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INOHATHUE O JUPPAKIIUU
(TeopeTnyeckoe BBeIeHUE)

Jlugpakyueii ceéema Ha3bIBAIOT OTKIOHEHHS OT 3aKOHA MPAMOIMHENHOIO
pacIpocTpaHeHus CBETA, MPOSABIIOIIMECS IPU HAIMYUU HA ITyTH CBETOBOM BOJIHBI
npenarctBuid. [lpu nudpakuuum B oOnactu, rae Mo 3aKOHaM TE€OMETPUYECKON
ONTUKU JOJKHA OBITh TEHb, & TAK)XKE BHE 00JIACTU TE€HU BOJIM3U €€ IpaHUl], KaKk
IpaBWJIO, HAOIIOJAeTCs 3aKOHOMEPHOE YEPENOBAHUE CBETJIBIX M TEMHBIX MATEH
(puc. 1). PacmpeneneHne HWHTEHCUBHOCTU CBETa, BO3HUKAIOIIEE BCIEJCTBUE
nudpakIy, Ha3bIBaeTCs AU(PPaKIIMOHHON KapTHHOM.

Judpakius BO3HUKAET B JIOOOM Ciydae, €Cld Ha IMyTH BOJIHBI UMEIOTCS
npensatcTBua. OJHAKO OOHapyKUBaeTCs
OHA JIETKO JIMIIb B T€X CIIy4asX, KOrja
pa3Mepbl MPEnsSTCTBUA CPaBHUMBI €
BEJIMYMHOM  JJIMHBI ~ BOJHBL.  Jlid
CBETOBBIX BOJIH ONTHYECKOTO JUaIa3oHa
(nmuHAa BOJHBI A ~0,5mxu) pa3Mepbl
IPENATCTBUI B IIO/IABJIAIOIIEM
OOJIBIIMHCTBE CJIy4aeB BO MHOIO pa3
NPEBBIIAIOT JUIMHY BOJIHBIL. YTIJIbI, Ha
KOTOpBIE OTKJIOHSIFOTCS CBETOBBIE JIy4H,
npoxonsiive  BOJIM3M  MPEnsiTCTBUUN
TaKOro pa3Mepa, OKa3blBalOTCA  BeCbMa  MajbiMH. YTOOBI  MOJYYUTH
TU(PaKIMOHHYI0 KApTUHY JOCTaTOYHO OOJBIIMX pa3MepoB, JKpaH mid €€
HAOJIIOICHUS IPUXOJUTCS CTABUTH HA 3HAYUTEIILHOM yIaJIEHUU OT MpenaTcTBus. B
ATOM ciy4yae AUPpaKIMOHHAs KapTHHA MPHU MOJIb30BAHUH TOUYEYHBIM UCTOYHUKOM
CBETa UMEET MY MHTEHCHUBHOCTb. MIHTEHCMBHOCTH MOYKHO YBEJIWYUTH IyTEM
YBEIMYEHHS pa3sMEpPOB MCTOYHHMKA. OIHAKO CBET, UAYIIUMHA OT KAXKIONM TOYKHU
UCTOYHHMKA, oOpa3yeT CBOIO IU(PaKUMOHHYIO KapTuHy. HanoxeHue 3Tux He
COBMAJAIONIMX MEXIAy CO0OM KapTUH TNPUBOJUT K TOMY, YTO UYETKOU
TUGPaKIIMOHHON KapTUHBI HaOm0aaTh He yaaétcs. OHa NPaKTUYECKU MOJTHOCTHIO
CKpajbIBaeTcsi HanmuuueM noiyteHed. [loatomy, ecnu juis Kakux-iau0o IielieH,
HAyYHBIX WJIM MPAKTHYECKUX, TpeOyeTcss Halmo/eHne 4ETKON IudpakirMOHHON
KApTUHBI, TO NPUXOAMUTCS COONIOAATH LENbIA Pl YacTo MPOTHUBOpPEYAIINX
YCIIOBUM (COOTHOILIEHUE MEXIY pa3MepamMu MPensTCTBUS M JJIMHBI BOJHBI CBETA,
yIaJIeHUE UCTOYHHMKA CBETA OT MPEMATCTBUS U MPEMSITCTBUS OT MECTa HAOIIOICHUS
TU(paKIMOHHON  KapTUHBI,  pa3Mepbl  UCTOYHHMKA M CTENEHb  €ro
MOHOXPOMAaTHUYHOCTH).

['eoMeTpuyeckass ONTHMKA HE HAKIAIbIBAET HUKAKUX OrpaHUYEHUM Ha
BEJIMUYMHY M Ka4eCTBO M300PaKEHUH, MOIydYaeMbIX IPU MOMOIIU TaKuX MpruOOpoB
KaK MHKpPOCKOM, TeyecKon, Qoroanmapar. Eciu ycTrpanuth HeZoCTaTKU
ONTHUYECKUX CUCTEM, CBA3AaHHbIE C HEMOHOXPOMAaTHYHOCTBIO CBETAa W
HETOYEHYHOCThIO HM300paKeHUU, JaBaeMbIX COHEPUUECKUMU PETOMIISIONIUMU
MOBEPXHOCTSAMHU MPHU IIUPOKUX IMYyYKaX, TO CTAHOBUTCS 3aMETHOW nudpakuus
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cBeTa Ha nuadparmax npubopos. [IposBrsercs Audpakius B TOM, YTO Kaxaas
TOYKAa IIpeIMeTa H300pakaeTcsi ONTHYECKOM CHCTEMOM B BHJIE MATHBIIIKA,
OKpPY>KEHHOTO TEMHBIMU U CBETJIBIMHU KOJIbLIaMU. JleTanu u300pakeHus, pa3mepsl
KOTOPBIX MEHBILE JIUAMETPOB MATHBIIIEK, pa3auuuTh He ynaércs. llostomy
NanbHellee — yBenudeHWe — u3oOpakeHus  Oecnosie3Ho.  OrpaHudeHus,
HaKJa/JbIBaeMble au(ppakuuell Ha yBEIMYEHUE ONTUYECKUX NpUOOpOB U Ha
KayeCTBO M300paXeHUM, 1aBaeMbIX UMH, IPUHIMUIINAIBLHO HEYCTpaHUMbI. OJJHAKO
BIMSIHUE JUQPPAKIUA MOXKET OBITh YMEHBIICHO YBEIMUCHUEM TUAMETPOB
O0OBEKTUBOB JINOO MCIIOIB30BAHUEM CBETA C BOZMOYKHO MEHBIIIEH JJIMHOM BOJTHBI.

Hamnuune B audpakimoHHON KapTUHE MAaKCUMYMOB M MHUHHUMYMOB
MHTCHCUBHOCTHU TOKa3bIBACT, YTO MpU JUPPAKIIUN UMEET MECTO MHTEP(EpeHIIusI.
[TosTromy mepex TeM, Kak OOpaTHTBbCS HEMOCPEACTBEHHO K OOBSCHEHHUIO
Tu(pakIiK, KOPOTKO OCTAHOBUMCS Ha UHTEP(EPEHIIUU CBETA.

OCHOBHBIE INIPEJACTABJIEHUSA Ob UHTEP®EPEHIIUU
CBETA

NuTtepdepeHuuein ceera Ha3pBacTCA TAKOE HAIOKEHHUE CBETOBBIX BOJIH,
Py KOTOPOM B HEKOTOPOW 00JIACTH MPOCTPAHCTBA HAOIIOAACTCS 3aKOHOMEPHOE
YepeJOBaHUE MAKCUMYyMOB U MMUHUMYMOB MHTEHCHUBHOCTH CBeTa. JlJIsi CBETOBBIX
BOJIH MHTEp(EPEHIINS BO3HUKAET JIUIIIb B TOM CIIy4ae, €l CKJIaIbIBAEMbIC BOJIHBI
UCIIyCKAIOTCSl TaK HAa3bIBAEMBIMU KO2EPEeHMHbIMU (T.€. COIJIaCOBAHHBIMM)
MCTOYHMKAMU. B MNpPOTHBHOM Cilydae MNPOUCXOJUT TMPOCTOE  CIOKEHUE
WHTEHCUBHOCTEH My4KOB cBeTa 0e3 00pa3oBaHus MAKCUMYMOB 1 MUHIMYMOB.

KorepeHTHbIMHU SIBIIAKOTCS UCTOYHUKHU, UCITYCKAKOIINE MOHOXPOMATUUYECKHE
BOJIHBI C OJJMHAKOBOM dacTtoToi. Kosebanusi B TaKMX MCTOUYHUKAX MTPOUCXOJST TIO
TapMOHUYECKOMY 3aKOHY, MPUYEM Pa3HOCTh (a3 KoseOaHUW JTOHKHA OCTaBaThCS
MOCTOSIHHOM, TI0 KpailHe Mepe, B TEUYCHHE BPEMEHHU, HEOOXOAMMOro ISt
HaOMoieHUsT UHTepPEepeHIu. BeiaeacTBue MOMEpeyHOCTH 3IIEKTPOMArHUTHBIX
CBETOBBIX BOJIH HMMeeTCS emié /100aBOYHOE YCIOBHE KOTEPEHTHOCTH: BEKTOPHI
HaMPsHKEHHOCTH DJIEKTPUYECKOTO TIOJS CKJIAQJbIBAEMBIX BOJH HE JIOJKHBI OBITh
B3aMMHO  MEPNeHAUKYISpPHBL. BoaHBI  (CBETOBBIE Iy4YKH), HCIYCKaeMble
KOT€PEHTHBIMUA UCTOYHUKAMH, TAK)KE HA3BIBAIOTCA KOT€PEHTHBIMMU.

Ecnyu MCTOYHMKM CBETa KOTE€PEHTHBI, TO BEJIWYMHA WHTEHCUBHOCTH B TOM
WJIM MHOW TOYKE MPOCTPAHCTBA OMPEAECISACTCS JIMIIL B3aUMHBIM PACTIOJIOKEHUEM
STOM TOYKM M HMCTOYHUKOB. Hampumep, mycTb HMEIOTCA JBAa KOTE€PEHTHBIX
MCTOYHUKA, KOJIEOAHUS KOTOPHIX MPOUCXOAT B OfHOM (pa3e. B HekoTOpoii ToUke
MPOCTPAHCTBA  BOJIHBI, NPUXOJSIIIME OT OTUX  HCTOYHHUKOB,  CO3JAIOT
rapMOHUYECKHUE KoJieOaHusl. Pe3ynbTaT ClOKeHHs TapMOHMYECKHX KOoJIeOaHUM C
OJIMHAKOBOW  YacCTOTOM, KakK W3BECTHO, ONpENeNseTcs pa3HOCThi0 (a3
CKJIaJIbIBACMBIX KOJIeOaHWW. B "acTHOCTH, eciii Bpemsi paclpeseieHus] CBeTa 0
JaHHOM TOYKHA OT OJHOTO U3 MCTOYHUKOB OTJIHWYAECTCA OT BPEMEHU €ro
pacnpocTpaHeHus: OT APYroro UCTOYHUKA Ha 1IEJI0€ YHUCIO MEPUOA0B KOiIeOaHU,



TO CKJaJblBaeMble KojeOaHusi HMEIOT OAWHAaKoByIO ¢a3zy. B stom ciyuae
aMIUTUTYJa  pe3ylbTUpPYIOIIEro  KojeOaHus  paBHA  CyMME  aMIUIUTY]
CKJIaJbIBAEMbIX KOJEOAHMM M, CIEOBATENIbHO, OOJIbIIE aMIUIUTYIbl KaXJA0ro W3
Hux. Tak kak 3a BpeMs, paBHOE IEpUOAY KoJieOaHWi, CBETOBOE BO3MYIICHUE
MPOXOJIUT PACCTOSIHUE, PAaBHOE JJIMHE BOJIHBI A, TO Pa3HOCTh paccTosiHUM d, U d,
OT HMCTOYHUKOB JI0 paccMaTpUBaeMOW TOYKM (TaK Ha3blBaeMasl Pa3HOCTb XOja
BOJIH) PaBHA LEJIOMY YHCITy JUTHH BOJIH . Takum oOpasoM, B JaHHOM CiTydae

d,-d, =mAa, 1)
IZI€ M - LEJO0€ YUCIO (CM. pHUC. 2, HA KOTOPOM S, U S, - KOT€PEHTHbIE UCTOYHUKHU
CBETa, B - TOUKA, IJIec MPOUCXOJUT CI0KEHUE KOJICOaHU).
Ecnm pasHOCTh XOa BOJH OT MCTOYHUKOB JI0 HEKOTOPOW APYrOM TOYKH
COCTABJISIET HEYETHOE YKCIIO MOIYBOJH (MOIYLIEI0E YACIO JITTUH BOJIH), T.€.

dz—d1:(2m+1)§ , )

