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Hudpaxuus Openens

Lesanb padoTbi

OxcnepumenmanvHoe uccieoosanue ougparyuu Dpenens Ha pasiuyHvlx 00b-
ekmax (Kpyanoe omeepcmue, weib NepemMenHo20 pasmepd, NpoeoJioKa) u onpeoele-
Hue napamempos 00beKma u u3siy4eHus.

HUnen IKCIIEPpUMCEHTA

OOBEKT OCBENIaeTCsl PACXOMANTUMCS MOHOXPOMATHICCKHM ITYYKOM CBETa, I0-
JY4EHHBIM B PE3yJIbTaTe MPOXOXKICHHUS HW3IyYEHHUs MOJYIPOBOJHHUKOBOTO Jia3epa
yepe3 paccenBaronlyto JuH3y. C OMOIIBI0 aBTOMATU3MPOBAHHON CHCTEMBI PETHUCT-
paruu ucclIeayeTcsl pacipeae/iecHue MHTCHCUBHOCTH TH(PPAKITMOHHONW KapTHHBI, Ha-
0JIF0TaeMOM Ha SKpaHe.

I. TEOPUA

JAudpaknus cBeTa — 3TO COBOKYMHOCTh (PU3UYECKUX SBJICHUM, 00YCIOBIICH-
HBIX BOJTHOBOHW MPHUPOJION CBETA U HAOIIOMAEMBIX MIPU €r0 PACIPOCTPAHCHHUH B CPEIe
C PE3KO BBIPAXKEHHOM ONTHYECKOW HEOJHOPOIHOCTHIO (HAIpUMEpP, MPU MPOXOKIEC-
HUU Yepe3 OTBEPCTHUS B DKpaHaX, BOJM3U IPaHUI] HEMTPO3paUYHbIX Ted U T.11.). B Goiee
Y3KOM IUTaHE MoA Mu(pakiHreid MOHUMAIOT OTHOAHNE CBETOM PA3IMYHBIX MPETSITCT-
BHH, T.€. OTKJIOHEHHUE OT 3aKOHOB I€OMETPUYECKOW ONTHUKU. TOo4dHasg Teopus IH-
bpakuy gaxke ISl MPOCTHIX CIydaeB MPEICTaBIsieT OO0 BeCchMa CIOKHYIO B Ma-
TEMaTHYECKOM OTHOMICHUH 3a7aqy. Cpeau MHOTUX METO/IOB MPUOIMKEHHOTO pellie-
HUS 3aJ1ayd UCTOPUUYECKH TMEPBbIM, HauOOJIee MPOCTHIM U HATJISIIHBIM, ObLIT METOJI,
KOTOPBIN B HACTOSIIIEE BPEMSI IPUHATO HA3bIBATh NPUHIUIIOM [ toiireHca—PpeHens.

[tolirenc, BriepBbie 000CHOBABIINMI BOJHOBYIO TEOPHUIO CBETA, IPEIJIONKMUI Clie-
ayromee mocrpoenne. Kaxmas Touka Mpou3BOJIHHOTO BOJHOBOTO ()POHTA CTAHOBHUT-
Csl ICTOYHUKOM 3JIEMEHTAPHBIX CPEPUUECKUX BTOPUUHBIX BOJH, IIPU STOM BOJIHOBOM
(GpoHT B M1000H MOCIEAYIOMHNI MOMEHT BPEMEHH €CTh OrubaroIias 3TuX BTOPUYHBIX
BOJIH.

@peHenpb JOMOJHUI NPUHIUI ['FOUreHca yTBEPKICHUEM O KOT€PEHTHOCTH HC-
TOYHHUKOB BTOPUYHBIX BOJIH, YTO MO3BOJMJIO €My paccMaTpuBaTb OCHOBHBIC IH-
(bpakMOHHBIC SBICHUS KaK PE3yJIbTaT HHTEPPEPEHIINA BTOPUIHBIX BOJIH. ITO COUe-
TaHue TmocTtpoeHus [rolireHca ¢ npuHnunoMm uHTephepeHunn DpeHens Moaydusio
Ha3BaHue npunyuna Iioticenca—Ppenens, KOTOPBIA, XOTSA U SIBISICTCS MPUOIMIKEH-
HBIM, TO3BOJISIET KOJMYECTBEHHO OMUCATh NU(PPAKIIMOHHBIE SIBJICHUS, HAOIIO1aeMbIe
Ha MPOCTHIX 00BEKTaX.

Maremarndeckoe o0ocHOBaHUEe TpuHIMIA [ tolireHca—DpeHenst ObUIO B J1ajb-
HelimeM naHo Kupxrodom, KOTOpbIH, B YaCTHOCTH, MOKa3ajl, YTO B KadyecTBE IIO-
BEPXHOCTH BTOPUYHBIX UCTOYHHUKOB MOXKET OBITh BHIOpaHa HE TOJBKO MOBEPXHOCTH
BOJIHOBOTO ()pOHTA, HO M JIF00asi 3aMKHYTasi TIOBEPXHOCTh, BHYTPU KOTOPOW Haxo-
JTUTCSI TOUYKA HAOTIOICHUS.
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[TycTh Ha myTH cepudecKoil MOHOXPOMATHIECKOW CBETOBOW BOJIHBI, UCXOJIS-
el U3 TOYEYHOTO UCTOYHUKA Py, HAXOAUTCS TUIOCKUM HEMPO3payHbIil 0OBEKT C OT-
BEPCTHUEM X, pa3MEPBI KOTOPOTO BEJIMKH 110 CPABHEHUIO C JUIMHOW BOJIHBI (puc. 1). B
COOTBETCTBUH € NMPUHIUNOM [ toiireHca—PpeHennst Hanps>KEHHOCTh MOJsA B TOYKe P
32 00BEKTOM OMpPEEISIETCSl CYNeprno3uIlMeld BOJH OT BTOPUYHBIX UCTOUYHHUKOB, pac-
MOJIOKEHHBIX B TJIOCKOCTH oTBepcTHs X. [Ipu aTom ammuntyna u ¢dasa BTOPUYHBIX
cheprdecKnX BOJH, MPUXOIANIUX B TOUKY P, 3aBHCIT Kak OT paccTostHUS r (OT HuC-
TOYHHKA Py 10 COOTBETCTBYIOIINUX YYaCTKOB OOBEKTa Ha TOBEPXHOCTH X ), TAK U OT
paccTostHuA s (0T 3THX YYaCTKOB 70 TOUKH P).

Puc. 1. Cxema HaOmoaeHus TU(HPAKUUOHHBIX SIBJICHHUH

B o6mem ciydae koMIuiekcHast aMImiuTyaa mojis U(P) MOXeT ObITh HalJieHa ¢
MTOMOIIIBIO HHTETpaTbHOU opMynsl Dpenens-Kupxroda [1]

. exp(—ikr) . exp(—iks) . dS
r s

: (1

u(P) =2 [[K(c)
X

rae A — JUIMHA BOJHBL, kK = 27/A — BOJIHOBOE YHCIIO; 0L — YTOJI MEXKIY BEKTOPaMH

r us; K(ot) — x03QGuIneHT, ONUCHIBAIOIINN 3aBUCUMOCTh aMIUIUTYbl BTOPUYHBIX
BOJIH OT yTJIa OL MEXy HalpaBiCHUSIMH PaCIpPOCTPAHECHHUS IMa1al0Ie U BTOPUYHBIX
BOJIH; dS — 3JIEMEHT IUIOIAAHU B IUIOCKOCTH OTBEPCTHUSA X ; I — MHUMAas €AUHULA; A
— KOHCTaHTa; MHTEIPUPOBAHUE BEACTCS O “OTKPBITOW JJI TOYKU HaOmoacHUs P
MOBEPXHOCTH ¥ OTBEPCTUS B OOBEKTE.

B s1oit popmyne mHO)UTEND exp(—ikr)/r ONUCHIBAET CHEPUUECKYIO BOJHY, pac-
MPOCTPAHSIOLIYIOCS U3 TOYKU P( 10 MTPOU3BOJIBLHOIO BTOPUYHOI'O UCTOYHUKA, PACIIO-
JIO’)KEHHOTO Ha IMOBEPXHOCTU Y, MHOXHUTEIb eXp(—iks)/s — cpepuyueckyio BOJIHY,
UIYIIYI0 OT BTOPUYHOTO UCTOYHHKA JI0 TOUYKH HaOMroaeHus P.

HaunbGonee nHTEpECHBIM I PACCMOTPEHHUS SIBISIETCS CITy4yai, Korja XapakTep-
HBII JIMHEWHBIA pa3Mep OTBEPCTHs MaJjl 110 CPABHEHUIO C PACCTOSHUIMU F U § OT TO-
yek Py u P 1o obbekTa. B 3TOM ciydae kak MHOXHUTENb K(Q), TaK U MHOXXHUTEIb
1/ (rs) He3HAUNTENBHO M3MEHSIOTCS IPU HHTETPUPOBAHNH 1O OTBEPCTHIO ¥ U OCHOB-

HYIO pOJib B BBIUMCICHUH JU(PPAaKIIMOHHON KapTUHBI 1o (opmyne (1) urpaer uHre-
rpall OT OBICTPO OCHHJIIUPYIOIIETO MHOXHTENS BHaa exp[—ik(r+s)]. Pa3znoxenue B
ps 3TOro MHOXUTENS (cM. Hanpumep [1, cTp. 417]) no3BoasSET CYIECTBEHHO YIIPO-
cTUTh popmyity (1). SIBneHus1, onucbIBaeMbl€ B paMKaxX TaKOIr'o MPUOIMKEHUsI, HOCST
Ha3BaHUe ougpaxkyuu Ppenens, win nudpakuuu B ommkHen 30He. [Ipu r—oo GpoHT
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najaroniel BOJHBI MOXKHO CUMTAaTh IJIOCKUM. Eciiu s—>co, TO U BTOPUYHBIEC BOJHBI,
PacIpOoCTpaAHSIOLIMECS 110]] HEKOTOPBIM YIJIOM O K IEPBOHAYAIbHOMY HaIlpaBJICHUIO,
00pa3yloT IUIOCKUA BOJHOBOM (PpoHT. udpakiuoHHble sSBICHUS, HaOII0JaeMble
MIPU 3TUX YCIIOBUSX, HOCAT Ha3BaHue ougpaxyuu Dpayneoghepa, v Auppakuuu B
nanpHel 30He. KoamdyecTBEHHBIN KpUTEPUN, TTO3BOJISIOMIMKA pa3indaTh MPUOIIKE-
Hust Openens u Opaynrodepa, OyAeT NpUBEIEH HUXKE MOCIIE BBEACHUS MOHATHUS 30H
Dpenerns.

JAndpaxuus Ha kpyriom orBepcTum. 30Hbl Ppenensi. Eciin Ha myTH Kore-
PEHTHOTO MOHOXPOMATHYECKOTO U3JIYYCHHUS OT TOYEHYHOTO MCTOYHUKA YCTAaHOBUTh
HEMPO3PAYHBIA MIIOCKUH OOBEKT C KPYIJVIBIM OTBEPCTHEM, TO Ha JKpaHE, YCTAaHOB-
JICHHBIM 32 00BEKTOM Ha PACCTOSIHUU, MHOTO OOJIbIIIEM pa3Mepa OTBepCTusi, Oyner
HaOmonarees audpakuroHHas kaptuHa. OHa mpejacTaBiisieT coOOM cucTeMmy uepe-
TYIOIIUXCSl TEMHBIX U CBETJIBIX KOJICI, MPUYEM B IIEHTPE KaPTUHBI MOXKET OBITh KaK
TEMHOE, TaK U cBeTjoe MATHO. [Ipumenum npuniun ['roiirenca—Dpenens st Haxo-
KJICHUS] MHTCHCHUBHOCTH B IICHTpE MUGPAKIMOHHON KapTHHBI MPU AUPPAKIUN Ha
KpYTJIOM OTBEPCTHH.

[TycTh TOUeUuHbIN UCTOYHUK CBETA Py U TOYKa HaOIoIeHus P nexaT Ha IpsIMOid,
MPOXOAIIEH depe3 MEeHTp Kpyriaoro orBepetus (puc. 2). Iloctpoum chepryeckyro
MIOBEPXHOCTh pajiiyca a ¢ LEHTPOM B T. Py, Kacaromyrocs kpas otseperus. Ha atoi
MOBEPXHOCTH OYyIyT pacrojaratbCs BTOPUYHBIC UCTOYHUKH, KOTOPBHIE OYIyT H3Iy-
JaTh chepruecKre BOJIHBI C OJIMHAKOBOM HavainbHOU (ha3oit. Ecim B3sSTH Masblil di1e-
MEHT TOBEPXHOCTH, TO aMIUTUTY/Ia U3 Ty4aeMON 3TUM AJIEMEHTOM BTOPUYHOUN BOJIHBI
OyJeT MpoNopIMOHANIbHA €TO IIONIAIH, a e ¢aza B ToUuKe HaOmoaeHus P OyaeT omn-
PEAETATHCA PACCTOSTHUEM OT 3JIEMEHTA J10 TOUku P. B kauecTBe BTOPUYHOTO UCTOY-
HUKa yJI00HO BHIOpAaTh TOHKOE C(EepUUecKoe KOJBII0, BCE TOYKH KOTOPOTO JISKaT
MPUMEPHO HA OJJUHAKOBOM PACCTOSTHUU OT TOYKH HaOmoaeHus P.

Puc.2. Tloctpoenne 30u Openens
[TocTtpoum cdeprueckne MOBEPXHOCTU C LIEHTPOM B TOUke P u paaumycamu b,
b+M\2, ... b+nM\/2, ..., Tie b — KpaT4Jaiiliiee pacCTOSHUE OT IIOBEPXHOCTH BTOPUYIHBIX
HMCTOYHUKOB JI0 TOUkH P. B pe3ynbrate moBepXHOCTh pa3oObeTcs Ha 00J1aCTH, HAa3bI-
BaeMbIe 30namu @Ppenens. XapaKTepHON 0COOEHHOCTHIO 30H DpeHens SBIsSETCS TO,
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YTO BTOPUYHBIC BOJHBI OT JIBYX COCEIHHX I'PAHUI] MEXIYy 30HAMH OYIyT IMPUXOIUThH
B TOUKY P B npoTuBopdase.

Ecnmu pasMep OTBepCTHS MHOTO MEHBIIE XapaKTEPHBIX PACCTOSIHHWA a M b, TO
paccTosHUE OT UCTOYHHKA P\ 10 TUNIOCKOCTH 00BEKTa IPUMEPHO PaBHO d, a OT IIJIOC-
KOCTH 00BEKTa 0 TOYKU HaOroAeHUS P — b. HecoKHbIC BEIYUCICHUS TTO3BOJISIOT
MOJTYYUTh MPUOIMKEHHYI0 hopMyITy [T pannyca n-ii 30H61 OpeHerns:

ni ab
_ "
1/a+1/b a+b

2)

Tak kak turomaab n 300 OpeHensi, paBHas nR:, TPOMOPIUOHATIBHA 71, TO ILIO-

maaud 30H (DPCHCJI}I NpUMCPHO OJHMHAKOBBI M PABHBI A - . CJICI[OB&TGJIBHO,

a+b
PaBHBI U aMIUIMTYJIbl BTOPUYHBIX BOJIH, UIYIIMX OT Ka)J0il 30HBI. B TO ke Bpems
BTOPUYHBIC BOJIHBI OT JIBYX COCEIHHMX 30H MPUXOJAT B MpoTuBo(aze. B pesynbrare
W3JIy4eHUEe OT BTOpOU 30HBI DpeHenst OyaeT racuTh U3Ty4YE€HHUE OT MEPBOM, U T.A.
[TosTOMY, €ciau OTKPBITO YETHOE YHuCiIo 30H DpeHens, B IeHTpPe AUPPAKITMOHHON
KapTUHBI OYyJIeT HaOII0IaThCSl TEMHOE TSITHO, & €CJIM HEYETHOE — TO CBETIIOE.

