagamouied, oTpaykeHHOH Y IPEJOMJEHHOH BOJHAMHU —
TaK Ha3bIBaeMbie Qopmynb. Ppenens. IIpy HeoOXOoQUMOCTH C HUMHU
MOJXKHO HO3HAKOMHUTHCA BO MHOTHX y4eOHHKAaX M CIpPaBOYHHKAX.

Mgz1 He 6yaeM BBINUCHIBATH 9TH (HOPMYIIBL, IOCKOJBKY A/ pellle-
HUS HAIIUX BOIIPOCOB OHM HaM He IoHajobsrcsa. Ba)kHO OTMETHTH
TOJIBKO, UTO C IIOMOIBI0 3TUX GHOPMYJ MOXKHO IIOKa3aTh, YTO IPH
TIPOMBBOJLHOM yIJle TIafieHUA 3, (M COOTBETCTBYIOLIEM eMy YTy
npesIoMIeHHA § ,) KoahPHIHEHTH! OTPaYKeHUA JTUHEeHHO-TI0NAPHU30-
BAHHOI'O CBeTa, IJIOCKOCTh IIOJNAPHU3AIMKA KOTODPOTO IepHeHJUKY-
JISpHAa IJIOCKOCTH NameHud (p,) u mapajiesibHa el (p”), onpexnens-
0TCA CAeAYIOIIMMM BbIDAKEHUAMH:

I, _sin®(8, -9)) 4 te’s, -9,)
L ', +9,) V1 i, 8, 6

U3 stux dopmyn, KCTaT, BULHO, YTO HPH [MAZEHWH NOJ YIJIOM
Bpiocrepa, xorga 8, + 9, =n/2, u sHavur, tg(n/2) > », koapounu-
eHT OTPaskeHHA ), = 0, T. e. OTpaKeHHBIH cBeT GyIeT IOJHOCTDIO JIH-
HeHHO-IIOJAPHU30BAHHBIM B ITIOCKOCTH, NEePHEHIUKYIIAPHOK ILIOCKO-
CTH NaJeHHA.

IIpumep. Ha noBepxHoCThL IPO3PAYHOro AUBJIEKTPUKA C IIOKA3aTeJeM IIpe-
JOMNEHUA N rnagaer noA yriaom szoc'repa .HHHB?IHO-IIOJIHPHsO-
BAHHBIA CBeT, IIJIOCKOCTH NOJAPU3ALNU KOTOPOro
a) NeplIenANKYNAPDHa IJIOCKOCTU NaieHMHd;
6) JEeXHUT B IUIOCKOCTH HaleHUsd.
Haiinem ko03dUIeHTsl OTpaXkeHua cBeTa B oDOHX ciayuadx.

IIpesxge Bcero nmpexncrasum cebe, Kax OyAyT BEIIVIALETh OTDAXKeH-
HbBI ¥ IPETOMJIeHHBIH JIy4d B 9THX cay4dasx (puc. 6.7). B cayuae
a) cornacHo (6.4) xosphuIMEHT OTPaXKEHHA p, = sinz(é)1 -3,)
rae 8, — yron Bpiocrepa, onpexpensiembifi opmynon tgd, =n,
a yror 8, cBA3aH ¢ ymIioM 9, 3aKOHOM NpeJOMJIEHHA:
sin 8, =nsin8,. Onpenesus 8, u §,, M HafizeM u p,.
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Puc. 6.7

B cayuae ke 6) npm majeHuM nojx yrioM BpiocTepa TaHreHC B
sHameHaTese (6.4) ofpamaerca B o, HOCKOABKY 9, + 8, =n/2.
9T0 3HAYMUT, 4TO B AAHHOM Ciaydae Py = 0, T. e. OTpaXeHHBIA YU
orcyTcTBYeT (HO 3TO TOABKO NIPHU MaZeHUu nox yriom Bprocrepa).

§ 6.3. Ilonapu3auusa Npu ABOMHOM
JyJenpeJIoMJIeHUH

JBoiiHoe ayuempeaomnaenne. Ilouru Bce mpospauyHble KPHCTAJ-
JUYEeCKUe JUITeKTPUKH OITHYECKH aHH3OTPONHEI, T. €. ONTHUe-
CKMe CBOMCTBA CBETa IIPH IIPOXOXKJEHUH Yepe3 HMX 3aBHUCAT OT Ha-
npaBjieHHA. BeefcTBHEe 3TOr0 BO3HHKAIOT SBJICHHMSA, Ha3bIBaeMble
declinbim nyuenpenomienuem. OHo 3aKIIOYAETCA B TOM, 4YTO Ia-
JaolIui Ha KPUCTAJJI IIYYOK CBeTa pPasfensieTcs BHYTPH KPHCTaJI-
Ja Ha ABa IIy4yKa, pacnpocTpaHsmpomiuecs, Boobie roBops, B pas-
JIMYHBIX HAIPaBJeHUAX X C Pa3HBIMH CKODOCTSIMH.

CyIIecTBYIOT KPHUCTANILL 00HOOCHble B 08YOCHbie. ¥ OZHOOCHBIX
KPHCTAJJIOB OfWH M3 NPEJOMJICHHBIX IIYYKOB NONUUHAETCS OOBIY-
HOMY 3aKOHY IpesJomJeHHd (n, sin$, =n, sin$,). Ero nasmsaior
06blKkHO08eHHBIM U 0603HawaT 6YyKBOM mau mEgekcoM o. [Ipyroi
NIYYOK HeoOblKHOGeHHbL (€), OH He NMOJUYNHAETCA 00BIYHOMY 3aKO0-
HY NIpeJIOMJIEHUs, W La’ke DU HOPMAaJIbHOM IIaZleHHH CBETOBOTO
ny4yKa Ha IOBEPXHOCTH KPHUCTAJIa HeOOBIKHOBEHHEIN IYY0K MOYKET
omraoramysca oT HopMmanu (puc. 6.8). Y, kax npaBmnio, HeoOBIKHO-
BEHHBIH JIYY He JI)KUT B IJIOCKOCTH IafeHUS.

* Pusnueckas NpHpoga aHN30TPONHNHU BellleCTBa CBA3aHa C 0cO6EHHOCTAMH cTpoe-
HHA ero MOJIeKyJ 1N 0c06e HHOCTAMY CaMOH KPHCTMJIK'{ECKOﬁ pelreTKH, B y3Jaax
ROTOpOﬁ HaXOJATCA aTOME WJIH HOHBI.
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9 HaunGonee cuabHO [BOHHOE Jyde-
I [IpeJIOMJIEHNE BLIPAYKEHO Y TaKHX Of-
IITITIT>  HOOCHBIX KPUCTAJIOB KaX KBapl, (¥pu-

L N CTAJUIMUECKKI), HCIAAHIACKUHA I1nmnar u
! TYpPMaJuH.,
g L L danee MBI OUPAHHYMMCS PacCMOT-
10 peHMEeM TOJBKO OJHOOCHBIX KPHCTAJ-
Puc. 6.8 JIOB.

OnHoocHbIEe KPMCTAIUIBL. Y OJHOOCHBIX KPHUCTAJLJIOB MMEeTCHa Ha-
npasjenne — onmuyeckas ocb O0', BHOJIb KOTOPOro OOBIKHOBEH-
Had ¥ HeoOBIKHOBEeHHAS BOJHBI PACIPOCTPAHAIOTCA, He Padieaach
IIPOCTPAHCTBEHHO U C OJMHAKOBOM CKOPOCTHIO .

OnTtudeckas ocb OO’ Kpucrajjia He ABIAETCA KaKoi-To ocoboi
npamoi aunueit. OHa xapakTepuayeT JHIIL W30paHHOe HampasJie-
HUe B KPHUCTA/JIe K MOKeT OBITH IPOBEJEHA epe3 NPOM3BOJILHYIO
TOYKY KDHCTAJIA.

JI106Y10 IJIOCKOCTD, MPOXOISALIYIO Yepes ONTUYECKYIO OCh, HAa3bl-
BAIOT 2A6HLIM CeHeHUem NI 21a6HOU NAOCKOCMbI0 KPUCTAJIA.
O6BbIYHO TIOJNB3YIOTCA IJIABHBIM CedueHueM (IJIOCKOCTHIO), IPOXOXA-
I¥M 4Yepe3 CBETOBOH JIyd B KpuCTaJliIe.

O6sIKHOBEeHHAN ¥ HeOOBIKHOBEHHAA BOJJIHBI (M JIYUM) JUHEHHO 110-
napusosansl. Konebanusa BexkTopa E B OOBIKHOBEHHOU BOJIHE COBEP-
LIa}0TCA B HAINpaBJEHHUM, NePHeHIUKYISIPHOM IVIABHOMY CEYeHUIO
KpucTaia Ajd obsrIKHOBeHHOro ayua. KoneGanua ke BexTopa E B
HeOOBIKHOBEeHHOH BOJIHE — B IVIABHOM CEYEHMM KpHUCTAJIa AJIdA Heo-
ObIKHOBEHHOrO Jydya. Hanpasienusa xonebanuil sexropa E (r. e. ux
IUIOCKOCTH [OJIsIpH3anny) B 060MX IIYYKaX IIOKasaHsl Ha puc. 6.8,
rAe MpeAloJiaraeTcsd, uTo ofa my4YKka M lepeceKaloIad MX OITHYe-
ckag ock OO’ je)kaT B IUIOCKOCTH PHUCYHKa. BHMJHO, UTO B JaHHOM
ciydae nAOCKOCmU noaspusayuu obeux 6ok (0 U €) 83aumMHO 0pMO-
20HANbHbL. 3aMeTUM, 4YTO 2TO HabJoJaeTcH IPAKTHYECKM IPH JIIO-
60l OpHEeHTALMH ONTHYECKOH OCH, IIOCKOJBKY YIOJ MEXAY OOBIKHO-
BEeHHBEIM ¥ HEOOBLIKHOBEHHBIM JIyYaMH JOCTATOYHO MaJl.

O6a ayya, BEIIEIINE H3 KPUCTAJIA, OTJNYAIOTCH APYT OT APY-
ra TOJBbKO HANPaBJEeHHEM NOJAPH3ANUH, TAK YTO Ha3BaHUA «OOBIK-
HOBEHHBIN» (0) ¥ «HeOOLIKHOBEHHbIN» () HMEIOT CMBICH MOJAbKO
BHYTPH KPHCTAJLIA.

* ¥y ABYOCHRIX KPHUCTAJIJIOB, HANIpUMeP CJIIOALI, HMEIOTCA ABA TAKHX HaIIDABNIeHUA.
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Juxpousm. CymiecTBYIOT KPHUCTAIBI, B KOTOPHIX OAWH U3 JY-
yel (0 MM e) MOTJIOIIAeTCA CHJbHEe APYroro. JTo ABJeHHE U Ha-
spIBaloT Ouxpousmom. OueHb CHJIBHBIM AUXPOHM3M IIPHUCYIL KPUC-
TAJJy TypMaJuHa (MUHepaay CJIO0XXHOTO cocraBa). B HeM o0bIKHO-
BEHHBIHA JIyY IPaKTHYECKH TIOJHOCTHIO IIOIVIONIaeTcd Ha [JJINHE
oxoyio 1 Mmm.

SIBmeHMe [UXPOU3MA HCHOJIb3YIOT JJIA M3rOTOBJIEHUSA TIOJISAPU3a-
TOPOB B BHJE CBETOMMILTPOB, UX Ha3LIBAIOT noaspoudamu (repa-
natuToBbie U Ap.). OHM npencraBiaAT coboil ToHKyo (~ 0,1 Mm)
IJIEHKY, JUHEeHHO HOJAPU3YIOUIYIO IIPOXOLAINMI Yepe3 Hee CBeT.

O nmoxasaTeJIAX NPeNOMICHMA N, U N,. AHUSOTPONXA KPHCTALIA
[I0-pa3HOMY OTPa’kKaeTCsd HA CKOPOCTH pacHpoCTpaHeHHd OOBIKHO-
BEHHOH ¥ HeOOBIKHOBEHHO# BOJIH. B TO BpeMs Kak CKOpPOCTbL U,
O6BIKHOBEHHOI'O Jy4a He 3aBHCHT OT HAIpaBJeHHA B KPHUCTaJLie,
CKOPOCTb U, HEOGEHIKHOBEHHOTO JIyYa II0 Mepe OTKJIOHEHHS €ro oT
HaNpaBJIeHKA ONITHUYECKOH ocH (BZOJIb KOTOPOH CKOPOCTH 000KX JIy-
yeil oguHakoBBI) GyaeT Bce GoJbile OTIMYATHCH, JOCTHrAA MaKCH-
MaJBHOI'0 Pa3jMYMA B HaNpaBJEHUH, NIeDIeHANKYISIPHOM ONTHYE-
CKOH oOcH.

3aBHCHMOCTb CKOPOCTH HeOObiKHOBeHHO02z0 JIy4a OT HalpabJe-
HUA CBA3aHO C aHM30TPONHEH KpHUCTaJjia, NIPUBOLALLECH K TOMY,
4TO AU3JIeKTPHUYECKasd MOCTOSHHAA €, a 3HAYUT U MOKAa3aTe/Ib Ipe-
noMyIeHHs (n = «/E) OKas3bIBAOTCA PASHBIMH I OOBIKHOBEHHOIO ¥
HeOOLIKHOBEHHOI'O JIydel M CYILIeCTBEHHO 3aBHUCHT OT HaIpaBJje-
HUA Jlyda OTHOCHTEJbHO OINTHYECKOIH OCH KpHCTaJlia.

OzHooCHBIE KPHCTAJIJIBI XapaKTEPUIYIOT noKasamenem npeom-
AeHUA 06bLKHOBEHHO020 AYHA N, =C/V, U noxasamenrem nperomie-
HUA HeODbLKHOBEHH020 1Y4a, nepneHduUKyAAPHOz0 ORMULeCKOl OCU,
n, =c¢/v,. B Tabiunax npuBOAAT MMEHHO 9TH 3HAYeHHA NI, H N,.
s cBeta ¢ gauHo# BoaHb A = 0,55 MKM 5TH 3HaueHNA TAKOBHL:

|
[_ KDHCTALI n, ( n, |n, - n,|
UCAAHACKHNHA LIIaT 1,66 1,49 0,17
KBapy, 1,545 1,554 0,009

3amMeTHM, YTO 3Ha4YeHHA n, 1 n, HECKOJbKO 3aBHUCAT OT A.
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IIpumep. UmeroTca ABe NMAACTHHKH, BBIPE3aHHBbIE HAPAJIENBHO ONTHYE-
CKOIl OCH: OgHA — M3 MCJIAHACKOTO Innara ToauuHo# A = 1,0 MM,
apyras — U3 KBapua, HargeMm TOJIIMHY /' KBapIeBOX IJIACTHH-
K1, 4T0o6bl AJIst cBeTa ¢ AAuHON BoaHbl 0,55 MXM oHa HMMmena Ta-
KYIO K€ PasHoCTh Xo4a OOBIKHOBEHHOTO ¥ HEOOBIKHOBEHHOIO JIY-
defi. B uem npm arom Oyper mx pasauume?

Hcxops us onpenesnenus ONTHYECKOH PA3HOCTH X0/, 3anuileM
—_h! ’ ’
h(n, - n,) =h'(n, - n)).

Bocnonp3oBaBUInch AAHHBIMH M3 IIPUBEAEHHOM TabGJuIbI, HaH-
meM:

h' = h(An/An") =1-0,17/0,009 = 19 mm.

Pasnnyme sTHX ABYX NJAACTHHOK, KPOME TOJIIMHBI, B TOM, YTO
NIpH BBIXOJE U3 MCAAHJACKOro INNarTa onepe)xaTs 6yneT HeoObIKHO-
BEHHBIH JyY (e), a IPK BBIXOAE 13 KBaplia — OOBIKHOBEHHBIH (0).

IlosepxHocTH JayueBBIX cKopocrel. Tor (akT, 4TO CKOpPOCTH
pacnpocTpaHeHUA OOBIKHOBEHHOrO Jy4a B OJHOOCHOM KpUCTAaJLIe
OLMHAKOBA BO BCeX HAIPBJEHUSX, a CKOPOCTb PACIpPOCTpAHEHUA
HEeOObIKHOBEHHOTO JIyia 3aBHCHT OT HaIIPaBJEHHUd, MOXKHO HAIVIAL-
HO IPEACTaBUThL C IIOMOINLIO NOGEPXHOCME NYLe6biX CKopocmel
(X Ha3BIBAIOT eIle U B0AHOEbLMU nogepxHocmamu). Jna ux mo-
CTPOEHHA U3 [IPOM3BOJIBHOM TOYKH S NPOBOAAT BO BCEBO3MOXKHBIX
HaOpaBJIeHUAX JYIHd ¥ OTKJIAZHIBAIOT HAa HUX OTPE3KH, IPOIOPIHO-
HaJIbHbIE 3HAYEHUAM JIYUEBOH CKOPOCTH B 9THX HalPaBJIeHHAX.
MEO0X€eCTBO KOHIIOB OTJIOXKEHHBIX OTPE3KOB 06pasyeT 3aMKHYTYIO
TIOBEPXHOCTh, KOTOpPas Jad OObLIKHOBEHHOM BOJHBI IpejCcTaBiseT
coboit cdepy pasmycoM U,, a Ai1d HeoOBIKHOBEHHOHM BOJHBI — 3JI-
JIMTICOMA, BPAUeHMHA C IOAYOCAMH U, H U,.

B 3aBHCHMOCTH OT TOTO, KaKad M3 CKopocTeH, v, HIH V,, GoJsb-
11e, OGHOOCHbIE KPUCTAJJIBI NOAPA3JEAA0T Ha NONONUMENbHbLe 1
ompuyamensvusvie (puc. 6.9, rne 00" — onrudeckas ock). ¥ IOJO-
JKUTEJbHBIX KPHCTA/LIOB U, > U, (4 38aYUT, n, < 1), a y oTpuLare-
JABHBIX KPHUCTAJLIOB U, < U, (T. e. n, > n,). M3 aToro pucyHxa BHIHO,
YTO IIPH PACIPOCTPAaHEHUH CBETa BAOJb OITHIECKOH ocH 06e BOJIHBI
HMET OfUHAKOBYIO CKOPOCTb, PaBHYIO CKOPOCTH OOBLIKHOBEHHOM
BOJIHEL.

Bosee noxpob6Hoe paccMOTpeHHE BOIIPOCOB, CBASAHHBIX C OUTH-
YecKOM aHU30TPOIMeH KPUCTANJI0B — 3TO 3agada Kypca Kpucman-
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113 0
0 e
10 )
Ionoxumenvruiii Ompuyamenvhotic
Puc. 6.9

A0ONMUKY ¥ BHIXOAWT 32 PaMKH Kypca obmeit ¢pusuku. Hac B ga-
apHelmeM 6yayT MHTepecOBaTh TONBKO [JBa IPAKTHYECKH BaXKHBIX
YaCTHBIX CIyUasd, KOIAa CBET PACIpOCTPAHAETCS NeDIeHAUKYIADHO
U THapajfielbHO ONTHYECKON OCH.

§ 6.4. Cynepno3nuusa MoJAPN30BAHHBIX BOJIH

JAdBynpenomiainan nnacruHika. Vccinegyem 6Gosiee mojgpobHO
cay4ayd, npencTaBIAIIME HauboJIbIUME NPaKTUYeCKHUM HHTEpec,
KOTJla CBeT PacIpOCTPaHAETCA B OJHOOCHOM KPHCTAJJie IepHeHIu-
KYJASApHO OITHYECKOH OCH KpHCTaJIa. IIpW 9TOM YCJAOBUM IIPO-
CTPAHCTBEHHOI'O pa3fesieHuA OOBIKHOBEHHBIX H HeOGLIKHOBEHHBIX
gyde#r He Oymer.

IlycTs Ha KPHCTANAMUYECKYIO IIACTHHKY, BHIDEBAHHYIO napaie-
avHO onTmdeckoit ocu OO’ (puc. 6.10), mamaer HOpMAaIbHO JHHEI-
HO-IIOJIAPU30BAHHBINA CBET, MJIOCKOCTH MONAPH3AUHKM KOTOPOI'O CO-
CTaBJISET Yrod ¢ C ONTHYECKOHM OChI NNACTHHKY (0OBIUHO MesAaloT
TakK, uTolbl yros ¢ ObLn paBeH 45° 0 DPHYMHAM, KOTOPBIE CTAHYT
SICHBIMH AaJiee). B 9TOM ciydae B KPHCTA/VIe B OLHOM M TOM Ke Ha-
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Puc. 6.10 Puc. 6.11
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npaBieHENH (IepIeHINKYISPHO ONTHYECKON ocu) OyxyT pacupocrpa-
HATbCA fBe BOJHBI C PA3HBIMHM CKopocTaMu (v, = ¢/n, 1 v, = ¢/n,),
NOJAPH30BAHHbIE B3aMMHO OPTOTOHAJBHO. OTO IIOKa3aHO Ha
puc. 6.11, roe cBeT pacpoCcTpaHAETCA IEPIEHINKYAAPHO K IIJIOCKO-
ctu pucynka. Ha srom pucyHke P — ILTOCKOCTEL IOJSAPUSALIMH Taxa-
I0ILEro Ha IUIACTHHKY cBera, E — ero sexkrop-amminryga, 00 —
onruvecKasa och kpucranna, E u E, — BeKTOPLI-aMIIMTYABL OOBIK-
HOBEHHOH ¥ HeOOBIKHOBEHHOI BOJIH B KPUCTA/IMUYECKOH NJIaCTUHKE.

B 3aBuCHMMOCTH OT TONMUIMHLI I MJACTHHKY 00€ BOJHLI BBIXOAAT
3 IJACTHHKH C TOM WJIM HHOM pasHOCTBHIO a3 §, KoTopas 3aBHCUT
OT ONTHYECKOH Da3sHOCTH X0Ja LaHHBIX BOJIH, PAaBHON

A=h(n,-n,). (6.5)

VYynreiBas, 4To 8 = 2nA/A, THe A — AJIKHA BOJHBLI B BaKyyMe, II0-
JIYIMM:
h(n, -n,)
02
A

§=2 (6.6)

Wrax, U3 KPUCTAIINYECKON IJIACTMHKM BBHIXOAAT LBE B3aMMHO
OPTOTOHAJbHBIE NJOCKONOJAPDU3OBAHHbBIE BOJIHBI: OFHa HOJAPH30-
BaHa NEePIeHAVWKYIAAPHO K IJIaBHOMY CEYEeHMIO KpUcTaia, APY-
ras — B IJIOCKOCTH 3TOro cedeHus (cM. puc. 6.10). 3ro spauuT, uro
B IIPOUBBOJIBHON TOUKE 3a KPHUCTAJINYECKOH NJACTHHKOH COOTBET-
CTBYIOIIME KoJieGaHmMs CBETOBOIO BeKTopa OYAYT BBIMIALETh TaK:

E, =E, cosnt,
E,, =E, cos(wt + 8). (6.7)

Hanee mbl Gyzem mpepgmosiarath (HO B 3KCHEPHMEHTe B 3TOM
Hajo ybeguThCA), UTO ONTHYECKAA PA3HOCTDb XO/a OOBIKHOBEHHON M
HeoOBLIKHOBEHHOH BOJH MeHbIUEe AJHHBI KOPepeHTHOCTH (JIy4iue,
yrobul A <1, /2), Torna obe BOJHBI MOXHO CUMTATh KOT€PEHTHBE
MKH® ¥ MX pasHOCTb (a3 & He 3aBUCAIIEH OT BpPeMEHH.

* OneHNM TONUIMHY A NJIaCTHMHKM, IIPH KOTOPOH 3T0 yCJoBHe BhinonHsgercs. IlycTs
A= 0,60 MxM 1 AA ~ 0,010 MxM, Torgal,,, = A*/AL = 36 MKM 1
h< Lo _.J 2 mm (xBapy, n, — n, = 0,009),

2|n, ~n,| 0,1 MM (ucnanfcknit mmat, n,—-n, =0,17).
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XapakTep NOAAPHU3AIUH pe3yJib-
THPYIOLIEN BOJHEI OyeT 3aBUCETh OT !
TOJIIMHE] JAHHOH KPHCTAIINYECKOil :
IJIACTHUHKH, T. €. B KOHEUYHOM CyeTe :
or pasHocTH a3 §. B obmem cayuae
ypaBHeHua (6.7) — sTO0 ypaBHeHHe
BJIJINIICA B [IapaMeTpHuecKoi dopMe. i
CilefoBaTe/IbHO, BBILUCNIUINI U3 KDH-
CTAJIIMYECKON NJMACTHHKYM CBET HB-
JNAETCA ANAUNMULECKU-NONAPUIOEAHKBM. Y HEro pesyJabTUPYIO-
mui BekTOop E Bpamaerca ¢ yIVIOBOH CKOPOCTBHIO 0, M3MEHAACH IPH
9TOM NepHogHYecKH mo moayirw (puc. 6.12).

