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NMpeauncnosue
v

OcHoBHasA upesd OpejjaraeMoil KHUTHM — OPraHUYECKU COBMECTHUTH B
OZHOM y4eOHOM II0COOMU M3JI0KEHVE NMPUHIUIIOB TEOPUU U IPAKTUKY pe-
meHusa 3agad. C 9Toi IesIbI0 B KaXK0! IlaBe CHAUYasIa M3JIaraeTcs Teopus
COOTBETCTBYIOIIIETO BOIIPOca (C MILIIOCTPalell HA KOHKPETHBIX IIPUMepax),
a 3aTeM jgaercs pasbop pAga 3amad, rae IOKasbIBaeTCsd, K a K, 10 MHEHUIO
aBTOpa, CJeLyeT IOAXOAUTH K WX pelIeHWuio. 3aJadyyd TeCHO CBABAHBI C
OCHOBHBIM TE€KCTOM, YACTO SIBJAIOTCS €r0 PA3BUTHEM U JOIOJHEHUEeM, I103-
TOMy paboTa HaJ HUMU IOJI’KHA IIPOBOAUTHCA IapajljieIbHO C U3yUeHUEM
OCHOBHOT'O MaTepuajyia. KpoMe Toro, mpejyaraeMbiii HabOp 3amau AOJIKEH,
IO 3aMBICTY aBTOPA, HATh BO3MOXKHOCTE yUAIEMYCsS JOIMOJHUTEIHHO 001y~
MaTh DAL BAKHBIX BOIPOCOB U IOMOYb IIPEACTABUTH ([JarKe ecii MHOTUe
3aJjauM He peIllaTh, a IIPOCTO IPOUUTATh UX YCJIOBUA) OOJBIION AUATa30H
NPUJIOKEHUS U3YyUaeMBbIX WAei.

IIpy n3/I0KeHUN TEOPEeTUYECKOr0 MaTePHAaia aBTODP CTPEMUJICSA UCKJIIIO-
YNTh U3 TEKCTA BCe BTOPOCTEIIEHHOE, C TeM YTOOBbI CKOHI[EHTPHUPOBATH BHU-
MaHUe YUTaTeJd Ha OCHOBHbLX 3aKOHAX BOJHOBBIX IIPOIECCOB M, B YACTHO-
CTH, Ha BOIIpocax HamboJiee TPYAHBIX AJd MoHMMaHusA. CTpeMJyeHne U3JI0-
JKUTH OCHOBHBIE HJEU KPATKO, JOCTYIHO M BMECTE€ C TeM [IOCTATOUYHO
KOPPEKTHO MOOYAUJIO aBTOpPAa HACKOJIBKO BO3MOYKHO OCBOOOJUTH MaTepHaJl
OT UBJINIITHEN MaTeMaTH3alluy U IIepeHeCTU OCHOBHOU aKIeHT Ha (pusuue-
CKYIO CTODOHY paccMaTpuBaeMbIX sBIeHUH. VIMEHHO II09TOMY U3 [BYX
(opm mpencTaBIeHUA KOMILJIEKCHON aMILIATYABI aBTOP IPEJIIOYes BEeKTOD-
HYI0, KaK 6oJjiee IpoCTyio U HArIAAHYyI0. C TOH Ke IeJbI0 IMINPOKO UCIOIh-
30BaHbI Pa3JNYHble MOJEJIbHBIE IIPEACTaBIeHNUA, yIpolnaomue GaKkTophI,
YacTHBIE CJIydaul, COOOPaKeHUSA CUMMETPUU U [P.

Wsnoxenne Bemercss B CH. BmecTe ¢ TeM, yUUTBIBas JOCTATOUHO IITHUPO-
KOe MCIOoJb30BaHUe cucteMbl I'aycca, B [IpuiokeHun naHa cBOLKa OCHOB-
HBIX eNuHUI] 1 Hambojee BaKHBIX Gopmysa B CU u B cucreme I'aycca.

KypcuBom BbImeneHbI BasKHEHIINE TOJOKEHUA U TepMuHbI. IleTut uc-
MOJIB3YeTCA IJIg MaTepuaja MOBBIIIEHHOH TPYJHOCTU U OTHOCUTEIBHO I'DO-
MO3JKHUX PacuyeToB (9TOT MaTepualiIIpU II€PBOM UTEHUU MOXKHO 6e360ses-
HEHHO OIYCTUTH), & TaKyKe AJId IIPUMEPOB U 3akad.

B namHoM mspamum MaTepuas’ RHUTH JOIOJHEH AByMs maparpadamu:
§ 1.6. 3ByxoBbIe BoHEI U § 3.4. DoTOMeTpUUECKUE BEeJIUUNHEI. J[omOIHE-
HBI Takke [IpunokeHusa. BHeceHBI HEKOTOPHIE YTOUHEHUSA, a TaKyKe HCII-
paBJEeHBI 3aMeYeHHbIe OIMMOKYW U OIeUYaTKU.

Krura xak yuebHOe 1mocobme paccunTaHa Ha CTYZEHTOB BY30B C PACIIU-
PEeHHOU mporpaMMo# mo (Qusmuke (B pamMkax Kypca obmeir ¢pusuxu). OHa
MOJKeT OBITh IIOJIEBHOW ¥ IIPernojaBaTeIIM BY30B.

. Upomos.



IIpuHATHIE 0003HAYEHUS

BexkTophl 0003HAYEHBI TOJTYKUPHBIM IPAMBIM IIPUGTOM (HAIIPUMED, V,
E); Ta sxe OykBa KypcuBOM U cBeTJIBIM InpudroMm (v, E) o3HauaeT MOmyIb
BEKTOpa.

Cpegane BeJIMYMHBI OTMEUEHBI CKOOKamu < ), Hampumep <Ay, <ID.

CuMBOJIBI mepex BeIWYMHAMU O3HAYAIOT:

A — KOHeYHOe IpupallleHVe BeJIUUYUHBI, T. €. PABHOCTh ee KOHEYHOTO U
HayaJIbHOTO 3HadeHUl, HampuMmep A =@y — ¢, AE = E; — E;

d — muddepeniuan (6eCKOHEUHO Majoe IpUpalleHne), Haapumep, do, dk.

0 — aJIeMeHTapHOe 3HAUeHUE BEJUUYWHBI, HAIIPUMED OA;
o — 3HAK IPOIOPIVOHAJIHLHOCTH;

~ — BeJWYMHA Hopsafgka... (X ~ 108 cMm).

OpThl — egUHUYHBIE BEKTOPBI:

e, €, €, (unu i, j, k) — OpTHI mIeKapTOBLIX KOOPAMHAT;
e, — OPT pajuyca-BEeKTOpa;

n — OpT HOpPMAaJu K 3JIEMEHTY IIOBEPXHOCTH;

T — OPT KacaTeJbHOM K KOHTYDPY WJHU TPaHUIlEe pasiesa.

IIpousBomHas MO BPeMEHM OT IIPOM3BOJBHOM (PDYHKIIMM X O0O3HAUEHA
dx/dt wan Touxoil Hajn (pyHKImel, x. To Ke IJA BTOPOIl IIPOU3BOMHOIN:
dzx/dt‘2 WIn X.

HuTerpanas a1000#1 KpaTHOCTU 0003HAYEHBI OJJHUM-eIUHCTBEHHBIM 3HA-
KOM | M pasiuyaioTCcA JIHIIb 0003HAYEHMEM 9JI€MEHTa HHTErDUPOBAHIA:
dV — snemenT o0beMa, dS — sieMeHmTIOBEpXHOCTH, dl — s/1€eMeHT KOHTY-
pa. 3HaK § 0603HAUAET MHTErPUPOBAHME [0 3AMKHYTOIl [OBEPXHOCTH MJIK
M0 3aMKHYTOMY KOHTYPY.

BexkTopHsIii omepaTtop V (1absa). Onepauu ¢ HUM 0003HAYEHBI TaK:

Vo — rpaguent ¢ (grad o),

V - E — guseprenmnus E (div E),

V x E — potop E (rot E).
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BonHbi
v

Frnasa 1
Ynpyrve BOMHbI

§ 1.1. YpaBHeHHEe BOJIHBI

Yupyroil BoJIHOW HA3BIBAIOT IIPOIECC PACIPOCTPAHEHUS BO3MY-
1eHusA B yupyroii cpeme. IIpu sToM IpPOMCXOOUT paciupocTpaHeHure
VMEHHO BO3MYIIeHUA HaGTUIl cpefbl, HO CAMM YAaCTUIIbI UCIILITHIBA-
IOT IBUKEHUS OKOJIO CBOMX ITOJIOMKEeHUU paBHoBecus. Cpeny Oymem
paccMaTpuBaTh KaK CIJIOIIHYIO ¥ HEIPEePLIBHYIO, OTBJIEKAasCh OT ee
ATOMUCTUYECKOr0 CTPOEHUS.

Pasnmuuaror BOJMHBI npo0oJibHble U nonepeuHbvie, B 3aBUCUMOCTHU
OT TOTO, MBUYKYTCS JIM YACTUILHI OKOJIO CBOUX IIOJIOKEHUII PaBHOBE-
cus BAOJb WU TOIEPEeK HaNpPaBIEHUA PACIPOCTPAHEHUS BOJIHBI.

YpaBHenne BoaHbI. HecmoTpa Ha 6osbIoe pasHoobpasue usmde-
CKUX IIPOIIECCOB, BBILIBAIOIIMX BOJIHBI, NX OOpPa30BaHME MTPOUCXOAUT
1o obIeMy npuHIUITY. Bo3MmyIirieHre, mpouciiefiinee B KaKO-HuOyIb
TOUKe A cpelbl B HEKOTOPBIM MOMEHT BPEMEHU, IIPOSABJISETCS CITYCTS
OIIpeJieJIEHHOE BpeMsi Ha MHTEPECYIOIIEM HAC PACCTOSHUU OT TOUKU A,
T. €. MepefaeTcs C OIpeIeJeHHON CKOPOCTBIO.

PaccvoTpuM [J1si IIPOCTOTHI PACIIPOCTPAHEHNE BO3MYIIEHUS BIOJb
IJIMHHOTO HATSHYTOI'O IITHYPa, C KOTOPBIM coBMeCcTHM och X. MBI MoO-
JKeM IIPEeJCTAaBUTh BO3MYIIeHUEe { — CMellleHre JIeMEeHTOB LIHypa
U3 IIOJIOKEHUsI PABHOBECUS — KaK (QhYHKIINMIO KOOPAMHATEL X U BPe-
MeHU t, T. e. § = f(x,t). JIerko BuzeTsh, 4TO pacIIpocTpaHeHNEe BO3MY-
IIEHUA CO CKOPOCTHIO U B IIOJIOKUTEJIBHOM HampasjeHuUm ocu X
u300pasuTca Toil Ke GYHKIMEH f, ecau B ee apryMeHT X U t OyAyT
BXOAUTH B Buiae Kombunanuu (vt — x) uau (f — x/v). [leficTBUTENb-
HO, TaKOe CTPOeHMe apryMeHTa IMOKa3bIBaeT, YTO 3HaueHue (QyHK-
nuu f, KOTOpoe OHa MMeJia B TOUKe X B MOMEHT f, OyAeT B HaJbHeli-



1IeM COXpaHAThCA, ecau vt — x = const. Ho aTo Tak u ecTh, IOCKO-
JbKY UMEHHO Ipu dToM ycaoBum dx/dt = v.

WUraxk, mobas GyHKIUSA oT apryMmenTa (vt — x) wau (t — xX/U) BbI-
paskaeT pacIpoCTpPaHeHNWe BO3MYIIEHHUSA CO CKOPOCTBHIO U:

&(x,t) = f(t — x/v). (1.1)

ITO U ecThb ypaBHEHVE BOJHBI, PACIIPOCTPAHAIONIENCA B IIOJIOMKUTE-
JbHOM HampaBjeHuu ocu X. BoaHa ’Ke, pacmpocTpaHAONIAsCA B
OTpHUIlaTeIFHOM HampaBjaeHUW X, ONUCHIBAETCA ypPaBHEHUEM

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

Oco06yi0 PoJsib cpeau pPas3JIUuYHBIX BOJIH UTPAET 2aAPMOHUYUECKAs
80/1Ha. BO MHOTMX OTHOIIIEHUSAX JTO IpPOCTeillee BOJHOBOE IBI-
JKeHUe W ero BBIJEeJeHHOCTb CBs3aHa ¢ 0COOBIMMU CBOIMCTBAMU rap-
MOHUYECKHUX OCIUJIJISITOPOB. ¥YPaBHEHUE TapMOHUYECKOI BOJIHBI
nuMeeT BU[

&(x,t) = acos o(t — x/v), (1.3)

re a — aMILIUTYAa BOJHBI, (0 — IUKJINYecKad (KpyroBas) dacToTa
KoJebaHuii vacTu cpens! (¢ 1). OTa BoHA IEPHOZUYHA BO BpEMeHHU
¥ IIPOCTPAHCTBE, IIOCKOJBKY caMa (PYHKI[MS IIEPUOSUYHA U ee IIe-
puon paseH 27. V3 meprOAMYHOCTH BO BpeMeHU WAt = 271 HaXOAUM
At = 21/®. OTOT TPOMEKYTOK BPEMEHU HA3BIBAIOT Nepuodom KoJe-
6aHullL:

T =2n/Q. (1.4)

W3 mepuoAnYHOCTY B IPOCTPAHCTBE WAX/V = 2T HaxXoAuM AXx =
= 2nv/0 = vT . Paccroanue Ax Ha3bIBAIOT OJUHOU G0HbL A. TaKuM
o0pasoM, IJIMHA BOJHBI — 3TO PACCTOAHWE MEXXKJY OJIMKaNIIuMu
TOUKaMHU CPeAbl, KOJIEOIIOMUMIUCA ¢ padHoCcThio a3 2n. [pyrumn
CJIOBaAaMU, 3TO PACCTOSHUIE, HA KOTOPOE PAaCIpPOCTPaHsAETCA BOJIHA 3a
BpeMsd, paBHOEe Iepuoay KoJiebanuit T

A =T (1.5)

ITockonbry T = 1/v, rome v — uacrora kojaebauuii (I'tf), popmyay
(1.5) MOXXHO HpPEACTAaBUTL U TakK:

L =uv/v. (1.6)
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YpaBHeHUE rapMOHUYECKOU BOJHEI (1.3) NpUHATO 3alIMChIBATH B
CUMMeTPUYHOM 6ojiee yaIoO0HOM U IIpocToM Buze. I[yisg sToro BHECEM
® B CKOOKy, Torma

ot — ox/v = ot — kx,
roe B = o/v = 2n/Tv, uin
k= 2m/\. (1.7)

Besnuuuny k Ha3bIBAIOT 60JHOBbLM ULUCJLOM.
Torga ypasHeHue (1.3) mpuMeT CIeqVIOININH CUMMETPUYHBIN BUT:

& =acos(ot — kx). (1.8)

OrMeTuM, UTO PUTYPUPYIOIIAA BBIIIIE CKOPOCTh U — 3TO (Pa3o-
8as CKOpOCMb BOJIHBI,

v=0/k, (1.8")

T. €. CKOPOCTbh, C KOTOPOII pacIpoOCTPaHsaeTCA OUpeleIeHHOe 3HAUe-
HUe (as3bl 60JHb. — BEJIWUYMHBI B CKOOKax dopmya (1.1), (1.2),
(1.8). lmenHo (pasa XxapaKTepHU3yeT OmpeneeHHOe COCTOSHUEe IBH-
JKEeHUS YaCTUI CPeAbl IIPU HPOXOKIAEHUN BOJIHBI.

Boob1iie roBopsi, B a3y BOJHBI IOJKHA OBITh BKJIOUYEHA U Ha-
yajabHaA asa o, ompenensdemMas BBIOOPOM HayaJs oTcuera X u t. B
cjayduae OJHO¥ BOJIHBI BCerja MOXKHO JOOUTHCS TOTO, UTOOBI oL OBIIA
paBHa HYJIIO, UYTO MBI 1 IIpeAIogaraeM. IIpu coBMeCTHOM ke nIeii-
CTBUU HECKOJBbKUX BOJIH 9TO CIeJIaTh, KaK IPaBUJIO, HE YIaeTCs.

Io cux mop HpeaIoJarajaoch, YTO BOJIHA PACIPOCTPAHSIETCS B He-
TIOTJIOIIAIONIe YIpyToil cpese, mosToMyHee ammautyna a = const. C
YUEeTOM JKe MOTJIOIEeHUA aMILJINTyIa BOJHBI, KaK MMOKAa3bIBaeT OIbIT,
YMEHBIIIAeTCA ¢ PACCTOSHUEM X TI0 3aKOHY @ =dge ', THe Y — K0o(-
Quyuenm samyxaunus 6oanb. (M'), W ypaBHeHHEe BOJHEI OyZeT
UMeTb BUI:

k¢

E=age " cos(ot — kx). (1.9)

YpaBHeHUe MJIOCKOI BOdHBI. ¥YpaBHeHusd (1.1), (1.2), (1.8) onu-
CBIBAIOT U IIJIOCKYIO BOJIHY B YIIPYTOil cpeme. B miaockoii BoiHe 80.1-
Ho8vble nogepxHocmu (TIe TOUKYU CPenbl KOJIEOJIOTCSI B OJUHAKOBOM
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(dase) umeroT BUA mI0cKoCcTel. Korma roBopsAT, YTO IJIOCKAas BOJIHA
pacmpocTpaHsieTcs BIoJb ocu X, TO 3TO HAZO0 IOHUMATh TaK, UTO ee
BOJIHOBBIE TTOBEPXHOCTH (IIJIOCKOCTU) NTEPIEHINKYJIAPHBI 3TOM OCH.

Ecau ke 1ockasi BOJIHA PACIPOCTPAHAETCS B IIPOM3BOJIHLHOM
HAIpaBJIeHUN, KOTOPOe XapaKTepusyeTcs eIWHUYHLIM BEKTOPOM N
(puc. 1.1), To

E= f(t-1/v)= f(t—tn/v), (1.10)

Te rn = xcosa + ycosP+zcosy, o, B, Y — YIVIBI MeXKIY BEKTOPOM
n ¥ OCAMH KOOpJWUHAT.

Y
N k
n
/
/
AW
/
r
/
0 NX
Puc. 1.1

H1s rapMOHMYECKO¥ BOJIHBI coS ®(f —nr/v) =cos (ot —rnw/v) u
&=uacos (wf—kr), (1.11)

rae k — 6osH0801 6exmop:

k=2n =" (1.12)
v A

Ilo cux mop, TroBOpA O (Pa30BOM CKOPOCTU U, Mbl MUMEJIU B BULY
(kaK OOBIYHO W IIPEJIIOJIATAIOT, €CJIU HET OTOBOPOK) CKOPOCTh PACIIPO-
CTpaHeHUA NaHHOU (hashkl B HAIIPaBJIEHUU BOJHOBOTO BeKTopa k, T. e.
v =w/k cormacuo (1.8'). A Kaxk 00CTOUT €0, eCcJU HAC UHTEePecyeT
CKOPOCTb €e PaCIPOCTPAHEHUs B APYIOM HAIPaBJIEHUHU, COCTABJIAIO-
meM, HampuMmep, yroj ¢ ¢ BekropoMm k? Ilyns oTBera Ha 9TOT BOIPOC
BOCIIOJIb3yeMcs ypaBHeHmeM BOJHBI (1.11).

W3 ycaoBusA, uto (asa (BbIpaskeHUe B CKOOKAX) MOJIKHA OBITH IIO-
CTOSHHOM, T. €. ot — kr = const, caeayer mocsie nuddepeHITMPOBaAHMIA
mo t

o = kv,, (1.129)
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rae v, = dr/dt — ckopocTh pacmpocTpaHeHus (Gasbl B MHTEPECYIo-
mieM Hac HampasiaeHuun. M3 (1.12') ciaemyer, uTo ® = kvq)cosq) u

o/k v
v(D = = ,
cos @ Cos

(1.12")

rae v=w®/k — (asoBasg CKOpocTh B HampaBJeHuu BekTopa k, T. e.
upu ¢ = 0.

Takum obpasoM, ecau GasoBasi CKOPOCTH IIJIOCKOI BOJIHBI B Ha-
mpaBJieHNM BeKTopa k paBHa v, To B HampaBieHuax oceii X, Y, Z,
¢ koropbeiMu BekTOp k cocraBiser yriel o, 3, Y COOTBETCTBEHHO,
CKODPOCTH pACIPOCTpaHeHUd AaHHOH (pasbl OYAYT DABHHL :

v, =v/cosa, vg=v/eosP, v, =v/cosy.

ITO mO3BOJIAET YTBEPIKIATH, UTO ()a30Basg CKOPOCTh U He ABJIAETCA
BeKTOpOM. B mpoTuBHOM ciryuae MBI UMeJIH ObI U, =V COSO. U T. I.

W3 mociegHux Tpex BBIPAKEHUH CJeAyeT, UTO MPU JOCTATOUHO
MaJIoOM 3HAaUeHUU KaKOro-Jmbo W3 YIJIOB O, [, Y COOTBETCTBYIOIIAA
(asoBasg CKOPOCTb MOKET OKa3aThCs 0OJIbIIIE CKOPOCTHU CBeTa C. ITO
He [O0JI’KHO BBI3HIBATH HEJOYMEHUs, IIOCKOJBbKY Takue (hasoBbIe CKO-
POCTH He CBS3AaHBI HU CO CKOPOCTBIO YACTHUIL, HU CO CKOPOCTHIO IIepe-
HOca WMH(pOPMAI[UU, U TEOPUU OTHOCUTEJIBHOCTU He IIPOTHBOPEeYAaT.

IIpu pacupocTpaneHn” BOJHBI B IIOTJIOIIAIONIEl cpe/le B ypaBHe-
"Hua (1.10) u (1.11) HYKHO I00AaBUTH SKCIOHEHIIUMAJIbHBIN MHOMKH-
Tenp eV = e™MMT,

Chepuueckas M MUIWMHAPUUYECKAST BOJHBI. B OMHOPOMHOMN M30T-
POIIHO# cpefie MPOROJbHAA BOJHA OT TOYEUHOI'O MCTOUYHUKA IIPEJ-
cTaBJadeT co0oil chepuUyecKU pacxXondAlleecd BO3IMYIIlEHUE BUIA

e=L e —rp), (1.183)

rage r — pacCTodHNEe OT TOUYEeUHOI'o MCTOUYHHKA. B uwacTHOCTH, ecam
VCTOYHUK Bos6ym;[ae'r IIPOAOJIBHBIE MOHOXPOMaTUYECKHNE KoJieba-
HUA, TO IIpeabiayiiee ypaBHEHUE IIPMHHNMAET BU

&= a7° cos(ot —kr), (1.14)

* OTOT 2Ke Pe3yIbTaT MOYKHO IOJYUUTD U u3 OoJiee obimei dopmyst (1.10) mia miroc-
Kot BotHBI. Hazmo TOIBKO yuecTh, UTO MOA U 3[eCh IMOHUMAaeTcA ()a30Bas CKOPOCTh
B HAIIPaBJIEHWHU OPTA N.
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rie a, — IOCTOAHHASA, (,/r — aMILIUTYyJa BOJHEL. Ee BOJIHOBEIE IIO-
BEPXHOCTHU ABJIAIOTCA cheprueckumMu. OTMETUM, UTO B BBHIPAKEHUN
(1.14) crout umeHHO k (BOJHOBOE UMCJIO), a He BOJHOBOI BeKTOD K,
KaK [Jis TJIOCKOW TapMOHUYECKOI BOJIHBI.

Ecau yuurwiBaThH morJiorieHume cpeabl, To B Gopmyasl (1.13) u
(1.14) cnemyer mo6aBUTHL MHOXKUTENIb € .

WnTepecHo, UTO IpU IPOXOXKIeHUN cheprueCKOil BOTHBI B KaXK-
IO TOUKe cpeabl Bcerja HaOJMIOMAIOTCA KaK CryILIeHUdA, TaK U pas-
pAXeHUd (B OTJINUME OT ILIOCKOM BOJIHBI, KOTOPAsA MOKET COCTOATH
TOJIBKO W3 OMHUX CIYIeHUN WUJIN PaspAKeHuin).

Hpyroii BasKHBIN BUJL CUMMETPUYHON BOJHBI — UUJUHOpUYe-
CcKas, pacxofsdaIasca HalpuMep OT MCTOYHUKOB, PABHOMEDHO pac-
mpelleIeHHBIX BJOJIb OCU B OZHOPOJHOI cpexe. CTPpYKTypa IUIUHI-
PUUYECKO¥ BOJIHBI 3HAUUTEJIBHO CJI0KHEEe. chepmuecKoit, u ee dopma
He MOBTOPAET BPEMEHHOTO IOBeAeHUA DYHKIINU MCTOYHUKA, KAaK B
cayudae cpepruecKkoii, — BOJIHA TSHET 3a COOOU MJIMHHBIN «IIIend».
U TonbKo Ha GOJBINNX PacCTOAHUAX R oT mcTouHMKA (OOJBITUX IO
CPaBHEHUIO C XapaKTEePHBIM ITapaMeTPOM JaHHOIN BOJIHBI) €€ MOYKHO
IPEeACTaBUTL B BUME

_ 1

/R

B uwacTHOCTH, MOHOXpOMATHUYECKasd pacxXoiAllascsd BOJHA Ha pac-
CTOAHUAX R, 3HAUNTEIHHO IIPEBLIIIAIOIINX ee AJIUHY BOJHBI, TMEeT
BU/I

g ft — R/v). (1.15)

a
£ =—— cos(ot — kR), (1.16)

VR
rae a — mocrodnHaa. llunuagpuueckasi BoJaHA, Kak u chepuye-

CKad, HEIIPEMEeHHO OJOJIKHa COAepPiKaThb KaK CI'yIleHudA, TaK U pas3-
pPAXKEeHUuA.

§ 1.2. BoaHoBbBIe ypaBHEHHUS

JIuHeliHOe BOJIHOBOE YpaBHEeHHe. AHAJOTUYHO OCHOBHOMY ypaB-
HEHUIO JUHAMUKY, KOTOPOE ONVCHIBAET 6C€ BOBMOIKHBIE IBUIKEHUSA
MaTepruaJibHOU TOYKMU, M 3[[eCh, B 00JIACTH BOJHOBBIX IIPOIIECCOB,
CYIIEeCTBYIOT YPaBHEHU, ABJIAIOINECa 0000IIeHHBIM BhIpaKeHIEeM
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BOJIH, HE3aBHCHMO OT UX KOHKDPETHOI'0 Buja. ITo nuddepeHIIaib-
HBle YPaBHEHUS B YACTHBIX IIPOMBBOJHBIX, CBA3LIBAIOIINE M3MeHe-
HUA QYHKIUHA, XapaKTepU3YIONIUX BOJHY, BO BDEMEHHU U IIPOCTPaH-
CTBe.

Hatinem sty cBasb mnsa BosH Tunact = f(t —x/v). ObosHauum
dasy BomHBI OYKBOII @, T.e. ¢ =t — x/v. Torga

E_Loo_y  K_Le_ 'w[—lj?&'w/"- (1.17)
ot 0Op ot ox O¢ Ox v

ComocTaBuB IIOJIYUY€HHBbI€ BBIDAKEHUA, ITOJIYUNM

1z w18
ox v ot )

9TO ypaBHEHUE CIPaBeAJINBO, K COKANEHUIO, TOJBKO JJIA BOJH, pac-

MIPOCTPAHSIONINXCA B IOJOKUTEIbHOM HampasieHuu ocu X. s

BOJIH, PACIIPOCTPAHAIOIIMUXCA B OTPUIATEIbHOM HAIPABJIEHUU OCHU

X, cupaBa, Kak HETPYAHO IIPOBEPUTH, NOJKEH CTOSATH 3HAK «+».
Taxum obpasoM, MOYKHO HaIHCATH

% _;1%

ox vot (1.19)

TIe 3HAKW «—» U «+» OTHOCATCA TOJHKO K TeM BOJHAM, KOTODBIE
PacIpPOCTPAHAIOTCA COOTBETCTBEHHO B IOJIOMKUTEIBHOM WJIN OTPU-
aTeJbHOM HampaBjaeHuu ocu X.

VYpasuenue (1.19) aBigeTcs IPOCTEUINUM B0JHOBbLM YPABHEHU-
em. Bo MHOTHX ciyyasgX OHO OKas3bIBaeTCd BeCbMa IIOJIE€3HBIM.

BrisicHuM (usuUecKuil CMBICI MPOU3BOLHBIX, BXOLAIIUX B 3TO
BOJIHOBOe ypaBHeHUe. IIpousBojHas no BpeMeHu 0%/ 0t =u, — 9TO
MPOEKIINSA CKOPOCTH YAaCTHUIBI CPEAbI, MBUIKYIIENCS OKOJIO CBOETO
TIOJIO}KEeHUA PaBHOBecUsd, a 08/ 0x = € — omHocumeavHas deopma-
yus cpedvl. Ilocnemnee HaLO MOACHUTD.

Beigenum MbICHeHHO MaJblil (110 Ax
CPaBHEHUIO C WM3MEHEHWEeM HIpopuisa i Ax tAE |

| T

BOJIHBI) I[UJIUHIPUYECKUN BJIIEMEHT
cpenbl Ax (puc. 1.2) Bross HampaBje- +—=
HUS pacupocTpaHeHUs BOJHBI. Ilpu g
MMPOXOYKAEHUU IIPOJOJBHOM  BOJIHBI Puc. 1.2

]
E+AL
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9TOT dJIeMeHT OymeT cmelarbcad U AedopmupoBarbca. Hampumep,
JIeBBIN €ro Topel] IepeMecTuTCA Ha &, a mpaBblii — Ha & + AE. Ilo
OIIpeJleJIEeHNI0, OTHOCHUTEeJbHadA AedopManus

A5 _% (1.20)

Jra BeauuyuMHa aJjredpamuecKas, OHa MOMKET OBITH OOJIBIIE HYJIS
(pacrs:xkeHue), paBHa HYJIO M MeHbIe HyJA (ciKartue).

IIpumep. [IpogonbHasAs BOJIHA PaCIPOCTPAHAETCS B JIMHHOM CTepKHe (0Ch
X). B HEKOTOPBINI MOMEHT CMEIIeHUs YaCTUIl U3 IIOJ0KEHUS PABHO-
Becud &(x) mMeroT BuI Kak Ha puc. 1.3. 3Had, UTO BOJIHA PaCIIpO-
CTpaHseTCs B MOJIOXKUTEILHOM HalpaBieHuu ocu X, Halizem (Kaue-
CTBEHHO) 3aBHCUMOCTH CKOPOCTU YACTHIL[ CPEALI B 3TOT MOMEHT OT
KOOPAWHATEI X.

Msbr 3Haem, utro 0&/0t 3aBucuT OT O&/OX, COTJIACHO YPABHEHUIO
(1.19). Nmesa B Bumy, uTO IPOM3BOAHAA O5/0X B KaKAOU TOUKE Xa-
PaKTepusyeT HAKJOH (MJIN KPYTU3HY) KpUBOH &(x), n3o6pasum rpa-
bur 05/0x Kaxk (QYHKIUIO X (LITPUXOBOU JIMHUEIT).

TIoCKOIBKY BOJIHA PACIPOCTPAHSETCS B'IIOJOKUTEIHLHOM HAIIPABJIe-
Huu ocu X, B ypaBHeHuu (1.19) mo/geH ObITH 3HAK «—». JTO O3HA-
yaeT, uTo rpadur Of/0t(x) OymeT «3€PKaJbHBIM» II0 OTHOIIEHUIO K
rpadury 05/0x. OH M300pa’KeH TOYEUHOI KPUBOI.

Oo61iee BorHOBOE ypaBHeHUe. YpasHeHue (1.19) cooTBeTcTBYET BOJI-
He, PaCIIPOCTPAHAIONIEHCA MU B TIOJIOKUTEILHOM HaIpaBJaeHun ocu X
(BHaK «—»), WJIN B OTPUIIATEJIBHOM (3HaK «+»). MOXKHO, OTHAKO, IIOJIY-
YUTH YpaBHEHUE, CIPaBEIJIUBOE JIA BOJHBI JIIOOOTO HAIIpaBJIEHUSA, a
TaKsKe U JJIA CYyHepIIO3UITUY TaKux BOJH. [{1a aToro mpoguddepeHITn-
pyem BoIpaskenusi (1.17) emre pa3 mo ¢ m MO X COOTBETCTBEHHO:
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o%e &y 09 _
poie &[&J o (80) =7y 5 =5

% L2 gy _1&%6@__1n[_1j=1"

ox2 v Ox v 09 ox v 7 v w2

W3 comocTaBiieHUA 3TUX BBIPAKEHUU ITOJYUUM:

o’ 1 9%t
2 2 (1.21)

(o)
8
o
c
o)
o~

rae v — (aszoBasi CKOPOCTb. JTO OJHOMEPHOE BOJIHOBOE ypaBHEHUE
2-ro MOpsAKa B YACTHBIX IPOM3BOAHBIX. EMY yIOBIETBOPAIOT KaK
Bosmymienus Buga (1.1), (1.2), Tak u GoJsiee oOIlee perreHue

E=lf(t — x/v) + [ + x/v), (1.22)

rae f; u f, — NIPOM3BOJbHEIE (DYHKIINM, COOTBETCTBYIOIIME BOJHAM,
PaCIpPOCTPAHAIONINMCS B IIPOTUBOIIOJIOKHBIX HAIPABJIEHUAX ocu X.
3amMeTuM, 4TO BOJHOBLIe ypaBHeHUs (1.19) u (1.21) cupaBeniu-
BBI JJI OAHOPOJIHBIX U30TPOIHBIX CPEJ, 3aTyXaHUe B KOTOPHIX IIpe-
HeOpeKUMO Maso’, U IPU YCIOBUH & < A.
O6o6mienme ypaBHeHusa (1.21) Ha TpexMepHBIN ciiyyail TPUBO-
OIUT K BOJHOBOMY YPaBHEHHUIO BHIA

1 0%
Vie=— (1.23)

2 2 2
0 0 0
rue VZF, :7& + —E" + —E" , V2 — onepamop Jlanaaca.
2 2 2
ox oy oz
Vpasuenue (1.23) MmokHO moayuuTh Tak. O0paTumMcsa cHadyajga K ypas-
HeHuio (1.21). B HeM v — 9TO0 (PazoBassi CKOPOCTH BOJHBI, PACIIPOCTPAHSIIO-

mieiica BOoJib ocu X. ITO 3HAUUT, UTO Bj|C/IyUae ILJIOCKOW BOJIHBI, PACIIPO-

# HpI/I Ha/JIM4UMHU 3aTyXaHUsd OOJHOMEpPHOe BOJIHOBOE YpaBHEHHNE MMeeT BU[

% % 1 0%
2 *77,
ox? ox e 2 o¢?

rae Y — Kod(phUIMeHT 3aTyXaHUsa BOJIHEL.



16 Laasa 1

CTpPaHSOINelics B MPOM3BOJILHOM HAIPABJI€HUU, KAK ObLIO OTMEYEHO Ha
c. 11 mox dopmysoit (1.12")57 dasoBasa CKOpPOCTh B HaIpaBJIeHUU ocu X
paBHa v/cosa. Torma BoNHOBBIE ypaBHeHUA BAOJb oceil X, Y, Z GyayT
UMeThb CJIeAVIOIIUI BUJI

0% cos’a 0% 3% cos’p 0% 0% cos’y 0%
- T 5 9 — T o 5 2 ’

ox® w2 at?’ 6y2 v ot?

622_ 2 ot

rae o, B, Y — yribl MeXKAY BOJHOBBIM BeKTOpoM k u ocsiMu KOOpAHMHAT.
CJI0:KUB OTHEJNbHO JIeBble U IPaBble UACTU 9TUX YPaBHEHUN U YUUTHIBASd,
YTO

cosZa + cos2p + cosZy =1,

MBI M OpUXOAUM K ypaBHeHuio (1.23), rme, HamoMHUM, U = ®/k.

OTMeTHuM, YTO BHIPAKEHUA AJId cCHEePUUECKUX U INMJINHIPUUYECKUX BOJIH
TaK)Ke ABJIAIOTCA PelleHueM BOJIHOBOTO ypaBHeHusa (1.23), Hago TOJIBKO
BTODBIe IIPOM3BOJHBIE 10 KOOpAMHATAM, T. €. V- — omepatop Jlantaca —
3amKucaTh B COOTBETCTBYIOIEl cucTeMe KoopAuHAT (chepuuecKoi MiIu Iiu-
JUHIPUYIECKOH).

Boauossie ypaBHerua (1.21) u (1.23) urparmor BechMa BaKHYIO
POJIb B TEOPUU BOJHOBBIX IIpoIieccoB. Ecau MBI, MCXOAA M3 3aKOHOB
MeXaHUKU IPU UIYUYEeHUU HEKOTOPOTO SABJEHUA, HPUAEM, HAIPU-
Mep, K ypaBHeHU0 Buaa (1.23), To cpasdy MOKHO YTBEpPIKIaTh, UTO
UMeeM JIeJIO C BOJTHOBBIM IIPOIIECCOM, CKOPOCTH PACIIPOCTPAHEHUA U
KOTOPOTO JIETKO HAWTH M3 COIOCTABJIEHUA IOJYUEHHOTO0 YPaBHEHUA
c (1.23). B pganbHelnieMm MBI 9TUM M BOCHIOJIb3YEMCH.

§ 1.3. CkopocTh ynmpyrux BOJIH

CkopocTh BOJIHBI B TOHKOM cTep:kHe. Ilon TOHKMM mmeerca B
BUY CTeP:KEeHb, TOJIIMHA KOTOPOTO MaJjia II0 CPABHEHUIO C JJIMHOHN
BOJIHBI A. IIpu MaJsbIX TMPOAOJBHBIX AedopManusaxX CTEP:KHA CIIpa-
BeanuB 3akoH I'yka:

c = Eg, (1.24)

rae ¢ — manpsskernue (H/M2), E — moxyns IOura (I1a), &€ = 08/0x.
3aMeTHuM, 4YTO G, KaK U €, BeIW4YWHA ajnredpamdyecKas, U 3HAKU G U
€ BCeTZa ONMHAKOBBI: IIPU PACTAKEHUW — MOJOMKUTEJIbHBIE, IPU
CXKaTUM — OTPUIlATEJIbHEIE.
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Ax
Fx)<0 [ [ \E(x+ax)>0
O(x) h O(xtAx) X
Puc. 1.4

PaccmorpuM MaJIblii 9JI€MeHT CTeP:KHSI Ax < A B MOMEHT, KoTrja
IpU IPOXOKICHUY BOJIHBI OH OKAas3aJjicsd, HaIpuMep, B PACTAHYTOM
cocroguuu (puc. 1.4). IIpuMeHUM K STOMY 3JeMEHTY 2-B 3aKOH
HyioTona:

pAxS-& =F (x + Ax) + F (x),

rje p — IJIOTHOCTHh MaTepuaja CTeP:KH:A, S — IIOIanb ero moie-
peuyHOro ceueHusi. B gaHHBII MOMEHT, KaK BUIHO M3 PUCYHKA,
F.(x + Ax) > 0, a F (x) < 0. CooTBercTByOIue e 3HAUCHUA G B
ceueHUAX X U X + Ax mososkurenbHble (pacrsixenue!). IlosTomy
IPaByI0 YacTh YPaBHEHHS MOXKHO IIepelucaTh Tak:

F (x+ Ax) + F (x) = So(x + Ax) — So(x) =S ? Ax,
x

rfie yu4TeHo, 4To cjieBa F, M G MMeIT pasHble 3HaKHU (9To Oyger u
npu cxkatuu). Torga ypaBHeHUe NBUIKEHUS ITOCJTe COKpAIleHusA Ha
Ax - S mpumer BuUnI pé = 0c/0x. Ocraerca yuects (1.24), mocae uero
IOJTYYUM OKOHYATEJIbHO:

2 2
p 672&, =E 6—? . (1.25)
ot ox
Mgl npuman, TakuM 0o0pasoM, K BOJHOBOMY ypaBHEHUIO. ITO IIO-
3BOJISIET YTBEPKIATh, YTO B CTEPIKHE OYIeT PAacCIpPOCTPAHATHCS IIPO-
IOJIbHAA BOJIHA, CKOPOCTH U KOTOPOH JIETKO OIPEJEeUTh, COIIOCTA-
BUB ToOJIyueHHOe BhIpaskenme c¢ (1.23):

v =JE)p. (1.26)

3aMeTuM, UTO AJIA He TOHKOTO CTEePIKHA BhIpaKeHUe IJId U UMe-
eT 0ojiee CJOKHBIM BUJA U 3HAUEHMWE U OKa3bIBAeTCs OOJIbINle, UeM B
caydae TOHKOTO CTEpP KHJ.

MoskHO TOKasaTb, YTO CKOPOCTh NONEPeuHbLX YIPYTUX BOJH B
HEOTPaHWYEHHON M30TPOITHON TBEPIOU cpene

v =4/GJp, (1.27)

rge G — MOAyJab CABUTA CPEJbl, p — ee IJIOTHOCTb.
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0 x x+dx X
Puec. 1.5

CkopocTts BoIHBI B ru0KoM ImHype. Hailimem ypaBHeHHE MaJIbIX
IIOIIePEeYHBIX KOJiebaHUI HaTAHYTOrO IIHYPa, UCXOAA U3 OCHOBHOTO
ypaBHeHUs AumHamMuku. Ha maiwiii saementT 12 muaypa (puc. 1.5)
cjeBa JIeMcTBYyeT cuja HaTdxKeHud F. Ee BepTukKaibHasd IPOEKIIUS
F;(x) = —F sina. IIpu MausIx cMeleHnAx sino = tgo = 05/0x, 1 MbI
MOJKeM 3aIluncaThb

F(xys —F 0g/ox.

AHayiornunoe BhIpasKeHune IJIsS IPOeKI[UU CUJIBLI (TOJIBKO CO 3HAKOM
«+») MOKHO 3aIMcaTh U JJIs IPAaBOTO KOHIIA daeMenTa 12. Pesyib-
TUPYIOMIAsa 3TUX ABYX HPOEKIIUH CUJI

0 0 0
F—é + —F—é :i F—(2 dx. (1.28)
0x ) ox); Ox ox
IIpeneGperas namMeHenueM Cuibl F BIOJb IITHYypa (9TO CIIPaBEIJIUBO
I MaJbIX CMeIeHUH mpu KoJaebaHMAX), IPaBy0 YacTh MPeabIay-
IIero BHIPAsKEHUA MOXKHO IepemucaTh Tak: F(0%¢/0x?)dx. Eciu nu-

HeliHad IJIOTHOCTH IIHypa (Macca eAMHUIBI ero JJIMHBI) paBHA Py,

T0 O BTOpOMY 3aKoHy HbiorToma p,dx - & = F¢' dx, unn
2 2
9E_F 5 (1.29)
ot P1 Ox

W3 cpaBHernusda c (1.23) HaxoAuM BhIpaKeHMUe AJS CKOPOCTU BOJIHBI

B IIIHYpE:
v=JF/p;. (1.30)

CropocTh 3ByKa B KMAKOCTAX M raszax. @opmyay (1.26) MoxHO
WCIIOJIB30BATh [JIS BHIUMCJIEHUSI CKOPOCTU IIPOAOJIbHBIX BOJH B JKHUI-
KOCTSIX U rasax. [leficTBUTeJIbHO, BBIPE3aB MBICJIEHHO KaHAJI B Ha-
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OpaBJIEHUMW PACIPOCTPAHEHUSA ILJIOCKOW BOJHBI, MBI MOKEM ITOBTO-
PUTH Bce paccy:KIeHus, IpuUBeAlnre Hac K aToi opmysae. Ocraercs
TOJILKO BBISICHUTB, 4/MO0 B 3TOM CJIydae urpaet poab monayasa IOura E.

ITpu mpomo/IbHBIX BOJHAX B Cpele BO3HUKAIOT CXKATUA U Pasps-
JKeHUs OTHeJbHBIX CJIOEB, 1 3aKOH I'yKa B JaHHOM cjliyuyae — CBS3b
U30BITOYHOTO HABJEHUA AP C OTHOCUTEJIHLHBIM M3MEeHEHUEM IJUHBI
sjIeMeHTa AX DUINHAPUYECKOro KaHajma AL/Ax — mnpumer Bupg
Ap = — EAE/Ax, Toe 3HAK MUHYC CBA3aH C TEM, UTO IPUPAIeHUA
IaBiaeHUs Ap u MInWHBI A IPOTUBOIOJNOKHBI IO 3HAKY. ¥ MHOYKUB
YHUCJUTE]Ib W 3HAMeHaTeJ b Ha ILJIOIAAb IIOIEePeuHOTo CeueHUus Ka-
Haja, MOJYYUM

Ap = — EAV)V, (1.31)

rae AV/V — oTHocuTeJbHOe IIpupalieHne oobeMa paccMaTpUBaeMo-
ro asmeMmeHTa. llepeiifsa K mpeneny, MOJSYyUUM

E= —Vdp/dv. (1.32)

O6bem V smemMeHTa AX U €ro IIJIOTHOCTh MEHSIOTCSA IIPU ITPOXOKIe-
HUU BOJIHBI, HO UX IIPOU3BeJeHUe, T. €. Macca pV = const. Orciona
dp/p = —dV/V, smauur

dv=-vdp/p. (1.33)

Tlocse moacranoBKu aToro Beipaskenus B (1.32) momyuum E = p dp/dp,
M CKOPOCTHb BOJHBI — (opmysaa (1.26) — mpumer Bupg

v =./dp/dp. (1.34)

aro BBIPDAXXE€HHNe CIIpaBeaJIMBO MAJId BOJIH B XHUJAKOCTAX M rasax.
OmsIT IIOKa3blBaeT, 4YTO IIPU pPAaCIpoOCTPaHEHUM 3BYKa B Trase
CBA3b MEXOAYy OdaBJIEHUEM U 00BeMOM omnpenaesisaeTca ypaBHEHUEM

pV"'=const, (1.35)

rae Y — TaK Ha3bIBaeMas IIOCTOAHHAaSA a/II/IaﬁaTBI, PaBHasA OTHOIIIE-

HHUIO TEIJIOEMKOCTEeH rasa IPH HOCTOAHHBIX OaBJIeHUU U 00beMe,

Y= CP/CV — BeJIMYMHA, XapaKkTepHasd AJA KayKIoro rasa. 3amuremM

muddepennuan HaTypajbHOTO Jorapudma BbipaskeHud (1.35):
dp awv

+y— =0,
yV



otrkyga dp/dV = — yp/V, u dopmyna (1.32) npuHUMaeT BUJ
E =vp. (1.36)

TakuM 06pa3oM, CKOPOCTb 3BYKOBOU BOJIHBI B Tase

v =4vP/p. (1.37)

9To BBIpaKeHUe MOYKHO ITPeo0dpas3oBaTh K 0ojee yI0OHOMY AJSA pac-
YEeTOB BUIY, €CJIN YUYECTh ypaBHEHUE COCTOAHUA HJIEaJIbHOTO Tasa
pV=(m/M)RT, rne, HaloMHUM, m — Macca rasa, M — ero MoJsap-
Hasag Macca. M3 ypaBHEHUS COCTOSHUS OIIPeNeiMM ILIOTHOCTh Kak
p = m/V = pM/RT, u ypaBHenue (1.37) cramer Tarkum:

v = JYRT/M, (1.38)

roe R — YVHHUBepCaJIbHadA rasdoBad IIOCTOAHHAaAA.

§ 1.4. OHeprus ynpyroil BOJIHBI

IInoTHOCTH 9HEpPruu ynpyrou BoaHsbl. IIpesxae Bcero HaiiziemM BbI-
paskeHue IJA IIOTHOCTH YIPYroii (IIOTeHIIMAJbHOI) SHEPruu pac-
TAHYTOTO (MJIU CIKATOTO) CTEpyKHA. IIPpMIIOKUM K TOPILYy CTEePIKHA,
OPYToil KOHEeI KOTOPOT'0 3aKpeIljieH, pacTaruBawIinyo cuiay F(x) u
Oynem MeJJeHHO yBennunBaTh ee oT 0 1o sHaueHuda F,. YanuHeHHE
CTepP:KHA mpu 3ToM Oyzer meHsaThbes oT 0 mo x. Ilo saxkomy I'yka
F(x)= nx, rne » — woaddumnuent yupyrocru. Pabora cuiasl F(x) B
STOM IIpoIlecce

A :J'xF(x) dx :%Ixxdx :Mx—z .
0 0 2

drta paboTa uAeT Ha yBeInWUeHHe yIpyrou sHeprum U cTep:KHSI,
3HAYUT
U = ux?/2. (1.39)

IInornocTs ke ynpyroi sHepruu w, = U/SI, rne S u | — mjo-
miagb IIONEePEeYHOr0 CeUeHUs W JnHa.-cTep:KHsa. [Ipeodpasyem BBI-
pakenue (1.39), yuureiBag, uto uX¥ = F =cS, 6 = Ee u ¢ = x/I,
TOTHA
Fac_cSS-sl_Eg2

U=— — SL
2 2 2
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Orciofa BUAHO, UTO IJIOTHOCTH YIPYTOil SHEPTUU
w, = Ee?/2. (1.40)

ITpu npoxokIeHUN IPOJOJILHOM BOJIHLI B CTePIKHe KaKaad enu-
HUIa ero o0beMa 00JIaZlaeT KaK MOTEeHI[MAJIbHOU dHEepTUell yIIpyroi
JedopManuy w;, TaK U KHHETHYeCKOoW sHeprueir w,. IlmoTHOCTH
TOJIHOM SHEPruu

w=we +wy :p&Z/Z +E82/2. (1.41)

IOna tomkoro crep:xua E = pv?, coriacuo (1.26), um BhIpaskeHHe
(1.41) moxkHO mepemmcaTh TaK:

2 2
w=2 [8%) +v2(6§j : (1.42)
2 |\at ox

Kak caenyer us BosrHoBoro ypaBHeHus (1.19), oba ciaraeMbIXx paBHBI
IPYyT APYTY, T. €. IJIOTHOCTA KWHETUYECKON W YIIPYTro¥l sSHepruu 00u-
HAKO0B8bL 1 UBMEHAIOTCA cH(pa3Ho. [loaToOMy MBI UMeeM B pe3yJbTaTe

w= pzﬁz . (1.43)
B uactHOCTH, AN rapMoHWYECKOH BOJHEL § =a cos(ot —kx)
w = paln? sin?(ot — kx). (1.44)

CooTBeTcTBYyIOIlee pacupeneaenne w(x) BAOJIL CTEPKHSA B HEKOTO-
pBII MOMEHT mOKa3aHO Ha puc. 1.6.

€
wK,wH
v v
~ ~
0 \\--//§ X




CpenHee 3HaUeHUE IIJIOTHOCTY SHEPTUHU 3a Mepuoy (UjIu 3a BpeMs
3HAUMNTEJBbHO OOJIbIllee Ieprojga KoJjebaHuii) paBHO

w> =1L pa’e?, (1.45)

MIOCKOJIbKY cpeJHee 3HaueHMWEe KBajapaTa cuHyca paBHO 1/2.

B zakaroueHre oTMETUM, YTO I10JyUeHHBIE BBIPAKEHUS CIpaBe/-
JUBBI U OJA YOPYTUX BOJIH BisKUAKOCTAX M Tasax.

IInoTHOCTH TIOTOKA 3Heprum. TaK KaK SHEePrusa IepeMeIaeTcsa
B Cpelle BMeCTe C BO3MYIIEHHEM, BBOAST IIOHSTHE IIOTOKA DHEP -
run @. 9To KOJIMUYEeCTBO SHEPTUU, IIePEHOCHMOe BOJIHOI Uepes oIpe-
IeJIEHHYI0 TOBEPXHOCTH S B €IWHUILY BPEeMEHM!:

® = dw/dt, (1.46)

rne dW — sHeprusd, mepeHocHMasd Uepe3 HaHHYIO IIOBEPXHOCTH 3a
Bpemsa di.

IIoTOK sHepruu B Pa3HbIX TOUKAX MOBEPXHOCTH S MOKET UMETh
PaBINYHYI0 MHTEHCUBHOCTL. [y XapaKTepUCTUKU ITOr0 0OCTOS-
TEeJIbCTBA BBOLAT IOHSTHE NJAOMHOCMU NOMOKA dHepzuU. ITO TO-
TOK 9HEPTUU Yepes3 eJUHUYHYIO IJIOIAAKY, IePIeHANKYIAPHYIO K
HAMPaBJIEHUIO [ePeHOoCa SHEPTUU:

j=do/dS , (1.47)

rae d® = dW/dt, a dW — o710 sHeprusi, 3aKJOUYeHHAsA BHYTPU KO-
coro nuauHApa, (puc. 1.7) ¢ ocHOBaHUEM

vdt n miaomazneo dSlbn obpasyromeit manHOR
vdi, TIe U — CKOPOCTH TIepeHoca dHEep-

(0} ruu (BosmymieHusa). Pasmepsr sToro mu-

v j JHHApPA JNOJIKHBI OBITh HACTOJBKO MAJbI,

ds 4TOOBI BO BCEX €ro TOYKaX IIJIOTHOCTH

sHepruu w ObliIa ObI ogmHaKOBOM. Torma
dW = wdV, dV — o06mbeM JaHHOIO IH-
JUHAPA, U MBI MOKeM 3allucaTh:

dW =wvdtdScos¢o=wvdtdS, .

Puc. 1.7

C yueTroM 3TOTO COOTHOIIEeHUA BbIpaskeHue (1.47) mpumer Bunm:

j = wv. (1.48)
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Ina ompenesieHus NJIOTHOCTH IIOTOKA U €TI0 HAIIPABJIEHUA BBOAAT
eéexmop Ymosa j:

j=wv, (1.49)

rie Vv — BEKTOP CKOPOCTH, HOPMAJbHBIN K BOJHOBOI IIOBEPXHOCTH
B gaHHOM MecTe’. J[JA rapMOHHYeCKOil BOJHEI v = (m/k)n.

B ciyuae mMoHOXpoMaTWueCKO BOJIHBI BEKTOP j, KaK U ILJIOT-
HOCTh DHEPruu, N3MEHAETCA CO BpeMeHeM II0 3aKOHY KBaJapara CHu-
myca (1.44). ITosTomy cpefHee IO BpeMeHU 3HAUEHUE BEeKTOpa Y MO-
Ba ¢ yuetoMm (1.45) mMo:KHO 3amucaTh Kak

G> =1§pa2(o2v. (1.50)

9To BRIpaAKeHUe CIPaBEAJIUBO IJIA BOJIH JIOOOTO BUAA — IIJIOCKOM,
cheprUecKoil, MUINHIPUUECKON, 3aTyXaMnX U Ap.

Cpennee Mo BpeMeHU 3HaUeHNe IJIOTHOCTHU IIOTOKA SHEePruu Ha-
3BIBAIOT UHMEHCUBHOCMbI0 804HbL: I = (j>.

1 MOHOXPOMaATUYECKON BOJIHBI

I :%paszU, (1.50")
rme, HAIOMHUM, @ — aMILJIUTYa BOJIHBI (HAIIpUMED, A cepuye-
CKOIl BOJHEI ¢ 3aTyxaHueM a =«(a,/r)e’").

3Had BEKTOP YMOBA BO BCEX/TOUKAX WHTEPECYIOIEH HAC IOBEPX-
HOCTHU S, MOKHO HAWTH IIOTOK SHEPTUU CKBO3b ATY ITOBEPXHOCTD. JlJs
ATOT0 Pa300beM MBICJIEHHO MMOBEPXHOCTD S Ha 9JIeMeHTapPHbIe YUACTKUI
dS. TloTok sHepruum uepes3 STOT YUaCTOK, coryacHo (1.47), ecThb

dd =jdS, =jdScos¢=jdS =j,dS,

Ije j, — IPOeKIuA BEeKTOpa j Ha HOPMaJb N K dJIEMEHTY IIOBEPXHOCTHU
dS (cm. puc. 1.7). Torma MoaHBINA TOTOK SHEPTUM CKBO3b IIOBEPXHOCTD S

@:jjdszjjnds, (1.51)
S S

s3mech dS = ndS. Beipa:xxernue (1.51) o3Hayaer, 4TO IIOTOK dHEPTUU
paBeH IIOTOKY BEKTOpa j CKBO3b 3Ty IIOBEPXHOCTH S.

* 3pech v, = (0/k)cosa, o0 — yros Mexxay BeKTOpoM j u opToM i ocu X. Ito He daszo-
Basi CKOPOCTH BIOJb ocu X.
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IIpumep. Y6enumes, 4To aMIIUTyna @ CHEePUUECKON BOJHBI IeHCTBUTEIHHO
IponopIuoHaibHa 1/7.
s sToro HalifeM cpefHee 3HaUeHVE ITOTOKA SHEPIHU CKBO3H BOJI-
HOBYIO IIOBEPXHOCTb pajnuyca r. IIoCKoJbKYy BO BCeX TOUKaxX 9TOMU
TIOBEPXHOCTH <j> OAMHAKOBO, TO OIIpefieJIeHNe CPeJHEro IIOTOKAa CBO-
IUTCA MPOCTO K YMHOMKEHUIO (j) Ha ILIOIanb cdepsl:

(@) = (panrico a,2r2.

Ecau sHeprus BoJIHBI He IIOTJIOIIAETCA CPenoii, TO <Py He TOJIKHO
3aBHCeTb OT r, a 3HaA4YUT arzrz = const. OTCIOZ[a u ciaenyer, 4YTo
a, co1/r.

HeobxogumMo OTMETHTH, YTO IIOJyuYeHHOe BbIpa:kenme (1.49)
CIIpaBeAJINBO MOJIbKO IJsA Oeryimeii BOJHBI. EciIu Ke MBI mMeeM
neJio ¢ 6oJiee CJIOKHBIM 0OpasoBaHUEM — CYNePIIo3uIiueil (HaJoxe-
HUEeM) HEeCKOJbKUX IMPOJOJbHBIX BOJH, BBIPAKEHUIO MIJIs BEKTOpa
YwmoBa (1.49) cienyer mpupaTth APYTOM BUL:

j=-ou, (1.52)

rme ¢ — HampsKeHne (Uau M30BITOUHOE MaBJeHIe), U — CKOPOCThb
YacTull cpeabl (He CKOPOCTH BOJIHBI!). OTO BBIpA)KeHIE CIIPaBeAJINBO
UL JKUAKUX W ra3000pPa3HbIX CPE[I, AJIs TBEPABIX K€ Cpel, CTPOIO ro-
BOPs, — TOJIBKO B CJIy4ae TOHKOTO CTEP;KHSA MU TOHKOH ILJIaCTUHBI.
Beipakenue (1.52) moxkHO monyumTh Tak. IlycTh Bo3MmyIleHUe
pacrpocTpaHseTcs, HalpuMep, B HOJOKUTEIbHOM HAIIPABIEHUU OCHU
X. Torga BekTOpHOE paBeHCTBO (1.49) B npoe}cunn Ha ochb X IIPUMET
Buz j, = wv. Tax kaxk, coriaceo (1.43), w = pé u v —\/ﬁ, TO

2
. w2 1 (0 E 1 0¢) 0
Je=—V" =—p EVA (L5 1%p
v v \ot) p v Ot) ot
BripaskeHue B mociegHUX CKoOKax, corsacHo (1.19), paBHO —08/0x
(o711 BOJIHBI, PACIPOCTPAHSIONIEHCA B IIOJOMKUTEJIHLHOM HAaIIpaBJie-

HUU ocu X).
3HaUuT

g 9 % _
= —ou, 1.53
Jx ax o c ( )

oTkyma m caexnyet (1.52).
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OTmMeTuM, YTO [Jis BOJIHBI, PACIIPOCTPAHSAIOIIECA B IIOJIOMKUTE-
JIbHOM HamnpasjeHHHu ocu X, B J1060if MOMEHT BeJIHYHUHBI G U U,
IPOTUBOIOJIOKHBI 110 3HAKY, coryiacHo (1.18), u 3HAUUT Bce BpeMs
jr > 0, KaK 1 JOMKHO OBITH B JAHHOM CIydae.

§ 1.5. Croguue BOJHEBI

YpaBHeHHe cTOsSYell BOJHBI. [IpM pacmpocTpaHeHWU B YIIPYTOM
cpelie OJHOBPEMEHHO HECKOJIbKHX BOJH BO3HHKAET MX HAJIOMKEHUE,
TpUYeM BOJHBI HE BOBMYIIAIOT IPYT APyra: KoaebaHUA YaCTUIl CPeIbl
OKa3bIBAIOTCS BEKTOPHOII CYMMOM KOJe0aHWuil, KOTOPhIe COBEPIIIAJIN
OBbI YaCTUIILI TP PACHPOCTPAHEHUN KaKJ0M M3 BOJIH B OTAEJHHOCTH.
ITO HABBIBAIOT NPUHUUNOM CYnepnosuyuy (HAJIOMKEHUs) BOJIH.

PaccmoTpuM mpakTHUUYeCKM Ba)KHBIN caydaii, KOrga ABe rapMo-
HUYEeCKNe BOJHBI C ONUHAKOBBIMU YaCTOTOM (O M aMILIUTYAOH a pac-
MPOCTPAHAIOTCA B IIPOTHBOIIOJOMKHBIX HAIpaBaeHuAX ocu X:

&1 = acos(ot —kx) um &; = acos(wt + kx).

Yro6bI He YCIOKHATH (DOPMYJIBI, HaUuaja OTCUETAa BPEMEHU U KOOp-
JUHATHI BIOPAHBI TaK, YTOOBI J00aBOUHEIE (DA3BI Oy U O, OBLIU paB-
HBI HYJIIO.

Cymepmosunus 5TUX BOJH IAeT:

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

9TO U ecTh YpasHeHUe cmosuell 80JHbl. BumHo, UTO ee yacToTa Ta ke,
T. €. ®, 4 aMILJIUTya paBHA ‘Acos kx| u, B oTsimune OT GeryIei rap-
MOHIYECKO! BOJIHBI, BABUCHT OT X. B Toukax, rae |coskx|=1, mbr
uMeeM MaKCUMYMBbI — ny¥Hocmu, a rae coskx = 0, — MUHUMYMBI —
yanwt. Tlepuox |cos kx| paBen 7, mosromy kAx = u Ax =m/k =1/2.
T. e. UHTEPBAJIBI MEXKIY COCEIHUMHU IMyYHOCTAMU WJIN y3JaMU PABHBI
TOJIOBUHE AJIUWHBI BOJHBI (puc. 1.8, rme mMokKasaHbI KpaliHUe cMelrie-
HuaA £ uepe3 IIOJIOBUHY IIEPUOJA).

A2

Puc. 1.8



Mekny OByMs COCEIHUMU y3JIaMU BCE TOUKHU CPeIbl KOJIEOIT-
cdA cuHdasHo, IpU mepexoie Ke uepes yses pasa nsMeHseTcs Ha T,
T. e. KojebaHUs IO pasHble CTOPOHBI OT y3Jia (B mpezesax II0JIyBO-
JIHBI) MIPOUCXOLAT B IPOTHUBO(MAa3e. Y3JIbl CMEIIeHNs KaK Obl pasje-
JISIFOT Cpeny Ha aBTOHOMHBIE 00JIaCTH, B KOTOPBIX apMOHUYECKUE
KoJsiebaHUs coBepIatoTcA HesaBucuMo. HUKaKoOM mmepegayum ABUKe-
HUS U3 OJHOM 00JIaCTU K IPYTOii, a 3HAUUT U IMepPeTeKaHUsA SHePTruu
yepes y3JIbl He IPOUCXOAUT. [[pyruMu cJaoBaMu, HET HUKAaKOTro pac-
IPOCTPaHEeHUS BOSMYIIEHUA BIOJIb ocu X . VIMEHHO IT09TOMY BO3MY-
meHus, omucbiBaeMble (opmysaoi (1.54), m Ha3LIBAIOT CTOAYEI
BOJIHOM.

JHeprua crod4deil BOAHbI. Ilepexonsa K pacupeeeHnio SHePTruu
B CTOAYEN BOJIHE, OIPEeNeJ MM cHauajia ¢ moMmoIneio (1.54) BeIpaske-
HUe [IJIsi CKOPOCTU &qaCTnu cpenbl U ee OTHOCUTEJNbHOI medopma-
nuu € = 0&/0x:

é =— Amcoskx - sin ot,

¢ =— Ak sinkx - cos ot. (1.55)

Bugwmo, uTo 00e BEeJIUYNHBI, &_, U g, TOXKE CTOSUNe BOJIHBI, IPUUEM
OHU CABUHYTHI OTHOCUTEJIHHO APYT Apyra 1o (ase Ha /2 — KakK B
IPOCTPAHCTBE, TaK WM BO BpemMeHU. KpoMe TOro, y3Jibl ¥ IIyUYHOCTH
CKOPOCTU &qac'mn Cpeabl COBIIAMAIOT C y3JIaMU U IMIYYHOCTAMU UX
cMeIeHUA &. Y3JIbI sKe U IYYHOCTU NedopMaImy € COBIIALAIOT CO-
OTBETCTBEHHO C MYYHOCTSIMHU M y3JAMU CMEIeHHA. ITO IIOKA3aHO
Ha puc. 1.9 niaa momentoB t = 0 u t = T /4, 3mech y3JIbI CMEIeHUS
OTMeYeHBI KUPHBIMU ToukamMu. B moment ¢t = 0, korzpa & u € cra-

t=0
SR ST
: .
0 > \‘i\\ - ’ \\ -
; t=T/4
. R o k1
P A

Puc. 1.9
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HOBATCS MaKCUMAaJbHBIMU, CKOPOCTH &oﬁpamaefrca B HYJIb, X HAO-
6opor (t= T/4).

CoOTBETCTBEHHO ITPOUCXOIAT IIPEBPAIIeHNST SHEPTUN CTOSUell BOJI-
HBI: TO IIOJIHOCTBIO B ITIOTEHIINAIBHYIO (YIIPYTYI0), TO IIOJHOCTBIO B KH-
HETUYECKYIO (AaHAJOTUYHOE MPOUCXOAUT IIPU KOJIEOAHUAX MAATHUKA).
Ha puc. 1.10 mokasaso pacipegeseHre IIJIOTHOCTH SHEPTUU B MOMEH-
me1 t = 0 u ¢t = T'/4. B mpouecce KosiebaHUM IPOUCXOTUT IIEPETEKAHNIE
SHEPTUU OT KaKJAOTO y3Jia K COCeIHUM C HUM IIYYHOCTAM U OOPATHO.
Cpenuuii ’XKe IO BpeMeHU TIOTOK SHEPTUU B JIIOOOM CEUEHUM CTOSUEH
BOJIHBI PaBeH HYJIIO.

w

Puc. 1.10

IIpumep. B ToHKOM cTep:KHE YCTAaHOBUJIACH IIPOAOJIbHAA CTOSYAS BOJHA BUIA
& = a sinkx - sin ot. Haiinem npoekiuio BeKTOpa YMoBa Ha och X,
B3ATYIO BIOJb CTEPIKHS.

BocnosbsoBasimiucs gopmysaoit (1.52), samurmiem:

gk

Jx — = —E (akcos kx - sin ot) (am sin kx - cos ot) =
Ox Ot

=— % Ea’ko sin 2kx - sin 2ot.

Buznso, 4TO j, MEPUOSUUECKHN MEHSET 3HAK, a 3HAUUT BEKTOD j —
HanpasieHne. Ho B smobom ceuenun ¢(j,> =0, a B ceueHmax, rme
2kx = nn, n — mesoe 4HUCIO, j, = 0 IOCTOAHHO. ITU CEYEHUA OTCTO-

AT APYT OT Apyra Ha A4
Kone6anus crpyHsl (cTep:kHs). B HaTaHyToll cTpyHe, 3aKpel-
JIEHHOM ¢ 000MX KOHIIOB, IIPW BO30OYKAEHUN KAKOIr'o-JIr00 IIPOM3BO-
JILHOTO IIOIIEPEUYHOT'0 BO3MYIIEeHUS BO3BHUKHET [JOBOJILHO CJIOMKHOE
HecTalmoHapHoe aBm:KeHme. CralmoHapHOEe Ke ABUKEHNE B BUJE
cTOosTueil BOJIHBI BOBMOJYKHO JIMIIE IIPU BIIOJIHE OIpPe[eJeHHbIX YaCTO-
TaxXx. ITO CBA3AHO C TEM, UTO HA 3aKPEIJIEHHBIX KOHIIAX CTPYHBI TOJI-
SKHBI BBIIIOJIHATHCA OIIPeNleJIEHHbIEe 2PAHUYHbLE YCA08Us: B HUX CMe-
mieHue & Bce BpeMsA IOJIKHO PAaBHATHCA HYJIO. S3HAUUT, €CJIU B CTPY-



He BO30y:KJaeTcs cTosgdas BOJHA, TO KOHIILI CTPYHBI JOJIKHBI OBITH
ee yaaamu. OTcioia cieqyeT, UTO Ha IJIMHE CTPYHBI [ JOJIXKHO YKJIa-
IBIBATHCS II€JI0€ YUCJIO 11 OEYBOJH: [ =n - A/2. VI3 aTOoTO yCJIOBUSA Ha-
XOOUM BO3MOKHBIE JINHBLI BOJIH:

A, =2l/n, n=1, 2,... (1.56)
CoOTBETCTBYIOIE YACTOTHI

y =2 =Yn, (1.57)

A, 2

rme v — Ga3oBasg CKOPOCTH BOJIHBI, OIlpeeaseMasi, coryaciuo (1.30),
cmioii F HaTAKEeHUA CTPYHBI U JIMHEWHOU ILJIOTHOCTBIO Py, T. €. Mac-
COli eTUHUIILI €e AJIUHBI.

YacToTeI v,, HA3BIBAIOT COOCMEEHHbLMU Yacmomamy cTpyHbl. Yac-
TOTy ¥; (n = 1) Ha3EIBAIOT OCHOBHOIL YACTOTOM, OCTAIBHEIE Vo, Vg, +vo —
obepmonamu. 'apmornueckre Kosebanmusa ¢ vyacrtoramu (1.57) HaA3BI-
BalOT COOCMBEHHLLMU KONeOAHUAMU, WU 2apMOHUKamu. B obiiem
ciiydae KoJaebaHUA CTPYHBI IPEICTABIIAIOT CO0O0M CYIIEePIIO3UITUIO Pas-
JUYHBIX TapMOHUK (CIIEKTD).

KousiebaHusdA cTpyHBI IpUMeUYaTEIbHBI TEM, YTO B pAMKaX KJacCH-
YecKol (DMBUKU BOBHUKAaET AUCKPETHBIN CIEeKTDP OLHOI U3 BeJIMUUH
(uacrorsl). Takas TUCKPETHOCTH AJS KJIACCUUECKON (GhUBUKU ABJIS-
eTcs WCKJIOUeHVeM, B OTJIMUMe OT KBaHTOBOU (hUBUKU.

IIpuBeneHHBIE BBIIIE COOOPAYKEHUS OTHOCATCSA HE TOJBKO K
CTPYHE, HO U K CTEPIKHAM, 3aKPeIJeHHBIM Pa3JINYHBIM 00pasomM —
B cepeuHe, Ha OJHOM KOHIle U T. . OTianyne 3aKJII0YAETCA JIUIIH B
TOM, YTO CBOOOJHBIN KOHEIl CTEPKHSA ABJSIETCA IYUYHOCThIO. ITO Ka-
caeTcAd KaK ITOMEPEUYHBIX, TaK U MPOJOJbHBIX KOJIeOaHMIMA.

IIpumep. Halinem coGCTBEHHBIE YACTOTBL CTEPIKHA, 3aKPEIJIEHHOTO Ha OJHOM
KOHIIe, ec/Id JAJIUMHA CTeP:KHA [, Moxyns IOHTra MaTepmaa CTEPIKHSA
E m ero 1mioTHOCTH p.

TIocKOIBKY CBOGOAHBIN KOHEI, CTePIKHS TOJKEH ObITh IIYYHOCTHIO,
Ha J[JINHE CTePKHSA YCTAHOBUTCS I11€JI0€ YMCJIO TIOJIYBOJIH U eIle YeT-
BEpPTh BOJIHBI, T. €. [l = nA/2 + A/4 = (2n + 1)L/4. Orcioma Halizem
BOBMOKHBIE 3HAYEHHUA A,, a 3aTeM, yunuTsiBad (1.26), u cobcrBeH-
HbIE YACTOTHI:

v, =v/h, =\Ep @n + 1)4l, n=0,1,2,...



ynpymg BOJAHDBL 29

§ 1.6. 3ByKOBBIE BOJIHBI

38yKo6vie 60HbL (MU TPOCTO 36YK) — 9DTO PACIPOCTPAHAIO-
mUHcA B YIPYTOU cpejie BOJTHOBOM IIPOILECC, BOCIIPUHUMAEMBbIN Ue-
JOoBeUeCKMM yxoM B amamaszoHe uacTorT or ~20 I'mm mo 20 xI'm.
Yupyrue BosHBI ¢ YacToTamMu, MeHbIuMu 20 I'tl, Ha3BIBAIOT UHG-
passyrkom, a BOJHBI ¢ yacToTamMu, npesbimamimumu 20 kl'm, —
yavmpassykom. VHGPa- ¥ yIbTPa3BYKM UeJOBEUECKOE YXO He
CJIBIIIIUT.

3BYK DpasaudvyalT II0 8blLCcOme, memopy U ZpOMKOCMU.

Bwicoma 3ByKa oIpeesisgeTcs ero 4acTOTOM: ueM 0OoJIbIIle YacTo-
Ta, T€M BBIIIe 3BYK.

Temb6p 3ByKa ompejesisieTcsd XapakKTepoM Kojebauwuii. Jluimib B
PeIKUX CcIydadx 3BYK IPEICTaBJISAET cOO0M TrapMOHMUYECKUe Kojeba-
HUsA, OOBIYHO OH ABJSAETCA HAJOKEHNeM rapMOHUYEeCKUX KoJebaHmit
C OIpeneJIeHHBIM HA0OPOM aMILIUTYJ U YacTOT — AKYCMUYECKUil
cnexmp. OTOT CHEKTP MOXKET COCTOATH M3 HEIIPEPHIBHOTO Habopa ua-
CTOT (CNIOWHOI CIIEKTP) NUIK 13 Habopa KoJiebaHUWil JUCKPETHBIX Ya-
CTOT Vq, Vy, ... (MUKellnamuiil cekTp). CocTaB 5TOTO CIEKTPA U OIIpe-
nensier TeMOp 3BYKA.

I'pomrxocms 3ByKa — 3TO BeJIMUMHA CIYXOBOTO OLIYIEHUS, II0-
3BOJIAIONIAS PACIIOJIaraTh BCe 3BYKU IO IIKAJE OT TUXUX OO0 I'POM-
Kux. IIpu HemsMeHHOH uacToTe M (PopMe KoJIeOaHUI TI'POMKOCTDH
3BYyKa pacTeT C YBeJIWUYEHWEM ero MHTeHCUBHOCTH I, BT/M2. YT0065I
BBIBBATH OIyIleHWE 3BYKA, €ro MHTEeHCHUBHOCTDL JOJIXKHA IIPEBBI-
maTh HEKOTOPYI0 MUHHMAJIbHYIO BEJIUYUHY — NOP0O2 CAbLULUMO-
cmu. 9TOT MOPOT pasJnudeH AJsa pasHbIX yacToT (puc. 1.11). Haubo-
Jlee YyBCTBUTEJIbHO UeJOBEUECKOE YXO K KOJIEOAaHUAM C YacTOTAMU
0,5+5,0 xI't;. B aToM nquamasoHe IOPOT CJIBIIIUMOCTUA COOTBETCTBY-
er mHTeHCHBHOCTH 3ByKa I, ~ 10712 Br/m®.

IIpu unTeHCcHBHOCTH mopAnka 1+10 Br/m? komebanusa mepecra-
IOT BOCHPUHUMATHCSA KaK 3BYK, BBI3BIBASA B yIIaX OIYIIeHHE IAB-
JeHus u 6osu. 3HAUeHVe NWHTeHCUBOHCTH, IIPU KOTOPOM 9TO IIPOKC-
XOJIUT, HA3BIBAIOT NOP0ZOM (ONe8020 OWYULeHUS. ITOT TTOPOT TAKIKe
3aBUCUT OT YaCTOTHI Kojebauwuii (cm. puc. 1.11).

B cBs3u ¢ TeM, UTO cy0O'beKTHUBHO OIleHHWBaeMas 'POMKOCTD 3BY-
Ka BO3pacTaeT ropasfo MeJJieHHee POCTa MHTEHCUBHOCTHU I 3ByKa,
B KaueCTBe MCXOMHOI MCIIOJB3YIOT ITKANy L MHTEHCUBHOCTHU 3BY-
Ka, KOTOPYIO OIPeJeAloT KaK JIorapudM OTHOIIEHUA UHTEHCHUB-
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Puc. 1.11

HocTu I 3BYKa K MHTEHCUBHOCTH I, IDMHMMaeMOl 3a HyJeBO:’
ypoBeHb L:
I
Ly =1g—, (1.58)
Iy

rae Ly — BeIpaKeHHBIN B Oenax (B) yposens naTeHCcuBHOCTH I 3BY-
Ka OTHOCHUTeJbHO I,. YCI0OBHO cunuTaioT, 4To I, Haxogurca BOIU3U
mopora cCJAbIMIEMOCTH npu dactore 1 K[ m wmMeeT 3HaUeHUe
I, =10"12 Br/m2. Tak uro npu I = I, cormacuo (1.58) Ly = 0.

O06bIuHO TOJIB3YIOTCA HE-Oemamu, a B 10 pa3 mMeHbIeil equHU-
meit — deyubenom (nB). B aTx equHMUIIaX YPOBEHb MHTEHCUBHOCTH
3ByKa

L ~101g L . (1.59)
IO

OTHollleHNe ABYX HHTeHCUBHocTell (I;/I,) Tak:ke MOKeT OBITH
BBIDA’KEHO B Jerubesiax:

ALy, = 101 L, (1.60)
I2
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C momormibio 3TOH GOpPMYyJabl MOMKHO IIPEJICTaBUTh B Aerubesax
yMeHbIlleHe WHTEHCUBHOCTU (3aTyxXaHWe) 3ByKa Ha WHTEpecylo-
meM Hac paccroanmu. Hampuwmep, daryxauue B 20 1B coorseTcT-
ByeT yMeHbIlleHUI0 nHTeHcuBHOCTU I B 100 pas. Ity mkaay (B 1B)
VHTEHCUBHOCTY WCIIOJL3YIOT X B PA3JUUYHOIO POJA H3MEPUTEJb-
HBIX mpubopax (Takux, HanpuMep, KaK 3BYKOBOHM TeHepaTop), B
JUHUAX Tepemadyd CUTHAJIOB W Ip.

H1s xapakTepuCTUKYU I'POMKOCTH I" 3ByKa IPU Pa3HBIX YacTOTaxX
BBOJIAT eIUHUITY U3MEPEHUS (POH. Y CIOBHO CUUTAIOT, UTO YPOBEHH
rpoMmkoctu I' 3ByKa ¢ uactoroit 1 kI'm B ¢oHaxX UMCIEHHO PaBeH
YPOBHIO MHTeHCUBHOCTU L B menubenax (cm. puc. 1.11). Ha stom
PUCYHKe TOKasaHbl KPUBBIE — OTO YPOBHU PABHON TI'POMKOCTH
B ¢oHax. Buguo, uto, Hanmpumep, 3ByK yactorbl 100 I't;, cooTBeTcT-
Byromuii 50 1B, Ha cayxX BoCcHpUHUMAETCA TAKHM Ke TI'POMKUM,
Kak u 3BYK uacToThl 1 KI'1], coorBercTBytomuii 40 n1b. Orcioma cie-
nyer, uTo o0a 3ByKa MMEIOT OAMHAKOBYIO I'POMKOCTbH 40 (oH.

Huama3oH WHTEHCUBHOCTW I, BBISBIBAIOINUN Yy HAC 3BYKOBOE
omymerue, cocrasiager npu gacrore ~1 kI'm or 10712 g0 ~1 Br/m2.
ATo cooTBeTCTBYeT ypoBHAM rpomMKocTu I' or 0 mo 120 ¢ou. Taxum
obpasom, puc. 1.11 mo cyIecTBy IpeacTaBIsgeT «OKHO» B OKPYIKa-
IOIUHE HAC MUDP 3BYKOB.

B Tma6a. 1.1 mpuBemeHBI NPUOJIMKEHHbIEe 3HAUEHUSA YPOBHEI
T'POMKOCTH [IJIs1 HEKOTOPBIX 3BYKOB €/ 4ACTOTOM, 01n3Koi K 1 kI,

Taoauma 1.1

BBy ypOBeI}L: I(;)(;):KOCTH
Tuxwuii memnor 30
HopmanbHbBIF pasroBop 50
T'pomkasa peusn 70
OpkecTp (opTuccuMO 100
IIym camoseTHOTO MOTOpPa 120
Ha pacCTOAHUU D M

PaCCMOTpI/IM ABa IIpuMepa, CBA3aHHBbIE C I'PDOMKOCTBIO 3BYKa.
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IIpumep 1. HTeHCHBHOCTD 3BYyKa C yacToToi v = 150 I' ymenbItaeTca ot
—4 -9 2
sHavenus 10 © go 10 ° Br/m”°. Ompegenum, Ha CKOJBKO (HOH
YMEHbBIINUJIACh IIPU HTOM T'DOMKOCTH 3BYKA.

C mowmortbsio puc. 1.11 HaxogUM:
80 — 20 = 60 do=.

IIpumep 2. NmeroTcsa Tpu OJUHAKOBLIX MCTOYHUKA 3BYyKa yacToThl 1 kI,
PAacIoIoKeHHBIX BjogHOM MecTe. Ecau meiicTByeT TOJIbKO OQUH
13 HUX, TO B HEKOTOPOIl TouKe TPOMKOCTH 3ByKa I'; = 50 (oH.
HaiimeMm rpOMKOCTH 3BYKa B 9TOH TOUKE, €CJIU OJHOBPEMEHHO
IefICTBYIOT BCe TPU WMCTOYHUKA.

WNwmesa B Buny, uro npu yacrore 1 xI'm rpomkocts I' 3ByKa COB-
majaeT ¢ ypoBHEM HHTEHCUBHOCTH L B menubesiax, HaXOLUM
corsacHo (1.59), 4To A OZHOTO MCTOYHUKA
I
I‘l :50:101g7 .

o 0
Ecnu xe OOJHOBPEMEHHO OENCTBYIOT TPHU AAaHHBIX MCTOYHHUKA,

TO

31
I, =101g—.

W3 stux (opmys ciaemyer, UTO

Ir's-TI;=10 lg% ~ 4,8 dou u I's ~ 54,8 dom.

JHeprus, COOTBETCTBYOINAasa o0bIuHbIM 3BYyKaM (~60 nB), Becbma
majsia. Tak, uToObI HarpeTb TAKMM 3BYKOM CTaKaH BOJBI O KUIIe-
HUA, TOTPe6oBaNNCH OBl THICAYU JIET.

YabpTpasByKoBbIe BOJHBI (¢ wacToroit >20 kI'1), B oTiamume OT
OOBIYHOTO 3BYKA, MOTYT OBITH IIOJyUYeHBI B BHUAEe HAIIPABICHHBIX
nyukoB. Takue IyuKu HAILIW IMAPOKOE IPUMeHeH!e IJIs CUTrHAaJI-
3aluy U JIoKanuu (ompeneseHitss o0eKTOB M PACCTOAHUH [0 HUX)
B BOJie, B Ie(PeKTOCKOIINM, YJIbPAa3BYKOBBIX HcciaegoBanuax (Y3U)
u ap.

NHTEeHCMBHOCTH M JaBJjieHue 3ByKa. IHTeHCUBHOCTH [ 3ByKa A
IJIOCKOI TapMOHHYECKOH OeryIeil BOJHBI CBA3aHa C aMILIUTYIOI
3BYKOBOTO JlaBJI€HUA Op,, CJIELYIOIIUM COOTHOIIIEHHEeM:

2
I JSZ;, (1.61)

rae p — IIJIOTHOCTBH Cpenabl, U — CKOPOCTH 3BYKa B Hel.
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9T0 BRIpa’KeHUEe MOYKHO HOJIyuuTh Tak. I3 dopmyss: dp/p + ydV/V =0
(em. c¢. 19) ¢ yuerom Toro, uto dV/V = 0¢/0x, cimenyer

&S

dp = — )
p =

Jns mIoCKO#l TapMOHWYECKON BOJHBI & = acos(wt — kx) mpousBomHAA
0¢/0x = —aksin(ot — kx), mosTomMy

dp =ypak sin(ot — kx).

OTCIO/Ia aMIIJINTyda 3BYKOBOI'O OaBJIEHUSA

dpm =ypak,

u aMILIuTyAa a = dp,,/ypk. IlogcraBus sTo BeIpa:kenue B (1.50), momyumm:

OcTaercsA ydecTb, 4TO coz/k2 = vz, YP = pv2 corsaacHo (1.37), u MbI TIpU-
neM K BbIpakenuoo (1.61).

WUmes B Bugy, uro I oo (Spm)z, dopmyny (1.59) MOKHO TpEACTAaBUTH
Kak

Ly =201g Pm | (1.62)
8me
rzae Op,,0 — YCJIOBHO-IIOPOrOBad aMILINTY/a 3BYKOBOT'O AaBjeHud. [l Bo3-
IyXa IPU HOPMAJIbHBIX YCIOBHUAX 0P, = 2 ° 107° Ila. Taxk, Hapumep, AJIA
yactorel ~1 K['m mnpum HoOpMaJIbHOM pasroBope TpoMKocThio 50 ¢gou
dp,, ~ 6,3 10 Ma, a mpu rpomkocru 100 don dp,, = 2 Ila.

§ 1.7. 9ddexr Jomaepa Aass 3ByKOBBIX BOJH

IIycTs mMCTOYHMK, HaXOmAUIUNEA B rade WM JKUAKOCTU, WCIY-
CKaeT KOPOTKUE UMITYJIbCHI C YacTOTOU V. KEciu MCTOYHUK U TIPUEM-
HUK TOKOATCA OMHOCUMENbHO cPedbl, B KOTOPOI pPacipoCTpaHsaeT-
cAd BOJIHA, TO YacTOTa BOCHPUHUMAEMBIX IPUEMHUKOM HMIYJIbLCOB
OyzeT paBHa YacTOTe ¥ MCTOUHUKA. ECiIu JKe MCTOUHUWK, WJIN IIPHU-
eMHUK, Uau o0a ABUIKYTCA OTHOCHUTEJIBHO CpeAbl, TO yacrora V',
BOCIIPUHUMAaeMasi MPUEMHUKOM, BOOOIIle TOBOPSI, OKA3bIBAETCS OT-
JUYHOHM OT YaCTOTHI MCTOUYHMKA: V' # V. ITO ABJIE€HUE HA3BIBAIOT I-
¢dexmom [Jonnepa.
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CHauyaJjia pacCMOTPUM CJy4Yai, KOTJa UCTOUHUK S U IpUeMHUK P
OBUIKYTCA BAOJIb IPOXOAAINEH Ueped HUX IPAMOM C IIOCTOSAHHBIMU
CKOPOCTSAMU U M U COOTBETCTBEHHO (OTHOCHUTEJIBHO CPEIbI).

Ecim 6b1 gBUTasicss TOJBKO MCTOYHUK HABCTPEUY IIPUEMHUKY,
HCIyCcKas UMIYJIbCHI ¢ mepuogoM 1T = 1/v, To 3a 3TO BpeMs oUepe/i-
HOUM MMITYJIbC IIPOMIET OTHOCUTEJIBHO cpelbl paccrodHue A = vT,
Tle U — CKOPOCTBL BOJIH B Cpefie, M IIOKa OyAeT HUCIYINeH CJIeAyIo-

uT_ v IUHA UMOYJIbC, UCTOUHUK <«HATOHUT» IIpe-
IBINYINII UMIIyabc Ha paccTodguue ul. Ta-

KM 00pasoM, pacCTOAHNE MEKIY UMITYJIb-

caMu B cpene craHeT paBHBIM A =vT —uT

(puc. 1.12), m BocmpuHHMMaeMmas HeIO-

I
I
I
I
I
I
|
*
— T

I
I X [OBMXXKHBIM INIPHEMHUKOM YacToTa (‘II/ICJIO
Puc. 1.12 HUMIIYJIBCOB 3a €OUMHUILY BpeMeHI/I)
v v
V== (1.63)
N T -u)

Ecnu ke mBusKeTcss U MPUEMHUK (IYCTh TOKe HABCTPEUY UCTOYHU-
KYy), TO UMIIYJIbCHI OTHOCUTEJIbHO IIPUEMHUKA OYAYT UMETH CKOPOCTh
U + U', ¥ 4YMCJI0 BOCIIPUHUMAEMBIX 38 €IUHUILY BPEMEHU NMITYJIHCOB

N L L L (1.64)

CTw-u) v-u

HEpr,L'[HO cooﬁpaan'rb, 4UTO IIpM ABMMKEHUN KaK HMCTOYHHUKAa, TaK N
MIPUEeMHUKA B IIPOTUBOIIOJIOKHBIX HAIIPABIEHUSAX, 3HAKU IIepen u' 1 u
HaJ0 IOMEHATH Ha oOpaTHble. Eire pas moguepKHeM, YTO CKOPOCTH U/
¥ U — 9TO CKOPOCTHU IIPUEMHHUKA U UCTOYHUKA OMHOCUMEJbHO CPedbl.
Kax BugHO M3 mpuBemeHHBIX paccy:KaeHmuii, sapdext Ilommepa
SABJIAETCSA CJAEACTBUEM «YILJIOTHEHUA» (WU PaspsaKeHUsA) UMIYJIb-
COB, OOYCJIOBJIEHHBIM IBMKE€HMEM WCTOUHWKA U IIPUEeMHHKA.
Dopmyay (1.64) mmesecoodbpasHee 3aACaTh B MHOM opme, Oosee
o01mIelt m 6oJiee TMPOCTOM MOJIs 3alIOMUHAHUSA W HCIIOJb30BAHUA:

v’ —viv —u;C
v-u, ’ (1.65)

rme u, U u, — IPOEKIUN CKOPOCTeli IPMeMHMKA W MCTOYHHKA Ha
och X, IPOXONAINYIO Yepe3 HUX U IIOJIOKUTEJbHOE HaIlpaBJeHU’e
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KOTOPOIi COBIIaaeT ¢ HAIIPaBJeHNEM PaCIPOCTPaHEHUSA UMITYJIbCOB,
T. €. OT UCTOUYHUKA S K IIPUEeMHUKY P.

IIpe:xae ueM IIPOJOJI:KUTH 0OCY:KIeHIe BO3MOMKHOCTEHN BhIpasKe-
"Hua (1.65), npuBeseM ABa MPOCTBHIX IPUMepAa.

IIpumep 1. Ucrounuk S u mpueMHUK P ymanasioTcs APYT OT ApPyra Io Of-
HOM IPAMOI B IIPOTHUBOIIOJIOMKHBIE CTOPOHBI OTHOCHUTEJIBHO Cpe-
IbI CO CKOpOCTAMMT| Y 1 u'. HacToTa NCTOYHUKA V, CKOPOCTh CHUT-
HAJOB B cpexe v. Hailimem wacToTy v/, BOCIPUHUMAEMYIO IIPH-
€MHUKOM.

B gaHHOM ciy4Yae IpPOEKIINSA CKOPOCTU IMPUEMHHKA Ha och X
eCcTh U’ =u', a IPOeKIUA CKOPOCTH MCTOYHHUKA U, = —u. Ilox-
CTaBUB 9TU BenwdyuHbl B Gopmyny (1.65), moryuum

v—-u'

vV =7 A
v+u

Ipumep 2. VcTouHUK S, UCITYCKAIOIUI CUTHAIBI C YACTOTOH v, ABUIKETCS C
IIOCTOAHHOM CKOPOCTBIO Ug OTHOCHUTEJBHO IIPHeMHUKa P, ycra-
HOBJIeHHOTO Ha Oarirae (puc. 1.13). Ilpu sTom BosayIiHas Macca
IepeMeIaeTcs OTHOCUTENbHO 3€MHOM ITOBEPXHOCTU BIIPABO C
IIOCTOAHHON CKOPOCTBIO U (BeTep). CKOPOCTH 3ByKa B BO3AyXe
v. Haiimzem yacToTy v', BOCHpUHUMAEMYIO IIPUEMHUKOM.

I P,
Us

Up

Puc. 1.13

Nwmes B Bugy, uro B popmyay (1.65) BXoAAT CKOPOCTU OMHOCU-
menvHo cpedbl, 3aNULIEeM: OPOEKIUS CKOPOCTH INIPUEMHUKA
u'. = —uy, a IPOEKIUA CKOPOETU MUCTOUHUKA U, = Ug — Uy. O6e
TIPOEKIIUY B3ATHI, KaK JOJKHO OBITh, Ha och X, HalpaBJeH-
Hy10 BupaBo. OcTaercsa MOACTABUTDL STU IPOEKIUU B GOPMYIY

(1.65), u MBI moOSTyYUM:

Vi v - (1) _ v+ u
v - (ug — ugp) v - (ug —ugp)

BepueMcs K ob6cykaeHnio BosMoKHOcTel dhopmyas! (1.65). Ora-
3BIBAETCS, 9Ta (opMyJia IMPU OIPEJeJeHHBIX JOMOJHUTEIbHBIX



YCJIOBUAX MOYKeT OBITh UCIOJIb30BaHA U B 60Jiee CIOKHBIX CAyUYadx,
a MMEHHO, KOTJa WCTOYHUK .M NPUEeMHUK IBU)KYTCSA HE IO OJHOM
IPAMOY U ¢ UBMEHAIIMMUCA/BO BpeMeHU cKopocTaMu u(t) u u'(t).
B sTux cayuasx HeoOXOZUMO YUMTHIBATH TaK Ha3bIBAeMBIA Igh-
¢dexm 3ana3dviéanus. IIOCKOIBKY CKOPOCTH Ilepefjaull CUTHAJIOB
KOHEUYHA, BOCIPUHIMAaeMas IPUEeMHNKOM 4acToTa V' B MOMEHT ¢ Oy-
IeT o0yCJIOBJIEHA IPUXOAOM B DTOT MOMEHT CHUTHAJIOB, MCHYIIEH-
HBIX WCTOYHUKOM B IIPEAIIECTBYIOINUN MOMEHT t'=t —1, TOe T —
BpeMs, He0OXO0AMMOe AJIA MPOXOKIEHUA PACCTOAHUA [ OT MCTOUHU-
Ka B MOMEHT ¢ — T o IPUEMHUKA B MOMEHT ¢, T. e. T = [/v. B Kaue-
CTBe NPUMEPOB MOTYT CAY:KUTh 3amaum 1.9 m 1.10.

BwMmecTe ¢ TeM, B HEKOTODPBIX CaydadaX s(PHeKTOM 3amnasgbIBaHU
MOJKHO IIpeHeOpeub — 5TO IIPU YCJIOBUMU, UTO CKOPOCTH MCTOUYHUKA
U IPYEMHUKa 3HAYUTEJHLHO MEHbBIIIEe CKOPOCTU 3BYKa (M IIPU pasyM-
HBIX PACCTOSHUAX MEXKIY MCTOUHUKOM U TPUEMHUKOM).

ITlycTh ucrounuk S um npueMHUK P OIBUIKYTCS, HaIpuMep, Tak,
Kak IIoOKasaHo Ha puc. 1.14, co ckopocramu u u u' < v.

Puc. 1.14
Torma B dopmyay (1.65) ciaemyer momcTaBUTH

’

— — 14 !
u, =ucosa, u, =ucosa.

B npuBenmenHOM Ha pucyHKe ciayuae u, >0, a u/, <0.

B sakjouenue 3TOi TJIaBbl OTMETHM, UTO MHOT'HE BOIIPOCHI, Ka-
carorueca OCOOEHHOCTEI BOJIHOBBIX IIPOIECCOB (OTpasKeHUe, IIpe-
JoMyieHue, uHTepdepeHnus, fudpakiusa, JUcCIepcus u ap.) OyayT
paccMOTpEeHHI fajiee Ha IPUMepPe dJIeKTPOMATHUTHBIX BOJIH U B pas-
nesne «BoJsiHOBasi onTHKAa».

3agaun

1.1. BosHa cMelieHui yacTui, cpeasl uMeer Bup & = a sin(at — Bx), rae a,

o, B — moJsiosKuTeNbHBIE MOCTOSAHHBIE. ‘HaliTu OTHOIIEHNE aMILIUTY b
CKOPOCTU YACTHUI[ CPeJbl K CKOPOCTHU BOJIHBI.

P e w1 e u u e. CropocTs wacrur, 0&/0t = ao cos(ot — fx), rme ao. — ami-

JuTyAa ckopocta (u,,). CKOpoCTb BOTHBI HAXOAMM M3 YCIOBUA of — fx =
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1.2.

1.3.

14.

= const. IIpoaudhepeHpPoOBaB 5TO BLIPAXKEHHE 10 ¢, TOTydnM: X = o/p.
Vckomoe OTHOLIEHUE U, /X = af.

ToueyHBbI!T M30TPOIIHBIA UCTOUHUK HCIYCKAeT FrapMOHUUYECKNE 3BYKO-
Bble Kosebanusa. HaiiTu koaddunyeHT 3aTyXaHus Y BOJIHBI, €CJIN aMII-
JIUTyna KoJe0aHUH YacTUll Cpeibl Ha PACCTOAHUY ' OT MCTOYHUKA B 1|
pas MeHbIIle, HE)KeJIUW Ha DPACCTOAHUU Iy).

P e 1 e H u e. BonHa, ncnyckaemMasa TOUeUHBIM MCTOYHUKOM, cepude-
ckada. Ee ammmuryna a = (o/r) exp(—yr). Ilo ycaosuro,
n = a(rg)/a(r) = (r/ry) exply (r — ry)]. Orcrona

y = In(mro/r)/(r — 19)-

Haiitu Bo/IHOBOI BeKTOP K MIOCKOM BOJIHBI C 4acTOTOH M, ecau ee (a-
30BbI€ CKOPOCTHU B IIOJIOKUTEJILHBIX HampaBjaeHuAX oceit X, Y, Z paB-
HBI U, Vg, Ug.

P e e u ue. Borunosoit BekTop kK = kn, rge n — opr HOpMasiu K BOJI-
HOBOH IIOBEPXHOCTU: N = €, COS 0/ +/¢,cosP + e, cosy, a, B, ¥ — yrisl

MeXKJy BEKTOPOM N 1 opTaMu oceir koopauHat. OcraeTcsi yuecTb, 4TO
k = o/v, v — @dasoBaa crkopocTs BROIb BekTOpa k, cosa =v/v,
cosP =v/vy, cosy =v/vs.
B pesyibraTe mosyumm:

k = o (ey/v; + e,/vy + €,/V3).

ITorox axepruu. ToyeuHBIH MBOTPOIHBIN
HUCTOYHUK 3BYKa MOIIHOCTU P HaxoauTcs
B IIEHTPe KPYTJIOTO II0JIOTO IMJINHPA pa- o
nuyca R u BeicoTHI h. HaliTu cpennuii mo R\
BPEMEHHU IIOTOK JHEPTruu, Iajarolneil Ha

OOKOBYIO IIOBEPXHOCTBH ITUJIMHAPA, IIOJa-

rag, 4To ero CTeHKU IIOJHOCTHIO IIOTJIO- do ?
MIAI0OT 3BYK, T. €. HET OTPa’KeHMII.

Pem e u ue. CHauasa zHaiifjeM IIOTOK ¢
sHepruu d®, magaronuii Ha 6€CKOHEUHO R
YBKYIO KOJBIIEBYIO IIOJIOCKY, OTCTOSIIYIO Puc. 1.15
HA PacCTOSAHME Z OT CPeJHEel IIJIOCKOCTH
(puc. 1.15):
dd =j,dS =jcosadS = (P/4nr2) cosa-2nRdz. 1)

Ilockomsky z = R tga, dz = Rda/coszoc. Kpome Toro, r = R/cosa.



1.5.

1.6.

Ilocne momcTamoBKY BhIpaskeHui ajs dz m r B (1) moayuwmm:
d® = (P/2) cos a da.

OcraeTca IPOMHTETPUPOBATH HTO ypaBHeHUe 1o o oT 0 Ko o, COOTBeT-
CTBYIOIIIETO KPAaI0 IMUJINHADPA, ¥ YMHOXKUTH Ha 2, 10O TAaKOU Ke BKJIAT
IaeT W HUJ)KHAS IOJOBUMHA IUJWHApPa. B mrore:

® =P sina, = P41+ @QR/h).

HatiT; 3ByKOBYI0 MOIITHOCTH P TOUEYHOI'0 M30TPOIIHOI'O MCTOYHUKA,
ecJI Ha PacCTOAHUU I" OT HEr0 MHTEHCUBHOCTDH 3BYKa paBHa I u Koad-
dunueHT 3aTyXaHUsA BOJHBL Y.

P emre u ue. [IoTok 3ByKOBOII 9HEprum cKBo3b chepy paguyca r, B
IIeHTPe KOTOPOI HAXOJWUTCA WUCTOUYHUK, PaBeH

® =4nr’l = Ae7", 1)

rje y4TeHO, UTO MHTEHCUBHOCTH | IIPOIOPIIMOHAJBHA KBaApaTy aMiI-
autyasl Boaub! (1.50"), A — HekoTopas IIOCTOAHHAsS, He 3aBUCAIIAA
ot r. IIpu r = 0 motoxk @ = @, = P. Ilosatromy A = P, u us (1) cuaexnyer,
uTOo

P = ®e”" = 4nrire®”.

Crosyas Boana. CrepskeHb AJUHLI [ 13 MaTepuasa, Moayab FOHra Ko-
Toporo E u nioTHOCTDH p, 3aKpelljieH Ha OJHOM KOHIIE, JPYTroil — CBO-
oomen. Haittu umciao N mpomoIbHBIX COOCTBEHHBIX KOJebaHUil aTOro
CTEPXKHA B JUAIla30HE YacTOT OT Vy [0 Vy.

P et e u ue. [IocKOMbKY 3aKpeIJieH TOJIbKO OAWH KOHEI[, TO 3TO 3Ha-
YUT, YTO HA HEM OyJeT y3es, a Ha CBOOOAHOM KOHIle — IyuHOCTb. Cie-
IOBaTeJbHO, HA JJINHE CTEP:KHA NOJYKHO YKJaJbIBaThCsS, BOOOIIE TO-
BOPsI, IIEJIOe UMCJIO IOJYBONHIHM OJHA YETBEPTH BOJIHBI:

l=mA/2 +A/4=2Cm+1)1/4, m=0,1, 2,...
Hnuaa BOJMHEL A =v/v, Toe U = 4/E/p. IlosTomy u3 mepBoil (POPMYJIBI
BO3MOJKHBIE 3HAUEHUA M OYAYT CJIeAYIOIHe:
m =2\ JEp —1/2.

