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BBenenune

Jymaro, BBl yXe€ CHBIIIATIH, YTO CBET — 3TO COBOKYIHOCTh OIPOMHOTO YHCIIA
3JIEMEHTaPHBIX YacTUI] — (OTOHOB, OOJANAIOMINX ABYMS, Ka3al0oCh ObI, B3aHMMOTC-
KITIOYAIONIMMH CBOWCTBAMHU: B HEKOTOPBIX 3KCIEPUMEHTaX OHH BEAYT ce0s Kak
OOBIKHOBEHHBIE YaCTHIIBI, @ B HEKOTOPBIX — KaK 3JIEKTPOMArHUTHBIE BOJIHBL. B Mex-
3BE3THOM IIPOCTPAHCTBE 3TH BOJHBI-JACTHI[BI MUYATCSI C HEBEPOSTHO OOJBIION CKO-
poctsio — 3-10° M/c. BriepBhle 4HCIOBOE 3HAUEHHE CKOPOCTH CBETA BEIMHCIHI B
1675 rony narckuit actponom Oie Pémep, noranasmmiics cBsA3aTh BpeMsl 3aA€PIKKU
BBIX0/1a OJTHOTO M3 CIIyTHUKOB IOmuTepa u3 ero TeHH, co BpeMEHEM paclpocTpaHe-
HHS CBETa BJOJb nuaMeTpa opOuThl 3emin. CKOpOCTh 3Ta CTOJIb BEIIMKA, YTO HC-
KPHBJIEHHUEM TPAeKTOPHH (POTOHOB B TPAaBUTAIMOHHOM IOJIE, KaK MPaBUIIO, TIpEHE-
Operaror. [IpuHsiTo 06003HaYaTh CKOPOCTH CBETa B Bakyyme OykBoii c. CkopocTs U
q)OTOHOB B BCHICCTBC U UX CKOPOCTH B BAKYYME CBA3aHbI ITPOCTHIM COOTHOLICHUEM .

N =C, @
rae koddduireHT N Has3pIBaeTCsl aOCONIOTHBIM TTOKAa3aTeNleM IPEIOMIICHUS COOT-
BETCTBYIOIIETo BemecTBa. [lokazaTens mpeoMiIeHus BakyyMa paBeH | 1o ompene-
JEHHIO. 31IECh NO0 CKOPOCHbIO C8eMA NOOPAYMEBAEMCA CKOPOCTbL 08UNCEHUS CO-
omeemcmeylowux epebneil (Ui y3108) 2AeKkmpomMasHumHbIx 6oaH. Takas cKOPOCTh
HasbIBaetcs (hazoBoii. [TonpoOHee 06 ITOM MBI IOTOBOPHM B CIIEAYIOLIEM 3a/IaHHU.

Tpaexkropun (OTOHOB MBI OyneM Ha3blBaTh CBETOBBIMH Jydamu. O CBETOBOM
JIy4€ MMECT CMBICJ T'OBOPUTH JIMIIL TOTA4, KOTJa OH BXOJUT B COCTAaB CBCTOBOTO
My4Ka, COAEPIKALIEro OIPOMHOE MHOKECTBO MOJOOHBIX Jydeld. OOBIYHO XOPOLINM
NPUOTMKEHUEM JTyda CITYXKHT ITy4OK CBETa OT JIa3€PHOM yKa3KH.

CymiecTByeT MHMPOKUH KPYT SBJIEHHH, KOTOPHIE MOXXHO OINHCATh C ITOMOIIBIO
IpOCTOM, HO BechbMa A(P(PEKTUBHON TEOpHH, OINHMpAOLICHCs Ha HEOONBIIOE YUCIIO
crenuUIHBIX Ul Heé TOCTYNIaTOB U 3aKOHBI TeoMeTpHur. Peub moiaér o reomer-
pudeckoii ontuke. CHopMyaupyeM OCHOBHBIE MTOCTYJIATHI 3TOH TEOPHH.