TO BpEMEHa paclpoCTPaHEHHUS CBETOBOTO
BO3MYIICHUSI OT HMCTOYHUKOB JO0 JTOU
TOYKH OTJIMYAIOTCS HA HEYETHOE YHCIIO
MOJIOBUH TEPUOJOB U, CJIEIOBATEIBHO,
KoJieOaHus, MPUHOCUMBIE B 3Ty TOUYKY
BOJIHAMHM, UMEIOT TPOTHUBOIOJIOKHBIC
da3el. [Ipu ciaoxeHUM Takux KojeOaHU
MOJIy4aeTcsl KoJeOaHWe ¢ aMIUIUTYAOU
PaBHOM Pa3HOCTH UX aMILIUTYI.
HHTeHCuBHOCTD, HaOdI0acMast B
JAHHOW TOYKE, MPOMOpPIHOHATbHA CpPEAHEMY 3HAYCHHIO KBajpaTa aMIUTATYIbI
KoJeOaHWil 3a BpeMsi, HEOOXOAMMOE JUIsl pEerucTpaluu KapTUHbl. CTaio ObITH,
ycinoBue (1), COOTBETCTByIOIIEE HAWOOJBIIEMY 3HAUYCHHUIO  aMILIUTY/bI
PE3YNBTHPYIONTUX KOJICOAHWW, OMpEeaesIeT TIOJO0KEHHEe TOYEK, B KOTOPBIX
UHMEHCUBHOCMb MAKCUMAQIbHA. YciaoBue ke (2), COOTBETCTBYIOIIEE
HAaWMEHBIIIEMY 3HAYEHUI0 aMIUTUTYABI PE3YIbTHPYIONUX KOJIeOaHMA, OnpeneseT

IIOJIOXKEHUE TOYEK, B KOTOPBIX UHMEHCUBHOCMb MUHUMAIbHA. B Toukax, mis
KOTOphIX ycioBuss (1) m (2) He BBINONHSIOTCS, 3HAYEHUS] WHTEHCUBHOCTHU
OKa3bIBaeTCAd NPOMEKYTOUHBIMU. B 1ienoM pacnpeseneHrie MHTEHCUBHOCTH B
MPOCTPAHCTBE MPEACTABISIET COO0H WHTEPPEPEHIIMOHHYI0 KapTHHY B BHUJE
3aKOHOMEPHO YepEeAYIOIINUXCS CBETIIBIX U TEMHBIX MSATEH.

CyTb gnena He MEHSETCs, €CIM HMMEEeTCs He JiBa, a OoJjbllee YHCIIO
KOTEPEHTHBIX MCTOYHUKOB. [Ipu 3ajaHHBIX YacToTe M HadalbHBIX (azax
KOJIEOAHWM HMCTOYHUKOB HHTEp(EpPEHIIMOHHAs KapTUHA MO-TIPEKHEMY OyJler

Puc. 2

! 3pech mpeamonaraeTcs, YTO PAaCHPOCTPAHEHHE CBETA MPOMCXOAUT B OJXHOPOJHON CpEie M YTO JUTHHA BOIHBI A
COOTBETCTBYET JUIMHE BOJIHBI CBETA TaKXe B TOHM cpene. Eciu cBeT mpoxonut yepe3 o0iacTH, B KOTOPBIX cpela
o0JsiaiaeT pa3HBIMHM ONTHYECKUMH CBOMCTBaMH, TO BPEMsI IPOXOXKICHHUS CBETOBOTO BO3MYILECHHUS 4Yepe3 KakIylo
00J1acTh HY)KHO yYUTBIBaTh OT/EIbHO. Ha mpakTHKe 3TO CBOIUTCS K MOJCUETY TaK Ha3bIBAEMOW ONTHYECKON JTHHBI
MYyTH .



ONpENENAThCS  PACHOJIOKEHHEM  MCTOYHUKOB, XOTS, KOHEYHO, YCIIOBHS
MaKCUMYMOB U MUHUMYMOB OyJlyT UMETh 00JIe€ CIIOKHBIN BH/I.

HaGmionenne wuHTEepdepeHIIMM B ONTHKE CBSA3aHO C  MOJYYCHUEM
KOTEPEHTHBIX TyYKOB cBeTa. Bo30yxAEHHBIE aTOMbI, BXOJMIIHE B COCTaB
HMCTOYHUKOB CBETA, UCIYCKAIOT CBETOBBIE BOJIHBI B BUJE TaK HA3bIBAEMBIX Y)208 —
OTPE3KOB DJIEKTPOMArHUTHBIX BOJIH, OJIM3KUX K MOHOXpoMaTthyeckKuM. OOBIUHO
I[yT MCIyCKaeTCs B TEUCHHWE BPEMEHHU Topsjaka 10°c. DHepruio, HEOOXOIUMYIO
JUIs. BO30YXKJIEHMS, aTOMbl 4Yalle BCEro MOJy4aroT 3a CUET XaoTHYECKOTO
TerioBoro ABwkeHus. [loaToMy U cryckaHue IyroB (3a UCKIIOUEHUEM CIIy4acs,
KOTJja HMCTOYHUKOM CIY>)KUT ONTHUYECKUM KBAHTOBBIM TE€HEpaTtop — Jiazep)
MPOUCXOIUT HEeCO2NACO6AHHO, OecropsiiodyHo BO BpeMeHu. Konebanus,
BBI3bIBAEMbIC MHOTOUYMCIICHHBIMH I[yTaMU B KaKOW-TMOO TOYKE MPOCTPAHCTBA, 32
BpeMsi HAOJIOJIEHUsI YCIIEBAIOT CMEHUTh (pa3y OrpOMHOE YUCIIO pa3, T.€. YCIOBHS
KOTEPEHTHOCTH HE BBIMOJIHSETCA. B pesynbTaTe MHTEphEPEHIMIO TPU MOMOIIU
HE3aBUCUMBIX UCTOYHHUKOB CBETA MOJYUYUTh HE yIaETCS.

Jns monydeHus: UHTEpQPEpPEHIIMU UCTIONIb3YEeTCs cieayromuil npuém. Caer,
UIYIIUI OT OJTHOTO UCTOYHUKA, JIETUTCS HAa HECKOJIBKO IMYYKOB. 3aTE€M ATH MyUYKHU
HaMpaBJISIIOTCS B OJHY 00JIaCTh MPOCTPAHCTBA IMPHU IOMOIIM KaKUX-JTHMOO
ONTUYECKUX YCTPOMCTB (3€pKaj, JUH3, IpU3M U T.1.). YacTh OIHOTO M TOTO XKe
1yTra MPUXOASIT B HEKOTOPYIO TOYKY IMPOCTPAHCTBA B COCTABE PA3HBIX ITyYKOB,
npoiifis pasHeie myTd. PazHocTh (a3 kosjeOGaHMil, BBI3BIBAEMBIX ATUMHU YaCTSIMU
1[yTra, OMNpPENENAeTCs PA3HOCThI0O MX XOJa OT HMCTOYHHMKA JI0 paccMaTpUBAaEMOM
TOYKU. Eciu pa3zMepbl UCTOYHMKA JOCTATOYHO Malibl (MCTOYHHK TOYEYHBIHN), TO
Pa3HOCTh XOJIa YaCTEW Lyra OKa3bIBA€TCS OJHOW M TOM K€ HE3aBUCHUMO OT TOrO,
KaKOM W3 aTOMOB HCTOYHHMKA MCIYCTHJ IyI, U B KakKOlW MOMEHT BpPEMEHU
npou3onuio ucnyckanue. I[lodToMy ©  pe3ynbTar CIOXKEHHS KOJeOaHW,
BBI3BAHHBIX YAaCTAMM IyTa, JJIS BCEX ILYTOB C OJHOM W TOW XK€ JJIUHOWU BOJIHBI
OKa3bIBAa€TCAd OJMHAKOBBIM. Ecim, Hampumep, NOpH CIOXKEHUU KOJICOAHUH,
BBI3BAHHBIX YACTSIMU OJHOTO I[yra B JIaHHOW TOYKE, MOJY4YWJIaCh MaKCUMaJibHas
aMIUTUTYAa, TO YaCTU U BCEX JPYTUX I[yrOB B DTOM TOUKE MAIYT MPU CIOKCHUU
MaKCUMAJIbHYIO aMIUTUTYyAy. B Apyroil Touke dactu BcexX I[yrOB MPU CIOKEHUU
MOTYT J1aTh MUHUMAJIbHBIC aMIUTUTYIbl. B pe3ynbrare B OHOM TOUYKE MOJIYYUTCS
MaKCUMyM HWHTEHCUBHOCTH, B JApPYrol — MHUHUMYM, T.€. B IPOCTPAHCTBE
oOpazyercsi uHTep(depeHIIMOHHasT KapThHA. TakuM 00pa3oM, CBETOBBIC BOJIHBI,
MPUXOSIINE B HEKOTOPYIO 00JACTh MPOCTPAHCTBA PA3HBIMU MYTSAMU OT OJHOTO U
TOTO € HWCTOYHHUKA, MOTYT HWHTEpPPEpUpPOBATH MEXKIYy COOOM, T.€. SBISIOTCS
KOTE€PEHTHBIMU.

IMPUHIONI TIOUTEHCA — ®PEHEJIS

OcHOBHBIE 0COOCHHOCTH IU(MPAKIMK BOJH BOOOIIE W CBETOBHIX BOJIH B
YaCTHOCTH MOXKHO OOBSICHUTH MPH IOMOIIM TaK HAa3bIBAEMOTO HPUHYUNA

T'oucenca-Dpenens. Boiee CTporoe 00BSICHEHHUE nugpaxknum
SJICKTPOMAarduTHBIX BOJIH (B TOM qucJe CBCTOBBIX) I[aéT TCOpHU



anekTpoMarseTusma Makcgeia. OIHAaKO BBUAY €€ CIIOKHOCTU MBI 3[€Ch Ha HEH
OCTaHABJIMBATHLCS HE OyeM.

HanoMHUM, 9TO COTJIACHO W3BECTHOMY npunHyuny I roiueenca, xaxmyro
TOYKY NPOCTPAHCTBA, 10 KOTOPOM JOLIJIO BO3MYIIEHUE, PACIPOCTPAHSIONIEECS B
BUJIC BOJIHBI, MOXXHO NPHUHATH 32 HMCTOYHHUK cdepuyeckux BoiH. [lpuHiun
['folireHca MO3BOJSET MPOCIEIUTh 32 pPACHpPOCTPAHEHHWEM (PPOHTA BOJIHBI —
MTOBEPXHOCTH, 10 TOYEK KOTOPON BO3MYLIEHUE, PACHPOCTPAHAIONIEECS OT JAHHOTO
HUCTOYHUKA, JOXOAUT OJHOBpeMEeHHO. I »TOro Ha
NyTH PACTIPOCTPAHEHUSI BOJIHBI OEpPYyT HEKOTOPYIO,
BOOOIIIE TOBOpsA, MPOU3BOJBHYIO BOOOpPAKAEMYIO
nmoBepxHOCTh X, (puc. 3). IlycTh OT MCTOYHHMKA 0
HEKOTOPOU TOYKH A , JIe)KAIEH HA 3TOW MOBEPXHOCTH,
BO3MYILIECHUE JOXOIUT 3a BpemdA t,. Ecau B manHou
obnactu IIPOCTPAHCTBA BO3MYLICHUE
pacupoCTpaHsAeTCs CO CKOPOCTBKO  V, TO K MOMEHTY
BpeMEHH t, (BpeMs OTCUMTHIBAE€TCS C MOMEHTa
UCITyCKaHUS BO3MYIIEHUS MEPBUYHBIM HCTOYHHKOM)
BO3MYUIEHHUE, pACIpPOCTPAHAIONIEECS] OT TOYKU A,
IIPUHATOM 34 BTOPHUYHBIA HWCTOYHUK, JOCTUTHET
NoBEepXHOCTU cdepbl paamyca r=v(t,-t). OObIUHO
M300paxaroT TOJIBKO YacTh 3TOM cdepbl — noiycdepy
B HallpaBJIEHUM pacCIpOCTPAaHEHUs BOJHBL. Takwne
nostycepsl CTPOSAT JiJIsi OOJIBIIIOTO YMCIa BTOPHUYHBIX
HMCTOYHUKOB, B3SITBIX HAa MOBEPXHOCTH X,. Pamuycel
TUX TOJychep MOTyT OBITh PA3NUYHBIMHU, TaK Kak
BpEMEHA t, JIs pa3HbIX TOYEK MOBEPXHOCTU ¥, MOTYT

OTIMYAThCS JPYr OT Jpyra U  CKOPOCTh V
Puc. 3 pacnpocTpaHeHUs BO3MYIICHHUS B Pa3HBIX 00JIACTIX
MPOCTPAHCTBA  MOXET  OBITh  HEOJMHAKOBOM.
[ToBepxHOCTH ¥,, Kacaromiascss BCEX TaKUX Moiycdep
(orubaromiasi MOBEPXHOCThH), MPEACTABISET COOOM MoJIokKeHHE (PpOHTa BOJHBI B
MOMEHT BpeMeHHU t,. [IpoBos Takoe MoCTpoeHue I psiga MOMEHTOB t,, MOXKHO
MOJIYYUTh TIOCIIEJIOBAaTEIbHBICE (PPOHTHI BOJHBI MO MEpe pacHpOCTpPaHEHUS
Bo3mymieHus.  [loctpoenne 3ameTHO  oOjerdaercs, €clid B  KauyecTBe
BCIIOMOTATEJILHON TMOBEPXHOCTH X, B3SATh (DPOHT BOJHBI B KAKOW-THOO MOMEHT
BpemMeHnu. Torma t, OyJaeT OAMHAKOBO I BCEX BTOPUYHBIX HCTOYHUKOB, a
BEeIMYMHA At=t, -t OyJeT COOTBETCTBOBAaTh NMPOMEKYTKY BPEMECHH, B TCUCHHUC
KOTOPOTO (DpOHT BOJIHBI TIEPEMENIACTCS OT MOBEPXHOCTU X, JO MOBEPXHOCTH I, .
Jluauu, TepHeHANKYJISApHbIE (POHTY BOJHBL, B TEOMETPUUYECKONH ONTHUKE
COOTBETCTBYIOT JydyaM. BHoiasr HHUX B H3O0TPOMHOM CpeAe MPOUCXOIUT
pacmnpocTpaHeHHe SHEPTUH, KOTOPYIO HECET ¢ co00il CBEeTOBas BOJIHA.