IlopcraBuB B 9TO BEIpa:KeHUe 3HAUEHUS V, PaBHBIE V| U Vy, HalAEeM Co-
OTBETCTBYIOIIe M, U My (0HU OyAyT He IesounciaeHHbIME). Torma uc-
KOMO€ YHCJI0O COOCTBEHHBIX KOJIeOaHUMA

N =[mg — my],
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1.7.

1.8.

rme KBaJpaTHbIE CKOOKM O3HAUalOT, YTO HANO B3ATH IIEJIO€ YKCJIO OT
BEJIUYUHBL My — M.

Cynepnosunus BoJgH. B yIpyroii ofHOPOZHOI Cpe/ie PACIPOCTPAHAIOTCA
[Be ILUIOCKUE BOJIHBI, OfHA BHOJb ocu X, Apyras BHOJL ocu Y:

& = acos(ot — kx), &, =acos(ot — ky).
Haiitu xapakTep IBMIKEHUA YAaCTUIL CPebl B IIocKocTu X, Y, ecau obe
BOJIHBI TIOIIEpPeYHbIe ¥ HallpaBJieHHe KOoJIeOaHWl OZMHAKOBO.

Pemnrenue. Brex Toukax, rae pas-

Y / a .
HOCTH (had k(y —x) paBHA KpPaTHOMY - e L e
7/ Ve
27, KoJiebaHUA OYAyT NMPOUCXOIUTH B e // e
dase. Orcroga e i
// /// ///
y=x+mk, m=0,1,2,.., N y ,
Y ’ /
// //
T. €. MAKCUMYMBI aMILIATYIbI Kojeba- e 7 L
HUIi, paBHBIE 2a, O T pacroJiaraThb-
» P , OyAyT P 0 2 2 X

cA BAOJb TakuxX npaAmMbIX (puc. 1.16).

Bronp mpameix y = x + (m + 1/2)A Puc. 1.16
pacmoJsiaraloTcsi MUHUMYMBI aMILIUTY-

IbI, PaBHBIE HYJIIO (IITPUXOBBLIE IPSAMBIE Ha PUCYHKE).

Iddexr ommrepa. HemogBuKHBIN MCTOYHUK HCIIYCKAET 3BYK UaCTO-
THI V. HaliTu yacToTy 3ByKa, OTPa’KeHHOTO OT CTEHKH, KOTopad yJa-
JIgeTCs OT UCTOUYHUKA C IMOCTOAHHOM CKOPOCThIO u. CKOPOCTH 3BYKA V.
Cuurarhb, 4TO U < V.

P e m e H u e. PaccmoTpuM mporecc oTparkeHUsA 3BYKa B JBe (Dasbl.
CHayaJia CTeHKA UTPaeT POJIb NIPHEeMHIUKA ¥ BOCIPUHUMaeMas elo Jac-
ToTa, coryacuo (1.65), paBHa

v =ve(v — u)/v. 1)

Ha BTOpOfI cTaguy CTEHKa HurpaeT poJb yAJaJdI0IIerocd HCTOYHUKA
3BYKa C YacTOTOM V, IIO9TOMY 4YacCTOTa OTPaA»KEHHOI'0 3BYKa

v'=vv/@O+ u). (2)
IloncraBus (1) B (2), momyumum

v-u
V’=v0v+u = vl - 2up),

rge ydTeHo, 4TOo u < V.



Taaga 1

1.9. 9ddexrr 3anazapiBanud. VICTOYHUK KOPOTKUX 3BYKOBBIX MMIIYJIBCOB C

YacTOTOH vy U IPUEeMHUK HaXOAATCA B OJHON Touke. B momeHT t = 0
WCTOYHNK HAYMHAET YAAJATHCSA OT IPHUEMHUKA C IIOCTOAHHBIM yCKOpe-
HueM a. Haiitu yacToTy MMIyJIECOB, BOCIPUHNMAEMbBIX IIPUEMHUKOM B
MOMEHT ¢, eCIX CKOPOCTh 3BYyKa paBHa U.

Pemre H ue. 3nech ciaenyer yuecTb a(ppeKT 3amasablBaHusA. ITO 3HA-
YUT, YTO BOCIIPDMHMMaeMble B MOMEHT t HMIIYJIBChI 6LIJ’II/I HUCIIYII€HBI
HCTOYHWMKOM B IpefmiecTByooiuii momeHTt t'. IlosTomy, corsacHo
(1.65),

v(E) =vou/ + up). eY)

CKOpOCTh MCTOYHMKA B MOMEHT t' paBHa u, = at', rhe t' HaligeM u3

YCJIOBUSA
at'¥/2 =v(t -t'), (2)

T. €. IyTh, IPOUAEHHBIA UCTOYHUKOM K MOMEHTY ', paBeH IIpou3Beie-
HUIO CKOPOCTH 3BYyKa Ha BpeMsdA 3alas3[bIBAHUS MOJIYYEHHBIX CHUIHA-
J0oB. Onpenenus ¢’ us (2), HaligeM u, u ¢ nomoiso (1) — ncKoMyo 4a-

CTOTY:

v(t) =vo/1+ 2atpv.

1.10. NcrouHuk 3ByKa S, COOCTBEHHAsd YacTOTa KOTOPOTO V), IBUIKETCA

PaBHOMEPHO II0 MPAMOM, OTCTOAIIEN OT HEIOABMUIKHOTO HalOJIOmaTe-
as P ma paccrosuue [ (puc. 1.17). CKOpocTbh HUCTOUYHUKA COCTABJIAET
N-I0 9acTh CKOpPOCTH 3ByKa. Haiitu:

a) 4acToTy 3BYKa, BOCHPMHUMAaeMyI0 Ha0JIoLaTeJIeM B MOMEHT, KOT-
la NUCTOYHUK OKakeTcd B Touke O;

6) pacCcTodaHNe MeX Ay UCTOUYHUKOM U HaﬁJIIO,HaTeJIeM B MOMEHT, KOrI'-
JAa BOCIIpDMHHMaeMas HaﬁJIIO].IaTe.HeM JacToTa v = VY.

.,-v-’? ut Q ]
/ I y
NS I ’
~7 I /
~ l‘ /
AN /r
N ! /
O, | /
[N [
~ | /
N
\&/
P

Puc. 1.17
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Pemenwue. a) dcHO, UTO B 9TOT MOMEHT HAaO/IIOgATENs HJOCTUTHYT
CUTHAJIBI, MCIIYI[eHHbIe NCTOUYHNKOM, KOI/Ia OH HAXOMWUJICS eIlle B He-
Koropoii Touke S (puc. 1.17). Ee mosio:keHme JOKHO OBITH TaKUM,
YTOOBI 32 BpeMsd, MOKA MCTOUHUK JIBUKETCA CO CKOPOCTBHIO U 0 TOY-
Ku O, curHajl co CKOPOCThIO U JOCTHUT ObI Touku P. OTCiofa MPOeKITns
CKOPOCTH HCTOYHMKA Ha HampasjieHme SP paBHa u, =u cosa, rae
cos o =u/v =n. Uckomaa gacrora, corsacHo (1.65),

v=v0/(0 —u cosa)=vy/1 - nz).

6) VIcTOYHUK, OT KOTOPOTO AOIIIeJ CUIHAJ C YaCTOTOR V = V), LOJKEH
011 HaxoauThea B Touke O. IToka 8BYK momren no Touku P (3a Bpems
T =1/v), caM UCTOYHUK IIePEMECTHUJICSA BIIPABO HA PACCTOSHUE X = UT.
W3 puc. 1.17 cremgyer, 4TO MCKOMOE PaCCTOSHUE

r= \/l2 + (ur)2 =l\/1 + n2.



FTnasa 2

3HEKTpOMaFH NTHbI€ BOJIHbI
v

§ 2.1. BorHOBOE ypaBHEHHE 3JIEKTPOMATHUTHOM
BOJIHbI

W3 ypasuenunit Makcseiia ciaenyeT; Kak MbI ceifuac yoemumcs,
Ba’KHBIN BBIBOJ O CYIIIECTBOBAHUU IIPUHIIUITNAIHLHO HOBOTO (husuye-
CKOr'0 SBJIEHUS: 9JI€KTPOMATHUTHOE II0Jieé CIIOCOOHO CYIIeCTBOBATH
camocmoamenvHo — 0e3 JIeKTPUUYECKUX 3apsgoB U TOKOB. llpu
5TOM M3MEHEHWEe ero COCTOAHUS (BO3MYIIEHUE II0JIsI) 00s3aTeIbHO
uMeeT BOJTHOBOU xapakTtep. Ilossa Takoro poja Ha3LIBAIOT JEKMPO-
MAZHUMHbLMU 60JHAMU. B BaKyyMe 5TH BOJIHBI PAaCIPOCTPAHAIOTCA
CO CKOPOCTBHIO, PAaBHOM CKOPOCTH CBeTa C.

PaccMoTpuM OZHOPOMHYIO HEHTPAJIbHYIO HEIIPOBOIAIIYIO CPExy
¢ IpoHHMIAaeMocTAMHU & U U, rge D = egoE u B = ppH.

Cpasy ke IOTOBOPUMCSH, UTO AJIsS YIPOIINEHUS 3amucu (OpMYy.JI
MBI OyJleM OCTaBJIATE TOJBKO &, U L, (Kak B BakyyMme). IIpu mepexo-
Jie ’Ke K YKa3aHHOI cpefie JOCTATOUYHO B ()OPMYJIBI, COAEPIKAIIILe €,
U |y, IPUIKCATD € K g (T. €. €65) U L — K [, (T. e. up,y). YopocTus
TaKuM 00pas3oM IIPUBEIEHHBIE BBIIIIE COOTHOIIIEHUS, B3aIUIIEM

D = E, B = poH. (2.1)

TlockonbKYy B JAaHHOM cJyd4ae IJIOTHOCTH 3apPA0B M TOKOB PABHBI
myaio (p=0 u j=0), ypaBuenus MaxcBessna OyayT UMeTh BUM:

veE=-B yiu-2, (2.2)
ot ot
V.B=0). V.-D-=0, (2.3)

rae ypaBHeHud (2.2) BeipaskaioT poropsl E u H, a ypaBuenus (2.3) —
nuBepreanuu B u D.

Tak Kak Jifo0ble BOJTHOBBIE IIPOIIECCHI JOJIPKHBI ITOAUNHATHCSA BOJI-
HOBOMY YPaBHEHUIO, CBA3BLIBAIOIIlEMY BTODble IMPOM3BOAHBIE IO Bpe-
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MEeHU U KOOpAWHATaM, IONBITAeMCS IIPUATHA K HEMY C IOMOIILIO Ha-
NUCAaHHBIX BhINIe ypaBHeHui MaxrcBesna. A saroro mpoauddepeH-
MUpyeM BTOPoe ypaBHeHUe u3 (2.2) mo BpeMeHU U 3aTeM HCII0JIbL3yeM
mepBoe ypaBHEHUE:

2
aifzg(w H)ZVX%I:_LVX(VX E). (2.4
ot

Ho

€0

IBoitHOEe BEKTOPHOE IIPOU3BENEHNE B IIPABOI UAaCTH MOYKHO IIPE0l-
pasoBaTh C IIOMOIIbI0 BEKTOPHOFO DaBEHCTBA

a x (b x ¢);=;b(ac) — c(ab), (2.5)

— IIpaBMJIO «0al MUHYC 11a0». 3aMeHuB B 3TOi (popmyJie a u b ome-
paropom V m mojo:xkus c¢ = E, sanuiiem

Vx(VxE)=V(V-E) - EV-V)...? (2.5')

ITomyunmocs YTO-TO HE TO — OTO KacaeTcs IIOCJHeIHEero ujeHa
E(V - V). B Trakom Buze oH Bce elrfe octajica orneparopoM. Omubdka B
TOM, UTO MBI HE IIPOSBUJIN OCTOPOXXHOCTH U HE BBIAEPIKAIN HYMKHO-
ro IIOpPAAKa <«COMHOMKHUTeJNell». BepHyBIINCHL 00paTHO K (opmyJe
(2.5), TerKo yBUIETh, UTO IOCJEIHUN UJIeH ¢ PABHBIM IPABOM MOK-
HO 3ammucaTh B Buze (ab)e. 1 Torma mocaenuuii unen B (2.5') caeny-
er sanucarb kak (V- V)E uau V2E, nmocise gero (2.5') npumer mpa-
BUJIBHBIA BU/I

V x (V x E) = V(V - E) — VZE,

rae V2 — omepatop Jlamnaca. Ocraercsa ygecThb, UTO B HAIIEM CIIY-
yae V-E =0, u Torma aBoiiHOoe BeKTOpHOE mpousBegenmue B (2.4)
oxassiBaerca paBHEIM —V2E. B pesyapTaTe MBI IPUXOAUM K BOJHO-
BOMYy ypaBHeHUI0 aja nonsa E. Ilpesxne uem ero BbIIHCATh, 3aMe-
TUM, UTO MOAOGHBIM 00PAa30M MBI MOXKEM IOJYUYUTh aHAJOTHUUHOE
BOJIHOBOE ypaBHeHue mia moisa H.

TakuM 00pa3oM, Mbl MPUXOAUM K UAEHTUYHBIM BOJTHOBBIM ypaB-
HeHuaM naa moaeir E u H:

2 2
V2E=sou0 g, V2H=80u0 g (2.6)
ot ot




>
>~
2l
H
P
)
Y

N

3nech K0a(GUIIMEHT mepes BTOPOII IIPOU3BOAHOM IO BPEeMEHHU eCTh
He UTO MHOe KaK BeJWuyurHa, o0paTHAas KBaaApaTy CKOPOCTU PACIIPO-
cTpaHeHusA BOJIHBI, corsiacHo (1.23). B BakyyMe aTa CKOPOCTH paBHA

e =1/\Jeqtg » 2.7

Ecan xe JJIEKTPOMaraimTHas BOJIHA pacCIIpoCTpaHdAeTCsdaA B OJHO-
pOI[HOfI cpene C MpOHUIIaeMOCTAMU & H| L, TO €e CKOPOCTH

v =1/Jegoup, =c/fen. 2.7)

B pganbmeiiniem MBI OyaeM paccMaTpUBATH B OCHOBHOM HEMAaTHUT-
HBle cpenbl (UL = 1), mosTomMy mpeawigymias (GopMysa MTPUHUMAET
emre OoJiee TPOCTOM BUT

v =c/e. (2.8)

Oxkasajoch, UTO ¢ =3 - 108M/C, T. €. COBIaIaeT CO CKOPOCTHIO CBeTa
B BaKyyMe. 9TO U JaJI0 OCHOBaHMe MakKcBeJIy MPeaIoJIOKUTEL 3a-
IOJITO 0 SKCIEePUMEHTAJbHOTO IIOATBEPIKIEHUA, UTO CBET Tpes-
cTaBasAeT cOO0M JeKTPOMATHUTHBIE BOJHBI.

§ 2.2. Ilmockas 3JJeKTPOMATHHUTHAS BOJHA

Ilepenuniem ypaBHenuss Makcpesna (2.2) u (2.3) B (popme Gosee
YIOOOHOMU IJid JaJIbHEHIero anajamnsa, uMes B BUAY, UTO poTopsl E u
H mo:xHO mpeacTaBuTh B BUe OlpefenTeseil (KaKk BEKTOPHOE IPo-
u3BeJleHNEe IBYX BEKTOPOB):

e, e, e, e, €, e,
] 5 cH 5 5 OE
_| 0 Jal 0| — _| @ ol o | —
VxE=|+ W oz ——Mog, VxH=| = oz —Soav (2.9)
E, E, E, H, H, H,
ﬂEeriEy +£EZ:(), in+iHy+iH2:O, (2.10)
ox dy oz ox oy 0z
rie e,, e, €, — ODPTEI ocei1 X, Y, Z.

YcTaHoOBUM OCHOBHBIE CBOMCTBa 3J€KTPOMArHUTHOM BOJHBI Ha
npuMepe IJIOCKOM BoJjiHBI. HampaBum och X IIepHeHIUKYJISAPHO
BOJIHOBBIM moBepxHOcTAM. IIpu atom E n H, a 3HauuT 1 ux npoek-
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nuu Ha ocu Y U Z, He OyAyT 3aBUCETh OT KOOPAUHAT Y U 2, T. €. CO-
OTBETCTBYIOII[MEe IIPOMB3BOJHBIE 110 J U 2 OYAYT paBHBI HyJi0. IIoaTO-
my ypaBHeHus (2.9) u (2.10) ymaporaioresa (OCTaHYTCA TOJBKO IPO-
M3BOAHBIE TI0 X) U IMPUHUMAIOT BU.I:

oH oE
0= = ’ 0=c¢ - ’
o 0H, oH, OE
—= =, ) - =€0— >
ox ot ox ot
...................................... (2.11)
OE, oH,
=—Ho = ’
ox ot
OE, _ 0,
ox

W3 ycaosuii 0E,/0x =0 u OE /0t = 0 cnexyert, uto E, He 3aBUCUT HU
OT X, HM OT t (aHAJIOTMYHO U AJasA H ). OTo 3HAUUT, UTO OTIUUHBIE
or Hynsa E u H, MoryT 6bITh 00yCIOBI€HB] JUIIb IIOCTOAHHBIMHU OJI-
HOPOIHBIMU TOJIAMM, HAKJIAABIBAIOIIUMUCS Ha II0J€e BOJHBI. A 15
IIepeMeHHOr'0 IoJIA IJIOoCKoMi BonHel E, = 0 u H, = 0, T. e. BeKTOPHI
E u H mepneHAWKYJAPHBI HAIPABJIEHUIO DPACIPOCTPAHEHUS BOJI-
HBI — ocu X. 3HAUUT, SJIEKTPOMATrHUTHASA BOJIHA SIBJIAETCS NOrne-
Ppeunoil.

Kpowme Toro, okasrsiBaercs, BeKTopbl E u H B ajieKTpoMarauTHoi
BOJIHE 83AUMHO OPMOZOHALbHbL. UTOOBI YOeIUTHCA B 9TOM, 00HEAM-
HUM cpennue ypaBHeHus (2.11), comepskaliiue, HaIpuMep, Ey n H,
(OHU TTIOAYEPKHYTHI U COeAUHEHBI CIJIONTHLIMY JUHUAMM), B IAPY:

O, oH, JoH OF

— = , 2 =gy —1, 2.12
ox Ho =5, ox 0 ot (2.12)

(MO2KHO OBIJIO OBI B3SITH U APYTYIO Tapy, COMEPKAIIYIO TPON3BOTHEIE
E,u H ,» — OHa IIOYEePKHYTa IYHKTUPHOU JuHMelt). U3 sTux ypas-
HEHU# BUIHO, YTO M3MEHEHWE BO BPEMEHU, CKa’KeM, MarHUTHOTO
TI0JIA, HAIIPaBJIEHHOTO BAOJIb OCU Z, TIOPOKIAET SJIEKTPUUECKOE TI0JIe
Ey BIOJIb Ocu Y. MI3MeHeHre BO BpeMeHU IT0JI Ey B CBOIO ouepeab Io-
poxxzaer mone H, u v. x. Hu mona E,, uu mona H, mpu 9ToM He BO3-
HuKaer. A sto u 3mauur, uro E | H.



CBass mruosenHbix 3Hauenuit E u H. B mamewm ciyuae, Korga
ILJIOCKAs BOJIHA PACIPOCTPAHSETCSI B BAKyyMe BHOJIb ocu X, HAIIPH-
Mep, B ee NOJOMCUMEeNbHOM HaIpaBJIeHUHU,

E, =E,(t —x/c), H,=H,t-x/c), (2.13)

rae Ey u H, — Hexoropble QyHKINHU, XapaKTepusymomue (Gopmy
BOJIHBI. BBens obosHauenue ¢ = t — x/c, HalileM IPOU3BOIHBIE Ey
mo x u H, mo ¢t — B coorBercrBuu ¢ (2.12):

Ox 6(p ox o

OE, 0E, o9 _OE, ( 1)_ OH, _0H, d¢ _0H, |

ox ¢ ot dp ot 0

IToxmcTaBuB 3TU BhIpakeHuA B mepBoe ypaBHeHUe (2.12), moayumm:

10E, 0H ,

WJINX C YUYETOM TOTO, UTO C :1/,/8()”0 ,
0H,

Ho

Orcioma ciieyer, 4To /€ E'y = M H, + const, rae npousBosbHAA
KOHCTaHTa 00YyCJIOBJIEHA HAJNUYNEM IIOCTOSHHOIO 9JIeKTPUUYECKOr0 1
MarsuTHOTO moJjeii. Hac mHTepecyeT TOJILKO IepeMeHHOoe II0Je, II0-
sTomy const = 0, B pe3yabTaTe MbI HOJYUYUM IS OJHOPOIHOM cpe-
OBl C IPOHUIIAEMOCTBIO € M |l CJIEAVIOIee COOTHOIIIEHUE:

eeg E, =\upo H,. (2.14)

Jto BHIpaKkeHme o3Hauaer, uTo E u H He ToIbKO B3aMMHO OPTOTO-
HAJbHBI, HO ¥ COCTABJIAIOT ITPABOBUHTOBYIO CUCTEMY C HAIIPaBJIEHU-
eM PacIpPOCTPaHEeHUs: MBI BeIb PACCMOTPEJNHU CIydail, KOTAa BOJHA
pacmpocTpaHsdeTca B IIOJOKHUTEJIBHOM HaMpaBieHUuM ocu X
(puc. 2.1). Kpome Toro, E u H, cormacuo (2.14), uaMeHAOTCI IpU
9TOM CUHQDA3HO: Ey u H, ofuHAaKOBEI B KaK/JbIil MOMEHT II0 3HAKY,
OJHOBPEMEHHO o0pallfaloTcd B HYJIb W OJHOBPEMEHHO TOCTHUTaoT
MaKCHUMyMa, YTO U IIOKa3aHo Ha puc. 2.2 — MTHOBEHHAs KapTUHA B
HEKOTOPBIA MOMEHT.
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Puc. 2.1 Puc. 2.2

3aMeTuM, 4YTO ecji 6bI MBI PACCMOTPEJU BOJHY, PacIpOoCTPaHI-
IONIyIOCA B OTPUIIATEIHFHOM HaIpaBjeHnUU ocu X, TO Ey u H, uzme-
HAJUCH 661 B IpoTuBO(dase (4/e€ E, =—puo H,). OgHAKO II0-TIPeXK-
Hemy oba BexTopa, E u H, cocraBisiiu Obl IPABOBUHTOBYIO CUCTEMY
C HAIpaBJeHHEM PACIPOCTPAHEHUA. ITO K€ OTHOCUTCI W K CIIy-
yai, Korga BekTop E HanpasieH BIoJab ocu Z, a BeKTop H — BHoIb
ocu Y, T. e. ux npoexnuu E, u Hy.

BrissicHUB aTH meTanu, MHAEKCH J U 2 ¥ IpoeKIuii BeKTopoB E u
H mo:xHO He TcaTh (KaK 9T0 00bIYHO U Aesaior). [losTomy ypaBHe-
HUe, HAIPUMeD, IJIOCKOU OeryIeil rapMOHUYECKOH BOJIHBI — OHA
IpeAcTaBIseT OCOOBINT MHTepec — 3alUChIBAIOT TaK:

E=E, cos(ot +kx), H =H, cos(ot—-Ekx), (2.15)

rIe 3HaK MUHYC B CKOOKax O3HAYaeT, UYTO BOJIHA PACIPOCTPAHIETCA
B IIOJIOXKUTEJIbHOM HampasjaeHnun ocu X. B aTuX BbIparKeHUAX O —
KpyroBas (IIMKJHUUYECKas) yacToTa KojebaHuii, k — BOJIHOBOE YUC-
a0 (B = 2n/A, A — QOJAUHA BOJIHBI).

3amMeTUM, UTO KOTr[a T'OBOPST, UTO IIJIOCKAs BOJHA pacIipocTpa-
HseTCs, HaIIPUMED, B MOJIOMKUTEJIbHOM HalpaBieHuu ocu X, TO 3TO
03HAYAEeT, UTO C 9TUM HAINPABJIEHWEM COBIIAJAEeT €€ BOJIHOBOIl BEK-
Top k miam, npyrumu cjaoBaMu, €e BOJHOBBIE IIOBEPXHOCTH OPTOTO-
HaabHBI ocu X. Ho mpu sToM KojebGaHUS PacIpoCTPaHAIOTCA OUe-
BUJHO WM B JPYTUX HAIPaBICHUIX.

IIpumep. ILnocKkas rapMOHUYECKAS SJIEKTPOMArHUTHAS BOJIHA PACIIPOCTPAHS-
eTcsi B BaKyyMe TaK, 4TO ee BOJIHOBOM BEKTOD Kk mepreHauKy/IspeH
ocu Z u cocrasyder yroa o = 60° ¢ oprom ocu X. Haiinmem ckopocTb
pacmpocTpaHeHUA KoJjebaHuii BIOJIb ocu X.



W300pasuB pUCYHOK, aHAJOTUYHEBIN puc. 1.1, Halizem, YTO UCKOMAsT
cKopocThb U = c¢/cosa = 2¢! IlosyueHHBIN pe3yabTaT He IPOTUBOPE-
YUT TEOPUU OTHOCHUTEIBHOCTH: (PasoBasi CKOPOCTb MOYKET OBITH JIO-
0011, B OTJIMYME OT CKOPOCTHU CUTHAJa, KOTOpas He MOKeT OBITH 6o-
JIBIIIE ¢ — CKOPOCTH CBeTa B BaKyyMe.

Temeps pacCMOTPUM HPUMED, KOTOPBI OTHOCUTCA K GopmyJie
(2.14) — ToKe Ha CBA3b AMILIUTY] SJIEKTPUUYECKON M MarHUTHON
COCTaBJIAOIINX BOJIHBI, HO HE B CKAJISIPHOM, a B BEKTOPHOM BH/IE.

IIpumep. B Bakyyme pacmpocTpaHseTCs rapMOHUUYECKasl ILIOCKAs 3JIEeKTPO-
MarHUTHAsA BOJIHA, DJIEKTPUUYECKAsS COCTABJIAIOIIAS KOTOPOM MMeeT
BU[

E = e,E,cos (ot — kr).

Hatinem BeKTOp-aMILIUTYAYy MarHUTHOM COCTaBJIAIOIIEN 9TOHM BOJI-
o1, H,,.
Buzno, uTo faHHad BOJHA PACIPOCTPAHAETCA B HAIIPABIEHUU BEK-
topa k. 3uauur, tpu Bekropa, E,,, H,,, k 1omxHBI cocTaBaaTs mnpa-
BOBUHTOBYIO cuctemy (cM. puc. 2.1). Orcioga cienyer, YTO BEKTOD
H,, nomxen 6bITh conanpasier ¢ BekropoMm [KE], manpasienne xo-
TOPOT'0 COBIIAZAeT ¢ opToM [n,e, ], rae opt n,=k/k. Ocraerca HaiiTu
moxynbs Bekropa H,, T. e. BocmonwzoBaTbca (opmyisoit (2.14):
H,, =.¢g/Mo E,. B pesynbrare nomyunm:

m

Hm = [nkez] 8O/MO Em‘

§ 2.3. Croguasda 3JIeKTpOMArHUTHAS BOJIHA

B § 1.5 6bL10 OKa3aHoO, UTO CTOAUYIO YIIPYTYIO BOJHY MOKHO
IpeACTaBUTh KaK pe3yJabTaT CyNepHIo3uIUuu [ABYX OLUHAKOBBIX
BOJIH, 0eryIInx HaBCTPeUy APYT APYTY. OTO OTHOCUTCA U K DJIEKT-
poMarHEuTHBIM BosiHaM. OHAKO HANO YUYECTh, UTO BJIEKTPOMATHUT-
Hafd BOJIHA XapaKTepu3yeTCs He OAHUM BEKTOPOM, a ABYMsA B3auM-
HO opToroHanbHBIMU BeKTOpamMu E u H.

IlycTts BotHA pacmpocTpaHAeTcsA B IIOJIOMKUTEJILHOM HaIlpaBJie-
HUM ocu X U ONNCHIBAeTCA YPaBHEHUAMU

E, =E, cos(ot —kx), H, =H,, cos(ot —kx). (2.16)
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VYpaBHeHUs BOJIHBI, PAacIpOCTpaHsAioNleiica B 00paTHOM HampaBJe-
HUU, MOYKHO TOJIy4UTh U3.(2.16), ecau 3aMEeHUTH B CKOOKaxX MUHY-
ChI Ha ILIIOCHI U YyUecThb, uTO BeKTOphI E, H, k mo/KHBI coCcTaBIATH
IPaBYIO TPOUKY. OTO mOsiCHAET puc. 2.3, rae caesa (a) E u H mens-
forcsa B (pase — BostHA (2.16), a cupaBa E u H — B mpoTuBodase (Bo
BcTpeuHoii BouHe). Ilocnennee osmauaer, uto mepen E, umu H,,
IOJIJKeH MOSBUTHCA 3HAK MUHYC. VITaK, ypaBHEHUA BCTPEUHOM BOJI-
HBI OyAyT WMETh BUI:

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

B pesysibTaTe cymeprosuIiny 9TUX ABYX BCTPEUHBIX BOJH, (2.16) u
(2.17), momyumnm:

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

9TO U ecTh YpaBHEHUSA CMOAYell INeKMPOMAZHUMHOU 80HbL. OHHI
COCTOAT M3 OBYX CTOAYMX BOJH [+5JIEKTPUUYECKOM M MATHUTHOM.
Bupgno, uto B 5T0I#i BosiHe KoJsebanusa BekTopoB E m H caBuHyTEHI
mo ¢asze Ha m/2 Kak B IIPOCTPAHCTBE, TaK U BO BpeMmeHU. Eciu B
HEKOTOPBIA MOMEHT Ey BO BCeX TOUYKAX MMeJO MaKCUMAaJbHOe 3Ha-
ueHNe u npu 3ToMm H, = 0, To uepe3 ueTBepTH Iepuofa KapTHHA
Oyner obpaTHOit: H, foCTUTHET BCIOJY MaKCUMAaJIbHBIX 3HAUeHUH
CO CABUIOM B IpocTpaHcTBe Ha A/4, a E, obparurca B Hynb. Ta-
KuM o0pasoM, B mpoiliecce KoJiebaHUM sIeKTPpHUUYecKoe MIoJie IoCcTe-
MEeHHO IIePEeXOJUT B MAarHNTHOE, MATHUTHOE — B 9JEKTPUUECKOe U
T. f. (puc. 2.4). ITockonbKy Koaebanusa BexkTopoB E u H npoucxo-



Puc. 2.4

oaT He B (pase, coorHolnenue (2.14) okaswiBaTecs CIpaBeIInBLIM
TOJBKO [ aMILIMTYAHBIX 3HaueHuil K, u H, croddeil BOJHBL:

Em €€ =Hm Mg - (2.19)

§ 2.4. 9Heprua 3JeKTPOMATHUTHOM BOJHBI

C »JIeKTPOMATHUTHOM BOJIHOWM CBs3aH IlepeHoc sHepruu. ILmor-
HOCTh IIOTOKA SHEPTUU MOYKHO HAWTU ¢ IOMOIIbI0 (hopmyJibl (1.48)
Kak IIPOuW3BeJeHNe IIJIOTHOCTYA SHEPruy W Ha CKOPOCTH BOJIHBI U.

B 006BIYHOI MBOTPOIIHOM CpeZie C IPOHUIIAEMOCTAMHU € U |l ILJIOT-
HOCTDH dHEPTUHU SJIEKTPOMATHUTHOTO TOJIA PaBHA CyMMe IIJIOTHOCTEH
SHEPTUU 3JEKTPUUECKOTO ¥ MArHUTHOTO IIOJIEH:

E? H?
w = EEo 4 HHo )

9 2 (2.20)

B manmoii cpene cupaBeqyiuBo cooTHoIenue (2.14) mexay E u H,
a 9TO 03HAYAET, YTO ILJIOTHOCTH JJIEKTPUUECKOU SHEePTuu B Oeryiieit
BOJIHE PaBHA ILJIOTHOCTU MarHuTHOU sHepruu. IlosTromy (2.20) Mok-
HO 3amucaTh Tak:

w=¢eeyE® = \Jeegun, EH = EH)v, (2.21)
Toe U — CKOpPOCTh BOJHBI, (2.7').

YMHOXUB W Ha U, IIOJYYUM IIJIOTHOCTBH IIOTOKA 9HEPTHUM:

II =wv = EH. (2.22)
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BexrTopsr E u H B3auMHO opTOroHaJbHBI M 00pas3yioT ¢ Hampas-
JIeHWeM PacIpPOCTPaHEeHUs BOJHBLI IIPABOBHHTOBYIO cuUCTeMy. 3Ha-
uyuT, HanpasiaeHue BekTopa [EH] coBnagaer ¢ HanpaBieHueM mepe-
HOCca SHepruu, a MOAYJb 3TOr0 BeKTopa paBeH EH. ITosTomy Bek-
TOpP IIJIOTHOCTH IIOTOKA 3JIeKTpoMarauTHoi sHepruu II MoOKHO
TMpeACTaBUTh KaK

II = [EH]. (2.23)

BexTop Il naswiBatoT gexkmopom Iloiitnmunea.
B ciyuae Oeryieii rapMOHMYECKOUN BJIEKTPOMATHUTHON BOJIHBI
(2.15) miorHOCTL SHEprum, corjacHo (2.21), paBHa

w = gg E,i cost(wt — kx).
IInoTHOCTH Ke IOTOKa dHEPTUHU, KaK caexyer us (2.22),
II =wv = \Jegy/Up E,i cos2(c0t — kx), (2.24)

e Y4YTeHO, UTO CKOPOCTh U olpenesserca gopmyJsoin (2.7').

NuTencuBHOCTh I TaKOil BOJIHBI paBHAa, II0 ONPEIEJIEHUI0, CPE-
HeMY 3HAUEeHUIO IJIOTHOCTU IMoToKa dHepruu: I = II). Ilpuaumasn
BO BHUMAaHUe, UTO IIpu ycpenueHuu (2.24) cpegHee 3HaUeHUE KBaJ-
paTta KocmHyca paBHO 1/2, mosyuyum

I =Jeeo/uponBL/2. (2.25)

Ob6paTtuM BHEUMaHUE, YTO I IPOMOPIIMOHAIBLHO KBaJApaTy aMILIUTY-
2
oe1, I o E; .

IIpumep. B Bakyyme pacmpocTpaHseTcs ILIOCKAas TapMOHUYECKAd JIMHEHHO
TOJIAPUB30BaHHASA 9JIEKTPOMATrHUTHAS BOJIHA YaCTOTHI ®. MIHTeHCUB-
HOCTH BOJIHBI paBHa [. Halimem aMniuTygHOe 3HAUEHME ILIOTHOCTY
TOKa CMEIIleHUs B 9TOI BOJIHE.
Ilo ompepeneHuIo, IJIOTHOCTH TOKa CMeIleHHA j., = 0D/0t, rhe
D = g E. IIycts E = E, cos(wt — kx), Torga aMIIUTyJHOE 3HAUEHUE
IUIOTHOCTU TOKA CMEIEHHUA o vaxe = S00E,. Ocraerca maiitu E, .
ITo mesiaeTcsA € TMOMOINBI0 Qopmyabl (2.25):

E, =2Ino/>



U MBI IIOJTYyYUM U3 NIPeABIIYINUX OBYX (OPMYJ, YTO

jCM Makc 03\/280[/0’
roe ¢ = 1/\gglg-

B cTosuell 371eKTPOMAarHUTHONM BOJIHE 9HEPTU IIEPEXOIAUT U3 UNC-
TO BJIEKTPUUECKOI, UMeIoIeli MaKCUMyMbl B IIydyHOCTAX E, B Mar-
HUTHYIO ¢ MAKCUMYyMaMU B IyYHOCTAX BekTopa H, T. e. cMeIieHHbBIM
B IIPOCTPAHCTBE Ha A/4. ITO aHAJOTUYHO ITOBEJIEHNIO FTADMOHUYECKO-
T'0 OCIWJIJIATOPA, HAIPUMep MaTeMaTUUeCKOro MasTHUKA, I/e dHep-
U MEePEeXOJUT M3 YMCTO MTOTEHITNAJBLHON (B KpallHEM ITOJIOYKEHUN) B
KUHETHUYECKYIO (B IOJIO)KEHUM PaBHOBECUs), ¥ HA0OOPOT.

OTMeTUM, YTO €CJM BOJHA IPEACTABJIAET CO00I HaJIOKEeHUe
IBYX OEryImx BOJH CO B3AUMHO HNEPHEHIUKYIAPHBIMU IIJIOCKOCT-
MU ToJiApusanuu (HampaBieHneM KoJiebauuit Bektopa E), To ee uH-
TEHCUBHOCTh HE3aBUCHMO OT OCOOEHHOCTEIl 9TUX BOJH OyIeT paBHA
CyMMe WHTEHCHUBHOCTEIl CKJIagblBaeMbIX BOJH. JleficTBUTEND-
HO, E = E;+E,, a uarencusBHOCTS I o© E? = <Ef + 2E4E, + E22>. IIo-
ckoneky E; L E,, ckanaproe npoussegenne EE, = 0, 1 MbI nMeem
I=1 +1I,.

§ 2.5. IMnyasc 3J1€eKTPOMArHUTHONW BOJIHBI

IIepenoc sHEpPruM 3JIEKTPOMArHUTHOM BOJHOM COIIPOBOMKAAETCS U
mepeHocoM uMIyabca. CorjiacHoO TeOPUU OTHOCUTEIHLHOCTH, MMITYJIBC
00beKTa C HYJIEBOI Maccoii MMOKOsA, ABUKYIIIETOCS CO CKOPOCTHIO CBe-
Ta, p = W/c, rne W — ero sHeprus (9T0O 1O CYIIIECTBY BEPHO U AJIA
9JIEKTPOMATHUTHOM BOJIHBI KaK IMMOTOKAa (OTOHOB). IIOCKOJIBKY B CIIy-
yae dJEKTPOMATHUTHOW BOJIHBI Macca IIOKOS «O00BeKTa» paBHA
HYJIIO, CBA3b MEXAY 9HEPTUeld WM WMIYJLCOM OyIeT TaKoH Ke:

p=w/e, (2.26)

roe p 1 W — NJAOMHOCMU UMIIYyJIbCA W SHEPTUU, T. €. BEJIUUUHHI,
OTHECEeHHbIe K eJUHUIle 00beMa. YMHOKUB YNCIUTE]b U 3HaMeHa-
TeJIb MPaBo¥ JacTu pasencrBa (2.26) Ha ¢, IOJYyUYUM B UYUCIUTEJIE,
coryacHo (2.22), mIOTHOCTH TOTOKA AHepruu (wc), KoTopas B CBOIO
ouepenb paBHa MoxayJsiio BekTopa IlotimTunra. Takum obpasom, B
BEKTOPHOM BUJE

p = [EH]/c%. (2.27)
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Eciu magaroimiasd HOpMaJibHO HA ITOBEPXHOCTH HEKOTOPOTO Teja
SJIEKTPOMATHUTHAS BOJIHA ITOJHOCTBHIO ITOTJIOIIAETCA 3TUM TEJIOM, TO
eIVHUIIE ILJIOIIAAY IMOBEPXHOCTU TeJia COOOIaeTCs 3a IIPOMEKYTOK
BpeMeHu di MMITYJIbC, 3aKJ/JIIOUEHHBIH B IIUINHIPE C ILIOMIAABIO ceUe-
HUS, PABHOM equHUIlE, U BbICOTOU cdt, T. e. dp = (w/c)cdt. Ho um-
IIyJbC, COOOIIAeMbIl eTUWHUIIe IIOBEPXHOCTH B €IWHUILY BPEMEHU,
dp/dt, pasen naBieHuio p* Ha IOBepXHOCTb Teja. I10aTOMY AJISA IIO-
rJIoIaoIelt MOBePXHOCTH AaBieHue p* = w, H/m?. B caydae rapmo-
HUYECKOM BOJIHBLI 9Ta BEJINYMHA IIYJILCUPYET C JOCTATOYHO OOJIBIIION
YacTOTOM, U NMPAKTUUYECKHU IIPEACTABJIAET MHTEPEC JHIIL ee CpeaHee
3HAUEeHNe [0 BPEeMEeHM:

pl=w». (2.28)

JJa moeaabHO OTpaKaloIlell MOBEPXHOCTHU AaBjeHMe OyAeT B JIBa
pasa OoJblIie.

Paccmorpum 6Goslee meTasbHO MeXaHU3M Iepefadyd MMITYJIbCa
TeJy, T. €. KaK BO3HUKAET JaBJeHUE. JJIEKTPUUECKOEe II0JIe BOJIHBI
BOB0OYKIAeT B Teje TOK IJIOTHOCTHU j = GE, a MarHuTHOe 10JIe BOJI-
HBI OyIeT IeliCTBOBATH Ha j B COOTBETCTBUU C 3aKOHOM AMIiepa — ¢
cuoi, o0'beMHas IJIOTHOCTh KOTOPOII paBHA

F., =[iB]=c[EB], (2.29)

OTKyZla CJIeLyeT, UTO CHJIa HalpaBJIeHa B CTOPOHY pAaCIpOCTpaHe-
HMUA BOJIHBI.

Ha}.’[O HNMETb B BHUAY, YTO WRJEKTPOMarHmTHasd BOJIHA OKa3bIBaeT
JaBJIeHNe He TOJBbKO BHYTPHU BellecTBa (IIPU YCIOBUU, UTO yAeIbLHASA
MIPOBOAUMOCTE G # 0), HO ¥ IIPU|OTPAYKEHNY OT IIOBEPXHOCTH, TAK UTO

p* = w1 + R), (2.30)

rae R — xoa(ddumueHT oTpaskeHus, T. €. OTHOIIeHNEe NHTeHCUBHO-
CTHU OTPaKEHHOU BOJHBI K MWHTEHCHUBHOCTHU IIaHalOINei.

HaBieHue, BbeIUnMcJIeHHOE 10 (opmyie (2.28), okaswiBaeTca B
OOBIYHBIX YCJOBUSAX OYEHb MaJibiM. Hampumep, COJIHEUHBIN CBET
OKasbIBaeT AaBieHHe mnopaxka 107° Ila (aTmocdepHoe maBiIeHUE
~ 10° IIa). VaMepuTh Taxkoe gaBJeHHe BKCIEPUMEHTAIbHO OYeHb
TpynHo. Buepsrie aTo yaamock I1. H. Jlebenesy (B 1900 r.). Ero us-
MepeHusi Jaju 3HaueHHe, COIJIACYIOIIEeecsi C Teopueil ¢ TOYHOCTHIO
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mo 20% . ITosguee aTu mamepeHus moBTopua I'epaax (B 1923 r.),
IOCTUTHYB TO4YHOCTU 10 2%.

Tor daxT, 4TO 3JEeKTPOMArHUTHOE MoJie 00JagaeT UMITYJIbCOM,
MIPEeANUCHIBAET IIPU COCTABJIEHUYU OajlaHCA MMITYJbCOB UYACTHIL] YUU-
THIBATh W MMIIYJIBC 3JIEKTPOMATHUTHOIO IT0JiA. TOJBKO IIPU 3TOM C
3aKOHOM COXPaHEHUA MMITyJabca OyZeT Bce B HOPAIKE.

§ 2.6. Ipderxr Hommepa Aas 3JEKTPOMATHUTHBIX
BOJIH

Paccmorpernoe B § 1.7 uaMeHeHMe YaCTOThI 3BYKOBBIX CHUTHA-
J0B, 00ycioBaeHHOe sapderToMm [loTiepa, onpeneasercad CKOPOCT-
MU JBUKEHUSA MCTOUYHUKA U IPUEMHUKA OMHOCUMENLbHO CPedbl, sB-
JIAIOIIEHcsT HOCUTEJIEM 3BYKOBBIX BOJIH. [/ 3/IEKTPOMATrHUTHBIX
JKe BOJIH 0C000# cpenbl, KOTOpasa CAY:KUIa Obl MX HOCUTEJIEM, HET.
ITosTOMYy [OMIEPOBCKOE CMeEI[eHHEe YACTOThI SJIEKTPOMATHUTHBIX
BOJIH (CUTHAJIOB) OIIPEe/IsieTCsI TOJBKO CKOPOCTHIO MCTOUYHUKA OM-
HOCUMEeNbHO NPUeMHUKA.

ITycts B K-cucTeMe oTcueTa HAXOAUTCSA HEHOIBUKHBIN IPHUEM-
HUK P (puc. 2.5). K HeMy ¢ peJIssiTUBUCTCKON CKOPOCTHIO U TPUOJIH-
JKaeTrcs S — WCTOUYHHUK MEePUOANUYECKUX DJJIEKTPOMATHUTHBIX (WU

K Kl_ CBETOBBIX) curmaioB. B K'-cucreme

Sv P>_ OTCUeTa, CBSI3AHHOI C MCTOUYHHKOM,

CHUTHAJBl MCIYCKAIOTCSA C YaCTOTOH v

(cobcTBenHasA uactora). Haiimem uac-

TOTY ¥, C KOTOPOIi BOCIHPUHUMAIOTCS
Puc. 2.5 9TU CUTHAJBI IPUEMHUKOM.

IIpoMe:KyTOK BpeMeHU MeXKAY ABYMs I1OCJIeI0BATEJIbHBIMU CUT-
Hajmamu (uMmmnyJsabcamu) B K'-cucTeme, CBSBAHHOW C MCTOUYHHKOM,
pasen T, = 1/v,. IIoCKONBKY MCTOUHUK JTBUKETCA CO CKOPOCTBIO V),
TO COOTBETCTBYIOITUI IPOMEKYTOK BpeMeHU B K-cucrteme, corJiac-
HO «3(DdeKTy 3aMeIIeHUs X0a NBUKYIMUXCA JacoOB», OyIeT 00JIb-

me, a MMEeHHO
T =T,/\1-B>, P=vfe. (2.31)

Paccroanme mexay cocemHMMU UMITyJbcaMu B K-cucreme

A=cT —vT =(c —v)TO/W- (2.32)
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HOBTOMy BOCIIpMHMMaeMas IIPUEeMHHMKOM 4YacToTa vV = c/h, nnu

V=ve ————. (2.33)

Ecnu ucrounux npubamxaeTcd (Kak B HallleM caydae), TO V > v,
eclu ke yaansercs, To v < v, (B 3TOM clydae 3HAK Iepesi U MeHAeT-
cA Ha ITpoTUBOHONIOXKHBIN). [Tomyuennasa dopmyna (2.33) coorBer-
CTBYeT npodoavHomy agpgpexmy onaepa.

Kak BugHO M3 mpuBeIeHHOTO BBIBOAA, 3dhdeKT [omiepa aasa
3JIEKTPOMATHUTHBIX BOJIH SBJIAETCS CJIEACTBUEM IBYX SABJIEHUI: 3a-
MeJJIEHUSA X0Ja ABUKYIIUXCA 4acoB (KOPEHb B UMCJIUTEJNE TIOCTEN-
Hell (OpMyJIbI) U «YILJIOTHEHUSA» (UM PaspsaKeHUsaA) UMIYJIbCOB,
CBSIBAHHOTO C M3MEHEHUEM PACCTOAHUSA MEKIY UCTOUYHUKOM U IIPU-
eMHUKOM — 9TO YUYTE€HO B IIEPBOM paBeHCTBe (Gopmynasl (2.32).

PaccmoTrpum u GoJiee obmiuii cayuaii: B K-cucreMe UCTOUHUK S
JIBUJKETCS CO CKOPOCTBHIO V, COCTABJSIOIIENH YroJ o C JIUHUEH Ha-
omtomenuda (puc. 2.6). B aTom cayuae B popmysie (2.33) caemyer 3a-

1Y

n
R
0"0

Puc. 2.6

MEeHHTH VU Ha U, =UCOS0, I'/le U, — IIPOEKIuA BeKTOpa V Ha och X,
IIOJIOKUTEJIbHOE HallpaBjieHrue KoTopoil B3ATo or S K P. Torma

V=ve o (2.34)

B npomecce nBusKeHHA MCTOUHHKA S IPOEKIUA CKOPOCTH U,
BOOOIIle TOBOPs, MEHAETCs, IIO3TOMY HEOOXOAUMO yUeCThb apderxm
3anas3dvieanus. BocipuaumaeMas mmpueMHUKOM P uactora v B MO-
MeHT t OymeT oOyCJOBJIeHA CUTHAJIAMU, UCIYINEHHBIMU MCTOUHI-
KoM S B IpeJIIecTBYIONNI MOMeHT ¢t =t —[/c, rne | — paccros-
HHe oT ucTouHuka S 10 P B momeHT t'. IlosToMy 3HadeHMe v, HATO
Oopate B momeHT t'. UTak, uacrore v(t) cooTBeTcTByeT U, ().



B orauume ot akyctuueckoro sdderra Hommepa, mpu o = 90°
(v, = 0) mabmomaeTca nonepeunbvLii agperxm JJonnepa:

v =vy41-p7, (2.35)

Ipu KOTOPOM BOCIIPUHUMAEMas MPUEMHUKOM YaCTOTa OKAa3bIBAETCS
BCerjia MeHbIIe COOCTBEHHOH JacTOThI UCTOUHMKA: V < V. Ilonepeu-
HbIZT 2(hGeKT ABIAETCA NPAMBIM CJIEACTBUEM 3aMeIJeHUA XOoAa
OBUKYIITUXCA 4acoB. ITOT 3 GEKT 3HAUUTEJIbHO ciiabee MpoaoIbHO-
T0: OH 3aBUCUT OT U/Cc He B IIePBOU CTEMEHU, a BO BTOPOIi, T. €. AB-
JdAeTcsaA KBaAPAaTUUYHBIM OTHOCUTENbHO U/c. IlosTomMy sKcmepumeH-
TAJIBHO €T0 MOYKHO HaOJIOJATh, IIPOBOJA M3MEPEHUS NEPIEeHAUKY-
JIAPHO, HATIPUMED, IIYYKY MBJIYyUAIOIUX aTOMOB, UMEIOIIEMY OUEeHb
MaJbIfl YTOJI PACXOAUMOCTU (UTOOBI MPAKTUUYECKU UCKJIIOUUTH IIPO-
IOJBHBIN 2(hdEKT).

B HepeaATUBUCTCKOM ciydyae, Korjga v < ¢, BMecTo (2.31) MoskHO
cyuraTk, uTo T' = T, nosromy (Gopmy.ia (2.34) He OyaeT comepKaTh

KODPHS 41 —[32 , W TOrJa BOCIPMHUMaeMas 4acToTa
v=vy/(1-v,/c)=vo(l+v,/c). (2.36)
Orcroga oTHOCHTEIbHOE HM3MEHeHHe 4acTOThl (V — V,)/V, PaBHO
Av/v =v,/c . (2.37)

IIpu v, > 0 (ucrounuk npubamxaerca) Av/v > 0, ecau xe v, <0
(ucrounuk ygpansercsa), To Av/v < 0. Ilpu v, =0 u Av/v = 0.
AdderT [omaepa HaIlleJ MHOTOUYMNCJIEHHBIE IMPAaKTHUECKUe MIPU-
MeHeHUs. C ero IOMOIIIBIO OIPEENIAI0T, HAIPUMED, CKOPOCTb M3JIY-
YaIOIUX aTOMOB B IIyUKe, YIJIOBYIO CKOpocTh Bpaienus CosHita. Ha
atddexrTe [Momnaepa OCHOBaHBI PAAMOJIOKAIIMOHHBIE METOIBI M3Mepe-
HUSA CKOPOCTH CaMOJIETOB, PAKeT, aBTOMAIIMH U Ap. VIMEHHO 3TOT
a(hdeKT MO3BOJIUI OTKPHITH ABOMHBIE 3BE3ABI (CHCTEMBI, COCTOSIINE
U3 OBYX 3Be3J, ABUKYIIMXCS BOKPYT O0IIero IeHTpa mMacc) — 00b-
eKThbI, KOTOPbIE HEBO3MOKHO PA3PEINTh HAaKe CAMBIMU MOIIHBIMU
resieckonamu. C momorisio adderra Hommepa Xao66u (1929 r.) obHa-
PYKIII SBJIeHVE, HA3BAHHOE KOCMOJIOIMUYECKUM KPACHBIM CMEIIeHU-
eM: JINHUY B CIEKTPe M3JIyUeHUs BHETAJIAKTUUYECKUX 00BEKTOB CMe-
IIeHbl B CTOPOHY OOJBINNX AJHUH BOJH, T. €. B KDPAaCHOBOJTHOBYIO
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yacTh crekTpa. OHO CBUIETEIBCTBYET O TOM, UTO BHETaJIaKTUUYECKUe
00BEKTHI YIAJIAIOTCA OT Halllell ['aJakTUKN CO CKOPOCTSAMMU, IIPOIIOP-
IIAOHAJIBHBIMU PACCTOAHUIO 0 HUX.

PaccmorpuM B 3akJjoueHue ABa IIpuMepa Ha IpuUMeHeHue d(h-
dexra omnepa. Ho mpenBapuTenbHo mpeodbpasyem popmyay (2.37)
OT YacTOT K AJauHaM BoJIH. HYacToTa v = ¢/A, OTCIOZIa MaJjoe Ipupa-
IieHNe 4acToThl Av =—(c/k2) A\. ITogctaBuB 00e 3T (HOPMYJIBI B
(2.37), momyuum

AL v,

1%
— =—-——%=——-cos 0, '
. ; . (2.37)

rme o — yrojy MeXxay CKOPOCTBIO V U HaIIpaBJIEHUEM Ha6JIIO,ZIEHI/I§I.

IIpumep 1. OpHa M3 CIEKTPAJbHBIX JUHUM, UCITYCKAEMbIX BO30YKIEHHBIMU
HMOHaAMMN HeJr B COCTOSTHUU IIOKOSI, UMeeT IJNHY BOJHBI A. Eciu
ATy JUHUIO HAOIIOAATE O YIVIOM O K TYYKY JaHHBIX MOHOB, TO
o0HapyKUBaeTCs ee MOIIEePOBCKoe cmelnenme AL <0, mpuuem
| A\ | < L. OmpenenmM CKOPOCTH MOHOB B ITydKe.

Tax xax |A7» | < A, TO 9TO BHAUUT, YTO UOHBI ABUIKYTCS C HEpe-
JATUBUCTCKOA CKODOCTHIO ¥ CIPaBEJJIUBO COOTHOIIIEHUE
(2.37"). VYcaosue ke AL </0.osmauaer corsacuo (2.37'), uTO
cosa >0, T. e. yron o < m/2.) UcKkomas CKOPOCTH

c|AN
v=——-.
A cos a

IIpumep 2. ITpu HaOnomeHuu cuexkTpanbHOi guauu A = 0,51 MKM B Ha-
MIpaBJEeHUIX Ha IPOTUBOIIOJIOMKHEIE KPasd COJTHEUHOro AUCKa Ha
ero »sKBaTope OOHAPYKMUJIM pasauyuve B [OJIUHAX BOJH Ha
oA =8,0 mm. Hatimem mepuon T Bpaienus CosiHIIa BOKPYT CO0-
CTBEHHOH OCH.

Tak Kak gaHHble Kpasd AUCKA ABUMKYTCA mpu Bpamfenun CosH-
IIa B MPOTHUBOIOJIKHBIX HAIIPABJIEHUAX C OAMHAKOBOM CKOPO-
CTBIO U, TO JOILJIEPOBCKOE CMeIlleHre 9TOI JUHUU OyIeT oguHa-
KOBO II0 MOXYJIIO, HO IPOTHBOIIOJIOMKHO IO 3HAKyY. IlosTomy
cyMMapHas pasHOCTh CMEIIleHHBIX JJINH BOJIH PaBHA YABOEHHO-
MY [OOIJIEPOBCKOMY CMEII[eHUIO:

S _,v_,0R _22tR
A c c c T
rme ® — yraoBada ckopoctb Coanila, R — ero paauyc

(= 7-10% m).



Orcroma cienyer, uTo mepuoj BparieHus CosHIA

T 4nRA

= 25 cyr.
c oA v

§ 2.7. N3nyueHue OUIIOJA

Bos0y:xaeHMe 9JIeKTPOMATHUTHBIX BOJIH KaKOM-JIn00 cUCTEeMOM
HA3BIBAIOT M3JIYYEHHEM 3TUX BOJH; a caMy CHUCTEMY — H3JIydaro-
mieit cucremoii. Ilose sIeKTPOMArHUTHOM BOJIHBI HA3BIBAIOT II0JIEM
UBJIyYEeHUS.

CorylacHO IIpPeACTABJIEHUAM KJACCUUYECKOl dJIeKTPOAUHAMUKUI
SJIEKTPOMATHUTHBIE BOJHBLI B BaKyyMe BO30YIKIAIOTCSA 3JIEKTPUUE-
CKUMHU 3apAgaMu, IBUKYIIIUMUCS ¢ ycKopeHueM. IIpocreiimnieii us-
JIy4alollell CHUCTEeMOU SIBJISETCS OCHUJIJINPYIOMIUUA 3JIeKTPUUYECKUNA
IUTIIOJNb, MOMEHT P KOTOPOTO M3MEHSAETCS C TeUeHUeM BpeMeHU, —
dJleMeHmapHbLiL eubpamop.

Ecnu msayuaromiasa cucTeMa 3JIeKTPOHENTpaabHa, a ee pa3Mepbl
MaJIbl II0 CPABHEHUIO C AJWHOI A M3JyuyaeMbIX BOJIH, TO B TOUKAaX,
OTCTOAINUX OT CHUCTEMbI Ha PACCTOAHUAX I > A — B TaK HasbIBae-
MO 80/1H0801L 30He, — TIOJIe UBJIYUEeHUs OJM3KO K IIOJI0 H3JIyde-
HUSA OCIMJILISTOPA, UMEIOIero TaKoil Ke dJIEKTPUUYEeCKUIl MOMEHT,
Kak u BCA HM3Jydarolas CHUCTeMa.

PaccMoTpuM HEKOTOpbIe 3aKOHOMEPHOCTH UBJIYUEeHUSA JUHEHHO-
ro TapMOHUYECKOTO OCIIUJLIATOPA — 9JIeKTPUUECKOTO AUIIOJI, Pas-
Mep KOoToporo [ < A, a MOMEHT p M3MEHSETCS BO BpeMeHH I10 3aKO0-

HY
p = p,, cos ot, (2.38)

rme p,, — aMILIMUTyJHOe 3HaueHMe p. Bce manbHeiilee OTHOCUTCA K
BaKyyMy, TJle JJIMHA BOJHBI A U3JYUEHUS CBA3aHA C YACTOTOH M CO-
OTHOIIIeHUEeM A =27C/®.

HamomuuM, sJeKTpruuecKoe IMMoJe IMOCTOSHHOTO JUTOJA CIagaeT
IIpU yAAJIEHUH OT HeTo IIo 3aKoHy E oo 1/r3. B cirydae ke OCIIMILIN-
pyroliero AUIOJS Aejio oO6cTouT MHaue. B HemocpeacTBeHHOM 6JIu-
30CTH OT AUIIOJS KapTHUHA 3JIEKTPOMATHUTHOTO TOJIA OUYEHb CJIOMK-
Ha. OHA CUJILHO YIPOIIaeTcs B BOJIHOBOI 30HEe: OBICTPO CIajaroliee
CTaTHUUYECKOe II0JIe IPAKTUYECKHU MCUYE3aeT U OCTAETCA TOJBKO II0JIe
U3JIYUYEHUA OT OCIIUJIIUPYIONNX 3apsAf0oB — pacxojAlnasacsa chepu-
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yecKas BOJIHA C TOH JKe YaCTOTOM, YTO U Y OCIUJLIATOPA. AMILIUTY-
1a BOJIHBI (9TO JOKA3bIBAETCA B DJIEKTPOAUHAMUKE) YMEHBIIIAETCA C
POCTOM PACCTOAHUS ' OT AUIIOJNA Kak

B, oo H, co ~sing, (2.39)
r

rae 9 — yroJ MeKJy OChI0 AUIOJA U PaAu-
YCOM-BEKTOPOM I' TOUKHU, I'le HabJIomaeTcs
noJie (puc. 2.7). I3 aToro pumcyHKa BUIHO,
yro BeKTOp E B KaKI0#l TOUKEe BOJHOBOM
30HBI HAIIPABJIEH II0 KACATEJIbHOU K MEepUIU-
aHy, a BekTop H — 10 KacaTelbHOHN K IIa-
pajiesy, IpUYEeM TaK, YTO B KaKIBIA MO-
meHT BekTophl E u H cocraBigioT mpasyio

Tpoiiky ¢ BekTopoM Iloiirtuara II = [EH]. Puc. 2.7
®aKT CyllecTBOBAHUA 3NEKTPOMATHUTHOIO IIOJA, aMILIUTyZAa
KOTOpPOro yOBbIBaeT C pacCTOSHUEM KakK 1/r, — IoJd U3JIydYeHud —

BecbMa Ba)keH. Hanuuue MMEHHO TAKOTO II0JIS IT03BOJISIET OCYIIEeCT-
BJIATH Tepefaun Ha OOJIbIIINE PACCTOAHUS, BUIETH 3Be3Ibl.

VHTeHCUBHOCTD 9JIEKTPOMAarHUTHON BOJIHBI, T. €. CpeJHee 3HAUe-
HHUe ILJIOTHOCTH HOTOKa sHepruu ([I), IpPOMOpPIMOHAJIBLHO HPOU3Be-
gennio E, H, , sHauut, corjacHo (2.39),

I=(I) oL sin® 9. (2.40)
r

3aBucumocTs I(3) HATJIATHO M300PaAKAIOT
C IOMOINLI0 Ouazpammb. HANPABIEHHO- . o
cmu usayueHus gunonud (puc. 2.8). 3mech

mimHa orpeska O0', 0TCeKaeMoro Ha JIyde 109
mox yrjiom 3, JaeT MHTEHCHUBHOCTD U3JIY- O

YeHHUSA 0L 9TUM yIjIoM. BumHo, 4TO MaK- |

CUMYM H3JIYUYEHUS IPOUCXOIUT B 9KBATO- |

puanbHOM miaockocTu (3 = n/2), a BOOTIH ; Puc. 2.8

ocu (3 = 0) AUTIONIb HEe U3JIYUaeT COBCEM HAir
9TO Ba’KHBIN BBIBOJ.

Kak mokasbiBaeT Teopud, MOITHOCTDh NU3JIyUeHUA P AUIIOJA, T. €.
9Heprud, uajgaydaeMasad B €eJUHNUIY BpeMeHH II0 BCEM HaIlIpaBJIE€HUAM,
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MIPOIIOPI[MOHANbHA KBaJpaTy BTOPOH MPOMUBBOLHON AUIIOJIHLHOTO MO-
MEeHTa 10 BPeMeHU U OIpeiessercs (PopMyJioit

P=ap’, (2.41)

rae o =W, /6ne (CU) unu 2/3¢3 (CTC). 3Has 3aBUCUMOCTH P OT £,
dopmyna (2.38), moaydmm:

P= ow)4p,2n cos’ot. (2.42)

CiiemoBaTesibHO, CPEQHSAS 10 BPEMEHU MOIITHOCTD M3JIYUeHUs TUIIOJIS

Py =(0/2)w" p2. (2.43)

ATO BAXKHBINA PE3yJILTAT: CPEAHASA MOIIHOCTh M3JIYUEHUI OCIIUJIJIM-
pYIOIlero AMIIOJNS 3aBMCHUT OT KBaApaTa ero aMILIUTYAbI XM OYeHb
CHJIBHO OT uacToThl (Kak o!). OTcioza ciexyeT, uTo, HaIpUMep, pa-
OUOCTAHIIUM MOJIKHBI MCIIOJIb30BaTh BBICOKHE UACTOTBI, a M3JIyUe-
HUe JUHUU Tepefad IIepeMeHHOTO TOKA MPOMBIIIJIeHHON YacTOTHI
OKa3bIBaeTCA HEe3HAUUTENbLHBIM.

dopmysa (2.41) cuopaBemyimBa Tak:ke A W3JIYyYeHUA 3apana ¢,
JIBIIKYIIErocsl YCKOPeHHO. B caMoM [esie, TUITOIBbHBIE MOMEHT MOJK-
HO IIPeACTaBUTb Tak: p=¢ql=¢q (r, —r.), Toe r, u r_ — paguy-
CBI-BEKTODPHI 3apaAnoB ¢ u —q. Orcroma

p=q( -%)=qg(a,-a),

¥ ecJiu 3apsAj, HAIIPUMED ¢, MOKOUTCH, a ABUMKETCS TOJbKO 3apsn
— ¢, TO

p=-qa_.

ITociie mogcTaHOBKY TOTO BhIpasKeHUA B opmyay (2.41) Haiizem:

(2.44)

TIe o — TOT Ke Koa(dduiimeHrt, uro u B dopmynae (2.41).

IdTo 3HaMeHHTas (QopMmyJa IS MOIIMHOCTH HIJIYyUYEHHUA 3apsna,
OBUIKYINETOCA € ycKopeHueM. WHIOeKchl ¢ u t' IIOKa3bIBAIOT, UTO
MOIITHOCTL P B MOMEHT ¢ ompeesigeTca YCKOPeHUEM 3apaia, KOTOpoe
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OH mMeeT B 0ojiee paHHUN MoMeHT t'=t —[l/c (ahdeKT 3amasabIBa-
HUuA). U emme, popmyaa (2.44), Kak cieqyeTr U3 TEOPUM, CIIPABEIJINBA
JIUMIB IS 3aPAN0B, IBUKYIITUXCSA ¢ MaJBIMI CKOpocTaMu (U < ¢).

B kauecTBe mpumepa MOKHO IIPUBECTH 3apAKeHHBIE YACTUIIHI,
IBUKYIHECS B MUKJINYECKUX YCKOPUTENAX (0eTaTpoHe, IIUKJIOTPO-
He U Ap.). 31ech OOHAPYKMBAETCA €CTeCTBEHHBIN IIpees i dHep-
TUU YCKOPSAEMOM YaCTHUIIBbI, KOTZa SHepPrus, coobIliaeMas UaCTHUILE
3a Iepuoji, CTAHOBUTCA PABHOUN SHEPTUU UIIYyUEHU.

Opyroit mpuMep — u3JayueHUe 9JeKTpoHa B aTome. Ilo Kiaccu-
YeCKUM IPe[CTAaBICHUAM SJIEKTPOH B aTOMe COBepIllaeT Koiebauus,
T. €. OBUJKETCA C YCKOPEHUeM W, 3HAUUT, u3jJydyaer. PacueT mokxa-
3BIBAET, UTO BpeMsd T, 3a KOTOPOe aMILIUTyJa KOJieOaHUHN 5JIeKTPoHA
yMeHbIIIaeTcd B e pas, nopaaka 1078 ¢. DTo BpeMsa HA3LIBAIOT CPE-
HUM BPeMeHeM KU3HU BO30YIKIeHHOTO aToMa, U BpeMeHeM U3JIy-
yenus. TouHBIN (KBAaHTOBBIN) pacueT HPUBOAUT IMIPAKTHUUECKU K
TOMY K€ 3HAUEeHWIO 5TOT0 BPEMEeHU.

Craenyer oOpaTUTh BHUMAaHIE HA TO, UTO 3apAl, KOJIeO oIuiics
C YaCTOTOM , M3JIyUaeT MOHOXPOMATHUUECKYIO SJIEKTPOMATHUTHYIO
BOJIHY C TOH JKe yacToToi . Eciu ke 3apsAd IBUIKETCS C IIPOU3BO-
JbHBIM YCKOPEHUNEeM, TO ero U3JIyUeHIe IPeACTaBIsIeT co00i CIIeKTP
Pas3IUUYHBIX YaCTOT.

W mocnenHee, 3apsj, ABMIKYIIHIICA B BaKyyMe C IIOCTOSHHOM
CKOpPOCThIO, HEe M3JyYyaeT. B 2TOM JIeTKO yOeAUTHhCS W HEeIOCPeACT-
BeHHO. [locTaTOUHO mepeiiTu B CUCTEMY OTCUETa, I'Je 3apAJ IOKOUT-
cd (a Takoil 3apaAd He U3JIyYaeT) U 3aTe€M BOCIIOJIbL30BATHCI IIPUHILH-
IOM OTHOCHUTEJHLHOCTHM: €CJIM, 9TOT0 ABJeHUA (M3JIyUeHUsI) HEeT B Of-
HOI cHCcTeMe OTCueTa, ero HeT WM B [IPYruX, II0 OTHOIIEHUIO K
KOTODBIM 3apAL JBUKETCA .

3amauu

2.1. ITnockaa snexkrpomarauTHasa BojHa E = E  cos(wt — kr) pacmnpocrpa-
HaeTca B BakyyMe. Haiitu BekTop H Kak (hyHKIIIO BpeMeHU B TOYKE C
pazuycom-BeKTOpoM T = 0.

* 9TO OTHOCHUTCA TOJHKO K ABU)KEHUIO B BakyyMe. Eciu ke 3apsaj IBUIKETCA C IIOCTO-
SAHHOM CKOPOCTBHIO B Cpefie, TO B CIydae, KOTJa ero CKOPOCTh IIPeBHIIIaeT (hasoByI0
CKOPOCTB 3JIEKTPOMAaTrHUTHBIX BOJIH B 9TOU cpeJie, HabIonaeTcsa usiyienue Basuio-
sa—Yepenrosa (cMm. Ilpunoskenue).



2.2.

2.3.

24.

P e m e v u e. Uckomsrit BexTop H = H,, cos ot, rme H,, mo:xnO HaliTu
us ycaosud, 4to BeKkTopsl E,, H, 1 k cocraBiaioT npaByio TPOHKY, OT-
xyma H, TT[kE,,]. Kpome Toro, VeoE, =+lo H,, . losromy H,, = H ey,
rae ey — opr BexkTopa H,,, pasmeii [kE, ]/EE,, u, cienoBareibHO,
H,, =\/e/tto E, - [kE,, |/kE, . B pesymbrare momydum:

H-1 |2 [KE,, ] cos ot
E\ o

Bexkrop IloiinTunra. B Bakyyme pacnpocTpaHAeTcs IJIOCKAs 3JIEKTPO-
MarHuTHasA BOJHA, aMILIUTYLA JJIEKTPUUYECKOI COCTaBJAIOIIEN KOTO-
poii paBHa E,,. HaiiTu cpefHIo0 3a meprof KoalebaHUil IJIOTHOCTD II0-
TOKa 9HEPTUU.

Pemrenue. Mogyab Bektopa Ilotintunra, I = EH, c yuetom (2.14)
npumet Bun IT = \/gy/g E,i cos® ot. Orcioa

Iy = SO/HOEr%l/z’

rae IIPUHSATO BO BHUMAaHUE, 4YTO <cosztot> =1/2.

B Bakyyw™me BIosab ocu X pacopoCTPaHAITCA JBe ILJIOCKHe 3JeKTPOMAar-
HUTHBIE BOJHBI, SJIeKTPUYECKHe COCTABIAIOIINEe KOTOPHIX M3MEHHAIOT-
ca no 3axkony E; = Egcos(ot—~kx) u E, = Ejcos(wt —kx + ¢). Haiitu
cpejfHee 3HaUeHHe IIJIOTHOCTH) IOTOKA SHEPIHH.

Pem e n ue. Ucxogum n3'coornomernuii I[I = EH u \/gE = o H.
Orcroma dD = /g, / p0<E2>, rge B JIO0OI
rouke EZ = E,, cos“wot (mauanpHaa (asa He
cymiecTBenHa). Haiinem E,i CorsiacHO BeK-
TOpHOU (Mym (ha3oBoil) AuarpaMMe sTa aM-
manTyaa Bekropa E aBiasercs cyMMOil BeK-
Topos E;, pasHOCTH (a3 MeKAy KOTOPBIMU
paBHa ¢ (puc. 2.9). I3 TeopeMbl KOCHUHY-
COB MMeeM Ei =2(1 + cos (p)Eg. B pesyiab-
Puc. 2.9 TaTe HNCKOMAas BeJIUYNHA

I = \gg/tg (L + cos (p)Eg,

rae y4TeHO, 4TO <cos203t> =1/2.

B BakyyMe pacmpocTpaHAITCA ABe IIJIOCKUE 3JIeKTPOMarHUTHBIE BOJI-
HBI, OlHA — BJOJb Oocu X, JApyrad — BOOJb OCH Y:

E, =E,cos (ot — kx), E, =E,cos(ot — ky),
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2.5

2.6.

rae BekTop E) Hanpasien napannensHo ocu Z. Haiitu cpenHee sHaue-
HHUE IJIOTHOCTY IIOTOKA JHEPTHuU B TOUYKAX ILJIOCKOCTU Y = X.

P em e v ue. Bumockocru y = x Bekrops!l E; u E, 6yayT Konebarsca
B (ase ¢ ammaurypoii E,, = 2E,. Bextops! xe H; u Hy — Toxe B
dase, HO IO yIyIOM 7T/2 APYT K APYTY, IIOATOMY aMILIUTYA PE3YJIbTH-
pyromiero Bexkropa H, = «/EHO, roe H, cBsasaro ¢ Ej COOTHOIIIEHUEM
\/ﬂ H, = \/gEO. IToasTomy cpenHee 3HAYEHUE IIJIOTHOCTH IIOTOKA HEP-
Iy B ILUIOCKOCTH Y = X DaBHO

dDy = 2E - Hy\2) = \[2¢0/u0 ES,

rge yuTeHo, UTO (cos®oty = 1/2.

Crosiuas BoaHA. IIycTh sIeKTpUUeCKasa COCTABIAIONIASA CTOAYEH DJIeK-
TPOMAarHUTHON BOJNHBI uMeeT Buf E, 5 E, coskx -cos wt. Haiitu ¢ mo-
MOIIbI0 ypaBHeHU# (2.12) BrIpa'keHUE [Jid MATCHUTHON COCTaBJIAIO-
meit sroit BomHBl H,(x,t).

P e m e u# u e. CorstacHo BTopomMy ypaBHeHuio (2.12),
OH,/0x = — g)0E /0t = gy0E,, cos kx - sin ot.
IIpouHTErPUPOBAB 3TO BBIPAYKEHUE IO X, HMOJYUUM:

H, = gcE,, sin kx - sin ot + const,

z

rae ¢ = o/k = 1/\/gg 1 . Hac unTEpecyer ToJbKO IIepeMeHHOe II0Je, II0-
aromy const = 0. YuursiBas cBAsb (2.19) mexxay ammiurygamu E, u
H,,, naiizem:

H, = H,, sin kx - sin ot,

T. e. H, umeeT B/ TOKe CTOAYEN BOJHBI, HO CABHHYTOH B IPOCTPAH-
cTBe (IO X) HA YETBEPTH BOJHBI U II0 BPEMEHU — HA YETBEPTH IIEPUO-
Ia.

Iddexr Jonnepa. Paguosorarop paboraer Ha gyacTore v,. HaiiTu cxo-
POCTh U MPUOIMIKAIONIETOCS CaMOJIeTa, €CJIHM YacTOTa OUeHWI MeXIy
CUTHAJIaM¥ IlepeJaTINKa ¥ OTPaKeHHBIMH OT caMoJjieTa paBHa Av (B
MecTe PACIOJIOXKEHUS JIOKaTopa).

Pemrenue. 3nech Mbl UMEEM JI€JI0 C HEPEJIATUBUCTCKUM d(hdheKTomM
Homnepa. Yacrora cCUrHAJIOB, BOCIPUHUMAaeMasA CaMOJIETOM KaK IIPHU-
€MHHUKOM, K KOTOPOMY IIPUOIHKaeTCA JIOKAaTop, coryuacuo (2.36), pas-
Ha

v =vy/l —v/c) =vy(1 + v/c),
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2.7.

2.8.

IIOCKOJIBKY U, = U. CUTHaJIBI TAKOI Ke YaCTOTHL ¥ CAMOJIET U OTPaKAaeT
— VyiKe KaK IBUIKYIIUICT UCTOUHUK. [losTOMYy IIpHEMHUK JIOKaTopa
MPUHUMAET CUTHAJBI C YaCTOTOH

v'=v(l +v/c) =vol + U/c)2 = vyl + 2v/c).

Yacrora 6meHuit Av =v'— v, = 2vg/c. OTcioma v = cAv/2v,.

C KaKoli CKOPOCTBIO NOJI:KHA ObLiIa ObI JBUTaThCA aBTOMAIIIMHA, YTOOBI
KpacHBIl cBeT cBeTodopa, Ay ~ 0,70 MKM, BocIpuHUMAJCA KaK 3eJe-
HBIH, A ~ 0,55 MEM (amekmor o Byme)?

P e m e v u e. Cormacuo (2.34), v =vy /(1 + B)/(1 -B), B = v/ec.

Orcroza

)t -1 o)’ -1
ve)* +1 ()’ +1

B pesynbsrare Haxomum v = fc & 7-10* KMm/c!

Iddexr sanmazgpiBaHuA. VICTOUHUK S, HCIYCKAIOIIUN 3JeKTpoMar-
HUTHBIE CUTHAJIBI C qac'ro'roﬁ ‘VO, ABUMKETCA C peJ’IHTHBHCTCKOﬁ CKOpPO-
CTBIO U II0 MPSMOM, OTCTOAINEN HAa HEKOTOPOEe PACCTOSHUE OT HeIlo-
IBuaKHOTrO Habogarens P (puc. 2.10). Haiitu yacToTy CUTHAJIOB, BOC-
NPpUHUMAaEeMbIX HaOJIogaTejieM B MOMEHT, KOrja:

a) UCTOYHUK OKakerca B Touke O;
0) malurogaTess yBUIUT ero B Touke O.

PemreHue. a) BaTor MOMEHT B TOUKY P ZOJKHBI IPUUTH CUTHAJIBI,
S 0 HUCIyIIeHHbIe MCTOYHUKOM S JieBee TOU-
sie ku O, KOorZa ero CKOpPOCTb COCTaBJIAJA

HEKOTOPBIA yroa o ¢ mpamoir SP. dror
YroJl [OOJIKEH YAOBJIETBOPATH YCJIOBUIO

|

|

|

| cos a = vt/et = v/e, TIe T — BpeMs, 3a KO-
¢ TOpOe MCTOUYHUK M3 TOYKH S TOCTHUTHET
Touku O. 3a BTO e BpeMs CUTHAJBL JO-
Puc. 2.10 crurgytT P. Torzma, corsacuo (2.34),

- 1-p* L V1" %

T T @ycosa 1B 1 g

B=v/e

6) B aTom cayuae OymeT HaOMOAATHCA YUCTO mMolepeuHbril adderT [Ho-

mIepa: v = vyl — Bz.
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2.9. U3nyuyenue AuUIOJsA. JJIEKTPOMArHUTHAA BOJIHA, M3JIydaeMasd UIIO-
JeM, pacIpocTpaHseTcsa B BaKyyMe TaK, YTO B BOJIHOBOI 30HE Ha
JydJe, IePIeHAUKYIIPHOM OCH JUIIOJS, HA PACCTOAHUM I' OT HEro MH-
TeHCHUBHOCTh paBHa I. HaiiTu cpepHio0 MomiHOCTh P u3IydyeHUsA IU-
MoJIs.

P e m e v u e. IIpexae Bcero HaiiieMm MoIII- |

HOCTL dP u3IyyeHUs, MPOXOIAIIEr0 Uepes T
KOJIBIIEBYIO mOJIOCKyY dShHa cdepe paguyca r
(puc. 2.11). Ilmomanb 9TO¥ MOJIOCKU DaBHA
MPOM3BEIEHUIO ee NJINHBL 27 sin 9 Ha mupu-
"Hy rdS. YuureiBasg, Kpome TOro, 4uro, CO-
riacHo (2.40), MHTEHCUBHOCTH IIOJ YTJIOM 3
OTHOCHUTCS K WHTEHCUBHOCTH IIOJ YIJIOM 3 =

=90° xak I/I, = sin29, 3aIuIleM

Puc. 2.11

dP = IdS = I, sin®9 - 27r sin 9 rd9.
IIpounTerpupoBaB sTO BbIpaskeHume mo 3 or 0 mo m, moaydumm:
P = (8n/3)rI,.

ITo Buny mamHON (OPMYJIBI MOKET IOKAa3aTbCsA, YTO P 3aBUCHUT OT 7.
2
Ho »sT0 He Tak, mOCKOJIBKY I, oo 1/r%.

2.10. ITocTOAHHBIH IO MOZYJIIO 3JIEKTPUYECKUI AUIOJIL P BPAIAIOT C IIO-
CTOSHHOM YIJIOBOM CKOPOCTBHIO () BOKPYT OCHU, MEPIEHIUKYJIAPHOM
OCU IUIIOJIS U IPOXOAAIIel uepes ero cepeauny. Haiitu MoOIIHOCTH
UBJIyYeHUs TaKOI'0 [UIIOJ.

Pemenue. Cormacuo (2.41), BOIpoC CBOAUTCA K OIIPEIEIeHUIO
BTOPOIi MPOM3BOAHOII BEKTOpa P mO BpeMeHHU. 3a BpeMdA di MOLYJIb
mpupalenus BeKTopa p paseH |[dp| = podt, smauur dp = [wpldt u
p = [wp]. Y3 mociexnsero paBeHCTBa BUAHO, UYTO IIPU BPAIEHUU II0-
CTOSIHHOTO II0 MOJYJII0 BEKTODA P €ro IIPOW3BOAHAS II0 BPEMEHU P
ommpefesisieTcs KaK BEKTOPHOE IPOM3BEIEeHME () Ha BEKTOp P. ITO
CIIpaBeIJIUBO AJIA JIIOOOTO BEKTOPA, B YACTHOCTHU U IJiA P . Ero mpous-
BOJHAA IO BpeMeHHU, T. €. P =[wp] = [w[wp]], niun mo momyio
| p| = co2p. ITocsie moa¢TaHOBKY 9TOr0 BhIpasKeHUA B (2.41) mosyuyum

P = (ugo/6mc) p°o’.
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§ 3.1. CBeTroBasg BOJHA

Illxana 3JeKTPOMATHUTHBIX BOJIH. B sTOoM pasmene OyaeT pac-
CMOTPEH KPYT SABJIEHUI, B OCHOBE KOTODBIX JIEKUT BOJHOBAS IIPU-
poga cBera. PasinuaioT HECKOJbKO BHIOB SJIEKTPOMATHUTHBIX
BOJIH: PAAMOBOJIHBI, ONITUYECKUN MUAIla30H, PEHTTeHOBCKOE U raM-
Ma-u3jJyuyeHusi. B majbHelilieM Hac OyJeT MHTEePecOBATH IJIABHBLIM
00pas3oM ONTHUYECKUI AUAaNas30H AJUH BOJH. Ero moapasmenasioT Ha

yabTpaduogeroBoe maayderue... A = 0,01 + 0,40 mMKM,
BUAUMOeE u3jaydeHue (cser)........ A= 0,40+ 0,76 mxm, (3.1)
nHppPaKpacHOe UIJIyUYEeHHE......... A=0,76 MmEM + 1 mwMm.

CooTBeTCTBYyIOIIME MJIUHBLI BOJH YKas3aHbI B BaKyyMe.

IToxasaTens MpeIOMICHUA. JJIEKTPOMATHUTHAA BOJIHA XapaKTe-
pusyercsa BekTopamu E u H. IlockoabKy mpakTUYeCKHW Bce AeicT-
BUSI CBeTa CBA3AHBI C BeKTOPOM E, MPUHATO TOBOPUTH O C8EMOBOM
sexmope, umes B Buny BekTop E.

Moayap aMIIUTYAbl CBETOBOTO BEKTOpa MbI OyaeM 0003HAUYATh
OykoBoii A nim E, .

IToxasaTesb mpejioMIeHU 7/HEKOTOPOM cpeabl ONMPeaeaoT KaK

n=c/v, (3.2)

rje ¢ — CKOpPOCTh CBeTa B BaKyyMme, U — (asoBasi CKOPOCTh B JaH-
Hoit cpeme. ComocraBieHue ¢ dopmyioir (2.8) maer:

n=+e, (3.3)
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YTO CIPaBEIJNBO [Jis IIOJABJSIONIET0 OOJBIIMHCTBA IIPO3PAUHBIX
BeIecTB, y KOTOPHIX W~ 1.

ITocnenusast opmyJia CBA3BIBAET ONTHUUECKME CBOMCTBA BEIECTBA
C ero 9JIEKTPUUYECKUMU CBOMCTBAMU. 3aMETUM, UTO € 3aBUCHUT OT Yac-
TOTHI 9JIEKTPOMATHUTHON BOJIHBLyITUM O0bACHAETCA JUCnepcus céee-
ma, T. e. 3aBUCUMOCTS 1 (WJIN V) OT UaCTOTHI (MU OJIUHBI BOJHEI).

IlokasaTens MpeJIOMJIEHUSA 1 XapaKTepPU3yeT OnmMuieckKyro
naommuocmsb cpensl. Cpexy ¢ 60IBIINM ITOKa3aTeJIeM IIPeJIOMICHHA
HaA3BIBAIOT ONTHUYECKU 0oJee IJIOTHOI.

B BemecTBe aauHa BOJHEI A =v/v =c¢/nv = A/n. Takum obpasom,
JUIMHA BOJIHBI CBETA B CPeJie ¢ MoKal3aTeseM IIPEJIOMJIEHUA NI PaBHA

N =M. (3.4)

HNHaTeHCMBHOCTh BOJHBI. CBETOBYIO BOJIHY XapaKTEPU3YIOT UH-
meHcugHocmvio I — 39TO MOAYJb CPEeJHEro IO BpPeMeHU! 3HaueHUsd
IJIOTHOCTH IIOTOKA SHepruu. [IJIOTHOCTH IIOTOKA 3JeKTPOMATHUT-
HOM sHEPTUHU oIpemesdeTcsa, Kak MBI yiKe 3HaeM, BeKTopoMm IloiiH-
tuara II Kak

I =D o E, H,, . (3.5)

Coraacuo (2.14), Hmm\@Em =nkE, , nosromy dopmyray (3.5)
MOJYKHO 3amucaTh Tak:

ch:nE,i —nA®. (3.6)

JIuHUM, OPTOTOHAJNLHBIE BOJHOBBIM MOBEPXHOCTAM, HAa3bIBAIOT
aywamu. Bekrop IloliHTHMHra HanpaBiIeH B KasKJON TOUKe IIO Kaca-
TEJBbHON K JIy4y. OTO, OJHAKO, OTHOCHUTCSA TOJbKO K HM30TPOIHBIM
cpemam.

Buasl cBeToBBIX BOJH. CBETOBbLIE BOJIHEBI ABJIAIOTCA JJIEKTPOMAr-
HUTHBIMU, II0O9TOMY OHH IlomepeuHbl. OgHako OOBIYHO OHUM He OOHa-
PYKMBAIOT aCIMMETPHUM OTHOCUTEJILHO HAIIPABJIEHUSA PACIPOCTPAHE-
HUA. ITO CBA3AHO C TEM, UTO B CBETE, UCITyCKAEMOM O00blYHbLMU YIC-
TOUHUKAMH — 9TOT CBET HAa3bIBAIOT €CMeCmEeHHblM — KOoJebaHmsa
CBETOBOTO BEKTOpA IIPOUMCXOAAT MOOUEPEeTHO B CAMBIX PA3HBIX Ha-
TPaBJICHUAX, IEPIEeHANKYIAPHBIX HATIPABJIEHUIO PACIPOCTPAHEeHU .

ITo KTaccMueCKUM IIPeACTABIEHUSAM U3JIyUeHIe CBeTAIIEerocsa Teaa
(rasa) cjaraeTcs M3 BOJIH, HCIYCKAeMbIX ero aromamu. VIziayueHue
OTZEeJIHHOTO aToMa IIPOAoJIKaeTcs mopanka 1078 ¢ u mpezacTaBisgeT co-
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00i1, KaK TOBOPAT, YUYz B0JIH IPOTIKEHHOCTHIO B CpPEIHEM IOPsIKa
3 M. UsnyuuB, aToM uepes HEKOTOPOE BpeMs, IIPUAS B BO30OY KIEHHOE
COCTOSIHUE, UBJIyJaeT OIATh U T. A. OMHOBPEMEHHO M3JIyYaeT MHOMKe-
cTBO aToMOB. IIoposKIeHHbIe UMU I[yT'Y BOJIH, HaJIarasich APYT HA APY-
ra, obpas3yioT HCIIYCKaeMyiO0 TEeJIOM CBETOBYIO BOJIHY. HampaBieHus
KoJiebaHU I KaK0r0 IIyra OPUEeHTHPOBAHLI CIYUAHBIM 00pa3oM.
ITosToMy B pesyabTUPYIOIIEH CBETOBOM BOJIHE KOJeO0AHUSA CBETOBOTO
BEKTOpa IIPOUCXONAT B PA3HBIX HAIPABJEHUSIX C PABHOM BEPOATHO-
CTBHI0. ITO HAJO IMOHUMATDH TaK, YTO IPU MPOXOKIEHUN CBETOBOI BOJI-
HBI Uepe3 HeKOTOPYIO TOUKY KoJeQaHs CBETOBOTO BeKTOpa OBICTPO U
GeCIIOpAAOUHO EMEHAIOT ApyT apyra. Ho B mpeme-
JlaX HEKOTOPOr0 KOPOTKOTO BPeMEHU MbI HMeeM
JIeJI0 CO CBETOBBIM BEKTODPOM, HallpaBJieHUe KoJie-
0aHUI KOTOPOr'O COXPAHsSEeTCs, 3aTeM HallpaBJe-
HUe KoJiebaHUII MeHseTca Ha Aapyroe u T. A. Ilpu
9TOM MOJYJb CBETOBOI'O BEKTOPA OCTAETCS HEeU3-
MEHHBIM. ¥YCJIOBHO BJTO Hu300paskalT KaK Ha
puc. 3.1, rOe HampaBJieHHe pPaCIpPOCTPAHEHUS
BOJIHBI HEPHEHANKYJIAPHO ILJIOCKOCTU PUCYHKA.

CBer, B KOTOPOM HalpaBJieHNEe KOJeO0aHUIl CBETOBOI'O BEKTOPA YIIO-
PATOYEHO KaKUM-Iub60 00pasoM, Ha3BIBAIOT NOJAAPU308aHHbLM. Ecim
Kosie0aH1sA CBETOBOTO BEKTOpA IMPOUCXONAT TOJBKO B OJHOI ILIOCKO-
CTH, CBET HAa3BIBAIOT NJOCKO- (WU JUHEIUHO-) NOJIPUI0EAHHBLM.

Eciu KoHel CBEeTOBOTO BEKTOpPa OIMCHLIBAET JJIJIUIIC, TO TAKOH
CBeT HA3BIBAIOT JAJAUNMULECKU-NOLAPUI0BAHHbLM (B YACTHOCTH,
MOJISIPU30BAHHBIM II0 KPYTY).

Cosnanue IPUHIINIIAAIBHO HOBOTO UCTOYHUKA CBeTa — Jla3epad —
IIO3BOJIUJIO MOJIYUYUTD ILJIOCKO-IOJISIPU30BAHHBIN CBET C BBICOKOI CTe-
IIEHBI0 MOHOXPOMATHUYHOCTH. VICIOJIb30BAHME TAKOr0 KCTOUYHHKA
cBeTa CUJIBLHO YIIPOCTUJIO 9KCIEPUMEHTATbHOE PellleHre MHOTUX BO-
TIPOCOB, CBABAHHBIX C MHTEP(EPEHIIMEN, nudparKiuein u ap.

Puc. 3.1

§ 3.2. dmeKTpOMArHUTHAS BOJHA
Ha TpaHMlle pasmeja
COOTHOHIeHH}I MeXKAYy aMILIUTyAaMHU U (basaMn. BLIﬁCHI/IM, aTo
IIPOUCXOAUT IIPpU IMagdeHUN IIJIOCKOM {-)JIeKTpOMaI‘HI/ITHOfI BOJIHBI Ha

rpaHuIly paszesa JBYX OJHOPOAHBIX M30TPOMHBIX IMPO3PAYHBIX TU9-
JEeKTPUKOB, MArHUTHAs IIPOHUIAEMOCTh KOTOPBIX PaBHA €IUHUIE
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(u = 1). IsBecTHO, UTO IIPU 9TOM BOSHUKAIOT OTPa’KeHHAdA U IIpe-
JoMJyieHHass BOJHBI. OrpaHMYMMCS PACCMOTPEHMEM YacCTHOTO, HO
MpaKTUYEeCKU BasKHOTO CIydas, KOTJa BOJHA ITagaeT HOPpMAJIbHO Ha
IPaHUIlY pasfea AUAJIEKTPUKOB C IIOKA3aTeJAMH IPeIOMIEHU 14
U n, (pesyabTaThl, KOTOPbIe MBI IIOJYYUM, OKa3bIBaeTCd, CIIpaBes-
JUBBI U TPU HAKJOHHOM ITaJleHUU BOJIHBI).

0O603HAUNM BJIEKTPUUYECKYIO COCTABJAIOIIYIO B IaJatoIei, oTpa-
JKeHHOU U IIpeJIOMJIEHHO# BOJIHAX cooTBercTBeHHO uepes E, E u E”,
a MarHuUTHYIO cocrasiamomylo — depes H, H u H". 13 coobGpaxe-
HUH CUMMETPHUH SCHO, UTO KO0Jieda-
uus Bexktopos E, E u E" mpouncxo-
IOAT B OQHOI IJIOCKOCTH. JTO YK€ OT-
HocuTca U K Bektopam H, H u H".
Ha puc. 3.2 nmokasaHbI OTHOCUTEJIb-
HOe PAaCIIOJIOKeHNEe 9TUX BEKTOPOB
B HEIOCPEACTBEHHOMN OJIM30CTH OT
TpPaHUIBl pasfiesia ¥ HaIpaBJIeHUS
pacupocTpaHeHUA BCeX TpeX BOJIH,
obosHauenHble BeKTopamu k, K u
k". ManbHeNIINi pacueT MOKaKeT,
HACKOJBKO 3Ta KapTHUHAa COOTBETCT-
ByeT AeNCTBUTEILHOCTH.

Bocmonb3yeMcss rpaHUYHBIME YCJIOBUAMU AJIA TAHTCHIIUATbHBIX
cocraBidoIux BeKkTopoB E u H:

Puc. 3.2

Ey = Ey, H;,=Ho,,. (3.7

IlepenuieM 5TH YCIOBHUA IJIA HAIIEro CIydas:
E, +E, =E, (3.8)
H,+H, =H". (3.9)

" ” ’ ’
Cornacuo (2.14), H, c\:\EEy =mE,, HjconyEy, no H, co—n,E,,
IOCKOJIBbRY Ipoekuuu E', u H, B OTpPaskeHHON BOJIHE HMEIOT IIPO-

TUBOMOJIOKHBIe 3HaKu (cMm. puc. 3.2). ITosromy pasencTBo (3.9)

”n

MOXKHO Iepenucarb Tak: niE, —nE) =nyE, niu

n
E,-E =-2E.
y y n, y (3.10)
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Pemus coBmectHOo ypaBHeHus (3.8) u (3.10), moyuumM BhIpaske-
uusa s E;, u Ej uepes E,, xoTopble B BEKTOPHOIl (opMe MMeioT
BU:

n, —ny 2ny

E =

_ E, E =
n + ny

=—E. (3.11)
ny + ny

Orcioma caenyer, 4UTO:

1. Bexrop E” Bcerza conanpasieH ¢ BekTopoM E, T. e. 06a BeKTO-
pa KoJsebaroTcsa cuH(pa3HO — IIPU IPOXOKISHUY BOJHBI Uepes rpa-
HUIy pasfesia asa He IpeTepIeBaeT CKauKa.

2. Dr0 e oTHOcuTca U K Bekropam E' u E, Ho pu yciaoBuu, uTo
n, > Ny, T. €. €CJIU BOJIHA IIePeXONUT B ONTUUECKN MeHee ILIOTHYIO
cpeny. B ciayuae ke, xorga ny; < ng; Epods B BhIpaskeHuu (3.11)
n1a E' okaspiBaeTcsa OTpHIIATENBHOM, a BTO 03HAUYAET, YTO HAIIPAB-
Jnenne BexkTopa E mporusomono:kHO HampasieHuio BekTopa E, T. e.
Kosebanua BekTopa E' mpomcxomaT B mporuBodase ¢ KoJe6aHUAMHI
BekTopa E (sTOMy cooTBeTcTByeT puc. 3.2). [[pyrumu ciaoBamu, npu
OMPANCeHUU B0JIHbL OM ONMuUYecKu 0oJiee nNAOMHOIL cpedvl ee pasa
U3MeHsemces CKaiKom HA T.

9T pes3yJabTaThbl MBI OyZeM HCIIOJb30BaTh B AAaJbHEHUIIEM IIPU
U3y4YeHUU WHTepGEePeHIINN BOJIH, OTPAKEHHBIX OT 00erX MOBEPXHO-
CTell TOHKWX IIJIACTUHOK.

KoaddunuenTsr orpaskeHnsa u nponyckanus. Boopoc 06 aTux
Koa(pumumeHTax Mbl PACCMOTPUM [JIA CJIydas HOPMAaJbHOTO Ia-
IeHUs CBETOBOM BOJIHBI HA TPAHUILY pasfesia ABYX IPO3PAYHBIX
IUDJIEKTPUKOB. PaHee MbI BBIICHUJIN, UTO MHTEHCUBHOCTD [ rap-
MOHHYECKOI BOJIHBI, corJiacHo (3.6), mpomopIlimoHaJ bHA \/gEfn,
unn 1 cxvnEi. KosppunuenT orpakeHus, 1o olpeaeeHn0, eCTh
p=1I/I :nlE',i /nlEfn. Ilocne moacraHoBKuM oTHolneHusa E, /E,
u3 nepBoit dopmyawl (3.11), Haligzem:

I' (n—ny ’

P=7= m . (3.12)

O6paTI/IM BHIIMAaHNUE Ha TO, 4YTO P He 3aBHCHUT OT HaIlpaBJICHUA IIaga-
folleil BOJTHBI HA TPAHUITY pasziesa: us cpeasbl 1 B cpeny 2, miu HaAO-
6opoT.
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AHajiornuHo HaXOAUM-U KO9(M(MUIIMEHT IPOIYCKAaHUA T KaK OTHO-
2 2
wenue ["/I. Cornacuo (3.6), I"/I =n,E""/n E, . Ocraercsi y4ectsb
BTOpPyIO (hopmyay us (3Vll), u MBI MMOJIYyYUM, UTO KOI(P(PUIIHEHT
MIPOIIYyCKAHUSA

S L (3.13)

T - 2
I (ny +ny)

Hetpynuo yb6emuTbcsi B TOM, UTO cyMMa 060uX KO3(h(HUIMEHTOB
p+t=1, Kak U JOJIKHO OBIThH.

IIpu HOpManbHOM (MM OJUBKOM K HEMY) MaJeHUU CBETOBOIA
BOJIHBI Ha I'PaHUILy pasfeia Bo3nyx (n; =1) u crekiso (ny, = 1,5) mo-
ayuum p = 0,04, T. e. oTparkaercs okoJsio 4% mamaIero cBera.

3ameTuM (9TO BayKHO!), UTO €C/Iid CBET IaJaeT He 10 HOPMAJIU K
TpaHUIle paszaesa, TO KO3(MPUIINEHT nponycKkarus SOJIKeH oIpese-
JSATHCA Yepes3 OTHOIIIeHWe He MHTeHCUBHOCTEM, a TOTOKOB, ITOCKOJIb-
Ky CeUeHHs MANAOIIero M IPEeJIOMJIEHHOTO MYYKOB B 9TOM CJIydae
pa3JIMYHBI, B OTJINYNE OT HAJAIOIIEro U OTpakeHHOro. B cBA3m ¢
sTuM nagaromuii motok ® =@ + @”, wo I # I' + I". Urak, B obIIeM
ciayudae t=Q"/D,

§ 3.3. T'eomeTpuueckass ONTHUKA

I[JII/IHBI CBETOBBIX BOJIH, BOCIIpDMHMNMAaEeMBbIX I'VIad0M, OY€Hb MaJibl
(menee 1 mrMm). IlosToMy pacupocTpaHeHHEe CBeTa BO MHOTUX CJIY-
yasgx MOMKHO PacCMaTpPUBATH, OTBJIEKAACH OT €r0 BOJHOBOM IIPUPO-
IbI, U CUUTATh, UTO CBET [PACIIPOCTPAHSETCS BAOJbL JIYUEH.

B npenene (A — 0) 3aKOHBI ONTUKKU MOYKHO c()OPMYJIHPOBATH Ha
A3bIKe reoMeTpur. COOTBETCTBYIOIUN pasfes ONTHKN HAa3bIBAIOT
zeomempuyeckoil (MM JNYyue6oil) onmuKoil.

OCHOBY TE€OMETPHUUECKOH ONTHUKU COCTABJSIOT TPU 3aKOHA:

1. 3axkoHn npamonuneiiHoz0 pacnpocmpaHernus céema (B OTHO-
ponmoit cpene).

2. 3aKOH Oompax)ceHus céema: yroJl oTpakeHuA 9’ CBeTa paBeH
ero yriuy mageHus 9,

9 =9, (3.14)

u oba Jiyda JiexaT B OI[HOﬁ IIJIOCKOCTHU C HOPpMAaJIBIO K ITIOBEPXHOCTU
pasgersia, €ee Ha3bIBaIlOT NJOCKOCMbH nadenus.