Puc. 6.12

Taxum obpasom, C/I0KeHHE ABYX B3aMMHO OPTOrOHAJbLHBIX KOTe-
PEHTHBIX KoJeGaHWil NPUBOZUT B O0IIEM CAyUae K 3JUIANTHYCCKON
nonspu3anuy. Bug u opuenTaus 9JANICA 3aBUCAT OT OTHOLUIEHUA
aMILUTMTYZ OPTOTOHANbHEIX Konebammit, E, u E,, a Takxe 1 oT ux
passocT das 8.

CopaBesiuBo u obGpaTHOe yTBep)KAeHUE: 3JUIHITHYECKH-IIONA-
PU30BAHHBIN CBeT BCerfa MOXKHO IPEACTAaBUTh KAaK CYMMY ZIBYX
B3aMMHO OPTOrOHAJIbHBIX KOTePeHTHBIX KoJebaHMii.

B saBucumocTu ot sHauenuit ammauntys E,, E, u pasHocTH daz §
SJLIANITHYECK-TIOJAPH30BaAHBIA CBET MOXKET BBIPOXKAATHCA B ILJIOC-
KONOJIAPUBOBAHHBIN MJIM INOJAPH30BaHHBIA mo Kpyry (moapobHee
3TOT BONPOC MBI PACCMOTPHUM HHUIXKe).

Ha puc. 6.11 ocp Z HanpaB/ieHa Ha HAc, IPEAIIOIATaeTCd, 4TO U
CBeTOBas BOJIHA PACNPOCTPaHseTCA B HaIIPaBJeHHMH ocH Z, T. e.
TOXKe Ha Hac. [JIAgA Ha PHCYHOK, Mbl CMOTPUM Hascmpeuy BOJHE.
YcnoBunucs, 4To ecau Npy HabGIIOOEHUN Haécmpewy BOJIHe Bpalle-
Hue BeKkTOpa E B GHKCHPOBaHHON TOYKE IPOCTPAHCTBA IPOUCXOAHUT
no 4acoBoOil CTpeJIKe, TO TAKYI0 BOJHY HAa3LIBATh NPA60NONAPU30-
8aHHOl, €CIH K€ NPOMUE YaCOBOH CTPEJKH, TO — JAEE0NOAAPUIO0-
éanntoii. Puc. 6.12 cooTBeTCcTBYeT IIPABONOJAPHU3OBAHHOM BOJHE.

3ameTuM, 4YTO HalpaBJIeHHME HOJApH3auyy (IpaBad HIH JieBas)
3aBHCHT OT pasHocTH (a3 §, TouHee OT TOro, KojaebaHUe II0 KaKoi
ocu (X unu Y) omepexkaeT — 3TO IPH YCJOBMH, 4TO B dopmyJie
(6.7) 3 BriGpano Tar, UTOGHI €T0 3HaYEHNE OBUIO 3AKJIIOUEHO MEXAY
—n u +n. Ilocaennee MOYKHO cAenaTs Bcerga, MCKJIUas U3 8§ mesoe
YHUCJIO 271 — ITO HHAUEro He MeHAeT.
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Ecnau ronebarue onepeskaer o ocu Y (0 < d < w), To cHayana Ey
M JHuIIb 3aTeM E, OCTHraloT MaKCHMaJbHBIX 3HaveHmil. Cienosa-
TeJIbHO, ABHXKeHUe KOoHna BexTopa E OymeT mpoucxomguTh no uaco-
BOH cTpeske — nonasapusanua 6ymer npasoil.

Ecau ke xonebanue no ocu Y orcraer (0 > 6 > -n), To cHavana
E, n nuums 3ateM E, NOCTHUralOT MaKCHMAJbHBIX 3HAYEHUI — HBH-
)KeHHe KoHIa BekTopa E Oymer npomué 4acoBO# CTpENKH, SHAYUT
TOJSApPH3a I Ne6ad.

B 3aBrCcHMMOCTH OT TOJMLIWHEI A SAHHON KpHUCTAJINYECKOMR MJac-
THHKH, BbIPE3aHHON IapasliieJIbHO ONTHYECKOH OCH, XapakTep IIO-
JISpU3AlMY IPOINeJINerc uepe3 Hee cBeTa GyAeT OTIHYATHCH APYT
oT npyra. PaccMOTpUM HeCKOJIBKO YaCTHBIX CJy4YaeB, IPENCTaBJIA-
omux Haubonpmuil NTpakTUYeCKUN HWHTEpec.

1. ITnacmunxa 6 wemeepmb 8onnbl (Kopode A/4) — 3T0 nnac-
THUHKA, TOJINWHA A KOTOPO#l YAOBJIETBOPAET YCJIOBHUIO

hin, —nelzm%, roe m = 1,8,5,.., (6.8)

T. €. OPH HeYemHblX 3HAUEHUAX M. JTa IJIACTHHKA coracHo (6.6) BHo-
CHT IONIOJHUTENbHYIO PasHOCTs Gas 6 = n/2 (rounee, mn/2, m — He-
YeTHOE) MEeXKAY IPOXOAAIINMY dYepe3 Hee OOLIKHOBEHHOM M HeOOBLIKHO-
BEHHOH BOJHAMH, HOJISIPHU30BAHHBIMYA BO B3AMIMHO HEePIEHIUKYIIAPHbBIX
ILTOCKOCTSAX. OTH IJIOCKOCTY OIpPefiesiil0T B IIACTHHKE JBa HaIparJe-
HUA, HasblBaeMble 2108HbIMU HANPABICHUAMY NAGCMUHKY: OFHA Ma-

pajUIesibHA ONTHYECKOR oCH, Apyras — IepIeHAUKYIAPHA ei.
IIpu Takux 3HaueHUAX & CBET, UPOILeA-
o ¥ yepes ILUIaCTUHKY, OYHeT B COOTBETCT-
BUH ¢ bopmyno# (6.7) aaIuOTHYEeCKHU-IIO-
E JAPHU30BAHHLIM, IIDHYeM OJJUIMIC OyZer
X npuBegeH K ocaM X u Y (puc. 6.13, raoe
ock OO’ — onTtuueckad ocs). Hanpasnenns
BpanieHMs BexTopa E wepepgyroTcs: ecau,
HAIIpuMep, TOpu m = 1 110 4acoBOM cTpeJ-

Puc. 6.13 Ke, TO IpA Mm = 3 OPOTHB ¥ T. A.

Ecnu nuHeNHO HOJAsIpU30BAHHLIN CBeT IIaJaeT Ha IUIACTHHKY TakK,
YTO YTOJI MEXKAY €ro IUIOCKOCTBIO IOJSPHU3allui P 1 ONITHYECKOH OChIO
TLIACTHHKH ¢ = 45° (cM. puc. 6.11), To aMmIATyAEI O6LIKHOBEHHOHN U
HeoOBIKHOBEHHOH BONH OYyAYT OSZHHAKOBBI, X HA BBIXOJe M3 IJIACTHH-

Y

0
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KM MBI MOIYyYHNM KpPY20-NOAAPUIOE6AHHDLIL Yiy
CBeT — BSJIJIMIC BHIPOXKIAETCH B OKPYKHOCTB
{(puc. 6.14). E

IInactuaxu B A/4 H3roroBisitoT 06LIYHO
n3 kBapla. KadecTBo nnacTuHku (HacKOJIb- X
KO OHa COOTBETCTBYET UYeTBEePTHBOJHOBOMH)
MOYKHO TPOBEPHTb, HCCIAEAYS C I[IOMOILILIO 0
nosAponaa (aHaJM3aToOpa) BHIXOAAMUH U3
Hee KDPYro-IOJAPH30BAHHBIM CBeT: Bpalie-
HYe aHaJM3aTOpa BOKPYTI OCHM NIYy4YKa He JO/DKHO IIPHBOAUTL K H3Me-
HeHMIO MHTEHCHBHOCTH CBeTa.

IlnacTuaKy B A/4 MOXXHO MCIOJIb30BaTh M AJA obpaTHOro Ipe-
BpallleHNus KpYTro-NOJIPU30BAHHOIO CBeTa B JMHEHHO-NOJIAPHU30-
BaHHBINA. IIOCKOCTH IIOJIAPH3allMM BHIXOJAILIETO CBETa IIPH 3TOM
COCTaBJAET YroJq 45° ¢ ONTHYeCKOH OChI0 IJIACTHHKH.

2. ITnacmunxa 6 noneonnwvt (kopode A/2). Ee Tronmmuua h yaos-
JIGTBODPAET YCJIOBHIO

&

Puc. 6.14

hln, —n,|= m% , rAem =1,3,5,..., (6.9)

T. €. TOXKe IPH HeyemHbix 3HaYeHuAX m. Ha BbIXoAe U3 Tako# Ijia-
CTHHKH MeXJy OOBIKHOBeHHOI M HeOOBIKHOBEHHOH BOJHaMH BO3-
HuKaeT corjacHo (6.6) gomomHuTebHAS pasHOCThL (a3 & = m (Tou-
Hee Mm, m — He4YeTHOoe). JTO 3HAYUT, UTO CBET, BHINIELUIAHN M3
IJIaCTHHKH, OCTAeTCA JUHEINHO-II0IAPH3OBAHHEIM, OJHAKO HAIIPAB-
nenne KoyuebaHuil BeKkTopa E (IJIOCKOCTE MONADPHU3ANNH) IIOBEPHET-
¢ Ha yrox 2¢ CHMMETPHYHO IJIABHOMY CeYeHHIO IIACTHHKM
(puc. 6.15). IIpn ¢ = 45° Takasa mWIaCTHUHKA «IIOBOpAaYMBAaET» IJIOC-
KocTh moaspusanuy Ha 90°, T. e. IJIOCKOCTE NOJAPHIAIMU HPO-
MeAlIero yepes IJIACTHHKY CBeTa GYAeT OpTOroHajlbHA IJIOCKOCTH
OJIAPN3AMY Tagammero ceera. Heo6XoquMoCTs TaKOT0 «IIOBOPO-
Ta» HepefKO BCTpeYaeTCH B 3KCIEPHMEHTANLHBIX YCTAHOBKAaX.
Ciaenyer Taxke 0O6GpaTHTh BHHMaHWHE Ha TO, YTO IIPH YEeTHEIX
3HadeHuax m (2, 4,...) 8 ¢opmye (6.9) npomexmuil yepes 1ac-
THHKY CBET OCTASTCA JNHeHHO-NONAPUSOBAHEBIM B TOH JXe IJIOCKO-
¢TH, YTO M nagawomuit ceer. T. e. TakasA NIAaCTHHKa HUYEro HOBOTO
He BHocuT. Ee yacTO Ha3HIBAIOT NJAACMUHKOU 8 YeAyl G0NHY.

7—6327
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Puc. 6.15 Puc. 6.16

3. Komnencarop. [dia ananusa MoJSpN30BAHHOIO CBeTa HAPARY
¢ IVIACTHHKOHN A/4 HCHIOJB3YIOT yCTpPOHCTBa, IMOIBOJAIOIME CKOM-
MeHCHPOBaTh A0 HyNs (MJIX JOMOJIHUTH 1o 1) JioGyio pasHocTh (has
MeXJy ABYMH B3aUMHO ODPTOTOHANLHBIMM KoJiefaHUAMHM. DTO Tak
HaA3LIBAEMBIE KOMNEHCAMOPLL.

IIpocreitmmit KOMIEHCATOP COCTOHUT M3 ABYX KBaplEeBbIX KIWHb-
eB (puc. 6.16). BmecTe oHH 00pas3yIOT KPUCTAJINIECKYIO [IIACTHH-
KY, OIITHYECKasa 0Ch KOTOPOH IlapajijleJibHA ee rpaHaM (3To IOKa3a-
HO INTPUXOBKOM Ha pucyHKe). OgMH M3 KJIMHbBEB MOXKHO IepeMe-
IJATh OTHOCHTENABLHO ADYIOTO C IIOMOINBI0O MHKDPOMETDHUYECKOro
BHHTA, U3MEHI TAKKM 00pa3oM TOJNIUHY KOMIIEHCATOpPA-ILIACTHH-~
KM, a 3HAYUT ¥ BHOCHMYIO 3TOH CHCTEMO! pasHoOCTh (a3 MexAy
OOBIKHOBEHHO! M HEOGBIKHOBEHHOH BOJHAMM.

Ecnu ma xoMueHcaTop majaeT HOPMAaJbHO JUHEHHO-IOJIAPH30-
BaAHHBIH CBET, IJIOCKOCTH KOTOPOTO COCTABAAET yroa 45° ¢ ero onTu-
YeCcKOl 0ChIO, TO C YBEJIMUEHNEM TOJIIUHLI KOMIIeHCATOPA PacTeT K
pasHOCTH (a3 B3aMMHO OPTOI'OHAJBHBIX BOJH, IIPOXONAIUX Uepes
Hero. B pesyuabrare Mbl 6yaem Habmiogarth Kaptuny (puc. 6.17), no-
Ka3bIBaKIyI0 KaK MeHdAeTcs XapaKTep IMOJAPHU3AIMHU [IPONIeAIIero
cBera ¢ pocToM pasHocTH ¢as 8. Hamomzum, uro corjacHo (6.7)
3HaveHH: & Ha puc. 6.17 onpefensAloT HACKOJIbKO (110 (pase) Koueba-
HuA E, onepexxalor KosnebaHus E (omepekaoT — B ajgrebpaudye-
CKOM CMBICJIE).

000N OO0

Puc. 6.17

2r
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W3 puc. 6.17 Bugno, 4T0 HanpapieHNe NOJAPHIANMNH, KaK OBIIO
OTMeueHO paHee, IMepHOAWYecKH MeHsierca. Ecau cmauana 6rnLio
mpaBsoe, T. €. II0 YacoBOil crpeske (A HabiiogaTesds), TO 3aTeM C
POCTOM TONIIMHLI /I KOMIEHCATOPA-IIJIACTHHKY, a 3HAYUUT U 8, OHO
[IePexXOouT B JieBoe, T. €. NPOTHB YacOBOA CTpEJIKM M T. [.

Ananu3 noJgpu3oBaHHOIO CBeTa. B IpaKkTHKe yacTo BCTpedaeTca
Heo6XO0OUMOCThb BBIACHUTH, KAKOB XapaKTep NOoJAIpHU3aliuy Ncciaeaye-
MOTO CBeTa, KAK OTJAWYAETCA XapaKTep NOJIAPU3aAMH OZHOIO CBETa
oT Apyroro. PaccMOTprM HecKONILKO Hanbojiee THONYHLIX CILY4YaesB.

1. Ceéem nnocxononapuioéannwviii. B 5ToM MOXXHO yGeqHTHCA C
IIOMOIIBIO JI060T0 IIOJAAPM3ATOPA: NPHM BPAIeHMH €ro IJIOCKOCTH
NIPONYCKAaHUA BOKPYr HampaBJeHHS IyYKa MHTEHCUBHOCThL IIPOXO-
OAngero ceera Oymer HM3MEHATHCA, U IPH HEKOTOPOM IIOJOKEHHH
CBET IOJHOCTBIO FaCUTCSH. 3HAYUT, UCCAELYEMBIH CBET ILJIOCKOIIONA-
PH30BaHHBIN.

2. Ceem ecmecmeeriblli U NOAAPU3OEARKbLE NO kpy2y. Kak ux
pasauunTh? 18 3TOr0 OGHOTO IIOJNSpHU3aTOpPa HEeJOCTATOYHO: B 060-
HX CJIy4asfx IIPH BpalileHHH ero ILIOCKOCTH NPONYCKaHMsA BOKPYT Ha-
OPBJICHUS OyYKa WHTEHCUBHOCTDH NPOXONAIIEr0 CBETAa He MEHSETCS.
Ecim »ke npegsapuTeIbHO BBECTH IUIACTUHKY A/4, TO NOJAPHU30BaH-
HBIA II0 KPyry CBeT IPEeBpalllaeTcs B IJIOCKOIIOJISPU30BAHHEINA, IIO-
CKOJIbKY 9Ta IUIaCTMHKa BHOCHT MAOIOJHUTENBHYIO pasHocTh has
+1/2. Pe3ynbTHPYIOIAA PAasHOCTE (a3 oKaXkeTcd paBHOM 0 wiau 7, u
CBET CTaHeT IIOCKOIIOJIAPU30BaHHBIM. Ero MOKHO IIOracHUTh NOJIAPH-
3aTopoM. Ecim ’Ke cBeT eCTeCTBeHHEIH, TO OH OCTaHETCA TAKOBBIM U
ocjie NPOXOXKAEeHUA IJIACTHHKM A/4. B 3TOM ciryyae IoracuThb cBeT
He yaacTeA: NpU M000M MOIOXKEHUH IJIOCKOCTH NPOMYCKAaHUA TIOJH-
puU3aTopa MHTEHCHUBHOCTH IIPOLIeJINero cBeTa OygeT OgMHAKOBOMH.

3. Caem anaunmuvecKu-nonAPU3OEAHHBLU U HYACMUYHO-NOAADU-
306anNbi. [InA NX pasiIudus ONATH ClexyeT IIOMECTHThL B CBETOBOM
ny4Ke ILIACTHHKY A/4, a 3a Hell nosspusarop. Eciu BpamenneM ma-
CTHHKM BOKPYr HAaIpaBIeHWHA Iy4YKa HaWJeTcA TaKoe IIOJIOXKeHUe,
[P KOTOPOM CBET, IIPOIIEAIINI Yepes Hee, MOKHO IIOTaCHTh, Bpalias
TOJIAPU3aTOpP, TO CBET JUIMITHYECKH-NOJApu3oBaHHEBIA. Ecim aro
chejaTh He YAAcTCA, TO CBeT YaCTWYHO-NOISPHU30BAHHBIM.

Koneuano, ects u 60Jiee CJI0KHBIE COYyIad, HO MBI HX PacCMaTpH-
BaTh He OyaeM, IIOCKOJBKY 9TO CBA3AaHO JIMIIb C TeXHHUYECKUM
YCIIOKHEHMEeM NpOLEAYPSl ONPEefeNeHus.
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4. I1paso- u negononapusoeannviti céem. Jlia oTnuausa npasoi
KPYTOBOii MOJNAPHU3AIMHK OT JIeBOH IIOCTYNAIOT aHAJOTHYHO: Ha OYTH
CBETOBOr'0 IyYKAa CTaBAT IJACTHHKY A/4, Ha KOTODOH yKa3aHO Ha-
npaBjieHue KojebaHmil, pacnpocTpaHAIOLIMXCS C 00abwielt CKOPOo-
CTBIO, ero Ha3hIBAIOT -HalpaBieHNeM. JTH KoJebaHNA oIepe’kaT
no cdase Ha nt/2 KojebaHVA, OPTOTOHANbHLEIE [-HaNPAaBJIEHHUIO.

Bi{Y(n/2) BlY(-n/2)
¢ o
X X
a) 6)
Puc. 6.18

HonycTuM [JIA OIpefe/IeHHOCTH, UYTO MOJIApH3alus Ipasas
(puc. 6.18, a, rae ocu X u Y BeIOpaHEBI IPOM3BOJILHO), T. €. Bpalle-
HHe BeKTopa E DPOMCXOOMT 1o 9acoBO# cTpesake (mus mHabmiogare-
jas). B arom ciayuae mepef IJIaCTHHKOHN Kosebanmsa Ey omeperxkaioT
kosebanna E, no ¢ase Ha n/2 (310 6BLI0 O6BACHEHO Ha cTp. 192).
YcTaHoBHB IUIACTHHKY A/4 B IYYOK, MBI K MMEOIIeHcA PasHOCTH
thasz n/2 pnobaBum eme 7n/2. B pesyabraTe moJayYHM, YTO Pa3HOCTH
thas MesKAY OPTOTOHAJNLHLIMY K0Je0aHUAMY OKa)KeTCsS PaBHOH 7, a
9TO 3HAYHMT, YTO CBET CTAHET NJIOCKOIONAPH3OBAHHBIM, IIPHYEM €TI0
IUIOCKOCTh moJdApu3anuu GyxeT IIOBepHYTa BJIEBO OTHOCHTEJLHO
f-nanpaBieHHA NIaCTHUHKH A/4 Ha yroa 45°.

Ecim xe nonapusaima 6siia jepaa (puc. 6.18, 6), To xonebanusa
Ey orcraoT oT KonebGanuii £ no ¢ase Ha n/2. CosmecTns f-nanpas-
JIeHH€e Hamedl IUIaCTHMHKH C [IPOM3BOJBLHO BHIODAHHOM 0CBIO Y, MBI
KOMIIEHCHDYeM OTCTaBaHMe Ha 7/2, M B pe3yJbraTe pasHOCTb has
OKa)KeTcd PaBHOI HYJIO, T. €. U3 IJIACTHHKHM OyJAeT BBIXOAHUTHL CBET,
ILJIOCKOCTh IOJIAPMU3AIMN KOTOPOrO HOBEPHYTA 6NnpPAa60 OTHOCUTEILHO
B-manmpasnenusa (puc. 6.18, 6) Toxxe ma yroax 45°.

HanpasieHne NJIOCKOCTH NOJISAPU3ALMU B 000MX CIydadXx JIETKO
HaWTH C NIOMOINBLIO IIOJAPHU3ATOPA.
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§ 6.5. Harepdeperns MOJAAPU30BAHHBIX BOJH

KorepedTHOCTS TI0/ISPU30BaHHBIX BOJH. ECIM Ha KpucTaaimde-
CKYI0 ILIaCTHHKY, BBIPE3AHHYIO Iapas/IejIbHO ONTHYeCKO#l ocH,
HOPMAaJIbHO HAIlpaBUTb NYYOK €CTEeCTBEHHOTO CBETA, TO U3 IJIaCTHH-
KM BBIAAYT ABe BOJIHBI C B3AMMHO OPTOTOHAJBHBIMH IIJIOCKOCTAMHU
nonspusanuy. ECTeCTBEHHBIN CBeT — pe3yJbTaT KU3JyYeHHS pas-
JHYHBIX HE3aBHCHMBIX aTOMOB HCTOYHHKA CBETa, HCIYCKAIOMUX
OTAe/ibHBIE HEKOPPEJIUPOBAHHbLIE APYr C APYLOM ILYIHM BOJH. OTH
LyTH YyYacTBYIOT B 06pasoBaHMM OOBIKHOBEHHOH M HEOOBIKHOBEH-
HOH BOJH B Kpuctajine. OIHAKO BKJaJ KaXKIOI'0 OTHEJLHOTO I[yra B
3TH [Be BOJIHBI, BOOOLIE TOBOPA, HE OMUHAKOB. ITOT BKJaZL Gosblie
B TY BOJIHY, ILIOCKOCTH IOJISIPU3AINUN KOTOPOH COCTABJAET MEHb-
IIKH YroJ ¢ IJIOCKOCTBHIO MOJIAPH3ALUK NAHHOTO ILyra.

Hpyrume ciiopamMu, o6bIKHOBEHHAA M HeOOBIKHOBEHHAA BOJHEBL B
OCHOBHOM IIOPOKAAIOTCA PA3HBIMH ILIyI'aMM, BXOISIIMMK B COCTAaB
eCTeCTBEHHOTO cBeTa. 110oaToMYy OOBIKHOBEHHAA U HeOOBIKHOBEeHHAA
BOJIHBI, PACIPOCTPaHAOIINECA B OJHOOCHOM KPHCTaJlJle ¥ BBIXOXA-
mye u3 Hero (IpH MajeHNK eCTeCTBEHHOI'O CBETa), HEKOTePeHTHEI.

Onmuaxo of6e BOJHEI MOJKHO CIeJIaTh KOMePeHTHBIMH, €CJIM Ha IIYTH
€CTEeCTBEHHOT'O CBETA YCTAHOBHTH IOJIAPU3aTOp P mepen KpHCTAJLIH-
YeCKOH IUIACTMHKOM, IPMYeM TaK, 4ToObI IIOCKOCTH €0 IIPOIyCKa-
HUA COCTABJANA HEKOTOPHIH yros ¢ # 0 ¢ OTHYECKOH OChI0 KPHUCTAJI-
na (o0sruHO yron ¢ menaior paBHeIM 45°). B atom ciyuae komeGarus
KayKIOro Iyra pasfesdloTcsd MeXJy OObIKHOBEHHOH 0 M HeOOBIKHO-
BeHHOH e BoHaMK. VIMEHHO [I09TOMY BOJIHBL 0 ¥ € OKA3BIBAIOTA KOre-
PEeHTHBIMH — Heo0X0nuMoe YCJIOBHE AJIA UX HMHTep(hepeHIlHH.

