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1. IM®PAKIOUSA CBETA
1.1. IlIpunyun I'toiicenca — @penenn

ITon oughpaxkuueit céema NOHUMAIOT BCSIKOE YKIIOHEHUE OT
IPSMOJIMHEWHOTO PACIpPOCTPAHEHHS CBETA, €CIU OHO HE MOXKET
ObITh HCTOJKOBAHO KaK pe3yJbTaT OTPAKECHUS, MPEIOMIICHUS
WIM W3ru0aHus CBETOBBIX JIydel B cpedax C HENpPEepPbIBHO
MEHSIIOIIMMCSL TIOKa3zaTeleM mnpenomiieHus. Ecium B cpexne
UMEIOTCSI MEJIbYANIIMEe YacCTUI[bl ITOCTOPOHHETO BENIECTBA WU
MOKa3aTesb MPEJIOMIICHUS 3aMETHO MEHSETCS Ha PACCTOSHHAX
NOpsi/Ika JJIMHBI BOJHBI, TO B OJTHUX CIy4asix TOBOPAT O
paccessHUU CBEeTa U TEPMHH <«JIUMPAKIUI» HE YIOTPeOJIsIeTCs.
NubiMu  coBamMu, audpakiys cBeTa — 3TO COBOKYIHOCTH
SBJICHUN, KOTOPbIE OOYCIIOBJICHBI BOJHOBOW MPUPOAON CBETa U
HAOIIOIAIOTCSl TPU €ro PaclpoCTPaHEHUU B CpPElie C PE3KO
BBIPAKEHHOW ONTUYECKOM HEOJHOPOJHOCTBIO (Hampumep, Mpu
IPOXOXKJICHUM Yepe3 OTBEPCTHS B DKpaHax, BOJM3M T'pPaHUIl
HEMPO3pauHbIX TeJ). SIBjeHue JIeTKo HaOJIomaeTcs s
JUTMHHOBOJIHOBBIX OOBEKTOB — 3BYKOBBIX W PAJUOBOJIH, UTPAET
BOXHYIO pOJIb B 00JaCTH BHUJIHUMOTO CBETa M PEHTTCHOBCKHUX
ay4deil. OTo HaOI0IeHHE TTPOXOIUT, KaK MPABUIIO, CIECIYIOIIUM
oOpazoM. Hemnpospaunasi mperpama, KOTopas 3aKpbIBa€T 4acTb
CBETOBOW BOJIHBI, TOMEIIAETCA HA €€ MyTH. 3a 3TON Mmperpagou
pacrojaraercsi JKpaH, Ha KOTOpPOM M MOXET HaOII0IaThCs
mudpakuroHHass — KapTuHa. McciemoBaHuWe — MOJIyYEHHOIO
pacnpeaeyeHls] MHTCHCUBHOCTH CBETAa Ha JKpaHE  ABJISAETCSA
BOXHOM 3a7aueid, Tak Kak Maét WHGOPMAIMIO KaK O CBOMCTBaX
CaMOM CBETOBOM BOJIHBI, TAK M O BJIUSHUU MPETPAAbl HA 3THU
cBoiicTBa.  Paznmumuaror nudpakimio OpeHens B pacxoasaIuxcs
nydax u nudpakiuio OpayHrodepa B mapaaieabHbIX JIyUyax.

Mexny  mudpakuuer U UHTEpPEepeHUHed  HeT
CyIIeCTBEHHOTO paznuuusg. (O0a SBJICHUA 3aKIIOYAlOTCS B
NepepacupeeicHU SHEPruM IOTOKAa BOJH B PE3yJIbTaTe
CYIEPIIO3ULINH. ITo UCTOPUYECKUM pUYUHAM
nepepacupesieicHue  MHTEHCUBHOCTH,  BO3HHUKAWOIIEE B



pe3yJibTaTe CYNEpPIO3ULUU BOJH, BO30YXKJICHHBIX KOHEUYHBIM
YUCJIOM JIUCKPETHBIX KOTE€PEHTHBIX HWCTOYHUKOB, TPHUHSTO
Ha3bpIBaTh  WHTepdepeHnmerd  BoiaH.  llepepacnpenenenue
WHTCHCUBHOCTH, BO3HMKAIOIIEE BCJECJACTBUE CYIEPIO3UIUU
BOJIH, BO30YXKIaeMbIX KOT€pEHTHBIMU MCTOYHHUKAMH,
pacrpe/ieicHHbIMU B IIPOCTPAHCTBE HEMPEPBIBHO, MPUHSATO
Ha3bIBaTh TU(paKIueil BOJIH.

[Ipupoga W OCHOBHBIE KA4YE€CTBEHHBIE 3aKOHOMEPHOCTH
mudpakuy CBETa MOTYT OBITh YCTAHOBJIEHBI C ITOMOIIBIO
npuHuuna ['ronrenca - @®peHens, KOTOPbIM COCTOUT M3 JIBYX
YacCTeHu.

1. Ipunyun I'wiicenca. xadxcoas mouka, 00 KOMOPOU
doxooum  ceemogoe  KojaebaHue, ABNAEMCA  UCMOYHUKOM
6MOPUYHBIX GOJIH.

[IpuHIIMTT TIpEJJIOKEH B
1690 r. T'roitrencom u
paccMaTpuBaeTcsi  Kak

MPOCTOM Croco0
HaXOXXJICHUsSI BOJTHOBOM
MOBEPXHOCTH Win

BOJHOBOTO (ppoHTa B

MOMEHT BpeMeHH { + At,

€CIIM  H3BECTHO  HX

Puc. 1.1 MOJIO)KEHUE B MOMEHT

Bpemenn t.  Orcrona

VUCTOYHUK BOJIH MOKHO

3aMEHUTh CUCTEMOUN (UKTUBHBIX MCTOYHUKOB, BO30YKIAIOIIUX

BTOPUYHBIE BOJHBI. DTUMH UCTOYHUKAMU MOTYT CIYKUTh MaJble

ydacTkd OS BOJTHOBOW TOBEPXHOCTH, B YAaCTHOCTH B CIIy4ae

TOUYEYHOT'O MUCTOYHUKA — yaacTKu dS cheprueckoii MOBEPXHOCTH
(cm. puc. 1.1).

B cimywae TOYEYHOr0o HCTOYHMKA CBETAa BOJHOBBIE
MOBEPXHOCTH BTOPUYHBIX BOJIH MPEICTABISIIOT COOON CHUCTEMY
KOHLIEHTpUYECKUX cdep, B clydyae IJIOCKOIO HCTOYHUKA —
CUCTEMY MapaJUIECIIbHBIX INIOCKOCTEN.

OnHako npuHnun ['rolireHca HE JAaeT HUKAKUX YKa3aHW
00 aMIIUTyJAe, a CJIEJ0BAaTEIbHO, U 00 MHTEHCHUBHOCTH BOJIH,




PacOpOCTPaHSIONIMXCS B Pa3IMYHBIX HalpaBjieHHsAX. Bo Bcex
MPUMEHECHUAX BTOPUYHBIC BOJHBI ['TOMIreHca BHICTYNAIOT HE KaK
pealbHBIC  BOJIHBI, a KaK 6cnomozameivHvle  cepul,
UCIIOJIb3YEeMbIE Il IIOCTPOCHHUS BOJHOBBIX (DPOHTOB. OTH
chepbl, TOCTPOCHHBIE M3 TOYEK BOJIHOBOTO ()pOHTA KaK U3
IIEHTPOB, TPOSIBIAIOT CBOE JCUCTBHE TOJHPKO Ha OTHOAIOIIEH,
KOTOpasi U JIa€T HOBOE IOJIOKEHHE BOJHOBOro ¢poHta. Kpome
ATOr0, OCTABAJIOCh HESICHBIM, MOYEMY IIPU PaCIpOCTPaHECHUU
BOJIHBI HE BO3HHUKAET 0OpaTHas BOJIHA.

2. /lobasnenue @penensn. emopuuHvie UCMOYHUKU CEEMA
AGNAOMCA KO2EPEHMHBIMU, NpUYeM MOUWHOCMb 8CEX 8MOPUUHBIX
ucmouHuko8 oounaxosa. Iloamomy pesynomupyroujee Konebarue

7]

Puc. 1.2

6 mouxke Haonwooenus P — pezynomam ummepghepenyuu ecex
smopuunvix 6011 (cM. puc. 1.2).

Takum o0pazom, nudpaxuus CBETa —
unmepghepeHyuonHslll 3¢hhekm,; TOJIBKO €CIU HHTEpPepeHIIus
cBeTa OOYCJIOBJIE€HA KOHEYHBIM YHCJIOM HCTOYHUKOB, TO
mudpakuus — WX HENPEephIBHBIM pacrpeaeneHueM. [lpuHoun
['toiirenca — dpeHenst HE CBSI3aH C KOHKPETHOM (U3MUYECKON
IPUPOJION BOJIH U MMPUMEHUM KakK JJi YIPYTUX BOJIH, TaK U JJIS
AIEKTPOMATrHUTHBIX (CBETOBBIX) BOJIH.

[To Teopum @peHenst CBET NOMKEH HaOMIOAaThCI BO BCEX
MeCTaxX MPOCTPaHCTBa, TIJe MNpU HUHTEPHEPEHIIMU BTOPUUHBIC
BOJIHBI YCWJIMBAIOTCS; B TE€X K€ MECTaX, IIe¢ OHU B3aUMHO TacsT



Apyr npyra, JoJDKHa HaOmojgaTbea TeMHOTa. Ilpu  3ToM
CTAaHOBUTCS TOHSTHBIM (Qu3NUeCKuid cmbici orubaromeit. K
oru0aroieil Bce BTOPUYHBIE BOJIHBI MPHUXOJAT B OJWHAKOBBIX
dazax, u wux wuHTepdEpeHIUs] NOPUBOJUT K  OOJIbIICH
MHTCHCUBHOCTH CBETa. BTOpWYHBIE BOJHBI, HWIyLIIME OT
BOJIHOBOTO ()pOHTa BHEpel, BCTYHalOT B CBOOOJHOE OT
BO3MYILEHUI MTPOCTPAHCTBO. OHU UHTEPPEPUPYIOT TOJIBKO APYT
c apyroMm. HampoTuB, BTOpUYHBIE BOJIHBI, UIyLIME HA3aJ], BCTY-
NarT B IPOCTPAHCTBO, I'ZI€ €CTh YK€ BOJTHOBOE BO3MYIIECHUE —
npsiMmas BojHa. [Ipu mHTEepdepeHIur BTOPUYHBIE BOJHBI TacsT
OpsIMyH0  BOJIHY, TaK 4YTO TMOCJI€ TMPOXOXKICHUS BOJHBI
OPOCTPAHCTBO 32 HEM OKa3bIBAETCS HEBO3MYIIEHHBIM.

C noMOoIIbI0 YCOBEpPIIEHCTBOBAHHOTO WM IPUHIMIA
dpenento yaanock 00bICHUTH Pl AUGPAKIIMOHHBIX SBICHUH, a
TAaK)KE€ YCTPAaHUTh OJIHO M3 OCHOBHBIX 3aTPyAHEHUN BOJIHOBOM
TEOPHUH CBETA — MOKa3aTh, KAK COTJIACyEeTCsl BOJHOBAS MPUPOJA C
Ha0JTI01At0IIUMCS Ha OTIBITE OPSIMOJIMHEHBIM
pacIpoCTpaHEHUEM CBETA.

PaznuuaroT nBa cinyvas nudpakuuu. Eciam UCTOYHUK cBeTa
U TOuka HaOmoaeHuss P pacroioXeHbl OT MPENSTCTBUS
HACTOJIbKO JAJIEKO, YTO JIy4YHd, NaJalollhe Ha MNPEMsTCTBUE, U
Jy4d, MAyHMe B TOYKYy P, 00pa3yloT MOpaKTUYECKH
napajuiesibHbIE My4YKH, a Ju(PpakMOHHAsT KapTUHA HAOII0AaeTCs
B (DOKAJIbHOW IMJIOCKOCTU COOMpAIOUIEH JIMH3bI, YCTAaHOBICHHOU
Ha MYTHU MPOIIEIIIEr0 Yepe3 MPEensiTCTBHE CBETa, T'OBOPAT O
nuppakunu @paynrodepa win o 1Mppakuyy B MapauiedIbHbIX
nydax. Ecnu Ha npensTcTBUe nmagaeT cepuueckas Uil III0CKas
BOJIHA, a AU(paAKIMOHHAs KapTMHAa HAOMIOJAeTCs Ha JKpaHe,
HAXOJAIIEMCSl 3a MNPEMSITCTBUEM HAa KOHEUYHOM PACCTOSIHUM OT
HEro, TO roBOpAT 0 Au(ppakuun PpeHenst uiu o TUPpakIuU B
CXOJIAIIMXCS JTydax.

1.2. Memoo 301 @penens
[Tpunuun I'roiirenca — OpeHens NO3BOJSIET NPOAaHAIU3HU-

poOBaTh BCE OCHOBHBIE AU(PAKIUOHHBIC siBIeHUA. [IO0CKOJIBKY
TOYEK (POHTA, SBIISIIOMMUXCS KOTEPEHTHBIMH HCTOYHUKAMHU



HOBBIX  BOJH, OECUHMCIEHHOE MHOXECTBO, TO  pacyer
uHTephEepeHIUY B  MOPUHIMIE CBOAMUTCS K  JOBOJIBHO
rPOMO3JKOMY HWHTETPUPOBAHUIO. [li14  ympomeHus 3TOro
uHTEerpupoBanusi dpeHeneM ObLT MPEJIOKEH U3SIIHBIN METO,
OCHOBaHHBI Ha pa30MEHUM BOJIHOBOW TOBEPXHOCTH Ha
KOJIBIIEBBIE y4acTKH — 30HBI Dpenens (cm. puc. 1.3). s atoro
OH TPEIJIOKUI MPOBECTU Psif chep ¢ LeHTpaMu B TOuke P u
paanycaMu, COOTBETCTBEHHO PABHBIMU:

b+&, b+2&, b+3&, ...b+m&.
2 2 2 2

PaccrosiHHEe OT coceHUX 30H JI0 TOYKHU HaOmoaeHus P pu

A
N

o

75 0w
-5 30K
F-5 so4a
F-57 sora

Puc. 1.3

3TOM OYyAET OTJIMYaThCS Ha IMOJIOBMHY JUIMHBI BOJIHBI A/2, T1€
A—naMHa  BOJHBI CBeTa B Cpele, B  KOTOpOM  OH
pacrmpoctpansieTcsi. TemM caMbiM (DPOHT BOJHBI pa3oObeTcss Ha
PSAl KOJBIEBBIX 30H. BOJIHBI, MPUXOIAIINE B TOYKY P OT TOYEK
KaKJ0M IOCIEeAYIOMIeH 30HBI, CABUHYTHI IO OTHOIIEHHIO K
BOJHAM,  MNPUXOAIIMM  OT  COOTBETCTBYIOIIMX  TOYEK
npeapiayned 30Hbl, Ha A/2, T. €. HaxoAsATCI B IIPOTHU-
BOIIOJIOKHBIX (DazaX U HMX aMIUIMTYAbl NpU HUHTEepEpeHIINH
BBIYNTAIOTCH.