3. 3axon npenomnenus ceema (3akon CHejia): IpU IpeoMJie-
HUY CBeTa Ha rpaHUIle pasdesa ABYX M30TPOIIHBIX CPeJ C MoKasaTe-
JIAIMU TIPeJIOMJIEHUSA N, U N, BBIIOTIHAETCA yCJIOBLE

n; sin$; =n,sinY,. (3.15)

Orcioga, B 4aCTHOCTH, CJIELYyeT, UTO IIPU MAaJeHUMN CBeTa Ha OI-
THYeCKH MeHee ILTIOTHYIO cpeny (7y<,) yroa 8, MOKeT JOCTUTHYTh
90°. CoOTBETCTBYIOIIUI YroJ TaJeHusA Ha3bIBAIOT NpedesibHblM:

sin8,, =ny/n. (3.16)

Hust yroios magenus 9, >3, HaOJIIOJAETCA NOJHOe BHYMpPeHHee
ompaxiceHue. OTO siBJIeHUEe HAIIJIO JOCTATOYHO IIUPOKOE MPAKTUUe-
CKoOe mpuMeHeHure (IIPU3MbI II0JIHOTO BHYTPEHHEr0 OTPAKeHU s, CBe-
TOBOJABLI U [IP.).
3aMeTuM, UYTO 3aKOHBLI OTPaKEHUA U IIPEJIOMJIEHUS CBeTa MOTYT
OBITH ITOJIYUEHBI KAK CJEACTBUE MOBEAEHUA dJIeKTPOMATHUTHOM BOJI-
HBI Ha TPaHUIle pasieiia ABYX AUIJIEKTPUKOB C YUETOM TPAaHUUYHBIX
ycnoBuii ans BekTopoB E, H u D, B (cMm. mpunosxenue 1).
IIpunnun depma. ITOT TPUHIIUI TaKKe MOXKET OBITh IOJOYKEH
B OCHOBY TeOMETPUUYECKOI ONTUKU (BMECTO IIePEeUMCJIEeHHBIX BBIIIIE
Tpex 3akoHOB). IIpe:xkze ueM ero choOpMyJUPOBATH, PACCMOTPUM
nyTh 1—2, KOTOPBIH HPOXOAUT JIy4 CBeTa B HEOJHOPOIHOI cpeje
P (puc. 3.3). YuacTok mytu ds cBeT IIPOXO-
out 3a Bpems dt= ds/v, rme v — CKo-
pocThb cBeTa B maHHOM Mecre. Tak Kak v =
1 =c/n, to dt = nds/c, u Bpems T IJis IPO-
XOKIEHUA cBeToM TyTu [—2 paBHO

ds

Puc. 3.3

r=—jnds=—, (3.17)

raoe L = Inds Ha3BIBAIOT Onmuyeckoil 0aunoili nymu. B ogHOpOgHOM

cpene L = ns, rie S — reoMeTPUUECKUI IIyTh. 3aMETHUM, UTO OITH-
yecKas JJWHA IyTU L 9KBUBAJIEHTHA 10 BpeMEeHHU PacIpOoCTPaHeHUS
cBeTa 8 6aKyyme, T. €. BpeMs PAcIPOCTPAHEHUS CBeTa Ha IIyTU S B
BEIIeCTBE CO CKOPOCTHIO U TAKOE Ke, KaK B BAKyyMe CO CKOPOCTBIO ¢
Ha mytu L.
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IIpunnun Pepma yTBep:KIaeT: c8em PACNPOCMPAHACMCS NO
makomy nymu, onmuieckas OauHakKomopozo MuHumanrvHa. Tou-
Hee, ONTHUYECKas JJINHA IIYyTH OOJIKHA OBbITh 9KCTPEMAaJbHOI, T. €.
anb60 MUHUMAaJbHOU, JM00 MaKCUMAaJibHOM, Ju00 CTAaIlMOHAPHOM —
OJMHAKOBOII /I BCeX BO3BMOYKHBIX ITyTeli. B mociegaeM ciydyae Bce
OyTHA cBeTa MEXKAy ABYMsA TOUKaMM OKa3bIBatoTcA coriacHo (3.17)
maymoxporHbimu (TPEOYIOIUMY IJIA CBOETO IIPOXOKIEHUA OLUHA-
KOBOTO BPEMEHN).

Yb6enumcs B TOM, YTO M3 OpuHIUIA PepMa AefiCTBUTEIHLHO CJie-
OYIOT BCe TPU 3aKOHA IeOMETPUUYECKON OITUKH.

1. ITycTh cBeT momagaeT u3 Touku I B Touky 2 (puc. 3.4). 3mech
BO3MOJKHBI Cpa3y JBa caydas: IPAMOi myTh 1—2 U IPU OTPaKeHU!U
OT TpPaHUIlBI pasfiesa IBYyX OTHOPOAHBIX cpen Ha mytu 102. Cpena,
B KOTOPOIl pacIpocTpaHsieTcsd JIy4, OJHOPOAHA, II0ITOMY MUHU-
MaJbHOCTb ONTUYECKOH MJIUHBI IYTU CBOAUTCA K MUHUMAJIBHOCTHU
€ro reoMeTPUYECKON IJIUHBI. 2

W3 puc. 3.4 BuUAHO, YTO IPAMOKN OYTH
1-2  pgelicTBUTEJIBHO MUHHUMAJIBHBIN: I :
ommxaiiine K HeMy OyayT aaunuHee. To
’Ke MOKHO cKaszaTh u o mytu 102. Om |
OKa3bIBAeTCA TOKe MUHUMAJIbHBIM IIPU \)

.
|
|
.
.
|
|
i
.

9’ =9 (BcmomorarenbHaa Touka 1’ — aTo
3epKajgbHOEe u300paskeHue TOYKU 1).
Hnavua sro6oro ma OaM:KaNIIUX WyTel,
Hampumep, 10'2=1'0'2, 6yzmer, kak I’
BHUJHO 13 PUCYHKA, OOJIBIIIE. Puc. 3.4

3mech caenyeT o0paTUTh BHUMAaHUE HA TO, UTO B PasHBIX cpemax
(curyalnusax) BOBMOKEH He eIUHCTBEHHBIN IIyTh Jyda, YIOBJIETBO-
psafomuii npuHIuny ®epma, a HECKOJbKO.

2. IToryumM ¢ TOMOIIBIO TPUHITNTIA PepMa 3aK0H IIPEJTOMICHUA
cBeTa Ha TpaHUIE pasfesia IBYX OTHOPOAHBIX ITPO3PAUHBIX CPen C
IIOKAa3aTeNAMU NIPEJOMIEHUA 1y U 1,

Haa sroro maiinem Touky C (puc. 3.5), B KOTOPOU MOJIMKEH IIpe-
JIOMUTBCSA JIY4Y, PACIPOCTPAHAACHL OT TOUKU A K TouKe B, UTOOBI OII-
TUYecKas IJamHa nyTu L /Oblia sKcTpeMasbHOI. IlycTh OTpesok
A'B'=b, Torga, Kak BUAHO M3 PUCYHKA,

L =n;s; +ny8, :nlw/af + x° +n2\/a§ +(b—x)2. (3.18)



A
| S | ny
all 81|
| x b—x
A C B’
n
2 |92 32 :az
|
[
B
Puc. 3.5

IIpomuddepernupyeM 5TO BEIpAXKEHNUE [0 X U NPHUPABHAEM IIPOU3-
BOJHYIO HYJIO (YCJI0BHME 3KCTPEMyMa):
dL nx ny(b — x) x b—x
- = - =y
dx \/af + x2 \/ag + (b - x)* 81 2

=0. (3.19)

MHOKUTeIN IIPU 7y U N, PABHEI COOTBETCTBEHHO sind; u sinY,. Ta-
KuM 00pasoM, MoaydaeM 7, sind; = n, sind,, 4To u JOMKHO OBITH
corsacuo (3.15).

IIpenomnenue Ha cepuuecKolli MOBEPXHOCTH. BrisgcHUM, Kak
dbopmupyerca mszobpaskeHHe IIPeJMeTa C IIOMOIIBI0 IPEJIOMICHUA
CBETOBBIX JIyuell Ha chepuuecKoil MOBEPXHOCTU, OTAEJAIOIIENH Of-
HOPOJHBIE CPeIbl C MOKa3aTeJIaMu IpejaoMieHuda n u n' (puc. 3.6,
rae n' > n). Ilyets S — ofgHa U3 TOUeK mpeamera, a S’ — ee n3obpa-
JKeHue. OTU TOUKHU CONMPSAYKEeHHbIe: IOMECTUB UCTOUHUK B TOUKY S’,
ero msoOpa:keHue MOJyUYMM B TOUYKe S.

Hasosem npsamyio SS’ onmuueckoil ocblo — OHA IIPOXOJUT UYepes
TOuKy S U 1HeHTP KpuBuU3HLI C. cheprnyecKoil MOBEPXHOCTU paguyca
R. YeTkoe n3o0pakeHre B JaHHOM CJIydae MOYKHO MOJIYUYUTH TOJBKO

n < n

Puc. 3.6
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C TIOMOIIBIO NAPAKCUAAbHLIX Jydell — Jiydeli, COCTABIAIOINIUX Ma-
JIBIA YTOJI C ONITUYECKOU OChIO (IIOPsgKa HECKOJBKUX I'panycoB). Kak
MBI YBUAUM Jajiee, TOJHKO B 9TOM CJIyuyae ONTUYECKUEe IIYTU BCeX JIY-
yell, BBIXOAAMNINX M3 TOUKHN S U IPUXOAAIINX B TOUKY S’, OKa3bIBa-
IOTCS OJMHAKOBBIMU. SHAUNT, CICTEMA B 3TOM 00JIaCTU ABJISAETCS Ta-
YTOXPOHHOIT, ¥ BCe KOJebaHUs IIPUXOAAT B TOUKY S’ B (pasze — HeoO0-
XOJUMOE YCJIOBUE [JIA MOJYyYEeHUs UETKOTO M300pasKeHUsd.

1 OOIITHOCTY IIOJTyUYaeMbIX COOTHOIIEHUM IMIPUMEM CJIEAYIoIee
npasuio 3HAKO0S:

1) Bce paccTosgHUA OyAeM OTCUUTHIBATH OT TOUKU O — «BepIIU-
HBI» ceprueckoil moBepxHocTH (cM. puc. 3.6);

2) paccToAHUs, OTCUUTHIBAeMble OT TouKu O HPOTUB Xon4a JIy-
yeii, OyJeM CUMTATh OTpUIlaTebHBIMU (Ha pucyHKe s < 0), a mo xo-
oy aydeii — moJodkutenbHbiMu (s' > 0, R > 0).

Jl0BOJIBHO KPOTIOTJIMBBINA pacueT (OH IPUBEJEH B IPUIOKEHUU 2)
OPUBOAUT K CJIEAYIOIell CBA3U IIOJOKEHUI CONPAKEHHBIX TOUEK S
u S', T. e. paccToAHUN S U S':

’ ’

n _E n —n
s RrR (3.20)

!

S

9TO COOTHOIIIEHWE ABJIAETCA UCXOOHbIM (OCHOBHBIM) IIPU pacueTe
BCEX OITHYECKUX CHCTEM, COZEPIKAaIluX MHOr0 chepUdyecKux IIo-
BepxHOCTEl paszmesna (CI0KHBIE O0BEKTUBBI, MUKPOCKONIBI U AP.).
Benuuuny B npaBoit uactu (3.20) HasbIBAOT onmuueckoil cunoii P.
Takum ob6pasom, AJs cHepuduecKoil IOBEPXHOCTU

n-n
D=—— . 3.21
7 ( )

OnTuyecKyo cuiy msamMepanT B duonmpusax (qutp), 1 gorp = 1/m.
OmnTuueckasi cujaa XapaKTepusyeT MpeOMJIAION[e CBOMCTBA CUCTe-
MblI, nIpuueM P He 3aBUCUT OT HaApPaBJIEHUA XO4a JyUuei, IT0CKOJIb-
Ky IIDU 9TOM MeHseTCsA 3HaK KaK B UMCJIUTeJe, TAK U B 3HaMeHaTe-
ae (3.21).

HUrak, ¢ momoitnsio (3.20) MOKHO HaNTH IIOJOKeHIEe M300paske-
HuA S’, T. e. paccrosgHue S', €CaAu M3BEeCTHBI OITHYecKas cuja P u
moJioskeHne ucrtounuka S. B cayuae s’ > 0 usobpakeHue Oyaer meii-
CTBUTEJILHBIM, ecau ke §' < 0, To — MHuUMbLM, 1 OHO OyIeT HaXo-
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IUTHCSA C TOU K€ CTOPOHBI OT c(hepuUecKoil MOBEPXHOCTH, YTO U HC-
rounnk S. CooTBeTCTBEHHO cucTeMy HasbIBaioT cobuparweil (T)
unu pacceusaroueil ( X ). 3mech B CKOOKAX yKasaHbl IPUHATHIE 000-
3HAYEHUSA WUX.

Dopmyay (3.20) MoKHO 3anucaTh, Kak Mbl YBUAUM JaJjiee, B 60-
gee obmem Bume. C yuerom (3.21) oHa mpumeT BUL

s & (3.22)

IIpu s > «© mapaxkcuajabHBIE JIYyUHW, Tafamlnue Ha cHepUUYEcKYIo
TIOBEPXHOCTh, OYIYT MapajieIbHEL APYT APYTY, U U300paKeHUe OKa-
JKeTCsl B TOUKe, OTCTOosAIel oT Touku O Ha paccrosHue s' =n'/P. 9ty
TOUKY HAas3BbIBAIOT 3aA0HUM Porkycom F', a COOTBETCTBYIOIIlee PACCTOs-

HUe OT TouKu O — 3a0HuUM (QOKYCHbLM paccmosHuem f':
f=n'/®. (3.23)
AmnajormuHo pu §' — o MBI moJydyuM S =—n/®P. IT0 paccrosHUe,

Ha KOTOPOM HaXOAUTCS TOYKa F — nepednuil ¢okyc, Ha3bIBaeTCA
nepedHum QOKYcHviM paccmosHuem f:

f=—n/®. (3.24)
W3 mocnenqaux AByx (opMyJ cienyer, 4To

r_.n~, (3.25)

f n

rIe 3HaK MUHYC O3HavYaeT, 4YTO (poKycHbIe paccToaHusd f u f', a 3Ha-
YUT U cOoOTBeTcTByMOIMUue (okycekl F u F', HaXOmATCA IO Pa3HBbIE
CTOPOHBI OT TPEJOMJAIONIEH MOBEPXHOCTH.

PaccMoTpuM mpumep Ha IIOCTPOEHUE M300paKeHUsd.

IIpumep. Ha puc. 3.7 moxasaHbl MOCTPOEHM N300PaKEHNA B CIAyUAAX, KOTAA
chepuueckas IOBEPXHOCTH UTPAET POJIb cobmparoIleil (a) u paccen-
Batorieii (6) cucteMbl. IloCTpOeHUsS BBIIIOJHEHBI C IIOMOIIBIO
«OCHOBHBIX» JIyueii: 1) mapajiebHOTO OTHOCUTEIBHO OITUYECKOM
ocu U 2) MPOXOJAIIEro uepes mepenuuit goxyc F.
Crnenyer obpaTuTh BHUMAaWHE Ha XOH Jyda, IPOXOIAIIEr0o Uepes
TouKy O: OH MCIBITHIBAET IIPeJOMJIeHNe 13-3a TOTO, UTo n' # n (3a-
Oeras BIIEpPEl, 3aMETHM, UTO OTO OTHOCUTCA U K JIMH3E).
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a) N 6) v
4 —> £ —> P
Yy Yy L
. N NN S
O Fr ,’/ fy/‘\‘§‘ \\\‘F
F ’ 7 o >
y
> y
n n' n n'
A
\ 4
Puc. 3.7

Kpowme Toro, ms pasmnuus (POKYCHBIX PACCTOSHUM MOXKHO CHEIaTh
BBIBOZ O TOM, KaKOH IIOKasaTe/b [IPEJIOMJIEHUs, 1. WK n', GoJIbIe B
MaHHBIX CIy4dasx. A mMeHHO, corjacHo (3.25) B ciyudae:

a) n' > n (u3obpaskeHne NEeUCTBUTEILHOE);

0) To:ke n'>n (u3o0pasKeHUe MHUMOE).

OTHOIIIeHME TIONIEPEUHBIX PasMepoB n3odpakeHud (y') u npegme-
Ta (y) HaA3BIBAIOT JIMHENHBIM WJIN IONEPEUYHBIM yBEJIWUYEHUEeM [3:

B=vy'’y, (3.26)

rae  — BesmumHA ajgredpamuecKas: eciau M300paskeHUe IlepeBep-
HyTOe (OTHOCUTEJHLHO mpeameTra), To y' < 0, sHauut u 3 < 0. Boisc-
HUM C IOMOIIbIO puc. 3.8, KaK [} 3aBUCUT OT PacCTOAHUN S U §' U

A

n n'

y
9
9’ ¥ <0

_s s!

A\
Puc. 3.8

nmokasaTeJsel npesioMmyaeHusa n u n'. [yia mapakcuaJbHBIX JIy4yel, co-

rJacHo 3aKoHy mpesomaeHusa (3.15), nd=n'S" wninm ni :n’_y' .
-s S
Torma (3.26) MOXKHO IpPEACTAaBUTH TaK:
B= ¥y _ s/m . (3.27)

Y s/n
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B zakigmoueHme o0paTuM BHUMAaHHE HA TO, YTO (OPMYJIBI
(3.22)—(3.27), monyuyeHHBbIE IJIs OTHOUN cepUUECKON ITOBEPXHOCTH,
CIIPaBEJINBLI U [IJIS CJIOMKHBIX OINTHUUYECKUX CHCTeM. Bompoc Juib B
TOM, OTKYZA OTCUNTHLIBATH PACCTOAHUSA S, S', f u f'. B o01ieii Teopun
OIITUYECKUX CHCTEM IOKA3bIBAETCS, UTO B KaXKIOU M3 HUX CYILECT-
BYIOT TaK Has3bIBaeMbIe 2/1A8HbLe NJI0CKOCMU: Tlepeauaa H u 3agHasa
H'. IMeHHO OT 3TUX IJIOCKOCTEI ¥ OTCUUTHIBAIOTCA BCE PACCTOAHUA
(c yueToM TOrO Ke IpaBuUJia 3HaKoB). Ho B manbHeiiriiem Hac OyneT
MHTepecoBaTh TOJbKO TOHKASA JIMH3a, ¥ KOTOPOU IJIaBHbIE MJIOCKOCTH
COBIIAMAIOT APYT C APYTOM UM IPOXOIAT uepes ee IeHTp. PaccmoTpe-
HUEM CBOMCTB 9TOH JIMH3BI Mbl M OTPAHUUYUMCS.

Toukasa auuza. Tak Ha3bIBAIOT JUH3Y, TOJIMUHA d KOTOPOIl B
YCJIOBUAX paccMaTpuBaeMoil 3azauu npeHeOpe:kuMo Masia. HamoMm-
HHM ee CBOIMCTBAa, HEOOXOAUMBIE IJs NaJbHEHIIero.

1. Qopmyra moukoil LUH3bL 68 6030Yyxe — €e JIETKO IOJYyUYUTh,
npumenas (3.20) mocaemoBaTesbHO K IepeqHed u 3agHel (o Xomy
JIydeil) MOBEPXHOCTSAM JIMH3bI, PAJUyChl KPUBU3HBI KOTOPBEIX R, n
R,. B pesynpTaTe HaxoQuM:

1 1 1 1
———=n-1)| —-—|, (3.28)
" s R, R,

rZe n — IIOKAasaTeJ b IIPeJIOMJIEHHA BelmecTsa JuH3bL. CopaBa B

9TOU (popMyJie 3amucaHa omTmueckasa cuja Juussl @ = 1/f. IIpu-
ueM A8 TOHKON nuH3Bl @ & @, + D, rae @, u P, — onTUUECKUE
CUJIbl IepeJHell U 3aaHell ToOBepXHOCTel JUH3BI. BrIBOI (hopMyJIbI
(3.28) mpuBenen B peleHuu 3amauu 3.9.

Ha puc. 3.9 mokasaHo mocTpoeHUEe M300pPaKeHUs C IIOMOIIBIO
OCHOBHBIX JIyUel B ciydae coOuparolneil JUH3bl. 3aMETUM, UTO CO-
raacuo (3.25) mepemHuit u
sagHuii (orycel, F u F', B
HAIleM cJIy4yae HaxOomATCS Ha

0 Y N\ F o OIMHAKOBOM PACCTOSHUU OT
F C y'<0 neurpa C auH3LI. B cBA3H
STUM JyY, IPOXONAINUN uUe-

pe3 C, He HCHBITHIBAET IIpe-
| JIOMJIEHUSI, OCTaBaBACh IIPHA-
MBIM.

«n,
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Ocws OO', mpoxopsaIas uepes IMeHTPhl KPUBUSHBI MOBEPXHOCTEN
IUH3BI 1 TOUKY C, Ha3BIBAIOT 2/lABHOIL ONMULECKOIl OCbI0 JTUHSBHI.

ITpaBuio 3HAKOB AJid OTPE3KOB S, S’ M PagUyCcoOB KPUBU3HBI R u
R’ ocraercsa mpe:XHHUM. Bce Jyum, IIpeamoJiaraeTrcs, IapaKCHaJIb-
HBIE.

3ameTuM, UTO ecyau ObI JWMH3a HAXOAUJIACh B Cpeje, IOKa3aTelb
IPEeJIOMJIEHUA KOTOPO#l ObLI OBl pas3HBIM, HAIpUMeEpD, CJeBa n, a
cupaBa n', To mepenHee U /3aaHee (POKYCHBIE PACCTOAHUS OBIIN OBI
He OJWHAKOBBI. VIX OTHOIII€eHWE OUPEenesasaoch Obl (GOPMYJIOH

f'/f =—n'/n. (3.29)

3HaK MUHYC IIOKasbIBaeT, 4To oba (poKyca, mepemHuii F u 3aguunii
F', Bcerma HaxomATCA IIO0 Pa3HBIE CTOPOHBI OT JMH3BI. CenyeT Tak-
JKe UMeTh B BUIY, UTO IIPU N’ # N IeHTP JUH3LI OKa3bIBAeTCs He OIl-
TUYECKUM IEHTPOM: JIYU, IPOXOAAIIUNA Uepes3 Hero, 0yeT UCIIBIThI-
BaTh IIPEJIOMJIEHUE.

2. Ilpu majeHUM Ha JUH3Y OyYKa MapajjeJbHBIX Jydel Mmona yr-
JIOM K TJVIaBHOM ONTHYECKOH ocu (Ha KOTOPOIl HAXOAATCA IEHTPI
KPHUBU3HBI IIOBEPXHOCTEHN JMH3LI, a TakiKe PoKycwsl F u F') nzobpa-
JKeHre — Touka S’ — oOpasyeTrcs B 3afHell (DOKAJIBHOU IJIOCKOCTHU
aunsbl (puc. 3.10). U rnaBHOe: onTUYeCcKMEe IYTU BCEX JyUeH OT
miaockoctu T7T', MepHeHANKYJIAPHONU IIamaiolleMy Iy4YKY, IO H30-
OpaskeHus S' OYAYT 00UHAKOBbL<B CUIY TAYTOXPOHHOCTU. JTO MBI
OymeM MCIO0JIb30BaTh B JajIbHEHImeM HeOITHOKPATHO.

3. Ilpu mocTynaTesbHOM CMEIeHUU ITapaJlIeIbHOTO MyYKa Jy-
el MoJIoKeHNe TOUKU UX CXOKIeHUA S’ B (POKAIbHOM IIJIOCKOCTU
He mensemcs. T. e. Ipu CMeIlleHNYN, HATIPUMED, OTBEPCTUA U3 IIO-
noxkeHua I B mono:xkenue 2 (puc. 3.11) msobparkeHuMe — TOUKa
S’ — OyzmeT ocTaBaThCcA Ha MPEKHEM MecTe. ITO MBI OyJeM YUUTHI-
BaTh NIPU UIYUYEeHUU JeiicTBUA AudpaximoHHOIl perrerku (§ 5.7).

7( ’
\ ’ 4
0 /‘( = 0 /1 S
T ///|2/ F’
\ —

Puc. 3.10 Puc. 3.11
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4. JTuneilnoe uiu nonepeyroe ysenuierue aunsol p=y'/y, roe y'
U y — IONepeuHble pa3dMepbl M300paKeHUs M CaMoro IIpeaMera
(cm. puc. 3.9).

Jlerko BuUgeTh, UTO

B=s"/s.
Ha puc. 3.9 BenmumHbl y' ¥ S oTpuUllaTeJbHbIE, CJIEZOBATEIbHO U

B <0. 9to o3Hauaer, 4TO M300paKeHNE IIePEeBEPHYTOE (OTHOCUTEIb-
HO TpeaMeTa).

§ 3.4. doToMeTpUUECKHE BEJIMUNHBI

Pasgen onTuKM, MOCBAIEHHBINT M3MEPEHUIO0 CBETOBBIX TTOTOKOB
U CBA3AHHBIX C HUM BeJUUYNH, Ha3bIBAIOT pomomempueii. IlozHako-
MUMCS C OCHOBHBIMH (POTOMETPUUECKUMU BEJIUUNHAMHI U eJUHUIA-
MU UX U3MEPeHUsd.

KpuBas Bumnoctun. B Bumumom nuamaszome miaue BoaH (0,40+
+0,76 MKM) melicTBUe CBETOBOII 9HEPrUU Ha Trjas (CBETOBOE OIIyIIie-
HIE) BecbMa CUJIbHO 3aBUCUT OT IJIUHBI BOJHBI. YyBCTBUTEIHHOCTH
CpenHero HOPMAaJIbHOT'O UYeJOBEUECKOro IJiasa K CBETOBON SHEPruu
pasHOIl AJIWHBI BOJHBI XapaKTepU3yIOT Kpusoii sudnocmu (6oiee
TOYHOEe HAa3BaHUE — KPUBAS OMHOCUMENbHOI CNeKmpaabHOll 4ys-
cmsumeavHocmu). Ee rpaduk moxkasan Ha puc. 3.12, rme V — oTHO-
cUTeJbHASA CIeKTpaJbHAasd YYBCTBUTEJIbHOCTH ryasa. HamboJsiee uys-
CTBUTeJIEH TJIa3 K CBeTY C AJIMHON BoJHBI A, = 0,555 MKM = 555 HM
(3eneHas yacThb cueKTpa). asa aToif AJWHBI BOJHBLI IpuHATO V = 1.
IIpu ofMHAKOBOM IIOTOKE CBETOBOM SHEPTHUU OlleHMBaeMasl 3PUTeNIb-
HO MHTEHCUBHOCTDH CBeTa APYTUX AJUH BOJH OKAa3LIBAETCS MEHbIIIe.
Bre mHTepBasma BUAMMBIX IJIuH BoaH V= 0.

%
1,0
0,8

/
0,6
0,4 /

0,2

\
/ N

0,40 0,50 0,60 0,70 A, MKM

Puc. 3.12
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IIpumep. Suauenue, ckaxeM, V(iy) = 0,5 o3HauaeT, 4TO 1A MOIyUeHUA 3PU-
TEJBHOTO OIIYIEHUs TaKOH Ke WHTEeHCHUBHOCTH, KaK U IIpU
V(),) = 1, JIOTHOCTB IIOTOKA CBETOBOH 9Hepzul C JIMHOI BOTHBI A
JOJKHA OBITH BABOE OOJIBIIIE, YEM IIPU A,.

CBeToBO# MOTOK. [[1 XapakTepPUCTUKN WHTEHCUBHOCTHU CBETA C
Y4eTOM ero CIOCOOHOCTH BBIBBIBATH 3PUTEJIBHOE OIYIIeHUEe BBOAAT
MOHATHE c8emo06020 nomoka ®. Ero ompenenaror B soMmeHax (M)
mo gopmye

@ (mm) = K, V(1) @, (Br), (3.30)

rge K, =~ 683 1m/Bt, @, — nomok sHnepzuu B BaTTax ¢ TOMU e JJIU-
HOM BOJIHBI A. VI3 9T0it (hopMyJIBI CIEAYET, UTO CBETOBOMY IIOTOKY B
1 oM ¢ gaumoit BoaHBI A= 555 HM (V = 1) cOOTBETCTBYET IIOTOK
suepruu B 1,46 mBT. VI maoGopor, Hanpumep, upu A = 0,60 Mmxm
OJHOMY BATTy COOTBeTCcTByeT, corjiacao (3.30), cBeToBOII IIOTOK
D=683-0,6-1=410 am.

Hnsi nurepBana mauH BOJIH (A, A+ dA) cBeTOBOIl IIOTOK

d® = K, V(1) o) di,

rze o(A) = d®,/dA — yHKIUA pacupejeeHNs CBETOBON dSHEPIUU.
IloyHBIF CBETOBOII IIOTOK

O] :KmJ?oV(k) o(A)dA. (3.31)
0

Cuna csera I. Ilo onpenenennio, I — 3TO MOTOK MU3JIYyUYEHUS MO-
4eYyH020 UCTOUHUKA, IPUXOAAIIAICA HA eJUHUILY TeJIeCHOr'o yria:

;. do

50" (3.32)

B o01miem cioyuae cuiia cBeTa 3aBUCUT OT HaIpaBJeHUd, T. €. I1(3,0),
rae 9 U @0 — MOJIAPHBIN U a3UMYTAJIbHBIA YIJIBI B C(hepPUUECKOI cuc-
TeMe KOOpAHWHAT.

Ecian nctouynug H3OTpOHHLIfI, TO cuJja cBeTa I He 3aBUCUT OT Ha-
MIPaBJI€HUSA, U 3HAYUT

I=®/4n, (3.33)

roe @® — IIOJMHBIA CBETOBOW IIOTOK HMCTOUHHKA.



s TpOTSAKEeHHOTO MCTOYHUKA MOYKHO TOBOPUTH O CHUJIe CBeTa
2JIeMeHTa ero moBepxHocTu d.S.

Epununa cuasl ceera — kanodeaa (Kx), 1 xx = lam/cp.

Ocemiennocts E. Ee ompenensioT Kak CBeTOBOW IIOTOK, IIajafo-
U HA eJUHUIY ILIOLIALY HHTEPECYIoINeil Hac IIOBEPXHOCTHU, TO
eCcThb

do
E =4 (3.34)
ds
Enununa ocpemienHoctTu — Ja0kc (JIK):

1 ax = 1 am/m2.

dQ / Hampumep, HeoOxomnuMas AJIs1 HOPMAJIbLHOT'O
YTeHUSA OCBeIlleHHOCTh ~50 K.

OmpenesieHne OCBEINEHHOCTH, CO3aBae-

MOI TOYEUHBIM MCTOUHHKOM, CBOSUTCA K Ha-

a r xopenuto d® . B (3.34). Coruacuo (3.32)
' quHaZI = [dQ, rme dQ, Kak BUIHO M3 PHC.
3.13, paBuo dScoso/r?. Torza B COOTBETCT-
Buu ¢ (3.34)
ds
cos o
Puc. 3.13 E=1 2 (3.35)

Ceerumocts M. ITa BeJMUMHA XapaKTepuUayeT pPasjndYHble yua-
CTKHU MNPOTAKEHHOro mcTouHnka. CBeTUMOCTL — 9TO CBETOBOM IIO-
TOK, MCIIYCKAaeMbI#l (OTpaskaeMbIil) eMIUHUIEH TJIONaau HAPYIKY II0
BCeM HaAIpPaBJEHUAM (B IpeJeax TeJIeCHOTO yrJa 27 cTepaauaH):

do
M === (3.36)
ds
Enunauna cBeTuMOCTH — JIOMEeH HAG K6AOpamHuuliL memp

(mv/M2).

Aprocrs L. 9ra BesnunHa XapaKTepusdyeT usjayueHue (oTpaske-
HIE) CBeTa 9JIeMEHTOM IIOBEPXHOCTH AS B 3aJaHHOM HAIIPABJIEHUN
(9,0). fAprocTh ompeeaAOT KaK OTHOIIeHWe CuUjibl cBeta dl ae-
MEHTa IMOBEePXHOCTH AS B 3aJaHHOM HAIIPABJEHUM K IIPoeKIuu AS
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Ha IIJOCKOCTH, IEePIeHAMKYIAPHYI0 K BTOMY HalIpaBleHHuwo, AS,
(puc. 3.14):

_19,9) _ dD,,/dQ
AS,| AS - cos 9

L

(3.37)

Epununa apxoctu — kKaHOenla Ha K8ao-
pammuuiii memp (Kx/m2).

Boo061ie roBopdA, SAPKOCTH Pas3IWYHA OIS
pasHBIX HampaBieHui, L(9,p). Kak u cBeru-
MOCTh, IPKOCTb UCIIOJB3YIOT U IJIA OTPaKeH-
HOTO OT MaHHOU IIOBEPXHOCTHU CBETAa.

WcTouHUKM, APKOCTH KOTOPHIX HE 3aBU-
CUT OT HAIpaBJIEHUs, HA3LIBAIOT JAMOCPMO6-
ckumu (TOTUMHAIOIUMUCA 3aKoHY Jlambep-
Ta) UJIN KOCUHYCHbLMU (CBETOBOU MOTOK, IIO-
CBLIAeMbIil BJIEMEHTOM IIOBEPXHOCTU TAKOTO
ucrounnka, d®, oo cos3). Crporo cuexyer
3akoHy Jlam0epTa TOJIBKO TaK HasbIBaeMoe Puc. 3.14
a0COJIIOTHO YepPHOe TeJIo.

Cetumocts M m ApKOCTb L 1aMOGEPTOBCKOTO MCTOYHUKA CBA3A-
HBI IIPOCTHIM COOTHOIIIEHUEM:

M =nL. (3.38)
YT06bl yOenuTbco B DTOM, IIOJCTABUM B BHIDAKEHUE

d®,., = LdQ AS cos9,

Koropoe caexyer us (3.37), dQ =dS/r?, rae ; dS
dS = 2nrsind - rd9 (puc. 3.15), u mpowuH- °
TerpupyeM IOJyYEeHHOEe COOTHOIIEeHNE 1o 9

or 0 mo n/2, yurs, uro L = const. Torma

n/2 r

AD .. =LAS £ cos 9 - 2nsin9 d9 = nLAS. L ds

PasgenuB sToT cBeTOBOM HMOTOK Ha AS, MBI AS

u noayuum (3.38). Puc. 3.15
HC. .



JdHepreruyeckne Beauyunbsl. Hapsaay ¢ paccMOTpeHHBIMHU (POTO-
MeTpPpUUYEeCKUMU BeJIUUYMHAMU — CHUJOU cBeta I, ocBelleHHOCThIO E,
CBETUMOCTBbIO M 1 APKOCTHI0O L — MOKHO MCIIOJIb30BATH AHAJIOTHUY-
Hble UM JHEpPreTHYeCcKle BeJINUYNHBI, I0JyYaeMble C IIOMOIIBIO TeX
’Ke COOTHOIIIEHUH ¢ 3aMeHOM JIMIIIb CBEeTOBOTO IIOoTOKa @ Ha sHepre-
TrdecKkuii morox @, . B rabnure 3.1 npejacTaBIeHbl OCHOBHBIE (POTO-
MeTpuUecKue M SHepreTuuecKkue BeJIUYNHBI U eTUHUIBI UX U3Mepe-
HUA.

Ta6auma 3.1
Enuanna msmepeHus
Besmuuna
(doromeTrpuueckas |dHepPreTUYECKad
CBeTOBOII TIOTOK D JIOMeH (7IM) Br
Cuna cBera [ Kaugesa (Kxm) Br/cp
OcsemenrocTs E JIOKC (JIK) Br/m*
Csetumocts M v/’ Br/m*
sIpxocTs L Ka/M Br/(cp - M%)

3agaun

3.1. Orpaskenue ceera. IlokasaTh, UTO IPU OTPAYKEHUU OT 3ePKAaJIa BHIMIOJI-
HSIETCSI YCJIOBUE

e = ey — 2(epn)n,

rfie € U ey — OPTHI OTPAYKEHHOIO U IaAAOIIEero Jydeil, 1 — OPT HOP-
MaJau K IJIOCKOCTH 3epKaja.

Pem e uH ue. Cormacuao puc. 3.16, MOKHO 3amucaTh:

e = ep+ Ae.
Haiinem BexTop Ae. Ero moaynb, Kak
BUAHO W3 DHUCYHKa, |Ae| = 2leglcosa =

=2-1" (—cosp) = —2(egn). 1 cam Bek-
TOp

Ae = -2 (eyn)n,

4yTo U Tpe6OBaJIOCI> IIOKa3aTh.

Puc. 3.16
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3.2.

3.3.

BocmosbzoBaBinch (GopMyJ ol U3 IpPeNbIAyINei 3ajauu, I0Ka3aThb,
YTO JIyY CBeTa, IIOCJIEeJOBATENHLHO OTPA3UBIIHUICA OT TPeX B3aUMHO
MepHeHIUKYJIAPHBIX IIJIOCKUX 3€pKaJl, UI3MEHUT CBOe HaIlpaBJIeHHe Ha
MIPSMO ITPOTHUBOIIOJIOMKHOE. ITO TaK Ha3bIBAEMBIN YI'OJKOBBIN OTpasKa-
TeJlb — HUAeaJbHBIN O0BEKT AJA pagapoB.

Pem e uue. Cormacuo dopmyJie u3 MpeabIayINeil 3aauu MOMKHO 3a-
nucaTb

e, =ey—2(egn;)n;, e,=e;—2(e;ny)n,, ez=e,—2(e;nz)n;. (1)

CrnoxuB OTIEJIbHO JIeBble U IIPpaBble 4YaCTU 3TUX PaABEHCTB, IIOJYy4YUM
II0CJIe COKpAaIlleHUdd:

e; =ep —2[(egny)n; + (e;ny)n, + (egng)ng]. (2)

B sTom BeIpaskeHuu (e;n,) = (e n,) — aro ciaexyer us (1), ecoiu mepBoe
g ol

PaBEHCTBO YMHOXKUTH CKAJIAPHO Ha Ny. Ilocrymas amasormyHo, Haii-

ngeM: (eyng) = (egng) = (egngy). Ilocre aToro (2) MoKHO IlepenucaTh TakK:

e; =e; — 2[(eon;)n; + (epny)ny + (egng)ng]. 3)

BeauuuHbl B KPYIJIBIX CKOOKAX — 9TO HAIPABJSIOINE KOCUHYCHI
opTa e, OTHOCUTEJILHO KOOPAUHAT C OPTAMHU Ny, Ny, Ng. SHAUUT, BEJIU-
4YMHA B KBaJPATHBIX CKOOKAX eCTh IIPOCTO ) U €3 = —€;, UTO U TPebo-
BAJIOCh [JOKAa3aTh.

Cser mHTeHCUBHOCTHU [, Ia/jaeT HOPMAJbHO Ha HAeaJbHO IIPO3PAYHYIO
miractTuHKy. Cumras, 4To KOd(DOUIMEHT OTparKeHus KayKJ0i MMoBepX-

Hoctu ee p = 0,05, HAWTU WHTEHCUBHOCTD I IIPOIIIEAIIIEr0 Yepes Ijiac-
TUHKY CBeTa C YYeTOM:

a) TOJBKO ONHOKPATHBIX OTPAaKEeHU’Il;
0) MHOTOKPATHBIX OTPaKeHU.

Pem e n ue. a) Ilocae mepBoii TOBEPXHOCTU MHTEHCUBHOCTEL OyIET
paBHa Iy(1 —p), mocae BTOPOH IIOBEPXHOCTHU

I =TI, -p)% =~ Iy - 2p) =091,

6) Ilocse MPOXOMKAEHUA ABYX IIOBEPXHOCTENl WHTEHCUBHOCTH paBHA
Iy(1 - p)>. TI I(1 i

o(1 = p)°. IIpu srom uacTs I4(1 — p)p oTparkaercsa OT BTOPOH IIOBEPX-
HOCTHU U 3aT€M, OTPA3UBIINCH OT IE€PBOIl TOBEPXHOCTU, CTAHET PABHOI

2 .
Iy(1 —p)p”. 1 cBeTOBasA BOJIHA NIPU IPOXOXKAEHUU BTOPOH IIOBEPXHO-
2 2

ctu OyzeT uMeTh nHTeHCUBHOCTD I (1 — p)°p” — 27O mOCIIE ABYKpPATHO-

'O OTpaxKeHusd. CJIeJIyIOIIIaH BOJIHA HCIIBITAaeT 4YeThbIPEXKpaTHOE OoTpa-
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3.4.

3.5.

. 2 4
JKeHHe W BBIHZET M3 IJIACTMHKM ¢ MHTeHcHBHOCTBIO (1 — p)°p~. 3a-

TeM HAaJ0 YyYeCTh BKJAABI OT IIE€CTH-, BOCBMHU- WU T. O. KPATHBIX
OTpasKeHUH.

B CyMM€ HMHTEHCHUBHOCTBH IIPOXOAAIIEr0 CBeTa MOMHO IIpeACTaBUTHh
KakK

I =TIy -p)’A +p® +p* +...) =T, - p) /(@ + p) = 0,9],

. 2, 4

TZie y4TeHO, YTO CyMMa IreOMeTpUUYecKoi mporpeccuu 1+p°+p +...=
2

=1/(1-p").

ITonyueHHBIN pe3yJsbTaT IPAKTUUECKU COBIIaJlaeT ¢ HaliIeHHBIM B IIpe-
2

opIayieM nyHKTe (oTauuume cocraBiser Bcero Al/I =~ p” = 0,25%).

ITosTOoMy, Kak mpaBUJIO, MHOTOKPATHBIMU OTPaKeHUSIMHU IIpeHeOpera-

IOT.

IIpenomiaenue csera. IIpy KaKoM 3HAUEHUN yIya HafeHUd 34 Iy, OT-
PaKeHHBIA OT IMMOBEPXHOCTU IMPO3PAYHOr0 AUIJIEKTPUKA, OyIeT Imep-
MEeHAUKYJIAPEH IPEeJOMJIEHHOMY Jy4y, €CJH II0KAas3aTe/b IIPeIoMJe-
HUA AU9JeKTPUKa paBeH n?

Pemrenwue. Barom ciayuae JOMKHBI ObITh BBIIIOJHEHBI JBa YCJIO-
BUS:

sin §; = nsin Y,, 9 + 9y =1/2,

Tie 9 — yros oTpaskeHusd, paBHBIH yriy 9. IlosToMy epBoe paBeH-

CTBO 3alMIIeM TaK:
sin 9 = n sin(n/2 — 3;) = n cos Y.

Orcioma crexyer, uTto tg 9, =n.

IIyuox mapaJjyieIbHBIX Jyueil HHTeHCUBHOCTH [ IasaeT Ha IIOBEPX-
HOCTBH IIPO3PAUYHOTO AMIJIEKTPUKA C MMOKa3aTeJeM IIPeJOMJIEeHUSA 1.
Yroa nagenusa 9; Taxkos, uTo tg 3; =n. Ilpu sToMm p-yacTh CBETOBOTO
IIOTOKA oTpaskaeTcdA. HallTu MHTEHCHUBHOCTH IPEJOMJIEHHOTO IyU-
Ka.

Pemrenue. [IycTh IyyoK mmapajiebHBIX JyUel IagaeT Ha IIOBEPX-

HOCTh AudJieKTpuka riomaau S (puc. 3.17). Mexomum m3 TOro, 4ro
UL TIOTOKOB MJOJI’KHO BBITIOJHATHCS PABEHCTBO

Dy=0'+ D"
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3.6.

(MMeHHO [OJIsI nOomokog, a He |Hjis '
WHTEHCUBHOCTEI, IIOCKOJbKY CeUe-
HUSA IaJaiolero U ImpeJoMJIeHHOTO
MIYYKOB INPY HAKJOHHOM MaJeHUN
He OJMHAKOBBI).

Tenmeps NPEACTABUM C IIOMOIIIBIO
puc. 3.17 moToKu Kak IpousBee-
HUSA WHTEHCUBHOCTEU Ha CeYeHU:
myuykoB. Torma mpexwiayliiee pa-
BEHCTBO IIpUMET BUJ: Puc. 3.17

I1,S cos 9y =plyScosS; + I"S cosH,.

Orcroma 1" =(1 —p) I,cos 9y/cos §,. M3 ycmoBua tgd =n wumeem
sin §; = ncos ¥;. ComocraBuB IOC/IeJHEee DABEHCTBO C BHIPAKEHHEM
JJIA 3aKOHa IpesiomyeHud (3.15), Buaum, uro cos §; = sin §,. Orcrona
clIefyeT, 4To cos 9, = sin ;. W BeIpakeHHWe [JId MCKOMOHM MHTEHCUB-
HocTu " mpumer BU:

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

TlokasaTb, UTO HPU IPEJOMJIEHUW B IIPU3ME C MAJIBIM IIPEJIOMJISIO-
UM YIJIoM 0 JIyd OTKJIOHAETCS OT CBOEro IePBOHAYAJIBLHOI'O HAIIPAaB-
JeHus Ha yroa o = (n —1)0 HesaBUCHMMO OT yrja IaJeHWs, eCJU OH
TaKIKe MaJl.

P e m e v ue. Beregcrsue masio-
CTU YIJIOB IajeHusA (U IIpesioMJe-
HUs) cuHychl B 3akome CHeslia
(3.15) mokHO omycTuTh. Torma
YCJIOBUSA TPEJOMJIEHUS Ha TIePei-
Hell ® B3aJHEell MOBEPXHOCTIX
mpusMmbl (puc. 3.18) npumyT Busm:

9 =nY, ndy =95,
9 + 9, =0. (1)

WckoMmblil yroa o, Kak BUIHO U3
PHUCYHKA, paBeH

a=08; -9 )+ (0% -385). (2

Puc. 3.18

Ilocne mopcranoBku yrioB us (1)
B (2) moayuum o =(n —1)6.
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3.7. Ilepen BBINYKJION IIOBEPXHOCTHIO TOJICTOMN CTEKJISTHHON BBIMTYKJIO-ILIOC-

KOM JIMH3BI TOJNIUHLL d HaxonuTcsa npeamer. Ero nzobpaskeHue obpa-
3yeTcs Ha IJIOCKOM MOBEPXHOCTHU JIUH3bI, KOTOPAS CIAYIKUT 9KPAHOM.
IloxaszaTesnb mpesoMJeHNA CTeKJa 1.

OmnpenennTs:

a) momepevyHOe yBeJMUYeHUe [3, eClau PaguyCc KPUBU3HBI BBHITYKJIOH IIO-
BEPXHOCTHU JUHBBI paBeH R;

0) OCBeIlleHHOCTh N300paKeHusl, eCIU APKOCTh IpeaMera L 1 guamerp
BXOJHOT'O OTBEPCTHUS BBINYKJON ITOBEPXHOCTU JUH3LI paBeH D (moTe-
pAMU cBeTa mHpeHeOpeub).

P em e u# ue. a) Cormacao opmyie (3.27)

B - s/n' _d/n a)
s/n s
3asava CBOAUTCA K HAXOMKAEHUIO § — PACCTOSHUS IIpeaMeTa OT BbI-

IIyKJION IIOBEPXHOCTU JUHBBLI. [/ 5TOr0 MCIIOJB3yeM COOTHOIIEHUE
(3.20). B mamem ciayuae (puc. 3.19) oHO mpumeT BuUi:

n 1 n-1
——— = . 2
d s R 2)
-8 . d
A
/ dQ
Z "y!
Puc. 3.19

Orcrona Hatizem 1/s u moayuyeHHoOe BhIpaskenue moacrasum B (1). B pe-
3yJabTaTe MOJYUUM
d(n-1)

=1
p nR

3)
6) OcgemrenHocTs usobpaskenusa E = @/AS', rge @ = LASAQ — »sT0
caenyetr usd popmyasl (3.37), rae yureHo, 4To yroua 9 maji u cosd ~ 1;
AS' u AS — momaau m3obpakeHus u mpeamera. TakuMm obpasom,

2 2
E:LASAQ:L 1 nD . (4)
AS’ B) 4s*
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3.8.

3.9.

3ameHUB yBeauueHUe [J BeipaskeHumeM (1), Imosyuum Iocjie coKparre-
2
HUA HA §

25 2
E:TmLzD )
4d

Haittu cBeTumocTs M ITOBEPXHOCTH, IPKOCTH KOTOPOM 3aBUCUT OT Ha-
npaBneHusa Kak L = Lycosd, roe 3 — yroa Mexkay HalpaBJIeHHEM U3-
Jy4eHUs U HOPMAaJbl0 K IIOBEPXHOCTU.

Pemrenue. Ucxogum us popmyast (3.36), rae cormacuo (3.37)
d®,.; = L AS cosS dQ.

YunrsiBas, uto L = Lycosd u dQ = 27 sinS d9, sanumrem BeIpakeHue
IS TIOJIHOTO MCIIYCKAeMOTO IIOTOKA:

AD . = _[Lo cos 3-AScos 9 -2nsind dS =

n/2
= 2nLyAS [ cos®9 d(-cos 9) = g nLyAS.
9=0

Pazpgenus AD®, . Ha AS, moiryuum

2
M = §TCLO.

Tonkas aunsa. Haiitu ¢ momoIso ¢GopMyJIbl IpeoMIeHud Ha chepu-
yecKou rpaHuile paszgena (3.20) ¢hopmMysy TOHKOHN JUHSEI B BO3YXE.

Pemeuue. [Ipumerum yKa-
3aHHY0 (OPMyJay IIOCJIem0Ba-
TeJIbHO IJIS TIepeqHell U 3aHel — ,

noBepxHOCTell JuH3BL 1A me- SI’ d § ~——_ ‘Igo
pexHeil 1TOBepPXHOCTH, (pHUC. | \ 5 I |
3.20), mojarasi, UYTO '3a HeH | —5 S ]
BCIOAY CpeJla C II0KasaTeaeMm \\/ 0
NIPeJIOMJIEHUS 1, 3alHIIeM: Puc. 3.20
n 1 n-1
d+s, s R,

I 3agHell TOBePXHOCTU JIMH3BI UCTOYHUK S HAXOAUTCA cIpaBa (0H
MHUMBIH), U Mbl UMeeM:

1 n 1-n

’

So R,

rme so > 0, a Ry < 0 (B COOTBETCTBUH C IPABMJIOM 3HAKOB).



90 Taaga 3

CJI0KUB OTHEJBHO JIeBble U IIPaBble YACTU ITHUX PABEHCTB C YUETOM
TOTO, YTO TOJIIMHA JIMH3bI d,JIpeHe0peKuMO MaJja, MOJYUUM:
1 1

l——=(n—1)i——.
s’ s R, R,

3.10. Haiit mocTpoeHMEM NOPOJOJIKEHMEe XOoAa Jiydua 3a coduparomieil u
pacceuBarolieii ToukuMu juH3amMu (puc. 3.21, rge OO’ — ruaBHasa
onTuuecKkasd ock, F' u F' — nepenuuii u saguHuii GoKychl JuH3bI). O0-
paTuTh BHUMaHHE Ha TO, UTO (DOKYCHBIE PACCTOAHUS, IiepefHee
3agHee, pasHvle.

a) 'S 6) Y
S S
o —O0" 0 - o'
F F F F
v A
Puc. 3.21

P e e u ue. a) [Ipexkge Bcero orMeTuM, 4To ImepegHee GpoxkycHoe
paccrosiHnue 0oJIbIlle 3aJHEr0, a 9TO 3HAYUT, coriacHo (3.29), uTo mo-
KasaTeJb IPeJIOMJIEHUS CPebl cIeBa OT JUH3EI O0JIbIle, YeM CIIPAaBa,
n >n'. XoJ IOCTPOEHUA: BCIIOMOTATeJIbHbIE YUYy M300pasuM IITPU-
XOBBIMU JIMHUSAMHU U IIOCJEeLIOBATEIBHO IeEpeHyMepyeM (puc. 3.22, a),
— 9TO TO3BOJIAET JIETKO BOCCTAHABJIMWBATH IIOCJEJOBATEIHLHOCTE Ca-
Moro nocrpoeHus. Ciaenyer o6paTuTh BHUMAaHUE Ha TO, UTO JIyd, IIa-
NAIOITUH IapajieIbHO 3aJaHHOMY JIyUy U MPOXONAIUN, He IPeJIoM-
JIAACH, Yepes JIUH3Y U m3o0paskeHme S’, onmpenesisaeT IOJIOXKEHUe 3a-
MeuaTes bHON TOuKu K (ee Ha3BIBAIOT Y3.10601l), KOTOpasg HIrpaeT

6) v
| /
~ I I4
_ = - 4
- /1‘\ //I( /,/’//
o o 7?&};;: ———=— ('
sTz -~ F
2T S
K( 3: \\K!

Puc. 3.22
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POJIb OITHYECKOTO IIEHTPA JIMHBBL: JII000I JIyd, IPOXOLAININHA depes
Toury K, He mpesoMisercsa JUH30I, Hampumep, ayu KK'. Jlyu ke,
MPOXOAAINMI uepe3 IEHTP JUHBHI (37eCh OH He ABJSETCS OITHYe-
CKUM II€HTPOM), NIPEJIOMJISETCS, UTO JIETKO IIPOBEPUTH C IIOMOIIBIO
moCTpPOoeHusA. [ TOYEeYHOTO MCTOYHUKA, IIOMEIeHHOTO B TOuKy K,
JIMH3BI KaK ObI HET.

6) 3xecs, corsuacHo (3.29), cupaBa OT JIUHS3BI IIOKA3aTeIb IIPEJIOMIIEe-
HUS cpenbl Ooabiiie, n'>n. Xon IIOCTPOEHUS IIOKa3aH Ha
puc. 3.22, 6. BcnomorarenbHbIH Jay4 I, TapajieJbHBIN IIagaionieMy
U TPOXOIANIUN uepe3 mepeaHuii oxyc F (oH cmpaBa OT JHWHS3BI),
IOJIXKEH 3a JIMH30# craTh mapajieabHbiM ocu OO0', sto ayu 2. Ero
TOUKA TepeceueHus ¢ 3amHell GOKaJbHOM MJIOCKOCTHI0O 3 (0OHa cjeBa
OT JIMH3bI) ONIPEJIENAET IOI0XKEeHe MHUMOTO N300PaKeHNA — TOUKU
S'. IIpogoKeHre NCXOAHOTO JIydya 3a JIMH30M JOJIPKHO IIPOXOAUThH Ue-
pes Toury S’ — ayu 4. Ilonoxernue yasoBoii Touku K HailizeMm, mpo-
B uepes TOUKyY S’ mpsaMyo, IapajlIeJbHY0 HCXoqHoMY ayay. Tou-
Ka IepeceveHns dTOU MPSAMOI ¢ onTUu4YecKoil ocbio OO' 1 ecTh TOUKAa
K. Jlio6oii ay4, IPOXOMAIIUI Yepes 5Ty TOUYKY, JUH30M He IIPeIoM-
asierca (Hampumep, ayd KK').
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NHTepdepeHUUns cBeTa
v

§ 4.1. NaTepdepeHInsa CBETOBBIX BOJH

WMHuTepdepeHIA 9TO OJHO U3 ABJIEHUU, T'Ie IIPOABIAIOTCSI BOJ-
HOBBIE CBOIiCcTBa CBeTa.

KorepentHocth. PaccMOTpUM Cymepmo3uIinio JBYX TapMOHUYE-
CKUX BOJIH OJMHAKOBOI YaCTOTHI, KOTOPHIE
A, BOBOYKIAIOT B WHTEPECYIOIell Hac TOUYKe
IIPOCTPAHCTBA KOJIe0aHUA OOUHAKOBOI'O Ha-
5 IpaBjeHnd ¢ ammurygamu A; u A,. Ecian
n - pasHocTB Hpas sTux KoJjebaHuit paBHa O, TO
1 BO3HUKAET pe3yJbTUPYIOIee KojebaHue ¢
Puc. 4.1 aMILIUTYIoH A, KOTOpYIO Jerko HaHTH c
TIOMOIIbI0 8ekmopHoil (uau ¢aszosoil) dua-

epammor (puc. 4.1) u TeopeMbl KOCHUHYCOB:

A

A? =A12 + A22 +2A,A, cosd. (4.1)

Ecnm o6a kosebaHMA He COIJIacOBaHBI APYT C APYTOM, T. €. pas-
HOCTh (a3 O KakK-TO M3MeHseTCA BO BPeMEeHM, TO TaKue KoJjebaHUA
Ha3bIBAIOT HeKOzepeHMmHbulMU. B ToM ciyduae, Korja 0 HeIPepBIBHO
U3MEeHseTCs, IPUYEeM TaK, UTO IPUHUMAET C PABHOM BEPOATHOCTHIO
JI00ble 3HAYEHWsd, cpejHee IO BpeMeHM 3HadeHue <cos & =0, mo-
ciaeguee ciaaraemoe B (4.1) woOpaimaerca B HYJb U OCTAETCA
A% = A12 + A22 . IIpurrMasa Bo BHUMAaHUe, YTO UHTEHCUBHOCTE I IIpO-
HOPIMOHANBLHA KBaJpaTy aMILIATYABI, I co A2, MOMKHO 3ammcarhb

I=I1+I2. (4.2)

9TO 3HAYUT, UTO B AAHHOM CJIyyae MHTEHCUBHOCTH PE3yJIbTUPYIO-
miero KoJiebaHMS paBHA CyMMe HHTEHCHBHOCTeI, Cco3JaBaeMbIX
KakI0ll M3 BOJH B OT/IEJIbHOCTH.

Ecau e pasHocThb (has d mocTOsSHHA BO BpeMeHH, TO TaKHue KoJie-
OaHuA (1 BOJHBI) HA3BIBAIOT KOZePeHMHbLMU. B cayuae cymeprosu-
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IIUY KOTePEeHTHBIX BOJIH WHTEHCUBHOCTh Pe3yJIbTUPYIOIIEro Kojeda-
HHudA, coryacHo (4.1),

ITocnenuee ciaraemoe B aToit hopmysie u B (4.1) HaswIBAIOT UHMeEp-
GepeHyuoHHbLM YaeHoM. PaccMOTPUM ero BAUSHUE HA PEe3yIbTUPY-
IOIIYI0 MHTEHCUBHOCTD.

B Toukax mpocrpaHncTBa, rae cos 8/ >0, I > I, + I, ; Tam xe, rae
cos 6 <0, I <I;+ I, [dpyrumu croBaMu, NPU CYIePIO3UIUU KOTe-
PEHTHBIX BOJIH IIPOMCXOAUWT IepepacupeesieHNe WHTeHCUBHOCTU I B
IIPOCTPAHCTBE: B OJHUX MECTaX BOBHUKAIOT MAKCUMYMBbI, B IPYTUX —
MUHUMYMbI WHTEHCUBHOCTH. OTO fABJIEHVE HA3BIBAIOT UHMeEpP@epeH-
yueil 6osH. Oco0eHHO OTUETINBO (KOHTPACTHO) MHTEePGhEPEHIINUA HIPO-
ABJIAeTCA Torga, Korga I, = I,. Torzpa, cormacuo (4.3), I = 41, B Mak-
cumymax u I = 0 B MuEnMyMax. JlJIf HeKOrepeHTHBIX BOJH Ipu I, =
=I, "HTeHCUBHOCTH I BCIOAY OJUHAKOBa U, cornacHo (4.2), I = 2I,.

OcHoBHOIT mpuHIMI HHTEP(EPEeHIMOHHBIX cxeM. MHTepdepeH-
s XapakTepHa [IJis BOJIH J000H MPUPOALI ¥ CPABHUTEJIBHO IIPO-
cTO HAOJIIOZAeTCsT HA OMBITe JJIA BOJH HA IIOBEPXHOCTU BOIBI WJIU
IJIsi 3BYKOBBIX BOJIH. HaOmromars ke WMHTeP(EPEHIINI0 CBETOBBIX
BOJIH MOYKHO JIUIIb IIPU OIPENEJIEHHBIX YCJIOBUAX.

Ieno B TOM, UTO CBET, UCIYIIEHHBIA OOBIYHBIMY (HE JIa3ePHBIMU)
UCTOUHUKAMM, He ObIBAET MOHOXPOMATHUUYECKUM. TaKol CBET MOIK-
HO paccMaTpuBaTh KaK XaOTHUYHYIO IIOCJIENOBATEJIHHOCTH OTIENh-
HBIX IIYyF'OB CHUHYCOUJAJBHBIX BOJIH. [[JIUTEIBbHOCTH OTAEJHLHOTO
myra mopagka 1078 ¢, mosToMy Ipy HATOMKEHUN CBETOBBIX BOJH OT
Pa3HBIX UCTOUHUKOB (ha30BbI€ COOTHOIIIEHUS MEKY CBETOBBLIMU KO-
Je0aHMAMN MHOTOKPATHO M3MEHSIOTCS CJOydYalHbIM obpasom. Hc-
TOUHUKN OKAa3bIBAIOTCSA HEKOTEPEHTHBIMHU U AOCTATOUYHO YCTONUM-
BOII KapTUHBI HHTEeP(EPEHIINN He BO3HHUKAeT (CMEHSII[Ne APYr
Ipyra ¢ BecbMa OOJIBIIION YACTOTOM KapTUHBI MHTeP(hepeHIIun B Ja-
JIbHENIIIeM Hac MHTepPecoBaTb He OYAYT, UX perucrpanusd Tpedyer
CHenUaIbHBIX MAaJIOMHEPIIMOHHBIX ITPUEMHUKOB).

" tem He MeHee, KOTE€PEHTHBIE CBETOBBIE BOJHBI MOYKHO IIOJY-
YUTH Ja’Ke OT OOBIYHBIX MCTOUYHUKOB. OOIUI NPUHIINT UX TOJIyUe-
HUA TaKOB: 60JHY, U3AYLAeMYIO O0OHUM UCMOULHUKOM céema, pa3de-
AAI0OM meM UAU UHbLM cnocobom Ha 0e ywacmu u 3amem HAKJAAObL-
satom ux Opyez Ha Opyza no0x00AUUM CROCOOOM.
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Ecau pasHOCTH X0[a 3THUX BOJIH OT MUCTOYHUKA 0 TOUKU HAOJIIO-
JeHUs He IpeBbIIIaeT HEKOTOPOH XapaKTepHO AJIUHbI , TO CAydail-
Hble M3MEHEeHUs aMILJIUTYIbl U (Pasbl CBETOBBIX KOJIEOAHUI B ABYX
BOJIHAX TIPOUCXOIAT CO02/l1ACO8AHHO (KOTEPEHTHO), M MBI OyIeM Ha-
O0aonaTh NHTEP(PEPEHIINOHHYI0 KaPTUHY, HAIIPUMEpP CHCTEMY uepe-
IYIOIIUXCA CBETJBIX U TEMHBIX II0JIOC.

Kax O0yzmer BumHO B JaybHeliliieM, 00pa3oBaBIIuecs IIOCJe pasje-
JeHus BOJHBI BO BCeX MHTephEePeHIIMOHHBIX CXeMaX MOKHO IIpefi-
CTaBUTh KaK ObI NCXOJANIIMMHU U3 ABYX TOUEUHBIX MCTOUHUKOB S, U
S, (mecTBUTENBHBIX MJIN MHUMBIX — 9TO He cyllecTBeHHO). IToaro-
MYy OOIIUI mOAXO0 K MHTEPIIPETAIIUU IIOJyJaeMbIX Pe3yJIbTaToB 0y-
IeT eIWHBIM, C HEro Mbl XU HAuYHEM.

X

Puc. 4.2

PaccmoTpuM nBe BOJIHBI, MCXOAAINE U3 KOT€PEHTHBIX MCTOYHU-
KoB S; u S, (puc. 4.2). B obsmacTu, rie 5TU BOJHBI IePeKPBLIBAIOT-
Cd — ee Ha3bIBAIOT 30HOU UHMeppeperyuu — LOJKHA BOSHUKATH
crucTeMa depeAyOIIUXCA MaKCUMyMOB I MHHHMYMOB OCBeIleHHO-
CTH, KOTOPYIO MOXXKHO HaOJIOZaTh Ha dKpaHe O.

O6o3HauYMM Pa3HOCTb PACCTOAHUI I'y U I'; OT UCTOUYHUKOB IO HH-
Tepecylomieil Hac Touku P Kak A = r, — r;. 9Ty BeIMUNHY Ha3bIBa-
0T pasnocmuvio xoda. Eciayu pasHOCTh XOJa paBHA I€JIOMY YHCIY
JJINH BOJIH, T. €.

A = mh\, m=0, 1, +2,..., (4.4)

* Ee HaswIBAOT 0JUHOL KOZepeHMHOCMU, HO 00 9TOM 6oJiee IOAPOOHO B CIEAYIONIeM
naparpade.
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rae m — nopsdox uHmep@epeHuul, To Kojaebauus, Bo30OyKIaeMble
B TouKe P obeumMu BOJIHAMU, OYAYT MPOUCXOAUTEL B (pase. Takum 00-
pasom, (4.4) ecTb ycja0OBHe BO3HUKHOBEHUS HHTepP(hEepPeHIIMOHHBIX
makcumymos. B Touxkax Ke, OIS KOTOPBIX A PaBHO MOJIYIEJIOMY
YHCJY OJUH BOJIH, 00Pa3ylOTCsA MUHUMYMBI.

OnTuueckass pPa3HOCTh XoIa. PaccMOTpeHHe MHOTUX BOIIPOCOB
3HAYUTEJIbHO YIPOIIAEeTCA, €CJU BMECTO IIyTH Jyda S U IJIUHBI BOJI-
HBI A' B JaHHOU Cpele MCIIOJb30BATh IOHATUE ONMUYECKOil OJUHbL
nymu L u OJUHBI BOJHBI A 68 8akyyme. IJIA MOHOXPOMATUYECKON
BOJIHBI Ha IIyTH A’ BOBHUKAaeT OTCTaBaHue 10 (ase Ha 27, a HA IYTU
s — ua 6. Orcioma ciaenyer, 4YTO

s=2n% —onl .
Y

Tae yuTeHo, uTo sn=L u AM'm=sA, cormacuo (3.4).
ITO OTHOCUTCA U K CJIy4asdM, KOT[a Pedb UJET O CBA3U PA3HOCTU
a3 & ¢ omTHMUeCcKO# pasHOCThIO xoma A. I B 9TmUX caydasax

A
§=2n—, 4.4
Y (4.4)

rIe, TOBTOPUM, A — JAJWHA BOJHBI B BaKyyMe.

Takum 06pa3oM, ecJii BOJHBI OT MCTOUHUKOB (cM. puc. 4.2) pac-
IPOCTPAHAIOTCA He B BAaKyyMe, a B CPefie C ITOKasaTeJeM IIPeIOMJIe-
HUA 1, To B Gopmye (4.4) mox A cienyer IOHUMATh HE TeOMETPUYE-
CKYIO, a Onmuueckyr pasHocmdv Xx00@ WHTepGhEePUPYIOIINX BOJH:
A= n(ry — ry). Ilpu aTOM A — 3TO HO-IPekHeMy JJIMHA BOJIHELI B Ba-
KyyMe.

IIInpuna naTepdepeHIMOHHOI MOJIOChI. B IpaKkTUYeCKU Ba*KHBIX
cayyaax yroa 0 < 1 (cMm. puc. 4.2) u pa3HOCTh X07a A MOKHO 3aIlu-
caTb Kak A =d-0, rne d — paccTosgHHe MeXJy HCTOYHMKAMu S; U
S,. A Tak Kak 0 = x/I, rie | — paccTogHNe OT UCTOYHUKOB JIO0 3KPa-
Ha, TO JJII MaKCHMyMOB, corjiacHo (4.4), noxyuum d-x,, /I =ml, or-
Kyza

x,, =mAl/d. (4.5)
B Touke x = 0 pacmoJsiokeH MakCUMyM, COOTBETCTBYIOIIUI HY-

JeBoil pasHocTH xoxa. s Hero mopAnok mHTephepermuu m = 0.
ATO IeHTP MHTEP(PEepPeHIINOHHON! KapTUHHI.
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IIpu mepexojie K cocegHEMY MaKCUMYMy M MeHSeTCA Ha eJUHU-
Iy U X — Ha BeJIUYUHY AX, KOTOPYIO HA3BIBAIOT WUPUHOL UHMeED-
gepenyuonnoit nosocvt. Takum obpasom,

Ax =Al/d W Ax =N/, (4.6)

rJe \y — YyroJ, moJ KOTOPBIM BUJHBLI 00a UCTOUYHUKA U3 I[EHTPA K-
pana, y = d/l (cm. puc. 4.2).

W3 stux (hopMyJs BUIHO, UTO AJIS YBEJIUYEHUS INMMPUHBI IIOJIOCHI
cJIefyeT yBeJIUUMBATH [, NI YMEHbBINIATh d, WIN TO U IPYToe, T. €. B
KOHEUHOM CUeTe — YMEHBIIATh YIJIOBOE PACCTOAHUE Y MEXKIY ¥C-
TouHnKaMu. [1ojie3HO UMeTh B BUAY, UTO PasMep MHTeP(HEPEHIINOH-
HOM KapTUHBI OOBIYHO HE IPEeBHIMIAaeT 1 MM, 9TO IPU PACCTOSIHUU OT
WCTOYHUKOB [0 9KpaHa IMOPAAKA HECKOJBbKUX HECATKOB CAHTUMET-
pOB.

IIpakTuuecku AJs MOJy4YeHUs OGojiee APKON MHTEPHEpPeHIIUOoH-
HOIl KapTUHBI B KadecTBe MCTOYHMKOB S; U S, HCIOIL3YIOT [Be
mienu (Wiu n300paskeHnss UCXOMTHOTO UCTOUHUKA — Iesu S), ¥ UH-
TepdepeHITNOHHAA KaPTUHA UMeeT BU/J UePeAYIOMIUXCA CBETIBIX U
TEMHBIX N0J0C, TapPaJIeJIbHBIX NTAHHBIM IIEJIAM.

Pacmpenesenne MHTEHCUBHOCTH. PaccMOTpUM maeaIn3upOBaH-
HBIH ciayuail, Korga MCTOUHUKHU S; U S, CTPOro MOHOXPOMAaTHYe-
cKue. B mHTepecyoIy0 Hac TOUKY 9KpaHa KoJe0aHUA OT 9TUX UC-
TOYHUKOB OYyAYT NPUXOAUTH IMPAKTUUYECKU C OOUHAKOBOM aMILIN-
Tymoit, A; = A, = A,. Torgma, cornacuo (4.1),

A% =2A7 +2A7 cos5=2A] (1+ cosd) =4A] cos®(5/2),  (4.7)

rae 8 — pasHOCTh (a3, KOTopas 3aBHCUT OT PA3HOCTH XOZa Kak
0 =2nA/L B mamewm ciaydae (cMm. pucsd.2) A=d-0 =dx/l. CienoBa-
TeIBHO, O = 2ndx/I\. Mes B BuAy, 4TO MHTEHCHBHOCTb I oo A2, mo-
JYUUM

I =1, cos®nx, (4.8)

rge n = nd/lA, I, — MHTEHCUBHOCTh B MAaKCUMyMaX, B MUHUMYyMax
I = 0. ITonyueHHOEe MIAeaIN3NPOBAHHOE pACIpejejieHre NHTeHCUB-
HOCTHU I(X) HECKOJBKO OTJINYAETCA, ECTECTBEHHO, OT PeaJbHOTO, KO-
TOPOMY COOTBETCTByeT puc. 4.2.
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§ 4.2. KorepeHTHOCTH

B mpegpiayiiem maparpade Oblia oOnucaHa IPUHIIUIHAIbHAS
cxeMa I HAOIoAeHUa UHTep(depeHIny cBeTa OT OOBIYHBIX (He Jia-
3epHBIX) MCTOUHNKOB. OKasbIBaeTcA, OMHAKO, UTO HIes, JiexKalas
B OCHOBE TaKHX CX€M, BBIpAKaeT TOJbKO Heo0xodumvle yCIOBUA,
HO He gocTaTouHble. /sl mosyueHUs MHTEeP(EPEeHIIMOHHON KapTu-
HBI HEeOOXOAMMO eIle, UTOObI OBIIM YIAOBJIETBOPEHBI HEKOTOPBIE
YCJIOBUSA, CBSISAHHBIE C OCOOBIMIU CBOMCTBAMM CBETOBBLIX BOJIH. BBI-
ACHUM, B YeM OHM 3aKJIYaloTCsd.

HamomMHUM, KOT€PEHTHOCTHIO HA3BIBAIOT CO2JAACO8AHHOE TIPOTe-
KaHue KoJjebaTeJbHBIX (BOJHOBBIX) IpoileccoB. CTemeHb COTJIACO-
BAHHOCTH HAa3bIBAIOT CMENeHbl) KOZePeHMHOCMU: YeM JIydIlle CO-
IJIaCOBAHHOCTh, TEM BBIIIE CTEHEeHb KOTePEeHTHOCTH.

Paznuuaror 0uHy U WupuHny kozepenmuocmu”. B uem ux cyme-
CTBO U pas3jiiure MbI MIOKaKeM Ha IIPUMepe IIePBOI 9KCIIePUMEeHTa-
JIbHOM YCTAHOBKHM [JIsI AeMOHCTPAIMM UHTeP(PEepeHInn, IPenso-
skegHoM IOurom (onwim IOneza). B Hell ApPKUI TYUYOK COJTHEUHOTO
cBeTa OCBeIlaJ y3Kyio 1mieb S (puc. 4.3). IIporieqiiunii uepes 1menb
CBeT BCJIEACTBUE AuMpPaKIuy 00pas3yeT PaAcXOAAINIVIOCSA BOJHY, KO-
Topad TajfaeT Ha ABe y3Kue Ienan S; u S,. ITH Ieau AeiicTBYIOT
KaK BTOPUYHBIE KOTEPEHTHbIE MCTOYHUKU, W UCXONAIINE U3 HUX
nudparupoBaHHBIE BOJHBI, IEPEKPHIBAACH, AAIOT HA 9KpaHe O CHUC-
TeMy UHTePGEePeHIIMOHHBIX II0JIOC.

e
Sy
S
S,
Pue. 4.3

* JTH XapaKTepPUCTUKU CBA3AHBI C TAK Ha3bIBAEMBIMU 8PeMeHHOIL U NPOCMPAHCMEEH-
HOll KOT€PEeHTHOCTAMU.
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g monydyeHUs yCTOMYMBOM BO BpeMeHU MHTeP(MEPEHIIMOHHOM
KapTUHBI HEOOXOAMMO, UTOOBI IeOMEeTPUsl YCTAHOBKU Y/IOBJIETBO-
pdJjia ompeaeeHHBIM YCIOBUSIM, CBA3AHHBIM CO CBOMCTBAMMU HCIIO-
JIb3yeMOT0 U3JIyUYeHUsd, & UMEeHHO ¢/éTo IJIMHON W IIUPUHOI Kore-
peuTHOCTU. WMam Hao6OpOT, IJA OAHHOI TeOMETPUU YCTAHOBKU
o0ecIieunBaIOT ONIpeleJIeHHbIe 3HAUEHUA dTUX XapPaKTEePUCTUK HC-
IOJIb3yeMOII CBETOBOW BOJIHBI. TeM caMbBIM AOCTATOUYHOCTH YCJO-
BUil OymeT obeciieueHa, U YCTOMUYNUBYIO MHTEPPEPEHIITMOHHYIO Kap-
TUHY MOKHO HabJII0JaTh.

Paccmorpum mogpobHee, UTO IPEACTABIAIOT CO00H AIMHA U IITU-
prHa KOTepPeHTHOCTH.

Oauna kKorepeHTHocTn. B omnbiTe IOHra uHTepdepeHIIMOHHAA
KapTUHAa II0 Mepe yIaJIeHUs OT ee CepeqUHBbI Pa3MbIBAeTCsA: HECKO-
JIBKO II0JIOC BUIHBI, HO JaJjiee IOCTEeIIeHHO OHU ncuesaoT. [louemy?

OTBeT siCeH: IOTOMY, UTO CTeIlleHb KOTePeHTHOCTU CKJaJbIBae-
MBIX B 9THX TOYKaX dKpaHa KojebaHUI (BOJIH) IIOCTEIIEHHO YMEHb-
maeTcs, M KoJie0aHUsA CTAHOBSTCS HAKOHEI[ [I0JIHOCTHI0 HEKOIePeH-
THBIMH.

Ucxopsa us aToro pakTa, mOMbITaeMCA 00BICHUTD HAOIIOZaeMoe C
IOMOIIBIO CJEAYIOINel HarJaagHoi mojenu. IlycTh MbI BUAMM, Ha-
mpuMep, IepBhie UeThIpe MopAaKa uHTeppeperiuu (m = 4), a 3aTreM
TOJIOCHI MCUe3afoT (9TOT Imepexo HabJaI0JaeTcsa JOBOJILHO ILJIaBHBIM,
HO MBI He OyZleM OCTaHAaBJMBATHCSA Ha JAeTasidaXx). VcuesHOBEHUE TIO-
Joc ¢ m > 4 03HAYaeT, UYTo KoJaebaHus, IIPUIIIEeAIie B COOTBETCTBYIO-
e TOYKM SKpaHa OT 00erX BOJIH, OKA3LIBAIOTCS YiKe HEeKOTEepPeHT-
HBIMU Me:KIy coboii. T. e. moka MX PasHOCTL XOJa He IIPEBBIIIAET
m=4 aauH BOJH, KoJiebaHUA B KAKOW-TO CTEIeHN KOTePeHTHBI.
3HaUUT, BAOJb PACIIPOCTPAHEHUSA BOJHBI KOTEPEHTHBIMU MEKIY CO-
0011 OyAyT TOJBKO YYACTKM BOJIHBI B 9TOM MHTepBaJie (miuHb). [[aH-
HBIIl MHTepBaJl M Ha3BIBAIOT 0AuUHOll KOzepenmmuocmu Il . B pac-
CMOTpeHHOM ciayuae [ = 4\. 3amMeTuM, ¥TO B JaHHBIX YCIOBUAX BTO
mpocTeimuii crocod OIeHKM [INHBI KOTepPeHTHOCTH: [, . ~mA, The
m — MaKCHUMaJbHBIN MOPANOK MHTePGhEPEeHIINN, COOTBETCTBYIOIIMI
elrle BUAMMOII CBETJIOH IIOJIOCE.

Bcee 9T0 MOKHO cxeMaTUUYeCKU IIPEICTABUTD C IIOMOIIbIO puc. 4.4:
B Iajaiolieil Ha obe 1ienu BojHe (puc. 4.3) AIWHA KOTE€PEHTHOCTU
L, or» TIEJIN CO3JAIOT JIBe BOJIHBI C TOM JKe JAJIMHON KOTepPeHTHOCTH, HO
TIOCKOJIbKY OHU JOCTUTAIOT Pa3HBIX TOUEK SKpaHa ¢ Pa3JNYHLIMU Pas-
HOCTAMHU XOIa, TO YUYaCTKU KOTEPEeHTHOCTH 00eMX BOJIH ITOCTEIIEHHO
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l Kor

Pucs4.4

CIBUTAIOTCS OTHOCUTEJIbHO APYT Apyra W, HAUWHAA ¢ m = b, IepecTa-
IOT IIePeKpPBIBaTh APYT APyra — CKJAJbIBaeMble KOJIE0aHUS CTaHO-
BATCA HEKOTePEHTHBIMU U MHTeP(MEPEeHIINOHHBIE TT0JIOCHI MCUE3aloT.

Bce ckasanHoe, Kak Mbl YBUAUM JaJjee, CIIPABEIJINBO IPU YCJIO-
BUU, YTO «IIEPBUYHASA» IeJb S JOCTAaTOUHO y3Ka. [Ipu pacmiupe-
HUUM DTOH INeJUW BCTyHaeT B AelicTBue Apyroui sh@exT.

Haiinem BrIpaxkenue, onpejensimiee [ . VisBecTHO, 4TO CTPOTO
MOHOXPOMAaTHUUYECKUII CBET — 95TO HuAeanmsalnud. PeaJbHBLIN CBeT,
Kak Obl HU CTapaThCAd €r0 MOHOXPOMATHU3UPOBATh, OCTAeTCA B TOM
WY WHOM CTEIeHW HEeMOHOXPOMATUYECKUM, IIPEACTABJSIONINM CO-
00if HAOOpP MOHOXPOMATHYECKUX KOMIIOHEHT B HEKOTOPOM KOHEU-
HOM MHTepBaJje AJUH BOJH (A, A+ A)). IIpumeM, YTO 3T MOHOXPO-
MaTHYecKre KOMIOHEHTHI PABHOMEPHO 3aIlOJHAIOT YKA3aHHBIA MH-
TepBaJI.

Kax moxaseiBator (opmysabl (4.6), mumpuHA I10J0C AX 0O A.
W306pasum mMoI0MKeHNA MAaKCUMYMOB [IJIS JJIMH BOJH, COOTBETCTBY-
OIUX KPaHUM 3HAUYEHUAM CIIEKTpaabHOTO mHTepBasaa (A, A + AL):
CILJIOIIHBIMHU OTPE3KaMU — MIJIS A, DIYHKTUPHBIMHU — OJIA A+ AL
(puc. 4.5). MakcuMyMBI JKe OT ITPOMEKYTOUHBIX AJUH BOJH 3aII0JI-
HSAIOT MHTEPBAJ MEXAY KPAaMHUMU MaKCUMyMaMU KaKJOT0 MOPSI-
Ka uHTephepeHIuU. B pesysbTaTe MPOMEKYTOUHBIE MaKCUMYMBbI,
KaK BUIHO M3 PUCYHKAa, OYAYT MOCTEIEeHHO 3aIOJHATL WHTEepPBaJ

0 1 2 3 4 A+AL
| T 070
0o 1 2 3 4 5 A
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MeXXKAy MaKCUMyMaMU COCEJHUX HOPSAAKOB IJs A U A+ AA. A aTO
3HAUUT, UTO PE3yJbTUPYIOI[NEe MAKCUMYMBbI (HIKHAA YaCTh PUCYH-
Ka) OyAyT IIOCTEIIEHHO PasMbIBATHCS, M IIOJOCHI MHTeP(epeHInn
WICUE3HYT.

C momoinbio puc. 4.5 MOXKHO BaKJIOUNTh, YTO MOJIOCHI UCUE3HYT
Tam, rae m(A + AN) = (m + 1)\, 31ech m — TIpeAesbHBIA MOPALOK WH-
TepdepeHIny, HaunHasg ¢ KOTOPOTO IOJOChl mcuesaior. Orcioma

m M\ A . (4.9)

Benmuuna A/A) XapaKkTepusyeT cmenenv MOHOXPOMAMUYLHOCMU CBe-
Ta: 4eM OHa 6OJILIIIe, TeM 6OJILHIe 1 CTEIIEHb MOHOXPOMATUYHOCTH.

Taxum 006pasomM, MbI HAIILJIK TO 3HAUYEHUE /M, IPU KOTOPOM Kap-
THUHA WHTeP(QEPEHIINU HCcUel3aeT, T. €. CKJIAIbIBaeMble KoJeOaHUs
CTaHOBATCA YiKe HEeKOIePEeHTHBIMMN. SaMeTI/IM, 4YTO YCTAaHOBUTH TOY-
HO€ 3Ha4YeHMe 3TOIr'0 m OOBOJIBHO 3aTPYAHHUTEJBbHO M3-3a TOIr'O0, 4YTO
IIOJIOCHI Pa3MBbIBAIOTCA IIOCTEII€EHHO, BIIPOYEM 3TO M HEe TaK CYIIeCT-
BEHHO.

Haiigennoe snauenue m (4.9) cBA3aHO ¢ JIWHON KOTE€PEHTHOCTU
kak I, *ml. Orcioga ciemyer, 4TO

Leor = 12 /AL (4.10)

MsI BUAMM, UTO AJUHA KOTE€PEHTHOCTH CBETOBOM BOJIHBI HEIIO-
CPEeACTBEHHO CBfBaHA CO CTEIEHBI0 MOHOXpoMaTwdHOCTH (A/AN):
yeM 0O0JIbIIle ITOCTIeNHAA, TeM O0JbIlle U AJINHA KOrepeHTHoCTH. [l1a
COJIHEUHOIO cBeTa [, .. ~ b5\, qia jgyumux (He Ja3epHBIX) UCTOUHU-
KOB CBeTa yZaJoCh IOJIYYUTH [ . . IOPAAKA HECKOIBKUX IECATKOB
CaHTHMeTpOB. Jlasephl IO3BOJIMIIN IOJYYHUTh U3JIydeHHe ¢ [ . I0-
psgKa COTEeH MeTPOB (M Jajke HECKOJbKUX KUJIOMETDOB!).

IIpumep. Ha puc. 4.6 mokasaHa YacTh CUMMETPUYHOTO DPaCIpeAeeHUs
WHTEHCUBHOCTU B MHTEePHEPEHITMOHHON KapTWHE OT ABYX IIeJseil
(amasor ombiTa IOmra). [lauHA BOJHBI WCIOJIBL3YEMOTO CBETA
A~ 0,5 MmKM. OIleHUM YTIJIOBOE PACCTOSAHMNE MEXXKIY INeJsIMU OTHO-
CUTEJIBHO IIEHTPa SKPaHA, CTEIeHh MOHOXPOMATUYHOCTUA UCIOJIB3Y-
€MOro CBeTa U [JINHY €r0 KOT€PEHTHOCTH.

W3 nanmoro pucyHka BUIHO, UTO ITMPUHA IoJiockl Ax = 0,2 Mmm. 3Ha-
YUT, HCKOMOEe YIJIOBOE paccTosgHue, corjacHo (4.6), y =2A/Ax=
=05-107° MMm/0,2 MM = 2,5 - 10_3pa11. CrelleHb MOHOXPOMATUYHO-
cTu, corsiacHo (4.9), paBHa IpeaeIbHOMY ITOPAAKY UHTePhEPEeHITNN.
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Puc. 4.6

Hawubonpmemy maxkcumymy coorBercTByeT m = 0 (TpeTuil Maxcu-
mMyMm cjaeBa). Cienyiomux MaKCUMyMOB (IIOPAIKOB HHTepGhepeH-
uu), KaKk BUIHO M3 PUCYHKa, — 8. 3HauuT A/AA ~ m = 8. [JnunHa
KorepeHTHOCTH [, ~ mhk =8-0,56 MmkMm = 4,0 MKM.

HWrak, MBI MOXKeM YTBepPsKIaTb, UTO jJis IIOJyUYeHUS HHTep(de-
PEHIIMOHHON KapTHUHBI HEOOXOAMMO, UTOOBI ONTHUUYECKAs Pa3HOCTDH
Xola CKJIaIbIBaeMbIX KoOJe0aHUIl Oblila MEHBIe IJIWHBI KOTepeHT-
HOCTU:

A< L (4.11)

910 TpeGoBaHUME KAacaeTcsd 6CeX YCTAHOBOK, C IIOMOIIBIO KOTOPBIX
MBI XOTHUM HAOJIOJaTh KapTUHY WHTepPdepeHIIuu.

B sakjoueHue 3amMeTHM, UTO JJIMHA KOTE€PEHTHOCTU CBs3aHa C
TaK Ha3bIBAEMBIM 6DeMeHeM KO0ZEPeHMHOCMU T, . — IPOMEXKYTKOM
BPEMEHU, B TeUeHUe KOTOPOro ClydaliHble M3MeHeHUs (asbl CBETO-
BOM BOJIHBI B JaHHOII TOUKEe JOCTHUTalOT 3HAUEHUS IOPAIKA T. 3a 3TO
BpeMs BOJIHA PACIIPOCTPaHAeTCS Ha PACCTOAHUe Imopaaka l = cT, ..

IITupuna korepentTHOCcTH. [0 cux mop miens S B oubiTe IOHTA
(puc. 4.2) npexnonarangach BecbMa y3KOI (YacTO rOBOPAT — OECKO-
HEUYHO y3Koif). Pacimupenune ke 1meau, Kak U YMeHbIIIEHNE CTEIIeHN
MOHOXPOMATHUUYHOCTH CBETA NPUBOJUT K YXYIAUIEHUIO (Pa3MBITUIO)
UHTePGEPEHIINOHHBIX II0JIOC U JaKe K IIOJHOMY X MCUE3HOBEHUIO.
YT006BI BHISCHUTH POJIb IMUPUHBI IIeJu S, PACCMOTPUM Teleph Ha
npuMepe omnbiTa FOHra Apyroi KpaHWU caydai: M3JydyeHUre MOHO-
XpoMaTHUecKoe, Iejib He y3Kasd.

HNuTepdepeHIINOHHYI0 KapTUHY Ha 9KpaHe O (puc. 4.7) MOXKHO
MIPEICTABUTDL KaK HAJIOMKEHNEe NHTeP(EPEeHIINOHHBIX KapTUH OT Oec-
KOHEUHO Y3KHuX IleJjeli, Ha KOTOpPbIe MBLICJIEHHO pPas3odbeM IIeb S.
IIycTp monosxeHMe MakCUMYMOB Ha dKpaHe J OT Y3KOI IIeJsn, B3d-
TO¥M OKOJIO BePXHETro Kpasd mmeau S — TOYKU I — TaKOBO, KAK OTMe-
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Puc. 4.7 Puc. 4.8

YEeHO CILIOIIHBIMY OTPe3KaMu Ha puc. 4.8. A MaKCUMyMBbI OT Y3KOH
e, B3ATON OKOJIO HUKHErO Kpasd Ieau S — TouKu 2 — OyayT
CMeIlleHbl BBEPX, OHU OTMEUEHBLIIYHKTUPHBIMU OTPE3KaMU HA 3TOM
JKe pucyHKe. HTepBaabl MEXKIY STUMU MaKCUMyMaMU 3aIll0JIHEHBI
MakKCUMyMaMHU OT IIPOMEKYTOUHBIX Y3KUX IIeJieil, PacIioJiosKeH-
HBIX MeXXAy Kpaamu I m 2.

IIpu pacmiupennu iean S pacCTOAHUS MEXKAY MaKCUMyMaMHR OT
ee KpalHUX 9JIEMEHTOB OyAyT YBEJIUUYUBATHCS, T. €. MHTEPBAILI MEMK-
Iy COCETHUMU MaKCUMyMaMU OT OJHOTO Kpasd ITeJu OyAyT ITOCTeIeH-
HO BamOJHATHCS MAKCUMYyMaMH OT OCTAJbHBIX 9JE€MEHTOB ITIEJIU.

Il mpocTOThI OyZeM cUuMTaTh, UTO B cxeme (puc. 4.7) paccTos-
HuA a = b. Torga npu mwupuHe I1egU S, paBHOU ITUPUHE WHTEP(he-
PEHIIMOHHOM MOJ0ChI AX, MHTEPBAJ MEKAY COCEIHUMU MaKCUMyMa-
MU OT Kpas I OyJeT IeJINKOM 3allOoJHEeH MaKCUMyMaMU OT OCTaJIb-
HBIX 9JIEMEHTOB IIeJI, U UHTeP(hepPeHI[MOHHbIE IT0JIOCHI NCUEe3HYT.

Wrak, npu pacmiupeHun imieau S mHTephepeHIINoOHHAA KapTuHa
MIOCTEeIeHHO Pa3MbIBAETCA U IPU HEKOTOPOU INMUPUHE IIeJu MIpaK-
TUYECKU HCUe3aerT.

Ato HabOJOZaeMoe SBJIeHNE MOMKHO OOBSACHUTL M MHAUEe, a NUMEH-
HO: MHTep(EepPeHIINOHHAA KapTHHA HCUe3aeT BCJEACTBUE TOr'0, UTO
BTOPMYHBIe UCTOUHMKU — Ienn S; u S, (puc. 4.7) craHoBATCA He-
KorepeHTHBIMU. CKasaHHOE MO3BOJIAET TOBOPUTH O WUPUHE KOZePeH-
mrocmu nagaroleil Ha menu S; U S, CBeTOBOIl BOJTHBI — IIIUPUHE
h.r» Ha KOTOPOIl OT/leIbHEIe YUaCTKY BOJIHBI B JOCTATOUHOI CTeleHn
KOTepeHTHBLI Mexxay coboii. Bo msberxaHue HeIOpasyMeHUII yTOU-
HUM: [IOJ, IUMPUHO’ A, . MMeeTCA B BUAY XapaKTepHOe IJd JaHHOK
YCTAHOBKHU PACCTOSHIE MEKIy TOUKAMU IIOBEPXHOCTH, IEePIEHIAUKY-
JIIPHOUM HAIPABJIEHUI0 PACIPOCTPAHEHUS BOJIHBIL.
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Haiigem Qopmyny pna Beruuciaenusa h, . B paccmarpubaemoil
cxeme onblTa IOHTa 3anumem ycjioBue, IPU KOTOPOM Ifean S; 1 S,
CTaHOBATCA HeKOIePeHTHBIMU UCTOUYHUKaMu: h,,. ~d, rae d — pac-
cTOsTHUE MeXAy mieaamu. Kpome Toro, Mbl BBISCHUJIN, YTO MHTEP-
QepeHIIUOHHAA KapTHHA HCUel3aeT, Korja INWPUHA mieaud S = Ax.
IITupwuna ke mosocwl Ax, corsaacuo (4.6), paBua Ax = Al/d. I3 aTux
TpeX PABEHCTB IOJYUUM:

oo =d = M/Ax = M/5 = 4/(5/1) = M/ 0,

rae ¢ — yrJoBas NIMPHWHA IeJu S OTHOCUTEJIbHO Auadparmbl C
aIByMsA measamu. VTak, UIMpUHA KOTEPEHTHOCTH

(1.12)
|
aro 3HAYUT, YTO IIIHMPHWHaA KOI'€PEHTHOCTU
IIPpOIIOPpIMOHAJIBHA [OJIMHE BOJIHBI CBe€Ta U |

pUHE HCTOUYHWKA OTHOCHUTEJIbHO WHTEpecy- - 1
forrero Hac Mecrta (B onbiTe FOHra — OTHO-
CUTEJIbHO MEeCTa PACIOJIOKEHHUS ABYX IIle- I
aeit). CrkazamHoe moscHser puc. 4.9. Puc. 4.9

Eciu B KauecTBe HMCTOYHHKA MCIOJIB30BATHL HEIIOCPEINCTBEHHO
Counne (ero yriooit pasmep ¢ =~ 0,01 pag u A = 0,5 MKM), TO IIIH-
pUHA KOTepeHTHOCTH, cornacHo (4.12), A, ~ 0,05 mm. [us momy-
YyeHUA UHTEePGHEPEHIIMOHHON KapTUHBI OT JBYX IleJiell ¢ IMOMOIIbIO
TAKOTO0 W3JIyYeHUs PaCCTOAHUE MeKIY IOBYMSA INEJAMU TOJIMKHO
O0bITh MeHbIe 0,05 MM; UTO cHesaTh IPAKTUUYECKU HEBO3MOIYKHO.

®opmysa (4.12) 1o cyIlecTBy JIEKUT B OCHOBE METOMa, IIPEIJIo-
skeHHOro Pus0 1 ocyiecTBIeHHOro MaliKeIbCOHOM — IIO OIIpefesie-
HUIO YIJIOBBIX PA3MePOB 3Be3[ IIyTEeM HN3MEPeHUs IIUPUHBI KOTePeH-
THOCTH . IIODBITKY IIpOBeCcTH BTU U3MEPeHUsA, IoMellas dKPaH C
IBYyMSA MIEJAMU Tepeli O00bEeKTUBOM TeJIeCcKOoIla, OKasaiuch 0esy-
CHENIHBIMU: IOJIOCHI WHTEeP(MEPEHIINN OCTABAJINCH YETKUMU Ja'Ke
Ipy HanOOJIBIIIEM PACCTOAHUM MEKIY ITUMU Ienamu. MaiiKkeabcoH
IPEOZIOJIeNI 3TY TPYAHOCTH C IIOMOIIBIO 368301020 uRmepgepomempa
(puc. 4.10). PacnoyiosxeHHBIe IPOTUB IIlesieil sepKana 3, — 3, HeIo-
IBUJKHBI, a 3epKajia 3 — 3 MOYKHO OJHOBPEMEHHO pa3JBUTaTh, Me-
HAS paccToAgHMe I MeXKAy HUMU. BUIHOCTH IIOJIOC 3aBUCUT OT CTeIle-
HU KOTePEeHTHOCTU CBETOBBIX KOJieOaHWil Ha 3epKajiax 3 — 3, B TO

06paTHO NIPONIOPIMOHANbHA YIJIOBOM INH- g IPJ . ,_} B
I
|



Puc. 4.10

BpeMA KaK IIHPUHA IO0JOC AX OIPEeAesaeTcsa PACCTOTHUEM MEXIY
mienamMu. IlocTemeHHO pasaBurad 3epkaia 3 — 3, 00HAPYKUBAIOT,
YTO MPU ONPELEeJIeHHOM PACCTOAHUM A MEKIy HUMU WHTepP(hepPeHIH-
OHHAdA KapTWHAa HCUe3aeT. JTO 3HAUUT, YTO PACCTOAHUE A MEXKIY
STUMU 3epKajiaMu oKaszajock ~h . Ocraerca mo gopmye (4.12) BbI-
uyncauTb ¢. IIpy MakcuManabHOM paccToAHUM A~ 6 M MOMKHO OBLIO
U3MEPUTH YTIJIOBOH amamerp obobekTa ¢ ~ 0,02 yri. cek.

IlepBoii 3Be3moii, yrjioBOiI AMaMeTpP KOTOPOH YAAJIOCh OIIpee-
auTh, Oblaa Berenbreiize (0,047 yria. cex). MlamepuB KpoMe TOTO
paccrosgHue A0 Hee (II0 Mapajjiakcy), OUPeNeJUJIu JUaMeTp dTOM
3Be3IbI-rUranTa (OH OKasaJics 00JIbIlle JruaMeTpa 3eMHO opOouThl!).

O6mrue BBIBOABI. [[Jis TOJyUYeHUsS YCTOMUYMBOII WHTEephepeHIu-
OHHOU KapTHUHBI C KCIIOJb30BAHMEM OOBIUHBIX (He JIa3ePHBIX) WC-
TOUHUKOB CBeTa HEOOXOAMMO HCXOIHYIO CBETOBYIO BOJIHY pacIIe-
IUTh TOAXOAAIINM CIIOCOO0OM Ha JBE UacTU, KOTOPHIE 3aTeM B 0bJia-
CTHU TEePEKPHITUA U JayT CUCTEMY IOJIOC, HO... JUIIL B TOM CJyYae,
ecJau y UCXOMHOM CBETOBOM BOJIHBI:

1) nnuHa KorepeHTHOCTH L. IpeBHINIaeT ONTUUYECKYIO PA3HOCTh

XoJa A CKJIaAbIBaEMbIX KOJe0aHuil u
2) mupuHA KOTePeHTHOCTHU /. . IIPeBBIIIAeT PACCTOSHMEe d MeX-
Iy IeJIaMu .

% Jlajiee MbI YBUIUM, YTO B Pa3HBIX MHTEP(HEPEHIMOHHBIX cXeMaxX 1o d Halo MOHU-
MaTh PACCTOSHNE MEK/IY HEKOTOPHIMU XapPaKTEePHBIMU JIyYaMU B MeCTe pacIrerlie-
HUA UCXOJHOUM cBeTOoBO# BosHBI. CM., Hampumep, 3agauy 4.6.
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Hackoabko 60JbIlle JOJMKHBI ObITh 9T BEJIUUNHBI, OOIIEITPUHATOTO
coryaileHusi Het. Bygem cunrarh, HanpuMmep, 808oe. Torma MoXKHO
3aIncaTh:

Leor > 2A, (4.13)
Byor > 2d. (4.14)

BoimosHeHUe 9THX YCJIOBUII rapaHTUpyeT IIoJyueHue uHTepde-
PEHIIMOHHON KapTHUHEI C JOCTATOUYHO XOPOIIe BUAHOCTHIO II0JIOC.

§ 4.3. HUaTephepeHINOHHBIE CXeMBbI

PaccMoTpuM HECKOJIBKO MHTEPMEPEHIIMOHHBIX CXeM, OTJIMYaio-
muxcsa oT cxeMbl FOHTra 607bIIeii CBETOCHILHOCTBIO.

Bunpuzma ®Ppenensa. B aToii cxeme AJjid pasgeneHUsA MCXOTHON
CBETOBOI BOJIHBI UCHOJIL3YIOT NBOMHYIO npusmy b (0unpusmy) ¢ mMa-
JBIM IIpesoMiAoIuM yraom 0 (puc. 4.11). McTouHuKoM cBeTa CJIy-
JKUT SIPKO OCBeIlleHHadA y3Kasd IMesb S, mapajjejbHasd ITPeJOMJIITI0-
mieMy peopy OMIPU3MBI.

]

200

Puc. 4.11

ITocKOJBbKY IPEIOMISAIONINI YTOJ OUIPU3MbI OUeHb MaJ (TIopA-
Ka JecsaTKa YIJIOBbIX MHUHYT), TO, KAK MOJKHO IIOKas3aThb (CcM. 3aja-
vy 3.6), Bce JIyUYu OTKJOHAIOTCA OMOIPU3MOUN Ha MPAKTUYECKH OIU-
HaKOBBIA yroa o =(n — 1) 0. B pesyabpTaTe 06pasyrorcs gBe KOTepeH-
THBIE BOJIHBI, KaK Obl NCXOJAINe U3 MHUMBIX UCTOUHUKOB S; 1 S,
JeKAIUX B OJHOM TJIOCKOCTH CO IeJbio S.

IITupuny Ax UHTePEPEHIIMOHHBIX II0JOC HAXOOUM II0 IIEePBOM
u3 opmya (4.6), yuuTsiBasi, UTO B JaHHOM cjayuae [ = a + b u pac-
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CTOSHNe MeKAy usobpaskeHuamu S; unS, meau S paBHO d =a-2a.
Takum oGpasom,

szk[1+b]. (4.15)
20 a

Buamo, uTo mImpurHA IOJIOC TEeM 00JbIlle, YeM 0OJIbIlle PacCTOsHIE b
OoT OUIIPM3MBI 0 SKpaHAa.
Ecau ke Ha OUnpusMy magaeT IJIOCKAs BOJIHA, T. €. d — %, TO

Ax = )/2a. (4.16)

OTKya ciemyer, 4TO IIMPUHA II0JIOCHI B 3TOM CJIy4ae He 3aBUCUT
OT TIOJIOXKEHUs dKpaHa (paccToAHuA b).

IIpu mabuaromenuu B 6eJIOM CBeTe IEHTPAJLHBIN MaKCUMyM (HY-
JeBoro mopsaaka, m = 0) momyuaercs 6eJabIM, OCTAJIbHBIE OKPAIIIEH-
HBIMHU, TTOCKOJBKY AX oo A.

MakcumanbpHOoe umcao N BO3MOMKHBIX IIOJIOC MHTEP(EPEHITUN Ha
SKpaHe, I[e MIUPUHA 30HbI nHTEpdepeHnuu x =b * 2a (cM. puc. 4.11),
ompejessieTca ycaosuem N =x/Ax. Otrcioma ciexyer ¢ yueTom
(4.15), uto

MakKc

40” ab
N yaxe = " a+b (4.17)

IIpumep. Y6enumcsa, 4To O HONYyHeHUs WHTePGHEPEHIIMOHHON KapPTUHBI
C MIMPUHOI ToJioc, Hampumep, Ax = 0,5 MM npu pasmepax ycra-
HOBKU a = 50 cm, b = 100 cM mIpeIoMIAIOIINN Yol OUIIPU3MbI 0
[OJKeH OBITH BecbMa MaJsIbIM. ByjgeM cuumraTh, UTO IIOKa3aTesb
mpesioMJieHus cTeksa n = 1,5 u qiuuHa BoaHBI cBeta A = 0,5 MKM.

