BO BCeil ero Kpace...

VYciioBue

3anauya 3. 'eomerpuyeckKasi ONITUKA U ... HUKAKOro ¢poTormnona!

Nuorna dororpady yraéred ciaenarb Kajp, KOTOPBIH (DUKCUPYET yIUBUTEIbHOE (DUUIECKOE siB-
Jlenne <«BO Bceil ero kpace...» OOHIHO CJIBIIATH, KOIJIa MPU OOCYXKJIEHUU TAKOW 3aMedaTebHOM
dororpadun 3puTesin CHUCHIBAIOT BCe HA ... 3PpdeKThl (oToIona U He MEeHAT MacTepCcTBO (ho-
torpada. Bce neokumannbie, Ha MepPBBIH B3I, 3PDOEKTHI MOTYT OBITH OObICHEHBI HA OCHOBE
3aKOHOB T€OMETPUYIECKON ONTUKN. JHAHWE KOTOPBIX U YMEHNe UX MPUMEeHsITh BaM mpejgcront mpo-
JIEMOHCTPUPOBATDH IIPU PENTEHUN 3TOU 33 Ia4N.

Hactp 1. 3aKOH NPSIMOJIMHEITHOTO PACHPOCTPAHEHUS CBETA.

Ha nepoit dpororpacdpun «Tenn» mpejcraBienbl TeHU OT JEPEBbEB Ha OKpawHe 3UMHETO Jieca BO
BpeMms Bocxosa couria (Poro 1). Kak mssectHo, n3-3a rpomajaoro paccroguus 1o Cosna (npu-
MepHO 150 MJIH. KM) COJIHEUHBIE JIy9H, TI&JIAIONHe HA 3eMJII0 IPAKTUIECKU HapaJlie/bHbl, CIIe0-
BaTEJILHO, ITapaLIeIbHbl 1 TeHH OT jepebbes. Onnako Ha dpoTorpaduu 4eTKO BUIHO, YTO U300pa-
JKEHHs TEeHell JIaJIeKO He Hapasule/bHbl!

ITodcxasxka. Teopus nepcnexmuest.

ﬂ/Lﬂ MATMEMATUYECKO20 ONUCAHUA ’U,306pa9fC6HUﬂ 20PU3OHMANDHHLL 06BexmMo6 6eedem dse NAOCKo-
cmu.

)7

I, — eopusonmanvryro, 6 komopot naxodsmcs gomozpadupyemvie 06sexmoL (6 HAWEM CAYUAE
meny 0epeéves Ha NOGEPTHOCTNU 3EMAU, KOMOPYIO OYdem CHUMAMd CMmpo2o 20pu3onmanvhot). B
amot naockocmu esedem cucmemy koopdunam (X, Y).

Iy - sepmukansvryro naockocms uzobpasicenuti. B amoti naockocmu makoice sgedem cucmemy xo-
opdunam (U, V), Hauaia orcyera 00eMX CHCTEM COBIaJalT, Takke comnagaior ocu OX un OV.
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Kpowme Toro, aru ocu mpoxoisT 1o 1nepeHeMy cpedy dgororpadupyeMbix mpejaMeToB (UM Mo HuK-
Hemy cpe3dy dororpacdun. CTporo ropopsi, B 9TO# cucTeMe OTCUYeTa CJIelyeT BBECTH MACIITAOHBII
muOKUTEND (hoTorpadun neitzazkeit 06bITHO YMEHbBINEHHBIE), HO MBI Gy/IeM CIMTATh, 9TO MACIITa-
OBI Bcex oceil OIMHaKOBEI.

Touka cbemkn C' HaXOAUTCA HA PACCTOSHUM [ OT IJIOCKOCTH H300paykKeHWit W Ha BbIcOTe h HaI
IJIOCKOCTBIO TIPEIMETOB Ha IPSMOIl, sIBJIAOIIeiicsa npogokenneMm ocu OY .

st mocTpoenust n300pazkeHust TOUKU A (Haxodawelcs 6 niockocmu npedmemos) ciedyem npose-
cmu Ayy om amoti mouxu do mouku ceemru C. Touka nepecevenusn amozo ayvwa A’ ¢ naockocmoio
usobpastcenutl u AsAAeMCA usobpasceruem mouwrku A.

1.1 Beipasure koop/HaThl Touky nzobpazkenuss A’ (u,v) uepes koopaunarsl Touku A (x,y).

1.2 @ororpadupyembrii mpeMeT ABJISeTCA MPsIMOil TuHueil, napasieabaoit ocu OY u nepecexkaro-
et ocb OX B TOUKe ¢ KOOPJAUHATON xg. [loydure ypaBHeHNe JIMHUN, SIBJIAIONIENCT N300parkeHneM
9TOM MPsIMOli B TIOCKOCTH n300paskeHuii v(u). ABagercs i 1a JuHUsT TPIMON?

1.3 Ha ocHoBanuu mojydeHHoro B 1. 1.2 ypaBHeHUs, OObICHUTE, MOUYEMY M300parKeHUsl TeHei
BEPTHUKAJILHBIX JIEPEBHEB HE MapaslJIeTbHbI.

Ha otnenmsnom Gitanke rnpuBejiena Ta ke dororpadus, HO depHo-Oestasd u Oojiee KoHTpacTHasd. Ha
dororpaduio Hasokena KoopuHaTHAsA ceTka cucreMmbl Koopauuar (U, V). Ha neii Takxke momede-
HBI JIBa jepeBa: 1 U 2, HAXOIANINECs Ha OJJHOM PACCTOSTHUNA OT TOUKU ChEMKH.

