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Ilo0 oughpaxyueit céema NOHUMAIOT BCAKOE YKIOHEHHUE OT MPSIMOJIMHEH-
HOTO PacHpOCTPAHEHUS CBETA, €CIM OHO HE MOXET ObITh MCTOJIKOBAHO KaK pe-
3yJbTaT OTPAKEHUS, IPEIOMIICHUS WJIM U3TMOaHUsI CBETOBBIX JIydeil B cpeliax ¢
HEMPEPHIBHO MEHSIOIIMMCS MOKa3aTesneM mpenomieHus. Eciu B cpene uMeroTcs
MeJbYaliliie 4aCcTUIbl TOCTOPOHHETO BEIIECTBA WIJIM MOKA3aTeb MPEIOMIICHUS
3aMETHO MEHSETCS Ha PACCTOSHUAX MOPAJKA JUIMHBI BOJHBI, TO B 3TUX CIydasx
TOBOPST O PACCESTHUM CBETA U TEPMUH «oughpaxyus» He ynorpeodnsercs. UapMu
CJIOBaMH, ougpaxyusi céema — 3TO COBOKYITHOCTb SIBIICHUHM, KOTOpbIE 00YCIOB-
JIEHBbI BOJTHOBOM MPUPOJON CBETa U HAOMIOAAIOTCS MPHU €r0 paclpoCTPAHECHUU B
Cpelle C PEe3KO BBIPAKEHHOW ONMTUYECKOW HEOJHOPOJHOCTHIO (HAmpuUMep, MpHU
MIPOXOKJICHUHU Yepe3 OTBEPCTHS B IKpaHaX, BOJU3M TPAHUI] HEPO3PAUHBIX TEN).
SBneHue nerko HaOMIOJACTCS MMl ATUHHO-BOJHOBBIX OOBEKTOB — 3BYKOBBIX U
PaZMOBOIIH, UTPAET BaXKHYIO POJIb B 00JaCTH BUAUMOTO CBETAa M PEHTTEHOBCKHUX
nayueit. Paznuuaror nudpaknuio @penenst B pacxoIamuxcs tydax U AUPpaKIuio
®paynrodepa B napajienbHbIX JTydax.

Mexny unTepdepennueid u nudpakiueii Hem cyuiecmeeHHo2o pasiu-
yus. O0a SABJICHUS 3aKII0UAIOMCS 8 Nepepacnpedesenuu dHepeuu NOMoKa 80H 8
pe3ynomame cynepnosuyuu. 1o uCcTopruueckuM NMpUYMHAM TepepachpeiesicHIe
MHTEHCUBHOCTH, BO3HHKAIOIIEE B PE3yJbTaTe CYNEPIIO3ULIUHN BOJIH, 8030)IHCOEH-
HBIX KOHEUHbIM YUCTIOM OUCKDEMHBIX KO2EPEeHMHBIX UCMOYHUKO8, NPUHSAMO HA-
3vi6amsv unmepghepenyueii éonn. llepepacnpenenenne MTHTCHCUBHOCTH, BO3HU-
KaIoIIee BCJIEICTBUE CYNEPHO3ULMHN BOJIH, 8030YHCOAEMbIX KO2EPEHMHbIMU UC-
MOYHUKAMU, PACNPEOeNeHHbIMU 8 NPOCMPAHCMEE HENPEePbIBHO, NPUHAMO HA3bl-
eamv oughpaxyueil 60.JH.

[Ipupona m OCHOBHBIE Ka4eCTBEHHBIC 3aKOHOMEPHOCTH AU(PPAKIIUU CBETA
MOTYT OBITh YCTAHOBJIEHBI C MOMOIIbIO NpuHIMNa [tolireHca - @penens, KOTo-
PBIM COCTOUT U3 JBYX YaCTEH.

1. IHpunyun I'toiizenca: xasxcoas mouka, 00 KOmopot 00X00Uum c8emosoe
Kojnebanue, A611emcs UcCmouyHuxom emopuynvlx eonn. Ilpeanoxen B 1690 r.
['folireHCOM W paccMaTpHUBACTCA KaK MPOCTON CMOCO0 HAXOXKIACHUS BOJTHOBOM
MOBEPXHOCTH UM BOJHOBOTO ()pOHTA B MOMEHT BpeMeHH t + At, eciu u3BecTHO
UX TMOJIOXKEeHHE B MOMEHT BpeMeHu t. OTcrofa UCTOYHHUK BOJIH MOKHO 3aMEHUTH
CUCTEMOU (PUKTUBHBIX UCTOYHUKOB, BO30YKIAIOIIUX BTOPUYHBIC BOJHBI. DTUMHU
UCTOYHHUKAMHU MOTYT CIIY’KHTh MaJible y4acTKu (S BOJHOBOWM MOBEPXHOCTH, B Ya-
CTHOCTH, B ClIy4ae TOYCYHOIO UC- =
TOYHHKA — y4acTku dS cdepuue-
CKOM TIOBEPXHOCTH (CM. puc. 1).

B cnyuae moueunoco uc-
MOYHUKA c8ema BOJIHO8ble NO-
BEpPXHOCMU ~ BMOPUYHBIX  BOJIH
npedcmasnaom cobou cucmemy
KOHYenmpuieckux cgep, 6 ciyiae
NIOCKO20 UCHOYHUKA — CUCTEMy Puc. 1
napaiiebHblxX NA0CKOCMel.
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Opnako npuHimn [foiireHca He JaeT HUKAKUX YKa3aHWi 00 aMIuIUTye, a
CJIeIOBATENbHO, U 00 MHTEHCUBHOCTU BOJIH, PACTIPOCTPAHSIOIIMXCS B PA3IMYHBIX
HanpasieHusX. Bo Bcex mpuMeHeHUsIX BTOpUYHbIEC BOIHBI [ TolreHca BRICTYNaoT
HE KaK peajibHble BOJHBI, a KaK 8CHOMO2amenbHble chepbl, UCTIOIb3yEMbIE IS
MOCTPOEHUS BOJIHOBBIX (PPOHTOB. ITHU Chephl, MOCTPOECHHBIE U3 TOYEK BOTHOBOIO
($poHTa KaKk U3 LIEHTPOB, MPOSBIISIOT CBOE IEHCTBUE MOILKO Ha o2ubarouyell, Ko-
TOpas U JaeT HOBOE TOJIOXKEHHE BOIHOBOTO (ponTa. Kpome 31oro, ocraBanoch He-
SICHBIM, TI0YEMY TIPU PACTIPOCTPAHEHUHN BOJIHBI He 8O3HUKAEM 0OpamHAsl 80IHA.

2. /lobasenenue ®penensn. emo-
PpUYHblE UCMOYHUKU C8ema AGIAI0mCs
KO2EPeHMHbIMU, Npuyem MOWHOCHb
8cex 8MOPUUHBIX UCHOYHUKO8 OOUHA-
koga. [losmomy peszynomupyrowee Ko-
nebanue 6 mouke Habarooenus P — pe-
3ynbmam unmeppepeHyuu ecex 6mo-
puunslx 60sH (cM. puc. 2). Takum oOpa-
30M, TUdpaKIys CBeTa — uHmepgpepeH-
YUOHHBIL 3¢hchexm; TOIBKO, €CIIM WH-
TepdepeHIus cBeTa OOYCIIOBIEHA KO- Puc. 2
HEYHBIM YHMCJIOM MCTOYHHUKOB, TO NU(PaKIUs — UX HEMPEephIBHBIM pacrpezere-
HueM. [lpunmun [oiirenca — ®@peHens HE CBs3aH ¢ KOHKPETHOW (hHU3MYECKOU
IPUPOAON BOJH U MPUMEHUM Kak JJIs YIPYTUX BOJIH, TaK U JUIsl QJIEKTPOMAarHUT-
HBIX (CBETOBBIX) BOJIH.