JIns1 HaxO0XKJIeHUs] KOMILJIEKCHOM aMIUTUTY/Ibl TIOJI B IEHTPE KAPTHUHBI MIPU JU-
(dpakuyu Ha KPYIJIOM OTBEPCTHH BOCIOJIB3YyEMCS METOJAOM BEKTOPHBIX JHArpamw,
KOTOPBIM JaeT HATJSAIHYI0 T€OMETPUYECKYI0 UHTepIpeTanuto. g 3Toro pazodbem
KKy u3 30H Openens Ha 00JIbII0e YUCIIO MOA30H, IPH 3TOM MOAXO K MPOIEAy-
pe pa3OMeHHs aHAJOTUYEH BBINMICU3I0)KEHHOMY pa30MeHHi0 Ha 30Hbl DpeHers.
[Tycts, k puMepy, niepBast 30Ha DpeHens pa3OuBaeTcs Ha m MOA30H TaKuM 0Opa-
30M, 9TOOBI PA3HOCTH XOJa JUIS BOJIH, WAYIINX OT TPAHUIl KaXIOW U3 MOJ30H, OblIa

A
paBHa . [Tpu GosBIIIOM M MOXHO CYHMTATh, YTO U3TYyYEHUE OT BCEX BTOPHYHBIX
m

HMCTOYHUKOB B MIpe/iesiax OJHOM MOA30HBI MPUXOAUT B TOUKY HaOM0AeHUs P ¢ 01HOM
u Tol ke (azoil. PaznocTh (a3 mist BOJIH, UAYIIMX OT COCETHUX MOA30H, OYJIeT paB-

T
Ha —. Kak u B clIy4dac p3.36I/IeHI/I}I Ha 30HBbI CDpeHeJ'I}I, MOZXKHO IIOKa3aTb, 4TO IIJIOIIIA-
m

IV TIO/1I30H OJIMHAKOBBI U COCTABJISIIOT M-10 YaCTh OT IUIOIIAAN OJHOM 30HbI DpeHes.
[locTporM BEKTOpHYIO AMArpaMmy ISl HaXOXJe- 0,
HUS aMIUTUTY]IBI CBETOBOTO TMOJISI B TOYKE HAOIIOACHUS
(puc. 3). Bxiany B pe3yJabTUpYIOIIEE IOJE OT MEpPBOU
MOA30HBI OYJIET COOTBETCTBOBATh BeKTOp OA;. Bkitasom
OT BTOPOH MOA30HBI OYACT TaKOH K€ IO JUTHHE (BCIIEII-
CTBHEC PaBEHCTBA IUIOIIA/ICH) BEKTOp AA,, HO OH OyneT
MOBEPHYT OTHOCUTEIIBHO MEPBOro BekTopa OA| Ha yroi

T
— . lloBTOpsis ATU pacCyXICHUS [JI1 TOCICAYIOIIUX
m

MOJ30H, MOJy4YUM IJisi IEPBOM 30HBI DpeHelns BEKTOp-

Hyt0 nuarpammy OAjA,..O; B BUAE NOJOBUHBI IIpa-  Puc3. Crmpane ®penens
BUJILHOTO 2m-yroJjibHUKa. Pe3ynbTupyromiee kojiebaHue

OT BCEM NepBoM 30HbI PpeHerst COOTBETCTBYET BEKTOPY OO, 3aMbIKAOIIEMY KOHIIBI



5

MOTyduBIIEHcs JIoMaHoW. B mpenene, mpu cTpemiieHHH m K 0€CKOHEYHOCTH, JOMa-
Hasi IEPEUJIET B OJIYOKPYKHOCTb.

[IpoBoasi aHAIOTUYHBIE PACCYKACHUS JJI1 BTOPOU 30HBI, MTOJIYYUM BTOPYIO JIO-
MaHy0, KOTOpas 3aMKHYyJa OBl TIEPBYIO, €CITU Obl aMIUIUTYABI CKJIaJbIBAEMBIX JJIe-
MEHTApHBIX BEKTOPOB JACHCTBUTENHLHO ObUTH OBl paBHBI. OHAKO ClIEyeT TOMHUTD O
kodpdummente K(O), KOTOPBI yYUTHIBACT 3aBUCUMOCTHh AMIUTUTYIBI M3Ty4acMbIX
BTOPUYHBIX BOJIH OT yria O MKy JIy4OM, UIYIIIUM OT UCTOUYHUKA Py K BTOPUUYHOMY
MCTOYHUKY, U JIy9OM, WIAYIINM OT BTOPHMYHOTO UCTOYHUKA K TOUYKE HaOmomeHus P.
Tak kak ko3 punueHT K(0l) MOHOTOHHO YMEHBINAETCS ¢ POCTOM yIJia O, TO KOHEIT
JIOMaHOM, COOTBETCTBYIOIIMI BTOPOW 30HE, Momnajaer He B T.0, a B OJIM3KYIO0 K HEl
T.0,. Takum 00pa3zoM, BKJIaJl OT BTOPOU 30HBI XapakTepusyercs BeKTopoM O;0,, KO-
TOPBIM NMPUMEPHO PABEH IO JUIMHE BeKTOpYy OO), HO HAIPABJIEH B IPOTHUBOIOJIOXK-
HYIO CTOpPOHY. B pe3ynbrare BkiajJ OT ABYX MEPBBIX 30H DpeHens mponopruoHalicH
IuHe Mannoro Bekropa 00;.

YuuThIBas TPEThIO, YETBEPTYIO U BCE MOCIEAYIONIUE 30HbI, IOJYYUM B PE3YibTa-
T€ BEKTOPHYIO AMarpammy B BUAe ckpyuuBaromiet cnupanu 000,05 ...0.., TAe TOY-
Ka O., pacloyIoKeHa B LICHTPE CIHUPaAIIH, T.€. BEKTOp OO, COOTBETCTBYET CIIy4aro, KO-
I71a OTKpbITHI Bce 30HbI DpeHens — mnpenarcrBue orcyTcTByeT. [lomyuuBiryrocs
CIupanb Ha3bpIBAKOT cnupaivio Ppenens. U3 puc. 3 BuaHo, uro Bektop OO0, B JBa
paza menbine Bektopa OO0;. Takum 006pa3oM, eciu st TOUKH P OTKpBITA MepBas 30-
Ha DpeHesns, ToO HaMPsHKEHHOCTh TOJs B IIEHTpE dKpaHa OyaeT B aBa pasza Oosblie,
YeM HaNpsHKEHHOCTh B OTCYTCTBHUE NPEMATCTBUS. A TaKk KaKk MHTEHCUBHOCTb IPO-
MOPIMOHAIbHA KBAaAPATy HANPSKEHHOCTH AJIEKTPUYECKOTO IMOJIs, TO JJIi UHTEHCUB-
HOCTEH OTHOIIIEHHE OyAET PaBHO YETHIPEM.

Ha puc. 4 nmpuBenen rpaduk 3aBUCUMOCTH MHTEHCUBHOCTH B IIEHTPE SKpaHa OT
paguyca R otBepcTHsi (MHTEHCUBHOCTh HOPMHUPOBaHA HA UHTEHCUBHOCTH I, pErUCT-
pUPYEMYIO B OTCYTCTBUU MPEMSATCTBUA; PAAUyC HOPMHUPOBAH HA paauyc R; mepBou
30HbI DpenHensd). MakCUMyMbl HA HEM COOTBETCTBYIOT CIy4ar0, KOTrJa OTKPBITO He-
YeTHOE YHMCIIO 30H DpeHelisi, MUHUMYMBI - Korjia uyetTHoe. OOpaTuM BHUMaHHE Ha TO,
YTO C POCTOM pajuyca R mepexoja OT MaKCUMyMa K MUHUMYMY MU Ha00OpOT MPOUC-
XOJIUT BCE Yalle. ITO CBA3aHO C TEM, YTO PAJANYC n-Oi 30HbI MIPOMOPLUUOHATIEH KBaJ-
paTHOMY KOPHIO U3 HOMEpA 30HHI 71, T.€. IIPU YBEJIMUYECHUHU PAINyCca, HAIPUMED, B B
pasa 4yKCIo OTKPBITHIX 30H YBEJIMUYMBAETCS B YETHIPE.

CnenoBaTenbHO, IPU U3MEHEHUH YHUCIIa OTKPBITHIX 30H DpeHens B IIEHTPe Kap-
TUHBI OyAEeT HAOMIOJAThCA TO TEMHOE, TO cBeTjioe msATHO. U3 dhopmyisl (2) BuIHO,
YTO YKCIJIO OTKPBITHIX 30H 3aBUCHUT HE TOJBKO OT pajguyca oTBepcTus. UMcio 30H u3-
MEHSIETCSl U TIPU MEPEMENICHUU TOYKHU HaOII0IeHUs P, 94TO JIETKO OCYIIECTBUTH IKC-
MEpUMEHTANIbHO, Eciii omnpenenuTh MOJOXKEHUsI TOYeK P;, sl KOTOPBIX MpHU JH-
(dbpakiy Ha KPyrjoM OTBEPCTUU B LIEHTPE HAOIIOIAIOTCS CBETJIbIC U TEMHBIC TIATHA,
TO MOXHO PaccyuTarh pasMep OoTBepcTHs. VIMEHHO TakoW MOJAXOJ MPUMEHSIETCA B
HacTosmel padore.

C nomoibto cnupanu @peHenss MOKHO HAUTH aMIUIATYly HaNpsKEHHOCTH T0-
71 B IIGHTPE KapTUHBI MPU AUGPAKIIMK HA HEMpo3padyHoM aucke. Ecmu, Hampumep,
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JUCK 3aKpbIBAET JIMILb NEPBYIO 30HY DpeHessi, To Ha CIUpaIu JOJIKEH OTCYTCTBO-
BaTh y4acTOK OT Touku O 10 Touku O, a pe3ynbTupyromum o0ynaer Bektop O,0...
Ecnu auck 3akpeiBaet e 30HbI OpeHensi, TO pe3yIbTUPYIOIMKUM O0yeT BekTop O,0.,
U T.1. B 3TOM cnydae 3aBUCMMOCTh MHTEHCUBHOCTH B LIEHTPE KApTHUHBI OT pajuyca

HEIMPO3PavyHOTO IUCKA SIBISIETCSI MOHOTOHHO YOBIBAIOIICH PYHKITHEH.
4 9

0 1 2 3 4 5
Puc. 4. 3aBHCHUMOCTh HUHTEHCUBHOCTH B IICHTPE KAPTHUHBI NPH AUPPAKIHA
Ha KpyTIJOM OTBEPCTUHU OT pajilyca OTBEPCTUS

JAndpaxuus PpeHesnsi Ha NPAMoOJMHeHOM Kpae 3kpanHa. Cnupaab Kopnio.
B cnywae nmudpakiuu @penens Ha OPEeNsSTCTBUU B BHJIE MOTYOECKOHEYHOM HEIpo-
3payHOl IUIOCKOCTU C MPSIMOJIMHEHHBIM KpaeM BTOPUYHBIE UCTOYHUKH 3aHUMAIOT
MOJIYIIPOCTPAHCTBO, T.€. pa3Mep 00JIACTH MHTETPUPOBAHUS B WHTETPATBHOU (HOpMYy-
ne (1) He sBIsIETCA MalbiM MO CPAaBHEHUIO C PACCTOSHUEM 1O MCTOYHUKA WU 0
TOoUKHM HabmoaeHuss. OMHAKO OKa3bIBaeTCs, YTO (popMarbHOE TPUMEHEHHE TPUHITUTIA
[tolirenca—®peHenst i TaKOro 00bEKTa MPUBOJUT K pe3yjIbTaTaM, KOTOpPhIE B 3HA-
YUTEIBHOW MEpE MOATBEPKIAIOTCS MPU SKCIEPUMEHTAIbHBIX UcciaeqoBanusax. [loa-
poOHOE TeopeTHdyecKkoe paccMoTpeHue audpakiuu DpeHens UIsi TaKoro Kiacca
00BEKTOB JaeTCsl B JIUTEpPAType, B HACTOSIIEM OMHCAHUU OYIyT MPUBEICHBI OCHOB-

HBIE pPE3yJIbTaThI.
A

Puc 5. Cxema nudpaxunu Ha Kpae SKpaHa

[Tycth nuHMS, COeMUHSAIOMAs UICTOYHUK cBeTa Py M TOUKy HabmoaeHus P, mpo-
XOJUT Yepe3 TOUKYy A Ha Kpae 3KpaHa U NEPHEeHAUKYISPHA Kparo (Ha pucC. S5 JIUHUA
Kpasi IepIeHINKYISIPHA TUIOCKOCTH pucyHKa). [t ynobcTBa paccMOTpeHUsT BBEIEM
ClIenyroNIyto cucteMy koopauHaT. Ock abcmuce o6o3HaunM OZ, TIpH 3TOM TOYKA 7 =
0 Oymet cOOTBETCTBOBATh TOUKE P, TOr/a Bce TOUKH B IMIIOCKOCTU MPENSATCTBUS OY-
YT UMETh KOOPJIMHATY Z = d, @ BCE TOUYKHU B TUIOCKOCTH HAOIIIOICHUS — KOOPAHHATY
z = a+b. Ocp OY HanpaBieHa Ha HAC — MEPNEHIUKYJAPHO IUIOCKOCTU PUCYHKa. B
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MJIOCKOCTH HAOMIOACHUS OCh OpauHAT 0003HauuM OX, TIPH 3TOM X-KOOpJIUHATA TOY-
ki HaOmoaeHust P (kak u Touku Py) OyAeT paBHa HYJ0. X-KOOPAWHATHI TOYEK B
IUTOCKOCTH TPEMSATCTBHSE OyieM 0603HavaTh &,

ITycTh Hempo3pauHblil SKpaH 3aKphIBAET MOAYyIpocTpancTBO £<0. Pa3o0beM 00-
JaCTh MHTErpupoBanus >0, Kak ¥ IPU pacCMOTPEHUH AU(PPAKIUMH Ha KPYIJIOM OT-
BEpPCTUHU, HA PaBHbIE IO TJIOIIAIM MOA30HI. B 1aHHOM cilyyae moa30HbI OyAyT Ipe-
CTaBJIATh cOOOM y3kue (mmprHa AE MHOIO MEHbBIIE XapaKTEPHBIX pasMepoB a H b)
OCCKOHEYHO JUIMHHBIC (-00<y<co) TIOJIOCKM OJMHAKOBOW IMMPHHBI, IMapajuICIIbHBIC
Kpar sKpaHa. /(s HaxoxkJAeHUs aMIUIUTYbI TOJIE B TOUYKE HAOIIOJICHUS] TTOCTPOUM
BEKTOPHYIO IMarpaMMy, Ha KOTOPO#l OyJyT CYMMHPOBATHCS BKJIAJIbI OT KaXKI0M MO/~
30Hbl. OTMETUM, YTO B J@HHOM CJly4a€ HE3aBUCHUMO OT LIMPHUHBI MOJ30HBI HEIb3S
CUUTaTh, YTO HM3JIYyYEHHUE OT BCEX BTOPUYHBIX HMCTOYHUKOB KaKOU-TMOO TMOJ30HBI
MPUXOJIUT B TOYKY HAOJIFOJCHUS B OJTHOU | TOM ke ¢aze. UToObI HaiiTH a3y BOJHEI,
MPUXOJISIIEH OT MOJI30HBI, HEOOXOAUMO MPOUHTETPUPOBATH MO KOOpAUHATE Y (ITH-
HE MOJ30HKI).

BexTopsl, xapakTepu3yoomuye BKJIa KaXA0W MOA30HbI, OyAyT HMETh OJMHAKO-
BYIO JIJIMHY, OJIHAKO Pa3HOCTH (a3 JJig COCETHUX MOJ30H YKe He OyAeT OHOU U TOMH
e, KaK TIpH pacuere Tudpakiuyd Ha KPYyTrJIOM OTBEPCTHUH. DTa pa3HOCTh ¢a3 OyaeT
ONMM3KOM K HYJIO JJIsl TMEPBBIX TOM30H, OJM3KUX K Kpar dKpaHa, U PacTH MO Mepe
ynajneHus oT Kpas. B pe3ynbrare BeKTOpHasi 1uarpaMma OyaeT UMETh BUJ] CIIUpaIU
(puc. 6), Ha3pIBaeMoul cnupanvio Kopnio. ITa cripalib MO3BOJISET H0CTATOUYHO MPO-
CTO pacCUUTHIBATH pacrmpejesieHue nojis npu audpaxinuu dpeHenss HE TOJIBKO Ha
Kpae dKpaHa, HO M Ha IIeNiH, MpoBoJioke. [1oaToMy ocTaHOBUMCS MOApoOHEE Ha ee
CBOWCTBAX.
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Puc. 6. Cnupans Kophro
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Cnupane KopHrio 3aaerca B mapaMeTpUueCKOM BUE C TOMOILIBIO UHMESpanos
QDpenens:

rae ® — napametp cnupaini KopHio (000CHOBaHHOCTh MPUMEHEHMS 3THX (POpMys
Uil AUpaKIMy B JAHHOM CIy4dae MOXKHO HaWTH B nuTeparype). MaTerpans Opene-
JIsSl HE MOT'YT OBITh BBIYMCIICHBI AHATMTUYECKH, JJISI HUX CYIIECTBYIOT TaOJIUIIBI.
Cnupanb CTpOUTCS CIEAYIOMUM 00pa30oM: B KQUECTBE JEKapTOBBIX KOOPAMHAT
Oepytcs 3HaueHus uHTerpanoB C(®) u S(w). BeiOupaeTcs mpou3BoJIbHOE 3HAYEHUE
, BBIUYHUCIAIOTCS 3HaUYeHHUs] HUHTEerpaioB DpeHens, TEM caMblM HaXOAUTCS TOYKA C
koopauHatamu C(®) u S(W), KoTopasd U SIBIsETCS TOUKOW Ha cniupanu. [lapamerp ®

W3MEHSETCA Ha BCEM YUCIOBOM OCH, TPU 3TOM, IOCKOJIBKY

C(eo) ==Cl-m)=25 () ==8 ()=,

1O Toukd O" 1 O~ ¢ KOOpAUHATAMU (%%) 171 [—%—%) SBIAIOTCS (hOKyCamM¥ CIIUpaIn
Kopnro. Kak BuiHO U3 pucyHKa, cniupaib KopHIO poxXoauT dyepe3 Havyaiao KOOpIau-
HaT ¥ aCUMMETPUYHA OTHOCHUTENIbHO 00eux oceil. OHa UMEeT JBe BETBU (TIOJOXKH-
TEJIBHYIO U OTPULATENbHYIO), KaK/1asi U3 KOTOPBIX BBIXOAUT U3 Hauajla KOOPJUHAT U
MIPUXOJIUT B CBOU (hOKYC.

