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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,
NpUMeHsisa npuHIuI [ '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
MMOBEPXHOCTH Ha 30HBI DpeHens.

PaccMorpum ciywali pacnpoCTpaHEHMsI CBETa B OJHOPOJHOM Cpeae U3
TOYCYHOTO HCTOYHHMKA cBeTa (puc.2). BoyiHOBas MOBEPXHOCTh TaKOH BOJHBI
CUMMETPUYHA OTHOCUTEIhHO Tpsimoit SP . Bocmonws3oBaBmmch »TuM, OpeHenb
pa3Ousl BOJHOBYIO MOBEPXHOCTb Ha KOJIbIIEBBIE 30HBI. 30HBI BBIOMpAIOTCS Tak,
YTOOBI PACCTOSAHUSL OT COOTBETCTBYIOIIMX TPAHMI] JIByX COCEIHUX 30H 10 TOUKHU
HaOmoneHus P otnuyanucey Ob1 Ha A /2. Torma jay4w, mpuxoasinue B TOUKy P ot
COOTBETCTBYIOIIUX TOYECK JBYX COCEIHUX 30H (T.e. OT TOYCK, JICKAIIUX Y
BHEIIHUX KPAaeB 30H WIHM B CEPEIMHE 30H U T.1I.) OyIyT HAXOIUTHLCS B MPOTHBO(A3e
u ocnabnath npyr apyra. B Touke HaOmroneHuss P mpoucXOauT CcloKeHUe
KoJieOaHW, MPUILEIIINX B 3Ty TOYKY OT BcexX 30H. Ecnmu Obl aMIIUTYIbl BCex
CKJIaJIbIBAa€MbIX KOJICOaHUI ObUTM paBHBI, TO PE3YJbTAT CIOKEHHS ObUT ObI JTUOO
paBeH O (ecii 9KCIIO 30H YETHOE), JIMOO aMILTUTY/IE KOJIeOaHHS MPHUIICAIIETO OT
KaKoW-HUOYAb OJHON 30HBI (€CiaM YUCIO 30H HedeTHoe). OIHAKO, aMILIUTYIbI
KOJIeOaHUM, MPUILIEIINX OT Pa3HbIX 30H, HEOJAMHAKOBBL. AMIUIUTYIa KOjeOaHus,




IMPULIEANIETO OT 30HBI, JOJDKHA IPEXKIE BCErO 3aBUCETh OT IUIONIAAU 30H.
JlokazaHo, YTO NpU HE OYEHb OOJBIIOM YHCIE OTKPBITHIX 30H IUIOMIAJH 30H
@peHenst npUMEpPHO 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 KOJICOaHUH, BO30YX/1aeMbIX B Touke P 30HaMu
®penensi, 00pa3yr0T MOHOTOHHO YOBIBAIOIIYIO MOCIIEI0BATENIHOCTD!
AI>A>SA3> > A A A > ..
Tak xak koneOaHus1, BO30yX/1aeMble COCECIHIUMH 30HaMU B Touke P HaxomsTcs B
npotuBodase, TO mnpunumem wuwM 3Haku (+) w (-). Torma ammuTyna
Pe3yIBTUPYIONIETO KoJieOaHus B TOUKe P 3amuriercs:

A= Ai—Ag+ Ag—Ag+ ... ®)
[Tepenmmem (3) B Buze:
A4 A A A A
Ap:71+(71—A2+?3)+(?3—A4+75)+--- (4)

BcenenctBue MOHOTOHHOTO YOBIBaHUSI AMIUIMTYJbl MOHO MNPUOJIMKEHHO
CUMTATh, YTO A = (Ax_1 + A+ 1)/2.

Torma B (4) Bce BBIpakeHHS B CKOOKax OyIyT paBHBI HYJIIO0 H (GopMmyIia
YIPOCTUTCSL:

A=k (5)

[Tony4yeHHBIN Pe3yAbTAT 03HAYAET, YTO AEHCTBUE BCEM BOJHOBOM MOBEPXHOCTH
SKBUBAJICHTHO JEUCTBUIO TOJOBUHBI IEHTPAIHLHON 30HBI. B OOBIUHBIX Ciyyasx
IEHTPAIbHASI 30HA UMEET pa3MephI MOPsAKa Toie MuumMerpa. CBET OT TOUKH S
K Touke P pacnpocTpansiercst kak Obl B Mpejenax O4eHb Y3KOTo MPsSIMOro KaHana,
T.€. IPAKTUYECKU IPSIMOIUHEHHO.