§ 1. ITocTyaaTsl reoMeTpUYeCKOH ONTUKHU

1. B npo3paunoii 00HOpoOHOl cpede ceem pacnpocmpaHsiemcs npAmMoIuHelHo.

2. Pacnpocmpanenue 1106020 c6emogo2o NyuKa 6 cpede He 3aeuUcum om HAAuYUs
Opyaux nyuKkoe ceema.

3. Ocsewénnocms 110601 CKOb Y2OOHO MANOU YACMU IKPAHA, €030a8aemas He-
CKOMLKUMU  C8EMOBBIMU NYUKAMU, DAGHA CYMME OC8CWEHHOCEN, CO30d8AeMbIX
KasicoObLM NYYKOM 8 OMOeIbHOCHU.

Korma y3kuii my4ok mapasuiebHBIX JIy4el CBETa OCTUTACT IUTOCKON T'PaHHIIBI
paszena JIByX cpell, OH YaCTHYHO BO3Bpalnaercsi oopatHo (orpaxaercs). [laparommuit

oy §1 n HopManb (neprneHaukyisip) N, mpoBenéHHas K rpaHMIe paszgena cpel B
TouKy maaeHus (puc. 1.1), o6pasyroT miockocTs P, Ha3pIBaeMylo n10CKOCHIbIO na-

Oenua. OCTPBIiA yron ¢, Nexaluid Mexay NaJaiolliM JIy40M M HOPMaJIblo, Ha3bl-
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BaeTcs y2nom nadenus. Ompadscénnvlii 1yy S, aexcum 6

N P
0|8 /1S, naockocmu nadewnus. beiao Obl cTpaHHO, ecau Obl HOCIe
1

L OTpPa)KeHUs OH OTKJIOHHUICA OT 3TOU INIOCKOCTH B Ty MU
W UHYI0 cTOpoHY. Benmb cBoiicTBa mpocTpaHcTBa HO 00€
Sy o CTOPOHBI OT ILIocKocTU P abcomoTHo onuHakoBbl. OcT-
. pBIH yron @,, Jexallui Mexay OTpakKEHHBIM JIy4OM U

oS

HOPMAJIbIO, HA3bIBACTCA y210M OMPANCCHUA.
Puc. 1.1 4. Yeon nadenus pagen yeny ompasjicenus.
D= Py (1.1
OTH YeThIpe MoCTyJaTa CTaiu 0000UIEHHEM OIPOMHOTO YHCIIA OIBITHBIX (haKTOB.
Teneps paccMOTPHUM IIOCKYIO FPaHUILy pa3fiesia IByX MPOo3pavyHbIX cpef (IyCTbh
B HUX JY4M CBETa PaCHpOCTPAHSAIOTCS C Pa3HBIMU CKOPOCTAMH). JIyd, MpOHUKIIMH
U3 TEepBOH cpellbl BO BTOPYIO, M3MEHHUT cBOE HampasieHue. O TakoM Jiyye roBOPST,
YTO OH mpejoMuiIcs. [IpenoMnEHHBIN Tyd TakKe JEKUT B INIOCKOCTH IajaeHus P.

Octpelil yron ¢,, nexamuid Mexay MPOLIEANINAM BO BTOPYIO CPEAy JIydoM §2 u

HopMaibio N, Has3bIBaeTCs yenom npenomnenus. Ilpu cpaBHEHUN ABYX IPO3pavHbIX
BEILIECTB TO U3 HHUX, KOTOpOE UMeeT OOJBLINN MOKa3aTeNb MPETOMIICHHS, Ha3bIBaCT-
csi onmuuecku 6onee niomuvim. Cleayer 3aMeTHTh, YTO 10Ka3aTellb MPeIOMIICHUS
N, KaKk MPaBUJIO, 3aBUCUT TOJBKO OT YAaCTOTHI MIEKTPOMArHUTHOM BOJIHBI, PacHpo-
CTpPaHSIOILENCS B CPENle, HO HE 3aBUCUT OT BEJIMYMHBI yIa MaJCHUS U yIia MPeIoM-
JICHUSI.