Tak Kak crivpaib COCTOUT U3 MAJIEHBKUX BEKTOPOB, COOTBETCTBYIOIINX BKIIATY
OT KaXJIOM TOJ30HBI, TO €€ JUIMHA OT Havajla KOOpJAWHAT J0 JI000W ee TOYKH Tpo-
HopIMOHaIbHa KoopauHate & (cM. puc. 5). MOXHO TOKas3arh, 4To Ge3pa3MepHBIi
rapaMeTp O paBeH JIMHE y4acTKa CIIMpPaJiv, OTCYUTHIBAEMOM OT Haudajla KOOpPAUHAT,
IPH 5TOM OH CBS3aH C KOOPJMHATOM & CIIEAYIOMUM COOTHOIIEHHEM (BBIBOJ TOIO
COOTHOIIEHHUS MOXHO HAWTHU B JINTEPATYPE):

3)

D70 BBIpaXKEHHE MOXKHO MpeoOpa3zoBath (cM. popmyny (2)) K BUILY

_V2%

R,

&) (3)
rae Ry — paauyc nepBoi 3006 @penenst. OTMETUM, YTO JJIMHA COUPAJIA OT Hayaia
KOOPJIMHAT 10 KaXKJ0ro U3 (OKycOB OECKOHEUHA.

Haiinem ¢ momomipio cnupaniu KopHio amMruintyy moJis B TOYKe HaOJOICHUS
P. Ecnu nipenaTcTBUE OTCYTCTBYET, TO “paboTaroT” BCE MOJ30HBI Ha 00EHX BETBSIX
CIIMpAJIH, B 3TOM CIydae II0J€ B TOYKE HAOIIONEHUS COOTBETCTBYET BekTOopy O O
Ecnm ke 3kpaH 3aKpbIBa€T POBHO MOJIOBUHY IMPOCTPAHCTBA, TO OTKPBITOM SIBISETCS
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MOJIOBMHA crivpaiiv (“‘paboTaroT” MOJI30HBI Ha MOJOKHUTEIILHOW BETBH CITUPAJIH), TIO0-
3TOMY CyMMAapHBIN BKJIaJl BCEX MOA30H OyIeT COOTBETCTBOBAThL BekTopy OO". JlnnHa
3TOr0 BEKTOPA B JIBa pa3a MEHbIIE JIHHBI BEKTOpa O O, MO3TOMY M HANPSKEHHOCTH
noJisg OyJeT B JIBa pa3a MeHblle. MIHTeHCUBHOCTD cBeTa OyAeT B YEThIpe paza MEHb-
1I€, YEM B CIIy4ae OTCYTCTBHUS MPEISITCTBUS.

Cnupans KopHio mo3BosisieT HallTu 1oJie B JIF000# TOUKe MIOCKOCTH HaOIroze-
Hus. [lycTs, Hampumep, ToUka HAOTIOACHUS P; JEXHUT B 00JIaCTH T€OMETPUUIECKOMN
TeHu U uMmeet koopauHary x;<0 (puc. 5). Jlunus PyP; nepecekaer miIoCKOCTh Mpe-
MSATCTBUS B HEKOTOPOH Touke (. BribepeM 3Ty TOUKy B KauecTBEe Hauajia KOOPIUHAT

ocu O¢, 1.e. £=0. Toraa KoopanUHATA Kpasti SKpaHa &; MOKET ObITh JICTKO HaiieHa 13

a

T€OMETPUYECKOTO TIOCTPOCHMSI, B HAIIeM CiIy4ae & =-u - b>0. Takum o06pazom,
a+

OTKPBITOM sABJIAETCS YacTh npocTpancTsa & > &;. Torma Ha crimpanu Kopaio “pa6o-
taroreit” Oyaer yacts cnmpand o>w(&;)>0, rae snadenune o(&,) HaiigeHo mo hopmy-
ne (3). Bekrop, xapakrepusytonuii mnojie B Touke x;<0, OyJeT HaYuHATHCSI C TOUKHU
Ha MOJIOKUTEILHOM BETBH CIIUpaiy, cooTBeTcTBYoMIEN 0(&;)>0, 1 3aKaHYNBATLCS B
HOIOKUTENBHOM (hoKyce crimpanu O,

Ecnu Touky HaGmt0€HUs X CMEIIATh JajbIlle B 00JaCTh TEOMETPUUECKON TeHH,
TO COOTBETCTBYIOIEE 3HaueHue X&) OyJeT pacTH, TOUKA Ha CIIUPAIU, COOTBETCT-
BYIOIIAsl 9TOMY 3HA4YCHUIO, OyIEeT MepeMenaThCs 1Mo CIUPaIn OJIUKE K MOJI0KUTEb-
HOMY (OKYyCy, IJMHA BEKTOpa OyIeT MOHOTOHHO YMEHBINATHCS, & WHTEHCUBHOCTH
CBE€Ta MOHOTOHHO MaJiaTh. Eciu e TOUKy X; CMEIaTh B IPYryiO0 CTOPOHY - K T'pPaHHU-
1€ TEOMETPUYECKON TEHHU, TO HaYaJIbHas TOUKA Ha CIIUPATU “MOOSKUT’ K Hayaly KO-
opauHar u upu x;= 0 mone OyneT Xxapakre-pu3oBarhcsa BekropoM OO". Ilpu mas-
HelmeM pocre x>0 KOOpAM-HaTa & CTAHET OTPHMIATENILHOM, HAYHYT OTKPHIBATHCS
y4acTKU Ha OTpUIATEIbHOW BeTBU crupaiu KopHIo, Touka Ha crnupaiu, COOTBET-
CTBYIOIIAsl Hadally BEKTOpa, “MOOCKHUT” K oTpHUlaTrearHoMy ¢okycy. [Ipu 3ToM Ko-
Hel[ BEKTOpa BCe BpeMs OyeT HaxoauTes B Touke OF. BHIHO, YTO HHTEHCUBHOCTD B
OCBEIIIEHHON 00yiacT OyAeT OCHWUTHPOBATH, MMPU STOM B MaKCHUMyMaX WHTCHCHUB-
HOCTh OyJieT OoJibllle, YeM UHTEHCUBHOCTD [ B Ccllydae OTCYTCTBUS dKpaHa (puc. 7).
B nepBom makcumywme I =1,37 Iy, a B neppom munumyme I =0,78 I,. OtmeTum, 4to
JaHHOE TIOCTPOCHHME XOPOIIO padoTaeT B ciydae, Korja MOIYJIh KOOPAMHATH TOYKH
Ha0roeHu |x;| MHOTO MEHBbIIIE PacCTOSIHUM a U b.

/\ N\ N AN
70 \jVV\‘

*/

Cp—— - 0 1 2 3 4 5

<

[}

Puc. 7. I'paduk 3aBHCHMOCTH HOPMHPOBAHHOI MHTEHCHBHOCTH CBETA B INIOCKOCTH HAOJIIOCHNUS OT 3HAUCHHUS apaMeT-
pa O npu AupaKUy Ha Kpae SKpaHa
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Ha puc. 7 mpuBenen rpaduk 3aBUCHMOCTH MHTEHCUBHOCTH CBETAa B IUIOCKOCTH
HaOII0JICHUS OT 3HAUYCHHS TapameTpa .

JAunppakuus Ppenenst Ha menau. Crnupans KopHIo M03BOJISIET HAXOINUTH pac-
npeneneHue NHTEHCUBHOCTH cBeTa nipu nudpakiun Openerns He TOIBKO Ha Kpae, HO
W Ha I11enu u nposotioke. [1ycTh, k mpumepy, Ha MyTH MOHOXPOMATUYECKOW BOJIHBI,
BBIXOJSILEN U3 TOUKU Py, HaxoauTcs menb AB (puc. 8). Onpenennum HHTEHCUBHOCTD
B HEKOTOpou Touke mpocTpancTBa P. CoenquHuM Touku Py u P, HalileM TOYKY Iepe-
cedeHust Q ¢ IUIOCKOCTHIO IIENH, KOOPAWHATY KOTOPO MPUMEM 3a HYIlb, T.e. &o=0.
Haiiem xoopauHatsl Kpaes menu & u &, paccunraeM mo ¢opmyiie (3) COOTBETCT-
Byromue 3HaueHus @;=0(&;) u 0,=0(&,) u HaiigeM >Tu Touku Ha crnupand KopHro
(1a puc.9 myctb 310 OyayT Touku O, u O,). Torna Bektop 0,0, OyIeT XapaKTepu3o-
BaTh HAMPABJICHUE HATPSIKEHHOCTH T0JI B TOUKE HAOJIOICHHUS.

A 1
& X
B . iQ ‘ P
0 “ at+h z
ATE

Puc 8. Cxema qudpakuuu Ha 1mienu

S()
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Puc. 9. Pacuer 3aBucHMOCTH HaIMPpsXKEHHOCTHU TOJIA B IIJIOCKOCTH Ha6J'IIOﬂ€HI/ISI
apu zmd)palcunn Ha 1I€JIK C TIOMOIBIO CITUpaJik KOpHIO

CmectuM TOUKy HaAOMIOZAEHUS BAOJIL ocu OX Ha HeOoubioe pacctosiuue Ax>0.
Torga cMecTUTCS BBEPX M TOUKA MEPECEUEHUs C TIIOCKOCTRIO 1IeNu (J, B pe3yJibTare
4ero KOOPAWHATHI KpaeB menu &§; u &, u3MeHATCsS Ha OIHY M Ty ke Beanunny AE<0.
Tak kak ® ~ &, TO ¥ COOTBETCTBYIOIUE 3HAUCHUS () U (), U3MEHATCS Ha OIHY U TY
xe BenmnunHy A®<(0. OTo 03HAYAET, UYTO PACHOJIOKEHHBIE HAa criupaiu Touku O u O,
CMECTATCS Ha OJMHAKOBOE PACCTOSHUE K OTpHUIATEIbHOMY (OKYCY, JUTMHA BEKTOpa
0,0, U3MEHUTCS, CIENO0BATEIbHO, U3MEHATCS 3HAYEHUS HANPSKEHHOCTHU MOJIs U UH-
TEHCUBHOCTH CBETA.
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[Tpu nanpHelmeM CMEIEHNN TOYKH HAaOII0AeHUS BBepX Touku O u O, “mode-
IyT’ IO CIUpPalId B OJHY U Ty K€ CTOPOHY U C OJMHAKOBOW ‘‘CKOPOCTBIO”, TaK Kak,
KaK y»K€ OTMEUajocCh, MApaMeTp () paBeH JJIMHE y4acTKa CIHUpaId OT Hadaja Koop-
auHat. TakuM 00pa3oM MOKHO HalTH pacnpeeneHe UHTEHCUBHOCTH B TJIOCKOCTH
HAOJIFIOICHUS /ISl TIPOM3BOJIBHOTO PACIIOJIOKEHHUSI MCTOYHMKA CBETa W JUIsl JII000H
UIMPUHBI LLETH.

OtMeTuM, 4to “mmMpuHa’ eI |0;—0,|, BeIpaXkeHHass KaKk pa3HOCTh 3HAYCHUM
napamMeTpoB M U (), OCTAETCS HEU3MEHHOMU IS JII0-001 TOUYKHU B IJIOCKOCTH HAOJIIO-
nenusi. [lostomy mpu moctpoeHnu rpa-GpuKoB yaoOHO M3MEPATH MIMPUHY IIETH B
EAUHULAX .

Ha pwuc. 10 npuBenen rpaduk 3aBUCUMOCTH WHTEHCUBHOCTH B IIEHTPE KAPTHUHBI
OT TMOJIYIIMPHUHBI IHENH JUIsl cliydas, Korjna JuHus PoP MpoXOOUT uepe3 CepelluHy
IETU U TIePICHANKYJIISIPHA TJI0C-KOCTHU 1M (ITMpUHA eI paBHa 2®). BuHbI oc-
UWJUISIMUY UHTEH-CUBHOCTH CBETA, YTO O3HAYAET, YTO NPU U3MEHEHUHU IIMPHUHBI I11e-

JIK1 B ICHTPC KaPTHUHBI 6YZI6T Ha6JHOI[aTBC}I TO CBCTJIad, TO TCMHasd I10JIOCHI.

171y
2.0
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Puc. 10. I'paduk 3aBECHMOCTH HOPMUPOBAHHON HHTEHCUBHOCTH CBETA B LIEHTPE KapTHHBI PU JU(PPAKINH Ha
LIEIH OT IOJIYIIUPUHBI LIETH .

CpaBHuM rpaduku, npeacrtaBieHHble Ha puc. 4 u puc.10 ana audpaxkuuu Ha
KpYyTJIOM OTBEPCTHM M Ha 1enau. COormocTaBuM cllydau, KOrja pajaunyc OTBEPCTHS pa-
BeH mupuHe menu. U3 popmyin (2) u (3) MOXKHO HAWTH CBSI3b MEXKIY MapaMeTpoOM ®
Y 4HCIIOM 71 30H DpeHerns, yKIaAblBAOIINXCS Ha IIUPUHE IIETH:

oln)=v2n.

Takum oOpa3oM, ecii pa3Mmep MeIu paBeH auameTpy 1-i, 2-i, 3-i 30HBI Dpe-
HEJIs, TO COOTBETCTBYIOLIME 3HAYEHUS () PaBHHI 2, 2, /6. B 3Tux Toukax kaca-
TenpHasg K cnvpanu KopHro mapasienbHa ocu abCIIUCC, TOYHO TaK ke, KaKk U Kaca-
TenpHas K crnupanu OpeHens mapajuiesibHa OCH a0CIUCC ISl 1eJIOro 4ucia n 30H
Openens. OgHako, eciu 11t AUGPAKIIUN Ha OTBEPCTHH KOOPAUHATHI MAKCUMYMOB H
MHHUMYMOB COOTBETCTBYIOT LIEJIOMY YHCILY OTKPBITBIX 30H Dpenens, To u3 puc. 10
BUJTHO, YTO I MU(PPAKIIUU Ha eI KOOPAMHATHI MAaKCUMyMOB U MUHHMYMOB HE
COBIMAJAIOT C YKa3aHHBIMM 3HAUYCHUSIMU (),. Pa3bueHue mpocTpaHcTBa eI Ha TO-
JIOCHI JINHUSIMU, TTApaJIeNIbHBIMUA KParo MIEJIH U COOTBETCTBYIOIIMMHU 3HAYEHUSIM (.,
9acTo Ha3bIBalOT pazoueHuem Ha 30HbI LllycTepa.

O6paTuM BHMMaHUE Ha XapakTep U3MEHEHUS WHTEHCUBHOCTH MPHU HEOOJBIINX
pasMepax menn W<<l. B 3ToM citydyae OTKpBITBIM SIBJISIETCS y4acTOK crimpanu Kop-
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HIO, PACIOJIOKCHHBIN BOJIM3H Havajla KOOPAMHAT. DTOT Y4aCTOK MPAKTUIECKH TOPH-
30HTAJICH, 3HAYUT M3IyYE€HUE OT BCEX BTOPUYHBIX MCTOYHUKOB MPUXOJUT B TOUKY
HaOmonenns B onHoM (aze. C yBenMueHWEM MIUPHUHBI IS HAMPSHKEHHOCTD OIS
pacTeT NpornoOpUUOHAIBHO UPUHE, @ UHTEHCUBHOCTh U3MEHSETCS POMOPLIHUOHATb-
HO ee KBajpary. Takue 3aBUCHUMOCTH XapakTepHbl U s nudpakiun OpayHrodepa.
B To xe Bpems mapaMmeTp @ CBSI3aH ¢ YKUCIOM 30H DpeHelsl yKa3aHHBIM BbIIIE COOT-
HomeHueM. CreoBaTelbHO, MPOBECTU TPAHUILY MEXAY MpUOmKeHussMu OpayHro-
depa u OpenHens Ay ONMUCAHUA AUPPAKITUN MOKHO, TTOJTB3YSICH CISAYIONTIM KpUTe-
pUEM: €CIIM XapaKTEPHBIA pa3Mep NPENATCTBHS MHOTO MEHBLIE pa3sMepa MepBOu 30-
Hbl PpeHens, To crpaBeBO npudmwkenne dOpayarodepa; B IPOTUBHOM CITydae
CIIEyeT MCIOIh30BaTh MpuOImKeHne dpenens. ITo O3HAYAET, YTO ISl IIUPUHBI
menu d B ciaydyae npuOmmkeHuss @paynrodepa MOKHBI OBITH CIpPaBEJIUBHI Clie-

IYIOIINE OrpaHUYECHUS:
d<<vJha, d<<+J\b.
Eciu pasmep npensaTcTBUs CYIIECTBEHHO (Ha 2—3 MOPsIKa) MPEBBIMIAET Pa3Mep

nepBoi 30HbI DpeHens, To ciaeayeT IPUMEHSATh TPUOIIKCHUE TeOMETPUICCKOM OTI-
THKH.

