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N3YUYEHUE JUPPAKIINU CBETA.

O6opynoBanue: He — Ne nazep, ontudeckas ckaMbsl, pa3ABHKHAS IETTb,
KOPOTKO(OKYCHBIN 00BEKTUB, TUDPAKIITMOHHBIE TPETSTCTBUS.

OINVCAHUE IEJEA PABOTHI.

Konkpernas nemnp

Kputepuit noctrxenus neiau

|. I3yueHue teopuu

1. | IIpunmun I'tolirenca —
Openens.

bes omubku  chopmynupoBaTh  MPUHIUI
['roiirenca ¢ yrounenussimu PpeHens, ykas3aTb
OTPaHUYEHUS B TPUMEHEHUHU.

2. | 3oubr Openens.

OOBSCHUTH MPUHIUIN MOCTPOCHUSI 30H, PacyeT
OCBEIIEHHOCTH B TOUKE HaOJIIOIEHNUS,
COTJIACOBAHHE C 3aKOHOM MPSIMOJIUHEUHOTO
pacnpeeneHus CBETa.

3. | dudpaxmus Openens ot
MPOCTEUILINX MPETPA.

Hns KaXkJ10ro ciayyJas yKa3aTb
NPUHIUIHAIBHYIO CXEMYy HaONIOJAEHUS U BH]
IM(PPaKIMOHHOW KapTHHBI.

4. | Qudpakus Opayurodepa
OT TIIEJIH.

OOBSCHUTD NPUHIUTHATBHYIO CXeMy
HaOdIOJIeHUs, U3MEHEeHue  JIudpaKiuOHHOMN
KapTUHBI B 3aBUCUMOCTH OT IIUPUHBI HIEIH.

5. | [lapamerp nudpaxuuu.

Hanwucats BBIPAKCHHUC, OOBSICHUTH  CMBICT
BXOAAIINX B HECTO BCIMYMH, IIOACYHTATDH
3HA4YCHUC mapameTpa JJIsL JaHHBIX
npernogaBaTcicM 3HAQUCHUN U YKa3aTb BHU]I

mudpakimu.

6. | dudpakmus @paynrodepa
OT OTBEPCTHS U IPYTUX
nperpaj.

OOBIICHUTH IMPUHLIUITHNAIBHY IO CXEMY
HaAOJIIOICHMS ¥ BUJL TIOTy4aeMbIX KapTHH.

Il. TIpakTHyeckne HaBBIKU

CTyneHT AO0JKEH HAay4YUThCs COOMpPATh YCTAHOBKY Jis HAOMOAeHUS AUGpaKIU
Openens win audpakiuun Opaynrodepa.

1. KPATKASA TEOPUSA

1.1Mpunuun I'oiirenca — @pexHens

Bo MHOTHX OONTHYECKUX SBICHUSIX CBETOBOE N3JTy4YCHNC MOKHO paCcCMaTpruBaThb
KaK BOJIHOBOH mpouecc n NMMpUMECHATL K HCMY BOJIHOBBIC XaPAKTCPUCTUKH. OI[HI/IM




W3 JOKAa3aTeJIbCTB BOJHOBOM MPUPOJBI CBETA SIBJISIETCS CYIIECTBOBAHHE TaKOTO
sBIIeHUS Kak qudpakius ceeta (ot anr. diffraction - orkiionenwue).

Ecau B onHOoponHoW O€3rpaHUYHOM cpele BO3HUKAET B KAaKOU-TUOO TOUYKE
BOJHOBOE BO3MYIIIEHHE, TO OHO OYIeT pacmpoCTpaHsIThCI B O3TOU cpeje
PaBHOMEPHO U OPSAMOJMHENHO. B KaXKAbIli MOMEHT BPEMEHH IIOJIOKEHUE B CPELE
BOJIJHOBOTO  BO3MYUIEHHS  XapaKTEpU3yETCd  BOJHOBOM  NOBEPXHOCTHIO
(TTOBEpXHOCTBIO paBHOU (a3bl), M OMHUCAHKE IMPOIECCa PACIPOCTPAHCHUS BOJIHBI
CBOJIUTCSI K HAXOXJICHHUIO BOJTHOBOW MOBEPXHOCTH BO BCE MOCIIEIYIOIINE MOMEHTHI
BpemMeHd. Ecim B OZHOPOJHYHO Cpely NOMECTUTh TOYEYHBIM HCTOYHHK
BO3MYIIIEHUS, TO BOJIHOBAsl MOBEPXHOCTh B 3a/IaHHBIA MOMEHT BpEMEHHU OyAeT
chepruuecKkoil MOBEPXHOCTHIO C LIEHTPOM, COBHAJAIONIUM C UCTOYHUKOM. Toraa B
Kbl MOCHEAYIONMA MOMEHT BPEMEHU HOBBIM BOJHOBOM (POHT TOXKe OyAeT
cheprueckoil MOBEPXHOCThIO, HO ¢ OoNbIIUM paauycoM. Ecnu ke B HEKOTOpOU
00JTacTH TPOCTPAHCTBA MBI 3a CUET BHEIIHUX NPHYUH (dKpaHbl, auadparmel,
ONTUYCCKUE HEOJHOPOJHOCTH) HWCKAa3MM paCHpeeiCHHe aMIUIUTYA W (a3 Ha
BOJHOBOM (POHTE, TO B MOCIEIYIOIIHNE MOMEHThl BPEMEHH BOJIHOBOW (DPOHT
WCKAa3UTCs, B PE3yJIbTaTE YErO BOSHUKHYT HAIPaBJICHUS PACIIPOCTPAHEHHUS BOJIHBI,
HEMPELYCMOTPEHHBIE 3aKOHOM MPSMOJIMHEWHOTO PACIIPOCTPAHEHUS.

Takue OTCTYyIUIEHMS OT 3aKOHA MPSMOJHUHEWHOTO PACHpPOCTPAHEHUS BOJIHBI,
BO3HUKIINE B PE3YJbTATE OTPAHWYECHHUS WM HUCKAKEHUS MAJAIOLIETO BOJHOBOIO
(dbpoHTa, Ha3pIBarOTCs audpakimet BoaH. Judpakinio cBeTa 00BIYHO HAOIIOIA0T
Ha Kpasx WIEIW WIM 3KPAHOB, pa3Mepbl KOTOPBIX CPAaBHUMBI C JJIMHOW BOJIHBI.
CymectBoBanue AuGpakiuyu TPpUBOAUT K TOMY, YTO B 00JIaCTH M300pakeHUN MBI
HaOJII0/laeéM KapTUHY, OTJIWYHYIO OT TOH, KOTOPYIO NPEACKa3bIBAIOT 3aKOHBI
r€OMETPUYECKOM ONTUKUA. MaTeMaTHuuecKd CTporoe peuieHue AUGpaKkIiMOHHBIX
3aJa4 HA OCHOBE BOJIHOBOIO YpaBHEHHs, KakK [MPaBUJIO, MPEICTABISACT
UCKJIIOYUTENbHBIE TPYAHOCTU. [l03TOMY B ONTHKE MpUMEHSIETCS MPUOTUKEHHBIN
METOJ] PEIICHHS 3aJlayd O paclpe/IeICHUH CBETa BOJIU3U IPaHULIBI MEXKIY CBETOM
Y TeHbIO, OCHOBaHHbIN Ha npuHIuIe [ roirenca — Openens.