DneMeHTapHbI pacy€T MOKa3bIBAET, UTO MPU pa3OUMEHUU
chepuyeckoro BoJHOBOro (poHTa Ha 30HBI DpeHens miomanu
BCEX 30H C TOo4HOCTBI 10 (M2)? omunakosbl. s
JI0Ka3aTeNIbCTBA MOCIEIHETO UCTIOb3yeM puc. 1.4.

Hanpgem mnomanu 30H. Kak BugHO u3 puc. 1.4, BHEmHsA
rpaHUIla M- 30HBI BBIAEIAET HA BOJHOBOW IMOBEPXHOCTH
chepuyeckuii cerMeHT BbICOTOH hpy. Ilycth miomaas 3TOro
cerMeHTa OyjaeT paBHa Sm. Torma miomaas M-M 30HBI MOKHO
OPEACTABUTH B BUJE

A
\ 4

Puc. 1.4

A Sm= Sm - Sm-1,

riae Sm-1 — IUIOWAAL C(PEepUUecKOro CEerMeHTa, BBIIEISEMOro
BHEIIHEH rpanuneii (M-1)-it 3oubpl. Ecnm npuHsaTh, 410 a —
paanyc BOJHOBOM MOBEPXHOCTH, m — paauyC BHELIHEN TPAHULIbI
M- 30HBI, TO:

2
rnf:az—(a—hm)zz(b+m%j —(b+h ) (1.1)
Bo3Beas ckoOku B KBaJIpat, MOJYYHM:
2 2
_bmhmi(./2)" 12)
2(a+b)

BBuay manoctu A ¥ pu HE CIUIIKOM OOJIBIIIOM M MOKHO



npeHeOpedb claaraeMbIM, coaepkammm A2, B aToM ciydae

bmA

h, :m. (1.3)

[Tnomanes chepruueckoro cerMeHTa paBHa
S =2nRh, (1.4)

rae R — paguyc cdepsl, h — BeicoTa cermenTa. Cie0BaTelbHO:

S, =2mah =2 m (1.5)
a+b
Ho Torna mioniags M- 30HBI
AS =S -5 =T (1.6)
a+b

Kak BMIOHO, IOJIYYEHHOE BBIPAXKECHHE HE 3aBHCUT OT
HOMEpaA 30HBI M. DTO 03HAYAET, UTO IMPU HE CIUIIKOM OOJIBIINX
M ruromaay 30H OpeHerst NPUMEPHO OJIMHAKOBBI.

Amvmntyga konebaHuiik 4 B TOuke P paBHa cymMme
KojleOaHuii ot Bcex 30H DpeHens A4, =4 —A4,+A4,—A,+..., T.E.

o0pa3yeT  3HAKOUEPEAYIOIIMICA  psii, YIEHBl  KOTOPOIO
MOHOTOHHO YOBIBAaIOT TP YBEJIMYEHUU HOMEpa 3O0HBI.
N3MeHeHune 3HaKa 4JI€HOB psifia 00yCIOBIEHO U3MEHEHUEM (Da3bl
KOJIeOaHU MEXly YETHBIMU U HEUETHBIMU 30HAMU HAa BEJIMUHUHY
7. [loaTOMyY M pe3ynbTUpyIOLIasi aMIUIUTYAa, & CIEI0BATEIbHO, U
WHTEHCUBHOCTh, 3aBUCUT OT TOTO, YETHOE WJIM HEYETHOE YMUCIIO
m 30H OpeHens yKIaAbIBaeTCd B OTBEPCTUU ISl JAHHOW TOYKHU
HaOmonenus P. [1pu HeuéTHOM uuciie 30H B Touke P Mbl uMeem
MAaKCHUMYyM, IPH YETHOM YHCIE—MHUHUMYM.

CaMo0 4unCIIO 30H B OTBEPCTUH MOXKHO MEHATh. Hampumep,
UL TOrOo, YTOOBI YHCIO 30H YyBEIUYUTh, HEOOXOJMMO
paclIMPUTh OTBEPCTHUE, UM YMEHBIIUTh PACCTOSIHUE 10 SKPaHa,
WJIW U TO U IPYTOE.

YMeHbllIeHHe aMIUTUTYAbl Am C POCTOM HOMEpa 30HBI M,
COIJIaCHO TIpearnooxeHno OpeHens, CBA3aHO C YMEHbIICHHEM
BKJIaJa KOJeOaHUM MOJIsi CBETOBOM BOJIHBI B TOUKE HAOIIOACHUS
P, npuxoasmux OT 30H, KOTOPBIE MJajblll€ OTCTOAT OT
IICHTPAJILHOM 30HBI(CM. puc. 1.2).
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[Iyctb S Ha puc. 1.2 npencraBiser coboil oaHy u3
BOJIHOBBIX IIOBEPXHOCTEM CBETA, PACHPOCTPAHSIOLIETOCS OT
HEKOTOPOr0 MCTOYHWKA. AMIUIMTYJa CBETOBOIO KOJeOaHUs B
TOuKe P, nexaried nepen 3TOM MOBEPXHOCTbIO, MOXKET OBIThH
cornacHo DpeHento HalIeHa U3 CICAYIOIIMX COOOPAXKEHUHU.
Kaxnpii  37€MEHT  TNOBEPXHOCTH  CIYXKWAT  HCTOYHUKOM
BTOPUYHOM  cdepuueckod  BOJIHBI, aMIUIUTyJa  KOTOpOi
NpONOPIIMOHAIbHA ~ BeIWUYWMHE JjeMeHta dS.  Awmmmtyna
chepudeckoil BoJHBI B Touke P (Ap) yObIBaeT ¢ pacCTOSIHHUEM I
OT HCTOYHMKA 1o 3akoHy 1/r. Kpome Toro, ¢ poctom r
YBEJIMYMBAETCS YTOJ (, & TAaK KakK aMIUIMTyJa B TOuke P
MEHSIETCA 10 3aKOHY Ap ~ COSP, TO C POCTOM I U (¢ HAOIIOaeTCs
MOHOTOHHOE yOBIBAaHHME aMIUIUTYJbI KojeOanus B Touke P. Ilpu
MOJIHOCTBIO OTKPBITOM BOJHOBOM (DPOHTE BBIpAXKEHUE IS
aMIUTUTY bl A MOKHO MPEACTABUTh B BUJE

A=A 12+(A12-4,+ A4, 12)+(A4 12— 4, + 4 12)+...

CyMMa 4jeHOB B CKOOKax MpPUOJM3UTENIBHO paBHA HYJIIO,
no3romy A=A1/2. IHpIMU cllOBaMH, aMILIUTYJa, CO3/laBacMasi B
HEKOTOpOM  Touke P  Bcel  cepuyueckod  BOJHOBOM
MOBEPXHOCThIO, PAaBHA IOJOBHHE AMIUIATYIBI, CO3/1aBa€MOM
OJHOM  JIMIIb  LEHTpajdbHOW  30HOM.  Iloatomy  cBer
pacrpocTpansieTcsi oT S K P kak Obl BHYTPH Y3KOTO MPSIMOTO
KaHaja, T. €. NpaAMoJMHeinHo. Eciu kpyrioe oTBepcTue
oTKpbiBaeT M 30H @penens, To 4=A41/2-Aw/2 nipu 9éTHOM M U
A=A1/2+An/2 ipn HEUETHOM M.

N3 paBenctBa (1.1) MOXXHO JI€TKO HAWTH PaguyChl 30H.
Eciu yncio 30H HE 0YEHb BEIUKO, TO BBICOTA cerMeHTa hp<<a u
MOXKHO CYHTaTh, 4To Im?=2ahy. IlojcraBuB 3HaueHue hy U3
(1.3), MO’)XKHO TIOJNYYHUTH BBIpAXKEHUE IS pagnyca BHEITHEH

IPaHULBI M-U 30HBI:
[, = 2o (1.7)
a+b

r7i€ & — pacCTOSAHUE OT TOUEUHOTO UCTOYHHUKA JO0 LIEHTPaIbHOU

30HBI, D — pacCTOSIHKE OT IICHTPAILHOMN 30HBI O TOYKHU P.
YcnoBuem HaOJ0IeHUS nudpakuum ABJISICTCS

CPaBHUMOCTb Pa3MEpOB MPEMATCTBUS HA MTyTH CBETOBOU BOJIHBI C




11

pasmepamMu 1nepBor 30HBI @Dpenenss. Ecim B mpenenax
IPENATCTBUS YKIIAJIBIBACTCSA OTHOCUTEIBLHO HEOOJBIIIOE YHCIIO
30H ®peHens, TO 3TO SABISAETCS HEOOXOAUMBIM M JTOCTATOYHBIM
yCJIOBUEM MOJIyYeHHS TUGPAKITMOHHON KapTHUHBL.

Paznuuator naBe oOmactu  HaOmrogeHWs AUGPaKIUN:
obnacte gudpakiuu Dpenens u  obnactb aUPpaKIUAU
®paynrodepa. Jdudpakus dpenens HaOmrogaeTcs B OIMKHEH
30HE, TO €CTh IPU TAKOM PACCTOSHUH OT MpensATcTBHs D 10
TOYKH HAOIIOCHUS P, Koraa XapaKTepHBIM pa3Mep IPEIsITCTBHS

abi . .
p~ri= ath Ecnu ¢ppoHT mamaromieit Ha MPEnsSTCTBUE CBETOBOU

BOJIHBI SIBJIAETCS IUIOCKMM, YTO COOTBETCTBYET a—>»00, TO C
yaeToM Ny—0 MOXHO TTOTyYHUTh

r =+bma, (1.8)

2
a oonacte qudpakiuu OpayHrodepa HaunHaeTcs npu b>> pk

BrinonHeHne 3TOro ycioBuUsS O3HAYAET, 4YTO NPU YyIAJICHUU
HKpaHa, Ha KOTOPOM HaOmrojaeTca Audpakius, Ha PacCTOSHHUE,
Oonpiree yem D, B XxapakTepHOM pasMepe MPEHATCTBUSA P
YKJIaIbIBAa€TCAd  Majlas  4acTb IEpBOW  30HBI  DpeHens.
JudpakuronHas KapTuHa MpU ITOM 00pa3zyercsi B pe3yJsibTaTe
CYyNEepHo3UIIMK TPAKTUYECKH TUIOCKUX (KBA3UILUIOCKWX) BOJIH,
OPUXOISIIUX B 00J1aCTh HAOMIOACHUS MO/ PA3IMYHBIMU YIJIAMHU.

Kak yxe ObUIO CKa3zaHO BHIIIE, KOJICOAHUS OT YETHBIX U
HEUYETHBIX 30H @peHenss HaxoAsITca B MpoTHBodaze H,
CIE€AOBATENIbHO, B3aWUMHO OCHa0IsAOT Apyr apyra. Eciwm
MOCTaBUTh HA NYyTH CBETOBOW BOJIHBI IUIACTUHKY, KOTOpas
nepekpbiBajia Obl BCE UYETHBIE WM HEUETHBIE 30HBI, TO
MHTEHCUBHOCTh CBETA B TOUKE HAOMIOJIEHUSI P Pe3Ko BO3pPACTET.
Ecnu obmiee 4nciio 30H, YMEIIAIOUIMXCSl HA TJIACTUHKE, PABHO
2K ¥ 3TO YHCJI0 HE CIMIIKOM BEJUKO, TO OCBEHIEHHOCTh SKpaHa
B Touke HaOmogeHus Oyner B k? pa3 Oonblie, 4eM IIpH
OeCIpenATCTBEHHOM paclpOCTPAHEHWHU CBETAa OT HCTOYHHKA B
Touky P. Takas ruiacTMHKa Ha3bIBACTCS 30HHOU IJIACTUHKOMM.
OHa JieiicTByeT MoJJo00HO coOUparolei JINH3E.
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OnHako HEOOXOJUMO OTMETUTh, UTO METOJ 30H DpeHens
MO3BOJISIET JOCTATOYHO IPOCTO OMNPEIEIUTh HHTEHCHUBHOCTH
CBETa TOJIbKO B Touke P, KoTopas pacmosiaraercsi Ha OCH
KpyIJIOTO  OTBEpCTUs B dKpaHe. PacmpeneneHue — xe
MHTEHCUBHOCTH JJIsl BCeW NUQPPAKIMOHHOW KApTHHBI HAMHOTO
CJIOKHEEe, TaK Kak BCS KapTHHA 00JaJacT KPYyroBOW CUMMET-
puel U mpencTaBiseT coOOM 4YepeqoBaHHE TEMHBIX M CBETIIBIX
KOJIEI, IJIABHO MEPEXOASIIUX APYT B JIpyTa.

1.3. luppaxuus @penensn na Kpy2iom
omeepcmuu u OucKe

[locraBuMm Ha mnyTH cHEpUUYECKO CBETOBOM BOJIHBI
HEMPO3PAYHbIA 3KpPaH C BBIPE3aHHBIM B HEM KPYIJIbIM
OTBEPCTUEM paauycoM Io. PacmosiokuM »HKpaH Tak, YTOOBI
NEPIEeHIUKYIISP, ONMYIICHHBIA M3 MCTOYHMKA CBETa S, TMOMal B
neHTp oteepctus (puc. 1.5, a). Ha mnpomosmkeHHn 3TOro
NEPHIEHAUKYISIPAa BO3bMEM TOUYKY P. 371€Ch & paBHO PacCTOSIHUIO
OT MCTOYHHMKA S J0 mperpaibl, a b — paccTosHUIO OT Tperpajs
1o Touku P. Eciu paccTostHus @ 1 D yTOBICTBOPSIOT YCIOBHIO

abmi
ro_'/a+b’ (1.9)

rac M — 1ejoe 4uciio, ToO OTBEPCTUEC OCTABUT OTKPBITBIM POBHO
M TIEPBBIX 30H (DpeHGJ'IH. CJ'IGJIOBaTeJIBHO, YHUCJIO OTKPBITBIX 30H
CDpeHeJm JICTKO OMMpeACIACTCA N3 COOTHOIICHUA

2
m:i(hlj. (1.10)
Ala b

Ammntyna B Touke P Oyaer paBHa
A=A -A,+A,—A+.. 2 4. (1.11)

Ecinu m neuemmnoe, 10 nepen Am O€peTCs 3HAK ILIKOCY, a €CIIA M
yemHoe, TO OEPETCS 3HAK «KMUHYC». Tak Kak aMILUTUTY]Ibl JBYX
COCEIHMX 30H IMPAKTUYECKU OJWHAKOBBI, TO MPH MaJbIX M
aMIUIUTy A Am MAJIO OTIWYAECTCA OT A1.
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Pnc.1.5

CrneoBaTeNnbHO, npU HeuemHvlx M amnaumyoa 6 mouke
P oyoem npubdauzumenvno pasna Ay (m. e. Oyoem Had110-
0amuvcsa MAKCUMYM UHMEHCUGHOCMU), A4 NPU YEemHbIX M —
HY0 (Munumym unmencuenocmu) (cM. puc. 1.5, 6, B). Ecnu
yOpath mnperpaay (T.e. 2KpaH), TO aMIUITUTyJda B TOUke P craHeT
paBHO A1/2. Takum 00pa3zoM, 3KpaH ¢ OTBEPCTHEM HE TOJBKO HE
0cJ1a0JISIET OCBEIIEHHOCTh B TOUKE P, HO, HAlPOTUB, IPUBOJAUT K
YBEJIUUCHUIO aMIUIUTYJIbI TMOYTH B JBa pa3a (MHTEHCUBHOCTH
XK€ — B 4YeThlpe paza). OgHAKO 3TO CHPABEIMBO IS CiIydas
JOCTATOYHO MaJbIX M.