N3 npunnumna [rolirenca cienyer, 4ro IPU HaJIW4YUMU HA IIYTH BOJIHBI KaKHX-
A100 HPEnsITCTBUHA MOTYT BO3HUKAaTh OTKJIOHEHHS OT 3aKOHOB I'€OMETPUUYECKOU
ONTUKH, T.€. MOXKET Habmoaatbes audpaxkuus. Hanpumep, nmyctb Ha mNyTH
CBETOBOM  BOJIHBI, MCIyCKa€éMOM TOYEYHBIM HCTOYHMUKOM S, HUMeeTcs
HENpO3pauHblii 3KpaH ¢ MaiubiM oTBepctueM (puc.4). CorimacHo 3aKoHaM
Ir€OMETPUYECKOM OINTHKH, CBET, IMPOLICAIIMN Yepe3 OTBEPCTHE, JOJKEH
paclpoCTpaHATbCA Y3KUM IIYYKOM, IIOKa3aHHbIM Ha puc.4 IITPUXOBBIMU
JUHUAAMHU. B TO e BpeMsi Ipu JOCTATOYHO Majou
BEJIMYMHE OTBEPCTUS y4yacTOK (pOHTAa BOJIHBI,
JeXalui B CaMOM OTBEpPCTHHM, MOXHO, COIJIACHO
npuHouny ['rolrenca, TmpUHATL 3a TOYECHHBINA
UCTOYHUK,  OT  KOTOPOTrO  PaclIpOCTpaHSACTCs
chepuueckass BOJHA, 3axojdiias W B 00JacTh
F€OMETPUUECKOUN TECHH.

st OO0BSICHEHHUSI pacrpenencHus
MHTEHCUBHOCTH B U pakiuoHHON kapTuHe Dpenensb
JOTNOJHWA  OpuHIOMN  [rolireHca  claeayroluMH
IIPEATIOI0KEHUSIMH:
1) MOHOXPOMATHUYECKHI CBET MPEICTABISCT
co0oil pacrpocTpaHeHHE B NPOCTPAHCTBE
rapMOHUYECKHUX KOJIeOaHUI;

{«{({{é{ﬁw 3

\

2) pacmpeneieHue UHTEHCUBHOCTH B
audpaKIIMOHHOM KapTUHE MOYHO
MPE/ICTABUTH KaK pe3ysbTat

-

UHTep(EpPEHIIMM  BOJIH,  HUCITYCKAE€MbIX
y | BTOPUYHBIMU UCTOYHUKAMH.
Puc. 4 Paccmotrpum  Teneps mnpuHmun [roirenca-
®penens 6osee moAPOOHO.

[Ipexxne Bcero, Mbl B JdalbHEWIIEM OyJeM CUMTaTh, YTO KaKUM-JIHMOO
criocoboM, Hanpumep, npu TTOMOIIIH cBeTopUIBTPA, obecrieueHa
MOHOXPOMATHYHOCTh  CBETA, KOTOPBIA  HCHOJIB3YEeTCS M1  MOJy4YEHUs
nudpakMOHHON KapTuHbl. [IpruMeM B KauecTBEe XapaKTEPUCTUKH BO3MYIICHUS,
pPAacCOpOCTPAHSIONMIETOCST B BHJIE  CBETOBOM  BJICKTPOMAarHUTHOW  BOJIHBI,
HaMpsOKEHHOCTh  AJIeKTpuueckoro monss  £. IlycTh HMCTOYHMK — HMCIyCKaeT
AJIEKTPOMArHUTHYIO  BOJIHY, B  KOTOpPOM  KoOjeOaHUsT  MPOUCXOIAT IO
rapMOHMYECKOMY 3aKOHY C 4YacToTo . Eciaum HavanpHas ¢dasza konebaHui
HMCTOYHUKA MPUHSTA 32 HYJIb, TO B KAKOW-THOO TOUKE MPOCTPAHCTBA, TI€ MPOXOIUT
BOJIHA, KOJIeOaHUs HAMPSHKEHHOCTH MTPOUCXOIAT MO 3aKOHY

E = E,sin(ot + ¢) = E sinfo(t -t,,,)]- (3)

3nech t,,, TMpeacTaBisgeT coOOW BpeMs 3ama3[bplBaHus, T.€. IPOMEXKYTOK BPEMEHHU,

B TEUEHHE KOTOPOTrO BO3MYIIEHUE PACHPOCTPAHSIETCS OT MCTOYHHMKA JO 3TOU
Touku. M3 dopmynsl (3) BUAHO, 4TO B TOYKAX MPOCTPAHCTBA, AJIsi KOTOPBIX t



OJJHO M TO K€, KojeOaHMs MPOUCXOIAT B oAHOHN (asze. OTcrona cieayer, 4To B
cllydya€ MOHOXPOMAaTHMYECKOW BOJHBI IOCTpOoeHHE [lolireHca ompezaenser

Puc. 5

pacnoyioxenue H08EPXHOCMel PAGHbIX (DA3, Uin nHAYE

B0JIHOBLIX NOBEPXHOCHIEU.

To, 4YTO  BOJHBI, HCIYyCKaE€MbI€  BTOPUYHBIMU
HWCTOYHUKAMU, UHTEPHEPUPYIOT, T.C. SIBJISTFOTCSI
KOT€PEHTHBIMU, MOXHO YSICHUTb, OOpPAaTHBIIUCH K
untepdepenmonnoit cxeme HOnra, B KOTOpoil s
MOJTy4YECHUS uHTEPHEPUPYIOMNUX IIy4YKOB CBETa
WCTOJIB3YETCSI HEMPO3pPAYHbIM JKPaH C JABYMS MaJbIMU
OTBEpPCTUAMU A u B (puc.d). VYyacTKu BOJIHOBOM
IIOBEPXHOCTH, PACIOJIOKEHHBIE B OTBEPCTUSX, SBIISIOTCS
34€Chb  BTOPUYHBIMM  MCTOYHUKAMH, HCIYCKAIOLIMMU
chepuyeckue BOJHBI B MPOCTPAHCTBO 3a JKPAHOM. OTU
chepudeckrie BOJHBI BKIIOYAIOT B Ce0S 4acTH OJIHOTO U
TOr0 € Iyra 3JICKTPOMarHWTHOM BOJIHBI, HUCHYIIECHHOU
aTOMOM MCTOYHHMKA, UAYIIUE K IPOU3BOJBHOU TOUke C
pa3HpiMu IyTsiMH SAC 1 SBC. CorjacHO M3JIOKEHHBIM B
npeasiayneM mnaparpade NpeacTaBiICHUSM, HAJIOKECHHE
TaKMX YacTed 1yra W MNOPUBOJUT K BO3HHUKHOBEHHIO
UHTEpPEPEHITMOHHON KAPTUHBI.

[Ipumenenue MPUHLINAITIA I'roitrenca-dpenens
OCYIIECTBIIsIETCSL cleayromumM obpazoM. Ilycts Tpedyercs
HAalTH UHTEHCUBHOCTH CBETA, UCITYCKA€MOIr0 UCTOYHUKOM

cBeTa S, B HEKOTOPOW TOUYKE B, KOTOPYIO B JaJIbHEWIIEM MbI OyJeM Ha3bIBaTh
Touko  HaOmomeHuss  (puc. 6). OKpyXHUM  HCTOYHUK  TMPOU3BOJILHOU

A
"4
£
2z
Puc. 6

BCIIOMOTaTEJIbHOM  TOBEPXHOCTBO X |

Pa300bEM 3Ty OBEPXHOCTh Ha MaJIbIe YYacTKU

7z AY. Ha pa3Mmepbl y4acTKOB HaKJIaJIbIBAECTCS
YCIIOBUE: pPAa3HULA MEXKIY PACCTOSHUSMU OT

B IByX JOOBIX TOYEK Yy4yacTKa JIO0 TOYKH

(4 HaOJIOEHNsT [OJDKHA OBITh 3HAYUTEIIHLHO

MEHBIIIE JJIMHBI CBETOBOM BOJHBL. [IprumMem
KOKIbIM TakOM  y4aCTOK 3@  TOYEYHBIU
BTOPUYHBIM MCTOYHUK. BOIHBI, HCIyckaemble
BTOPUYHBIMU MCTOYHHMKAMU, CO3JAIOT B TOUKE
HAOJIIOICHUST TaPMOHMYECKHE KoJieOaHUsT TOU
K€ 4acCTOThI, KOTOPYKO MMEET CBETOBAs BOJIHA,

ucnyckaemass HMCTOYHUKOM S. CroxxuM KoseOaHUs, NPUXOIAIIME OT BCeX
YY4aCTKOB TMOBEPXHOCTH X C Yy4€TOM MX AaMIUIMTYJd U HadyalbHBIX (as.
MHTEHCUBHOCTH CBETA B TOUKE B ONPEAENUTCS KAK BEJIMUYUHA, IPOMOPLIMOHATBHAS
KBaJIpaTy aMILUIUTYAbl CYMMapHOTO KOJIeOaHUsI.

10



PaccMoTpuM ycCIliOBUSI, KOTOpBIE OMNPEACTSIOT aAMIUIMTYAbl U HAYaJIbHYIO
dazy konebaHul, IPUXOASIIUX B TOUKY HAOIIOACHUS OT KAKOro-JIM0O BTOPUYHOTO
MCTOYHUKA, PACIIOJOKEHHOTO HA BCIIOMOTaTEIbHON ITOBEPXHOCTH.

Amiuintyna kojieOaHWi B Touke HaOiromeHus B 1) mpomopuuoHadbHA
IUIOINAAM  y4acTka AY, 2) IponoplHOHAIbHA  aMIUTUTYAE  KoJcOaHWil,
CO3/IaBacMbIX HCTOYHHKOM S Ha ydacTke AX, 3) 00paTHO MpOMOpPLIHOHATbHA
pPacCTOSTHUIO I OT ydacTka AX J0 TOYKM B (YTO XapaKTepHO IS JHO0OM
chepuueckoil BomHBI) u 4) mo mnpeamnonoxeHuro dpenens, yObiBaeT Mo Mepe
YBEIIMYECHUS yTJIa oo MEXKAY HOPMAJbIO i K YH4aCTKYy AZ W HalpaBJICHUEM HA TOUKY
B. B cBoro ouepenp, aMIuTyaa KosieOaHUM, CO3/1aBa€MbIX HMCTOYHMKOM S Ha
Y4aCcTKE AY, 3aBHCHUT OT PACCTOSIHUSA MEK]y MCTOYHUKOM M ydyacTKoM. Hakonen, B
HEKOTOPBIX  ClIydasgX MNPUXOJUTCA YUYUTHIBATh YMEHBIICHUE  aMIUIATYbI
BCJICJICTBUE TIOTJIOICHUS CBETA CPENION.