Ha amom pucynke vt modtceme deaamsb Heobxrodumovie 8am JOTONHUIMEALHBLE TLOCTTILPO-
enus. He 3abydome e2o cdams! Vcnonssys sty dhororpaduio, OTBEThTE Ha CJIELYIONINE BO-
IPOCHI.

1.4 Yemy paBHO paccTosiHue MexK 1y oTMedeHHbIME jJepeBbsamu 1 u 27 1.5 Ha kakoii BbicoTe h Haxo-
JuTest TouKa cheMKu? 1.6 Ha KakoM paccTossHUN OT TOYKU CheMKH HAXOISITCsI OTMEUEHHbBIE IePEBbs
1 u 2, ecotm TOUKa CheMKU HaxXouTCs Ha paccrogauu [ = 5,0 M oT maockoctn n3obpazkenuit? 1.7
[Touemy TeHU HEKOTOPBIX JIEPEBHEB (B MPABON YACTH CHUMKA) M30THYTHI?

Yactb 2. 3aKOH OTpakeHus CBeTa.

Bropas dororpadust «YTpos» cienaHa Ipu BOCXoJie COJHIA Ha (hboHe criokoitHoro o3epa (Poto 2).
Hebo, KycTbl U mepeBbsi OTpazkaloTcst B CIOKOWHOM Boje. OHako Ha dororpaduu OTCyTCTBYET
orpazkerne Cosanal Bam Haj10 00bACHUTS TPUIUHY 9TOTO « TAWHCTBEHHOI'0» UCYE3HOBEHUSI.

2.1 UNzobpasure mpuMepHblil X0 Jiydeil, dhopMupyoomuii mojydentnoe nzobopazkenue. [lokaxkure,
[IOYEeMY OTPAXKEHUE COJIHIIA MOYXKET OTCYTCTBOBaTh Ha (ororpacdun. 2.2 [logyuaure coorHoIenue,
CBsI3bIBAIOIIEE TTapaMeTphbl 00beKTa (BBICOTY JIePEBBhEB, yTOJI COJIHIIA HaJl TOPU30HTOM, MOJIOKEHHE
TOYKM ChEMKHU U T.JI.) IPU KOTOPOM BO3MOXKEH HaboaeMblii 3 GeKT MCIe3HOBEeHNsT OTPazKeH st
COJIHIIA.

Yactp 3. 3aKOH peIoOMJIEHUS CBETA.

Tperbs dororpadpusa «Pusuk ... 6€3 TOJIOBBI» Cjie/laHa BOIU3U MPIMOYTOJLHOTO aKBapuyMa, B
KOTOPOM HAXOJIUTCsI Y€JIOBEK, JIePKaIuil B pyKe ... cBoto roioBy (Poro 3).
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3. zobpasure mpuMepHBI X0/ CBETOBBIX JIydedl (J0CTATOYHO CIeJIaTh BHJL CBEPXY), 00bACHSIIO-
Uil KaxKyIeecs: CMeIenne Jacteil Tesa demopeka. O0sg3aTeIbHO YKaXKUTE HA CXEMe MOJIOXKEHNe
4JeJIOBEKa U IIPUMEPHOe TOJIOKEHNe TOUYKHM cbhbeMKH. [lokaxkuTre, Kak (popMUPYIOTCH N300parKeHUS
T'OJIOBBI U TYJOBUIIA Ye€JIOBEKA.

Doro 1.

Doto 2.
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®oto 3.
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Pemenune

Banaga 3. 'eomerpuyeckasi ONITUKA U ... HUKAKOro ¢gotrorimomna!

Permrenne sToit 3a/la"91 BBISBAJIO CEPbE3HbIE TPYJIHOCTU Y YIaCTHUKOB OJIUMIINAAbI 1 UX PYKOBO/IU-
TeJIen. HOSTOMy MbI IIOCHUTAJIN BOSMO2KHBIM IIPDUBECTU 31€Ch HE TOJIBKO IIOJIHOEC pelieHue ,ZLaHHOfI
3aa491, HO U JOCTATOIHO O6HII/IprI€ IIOsAICHEHUA 1 KOMMEHTapHH.

Kak dbopmMmupyercs n3zobparkeHue Ha SKpaHe.

Hagnem ¢ Toro, 9To 9esoBeK BHIUT (OIMYIAET) TOJBKO TO CBET, KOTOPBIN IONMAIaeT eMy B IJIa3.
N Hukakum criocoboM YesioBeK He MOYKET OIpPEJIe/IUTh, OTKY/a Ha CaMOM JieJie TIPUIILIA JIYIH CBe-
Ta, MOMNAJAONINE eMy B IVIa3. YIPOIIEHHas ONTHUYECKasl cXxeMa TJia3a IMPUHIUITHAJIHLHO COBIAIAET
¢ ONTUYECKON cxeMoil poToalapara, MO3TOMY JdaJIbHERIINE PACcCyK/IeHIe B OJMHAKOBON cTeleHn
OTHOCATCA KakK K IUia3y, Tak u K ¢oroamnmnapary. lIpunnunuaibno, uX OCHOBHBIMU ONTHYICCKUMM
SJIEMEHTaMU sIBJISIOTCS coOMparolas JrH3a n 9KkpaH (puc. 1): y riiaza 3padok W ceTdaTka, COOT-
BETCTBEHHO; y (poToarmmapara — O0bEKTUB U CBETOUYBCTBUTE/IbHAA MATPUIIA.

