I]

POEKT 110 TEME:

OIITUKA

UcnonHumens:
CopokunHa Hatanbs
10 «B» knacc

lpenodaeamens:
NpnaHosa
Jlroomuna CtenaHoBHa

| 5klass.net]




e ————————————————————
OIJIABJIEHUE:

o BBenenue 3
0 §1.OkcnepuMeHTanbHbIE 3aKOHBI 4
0 §2.IL1ockoe 3epkaino 11
o §3.Chepuueckue 3epkana 14
O §4.JIuH3BI 28
0 §5.®oroamnmapar 46
0 BriBon 50

0 CHOucok JiuTeparypbl 51



—!
BBEJAEHMUE:

0 OnTukor HA3bIBACTCS pa3Aeil (PU3UKH,
3aHUMAKOIIUUCI U3YUYEHUEM ITIPUPOIbI CBETA,
3aKOHOMEPHOCTEM €r0 UCITYCKaHMA,
PACIIPOCTPAHEHUS U B3aUMOJICUCTBUSA C
BEIECTBOM. s pelivia Harmyucarb IPOEKT 10
TeMe «ONTHUKA», HOTOMY YTO B HACTOSIIIEE
BpEeMs OIITHUKA HaIllJIa CBOE IIPUMEHEHUE BO
MHOTHX BOIIPOCAX HAYKH, TEXHUKU U
yeJIOBEUECKOU NeATEILHOCTH.
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§1. DKCIIEpUMEHTANbHBIC 3aKOHBI.

O  3aKOH 00pAaTMMOCTH CBETOBBIX Jiydei. [lycTh Ha KaKyr0-1r00
UJICATbHYI0 ONTUYECKYIO CUCTEMY MAJAET Iy A W BBIXOJIUT U3 HEE
COOTBETCTBYIOLIMK eMy Jiyd B. ECii ITyCTUTh HOBBIN MTAAAFOIINHI JIy4
HABCTpeuy B, MolyduM HOBBIM BBIXOAAIINMKA U3 CUCTEMBI JIy4, WYUK
HaBCTpeuy A

O 3aKOH NPAMOJUHEHHOCTH PACHPOCTPAHCHUA cBeTA. B 0onopoonoi
cpeoe ceem pacnpoCcmpanaemcs nPpamoauteiino. Mol BOCIPUHUMAEM
MCTOYHHUK CBETA WJIM IIPEAMET, OT KOTOPOTO yIlal OTPaKEHHBIN CBET, Ha
MPOIOJKCHUH JTy4eH, MOMaBIINX B IJ1a3. DTUM 3aKOHOM OOBSICHSIETCS
o0pa3oBaHKE reOMEeTPUUYECKOM TeHH, (hoTorpadupoBaHUE KaMepOu-
00CKypoM (0€3IMH30BOM KaMepOol C MaJICHBKMM OTBEPCTHEM).

O  3akoHbI oTpaxkeHus. I panuyeii 08yx cpeo Ha30BEM MOBEPXHOCTb,
pazaessmonyo aBe ogHopoanbie cpeanl (I u I, , pHC. 1). JIyu cBera, uaymmui
K rpanulie B cpeze I (koTopast ABisieTcsi MEpBOM UMEHHO OTOMY, UTO U3
HEE Ha rpaHully HajaeT Jay4d), Ha3bIBaeTcs nadarouwium (a). Jlyd,
oCTarIuics B cpene I mocne B3auMOneUCTBUS C TPAHULIEU B MOUKe
naoenusn A, - ompasxcennuliii (B).




3aKOHBI OTPAKEHUS.

VYromn 1 Mexay 1y4oM HaJarolyuM 1
EePICHIUKYISIPOM,
BOCCTAHOBJICHHBIM K I'PaHUIIE JIBYX
CpeJl B TOUKE IaJCHUS, - Y201
naoenus. Yroi j MEXJy JIy4OoM
OTPAXXKCHHBIM M IIEPIICHIUKYIISIPOM K
TPaHUIIC IBYX CPEJ B TOUKE MaJICHUS
— y2on1 ompascenus. 1110CKOCTh, B
KOTOPOM JIEXKAT JIYY IMaJAr0IINN 1
NEePHECHAUKYIISP K TPaHUIIE JIBYX
CpeJl B TOUKE IaJCHUS, - ITO
NJ10CKOCMb NAOCHUAL.
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3aKOHBI OTPAKEHUSI

o 1. JIlyd magaromui, neEpueHIUKYIAp K TPAHULE ABYX CPEll B
TOYKE NAJACHUS U JIy4 OTPAXKEHHBIN JIEKAT B OAHOM
IUIOCKOCTH. TO, 4TO ABE M3 NEPEUMCICHHBIX IPSMBIX JEKAT B
OIHOM IIJIOCKOCTH, - HE 3aKOH, TaK KakK JITOOLIE JIBE
MIEPECEKAOIIUECS NPIMBIE YIOBIETBOPSIOT 3TOMY
TEOMETPUUYECKOMY TTOJIOKEHNI0. DUZUYECKUM COJIEP)KAHUEM
3aKOHA SABJISICTCS HAXOXKIACHUE TPETHEU IIPSIMOU U TOU KE
IOCKOCTH. CJIeq0BaTENbHO, YIJIbI ITAJICHUS U OTPAKCHHUS
JISKaT B IJIOCKOCTH ITaJICHUS.

O 2. Yroa majicHus paBeH yIIy OTPaXECHUS (M3MEHS
IIPOX3BOJILHO YTOJ MAACHUS, OJTYyYaeM TAKOE K€ U3MECHCHUE
yIJ1a OTPAXKECHUA):



Puc.2. Puc.3.
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3aKOHBI IPEJOMJICHHUS.

0 Ha rpanune aByx cpesl KpoMe OTpaKE€HUsI HaOII0JaeTCs
npeiomiieHue — SIBICHUE, COCTOSIIEE B TOM, YTO JIy4
YaCTUYHO MPOXOJUT BO BTOPYIO CPEy, U3MEHSSI CBOE
NEPBOHAYAIILHOE HAMPABJIEHUE. JTOT JIy4 HA3bIBAECTCS
npenomaennvim (d, puc.l). Yron r Mmexay Jiydaom
PEJIOMJICHHBIM U TIEPICHAUKYJISIPOM K TPAHUIIE ABYX CPEl B
TOYKE MAJICHUS HA3bIBACTCS y210M NPEIOMICHUA.