Havanbnas ¢dasza konebGaHuil, NPUXOASAIIMX B TOUYKY HAOIIOJEHUA B,
OTIpeJIeIIsIeTCsl HauallbHOUM (pa3oit KosieOaHW BTOPUYHOTO MCTOYHHUKA M BPEMEHEM
pacipoCTpaHEHHsI CBETOBOI'O BO3MYIIEHHS OT BTOPUYHOIO MCTOYHHMKA 10 TOYKHU
B . B cBoto ouepenb, HauanbHas ¢aza KoyeOaHu BTOPUYHOTO UCTOUYHUKA 3aBUCUT
OT BPEMEHHU PACIPOCTPAHEHUS BO3MYIIEHHS OT UCTOYHMKA S JI0 JaHHOTO y4acTKa
AX. B o0oux ciydasx BpeMs pacnpoCTpaHEHHUS BO3MYIICHHS 3aBUCUT OT
paCCTOSIHUM, NMPOXOAUMBIX BO3MYILIECHUSIMHU, U OT CBOMCTB CpPElIbl, U B KOHEYHOM
UTOTE OINPEEIACTCS ONTHYECKON JJIIMHOW COOTBETCTBYIOIINX ITyTEH.

Ecnmu Ha myTH pacnpocTpaHEHHs CBETa HWMEIOTCA MNPENATCTBUS B BHUIE
HEMPO3payHbIX SKPAHOB, TO B NOBEPXHOCTh X BKIIOYAIOT IMOBEPXHOCTH 3THUX
DKpPAHOB, IOJaras, 4ro Ha y4acTKaX, COBIAJAIOUIMX C DKPAaHAMH, BTOPHYHBIC
HMCTOYHHUKH OTCYTCTBYIOT.

BBuay 0oibIIOro yMciia BEIMYMH, MOJUISKAIUX YUETY JJIS YCTAHOBJICHUS
pacnpeneneHuss WHTEHCUBHOCTH B JTU(MPAKIMOHHONW KapTHUHE, MPUMEHEHHE
npuHLuIa ['ronrenca-Openerst TpUBOAUT K BEChbMA CJHOKHBIM MaTEMAaTUYECKUM
3amadyaM. OTHAKO B KOHKPETHBIX CIIy4asiX BO3MOKHbI 3HAUUTEIIbHBIE YITPOIICHUSI.
B nanbHelimeM Mbl OylneM cuMTaTh, YTO CBET pacIpoCTpaHsercs B mycTtore. B
3TOM CJy4yae ONTHYECKAs [JIMHA IIyTH COBIAJAET C TEOMETPUYECKOM, a
MOIJIOLIEHUE CBETa OTCYTCTBYeT. Eciam B KadyecTBe  BCHOMOTATEIbHOU
MOBEPXHOCTH X B3ATa BOJIHOBAs MOBEPXHOCTh, TO KOJICOAHUS BCEX BTOPUYHBIX
MCTOYHHUKOB MPOUCXOJUT B OAMHAKOBOM (haze, KOTOPYIO MOKHO CUUTATh PaBHOMN
Hymo. B pesynbrare HavanbHas (aza KojeOaHUM, NPUXOMSIINIMX B TOYKY
HAOJIOICHUS, OMPENENseTCS TOJBKO PACCTOSHHEM JO0 HeE OT BTOPUYHOIO
ucTOYHUKA. J{anee Mbl OyieM paccMaTpuBaTh TOJIBKO TaKWe CIy4yau, KOrzia BO BCEX
TOYKAaX TMOBEPXHOCTU X KOJeOaHUs, MPUXOANIME OT HCTOYHMKA S, HMEIOT
OJIMHAKOBYIO aMILIUTYJy U, CTajJo ObIThb, aMIUIUTYAA KOJEOAHUM, TPUXOASIINX B
TOYKY HAONIOJIEHUS OT JAHHOTO YdYacTKa AX, OmpeenseTcss B OCHOBHOM
IJIOMIABIO ATOTO yuacTka. HakoHerr, B Tex ciydasix, KOr/ia HeT He0OX0IUMOCTH B
OTIPEJICTICHUH MHTEHCUBHOCTH B PA3IMYHBIX TOUKaX MU(PAKIIMOHHOW KapTHUHBI, a
TpeOyeTCs HAWTH JIMIID MOJI0KEHNEe MAaKCHMYMOB U MUHMUMYMOB WHTEHCHUBHOCTH,
TO B HEKOTOPBIX CPAaBHUTEIIBHO IPOCTBIX CIIy4YasiX MOMXHO BOCHOJIb30BAThCS
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Ka4€CTBCHHBIMHU MCTOAAMHM — MCTOAOM 30H CDpeHeJ'IH H MCTOJOM BCKTOPHBIX
AuarpamMm.

JADPPAKIIUA ®PAYHI'OPEPA HA HIEJIN

[Ton oOughpaxuuei Dpayneogpepa, v wunaue — gudpakiuei «B
napauIeTbHBIX JTydax», TMOApa3yMeBarOTCs CIydar HaOMIOACHUS TUPPAKITHOHHBIX
KapTHUH Ha CTOJb OOJNBIIMX PACCTOSHHSIX OT MPEMATCTBHUSA, UYTO Jy4YH, UIYIIUE K
TOYKE HAOMIOJEHUS OT BTOPUYHBIX HCTOYHHUKOB, pACIOJOKEHHBIX Ha
BCIIOMOTATEIILbHON  TMOBEPXHOCTH  BOJW3M  TPEMATCTBUSA, MOXHO  CYHTATh
napautenbHeIMHA.  PacuéTel mudpakiMOHHBIX KApTHH B clydae audpakiuu
®payHrodepa HECKOJbKO Tpole, 4eM B ciaydae audpaxkuuu Dpenens. s
TU(PPaKIUU Ha HEKOTOPBIX MPEMSATCTBUSX CPABHUTEIHLHO MPOCTOH (POPMBI MOKHO
HailTh ctporue (HOpMyIbl Kak ISl TMOJOKEHUS NTUGPAKIIMOHHBIX MAaKCUMYMOB H
MUHHMYMOB, TaK ¥ Ui TOJHOTO pAacCOpelesieHUss WHTCHCHUBHOCTH B
TU(QPaKIMOHHOW KapTHHE U, CJIEJOBATEIBHO, UMEETCS BO3MOXXHOCTH TOYHOTO
CpaBHEHWsI pe3yJIbTATOB dKCIIEpUMEHTa ¢ pacuéroM. brnaronapst atomy audpakius
®paynrodepa MUPOKO UCIOIB3YETCSl Ha MPAKTUKE H, MPEKIE BCETO, U TOYHBIX
U3MEpeHul JUIMH CBETOBBIX BOJH. M3 Teopun nudpakuuu Opaynrodepa cienyror
Ba)KHBIE BBIBOABI O ()OPMUPOBAHUU M300pa)KEHUsI B ONTHUYECKUX MPUOOpax U 00
WX paszpeniaroniei CnocoOHOCTH.

BMecTo ynaneHuss MCTOYHUKA CBETa WM TOYKH HAONIOJCHHS Ha OO0JbIIoe
paccTosiHUE OT TPEISITCTBHS, JUIsl TOJMYYCHHS TapauIeIbHOTO ITyYKa CBETa,
MaJafoIIero Ha TMPENsATCTBUE, H IS BBUICTCHHWS WAYIIMX 10 Pa3HBIM

X

- - —

!
|
r

N
N
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>
>

——t -

S

Puc. 7

HaIpaBJICHUSM TMapaUICTbHBIX TYYKOB AUGPArupyrONMX Jydedl HCIONb3YIOT
nuH3bl. [Ipr 3TOM CyIIECTBEHHBIMU SBJISIOTCA CIEAYIOLIME CBOMCTBA JIMH3. Eciu
TOYEYHBI HMCTOYHHK CBETa MOMEIIEH B (DOKAIHHOM IIJIOCKOCTH COOUpAIOIICH
JUH3BI, TO cdepuueckas CBETOBas BOJIHA, HAyIIas OT MCTOYHHMKA, TIOCIIE
MPOXOXKACHUS 4Yepe3 JIMH3Y CTAHOBUTCS TUIOCKOW. DTO O3HAYAET, YTO MJIOCKOCTh
N;N,, IeprIeHIUKYJIsIpHas NapauieIbHOMY Iy4KY Jy4Yeid, BBILICAIIEMY U3 JIMH3BI,
SBJISIETCS BOJIHOBOW MOBEPXHOCTHIO (pHC. 7). Bpems pacnpocTpaHeHHUs] CBETOBOTO
BO3MYILIEHUSI OT UCTOYHHMKA JIO JIFOOOM M3 TOUEK 3TOM IIOCKOCTH OJHO M TO XKe€.
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OTO CBOWCTBO Ha3bIBaeTCAd MAYMOXPOHUSMOM. BepHo u oOpaTHOe: ecnu Ha
JUH3Y MaJaeT MapauiedbHBIA MyYOK JIy4eil, TO CBETOBOE BO3MYILEHHUE OT JI0OOi
U3 TOYEK IUIOCKOCTH, MEPIECHANKYISIPHOW ITy4KYy, MPOMAA Yepe3 JIMH3Y, JOXOIAUT
1o eé ¢okyca 3a oguHakoBoe BpeMs. MHaue roBops, ontudeckas pa3HOCTh XOAa
Jyder MeXAy IUIOCKOCTBIO N;N,, NEPHEHAUKYIAPHOM NapajuIeIbHOMY IIy4YKY
Jy4eH, MPOXOSIIEMY Yepe3 JIUH3Y B TOM WJIM MHOM HaIlpaBJICHUHU, U TOYKON HX

CXOXJeHUsI B (POKAIbHON

IUIOCKOCTH JIMH3Bl pPaBHA

HYJIIO.
% \ Mbl  paccMOTpUM
ﬂ/ Z Y 1 371€Ch T (pakLHIO
/\é Z% § Y ®paynropepa Ha y3KOi
5 AN §< % . § I1EJIH, Ha0JI0/1aeMYI0
*— = %~. § AN COTJIACHO cXeMme,
| v A J \‘t’\ n300paxéHHON Ha pwuc. 8.
_ Z § Pacxopsmmiics IY9I0K
% / § \ MOHOXPOMaTHUYECKOTO
F; /4: \ - F—>\ CBETa C JJIMHOW BOJIHBI A,
s § 2 UAYIAA OT TOYEYHOTO
HCTOYHHKA S, pu
MOMOIIM JIMH3BI JI, (Tak
Puc. 8 Ha3bIBAEMOM

KOJUTUMATOPHOM  JIMH3BI)
MpEBpaIacTCs B MapAJUICIbHBIM My4YOK, Majarommi Ha y3kyro menb. llens, B
YaCTHOCTH, MOKET ObITh 00pa30BaHa ABYMS TUIACTHHKAMU, OCTPhIE Kpasi KOTOPBIX
pacmoJioKeHbl NapajUiesNibHO Apyr Apyry. Bropas nmH3a JI, BbIOMpaer wu3
nudparupyronmx JTydei rnapauiebHble MyYKU: BCE JTy4Yd, UMEIONUE OJIMHAKOBOE
HaIlpaBJIEHUE, CBOMSITCS 3TOW JIMH30H B OJHY TOYKY 3KpaHa, IMOMEIIEHHOTO B
(GoKanbHOM MJIOCKOCTH JIMH3bI; HMMEIOLIME JPYroe HampaBjieHHE, CBOJATCS B
JOPYTYIO TOUKY U T.JI.

[Ipn oTCyTCTBUM MPENATCTBUS HA SKpaHe HAOIIOJAETCs CBETSIIAsICS TOYKa
0, mpenacTaBisonias coool M300pakeHne UCTOYHUKA, JAaBAEMOE CHCTEMOM JIBYX
auH3. IlpumeM Touky 0 3a Hayano JE€KapTOBOM CHUCTEMbl KOOpAMHAT,
PacnoyIoKEHHOM B MJIOCKOCTH SKpaHa, U HAlpaBUM OCh Y BJIOJIb LIEIH, & OCh X -
nonepék He€. Tak Kak MPOJOTIbHBIC pa3MepPhI MU OOBIYHO B COTHU U THICSIYHU pa3
OOJbIlIe TOMEPEYHBIX, TO JUGPAKIUS TMPOUCXOJUT TPAKTUYECCKH JIHIIH B
HarpaBjieHun ocu x. J{ms uccnenoBanus nudpakiMOHHONW KapTUHBI BIOIb OCH X
yI0OHO U300pa3uTh CEUEHUE CUCTEMBI IIIOCKOCThIO, B KOTOPOM JIC)KUT ONTUYECKAs
och SO M OCh x, M KOTOpasl repecekaeT meb mo Juauud N;N, (puc. 9).