Jlyun cBera, ujyiipe or UCTOYHUKA S, TIOIA-

JIAtonye Ha JIMH3Y (310 BaxKHO!) cobuparorcs

B ommoil Touke S’ Ha sKpane, dbopmupysa To- §
YevHOoe M300parKeHne TOYEYHOTO MCTOTHUKA.
910 n30bpazkeHne UKCUPYeTcs TNOO MATPH-
neit doroarnmapara, JMOO CeTIATKON IiIa3a.
Takum 0O6pa3oM, «II€PBOMCTOYHHKOM» U300-
paXKeHus SIBJISICTCS PACXOSIIIIICS Y IOK JTy-
qeil, monaaronmx Ha JnH3y. CaMbIM BaXK-
HBIM JIJIsT JAJIbHENINX pacCyKJIeHnil siBysieTcs jiyd S.S’, MpoXoAdmuil yepe3 ONTHIeCKU IeHTD
aua3bl O u moroMy uaymiuii 6e3 m3MeHeHusi HanpasieHus (6e3 npesomienus ). [losromy Jrobast
TOYKA PErUCTPUPYEMOTO TIPEeJIMeTa, JiexKkarast Ha npsamoit OS maer uzobpazkenue (Mpu Hajieska-

meit bokycuposke) B ojiHol Touke S’ Ha sKpamne!.

J 2

DTO U eCTh OCHOBHASI UJiesl IPUBEJICHHON B YCJIOBUM 33/1a91 «T€OPHUH MEPCIEKTUBbI». PaccMoTpum
OJ/IpoOHEe MMPUBEJIEHHDBIN B YCJIOBUU PUCYHOK.

[Tox Toukoit cvremu C' cielyer TOHUMATD
ONTHUYECKUIl TEHTDP JINH3bI (3padka IJiasa,
win obbekTnBa Qoroanmapara). Tak kak
touku A u A’ nexkar Ha OJHOM Jiyde, IIOIa-
JIAIONEM B ONTHYECKUI IEHTP, UX H300pa-
JKEeHUs Ha 9KpaHe OyJly COBHIAJATh. Takum
00pa3oM, IPUBEJIEHHAs «TEOPUs MEPCIEKTU-
Bbl» OOBSICHSIET, MOYEMY IMPABUJIA OCTPOE- ¥
HUsI N300pazKeHnii B KAPTUHHON TLJIOCKOCTH
II, maror TO Ke m300parKeHHe Ha ceTdaTKe,
YTO W PEAJLHBINA MPEIMEThI B TPEXMEPHOM IIPOCTPAHCTBE. 3aMETUM, UTO IPUBE/ICHHBIC MTPABH-
Jla MOYKHO OOOOIIUTH JIEHCTBUTEILHO HA TPEXMEPHOE MPOCTPaHcTBO. /s ynporienus 3ajadu Mbl
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paccMaTpuBaeM TOJILKO TOYKH, JieKalllne Ha TOpU30HTaIbHOI 11ockocTu XY . Bes ocoboro Tpyria
MOKHO ITOCTaBUTH OOIYIO 3aJIa4y: TOJIOYKEHHEe HEKOTOPO#l TOYKHU (oTorpapupyeMoro mpejmera
3aJ1a€TCsl TpeMsi KOOpIMHATaMU (X, ¥, ), HaiiinTe KoopAuHATE! (U, V) n300pazkeHust STOM TOUKHM Ha
KapTUHHON TI0cKoCTU. Ecim ocHOBHas WMies OCTPOEeHUS

11

IEPCIEKTUBHBIX I/I306pa)KeHI/II71 YCBO€Ha, TO rZL&J'[I)HeI'?'H_HI/IIU/I X0 penieHud CTaHOBUTCHA IIOYTU OY€BU/I-
HbBIM.

1.1 . Haiigem cBsA3b Mexk1y KoOpuHaTaMu TouKM npeamera A(z,y) u ee uzobpaxkenus A'(u,v).

U3 tpeyronbauka ABD ciemyer

u x l

— —x
I l+y l+y
Hamee pacemarpusas Tpeyroynbanku ACB u ABD, naxomaum

h h

v
y l+uy v l+y 2)

1.2 ®ororpacdus cienana Tak, ITO COJIHIE HAXOJAUTCHA HEIOCPEJICTBEHHO Tepes (roToarmnaparoMm,
IIO3TOMY MOXKHO CUUTATh, YTO TCHU ACPEBLEB ABJIAIOTCA IIPAMBIMHI JIMHUAMU, ITapaJlJIeIbHBIMA OCHU
OY . llosTromy HaitieM ypaBHeHHe M300parKeHnsT TpsIMoii, mapaJutesibHoit ocn OY u mepeceKkaroreit
ocb OX B TOUKe ¢ KOOPJIMHATON xo. Boipasum u3 (1) KoopauHaTy ¥, TOJIYInM

Lo Lo
l+y=12 = y:z<——> (3)
u u
¥ [IOJICTABUM TeIeph MOJIyYeHHOE BBIpasKeHue B (2), B pe3y/IbraTe IIOJIy M yPaBHEHUs N300pazKke-
HUST 9TOI IPAMOM v(u) B IIOCKOCTH H300paKeHuit

v:@z(@—1) = v:h(1—3) (4)

Zo

[Tonyuennoit Beipazkenue sipjsgercs ypapHeHueM 1psimoii. CiieioBaTe/ibHO, TOPU30HTAIbHBIE TEHU
n300parkKaloTCA B BUJIE TMPSIMbIX JIUHUIA.