o 1. JIyd magarouiuii, NEPIeHAUKYJISP K TPAHUILIE ABYX CPEl B
TOYKE NAJACHUS U NPEJIOMIIEHHBIN JIYY JI€KaT B OHOUN
MJIOCKOCTH (AHAJIOTUYHO TIEPBOMY 3aKOHY OTPAXKEHHUS, CMBICI
3TOT0 3aKOHA B TOM, YTO TPEThs U3 MEPECUNCICHHBIX MPSIMbBIX
IoTajia B INIOCKOCTbD, TTOJIOKEHUE KOTOPOU ONPEACIIAIOT
IEepBbIC ABE. ITO MIOCKOCTh MAJICHUS )
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3aKOHBI NIPEJIOMJICHUS

o 2. OTHOIIIEHHE CUHYCA YyIJia MaJCHUS K CUHYCY yIJla MPEJIOMIICHUS €CTh
BEJIMYMHA NOCTOSIHHAS JJIs1 JaHHOM mapkl cpel (TO €CTh He UBMEHSETCS
IIpYA OPOU3BOJIBHOM U3MEHECHHUH YIJia MaJCHUS U COOTBETCTBEHHOM
M3MEHEHHUM yIJIa IPEJIOMJICHHS ). DTa NOCTOSIHHAS Ha3bIBaCTCS
nokazamenem npeaomaenus (n21) emopoii cpedvr omuocumenbHo
nepeoi:

0 n2l=sini/sinr. (2)

o IlokazaTenp npeaoMIIeHUs KaKoi-I1100 Cpeabl OTHOCUTEIIBHO BaKyyMa

Ha3bIBACTCS AOCOIIOMHBIM NOKA3AME1eM NPEIOMICHUA 1.

o Ilyctum magarommi Ha rpaHuIly Jayd Baojab d (puc.l), mpeaoMIiIeHHbIN JTy4d
10 3aKOHY OOpaTUMOCTH MOKJIET B cpeae | B1oab HalpaBiaeHUS a. 3HAYUT
(eciii HE U3MEHSITH 0003HAYCHUN YIJIOB),

O sin r / sin i= n12=1/n21. 3)
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3aKOHBI NIPEJIOMJICHUS

o Ilokaszarenu mpenoMIIEHUs TIEPBOM CPEIBI OTHOCUTEIBLHO
BTOPOM M BTOPOM CpeJibl OTHOCUTEIIBHO MEPBOM — OOpaTHbBIC
BEJIMYUHBI.

0 Ecnm yron mageHust 0obliie yria mpeioMIICHUsI, TO BTopas
Cpena Ha3bIBACTCS ORMUUECKU DoJ1ee NJIOMHOI, UeM nepeasn,
HA00OPOT. DTO ompeelicHHEe OTHOCUTEIBLHO, €CIIM BTOpas cpeaa
ONTHUYECKHU 00JIce IUIOTHAS, YeM IIepBas, TO IepBas cpea
ONTHYECKU MEHEe IJI0THA, yeM BTopas. IIpu nepexonae B Oonee
ONTHUYECKU IUIOTHYIO CPEAY JIYd OTKIOHSIETCS OT
IIepBOHAYAILHOTO HAIPABICHUS K OCHOBAHMIO MEPIICHIUKYIISIPA,
CHUHYC yIJia MaJICHUS OOJIbIIE CUHYCA yTJia MPEJIIOMIICHUS, U
oKa3aTeiab MpeoMiIeHHs Oonblie equHuIlbl. [Ipu nmepexone B
ONTUYECKH MEHEE MIIOTHYIO Cpeay, HAa000pOT, MOKa3aTeb
PEJIOMJICHUS MEHBIIIE €IMHULIBI.
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Q2. Il1mockoe 3epkano

o PaccMoTpuM jBa Kakux-au00 Jyda, NaJaroluX OT UICTOYHUKA S B
por3BOJIbHBIE TOUKK A 1 B miockoro 3epkaina (puc.4). OTpakeHHbIE
Jy4H, IOCTPOECHHBIE B COOTBETCTBUU C (hopmysoH (1), pacxoasTcs, ux
MPOAOJDKEHHUS TIEPECEKYTCA B ToUke S1, koTopas Oy1ieT MHUMBIM
M300paKCHUEM UCTOYHMKA S (€CIId B HEM MEPECEKYTCA NPOIOJKEHUS U
BCEX OCTAJbHBIX OTPAKCHHBIX Jydei!).

0 Tpeyronbauku SAB u S1AB umeror 001yt cropony AB u paBHbIe
nmapsl yrioB A v B [0TMEUEHHBIE TYyTOW YIJIBI IPU TOYKE A PaBHBI 11O
dopmyiie (1) 1 Kak BepTUKAJIbHbIE, aHAJTOTUYHO PaBHbI OTMEYECHHbIEC
IBYMS IyraMu yriibl ipu Touke B. Ho kaxapiil yrosn A B Hammx
TPEYTOJIbHUKAX PABEH MPSMOMY ILUTIOC OAVH U3 OTMEYEHHBIX, 3HAYUT, OHU
pPaHbI IPYyT APYTY; KAXKIbIKM yroyl B paBeH npsAMOMY MUHYC OTMEUYCHHBIE,
3HAUUT, OHU TOKE PaBHBI MEXK1y co00ii]. Takue TpeyroabHUKHU paBHBbI,
CJIEJIOBATEIIbHO, PABHBI UX CXOJCTBEHHBIE AJIEMEHTHI, B YACTHOCTH
BBICOTBI, IEPIICHIANKYISPHBIC 3€PKATY




Puc.s.

Puc 4.

P LD
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(o
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I I;1ockoe 3epkano

0 CrneoBaresibHO, AJIsl JIFOOBIX TPEYTOILHUKOB SAB COOTBETCTBYIOIIEH BBICOTOM
ABJISIIOTCS MEPIEHIUKYIIAP K 3€pKajy, paBHbIA paccTosiHuio SC, 1 M100bI€ JIyun
OTpa3sITCA OT 3€pKaJia TaK, YTO UX MPOAOIKEHUS MPOUYT yepe3 TOuky S1,
KOTOpasi U OyZIeT U300pa)KCHUEM TOUKH S. 3epKaibHO cCUMMEmMPUYHOll moukou Sl
(oTHOCHUTENBHO MIOCKOCTH AB) Ha3bIBaeTCs TOUKA, JiekKallas Ha NEePIeHIUKYISpe
K MJIOCKOCTH, OIYIIIEHHOM M3 TOYKH S Ha TaKOM K€ pacCTOsiHUU OT Hee: |SC| =
ISIC|.

0 Iloctpoum uzoOpaxkenue npeamera (tpeyronbauka ABC, puc.5) B miockom
3epkasie. JIyun Tenepb MOKHO HE CTPOUTh, Mbl 3HAEM, YTO U300PAKCHUEM KaXION
TOYKHU B 3€pKajie OydeT 3epKajaibHO cuMMeTpudHas Touka. M3o0paxenue A1BICl1
MHHUMOE (TIepeCceKaroTCsl MPOAOJIKCHUS JTy4el, Hellb3s MOJYYUTh NU300paKEHUE Ha
AKpaHe, TOMEIICHHOE 3a 3€PKaJioM), IPSMOE, paBHOE, HO 3€pKaIbHO
CUMMETPUYHOE (T.€. OTPAXKEHUE JIEBOW CTOPOHBI MPEAMETA SIBJISIOTCS TPaBOM
CTOPOHOU U300paKEHUS U T. 11.). UTOOBI yOSAUTHCS B 3TOM, I0CTATOYHO
NPEACTABUTH ABMKCHUE aBTOMOOWIICH, €NyIINX HABCTPEUy APYT APYTY MO MPaBO
(st cebst!) ctopone noporu. [TocMoTpuTe B 3epKajio U yOeIUTECh, YTO Yachl y
Balllero M300paKeHUsI Ha IPaBoOM pyke U T. 1. OTIeYaToK TeKCTa Ha
IPOMOKATEJIbHOM OyMare 4uTaeTcs ¢ TPYAOM — TaM OyKBBI «HA000poT». B 3epkaie
M300paKEHUE €IIIE pa3 MEePEBOPAYNBAECTCS U YUTACTCSA JIETKO.
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§3. Cheprueckne 3epkaljia

0 M3 BcexX HEIIOCKUX 3€pKajl Mbl PACCMOTPHUM TOJIBKO
chepuueckue, OTpAXarOIAs IOBEPXHOCTh KOTOPBIX
IPEICTABIISIET COOOM BHEIIHIOK MJIM BHYTPEHHIOK YaCTh
c(epnl. Imeem Boraytoe 3epkano (puc.6). Cepeauna C
3epKaJia Ha3bIBACTCS HOMIOCOM.