Ecau oTBepcTue OTKpbIBaeT HE 0OoJjiee OJHOM 30HBI
®peHensi, Ha JKpaHE MOJY4YaeTcsl Pa3MbITOE CBETJIOE IATHO;
YepeJOBaHUsl CBETJIBIX M TEMHBIX KOJIEll B 3TOM Cllyyae HE
Bo3HUKaeT. Ecnu oTBepcTHE OTKpBIBAeT OOJBIIOE YHCIO 30H,
YepeJOBaHUE CBETJIBIX M TEMHBIX KOJIel] HAOJII0IaeTCs JUIIb B
OYECHb Yy3KOW 00JIacTU Ha TPaHUIE TEOMETPUYECKOW TEHH;
BHYTPH 3TOM 00JIACTH OCBEIIEHHOCTh OKA3bIBACTCS MPAKTHYCCKH
IIOCTOSTHHOM.

Takum 00pa3oM, Jughpakyuonnas Kapmuna om Kpyznozo
OMeEepCmus umeem U0 4epeoyiouiuxca Ceemablx U MmemMHbIX
KOHuenmpuuyeckux Kojey. B uenmpe kapmunwvt 0yoem
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Haoawoamscsa aubdo ceeminoe (m Heuemmuoe), 160 memuoe (m
yemHoe) nAmHo.

XoJ HHTEHCUBHOCTH | ¢ paccTtosHMEM I OT UEHTpa
TupakMOHHOW KapTUHBI HM300pakeH Ha puc. 1.5, 0 (mis
HEeYeTHOoro M) u Ha puc. 1.5, B (misa yernoro m). Ilpwu
nepeMelIeHnr dKpaHa napaieIbHO caMOMy ce0e BIOJb MPSIMO
SP xaprtunbl, u3zo0paxeHnubie Ha puc. 1.5, 6 u 1.5, B, OyayT
cMeHATh Apyr aApyra [cormacHo (1.10) npu wm3meHeHuu b
3HAYEHUE M CTAaHOBUTCS TO HEYCTHBIM, TO YETHBIM].

Ecau nenTpanbHbie 30HbI DpeHeist 3aKphIBAIOTCSI KPYTIIbIM
HEMPO3payHbIM JTUCKOM, TO AUMPAKIIMOHHAS KapTHHA TaKXKe
UMEET  BHUJ  YCPEOyIOIMMXCS  CBETJIBIX W TEMHBIX
KOHIICHTPUYECKUX KOJIell, HO B IIEHTPE KapTHUHBI BCerjaa
MIOMENIAETCS CBETJIOE NATHO. Paccmorpum 3T0 Ha puc. 1.6, a.
Ecnu guck 3akpoeT M nepBbIX 30H DpeHenss, TO aMIUIUTYIa B
Touke P OyaeT paBHa:

A:Am+1_Am+2+Am+3_--°:Am+1/2+(Am+1/2_Am+2+Am+3/2)+°-- - (1.12)

Bripaxxenue, crosiiee B CKOOKaxX, MOXHO CUMTaTh pPaBHBIM
Hy110. Clie10BaTeNbHO,

A=A_.12. (1.13)

Xapakrep AU(PaKIMOHHOW KapTHUHBI, MOJIyYarOIIEHCs Ha
JKpaHe, PaCloJIOKEHHOM B TOUYKE P MEPNEHAUKYISPHO K JIMHUU
SP, npencrasnen Ha puc. 1.6, 6. OueBUAHO, YTO UHTEHCUBHOCTD
CBETAa MOXET 3aBHUCETb TOJBKO OT PACCTOSAHMSA X OT LIEHTPa
kapTuHbl P. [Ipy HEOOJIBIIOM YHUCIE 3aKPBITHIX 30H Am+1 MaJo
ornnyaerca ot Ai. IloaTomy B Touke P MHTEHCHUBHOCTH OyjeT
MOYTH TaKas ke, KaK IPU OTCYTCTBHH Mperpaabl MEXIy S u P .

[Ipu cmemennn Touku P B J11000OM paaualibHOM Hampas-
JICHUH JTUCKOM OYJET MepeKphIBaThCS yke 4acTh (M+1)-ii 30HBI
@peHenss, HO OTKPOETCS 4YacTb M- 30HBL. B pesynbrare
WHTCHCUBHOCTh YIMAAET U MPU HEKOTOPOM IMOJIOKEHUHU TOYKHU P
OHA CTAaHET PAaBHOM HyJO. Ecin cMmeleHne npoaoIKUTCA, TO
JTUCKOM OYJIET MepeKPhIBATHCS JOTIOTHUTEIBHO YacTh (M+2)-ii
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Hempospaomsiy PO
Koy 8
LK ' Y244

M
)

|
—
I
I

Puc. 1.6

30HBI TIPH OJHOBPEMCHHOM OTKpbiTHH (M-1)-ii 30HBL B
pe3ynbpTare 3TOT0 HMHTEHCUBHOCTH BO3PACTET W JTOCTUTHET
MaKCHUMyMa.

Takum oOpazoMm, B cjiy4yae KpPYIJIOTO HENMPO3PavYHOro
AUCKA TU(PpPaKIUOHHAA KaPpTUHA Oy/JeT NPeACTABJIATH CO00M
MOCJIeI0OBATEILHOCTh  YEePeAYHIIUXCH KOHIEHTPHYECKUX
TEMHBIX U CBETJIbIX KoJiell. B 1meHTpe 3T0M KapTUHBLI NpHU
J1000M M (4ETHOM ¥ HEYETHOM) OyAeT HADIIOAATHCS CBETJIOE
NATHO (cM. puc. 1.6).

Ecnmu Henmpo3padHbIM JHCKOM 3aKpPBIBAETCSI MHOTO 30H
®peHensi, TO 4YepeJOBAHUE CBETIBIX W TEMHBIX KOJell Oyner
UMETh MECTO JIMIIb B y3KOW 00JacTd Ha TpaHUIIC
reomerpuueckoil Teu. [Ipu stom Am+1<<A1 u 3HaueHue (1.13)
CTAHET OYCHb MaJbIM, TaK YTO UMHTEHCUBHOCTh CBETa B 00JIaCTH
r€OMETPUUECKON TEHU MPAKTUYECKU B JIO0ON TOUKE CTaHET
paBHOM Hyr0. Ecim auckom 3akpbiBaeTcsi HeOOJbIIAas 4YacThb
nepBoii 30HbI DpeHens, TO TeHb UM HE OTOpachIBaeTCs M
OCBCILIEHHOCTh Ha dKpaHe Be3Je OCTAETCs TaKoW ke, Kak u 0e3
DKpaHa.

Hamnume  cBeTioro  MATHBINIKA B IIEHTPE  TEHHU,
OTOpachIBA€MOM JHUCKOM, SBWJIOCH MPUYMHOM HMHIIUJCHTA,
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KOoTOpbld mpomsomen Mexay Ilyacconom @penenem. B 1818
rony [laprxkckas akajgemMusi HAyK BbIABUHYJIA TU(PaKIUIO CBETa
Ha MPEMUIO 32 TEKYIIUU TO.

Onnako paccmarpuBas pabory @Dpenens, Ilyaccon,
OBIBIIMM TOTJ@ YJECHOM KOHKYPCHOM KOMMCCHH, OOpaTwi
BHUMAHUE Ha TO, 4TO IO Teopuu DpeHens CIeAyET «HEIEbIN)
BBIBOJI: B IIEHTPE TEHU, KOTOpas OTOpAChIBAETCS HEOOIBIIUM
KPYTJIbIM JUCKOM, JNOJDKHO HaXOJUTBCS CBETIOE NATHO. Ho apyr
O®penens JloMmuHUK Aparo cpasy e MOBTOPHWIJ OMBIT U JI0OKa3al
YTO TMSATHO JEUCTBUTENBHO ecTh. C 4ucTOo (paHIry3cKoi
rajJaHTHOCTbIO OHO ObUIO Ha3BaHO «miaTHOM Ilyaccona», a
BOJTHOBOW T€OPHUM CBETA, CTOPOHHUKOM KOTOpou Obl1 DpeHens,
ATO MPUHECTO OOy U BCceoOIee Mpru3HaHUE.

1.4. lugppaxuus ®@paynzoghepa na wienu

PaccmMoTpuM audpakiuio IMIOCKOW BOJHBI HAa Y3KOU U
OCCKOHEUHO  JJIMHHOM  1enad,  oO0pa3oBaHHOW  JIByMs
HEMPO3PAaUYHBIMM JKpPAaHAMH, PACCTOSHUE MEXKAY KOTOPBHIMU
paBHO D. DTo sABIEHWE HOCUT Ha3BaHWE AUPPAKIHHU
dpayHrogdepa ot meau.

CornacHo YCIOBUSAM audpakiuu ®paynrogepa
nu(pakMOHHAs KapTHUHA HAOMIOJAaeTCsl Ha JKpaHe MpU €ro
JOCTATOYHO OOJBIIOM yaaJleHuu OT Imenu. [loatomy Touka
HaOII0IeHUsT P HACTONBKO yAaleHa OT IIEJU, YTO JIyYd, UAYIIHE
noJ YriioM Ju(pakiuu ¢ U CXOAsIIMecs B TOUKe HaOmoieHus P,
MPaKTUYECKU MOTYT CUUTATHCS napasieIbHBIMH.
MaremaTuuecky 3aaada JUPpakiuu B 3TOM CJIydae peliaercs
KaKk Judpaknus TIockuX BoOJIH. Cyleprno3uiiuds 3THUX BOJIH,
PaCIpPOCTPAHSIIOIINXCS TIOJ] PA3IMUYHBIMH yTIIaMU (P, 00pa3yeT Ha
sKpaHe TU(PPaKIMOHHYIO KapTUHY.

Judpakuuss MIOCKUX BOJH MOXET HAOMIOIAThCS W Ha
HEOOJIBIIIOM PACCTOSTHUM OT IIEJU, €CJIU MOCJIE ST TOMECTUTh
cobuparoiyo JuH3Yy, B (OKAJIbHOW TUIOCKOCTH KOTOPOM
HaxoauTcs sKkpaH (puc. 1.7). 3nydeHrne TOUeUHOTO MCTOYHHUKA,
Haxoxsmerocss B ¢okyce JUH3BI JI1, TIpeBpaliaeTcs JUH30H B
IUIOCKYKO BOJIHY, KOTOpasi IpoXoAuT yepe3 wmenb [[]. JIunza JIo
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coOupaeT B pa3IMYHBIX y4acTKax CBOeW (DOKaIbHOHN MIOCKOCTH
BCE JIy4M, IIPOLICAIIME 4Yepe3 IIeJdb, B TOM YHUCIE U
OTKJIOHMBUIKUECS HA YTOJ (P OT IIEPBOHAYAIILHOI'O HAIIPABJICHU.

L] F
h A 0
| ¥
T m L )
Puc.1.7

Hanném  pacnpeneneHne  WMHTEHCMBHOCTM  CBE€Ta B
TupakMOHHOW  KapTMHE Ha  dJKpaHe .  Briaenum
9JIEMEHTAPHYIO TIOJIOCKY MIMPUHON dX, pacIoyIoKeHHYIO Ha pac-
CTOSTHUM X OT Kpas 1menu (cM. puc. 1.8), T.e. oT Touku 0. Kaxxnas
MOJIOCKAa B IUIOCKOCTH IWIENH CO3JAET II0JE CBETOBOM BOJIHBI
dEqy = cdxcosmt , TAe ¢ — IOCTOsIHHAS BEJIMYMHA, () — YaCTOTa.

Ecnn aMmmTyay CBETOBOM BOJIHBI, MAJArOIIENd Ha IIENb,
b

0003HauUTh Eo, TO OUEBUAHO, YTO Ej = J. cdx =cb.
0
CruenoBaTeabHO,

dE, = %dx cos ot. (1.14)

Yyacrok menmu X mOchUIaeT B HAIpaBJICHUM,
OIPEIEIAEMOM YIJIOM (0, IUIOCKYIO BOJIHBI C 3ala3AbIBAHUEM [0
daze Ha kA =kxsin ¢ OTHOCUTEJIBHO JIEBOTO Kpas IIEJH, T.¢C.

E :
dE, = Focos(wt —kxsin¢)dx, (1.15)

rae k=2m/A—BoJIHOBOE YHCIIO.
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BcaencrBue KOI'CPpCHTHOCTHU BO3My1H€HI/II>'I OT BCCX ITOJIOCOK

dx

BN

Pnc. 1.8

HaXOXKJIEHUE PE3yJbTUPYIONIEH aMIUTUTYABl B TIPOU3BOJIBHOM
TOuKe P CBOAWTCS K pEIICHHIO0 3adadu WHTepdepeHIun, T.e.
CJIO)KCHHUIO KOJICOAHUH OT BCEX MOJIOCOK C YUIETOM aMIUIUTYIBI U
dazbl.