ITo Teopun ®penens, CBET MOJDKEH HAOMIOAATHCS BO BCEX MECTax MpPO-
CTPaHCTBa, TJIe TpU UHTEP(EPEHIINN BTOPUIHBIC BOJHBI YCUIIMBAIOTCS; B TE€X K€
MecTax, [JIe OHM B3aMMHO TracsiT Apyr Apyra, JOJDKHA HaOMIOAaTbCs TEMHOTA.
[Ipu >TOM CcTaHOBUTCA MOHATHBIM (pu3uveckuii cMpica orudaromieit. K orubato-
eIl BCe BTOPUYHBIC BOJHBI MPUXOAT B OAMHAKOBBIX (azax, U X UHTephepeH-
1Usl MPUBOJUT K OOJNBIIEH MHTEHCUBHOCTU CBETAa. BTOpHUYHBIE BOJIHBI, UIYIINE
OT BOJIHOBOTO (PpOHTa BIE€pe],, BCTYyMAalOT B CBOOOJHOE OT BO3MYIIECHUU MPO-
cTpanctBo. OHU UHTEPHEPUPYIOT TOIBKO APYT € Apyrom. Hampotus, BTOpUYHBIC
BOJIHBI, MJIyIIIME HA3aJl, BCTYNAIOT B MPOCTPAHCTBO, IJI€ €CTh YK€ BOJIHOBOE BO3-
MyIIIeHHe — mpsAMas BojHa. [Ipu uHTEpPEepeHIr BTOPUYHBIC BOJHBI TacAT Tpsi-
MYI0 BOJIHY, TaK YTO TOCJE MPOXO0XKICHHUS BOJHBI MTPOCTPAHCTBO 32 HEH OKa3bIBa-
€TCsl HEBO3MYIIICHHBIM.

C noMouipio0 yCOBEpIIEHCTBOBAHHOTO MM MpHUHIMNA DpeHeno yaaaoch
JIaTh yIOBJIETBOPUTEIHLHOE OOBSICHEHUE psAsia AUPPAKIIMOHHBIX SBICHUH, a TAKXKE
YCTPAaHUTh OJHO U3 OCHOBHBIX 3aTPyAHEHHUI BOJIHOBOI TEOPUU CBETA — IMOKA3aTh,
KaK COTJIacyeTcsl BOJIHOBas MPHUPOJA C HAOMIOAAONIMMCS Ha ONBITE MPSMOIU-
HEHWHBIM PacIpOCTPaHEHUEM CBETA.

Paznmuuarotr nBa ciywas nudpaxkuuu. Ecnum MCTOYHMK CBEeTa M TOUKa Ha-
OmosieHrss P pacrnooKeHbl OT MPENsSTCTBUS HACTOJIBKO JAJeKO, 4TO JIy4H, Ma-
JIalolIMe Ha MPENATCTBUE, U JIyYd, UAYIIHE B TOUKY P, 00pa3yloT MpakTHYEeCKH
MapajljIeIbHbIE IYYKH, TOBOPAT O AMpakuuu ®@payHrogepa wiv o audpak-
IMU B Napa/ulejbHBIX Jy4yax. B npoTuBHOM ciydae roBopsar o auppaxkuuu
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®peneas. [Ipunuun [rorirenca - OpeHens MO3BOJSAET MPOAHAIU3UPOBATH BCE
OCHOBHBIE JH(paKIUOHHBIC ABICHUSA. [I0CKOIBKY TOUEK (hpOHTA, SIBISIOIIMXCS
KOT€PEHTHBIMHA MCTOYHUKAMH HOBBIX BOJIH, O€CUMCICHHOE MHOXKECTBO, TO pac-
4eT UHTEePGEPEHITNN B IPUHITUIIE CBOJIUTCS K JOBOJBHO TPOMO3JIKOMY MHTEIPH-
poBaHuto. s ynporieHust 3Toro uHTerpupoBanusi OpeneneM ObUT MPEIOKEH
W3SIITHBIN METOJ, OCHOBAaHHBIM Ha pa3OMECHUH BOJHOBOM MOBEPXHOCTH Ha KOJIb-
1ieBbie y4acTKu (30HBI Dpenens). g 3TOro oH MpeaioKII MPOBECTH Al cdep
C IGHTpaMHU B TOYKE P U pajuycamu, COOTBETCTBEHHO PABHBIMU:
4 4 A 4
b+ 2 ,bt2 2 ,b+3°2,...b+tm 2 .

Paccrostaue ot cocemHux 30H 10 TOYKK HaOmoaeHus P mpu stom Oymer
OTJIMYATHCSA HA MOJOBHMHY [UIMHBI BOJHBI A/2. TeM caMbiM (DPOHT BOJIHBI pa3o-
ObEeTCsl Ha PsAJl KOJBILEBBIX 30H. BOJHBI, MpUXoasiue B TOUKY P OT TOYEK Kax-
JIOM MOCJIEAYIOUIEN 30HbI, CABUHYTHI 10 OTHOIIEHUIO K BOJIHAM, MPUXOSIIUM OT
COOTBETCTBYIOIIMX TOYEK MPEAbIIYIICH 30HbI HA A/2, T. €. HAXOIATCS B IPOTUBO-
MOJIOXKHBIX (hazax, ¥ UX aMIUTUTYAbI TPH UHTEP(HEPEHIINH BRIYUTAIOTCS.

Sy

EpNy

F %y
m
2

75 3oHa
"LH IO
F-9 Jona
L7 oM

Puc. 3

DneMeHTapHBIA Pacy€T MOKa3bIBAET, YTO MpH pazOueHnu chepruueckoro
BOJIHOBOTO (DpOHTA Ha 30HBI DPEHENs IIOMAb BCEX 30H ¢ TOYHOCTHIO 10 (A/2)°
OJTMHAKOBEI. JIJ1s1 TOKa3aTeIbCTBA MOCIIEIHETO UCTIOIBh3yeM puC. 4.

[ %@d-
b

a £

.

Puc. 4
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Haiinem momanu 30H. Kak BUaHO U3 puc. 4, BHEIIHS rpaHULia M-Il 30HbI
BBIJICJISICT HA BOJTHOBOW MOBEPXHOCTU CEPUICCKUN CETMEHT BbICOTOMU Npy. TTycTh
IJIOIIAAb OTOTO CerMeHTa OyaeT paBHa Sy,. Torma muomamb M- 30HBI MOXHO
MPEJCTABUTh B BUJIE

A Sp=Spm - Sme1,
rae Sp.p — IIomaab c(hepruuecKoro CErMEHTa, BRIICIIEMOTO BHEITHEN TpaHUIEH
(m-1)-i# 30HbI. Eciiu nmpuHSATH, YTO @ — paguyC BOJHOBOM IMOBEPXHOCTH, Iy — pa-

JINyC BHELIHEW I'PaHULbl M-U 30HBI, TO:
2

?—a?—(a—h Y’ = b+m% _(b+h ). (1)
Bo3Bens ckOOKH B KBaIpaT, MOJTyYHM:
bmi +m?(A/ 2)?
= LU @
2(a+b)

BBUIy MAaZOCTH A MOXHO NpEHeOpeds ClraraeMsiM, comepkamumM A2. B stom
cilydae

hm = bm—}” _ (3)
2(a+b)
[Tmomanp chepudeckoro cerMeHTa paBHa
S =2xnRh, 4)
riae R — paguyc cdepsl, h — BeicoTa cermenTa. ClieZioBaTeIbHO:
rtab
S, =2nah_= ma. . 5
o =2nah, = ©)
Ho Torma miromaas M- 30HBI
AS = —s =T 6)
a+b

Kak BHIIHO, MOJTy4eHHOE BBIPAXKEHHUE HE 3aBHCUT OT HOMEpPA 30HBI M. ITO
03HAYaAET, YTO MPH HE CIUIIKOM OOJBIIMX M TUIomaan 30H DpeHens mpuMepHO
OJIMHAKOBBI.