CornacHo X. I'roiirency (1678 r.), kaxmas TodYKa, JO KOTOPOW JIOXOIHT
CBETOBOE BO30YXKJIEHHE, MOXET pPacCMaTpUBAThCS KaK CaMOCTOSITEIbHBIN
HMCTOYHUK BTOPUYHBIX BOJH. [loBepxHOCTH, oruOaromias 3TU BTOPUYHBIE BOJIHBI,
YKa3bIBa€T MOJOXKEHHE (POHTA JEHUCTBUTEIBHO PACHPOCTPAHSIONIECHCS BOJIHBI.
[Mpunuun TIroifirenca OOBACHSIET pacnpoOCTpaHEHUE BOJIH, coOrjacyrouieecs ¢
3aKOHAMU F€OMETPUUYECKON ONTUKHU, HO HE OOBSICHSIET ABICHUHN AUDPAKIIUY.

O. XK. ®peneny nononHun npuHOun [roilreHca, BBeAsS NOPEACTABICHUE O
KOTEPEHTHOCTU BTOPUYHBIX BOJH W UX HHTEPEpPEHIUU, YTO MO3BOJIHIO
00BsICHUTH MHOTHE AudpaknuonHbie sBneHus (cm. [1], 8 33, [2] § 6.1, [3], § 39).

Cornacno npuHuuny [roirenca — OpeHens BOJIHOBOE BO3MYLICHHE B
MPOU3BOJILHONM TOuke P MOXHO paccMmaTpuBaTh Kak pe3ylbTaT UHTEep(EepeHInu
AJIEMEHTAPHBIX BTOPUYHBIX BOJIH, HU3JIy4Ya€MbIX KaKJIbIM 3JIEMEHTOM HEKOTOPOU
BOJIHOBOM MOBEPXHOCTH.

Puc. 1



[TycTh S — TOYEHHBIH, MOHOXPOMATHYECKUI HCTOYHUK CBETOBBIX BOJIH (puc.l).
Haiinem ammnutyny kosneOaHus, B030yXJIa€MOTO HMCTOYHUKOM B Touke P,
npuMeHss npuHuun [ rorrenca — Openerns.

1. VcTouHHK cBETa MOXKHO 3aMEHHUTH MPOU3BOJILHON BOJHOBOW MOBEPXHOCTHIO
o, OTCTOANICH Ha paccTossHuH R oT ncrounuka S (puc. 1). Kaxnapiii snemenT d o
ATOI MOBEPXHOCTH MOKET CIIYKUTh HICTOUHHUKOM BTOPUYHOU chepruuecKoil BOJIHBHI,
aMIUTATY1a KOTOPOU Ag MPOMOPIIMOHAIbHA BETUYHUHE dJieMeHTa (o !

Ao =a, do; roe a, — aMIUIMTY1a UCXOJHOW CBETOBOW BOJIHBI B TOM MECTE, TJIe
Haxoautces do .

2. AmmiuTyma 3TOW JK€ BOJIHBI B Touke P, 00paTHO mpomopruoHaIhbHA
paccrossauio I ot do 70 Toukn P W mpsiMO TpomoOpIMOHAIbHA HEKOTOPOMY
ko3 dunmenty K(¢), KOTOpbIii yOBIBaeT ¢ yBEIMYCHHEM Yria ¢ MEXIY

HampasieHrueM [ u HopMmanbio N K do (pu o= 7/2 , K(¢) =0):
1
Ay~ K(p)* = * Ag= K(g) 2 do. 1)

3. PesynpTupytomniee konebanue B Touke P HaliaeTcsl Kak cyMMa KoyieOaHUi OT
BCEX AJIEMEHTOB 0 0 TTIOBEPXHOCTH o :

Ap=| K((p)a—lf)cos(a)t+a0 _kr)do . (2)

Beraucnenue uaTerpana (2) B OONBIINHCTBE CIYYaeB SBISIETCS OYCHD CIOXKHON
MareMaTu4eckou 3anadend. OHaKo, B CIy4asx, OTINYAIOINUXCI CUMMETPUEH, KaK
nokazann @peHenb, aMIUIUTYyAa pPeE3yJbTUPYIOLIETO KOJEOaHUs MOKET ObITh
HaiijieHa 00Jj1ee MPOCTHIM CIIOCOOOM.

1.2. Meton 30H DpeHes.

®peHenb TPEIIOKUT METOJI pacyeTa, OCHOBAHHBIM Ha pa30MEHUU BOJHOBOMU
MOBEPXHOCTU Ha 30HbI DpeHers.

PaccMorpum ciywali pacnpoCTpaHEHMsI CBETa B OJHOPOJHOM Cpeae U3
TOYCYHOT'O UCTOYHHKA cBeTa (puc.2). BoaHOBas MOBEPXHOCTH TAaKOM BOJTHBI

Puc. 2.



CUMMETPUYHA OTHOCHTENIhHO mpsiMoii SP . Bocmonp3oBaBmiuce 3tuMm, @peHens
pa30ui BOJHOBYIO TOBEPXHOCTh Ha KOJIBLIEBBIE 30HBI. 30HBI BBIOMPAIOTCS TakK,
YTOOBI PACCTOSHMS OT COOTBETCTBYIOLIMX TPaHUI] JIBYX COCEAHUX 30H JO TOUKH
HaOmroeHust P ornmuanuce 061 Ha A/2. Torga myuu, nmpuxonsmue B TOU4Ky P ot
COOTBETCTBYIOIIUX TOYEK JIBYX COCEAHUX 30H (T.€. OT TOYEK, JICKAIIUX Y
BHEIITHUX KPAaeB 30H WM B CEPEAMHE 30H U T.1.) OYIYT HAXOJUTHCS B IPOTHBO(hA3e
u ocnabiare apyr apyra. B Touke HaOmoneHus P mpoucXoguT cloKeHue
KoJieOaHW, MPUILEIIINX B 3Ty TOYKY OT BcexX 30H. Ecnu Obl aMIIUTYIbI BCeX
CKJIaJIbIBAa€MbIX KOJICOAHUI ObUTM paBHBI, TO PE3YJbTAT CIOKEHHS ObUT Obl JTUOO
paBeH 0 (eciu 4mCI0 30H YETHOE), MO0 aMIUTHTYIEe KOJICOAHUSI MPUIICIIIETO OT
KaKOW-HUOYAb OJHON 30HBI (e€CiM YUCIO 30H HedeTHoe). OaHaKO, aMILIMTYIbI
KOJI€O0aHMH, MPULIEAIINX OT Pa3HbIX 30H, HEOJUHAKOBBI. AMIUIUTY1a KoJeOaHus,
NPUILEINIEr0 OT 30HBI, JOJKHA MPEXKIE BCEro 3aBHCETh OT IUIOIIAAU 30H.
JlokazaHO, YTO MHpU HE OYEHb OOJBIIOM YHCIE OTKPBITHIX 30H IUIOIIAJH 30H
@peHenss npuMepHO OAMHAKOBBI. Toraa ammintyaa kosieOaHus, MPUIIEAIIEro B
Touky P oT 30HBI Oynet 3aBuceTh oT yrioBoro ¢akropa K(¢). Tak xak yron ¢ c
pOCTOM HOMEpa 30HBI MOHOTOHHO pacteT, MHOXHTeTb K(¢) B (2) TOXke