OtmeTuM, uto nun3a JI (puc. 1.8) 1ONOJHUTENBHON pa3HO-
ctu (a3 He BHOcHT. [IpomHTerpupyem Bbipaxenue (1.15) mo
Bcel mupuHe menu ot 0 1o b:

EzjdE =j—°cos(cot—kxsin(p)dx:E —=—~cos| ot——sing |. (1.16)
=15 kb _ 2
0 0 —SIn

2 ¢

Kak BugHo u3 (1.16) ammiuTyga pe3yabTUPYIONICH BOTHBI
B TOYKE P HE 3aBUCUT OT BPEMEHHU, T.€.
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sin(kbsin j
E =IE 2 ’
P kb ' (1.17)

?sm(p

[TockOJIbKY HMHTEHCHUBHOCTh CBE€Ta MPONOPIHMOHAJIbHA
KBaJIpaTy aMmIUIUTyAbl, TO PAaCHpE/ICJICHNE WHTCHCUBHOCTU B
(hoKaTBHOM TIJIOCKOCTH JIMH3BI UMEET BH/I:

. ( kb . )
sin ?sm 0
| =1 :
o= o (kbsin 2 (1.18)
5 ?
W3 Beipakenus (1.18) cienyer, uto npu
@sin —n—bsin =Nn (1.19)
5 ¢ N ¢ =N, :
rae N=1, 2, 3, ..., OCBENIEHHOCTh PaBHA HYJIIO. Y CJIOBUE
bsing=+nk\ (1.20)
ONpEeAEIISIET YTIIOBOE MOJIOKEHNE MUHUMYMOB MPU TUPpaKkIuu
®payHrodepa Ha 1IeTH.
b sin @ 0
Ecmmn ¢—0, To i —>Unly, — lo. [Toatomy mipu ¢=0
BO3HUKAET TP pakIIMOHHBIN MAaKCUMYM HauOOoIbIIEH

UHTEHCUBHOCTH, paBHOM lo. Cnenyromme  MakCUMyMBbI
3HAUYUTENIbHO YCTYNAIOT M0 a0COJIIOTHOW BEIUYUHE TJIABHOMY.
sin ujz zbsing
, TAe U=
u A
noka3aH Ha puc. 1.9. Kak ciaenyer u3 dbopmynsr (1.18), mak-
CUMAaJIbHbIE 3HAYEHHS] MHTEHCUBHOCTH CBETA OBICTPO YOBIBAIOT C
yBeNMueHUueM yria mudpaknuu ¢. Pacuér mo dopmyne (1.18)
MOKAa3bIBAET, YTO COOTHOILIEHHE MAKCHUMYMOB HMHTEHCHUBHOCTHU
Pa3HBIX MOPSAKOB UMeeT BUA: [y :1;:1, =1:0,047:0,017.
CrnenoBaTeabHO, OCHOBHOH CBETOBOM MMOTOK
CKOHLICHTPHUPOBAH B MpeJiesax [EHTPAIbHOr0 AUPPAKIIMOHHOTO

I'paduk Qynkunu Bupa [I,=1 O(
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1,0

0,047 4 417

0 A A )_xsing

A A gh
b b b b
Puc.1.9

MaKCHUMyMa, OIPCACIICMOI0 3SHAYCHUIMU
: A
smq)zJ_rB. (1.21)

[Tpu ManpIx yriax qudpakiuu KOOpAUHATA Xm, OTIPEACIISIoNIas
MOJIO)KEHUE Ha »HKpaHEe MHHMMyMa HWHTEHCHBHOCTH CBETa
(TEMHOM TOJOCKI) M-TO TMOpPSJAKAa OTHOCHUTEIBHO TIJIaBHOM

ONTUYECKON OCH COOUparoIel JIMH3bI, MOXKET ObITh HalIcHa U3
X

dbopmyinsl (1.20), npu sing =~ tge = ?m , T.C.
mEA

m="

[IuprHa HUEHTPaATBHOTO JU(PPAKIIMOHHOTO MAKCUMYMa, KaK

cienyet u3 (1.22) , MmoxeT ObITh paccuuTaHa mo ¢popmyJie
2F A
A = (1.23)
N3 dhopmynsl (1.23) cnenyer, 4TO C yMEHbIICHUEM IIUPUHBI
IIEJIM LIEHTPaJIbHAsI CBETIas mmosioca pacumupsercs. MHbIMu
CIIOBAaMHU, C yMEHbBIIIEHNEM D OCBEIIEHHOCTh CTPEMUTCS CTaTh
PaBHOMEPHOM 110 BCEMY JKPaHY.

(1.22)

X
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C npyroii CTOpOHBI, IPU YBEJIMUECHUHU ITUPUHBI IIETHU MOJI0-
YKEHHE TIEPBbIX MUHUMYMOB CMEIIAETCS K LIEHTPY KapTUHBI U
HEHTPaJIbHBIM MAaKCUMYM CTaHOBUTCS OoJiee pe3kum. [Ipu sTom
cornacHo (1.18) oTHOCHTENIbHASI HHTEHCUBHOCTh MAKCUMyMa
ocTa€TCsl HEM3MEHHOM, TOTJ]a KaK a0COJIFOTHAsI BO3pacTaeT (UTo
O0OBSCHSIETCS BO3pACTAHUEM SHEPTHUH, MPOXOASIICH uepes
yBEJIIMYCHHYIO 111eJ1b). [Ipu oueHb 00J1bI110M 111e1u ( B CpaBHEHUH
C A) B IICHTPE TMOIyJaeTCs pPe3K0Oe N300pakeHNEe TUHEHHOTO
HMCTOYHUKA.

1.5. lugppakuyuonnan pewiemxa

Jlugpaxkyuonnas peuwémra—maBaxkHEUIINHN CIIEKTPaIbHbBIN
npuoop, MPETHAZHAYCHHBIN JJISl PA3I0HCEHUSL CBeMA 8 CNeKMP U
usmeperus oaux 6onH. OHa MPEJACTaBISET CO00M MIOCKYIO
CTEKJISTHHYIO WJIM METAJTTMYECKYIO IOBEPXHOCTh, HA KOTOPOH C
MOMOUIBIO ACIUTEILHON MAIIMHBI HAPE3aHO MHOKECTBO MPSIMBIX
PABHOOTCTOSIIIIUX JAPYT OT Apyra MTpuxoB. X 4ncio MoxkeT
JIOCTUTATh COTEH ThICs4. Ecin pemérka cTeksHHas, To HalJto-
JIEHUE MOKET BECTUCh KaK B MPOXOJAIIEM, TAK U B OTPAXKEHHOM
ceete. Eciin oHa MeTayimyeckasi, TO TOJIbKO B OTPaXXKEHHOM.
Hcnosnb3yroTcsi 1 BOTHYThIE METATUYECKHE peléTku. B Hux
ITPUXHU HAHOCATCS HA BOTHYTOM C(PepUUECKOI MOBEPXHOCTH.

Oonomepnoil OugpakyuoHHoIl peutemkoil Ha3bIBACTCA
CUCTeMa TapasuIeIbHbIX IIeJIe paBHOW MIUPUHBI, JIEKAIUX B
OJIHOM TJIOCKOCTHU U pa3AeiEHHBIX PAaBHBIMU MO IIUPUHE
HETMPO3pavyHbBIMU TPOMEXYTKaMu. PaccmarpuBas 1udpakiiuio
®payHrodepa Ha 1IeTU, MBI BUJIENIU, YTO pacipeeecHue
MHTEHCUBHOCTH Ha SKPAHE OMPECIISIETCA HalIPaBJICHUEM
nudparupoBaHHBIX JIydeld. DTO O3HAYAET, YTO TIEPEMEIIICHUE
IIeJTM TTapajuieIbHO caMoi ce0e BJIIEBO MJIU BIPABO HE U3MEHHUT
nudpakiMOHHON KapTuHbl. Claeq0BaTENIbHO, €CJIN NEPEUTH OT
OJTHOM IIEIN KO MHOTHUM (K AUGPAKIIMOHHONW PEUIETKE), TO
Tu(pakIMOHHBIE KAPTHUHBI, CO3/1ABAEMbIC KaXKIOM HIETBIO B
OT/ICJIbHOCTH, OYIyT OJJMHAKOBBIMH.

HudpakuroHHas kKapTHHA Ha PEIIETKE ONpeesaeTCs] KaK
pe3yJIbTaT B3aUMHOUW MHTEP(EPEHIIUU BOJIH, UIYIIUX OT BCEX
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meneit, T.e. B JAUMPAKIUOHHOM PpEIIETKE OCYIIECTBIISIETCS
MHO20YYesas uHmepgepenyusi KOTEPEHTHBIX Ougpasuposan-
HblX TTYYKOB CBETa, MAYLIUX OT BCEX IIETICH.

[Iycte TmuIOCKasi MOHOXpOMATHYECKas BOJHA IaJaeT
HOPMAJIbHO K TUIOCKOCTH perieTku. Omnpeaenum yciaoBus, Mpu
KOTOPBIX B JAHHOW TOYKE OECKOHEUHO yAaIEHHOrO dKpaHa Hao-
JIOJIaeTCS MAaKCUMYM MHTEHCHBHOCTH CBETa. 3aa UM yToj aud-
pakuuu ¢@m (puc. 1.10), koTopeIil ompenenser U30paHHOE HaIl-
paBieHue HabOmonenus. [lycTs @ — mumpuHa menu, b — mupuna
IPOMEXYTKa Mexy IienssMu, d=(a+bh) — mocrossHHAS PEIIETKH.

Ecnn mepneHAuKyISIpHO K MOBEPXHOCTH PEHIETKH TMaaacT
CBET C JNIMHOW BOJIHBI A, TO, KaK cieayeT u3 puc. 1.10, nyuwu,
UAYIIAE TOJ YIJIOM @m K TMEPBOHAYAIILHOMY HANpPABJICHUIO OT
COOTBETCTBYIOIIUX MECT KaXJIOW W3 Iened, 001amaatoT pasHo-
cThio xonma A= dsinem (I-if m 1l-it myun), 2dsinem (I-% u I1-i
aydd) ¥ T.J. B Tex HampaBieHUsX, I KOTOPBIX 3Ta Pa3HOCTH
X0/la paBHA IMEJIOMY YHCIY J/JIMH BOJH, T.€. BBITIOJTHAETCA
yCIIOBUE dsinpm=maA, HAOJTIOTAFOTCS MaKCHUMYMBbI
WHTEHCUBHOCTH.  HampaBiaenne Ha  3TH  MaKCHUMYMBI

. mA
OIPEAEIISIETCSA BBIPAXKEHUEM SIiNQ = ? 1501041

dsing,, =ma, (1.24)

rae m=0, £1, £2, .... — NOPAIOK CHEKTPA IIaBHBIX MAKCUMYMOB
auQpaKkIMOHHOW KapTuHbL. Bripakenue (1.24) MOXHO MOTYYIHUTh
eme 0osee MpoCThIM cnocoOoM. [ 3TOro BCIIOMHUM, YTO JJIS
NOJIydeHUs: HMHTEPPEPEHIIMOHHOTO MaKCUMyMa HEOOXOAUMO
BBINIOJIHUTH yCJIIOBHE, NPU KOTOPOM pPa3HOCTh (a3 Mexay
UHTEeP(PEPUPYIOIUMHU JIy4YaMH JI0JKHA ObITh paBHA

O =2mm. (1.25)
C apyroi CTOpOHBI,
A dsing

[IpupaBauBas (1.25) u (1.26), nerko monayuuth (1.24).
3aBUCUMOCTD yria IU(PPaKIUU OT JJIMHBI BOJHBI A ONpEIeIseT
BO3MOKHOCTH PENIETKH pazjaraTb CBET B cHOEKTp. HMHbIMH
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cnoBamu, auGpaKIMOHHAS pemEéTKa NPEACTaBIseT CcoOou
CIEKTPAJIbHBIN MTPUOOD.

Ecnn n3nydeHHe UMEET CIOKHBIM CHEKTPAIBbHBIM COCTAB
(Hampumep, OeNblii CBET), TO MAaKCUMyMbl MHTEHCHUBHOCTH JIJIS
pPa3IMYHBIX JUIMH BOJIH TPOCTPAHCTBEHHO pa3JCNSIOTCA, T.C.
oOpasyercst nudpakIMOHHBIN CIHeKkTp, (uoneToBas 00JacTh
KOTOpOTO OyJieT oOpaiiieHa K HeHTPY AU(PaKIIMOHHOW KapTUHBI,
KpacHass — Hapyxy. 3HadeHue M=0 paét makcumMym 1O
HanpaBjaeHuo ¢=0 g1 Bcex 3HadeHuil A. IloaTomMy B 3TOM
HampaBjeHWU (HANpaBJIEHWW TIEPBUYHOIO ITydyka) Oyxaer
coOupaTbCcsi M3My4YeHUE BCEX JJIMH BOJIH, @ HYJEBOW CHEKTP
OylleT MOpeaAcTaBiATh cO00Ml Oenoe H300pakeHUE HCTOYHHMKA.
Yem Oompmie 1meinerd N, TeM OoJbliee KOJIUYECTBO CBETOBOU
SHEPTUM TPOUJET HYepe3 PEeIIeTKy, TeM OO0JbIlle MUHHMYMOB
oOpasyercsi MeXIy COCEIHUMHU TJIABHBIMH MaKCUMyMaMH, TEM,
CJIeIOBATENIbHO, 00JIe€ MHTEHCUBHBIMU U 00Jie€ OCTPhIMU OyayT

777

i m w-v

Puc. 1.10

MaKCHMYMBI.
Ilycth 1miiockass BoOJHA TagaeT Ha JUDPAKIMOHHYIO
pemeTky noa HekotopbiM yriioM O (puc. 1.11). ITonHas pazHOCTH
X0J1a IS IByX BOJIH paBHA
AC-DB=dsin6 - dsing. (1.27)
B sToM cityuae 115 ri1aBHBIX MAKCUMYMOB BBITIOJTHSIETCS
yCJIOBHE
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d(sin 6 — singm)=mA, (1.28)
IJI€ Om—HAaIPaBJICHUE HA IJIaBHBIM MAKCUMYM MOpsiKa M, a
m=0,£1,£2,...IlocienHee BBIpAXKEHUE MOXKHO MPEICTABUTH B
BHU/JIC

2dcos[%( Qm+ 0)]sin[%( 0 - om)]= M. (1.29)

Puc.1.11

Ecmm pemérka mocrarouHo rpy6a, T.e. mepuony e€ d
3HAYUTEIBHO OOMbIIE A, TO YIUIbI TUPPAKIIUU MAJIBI U TOTAA YTOJ
¢@m OyJzeT Masio oTiaM4Yarhest oT yriia 6. B 3ToM ciyyae MOXKHO
MOJIOKUTh, YTO

~(om* 0)= 0 usin[Z (0 - )]~ 2(0 - om). (1.30)
HTak, OKOHYaTEIILHO UMEEM
d cos6(0 — gm)=mA. (1.31)

B  caydae  HOpManmpHOro  TajaeHWs ~ Jiyded — Ha
audpakuoHHY0 perméTKy d singm=mA wiu dpm=mA (eciu yrou
¢@m MaJ). JlaHHOEe cpaBHEHME MOKA3BIBAET, UTO yTOJ MEXIy Harl-
paBIICHUSIMM Ha HYJIEBOW MAaKCUMYM U Ha HEHYJIEBbIE MAaKCHUMY-
MBI (0 —Pm) BBIUUCISIIOTCS TaK k€, KaK eclu Obl MajeHue ObLIo
HOpPMAaJIbHBIM, HO C IPYTUM IIEPHOI0M, @ UMeHHO d COS 0.
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B cinydae Gmusoctu 0 kx 90° maGmomaercss BechMa
3aMETHO€ yMEHblLIEHuEe Imepuona. Takum oOpa3oM, eciu
HAIIPABUTh HA IPYOYIO0 PEIETKY CBET MO yriaoM, Omuskum K 90°,
MO>KHO HaOJI0/1aTh OTYETIUBYIO JU(PPaKIUOHHYIO KapTHHY.