Amruntyaa konebanuit A B Touke P paBHa cyMMe KoseOaHUil OT BceX 30H
®penens A,=A1 - Ay + A3 - A4 +..., T.e. 00pa3yeT 3HAKONIEPEMEHHBIN Psifl, YICHBI
KOTOPOTO MOHOTOHHO YOBIBAIOT NMpHU YBEIMYEHUH HOMEpa 30HbI. M3meHeHue
3HaKa YICHOB psJia 00YCIOBIEHO M3MEHEHUEM (a3bl KojeOaHul MexIy YETHDI-
MU M HEYETHBIMU 30HAMH Ha BEJIMYMHY T. Y MEHBUIEHUE aMIUIMTY]bI Ay C poc-
TOM HOMEpPA 30HBI M, COMIACHO MPEANOI0KEHNI0 DPEHENS, CBSI3aHO C YMEHbIIE-
HUEM BKJ1aJa KoJieOaHUN TOJIsI CBETOBOM BOJIHBI B TOUKE HAOIIOICHHS P, mpuxo-
JISIIIAX OT 30H, KOTOPBIE JaJIbIIIe OTCTOSAT OT IIEHTPATbHOM 30HBI (CM. pHC. 2).

[Tycts S Ha puc. 2 npencrasisieT co00il OJHY U3 BOJHOBBIX TTOBEPXHOCTEH
CBETAa, PAaCIPOCTPAHSIOLIErOCS OT HEKOTOPOTrO UCTOYHHUKA. AMIUIUTY/Ia CBETOBO-
ro KojieOaHusi B TOUke P, jexaiiei nmepej Toi MOBEPXHOCThIO, MOKET OBITh CO-
rnacHo dpeHeno HalijieHa U3 CAeAYmMUX coodpaxenuit. Kaxaplil anemMeHT mo-
BEPXHOCTU CIY>KUT MCTOYHMKOM BTOPUYHOU CPepuuecKOd BOJHBI, aMILTUTY/Ia
KOTOpOU MpPOTMOPIMOHATbHA BEeIMYMHE deMeHTa dS. AMIuUTyna cheprudeckon
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BOJIHBI B TOUKE P (Ap) yObIBaeT ¢ pacCTOsSHHEM I OT MCTOYHMKA 1O 3aKOHY /.
Kpome toro, ¢ pocToM I' yBeJIMUUBAETCS YO @, 4, TAK KaK aMIUIUTYyJa B TOUKe P
MEHSETCA MO 3aKOHY Ap ~ COS®, TO C POCTOM I U ¢ HAOIIOJAETCSI MOHOTOHHOE
yObIBaHUE aMIUIUTYIbl KoJleOanus B Touke P. [Ipy mOJHOCTBIO OTKPBITOM BOJI-
HOBOM (PpOHTE BBIPAXKEHUE AJI aMILTUTYIbI A MOYKHO MPEJCTaBUThH B BUJIE

A=A1/2+(A1/2-A2+A3/2)+(A3/2-A4+A5/2)+. e

CyMMa 4IEHOB B CKOOKax MPUOJU3UTEIBLHO paBHA HYJO, MO3TOMY A=A1/2.
WHbIMU CIOBaMHM, aMIUTMTY1a, CO3/laBaeMasi B HEKOTOpOil Touke P Bceil cdepu-
YECKOW BOJHOBOM IMOBEPXHOCTHIO, paBHA IOJOBUHE AMIUIMTY]IbI, CO3JaBAEMOM
OJIHOM JIMIIIb LIEHTpaIbHOM 30HOM. [ToaTOMY CBET pacmpocTpansercs oT S K P kak
OBl 6HYmMpU Y3K020 NPAMO20 KAHAA, T. €. IPAMOJIMHeitHo. Ecnu kpyrioe oTBep-
cTHe OTKpbIBaeT M 30H Dpenens, 10 A=A1/2-Ar/2 nipu uétHOM M U A=A1/2+A /2
[P HEYETHOM M.

N3 paBenctBa (1) MOXKHO JIETKO HaWTH paanychl 30H. Ecnu 4ucio 30H He
OYEeHb BEIHMKO, TO BBICOTA CErMEHTa Np<<a M MOXHO CYHTATh, 4TO Fp2=2ahp.
[MoacraBuB 3HaueHue hy u3 (3), MOXKHO MOJYYUTh BBIPAKECHUE UIA pajuyca
BHEIIIHEN IPaHULIBI M-I 30HBL:

abmA

a+b’ (7)

TJIc & — PacCTOSHUE OT TOYEYHOTO UCTOYHHUKA 0 IEHTpPaIbHOW 30HBI, b — pac-
CTOSIHUE OT LEHTPAJIbHOU 30HBI 10 TOUKH P.

YcnoBueM HaOmogeHUs JU(paKIuy SIBISETCS CPaBHUMOCTH Pa3MEpOB
NPENATCTBUSL HA MYTH CBETOBOW BOJIHBI C pa3MepamMH MepBoil 30HbI DpeHes.
Ecin B mpeaenax mpemsTCTBUS YKIIAIBIBACTCS OTHOCUTEIIBHO HEOOJBIIIOE YHUCIIO0
30H DpeHenst, TO ATO ABISACTCS HEOOXOIUMBIM U JIOCTATOYHBIM yCIOBUEM ITOJTY-
YeHUS TUPPaKITMOHHON KapTHUHBI.

Paznmuuator aBe oGmactu HaOmoaeHus nudpakiuu: oo6macts Tudpakiuu
®penens u obnacts audpakiun Opaynrodepa. dudpaxius Openenst Hadbmoma-
eTcsl B OJIMKHEH 30HE, TO €CTh MPH TaKOM PACCTOSHHU OT MPEnsTcTBHs b 10 To4-

ab\

K1 HaOmoAeHus P, Korja XapaKTepHbI pa3Mmep MpemnsTCTBUS PIi= —b
a+

Ecou dpoHT mamarorieit Ha MPENsTCTBHE CBETOBOM BOJHBI SIBISIETCS TIJIOCKHUM,
YTO COOTBETCTBYET @—>%0, TO COTJIaCHO BhIpaxkeHuio (1) ¢ yuerom hy—0 MOXHO
MOJIYYUTh

M=

r, = (bm)?, (8)

a obnacth nudpakuuu OpayHrodepa HaunHaeTcs Mpu
2
b>P .
A

BeImonHeHne 3TOro yclioBUsl 03HAYAET, YTO MPH YAAJICHUH SKpaHa, HA KOTOPOM
HaOroaeTcst Audpaxiys, Ha paccTosHue, Oosbliee 4eM b, B XapakTepHOM pas-
Mepe TPEISTCTBUS P YKIaAbIBAeTCsl MEHbIe oHoM 30HbI Openens. Judpaxiu-
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OHHas KapTHHA MPHU 3TOM 00pa3yeTcs B pe3yJbTaTe CyNepro3ulluu MPaKTHUECKU
IUIOCKUX (KBA3HUIUIOCKWX) BOJIH, MPUXOSAIINX B 00JaCTh HAOMIOACHUS TOJ pas-
JUYHBIMU yTIIAMHU.

Kak yxe ObU1O cKazaHO BbIIIE, KOJIEOAHHUSI OT YETHBIX M HEYETHBIX 30H
®penenst HAXOJATCS B MPOTUBOGA3E U, CIIENOBATEIbHO, B3AUMHO OCIJIA0JISIOT
npyr apyra. Ecnu moctaBUTh Ha IMyTH CBETOBOM BOJIHBI IUIACTHHKY, KOTOpas Ie-
peKpbiBajia Obl BCe YETHBIE WIM HEYETHBIE 30HbI, TO MNHTEHCUBHOCThH CBETA B TOY-
ke HabmoieHus: P pe3ko Bo3pacrtaeT. Takas miiacTUHKa Ha3bIBAECTCSA 30HHOU Nid-
cmunkoui. OHa TEUCTBYET NTOJ00HO COOMPAIOIICH JIMH3E.