W3 (4.15) crenyer, ecau ydecThb, 4TO yroa o = (n —1)6:

1 _

0= rd+b/a) =3-10 3pa,t[ ~ 10 yru. MuH.

2(n-1)Ax

Haiigem, keratu, u MUpUHY X 30HBI MHTePGEPEHIINY Ha dKPaHe:
x=b-20=2(n-1)6b =3 mm.

Bugno, uto x < b. 970 XapaKTepPHO A/ MHOTUX WHTEpPhEpeHI-
OHHBIX CXEM, UTO MBI paHee M YUNTHIBAJIN, YIPOIas HeKOTOPLIe
pacueTsl.
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B mpeapiayiiem maparpadge ObLIO IIOKasaHO, YTO YCJIOBUSA, IIO-
IoOHBIE PACCMOTPEHHBIM HAMH ceiuac IJid ciaydass ounpusmbl Ppe-
HeJid, SABJSIOTCA HEOOXONUMBLIMU, HO ellle He JOCTATOUYHBIMU [IJIs
noayueHus mHTephepeHIIMOHHON KapruHbl. CiaenyeT 00s3aTesIbHO
Y4YeCcThb POJIb IITHUPUHEL § Iiein (OHA CBA3aHA C IIMPUHON KOTepPEeHT-
HOCTHU) U CTEeIleHb MOHOXPOMATUUYHOCTH A/AL UCIIOJIB3YEeMOTO CBETa
(koTopas cBA3aHA ¢ AJUHOMN KorepeHTHOocTH). OKasbpIBaeTcsa (pacuer
MOXKHO IIOCMOTPETH B 3aaaue 4.4), Iid MOJTydYeHUsS UHTePHEePEHII-
OHHOI KapTUHBI C JOCTATOYHO XOPOIIEH BUAHOCTHIO HYIKHO, UYTOOBI
IIUpUHA § IeJU YIOBJETBOPAJA YCJIOBUIO

s<x(1+“], (4.18)
40 b
a CTelleHb MOHOXPOMATHUYHOCTH — YCJIOBHUIO
2
A, 4o7ab (4.19)
A Ma +b)

rae o =(n —1)0.

Ciemyer o0paTUTh BHUMAHNUE HA TO, UTO IJIS YBEJIUUEHUS IIUPU-
HBbI Ax mHTep(hEPEHIIMOHHBIX IOJIOC HYKHO, coryiacHo (4.15), yBesu-
YuBaTh OTHOIEeHue b/a. A UTOOBI MCIIOJIB30BATH 0o0Jee IMTHUPOKYIO
meab S, T. e. 106UThCA OOJIbIIEH CBETOCUIBHOCTH YCTAHOBKH, HAO,
Kak BumHO u3 (4.18), Ha0b60poT — yBeIMUMBATHL OOpaTHOE OTHOIIIE-
HUe a/b. KoMmpomuce MeXKIy STUMHU IBYMS ITPOTHBOIIOJIOMKHBIMU
TPeOOBAaHUAMM PeIaeTcad OOBIYHO SKCIIEPUMEHTATIBHO.

Buszeprana ®penena. 31ech IBe KOTePEHTHBLIE CBETOBBIE BOJIHBI
TIOJTyYalOT IIPYU OTPaKEHUU OT JBYX 3ePKaJl, IJIOCKOCTU KOTOPHIX 00-
pasyiorT Mexxay coboii HeboJbIoHi yroa o (puc. 4.12). McTouHuK —
y3Kad APKO OCBeIlleHHas Iejib S, MapajejlbHasd JUHUU Iepeceue-
HusA 3epkaji. OTpakeHHbIe OT 3epPKaji, IyUYKU MMaJailoT Ha 9KpaH O U
TaM, TJe OHM MepPeKphIBaloTcs (30Ha HMHTep(epeHInNr), BO3HUKAET
uHTep(DepeHInoOHHAsA KapTUHA B BUE I0JI0C, IMapasleJbHBIX IIen
S. OTpakeHHbIe OT 3€PKaJ BOJIHBI PACIIPOCTPAHAIOTCS TaK, KaK €CJIn
ObI OHM MCXOJUJIN M3 MHMMBIX MCTOYHHKOB S| U Sy, ABIAIOIIUXCA
n300paKEeHUAMU IIean S.

Hatinem mmpuny Ax nHTepGhEPEHIIMOHHBIX II0JIOC HA dKpaHe J.
Bocmoab3yemces mepBoit us popmyr (4.6). B maiem cayuae [=a + b
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Puc. 4.12

u d=2a-a, mMosTOMYy

Ax:k£1+bj. (4.20)
20 a

BuaHo, 4TO IMIMpHHA IIOJOC PACTET C yBeJUUYEHHEM PACCTOAHUS b.
Ecau :xe ma OmsepkaJja mamaeT IIJIOCKas BOJIHA, T. €. 4 —> 00, TO

Ax = \/2a, (4.21)

BHAUUT IIIMPUHA [I0JIOC B 9TOM CJIy4ae He 3aBUCUT OT PACCTOSAHUA b —
MIOJIOMKEHUST 9KpaHa.

Yucsio BOBMOMKHBIX MOJIOC HA 9Kpame N = x/Ax, Tae X — IITUPHU-
Ha 30HBI mHTepdepeHIINU Ha dKpaHe, x = b 20. CiregoBaTeabHO,

_40® ab

N=—"o .
A a+b

(4.22)

Ho uT006BI BCe 3TU IOJIOCHI OBLIN AeHCTBUTEIBHO BUAHBI (1 AOCTATOU-
HO XOPOIII0), HY*KHO YJIOBJETBOPUTH TpeboBaHuaM (4.13) u (4.14).
He BpaBasice B meTayiu BeIBOJA (OH aHAJIOTMUEH pellleHuio 3agaun 4.4
nnst ounpusmbl PpeHesid), MOJYYUM, YTO HIMPUHA § IITeau S JoIKHA
OBITH

ssx(1+“j, (4.23)
40 b
a CTelleHb MOHOXPOMATHUYHOCTH HCIIOJIB3YyEeMOI'0 CBeTa
2
Ay da” ab (4.24)

AL N a+b
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Obparraer Ha cebd BHUMAaHHE TO, UTO IIOJyUYeHHBIE (HOPMYJIbI
IMOJIHOCTBIO HUAEHTHUYHBLI ¢ (POopMyJaMu Ajs OunpuaMbl PpenHess.

bununsa Buite. O0ObIUHYI0 cOOMpPATENBLHYIO JUH3Y pPas3pe3aroT IIo-
moJiaM II0 [UaMeTpy, VAaJsasd CJI0M HeOOJBIION TOJINHBI, 1 00e II0-
JIOBUHKHU €€ CABUTAIOT (UM HEMHOTO PasABUTaoT). TaKyio cucTeMy
¥ Ha3BbIBAIOT OUUH30il. PaccMOoTpuM OMINH3Y, Y KOTOPOI TOJIIIMHA
yIaJIeHHOTO CJIOSI paBHA O, a MCTOUHUK — APKO OCBEIeHHAdA IIesb
S — pacmoJioiKeH B IJIOCKOCTH, COEIMHSIONIe 00e ITOJIOBUHKU Ou-
JIMH3BI, U HaXOAUTCS B ee (JOKAJIBHOM IJIOCKOCTU HA PACCTOAHUU f OT
6ununse! (puc. 4.13). B aTom cirydae ontuueckuit meHTp O, BepxHeit
TIOJIOBUHKY 1 GMIMHSEI U onTHYecKuii 1eHTp O, HIKHEH I0JTOBUHKIU
2 pacmoJiosKeHbl KaK IIOKa3aHO Ha PUCYHKE, U PACCTOSHUE MEXXKIY
STUMHU ONTUYECKUMU I[eHTPaMU PAaBHO TOJIIVHE YIAJEHHOTO CJIOS,
T. e. 0. I300pasuB IyHKTUPOM II000UHBIE OIITUUECKNE OCH, IIPOXO/ -
e yepes Iejb S 1 ONTUYEeCKUe IEeHTPhI 00e1X IMOJOBUHOK OMJIMH-
3bI, MOKHO IIOCTPOMUTH M XOJ JIy4el uepes 3T IIOJIOBUHKH.

Puc. 4.13

Takum o6pasoM, MBI BUIUM, YTO OMJIMH3A PacIelideT Iagaio-
IIyI0 Ha Hee CBeTOBYIO BOJIHY Ha JBe UaCTH, KOTOPHIE 3aTeM UaCThU-
HO TIepeKpbIBaioTcsa (30Ha muTepdepenium). Ha sxpame I B obJac-
T IePeKpPhIBAHUA BOJIH JOJIKHA BO3HUKHYTH IIPU OMPeeIeHHBIX
IOMOJHUTENbHBIX YCIOBUAX HHTepdepeHIIMoOHHAsA KapTHHA.

IITupuny Ax mHTEepHEPEHIITNOHHON MOJIOCHI MOYKHO HAWTH C IIO-
MOIIbI0 BTOpo# u3 opmya (4.6), nasa aToii e oHa 6ojee yroOHA.
Wmest B BUAy, UTO YyroJ MeKIy HAIPABIEHUSMHU PACIPOCTPAHEHUS
IBYX ILIOCKMX BOJIH, KaK BUIHO u3 puc. 4.13, paBen o =9d/f, moiuy-
UM

Ax = \f/6. (4.25)
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Orcioza ciefyeT, YTO MIMPUHA IIOJIOCHI B TaHHOM cjIydyae He 3a-
BHCUT OT PACCTOSAHUS MEXKAY 9KPAaHOM U OUINH3OI.

I momcyera YMciaa IOJOC HA 9KPaHe HAZNO yUECTh, UTO 30HA
uHTephEePeHIUN 3/]eCh UMeeT BUJ BBITAHYTOTO PoM0Oa, MaKCHUMAaJIb-
Had IIUPHWHA X, . KOTOPOrO PaBHA IOJOBHHe AuameTrpa D OuInH-
BB X,,.. — D/2. IlosToMy BasKHO 3HATh, B KaKOM MeCTe B3TOrO
«pomba» HaxomuTcA KpaH.) Ecau oH pacmososkeH OJIMiKe MecTa,
rie X = X,.,,. (00BIYHO TaK #1°0bIBaEeT), TO IIMPUHA 30HBI UHTep(hepeH-
U Ha 9Kpaue Oyzxet x =bo =bd/f. Y1 uucao N BO3MOIKHBIX ITOJIOC MH-

TepdepeHnu oxkaxkerca N = x/Ax, T. e.
N =b3%/f*). (4.26)

IIpoBenemM HEKOTOpPHIE OIIEHKM, YTOOBI MMETH IPEACTABJIEHUE O
MOPAIKe BeJIUYUH, C KOTOPBIMU HNPUXOAUTCA MMETh HEeJI0 B II0J00-
HBIX MHTEP(EPEeHIINOHHbIX cXeMax. [[Jid 9TOro pacCMOTPUM CJeLY-
IO YKUCJIOBOM IIPHMeED.

IIpumep. IlycTs GuanH3a, 0 KOTOPOI ILJIa pedyb, uMeeT (hOKYCHOe PacCTOSHIe
f = 400 mm u gumamerp D = 50 mm. TosrmuHa yoaJeHHOTO CJIOS
6 = 1,0 mm, giuHa BoHBI cBeta A = 0,50 mxm. IIlenb HaxoguTCcsA B
(OKATBHON IIJIOCKOCTH OMJIMHBBLI. BBIUMCIUM IIMPUHY II0JOCHI AX,
paccrosaHue b, Ha KOTOPOM UMCJIO MOJIOC MOKET OBbITh MAKCHUMAJIb-

HBIM, N.c» X 3HaueHHe N .. ..

Corutacuo (4.25), Ax = Af/6 =0,2 mMm. B Hamem cayyae Ax He 3aBU-
CHUT OT PACCTOAHUSA b, IIO3TOMY MaKCUMAJIBHOE YUCJIO II0JIOC OyIeT B
TOM MecCTe, I'[e IITUPUHA 30HbI NHTEeP(HEPEHIIUN TOKe MaKCUMaJIbHA
U paBHA, Kak BUAHO u3 puc. 4.13, D/2. VI3 aTOro pucyHKa TaKiKe
BUIHO, uT0 D/2 ~b -0, toe a = §/f. Orcioga

b =D/2a = Df/28 =10 m.

Ha sTom pacCToOAHUM MOMHO OBLTIO OBI HaGJIIO,IIaTL MaKCHUMaJIbHOe
YHCJIO II0JIOC

N,... = (D/2)/Ax = D5/2\f ~125.

Makc
O6b1uHO 6epyT paccToAaHue b ~ 1 M, Ha KOTOPOM MOKHO HaOJIIOfaTh
12 mousoc.

OcTaercss BBLIACHUTH AOIMOJHUTEJbHBIE YCJIOBUA, KOTOPLIM IO0JI-
SKHBI VIOBJIETBOPATH IIIMPUHA S IIeJU S U CTeeHb MOHOXPOMATUY-
HOCTU A/AL HCHOJIL3YEMOT'O CBeTa, YTOObl MHTEP(hEPEeHIIMOHHYIO
KapTUHY MOYKHO OBLJIO MOJYYUTH, IIPUUYEM C JOCTATOYHO XOPOIIei
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BUAHOCTBIO. JTU YCJOBUS MBI HaZeM C IOMOIIBI0 COOTHOIIEHUH
(4.14) u (4.9). IIpegocTaBuB KeJalOIUIM B 9TOM yOeIMTBCS caMo-
CTOSATEJbHO, BBIMUIIIEM UX AJIS HAIero ciaydas, KOorja Iejab HaXo-
ouTcA B (DOKAJIBHOUM IIJIOCKOCTU OMJIMH3BI:

5. AFY/bS, (4.27)
AJAL > Myaxe ~ bO2/20f2, (4.28)

rge my,.. — MaKCUMAaJIbHBIH IIOPANOK MHTep(hepeHI NN Ha 9KpaHe,
OTCTOSAINEM Ha paccTosdHme b oT OmIMH3BI (OH paBeH OTHOIIEHUIO
MOJIYIIUPUHBI 30HBI MHTEP(EPEeHIINY K IIUPUHEe MHTeP(hEePEeHIINOH-
HOM TIOJIOCHI).

B zakaroueHue cienyer 3aMeTUTh, UTO 0030p MHTeP(HEPEHIINOH-
HBIX CX€M Ha 9TOM, pa3dyMeeTcs, He orpaHuuyuBaeTcsa. Ha Tpex pac-
CMOTPEHHBIX CXeMaX MbI IIPOJEeMOHCTPUPOBAIN OOITHOCTDH IOAXO0MA
K pacueTy MHTeP(EepeHIIMOHHBIX KapTUH, MOyUYaeMbIX ITOJAOOHBIMU
cxemamMu. V3 CyIIeCTBYIOIUX B HACTOSAIee BPeMs MHTeP(hEePEHIH-
OHHBIX CX€M MOJKHO Has3BaTh ellle U Takue: 3epkaJyo Jlioima (cm.
sagauy 4.1), uarepdepomerp Poses (cm. s3amauy 4.2), 3Be3qHBIH
untepdepomerp MaiikenbcoHa (CM. B KOHIlE IIPeAbIAYIIETO IIapar-
pada), uarepdepomerp Maxa—Ilennepa m np. Hexkoroprsie us HuX
HAIIIX IIAPOKOEe MPUMEHeHWe IPU MPOBEeJIeHUU OUYEeHb TOHKUX U
BBICOKOUYBCTBUTEIbHBIX M3MEDPEeHUI.

ITapannensHo ObLIa paspaboTaHa Apyras Uaes HOJYUYeHUS U HUH-
TephepeHIIuN KOTePEeHTHBIX BOJH — MYTEM PAacCIIelJeHusa IepBuY-
HOM BOJIHBI IIPU OTPAKEHUU OT ABYX TPAHUI pasjiesia IPo3PauHbIX
IM3JIEKTPUKOB. K M3yUeHMIO 5TOTO METOJAa MBI M IIEPEXOJUM.

§ 4.4. UnTrepdepeHna mpu OTpaKeHUHU
OT TOHKHUX ILJIACTMHOK

IIpu oTpaskeHUM OT IJIOCKOMAPAJIeIbHON IIacTUHKU. [IycTh Ha
MIPO3PavYHYIO ILJIOCKOIIapaJIeIbHYIO IJIACTUHKY HafaeT ILJIOCKas MO-
HOXpOMAaTUYECKas CBeTOBas BOJIHA, HAIIPABJIEHUE PACIPOCTPAHEHUS
KOTOPOI IOKasaHo majallnuM JydoMm Ha puc. 4.14. B pesyiabrare
OTpaKeHU OT 00erX MOBEPXHOCTEH ILJIAaCTUHKM HCXOAHAS BOJHA
pacimenuTcs Ha ABe, UTO W IIOKasaHo Jgydamu I um 2. AMILIATYAbI
STUX BOJIH MaJIO OTJINYAIOTCA APYT OT APYTa — BTO BAYKHO IJIA IIOJIY-
YeHUA MOCTATOUYHO KOHTPACTHON KapTUHBLI MHTEP(hEpPeHIInH.
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Puc. 4.14

3amMeTuM, UTO, KpOMe 3TUX IBYX OTPasKeHHBIX BOJH (I u 2), BO3-
HUKaeT ellle MHOTOKpaTHoe oTpaskeHune. OqHAKO WX BKJIAJ IIPAKTHU-
yecKu IpeHeOpekmmo mMaj (cM. 3ajgauy 3.3), U MBI OTPAHUYUMCSHA
TOJIbKO BOJHAMM, BOSHUKIIUMU IPU OJHOKPATHOM OTPAYKEHUMH.

OnTuuecKyo pasHOCTb XOo4a BOJH I u 2 ompeneanM, COTJIACHO
puc. 4.14, Kakr

A = n(AB + BC) — AD, (4.29)

re n — I0Kas3aTejb IPEJOMJICHHA BeIecTBA ILIACTUHKN. Kpome
TOro, BUAHO, uT0 AB = BC =2b/cosd’ u AD =2btg8’'-sin%, b —
TOJIAHA ILJIACTHHKMU. B pesyJbTaTe IOJCTAHOBKM JTHUX BEIpae-
Huit B (4.29) momyuum

A =2nbcos9’. (4.30)

Cienyer TakiKe y4ecTbh, UYTO IPU OTPAKEHUM OT BEPXHEI ITOBEPXHO-
CTU IJIACTUHKU (OT CPEIbl, OMTUUYECKU 0OJiee IIJIOTHOM) B COOTBETCT-
Buu ¢ (3.11) npoucxoguT cKauok (asbl HA T Yy OTPAKEHHOU BOJIHHI,
T. €., KaK TOBOPAT, «IIOTEPA» MOJYBOJHBI (+A/2). YuuTrhsiBasa elre,
uTo sind =nsin9’, nmoayuum

A =2b\n®—sin® 9 — /2 (4.31)

(3mech MOKHO OBLIO HAIKCATh U +A/2, HO 5TO He CYII[eCTBEHHO).
Ecau orpaxenHble BOJHBI I m 2 KOTepeHTHBI MeXKIy co0o0i (a
MBI 00 3TOM II03a00THMMCS), TO MAaKCHUMYMbI OTpPaKeHus OyaAyT Ha-
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2byn® —sin® 9 —A/2 2 mh, (4.32)

rme m — 1eaoe uucao (MOpAAOoK MHTephepeHIun).

Menssa yroa mageHus 3, Mbl OyaeM HaOJIOAATh IIOCJIEI0BATE b-
HYI0 CMeHY MaKCUMYMOB U MUHUMYMOB OTpaskeHusA. (3aMeTuM, 4To
IpY MUHUMYME OTPaKeHUsA HAOIIOIaeTCss MAaKCUMYM IIPOXOAAIIET0
yepes3 IJIACTUHKY cBeTa, u Haobopor.) Ecau 61 06e oTpasKkeHHBIE
BOJIHBI OBLIM HEKOTE€PEHTHBIMU, TO TAKOTO ABJIEHUA MBI He HAOJIIO-
IaJyiy ObI: IIO Mepe YBeJIWYeHUdA yIJja MaJeHnsa UHTeHCUBHOCTD OTpPa-
JKEHHOTO CBeTa MOHOTOHHO yYMeEHBIIaJlach OHI.

Temepds BBIICHUM YCJOBUS, IPU KOTOPBIX OTPaKE€HHBIE BOJIHBI
OyAyT KOTePEHTHLIMU U CMOTYT MHTEP(hEPUPOBATH, T. €. BBHIIOJIHSI-
oTca cooTHortenus (4.13) u (4.14).

Puc. 4.15

IIpounmtocTpupyeM CUTyaIMio C TOMOIIbI0 puc. 4.15. Bergenum
B Iajaplleil BoIHe HEKOTOPYIO 007acTh KOTepeHTHOCTH [, -h. .
(oHa ciIerKa 3aTeHeHA Ha PUCYHKE) M IPOCIeIUM 3a ee AaJTbHemei
cynws6oii. Ilocisie pacimierieHus mafgaroIieidl BOJHBI PaCIIeluTCd U
BBIJeJIeHHAasA 00J1aCTh KOTePEeHTHOCTU, IPUYEM TaK, UYTO B OTPaAKEH-
HBIX BOJIHAX 9TU 00JIACTY KOTE€PEHTHOCTU CMECTSTCS OTHOCHUTEIbHO
apyr apyra (puc. 4.15, a). Ecaiu oHu npu 8TOM IepeKpbIBaoTca (Ha
pucyuke 60ojiee TEMHBINA YyU4aCTOK), HHTeppepeHusAa OyaeT Habar01a-
ThCA W TeM 0oJiee OTUYETJMBO, YeM OOJIbIle CTEIeHb IIePEeKPBITUSI.
HerpyaHuo BuaeTsh, YTO AJIS ILJIACTUHKUN C OOJBIIENH TOJIIIMHOI 00-
JaCTh  TEePEeKPBITUS KOTEPEeHTHBIX  YYACTKOB  YMEHbLIIaeTCsa
(puc. 4.15, 0), u uuTepdepennua OyaeT HabOIIOJATHCA BCe MeHee OT-
yeTanBo. HaumHasa ¢ HEKOTOPOM TOJIIUHEI MJIACTUHKYU UTepdepeH-
U WCUE3HET COBCEM.
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W3 puc. 4.15 BuaHO, UTO CMeIlleHNe pacUJieHEHHBLIX dacTei 00-
JaCT! KOTEPEHTHOCTH HPOMCXOAUT KaK BAOJb PaCIPOCTPaHEHUA
BOJHEI (OHO He JOJXHO MPeBOCXOJUTh AJIMHY KOTepeHTHoCcTH [ ),
Tak ¥ TOMEPeK PAaCIpPOCTPaHEHWSA BOJHBI (CMeIleHHe He TOJIKHO
IIPeBOCXOJUTh IIMPHUHY KorepeHTHOCcTH A, ). MHTephepernua Oy-
IeT HAOJIIOMATHCA JIUIIb B TOM CJIydae, Korja OyAyT yIOBJIETBOPEHBI
o6a st yciaoBua. HamoMHUM, UTO IJid JIydIIed BUAZHOCTU MBI JOTO-
BOpPUJINCH OpaTh IOJOBMHBI 3HauUeHuiut [ . u h, .

ITepeiinem K pacuetry. Corsaacuo (4.13), Heo6X0AUMO, UTOOBI OII-

THYecKasa pasHocTh xXoma A < [ /2. CiejgosaTenbHo,

2b\n® —sin® 9 - A/2 <1, /2. (4.33)

Jns olleHKW HeOOXOAMMOTO 3HAUEHUSA TOJIIUHBI IIJIAaCTUHKU b Oy-
IIeM CUHTAaTh, YTO KOPEHb B 9TOM BBIPA’KEHUU PABEH BeJUUYUHE II0-
pAgKa equHUIBI (UTO OOBIUHO W OBIBAaEeT), a TaKiKe IIpeHebperkeM
A/2. Torma momyduymm

2b < lor/2,

T. €. HeO0OXOQMMO, UTOOBI YIBOEHHAS TOJIIIMHA ILJIACTUHKYU ObLIa He
0oJiee TOJIOBUHBI OJNHBI KOT€PEHTHOCTH MCIOJIB3YEeMOro M3JIyue-
HuA. Hampumep, ecau A = 600 aMm, a AL = 3 HEM, TO TOJIIKHA IIJIac-
TUHKUI

b < A2/4A)h = 3-10* M = 30 MKM.

Iayiee, IOMEPEUYHBIA CABUT YaCTEel 00JIACTH KOT€PEHTHOCTH HE I0JI-
¥KeH IIPeBOCXOJAUTH IIOJOBUHBI IIMPUHBI KOT€PEHTHOCTH A .. OTOT
CIBUT, KaK BUAHO u3 puc. 4.14, pasen orpe3ky DC. 3uauut, He0O-
xoxumo, uTobsl DC < h /2. U3 puc. 4.14 ciuenyer, 4TO

sin29

2 .. 2
n°—sin” 9

KOr

DC =2btg93'cosd =b

9TO cMellleHHe CYIeCTBeHHO 3aBHCHUT OT yria mafgeHus 9. Uem me-
HbIIle yroJ IaJeHusd, TeM MeHbIlle cMmeierue DC, TeM MeHBbIIIe MO-
sKeT ObITh h, .. V1 OCHOBHYIO POJIb B 3TOM cilydae OyAeT UIpaTh JJIN-
Ha KorepeHTHOCTH. IIpu 8 = 0 cMeleHNe IPOMCXOAUT TOJIBKO BAOIh
pacIpocTpaHeHHUs BOJH, IIoIlepeK — OHO PaBHO HYJIO, U IIMPHUHA
KOTepPeHTHOCTHU A, . CTAHOBUTCS NPAKTHUYECKU He CyIleCTBEHHOIL.
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ObpaTtumMcsA K BOIPOCY, UTO CJeAyeT IOHMMATh IIOJ CJI0BaMU
«TOHKasg» IacTuHKa. Korga ropopsr, 4To HHTePMEPeHIns IIPOuc-
XOAUT MIPU OTPAKEHUU OT MOHKOI MJIACTUHKHU, TO UMEIOT B BUIY,
UTO ee TOJI[MHA MeHbIIe (B TOW WM UHOM crenenu) [ u h,  (ecan
9 #0). IIpuuem — 5TO BayKHO — TPU HOPMAJHHOM TNaAeHUU WHTEP-
(eperUA 00ecrIeUNBAETCA TOJIBKO COOTHOIIIEHMEM MEKIY TOJIIIIN-
HOIl IJIACTHMHKM U [ .

Hnsa comreunoro csera (I, ~5A) mimacTmHKa OyJeT TOHKOM,
ecJu ee TOJIIMHA TOPAJKA HECKOMBKUX IJWH BOJIH. [[JIUHY Kore-
PEHTHOCTH MOXKHO YBEJUUYUTH C TIOMOIIBIO CBETO(PUIBTPOB, COOT-
BETCTBEHHO YBEJIUYUBAETCS U TOJIIUHA IJACTUHKU, KOTOPYIO MBI
HasbIBaeM TOHKO#. [l J1asepHOro Ke M3JAyUYeHus TOHKOI Oymer
IJIACTUHKA B JECATKH CAHTUMETPOB W MEeTPOB (B 3aBUCHUMOCTH OT
IJIUHBI KOTE€PEeHTHOCTH HU3JYUYEeHWUs HCIIOJb3YyeMOro Jiasepa).

Wrak, MbI BBISICHUJIN, YTO IIPU IMaAeHUHU IIJIOCKOI CBETOBOM BOJI-
HBI Ha IIJIOCKOIIAPaJLJIeJbHYI0 TOHKYIO ILJIACTUHKY MHTEHCHUBHOCTH
OTPa’KEHHOI'0 CBETa 3aBUCUT OT yIJia nageHud. VIsMeHAs 9TOT yroJ,
MBI OyZleM HabJII0faTh UepeqoBaHne MAKCUMYyMOB U MUHUMYMOB OT-
PasKeHHOTO CBeTa. JTO MOYKHO WMCHOJb30BATBH AJIS IOJYUEHUA WUH-
TepepPeHITNOHHON KapTUHBLI B BUMAE IPUBBLIUHON CHCTEMBI II0JIOC.
JocTaTouHO MCIIOJIL30BATh B KAUECTBE IaJAIOIero PacCesIHHBIN MO-
HOXPOMaTUYECKUI cBeT (OH CONEPKUT BOJIHBI, IafaoIlle Ha IjIac-
TUHKY OZHOBPEMEHHO MOJ PA3HBIMHU yIJIaMH), a Ha IIyTU OTPaKeH-
HOTO CBeTa IIOCTABUTh JUH3Y U B ee (DOKAJbHOM IJIOCKOCTH dKPaH
(puc. 4.16).

MaxkcumyMbl Ha dKpaHe OyAyT pacioJjaraTbCsd B MecTaX, COOT-
BeTcTBYyOIIUX ycaoBuio (4.32). Ilosmoca ganuoro mopAaka uaTEpde-
peHIuy O0YCJIOBJIE€HA CBETOM, IAJAIOIIMM HA ILIACTUHKY IIOJ OfI-

&

Puc. 4.16
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HUM ¥ TeM Ke yIrJoM 3, HO ¢ pasHbIX HampaBieHuii. [losTomy Ta-
KHe II0JIOChI HAas3bIBAIOT NOJ0CAMU pPABH020 HaKJAOHa. Ilpu
pacCIoIoKeHUU JIMH3bI KaK II0KAa3aHO Ha PUCYHKEe, JTHU II0JIOCHI
UMeIOT BUJ KOHIIEHTPUYECKUX KOJIel ¢ IleHTpoM B ee oryce F. Ilo-
PANOK MHTEePhEepeHIuy M PaCTeT C YMEeHbIIIEHNeM yrja HageHusd J,
U B IIEHTPE KapPTUHBI OH MaKCHUMAaJIeH.

ITockonbKy i HAOMIOAEHWS UHTEP(PEPEeHIIMOHHON KapTUHBI B
JaHHOM CJydYae SKPaH ITOMEIaloT B (DOKAJIBHON IJIOCKOCTH JIMHBBI,
T. €. TaK, KaK ero pacIojaraiT AJd IOJyIYeHNa Ha HeM N300paKeHus
0ECKOHEUHO YIAJ€HHBIX IIPEJAMETOB, TO M'OBOPAT, UTO N0JIOCHL PABHOZ0
HAKJOHA JIOKANLU308GHbL 8 6eckoHeyHocmu. Posb JUH3BI U dKpaHa
MOJKET UIpaTh XPYCTAJUK U ceTUaTKa riasa. B aTom ciaydae AJis Ha-
0JII0[IeHNsI TI0JIOC PABHOTO HAKJIOHA IJIa3 HYKHO aKKOMOJUPOBATh (Ha-
CTpauMBaTh) TaK, KaK IIPU PACCMOTPEHUM YIAJEHHBIX ITPEIMETOB.

B 6estom cBeTe nmHTEepdEepeHIIMOHHBIE IT0J0CHI OKpaIlieHbl. I1oaTo-
My TakKoe sSBJIeHWEe HAas3bIBAIOT U8ema MOHKUX NJAACMUHOK.

Kaunosugusie miaactuHku. IIycTh CTeKIAHHAS ILJIACTUHKA MMe-
eT (hopMy KJIMHA ¢ YIJIOM pacTBopa o < 1, 1 Ha Hee IagaeT MJIOCKas
MOHOXPOMATHUUYECKas CBETOBas BOJIHA. Temepsh OTpakeHHBIE OT II0-
BEPXHOCTEH KJIMHA CBETOBBIE BOJIHBI OYAYyT PACIPOCTPAHATHCSA HE B
OZHOM HATIpaBJEeHWU, a IOJA HeKOoTopbIM yriaom (puc. 4.17).

BrisicHuM IIpeske Bcero, rie OymeT JIOKAJIN30BaHa MHTeP(pepeH-
UOHHAA KapTWHA. OTO IPOINe BCEero caejaTb C IIOMOIIbIO
puc. 4.18, Ha KOTOPOM MOKAa3aHO, UTO IIPOUCXOAUT C 00JIACTHIO KO-
TePEeHTHOCTU IIOCJie PACIIeNJeHUs BOJHBI IIPU OTPAKEHUU OT II0-
BepxHOCTell KJanHa. SICHO, ¥To npu HeGONBIINX 3HAUEHU [ 1 A,
00/1aCTh MEPEKPBLITUA KOT€PEHTHBIX YaCTell OTPAKEeHHBIX BOJH JIO-
KaJIM30BaHA B OCHOBHOM BOJIM3Y OBEPXHOCTH KJIMHA W CTAHOBUTCS
Bce 0OoJiee Y3KOM IO Mepe IMepeMelleHus B CTOPOHY YTOJIIeHUS
KJIMHAa, MOCTeIeHHO ucuesas coBceM (puc. 4.18). Ha pucynke 00-
JIacTh JIOKAJAMW3alluu HECKOJILKO 3aTeMHEHA.

W

Puc. 4.17
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Tax Kak pasHOCTH XOJa Jyudeil, oTpa- o)
BUBIINXCA OT PA3JIUUYHBIX YYaCTKOB KJIU-
Ha, HEOAMHAKOBAa, B 00J1aCTH JIOKAJIU3AI[N
uHTeP(hEPEHIINY [TOABATCA CBETJbIe U TeM- \

HbIe T0JIOCHI, TTapajiebHble pedpy KInHa. \\

Kaskmasa ms TaKuX II0JIOC BOSHUKAET B pe-

3yJbTaTe OTPaKeHUI OT YYaCTKOB KJIMHA C \>
OIMHAKOBOM TOJIIIIUHOM, }IO(—)TOMy UX Ha- Puc. 4.19
3BIBAIOT NMOJLOCAMU PABHOU MOLULUHDL.

JlokanusoBaHHbIe BOJIM3W MOBEPXHOCTU KJIWHA WHTEpPhepeHIu-
OHHBIE TT0JIOCHI MOYKHO HAOJII0JaTh HEIIOCPEICTBEHHO IJIa30M, (POKY-
CUpPYys ero Ha MOBEPXHOCTH KJWHA, J1OO0 C MOMOIIBIO JIMH3BI, C(o-
KYCHPOBAHHOU TaKsKe Ha MOBEPXHOCTH KJMHA. C IIOMOIIbIO JUHBEI
HTephEePEeHIINOHHYI0 KapTUHY C MOBEPXHOCTU KJWHA MOKHO OTO-
0pasuTh Ha SKpaH 9, PACIOJOKEHHBIN B IIJIOCKOCTH, CONMPAMKEHHOI
C IIOBEPXHOCTBHIO KJmHA [(cM. puc. 4.19).

ITosockl paBHOM TOJIIMHLI MOXKHO HaOIOMaTh B TOHKOM KJIMHO-
BUJIHOI ITPOCJIOMKE BO3MyXa’ Me:KJIy IIOBEPXHOCTAMHU JIBYX IIpO3pau-
HBIX IIACTUHOK. Ecu HampaBieHMre HaOMI0AeHNA OJIU3K0 K HOPMAaJb-
HOMY, TO OIITHUeCKas Pa3sHOCTb XOJa JIyueil, OTPAKeHHBIX OT IIOBEPX-
HOCTell KJIMHA B MecTe, Ile IMWPUHA 3a30pa paBHa b, ompemneisercs
Kak A= 2b— A/2. Tam, rme A=(m — 1/2)AL, m =1, 2, ..., BOBHUKAIOT
MuHUMYMBI. T. €. TeMHBIE T0JIOCHI BOBHUKAIOT B T€X MeCTaX, Ie TOJI-
muHa 3a3opa b = mA/2. Ilepexon OoT OTHOU TIOJIOCHI K COCeqHeli (IITu-
pUHA IIOJIOCHI AX) COOTBETCTBYeT M3MEHEHHWIO TOJIIMHBI 3a30pa Ha
A/2. Kakaasa 1moJioca COOTBETCTBYET OIPEeIeHHON TOJIIMHE 3a30pa.
ATO UCIOJB3YIOT JJIS MIPOBEPKU KauecTBa OINTHUUECKUX ITOBEPXHOCTEH
npu ux nIndoBKe, HAOII0AAsd B OTPAKEHHOM CBETe IIPOCJIONKY MEeK-
Iy KOHTPOJUPYEMOIl U STAJIOHHON ITOBEPXHOCTSIMMU.

WsmepsAasa MIUPUHY IIOJOCHI AX B MOHOXPOMAaTUYECKOM CBETE C
M3BECTHOU IJIWMHON BOJHBI A, MOYKHO M3MEPUTh YTJLI MOPAIKA
0,1 yra. MmuH u MeHbInte (cM. 3amauy 4.6).

B mpempigymiux paccysKAeHUSX Mbl IPUHUMAJINA BO BHUMAHUE
TOJBKO BOJIHBLI, OTPAYKEHHBIE 0T IIOBEPXHOCTEH BO3AYIITHOTO KJIUHO-
BUJHOTO 3a30pa, UTHOPUPYSL BOJIHBI, OTPa’KeHHBIE OT HAPYsKHBIX
TMOBEPXHOCTEH IIJIAaCTUHOK. JTO MOMKHO CHAejaTh JUIIh IIOCTOJBKY,
MIOCKOJIBKY TOJIIIIMHA IJIACTUHOK OOBIYHO 3HAUYUTEJIHHO IIPEBBIIIAET
IJUHY KOTE€PEHTHOCTH MCIOJIL3yeMOT'0 CBETa OT OOBIUHBIX MCTOUHU-
KOB, M OTPasKeHHBLIE OT JTUX II0OBEPXHOCTell BOJHBI OKA3bIBAIOTCS
HEKOTePeHTHBIMHU.
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Koasua HploTOHA — 3TO KOJIBIEBBIE IIOJOCHI PABHOI TOJIIIMHEI,
HabJI0aeMble IPU OTPAMKEHUHU CBETa OT IIOBEPXHOCTEH 3a30pa MeK-
Iy CTEKJIAHHOH! IIJIACTUHKOW W COIpHKacaro-
mieicsa ¢ Hell BBIMYKJION JimH30I (puc. 4.20).
Bosma, oTpakeHHass OT BepXHeH MTOBEPXHO-
CTU JINH3BI, B CUJIy HEOOJIBIION AJUHBI KOTe-
PEHTHOCTU OOBIYHBIX MCTOUYHWKOB CBeTa, He-
KOTepeHTHa C BOJHAMU, OTPAKEHHBIMU OT
TIOBEPXHOCTEH 3a30pa, U yU4acTusa B oOpasoBa-
HUU WHTeP(PEepeHIIMOHHON KapTWHBI He IPH-
HuMaeT. [losToMy MBI ee U He OyaeM YUUTHIBATH.

IIpu HOpMANIBHOM IaJeHUHICBETA KOJIbI[A B OTPAa’KeHHOM CBETe
UMEOT BUJ KOHIIEHTPUUECKUX OKPYIKHOCTEI C IIEHTPOM B TOUKE CO-
OPUKOCHOBEHUS JIMH3BI ¢ IJIACTUHKOW. Haiimem pamuycwel r mem-
HblX KoJiel (MUHUMYMOB).

Cuauaja 3amuilieM yCJIOBHE 00pasoBaHUA TeMHBIX KoJjell. OHu
BOSHUKAIOT TaM, I ONTUYECKAs Pas3HOCTh XOZa A BOJH, OTPAKEH-
HBIX OT 00erX IIOBEPXHOCTEl 3a30pa, PaBHA HEUETHOMY UHCJIIY IIOJIY-
BOJIH:

Puc. 4.20

A=2b+2/2=2m + 1))/2,

e A/2 CBsIBAHO C «IIOTepeil» MOJIYBOJHBI IIPU OTPAYKEHUHU OT TLjIac-
muaku u m = 0, 1, 2,... Orcroga

2b = mh. (4.34)

ITasee, corsacHO TeopeMme IIndaropa (cm. puc. 4.20), 2= R?— (R — b)2.
YuureiBasg, uto b « R, mOJIydYum

r2 = 2bR. (4.35)
W3 (4.34) u (4.35) ciemyer, 4TO pajmyc m-ro memHoz0 KOJbIA
T, =VmMAR, m=0,1, 2,... (4.36)

3ameTuM, UTO 3HAUEeHUIO M = 0 COOTBETCTBYeT MUHUMYM TEMHOTO

namua (He KoJbIlla). AHAJIOPUUYHBIN pacyeT MOKHO ITPOBECTU U IJIs

CBETJIBIX KOJIell.

IIpumep. Haiinem pagmyc 5-ro ¢BeTJIOr0 KOJIBIIA, €CJIV PALAUYC KPUBUSHEI BBI-
TYKJION ITOBEPXHOCTU JUH3BI R = 16 ¢cM M KOHTaKT ee C ILJIOCKOI

TIOBEPXHOCTBHIO CTEKJIa Uaea bHbIN (B TOuKe). [[J1MHA BOJIHBI cBETa A
= 0,50 MKM.
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VYcioBue MakCHMyMOB B JAaHHOM CJIydae MMeEeT BUJ
20+ X/2=mrh, m=1,2,3,...,

rae b — ToJIIIVHA 3a30pa B MECTEe M-TO MaKcuMyMa (3aMeTuM, YTO
ecau ObI MBI B3I —A/2, TO 3HAUEHUS M HAAO ObBLIO HAUYMHATDH C
mynda). Corsacuo (4.35), 2b = r,i /R. VI3 9TX ABYX COOTHOIIIEHUH
cJIeyeT, YTO MCKOMBIA pagmyc

Iy =+ m—-1/2)AR = 0,6 MKM.

Crnenyer obpaTuTh BHUMaHUe Ha TO, 4To (opmyna (4.36) cmpa-
BeIJINBA JIUIIL B CIydYae UAeaJbHOrO (TOYEUHOr0o) KOHTAaKTa chepu-
YEeCKOU ITOBEPXHOCTU JIMH3BL.C ILTACTHHKONW. Ho mmealbHBIX KOH-
TaKTOB He ObIBAaeT, HOMepa  KOJiell He PaBHBI, BOOOIIe TOBOpPsA, IIO-
PAIKY uHTepEepeHIuu M, U 9TO OOCTOATEJTHBCTBO HEOOXOIUMO
YUUTHIBATHL IpU pacuerax (cMm. 3amauy 4.8).

Eciau IMH3Y IOCTEIEeHHO OTOABUIaTh OT IIOBEPXHOCTU ILJIACTHH-
K1, TO MHTep(hEePEHIIMOHHBIE KOJbIA OYAYT CTATMBATHCA K IIEHTPY:
3TO BeIb KOJIbIIA (II0JIOCHI) PABHOIL TOJIIUHEI, a OHA IIPU 9TOM IIepe-
Meliaerca K IeHTPY.

C momoIpio KoJel, HbIoToHa MOYKHO € JOCTATOYHO BBICOKOM TOY-
HOCTHIO KOHTPOJIMPOBATh KAUeCTBO M3TOTOBJIEHUs, HAIIpUMED, cde-
PUYECKHUX IIOBEPXHOCTEMH.

Paccmorpum Terepbh Ha KOHKPETHOM IIPHMEpPE BOIIPOC, CBS3AH-
HBIM ¢ IPUUYMHON JoKaau3anuu KoJer, HploToHA B 0UYeHb MaJIoi 00-
JIACTH AJIsT OOBIYHBIX JIMH3 (KOJIbIla IPUXOAUTCS PACCMAaTPUBATH B
MHUKPOCKOT).

IIpumep. ILIOCKOBBITTYKJIaA JIMH3a, PAAUyC KPUBUSHBLI C(DEPUUECKON IOBEPX-
HOCTH KOTOpoii R = 60 MM, cOmprKacaeTcs CO CTEKJISHHOM IJIaCTHAH-
Koit. OmeHuM paguyc HaOJI0JaeMOi B OTPaKEHHOM CBeTe MHTepde-
PEHIIMOHHON KapTWUHBI, €CaU IJuHA BOJHBI cBeta A = 0,60 MKM u
AL = 0,06 mkMm. CBeT maziaeT MPAKTUYECKU HOPMAJILHO.

IIpu HOpMAJILHOM MaJeHUM CBeTa OrPAaHUUYMBATH MHTEP(EepeHI-
OHHYIO KapTHHY OyZeT TOJBKO JJINHA KorepeHTHOCTH [, .. Konba
ucuesaroT npu ycaosuu 2b = [, ., rae b — mupuHa 3a30pa B MecCTe
ncuesHoBeHna Kosen. CormacHo (4.35), r>= 2bR, a Leor ® A2/ A
W3 stux GopMys mOTyURM rz/R ~ 2 /AA, OTKyzZa

r = MRJAL = 0,6 mMm.

Yucso BUANMBIX KOJIEI paBHO, coryacHo (4.9), A/AA = 10. ItoT pe-
3yJIbTAT MOKHO IIOJYYUTH U C TOMOIbIO (4.36).
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IIpocBerienne onTtMKu. B ee ocHOBe Jie:KUT UHTePGhEPEHIIU
cBeTa IIPU OTPAKEHUU OT TOHKHUX ILJIACTUHOK. [[es0 B TOM, YTO IpHU
MIPOXOKIEHUN CBETa uepes KaKIyIo IMPEeJOMJIAIOIIYIO ITOBEPXHOCTh
JIMH3BI OTpaskaeTcs NpuMepHO 4% majaroliero cBera. B CIIOMKHBIX
00beKTUBAX TAKUe OTPAKEHUSI COBEPIIAIOTCS MHOTOKPATHO U CyM-
MapHas IIOTePsI CBETOBOT'O MOTOKA OKA3bIBAETCA BEChMa OITYTUMOT.
Hanpuwmep, B ipuaMeHHOM OMHOKJIE OHA cocTasiser cBoirie 50% .

B mpocBeTsieHHON ONTHKe HAa KasKAYIO0 MOBEPXHOCTh JIMHBBI Ha-
HOCAT IyTeM HaTbIJIeHUA TOHKYIO IJIEHKY ITPO3PauHOTO AUIJIEKTPHU-
Ka ¢ IMOKasaTejaeM IPeIOMIeHUA n' ~ N Ny, Toe n, u n, — IoKasa-
TeJU TPEJOMJICHUA CPel, MeXIy KOTOPBIMU HAXOAUTCS IIJIeHKA.
IIpu sTOM yCIOBUM aMILIUTYIbl OTPAKEHHBIX OT 00EUX ITOBEPXHO-
cTell IIJIEHKUW BOJIH OKas3bIBalOTCHsrcorsacHo (3.11), mpaKTuuecku
onuHakoBLIMU. ToJIIMHA Ke MJIEHKU AesaeTcs TaKoil, YTOOBI BOJI-
HBI, OTPasKeHHbIe OT 00enX ITOBEPXHOCTEH IJIeHKU, OKa3hbIBAJINUCH B
mporuBodase, T. €. TaCUJIU APYr Apyra.

IIpumep. Haiinem mokasaress mpeioMJIeHUs n' IJIEHKU U ee TOJIIUHY b, 4To-
OBbI OTpa’KeHUe cBeTa C JINHOM BOHBI A = 0,55 MKM OT mOBEpPXHO-
CTH CTeKJa C IIOKasaTesieM IpesioMyeHus n = 1,5 orcyrcTBOBaso
IPY HOPMAJbHOM ITaJ€HUU CBETA.

CHauaja HaiizgeM n', IpU KOTOPOM AMILIUTYABLI BOJIH, OTPaKEHHBIX

OT 00enx IIOBEPXHOCTEH ILIeHKH, ObLIN Obl
=10 onuHakoBbIMU (puc. 4.21). Iy aroro, corJiac-
E HO (3.11), my}®HO uTOOBI E{/E = Ej/E. MbI
’ Oyzmem mpeHeOperaTb MHOTOKPATHBIMHU OTpAa-
JKEHUAMU U CUMTATh, YTO AMILIATYIBI IaAt0-

I
E
2n —1 | X Ha 00e IMOBePXHOCTH ILJIEHKU BOJIH IIPaK-
=
TUYECKW OAWHAKOBbI. B HamieM ciydae 3TO
Puc. 4.21 BBITVIAIUT TaK:

1-n" n'-n

’
1+n" n'+n

oTKyzan' = Jn =122, TBepIbIX BEIIECTB C TAKUM MAaJIbIM IIOKasa-
TeJieM IpeJioMJeHus HeT. TpyaHOCTh MOKET ObITH IIPeogosieHa (UTo
¥ JIeJIaloT) IIyTeM HCIIOJIb30BAHUSA ABYXCJIONHBIX HMOKPBITUM C COOT-
BETCTBEHHO ITOJ00PAHHBIMY MMOKA3aTeJAMU IpeIoMIeHns (B JeTatn
MBI YIVIYOJIATHCA He Oymem).

Tenepb ompeneauM TOJIUHY ILUIEHKU, IPU KOTOPOM OTPaKeHHBIe
BOJIHBI OyAyT B IpOTHBO(dAase. ITO 3HAUUT, UTO ONTUYECKAs pas-
HOCThb XOJla 9THUX [BYX OTPa’KEHHBIX BOJH HA BBIXOJE U3 ILJIEHKU
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IOJ’KHA OBITH PaBHA IIOJIYIEJIOMY UWCJIY [JINH BOJIH:
2bn' =(m+1/2), m=0;1, 2,...

3mech yUTE€HO, UTO 00€ BOJHBI OTPaKAIOTCA OT ONTUUYECKH GoJiee
IUIOTHBIX CPef W, 3HAUNUT, OAMHAKOBO MCIIBITBIBAIOT CKAYOK (Pasbl
Ha T («IIOTEpPIO» TOJYBOJHBI). VI3 IOCJIEeIHEro YCJIOBUA HAXOLUM

_(m+1/2)0
2dn

Hauwmewnbias Toamuaa (npu m = 0) paBHa b = k/4f =0,10 MKM.

b

Y 00BIYHOrO cBeTa AJIMHA KOTE€PEHTHOCTU HEBEeJIUKAa, II0ITOMY
IJIeHKA JOJIXKHA MMETHh TOJIIUHY MOPAAKA HECKOJIbKUX IJUH BOJH.
AT0 00A3BIBAET C 0COOOM OCTOPOIKHOCTBIO OTHOCUTHLCA K TAKKUM IIO-
KPBITUSAM: MaJjeiiliee MexXaHNUEeCKOe MOBPeKIeHNe IJIeHKU Paspy-
IIaeT ee JelcTBuUe.

OOBIYHO IIPOCBETJIEHME ONTHUKU IIPOBOAAT IJs CpemHen (MKeJ-
TO-3eJIEHOIT) 00JacTu BUAMMOTO cieKTpa. [Ja KpaeB Ke 3TOTO
CcHeKTpa KOd(PDUIIMEHT OTPaKeHNA 3aMETHO OTJINYAETCA OT HYyJId, 1
00BEKTUBLI KAXKYTCA B OTPAKEHHOM CBeTe MMyPHYPHBIMU, YTO COOT-
BETCTBYET CMEIIeHWI0 KPAcHOTO U (PUOJIETOBOTO IBETOB.

§ 4.5. Uurepdepomerp MaiikerbcoHa

JAtroT nHTEPhEPOMETP ChIrpas QyHIAMEHTAJIbHYIO POJb B Pa3BU-
T HAYKU U TeXHUKU. C ero mMoOMOINbIO BIEpPBBLIe ObLiIa M3MepeHa
IJVHA CBETOBOI BOJIHBI, IIPOBEIEHO M3yUeHWE TOHKOW CTPYKTYPbBI
CHEKTPAJbHBIX JINHUI, BHIIOJIHEHO IIEPBOE IIPAMOE CPAaBHEHUE dTa-
JIOHHOTO MeTpa ¢ OUPeAeJIEHHON NJIMHON BOJHEI cBeTa. C MOMOIIBIO
9TOT0 MHTepdepoMeTpa OBIJI OCYIEeCTBIEH 3HAMEHUTHIN onbIT Maii-
KesibcoHa—MopJiu, JOKa3aBIINil HE3aBUCUMOCTH CKOPOCTH CBETa OT
IBUKEHUS 3eMJIN.

YupoiienHnas cxema uHTepdepomerpa MaiiKeabcoHa ITOKasaHa
Ha puc. 4.22. MoHOXpOMATUYECKUH CBET OT MCTOUHHKA S magaer
Ha pasieSIuTeJbHYIO ILJIaCTUHKY P, KoTopasd COCTOUT U3 ABYX OXU-
HAKOBOM TOJIIIUHBI IIJIOCKONAPAJIJIeIbHBIX CTEKJAHHBIX IIJIACTHU-
HOK, CKJIEEHHBIX APYT ¢ apyrom. IIpmuem omHa M3 CKJIEMBaEMbBIX
TIIOBEPXHOCTEN MOKPBITA NOJLYNPO3PALHbLLM TOHKUM cJaoeM cepebpa
WV QJIIOMUHUA.
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Puc. 4.22

IInacTuuka P pasgesser magaloliiii Ha Hee IIYYOK Ha JBa B3a-
HUMHO NePHeHAUKYJAPHBIX Iyuka I 1 2 OqUHAKOBOW MHTEHCUBHO-
cru. ITydox I, oTpaskeHHEI! 3aTeM OT 3epKaja 3;, BTOPDUUHO IaJaeT
Ha ILJIAaCTUHKY P, rae cHoBa pasfenseTrcsa Ha Ase udactu. OmHa us
HUX OTPa’sKaeTcs B CTOPOHY 3PUTENbHOUN TpyObl T, Apyras ke uUOeT
K MCTOUHUKY S U He IIpeJCcTaBJdAeT WHTEepeca.

IIyuox 2, mpolexmuii maacTUHKY P, oTpakaeTrcsa OT 3epKaja
3,, BO3BpaIaeTcs K IJIacTUHKe P, rie onATh pacuseHseTcd Ha JBe
YyacTu, OfAHA M3 KOTOPBIX TomagaeT B Tpyoy T.

Takum o06pas3oM, OT OZHOI'0 MCTOUHHUKA S MOJIYyUAIOTCA ABa IIydyKa
IPUMEPHO OAMHAKOBOM aMILIUTYAbI, KOTOPhIE PACIIPOCTPAHSIIOTCS II0-
cJie pasgeJNTe]bHOrO cosA P B pasHBIX «ILIeuax» MHTephepomerpa,
3aTeM CHOBA BCTPEUAIOTCS W CO3JAIOT IIPU YCJIOBUU COOJIIOAEHUS Bpe-
MEHHOM ¥ IIPOCTPAHCTBEHHON KOTE€PEeHTHOCTH HHTeP(hEepeHIIMOHHYIO
KapTuHy B (POKAJTBHOUN ILJIOCKOCTH OOBEKTHBA 3PUTEJIBHON TPYOBI.

3eprano 3; HEIOJBIKHO, a 3epPKaio 3, MOKHO IlepeMellaTh II0-
CTyHaTeJbHO UM M3MEHSATHh- €ro HAaKJIOH.

3aMeHUM MBICIEHHO 3€PHAJO 3; er0 MHUMBIM H300pasKeHueM 31
(B mosrympospaunoM «3eprajie» P). Torma myuku 1’ u 2' MOKHO pac-
CMaTpPUBATh KaK BO3HUKAIOIINME IPU OTPAKEHUH OT MPO3PAUHOI
«IJIACTUHKH», OIPAHUYEHHON IJIOCKOCTAMY 3; U 3y, UTO 3aMETHO
objeruaeT qajbHEHINIE PACCYKIAEHUA.

Bun unTtepdepeHIIMOHHON KapTUHBI 3aBUCUT OT IOCTUPOBKU 3€p-
KaJ ¥ OT PacXOAUMOCTH IIYYKa CBeTa, IIaJalollero Ha Pasae/IuTe/ b-
Hy0 miIacTUHKY P. OObIYHO HMCIOJB3YIOT OBa Caydasd.

1. Ecnu Iy4YoK cJleTKa PacXOonAINuiics, a IJIOCKOCTU 3, U 31 Ia-
paJLIeNbHBI, TO IOJYYAIOTCA NOJOCHL PA6HO020 HAKJOHA, UMEIOIe
BUJ KOHIEHTPUUYECKUX KoJjell. IIpm mocTymaTelbHOM IIepeMerrie-



Hnrepdepenuus cpera 123

HHUU 3epKajla 3, paguychl KOJIEIl M3MEHSI0TCA: KOTJa 3epPKalo 3,
npubanikaercs K 31, KOJIbIA CTACUBAIOTCS K LEHTPY, Te U ucuesa-
oT (obpaTHOE TOMY, UTO HaOJIOJZaeTcsA B ciaydae Kojer, HrroToHa).
CwmelleHre KapTUHBI HA OJHY II0JIOCY COOTBETCTBYET IIE€PEeMeIleHnI0
3epKasa 3, Ha IOJOBUHY AJHHBI BOJHBI. BuU3yalbHO cMellleHUe
MOJKHO OIIEHUTDH C TOYHOCTHIO M0 1/20 moJiockl, HO €CTh METO/bI, II0-
3BOJIAIONIME 00HADPYKUTD cMemienue 1o 1073 mosnocsr. ITo Mepe mpu-
OnmKeHUsa 3, K 3 MIHUPUHA [I0JOC BO3PACTAET, U IPU COBIALEHUU
3, ¢ 3{ OCBEL[eHHOCTH IIOJIA )3PEHUSA CTAHOBUTCA PABHOMEPHOIL.

2. Eciu my4oK OT MCTOUHHKA,S mapajaelbHbIH, a II0CKOCTH 3,y
7 3; He mapaJIeJbHbI, TO B IIQJE 3PeHUsA TPYOBI Gy NyT HAGII0LATh-
cA NOJ0CHL PA6HOU MONWUHBL (KaK OT KJIMHOBUIHON MJIACTUHKU). B
MecTe IepeceueHus 3, U 31 — 0eiblil MAaKCUMyM (HyJIeBOH MOPALOK
unTeppepennuu, m = 0).

IIpu GONBIINX PACCTOAHUAX MEKAY 3y U 3] U BBICOKOIH CTelleHI
MOHOXPOMATHYHOCTH CBETA YAABaJIOCh C IIOMOIIBLIO HE JIa3ePHBIX
WCTOYHUKOB HAOIIOLATH NHTEP(EPEHIIUIO OUeHDb BBICOKOTO MOPALKA
(oxoso 109).

§ 4.6. MHorosyueBass MHTep(pepeHINI

IIpu cynepniosunuy ABYX IJIOCKUX KOTE€PEHTHBIX CBETOBBIX BOJH
o0pasyioTcss mHTep(hepeHIIMOHHbIe TOMOChl C pacupejeeHueM WH-
TeHCHBHOCTH, coryacHo (4.8), I co cos®(mtA/A), Toe A — onTHUecKad
pasHOCTh XO/la MaHHBIX BOJH. CBeTJIbIe U TeMHBIE TOJIOCHI B 3TOM
caydae OOMHAKOBBI II0 ITMPUHE.

IIpu cymepmosumuu ke OOJBIIIOTO YMCJIa BOJH pacIIipeneseHue
MHTEHCUBHOCTA B WHTEP(HEPEHIIMOHHON KapTWHE CYIIeCTBEHHO Me-
HseTcsA: 00pa3yioTea Y3Kue MaKCUMYMEI, T. €. Pe3KHe CBeTJIble TI0JI0-
ChbI, pa3eseHHbIe IIITPOKNMU TEMHBIMHU ITPOMEKYTKaMu. Biarogaps
STOMY MHOTOJIyueBasg MHTephEePEeHIINA OJIYUNIa BaXKHbIEe IIPAKTHUe-
CKUe IPUMEeHEeHUs.

Bosbmioe umcesio KOTE€PEeHTHBIX CBETOBBIX BOJH MOYKHO IIOJIY-
YUTh, HAIIPUMED, IIPU IPOXOKAEHUU IIJIOCKON BOJIHBI Yepe3 dKpaH
CO MHOMKECTBOM OIWHAKOBBIX PETyJSPHO PACIIOJOMKEHHBIX OTBEp-
ctuii. PacmpegeneHre MHTEHCUBHOCTH B COOTBETCTBYIOIIEH WHTEP-
depeHIIMOHHON KapTHHe OymeT paccMoTpeHo B § 5.7 Ha mpumepe
IU(MPAKIIIOHHON peIleTKu. 3Iech K€ Mbl pacCMOTPUM HHTepde-
PEHIINIO IIPU MHOTOKPATHBIX OTPAKEHUSIX CBeTa OT ABYX IapaJsiie-
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JBbHBIX TOBepxHOCcTeli. I[IpaKTuUecKu 9TO peasusyeTcs B uHmepge-
pomempe Pabpu—Ilepo, KOTOPBIA IITUPOKO MCIIOJb3YETCA B CIIEK-
TPOCKOIIUY BBICOKOTO pas3peIlleHusi, MeTPOJIOTMX U B KauecTBe
OTKPBITOI'0 PE30HATOPAa JIa3epPoB.

HNureppepomerp Pabpu—Ilepo menarT B Bue MIOCKOIAPAJIETIh-
HOM CTEeKJIAHHONM MW KBapIeBOW ILJIACTHUHBI, Ha 00€ IIOBEPXHOCTH
KOTOPOI HaHeCeHBI OTparKaloIliie cjaou, Jubo B BuIe ABYX ILJIACTHH,
Y KOTOPBIX TOKPBITHIE OTPAKAIOINIUM CJIOEM IIOBEPXHOCTH YCTAHOB-
JIEHBI CTPOTO IMapaiIeJbHO APYT APYTY W PasfesieHbl BO3OYIITHBIM
TIPOMEIKYTKOM.

MuoOrokpaTHOoe OTpakeHre cBeTa OT ABYX HapaJlieJbHBIX IIJIOC-
KOCTel IPUBOAUT K 00pa3soBaHUIO MHTeP(PEePEHIIMOHHBIX II0JOC PaB-
HOTO HaKJIOHA, JIOKAJM30BAHHLIX B OECKOHEUHOCTU UJIU B (hOKAID-
HOU 1J0cKoCcTU 00beKTuBa (puc. 4.23). Ilosockl UMEOT BUI PE3KUX
CBETJILIX KOHIIEHTPHUUYECKHUX KOJeIl ¢ IIeHTPOM B (hoKyce F 00beKTH-
Ba. MakcuMyMBbI (KOJBIIa) TeM YiKe, ueM OOJIbIIe OTpaKaTesbHas
CIIOCOOHOCTH IIOBEPHOCTEI ILJIaCTUH NHTEepdepoMeTpa. A OHA MOMKET
ObITH moBemeHa 0o 95—98% . C yBeimueHneM pazmyca KOJIbIA pac-
mojaramoTca Bce OJmKe APYT K APYTY.

T~

Puc. 4.23

Cnesa (puc. 4.23) Ha uHTephepoOMeTp IMagaeT PacCeIHHBIN CBeT.
B Hexoropyoo TOUKy P GoKaabHON MJIOCKOCTA OO0BEKTHBa cobupa-
IOTCS JIy4YM, KOTOpBIe 0 O0BEeKTHBA 00pa3ylOT C ero OIMTHUYECKOM
OCBhIO ONMH U TOT Ke yroJ 0. [asee OyaeM cUUTATh IS YIPOIIEHUS
pacueTa, 4TO Mbl ©UM€EM" [eJI0 TOJBbKO C ABYMsA MapasjieIbHbIMU OT-
PasKaINMU [IOBEPXHOCTAMU, T. €. OyZeM IpeanoaaraTb, 4To BCIO-
Iy TOKas3aTesb mpeJoMiaeHda n = 1 (Ho 5To He IPUHIIMNIIUAIBHO). B
STOM CJIyuae PasHOCTh XO4a A IBYX COCEIHUX HMHTEP(HepUpPYIOIIX
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Jaydeii (BOJIH) JIETKO MOXKHO HAWTU C IIOMOIIbIO puc. 4.24:

2b
cos 0O

A=BAC - BD =

—2btg0sin 6 = 2b cos 6.

MaKcuMyMbI THTEHCUBHOCTH B IIPOXOAIIEN CBeTe 00pa3yioTcs TaM,
rIe A cocTaBifeT IeJI0e YKCJIO0 M IJUH BOJH:

2bcos 6 = mA. (4.37)

Orclofa BUJIHO, YTO C YMEHBIIEHUEM
yrya 0, T. e. ¢ IpubJAMKEeHNEM K I[IeHTPY
KOJIel, IOPANOK WHTepdepeHIuu m
pacrer. Paccrosuue b MeXKIy 3epKajb-
HBIMU TIOBEPXHOCTAMHU OOBIYHO COCTaB-
asier 1+100 MM (a B cmenmuaabHBIX CJIY-
yaax u g0 1 m). [losTomy mopsagKu wH-
Tepdepennuu m ~ 2b/\ BecbMa BEJIUKU:
mpu b = 5 mm m ~ 20 000.

W3 (4.37) cnemyer, uto yroa 0 saBucut or A. Ha 3TOM OCHOBaHO
HUCIIOJIb30BaHME AAHHOTO MHTepPdepoMeTpa B KaUeCTBE CIEKTPaJIb-
HOoro mpubopa. OmHON U3 BaKHEHININX XapaKTEPUCTUK JIIOOOTO
CHEeKTpaJbHOTO Ipubopa sABAdeTcsa yzaoeas ducnepcus D =do/dA.
Ona ompenesseT yrjioBoe PACCTOSHUE MEXKJY CHEeKTPAIbHBIMU JIH-
HuAMHY (OAHOTO IOPALKA M), OTJIUYAIONINMUCS 110 JJINHE BOJIHBI Ha
enuHuIy (Hanpumep, Ha 1 aM). g narepdepomerpa Padpu—Ilepo
Ha ocHoBaHUU (4.37) umeem: d0/d\ =-m/2bsin 0. I mockoabKy us
(4.37) BugHO, uTO M/2b =Cc0sO/A, TO B pe3yJbTaTe MOJIYUUM:

o __ 1 1 (4.38)

a atgd . -0

N

Puc. 4.24

rje 3HaK MUHYC 03HAYAET, YTO C POCTOM A yroJ 0 IJisi MaKCUMyMOB
TOTO K€ MOPAJKa yObIBaer.

B (4.38) yureHo, uTO M3MEPEHUA OOBLIYHO HMPOBOLAT HA BTOPOM
WJIA TPeTbeM OT IleHTpa MakcuMmyMme (KOJbIle), A KOTOPBIX
0~102 pan ~0,6°. Iaa rakux yruaos dO/d\ ~ 10 yrua. rpan/HM, 4TO
3HAYUTEJIHHO MPEBBIIIAET YIJIOBYIO AMCIEPCUIO0 IPYTUX CIEKTPAh-
HBIX TPUOOPOB U SBJSIETCA OCHOBHBIM IIPEUMYIIIECTBOM UHTEPhEPO-
merpa Pabpu-—Ilepo.
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OpHako obsiacmbe ducnepcitu. Ah, T. €. UHTepBaJ OJUH BOJH, B
npezesiax KOTOPOTO HE MPOUCXOMUT IIePEeKPBIBAHUSA CIIEKTPOM APY-
roro mopsaKa, oueHb Maja. Hampumep, npu b = 5 mm u A = 500 aM
AM cocraBiaser meree 0,03 HM. B sTOM HemocTaTOK HAHHOTO MHTEP-
depomerpa. Ho aTor mHTepdepomMeTp He3aMEeHUM IIPU HCCJIEIOBA-
HUU CBEPXTOHKOU CTPYKTYPHI CIEKTPAJIbHBIX JUHUM.

4.1.

4.2,

3agaun

3eprkano Jlmoitma. B aToit mHTephepeHIIMOHHOIN cxeme mHTephepu-
PYIOT cBeTOBadA BOJIHA I, UCXOAAIIAA HEIOCPEACTBEHHO U3 MCTOUHUKA
S (Y3KOii IPKO OCBEIleHHOM I1eJin), U BOJHA 2, OTpaskeHHas OT 3epKa-
na 3 (puc. 4.25). Ha skpane 9 ob6pasyeTcs cucremMa MHTeP(PepeHIInoH-
HBIX 1oJioc. HaliTu OJMHY BOJHBI CBETA, €CJAU U3BECTHO, YTO PACCTOS-
HUe OT MCTOUHHKA OO0 dKpaHa pPaBHO [, MUpuHa WHTEP(HEPEeHIITMOHHOMN
IM0JIOCHI AX, a IOCJe TOTO, KaK MCTOUHUK S OTOABUHYJIM OT ILIOCKOCTH
3epkajsia Ha Ad, MIMpWHA II0JIOC YMEHbIINUJIAch B 1 pas.

P e 1 e u u e. Coraacuo (4.6), paccTosnue d MeXIy UCTOUHUKOM S 1
ero MHUMBIM nsobpaskenueMm S’ paBHo d = Al/Ax. Ilocie oTrogBUranus
HUCTOUYHUKA S 9TO PACCTOSHUE CTAJIO

d+ 2Ad = M /(Ax/n) = nAl/Ax.
BLI‘ITH IIepBO€ PaBE€HCTBO M3 BTOPOI'O, IIOJYYMM:
A = 2AxAd/L(n - 1).

HuTtepdepomerp Panesa. Ero cxema moxasama Ha puc. 4.26. 3xech
S — yskad Imiesb, ocBeljaeMas MOHOXPOMATUYECKUM CBETOM C [IJIU-
HO¥ BOJIHBI A, I U 2 — [IBe OOUHAKOBBIE TPYOKU C BO3AYXOM, IJIUHA
Ka'KJOH¥ 13 KOTOPHIX paBHA [, TOPIBI — IIpO3pauHkble, /] — numadparma
¢ nBymMd menamu. Korga Bosayx B TpyOKe I MOCTEIEHHO 3aMEHUIN T'a-
3oM X, To uHTepdepeHIIMOHHAsA KapTHHA Ha dKpaHe o CMeCTUJIacCh
BBepX Ha N moJioc. 3HadA IOKa3aTeJb IPEJOMIEHU 1 BO3AyXa, Olpe-
IeJUTh MOKas3aTeJ b IpejoMJeHus n rasa X.

Pemreuue. Cvmemenue Ha N IOJOC 0O3HAYAET, UTO ONTUYECKAd
pasHOCTh Xoma A Jsydedl, mamalooIux Ha IMeJau, craja paBHON NA,
T. e. In — lng = NA. Orcrona n =ny + NA/L

e T
§- —I/"{
2

Puc. 4.25 Puc. 4.26
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4.3.

4.4.

CwmelieHue MOJIOC BBEPX CBUAETEIHCTBYET O TOM, UTO M MAKCUMYM HY-
JIeBOT'O MOPSAJAKAa CMeCTHJICA BBepX. IIpu s3ToM yBelnueHHe reoMeTpU-
YeCcKOM MJAWHBI Jyuya 2 KOMIIEHCUPYETCS yBeJIUYeHUeM OIITHUUYECKOMN
IAVHBL Jy4da 1.

HNuTrepdepomerp Panes ucmonab3yercsa MJid U3MEPeHUs MAJbIX PasHO-
cTell ImoKasaTesell mpeioMJIeHNUA IIPO3PAYHBIX BeIlecTB (ras3oB U JKUI-
KOCTe).

HNuTepdepeHnus MI0CKUX BOJH. [[Be OqUHAKOBbIEe KOTE€PEHTHBIE IIJIOC-
KIe CBeTOBBIE BOJIHBI, YI'OJI MEXKIY HAIIPABJIEHUSIMU PACIPOCTPAHEHUA

KOTOPBHIX ¢ « 1, mamaioT IOYTH HOPMAaJbHO Ha 9KpaH. IlokasaTh, 4TO
paccTosgHUe MeXKIy COCeJHUMU MaKCUMyMaMH Ha dKpaHe (IIUpUHA

nHTEePOEPEHIIMOHHON 0JI0Chl) AX = A/(, Tie A — IJIHA BOJIHBI CBETA.
Peme nu e Kaxmasg mjIoCKasa BoJHA MMEET BUJ,
E = Acos (ot —kr + a),

U OTJIMYAIOTCA OHU APYT OT Apyra ToabKO BeKkTopamu ki u ky, a raxxe
JOIIOJIHUTEIbHBIMU (DasaMU o) U O,.

B Touke sKpaHa C PaAMyCOM-BEKTODOM I PA3HOCTh (Da3 TAKUX ABYX
BOJIH PaBHA CJENYIOIIEMY BBIPAKEHUIO:

kir —kor + Ao = Ak - r + Aa,

rge Ak = k;— ky. IIycTs B 9T0il TOuKe BKpaHa 00pasyerca MaKCUMYM,
TOT[a TIepPexo] K CAeAYIONEeMYy MaKCUMyMy OyVeT OIpeneIaThCa YCJIO-
BUEM

Ak - Ar =27, 1)

rae Ak || Ar. BaMeHUM 5TU BEKTOPBI Ha UX MOZIYJIH:

Ak| = ko = (2n/0)¢
u \Ar\ = Ax. B pesynbrare us dopmysas (1) moayuum Ax = A/o.
CiienyeTr OTMETUTD, UTO IPUBEJEHHBIM pacyeT JaeT BO3MOYKHOCTh Hail-
TH TOJBKO IMIUPUHY AX MHTeP(HEPEHIIMOHHOI IOJIO0CHI, HO HEe MOPALOK
unTepdepernuu m. Ilocmennee 'xe ObIBaeT BO MHOTHUX CJIy4adX BeChb-
Ma HeOOXOIUMBIM.

Bunpuzma ®penens. HaliTu BhIpa'ke€HUs, OIPEAEAIONNE YCJIOBUS
IS TTUPUHBI § IIEJU U CTeIIeHW MOHOXPOMATUYHOCTU A/AL, KOTOpPbIE
obecneumBasy ObI IOJTy4YeHVEe MHTePHEPEHIINOHHON KaPTUHLI Ha BCEH
HIUPUHE 30HBI MHTep(epeHIun (B MecTe PacloJIOKeHUA 9KpaHa), Ipu-
YeM C JOCTATOYHO XOPOIlell BUAHOCThIO. PaccTosaHus or 6unpusmser B
IO IeJid W 9KPaHa PaBHBI COOTBETCTBEHHO @ U b, MPEIOMJISIOIIUI
yros GumpusMbl 0, mMoKasaTesb MPEJOMJIEHUSA CTEeKJa 1.
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P e e H u e. [y BeITOTHEHNA  YKa3aHHBIX TPeOOBaHUIL CJIeyeT, CO-
riacHo dopmynaam (4.13) u (4.14), obecrieynTs OJKHBIE 3HAUYEHUSA

AJIMHBI W IMIWPUHBI KOI'€PEeHTHOCTHU, l uh

Kor Kor*

Jua nosydeHusa wHTephEPEHINOHHBIX II0JIOC HAL0, YTOOBI A, . B Mec-
Te PaCIIOJIOMKEeHUs OMIPU3MBI (TZe BOJIHA PACUJIeHSAETCS Ha JABe YaCTH)
IIPEeBBINIAJIA BJBOE PACCTOAHUE d' MKy JIyuaMu, KOTOPBIe 3aTEM CXO-
IATCA BOJM3U IeHTpa WHTeP()EpPEeHIIMOHHON KapTMHBI Ha dKpaHe. B
9TOM cJyuae CKJaJbIBaeMble KoJieOaHUA OyAyT JOCTATOYHO KOTEePEeHT-
HBl JUIA CO3JaHUA WHTeP(PEePEeHIIMOHHBIX II0JIOC C XOPOIed BUIHO-

crpio. Mrak, Hamo 4Tobnl A, . > 2d'.

3necw b, =~ /¢ = A/(s/a), s — UCKOMasa IIUPHHA Ieau. Paccroaaue
°Ke d' HalimeM ¢ momoInbio puc. 4.27, oTKyma ciemgyer, UTo

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

rae d = a - 2a, 0. — YroJl OTKJOHEHUS JIyda, I0CJe MPOXOKIAEHUA Ue-
pes3 OUIpusMy — OH OAMHAKOB IJs Bcex Jyueii: o = (n — 1)0 (cm. 3a-
mauy 3.6).
ITocsre mOACTAaHOBKY BBIPAXKEHUI A M., U d' B UCXOTHYIO (DOpMyTy
OJIyYUM

ra

— 22
b a+b

§ < i 1+ a .
4a b
Temepb BTOpOEe ycjoBue — OTHOcuUTeJbHO A/AMA. Corsnacuo (4.13), He-
> 2A. 3pech I, ~ ?»2/Ak, a A — onruueckKas

a-2a,

OTKyZIa

00xX0AMMO, UYTOOBI I, .

pPasHOCTb X014, KOTOpas JOJKHA COOTBETCTBOBATD IIOJTYUYEHUIO MaKCHU-
MyMa HaubOJIBIIero TIOPAIKa — Ha Kpaio 30HbI MHTEP(EPEeHIIN: B Me-
CTe PAaCIOJIOMKeHUA ‘9Kpana. IlycTb moayImInpruHa 30HBI HHTEepP(EpeH-
IuU B 9TOM MecTe paBHa X,,, TOTJa ¢ IOMOIIbI0 puc. 4.28 us noxobus

Puc. 4.27 Puc. 4.28
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4.5

4.6.

TPEYTOJbHUKOB IIOJYyUUM:
A/d = xz/(a +b),
raed = a-20, x, =b-a (cm.;puc. 4.11). ITocsie moACTaHOBKM BhIpa-

sKeHMH 114 [, u A B UCXOZHYIO (DOPMYJY IIOJYyYHM:

2
L) x,,d 4 ab o2
AL a+b a+b

OTKyZa
i>4a2 ab
AL N a+b

HNHTepdepeniiuga npu orpaskeHNH OT TOHKON IieHku. Ha moBepxHO-
CTH CTeKJla HaXOJUTCA TOHKad IIEHKa BoAbl. Ha Hee mazmaer cBeT c
IJIUHOM BOJIHBI A IIOJ YIJIOM 3 K HopMmasau. HaiiTu cKOpocThb, ¢ KOTO-
poii yMeHbIIIaeTCA TOJIIUHA IJIEHKN (13-3a UCIAPeHUA), eCIU MHTEeH-
CHBHOCTh OTPa’KeHHOT'0 CBeTA MEHAETCA TaK, YTO IPOMEXYTOK BpeMe-
HHU MeXKAY IIOCJIeJOBATEIbHBIMI MaKCIMyMaMU OTPAKeHUA PaBeH Af.

Pemenue. U3 hopmyusl (4.32) cinenyer, 4To mepexol K CaeqyIOIIe-
My MaKCUMYMy IIPOUCXOAUT IpH ycaoBuu Am = 1 u Ab = vAt. Orcrona
U — HCKOMas CKOPOCTh:

A
V= e
[ 2 2
2Aty\n” —sin” 9
rie n — IOKAasaTeJb IIPEeJIOMJIEHNS BOMIBI.

Hurepdepennus or kaumHa. CBeT ¢ AJMHOIN BOJHBI A OT YIAJEHHOTO
TOUEUYHOI'0 UCTOYHUKA I1a/aeT HOPMAaJIbHO Ha TIOBEPXHOCTH CTEKJISAHHO-
ro KJIWHA ¢ MaJbIM YIJIOM pacTBopa. B oTpaskeHHOM cBeTe HAOIIONAIOT
cucTeMy UHTeP(hEPeHIIMOHHBIX IT0J0C. PaccToAHMe MeKIy COCeIHUMU

MaKCUMyMaMU Ha IMOBEPXHOCTU KJHMHA paBHO Ax. Haiitu:
a) yroJa Me)KAy TpaHAMYU KJIWHA;

0) MJINHY KOTEPEeHTHOCTH, €CJIU WMCUYEe3HOBEeHUE NHTEP(HEPEeHIIMOHHBIX
I0JIOoC HAOJIIOLAeTCs HA PACCTOAHMUUY [ OT BEPIIUHEI KJauHA (I > Ax).

PemeHue. a) [Ipu nepexozne K cocefHEMY MAaKCUMYMy OITHYECKAA
pPasHOCTb XO4a A [JOJI’KHA PaBHATHCS A, T. €.

2Ax On = A.
3mech yuTeHO, YTO yroj KJuHa BechbMa Mmaj. OTcroma

0 = A/2nAx.
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0) SamuilieM ycCJIOBHE HCUYE3HOBEHUS WHTEP(HEPEeHIIMOHHON KapTUHBI
(l4or S A), IpeHeOperasa «IoTepeii» IOJIYBOJHBI, IOCKOJIbBKY B HallleM
cayuae [ > Ax. Torma

leor = 210n.

Kor

ITogcraBuB B aTy (hOPMYJIy BhIpaskeHUe AJs 0 m3 MpeabIAyINero myHK-
Ta, TOJYYUM:

Low ~ M/Ax.

4.7. Koasua Hriorona. Cheprueckas IOBEPXHOCTH IIJIOCKO-BBIITYKJION JIUH-
3bI COIIPUKACAETCS CO CTEKJISHHON ILIaCTUHKOM. IIpocTpaHcTBO MEXIy
JIMHB0M U MJIACTUHKON 3aIl0JTHEHO HEKOTOPOM IMPO3PavHON JKUIKOCTHIO.
I3BecTHBI ITOKa3aTEIN IIPEJIOMJIEHUA JUHSBL 111, JAHHOHU JKUJKOCTH Iy
U IJIACTUHKH Ng, IPUYEeM n; < ny < ng. Pagmyc KpuBH3HBI chepude-
CKOIl IOBEePXHOCTHU JIUH3bI paBeH R. OmpeneauTts paguyc N-ro TEMHOTO
KOJIbIIa B OTPa’XKeHHOM CBeTe, AJUHA BOJHBI KOTOPOIO A.

Pemren ue. [Ipy TakoM COOTHONMIEHNU MEKJY IIOKA3aTeJIsIMU IIpe-
JIOMJIEHUS «IIOTePsA» ITOJYBOJIHEI (3TO Begb CKa4yoK (hasbl Ha T) IIPOUC-
XOAUT IIPU OTPAKEHUU OT 06eMX ITOBEPXHOCTEI I'DAHUIIBI JKUJKOCTH —
CTEKJIO, U OHU «TacAT» Apyr apyra. IlosTomy ycioBue o0pasoBaHUSA
Mm-TO MeMHO020 KOJIbIIA BBITJIAJUT TaK:

2bny = (m-1/2)A, m=1, 2,...N,...
Kpowme Toro, yurem cBA3b (4.35) MexKay 3a30poM b U paguycoM KOJIbIla 7'
2bR = r2.

WUckaiounB b mM3 3TUX ABYX ypPaBHEHUI, HOJYUUM:

ry = (N —1/2)AR/n,.

4.8. IIn0oCKO-BBIIYKJAA CTEKJIAHHAA JIUH3A C PaJUYCOM KPUBUBHBI chepu-
YeCKOI IOBEPXHOCTH R JIeKUuT
Ha  CTEKJAHHOHM  ILJIACTHHE,
IpuYeM H3-32 IONANAHUA IIbI-
JUHKY MeXKAY BBIIYKJIOH IIO-
BEPXHOCTHIO JINH3BI U MJIACTUH-
KOl HeT KOHTakKTa. JluaMeTpnl
N-ro u Ny-ro TeMHBIX KOJeIl B
OTPa’KeHHOM CBeTe PAaBHBI CO-
OTBETCTBeHHO d; u dy. Haiitu
Puc. 4.29 IAWHY BOJIHBI CBeTa.




Hnrepdepenuus cpera 131

4.9.

P e m e B u e. 31ech BOCIONB30BATHCH HEIIOCPEACTBEHHO (HOPMYJIOHN
(4.36) MBI HE MOKeM, TaK KaK He 3HaeM TIOPAIKOB MHTepdepeHIun KO-
JIeI: OHU He COBIIAJAIOT ¢ HoMepamu KoJjell. Ho pasHOCTU MOPAIKOB MH-
TepdhepeHIny PaBHBI PA3HOCTU HOMEPOB. JOTUM MBI M BOCIIOJIB3YEMCS.

YcimoBue obpasoBaHus TeMHBIX KoJer (puc. 4.29), cormacuo (4.34),
3amuIneM Kak

2 (b + Ab) = mA,
KpoMe TOro, reomMeTpuuecKas CBA3b MexXay b um r, coryacHo (4.35),
2bR = r2.
C moMoIIpI0 3TUX JBYX PaBEHCTB HAXOAMM:
re —r = R@2by —2b;) = R(my — my)L = R(Ny — N\
Orcroma
_ & -d
4(Ny, - N;)R

B aByxiaydueBOoM HHTepdepOMETPE HUCIOIb3YETCA HEKOTOpad CIEeKTpa-
JIbHAA JIMHHUA, COCTOAINAA M3 JBYX OIMBKUX KOMIIOHEHT C AJIMHAMHU
BOJH A = 577 HM u A, = 579 HM. IIpn KaKOM HaMMeHBIIEM IIOPATKE
nHTep(hEPeHINN BUAHOCTh NHTeP(HEPEHIINOHHON! KapTUHBL OyJeT Hau-
xypiei?

Puc. 4.30
P e e nue. M300pasuM pacmookeHue MaKCUMyMOB ABYX KOMIIO-
HeHT (puc. 4.30). W3 pucyHKa BUIHO, YTO BUIHOCTH OyaeT HAUXYI-

mreil, Korja MaKCUMYM KOMIIOHEHTBI A, OKaKeTCA IocepesuHe MeXITy
MaKCHUMyMaMl KOMIIOHEHTHI A;. JTO OyJeT IpU YCJIOBUU

mhy = mhy + Ay /2.
Orcroza

m =1y /20hy — A) ~ 140.
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4.10. Nurepdepomerp Maiikenbcona. B HeM HCIIONB3YIOT KEJITYIO JTUHUIO
HATPHUA, COCTOAINIYIO U3 ABYX KOMIIOHEHT C AJUHAMU BOJIH, PABHBIMU
A =589,0 HM u A, = 589,6 HM. IIpu mocTynaTeabHOM IlepeMellleHUNT
OJHOTO W3 3epKaJy mHTepdepomMeTpa MHTePhEPEHIIMOHHAA KapTHHA
nepuoguuecku ucuesasna (mouemy?). Haiitu mepemeriienue 3epkaJia,
IpU KOTOPOM IIOCJIEIOBATEJIFHO TOABJIAIOTCA Haubojee YETKUE WH-
TepepeHITUOHHbIe KapTUHBI.
P emrenue. YeaoBue nmepexosa OT OJHON UETKOU KapTUHBI K CJie-
IyIoImeii:

(m+ 1)\ =mhy,

TZie m — HEKOTODPOoe Iiejioe YucJo. IIpK 9TOM YCIOBHU MaKCHUMYMbI
oT A # A, OyAyT HaAKJAABIBATHCA APYr Ha ApyTa.

CooTBeTCTByIOIEe IepeMelleHre Ab 3epKajia OnpefesisieTcs ypaBHe-
HUeM

2Ab = mA,

TZe IIOZ A MOYKHO IIOHMMAaTh KaK A, TaK U A, (MX pasjuyue 37iech He
CYII[ECTBEHHO: OHO CJIMIIKOM MAaJo).

W3 srux nBYyX ypaBHEeHUU HOJIYUUM:
Ab ~ 32/2AM,

rae AL = hg — Aq.
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Avudpakuna ceeta
v

§ 5.1. IIpunuun I'ioiireHca—®PpenHens

Beemenue. Ilog nudpariueii cBera, KaK W APYTUX BOJHOBBIX
IIPOIIECCOB, IMOHUMAIOT JII00OEe OTKJIOHEHWE OT NIPAMOJUHENHOTO
pacmpocTpaHeHus KoJie0aHUil B cpele C Pe3KUMU HEOJHOPOILHOCTSI-
MU (Kpasd 9KPaHOB, OTBEPCTUA U IP.), YTO CBA3AHO C OTKJIOHEHUSI-
MU OT 3aKOHOB I'eOMETPUUECKOUN ONTHUKH. ITO IPUBOAUT K ormoda-
HUIO CBETOBBIMU BOJTHAMU MTPETATCTBUN 1 TPOHUKHOBEHUIO CBETA B
00JIaCTb T€OMETPUUECKOIl TeHH.

Msbr mocrossnHO HabmOMaeM AUGMPAKIIUIO 3BYKOBBIX BOJIH, BOJIH
Ha IIOBEPXHOCTU BOJBI, PAAMOBOJH. /1A HaOMOOeHNUA JKe qudpak-
IIUY CBETOBBIX BOJIH HEOOXOAMMBI CIIeIMAJbHBIE YCIOBUSI, 00YCIOB-
JIEHHBIE MaJIOCTBIO WX IJIMH BOJH A.

Habnronenue numdpakiuu cBeTa IPOBOAAT OOBIUHO IO TaKOI
cxeme. Ha myTu cBeTOBOI BOJIHBI IIOMEIAOT HEIIPO3PAUYHYIO IIpe-
rpajy, 3aKpPbIBAIOIIYI0 YaCTh, CBETOBOI BOJIHBI. 3a IIperpamgoil pac-
moJIaraioT sKpaH, Ha KOTOPOM IIPU OIIPeeIeHHbIX YCIOBUSIX BO3HU-
KaeT qudpaxkinoHHAas KapTUHA B BUIE TOU WJIY WHOUN CUCTEMBI II0-
JIOC ¥ NSATeH — MaKCHUMyMOB U MUHHMYMOB OCBEII[€HHOCTH.
WccnenoBanue pacupenesieHNsa MHTEHCUBHOCTU CBeTa HA DKpaHe U
OymeT sSBIATHCA OCHOBHOW HAaIlllell 3ajaueil, IOCKOJILKY JaeT J0oCTa-
TOYHO OOIIMPHYIO MH(POPMAIMIO KaK O CBOMCTBaX caMOil CBETOBOI
BOJIHBI, TaK U O JIEHMCTBUU TOTO WJIM MHOTO yYACTKA HE3aKPBITON ua-
cTu mperpagbl (KPyrJabIX OTBEPCTHUil, Iesjeid U 1p.).

IlepBoe 00BbAcCHeHUE AUGPAKIINN CBETA IPUHALJIEKUT DpeHeTto
(1818 r.). Ou mokasaj, UTO KOJUUECTBEHHOE OIMHrCcaHne AUPPaKIii-
OHHBIX SBJIEHUI BO3MOKHO Ha OCHOBE IIOCTpoeHUusA [folirexca, eciu
ero JOMOJHUTHh MPUHIIUIIOM HHTEeP(EepeHIIN BTOPUYHBIX BOJH.

Boo061iie roBops, s onmmcaHus AUPPAKIIMOHHBIX SABJIEHUN He
TpedyeTcsa BBOAUTH HUKAKUX HOBBIX IIPUHIIAIIOB. B paMKax s/IeKT-
POMATrHUTHOM TEOPHUU CBETA 3a1aua CBOAUTCS K HAXOMKISHUIO pPere-
HUS ypaBHeHUU MakKcBeja MpU OIpefeeHHbIX TPAHUYHBIX YCJIO-
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Buax. OJHAKO pellleHre TaKOI 3aJauu MpPeICcTaBJAeT OOJIbIINEe Ma-
TeMaTuuecKkue TpyaHocTU. IlosTomMy B OOJBIIMHCTBE CJIYy4YaesB,
IPEACTABIAIONINX NPAKTUYECKUN WHTEPEC, BIOJHE AOCTATOYHBIM
OKa3bIBaeTCs IMPUOJIMKEeHHBIN MeTO PellleHns 3aJaul O paciipee-
JIeHNY WHTEHCHUBHOCTH CBETA, OCHOBAHHLIN Ha mpuHIiiuie ['foireH-
ca—®Ppenensa. VIMeHHO 3TOT MPUHIIUII XU OCHOBAHHBIE HA HEM IIPO-
CThle M HAIJIAAHBIE METOIBI pacueTa Mbl U BO3bMEM 3a OCHOBY JTaJIb-
HelIIero M3JI0MKeHU!d.

IIpunnun I'oiirenca—®penensi. ITOT IPUHIIUI ABJIAETCA OCHOB-
HBIM TIOCTYJIATOM BOJIHOBOM TEOPUU, OHMUCHLIBAIOIINM M O0BACHSIO-
UM MeXaHU3M PAacIIPOCTPaHEeHUS BOJIH, B YACTHOCTU CBETOBBLIX. B
YeM ero CyThb?

Puc. 5.1

Paccvorpum mperpany N (He 003aTebHO IJIOCKYI0) C HEKOTO-
PBIM OTBEpCTHEM, Uepe3 KOTOpPOe IMIPOXOMUT CBET OT TOUEUHOTO MO-
HOXpoMaTuuecKoro mcrounuka P, (puc. 5.1). Sazaua cocrour B
ompefeIeHNN HaNPSKeHHOCTU E 3JeKTPUUECKOTO IOJA B JII000
Touke P 3a IIperpajmoi.

B metone ®PpenHend mpearosaraeTcsa, 4TO HAIPAKEHHOCTbL E B
TOUKAaX OTBEPCTUS TAKOBA, KAK U IPU OTCYTCTBUU IIPErpaabl, U UTO
B TOYKAaX HeIocpeacTBeHHO 3a mperpagoir E = 0. T. e. cuuraercs,
YTO CYIECTBEHHA TOJBKO ()OPMa OTBEPCTHUSA IIPErpaabl, HO HE caMa
mperpaja. 9TO IPEAIOJIOKeHe, KaK II0KA3aJ OUbBIT, CIIPABEIJINBO,
KOr[a pasMephbl OTBEPCTHUSA W PACCTOAHUS OO MCTOUYHUKA U TOUKU
Habaomenusa P 3HauMTEJIbHO OOJIbIE IJIMHBI BOJHBI A, T. €. KOUZa
OTKJIOHEHUSI OT TeOMEeTPUUYECKON ONTUKMU AOBOJbHO MaJybl. OHO Ha-
pyliaercs AJsA OTBEPCTUsS, HAOpUMep, IeJHu, IMHUPHUHA KOTOPOI
3HAUNTEJIbHO MEHBIIIE A.

IIepekpoem MBICJIEHHO OTBEPCTUE B IIperpaje IPOu3BOJBHOMN II0-
BepXHOCThIO S. PaszobbeM aTy IIOBEPXHOCTH Ha dJIeMEHTapHble yua-
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ctku dS. ITo npenmonoskenuo ®@penens KayKIbIN U3 9TUX YUYACTKOB
CTAaHOBUTCSA MCTOUHUKOM BTOPUUYHOI chepuuecKoil BOJIHBI. AMILIN-
TyJga BTOPUUYHOII CBETOBOII BOJIHBLI, NOCTHUTAalOIleil MHTepecyrolei
Hac TOUKHU P, moyKHAa ObITh MIPOIOPIIMOHANbHA AMILIUTYAE IePBUY-
HOM BOJIHBI, IPUXOIAINEH K saemMeHTy dS, a TakiKe ILIOMagN CAMO-
ro sygemenTa dS, m 00paTHO IPOIOPIIMOHAJLHA PACCTOAHUIO I OT
saemenTa dS mo Touxkm P.

B pasnbpHelimem MBI OyeM paccMaTpUBATH TOJBKO TaKUe CJIY-
yam, KOTOPBIE TTO3BOJIAIOT B KaUueCTBe MOBEPXHOCTH S OpPaTh 60J1HO-
6Y10 TIOBEPXHOCTH ITaJaloleil BOJHBI (3TO 3HAUUTEJHLHO 00JIeTdyaeT
pacueTbl). B aTux ciydadx OT KaKmoro sjeMmeHTa d.S BOJHOBOI IIO-
BEPXHOCTU PacIpocTpaHAioniasica chepuueckas BOJIHA BbI3BIBAET B
Touke P KoJsebaHUe

a,ds
dE = K —Heos(wt — kr).
31eck a, — BeJIUYHHA, OIpefeldeMas aMILIATYJOH CBETOBOU BOJ-
HBI B MeCTe Haxo)XIeHus sjaeMenTa dS, B — BOJIHOBOE UYHCIIO

(k = 2nt/)\). Koapdpurniment K 3aBuUCHUT OT yria 3 MeKIy HOPMAJIBIO
K ssiemenTy d.S u manpasiaeHueM oT dS K Touke P. EcrecTBeHHO IIpes-
TOJIOKUTD, YTO KoddhduiimeHT K MOHOTOHHO YOBIBA€T C POCTOM yTJjia
9. Muorue mpaKTHYeCKM BasKHbIe NU(MPAKIIMOHHBIE 3aJauld MOYKHO,
KakK Mbl YBUIUM JaJjiee, PEIUTh IPU BecbMa OOIIUX IIPEIIOI0KEeHIIX
OTHOCUTEJIbHO 3aBucuMocTH K(3), He yTOUHAA KOHKDPETHOTO BUZA
9TOI 3aBUCUMOCTU.

PesynbsTupyioiiee KoJsiebanue B Touke P MoKeT OBITH IIPeCTaB-
JIEHO KaK cyIleprnosunus Kojebauuit dE oT Bcex sjaemeHTOB dS mo-
BepxXHOCTH S, a UMEHHO

E :iK(S)arOcos(cot —kr)dsS. (5.1)

Wurerpan (5.1) BeIpaskaeT co00il MaTeMaTHUYeCKYIO (hopMyJiu-
poBKY npunyuna I'toiizenca—Ppenensa. Cyrp dTOr0 IpUHIUNA B
cJIeyIoIeM:

0as onpedenenus KoseOarHus 6 mouke P, sexcaweil neped Heko-
mopoil nogepxHocmvio S, H@OO HaAllmu KoLebarus, npuxodsujue 8
amy mouky om cex anemenmos dS nogepxrocmu S u 3amem cJo-
Jumsv ux ¢ ywemom amnaumyo u ¢as.
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IIpu sToM mpexmoJsiaraeTcsi, YTO BCe DJIE€MEHTHI IOBEPXHOCTU S
B3aMMHO KOT€PEeHTHBI — 3TO HEOOXOAMMOe YCJIOBUE AJs uHTepde-
PEeHIIMY BTOPUYHBIX BOJH.

ITpunnun Iofirenca—®peHensa MOMKHO IPEICTABUTH B IPOCTON U
HaTJIAIHON hopMe C IIOMOIIbI0 BEKTOPHOMI
(dbasoBoit) mmarpammsr (puc. 5.2). Hcmo-
Jb30BaHUE TMOAOOHBIX AMATPAMM B Jajb-
HEHIeM II03BOJIUT 3HAUUTEJIBHO YIIPOC-
TUTb MHOTUE PAaCCYKIEHUSI W pPacueThbl.
Ha »sT0ii gmarpamme pes3yJIbTHPYIOIIAS
aMIIuTysa — BekTop E, — mpezncrasie-

Puc. 5.2 Ha KakK BeKTopHas cymma ammiautyn dE

KoJiebaHuii B,TOUKe P OT pasjIMYHbIX dJie-

meHTOB dS moBepxHOCTH S ¢ yueToM mx (a3, T. €. YIJIOB MEKIY
HUMMU.

§ 5.2. Indpakunua PpeHenass oT KPyriaoro OTBEPCTUS

3ol ®Ppenensda. CymmMupoBanue (MHTETPUPOBAHWE) aAMILIUTY
dJIeMEHTapPHBIX KOJe6aHuil, IPUXOJAIINX B TOUKY P, BOOOIIe roBO-
psd, BecbMa cio:kHO. Ho B mpocTedmimx ciaydaax, o00Jagaiolimx
omnpesesIeHHON cUMMeTpueil, MHTerpupoBaHue, Kak mokasaa Ppe-
HeJb, MOYKET OBITH 3aMEHEHO TIPOCTBIM ajJredbpamvyecKmM WUJIU Tpa-
duuecKkuM caoyKeHUeM (IocjemHee OCOOEHHO HATJISAIHO).

CyMMupoBaHUE aMILIATY/[ KOJeOaHMI, TPUXOJAIINX OT Pa3aInyd-
HBIX 3JIEMEHTOB BOJIHOBOI IoBepxHOCTH S, PpeHEJb IPEATOKUI
IeJaTh C IIOMOIIBIO Pa3OMeHUA MOBEPXHOCTH S Ha 30HBI, KOHPUTY-
panusa KOTOPHIX 3aBUCUT OT CUMMETPUM paccCMaTPUBAEeMOIl 3a1aun.

Puc. 5.3
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ITonbsysachk metogom PpeHesss, OUpPeaeJ M aMILIATYAY CBETOBBIX
KoJiebaumit B Touke P 3a KPyIrJIbIM OTBEPCTHEM Ha ero ocu (puc. 5.3).
BosHoBas moBepXHOCTB S, KOTOPOM MBI IIEPEKPOEM OTBEPCTHUE, CHIM-
MeTPUYHA OTHOCUTEILHO NPAMOil PP, moaToMy ee HauboJIee Ieaeco-
o0pasHo pasbuBaTh HA KOJble6ble 30HBI C IIEHTPOM HA OCHU OTBEp-
CTUSA. OTU 30HBLI BBIOMPAEM TaK, UTOOBI PACCTOSHHUS OT KPaeB KaiK-
IO B0HBI 0 TOUYKW P OTJMYaJINCh APYr OT APyra Ha IOJOBUHY
IUIVHBI BOJIHBI, A/2. OTO U eCTb 30Hb. Pperens B JAaHHOM CJIydae.

Haiinem snewrnuii paguyc m-ii 30l Ppenensd, r,,. C 5Toi meabio
BOCIIOJIb3yeMcs pPUc. 5.4, U3 KOTOPOro BUIHO, UTO oTpe3ok CO paBeH

h, + h, = mh/2. (5.2)

Bripasum h, u h, 4depes r, W COOTBETCTBYIOIIME DaJUyChl a4 U
b + mA/2. Cornacuo teopeme Ilugaropa, r,i =a? —(a-h, )2. IIpe-
0o0pas3oBaB IIPaByI0 YacTh 9TOI0 PABEHCTBA KaK Pa3HOCTL KBajpa-
TOB, HMOJYUYUM r,i =(2a — h,)h,. O6BIYHO MBI OyZeM UMeTh JeJIO CO
caydasaMu, Korga h, < 2a, I03TOoMy IpeJbIayllee PABEHCTBO MOMKHO
3amucaTh TaK:

h, =Ty /2a. (5.3)

Paccy:xmas aHaiornyHo IJIs IPABOM YACTU PUC. 5.4, IOJYUNM CJIELYIO-
mwee BEIpaXKeHUE: 1o = (b+mh/2)°— (b+mh/2—hy)® = @b+mAi—hyh, .
Ilpenebperas sgeck B mociegHell cKoOKe ciaraeMbIMu mA u h, IO
cpaBHeHUIO ¢ 2b, TPUXOAUM K BBIBOAY, UTO

hy =T /2b. (5.4)
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Ocraercsa moacraBuTh (5.3) u (5.4) B ucxoxuyio gopmyny (5.2), u
MBI IIOJIYyUYWM, UTO BHEULHUl paguyc m-ii 30HbI PpeHeasd

ab
a+b

Ty =+ MA

(5.5)
3aMeTHM, YTO €CJM Iajaolasd HOPMAaJIbHO Ha [JaHHOE OTBEPCTUE
BOJIHA ILIOCKasd (a — ), TO

T, =~ mhib. (5.6)

Ecau ke mamarormasi BoJaHA chepruuecKas U CXOAAINAACST B TOUKE,
PACIIOJIOMKEeHHOH 3a OTBEPCTHEM Ha PACCTOAHUU @& OT HEro, TO B 3HA-
menarene (5.5) momkHO OLITH a — b, ecnu b<a, uau b—a, ecau
b>a.