JlaHHO€ 00CTOATENHCTBO HAIILIO BaXKHOE MPUMEHEHUE MTPU
U3yYeHUN AUPPaKUMU PEHTIC€HOBCKUX Jyuyed. Tak Kak JJIMHbBI
BOJIH PEHTIC€HOBCKMX JIy4el, KakK IMpaBWiIO, B THICAYH pPa3
MEHBIIE JUIMH BOJIH BUIMMOIO CBE€Ta, TO BCE CO3JaHHBIC
PEETKN OKA3bIBAKOTCS JJISI PEHTIEHOBCKHUX JIy4YE€H CIMIIKOM
rpyosiMu (Tak kak d/A~1000).

ToJIbKO NpU UCHOIB30BAHUM KOCOTO IAJCHUS W3JIy4YCHUS
yAQJIOCh TOJIYYUTh SIPKO  BBIPAKECHHYIO JTHUPPAKIHUOHHYIO
KapTUHY PEHTICHOBCKUX Jy4deld Ha CpaBHUTENBHO TrpyoOoi
pemérke (d~0,02 Mm).

KadecTBO  CHEKTPOB, MOJYy4ae€MBIX C  IOMOULIBIO
IU(QPAKIIMOHHBIX PEHIETOK, OMNpPEAeNAeTCsl HUX OCHOBHBIMU
XapaKTEPUCTUKAMHU — YTJIOBOM JHUCIIEPCUEH, IUCIEPCUOHHOMU
00J1aCThIO U pa3pemarouei CnocoOOHOCTHIO.

YriaoBaa aucnepcusi Dy XxapaktepusyeT cnocoOHOCTh
CHEKTPAJIBbHOTO NprOOpa MPOCTPAHCTBEHHO PA3/IENATh CBETOBBIC
IyYKU PA3JIMYHBIX [JIMH BOJIH. Mepou yrJIOBOM AUCIEpCUU
SABJISIETCS

_do

"od

rne do — yrioBoe paccTOsHUE MEXAY ABYMsI CIEKTPaIbHBIMU
JVHHASIMH, OTINYAIOIIEecs MO JUTMHE BOTHBI Ha OA.

Huddepennupys o6e wactu (1.24), momydaem s
T (DPaKIMOHHON pEeIIeTKH

(1.32)

Dcose,.de,, =mdA. (1.33)
N3 coBmecTHOoro pemenus ypaBHenmid (1.32) — (1.33)
CIIETyET, YTO
do, m m

D = = = .
PdAd dcose,  Jd? —m2A2 (1.34)

[Ipu MaNbIX @Om TPUOIMKEHHO MOXKHO CUUTATh, UTO
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de m
D, 4l d (1.35)

Jlucniepcusi BO3pacTaeT ¢ YBEJIMUYCHHEM MOPsSIKa CIEKTpa.
Ha omnbiTe aucnepcuro ONpenesisitor nyTEM HM3MEPCHHUS
YIJIOBOTO  pacCTosiHUsA A@  MEXIy JAByMs  OJM3KUMH
CHEKTPAJIbHBIMU JIMHUSMH C U3BECTHON Pa3HOCTHIO JJIMH BOJIH
AN (Hampumep, MEXIY KENTbIMU JIUHUSMHU PTYTH). Hamuuue
KOCHHYyCa B 3HaMEHAaTelle JI0KAa3bIBa€T BBITOJY CKOJB3SIIETO
MAJICHUS JTYYEH.

JAucnepcuonHass oo0jacrtb. EciM CHEKTpbl COCETHHX
MOPSIIKOB HEePEKPHIBAIOTCH, TO UCCIIEIOBAHUE
COOTBETCTBYIOIIIETO ydacTKa CIIEKTpa CTAaHOBUTCS
HEBO3MOXHBIM.  Makcumanbhas  WUPUHA  CNEKMPAlbHO20
uumepsaia AL, npu  KOmopom  nepexkpvlmue ewjé He
Habnooaemcs,  Hazvleaemcs  OUCNEPCUOHHOU  001acmbio
cnekmpanvHo2o npubopa. Ecnu  JIauHBL BOJH MaAaroliero
W3IyYEHHUs JIeKAT B CHEKTPaIbHOM MHTEpBale OT A 10 AL, To
I8 AUPpakIMOHHOM peméTKku 3Ta o0jacTh (IS JTaHHOIO
y4acTKa CIEKTpa) ONpeeseTcs: Kak

A=\ A=M/m. (1.36)
Ecnu nyivHa BOJIHBI ompesiesieHa, TO OHa OMpEAeseTcsl TOIbKO
MOPSIIKOM criekTpa m. OYeBHIHO, 9TO YeM OOJIBIIE M, TEM YXKe
aUcTiepcuoHHas 00JacTh. Tak Kak B AUGPAKIIMOHHBIX peHIEéTKax
MCIIOJIB3YIOTCS CIICKTPBI HU3KUX TOPSJIKOB (KaK IIPaBUIO0 BTOPOK
U TPETUH), TO OHM XapaKTEPU3YIOTCS IIMPOKHMH OO0JIaCTIMHU
IUCTIEPCUM W TIOATOMY OKa3bIBAIOTCA TMPUTOJAHBIMH IS
UCCIICIOBAHUSI IIMPOKUX YYACTKOB CIIEKTpa. ITO SBISETCS
OCHOBHBIM TIPEHMYIIECTBOM IH(PPAKIIMOHHBIX PEIIETOK Iepe/T
UHTEep(PEPEHIMOHHBIMU TPUOOPAMU, Y KOTOPBIX U3-3a OOJIBIINX
MOPSKOB M IUCTIEPCHOHHBIC 0071aCTH OYEHb Y3KHUE.

Paspemaromas CIIOCOOHOCTH AU(PppaKIHOHHOH
pelieTKH. OTOT TMapaMeTp XapaKTEepU3yeT BO3MOXKHOCTH
pazaensaTh  (pa3pemiarh) — CHEKTpalbHBIE  JIMHUH,  Majo
OTJIMYAIOIIHECS 110 JJIMHAM BOJIH, M 3aBHCHUT OT MX ITUPHHBL. 3a
Mepy pa3pearniei CnocoOHOCTH MPUHUMAIOT BEIMYUHY
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A

Sh (1.37)
r7¢ A — JUIMHA BOJIHBI, BOJTM3H KOTOPOH MPOU3BOAT U3MEPEHUS,
OA — HauWMeHbIas pa3HMUIlA B JUIMHAX BOJH JBYX €IIE

pa3pelIacMbIX CIIEKTPAIbHBIX JIUHUM.

Kaxmass w3 CHEKTpaJIbHBIX JIMHUKM JTAa€T B CIEKTPE
mudpakMoOHHON peméTkn Makcumym. Kputepuil paspernieHus
IByX IU(PaKIIMOHHBIX KapTHH BIIEPBBIC MPEMIOKUT Panei:
cuumams UxX paspeuléHHbIMU, eciu OpOUHama  MUHUMYMA
cocmaensiem 0,8 om MaKCcUMaibHuLIX OpPOUHAM CYMMAPHOLU
kpusot (puc. 1.12).

A A+OA

|
|
|
|
|
|
|
|

§

Puc.1.12

B oatom ciyuae Mexay JByMsS MaKCHUMyMaMH
co31aéTcsa mpoBasl, COCTaBJISIOMKMK O0K0JI0 20 % OT MHTEHCHUB-
HOCTM B MAaKCHUMyMax, YTO TJia3 BOCHPUHUMAET MO KOHTPACTY
KaK Hajuyue TEMHOTO MPOMEXyTKa MeXAy HUMU. J[pyrumu
CJIOBaMH CHEKTPAJIbHBIC JIMHUU C Pa3HbIMU JJIMHAMU BOJIH, HO
OJIMHAKOBON WMHTEHCUBHOCTU CUUTAIOTCS Pa3pelI€éHHBIMU (T.€.
npoBas pocturaetr 20 %) B TOM ciiy4yae, Korja TJIaBHBIM Max-
CUMYM OOHOU U3 KPUBLIX NPUXOOUMCS HA NePevbli MUHUMYM
8MOPOU KPUBOL.

Hns  nudpakimoHHONW PeIIETKA pa3peniarolias crnocoo-
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HOCTDb OIIPCACIACTCA COOTHOILICHHUCM
R=mN, (1.38)

rae N — uncio deticmayrowjux MTPUXOB PEIICTKHU.

Jlannas Qopmyna omnpenenseT BEepXHHH —Ipesen
paspemaromeit crmocooHocTd. OHa BBIMOJHSAETCS JUIIb TPH
COOJIFOZICHUM CJICTYIOIIUX YCIOBUM:

-  MHTEHCUBHOCTH 00OMX MAaKCUMYMOB JOJDKHA OBITh
OJIMHAKOBOI;

-  YIIMPEHHUE JIMHAW JOJDKHO  ONPEAECTAThCS  TOJIBKO
nudpaxuuei,

- MAJalIIhi Ha PEMETKY CBET JODKEH HMMETh PaInycC
KOT€PEHTHOCTH, TMPEBBIIAIOIIMNA pa3Mep pemeTKu. TOIbKO
Toraa Bce N IITPUXOB PEMIETKH «padOTaroT» COrJaCOBAaHHO U
JIOCTUTAETCS HYKHBIN PE3YJIbTAT.

Kak Ob10 cKa3aHO BBIIIE, TPUHIMI ACHCTBUS JU(PpPaKIIMOH-
HOM pelIeTKH OCHOBAH Ha MHTEP(EPEHIINH ITyYKOB CBETA, UCIIBI-
TaBIIMX AUGPAKIIAIO HA dJIEMEHTaX PETYJIIPHOU CTPYKTYphI. Kak
cienyet u3 (1.35) u (1.38), yriioBas qucriepcus U pa3peraronmast
CIIOCOOHOCTh TU(PPAKIIMOHHON PEHIETKU PACTYT C YBEJIMYEHUEM
nopsizika criektpa. [Toatomy meneBas audpakimoHHas perieTka,

Swenerr
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Han0o0JIe€ MHTEHCUBHBIM CIIEKTPOM KOTOPOH SIBJISIETCS CHEKTP
HYyJIEBOTO nopsaka (cM. puc. 1.13), npakTuuecku He MPUMEHS-
eTcsi B MoOHoxpomaropax. Haumbosiee mmHpokoe NpUMEHEHUE
Halla oTpaxaTelbHas IU(pakiMOHHAS PEIIeTKa — JIIENETT
(puc.1.14), cnocoOHasi KOHLEHTPUPOBATH JU(PparupoBaHHOE
U3ITy4eHUE B KakoM JIMOO ompenenéHHOM (HO HE HYJIEBOM)
MOPSJIKE CIIEKTpa, OCIalJIsIsl OCTaJbHbIC (puc. 1.13), uto
ABJISIETCS] BaXKHBIM PEUMYIIECTBOM TAKUX PEIIETOK.

DT0 Jocturaercsi MyTEM BBEICHUS  JIOMOJIHUTEIbHOM
Pa3HOCTH XOJla B KaXJIOM OTJEIbHOM IITPUXE, UMEIOIIEM, KaK
IIPaBUJIO, npoduiab  TPEYrosbHOM  (GOpMBL.  DUIENETT
PEACTaBIISIET COO0M HEKYIO CUCTEMY OJIMHAKOBBIX 3€pPKaTbHBIX
IJIOIMIA/IOK, IJIOCKOCTH KOTOPBIX MapajUieSibHbl OJHA JIPYyTroM U
00pasymoT C MJIOCKOCThIO 3arOTOBKHM HEKOTOPHKIN yroi. B ciy-
yae TaJeHUs Ha OSIIEJETT MapajyiejbHOro Iydyka Jydel Ha
KOKJIOW 3€pKadbHOW IUIOIIAJIKE MPOUCXOAUT audpakius (Tak
Ke, KaK Ha Yy3KOM IIeNr), W TOJIydEeHHbIE TakuM oOpazom
mudparupoBaHHble Ty4dku uHTepdepupyor. CoBpeMeHHBIE
SIIEJETTHl  TO3BOJIIIOT B CHEKTPE  OJHOTO  TOpsIKa
KoHHeHTpupoBatb 10 70—80 % osHeprum mamaromero
U3JTy4YCHHUS.

YcnoBue HaOMIONEHUS MaKCUMYMOB OTPaXEHHOTO  OT
AIIEJIETTa CBETA MOYKHO 3allMCaTh B BUJIE

d(siny +sing)=m, (1.39)

i e

; ) - i?;';"‘}-:i!.a. # F;";,’-:_‘:u,

w« ¥

Puc.1.14
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rJie M — MOPSAJOK CIEeKTpa, d — MOCTOsIHHAS (TIEPUOJT) PEIICTKH,
y— yToJI aJIeHuUs, (p — YIoJl OTPKECHUS (AUPPAKIINUHN).

Hapsiny ¢  oTpaxaTelbHBIMM  pEIIETKAMH, KOTOPbHIC
W3rOTABJIMBAIOTCS HAHECEHHEM IITPUXOB Ha IUIOCKOE 3€pKajo,
IIMPOKOE MPHUMEHECHHE HAIUIM TaK Ha3bIBAEMBIE B02HYMblE
peweémxuy. B Takux pemeéTkax IMITPUXU HAHOCATCS Ha
MOBEPXHOCTh CPEPUUYECKOr0 BOTHYTOTO 3€pKajia Ha pPaBHBIX
pacCTOSIHUAX APYr OT Apyra, OTCUUTHIBAsl MO XOpAe. 3a Cuér
Takol  KOHCTPYKIIMM OHa  o0OnagaeT  (OKYCHUPYIOITUMHU
CBOMCTBAMH M MOJKET HCIIOJIb30BAaThCA O€3 BCSIKHUX JIMH3, YTO
aBisieTcss €€ OOJBIIUM MPEUMYIIECTBOM I10 CPaBHEHHUIO C
mIockor pemérkor. Ecnm mens S u BorHyras pemértka G
(puc.1.15) momenieHbl Ha OKPYXKHOCTH JIUAMETPOM, PABHBIM
panuycy kpuBu3HbI pemétku R (kpyr Poymanpa), To crekTp
dbokycupyercss Ha TOM ke OKpyXHoctu. W3  ycioBus
MaKCUMyMOB THU(PPAKIIMOHHON PEMIETKA CIEAYET, YTO JOJKHO

A .
OBITH BBITIOJTHEHO yCioBUEe M— <1 Tak Kak sing HE MOXET ObIThH

d
3

=4

Puc. 1.15

Oonbiie emuHuIpl.  CremoBaTeNbHO, MaKCHUMallbHas JJIMHA
BOJIHBI, KOTOpasi MOXKET HAOJIIOJIaThCS B CIIEKTPE M-TO HOPSIKA,
JOJKHA  yJIOBJCTBOPATh HEPABEHCTBY Amax<d/m. B ciyuae
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CIEKTpa MEpPBOro MOps/iKa HauOOJbIIAS JJIMHA BOJIHBI, JAKOIIAs
MaKCUMyM B 3TOM MOPSAKE, AOJKHA ObITh MEHbIIIE TTOCTOSTHHOM
pemétkn d (B ciydae KOCOro TaJCHHUS CBETa Ha PEIIETKY
Amax<2d). HMeHHO T1OATOMY JUIS HAOJIIOACHHMS CIIEKTPOB
nH(}paKpacHOro AMana3oHa HEMPUTOJHBI PEIIETKU ¢ OOJIBIIUM
YUCJIOM IITPUXOB HAa €IWHULY [UIMHBL. B 3TOM ciywae mis
UCCJIEA0BaHUs JAIEKUX UHPPAKPACHBIX  CIIEKTPOB VCTIOJIb-
3YIOTCA DIIENACTThI, pEmETKH ¢ Heckoiabkumu (2—10)
IITPUXAMU HA MM.