1.3 U3 mostyueHHOrO ypaBHEeHUs MpsAMOoii (4) cireyert, 9To ee KOdDMOUIEHT HAKIOHA 3aBUCHT OT KO-
OpJAuHaThI Xg. T.e. IIpgMBI€ ITapaJljie/IbHbIE TECHHU I/I306pa)Ka.IOTCH B BH/JI€ HE IIapaJlJIeJIbHbIX IIPAMDBIX
Ha (ororpadun. B srom u cocront s3dhdeKT «ImepcreKTuBbI».
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3,5
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1.4 Terepb MOXKHO BHEMATEJIbHO paccMaTpuBaTh ororpaduto. 113 ypasrenust npsivoit (4) ciemyer,
gro pu v = 0 u = xg. [loaTOMy KOOpJUHATHI Xg1, Loz YKA3aHHBIX JICPEBbEB MOXKHO HAWTH KakK
KOOPJAMHATHI TOYEK IIepecedeHusi TeHell 3TUX JEePEeBbEB ¢ HUXKHUM cpe3oMm ¢ororpachun By, By,
KoTopad coBnaaeT ¢ ocamu X u U. VI3 pucynka HaxoauM, YTO PACCTOSTHAE MEXK Ty HUMU TPUMEPHO
paBHO Az & 4,3 M. BupodeMm, 3TOT BBIBOJ MOXKHO CJIe/IaTh U HE TOJydasi ypaBHEHUE N300parKeHmit
TEHel: caMW TeHU TapaJljielbHbl, II09TOMY PACCTOSHIE MEeXK/Iy HIMHU HEN3MEHHO!

1.5 3 ypaBHeHus IpsiMbIX (4) cJie/yer, 9To Bee OHU IPECEKaIOTCsl B OJHON TOUKe S ¢ KOOp/MHATAMU
us = 0, vg = h (Tak Ha3BIBaeMOil TouKe cxoya). [1o9ToMy POIOIZKUM TEHH OT PACCMATPUBAEMBIX
JlePEBbEB U 10 KOOPJMHATHON CeTKe HaliJleM BEPTUKAJBHYIO KOOPAWHATY TOYKU UX I€pEecedYeHus,
KOTOpas paBHA BLICOTE TOYKE CheMKHU h /2 2,7 M. M02KHO BOCIOJIL30BATHCS U JIPYTUM O0JI€e JIJTHH-
HBIM ITyTEM: 110 PUCYHKH HAWTU KOI(MDMUITMEHTHI YpaBHEHUS IPAMOIl OJIHOI U3 TeHell u yKe 110 HUM
OIPEJICTIUTh UCKOMYIO BBICOTY TOYKHU ChEMKU.

1.6 Paccrosaue 710 j1epeBbeB €CTh UX KOOP/UHATA Y B TOPU3OHTAIBHOM IIJIOCKOCTH IPEJIMETOB. DTy
KOODJIMHATY JIETKO BBIYHCINTH U3 Gopmyiasl (3). Tak mis BToporo jgepesa Mo pUCYHKY HAXOIAUM
o~ 1,9 M, u = 0,2 M, ciieJIoBaTEILHO

Zo 1,9
=l(——-1)~= (= —-1) =42

1.7 Bompoc 151 HAOIIONATEIBHBIX 1 COOOPA3UTEIbHBIX YIeHUKOB. TeHN HEKOTOPBIX JepeBbeB (B
PABOil YaCTH CHUMKA) M30THYTHI, IOCKOJIBKY TaM HAXOJHUTCH ... HEOOJIBIION cyrpob! D1o oberost-
TEJILCTBO M MPUBOJIUT K HAOJIOMACMBIM UCKAZKEHUSIM.

Yrto Takoe m3obparkeHne B IIJIOCKOM 3epKaJjie?
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[TocTpouTh M300parkeHre TOYETHOIO UCTOUHHMKA S B IJIOCKOM 3€pKajie MOMKET KarKJblil yYeHHK!
JocTaTouno oToOpasuTh €ro 3epKajJbHO M MOJIy4duTh u3obpazkenue S’. Ho kakoil cMbica mmeer
mocTpoeHHoe n3obpazkerne? Benp 3a 3epkajiom cBera Her!

OTBer Ha TOCTABIEHHBIN BOIIPOC CJIeayiomuii. B paMKax reoMeTpuviecKoil ONTUKK CBET ITPEJICTAB-
JsieTcst B Bujie Habopa (cemeiicTs) syueii. [losromy onmcanne oCBENEHHOrO MPOCTPAHCTBA, 3aIACTCS
OIMCAHUEeM IIPOXOJSIIIX Yepe3 Hero Jjydeil. B caydae TOYEHOro MCTOYHUKA, PACIOJJIOKEHHOIO HaJ
IJIOCKUM 3ePKaJIOM, OCBEIIEHHON JaCThIO SIBJIAETCA TOJBKO BEepPXHASA YacTh IIpocTpaHcTBa. Bee jy-
qu, IpOoXoJdinue 4depe3 Hero, MOXKHO pa3Ae/IMTh Ha JAB€ TI'DYIIIbL: UAYIIHe HEIIOCpeIACTBEHHO OT
HCTOYHUKA S (Ha puc. n300pazkeHbl MITPUXITYHKTUPHBIMEI JTMHUSIME) U JIYIH OTPazkKeHHbIe OT 3ep-
KaJia (crutormubie juaun ). CTpyKTypa MOC/IeIHIX TAKOBa, YTO OHU KaK Obl BBIXOJISIT U3 OJIHOM TOUKH
S’, KoTopas SB/sgeTcs n300parXKeHneM UCTOYHUKA. TakuM 00pa3oM, CMbBIC H300paskeHns — B IIPE/I-
CTaBJICHUM CTPYKTYPbI OTpaxkKeHHbIX Jiyueil! Eciu pacnosmokuTh ria3 A Tak, 4ToObl OTparkKeHHbIe
JIY9H TIONAJIaJId B €ro 3padok, To a3 (min goroamnmapar) copMupyer u300pazkeHre Takoe 7Ke,
KaK 1 JIy9d peajbHO MCXOMAIINEe 3 9TOT0 UCTOIYHUKA. V] HMKaKuM CriocoboM HU TJia3 Hi (hOTOAll-
napaTr He CMOT'YT ONpPEIeUTh PeasibHBI 9TO MCTOYHUK, WIn MHUMBI! BaskHO TakKe OTMeTHTH,
YTO MPOJOJIZKEHNS BCEX OTPArKEHHBIX JIydeil IepeceKaioTcst B OJHOM TOYKe, [I03TOMY, Ije Obl HU
ObLI PACIIOJIOXKEH HAO/IOIATe/b, OH Beerjaa OyaeT BUIETh UCTOYHUK S’ B OZHOM U TOM Ke MecTe!