MOHOTOHHO YOBIBa€T, M aMIUTUTY/IbI KOJIEOaHUH, BO30YX/IaeMbIX B Touke P 30HaMu
®penensi, 00pa3yr0T MOHOTOHHO YOBIBAIOIYIO MOCIIE€I0BATEIHOCTD!
AI>AS>SA;> . >AS> A Al > ..
Tak xak koseOaHus1, BO30yXK/1aeMble COCEAHIUMH 30HaMU B Touke P HaxomsTcs B
npotuBodase, TO mnpunumem wuwM 3HakM (+) w (-). Torma ammiuTyna
Pe3yIbTUPYIONIETO KoJieOaHus B TOUKe P 3amuriercs:

Ap:Al_A2+A3_A4+"' (3)
[Tepenmem (3) B Buze:
A4 A 4y, A 4
A, = 71+(71—A2+?3)+(?3—A4+75)+--- (4)

BcenenctBue MOHOTOHHOTO yOBIBaHUSI AMIUIMTYJbl MOHO MOPUOJIMKEHHO
CUMTATh, YTO A = (Ax_1 + Ac+1)/2.

Torma B (4) Bce BBIpakeHHS B CKOOKax OyIyT paBHBI HYJIIO H (dopMmyIia
YIPOCTUTCS:

Al
Ap = o (5)

[Tony4yeHHBIN Pe3yabTAT 03HAYAET, YTO AEHCTBUE BCEM BOJHOBON MOBEPXHOCTH
SKBUBAJICHTHO JEUCTBUIO TMOJOBUHBI IIEHTPAIbLHON 30HBI. B OOBIUHBIX Cilyyasx
IEHTPAIbHASI 30HA UMEET pa3Mephl MOPsAKa Toie MuummMeTpa. CBET OT TOUKH S
K Touke P pacnpocTpansiercst kak Obl B Mpejenax OYeHb Y3KOTo MPsSIMOro KaHana,
T.€. IPAKTUYECKU IPSIMOIUHEHHO.

NuTepecHo, 4TO eciid HAa MYTH BOJIHBI IOCTaBUTh HKPaH, OCTaBIISIIOLIUMA
OTKPBITOM TOJBKO IEHTpalIbHYIO0 30HYy DpeHens, To aMIUIUTya B Touke P Oyzaer
paBHa Aj, T.e. B IBa pasa 0oJjbllle CyMMapHOW aMIuuTy sl (5). A HHTEHCHBHOCTD
ceeta | Oyner B ueThipe pa3a OoJbllle, YeM MPU OTCYTCTBUU Mperpajsl, T.K. | ~ A%,




1.3. Iudpakuusa @peHesisi OT MPOCTEHIINX MPerpai.

W3noxeHHbli MeTOJ SIBIsETCS YIOOOHBIM CPEJCTBOM Il Kaue€CTBEHHOIO
UCCIIEIOBAHUS IIIMPOKOTO Kpyra qu(pakiMOHHBIX 3a/1a4.

1.3.1. Jludpaxius Ha KPYTIOM OTBEPCTHH.

BonHoBYyI0 MOBEpXHOCTh BHIOEpPEM Tak, 4YTOOBI OHA Kacanaach KpaeB OTBEPCTHUS.
[Tycts T. O — meHTp OTBepcTHs, TOTAa OChb SP SBISETCS OCBIO CHMMETPHH.
NuTeHcuBHOCTL cBeTa B TOuke P ompenemsercs KoaudyecTtBOM 30H PpeHend,
MoMeNAIKuXcsi B oTBepcTuH. Ecnum uucno 30H HedyeTHoe, TO B Touke P
HaOmroaeTcss Max u OyJaeT CBETNO, eclid 4eTHOe — TO B Touke P Ttemuo. Ecnu
pa3Mep OTBEpCTHs YBEJIMYMBATh MOCTENEHHO, TO B Touke P moouepenno Oyner
HaOII0/IaThCsl YBEJIMYEHUE W YMEHBIIEHUE OCBEHIEHHOCTH. Takas ke KapTuHa
OyzeT HaOMI0aThCs, €ClM TOUKY HaOmoAeHus: P OyneM mocTeneHHo MpuoOIKaTh
B1osb JuHUU OP k otBepcTHio (00BSICHHUTE, TTOYeMY?). DTOT MPHUMEP HATJISIIHO
CBUJICTENILCTBYET O MOJHOM HEMPUMEHHUMOCTH 3aKOHOB F€OMETPUUYECKOW ONTUKHU
MIPU OMKCAHUU SBJICHUHN, B KOTOPBHIX TU(PPAKIUA UTPAET CYIIECTBEHHYIO POJIb.

[lepeiineM Teneps K UCCIeOBaHUIO TU(PPAKIIMOHHON KaPTUHBI Ha BCEM dKpaHe
BOKpyT TOUKHU P. IlycTh AJist KOHKPETHOCTH 3KpaH Jisl HAOMI0IeHUN HaXOAUTCA Ha
TaKOM pAaCCTOSSHUM OT OTBEPCTHS, YTO IJisi LEHTpalbHOW TOuku P skpanHa B
OTBEPCTHUU YJIOKUIOCH TpHU 30HbI Dpenens. Toraa B ieHTpe 3KpaHa OyAeT CBETIO0E
MATHO — MAKCUMYM MHTEHCUBHOCTHU. Eciu cMemaThesi OT LIEHTpa dKpaHa, MpOoBOIs
JUTSL KQXKJA0W TOUKHM HAOIIOJICHHS] aHAJIOTMYHOE pa30reHre BOJTHOBOM MOBEPXHOCTHU
Ha 30HBI DPpeHensi, TO JErko YBUAETh, YTO C OJIHOM CTOPOHBI OTBEPCTUS 30HBI
HAYHYT YaCTUYHO 3aKpbIBAThCS, a C MPOTHUBOIMOJOXHOM CTOPOHBI — OYyAyT
YaCTUYHO MOSIBISTHCS HOBBIE 30HBI, IEPBOHAYAIIBHO 3aKPBITHIE.
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Puc. 3. Puc. 4.
B Touke skpaHa, aJi1 KOTOPOW KapTHHA OTKPBITHIX 30H M300pa)keHa Ha PUCYHKE
4a, VHTEHCUBHOCTHb CTaHET MHHUMAJbHOW, T.K. MOMApPHO B3aUMHO TMOTACITCS
KoJebaHus OT UETUKOM OTKPBITBIX MEPBOM U BTOPOM 30H, a TaKke OT
NpUONU3UTENBHO OJMHAKOBBIX MO BEIWYMHE M MO (opMe OTKPBITBIX dYacTei
TpPeTbeld M YeTBEpTOW 30H (HAIIe pacCyXJIECHHUE HE MPETEHJYeT Ha CTPOTrOCTh);
yepe3 93Ty TOYKY OyJIeT MpOXOJuTh TeMHOE Koiblo. 3areM (puc. 40)
MHTEHCUBHOCTh CHOBA JOCTUTHET MAaKCHUMyMa, T.K. KOJ€0aHUs OT OTKPBITHIX
4acTe TPETbe M YETBEPTOM 30H, a TAKXKE BTOPOW M MATOM 30H IOIAPHO
MOTacsTCd W OCTAaHETCA HE CKOMIICHCHPOBAHHBIM KoJe0aHUE OT IIeJION MepBOM