HeoOxoauMo OTMETUTH, YTO, KpOME TMPO3PAuyHbIX U
OTPaXKaTEJIbHBIX PELIETOK, UCIIOJIB3YIOTCA €LIE TaK Ha3blBaEMbIE
paszosvie pewemku. Takue pemIETKU BIMSIIOT HE HA aMIUIUTYY
CBETOBOM BOJIHBI, a Ha a3y, BHOCA B HEE MEPUOJUYECKUE
u3meHenus. [loatomy ux m HaseiBatoT (azoBbiMU. Hampumep,
IJIACTMACCOBAsi KIOBETA C MPO3PAYHOU KHUJIKOCTHIO, B KOTOPOU
BO30yXJaeTcsi IUIOCKas Crosyas yJiIbTpa3ByKoBas  BOJIHA,
apisieTcss  ¢azoBoil. B a3TomM  ciywae — HaOmromaeTcs
MEPUOJNYECKOE HW3MEHEHUE IUIOTHOCTH KHUAKOCTH H, Kak
CIEACTBUE, MEHAIOTCS NOKA3aTesb MPEJIOMIIEHUS U ONTHYECKas
pazHocTh xoxAa. [logoOHast cTpykTypa HE U3MEHSIET AMIUIUTYOY
IPOXOASIIEr0 MONEpPEK BOJHBI CBETA, a TOJAbKO €€ (a3y, 4uTo
HAXOJUT MIHUPOKOE MPAKTUYECKOE TPUMEHEHHUE.

B mmpokxoM cMmeicie ciioBa nod Ju(PpakiiMOHHON PEeIETKOM
IMOHUMAETCS BCSIKasi CTPYKTypa, UMEKNIAsi MPOCTPAHCTBEHHYIO
IIEPUOANYHOCTb. Ecmn  cBolcTBa  TakoW  CTPYKTYpBHI
IIEPUOANYECKU MEHSIOTCS TOJIBKO B OJJTHOM HAIPaBJIECHUU, TO 3TO
OJIHOMEpHasg WiIW JHHEWHas pemérka. Eciu xe mnomoOHoe
W3MEHEHUE IPOUCXOAUT B JABYX WM TPEX HAIPABICHUSX, TO
pElIETKAa Ha3bIBACTCA COOTBETCTBEHHO JBY- WJIHA TPEXMEPHOM.
[TociienH00 Ha3bIBAKOT TAKXKE MPOCTPAHCTBEHHOM.

Hanpumep, ecium mnoctaButh JaBe AUGPAKIIMOHHBIC
pEUIETKU OJIHY 3a JPYroil Tak, YTOObI UX IITPUXH MEPECEKAIUCH
MO/ HEKOTOPHIM yTIJIOM (B YacTHOM ciy4ae OBbUIM B3aWMHO
NEPICHIUKYISIPHBIMUA), TO TOJIYUYHUTCS O8YMEPHAA peuiemka.
CBolicTBa TakOW pEIMIETKH, KaK HETPYJIHO TOHAThb, OYIyT
MIEPUOJNYECKN MEHSTHCS B JBYX Pa3JIMUHBIX HAIpaBJICHUsIX. B
(U3UKE PEHTIEHOBCKUX Jy4ed BaXXHYIO pOJb UIPAKOT Tak
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HA3bIBACMbIC MpexXMepHble NPOCMPAHCHBEHHbIE pPeulemKuU,
KOTOpbIe 007aJal0T TMEPUOJUYHOCTHI0O B TPEX Pa3IUYHBIX
HaIpPaBJICHUSX.

s HaOmoneHus TUGPaKIMOHHON KapTHUHBI HEOO0XOIUMO,
YTOOBI TOCTOSIHHAsI PEIIETKHM ObLIa TOTO K€ MOpsA]Ka, 4TO U
JUIMHA BOJIHBI NAJAIONIEro u3nydeHus. Kpucramibl, ABISACH
TPEXMEPHBIMU  MPOCTPAHCTBEHHBIMU  PEIICTKAMH,  HMEIOT
noctosHHyto nopaaka 10710 M u, cnenoBarenbHO, HEPUTOIHBI
171 HabmroaeHns Tudpakiyy B BuauMoM ceere (A = 1077 m).

Ot dakThl TMO3BOMWIM HeMelnkoMmy ¢u3uky M. Jlay»
(1879 - 1960) npuiiTH K BBIBOAY, YTO B KAYECTBE €CTCCTBCHHBIX
TU(QPaKIMOHHBIX PEIICTOK JJII PEHTIEHOBCKOTO H3JIYyUYCHHS
MOHO HCIIOJb30BaTh KPHUCTAIJIbI, TIOCKOJBKY pPacCTOSHHE
MEXKJy aTOMaMu B KpUCTAUIaXx OJHOTO TMOpsAlKa C A
peHtreHoBckoro m3ayuenus (= 1012 =+ 10® m). IIpocroii mMeron
pacuera  AupakUU  PEHTTEHOBCKOTO  HWBJIYYEHHS  OT
KPUCTANIMYECKON PEHIETKHU MPEI0KEH HE3ABUCUMO APYT OT
npyra poccuiickum ¢uszukom I'. B. Bynbdom u aHrmuiickumu
buszukamu — otiom I'edpu u ceinoM Jloypencom bparramu. OHu
OPEANONOKIIN, YTO JAU(PPAKIHUS PEHTTEHOBCKOTO M3IIyYEHUS
SBJISIETCS PE3YJIBTATOM €70 OTPAKEHUS OT CUCTEMBI TTapasijieib-
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HBIX KpHUCTaIorpadMUecKuX IUIOCKOCTeH (IJIOCKOCTEH, B
KOTOPBIX JIEKAT Y3JIbl KPUCTAJUIMYECKOUN PEIIETKH).

[IpeacraBuM KpUCTAILIBI B BUJIE COBOKYITHOCTH MAPaJUIEIbHbIX

Kpuctauiorpadpuueckux miockocte (puc.1.16), oTcTosux
Apyr oT japyra Ha paccrosaue d. Ilydok mapajiebHBIX
MOHOXPOMAaTHYECKUX PEHTIE€HOBCKUX Jydeil (1, 2) mamaeT moA
YTJIOM CKOJIBXEHUS O (YTroJl MEXIy HaIlpaBJICHUEM MaJlarolux
Jydyed U KpUCTAIOrpapUUYECKON IIIOCKOCTbIO) M BO30YXKAAeT
aTOMbl  KPHUCTAJUIMYECKOM PEIIETKH, KOTOPhIE CTAHOBSTCS
UCTOYHHKAMHU KOTE€PEHTHBIX BTOPWUYHBIX BOJH 1" u 2,
UHTEpPEPUPYIONTUX MEXKIy Cc000M TO0JA00HO BTOPHYHBIM
BOJIHAM, OT Iejed TuppakiiMOHHON PEIIETKH.
MakcuMyMbl MHTEHCUBHOCTH (AUGPAKIIMOHHBIE MaKCUMYMBbI)
HAOJIIOAI0TCS B T€X HAIPABJICHUAX, B KOTOPBIX BCE OTPAKCHHBIC
ATOMHBIMM  IUIOCKOCTSIMM  BOJIHBI ~ OyJAyT HaXOJIWUThCA B
oAVMHAKOBOM  (daze. DOTHU  HampaBiCHUS  YIOBJICTBOPSIOT
¢popmyse Byabpa — bparros

2dsin6=mA (m=1,2,3...), (1.40)

T.€. IPU PA3HOCTH XOJa MEXKIY ABYMs JIydaMH, OTPaKEHHBIMU
OT COCEAHUX KpuUcTauiorpaUuecKux IJIOCKOCTEH, KpaTHOU
HEeJIOMY YMCIY JJUH BOJIH A, HaOmrogaeTcs AUGPaKIHMOHHBINA
MakcuMyM. [Ipy NOpOW3BOJBHOM  HaNpaBIEHWH  MAJCHUS
MOHOXPOMATHYECKOTO PEHTTEHOBCKOTO U3JIyYCHUSI HA KPUCTAILI
mudpakiuu  He BO3HUKaeT. YToObl ee HabOmoAaTh, HAIO,
NOBOpAaYMBAasl KPUCTAUI, HAWUTH COOTBETCTBYIOLIHA yIoJl
CKOJIbJKCHUS.

JudpakunonHas KapTUHA MOXKET OBITh MOJydeHA U TIPHU
OPOU3BOJIBHOM TOJIO)KEHWHA KPUCTAIIA, [JII YEro HYXHO
MOJB30BATbCA  HENPEPBIBHBIM ~ PEHTTEHOBCKUM  CIIEKTPOM,
UCITyCKAaEMbIM PEHTI€HOBCKOW TpyOkoil. Torma nama Takux
YCJIOBUM  ONMbITa BCErJa HAWIyTCs  JJIMHBI  BOJH A,
ynosieTBopsirorue yciaosuio (1.40).

Dopmyna Byavgha - bpirzzoe ucnonv3yemces npu peuwtenuu
08YX 8ANHCHBIX 3A0aH.

1. HabGmiomas gudpakuui0  PEHTTEHOBCKUX  JIyde
M3BECTHOW JUIMHBI BOJHBI Ha KPUCTALUIMYECKOW CTPYKTYpE
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HEU3BECTHOTO CTPOEHUS] M u3Mepsis 0 u M, MOXHO HaWTH
MEKIIJIOCKOCTHOE paccTosiHue d, T. €. ONpeNeiIuTh CTPYKTYPY
BEILIECTBA. OTOT METOJ JIEKUT B OCHOBE
penmezenocmpykmypuozo aunaauza. ©Oopmyna Bynepa —
BparroB octaeTcsi cpaBeJIMBON U IPU JU(PAKIIUU SJIEKTPOHOB
Y HEUTPOHOB.

Metonbl HCCae0BaHus CTPYKTYPbI BEMIECTBA, OCHOBAHHBIE
HAa JU(pakiyMu DJIEKTPOHOB W HEUTPOHOB, HAa3BIBAIOTCSA
COOTBETCTBEHHO 2/71eKmMpOHozpaguenl u HeiumpoHozpagueil.
OnexkTpoHorpadus AaeT YHUKAIbHYI0 BO3MOYXHOCTh ONPEICIUTh
BEJIMUMHY MapaMeTpa pemeTku (M €€ U3MEHEHHUE BCIEACTBHE
pPa3IMYHBIX BO3JSHUCTBUI) C OIIMOKOM, HE IIPEeBBIIIAOIICH
2-10% m (1!1). Heltirponorpadus mO3BOISET UCCIEN0BATh TAKUE
TOHKME  SBJIEHHUS, KaK TEIUIOBbIE  KOJIEOaHUS  Y3JIOB
KpUCTAJIMYEeCKOW  pemieTkd. IlpaBga, s moOdy4YeHUs
JIOCTATOYHOTO MOTOKAa HEUTPOHOB TPEOyETCSI AaTOMHBIN PEakTop.

2. HaOmomas  mudpakuui  pEeHTITEHOBCKHX  JIydeu
HEU3BECTHOM JUIMHBI BOJIHBI HAa KPUCTAJUIMYECKOW CTPYKTYpE
npu u3BecTHOM O M u3Mepss 0 U M, MOKHO HAWTH JJTUHY BOJIHBI
MaJIa0IIETO PEHTTEHOBCKOTO M3JIYYEHUA. JTOT METOJ JIEKUT B
OCHOBE PEHMZEHO8CKOI CHEeKMPOCKORUU W TIO3BOJISIET MPOU3-
BOJIUTh TPEUU3UOHHBIA CHEKTPaJIbHBIM aHalii3, B TOM YHCIE
IJIEHOYHBIX KOHCTPYKIIMU, XOTS MPOCTPAHCTBEHHOE Pa3pEUICHUE
10 COBPEMEHHBIM MOHATUSIM OCTABJISIET KEJIATh JTYUIIIETO.

B peHTreHOCTpyKTYpHOM aHajiu3e pa3paboTaHbl JiBa
METOJA:

1. Memoo Jlay>. B naHHOM MeTOAEe Y3KHW My4OK
PEHTTE€HOBCKOTO M3JIyYCHHUSI HAIPABIACTCA HA HUCCIEAYEMBbIN
MOHOKpucTaui. st  m000iM  CUCTEMBI  KPUCTAIMYECKUX
MJIOCKOCTEM B PEHTTCHOBCKOM U3JIYYEHUHM BCErjga HaWIETcs
JUTMHA BOJIHBI, YTOOBI BbINOJHsIIOCH yciioBue (1.40). IIpu stom
Ha (POTOIUIACTUHKE, MOMEIIEHHOW 3a KpHUCTAJLIOM, oOpasyercs
CHUCTEMA MATEH-MAaKCUMYMOB. JTa KapTHHA TOJy4Yusia Ha3BaHUE
naysepamma. Takoe pPaCIONOKEHUE IIATEH XapaKTepPU3yeT
CUMMETpHIO KpucTauia. OmnpeaenuB pacCTOSHUE  MEXKIY
MaKCUMyMaMHd M WX HHTEHCHUBHOCTH, MOXXHO pacimdpoBaTh
CTPYKTYPY MCCIEAYEMOI0 KPUCTAILIA.
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2. Memoo Jlebas - Illepepa. Meton 0oCHOBaH Ha HCIOJb-
30BaHUM Y3KOI'0 ITy4Ka MOHOXPOMAaTHYECKOrO PEHTTEHOBCKOTO
U3ITy4eHUS] W TMOJUKPUCTAIUIMYECKOro oOpasma. JlaHHbBIN
oOpazell KpucTajjia NpeABAPUTEIbHO U3MEILYAETCS B MOPOIIOK
(c oOpa3oBaHMEM OYEHb MEJKHX KPUCTAJUIMKOB), a 3aTeM
npeccyeTcss B BHJE CTepKeHbKa. B TakoMm OoJbIIOM YwHCIe
OCCrOpsiIOUHO  OPUEHTUPOBAHHBIX  KPUCTAUIMKOB  BCErJa
HaWUJETCd MHOXKECTBO TaKHX, JJIsI KOTOPBIX OYJIE€T BHITIOIHATHCA
ycioBue  (1.40). QudparupoBaHHBI IpH 3TOM Iy4OoK OyjaeT
00pa30BbIBaTh KOHYC HampaBiieHuil. [Ipu 3ToM Kaxmas cucteMa
MEKIIJIOCKOCTHBIX PACCTOSHHHM ¢ TOCTOSHHOM d M IMOPSJIKOM
mudpakuu M OyJeT UMETh CBOM KOHYC. /[ Toro 4toObl Bce
KPUCTAJJIMKKA ~ TIOCJEIOBATEIbHO BBIBECTM B  OTPAXKAIOIIECE
MOJIOKEHHEe, O00pa3ell pPaBHOMEPHO BpallalOT BOKPYTI OCH,
NEePIEHAUKYJISIPHOM K  HANPABJICHUIO TEPBUYHOTO  ITyYKa.
[lonydyeHHas mno d3TOMY METOAY pEHTreHorpamMma oOpasia
noyiyuusia Ha3zBaHue odebauepamma. OHA MPENCTABISAET COOOM
CUCTEMY KOHIIEHTPUUYECKHUX KOJIell, pacui@poBaB KOTOPYIO,
TaK)K€ MOXKHO ONPEACIUTh CTPYKTYpPY ONBITHOTO oOpasia.
Meton, Kak TpPaBWIO, WCIOIB3YETCS Uil YCTAHOBIICHUS
pa3mMepoB U (HOPMBI DJIEMEHTAPHON KPUCTAUIMUECKON SUYEHKH,
pa3MepoOB M MPOCTPAHCTBEHHOW OPUECHTAIIMU  KPUCTAJUIUKOB,
ompeaesneHus  nedopMaluii W HANPSHKEHUM, a Takxke s
¢dha30BOro aHaIM3a MOJUKPUCTAIIINYECKUX OOBEKTOB.