Yr0o0bI UMEThL HEKOTOPOE HPEACTaBJIeHNEe O IOPASKAX BEJNUYNH,
C KOTOPBIMM IIPUXOAUTCS MMEThH JeJIO0 IPU JU(PPaKIuK CBeTa, pac-
CMOTPUM CJIeAVIOIIUHA TpuMep.

IIpumep. Ha kpyrioe orBepcTue paguyca r = 1,0 MM HOpMaJILHO HAJaeT ILIO-
cKas cBeroBas BosHa ¢ A = 0,50 mxm. Omnpenesum urcyio 308 Ppe-
HeJIsI, KOTOPhbIe YKJIAABIBAIOTCA B 9TOM OTBEPCTUM [JIA TOYKHU HAa-
orofennsa P, pacloJioyKeHHOM HAa OCH OTBEPCTUA U OTCTOSAIINEH OT
Hero Ha paccroaHue b = 80 cwm.

ITockosbKy majgaromias BOJIHA ILJIOCKAs, CJIELYyeT BOCIIOJIb30BAThCS
dopmyioit (5.6), oTKyza HaXOIUM

2 302
m="_ - 10" oy

A 05-10°.08

2 2
ITnowadu 30n (IpM JOCTATOYHO MaJBIX m) AS =nr, —7r, 4,

UIn
AS = 1A ab 5
a+b (5.7)

T. €. IPAaKTUUYECKU OJMHAaKOBEI. HO aMIIUTyIbI KOJIe0aHUA, IPUXO0-
OAITAX B TOUYKY P OT 3TUX 30H, MOHOTOHHO U CJIa00 yOBIBAIOT M3-3a
VBeJIUUEHUS PACCTOSHHUSA ' OO0 TOYKM P OT KaKIOoH cJIeayIoIieil
30HBI U pPOCTa yria 9 MeKIy HOPMAaJbIo K dJeMeHTaM 30HbI U Ha-
IpaBJieHNeM Ha TOUYKRy P.

®aspl KoJIebaHUil, BO30OYKAaeMbIX B TOUuKe P cocefHUMHU 30HAa-
MM, OTJIMYAIOTCSA HaA T, IIOITOMY BEKTOPBI-aMILIUTYIbl HEUETHBIX
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30H IIPOTHBONIOJIOYKHEI 110 HAIIPABJIEHUIO BEKTOPAM-aMILJIUTYIaM OT
YeTHBIX 30H. VI pesysbTUpYIONIasd aMILIUTYAa, & SHAUUT U WHTEH-
CUBHOCTDH, 3aBUCUT OT TOr0, YETHOE WJM HEYETHOE UMWCJIO M B30H
dpeHenda yMmeIraeTca B OTBEPCTHUU — OJA TOUKU HaOmomeHus P.
Ecau uwmciao 30H HeueTHoe, B TOUuKe P HabOIomaeTca MaKCHUMYM,
ecJiu JKe UYMCJIO 30H YeTHOe, TO — MUHUMYM.

Yucso 30H m B OTBEPCTUU MBI MOYKEM H3MeHATh. Hampuwmep,
IS YBeJIWUYEeHUs YKCJa 30H HAAO MW PACIIUPUTH OTBEPCTUE, WU
TpubIM3UTH SKPaH K HeMy, MJIU TO U IPyroe BMecTe. ITO Helocpe/i-
CTBEHHO BBITeKaeT u3 GopMyJsl (5.5), ecan moj 7, IOHUMATh Pagu-
yC OTBEpCTHUA.

Cnupans ®Ppenens. PaccmoTpum rpaduuecKuii MeTOH CJIOKe-
HUS aMILUIATYZA. B 9TOM IPOCTOM M HATJIAJAHOM METOJ€e BOJHOBYIO
MOBEPXHOCTh MBICJIEHHO pa30WBAIOT Ha BecbMa y3KHe KOJIbIIEBBIE
30HBI. AMIIUTYAY KoOJeOaHmnii, CO3JaBaeMbIX KaKIOHU M3 TaKUX
30H, m300pasum BekTopoMm dA. BeiencTBrme yBesMYeHMHs PaCCTOsI-
HUS r 1 YMeHbIIIeHUA Koadduiinenta K aMmninTyna Koaebanuii, co-
3IaBaeMbIX KaXKIOU CJIeAyIoINeli y3KOII KOJBLIEBON 30HOI, OyaeT
yOBIBaTH IO MOZYJIIO U OTCTaBaTh 0 (hade oT KomebaHMii, co3maBae-
MBIX TpenbIayIieii 3oHoi. MI306pa3uB oTcTaBaHUe MO (pase ITOBOPO-
TOM KasKIoro BeKTopa dA npomueé 4acoBOU CTPEJKU Ha COOTBETCT-
BYIOIIUH yToJI, MOJYUYUM IIEIIOYKY BEKTOPOB, BEKTOPHAA CyMMa KO-
TOPBIX U €CTh PEe3yJbTUPYIONIAA aMILIUTyAa KoiebaHuil B Touke P.

Ha pwuc. 5.5, a mokasan pesyJsbTaT meiicTBusA 1-i1 30HBI DPpeHes.
3nech aMILIUTyAa Kosnebanuil dAy oT y3KOro KoJbIia, IPHIerarolre-
ro K rpauuiie 1-ii 3oHbI @PpeHeisa, oTcTaeT mo (ase HA T OT aMILJIUATY-
OBl KOJIe0aHWi, IPUXOSAINUX B TOUKY P 13 meuTpa 1-ii 30HBI — OT
dA,, I03TOMY COOTBETCTBYIOIINE STUM AMILIUTYAAM BEKTODHI B3aVM-
HO IIPOTHBOIIOJIOMKHBI IO HAIIPaBJIEHUIO.

a) 0) 6)

Puc. 5.5
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IIpomonikas mocTpoeHue, MOJYUIUM BEKTOPHYIO AUATPAMMY IS

pe3yabTUpYIoInell aMIINTY bl KoJIe0aHUi B TouKe P oT melicTBUsA

nepBBIX ABYX 30H Ppenens (puc. 5.5, 6), 3aTem

OT TIepBBIX Tpex 30H PpeHens (puc. 5.5, 8)

u T. g. Ilerrouka mo Mepe yBeJIUMUYEHUA YNCIA V3-

KHUX KOJIBIIEBBLIX 30H OYJEeT «3aKPYUUBATHCI» B

cIupaib, U B pPe3yJabTaTe aMILIUTYAA OT AelcT-

BUSA BceX 30H (Bcell BOJIHOBOM IMOBEPXHOCTH) OY-

ger paBHa A (puc. 5.6). 9Ty cnmpaab Ha3oBeM

Puc. 5.6 cnupanvio Pperens (B OTIMYEE OT APYTOil CIIH-
paiu, ¢ KOTOPOii MBI BCTPETUMCS B cJenyiomieM maparpade).

3aberas BIepen, OTMETUM, UTO Au(ppariusa PpeHessd CBsI3aHA C
IeficTBUEM JIUIIh HECKOJBbKUX IIEPBBIX BUTKOB ciiupaau (6oJiee Io-
npobHo 06 aTom B § 5.4).

Taxum obpasoM, aMILIUTYyAA KoJebaHU M MHTEHCUBHOCTD CBeTa
B TouKe P (cM. puc. 5.3) o Mepe yBeJIUYEHUA paguyca OTBEPCTUA B
mperpaje M3MeHAETCA He MOHOTOHHO. Iloka oTkphIBaerca mepBasd
3o0Ha DpeHessd, aMILIUTYAa B TOUKe P yBeInmuynBaeTcAd M JOCTUTAET
MaKCHUMyMa IPHU MMOJHOCTHIO OTKPBITOHM 30HE (cM. puc. 5.5, a). Ho
M0 Mepe OTKPBLIBAHUS BTOPOM 30HBI DPpeHeSsd aMILIUTyAa KoJieda-
HUH B TouKe P yObIBaeT, 1 IPHU MOJHOCTHIO OTKPBITHIX ABYX IIEPBBIX
30HAX YMEHBIIIAeTCsd IIOUTH A0 Hyad (cMm. puc. 5.5, 6). 3aTeM aMii-
JUTyAA yBeaumumBaeTcsa cHoBa (puc. 5.5, 8) u T. 1.

To ke camoe OyzeT HaOJIOIATHCSA, €CJIU BMECTO YBEJIUUYEHUS OT-
BepcTuA NPUOJIMIKATE K HEMY TOUKY HabJogeHus P BIOJIb HPAMOI
PyP (cm. puc. 5.3). 9TO JIerko HOHATh U3 JAHHOTO PUCYHKAa: IIPU
5TOM YMCJIO OTKPBIBAEMBIX 30H DPpeHeJsid B OTBepCcTUU nperpangbl N
O0yZeT yBeJIMUYMBATHCH.

Ha nmepBrIil B3TIAM 9TU pe3yJbTaThl, IPeJCKa3aHHble HA OCHOBE
npuHiuna ['olfireHca—®peHess, BRITIALAT MapagoxkcaababiMu. Of-
HAKO OHU XOPOIIO IOATBEP:KIAIOTCS ONBITOM. B TO Ke BpeMs CO-
TJIaCHO TeOMeTPHUUYECKON ONTHKe MHTEeHCUBHOCTh CBeTa B TOuKe P He
IOJI’KHA 3aBHCETh OT pajuyca OTBEPCTHUA.

WUrak, amniauryza KoimebaHuili B Touke P OT IIOJHOCTHIO OTKPHI-
TOM BOJIHOBOU ITOBEPXHOCTH’, COTJIACHO IIpeAcTaBjeHuaAM PpeHess,
paBHa A = A;/2, T. e. UHTEHCUBHOCTE (I oo A?) B ueTHIpe pasa Me-
HbIIIE, YeM IIPW HAJUYUU IIPErpagbl ¢ KPYIJIbIM OTBEPCTHEM, OT-
KPBIBAIOIIIEM TOJBKO 1-10 30HYy Dpenesd.
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Oco0eHHO HEOKUAAHHLIM B MeTome DpeHesd MIPeaCTaBJISIeTCs
TOT YAWUBUTEJIbHBIN BBIBOJ, UTO IPU OTBEPCTHUU B IIpPerpajae, OTKPHI-
BalomieM IJis TOuKu P naBe 30HBI ®@peHesss, HHTEHCUBHOCTh B 9TOH
TOUKEe MajaeT MPAaKTUUYECKU M0 HYJsS, XOTS CBETOBOU IIOTOK uepes
OTBEPCTHE OKAa3bIBAETCA BIBOE OOJIbIIIE.

IIarao Ilyaccona. He meHee HEOXUAAHHO U TO, UTO 3a KpPYT-
JBIM HEIMPO3PAUYHBIM AUCKOM BrIleHTPE eT0 TeOMeTPUUYECKON TeHU
WHTEHCUBHOCTL HEe pPaBHA HYAK. Ecau AUCK IepeKphIBaeT JIUIID
HECKOJbKO 30H ®PpeHens, TO HUHTEHCUB-
HOCTbH B I[EHTPE IeOMEeTPUUECKOH TeHH! MoU-
TH TaKas ke, KaKk MPU OTCYTCTBUU AUCKA.
9TO HEIOoCPeACTBEHHO CJeAyeT U3 CHupaIn
®penens (puc. 5.7), TOCKOJIBKY €CJIU TUCK
3aKpbLIBaeT, cKaskem, 1,5 30HBI PpeHend,
TO Pe3yJIbTUPYIOIIUNA BEKTOp A IpU IIOJ-
HOCTBIO OTKPBITOU BOJHOBOU TOBEPXHOCTU
MOJKHO TIPEACTAaBUTh KAaK CYyMMY ABYX BeK-
Topos: A, = A; 5+ A,. Tak Kax nepssle
IIOJITOPBEI 30HBI 3aKPBITHI, TO OCTaeTCA TOJBKO BeKTOp A, — OT
BCEeX OCTAJbHBIX 30H. OTOT BEKTOP IO MOZIYJIO JIUIIIL HEMHOTO Me-
HbIlle BeKTopa A .

ITO cBeTJIOe MSATHO B HEHTPEe I'eOMEeTPUUYECKON TeHH Ha3bIBAIOT
namuom Ilyaccona. PaccmaTpuBas B cBoe BpeMmsi Meron PpeHesns,
IIyaccon mpuiiies1 K BBIBOAY, UTO B I[EHTPE TEHU OT AUCKA JOJIMKHO
OBITH CBETJIOE IIATHO, HO CYeJ 3TOT BBIBOJ CTOJIb aOCYPAHBIM, UTO
BBIABUHYJI €ro Kak y0eIuTe/JbHOe BO3pasKeHue MPOTUB BOJIHOBOM
Teopuu, pasBuBaemoii @penesnem. OgHAKO 9TO «abCypaHOE» IIPE.I-
cKasaHue OBbLI0 9KCIePUMEeHTAJbHO MOATBEePKAeHO Aparonom. Bo-
HOBas Teopusa DPpeHeNA BOCTOPIKECTBOBAJA.

3oHHAa TJIacTUHKA. Eciu B mperpaje OTKPBITH TOJBKO HedeT-
Hble 30HBI @PpeHena (1-10, 3-10,...), TO BEKTOPHI-aMILIUTYIbI OT 3TUX
30H OyAyT COHAIIpaBJEHBLI U B CyMMe JaAyT BEKTOP, BO MHOTO pas
IIPeBOCXOA AN IT0 MOAyTI0 BeKTopel A 1 A,. Takyio cucremy Ha-
3BIBAIOT 30HHOU NAACMUHKOU. AHAJIOIMYHO MOYKHO H3TOTOBUTH
30HHYIO ILJIACTUHKY, I'le OTKPBITHI TOJBKO UeTHbIe 30HbI PpeHeis.

3oHHAA IJIACTHUHKA, COAep:Kallasi 7 OTKPBITHIX 30H, CO3TaeT B
TouKe P MHTEeHCHBHOCTH IPUOIM3UTENBHO B n2 pas 00IBIIyIO, UeM
OTBepCTHE B MEPBYIO 30HY DPpeHesd.

Puc. 5.7



VYcuneHnve MHTEHCUBHOCTU CBeTa 30HHOI IJIACTUHKON SKBUBa-
JIEHTHO (DOKYCUPYIOIIEMY AeMCTBUIO JUH3LI. PacCTOSHUSA OT 30HHOU
ILIACTUHKH [0 UCTOYHHUKA P 1 ero «usobpakeHusa» P cBA3aHEI Ta-
KUM K€ COOTHOIIIeHWEM, KaK U COOTBETCTBYIOI[VE PACCTOSIHUS IJIs
JAnH3bI. YTOOBI B 5TOM y0EIUTHCS, JOCTATOUHO IepeIrucaTb opmy-
ay (b.5) B Bupge

1 91/ ma
o s (5.8)

rIe BhIpakKeHHne B IIPABOil UaCTH paBeHCTBa MOYKHO pacCMaTPUBAThH
Kak 1/f, f — doxycuoe paccroanue: f = ,i/mk = 7”12 /A, TIOCKOJIBKY
r,, o m. Ho B oTyimune or JIMH3BI, 30HHAA IIJIACTUHKA — CHCTEMa He
TAyTOXPOHHAA: KoJIeOaHUsA, MPUXOAAnire B QoKyc F OT cocemHUX
OTKPBITBIX 30H, pasamuaiorca mo ¢dase Ha 27 (Pas3HOCTH xozaa A).
Kpome aToro doxryca (0OCHOBHOTO), 30HHAS ILJIACTUHKA UMeEET U JAPY-
rve, a UMEHHO Te TOuKHu F', B KOTOpble K0JeO0aHUA OT COCEIHUX OT-
KPBITBIX 30H OIPUXOMAT C PABHOCTBIO X01a 2\, 3A U T. . OTHU IPyTHe
(hoKyCchI OKa3bIBAIOTCS 00Jiee cIabbIMU II0 CPABHEHUIO C OCHOBHBIM.
MHTEeHCUBHOCTEL cBeTa B riIaBHOM (hoKyce F 30HHON TJIACTUHKU
MOJKHO YBEJIMUUTDH eIlle B UeThIpe pasa, ecju U3MeHUTH Ha T (pasbl
BTOPUYHBIX BOJH, MCXOAAIIUX M3 BCeX 30H PpeHegss ¢ UYeTHBIMU
(u1u HeueTHBIMU) HOMepaMu. Torjga BEKTOPBLI-aMILIUTYAbI OT BCEX
30H OyAyT COHAIIPABJIEHBI U PEBYJIbTUPYIONIAA aMILIUTYAa BO3pac-
TeT erle BABoe. Takas miacTUHKA Oblila M3TOTOBJEeHA Bymom myTem
TpaBJIeHUS B COOTBETCTBYIOIIUX [BOHAX TOHKOI'O JIAKOBOT'O IIOKPHI-
Tusa. Ee melicTBue BIIOJIHE SKBUBAJICHTHO JEHCTBUIO JUH3LI, TAK KaK
B 000UX CJIy4asX BTOPUYHBIE BOJHBI OT BCEX TOYEK BOJIHOBOI IIO-
BEPXHOCTU TPUXONAT B TOUKY F B OAMHAKOBBIX (hasax.
HomonauTteabHble 3aMeuanna. OHU KacalooTcda KaK caMOM CIU-
panu @PpeHesnsa B KauecTBe pabouero MHCTPYMEHTa, TaK U BUAA
IU(MPAKITMIOHHON KapTUHBI B 3aBUCUMOCTHU OT PAAUyCa OTBEPCTUS.
1. ITpu pelrreHUU HEKOTOPBIX BOIIPOCOB, €CJIU HEJI0 OTpaHUYMBA-
eTcs IEPBBIM IIOJYBUTKOM cnupaau PpeHess, T. €. IePBOHA 30HOI,
¥ MBI He IpeTeHAyeM Ha 0COo0YyI0 TOUHOCTH Pe3yJIbTaTOB, TO BIIOJIHE
IOCTATOYHO II€PBBIA BUTOK IPUHUMATH 3a OKPY:KHOCTb. Ilorperi-
HOCThb OyZeT IpPU dTOM [Jis MHOTUX CJIyYaeB HeCYII[eCTBEHHOI.
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IIpumep. Ilnockas cBeTOoBasA BOJHA MHTEHCUBHOCTH I IajjaeT HOpMAaJbHO
Ha IIperpaay, B KOTOPOI IJA TOUKU HaOI0aeHusA P OTKPBITHI TO-
JIbKO BHYTPEHHSAS MOJIOBUHA 1-# 30HBI
®penens u Bropas (BHEIIHAA) II0JIO-
BUHA 2-i 30HbI @peHenda. Haligem nn-
TEHCUBHOCTH CBeTa B TOuKe P. A

IlpyHuMas 1epBBII BUTOK CIIMPATIU
dpenesnst 3a OKPYKHOCTh, TIOCTPOUM CO-
OTBETCTBYIOIIINE BEKTOPHI A; u A, (puc.
5.8), U oTBeT OUYEBUEH:

A = 24, orkyma I = 41,

A

Puc. 5.8
2. MeTon 30H @peHessa MO3BOJIAET CPAB-

HUTEJbHO IPOCTO HAWTU MHTEHCUBHOCTH CBETAa TOJHLKO B TOUKe P,
JesKaleil Ha ocu KPYIJIOTO OTBepcTus B mperpajne. Pacuer ke pac-
mpegeeHus WHTEHCUBHOCTHU [IJIs BCeH MUMPPAKIIMOHHON KapTUHBI
3HAUYUTEJbHO CJIOJKHee. Beca KapTumHa 00JamaeT KPYyroBOil CHMMET-
pueit u mpeacTaBisgeT coboil UepeayIoIecs CBeTJIbIe I TeMHBIe KO-
JbIla, IIJIABHO TEPeXOoAdAIue APYyr B IApyra.

Eciu B oTBepcTumM mperpaabl yKJaaabiBaeTca 1-a 3oHa PpeHesnsa
WJIU ee YacTh, TO MHTEHCUBHOCTh MaKCUMAaJbHA B I[eHTPEe KapPTUHBI
(T. e. B TouKe P) 1 MOHOTOHHO yOBIBaeT IIPU yAAJEHUU OT TOUKU P.
Eciu oTBepcTHe OTKPBLIBAET ABe IepBbie 30HBI DpeHesisg, ToO B OKpe-
CTHOCTH TOYKKM P BO3HMKAET TeMHOe KpPYIJioe MHATHO, a BOKPYT
Hero — cBeTJjioe KoJbito. C yBeInueHneM Uuca M OTKPBITHIX 30H B
OTBEPCTHUU IIPETrpaabl YBEJIUUYNBAETCA U UMCJO CBETJBIX ¥ TEMHBIX
koueri. Ha puc 5.9 mokasano pachpepesieHre MHTEHCUBHOCTU I OT
paccTossHUA I OO0 HeHTPa Ju(GPaKIMOHHON KapTUHBI IIPU PasjIny-
HOM uYmcJie M OTKPBITHIX |30H Ppenens. Korma ke B oTBepcTHHU
VKJIaAbIBaeTCA 00JIbIIOE urcyIo 30H PpeHessd, MHTEHCUBHOCTD BOJIN-
3u TOUKU P OKa3bIBAeTCs IMOYTH PABHOMEDPHON U JIUIIH Y KPaeB Teo-
MeTPUUYECKON TEeHU OTBepCTUs HaOJIIoJaeTcsA dyepeJoBaHUeEe BechMa
Y3KUX CBETJBLIX UM TEMHBIX KOJIBIIEBBIX IT0OJIOC.

I I I I
m=1 m=2 m=3 m=4
0 r 0 r O r 0 r

Puc. 5.9




>

Taaga 5

IIpogeMoHCTPUPYEM Ha KOHKPETHOM IIpHMepe BOSMOMKHOCTHU CITH-

panu ®@penend (cM. puc. 5.6) mpu IUPPaAKIINN OT HEKOTOPBIX 00beK-
TOB, He 00JaJaIMUX KPYTOBOM CUMMETpPHUeii.

a) 6)

o

P P
Puc. 5.10

ITpumep. Ilmockasa cBeToBasA BOJHA MHTEHCUBHOCTHU [ ITaaeT HOPMAaJIBHO Ha

mperpazsl, moKasanHble Ha puc. 5.10. HalizteM HMHTEHCUBHOCTH CBe-
Ta B TOUKe P, pacIioJIo;KeHHOIT 3a IperpajaMu, ecjiv B ciIydae a) OT-
KpBITO 3/4 BOJHOBOM MOBEPXHOCTU, a B ciaydae 0) 3aKpyrJieHHas
YacTh IIPerpaabl SBJIAeTCS Ipanuleil 1-it 30HbI @peHessa JJId TOUKHU
P.

ITpexx e Bcero ACHO, UTO B 3TUX CIyUaaxX AU(PPAKIVOHHAA KapTUHA
(uepenyrooIiuecss CBETJIbIE WM TEeMHbBIE II0JIOCHI) He OyneT o0JagaThb
KPYTroBOIl CUMMeTpUE, OHA 3HAUNTEJIbHO ciaokHee. Ho pacuer mis
yKasaHHOUM TouKu P oKasbIBaeTcA JOCTATOYHO IIpOCThIM. [leiicTBu-
TeJILHO, B CJIy4ae a) OT KaKIol 30HbI PpeHessa OyaeT JeiicTBOBATH
TOJIBKO 3/4 ee yacTu, cjieOBAaTeILHO, aMILIUTYIa B Touke P Oymer
A = (3/4)A,, u UHTEHCUBHOCTH | = (3/4)210.

B ciyuae :xe 6) pedyabTupylomiad amMmiuTyga A B Touke P Oyner
paBHaA Pa3HOCTU aMIUIKTY/bI OT IIepBOil 30HBI PpeHend A; 1 aMILIn-
TYABI OT BCEX OCTAJIBHBIX 30H (3/4)A, .., T'le A, = A,. IloguepkHeM:
UMEHHO PA3HOCTH, IIOCKOJBKY O0eMM aMILIMUTyAaM Ha CIHUPAJIN
®Dpenensa (cM. puc. 5.6) COOTBETCTBYIOT BEKTOPHI, IIPOTUBOIIOIOKHO
HaINlpaBJIeHHbIE, T. €. UMeIoIe pasHocTh a3 n. MTak, pesyabTu-
pymolias aMIIUTyJa B TOuKe P paBHA

A=A =~ B/DAger = 24— (/DAL= (5/4)A,.

Orciofna MHTEHCUBHOCTb I = (5/4)2I0.

3amMeyaHUsd 0 meToae deeHeJm. BLI‘II/ICJIEHI/IH, BBIIIOJIHEHHBIE Ha OCHO-

Be mpuHIuna [oiirenca—®PpeHessa, Jal0T, KaK MOKAa3bIBAET OIBIT, IIPaBU-
JIbHOE pacupefesieHne MHTEHCUBHOCTU NPU JUDPAKIIUHU, T. €. HO3BOJIAIOT
Ha¥TH OPaBUJBbHOE 3HAUEHWE aMILIUTYIbI Pe3yIbTUPYIOIIE BOJIHBI B JIO-
001f TOUKe dKpaHa, ecJau pasMepbl OTBEPCTUH WU IPENATCTBUHA He OKasbl-
BAIOTCA CJIUWIIKOM MAaJBIMU (CPABHUMBIMU C AJWHOHM BOJIHBI A), IPYTUMU
cJI0BaMU, IPU HE OYeHb OOJBIIUX yriaax AUDPaKI[Uu.
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IIpu sTom, ogHAKO, B MeTOoe pacuera PpeHessd eCTh IPUHIIUINATIbHBIE
HesicHOCTU. [JIaBHBIE M3 HUX 3aKJOUAIOTCS B CJELYIOIIEM.

1. IIpu BeIYMCIEHUY PE3yIbTATOB HHTEPHEPEHIINN dIeMEeHTaPHBIX BOJH
MPUXOAUTCA CUUTATh, UTO AMILIUTYAA KOJebaHui OT seMeHTOB dS BOJIHO-
BOIi ITOBEPXHOCTH 3aBUCHUT OT yIJIa 3 MeXIy HOpPMaJbio K sjeMeHTy dS u
HampaBJeHNeM Ha TOUKy P, AJsd KOTOpOoil BefmeTcs pacueT. AMILIUTYZA
MakcuMaJibHa IpU 3 = 0 U MOHOTOHHO YOBIBAET 0 HYJIA IPU CTPEMJIEHUU
9 K ©/2, T. e. HET «0OPATHOI» BOJHBI. ITO OOCTOATEIBCTBO OCTAETCA HE
000CHOBAHHBIM B Teopuu Ppenensd.

2. Pacuer o merony PpeHessa gaeT HeMpPaBUJIbHOE 3HaueHne (asbl pe-
3yJBTUPYIOIIEero Koaebanus. IS MOJHOCTHIO OTKPHITON BOJIHOBOU MOBEPX-
HOCTHU OHA OTJIMUaeTCsd Ha 7/2 OT AeHCTBUTEIbHOM. JTO BUAHO U3 PHUC. 5.6.
Hanpasnenue cnupanu ®PpeHens B ee Hauaje JaeT B TOUKe HAOIIOAEHU
dasy xosebaHUll OT IIEHTPATBHOTO 3JIE€MEHTA IEePBOI 30HBI. ITO U €CTh TO
3HaueHue (asbl, KOTOPOE COOTBETCTBYET JeliCTBUTEeIbHOCTU. Pe3ynbTupy-
IOIUIT K€ BEKTOP OT IIOJTHOCTHIO OTKPBITON BOJHOBOM ITOBEPXHOCTH ITOBEP-
HYT Ha 7/2 IPOTUB YaCOBOU CTPEJIKH, T. €. oTcTaeT 1o ¢dase Ha 7/2. Takum
obpasom, moctysnar ®PpeHess, MIPaBUJIbHO 3aZaBas aMILIATYIbI BCIIOMOTa-
TeJbHBIX HCTOYHUKOB, HEYJAUHO OMpeneseT UX (asbl.

I1s1 GONBITMHCTBA 3aJau BOMpPOC O (hase He mMeeT 3HAUEHUS, MO0 HAC
WHTEPeCyeT NHTEHCUBHOCTh PE3yJIbTUDPYIOIIEH BOJHBI, KOTOPAsA IPOIMIOPITU-
OHaJIbHA KBaJpaTy aMILINTYAbLl. 3HAUEHUE JKe IocienHeit metoq PpeHens
IaeT IPaBUJIBHOE.

Wrak, HecMOTpA Ha HEKOTOpBIE HEJLOCTATKU, MeTon PpeHesda B BOIPO-
cax pacueTa MHTEHCUBHOCTHU BOJIH [IJI MHOTHX CJIYYaeB SBJISIETCS BeChbMa
HJIO,lIOTBOprIM*.

§ 5.3. Iudparkuua PpeHeasa oT MOJYIIOCKOCTH
U IIeJu

B mpepmpigyinem maparpadge MBI paccMaTPUBAJIN C IIOMOIIBIO
npuHnuna l'rolfirenca—®Ppenensa audpaxiuio cHepuuecKoil BOJIHBI
oT KpyrJioro orBepctua. OceBasg CUMMeTPHUA 3aJauM MOACKAa3bIBaIa
BBIOOP KOH(UTYpaIlMU 30H, HA KOTOPBLIE MbI Pa3s0MBAIN OTKPBITYIO
YacThb BOJHOBOI IIOBEPXHOCTU — B BUIE KPYz206blx KoJel. Temepsb
mepeiifieM K cJydyaio, KOTJla BOJHOBasA MOBEPXHOCTh IJIOCKAA U Xa-
paxTep mpensaTcTBUA (IIOJYILJIOCKOCTh, IEJb) IPEAIIMChIBAET Pas-
6I/IBaTL OTKPBITYIO YaCTb BOJIHOBOM IIOBEPXHOCTU Ha 30HBI B BHUJE
NPAMOLUHEUHbLX TIOJIOCOK.

* Bmocaencreuu Kupxrod man Gosiee cTporyio (GOpMyJIMpPOBKY NPUHIUIY [fOireH-
ca—®peHess1, yCTPAHAIOITYI0 GOPMAIHHO IOUTH BCe HELOCTATOKY Teopun DpeHes.
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Puc. 5.11

Judparnus oT IPAMOJNHEITHOTO KPafg MOJyILiockocTu. Ilycts
Ha 9KpaH I MaJaeT HOPMAJIbHO ILJIOCKAANMOHOXPOMATUYECKAS BOJI-
Ha AJUHBI A. Pacmosioskum nepes SKPaHOM HA PACCTOAHUU [ OT HETO
HEMPO3PAYHYI0 IOJYIIOCKOCTE N ¢ HIPAMOJUHENHBIM KpaeM
(puc. 5.11). Ecau 6bI CBET pacIpoCTPaHAJNCA IPAMOJIUHEHHO, TO Ha
9KpaHe O MbI HAOJIOJaJIN PE3KYI0 TeHb OT Kpasd dTOU IIOJIYIIJIOCKO-
cru (Touka P, Ha pucyHKe). B neficTBUTEIBLHOCTH e M3-32 BOJIHO-
BOTO XapaKTepa CBeTa Ha 9KpaHe O o0pasyeTcs CJIOKHAA JUPpaK-
IIUOHHASA KapTHUHA.

Hnsa pacuera sTOHl KapTHUHBI BOCIIOJB3YeMCsS IMPUHITUIIOM [FOii-
reHca—®Ppenensa. B ganHoM ciayuae B KauecTBe MHTePECYIOIIeN Hac
BOJIHOBOU ITOBEPXHOCTHY S BO3bMEM Ty OTKPBITYIO €e 4acTh, KOTopas
IPOJOJIMKAET HEIPO3PAUHYI0 MOJYIIOCKOCTh. CoOTBETCTBYIOIHE
pacueTbl OBLIM TPOBEAEHBI aHAIUTUUYEeCKU PpeHeaeM, IOJYUEHBI
pes3yJbTaThl B BUJE TaK HA3bIBAEMBIX UHMezpanosé PpeHens, M 3a-
maua, TaKUM oOpas3oM, ObIja pellieHa.

MpsI He OyZeM BOCIIPOM3BOAUTE 3[IeCh 9TOT PACUET W OT'PAHUUNM-
cA JIUIIb WHTepIIpeTanuei ero u HOJYUYeHHOTO pea3yJbTaTa ¢ IIOMO-
b0 BEKTOPHOU AMarpaMMbl. OTO HamboJiee IIPOCTOM U HATJIAAHBIN
MEeTOJ, OTKPBIBAIOIINI K TOMY K€ BecbMa 3(p(peKTuBHBIE IpPaKTHIUe-
CKMe IpUMEeHEeHU!s.

W3 coobparkeHU CUMMETPUU SACHO, UTO JU(PPaAKINOHHAA KapTH-
Ha Ha 9KpaHe J OyIeT 3aBUCETh TOJIbKO OT PACCTOAHUS IO I'PAHUIILI
reoMeTpuYecKoil TeHn — Touku Py Ha puc. 5.11, T. e. cBeTJbEIe U
TEeMHBIE IIOJIOCHI MOJIYKHBI OBITh IMapajebHbl IPIMOJUHEHHOMY
Kpato K mempospauHoil moayiiockoctu N. 'oBopsa magee 06 aMIIIu-
Tyge KoJiebaHuil B TOuKe P Ha sKpaHe, Mbl OyJgeM MMeTb B BUAY,
YTO 3TO OTHOCHUTCS KO BCEM TOUKAM NPAMOil, IPOXOAAIIEH uepes
TOuKy P ¥ mapalieJbHON Kpaio MOJYILJIOCKOCTH.
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Cravajia HaliieM aMILIATYyAy Koje0aHuii B Touke P\, KoTOopas Ha-
XOAUTCS Ha Kparo reoMerpuueckoir TeHu (puc. 5.11, a). dna arToit
TOUKHU (U TOJBKO JJIA HEE) MbI MOTJIA ObI MCHOJB30BATh pa30ueHue
OTKPBITOM YaCTU BOJIHOBOH IIOBEPXHOCTU HA ITOJYKOJbI[A — IIOJY30-
ubel @penensi. Ho MOCKOJIBKY HAM IIPEACTOUT OIIPEIE/IATh aMILIUTY-
Iy KoJiebaHU 1 B APYTUX TOUKAX 9KPaHAa, TO B COOTBETCTBUU C CHM-
MeTpuel NaHHOU 3aJaum Paso0beM MBICJIEHHO OTKPBITYIO YaCTh BOJI-
HOBOII TOBEPXHOCTH S Ha BechbMa Y3KWe OJWHAKOBOM IITWPUHBI
IPAMOJUHENHBIE TTOJOCKY (30HBI), HMapaliesibHbIe KPal MOJYILIOC-
KOCTH.

AvnuTyny KonebaHMi, IPUXOJANIUX B TOUKY P\ oT nepBoii 30-
HBI-IIOJIOCKY n300pasuM BekTopoM dA; (puc. 5.12). AMminTyany Ko-
JebaHmUii OT CJeAyIoleil IMOJIOCKM — BEKTO-
pom dA,, IOBEPHYTHEIM Ha OUYeHb HEOOIBIIION
YTOJI NPOMUE YacOBOIl CTPEJIKU, TaK KaK 9TH
KonebaHuA IPOXOJAT A0 TOUKHU P, HeCKOJIb-

KO OoJibIllee PaccTOsHUE M, 3HAUUT, OTCTAIOT dAn
oo ¢dase.

B pmanpHe#IemM yros MesKAy COCETHUMU A
BEKTOPAMU-aMILJIUTYJaMi CTAHOBUTCA BCE
0oJsibIlle, ITOCKOJBKY 3alla3qblBaHUe 1O (ase
KoyiebaHuil, IPUXOAAIINX B TOUKY P, oT mo- 0O
CJIEYIOINX B0H-IIOJOCOK pacren Bce Gomb- dA,dA:
me. Mogynu ke BekTopos dA; 6yayT yMeHb- Puc. 5.12
maThes (13-3a yBeJIMUeHUA PAcCTOAHUA N0 Py u yria 3 Mexay HOD-
MaJbl0 K IOJOCKe U HalIpaBjeHHeM Ha TOuKy Pg).

Pesynsrupylomasa aMILInTyAa KojebaHuii B Touke P, oT jgocra-
TOYHO IITUPOKOI MOJIOCHI BOJIHOBOI OBEPXHOCTHU S MB00PA3BUTCA CyM-
Mo¥i (LeTouKoi) BeKTOpoB dA; OT BCeX YKJAAbIBAIOINUXCA Ha JTOM
II0JIOCE 3JIEMEHTAPHBIX 30H-TIIOJIOCOK. JTO BeKTOp A Ha puc. 5.12.

Cnupaasr Kopharo. B ipeznese, Korjga mImpuHa MOJIOCH CTPEMUTCSA
K GECKOHEUHOCTH, T. €. IPEBPAIaeTcsa B IOJYILJIOCKOCTh, U IITUPUHA
KasKJ0M 9JIeMEeHTapPHOI 30HBI-IIOJIOCKY CTPEMUTCS K HYJIIO, IIeII0YKa
BEKTOPOB IIpeBpaIllaeTcsA B ILIABHYIO KPUBYIO, ABJSIOIIYIOCS IIPaBO
nonoBuHON cnupanu Kopuio (puc. 5.13). Ira cumpayib COCTOUT U3
IBYX CUMMETPUUYHBIX BETBEU, 3aKPYYUBAIOIINXCSA BOKDPYT (POKYCO8
F, u F,. Ee n1eBas N0oJ0OBMHA ONKCHIBAeT AeiicTBHe KojaeOaHU, IpH-
XOJAIIUX B TOUKY P OT yuacTKOB BOJIHOBOI ITOBEPXHOCTH (ecau Obl



OHU OBLIY OTKPBITHI), Jie-
JKalmux JieBee Kpad K He-
IPO3PAYHON HOJIYILJIOCKO-
ctu (cm. puc. 5.11, a).

Amoauryna KoJieba-
HUI B TOuKe P, oT BOI-
HOBOU TOBEPXHOCTH, Jie-
sxamieil nmpaBee Kpasa K
HEIPO3PAYHOM IIOJIYILJIO-
CKOCTH, n300pasuTcsa
BEKTOPOM, IIPOBENeHHBIM
u3 touku O B doryc F,
cuupaau KopHio. Awmn-
JUTyIa Ke KoJIeOaHUU B

Puc. 5.13 Touxke P, OT HOJHOCTHIO
OTKPBITOM BOJTHOBOU IOBEPXHOCTH — BEKTOPOM, ITPOBEJEHHBIM W3
(doryca F; B (oryc F,.

Ona HaXOKAeHUS BEKTOPa-aMILIUTYALI KoJiebaHuili B Touke P,
Jleskaleii, HanmpuMmep, npasee Touku P, (cMm. puc. 5.11, 0), or Ka-
KOIi-1n60 I0JIOCHI BOJTHOBOI MOBEPXHOCTH, JIesKAIllell MeKIy KOOp-
JUHATAMU X U Xy, HYKHO IIOCTPOUTH BEKTOD, KOTODHIN 3aMBIKaeT
COOTBETCTBYIOIIIMI 9TOI IIOJIOCE yUacTOK crupayu KopHIO.

Jro genaerca tak. Kamkgoii Touke cnupaiu KopHIO COOTBETCTBYET
oIpe/ieJIeHHOe 3HAUYEeHNe HeKOTOpOro mapamerpa S (OH IIPOIIOPIIMOHA-
JIeH AJNHE AYTYU CINpaJii, OTCUNTbIBaeMoi oT Touku O Ha puc. 5.13).
3HaueHUs IIapaMeTpa yKasaHbl BAOJb KpuBOIi. V3 aHAIUTHUYECKOIO
pacuera cJjemyeT, UTO ITapaMeTp S CBA3AH C PACCTOSHUEM X, OMCYU-
muigaemvim om mouku C 10 WHTEpecyrIeii Hac TOUKu D BOJTHOBOI
moBepxHOcTH S (puc. 5.14) dopmymnoit

¢ D =x E, (5.9)

|

I

: y rae A — OJIMHA BOJIHBI cBeTa, [ — pac-
: / CTOAHNE MeXXKAY 9KPaHOM ) U BOJHOBOM
b TTOBEPXHOCTBIO S, B IIJIOCKOCTU KOTOPOI
1‘; 5 PpAacIoJIO}KEHO TO WUJIU WHOEe TPeNATCT-
BUe Ha IIyTHU CBETOBOII BOJIHBI.




UL CBOTA 14
Nudpakuug ceera 149

Ob6paTuM BHUMAaHHE Ha TO, UYTO IIapaMeTp S IPOIOPIIMOHAJIEH
paccTosgHuIo X. SHAUUT, X o § o AJAnHe Ayru cuupaau KopHio, oT-
cuntbiBaemoit or Touku O (cMm. puc. 5.13) B COOTBETCTBYIOIIYIO CTO-
poHy (BIpPaBO WUJU BJIEBO).

Temepp mokakeM KakK C IOMOIIbIO croupanyu KOpHIO MOJYyYUTH
pacupeneeHre MHTEHCUBHOCTY CBeTa HA 9KPaHe BOJIM3U Kpasd reo-
MeTpUUYeCcKOd TeHUW Ipu IJu(PaKIUM IIJOCKOU BOJIHBLI OT IPAMOJIN-
HellHOT0O Kpad Hellpo3dpauHoii noaymniaockoctu N. Eciau Touka P Ha-
xoauTcA mpasee Touku P, (cMm. puc. 5.11, 6), To npaBas 4acTb BOJ-
HOBO# moBepxHocTu S (oT TouKu C) IOJHOCTHIO OTKpPHITA, W Ha
cnupanu KopHio aMminTyna KojebaHuii B TouKe P COOTBETCTBYeET
BexTopy DF,. Koner aroro BekTopa Haxogurca B ¢okyce F,, a Ha-
yaji0 — Touka D — B 3aBUCHUMOCTHU OT IIoJokeHus Touku P. Korga
P maxonuTca Ha Kpaio reoMeTpPUHECKOl TeHH (B Touke P;), Touxka D
coBnazaer ¢ Toukoir O Ha cuupasu Kopuio (cm. puc. 5.13), u Bek-
TOP-aMILJIUTYJa COOTBETCTBYIOIINX KOJIeOAHUI M300pPasUTCsa BEKTO-
pom OF,, paBHBIM IOJOBHHE BeKTOopa F;F, — OT IOJTHOCTHIO OT-
KPBITOM BOJIHOBOI moBepxHOCTH S. IT03TOMY MHTEHCUBHOCTH CBETA
B TouKe P, B UeThIpe pa3a MeHbIIle MHTEHCUBHOCTH [, B OTCYTCTBUE
HEIPO3PAYHOMN MOJYILJIIOCKOCTH.

IIpu nepemermennu Touku P Bmpaso or Toukum P, Touka D Ha
cuupanu Kopaio (Hauano BekTopa DF,) OyneT nepeMemiaTbCA IO Je-
BOI BETBU COUPAJHU, TaK Kak cieBa oT Touku C OyIyT OTKPBIBATHCSA
BC€ HOBBIE€ 30HBI-TIOJIOCKU. OTO IMPUBOJUT K TOMY, UTO aMILIUTyJa 1
MHTEHCUBHOCTh B TOUKe P Ipu yjajieHuu ee ot P, OyAyT mocienosa-
TEJILHO NPOXOAUTHL Yepe3 MAKCUMyMbl W MHUHUMYMBI, pas3jinyune
MeKy KOTOPBIMU IIOCTEIIEHHO YMEHbIIIaeTCA M NHTeHCUBHOCTD IIPU-
6mmxaerca K sHauveHnoo I (puc. 5.15).

IIpu mepemermierun Touku P BieBo or Touku P, — B o6iacTh
reoMeTpUYECKOl TeHu, Touka D Ha cnupaiu KopHIo epeMeliaercsa
I

Puc. 5.15
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Bupaso oT Touku O. Jlerko BuzmeTs, uTo gauHa Bekropa DF,, a 3Ha-
YUT U WHTEHCUBHOCTh, OyJeT HPU BTOM MOHOTOHHO YMEHBIIAThCSA
mno Hynad (cm. puc. 5.15).

Temepp moKakeM Ha KOHKPETHOM IIpHMepe KaK IPOCTO C IIOMO-
mpio cnupaiau KopHio u Gpopmyasl (5.9) permraroTes BOIPOCHI, CBs-
3aHHBIE C pacupefeeHneM WHTEHCUBHOCTH IpU AuGpaKkIuU CBeTa
OT Kpas HEeIpPO3PaYHON MOJIYIJIOCKOCTH.

IIpumep. [Audpariuio NI0CKONH BOJIHBI OT Kpas HEIPO3PAYHOU ITOJIYIIJIOCKO-
CTHu Ha6.7'IIO,E[aIOT Ha SKpaHe 3, OTCTOAIIIEM OT IIOJYIIJIOCKOCTU N Ha
paccroauaue [ = 100 cm. [[nmua Bosab! cBeta A = 500 HM. Hailinem
paccrosgHIe AX MeXIy IEePBBIMU JBYMA MaKCUMyMaMU Ha SKpaHe O
1 MHTEHCHUBHOCTH II€PBOI'0 MaKCUMyMa, €C/JIM MHTEHCUBHOCTD IIaJa-
I0Iero cBeTa paBHA .

Corstacuao (opmye (5.9)

Ax = x5 — %1, = (89 — W JIL/2 =
=(23-1,2)/1-500-10°/2 =5,5-10*m = 0,55 mm.

C momoinbio puc. 5.13 u TUHEHKHN HAXOAUM, UTO OTHOIIIEHUE aM-
IIATYABI 1-T0 MaKCHMyMa, T. €. PACCTOSHHUS MeXIy Toukamu G
u Fy, K aMILIUTyZe majatomero ceera FFy pasao N~ 1,175. Creno-
BATeJIbHO, MHTEHCUBHOCTh 1-T0 MaKECHMyMa

I, = n’I, = 1,37l

Cienyer OTMETHUTh, UTO OOBIYHO TOUKa Habamogenus P B jabopa-
TOPHBIX YCTAHOBKAX HAXOAUTCS 34 HEIIPO3PAUHOMN IT0JIYILIOCKOCTHIO
HA PACCTOSIHNY, He IIPEBBIIIAIIEeM IIOPALKA OJHOro Merpa. Ilpu
STOM JJIsI OIpeleeHUsA aMILJIUTYAbl Pe3yJIbTUPYIONIero KosebaHus
UTPaeT poJib CPABHUTEIbHO HEOOJBIIION yIaCTOK BOJHOBOM ITOBEPX-
HOCTH S, JeKaruii BOIu3u Kpasd MOJYILJIOCKOCTH. B TaKUX yCJI0BU-
AX Kpa# TpaKTUYeCcKHU JIF0OO0T0 MPEATCTBUA MOKHO CUUTATDL IIP-
MOJIMHEHHBIM U JJisd pacueTa AU(PPAKIMOHHON KAPTUHBI YCIIEIITHO
MOJIb30BaThCA chnupanbio KopHio.

Mudpaxuus ot meau. TakuM Ke 00pasoM — C MOMOIIBIO CITpa-
au Kopuio u ¢popmyisl (5.9) — MOKHO paccuuTaTh pacipejieieHie
WHTEHCUBHOCTU B AUGPAKIIMOHHON KapTuHe OT 0eCKOHEYHO MIJIMNH-
HOI mpaMoanHeiinon mienu. Cama gudpaKioHHas KapTUHA Ha 9K-
paHe MMeeT CUMMETPUYHBIA OTHOCUTEIHLHO CEPeIUHbI BUM YePeayIo-
ITUXCA CBETJIBIX U TEMHBIX IIOJIOC, TTapalIeJbHbBIX Iesau (IIpeamoJia-
raeTcs, UTO ILJIOCKAas CBETOBas BOJIHA MaJaeT Ha IeJib HOPMAJIbHO).



a) 0) 8)
A A A
(0) (0) (0)
Puc. 5.16

C mmoMoI1b10 ToM ke cuupau KopHo JIerKo yOequThCcs B TOM, YTO
IIPU IIOCTEIIEHHOM yBEJINUYECHNN IIHNPUHBI I[eJI NHTEHCUBHOCTh B Ce-
penuHe TUPPAKIIMOHHON KapPTUHEI OyIeT cHaYaja NMeTh MAKCUMYM,
3aTeM MUHUMYM, IIOTOM OOSATH MaKCUMyM u T. A. (puc. 5.16, a, 0,
8). Takxum ob6pasom, MbI OyZeM HAOJIIOAATH IIPU STOM TIOCJIeI0BATEIb-
HOe uepemoBaHne MaKCHMyMOB M MHHUMYMOB (B cepeluHe KapTu-
HBI), PA3HOCTb MEXKIY KOTOPBIMH OyAeT IOCTEeHeHHO YMEeHBIITaThCsd,
CTpeMACh K MHTEHCUBHOCTH I, IasaloIlero Ha 1enab cBeta. Cama ke
nudpaKIiMoOHHAA KapTUHAa Oy/IeT IIOCTEIIeHHO JOKAJIN30BbIBATHCS TO-
JbKO BOJIM3U IeOMETPUYECKON TeH’ OT KpaeB IIeJIu.

IIpumep. Ha nmpaMosmHEiHYIO II[eJIb B HEIIPO3PAuHOM Iperpaje magaer HOp-
MaJbHO ILJIOCKAsA cBeToBasg BoJsiHA (puc. 5.17). amHA BOJIHBI
A = 0,60 mxm. PaccrosiHue oT Imesid 1o sKpaua O pasuo [ = 50 cM.
Hatinem MuHUMAaIbHYIO IIUPUHY b IIeJN, IPU KOTOPOUA B TOuKe P
WHTEHCUBHOCTh OyZEeT MaKCUMAaJIbHOU.

ITO O3HAUAET, YTO AaMILIUTyIa

KoJeOaHuiI B TOuKe P [moJKHA l l » l l l l
OBITH MaKCHUMAJBHOI, T. €. COOT- v
BeTcTByIOMIEeH puc. 5.16, a. Ilpu -

9TOM IapamMeTp $ MOJIKEeH ObITh \ i / 1
paBHBIM (cM. puc. 5.13) s = 1,3. \ i

Coraacuo dopmysne (5.9) stomy V!
3HAUEHMIO ITApaMeTpa S OTBedaeT O 7
paccroarue X = 8,/IA/2 = 0,5 MmMm.

3HAYNT, NCKOMAA IINPUHA IIeJN Puc. 5.17
b =2x =1mMm.

OTrMeTuM, UTO B OTJIMUNE OT coupaau ®peHesss, KOTopasa gaBaja
BO3MOJKHOCTh PeIllaTh BOIPOCHI 00 MHTEHCUBHOCTU TOJBKO B OTHOI
TOuKe OUPPAKIIMOHHON KapTWHBI, CIupajb KOpPHIO MHO3BOJAET B
pAde ciyyaeB HaXOAUTh pacIipelesieHlie MHTEHCUBHOCTH BO BCEX
TOUKax AU(PPAKIIMOHHON KapTUHBI.



§ 5.4. Indparkunua Ppaynrocdepa

Hdudpaxkuua dpaynrogepa. PpayHrodep IpeaiosKuil MHOHU CIIO-
cob HabsoneHnsa TupaKkIum, MOJYUNBIINN 3HAUNTEIBHO 00JIbIlIEe
IpaKTUYeCKOe IPUMEHEHNE B ONTHKE, IOCKOJIbKY IIPUBOIUT K 0O-
Jlee TPOCTHIM 3aKOHOMepHocTAM (dopmysam). B aTom cmocobe Ha
InpPaKIMOHHBIN 00BEKT (OTBEPCTUE, IIEJIb U AP.) HAIPABJIAIOT IIa-
paslIeJbHBINI My4YOK cBeTa (IJIOCKYIO BOJHY) W AUGPAKIIMOHHYIO
KapTUHY HAOJIOJAI0T HA JOCTATOUYHO OOJIBIIIOM PAaCCTOAHUMU, T. €.
MpPaKTUYECKU B MapajiebHBIX JydyaX. OTO U ecTb ougparuus Ppa-
yHeoepa nnu OuppaKyus 6 napanieibHblX JLYiax.

Ects Kpurepuii, mMO3BOAAIONINN CYyAUTb, ¢ KAKUM BUAOM OTuU(-
pakmuu — (QpeHeaeBoi wiau GpayHroGepoBoil — MBI UMEEM JIeJI0 B
KaXJOM KOHKDETHOM ciaydae. UTOOBI ero moJyYuTh, BOCIOJIB3YyeM-
ca dopmyoit (5.6), T. e. r,, =+mAb. Hanomuum, sra dhopmyia or-
HOCHUTCH K CJIydalo, KOTJa Ha OTBepCTHe pajuyca I, IajgaeT HopMa-
JIbHO IIJIOCKAsd CBETOBas BOJIHA, IIPUYEM M O3HAUAET UYMCJIO 30H
DpeHesnd, KOTOPbIe YKJIAABIBAIOTCSA B JAHHOM OTBEPCTHUU JJIA TOUKU
Habaogenusa P, orcroslneil oT oTBepcTusa Ha paccrosHue b. U3
9TON (POPMYJBI CJIeoyeT, UTO m = ,i/ Ab. Tam ke OBLIO OTMEUEHO,
uyTOo XapakTep AU(PPAKIIMOHHON KAPTUHBLI OIpEeAesseTcsd TOJbKO
YHCJIOM M OTKPBITBIX 30H DpeHessd, U HuUYeM APYTruM. SHAUUT, II0-
clie[lHee BBIPAXKEHUE [JIS /N U MOYKHO B3SITh B KAUECTBE MHTEPECYIO-
Ilero Hac mapaMeTpa p, 3aMeHHUB B 9TOM BBIDAXKE€HUU I, Ha HEKOTO-
pBIII XapaKTepHBI pasdMep h oTBepcTua B mperpange u b Ha [.

Taxum o6pasom, 6e3pa3MepHBII TapaMeTp p OIpenesdeTcsa KaK

rie h — HEKOTOPBIM XapaKTepHBIN pasMep: pajuyc UJIU AUaMeTp
(aTO He CYIIeCTBEHHO) KPYIJIOTO OTBEPCTUs, WJU, HAIIpuUMep, IIIH-
pUHA IeJu M T. II.

3HaueHNe UMEHHO 9TOr0 0e3pa3MepHOro IapaMeTpa U OIpenesis-
eT xapakTep IuMpaKIINU:

p <1 — mudppaxnuma Ppaynrodepa,

p ~ 1 — mudpaxnua PpeHensd, (5.11)

p > 1 — npubimxkeHue reoOMeTPUYECKON OITHUKHU.

(5.10)

HpI/I 9TOM IIpeaIiojaraeTcsda, 4To CBeTOBasdA BOJIHA ITagaeT HOPMaJIBEHO
Ha OTBepCTHe B IIperpane.
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IIpumep. Breracaum, ¢ kakuMm Bunom audparnuu (dbpeHenaeBoi miu ppayH-
roepoBoil) MBI UMeeM JeJI0, eCJIM IIapajlieIbHbIN IIYYOK CBETa C
nauHoi BoaHEI A = 0,6 MKM IIajjaeT HOPMAaJILHO HA KPYIJIoe OTBEp-
crue guamerpom D = 1,0 MM, o6pa3ys qudpaKIUOHHYIO KapTUHY
Ha 9KpaHe, OTCTOSAIIEM OT OTBepPCTUA Ha paccrosguue [ = 50 cm.

B sTom cayuae mapamerp

D* @0

. 05-06-107°

Corsacuo kputepuio (5.11) aTo coorBercTByeT audpariuu Ppere-

as. U pacueT nudpakiinoOHHON KapTUHBI OyAeT MPaBUJIbHBIM, €CJIU

ero mpoBOAUTEL O dopmyaaMm Audparmuu DpeHessd.
L4 N L, )

Puc. 5.18

ITpakTuuecku auppariuio Ppayuropepa HaOJIOIAIOT C IIOMO-
IIbI0 CXeMBbI, IIOKa3aHHOU Ha puc. 5.18. ToueuHbIN UCTOUYHUK CBeTa
S pacnosaraioT B (oKyce F nmun3bI L. I3 TUH3BI BRIXOZUT Iapa-
JIEJIHBIN IYYOK JydYell, HA IYTH KOTOPOTO HAXOAUWTCA HEKOTOpasd
mperpaga N ¢ TeM wmam MHBIM oTBepcTtueM. [[mdparupoBaHHBIE
JIy4l IIPOXOJAT JUH3Y L, U IafaioT Ha 9KpaH J, PACIOJoKeHHbIH B
(oxanpHOH mIOCKOCTH JIUH3E L, (Ha (hoxycHOM paccrogruu f). Ta-
KUM 00pasoM, B KaKJyI0 TOUKY dKpaHa IaJailoT TOJbKO Te JIyUWH,
KOTOpPBIe 10 JIMH3bI L, ObLIM IapajielbHBI APYT APYTY.

Bup nudpakinmoHHOl KapTUHBI HA 9KPaHe 3aBUCUT OT (POPMBI U
pa3MepoB OTBEPCTUA U AJIUHBL,BOJHBI Iajaloiero ceera. Harma sa-
Iavya — HaWTHU pacupejesieHre MHTEHCUBHOCTH B NUMPAKIIMOHHON
KapTuHe. B 00IeM ciayuae Ipou3BOJIbHONM (DOPMbI OTBEPCTHUSA Pellie-
HUe 9TO# 3amaum — IIPOIleAypa BecbMa TPYIHAA B TEXHUYECKOM OT-
HOIIIEHUU U, BOOOIIle TOBOPS, He IIPeACTABJIsIeT 0cO00ro MHTepeca.

ITpakTuueckn HAMOOJBININNA HHTEpPeC MMEIOT TPU CJydas:

1) nudpariusa oT KPYyrJoro OTBEPCTUS,

2) mudpaknua oT y3KOM HPAMOJIMHENHON Ieiu,

3) mudpakuuAa OT PeryJaApHOM CUCTEMHI IieJseil (AmdpaKIoH-

Hasd peIleTKa).
PaccmorpuM aTH caydau moapoGHee.



§ 5.5. Indparkunua Ppaynrogepa
OT KPYIJIOTO OTBEPCTHUS

Hudparnusa @payarodepa OT KPyTrJoro OTBEPCTUS IIPeCTaBIIA-
eT OOJBIION ITPAKTHUUECKNII WHTEpeC, IIOCKOJBbKY B OITHUYECKUX
npubopax ompasbl JUH3 1'00bEeKTHUBOB, a TaK:Ke aAuadparMbl 1Me-
0T OOBIUHO KPYIJayoo GopMmy.

HudpaxknuonHyo Kaptuny ®payHrodepa OT KPYIJIOTO OTBEp-
cTuA B mperpagze N MOKHO HaOJIOJaTh Ha dSKpaHe o B (POKAIBLHOI
TJIOCKOCTH JIMH3EI L, HATTPaBUB HA OTBEPCTHE HOPMAJIbHO IJIOCKYIO
CBeTOBYIO BOJHY (puc. 5.19). OTa KapTuHa uMeeT BUJ IIeHTPAJIbHO-
TO CBETJIOTO IATHA, OKPYsKEHHOTO UYepeAyIOIUMUCSI TEeMHBIMH U
CcBeTJIBIMU KoJabllaMu. COOTBETCTBYIOIIUI pacueT (OH IIpeACTaBIAeT
GoJIbIIINe TPYAHOCTHM, U MBI He OyZeM ero IPUBOAUTH) JaeT, UTO M-
HUMYM IIePBOTO TEMHOTO KOJIbIIA OTCTAeT OT IIeHTPa AUMPaKIIMOH-
HOMl KapTWHBI HA YIJIOBOE PACCTOSHUE

A
9 = 1,225 (5.12)

— 9TO TIPU YCJIOBUMU, UTO AUAMETP oTBepcTuda D > A, UTO Ualle Bce-
ro u ObIBaer.

Ha puc. 5.20 moxazaHa 3aBUCUMOCTb MHTEHCUBHOCTHU cBeTa I OT
yrJjioBoro pagmyca 3 (yriaa gudpakxiun), 3gech 0 — meHTp Audpax-
NUOHHON KapTuHbl. I3 popmyasl (5.12) caenyer, uro pasmep aud-
PAKIIMOHHOM KapTUHBI T€M MeHbIIIe, YeM OOJIbIIe JUaMeTpP OTBEep-
crusa D. Ilogasiasomas 4acTb cBeTOBOro moroka (84%), mpoxopmsi-
I1ero yepes OTBEPCTHeE, MoIajjaeT B 00JaCTh IEHTPATIBLHOTO CBETJIOTO

S

— N

0,5 1

0,075 0,004

|
|
]
0 1 B, 0

Puc. 5.19 Puc. 5.20
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nartHa. [TosTomy B mepBoM npubim:xkeHnn JUGPaKIIMOHHYIO0 KapTHU-
HY MOYKHO CUHUTATDh COCTOAIIEH M3 OJHOTrO JHIIh CBETJIOrO IIATHA C
YIJIOBBIM PajguycoM 9, onmpezeiseMbeIM (opmynoi (5.12). U ment-
paJibHOE CBeTJIOe MSATHO MOYKHO pacCMaTPMBAaTh KaK M300paskeHUe
YAAJeHHOT0 TOUYEUHOTO WCTOUHWKA, YITUpPeHHOe nudpakriueir oT
KpaeB KPYIJIOTO OTBepcTuda auamerpa D.
IIpumep. Haiinem nuamerp d B MM IIeHTPAJIBLHOTO CBETJIOTO MATHA HA dKPaHe,
eciim guamerp orBepctusa D = 1,0 MM, GOKyCcHOe pacCTosSHUE
f= 50 cm u guuna BosiHBI cBeta A = 0,5 MKM. OKpaH HaXOAUTCS B
($OKATBHON IIJIOCKOCTH JIMH3BI.
OCBeIIeHHOCTH CBETJIOTO IEHTPAJBHOTO IIATHA IO MEPE YBEeJTUUEHUS
yria audpakinun 3 MOHOTOHHO majaeT (cMm. puc. 5.20) u npu BuUsy-
aJbHOM HAOIIONEHUM II0 KOHTPACTY STO IATHO KaXKETCSI MEHBIIIE.
Ero «gmamerp» d mpmOam:KeHHO MOXKHO CUHTATh PaBHBIM paduycy
IIepBOr0 TEMHOI'O KOJIbIIA, T. €. d ~ f3;. BocnonssoBasmmucs Gopmy-
goit (5.12), momyuum

-6
d~1,22 M - LzzM
D 10°°

~0,3-10%m = 0,3 Mm.
Crnenyer o6paTuTh BHUMAaHNUE Ha TO, UTO B IleHTpe payHrodepo-
BOII Iu(PaAKIIMOHHON KapTUHBI OT KPYTJIOTO OTBEPCTUS 8cezda 00-
pasyercs MakcUMyM (B OTJimuue OT (ppeHeaeBol nudpaKIin, Korma
B I[EHTPE MOKeT 00pa3oBaThCA KaK MaKCUMYyM, TaK U MUHUMYM).
MudpaknnorHas pacxoguMocTs myuka. [loryuernnsie pesyabra-
THI MOKXHO MCIIOJIb30BATD IJISA OIEHKM TU(PPAKIINOHHON PACXOIMMO-
CTU IIYYKOB CBETa, AMaMETP KOTOPBHIX OTDAHMWYEH, HAIIPUMED, B pe-
3yJIbTaTe MIPOXOKJEHUA IIJIOCKOM CBETOBOM BOJIHBI UePe3 OTBEPCTHE
(unu guadparmy). MBI OTMETHJIM, UTO OCHOBHAA YaCTh CBETOBOTO
TIOTOKA, IPOXONAIIEr0 Uepe3 OTBEPCTHE, MIPUXOAUTCA HA IEHTPATD-
HBIM OUQPaAKIMOHHBI MaKCHMYM, II03TOMY €ro IMHUPUHY MOYKHO
MPUHATH B KauecTBe OIEHKM YIJIOBOM pacxXoAuMOCTH 00 mydka c
epBOHAYAJBLHBIM AUAaMETPOM IIOIEePeuHOro ceueHus D:

ITo BechMa BaXXHBIN BBIBOJ: IPUHIIMOHAJILHO (1M3-3a Audpak-
A1) HEBO3MOYKHO CO3aTh COBEPIIIEHHO IIapajjieIbHBIM OrpaHuUeH-
HBIM B CEUEHUU ITYUYOK CBETa. ITUM YIIUPEHUEeM MOYKHO IIpeHe0peunb
JIAIh B TeX CJAyYasiX, KOTJa OHO MaJjio II0 CPABHEHUIO C MCXOJHOI
MIAPUHON IIyYKa.
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Ipumep. OneruM AUPPAKIIUOHHOE YIIMUPEHUE «IapaJLIeILHOr0» JIa3epPHOTo
IIy4YKa ¢ UCXOAHBIM AuaMeTpoM Dy = 2 MM Ha paccroaruu [ = 100 m
OT Jla3epa, ecau AJuHa BOJHBI cBeTa A = 0,60 MKM.

W3-3a qudpaKIMOHHONI PaCcXOAUMOCTA HWHTEPECYIONIHiIl Hac aua-
MeTp IyYKa OKAas3bIBAETCA PaBHBIM

D~180~1)/Dy=100-0,6-10°/2.107° =30-10>m = 30 mm.

Kaxk BugHO, qudpaKIMOHHOE YIIUPEHHE BeChbMa 3HAUUTEJHHO.

Judpaknus or MHOKeCTBa OTBepcTuii. Ba)kHO oTMeTHTH, YTO
upu GpayHrodepoBoit gudpaxkiuu paciuperesieHie UHTeHCUBHOCTU B
InGpaKIIMOHHON KapTuHe OIpeJiesIseTcs TOJILKO HANpagJieHueM JIy-
yei, a He TOJOKEHNEeM CBETOBBIX IMYUYKOB. OTO O3HAUaeT, UTO pac-
mpemeeHre WHTEHCUBHOCTU He M3MEHUTCS, €CJIU OTBEpPCTUE B IIpe-
rpajie CMEeCTUTh B CTOPOHY 0e3 M3MeHEeHHS ero OPHMEeHTAIINH.

OcoOblIii MHTEpec MIpeAcTaBJsAeT CUTyallus, KOrjga B IIperpame
umeeTcss 6oavuioe yucao N o00uHakosbvlx omeepcmuii. 34ech BO3-
MOJKHBI JBa CJIydyas:

1) oTBepCcTUSA PACIOJIOMKEHBI XaOTHUUHO, OECIIOPSAZOYHO;

2) oTBepCTUA PACIIOJOYKEHBI YIOPALOYEHHO, PETYJIAPHO.

B nepBomM cayuae (pas3oBbie COOTHOIIEHUS MEXKAY BOJTHAME, AUQ-
ParupoBaHHBIMU OT OTHEJNIbHBIX OTBEPCTUI, UMEIOT CIyUYalHBIN Xa-
pakTep (BOJIHBI OKAa3bIBAIOTCA HeKozepeHmHbimu). IlosTomy mia
KasKIOTO HaIpaBJIeHUs HaOJIOMeHUsA MPOUCXOIUT IIPOCTOE CJIOKe-
HUe MHTeHCUBHOCTeI BOJIH, IU(PparupoBaHHBIX OT BCEX OTBEPCTUH.
PacmpeneneHnrie MHTEHCUBHOCTYA B AUPPAKIINOHHON KapTHUHE OT Ofi-
HOT'O OTBEPCTUS He 3aBUCUT OT ero MomoKeHua. OT O0JIBIIIOTO YKUCIA
N oTBepcTHil ITOJyyaeTcs TaKkas ke KapTUHAa, HO yCUJeHHasd 110 UH-
TeHCUBHOCTH B N pas.

IATUM IIPUEMOM, KCTaTH, IIOJb3YIOTCH, sKejasd YCUJIUTh OCBEIleH-
HOCTh AU(MPAKIIMOHHON KAPTUHBI OT «OJHOTO» OTBEPCTUS, €CJU HC-
TOYHUK CBeTa JOBOJIbHO CJIAO0BIH.

Bo BTOpPOM cayuae, HampoTUB, BOJIHBI, Au(GPArupoOBaHHbIE OT CO-
CeIHUX OTBEPCTHUIi, MMEIOT OIIpeleJeHHOe 3HaUueHne pasHocTu (das,
W BOJIHBI OKAa3bIBAIOTCA KOzepeHMmHblMu. VIHTepdepeHIUa >STUX
BOJIH CYIIIECTBEHHO M3MeHsdeT Au(pPaKIMOHHYI0 KapTUHY, 00pasys
pes3Koe yBelnueHUEe WHTEHCHUBHOCTH B HEKOTOPBIX HaIPaBJIEHUAX.
ATO 00CTOATEIHLCTBO UMEET 0OJIbIToe IPaKTUUEeCKOe 3HaUueHue, u 00-
Jee MoAPOOHO MBI PACCMOTPUM STOT BOIPOC Ha IpuMepe AudpaKIfu-
OHHOII pemreTKu B § 5.7.
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Paspemaromasa cmoco0HOCTh 00beKTUBAa. KaK MBI ceifuac yBU-
nuM, coorHoleHue (5.12) urpaer BaKHYIO pPOJIb B 3TOM BOIIPOCE.
BciencTBue BOTHOBOI IPUPOALI CBeTa M300paskeHre TOUKHU, JaBae-
MOe JIMH30M, mMeeT BUL AUPPAKIMOHHOTO KPYIKKA — pe3yJabTaT
mudpakiuy cBera Ha ompase JuH3bEI. Tak Kak caoire 80% mpoxo-
IAIIEro uepes3 JIMH3Y CBETOBOTO IIOTOKA IMPUXOAUTCA Ha IE€HTPAJb-
HOEe CBETJIOE IATHO, TO B JAJTbHEHNIIIEM Ha OKPYIKAIOIIUe eT0 KOJIbIa
MOXKHO He oOpalraTh BHUMAHUA.

Temeph paccMOTPUM [Ba OJAMHAKOBLIX HEKOTEPEHTHBIX TOUed-
HBIX UCTOUYHUKA. Ecau paccTogHme MeXAY. IeHTPaMU UX U300pake-
HUI MaJio 110 CPABHEHUIO C PasMepaMU; IEHTPAJbHBIX CBETJBIX IIs-
TeH, TO Pe3yJbTUPYIOIIasd KapTUHA NIPAKTUYECKU HE OTJIUYAETCS OT
n300paKeHuss OJJHOTO TOUEUHOr0 NCTOUHUKA. M TorZa roBopAT, YTo
00BbEKTUB He paspeuiaem pacCcMaTPUBAaeMble TOUKH.

HauuHas ¢ HEKOTOpPOro pPacCTOAHUSA MEXKAY IeHTpaMHu 000UX
CBETJIBIX KPY/KKOB, MEKIY HUMHU IIOSBJISETCS T€MHBIN IIPOBaJ, U
9T0 OyZeT BOCHIPUHMMATLCSA KaK pasiejbHOe N300parkeHne JBYX TO-
yek. O0BeKTUB, KaK TOBOPAT, OYIET paspeuiamsv 3T TOUKU.

KonmuecTBeHHBITT KPUTEPUI paspernarolneil CIIOCOOHOCTH MOKET
OBITH CDOPMYIUPOBAH II0 PANY IPUUMH JIUIIH YCIO0BHO. Takoil yciioB-
HBIH KpuTepuii 6611 peiioken Paneem. CorsacHo kpumepuito Pages,
IBa TOUEUHBIX HEKOTE€PEHTHBIX MCTOUYHUKA CUMTAIOTCS PaspelIeHHbI-
MU, eCJIU MEeHTP An(PPAKIIMOHHOTO IATHA OT OAHOTO 13 HUX COBIAAAeT
¢ OMIKANIIUM K IIeHTPY MUHUMYMOM AN(PPAKIIMOHHON KapTUHBI OT
IPYroro. OTO COOTBETCTBYET MUHUMAJIbHOMY YIJIOBOMY PaCCTOSHUIO
MeKJIy HCTOUHMKAMU, olpenensemMomy (Gopmysoi (5.12):

A

9 =122" . .
- D (5.14)

PesynbTupyoinas KapTuHa IoKasaHa Ha puc. 5.21, rge mpoa co-
cTaBJasgeT OKoso 25% oT MakcuMyMa WHTEHCUBHOCTH.

f

ﬁMMH

Puc. 5.21
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Besnunny, o6paTHYIO IpefeJbHOMY yTay O, ., HasbIBAOT pA3-
pewarweil cnocobrHocmyvio (WM paspeniamlneil CUJIoi):

R- 1 D

- - : 5.15
9., 1221 (5.15)
PaccmaTrpuBaeMblii BOIIpoc 0COOEHHO Ba’yK€H B TEOPUU TeJIECKO-
na. MsobpakeHre 3Be3abl B (DOKAJBHOI IIJIOCKOCTH O0'BLEKTHUBA Te-
JIeCKOIIa IIPeACTaBJIsgeT co0oil JIUIlh AU(PPAKIIMOHHYIO KapTUHY, 00-
pasyemyio KpyrJoii onpaBoi o6bekTuBa. Kak Bugmo us (5.15), pas-
pelramoInas CIoCOOHOCTh O0BEKTMBA TeJIECKOIla IIPOIOPIIMOHATIbHA
nmaMmerpy oobekTuBa. TeecKom ¢ nuaMeTpom 3epkrana D = 5 M Mo-

JKeT obecrieunTs A cBeta ¢ A = 0,55 MKM yrJioBoe pasperrneHue

055-10°°

9 =122 ~1,3 105"/~ 0,08 yru. cex

MUH

U paspelamllyio CIIOCO0HOCTh R ~ 107,

VBennueHue paspeliaionieil ClioCOOHOCTH TEJIECKOIIOB IIyTeM CO-
OPYsKeHUA 'MTaHTCKUX KOHCTPYKIIMIT MMeeT eCTeCTBEeHHBII Ipene,
00YCJIOBJIEHHBIM IIPOYHOCTHIO KOHCTPYKIMOHHBIX MAaTepUasoB.
ITOoT mpenes IPaKTHUYECKHU yiKe NOCTUTHYT. IIpMHIMIHAJIBLHO HO-
Bble BO3MOYKHOCTH IOBBIIIEHUS PA3PEIIAIONeil CIIOCOOHOCTH CBsI3a-
HBI C ugeel, CyTh KOTOPOM COCTOUT B IIOCTPOEHUM OOJIBIIION OTITHUYE-
CKOII CHCTEMBI M3 MHOYKECTBA 3€PKAaJl CPABHUTEJIHHO HEOOJBIIOTO
pasmepa, KOTOphIe 00pas3yioT eINHYI0 IOBEPXHOCTL. JTO IIO3BOJISAET
CYIIIECTBEHHO CHU3UTH MAaCCy COCTABHOTO 3epKaJjia-OTpasKaTesid.

T';as mpu paccMaTpuUBaHUU YAAJEHHBIX IIPEIMETOB IeHCTByeT B
NPUHIIUIIE TaK ’Ke, Kak 00beKTuB. IlosTomy Gopmyasl (5.14) u
(5.15) npuMeHUMBI U K TJ1a3y. Posb BeauuuHbl D UrpaeT guaMeTp
d 3pauka ruasa. Ilomaras d ~ 4 mm, A = 0,55 MKM, HaXOAUM, UTO
paspeliiaemMoe yIjoBOe PACCTOSHUE IJIa3oM

9. =122)/d =167 -10~* =35 yru.cexk.

MUH

ATOT Pe3yabTaT YAUBUTEJIHHO XOPOIIIO COTIacyeTcs ¢ (husmuoJaoruye-
CKOIi OIIEHKOII paspellnarlrneil CIOCOOHOCTH TIJjiada, CBSI3BAHHOM CO
CTPYKTYPOU €ro ceT4yaTKH.



§ 5.6. Mudpaxuus dpaynrodepa oT mean

B ornuuune ot gudpaxnuu @payHrodepa oT KPyryoro OTBEepPCTUd,
pacueT AUMPAKINU OT Y3KOHW [IMHHOHU IIEJN C NapaiebHBIMUI
KpadMU OKAa3bIBAeTCsA 3HAUUTEJIHHO IIPOINEe, M MBI BOCIPOM3BENEM
€ro JOCTATOYHO AeTajbHO.. COOTBETCTBYIOIIMI pacueT u 31ech OyAeT
OpPOBeNEeH C IOMOIIbI0 IIprHITUIIa ['tolireHca—®peHeid.

PaccmoTrpum cayuair, 'Korza Ha IIejb \ ‘ \ \x‘ \
IMIUPUHBI b IafjaeT HOPMAJbHO ILIOCKAsS b
ceeroBas BoaHa (puc. 5.22). Pazobnem _\/:13:_ \
MBICJIEHHO 3Ty IIeJIb — OHA K€ OTKPBI- /

Tasg 4acTh BOJHOBOM IMOBEPXHOCTH — Ha

OueHb y3KHe OJMWHAKOBBIE II0 IIHPUHE

30HBI-IIOJIOCKY, TapajjieJbHbIe IIPAMO- |
JUHEHWHBIM Kpaam tmieau. CymMMupoBa- ' ]
HUEe BTOPUYHBIX BOJIH ITPOBEIEM C IIOMO-
b0 BEKTOPHOM AMarpaMMBI.

Kosebanusda, mpuxonsaiiue B TOUKY P OT KayKA0N TaKOl 30HBI-IIO-
JIOCKY UMEIOT 00UHAK08Y0 aMILIUTyny dA, IOCKOJBKY paciupocTpa-
HAIOTCA TapajjieIbHO APYT APYTY Iepen JWH30I 1, 3HauuT, dA He
3aBUCUT OT IIPOMIEHHOTO IMyTHU AO TOUKU P (HAIOMHUM, UTO JIUH-
3a — cucreMa TayToxXpouuas). IIpu sTomM pasHOCTh (hpa3 MeRKIy KO-
ne0aHUAMU, TPUXOAAIIMMUA B TOUKY P OT cocelHMX 30H-IIOJIOCOK,
OymeT OoAMHAKOBA.

Orcroza cienyer, 4To Ipu rpa)nuecKoM H300paKeHnr MbI IIOJY-
UMM IIEeIIOYKY BEeKTOPOB dA,, OAMHAKOBBIX II0 MOAYJIIO U IIOBEPHYTHIX
OTHOCUTEJbHO APYT APYyra Ha OAWH U TOT 2Ke yroi (puc. 5.23, a). Pe-
3yJBTUPYIOIIAsA aMILIATya HM300pasuTca BEKTOPpOM A — Xopmoit
IYyTU OKPY:KHOCTH C IIeHTpoM B Touke C.

3aMeTHM, UTO AJIA TOUKHU P, aTa IlellouKka o6pasyeT npamyro, uTo
COOTBETCTBYET MaKCHMyMy HHTEHCHUBHOCTU.

Ycnosue MuHNMYMOB. Ecii pasHOCTB/X0/1a KpaiHUX Jydeii (CM.
puc. 5.22) cocraBisgeT A = A, To UX pasHOCTH a3 & = 27, IeMoUYKa
OKasbIBaeTCA 3aMKHYTOH W aMILINUTYZa Pe3yJIbTUPYIOIIEro KoJjeda-
HUsa obpariaeTcsa B HYJIb (puc. 5.23, 6). ITO mepBbII MUHUMYM AUQ-
PAKIIMOHHON KapTUHBI, IIPEICTABIAIOINIEN CO00H CHMMETPUUHYIO

Puc. 5.22

* Or mosymiockoctu audpaxnusa PpayHrodepa HU IPU KaKUX YCIOBUAX HE peasu-
gyercs.
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6=21

0)
Puc. 5:23

OTHOCUTEJIbHO CEPEIUHBI CUCTEMY UEPEeAVIOIUXCSI CBETJBIX U TeM-
HBIX II0JIOC, TapaJIIebHBIX IEeJHU.

PesynbTupyiomniaa aMIanTyma obpaiiiaeTca B HYJb U TOTAA,
Korza pasHoOCTb (pas3 oT KpaHUX 5JeMEHTOB IeJu paBHA 21m, Tae
m =1, 2,... Ilemouka npu 3TOM 3aMbIKaeTcsA IIocje m 000POTOB,
IpPaKTUUYeCKU He MeHAs c60eil 0Aunb. Ay, MOCKOJbKY yros aud-
pakmuu 3 OOBIUYHO AOCTATOUYHO MAaJl.

PasrocTh das & cBsg3aHa ¢ PasHOCTHIO XO0Ja A COOTHOIIEHUEM
(4.4"), T. e.

§=2n A/,

rae A — OJnHA BOJIHBI CBETA.
Tak xak A =bsin9 (cmipuc. 5.22) u B Munumyme o = 21m, TO U3
STUX TPEeX DPABEHCTB CJIENYeT ycaoeue 0N MUHUMYMOSE:

bsinS,, =tma, m=1, 2, ... (56.16)

3ametum, utro m # 0, mockoabKy pu m = 0 obpasyercsa makxcu-
mym (1lemouyKa BEKTOPOB CTAHOBUTCSA IpsaMoit). VI3 aToit hopMybl
BUJHO, YTO YMEHBIIEHUE INMUPUHBI b I[eJu IPUBOAUT K pPacCIIUpe-
HUIO0 AUQGPaKIIMOHHON KapTHUHBI.

Pacnpenenenue maTreHcuBHOocTU. Haiimem mHTEHCUBHOCTD I CcBe-
Ta Ha 9KpPaHe B 3aBUCUMOCTH OT yrjia gudpaximuu 3. ITO JeTKo cle-
JaTh ¢ IOMOIILI0 puc. 5.23, a. O003HAUNUB pPagUyC IEHOUKU-AYTU
yepesd R, samuiiem:

A = 2R sin(8/2) , Ay = RS. (5.17)



%
£
=
b}
]
®
®
Lel
®
[y
o2}
=

OcTaeTrcs UCKJIOUYUTL R U3 9TUX OABYX PaBE€HCTB, 1 MBI IIOJIYUMM:

sin(5/2)

A=do 5,

(5.18)

T o A%, TO MCKOMAas 3aBUCHMOCTDH T MMETb BUJI:
A mar kxax I co A%, 7o mcKoMas 3aBHCHUMOCTL OyIe e :
.2
sin“a

’
(1,2

I=1I, (5.19)

roe o =98/2 = tA/A = nbsind /L. I'padpur saBucumoctu I ot sind mo-
KasaH Ha puc. 5.24. IHTEHCUBHOCTH BTOPOT'0 MaKCUMyMa COCTaBJIS-
eT oKoJI0 4% OT MHTEHCUBHOCTU II€HTPAJBHOI'O, IIOITOMY MOYKHO
CUNTaTh, UTO MPAKTUYECKU BECh CBETOBOI IIOTOK, IIPOXONAIIUN Ue-
pes IieJib, COCPEIOTOUEeH B IIepBOM (IEHTPAJLHOM) MaKCUMyMe, yT-
JIOBas IOJYHIMPUHA KOTOPOTO paBHAa A/b. ATOT pe3yJbTaT corJiacyer-
ca ¢ opmysoi (5.13), ompenensiomnieil TuGPaKIINOHHYI0 PACXOIM-
MOCTD «IIapaJLJIeJIbHBIX» CBETOBBIX IIyYKOB OTPAHUUYEHHOT'O CEUEHU.

I

Puc. 5.24

OTMeTHUM Tak:Ke, UYTO B CepeAiiHe CUMMETPUUYHON AUPpaKIIIOH-
HOU KapTHUHBI, COCTOAIIEH M3 UEPEAYIOIIMXCS CBETJBIX Y TeMHBIX
moJioc, npu audpaxinuu PpayHrodepa scezda obpasyeTcs MaKCH-
MYM OCBEII[eHHOCTH (B oTjmuue OT (peHeseBoll nudpakium, e
IMeHTpaJbHasaA MMoJioca MOKeT OBITh KaK CBETJION, TaK W TeMHOII).

Eciu mimockas cBeToBas BOJIHA MaZaeT Ha INEJb HAKJOHHO IO
yriaom 9, K HOpMaJsu, TO PA3HOCTh X0Jla MeXay KolebaHmAMU, pac-
IPOCTPAHAIONIMMUCA OT KpaeB IIeJN IOoJ YIJIOM 3 K HOpMaJu, Oy-
JeT paBHa A =b(sind - sinY). Iro npu ycaosuu, uro oba yria, 9 u
9, OTCUUTBIBAIOTCSA OT HOPMAJIX B OJHY CTOPOHY — NO WJIH NPOMU8
YacoOBO! CTPEJIKH.
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YcnoBue IUPPaKIIUOHHBIX MUHMNMYMOB B JaHHOM CJydae IIPU-
HUMaeT BU]

b(sin9, —sin,) = £mi . (5.20)

ITeurpanpubiii MakcumyM (m = 0) OyzeT pacmoJioyKeH IIof YIJIOM
9,, = 8y, T. e. B HampaBJleHUN Iajaolleil BOJHBI, U AUDPAKINOH-
Hasd KapTuHa OyJeT HEeCUMMETPUYHA OTHOCUTEJIbHO IIeHTPaJbHOM
CBETJIOI IIOJIOCHI.

Teopema Ba6une. dTa mosjesHas TeopeMa KacaeTcs CBOWCTB TaK Hasbl-
BaeMbIX JOnosHuUmMenbHblX dKkpanos. Hanpumep, B HalleM ciydae, KOrjga B
HEeNIpo3pauHoil IIperpaje MMeeTcs IeJib, TO AOIOJHUTEJIbHBIM K Hel sKpa-
HOM OyZeT HelpospayHas NIPAMOJIMHENHHAs IIOJIOCKA, INMHNPUHA KOTOPOH
paBHa IIMpUHE IIeJH.

Cornacuo Teopeme Babuue, ppayurodpepoBsl JU(PPaKIIIOHHBIE KAPTUHBI
B )OKAIIBLHOM IJIOCKOCTU O0'bEKTHBA COBEPIIEHHO OJAMHAKOBBI OT JOIIOJHU-
TeJbHBIX 9KPAHOB, 3a UCKJIOUEHNEM camoro ¢oKyca. Jra TeopeMa CIeyeT
U3 TOro, YTO cOorJIacHO npuHIuNy [roiirenca—®Ppenena qudpparupoBaHHBIE
BOJIHBI MOJKHO IIPEACTAaBUTh KaK CYMMY BTOPUYHBIX BOJIH, UCXOOAIIUX U3
KasKJoro 9JeMeHTa ILJIOIIaaAy OTBepCcTHH sKpaHa. IIycTh BEKTOP-aMILIUTY-
na nudparvpoBaHHOM B HEKOTOPOM HANPABJIEHUYN BOJIHBI IJIs JAHHOTO 9K-
paHa paBHa A, a 1T TOIIOJTHUTEJIHHOTO K HEMY SKpPaHa B 9TOM JKe HaIllpaB-
geHun — A,. B orcyTcTBHE 000X 9KPAHOB aMILIUTYABI BOJH AJIA BCEX Ha-
HpaBJIeHI/IIU/I, KpoMe HallpaBJIEHUA HepBOHaanILHOfI BOJIHBI, PaBHBI HYJIIO.
CnenoBarensHO, o npurnuny lofirenca—®penend noayuum A; + Ay, = 0,
oTKyza A; = Ay Tak KaK MHTeHCUBHOCTB I o A, 10 TeM caMpBIM TeopeMa f10-
KasaHa.

Teopema BabuHe m03BOJIAET YIIPOCTUTDH PeIlleHVe MHOTUX AUGPaKIIUOH-
HBIX 3ajlau, 3aMeHAsA SKPaHBbI AOIOJHUTEJbHbIMU. Hanmpumep, Hamo ompe-
AC€JINTh TOJIIIMHY YeJIOBeYeCKOr'o BOJIOCAa. I[JIH 9TOI'0 IIOJIY4YarmT OT HEro
dpayrrodepoBy nudpakIMOHHYI0 KapTUHY, a 3aTeM MAaKyio Jce no pasme-
Py Kapmuny — OT Iesau, moabupas ee mupuny. HalifeHHasd IIHpUHA
1eJW ¥ paBHA JUaMeTPy YeJ0BEeUeCKOIQ BOJIOCA.

§ 5.7. IndpakuuonHas penieTKa

JudpaknuoHHaa pemieTKa sABIAETCSA BaKHEUININM CIEKTPasb-
HBIM IIpuOOPOM, IIpefHA3HAUEHHBIM [Jid Pas3JoKeHUs CBeTa B
CIEeKTp U u3MepeHus AJauH BoJiH. OHA mTpeacTaByseT coOOM CTeK-
JSHHYI0 UJIN METAJJINYECKYI0 IJIACTUHKY, Ha KOTOPBIX HAHECEHO
OYeHb MHOT'O (MHOTZA [0 COTEH THICAY) IPAMBIX PABHOOTCTOAIIUX
IMITPUXOB OAUHAKOBOW KOHMUTYypaAIUH.
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PaccMoTpuM mpocTeHInyo uaealn3upoBaHHYIO PEIIeTKy, COCTO-
ANYI0 U3 OAWHAKOBBIX PAaBHOOTCTOANIMX Iiesei. IlycTh mupuHa
Kaxk o1 11enu paBHa b, a nepuod pewemrxu — d. B pereTke peasu-
3yeTcsi MHOTroJiyueBas MHTeP(EPEeHIIns KOrePeHTHBIX Audparupo-
BAHHBIX IIYYKOB CBETA, UCXOISIINX U3 IeJIiell PeIlleTKU IIPU ee 0CBe-
IeHUHU.

Hudppaxnuonnyo (TouHee auGPaKIIMOHHO-UHTEP(HEPEHITNOH-
HYI0) KapTUHY Ha0JI07ai0T 110 MeTony PpayHrodepa, T. €. B mapaJi-
JIeNIBHBIX JIyYaX, a IPAaKTUYEeCKU — B (DOKAJIBHOM IJIOCKOCTH 00'B-
extuBa (puc. 5.25, a). ‘

ST e |
;\/ﬂ\lA d sin®
7‘
P F

Puc. 5.25
HYCTI) IIJIOCKadA MOHOXPpOMaTHUYeCKasd CBeTOBasd BOJIHA ITagaeT Ha

peleTKy Hopmanvho. Kammasa us iieseil B OTAEJIbHOCTH AaBaJia Obl
B (POKAJBHOM IJIOCKOCTH OOBEKTHBA IUPPAKIHNOHHYIO KAapPTHUHY,
MOKas3aHHyIo Ha puc. 5.24. VI Takue KapTUHBI OT BCeX IIejeil B OT-
CYyTCTBUE KOTE€PEHTHOCTU TOYHO HAKJIAAbIBAJIUCH ObI IPYT Ha APYyTa,
HE3aBUCUMO OT UX IOJOKeHUsd. IHTeHCUBHOCTU IPU STOM CKJIAIbI-
BaJIMCh OBbI, ¥ MBI TIOJYUYUIN ObI TIpu Hagaunuuu N Imeseit fudpaxiiu-
OHHYIO KapTHUHY KaK OT OJHOI INeju, HO ycujJeHHYI0 B N pas.

IIpu ocBemieHuu Ke PEIIETKU KO2ePeHMHbLM CBETOM, CBETOBHIE
BOJIHBI OT BCeX ImeJsieil mHTep(epupyoT APYT ¢ APYTroM, U Audpak-
IIUOHHAA KapTHUHA Pe3Ko MeHsAeTcs. MbI OyzeM HabJI0JaTh CUCTEMY
IOCTATOYHO Y3KUX MAKCHUMYMOB.

I'maBabie Makcumymbl. B cepefuHy audpaxkiimoHHO-uHTEpPOE-
PEeHIIMOHHOH KapTHUHBI KOTepeHTHBIE) KoJae6aHWsa OT Bcex Ieseil
npuxonaT B (ase. ITO 3HAYUUT, UTO°€CJAU AMILIUTYAa OT OIHOI
IIleJIM paBHA A;, a umucJo Ileseil B pereTrke N, TO pe3yJIbTUPYIOIIasd

* Ilaymee MBI OygeM Has3BIBATH ee IO TPAAUIIUH IIPOCTO OUPPAKYUOHHOIL.
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aMILIUTyla A 1 COOTBETCTBYIOIIAA el MHTeHCUBHOCTD I OyayT ompe-
neydaTbea (opMmysiamMmu

A=A;N, I=1I,N

Takoil ;xKe pesyJbTaT IOJyUyaeTcAd WM MPU yriaax gudpaxiuu I,
ISl KOTOPBIX ONITHYECcKas PasHOCTHb XoAa A KoJaebaHUl OT COCeTHUX
mieaeir (cm. puc. 5.25, 6) paBHA IeJIOMY YKCJIY AJUH BOJIH:

dsin$,, =tmk, m=20,1, 2,..., (5.21)

e 3HAKU «t» CIeAyIOT U3 CUMMETPUU AUPPaKIMOHHON KapTUHBI
OTHOCUTeJIbHO HopManu K pemerke (3, = 0): mpu 3HaKe «+» yroua
9, > 0, a npu 3HaKe «—» yroa 9, < 0.

B manpasienuax 9,,, onpefeiseMbIX 9TUM ypaBHeHNHeM, BO3HU-
KaI0T MaKCHMYMbI, THTEeHCHBHOCTH HOTOPEIX B N2 pas mpeBocXogaT
MHTEHCUBHOCTDb OT KasKAOH IeJu B TOM JKe HampaBieHuu. X Ha-
3BIBAIOT 2/1A6HBLMU MAKCUMYMAMU M-TO NOPAAKa, & ypaBHeHUe
(5.21) — ycaosuem zaasHvlx maxcumymos. VIMEHHO TJIaBHBIE MaK-
CUMYMBI U IIPEACTABJIAIOT 0COOBIN MpakTUUecKuii narepec. Kaxk MbI
YBUOUM [ajiee, OHU IIOJYyYalTCsS TeM 0oJiee Y3KUMH U PE3KUMU,
yeM OoJiblliee YmuCJI0 N IITPUXOB COAEPIKUT PeIleTKa.

IIpu HaKIOHHOM IafleHNN IJIOCKOH BOJHBI Ha PEIIeTKY — IIOJ YIJIOM 9
K HOpMasu (puc. 5.26, a) pasHOCTb X0/la COOTBETCTBYIOIIIUX JyUeil OT ABYX
coceJHUX HITPUXOB (mmeseil) paBHa A =d(sin §,, — sin §), u HanpasneHus
3,, Ha riaBHBle (pPayHTo(PepoBbl MAKCHUMYMBI OIPEeJeJISIOTCA yCJIOBUEM

d(sin 9,, —sin 9y) = £ mA (5.22)

C YUETOM CJEAYIOIIETO Npasud 3HAKO08 A YIJIoB 3, U 3): OHU HOJKHEI
OTCUUTBHIBATHCSA B 00HOM HAIpPaBJIEHUU OT HOPMAJU K PeIleTKe, HAIlpUMepP
no udacoBoii crpenke (cMm. puc. 5.26, a, rae ) u 9, > 0).

a) 0)
Puc. 5.26
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Jro ke ycaoBue (5.22) cpaBeJinBO U AJSA OTPaKaTeJbHOU pPeIleTKH,
ecnu yrasl 9, 1 9, OTCUUTHIBATE. B NPOMUBONOJLONHbLYX HAIPABIEHUAX OT
Hopmausu (cMm. puc. 5.26, 6, tae 9, u 9,,>0).

OTMeTHM MOIYTHO, 4TO (HOPMA IITPUXOB PEIIeTKN He BIUSeT Ha I0JO-
JKeHUe TJIaBHBIX (hpayHrodepoBbIX MAKCUMYMOB, u ycaoBus (5.21) u (5.22)
ABJIAIOTCA YHUBEPCaJIbHBIMU.

HNuTepdhepennuonnrie MUHUMYMEBI. [[18 BBIACHEHUA NaJIbHEH-
mux getasieit GpayHrodepoBoil AuMPaKIIMOHHON KapTUHBI BOCIIO-
Jb3yeMCs BEKTOPHOUM AuarpaMMoii, KOTopasd IIO3BOJIUT JIETKO HAUTU
U pe3yJAbTUPYIOUIYI0O aMIIUTYyAy A KojaebaHUU, NPUXOAIIUX B
IPOMBBOJIbHYI0 TOUKY P (OKaJIbHOHM IJIOCKOCTH O0BEKTHBA (CM.
puc. 5.25).

Cx———
Ky=--—_R

Puc;5:27

BexTopHas aumarpamMma B HaIlleM cJjydae IIpefCcTaBJseT co0oii
IETIOYKY BEKTOPOB-aMILIUTYJ KOTE€PEHTHBIX KOJIeOaHUM, MPUXOMIS-
KX B TOUKY P oT Kaxxgoil u3 N meneii: A, A,,..., Ay (puc. 5.27).
Ilo Momynt0 5T BEKTOPHI OAMHAKOBBI, M KaKIBIA CJAEIYIOIMIUUA OT-
CTaeT OT TPeAbIAYIero (MU OIepesKaeT, 3TO He CYIIeCTBEeHHO) II0
dasze Ha OQUH U TOT Ke yroJ Y. OTOT YroJl CBA3aH C OUNTHUUYECKON
pPasHoOCTBHI0O XOZa A COOTBETCTBYIOIIUX JIyUeld OT COCEeIHUX IIeseii
U3BECTHBIM COOTHOIlleHueM (4.4'), T. e. B HaIlleM cJjydyae — IIpHU
HOPMAaJLHOM MHaJeHuMN CBETA HA PeIIeTKY

A dsind
Pl

y=2n—=2

, 5.23
y . (5.23)

roe d — mepwuop perieTku (cM. puc. 5.25, 0).

Temneps mpocaenmM, KaKk OyZeT BecTu cebA 9Ta IeNOYKa BEKTO-
poB (a 3HAUUT U ee 3aMbIKalomlasa A) nIpu yaajleHuu Touku P ot ¢o-
Kyca F (cm. puc. 5.25, a), T. e. ¢ poctoM yrja auparknum J.
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flcHo, uTO pU 9TOM OYAET YBEJIUUUBATHLCA PA3HOCTH a3 y MerK-
Iy KOJIEOAHUSAMMU OT COCEIHUX IIeJiei, U IeI0OYKa BEKTOPOB OyaeT
IIOCTEIeHHO 3aKpyuYnBaThbcsa. IlepBblil pas oHA 3aMKHETCS U BEKTOD
A obpatuTca B HyJb, KOrjga yroa Ny cTaHeT PaBHBIM 27T — 3TO He-
IOCPEeACTBeHHO BUAHO M3 puc. 5.27, 0.

IIpu manwpHeliem pocre yria 3, a 3HauuT, pasHoctu das y u Ny,
mermouka OyaeT MepuoguuecKy TO PacIIpaAMIATHCA (TJIaBHBIE MaKCH-
MyMBbI, A = MaKcC), TO 3aMbIKaTbCA (MHTEP(PEPEHITNOHHBIE MUHUMY -
mbl, A = 0). ITocaenmee OymeT MPOUCXOAUTH IMIPU SHAUEHUAX YTJia
Ny kpaTHbBIX 278

Ny =2nm/, (5.24)

rge m' IpUHUMAET IleJIOYMCIeHHLIe 3HaueHus, kpome 0, N, 2N,...,
IIPU KOTOPBIX IEIIOUKA PACIPAMJISIETCH, M MbI IIOJyYaeM IJIaBHBIE
MAaKCHUMYMBI.

IToncraBus B (5.24) 3HaueHme y us opmyas! (5.23), mosyuum:

dsing =+ .
N

(5.25)

9TO BBIpasKeHUE IPEICTABISAET cO00U ycrosue 05 unmepgepen-
YUOHHbLX MUHUMYMOE (IIPY IIeJIOUNCJICEHHBIX 3HAYEHUAX m', KpoMe
0, N, 2N,..). Ouo e comep:kut u ycaosue (5.21) A riiaBHbIX MaK-
cumymos (mpu m' =0, N, 2N, ...). Mexay IByMs COCETHUMMU IJIaB-
HBIMM MaKCHMyMaMH’ PacioJioskeHbl N—1 mHTepepeHIIMOHHBIX MU-
HUMYMOB. A MeKIy TOCJIeIHUMU, B CBOIO ouepenb, — 000a80YHbLE
MAKCUMYMblL, MHTEHCUBHOCTH KOTOPBIX IIPU JOCTATOYHO OOJIBIIIOM
ypcyie N IITPUXOB PEIIeTKU IPEeHEeOpeKuMo MaJjia (KaK Mbl YBUIUM
najiee, OHa COCTaBJsAET He OoJsiee 5% OT MHTEHCUBHOCTH TJIABHBIX
MaKCHUMYMOB).

B otsnmuwne ot yeaosuda (5.21), KoTopoe HAaeT TOIBKO NOLONEeHUS
IJIaBHBIX MAaKCHUMyMOB, cQoTHoImeHue (5.25) mosBoJjser ompese-
JIUTH U UX Y2J08Y10 WUPUHY. B camoM fieje, IpU IIepexojie OT IJaB-
HOr0 MaKCHMyMa K cocefHeMy MUHUMyMY (puc. 5.28) m' meHnderca
Ha eguHUIy, Hanpumep or N o N + 1. Torma mipu mocraTouHo 060-
apmioM N yIJIOBYIO HOJYHIMPUHY 03 rIaBHOrO MakKcuMyMa 1-To IIo-
pAIKa MOKHO HaWTu, B3aB nuddepeHnuan ypaBHenua (5.25)
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m—= N-1 N N+1
Puc. 5.28
C Yy4eTOM TOro, 4TO m'/Ipu 3TOM MeHsAeTcA Ha eguuuiy (dm' =1).
Torga dcosd 63 =A/N, oTkyna

A A

89 = = .
Ndcos9 hcosd

(5.26)

Oobparaer Ha cebsa BHUMaHUe TOT (aKT, YTO 63 3aBUCHUT He OT d U
N B oTHeJbHOCTH, a OT UX I[IPOU3BEAEHHUs, KOTOPOE eCTh He UTO
uHOe Kak imupuHa pemierku # = Nd. C poctom yriaa audpakmum I3
IIUpUHA TJIABHBIX MAKCHUMYMOB YBeJIWYMUBAETCsS. [JIaBHBbIE MAaKCHU-
MyYMBI OYZYT TeM Ysxe, deM OoJbIlle ITUPUHA PEIleTKH i 11 MeHbIIe
yroa gudpaxiuu IJ.