O6paTuM BHHMMaHUE Ha OJHO HMHTEPECHOE SIBJICHUE, HAOMIOJaecMoe TP JH-
¢bpaknuu Ha menu. B mocienHee BpeMs B KaueCTBE HCTOYHHKA MOHOXPOMATHYECKO-
0 KOT€PEHTHOI'O0 M3TyYE€HUSI UCHOJIb3YETCA JIa3ep, MOMEPEUYHBIE pa3Mephl MydKa KO-
TOPOTO OOBIYHO HEBEJIUKU U COCTaBIAIOT 1-2 mmmmuMerpa. Ecnu nazepHoe usmyuye-
HHE HAIIPAaBUTh HA IIEJIb, TO OCBEIICHHONW OKAa)XETCs JIMIIb Majas (110 JJIMHE) 4acTb
menu. [Ipu 3ToM MOXKET OKa3aThCs, YTO pa3Mep OCBEIICHHON YacTH IIEJIN COCTABUT
HeckoJibko 30H @penens. Toraa peanbHo HabmonaeMas nudpaxius Oyner audpak-
IMel He Ha IIeNd, a Ha MPSMOYTOoJIbHOM OTBEepCTHH. B pesynpraTe Oymer HaOrO-
naThes AU pakiMOHHAs KapTUHA HE BAOJb OJTHOTO, a BJOJIb IBYX, B3aUMHO MEPIICH-
JTUKYJISPHBIX, HAIPABJICHUM, MPHU 3TOM, TaK KaK pa3Mepbl (JUIMHA ¥ IIMPUHA) “Tps-
MOYTOJILHOTO OTBEPCTHUS PA3TMYHBI, TO PA3TUYHBIMHU OYIYyT M XapaKTEPUCTUKH ITON
KapTUHBL. B 4acTHOCTH, €clu HalpaBUTh Ha IIEJIb IJIOCKYIO BOJHY M YCTAaHOBHUTH
IIUPUHY IS MEHBIIYIO, YeM pa3Mep mepBoii 30HbI DpeHensi, TO OKa3bIBaeTCs BO3-
MOXHBIM OJTHOBPEMEHHO HaOmrofaTh Kak audpakmuio dpayrrodepa (B Hampasie-
HUW, TEPHEHIUKYIIPHOM IIEau), Tak U gudpakmnuto DpeHens (B HaNpaBICHUH
BIOJIb IIIEJIH).

Judpaxkuus ®@penens Ha nposoJioke. [Ipunuun badune. /{11 Toro, yToObI
HalTU AUPPAKIUOHHYIO KAPTUHY OT MPOBOJIOKH, IPOBENEM CIEAYIOLIUE PaCCyKIe-
Hus. [Ipu pacdere nudpakKIIMOHHOW KapTHUHBI OT IIENH (TOH K€ IIMPHUHBI, YTO U TOJ-
IIMHA MPOBOJIOKM) OINpPENEIseTCs CyMMapHbId BKJIAaJ OT BTOPUYHBIX HCTOYHHUKOB,
PaCIONIOKEHHBIX Ha OTKPBITOW YacCTH MCCIETyeMOro o0bekTa. J[s mpoBOiIOKH, Ha-
00opoT, maHHas 4acTh 00BEKTa OyJeT 3aKPBITOM, a OCTAILHOE TIPOCTPAHCTBO — OT-
KpPBITBIM. Takue 0OBEKTHI, KaK OBl JOTOJTHSIONME APYT Ipyra, HOCAT Ha3BaHUE 00-
NOJIHUMENbHBIX.
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O0603HaUNM pacrpe/ercHue KOMIUIGKCHON aMITTUTYIbI TIOJIsl Ha DKpaHe B CITy-
yae audpakuuu Ha menn Uy(x), a Ha npoBosioke — Uy(x), Tie X — KOOpJuHAaTa B
MJI0CKOCTU HaOmtoeHus. Toraa cymmy amruutyy oseit Uy (x)+ Uy(x) MOXHO Tipea-
CTaBUTh KaK CYMMY WHTETPAJIOB IO OTKPBITBIM 00JIACTAM TSI KaXKIOTO M3 ATUX 00h-
€KTOB, WJIM KaK MHTETPaJl OT CYMMBI OTKPBITBIX obsacteir. Ho oTBepcTrs i 101101-
HUTEITBHBIX O0BEKTOB PACIONararoTcsl TakK, YTO MOJHOCTHIO "OTKPHIBAIOT" BECh BOJI-
HOBOH (DPOHT MAJAIOIIETO U3ITYUCHUS, CIICT0BATCIHBHO

Un(x) + Un(x) = Up(x),

rae U (x) — BOJHOBOE BO3MYILEHUE HA SKPaHe B CIIy4ae OTCYTCTBUs KaKOTO-IMOO
npenstcTBus. Takum o0pa3oMm, CyMMa pacrlpeeNieHuid aMIUTUTY/] TTOJIe OT JIOMOo-
HUTEJIBHBIX O0BEKTOB paBHA aMIUTUTY/E IMOJs, HAOI01aeMOMy Ha dKpaHe MpHU OT-
cyTcTBUU npensTcTBUs. [lomydeHHbIN pe3ynbTaT HOCUT Ha3BaHUE npuHyuna babune.

Oo6parum BHEManwue, 4TO Uy(X) €CTh BOJTHOBOE BO3MYIIICHHE HAa 9KPAaHE B OTCYT-
CTBUU KaKOTO-TMOO MPETSATCTBUS, a HE JUIsl cliydas, KOT/la Ha MyTH MaJaroniero u3-
Jy4eHHUsI OJTHOBPEMEHHO YCTAHOBJICHHI U IIEJb, U MPOBOJIOKA (KaK HETPYJIHO cooOpa-
3WTh, CBET UEpPEe3 TaKyI0 COBOKYITHOCTh 0OBEKTOB HE mpoiieT). Jleno B ToM, 4TO mpH
paccMOTpeHur npuHIMIa baOuHe CyMMHPOBAIUCh BKIIAJbI TOJIBKO OT OTKPBITHIX
obnacTel KaXXJ0ro U3 O0BEKTOB, a IPU PACCMOTPEHUU Cllydasi, KOT/ia Ha IyTH Ma-
JAIOMIEe BOJIHBI YCTAHABIMBAIOTCS HECKOJIBKO OOBEKTOB, CYMMHUPYIOTCS, HA000POT,
3aKpBIThIE 00JIACTH.

Brimme (cMm. puc. 9) MBI paccMaTpHBaIM CITy4aid, KOT/Ia T0Jie B TOUYKE HaOIrOe-
HUS TpU TU(PpaKIMy HA eI COOTBETCTBOBAIO Ha cnupaiiu Kopxio BekTopy 0,0, ~
U(x). Haitnem teneps moJie B 3TON ke TOUKE MpU AUGPAKIIMU HA TTPOBOJIOKE TOTO
&e pasMepa. Ecim mpensTcTBHE OTCYTCTBYET, TO MMOJI€ B TOYKE HAOIMIOACHUS Xapak-
Tepusyercs Bekropom O 0" ~ U,(x). Torna, npumensis npudiun babune, noiy4nm,
9TO U1 HAXOXKIACHUS TOJsS Mpu AUGPAKIIUK Ha MPOBOJIOKE CIEAYET B3SITh PA3HOCTh
BekTOpoB O 0" u 0,0,, T.€.

UH(X) ~00"— 0,0,=00, + 020+

(oOpatuM BHMMaHHE Ha TO, 4yTo BekTop O O; HampaBieH u3 T. O B T. O, BEKTOp
0,0" u3 1. O, BT. O" ¥ CKJIabIBAaTh UX HAO 0 MPABUITY CJIOKEHHS BEKTOPOB).

OTMeTuM CIeayIolyl0 0COOCHHOCTh AU(PPAKIUU Ha MpoBoJioke. Ecnu nuHus
PyP ipoXoauT CTPOTO Yepe3 CepeAnHy IIeN U NePHEHAUKYISIpHA MIJIOCKOCTH LIENH,
T.€. Touku O U O, HaxOJATCA Ha PA3NUYHBIX BETBAX CHUPATU CUMMETPUYHO OTHO-
CUTEJIBHO Hayaja KoopauHat, To Bektopa O~ 0; u 0,0 GyayT paBHbI IApyr APYry H
coHamnpanieHbl. [Ipu cMmemeHnn ToYku HAOMIOJAEHUS Ha HEOONBIIYI0 BEJIUYHHY B
T000M HAMpaBIEHUU ATH BEKTOPHI, TPAKTUICCKH HE M3MEHSSI CBOCH JIMHBI, TIOBO-
payuBarOTCA B pa3Hble CTOPOHBI. CyMMa BEKTOPOB CTAHOBUTCS MEHBUIE, U, CIEIOBA-
TEIBHO, MOJIEe yMEHbINaeTcs. Takum 00pa3oM, B MEHTpe AUPPAKIIUNOHHOW KAPTHHBI
pu AUdpakIy Ha TIPOBOJIOKE BCer1a Oy/IeT CBeTIas 1mojoca.

Ecnu mupuHa 1menu 3Ha4YMTENbHO MPEBBIIIAET pa3Mep NepBoil 30HbI DpeHens
(w>1), To Touku O, u O, nexat ommwke K PoKycaM CHpajy, YeM K Hadady KOOPAH-
HaT, CJEeJ0BaTEIbHO, BOJM3U LIEHTpa NU(PPAKIIMOHHONM KapTHHBI OYyIET JOBOJBHO
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TEMHBIA y4acTOK, Ha KOTOPOM OyayT HaOt01aThCs OCHMJUISIUNN, IPUYEM KOHTPACT-
HOCTh KapTUHBI OyjeT HeBenuka. [1o mepe mpuOamKkeHus: K TpaHuile reoMeTpuye-
CKOW TE€HH, OfHa U3 To4eK, O uiu O,, HAYHET NMPUOIMHKATHCSA K Ha9ally KOOPJWHAT 1
Ha TpaHMIE MEpEehseT uyepe3 Hee, YTO MPHUBEACT K YBEJIWUYCHHIO OCBEIICHHOCTH B
3TOM 00JIACTH U MOBBIIICHUIO KOHTPACTHOCTU KapTUHBI. Takoil mepexo]i mo3BOJsIeT
MIPUMEPHO HAWTHU MECTOIOJI0KEHHE IPAHUL] T€OMETPUIECKON TEHHU.

II. SOKCIIEPUMEHT

2.1. CxeMa 3KCcIepMMEHTAJIbHON YCTAHOBKH

Ha puc.11 npuBeneHa cxema 3KCIIEPUMEHTAILHONW YCTAaHOBKH JIJIsT HAOJIrOIe-
HUg AUGPaKIIMOHHBIX SIBICHUN. Bce aneMeHThl pa3menialoTcss Ha ONTUYECKOM cKa-
Mbe [/ anuHoi 120 cantumeTpoB. Ha oHOM Kparo ckaMbH CTallMOHAPHO YCTaHOBJICH
HWCTOYHMK cBeTa 2 (MOJYyNPOBOAHUKOBBIN Jlazep), U3yYEeHHE KOTOPOTO pacipocTpa-
HSETCSl BJIOJIb ONITHYECKOM CKaMbH, 3aJ]aBasi HalIpaBlieHUe ontudecko ocu. Ha npy-
TOM Kparo CKaMbH pacIioiaraercsi SKpaH 6 st HaOmoneHus nudpakimoHHON Kap-
TUHBL. B 1IEHTpe 3KpaHa clenana y3Kasl elib, 32 KOTOPOH pacrojiokeH (OTOnpueM-
HUK 7 (hoToamon) st U3MEpPEHUsI HHTEHCUBHOCTHU M3iydeHus. [lonoxenue skpana ¢
($OTOIATIMKOM MOKHO MU3MEHSTHh B HAINPABJICHHUH, MTEPIICHANKYISIPHOM JIydy CBETa,
YTO J1a€T BO3MOXHOCTh U3MEPEHUSI MHTEHCUBHOCTHU CBETA TU(PPAKIIMOHHONW KaPTUHBI
B 3aBUCHUMOCTH OT KOOpAWHATHL. VI3MEHEHHE MOJI0KEHUS IKpaHa OCYIIECTBISAETCS C
MOMOIIBI0 OJHOKOOPJMHATHOTO FOCTUPOBOYHOIO CTOJIA, CHAOKEHHOTO MIArOBBIM
JBUTATE]EM. YTpaBieHUe pabOoTOM YCTaHOBKHM (MEpEeMEIlEHUE MO KOOpJWHATE U
CUMTHIBAaHWE TOKa3aHUW (POTOAATUMKA) OCYIIECTBISCTCS KOMIBIOTEPOM 9, coemu-
HEHHBIM Ye€pe3 MHUKPOIPOIIECCOPHBIN OJOK COMpsHKeHUsT 8 C AKCIEPUMEHTATbHBIM
MOJYJIEM.
Ha ontuueckoil ocu ycTaHOBKHM, MEKy ICTOUHHKOM CBETa 2 U SKpaHOM 6 pac-
IOJIATak0TCS CIEAYIOLINE FIEMEHTHI:
— paccenBaromas auH3a 3 g GopMUpPOBaHHS ‘TOYCHHOTO MCTOYHHKA CBETA

(touka O Ha puc. 12);
2 3 IE IE %ﬁ
/ | © |
I—I s P

K

Puc. 11. Cxema sKkcriepUMEHTaNIbHON yCTaHOBKU

— CcTONUK 4 mis nuparupyronmx o0beKTOB — KPYTIOT0 OTBEPCTHUS, Kpast IK-
paHa, 1Iend, MpoBOJIOKU. KOHCTpyKIMs CTOJMMKA MPEayCMaTpUBAET BO3MOMXKHOCTH
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nepeMenieHrnss 00bEeKTOB, YCTAaHABIMBAEMBIX HAa HEM, B HAIlPaBJICHUH, TEPIICHINKY-
JIIPHOM OINTUYECKOM OCH, a TaKKe MOBOPOT ATUX OOBEKTOB BOKPYT BEPTUKAIHHOM
ocu. DTO JaeT BO3MOXXHOCTh H3MEHSATH IIONEPEUYHBIC pa3Mephbl AUGparupyrommux
00BEKTOB (IIEITh ¥ TTPOBOJIOKA);

— cobwuparoias JIMH3a 5 Ha MOJIBXKHOM pelTepe JUisl YBEIUYCHUSI pa3MepoB
T PaKITMOHHON KapTHUHEI.

JlepxaTtenu ompaB pacceuBarolieil 3 U coOuparoiieit 5 JTUH3 MOXKHO Tepeme-
IaTh B IJIOCKOCTH, TEPICHAUKYJISIPHOU K ONTUYECKON OCH YCTAaHOBKH, C TTIOMOIIIBIO
IOCTHPOBOYHBIX BHHTOB. Bce OOBEKTHI JIOJDKHBI yCTAaHABIMBATHCS TaKUM 00pa3om,
YTOOBI UX IEHTPHI HAXOUIIUCH Ha ONTUYECKOM OCH, a MNIOCKOCTHU JIMH3 U IKpaHa Obl-
Ju OBl TIEPIICHIUKYJIIPHBI K HEH, T.€. ONTHYECKash CHCTeMa J0JDKHA OBITh IIEHTPHUPO-
BaHHOW. B 3TOM citydae jyy ja3epa JIOJKEH MPOXOIUTh MapajuiesIbHO ONTUYECKOM
CKaMbe, YTOOBI MPU NEPEMEIICHUN COOUPAIOIIEH JTMH3bI BAOJIL CKaMbU JU(PaKIIH-
OHHAs KapTHHA OCTaBaJlach B Ipejenax dKpaHa. Paccrosaune Mexay oObeKTaMu Ofl-
penenseTcs o U3MEPUTENIbHOM 1IKane (JIMHEWKA), YKPEIUICHHON Ha CKaMbe.

Puc.12. OnTuyeckas cxema SKCHEPUMEHTAIBHON YCTaHOBKHU

Ha puc.12 npuBoautcs ontudeckas cxeMa SKCIepUMEHTaIbHON YCTaHOBKH, T10-
3BOJISTIONIAST HAWTH BCE HEOOXOUMBIE ITapaMeTphl IS pacuera TUPPaKIIMOHHON Kap-
TUHBL. byjsem cuurtarh, 4TO Jazep JAaeT CTPOTO MapaUieIbHbIN My4OK CBETa, TOrJa B
pe3yJbTaTe MPOXOXKIEHUS Yepe3 paccenBarolyto JuH3y 3 B Touke O GopMupyercs
TOYCYHBIM MHUMBIA UCTOYHHK CBeTa. 3Hast pokycHoe paccrosaue |F| mua3b 3 (0HO
yKa3aHO Ha YCTAHOBKE) U U3MEPSISl PACCTOSTHUE /1 OT JIMH3BI 3 J10 UCCIIEyeMOTO 00b-
eKTa 4, MO)KHO HaTH paccTosiaue a=|Fil+h oT ncTouHMKa CBETa 10 OOBEKTA.

Colupatoias JuH3a 5 UCTOJB3YyeTCs JUIs YBENUYEHUs pa3Mepa AupakiMoH-
HOM kapTuHbL. Eciiu ¢hokycHOe paccTosiHue JIMH3BI 5 paBHO F), a OHa cama HaxOAUT-

Csl Ha PACCTOSIHUH ¢ OT 3KpaHa 6, TO o (HopMysie TOHKOH JIMH3BI

111
c d B’
MO>KHO PacCUUTaTh PacCTOSTHUE d OT «ACTOYHUKA» J0 JUH3bL. UHBIMU cioBaMu, JIMH-
3a TMPOeNHpyeT Ha dKpaH 6 MUPaKIMOHHYIO KapTHUHY, «HAOII0JaeMyI0» B COIpS-
YKEHHOM TIJIOCKOCTH JIMH3bI. DTO MO3BOJIAET PACCUUTATH PACCTOSIHUE b = g — (c+d) oT
o0BEKTa MCCIIEOBaHUS 10 “TIOCKOCTH HaOmoneHus . TakuM oOpa3oM HaxoAsTCs
napameTpsl a u b, KOTOpbIe BXOIAT B (DOPMYJIIBI ISl pacyeTa Yncia OTKPBITHIX 30H
@penens. Tak Kak B IPOBOJUMBIX IKCIIEPUMEHTaX (POKYCHOE pacCTosiHUE F, JTHH3BI
OOBIYHO CYIIIECTBEHHO MEHBIIIE PACCTOSHUA ¢, TO d = [, 1

b=g—(c+ F,).
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VYmpasneane paboTONl yCTAaHOBKH OCYIIECTBISETCS C TOMOIIBIO MPOTPAMMEI,
3aIyCKaeMOM Ha NIEPCOHAIBHOM KOMIIBIOTEPE.