0 JIroOou JIyd, yHaBIIMM HA 3€pKaIo Yepe3 HEHTP cepsl (Yrom
NaJICHUS PABEH HYIIIO0), OTPA3UBIIKUCH, HOKJIET IO TOMY K€
HanpaBjeHU0. CyIlIeCTBYET TOJBKO OHA To4ka O,
yIIOBJIETBOPSIOIIAs 3TOMY yCIIOBHIO. OHA Ha3bIBACTCA
OnMmMuUecKum yeHmpom 3epkana. Bece npsmeie, TPOXOIAIINE
4yepe3 ONTUYECKUM LIEHTD, - onmuyeckue ocu 3epkana. OnHa
13 ONTHYSCKUX OCel mpoxoauT uyepe3 noiroc C 3epkana, 3To
2nagHan onmuyeckan ocb. OCTAIbHBIE ONITUYECKUE OCH —
nooounvie.
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Cdepuueckue 3epkajia

0 ITycTh Ha 3epkaiio B TOUKY N Magaet jayd, mapauieIbHbIA TTITABHOW ONITUYECKOU
ocu. NO — paauyc u, ciaeaoBaTeabHO, IEPHIESHIUKYIAp K cepe. [locTtpous yron
OTPaXEHUS PABHBIM YTy MAJICHUS, OJIYYUM OTpakeHHbIN Jiyd NF. Yol magenus
1 1 NOF paBHBI, Kak BHyTPEHHHUE HAKPECT JISKAIIUE MIPU MapaieIbHbIX TPSIMBbIX
u cexyieit. CnengoBarenbHo, TpeyrolbHUK NOF — paBHOoOenpenHslid, u INFI=IFOI.

0 [Tpoenem nyry NK paguycom FN. Touka nepecedeHust 1yru ¢ IiIaBHOM
ONTHUYECKOM OChIO HE coBHajaeT ¢ Toukou C, HO Oim3ka Kk Heil. Otpesok |CK| Tem
MeHbI1e, yeM Onnke SN K IaBHOM onNTHYECKOW och. OrpaHUYUMCS TOJIBKO
napaxcuanvHoimu (IPUOCEBBIMU) ITyYKaMU, C TEM YTOOBI MOYKHO OBLJIO CUMTATh
npeneopexumo MasibiM oTpe30k |CKI»|CFI. s takux nmyukoB |CF[=INF|=|FOlI,
1 Touka F 1151 BceX mapakcHabHBIX JTydeu JIeKUT nmocepeaune paauyca CO. Jrta
TOUYKA HA3bIBACTCS 21A6HbIM (hOKycom 3epkaa (pazymeeTcs, ecTh (DOKYChI U Ha
BCEX OCTAJbHBIX ONTHYECKUX OCAX — [M000UHBIE). MTak, rmaBHbIN (HOKYC
BOTHYTOTO 3€pKaJia — TOYKa, B KOTOPOU MOCJIE OTPAXKEHUS ITEPECEKYTCS BCE
MapaKCHAIbHBIC JIYUH, TTJIAONINE MApaIEIbHO NIABHOM ONTUYECKON OCH.




Puc.7/.
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Cdepuueckue 3epkana

O AHaJOTUYHBIE PACCYKICHUS U MOCTPOCHUS MIPUBEAYT HAC K IMTOHATUIO
MHHMMOTI'0 TJIaBHOTO (POKyca BBIMYKJIOTO 3epkana (puc.7). Paccrosiaue ot
3epKajia JI0 NIABHOTO ()OKYCa HA3BIBAETCS (POKYCHBIM pACCMOAHUEM U
oOo3HauaeTcsa F. Mo)kHO JT0Ka3aTh, YTO BCE IMAIAIONINE U3 OJHOM TOUYKHU
JIYYHU TIOCJIE OTPAXKEHUSI OT BOTHYTOTO 3€pKaJia IMIPOXOAAT YEPE3 OIHY
TOYKY — U300pakeHre (JJ0Ka3aTh 3TO MOYKHO XOTS Obl OCTPOCHHUEM; U3-3a
NPpUOIU3UTEIBHOCTH YCI0BUS NAPAKCUAIBHOCTH 3TO, KOHEYHO, HE COBCEM
TOYKA, a HEOOJIBIIIOE IISITHO, JIJISI BBIMYKJIOTO 3€pKajia — 3TO TOYKa
nepecedeHus MPOAOJDKEHUM BCEX OTPAKEHHBIX Jiyueil). st mocTpoeHus
TAaKOW TOYKHU JOCTATOYHO KaKUX-HUOYIb NBYX Jyden. Jlyd, magaronuii
IapaJuICIbHO INIABHOM ONITUYECKOW OCH, TIOCJIE OTPAXKEHUA IIPOMIET YEPE3
IJ1aBHBIA (DOKYC (WM TPOAOJDKEHHUE OTPAKEHHOIO JIyda IIPOMJIET Yepe3
IIIaBHBIN (POKYC — JUIsl BRIMYKJIOTO 3epkana). [1o 3akoHy oOparumocTy,
Iy4, TaJIa0IUKi Yepe3 IIIaBHbI (DOKYC, MOCIE OTPAXKEHUS TTOUAECT
MapaJuIeIbHO MNIABHOM ONTUYECKOW Ocu. HakoHel, j1y4, magaromm yepes
LHEHTP cepbl, OTPAZUTCS 110 TOMY K€ HAIPABJICHUIO.
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Cdepuueckue 3epkana

o IIpu nmoctpoeHnun U300pakeHUsI TOYKU B BOTHYTOM 3epKaje (puc.8)
HameuaroT Touku O, F, C, 3aTeM cTposT 1r00kIe IBa U3 TPEX
MIEPEUYUCIICHHBIX JIyuei. Uepes TOUKy NnepeceueHuss OTPAXKEHHBIX JIyUen
S1 mpouayT ¥ BCE€ OCTANBbHBIE OTPAXKECHHBIC JTyYU — OHA SIBIISIETCS
JIEUCTBUTEIILHBIM M300pakeHneM Touku S. [locTpoeHne n3oopaxeHus B
BBIITYKJIOM 3€pPKaJI€ aHAJIOTUYHO.