NuTepecHo, 4TO eclid HAa MYTH BOJIHBI IOCTaBUTh HKPaH, OCTaBIISIIOLIUMA
OTKPBITOM TOJBKO IEHTpalIbHYIO0 30HYy DpeHens, To aMIUIUTy1a B Touke P Oyzaer
paBHa Aj, T.e. B IBa pasa 0oJjbIllle CyMMapHOW aMIuuTy sl (5). A HHTEHCHBHOCTD
ceeta | Oyner B ueThIipe pa3a OoJbllle, YeM MPU OTCYTCTBUU Mperpajsl, T.K. | ~ A%,

1.3. Iudpakuusa @peHeisi OT MPOCTEHIINX MPerpai.

W3noxeHHbId MeTOJ SIBIsETCS YAOOHBIM CPEJICTBOM Il Kaue€CTBEHHOIO
MCCIIEIOBAHUS IIUPOKOTO Kpyra MU pakiiMOHHBIX 3a/1a4.

1.3.1. Jludpaxims Ha KPYTIOM OTBEPCTHH.

BonHoBYyI0 MOBEpXHOCTh BHIOEpPEM Tak, 4YTOOBI OHA Kacanaach KpaeB OTBEPCTHUSL.
[Tycts T. O — meHTp OTBepcTHs, TOTAAa OChb SP SBIAETCS OCBIO CHMMETPHH.
NuTeHcuBHOCTL cBeTa B TOuke P ompenemsercs Koau4yecTBOM 30H PDpeHens,
MOMeIAIKUXcsi B oTBepcTUH. Ecnum uucno 30H HedyeTHoe, TO B Touke P
HaOmroaeTcss Max u OyJaeT CBETNO, €clid 4eTHOe — TO B Touke P Ttemuo. Ecnu
pa3Mep OTBEpPCTHsI YBEJIMYMBATh MOCTENEHHO, TO B Touke P moouepenno Oyner
HaOII0/IaThCsl YBEJIMYEHUE W YMEHBIIECHUE OCBEIIEHHOCTH. Takas ke KapTuHa
Oyzer HaOMIOaThCs, €ClM TOUKY HaOmoAeHus: P OyneM mocTeneHHo MpuoIKaTh




B1osb JInHUKU OP k otBepcTHio (00BSICHHUTE, TIOYeMY?). DTOT HMPHUMEP HATJISIIHO
CBHUJICTEIBCTBYET O IMOJHOW HENPUMEHUMOCTH 3aKOHOB T'€OMETPUYECKON ONTHUKHU
MIPU OMKCAHUU SBJICHUH, B KOTOPBIX TUPPAKIUS UTPAET CYIIECTBEHHYIO POJIb.

[lepeiineM Teneps K uccae0BaHUIO TU(PPAKIIMOHHON KAPTUHBI Ha BCEM IKpaHe
BOKpYT TOUKHU P. IlycTh AJist KOHKPETHOCTH 3KpaH Jjisl HAOMI0IeHUN HaXOAUTCs Ha
TAKOM PACCTOSIHUM OT OTBEPCTHS, YTO MJIsI LUEHTPAIbHOM TOUYKH P 3KkpaHa B
OTBEPCTHUH YIOKUIOCH Tpu 30HBI Dpenens. Toraa B nieHTpe 3KpaHa OyAEeT CBETIOE
MATHO — MAKCUMYM MHTEHCUBHOCTH. ECiiM CMEImaThCa OT NEHTPA KpaHa, MPOBOIA
JUTSL KQXKJI0W TOUKHM HAOIIOJICHUS] aHAJIOTMYHOE pa30reHKre BOJTHOBOM MOBEPXHOCTHU
Ha 30HbI DpeHensd, TO JErko YBHAETh, YTO C OJHOW CTOPOHBI OTBEPCTHUS 30HBI
HAYHYT YaCTUYHO 3aKpbIBAThCS, a C NPOTHUBOMOJOXHOM CTOPOHBI — OyAyT
YAaCTUYHO MOSIBJISITECS HOBBIE 30HBI, IEPBOHAYAJIBHO 3aKpbIThIE. B TOuke 3KpaHa,
JUTISL KOTOPOM KapTUHA OTKPBITHIX 30H M300pa’keHa Ha PUCYHKE 4a, UHTEHCUBHOCTD
CTaHET MUHUMAJIbHOM, T.K. MOMApPHO B3aWMHO MOTACITCS KOJEOAHUSI OT LIEIIMKOM
OTKPBITBIX MEPBOM U BTOPOM 30H, a TaKKe OT MPUOIUZUTEIHHO OJAMHAKOBBIX IO
BeJIMUMHE M 1O (OpME OTKPBITBIX YacTe TpeThe W dYeTBepTol 30H (Hamie
paccyXIeHue He MPETSHAYET Ha CTPOrOCTh); Yepe3 3Ty TOYKY OyaeT MPOXOJUTH
TEMHOE KOJIbIIO. 3aTeM (puc. 40) MHTCHCHBHOCTh CHOBA JIOCTHTHET MAaKCUMYyMa,
T.K. KOJI€OaHUsl OT OTKPBITBIX YaCTel TPEThel U YETBEPTOMl 30H, a TaKKEe BTOPOH U
MATON 30H MOMApHO MOTACITCA U OCTAHETCS HE CKOMIICHCHPOBAHHBIM KOJI€OaHUE
OT IICJION TEPBOM 30HBI, 3/I€Ch MPOMAET CBETIOE KOIbIO. TakuMm oOpa3om, Ha
JKpaHE BO3HUKAET YEPEJOBAHUE CBETIIBIX U TEMHBIX KoJiell. MOXHO MOKa3aTh, YTO
YUCJIO OTYETIMBO HAOJIOJAAEMBIX KOJICI] MOpsJAKAa 4Yuciia 30H JUIsl IEHTPaIbHOMN
TOYKHU JKpaHa, a najee NTuPpakiuOHHAs] KAPTUHA MTOCTEIIEHHO HCUYE3aeT.