30HBI; 3/1eCh MPOMAET CBETIOE KOJNblo. Takum 00pa3oM, Ha SKpaHE BO3HUKAET
YEepEJOBAHUE CBETJIBIX U TEMHBIX KOJIell. MOKHO MOKa3aTh, YTO YHUCIO OTYETIUBO
HaOII0/JaeMbIX KOJIEIl MOpsAJIKAa YUCIa 30H I IIEHTPaJIbHOM TOYKM SKpaHa, a
nanee AudpakIMOHHAs KapTHHA TOCTENEHHO UCYE3aeT.

1.3.2. ludpaxims OpeHens Ha MaJioM KPYIJIOM YKpaHe.

Ecim pa3mep skpaHa HeBEJIMK (HECKOJIBKO 30H), TO ACHCTBHUE MEPBOI OTKPBITOH
30HBI MPAKTUYECKU HE OTIIMYAETCA OT AEUCTBUSI LIEHTPAIBHON 30HBI BOJHOBOTO
¢ponTta. T.o. ocBenieHHOCTh B Touke P OyneT Takol — ke, Kak U B OTCYTCTBHU
sKkpaHa. BcrencTtBue cuMMeTpum BCeH KapTHHBI OTHOCHTENIBHO mpsiMoit SP
CBETJIasl TOYKA B P OKpy’)K€Ha KOJIBLIEBBIMU 30HAMH YEPEAYIOIIUXCSA CBETA U TEHU
(BHE TpaHMI[] TCOMETPHYECKOH TEHH), KOTOpbIC ITOCTEIICHHO COeraloTcs W Ha
HEKOTOPOM YyAAJI€HUH OT TOYKM P mepexomsit B paBHOMEPHYK OCBEIICHHOCTH
JKpaHa.

Ecim muck ouens man (a~ W ), TO OCBEIICHHOCTh PKpaHa B Touke P Takas

e, KaK ¥ B OTCYTCTBUH 3KpaHa.
1.3.3. ludpaxius Ha TpsIMOJUHEHHOM Kpae IIOCKOTO dKpaHa.

Jlns pacdera mudpaKIMOHHON KapTHHBI 30HBI DpeHels Jiydiie BHIOpaTh HE B
BH/JIE KOJICI[, a B BHJIE MOJOCOK, apaieIbHbIX Kparo skpana (cMm. [1] § 36, 37, [2]
8 6.2, [3] § 42, [6] 8 128). Yame Bcero pacyer KapTUHBI TPOU3BOIUTCS
rpadugeckum crocoooM (crimpanb Kophio). Amiuiuryaa B Touke P (puc. 6) BiBoe
MEHBIIIE YeM B OTCYTCTBHE JKpaHa (MHTEHCUBHOCTH COOTBETCTBECHHO BYECTBEPO
MeHbIIe). PacripenescHie WHTCHCHBHOCTH Ha TUIOCKOCTH HAOJIOACHHS IMOKA3aHO
Ha puc.60. M3 pucyHKa BHIHO, YTO NPH MEPEXojie B 00JIACTh T'€OMETPHUCCKOMN
TEHU HHTCHCUBHOCTh U3MCHSICTCS HE CKaYKOM, a IIOCTEIICHHO CTPEMUTCS K HYJIIO.

\*ﬁ\
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CnopaBa OT rpaHHIlbl TEOMETPUUYECKON TEHH PACIOJIOKEH PANl YEPEAYIOIIUXCS
MHHUMYMOB U MAKCUMYMOB UHT€HCUBHOCTH.

1.3.4. Jludpaxius oT miei.

[Ilens  MOXHO  paccMaTpuBaTh Kak JBa  PSAOM  PaCHOJIOKEHHBIX
NPSIMOJIMHENHBIX JKpaHa. Pacuer au(pakiMOHHOM KApTUHBI MOXHO TaKkKe
pou3BecTH ¢ oMoInkto crimpanu Kopato ([6] 8 128).

Bua audpakiuonHoil kapTuHbl OyJeT 3aBUCETh OT IIMPHUHBI Iienu. bynem
MOCJIEI0OBATEIbHO YMEHbBIIATh IMIMPUHY MIEAM M HAOMI0AATh MPOUCXOMASIINE
m3meHeHust. [lycTe mienb OyneT «ImMpoka» HACTOJBKO, YTO KapTHUHBI OT 000UX
KpacB IIEIH He «BIUSAIOT APYT Ha apyra» (puc. 7a). CBeTias mojoca OT IIEIH 0
KpasiM OyJeT IJIaBHO MEPEeXOAUTh B TEMHOTY, a B CEpE/IMHE pacnajaThbCs Ha Pl
CUMMETPUYHBIX, OCTEIIEHHO Pa3MbIBAIOIUXCI MUHUMYMOB U MakcumymoB. [lpu
JIOCTAaTOYHO IIUPOKOM IIEJIH LIEHTP KapTUHBI OYJeT paBHOMEPHO OCBEIIEH.

[Ipy MOCTENEHHOM CYXXEHUM I B CEPEIMHE IOJIOCHI MOSIBUTCS YETKas
CTPYKTypa W3 TEMHBIX W CBETJIBIX MOJoC (pUC. 70), YUCIO KOTOPBIX OYIET
YMEHBINIATHCS C YMEHBIICHHWEM IIUPUHBI IIeau. B LeHTpe KapTUHBI
MocJeI0BaTeIbHO OyAeT HAaOMI0JaThCsl TO TEeMHas, TO cBeTias moioca. Haubomee
pEe3KUii MUHUMYM HAOJIIOJAeTCs B TOM CJy4dae, €CJIM IIUPUHA IIEIN COOTBETCTBYET
JIBYM OTKpPBITHIM 30HaM. lIpu nanpHeiliem cykeHHM 1enu e€ pazMep He OyJner
MpEBBINIATh pa3Mepa MEepBOM 30HBI M BHUJI KAPTUHBI HA 3KpaHE MPUHIUIMHAILHO
u3MeHutcs. B aTom ciyyae roBopat o qudpakuuu Opaynrodepa.