o ITocTtpoum uzobpaxenue npeamera AB B BorayToMm 3epkaie (puc.9).
N3o0paxenne Al HaxonuMm, kak Ha puc.8. [TocTpoeHue n3oopaxeHus
TOYKH, PACHOJI0KEHHON HA MIABHOU ONTUYECKOU OCHU, OCYIIECTBIISIETCA
TaK: MPOBOJUM IIPOU3BOJILHBIN JIyd BM 1 nmapanneinsHo eMy
COOTBETCTBYIOIIYI0 M0O0UHYI0 och OD; Ha cepenaune paccrosaus OD
pacmnoJjioxkeH mooouHbld pokyc F1, uepe3 koTopblid IpoMaeT OTpaskeHHbIN
oT Touku M J1y4. B KkadecTBe BTOPOIo Jiyda ynoOHO BBIOpaTh Jy4, UAYITUNA
BJI0JIb TJIABHOU ONTHUYECKOU OCHU. TOUKA MEPECECUCHUS IBYX OTPAKEHHBIX
ny4dei — nzoopaxenue Bl.
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Cdepuueckue 3epkana

0 O003HaYMM paccTosHHE OT 3epkajia A0 npeamera d=ICBI;
paccTosiHue OT 3epkana a0 n3oopaxenus f=|CB1|; pokycHoe
paccrosiaue F=|CF|=|KF|. 13 mogo0us TpeyroaibHUKOB
AI1BIF u NKF crneayer paBeHCTBO

o |A1B1|//|AB|=(f — F)/F;
O aHaJOTW4YHO, U3 Nojaoous TpeyroabHukoB A1B10 u ABO
0 |A1B1|/|ABJ|=(2F - f)/(d — 2F).

0 Orcrona (f — F)/F=(2F — 1)/(d — 2F).
0 2F2 — Ft=td — Fd — 2Ff + 2F2
o fF+ Fd=fd
o PazgenuM 3To ypaBHeHME Ha npousBeaecHue Fid:
O 1 1 1 (4)

+—=—.
d f F



Puc.10.
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Cdepuueckue 3epkana

0 Mbpl nonyuusu gpopmyiny 3epkaia. E€ MOKHO IPUMEHSTh U K BBIMYKIIOMY
3epKaTy. AHAIOTMYHOE NOCTPOEHHUE JJIs BBITYKJIOTO 3epkajia (puc. 10)
IIOKAa3bIBACT, YTO €CJIM NPEAMET PACIIOIOKEH nepes 3epkaiom (d>0), To
M300paKEHUE PACIIOI0KEHO IO APYTYIO CTOpoHY 3epkaia (f<0) u gokyc
HaxoauTcs 3a 3epkanoM (F<0). Ecnu B3sTh Bce BEIMYMHBI IO MOJYJIIO, TO
(hopMyIa BBIITYKJIOTO 3€pKajia MPUMET BU]T

O v ygy 1 t_1

d f F f d F
O DTO K€ BBIpAXKECHUE MOYKHO MOTYYHUTh 13 ITOJ00MS TPEYTOJIbHUKOB Ha PUC.
10.

o  Juneiinvim yeenuuenuem 3epkana Ha3bIBACTCA OTHOIICHUE JIMHEUHBIX
pa3MepoB U300pAKEHUS U MMPEAMETA;

O k=|A1B1|/|AB|.
0 910 oTHomeHue u3 noapodus TpeyrodbHukoB NKF 1 FA1B1 (puc. 9):

|AlB||:f_F:i_1 f

=—+1-1=
| AB | F F d

[~



—!

Cdepuueckue 3epkana

0 CnenoBaresibHO, JIMHEUHOE YBEITUYCHHUE
O L_AB_f
®)) |AB| d
o Hccnenyem popmMyny BOrHyToro 3epkana. /[Jist 3Toro Haaem

13 HEE PACCTOSHUE OT N300pAXKEHUS JI0 3E€pKaIa;

— li_lde._dF_F

f F d dF — _F
o l.IIycts npenmer pacnonoxceH B éGCKOHeqHOCTH TO €CTh OT

HETO UIYT TOJBKO JIy4M, MapalIelIbHbIC ITTABHON ONTUYECKON
ocu. Torma d = oo, P

:—:F
[ / 1-0

0 M3o00pakeHue B IM1aBHOM (POKyce, IeHCTBUTEIBHOE,
YMEHBIIICHHOE (TOYKA).




Cdepuueckue 3epkajia

o 2. IIpeaMeT Ha KOHEYHOM PacCTOSTHUU 3a IIEeHTpoM cepbl: 2F < d < oo,
Torna
O<£<l;1>1—£>l;F<f=—<2F
d 2 - d 2 1-F/d _
0 M3obOpaxeHue MeXy LEHTPOM U (POKYCOM 3epKaiia, ASHCTBUTEIIBHOE,
o0paTHOE, YMEHBIIICHHOE.

o 4. [Tpenmer Mexay pokycoMm u ieHTpoM 3epkaiia: F < d < 2F. 3nauwr,

[ :
l<E<l;0<1—£<l;f>2F
2 d d 2

0 M3oOpaxeHue IeiMCTBUTEIBHOE, 00PAaTHOE, YBEIIMYECHHOE, PACIIOI0XKEHO
3a LIEHTPOM 3€epKala.
o 5. IIpenmer B dokyce: d = F. Torna F F F
' d d 1-1
0 HM3oOpaxeHne B 0ECKOHEYHOCTH (OTPpaKEHHBIC JTy4YH MapajjieiibHbl).
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Cdepuueckue 3epkana

o 6. [Ipenmet mexay pokycom u 3epkaiom: d < F. CienoBareinsHo,

- E>1;1—E<O;f<0
d d

0 H3o0paxkeHue MHUMOE, IIPSMOE, YBEIMYEHHOE, PACIIOI0KEHO 32
3EPKAJIOM.

o Kak BuaHo Ha puc. 10, B BBIITYKJIOM 3€pKajie Bceraa u300pakeHue
MHUMOE€, IPAMOE, YMECHBIIIEHHOE.