1.3.2. Judpaknus OpeHens Ha MaIOM KPYIJIOM SKpaHe.

Ecnu pasmep skpaHa HeBelMK (HECKOJIBKO 30H), TO IEHCTBUE IEPBOM OTKPHITOM
30HBI MPAKTUYECKU HE OTIIMYAETCA OT AEUCTBUSI LEHTPAIBHOM 30HBI BOJHOBOTO
¢ponTta. T.o. ocBenieHHOCTh B Touke P OyneT Takod — ke, Kak U B OTCYTCTBHU
sKkpaHa. BcrencTtBue cuMMmeTpum BCeH KapTHHBI OTHOCHTEIBHO mpsiMoi SP
CBETJIas TOYKA B P OKpy’)K€Ha KOJIBLIEBBIMU 30HAMH YEPEAYIOIIUXCSA CBETA U TEHU
(BHE TpaHMI] TCOMETPHYECKOH TCHH), KOTOpbIC ITOCTECIICHHO COeraroTcs W Ha
HEKOTOPOM yAAJI€HUH OT TOYKM P mepexomsit B paBHOMEPHYK) OCBEIIEHHOCTH
JKpaHa.

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

e, KaK ¥ B OTCYTCTBUH 3KpaHa.
1.3.3. Jludpaxius Ha TpsIMOTUHEHHOM Kpae IIIOCKOTO dKpaHa.

Jlnst pacueta nudpakiMOHHONW KapTUHBI 30HBI DpeHesns aydile BbIOpaTh HE B
BH/JIE KOJICI, @ B BUJIE MOJIOCOK, Iapa/uIebHBIX Kparo skpaHa. (cMm. [1] § 36, 37, [2]
8 6.2, [3] 8§ 42, [6] 8§ 128). Yame Bcero pacyer KapTUHBI TPOU3BOIUTCS
rpadudeckuM criocoooM (crimpanb Kophio). Amiuiuryaa B Touke P (puc. 6) BiBoe
MEHBIIIE YeM B OTCYTCTBHE JKpaHa (MHTEHCUBHOCTH COOTBETCTBECHHO BYECTBEPO
MeHbIe). PacripenescHie WHTCHCHBHOCTH HA TUIOCKOCTH HAOJIOIACHHS IMOKA3aHO
Ha puc.60. M3 pucyHKa BHIHO, YTO MPHU MEPEXojie B 00JACTh I'€OMETPHUCCKOMN
TEHU MHTEHCUBHOCTHh U3MEHSETCS HE CKauyKOM, a IMOCTCIICHHO CTPEMUTCS K HYJIIO.




ChopaBa OT TpaHUIBl T€OMETPUYECKOW TEHU PACIIOJIOXKEH DA YEPEAYIOIINXCS
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.

JludpakinronHas KapTuHa HaOMr0aaeTcs B (POKATBHON TUIOCKOCTH JIMH3BI L, (B
“OeckoneyrocT”). [IpemsiTcTBHS pacnoiararoT MexXay JuH3amMu. JudpakunoHHas
KapTHHA MPEJCTaBIsSIET co00il “AudpakiimoHHOEe N300paxeHne” UCTOYHUKA CBETA.
OT1OT BUI qudpakiuuu nogaacTcs pacyerTy.

[Ipocteitmum  juisi pacyeTa M NPAKTUUECKH BAXKHBIM CIIy4aeM SIBJISICTCS
mudpakmus Dpaynrodepa Ha OeckoHewHOU mienu ImmpuHOW b (puc. 8). Pacuer
nokaseiBaer ([1] 8 39, [2] § 6.3, [3] 844, [6] § 129), uto pacmpeneiacHue
WHTEHCUBHOCTH IO HAIMPaBJICHUSIM UMEET BUJ!

1= 1,297, (6)
o
rjae lo — MHTeHCUBHOCTD Haarolieii BOJIHbI, a o = (7bsing)/ 1.

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

Hudpakimonnas kapTUHa Ha »JKpaHe OyneT TMpeacTaBlisITh CcOOOU psf
YepeayIIMXCcsi MAKCUMYMOB U MUHUMYMOB.