Paccmotpum nudpakiuio cBerta oT Kpyriaoro orBepctus. [loctaBum Ha
nyTH chepUUeCKOl CBETOBOM BOJHBI HETIPO3PAUHbIN AKPaH C BHIPE3aHHBIM B HEM
KpPYTJBIM OTBEPCTHEM paauyca Iy, Pacmionoxxum skpaH Tak, 4TOOBI MEPHIECHINKY-
JIsIp, OMYIICHHBIM M3 MCTOYHMKA CBETa S, MOMall B IIEHTP OTBepCTHs (pHC. 5, a).
Ha nponomkeHnuu 3Toro nepneHauKyisipa Bo3bMeM Touky P. 31ech a paBHO pac-
CTOSIHUIO OT UCTOYHMKA S 710 Iperpajpl, a b — paccTosHUIO OT mperpajpl 10 TOY-
ku P. Eciiu paccrosiaust & 1 D yJJOBIETBOPSIOT YCIOBHIO

abmA

"\ a+b ©)

rae M — mejoe 4ucjiao, TO OTBEPCTHE OCTAaBHUT OTKPBITBIM POBHO M IICPBLIX 30H
q)peHeJ'ISI. CHGI[OBaTeJ'IBHO, YHCJIO OTKPBITBIX 30H CDpeHeJ'DI JETKO OMnpeCacIsACTCA
N3 COOTHOIICHUA

(1 1
m=-2 —+=1|. (10)
Ala b
AMmuTyna B Touke P Oyaet paBHa
A:Al-A2+A3-A4+...:|:Am. (11)

Ecou m neuemnoe, To nepen Ay, 6epeTcst 3HaK ILUTIOC, a €CJId M yemnoe, To OepeT-
c4 3HaK MUHYC. Tak Kak aMIUIMTYAbl ABYX COCEIHUX 30H MPAKTUUYECKU OJIMHAKO-
BbI, TO MPHU MAJIBIX M aMIUTUTyAA Ay MaJlo OTIANYAETCS OT Aj.

lpeepaca Fnpan K i

Puc. 5
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CnenoBatenbHO, HpU HewemHublX M amnaumyoa é mouke P 6yoem npu-
OnuzumenvHo pasna Ay (m. e. Oyoem HAONIOOAMBCA MAKCUMYM UHMEHCUBHO-
cmu), a npu YemHovlx M — Hyil0 (MUHUMYM unmencuenocmu) (cM. puc. 5, 0, B).
Ecnu yGpate nperpany (T.e. 3KpaH), TO aMIUIUTyAa B TOYKe P CTaHET paBHOM
A1/2. Takum 00Opa3om, 3KpaH C OTBEPCTUEM HE TOJBKO HE OCJIA0JsIeT OCBEIICH-
HOCTh B TOYKE P, HO, HAIPOTUB, IPUBOJUT K YBEIMUYCHHUIO aMIUIUTYAbl MTOYTH B
JIBa pa3a (MHTEHCUBHOCTH e — B ueThipe paza). OHAaKO 3TO CIPABEIIUBO IS
cilydasi JOCTaTOYHO MaJIbIX M.

Ecnu otBepcTtre oTkpbiBaeT He Oosiee oaHON 30HBI DpeHens, Ha HKpaHE
MOJIy4YaeTCsl Pa3MbITOE CBETJIOE IATHO; YepPEeIOBAaHUE CBETIIBIX U TEMHBIX KOJIEIl B
TOM cllydyae He BO3HMKaeT. Ecnmu oTBepcTHe OTKpBIBACT OOJBIIOE YMCIO 30H,
YepeIoBaHUEe CBETJIBIX M TEMHBIX KOJIel HaOMI0JaeTCs JIUIIb B OY€Hb Y3KOU 00-
JaCTH HA TPaHULE T€OMETPUUECKONW TE€HU; BHYTPH 3TOM 00JACTU OCBEUIEHHOCTb
OKa3bIBAETCS MMPAKTUYECKH ITOCTOSIHHOM.

Takum oOpa3oMm, Jughpakuyuonnas kapmuna om Kpy2n020 omeepcmus
umeem 6uU0 4epedyIousUxXcsa C6emablX U MEeMHbIX KOHUEHmpuueckux Koaey. B
yenmpe Kapmunvl 0yoem HaOaw00amuvca audo ceemnoe (m Heuemuoe), a1ud0
memHoe (m uemnoe) nAMmHo.

Xona MHTEHCUBHOCTH | ¢ paccTosiHHEM I' OT LeHTpa AudpakirOHHON Kap-
TUHBI U300paxkeH Ha puc. 5, O (A7 HEeueTHOro M) U Ha puc. 5, B (A1 YETHOTO
m). [Ipu mepememiennn SKpaHa MapawieIbHO caMoMy cebe BAOJIb mpsiMoil SP
KapTHUHBI, U300paKCHHBIC HA puC. 5, 0, u 5, B, OyayT cMeHsTh npyr apyra (co-
rnacHo (10) mpu w3MeHeHuu D 3HaUeHWe m CTAHOBUTCS TO HEYSTHBIM, TO YET-
HBIM).

Ecnu nentpansubie 30061 OpeHENs 3aKPHIBAIOTCS KPV2IbIM HENPO3PAYHBIM
ouckom, To TU(ppakIIMOHHAS] KAPTUHA TaKKe UMEET BUJ| YePEAYIOIINXCS CBETIIBIX
U TEMHBIX KOHIICHTPUYECKUX KOJICI, HO B UEHMPe KAPMUHbL HOMEUlaemcs
ceemoe namuo. PaccMoTpum 310 Ha puc. 6. Ecnu m1uck 3akpoet M mepBbIX 30H
®peHens, TO aMIUIUTY/1a B Touke P Oyner paBHa:

A:Am+1'Am+2+Am+3' .o :Am+1/2+(Am+1/2 —Am+2+Am+3/2) + — (12)

Bripaxkenue, crosiee B CKOOKax, MOKHO CUATATh paBHBIM HyJt0. CieoBaTeb-
HO,
A= Am+1/2. (13)

Xapakrep nupakMOHHOW KapTUHBI, MOJyYarollelcs Ha SKpaHe, pacro-
JIO)KEHHOM B TOYKE P MepneHIuKyIsIpHO K TMHUU SP, mpecTaBieH Ha puc. 6, 0.
O4eBHUIHO, YTO MHTEHCUBHOCTH CBETA MOYKET 3aBUCETh TOJBKO OT PACCTOSHUA I
OT LeHTpa kapTuHbl P. [Ipu HEOOIBIIOM YKCIE 3aKPBITHIX 30H Ap+1 MO OTIH-
gaeTcsi OT A;. [loaToMy B Touke P MHTEHCHUBHOCTH OYJET MOUYTH TaKas ke, Kak
IPU OTCYTCTBHUH MPETPAIbI MEXITY S 1 P .

Paccmotpum nudpaxiyio miocko BOJHBI Ha Y3KOHW M OECKOHEYHO JIJTMH-
HOM 11enu, 00pa30BaHHON JABYMS HEMPO3pauHbIMHU SKpaHAMM, PACCTOSIHUE MEX-
Ny KOTOpbIMHU paBHO D. DTO sBileHHe HOCHT Ha3BaHue Aupakuun DpayHro-
(depa ot wean.