HurepdepeHInA MOJIAPDH30BAaHHBIX BOJH. CKasaHHOrO elne He-
JOCTATOYHO, €CJIM MbI 3aJa/IHCh 11eJIbI0 HabMIOAATE HHTEep(PEePeHIHIO
oTHX BOJH. [les0 B ToM, 4TO MHTepQEepeHINA HUKOr/a He Habioga-
€TCsl, €CJIHM CKJIaAbIBaeMbie BOJIHBI HOJAPHU30BAHLI BO B3aHUMHO IIep-
NeHAUKYJIAPHEIX IIJIOCKOCTAX. BeIxox mpocTo: mMOCTABUTEL HA IYTH
BBILLIEAIIIEr0 U3 IJIACTHHKHM CBeTa ellle OAWH nojasapusarop. O cse-
JeT [Ba B3aMMHO OPTOTOHAJIBHBIX KOTE€PEeHTHHIX KojebaHuA K Of-
Hot mtockocTu. MHTepdepernua b6yner obecriedena. Ee pesyasrat
OKa)XeTCA B 3ABHCHMOCTH OT OIITUYECKOH pasHOCTH XOZa CKJalbl-
BaeMbIX BOJIH.

Hrax, cxema HabnofeHNA HHTepPEepPeHIUN NOJAPHIOBAHHBIX
BOJIH ROJDKHA GBITH Taxoi, KAk Hoxasano Ha puc. 6.19. Bgecs § —
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P i0 P OOBLIYHBI MCTOYHHMK CBera, P —
“ noaapusarop, K — xpucrannmye-
5 = CKadA OAHOOCHAS ILJIACTHUHKA, P' —
n BTOPOH IOJAPHU3ATOP. 3aMeTHuM,
10 4YTO €C/JIM HMCTOYHHK — Jasep (OH

Puc. 6.19

HCHYCKAeT YiKe IIJIOCKOIOJIAPU30-
BaHHBEIA cBeT), TO HeobGxXoauMOCTh B moJsgpusatope P ormazaer.

Janee MBI paccMOTPHM Boupoc o6 mHTEeHCHBHOCTH I’ cBeTa, IpO-
HIeIIero yepes 9TY CHCTEMY B ABYX HamboJiee IIPOCTHIX U NPaKTH-
YeCKHM BAYKHBIX CJIYy4aAX, CBA3AHHBIX C B3aWMHOI OpHeHTauuei
[LJIOCKOCTEeH IIPONYCKAHUA OJAPu3aTopos P, P’ u onTuyeckoit ocu
0OO'. Ho npexBapuTe sHO HAIIOMHUM, YTO KaPTUHA HHTephepeHIIun
6piBaeT Hanbosee OTYETIMBOM, KOrJa aMIUIUTYABLl CKJIAALIBA€MbIX
BOJIH OZUHAaKOBEI. B HameMm caydae sTo 03HA4YaeT, ITO YIOd (p MEXK-
Iy IUIOCKOCTBLIO IPONIYCKAHMNA NOJIApu3aTopa P u onTu4decKoi ochbio
00’ momxkeH 6bITh paBHBIM 45° (0 weM y)Ke roBopmHioCcs:). B pasnb-
He#IeM, eciiy He OyleT CIelMaJbHBIX OIOBOPOK, GyneT mpexrosia-
rarbca MMEHHO /M0 3HaueHHe yriaa ¢, ¢ = 45°.

Teneps nepeiieM K pACCMOTPEHHUIO JIBYX YACTHBIX CJIydaes, KOI-
Za IJIOCKOCTH NPONYCKaHWA 06OMX IIOJMSPHU3aTOPOB IapajijebHhI
mpyr npyry (P'||P) u B3samMHO neprneHaukyaspusl (P'LP). B mo-
clleqHeM cjydae POBODAT, UTO MOJAPH3ATOPHI ckpewendvt. 0ba ciay-
4as moKasaHnbl Ha puc. 6.20, rae cBeT pacnpocTpaHfAeTcsa IEpIeH-
OUKYJAAPHO IIJIOCKOCTH PHUCYHKOB.
by
10 P/P

a)

Puc. 6.20
1. Caywaii P'||P (puc. 6.20, a). 3xech MIOCKONOIAPHIOBAHHAA
BOJIHA ¢ aMILIUTYAOH E (mocie nmosapusaropa P) paspesnsercA mJa-
CTHHKOM Ha 0OLIKHOBEHHYIO M HeOOLIKHOBEHHYIO B3aWMHO OPTOTO-
HaJbHBIE BOJIHEL C OAMHAKOBHIMH ammiaurygamu E u E,. 3arem Ko-



Ilonapusanusa csera 199

nebaHNA 9TUX BOJH NPUBOAATCA IOJApHU3aTOpoM P’ K ofHOM nioc-
KOCTH C OSWHAKOBLIMM amimuryxamu E, u E:

E. =E =E/2. (6.10)

Pesynbrar wmHTepdepeHUuMM STHX BOJH
OyneT 3aBHCETb, KaK Y>Ke M'OBOPHJIOCH, OT
paszocTH ¢a3 §, KoTopylo OHH NIpHobOpe-
TyT B niaactuHKe. C 3T0o¥ nenbo usobpa-
3UM (a306yr0 (BEKTOPHYIO) AHUarpamMmy,
moxasaHHyio Ha puc. 6.21. 3pecs mpes- Puc. 6.21
IIOJIOJKEHO, YTO B KPHUCTAJJIMUECKOH IJIaCTHHKE OTCTaeT 1o (ase Ha
6 06bIKHOBeHHaA BOJHA (3TO He CYIEeCTBEHHO, MOIIO OBITh M Ha060-
por). Hac unTepecyer E'%, MocKoIbKY MMEHHO 8Ta BeJMYHUHA OIIpe-
JessAeT MHTeHCHBHOCTD Npoluefieil yepes noaapusarop P’ BOJIHEL.
Y3 puc. 6.21 cornacHo TeopeMe KocHHycoB ¢ yueroMm (6.10), cieny-
er, 4To

2 2
E'? =2(£) + 2(£J cos§=E? ________1+cos8
2 2 2

i
o]
Q
o
]

Taxum ob6pasom, npu P'||P MHTEHCHMBHOCTb NPOILIEAIIETO CBETA

2 8
I =Icos™ ~ (6.12)

2. Cayvai P'LP (puc. 6.20, 6). 3nech ciegyeT OTMEeTHTh, UTO
E = E’ npu n1005IX 38HAUEHUAX YIa ¢, HO IpH ¢ = 45° ofe aMmnnu-
Tygbel OyAYT MaKCHMAJIBHBL (B 3TOM JIETKO Y0eQHUTHCA C IOMOIbLIO
3TOTO ’Ke PHUCYHKa), W, 3Ha4YHUT, pe3yasbTaT HMHTepdepeHun Gyzer
BBHIMIAZETh Haubosiee 0T4eTJAUBLIM. TaK 4YTO M B 9TOM cjayyae ONTH-
MaJbHBIM ABJIAeTCA ¢ = 45°,

Puc. 6.20, 6 mocTaTouHO ACHO IOKAa3BIBAET, UYTO IPOHCXOIUT C
IIPOXOAAIUM CBETOM B 3TOM ciaydae. Ho 3gechk Hano o6paTuTh BHHU-
MaHue Ha ToT (axr, uro BekTopel E, m E, HanpaBieHb B3aWMHO
NPOTHBONOJ0XKHO (Fake npu 8 —» 0). OTo HAaBOAUT HA MBICIb, UTO,
Kpome pasHOCTH a3 §, BHOCHMOH IJIACTHMHKOHN, Hafo no6aBUThH ele
7, KoTopasa o6yc/oBJeHa CKPEIeHHbIM PACIIOJIOKeHHUeM II0JIAPH3a-
TOPOB (3TO MOYKHO CTPOTO JOKAa3aTh M MaTeMaTHYECKH).
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Torza B ¢popmyne (6.12) mago BmMecTo & nanucarh & + 7T, ¥ MBI
MOJYYUMM BMECTO KOCHHYCA CHHYC. B pesyibraTe

’ 2
I, =Isin

N o

. (6.13)

H3 dopmyia (6.12) u (6.13) ciremyer, uro MHTEeHCUBHOCTH [ |’t ul]
OKAa3bIBAIOTCHA «IONOJHHTEIbHLIMH Y B CYMMe OHH JaiOT HHTEHCHB-
HocTh I cBera, IIpollleflllero uepes mojapusarop P.

Ecan cBeT MOHOXPOMaTHYeCKHMNH M TOJIMHA KPUCTAJLINYECKOH
IUIACTAHKY BCIOLY OOMHAKOBA, MBI IIOJIYYMM Ha BBIXOZE DaBHOMEp-
HYIO OCBELIEHHOCTh 0e3 XapaKTepHBIX IS HHTephepeHIMOHHON Kap-
THHBL Ye€PeAYIOIIHUXC CBeTJIbIX M TEeMHBIX IIoJoc. 3aech uHTepdepeH-
s IpoABJAeT ceba B mepepacnpeie/ieHNN CBeTOBOH 3HEPIUI MEXKIY
B3aMMHO OPTOTOHAJbHBIMHE IIJIOCKOCTAMHU. [JeHCTBHTEJFHO, €CJIH Ha-
IpEMep OpY HapaJuleIbHAIX IUIOCKOCTAX IIPOINYCKAHUA HOJIAPH3aTO-
POB MBI IOJIYYaeM MAKCHMYM OCBEILIEHHOCTH, TO AOCTATOYHO IIOBED-
HYTH mojspusarop P' ma 90°, ¥ MbI IIOJYYUM «JONOJHUTEILHYIO»
OCBEIIeHHOCTE: II0Jie OKa)KkeTcA TeMHBIM. To ke 6yaeT u HaobopoT.

VIHTeHCHBHOCTL BRIXOIAINErO M3 Noiapusaropa P’ cBera MOMKHO
N3MeHATh, N3MeHAA pasHocTb (as 6. ITockonbKy & onpenensgerca Kax

5=anllme 2nd
)

(6.14)

TO USMEHEHHUA 8 MOXXHO JOCTHTHYTbH JIN0O MEeHAA A — 9TO IPHUBOLUT
K abdexTHOMY M3MEHEHMIO okpacku (T. e. MAKCHMYMBl IIPOIYyCKa-
Hus OYAYT COOTBETCTBOBAThH Pa3JHYHBIM AJIMHAM BOJIH), Jubo Me-
HAA TonmuAey h mnactueku. IlociiefHee MOXKHO cfeniaTh, IOCTABUB
BMECTO ILTaCTHHKH KoMueHcarop (cM. puc. 6.16).

Ipusenem cBoguyio Tabamuxy (6.15), rme ykasaHbB! YCJIOBHA,
NpY KOTOPBIX MHTEHCHBHOCTH [ I'| u I| [OCTHramT MaKCHMaJIbHBIX K
MHHMMAaJbHBIX 3HAUeHHH:

PaszocTs x0m8 A mh m'A\/2
Pasuocrs das & 2nm m'n
f = Tcos? g MaKc MHH (6-15)
I = Isin? _g MHH MaKC

3gece m =1, 2,3, ..., am'=1, 3, 5, ..., T. e. HeUeTHBbIE.
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B aTo# Tabsnuuke AOCTATOYHO 3alIOMHHTh Pe3yALTATHL AIA I "‘, a
OHH Cpasy caeAyoT u3 ¢as30Boi guarpaMmel (cm. puc. 6.21). Peay-
abTaTel AiA I «JOTIOJHMTENbHbIEY, T. €. IPOTHBOIOJOMKHEIE.

OTmeTHM, YTO BO BTOPOM CJIydae, KOTAa IIOJAPHU3aTOPEI CKpelle-
wpl (P'LP), ycraHOBKA BecbMa 4YyBCTBUTEJbHA K O00HADPY’KEHMIO
aHM30TPONHH (ABOHHOrO JydenpejoMieHus). Yepes aBa CKpeljeH-
HBIX IIOJIAPH3aTOPa CBET HE IIPOXONHUT, X II0Jle 3peHHUs OKasblBaeTcd
TeMHBIM. Ecap )Ke MeXXIy HMMH BBEeCTH Kakod-iub0 aHM3OTpOI-
HBIA KPHCTAJJ, TO Ha)ke NIPH Hajluduy caaboil aHU30TPOIIUM CHCTE-
Ma IIpONyCKaeT CBeT, M II0Jie 3peHMA NpocBeTindeTrcd. IIpm sTom
HaJ{0 IPOSABIATH OCMOTPHTENBHOCTD: €CJIN CIy4allHO OKaKeTCd, YTO
ONTHYECKAas OCh KpHCTajja OyjAeT mnapajijenbHa WIN HepHEeHLUKY-
JApHA IIJIOCKOCTH IPONYyCKaHMA Iojsapusatopa P, moje 3peHHA
ocTaHeTcA TeMHBIM. [l0o3TOMY OpHEHTAIIMI0 KpDUCTaNa MEXIY
ckpeiueHHbIME P u P', BooOIle roBopA, Haj0 MEHATH BO nabekanue
9TOH CAy4aiHOCTH.

Jlo cux mop MBI paccMaTPHBanyu MHTEP(DEPeHIIHIO B IIOCKONIapaI-
JIeJILHOR ILIACTHHKe, Ifje MHTepdepeHIUs IIpPoABJana ceba B usme-
HEHHMX HHTEHCHBHOCTH PaBHOMEDHO OCBEII[eHHOTO II0JiA 3peHHuA (I10-
cne nonapusaropa P'). Ho moxkHo HabmiogaTs MHTep(EPEHIIUIO U B
IPUBBIYHOM BHAE UYEPEAYIOUINXCS CBETJBIX M TEMHBIX IIOJIOC.
IIpumep. IlomecTM MeXAY ABYMsA CKPEINEHHBIMH HOJADH3ATOPaMH KBap-

IIeBhIﬁ KJIMH, OIITHYeCKada OCb KOTOPOro napaJjejibHa ero pe6py
H COCTaBJIAET yroJa 45° ¢ MJOCKOCTAMHU NponyCKaHMd II0JAAPpH3a-
TOpoB. BriscHMM, 4T0 MBI OygeM HabamgaTh IpPH NMPOXOKACHUM
MOHOXPOMATHYECKOr'o CBeTa 4yepe3 3Ty CHCTEMY.

IIo mMepe yBeJaUYEeHHUA TOJIIIUHEI

KJnHa MBI OyZeM HabniogaTh mepe-

X0 OT OXHOHM CBeTJIOM II0JOCHI K ——r
,u;pyroi«‘l, T. €. CHCTEMY Yepenywimux- ...
Cf CBETJIBIX W TeMHBIX II0JIOC, mapat- #
JenbHbIX pebpy kaumHA (puc. 6.22).

Kamuaa CBeTJiadA I10J10Ca COOTBeTCT-

ByeT HOJIYBOJIHOBOfI IL1acTHHKe, 3Ha-

YUT B 9TUX MECTaX OPOHCXOAHT IIO- Puc. 6.22

BOPOT ILJIOCKOCTH Iospusanuy Ha 90°, m CBeT IPOXOAHUT 4depes
noaspusarop P’ (mo ycnosuio P'LP). Tlepexog k xakmomy cie-
OyIOIIeMy MAaKCHMYMYy COOTBETCTBYET H3MEHEHHIO OITHYeCKOH
pasHocT# xofa A = Ah(n, —n,) Ha OZHY AIUHY BOJHBL A. 3TO mHoO-
3BOJIAET JIETKO HAHUTH, HAIIPHMED, YyIoJI MEXAY 'PAHAMH KJIHHA.

p K P
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3a1v1e'mM, 4yTo B 6esioM cBeTe KapTHHa GYJIET BeCbMa KpﬂCO‘IHOﬁZ
OHa 6y,u;e’r COCTOATL N3 pa3HbIX OTTEHKOB, INEPUOAHUYECKH IIOBTO-
PAKIINUXCA B [IPOCTPAHCTBE BAOJbL KJHHA.

§ 6.6. HckyccTBeHHOE JBOMHOE JydenpeIoMJIeHHe

OOrIuHBIe NpO3pauHble TeJa, He 00jasarlnye IBOMHBIM Jyde-
pesioMJIeHWEM, TeM He MeHee IIPH OIpefe/leHHOM BO3JeHCTBUM Ha
HUX CTAHOBATCS AByIpejoMiaAmoinumu. PaccMorpuM ABa Hambosee
XapaKTePHBIX crocofa MOoJYYeHUA MCKYCCTBEHHOTO ABOMHOIO JIyte-
npejoMJIeHH .

Anusorponua npu gedopmannax. Ilpun ogJHOCTOPOHHEM CXKATHH
WM PACTAKeHUHU HampasleHue nedopManyl CTAHOBUTCS BBIfEJICH-
HBIM ¥ UTPAeT POJb ONTHYECKOH oCH. Tesio CTAHOBUTCA aHU30TPOIN-
HBIM Y JBYUPEJOMIAIOIIYM, PasHOCTh I0KasaTejeld IpeoMJIeHUs
KOTOpOTO
n, —n, =ko, (6.16)

]

roe ¢ — nanpsxenue ([Ia = H/m?), & — Kosddunment, saBucs-
¥ OT CBOMCTB BeIIleCTBA.

Hna mabiaiofeHnA TBOMHOIO Jyderpe-

P {k P JIOMJIEHNA HCCJIEZyeMoe TejI0 IOMellajoT

I ', ‘ MeXJy CKPEIeHHbIMHY NOJIAPU3aTOpaMu,

IL Iﬁ> IIJIOCKOCTH TIPONYCKAHUS KOTOPBIX CO-

| l crasaAlT yroia 45° ¢ mampasieHHEM [e-

ﬁ dopmanuu (puc. 6.23). Ecau resno umeer

BU/J IJIACTHHKY WX KyOHKa, TO IpX yBe-

JAYeHVN HANpPAXKeHUs HabnoJalnT yCcH-
neHue n ocnabieHne IPOIIeAINEr0o CBETA.

Ecnm »xe Teno ummeer BH KJAWHA WM JApyroil 6ojee CIOXKHOHK
dbopMEI, TO B IPOXOZAIEM cBeTe HabaionaeTca KapTUHa B BUAE CHC-
TeMbl TAK WJIM MHaye DACHOJIOKEHHBIX II0JOC C MaKCHMyMaMH H
MUHUMYMaMHK OCBeLIeHHOCTH. [IpM M3MeHEeHMM HaIpKeHUd Kap-
THHA MeHAETCH. OTUM IOJb3YIOTCA IPU MCCIEJOBAHUM pacipesee-
HUA HAIPSXKeHUH B CJIOKHBIX TeJaxX (KOHCTPYKIIUAX): M3TOTaBJH-
BAIOT TeOMeTPUYeCKH ToZ00HYI0 MOJEeIb U3 IIOAXOAAIEr0 IPo3pay-
HOr0 MaTepuajia, NOZBEPraiOT ee Harpyske H Io HabaojgaeMoi
MEXAY CKPeHieHHBIMM HOJIAPH3aTOPaMH KapTHHE CYAST O pacupe-
JeJeHUM BHYTPEHHNX HaIpAXKEeHWil. OTOT MeTOX 3Ha4YUTeJIbHO

Puc. 6.23
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yopouaeT BeChMa TPYAOEMKYIO paboTy 1o pacueTy HAIPAXKEHWH B
HOBEIX KOHCTPYKKUAX.

3amernM, uTO HeanodanoBas MIEHKA ABIACTCH ABYIPEIOMIIIIO-
meit. ITosnaTrIeHOBEIE Ke IIJICHKH CTAHOBATCA ABYIPEIOMIIAIOLIH-
M{ TOJBKO B Pe3yJbTaTe PaCTHXKEHHS. 9TO MO’KHO JIEFKO IIpOBe-
PUThH Ha OIbITE. —

AHH30TPONNA B 3JIEKTPHYECKOM I10JI€. BosnmcHOBeHne LBOMHOrO
JIyYenpeOMJIeHNS B XKUAKOCTH X B aMOP(}HBIX Tesjax II0/ BO3HEMCT-
BHEM 3JIEKTPHYECKOro nojia — agpexm Keppa — Hamien mmpoxoe
IpuMeHeHYe KaK B HayKe, TaKk M B TeXHHKE 9KCIEPHMEHTA.

P + P’

==t

e

Puc. 6.24

Cxema ycTaHOBKH AJda HabmomeHNa aToro sdhdekra noxkasana Ha
puc. 6.24. Mexxay AByMs CKpelleHHBIMH HoJspusaTropamu P u P’
nomelnaioT aveiixy Keppa — wucciefyeMylo >XKHIKOCTb MeXAy 00-
KJagKaMM KOHJeHcaTopa B KIOBETe.

IIpu co3maHuM aJIeKTPHUYECKOrO II0JA, HanpsaKeHHocTh E xKoro-
poro cocraBiaseT yroJa 45° ¢ MIOCKOCTAMH IPONYCKAHUS II0JIpU3a-
TOpPOB, Cpefia CTAHOBHUTCA OUTHUYECKH AHW30TPOIHOH, ABYIIPEIOM-
JAAOUIeH, ONTHYECKas OCh KOTOPOH COBHAJaeT ¢ HalpaBJIeHHEM
sekTopa E.

BosHuKamomaa pasHOCTh NOKasaTeJell NpeJOMJEHHA OOLIKHO-
BEHHOM ¥ HeOOBIKHOBEHHOM BOJIH OKa3blBaeTcA HIPH 3TOM pPaBHOH
CJIEAYIOIEMY BBHIParKeHUIO:

n,—n,=B\E’, (6.17)

rae A — AJIMHA BOJIHBI cBeTa, B — nocmoannasa Keppa®, umeroman
ocobeHHo Goibplmoe sHaueHHMe y HuTpobemsoma (2,2-107'° cm/B2).

* Hnsa GonplIMHECTEA BemecTs NoctosHAas Keppa B>0, T.e. n,>n,, 4TO COOTBETCTBY-
eT IOJIOXKHTeIbHOMY KpHucTalay. Ho ecTs u BemecTsa, y KoTophix B<0, t.e. n,<n,
(cmupT, 3THIIOBHIHA 3dup).
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Ha nyrtu [ B xoRgeHCATOPE MeXKAY OOBIKHOBEHHON M HEOOLIXHO-
BEHHOH BOJHAMHK BO3HHKAaeT pPasHoOCTL a3 & = 2nA/A, BN ¢ yIeToM
(6.17) Bripaykenve I O NPHHUMAET CIEAYIOUIMH BHI:

§=2nBIE®. (6.18)

H3meneHne HaAIIPpAXXKCHHOCTH E SJIEKTPHUYECKOTI'O IIOJIA IIPUBOOUT
K ocjaenoBaTeJIbHBIM IIDOCBET/IEHHAM M 3aTeMHEHUAM II0JA 3pe-
HUA.

IIpumep. fueiixy Keppa — xoHaencaTop ¢ HCCleAyeMOi KMAKOCTHIO (CM.
puc. 6.24) noMecTHIN MeXXKAY ABYMs [OJAPHU3ATOPAMH, ILJIOCKO-
CTH NPONYCKAaHMS KOTOPBIX IapaUleJbHBI M COCTABJSIOT YIroJj
45° ¢ HanpaB/IEHHEM 3JIEeKTDHUYECKOrO IIOJA B KOHAEHCaTope.
Hauna xoHaeHcaropa paBHa . Haigem nocrosaunymo Keppa B
JAHHOH KUAKOCTH, €CJIM MHHUMAJIbHOE 3HAYeHHEe HAIIPSMKEeHHO-
CTH 2JIEKTPHYECKOTO TIOJIA, IPH KOTOPOM CHCTEMa He IPOINYCKAaeT
cser, pasHo K.

IImockocTy MponycKaHuA NOJAPHU3aTOopoB P u P’ mapaslyieNbHEI,
3HAYUT NpPH SJaHHOM E KHJKOCTH B KOHJAEHCATODE HOJKHA GBITH
naactuuEKoi B A/2. IloatoMy cormacuo (6.9) u (6.17) MoxkHO 3a-
TUCATH:

l- BLE® =m)/2,
rpe sHayeHuo E = E coorercTByer m = 1. Orcrofa Haxonum:
1
2E;

]

dddext Keppa o6bACHAETCA TE€M, YTO IPH BKJIIOUEHUY JIEKTPHU-
YeCKOro IIOJIs MPOHCXOJUT HOJAPHIANUA MOJIEKYJ TOTO K€ HHTPO-
6eH30JIa ¥ UX BHICTPAMBAHHE IO IOJI0. ITO U CO3HAET aHUBOTPOIHUIO
BellleCTBa C NPEMMYILECTBEHHLIM HAIpPaBJEHHEM — ONMUYECKOll
0CbH0 — BJOJIb 3JIEKTPUYECKOTO IIOJIA.

HanbGosee BakHOM ocobeHHOCTBHIO 2dexTa Keppa, obyciosin-
BaloIl[eil ero MIMPOKOe IIPUMeHeH e, IBJIAETCA BeCbMa Majlas HHep-
nuoHHocTh (mo 10712 c!). D10, B yacTHOCTH, IIO3BOJIAET OCYLIECT-
BUTh IPaKTHYeCKH Oe3MHepLHMOHHbIH ONTHYeCKu# 3aTBOp, C IOMO-
OII0 KOTOPOro M3y4aloT BeCchbMa GBICTPO IPOTEKAIOLUe IPOIeCCHI.
Takoii 3aTBOp ImpeAcTaBiIAeT COGOM 110 CYIECTBY «JIYIy BpeMEHH».
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Kpowme Toro, gasnsiil addeKT NCIONB3yIOT AJIA CO3LAHUA CBEPX-
KOPOTKMX CBETOBHIX MMHYJIbCOB, UTO IO3BOJAET ONpPeAessThb, Ha-
IpuMep, CKOpPOCTh cBera Ha 6ase naGoparopsHoro crosna (~ 3 ml).
9roT addeKT WCNONBIYIOT LA YIPaBICHUS PeKUMOM paboTsl jase-
pOB C LeJbl0 IOJIYYeHHA CBEPXKODOTKHX WMIIYJIbCOB OTDOMHOM
MOIIHOCTH ¥ BO MHOTHX APYrHX BeCbMa TOHKMX (HUIMYECKHX BKC-
IIePHMEHTAaX.