Haubonpimmii MakcuMyM uMeeT MecTto, koraa (zbsing)/ 2 =0, 1.e. ¢ = 0; nmpu
stoM | = lp. T.o0. B IeHTpe KapTUHBI Bcerja OyIeT cBeTas Mojoca — HEHTPaTbHbIN

. o oo A
MakCHUMyM — C YTJIOBOU IIHUPHUHOU SIN¢p = B .

MUHUMYMBI OCBEIICHHOCTH HAOJIOAAOTCS JUIA YIJIOB ¢, YIOBICTBOPSIOIINX

YCIIOBHIO:
7bsin g
A

T.e. 1A bSing=mA (cM. puc. 9). Uem MeHbIle MmMpUHA mEend b, TeM mmpe
pacroararoTcs UG PaKIHOHHBIC TTOJTOCH.

Mexany  MHUHAMyMaMd  WHTCHCHBHOCTH  paclojiaraloTcs  MaKCHMYMBI
Pa3IMYHBIX MOPSAIKOB. [IpaKTHYECKH MOYKHO CUHTATh, YTO MAKCHUMYMBI HAXOISATCS
MOCEePEAMHE MEXKIY COCCAHNMH MUHUMYMaMHd. 3HAYeHUsS HWHTCHCUBHOCTH B
MaKCHMyMaX OBICTpO YOBIBAlOT C YBEJIMUCHHEM Mopsjaka. WX cooTHomIeHUe
MPUOIMKEHHO MOYKHO BeIpa3uTh B Buje: 1:0,047:0,017:0,008....

T.o. oCHOBHas YaCTh CBETOBOTO MOTOKA COCPENOTOUCHA B IICHTPAILHOMN MMOJIOCE
MEXJIy TIEPBBIMA MHUHHMyMaMmu. [Ipu Cy)XeHHU IIeH KapTHHA PACIIUPSCTCS, HO
ApKoCcTh yMeHbmaeTcs. Korma b— 1, meHTpaibHBIH MaKCHMyM OXBaThIBaeT BCE
MoJie 3pCHHsI, OCBEIICHHOCTh JKpaHa YMEHBINACTCS OT IIGHTpa K Kpasm
MOHOTOHHO.

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

1.5. IlapameTp nudpakumu.

MoxHO YCTaHOBUTH KOJINYECTBEHHBIN KPUTEPUH, MTO3BOJISIFOIIU I
NPEeJICKa3bIBaTh BUJ TU(GPAKIUN B KaXJIOM KOHKpeTHOM ciydae (cm [6] c. 405 -
407). Ilycts menp D mmpunoii b pacnonaraercs Ha pacctosHUM R 0T TOYedHOTO
UCTOYHUKA S, W3IYYaIoOlmero BOJHY JUIMHOW A. OKpaH paclojoKuM Ha
paccrosaun R ot memn (puc. 10a). JIudpakums Ppenens mnepexoauT B
mudpaknuo Opayrrodepa (cMm. m. 1.3.4.) eciau pa3mep MEIH CTAHOBUTCS MEHBIIIE
pa3Mepa nepBoii 30u6I @penens. Pasmep nepsoii 30u61 Ppenens (cm. [1], [2], [3],

RLA

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

Jy4d, TMaJalonde Ha IIeJdb, NPAKTHYCCKH MMapalieibHbIMU, (nudpakius

®dpayHrodepa - ecTb JUPPAKIKS B MapaJICITbHBIX JydaX) MOJydUM:
2

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

Bemmunna b/ AL = p ompenemnsier xapaxTep AU paKIL:

<< 1-oughpaxyua@payneoghpepa

2

I ~1-ougppaxyus@penens

>>1-— ceomempudecKkas onmuxka



[Ipoananu3upyemM MOTyYEHHBIH pe3ynbTaT. byaeM MEHSTh TOJIBKO MUPUHY
menu b. Tlpw ouenr Manoi mmpuHe (p<< 1) nHaOmromaercs audpaxius
®paynrodepa. Pacnpenenenre MHTCHCUBHOCTH CBETa Ha JKPaHE COOTBETCTBYET
KpuBoii Ha puc. 9. Ecim menb oTkpbiBacT HeOobmoe ynuciio 30H @penens (p ~ 1),
Ha DKpaHE TOJydaeTcs M300paKeHHE MIENH, 0OpaMIIEHHOE MO KpasM OTYETIUBO
BUJUMBIMU TEMHBIMU M CBETJIBIMH ToJiocamu (puc. 7, m. 1.3.4.). B ciyuae, korna
IIeJb OTKpBIBaeT Ooubmioe yucio 30H @penenst (p >> 1), Ha dKpaHEe HOTYIUTCS
PAaBHOMEPHO OCBEIIIEHHOE M300pakeHue menu. JIume y rpanul reoMeTpuiecKon
TEHW COXPAHATCS TPAKTUYECKA HEPA3IUYUMBIE TJA30M HEOJHOPOJTHOCTH
OCBEIICHHOCTH.