0 BorHytsle 3epkajia HUPOKO MPUMEHSIOTCA B TeXHUKE. C UX IMTOMOIIBIO
KOHIEHTPUPYIOT 3Hepruto ColHIIa B reJIMOHAarpeBaTe/ibHbIX YCTaHOBKAX,
UX UCIOJIb3YIOT B KaU€CTBE PE(PICKTOPOB (OTpa)karesieil) B TeJIECKOIax,
IpokeKkTopax, (papax, Harpeatensax u T.01. [IpaBaa, daiie UCIIONB3YIOT
BOTHYTHIC 3epkaia Hechepuueckoit (hopMbl. BeImykibie 3epkaia HaXoasiT
IPUMEHEHHE B KAYECTBE 3€pPKaJl 3aJHEr0 0030pa Ha TPAHCIIOPTE.
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Q4. JInH3BI

0 IlocmoTpum Ha puc. 11,a 1 MBICTIEHHO OTPEXEM HUKHIOIO U BEPXHIOIO
4acTH MIPU3MBbI, HE MOJAX0/IsI OJIM3KO K ToukaM npeiaomiieHus M u N (puc.
11,0). Ina naHHOTrO Jy4a HUYEro HE U3MEHUTCS, TOJIBKO TEHEPh
yCE€UEHHas IpU3Ma UMEET JIBAa OCHOBAHUS — OOJIbIIIEE U MEHBIIIEE (2 HE
BEPXHEE M HIXKHEE — 3TO HECYIIECTBEHHO). [[BaXK1bl MPEIOMIISISICh Ha
IpaHsIX YCEYCHHON MPU3MBI, JTy4 00a pa3a OTKJIOHSIETCS B CTOPOHY
00JIBIIIETO OCHOBAHUA (€CJIM IIpH3Ma CAeIaHa U3 MaTeprana, ONTHYECKH
0oJiee IIOTHOTO, YEM OKpY Karolias cpeaa).

0 CKOHCTPyHpPYEM CHCTEMY MPHU3M, KaK IMOKa3aHO HA puC. 12, n HampaBuUM
Ha Hee MapaJuieNIbHbIN My4YoK Jydeil. He BXo/s B moApoOHOCTH
MPEJIOMJICHUSI, MBI 3HAEM €TI0 pe3ysbTar. Jlyuu, mpouas yepes3 npus3Msl,
OTKJIOHSIFOTCSI B CTOPOHY OOJIBIIIMX OCHOBAHUM, a TaK KaK TaKue
OCHOBAaHUSI PaCIIOJI0KEHBI OJIM)KE K OCH ITyUKa, apajijIeJIbHbIC JTy4H
co0epyTCsl B KaKOE-TO MSATHO OKOJI0 ocu. He Hamo 1yMarh, 4TO OHU
coOepyTcs B TOUKY, HO caM (DaKT CONMMKEHUS JIydeil JTOIKEH ObITh
ITOHSITEH.




Puc.11,a. Puc.11,0

A




Puc.12.




—!

JIMH3bI

0 Takas coOuparenbHas CUCTEMA IOMUMO CIIOKHOCTHU U3TOTOBJICHUS U
MCMOJIb30BAHUS UMEET MPUHIMITHATIBHBIA HEAOCTATOK — MHOIO JIy4eH
MPOXOAUT MEXKIY NPU3MaMH, HE TTPEIOMIISACH. MOYKHO 3al0JIHUTh
MIPOMEXYTKH, OJHOBPEMEHHO YIIPOCTUB KOHCTPYKIIHUIO, €CIIH B3STh KYyCOK
CTEKJIa U OTHLIM(OBATH €ro M0 CPEepUIECKUM MOBEPXHOCTIM. Takue
chepuueckue cmekia Vv JUH3bL IIIUPOKO IPUMEHSIIOTCSI B ONITHKE.
Cdepuueckoe CTEKI0 — OTHLIM(OBaHHAS CTEKISHHAS IJIaCTUHA,
OrpaHUYE€HHAs C(HhEepPUYECKUMHU WM TUIOCKMMU MOBEepXHOCTAMU. CepearHa
TAKOM JIMH3bI MPAKTUUYECKU MPEICTABISECT COOOH IMIOCKONapaeIbHYIO
MJIACTUHKY. JIyuu, uayue moj yrjiioM, OTIUYHBIM OT HYJIS, B TAaKOH
IJIAaCTUHKE cMmernaroTcs. Ho 3To cmenienue OyaeT npeHeOpekuMo MalibiM,
€CJIM OTPAaHUYMUTHCS MapaKCUAIBHBIMU JIydaMU U CAENATh JTUH3Y
JI0CTAaTO4YHO moHKou. Torna 1000 Jiyd (M3 BEIOPAHHBIX MTapaKCUAJIbHBIX )
npoiaet yepe3 Touky O (puc. 13), npakTUYECKH HE OTKIOHSSACH. Touka,
gyepe3 KOTOPYIO JIYUM IPOXOJAT, HE OTKJIOHSSCh, HA3bIBACTCS
ONMuUYecKUM YyeHmpom JVH3bI.




Puc.14.

Puc.13.
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JIMH3bI

0 Bce npsameie, Tpoxoasiue 4epe3 ONTUIECKUN [IEHTP, — ORMUYECKUe OCu.
OpnHa U3 ONTUYECKUX OCEH, NPOXOAAIIMX U Yepe3 LEHTP chepruueCKou
MTOBEPXHOCTH, HA3bIBACTCS 21A6HOU (OTPAHUYUMCS CITy4aeM
UEHMPUPOBAHHBIX CUCTEM, B KOTOPBIX IIEHTPhI KPUBU3HBI BCEX
MTOBEPXHOCTEM JIEKAT Ha OHOM MpsiMoi ). OcTalbHBIE ONITHYECKUE OCH —
nooounuvie.

0 IlapamienbHbIN My4OK JIydel (€CTECTBEHHO, ITapajleiIbHbIM U OJHOM U3
ONTUYECKUX OCEU, puC.13) mocie npejomMiICHUsI B JAHHOW JIMH3E
cobupaeTcs MpUOIU3UTEIBHO B OJHOM TOUKE, Ha3bIBA€MOM
oelicmeumebHbiM poKycom. Taknue JTMH3bI HA3BIBAIOTCS COOUPAIOUWUMU.
Kak MbI BU1€]IM, COOMPAIOIIIMMU OYAYT BBIYKJIBIC JIMH3BI (Y KOTOPBIX
CepeIMHA TOJIIIIE KPAEB), €CIIM OHU CHEIAaHbl U3 MaTepuasa, ONTUYECCKU
OoJiee MIIOTHOTO, YEM OKpY>Karolias cpenaa. [lapannenbHblil y4oK Jydei
MOCJIE MIPEJIOMJIEHUS B JIMH3€ MOXKET paccenBarbces (puc.14), Torna B
OJTHOM TOYKE, HA3bIBAEMOUN MHUMBIM hOKYycoMm, COOEPYTCS TPOIOTKEHUS
ITUX JIYUYEH.



Puc.16.

Puc.15.
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JIMH3bI

0 Takue NTMH3bI HA3bIBAIOTCS paccenBaroMMU. ClielaHHbIE U3 MaTepuasa, ONTUYECKU
OoJiee MIOTHOTO0, YEM OKpPY’Karolllasi Cpe/ia, OHU BOTHYTHI (CEPEAMHA TOHBIIIE KPAEB).
Ecnu nuH3BI cAenanbl U3 MaTepuasia ONTUYECKU MEHEE TUIOTHOTO, YeEM OKpY Karolas
cpena (HampuMep, IMyCTOTENbIE JTUH3BI B BOJE), COOMpArOUMU OydyT BOTHYTHIE, a
paccenBarOIMMU — BBINTYKIIbIE. Bce POKyChI, pacrionoKeHHbIE IO OJJHY CTOPOHY
JIMH3bL, JIEXKAT B OAHOU IJIOCKOCTH, NIEPIEHAUKYIAPHON [NIABHOM ONTUYECKON OCHU U
npoxoAsiien yepes riaBHbii Pokyc. OHa Ha3bIBACTCS POKAIbHOIU NIIOCKOCHbBIO.