2.2. Onucanue padoThl NPOrPaMMBbI

[IporpamMma Jij1s1 yrpaBJICHUS YKCIIEPUMEHTAIBPHOW YCTaHOBKOW paboTaeT B pe-
xume "MEHIO", kormna Ha skpaHe MOHMTOpA IpEIaraercs CIHMCOK BO3MOYKHBIX
JNEHCTBHM (MOIMPOTpaMM), U3 KOTOPBIX HAJ0 BHIOPATHh OJHO IS TPOJIOJDKCHHS pa-
00Tbl. MEHIO COCTOUT U3 HECKOJBKUX "OKOH", OJIHO U3 KOTOPBIX OTIMYAETCS OT JApY-
rMX MmO nBery (T.H. "aKTUBHOE OKHO"). B 3TOM ciy4yae mpu HaXaTWu KJIABUIIA
ENTER Oyner BBITIOJHATHCS JUPEKTHBA UMEHHO 3TOro okHa. CMEHa aKTHBHOTO OK-
Ha ocyuiectBisieTcs knaBumamu CTPEJIKA BBEPX u CTPEJIKA BHUS.

[Tocne 3arpy3ku mporpaMmMbl Ha 3KpaHe MOHUTOPA MOSBIISETCS OCHOBHOE MEHIO
C Ha3BaHUSIMHU CIIECAYIOIIUX IMOAIPOTPAMM:

MOJEJIMPOBAHUE

IOKCIHHEPUMEHT
OBPABOTKA
AHAJIN3
BbIXO/

PaGoTa moxmporpamm opraHu3oBaHa TaKKe B PeXHME «MeHIO». Kaxkmas mop-
porpaMma COJIEPKUT «KOMAHIIHBIE» M «UHCJIOBBIE» OKHA. B «KOMaHIHBIX» OKHax
coJlepKaTrcsl JUPEKTUBBI MO YIPABICHUIO YCTAHOBKOM, a B «4HMCIOBBIX» OKHaX 3a-
JAI0TCS. 3HAYEHUS TapaMeTpOB SKCHEPUMEHTAJIbHOM YyCTaHOBKH. JlJIsi M3MEHEHUs
KaKoro-mbo 3Ha4eHHs] HEOOXOJIMMO CHENaTh COOTBETCTBYIOLIEE OKHO aKTUBHBIM U
NEeperTH B PEKUM pEeJaKTUPOBAHUS TEKCTa 3TOro okHa. JlJig 3TOro Haxarb JIH0OYIO
M(PPOBYIO KJIABHUIIY, TTOCJIE YEro B JIJAHHOM OKHE MOYKHO pabdoTaTh Kak B OOBIYHOM
TEKCTOBOM pelakTope. BrIxoa u3 pexxuma perakTUPOBAaHUs OCYIIECTBIISIETCS HaXa-
tnem kiaBum ENTER.

[Ipu oTkaze oT pabOThI C MEHIO JaHHOM MoAmporpaMmbl HaxaTh kiaBuiy ESC,
IpPU 3TOM Mporpamma BO3BpalllaeTcs Ha MPEAbIIyIuid ypoBeHb padoThl. [loackazku
o paboTe mporpamMMbl (I BCEX MOAIIPOrpaMM) COAEPIKATCS B BBIJICIICHHONW CTPOKE
BHM3Y 3KpaHa MOHUTOpA.

PaccmoTpum moapoOHee paboTy mporpaMMBbl ISl TIEPEUUCIICH-HBIX MOATPO-
rpamm.

MOAEJIMPOBAHMUE. B sTom pa3gene npeacTaBieHbl MOANPOTPAMMBI C MO-
AessAMHU TU(PAaKIMOHHBIX SBJICHUN HA PA3IMYHBIX 00BEKTaX, IPHU 3TOM peaTr30BaH
PEXKUM TICEBIOAHUMAIUH.

KPYI'JIOE OTBEPCTHE. B 31oM ciyyae MoaenupyeTcsi U3MEHEHHE NHTEH-
CHUBHOCTH CBETa B IIEHTPE MU(PAKIMOHHON KapTUHBI B 3aBUCUMOCTH OT paauyca OT-
BepcTHs. B BepxHell yacTu sKpaHa MOHUTOpa u300paxaercs cnupaib DOpeHens
(cM. puc.3), a B HUXKHEH — TpeacTaBiIseTcs rpad)uKk MHTCHCHBHOCTH CBETA B IICHTPE
TUGPaKIIMOHHOW KAapTHHBI B 3aBUCHMOCTH OT BEIMYHHBI PaJHyca OTBEPCTUSA (CM.
puc.4).
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[Ipu 3anycke noanporpaMmsl Ha criupain OpeHenst pucyeTcsi BEKTOp, XapaKTe-
PUBYIOIIUM aMIUTUTYAy MOJs B LEHTpe NUQPPAKIMOHHOW KapTuHbl. Hauano 3Ttoro
BEKTOpa HAXOJUTCS B Hayaje KOOPJAWHAT, a KOHEII IBIYKETCS 10 CIUpau K ee Poky-
cy. Ilpu »ToM Ha Tpadmke CHHXPOHHO M300pa)kacTcs, KaKk M3MEHSETCS WHTCHCHUB-
HOCTh CBETa B I[EHTpe AUPPAKIIMOHHONW KapTUHBI M0 MEPE YBEIUYEHUS pajnyca OT-
Bepctus. Haxumas kimaBumm ENTER, HOME wnun END, M0XHO mOBTOpUTH MOKa3
Ha TOMU e CKOPOCTH, ObICTpEee WIIU MEJJICHHEE.

Ecmu Bo Bpems mokasa (wim ¢ camoro Hayana) Haxkath kiaaBuiny INSERT, To
aHUMallMsl TPUOCTAHABIMBAETCS M IporpaMMma IMEPEXOJUT B PEXHUM «IOLIArOBOI»
paboThl. [Ipu 3TOM MOSABIAIOTCS J1Ba OKHA, B KOTOPBIX MOKA3bIBAIOTCS 3HAYEHUS pa-
uyca OTBEPCTHUSI U MHTEHCUBHOCTHU B LIEHTPE KapTHUHBI, COOTBETCTBYIOIIEH 3TOMY
panuycy. Teneps, Haxxumas kiaBuid INSERT unu DELETE, moxHO nepeMenars-
Csl 110 CIIUPAJIM B Ty WU JIPYTYIO CTOPOHBL. [lepexo Kk pexuMy HENPEPbIBHOTO MOKa-
3a OCYIIECTBIISICTCS] HaXKaTHEM JIFO00H APYyTroi KIaBUIIIH.

HaxaB xnaBuiry F2, MOXHO OTKa3aTbCsl OT pekrMa aHUMaluu. B 3Tom cityyae
OyJeT pHCOBaThCS TOJBKO rpadUK pacrpeelicHus WHTCHCHBHOCTH 0e3 M300pake-
HUSI BEKTOpa Ha ciupaiu. Bo3Bpar B pexkUM aHUMAaIlMKU OCYIIECTBISETCS TOBTOPHBIM
HakatueM kiaBuiu F2.

Jli1d BIXoa U3 oAnporpamMmMsl Haxath kiiaBuiry ESC.

JAUCK. B s10ii noanporpaMMe MOJICIUPYETCs pacipe/ieieHue NHTEHCUBHOCTH
CBETa B IEHTpE NU(PPAKIMOHHOW KapTHUHBI B 3aBUCUMOCTH OT BEJIIMYUHBI pajnyca
HEMPO3PavyHOTO JUCKA. DTOT CIy4dail aHAJIOTUYEH MPEAbIIYyIIEMY, TOJIbKO MO CIHUpA-
mu OpeHens ABUKETCA TOYKA, COOTBETCTBYIOIIASI HaYaly BEKTOpa, a KOHEI] BEKTOpa
HaxoauTcs B pokyce cnupayiv. B HuxkHENH yacTu SKpaHa MOHUTOPA MOSBISETCS, CUH-
XPOHHO C ABMKCHHEM BEKTOpa 1o criupanu Openens, rpaguk MHTEHCUBHOCTH CBETa
B IIeHTpe TU(PAKIUOHHON KapTUHBI B 3aBUCHMOCTH OT M3MEHEHUH paauyca R muc-
Ka.

KPAW. B BepxHeil yacTu 3KpaHa MOHUTOpa M300paxkaeTcs crmpanb KopHio
(cM. puc.6), B HIDKHEW — TIpeACTaBIseTCS TpauK MHTEHCHUBHOCTH CBETA TIPHU JIH-
dbpaknuu Ha Kpae HENMPO3PAYHOTo dKpaHa (CM. pHC.7) B 3aBUCUMOCTH OT KOOPIMHA-
ThI TOYKH HAOJIOICHMUSI.

Ha cnmpanu KopHio IBHKETCS BEKTOpP, XapaKTEPUZYIOIIAN aMIUTUTYAY OIS B
Touke HaOmoaeHus. Hayano 3Toro BekTopa HaXOAUTCA B «OTPULIATETILHOM» (OKyce
CIUpaJiv, a KOHEI| MEePEeMEIIAeTCs MO0 CHUPAIN K «IOJOXHUTEeIbHOMY» (okycy. Ha
rpaduke, CHHXpOHHO C TepeMenIeHNeM KOHIa BeKTopa mo crnmpain KopHro, u3o-
Opaxkaetcst TpauK U3MEHEHHUSI MHTEHCUBHOCTH CBETa B TOUKE HAOJIIOJCHUS TIPU €e
MEPEMEIECHUH.

Bo3MoxkHBIE M3MEHEHHS pexkuMa pabOThl MOANPOTrpaMMbl HACHTHUYHBI TEpe-
YUCJICHHBIM BBIIIIE.

HIEJIb 1. B BepxHeii yacTu 3kpaHa MOHUTOpa H300paxkaercs crnupaib KopHio
(cM. puc.6), B HIKHEH — TIPEACTABISIETCS TpapuK MHTEHCUBHOCTH CBETA B IICHTPE
IUGpaKIMOHHOW KapTUHBI B 3aBUCUMOCTH OT IMIMPUHBI meiu (cM. puc.10).

B sTolt moanporpaMme MOAEIUpyeTCss K3BMEHEHUE NUHTEHCUBHOCTH CBETA B IICH-
Tpe AUGPaKIIMOHHOW KapTUHBI MPY HETIPEPHIBHOM YBEIMUCHUU MMUPUHBI menn. [Ipn
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sTOoM Ha ciipainu KopHio n3o0pakaercs BEKTOp, XapaKTePU3YIOMUN aMILTUTYIy T10-
751 B LIEHTpe KapTuHbl. Hauano u KoHel BEKTOpa CUHXPOHHO «pa30eraloTcs» OT LIEH-
Tpa Cupaits K ee oKycaM.

Bo3mokHbIE W3MEHEHUST pexuMa padOThl MOAMPOTrPaMMBbl HICHTUYHBI TIEpe-
YUCJIEHHBIM BBIILIE.

HIEJIb 2. B nanHOM peXuMe MOJAETUPYETCS U3MEHEHUE pacupe/lesieHUs] UH-
TEHCHUBHOCTH CBETa MPHU MEPEMEIIEHUN TOUYKH HAOIIOACHHS TI0 dKpaHy Mpu audpak-
WA Ha 1IeJn 3aaHHoi (dhukcupoBanHok) mmpuHbl. [llupuHa menu onpenensercs
napameTpom crrpani KopHro o (mepexo K MHUpUHE METH B OOBIYHBIX KOOPJAMHATAX
MOXHO OCyIIecTBUTh 1Mo dopmyde (3)). CHavana Ha criupanu KopHro n3obpaxaercs
BEKTOP, COOTBETCTBYIOLIMN aMIUIMTY/I€ MOJIA B TOUKE HAOIIOJACHMS, HAXOIAIIEHCS B
LEHTPE KAPTUHBI. 3aT€M KOHI[bl BEKTOPA HAYMHAIOT JABUTAThCS C OJIMHAKOBOM «CKO-
POCTBIO» B OJIHY CTOPOHY K «IIOJIOXKHUTEIbHOMY» (Pokycy cnupanu. [Ipu sTom anuna
YacTU CHUpPAIIU, 3aKIIOYEHHON MEXy KOHIAMU BEKTOpa, OCTAETCS HEU3MEHHOW, a
JUIMHA BEKTOpA U3MEHSETCS U, KaK CIEJCTBUE, U3MEHSAETCS! MHTEHCUBHOCTh B TOUKE
HaAOJIIO/ICHUS.

B nanHo# moamporpaMMe moJib30BaTElb MOXKET M3MEHATH IIMPUHY LIEIH, Ha-
xumas kiasuin CTPEJIKA BITPABO, CTPEJIKA BJIEBO, npu 3ToM mMpHHA W3-
Mmensiercs ¢ marom 0.1. Eciin 0oqHOBpeMEHHO ¢ KaKOH-TM00 U3 3TUX KIJIABMIL HAXKaTh
kiasuiry CTRL, to mar Bo3pacrtaet a0 0.5. OTKIIOUYUTH PEKUM aHUMAIIUHU MOKHO
Ha)KaTUeM KJIaBUIIM F2, 4TO yCKOPUT MpOLECC OKa3a.

IMPOBOJIOKA 1. B s1oii noanporpamMmme MOJEIUPYETCs] U3MEHEHUE MHTEH-
CUBHOCTH B LIEHTpe IU(PPAKIMOHHON KAPTUHBI C YBEIMYEHUEM WM YMEHBIICHHEM
TONIUHBI PpoBoIoKH. [Ipu »sToM Ha cnmpanu KopHio m3o0pakaroTcs Ba BEKTOpa,
CyMMa KOTOPBIX paBHA aMIUIMTYJE MOJIs B IEHTpe KapTUHbl. KOHel 01HOro BeKTopa
(ero HayYajIO HAXOJIUTCSA B «OTPHUIATEIBHOM» (POKYCE) M HAYajo BTOPOTO BEKTOpA
(ero KOHEI HaXOAUTCS B «IOJIOKUTEILHOM» (DOKYCE) CHHXPOHHO «Pa30eraroTcs» OT
LEHTpa CIUpaNH K ee hokycam

Bo3mokHbIE M3MEHEHUST pexuMa padOThl MOAMPOTrPaMMBbl HIACHTUYHBI TIEpe-
YUCJIEHHBIM BBIIIIE.

IMPOBOJIOKA 2. B ganHHOM peXUMe MOJICIUPYETCS pacrpeesieHue UHTEH-
CUBHOCTH CBETa MPU NEPEMEIIEHUN TOYKU HAOIIOJEHUS 110 3KpaHy Mpu Judpakiuuu
Ha TIPOBOJIOKE 3aTaHHOW ((PUKCHPOBAHHOMN) TOJIIMHBI. PaboTa 3Toi moaAmporpaMmsI
aHajornyHa padore mognporpammel HIEJIb 2.

9KCIHEPUMEHT. Drta moamnporpamma mepemMenieHrneM (GOTOIpPHEMHUKA B
3aIaHHYI0 TOYKY U U3MEPEHHEM B HEW MHTEHCUBHOCTH CBETa YIMpaBISIET pabOToi
YCTaHOBKH.

[Ipu Bxozae B moamporpaMMy Ha 3KpaHE MOHHMTOpAa MOSIBISIOTCS TpU OKHA. B
MEPBOM OKHE YKa3bIBaeTCs KOOpJrHaTa (PoTonpueMHuKa (B Ha4aIbHbIF MOMEHT Bpe-
MEHU TI0JIaraeTcs paBHOM HYJI0). BO BTOpOM — yka3bIBaeTCs mIar 1o KOOPIAUHATE
(paccTosiHME MEXy COCEIHUMHU TOUYKAMU HAOJIOJEHUS), HA KOTOPOE B XOJE KCIIe-
pUMeHTa OyJieT nepeMeniarhesi PoTonpueMHuK. B TpeTbeM OKHE MOoKa3bIBaeTCs 3Ha-
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YeHHEe MHTCHCHBHOCTH CBETa B TOYKE HAOMIOACHHS (B MPOW3BOJBHBIX EIMHHUIIAX),
MPUYEM U3MEPEHUS BEYTCS HEMPEPHIBHO B peabHOM MacIlITaOe BPEMEHHU.

[IporpamMma npeycMaTpuBaeT CIAEAYIOIIME IEUCTBUS IKCIIEPUMEHTATOPA:

Haxxatue kirapum CTPEJIKM BITPABO-BJIEBO — mnepemerienue ¢hoTomnpu-
€MHHKA C 11aroM, yKa3aHHbIM BO BTOPOM OKHE. ECiIM OJJHOBPEMEHHO CO CTpEeIKamMu
HaxaThb kinapuiry CTRL, To BenimunHa mara nepemenieHus ypennunsaercs B 10 pas;

Haxartue kinaBuil CTPEJIKM BBEPX-BHU3 — wu3mMmensiercss BelnunHa iara
nepeMenieHns poToaTInKa;

Haxxatue kiapum HOME — oOHynenne koopauHaTel nmpueMHuKa. [IpuMene-
HHUE 3TOW KOMaHJbl MO3BOJSET JOBOJBHO MPOCTO ONPENECATHh JIMHEHHBIE pa3Mephbl
n3o0paxkenus. Hampumep, i HAXOXKICHUS AWAMETpa W300paKeHHsI KPYTJIOro OT-
BepCTUs TOABEAUTE (DOTOMPUEMHUK K Kparw H300pakKeHUs, HAXKMUTE KJIABUIIY
HOME. 3atem cTpenkaMu MepeMecTUTe MPUEMHUK K APYTroMy Kparo h300paKeHUs..
[Ipu 3TOM MOTYy4YEHHOE B IEPBOM OKHE YHCIIO - UCKOMBIN THaMETD;

Haxxatue knaBumim ENTER — Havano BbINOJMHEHUS KCIEPUMEHTA, IPU 3TOM
doTonpueMHUK OyAeT mepeMenaThCs ¢ MaroM, yKa3aHHBIM BO BTOPOM OKHE, M Ha
KaXXJIOM 11are OyAeT MPOU3BOAUTHCS U3MEPEHUE MHTEHCUBHOCTH CBETA;

Haxkatue kiaBum ESC — 0TKa3 OT BBIMOJIHEHUS 3KCIIEPUMEHTA.