Curyarust HeCKOJIBKO OCJIOXKHSIETCsI, ecjin 3epKajio AB mMeeT KOHEIHbIE Pa3MepHI.

B sTom ciydae obtacTb, B KOTOPOi pacipocTpa-
HSIOTCSA OTPakKeHHbIE JIyIU OTPAHUYEHA JIyIaMHu,
OTPa’KEHHBIMHU OT KpaeB 3epKajia (Ha pHuc. 3Ta
0b1acTh BbIETEeHA 3auBKOil). 306paxkenue S’
(KOTOpOEe CTPOUTCS O TeM Ke MpaBUIaM, UTO W
JUIst GECKOHEYHOTO 3epKaJjia) MOKHO 3aUKCHPO-
BaTh (yBHJIETH) TOJILKO B TOM CJIydae, €C/ii Ha-
OJTIoIaTe b HaXOMUTCS B BBIACJIECHHON 00JIaCTH.
NubiMu cjioBaMu, MOXKHO CKa3aTh, YTO M300pa- S’

JKeHHe CYIIEeCTBYeT TOJIBKO B 3TOH BbIIEJIEHHON 00JIaCTH.

S

[TopasMmbInuIgiiTe caMOCTOATENIBHO, KAKOM CMBICT
uMeroT 3 n3obpazkeHusi S, S9, S3 TOUKH S, HAXOIs-
meiicss MeKIy JIBYMsl B3AUMHO IEePIEH UK Y IAPHBIMI
3epKajJaMm: Sp - OIKICBIBAET Y9 1, OTparKeHHbIE OT
[IEPBOTO 3epKaJia; So - OMHUCHIBALT JIy9IH 2, OTPaYKeH-
Hble OT BTOPOTO 3epKaja; S3 - OMHMCHIBAET JIydd 3,

9 kuacc. Teoperndeckuii Typ.




OTpazkKeHHbIE CHaYa/Ia OT IIEePBOrO 3epKaJia, a TOIOM
OT BTOPOIO; a TakKxKe JIyan 4 OTparKeHHbIe CHadaJIa
OT BTOPOTO 3€pKaJjia, IOTOM OT TepBoro. MoKHO cKa-
3aTh, 9TO S3 sABJSETCA M300pazkeHneM Kak Sp, Tak U

Ss.

Tenepb MOYKHO IPUBECTH peIIeHNe BTOPON YacTU 3a-
JTa4N.

2.1 «Bocxom 6e3 comanra...» XuTpblii «cekpeT» 3Toil (poTorpadun 3aK/II09aeTcsd B TOM, UTO
dororpad B JIOKE UMEET ... HEKOTOPBIH POCT. DTO 0OCTOATENIHCTBO IPUBOIAT K TOMY, ITO TOUKA
CHEMKHU He HAXOJUTCS Ha TIOBEPXHOCTH BOJIbI (IIOCKOCTH OTpaszkeHust cBera). Ciie10BaTeIbHO, CTPO-
IO TOBODs, IPSAMOI BUJ] BOCX0O/Ia COJIHIIA U €r0 OTPayKeHUe B 03€epe He SABJISIOTCS CUMMETPUIHBIMH,
T.e. IMEIOT OIPEJIeJICHHbIEe pa3jndnsi. Yaada Gorokapa (BO3MOXKHO U «CjydaiiHasi»!) 3akjroua-
€TCcd B TOM, YTO B 3TU pa3/INyuud B JAHHOM CJIydae IOMNAJ0 U OTPaKEeHUe B BOJIE BOCXOJSIIETO
COJIHIIA.

N3zobpasum cxemarudecku gororpada BbICcOTOl h U jepe-
Bo OB BrIcoTOIl H B BUjie IpOCTEiIeil ONTUIeCKON CXeMBblI,
n300parkKeHHol Ha pucyHke. Kak BUJIHO M3 CXEMbI, €CJIH yI-
JioBast Beicota CoTHITA HAJL TOPU30HTOM OoJibie yriia BAH
to CoJtHIle B30IIeT HAJT JePEBbsIME IIPU MIPSIMOM HADJIIO I~
aun. OHaKO 71 HaOJIIOIEHUs er0 OTParKeHnsT B BOJIE Tpe-
oyercst bosbimii yros C'AH | KOTOPBIi IpH BOCXOJIE CBETUJIA
JIOCTHTAETCsI HECKOJIBKO 11032ke BO BpeMeHu. COOTBETCTBEH-
HO, B T€YeHHe HEKOTOPOr'o MPOMEXKYTKa BpeMenu Oyjier Ha-  C

O/IoIaThCd MHTEpeCHbI 3 deKT, momaBImnil B yJIa9HbI Kap: B Boje Oy/IeT OTCYTCTBOBATH OTpa-
JKEHUe COJIHIIA ...