[Tompobyem Temeph MEHSATH MOJOKEHHUE dKpaHa, HE MEHsSIS MOJOXKEHUS IIEIH.
[Tpu MasbIX pacCTOSTHUSAX dKpaHa oT meiu (p >> 1) u300paxeHre COOTBETCTBYET

3aKOHAM T'€OMETPUUYECKO ONTUKHU. YBEIMYNBAsi PACCTOSIHUE, Mbl IPUAEM CHaudasia
K (peHeneBor audpakiuu, Kotopas 3ateM nepeiaet B audpakuuio Opaynrodepa
(puc. 10 0).

1.6. Iudpakuusa @payHrodepa oT npocTeidmmx nmperpa.

1.6.1. Indpakiusg oT OpsIMOYTOJbHOTO OTBEPCTHS.

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

1.6.2. Indpakiysg oT KpyIJIOro OTBEPCTHS.

NmeeT OomnbIoe mpakTHYECKOE 3HAYCHHE, T.K. BCE OMpPaBbl OObEKTUBOB UMEIOT
o0bIyHO Kpyriiyro ¢opmy. B 1eHtpe kapTuHbl OyAeT HaOMIOIATBCS KPYTJIoe€
OCBEIIEHHOE MAITHO, OKPYXEHHOE TEMHBIMHU M CBETJIBIMH KOJbIIAMHU. YTIOBOH
0,611

paadyc TEepBOr0 TEMHOI'O KOJbIIA OMPEAESTISeTCS COOTHOIICHUEM Sin¢ =

(9), tne R — pamuyc otBepctus. Yem MeHblie R, TeM cuibHee BBIpakKeHa
mudpakMoHHas KapTUHA

NHTEHCUBHOCTh TEPBOTO MaKCHMyMa COCTaBlisieT Bcero okoimo 2% ot
WHTEHCUBHOCTH LIEHTPAJILHOTO.

2. BBIITOJIHEUE PABOTDbI.

2.1. Onucanue yCTAHOBKH.

PaGota BbITIONHSIETCS ¢ Ja3epHBIM HCTOYHMKOM cBeTa. Jlazep oOmamaer
CBOMCTBOM CO371aBaTh MOHOXPOMATHYECKUNM TMYUYOK MPAKTHUECKH MapaJICITbHBIX
nyueit. Iloatomy mudpakiuio @DpaynHrodpepa MoxHO HaOmOIaTH  0€3



JOTIOJIHUTENILHOTO  KOJUTMMHUPOBaHUS, Tomenias AU(QPaKIMOHHBIE OOBEKTHI
HETMOCPECTBEHHO B JIa3€PHBIN MyYOK CBETA.

Ins  waOmoaeHuss audpakinun DOpeHenas HEOOXOAWMO HMMETh TOYEUYHBIH
UCTOYHUK cBeTa. Ero MoOXHO cMOJenupoBaTh, MOMECTUB B JIA3€PHBIA JIy4
KOPOTKO(OKYCHBIN 00beKTUB. OOBEKTUB COOEPET JIyuu B CBOeM (OKYycCe, KOTOPhIH
Y MOXHO MPUHSTH 38 TOUCYHBIN UCTOYHUK CBETA.

Ha puc. 11 noka3zansl cxembl HaOmoaeHus audpakmun Openenst (puc. 110) u
mudpakmun Ppaynrodepa (puc. 11a). 11 — mudpakiMoHHBIC MPETSATCTBUS: IICIb,
KpYyIJIO€ OTBEPCTHE, HECKOJIBKO OTBEPCTHUM, MPSMOYTOJbHOE OTBEPCTHE, HUTh U
T.11. Habmronarhk qudpakMOHHYI0 KapTHHY MOKHO Ha HETOIBH)KHOM dKpaHe (Ha
CTCHE) WJIX Ha MOJBWXHOM, YKPEIUICHHOM Ha perTepe.

Jlnst u3MepeHuil OCBEIIEHHOCTH B AUGPAKIHMOHHOM KapTuHE B pabore
WCIOJIB3YETCSI CBETOAMOJ, YKPEIUICHHBIM B MOJIBMXHOM paMke. PamMka Moxer
MepeMeniaTbCcsl MO JIMHEWKE, YKPEIUIEHHOW Ha HENOABMXKHOM »JKpaHe. TOoK,
BO30y>K1naeMblii B (pOTOAMOME, Yepe3 YCUIIUTENb MOJAETCd HAa MHUKpOaMIIEpMETP
(wmu  ocumwtorpad). IlomydnB Ha 3KpaHe COOTBETCTBYIONIYIO KapTHHY W,
nepeaBuras BAOJb HEE paMKy ¢ (POTONPUEMHUKOM, CHUMAaeM MOKa3aHUs
ammiepMeTpa depe3 Kaxapie 2-5 MM. [1o momydeHHBIM 3HAYCHHUSAM CTPOUM Tpaduk
3apucuMocTH |(£) wmm 1(¢), Tie € — 3HaueHUs JIMHEHHOW IIKAJIbI Ha YKpaHe, a ¢ -

yTIIbI AU PaKIHK.
2.2 N3yuenne nudppakunu @paynrodepa.