Henmposoaumdt? THEH L
AV B
LEK ! Yo

Puc. 6

CornacHo ycnosusm nudpakiun Opaynrodepa nudpakimoHHas KapTUHA
HaOII0JaeTCs Ha DKpaHe MPH €ro JOCTaTOYHO OOJIBIIOM yaaleHuH ot mienu. [1o-
ATOMY TOYKa HAONIOACHUs P HACTONBKO yJajleHa OT WIeNd, YTO Jy4uH, WAyLIue
MO/ YIJIOM AU(PPAKIUN (¢ U CXOASIINECS B TOUKE HAOMIOACHUS P, MpakTUYeCKH
MOTYT CUHTAThCS MapaieJbHBIMU. MaTeMaTH4ecKu 3aaada qudpakiud B 3TOM
cilydae periaercs Kak Iugpaxius MmIockux BOJH. Cymepmno3ullysi 3THX BOJH,
pacIpoCTpaHSIOUIUXCS MO/ Pa3InYHBIMH yriaMu ¢, oOpa3yeT Ha JKpaHe [U-
(bpaKIMOHHYIO KapTUHY.

MP P

J F
JI II] JI

Puc. 7

Jludpakuus MiIOCKUX BOJIH MOXKET HaOMoAaTbcsi U HAa HEOONBIIOM pac-
CTOSIHUM OT ILIENH, €CJIH IOCJIe LIENM MOMECTUTh COOMPAIOILyI0 JINH3Y, B (o-
KaJIbHOW MJIOCKOCTU HaXOoAMTCA 3KpaH (puc. 7). U3myueHue Toue4HOTr0 UCTOYHU-
Ka IpeBpalaeTcs JUH301 JI1 B IJIOCKYIO BOJIHY, KOTOpas MPOXOIUT Yepe3 IIeIb
11]. JIunza JI, coOupaeT B pa3IMYHbIX ydyacTKaxX cBoel (hOKaIbHOM MIIOCKOCTH BCE
Jy4H, MPOILIECIUINE Yepe3 LIeNb, B TOM YUCJIEC U OTKJIOHUBIIUECA HA yIrod ¢ OT
[IEPBOHAYAILHOIO HAIPABJICHUS.

N
W
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Haiiném pacripeneicHie HHTGHCUBHOCTH CBETa B TU(PPaKIIMOHHON KapTH-
HE Ha dKpaHe OJ. BbleanM 3JIeMEHTapHYIO MOJIOCKY IMUpHUHON UX, pacroiokeH-
HYIO Ha PacCTOSIHUM X OT Kpas menu (cMm. puc. 8), T.e. or Touku 0. Kaxxnas mo-

JIOCKA B TUIOCKOCTH ILEJM CO3/aéT T10JIe CBETOBOM BOJHBI dEy = cdxcoswt , rae

¢ — IIOCTOsITHHasd BEJINMYHWHA, (O — YacToTa.

Ecnu ammmtyy cBeTOBOM BOJIHBI, MAJaroNIed Ha IeNb, 0003HAUYHUTh K,
b

TO OYEBUJHO, 4TO Ej = j cdx = cb . CnepoBarensHo,
0
E
dEqy = =0 dxcosot. (14)

b
Yyactok menu dX moceliaeT B HaIpaBICHUH, OMPEACIICMOM YIJIOM (@, TUIOCKYIO
BOJIHY C 3ama3/blBaHueM 1o ¢a3e Ha kA =kxsin(@ OTHOCHTEIBHO JICBOTO Kpas
IICIIH, T.€.

E, :
dE, = 7cos(oot — kxsin @)dx , (15)

rae k=27n/A — BoJTHOBOE 4HCIIO.

BcnenctBue KOrepeHTHOCTH BO3MYILIEHUMH OT BCEX IMOJOCOK HAXOXKICHUE
PE3yIBTUPYIOMIEH aMIUTUTYbI B MPOU3BOJIBHOM TOYKE P CBOJIUTCSA K PEIICHUIO
3a1auu MHTep(EepeHIInH, T.€. CI0KECHUIO KOJIeOaHUH OT BCEX TOJIOCOK C YUETOM
aMILUTUTYAbI U (pa3bl.

Puc. 8



10

Otmetum, uto ymH3a JI (puc. §) AOMOJHUTEIHLHOW pasHOCTH (a3 HE BHO-
cut. [Tpounterpupyem Boipakenue (15) o Beelt mmpune menu ot 0 1o b:

b b £ sin(zsin (p} b
E= jdE = I—Ocos(cot —kxsing)dx = E, cos| ot ——sing | . (16)
@ b kb . 2
0 0 ——sing
2
AMITIHTYA pe3yIbTHPYIOIICH BOJTHBI B TOUKE P ompenensieTcs YWiCHAMH ,
HE 3aBHUCSIIMMH OT BpEMEHU B BeIpaxkeHuu (16), T.e.

: (kb : j
sin ?sm(p
Ep=E . (17)

- =0

kb sin
——=1naoe
2
[ToCKOBPKY MHTEHCUBHOCTH CBETA IMPONOPLMOHAIBHA KBAAPATy AMILINTY-
AbI, TO pacnpez[eneHHe HNHTCHCUBHOCTHU B (bOKaHBHOﬁ IINIOCKOCTHU JIMH3BbI UMCCT

BH]I:
. 2(kb . )
sin ?sm Q
I =1 . 18
o " (kbsin jz .
5 ®
N3 Beipakenus (18) cnexyer, 4o npu
kb b
—sIn@=—Ssmo=nT, 19
5 SIe=""sne (19)
rae N=1, 2, 3, ..., OCBEIIEHHOCTh PaBHA HYJIO. Y CJIOBUE
bsin ¢ =+n\ (20)

OTIPE/ICIISIET YTII0BOE MOJ0KEHUE MUHUMYMOB Tpu nudpakunu OpayHrodepa Ha
HICIIN.
HaulGonpmmit MakcuMyM UMeEET MECTO, KOT/aa
zbsin @
——=0
A

Crnenyroiue MaKCUMyMbl 3HAYUTENIBHO YCTYIIAIOT MO a0COIIOTHON BEJH-

, T. €. ¢=0; mpu 3ToM |, = lo.

sinu nhsin
anHe rmaBHoMy. I'paduk Qpynkuun Buga I, =1 0( ) , TIEe U = T(P 1o-
u

kazaH Ha puc. 9. Kak cneayer u3z gopmyinsl (18), MakcuManbHbIe 3HAUCHHS WH-
TEHCHUBHOCTHU CBETa OBICTPO YOBIBAIOT C yBeJIWYEHUEM yria audpakuuu ¢. Pac-
4y€T 1o opmyiie (18) moka3pIBacT, YTO COOTHOIICHUE MAKCUMYMOB WHTEHCHUBHO-
CTH pa3HbIX NOPAaKOB umeeT Bux: [g:/;: 1, =1:0,047:0,017.

CrnenoBarenbHO, OCHOBHOM CBETOBOHM NMOTOK CKOHIEHTPHUPOBAH B TpeEJe-
JaxX UEHTPAIbHOTO AU(PPAKIIMOHHOTO MAaKCUMYyMa, OTpeAeieMOro 3HaUeHUIMU
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sin(pziz. (21)

Ha siBnenun audpaximm ocHoBaHa padoTa AUGPaKUOHHON PEIIeTKH.
Oonomepnoii ou-
dpakyuonnoit  pewremkoi
Ha3bIBACTCSl CHUCTEMa Mapa-
JIETIbHBIX IIEIEH PABHOW IIH-
pHHBI, JEXAIIUX B OJHOU
IUIOCKOCTH U pa3lesiéHHBIX w051
PaBHBIMU [0 HIUPUHE HENPO- .
3payHBIMU MIPOMEKYTKAMH.