IIpumensss  meron  ['roireHca-dpenens, BO3BMEM B KA4eCTBE
BCIIOMOT'aTEJIbHOM MOBEPXHOCTU X IJIOCKOCTh, MPOXOJAIIYIO0 IO IMOBEPXHOCTH
IIacTUH, o0pazyromux menb. Ha puc. 9 ata noBepxHOCTh H300paXkaeTcs JIMHUEH
N,N,. BTopuuHblE MCTOYHHMKH paCIOJararoTcsl TOJIBKO HA Y4acTKE IUIOCKOCTH,

KOTOPBI HAaXOIWUTCA BHYTPHU LIeu (y4acTOK M, M ). DTOT y4acCTOK IOBEPXHOCTU
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Y SBISAETCA BOJHOBOM MOBEPXHOCTBHIO JUIS TMAPAJUICIBHOTO IIy4Ka CBETA,
MPOXOAIIEro uepes IUH3Y JI, . [ToaTomy koebaHust BceX BTOPUUYHBIX UICTOUHHKOB
MPOUCXOJAT B OAHOM (paze. XOTS OT BTOPUYHBIX UCTOYHUKOB JIY9H HJIYT IO BCEM
HalpaBJICHUSIM, HO Ha puC. 9 u300paxkEH UL pPsAJ HapaUIeIbHBIX JTy4YeH,
00pa3yronux yrojl ¢ C ONTHYECKOW OChIO CHCTEMBI U CXOIAIUXCS B (hOKAITBLHOM
IJIOCKOCTH JIMH3BI JI; (Ha DKpaHe) B TOUKE HAOIIOACHUS B .

IIpoBeném  yepe3  TOYKY M,  IUIOCKOCTb,  IEPIEHIUKYJSAPHYIO
paccmaTpuBaeMbIM JiydaMm (puc. 9). Ha pucyHke 3Ta MIOCKOCTh M300paXkaeTcs
auHuen M,P. B nanpHeilmeM Mbl OyZieM Ha3bIBaTh €€ MIIOCKOCTbI0 M P. OT TOoYek

ATOM TUIOCKOCTH, COTJIACHO CKAa3aHHOMY paHee, CBETOBOE BO3MYILEHHME HAET J10
TOYKM B BIOJb BceX Jydyel onaumHakoBoe Bpems. [losTtomy paszHoctu ¢a3
KOJIeOaHMM, MPUXOIAIIUX OT BTOPUYHBIX HCTOYHHUKOB B TOUYKY B, BO3HHKAIOT
TOJIBKO 3@ CUET PA3HOCTH XOJa JIy4ei B MPOMEKYTKE MEXAY IUIOCKOCTBIO M, P U

HNOBCPXHOCTBIO X .
Pa300bEM yuacTOK MOBEPXHOCTHU X, HA KOTOPOM PaCIOJIOKEHBI BTOPUUHBIC

ﬁ

NN

)

Puc. 9

VMCTOYHHMKH, Ha 30HBI DpeHens. [ns 3TOro B MPOMEXKYTKE MEKAY IIIOCKOCTBIO
M,P ¥ TOYKOM M TIOCTPOMM DPsif IUIOCKOCTEH, MapaJuIeIbHbIX IUIOCKOCTH M P

A
TaK, YTOOBI pacCTodHnA MCKAY ABYMS COCCAHHMMU ILNIOCKOCTAMU OBLIO PaBHO E

(M300pakeHbl MyHKTUPOM). DTH IUIOCKOCTH MEPECEKYT YYaCTOK MOBEPXHOCTH X,
HaXOJISIICHCs BHYTPH IIEIH, M0 JIMHUSIM, TapajuieIbHbIM Kpasm 1ienu. Ha puc. 9
STU JIMHUU TPOXOIAT 4epe3 TOYKU M,, M, W T.A. NEPIECHIUKYISPHO TMIOCKOCTH

pucyHka. B pe3yibTaTe MOBEpXHOCTh £ BHYTPHU IIEIH OKa3bIBAETCS pa3OUTON Ha
MOJIOCHI, MapajiebHbIe KpasM HIENU. DTH MOJOCHl U MPEACTABISIIOT COO0N 30HBI
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@penens. CornacHo MOCTPOEHUIO, Pa3HOCTH XOJa JIydel, UAYIIUX B TOUKY B OT
IIPOTUBOIIOJIOKHBIX T'PaHULl OJHOW M TOW € 30HBI, OIpEACIsIEMbIC IUIMHOU

OTpe3KoB M,P,, M,P, U T.Il., paBHbI &.

Brigenum B IByX COCEIHUX 30HAX OJMHAKOBBIE 10 IIUPUHE Y3KHE TTOJIOCKH,
MapaJuIeIbHbIE TPAHULIAM 30H
Y PACIOJIOKEHHBIE HA OJIHOM
U TOM K€ paccTosHud | oOT
TPaHUIl (COOTBETCTBEHHBIC
nosocku). Ha puc.10 stn
MMOJIOCKH 3alITPUXOBAHBI.
Jlerko BUAETH, YTO Pa3HOCTH
xoda ayder 1 m 2', uaymux
OT 3TUX MOJIOCOK B TOYKY B,
paBHA Pa3HOCTH XOJa Jydeu 1
U 2, AAYIIUX B 3Ty TOYKY OT
MIPOTUBOIIOJIOKHBIX ~ TPaAHMIL

A
30HbI, T.€. paBHA > Takum

obpa3om,  KoiebaHUS  OT

COOTBETCTBCHHBIX  ITOJOCOK

Puc. 10 IIpUXOAAT B TOYKYy B B

IPOTHUBOIOJNOXKHBIX  (pa3ax.

AMIUTATYABI 3THX KOJEOaHWl paBHbI BCJIEACTBUE PABEHCTBA Kak IUIOMIAIEH
IIOJIOCOK, TaK M YIJOB, KOTOPBIC COCTABIAIOT Jy4d 1' M 2' ¢ HOpMajplo N K
noBepxHoctu . CregoBaTenbHO, KOJeOaHWs, NPUXOMSIIME B TOYKY B OT
COOTBETCTBEHHBIX ITOJIOCOK COCEIHUX 30H, ITOJHOCTBIO MOTAIAT ApyT apyra. Tak
KaK BCE 30HBI UMEIOT OJJUHAKOBYIO MIUPHUHY (0Tpe3ku M M,, M M, v T.A. Ha puc. 9

paBHbBl MeXAy CcoO0OM), TO KaXIOH TIOJIOCKE B OJHOM 30HE Halaércs
COOTBETCTBEHHAsl IIOJIOCKA B COCEAHEW 30HE U, CTaJO0 ObITh, KojeOaHus,
MNPUXOIAIINE B TOYKY B OT ABYX COCEOHHUX 30H, B3AUMHO YHUYTOXKAIOTCS.
[Io3TOMy HMHTEHCHMBHOCTH CBE€Ta B TOYKE HAONIOJEHUA B ONpenesercs
YUCIIOM 30H, YKJIQAbIBAIOIIMXCA HA OTKPBITOM YYacTKE BCIIOMOTraTEJIbHOU
nosepxHoctu . Kak BuIHO U3 puc. 9, uncio 30H k, yKiaaJblBaroIUXCs B LIEIH,
PaBHO YHCIIy IIOJIYBOJH, YKJIAIbIBAIOIIUXCS Ha OTPE3KE MP - pa3sHOCTH XOJa
Jy4eu, UAyIUX OT KpaéB LIEu:
MP =k 2. (4)
2
JudpakironHas KapTUHA Ha SKpaHE BBITJISAUT ClieAyromuM obpazom. B
LHEHTpe 3KpaHa Mpu x=0 OyJeT MaKCUMyM HHTEHCHUBHOCTH, TaK KaK B 3TOM
ciaydae ¢ =0, IVIIOCKOCTh M,P COBIAJAET C BCIIOMOraTEJIbHON IMOBEPXHOCTHIO X U

OT BCEX YYaCTKOB JTOM TMOBEPXHOCTHM B TOUKY B KojJeOaHUsS NPUXOIAT B
onuHakoBoil ¢asze. [lo mepe ynmaneHus TOUKM B OT LIEHTpa dKpaHa BO3pacTaer
Yrojl ¢ W BMECTC C HAUM YBCJIIMYHUBACTCS OTPE30K MP, a, CJICAOBATCIbHO, PACTECT
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YHUCIIO 30H B 1enu. Ha skpaHe mpu 3TOM 4epeayroTcsi MUHUMYMbl U MaKCHUMYMBbI
WHTEHCUBHOCTU. MUHHUMYMBI OyIyT B TeX TOYKax, JUIsl KOTOPHIX B IIEIU
yKIaapiBaeTcss 4étHoe 4ucao 30H (k=2n, MP=n)\), TIOCKOJIbKY KoJeOaHHS OT
KaXXJIOW MMapbl COCEHUX 30H B3aMMHO MOTallal0TCs, 8 MAKCUMYMBbI — B TE€X TOUYKaX,
JUISL KOTOPBIX B IIEJM YKIAJbIBaeTCs Heu€THoe uucio 30H (k=2n+1,

A o o N
MP = (2n +1)§), MOCKOJIbKY KoOJjie0aHHWe OT OJHOW IIeNOoM KpalHeH 30HBI MpH

CJIO)KEHUM OCTaeTCsl HECKOMIICHCUPOBAHHBIM. BbIpazum BenUUMHY OTpe3Ka MP
yepe3 WUpUHy mwenn b=M,M u yron ¢ . Tak kak yronr MM,P B IIpsSMOYTOJIBHOM

TpeyrojibHuke MM,P paBeH yriay ¢ (3TO yIJIbl C B3aUMHO NEPIEHIUKYJISIPHBIMU
CTOpOHaMH), TO MP =b sin|g|. OTcroza J1€TKo MOTy4YHUTh CIEAYIOIIUE YCIOBHS I
MaKCUMYMOB 1 MUHUMYMOB:

b sin¢=+ni - YCIIOBUE MUHHUMYMOB, (5)
b sin ¢ =+(2n +1)% - YCIIOBHE MAaKCHUMYMOB, (6)
n=1 2, 3, ...

3nech MOjJ N MOJpa3yMEBAETCS YUCIO 30H, KOTOPOE MOXKET OBITh TOJBKO
MOJIOKUTEIbHBIM; 3HAaKM K€ IUIIOC W MHHYC COOTBETCTBYIOT OO0JacTsIM
T(PpaKIMOHHON KapTUHBI IpH ¢ >0, x>0 u pu ¢ <0, x<0. C apyroit CTOpOHHI,

YHUCIIO N TPEACTaBIsIET cOOON HOMEp MakCUMyMa, cuuTas oT 1eHTpa. [Ipu stom
LEHTPaJIbHOMY MaKCHUMyMy, HJisl KOTOPOTO ¢=0 WU KOTOPBIM HE YKIAJbIBAETCA B
dbopmyiel (5)-(6), mpunuceiBacTcs HylIeBoW HoMep. UHCIIO n Ha3BIBAIOT TaKKe
NOPSIKOM JUPPAKIMOHHOTO Makcumyma. Ciaeayer 3aMeTUuTh, YTO CTPOTHM pacuér
na€T yCIOBUSI MaKCMMYMOB HECKOJBKO OTJIHYHBIE OT (6) B TO BpeMsi Kak s
MUHHMYMOB U B 3TOM CJIy4ae COXpaHsIOTCs yciioBus (5).

B dopmynax (5)-(6) monokeHue MaKCUMYMOB XapaKTepU3YeTCs YIIIOM ¢,
KOTOPBIA COCTABJIAET C ONTUYECKONW OCBhIO CUCTEMBI MapasuIeIbHbIM IYYOK JIYyUYeH,
CXOMSIMXCS TIOCTE MPOXOXKACHUS JIMH3bI B TOYKE JKpaHa, rie M HabiIrogaeTcs
JAHHBI MAKCUMYM HJIM MUHUMYM. OnpeneuM HEeOCPEICTBEHHO KOOPAUHATHI x
TOYEK MAaKCUMYMOB U MUHUMYMOB. Kak cinexyer u3 puc. 9, koopauHata x=08
TOYKH B 3KpaHa CBs3aHa C yIJIOM ¢ COOTHOLIEHHEM: X = Ftge, rae F - okycHoe
paccrtositHue JHMH3bl. EcauM  OrpaHUYMTBCS PACCMOTPEHHEM  MalbIX — YIJIOB
qudpakuMy U, COOTBETCTBEHHO, HE  CIMIIKOM  OOJbIION  0OJacThIO
TU(PpakIMOHHONW KapTHHBI BOJIM3M IIEHTpAa JKpaHa, TO tge~Sing~¢, TaK YTO
x=Fo. W3 sToro Beipakenus: nmpu momonu ¢opmya (5)-(6), B KOTOpeIX sin ¢
3aMEHEH Ha ¢ , JJeTKO HAUTH

Mun

X, = in% - TIOJIO)KCHHE MUHUMYMOB (7)

maxe

X, =%(2n +1)|;—;“ - TMOJI0’)KEHUE MaKCUMYyMOB (8)

Pacnipenenenne MHTEHCUBHOCTH AU(PPAKIMOHHOW KapTHHBI BAOJb OCH X
npenacraBieHo Ha puc. 11. U3 gopmynsl (7) cremyer, 4To pacCTOSHHUS MEXKIY
COCEIHUMH MHHUMYMaMH TakKHE K€, KaK U MEXKIy COCEIHUMU MaKCUMyMaMu
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(KpoMe pacCTOSIHUM MeXAy LEHTpajJbHBIM U MEepBbIM MakcuMymamu). Kak BUAHO
U3 pPHUCYHKa, HMHTEHCHUBHOCTh CBETa B MaKCUMyMaxX OBICTpO YyOBIBa€T C
yBEIMYECHHEM MOopsaKka MakcuMyma. Hanbomnplast 105151 OJTHONW CBETOBOM SHEPTUU
Ha sKkpane (0osee 90 %) NpUxXoaAUTCA HA EHTPATbHBIA MAKCUMYM.