Wsmenenme OnNTHYECKHMX CBOMCTB KpUCMAAAG TOA AelcTBUEM
BHEIIHEro 3JeKTPUYECKOro IIOJIA HA3LIBAIOT 31EKMPOONIMULecKuMm
appexmom [Toxkenvca. B orauune or addexra Keppa, xsagparunu-
Horo no E, sagpdexr Ilokkesnnca saBucutr auneitko or E. Ilpaktuye-
cKN 0e3MHEePIMOHHOCTL M KaHHOTO 3¢eKTa MO3BOJIRET MCIOJIbL3O-
BaTh ero A1 CO3LaHHA ObICTPOREHCTBYIOIMX ONTHYECKHUX 3aTBO-
POB M BBICOKOYACTOTHHIX MONYJIATOPOB CBeTa (C IIOMOIIBLIO TaK
Ha3bIBAeMbIX IIACTHHOK Kpucraniaa KDP).

§ 6.7. Bpanieane HanpaBJieHUsS JIMHEHHOH
MOJIAPU3ALMU

EcrecTRenHoe Bpaimenne. MHOTHe BelllecTBa, Ha3pIBaeMbIe ONMu-
YecKu aKmuéHuimu, 006JagaroT CHOCOOHOCTHIC IIOBODAYMBATHL Ha-
NpaBJIeHHe IOJAPHBAINK IPOXOAALIETO UYepes HUX JIMHEHAHO-TIOMNA-
PU30BaHHOTO CBeTa. JTO KPHUCTAJIMYEeCKHe Tejia (KBapll ¥ Ap.), YHC-
THIE XKULKOCTH (CKMIINAAp, HUKOTHH M Jp.) H PacTBOPHI ONITHYECKH
aKTHBHBIX BEINECTB B HEAKTHUBHBIX pacTBOpPUTeNax (BOXHBIE PacTBO-
pbl caxapa, BMHHOH KMCJIOTHL U AD.).

Ecyz Ha OITHYECKH aKTHBHOE BeleCTBO NafaeT IJIOCKOIIONADH-
30BaHHBIN CBeT, TO IpOoIIeSIINI Uepe3 HEero CBeT OKa3blBaeTCA TOXKe
IJIOCKONOJIAPA30BAHHLIM: IIOBODOTOM AaHAJM3aTOPA €Ero MOXKHO
MIOJHOCTHIO IIOTAaCHTh M YCTAHOBUTHL IIPH 3TOM YroJ ( IIOBOpOTa
TJIOCKOCTH NOJAPH3aLMHU.

B xaudecTBe mpuMepa BO3bMeM KBapLeBYIO IacTHMHKY K, BbIpe-
3aHHYIO IEePHEeHANKYJAAPHO ONTHYEeCKOH P P
OCH, H IIOMECTHM ee MeXAY ABYMs CKpe-
WeHHLIMH nojapusatopamum P n P’ l
(puc. 6.25). Cucrema O6ygeT nponyckars I
ceeT (wero He OpLIO OBI B OTCYTCTBUE
naactnaku K). IloBepuys ananmsaTop Pnc. 6.25
P’ na HexoTODBIX yroj ¢, ofHapy’kvBaeM, UTO CHCTEMa IepecTania
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[ponycKaTh CBeT. ITO O3HAYAET, YTO B Kpucrasne BekTop E mosep-
HYJICA Ha TOT JKe YroJl ¥ OKa3aJICA NepeleHANKYIAPHBIM IIJIOCKOCTH
[IpONyCKaHHUA aHanmsatopa P'.

OILIT 110KA3bIBAET, YTO BCe ONTHMYECKM AKTHBHBbIE BellleCTBa IO-
BOPAYMBAIOT IJIOCKOCTh MOJAPHU3AIMH NAJAIOLIEr0 Ha HUX CBeTa Ha
yroJa

i

¢ =ol, (6.19)

rae | — TOJIHMHA ONTHYECKH AKTHBHOIO CJIOS, O — NOCMOAHHAA
épauwjeHus. JTa MOCTOAHHAS MMeeT DA3JIMYHOe 3HadeHMe AJd pas-
HBIX Bell[eCTB B, KPOMe TOr0, CHJIBHO 3aBKHCHT OT AJIMHB]I BOJIHBI CBe-
Ta. Tak BnA KBapIeBOH IJIACTMHKHU TOJIIIMHON B 1 MM yIJIBI IOBODO-
Ta JKeIToro U (huoJIeTOBOrO CBeTa paBHEI cooTBeTcTBeHHO 20° 1 50°.
B yasTpadmosere eine Gonbuie: opu A = 215 HM yroa ¢ = 236°. Ta-
KHM 00pa3oM, HOBOPOT IJIOCKOCTM IIOJISIPU3AIfU CBETa KBAPIEM —
9TO CHJAbLHBIX 3 (eKT, H ero MOKHO JIeTKO OOHApY KHUTb.

B 3aBHCHMOCTH OT HallpaBJIeHHA BPAILEHUA IIJIOCKOCTH IIOJIADHU-
3aIMy, ONTHUYECKH aKTHUBHbIE BeLIeCTBa IIOAPasiesdIoT Ha npaégo- 1
negogépaujaowe, T. €. Bpalulaloie no HJIU npomué YacoBOil
CTpeJIKH, €CJH CMOTPeTh Haécmpeiy CBETOBOMY IYYKY.

3aMeTHM, YTO BCe ONTHYECKM AKTHBHBIE BEIUECTBA CYL[ECTBYIOT
B ABYX PasHOBHAHOCTAX — IIpaBO- M JIEBOBDAIljaloIHe.

BpamarespbHas ciocoOHOCTH KBaplia CBA3aHA C €0 KPHCTaJLIU-
YeCKOH CTPYKTYpO#, TaK KaK ILIaBJeHHBIH KBapl He obiazaeT oIl-
THYECKOM aKTHBHOCTHIO. JIJId OIITHYECKH K€ aKTUBHBIX KUAKOCTEN
u aMopdhHBIX Tes addexT BpamieHHMs OOYCJIOBJEH acHMMeTpHYe-
CKMM CTPO€HHEM CaMHX MOJIEKYVJI.

OneIT NOKAa3bIBAET, YTO IPH M3MEeHEHWH HaIlpaBjeHUA Pacipo-
CTPaHEHHWA CBeTa Ha IPOTHBOIIOJIOIKHOE
TIOBOPOT IIJIOCKOCTH IIOJIAPHU3ALH IIPOHC-
xoguT B obpaTHyI0o cTOpoHy (puc. 6.26).
Opyrumm cioBamMH, HallpaBJieHHe Bpalie-
HudA (IpaBoe NJIM JIeBO€) «IPUBAIAHO» K
HanpasJieHH0 Jyda. I10aTOMy IpH NPOXOKAEHUH CBETA CKBO3b aK-
THBHYIO Cpefy, OTPa’KeHUH ero OT 3ePKaJa ¥ BTOPHUYHOI'O IIPOXOK-
JeHUA Yepe3 Ty »Ke cpefy Ha3asl HanpaBJIeHHe JIMHEHHON IIoJIspu3a-
LIHH BOCCTAHABJIMBAETCH.

HsmepeHne yrjia IMOBOPOTA IJIOCKOCTH MOJISPHU3ALHAH JIEKUT B
OCHOBE METOJOB OIIpefesIeHWsS KOHIEHTPALMM OINTHYECKH AKTHB-

Puc. 6.26
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HBIX BEIECTB. JTHUM INOABL3YIOTCA, B YaCTHOCTH, [IJd OmpejeseHus
KOHI[EHTPaLH caxapa B IPOM3BOLCTBEHHLIX pacTBOpax 1 6HOJIOru-
yecKUX o0bekTax (KpoBb, MOUa).

MarnauTtsoe spanjenne. Crioco6HOCTb IIOBOPaYMBATh IIOCKOCTE IIO-
JIApU3anyMK npuobpeTaloT Aarke ONTHYECKU HEAaKTHBHBIE BelllecTBa,
ec/I MX IIOMECTHTb B IIDOJOJIbHOE MarHuTHoe moJe (agpgpexm Papa-
Oesa). CxeMa ycTaHOBKM AJ1A Hab/ogeHuss 3Toro 3¢hdeKTa COCTOUT U3
COJIEHOMJA C MCCIeIYEMBIM BeIECTBOM, KOTODBIM IOMEIleH MeKAY
ABYMs CKpellleHHbIMH mossapusaropamu P u P'. CosgaHre MArHHTHO-
ro HoJisi NPUBOANT K IIPOCBETJIEHHNIO NOJIst 3peHus. IloBoporom mwroc-
KOCTH IPONYyCKaHMA aHaiusaTopa P’ mobuBaroTca 3aTeMHEHHs, M Ta-
KM 06pa3soM HAXOZAT YIoJl IIOBOPOTa IIJIOCKOCTH IIOJAPH3AI[HH:

¢ =VIB, (6.20)

rae V — nocmosunas Bepde (win maznumnas epaw,amensvHas cno-
cobrocme), | — ANAMHA IYTH CBETA B BellleCTBe, B — MarHuTHAA HUH-
ayknua’. IToctosuras Bep/e 3aBUCHT OT POJA BEI|ECTBA, ero Gu3H-
YeCKOT0 COCTOSHMS ¥ AJMHBI BOJHLI cBeTa. IlpuBeneM 3HadeHus
3TOH MOCTOAHHOM AJNA ABYX BelIeCTB IIPY PasHBIX IJAWHAX BOJH:

} BemecTso Z V, yra. rpaa/(m-mTor)

| | 656 um 589 M 486 uM
" Boma 0,17 0,22 0,33

| Cepoyraepon 0,53 0,69 1,11

Hanpagpsenne BpallleHuSA CBA3AHO TOJIbKO ¢ HalpaBJIeHHEM Mar-
HuTHOro nojA B. Or nmampaBieHus Jy4ya HampaBJeHUe BpAIleHUs
He 3aBuCcUT. [103TOMY IPH OTPAXKEHHUHN JIYUa 3ePKAJIOM U BO3Bpare-
HUH €r0 B HCXOAHYIO TOYKY IIOBOPOT IIJIOCKOCTH HOJAPU3ALUH Vi~
BauBaeTcA (B OTJIMYHE OT €CTECTBEeHHOTO BpaIUeHUA). ITO CBOMCTBO
[103BOJIAET YBEJMYUTh YIroJ HOBOPOTa VAJIMHEHUEM IIYTH CBeTa B 06-
pasile 34 CYeT MHOTOKPATHBIX OTPaKEHWH OT mocepeGpeHHBIX IO-
BepxHocTel obpasna.

* Yacto popmyay (6.20) sanuceiBaior uHave: ¢ = VIH, rpe H — HanpaXeHHOCTH
MarHHTHOro IoJA, 9, ¥ pa3MepHOCTb mocTOoAHHOH Bepme V' B yria. mus/(cM - 3).
Torga, HanpuMep, Ajad Bogsl npu A = 589 um V = 0,013 yrua. mun/(cM - 3). Cpas-
HHUTe ¢ TabJMYHBEIM 3HAYeHHeM Ha 9TOoil cTpaHHle.
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3max BpaIlleHUA YCJIOBHO CYMTAIOT, €CJIM CMOTPEeTh 800/b MAar-
HUTHOIO HoJdA (BAoJb BekTopa B). [lna nogasasiouiero 60JbIIHHCT-
Ba BelECTB BpallleHHe IPONUCXOAUT 6npaso (T. e. npaeviii 6uHm oT-
HOCHTEeNbHO BekTopa B). Takme BelllecTBA HASLIBAIOT NOAONCUINELD-
Huimu. BeTpeualoTca OLHAKO M OmMpuUyamendbHble BellecTBa,
BpaltaoIiye BJaeBo (T. €. JIeBbIH BUHT OTHOCUTEJIbHO BeKTopa B).

IIpumep. V3knil ny4ok NIIOCKONOJASPU3OBAHHOIO CBETAa IIPOXOAHUT, ABY-
KPaTHO OTpa’kascCh, 4Yepe3 INPABO-BPAILlAIOIee IIOJOKHTEIbHOE
BElIeCTBO, HAaXOAAIIeeCad B IPOACJBHOM MATHMTHOM I10J1€
(puc. 6.27). Haiigem yros, Ha KOTOPbIH NOBEPHETCA ILIOCKOCTH
NONAPU3ALINY BHIHIEAIEro IIYYKa, eCJH LIHHA TPYOKH C BelecT-
BOM paBHa [, ero mocTOSHHAA BpallleHUs o, MOCTOsiHHAaA Bepae V
¥ HHAYKLIUA MATHUTHOrO mojasa B.

B

Puc. 6.27

Ecnu cMOTpeTs HaBCTpedy BHIINEAIIEMY NYUYKY K HOJOKHATEIbHOE
HampaBJIeHHE OTCUHUTBIBATH [I0 HaCOBOM CTPEJKEe, TO €CTECTBEeHHOe
BpallleHHe AaeT yroJ IoBopoTa @, = al > 0, MoCKONBKY BerecT-
BO npasosepawjawujee. MarHUTHOe JKe BpalleHue (BeUIecTBO NoJo-
JdcumenvHoe) JaeT yroJ nosopora ¢z = -VIB- N, rae N — uucio
MPOXOXKASHUN nyuka 4depe3 BemecTBO (Ha pucynxe N = 3). B
cyMMe yTroJi IIOBOPOTa

¢ =al ~VIBN.

Tor dakT, 9ro HampaBieHHe Bpalle-
HUA B MAarHUTHOM I10Jie CBA3aHO TOJBLKO C
HanpaBjeHMeM BeKTopa B, mnossosser
OCYLeCTBUTHh TaK HA3BIBAEMBIH onmuvye-
CKulL 6eHMub, KOTODBIH cmocobeH Ipo-
IIYCKAaTh CBET TOJBKO B OJHOM HalpasJie-
Hun. CkasaHHoe IoscHAer puc. 6.28.
Caer, mpollefmIHi IIOCIe NOJApPH3ATOpPa

Puc. 6.28 P marmuTHOE 10JI€, NOBOPAYHBAET IIJIOC-
KOCTB HOJSPU3alHX Ha ¢ = 45° 1 IPOXORHUT Yepes noaspusarop P'.
A o6paTHo, Tpoiizd P’ ¥ MOBEPHYBINKCH B TY K€ CTOPOHY Ha @, OKa-
3pIBaeTCA 3aJepKaHHBIM IHoaApusaTopoM P.
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Manas uHepnuoHHOCTL 3bderTa Papanea (~ 1079 ¢) mossonseT

HCIIOJB30BaTh €ro OgjJs MOAYJAAIIHM CBeTa, AJAA CO3MaHUsA OITHYEe-
CKOIr'o 3aTBOpa U T. II.

6.1.

6.2,

3agaun

3akon Mamoca. JInHeAHO-HOJAPH3OBAKHEIA CBETOBOM HYYOK [ajaeT
Ha [OJAPH3aTOP, NJIOCKOCTh IMPONYCKAHMA KOTOPOI'O BpaillaeTcd BO-
KPYr OCH IY4YKa C YIJIOBOK CKOPOCTbIO . HaliTH CBeTOBYIO 3HEPIrHIO
W, npoxopAuiyio udeped NONSAPH3ATOP 3a oguH ofoOpoT, €cau HOTOK
9HEeprHM B NajapolneM Iy4yke paBeH O,.

2
P e m e v u e. Cornacuo saxkony Mamoca @ = @ cos” wt. Torga sxep-

THIO0, IPOXOAAIYIO Yepes3 IoJAAPU3aTop 3a oAuH 060poT, T. €. 3a NMepH-
o T =2n/w, oupefeauM CAEAYIOIIXM BHIpaKeHHeM:

T @ 2x
W = IQO cos’ot dt = =% jcosz(p do.
0 © 4§

3xecs BBegeHO obosHaveHme @ = wi. ViMea B Bugy, 4To
2z
jcosz(p do = <cos’p> - 2n = 7,
0

nonyuum B pesynbrate W = nd, /0.

Crenens nonapmsanun. Ha nyTH 9acTHYHO-IIONSAPHU3OBAHHOIO CBeTa
NOMECTHJIHN NoJsipu3aTop. IIpK 1oBOpPOTE MIIOCKOCTH NPONYCKAHMS 110-
NAPHA3ATOPA U3 IIOJOMEHUA, COOTBETCTBYIOIIEr0o MAKCHMYMY IIPOIIYyC-
KaHWA, Ha yroJl (¢ HHTEHCHBHOCTH IIPOLIEAUIET0 CBETA YMeHbIIN/IACh B
1 pas. HallTu cremens IOJSpPHU3aLHM NAJAIOLIErO CBETA.

P e 1 e H u e. IIpeagcTaBuM YaCTHYHO-IOJISPU3OBAHHEIN CBET KaK CyM-

MY ecTeCTBEHHOIO M HoJasApusoBanHoro (cm. puc, 6.2). Torga crenens
TIONSAPHU3AIHMHA ITOTO CBETa

po-tn __ 1 1)
I.+1, 1+1/I,

rpe I, m I, — WHTEHCHBHOCTH €CTECTBEHHOH M NOJNAPHM3OBAHHOM cO-
crapaaomux. Hafinem ornomenue I,/[,. CorjacHo yCJIOBHIO ¥ 3aKO-
Hy Masnioca

_ I.+1,/2
I cos®o+1,/2 )
Otcroona
I/I, =2(1-ncos’e)/(n-1).
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6.3

6.4.

Ilocne nmoxcTaHOBKK mOCJeRHEro Bhipa)keHUs B (1) monyumm:

B n-1 _ n—-1
1+n(@-2cos’p) 1-mcos2e '

EcTecTBeHHH# CBeT HaZaeT 04 HEKOTODBIM YIJIOM Ha HOBEPXHOCTh
IIPO3PAuHOre AH3JeKTpUKA. IIpH 3TOM p-4acTh CBETOBOTO IIOTOKA OT-
pakaeTcs, nMesi cTeneHs nonapusanuu P'. HaliTy creneHp noaspusa-
LUK IIpeJIOMJIeHHOr'o cBera, P”.

P e m e H u e. Ilo onpeaenernuso,

Qe =Pl _ PP

mMake

pD, PP,

P’ 1)

rae @, — nagaromuit motok, O u <D|'| — CBETOBBIE ITOTOKH, ILJIOCKOCTH
MOJIIPU3AIMH KOTODBIX IIepeneHJUKYAAPHA W IapajjeibHa IIJIOCKO-
CTH IafeHUs, IpUYeM ACHO, 4TO | > CDI’I (puc. 6.29, rge ToukaMu H
@, p YepTOYKaMU IIOKA3aHbl IPEUMYIIeCTBEH-
\//7)' Hble Hampas/jeHns KoJebanuil cBeToBOTO
Bextopa E). Cnegyer oOparuts BHHUMA-
HHe Ha TO, YTO B CJy4Yae OTPaKeHHSA He
urpaeTr poiy, 6paTh UHTEHCHMBHOCTb MK
e IIOTOK, IIOCKOJIBKY IINOINAAM IIOIleped-
HBIX CEUeHHI [IaJalollero ¥ 3epKajbHO
OTPAYKEHHOrO IYyYKOB OLUHAKOBHI (B OT-

Pue. 6.29 JINYKE OT IPEJIOMJIEHHOTO My4Ka).

3anuieM TelepPh BhIPpaXXKeHHne XA CTeleHH IIOJNAPHN3alu [IpeJIOMJIeH-
HOT'O ny4dkKa:

@ @,/2-D)) - (@,/2-D) D~
D, -pd, 1 -p)o, 1 -p)®,

"o_

(2)

Pemus coBmectHO ypaBHeHusa (1) u (2), momyumm:

PN = p Pl
1-p
Koadpdunuent orpaxennd. Onpemenurs ¢ nomouipio dopmyn (6.4)
K02(pbUIINEHT OTPAXKEHUA eCTeCTBEHHOIO CBeTa IPY HOPMAaJIbHOM Ia-
JeHUM HA HNOBEPXHOCTh IIPO3PAYHOro AMAJIEKTPUKA C IIOKA3aTesieM
NpeJIOMJIeHus N.
Pemen ue Iloonpegenesno, Ko3QPUIUEHT OTPAXKEHHAA
! I
_ I[+ 1

I+ 1 ) (1)
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6.5.

Tenepp yurem, uro I, + I = [, — MHTEHCHBHOCTh NAAAOINEr0 CBETA,
npuueM I, = Ill = 1,/2, Tak Kak Majgalmolquil cBeT ecTrecTBeHHbIA. [103-
Tomy Gopmyay (1) MOKHO 3aIHCaTh TaK:
I, I
p=—+—01
21, 2I @

IlepenumeM 3T0 COOTHOILIEHHE ¢ IoMouibio dopmya (6.4) B ciaenyro-
eM BUJE

1
p=50rpy) =

1sin’(9,-8,)  te*(9,~9,)
2| sin®(9, + 9,) tg*(9, + 9,) .

IIpn Maneix 3sHaYeHUAX 3 BHIPaKEeHHUA B KBaAPATHHIX CKOOKax ympo-

aTCA:
p=l (91"32)2+(91_92)2 =(‘91’92 ’ 3
2(8,+9,)° (9, +89,)° 9, +9, 3

Ocraercs y4ecTh 3aK0H NPeJOMJIEHUA: IPH MaNbIX § MMeeM $, = nS,.

IoacranoBKa aroro paseHcTBa B (3) IPUBOAKUT K OKOHYATEILHOMY pe-

3yJIBTATY:
o= n-1 :
n+l)’

JTOT pe3yJbTAT NOJHOCTHIO coBHajaeT ¢ ¢opmynoit (3.12).

Haittu ¢ nomompio cootHoweHUN (6.4) x0oabPUIMEHT OTPAIKEHUNA P
€CTeCTBeHHOro CBeTa, MaJalollero Ioji yrjioM Bprocrepa Ha mpoapad-
HBIA AMIJIEKTPHK C TOKAa3aTejeM IIpeJIOMJeHus n.

Pemenne. Ilycts 8, u 8, — yrist nafeHns u npesioMJIeHHA. 34ech
8, = 85,, 3Hauur 9, + 9, = /2 u B (6.4) oTANYHO OT Hys1A GyAET TOND-
ko p,. [Tagaromnit cBeT ecTeCTBEHHBIN, 3TO 3HAYHAT, uTO y Hero [, = [ W
ul, =1,/2, rpe I, — HHTEHCHBHOCTD ajaliiero ceera. MICKOMBIH Ko-

ap UL EeHT
I, 2I, 2 ' 1)
B nmamem cnydae sin(3, + 3;) = 1, nostomy

p,=sin’(9, - 9,). 2)
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6.6.

6.7,

IIpeoGpasyem (2) Tax, uroOnl npeAcTaBuTh ero 4epesd tg$,, KoTopsii
IO YCJIOBHIO paBeH n. PasHOCTh yrioB B CKOOKAX ¢ y4eTOM TOIQ, 4TO
8, + 9, = n/2, sanumem Tak:

3,-8, =9,~(n/2 - 8,) =29,-n/2. 3)
Toraa BripakeHne (2) MOXKHO npeofpasopaTh CIeAYIOIIHM 06pas3oM:

sin®(8, - 8,) = sin®(29, ~ 1/2) = cos’29, = (cos’Y, - 5in’Y,)* =
2
1

=(1-2sin®3,) =j1-2————| .
) 1+1tg?9, 4

3amenns B (4) tg9, uepes n, u yunreBas (2), IpeACTaABUM HCKOMOE P,
T. e. (1), B OKOHYaTeJIbHOM BHJE:

2
1(n®-1

p:_
2{n*+1

(5)
HanmomupM, p — 3TO Ta A0/ HaJaloOlIero cpeTa, KOTOpasA IIpM OTpa-
JKeHUM noj yriom BpiocTepa mpespalijaeTcs B HOJHOCTBIO IIJIOCKOIIO-
JIApA30OBAHHBIH CBeT.

IInacTHAKa B 4eTBePTHh BOJHBI. KBapueBas IJJaCTHUHKA, BhIpe3aHHAA
napajijieJbHO ONTHYeCKoH ocu, umeer Toamuuy b = 0,25 MM u cay-
JKHUT IUIACTMHKOM B YeTBeDPTh BOJIHBI JJIA CBeTa C JAJIMHOH BOJHBI A =
= 0,53 MkM. s KaKKX ellle JJUH BOJAH B 06J1aCTH BUAMMOrO CIIeKTpa
oHa 6ygeT Takke maacTHHKOM A/4? CunuTaTh AJA HPOCTOTHI, YTO AJIA
BCeX AJIMH BOJIH BHAMMOrO CIeKTpa n, —n, = 0,9~10’2.