5. MaremaTnueckasi CBA3b MEXIy yIJaMM MaJeHUS M NPEJOMIICHHUS, a TaKxke
MOKa3aTeIsIMUA IMIPEJIOMIICHUSI COOTBETCTBYIOLIMX CpeJ| BhIpakaeTca B BHIE 0000-
méHHoro 3akoHa CHema (B JIATHHCKOM TpaHckpunuuu — CHenmyca):

nsing, =n,sing,. (1.2)

Otkpeitue patupyercst 1621 romom. 3anomMHuTh 3akoH CHelUla HE IPOCTO, a
OUY€Hb MIPOCTO: CIpaBa CTOUT IMPOU3BEACHUE BEIUYUH, OTHOCSIIUXCS K OJHOM cpe-
Iie, a cieBa — K pyroil. Yacto npu 3amucu 3akoHa CHellJla BMECTO JIByX aOCONIOT-
HBIX [MOKa3areliel mpeaomiieHus N; U N, HCHONB3YIOT MX OTHOIIEHHE Ny/Ni=Nyy,
Ha3bIBAEMOE OTHOCHTENIBHBIM ITOKa3aTeJieM IPEeOMJICHUS BTOPOM Cpelbl OTHOCH-
TEJILHO NEPBOIl.

§ 2. I'unote3sl I'epona, ®epma, Becenaro

WzBectHbI husnk-TeopeTuk, naypeat HobeneBckoit npemun Puuapn delinman
oIHaXb! cKazall: «[lo Mepe pa3BUTHS HAyKH HaM XOUYETCs HMOJYyYHTh HEUYTO OONb-
mee, 4yem npocto Gopmyny. CHadana Mbl HaOJIIO1aeM SIBICHUS, 3aTEM C ITOMOIIBIO
W3MEPEHUH MoTydaeM YHciIa M, HAaKOHEIl, HaXOAUM 3aKOH, CBSI3BIBAIOIINHA ATH YHC-
na. Ho ucTnHHOE Benndne HayKH COCTOUT B TOM, YTO MBI MOXXEM HAWTH TaKOU CITO-
co0 paccyXIeHHS, IPH KOTOPOM 3aKOH CTAHOBUTCS OUEBUIHBIMY.
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OTH CcloBa B MOJIHOW Mepe MOXHO OTHECTU K OTKpBITHIO ['epoHa Anexcannpuii-
CKOT'0, KMBIIEro NpuOIM3UTENbHO B cepeanHe | Beka H. 5. ['epoH mpenmonoxmui,
YTO CBET OT UCTOYHUKA 10 MPUEMHHKA PACIPOCTPAHSETCS 10 KpaTyaulieMy IIyTH.
JlanHas runoTesa JenaeT U3IHIIHUM rocTynat Ne 1 reomeTpudyeckol ONTHKH, HOO B
OJITHOPOJHOM cpese KpaTuaiilliee pacCTOSHUE MEXAY ABYMsS ToukaMu — npsmas. He-
CJIO’KHO IOKa3aTh, YTO U 3aKOH OTPAXKEHM BBITEKAET U3 MocTyara I'epoHa.

Ho mnst cBeta, mpoxoAsIiero yepes rpaHMIly ABYX CPeA C Pa3IHYHBIMH ITOKa3a-
TEeJISIMU TIPEJIOMJICHHS, IpUHIHII [ eporHa maBan cOoi. ToipKko depes moiaTopa ThICS-
genetns (B 1650 romy) dpaniry3ckuii MateMaTuk U Gm3uk [Isep @epma ycTpaHmn
ato 3aTpyaHenue. [lo ngee depma cBet pacnpocTpaHseTcs M
MEXKAy ABYMs TOYKaMH BIOJIb TAaKOTO ITyTH, HAa TPEOAOIIe- Plr ————————

HHE KOTOporo TpedyeTrcs HauMeHblee BpeMs. Takoi cro- !

€00 paccyJIeHHs1 TOTYyYUIT BIOCIEICTBUN Ha3BaHUE NPUH- 772'7 x [H

yun Haumenvuieco epemenu Pepma. Onupasicb Ha NPUH- | 3 B

un Pepma, noaydum 3akoH CHelna. | Jemm X~
3agaua 2.1. 3payok HabmroxaTeNs HAXOAUTCS Ha BBICO- AN In

Te H Haa moBEpXHOCTHIO BOJOEMA, a TOUEUHBIA UCTOUHUK I R ¢

cBera S — Ha riyoune h. PaccrosiHue ot yenoBexa 1o mc- 777777

TouHMKA (BIOJb MOBEpPXHOCTU BOAbl) paBHo L (puc. 2.1). L

[NoxkazaTens mpenomieHus BoasI Ny, Bozayxa N =1. Puc. 2.1

HUcnons3yst npunnun depma, JOKaKUTE, YTO CBET OT UCTOYHHKA S JIO 3pavka
HabIroaTens pacupoctpansercs Baoab nmytu SBM, yrnosnersopsitomero cootso-
HICHUIO

n,sing, =sing,.
Pemenue. Ilycts npoekius otpe3ska BS Ha noBepxHoCTh BOjbI paBHa X, Toraa

BS =vh? +x*, MB=H?+(L-x).