Temnephb BBIICHUM, YTO O3HAUAET YTBEP)KIACeHUE, HAIPUMeEP, «yT-
JoBadA IIUPUHA TJIaBHOTO MakKcuMmyMma 63 Maja». Ilo cpaBHeEHHUIO C
yem? OTBeT HOCTATOYHO OUEBUAHBIN: BEJIUUYUHY 03 HaI0 CPaBHU-
BaTh C YIJIOBOM ITUHON AY MeKIYy COCEIHUMU TJIaBHLIMU MaKCUMY-
mamu. Ecam 63 < A3, MBI TOBOPHUM, UTO TJIaBHBIE MaKCUMYMBbI y3-
Kue (peskue). OmeHUM OTHOIIIEHUE STUX ABYX BeJIUUYNH. SHAUECHUE
39 coorsercTByer mamenenuoo m' B (5.25) Ha efuMHUIY, HO TAKUX
3HAUeHMI m' MexxAy ABYMS COCeJHUMU TJIABHBLIMYU MaKCUMyMaMU
oraseiBaeTca N. Cunras, uTo Ha Kax bl naTepsan dm' = 1 mpuxo-
IUTCA OJTHO W TO JKe 3HaueHue 09 (IJid OIeHKM), IPUXOJUM K BBIBO-
oy, uro 63 B N pas menbiine, ueM AJ. MTak, pe3sKOCTh IJIaBHBIX
MaKCHUMYMOB TIPOMIOPIIMOHAJIbHA YMCJY IITPUXOB pereTku (6oJiee
TOYHBIN pacueT MPUBOAUT K TOMY K€ Pe3yJbTaTy).

Takum ob6pasom, ¢ momoinbio ycaoBuit (5.21) u (5.25) mbI Mo-
JKeM YCTAHOBUTDH HE TOJbKO MOJIOMKEHUS TJIaBHBIX MaKCUMYyMOB, HO
U UX YIVIOBYIO IMUPUHY (Pe3KocTh). OcTaeTcs PEIIuTh BOIIPOC 00 Ux
MHTEHCUBHOCTH. PaccMOTpUM ero cHauajga KadvyecTBEHHO.
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IIpociesxuBas ¢ MOMOIIBLIO puc. 5.27, KaKk OyaeT BecTu cebs BeK-
TOpHAs AUarpaMma II0 Mepe yBeJudueHus yria gudpaxiuu 3, MbI
ocTaBUIM 0e3 BHUMAHUA TOT (PAKT, UTO IIPU 9TOM KaXKABIN BEKTOD
IEMOYKY II0 MOXYJI OyIeT yMeHbIIaThCsS, W00 OH OIpPemessaeTcCs
Jupparxyueil oT KaxKIoOU mieau. B cooTBeTcTBUM Ke ¢ puc. 5.23 pe-
3yJABTUPYIOIIUNA BEKTOP/TIPU 3aKPYUMBAHUM IETIOUYKY OyaeT cHada-
Ja YyMEeHbBINIAThCA U B AaJbHeWIIeM BecTu ce0s aHAJOTUUYHO TOMY,
KaK TOoKasaHo Ha puc.!5i24.

CrnemoBaTesnbHO, KpoMe MHTEP(hEePEeHIIMOHHBIX MUHUMYMOB, He-
00X0AMO UMETH B BUAY U OU@PPAKYUOHHbLE MUHUMYMbL, OTIPEETIs-
emble ycaouem (5.16), T. e.

bsinS,,=tmiA, m=1, 2,...,

rae b — ImmuUpuHaA KasKIOoUW IIesu.

IIpu sTOM yCJIOBUM 8Ce BEKTOPHI IEIIOUKM O0pallaiTcsa B HYJIb,
3HAQUUT U Pe3yJIbTUPYIOIIas NHTEHCUBHOCTD B IMUX HAIIPABJIEHUAX
Bceria MoJI’KHA ObITH paBHA HyJ 0. [laske B TOM cirydae, €CJIU 9TOMY
HAIIPaBJEHUIO COOTBETCTBYET TJIABHBINT MAaKCUMYM /1-TO ITOPAIKA.
IIpumep. Haiinem oTHOIIEHUWE Ieprofa PEIIeTKY K IMUPUHe mienu, d/b, mpu

KOTOPOM IIPOIIaJaeT TJIaBHBIM MaKCHUMyM 3-TO IIOPSAIKA.
B srom HampaBieHNH — TOA yIyIoM AuGPaKIund 3, — JOJKHBI BbI-
TOJIHATHCA [Ba YCJIOBU:

dsin §,=%3%, bsind, =LA

W3 oTHOIIIEHUS 9TUX ABYX PaBeHCTB Haxoxum: d/b = 3. OTo 3HAUUT,
YTO B IIPeJesiaX OCHOBHOTO [u(GPaKIMIOHHOIO MAaKCUMyMa MbI Oyzem
HaOJIOAaTh JBa IJIaBHBIX MakcuMmyMa. Tperwuii momazer Ha gudpak-
[UOHHBIA MUHUMYM M, 3HAUUT, IIPOIAJIET.

HNHTEeHCMBHOCTH IJIaBHBIX MaKCHMYMOB. PaciipeneneHre mMHTeH-
CUBHOCTHU B JU(MDPAKIIMOHHON KapTUHE IPOIIEe BCErO IMOJYUYUTH C II0-
MOIIIBI0 BEKTOPHOM AmarpaMmsl (cM. puc. 5.27). U3 aToit quarpam-
MBI BUJHO, UTO PE3YJIbTUPYIOIIYIO aMILIUTYAY A Ipu MHTepdepeH-
nuu N BOJIH MOKHO 3almcaTh TakK:

A =2Rsin(Ny/2),

rae R — BcmoMoraTeJbHBIN Paguyc OYyTW OKPYIKHOCTH, ONMCAHHON
BOKDYT JAaHHOIH IlemouYKu BeKTOopoB. Kpome Toro, ammanTyga A; Ko-
gebaHUl OT Ka’KIOH IMesu, KaK BUIHO M3 BTOTO JKe DPUCYHKA,

A; =2Rsin(y/2).
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Uckmtouns 2R w3 mocjaeqHUX ABYX (POPMYJI, MMOJIYUMM:
sin (Ny/2)
sin(y/2)

YunreiBasg, uTo A, ompejesnserca (popmynoi (5.18) m mHTeHCHUB-
HOCTE I oo A%, IpUXOAUM K CiIeAyIoIeMy (ICKOMOMY) BEIPQsKEHHIO:

sin®(8/2) sin®(Ny/2)

I'=1I, 2 . 2
(%/2) sin”(y/2)

(5.27)

rae, HAIIOMHIIM,
§=2nbsin®/%, y=2ndsind /A (5.28)

ITonyuennsiii pesyabrat (5.27) rpaduuecKu IIpeAcTaBjeH Ha
puc. 5.29 KaKk 3aBUCUMOCTb MHTEHCUBHOCTU AU(GPAKIINOHHON KapTHu-
HBI OT yrvia gudpakiuu 3, Toudee ot sind. Kaxk Bugum, narepdepeH-
U1 MHOTHX ITyYKOB IIPUBEJIa K PE3KOMY I1epepacIpeeeHni0 NHTeH-
CHUBHOCTHU CBETa, OOYCJIOBIEHHOMY Audpakiiueil oT KaKIo¥ IIesu.

I
///
// \\\
/ \
_ /l N L
23,60 SSRUS/38 R I Y IO ISP W v
aAdoh A 0 L oA QA sin®
P d d 2434
Puc. 5.29

ITepBas npo6r B BhIpaskeHuu (5.27) mpencraBidgeT coOO# IaB-
HyI0 QYHKIHIO OT sind (0oHA mMoKasaHa TYHKTUPOM Ha puc. 5.29 u
oTpaskaeT AM(PPAKIIMOHOE pacIIpe/ieleHre MHTEHCUBHOCTU OT KaiK-
o 1miesm). Jra mJaaBHAA (MYHKIUA MOIYJINPYET MHOTOJIYUEBYIO
uHTephepPeHIIUOHHYI0 KapTUHY OT N IIesiell, KOTOPYIO OIUCHIBAET
BTOpas Apobs B dopmyie (5.27).

IIpakTuuecku Hambojsee Ba'KHBIMU ABJIAIOTCS TJIaBHbIE MaKCH-
MYMBI, IIOIIaJaloINe B IeHTPAJbHBIH JUMPAKIIMOHHBIN MaKCUMYM
OT KaK[IOoi IMeNu — OHU SABJIAIOTCA Hambojee MHTEHCUBHBIMU .

* Bamerum, uTo pacmpezesnernue I1(3), mokazanHoe Ha puc. 5.29, CIPaBeJIHBO IS
IIPOCTO IIesIeBO perneTKu. Eciau ke KoahOUIMEeHT MIPo3pavyHOCTH (MJIK OTParke-
HUsI) MEHSIETCS B PEIleTKe, HAIPUMED, II0 CHHYCOUAAIbHOMY 3aKOHY, TO BO3HUKA-
IOT IJIaBHBbIE MAKCAMYMBI TOJIbKO HYJI€BOT'O U IIEPBOTO MOPAAKOB: m =0 u m ==+1.
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§ 5.8. IndpakinuonHas pelieTka Kak CIEKTPAaJbHBIH
mpuodop

WUz dpopmynsr (5.21), oupenesnsdioniell HanpaBJeHUs Ha TJIaBHbIE
(dpayHrodepoBsl MaKCUMYyMbI, BUJHO, UTO 9TH HalpaBjleHud 9, 3a-
BUCSAT OT JJIMHBI CBETOBOII BOJIHBEI A (3a MCKJIOUEHHEM MaKCHUMyMa
HyJeBoro nopanka, m = 0). [losTomy pelreTka B KasKJA0M ITOPAIKeE
m # 0 pasjoKUT MAAAIONINN HA Hee CBET 8 CNneKmp Pa3JUYHBIX II0-
pankoB. IIpuuem HamboIbIIIEe OTKJIOHEHUE B KAKIOM IIOPANKE WC-
TBITBIBAET KpacHas dYacTh cieKTpa (0oJiee MIMHHOBOJHOBAS).

OCHOBHBIMU XapaKTEPUCTUKAMU JI000T0 CIIEKTPAJIBHOTO IPubo-
pa ABJAIOTCA Y2708as OUcCnepcus, paspeuianu,as cnocooHocms mu
obaacmdv ducnepcuu.

1. YraoBasa mucnepcusi D xapakTepusyeT CTeNeHb IIPOCTPAHCT-
BEHHOTO (YIJIOBOTO) pasiesieHus BOJH C PasIUYHBIMU AJIUHAMU A.
ITo ompenenenuio,

D=d9/d\. (5.29)

Huddepennupysa dopmyay (5.21) nupu faHHOM m, HAXOAUM 0/ pe-
wemxu dcosd ,, d3 =mdA, orkynga

@ _m
dh  dcos9,, (5.30)

Bugno, uTO A 3aJaHHOTO MOPSAKA M CIEeKTpa yrJjoBas IHC-
mepcua TeM OOJIbITe, YeM MeHbIIe Iepuok d pemeTku. Kpome Toro,
d3/dA pacrer ¢ yBesunueHHEM IOPSAKa M CIEKTpAa.

2. Paspemaromas cnoeodHocts R. Ilo ompeneseHmIio,

R =)/, (5.31)

rae OA — HaUMeHbBIad Pa3HOCTh JJIMH BOJIH CIIEKTPAJbHBIX JUHUIM,
Ipu KOTOPOI 9TH JIMHUU BOCIPUHUMAIOTCA €Ille PasAesibHO, T. €.
paspewaromcs. BenuunHa 0L He MOMKET OBITH IIO0 PALY NPUUYNH
oIpejiejieHa TOUYHO, a JIUIIL OPUEHTHMPOBOUHO (yciyioBHO). Takoi
YCJIOBHBIN KPUTEepUH OBLI IpeaIokeH PasieeM (aHAJIOTMUYHO TOMY,
KakK 9T0 OBLIO0 PACCMOTPEHO IIPU PEIleHUY BOIPOCa O Pas3pelalolein
crmocoOHOCTH 00BeKTuBa, cM. § 5.5, B Kowmre).

CoruacHo kpumeputo Panes, cunekTpanbHble JUHUN C PASHBIMU
[UINHAMU BOJIH, HO 00UHAK0B0iL NHTEHCUBHOCTU, CUUTAIOTCA Paspe-



IIeHHBIMHU, €CJU TJIaBHBIA MaKCUMYM
OJHO¥ CIIEKTPaJbHOW JHUHHUHU COBIIA-
IaeT C IePBBIM MHUHUMYMOM [IPYyroi
(puc. 5.30). B sTom cayuae MexRmy
IByMsI MAKCHMyMaMW BOSHHKAET
MPOBAJI, COCTABJIAMINUNA 0K0J0 20%
OT MHTEHCHUBHOCTH B MAKCHUMyMaX, U

JIMHUU ellle BOCIIPUHUMAIOTCA pasjie-
JIBHO. Puc. 5.30

Uraxk, cormacuHo kpurepuio Pagea u popmyse (5.25), meobxomu-
MO, UTOOBI MAKCHUMyM Mm-TO mopsagka (m' = mN) JUHUU ¢ AIAHON
BOJIHBI A + OA (cM. puc. 5.30) coBmamadr 10 HaIPaBJIEHUIO C IIePBLIM
MUHAMYMOM JuHuUA A (m' = mN + /1) . e.

dsing,, = m(: + 1) =[m + ;jjx .

Orcroma ciaenyer, 4TO

ITO U ecTh UCKOMaA (hopMysa AJA paspeularouleii cnocooHocmu
nudpakuoHHO pemterku. lanHada/(hopMmysia mgaeT BEepXHUI IIpe-
Ien pasperniaroleii cmocobHocTu. OHA cIpaBeAinBa IIPU BBIMIOJIHE-
HUU CJEAYIONINX YCJIOBUI:

1. IaTeHCUBHOCTH 000MX MaKCHUMYMOB OOJKHA OBITH OLUHAKO-

BOH.

2. Pacimupenne JUHUHN SOJXKHO OBITH OOYCJIOBJIEHO TOJIBKO AU(-

paxiueii.

3. Heobxomumo, 4TOOBI HMaJaloONINil HA PEIIeTKY CBET MMeJI IIMH-

PUHY KOTePEeHTHOCTH, IIPEBLIIIAIOIIYI0 pasmep perreTku. To-
JBKO B BTOM cayuae Bce N HITPUXOB peIlieTKu OyayT «pabdo-
TaTh» COTJIACOBAHHO (KOTEPEHTHO), U MBI JOCTUTHEM KeJsae-
MOTO pesyJbTaTa.

I1s TIOBBINIEHUS pas3peraolieil CIoCOOHOCTH CIEeKTPAIbHBIX
mpubOpPOB MOYKHO, KaK HmOKasbiBaeT gopmyaa (5.32), 1mubo yBeaIuuu-
BaThb 4rcja0 N KOTePeHTHBIX IIYUYKOB, JIOO ITOBBIIIATEL MOPAIOK HH-
Tepdepenuu m. IlepBoe HCIOAb3yeTcA B AUGMPAKIIMOHHBIX PeIeT-
kKax (umcao N poxoxut mo 200 000), Bropoe — B mHTEp(hEpeHITnOH-
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HBIX CIIEKTPaJbHBLIX Hpubopax (Hampumep, B uHTephepomerpe Pab-
pu—Ilepo uncio N umHTep(EpPUPYIOMINX BOJH HEBEJIUKO, IIOPAIKA He-
CKOJILKUX [eCATKOB, a IOpAAKHU nHTepdepernuu m ~ 108 u Goiee).

3. O6aacts gucmepcuu AA — 3TO IMMPUHA CIEKTPAJIbHOTO WH-
TepBaja, IPU KOTOPOU ellle HeT IEePEeKPBITUS CIEKTPOB COCEIHUX
nopankoB. Ecau crieKTpHl coceHUX MOPANKOB IEPEKPHIBAIOTCS, TO
CHEKTPAJbHBIN anmnapaT CTAHOBUTCA HENPuzo0HblM AJIA MCCIeN0Ba-
HUA COOTBETCTBYIOIIETO YUacTKa CIEKTpa.

JIMHHOBOJHOBHIN KOHEI[ CIEKTpa m-TO IOPANKA COBIIALaeT C
KOPOTKOBOJIHOBBIM KOHIIOM cmekTpa (m + 1)-ro mopsajgka, eciu
m(A + A)) =(m + 1)), oTKyzma ciexyer, 4To ob6aacmbs Oucnepcuu

3HaunT, 00JIaCTh AUcCIepcur AL OOpPATHO IIPOMOPIIMOHAJIbLHA IIO-
pAnKy cmektpa m. IIpm pabore co cIeKTpaMu HUBKUX IIOPSIIKOB
(0OBIYHO BTOPOT'O UJIU TPETHETo) AU(MPAKIIMOHHAA PeIeTKa IIPUroaHa
IJIS WCCJIeOBAHUS M3JIYUeHUs, 3aHUMAIOIIEero JOCTATOUHO IITHPOKUI
CHEKTPaJbHBINI MHTEPBaJ. B 3TOM TJIaBHOE IIPEMMYINECTBO Audpak-
OUOHHBIX DPEIIeTOK Ilepel, MHTeP(PepPeHIIMOHHBIMU CIEeKTPaJIbHBIMU
mpubopamu, HanpuMmep, uHTephepomerpom Padbpu—Ilepo, y KoToporo
M3-3a BBICOKUX IIOPSAAKOB M 006JIaCTh AWCIEPCUU OYEeHb MaJja.

Emie o qupakunoHnsix pemerkax. [Judpaxkiuonnas pelieTka ABser-
cdA ONHUM M3 Ba)KHEHIINX CIEeKTPAJbHBIX MPUOOPOB, KOTOPOMY HayKa 00s-
3aHa MHOTUMNI q)yH}IaMeHTaJII)HLIMI/I OTKPBITUAMU. CHeKTp — 9TO IIO CyIIie-
CTBY KOJ, KOTODBI, OyAy4YM PACIIN(POBAH C IIOMOIILI0 TOTO WUJIU WHOTO
MaTeMaTUYeCKOro ammapara, JaeT BO3MOYKHOCTH IIOJIYUUTH [€HHENIIIyIo
HWHDOPMAIINIO O CBOMCTBAX aTOMOB M BHYTPUATOMHBIX ITPOIIECCOB.

I ameKkBaTHOTO PEeIIeHUs dTOI 3aJauM CIIEKTP JOJIKeH ObIThL HencKa-
JKEHHBIM UM UYEeTKO Pa3JIMYUMBIM — B BTOM CYTh TOH CJIOJKHENIIell Hayu-
HO-T€XHUYECKOH ITPO0JIeMbl, KOTOPYIO IIPUIILIOCH PEIIUTh, YTOOLI HAKOHEI]
IOOUTHCA TOJYUeHUs BBICOKOKAUECTBEHHBIX NUMPAKITMOHHBIX PEIIETOK.

TexXHOJIOrUA WMBrOTOBJIEHUA NU(MPAKIUOHHBIX PEIIEeTOK B HACTOAIIEEe
BpeMs JOBejleHa 0 BBICOKOU CTEleHU COBepIeHCTBa. IlepBble BBICOKOKA-
YeCTBEHHBIE OTPaKaTeJbHbIe PeIeTKN ObLIN CO3JaHbI POYJIaHI[OM* (1882).
O TeXHUYECKOI! CJIOKHOCTU peIlraeMOil MpPo0JeMbl TOBOPUT XOTSA OBI yike
Tako# (aKT, YTO HeoOXoAuMas AJIs STOU IEJIV)JeUTeJbHAsA MalllnHa CO-
3nasanack B TeueHue 20 ier!

* Ero nesno npomosxunu AugepceH, By u npyrue sHaMeHUTHIE 9KCIIEPHIMEHTATOPEL.
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COBpeMeHHLIe IIOJTHOCTBIO aBTOMATU3WPOBAHHBIE E/JINTEJIbHbIE MAaIllMHBI
IIO3BOJIAIOT C IIOMOIIBIO aJIMAas3HOI'0 pPe3la M3TOTOBJIATH PEIIEeTKH C IIOUTH
CTPOro SKBUANCTAHTHBIM PACIIOJIOMKEHHNEeM IIITPUXO0B. pr,Z[HO JaiKe IIpenacra-
BUTH, UTO aJIMa3HbIN peser IIpu 3TOM IIpoYepuuBaeT OEeCATKHN KHUJIOMETPOB,
IIPAKTUYECKU HE U3MEHAA CBOM Hqu)I/IJII), — a 9TO IIPMHIUIINAJIBHO BaXHO.
Pasmepsr yHukanbHBIX perieTok gocturaior 40 x 40 cm! (Takwme pemreTku
WCIIOJIB3YIOT B OCHOBHOM B acTpodusuke.)

B zaBucuMOCTH OT 06JIaCTH CIIEKTPA PEIIETKU MMEIT PA3JIUYHOE UUCIIO
MITPUXOB Ha 1 MM: OT HECKOJBKHUX IIITPUXOB, HauMHAas ¢ WH(ppPaKpaCcHOI
o6nactu, 1o 3600 — mua ynbrpaduoseToBoit. B BumuMmoit obsacTu criekTpa
600 — 1200 mrpux/mMM. fcHO, UTO OoOpallleHre ¢ 'PABUPOBAHHON IMOBEPX-
HOCTBIO TaKHNX DPEIIIEeTOK Tpe6yeT Hpe,[[eJIBHOﬁ OCTOPOXHOCTH.

BC.T[eﬂCTBI/Ie BBICOKOI CTOMMOCTU OPUTMHAJIBHBIX I'DaBUPOBaAHHBIX DeIlle-
TOK HOJIYUYMWJIN PACIPOCTPaHEHVE PenauKu, T. €. OTIeUaTKU I'PaBUPOBAHHBIX
PElIeTOK Ha CIeMUAJIbHBIX IIJIaCTMAacCaxX, IMOKPBITBIX TOHKHM OTpaxKaTeJib-
HBIM cjoeM. Ilo KauecTBy pPeIJIMKU IIOUTU HE YCTYIIalOT OPUTHHAJIaM.

B 1970-x romax Owli pasdpaboTaH HOBBI, roJorpapuyecKuil MeTol u3-
roToBJieHUA TU(PPaKIIMOHHBIX peleTOkKi-B aToM MeToze MIoCKas MOIJIONK-
Ka CO CBETOUYYBCTBUTEJIBHBIM CJIOEM OCBeIlaeTCdA OIBYMA IIJIOCKMMUN HaAKJIOH-
HBIMHU IIYUYKaAMM KOT€PEeHTHBIX JIa3€PHBIX I/ISJIY‘IEHI/Iﬁ (¢} OHpe,HeJIeHHOfI AJI-
HOII BOJIHBI. B o6JyiacTu IlepeceueHHs MyYKOB oOpasyeTrcs cTalOHapHAas
I/IHTep(I)epeHILI/IOHHaH KapTuHa C CHHYCOUJAJBbHBIM pacliipegeJieHueM HWH-
TeHcuBHOCTU. Ilocjie cOOTBeTCTBYIOMIEi 00PabOTKY CBETOUYBCTBUTEIHLHOTO
CJIOA IIOJIy4YaeTCdA KadeCTBEeHHAad ,ZLI/I(I)paRIH/IOHHaH pelieTkKa.

OTmMeTHM B 3aKJIOYEHE, YTO, KPOMe IPO3PAYHBIX U OTPAKATEJIbHBIX pe-
IIETOK, CYII[eCTBYIOT elle U ()a3osvie. OHU BIUAIOT HE HA aMILIUTYIY CBETO-
BOI BOJIHBI, & BHOCAT IIEpUOANYECKUEe u3MeHeHUA B ee (asy. ITo aToil mpu-
YUHE WX U HasbIBaIOT (pasoBbIMU. [IpuMepoM (a3oBoOil peIeTKr MOKET CJIY-
JKHUTH IIJIacTMaccoBasd KIOBeTa C HpOSpa‘IHOﬁ HKHUIKOCTBhIO, B KOTOpOI;'I
BosGym;{eHa IIJIOCKada CTod4Yas yJbTPpasByKOBas BOJIHA. o IIPDUBOOUT K II€-
PUOANYECKOMY M3MEHEHHUIO IIJIOTHOCTU XUJKOCTH, a 3HAUHUT €€ IIOKa3aTeJd
NIPEJIOMJIEHUA U ONTHYECKOM pasHocTh Xoza. Takas CTpyKTypa MeHSeT He
aMILIUTYAY ITPOXOAAIIEr0 IOIepeK BOJIHBI CBETa, a TOJbKO (dady. dPasoBble
PemeTKn TaKXXe HaXOoAAT MHOI'OYMCJIEHHBIE IIPDAaKTHUYeCKHe IIPMMEHEHHUAd.

OmHoMepHas pelreTka BHOPATOPOB. AHAJIOTMYHO AUDPAKIIHIOH-
HOI peIlleTKe BeleT cedsA B paguoaualasoHe cucreMa u3 N IapaJsiie-
JBbHBIX IPYT APYry BUOPaTOpOB-aHTeHH. Ecau OHU IeliCTBYIOT CHH-
dasHO, TO HyJIeBOIl (OCHOBHOIT)/MAKCUMyM W3JIYUEHUs HAIPaBJIECH
HOPMAaJILHO K PeIeTKe B ee dKBaTOpHaJbHOU ItockocTu. WM 3mech
BO3HUKAET MHTEPECHAsA B IIPAKTUYECKOM OTHOIIIEHUM BO3MOYKHOCTD.
Ecau cosmaTh peskuM, IpU KOTOPOM KOJIe0aHUA KayKI0U CaenyIoInei
aHTeHHbBI OyAyT, HAIPUMeEpP, OTCTAaBATh 110 (ha3e OT KOJIeGaHUM mpeIbl-
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IyIedl Ha OfHY M Ty K€ BEJIMYUHY (), TO HYJIEBOI MaKCUMyM He 0y-
JIeT COBIAZIATh C HOPMAJBIO K pelieTke. VI3MeHsAs Ke ¢ BO BpEMEHU
10 OIIpe[eJIEHHOMY 3aKOHY, MBI IIOJIyd4aeM CHCTeMY, Y KOTODPOIl Ha-
IIpaBJIeHNe IJIaBHOI'0 MaKCUMyMa OyIeT U3MEeHATbCA B IIPOCTPAHCTBE.
Taxkum 00pasoM MbI IPUXOAUM K BO3MOYKHOCTU PAAUOJIOKAIIMIOHHOI'O
0030pa MECTHOCTU C IIOMOIITbIO HEIOABMKHOM CHUCTEeMBbI aHTEeHH.

§ 5.9. Indparuusg: OT IPOCTPAHCTBEHHOIH pelIeTKH

ITpumep mpocTpaHCTBEHHOW AUPPAKIIMOHHON PEIIeTKH — 3TO
KpHUCTaLINYecKasi peleTKa TBepAoro Teaa. YacTuiibl, 00pasyormue
9Ty PEIleTKY, UIPAIOT POJIb YIIOPALOUEHHO PACIOJIOMKEHHBIX I€HT-
POB, KOTEPEHTHO pPaCCeMBAIOIINX ITAJAOINYyI0 HA HUX BOJHY.

Paccvorperme nudpakmuy oT yIOPAZOUYEHHBIX CTPYKTYDP IIPOIIE
BCEro HayvaTh ¢ Au(PaKINU MOHOXPOMATUYECKOTO M3JIYIEHNU OT IP-
MOJIMHENHON ITEIIOUKY, COCTOAINEN M3 OAUHAKOBBIX PABHOOTCTOAIIINX
vacTur; (Hampumep, atroMoB). IIycTh paccToAHWE MeKIY COCETHUMU
vactunaMu (nepuod cmpykmypsl) PaBHO d U MapaLIeJbHBIN IIYUOK
UBJIyYEeHUs C AJUHOM BOJIHBI A IaJaeT Ha TAKyIO IEIIOUKY IIOf Y2Jl0M
cronvdcenus o, (puc. 5.31). PasHocts xoma mesxnay aydamu I m 2,
pacCesHHLIMU COCEIHUMU YACTHUIIAMU II0J YIJIOM O, PaBHA, KaK BUJI-

Puc. 5.31

HO M3 OJTOr0 PHCYHKA, A=AD —-CB =d(coso —cosa). YTIbl
o =0,, I0L KOTOPHIME 00pasyiorTca (GpayHro()epoOBBI MaKCHUMYMbI
m-ro MOPSIKA, OMPeNesIsaioTCA YCIOBUEM, IIPY KOTOPOM 3Ta PasHOCTH
XO[a PaBHA IIeJIOMY YMCJIY IJIMH BOJIH:

d(cosa, —cosoy)=+tmh, m=0,1, 2,...
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Yenosua Jlays. PaccmoTpuM AJid IPOCTOTHI IPAMOYTOJIBHYIO
pelieTKy, mepuoabl KOTOPOIi BAOJIb oceil Koopauuar X, Y, Z, 1a-
pallelbHBEIX TPeM pedpaM pelleTKHU, PaBHEI dq, d,y, ds. Torma npu
dpayurodpepoBoii aAUGPAKINUU TIJIaBHbBIE MAKCUMYMBI TOJIMKHBI
YIOBJIETBOPATHL TPEM COOTHOIIIEHUSIM, AHAJIOTUUYHBIM TOJBKO UTO
IpUBEEHHOMY AJA AUPPAKIMOHHBIX MaKCHUMYMOB IPU HAKJIOH-
HOM TaJleHUU M3JyUeHUsd Ha MPAMOJUHENHYIO IIeI0UKYy. OTH COOT-
HOIeHUs — ycnoeéua Jays — umeroT BUA:

di(cos o —cos o) =xmy A,

dy(cosP —cosBy) =Lt myh, (5.34)
ds(cosy —cosyy) =Emgh,

rme o, By Yo B O, B, Y — YIIIBI MeXKIY ocaMu KoopauHat X, Y, Z u
HAIIPaBJICHUSIMHU PACIPOCTPAHEHUS MANAIOINero M AuparupoBaH-
HOTO IIyYKOB; My, My, Mg — IeJble YUCTA, ONpeAedaIolue Iops-
nox maxcumyma (0, 1, 2,...).

Yrusl o, B, Y He ABIAIOTCA HE3aBUCUMBIMU. B ciiyuae mpsMoyro-
JIBHOM CHCTEMBLI KOOPAMHAT OHM CBSA3AHBI COOTHOIIIEHHEM

cos®a + COSZB + coszy =1. (5.35)

IIpu oxgHOBPEMEHHOM BBITIOJTHEHUM STHUX UEThIpeX ypaBHEHUI (a
9TO OKAa3bIBAETCS BO3MOMKHBIM JIUIIb IJIA HEKOTOPHIX, BIIOJIHE OIIpe-
JIIeJIEHHBIX JJIMH BOJIH A) KAXKJIOMY TaKOMY 3HAUEHUIO A COOTBETCT-
ByeT CBOM MaKcUMyM (¥ 'HampaBjJeHUA o, [3, Y Ha HeEro).

N emie omHO BaskHOE 00CTOATEIBCTBO. ECau IJIrHA BOJHBI A 0O-
JbIIe MaKCHUMAJLHOI Pa3HOCTH XOZa KoJiebaHHIl OT COCeOHUX y3-
J0B pemeTku (A > 2d), TO IOJIKHBI OTCYTCTBOBATH BCe AUMPAKIIU-
OHHBIE MaKCHUMYMbI, KpoMe HyJieBoro. MajyueHue ¢ TaKUMU IJIU-
HaM’ BOJIH PAcIIpPOCTPAHAETCA B Cpelie, He MCILIThIBaA AUPPaAKIIUU
(paccesHus).

ITocTossHHBIE KPUCTAJLINUECKUX PEIeTOK 3HAUUTEJIbHO MEHbIIe
OJUHBI BOJIHBI Bugumoro csera (d ~ 0,5 um, A ~ 500 um), mosTomy
IJIsl BUAUMOTO CBEeTa KPUCTAJLIBI ABJISAIOTCS ONTUYECKU OJHOPOLHBI-
MU cpefaMu (He paccemBawIuMu). g PEeHTTeHOBCKOTO JKe MBJIY-
YyeHHUs, HA00OPOT, KPHUCTAJJIBLI IIPEACTABJAIOT €CTeCTBeHHBIE IUd-
PaKIIMOHHBIE PEIIeTKH.
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®dopmyaa Bparra—Byasda. Ycimosusa Jlays (5.34) BeiparkamoT Gu-
3UYECKYIO CYIIIHOCTH SABJEHUA AUMPAKINU Ha IIPOCTPAHCTBEHHON
cTpykTrype. Ho MBI He OGyaem OoJsiee MOApPOOHO OCTAHABIMBATHCSA HA
aHaJin3e pPes3yJabTAaTOB, KOTOPbIE MOYKHO IIOJYYUTH C IIOMOIIBIO STUX
YCJIOBUI, IOCKOJIbKY CYIIIECTBYeT 0oJjiee IIPOCTOI MeTOn pacuera Jud-
PaKIuM PEHTTeHOBCKOTO U3JIYYEeHUA B KPUCTAJJIE. OTOT METOJ ObLI
mpeniioskeH Bparrom u ByabghoM: qudpaKIinio PeHTTeHOBCKOTO M3JTy-
YeHUA B KPUCTAJLIIE MOKHO PacCMaTpPUBATh KaK PE3YJIbTAT 3epKaAJb-
H020 OTPaKEHUs OT CUCTEMBI TTapajlIeIbHBIX KPUCTAIMUECKUX NJOC-
Kocmeil, T. €. ILJIOCKOCTEM, B KOTOPBIX JIE}KAT Y3JIbl KPUCTAJLINYECKON
perteTku. BTopuuHbIe BOJHBI, OTPA3UBIINCH OT PA3HBIX ATOMHBIX
ILJIOCKOCTel, KOTePeHTHBI U OyIyT MHTep(epupoBaTh MEXKIY COOOIi.
IToxasaTesb IpeIOMJIEHUA BCEX BEIIECTB IJIA PEHTTEHOBCKUX JIydel
OIUB0K K eJUHUIIE, II09TOMY Pa3HOCTBH XO/a ABYX BOJIH, OTPA3UBIINX-
Ccs 3€PKaJbHO OT COCEIHUX KPUCTAJLIMUYECKUX IIJIOCKOCTel, paBHA,
Kak BuaHO u3 puc. 5.32, ABC =2d sina, rme d — MmexniocKkocnmHoe
paccmosarnue, 0. — Yyzoa cKoavicenus. IIpu sToM HampaBieHUs, B KO-
TOPBIX BO3HUKAIOT (payHrodepoBbl AUPPAKINOHHBIE MAKCHUMYMBbI,
OIIpefieNIAoTCa opmynoi Bpszza—Bynvgpa:

2dsino =tmh, m=1, 2, .. (5.36)

B xpucranyie MOKHO IPOBECTH MHOYKECTBO CHCTEM AaTOMHBIX
ILJIOCKOCTEeH B PasJIWYHBIX HampaBJeHuAx (puc. 5.33). Kaxkgasa cuc-
TeMa IIJIOCKOCTell MOJKeT AaTh AU(PPAKIIMOHHBIA MaKCUMyM, €CJIHU
I Hee OymeT BbITOJHEHO ycaoBue (5.36). Onuako sppeKTUBHBIMU
SABJISIIOTCA TOJIBKO TaKHe ILJIOCKOCTHU, B KOTOPBIX aTOMBI PACIIOJIO-
JKeHbl HauboJiee IIJIOTHO.

3amerum, uTo opmyia (5.36) MokeT OBITHL IMOJIyUeHA KaK CJie-
crBue ycaoBuit Jlays (5/34).
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IIpumenenus gudpakiuu pPeHTreHOBCKUX Jayueil. [[udpaxinus
PEHTIeHOBCKUX JIyUell OT KPHUCTAJLJIOB HMOJIYyUYHNJA PA3BUTHUE B ABYX
HAIpPaBJIGHUSX: PEeHM2zeH08CKAs cnekmpockonus (uccaemoBanme
CIIEKTPAJIBLHOTO COCTAaBa ATOTO MBJIYUEHUS) U PeHM2zeHOCMmpPYyKmyp-
Hblll aHaau3 (U3ydYeHUe CTPYKTYPhl KPUCTAJLIOB).

CoeKTpasbHBIN COCTAB W3JIYyYEeHUA, T. €. U3MEPEeHUe ero AJUH
BOJIH, MOJKHO OIIPEIEJIUTh C TOMOIIbI0 opmyisl (5.36), Halina Ha-
IpaBJIeHUA Ha MaKCUMYMBbI IpU AUGPAKIIUY HA KPUCTAJLIIE C U3Be-
CTHO! CTPYKTYPOIi.

B peHTreHOCTPYKTYPHOM aHa/In3e pa3paboTaHbI JBAa MeETOJa:

1. Memod Jlays, B KOTOPOM y3KUI IyYOK PEHTI€HOBCKOI'O W3-
JyUYeHUs HaNpaBJAeTCA Ha HCCIeNyeMbId MoHOKpucmaan. usa
KasKI0M CUCTeMBbI KPUCTALINUECKUX IIJIOCKOCTEH B M3JYUEeHUN Ha-
XOAUTCA [AJUHA BOJIHBI, IPU KOTOPOIl BBINOJHAETCS YCJIOBUE
(5.36). B peaysabraTe Ha IMOMEIEHHON 3a KpHUCTaJLIOM (oTomaac-
TUHKE IOJIy4aeTcs CucTeMa IMATEeH-MaKCUMYMOB, TaK HasblBaeMas
aayazpamma. BzauMHOe pacroioKeHUe ISATeH OTPAKaeT CUMMET-
pHUI0O KpuUcTajyia. A IO PACCTOAHUAM MEXIYy MaKCUMyMaM{ U UX
WHTEHCUBHOCTU MOXKHO PacHIX(POBATH CTPYKTYPY ZAHHOTO KPUC-
Tajia.

2. Memod [Je6asa—Illepepa, B KOTOPOM HCIIOJNb3yeTCA Y3KUU IIy-
YOK MOHOXPOMAMUYECKO020 PEHTTEHOBCKOTO U3JIyUYeHUUA 1 00paser]
B BUZe noauxkpucmaniaa. VcciaenyeMbplii KPUCTAJI TIPEIBAPUTETHHO
U3MeJbUAIOT B TMOPOIIOK (0OYeHb MeJKNe KPUCTAJLIUKN), U U3 HETO
mpeccyeTca obpasel] B BUJe CTEP)KeHbKA. B OOJIBIIIOM KOJMUECTBE
0eCcIOPATOYHO OPUEHTUPOBAHHBIX KPUCTAJIINKOB HANAETCA MHOMKE-
CTBO TaKWX, AJA KOTOPBHIX ycaoBue (5.36) oxakeTcsA BBHITIOJIHEH-
HBIM, 1 AudparupoBaHHBIN TYYOK OyaeT 06pasoBBHIBATH KOHYC Ha-
TpaBJIeHUN — CBOHU A KaXKAOM CHCTEMBI MEKIIJIOCKOCTHBIX pac-
croAaHuil d u mopAxka Audpaxnum m. PeHTreHorpamMmMa o0pasIia,
ToJyYeHHAA TI0 9TOMY METONy — 0e0ailzpamma — UMeeT BUJ, CUC-
TeMbI KOHIIEHTPUUEeCKUX KoJiel. Ee pacmiudpoBKa TaKKe MO3BOJIS-
€T ONpPeJeJUTh CTPYKTYPY KpPHCTAJLIA.

§ 5.10. O romorpacdun

T'onoepagueil HABBIBAIOT CIIOCO0 3aMIMCU U TIOCJIEIYIOIIEro BOCCTa-
HOBJIEHUSA CTPYKTYPHI CBETOBBIX BOJIH, OCHOBAHHBIN HA SIBJIEHUAX
mndpaknum u WHTEP(EPEHIINYU KOTePEHTHHIX CBETOBBIX IYYKOB. B
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oTJImume OT OOBIUHOIT (hoTorpaduu, rosorpadusa — 9TO IPUHIIUILAA-
JIBHO HOBBIII METO/[ IIOJIyUeHUsI 00bEeMHBIX N300PaKeHnil IIPeIMEeTOR.

B sToM MeTome perucTpupyeTcsi He ONTHYECKOe M300pasKeHue
mpeaMeTa, a UHMep@epeHyUOHHAs KAPpMUHA, BO3HUKAIIIAS IIPU
HaJIO}KEeHUU CBETOBOI BOJIHBI, PACCESIHHOII MpPeaIMeTOM, 1 KOTepPeHT-
HOU ¢ Hell OnopHol BOJHBI. JTa WHTePPEpeHIMOHHAd KapTHHA
¢duKcupyeT MHPOPMANUIO O pacupeneleHNN He TOJbKO aMILIUTY[I,
HO u (a3 B npedmemmnoil BosHe. TakKMM c10COO0OM MOXKHO IIOJIYUUTH
U 3apeTuCTPUPOBATh Ha (DOTOIJIACTHMHKE 3HAUUTEJIHBHO 0oJiee IOJI-
HYI0 mHPOpMAaINuio 00 00beKTe, HEXKeJIU IyTeM OOBIUHOTO (hoTOoTpa-
dupoBaHUA.

Wnpeu, mexxaliiyue B OCHOBe ToJiorpadui, ObIIM BEICKA3aHbBI U IIPO-
IeMOHCTPUPOBaHbl Ha onbiTe I'abopom B 194748 rr. [Ina npaxkTu-
YeCKOM peasim3aliiy ToJIOTpa(p)uu HeoOXOAUMbI MCTOUYHUKIU CBETA C
BBICOKOH CTeIleHbI0 BpeMeHHOH M IIPOCTPAHCTBEHHOH KOTepeHTHO-
ctu. IlosToMy IITMPOKOE PACIPOCTPAHEHNEe OHA ITOJYyYUJIa IIOCJIe CO-
3IaHUSA JIa3epPOB.

CyTb aToro meroza (rosorpaduu) MOYKHO MOSCHUTH C ITOMOIILIO
puc. 5.34, a. @orommactuaka @ peructpupyer HMHTEP(HEPEHIINOH-
HYI0 KapTUHY, BOSHUKAIOIIYIO IIPU HAJOKEHUU OTPaKEHHOU nped-
MemHoil BOJIHBI I, paccesaHHON 00BheKTOM A, M KOTepeHTHOU ¢ Hel
onoproil BosHEI 2. BonHa 2 ncnyckaeTca TeM JKe UCTOYHUKOM CBETa,
KOTODPBI OCcBeIaeT o0beKT A, U IOCJEe OTPasKeHUs OT 3epKaJja 3 ma-
IaeT HEeIoCPEeJCTBEHHO Ha (oTommacTuHKy @. HTephepeHITMOHHYIO
KapTuHy, 3a@)MKCUPOBaHHYI0 Ha (DOTOILIACTUHKE ITOCJIe ee IIPOsBJIe-
HUS, HA3bIBAIOT 20/102pammoii. B oTimume or 00bIuHOM oTorpaduu,
rojiorpamMMa IIpeAcTaBJaseT co00l MeJKHI M 3aMbICJIOBATHINA y30p U3
UepenyoIuxcs 00JacTeil pasIUnIHOLO IoUepHEeHUs (OTOIMYILCHUN.

a)

Puc. 5.34
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TosmorpamMmma B 3aKOAMPOBAHHOI (DOPME COAEPIKUT IIOJIHYI0 MHDOD-
Mamuio 00 aMILIATYyAax U (hasax PaCCesTHHON IPeIMeTHOI BOJIHBI.

BoccranoBienue (mekonupoBaHue) u3obpakeHUs mpeamMeTa Imo-
KasaHo Ha puc. 5.34, 6. 'omorpammy I' IpOCBEeUMBAIOT KaK AUAIIO-
3UTHUB TOM K€ OIOPHOII BOJIHOM 2, KOTOpas HCIOJb30BaJIach IJIs
ee MOJIyUeHUA, IPUUYEeM IIPU TOM Ke OPUEeHTAIlMU T'OJIOTPAMMBI II0
OTHOIIIEHUWIO K OMOPHOI 'BOJIHE. JTa CBETOBAs BOJIHA AUMPATUPYeET
Ha ToJioTpaMMe, B pe3yJjbTaTe uero HabJomaioTcd ABa 00 HEeMHBIX
nzobpakenus ob6bexral MuumMoe msobpaskeHue A’ HaXOgUTCS B
TOM MecTe, T'Je OblaI 00beKT A mpu cheMKe. OHO BUIHO CKBO3b T'O-
JorpaMMy KakK uepe3 OKHO. JleficTBUTeJbHOe uzobpakenme A"
PacCIOJIOKEHO 10 APYTYI0 CTOPOHY rosiorpaMmbl. OHO KaK OBl BU-
CHUT B BO3AyXe Iepel IroJorpaMMOi U ABJIAETCA 3ePKAJbHBIM 1300-
pakeHnuemM oOBEKTA.

OOBIYHO IIOJBL3YIOTCA MHUMBIM H300paxkeHueM A’, KoTopoe 1o
3PUTEIbHOMY BOCIPHUATUIO NPAKTUUYECKHU TOXKIECTBEHHO CAMOMY
00BEKTY.

Yro6bl MOHATL NPUHIUI ToJOrpaduu, PacCMOTPUM OAUH U3
IPOCTENIINX 00HEKTOB — CBETAINYIOCST NPAMYI0 HUTb A, KoTOopas
HCIyCKaeT MUJINHAPUUYEeCKYIO Boany. Ha puc. 5.35 (anaa HaraamgHo-
CTU OH CHUJBHO AeopMUPOBAH) MOKAa3aHa CJieBa CTaAUA 3aIUCU TO-
JOTPaMMBbl; HUTHL A TepelneHAUKYJApHAa IJIOCKOCTH PHUCYHKA.

IIycTh miiockas omopHasd BoJiHA 2 IaZaeT HOPMaJbHO Ha (oTo-
maacTuHKY. IIpenmerHas ke BoiHa 1, KOrepeHTHAsA C OMOPHOIA, Ta-
IaeT Ha ILIACTUHKY TaK, UTO ee Jy4d HaKJOHHBI (cM. puc. 5.35, a).
Konebanmnsa omopHOM BOJHBI JOCTUIAIOT ILJIACTUHKMW BCE B OIHOI
daze. Konebanus ke IPEIMETHON BOJHBI — C pPasHbIMHU (asaMu.

Puc. 5.35
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fcHo, uTo BeaencTBUe MHTEP(MEPEHIINHT B TeX MeCcTaxX, KyJa KoJjeba-
HUA DPUAYT B OTHOM M TOHU Ke (hase ¢ KoJebaHUAMU OIOPHOM BOJI-
HBbI, BOBHUKHYT MaKCUMYMbl MHT€HCUBHOCTH, a 3HAYUT U MAKCUMY-
MBI mmouepHenus. Ilocie XxmmMmuecKoil oOpabOTKM IMOJIyUeHHAs TO-
JorpaMma OyAeT WMeTh BU YE€PEemyIONINXCS CBETJBIX W TEMHBIX
IPAMBIX II0JIOC, IPEACTABIAKIINX II0 CYII[eCTBY 30HHYIO IIJIACTUH-
Ky PpeHend, TOABKO C APYrou (opmoii 30H.

Ha cragum BoccTaHOBIIEHUS N300paKeHUA TOJIOTPAMMY OCBeIla-
IOT TOJIBKO TOH JKe OmOpHOii BoaHOM 2 (cM. puc. 5.35, 6). 'omorpam-
Ma /IS 9TOM BOJIHBI UTPAET POJIb 30HHOU IJIACTUHKU: B PE3yJIbTaTe
Iu(pPaKIny MaKCUMaJbHO YCUJIUBATH APYT ApPyra OYAyT TOJLKO Te
ayun (KosebaHus), PasHOCTh XOHa MEKAY KOTOPBIMU OT COCETHUX
30H paBHA JJIMHE BOJHBI A. A 37eCh €CTh [ABe BOZMOYKHOCTHU BBIIIOJI-
HEHUs 9TOTO YCJOBUS: WJM B HANPABJIEHUU IIPOLOJIKEHUSA Jydeit
majaBIneil IpeIMeTHON BOJIHBI, WJIU CUMMETPUUYHO OTHOCHUTEIbHO
HOpMAaJu. B mepBoM ciryuae MbI OyaeM HaOJ04aTh MHIMOE 1300pa-

skeaue A', Bo BTopoM — gencrBurenbHoe A”. Haubousmuii uaTe-
pec mya rojgorpadpuu UrpaeT BOJIHA, SAIOIIasd MHUMOE N300paskeHne
mpeaMeTa.

OTImunTeTLHON 0COOEHHOCTHIO 9TOI 30HHOM NHJIACTUHKU ABJISAET-
cf TO, UTO ee IMPOITyCcKaTeJbHas CIOCOOHOCTh M3MEHAETCS B HAIIPaB-
JIeHUU, TePUeHIUKYIAPHOM MHTeP(EePeHIIMOHHBIM MoJocaM (30HaM)
HE CKAYKOM, a MMPAaKTUYECKU II0 CUHYCOUJAJIHLHOMY 3aKOHY (MEXKIy
COCeIHNMU MaKCUMyMaMu). OTO MPUBOIUT K TOMY, UTO BO3HUKAIO-
mue uHTePpGhEPEeHIIMOHHbIE MAaKCHUMYMbl COOTBETCTBYIOT DPAa3HOCTU
X0Ja MeXKIy KOJIe0AHMSMU OT COCEIHUX MO0JIOC (30H) TOJBKO B 00HY
OJUHY BOJHBI A. IHTEHCUBHOCTH MAKCHUMYMOB 00Jiee BBLICOKOTO IIO-
pAIKA MPaKTUYEeCKW paBHA HYJIO.

HerpynHo 3aMeTuTh, UTO N3MEHEHUE MOJIOKEHUS HUTU A TPUBO-
IUT K UBMEHEeHUIO He TOJbKO MHTEHCUBHOCTU UHTEP(HEePEHITMOHHBIX
MaKCUMYMOB, HO U K PAcCCTOAHUIO MEXIY HUMH. PaccTodHue ke
MeXJIY MaKCUMyMaMM XapaKTepu3yeT OIPeaeIeHHYI0 pPa3HOCTb
Xoza, WJIW Pa3HOCTDL (as.

ITosToMy m TOBOpPAT, UTO TroJiIOTPaMMa COAEPKUT MHQOPMAIIUIO
00 aMILJINTYAe BOJIHBI 1 ee ¢asde. ITOr0 JOCTATOUHO, UTOOBI BOCCTA-
HOBUTH IIPEIMETHYIO BOJHY B TOM BHJ€, B KAKOM OHAa OblLjIa B AeHCT-
BUTEJILHOCTU B MECTE PACIOJIOKEHUS IroJiorpaMMbl. 3aruKCUpOBaH-
Has BOJIHA «OJKUBAaET» C MOMOIIBIO IOJIOTPAMMBI U CO3Ja€T IIOJIHYIO
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WJLTIO3UIO PeaJibHOCTH HAOJI0MaeMbIX IpeaMeToB. VI3MeHssA II0JIO-
JKeHue IJas3a, MOKHO BHUIETH IIPeIMEeT B PasHbIX paKypcax W make
3arJAAbpIBaTh 3a HEro.

HNurepdepeHIiinoHHasS KapTUHA B KayKJOW TOUKE T0JIOTPAMMBI
OIpeeIseTCsI CBeTOM, PACCeSIHHLIM BCeMHU ToukKaMu o0bekTa. I1oa-
TOMY KaXIbIli YUACTOK TOJIOTPAMMBI COAEPIKUT MHPOPMAIIHII0 000
BceM o0BeKTe. Ecau rosorpamMma ciaydaiiHo pasduiaach, TO C TIOMO-
IO Ja'Ke HeOOJBIIIOTO ee OCKOJKA MOKHO BOCCTAHOBUTH M300pa-
JKeHUe Bcero o0beKkTa. OrTiuyue OyAeT JIUITh B TOM, UTO YMEHbIIIa-
eTcs ee paspeliamlnas CIIOCOOHOCTh — MeHee UeTKO U APKO Oyner
BOCCTaHABJIUBAThCA m300paskeHune. C TOUKU 3peHUA HALEKHOCTHU
XpaHeHUs MHMOPMAIUK TOJIOTPAMMA 3HAUUTEJIBHO ITPEBOCXOIUT
OOBIYHBIN (POTOHETraTHUB.

Haxomnerlr, Ha 0HOM (DOTOIIACTUHKE MOKHO IIOCIEN0BaTEJIbLHO 3a-
mrcaTh HECKOJBKO TOJIOrPaMM!OT pasHBbIX O0BEKTOB, IIPUYEM H300-
pakeHre KakIoro 00beKTa MOKHO BOCCTAHOBUTH 0€3 IIOMeX CO CTO-
POHBI APYTrUX M300paKeHnii. OTO MOKHO CAeaTh, UBMEHAA KarKIbIi
pas, HaIlpUMep, YroJ TaJeHUsA OIOPHOM BOJIHBI.

B macrodaiee Bpemsa rosiorpadus OpPeACTABISAET CAMOCTOATENb-
HBIII OBICTPO pasBUBAIOIIHMIICA pasfes HAYKM W TeXHUKU. TpymaHO
Iaske TMMEPEYNCJIUTDL 00JaCTH, The oHa Harmia 3Q(eKTUBHOEe UCIIOJb-
30BaHUe (BKJIIOUAA UM aKyCTUYECKUE TOJIOTPAMMBI).

3amauu

5.1. MTudpaxnus dpeHesnsa oT KPyrioro orsepcrusd. Mexy TOU€UHBIM UC-
TOYHMKOM CBETa M 9KPAHOM HaXOAWTCsS Auadparma ¢ KpPyrJbIM OTBEp-
CTHeM, DPajuyc I KOTOPOTO MOKHO WU3MeHATb. PaccTosHWA OT Ama-
dparmsl 10 UCTOYHUKA U DKPAHA PABHBI COOTBETCTBEHHO a u b. Haittu
[UIMHY BOJIHBI CBETA, €CJIM MaKCHUMyM OCBEI[eHHOCTH B LieHTpe nud-
PaKIIMOHHOM KapTUHBLI HA 9KPaHe HAOII0JAaeTcsd IPU Paguyce OTBEp-
CTHA 7'y U CIeLYIOIMUH MaKCUMyM — IIPHU I'y (g > 17).

Peme s ue MakcuMyMbl COOTBETCTBYIOT HEUETHOMY UUCIY 30H
dpenensa. Bocmoan3oBasiiuchk popmysnoi (5.5), samuiiem
ab
a+b’

HNwmes B BuAgy, YTO B HAIIEM CJIydae Mg — M; = 2, IOJIYyYUM:

re —rl = (my —my)A

r2 —I"2
r=-=2—1 (a+b).
2ab
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5.2. TInockas cBeroBast BouHA ¢ A = 0,64 MKM U MHTEHCHUBHOCTHIO 1, mazga-
eT HOpMaJILHO Ha KPyIJioe oTBepcTue paguyca r = 1,2 mm. Hatitu nn-
TEHCUBHOCTD B IeHTPe NU(PPaAKIMOHHON KapTHUHBI HA YKpaHe, OTCTOS-

Puc. 5.36

IeM OT OTBEPCTHs Ha paccTosume b = 1,5 m.

Pemenune. Hpemae BCero BBIUNUCJIMM YMCJIO
m 30H PpeHessd, YKIAABIBAIOIINXCA B JAHHOM
orBepctuu. CorsacHo dopmyse (5.6)

m=r2/Ab =15.

ITo 3HAUEHUe M COOTBETCTBYeT BEKTOpPy A Ha
puc. 5.36, rme TmpuBemeHa «IeHCTBYIOIAI»
YyacTh MepBoro BuTKa crnupanu Ppenena. Uz
9TOTO PUCYHKAa Cpady BUAHO, 4TO A ~ «/EAO, a

BHAUUT HHTEHCUBHOCTH [ = 2I,.

5.3. IInockas cBeroBas BosHA ¢ A = 0,60 MKM HagaeT HOPMAJILHO HA JO-
CTATOYHO OOJIBIIYIO CTEKJAHHYIO ILJIACTUHKY, Ha OOpPATHOU CTOpPOHE
KOTOpO# chesiaHa KpyrJyad BeleMKa (puc. 5.37). s Touku HabIm0me-
HuAa P oHa mpexcraBiasgeT co00il IepBbIe IIOJTOPHI 30HBI PDpeHessd.
Haiitu ronyouny h BBIEMKH, IIPU KOTOPOII MHTEHCUBHOCTh CBETa B TOU-
Ke P Oyger:

a) MaKCUMAaJIbHOM;

0) MUHUMAaJbHOI.

P e m e u u e. IIpesxae Bcero nsobpasum Ha IepBOM BUTKe criupaau Ppe-
HeJII MHTEPeCYIoIe HAC BEKTOPBI 8 omcymcmeue BhIeMKHU (puc. 5.38),
rze n300paKeHHbIe BEKTOPHI COOTBETCTBYIOT aMILIUTYJaM KOJIeOaHU:
OT BCeil BOJIHOBOI moBepxXHOCTH (A, ), OT IIepPBBIX HOJyTOpa 30H Dpe-

Hens (A 5) ¥ OT BCeX OCTANBHBIX (A

—_—

_—

IS

7%
7%

t=

IS

Puc. 5.37

OoCT

). Bunno, uto A, = Ay 5 + A,

Puc. 5.38
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Temeps mpezncraBuM cebe, UTO MbI HaUaJ¥M IMOCTEIIEHHO JeJaTh BbIEM-
Ky — yBeJUYuBaTh . ITO IPUBEIET K TOMY, UTO KOJIeDaHUs, IIPOXO-
IAINe uepe3 BBIEMKY, HAUHYT Onepexcamsv mo (dase, MOCKOJIBKY UX
ONTUYECKUH IyTh YMeHbINUTCI Ha A = h(n — 1), YTO COOTBETCTBYET
casury mo Qase Ha O = 2nA/L ¥ MOBOPOTY BEKTOPa A; 5 HA 3TOT yTOJ
no 4acoBoii cTpeske. HamoMHUM, 4TO omcmasaHue 1o (pase MBI yCJIo-
BUJINCH XapPaKTePU30BaTh IOBOPOTOM NPOMUE YaCOBOI CTPEJIKU, 3HA-
YUT Onepejcenue — N0 YaCOBOH CTPEJIKE.

A1,5

-A- ocT

a) )
Puc. 5.39

a) [na monyyeHMs MaKCUMyMa WHTEHCUBHOCTH, a 3HAUUT U aMILJIUTY-
IBI, HA/0, YTOOBI BEKTOD A, 5 OKA3aJICA COHATIPABJIEHHBIM C BEKTODPOM
A ;. s aTOTO €ro cesyeT IOBEPHYTH, KaK IIOKa3aHo Ha puc. 5.39, a,
Ha yroa 6 = (3/4)rn + 2nm, rae m = 0, 1,... Urak, us ycaoBusa o = 2nA/A
TIOJIY UM

h(n-1)

§n+2nm=2n7,
4 A

OTKyJa CJIeIyeT, UTO

h = » m+§.
n-1 8

6) [lna mosyueHUsA MUHUMYMa HYKHO; 9TOOBI BEKTOD A, 5 OKasaucs
IIPOTUBOIIOJIOMXHO HaIlpaBJIeHHLIM BeKTopy A ... 3 puc. 5.39, 0 Bua-
HO, YTO JAJIS BTOT'0 er0 HaJO0 IOBEPHYTH Ha yroJu O = (7/4)n + 2nm, m =

=0, 1, 2,... CaregoBaTejabHO,

£n+2nm=2nm,

OTKyZa MCKOMas IJIyOMHA BBIEMKU

h = & m+ L.
n-1 8
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5.4. Mudppakuus Ppaynrodepa ot mrean. Ilnockas cBeroBas BOJHA C
A= 0,60 MKM mazaeT HOPMAJIbHO Ha I'PaHb CTEKJSAHHOTO KJIWHA C YIJIOM
pactBopa 0 = 15° u mokasarejiem npesomienus n = 1,5. Ha nporuso-
MIOJIOKHOM HENPO3PAYHOU TI'DaHM KJIMHA KMMeeTCA IIpo3padyHas IIesb
mupuHoi b = 10 MKM, mapajaebHas peopy KauHa. IIperHeOperas or-
pakeHUAMU, HAUTH:

a) yron 9, Mexxay HalpaBJIeHHeM Ha IeHTPAJBHBIA (ppayHrodepos
MaKCHMyM U HaIpaBJieHWEM IIaJaiolllero CBETAa;

0) YIJIOBYIO IIIMPUHY IE€HTPAJbHOTO MaKCHUMyMa.

Pemrenue. a) g [eHTPAIBHOTO MaKcuMyMa (MakCUMyMa TOPSAI-
ka m = 0) onTuYecKue MyTHU BCEX JIyuell OT OJHOM MyHKTUPHOM mpsA-
moit mo apyroi (puc. 5.40) mOoMKHBI OBITH OAMHAKOBBI. OTO 3HAYUT,

Puc. 5.40

YTO ONTHUYECKAs AJUHA JIOMAHOTO OTpe3Ka AB He [0JyKHA 3aBUCETh OT
X, T. €.

n-xsin 8% (b — x) sin ¢ = const.
CrpynnupyeM ciaraeMmble;lcomepskaimuye X, TOrga
(n-sin 0 —sin @)x + b sin ¢ = const.

Yr0o06sI JieBasg 4acTh 3TOrO0 PABEHCTBA He 3aBUCEJIA OT X, BhIPAYKEHUE B
CKOOKax Iepes X MOJI’KHO OBITH paBHO HyJ 0. OTcoma

nsin O = sin ¢.
Tax Kak ¢ = 0+ §,, To HCKOMEI yrona

9, = arcsin(n sinf) — 0 ~ 8°.
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5.5.

5.6.

6) YcaoBre MUHUMYMOB, OJIMMKANIINX K MAKCUMYMY HYJIE€BOT'O MOPSAJI-
Ka, IOJI’KHO COOTBETCTBOBATH DPA3HOCTH XOJa KOJe0aHWI OT KpaeB
e B OAHY AJIUHY BOJIHBI, WJIMU COTJIacHO puc. 5.40

b(singp —nsinf) =+ A.
OTciofia Ipu 3HAKE «+» HAXOOUM (,, a IPU BHAKE «—» (P_, U BHAUUT
Ap=¢,—¢_=9,-9_=A9=1,3°

Mudpaxnmonas pemerka. CBeT ¢ JINHON BOJHBI A = 535 HM majgaeT
HOPMAaJIbHO Ha IPOo3paduHyo AudpPaKIUoOHHYI0 peuieTky. Haiitu ee me-
puox, ecau ofumH u3 GpayHroPepoBHIX MAKCUMYMOB BOSHUKAET IIOJ
yraom puppaknuu 9, = 35° u HanbOJIBIINY IOPALOK MaKCUMyMa pa-
BeH IATH.

P e e H uwe. 3anmuinieM ycJIOBUsS TJIABHBIX MAKCHUMYMOB:

dsin §,, = mh, (1)
dsin 9 =5\ (2)

Maxce
W3 stux ¢dopmys morydyum

sin 9,
sin 9. 3)

I BRIYMCIEHUA m Hajxo, 4ToObl 3HaueHHe sind,, .. OBLIO paBHBIM
KakK MOXKHO OJIM)Ke K eJUHUIEe, HO TaKUM, YTOOBI m OBLIO IPU 3TOM
yeavitym. ITo OyAeT, KaKk HETPYAHO YyCTaHOBUTH, Ipu sind, .. = 0,955.
Torma m = 3, u u3 dopmyasl (1) HaiieM HUCKOMBIN MEPUOL:

d mi  3-0,535

=— = KM = 2,8 MKM.
sin §,, 0,573

Ceer ¢ guuHO# BOJHBEI A = 0,53 MKM mHazaeT Ha IPO3PAUYHYIO TUMpPaK-
IIUOHHYIO pelieTKy ¢ nepuoaom d = 1,50 mxm. HaiiTu yros ¢ HOpMa-
JIBIO K pellleTKe, 0 KOTOPBIM 00pasyeTcss MaKCUMYM HAub01bULez0 TIO-
pAOKa, eciM CBeT IIajfaeT Ha pPEIIeTKY

|
mox yrioMm 9y = 60° Kk HOpmauu. : ! ?
P e me s ue Makcumymy HamboIbIIIE- lﬂo \A\
r'o IOPANKA JOJIKHA OTBEYATh MaKCHMa- I/ d >~
JIbHAS PA3HOCTH XOZa A MEKIY COOTBET- B, L TT—
CTByOIIUMU JydaMu I 1 2 OT COCemHUX | O c
miesiel, Kak moKasaHo Ha puc. 5.41./ [daa
5TOT'0 HAZ0, UTOOBI Puc. 5.41

A = AB+ BC = d(sin 3¢ + sin §,,) = mA. (1)
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5.7

5.8.

CHavasia HalileM MaKCHUMAaJIbHOe 3HadeHUe M. YUUTBIBadA, 4YTO 3, He
MOJKeT IIpeBocXomuTh m/2, momo:xkum sind, = 1. Torzma

d, .
My = {x (sin 9, + 1)} =[5:3]=5, (2)

rne KBaIpaTHbIE CKOOK! O03HAUYaloT, YTO OT IIOJIYY€eHHOI'0O YHCJIOBOI'O
3HAUEeHUA HaAO0 B3ATHh TOJBKO LEJYI YacCThb.

OcTaeTca MOACTABUTB My, Bo(l), U MBI IOTYyUHM:
sin 9,, = mijd- sin 9y = 0,9.

Orryzma 9, = 64°.

Paspemarmasa cmocodoHocTh TudpakiimonHoil pemerku. Ceer, comep-
JKaIuil ABe CIeKTpaJibHble JUHUMN OAWHAKOBOM WHTEHCUBHOCTU U C
JauHamMu BoJH Ay = 600,00 HM 1 Ay = 600,05 HEM mazaeTr HOPMaJIBHO
Ha TudpaKIroHHY0 pelneTky mupunoit A~ = 10,0 mm. Haiitu yroa 3,
IIOJT KOTOPBIM 9T JIMHUU OKaKYTCA Ha IIpenese paspelneHus (B COOT-
BEeTCTBUU C Kpurepuem Pajes).

Pem e ue. s kKpurepusa Pajsesa ciaenyer, uTo pasperiaoiias CIo-
cobHOCTb A/OA = mN. C gpyroii CTOPOHBI, YCJIOBUE T'JIaBHBIX (hpAyHTO-
(epoBBIX MaKCHUMYMOB yTBep:kgaeT, 4To d sin 9,, = mA. U3 saTux nByx
COOTHOIIIEHUH HAXOJUM HCKOMBIN yTOJI:
22
sin9, =——=0,72, 9, =46°,
h S\

m

re y4TeHO, UTO IMuMpHHA pemieTku h = Nd.

Paspemaromas crmoco0HOCTh U yriaoBasa mgucnepcus pemeTtku. Ceer
najaeT HOPMaJbHO HA AU(MPAKIMOHHYIO PEIeTKY, IIUPUHA KOTOPOM
h = 20 mwm. Ilpm mocTraTouHO MaJbIX yryiaxX Audpaxium, Koria
cos 3 = 1, yraoBasa aucnepcus pemetrku D = 5,0 yri. mua/am. Haiitu
(corsiacHo KpuTepuio Pajsiess) MakcHMaJbHO BOSMOYKHYIO paspelrnaro-
IIYI0 CIIOCOOHOCTH DPEIIETKHM B ITUX YCIOBUIX.

Pem e v ue. BcoorBerctBuu ¢ Kpurepuem Pajes pasperaroiias
cunocobHOoCTh (5.32) A/OA =mN. VruoBaa :xe pucuepcus (5.30)
D = m/d, nockonpKy B HameM ciydae cos 9 ~ 1. I3 atux aByx (op-
MyJI HaXOJUM

Aoom ~ 5-10°

— Nd = Dh

L= =_JIEC 20.107° =3-10%
o d 60-57,3
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5.9. Tudparkuuss PeHTreHOBCKOr0 HIJYyYeHUsl. Y3KUI IIYUYOK PEHTIEeHOB-
CKUX JIy4Yel ¢ AJUHOM BOJHBI A ITaZaeT IIOJ YIJIOM CKOJb:KeHud o = 60°
Ha eCcTeCcTBeHHYIO rpaHb MoHoKpucTasaa NaCl, mI0THOCTE KOTOPOTO
p=2,16 I‘/CM3. IIpu 3epKaJbHOM OTPasKeHUU OT 9TOM rpaHu oOpasy-
eTcsa MaKCHUMyM BToporo mopsanxa (m = 2). OupeaeauTsb A.

P e m e u# u e. Cormacao opmysie Bparra—Byansda (5.36)
A =2dsin a/m.

Kak BugHO, pereHre 3aauu CBOAUTCA K HAXOMKISHUIO MEXKIIJIOCKOCT-
HOoTO paccrosuusa d. IlocnemHee paBHO pebpy Na Cl
9JIeMEeHTapHON KyOWUYecKoil sA4elKu, B y3Jax
KOTOPO# IIOIIepeMeHHO HaXOAATCSA aToMbl Na u
Cl (puc. 5.42). Ha Takyio sUeiiKy OT KasKAOTO
aroma npuxoaurca 1/8 dacts. 3HAYUHUT, Ha BCIO ¢
Aueiiky npuxogurcsa 4-(1/8) = 1/2 atroma Na u
1/2 aroma Cl, T. e. Mmacca M, mpuxopsiiascsa Ha
00BeM d3, paBHA IOJIOBUHE Macchl M, MOJEKY-

aet NaCl: M = M,/2. Pue. 5.42
IInoTHOCTE — BTO OTHOIIIEHWE MAaCChl, IPUXOAAINIeicA Ha KaMKIyIO
AYehKy, K ee 00beMy: p = M/d3. Orciona

d=3%M/p =3M,/2p.
B pesysbraTe mosyumm:

1/3 1/3
A= 2(MMJ -sina = 2 58’2435 -0,866 = 244 M.
m\ 2p 216,025-10%-2-2,16

5.10. [Jebajirpamma. IIpu mpOXOKJeHUU Y3KOTO IYYKA DPEHTTEHOBCKUX
JIyduei ¢ OJIWHOU BOJHEBEI A = 17,8 1M uepe3 MOIUKPUCTANLINUECKUI
o0Opaserr, Ha 9KpaHe, PACIIOJOKEHHOM Ha paccroaunuu [ =15 cm oT 00-
pasia, BOBHUKAET CUCTEMa KOHIIEHTPUUYECKUX AMDPPAKIMOHHBIX KO-
Jer-MakcuMyMoB. OnpenesiuTs paguyc CBETJIOT0 KOJIbIla, COOTBETCT-
BYIOIIIETO BTOPOMY IIOPAIKY OTPA’KEHUSA OT CUCTEMBI ILJIOCKOCTEil ¢
MEXKILIOCKOCTHBIM paccTosgHueM d = 155 mm.

P e m e uH ue. Corstacio dopmyse Bparra—Bynbsda
2dsin o = mA. (1)

Yroa cKOJNBKEHUA o HaliieM ¢ IOMOIIbI0 puc. 5.43, OTKyxa BUIHO,
91O

r =1tg2o. (2)
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{ /2()( 0

= 1 !

Puc. 5.43

Brruucaum corsacuo (1) yroa a:

sine = ™ 201148, o= 6°35'.
2d

ITO 3HAUEHWEe O MOACTABUM B (2), U MBI IIOJYUUM:

r=1-1g13°10" = 15 - 0,234 = 3,5 cm.



Tnaea 6

Nonapusauunsa ceeta
v

§ 6.1. O6mue cBeaeHHA O MOJAPUIAIUU

Bungsr monapusamuu. BosmHy, B KOTOpPO# HampaBjeHme KoJjeba-
HUH cBeTOBOro BeKTopa E ymopsamoueHo KakKuM-Iubo oOpasoMm, Ha-
3BIBAIOT NOJApu308anroii. Ecan romebanusa BeKkTopa E mpoucxomar
TOJBKO B OQHOII IJIOCKOCTH, IIPOXOAAIINel uepes Jyd, TO MBI ©MeeM
Iesno ¢ naocko- (maum JauHellHO)HInonapusosarntoii BoaHoi. Ilmoc-
KOCTh, B KOTOPO# KojebisieTcsa BeKTOp E, HashIBAIOT Ni0CKOCMbIO
noaapusayuu” (NI0CKOCMbI0 KOEOAHUIL C6eMO06020 6eKMOPA).

Hpyro#t Bua mosApusanum 3aKJOYaeTcA B TOM, uTO BeKTOp E
BpalllaeTcsi BOKPYr HAIMPABJIEHUS PACIPOCTPAHEHUS BOJIHBI OIHO-
BPEMEHHO M3MEHSSACHh MePUOLUUYECKH 10 MOAy 0. IIpu aToM KOHeI
BexkTopa E omwmchiBaer smnumic (B KaKIo# Touke cpenbl). Taxyro
BOJIHY HAa3bIBAIOT JJAJAUNMUYECKU-NOAAPU308aHHOL. au noaspuso-
6AHHOI NO KpY2y, ecau KoHel BeKTopa E onmchIiBaeT OKPYKHOCTD.

B zaBucumocTu oT HanpaBieHuA BeKTopa E paszsimuaror npasyro
U Je6ylo ISJIUNTUUYEeCKUe (UJIM KPYroBble) moJsiApuianuu. Eciam
CMOTPETh HABCMpeuy PACIpPOCTPaHEHUs BOJHBI, U BeKTop E mpm
STOM IIOBOPAUMBAETCA 110 YACOBOM CTPEJIKe, TO MOJIAPU3AIUI0 HA3hI-
BAIOT NPasoil, B IPOTUBHOM cJydae (ecjau npomueé 4acoBOIl CTpPeJI-
KH) — Jesoll.

ONNIUNTUYECKU-TIOJIAPU30BaHHAA — 9TO Haumbojiee OOIIUIA BUI
MOJISIPU3AI[MY BOJHBI, I€PEXONSAINNA IPU OMIPEeIeIeHHBIX YCIOBUIX
B JIMHENHYIO W KPYTrOBYIO IIOJIAPU3AIUN.

BosHy ¢ simnTruecKon IOJIApPU3aIleil Bcerga MOXKHO pPasyio-
JKUTH (MM TPEeACTaBUTDH) HA OB€ B3aUMHO NEPHEHANKYJIAPHBIE JIU-
HEWHO-TI0ISIPN30BaHHbBIE BOJHBI C B3AUMHO OPTOTOHAJIBHBIMU ILIOCKO-
cTaAMU TosApusanuu. [IpuyuemM pasHoOCTh (pa3 STHUX ABYX BOJH COXpa-
HsSeTCA TOCTOAHHOI BO BpeMeHH. Takue BOJHBI, KaK MbI 3HaEM,

* JlepBOHAYAIBHO IIJIOCKOCTD IIOJIAPU3AINY CBA3BIBAJIU C IIJIOCKOCTHIO, B KOTOPOH KO-
nebaercsa BekTop H (uniu B). HecmoTps Ha TO, UTO 3TO ycTapeo, cjeayeT ObITh BHU-
MAaTeJbHbIM, IIOCKOJIbKY B HEKOTOPHIX YIEOHUKAX [0 CUX IIOP MOHATHE «ILJIOCKOCTH
MOJIAPU3aIUI» HCIOJB3YeTCA B MPEKHEM CMBICIIE.
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HaA3bIBAIOT KOZePeHMHbLMU, B OTJINYNE OT HEKOT€PEHTHBIX, ¥ KOTOPBIX
pasHOCTH (ha3 XaoTUUECKH MEHAETCsI BO BpeMeHu. BoJiee moapo6HO BO-
mpoc 00 SJIUITUYECKON: MOIapusaluy Mbl paccMoTpuMm B § 6.3.

EcrtecTBenHsIi cBeT. B ¢cllyuae pagmnoBOJIH CO3ATh JIMHENHO- MU
SILIAITUYECKU-TIOJISIPU30BAHHYO BOJIHY He IIPEACTABJIAET HUKAKOTO
Tpyzna. MHaue 0O6CTOUT €10 C 9I€KTPOMATHUTHBIMU BOJHAMU OIITH-
YeCKOTO AManasoHa BBUIY 0c000i cmerupuky (GusnIecKuX IIPOoIec-
COB, JIeJKAIIUX B IIPUPOJAE M3JIyUeHHs Takux BoaH (cMm. § 3.1).

B ocHOBHOM MBI OyZeM paccMaTpuBATh OOBIUHBIE (He Ja3epHBIE)
UCTOUHUKHU ONTHUUECKOTO M3JIyUeHUs (CBeUeHNEe PAaCKaJIeHHBIX TBED-
IBIX TeJ, CBeueHune BO30Y KAEeHHBIX aTOMOB rasa). IIpu ncmoab3oBa-
HUM ’Ke JIa3ePOB MbI JOJIJKHBI MIO-WHOMY IMOAXOAUTH K PACcCMOTpe-
HUIO0 MHOTUX OITHUYECKUX SBJEHUI B CHUJIY OCOOBIX CBOMCTB UX W3-
JIy4eHUsi: OHO B BBICOKOI CTENEeHM MOHOXPOMATUYHO W JIMHEHHO
MOJISIPU30BAHO.

HecmoTps HA TO, UTO CBETOBBIE BOJIHBI I OT OOBIUHBIX MCTOUHMU-
KOB IIOII€PEYHBbI, OHM, KaK IIPABUJIO, He OOHAPYIKUBAIOT aCHMMET-
PUU II0 OTHOIIIEHUIO K HAaIPaBJIeHUIO paciipocTpanenus. Takoi cBer
HaA3BIBAIOT eCmecmeeHHulM. B ecTeCTBEHHOM CBeTe KOJIeOaHUA BeK-
Topa E B 71100011 ((pUKCUPOBAHHON) TOUKE CPEeABbI COBEPIIAIOTCA B
Pa3HBIX HAIIPABJIEHUAX, OBICTPO U OECTOPALOYHO CMEHAA NPYT APY-
ra. YCJOBHO 9TO mM300paskaioT, Kak IIOKasaHo Ha puc. 6.1 ciesa
(HampaBJIeHUE PaCIPOCTPAaHEHUSA CBETA IMEPIEHAUKYJIAPHO IIJIOCKO-
CTH PUCYHKA).

EcrecTBeHHBII CBET MOYKHO IPEACTABUTH KaK HaloKeHUe (CyM-
MY) IBYX HEKOT€PEHTHBIX IJIOCKOIIOJIAPU30BAHHBIX BOJIH C B3BAUMHO
OPTOTOHAJTBHBIMU IIJIOCKOCTAMY ITOJSAPUIAINH, UTO U IIOKA3aHO Ha
puc. 6.1 cupasa. Kcratu, sTuM npreMoM MbI OyAeM II0Jb30BATHCS
B JaJIbHEHIIIeM HEeOJHOKPATHO, YTOOBI 3HAUNUTEIHLHO YIIPOCTUTHL aHAa-
JIN3 MHOTHX BOIPOCOB. Ba)XHO MOJUEPKHYTDH, YTO OPUEHTAIIUA STUX
IBYX B3aWMHO OPTOTOHAJBHBIX ILJIOCKOIIOJAPW30BAHHBIX BOJIH CO-
BEPIIIEHHO HeCYIIleCTBEHHA.

Puc. 6.1
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IMonsapusaTopsl. 113 ecTeCTBEHHOTO CBETA MOMKHO IIOJYUUTH ILJIOC-
KOIOJISIPU30BaHHBIN C IIOMOIILI0O IPUOOPOB, HA3BIBAEMBIX NOJLAPU3A-
mopamu. T TpubdOPHI CBOOOTHO IMIPOMYCKAIOT KOJeO0aHMA CBETOBOTO
BEKTOPa, IapaljiejbHbIe IIJIOCKOCTH, KOTOPYI0 MBI OyIeM HasbIBaTh
nAOCKOCMbI0 nponyckanus norapusamopa. Konebanua ke, mep-
MeHIUKYJISIPHBIE K 9TOH IIJIOCKOCTH, 3alepP:KUBAIOTCA MOJHOCTHIO
WJIN YacTUYHO. B IepBOM ciydae IOJSPU3ATOP ABIAETCI Udealb-
Hbim. B manmbHeliniieM MbI Oy/leM UMETh B BUAY MMEHHO Takue (ugea-
JIbHBIE) TOJAPU3ATOPHI, ecau He OyaeT KaKUX-JTub00 OTOBOPOK.

Crenens moagpusanuu. [IoMrMO TIJIOCKOIIOJISAPU30BAHHOTO U €C-
TEeCTBEHHOT'O0 CBETa CYIIECTBYET eIlle «IIPOMEeKYTOUHBIH» caydait —
3TO UACMUYHO-NOJAPUI0BAHHLI CcBeT. HaCTUUHO-TOJIIPU30BaAHHBIN
CBeT, KaK M eCTeCTBEHHBIHM, MOKHO IIPEJICTABUTh B BUJE HAJIOKEHUSA
IBYX HEKOTePEHTHBIX IIJIOCKOIIOJISIPU30BAHHBIX BOJIH C B3BAUMHO IIep-
MeHIANKYJISPHBIMU IIJIOCKOCTAMU ITOJAPU3AIINN, HO PASHBIMHU 110 WH-
TeHcuBHOCTH (puc. 6.2). Ero Tak:Ke MOKHO paccMaTpuUBaTh Kak
cMech (CyMMY) eCTeCTBEHHOM (ecm) W ILJIOCKOIIOJIAPU30BaHHOM (110.1)
COCTABJAMIOINNX, KaK TMOKa3aHO Ha 9TOM PHCYHKe CIIpaBa.

K-t

Puc.6.2

W3 puc. 6.2 BUgHO, YTO BEPTUKAJIbHBIE'K0I€0aHUSA COOTBETCTBY-
0T MaKCUMAaJbHOW MHTEHCHUBHOCTH, TOPU30HTAJIbHBIE — MHUHHMA-
apHOM (I, u I, ). ITO MOKHO OOHADYKUTH C MOMOIIBLIO IOJIAPH-
3aTopa.

YacTUYHO-TIOJIAPU30BAHHBIN CBET XapaKTePUIYIOT CMeneHbvlo no-

JAApusayuu P, KOTOPYIO OIIpefeJIdAIT KakK

P= IMaKC _IMHH =IH0JI (6.1)
IMa}CC + IMI/IH IO
3pecs I~ — MHTEHCHBHOCTb IOJSIPU30BAHHON COCTABJIAMOIIEH,

I, — nonHaa NHTEHCUBHOCTh YACTUYHO-IOIAPU30BAHHOTO CBETA:
I,=1 + 1

MakKc
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Jlnsa mirockononapusoBarHoro ceera (I -
sanmuu P = 1, ngna ecrectBeHHoro csera (I
KpaiiHUX cJaydasd.

3aMeTuM, UTO JJis BJIJIUNTUUYECKU-IOJAPU30BAHHOTO CBeTa IIO-
HATHE «CTeleHb MOJIApW3alum», a 3HauuT u (Qopmyaa (6.1), me
IPUMEHUMBI.

3axon Madroca. [TonapusaTopbl MOMKHO HCIIOJIB30BATh U B Kaue-
CTBE AHAJU3AMOPO6 — IJIAOIIPEeJIeHNA XapakTepa U CTeIeHU I10-
JAPU3aIUY WHTEPECYIOIIEro Hac CBeTa.

ITycts Ha aHa/MM3aTOp MajaeT JUHENHO-IIO-
P JIAPM30BAHHBIA cBeT, BeKTOp E, Koroporo co-
CTaBJIsAeT YroJ (¢ C IJIOCKOCTHIO IIPOITyCKaHUA
P (puc. 6.3, rae HampaBJIeHHE CBETOBOr'O IyU-
Ka MepHneHAUKYIIPHO K IIJIOCKOCTUA PUCYHKA).
AHaau3aTop TPOITyCKaeT TOJIbKO Ty COCTABJIA-
ronfylo BekTopa E,, KoTopas mapasieibHa
ILIOCKOCTHU IIponyckanuda P, T. e. E = E( cos¢.
VHTEeHCUBHOCTh IIPOIOPIIMOHAJLHA KBaIpaTy
Puc. 6.3 MoZyis cBeToBoro BekTopa (I co E2), moatomy
WHTEHCUBHOCTH IIPOIIEAIIETO CBETa

o)

rpe I, — MHTEHCUBHOCTD I1aaI0Iero IJIOCKOIOIAPU30BaHHOTO CBe-
Ta. ITO COOTHOIIIEHWE U BbIpaskaeT coboii 3aaxon Manroca.

= I,,) cTenieHb MOJAPU-
= (0) P = 0. 910 aBa

moJt

IIpumep. Ha cuctemy, cocTosmiyi0 U3 ABYX IIOJISAPU3ATOPOB, ILIIOCKOCTU IIPO-
MyCKaHUs KOTOPBLIX' ITOBEPHYTHI OTHOCUTEIBHO [APYr [Apyra Ha
yroJI ¢, IafaeT ecTeCTBeHHBIH cBeT mHTeHcuBHOCTH I, IIpeneGpe-
ras OTPAKEHUSAMMU, HaIeM MHTEeHCHBHOCTL I CBeTa, IIPOIIEIIIIEro
CKBO3b 3Ty CHCTEMY.

ITepBbIit MOJIAPHU3ATOP IIPOIIYCKAET, KAK JIETKO COOOPa3UTh, IIOJIOBH-
HYy Nafalollero Ha Hero cBeTa, T. e. I/2, HO 3T0 OyZAeT yKe ILJIOCKO-
TOJIAPUB30BAHHBIN CBeT. BTOpOi moIapu3aTop corjacHo 3akony Ma-
gioca (6.2) mpomycTUT

I = (Iy/2) cos” o.

ITO U eCTh UCKOMBIA De3yJIbTar.

(0] OenoJaapu3anum. I/IHOP,Z[a BO3HUKAaeT OﬁpaTHaH 3amavda: moJIApu3oBaH-
HBIA CBET IIpeBpaTUuTb B eCTeCTBeHHbIﬁ, T. €. HeHOJIﬂpI/ISOBaHHLIfl. Jro



IHoasapuzanus cpera 193

MOJKHO JOCTUTHYTH CJEAYIOIIUM 00pasoM: IPUTOTOBUTH CJIOHM M3 MEJKO HC-
TOJTYEHHOT'0 CcTeKJia (mopoirka). Ilossapu3oBaHHBIN CBET, IPOXOAAIIUN Ue-
pes Takoil cJioii, mpeTepleBaeT MHOTOKPATHBIE OTPa’KeHUs, B pPe3yJbTaTe
Yero ero ImoJiApusamnus OyZeT paspyllleHa.

Takyio Ke poJb UTpaeT, HAIPUMep, KaJlbKa (IOJyIpo3pauHas BOCKO-
Bad 6ymara). [JocTaTOUYHO IIOMECTUTH €€ 3a MOJAPHU3aTOPOM, UTOOBI C IIOMO-
b0 BpAIlleHUsI BTOPOTO IoJigpusaTopa (aHaausaTopa) yoeauTbCcs, UTO Ka-
JIBKA IIOYTH IIOJIHOCTBIO AEIIOJIAPU3YET CBET, HOJIﬂpHSOBaHHBIﬁ II€PBBIM IIO-
JISIPU3aTOPOM: HHTEHCHUBHOCTH IIPOXOMAINEr0 Uepes3 BTOPOU IOJIAPU3ATOP
cBeTa MPAKTHUUYECKW HEe 3aBUCHUT OT €ro yrJjia IOoBOPOTA.

§ 6.2. Ilonsgpusamusa MpH OTPasKeHUHU
U TPeJTOMIEeHUHU

3akon Bprocrepa. Eciu yros mazieHusi eCTeCTBEHHOTO CBeTa Ha
TPaHUILYy pasgesa ABYX IIPO3PAUHBIX AUIJIEKTPUKOB OTJIUUYEH OT
HYJIS, TO OTPAKE€HHBIN W TTPEJOMJIECHHBIN TYUYKM OKa3bIBAIOTCS Uac-
TUYHO-IIOJIAPNU30BAaHHLIMU. B OTpa’keHHOM CBeTe IpPeodIafaroT KO-
nebanua BeKTOpa E, meprneHIUKYIAPHBIE K IJIOCKOCTH HaJeHUA, a
B IIPEJIOMJIEHHOM CBeTe — IlapaJljiebHble IIJIOCKOCTU ITaJeHUsd.
CreneHs nmosapusanuu 06enx BOJH (OTPAKEHHOI U IIPEJIOMJIeHHOIT)
3aBUCUT OT yrIJia HaJeHusd.

IIpu HeKOTOPOM 3HAUEHUHU yIJia MaJeHUA OTPaKeHHBINA CBET CTa-
HOBUTCS IMOJHOCTHIO IOJAPU30BAHHBIM, U €T0 IIJIOCKOCTH MOJISIPU3a-
muu (ILJIOCKOCTh KoJiebauuii BekTopa E) oKasbiBaeTcs MepIeHINKY-
JAPHON K MJIOCKOCTH IaAeHUs. OTOT yTroJI SBp YIOBJIETBOPSET CJIe-
IYIOIIEMY YCJIOBUIO:

tg9y, =y /ny. | (6.3)

IlaHHOE COOTHOIIIEHVE HAa3hIBAIOT 3aKoHOM Bprocmepa, a yron
85, — Yyesom Bprocmepa unu yzaom non-
HOUl NoAApU3ayUU. 3eCh Ny/N, — OTHO- * s :
IIeHue IIoKasaTejieil MPeJoOMJIEeHUsT BTO- > n
poii cpensl u mepsoit (puc. 6.4). Touka-
MU U UYEePTOYKAMHM HA OTPAKEeHHOM u
MIPEJIOMJIEHHOM JIy4aX 9TOT0 PHUCYHKA
MOKas3aHbl HAMpPAaBJIeHUA KoJebaHui
BeKkTOopa E.

ny

Puc. 6.4
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Moskuo yoenuThes (cMm. 3agauy 3.4), 4TO IIpU IIaJeHUN CBeTa IO/
yriiom BpiocTepa ompajicenHblil U NnpesoMaeHHbLL AYUU 63AUMHO
OPMOZOHAJIbHBL.

ITpu mageHUU ecTeCTBEHHOTrO CBeTa 101 yrioMm BpiocTepa Ha rpa-
HUILYy pasiesia IBYX IIPO3PAYHBIX AUIJIEKTPUKOB IIPEJIOMJIEHHAS
BOJIHA CTAHOBUTCA YAaCTUYHO-TIOJSIPU3OBAHHON, HPUUYEM CTeleHb
TOJIAPW3aIlU ee OKal3bIBaeTCA MaKCUMaJIbHOI. B ¢cBA3M ¢ aTMM BO-
mpocom (yriiom BprocTepa m CTEmeHbIO MOJAPU3AIUY) PACCMOTPUM
IBa IIpUMepa.

IIpumep 1.

IIpumep 2.

IIpumep 3.

EcrecTBeHHBIII CBeT majaeT mox . yIyioM BprocTepa Ha moBepX-
HOCTB BoAbl. IIpu sTOM p-uacTh Iajaloliero cBeTa oTparkaeTcs.
Haiinem cremenp moaspusanuwn’ PTpeJoMJI€HHOTO CBeTa.

IIycTs cBeTOBOII mOTOK magarolero cBera paseH ®,. Cremenn
IIoJidpu3anuy IIPEeJIOMJIEHHOI'0O CBeTa, IIO OIIpeaeIeHUIO

P = mon  _ p(DO _ P
[} Oy—-pdy, 1-p

mpes

>

rae ®, ., — CBETOBOW IOTOK IIPEJOMJIEHHOTO CBeTa.

YacTUuHO-MOJAPU30BAHHBIN CBET IIaJaeT moJ yrjiaoM Bprocrepa
Ha NOBEPXHOCTH IIPO3PAUYHOTO AUIJIEKTPHKA TaK, YTO P-4acThb
cBeTa OTpaskaeTcs, W IPEJOMJIEHHBIN CBET OKa3bIBaeTCsd eCcTe-
cTBeHHBIM. Haiiiem cTerneHb MOJAPU3AIUY TALAOIINEeTo CBeTa.

O6os3HaUMM IaJaoIIuil YaCTUYHO-TIOJSAPU30BAHHBIN CBETOBOM
noTok dyepe3 @,. Ero cremenp monapusamuy MOXKHO IIPeJCTa-
BUTH CJEAYIOIUM 00pasoM:

(Dn :p(I)O _

P= =p,
@ D,

g

rae (I)n — IIOJIAPpU30BaHHAaA 4acCTh IIagarolnero CBEeTOBOI'o I10To-
Ka, q)lm — CBETOBOH IIOTOK nmagamouero 4aCTUu4YHO-II0OJIAPU30-
BaHHOI'O CBeTa.

EcrecTBenHBI#I cBeT mazaeTr moj yriioM BprocTepa Ha moBepX-
HOCTH IIPO3PAvyHOM IIJIOCKOIapasiieJbHOU macTuHKu. Iloka-
JKeM, YTO IPeJIOMJIEHHBIN CBeT IajaeT Ha 3aAHIOI IIOBEPX-
HOCTh ILJIACTHHKH/TOKe Ioj yriaom Bpiocrepa.

Bocmoabayemcs Tem, UTO IpU IIaJeHUN CBeTa mojf yrjaom Bproc-
Tepa yroJ MeXXAy OTPAKeHHBIM U IIPEeJIOMJICHHBIM JIyYaMU JOJI-
sKkeH ObITh npaMbiM. Ha puc. 6.5 yroa 9, = SBp, ¥ JIETKO BUJETh,
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uro ecau T — (9 + 93) =7n/2, TO * 7 I
Opu OTPa’KeHWU U OT HIUKHeNn
ILJIOCKOCTY ILJIACTUHKY YTOJ MEK-
ny ayuamum 2' u 2" OGymer ToxKe 2’
n/2, T. e. ay4 2' OyAET TaKiKe Ju- | IS

HeWHO-ToIApn30BaHHbIM. Ha pu-
CYHKE TOUYKAMM OTMEYEHO, uTO
BekTOp E B 000mX OTpaskeHHBIX
JIydax KojeOieTca IepHeHIuKY- | 2"
JIAPHO ILJIOCKOCTY MAJEeHUS.

Puc. 6.5

O monxsgpu3anuu MpeJIoMJIeHHOro cBeta. CTelleHb MOJAPU3aUun
IpeJIoOMJIEHHOI BOJIHBI IIPU yIJIe HmaJeHus, paBHOM yriy Bpiocrtepa,
JOCTUTaeT MAaKCUMAJbHOTO 3HAUEHMUs, OJHAKO 5Ta BOJHA OCTaeTCS
JUIIb YaCTUUYHO-IIOJAPU30BAHHOM.

Tak Kax Kod(GGUIIMEHT OTPa’KeHUA CBeTa B JaHHOM CJIydyae 3Ha-
YUTEJLHO MeHbIle equHUIlbI (0Koo 0,15 aisa rpaHuIisl pasmesia Bos-
JIIyX — CTEKJI0), MOKHO MCIOJIL30BATh MPEJOMJIEHHBIA CBET, ITOBBI-
mias ero CTeleHb MOJAPUIAINYU IIYTEeM PANA IMOCJeJOBATEIbHBIX OT-
pakeHmnii 1 MPEeJIOMJIEHUH. TO OCYIIECTBIIAIOT C IIOMOIIBIO CMONbL,
COCTOAIEH M3 HeCKOJbKUX OAMHAKOBBIX U IapaJlIeJbHBIX APYT IPY-
Ty IJIaCTUHOK, YCTAHOBJIEHHBIX IO YIJIoM BpiocTepa K magaroIiieMy
cBerTy. Ilpu moCTAaTOYHO GOJIBIIIOM YMCJIE TJIACTUHOK IIPOXOMAIIUH
yepes 9Ty CHCTEMY CBeT OyAeT MPaKTHUUYECKU IIOJHOCTBHIO JIMHEMH-
HO-TIOJIAPU30BAHHLIM. M MHTEHCUBHOCTD IIPOIIEAIIIEr0 Uepe3 TaKyio
cToIry cBeTa (B OTCYTCTBUE IIOTJIOIEHNA) OyIeT paBHA MOJOBUHE MH-
TEHCUBHOCTH IIaJJal0Iler0 Ha CTONY eCTeCTBEHHOTO CBeTa.

Jdra ujed HaIIa BBICOKOIMMEKTUBHOE HCIIOJIH30BaHUE B Iaso-
BBIX Jladepax, I'Jle TOPIIbl pPaspAmHOll TPYOKU HpeacTaBIA0T coboii
IJIOCKOTIapaJljieJIbHbIEe CTEeKJSHHBIE IJIACTUHKM, PACIIOJOMKEHHBIE
mox yriaom Bpiocrepa K ocu TpyOKu (puc. 6.6). IlosTomy maimyue-
HUe, PACIIPOCTPAHSAIONIeeCa BJOJIb OCU TPYOKM MeXXIy 3epKajaMu u
TMOJIAPU30BaHHOE B IJIOCKOCTH ITaJleH1A Ha IJIACTUHKMW, MHOTOKpPAT-
HO TPOXOAUT CKBO3bh HUX MPAKTUUYECKU OECIPENATCTBEHHO, He WC-

e ﬂﬁEp ﬂBp? N

AN

Puc. 6.6
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MBITHIBAs OTpaskeHusi. B pesyabraTe U3 Jjasepa BBIXOIUT JIyU, IIO-
JAPUB0OBAHHBIA B 9TOM IJOCKOCTH, YTO M IIOKA3aHO Ha PUCYHKE.
Hpyras cocraBasgoIas U3JIyUeHus, IJIOCKOCTD MOJAPU3AIIUN KOTO-
poil IepIeHIUKYJAPHA ILJIOCKOCTH IMaleHUsd, IIOYTH IIOJHOCTHIO
ymaisgeTrcss U3 IIy4yKa 0Jiarogapsi OTPasKeHUsIM.

O dopmynax ®Ppenens. C IOMOIILI0 T'PAHUYHBIX YCJIOBUM IJIA
BeKTOpOoB E m H MOXKHO HaliTU COOTHOIIIEHUA MEXKAY aMILIUTYAAMUI
u (asamMu IafaroIleil, OTPaKeHHON M IIPEJOMJIEHHOW BOJH — Tak
Ha3bIBaeMbIe Qopmyav. Ppenens. Ilpu HEOOXOJUMOCTY C HUMU MOJK-
HO MO3HAKOMHUTBLCA BO MHOTUX yUeOHMKAX UM CIPABOUHUKAX.

MpbsI He 6yAeM BBITTHMCHIBATD 9TH (DOPMYJIBI, IOCKOJIBKY AJIS pellie-
HUS HAIINX BOIIPOCOB OHM HAM He IMOHAmo0ATcsa. BaXkKHO OTMETHTH
TOJIBKO, UTO C IIOMOIIbIO 3TUX (POPMYJ MOKHO IIOKAsaTb, YTO IIPU
IPOU3BOJILHOM yTJIe IajeHus 9, (I COOTBETCTBYIOIEM eMy YIJY
IpeJOMIeHUA 3,) Koa(h(OUIIUMEeHTEl OTPasKeHNA JINHeHHO-TI0JIAPU30-
BaHHOTO CBETA, IJIOCKOCTH HOJIAPUBAIUU KOTOPOTO IIEPIEHAUKY-
JIIPHA IJIOCKOCTY NafeHus (p, ) U mapajuiesibHa e (p ), onpeness-
IOTCA CJEAVIOIIVMU BBIPAKEHUAMU:

I, sin®(9, +95)

I, t:‘%.“2(91 +395)

1 =

(6.4)

W3 stux dopmysn, KcraTtm, BUAHO, YTO IIPU ITAJeHUU IO YTJIOM
Bproctepa, xorga 3; + 9, = n/2, u sHaunT) tg(n/2) - o, Koaddunu-
€HT OTPaKeHus p, T. €. OTPaKeHHBIHN CBeT OyAeT IOJHOCTLIO JIMHe-
HO-IIOJIAPU30BAHHBLIM B ILJIOCKOCTU, NEPIEHAUKYJIAPHOU IIJIOCKOCTH
najgeHus.

IIpumep. Ha moBepXHOCTH IPO3PAYHOr0 AUIJIEKTPHUKA C MOKa3aTeseM IIpe-
JIOMJIEHUSI N TIafiaeT IoJ YIJIoM Bprocrepa JUHEHHO-IIOIAPU30BaH-
HBIH CBET, IIOCKOCTH TOJIIPU3AINUA KOTOPOTO
a) IepPUIeHIUKYIApPHA ILIOCKOCTH IMaleHUd;

0) JIE’KUT B IJIOCKOCTU IIAMEHUS.

Haiinem KosdUIIMEHTHI OTpasKeHUs CBeTa B OOOMX CIIydadX.
Ilpesxkne Bcero mpenctaBuM cebe, KaKk OyIyT BBITVISAJETH OTPAKEH-
HBIA U IIPEJIOMJIEHHBIN JIy4d B 9TUX ciaydasax (puc. 6.7). B ciayuae
a) coruacHo (6.4) K0a(DUIIMEHT OTPAKEHUA P, = sinZ(S1 -9,), roe
91 — yroua Bpiocrepa, onpezendemslii ¢popmyson tgd; = n, a yroxa
9y cBABAH ¢ yriIoM 9 3aKOHOM IpesioMyIeHHsA: sin 9, = nsin 9,.
Omnpezmenus 3, u 9y, MBI HalifieM # p,.
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Puc. 6.7

B cayuae ke 6) nmpu mazeHuu mojn yriioM Bpiocrepa TaHTeHC B 3HA-
meHarese (6.4) obpamaerca B o, IIOCKOJBKY 9 + 9 = m/2. 910
BHAYWT, YTO B JAHHOM ciydae p = 0, T. €. OTPasKeHHBI] JIyY OTCYT-
cTByeT (HO 9TO TOJBKO TpUM IaJeHWu IIoJ yrjioM DBprocrepa).

§ 6.3. Ilonapuzamua mMpu ABOWHOM
JIydernpeToMIeHHHN

JBoitHOoe JydempesaomieHue. I[ToutTu Bce mpo3padHble KPUCTAJ-
JIUYecKMre AUDJeKTPUKM OITHYeCKH AHU30TPONHBI , T. €. ONTHUe-
CKIe CBOIICTBa CBeTa IIPU IIPOXOXKAEHWN uepe3 HUX 3aBUCAT OT Ha-
mpaBJieHUsA. BceiiecTBUE 3TOr0 BOSHUKAIOT ABJIEHUS, HA3bIBAEMbIE
deotinvim nyvenpenomnenuem. OHO BaKIOUAETCSI B TOM, UTO IIa-
IaoIuil Ha KPUCTAJJI IIYUOK CBeTa pasiesseTcsa BHYTPU KPUCTAJI-
Jla Ha [OBa IyYKa, PacIpPOCTPaHSIONIMEecs, BOOOIIe IoBOps, B pas-
JUYHBIX HANPAaBJIEHUAX U 'C. PA3HBIMU CKOPOCTSIMU.