P e w e H u e. [{na nnacrunky /4 cornacHo (6.8) h(n, —n,) = mA/4, tne
m — Heuernsle umcaa (1, 3, 5,...). Orcoga

4h(n,-n)) 9
=t 9 = MKM.
m m

A

Ilocse moacTaHOBKH B 9TO BhIpaskeHHe (rof00poM) HedeTHBIX 3Hade-
HUM m, COOTBETCTBYIOLIMX AJMHAM BOJH B BUJMMOM ANanasoHe CIOeK-
Tpa, MOJYYHM:

m = 13 15 17 19 21
A, mgm = 0,69 0,60 0,53 0,47 0,43

CBeT IIpOXOAUT Yepe3d CUCTEMY U3 ABYX CKPEIIeHHBIX MOJAPH3ATODPOB,
MEKIY KOTOPBIMH PACHOJICKeHA KBaplleBad IIacTHHKA. Ee ontuue-
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6.8

CKasl OCh COCTABAAET YToJ 45° ¢ IJIOCKOCTAMM MPONYCKAHUSA NOJAPH-
3aTopoB. [IpK Kaxoil MHUHMMAaJIbHOH TOJIIIMEE NJIACTHHKH CBEeT C JJIH-
HO¥ BosIHBI A, = 643 HM GYAeT IPOXOAHUTb CKBO3b 3Ty CHCTEMY C MaK-
CHMAaJbHONM MHTEHCHBHOCTBIO, & CBeT ¢ A, = 564 HM Oyner mpakTHue-
CKHM 3afiep»XaH, eclH AJasa obeumx NAMH BOJH n, —n, = 0,0090 ?

P eme nue. Cornacuo (6.9) h = mA/2(n,-n,). Jna MmakcuMyMa mnpo-
IyCKAHMA 5Ta IJIACTHHKa JO/DKHA ObITh ILIACTHMHKOHR A/2, T. e. m,
JOKHO ObITh HEYeTHBIM, A AJIA MHHHMYMa — IUIACTHHKOH B LIEJIYIO
BOJIHY, T. €. M, JOJKHO OBITH 9eTHBIM. VI3 mpuBefeHHOH hOPMYJIBI
ciegyer, 4To myA, = myh,. OTcroga

m g4,

m A,
ITonyuensoe sHauenue 1,14 Hajo npefCTABUTh KAk OTHOIIEHHME Hau-
MeHBIINX SHauYeHHI YeTHOro 4Mcia m, K HeueTHOMY m,. Jlerko ybenu-
ThCA (Hanpumep, moxbopom), uro sTo byayr8 m 7, T.e. m,=8um,=1T7.
Bosepamascs x mepso#t dopmyne, HaxomHM

Ry = _mh 0,25 Mm.
2(n, - ny)

EctecTBeHHOEe BpallleHMe INUIOCKOCTH IOXApH3anuu. EcTecTBeHHBIH
MOHOXPOMATHYECKHI CBET IafiaeT Ha CHCTEMY U3 ABYX CKpeLIeHHBIX
TIOJAAPU3ATOPOB, MEMAY KOTODHIMM HaXOZUTCHA KBaplieBasi NJIacTHUHKA,
BhIPE3aHHAA NEPHeHAUKYALPHO onTHYecKo# ocu. [locTosiHKasn Bpane-
HUA ONACTUHKH AAA SaHHOM AAMHEI BONHB! paBHa o. [Ipu xaxoit Mu-
HUMAJbHON TOJNIIMHE IUIACTUHKHM BCA cHcTeMa OyJgeT IpOIYCKaTh
N-4acTh MHTEHCHBHOCTHM CBeTa, Iajalollero Ha Hee?

Pemesnue. OG03HAYMM IIJIOCKOCTH HnPO- P
NYCKAHUS IONAPH3ATOPOR uepes P u P’
(puc. 6.30). Ilocne nepBoro moaapuaaTopa
P VHTEHCHBHOCTL CBeTa CTaHeT paBHOH E
1,/2, rge I, — MHTEHCHBHOCTD NMafai0lero (0]

cseta. ILn0CcKOCTD NONAPH3ALHY 3TOTO CBE-
Ta IUIACTUHKA [IOBEPHET Ha yroJ ¢ = ok, Esing
h — TOMIUHA ILIACTHHKH.

Yepes nmonapusatop P’ nmpoitner (mo Mamso- Puc. 6.30
cy), KaK BHAHO M3 DHCYHKA, (10/2)sin2<p.
3Ha4YHT, MBI MMeeM

22
n=do/2sine 1 a0 )
I, 2
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6.9

Mogyas npoekiny BekTopa E Ha IJIOCKOCTE NPONYCKAHUA OJIspPHU3a-
Topa P’, paBHBIiX |E sin (p|, MO)KeT ObITH IPM MHOIMX 3Ha4YeHHAX yrJja
¢, a 3HAYUT IIPY MHOI'¥MX 3HAYEHMAX M A — TOJIMHBI IIACTUHKH.
Hac unTepecyer mMunumaavHas TONMHA, obecleduBamINas YKas3aH-
HOe ycJioBHe. OTa TOJIIMHA AO/KHA COOTBETCTBOBATH MHHUMAJILHOMY
3HAYEHHUIO @, , T. €. JOJKHO BHIIIOJIHATHCH yCJAOBHE @, < 1/2. 3Ha-
4HT,

o (2)
Ll L
IloacraBue aTo suauvenue ¢ B (1), moayumm

Ry = 1 acrsiny2mn.
o

B saxaioyeHue, mojIe3HO yOeQUTHCSA B TOM, YTO €CJH GBI B YCJIOBHH 3a-
Ja4di He ObLIO TpeGoBaHMA O HAXOXKAEHUM MUHUMAAbHOU TOJIIIHAHBI
IJIACTUHKHY, TO YIoJ (¢, YROBJIETBODSIOIIUY IPONYCKARUIO Y)-4YacTH CBe-
Ta, OBLI Obl HEOAHO3HAYHEIM, a CJICAOBATEJbLHO HEOAHOIHAYHON AOJIKHA
6n11a 651 6bITH M TONIMHA MJIACTHHKY. He TPyAHO NPOBEPHUTHL ¢ IIOMO-
b0 puc. 6.30, uTo Bo3MoXKHEIE 3HaUeHud ¢ GbUIH GBI ceyOIIMe:

QP T UL,
T[(m"'l)_(P.mm rge m = 0) 1) 2)"-

OdderT Keppa. fAueitky Keppa noMecTHIN MeXAY ABYMSA CKpPELieH-
HBIMH [OJIIPU3ATOPAMHK TaK, UTO HallpaBjeHHEe HaNpsi>KeHHocTH E
3JeKTPHYEHCKOTO MoJaA 06pas3oBasio yroa 45° ¢ IJIOCKOCTAMH IIPO-
nyckanus noaspusatropos. KoHgencarop umeer gauny | = 10,0 cm
u 3amojuHeH HurpobGeHsdosom. Ha cucremy unajgaer cBeT ¢ AJIMHONK
BoaHsI A = 0,560 mxm. Vimes B BUAy, 4TO B 9THX YCIOBHAX [IOCTOAHHAS
Keppa B = 2,2:16™"° cm/B?, onpeaennts:

a) MUHKMAaJbHYI0 HAIPAXKEHHOCTh E 3JIEeKTPHYECKOro I0JIA B KOHOEH-
caTope, IIp¥ KOTOPOH MHTEHCHMBHOCTBH CBeTa, IIPOIIEAIIEr0 yeped aTy
cucTeMy, He OymeT 3aBHCeTh OT MOBOPOTa 3aJHEr0 IOJAPHU3ATOPA;
6) 4ucao IpephIBaHMII CBETA €KEeCeKYHAHO, ecly Ha KOHAEHCATOp IIo-
AaTh CHHYCONJAJIbHOE HanpaKeHue ¢ yactroToit v = 10 MI'n u ammin-
TYZHBIM 3HaYeHueM HanpspkeHHoctH E = 50 kB/cm.

Pe e une. a) Jlerko coo0pasuTh, 4YT0O HHTEHCUBHOCTD IIPOIIEALIETO

cBeTa He 6yAeT 3aBHCeThb OT MOBOPOTA 3aJHEro MOJAPU3ATOPA TONLKO B
TOM CJy4ae, eCJI¥ CBET NOJIAPHU30BAH IO KPYTry, T. €. HUTPoGeH30J1 Be-

meT cefs B 9TOM cJydae KakK IUIacTHHKAa A/4. 9TO 3HAYHT, YTO COrJac-
Ho (6.8) u (6.17)

1. BAE? = mi/4,
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rge m — HedeTHOe, ¥ II0 ycaoBuio (E ZOJ/I’KHO GBITh MHHHMAJILHBIM)
m = 1. Orcopa

1 =10,6 kB/cm.

E
MHH 2 \/{E

6) CrauaJsia HafileM 4¥CJIO NPephIBaHUH
3a BpeMsd, B TeyeHMe Kotoporo E Bo3pa-
craer (puc. 6.31). s yciaoBus

IBAE. =m,, A

MaKC

© =0 Wik O I
b

Haiigem m,,, .. Cipasa B 9T0#1 (opmyne
3allMCaHO Ies0e 4HCJI0 LJWUH BOJH, IIO-
CKOJIBKY IIOJADH3aTOPhl CKPEleHBbl, U
B 3TOM cJy4ae IPH LEJbIX 3HAYEHHAX
m uHTeHCHuBHOCTb I = 0 corsiacHO Tab- Puec. 6.31

nuue (6.15). Y3 nocinengHero paBeHCTBa
1ocje IOACTAaHOBKM YHUCJAOBBIX SHAYEHUH HAXOAMM

mmnxc = [5’5] = 5'

KBazpaTHble CKOOKH 03HA4alT, YTO cjaeayeT 6paTh Iiejioe YHCIO OT

II0JIYYeHHOro 3HadyeHHA. 3a nepuon T Takux npepbiBaHU# Oyzer (cm.
puc. 6.31)

N=4m,,. + 2 =22,

MaKc

e ABOMKA COOTBETCTBYET TOMY, uTo Ipu E = 0 crctema ToXke He 1Ipo-
IIyCKaeT CBeT, & TaKHX NpephIBaHUM 3a repuox Oyjer Asa.

Yucno npepnisaHuil 3a 1 ¢
N =Ny=22-10%".

6.10. MarantHOoe Bpamienne. HexoTpoe BellecTBO IOMECTUAHM B IPOXOJb-
HOe Mar"HuTHOe II0Jie COJIEHONA, PACIIONIOKEHHOI0 MeXAY ABYMA I10-
asapusaropamu. innra tpy6ku c sBemectBoM [ = 30 ¢m. Haiitu mo-
CTOSHHYIO Bep/e, ecJu npM MEAYKIMKM MarHuTHOro noasa B = 8,0
MTn yron nosopoTa miOCKOCTH NOAAPH3ALUH ¢, = +2°10' mna oguo-
ro HampaBJeHHA NoAA U ¢, = —1°06' FuA IPOTHMBOMOJIOKHOrO Ha-
NpaBJIeHNs.

Pem e Hue H3o6pasus no AByM 3HaUeHUAM @ rpadHK 3aBHCHUMO-
cta @(B) — oH JoykeH GbITh AuHeHHBIM (puc. 6.32), o6HapykuBa-
eM, 4TO IIPAMAs He IPOXOZUT 4depe3d To4Ky O. JTo o3HadaeT, 4TO,
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KpOMe MariMTHOTO BPAIlieHNsd, BEIecT-
Bo 06J1afaeT ¥ eCTeCTBEHHBIM BpallieHu-
em. IlocsepHee MOXXHO MCKJIOYHUTE,
ecan coorHomenme (6.20) sanucars
AJIA YTJIOB ¢, U @y, & 3aTeM B3ATh HX

B pasHOCTE:
|
1/_-_4,, 0, ~ ¢, = VI(B, - B,),
2

rae B,= -B, = B, nosromy B, ~ B, = 2B.
Puc. 6.32 B pesynbrare
yo 90, _ 225°-(-L1°)

= =O,70 . . T A
21B 2.0,3-80 yra. rpag/(m- mTn)

Ecnn ucnoassosars ¢opmyny ¢ = VIH, rge H — HanpsaKeHHOCTH
MAarHuTHOTO moJsA, To V = 0,042 yru1. mum/(cM'D). YacTo BeTpevaeTcsa
MMEHHO TaKoe HAMMEHOBAHME NOCTOAHHOH Bepge.
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Bzaumopencreune cseTa C BELLeCTBOM
A 4

§ 7.1. Imcniepcus ceera

Hucnepcus céema — 3T0 SBICHUA, OOYCHOBICHHBIE 3aBMICUMO-
CThIO IIOKA3aTeJis IIPEeJOMJICHHUA BEIIECTBA OT JJIUHBI BOJHBI (MJIHN
YaCTOTHI):

n=rfQ), (7.1)

roe A — AJIMHA BOJIHBI CBETa 8 8axKyyme.

IIpoussoxuyio dn/d)\ HassiBaloT Jucnepcueil gewecméa.

HOna npospaunbix GeCLiBeTHBIX BEIECTB IpaduK 3aBUCHMOCTH
n(}) B BHAMMOH dYaCTM CIIEKTpa HUMeeT BHJ, NOKAa3aHHBLIA Ha
puc. 7.1, HurepBan aauy BoaH, B XxoropoMm dn/dA < 0 (xax Ha pu-
CYHKe), COOTBETCTBYET HOpmanbHol ducnepcuu. Te yKe NHTePBaJIbI
IOJHH BOJIH, T'Ae pucrnepcus pemectsa dn/dA > 0, cooTBeTCTBYIOT
anomanvrol ducnepcuw. Ha puc. 7.2 nokasan rpaduk 3aBUCHMO-
cra n(A) ¢ yuacTkaMy HOPMAaJBHOH M aHOMAJBLHOM auclepcuu. 3a-
MeTHM, 4YTOo 06/1acTh aHOMAJBHON AUCIEDCHHM COBHALAET C II0JIOCOM
noryiomeHua »(A).

n
n
M
/ \
M/ \
\
/ AN
A A
Puc. 7.1 Puc. 7.2

Bce BeujecTsa B TOH HJIM HHOM CTEIEeHH ABJIAIOTCA QUCHEPTHPY-
omuMy, BakyyM, Kak HOKasajy TIaTeJbHbIe NCCIeL0BAHUA, HANC-
nepcueil He obiazaer.
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Apannrryeckuit Busg saBucumoct# n{\) B 0o6jacTH HOPMAJBLHOH
JUCHEepCHN AJIA He CANIIKOM GOJBIINX MHTEPBAJIOB JJIUH BOJH MO-
’KeT OBITH NpPeACTaBleH NpUbIMMKeHHOR (HPOopMYyJIOHn

n=a+ b/A%, (7.2)

roge a ¥ b nosoKHUTeNbHBIE IIOCTOSIHHBIE, 3HAYEHUI KOTOPBIX OJiA
KaXXJI0Tr0 BeIlleCTBa ONpelnesAlTCA M3 OIbITAa.

IIpumep. Ha puc. 7.1 u 7.2 usobpakeHs: rpaduKM 3aBUCHMOCTH IIOKa3aTe-
JIAd HOpeJIOMJEHUs BellleCTBa OT AJMHBI BOJHBI It (A). Hzo6pasum
COOTBETCTBYyOmHUe rpaduKy 3aBucuUMocTed n (w), rae ® — IHUK-
JNYecKas 4acTOTa CBETa.

Punc. 7.3 Pnc. 7.4

Ilockonbky ® o 1/, J€erxo npoBepuTh, 4TO rpaduku n (), COOT-
BETCTBYIOLIME YKA3AHHLIM PHCYHKAM, TAKOBBI, KaK [I0KA3aHO HA
puc. 7.3 u 7.4. IIpuuem, B ciay4dae rpadukKa, NpUBEeJeHHOTO Ha
puc. 7.3, 3aKOH AUCIEPCHH B COOTBeTCTBHM ¢ (opmysaoi (7.2)
NPUHUMAaeT BHJ

n=a+bo’

rae mocroaxHas b’ = b/(2nc).

§ 7.2. Knaccuyeckasa Teopus NHCIEPCHH

Hucnepcuio cBera MOXKHO 06bSCHUTDL HA OCHOBE 3JIEKTPOMArHuT-
HOM TeOpPHH H 3JIEKTPOHHOMH TeopuH BellecTBa. CTporo rosops, ABH-
JKeHue (TOYHee — IIOBeJeHME) 3JeKTPOHOB B aToMe MNOAYMHAETCS
3aKoHaM KBauToBo¥# dusukyu. OQHAKO JJs KaUeCTBEHHOro IOHHMA-
HUA AUCIIEPCHM CBeTAa AOCTATOYHO OTPAHUYUTBLCA KJIACCHYECKUMU
NpeIcTaBJIeHuAMY, KOTOPble, KAaK 3TO HY YAUBUTEJIbHO, IPUBOLAT
K TeM JXe pesyJbTarTaM, UTO ¥ KBaHTOBas TeOpHA.
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Hrax, mocrasuM mepex coboii 3azady OOBACHUTL X0 3aBHMCHMO-
ctu n(®w). MBI 3HaeM, YTO B M30TPOIIHONM HEeMarHUTHOM cpeje n = Je.
B cBoio ouepens € MOKEO HAHTH U3 COOTHOLIEHMA € = 1 + ¥, roe ® —
OU3JIeKTPHUUECKass BOCIPHMMYUBOCTB, KOTOpas ABaAeTcsd Koaddu-
nuesToM B cooTHomenuu P = ug)E, P — nonspusoeannocTs, T. €.
OUIOJIBHBIE MOMEHT eAVHUIBE o0bema. Taxum obGpasom,

P, (1)
e=1+—2——

£ E. (1) (7.3)
rae P, — npoexnusa BexTopa P BHa ock X, BAOML KOTOPO# CoBepla-
orca xonebanma Bextopa E.

WssecTHO, uTO0 P, = ngp,, roe ny — KOHIEHTpanud AUIOJeH,
P, — TOEKUNA OUIOILHOTO MOMEHTAa OTAeJNbHOro gumond. B gans-
HeifmieM Ml OyZeM paccMaTpuBaTh IPOCTEHIIYIO MOZE b BEIeCcTBa,
COCTOMAIEr0 M3 He B3aMMOLEHCTBYIOIHX APYr ¢ APYroM aTOMOB.
Kaxkpeiit arom npencrasisgeT coboil Axpo, OKPYKeHHOe OBICTPO
ABMKYIIUMICS 3JIEKTPOHAM¥, KOTODBIE B COBOKYIIHOCTH KakK Obl
«pa3Ma3aHbl» II0 chepHYecKOH CHMMETPHUYHON 006/1aCTH BOKPYT
sapa. [loaToMy IPHHATO FOBOPUTH, YTO AAPO C 3apPSAAOM ¢ OKpyKe-
HO «3JIEKTPOHHBIM 00JIAKOM» C 3apAmOM —(¢.

B orcyrcrBue BHemHero mnoas E menTp aseKTpoHHOro obnaka
coBIagaeT ¢ AAPOM, KX AANOJBHBIA MOMEHT aToMa paBeH HyJ 0. Ilpn
HaIM4YNK Ke BHeurHero noud E anexTponHoe 06s1ak0o cmemaercs
OTHCHUTEJIbHO IIPAKTUYECKH HEIIOABIIKHOIO fAjApa, U BOSHUKAET AHU-
NoJAbHBIH MOMEHT p = gl, rge ¢ > 0, a1 — BekTOp, IpoBeAeHHBIH U3
nenrpa «objaka» K sapy. IIpoeknusa BexTopa p Ha ock X paBHa

Px=qly = q(—x) = —qx, (7.4)

3gech X¥ — CMelljeHNe LieHTpa «obsaka» K3 IIOJIOKEHHA PABHOBE-
CH4, T.e. OTHOCHUTEJBHO AApa. 3aMeTHUM, UTO UeHTp «obiaKa» BeReT
ceba Kak TOYedyHBIN 3apsapy —q.

C yuerom (7.4) Bripakernme (7.3) MOXXHO NIpPeACTABUTb TaK:

no(—g%)
=14+ 27
& 6, L. (7.5)

Kax BugHo, 3aza4ua cBOEUTCA K oupeneseHuIo x(t) nox geiicTeu-
em E ().
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HJIH 3TOr'oc 3anuileM ypaBHEHHE ABMIKEHHUSHA JJIEKTPOHHOI'O obna-
Ka Kak

mi =—-kx —rx + qgE, cos ot, (7.6)

roe m — Macca 3JeKTDPOHHOro o6JaKa, a crpaBa 3alMCaHbl IPOEK-
¥H Ha ochk X KBA3HYIPYroi CHUJBI, CUJBI «CONPOTHBIEHUA», 00y-
CJIOBJIEHHOM YeM-TO BpOJe «TPeHHA» 00jsaka 0 AAPO, N BHIHYXKAAIO-
e CHJIBI CO CTOPOHBI 'aDMOHHYECKOH 3JIEKTPOMArHMTHOMN BOJIHEL
YacToTel ®. MarHuTHOH cocTaBaAiOIel 9TOH CUIbL MBI IpeHebpera-
€M, IIOCKOJIbKY B HEPEJSATHBHCTCKOM CJydae OHa HHUTOXHO MaJa.
Pasgenns ypaBHenue (7.6) Ha m, npuBezeM ero K BHAY

%+ 2P+ (ogx =f. cosot, (7.0

2
roe 0, =k/m, 2B = r/m, f, = qE,/m.
L7151 TeOpUM SHCIIEPCUK MMeeT 3HaYeHue He obilee, a TOJIBKO da-
cTHoe (ycTaHOBMBIeecs) pemieHue ypaBHeHus (7.7):

x = acos(wt — @), (7.8)

Te ¢ — aMILTUTyAa KojxebaHu, ¢ — pasHOCTh Pa3 Mexay cmelne-
HHeM x M «cuiof» f, cosot. IlogcraHoBKA 5TOr0 pellleHus B ypas-
HeHue (7.7) MO3BOJISIET C IIOMOIIbLI0 BEKTOPHON AMATrpaMMbl HaWTHU
3HaYeHUA aMILIUTYALL @ ¥ pasHocTH has ¢, a UMeHHO

a= £ . tg(P=—‘——‘22Bm 2 (7.9)
\/(co(z, ~-0®)? +4p%° Wy — 0

(peinenne ypaBHeHua (7.7) moapobHO paccMaTpUBAETCA B TEOPHUU
KoJsebaHui).

OrpaHuumMcA DPOCTEHNHIINM CJIyYaeM, Koraa ZBm«(a)g -o%), . e.
KOT[a BBIHYXKJAI0ad YacToTa (1osid) He oYeHb GimsKa K cobcTBeH-
HOH gacToTe 0, KoseGaHu# s1eKTpoHHOTO O06aaka u Koabhdunuenr B,
XapaKTepHU3YIOIIUH 3aTyXaHHWe, AOCTATOYHO Maj. B sTom ciyuae,
€ClIM ®© < Wy, TO

x(t) =,_fm_zcos wt. (7.10)
Wy —©

Taxoil »xe pesynbpraT OyZeT M IPH © > Q,, KOT4a @ =T.
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Ocraerca mogcraButh (7.10) B (7.5) 1 yuecTs, UTO BHIHYKAAIO-
masa cuaa B (7.6) g, coswt =—gE,. B pesyabrraTe nonyumm:

g=1+—0 (7.11)
0y —~ ®

rie b=nyq%/e,m = Noe?/eom,, Ny — KOHIEHTpallUA 3JEKTPOHOB
(3mecs yureno, aro g = Ze, m =Zm,u Ny = Zny, Z — TUCTO SIAEKT-
POHOB B artoMme).

Paspeis pyrxmuy e(0) Ipy o =0, X
ofpalmenye ee B o He MMEIT (PuU3UUe-
CKOTO CMBICJa, TO IIOJYYMJIOCH BCJIEHCT-
BYe WrHOpPUpOBaHMA 3aryxaHusa (§ — 0).
Ecnu xe ero yduecrs, T0 X0& KpuBoil Oy-
geT uHBIM (puc. 7.5) ¥ KocTaTOYHO XOPO-
IO IIOATBEPIKAeTCA JKCIEePHMEHTAJIBHO
(cpaBHuTE ¢ puC. 7.4). 3aBHCUMOCTH % (®)
XapaKTepusyer moJiocy moryoimjeHna. Kax pas ¢ Helt cosmajgaer 06-
JacTh aHOMautbHOM pgucnepcu# (dn/de < 0).