2.2 U3 mocTpOEHHBIX TPEYTOJHLHUKOB, TTOJIYIUM KOJMIECTBEHHOE YCJIOBHE JIIs JTAHHOTO 3 deKkTa.
[IycTh yryioBas BbICOTa COJTHIIA HAJ| TOPU30HTOM «v. Torja m3 deprerka MOXKeM 3alluCaTh yCJIOBU
BUJIIMOCTHU CBETWJIA HAJT JE€PEBLIMUI

H—-h
t —
ga > I (6)

COOTBQTCTBGHHO, JJId TIOABJICHUA OTPazKEeHMrg COJIHIIa B BOIE, HGO6XO,Z[I/IMO BBIIIOJIHCHHUE JOITIOJIHM-
TEJIbHOI'O yCJIOBUA

H+h

tan 3 > —7 (7)

YVuauTbiBas MajaoCTh YIJIOB IIPU BOCXOJIE COJTHIIA MOZKHO TAHI'EHCHI YIJIOB 3AMEHUTH CAMUMU yTJIAMHU.
Torna ycinoBue Hadsmoienus 3 dekra 3anuIeTcs B BUJIe

H—h H+h
——<a<—— (8)

Tenepsb MOHATHO, TIOYEMY HeJIb3s1 HAOI0aTh oTpakerne COJTHIIA B BOJIE — OTPAYKEHUs BEPXYIIEK
JIepEeBbEB, KYCTOB B BOJIE 3aCJOHAIOT ero oT Habsrogared. Clie/loBaTe/IbHO, «CEKPET» MCIC3HOBEHUS
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CoJiHIla B BOJIE NPOCT — YPOBEHb CHEMKHU HAXOJUTCs BBIIIE YPOBHSI BOJbI (HA BEJIMUYUHY DPOCTA
dbororpada). 10 U IPUBOIUT K PA3TMUNAM BUIMMbBIX KAPTUHOK — KADTUHKA B BOJIE HE COBIIAIaeT
€ KapTUHKOI IPSAMOr0 HAOJIOJICHU, KAK 3TO OBbLIO ObI, ec/i Obl ChEMKa ITPOU3BOINIACE CTPOTO C
IIOBEPXHOCTH BOJBI.

HpI/IBe,ZLeM TaK2Ke elle OJMH PHUCYHOK, Ha KOTOPOM IIOKa3aHbl JIYIH, UAYIINEC HEIIOCPEJACTBEHHO OT
Conria (3aMeThbTe, MapaJiiejbHble) W OTPasKeHHbIE OT IIOBEPXHOCTH BOJBI. 3aJIMBKOI BbIIEJICHA
00J1acTh, B KOTOPOIl T0/I2KEH HaXOAUThCsl (poToarapar, 9To0bl 3apuKCHpoBaTh IPUBEIEHHBIN -

dexr.

4. Bcerya siu cymiecTByeT BUJAMMOe n3o00pakenue?

Y
; B
P A 7
o
o™ X, X

3aro/iIoBoK TpeTheil 4acTu 3a/a9u SIBHO II0JICKA3bIBAET, UYTO B OCHOBE TAHHOIO 3(MdEKTa JIEXKHUT
IpeJIOMJIEHE CBeTa Ha CTEeHKe akBapuyma. 1losTomy paccMOTprM TpPaIUIIMOHHYIO 3aady O II0-
cTpoeHnn n300parkeHnsi UCTOYHUKA, JIEYKAIIET0 Ha, JHe OacceitHa HEKOTOPOit riyounbt h. [l gaib-
Heifreit (popMau3aIuy BBeIeM CUCTeMY KOOP/MHAT, Ha9a/I0 OTCIeTa KOTOPOi COBMECTUM C NCTOY-
HUKOM. M300pas3uM Xo/1 MPOU3BOJILHOIO JIyda, BBIXOISIINETO U3 UCTOUHUKA IO HEKOTOPBIM YIJIOM
a (e obszaresibro masibiM!). [locse mpestomienns B Touke A OT «IIPUKMETCsS» K IIOBEPXHOCTH
BOJIbI, T.€ TIOEJIET 1O/ OOJIBIMM YIJIOM K HOPMAJIH.
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st omnpejiesieHUs TOJIOXKEHUS M300parKeHUs
HEOOXOIMMO IIOCTPOUTH BCE JIYIH BBIXOISIIIIE
13 UCTOYHMKA. Pe3yabrar Takoro mocTpOeHMsI
nokasan Ha pucynke’. Ha mem Taxke n3o6-
ParKeHbl MPOJIOJIZKEHNs JIydeil 1Mocye mpeoM-
JieHnst (>KupHble juHuK). Pesyabrar moctpoe-
HUsT 00ECKYpParKUBaeT — IIPOIOJIZKEHUsT JIydeit
He Iepecekarorcss B omHoit Touke! CremoBa-
TEeJIbHO, M300payKeHUsi UCTOYHUKA B CTPOTOM

N

I

i
i

4

77

cmbicie e cymecryer! Ho, BceM m3BecTHO,
YTO eCJM CMOTpETh Ha, JHO bacceifHa, TO OHO
BHUJIHO, U JJOCTATOYHO pe3ko! 2 2