PaccmatpuBas -

dbpakmuio dpaynrodepa Ha
HIeJId, MBI BUJCIH, YTO pac-
IpeNeNeHue HWHTEHCUBHOCTH
Ha SKpaHe omnpeaessieTcs Ha- Puc. 9
npaBJeHHEM AuQparupoBaH-
HBIX Jy4dell. DTO O03HAyYaeT, YTO MEepEMEIlEeHUE LIeNI MapaljieIbHO caMoil cebe
BJICBO WMJIM BIPABO HE U3MEHUT AU(paKIMOHHON KapTHHBI. CienoBaTeNbHO, eCIu
NEPEUTH OT OJHOM IIeNIM KO MHOTUM (K IU(PpaKIIMOHHON pemieTke), To audpax-
LMOHHBIE KaPTHHBI, CO3/JaBa€MbI€ KaXKJI0H IIENIbI0 B OTJEIBHOCTH, OyAyT OJANHA-
KOBBIMU.

JudpakunonHas KapTHHA Ha PEHIETKE OMpEIeNsieTcs] KaK pe3yJabTaT B3a-
MMHON MHTEp(PEPEHIIMH BOJIH, UAYIIUX OT BCEX IIEJEH, T.€. B AUPPAKIUOHHON
pElIeTKe OCYIIECTBISIETCS MHO20Iy4esds: unmepghepenyus KOTepeHTHBIX Jughpa-
2UpOBaHHbLIX TIYUKOB CBETa, MAYIIUX OT BCEX LIeIeH.

[IycTh miockass MOHOXpOMAaTH-
yeckas BOJIHA MMAJaeT HOPMAaJbHO K
IUIOCKOCTH pemieTku. Onpenenum yc-

JIOBUSI, TIPH KOTOPBIX B JAHHOU TOYKE

OECKOHEUHO YJAJIEHHOIO JKpaHa Ha- 2
OmoiaeTcss MaKCUMYM HMHTEHCHUBHO- 2
CTU CBeTa. 3ajafuM yron Audpaxiuu /'
¢Om (puc.10), KOTOpbIN onpenenseT us- Y
OpaHHOE HampaBieHUE HAOIIOICHUS.

[Tycth a — mmpuHa 1eau, b — mpuHa

IPOMEXKYTKa MEKIY 1iensiMu, d=(a+b) — mocTrossHHAs PerIETKY.

Ecnu neprieHauKyIspHO K MOBEPXHOCTH PEHIETKU MAJaeT CBET C JUIMHOU
BOJIHBI A, TO, KaK cieayer u3 puc. 10, qyuu, uayume noja yrioMm @n, K nepBoHa-
YaJbHOMY HAIMpaBJIEHUIO OT COOTBETCTBYIOIIUX MECT KaXIOW M3 IIeneu, ola-
JIAF0T Pa3HOCTBIO Xona A= dsin@y, (1-i u 2-i nyun), 2dsin@y, (1-i u 3-i yun) u
T.4. B Tex HanpaBieHusIX, sl KOTOPBIX 3Ta PA3HOCTh X0/1a paBHA LIEJIOMY YUCITY
JUTUH BOJIH, T.€. BBITIOJIHACTCS ycloBUe ASINQ, = MA, HaOII0AaI0TCSI MAKCUMYMbI
MHTEHCUBHOCTH. HampasiieHue Ha 3TH MaKCUMYMbI ONIPEIENSIEeTCs BhIpaKEHHUEM

Puc. 10
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. ma
SN (S T
WIH
dsiney, = mi, (22)
rae m=0, £1, £2, .... — DOPSAOK CIIEKTPa IIaBHBIX MAKCUMYMOB JU(PAKIIMOHHOMN

KapTuHbI. BeipaxkeHue (22) MOKHO TOJY4YUTh elie 00Jiee MPOCTHIM CIOCOOOM.
Jljis 3TOro BCIIOMHHM, YTO AJIsi TOJYy4YeHUs] UHTEPPEPEHLIMOHHOTO MaKCUMyMa
HEO0OXOIMMO BBITIOJIHUTH YCIOBUE, IPU KOTOPOM Pa3zHOCTh (pa3 Mexay uHrepde-
PUPYIOIIMMHU Jy4aMH JOJIKHa ObITh paBHA

o=2mm. (23)
C npyroi CTOpOHHI,
A .
5=2n2=p, 45N (24)
A A

IIpupaBuuBas (23) u (24), nerxko nony4yuts (22). 3aBUCUMOCTh yrIjla JIU-
dbpakuy OT ATUHBI BOJIHBI A ONIPEAEISET BO3MOXHOCTH PEUIETKU pasiiaratb CBET
B CIIEKTP.

Ecnu u3nyyeHue uMeeT CiIoXHbIA CHEKTPaIbHbI COCTaB, TO MAKCUMYMBbI
MHTEHCUBHOCTH JJI Pa3JIMYHBIX JIJTMH BOJIH IPOCTPAHCTBEHHO pa3/eisaioTCs, T.€.
obOpazyeTcst mupakKIHMOHHBIA CIIEKTpP, PuosieToBas 00JaCTh KOTOPOTo OyAeT 00-
paieHa K HeHTpy IuGpaKIUOHHON KapTUHBI, KpacHas — Hapyxy. UeM Ooiblie
mieneit N, Tem Oouibliiee KOJIMYECTBO CBETOBOM DHEPTHH MPOUIET Uepe3 PEIIeTKY,
TeM OOJbIIE MUHUMYMOB 00pa3yeTcsi MEXIy COCEIHUMH TJIaBHBIMH MaKCUMY-
MaMH, T€M, CJIeIOBaTEeNIbHO, 0O0Jieeé WHTEHCUBHBIMU U 0OJiee OCTPHIMU OyIyT
MaKCUMYMBI.

KauecTBO criekTpoB, MOTy4aeMbIX € TOMOIIBIO TU(PPAKITMOHHBIX PEIIETOK,
OTIPEJICISETCS. UX OCHOBHBIMU XapaKTEPUCTUKAMU — YTJIOBOM TUCTIEPCHEN U pa3-
penaroniei crrocoOHOCTHIO.

Yraosas mucnepeusi D, xapakTepu3yeT CHOCOOHOCTh CHEKTPaJIbHOTO
mpudopa MPOCTPAHCTBEHHO PA3JENSITh CBETOBBIC MyUKH PA3JIMYHBIX JIMH BOJH.
Mepoit yrinoBou IUCTIEPCUHN SIBIISIETCS

_do

— A
dr

rae do — yriaoBoe paccTOSTHHE MEXIy JABYMS CHEKTPaIbHBIMU JTMHUSMH, OTJIH-

Jaroleecs Mo JJTMHE BOJIHBI Ha OA.
Huddepenuupys ooe yactu (22), nmomydaeM ajas TudpaKIIUuOHHON peleT-

D, (25)

KH
Dcoso do, =mdA. (26)
W3 coBMecTHOTO pelieHus ypaBHeHuid (25) — (26) cieayer, uto
Do — do, m m 27)

m = =
dA  dcosp, /d?—m®\2
Jlucriepcust BO3pAcTaeT ¢ yBeJIMYEHHEM MopsKka crekrpa. Ha ombie auc-
TIEPCHIO ONPEENIAIOT IIyTeM H3MEPEHHs YIJIOBOTO PACCTOSHUA AQ MEXKIy IBY-



13

Msl OJIM3KUMU CHIEKTPATbHBIMU JIMHUSIMU C U3BECTHOM Pa3HOCTBIO JUIMH BOJH AL
(HarpuMep, MKy KEJITHIMU JTUHUSIMHU PTYTH).