3ameTHM, 9TO COOCTBEHHEIX YaCTOT 0, MOXeT 6BITH HECKOJIBKO B
aToMe, COOTBETCTBEHHO OymeT M HeCKOJAbKO ofjJacTedl aHOMAaiIbHON
pucnepcuu. Kpome Toro, xax BHMAHO U3 puc. 7.5, npu o > 0, mOKa-
saresb IpenoMiIeHHA (n =+/&) GyAeT MeHblUe eJUHMLBI, & OTO 3HA-
49UT, 4TO (asoBasi CKOPOCTh 9JIEKTPOMATHUTHOM BOJIHBI U = ¢/N OKa-
seipaerca bonpime ¢! Iogobnoe mmeer mecTo B masme, rae 0, = 0
(as1eKTPOHEI CBOGOAHDIE), M VI PEHTIEHOBCKOTO H3JIYUeHHA (03 Og).
Huxkaxoro nporuBopedmsi C TeopHei OTHOCHTEJIBHOCTH 3[ecCh HeT.
Ilocneguas yTBep»kgaeT, YTO CKOPOCTb CuzHaAG (MMIyJbca) He MO-
JKeT IpeBBINaTh ¢. II0HATHe >Ke NoKasaTess IIpeJoMJIeHUA IpuMe-
HHIMO K MOHOXPOMATHYECKHMM 3JeKTPOMATHUTHHIM BOJIHAM, 6ecko-
HeYHLIM B IPOCTPAHCTBE H BO BpeMeHH. TaKue BOJIHELI He MOTYT CJIY-
SKHTB NI Hepefauyl CHUrHaja, & KPOME TOro, MX B NpPHHIMIE
HEBO3MOKHO OCYILECTBHUTD.

Wiz Boipaskenus (7.11) BriTexaer u eie OAHO HEOXKWIAHHOE
CJIeACTBMe U ciaydad, xoraa o, = 0 (mampmmep, B TOH ke ILTas-
me). IIpu aToM ycOBHM, KOTAA YacTOTa 3JIEKTPOMATHUTHOMN BOJIHBI
w<+b, oOKkasblBaeTCA, UTO AUINEKTPHUECKAH IPOHUIIAEMOCTb
£(0) €0, a caeaoBaTeNbHO, NOKA3ATENb IPEIOMJICHAA AJA TAKUX 4Ya-
cToT (n =€) CTAHOBHUTCSH MHUMbLM, Y ETO MOYKHO IIPEACTABUTD KAK
n =ix. BuIICHHAM, YTO 5TO O3HAYaeT,

Puc. 7.5
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3anumeM ypaBHEHHE 3JIEKTPOMArHHTHOM BOJIHBI B KOMILJIEKC-
HOH ¢Gopme:
I i(kx -0t)
E=Ee ,
rae k =2n/)A, A — AauHA BOJHLI B cpexe. Eciiy gnnHa BOJIHEL B Ba-
KyyMe Ay, TO A=2Ay/n, H

2n .
=—n=1ik,x,
0
roe k, =2n/A,. IlogcTaBuB 9T0 BRIpaXkeHue I K B NICXORHOE ypaB-
HeHue BOJIHBI E(x,t), moayuum:

E = Eoe—uk.,x e—lmt ,
WUAN OIS AeHACTBUTEJIBHOM YacTH
E = Eje™™" cos ot.

BugHo, 4TO B paccMaTpUBAaeMOM CJIydae Mbl MMEeM CTOAYVIO
BOJIHY, AMIJIMTYAA KOTOPOH sKCIOHEHIHAJbHO 3aTyxaeT . PaxTu-
YecKM 3TO 03HaA4aeT, 4To M3aydeHme npu £ < (0 He MOXKET HpPOHTH
yepes MJIa3sMy M IPOHCXOAMT IIOJIHOE OTPa)XeHHE ero B IIOrpaHuy-
HOM cyioe. Ha 9TOM, KCTaTH, OCHOBAH MeTO/ OnpefeeHNs KOHLeHT-
panyy >JeKTPOHOB B ILIasMe.

IIpumep. IIpu 30EAUPOBAHMM pa3pPeXEeHHOM NNA3Mbl PajMOBOJIHAMU Das-
JUYHBIX 4acTOT 06HADY)XXHMJIN, YTO PAXHOBOJHK C YACTOTAMH, Me-
HBIIUMH, YeM v, = 400 MI'n He nmpoxoaAT yepes maasmy. Haiinem
KOHIEHTpanu cBOOOAHBIX 3JEKTPOHOB B 3TOH ILIasMe.
PagroBosHBI He [IPOXOAAT uepes IJIa3My, a OTpakaloTcsa OT Hee,
KaK Mbl BHIACHMJIY, NIPX MHHMOM IIOKa3aTese NPEJIOMJIEHHA, T. €.
IPH 3HAYEHUHM AU3JIeKTpHYecKoHd npoHumaeMocT £<0. Mmesd B
BUAY (7.11) u yauTEIBadA, YTO 1A CBOGOAHBIX 27EKTPOHOB 0, = 0,
THOJIYYHM:

N, et

2
£, 0

go)=1- <0.

* B o6ueM cryuae BBORAT KOMNACKCHbLI NOKA3AMENb NPEAOMACHUA R = i + ix, Iie
7 ompefenAeT a306yi0 CKOPOCy BOJHEL U = /N, 8 MEAMYIO YacThb ¥ Ha3bIBAIOT No-
Kaszameaem samyxanus. OH XapaKTepHuayeT 3aTyXaHHue BOJHBI II0 Mepe €e Pacipo-
cTpaHeHHs. 3aTyxaBne He 00A3aTebHO CBA3AHO C IIOIJIOIIEHUEM 3JIEKTPOMArHKuT-
HOH BOJIHBEI, IPUMEPOM TOMY CJIYKHT pasoOpaHHBINA HpHMep.
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OTcro/ia HAaXOAUM HCKOMYK KOHUEHTPAUMIO CBOGOAHBIX 3JIEKTPO-
HOB:

N, = ggm,0®/e® =4n’epl/e® =2,0.10%em™
0 Q' Ye 0" 0

§ 7.3. I'pynnosass CKOpPOCTh

BoanoBoit maker. CTporo MoHOXpoMaTu4ecKas BOJHA — 3TO
Apeannsanus. Takux BojgH B npupofe Her. Jlrobasa peanpHasa BOJ-
Ha, cornacHo reopeMe Pypre, MOXKeT ObITH IpejcTaBieHa KaK Cy-
[ePHO3KUIA MOHOXPOMATHYECKHUX BOJH C Pa3JIMYHBIMM AMILIUTY-
JaMH M 4aCTOTaMH ® B HEKOTOpPOM MHTepBaje Aw. Cymeprosuuuio
BOJIH, Maj0 OTJHYAlOIUXCA APYT OT ApPyra mo dacroraM (Ae<« o),
Ha3BbIBAIOT GOJHO6bLM NAKEMOM UIU Zpynnoil 604H. BuL BOJIHOBOTO
rakKeTa B HEKOTOPBIM MOMEHT BpeMeHH I10Ka3aH Ha puc. 7.6. B ero
npefenax MOHOXPOMATHYECKHE COCTABJIAIOIINE YCHJINBAIOT Apyr'
Apyra, BHe IaKeTa MPaKTHUYECKH TaciaT ZPyT Apyra.

E,

|
S

Pue. 7.6

B Baxyyme Bce MOHOXpOMaTHYeCKHe BOJIHBI, obpasylolue Ia-
KEeT, PacIpoCTpAHAIOTCA, KaK yke ObLJI0 CKa3aHo BhIIIe, C OJHHAKO-
BO#1 (ha3oBOH CKOPOCTHIO

v = w/k, (7.12)

rae k — BoJsHoBoe uymcyxo (2rn/A). C Takoil e CKOPOCTBIO pacmpo-
CTpaHseTCA B BAKYYMe M caM BOJIHOBOI IlakeT, He MU3MEHAA CBOel
dopM=L.

I'pynnoBan ckopocTs. B aucneprupyromest ke cpefie BOJIHOBOH
maKeT pacmsIBaeTcdA, IOCKOJBKY CKODOCTH €ro MOHOXpOMaTHye-
CKMX COCTABJSIOLIUX OTJIMYAIOTCA APYT OT APYra, M IOHATHE CKO-
POCTH Tako# BOJHBI TpebyeT yToureHMS.
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Ecnu gucnepcus ZOCTATOYHO Majia, PacIljibIBaHKe BOJHOBOTO na-
KeTa IPOMCXOAUT He CJHMINKOM OnicTpo. B aToM ciyduae BOJIHOBOMY
maKeTy MO)KHO IPUNXCATh CKOPOCTH U, C KOTOPOIl IlepeMelraerca
€ro «IeHTP TSAMKEeCTH». OTO TAK HasnlBaeMas 2pynnoéas CKOpoCmb.
CooTBeTCTBYIONIMI pacueT aeT, YTO TPYINOBasi CKOPOCTH oIpeje-

JIAeTCA KaK
u = do/dE. (7.13)

IloscauMm sty GopMyJay Ha NpuMepe CYNepIO3UITUN ABYX BOJH C
OLUHAKOBOH aMIJIMTYAOH M HECKOJBKO OTJIMYHBIMHU APYT OT APyTra
gauHEaMu BouH (u yactoramu). Ha puc. 7.7, @ moxkasaHO XX OTHOCH-
TeJbHOE pAacIojio)KeHHWe B HEKOTOPBIH MOMEHT BpeMeHM, a Ha
puc. 7.7, 6 — peayabTar HX cynepnosunuun. Hac 6ymer nHTepeco-
BaTh CKOPOCTH, C KOTOPO¥ IepeMellaeTcs MeCTO C MaKCHMAaJbHOM
aMILIUTYRON — 3TO K OyZleT CKOPOCTh BOJHOBOTO IaKeTa — IPYI-
moBad ckopocth. OmpenennM ee BeIHYHHY.

/\/\f\/\/\/\(/\/
\/\/\/\/\/\/\/\/X

o~ NN A

Puc. 7.7

IlycTs ypaBHEHMA 3THX ABYX MOHOXPOMATHYECKHMX BOJH MMEIOT
B
E, = Acos(wt - kx),
E, = Acos[(o + do)t - (k + dk)x].

B pesyiabTaTe mx HajoeHUs obpasyeTcsa CymMMapHas BOJHAa

tdo — xdk
E=E +E,=24 cos———-——z———cos(a)t — kx). (7.14)
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9To BHIpa)KeHHE MOXKHO PacCMaTPMBATH KaK ypaBHEHHE MOHO-
XPOMATHYECKON BOJHEI, aMILJIUTYa KOTOPO MEeHAETCA 110 3aKOHY

AO = ZAcosw .

Orcioma ciegyer, 4YTO TOYKH, COOTBETCTBYIOIIHE, HampHMep,
MaKCHUMYMY aMILJIUTYLBI, ABMOKYTCS IO 3aKOHY

tdw -~ xdk =0,

oTKkyaa x =(dw/dk)t. BearunHEa B CKOGKAX M eCcTh IPYIIIOBas CKO-
pocth (7.13).

BripaskeHue A I'PYNIOBOIl CKOPOCTH MOKHO IIPeACTABUTH B
UHOM BHuOe. 3aMeHUB © depe3 vk coriacHo (7.12), moayumm:

u=i(vk)=v+k2 .
dk

dk (7.15)

Tax kax k =2n/A u dk = —(2n/3?)d), To BrIpaxkenue (7.15) Mox-
HO IepenucaTh TaK:

U=0-A—.
di (7.16)

9ro Tak HaseiBaeMmad ¢opmyna Panes. B obiaacTa HOpManbHOMN
gucnepcun (dv/dA > 0) rpynnoBasi CKOPOCTh U OKa3bIBAETCA MeHBIIle
¢dasoBoit ckopocTn v. B orcyrereue gucnepcun dv/dA =0, u rpymio-
Bas CKOPOCTh coBIajzaeT ¢ (a30Boit (06 3TOM yke TOBOPHJIOCH).

CymecTsyeT npoctoil rpaduyeckuii cnocob Haxo)KAeHUA TPyI-
HoBO# cKopocTH 110 KpuBoii v (7). Or noxasan Ha puc. 7.8. B cay-

Puc. 7.8

R__ 6327
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Yae IPYNIB! BOJH POJIb UI'PaeT TOJBKO MaJIbIN y4acTOK KPUBOM U(A)
B y3xoM guamasoHe AA(AA«A). OTpe3ok, KOTOPBIH OTCEKaeT Ha OCH
OpAMHAT KacareibHas K KpuBoil v()), MpoBeAeHHAA Uepe3 TOUKY A,
pasex v — Mdv/dA), T. e. TPYyNNOBOH CKOPOCTH IIPY AAHHOW JJIMHE
BOJIHBIL A.

IIpumep. Halinem BoipakeHue HJjis IDYHIIOBON CKOPOCTH B Cpefie C H3BeCT-

HOM 3aBHCHUMOCTBIO [I0KA3aTeNs NIPejOMIeHUA OT YaCTOThI 3/IEKT-
pPOMArHMTHON BOJHBI, n(n).

ByAeM HMCXOZUTH M3 OUpejeIeHUSA IPYINOBOH cKopocTH — (op-
myabr (7.13). Ilpurumaa Bo BHUMaHHKe, UTO (pa3oBad CKODPOCTH
v = o/k = ¢/n, noayuum

k=own/c.

Teneppr Bo3dbMeM npousBoanyio dk/dw:

dk d {on 1 dn

— = || =N+t O—].

do do\ c c do
TloacranoBKa o0paTHOrO 3HAYEHMS 9TOH BeJMYMHEL, T. e. dw/dk,
B (7.13) NpMBOAUT K HCKOMOMY pe3yJIbTaTy:

p=90_ ¢
dkt  n+o(dn/do)

B HeKOTOpPBIX cJAyHaAX rpynioBas CKOPOCTb, BBIYKCJIEHHASA IIO
npHUBEAEeHHBIM Bbillle (hopMyJaM, OKa3bIBaeTcAa DOJIbILIE ¢ — CKOPO-
cTu cBeTa B BakyyMe. Tak 6yzaer, HannpuMep, B 06J1aCTH aHOMAaIbHOM
AUCIIepCHH. IOTO He IPOTHBOPEUUT TEOPHH OTHOCHUTENbHOCTH, KGO
IrpYINoOBas CKOPOCTh BBRIPAYKAET CKOPOCTb CUIHAJA JIMUIbL TOTAa, KOr-
Ja BOJHOBOI HMIIYJIBC B IIPOLIECCE PACIPOCTPAHEHHA NPAKTUYECKH
He HU3MeHseT cBoel ¢opMbl. B ofsacTn ke aHOMaJILHOH [UCIEPCHH
UMIIYJIbC CHJIBHO HedOpPMHPYETCS, U I'DYIIOBAfA CKOPOCTh B TaKHX
YCJOBHAX YTPAuMBAET OIpefeNeHHOe (PU3HUECKoe ComeprKaHue.

I'pynnoBasa ckopocTs M MepeHoC 9Hepruu. PaccMoTprM Bompoc 0
CKOpDOCTH PpAacCIpOCTPAaHEHWsS 3SHEePruM, IIePeHOCHMOH 3JIeKTpoMAar-
HUTHOHN BoJsiHOH. IIpeskae Bcero saMeTuM, 4TO (has3oBasa CKOPOCTH MO-
HOXPOMaTHYEeCKOH BOJIHBI He MMeeT HUYero o6ILero co CKOpPOCTHIO
nepeHoca 3Hepruu. PazoBas CKOPOCTL YCTAHABJINBAET TOJLKO CBA3bL
Mexay (asaMm KosebaHMIT B pasJHUHBLIX TOYKAX HPOCTPAHCTBA.

Crporo MoHoxpomMaTuuecKkas BOJHA HE MOYKET CIAYKUTDb JIJIs Te-
peravy cCUrHalia, IIOCKOJbLKY OHA He MMeeT HM Hayaja, HM KOHIA BO
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BpeMeHH U npoctparcTBe. IlosaToMy pacnpocrpaHenye CHIHaIa CBS-
3aHO C IlepeMeIleHueM U3MEHeHUl aMILINTYABI. Y1 B Tex ciaydyaax,
KOrZa rPYNIIOBas CKOPOCTh MMeeT CMBICJ (T. €. 3JIeKTPOMATHUTHBIA
MMOYJIbC PacIpOCTPaHAETCHA HE PAaCILILIBAasiCh), OHA COBIAJAET CO
CKODOCTBIO IIepeHOoCca IHepPrHH.

Hrax, B obiacty, Kajiekoi orT 06JacTy CHJIBLHOrO NOTJIOUIEHNA,
CKOPOCTSH IlepeHOoCa BHEePTUHU B I'PyIlIe BOJIH COBIAZAeT ¢ I'PYNIIOBOH
CKOPOCTEIO.

IIpsaMele m3MepeHHs CKOPOCTH CBETa CBOAATCA K H3MEDPEHUIO
pacCcTOAHUA, NMPOXOAUMOrO CBETOBHIM CHUrHajoM (MMIIYJLCOM) 3a
OIpeneJeHHBI# IIPOMEXKYTOK BpeMeHH. JTOT MeTOH IpaKTHUYeCKH
IaeT rpynnoBYI0 CKOPOCTh. To ke caMoe, KaK IIOKa3bIBaeT NOAPO6-
HBIF aHANW3, OTHOCHTCA KO BCEM HM3BECTHBIM KOCBEHHBIM METOLAM
U3MepPeHUsA CKOPOCTH cBeTa., PasoBy0 Ke CKOpocTh (TOYHee, OTHO-
menne (as30BBEIX CKOPOCTEH B OBYX pAasJMYHBIX CpeAax) MOXKHO
OIPeNeJINTh MO OTHOIIEHUIO NOKas3aTesiell IpeJOMJIEHHA, N BOC-
NOJB30BABINKNCH 32aKOHOM IIPEJIOMJIEHUA.

§ 7.4. Ilornomwenue ceera

3aron Byrepa. IlpoxoskgeHne cBeTOBO# BOJHBI Yepe3 BeILECTBO
COIIPOBOXKAeTCH IIOTepel 9HEePrUH 9TOM BOJIHBI, 3aTPAYNBaeMOR Ha
BO30Oy)KOeHMe KoJebaHUH 2/ieKTPOHOB (TOuHee, Ha M3MEHEHHE MX
COCTOSHMUA B aToMe). JacTUUHO 5Ta SHEPrUA BOIBPAIAETCs U3JIyye-
HHI0 B BHAE BTOPHYHBIX BOJIH, IOPOXKZAeMbIX KOJEONIOIIUMUCH
9JIEKTPOHAMH; YACTHUYHO JKe OHa NepPeXOfuT B gpyrue GopMsl sHep-
run (BO BHYTPEHHIOIO SHEDPIHIO BEIECTB&).

IToaToMy MHTEHCHBHOCTb CBeTa IIPH NPOXOXKAEHUHN uepe3 oObIY-
HOe BellleCTBO YMEHBIIaeTCA — CBeT Nomiouaerca B Bewmiecrse, Ilo-
IJIOIIeHWE CBEeTa MOYKHO OIHCATH C SHEPreTHUYECKOM TOYKU 3peHud,
He BHUKAas B MEXaHU3M B3aMMO/IeHICTBHA CBETA C ATOMaMHU BEILIeCT-
Ba, YeM MBI M BOCIOJb3yeMcCH.

IIycTs 4yepes ogHOPOLHOE BemeCTBO pacIpocTpa- dx
HseTCA IlapauUle/IbHBIA CBETOBOH IIy4oK. Bhrizenmm
MBICJIEHHO B 3TOM BelllecTBe GeCKOHEeYHO TOHKHIA I o I+dI

TIJIOCKHMH cJjIo# Tonuuusl dx (puc. 7.9). Ilpu mpo-
XO0KIEeHHUHM 3TOr0 CJIOA MHTEHCHBHOCTH CBETA yMe-
HBLIIHATCA TaK, 4TO ee YOBLIL MOXKHO IIPEACTABHUTH L
kak —dlI. fcHo, 4TO 3Ta BesmMumMHA OyHmeTr mpomop- Puc. 7.9
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OHMOHAJbHA MHTEHCMBHOCTH B JAHHOM IIOIVIOLIAIOIIEM CJIO€ ¥ ero
Tonmuue dx, T. e.

~dI =wldx, (7.17)

rue x — Koaghuyuenm noeaoweHus, OH XapaKTepu3yeT MOTVIOIAIoIHe
cBOiicTBa BelllecTBa. PasmenuB nepemeHHble, nmosmyunm: —dl/I = ndx.

ITocsre uHTErpHMpoBanus B npefenax ot I, go I u ot 0 o x Hai-
mem: In(I/I,) = —ux, oTKyRa

I=1I,e. (7.18)

9to u ecTs 3aKkon Byzepa. Takum o6pasom, HHTEHCUBHOCTE CBe-
Ta IPHU NPOXOXKIeHNH OJHOPOJHOI'O BeIIeCTBA YMEHBIIAETCA IO 9K-
CHOHEHINAJBHOMY 3aKOHY.

3aMeTHM, UTO B CJIyYae TOYEYHOTO HCTOYHHUKA CBETa, HAXOAIIE-
roca B OQHOPOAHOM IIOIVIOLIAIONIEH cpeje, IPeAbIAYINE PacCyKAe-
HHUA CJIeAYeT IOBTOPUTH, HO TOJBKO He AJIA MHTeHCHUBHOCTH I, a oA
cBeTOBOTO IIOoTOKa O. M1 B KayecTBe HCXOAHOr0 6€6CKOHEYHO TOHKOIO
CJIOA Tenepb cienyeT BHIOpATh chepHueCcKH CJIOH ¢ paguycaMu oT r
go r + dr. B pesyibraTe npuxoquM K aHajgoruyuomy (7.18) saxkony:

=0, (7.19)

rae ¢, — cBeTOBaA MOIHOCTh UCTOYHHKA (MJIH ero CBETOBOM MOTOK
upu r - 0).

O roacdbduunenrax norxomenns. ia
BC€X BeIeCTB IIOIVIOIIeHYe HMeeT Celek-
MuéHblll XapaxTep, T. €. KoabbdUIHeHT
IIOTVIOLIEHMS X 3aBUCUT OT MJIUHBI BOJHBI
cBera (B BakyyMme). [/ JKMAKUX U TBep-
OBIX BElIeCTB 3aBHCHUMOCTBL X(A) mMeer
BHA, NOZOOHBI# H300paXKeHHOMY Ha
puc. 7.10. T. e. cmiabHOe NOrJIOIIEHHUE

Prc. 7.10 ob6Hapy)xkuBaeTcd B JOCTATOYHO DINPO-
KOM HHTepBaJje JJIWH BOJIH.

ConceMm nHaue BefeT ceba koaddunueHT x(A) B cayuae rasos Wix
IIapoB METAJJIOB IIPY HEBBICOKOM JABJEHHMHU. 3AeCh AJA BCeX AJINH
BOJIH K03 dHunueHT ¥ ~ 0, 1 JNIIL AJIA OYeHb Y3KUX CIEKTPaJbHbIX
MHTEepBaJoB SA (IOPAAKA HECKOJbKHNX THICAYHBIX HM) OGHapyKuBa-

n

500 700 A, HM
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er peakue MakcumyMsl (puc. 7.11).
3TH MaKCHMYMBI COOTBETCTBYIOT PE30-
HaHCHBIM JacTOTaM KOJie6aHuit aJIeKT-
POHOB BHYTPH aTOMOB, KOTOpPEIe IPAaK-
THYECKH He B3aMMOJENCTBYIOT ADYT C
APYTOM.

IIpr NOBBINIEHHU K€ JaBJCHHA
MaKCHUMYMEI NOIVIOIIEHNA Bee Gobile A
pPACUIMPAIOTCA, M IPH BBICOKHX JAaB-

JeHuAX CHeKTp x(A) mpubmmxaerca K Pue. 7.11
CIEKTPAaM IOTJIOIIEHNA KHUAKOCTeH. ITO CBA3AHO C POCTOM B3AMMO-
OefiCTBHA MeXIY aToMaMM.

B 3axnioueHHe OTMETHIM, UTO MOJKHO CO3/ATh TaKOe COCTOSHHE
aTOMOB BEIIECTBAa, IPH KOTOPOM KO3(h(dHITHEHT ¥ CTAHOBATCA OTPH-
I[aTeJbHBIM, H IIPOXOKAEHHe CBeTa tuepe3 BelleCTBO B TaKOM (MH-
BEPCHOHHOM, KaK TOBOPAT) COCTOAHKH CONPOBOXKAAETCA YCHUIeHNEM
€ro MHTeHCHBHOCTH. VIMEHHO 3TO M OCYIECTBJAETCA B Ja3epax.

§ 7.5. Pacceanue cpera

MexaEnam pacceanua csera. C KiaccHYeCKOR TOUKM 3PEeHHUA
paccesHHe CBETa COCTOMT B TOM, YTO CBETOBasA BOJHA, MPOXOAAILAs
yepes BeLECTBO, BBISBIBAET KOJeGaHMs JJIeKTPOHOB B aToMax (Mo-
JIeKynax). OTH 3JIeKTPOHbI BO30YKJalOT BTOPHUYHBIE BOJIHBI, pac-
IIPOCTPAHAIOIINECA 10 BCeM HanpaByieHHAM. IIpu aTOM BTOpHUHBIE
BOJIHBI OKAa3bIBAIOTCA KOrePeHTHBIMH Mexx Iy 000l M I09TOMY HMH-
TepdepupyIoT.