Paspermmenne nannoro nmapajokca 3aKJII0YaeTCs B TOM, UTO pa3Mephbl 3padka TJia3a U 00beKTUBa
doroamnmnapara masbl. CrieoBaTe/IbHO, N300pazkeHne (hOPMUPYETCH Y3KUM Iy YKOM JIydeil, monaia-
01X B a3 vabsmoaaress. [losTomy s mocrpoenns n3o06pazkeHust HEOOXOIUMO PACCMATPUBATD
TOJIBKO Y3KHil IIy90OK JIydeil (prc. ), IPOJOJKEeHIsT KOTOPBIX [EPECeKaroTCsd U TeM CaMbIM (bOPMI-
pyioT derkoe m3obpazkenue. [logaepkueM — nzobpazkenune pOpMHUPYETCs TEMH JIydaMu, KOTOPbIe
MO IAI0T B IVIa3 WM O0beKTHB doToanmapaTa. 1eM caMbIM MbI IPUXOJIUM K HEOXKUJIAHHOMY BbI-
BOJLY: MOJIOZKEHHE M300pakKeHNs 3aBUCUT OT TOYKU HabJII0eHmst!

[Ipu BHEMATEILHOM PACCMOTPEHUN XO/Ia BCEX JIyUeil, 1C-
MYIIEHHBIX HCTOYHUKOM, MOYKHO MOHATH, YTO €ro Oy-
JIyT HAXOJIUThCS HA Orumdalomeil ceMeiicTBa IPoJI0JIzKe-
HU 1pesioMyIeHHBIX Jydeil. [Iposenennoe mocrpoenue
MOKa3bIBAET, UTO TIPH YMEHBIIeHuH yria vy (cM. puc. )
n300parkeHre CMeNaeTcs He TOJBKO [0 BepPTUKAJIU, HO
U 110 TOPU3OHTAJIN MPpUOINKasich K Habsromaresio. [lo-
STOMY TP (PoTOrpadupOBAHUY TIOJ] YTJIOM K CTEHKE aK-
BapuyMa MOYKHO TOJI00paTh TOYKY HAOJIIOJIEHUS TaKyIo,
YTO CMeIeHNe N300parkeHNs TYJIOBUIIA TTO3BOJIUIIO COB-
MECTUTH HETOJIBIZKHOE M300parkKeHre I'OJIOBBI CO CJIBH-
HYTBIM n300pazkeHneM pyku (usuka (M. puc. ).
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5. Heobxoaumoe, HO He obsi3aTeJibHOE JIONOJIHEHUE.

[IpoBeennbie paccyKaeHns 1 KadeCTBEHHbIE TIOCTPOEHU JIAIOT OTBETHI Ha ITOCTABJIEHHBIE B YCJIO-
BHUH 331241 BOIPochl. Ho, HacTa o BpeMs «IpPOBEPUTDH aJIredpoil... reomeTpuioy. ubiMu ciioBamu,
MOKa3aTh, KAK MOXKHO (hOpMAa/IM30BaTh U MEPEBECTU Ha A3BIK CTPOTHX aJredpamdecKux (hopmyJ
HpUOJINKEHHDBIE TeOMETPUYIECKNE TTOCTPOCHUSI.

Nrak, ocnoBHast ujest onpejiesienns MOJIOXKeHNs N300parKeHusl — MOUCK TOYKHU TiepecevdeHus OJn3-
Kux Jryaeit. Kaxkpiit j1yd, nomajaomuii B a3 (nim 06beKTHB) sIBISETCS OTPE3KOM MPSIMOii, T0-
9TOMY MOXKET OBITh ONUCAaH B JIEKAPTOBOI CUCTEME KOOP/IMHAT OOIIUM YpaBHEHUEM

y=ax+Db. 9)

[Tpu paccMorpennn cemeiicTBa Jiydeil (HapuMep, BBIXOJSIIUX U3 OJHOM TOUKM) KOIDDUIHEHTHI
a,b ypasuenus ayda (1) sBisorest byHKImeit Hekoroporo napamerpa K. [l BbrYucaeHus: Ko-
OpJINHAT TOYKHU II€peceueHns ABYX OECKOHETHO OJIM3KUX Jiydeil ofHoro cemeiictsa (z*, y*) ciemyer
PEIIUTh CUCTEMY YPaBHEHUIT, OIUCHIBAIONINX ITHU JIyUn:

vy =a(K)z" + b(K) (10)

v =a(K +AK)x" 4+ b(K + AK)
Berarem u3 Broporo ypaBHeHHsT [I€pBOe, pa3Jie/inM MoJIydnBineecs ypapaenne Ha AK u nepeiigem
K npejieny AK — 0, B pe3ysbrare MOJIYydUM ypaBHEHUE

da ., db

ik} KOTOPOI'O HaXOJUTCA OJHa M3 KOOPpJAWHAT TOYKH IIepeCeYCHUA

/
z” :—b—K. (12)

!/
Ok
!/ / o o
Baech al, by - mpousBogHble 0T K03 DHUIUeHTOB HHelHoi 3aBucumoctu (9) mo mapamerpy K.
[Tpumenum onucannyo ObOIIYIO CXeMy K 3aja4e OlpeIeIeHns KOOpAuHAT N300pazKeHuii TOUKH IIpu
IPEJIOMJIEHIN Ha, IIJIOCKON MTOBEPXHOCTH (CM. PHUC. ).