O Brinykiibie 1uH3bI ObIBAIOT (pHC. 15): 06oakosvinykavie (a), niockosvinykisie (0),
60zHymo-evinykavle (B). CxeMaTH4eCKH TOHKHUE COOMpPAIOIIKeE JIMH3bI N300pakKeHbI HA
puc. 15, .

O Bornytbie muH3b1 ObIBAIOT (pUC. 16): 06osakoeocnymute (a), naockosozuymeie (0),
evinyK10-60zHymule (B). CXxeMaTnuecKkoe n300pakeHHE pacCEUBAIOIINX TOHKUX JIMH3
npuBeaeHO Ha puc. 16, . OOBIYHO MyTarOT HAa3BaHUS JIMH3 BOTHYTO-BBITYKIION U
BBITTYKJIO-BOTHYTOM. UTOOBI 3TOT0O M30€KaTh, HAaJI0 XOPOIIO ce0e MPEACTaBUTh, UTO
JMH3a, 1300pakeHHas Ha puC. 15, B, BBINTyKIIas (CEpeIrHA TOJIIIE Kpaes), a
n3o0pakeHHas Ha puc. 16, B — BoruyTas (cepeanHa ToHbIe KpaeB). [lepBoe ke clIoBO
B Ha3BaHMM 0003HAYAET OJIHY M3 OTPAaHUYHBAIOIIUX TTOBEPXHOCTEH, a HE BBIITYKIOCTh
WJIH BOTHYTHIC JIMH3HI.
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JIMH3bI

0 M3oOpaxkeHue TOUKHU S B JJUH3E OyAET TOUKa MEepeCceYeHUs BCEX MPEIOMIICHHBIX
JTy4deil uiu uxX NpoAoKeHU. B mepBoM ciiyyae u300pakeHue NeMCTBUTEIBHOE,
BO BTOpOM — MHUMOE. Kak Bceria, 4ToObl HAUTH TOUKY MEPECEUCHUS BCEX JTyUeid,
JIOCTAaTOYHO OCTPOUTH JIFOOBIE JIBa. MBI MOXXEM 3TO CAEJaTh, MOJIb3YIACh BTOPHIM
3aKOHOM MOpPEIOMIICHUS. [[J19 3TOT0 Ha0 UBMEPUTH yTOJ MAJAECHUS TTPOU3BOJIBHOTO
ayda, cocuuTaTrh no dhopMyse (2) yroa mpeaoMiIeHUs, TOCTPOUTh MPEIOMICHHBIN
Jy4, KOTOPBIM MO/ KAKAM-TO YTJIOM YITaJIET HA IPYTYIO TpaHb JIMH3GL. M3mMepuB
3TOT YToJI MaJCHUsI, HAJI0 BEIYUCIUTH 110 (hopMyJie (2) HOBBIM YroJ MpeoMIICHUS
U TIOCTPOUTH BBIXOASIIMHN ay4d. Kak BuauTe, pabota JOCTAaTOYHO TPYAOEMKasl,
OATOMY OOBIYHO €€ n30eratoT. [10 U3BECTHBIM CBOMCTBAM JIMH3 MOKHO
MOCTPOUTH TPH Jyda 0€3 BCAKUX BBIUMCICHUN. JIyd, magaronui napauiesibHO
KaKo#-I1100 ONTHUYECKON OCH, TTOCIIE ABOMHOTO MPEIOMIICHUS IIPOMIET Yepe3
JNEUCTBUTENIBHBIN (DOKYC WITH €0 MPOJIOKEHUS TPOMIAET Yepe3 MHUMBIN (POKyC.
1o 3akoHy OOpaTUMOCTH JIyd, MAJIAI0IIUKN IO HAITPABJICHUIO HA COOTBETCTBYIOIIUIA
dboKyc, mocie ABOMHOTO MPEIOMIICHUS BBIAIET NapasieIbHO ONPEASICHHOM
ONTUYECKOM OCcU. HakoHel, yepe3 ONTUYECKUAN LEHTP JIMH3bI JIyY MPOUET, HE
OTKJIOHSISICh.



Puc.17.

Puc.18
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JIMH3bI

o Hapuc. 17 mocTpoeHO n300pax€Hus1 TOUKU S B COOMpAIOIIEH JIMH3E, Ha
puc. 18 — B paccenBaromieil. [Ipy Takux NoCTPOSHUAX N300paKaAIOT
IJIJABHYIO ONTUYECKYIO OCh U HA HEH MOKA3bIBAIOT (POKYCHbBIE PACCMOAHUA
F (paccrosiHus OT m1aBHBIX (DPOKYCOB WJIM OT (DOKAJIBHBIX INIOCKOCTEM 10
ONTHUYECKOrO IIEHTPA JIMH3bI) U JIBOMHBIE (DOKYCHBIE PACCTOSIHUS (1715
COOHMpAOIIMX JIMH3). 3aT€M HIIYT TOYKY IEPECCUCHUS MPEIIOMIICHHBIX
nyder (WM X NPOJIOJIKEHU ), MCIIOJb3Ys JIFOObIE 1BA U3
BBIIICTICPEUYHNCICHHBIX.

0 OOBIYHO BBI3BIBACT 3aTPYJHEHHE MOCTPOCHUE U300PAKEHUS TOUKH,
PACITOJIOKEHHOW HA TIIABHOW ONTUYECKOU OCH. {11 TaKOTO MOCTPOCHUS
HY>KHO B3STh JIF000#1 JTy4, KOTOPBIN OyJeT mapaieseH Kakohi-To
MOOOYHOM onTUYEeCKOr ocH (MyHKTHUP Ha puc. 19). ITocne nBoiiHOrO
PEIOMJICHUS OH MPOUIET Yepe3 MOOOUHbBIN (DOKYC, KOTOPBIN JICKUT B
TOUYKE MEPECEUCHUS ATOM MOOOYHOU OCH U POKAIBHOM IIOCKOCTHU. B
KauyeCTBE BTOPOTO Jiydya yA0OHO MCIOIb30BaTh JIy4, UAYIIUH Oe3
MIPEJIOMIIEHUS BIIOJIb TJIABHOW ONITUYECKOM OCH.



Puc.19.

JIMH3bI

Ha puc. 20 nuzo0OpaxeHbl J1BE
cobuparoiue JUH3bl. BTopas
«JIy41Ie» cooupaet Jayuu, OJuxKe
UX CBOJUT, OHA «CUJIBHEEY.
Onmuueckoii cunou J1uH3bl
Ha3bIBAETCS BEJIMUMHA, OOpaTHasl
(OKyCHOMY PacCTOSIHUIO:

. D=1

(6) F

Bripaxkaercsa onTuyeckas cuia
JIUH3BI B TUOOTPHUSX (ANTP).