2. JABOPATOPHbBINA MPAKTUKYM

2.1. IABOPATOPHAS PABOTA Ne 3-3

U3YYEHUE JTUOPAKIIMU ®PAYHTODEPA
OT LLEJIU

Ieab padoThI: 03HAKOMUTHCS C OCHOBHBIMM TTOHSTUSIMU
TeOpUM TUPPAKIIMU U CLIOCOOaMM €€ HaOJII0ICHUS, ONPEACTUTD
JUTMHY BOJIHBI U3JTy4EHUs] ICTOYHUKA CBETa, HaOMroaas nudpak-
nuo @payHrodepa Ha NPSIMOYTOIBHOM HIETH.
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IKCHEPUMEHTAJIBHASA YCTAHOBKA

Cxema ycTaHOBKHM IOKa3zaHa Ha puc. 2.1, rae 1 u 2 — cero-
W3JIYYAIOIINE JUOJbI B KPACHOM U 3€JIEHOM Y4YacTKaX CIIEKTpa,
3 — KoJUITMMaTOop, 00pa3yIolIKi MapaiebHbINA My4YOK CBETa, 4 —
peryJimpyemMasi 1o muprHe elb, S — JUH3a, 6 — OKYJISIp-
MHUKPOMETP. Bce 31eMEHThI yCTaHOBKM 3aKPEIJICHBI B
ONTHYECKUX peuntepax 7, 8,9, 10, 11 na ckambe 12.

13 14 15

(]
HA

Puc. 2.1

Buumanue! Onmuuecxas cucmema nacmpoena, u oes
paspeuteHus npenoodasamelisi Ui 1abopanma nepemeujams
petimepbl u onmuyeckue nemermol cxemwvl Heawb3s. Iloonexcam
pe2yiuposKe MmoabKo WUPUHA Weau npu nomMouu bapabaniuxa
14 u nepemewyerus Kpecma oKyJIAPHO20 MUKPOMemMpPa pauye-
Huuem bapabanyuxa 135.

ITPOBEJIEHUE N3MEPEHUM

1. BKIIOYNTh MCTOYHUK THTAaHUS CBETOAMOAOB. TymOnep Ha
penTepe 7 MOCTaBUTH B IOJIOKEHUE «KKPACHBIN.
2. YCTaHOBUTH ¢ TIOMOIIbIO Oapabanyuka 14 ¢ HaHeCEHHBIMH Ha
HEM JICJICHUSIMH MUHUMAIBHYIO ITUPUHY IIEJIH.
3. VBenuuuBas IHMPUHY IIETH, TOJIYYUTh IUPPAKIIMOHHYIO
KapTUHY TMpU HAOIIOJIEHUU €€ uepe3 OKyJsip MUKpoMeTpa. Bun
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TU(QPaKIMOHHOW KapTHUHBI B TOJIE€ 3PEHUSI OKYJisipa MOKa3aH Ha
puc. 2.2.
4. Kpect okynsipHOTO MHUKpoMeTpa, Bpaimias OapabaHuuk 15,
BBIBECTH B IIeHTp moJia 3peHus. s ygoOcTBa OTCUETOB
COBMECTUTH IKany Oapabanuvka 15 ¢ HyneBoi oTmeTkou. C
IIOMOIIBIO BHUHTA |6 YyCTaHOBUTH KPECT HA ULEHTP IOJIOCHI
HYJIEBOT'O MOPSAKA.
5. 3meputs paccTosiHuE MEXy JIMH30U 5 U OKYJISIPHBIM MHUKPO-
METPOM 6, KOTOpO€ MHPHUOIM3UTEIIFHO paBHO (DOKYCHOMY pac-
CTOSTHUIO JTUH3BI F. DTO paccTossHue yka3zaHO Ha OIpaBe JIMH3HI.
6. Bpamas 6apaGaHuuK OKYJISIPHOTO MHUKPOMETpPA, COBMECTHUTH
NEPEeKpPEeCTUE C TMOJOCAMA MHHUMAJIbHOW WHTEHCUBHOCTH
trepBoro, £BTOpPOro, *rTpETbero u T.1. MOPsAAKa, HACKOJIBKO ITO
MO3BOJISIET JU(PPAKIMOHHAA KapTHHA. OTH IMOJOCHI PaCIOJIO-
XEHBl COpaBa M CJIEBA OT LEHTPAIbHOM MOJOCHIL. 3amucaTh
nokasanus mMukpomerpa okyispa N.X m NX mng momoc +k-ro
nopsiika. OTU HM3MEPEHUsl MOBTOPUTh HE MEHEe TPEX pa3 H
cBectu B Tabm. 1.
7. BBIUuCIUTh MUpHHY Tesu b o dopmyie
p=KkEr (2.1)
“k

r7i€ JJIMHA BOJHBI KpacHOTO cBeToanoaa A=650 HM,

C(ND (NS

k 2

paccTosiHue 2Xk MEXAY JBYMSI CUMMETPUYHO PACIOJIOKEH-
HbIMA TEMHBIMHM MOJOCAMH OTCUMTAHO B JIeJICHUSIX OapabaHa
OKYJISIPHOI'O MUKPOMETpa, LIeHa JAesieHus1 kotoporo pasHa 0,004
MM, a obiiee yucio aenenuit papHo 100. O0patuTh BHUMaHUE Ha

0,004 MM,

Ta6muma 1
Ny [N N2 N2 |N23 N3 |, N+k+l_ N_k+1

Z

n/m

WIN |-
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TO, YTO IIpU BpalleHHH OapabaHa ero IIKajga MOXET IepelTu
HyJIeBYI0 OTMETKY. [loaTOMyY K nmoka3zaHusM N* nmubo y* Hy»KHO

npru0aBuTh AX, = (100 -n)-0,004 MM, rjie N — YUCIO MOJIHBIX

000poTOB OapabaHa Mocje MPOXOKACHUS HYJIEBOH OTMETKHU.
Onun obopor OapabaHa COOTBETCTBYET NEPEMEIICHHUIO 10
HETIOIBMYKHOM IIKaJie MUKPOMETpPa Ha OJIHO AeJIeHUE, T.€. Ha 0,4
MM. M3MeHsis IMpUHY LIeau BpailleHueM Oapabana 14 ¢ marom
0,01MM 17151 TATH 3HAYEHUH IMPUHBI IIEId D, OTCUMTaHHBIX 1O
MUKPOMETPUYECKOMY  YCTPOMCTBY,  H3MEPUTh  IIUPUHY
HEHTPAJIbHOTO  JU(PPAKIMOHHOTO  MakcumyMma  Ap=X1-X-1,
noMelnias NepeKpecTue OKYJISIPHOTO MUKPOMETPAa Ha MUHHUMYM
MHTCHCUBHOCTM C TMPaBOM W JIEBOM OT HEro CTOPOHBI.
Pe3ynbpTaThl u3MEpEeHUM 3aHECTH B TabJ. 2 U TPEICTaBUTH B
BUie rpaduueckoit 3aBucumMoctr Ag oT b.

Tabnuua 2

Ne i/mm X1, MM X-1,MM Ao=X1-X-1,MM | D, MM

Ol wWwNE-

8. ITocTpouTh rpad)ik TEOPETUIECCKOM 3aBUCUMOCTH Ag OT b,

paccuuTaHHoi 10 (pop-
MyJe Ag = 2?‘

9. Ilepexmtounth TyMO-
Jep Ha peurepe 7 B
TIOJIOKEHUE  «3EJIEHBIN.
I[lo ykazanusm 1. 6
U3MEPUTh  PACCTOSIHUS
MEXIy MOJI0CaMHA MHUHH-
MaJbHOW  WHTEHCHUBHO-
CTH HaOmomaemMoint aud-
PAaKILIMOHHOM  KapTUHBI,

Puc. 2.2 YCTAHOBHUB IHUPHUHY IIE-

) ¢
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JIM B MOJIOKEHUE, HAMJICHHOE COrJIaCHO 1. 7.

10. ITo ¢opmyne (2.1) BBIYMCAUTH AJUHY BOJIHBI HM3Ty4YCHHUS
3€JIEHOr0 CBETOANO/A.

11. OueHUTh NOTPEIIHOCTH MOJIYUYECHHBIX PE3YJIbTATOB.

BOITPOCHI N 3AJTAHUA
JJIAA CAMOKOHTPOJIA

1. OOBsICHUTH sIBJICHUE TU(PPAKIIMU CBETA HA OCHOBE MPUHIIUIIA
I'rorrenca - @penerns.

2. CdopmynupoBaTh MeTo ] 30H DpeHens U BbIBECTH (HOpMyITy
1Sl paanycoB 30H DpeHenst.

3. Ilosicauth  naUdpPaKIUMOHHYIO KApTUHY OT  KPYIJIOTO
OTBEPCTHSI.

4, Tlosicauth  AUGMPAKIUOHHYID  KapTUHY OT  KPYIJIOTO
HEIMPO3pPaYHOro JAUCKA.

5. OObsicHUTh paznuuue Mexay audpakuusmu DpeHens u
®payHrodepa.

6. N300pa3uth ONTHYECKYID CcXeMmMy Uil  HaOJIOACHUS
mudpakuun OpayHrodepa u gath €€ 000CHOBAHUE.

7. TlomyunTh W TPOAHATU3UPOBATH bopmyny s
pacrpe/iesIieHUs UHTCHCUBHOCTH CBETa B 3aBUCUMOCTH OT yTJia
mudpakuun npu audpakuuu Opaynrodepa Ha menu.

8. OOBACHUTDH BBIBOJ pacUETHBIX (HOPMYIT JUIsl MIUPUHBI IIEIU U
JUTSL IITUPUHBI IIEHTPAIbBHOTO MaKCUMYMa.

9. Ha ocnoBe ¢opmyn (1.21) u (1.22) omneHutp yroiu
TU(PaKIIMOHHON PACXOIUMOCTH (P TIJIOCKOM CBETOBOM BOJIHBI B
3aBUCUMOCTH OT JIJIMHBI BOJIHBI A TpU €€ TaJCHUU Ha IIeb
IIUPUHOM D.

10. Yo Takoe 30HHasI TIACTUHKA?

11. O6Bsicaute TepMuH «natHO [lyacconay.

12. OOBsiCHUTE NPSIMOJIMHENHOCTh PACITPOCTPAHEHUSI CBETA.
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2.2. JABOPATOPHASA PABOTA Ne 3-4

M3YYEHUE TUO®PAKIIHN PPAYHI'OPEPA HA
ANPPAKIHUOHHOU PEHIETKE

Heab paGorbl: u3yuuTh siBiIecHUE audpakiuu DpayH-
rodepa Ha TUPPaKIIMOHHON PEIIETKE, 03HAKOMHUTHLCS C MPUHIIU-
MIOM JICUCTBUS TUPPAKIUOHHON PEIIECTKU, ONIPEACIUTh MOCTOSH-
HYI0 AUGPAKIMOHHOW PEMIETKU, a TaKKe €€ YIJIOBYIO JAMCHEp-
CHIO.

IIpuGopsl W  NPUHALIEKHOCTH:  TUdPAKIMOHHAS
penieTka, pTyTHas Jiamna ¢ OJJOKOM MUTaHMs, HATpUEBas JamIia
¢ 6JIOKOM IMUTAHUS, TOHUOMETP.

IKCIHHEPUMEHTAJIBHAS YCTAHOBKA

PaGoTta BbIMONHSETCS Ha roHUOMETpe 'S — KOHTPOJBHO-
U3MEPUTEILHOM MpuOOpe, TMpeaHa3HAauYCHHOM IS TOYHOIO
m3Mepenusa yrios. I'onuomerp I'S TpeOyer Oepe:kHOro u
OCTOPOKHOTO oOpamenusi. CTporo 3ampeniaercsi npuiaraTh
YCUJINE€ K BUHTaM W K aJuJaJie MPU 3aKPEIIEHHOM CTOMNOPHOM
BUHTE / (puc. 2.3). OTO NPUBEIET K MOJIOMKE IPUOOpA.

BremHuii Bua roHMOMETpa NMPUBEIEH Ha puc. 2.3, T1e

f 2
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udpaMu OTMEUEHBI HEOOXOIUMBbIE JIJIs1 TPOBEIACHUS U3MEPEHUN
y3lIbl KOJUIUMaTopa 2, B B MepeaHer (PoKanmbHON IIOCKOCTH
00BEKTHBA KOTOPOTO PACIOJIOKEHBI y3Kasl pa3/BUKHAs IIETb,
perynupyeMass MHUKPOMETPUYECKMM BHUHTOM |, 3puUTENbHAA
TpyOa 3 ¢ OKyJIsipoM 4, YIrJIOMEPHOE OTCUETHOE YCTPOMCTBO C
JIYTIOM S, 4epe3 KOTOPYIO MPOU3BOUTCS OTCUET YIJIOB MO MIKAJIE
auM0a, HaxoOJIIerocs BHYTpPH MpuUOOpa; MaxoBHYOK 6
OTCYETHOTO MHUKPOMETpA, NPEAMETHBIM CTOJHMK 9, KOTOPBIU
MOYET BpaIlllaThbCAd BOKPYT BEPTUKAITIBHOMN OCH.