B kagecTBe nepemennoro mapameTrpa K, OIpee/sionero ceMeficTBO MpeIOMICHHBIX JIyYeil MOXKHO
UCIIOJIb30BaTh JII0OOI U3 yIJIOB, TOKA3aHHBIX HA PUCYHKE, JTIOOYIO TPUTOHOMETPUIECKYIO (DYHKITUIO
OT 9TUX YIJIOB, KOOP/IMHATY TOYKH IIPEJIOMJICHUS X 4 U T.JI. BBIOOD J1e710 BKyCa, UIN OIbITa PENIeHns
O/IOOHBIX 3a/1a4. MbI B KadecTBe TAKOT'O IIapaMeTpa BbIOepeM TaHT'€HC yIJia HAKJIOHA IIPEIOMIeH-
HOT'O yIVIa K IIPEJIOMJISIONIEN TJI0CKOIT TOBEPXHOCTH

tgy = K . (13)
OTMeTHM, 9TO 3TOT yroJI OlIpee/IsieT HallpaBjIeHue Ha TOYKy Habmogenus. Teneps HaM HEOOX0M1-
MO 3allUCaTh ypaBHEHHUE IPEJIOMIEHHOIO Jiyda, BHIPA3UB KOI(DMUIMEHTHI 3TOM0 YpaBHEHUS Yepe3

BBG,ZLGHHI)IfI ITapaMeTp. ,ZLHH 9TOI'0 3alluIIeM 3aKOH ITPpeJIOMJICHMA
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nsin o = cos7y. (14)

Hastee HaiieM KOOPMHATHI TOYKHU ITPEJIOMJICHUST BBIOPAHHOIO JIy4a,

x4 = htga

ya=h (15)

ﬂﬂﬂ BBIIUCJ/IEHUA TaHI'€HCa YIUIa HaKJIOHa JIy4d9a MOXKHO IIPDOBECTU CJIE/YIOIIUeE HpeO6pa30BaHI/IH

sin « cos 7y 1
tg o = — = - = = —_=
V1 —sin"« n\/l—m;—ﬂ \/60227_1
1 1
= = (16)
VR2(1+tg2a) —1  /n2K2+4 (n2—1)
ITocsie wero HaxomuMm
h
T4 = htga = . (17)
Vn2K? + (n2 —1)
Takum 06pasoM, ypaBHEHHE CEMENCTBO MPEIOMJIEHHBIX JIydeil OIUChIBAETCS ypPaBHEHIEM
h+ K ( )=Kx+h|1 ! (18)
= r—1x4) =Kz — .
Y JZKZ + (n? — 1)

[lasee, B cOOTBETCTBHUH C OOITEi METOMKOI OIIpeJIeIeHIsT KOOPAMHAT TOUYKH IepecevdeHms OMN3KIX
JIydeil, HailieM ee TOPU30HTAJIbHYI0 KOOPpAUHATY

S L h it (19)
X = —[]— —_ = .
dK VPEK? + (n2 = 1) (n2K? + (n? — 1))%?

[Moxcrassst mosryderHHoe 3HaUeHre B ypaBHeHue Jjiyda (18), moydanM BTOPYIO KOOPAUHATY TOUKH
repecevyeHnst

d 1 K3
v = —h-—[1- —h—h - s (20)
dK V2K? + (n? —1) (n?K?2+ (n?—-1))

OTMeTHM, 9TO [P B3IJISJIE «CBEPXY» (ITOMY COOTBETCTBYET mpejies K — 00) KOOPJAMHATHI TOUKH-
n300paKeHUsd CTPEMATCA K CJISIYIONIUM 3HATEHUSAM

h
=0, y"—>h——, (21)
n
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Y10 cooTBETCTBYET U3BECTHOMY PE3Y/ILTATY: KarKyllascs riiyOnHa BOJOEMa B N pa3 MEHBIIE UC-
TUHHOM TTyOWHBI.

Bot Takas «kpacuBas» ajaredpa 0OOCHOBBIBAET IPOBEJICHHBIC paHEe NeOMETPUICCKHUE ITOCTPOCHUSI.
[Tpusnaemcs, IpuBeieHHbIE B TOC/IEIHEN YACTH PUCYHKHU MOCTPOEHBI B COOTBETCTBUU C ITOJTYY€H-
HBIMH aJreOpandecKuMy Pe3yIbTaTaMu.

1 MpI He Kacaemest TaKoit HHTEPeCcHOit POBJIeMbl, KaK 4eJI0BeYeCKOil BOCIPUATHE IIYOUHBI (J1abHO-
CTH JI0 ©306parKaeMoro mpejMera), KoTopoe 00yCI0BIeHO TJIaBHBIM 00Pa30M CTEPEOCKOIMIECKIM
spderTom. C 3T0it Ke TPOOIEMOIT TECHO CBsi3aHa U Mpob/IeMa TUIYOMHBI PE3KOCTH N300PaKeHHsT
doToarmapara: moueMy TOYKM, HAXOMSAINIMECS HA PA3HBIX PACCTOAHUIX OT JIMH3BI MOTYT J1aBaTh
OJTMHAKOBO YETKUE N300parKEeHUI.

2 KoHeuHo, TaKoe MOCTPOCHUE JKEJIATEIbHO BLINOJHATL TOYHO. IIpuBeJeH PUCYHOK (Kak M Bce
OCTaJIbHBIE B JIAHHO} CTaThe) IIOCTPOEHBI «IECTHO» C MOMOIIBIO KOMIIBIOTEPa. Y YIACTHUKOB OJINM-
A/ IbI HET BO3MOXKHOCTH MCIIOJIB30BaTh COBPEMEHHBIE TEXHIYECKE BO3MOXKHOCTH, TIO9TOMY JTOCTa~
TOYHO OBLIO HAPUCOBATH KAIECTBEHHO XOJI PACCMATPUBAEMBIX JTydeii!
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