PaccMoTpuM 3aBUCUMOCTD AUPPAKIMOHHON KaPTUHBI OT IUPHUHBI menu. 13
dbopmyn (7) u (8) ciaeayer, 4TO KOOPAUHATHI MUHUMYMOB U MaKCUMyMOB 0OpaTHO
MPONOPIMOHANIbHEI MIHpUHE 1IeTu. [103ToOMy 10 Mepe CyKeHus eI MaKCUMYMBbI
U MUHUMYMBI YJQISIOTCSI OT LEHTpPa, MPU 3TOM MAKCUMYMBI CTaHOBATCA OoJiee
pa3MbITeiMU (puc. 11). Ecnu mmpuHa menu paBHa JJIMHE CBETOBOW BOJIHBI A, TO
u3 (opmynsr (5) IS TEpPBOr0 MHHMMYMa IOJIyYaeTCs YCIOBHE sing=1 W,

FA L FA _FA 0 FA FA FA I
6 °F T8 6 °6 s

Puc. 11

i v
CJIICOOBATCIBbHO =—. IIpu TakoMm JIC OTKJIOHCHHA JIYUYCH, UAYIIHUX K IICPBOM
» 0=7 ) y

MUHUMYMY, 3TOT MHHHMYM Ha DKpaHE pacrojaraercs B OecKoHeYHocTH. B
pe3ynbTate, MHTEHCUBHOCTh OT IIEHTpa JKpaHa K €ro kparo OyaeT yObIBaTh
MOHOTOHHO. Takoil xapakTep IU(PaKIMOHHONW KAPTUHBI COXPAHUTCS U TIPU
JTaTbHEHIIIEM YMEHBIIICHUU MUPUHB 1ienu. Hao0opoT, ¢ yBeIMYeHHeM HTUPUHBI
eI KOOpJAMHAThl MAaKCUMYMOB W MHUHUMYMOB YMEHBIIAIOTCA, MAaKCUMYMBbI
CTaHOBSITCSI 00JIee Y3KUMHU U SIPKUMU — TU(paKIMOHHAsS KapThUHa cxxumaetcs. [Ipu
OuYeHb OOJIBIIION MIMPUHE SN OHA CTATUBAETCS K IIEHTPY dKpaHa U 00paiaercs B
n300pakeHne HMCTOYHHWKA, JaBaeMoe CUCTeMou nuH3bl JI, u JI, (puc.8), T.e.
corjlacyeTcs ¢ 3aKOHaMH T€OMETPUUECKON ONMTUKH.

3aMeTUM B 3aKJIIOUYEHHE, YTO Ha MPAKTUKE BMECTO TOUYEYHOTO HMCTOYHHUKA
CBETa OOBIYHO HCMOJB3YIOT Y3KYIO CBETSIIYIOCS IIENb, NMapajlyIebHYIO e, Ha
KOTOpOW  mpoucxXoauT  audpakius. Pa3nudaple  TOYKM — MmEIHM  JAloT
nudpakIMOHHbIE KapTUHBI, CMENIEHHBIE TO ocu Y. Ha skpade mpu >ToM
MOJTIy4aeTCsl KapTUHA, TPEICTABIISAIONIasi cOO0N YepeOBaHUE CBETIIBIX U TEMHBIX
M0JI0C, MapaJIJICIBHBIX OCH Y . SIPKOCTh TaKON KapTUHBI 3HAYUTEIBLHO OOJIBIIE, YEM

IIPpH IMOJIb30BAHWHU TOYCYHBIM NCTOYHUKOM CBCTA.
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JAUPPAKIIMOHHASA PEIIETKA

JudpakionHas pemérka MpeacTaBiseT coOOM HEMpo3payHbId dKpaH, B
KOTOpOM uMeeTrcss N  napajulelbHbIX LIEJIeW OJMHAKOBOM IIHMPUHBI b,
pACIOJIOKEHHBIX HAa OJHOM M TOM € PAacCTOsIHUM a Jpyr OT japyra. Bennuuna
d =a+b HasbBaeTcs nNEPUOOOM, WM NOCMOSAHHOU peutémKku. Jludpakius Ha
peméTke ocymiecTisieTcs: o cxeme dpaynrodepa, pazoOpaHHO B MpeabIAyIIEM
MYHKTE JUIsl OJHOM IIEIU. DTa CXeMa B CEYEHUH IIJIOCKOCTBIO, MIEPIIEHIUKYIISIPHON
HieJIsIM peléTky, MpeAcTaBieHa Ha puc. 12. 3aech S - UCTOYHMK, UCITYCKAIOIIUNA
CBET C IJIMHOW BOJIHBI A, JI, - KOJUIMMAToOpHas JuH3a, N,N, - CEUEHHUE PEIIETKH,
OCh X PpAacCIOJIOKEHa Ha JKpaHe, HaxoAasmeMmcs B (OKaIbHOW IUIOCKOCTH JTUH3BI
T, .

Konebanusi B Touky HaOMO/eHUS B, PACHOJIOKEHHYIO Ha MOBEPXHOCTH
JKpaHa, MPUXOIAT OT HAXOJALIMXCS BHYTPH I1IEJIEH y4aCTKOB BCIIOMOIaTEIbHOU

<> 14>

W

Puc. 12

MMOBEPXHOCTH X, KOTOpas COBIAMAECT C IUIOCKOCTHIO peme€TKh. Tak Kak 3T1a
MOBEPXHOCTh  SIBJISIETCSI BOJIHOBOM TMOBEPXHOCTBHIO [IJII  CBETOBBIX  BOJIH,
HCIYCKAEMbIX MCTOYHUKOM S W MOPOILICANINX YE€pe3 KOUIMMATOPHYIO JIMH3Y, TO
KoJieOaHUsSI BTOPUYHBIX HCTOYHUKOB, pACMOJIOKEHHBIX Ha HEW, HMEIOT
onuHakoByro (dazy. Ha xaxmoit menu mnpoucxomut audpakmus. OIHAKO
nudpakiMoHHas KapTMHA Ha OHKpaHe He OyAeT TMNpOCThIM HaJOXKEHUEM
Tu(PaKIIMOHHBIX KapTHH, TOMYYaIOIMMUXCA OT Kakmou u3 meneit. [lyuku cBera,
UyIe OT IIeied, KOTEPEeHTHBI MEXIy co00il M modToMy HHTEphEepupyroT B
Touke HaOmroaeHus. HTepdepeHius NpuBOAUT K CYIIECTBEHHOMY YCIOXHEHHUIO
TuGpakMOHHON KapTuHBI. [locKombKy AM(paKIMOHHAS KapTHHA OT OTAEIbHOU
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eI HaM YK€ H3BECTHA, COCPEJIOTOYMM BHHMaHHE Ha TOM, 4YTO BHOCHUT
uHTepdepeHIus.

Pa300b€M BcIOMOraTeNpHYI0 IOBEPXHOCTh X BHYTPM KaXAOW IIEIM Ha
OJIMHAKOBBIEC Y3KHE IIOJIOCKH, MapajulelbHble Kpasm Iend. Ilyctb A um A" -
COOTBETCTBEHHbIE MOJIOCKU JBYX coceaHux wiened (puc. 13). PacctosHue mexnay
STUMH I0JIOCKAMU PaBHO IEepUOAY pelIETKU d . PaccMOTpuM mapajiienbHble JIy4dH,
UAYIIYE OT BTOPUYHBIX HCTOYHUKOB, PACIOJIOKEHHBIX Ha BCIIOMOraTEIbHOU
MOBEPXHOCTH, O] yTIOM ¢ K HopMmanu f . [lonb3yscek puc. 13, 1erko ycTaHOBHTb,
YTO ONTHYECKAs Pa3HOCTb XOJa Jydeh 2 U 2', UAYIIUX OT COOTBETCTBEHHBIX
MOJIOCOK K TOYKE HAOMIOICHU, paBHa dsin ¢ ¥ paBHA Pa3HOCTH Xoja Jydeit 1 u 1,

IYIINX K TOUKE HAGIIONCHHS OT COOTBETCTBEHHBIX KPaéB COCEIHHX LIIETeit.”
Crano ObITh, A1 J1I0OOH Maphl COOTBETCTBEHHBIX IOJOCOK COCEIHUX
miesied  ycioBus — uHTepdepeHIMu  oauHakoBbl. [losTomy, paccmaTtpuBas
UHTEp(EepeHINI0 CBeTa, MPUXOASAIIEIO B TOUKY HAOJIOEHUS OT LIesiel peléTKy,
MOYHO PEMIETKY CUMTAaTh COBOKYMHOCTBIO N

TOYEYHBIX KOTE€PEHTHBIX WCTOYHHUKOB,
HCITYyCKAIOIMX  CBETOBBIE  KoJIeOAaHUM ¢
OJIMHAKOBOU HavdaJIbHOHU dazoit 171

PACIIOIOKEHHBIX TaK, YTO ONTHYECKAs JIMHA
MYTH OT KaKJO0rO CIEIYIOMIETO HCTOYHUKA 10
TOYKH HAONIONEHHUS  YBCIMYMBAETCA Ha
BEIIMYUHY

Al =dsin g 9)

(3aech 3a MEpBBIA HMCTOYHUK NPUHUMAETCS
miesib, OT KOTOPOM ONTHUYECKas JUIMHA MYyTH
710 TOYKHA HAOIOICHUS HaMMEHbITIAs).

Uto0mI HalTH 0COOEHHOCTH
pacrpeaeneHus WHTEHCUBHOCTHU B
TU(paKkLMOHHON KapTHHE, CBA3aHHBIE C
UHTEpPEPEHLIE CBeTa OT COBOKYITHOCTH
meneil, oOpaTUMCS K METOJy BEKTOPHBIX

Puc. 13 JuarpamMmm.
AMIIUTYABl KOJEOAHUN, MPUXOASIINX
B TOUYKY HaOJIOJEHHs OT BceX Miesed, oauHaKoBbl. [103TOMy Ha BEKTOpHOM
JuarpaMMe BEKTOPBl 4, 4,, ... A,, H300paXkarolye O5TH KOJEOaHUS, HMMEIOT

OJIMHAKOBYIO BelMuMHy. BmecTe ¢ TeM, kosiebaHue, MpUIlEAliee OT Kakoi-11do
e, Oyner orcraBaTh mo ¢asze oT KojeOaHus, MPUIISAINIETO OT Mpeablayen
IIeJIA, HA HEKOTOPBIN Yroil A®, 00yCIIOBICHHBIN HAIMYMEM PA3HOCTH xonaa Al.
YuuThiBasi, 4TO MpU Pa3HOCTH XOJa, PABHOM A, OTCTaBaHME 1O ¢aze paBHO 2w, U3
MIPOTIOPIINH

2 HaHOMHI/IM, 4YTO B ClIyda€ NPOXOKACHUA YCPE3 JIMH3Y MMapalyICIbHOTO ITy4Ka J'Iy‘-ICI\/'I OIITUYCCKas AJIMHAa MYyTHU OT
IIJIOCKOCTH, HepHeH[[HKyHHpHOﬁ IMy4YKYy, 10 TOYKHU UX CXOKACHUS HA SKPAHE IJI BCEX queﬁ OJIMHAKOBaA.
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A _Al
2t A
HaiaéM mpu momouu Gopmyisr (1.9)
AD = %sin Q. (10)
CnepoBaTenbHO, Ha BEKTOPHOW JuarpaMMe CyMMapHoOe KoJjiebaHue

N
M300paXkaeTcs BEKTOPOM A=) A, MPEJCTaBIAIONUM COOOH 3aMBIKAIOLIYIO
i=1

JIOMaHOW JIMHUH, KOTOpas COCTOMUT W3 3BEHHEB OJMHAKOBOW BEIMYUHBI, MPUUEM
Ka)XJI0€ 3B€HO TOBEPHYTO MO OTHOILIEHUIO K MPEIbIAYIIEMY Ha OUH U TOT K€ YTrojl
A® (puc. 14, a). Bennunna BexkTOpa A ONpENENsSeT AMIUIMTYAy CyMMAapHOIO
Kose0aHus, a €€ KBaJpaT — MHTEHCUBHOCTh CBETA B TOUKE HAOIIOICHNUS.
HauGosnpinass MHTEHCHUBHOCTh OyAE€T B T€X TOYKax HKpaHa, B KOTOpbIE
KOJIeOaHMsI OT BCEX IIeNel MPUXOIAT B OJIMHAKOBOM (pa3ze, T.e. sl KOTOPBIX