TeopeTHYecKHil pacueT OPHBOAUT K CHEAYIONIEMY BLIBOAY: B
ciydae OZHOPOZHOM CpeAbl BTOPHMYHBLIE BOJHAI MOJHOCTLIO TaCAT
ApPYT Apyra BO BCeX HAIlpaBJIeHHMAX, KPpOMe HANPaBJAeHHUS pPACIpO-
CTpaHeHHUA IIepPBHYHON BoJHBI (3TO OBLIO IIOKA3aHO B KOHIE
crp. 163). B cuny aToro nepepacupesesieHuA CBeTa 110 HanpaBJIeHN-
M, T. €. PaccesHua céema 6 00HopodHoIL cpede, He npoucxodum.

HBaye o6cTOMT Zesi0 IPH pacipocTPaHeHHWH CBeTa B HeoOHOpod-
HOil cpefie. B aToM ciyuae cBeTOBbIe BOJHBI, AUPParupysa Ha Mej-
KHX HEOAHOPOAHOCTHX CpPeAbl, AAIOT AUDPPAKIMOHHYIO KAPTHHY B
BH/IEe AOBOJHHO DABHOMEDHOTO paclpefeieHHsd HHTEeHCHBHOCTH IO
BCEM HAIpABJCHMAM. OTO ABJIEHNE M HA3LIBAIOT PACCEAHUEM C8e-
ma.
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IIpumepaMu TakMX cpel ¢ ABHO BBHIPAXKEHHON ONTHUYECKOH HeOn-
HOPOJHOCTBIO MOT'YT CJHYXKHTh TaK Ha3bIBaeMble MYymHbie cpedbl. K
HX YHCJIY OTHOCATCA aspo30iu (IbIM, TYMAaH), KOJJIOUAHEIE PACTBO-
pPbI, MaTOBbIe CTeKJa MU ApP., COAepIKalline MeJIKMe YacTHIIbI, I0Ka-
3aTeJIb IIPeIOMJIEeHUA KOTOPBIX OTJINYAETCA OT IMOKasaTelld IpesioM-
JIEHHA OKPYsKalolled cpensl.

3axon Pases. Paccesiive cBeTa B MYTHBIX CpefiaX Ha HEOMHODOL-
HOCTSX, pasMephbl KOTOPBIX MaJibl IO CPABHEHMIO C JJIMHON BOJHEI A,
MOJKHO HabII0ZaTh, HAIPUMED, NPU IPOXOXKIEHUH SPKOr0 CBETOBOTO
IIy4YKa Yepes CJIOH BOBAYyXa ¢ MEJKMMH YacTHYKAMM AbIMAa MIX 4Yepes
COCY[ C BOZOHM, B KOTOPY10 H06aBIeHO HEMHOTO MOJIOKA. ECIu MYTHYIO
BOJY OCBelllaTh IIYYKOM 6esioro cBera, TO NpHu HaboaeHnu COOKY — B
paccesiHHOM CBeTe — cpella Kaykercda rosytoii, T. e. oGHapyKuBaeTca
npeobaaganue KOPOTKOBOJIHOBOHM 4aCTH cIexkTpa. B csere sxe, mpo-
LIefieM CKBO3b HOCTATOYHO TOJICTHIM CJIOM MyTHOH cpenbi, o0Hapy-
sKuBaeTcs IpeobJiafjadye JIMHHOBOMHOBOH uacTH CHEKTpa, W cpefa
KayKercs KpacHOBATOM.

[IpuumnHa TAKOro ABJEHUA COCTOUT B TOM, UTO 3JEKTPOHBI, CO-
BepIIaloU[yie BBIHY)KAEeHHBIE KosebaHua B aroMax 3JeKTPHUUYECKH
U30TPONHON HacTHUIBI Manoro pasmepa (ue Hoyee ~ 0,1 L), sxBUBa-
JIEHTHBI OQHOMY KoJefIomeMyca TUIOII0. ITOT OUIICIL KoJebier-
cA C YaCTOTOH Iamallllel Ha Hero CBETOBOM BOJIHBI, M COTJIACHO
(2.43) MHTEHCHUBHOCTh HMBJIYIAeMOTO MM CBeTa

1
I mm“c\v?- (7.20)

9Ty 3aBMCHMOCTD HA3LIBAIOT 3aKoHom Panes. VI3 Hero cienyer, 4To
KOPOTKOBOJIHOBAA YaCTh CIEKTPA PACCEHBaeTCs 3HAUYUTENHHO Gosee
HHTEHCHBHO, HeKeJIX IJINHHOBOJHOBaA. ['ony60oiil cBeT, YacToTa Ko-
Toporo npuMepHo B 1,5 paza 6oibille YacTOTHI KPACHOTO CBETa, pac-
cewBaeTCA IOYTH B 5 pa3 MHTeHCHBHee, YeM KPACHBIN. ITO K 06bsc-
HsleT rony6oi 1BeT pacCeAHHOTO CBETa M KPACHOBATBHIA — IIPOIIEX-
mIero.

IHoaspnsanua paccesunoro csera. IIpu paccesHHuy ecTecTBeH-
HOTO CBeTa B MYTHOH cpeZle 3aBHCHUMOCTh MHTEHCHBHOCTH pacceAH-
HOTO CBeTa OT yIVIa paccedHUA J mmeeT BHJ

I =Tyl + cos’S), (7.21)
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rge I, — MHTEHCHBHOCTH CBETAa, PACCESHHOTO IO IPAMBIM YIJIOM
(S =n/2) k HanpaBJIeHHIO IEPBUYHOTO CBETOBOTO NydYKa. ECam Mo-
JIEKYJIbl PACCeNBAIOIUUX YaCTUYEK 3JEeKTPUYECKK M30TPOUHBI (He-
IONSIPHBIE MOJIEKYJIbI), TO pacCcerMBaeMbli CBET OKas3blBAETCH dac-
TUUHO-IIOJIAPU30BAHHBIM H 1104 yIVIOM 3 = /2 — IOJHOCTHIO IIOJIA-
PH30BaHHBIM. B 3TOM ciiygae ero IJIOCKOCTh IIOJAPHU3AIUH
(mnockocTh KoJsebanHuil BeKTopa E) IepneHAMKyAsApHA HaupaBle-
HAIO IEePBAYHOTO CBETOBOTO IIYUKA.

Ecnn pasmepbl HEOXHOPOZHOCTEH CPABHUMBI C JJMHOI BOJIHBI
CBeTa, TO JJIEKTPOHBI B PA3JIUYHBIX MecTax HeOJHOPOKHOCTH KoJjieb-
JI0TCA yoKe He cuHGMbAa3HO. JTO YCJIOKHAET ABJIEHHE paccesBUA H
IPUBOAUT K APYI'MM 3aKOHOMEDHOCTAM: 3aKOH Pajed Hapymaercs
(MHTEHCHUBHOCTH PACCESHHOTO CBeTAa CTAHOBUTCH IIPONOPI[HMOHANbL-
HOM BCET0 JIUIUb KBagpaTy 9acToThl, [ co 0% 1/7»2), H CBeT, pacce-
SAHHBIF nog yriaoMm 3 =7/2, 0Kas3bIlBaeTCA IIOJAPUI0BAHHBIM JIMIIb
YaCTHYHO.

Ecnn »xe pasMepbl HEOZHOPOZHOCTEH 3HAUMTENBHO OOJIbIlIE CBe-
TOBO¥ MJIMHBI BOJHBI, TO CIEKTPAJbHBIN COCTAB pacCcessHHOTO CBeTa
TIPaKTHYECKH COBIAKAET CO CHEKTPAJIbHBIM COCTaBOM II€PBHUYHOTIQ
nyuka. ITEM 00BACHSAETCS, Hanpumep, OesbIdl IIBeT 06JIAKOB.

Mosekynapaoe paccesanue. [laske TIaTeJbHO OYUUIEHHBIE OT
HOCTOPOHHUX NpHMeceld M 3arpsasHeHnH KUAKOCTH M rasbl B HEKO-
TOpOH cremeHu pacceusaior cser. M. Cmosryxoeckuit (1908) BrLsc-
HYWJI, YTO DPUYMHONA ONTUYECKHUX HEOTHOPOAHOCTEH B 3TOM ciaydae
ABJIAIOTCA Qaykmyayuu niomuocmu. ¥IMeloTca B BHAY OTKJOHe-
HUA B IIpefesax MaJbIX 00beMOB IIJIOTHOCTH OT ee CPeJHEero 3Haye-
HUA, BOSHUKAIOINVE B IIPOI[ECCe XAOTHUUYECKOrO TEeIJIOBOTO IBMIKE-
HUA MOJIEKYJI cpeasl. Paccesnne ceeTa, o6yCIOBIeHHOE STUMH PIIy-
KTYalUAMU IIJIOTHOCTH, Ha3bIBAIOT MOJAEKYJIADHLIM DACCEAHUEM.

MoJsiekyIApHBEIM paccednueM obbsicuAeTca rony6oi Lser Heba.
HenpepriBHO Bo3HuKaouue B arMochepe GAYKTYanuH IJIOTHOCTH
B MajblXx 06beMax IPHBOAAT COTJIACHO 3aKOHy Pamesa x Tomy, 4TO
CHHYE ¥ rojiy0ble COCTABJISAIOILNE COJIHEYHOr0 CBeTa PaCCeNBAIOTCS
CHJIbHEE, UeM XKejThie ¥ KpacHrle. [Ipu Bocxone u 3axone ConHua
NPAMOHA CONHEYHBIA CBET IPOXOAUT depe3 BOJBIIYIO TOJINY aTMO-
ctepsl, 1 n1pu 5ToM GoJblUad J0JA KOPOTKOBOMHOBOM YaCTH CHEKT-
pa TepsaercA Ha paccesnue. M3 mpsMoro csera A0 IOBEPXHOCTH
3eMau JOXOMUT NPEMMYIIeCTBEHHO KpacHas COCTaBIAIOILAA CIEKT-
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pa. Bor mouemy npu Bocxoge u 3axone ConHie Ka)XeTcA KpPacHbBIM.
Ananornuno o6bAcCHAETCA M KpacHHI LBeT 3apH.

OddekT, cBA3aHHEIA ¢ MOMEKYJIAPHBIM paccesHNeM CBETa, 3aBU-~
CHT OT TeMIIEPATYPhI: C €e POCTOM OH YBEeJIHYMBAETCH, H 3TO IOL-
TBEP>KAAET 3KCIEPHMEHT.

Ocnabieane y3Koro cseToBoro myuyka. B pesyibrare pacceaHuA
MHTEHCHBHOCTh Y3KOr0 CBETOBOIrO Iy4YKa yObIBaeT B HAIIPABJIEHHUU
pacnpocTpaHeHus ObicTpee, yeM B cJlydae OJHOrO JIHLIb IIOrJIOMIe-
Hud. [losTomy jpuia MyTHOI cpefbl B Beipakennu (7.18) BmecTo ko-
sddunperHTa IIOIVIONIEHNA X AOKEH CTOATh K03 (PUIMEeHT ocaad-
neHud

p=x+x, (7.22)

rae ¥’ — KoapPuyuenm IKCMUHKYLY, CBASAHHDBIN C PACCEHBAIOIIH-
MU cBoiicTBaMu cpefbl. Torna MHTEHCMBHOCTb NyukKa OyAeTr msme-
HATBLCA C IPOXOAUMMBIM PACCTOAHMEM X Kak

I=I,e™". (7.23)

Eme pas orMeTHM, 4YTO 3Ta 3aBUCHMOCTb OTHOCUTCI K Y3KOMY
CBETOBOMY IIVUKY.

3amaun

7.1. fucmepena cBeTa. JJeKTPOMaTHWTHAs BOJHA PaclpOCTpDaHAETCHA B
paspexeHHO IJIasMe, KOHIEHTpalusA CBOOOAHBIX 3JIEKTPOHOB KOTO-
poit papaa N,. [Ipene6Gperasa B3auMoaeiicTBHeM BOJIHBI C HOHAMY I1Ia3-
MBI, HRUTH 3aBMCHMOCTH (Da30BOI CKOPOCTH BOJIHBI OT €€ YaCTOTHI O.

PemeH ne. Bcayuae miasmsl (371€KTPOHE ¢cBOGOgHBIE) cCOGCTBEHHAA
4yacToTa KoJebaHUH 3JeKTPOHOB ®, = 0, mostomy coraacHo (7.11) gua-
JeKTPHYECKass NPOHHIAeMOCTh

2
e=1-b/0",
rge b = Nuez/som,, m, — Macca anexkTpoHa. CiefoBaTenbHO, (asoBas
CKOPOCTE

c

[+
Ve 1-b/o

=
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7.2.

7.3.

74.

Haiitu KoHIEeHTpauHIo cCBOOOAHBIX 3JIEKTPOHOB HOHOCHEPEI, €CaU OIA
PaguoBoaH C 4acToToil v = 100 MTI'1 ee moKasaTeNb IIpPeJOMJIEHHS
n = 0,90.

P e w e v u e Cornacso (7.11) gna nnasmst (0, = 0)
n®=1 —b/co2, 1
rae b = Nye* /egn,, o = 2nv. Tloce mOACTAHOBKYM BHIPAXKEHHI And b 1

o B (1) mmoayumm:

2
dnte,m v 2 T 3
N, =———~—°2—L—(1—n }=24-10"em™.
e

Hmesn B BHUAY, 4TO OJIA ZOCTATOYHO JKECTKUX DPEHTIEeHOBCKHX Jy4el
3JIEKTPOHBI BELECTBA MOYKHO CUMTATh CBOOOAHBIMHU, ONPEAE/NUTDb, HA-
CKOJIBKO OTI4aeTCA OT eAVHUIILI [IOKa3aTeNb NPeJIOMIeHNs rpadura
[JI PEHTTeHOBCKOTO U3NY4YeHHUA ¢ AJMWHON BoiHBI A = 50 M (B Bakyy-
Me).
Pemenue. Ucxoga n3 ¢popmyns: (7.11) # yuursiBas, 4To B pac-
cMaTpHBaeMoM cay4ae o, = 0, samumem:
b _, b
— =

n®=1- i z2
® 4n’c

rae b = Nye®/egm,, No=(N,/AWpZ, p — wiorsocts rpadura (1,6 r/cv’),
Z — YHCJO 3NeKTPOHOB B aroMme (Z = 6). Mlckomoe pasimuue

n-1=41-b/0* -1. (1)

2
Brrauciane sHadeHHe BeJMYMHB b/, 0DHapy KMBaeM, YTO OHA 3HAYH-
TeJNbHO MeHbllle eUHUIIBI, 103TOMY (hopmyay (1) MOXKEHO YIIPOCTHTE:

n-1=-b/20* = b2 /8nc®* = -54.107,

rae o = 2nc/A.

T'pynnosas ckopocts. HaliTi 3aBUCHMOCTE MeXAY IPYNNOBOH u u da-
30BOM UV CKODOCTAMH JAS CIEAYIOLINX 3aKOHOB AMCHEDPCHHU:

a) veo k; 6) veo 1/0%
3mech B 1 ® — BOJIHOBOE YMCJO KM IMKJIWYEcKas: dacToTa.
Pew e = ne. a) Ilo onpegenenuo, ¥ = do/dk, rge ® = vk. Torga

dv

u=ii—(vk)=v+k—.
dk dk

(1)
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IIyets v = gk, rie @ — HeKoropad IocTosAHHas. B atoM caydae (1)
IPUMET BH[

u=uv+ak=2v.
6) Ilycte v = a/(oz, o — HexoTtopas mocTodHHasa. Torga
dte d (o) dfo’) 3
do dol\v do{ o v
IlosToMy rpymmoBas CKOPOCTH
_do v
dk 3~

7.5. IokasaTens OpeIOMICHHS BEH[ECTBA JA OJHUSKUX JAMH BOJH F
(B BaKyyMe) paBeH COOTBETCTBEHHO 7, U N,. ONpefesUTh TPYIIIOBYIO
CKOpPOCTE cBeTa B 00JIaCTH JAaHHBIX AJHH BOJH.

Peme H ue. IIpeoGpasyeM B COOTBETCTBHH C YCIOBHAMYU 3a4a4H BbI-
pa)keHHe IJIA IPYNIOBOYM CKOpocTH (7.13) Tax, YTOOBI OHO COAEPIKANIO
n, A u mpoussogHyo dn/di. Ias sToro samuinem
k
u:iiﬂ)_zi(vk)zi e
de  dk deln
03]
_cn—k(dn/dk) _c 1 k dn
n? n ndk)’
Tenepp yurem, 4TO k= 2n/h u dk = -2n dk/kz. Ilocse mopacraHoBKU
3THX BBIpaKeHUH B (1) HOAydHM:
c dn ¢ Gy Any
U=—l+———|=—|1+——=],
n n di n n> <AL (2)
rae A = (A, + 2,)/2, < =(n, + n,)/2, An =n; —n;, Ak =k, —A,.
7.6. B HeKOTOpOH CpeAe CBA3L MEKAY rPyNmoBoH ¥ $asoBOH CKOPOCTAMH

- 2
SJIEKTPOMArHHTHOM BOJHBI UMEET BUA UV = ¢, I'le ¢ — CKOPOCTh CBeTa
B Bakyyme. HallTu 3aBHCHMOCTb JUBJEKTPUYECKOH HPOHHUIIa€MOCTH
3TOM Cpelsl OT YacTOTHI BOJHEHI, € (®).

P e e nue Hcxogum n3s BoipaxeHus (7.13) giasa rpynmnosoi ckopo-
ctu u = do/dk, rge cormacuo (7.12) k = o/v = on/c. YuuTeigas, 4To

n =&, mepenuuieM NpeABIAyILEe COOTHOIUEHHE AJIA K Tak:

k= (o\/;/c.
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7.1.

Teneps HafizgeM mnpomsBogHyio dk/dw:

de 1 de/dw @
—_—= + O | .
dw c[\/; @ 2e )
dTto BEIpaXKeHMe pasBHO 1/u, wam
1 v 1
==, 2
u (,’2 C\/{T} ( )

IIpupassae (1) u (2), sanumem:
Sy o de_ 1
2Je do e
IlocnenHee ypaBHEHHEe MOMKHO YIIDOCTHUTD:
er 008 _
2 do
PagfienuB IilepeMeHHbBIEe € U ©, HOJYIUM:
de do

=2,
e-1 ®

VlHTerpupyeM 2TO ypaBHEHHE:
In(e-1) = -2 lno + InA, 3)

rae A — UpoM3BOJbHAA ImoctosgHHas. lloreHuupya (3), Haxogum:
2
£€-1=A4/0", 1 OKOHYATEJbHO

E=1—A/(02,

rge A — MOJSOKUTeNbHAS [OCTOSHHAA, ONpejesigeMad 9KCIIePUMEHTa-
JBHO.

Iornomenne ceera. Y13 HeKOTOPOro NPO3PadYHOro BellleCTBa N3rOTOBH-
Ju ABe IUIACTHHKHU: OZHY TOJINMHOHN h,, APYry10 ToamuHOH h,. Beega
H00YEepeaHO 9TH NJACTHHKHU IePIeHAUKYAAPHO B IIyYOK MOHOXpOMa-
THYEeCKOT0 cBeTa, 00HADPYKHJIH, YTO IepBas IVIACTUHKA NPONYCKaeT T,
CBETOBOI'O JIOTOKA, & Bropas — T,. [IpeHedperas BTOPUYHBIMHK OTpaKe-
HHAMY, HAWTH KO3(h(}PHIMEHT IOIJIOMIEHHSA % 3TOr0 BeljecTBa.
Pewenue. Bycaosun 3Toil 3agaun onucaH OOBIYHBIA MeTOH H3-
MepeHHus K03a¢dduIneHTa NOIJIOIIeHAA B C/lyYae, KOT4a Heu3BecTeH

K09 DHUIHMEHT OTPAKEeHHA OT KaKJAOH NOBEPXHOCTH IIJIaCTHUHKH. B
39TOM cjydae mocTymaioT Tak. CHavaja 3alHllleM BBIpaXKeHUA JIA
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7.8.

HHTEHCHBHOCTH CBeTa, NpouieXIero yepes rnepsy ¥ BTOPYIO ILJjacC-
THHKH:

I, = I,Q1 - p)* exp(-xh,),
(1)
I, = I,(1 - p)®exp(-xh,),

rae I, — MHTEHCHBHOCTH IafalOLIETO CBETA, p — HEM3BECTHBIH KO9(]-
dunuer orpaykenus (OH OZMHAKOB AN 06enx noBepxHOCTEH MJIACTHH-
ku). Umea B Bugy, uro I,/I, =1, ul,/I, = 1,, naiilem oTHOIIeHHE Ofe-
ux ¢opmya (1) ¥ TeM caMBIM HCKJIIOYMM HeM3BeCTHoe p. B pesayjbraTe
IOy 9HM:

/T, = exp[){(h2 —hl)],
OTKY/a, IIOTeHIUPYs, HAaXOAHM:

_ Infr,/1,) .

hz"hl

MoHOXpoMaTH4YeCKHil NIYHUOK CBeTa IaJaeT HOPMAJIBHO Ha HOBEPX-
HOCTh ILIOCKONAPaJJIeNbHOH IJIaCTHHKHX Tonmuuoi h. Kosdpdunuenr
MOTJIOIIEHHSI BeLeCTBa IJIACTHHKY JIMHeHHO M3MeHAeTCH BAOJb HOP-

MaJju K Hefl OT 3Ha4eHU %; A0 X,. Ko3(hPHUILeHT OTPaXKeH U OT KaXkK-
[l0M NOBepXHOCTH CYMTATh OLMHAKOBEIM M paBHbIM p. IIpeneGperas
BTOPHUYHBIMM OTPAKEHUAMM, HalTH KO3(MQPUUUEHT IIPOIYCKaHUS T
O NAHHOHM IJIACTUHKH.

Pemenne Buagenum B niacTuHKe 6eCKOHEUHO TOHKHH CIOH OT X
mo x +dx, B 'npenenax KOTOPOro Ko3(QHUINEeHT IIOIJIOIeHUs PaBeH .
YO65L1p MHTEHCHUBHOCTH CBETa, IPOIUEAIIEro Yepe3 3TOT CJOH, 3alu-
meM Kak

—dl = xI(x)dx. 1)

B Hamem ciydae KoabHUUMEHT [IOTJIOLIEHUA 3aBUCUT OT X JIHHEHHO,
a MMEeHHO

h ' (2)
ITocne nmoacranmoBku (2) B (1) mosyumm:

_Kl

4 wydx + 22751y
I h
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7.9

IlpounrerpupoBas 3T0 ypaBHeHHE IIO
xor 0 go h mmo I or I(1 - p) mo I,
(puc. 7.12), Haiinem

! Y Iy |Iy(1-p) 1| I=L,(1-p)
h 2 "M

LY S A Saks R ,
"d-p TR 2 0 &

HJINA II0CJe IIOTEHIINMDOBAHNA

H + K
I,=1,0-p) exp[—-h -—‘—-2—2) . Puc. 7.12

ITocjle TPOXOMAEHMS BTOPOH ITOBEDXHOCTH ILUIACTHHKHM HHTEHCHUB-
HocThb cBeta oxkaxkerca I = I,(1-p), cMm. puc. 7.12.

B peaynbpraTe MCKOMBIH KO3(D(PHUIKEHT IPONYCKAHHUA

I 2 n, + A
t=—=(1-p)lexp|-h 2—21|.
1, 1-p) p( 2 )

TodeuyHBIN MOHOXPOMATHYECKHI NCTOYHUK, HCIYCKAOUIUI CBETOBOI
norox ®,, HAXOAUTCA B IEeHTPe cHEepUIECKOTo €10 OQHOPOAHOTO Be-
1ecTBa, BHYTPEHHUH pajguyC KOTOPOT'O DaBeH 4, HapyXKHBIH — b.
KoadbdunmesET NOraoleEnsA BelllecTBa CJ0A paBeH X, Koab(PHUIHeHT
OTpa)XeHUuA KaXXHAOo¥W moBepxHoCTM — p. IIpeHebperas BTOPHYHBIMHU
OTpa)XeHUAMM, HalTH HMHTEHCHUBHOCTL CBeTa Ha BBIXOJE M3 3TOro
cs04.

P e e nue. 3anucas yOBIb CBETOBOIO HO-
TOKa OPHU NPOXOKACHUN GeCKOHEYHO TOHKO-
r0 chepHU4ecKoro CJIos BeIeCTBa TOJIIMHOHN
or r xo r + dr (prmc. 7.13), nmoayuum

—d® =x®(r)dr, win -dP/P =xdr.