B xozne BeIMOTHEHUS SKCIIEpUMEHTa HA SKpaHEe MOHHUTOpPA MOSBISIETCS Tpaduk
WHTEHCUBHOCTH CBETa B 3aBUCUMOCTU OT KOOPJAUHATHI (DOTONIPUEMHUKA.

[Tpu 3TOM BO3MOKHBI CICAYIOIINE ACHCTBHUS:

Haxxatue kinaBumu [TIPOBEJI — n3menenue macmrabda rpaduka mo BepTUKaIb-
HOW OCH Ha KpaHE€ MOHUTODA;

HaXaTtue KinaBumu P (JlaTuHCkas)) — maysa B akcnepumeHnte. [lepemernienne
JaTYMKa MIPUOCTAHABIMBAETCS, HO N3MEPEHUE UHTEHCUBHOCTHU MPOJOJIKACTCS;

Haxxatue knaBuimu ESC — mnpekpamenne sxcriepumenta. [Ipu stom doronat-
YUK BO3BpAIlacTCs B HayajdbHOE MOJoKeHue. 3aTeM, HaxkaB kiaBuiy ENTER, nan-
HBIE€ PKCIIEPUMEHTA MOXHO 3aHECTU B MAMATh KOMIIBIOTEPA, C IPUCBOCHUEM MOPSII-
KOBOT'O HOMEPA, LTSI OCIIeayroIIeit 00paboTKH.

BHUMAHMHME!!! Cnenure 3a TeM, 4T00BI (OTONMPUEMHHUK TIPHU TTEPEMEIICHUH
HE JIOIIEJ JI0 yIopa CTOJIMKA MEPEMENICHUS, B 3TOM CIy4yae BBIIIOTHEHUE SKCIEPH-
MEHTa CJIeIyeT HEMEMJICHHO IpPEKpPaTUTh, WHA4YE, YCTAHOBKA MOXET BBIUTH U3
crpos!!!

[Ipu nepememiennu goronpuemurika Ha paccrosaue 30, 40, 50 u T.4. MHILIH-
METPOB BBITIOJHEHUE SKCIIEPUMEHTA TPUOCTAHABIMBACTCS. [{J11 MPOIOIKEHHS U3MeE-
penui HaxmuTe kinapuiry ENTER.

OBPABOTKA. B maaHom pexxume paOOThI MPOrpaMMbl Ha SKpaH MOHHTOpPA
BBIBOJIUTCS TPaUK MOCIETHETO BBITIOJHEHHOTO YKCIIEPUMEHTA, Kypcop B BUIE «Kpe-
CTa» W JIBa YHUCIIOBBIX OKHA, B KOTOPBIX MOKA3aHbl 3HAYECHUSI KOOPAUHATHI U UHTECH-
CHUBHOCTH B TOYKE Ipauika, COOTBETCTBYIOIIEH KOOpIMHATAM IIEHTpa «KpecTa». [le-
pemMelnieHue Kypcopa ocymectBisgercs HaxarueM kinaBuinl CTPEJIKA BIIPABO
(BJIEBO, BBEPX, BHI3). [Ipu 3TOM aBTOMaTU4eCKU U3MEHSAIOTCA U 3HAUCHUS Y-
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cen B okHax. Haxxatnem ximauim CTRL, HOME wim END yBennuuBaeTcsi CKOpOCTh
IepeMeNIeHNs Kypcopa o 3KpaHy MOHUTOPA.

AHAJIN3. B stoM pexxume pabOThl MpOrpaMMbl Ha 3KpaH MOHUTOpPA MOXHO
MPEJICTABUTh PE3YJIbTAThl Cpa3y HECKOJBKUX JKCHEPUMEHTOB JISI MOCIIEAYIOLIETO
CPaBHUTEJILHOTO aHalin3a. BBIBOA pe3ynbTaTOB KAKOTO-JIMOO SKCIIEPUMEHTA Ha JK-
paH MOHUTOpPA OCYIIECTBISIETCS 1O €T0 MopsiAKoBoMy HOMepy. [loaTomy B pabouyio
TeTpajb HE0OXO0IUMO 3aHOCHUTD BCE YCIIOBUS BBITIOTHEHUS 1a00PaTOPHOU PabOTHI.

HaxaB knaBumry F1, MOXXKHO NOJIyduTh KpaTKyr0 MH(GOPMALUIO O CIHCKE KO-
MaHJ1, BBIIIOJIHSIEMBIX B 3TOM PEKHUME:!

INS — o0obasums epaghux na skpan monumopa. HeoOGxoaumo ykazatb HOMEP
HKCIIEPUMEHTA, MTOCJIC YeTO Ha YKpaHE MOHUTOPA YK€ K MMEIOIIMMCS Tpadukam 10-
OaBUTCS HOBBIN, N300pa)Ka€MbIil OTIMYHBIM OT JPYrHMX IrpaUKOB LBETOM, a B Ipa-
BOM 4acTH KpaHa MOSBISIETCS €ro0 HOMEP, COBMAAIONIHNI TI0 IIBETY C I[BETOM rpadu-
Ka. Macimrtab n300paxeHus MEHSIETCsl aBTOMaTUYECKU B COOTBETCTBUHU C MacIiTada-
MU BceX rpauKoB, IPEICTABICHHBIX HA DKPAHE;

DEL — cmepemw epaghux ¢ sxpana monumopa. JIeicTBUe KOMaH/bl aHAJIOTHUY-
HO KomaHje INS, TonpKo mpu 3TOM BRIOpAaHHBIN TpaduK ymansercs ¢ SKpaHa MOHH-
TOpa, IPHU 3TOM YacCTh TPa()UKOB MOXKET U3MEHUTh 1IBET;

BACKSPACE — yoanumo Oanmusie sxcnepumenma uz namamu. Ilo 3Toit xo-
MaH/JI€ pe3yJIbTaThl SKCIEPUMEHTA YIAJISAIOTCS W3 MaMITH KOMIIBIOTEpAa U HE MOTYT
OBITH B TaJIbHEHIIIEM BBIBEICHBI HA DKpaH MOHHUTOPA, IIPU STOM TIEPEHYMEPAIIHS IKC-
NEPUMEHTOB HE MPOU3BOJIUTCA. DTy KOMAHJy CIEAYEeT UCIOIb30BaTh JJIsl OCBOOOXK-
JCHHS TaMSITH KOMIIBIOTEPA;

ENTER — xypcop ona onpedenenus xoopounam ua epagpuxe. IT1a TOANIPO-
rpaMma pabotaet Tak xe, kak u noanporpaMma OBPABOTKA ocHOBHOro MeH10;

HOME — cpasnenue oannvix sxcnepumenma ¢ meopuet. IIpu obpaiieHnn K
3TOW MOAMPOrpaMMe Ha SKpaHEe MOHUTOPA AOJDKHBI OBITh MPEACTABIIEHBI PE3YIbTAThI
TOJIBKO OJTHOTO 3KcrmepuMeHnTa. CHavama HEOOXOIUMO yKa3aTh OOBEKT, C KOTOPHIM
MIPOBOAMJICS JJAHHBIN 3KcniepuMeHT. [lociie 3Toro B HMKHEN 4acTh SKpaHa MOSIBUTCS
TEOpeTUYECKast 3aBUCUMOCTh MHTCHCHBHOCTH CBETA OT KOOPJIWHATHI MPU AUGPAKIIAN
Ha 3TOM o0O0bekTe. M3MmeHsss mapamerp  0ObeKTa (Tak e, KaKk U B pExKUME
MOJEJIMPOBAHUE), cnenyetr 1o0OUTHhCS BU3YalIbHOTO COBMAACHUS IKCIIEPUMEH-
TaJIbHON 3aBUCUMOCTH C TEOPETUYECKOM.

BbBIXO/I. /laHHbBII pexuM NMpeaycMaTpUBAaEcT, KPOME BBIXOJA U3 MPOrPAMMBI
M0 3aBEPIICHUH PabOThI, BO3MOXKHOCTH yIaJeHHUS pe3yJIbTaTOB BCEX paHEE BHITION-
HEHHBIX 3KCHEPUMEHTOB (OYHMCTKA MaMsITH KOMIIbloTepa) 0e3 BbIXOJa U3 Mporpam-
Mbl. s aToro Tpebyerca Haxarh kinaBuiry [IPOBEJI u BepHyThCS B mporpammy.
[Tpu npoxomkeHnn paboThl HyMEpaIys SKCIIEPUMEHTOB HAYHETCSI C SIUHUIIBI.

2.3. IIpoBeeHue IKCIepuMeEHTA

[Tepen HayajioM JKCIIEPUMEHTA BOWUJIUTE B MOJIPOrpaMMy
MOJAEJIMPOBAHMUE 1 03HaKOMbTECH C MOJICJIBHBIMH MPEACTABICHUSIMU SIBIICHUS
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Tu(dpaKIuy Ha Pa3IMYHbIX 00BEKTaX — ATO MOMOXKET OTBETUTH HA BOMPOCHI, Chop-
MyJIMpOBaHHbIE B KOHIE onrcaHus. Oco0oe BHUMaHUE clieAyeT 0OpaTuTh Ha ciayyail
Majioit mupuHsl menn (B pexkume HIEJIb 2) u moHITE CBsI3b MeXAy Iudpakinuei
O®paynrodpepa u ®Openens. Kpome sToro, odpaTuTe BHUMAHHUE HaA Cilydall Mayion
tonuHbl npoBosioku (B pexxume IMTPOBOJIOKA 2) u o0bsicHute Habnrogaembie
KapTUHBI ¢ TTOMOIIBI0 npuHIMna babune. Takke HHTEPECHBI Cilydan OOJBIINX pa3-
MEpOB IIUPHUHBI IIETU ¥ TOJIIIUHBI IPOBOJIOKH.

[lepen HawasoM wu3MepeHHd HEOOXOAMMO TPOBECTH IOCTHUPOBKY CHCTEMBI.
[IpenBaputensHO clemayeT yOpaTh BCe MPEMSATCTBUS, YTOOBI JIyd ja3epa momnajgail Ha
sKkpaH. JIyd 10KeH ObITh TOPU3OHTATBHBIM, IOATOMY Ja3€ep CIEAYET YCTAHOBUTH Ha
BBICOTE, COBIAAIONIEH ¢ BBICOTOH (hoTonmprueMHuka. Kpome 3Toro, Jiyd J0JKeH Mpo-
XOJIUTh CTPOTO MO OCU ONTHYECKOM ckambu. CHayana yCTaHOBKA MPOU3BOJAUTCS MPH-
ONMM3UTENBHO, “Ha TJa3”. 3aTeM ClelyeT MOCTaBUTh COOMPAIONIYIO JIMH3Y U BBICTA-
BUTH €€ TaK, YTOOBI MOTYIUBIIHICS MOCIE MPOXOKIACHHUS JTMH3BI My4OK CBETA IOTa-
JlaJl IPUMEPHO B TO K€ MECTO IKpaHa, KyJ1a rorajaan jayd jgasepa. Jlaiee, nepemeras
JIMH3Y BJIOJIb CKAMBH, CJIEIYET 3aMETUTh IEPEMELIEHUE CBETOBOIO JIyda 10 SKpPaHy.
Ecnu oHO Benmko (HampuMmep, JIyd BOOOIIE BBIXOAUT 3a MPESbl 3KpaHa), CIeIyeT
U3MEHUTDH MOJIOKEHHUE Jlazepa. XKenaTeslbHO, YTOOBI MOCJE MPOBEACHUS YCTAHOBKHU
Ja3epa CMEIIeHUe JIyda Ja3epa Ha dKpaHe OblIo He Oojiee 5—7 CaHTUMETPOB.

3areM HEOOXOIMMO YCTaHOBUTH OOBEKT (KPYIJIO€ OTBEPCTHE, IIETb U T.J.) TaK,
4TOOBI JIyY Jlazepa NpOXOuiI Yepe3 Hero. B mocienHiow oyepeap ycTaHaBIMBACTCS
paccenBaromias JJMH3a TAKKM 00pa3oM, 4TOOBI MTOTYYUBIIEECS B IJIOCKOCTH 00BEKTa
MSATHO OT JIa3epa pacnojarajoch NpUMEPHO CUMMETPUYHO OTHOCUTENBHO O0OBEKTA.

Ynpaorcnenue 1. Inppaxumusa dpeHesisi Ha KPyIJioM OTBEPCTHH

B nmanHOM ympakHeHWH M3MEpEHNE MHTEHCUBHOCTH HE MPOBOJIUTCS, BCE TMapa-
MeTpbl (PMKCUPYIOTCS HA OCHOBE BU3YaJIbHOT'O HAOIIOICHHUS.

1. [IpoBenuTe IOCTUPOBKY CUCTEMBI C KPYTJIBIM OTBEPCTHEM TakK, Kak 3TO OBIIO
onucaHo Beie. Ecnu 1ocTUpOBKa MpoBeAeHa MPaBWIbHO, TO Ha 3KpaHe OyIeT Ha-
OmonaTeesl NU(pPaKIMOHHAs KapTUHA B BUJIE KOHLEHTpUUeckux kousen. [Ipu mepe-
MeIIeHUH coOuparomeil TMH3bl 5 nu(paKkIoHHAs KapTHHA MEHSETCS, B €€ IEHTPE
Ha0JII01aeTCs TO TEMHOE, TO CBETJIOE MSTHO.

2. Ilo mkane, pacnoyiO)KEHHOM HAa YCTAHOBKE, OMNPEAECIUTE KOOPIAUHATHI pac-
ceuBarollel JIMH3bI 3, 00beKTa HccieqoBaHus 4 U 3KpaHa 6, KOTOpble HE OyAyT u3-
MEHSATHCS NPU BBHINOJHEHUU 3a/1aud. 3alUIIMTE TOJyYEHHbIE Pe3yJbTaThl, a TaKkKe
(OKyCHOE pacCTOSTHUE PAaCcCEUBAIONICH JMH3BI 3, YKa3aHHOE Ha YCTaHOBKE, B TaOIH-
uny 1.

3. CHauana ciemyeT ONMpeAeNuTh pa3Mep OTBEpCTUS U (OKYCHOE PACCTOSHUE
cobuparomieit TUH3BI 5. YCTaHOBUTE COOMPAIOIIYIO JIMH3Y BOJIN3H 00BEKTa UCCIIE0-
BaHUS W, U3MCHSS €€ TOJIOKCHHE, TIOMyYUTE Ha DKpaHEe YETKOE YBEIMYEHHOE H30-
OpakeHue Kpyrjioro OTBEpPCTHs — B AaHHOM ciyyae napamerp b = 0 (cMm. puc.12).
N3006pakeHne Ha SKpaHe UMEET BHUJI OCBEIIEHHOT'O Kpyra ¢ pe3K0 OUe€pUYECHHBIMU I'pa-
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HI/IHaMI/I*). [To pucke, HaHECEHHOI HA perTepe JTUH3bI J, C TOMOUIBIO JIUHEUKHU, YKpe-
IJICHHOW Ha CKaMbe€, OMPEAEIUTE «KOOPJAUHATY» JIUH3bI X| JJIs 3TOTO cirydas. [ToBTo-
pute u3MepeHust 3—5 pas, pe3yJibTaThbl 3aHECUTE B TaOJ. 2 U pacCUMTalTe CpeHee 3Ha-
yeHUEe (X1).

Tabnuna 1. ITapameTpbl ONTHYECKOI CHCTEMBI

O6o3nayenne | 3HaueHHE [MorpemntH.
(Mm) (Mm)
Koopaunata  pacceuBaro- Xpn
e JIMH3H 3
Koopaunata obwexra wc- Xog
ceIoBaHus 4
Koopaunata sxpana 6 Xoxp
®dokycHOe paccTosHHE pac- IFyl
CEUB. JUH3EI 3, MM

Koopannara nenTpa JuH3bl 5, U3-32 HETOUHOCTH €€ YCTaHOBKH B OIPABE, MO-
€T HE COBMAJaTh C KOOPJAMHATON PHUCKH Ha peuTepe JUH3bL. J[Jisi TOUHOro omnpeje-
JIEHUsS] KOOPJAMHATHI LIEHTPA JUH3bI CIEAYET BBINOJHUTH cleaytomue aecteus. Ilo-
BEPHUTE CTOJIUK C JUH30M J Ha 180° BOKPYr BEpPTHUKAIBHOMU OCH (CTOMKHU peuTepa) u,
nepeMenias peuTep JUH3bI BAOJIb CKAMbH, BHOBb IOJYYHUTE HA DKpPaHE YETKOE H30-
OpaxxeHue Kpyraoro otepctus. OnpenenuTe KOOPIAUHATY PUCKHU X, Ha peuTepe, KO-
TOpasi, BOOOIIE TOBOPS, MOKET HE COBMAAATh C KOOPAMHATON X|, IOy4EHHOU paHee.
[IpoBequTe cepuro M3MEpPEHUN M paccCUMTaiTe cpeaHee 3HaueHHe (x,). MctuHHOE
3HAUYECHHE KOOPJIMHATHI IIEHTpa COOUPAIOIICH JTMH3BI 5 OYJET PaBHO X¢; = (X +Xx2)/2.
Paccuuraiite 3TO 3HaY€HHE W OLICHUTE MOTPEIIHOCTh. B nanmpHeilleM u3MepeHus
ciienyeT MPOBOAUTH MPU OJTHOM (PUKCHUPOBAHHOM TOJIOKEHUH JIMH3BI B peiTepe (T.e.
U3MEPSIETCS KOOPJMHATA X| WIH X;) U B MOJIyYeHHOE 3HAUYEHHE BHOCUTDH MOIPABKY,
paBHYI0 Ax = (x| — X,)/2.