Paspemaomas cnocoOHOCTh, TMPPAKIMOHHON pelieTkH. DTOT mapa-
METpP XapakTEepPHU3yeT BO3MOXKHOCTh pa3leisTh (pa3peniaTh) CIEKTPadbHbIE JH-
HUU, MaJIO OTJIMYAOIIKECS MO JYIMHAM BOJIH, U 3aBUCUT OT UX IIUPUHBL. 3a Mepy
paspelaroieil criocOOHOCTH NPUHUMAIOT BETUUUHY

M
o

re A — JJIMHA BOJHBI, BOJIM3U KOTOPOU MPOU3BOIAT U3MEPEHUs, OL — HAMMEHb-

(28)

rasa pasHyia B AJIMHaX BOJIH ABYX CIIC Pa3pClIaCMbIX CIICKTPAJIbHBIX JIMHUH.
Pa3pema101uaﬂ CIIOCOOHOCTH I[I/I(i)paKI_[I/IOHHOI;'I peH_IéTKI/I onpecacICTCss COOTHO-

HIEHUEM
R=mN, (29)
rae N — 4yucio AedCTBYIOIIMX IITPUXOB PEIIETKY.

[TocTaBuM ABe nu(pakIIMOHHBIE PEIIETKU OJIHY 3a APYTOM Tak, 4TOOBI MX
HITPUXU NEPECEKaTUCh M0l HEKOTOPHIM yTJIOM (B YAaCTHOM cilyyae ObLIM B3auUM-
HO MNEepHeHIUKYJIApHbIMU). Takas CTpyKTypa MOJyuyusia Ha3BaHUE O8YMEPHOIl
peuwtemku. CBOICTBA TaKOW PEHIETKH, KAaK HETPYIHO MOHATh, OyAyT MEPHOINYE-
CKHA MEHATHCS B JIByX Pa3jM4HbIX HalpaBieHUsX. B ¢u3nke peHTreHOBCKUX Y-
Yeil BaXXHYIO pOJib UTPAIOT TaK HAa3bIBAEMbIC MpexmepHble RPOCMPAHCHI8EHHblE
peuwtemku, KOTopble 00Ja4at0T NEPUOJUYHOCTBIO B TPEX Pa3IUYHBIX HAIpaBiie-
HUSIX.

s mabmroneHust AuGpakiiMOHHOW KapTUHBI HE0OX0AUMO, YTOOBI MOCTO-
sIHHAsI PEeUIeTKU ObllIa TOTO K€ MOPSIKa, YTO W JJIMHA BOJHBI MAJIAI0NIET0 U3ITY-
yeHus. Kpucramibl, SBISISICE TPEXMEPHBIMU MPOCTPAHCTBEHHBIMU pPEILIETKAMMU,
MMEIOT mocTosHHyo mopsmka 1070 M u, cieqoBaTenbHO, HENPUrOXHBI AT Ha-
GrmroneHust aubpakiuy B BuanMoM ceete (A ~ 107 m).

Otu (akTel mo3BowIHM HeMenkoMy ¢usuky M. Jlays (1879 - 1960) mpwuii-
TH K BBIBOJAY, YTO B Ka4€CTBE €CTECTBEHHBIX IU(PPAKIIMOHHBIX PEIICTOK IS
PEHTTEHOBCKOTO M3JIyY€HUS MOXHO HCIIOJIb30BaTh KPHUCTAJIIbI, MIOCKOJIBKY pac-
CTOSIHHE€ MEXIy aToMaMu B KpPUCTaJIaX OJHOTO MOpPSAKAa C A PEHTTEHOBCKOIO
msnydenns (= 102 = 10 m). Ipocroii MeTos pacdyera AUOPAKIMN PEHTTCHOB-
CKOTO U3JTY4YECHHsI OT KPUCTAITIMYECKOM PEleTKH MPEAoKEeH HE3aBUCUMO APYT
ot npyra I'. B. Bynbgpowm (1863 - 1925) u anrnuiickumu ¢pusmkamMmu — oToM | eH-
pu u ceiHoM Jloypencom bparramu [orterr (1862 — 1942) u cuin (1890 — 1971)].
OHU TPEanoNOKIWIN, YTO JUPPAKIKI PEHTTEHOBCKOTO M3TYUYCHUS SBISETCS pe-
3yJbTAaTOM €r0 OTPAXEHHUSI OT CUCTEMbI MapalieIbHBIX KpHUCTAIUIOrpapUuecKux
IUTOCKOCTEH [IIOCKOCTEH, B KOTOPBIX JIEXKAT y3JIbl (aTOMbI) KPHUCTATHUCCKOM
pemIeTKH].

[IpencraBuM KpucTayIbl B BUJI€ COBOKYITHOCTH NMapajlieNIbHBIX KPUCTAIIO-
rpadudueckux miockoctel (puc. 11), oTCTOAMUX ApyT OT Apyra Ha pacctosiHue d.
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gsind dsinv
-

=
Puc. 11

Ily4ok mapasuienbHbIX MOHOXPOMAaTHYECKMX PEHTICHOBCKUX Jiyuen (1, 2)
naJaeT Mnoj yrjioM CKOJIbKeHHs V (YroJl MeXIy HallpaBJICHHEM IaJaolluX JIy-
Yell U KpucTaorpauyeckoil MiIOCKOCThIO) U BO30YXKIAET aTOMbI KPUCTAILIHU-
YECKOM pEeleTKH, KOTOPhIE CTAHOBSITCS MCTOYHUKAMH KOT€PEHTHBIX BTOPUYHBIX
BOJIH 1’ 1 2', uHTEpPEPUPYIOMINX MEXKAY COO0I MOTO0OHO BTOPUYHBIM BOJHAM, OT
nienel nudpakimoHHON permeTku. MakcuMyMbl MHTEHCUBHOCTH (AU paKIUOH-
HbI€ MAKCUMYMBbI) HAaOJIFOIAI0TCS B TE€X HAIPaBJIECHUSX, B KOTOPBIX BCE OTPAXKEH-
HbIE€ aTOMHBIMHU IUIOCKOCTSIMM BOJIHBI OyIyT HAaXOAWTHCS B OAMHAKOBOU (aze.
OTH HanpaBieHUs yAOBIETBOPSIOT GopmyJe Byabda - bparros

2dsinv=mi (m=1,2,3,...), (30)

T.€. IIPX PA3HOCTH XOJa MEKIY ABYMs JIydaMH, OTPAKEHHBIMHU OT COCETHUX KpHU-
cTayutorpadUuecKux MIOCKOCTEH, KPaTHOM 1IeTIOMY YHCITy JUTHH BOJH A, HaOJrO-
naetcs nudpakiuoHHBIN MakcuMyM. [Ipy MpOU3BOIBLHOM HAIPABICHUU A CHHS
MOHOXPOMATUYECKOTO PEHTI€HOBCKOTO M3JIyYEHUS! Ha KPUCTAILT AU(pakLus He
BO3HMKaeT. UToObl ee HaOmoAaTh, HalO, MOBOPAYMBas KPUCTAII, HANTH YToJ
CKOJIb)KCHHS.

JudpakunoHHas KapTUHA MOXET OBITh MOJIy4eHa W MPU MPOU3BOJIBHOM
MOJIOKEHUH KPHUCTAIIA, JIJISl YEr0 HYXHO IOJb30BaThCA HEMPEPBIBHBIM PEHTTE-
HOBCKHMM CIIEKTPOM, HUCITyCKaeMbIM PEHTTEHOBCKOM TpyOkoil. Torma mjs Takux
YCJIOBHM OTbITA BCETJa HAWIYTCs JUIMHBI BOJH A, YJOBIETBOPSIOIINE YCIOBUIO
(30).

Dopmyna Bynvgha - bp3zeoe ucnonvzyemca npu peuieHuu 08yxX 6aANCHbIX
3a0au.