Cy111ecTBYIOT KPUCTAJIIBL 00H00CHble 1 08YOCHbLe. Y OJHOOCHBIX
KPHUCTAJLJIOB OJUH U3 IPEJOMJIEHHBIX NYYKOB IMONUMHAETCS OOBLIU-
HOMY 3aKOHY IIpeJoMJeHHd (1, sin$; =n, sin9,). Ero mHassiBator
00blKHO6eHHbLM T 0003HAYAIOT OYKBOI mMIu WHAEKCOM o. I[pyroi
YYOK HeobblKkHOBeHHbLL (), OH He MOAUYMHAETCA OOBIYHOMY 3aKO-
HY OPEJOMJEHUS, W Aake IPU HOPMAaJbHOM IIaJeHWN CBETOBOTO
MIyYKa Ha MOBEPXHOCTh KPUCTAJLIA HEOOBIKHOBEHHBIN IIYYOK MOJKET
omKAOHAMbCA OT HopMasu (puc. 6.8). U, Kak mpaBuUIo, HEOOBIKHO-
BEHHBIHA JIy4 He JIEKUT B ILJIOCKOCTH HaJeHUA.

* @uanyecKas IPUPOLA AHN30TPOIINY BeIlleCTBA CBsA3aHAa C 0COOEHHOCTAMU CTPOCHUS
€ero MOJIEKYJI UJIN OCOOEHHOCTSAMU CaMO¥l KPUCTAJINYECKON PEIIeTKH, B y3JIaX KO-
TOPO¥ HAXOJATCS ATOMBI UJIU UOHBL.
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1 Hawubosiee cuabHO [BOIIHOE JIyue-
/ IpeJIOMJIEHEe BBIPAYKEHO y TaKUX Of-
A fITTTTT>  HOOCHBIX KPUCTAJLIOB Kak KBapll (Kpu-

o v CTAJIIMUYECKUIT), WCJAHICKUUA IImaT u
!
| TYPMaJIUH.
!
. Hanee MBI OrpaHUYUMCS PACCMOT
o PeHreM TOJIBKO OJHOOCHBIX KPHUCTAJI-
Puc. 6.8 JIOB.

OmHooCHBIE KPUCTAJIBI. Y OJHOOCHBIX KPUCTAJJIOB UMEeTCs Ha-
npasienue — onmuueckas oco 00", BIOIb KOTOPOro OGLIKHOBEH-
Had U HeOOBIKHOBEHHAs BOJIHBI PACIPOCTPAHAIOTCS, HE Pas3Aesasach
IPOCTPAHCTBEHHO U C OJMHAKOBOH CKOPOCTBIO .

Onruueckada ock OO' Kpucrailjia He SABIAETCI KaKOW-TO 0CO00i
npamoii uaueii. OHA XapakTepusyeT JININb N30paHHOE HaIIpaBJie-
HUe B KPUCTaJLJIe U MOKeT OBITh IIpOoBeleHa uepes3 IIPOU3BOJBbHYIO
TOUKY KPHCTAaJIa.

JI100y10 IJIOCKOCTH, IPOXOJAIIYIO Uepes3 ONTUYECKYIO OCh, Ha3hI-
BAIOT 2/lA6HBLM CeieHUueM WIU 2/A6HOU NAOCKOCMbI0 KPUCTAJIA.
OOBIYHO MOJB3YIOTCA TJIABHBIM ceueHmeM (IJIOCKOCTHIO), TPOXOIsi-
XM Yepe3 CBETOBOM JIyd B KPHUCTAJLIE.

OOBIKHOBEeHHAsI U HEOOBLIKHOBEHHAS BOJIHBI (1 JIyYM) JUHEHHO II0-
asapusoBaubl. Kosebanusa BekTopa E B 0OLIKHOBEHHOI BOJIHE COBEp-
IaloTCA B HAIPABJIEHUU, NEPHEHAMKYJIAPHOM IJIABHOMY CEUEHUIO
KpHcTajia IJd OOBIKHOBEeHHOTO Jyua. Kosebanusa :xe BekTopa E B
HEOOBIKHOBEHHOI BOJIHE — B IVIABHOM CEUEHUU KPUCTAJLJIA AJISA HEeo-
OBLIKHOBeHHOTO Jyua. HampaBienusa kKomebauuii Bektopa E (T. e. ux
IJIOCKOCTH IIOJIIPU3aIuu) B 000MX IIyYKaxX IIOKasaHbI Ha puc. 6.8,
roe MmpezroJiaraercs, 4To oba Iyuka U IepeceKaromias UX OITHYe-
ckad ock OO’ je:KaT B IUIOCKOCTH PUCYHKA. BUIHO, UTO B JaHHOM
ciIydae nJaoCKOCMU NOAApU3ayulL obeux 60nH (0 U e) 63auMHO OpMo-
20HAJbHbL. 3aMEeTUM, UYTO 3TO HabJIomaeTcss MPaKTHUUECKU IIPHU JIFO-
00¥1 OpHEHTAIIUU ONTUUYECKO# OCU, TTOCKOJBKY YT0J MEXKIy OOBIKHO-
BEHHBIM U HEOOBIKHOBEHHBIM JIyYaMH TOCTATOYHO MaJ.

Oba Jsyua, BBINIEAIINE U3 KPUCTAJJIA, OTJANYAIOTCA APYT OT APY-
ra TOJIbKO HaIlPaBJEHUEM IIOJAPUI3AINU, TAK UTO HABBAHUA «OOBIK-
HOBEHHBIN» (0) U «HEOOBIKHOBEHHBIN» (€) MMEIOT CMBICJ MOJbKO
BHYTPU KPUCTAJLIA.

Yy ABYOCHBIX KPHCTAJIJIOB, HAIIpDUMeEP CJIIOAbI, NMEIOTCSA ABa TAaKUX HAIIpaBJIEHHUA.
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Huxpousm. CyIiecTByIOT KPUCTAJJIBI, B KOTOPLIX OOUH U3 JY-
yeii (0 UM €) IOrJoIlaeTcsa CUJbHee IPyroro. ITo ABJeHHe U Ha-
3bpIBAIOT Ouxpousdmom. OUeHb CUJBbHBIA AUXPOUSM IIPUCYII KPUC-
TaNay TypMaanHa (MUHepPaJy CJIOMKHOTO cocTaBa). B HeM OOBIKHO-
BE€HHBIN JIyY MPAKTHUYECKM IIOJHOCTBIO IIOIJIOIIAETCS Ha JNHE
oKosio 1 mm.

fBneHme mUXpomsMa UCIOJB3YIOT A M3TOTOBJIEHUA MOJIIPU3a-
TOPOB B BHZe CBETOPMIBTPOB, UX HA3BIBAIOT noaapoudamu (repa-
matTuToBble U Ap.). OHU mpencTaBaAOT co60it TOHKYHO (~ 0,1 Mwm)
IJIEHKY, JIUHEHHO IOJAPUIYIONIYI0 IPOXOIAINUNA uepe3 Hee CBET.

O mokasaTenAX NPeJOMIEHUA N, U N,. AHU30TPONNA KPUCTALIa
M0-pasHOMY OTPasKaeTcsi Ha CKOPOCTU PAaCIPOCTPAHEHUS OOBIKHO-
BEHHOW ¥ HeOOBIKHOBEHHOU BOJIH.:B TO BpemMsa KaK CKOPOCTb U,
OOBIKHOBEHHOI'O JIyYa He 3aBUCHUT /0T HANpaBJIE€HUS B KpUCTAJLIE,
CKOPOCTb U, HEOOBIKHOBEHHOI'O JIyda II0 Mepe OTKJIOHEHUS €ro OT
HaIpPaBJeHUA ONTUUYECKOM ocH (BAOJb KOTOPOM CKOPOCTH 000UX JIy-
el oAMHAKOBEI) OyZeT Bce GOJIbINIe OTJANYAThCA, MOCTUTAS MaKCHU-
MaJIbHOTO pasjnuunsA B HAIPABJIEHUU, IMEPHEeHINKYJIIPHOM OITHUYE-
CKOII ocH.

3aBUCHUMOCTb CKOPOCTU HEOOblKHOBEHHOz0 Jyda OT HalpaBJe-
HUSA CBA3AHO C aHM30TPONHEH KpucTajjia, MPUBOAAINEH K TOMY,
YTO AUDJIEKTPUUEeCcKas IMIOCTOAHHASA €, 4 3HAUUT U IIOKa3aTeJb Impe-
JomJeHus (n = \/E) OKa3bIBAIOTCSA PA3HBIMU JJIs1 OOBIKHOBEHHOIO U
HEeOOBIKHOBEHHOTO JIyuell W CYIIeCTBeHHO 3aBUCAT OT HAIpaBJe-
HUS Jy4a OTHOCHUTEJNHHO OIITHUYECKOHM OCH KpHuCTaJLiIa.

OmHOOCHBIE KPUCTAJLJIBI XaPaKTEePU3YIOT NoKa3amenem npeom-
JeHUs 00bLKHOBEHH020 NYy4a N, =c/U, U noxasamesem nperome-
HUS HeOObLKHOBEHH020 Yia, NepneHouUKYaIPH020 ONMULeCKOl OCU,
n, =c/v,. B Trabaunax IpUBOJAT MMEHHO 3TU 3HAUeHUd n, U 1,.
s cBeTa ¢ AJIUHOM BOJIHBI A = 0,55 MKM 5T 3HAUEHUA TAKOBBI:

KpHCTALT n, n, |n, —n,|
HCJIAHACKUM IImaT 1,66 1,49 0,17
KBapig 1,545 1,554 0,009

3aMeTHUM, UTO 3HAYEHUA 11, U NI, HECKOJBKO 3aBUCAT OT A.
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IIpumep. meroTca nBe IIACTMHKY, BHIPEe3aHHBIE IIAPAJIIEIBHO OITUYECKOHR
ocH: OflHa — W3 HCJAHICKOro ImmaTta Tojamuuaor A = 1,0 mm, apy-
rag — wu3 kBapua. Haiigmem TosmuHy A’ KBapleBO# IIJIACTUHKUI,
4TOOBI JJIsI CBeTa C AJUHOUN BOJHBEI 0,55 MKM OHA MMeJa TaKylo JKe
PasHOCTh X0J]|a OOBLIKHOBEHHOI'0 M HEOOBIKHOBEHHOTIO Jyuei. B uem
opu 3TOM OyaeT MX pasauyue?

Hcxonsa w3 ompeneseHus ONTHUYECKON DPA3HOCTU XOA, 3aIlUIIeM
’ r ’
h(no - ne) = h (ne - no)'

Bocmob3oBaBIInch AaHHBIMU U3 HpPIBeI[eHHOfI Ta6J’[I/IIlI>I, HaM-
aem:

h'=h(An/An") =1-0,17/0,009 = 19 mm.

Pasnuune 9TuX OBYX IJIACTUHOK, KPOME TOJIIIIUHBI, B TOM, UYTO IIPU
BBIXOJle M3 WCJIAHACKOTO IIIIIaTa OIlepeskaThb OyneT HeOOBIKHOBEH-
HBIN Jy4 (e), a IpU BBIXOJE W3 KBapiia — OOBIKHOBEHHBIN (0).

IToBepxHOCTH Jy4eBBIX cKopocteii. Tor (dakT, UTO CKOPOCTH
pacmpocTpaneHuAa OOBLIKHOBEHHOTO Jyda B OJHOOCHOM KpHCTAaJLIe
OQMHAKOBA BO BCeX HAIMPBJIEHUAX, a CKOPOCTb PACIPOCTPAHEHUS
HEeOOBIKHOBEHHOTO JIyya 3aBUCUT OT HAIPaBJIEHUSI, MOYKHO HATJIS[I-
HO [PEJCTaBUTH C IIOMOIIBIO NOBEPXHOCMEl JYueBblX CKOpocmell
(uxX Ha3BIBAIOT €Ille U B0JHO8bLMU nogepxHocmamu). HIaa ux mo-
CTPOEHUSA M3 MPOU3BOJBLHOM TOUKM S IIPOBOAAT BO BCEBO3MOXKHBIX
HaIIPaBJIEHUAX JIYUYM U OTKJAABIBAIOT HA HUX OTPE3KU, IIPOIIOPIIHO-
HaJbHbIE 3HAYEHUAM JYUEBOU CKOPOCTH B STUX HAMPABJIEHUAX.
MHOKecTBO KOHIIOB OTJIOMKEHHBIX OTPE3KOB 00pasyeT 3aMKHYTYIO
TMOBEPXHOCTDH, KOTOpAas AJiAd OOBIKHOBEHHOM BOJIHBI MPEACTABJSET
coboii ctepy paguycoMm v,, a IJIs HeOOLIKHOBEHHOII BOJHBI — BJI-
JIMIICOM/J] BPAIlEHUA C IOIYyOCAMHU U,/ W U,.

B zaBucumocTn OT TOro, Kakad U3 CKopocTeil, v, Uau v,, 607Ib-
11e, OJAHOOCHBIE KPUCTAJLIBI OAPA3LeNAI0T Ha noLoicumenibHble 1
ompuyamenvubie (puc. 6.9, rae OO’ — onrudeckas oCb). ¥ IOJIO-
SKUTEJBHBIX KPUCTAJLIOB U, > U, (M 3HAYUT, n, < n,), a y OTpUIaTe-
JIBHBIX KPUCTAJIOB U, < v, (T. e. n, > n,). I3 3TOoro pucyHKa BUJHO,
YTO MPU PACIPOCTPAHEHUY CBETa BOJIb OIITUYECKOMN OoCcu 00e BOJHBI
UMEIOT OAWHAKOBYIO CKOPOCTH, PABHYIO CKOPOCTH OOBIKHOBEHHOI
BOJIHBI.

Bosee moapo6HoOe paccMOTpeHME BOIIPOCOB, CBA3AHHBIX C OITHU-
YeCKOHM aHM30TPOIIMEN KPUCTAIJIOB — 3TO 3ajada Kypca Kpucmad-
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ITonoxcumenvHwlil OmpuyamenvHbLil

Puc. 6.9

JIOONMUKU W BBIXOAUT 3a PaMKHU Kypca obiieir pusuxku. Hac B gajib-
HelimreM OyAyT HWHTEPECOBATb TOJBKO OBA MPAKTUUYECKU BasKHBIX
YACTHBIX CJIy4asi, KOTAa CBET PACIPOCTPAHSAETCA MEePIeHIUKYISIPHO
¥ TapalyieIbHO OITHUYECKOH OCHU.

§ 6.4. Cynmepno3unus MOJAPU30BAHHBIX BOJH

JBynpegomiaamman miIactTuHka. Vcciemyem 0oJiee TOAPOOHO
cayual, TpeJCTaBJAOINN HaWOOJBIINN NMPaKTUUYECKUUA HMHTEpec,
KOr'la CBET PACIPOCTPAHAETCS B OJHOOCHOM KPUCTAJLIE IePIIeHIN-
KYJIAPHO OITHUYECKOH OCH KpHCTajaa. IIpum sTOM yCJIOBUH IIPO-
CTPAHCTBEHHOIO pasfesieHns OOBIKHOBEHHBIX M HEOOLIKHOBEHHBIX
Jayudeii He Oymer.

ITycTs HA KPUCTAJINUECKYIO ILJIACTUHKY, BBIPE3AHHYIO napal.e-
AbHO omTuueckoir ocu OO’ (puc. 6.10), magzaeT HOPMAJBHO JIMHEN-
HO-TIOJIAPUB0OBAHHBIA CBET, ILIOCKOCTB, IOJIAPU3AIUN KOTOPOTO CO-
CTaBJISIET YTOJ (® C ONTUYECKOH OCKHIO IMJIACTUHKU (OOBIYHO EIaf0T
TaK, 4TOOBI yros ¢ ObLT paBeH 45° mo mpuYMHAM, KOTOPHIE CTaHYT
sACHBIMHU JaJiee). B aToM ciyuae B KpHUCTajje B OLHOM U TOM ’Ke Ha-

ES]

'o
Puc. 6.10 Puc. 6.11
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mpaBieHu (IIePIEeHANKYJIAPHO ONTUYECKOM ocu) OYAYyT pacipocTpa-
HATHCA [Be BOJIHBI C Pa3HBIMU CKopoctamu (v, = ¢/n, u v, = ¢/n,),
MOJIAPU30BAHHBIE B3aMMHO OPTOTOHAJIBHO. OTO IIOKAsaHO Ha
puc. 6.11, rme cBeT pacupocTpaHseTcA IMePHeHINKYIAPHO K IJIOCKO-
cTu pucyHka. Ha sTom pucyrke P — IIJIOCKOCTb MOJIAPU3AIINH IIaJa-
IOII[er0 Ha ILJIACTHMHKY cBera, E — ero Bekrop-ammiauryna, 00" —
onTuieckas och Kpucrania, E, u E, — BeKTODPHI-aMIIUTYABI OOBIK-
HOBEHHOI 1 HEOOBIKHOBEHHOI BOJIH B KPUCTAJIJINYECKON IJIACTUHKE.

B 3aBUCHUMOCTU OT TOJIITHELI /i IJIACTUHKU 00€ BOJHBI BBIXOAAT
U3 IJIACTUHKY C TOU WJIM MHOW PasHOCTBHIO (a3 d, KOTopas 3aBUCUT
OT OIITUUYECKOM PasHOCTH XOfalIaHHBIX BOJIH, PABHON

A=h(n,—-n,). (6.5)
YuursiBas, uTo 6 = 2nA/A, TOe A — IJKUHAa BOJHBI B BaKyyMe, IIO-
JYUUM:

nh(no —ne)-
A

6=2 (6.6)

HWrak, n3 KpUCTAJLINUYECKON MJIACTUHKM BBIXONAT ABE B3aMMHO
OPTOTOHAJIBHBIE IIJIOCKOIIOJAPHM30BaHHBIE BOJIHBI: OJHA IIOJAPU30-
BaHa MEPHIeHAUKYJAPHO K TIJIaBHOMY CEUYEeHUI0 KpUCTaJaa, IpY-
rasg — B IIJIOCKOCTHU 3TOTO ceueHus (cM. puc. 6.10). 9To 3HAUUT, UTO
B IIPOM3BOJIBHOI TOUKE 3a KPUCTAJINYECKOU IJIACTUHKOM COOTBET-
CTBYIOII[ME KOJIeOaHUsS CBETOBOTO BEKTOPA OYAYT BBITVIAIETH TaK:

E,. =E, cosot, 6.7)
E, =E, cos(wt + 9).

Hanee mbI Oymem mpefmosiaraTh (HO B 9KCIEPUMEHTE B 3TOM
HaJ0 yOeauThCA), UTO ONTHUUECKAS PA3HOCTh X074 OOBIKHOBEHHOM U
HEOOBIKHOBEHHOU BOJIH MEHBINE [JIWHBI KOTePeHTHOCTU (JIydIre,
4T00Bl A <[, /2), TOrga o6e BOJIHBI MOYKHO CUUTATh KOT€PEeHTHBF
Mu" ¥ UX pasHOCTh (a3 & He 3aBUCAIIeEH OT BpeMeHM.

* OUEeHUM TOJIUHY A IJIaCTUHKH, IPU KOTOPOM 3TO yCJIOBUE BBINOJHsAETCS. IlycTh
A ~0,60 MmEM 1 AL 0,010 MM, Torga l, . ~ kz/Ak = 36 MKM u
h< Lor _ J 2 mm (xBapm, n, —n, = 0,009),

2|n, -n,| 0,1 MM (ucranackuil mmart, n,—n, =0,17).
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XapakTep MOJAPUBAIUU DPE3YJIb-
TUPYIOIIEel BOJHBI Oy/IeT 3aBUCETh OT
TOJIIINHBI JaHHON KPUCTAJINUECKOM
ILIACTUHKU, T. €. B KOHEUHOM CUeTe
oT pasuocTu (a3 o. B obiiem ciyuae
ypaBHeHUa (6.7) — 3TO ypaBHEHUE
BJLIUIICA B IapaMeTPUUecKoi (opme.
CrnemoBaTesbHO, BBIMIEAIINN U3 KPU-
CTAJLTUYECKOH IIACTUHKW CBET fAB-
JIAETCA ANAUNMULECKU-TONAPUIOEAHHbLM. Y HEro pe3yJbTUPYIO-
miuit BekTop E BpaliaeTcs ¢ yriioBoil CKOPOCTHIO ®, M3MEHAACH IIPU
STOM IePUOAUYECKU Mo Momysio (puc. 6.12).

Puc. 6.12

Takum 06pasoM, CJI0KEHNEe IBYX B3aUMHO OPTOTOHAJIBHBIX KOTe-
PEHTHBIX KOJIe0AHUIT IPUBOAUT B;OOIIEM clydyae K SJIJIUITUUECKOL
nmoasipusanuu. Bug 1 opueHTaInA 3JIJIUICA 3aBUCAT OT OTHOIIIEHUS
aMILTUTYJ, OPTOTOHANLHBEIX Kosnebanuit, E) u E,, a Takike u or ux
pasuocTu das J.

CuopaBenyimBo 1 00paTHOE YTBEPIKIEHUE: BJIIUITUYECKU-IIOJIA-
PU30BaHHBINI CBEeT BCerma MOJKHO NOPEICTAaBUTh KaK CYMMY ABYX
B3aMMHO OPTOTOHAJbHBIX KOTEPEHTHBIX KOJIe0aHU.

B zaBucumoctu ot sHavenuii ammautys E, E, u pasgocTu das &
BJITUTITUYECKU-TIOJAPU30BaHbIN €BET MOKET BBIPOKJATHCA B ILJIOC-
KOIIOJIAPU30BAHHBIN MW TOJAPU30BAHHBLIN MmO Kpyry (moapobHee
STOT BOIIPOC MBI PACCMOTPUM HIUIKE).

Ha puc. 6.11 ock Z HanpaBjeHa Ha HacC, IpPeJIoJaraercs, 4YTo u
CcBeToBasl BOJIHA PACIPOCTPaHAETCS B HAIpPaBJIeHUU ocu Z, T. e.
TOKe Ha Hac. ['IAasa HA PUCYHOK, MBI CMOTPUM Ha8CmMpeuy BOJIHE.
YcaoBuancs, 4TO ecay Ipu HAGIIONeHUU Hagcmpeiy BOJHE Bpalle-
Hue BeKTopa E B puKCcUpOBaHHOI TOUKE MPOCTPAHCTBA ITPOUCXOJUT
no YacoBOM CTpeJsiKke, TO TaKyi0 BOJHY Ha3LIBATL NPABONOLAPU30-
6AHHOIL, €CaU YKe NPOMuUE JacoBOU CTPEJKU, TO — JIEeEONOLAPU3O-
eanHoil. Puc. 6.12 cooTBeTCTByeT HIpPaBOMOJIAPUBOBAHHONU BOJHE.

3aMeTuM, UTO HaIMIpaBJieHUe IMoJapusanuu (IpaBas UIU JieBasd)
3aBHCUT OT PasHOCTU (a3 O, TOUHee OT TOTO, KoJjiebaHMe IO KaKoi
ocu (X uam Y) omepe:kaeT — 9TO HPU YCJIOBUU, UTO B (hopMmy.Jie
(6.7) 6 BEIOpPAHO TaK, YTOOBI €r0 3HAUEHME OBIIO 3aKJIIOUEHO MEMXIY
—n u +n. [locientee MOXKHO cIeaTh BCerja, UCKJOYas U3 O Iiejioe
yucao 2T — 9TO HUUYEro He MeHseT.
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Ecau xkonebanme omepeskaer mo ocu Y (0 < < m), To cHauaia Ey
u Jumb 3aTeM E, JOCTHraloT MaKCHMAalbHBIX 3HadeHuii. Ciemosa-
TeJbHO, OBUKEHUNE KOHIla BeKTopa E Oymer mpoucxXoauTh no daco-
BOU CTpeJike — ToJiApu3anua OymerT npasoil.

Ecnu xe ronebanme mo ocu Y orcraer (0 > > -n), To cHAUanIa
E, n numb 3aTem Ey ITOCTUTAIOT MaKCUMAJIbHBIX 3HAUEHU — IBU-
JKeHUe KoHIa BeKTOopa E OymeT npomus 4acoBOU CTPEJKU, 3HAUUT
TMOJAPUBAIU Je6as.

B saBucuMOCTY OT TOJIIIUHBI i TaHHOW KPUCTAJJINYECKON ILjIac-
TUHKY, BBIPE3aHHOI HapadiieIbHO ONTHYECKON OCU, XapaKTep IIo-
JAPU3aANUY IPOIIEAIIer0 Yepe3 Hee cBeTa OyoeT OTJIMYAThCA APYT
or apyra. PaccMoTpuM HECKOJBKO YAaCTHBIX CJIYYaeB, IPEACTaBJIA-
IOIUX HAMOOJBINNI HpPaKTUYECKUI HHTEpec.

1. [Inacmunka 6 wemsepms onns. (Kopoue A/4) — dTO ImIac-
TUHKA, TOJIIUHA /A KOTOPOH YAOBJIETBOPSAET YCJIOBUIO

hln, —n,|= m% , tmem =1, 3, 5,.., (6.8)

T. €. IIPU HeUemHblLX 3HAUEHUAX M. ITa IJIAaCTUHKA coryacHo (6.6) BHO-
CHUT JOTIOJTHUTEJIFHYIO PasHOCTh (a3 & = n/2 (Tounee, mn/2, m — He-
YETHOE) MEXKY IIPOXOAAIINME yepe3 Hee OOBIKHOBEHHOU M HEOOBIKHO-
BEHHOU BOJTHAMU, TOJAPU30BAHHBIMU BO BBAUMHO IEPIIEHIUKYIIPHBIX
ILJIOCKOCTSAX. OTU ILJIOCKOCTU OIIPENEJIAIOT B ILIACTUHKE IBa HAIIpaBJie-
HUSA, Ha3bIBa€MbIE 2JA6HbLMU HANPAGLCHUAMU NJACMUHKU: OTHA TIa-

paJLiesibHa ONTHUYECKOU OCU, Apyrad — IEPIEeHINKYJIApHA €.
v IIpu Takmux 3HAUEHUAX O CBET, IPOIIIE]-
o mIuii yepes IJIACTUHKY, OYZeT B COOTBETCT-
Buu ¢ Gopmysioit (6.7) sIIUITUYECKU-IIO-
E JIAPU30BAHHBIM, IIPUYEM SJIJIUIC OyAeT

X mnpuBejgeH K ocam X u Y (puc. 6.13, rame
ock OO’ — onTuueckas och). Hanpasienus
BpaleHuss BekTopa E uepexmyroTcs: eciau,
HanpuMep, Ipu m = 1 mo YacoBOil CTpeJ-

Puc. 6.13 Ke, TO IpA m = 3 HPOTUB U T. J.

Ecin nuHelHO-MOMAPU30BaHHLIN CBET IIaJaeT Ha ILIACTUHKY Tak,
YTO YTOJ MEMKY €T0 IJIOCKOCTBIO TTOJIAPU3AUY P 1 ONITUYECKOUN OChIO
mnacTuHKU @ = 45° (cM. puc. 6.11), To aMIINTYABI OOBIKHOBEHHOU 1
HeOOBIKHOBEHHOM BOJIH OYAYyT OAWHAKOBBI, M HA BBIXOJE U3 IJIACTUH-

(0]
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KA MBI TOJYUYUM KPY20-NOAAPUI0BAHHDBLIL Yio
CBET — BJLIUIIC BBIPOMKIAETCS B OKPYKHOCTD
(puc. 6.14). E

IInactTuaKkM B A/4 MB3TOTOBISAIOT OOBIYHO
u3 KBapia. KauecTBO MJIACTUHKY (HACKOJIb-
KO OHA COOTBETCTBYET UYETBEPTHBOJHOBOIT)
MOXKHO IIPOBEPUTH, HCCJIEAYS C IIOMOIIHIO 0
mossAgpouga (aHaau3aTopa) BBIXOAAIIUN U3
Hee KpPYTro-IOJIAPU30BAHHLIN CBET: Bparle-
HIUe aHaJIn3aTopa BOKPYT OCU IIyUKa He NOJIPKHO IPUBOAUTEL K M3Me-
HEHUIO0 MHTEHCUBHOCTU CBeETA.

IInacTuHKY B A/4 MOYKHO HCIIOJIL30BATh W AJIsA 00PATHOTO IIpe-
BpallleHusA KPYro-IoJAPU30BAHHOTO CBeTa B JIMHENHO-IOJISPU30-
BauHBIN. IIJTOCKOCTh HOAAPUI3AIMHN BBIXOASAINEr0 CBETa IIPU STOM
cocraBjsdgeT yroja 45° ¢ OOTUYECKOIl OChIO IJIACTUHKM.

2. IInacmunka 6 noneonnst (kopoue A/2). Ee Tonmunua h yaos-
JIETBOPSAET YCJIOBUIO

Puc. 6.14

hln, —ne|:m%, rpem =1, 3, 5,..., (6.9)

T. €. TOJKe IIPU HeYyemHblx 3HaUeHUAX m. Ha BbIXofle U3 TaKoM Ijia-
CTUHKHU MeKIy OOBIKHOBEHHOII W HEOOBIKHOBEHHOW BOJIHAMMN BO3-
HUKaeTr coryacHo (6.6) momoaHuTe IbHAS Pas3HOCTL (asd § = m (Tou-
Hee Mm, m — HeYeTHoe). ITO 3HAYUMUT, UTO CBET, BBIMIEAINIUIN U3
IJIACTUHKY, OCTAETCA JIUHEHHO-TIOJNAPU30BAHHBIM, OJJHAKO HAIIPaB-
JeHue KoJyiebaHUil BekTopa E (IJIOCKOCTL mONMApU3anuu) IOBEPHET-
cA HA yrojg 2¢ CUMMETPUYHO TIJaBHOMY CEUYEHUIO IIJIaCTUHKU
(puc. 6.15). ITpu ¢ = 45° Takag MIaCTUHKA «IIOBOPAUMBAET» ILJIOC-
KocTh mosapusanuu Ha 90°, T./e. IJIOCKOCTh IOJAPUI3AIUU IIPO-
HIeIIero yepes IJIACTUHKY CBeTa OyJeT OPTOrOHAJbHA IJIOCKOCTH
noJiApusanuu nagaroiero ceera. Heo6xoquMoCTh TAKOTO «IIOBOPO-
Ta» HEPEJKO BCTPEYAETCS B 9KCIIEPUMEHTAJIbHBIX yCTAaHOBKAX.
CienyeT Takske o0OpaTWTh BHUMaHWE HA TO, UTO IPU UYETHBIX
smauenuax m (2, 4,...) B popmye (6.9) mpomrenminii yuepes Jjac-
THUHKY CBET OCTAeTCs JIMHENHO-OJAPU30BAHHBIM B TOH K€ ILJIOCKO-
CTH, UTO W Hamaromiuii ceer. T. e. Takad MIACTUHKA HUYETO HOBOTO
He BHocuT. Ee uacTo Ha3BIBAIOT NJAACMUHKOU 6 Uesyio 60JHY.



—_— —_—
R —
Puc. 6.15 Puc. 6.16

3. Komnencamop. [lyia ananusa moJAPU30BAHHOT'O CBeTa Hapsd-
Iy C IIJTaCTUHKON A/4 UCIOJB3YIOT YCTPOICTBA, IT03BOJISIIOIINE
CKOMIIEHCUPOBATH N[0 HYJIA (UJIU AOMOJHUTH O T) JIIOOYI0 Pa3HOCTH
a3 mMexay OBYMs B3aUMHO OPTOTOHAJBHBIMHU KOJEOAHUAMU. ITO
TaK Ha3bIBaeMbIe KOMNEHCAMmOopbL.

IIpocreiitnuii KOMIIEHCATOP COCTOUT M3 ABYX KBapIeBBIX KJINHb-
eB (puc. 6.16). BmecTe oHI 00pa3yoT KPUCTANINYECKYIO IIJIaCTUH-
Ky, OIITHYecKasi OCb KOTOPOIi mapaJijiebHa ee rpauaM (d9TO IoKasa-
HO IIITPUXOBKOW Ha pucyHke). OAuH M3 KJIWHLBEB MOKHO IIepeMe-
IIaTh OTHOCHUTEJIBHO [IPYroro C IIOMOINbI0 MHKPOMETPUUECKOTO
BUHTA, U3MEHA TAKUM 00pas3oM TOJIIUHY KOMIIEHCATOPA-IIJIACTUH-
KM, a 3HAUUT U BHOCHMYIO 9TOII CHCTEeMOIiI pasHOCTh (a3 MeKIY
OOBIKHOBEHHOII M HEOOBIKHOBEHHOI BOJITHAMU.

Ecnau ma KomMmeHcaTop majaeT HOPMAJbHO JIMHEHNHO-TIOJISAPU30-
BaHHBIN CBET, IJIOCKOCTH KOTOPOTO COCTABIAET yroJ 45° ¢ ero onTu-
YeCKOM 0ChI0, TO C YBeJIWUEHUEM TOJIINHBI KOMIIEHCATOPA pacTeT U
pasHocTh (pa3 B3aMMHO OPTOTOHAJLHBIX BOJIH, MPOXOAAIINX Uepes
Hero. B pesysbTaTe Mbl Oyaem HabaomaTh Kaptuny (puc. 6.17), mo-
KasBbIBAIONIYI0O KaK MEHAETCS XapaKTep MOJAPU3aIUU MPOIIIEIIIero
cBera ¢ poctoM pasHocTu Pas o. HamomuuM, uTo corstacao (6.7)
3HaueHusd 6 Ha puc. 6.17 onpegeasaoT HACKOJILKO (10 (pase) KoJeda-
HUSA Ey omepeskaroT Kojebanusa E . (omepesxaroT — B anrebpanue-
CKOM CMBICJIE).

3n

S O0OQNO0

Puc. 6.17

2n
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W3 puc. 6.17 BugHO, UTO HaIpaBJieHIe IOJAPU3AINT, KaK ObIIO
OTMEUYEeHO paHee, NEePUOANYECKH MeHseTcs. Kcam cHauajga OBLIO
mpaBoe, T. €. II0 YacOBOM ¢Tpesike (Aas HabOJIOmaTesA), TO 3aTEM C
POCTOM TOJIIIMHBI A KOMIIEHCATOPA-IJIACTUHKY, a 3HAYUT U O, OHO
IePeXOAUT B JIEBOE, T. €. MPOTUB YaCOBOUN CTPEJKU U T. ..

AHanu3 moJAPU30BAaHHOTO CBeTa. B mMpakTmKe J4acTo BCTPeUAETCs
HEOo0XOAMMOCTb BBIACHUTDL, KAKOB XapaKTep MOJAPU3AIUY UCCIIeye-
MOTO CBeTa, KaK OTJIMUAETCA XapaKTep IOJIAPU3AIlNU OJHOTO CBeTa
oT gpyroro. PaccMOTpuM HECKOJIBbKO Hanbojee TUIIUUHBIX CIYUIAEB.

1. Céem nnockononapuioéannsiii. B aToMm MOXHO y6equThCA C
IIOMOIIIBIO JIFOOOT0 IIOJIAPU3AaTOPA: IIPU BPAIEHUHM €ro IJIOCKOCTH
MPOIYCKaHUA BOKPYT HANPaBJIEHUA IMyUYKa MHTEHCUBHOCTH IIPOXO-
IAIEero csera OyIeT U3MEHSTHCA, W IIPU HEKOTOPOM IIOJIOKEHUU
CBeT MOJIHOCTBIO TACUTCs. SHAUUT, UCCIEIYEeMbIH CBET ILJIOCKOIIOJIS-
PU30BaHHBIN.

2. Céem ecmecméeHHbLL U NONAPUI0EAHHBLU NO Kpy2y. Kak ux
pasnauuuTh? I[JIg 9TOTO OJHOTO MOJAPU3aTOPa HEZOCTATOYHO: B 000-
UX CIy4Yadx IPU BPAIEHUU €T0 IJIOCKOCTY IPOIYCKAaHUA BOKPYT Ha-
TIPBJIEHUS IIYyYKA WHTEHCUBHOCTH IIPOXOAAIINETO0 CBETA HE MEHSAETCH.
Ecnu 'xe mpenBapuTeIbHO BBECTHU MJIACTUHKY A/4, TO MOJISAPU30BaH-
HBIA IO KPYTy CBET IIPEBPAIaeTCs B ILIOCKOIOJIAPU30BAHHBIN, IO-
CKOJIBKY 9Ta ILJIaCTUHKA BHOCUT [TOIOJHUTEJIBHYIO PasHOCTH (da3
+71/2. PesyabTupylolas pasHOCTh (pa3 oxakerca paBuoi 0 mau m, u
CBET CTaHeT IJIOCKOIIOJAPU30BaHHBIM. Ero MOYKHO IIOTACUTh IOJIAPHU-
saTopoM. Eciu ke cBeT €CTeCTBEHHBII, TO OH OCTAHETCA TAKOBBIM U
mocJje MPOXOXKAEeHUA IIACTUHKU A/4. B aToM ciydae moracuThb CBET
He YIacTCs: IPU J000M TTOA0KEeHNN IIJIOCKOCTH IIPOMYCKAHUS I0JIS-
pusaTopa MHTEHCHUBHOCTH HPOIIEAINero cBeTa OyaeT OLUMHAKOBOIM.

3. Céem annunmuiecKu-nonApu306anHblil U YACMUYLHO-NOAADPU-
306anHbL. 1A X pasINuusa OMATH CJIEAYeT IIOMECTUTH B CBETOBOM
my4Ke IJIACTUHKY A/4, a 3a Hel mosapusaTop. Eciu BpallieHueM Ija-
CTMHKU BOKDYI HAIIPAaBJIEHWA IyUYKa HaAUAETCA TaKoe IIOJIOKeHUe,
IPY KOTOPOM CBET, IIPOIIIENIINH Yyepe3 Hee, MOYKHO TIOTaCUTh, Bpalas
TOJIAPU3aTOP, TO CBET SJUIMNITUYECKU-IIOJNAPU30BaHHBIN. Kcau 31O
clieylaTh He yOacTCd, TO CBET UACTUUHO-IIOJISPU30BAHHBIN.

Koneuno, ecTb u 60Jiee CIOKHBIE CIIyUuau, HO Mbl UX pPacCMaTpU-
BaTh He OygeM, IOCKOJBLKY O9TO CBS3aHO JIMIIb C TeXHUUECKUM
YCIOKHEHUEeM IIPOIleAypPhl OIpeneIeHus.
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4. IIpaéo- u neononapu3oéannwvlii céem. [Iyis oTIUINA IPABOI
KPYTOBOH IIOJIAPUIAIIMY OT JIEBOM IMOCTYIIAIOT aHAJOTMYHO: Ha IIyTH
CBETOBOT'0O MyYKa CTAaBAT ILJIACTUHKY A/4, Ha KOTOPOIl yKa3aHO Ha-
mpaBieHNe KoJe0aHNH, PacIpOCTPAHAIIUXCA ¢ 00bulell CKOPO-
CTBHIO, er0 Ha3BhIBAIOT -HAaIIpaBJIeHUEM. JTU KOJIe0aHUsA OIePesKaioT
mo dase Ha T/2 KoJeOaHNUA, OPTOTOHAJIbHBIE [-HAIPABJIEHUIO.

BlY(m/2) BlY(n2)
) 9
X X
a) 0)
Puc. 6.18

HomycTuM 1S ONpeAeeHHOCTH, UTO IIOJAPU3AIuA IIpaBasd
(puc. 6.18, a, rme ocu X u Y BIOpPaHBI TPOU3BOJBLHO), T. €. Bpallle-
Hue BeKTopa E mpoumcxomauT no uacoBoii cTpeske (myis HabIomaTe-
as1). B aToM cayuae mepen MIacTUHKOIN KoJsieOaHMS E, onepexaior
konebanua E, no dase Ha m/2 (370 6BLIO 06BACHeHO Ha c. 204).
YcTaHOBUB MJIACTUHKY A/4 B IIyYOK, MBI K MMEIOIIENcA Pa3sHOCTHU
das n/2 mobaBum eie 7/2. B pesyabTaTe MoJydYuM, UTO PA3HOCTH
as Mekay OPTOTOHAJIBHLIMU KOJIE0AHUAMU OKasKeTCs PaBHOM T, a
9TO 3HAYUT, UTO CBET CTAHET ILJIOCKOIIOJISPU30BAHHBIM, IIPUUEM €TI0
ILJIOCKOCTh IIOJIApU3aluy OyaeT IIOBEPHYTA BJIEBO OTHOCHUTEIbHO
B-mampaBienud mimacTuHKU A/4 Ha yroa 45°.

Ecau ke nmonapusamnusa Oblia JgeBas (puc. 6.18, 6), To Komedbanusa
E, orcrarot or kosnebanuii £, no ¢ase Ha 1/2. CoBMecTUB -Hampas-
JeHUWe HaIllell MJIACTUHKHU C ITPOU3BOJBLHO BBIOPAHHONM OCHIO Y, MBI
KOMIIEHCUPYeM OTCTaBaHWe, Ha 1/2, U B pe3yJbTaTe PasHOCTL (as
OKa)KeTCsl PaBHOI HYJIIO; T €. U3 IMJIACTUHKU OyJeT BbIXOIUTHL CBET,
ILJIOCKOCTh TIOJIAPU3AIIMY KOTOPOT'O IIOBEPHYTA 6NPA60 OTHOCUTEIHHO
-manpasnenusa (puc. 6.18, 6) Toxxe Ha yrom 45°.

HampagsiieHue IJIOCKOCTH IOJAPU3alUN B 000X CIydasX JIETKO
HaAWTU C IIOMOIIBIO IOJISIPU3aTopa.
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§ 6.5. UnrepdepeHna moJasIpu30BAHHBIX BOJIH

KorepeHTHOCTH MOJAPHU30BAHHBIX BOJIH. Ecaiu Ha KpucTaalanue-
CKYIO ILIACTUHKY, BBIPE3AHHYIO ITapalieJIbHO OITUYECKOH ocH,
HOPMAaJbLHO HATPABUTh IYUYOK €CTeCTBEHHOI'0 CBETa, TO M3 IJIaCTUH-
KM BBINIYT ABe BOJHBI C B3BAMMHO OPTOTOHAJBHBIMU ILJIOCKOCTSIMU
noJiipusanuu. KECTeCTBEHHBIA CBET — pPe3yJabTAT MU3JIYUYEHUS pas-
JUYHBIX HE3aBUCHUMBIX ATOMOB HMCTOUHMKA CBeTa, HCIYCKAIOIUX
OTIeJbHBbIE HEKOPPEeJMPOBAaHHbIE APYr C APYroM I[YyTHM BOJH. ITHU
I[yT¥M YyYacTBYIOT B OOpa3OBAHUU OOBLIKHOBEHHON U HEOOBIKHOBEH-
HO# BoJIH B KpucTtaie. OJHAKO BKJIAJ KaKJOr'0 OTAEJIbHOrO I[yra B
S9THU [IBE BOJIHBLI, BOOOIIle TOBOPS, He OAUHAKOB. ITOT BKJAaJ 6OJIbIIIE
B Ty BOJIHY, ILJIOCKOCTDH IIOJAPU3AIUU KOTOPOM COCTABJIAET MEHD-
IIUA yToJl ¢ ILJIOCKOCTBIO IOJSPU3AI[UU JaHHOTO ITyra.

Opyrumu cioBaMu, OOBIKHOBEHHAsS U HEOOBIKHOBEHHAS BOJIHBI B
OCHOBHOM IIOPOKIAIOTCA PA3HBIMU IIyraMU, BXOAAIIUMU B COCTAB
€CTeCTBEHHOTrO cBeTa. I103ToMy OOLIKHOBEHHAA WM HEOOBIKHOBEHHAS
BOJIHBI, PACIPOCTPAHAIONINECA B OJHOOCHOM KPHCTAaJLJie U BBIXO -
e 13 Hero (Ipu HaJeHuN eCTeCTBEHHOTO CBeTA), HEKOTePEHTHBI.

Opmmako 00e BOJIHBI MOYKHO CIEJIaTh KOT€PEeHTHLIMU, €CJIU HA MYTH
€CTeCTBEHHOT'O CBeTa YCTAHOBUTH IMOJIAPU3aTOp P mepel KpPUCTAJLIU-
YeCKOH ILJIACTUHKOI, IIPUYEM TaK, UTOObI ILJIOCKOCTH €ro IIPOIycKa-
HUSA COCTaBJIAIA HEKOTOPHIA yroa @ # 0 ¢ ONTIYecKO# OChI0 KPUCTAJI-
jna (06BIYHO yroJI @ JesyaloT paBHBIM 45°). B srom ciryuae Kosebanms
KasKIOro IIyra pasmessaioTcs MeKAy OOBIKHOBEHHON 0 M HeOOBIKHO-
BEeHHOI1 e BostTHamMu. VIMEHHO IIQ3TOMY BOJIHBI 0 M € OKa3bIBAIOTA KOTe-
PEHTHBIMU — HeoOXOauMOe YCIOBWE AJIS UX WHTeP(hEpPeHIUN.

HuTepdepennua moaapu3oBaHHBIX BoJaH. CKa3aHHOTO eIe He-
IOCTaTOYHO, €CJIM MBI 3aJaJINCh I1eJIbI0 HAOII0AaTh HHTeP(hePeHIINIO
9TUX BOJH. [lesio B TOM, UTO MHTep(EePeHIIuA HUKOTAa He HabIoma-
eTcs, ecJau CKJIaAbIBaeMble BOJIHBI ITOJSIPU30BAHLI BO B3BAUMHO IIep-
MeHIUKYJISPHBIX IJIOCKOCTAX. BBIXO/ IIPOCTOM: ITOCTABUTH Ha IIYTHU
BBIIIEAIIEeTO U3 IJIACTUHKU CBeTa ellle oauH moJsapusarop. OH cBe-
IeT IBa B3aMMHO OPTOTOHAJBHBIX KOT€PEHTHBIX KOJIe0aHUA K Of-
HOM miaockocTtu. UuTepdepeniusa Oymer obecreueHa. Ee pesyabrar
OKaKeTCsd B 3aBUCHUMOCTH OT OITHUUYECKON PA3HOCTU XO4a CKJIAIbI-
BAaeMbIX BOJIH.

HUrak, cxema wHabmomeHUA WHTEPGEPEHIINU IMOJAPUI0BAHHBIX
BOJIH JOJI’KHA OBITH TaKO#, KaK MmokasaHo Ha puc. 6.19. 3mecs S —
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OOBIUHBIII HMCTOUYHUK cBeTa, P —
nojaspusaTop, K — Kpucraiimnde-
CcKas OJHOOCHAs IJIAacTHUHKa, P’ —
BTOPOIl IIOJAPU3ATOP. SaMeTHuM,
YTO eCJIM WMCTOUYHUK — Jasep (OH
HUCITyCKAaeT yiKe IJIOCKOIOJISIPU30-
BaHHBLIN CBET), TO HEOOXOAMMOCTL B moJigpusaTope P ormamaer.

IMajsee MBI paccMOTPUM BOIIpoc 06 MHTEeHCUBHOCTHU I’ cBeTa, mMpo-
HIEIIET0 Yepe3 9Ty CUCTeMY B JBYX HamboJiee MPOCTHIX U MPaKTHU-
YeCKM Ba’KHBIX CJIydasdX, CBA3aHHBIX C B3aMMHOI oOpHeHTaImei
ILJIOCKOCTEH IIPONYCKAHUA II0IAPU3aTopoB P, P' 1 onTudecKoil ocu
OO'. Ho nipeBapuTeIbHO HAIOMHUM, UTO KapTUHA UHTEP(epeHInn
ObIiBaeT Hambojiee OTUETJIMBOI, KOTJa aMILIUTYABLI CKJIAJbIBA€MbIX
BOJIH OJMHAKOBEI. B HaIeM ciyuae 9TO 03HAYAET, UTO YIOJ () MEXK-
Iy ILJIOCKOCTBIO IIPOIYCKAHUSA MMOJIsipu3aTopa P 1 ONTUYECKOH OCHIO
OO' nomxeH ObITh paBHBIM 45° (0 ueM ysKe TOBOPMUJIOCH). B majb-
HelillleM, ecau He OyAeT CIeluaJbHBIX OlOBOPOK, OyZeT IIpexIroJia-
raTeCA MMEHHO 39mo 3HaueHme yrija ¢, ¢ = 45°.

Teneps mepeiiieM K PACCMOTPEHUIO ABYX YACTHBIX CJIyUYaeB, KOT-
Ia TJIOCKOCTHM IPONYyCKAaHWS O000MX MHOJAPU3ATOPOB IapaJlIiesbHBI
npyr apyry (P'||P) u Bzammuo nepnengukyaapubl (P'LP). B mo-
cJIeHEM cJiyuae TOBOPAT, UTO MOJIAPU3ATOPHI ckpeuleHbl. O6a ciy-
yasg moKasaHBI Ha puc. 6.20, rae cBeT pacmpocTpaHAETCS IMEePIeH-
OIUKYJIAPHO IIJIOCKOCTA PUCYHKOB.

Puc. 6.19

10’ P/P

a)

Puc. 6.20
1. Cayuaii P'||P (puc. 6.20, a). 31ech IIOCKOMOIAPU30BAHHAS
BoJIHA ¢ ammuTynoit E (mocie nmosaspusaropa P) paspensiercs mia-
CTUHKOHI Ha OOBIKHOBEHHYIO M HEOOBIKHOBEHHYIO B3aMMHO OPTOTO-
HaJIbHbIe BOJHEI C OJUHAKOBBIMU aMILIuTyfamu E, u E,. 3aTeM Ko-
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JIe6aHUsA 9TUX BOJH IIPUBOJATCA IOJAPU3AaTOpoM P’ K ofHOM mjoc-
KOCTH C OJWHAKOBBIMM ammiaurypamu E, u E:

E, =E, =E/2. (6.10)

PesynabraT wmHTEep(pEPEHIINH 3STHUX BOJH
OyzeT 3aBUCETh, KaK yKe TOBOPUJIOCH, OT
pasHocTu (a3 o, KOTOPYI0 OHU Ipuobpe-
TyT B miaactuHke. C aToil 1eabio m300pa-
3UM ()a308yr (BEKTOPHYIO) nuarpaMmmy,
nmokasaHHylo Ha puc. 6.21. 3mech mpen- Puc. 6.21
MIOJIOKEHO, UTO B KPUCTA/IMYECKO! IIJIaCTUHKE OTCTaeT 1o ¢ase Ha
0 OOBIKHOBEHHASA BOJIHA (9TO HE CYIIIECTBEHHO, MOIJIO OBITh 1 HA000-
por). Hac unTepecyeT E’z, IIOCKOJbKY MMEHHO 9Ta BeJIMUMHA OIIpe-
IeJigeT MHTeHCUBHOCTD IIPOIIEAIeil uepes moaapus3aTop P’ BOJIHEL.
W3 puc. 6.21 coriacHo Teopeme KocuHycoB ¢ yuetom (6.10) caeny-
eT, UTO

2 2
E'? =2(§j + 2(5) cos 5 =E* % E? cos® g - (6.11)

Takum o6pasom, npu P’ || P MHTEeHCHBHOCTL IIPOIIEAIIEro CBeTa
ro_ 29
I, =TIcos 5 (6.12)

2. Caywaii P'1 P (puc. 6.20, 6). 3mech ciefiyeT OTMETUTD, UTO
E, = E, upu n00bIX 3HAUEHUSX yriaa ¢, HO npu ¢ = 45° 06e ammin-
TYyABl OyAyT MaKCUMAaJbHBI (B 3TOM JIEFKO YyOeAUTHCA C IIOMOIIBIO
9TOTO K€ PUCYHKAa), 1M, 3HAUUT, pes3yjJbTaT MHTepdepeHIuu OyaeT
BBITVISIIETh HanboJjiee OTYETIUBLIM. TaK YTO U B 9TOM CJIydae OITH-
MaJbHBIM fABJIAeTCA ¢ = 45°.

Puc. 6.20, 6 gocTaTOYHO SCHO IIOKA3LIBAET, UTO IPOUCXOAUT C
OPOXOASAIIMM CBETOM B 3TOM cJuyuae. Ho 3mech Hago o0paTUThL BHIU-
MaHme Ha TOT (pakT, 4To BeKTOpHl E, u E, HampaBjeHbl B3aUMHO
IIPOTUBOMIOJIOXKHO (Hasxke mpu 6 — 0). 9To HABOAUT HA MBICJIb, YTO,
KpoMe pasHocTU (pas &, BHOCUMOI IJIACTUHKOM, HaJ0 J0OABUTH eIlle
T, KOTopasa O0yCJIOBJIeHAa CKPEIeHHBIM PACIIOJIOKEHUEeM MOJIapu3a-
TOPOB (9TO MOKHO CTPOrO MOKasaTh U MaTeMaTUYeCKH).
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Torga B popmysie (6.12) Hamo BMecTo O HamucaTh O + T, U MBI

MOJIyYUM BMECTO KOCHHYyca cuHyc. B pesyiabrare

I :Isin2§. (6.13)
U3 dopmyn (6.12) u (6:13) caexyer, uto unTencusHoctu I| u I
OKa3bIBAIOTCA «JOIMOJHUTEIbHLIMUI»: B CYMMe OHU JalOT WHTEHCUB-
HOCTh I cBera, IPOIIEAIIEro uepes moJspusarop P.

Ecim cBeT MOHOXPOMATHUUECKHIT M TOJIIUHA KPUCTAJLINYECKOH
IJIACTUHKU BCIOAY OAMHAKOBA, MbI IOJYYMM HA BBIXOJAE PaBHOMED-
HYIO OCBEII[eHHOCTh 0e3 XapaKTepHBIX IJId MHTepP(EePeHIIMOHHONA Kap-
THUHBI YePeAYIOIIINXCS CBETJIBIX M TEMHBIX II0JI0C. 3[ech MHTepdepeH-
LU MIPOSIBJISIET ce0sl B IIepepacIIpeieIeHUN CBETOBO SHEPIUU MEXXKIY
B3aMMHO OPTOTOHAJILHBIMU ILIOCKOCTAMM. [leficTBUTEIBHO, €Cau Ha-
IPUMeEpP IPU MapaIeIbHBIX ILIOCKOCTSAX MPOIMYCKAHUA IOJIAPU3ATO-
POB MBI IOJIy4aeM MaKCHUMyM OCBEIIEHHOCTH, TO JOCTATOUYHO ITOBEP-
HyTh mojsapusaTop P’ ma 90°, m MBI IIOJIYYMM «JOIOJHUATEILHYIO»
OCBEIIEHHOCTh: T0JIe OKasKkeTcA TeMHBIM. To sKe OyzeT 1 Ha060POT.

VHTEeHCUBHOCTh BBIXOJSAINEr0 W3 MOJspusaTopa P’ cBera MOKHO
U3MEHATh, U3MeHssI pasHOCThb (a3 o. IIocKoIBKY O ompeenseTcsa Kak

2nh|no _n’el
A

o= J (6.14)
TO UBMEHEHUA O MOKHO JOCTUTHYTDH JNOO MEHAST A — 5TO IIPUBOIUT
K 5(deKTHOMY M3MEHEeHUI0 OKpacKuy (T. e. MAaKCUMYMBbI IPOITyCKa-
HUS OYAYT COOTBETCTBOBATL PA3JUUHBLIM IJIUHAM BOJIH), JIUOO Me-
HAA TOJIIUHY h maacTuHKu. I[lociaenHee MOKHO ceslaTh, IIOCTABUB
BMECTO ILIACTUHKHN KommeHcaTop (cM. puc. 6.16).

IIpusegem cBomuyio Tabanuky (6.15), rme yKasaHbI yCJIOBHUSA,
IIPU KOTOPBIX WHTE@HCUBHOCTHU I| 1 I’ NOCTUTAlOT MAKCHMATBHBIX U
MUHUMAJIbHBIX 3HAUEGHUH:

Passocts x0ma A m m'A/2
Pasnocts das o 2nm m'n
¢ (6.15)
| = 100322 MakKc MUH
I'=1 sinzg MUH MaKc

3nece m =1, 2,3, ..., am'=1, 3, 5, ..., T. e. HeueTHEbIe.
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B aroit TabmuuKe TOCTATOYHO 3aMOMHUTEL Pe3yJIbTaThl A I, a
OHU cpasy cJyenyoT us (pasoBoii guarpaMmsbl (cMm. puc. 6.21). Peasy-
abTaTel qas I|  «ONOJIHUTEIbHBIE», T. €. IPOTUBOIOJIOMKHEIE.

OTmeTuM, YTO BO BTOPOM CJIyUae, KOraa MOJIsIPU3aTOPhI CKPeIle-
Hel (P'L P), ycTaHOBKa BeChbMa, UYBCTBUTEJIbHA K OOHAPYKEHUIO
aHMB30TpOINU (ABOWHOTrO JydempesoMieHus). depes n1Ba CKpeIeH-
HBIX MIOJIAPU3aTOPa CBET HE IPOXOAUT, U II0JIe 3PeHUA OKa3bIBAETCA
TeMHBIM. Eciu Ke MeXIy HUMH BBECTU KaKOH-Im00 aHM30TPOII-
HBIN KPUCTAJLI, TO fajKe IIPU HAJTUYUU CJIa00i1 aHUBOTPOIIUU CHCTE-
Ma IPONyCKaeT CBET, U II0Jie 3PEeHUdA IIPocBeTJidAeTcda. IIpu sTom
HAJO IPOSBJIATH OCMOTPUTEJIHHOCTD: €CJIN CIYyUYaliHO OKaMKeTCA, UYTO
onTUYecKas OCh KpHcTajia OymeT mapajejbHa WU MEePHeHIUKY-
JspHA IJIOCKOCTH TIPOINYCKaHUA IoJAapusaropa P, IoJjie 3peHus
oCcTaHeTCd TeMHBIM. I[l03TOMY OpHMEHTAIIMI0 KpHUCTaLIa MeXIy
CKpellleHHLIMU NoJidgpusaropaMu P u P', BooOiie rosops, Hamo Me-
HATHL BO u30eKaHMNE 9TOH CAYUANHOCTH.

o cux mop MBI paccCMaTPUBAIN UHTEP(HEPEHIINIO B ILJIOCKOIIaPaI-
JIEJIPHOU TJIACTUHKE, TJe WHTepdepeHIusa MPOoaBIAIa cebsa B u3Me-
HEeHUY WHTEHCUBHOCTH PABHOMEPHO OCBEIEHHOTO MOJSA 3peHus (Io-
cie moasipusatopa P'). Ho mMo:xHO HabI0maTh MHTEP(EPEHINIo U B
MPUBLIYHOM BUE UYEPEAYIOIINXCH CBETIBIX W TEMHBIX IIOJIOC.

IIpumep. [TlomecTuM MexIay OBYyMSA CKPEIIEHHBIMHU IIOJAPHU3aTOPaMUu KBaplie-
BBIM KJIMH, ONITUYECKAas OCh KOTOPOTO ITapaJjjiesibHa ero pedbpy u co-
cTaBysAeT yroa 45° ¢ IJIOCKOCTSAMHU TPOIMYCKAHUSA IOJIAPU3aTOPOB.
BroisicuuM, uTO MBI OyeM HaOJI0JaTh MPU TPOXO0XKAEHUN MOHOXPO-
MaTUYEeCKOI'0 CBeTa uepe3 9Ty CUCTEMY.

IIo wmMepe yBeJIWUYEHUS TOJIIUHBI
KJAWHA MbI OymeM HaGJIOAaTh Iepe-

XOJI OT OJHOW CBETJIOM IIOJOCHI K —
IPYTOi, T. €. CUCTEMY UEePeAyIOInux- _ .
CfA CBETJIBIX U TEeMHBIX IIOJIOC, Iapa- _ 3:>
JIeJTbHBIX pebpy KiawHa (puc. 6.22).

Kaxpasa ceersaa moJsioca cOOTBETCT-

BYET II0JYBOJIHOBOM ILJIACTUHKE, 3HA-

YUT B 9TUX MeCcTax IIPOMCXOIUT IIO- Puc. 6.22

BOPOT ILJIOCKOCTU moJjspusanuu Ha 90°, m cBeT HPOXOAUT Uepes
nossspusatop P’ (mo ycmoBuio P'l P). Ilepexon K KasKAOMY cCJe-
IVIOIEMY MAaKCHUMYMy COOTBETCTBYET WM3MEHEHHUI0 OITUYEeCKO
pasHocTH Xoma A = Ah(n, —n,) Ha OAHY AJIMHY BOJIHBI A. JTO IIO-
3BOJIAET JIETKO HATHU, HAIIPUMED, YTOJI MEKIY I'PaHAMHU KJIUHA.

P K P
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3ameTruM, 4To B 6eJIOM CBeTe KapTuHa OyAeT BecbMa KPACOYHOM:
oHa OyZAeT COCTOATH U3 PA3HBIX OTTEHKOB, II€PUOJUUECKU ITOBTODSI-
IOIUXCA B IPOCTPAHCTBE BOJb KJIWHA.

§ 6.6. HckyccTBeHHOE OBOIIHOE JTydYeIrpeioMJIeHUe

OGObpIuHBIE IIPO3paUvHbIe Tejla, He 00jamaioliue JBOWHBIM Jyde-
mpeJoMJIEHUEM, TEM He MeHee IPU ONpe[eJeHHOM BO3IeHCTBUU HA
HUX CTAHOBATCS IByHIpejoMIsmomuMu’Paccmorpum nBa HamboJiee
XapaKTepPHBIX CII0CO0A MOJyYeHUA MCKYCCTBEHHOTO IBOMHOTO JIyde-
IPEJIOMJIEHUA.

Anuzorponus nmpu medopmanudax. [Ipy ofHOCTOPOHHEM CiKATUU
WJIY PacTAKEeHUU HalpaBjeHne AedopMallul CTAHOBUTCS BBITEJIEH-
HBIM W UTPaeT POJb ONTUYECKOIl ocu. Teso cTaHOBUTCA aHU30TPOII-
HBIM U [BYIPEJOMJIAIOIINM, PA3HOCTh IOKAasaTesjel IpeIoMIeHUs
KOTOPOTO

n, -n, =ko, (6.16)

[

raie 6 — manpmxenue (Ila = H/m?), B — KodhdUIMNEHT, 3aBUCA-
IIUH OT CBOMCTB BEIIECTBA.

Hns HabMogeHUA ABOWHOTO JIydelrpe-

P {} P’ JIOMJIEHUS HCCJIEJyeMOe TeJO IIOMEIIaloT

| MEKIY CKPEeIlleHHBIMU I0JIAPpU3aTopaMu,

3>> ILJIOCKOCTY IIPOMYCKAHUS KOTOPBIX CO-

‘ CTaBJAIOT yroJ 45° ¢ HaIpaBJIeHUEM Je-

{F dopmarnuu (puc. 6.23). Ecau Teno nmeer

BUJ IJIACTUHKY UJIA KyOWKAa, TO IIPU yBe-

JUUYEHNN HAIPSKeHus HaOJII0IalT yCHU-
JIeHVe U ocJiabJjieHre IPOIIENIINero CBeTa.

Ecnu ke Temo mMeeT BHJ KJIWHA WJIU APYroil GoJiee CIOMKHON
(opMBI, TO B IPOXOAIIEM CBETe HaOJII0JZaeTCA KapTUHA B BUJE CUC-
TeMBbI TaK WU WHAUYEe PACIOJIOMKEHHBIX IOJIOC C MaKCUMyMaMW Hu
MUHUMYMaMM OCBeIlleHHOCTH. IIpu M3MeHeHUU HaIPSIKeHUA Kap-
THHA MEHAETCsA. OTUM IIOJAB3YIOTCS IIPU UCCAEeIOBAHUU pacIpenese-
HUSA HAUPAKEHUH B CJOKHBIX TeJaxX (KOHCTPYKIIUAX): M3TOTABJIM-
BAIOT reoOMeTPUYECKH IIOL00HYI0 MOMEJb U3 IMOAXOAAINEro Ipo3pad-
HOro MaTepuaja, IIOABepraioT ee HArpy3Ke W II0 HaOJOmZaeMoii
MEXKIy CKPEIeHHBIMU MMOJSIPU3aTOPaMMU KapTUHE CYAST O pacipe-
IeJIeHUY BHYTPEHHUX HANPAKEeHUH. OITOT MeTOJ B3HAUYUTEeIbLHO

Puc. 6.23
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YIPOIaeT BechbMa TPYLOEMKYIO PAa0OTy II0 pacueTy HAIPSKEHUN B
HOBBIX KOHCTPYKIIUAX.

3amMeTuM, UTO IeJIo(aHoBas IJIEHKA ABISETCSA ABYIPEJIOMIISIO-
mieii. IToausTrIeHOBEIE Ke ILJIEHKYU CTAHOBATCA IBYIIPEIOMJISAIONH-
MU TOJBbKO B Pe3yJibTaTe PAaCTSKEHUsA. ITO MOKHO JIETKO IIPOBe-
PUTH HAaA OIIBITE.

AHN30TpONUA B 3JIEKTPHYECKOM I0Jie. BOSHUKHOBEHIE JBOMHOTO
JIy4eIIpeJIOMJIEHUA B JKUAKOCTY U B aMOP(MHBIX Tesax IIOJ BO3LeHCT-
BUEM 3JIEKTPUUECKOro oA — 3aggexm Keppa — Halles mIuporoe
IpUMeHeHNe KaK B HayKe, TAK U B TEXHUKe DKCIIEPUMEHTa.

P + P

-

Puc. 6.24

Cxema yCTAaHOBKH IJIA HaOJIOAeHUs 3TOoro a(ddeKTa mokasaHa Ha
puc. 6.24. Mexay IByMs CKpPeIeHHLIMHU IoJjsgpusatopamu P u P’
nomeraloT Axeliky Keppa — mcciaenyeMyio JKUIKOCTb MEXIY 00-
KJIaZKaMHu KOHJeHcaTopa B KIOBETE.

Ilpu cosmaHVuM 3JIEKTPUUYECKOIO II0JA, HAIPAXKEHHOCTh E KoTO-
poro cocraBasaeT yroa 45° ¢ MIOCKOCTAMHU IPOIYCKAHUA IOJIAPU3a-
TOPOB, Cpela CTAHOBUTCS ONTHUUYECKU AHUB3O0TPOIHOMN, ABYIPEIOM-
JISAIONIel, OITUYeCKas OCh KOTOPOIl coBIIajaeT C HaIIpaBJeHUEeM
BekTopa E.

Bosuukalomnias pasHOCTh IIOKasaTejiell IpeoMJIeHUs OOLIKHO-
BEHHOU W HeOOBIKHOBEHHOU BOJIH OKa3bIBae€TCA IIPU DTOM PaBHOM
CJIEYIOIIEMY BBIPAYKEHUIO:

2
n,—n,=BLE®, (6.17)

rze A — IJIMHA BOJHEI cBeTa, B — nocmoannas Keppa®, nmeromasa
-10
0co0eHHO 00JbIIOe 3HAUeHWe y HuTpobensosa (2,2-10 cm/B?).

%

Jls GosIbITMHCTBA BelllecTB IocTrogHHada Keppa B>0, T. e. n,>n,, 9T0 COOTBETCTBY-
€T IOJIOXKUTeIbHOMY KpucTayLry. Ho ecTs u BelrjecTBa, y Kotopbix B<0, T. e. n,<n,
(coupT, 9TUIOBBIN d3(PUDP).
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Ha nyTtu [ B KoHZeHcaTope MeKIy OOBIKHOBEHHOII UM HEOOBIKHO-
BEHHOU BOJIHAMM BOBHUKAeT Pa3HOCTH a3 d = 2nA/A, WIu ¢ yIeTOM
(6.17) BRIpasKeHmWe IJiA O MPUHUMAET CJIEAVIOITUI BUI:

5 =2nBIE®. (6.18)

Nzmenenue HaIIPpAMKEHHOCTHU E QJIEKTPUYECKOI'0 IIOJIA IIPUBOAUT
K IIocCjsieJOoBaTeJIbHBIM IIPOCBETJIEHUAM M 3aTeMHEHUAM IIOJIA 3pe-
HUA.

IIpumep. Jdueiiky Keppa — KOHJeHcATOp C HCCIELYEMOI KUIKOCTHIO (CM.
puc. 6.24) moMecTHUIN MEKIY JBYMs IIOJSPU3ATOPAMU, ILIOCKOCTHU
TIIPOIIyCKAHUsA KOTOPHIX IapAaJJIeSIbHBI ¥ COCTABIAIOT yroa 45° ¢ Ha-
TIpaBJeHUEM 9JIEKTPUYECKOIo IIOJIA B KOHJeHcaTope. [JmHA KOH-
nmeHcaropa pasuarl. Hatinem mocrosuuyio Keppa B JaHHOM »KUIKO-
CTH, €CJI MUHUMAJbHOE 3HAUEHNE HAIPAKEHHOCTU dJIEKTPUUECKO-
TO IIOJIA, IIPU KOTOPOM CHCTeMa He IIPOIIyCKAaeT CBeT, paBHO E.

ILmocKoCcTH TPOIyCKAHUA IOJIAPU3aTopoB P m P’ mapauiesbHbI,
SHAYUT IpU JaHHOM E( JKUAKOCTb B KOHJEHCATOpPEe JOJIKHA OBITH
miaactuHKoi B A/2. IlosTomy corsacuo (6.9) u (6.17) MmoskHO 3amu-
carb:

1-BAE® = m)/2,
rae sHauenuio £ = E; coorBerctByer m = 1. Orcioza HaxoguMm:

1

B= )
2E;

IddexT Keppa 00bsACHAETCS TeM, UTO IIPU BKJIIOUEHUU BJIEKTPU-
YECKOTO MOJISA IPOUCXOIUT IIOJAPUIAIUA MOJEKYJ TOTO yKe HUTPO-
0eH30JIa U UX BhICTPAUBAHUE II0 IIOJII0. ITO U CO3IaeT AHU30TPOINIO
BeIlleCTBa C IIPEMMYIIECTBEHHBIM HAIIPABJIEHUEM — ONMUYECKOll
0Cbl0 — BIOJIb BJIEKTPUYECKOro IIOJIS.

Hauboaee BaxuOil ocobernHocThio ahderra Keppa, obycioBian-
BAIOIIEH ero MIMPOKOe IPUMeHEHUE, ABJISIETCA BechMa MaJjasd MHEP-
nuorHOCTE (o 10712 ¢l). DT0, B WacTHOCTH, IIO3BOJIAET OCYIIECT-
BUTHh MPAKTUUECKU O0e3WHEPIIMOHHBINA ONTUUYECKUI 3aTBOD, C IIOMO-
IIbI0 KOTOPOTO M3YyYaIQT BeChMa OBICTPO IPOTEKAIOII[MEe IIPOIIECCHI.
Takoit 3aTBOp HpeACTaBIsIET COOOI IO CYIECTBY «JIYIy BPEMEHU» .
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Kpowme Toro, nanubil 5GEKT UCIOIb3YIOT AJISA CO3JaHUA CBEPX-
KOPOTKUX CBETOBBIX MMIIYJIBCOB, UTO IIO3BOJIIET OIIPEAeIATh, Ha-
mpuMep, CKOPOCTh cBeTa Ha 0Oase JsiabopaTopHOro croJsa (~ 3 m!).
IroT 3(DHeKT UCIOIb3YIOT I YIPABIEHUA PEIKUMOM PabOTHI Jase-
POB C IEJbI0 TOJYyYEHUs CBEPXKOPOTKUX HMIIYJIHCOB OIPDOMHOM
MOIITHOCTM ¥ BO MHOTUX APYIMX BeCbMa TOHKUX (DMB3WUECKUX DKC-
IepuMeHTaX.

W3meHeHNe ONTUUYECKUX CBOMCTB KpucmaJsaa IOJH IelcTBUEM
BHEIITHETO 3JEeKTPUUECKOTO MOJIA Ha3bIBAIOT 3JEeKMPOONMULECKUM
agpgpexmom Iloxkkeavca. B ornuune ot sapderra Keppa, kBagpaTuu-
"oro no E, apdext ITokkenabca 3aBucur JLuHeiltho ot E. IIpakTuue-
CKU 0e3MHEPIIMOHHOCTh U AAaHHOTO 3(h@deKTa IO3BOJSAET MUCIIOJIb30-
BaTh €ro [JIA CO3JAaHUA OBICTPOAEHCTBYIOIIMX OITHUYECKUX 3aTBO-
POB M BBICOKOYACTOTHBIX MOJYJASATOPOB CcBeTa (C IIOMOIIBIO TakK
HasbIBaeMbIX IIJIACTUHOK Kpucrajia KDP).

§ 6.7. BpameHue HalIlpaBJIieHUSA JUHEWMHOM
MOJIAPU3AI[UA

EcrecTBenHoe Bpamenue. MHoOTrHe BellecTBa, Ha3blBaeMble ONmu-
YeCKU AKMUBHbIMU, O00JIaNaloT CIOCOOHOCTHIO IIOBOpPAUMBATL Ha-
IpaBJieHUe TOJAPUBAIUY IIPOXOAAIIET0 Yepe3 HUX JIMHEWHO-TI0JI-
PU30BaHHOTO CBETA. OTO KpUCTAJJINYeCcKUe Tejia (KBapll U Ap.), UuC-
ThIe KUIKOCTU (CKUIINIAP, HUKOTUH U AP.) U PACTBOPHI ONTHUUECKU
aKTUBHBIX BEI[eCTB B HEAKTUBHBIX PACTBOPUTEJAX (BOJHBIE PACTBO-
pBI caxapa, BUHHOU KHCJIOTBI U AP.).

Eciy Ha onTHUYEeCKU aKTUBHOE BEI[eCTBO IaJaeT IJIOCKOIOISAPH-
30BaHHBIN CBET, TO IPOIIEAIINI Uepe3 HeTO CBET OKa3bIBAETCA TOXKe
IJIOCKOIIOJIIPU30BAHHBIM: IIOBOPOTOM AaHAJIM3aTOPa €ro MOYKHO
IIOJTHOCTBIO IIOTACUTh W YCTAHOBUTH IIPU DTOM YTOJ (¢ IIOBOPOTA
IIJIOCKOCTU TOJISAPUBAIUU.

B kauecTBe mpuMepa BO3BMEM KBapIEBYIO ILIACTUHKY K, BBIpe-
3aHHYIO MEePIEeHIUKYJIAPHO ONTHUYECKON P K p’
oCHU, U TIOMECTUM €€ MeKAY ABYMS CKpe-

IIeHHBIMKU ToJapusaropavu P u P’ % % 3>

(puc. 6.25). Cucrema OymeT IpomycKaTh
cBerT (uero He OBLIO OBI B OTCYTCTBHUE
mnactuaku K). IloBepHyB aHaimsaTop Puc. 6.25

P’ Ha HEKOTOPBIN yros ¢, o0HApPy:KMBaeM, UTO CHUCTEMa IepecTasa
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IIPOIIYCKATh CBeT. JTO O3HAYAET, YTO B KPHUCTaJLIe BeKTop E mosep-
HyJICA HA TOT K€ YroJl M OKAa3aJCsA MepeleHINKYJIAPHBIM ILJI0CKOCTH
IIPOIIyCKaHUs aHaiausaropa P'.

OIBIT MOKA3BIBAET, UTO BCE ONTHUYECKM AKTHBHEIE BeIlleCTBa IIO-
BOPAUYMBAIOT IJIOCKOCTH IOJIAPU3ANUY Iaa0llero Ha HUX CBeTa Ha
yrosa

o= al, (6.19)

rae | — TONIIMHA OUNTHUYECKU AKTUBHOTO CJIOSA, O — NOCMOSHHASA
épaujeHus. Ira TOCTOAHHAA MMEET PAs3jIUUYHOEe 3HAUEHUWEe AJIA Pas-
HBIX BEIIECTB M, KPOME TOTO, CHJIbHO 3aBHUCUT OT AJUHBI BOJIHBI CBE-
ta. Tak, A KBaApIieBOU IJIACTUHKU TOJIIUHON B 1 MM yIJIbI IIOBO-
poTa KeJaToro U (PUOJIETOBOTO CBeTa PaBHBI cooTBeTcTBeHHO 20° m
50°. B yabsTpaduosete errte 6osbIte: npu A = 215 aM yroa ¢ = 236°.
Takum 00pasoM, MOBOPOT ILJIOCKOCTH IOJISAPU3AIIUU CBETa KBapiiem
— 9TO CHUJIBHBIA 9(P(PeKT, M ero MOXKHO JIETKO OOHAPY KUTH.

B saBucuMOCTH OT HAIpaBJIEeHUS BPAIEHUSA IJIOCKOCTH IIOJIAPU-
3aIuy, ONTUYECKY aKTUBHBIE BEIIECTBA IIOAPA3LeIA0T HA NPa6o- U
neeoépaujarowue, T. €. BpaIaloliue N0 WUIA NPOmMué YacoBOH
CTPEJIKM, €CJIM CMOTPETH HABCMpPELY CBETOBOMY IIYUKY.

3aMeTUM, UTO BCE ONTUYECKU aKTUBHBIE BEIlECTBA CYIIIECTBYIOT
B BYX Pa3HOBUIHOCTSAX — IIPABO- W JIEBOBPAIIAIOIIUE.

BpamarenrHad cmocoGHOCTh KBapila CBA3aHa C €r0 KPUCTAJJIN-
YeCKOI CTPYKTYpPOIl, TaK KakK IJIABJEHHBIN KBapil He 00JaZaeT OIl-
TUYECKON aKTUBHOCTBIO. [[JIsT OITHUECKY K€ aKTUBHBIX JKUIKOCTEH
u aMopdHBIX Tea 3ddeKT BpamreHus o0yCJIOBJIEH acuMMeTpUuYe-
CKUM CTPOEHHEM CaMHX MOJEKYJI.

OmbIT MMOKA3bIBAET, UTO [IPU H3MEHEe-

HUY HaIlPaBJIEHUS PACIIPOCTPAHEHUS CBe-

Ta Ha IPOTHBOIIOJIOKHOE IIOBOPOT ILJIOC-

KOCTH TIOJIAPUBAINUN IIPOMCXOAUT B 00-

Puc. 6.26 paTtHyio cTopoHy (pumc. 6.26). dpyrumu

cJIOBaMU, HaIpaBJieHWe BpaleHudA (mpa-

BOE WJIU JIEBOE) «IIPUBA3AHO» K HaANpaBJeHUIO jyda. [losToMy mpu

IPOXOKIAEHUN CBETAa CKBO3bh aKTUBHYIO CpPeNy, OTPa’KeHUU €ro OT

3epKaJjia 1 BTOPUUHOTO MPOXOKAEHU Uepes3 Ty JKe cpely Hasazd Ha-
npaBjieHNde JIMHEeHNHOUN ITOoJApU3aluil BOCCTAHABJINBAETCS.
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WN3mepenne yrjia moBOPOTa IIJIOCKOCTU MOJAPU3AIUN JIEKUT B
OCHOBE METOIOB OIIpeJeeHns KOHIEHTPAIIUN OITHUUYECKMN AaKTUB-
HBIX BEIeCTB. OTHUM II0Jb3YVIOTCS, B YACTHOCTU, AJSA OIpeHeseHUs
KOHIIEHTPAIIMH caxapa B IIPOM3BOACTBEHHLIX PACTBOPAX M OMOJIOTH-
yecKuxX o0BbeKTax (KpoBb, MOYa).

MarunTtHoe Bpamenne. CriocoOOHOCTh ITI0BOPAYNBATE ILJIOCKOCTB II0-
JIApU3aluy IPUOOPETAIOT OasKe OITHUYECKN HEeaKTUBHBIE BEIECTBa,
€CJI UX IIOMECTUTH B NPONOJIbHOE MarHuUTHoe mose (agppexm Papa-
Odesa). Cxema yCTaHOBKU )i HaOJIIOAEHUA 9TOTO 3()GeKTa COCTOUT U3
COJIEHOMJA C KCCJIEAYEMBIM BeIleCTBOM, MKOTOPBLIA MOMEIIeH MEKIY
IBYMSA CKpelleHHBIMU mosapusaropamu Py P'. Co3manue MarHuTHO-
IO II0JIsI IPUBOAUT K IIPOCBETJIEHUIO IOJIA 3peHus. IIoBopoToM ILIoC-
KOCTH IIPOIIyCKAaHUs aHaausaTopa P’ no0uBaroTcs 3aTeMHEHUs, U Ta-
KMM 00pasoM HAXOAAT YIroJ MOBOPOTA ILJIOCKOCTH IOJISIPU3AIlHN:

¢=VIH, (6.20)
rae V, yra. mul/A — nocmosaunuas Bepde (unu mazHummuas epawia-
meJavHas cnocobHocms), l, M — JIJIWMHA OYTH CBETA B BEIIECTBE,

H, A/M — HaIpAXeHHOCTb MaTHUTHOTO mois . Ilocrosuuas Bepae
3aBHCHUT OT pPOJia BeIlleCTBAa, €ro (PU3MUYECKOr'0 COCTOSHUA W AJINHBI
BOJIHBI cBeTa. IIpuBeeM 3HAUEHUS 9TOI IIOCTOAHHOUN AJA ABYX Be-
IIeCTB IIPU PAa3HBLIX IJMHAX BOJIH:

V, yru. mua/A
BeiriecTBo
656 M 589 HM 486 M
Bogxa 0,013 0,016 0,025
Cepoyriiepof, 0,040 0,052 0,084

Hamnpagienue BpallleHUs CBSI3aHO TOJbKO C HaIpaBJIEHMEM Mar-
HutHoro moss H. Or mHampaBiieHus Jyda HallpaBjeHUe BpaIleHUs
He 3aBucuT. [JoaTOMY IpU OTpaKeHUH Jyuya 3ePKajJIOM U BO3BpaIlle-
HUY ero B MCXOAHYIO TOUKY IIOBOPOT ILJIOCKOCTH IOJAPUIAIUU Y.I-
BauBaeTrcs (B OTJIUYME OT €CTECTBEHHOTO BpAIIeHNUA). ITO CBOMCTBO
TO3BOJIAET YBEJIUUYUTH YTOJI IIOBOPOTA VAJUHEHUEM IYTU CBeTa B 00-
pasiie 3a cueT MHOTOKPATHBIX OTPaKEeHUU OT IocepeOpeHHBIX II0-
BepxHOCTel obpasiia.

* Nuorza dopmyiy (6.20) sanuceiBaior nHaue: ¢ = VIB, rae B — HUHIYKIUS MarauT-
HOTO TIOJISI M Pa3MepPHOCTh mocToAHHOU Bepae V' B yru. mun/(Tx - m).
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3HaK BpallleHusl YCJIOBHO CUHUTAIOT, €CJAU CMOTPETh 800Jib Mar-
HUTHOTO ToJsa (Brosb BekTopa H). 1A momaBiAmoInero 0OJbIIINH-
CTBa BeINeCTB BpallleHre IIPOUCXOAUT 8npaso (T. e. npasvlii BUHM
otHocuTebHO BeKTOpa H). Takue BelrecTBa Ha3bIBAIOT NOLOMCUMeE-
AvHBLMu. BerpeualoTca OLHAKO U ompuyamenbHble BEIeCcTBa,
BparamoInue BJaeBo (T. . JIeBbIIl BUHT OTHOCUTEJNbHO BekTOopa H).

IIpumep. Y3Kuii IIy4YoK ILJIOCKOIIOJISPU30BAHHOTO CBETA IIPOXOIUT, ABYKpAT-
HO OTpasKasich, Uepe3 IIPaBOBPAIIAIOIIee MOJIOKUTETLHOE BeIecT-
BO, HAXO/AIIEECs B IPOJOJIbHOM MarHuTHoM moJe (puc. 6.27). Haii-
JIeM yTroJi, Ha KOTOPBIN IIOBEPHETCA IJIOCKOCTD ITOJISIPU3AIIUY BhIIIIe-
OIIero IIy4Ka, ecJy AJWHA TPYOKM C BeIllecTBOM paBHa [, ero
HOCTOSIHHASI BpAIlleHUA O, IIOCTOAHHAA Bepae V 1 HaIpsSKeHHOCTH
MarHUTHOrO IoJs H.

H

——=————_ 2

Puc. 6.27

Ecin cMOTpeTh HaBCTPEUY BBIIIEAIIEMY YUKy U IIOJOKUTEIHHOE
HaIpaBJIeHNe OTCUHUTBLIBATH II0 UACOBOM CTPEJIKE, TO eCTeCTBEHHOe
BpallleHNe JAeT YroJ IIOBOPOTA Pegy = Ol > 0, IIOCKOJIBKY BEIIECTBO
npasospawaiouiee. MarauTHoe Ke BpalljeHre (BEIECTBO NOJOMCU-
meJabHoe) faetT yrosa nosopora ¢ = —VIH - N, rqe N — 4ucjio mpo-
XOXKIEeHU! IMydyKa yepe3 BelecTBo (Ha pucyHke N = 3). B cymme
yYroJl IIOBOpPOTAa

¢ =ol -VIHN.
p Tor ¢axT, YTO HAIpaBJeHNHEe Bpalle-
P HUs B MATHUTHOM II0JI€ CBA3AHO TOJBKO C
Q HampaBieHueM BeKTopa H, mosBossier
_____ H _‘,(_p___ OCYITIECTBUTh TaK Ha3bIBA€MBIA onmuue-

CKUll 8eHMUJb, KOTOPBIN CIIOCOOEH IIPO-
IIyCKaTh CBET TOJHKO B OJHOM HalpaBJe-
Huu. CkasamHoe ImoscHseT pwuc. 6.28.
Cser, mpomiefinii mocje IIOJApU3aTopa

Puc. 6.28 P MarHHUTHOe IoJIe, IIOBOpadYMBaeT ILIOC-
KOCTb IOJIApU3anuy Ha ¢ = 45° u mpoxoaut uepes mosaspusarop P'.
A ofbpaTHo, Tipoiifis P' u MOBepHYBIINCH B TY K€ CTOPOHY HA ¢, OKa-
3BIBAETCSA 3aJEPyKAaHHBIM IMoJsapusaTopom P.
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Masnasa uHepuuoHHOCTH aderra Papanea (~ 1079 ¢) mospoager
HUCIIOJIb30BATh €ro IJA MOAYJISAIMU CBeTa, IJIA CO3JaHUS OITUYe-
CKOr'o 3aTBoOpa # T. II.

6.1.

6.2.

3amaun

3akon Mauroca. JIMHEHHO-IOIAPU30BAHHLIN CBETOBOM IIYYOK IIAJAeT
Ha MOJSPU3aTOP, IJIOCKOCTh IIPOMYCKAHUSA KOTOPOTO BpAIllaeTcs BO-
KPYT OCH IyYKa C YIJI0OBOM CKOPOCThIO . HaiiT CBETOBYIO 9HEPTHUIO
W, TpoXOOAIIyI0 Uepe3 IMOJAPU3ATOP 3a OAWUH 000DPOT, €CJIU IIOTOK
9HEPruU B HajaroleM Iydke paseH D .

P e m e u ue. Corimaceo 3axkony Maitoca ® = ®Ocos2wt. Torzga suep-
U0, IIPOXOAAIIYIO Uepes IOJIAPU3aTop 3a OAUH 000POT, T. €. 3a IIepH-
on T =27n/®m, oupefesuM CJIEeAYIOIIUM BbIpa’KeHUEM:
T 2n
W = I‘Do cos’ot dt = (D—O)O jcosz(p do.
0 0

31ech BBeZleHO obGo3HaueHMe ¢ = of. VImMesa B BuAy, 4TO
2n
JcosQ(p do = <cos?p> * 21 = =,
0

noayduM B pedyabrate W = nd,/m.

Crenens moaspuszanuu. Ha myTu 4acTUYHO-TOJISPU30BAHHOTO CBETA
IIOMECTIIN OJIApu3aTop. IIpyu moBOPOTE IJIOCKOCTU IPOITYCKAHUSA II0-
JIApu3aTopa U3 IOJIO}KEHUA, COOTBETCTBYIOIIET0 MAaKCUMYMy IIPOIYC-
KaHUs, HA YroJ () UHTEHCUBHOCTH IIPOIIEAIIEro CBeTa YMEHbIIINIACh B
1 pas. Haiitu cremenp mosgpusanmuy Iafarolllero CBeTa.
PermeH ue. IIpeacraBuM 4aCTUYHO-IOJMAPUB0BAHHBIN CBET KaK CyM-
MYy eCTeCTBEHHOTO W TOJIApu30BaHHOTO (cM. puc. 6.2). Torma cremeHsb
TOJIAPU3AIUY JTOTO0 CBETAa

L b 1 1)

I, +1.% W+1,/I,°

rae I, m I, — MHTeHCUBHOCTU €CTeCTBEHHOH U IOJISIPU30BAaHHOH co-
craBnaromux. Haiinem ornomenue I,/I ;. CoraacHo ycIoOBUIO U 3aKO-
Hy Mauroca
N = I,+1./2
—_—
I cos“ o+ 1,/2
Orcroza

I/I, =2 -ncos’p)/(n-1).



Taaga 6

6.3.

6.4.

ITocsie momcTaHOBKM IIOcJeqHEro BhIpaskeHuA B (1) moayumm:
_ n-1 __n-1
1+n(@1-2cos’p) 1-mncos2¢

EcrecTBeHHEBIN cBeT magaeT 104 HEKOTOPBIM YIJIOM Ha IIOBEPXHOCTH
IIPO3PAYHOTO AM3JIEKTPHKa. IIpu 5TOM p-UyacTh CBETOBOT'O IIOTOKA OT-
paskaercs, umes cTeneHb nmoaspusanuu P'. HaliTu cTreneHb moaspusa-
U OPeJOMJIEHHOro cBera, P".

P e m e v ue. ITo onpenenenuro,

D oo — P ONE O
\
P = MaKc MUAH _ s (1)
PPy PPy
rae @, — magaromuil oTOK, ®| u ®| — CBETOBBIE IOTOKY, ILIOCKOCTD

MMOJIAPU3AINY KOTOPBIX IEePeleHIUuKYIsIpHA U MMapaljieibHa ILJIOCKO-
CTH IaJeHUud, IPpUYeM ACHO, 4yTo | > <I>"‘ (puc. 6.29, roe ToukaMu u
@, P YepTOUKAMU IIOKA3aHbl IPENMYIeCTBeH-
\ ////1:-" Hble HAIIpPaBJIEHUA KOJIeOAHUM CBETOBOI'O
Bektropa E). Ciemyer oOpaTuTh BHUMA-

HHUe Ha TO, YTO B CJydYae OTPaKEeHUA He

UI'paeT poau, 6paTh MHTEHCUBHOCTD HJIN

P"2 IIOTOK, MOCKOJBKY ILJIOIAAU IIOIMeped-

HBIX CEUEeHUI IaJaiolllero U 3epPKaJbHO

OTPaKeHHOTO IMyYKOB OJWHAKOBHI (B OT-
Puc. 6.29 JAYre OT IPEeJOMJIEHHOTO ITy4YKa).

3amnuieM Tenepb BhIPAXKeHUe [JIs CTEIIeHU OJIAPU3aAI[NY IPEJIOMJICH-
HOrO IyYKa:

-0 (@g/2-D[)[Dy/2-D]) -]

. (2
@y -pPy A =p)®, A-p)®,

Plr —

Pemus coBmectHo ypaBHeHus (1) u (2), moayuumm:

PH — p P!
1-p
Kosddumuent orpakenus. Onpenenuts ¢ nomoiso dopmya (6.4)
K02(DGUITMEHT OTPAKEeHUA eCTeCTBEHHOr'0 CBeTa IPYU HOPMAJIHLHOM IIa-
IeHUU Ha IIOBEPXHOCTH IIPO3PAYHOIO AMAJIEKTPUKA C IIOKasaTeseM
NIPeJIOMJIEHUA N.
P e e H ue. Ilo onpenenenuio, KodsQPUIINEHT OTPAKEHUA
’ !
I+

CL+I @
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6.5.

Teneps yurem, uto I, + IH = ], — UHTEHCUBHOCTb IIaJalolllero CBeTa,
npuueMm I, = IH =1,/2, Tax KaK majaloIuii cBeT ecTecTBeHHbIH. Iloa-
Tomy (opmyay (1) MOKHO 3amucaTh Tak:

p = LJ,- + LH’ . (2)
21, 2]

IlepemnuiiieM 9TO COOTHOIIEHUE € TOMOIIBI0 popmya (6.4) B caemyro-
meM Bujie

1 1| sin%(9, - 9 te2(9, — 9
P:*(Pﬁpu):* - 2( 1 2)+ gz( 1 2)
2 2| sin®(9; + 95)  tg®(9; + 9y)

IIpm manbIX 3HAUEHUAX 3 BBIPAKEHUS B KBaJPAaTHBIX CKOOKax yIIpoO-
IIAFOTCS:

:1{(91%)2 . (9192)2}[9182]2. 3)

20 (8 +95)° (9 + 97| (81 +9,

OcTaeTcd yuecTh 3aKOH IIPeJOMJIEHUA: IPU MalbIxX 3 uMeeM 9; = nd,.

ITogcranoBKa 9TOTO paBeHCTBA B (3) MPUBOAUT K OKOHUATEJIHHOMY pe-

3yJabTaTy:
_(n-1 2
P n+1)’

ITOT pes3yJbTAT IIOJHOCTHIO coBHazaer ¢ gopmysaoi (3.12).

Haiitu ¢ momompio coorHomteHuit (6.4) Koa(pdUIMEHT OTpaKeHUd p
€CTeCTBEHHOT'0 CBeTa, Iajarollero moj yriaoM BpiocTepa Ha mpospad-
HBIH OUIJIEKTPUK C IOKAas3aTejieM IIPeJOMJIeHUA 7.

Pemenue. IIycte §; u 8, — yriasl najeHnus u NpejoMIeHUA. 31ech
84 = 35, sHauUT Yy + Y, = /2 u B (6.4) OTIAUYIHO OT HYJIA OyHeT TOJb-
ko p,. ITagatomuil cBeT ecTeCTBEHHBIN, 9TO 3HAUUT, YTO y Hero I, = IH
ul, =1,/2, rne Iy — MHTEHCUBHOCTH I1aJafo1ero ceera. VIcKoMblii Ko-

a(ppunueHT

S S S o)

I, 2I, 12k (1)
B mamem ciayuae sin(9; + 85) =1, mosromy

P = sin2(91 - 99). (2)
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6.6.

6.7.

IIpeo6pasyem (2) Tak, 4TOOBI IIPEACTABUTL ero uepe3 tgd;, KOTOPBIN
II0 YCJIOBUIO paBeH 1. PasHOCTb yIJIOB B CKOOKAX C YyUYETOM TOTO, YTO
9 + 95 = n/2, sanumeM Tak:

91— 95 =9,- (/2 - 9;) =29, —-m/2. 3)
Torma Beipakenue (2) MOYKHO Tpeo0pPa3oBaTh CJAEAYIOIINM 00pasoM:
sin®(9; — 9,) = sin®@29; — 1/2) = cos’29; = (cos®9, —sin?9,)? =
2
= (1-2sin%9,)% = 1—2¥2 . (4)
1+tg79

SameHus B (4) tg9; uepe3 n u yunteiBad (2), IpeAcTaBUM HCKOMOE P,

T. e. (1), B OKOHUYATEJILHOM BHJE:

1(n?-1)
p-o|2 1l (5)
2\ n®+1
HaHOMHI/IM, p — 9TO Ta [OJIdA IIaJarollero ceera, Koropasa IIpu OoTpa-

JKeHUHU II0J] yIJIoM BprocTepa mpeBpamaeTcss B IOJHOCTBHIO IIJIOCKOIIO-
JISIPUB0BAHHBIA CBET.

IlnacTuHKa B yeTBepTh BOJHBI. KBaplieBas IJIaCTUHKA, BhIPE3aHHAS
nmapaJjjiejibHO OIITUYECKOl ocu, mMmeeT ToaIuHy h = 0,25 MM u ciy-

JKUT IJIACTMHKON B YETBEPTHh BOJIHBI IJIs CBETA C AJIMHOI BOJHBI A =
= 0,53 MrM™. [Iya KaKuX ellle AJUH BOJH B 00JIaCTU BUAUMOTO CIIEKTPA

oHa OyZeT Takske ILIACTUHKOUN A/4? CunraTh AJS IPOCTOTHI, UTO IJIA
-2
BCeX JJWH BOJH BHAMMOTIO cuekrtpa n, —n, =0,9-10°.

Pem e n ue. [Humannactuaku A/4 coraaceHo (6.8) h(n, —n,) = mli/4,

rae m — HeuerHble umcaa (1, 3, 5,...). Orcioma
A= dh(n, —n,) _ gMKM
m m

Tlocse momcTaHOBKY B 9TO BhIpakeHHe (IIOZOOPOM) HEUETHHIX 3HaUe-
HUH m, COOTBETCTBYIOINUX JJIMHAM BOJIH B BUIUMOM JHala3oHe CIeK-
Tpa, MOJYUYUM:

m = 13 15 17 19 21
A, MM = 0,69 0,60 0,53 0,47 0,43

CBeT IPOXOAUT Uepes CUCTEMY U3 JBYX CKPEIeHHBIX MOJIAPU3aTOPOB,
MeXKAy KOTOPBIMHU PACIOJIOMKEHA KBapleBas IjacTuHKa. Ee omruue-
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6.8.

CKas OCh COCTaBJIAET yroJ 45° ¢ IJIOCKOCTAMY IPOMYCKAHUA IOJIAPU-
3aTopoB. IIpu Kakoil MUHUMAJIBHOMN TOJIIMHE IJIACTUHKYU CBET C IJIN-
HOH BOJIHBI A; = 643 HM OyZeT NPOXOJUTH CKBO3b BTy CUCTEMY C MaK-
CUMaJIbHOM MHTEHCUBHOCTBIO, & CBET C Ay = 564 HM OyAeT mpaxkTHYe-
CKH BaJiep:KaH, ecau Ajid obemx AJIUH BOJH n, —n, = 0,0090 ?

Pemenue. Cornacgo (6.9) h = mi/2(n,—n,). Jua makcumyma Ipo-
IIyCKaHUA 9Ta ILUIACTHHKA [OJIKHA OBITh ILIACTHMHKON A/2, T. e. my
IOJIXKHO OBITH HEUETHBIM, a IJIA MUHUMyMa — ILJIACTUHKOMN B IIEJIYIO
BOJIHY, T. €. My JOJMKHO ObITH UeTHBIM. VI3 mpuBefeHHOH (HOPMYJIBI
clenyeT, 4To myA; = myhy. OTclOna

My _ M 14,

my Ay
IlonyuyenHnoe suHauenuwe 1,14 HaZO WpeACTaBUTH KaK OTHOIIEHWE HaW-
MeHBIIUX 3HAUeHUH YeTHOTO UHhcya My K HeueTHOMY m;. Jlerko ybenu-
ThCA (HaImpuMep, IOAOOPOM), UTO dTO OyAayT 8 m 7, T. e. my = 8 m
my = 7. BosBpamasacek K IepBoil (hopmyJie, HAXOLUM

= 777117»1 =0,25 mm.
2 (ne - n’O)

MUH

EcTecTBeHHOEe BpalieHHe IJIOCKOCTH IOJSpU3anuu. EcTecTBEeHHBIH
MOHOXPOMATUYECKHUI CBET MaJaeT HA CUCTEMY U3 ABYX CKPEIeHHBIX
MOJIIPU3ATOPOB, MEKAY KOTOPBIMU HAXOAUTCS KBaplieBas IJIACTUHKA,
BbIpe3aHHAas MEePIeHANKYIAPHO ONTRYECKOMH ocu. [locTossHHAA Bpalie-
HUA IJIACTUHKY [JId JaHHOUM JJIWHBI BOJHBI paBHA o. IIpu KakKoii Mu-
HUMAJbHON TOJINUHE ILJIACTUHKHU BCSA CHUCTeMa OyAeT MIPOIyCKaTb
T—4acTh WHTEHCUBHOCTHU CBeTa, IaJalolero Ha Hee?

Pem e uue. O603HAYNM IJIOCKOCTHU IIPO- P
MIyCKAHUs MOJAPU3aTopoB ueped P u P’
(puc. 6.30). ITocse mepBoOro moJsgpusaTopa
P WHTEHCUBHOCTL CBE€TA CTAHET PABHON E
1y/2, rne Iy — MHTEHCUBHOCTH IaJAIOIIETO ®

cBera. IIJI0CKOCTH MOJISIPUBAIIUY HTOTO CBe-
Ta IIJIACTUHKA IIOBEPHET Ha yroa ¢ = ah, Esino
h — TOJIMUHA MJIACTUHKU.

Yepes nmossipusarop P’ mpoiijer (o Mairo- Puc. 6.30
cy), KaK BUJHO M3 PUCYHKa, (I,/2) sin2cp.
3HAUUT, MBI MMEEeM

2
= o/2)sine L 20 1)
I, 2
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6.9.

Mopaynb npoekmuu BeKTopa E Ha MJIOCKOCTH IPONYCKAHUA IOJIAPU3a-
Topa P’, paBHBINI \E sin (p\, MOJKET UMEeTh MECTO IPU MHOTUX 3HAUEHUSIX
yria @, a 3HAYUT IPU MHOTUX 3HAUEHUAX U I — TOJIIUHBI ILJIACTUH-
ku. Hac mHTEpecyeT MUHUMALbHAS TOJIINHA, 00ecIIeunBaioniasa yKa-
3aHHOE YCJIOBME. ITa TOJIINHA JOJKHA COOTBETCTBOBATH MUHUMAJIE-
HOMY B3HAYEHWIO ¢, ., T. €. JOJKHO BBIIOJHATHCA YCJIOBHUE

Oy < T/2. 3HAUUT,

—ah,,.. )

(pMI/IH

IloxgcraBuB aro 3Hauenue ¢ B (1), momyumm
1 ins/2
I gacrsmﬂ n.