2.2.1. lndpaknus Ha KPyroM OTBEPCTHH.

Ha nyTtu cBeToBOro myyka IOMECTHTE HUPUCOBYIO auadparmy. HM3menss
JMaMeTp OTBepCTHsl AradparMbl ONPEACIUTE BEIUUUHY OTBEPCTHUS, IPU KOTOPOM,
€ro M300paxxeHHue TepsSeT YETKOCTh U MEPEXOJUT B MU(DPPaKIHMOHHYIO KAPTUHY.
3apucyiite kaptuny. llepememas nuadparmy BIOJIb peiibca, MNPOHAOIIOTANTE
n3MeHeHus B kKapTuHe. OObSICHUTE UX.

BwmecTto upucoBoit auadparMbl MOKHO MCIIOIB30BaTh JIMCTOK YEpPHOU Oymaru,
B KOTOPOW TOHKOW HMIJION CJI€NIaHbl POKOJIBI — OTBEPCTHSL.

2.2.1.1. [IpoBepbTe COOTHOMICHUS JIJISl TIOJOKEHUS MUHUMYMOB U MaKCUMYMOB
npu AUGPaKIUU TIOCKON BOJHBI HA KPYTJIOM OTBEPCTHU

0614 1124 1624 2124

11 MUHUMVYMOB.  Sin X X ; ;
A yM "R R "R "R

. 0,814 1,331 1854
UL MAKCUMYMOB: sin ¢ = 0; ; ;

R R R
= 0,683 MKM.

Hakpoiite auppakuuoHHYI0 KapTUHY JIMCTOM MUJUIMMETPOBOM OyMmaru u
OTMETHTE Ha HEW MOJI0KEHNE MUHUMYMOB U MAKCHMYMOB.

;  tae R — paguyc otBepcTus, a A

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

a L — paccrosiHue OT OTBEPCTHS 0 IKpPaHA.



2.2.1.2. TloctpoiiTe rpaduk pacmpenelieHuss OCBEIMICHHOCTH Ha JKpaHe. J[s
ATOTO: a) cobepuTe Ienb ¢ GoTronpueMHUKOM. [IpoBepbTe ee y mperoaaBaTeds.
Brurounre. IlepenBuayB (OTONPHUEMHUK B IEHTPATBHYIO YacTh MU(DPAKIIMOHHON
KapTUHBI, YCTAaHOBUTE YCHWJICHHE TaKUM 00pa3oM, 4TOOBI OTKIIOHEHWE CTPEIIKU
MHUKpPOAMIIEPMETpPa COCTABHJIO TPHUMEPHO IOJOBHHY IIIKAJIbl. 0) OTOJIBHUHBTE
dboTonpuEeMHUK 3a Kpail Tu(paKIIMOHHONW KapTUHBI ¥, MEIJICHHO TepEBUTAs €To,
MPOUIUTE Yepe3 IEHTP KAPTUHBI, CHUMAas 3HAYEHUS MUKpOoaMIlepMeTpa depe3 2
w3 MM. [lo momydeHHBIM TaHHBIM TOCTpPOoiTe rpaduk. CpaBHUTE C PAaCUCTHBIM
([11, [3], [6D).

2.2.2. JIlndpakums Ha IICITH.

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

[IpocnenuTe 3a W3MEHEHWEM KapTUHBI TMPU W3MEHEHUW IIMUPUHBI IIEIH.
OO0bsicHuTe HaOIIOJaEMbIE U3MEHEHUS.

[IpocnenuTe 3a W3MEHEHWEM KApTHHBI TMPU TEPEMENICHUH TN IOMEPeK
onTtruyeckoi ocu. OObsICHUTE HAOJI0JaeMbIe HU3MEHEHHUS.

2.2.2.1. TlpoBepbTe COOTHONIICHHS [JIi TIOJOKCHUM MHUHHUMYMOB U
MaKCUMYyMOB!

ULt MUHUMYMOB: Sin @, = %,

1431 2,45\ 3,471 4,432
b " b " b " b
— TOpSIOK MHUHUMyMa WM MakcuMyMma. V3MepeHusl BBITIONHSIOTCS TpHU

MTOCTOSTHHOM TITUPHUHE MIEH. Sin ¢ OMpenesaeTcs aHaJIoTuIHo myHKTy 2.2.1.1.
2.2.2.2. Tloctpoiite rpaduk 3aBUCUMOCTH IIUPHUHBI IIEHTPAITHLHOTO MaKCUMyMa
OT ITUPHUHBI TIEIIH.