Puc.20.
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JIMH3bI

o  Oona ouonmpusa — ONITUYECKAS CUJIA TAKOW JIMH3BI, (POKYCHOE
pPaCCTOAHUE KOTOPOHU 1Mm.

O N4 CO6I/IpaIOH_[I/IX JIMH3 ITOJIOKHUTCJIbHAA OIITHUYCCKAsA CHUJIA, Y
pacCcCCUBAIOIINX — OTPULHATCIIbHA].

0 IlocTpoeHue U300paxxeHUs MpeIMETAa B COOMPAIOIIEH JIMH3E CBOJUTCS K
MOCTPOECHUIO €T0 KpallHUX TOYEK. B kauecTBe mpeamMeTa BhiOepeM
ctpenky AB (puc. 21). M300paxkeHre TO4ku A MOCTPOCHO, KaK Ha PHUC.
17, Touka B1 MoxeT ObITh HalifieHa, Kak Ha puc 19. BBenem o003HaueHnE
(aHAJIOTUYHbBIC BBEICHHBIM MIPU PACCMOTPEHHUM 3€PKaJT): PACCTOSTHUE OT
npeameta a0 auH3bl |[BO| = d; paccTosiHue oT npeamera J0 JUH3bI
nzoopaxenusa [BO1| = f, pokycHoe paccrosaue |OF| = F. 3 nogoous
TpeyrodbHUKOB A1B10 1 ABO (110 paBHBIM OCTPBIM — BEPTHUKAJIBHBIM —
yIjaM OpsIMOYTOJIbHBIE TpEyTroabHUKHN Togo0Ha) |[A1B1|/|AB = f/d. U3
nogoous TpeyrojdbHUKoB A1B1F u DOF (1o Tomy ke npu3Haky noao0ous)
A1B1|/|AB = (f — F)/F. CnenoBarensHo,

0 f _f-F wm fF=df-dF.
d F
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JIMH3bI

0 PaznenuB ypaBHeHue nowieHHO Ha dFf u mepeHecst oTpuiarebHbIN Yi€H B
JPYTYIO CTOPOHY PAaBEHCTBA, IONYyYUM | | 1|
(7)

_— .t — =

d f F

0 Mbl BbIBENIH hopmysly IUH3BL, AHATOTUYHYIO (OPMYIIE 3epKaJIa.
o B cimyuae pacceuBaroiiieit IMH3BI (pUc. 22) «padotaeT» OJM>XKHUN MHUMBI (POKYC.
OOpaTuTe BHUMaHUE Ha TO, CTO TOYKa Al SBIIIETCA TOCKOM IepecedeHusI

POAOJDKEHHUS PEIOMIICHHBIX JIy4ei, a HE TOUKOM IepeceueHuUs NPEIOMICHHOTO
nyda FD u magaromero gyda AO.

o Jlus mokaszarenbCcTBa paCCMOTPUTE JIyd, MAJAIOMIMI U3 TOYKU A 10 HalpaBJICHUIO
Ha nanbHui Qoxyc. [Tocie ABONHOIO NpeIOMIICHUS OH BBIMJET U3 JTUH3BI
napasuiesIbHO [NIABHOM ONTUYECKOW OCH, TaK YTO €r0 MPOJOJKEHHUE IPOUIET Yepe3
Touky Al. M3o0paxkeHue Touku B MokeT ObITh MOCTPOCHO aHAJIOTUYHO puc. 19.
N3 nmogobust cooTBeTcTBYIOMMX TpeyroibHUKoB |[A1B1|/|AB| = f/d; |A1B1|/|AB| =
(F—1)/F; {F =dF — — df wim

0 , 1 1 1

f d F



Puc.21. Puc.22.
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JIMH3bI

O OTy ¢hopmyny pacceusarowieii 1uH3bl MOKHO TIOTYUUTH U3 (8). st aTOrO
YCIOBUMCS CUUTATh MOJOXKUTEIbHBIMU BEIUYMHBI d (OT IpeaMeTa J0 JIMH3HI),
f (oT nuH3bI 70 U300paxkeHus) u F (oT 1uH3BI 10 Pokyca), €Ciau OHU
HaIlpaBJICHbI B CTOPOHY MaAaromux jgydeil. Torna B hopmyne (8) mis
coOuparoIieii JUH3bI BCE YICHBI MOJOKUTEIbHBI, JIJI pacCeruBaroIie —
paccTossHUE OT MpeaMETa JI0 JTUH3BI OJIOKUTENBHO, d > 0, a pacCTOSHUA OT
JUH3BI 10 n300paxkeHus u 10 pokyca orpunarenabhsl (f <0, F <0). Ecnu
NEePEeUTH K a0COJIFOTHBIM 3HAYCHUSIM PACCTOSHUM, TO MOJIYYUM

O 1 li Il wm 1 1 1

d f F f d F
— B COOTBETCTBHUH C BBIJECICHHON (HOPMYIION.

o  Jluneinvim yeenuuenuem MUH3bI HA3bIBACTCS YHUCIIO0, ITIOKA3bIBAOLIEE, BO
CKOJIBKO pa3 JIMHEHWHBIE pa3Mepbl H300paKEHUS OOJIbIIE TUHEHHBIX PA3MEPOB
npeaMerta. M3 mogoOust pacCMOTPEHHBIX TPEYTOJIbHUKOB UMEEM

0 ) K= |AIB1|/|AB| = f/d
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JIMH3bI

0 MOoXXHO NPOBECTH UCCIIEAO0BAHUS (POPMYJIbI JIUH3HI,
AHAJIOTUYHOE MCCIIEA0BaHUIO (DOPMYJIBI 3€pKaa.

0 Kak u3MeHHUTCsI M300pakeHuEe mpeIMeTa, €CIIN €T
IIOJOBHHA JIMH3BI pa3oniiack? M300pakeHrE CTaHET
MEHEE MHTEHCHUBHBIM, HO HH €ro (hopma, H1
PACHOJIOKEHNUE HE UBMEHATCA. AHAJIIOTHYHO
M300paKeHHUE MpeIMeTa B JIFOOOM KyCOUYKE JIMH3bI
WJIA 3€pKaJia.



Q5. dortoamnmapar

o Pa3zbepem cxeMy U MPUHLIMI PAOOTHI
HEKOTOPBIX IIUPOKO
PacpOCTPAHEHHBIX ONTUYECKUX
pruOOpPOB.

AB o  ®omoannapam — npuodop,
Ba)KHEUIIIEH 4aCThIO KOTOPOTO

4 SBJISIETCSl COOMpaTesibHAs CUCTEMA

nuH3 — 00beKTHUB. [Ipr 0OBIYHOM

— M—t moouTeNnbCKoM (hoTtorpadupoBaHUN

FooF w F MIPEAMET PACTIOIOKEH 34 JIBOWHBIM

B (hOKYCHBIM PacCCTOSIHUEM, TTOITOMY

i n300pakeHue OyzeT Mexay OKycoM
U IBOMHBIM (DOKYCHBIM PACCTOSTHUEM,

) JIEHCTBUTENILHOE, YMEHBIIICHHOE,

0h nepeBepHyToe (puc. 23).