1.4. Indppakuus ®@payurodepa.

Hudpakimeit ®@paynrodepa wiu audpakiued B NapalieNbHBIX Jydax
Ha3bIBAIOT JU(dpakiuio MIocKoi BoJHBL. [IpuHiunuanbHas cxema HaOIIOACHUS
mudpakiun OpayHrodepa mokasana Ha puc. 8.

S 7 T !
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P 4 g #
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Puc. 8.

JudpakimonHas kapTuHa HaOI0aeTCs B (DOKAIBHOMN IIOCKOCTH JTUH3BI Ly (B
“OeckoneuyrocTt”). [IpemsiTcTBHS pacnojiararoT MexIy JuH3amMu. JudpakunoHHas
KapTHHA MPEJCTaBIsSIET co00il “AudpakimoHHoe n300paxeHne” UCTOYHUKA CBETA.
OT1OT BUI qudpakiuuu nogaaETcs pacyerTy.

[Ipocteitmum juisi pacyeTa M NOPAKTUUYECKH BAXKHBIM CIIy4aeM SIBJISIETCS
mudpakmus Dpaynrodepa Ha OeckoHewHOW mienu mmpuHOW b (puc. 8). Pacuer



nokaseiBaer ([1] 8 39, [2] § 6.3, [3] 844, [6] § 129), uto pacmpenencHue

WHTEHCUBHOCTH 110 HAIIPABJICHUSAM UMEET BUI:
_ sina, 2
I = |0 (T) ) (6)

rjae lo — MHTeHCUBHOCTD HajaroIieii BOJIHbI, a o = (7bsing)/ 1.

I'paduk pynkiuu I(Sing ) mokaszan Ha puc. 9.

o},
R JlndpaxipoHHast KapTHHA Ha dKpaHe

OyJleT MpeACTaBIATL COOOH Psif
YepeIyONIuXCsi MAKCUMYMOB H
MUHUMYMOB. Hanbonpsmmit
MaKCUMyM HUMEET MECTO, KOT/a
(bsing)/ A =0, 1.. ¢ =0; pu
stoM | = lp. T.0. B IeHTpe KapTUHBI
Bcerja OyJeT cBeTias mojioca —

J‘. A [/ A i R sin
25 ~% % z ¥

| Puc.9

. . o o A
— LICHTPAJIbHBIM MAKCUMYM — C YIJIOBOM IIMPHUHOM SIN¢p = B .

[N 8

MUHUMYMBI OCBEIICHHOCTH HAOJIOAOTCS JUIA YIJIOB ¢, YJIOBJICTBOPSIOIINX

YCIIOBHIO:
7bsin g
A

T.e. 1A bSing =mA (cM. puc. 9). Uem MeHbIe MmMpUHA menu b, TeM mmpe
pacroiararTcs UG PaKIHOHHBIC TTOJIOCH.

Mexay  MHUHAMyMaMd  WHTCHCHBHOCTH  pacrojiaraloTcs  MaKCHMYMBI
pa3IMYHBIX MOPSAIKOB. [IpaKTHYECKH MOYKHO CUHTATh, YTO MAKCHUMYMBI HAXOISATCS
MOCEePEAMHE MEXIY COCCAHMMH MUHUMYMaMHd. 3HAYeHUsS HWHTCHCUBHOCTH B
MaKCHMyMaX OBICTpO YOBIBAlOT C YBEJIMUYCHHEM Mopsjaka. WX cooTHoIIEeHUE
MPUOIMKCHHO MOYKHO BhIpasuTh B Buje: 1:0,047:0,017:0,008:...

T.o. ocCHOBHas 9YaCTh CBETOBOTO MOTOKA COCPEIOTOUCHA B IICHTPAILHON MOJIOCE
MEXJIy TIEPBBIMA MHUHHMyMaMu. [Ipu Cy)XeHHH IIeNH KapTHHA PACIIUPSCTCS, HO
ApKocTh yMeHbmaeTcs. Korma b— 1, meHTpadbHBIH MaKCHMyM OXBaThIBaeT BCE
MoJie 3pPCHMsI, OCBEIICHHOCTh JKpaHa YMEHBIIACTCS OT IIGHTpa K KpasMm
MOHOTOHHO.

=mm, Tnem=1,23 ..., (7)

1.5. IlapameTp nudpakumu.

MoxHO YCTaHOBUTH KOJINYECTBEHHBIN KPUTEPUH, MTO3BOJISIFOIIU I
MPEeJICKa3bIBaTh BUJ TU(QPAKIUN B KaXJIOM KOHKpeTHOM ciydae (cm [6] c. 405 -
407). Ilycts menp D mmpunoii b pacnonaraercs Ha paccTosHUM R 0T TOYedHOTO
UCTOYHWKA S, W3IYYaIOlmero BOJHY JUIMHOW A. OKpaH paclojoKuM Ha
paccrosaun R ot memu (puc. 10a). JIudpakums PpeHens mnepexoauT B
mudpaknuo Opayrrodepa (cMm. m. 1.3.4.) eciau pa3mep MEIH CTAHOBUTCS MEHBIIIE
pa3Mepa nepBoii 30ubI @penens. Pasmep nepsoii 30u61 Ppenens (cm. [1], [2], [3],



RLA
[6]) r=, R L 4B JH000M CiTydae JIOCTaTOYHO MaJl 1Mo cpaBHeHUIo ¢ R. Cunras

Jydyd, najaromue Ha 1CJib, M[MPAKTHYCCKU IapallJICIbHBIMU, (I[I/I(i)p AKIIuA

®dpayHrodepa - ecTb JUPPAKIKS B MapAIICTbHBIX JydyaX) MOJydUM:
2

r~+LA, a g<\/LA, OTKyZJa %<1.

Bemmunna b/ AL = p ompenemsier xapakrep AU paKI:

<< 1-oughpaxyua@payneoghpepa

2

T ~1-oughpaxyus@penens
>> 1— ceomempuueckas onmuka

[Tpoananu3upyeM TOJNYyUYEHHBIA pe3yibTaT. bylneM MEHATh TOJBKO IIHMPUHY
menu b. Tlpm oyenr Manoi mmpuHe (p<< 1) nHaOmomaercs audpaxius

O®paynrodepa. PacnipeneneHue MHTEHCUBHOCTU CBETAa HA YKpPaHE COOTBETCTBYET
KpuBoii Ha puc. 9. Ecim mens oTkpbiBacT HeOobmoe ynuciio 30H @penens (p ~ 1),
Ha JKpaHe MoJydaeTcsi u3o0paxeHue mieiau, oOpaMiIeHHOE MO KpasiM OTYETIUBO
BUJUMBIMU TEMHBIMU M CBETIIBIMH ToJiocamu (puc. 7, m. 1.3.4.). B ciyuae, korna
IIeJTb OTKpBIBaeT OoJblioe yucio 30H @penenst (p >> 1), Ha dKpaHEe HOTYIUTCS
PAaBHOMEPHO OCBEIIIEHHOE M300pakeHue menu. JIump y rpanul] reoMeTpuiecKon
TEHH COXPAHATCS MPAKTUYECKH HEPA3JIMUUMbIE TJIa30M  HEOJHOPOIHOCTHU
OCBEIIEHHOCTH.