Tabnuua 2. Pe3yabTaThl H3MepeHHii

1 2131415 <xi> X | O Ax

X CA

Koopg. cooup.
JIMH3BI X{, MM
Koopn. cooup.
JIMH3BI Xp, MM

123475 (D) 8 Do)

Junamerp wu300pa-
)xeuust Dy,, MM

ITo popmymam u3 Tabir. 3 paccuyuTaiTe pacCTOSHUS OT OTBEPCTHS A0 JIMH3BI (Ha
puc.12 310 BenuuMHA g-c) U OT JIMH3BI J10 dKpaHa 6 (BeJIuunHa c). Pe3ynbraTsl 3aHe-
cute B Tabia. 3. [lanee no ¢popmyie nuH3bl Hailaute pokycHoe paccrosiHue F,. Oue-
HUTE MOTPEIIHOCTh OnpeiesieHus! POKYCHOTO PaCCTOSTHUS.

B pexnme DKCIIEPUMEHT m3mepsTe auamerp uzoOpakeHus: Dy, KPyrjioro
OTBEpCTUS HA KPAHE U OL[EHUTE MOrPEeUIHOCTb. Pe3ynbTarsl 3aHecute B Ta0. 2.

Paccuuraiite o gopmyne k=c/(g-c) (cM. puc. 12) yBenudeHHe ONTHUECKOU
CUCTEMBI k, HAAUTE palnyC OTBEPCTUSA R U OLIEHUTE MOTPELIHOCTb.

Tabnuna 3. Pe3yabTaTsl pacueToB

*) [IHOT1a Ha KPOMKY OTBEpPCTHS IIONAJAIOT OTIENbHbIEC IBIIMHKH, KOTOPEIE XOPOLIO BHIHEI HA M300paxkeHnH, Gopma
KOTOPOTO CTAaHOBHTCS OTIMYHOHN OT Kpyra. B pesynprare 9Toro 4eTkocTh AM(PaKINOHHON KapTHHBI PE3KO YXyIIIaeTcs.
B sTOoM cityuae cnesryeT akkypaTHO MPOIYCTUTh B OTBEPCTUE UTOJIKY M yJAJIUTh MBITHHKH.
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Dopmyna 3nauenue |Ilorp.
PaccTostHMe OT OTBEepCTHSI A0 JIMH3HI, Xen — Xo6
g—C, MM
PaccTostHue OT NHMH3BI 0 JKpaHa, C, Xox — Xe
MM
DOKyCHOE PaCCTOSHUE COOHp. JIUMH3BI c(g—c)
F>, Mmm \6 Tt
c+(g-c)
YBeaudeHue JIUH3bI k C/( g—c)
Panuyc otBepcTus R, MM D,, / (2k)

4. Onpenenure KOOPAUHATHI COOMpPAIOIIEH JTUH3BI 5, IPU KOTOPBIX pa3Mep OT-
BEPCTHUS COOTBETCTBYET LIEJIOMY YHCIy OTKPBITHIX 30H Ppenens. s sToro ycrano-
BUTE JIUH3Y 5 BOJM3M dKpaHa U IepeMeliaiTe ee BAO0JIb CKaMbU IO HAlpaBJICHUIO K
npensaTcTBuio. [1o n3MepuTenbHOM MIKajae Ha CKaMbe ONPEAEIUTE 3HAYCHHUS KOOPIH-
HAT X; JIMH3BI 5, IPU KOTOPBIX B LEHTPE NUPPAKIIMOHHON KAPTUHBI HAOIIOJAETCS YeT-
KO€ CBETJIOE WJIM TEMHOE IATHO. Pe3ynbraThl 3aHOCATCS B TaOi. 4. OueHute norpen-
HOCTB OIIPE/IEICHHS ) KOOPIMHAT X ; TUH3bI 3.

Tabnuia 4. Pe3ybTaTsl H3MepeHHii H pacyeToB

Howmep skctpemyma, i 1 2 3 4 5 6 7
MaxkcUMyM HJIM MEHUMYM
Koopaunata cobup. JHH3BI
X;=(X] WK X), MM
[MorpenrHocTh KOOPIUHATHI X;,
MM

PaccrosHue nuH3a—3KpaH C
MTOTIPaBKOMH, Ci=Xpe-(XTAX),
MM

Pacct. 0o0BekT-nMH3a € TIO-
NpaBKOH, (g—¢);=(xFAX)-x,s,
MM

Paccrosinue d;, MM
Paccrosaue b;=(g-¢); — d;, MM
Bemmunna 1/b;, MM
HOl'I‘peIJ_IHOCTL BENMYHHEI 1/b;,

MM
Yucno oTKpBITEIX 30H PpeHe-
I8 n=i+1i,

3HayeHue [TorpemtHocth

Paccrosane a=IF i+ X5 — Xps,
MM

Besmunna 1/a, Mm

Tanrenc yrnma HakioHa (110
rpaduKy), MM

Jlnuua BOJIHBI A, MKM
Oppunara iy

3aTeM, UCIOJb3Ys MPEITIOKEHHBIC B M. 2.2 GOopMyIIbl, pacCUuTalTe AJIs KaXI0-
ro X; COOTBETCTBYIOIEE 3HAUCHUE b;. JIJisl yIPOIIEHUs] pacu€TOB MOXHO Y4Y€CTh TOT
dakT, uro ecnu ¢>>F,, T0o d=F, (B 3TOM cily4ae pacyeT BEIUYHHBI C;=X,-(XtAx) B
Ta0J1. 4 MOKHO HE BBIIIOJHSITS).

*) Tak KaKk IPH HAXOXKIECHUU SKCTPEMyMa 110 BU3YaJbHBIM HAOJIIOICHUSIM BEJIHK 3JIEMEHT CYOBbEKTHBU3MA, TO JUIS OIeH-
KU TOTPEIIHOCTH ONpeeIeHHs] KOOPAMHATE MOXKHO NPHUIEPKUBATHCS cilemylommeil Metoquku. Haiinure nuamasol, B
KOTOpOM (110 MHEHHUIO HaOJII0AaTeNsl) pU epeMelleHHH cOOUparoIiei JIMH3bI B LIGHTpe HaOltoaeTcs skeTpeMyM. Jis
HayaJIbHBIX YKCTPEMYMOB OH OyJeT JOBOJbHO OoibmuM (10 15-20 cM), o Mepe mpuOIMKEeHUs JIMH3BI K 00BEKTY aua-
nma3oH Oyzner yMmeHblIaThcs. Torga B KauecTBE OLIEHKM 3HAYEHMs KOOPAMHATBHI 3KCTPEMyMa M IMOTPEIIHOCTH MOXKHO

B34Th CEPEMHY ANANa30Ha U €T0 MOIyLIHPHHY.
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3Has QokycHoe paccTosiHHE |F)| TMH3BI 3 U PacCTOSIHUE h = =X,5— Xp; OT JIMH3BI
3 o ucciexyeMoro oobekTa 4, HaWauTe pacctostHue a=IFil+h OT «TOYeYHOro HC-
TOYHHKa» CBETA J0 OOBEKTA.

5. Onpeaenure AMMHY BOJHBI Ja3epHOro uzinydenus. U3 popmyns (2) cienyer

R*. é% =, (4)

I7ie IEPEMEHHBIMH BEJIMYMHAMH SIBJIIFOTCS] YMCIIO OTKPBITBIX 30H 1 Y BEJIWYMHA /b, ,
CBSI3aHHBIE APYT C JAPYroM JIMHEHHOHN 3aBUCUMOCThIO. Eciu o ocu adcuucce oTKIIOo-
KUTb BEJUYMHY 1/b;, @ IO OCH OPAMHAT — HOMEp [ HAOII0JAaeMOro IKCTpPEeMyMa
(MakCUMyMa WM MHHMMYMAa), TO 3KCIHEPHUMEHTAIBHbBIE TOYKHU JIOJDKHBI JIEXkKaTh Ha

HpHMOﬁ JIMHUU, ITPpUYCM IJIS1 TAHTCHCA YTI'JIa HAKJIOHA CIIPaBCAJIMBO COOTHOIICHUC:
2

tgaL, . 5)

N3 dhopmynel (5) crieayeT HAaWTH IJTMHY BOJTHBI JIA3EPHOTO U3IIYYCHHUS U OLICHHUTH T10-
TPEIIHOCTb.

OtmeTuMm, 4TO Ha caMOM JeJie 10 BUy MU(PpaKIIMOHHON KapTUHBI HEJIb3s1 OTBE-
TUTHh HA BOIIPOC O YUCII€ OTKPBITHIX 30H DpeHesi — MOXKHO JIUIIb CKa3aTh, SBJISIETCA
JM 3TO YHUCJIO YETHBHIM WM HedeTHhIM. OJIHAKO MOCTPOEHHBIN TrpaduK MMO3BOJISET
paccuuTaTh WCTHHHOE 4Yuciao 30H. U3 dopmynsr (4) crmemyer, yto n = 0 mpu
1/by = - 1/a. Haliqute mo rpaduky 3HaueHue opAuHaThl [(<0, COOTBETCTBYIOLIEE 3HA-
YeHUI0 abCIUCCHI - 1/a. PaccunTaiite mo gopmyne n = i — iy YUCIO OTKPHITHIX 30H
Openers.

Halinute nCTUHHOE YKMCIO OTKPBITHIX 30H DpeHensd s KaXKI0ro HaWIEHHOTO
MakCUMyMa WJIM MUHUMyMa. YKa)XuTe STU 4YKCIIa Ha MOCTPOCHHOM Tpaduke U B
Tabm. 4.

6. YOepute paccerBamIIyl0 JUH3Y 3 W YCTAaHOBHUTE KPYIJIOE OTBEPCTHE TaK,
YTOOBI MPAMOE JIa3epHOE M3ITyUeHHE MPOXOoauio yepe3 Hero. Ha skpane Oyner Ha-
OmonaTeess MUQPPaKIIUOHHAS] KApTUHA, OAHAKO TEMeph YUCIO OTKPHITHIX 30H Dpene-
71 U3MEHWIOCh. ECM cuuTaTh, YTO JIA3€pHOE M3IYUYECHHE €CTh IIJIOCKAas BOJHA, TO
napametp 1/a B popmyse (2) A0JKEH ObITh paBEH HYJIIO.

Jns naHHOM KOHGUTypaluy ONTHYECKOM CHCTEMBI CJIEIYET TakKe MPOBECTH
u3MepeHus u 00paboTKy B COOTBETCTBUU C MyHKTaMH 4 ¥ 5 TaHHOTO YIMPKHEHUS U
paccuuTaTh JJIMHY BOJHBI 1 UICTUHHOE YUCIIO OTKPBITHIX 30H DpeHens sl Kax10ro
skcTpeMyMa. CpaBHUTH C pe3yJibTaTaMHt, MOJTYyYEHHBIMU paHee.

OOG6paTuTe BHUMAHHE Ha CIICIYIONIYI0 OCOOCHHOCTH HaOJ01aeMon AU paKIiv-
OoHHOM KapTuHbl. Korma nuH3a 5 ycraHoBlIeHa BOJIM3U MPETSITCTBUS U HA YKpaHEe Ha-
Omro1aeTcsl YeTKoe M300pakeHNe KPYIJIOro OTBEPCTHS, TO JJISI €ro MOCTPOSHUS UC-
MOJIB3YETCSl MPUOIMIKEHUE TeOMETPUIECKOM onThKU. HampoTus, Koria JMH3a Haxo-
JUTCSL BOJIU3U SKpaHa U pa3Mep OTBEPCTHUSI MEHBIIIE pa3Mepa NepBoil 30HbI DpeHens,
JUTS omUcaHusl AUGPAKIIMOHHOW KapTHUHBI MpUMeHseTcs npuodmmkenue Opaynrode-
pa. Takum oOpa3zoM, Mpu MepeMEeIeHUH JIMH3bI 5 OT MPENATCTBUS K dKpaHy JJIsl OTH-
CaHMs MOJIy9aeMOT0 Ha dKpaHe U300paKeHUSI CIPABEITIMBBIMI CTAHOBSTCS TTOCIIEIO0-
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BaTEJIHHO MPUOIIKEHNE TeOMETPUUECKON ONTUKH, 3aTeM IpubImxeHne Openens u,
HakoHel, npudmkenue OpayHrodepa.

7. Yoepure kpyrioe otBepcTHe 4. Teneps Ha cOOMPAIONTYIO JTUH3Y 5 HEIOCPE/-
CTBEHHO TaJIaeT Ja3epHoe n3ydeHne. PaccMoTpute BHUMATEThHO HAOIIOJaeMY0 Ha
sKpaHe AUGPAKIMOHHYIO KapTHUHY, MPOCIEANTE, KaK OHA U3MEHSETCS IPHU MepemMe-
IIECHUHU JIMH3bI 5 BIIOJb ONTHYECKOM CKaMbH. BHAHO, UTO HA AKpaHE MO-MPEKHEMY
Ha0JII0/1aeTcsl cUcTeMa KoJiel], OJJHAaKO OHa BUIHA HE CIMIIKOM OTYETJIMBO, a MPH Ie-
PEMENICHUH JTUH3bI B IIEHTPE KapTUHBI HAOIIOJAETCS TO TEMHOE, TO CBETJIOE TISITHO.
Haiinute o0BsicHeHUE JaHHOMY SIBIICHUIO, HE YUTAasl CIEIYIOMIEro ab3arma, B KOTOpOM
3TO 0OBSACHEHUE JAEeTCsl.

[TosiBeHne nUQPaKIUOHHONW KapTHHBI B CIIy9ae OTCYTCTBUS ‘‘TIPCTISITCTBUS
MO>XXHO OOBSICHUTH CleAyHUMM 00pa3oM. KoHCTpyKIusi MOIynpoBOJHUKOBOIO Jia-
3epa TaKoOBa, YTO Ha €ro TOpIE, U3 KOTOPOr0 BBIXOJUT U3JIyYEHHUE, UMEETCS KpyTJias
muadparma quamerpom 2-3 muumMmetpa. [Toatomy Habmomaemas nudpakirmoHHas
KapTuHa — ciencTBue audpakuuu Ha quadparme nazepa! OHa BUHA HE CIUIIKOM
OTYETJIMBO H3-3a TOTO, YTO JIA3EPHOE W3IyYEHHUE 3amoiaHsIeT AuadparMy He IMOJHO-
CThIO, a JINIIIb YACTUYHO — BBIXO/IAIIECE U3TyYCHUE UMEET CEUCHHE B BUJIE OBaJa.

Ecnu cucrema koseny HaOMoAaeTCst JOBOJIBHO YBEPEHHO, TO (MO YKa3aHUIO Mpe-
rmojaBaTesIsl) MPOBEANTE M3MEpPEHHE auaMerpa auadparmbel. MeTtoanka W3MepeHUM
MOJHOCTHIO aHAJOTHMYHA MPUMEHSEMOW BBIIIE - ONPEACIUTE KOOPAUHATHI JIMH3BI,
MU KOTOPBIX B IEHTPE KapTUHBI HAOIIOAAOTCS OTYETIMBEE MAKCUMyMBbl U MUHU-
MYMBI, TIOCTPOMTE COOTBETCTBYIOIMKA Trpad)WK M 1O W3BECTHOW JJIMHE BOJIHBI pac-
cuutaiite auametp Auadpparmel. Ciieayer 3aMeTUTh, YTO B IaHHOM ClIydae paccTosi-
HHUE b OTCUUTHIBACTCS OT TOpIia Ja3epa, IJI€ PACHOJIOKEHO “NPEnATCTBUE, a BEIIU-
YUHA l/a TO-TIPEXKHEMY paBHA HYJIO (1moyemy?).

Vnpaorcnenue 2. [Inppaxuus @peHesisi Ha Kpae IKpaHa

1. BHOBBb yCTaHOBUTE pacCEMBAIOLLYIO JIMH3Y U NPOBEINUTE OCTUPOBKY CHCTE-
MBI.

2. YCTaHOBHTE Ha CTOJUK 4 MPEMITCTBHE — HEMPO3PadyHyIO “TIOTyOecCKOHEY-
HYI0” IUIOCKOCTh, OTPAHMYEHHYIO POBHBIM KpaeM, MPeICTaBIIIONYyI0 cO00il Jie3Bue
OputBhl. [lepemenas nmpensaTcTBUE B HATPABICHUH TIEPIICHINKYISIPHOM ONTHYECKOM
OCH C MOMOIIBIO MUKPOMETPUUYECKOMN MOJAYM CTOJIMKA 4, IMOJYyYNUTE HAa DKPAHE JIH-
¢bpaknnonHyo kaptuHy. [locTapaiitech BRIOpaTh MOIOXKEHHUE, TIPU KOTOPOM TIPETIST-
CTBHUE MEPEKPHIBAECT POBHO MOJIOBUHY MAJIAOIIETO HA HETO MTyYKa CBETA.