3putenbHasg TpyOa yKperieHa Ha MOJBHKHOM KPOHIITEHHE-
anuaaze, KOTOPYr MOXKHO ITOBOPAYMBATh BOKPYT BEPTUKAIBHOU
OCH, TIPOXOSAIIEH Yepe3 IIEHTP MPEAMETHOTO cTojinka. [loBopoT
anuaanpl ¢ TpyOoi oCcylecTBIAETCS 0€3 yCUIIH OT PYKU U BCET-
J1a TOJIBKO IOCJIe 0CBO0OKAEHU CTOMOPHOT0 BUHTA 7. TOHKOE
nepeMeIeHUe 3pUTEIbHON TPYObl OCYIIIECTBIISIETCS BUHTOM 8.

OnTrueckas cxeMa YCTaHOBKU MpeJICTaBlIeHa Ha puc. 2.4,

CBeTOBOI MyYOK OT UCTOYHMKA CBETa S MOMAJAET HA Y3KYIO
Pa3ABKHYIO 1IeNTh D, pacnonokXeHHyI0 B TiepeiHeit hokanbHON
miockoctu oObekTuBa (1 KomuMmaropa K; 3arem, mocie
oobexkTBa  (J1, TapauieNbHBIM  MYYKOM  MaJaeT  Ha
TU(PaKIIMOHHYIO pelIeTKy P, pacnojoKeHHYI0 Ha TPEIMETHOM
cronuke C. [IpogudparupoBaBiivii Ha pelIeTKe MapaieIbHbIN
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My4OK CBETa HaIpaBisieTcs Ha 00BEeKTUB O2 3pUTEIbHON TPYObI
T, B (pokaIbHOM IJIOCKOCTH KOTOPOI'0 00pa3yeTcs: n300paKeHUe
nudpakuroHHo kapTuHbl. HabmioneHue BeaeTcs yepes3 OKyIsip
O3 3putenbHON TpyOBl. JIMH3a OKyJsipa UMEET JUONTPUIHYIO
HAaBOJIKY Ha pe3KocTh. B KkadecTBe MCTOYHMKA CBETa
UCIIONB3YIOTCSI HATpUeBass MW PTYTHas JiaMIIbl, KOTOpBIE
BKJIIO4aroTcs B ceTh 220 B uepes cnenuanbHbie OJIOKH MUTaHUS.

HOPAJOK BbBIIIOJTHEHUS PABOTDI

1. IlpousBectu IIOATOTOBKY DKCIIEPUMEHTAIBHON
YCTaHOBKH K U3MEpEeHUsIM. J1J1s1 3TOro Heo0X0AUMO:

1.1. YO6enutnbcs, 4To Bce TyMOJIEPHI BHIKJIFOYCHBI.

1.2. BKJIIOYUTH IITENCEIbHYIO BUJIKY MUTAIOLIETO IIHYpa
TOHHOMETPA.

1.3.  BxiouyuTh OCBEIIEHUE WIKAJIBI JIMMOA M CETKH
3pUTENBHON TPYObI TOHMOMETpPA TyMOJIepoM «BKITFoueHO».

1.4. BpaieHreM HakaTaHHOTO KOJIbIIa OKyJIspa 4 (puc. 2.3)
JOOUTHCS YETKOTO H300paKEHUsT BHU3UPHOTO MEPEKPECTHS
3pUTENBHOMN TPYOBI B €T0 MOJIE 3pEHUSL.

2. IIpucTynuTh K BBIIIOJHEHUIO 3aJaHUMN.

2.1. 3ananue 1. Onpenenenue MOCTOSAHHOU
AU pPaKIHOHHOMN PEeIIETKH.

2.1.1. YcTaHOBUTHP HATPUEBYIO JaAMIy IMEpPEI BXOIHOU
MIEJIbI0 KOJUIMMATOpa TOHMOMETPA, BKIIOYUTH IITEICEIbHYIO
BUJIKY B PO3ETKY M YCTaHOBUTH TyMOJiep OJioOKa NUTAaHUS B
noJioxeHne «BKiIoueHoy.

2.1.2. YcrtaHOBUB 3puUTENIBHYIO TpyOy 3 BHOJL OCH
KoJIJTUMaTopa 2, HaOJMroAaTh Yepe3 OKysip 4 u3o0paxeHue
mienu. B mone 3peHus okyispa JOMKHA TIOSIBUTHCS y3Kas
MOJIOCKA CBETA.

2.1.3. 3akpenuB 3pUTENbHYIO0 TPYyOy BUHTOM 7 W Bpallas

BUHT & TOHKOW HABOJKH, COBMECTUTHh BEPTHUKAJIBHBIA IITPUX
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BU3UPHOIO TIepeKpecTusi ¢ uzoOpaxkeHueM menn. C momMoIuibio
OTCYETHOTO YCTPOMCTBA (OTCUET BEAETCA YEPE3 JIYIYy 5 COMIACHO
UHCTPYKIIMU, TpUIaraeMoi K paboTe) 3aMEeTUTh IOJIOKEHUE
3pUTEIbHON TPyObl  @o. s 3Toro moBepHyTh 0€3 ycuiaui
MaxOBHYOK 6 ONTHYECKOTO MHUKPOMETpa B Ty WIH JPYIyIO
CTOPOHY TaK, YTOObI BEpXHUE U HUKHUE U300paKCHUS IITPUXOB
auMOa B JIEBOM OKHE OTCYETHOrO YCTPOMCTBA TOYHO
COBMECTHUJIMCh. UMCIO rpaJycoB paBHO OJIM>KaWIIend JEBOW OT
BEPTUKAJILHOTO HMHJEKca Iudpe. Ynciao AECATKOB MUHYT PaBHO
YUCIly HWHTEPBAIOB, 3aKIIOYEHHBIX MEXIY BEPXHEW JIEBOU
udpoii, TMOKa3bIBAIOIICH IIeJIbIe TPaayChl, U TMPaBON HUKHEH
nudpoit, oTiauyaromeiicss ot JeBol Ha 180°. Yuciao MUHYT
OTCUYUTHIBACTCS MO IIKAIE MHUKPOMETpa B IPABOM OKHE IO
TOPU30HTAJILHOW YEPTE B JIEBOM DALY 4yucell. Yucio CexkyHI — B

TOM JK€ OKHE I10 MPaBOMY psty umcel (cM. puc. 2.5).

2,00 I Yuetno murigm
”" Yueno cexywd
n o
195 ' /96 :
T —opusonTasrsrsni
| *ﬂ ﬂ'“"' UHOCKO
tor b1 ogy
O EE 2 e
{ S R

et e
Yucno unrepbancb4)=vucny decarwod muryr
Puc. 2.5
2.1.4. B ueHTpe npeaMETHOrO CTOJHKAa 9 yCTaHOBHUTH

TU(PPaKIMOHHYK pEIIeTKYy W Ha0NojaTth dYepe3 Ookyusip 4
IU(PaKIIMOHHYIO KapTHHY.
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2.1.5. OcBobomuB CTOMOPHBIK BUHT 7 U Bpaias
3pUTENbHYI0 TpyOy 3, COBMECTUTh BEPTHUKAIBHBIN MITPUX
HIEPEKPECTHsI C JIEBBIM MAaKCUMyMOM IiepBoro mopsiaka (m=I) u
MPOU3BECTH OTCUYET TMOJIONKEHUS TpyObl. Pe3ynbTaThl u3MepeHui
(P11 3aHECTHU B TAOJ. 3.

2.1.6. CoBMecTuTb MEpPEKpecTHe TPyObl C TMPaBbIM
MakCUMyMOM TiepBoro mopsaka (m=+l), caenats OTCUET Q1npus
MOJIOKEHUS 3PUTEIBHOM TPYObI U 3aHECTH PE3yJIbTAT U3MEPEHUN
B Ta0. 3.

Tabnuua 3

[Mopsinok Prs | Plupas ®, d, mrm Ad
CIIEKTpa

2.1.7. Beruucnuth yroa audpaxiuu @1 o hopmyie
~ Pries ~ Punpas
= 5 .
2.1.8. AHajJOorMYHbIE WU3MEPEHUS  MPOU3BECTH IS
MaKCHMYMOB BTOPOT'O Y TPETHETO MOPSAIKOB.
2.1.9. BBIKIIFOYHATH HATPUEBYIO JIAMITY.
2.1.10. Ins ka)xa0ro MakCuMyma ONPEAEIUTD MOCTOSHHYIO
d qudpakIMOHHON pEIIeTKH 10 GopMyIIe
d- .mx
Sing,_,
Y OLIEHUTh CUCTEMATHYECKYIO MOTPEIIHOCTh U3MEPEHHUIA.
2.2. 3ananme 2. OmnpenejeHue JAJMH  BOJIH
CIEKTPAJbHBIX JIUHUI APOB PTYTH.
2.2.1. YCTaHOBUTH PTYTHYIO JIaMITy Mepe] BXOHOUW MIETbIO

(2.2)

(2.3)

KOJUIUMaTopa TOHUOMETpa, a TyMOiep OJoka TUTaHUS B
noJioxkeHne «BKiIroueHo».
2.2.2. COBMECTUTh BEPTUKAIBHBIA IITPUX MEPEKPECTUS
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CHAayaja C JIEBBIM, 3aT€M C IIPaBbIM MAaKCUMyMaMmu [EPBOTO
nopsiaka st (uosieToBOM JMHUU. Pe3ynbTrarhl U3MEpeHUi

MOJ0XKEHUS TPYObl @1,.s U Py,,,, 3AHECTH B Ta0. 4.

2.2.3. Beruncnuth @1 1 (GUOJIETOBOW JIMHUU CIEKTpa B
TICPBOM IOPSAKE, UCTIONB3Ys hopmyy (2.1).

2.2.4. TIpoBecTu aHAJIOTMYHBIC M3MEPEHHs s (puosero-
BBIX JJUHHUH B criekTpax BTroporo (Mm=2) u tperbero (M=3) nopsu-
KOB. BBIUHCIIUTE COOTBETCTBYIOIINE YTIIbI TU(PPAKIIAN (P2 U (3.

2.2.5. TlpousBectn MOAOOHBIE M3MEPEHHS] U BBIUUCICHUS
JUTSL IPYTHX JTUHUN CIIEKTpA.

Tabnuna 4

Iopsmox | Liser | ¢, Provupas | P Am HM | A Am ,HM
CIIEKTpa M |JIMHUU

2.2.6. BpikmounTh TyMOJIEpbl TOHHOMETpa U OJIOKa
NUTaHUS PTYTHOM JaMmmbl. OTKIIOYNATH MPUOOPHI OT CETH.
OTCOEAMHUTH HIHYPHI OT MUTAIOIIUX PO3ETOK.

2.2.7. BpaucanTs UIA KaXIOW W3 JUHAU B KaKIOM
MOPSIJKE CIIEKTPpa JJIMHY BOJIHBI 11O popmyJie

fy = LN (2.4)
m
U HalTH CpeaHee 3HaueHue (4) B HM.
2.2.8.  OueHuTp  CHCTEMATHYECKYIH)  MOTPEIIHOCTH
U3MEPEHU.

2.3. 3amanue 3. OmnpenejieHue YIrJoBOH JaUCIEPCHH
AU(PaKIUOHHON PeIIETKH.

2.3.1. Onpenenuts  3KCHEPUMEHTAIBHO  YTIJIOBYIO
mucnepcuto 1o dopmyne (1.27). HeoOxomumble st pacyéra
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BEJINYMHBI B3Th U3 Ta0OII. 4.
VrioBoe paccTosiHHE — A@=|p,,—¢;] MEXKIy OIU3KUMH

JUHUSIMHA PAa3HOTO IIBETa IepeBecTH B pamuansl (1 pagmaH =
=57°18"), mepuox pemerku d u3Mepsercs B HaHOMeTpax. B

Ka4qCCTBC YTIJIOB @, P53 B3ATH COOTBCTCTBYKOIIUC 3HAYCHUS 110

JIEBOMY U MPABOMY CHEKTPaM MEPBOro MOPSJIKA.
2.3.2. Onpenenutsb YIJI0BYIO TUCTIEPCUIO o

TEOPETUUECKOMN hopMmyIie
m

~d CosQ,, (2.5)

m

B kadectBe yrma B 3TOM cily4ae CIEAYET HCHOJIb30BAaTh
CpeHEe YIJIOBOE€ pacCTOsHME O0eux JHUHUH B TIpaaycax:

Poer — P
h = 12 >,

2.3.3. ComocTaBUTh pE3YJIbTATHI, MOJIyYECHHBIE
AKCIIEPUMEHTAIbHO U TCOPETUUCCKH.

2.3.4. OLeHUTh CHUCTEMATUYECKYIO0 IOTPEIIHOCTh H3Me-
PEHUI.

BOITPOCHI N 3AJIAHUA
JJIAA CAMOKOHTPOJIA

1. Yto Ha3bIBaeTcs qudpaxuueit ceera’?

2. ChopmynupyiiTe u nosicuute npuHuun ['roiirenca - Gpenens.
3. O0BacHUTE 00pa3oBaHUE MAKCUMYMOB U MUHHUMYMOB
IU(PaKIIMOHHON KapTUHBI.

4, OO0bsicHuTE AeiicTBUE TUDPAKITMOHHON PEIIETKH.

5. Uto Ha3bIBaeTca nucnepcuen pemerkn? OT 4ero oHa
3aBUCUT?

6. Uto Ha3bIBaeTCs pasperaronieid crnocoOHOCThIO
nudpakimoHHOM peméTku? YeM oHa onpeaensercs?

7. Yto Takoe 001acTh AUCIIEPCUN?

8. O0BsicHUTE JIeCTBUE BOTHYTOU OTpakaTeIbHOU PEIIETKH.
9. B uém 3akirovaeTcs MPUHITUIT ISUCTBUS OTPaKaTEIbHOMN
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TU(GPAKIIMOHHOM PEIIETKY DIIEETT.

10. YTo Takoe mpoCTpaHCTBEHHAs peméTka’?

11. O6BsicHuTE siBJICHUE TUPPAKIIMKU HA TPOCTPAHCTBEHHOM
pEIETKE.

12. Ilosicaute, B 4éM 3akirodaercs MeToa Jlaya.

13. B uém 3akmouaercsa meron ebas - Ilepepa.

14. TlosicHUTE, YTO MOHUMAETCS MO, PEHTT€HOBCKOM
CIIEKTPOCKOIHEN U PEHTIEHOCTPYKTYPHBIM aHAITU3OM.

15. Kak onpeensiercst moJIHOE YMCI0 MaKCUMYMOB, J1aBa€MO€
TuhPpaKIIMOHHOM PEIETKOM.

16. Yem ompenenseTcss BOSMOKHOCTh PEHIETKH pa3jiaraTh CBET B

CIIEKTP?
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