A®=2mn, (n=0, +1, £2, ...) (11)

B 5THX CIoydasx BCe BEKTOPHI A Ha BEKTOPHOM AMAarpaMMe HMEKOT OJMHAKOBOE
HAIIpaBJICHUE, JIOMAHAs IPEBPALACTCS B NPAMYIO, U NPHU CIOXKEHHH BEKTOPOB

A=NA; ;
Av 4, 4,
G) B)
Puc. 14

MOJIy4aeTCcsl MaKCUMaJIbHO BO3MOXKHasi cymmapHas amruutyna A= NA (puc. 14,

0). OTH TOUKHU PKpaHa COOTBETCTBYIOT TaK HA3bIBAEMBIM 2/IAGHLIM MAKCUMYMAM
Tu(dpakIMOHHON KapTUHBI, naBaemon pemérkoil. M3 dopmyn (10) u (11) ans
IJIaBHBIX MAKCUMYMOB TOJIy4aeTcCsl CIEIYIOUIEe YCIOBUE
dsing=nh . (12)
Moaynp 1enoro yucia n, BXOJSALIETO B 3Ty (OpMyIy, HA3bIBAETCS MOPSIKOM
MaKCUMyMa U ONpEeJEeIsieT HOMEP MaKCUMyMa OT LIEHTpa KapTUHBI (EHTPAIbHBIN
MaKCUMYM IIpU ¢ =0 CUUTAETCS HYJEBBIM).
B tex Toukax skpaHa, B KOTOPBIX MPUXOJAIIME OT BCEX IIesied KojaeOaHus
OpU  CJIOKEHUH B3aUMHO YHHUYTOXAIOTCA, OyayT HaAOII0AAThbCs MHHHUMYMBbI
TU(PPaKIMOHHON KapTuHbL. Ha BEKTOpPHON nuarpaMMe MM COOTBETCTBYIOT TaKHe

PaCIONOKEHHST BEKTOPOB A, IIPU KOTOPBIX KOHEIl IIOCIEIHETO BEKTOPa A,

20



COBIIAJAeT C HAyajoM NepBoro Bekropa A (puc. 14, B). B aTux ciydasx qomaHas

npeBpamaercs B MPaBUWIbHBIM  MHOTOYTOJBHUK, HMEOIMA N  CTOPOH.
HampaBnenue kaxaoi U3 CTOPOH 3TOI0 MHOTOYTOJbHUKA MOIYYaeTCsl TOBOPOTOM
Ha yrojl A HaIpaBJCHHUs OpeAblayllerd cTopoHbl. Hampasnenue mnocnennen
CTOPOHBI, Oyqy4yd TMOBEPHYTO HA TOT JK€ YroJl OTHOCHUTEIBHO HaIpaBJICHUS
NpEeAbIIyIIEd CTOPOHBI W B TO XK€ BpeMs Ha yrol NA@® OTHOCHUTEIBHO
HAIpaBJICHUS TIEPBOM, COBMAJAET C HAMpaBICHHEM TMEPBOMl CTOPOHBL. ITO
BO3MO>KHO, €CITU BBITIOJIHAETCS YCIOBHUE

NA®D = 27m, (13)
r7Ie M - [EeJ0€ MOJOKUTEIBbHOE UM OTPULIATEIBLHOE YHUCIIO, HO TaKOE, 4TO m=nN.
B camom pnene, mpu m=nN ycioBue (13) mpespamaercs B ycioBue (1.11),
COOTBETCTBYIOIEE INIaBHBIM MakcumyMaM. [Ipu nmomoum ¢popmysl (10) nmomyunm
u3 (13) ycinoBrue MUHUMYMOB B BUJIE

dsin(p:%k (m#nN). (14)

®opmyisl (1.12) u (1.14) MokHO OOBETUHUTD B OJIHY:

) m m=nN — ycrosue Mmunumymos (15)
dsinp=—Xx
N m=nN — ycrosue eragHbvix MAKCUMYMOG
[lomarast B 3T0i1 (popMyiie mociemoBarenbHo m=0, 1 2, 3, ..., HalWaEM, 4TO

IJIaBHbIE MAKCUMYMbl 1 MUHHUMYMBI OYJIyT pacrojaraTbCs Mo Mepe yAajeHus oOT
LIEHTPA DKPaHA B CIEAYIOIIEM NOPSIAKE:
sin =0 - IEHTPaIbHBIN TJIABHBIH MakKCUMYM (n=0),

sin Lo
?TNd
: 2 A
sinp=—-—
N d N —1 MUHUMYMOB,
sing=N_"L.
PTTN

sing = % - TJIaBHBIA MakCUMyM 1-To mopsaka (n=1),

sing = N+l 2
TN
. N+2 A
sing = =
N d N —1 MUHUMYMOB,
sing= VL A
TN d

sing = 2% - IJIaBHBIA MAKCUMYM 2-TO MOpsiaka (n= 2),
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N d; N-1 MUHHUMYMOB. ..

[lpumaBass m  oTpunaTeNbHble 3HaYeHUs -1, -2, -3, .., MOJIYyYUM

AHAJIOTUYHOE YEpPEIOBAHHE MAKCHUMYMOB WU MHUHUMYMOB, OTJIHYAIOIIEECS JIUIIb
3HaKaMH YIJOB ¢, T.e. JU(MpaKIMOHHAs KapTHHA OKa3bIBA€TCS CHMMETPHYHOU
OTHOCHUTEIBHO 3Ha4YEeHUSA ¢ =0.

Takum  00pa3oMm, MEXIy COCEIHHMMHU  TJIABHBIMU  MaKCUMyMaMH
pacnonaraerces N -1 MHHHUMYMOB, MEXAY KOTOPBIMH, €CTECTBEHHO, B CBOIO
ouepeqlb, HAXOIATCS MaKCUMyMbl (BTOPHYHBIE MAaKCHUMYMBbI), OJIHAKO HUX
WHTCHCUBHOCTh BE€ChMa Maja IO CPaBHEHHUIO C TJIABHBIMH MaKCUMyMaMH (HE
6osee 5 % OT MHTEHCUBHOCTH OJIFDKAKMIIIETO TJIABHOTO MaKCUMYMa).

Ha pacrnpenenenny HHTEHCUBHOCTH B JU(PPAKIIMOHHOW KapTHHE, JaBaeMOM
pemérkoii, Kpome HHTEp(hEpPEHIIMH CBETOBBIX IIyYKOB, HAYIIUX OT IICIEH,
CKa3bIBaeTCs M AUPaKIKS, TIPOUCXOIAIIAS Ha KK I0W U3 IIeJIeH 10 OTIEIbHOCTH.

IJK
/[ N ,
ﬁ h\//l/[memi
\\
\
\
N )
L"\N . : . .//’. \, IO, VN
Aol JANLA A [4A cA A oAl sin
d 7 \2q %7 [*7 97 5 73| °"P
12/ (raN\egy 22
Nd Nd Nd B 8
Puc. 15

Bo-niepBBIX, SCHO, YTO MHUHHUMYMBI KapTHHBI OT OTICIBHOW IICIIH,
onpenensemMbie GopMysion (9), COXpaHSIIOTCS U B KapTHUHE, JaBaeMOU PEIIETKOMH,
Tak KaK B OTH TOYKHM HU OJHA LIeJb HE MOochulaeT csera Boobme (Bce A =0). Bo-

BTOPbIX, HHTCHCHMBHOCTH CBC€TAd B TJIABHBIX MAKCHUMyMaX IIPOIOPHUOHAIIbHA
HUHTCHCUBHOCTH | KOTOPYIO )laéT oTACIbHasA MICJIb B COOTBCTCTBYIOIIEM

wenu?
HAIpaBJICHUU: JIEUCTBUTENIBHO, AMIUIUTYJa CYMMapHOro KojeOaHusi B TJaBHBIX
MakcuMyMax A= NA, O0TKyJa, BO3BOJS 3TO paBECHCTBO B KBaJpaT M yUMUThIBAs, YTO

| ~A* n 1,,~A", HaxomuM | = N’| Ha pwc. 15 nokazaHa 3aBUCHUMOCTb

wenu*

MHTEHCUBHOCTH | B JUGPAKIMOHHON KapTWHE, JaBaeMOW PEIIETKON, UMEeoIen
IATh IIEJIEW, OT BeNU4uHbl sine. [lITpuxamm nokasaHa 3aBUCUMOCTBH OT Sin @
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BEJMYUHBI NI Takum oOpazom, Hanbosee SIPKUMHU OKa3bIBAIOTCS TJIaBHBIC

wenu *

MaKCHMMYyMBbI, PacIIOJOKEHHBIE B 00JaCTH IIEHTPAJIBHOTO MaKCUMyMa KapTHHEI
o A A
OJIHOM IIEJH, T.€., KaK 3T0 cieayeT u3 hopmyis (5), A KOTOPBIX -, <sine<i-.

Yuciio 3TUX MAKCUMYyMOB 3aBUCUT OT COOTHOILUEHHUS MEXKIY IIMPUHOMN IIenu b u
nepuoAoM pemérku d; u3o0pakéHHas Ha puc. 15 kapTUHa COOTBETCTBYET

. ., d d
pemeéTKe, y KOTOpoi Z<b<§' Haob6opoT, Te riaBHbIE MaKCUMYyMbI, KOTOpPbIE

HAXOJATCA BOJIM3M MUHMMYMOB JU(PPAKIIMOHHOW KAPTHHBI OJHOM IIeNd, OyayT
ca0bIMU U MOTYT BOOOIIE OTCYTCTBOBaTh, €CIM HUX TOJIOKEHHE COBIAJAET C
IOJIOKEHUEM MHUHHMyMa OT OTAENbHOM wienu. B wyactHOcTH, eciiu d =2b, TO
OTCYTCTBYIOT BC€ I'JIaBHbIE MAKCUMYMBbI YETHBIX IMOPSIAKOB.

Wtak, nudpaxuroHHas KapTHHA PEIIETKH B MOHOXPOMATHYECKOM CBETE
MPEJCTABIAECT COOOM YepeoBaHuE TJIABHBIX MAaKCUMYMOB, Pa3eEHHBIX TEMHBIMU
MPOMEKYTKAMHM, TOCKOJIBKY BBUAY MajOl HWHTEHCUBHOCTM  BTOPHUYHBIC
MAaKCUMYMBbI TTPAKTUYECKU HE BUAHBI. CyIIECTBEHHO, YTO C YBEIWYCHUEM YHUCIIA
niejeld MHApPUHA MAaKCHMYMOB YMEHBIIAETCS, TaK KAaK OTPAHMYMUBAIOIINE HX C
00erX CTOPOH MUHUMYMBI COJIMKAIOTCS. DTO BAXKHOE CBOMCTBO — y30CTh TJIABHBIX
MaKCHMYMOB — TTO3BOJIIET UCMOJb30BATh PEHIETKHU C OOJIBIIIMM YHUCIOM Ieneid N
B KaueCTBE CHEKTPAIbHBIX aIMapaToB (y XOPOIIMX PEHIETOK C IEPUOIOM MOPSIIKa
107° mm TipU pa3Mepax petiéTky A0 10 cm YHUCIIO eIl JOCTUraeT COTEH ThICSY).

SKCHEPUMEHTAJBHOE U3YUEHUE JU®PAKIINU
®PAYHI'O®EPA HA OJHOH ILIEJU U HA
IMPOCTEUIIINX
JTUO®PAKIIMOHHBIX PEIIETKAX

B pabote uccnenyercs nudpakuus dOpaynrodepa Ha OAHONW U HECKOJIBKUX
HIeJIIX B MOHOXPOMATHMYECKOM CBETE€ W, B YAaCTHOCTH, MPHU TOMOINUA 3TOH
TudpakIK ONPENEIISIOTCS HEM3BECTHBIE JJIMHA BOJHBI U TIEPUO]T PEIIETKH.

Kak crnenyer w3 Teopuu, M3IOKEHHOW BBINMIC, AUQPPAKIIMOHHAS KapTHHA
pEIIeTKH C OOJIBIIIMM YHCJIOM IIeJiel B MOHOXPOMAaTUYECKOM CBETE TPEICTABIISCT
co0Oll dYepemoBaHWE Y3KUX JIMHAM — TJaBHBIX MaKCHUMyMOB, KOTOPBIE
OTIPEIEIISIOTCS YCIOBUEM

dsinoe =n\ (12)
Otcrona nerko moJyauTh (OPMYITy HETOCPEIACTBEHHO IS KOOPAUHAT Xmax

INIABHBIX MakCUMyMoOB. M3 puc. 9 cienyet, uto OB =X = F -tgp. Cuuras yrona ¢

MaJjbIM, UMEEM COOTHOIIEHUs sin @ = @ u X = F tgp = F¢ , ¢ ydeToM KOTOPBIX
u3 (12) BeITeKaeT uckomas gpopmyra:

X -0 (16)
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Ota (opmyrna Mo3BONSAET, U3MEPUB KOOPAMHATHI MAaKCUMYMOB IU(PaKIMOHHON
KApTUHBI U 3Has IIEPUOJ PELICTKH, ONPEACIIUTh HEU3BECTHYHO JJIMHY CBETOBOM
BOJIHBI, 1 HAa00OpPOT, ONPEAEINUTh HEU3BECTHBIN IMEPHUOJ PEIIECTKU MO 3aJaHHON
JUINHE CBETOBOW BOJIHBI.