JudpnkuroHHas KapTUHA MPEACTABISAET COOON yepeoBaHUE TEMHBIX U CBET-
JIBIX TOJIOC PA3JIMYHOM MHTEHCUBHOCTH (CM. pHUC. 7), KOTOpas MCKa)KEHA CHUCTEMOU
mudpakunoHHbIX KoJiel. Komnbia HabnromaroTcst BCIEACTBUE OMMCAHHOW BBILIE -
¢pakuun Ha auadpparme nasepa. [Iposenure B pesxxume DKCIIEPUMEHT uzmepe-
HUE paclpeelCHIs] MHTCHCUBHOCTH JH(PPAKIIMOHHONW KapTUHBI. 3apUCYHTE B TET-
pazu NOJIy4eHHOE paclpeie]IeHne HHTeHCUBHOCTU. CpaBHUTE € puc. 7.
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Ynpascnenue 3. {uppaxuusa OpeHesiss HA HIeTH

1. YcraHoBUTe Ha CTOJUK 4 MPEMSTCTBHE — II€Jb, COCTABIEHHYIO U3 JIBYX IO-
JIOBUHOK JIC3BUU OPUTBBI, TAKUM 00pa3oM, 4TOOBI IUNIOCKOCTD IIeNI Oblia TEePIeHIU-
KyJIsSIpHA J1a3epHOMY My4Ky. C MOMOIIbI0 MUKPOMETPUYECKON MOaun Ha CTOJIUKE 4
YCTAaHOBUTE IIEIb TaKUM 00pa3oM, 4ToObI qudpaKImoHHAs KapTHHA Ha dKpaHE Ha-
Omonanack HanboJiee OTYETIIMBO, MPU STOM IIENb AODKHA PACIIOaratbCs TOYHO 10
LEHTPY MMAIAIOIIETO HA HEE ITyYKa CBETA.

[IponabiromaiiTe 3a U3MEHEHHUSIMU JTHPPAKIIMOHHONW KapTUHBI MPU TIEpEeMEIIIe-
HUU coOuparomieil JuH3bl 5 BAOJIb cKaMbu / OT 3KpaHa 1o menu. O0parure BHUMA-
HUE Ha U3MEHEHUE TUPPAKIUOHHON KAPTUHBI, B OCOOEHHOCTH B €€ LIEHTPE.

2. IloBepHHTE PACIIONOKEHHYIO HAa CTOJIMKE 4 IIEIb HA HEKOTOPBINA Yyroy OTHO-
CUTEJIbHO BEPTUKaIbHOU ocu. Eciii npu moBOpoTe OTKPHITHINA Yy4aCTOK ILIEIH CMEIla-
eTcsl U3 LIEHTpa JIa3€pHOr0 MydYKa, TO MPOBEAUTE JOMOJHUTEIBbHYIO FOCTUPOBKY C
MOMOIIBI0O MUKPOMETPUUYECKOTO BUHTA Ha CTOJIMKE 4 Tak, YTOObI HAa SKpaHe HaOJIIO-
Janach 4eTkas AUPpakuoHHas KapTHHA.

BHoBb nipoHabito1aiiTe 3a N3MEHESHUSIMU TH(PPAKITMOHHONW KapTHUHBI MPH TIepe-
MEIIEHUH COOMPAIOIIeH JTUH3bI 5 BOJb CKaMbU / OT 3KpaHa J10 IIEJIH.

[TpoBenuTe HAOMIOICHUS TTPU PA3IMYHBIX YTJIaX TTOBOPOTA MIEIIH.

3. BriOepuTe Takue moJIOKESHHS e U COOMparoIei JMH3bI 5, TP KOTOPOM B
LHEHTpE KapTUHbI HAOMofaicsd Obl YETKUH MUHUMYM WJIM MAKCUMYM, a YHCJO Ha-
0JIF0/TaeMBIX TEMHBIX M CBETJIBIX TI0JIOC ObLIO ObI HeBEMKO. C TTOMOIIBI0 MUKPOMET-
PUYECKOr0 BUHTA HA CTOJIMKE 4 yCTAHOBUTE ILEIb CTPOTO IO LIEHTPY MAJAOIIETO HA
Hee My4YKa CBeTa. ITO HE0OXOAUMO JIJIsl pABHOMEPHOTO OCBEIIEHUSI OTKPBITOTO TPO-
CTPaHCTBA LIEJIH.

IIpoBenute usmepenuss B pexunme OKCIIEPMMEHT. 3aperucrpupoBanHas
KapTUHA MIPHU MPaBUILHOM TOJI0KEHUH MIENH (110 NEHTPY My4Ka) A0DKHA OBITh CUM-
METPUYHON. DTO MO3BOJIUT JETKO ONPENETUTh LHEHTP AU(PAKLUUOHHON KapTHHBI Ha
rpaduke, NpeJCTaBICHHOM Ha YKpaHe MOHUTOPA.

4. 3anummte B TaOJ. 5 3HAYCHWE KOOPAMHATHI JIMH3BI 5. 3aTeM B PEKHME
AHAJIN3 npoBeauTte cCpaBHEHUE pe3ysibTaTa SKCIEPUMEHTA C TEOPETUUECKON 3aBU-
cumocthio (kimaBuima HOME). M3mensass 3HaueHue mnapaMmeTpa © (KJIaBUIIbI
CTPEJIKA BITPABO-BJIEBO) Ha rpaduke TeOpEeTHYECKON 3aBUCUMOCTH, HAUAUTE
Cly4al XOpOIIEr0 Ka4eCTBEHHOIO COOTBETCTBHUS TEOPHU U dKcrepumeHTa. [lo Hau-
JCHHOMY 3HA4Y€HMIO () paccuuTaiiTe mUpHUHy mwenu d no ¢popmysne (3), mpu KOTOpoit
OBLT MPOBEACH dKCIEPUMEHT. JlJI ATOTO ONpeAenuTe 3HaYCHHs BEJIMYUH a U b, uc-
noJib3yeMbIX B popmynie (3), mpuMeHsst MeToauKky ynpaxkunenus 1. Ilo HalimeHHOMY
paHee 3HaYEHUIO JUIMHBI BOJHBI A Haiiaute §. D710 3HaueHue & u OyaeT paBHO IMUPH-
HE LIEeNH d.

5 He u3meHsist MONOXKEHUs 1IENH, MPUABUHBTE K HEH JUH3Y 5 M MOJIy4UTEe Ha
dKpaHe YeTKOEe M300pakeHne Iienn (aHamorudHo 1.3 ynpaxkHenus 1). M3mepste ero
pa3Mep M HalauTe MUPHUHY IIENTU d, 0 METOJIMKE, U3JI0KEHHON B ynpakHeHuu 1.
CpaBHHTE C pacCUUTAaHHBIM 3HAUECHUEM.
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Tabnmma 5. Pe3yJbTaThl H3MEpeHHii U pacuyeToB

3nauenue | IlorpemHocTh

KoopaunaTta coOup. NMUH3BI X=(X; WIH X;),
MM

[TapameTrp ®

Paccr. 00beKT—IIHH3a C MONIPaBKOM, (g— ¢)=
=(xtAX)—Xy5, MM

Paccrosinue d = F,, MM

Paccrosiaue b=(g—c) — d, Mm

Paccrosinue a (u3 Tabn.4), MM

Iupuna memn & = o 2. l-l-ij,MM
Ala b

Pa3mep uzoOpaxenus menu L,,, MM

VBennuenne nuH3EI k (113 Ta071.3)

Mupuna wenn d = L, [k , MM

3. CHUMHTE pacCEeMBAIOIIYI0 U COOUpAIOIIyIO JIMH3bL. [lOBEpHUTE IIENIb TaKUM
oOpaszom, 4TOOBI Ha 3KpaHe HaOMIOAANIach MUQPPAKIIMOHHAS KapTHHA, XapaKTepHas
st nudpakuun Opaynrodepa, npu 3TOM IEHTPAIBHBIA MaKCUMyM JOJIKEH OBIThH
nopsiaka 5—10 mm. YcranoBute cobuparomtyro auH3y. [lepeasuras TuH3y BIOJIb CKa-
MbU, U3YUYUTE CTPYKTYPY LEHTPAIbHOTO MakcumMyma. MakcumyM OyJeT pa30ouT Ha
PSAZl TOPU3OHTAIBHBIX TEMHBIX U CBETJIBIX TMOJIOC, KOTOphIE OYAyT U3MEHSTHCA TPHU
nepemernieHnu TuH3bl. O0bICHUTE HAOTI0aeMOE SIBJICHHE. 3apUCYHTE TIOTyYHBIITHC-
Csl KAPTUHBI B TETPab.

Vnpaosicnenue 4. {uppaxuus @penesisa Ha rlpOBO.HOKe1

1. YcraHoBuTe Ha CTOJNMK 4 MPENSATCTBHE — OMpPaBy C MPOBOJIOKOM, MpPEICTaB-
JISIONIYI0 COOOH Y3KYH0 METaJUIMYECKYIO IOJOCKY IMMPHHOW 1-2 MM W TOJIIUHOMN
0,1-0,3 mM. [ToBOpOT OmpaBsl ¢ TaKOM MPOBOJIOKOW BOKPYT BEPTHUKAJIBHON OCH JaeT
BO3MOKHOCTb U3MEHSTh pazMep npensitcTBus. Eciau neHTp nazepHoro myyka He 1o-
MajaeT Ha MPOBOJIOKY, MPOBEIUTE IOCTHPOBKY C IMOMOILIBI0 MHUKPOMETPUYECKOTO
BUHTA Ha CTOJIMKE 4 U N0OENTECh, YTOOBI MIPU MPOU3BOJIBHBIX YTrilaX MOBOPOTA MPO-
BOJIOKHM Ha dKpaHe HaOJro1anachk 4yeTkas qudpakiinoHHas KapTHuHa.

Y cTaHOBUTE MPOBOJIOKY TaKUM 00pa3oM, YTOOBI pa3Mep MPENITCTBUS ObLT MU-
HUMaNIbHBIM. [lepemernias coOuparoiyto JIMH3Y S5 BIOJIL CKaMbU / OT KpaHa Jo IIie-
71, oOpaTuTe BHUMaHNE Ha M3MEHCHHE TU(PPAKIIMOHHOW KapTHHBI, B 0COOCHHOCTH, B
LEHTPE KapTUHBI.

3aduKcupyiTe MOJOKEHUE COOUPAIOIIEH JTUH3BI 5 U, TOBOPAYUBAs MPOBOJIOKY
BOKPYT BEPTHKAJILHON OCH, MPOHAOII0alTe N3MEHEHNE TU(PAKITMOHHON KapTHHEI.

2. BHOBb yCTaHOBHUTE MPOBOJIOKY TaKUM 00pa3oM, 4TOOBI €€ TOJIIMHA ObLia
MUHHUMaIbHOU. [I0 MeTOIMKE, W310KEHHON B YIIPA)KHEHHUU 1, ONpenenuTe no pasme-
py m300paxkenus ToaumHy npoBojioku. B pexxunme DKCIIEPUMEHT nonyunre 3a-
BUCHUMOCTh Paclpe/ieICHUs] UHTCHCUBHOCTU CBeTa B AUGPAKIIMOHHOW KapTUHE MpU
HEKOTOPOM (PUKCHPOBAHHOM TIOJIO)KCHHH COOMPAIONIEH JMH3BI X.; (PEKOMEHIYETCS

' ITo yka3aHmio mpenonaBaTess, U3MEPEHUA B YIIP. 4 MOKHO He MPOBOIUTH, OFPAHMUHBIIMCH TOIBKO HAGTIOICHHAMK
I(PaKITOHHBIX KapTHH
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pacIoNoXUTh JMH3Y Ha HEOOJBIIOM pAcCTOSHUU OT IMPOBOJOKH). B pexume
AHAJIN3 npoBeauTte CpaBHEHUE pe3ysbTaTa SKCIEPUMEHTA C TEOPETUUECKON 3aBU-
CHUMOCTBIO M HaIUTe 3HaUECHUE TapaMeTpa (), IpH KOTOPOM HaOJII0AaeTcsl XopoIee
corJiacue.

CHumMmuTe co cTosivka 4 MpoBOJIOKY U BHOBb yCTaHOBUTE IIeib. [lomyuure ¢ mo-
MOIIBI0 cOOMparoIeil JMH3bI Ha SKpaHe YeTKoe N300pakeHue eI U, TOBOpaunBast
ee, MoJ0epuTe Takoe MOJIOKEHHE, NMPU KOTOPOM €€ IIMPUHA COBHAAET C TOJILIUHOM
MIPOBOJIOKU. Y CTAHOBUTE COOMPAIOIIYIO JIMH3Y B TO XK€ MOJIOKEHUE X,;, UTO U B IKC-
NEepUMEHTE C MPOBOJIOKOM, U MpoBeauTe u3Mepenus. B pexxume AHAJIN3 nposenu-
T€ CpaBHEHME Pe3yJbTaTa SKCIIEPUMEHTA C TEOPETUUECKON 3aBUCUMOCTBIO U HalIu-
T€ 3HAUEHHUE MapaMeTpa @, IpU KOTOPOM Habirogaercsa xopoulee conageHue. OHO
JOJKHO COBIACTh CO 3HAUYECHUEM (), HAWJICHHBIM JIJIsl IPOBOJIOKH.

3apucyiiTe B Te€Tpaau pacnpeesieHue HHTEHCUBHOCTH CBETa B TU(PAKIIMOHHBIX
KapTHHAX JJIs IPOBOJIOKU U Juis mienu. [Ipumensas npunnun babune, oObsicHuTE 110-
Jy4EeHHBIE SKCIIEPUMEHTAIbHbIE 3aBUCUMOCTH.

3. YcTaHOBHUTE MPOBOJIOKY TaKUM 00pa3oM, 4yTOOBI pa3Mep MpPEmsTCTBHUS ObLI
MakcuManbHbIM. llpoBenure u3MepeHus pacnpezeneHUus] WHTEHCHUBHOCTH CBETa.
CpaBHuTe C pe3ysbTaTaMu M3MEPEHHI Ha Kpae dKpaHa. 3apHucyiTe HaOII0JaeMylo
KapTUHY B T€TPaJlb.

OCHOBHBIE UTOTH paﬁoTbI

B pesynomame gvinonnenusi pabomul cmyoenm 00JHCeH yMemby.:

— 00vACHUMb NPUHYUN NOcmpoeHus cnupaiu Opernens u ucnoIb3068ams My CHuU-
Panb 01 HAX0HCOeHUsl NOJISL 8 YeHmpe Kapmuhbl npu OUDPaKyuy Ha Kpyeiom omeep-
CMmuu U Henpo3padHom OucKe;

— 00vACHUmMb npuHyun nocmpoenus cnupanu Kophio u ucnonvsoeams smy cnu-
Panb 05l HAX0XHCOeHUsl NSl HA IKPpane npu ougparyuu Ha Kpae, weiu u npo8ooKe;

— 00vACHUMb pasiuyue mexcoy NPUOIUNCCHUAMU 2e0MempU-4eckol ONmuKuU,
@penens u Opayneoghepa u nokazames Ha IKCHEPUMEHMATLHOU YCMAHOBKE, 8 KAKUX
Cyuasx ciedyem ucnoib308ams mo Uil UHoe npubIudICeHue.

KOHTpOJIBHbIe BOIIPOCHI M 3a1aHUA

1. Chopmynupyiite npuniun I roiirenca—Openens.

2. Uto Takoe 30HBI OpeHens? BeiBenure hopmyiry (2) 11 HaXOXKICHHS pajanyca
n-1 30HBL.

3. Kak BbIIMIAOUT rpauK 3aBUCUMOCTH MHTEHCHUBHOCTH B LEHTPE AUPPAKIUOH-
HOM KapTHHBI OT paguyca Hempo3padyHoro nucka? OOBSICHUTH MOTYYCHHBIA Pe3yiib-
TaT ¢ noMoIubto cnupann Openens.

4. HapucoBartb criupanb KopHIO 1 00bSICHUTD, KaK C €€ MOMOILBIO MOJIYYUTh T'pa-
(YK 3aBUCUMOCTH MHTEHCUBHOCTH TipH qudpakimu OpeHerns Ha Kpae JKpaHa.

5. Ykaxure Ha cnupanu KopHio yyacTok, cOOTBeTCTBYIOIMNA nudpakiun OpayH-
rodepa, 1 00bSICHUTE, KaK OYJeT MEHATHCSI HHTCHCUBHOCTD B IIEHTpE AUGPAKIINOH-
HOM KapTHUHBI Ha 1wenu npu audpaxkuuu Opaynrodepa.



29

6. OOBpsacHUTE, TIoUeMy TIpu AUGPaAKIIMU Ha MPOBOJIOKE B IIEHTpPE Bceraa Oymer
CBETJIas MoJoca.

Jluteparypa

1. bopn M., Bonvgh 3. OcuoBsl ontuku. M.: Hayka, 1970. I'n.8. C.404—-470.
2. bymukoe E.H. Ontruka. M.: Beicias mikosa, 1986. §6.1, 6.2.

3. Mameees A.H. Ontuka. M.: Beicmas mkoua, 1985. §31-32, 34.

4. Jlanocoepe I'.C. Ontuka. M.: Hayka, 1976, §33, 35-37.