[TonpoOyeM Teneps MEHSTH MOJIOKEHUE IKPaHA, HE MEHSS MOJIOKEHUS IICNH.
[Tpu MasbIX pacCTOSTHUSAX dKpaHa oT meiu ( p >> 1) u300paxeHre COOTBETCTBYET
3aKOHAM T'€OMETPUUYECKON ONTUKHU. YBEIMYNBAsl PACCTOSIHUE, Mbl IPUAEM CHaudasia
K (peHeneBor audpakiuuu, Kotopas 3ateM nepeiaet B audpakuuio Opaynrodepa
(puc. 10 0).

1.6. Iudpakuusa @payHrodepa oT npocTeidmmx nmperpa.

1.6.1. Indpakiusg oT OpsIMOYTOJbHOTO OTBEPCTHS.

[IpssMOyrofibHOE OTBEPCTHE MOXKHO paccMaTpUBaTh KaK HAJIOXKEHHE ABYX
B3aMMHO — MEPHEHAUKYJSPHBIX IIeNeld, Kaxaas H3 KOTOPhIX CO3JaeT
Tu(dpaKkIMOHHYI0O KapTUHY B CBOEM HamlpaBlieHUH. B 1eHTpe KapTuHBI Oyaer
Ha0II01aThCs CBETIIOE MSTHO, OT KOTOPOTrO B IByX B3aUMHO — MEPIEHIUKYISIPHBIX
HaIpaBJICHUSIX pa30eraroTcs Yepeyronuecs TEMHbIE U CBETIIbIE MSTHA.

1.6.2. Indpakiysg oT KpyIJIOro OTBEPCTHS.

Nmeet OompIioe mpakTHYECKOE 3HAYCHHE, T.K. BCE OMpPaBbl OOBbEKTUBOB UMEIOT
o0bIyHO Kpyriiylo ¢opmy. B 1eHtpe kapTuHbl OyAeT HaOMIOIATHCS KPYTJIoe€
OCBEIIEHHOE MAITHO, OKPYXEHHOE TEMHBIMHU M CBETJIBIMH KOJbIIAMU. YTIOBOH




. n
paaupyc 1TI€PBOro TEMHOI'O0 KOJIbIda OHNPEACICTCS COOTHOIICHHUCM SII’](DZT

(9), tne R — pamumyc otBepctus. Yem MeHblie R, TeM cuibHee BBIpaXkKeHa
mudpakMoHHas KapTUHA

NHTEHCUBHOCTh TEPBOTO MaKCHMyMa COCTaBIisieT Bcero okoimo 2% ot
WHTEHCUBHOCTH LIEHTPAJIBHOTO.

2. BBIITOJIHEUE PABOTDbI.

2.1. Onucanue yCTAHOBKH.

PaGora BbITIONHSETCA € Ja3epHbIM MCTOYHUKOM cBeTa. Jlazep oOnamaer
CBOMCTBOM CO3/1aBaTh MOHOXPOMATHYECKUM My4OK MPAKTUUYECKHU MapaiebHbIX
nyueit. Iloatomy mudpakiuio @DpaynHrodpepa MoxkHO HaOmOIaTh  0€3
JOTIOJIHUTENILHOTO ~ KOJUTMMHUPOBAaHUS, Tomeniass Au(paKIMOHHbIE OOBEKTHI
HETMOCPECTBEHHO B JIa3€PHBIIM MyYOK CBETA.

Jns  HaOmoaenuss audpakiuun DOpeHenas HEOOXOAWMO HMMETh TOYCUYHBIN
UCTOYHUK cBeTa. Ero MOXHO cMOJenupoBaTh, MOMECTUB B JA3€PHBIA JIy4
KOPOTKO(OKYCHBIN 00beKTUB. OOBEKTUB COOEPET JIyuu B CBOEeM (OKyCe, KOTOPhIN
Y MOHO MPUHSTH 38 TOUCYHBIN UCTOYHUK CBETA.

Ha puc. 11 noka3zansl cxembl HaOmoaeHus audpaknun Openenst (puc. 110) u
mudpakun Ppaynrodepa (puc. 11a). 11 — qudpakiMOHHBIC MPETSATCTBUS: IICITb,
KpPYIJIO€ OTBEPCTHE, HECKOJIBKO OTBEPCTHUM, MPSMOYTOJbHOE OTBEPCTHE, HUTh U
T.11. Habmronare qudpakMOHHYI0 KapTHHY MOKHO Ha HETOIBW)KHOM dKpaHe (Ha
CTCHE) WX Ha TOJBUKHOM, YKPEIUICHHOM Ha perTepe.

Jlnst u3MepeHuil OCBEIIEHHOCTH B AUGPAKIMOHHOW KapTUHE B pabore
WCIOJIB3YETCSI CBETOJAMOJ, YKPEIUICHHBIM B MOJIBWXXHOM paMke. PamMka Moxer
MepeMenIaTbCcsl MO JIMHEWKE, YKPEIUIEHHOW Ha HENOABMXKHOM »JKpaHe. TOok,
BO30y>K1aeMblii B (OTOAMOME, Yepe3 YCUIIUTENb MOJAETCd HAa MHKpOaMIIEpMETp
(wmn  ocumwtorpad). IlomydnB Ha 3KpaHe COOTBETCTBYIONIYIO KapTHHY W,
nepeaBuras BIOJb HEE paMKy ¢ (POTONPUEMHUKOM, CHUMAaeM MOKa3aHUs
ammiepMeTpa depes Kaxapie 2-5 MM. [1o momydeHHBIM 3HAYCHUSAM CTPOUM Tpaduk
3apucuMocTH |(£) wmm 1(¢), Tae € — 3HaueHUs IMHEHHOW IIKaJIbl Ha YKpaHe, a ¢ -

YTIIbI AU PaKIHY.
2.2 N3yuenue nudppaxkunu @paynrogepa.

2.2.1. lndpaknus Ha KPyroM OTBEPCTHH.

Ha nyTtu cBeToBOro myyka IOMECTHTE HUPUCOBYIO auadparmy. WM3menss
JMaMeTp OTBEpCTHs AradparMbl ONPEACIUTE BEIUYUHY OTBEPCTHUS, IPU KOTOPOM,
€ro M300paxxeHHue TEepsSeT YETKOCTh U MEPEXOJUT B IU(DPPAKIHMOHHYIO KAPTUHY.
3apucyiite kaptuny. llepememas nuadparmy BIOJIb peiibca, MNPOHAOIIOANTE
n3MeHeHus B kKapTuHe. OObSICHUTE UX.