1. Habmronas nudpakinio peHTTEHOBCKHUX Jy4Yel W3BECTHOM JJIMHBI BOJI-
Hbl Ha KPUCTAJUIMYECKON CTPYKTYpE HEM3BECTHOTO CTPOCHUS M M3Mepss V U M,
MOYXHO HANTH MEXKIUIOCKOCTHOE pacctosinue (d), T. €. OmpelnesiuTh CTPYKTYpy
BEILIECTBA. DTOT METOJ JIEKUT B OCHOBE PEHMZEHOCHMPYKMYPHO20 AHAIU3A.
®opmyna Byneda — bparroB ocraercst cpaBeaiuBol 1 npu IU(PaKIUK dJIeK-
TPOHOB U HEUTPOHOB.
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MeTtoapl uccienoBaHusl CTPYKTYphl BELIECTBA, OCHOBAHHbIE Ha TU(pPaK-
I[UU 3JIEKTPOHOB U HEUTPOHOB, HA3bIBAIOTCSI COOTBETCTBEHHO JIEKTPOHOTrpadu-
eil © HellTpoHOrpadueil. DnekTpoHOrpadusi AA€T YHUKAIbHYIO BO3MOXKHOCTb
ONPEJIEIUTh BEJIMYMHY NapamMeTpa PeleTKH (M €€ M3MEHEHHUE BCIIEIACTBUE pas-
JIMYHBIX BO3JEHCTBHUI) ¢ omuOKoil, He mpesbrmaromeit 2-107 v (111). Heiirpo-
Horpadus MO3BOJSET UCCIEI0BAaTh TAKWE TOHKHUE SIBICHUS, KAaK TEIJIOBbIE KOJe-
0aHMsl y3JI0B KpUCTAILIMYECKOM pemeTku. [IpaBna, s nojrydeHust JOCTaTOYHO-
r'o MOTOKAa HEUTPOHOB TPeOyeTCsI aTOMHBIIN peakTop.

2. Habmromast mudpakiuio peHTTCHOBCKHX JIydeH HEM3BECTHOMW JTHMHBI
BOJIHBI Ha KPHUCTAJUTMYECKOH CTPYKType NpH W3BeCTHOW d M m3mepsiss V U M,
MO>XHO HaWTH IJIMHY BOJHBI MAJAIOUIET0 PEHTTEHOBCKOTO U3NyUYeHHUs. JTOT Me-
TOJ JICKUT B OCHOBE PEHTT€HOBCKOI CNEKTPOCKONUH U TIO3BOJISIET MPOU3BO-
JUTh TPELU3UOHHBIA CIEKTPAJIbHBIN aHAIM3, B TOM YHUCJE IUIEHOYHBIX KOHCT-
PYKLUH, XOTs MPOCTPAHCTBEHHOE Pa3pelIeHUe 10 COBPEMEHHBIM MOHSTHUSIM OC-
TaBIISIET JKEJIaTh JYUIIero.

B 3akitoueHne paccMOTpUM pELIEHUE HECKOJIbKHUX THUIOBBIX 3aJad IO
JTaHHOM TeMe.

3agaua Ne 1

Ha skpaH ¢ KpyriabsiM OTBEpCTUEM paguycoM I=1,2 MM HOpMajabHO MaAAET
napajuielbHbId My4YOK MOHOXPOMATHYECKOIO CBETA C JUIMHON BOJHBI A=0,6 MKM.
OmpenenuTe MakCUMadbHOE PACCTOSIHME OT OTBEPCTUS HA €r0 OCH, TAE CIle
MO>XHO Ha0II0AaTh Han0oJIee TEMHOE MATHO.

Pemenue

[To ycnoBuro 3amaun Ha 9KpaHe HAOIIOAAETCS TEMHOE IMSTHO, YTO COOT-
BETCTBYET ueTHOMY unciy 30H Dpenens, ykmanpBatomuxcs B orBepetun. Of-
HaKO yucio 30H OpeHens, MoMeauxcs B OTBEPCTHH, YObIBAET IO MEpe yaa-
JICHUSI TOYKH HaOI0/IeHUs: OT OoTBepcTUs. [109TOMYy HauMeEHBbIIIee YeTHOE YHUCIIO
30H paBHO nByM. CremoBarenbHO, MaKCUMalIbHOE PACCTOSHUE, TPU KOTOPOM
emie OyJeT HaOMIOAAThCSl TEMHOE MSTHO B LIGHTPE SKpaHa, ONpPEEIUTCs YCIOBU-
em (8), T.e. bmax = r2/2).. TloaCTaBIsis YMCIIEHHBIE 3HAYEHHUS, OKOHUIATEIBHO TI0-
aydaeM: Dmax = 1,2 (m).

OT1BeT: bpax=1,2 m.

3agaua Ne 2

Ha mudpakumonnyro perrerky mamuaoi 1=15 mm, comepxamnryro N=3000
HITPUXOB, MAJAET MOHOXPOMATUYECKHUM CBET ¢ AMuHOM BoHBI A=550 HM. Ormpe-
JIEJIUTh YUCJIO MAaKCUMYMOB, Ha0JII0IaeMbIX B CIIEKTpe AUPPaKLUOHHON perieT-
KH, & TAaK)K€ yT0JI, COOTBETCTBYIOIIHIA MOCIEIHEMY MAaKCUMYMY.

Pemrenne

[TocrostHHas penieTky d, IJIMHA BOJIHBI A M YTOJI OTKIIOHEHHUS JTIy4e ¢, CO-
OTBETCTBYIOIINI M-My AUPPAKIIMOHHOMY MAaKCUMYMY, CBSI3aHBI COOTHOIIICHUEM:

Dsine = mA. (31)

OO611ee yuCiIO MaKCUMYyMOB, J1aBa€MbIX AUPPAKIUOHHONW PEIIETKOU, OI-

penensercs BoIpaXXeHUEM
Nmax = (2Mmax + 1), (32)
7€ Mmax — MAKCUMAJIbHOE 3HAYEHUE CIIEKTPa, TABAEMOro JUQPPAKIIMOHHON pe-
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IIETKOM 1 paccuuThiBaeMoro u3 yciosus sing=1. C yuerom (31) numeem:

Mo s% - (33)

Pemas coBmectHo (32) u (33) u y4yuTHIBas, YTO MOCTOSIHHAS PELIETKU
d=I/N, okoHYaTEeIBHO MOJTydaeM BhIPAKCHHUE IS Nma:

Npax :2L+1 (34)
NA

[Tocne moACTaHOBKM YMCICHHBIX 3HAYEHUH MONy4YuM: Nma=19. Heobxo-
IUMO 00paTUTh BHUMAHUE HA TOT (PakT, yTo coraacHo (33) My MOXKET MPUHU-
MaTh TOJIbKO IIeJIbIe 3HAYCHHUsI, IPUYEM JECAThIC AOJIM OTOpachIBalOTCA, KAKUMHU
Obl OHU HE ObLIH.

Yron audpaxiuu, COOTBETCTBYIOUIUIN MOCIEAHEMY MaKCUMyMYy, HaiieM
U3 yCIoBHS ASINQmax = MmaxA, OTKYAA Qmax = arksin0,99 = 81,89°,

OTBeT: Nmax = 19, Omax = 81,89°,

BOIIPOCHI U 3AJJAHWA 1JI51 CAMOKOHTPOJIA

1. Yro Ha3zwiBaeTcs audpaxiyei ceera?

2. Cchopmynupyiite npuniun [ rolirenca-®Openes?

3. [losicauTe MeTOMKY pa30ueHus: BOJHOBOTO (DpOHTA HA 30HBI?

4. TTomyunTe yCIOBUS MAaKCUMYMOB M MUHUMYMOB I TU(paKIuu CBETa
B MapaJuIeIbHBIX JTydax?

5. Uro Takoe nudpakiionHas pemieTka (0 JHOMEpHAasi © MHOTOMepHast)?

6. Uto Takoe pa3pemnraroriasi CltoCOOHOCTh PEIIeTKH ?

7. UTto Ha3bIBAETCS TUCTIEPCUEH PeIIeTKH?

8. Ha ueM ocHoBwIBaetcs Meton1 Bynbda — bparros?
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