B sakJurouenue, mMojie3Ho y6eAUTHCA B, TOM, UTO €cJiv Obl B YCJIOBUU 3a-
Jayy He OBLIO TPeOOBAaHUSA O HAXOMKAEHUU MUHUMAJLLHOU TOIIUHBI
ILIACTUHKHU, TO YTOJ ¢, YAOBIETBOPAIUIMI IPOMYCKAHNIO 1-4acTH CBe-
Ta, OBLI OB HEOJHO3HAUHBIM, a CJIEL0BATEJbHO HEOJHO3HAUHOM JOKHA
ObL1a ObI OBITH W TOJIIAHA IUIACTUHKYU. HETPYAHO IPOBEPUTH C IIOMO-
0 puc. 6.30, UTO BO3MOYKHBIE 3HAUEHUA (P OBLIN GBI CJIELYIOIHE:

(pMPIH + Ttm’

Crm 1) - 9 rge m =0, 1, 2,...

ddbdexr Keppa. duelixy Keppa momecTuniu Mexay JBYyMs CKpeIeH-
HBIMH TOJAPU3aTOPAMI TaK, UTO HaIpaBjIeHWe HaNpsKeHHOCTH E
AJIEKTPUUYEHCKOTO IO/ 06pasoBaso yroa 45° ¢ MIOCKOCTIMH IIPO-
nyckanus moasapusaTopoB. Kougencarop umeer aauny [ = 10,0 cm
¥ 3amojJiHeH HuTpoOeHsosom. Ha cucrtemMy majgaeTr CBeT C JJINHOU
BoJsiHBI A = 0,50 MmxM. IMes B BUAY, UTO B 9TUX YCJAOBUAX MOCTOSIHHAA
Keppa B = 2,2:10°1° CM/BZ, OIIPEJe/INTh:

a) MUHUMAaJIbHYIO HANIPSAKEHHOCTh E 3JIEKTPUYECKOTO0 II0JIA B KOHIEeH-
caTrope, IMPU KOTOPO MHTEHCHUBHOCTH CBETA, IIPOIIEAIIEero Yepes 3Ty
cucreMmy, He OyIeT 3aBHCETh OT IIOBOPOTA 3aJHEr0 MOJISPU3aTopa;
0) UMCJI0 IPEPHIBAHUI CBETa €KEeCEeKYHIHO, eCJU Ha KOHAEHCATOp II0-
IaTh CUHYyCOUJAJbHOE Halps:KeHue ¢ yacToroir v = 10 MI'n u ammiu-
TYZHBIM 3HaueHMeM Haups:xeHHoctu E = 50 kB/cwm.

PemeHue. a) JIerko coodpasuTh, YTO UHTEHCUBHOCTH IIPOIIEAIIIETO

cBeTa He 6y,ae'r 3aBHUCETH OT IIOBOPOTa 3aJHEI'0 IIoJidpu3aTopa TOJIBKO B
TOM cJiy4dae, eCJiid CBeT IIOJIAPpHu30BaH II0 Kpyry, T. €. HHTpOGeHSOJI Be-

IeT cebsa B 9TOM CJiyuae Kak IJIaCTMHKA A/4. 9TO 3HAUUT, YTO COTJIAC-
HO (6.8) u (6.17)

1-BAE® = m)/4,
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rge m — HeYeTHOe, U II0 ycJOoBUIO (E JOIKHO OBITh MUHUMAJIbHBIM)
m = 1. Orcroma

=10,6 kB/cm.

1
EMHH ==
2+IlB

6) Cuauaja HaiiieM 4ucJo npepbiBanuii £
3a BpeMs, B TeueHHe KoToporo E Bospa- O
4
craet (puc. 6.31). Us ycioBus 3
2
1
0

IBLEZ =m0k

MakKc

HaigeMm m,,... Cipasa B aToil (hopmye
3aIllCaHo IeJoe YMCJIO JJUH BOJH, IIO-
CKOJIBKY TOJIAPHU3aTOPhl CKPeIleHbl, U
B OTOM CJyuae IPHU IeJbIX 3HAUYEHMHAX
m uHTeHCuBHOCTb I| = 0 corjacHO Tab- Puc. 6.31

nure (6.15). I3 mocyenmero paBeHcTBa
mmocje IOJCTAHOBKM UYMCJIOBBIX 3HAUEHHUN HAXOIUM

Myaxe = [9,5] = 5.

KBagpaTHble CKOOKM 0O3HAYAIOT, UTO CJEAyeT OpaTh Ilejioe YHCJIO OT
MMOJIYUYeHHOTro 3HaYeHus. 3a mepuok T TaKux IpepbiBaHuii Oyzer (cm.
puc. 6.31)

N = dmy. + 2 = 22,

re IBOMKA COOTBETCTBYET TOMY, uTo ipu E = 0 cucteMa ToKe He TIPO-
IIyCKaeT CBET, a TaKWX IMIPephIBaHUI 3a Imepuof OyZeT aBa.

Yucso npepriBasuil 3a 1 ¢
Ni=Nv=2,2-108 c1.

6.10. MarauTtHoe Bpamenue. HekoTopoe BeIecTBO MOMECTHUJIN B IIPOJOb-
HO€ MAarHUTHOE II0JIe COJIEHOUIA, PACIIOJIOKEHHOTO MEXKAY ABYMS II0-
napusaropamu. auHa Tpyoku ¢ BemtectBoMm [ = 30 cm. HatiTu mo-
crosiHHYI0 Bepme, eciau NOpuU HANPAMKEHHOCTH MATrHUTHOTO IIOJIS
H = 12,0 KkA/M yros moBopora IJOCKOCTU IOJAPHU3ANAHA (p; = +2°15'
JJ15 OJJHOTO HAIIPABJIEHUA MOJIA U ¢y = —1° 06’ 1J1a TPOTUBOIIOI0KHO-
ro HaIpaBJIEHUS.

P em e nue. U306pasuB no JByM 3HAUEHUAM ¢ IpadUK 3aBUCHMO-
ctu O(H) — oH jJoikeH OBITH JMHENHBIM (puc. 6.32), oOHapy:xuBa-
eM, UTO IpsAMas He IpoxoauT ueped Touky 0. OTo os3HAauaeT, UTO,
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KpOoMe MarHUTHOT'O BPAIlleHUs, BEIecT-
BO 00J1a/1a€T U eCTeCTBEHHBIM BpAII[eHHU-
em. IlocnenHee MOYKHO WCKJIIOUUTD,
ecau cootHomrenue (6.20) samumcarb
78 YIJIOB @ U (g, a 3aTeM B3ATHh UX

H pas3HOCTH:

] 0, 91 — 02 = VI(H, - Hy),

rne Hy=—-H, = H, nostomy H; — Hy =
Puc. 6.32 2H. B pesyubrare
y=91"%2 _ 215"~ (-1 063) = 0,028 yru. mun/ A.
2lH 2:03-12-10




Tnaesa 7

B3anmopencreme cBeTa C BeLLEeCTBOM
\ 4

§ 7.1. Ilucniepcusa csera

Hucnepcus céema — 3TO ABJIEHUA, 00YCIOBIEHHBIE 3aBUCUMO-
CTHIO IOKAa3aTeJ/isl MPEeJOMJIEHUS BeIlllecTBa OT JUHBI BOJHBI (MU
YaCTOTHI):

n =71, (7.1)

roe A — IJIMHA BOJIHBI CBETA 8 8AKyyMe.

IIpousBoxuyio dn/dA HaswIBatoT ducnepcueil seu,ecmea.

Il mpo3pauyHbIX OECIIBETHBLIX BeINEeCTB rpadUK 3aBUCUMOCTU
n(\) B BUAMMOI 4YacTH CIIEKTpa HMeeT BHJ, MNOKa3aHHBIN Ha
puc. 7.1. IHTepBas AJIUH BOJH, B KoTopoM dn/dA < 0 (kak Ha pu-
CYHKe), COOTBETCTBYET HOPpMALbHOU ducnepcuu. Te Ke MHTepPBaJIbI
OJUH BOJIH, T'Ie aucrnepcus: sermfectBa dn/dA > 0, COOTBETCTBYIOT
anomanvrol ducnepcuu. Ha puc. 7.2 norkasaH rpaduKk 3aBUCUMO-
ctu n(A) ¢ yuacTKaM¥y HOPMAJILHON M aHOMAJbHOU AHCIIEPCUU. 3a-
METHUM, UTO 00JIaCTh aHOMAJIbHOU AMCIEPCHUHN COBIALAET C II0JIOCOI
noryorteHua u(L).

n
n
1\
/ \
%/ \
/ \
A A
Puc. 7.1 Puc. 7.2

Bce BeriecTBa B TOI MM MHOU CTEIIEHU SABJIAIOTCA AUCIEPTUPY-
omuMu. Bakyym, Kak mokasajau TIaTesJbHble HCCIeLOBaHUSA, NUC-
mepcueil He obJazaer.



Ananuruyeckuii BuJ 3aBucuMocTu n(A) B 0o06JiacTU HOPMAJbLHON
IUCIEPCUN JJIA He CAUIIKOM OOJIBIIINX WHTEPBAJIOB IJUH BOJH MO-
JKeT OBITH IIPeICTaBJIeH IIPUOJMKEeHHOU (popMyJIoi

n=a-+b/\2 (7.2)

rae a u b IOJOKUTEJbHBIE IIOCTOSAHHBIC, 3HAUEHUS KOTOPBIX MIJIs
KaKJIOTO BEIeCTBA ONPENeIAI0TCA M3 OIIbITA.

IIpumep. Ha puc. 7.1 u 7.2 uzobpaxkeHbl rpadUKY 3aBUCUMOCTH TOKA3aTeJIA
IPeJIOMJIEHUSA BEI[eCTBa OT JJIWHBI BOJHEL 71 (A). VI3o6pasum coot-
BETCTBYIOIIUe rpaduKu 3aBUCUMOCTEH 7 (M), TIe ® — IUKJINYe-
CKas 4acToTa CBeTa.

Puc. 7.3 Puc. 7.4

ITockoabKy ® oo 1/A, JI€ErKO IPOBEPUTH, YTO rpaduKu n (®), COOT-
BETCTBYIOII[Ee YKA3aHHBIM PHUCYHKaM, TaKOBBI, KaK IIOKAa3aHO Ha
puc. 7.3 u 7.4. Ilpuuewm, B ciryuae rpaduka, IPUBEIEHHOTO HA PUC.
7.3, BaKOH IUCIIEPCUU B COOTBETCTBUU ¢ hopmy.ioi (7.2) mpuHUMA-
eT BUZ

2
n=a+bw’,

rme mocrosiHHadg b' = b/(2nc)2.

§ 7.2. Knaccuueckasi Teopusi JUCHEPCUU

Iucmepcuio cBeTa MOKHO, 00'bSICHUTD HA OCHOBE 3JIEKTPOMATHUT-
HOU Teopuu U JIEKTPOHHOI Teopuu BeiectBa. CTPOro roBops, ABU-
sKeHUe (TOuHee — TOBEIEHUE) DJIEKTPOHOB B aTOME€ MOAUMHAETCS
3aKOHaM KBaHTOBOI dusuku. OQHAKO [ KaUeCTBEHHOTO ITOHMMA-
HUSA OUCIEPCUM CBETA JOCTATOUYHO OrPAHUYUTHCS KJIACCUUYECKUMU
IIpeICTABJIEHUAMM, KOTOPbIe, KAaK 9TO HU YAUBUTEILHO, IIPUBOLAT
K TeM ’Ke pesyJbTaTaM, UTO XU KBAHTOBAs TEOPHUSI.
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HUrak, mocraBuM mepen coboiil 3amauy OO0BACHUTH XOJ 3aBUCHUMO-
ctu n(w). MbI 3HaeM, YTO B M30TPOIHOM HEMArHUTHOM cpefe n = Je.
B cBoto ouepens € MOKHO HAWTH M3 COOTHOIIEHUA € = 1 + %, rae u —
IUSJIeKTPUYECKAsd BOCHPUMMUYMBOCTD, KOTOpas ABIAETCI K0od(hQu-
nueHaToM B cooTHomeHud P = xe E, P — mossapusoBasHOCTB, T. €.
OUIIOJbHBIE MOMEHT eNUHHUIILI 00bema. Taxum oOpasom,

8:1+7Px(t) , (7.3)
SOEx(t) :
rae P, — npoexnusa BekTopa P Ha ock X, BIOIE KOTOPOH coBepIIa-
oTca Konebauus BekTopa E.

UssectHo, uro P, = nyp,, rie n, — KOHIEHTpPaLUA NUIIOJeEH,
P, — TOEKIUs JUIOILHOTO MOMEHTa OTAeJbHOIOo AUNONA. B manb-
HelimeM MBI OyeM paccMaTPUBATh IIPOCTEHNIITYIO MOIEJIb BEIllecTBa,
COCTOSAINEr0 W3 HE B3aMMOJEHCTBYIOIIMX APYTr C IPYrOM aTOMOB.
Kaxxkaprii aToM mpenacraBiseT cO00 AOpPO, OKPYKEeHHOe OBICTPO
OBUKYIITUMUCA 3JI€KTPOHAMM, KOTOPhbIE B COBOKYIHOCTU KakK ObI
«pasMasaHbl» IO chepuUYecKOd CHMMETPHUUYHON 00JacTH BOKPYT
anpa. [losToMy IPUHATO TOBOPUTH, UTO SAAPO C 3aAPALOM ¢ OKPYIKe-
HO <«3JIEKTPOHHBIM O0JIAKOM» C 3apsamoM —(.

B orcyrcTBue BHermrHero moJiad E IeHTp 3JeKTPOHHOTO obJlaka
COBIAJAET C AAPOM, U AUIIOJbHBLIM MOMEHT aToMa paBeH HyJ0. [Ipu
HaAJIWYUU Ke BHeINHero mojsa E sjJeKTpoHHOoe 00JaK0 CMeInaeTcs
OTHOCHUTEJbHO IMTPAKTUUECKH HEIOABUKHOTO sApa, U BOSHUKAET -
OJbHBIN MOMeHT p = ¢ql, rme ¢ > 0, al — BeKTOp, IPOBEIEHHBIN U3
ImeHTpa «obslaka» K AApy. IIpoekius BeKTopa p Ha ochk X paBHA

Px=ql, = q(—x) = —qx, (7.4)

3leCh X — CMellleHre IeHTpa «o0JlaKka» U3 IOJIOKEeHUA PaBHOBE-
cus, T. €. OTHOCUTEJbHO AApa. 3aMeTUM, YTO I[EHTD «O00JIaKa» Be-
IeT cebA KakK TOUYEUHBIH 3apsan —(.

C yuerom (7.4) BbIpakenue (7.3) MOKHO IIPeICTABUTH TaK:

N no(—qx).
SOEJC

e=1 (7.5)

Kaxk BugHO, 3amaua cBoguTCA K onpeaeaeHuto x(t) mox meiicTBU-
em E (2).



[\
W

(V]
el
H
P
]
P

N

I[JIH 9TOro 3alIunieM ypaBHEHMNE NBUXXEeHUNA 3JIEKTPOHHOI'O o0Jia-
Ka KakK

mix =—kx —rx + qE,, cos ot, (7.6)

roe m — Macca 9JeKTPOHHOTO obJiaKka, a CIpaBa 3aIllMCaHBI IIPOEK-
Uy Ha och X KBA3UYMIPYTo#l CUJIBI, CHJBI «COIPOTUBJIEHUI», 00Y-
CJIOBJIEHHOU UYeM-TO BPOZE «TPEHUA» 00JIaKa O AAPO, W BBIHYKIAI0-
el CUJILI CO CTOPOHBI TAPMOHUUYECKOUN 3JIeKTPOMATHUTHON BOJIHBI
YacToThl ®. MarHUTHOII COCTaBJIAIOIIEll STOM CUJIBI MbI IIpeHeOpera-
€M, IIOCKOJIbKY B HEPEJIATUBUCTCKOM CAyUae OHA HUUTOYKHO MaJia.
PasgenuB ypaBuenue (7.6) Ha mi, /IpuBemeM ero K BUIY

X+ 2px+ (o%x = f,, cos wt, (7.7)

2
rme wy =k/m, 2B = r/m, f,, = qE, /m.

Ilyis Teopuu AUCIIEPCUU MMeeT 3HaueHue He o0Ilee, a TOJBKO Ya-
cTHoe (ycTaHOBUBIINIeecs) perrenue ypaBHenus (7.7):

x =acos(ot — @), (7.8)

TJle @ — aMILIUTy/Aa KojaebaHumil, (¢ — pPasHocThb (a3 MeXIy cMelre-
HHUeM X U «CHJIoi» f,, coswt. IlogncTaHOBKA HTOTO peIlleHUA B ypaB-
Henue (7.7) MO3BOJISET C IOMOIILI0O BEKTOPHOM AUarpaMMbl HAWUTH
3HAUEeHUA aMILIUTYJbl @ U pasHocTu (a3 ¢, a MMEHHO

T . teo= 2Bw2 (7.9)

a=
J@h - 0®)? +4p2o’ 0y — O

(perterne ypaBHeHus (7.7) mMoapoOHO paccMaTpPUBAETCS B TEOPUU
KoJiebaHmin).

OrpanuymMcsa IIPOCTEHIIUM gaydaeM, Korma 2Po < (0)% —(oz),
T. €. KOT[la BBIHYKAAIomasa ya¢rora (1oJis) He oueHb 0JIu3Ka K co0CT-
BEHHOII 4acToTe (), KoJeOaHUll BJIeKTPOHHOTO obnaKa 1 Koa(pdumu-
€HT 3, XapaKTepU3yIOIINi 3aTyXaHue, JOCTATOUHO May. B aToM ciry-
4Jae, eClId ® < ®,, TO

x(t) =%cos ot. (7.10)
®y — ®

Takoil sxe pesynabTaT OyZeT U IPU ®> ®,, KOorga ¢ =T.
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Ocraercsa nmoxacrasuThb (7.10) B (7.5) m yuecThb, UTO BBIHYKIAO-
masa cuna B (7.6) gE, coswt =—gE,.. B pesynabraTe mosydum:

b
8=1+72

0y — ©

(7.11)

roe b = noqz/aom = N0e2/80me, N, — KOHIEHTpaIusA JJCKTPOHOB
(3mecw yuTeHo, uTO ¢ = Ze, m = Zm,u N, = Zn,, Z — 4HUCJIO dJIeKT-
DOHOB B aToMe).

PaspeiB pyEKnuN £(0) IPpU O =0, 4
oOpallleHre ee B o0 He MMEIT (husmde-
CKOTO CMBICJIA, 3TO MOJYUYUJIOCH BCJIEMACT-
BUe urHOpupoBaHmusa 3aryxauua (§ — 0).
Ecau ke ero yuecTb, TO XOI KPUBOU OY-
IeT uHBIM (puc. 7.5) U ZOCTATOUYHO XOPO-
110 TOATBEPIKIAETCA JKCIEPUMEHTATIHHO
(cpaBHUTE C puc. 7.4). 3aBUCUMOCTE X(®)
XapaKTepuayeT IIOJIOCY IOTJIolIeHusA. Kak pas ¢ Hell coBmamaer 00-
JacTb aHoMasbHOM muctepcuun (dn/do < 0).

3aMeTHM, YTO COOCTBEHHBIX YAaCTOT (); MOXKET OBITH HECKOJBKO
B aTOMe, COOTBETCTBEHHO Oy/IeT U HECKOJBKO 00JiacTell aHOMAaJIbLHOM
pucnepcuu. Kpome Toro, Kak BUJHO U3 pPuc. 7.5, IPHU ® > ®, IOKa-
3aTesib IIpeJoMaeHus (n =\/E) OymeT MeHbIlle efUHUIBI, a 3TO 3Ha-
4uT, 4TO (ha30Basi CKOPOCTH 3JIEKTPOMATHUTHOM BOJIHBI U = ¢/Nn OKa-
spIBaeTca Oonblile ¢! Ilomo6HOEe MMeeT MecTo B IIasMe, Iae o, = 0
(pJIEKTPOHBI CBOOOAHBIE), U [IJIA PEHTTEHOBCKOTO WUBJIYUYEHUSA
(o > oy). Huxaxoro mpoTuBopeuns c Teopueil OTHOCHUTEJbHOCTHU
3nech HeT. IlocmenHAA yTBEPIKJAET, UTO CKOPOCTh CUZHALA (MMITY-
Jbca) He MOJKET IIPEeBBIIATEL ¢. IIoHATHE jKe moKas3aTesid IpeoMIIe-
HUS TPUMEHUMO K MOHOXPOMATHUYECKUM 3JIEKTPOMATHUTHBIM BOJI-
HaM, 0ECKOHEUYHBIM B IIPOCTPAHCTBE U BO BpeMeHU. TaKue BOJHBI He
MOTYT CJIY:KUTH [JI TIepeJavn CUrHajaa, a KPpoMe TOTO, UX B IPUH-
IUIe HeBO3MOYKHO OCYIIIECTBUTH.

W3 Bepaskenuda (7.11) BbITeKaeT u eIlfe ONHO HEOKUAAHHOE
clefCcTBUE JJIA clydas, Korjga o, = 0 (Hampumep, B Tol ke Ijas-
me). IIpu 3TOM ycIoBUM, KOTZA 4a¢TOTA 3JIEKTPOMATHUTHOM BOJHBI
0<+b, OKasbIBaeTCA, UTO AUINIEKTPUUECKAT IPOHHIAEMOCTb
&(w) < 0, a ciemoBaTesbHO, TOKA3aTeNb MPEJIOMJICHUA AJIA TaKUX
9acTor (1 =+/¢) CTAHOBUTCA MHUMbBLM, U €0 MOYKHO IPELCTABUTH
Kak n =ix. BeliAcHMM, UTO 3TO O3HAYaeT.

Puc. 7.5
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3anuireM ypaBHEHHE 3JEeKTPOMATrHUTHON BOJIHBI B KOMILIEKC-
HOU (popme:
N i(x — o)
E :Eoe N

roe k= 2n/\, A — nauHa BOJHBI B cpene. Eciu niauHa BOJHBI B Ba-
KyyMe Ag, TO A= Ay/n, U

k=2 5y i,

0
rae ky = 2n/Ay u n = in. llogcraBuB BBIpaXKeHUE AJIA kB B MCXOTHOE
ypaBHeHUe BOJIHBL E(X,!), HOJIy4YUM:

7~ —iwt
EZEjexp(—nkoxke
UJIN OJIs OeHCTBUTEJbHOW YacTi
E = Eexp(—kyx)cos .

Buamo, uro B paccMarpuBaeMOM CJIydae MBI HMEEM CTOSUYIO
BOJIHY, aMILINTYAA KOTOPOH SKCIOHEHIIMAJbHO 3aTyxaer . DakTu-
YeCKHM STO O3HAUaeT, uTo majaydeHme npu £ < 0 He MOMKET IIPONTH
yepes IJIadMy W MPOUCXOIUT IIOJHOE OTPAKEHWNEe ero B MOTPaHUU-
HOM cjoe. Ha sToM, KcTaTu, OCHOBAH MeTOJ OIpelesieHNsA KOHIIeHT-
panuy 3JIeKTPOHOB B ILIasMe.

IIpumep. IIpu 30HAMPOBAHUY PA3PEsKEHHON IIAa3Mbl PAAMOBOJHAMY PA3JIAY-
HBIX J4aCTOT oﬁHapy;}cmm, 4TO PpagroBOJIHBI C HaCcTOTaMW, MEHBIIIN-
mu, geMm vy = 400 MI'p He mpoxomAaT uepes mnasmy. Haiimem KoH-
IEHTPAIINI0 CBOOOIHBIX 9JIEKTPOHOB B 9TOM ILIasme.
PaanoBosIHBI He IPOXOAAT Yepes ILIasMy, a OTPaXKaloTcsa OT Hee,
KaK MBI BBIACHUJIX, IIPDU MHMMOM IIOKas3aTeJjie IIpeJIOMJIEeHUudA, T. €.
OpY SHAUYEHUM IUdJIeKTpuuecKoil mpouumaemoctu ¢ < 0. Mmes B
Buay (7.11) u yuntsiBag, 4TO JJIA CBOOOJHBIX 9JIEKTPOHOB 0y = 0,

IIOJIyUYMM:

2
N e

2
£/11,M

gw)y=1- <0.

* B o6m1eM caydae BBOAAT KOMNLCKCHbLIL NOKA3AMENLb NPEJOMILCHUL Il = 1 + i%, TAe n
ompeseiseT Pazo8yr0 CKOPOCMb BOJHBI U = ¢/N., 8 MHIMYIO YaCTh X Ha3bIBAIOT NNOKA-
3amenem 3amyxanus. OH XxapakTepusyeT 3aTyxaHUe BOJHBI II0 Mepe ee Pacipo-
cTpaHeHUsA. 3aTyxaHue He 0013aTeIbHO CBA3AHO C IIOIVIOM[EHNEM SJIeKTPOMATrHUT-
HOU BOJIHBI, IPIMEPOM TOMY CJIYKHUT PasoOpaHHBIN IpUMep.
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Orcofa HaXOJUM HCKOMYIO KOHIIEHTPAIIUIO CBOOOTHBIX 9JIEKTPO-

HOB:
Ny = some(x)z/e2 = 47:280vg/e2 =2,0-10%m°.
§ 7.3. I'pynnmoBasi CKOpPOCTH
Boanosoii maker. CTpOFO MOHOXpOMAaTHU4YeCKasad BOJIHaA — 9TO

uneanu3anusd. TaKux BOJH B IIPHUPOJAe HeT. Jlobas peasibHas BOJI-
Ha, corjiacHo Teopeme Pypbe, MOKeT OBITH IIPeACTaBIeHa KaK CYy-
MePHO3UITNS MOHOXPOMATUYECKUX BOJIH C PA3JIUUYHBIMU AMILIUTY-
IaM{ W 4aCcTOTaMH ® B HEKOTOpoM mHTepBasie Aw. Cyleprosuiuio
BOJIH, MaJIO OTJIMYAIOMIUXCA APYT OT APyra IIo gacTortaM (Ao < o),
Ha3bIBAIOT B0JIHOBbLM NAKemMoM WIN zpynnoil 60.H. Bua BoIHOBOTO
makKeTa B HEKOTODPBIM MOMEHT BpeMeHU IIOKasaH Ha puc. 7.6. B ero
mpesesax MOHOXPOMATHUECKUE COCTABJIAIOINE YCUIUBAIOT APYT
Ipyra, BHe IlaKeTa IPAaKTUYECKU TacAT APYT Apyra.

E,

Puc. 7.6

B Bakyyme Bce MOHOXpOMAaTHWYECKHe BOJIHBI, OOpasyroIiue IIa-
KeT, PACIPOCTPAHAIOTCA, KaK y)Ke ObLIO CKa3aHO BHIIIE, C OJUHAKO-
BOll (ha30BOM CKODPOCTHIO

0= w/k, (7.12)

rae B — BosHOBOe umcio (2m/2). C Tako#l Xe CKOPOCTBHIO PACIIPO-
CTpaHdeTCA B BaKyyMe M CaM BOJIHOBOM IaKeT, He M3MEHAA CBOeH
(GOPMEL.

I'pynnmoBasi ckopoctb. B gucmeprupyrolneil :Ke cpejie BOJHOBOM
TakKeT PACIJIBIBAETCHA, MOCKOJBKY CKOPOCTH €ro MOHOXPOMAaTUYe-
CKUX COCTaBJIAIOIIUX OTJUUYAIOTCA OPYT OT APYyra, U HMOHATHE CKO-
poCTH TaKOU BOJIHBI TpebyeT yTOUHEHU.



Ecau gucnepcusi ;oCTaTOYHO MaJjia, pPacILibIBaHNUE BOJHOBOTO IIa-
KeTa MPOUCXOIUT He CIUIIKOM ObICTPO. B 9TOM ciayuae BOJHOBOMY
MmakKeTy MOXKHO MPUIIHCATHL CKOPOCTDL U, C KOTOPOU IepemeIaercs
€ro «IIeHTP TSYKeCcTU». JTO TaK Ha3bIBaeMas zpYnnoeas CKopoCmb.
CoOTBeTCTBYIOIINII pacueT AAaeT, UTO I'PYIIIOBAs CKOPOCTh OIIpee-

JdeTcda KaK
(713

ITosscHuM 2Ty (hopMyay Ha MpHMepe CYIepPIO3UIUU ABYX BOJH C
OIVMHAKOBON aMILINUTYION M HECKOJbKO OTJIUUYHBIMU APYT OT Apyra
anauHaMu BOJH (u wactoramu). Ha\pic. 7.7, a moKasaHO UX OTHOCHU-
TeJIbHOE PACIIOJIOJKEHUEe B HEKOTOPBII MOMEHT BpEeMeHM, a Ha
puc. 7.7, 6 — pesayabraT ux cymnepmnosuiniuu. Hac OymeT mHTEpeco-
BaTh CKOPOCTH, C KOTOPOI IepeMeIllaeTcsi MeCTO C MaKCHUMaJIbHOM
aMILIATYI0 — 9TO U OyIeT CKOPOCTH BOJIHOBOTO ITaKeTa — TPYII-
moBasi cKopocTb. OmpenenuM ee BeJUUUHY.

/\/\f\/\/\/\/\/
\/\/\/\/\/\/\/\/X

6)/\/\/\/\/\
\/VV\/ Y

Puc. 7.7

IIycTs ypaBHEHNUA 3TUX ABYX MOHOXPOMATHUUYECKUX BOJH UMEIOT
BULI:
E, =Acos(ot —kx),

E; = Acos[(o+ do)t —(k + dk)x].
B pesynbTaTe MX HAJOKEHHA 00pasyeTCA CyMMapHAs BOJHA

E=E, +E, =2A costdm_Txdkcos(mt — kx). (7.14)
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ITo BBIPaAKeHUe MOXKHO paccMaTpUBaTh KaK ypaBHEHUE MOHO-
XPOMATHUUYECKOUN BOJIHBI, AMILJIUTYAAa KOTOPON MEHAETCA 10 3aKOHY

Ay = 94 cos 1A@ — xdk

Orcroma cienyeT, UTO' TOUKH, COOTBETCTBYIOIHE, HaIpumep,
MaKCUMyMy aMILJIUTYAbI, OBUMKYTCA II0 3aKOHY

tdow — xdk =0,

otrkyga x =(dw/dk)t. BesmunHa B CKOOKaX M €CTh I'PYIIIOBAA CKO-
pocth (7.13).

BripakeHue [ I'PYIIOBON CKOPOCTH MOYKHO IPEICTABUTH B
WHOM BuIe. 3aMeHUB ® uepes vk coryacHo (7.12), momyumm:

d dv
=—Wk)=v+k—. 7.15
u dk( ) % ( )

Taxk xax k=2n/\A u dk =—(2n/7»2)dk, rme A — IJIUHA BOJIHBI
6 cpede, To BBIpaskeHme (7.15) MOKHO mepemmcaTrh Tak:

UZU—k@ 7.16
d}\,. (' )

9To Tak HasbIBaeMas ¢popmyna Panes. B obnactu HOpMaIbHONR
nucnepcuu (dv/dA > 0) rpynmoBasi CKOPOCTH 1 OKAa3bIBAETCA MEHBIITE
(dasosoit ckopoctu v. B orcyrcrBue qucnepcuu dv/dA =0, u rpymnmo-
Bad CKOPOCTH coBIazaeT ¢ (a3oBoil (00 3TOM yiKe T'OBOPMJIOCH).

CyiiecTByeT mpocToil rpaduyecKuil crocod HaXOKJeHUA TPYI-
mOBO¥ CKopocTu 1o KpuBoii v (A). OH mokasaH Ha puc. 7.8. B ciy-

Puc. 7.8



Yyae IPYHNObI BOJH POJIb UT'PAET TOJBKO MAaJIbINl YUaCTOK KPUBOI V(L)

B y3KoM auamasoHe AL (AL < A). OTpe3oK, KOTOPBIHI OTCEKaeT Ha

ocHu OpAWHAT KacaTesbHasg K KpuBou (L), IPOBeIeHHAS Yepes3 TOoU-

Ky A, paBer v — A(dv/d)), T. e. rpyIIIOBOM CKOPOCTH U IIPU TAaHHOMK

OJVHE BOJHBI A.

IIpumep. Hatinem BoIpaskeHUe Ui TPYIIIOBOM CKOPOCTU B CPeJle ¢ M3BECTHOM
3aBHCHMOCTBIO IIOKa3aTeJid IIPeJIOMJIEHUA OT YaCTOTHI dJIEKTpOMAar-
HUTHON BOJIHBI, 1(M).

Byznem mcxonuTh m3 OIpefesieHusA I'PYIIIOBOM CKOpPOcTu — (opMy-
aet (7.13). IlpmHmMas BO BHHMAaHUE, UYTO (a3oBasg CKOPOCTH
v = o/k = ¢/n, DoJIyYUM

k=on/c.

Temeps Bo3bMeM mpomsBogHy0 dk/dm:

dk d (on 1 dn
—=—|—|==|nFro—.
do do\ ¢ c do
TlogcranoBKa 00paTHOrO 3HAYEHUS STOM BeJIWYUHBL, T. €. dw/dk, B
(7.13) mpuBOAMT K MCKOMOMY De3yJIbTATy:

p-de_ e
dt¢  n+ o(dn/do)

B HeKOTOPBIX ciIydyadAx TPYHIOBasg CKOPOCTb, BHIUNCJIEHHAA IIO
IIPUBENEHHBIM BBIIIE (DOPMYJIaM, QKa3bIBaeTCA OOJIBIIIE ¢ — CKOPO-
cTu cBeTa B BakyyMe. Tak Gymer, HampuMep, B 06JIaCTH aHOMATbHOM
AUCIIepCU. OTO He IPOTUBOPEUUT TEOPUU OTHOCUTEJIbHOCTU, MO0
TPYIIIOBasA CKOPOCTh BHIPAKaeT CKOPOCTh CUT'HAJIA JIUIIIH TOTAA, KOT-
la BOJIHOBOI WMITYJIbC B IIPOI[ECCE PACIIPOCTPAHEHUSA IPAKTUUYECKU
He M3MeHseT cBoeil hopMbl. B obislacTu ke aHOMAJBHOM AMCIIEPCUN
UMIYJbC CUJIBHO He(OopMUPYETCS, U TPYIIIOBas CKOPOCTh B TAKUX
YCIOBUAX yTpauMBaeT OIpeIe/ieHHOe (DU3MUYeCKOoe COAepiKaHue.

I'pynmoBasi CKOpOCTh ¥ IEpPeHoC dHePruu. PaccMoTpuM BOIPOC O
CKOPOCTU PACIPOCTPAHEHUS JHHEPIUM, IEPEHOCUMON dJIEKTpOMAar-
HUTHOU BoJHOU. IIperke Bcero sameTum, uTo (ha3oBasg CKOPOCTH MO-
HOXPOMATUYECKON BOJHBI HE MMEET HUUYEro OOIIEero CoO CKOPOCTHIO
nepeHoca sHepruu. PasoBas CKOPOCTb YCTAHABIUBAET TOJBKO CBA3h
MeRIy dasamMu KoJsiebaHWH B Pa3IMYHBIX TOUKAX IIPOCTPAHCTBA.

CTporo MOHOXpPOMAaTHUUYECKAsA BOJIHA HE MOYKET CIAYKUTDH [JIis Iie-
penauu curHaJjia, MIOCKOJBbKY OHA He MMeeT HU Hauajia, H KOHIIA BO
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BpeMeHHU U IIpocTpaHcTBe. I10aTOMYy pacupocTpaHeHre CUTHAJIA CBs-
3aHO C IepeMeIleHneM U3MeHeHUll aMILIUTyabl. VI B Tex ciaydasx,
KOT/Ia IPYIIIIOBAas CKOPOCTH UMEET CMBICI (T. €. 9JIeKTPOMAarHUTHBIH
WMITYJIbC PACIPOCTPAHseTCA He PAacILIbIBasiCh), OHA COBIIALaeT CO
CKOPOCTBIO IIEPEHOCA dHEPIHU.

HWrak, B ob0macTu, HajJeKol OT O0JIACTH CHJILHOT'O IIOTJIOII[eHIS,
CKOPOCTh IIepeHoca YHePruu B TPYIIIIe BOJH COBIIafaeT C IPYIIIIOBOM
CKOPOCTBIO.

IIpamble M3MepeHUsT CKOPOCTU CBETa CBOIATCA K M3MEPeHUIO
paccTosgHUsA, MPOXOAMMOTO CBETOBBIM CHUTHAJOM (MMITyJIbCOM) 3a
OIlpe/ieJIEHHBLIN HPOMEKYTOK BpeMeHH. JTOT METO] HPaKTUUYeCKU
IaeT TPYIIIOBYIO CKOpocTh. To ke caMoe, KaK ITOKa3bIBaeT MOApPo0-
HBIM aHaAJINU3, OTHOCUTCS KO BCEM H3BECTHLIM KOCBEHHBIM METOAaM
U3MepeHusi CKOpocTu cBeTa. PasoByI0 sKe CKOPOCTh (TOUHee, OTHO-
menue (has3oBBIX CKOPOCTEH B ABYX Pas3JIUUHBIX Cpelax) MOYKHO
OIIPeeJIUTh IO OTHOIIEHHUIO IIOKasaTejiell IIPeJIOMJIEHNs, UJIN BOC-
II0JIb30BABIIINCH 3aKOHOM MIPEJIOMJIEHUS.

§ 7.4. Ilormomenue csera

3akon Byrepa. IIpoxoskaeHre cBeTOBOI BOJIHBI Uepe3 BeII[eCTBO
COIIPOBOJKJAaeTCs IMMOTEPEe sSHePru STOW BOJIHEI, 3aTpauyrBaeMoOil Ha
BO30Y KAeHUE KOJeOaHUU 3JeKTPOHOB (TOUHee, HA M3MEHEHUE UX
COCTOSHUA B aToMe). HacTHUUHO 9Ta 9HEePrusa BO3BPAIIAeTCsa U3JIyde-
HUIO B BHUJE BTOPUYHBIX BOJIH, MOPOMKAAEMBIX KOJEOJIIOITUMUCS
5JeKTPOHAMM; YaCTUYHO JKe OHA MePeXOJUT B Apyrue (GOpPMbI dHEP-
ruu (BO BHYTPEHHIOIO SHEPTUIO BeIecTBa).

ITosTOoMy MHTEHCHUBHOCTH CBETa IIPU IIPOXOKIECHUU Uepe3 00bIU-
HOEe BEIIeCTBO YMEHBIIAETCA — CBET IIOTJIONaeTcA B BellecTse. I1o-
TJIOII[eHNe CBeTa MOYKHO OIIMCATH,C 9HEPreTUUECKON TOUKU 3peHUsd,
He BHUKasA B MEXaHU3M B3aMMOJEHCTBUA CBETA C ATOMAaMM BeIIEeCT-
Ba, YeM MBI U BOCIIOJIb3yeMCs.

IIycTh uepes OHOPOAHOE BEIleCTBO PaCIpOCTpa-
HAeTCA IIapaJlleJIbHBIII CBETOBOM HMYYOK. Brligeaum
MBICJIEHHO B 3TOM BeIlleCTBe OECKOHEYHO TOHKUM I I+dI
IJIOCKUY cyioii Tosmmuubl dx (puc. 7.9). IIpu mpo-
XOKIEHUN JTOTO CJ0S MHTEHCUBHOCTH CBETa yMe-
HBIIIUTCA TaK, UTO €e YObLIb MOYKHO IIPEICTaBUTH LA
kak —dI. fcHO, uTO 3Ta BeamumHa OyIEeT IPOIOP- Puc. 7.9

dx
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IMOHAJbHA MHTEHCHBHOCTY B JAHHOM IIOIVIOIIAIOIIEM CJIO€ M €ro
ToJyluHe dx, T. e.

—dI = wldx, (7.17)

rIe ®¥ — K0a@uuueHm noziouleHusl, OH XapaKTepHU3yeT IIOTJIOIIAOIIIe
cBoiicTBa BelrecTBa. PasnesnB mepevenHble, moayunm: —dl/I = ndx.

ITocne unTerpupoBanusa B npefenax ot I, go I u or 0 go x Haii-
pem: In(I/I,) = —xx, oTKyza

(719

Jto u ecTh 3akoH Byzepa. Takum o6pa3oM, HTEHCUBHOCTH CBe-
Ta MPU IPOXOMKIEHUUN OJHOPOMHOTO BEI[eCTBA YMEHbBIIIAETCA II0 9K-
CIOHEHI[MAJIbHOMY 3aKOHY.

3aMeTuM, YTO B CJIyYyae TOUEUHOTO UCTOUYHUKA CBETa, HaXOAsIIle-
rocs B OJJHOPOJHOI IIOTJIOIIIAIOINE! cpefie, IIPeAbIAYIIIEe PaCCyKae-
HUS cJIeyeT IOBTOPUTH, HO TOJBKO He JJIsd WHTeHCUBHOCTHU I, a Iis
cBeToBOrO moToKa ®@. VI B KauecTBe MCXOAHOTO OECKOHEYHO TOHKOTO
CJIOA TeIeph CJIeAyeT BhIOPATh chepUUECKUA CJIOM ¢ pagmycamMu OT 7
no r + dr. B pesyabTare mpuxoauM K amajoruunomy (7.18) sakony:

® = Dye, (7.19)

rae ®, — cBeTOBas MOIHOCTh MCTOUHHUKA (MU €r0 CBETOBOI IIOTOK
apu r — 0).

O xoa¢dunmmentax moraomenus. [asa
BCeX BEINECTB IIOTJIOIIEHNE UMEET CeJleK-
MuBHbLL XapaKTep, T. €. KOoaPPUIueHT
TIOTJIOIIIEHUSA X 3aBUCUT OT IJIUHBI BOJTHBI
cBera (B BakyyMme). [Jid KUAKUX U TBEP-
IBIX BEIeCTB 3aBUCUMOCTEL X (A) mMeeT
BUJ, TIONOOHBIM WM300pPaKeHHOMY Ha
puc. 7.10. T. e. cuiabpHOe IIOTJIOIEHUE

Puc. 7.10 00HApPY/KUBAETCA B J[JOCTATOYHO IIIHPO-
KOM HWHTepBaJje AJUH BOJIH.

CoBcem mHaue BemeT ceba Koa@dummeHT % (A) B ciydae rasoB
WM TIapoB METAJLJIOB IIPY HEBBICOKOM [AABJIEHHH. 3IeChb AJs BCeX
IJIMH BOJIH Koa(duimenT x ~ 0, 1 JUIIb IS OYEeHb Y3KMUX CIIeKTpa-
JBbHBIX THTEPBAJOB OA (TIOPAAKA HECKOJbKUX THICAUYHBIX HM) OOHA-

n

500 700 A, HM
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BzaumoneiicTeue € BeIIeCTBOM
TEHE CBeTa € BeHIeCTBOM

py:KuBaeT pesKue MaKCUMYMBbI
(puc. 7.11). 9Tt MaKCUMyMBbI COOTBET-
CTBYIOT PE30HAHCHBIM UaCTOTaM KOJIe-
0aHUII BJIEKTPOHOB BHYTPU AaTOMOB,
KOTOpPBIe IPAKTUYECKU HE B3aUMOJEH-
CTBYIOT JIPYT C JIPYTOM.

Ilpm moBBIINIEHUW Ke [JaBJIEHUA
MaKCUMYMBbI IIOTJIOIIeHUs Bce OOJIbIe A
paciupsaioTcsa, U IPU BHICOKUX TaB-

JIEHUAX cIeKTp x (1) mpubiamkaeTca K Puc. 7.11
CIEKTpaM IIOTJIOMIEHUA KUAKOCTEH. ITO CBA3AHO C POCTOM B3aWMO-
IefcTBUA MEXKAY aToOMaMMU.

B zakiaoueHmMe OoTMETUM, YTO MOXKHO CO3JaTh TaKOe COCTOSHUE
aTOMOB BeIIeCTBAa, IIPU KOTOPOM KO3((PUIIMEHT % CTAHOBUTCA OTPHU-
IaTeJbHBIM, ¥ IPOXOXKJIEHNE CBeTa Yepe3 BeIecTBO B TaKOM (UH-
BEPCUOHHOM, KaK TOBOPSAT) COCTOSHUY COITPOBOKIAETCA YCUICHUEM
€r0 MHTEHCUBHOCTH. VIMEHHO 3TO M OCYIIECTBJAETCA B Jasepax.

"

§ 7.5. Pacceanue cBera

Mexanusm paccesHusa cera. C KJlacCUYECKOIl TOUKW 3PEHUA
paccesHUe cBeTa COCTOUT B TOM, UTO CBETOBAas BOJIHA, ITPOXOMSAIIA
yepes3 BeIeCTBO, BBIZBIBAET KOJeOaHUs BJIEKTPOHOB B aTomMax (MO-
JeKyaax). ITU dJIEKTPOHBI BO30YIKAAIOT BTOPUYHBIE BOJHBI, pac-
IIPOCTPAHSAIONIVECS 10 BCEM HAaIIPaBJeHUAM. [Ipu 9TOM BTOPUUHBIE
BOJIHBI OKAa3BIBAIOTCSA KOTEPEHTHBIMU MeKIY CO0OM U II09TOMY WH-
TepepupyoT.

TeopeTuyecKUil pacyeT IPUBOAUT K. CIEAVIOIIEMY BBIBOJY: B
ciydyae OJHOPORHOI CpeAbl BTOPUUYHBIE BOJHBI IIOJHOCTHIO TaCAT
IPYyr Apyra BO BCceX HAIIPaBJIEHUAX, KPOME HaIpaBJIE€HUS PAaCIIPO-
CTPaHEHUs IMEePBUYHON BOJHEI (9TO OBLIO ITOKAa3aHO B KOHIE ¢. 175).
B cuny sToro mepepacipejesieHus CBeTa II0 HAIPaBJIEHUAM, T. €.
paccesanus cgema 8 00HOPOOHOIL cpede, He npoucxodum.

WMuaue 06CTOUT [€JI0 IIPU PACIPOCTPAHEHUU CBeTa B HE0OHOPOO-
Hoil cpeme. B aToM ciayduae cBeTOBBIE BOJIHBI, nupparupysi Ha MeJ-
KUX HEOJHOPOAHOCTAX CPeAbl, NaloT AM(PPAKIMOHHYIO KapTHUHY B
BUJE TOBOJIBHO PABHOMEDHOI'O pacCIIpefieIeHUA WHTEHCUBHOCTU IIO
BCEM HAIPABJIEHUAM. JTO ABJIEHUE U HAa3bIBAIOT PACCESHUEM C8e-
ma.
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IIpumepaMu TaKUX CpeJl C SBHO BBIPAKEHHOU OIITHUYECKOU HeoJ-
HOPOAHOCTHIO MOTYT CJIYKUTH TaK HasbIBaeMble MymHble cpedvl. K
WX YHUCJIY OTHOCSTCS aspos30Ju (IbIM, TYMaH), KOJIJIOUIHBIE PACTBO-
pbI, MATOBBIE CTEKJIA U AP., COAEPsKall[ie MeJKUe YaCTHUIIbI, IIOKa-
3aTesb IIPEJIOMJIEHUS KOTOPBIX OTJIMYAETCSA OT IIOKA3aTeJd [IPeIOM-
JIEHUS OKPYKalollledl cpembl.

3axon Panesa. PacceaHnme cBeTa B MYTHBIX cpelaX Ha HEOTHOPOJ-
HOCTSX, Pa3Mepbl KOTOPBIX MAJBI IO CPABHEHUWIO C JJIMHOUN BOJIHBI A,
MOXKHO HAOJIIOAATh, HAIPUMEDP, MIPU IPOXOIKICHUN APKOTO CBETOBOTO
IMyYKa uepes CJ0I BO3AyXa ¢ MEJIKHMHI YaCTUUYKAMU ObIMA WU Uepes
COCy/I ¢ BOZIOH, B KOTOPYIO 100aBJI€HO HEMHOTO MOJIOKA. Eciiu MyTHYIO
BOJY OCBEIATh IIYUKOM 0eJIOTO CBeTa, TO IPU HaOII0AeHun COOKY — B
paccesHHOM CBeTe — cpefia KasKeTcs roayboii, T. e. 00HaApPy:KUBaeTCsa
npeolJiajjaHrie KOPOTKOBOJHOBOM YacTH CIIEKTpa. B cBere ke, IIPoO-
IIeAIleM CKBO3b JOCTATOYHO TOJICTBHIN CJIOMI MYTHOU cpenbl, 00Hapy-
JKUBaeTcA mpeolbJiajaHue AJIMHHOBOJIHOBOW YACTH CIEKTpa, U cpera
KajkeTcsa KpPaCcHOBATOI.

IIprunHa TaKOTO ABJEHUA COCTOUT B TOM, UTO BJIEKTPOHBI, CO-
BepIIaIoNiue BBIHYKJIEHHBIe KO0Je0aHUA B aTOMax 3JIeKTPUUYECKU
M30TPOITHON YacTUIlBI Majoro pasmepa (e 6osee ~ 0,1 1), sKBUBa-
JIEHTHBI OZJHOMY KOJIEOTIOIEeMYCS AUTOJI0. OTOT AUIIOJNL KoJebaeT-
cAd C YacTOTOH majarolieil HalHero CBETOBOM BOJIHBI, WM COTJIACHO
(2.43) UHTEHCUBHOCTH M3JIyYaE€MOTO MM CBETa

4 1
I o m}?. (7.20)

ATy 3aBUCUMOCTH Ha3bIBAIOT 3akoHom Panes. VI3 Hero cienyer, 4To
KOPOTKOBOJIHOBAA YaCTh CIIEKTPA PacCenBaeTCs 3HAUNTEIbHO 0oJiee
WHTEHCUBHO, HEKeJIU AJIUHHOBOJHOBasdA. ['oy0oii cBeT, yacToTa KO-
TOpPOTO mpuMepHO B 1,5 pasza 6oJibIlle YacTOTHI KPACHOTO CBeTa, pac-
cerBaeTCs IIOUTH B 5 pa3 MHTEHCUBHee, UeM KPaCHBIN. ITO U 00bsC-
HseT ToJTy00ii IIBeT pPacCesiHHOTO CBeTa M KPAaCHOBATBIM — IIPOIIIe-
1ero.

ITonapusanusa pacceaHHOTO cBeTa. IIpu paccessHUU eCTeCTBEH-
HOTO CBeTa B MYTHOII cpe/ie 3aBUCHMOCTh MHTEHCUBHOCTU PACCEeSH-
HOTO CBeTa OT yrJla paccessHus 3 MMeeT BU

I=TI,(1+ cos®9), (7.21)
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rge I, — MHTEHCUBHOCTH CBeTa, PACCESAHHOI'O II0J IPAMBIM YIJIOM
(9 =n/2) K HampaBJeHNIO IEPBUYHOrO CBETOBOrO Iy4yka. Ecim mo-
JIEKYJIbI PACCEeMBAIOINX YACTUUEK JeKTPUUECKU M3O0TPOIHBI (He-
MMOJISIPHBIE MOJIEKYJbI), TO PacCeMBaeMbIli CBET OKA3bIBAETCSA Uac-
TUYHO-IIOJIAPU30BAHHBIM U IIOJ YIJIOM 9 = 71/2 — HOJHOCTBIO IIOJISI-
pu3oBaHHBIM. B 9TOM cjaydae ero ILIOCKOCTL IIOJISPUBAIIUAU
(mmockocTh KojebaHUit BeKTopa E) mepmeHAWKyJAdpHaA Hapasie-
HUIO TEePBUYHOTO CBETOBOTO HYUYKA.

Ecnu pasMepbl HEOTHOPOTHOCTEH CPaBHUMBI C IJIUHON BOJIHBI
cBeTa, TO 3JeKTPOHBI B PA3INUHBIX MeCTaX HEeOJHOPOIHOCTU KOJieo-
JIIOTCS yKe He CMHMasHo. JTO YCJIOKHIET ABJIEHUE PacCeaHUud U
MPUBOAUT K APYTUM 3aKOHOMEPHOCTAM: 3aKOH Pajies HapylmaeTcs
(MHTEHCUBHOCTh PAaCCEAHHOI'O CBETa CTAHOBUTCS IIPOIOPIIMOHAJD-
HOI BCEro JIMIIb KBajpaTy "acToTsl, I co w? co 1/A2%), u cBer, pac-
CesHHBI MoA yraoM 3 =7/2, OKa3bIBaeTCcA IMOJIPU30BAHHBIM JIUIITH
YACTUYHO.

Ecau e pasmepbl HEOOZHOPOAHOCTEII 3HAUNTEJIHLHO 0OOJILIIIE CBE-
TOBOU AJWHBI BOJHBI, TO CIIEKTPAJTbHBIA COCTAB PACCEAHHOTO CBETa
MpaKTUYeCKN COBIIQJAeT CO CHEeKTPAJbHBIM COCTABOM TEPBUUYHOTO
myuyka. OTUM O0BACHSETCS, HampuMep, Oesablii IBET 00JIaKOB.

MonekyasapHoe paccesgHue. [la’Xe TIIaTeJIbHO OUYUIIEHHBIE OT
MMOCTOPOHHUX IIpUMecei M 3aTPA3HEHUN *KUIKOCTU U ra3bl B HEKO-
TOpOii cTenmenu pacceuBaioT cBer. M. Cmoayxosckuii (1908) BbIsic-
HUJI, YTO MPUYUHON ONTHUYECKUX HEOAHOPOJHOCTEHl B 3TOM cjydae
ABIAIOTCA (Qaykmyayuu naomuocmu. VIMeoTcs B BULY OTKJOHE-
HUSA B Ipeeax MajblX 00b€MOB ILJIOTHOCTHY OT €e CPeIHero sHaue-
HUS, BOSHHUKAIOIIME B MPOIECCE XAOTUUYECKOr'0 TEILJIOBOTO BUIKE-
HUS MOJIEKYJ cpenbl. PaccesaHue cBeTa, 00yCIOBIEHHOE 3TUMU (DJIy-
KTyauAMU IJIOTHOCTH, HABBIBAIOT MOJLEKYJAAPHbLLM PACCEAHUEM.

MosekynapHBIM pacceaHUEM OOBACHSAETCA TOJyOOH IIBeT Heba.
HenpeprsIBHO BO3HUKAaIOIUe B arMochepe QIYyKTyauu MJIOTHOCTU
B MaJIbIX 00beMax IIPUBOAAT COTJIACHO 3aKOHY Pajies K TOMYy, UTO
CUHUE U ToJIyOble COCTaBJIAIOIINE COJTHEUHOTO CBETA PACCEMBAIOTCS
cujIbHee, YeM JKeJThle U KpacHble. IIpu Bocxozme u 3axome CosHIla
IPSAMOM COJITHEUHBIN CBET IMIPOXOIUT Uepesd OOJIBIIYI0O TOJIINY aTMO-
chepsl, U IPU 3TOM OOJIBIIASA A0S KOPOTKOBOJIHOBOM UYaCTU CIEKT-
pa Tepsiercda Ha paccesHume. V3 ImpPAMOro cBeTa OO0 MOBEPXHOCTHU
3eMJIu JOXOAUT MPEUMYIIeCTBEHHO KPACHAS COCTABJIAIOIIASA CIEKT-
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pa. Bor mouemy npu Bocxoze u 3axoge CosiHIle KasKeTcsa KPacHbBIM.
AnanornuHo o0bACHSETCA W KPACHBIA IIBET 3apH.

AhPeKT, cCBIABAHHBIN ¢ MOJIEKYJIAPHBIM paccesHNEeM CBETa, 3aBU-
CUT OT TEMIIePATypPhl: C €e POCTOM OH yBEJIUUYMBAETCS, U JTO IIOJI-
TBEPIKIAeT JKCIIEPUMEHT.

Ocnab6aeHne y3KoTo CBEeTOBOTO My4YKa. B peaysibrare paccessHusa
MHTEHCUBHOCTL Y3KOI'O CBETOBOTO IyUYKa yOBIBAeT B HAIIPABJIEHUN
pacmpocTpaHeHUA OBICTpee, UeM B CJIydYae OJHOTO JIUIIE IIOTJIOIIE-
Hud. I[TosTomy fyia MyTHO# cpennl B BhipaskeHuu (7.18) BMecTo KO-
sddumenHTa MOTJIOIMEHUA X JOJKEH CTOATH K03ppuuyueHm ocaad-
JeHUs

w=x+x, (7.22)

rae ®¥ — Koappuyuenm 3KCMUHKUUU, CBA3AHHBINA C PACCENBAOIIH-
MU CBoOMcTBaMm cpefbl. Torma MHTEHCUBHOCTDH ITyUuKa OyneT maMe-
HATBCA C IIPOXOAWMBIM PACCTOSHHEM X Kak

I=Ise™. (7.23)

Eme pas ormMerum, 4TO 9TA 3aBUCUMOCTH OTHOCUTCA K Y3KOMY
CBETOBOMY IIYUKY.

3agaun

7.1. Jucnepcusi cBeTa. JJIEKTPOMArHUTHAA BOJIHA DPACIPOCTPAHAETCA B
pasperXeHHOH IlIasMe, KOHIEHTPAIUA CBOOOAHBIX 9JIE€KTPOHOB KOTO-
poii paBHa N,. IIpenebperas B3aummojelicTBHEM BOJIHBI C HMOHAMU
IJ1a3Mbl, HAUTY 3aBUCUMOCTD (DA30BOII CKOPOCTH BOJIHBI OT €€ YaCTOTHI
.

Peme s ue. B ciayyae miasmsel (3JIeKTPOHBI CBOOOLHBIE) COOCTBEHHASA
JacToTa KoJiebaHui 31eKTpoHOB ®, = 0, mosTomy coriyacHo (7.11) gua-
JIEKTPUYECKasa IIPOHUIIAEMOCTD

e=1-b/0°,

2
rae b = Nye“ /ggm,, m, — Macca siexkTpoHa. CiemoBaTenbHO, (hasoBasd

CKOPOCTH
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7.2.

7.3.

7.4.

HaiiTu KOHIIEHTpaIuio CBOOOJHBIX 3JIEKTPOHOB MOHOC(EPHI, eCJIu A
paguoBosH ¢ uyactoroir ¥ = 100 MI'1 ee moxasaTenb IPEJIOMJIEHUS
n = 0,90.

P e m e v u e CormacHo (7.11) ana nnasmsr (0, = 0)

n?=1 —b/oaz, (6))
roe b = Noez/aome, o = 27v. IlocJie TOACTAaHOBKY BBIPAXKEHUI A b u
o B (1) mosyumm:

4anle i’
Ny==—""""(1-n")~24-10"cm ",
e

Nmes B BUAY, YTO AJS AOCTATOUYHO KECTKUX PEHTTEHOBCKUX JIydei
SJIEKTPOHBI BEIeCTBAa MOYKHO CUNTATh CBOOOIHBIMU, OIPEIENUTh, Ha-
CKOJIBKO OTJIMYAETCsS OT eQUHUIILI II0Ka3aTe/b IIPeJIoOMJIeHuA rpapura

JJIST PEHTTeHOBCKOI'0 M3JIyYeHUA C AJIUHON BOAHBI A = 50 M (B BaKyy-
me).

Peme s ue. Ucxoxa us popmynsl (7.11) u yuursiBas, 4To B pac-
cMaTpuBaeMoOM ciaydae g = 0, samumiem:

2
nzzl_izl_i’
2 2 2
[0) 4n’c

raeb = Noez/some, Ny=(N,/A)Z, p — nnorrocts rpadura (1,6 I‘/CM3),

Z — YHuCJ0 9JeKTPOHOB B aToMe (Z = 6). Mckomoe pasiauume

n-1=+1-b/0° -1. (1)

2
BrrunciauB 3HaUeHNE BeJIUYUHEL b/, 00HAPYKMBaeM, UTO OHA 3HAUM-
TeJIbHO MEHbIIe eIUHUIIBI, T09TOMY;HOpMYay (1) MOKHO YIPOCTUTH:

n-1=-b/20" = -b2*/8n%> = -54-10"",

rae o = 2nc/A.

I'pynmoBas ckopocts. HaiiT 3aBUCMMOCTh MeXKy I'PYIIOBOM u u (a-
30BOIf U CKOPOCTAMH AJS CJEAYIOIIUX 3aKOHOB AUCIIEPCHUM:

2
a) veo k; 06) veo 1/0°.
3mech £ 1 ® — BOJIHOBOE YMCJIO U IUKJIMYECKas 4acToTa.
Pemrenue. a) ITo onmpenenenuto, u = do/dk, roe o = vk. Torga

d dov
~ Y ory v Y,
L= Ry @
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7.5.

7.6.

IIycte v = ak, Tae a — HekoTopasd mocTosHHAas. B arom ciayuae (1)
IpUMeT BUT

u=v+ ak = 2v.

2
6) Ilycth v = o./®", o0 — HeEKOoTOopas IOCTOsSHHas. Torga

db _d(e0)_d[e’]_3
do dol\v do| o v

IlosToMy rpymmoBas CKOPOCTH

do v
Uu=—=—.
de 3
ITorasaTeab NPEIOMJIEHNA BEIleCTBA AId OJMSKUX AJIUH BOJH A; U Ay
(B BakyyMe) paBeH COOTBETCTBEHHO 71 U Ny. OIpenesnTs IPYIIOBYIO
CKOPOCTBH CBeTa B 00JIACTH AAHHBIX IJIUH BOJIH.

Pemren ue. [IpeobpasyemM B COOTBETCTBUU C YCJIOBUSIMU 3aJaUU BbI-
paskeHue IJid IPynmnoBoi ckopoctH (7.13) Tak, 4TOOBI OHO COZEPIKAJIO
n, A u upousBomuyio dn/dA. Ias sToro samuiiem

w=99_9 =d(6kj -
n

Cdk dk dk
1)
n—k(dn/dk) ¢ k dn
=c———=—|1-———1|.
n? n n dk
Temeps yurem, uro k = 2n/A u dk = —2n dk/xz. ITocne moacTaHOBKU
aTUX BBIpaskeHuit B (1) mosyuwmm:
c A dn c A An
u=—|1+——|=—|1+———|,
n n di n ny AL (2)

rae A = (A + hg)/2, (> = (ng + nyg)/2, An =ng — nqy, AL =iy — Aq.

B HeKoTOpO# cpefe CBsA3b MeKAy IPYIIOBOIN U (PasoBOi CKOPOCTAMU
9JIEKTPOMAaTrHUTHOI BOJIHBI MMEET BUJ UV = ¢, TAe ¢ — CKOPOCTH CBe-
Ta B BakyyMme. HaiiTu 3aBHCUMOCTE OUSJIEKTPUUECKON IIPOHUIIAEMO-

CTU BTO¥ CpeAbl OT YaCTOTHI BOJIHBI, € (M).

Pemre s ue. Ucxogum us Beipaskenus (7.13) aia rpynmoBoii CKOpPoO-
ctu u = do/dk, rae cormacuo (7.12) k = /v = on/c. YuurbiBas, uTo

n = /¢, mepenuueM IpeAbIAYIEe COOTHOLIEHWE MJIA K TakK:

k= w@/c.
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7.7.

Temeppr Halimem mpousBOgHY dkE/dm:

%:l \/g_‘_mda/dm . (1)
do ¢ 24/e
910 BBIpasKeHUe paBHO 1/u, miau

S (@)

IIpupaBuas (1) u (2), sanumiem:

de 1
oo g de 1
24edo e

IlocnenHee ypaBHeHHE MOKHO!YIPOCTUTH:

o de
e+ ——=1.
2 do
PasgesuB mepeMeHHBIE € U ), HOJYUNM:

de _ pdo
e—1 [O)

WHTerpupyem 5TO ypaBHEHUE:
In(e-1) = -2 1no+ 1nA4, 3)

rme A — mnpousBoJibHasA IocTodAHHadA. lloTeHumupysa (3), HaxoxuM:
2
e—1=A/0", 1 OKOHUATEJIHLHO

e=1-A/02%,

roe A — moJIoKUTeIbHAS IIOCTOAHHAadA, olpeaessdeMad SKCIIepUMeHTa-
JIBHO.

ITormomenue ceera. V13 HEKOTOPOI'O IIPO3PAUHOTO BEII[eCTBA U3TOTOBU-
JIN JIBe NJIACTUHKU: OJHY TOJIIUHON h,, IPYTyI0 TOJIIUHOH hy. BBensa
MOOYEepPeHO 9THU IIJACTUHKU MEPIEHINKYJIAPHO B IIYYOK MOHOXPOMA-
THYECKOI'0 CBeTa, OOHAPYKUJIM, YTO IlepBad IJIACTUHKA IPOIIYCKAET Tq
CBETOBOTO IIOTOKA, & BTOpas — Ty. IIpeHeOperas BTOPUUYHBIMHU OTpa-
KeHUAMH, HAUTH KOd(P(UIIMEHT MIOTJIOIIeHUS X 9TOTO BeIecTBa.

Perenue.B ycnoBuu aToli 3aaun ONMrcaH OOBIYHBIA METOJ U3-
MepeHus Koa(duiuenTa mOTJOIEeHNA B clIydyae, KOrJga Heu3BeCTeH
K09 PUIINEHT OTPaKEHUA OT KaKIOM IMOBEPXHOCTHU IIJaCTUHKHU. B
9TOM cJiyyae mocTymaioT Tak. CHauajia 3amuilieM BBIPAKeHUA IJIA
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7.8.

UHTEHCHUBHOCTU CBeTa, IIPOIIEJIIero Yepes3 IIEPBYI0 U BTOPYIO ILjIac-
TUHKU:

Iy =To(1 - p)?exp(—«hy), o
I, =To(1 — p)?exp(—nhy),

rae I, — WHTeHCUBHOCTDH NaJaloIero cBeTa, p — HEeM3BEeCTHBIN Koa(-
umuer orparkeHnA (OH ONMHAKOB Iy 06€UX ITOBEPXHOCTEH IIJIACTHH-
ku). mea B Buny, uro 11/l = 1, u I,/1, = 15, HalileM OTHOIIEHUE
ob6eux opmy (1) u TeM caMBIM UCKJIOUNM HEU3BECTHOE p. B pesyin-
TaTe IIOJIy4YUM:

T1/T2 = exp[n(he — hq],
OTKYZA, IOTEHIAPYs, HAXOLUM:

o In(ty/7t5)
hy —Iy

MonoxpoMaTHuecKuil IYyYOK CBeTa MajaeT HOPMAaJIbHO HA IIOBEPX-
HOCTBH ILJIOCKOTIAPAaJLIEJbHON MIaCTUHKU TOJIuHON h. Kosddunmuent
TIOTJIOIIEHUA BEIIECTBA IJIACTUHKU JMHENHO U3MEeHAETCA BIOJb HOD-
Manau K He#l OT 3HAUEHHUA ¥y 10 Uy. KOs DUIIEHT OTPasKeHNA OT KaxK-
IOU IIOBEPXHOCTH CUUTATHL ONUHAKOBBIM U DaBHBIM p. IIpeneOperasa
BTOPUYHBIMHU OTPAKEHUAMM, HAUTH KOI(POUIVEHT IPOIYCKAHUA T
IJIST TAHHOM ILIACTUHKU.

Pemreu ue. Boiesum B IIacTuHKe 0€CKOHEYHO TOHKUM CJIOH OT X
1o x + dx, B mpezesiax KOTOPOTO KO9(PMUIINEHT MOTJIOMeHNS PaBeH .
VYObLIb MHTEHCUBHOCTH CBETA, ITPOIIEIIEro uepes TOT CJIOH, 3alu-
meM Kak

—dI = »I(x) dx. 1)

B mamem ciyuae Kos3(pdUIIUEHT IIOTJIOMIEHN 3aBUCUT OT X JIMHEHWHO,
a UMEeHHO

A =% + —=——x. (2)
ITocsie moxcranoBku (2) B (1) moayumm:

I —
—d—:xldom—uxdx.
1 h



=]
%C
o}
fec]
g
®
§
q
]
g
o
R
D
]
=
D
)
el
&
&
3
1o
1S
©

7.9.

IIpouHTErPUPOBAB STO ypaBHEHUE IIO
x o1 0 1o h umo I or Iy(1 — p) no I,
(puc. 7.12), maiizem

, L2 lo |Io(1-p) 1| I=I,(1-p)
n— b —ypyr2l 0 h
I,d-p)

h 2

WUJIN II0CJIE€ IIOTEHIIUMPOBAHUA

n + %
I,=1I,1-p) exp[—h 122j . Puc. 7.12
Iloce TPOXOKIEHUS BTOPOH IMOBEPXHOCTU ILIACTUHKN WHTEHCHUB-
HocThb cBera okamerca I =1,(1-p), cm. puc. 7.12.

B pesyinbTaTe MCKOMBIA KO3(UIIUEHT HPOIYCKAHUS

I 2 Ay + %g
= =@1-p)exp -hL"2|,
T I, 1-p) xp( 3 j

ToueuHBIHI MOHOXPOMATUUYECKUI UCTOUYHUK, UCIYCKAIOIUI CBETOBOM
noTok ®jp, HaXOJUTCA B IeHTPe c(hepUIECKOI0 CJI0A OJHOPOJHOIO Be-
IecTBa, BHYTPEHHUU pPaguyCc KOTOPOTO PaBeH @, HAPYKHBI — b.
KosdduiimerT morsoiieHus BeIecTBa CJI0A paBeH X, KOoa(hGUuIiiueHT
OTpa’KeHUs Ka'KAo# moBepxHOcTH — p. I[IpeHeGperas BTOPUUHBIMU
OTPa’KeHUAMM, HAWTU WHTEHCHUBHOCTH CBeTa Ha BBIXOJEe W3 3TOr0
cJI04.

Pe e nue. 3anucas yObLIb CBETOBOTO II0O-
TOKA MPU IPOXOKIEHUN GECKOHEUHO TOHKO-
ro c(hepuyecKoro CJaos BellecTBAa TOJIIUHON
ot r mgo r + dr (puc. 7.13), moaxyuum

—d® =% D(r)dr, uiu — dP/P =xdr.

ITpounTerpupOBaB IOCIeJHee ypaBHEHUE IIO
rorapobumo ®or,d, =0y1-p)ao D,

Puc. 7.13

MMOJIyYUM, UTO Iepe] BBIXOAOM u3 chepuue-
CKOI'0 CJIOSI IIOTOK

D, = Dy(1 — p) e ), 1)
Brrimepmuit us cheprdyeckoro cjaod IOTOK

® =d,1-p). 2)
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VckoMas MHTEHCHBHOCTH HA BBIXOJIe U3 9TOTO CJIOSA
2
[} Dy -p)° xp-a)
= 2 - 2z © ’
41h 4nb
rae yurenbl dopmysasl (1) u (2).
7.10. IIy4oK ecTeCTBEHHOTO MOHOXPOMATUUYECKOTO CBETA HHTEHCUBHOCTU

1, majaeT Ha CUCTeMy U3 ABYX CKpeIleHHBIX NOJAPU3aTOPOB, MEXITY
KOTOPBIMU HAXOJUTCSA TPYOKa ¢ HEKOTOPOH ONTUUYECKU HEAKTUBHOI
JKHUJKOCTHIO B IPOJOJHHOM MarHWTHOM IIoJe ¢ mHAyKIued B. [anHa
TPYOKU [, KOA(DOUIVEHT HOTJIOIEHUA KUIKOCTU X U IOCTOAHHAA
Bepze V. Ilpenebperas oTpasKeHUAMU HA TOPIlaxX TPYOKU, HANTU UH-
TEHCUBHOCTbL CBeTa, IIPOIIEAIIero uepes3 5Ty CHUCTEMY.

P emr e u ue. Ilocae mpoxo:KaeHUA MepBOro moJjspusaTopa P cBeT
CTaHOBUTCA NOJAPU30BAHHBIM ¢ MHTEHCUBHOCTBIO, paBHOU Iy/2. Ho
BTOPOTO ToJsipusaTopa P’ moiizer cBeT, MHTEHCUBHOCTH KOTOPOTO CO-
riaacHo 3akoHy Byrepa (7.18) Oymer paBHa (IO/Z)e_“l.

P Kpome TOro, B MAarHUTHOM II0JIe IIPO-
M30#eT MOBOPOT HAIPABIEHUS JIH-
HeWHOW  IoJApus3anuud Ha  yroa

E, ¢ = VIB, cm. puc. 7.14. IloaTomy mo-
aapusaTop P’ MOPOmycTUT COTJIACHO

I 3aKoHy MaJroca TOJIBKO Ty 4acTh WH-
% TEHCUBHOCTH CBETa, KOTOPAas IIPOIIOP-

P’ umoHasbHa cos’(90°— ¢) = sin” .

Puc. 7.14 B pesysibraTre WHTEHCUBHOCTH IIPO-
IIeIIIero cBeTa

I = (Iy/2) e*sin(VIB).



—— [Ipunoxenua —

1. TloBemeHue IMJIOCKOW BOJHBI HA T'PaHHIE
IBYX TUIJIEKTPUKOB

PaccmoTum cioyuaif, Korga IJIOCKAs 9JI€KTPOMATHUTHAS BOJIHA MAmaeT
Ha IPaHUIy pasfesia JBYyX OSHOPOAHBIX Y M30TPOMHBIX IUIJIEKTPUKOB C II0-
KasaTeJaMH IIPeJOMJIEeHU: Ny U Ny. IIycThb V'Y
BOJIHOBO# BeKTOp k| Xapakrepusyer majgaio- |
myo BoJHY, a k' u k" — oTpaskeHHy0 u
npeaomaenayoo (puc. I1.1). 13 coobpaske-
HU CHUMMETPHUM CJENYeT, UTO B TaHHOM
cJydyae BCe TPM BEKTOpa JeyKaT B OJHON n,
ILJIOCKOCTY — ILJIOCKOCTHU MAaJeHUs.

Haiigem cBA3p MeXKIy MOLYJIAMU ATHX 9"
Tpex BEKTOPOB, BOCIIOJIL30BABIINUCH YCIOBHU-
eM [ TaHTeHIMAJbHBIX COCTABJIAIOIUX Puc. IL.1
BekTopa E Ha rpanwuie pasgeina:

E, =E,, 1)

rae opT T BbIOepeM BAOJb ocu X, Jiexkalmeidl B ILJIOCKOCTH mHafeHus. Pac-
cmorpuM nagatomyio Bonry E = E cos(ot)= kr), konebanusa Bexropa E ko-
TOPOH IIPOUCXOLAT B IJIOCKOCTU, O0Pa3yIolell IPOU3BOJILHBINA YI0JI C ILJIOC-
KOCTbIO majzeHus. Torza pesyJbTHPYIOIIEE; 1I0Jie B IIEPBOH cpene

E,=E+E'=E, cos(ot —kr) + E, cos(w't —k'r + a'), 2)
a BO BTOPOI cpene
E, = E; cos(0"t - k'"r + a”). 3)

31ech pagnyc-BeKTOP I' BCeX TPeX BOJIH B3AT OTHOCHUTEJIBHO OMHOI U TOM
JKe TOUYKH, KOTOPYI0 MBI BO3bMEM /JIs IIPOCTOTHI Ha T'PAaHUIle pasgesa Jus-
JeKTpUuKOoB. Torjga [Misd BceX TpPeX CKaJAPHBIX MTPOU3BEIEHUHN IPOEKITUA
k, =0 u y rpanunsl pasgena y = 0, mosromy

kr = kyx + kyy + k,z = kyx. 4)

CornacHo (1) TaHreHIIMAJIbHBIE COCTABJIAIONME y TPAaHUIILI pasielia
IOJI’KHBI OBITh OAMHAKOBBI, W 3HAUUT C yueToMm (4):
E, . cos(ot —k.x)+ E; cos(o't —k.x+a') =

=E) cos(0"t —kix + a”). (5)
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9TO PaBEHCTBO JOJIXKHO BBIIOJHATHCSA IPU JIOOBIX ¢, OTCIOfA CJIEIYeT,
qTO

0o=0"=0". (6)
OHO MOJIKHO BBIMOJHATHLCA U IIPU JIOOBIX X, OTKyZa CJIEeSyeT, U4TO
_ ro_ "
k., =k, = k. (@)
ITocieguee ycioBume MOMKHO 3ammcaThb ¢ IOMoIbio pumc. I1.1 Tak:
ksind = Ek'sin3’ = k"'sin9”’,
rae k=k'=o/v; u k' =0/vy, modTOMY
o . o . o .
—sin3 = —sin 3’ = —sin 9",
%1 %1 Uy

Orcroma ciaemyer, 4TO

9-9 u sin§ vo_n
= S =
sin9” vy ny

T. €. 3aKOHBbI OTPpaXeHUud U IIPEeJIOMJIEHUS.

2. ®opmyna cdepuUecKoil ITPEJIOMIIAIOMIEH
IIOBEPXHOCTHU

YcTaHOBUM CBA3bh MEXKIY IOJOKEHUAMU UCTOYHUKA S U ero u3odpake-
Huem S’, T. e. oTpeskamMu S u S8'. MbI 3HaeM, UTO [IJIA MMOJYUYEHUS YETKOI'O
n300paKeHusi BCe ONTUUYECKUE IJUHBI Jyuell, BBIXONAIIUX U3 TOYKU S U
CXOOAIUXCA B TOUKe S’, MOJIKHBI OBITH OJUHAKOBBIMU (CTAIlMOHAPHBIN
cayuaii npunmuina Pepma). C 3TOH IeJbI0 PACCMOTPUM IIPOU3BOJILHBIN
ayu SNS' (puc. I1.2). [Tanee, mpoBefeM AyTru OKPYKHOCTEIl U3 IEHTPOB S 1
S’ paguycamu SO u S'N. MbI I0KHBI YOEAUTHCSA B TOM, UTO OIITUYECKUE
naunabl nyTeit DN u OB oZWHAKOBBI:

n-DN =n'-OB. 1)

s napakcuanbubIx gydeit DN ~ AO + OC. Haiinem mocieqHue ABa OTPes-
ka. Cuauvama AO: u3 puUCyHKa BUIHO, UTO

2= (SD)2 — (SA)2 = (SD + SA)(SD — SA) ~ 2(-s)A0,

orkyma AO = rz/(—2s).
Amnaynorununo OC = r’2/2R, u MbI Haxoaum cymmy AO + OC, T. e. DN:

DN = r2/(-2s) + r'2/2R.



Puc. I1.2

B cBomo ouepens
OB =0C - BC =r2/2R — r'2/2s'.
IlogcraBus Beipakenus DN u OB B dopmyay (1), moryuum

2 2 2 2
r r' r' r'

—t—|=n/| — - . 2)
-2s 2R 2R 2s'

Ocraercs y4ecThb, UTO B TapaKCUAJbHOM 006JIaCTH I’ ~ I, TOATOMY UX MOKHO
COKPaTuUTh B (2), W MBI HOJYYUM IIOCJIe IIEPErPYIIUPOBKU

3. Uznyuenne BaBuimoBa—UepeHKoBa

W3BecTHO, UTO 3apsyKeHHAsA YACTHUIIA, NBUKYIAsCA B BAKyyMe ¢ IIOCTO-
SAHHOM CKOPOCTHIO, He M3yjydaeT. MiHaue 0OCTOUT [IeJI0 IIPU ee ABUKEHUU B
BeIllecTBe.

IIycTs Takas wacTuma ABMXKETCS C IIOCTOSHHON CKOPOCTBIO Vj B OJHO-
poaHOIi po3padHoit cpene. CBOUM moJieM OHA BO30YsKAaeT aTOMbBI U MOJIe-
KYJIBI CPelbl, U MOCJIEIHIE CTAHOBATCS IIEHTPAMU H3JIYUYeHUs DJIeKTPOMAar-
HUTHBIX BOJIH.

IIpu paBHOMEPHOM ABUIKEHUYU YACTUILLI 9TU BOJHBI OKA3bIBAIOTCS Koze-
PpermHbiMU U TI03TOMY MHTep(epupyIoT Mexay coboil. Ecam ckopocTh v
gacTunsl 6osblie GasoBoi CKOPOCTH U CBeTa B JAaHHOH cpexe (vy > V), TO
BOJIHBI, MCXOAAIIME OT Hee B PasjJNUYHbIe MOMEHTHI BpeMeHU, B pe3yJbTaTe
WHTEepEepeHIny YCUJINBAIOT APYT APyra B ONpeAeIeHHOM HalpaBIeHUU, U
MBI OyzeM Ha0J0ZaTh MaKCUMyM WHTEHCUBHOCTH.

IeficTBUTENBHO, MAKCUMYM U3JyUYeHUA OyaeT HabOIOJaThbCA MO YIJIOM
9 K HaIpaBJeHUIO ABUKeHUsS yacTuilsl (puc. I1.3), eciiu 3a BpeMsa IPOXO0IK-
IeHUSA YaCTHUIILI OT TOUKU A 10 B cBeT, MCIYIIEHHBIA B TOUKe A, IIPOKUIET
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nyts AC. Torma cBeTOBBIe KoJieOaHUS B
ToukaXx C m B OyAyT KOrepeHTHBI U CUH-
dasupl. 9TO Ke OTHOCUTCS KO BCEM TOU-
Kam orpeska CB. W uro0bl KoJiebaHUA
: YCUJIHMBAIU APYT Apyra, oTpe3ok CB moJi-
A Vo B JKeH OBITH meprneHauKyasapes K AC. Takum
obpasom, AC = ABcos 9, mIm v = vUyCos 9,
rae v — ¢asoBada ckopocTh (v = ¢/n). Or-
cIofla CJeIyeT, UTO YroJ 9, Imoa KOTOPBIM OyIeT HCIIyCKAThCS U3JIydYeHUe,
ompenenserca (OPMYJIOit

Puc. 11.3

cosd = C/—n . 1)
Yo

Ecsu 210 ycioBue BBHINOJHEHO, TO BCce KojebaHUA B HaIpaBJIeHUU yria 3
OyIyT PacIpoCTPaHATHLCA B OJHOU (Dase, KakoBa ObI HU OblLjIa JJIMHA OTPE3-
Ka AB. B srom ciayuae mpu MHTepGhEPEHIINN BOJH IPOU30HAET UX B3aWM-
HOe yCUJIeHUeE.
Urak, B HanpaBJIeHNU, OUPEIEIAEMOM yCJIO-
BueM (1), gyactuma (TouHee — cpena, B KOTOPOH
e OHA JBUKeTcA) OyJeT M3JIydaTb 9JIeKTPOMATHUT-
Hble BOJIHBI. B OCTaJIbHBIX Ke HallPaBJIEHUAX W3-
JyueHus He Oyzer. 9To Hambojee XapakTepHOe
CBOYICTBO JaHHOI'O MBJIYYEHUs: OHO UCIIYCKAETCHA
JIUIITB BJOJb 00Pasyionx KOHYca, 0Ch KOTOPOTO
COBIIaZIaeT C HANPABJIECHUEM ABUKEHUS UaCTHUIIBI
(puc. II.4).
Takoe msiaydeHue ObLIO OOHADPYKEHO SKCIEPUMEHTAJIbHO B 1934 r. u
MOJIyYNJIO HasBaHUe usnyienus Basunosa—Uepernrosa.

WsnyueHue 3apsyKeHHON YAaCTUILI IPUBOAUT, KOHEUHO, K €e TOPMOYKe-
uuio. Ho aTo TopMOsKeHUe ABIAETCA He IPUYNHON UBJIyUEeHUs, a ero CIe[-
crBueM. Eciu 6Bl K 4acTulle IPUIOKUTH CUJIY, YPABHOBEIIUBAIOIIYIO TOP-
MO3dAIIYe CUJIbI, TO €e YCKOPeHUe HCYe3HeT, a uaiaydeHue BasuiaoBa—Ue-
peHKoBa ocraHeTcA. VIMEHHO TaK HaJ0 IIOHUMATh YTBEP:KIEHWE, UTO
3apsKeHHasd YacTUIla, PABHOMEDHO ABIIKYIIAACS B Cpefie, U3JIYUaeT, eCIu
ee CKOpOCTH OoJibiie Ga3oBOl CKOPOCTH CBeTa B 3TOM cpene.

Nanyuenue BaBuimoBa—YepeHKOBa HAIJIO IIUPOKOE IPUMEHEHUE B CO-
BPEMEHHOI SKCIIepUMeHTaJbHOU (usuke. Ha ero ocHoBe co3maHbl yepen-
KOBCKUe CuemuUKU 3aPAKEeHHBIX YACTHUI], C IIOMOII[bI0 KOTOPBIX MOYKHO He
TOJILKO PETUCTPUPOBATH THU YACTUIBI, HO U OIPEJEeIATh BeJIUYUHY U Ha-
npaBJeHNe WX CKOPOCTH.

Puc. 114
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4. Equannsl GpusnuecKuX BeINYUH

A — ammnep Kn — wynon

A — anrcrpem JIM — JIIOMeH

B — BoabT MUH — MHHYyTa

B6 — Bebep Mkc — maxcBesn

Br — Barr H — #poTOH

I'c — raycc ITa — mackanub

I'm — reprg pax — paguaH

Ik — moKOyJIb cp — cTepajguaH

OITP — AUOITPUS Ta — Tecna

K — xenpBuH ® — dapazn

KI — KaHgeaa 9 — apcren

5. JlecaTuuHble MPUCTABKH K HA3BAHUAM €IMHMII

T — Tepa, 10'2
I' — rwura, 10°
M — wera, 10°
K — KWJIO, 103

-2
¢ — canrtu, 10

M — MHJLIH, 1073
MK — MHUKPO, 10°¢
H — Hazo, 107°
o — IHUKO, 10712
¢ — dewmro, 10°1°

6./ ILpeueckuit amdaBut

A, oo — amsha

B, B — Oera

I', y — ramma
A, 8 — nenbTa
E, ¢ — smncunon
Z, { — nsera

, M — 9Ta

o=

0, 9 — Tera

I, 1 — dora P, p — po

K, » — kamma X, 0 — curma
A, A — mambGaa T, 1t — Tay

M, p — M0 Y, v— uncuygoH
N, v — HIO D, 9 — du

=, & — Kcu X,y — xu

O, 0 — OMHKpPOH Y, y — mcu
ILn — om Q, ® — owmera
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7. Emqunannsl Beauunda B CU u cucreme Taycca

Enununa OTHOIIICeI/II{Me
ex.
Beamuuna BeJIMYUHBI o CIC
cu Crc

CKopocTh M/cC cMm/c 102
YckopeHue M/c2 CM/c2 102
Yacrora KonxebaHMit T'g T'g 1
Kpyrosas uacrora ¢t ¢!
YrioBas CKOpPOCTH pazn/c pazn/c
Cuna H IUH 10°
JaBieHve, HanpaAKeHVE ITa }II/IH/CMZ 10
Nmnyase Kr-M/c | r-cMm/c 10°
JHeprusd, pabora Ik apr 107
MorimzocTs Br apr/c 10°
KosnuecTBo syieKTpryecTBa K CI'C9-exn. 3.10°
ITorenmuan B/m CI'C3-en. | 1/300
Hanps:keHHOCTh 3JIEKTPUYECKOro 1Mo | B/m CI'Co-en. | 1 /(3-104)
JJIeKTPUUECKOoe CMeIlleH1e RJI/M2 CI'Ca-en. 127-10°
AIEeKTPUYECKUA MOMEHT JUIIOJIS KoM CI'Co-en. 3.10M!
ITonsapusoBaHHOCTH I{JI/M2 CI'C9-exn. 3.10°
EmkocTb D cM 9.10"
Conporusienue Om CTCB-en. | 1/(9-10™)
MarauTHaa MHIYKIAS T Tc 10*
MaruuTHBIA ITIOTOK B6 Mkc 108
Hanps:keHHOCTh MArHUTHOTO TIOJISA A/m 9 4r/ 103
NHAyKTUBHOCTH T'u cM 10°
CBeTOBO# IIOTOK M M 1
OcCBelleHHOCTh JIK dor 10"

Il pumeuanue. JieKTpuuecKkue u MaruutTubie exmHubl B CI'C
IaHBI 3[eCh B rayCCOBOM CHCTeMe.
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8. OcHoBHBIE (hopmyasl diaeKkTpoguHaMuku B CHU

u raycconoﬁ cucreme

HOUW BOJIHBI B cpeje

Cesase mexxay E u H

IInoTHOCTE 9HEprUU
9JIEKTPOHHOI'O II0JIS

Bexkrop IloitHTUHTA

MorriHOCTh UBIYUEHUSA
TUIIOJISA

B BHeRTpOMaFHHTHOﬁ BOJIHE

y.EoHoEH

EJeggimH ko1t

ED BH
w=—+—

2 2
H:[EH]
P:h"z

3

6mc

_ED  BH
8t 8n
c

II = —|EH
]

P:%"z
3¢

HaumenoBanue cu l'ayccoBa cucrema
Hanpsi:xeHHOCTh 1OJIA E- 1 q g-9
TOYEYHOT'O 3apdAna 4ng, r2 r?
IloTennuan moss _ 1 q _q
TOYEYHOT'O 3apsaja - dngy r ?= r
Cease mexay E u ¢ E=-Vo
Cesasp mexkay P u E P = xgoE P=-xE
Ceasp mexkany D u E D = eg)E D =¢cE
IInoTHOCTH 9HEpPrUM w = ED/2 w = ED/8n
9JIEKTPUYECKOTO IIO0JIS
Cpasp mexxngy B uw H B=pnupH B =pH
Cuna Jlopenua F =gE + Q[VB] F =qE+ %[VB]
IInorHOCTE SHEpPruUM w = BH/2 w = BH/8n
MarHUTHOTO II0JIA
Ypasuenus MaRCBenfa VxE - B VxE - _10B
B nuddepeHnagibHON ot c ot
dopme V-B=0 V-B=0

. JD
VxH:]+— VxH:E ]+i@
ot c 4n Ot
CKOpOCTBH 3JIEKTPOMATrHUT- o 1 bo €
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9. Hexoropeie (usnyecKue KOHCTAHTHI

CKOpOCTb CBeTa B BaKyyMe

ITocToaunas ABoraapo

DJIeMeHTapHbINA 3apA

Macca JJIEKTPOHA

YaenbHBIN 3apsan dJIEKTPOHA

SHQKTqueCKaH IIOCTOAHHAA

MaraurHas nmocrosHHaAA

c = 299 792 458 m/c (TOUHO)
N4 = 6,022:1023 momp~!
. {1,602 107 Ko

4,803 -10'°crca

0,911-10 *°kr
m, =
0,511 MaB
1,76 - 10" K /xr
e/m, =
5,27 -10'"CTCH/r
g = 0,885.10711 d/m
1/4ngy = 9-109 m/®

o = 1,257:10° Tu/m
Ho/4n = 107 Tu/m




NMpeameTHbIN YKa3aTenb

v

Amniuryna BOJHBI 8
Amnanauszarop 192

Amnanus nonasgpusoBaHHoro ceera 207
— PEHTTeHOCTPYKTYpPHBIH 177
Annzorponua 197

— npu gedpopmanuu 214

— B dJIeKTpUYecKoM moje 215

Bex 30

Busepkana ®Ppenena 107
Bununsza Buite 109
Bunpusma ®penena 105, 127

BekTop BosHOBOU 10

— IlotimTunra 51

— cBeToBOII 66

— VYwmoBa 23

BeuTunb ontuueckuii 220
BerrectBa ontryecku akTuBHbIe 217
— OTpUIATEJbHBIE U IOJIOKUTEb-
Hple 220

— IIpaBoO- WJIN JieBoBpalatoriue 218
Bonna rapmonumueckas 8

— JeBomoJsipu3oBaHHas 191

— omopHaa 179

— oTpakenHaa 69, 251

— magaromaa 69, 251

— ILJIOCKOIoJsipu3oBanHas 189
— mpaBonoJyigpu3oBaHHaa 191
— upexmerHaa 178

— mpenomJaeHHada 251

— SJIINNTUYECKU-TIOIIPU30BAH-
Hasg 189

Boanosasi 3oHa 58

— II0OBEPXHOCTH 9

BoaroBoe umciao 9

BosroBoi1 BekTOp 10

— maker 235

Bontisi 3ByKoBBIE 29

— KorepeHTHBIe 93

— JINHEeWHO-ToJApu30BaHHbIe 189
— HeoOBIKHOBeHHBbIE 197
— oObIKHOBeHHBIe 197

— mJjockue 9

— moJasapusoBaHHBIE 189
— momepeyHble 7, 45

— TpomoJbHEIE T

— cBeTOBBIE 67

— croauue 25, 49

— chepuueckue 11

— yupyrue 9

— nuJIuHApUYecKue 12

— DJIEKTPOMATHUTHBIE 42
BocupuumunBocTs nuaseKTpuka 231
Bpaiieane ecrecrBeHnoe 217
— MmaruutHoe 219

Bpemsa korepenTaoctu 101
Bricora 3Byka 29

Tomorpamma 178
Tonmorpausa 177
I'pomkocts 29

I'pynma Bomu 235

JaBieHue cBetoBoe 53
Hebatirpamma 177
Hemonsipusanusa 192
Hedopmanusa orHocuTeabHada 13
Hemuben 30

Huarpamma BexkTOopHas 92

— dasoBaa 92

— HampaBJeHHOCTH 59
Huonrtpua 75

Humnonb 58
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JunonbHBIE MOMEHT 58
Hucnepcus 67, 229

— amomajabHasa 229

— BetecTBa 229

— HopMmaabHas 229

— cBera 67, 229

— vyruoBag 125, 170
Hudpariua B mapajjelbHbIX JY-
yax 152

— oT Kpymioro oreepctua 136, 154
— OT MHOXKecTBa OoTBepcTuii 156
— OT moJIyILIoCKOCTH 145

— ®paynrogepa 152

— — ot meau 159

— ®penena 140

— — OT Kpas MoJyIIockocTu 146
— — ot meau 150
Huxpomsm 199
IiuHAa BOJHBI 8

— KorepeatHoctu 97, 98

— OyTH omTuueckKas 72

3axkou Bprocrepa 193
— DByrepa 240

— T'yxa 16

— Mauroca 192

— oTpaskenusa 71

— mpeJioMJeHus 72
— Ponea 242

— Cuenna 72

3ByK 29

3epkaiio Jlioiima 126
30Ha BOJIHOBasg 58

— wuHTephepernnun 94
3oubl Ppenensa 136, 137

Hsnyuyenne BaBuimoBa—YepeHKoBa
61, 253

— punoabHoe 60

W3obpakeHne MHUMOE 75
VIMIyIbC BOJIHBI 9JIEKTPOMATHUTHOM
52

HNurencuBHocTs BOMHBEI 23, 67

— TIJIaBHBIX MaKcuMyMmoB 168
HHrepdepenniusa BoaH 93

— MHoroJgyueBas 123

— MOJIAPU30BAaHHBIX BOJIH 209-213
HNnrepdepomerp s3Be3gubiii 103
— Maiirkenbcona 121

— Ponea 126

— ®abpu—Ilepo 124

Ucrtounuk smambepToBCcKuUit 83

Kaugena 82

Korepeatnocts 92

— BpemeHHaa 97

— moJsigpu3oBaHHBIX BoaH 209
— mpocTpaHcTBeHHas 97
Konsma Herooroma 118
Konebanusa xkorepenTHble 92

— cobcTBeHHbBIE 28

— CTpPyHBI 28

Komnencarop 206
Kosddunuenr saryxanus BOJIHBI 9
— ocyabnenusa 244

— orpakenua 70

— moryotneHua 240

— mpomycKaHus 71

— BKCTUHKIuUU 244

Kpusasa Bugnoctu 80

— OTHOCHUTEJBbHOM CIeKTPaJIbHOI

yyBcTBUTENbHOCT 80

Kpucrann ogroocubert 197, 198
— orpunareabubiii 200

— noytokuTeabHbI 200
Kpucranmoonrtuxka 200
Kpurepuit Panea 157, 170

Jlazep 68

Jlaysrpamma 177

Jlumsa Toukasa 78

JIyu 67

— HeOOBIKHOBEHHBIH 197

— OOBIKHOBeHHBII 197

— TapakCHaJbHBIN 75
Jlyuenpesomienue aBoiinoe 197
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JIroke 82
Jlromen 81

Makcumym Gesbrit 123
Maxkcumymbl riiaBHbBIE 164

— nobaBounnle 166

Meron Hebas—Illepepa 177
— Jlays 177

MuHUMYMBI MHTEP(EPEHITNOH-
Hble 165

Mopgyns IOura 16

HamnpaBieHus MJIaCTUHKU TJIaB-
aeie 204

OGepToubl 28

O6snacts aucnepcun 126, 172
Omneparop Jlammaca 15, 43
OnTuka BoaHOBas 66

— reomerpuueckad 71
Onberr Oura 97

OurwiTer JlebemeBa 53
OcBerreHHOCTh 82

Och omruueckasa 74, 189

— — ryaBHadg 79
OTrHOCHUTEIbHAA CIeKTpaJbHasd
YyBCTBUTEJBLHOCTL 80
OrpaskeHue MOJHOEe BHyTpeHHee 72

ITaxker BosHOBOI 235
ITapametp p 152

ITepuon kosebammit 8

— pertetkn 163

— CTPYKTYp®I 174
IInasma 234

Ilnacturka B moaBosHBL 205
— — uyeTBepTh BoJHBI 204
— nBympesomasionias 201
— gouHaa 141

— KJuHOBUAHAasg 116

— kpucraara KDP 217
IInockocTu riaaBHBIE 78
IInockocTes rnaBHas 198

— mageHus 71

— mnoaapusanuu 189

— TMPOIYCKAHWUS IOJISIPU3ATO-
pa 191

IInoTHoCTh MMIyJiBCA 52

— omuruyeckas 67

— moToKa sHepruu 22, 51

IToBepxuocTu BosiHOBBIE 9, 200

= JyueBbIX cKopocteit 200

ITormomienne ceera 239

ITorkaszaresns s3aryxanua 234

— mpesiomyaenus 66

— — KOMILIEeKCHbII 234

ITosiocer paBHOrO HakJIoHa 116, 122

— paBHOU ToamuHbl 117, 123

ITonspusaropsr 191

ITonapusamus Boaa 189

— neBaa 204

— mnpasasa 204

IMonapoun 199

ITopor GoJsieBoro ommyiienus 29

— caslmumocTu 29

ITopsaaku cmekTpa 158

ITopsanox uHTepdepenuu 95

ITocroaunaa Bepme 219

— Bpamenua 218

— Keppa 215

ITorepsa monyBosHBL 112

IToTok cBetoBoii 81

— ouepruu 81

ITpaBuso 3HakoB 75, 164

IIpenomierue Ha chepuyecKom

noBepxHocTUu 74, 75

ITpuamun Ioiirenca—®Ppenena 135

— cyieprnosunuu 25

—‘dPepma 73

IIporuiiaemMocTs nU3NIEKTPUYE-

cxraa 42

— MmaruuTHas 42

IIpocsersienue omntuku 120

IIyunoctu 25

IIarao Ilyaccoma 141
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PasHocTh xXo0ma omTuueckasa 95

Paccesnue cBera 241, 242

— MoOJeKynapHoe 243

Paccrossumne mekinrockoctHoe 176

— d@doxrycHoe 76

Pacupeesnenre NMHTEHCUBHOCTHA OT

meau 161

— — oT Au(PaKINOHHOMI peIrer-
Ku 169

PacxoapmmocTs myuka qudpakiuoH-

Has 155

Pennuku 173

Pemrerxa BubOpatopor 173

— nudpakmuonHas 162

— — dasoBaa 173

Cser ecrecTBenublii 67, 190

— KpPYyro-moJisapusoBaHHbIA 189,
205

— JIMHEeNHO-TOJIIPU30BaHHbBINA 68,
189

— ILJIOCKOIIOJIAPU30BaHHbIN 68,
189

— TOJApM30BaHHBIN 68, 189

— YaCTUYHO-IOJIAPU30BaHHbIA 191

— BJIIUNTUYECKU-TIOJAPU30BAH-
HBIl 68, 189, 203

CserumocTs 82

Ceuenue riaBHoe 198

Cua omTuueckas 75

— cBera 81

Ckopocth rpymnmnoBas 236

— 3ByKa B rase 20

— IIOIepevyHoii BOJHBI 17

— pacmpocTpaHeHusa sHeprum 239

— ¢asoBaa 10, 235

— 9JIEKTPOMATHUTHON BOJIHBI 44

CruexkTp akycruueckmuii 29

— JauHebvaTeiit 29

— cmaomHoi 29

CrneKTpocKonusa peHTreHoBckad 177

Cuoupass Koprio 147, 148

— ®peneaa 139, 140
Crioco0HOCTL paspelarnias
obbexkTuBa 158

— — pemetrku 170, 171

— — CIeKTpajbHOro mpubopa 171
Cpena myTtHas 242
Crenenb KorepeHTHoctu 97

— mougpusanuu 191

— wmoHoxpomaruunoctu 100
Croma miactTuHOK 195
Cymeprnosunusa moJAPU30BaHHBIX

BoaH 201
CueTunKU UYepeHKOBCKume 254

TayroxporHOCTE 73
Temb6p 29

Teopema Babune 162
Teopusa aucmepcuu 230
Touka ysmoBaa 91
Touku compsKeHHBIE 74

YBenuuenue guu3bl 80

— cucrembr 77

VYron Bprocrepa 193

— TOJIHOM moJigpusanuu 193
— TpeeNbHBIH 72

— CKoJbxkeHusa 174, 176
VYauner 25

YpaBHenue BosiHOBoe 13, 15
— BOJIHBI 8

— — Baryxalormiein 9

— — maockoi 10

— — croauenn 25, 49

— — cepuueckoit 11

— — IuJIuHApPUYecKou 12
VYpasuenus Maxcsesna 42
VYcioBue riaaBHBIX MakcuMyMmoB 164
— mMuHEMYyMOB 160

YcnoBus rpaumunbie 27, 69
— Jlays 175

®aza BoaHBI 9
DdaykTyanuu mIOTHOCTH 243



IIpegmeTHBI yKa3aTeib
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dokyc sagHUr 76

— mepenHUu# 76

dou 31

dopmysna Bparra—Byabdpa 176

— Ponea 237

— cdepuuecKkoil moBepxHocTu 75,
252

— TOHKOUW JUH3BI 78

Dopmysnsr Dpenensa 196

Doromerpua 80

IIBeTra TOHKMX maacTUHOK 116
IIyr Bosn 68

YacroTsl cobcTBeHHBIE 28
Yucso BOJHOBOE 9

ITupuna 30ub nHTepdepenruu 106
— UHTep)EePeHIIUOHHOI T0JI0Cckl 96

— KorepeatHoctu 97, 101
IITxana maTeHCHBHOCTH 3BYyKa 30

IKpaHbl JOMOJHUTEJbHbIE 162

JHeprua BoaH ynpyrux 20, 21

— — BJIEKTpPOMAarHUTHBIX 50

AdderT domnepa aas 3sByka 33—36

— — IJiA 9JeKTPOMarHUTHBIX
BOJIH 55

— — 1momnepeyHbI 56

— — TIIPOJOJIbHBIN 55

— samasasiBanuda 36, 40, 55, 61

— Keppa 215

— Iloxkennca 217

— ®apagea 219

Apxrocrs 82, 83
fAueiira Keppa 215
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HUponor Uropr EBrenbeBmu
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