Bwmecto upucoBoii auadparMbl MOKHO MCIIOIb30BaTh JIMCTOK YEPHOU Oymaru,
B KOTOPOW TOHKOW HMIJION CJI€NIaHbl MPOKOJIBI — OTBEPCTHS.

2.2.1.1. IIpoBepbTe COOTHOMIICHUS JIJIS TIOJOKEHUS MUHUMYMOB U MAaKCUMYMOB
npu AUGPaKINU TIOCKON BOJTHBI HA KPYTJIOM OTBEPCTHU

R 0,614 1124 1624 2124
JUISI MUHEMYMOB:. Sing = R ; ; , ,

R R R
. 0,814 1,331 1854 .
JUIT MAKCUMYMOB: sin ¢ = 0; R R R rae R — panuyc otBepcTus, a A

= 0,683 MKM.
Haxkpolite audpakiMOHHYIO KapTHHY JIHCTOM MHJUTMMETPOBOM OyMaru W
OTMETHTE Ha Hel MOJI0KEHUE MUHIMYMOB ¥ MAKCUMYMOB.

. |
sing ~tgp = fk rae |, - paguyc COOTBETCTBYIOIIETO JU(PPAKIIMOHHOTO KOJIBLA,

a L — paccTtosiHre OT OTBEPCTHS J0 dKpaHa.

2.2.1.2. TlocTtpoiTe rpaduk pacmpenelieHuss OCBEIMICHHOCTH Ha JKpaHe. J[is
ATOrO: a) cobepuTe Imenb ¢ GoronpueMHUKOM. [IpoBepbTe ee y mperoaaBaTeds.
Brurounre. IlepenBuayB (OTONPHEMHUK B IMEHTPATbHYIO YacTh MU(DPAKIIMOHHON
KApTUHBI, YCTAHOBUTE YCHWJICHHE TaKUM 00pa3oM, 4TOOBI OTKIIOHEHWE CTPEIIKU
MHUKpPOAMIIEPMETpPa COCTABHJIO TPHUMEPHO TIOJOBHHY IIIKAJIbl. O) OTOJIBHUHBTE
dboTonpuEeMHUK 3a Kpail Tu(PpaKIIMOHHONW KapTUHBI M, MEIIJICHHO TEepEeBUTAs €To,
MPOUIUTE Yepe3 IEHTP KAPTUHBI, CHUMAas 3HAYCHUS MUKpOoaMIlepMeTpa udepe3 2
w3 MM. [lo momydeHHBIM TaHHBIM TOCTpOoiTe rpaduk. CpaBHUTE C PAaCUCTHBIM
([11, [3], [6]).

2.2.2. JIlndpakums Ha IICITH.

YcTaHoBUTE Ha pelTepe pa3aBIKHYIO IMEdh W TIOJYyYHTe Ha DKpaHe
Tu(dpaKIMOHHYIO KapTUHY. 3apucyiTe ee.

[IpocnenuTe 3a W3MEHEHWEM KapTUHBI TMPH W3MEHEHUW IIMHUPUHBI IIEIH.
OO0bsicuuTe HaOIIOJaEMbIE U3MEHEHUS.

[IpocnenuTe 3a W3MEHEHWEM KApTHHBI TMPU MEPEMENICHUH IIEIN IOMEPEeK
onTtruyeckoi ocu. OObsICHUTE HAOJI0JaeMbIe U3MEHEHHUS.

2.2.2.1. TlpoBepbT€ COOTHONIICHHS [JIi TIOJOKCHUH MHUHHUMYMOB U
MaKCUMYMOB!

IUIsI MUHUMYMOB: Sin @, = %,

. 1434 2,451 3471 4,431
JUIT MAaKCUMYMOB: sin g, =0; ) ; ;
b b b b

— TIOpSIOK MHUHUMyMa WM MakcuMyMma. V3MepeHHsl BBITIONHSIOTCS TpHU
MTOCTOSTHHOM TITUPHUHE MIEH. Sin ¢ ONpenesseTcs aHaJoruIHo mMyHKTy 2.2.1.1.

2.2.2.2. Tloctpoiite rpaduk 3aBUCUMOCTH IMIUPHUHBI IIEHTPAITHLHOTO MaKCUMyMa
OT ITUPHUHBI TIEIIH.

MeHsis TUPUHY IIETH, ONPEACNIIUTe MPU KaXIAOM HW3MEHEHUH IMHPUHY
IEHTPAJIHHOIO0 MaKCUMyMa Ha 3KpaHe (MEXIy IBYMs NMEPBHIMH MHUHHUMYMaMH) W
mmpuny e b. [Toctpoiite rpaduk Al (D).

; , Tae b — mupuHa menu, K



2.2.2.3. TloctpoiiTe Tpaduk pacrpeneneHnus OCBEIIEHHOCTH B TU(MPAKIIMOHHON
KapTUHE aHAJIOTHYHO 1. 2.2.1.2.
2.2.3. lndpakuus Ha IBYX ICIISIX.
[TocTaBbTe BMECTO MIEH TUTACTHHKY C ABYMS MIEISIMU. DTOT CiTy4dail moapoOHO
omucaH B ydeOHOU nmuteparype. [lomyunte audpakiimoHHy0 KapTUHY. OnuImTe
ee. CpaBHUTE C KAPTUHOU OT OJTHOM 1enu. OOBSICHUTE PA3IUUUS.

2.3. M3yuenue nudppaxuuu Openes.

[locTaBpTe Ha CKaMbl0 pelTep € KOPOTKO(DOKYCHBIM OOBEKTUBOM U
OTBIOCTHPYHTE YCTAaHOBKY. Terneps Ha dKpaHe JOHKHO MOTYYUTHCS KPYTIIOE TISITHO
muametpoM 10 — 30 cm. udpakinmoHHbIe OOBEKTH JOKHBI TTOMEMIATHCS 3a
(hokycoM 00bEKTHBA.

2.3.1. lndpakuus Ha HUTH.

ITomecTuTe B CBETOBOM MYy4YOK paMKy ¢ HUTHIO. [lepememias pelrtep BAOJb
CKaMbH, HAWIWTE TaKoe IMOJIOKEHUE, TPH KOTOpPOM Iu(pakIrOHHAsS KapTHHA
Oyner Hambozee oTueTMBOM. 3apucyiite ee. llepemenas MOIBMXKHBIM 3KpaH
OnMKe, K HUTH HAIUTE TIOJIOKEHHE, TTPH KOTOPOM M300paKeHNEe HUTH Ha DKpaHe
COOTBETCTBYET 3aKOHAM TeOMEeTpuuecKord onTHKU. OIEHUTE AMaMeTp HUTH U
CpPaBHUTE TIOJYYCHHBIH pE3yIbTaT C pPEATbHBIM 3HAYCHHEM, IOIYYCHHBIM C
MTOMOIIEI0 MUKPOMETPA.