MeHsis TUpUHY IMETH, ONPEACNITUTe MPU KaXIAOM HW3MCHEHUH IMHPUHY
IEHTPAIHHOIO0 MaKCUMyMa Ha 3KpaHe (MEXIy IBYMs NMEPBHIMH MHUHHUMYMaMH) W
mmmpuny mienu b. [Toctpoiite rpaduk Al (D).

2.2.2.3. TloctpoiiTe Tpaduk pacrpeaeneHnus OCBEIIEHHOCTH B TU(PAKIIMOHHON
KapTUHE aHaJIOTUYHO 1. 2.2.1.2.

2.2.3. lndbpakuus Ha IBYX IIEIISIX.

[TocTaBbTe BMECTO MIETH TUIACTHHKY C ABYMS MIEISIMU. DTOT CiTy4dail moapoOHO
omucaH B ydeOHOU muteparype. [lomyunte audpakiimoHHy0 KapTUHY. OnummTe
ee. CpaBHUTE ¢ KapTUHOM OT ofHOM 11eau. OOBSICHUTE Pa3INIHS.

IUI1 MAKCUMYMOB: sin ¢, =0; , Tae b — mupuHa menu, K

2.3. U3yuenue nudpaxuuu Openes.

[locTaBpTe Ha CKaMbl0 pelTep € KOPOTKO(DOKYCHBIM OOBEKTUBOM U
OTBIOCTHPYHTE YCTAaHOBKY. Terneps Ha dKpaHe JOHKHO MOTYYUTHCS KPYTIIOe TSTHO
muametrpoM 10 — 30 cm. udpakimoHHbie OOBEKTH JOJKHBI TMOMEMIATHCS 3a
(dhokycoM 00bEKTHBA.

2.3.1. lndbpakuus Ha HUTH.



ITomecTuTe B CBETOBOM IMYy4YOK paMKy C HUTHIO. [lepememias pelrtep BAOJb
CKaMbH, HaWJUTE TaKOE€ IMOJOKEHHE, MPU KOTOpPOM AudpakIHMOHHAs KapTHHA
Oyner Hambozee oTueTiMBOM. 3apucyiite ee. llepemenias MOIBMXXHBIM 3KpaH
OJke, K HUTU HaUuTE MOJIOKEHUE, TPU KOTOPOM M300paKeHUE HUTH Ha SKPaHE
COOTBETCTBYET 3aKOHAM TI€OMETPUYECKON ONTHUKU. OLEHWTE AUAMETp HUTU U
CPaBHUTE MOJIYYCHHBI pE3yJbTAaT C PEAIbHBIM 3HAYEHUEM, IMOJYYEHHBIM C
MMOMOIIBIO MUKPOMETPA.

2.3.2. ludpaxnus Ha Kparo.

Ykpenute B IITATUBE JIE3BUE M BBEAUTE €ro Kpail B CBETOBOM ITy4OK.
Ilepenpuras mraTuB ONMKEe K OOBEKTHUBY, HAWIWTE MOJIOKEHHE, MPU KOTOPOM
mudpakimoHHas kapTuHa Oyaer HauOojee oTyeTMBOM. 3aduxcupyiite ee.
[lepenBurass NOABWXKHBIM HKpaH, HAWIUTE €ro IMOJO0XKEHHE, MOpPU KOTOPOM
M300pakKeHNE TUIOCKOTO Kpas OyJIeT COOTBETCTBOBATH 3aKOHAM TI'€OMETPUUYECKOU
OTITUKH.

2.3.3. JIndpakums Ha IICITH.

2.3.3.1. MakcuManbHO PACKpPBITYIO IIENbh ycTaHoBHUTE Ha paccrosiuun 10 — 30
CM OT OOBEKTHMBAa M 3aKkpenuTe. MeIeHHO CcaBHUTas Ieidb, HaONIoJalTe 3a
KapTUHOW Ha »HKpaHe. OOBACHUTE  JUHAMHUKY €€ u3MeHeHus. [lokaxute
MpernoiaBaTesio U 3aUKCUPYUTE B TETPAIH CICAYIONINE KapTUHBI.

- OT JIByX KpaeB IIeIH,
- JUISI HECKOJIBKMX OTKPBITHIX 30H;
- JUISI ABYX OTKPBITHIX 30H;
- ISl OJTHOW OTKPBITOU 30HBI;
- U1 LIEJIM, IMPHUHA KOTOPOM MEHBIIIE JUAMETPA MEPBOU 30HBI.
2.3.3.2. YcranoBute mienb Ommke K oObekTuBy. [lombepute Takyroo MUpHHY
IeJM, 4TOOBI TepelIBuras SKpaH K IIeJd, MOXKHO ObUI0 OBl MOCIEAOBATEIIBHO
MOJYy4YHUTh CIyYau.
a ) mudpakmuu Opaynrodepa;
0) mudppakuun Openens;
B) TEOMETPUICCKOM OTITHKH.
OuenuTe MUPHHY IS W3 JaHHBIX OmbITa. [IpoBephTe pacueT ¢ MOMOIIbIO
MHUKpPOMETpA.