Puc.23
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doroarmapar

o Ha mecrto aToro nzobpakenus nomemiaercs GOTOTICHKA WU (POTOIIIIACTUHKA
(IOKPBIThIE CBETOUYBCTBUTEIILHOM dMYJIbCUEH, ColeprKalllell OpoMHUCTOE cepedpo),
Ha HEKOTOPOE BpeMs OTKphIBaeTCsl 00BEKTUB — IIJICHKA aKcnonupyemcs. Ha Hen
MOSIBJISIETCST CKphITOE M300pakeHue. [lomanas B criennaibHOM pacTBOP —
IIPOSIBUTEIIb, «3aCBEUCHHBIC» MOJIEKYJIbI OpOMHUCTOIO cepedpa paciaaarTcs, Opom
YHOCHUTCS B PacTBOP, a CepeOpPO BBIICIICTCS B BUJE TEMHOTO HajleTa Ha
3aCBEUCHHBIX YACTAX IJIACTHHKH WM IJICHKH, YeM OOJIBIIIC CBETA IOIAJIO IIPU
9KCITO3UIIMU Ha TAHHOE MECTO TIJICHKH, TeM TeMHee oHO cTtaHeT. [locre
IPOSIBJICHUS 1 MPOMBIBAaHUS HEOOXOIUMO M300paKCHUE 3aKPEIUTh, JIJIS YeTO €To
IIOMEIIIAIOT B paCTBOP — 3aKPEIUTENb, B KOTOPOM PACTBOPSETCS U YHOCHUTCS C
HeraTuBa He 3acBeUeHHOE OpomucToe cepedpo. [lomygaercs nzobpakeHue Toro,
9TO OBLIO Iepesl 0OOBEKTHBOM, C IIEPECTAHOBKOM OTTEHKOB — CBETJIbIC YACTH CTaJIN
TeMHBIMH 1 HA000pOT (HEraTHuB).

o Jlus monyuenust pororpaduu — mo3UTHUBA — HEOOXOAUMO Yepe3 HETaTUB OCBETUTH
Ha HEKOTOpOE BpeMs PoToOymary, MOKPHITYIO TAKUM K€ OPOMHUCTBIM CEPEOPOM.
[Tociie ee mposIBICHUS Y 3aKPETJICHUS TTOJTYUYUTCSI HETaTUB C HETaTUBa, T. €.
MO3UTHUB, B KOTOPOM CBETJIbIE U TEMHBIE YaCTH OyAyT COOTBETCTBOBATH CBETJBIM U
TEMHBIM YacCTSIM IPeIMETA.
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doroarmapar

0 74 nosiydyeHus KaueCTBEHHOTO M300paXKEHUSI OO0JIBIIIOE 3HAYCHUE UMEET
HABOJIKa HA PE3KOCTh — COBMEIICHUE U300PAXKEHUS U TUICHKU WJITA
MJIaCTUHKU. {7151 3TOr0 y cTaphix (oToanmaparoB Aeaanach MOABHKHON
3aHAS1 CTEHKA, BMECTO CBETOUYBCTBUTEIBHOM TNIACTUHKHU BCTABJISIIACH
MaroBas CTEKJISIHHAS; IBUTasl TTOCIEAHIO0, HA 143 YCTAHABIMBAIN PE3KOE
M300paKEHUE. 3aT€M 3aMEHSJIN CTEKIISTHHYIO TJTACTUHKY
CBETOUYBCTBHUTEIBLHOUN U MTPOU3BOAUIN POTOCHEMKY.

0 B coBpemMeHHBIX oToanmaparax sl HABOJAKU Ha PE3KOCTh UCIIOJIb3yETCS
BBIJIBIDKHOM O0OBEKTUB, CBA3aHHBIN ¢ AajdbHOMepoM. [Ipu aTtom
HEU3MEHHBIMM OCTAIOTCSI BCE BEJIMYMHBI, BXOAAIINUE B (POPMYITY JTUH3HI,
U3MEHSIIOTCS PACCTOSTHUE MEXKTy OOBEKTUBOM M TIJICHKOM 10 COBITQICHUS C
f. JIsist yBenmuueHUs 21yOuHsl pe3kocmu — pacCTOSTHUM BIOJIb TJIaBHOM
ONTHUYECKON OCH, HA KOTOPBIX MPEAMETHI H300PAKAIOTCS PEIKO, —
nuagpparMupyroT 0ObEKTHB, T. €. YMEHBIIIAOT ero oTBepctue. Ho aTo
YMEHBIIAIOT KOJIMYECTBO CBETA, MOMNAJIAIONICE B allapar, U YBEJIUYNBACT
BpeMsi HEOOXOJIMMOM SKCIO3UITUH.
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doroarmapar

0 OCBELIEHHOCTh U300pAKEHHUS, I KOTOPOTO HCTOYHUKOM CBETA SBJISACTCS
00BEKTUB, MPSIMO MPOIOPIIMOHATBHA IIJIOMIAAN €r0 OTBEPCTHSI, KOTOpas, B
CBOIO 0Yepe/ib, MPOIOPIIMOHAILHA KBaIpaTy auaMeTpa d2.
OCBEIIEHHOCTh TaK€ 00paTHO MPOIOPIIMOHAIBLHO KBaJpaTy PacCTOSTHUS
OT UCTOYHHKA 10 U300pKEHHUS, B HAILIEM CJTydae IOYTH KBaJpaTry
(dbokycHoro pacctosinus F. ITak, 0OCBEIIEeHHOCTh IIPOHOPIIMOHAIBLHO
npoou d2/F2, koTopyro Ha3bIBaIOT ceemocuion odvekmuea. KopeHnb
KBaJIPATHBIN U3 CBETOCHUJIBI HA3bIBAIOT OMHOCUMENbHBIM OMEepCHmuem n
O0OBIYHO YKa3bIBAIOT Ha 00beKkTUBE B BUie HaanucH: 1:F:d. CoBpeMeHHbIe
(hoToarmaparbl CHa0XKarTCS LIEIBIM PSIAOM IIPUCIIOCOOJICHUI,
obJiervaromux Tpya gororpada v pacdpsIongx ero BO3MOKHOCTH
(aBTO3aIyCK, HAOOP OOBEKTUBOB C Pa3HBIMU (DOKYCHBIMHU PACCTOSHUSM,
SKCIIOHOMETPHI, B TOM YHCJIE aBTOMaTHYECKUE, aBTOMAaTUYECKas UJIn
MOJyaBTOMAaTu4yecKasi HaBOJIKa Ha pe3KOCTh U T.1.). [IIupoko
pacnpocTpaHeHa BetHas ¢ororpadus. B mpoliiecce 0oCBOCHUS —
(dbortorpadus ooObeMHasl.




——
BBIBOJI:

0 Bo BpeMs cocTaBieHHUs MOEro pedepara s
y3Hajla MHOTO HOBOT'O 00 ONTHKE, O €€
IIPUMEHEHHUH B Pa3HBIX 00JIACTIX
YEJIOBEUYECKOU JICATEIIbHOCTH. TaK xKe A
y3Haja CTpOCHHUE (poToamnmapara.
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