2.3.2. ludpaxius Ha Kparto.

YKkpenute B IITATUBE JIE3BUE M BBEAUTE €ro Kpaili B CBETOBOM ITy4OK.
IlepenBuras mratuB OJMKEe K OOBEKTUBY, HAWIWUTE MOJOKEHHE, IPU KOTOPOM
mudpakimoHHas kapTuHa Oyaer HauOojee oTyeTMBOM. 3aduxcupyiite ee.
[lepenBurass MNOABWXHBIM HKpaH, HAWIUTE €ro IMOJOXKEHHE, NOPU KOTOPOM
M300paXeHue IIIOCKOro Kpas OyAeT COOTBETCTBOBATH 3aKOHAM TI'€OMETPUYECKOMN
ONTHKHU.

2.3.3. JIludpaknus Ha IICITH.

2.3.3.1. MakcuMalbHO PacKpBITYIO IMIedh ycTaHOBUTE Ha pacctosamu 10 — 30
CM OT OOBEKTHBAa M 3akpenutTe. MeieHHO clBUTas Ieib, HaOmoaaiTe 3a
KapTUHOW Ha »HKpaHe. OObBsACHUTE  JUHAMHKY €€ u3MeHeHus. [lokaxure
npenoaaBaTesnto v 3apuKCUpyUTe B TETPAU CIAEAYIONINE KaPTUHBI:

- OT IBYX KpaeB IIENH;

- JUISI HECKOJIBKUX OTKPBITBIX 30H;

- 171 IBYX OTKPBITHIX 30H;

- 11 OJTHOW OTKPBITOU 30HBI;

- U1 eI, IMMPHUHA KOTOPOW MEHBIIIE JUAMETPA MEPBOU 30HBI.



2.3.3.2. Ycranosure menb ommxe Kk 00bekTuBy. [lombepure Takyro MMpUHY
e, 4ToObl MepeABUrasi dKpaH K IIeJTd, MOXHO ObUIO Obl TOCIIEIOBATEIBHO
MOJIYIHUTh CITyJan:

a ) mudpakmun Opaynrodepa;

0) mudpakun Openes;

B) TEOMETPUUICCKOM OTITHKH.

OrneHuTe MUPUHY MIENH W3 JaHHBIX OMbITa. [IpoBephTe pacdeT ¢ MOMOIIKIO
MHUKpPOMETDA.

BOIIPOCHBI.

1. Yro siBsIeTCS TJIABHBIM B TU(GPAKIINHA KaK B ONTHYCCKOM SIBJICHUH ?

2. B uem cocroutr pomomnenne @Openens k mnpuHnumy [ roiireHca?
Chopmynupyitte npuniun ['toiirenca — Openensi.

3. UeMm BEI3BaHO oOOpalmieHHe TEOpUHM K METOoAy 30H? B Kakux cimydasx
s dexTeH 3ToT MmeTo?

4. Kakast 9acTh BOJTHOBOW TTOBEPXHOCTH Ha3bIBaeTCs 30HOM Dpenens?

5. Kak noctpouts 30Hb1 OpeHenst 17151 CBETOBBIX BOJIH, PACIPOCTPAHSIONINXCS B
CBOOOJTHOM TMPOCTPAHCTBE OT ToueyHoro wucrounnka? KakoBa ¢dopma u
COOTHOIIICHHE TIJIOMIAJEH TaKUX 30H?

6. UTo MOXHO CKa3aTh O KOJICOAHUSAX, MPUIISANINX B TOYKY HAOIIOJACHUS OT
KpaeB OJHOM U TOM ke 30HbI, OT KPaeB COCEITHUX 30H, OT JIByX COOTBETCTBYIOIINUX
TOUYEK COCETHUX 30H?

7. Hammumure Gopmynny st cyMMapHOW aMIUTUTY/IbI CBETOBBIX BOJIH B TOYKE
HaOII0/ICHUS], €CITH OTKPBITO:

a) TOJILKO IepBasi 30Ha

0) JBE TIEPBBIX 30HBI

B) IISITh MTEPBBIX 30H

T) BCS BOJIHOBAS TIOBEPXHOCTh

1) BCE 30HBI, HAUMHAS C JICCSTOM.

8. Kak Oynmer BwIVIsIIETh pactpeaesieHne 30H DpeHenst Ha cepuuecKon
BOJIHOBOI TMOBEPXHOCTH B KPYIJIOM OTBEPCTHUM U3 TOYKM HAOJIOJEHUS, HE
Jexamniei Ha ocu orBepcTHs? Kakyro cymmapHyro aMmIuATyay (KadecTBEHHO)
MOTYT J1aTh B 3TOW TOYKE BCE IMOJHOCTHIO M HE TOJHOCTBHIO OTKPBITHIC 30HBI?
KakoBa oOmas kapTuHa qudpakiuu (Ha KpyriioM OTBEPCTHH)?

9. Yro crmexyer u3 dhopmynsl (4) aus ciaydas audpakiud cBeTa OT TOUYSIHOTO
WCTOYHHUKA HA KPYTJIOM Hempo3padHoM dkpane? KakoBa oOmias xkapTHHA TaKoOu
mudpakinuy Ha ‘“‘Okpane HaOmogeHus’? Kak o0OBACHsSETCS HanmWuue CBETIIOTO
MSATHA B IIEHTPE T€OMETPHIECKON TEHU?

10. Kako#i Bux uMeeT KapTuHA TU(PPAKIIMK CBETa HA MPSIMOM KPAKO TIOCKOTO
sKpaHa’?

11. Kakoii cyqait nudpakimm Hocut ums Opaynrodepa?

12. Paccmotpute nudpakmuto Opaynrodepa Ha ogHOM menu. s yero ciayxar
B OTOM Cly4yae JUH3bl, TJIe pPAcCHoJiaraloTcsi OHM U SKpaH HaOIIOACHUS IO



OTHOMICHUIO K IJIOCKOCTH Tnenu? Kakue yrisl Audpakiiuu MOTyT HaOI01aThCs ?
Kax o6ocHOBaTh 3TO Ha OCHOBE NpuHIMIA [ Tolirenca?

13. KakoBa ¢opma 30H B ciydae mudpakiun Opaynrodepa Ha OTHOU MIETH?
3anuIInTEe BBIPAXKEHHUE IS PA3HOCTH XOJa JIBYX KpallHUX B IIENW Jy4ed MpHU
naHHoM yrie audpaknuu. Kak M3MEHUTCS YHCIO 30H MNpHU yBEIWYEHUU Yria
mudpakum?

14. Tlo ycnosuro (8) HaliauTe MUPUHY MICTH, HEOOXOIAUMYIO JJIsi HAOIIOICHHSI
Ha SKpaHe, yJIaJeHHOM OT Hee Ha 1M KapTWH, COOTBETCTBYIOIIUX AUGPaAKIIUU
Openensa? qudpaknnn OpayHrodepa? reoMeTpUIECKON ONTHKE?
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