BOIIPOCHI.
1. Yto siBisieTCs TJIaBHBIM B TUQPAKIINK KaK B ONTHYCCKOM SIBJICHUH ?
2. B dem cocroutr ponomnenne @Dpenens Kk npuHnumy [roiireHca?
Chopmynupyitte npunmun I'toiirenca — Gpenens.
3. UeMm BBI3BaHO oOOpalieHHe TEOpuHM K METoay 30H? B Kkakux cimydasx
s dexTeH 3ToT MmeTo?
4. Kakas 4acTh BOJTHOBOW TTOBEPXHOCTH Ha3bIBaeTCs 30HON Dpenens?



5. Kak noctpouts 30Hb1 OpeHenst 1711 CBETOBBIX BOJIH, PACIPOCTPAHSIONINXCS B
CBOOOJTHOM TPOCTPAHCTBE OT ToueyHoro wucrounnka? KakoBa ¢dopma u
COOTHOIICHHE TUIONIaIel TaKuX 30H?

6. UTo MOXHO CKa3aTh O KOJICOAHUSAX, MPUIISANINX B TOYKY HAOIIOJACHUS OT
KpaeB OJHOM U TOM e 30HbI, OT KPAeB COCETHUX 30H, OT JIByX COOTBETCTBYIOIIUX
TOUYEK COCETHUX 30H?

7. Hammmure Gopmynny s cyMMapHOW aMIUTUTY/IbI CBETOBBIX BOJIH B TOYKE
HaOII0/ICHUSI, €CITU OTKPBITO:

a) TOJILKO IepBasi 30Ha

0) JBE TIEPBBIX 30HBI

B) ISTh MEPBBIX 30H

T) BCS BOJIHOBAs! IOBEPXHOCTh

1) BCE 30HBI, HAUMHAS C JICCSITOH.

8. Kak Oynmer BwINISIIETh pacrmperaeiicHne 30H DpeHenss Ha cepuuecKon
BOJTHOBOIl TMOBEPXHOCTH B KPYIJIOM OTBEPCTHUM U3 TOYKM HAOJIOJEHUS, HE
Jexamiei Ha ocu orBepcTHs? Kakyro cymMmapHyr aMIUIATYyAy (KadecTBEHHO)
MOTYT J1aTh B 3TOW TOYKE BCE IMOJHOCTHIO M HE TIOJHOCTBHIO OTKPBITHIC 30HBI?
KakoBa oOmias kapTuHa qudpakiuu (Ha KpyriioM OTBEPCTHH)?

9. Yro cneayer u3 dhopmynsl (4) ais ciaydas Audpakiud cBeTa OT TOYCYHOTO
WMCTOYHHUKA HA KPYTJIOM HeEmpo3padHoM dkpane? KakoBa oOmias kapTHHA TaKOuH
mudpaknun Ha ‘“‘Skpane HaOmogeHus’? Kak 0OBACHSETCS HamWuue CBETIIOTO
MSATHA B IIEHTPE T€OMETPUICCKON TEHU?

10. Kako#i Bux uMeeT KapTHHA AU(PPAKIIMKA CBETa HA MPSIMOM KPArO TIIOCKOTO
sKpaHa’?

11. Kakoii cyqait nudpakimm Hocut umst Opaynrodepa?

12. Paccmotpute nudpaxmuto Opaynrodepa Ha ogHOM menu. [ yero ciayxat
B OTOM Ciy4yae JIMH3bl, TJIe pAacHoJlaraloTcsi OHM U SKpaH HaOIIOACHUS IO
OTHOMICHUIO K IJIOCKOCTH Tnenu? Kakue yrisl Audpakiuu MOTyT HaOII01aThCs ?
Kak o6ocHOBaTh 3TO Ha OCHOBE npuHIUMA [ tolirenca?

13. KakoBa ¢opma 30H B ciiydae mudpakiun Opaynrodepa Ha OTHOU MIETH?
3aluIINTEe BBIPAXKEHHUE I PA3HOCTH XOJa JBYX KpallHUX B IIENW Jy4ed IpHU
naHHOM yrie audpakuuu. Kak M3MEHUTCS YMCIO 30H TMPU YBEITWYCHUH yTiia
mudpakIum?

14. Tlo ycnouio (8) HaliauTe IMUPUHY IIEIH, HCOOXOIUMYIO IS HAOIIOACHHUS
Ha SKpaHe, yJIaJeHHOM OT Hee Ha 1M KapTHWH, COOTBETCTBYIOIIUX AUGPAKIIUU
Openensa? qudpakinun OpayHrodepa? reoMeTpUIecKOr ONTUKE?
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