OIIMCAHUE YCTAHOBKHA

CxeMa ycTaHOBKHM M300pakeHa Ha puc.16. CBeT oT HaTpueBOM JaMIbl MMajaeT Ha
y3KYIO IIeJlb, PacCIOJIOKEHHYI0 B (DOKaIbHOW IUIOCKOCTH JUH3bI KOJUIMMATOPA.
[TapannenbHBIM My4OK Jy4deld, BBIXOISAIIMNA M3 KOJJIMMATOpA, MajJaeT Ha OOBEKT

(wens, PELIETKY).

lamna /KonnmmaTop PelweTka 3puTt. Tpyba I[I/I(bpaKL[I/IOHHaH KapTHHa

HaOJI01aeTcsl  BU3yalbHO B
: 3 Imlm % 3pUTENbHYI0  TpyOy. UToOBI
] / : " YCIIOBUS HAOJIIOICHNUS]

v

LLenb \J'IMH3a O6vektus  Okynsp COOTBETCTBOBAJIH cxeme
nudpaku ®paynrodepa,
Tpy6a (puc.l7) nomxnHa OBITH
chokycupoBaHa Ha
O0eckoHeYHOCTh. B 3TOM ciyuae
posib cobuparonieit nuH3bl B cxeme dpayHrodepa urpaer oObEKTHUB TpyOBI, a
oOpazyromiasicss B (OKAIbHOW MIOCKOCTH OOBEKTHBA
nudpakIMOHHAs KapTHHA paccMaTpuUBaeTCs dYepes
okymsap. Jlis  w3MepeHus  TOJOKEHUsS  JIMHUN
Tu(pakIMOHHON  KapTUHBI ~ Tpyba  cHaOXeHa
OKYJIIpHBIM  MUKpoMmeTpoM. Ilpm  u3MmepeHun
PACCTOSIHMM MEXIy JIMHUSAMH BEPTHKAIBHYIO HHTH
MTOIBMYKHOTO KPECTa, KOTOPHIH BUJICH B TIOJIC 3PCHHUS
OKYJIsSIpa, BpaIIeHUEM TOJIOBKM MHUKPOMETPUUYECKOTO
BUHTa 1 COBMEIIAIOT TIOCIEOBATENIBHO C DJTUMH
JUHUSMA W 3alMCHIBAIOT OTCUETHI MO  IIIKaje Puc. 17
MUKpoMeTpa (MUUTUMETPBI) B ero OapabaHy (COThIC

nonmd MuuMeTpa). Mckomble paccrosiHus OynyT

Pa3HOCTSIMU STUX OTCYETOB.

Puc. 16

HacTtpoiika yCTAHOBKH

UroObl HE HApYyUIUTh YCTAHOBIEHHYIO 3apaHee  NapaJljIelbHOCTb
ONTUYECKUX OCEW KOJUIMMATOpAa W 3PUTENIbHOM TpPyObl, a TaKkKe PacHoJIOKEHHE
HIeJIA KOJUTMMATOpa B (POKATBHOM MIOCKOCTU €T0 JIMH3bl, HUKAKUX BUHTOB, KPOME
YKa3aHHBIX aanee, KpyTtuth He caenyetr. HATPUEBYIO JIAMIIY BKJIFOYAET
JIABOPAHT! TIlepen TeM, Kak NOPUCTYNUTh K HW3MEPEHHUSM, HYKHO, CHSB
IPEIBAPUTEIBLHO C ONTHYECKOW CKaMbU IITATUB C PEUIETKOW WM WIENbo, 1)
BpallleHueM OKYJIsipa 3pUTEIbHOU TPyObl C(HOKYCHpPOBATH €ro Ha KPeCcT HUTEH, 2)
YCTaHOBUTH TPYOy Ha OECKOHEYHOCTh, JOOMBIIMCH BPAIEHUEM BHUHTA 2 YETKOTO
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M300paKEeHHsI TMIEeNN (SIPKOW IMOJOCHI B TIOJIE 3PEHHS OKYJIApa). Y CTAaHOBJICHHBIC
TIOJIOKEHUST OKYJIsipa M TPYObI OCTAIOTCS HEM3MEHHBIMH B TPOJIOJDKEHUE BCEH
paboThI.

Ynpaxnenue Nel
HABJIOJEHUE JU®PAKIIMU HA OJHOH ILIEJIA

Ha ontuueckyro ckaMpi0o MEXIy KOJUIMMAaTOpOM M TpyOOH NOMELIAIoT
IITaTUB C pa3ABMOKHOM Iienbto. HaOmogaroT M 3apUCOBBIBAIOT KapaHJIAIIoM
TU(QPaKIUOHHbBIE KaPTUHBI IIPU TPEX 3HAUEHUSAX IIMPHUHBI ILIEIHU: IO BO3MOKHOCTU
Oosee y3Kas 1eNb, KOrjaa NepBble MUHUMYMBI YXOJST 32 MPEIEibl OIS 3pEHUS
TpyObl; LIENb CPEIHEW BEIMYMHBI U IIUPOKAS WIENIb — IMOPSAKAa HECKOJIBKUX
MUWJUIUMETPOB.  PUCYHKM  NOMKHBI — TPEACTaBIATH  COOOMl  «HEraTUBHOE
U300pakeHne» TU(PAKIMOHHON KApTUHBI: MUHUMYMBI OCTaBJISIIOT CBETJIBIMH, a
MaKCUMYMBbI 3alITPUXOBBIBAIOT TEM HHTEHCUBHEE, YEM OOJIbLIE UX SIPKOCTh — ATO
ITO3BOJIAET MEPENATH COOTHOIIEHHE HHTEHCUBHOCTEN B PA3JIMYHBIX MAKCUMYyMaXx.

Ynpaxnenue Ne2
HABJIIOAEHUE JJU®PAKIIUN HA PA3JIMUHbBIX
PEHIETKAX

Bmecro mratMBa CO IIENBIO CTABAT JAPYroM INTATUB, HAa KOTOPBIX
MOOYEPENHO TOMEIIAIOT PEIIETKH C JABYMs, TpeMs U OOJBIIMM KOJUYECTBOM
meneit. JudpakunoHHble KapTUHBI U3Y4alOT U 3apPUCOBBIBAIOT, 3aIIUCHIBAs OKOJIO
KaXXa0ro pucyHka yucio meneil N pemerku. Y6exnaroorcs, 4To B COrJIacHU €
TEOpUeH  MEXIY COCEIHMMHU TIJaBHBIMH MaKCUMyMaMu pacnojaraiorcs N-1
MUHUMYMOB U, COOTBETCTBEHHO, N—2 CcJ1aObIX BTOPUYHBIX MAaKCHMYMOB.

Yupaxnenue Ne3
ONPEJAEJEHUE JUINMHBI CBETOBOHM BOJIHBI

JInuHy BOJIHBI CBETa, W3JIy4aeMOI'0 HATPUEBOM JaMIIOM, ONPENEIISAIOT I10
dbopmyie
X axd

A= 17
Fn ( )

BbITeKaromen u3 (16). 3aecy N — nopsaok Makcumyma (TIOpsIAKOBBIN HOMEP
MaKCUMyMa OT IICHTpa KapTHHBI, HE CUMTAasl [ICHTPaIbHbIN MakcumyMm); F = (27,1 +
0,3) em — ¢dokycHoe paccrosiHEe OOBEKTHBa TPyObl; d — TEpUON PEUICTKH,
HCTIOJIb3YEMOU B A3TOM YIIPAXKHEHUH, KOTOPBIM yKa3aH Ha camoM pemierke. i
U3MEPEHUsI KOOPJIMHAT Xmax MAKCMMYMOB HAaBOJAT BEPTHKAIbHYIO HUTh KpecTa
OKYJISIpa IOOYEPEAHO HA MAKCUMYMBI MEPBBIX TPEX MOPSAIKOB CIEBA U CIpaBa OT
ICHTPAJILHOTO MAaKCUMYMa, JIeJiasi OTCYETHI K TI0 OKYJISIPHOMY MHKPOMETPY C
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To4HOCTHIO 10 0,005 mm wm 3aHOCS WMX B MepBbIe aBa CTONOMAa Tabm.1. YmoOHO
HayvaTh U3MEPEHHS C MaKCMMyMa 3-To MOpsjKa, HalpuMep, CJIeBa, U JABUTaThCs B
OJTHOM HarpaBJICHUH JI0 MAKCHMyMa 3-TO MOPSIKa CIpaBa, Kak yKa3aHo B TaOJIHIIe
CTPEJIKOH; IIEHTPAIbHBIA MaKCUMyM MpomyckaroT. O4eBuaHO, Xmax = |Kree —

Knp |/2. Tlpoussomst pacuersl, 3amONHAIOT —OCTAlbHBIC —CTONOLBI Tab.l.

Brruucnsior cpepHee 3HaueHne A (B A MIM HM), OLEHMBAIOT IOIPENIHOCTH
M3MEPEHUN U C UX YUYETOM MPECTABISIIOT OKOHYATEIbHBINA PE3yIbTaT.

Tabmura 1
[Topsimok Otcuert K mo Mukpomerpy x.. =k —k |/2 A(A)
MaKCUMyMa cieBa cripaBa ‘ :
n _— >
1
2
3

Yupa:xxnenue 4
OIIPEJAEJIEHUE NNIEPUOJA PEHIETKH

CraBAT Ha MITaTHB PEIICTKY C HEU3BECTHBIM 3HAUCHHEM IIEPHOJa, KOTOPOE
ompenensercs mo GopmyJe

FnA
- 1
d X ) ( 8)

max
HEIOCPEICTBEHHO BhITeKatomiel u3 (16). 3HaueHne AJIMHBI BOJIHBI HAllICHO paHee,
a U3MEPEHUsI KOOPAMHAT MAKCUMYMOB IMPOBOASTCA TaK K€, KaKk B MPEAbIIYIIEM
YIpa)XHEHUU. Pe3ynbTaTbl U3MEPEHUN U TOCICAYIOIIUX BBIUUCICHUNA 3aHOCST B
TabNHIly, aHAJOTHYHYO0 Ta0u.1 ¢ 3aMeHOl mocienHero cTonda «A» Ha cTondern
«d (MM)». BBIUHCIAIOT CpeAHEE 3HAYCHUE TMEpPHOJA PEIIETKH, OICHUBAIOT
MOTPENTHOCTH U3MEPEHHI U C UX YUETOM 3alUCHhIBAIOT OKOHYATEIbHBIN pe3ysbTarT.

Borpocs! 151 camonpoBepKu

Yro Takoe audpaxuus ceera?

2. Hapucyiite u npokommenTupyite nuddpakunonnyio cxemy dpaynrodepa,
UCIIOJIb3YEMYIO B JAaHHOM 3a/1aye.

Cdopmynupyiite npunuun I 'tolireHca-Openens.

B cinyuae nudpakuuy Ha OJHOW MIENM MOJYYUTE, UCHOJIb3Ys METOJ 30H
@peHens, yca0oBUS MAaKCUMYMOB M MHUHHMYMOB WHTEHCUBHOCTH CBETa U
BBITEKAIOUIME U3 HHUX (QOPMYJbl A KOOPAWHAT MAaKCUMYMOB H
MuHUMYMOB. Hapucyiite rpaduk 3aBUCMMOCTH HHTEHCHBHOCTH CBETa OT
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koopauHaThl 1(X) n oOBsicHUTE, Kak 3Ta MU(PpPAKIMOHHAS KAPTHHA 3aBHCUT
OT IIUPUHBI IIEITH.

. 3anumuTe U OOBACHUTE YCIOBHUS TJIaBHBIX MAKCUMYMOB B ITU(MPAKIIMOHHON
KapTUHE penieTku. BeiBenuTe GopMyInbl U UX KOOPMHAT.

. MeTogoM BEKTOPHBIX JHarpaMM BBIBEIUTE YCIOBUS MHUHHMYMOB B
(G paKIMOHHOW KapTUHE PELICTKH.

. Hapucyiite u npoOKOMMEHTUpYWHTE pacrpeeliecHHe WHTEHCHBHOCTH CBETa
(3aBucuMocTsb |(X)) B qudppaklnOHHOM KapTHHE PEIICTKH.
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