IIpouHTErpHPOBaB MOCJHeAHee ypaBHEHHe II0
roragobunmno®ord®, =0,(1-p)ao P,

Puc. 7.13

IIOJIYYHM, 4YTO Iepex BLHIXOAOM M3 chepmye-
CKOTO CJOA IOTOK

~x(b-a)
(Db =CDD(1—p)e . (1)
Brimieamnnit u3 chepHuecKOro CJIOd IOTOK

® =0, -p) @)
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Hckomasn MHTEHCHBHOCTH Ha BBIXOJE U3 3TOrO CJOS
2
0 2, =p) seea
- 2 = 2 '
4nb 4nb
rae yurteHsl dopmyias (1) u (2).
7.10. IIy4oK eCTeCTBEHHOr0 MOHOXPOMATHYECKOTO0 CBETA WHTEHCHBHOCTH

I, nagaeT Ha CHCTeMY M3 ABYX CKPELUEHHBIX MOJAPH3ATOPOB, MEXKIY
KOTOPBIMHM HaxOZUTCA TPYyGKa ¢ HEKOTOPOHA ONTHYECKH HEAKTHBHON
JXHAKOCTBLIO B IPOOJBLHOM MArHHATHOM I10JIe ¢ MHAyKIueH B. Inuna
Tpy6Kky [, KO3(DMULIKMEHT HOTJIOIIEHNA XHUAKOCTH X M TOCTOAHHAL
Beppne V. IIpenebperas orpakeHUAMH Ha TOpLax TPyOKM, HANTH HH-
TEHCHUBHOCThb CBeTa, IIPOILEJIIEero uepes 9Ty CHCTEMY.

P e e H u e. ITocsie npoxosxaeHus nepeoro moaspusaropa P cser
CTAaHOBHTCA IOJAPUSOBAHHBIM C MHTEHCHBHOCTBIO, paBHOH I,/2. o
BTOPOrO nossApusaTopa P’ foiizieT cBeT, HHTEHCUBHOCTb KOTOPOTO CO-
riaacHo 3akoHy Byrepa (7.18) Gyaer pasHa (I0/2)e'”'.

P Kpome TOro, B MarduTHOM II0JI€ IIPO-
H30HAeT NOBOPOT HAIPABJEHUA JIM-
HeMHOH IOJAPH3ALMH Ha Yrojad ¢ =

E, ViB, cM. puc. 7.14. IlosTomy nmonapu-
3aTop P’ OponycTUT COrJIACHO 3aKOHY

>¢/ Manioca TOJNIBKO TY 4acTh MHTEHCHB-
E HOCTH CBeTa, KOTOpad NPOMOPIKXOHA-

P apHa cos’(90°- @) = sin® .

Puc. 7.14 B pesynnTaTe HHTEHCHBHOCTB IIPO-
IIeAIIEro CBETa

I = (I,/2)e™ sin (VIB).
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MN3nyyeHne Basnnosa-YepeHkoBa

2
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7
HekoTopblie pusnyeckne KOHCTaHTbl
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1. H3nyuenne BaBuioBa—Yepenkosa

HsBecTHO, uTO 3apsAKeHHaA 4YacTULa, ABIDKYINAACA B BAKyyMe C
IIOCTOAHHOM CKOPOCTHIO, He u3ayyaer. Vinade o6CTOUT HeJsio pu ee
IBHKEHUH B BelLleCTBe.

ITycrs Takad wacTHIA ABMIKETCH C IOCTOAHHOMH CKOPOCTBIO V, B
OXHOpOAHON mpo3paunoil cpefge. CBoum moseM oHa Bo3Oyxkpmaer
aTOMBI H MOJIEKYJIBI CpeJbl, ¥ IOCIeLHNEe CTAHOBATCA LEHTDAMH M3-
JIydeHHus 3JEeKTPOMarHMTHBIX BOJIH.

IIpu paBHOMEepHOM ABMIKEHHH YaCTHI[LI 3TH BOJHBI OKa3bIBAIOT-
Csl KO2epeHMHbLMU U TIODTOMY MHTephEepHpPYIOT MeXKAy coboil. Eciu
CKODPOCTD U, YacTHIILL 60bille (asoBoii CKOPOCTH U CBeTa B HAHHOHN
cpene (v, > V), TO BOJIHBI, HCXOAAIIME OT Hee B Pa3IMYHbIE MOMEH-
ThI BpeMeHHU, B pe3yJIbTaTe nHTepdepeHIIUN YCHINBAKOT JPYT Apyra
B OIIpejieJIeHHOM HaIllpaBJIeHUH, ¥ MbI Oysem HabmofaTh MAKCHMYM
MHTEHCHBHOCTH.

Je#icTBATEIbHO, MAKCHMYM H3aydeHus 6yner HabGiioaaTbCsa NOR
yriioM 8 K HampaBJIEHHMIO JBUMKEHHUA
gactunsl (puc. II.1), ecau 3a Bpemsa
[MPOXOXKAEHMS YaCTHLBI OT TOYKKH A
Ko B cBer, MCHYIIEHHBIH B TOUKe A,
npoiifer nyts AC. Torma ceeToBhie
Kosebanua B Toukax C u B 6yAyT Ko-
repeHTHHI B cuEda3HbI. JTO JKe OTHO-
cHTCA KO BceM Toukam orpesxa CB. 11
yTo0bl KOJeGaHUA YCUJIHUBAIH APYT
npyra, orpesox CB mosoken 6uith nepnenpukyaapes x AC. Taxkum
obpasom, AC = ABcos9, umu v =v,cos9, rre v — daszosaa cxo-
pocts (v = ¢/n). OTciona ciuepyer, 4uro yroa 3, nmox KoTopbIM Oyzder
HCIYCKATHCH M3JyUeHue, ompefesnsierca GopMyson

A Yo B

Puc. II.1

c/n
v, )

cosd =

(1)

EciM 3TO ycioBHE BBITIOJNHEHO, TO BCe KojeGaHus B HaIpaBICHUU
yria 9 6yaAyT pacIpoCTPaHATHLCA B OGHOK dase, kakoBa ObI HU GBLiIa
OanHa oTpe3ka AB. B sroMm caydae npu HHTepdepeHIHH BOJH IIPO-
u30Hger UX B3aMMHOe yCHJEHHe.
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Wrak, B HanpasieHuu, onpefensemom yciaosueM (1), yacTmia
(TouHee — cpefa, B KOTOPOH OHa ABH-
keTcs) OyzeT HaIydaTh 3JIEKTpOMAar-
HUTHBIC BOJHBI. B OCTAJBHBIX K€ Ha-

4 NpaBIeHUAX H3Ny4YeHUsaA He Oyner.
dro Hambosee xapaKkTepHOE CBOMCTBO

OaHHOTO H3JIYYeHHUsd: OHO HCIyCKaeT-

CA JUINB BAOJNEL 00pa3yooIux KoHyca,

OChb KOTOPOTO COBIAZaeT C HalpasJe-

Puc. I1.2 HHMeM ABMMKeHusd gacTuisl (puc. I1.2).

Taxoe wu3nryzenue OplI0 00HAPYKEHO B3KCIEPHMEHTANbHG B
1934 r. n mony4uuio HazBaHue U3iyienus Basunosa—Yepenrosa.

W3znyuenne zapaskeHHON 4YaCTHIB! NPUBOAUT, KOHEYHO, K ee
TopMmoxkeHNo0. Ho 910 TopMokeHue ABIAETCS He NPUYUHOIN HBIY-
YeHWs, a ero cjaencTBueM. Ecam 6nl K WacTHIle NPUIOXKHUTH CHUIY,
YPaBHOBEIIHEBAIOIIIYI0O TOPMO3AILME CHJBI, TO ee YCKOPEeHHe HCYes-
HeT, a usayueHne BasunoBa—YepeHkoBa ocraHercs. VIMeHHO Tak
HaJI0 IOHUMATh YTBEPIKAeHME, YTO 3apsIKeHHasd YaCTHIa, PABHO-
MepHO ABUIKVIIASCA B Cpefie, M3Jy4aeT, eclli ee CKOPOCTh Gosblie
$asoBoil CKOpPOCTH CBeTa B 3TOH cpefe.

Hsnyyenne BasunoBa—epeHxoBa HAINIO INHMPOKOE IPUMEHE-
HYe B COBpeMEeHHOH sKcIepuMeHTanbHON ¢msuxe. Ha ero ocuose
CO3LaHbl YePeHKOBCKUE CHeMmYUKY 3aPAKEHHBIX YaCTHI[, C IIOMO-
II{b}0 KOTOPBIX MOYXHO He TOJIbKO PEerHCTPHPOBATh BTH YaCTHUILI, HO
YU oIpejesiATh BeJIWYMHY KM HalpaBjeHHe UX CKOPOCTH.
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2. Enuauubsl (GpHM3HIECKUX BeJIWYHH

A — ammep

Kn — kynou

A — anrcrpem

JM -— JIIOMEH

B — BossT

MHH — MHUHYTaA

{B6 — Bebep

Mrc — makceenn

Bt — BarTr

H — wusroron

T'c — rayce

ITa — nackans

'y — repn pag — pajzuaH
oK — mwKoyJb Cp — crepajguaH
JNOTP — RUONTPHUA Ta — Tecaa

K — xenssuu ® — ¢dapag

KJ — KaHjejaa O — apcrex

3. I[eca'rmmme IIPHCTABKN K Ha3BAHUAM €JINHHNIL

T — rura, 10°

M — muanwm, 107

M — wmera, 10°

MK — MuKpo, 107°

3
K — Kuao, 10

H — Hano, 107°

-2
¢ — cauTty, 10

-12
n — mnuxo, 10

I'peueckuit aaxdasur

A, oo — ansda I, 1 — #ora P,p — po

B, B — bera K, » — kanma Z, 6 — CHUI'Ma
I', y — ramma A, . — nambpa T, T — Tay

A, 8§ — peabTa M, g — MI0 Y, v— HICHJIOH
E, £ — ancuiox N, v — Hi0 D, 9 — bdu

Z, { — nsera 2, & — kcm X, 4 — Xxu
H,n — ata O, 0 — OMHKpPOH ¥, v — ncm

0, 0,3 — Tera I, x — om Q, ® — omera
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5. Enuannpr Besuund B CH u cucreme I'aycca

Beanuuna Ennaunua OTtHOIIEHNE
BeJIMYMHBI en. CH
] ex. CI'C
CH Ccrc
CxopocTs M/c cMm/cC 10°
Vexopenue M/c? em/c’ 10°
YacroTra KoNebaHHUM T is 1
Kpyrosasa yacrora ¢! e’ 1
YrioBas CKOPOCTDH ____paga/c ip_gg/i N
Cuia H ’}IHH 10°
Hassnenre, HanpsKeHue IIa aue/cM” |10
VIMIOyanc ‘:an/c r-cm/c 10°
Oueprua, pabora |k apr 10’
MomzocTe B EBT apr/c 107
KosnuecTBO 9/1eKTpHUYECTBa Kn CI'Cd-ex. {3-10°
Tlorennman {B/m  Cr'Cl-ex. |1/300
HanpsasxeHHOCTh 3JIEKTPUYECKOI0 IO %B/M CI'C2-ex. {1/(3-10%)
JeKTpUYecKoe CMellleHue flKn/Mz CrCY-ex. |12n10°
Onextpuveckuit Moment pgumons _ Kam  CTCY.ex. |310"
IonAapu30BaHHOCTD _RJI/Ma Cr'C3-ex. (3-10°
Euxocts ® oM 910"
Conporus/ierue OMm CrC3-ex. [1/(9-10'
MarautHaa HHAYKIOAA Tn Tc 10*
MarduTHBIE IOTOK B6 Mkc 10°
HanpsyxkeHHOCTh MarHUTHOrO MOJA A/m 9 4n/10°
VHAYKTHBHOCTD ‘T icm 10°
CBeTOBOH IOTOK M JM 1
OCBelIlleHHOCTh JK ot 107

IIpu™meuaHune. JIeKTPUYECKHNe U MardHuTHBIe eauHuubl B CI'C

JaHBI 34€Ch B rayccosoi& cucreme.
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6. OcHOBHBIe ¢hopmyisl sieKkTpoaunaamuku B CH
M raycCoBOH cHCTeMe

BOJIHBI B Cpepe

HaumenoBanue CH layccoBa cucrema
HanpsxenHOCTE IOAA E = 1 ¢ E=Z
TOUEYHOrO 3apAAa 4ne, rl r?
ITorennuan nons _ 1 g _9
TOYEHHOr0 3apaza @ dngy r M r
Cepass mexzay E u ¢ =-Vo
Ceasy Mexxzy P u E P=xBE P=xE
Cesase mexxagy D m E D =¢gE D =¢cE
IlnorHOCTH 3HEPrHUK w =ED /2 w =ED /8n
3JIEKTPUYECKOTO II0JIA
Csssp mexxsiy B u H B =up H B =pH
Cuna JlopeHua F=qE+ q[vB] F=qE+ %[VB]
ITnorHOCTEL 3HEpPrHMM w = BH/2 w = BH/8x
MaTHUTHOTO II0JIsA __1
YpasHenus Maxcsenila V xE = _a_B VxE = 1B
B AuddepeHINANbHOR ot c ot
dopme V-B=0 V-B=0

oD
VxH=j+ = iyxg=2r[;, LD
ot c 4n ot
{CropocTh 3/1€KTPOMArHMTHOMH 1 ve S

" Jewon

[0:7:53 3 MG)KL[YEPI{I Erfese = Hyu op E\/_=Hp
B 3JIGKTPOMATHHUTHO# BOJIHE
IlnoTHOCTE 9HEPruM W= ED + BH _ ED BH
3JIEKTPOHHOTO MO 2 2 8t 8n
Bexrop IloiirTHHTa S = [EH] s=_"C% [EH]
47

.. 2
MoimnzocTe HM3nyueHud P u,,a pz pP- 2 pz
AUIONA 6me 3c
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7. HexoTopsle ¢u3uyecKkue KOHCTAHTBI

CropocTs cBeTa B BaKyyMe

¢ = 299 792 458 m/e (Touno)

IlocTosannaa Asoraigpo

N4 = 6,022-1028 monp™!

OnemeHTapHbI! 3apAn

Macca snexTpona

o J1602:107° K
4,803 -107°CrCH

U I —

m < 10911-10 kr
° |0,511 MsB

VYaenbubiil 3apApn 3JieKTpOHA

1,76 - 10" Kn/xr
e/m, = .
5,27 -10"°CI'c9/r

BJIEKTpI/l'-IECKaH IIOCTOSIHHAA

g = 0,885.10-11 @/m
1/4ngg = 9-10° m/P

MarauTHaa nocTosHHAA

o = 1,257.1078 T'u/m
up/4n = 1077 Ta/m




IIpengmeTHBIN yEKa3aTeab

Avnnuryna soadsr 10

Anannzartop 180

Ananps nmosspusoBaHHOTO cBeta 195
-~ PeHTIeHOCTPYKTYpHbIi 165
Auunzorponus 185

— nupu pedopmaruu 202

-— B 3JleKTpuueckoM moJie 203

Busepxana ®penenss 96
Bununsa Buite 97
Bunpusma Ppenensn 93

BexrTop BOnHOBOK 12

— IlofinTmHra 45

— cBetoBoil 64

— VmMmosBa 23

Beuruas ontmueckuit 208

BemjectBa onTuyecku axTuBHble 205
— OTpHLIATEJIBHBbIE U TOJOoXKHTenAbHble 208
— IpaBo- WM JeBoBpamjaiomue 206
Boana rapmonmnueckas 10

— JeBomnonApusdoBaHuas 191

— onopHas 166

— IJIOCKONOJIApHu3oBaHHas 177

— mpaBonoaspusdoBannas 191

— npeagmerHaa 166

— QINNTMYEeCKH-HOJNApu3oBaHuaa 177
Boanosaa sona 52

-— moBepxHocTs 11

Boanxosoe vucao 11

Boasosoi#t BexTop 12

— maret 223

Bousnnt 3sykoBsre 20

— KorepeHtHble 83

— JInHeHHo-moxApu3osagHele 177
— HeoOBIKHOBEHHEIe 185

— obbixkHOBeHHBIe 185

— miockue 11

— noaApusoBauHble 177

— uomnepeuHsie 9, 39

— MpoAoJbHBIE 9
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— cBeTOBBIE 65

— crosyue 25,43

— chepuueckue 12

— ynpyrue 9

— nuInHApPHYecKue 13

— 3jeKTpoMarHuTHeie 37
BocnpuumyuBocTs amasiekTpuka 219
Bpawmenue ecrecrBenHoe 205

— MarguTtHoe 207

Bpems korepentHocTr 90

T'omorpamma 167
Fonorpagusa 166
T'pynna soan 223

HJasineHue cseroBoe 47
JeGaiirpamma 165

Henonapusanua 181

Jebopmanua orHOCHTeabHaA 14
Huarpamma BexTopHad 81

— ¢asonaa 81

— HanpasJeHHOCTH 54

Aunoas 52

HJunoabusiii MomeHT 52, 219
Hucnepcus 64, 217

— aHoMasbHas 217

— Bemecrsa 217

-~ HopMmasabHag 217

— cBera 64, 217

— yryaosaa 158

Hudpaknua B napajienbabix ayuax 140
— OT Kpyrjoro orsepctua 124, 142
— OT MHOKecTBa oTBepcTuii 144
— OT IOJYIIOCKOCTH 134

— ®paysrogepa 140

— — or menau 147

— Openena 124, 133

— — OT Kpas HoJaynnockocrtu 134
— — ot meax 138, 139
Huxpomam 187

Anura poansr 10

— KorepeHTHoCcTH 86

— nyru omruueckaa 70
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3akon Bprocrepa 181
— Byrepa 227

— TI'yra 17

— Mauoca 180

— oTpaxkenusa 69
— nupenomiuerna 69
— Poanea 230

— Cuenna 69
Beprasio Jlnoiina 114
3oHa BoJHOBasA 52
— uHTephepennun 83
3ousr PpeHensa 124

Hanyyenne BaBunosa-Uepenkosa 241
— ZuIoJbHOe 54
WMnynec BOMHBL 3JIGKTPOMarHUTHOW 46
HHurencuBHoOCTL BOAHBI 23, 65
WnrepdepeHuua BoaH 82

— MHorony4epas 111

— TOJAPHU30BaHHBIX BoaH 197-201
WAnTeppepomeTp 3Besgusrii 92

— Maiikenbcona 110

— @abpu-Ilepo 112

Korepenrsocrts 81

— BpeMeHHaa 85

— mnpocTtpaHcTBeHHaa 85

Koarna Hrrorona 106

Konebanusa xorepeaTHble 81

— cobcTBeHHBIE 28

— CTPYHH 28

KomnencaTtop 194

Koadduuuent saryxanusa BoaHsl 11
— ocnabnenua 252

— orpakeHust 68

— nomnomenna 228

— nponyckaHus 68

— 3KCTHHKLuH 232

Kpusasa BuaHoctu 63

— OTHOCHTEJIbHOH CIEeKTPaJbHOH YyBCTBHUTEABHOCTH 63
Kpucrann oxnoocumiit 186

— oTpHHaTeAbHEIH 188

— noJoKuTenbHbiii 188
Kpurepnii Pases 145, 158
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Jlazep 66

Jlunsa Toukaa T1

— — pacceusamomas 72

— — cobuparomasn 72

Jlyu 65

— HeoOGbIKHOBeHHBIN 185

— ofpixHOBeHHBIH 185
Jlyuenpenomnenue psoiHoe 185

MaxcumyMmsl ryiaBHbie 152
— pobaBouHble 154
MeTtog He6Gas~Illepepa 165
— Jlays 165

Hanpasnenus nnacturku raaBgsie 192

O6nacts gucnepcum 114, 160

Onrtuka reomerpryeckas 69

Ontuyecxkasa gauHa nytu 70

— DPa3HOCTb XOAa 73

— cuna 72

OnsiT IOHra 86

Onsirer Jlebegera 47

QOcp ontuyeckas 186

OTHOCHTENbHAA CIEKTDajbHad YYBCTBUTENBHOCTHL 63
OrpakeHue MOJHOe BHyTpeHHee 70

Hepuoa xoneGaunii 10

— pemergku 151

— CTPYKTYpPsl 162

Ilnasma 222

IInactueka B nmoasosnsl 193 -
— — yYeTBepTh BOJNHBI 192
— jgByIpenomiasiomasa 189
— xpucrasaa KDP 205
ILnockocrs rnaBaaa 186

— mnoaapusanuu 177

— NOpONYyCKAaHUA mojsipumsarTopa 179
IInoruocter uMnyanca 46

— onTHueckasa 64

— moToKa 3Hepruu 22, 45
IloBepxHOCTH BONHOBLIe 188
— Jy4eBsIX ckopocreid 188
Iornomenne ceera 227



IlpegmeTrHbIi yKa3aTeab 251

IloxkasaTenp saTyxaHua 222
— npesiomsienus 64

— — KOMIUIEKCHBIH 222
Tlonocer paBHoro HakiaoHa 104
— papHoO# ToauuHbl 105
ITonsipuzaTopsr 179
ITonspusauus sonan 177
Honapoug 187

Ilopsigku cnexTpa 156, 160
Ilopanox meTepdepennuu 83
ITocrosinnana Bepame 207

— ppamgenusa 206

— Keppa 203

Ilorepa monysosiael 101
Ilorox cmeToBOIl 64

IHpunanun o#irenca-Ppenensn 122, 124
— cynepnosunuu 25

— @Pepma 70
Ilponunaemocts AudIeKTpUYecKas 36
— MarsuTtHasa 36
IIpoceersenne ontuxu 108
Iyusoctu 25

IIsaruo Ilyaccona 129

Paspemaromasi crnocobHocTs o6bexTHBa 145, 146
— — pemetks 159

— — chnexTtpaibHaoro npubopa 158
Paccesnne cpera 229, 230

— MoJsexyaaproe 231

PaccTogHne MEXILIOCKOCTHOE 164
PacnpenesieHre MHTEHCHBHOCTH OT Inesan 149
— — oT AudpakUOHHON pemeTkn 157
PacxogumocTs nyuxa pubdpaxnuosHas 143
Pemukn 161

Pemerxa Bu6paTopoB 162

— pudpaknuonHaa 150

— — d¢asosaa 161

Ceer ecrecTBenHbIN 65, 178

— KPpYyro-noaspusoBaHHbi 193

— JIMHeRHO-MOJAPU30BaHHBIH 66
— IJIOCKOIOJAPU30BaHHbIH 66

— MOJAAPU30BaHHBIA 66

~— YaCTHYHO-IOJAsipH3oBanHbIH 179
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IIpeameTHBI YKA3aTEdD

— 3JUIMITHYECKH-NONAPU3oBaHEbIH 66, 191
CeeToBoit norox 64

Ceuenne riaapHoe 186

Cuna omruueckas 72

Ckopocts rpynnoBas 223, 224

— 3ByKa B raze 20

— IOIlepeYHO# BOJIHBI 18

— pacnpocTpaHeHus aHepruum 227
— ¢azosan 11, 223

— 3JIEKTPOMArHUTHON BOJHBI 38
CrexTpockonusa peHTreHoBckas 164
Cunpans Kopuo 135

— Openens 127, 128
CnocobHocTh paspemaromias o0beKTHBa 146
— — pemeTkyu 158

Cpena myrtnaa 230

CreneHb KOrepeHTHOCTH 85

— noaspusanuu 179

— MOHOXpomatruiBocTH 88

Croma miaacrrHok 183

CueTuNKM YepeHKOBCKue 242

Tayroxpounocts 70
Teopema Ba6uue 150

YBeauuenne JHH3BL T3

Vroa Bprocrepa 181

— monHOH moaApusanuy 181
— npegensEbiit 70

— cKoapxeuns 164

Vansr 25

VpaBHeHne Boauosoe 14, 16
— BoJaHun 9,10

— — 3aryxamomeil 11

— — naockoit 11

— — croa4yeHd 25

— — cdepuueckoir 12

— — LMJIMHAPHUYEeCKO# 13
Vpasrenus Maxcsesia 37
VYcnosue raaBHBIX MakcumMyMoB 152, 164
— MuHHMyMOB 148

VYcenosusa rpanudHbie 67

— Jlays 163



IIpeamernsiii ykazaTens 253

®aza Boausl 11

Dayxryanuu mwiaorHoctyd 231
dopmyna Bpsrra-Byasda 164
— Ponen 225

@opmyam Ppenens 194

HBera ToHkux maacruHOK 104
IIyr BoaH 65

JacToThl cobcTBeHHbIe 28
ucao BoaHoBoe 11

IIupusa uHTepdepeHINOHHON Mmoocel 84
— xorepeHTaoctu 90, 91

OKpaHbl ZONOJHUTENbHBIE 150
OHeprua BoJH ynpyrux 21, 22
~— — BJJIEKTPOMATHUTHBIX 44
Sddexr Homuepa ans 3sByka 29
— — [JA MeKTPOMarKMTHBIX BOJH 49
— — momepevyHsIil 50

— —— HIPOJOJBLHBIA 49

— ganasgeiBaHua 31, 49

— Keppa 203

— Ilokkensca 205

— Qapagesn 207

Sueiika Keppa 203