SB MB
t:—+—:(n1\fh2+x2+\]H2+(L—X)Z)/c. 2.1)
0 C
Cornacno npunuuny ®epMa, BpeMs Ha OpeoJoeHre yTd oT S g0 M Munu-
dt X L-x
MaJlbHO, @ 3TO 3HAYHT, 4yT0 — =0 mmm N, - =
dx Vh?+x2 \JHZ+(L-x)
X . L-x .
U3 puc. 2.1 BUOMM, 9TO ———===SIN¢§, & ————=—==5IN ¢}, OTKyZAa
h? +x° H2+(L—x)2

caexyet: NSiN ¢ =SiN 4, 9To 1 TpeGOBAIOCH A0KA3aTh.

31ech yMECTHO BBECTH OJHO IOJIE3HOE ONpeAesIieHHEe, KOTOPOe HaM MPHUTOIUTCS
U B CIIEIYIONIEM 3a/IaHIH 110 BOJTHOBOI ONTHKE.

Paccmotpum opgHOpoAHYIO cpely € mokazareneM mnpesnomieHus N. Bo3sMéMm B
neii 1Be Toukn A u B. Coeaunum ux junueil. Iycts eé anuna |. Bygem HasbiBaTh
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onmuyecKoii OnuHOI TVHUY IPOU3BeeHNE e€ NIMHBI Ha I0Ka3aTeNb IPEeIOMICHUS
N. Ecau cpena HeomHOpOAHA, Pa300bEM JIMHUIO HA YYacCTKH, BJIOJb KOTOPBIX M3Me-
HEHME MOKa3aTess IPEeJOMIEHHS MOKHO He y4uThiBath. Ilycts lj u N — nnmna u
TIOKa3aTeNb TPETOMIIEHHs I-TOro ydacTka. ONTHYECKYIO [UTMHY JIMHHU OTPENETHM
Kak

L=>"Ln. (2.2)

O6parute BHUManue Ha Gopmyiy (2.1), KOTOPYIO Mbl MOMYYHIH TIPH BBIBOJC
3akoHa CHemta. B Heil BpeMs pONOpLUHOHAIbHO ONTHYECKOH JUIMHE JTMHUM MEXKIY
HCTOYHHKOM S U 3paukoM Habmrogatesst (KodpdUIHEHT mpomopuroHansHocTa 1/C).
3Haunt, npuHOUn depma MOXHO HepedopMynupoBaTh TaK: ORMUYECKAA OUHA
Jyua medxncoy arobiMu 08yMa MOYKAMU MeHbULe ONMUYECKoll OUHbL 8CAKOU Opyeoll
JIUHUY, COEOUHAIOWEl me Jice MOUKU.

[To3mHee yd4EHbIE 3aMETHIIH, UTO JUIS CBETA BPEMs IPOXOXKICHHUS IIyTH OT UCTOY-
HHUKa 10 MPUEMHHUKA MOXXET MMETh HE TOJIHKO MHHHMYM, HO W JIOKaJbHBIH MaKcH-
myM. [Ipumnocs noanpassate npuHnun Pepma. OH cTan 3BydaTh Tak: Iyy ceema
6ce20a pacnpoCcmpaHaemcs 8 NPOCMpancmee Mexcoy 08yMsa mouKam 8001b Nymu,
8peMsL NPOX0JICOeHUsL (ONMU4ecKas OIUHA) KOMOPO20 IKCMPEMATbHO(a).

Ipumep 1. TlomMecTuM TOUYEUHBI MCTOYHHUK cBeTa S M NpuEMHUK cBera P ps-
JOM, B HEHTpe mnoixychepbl, BHYTPEHHSS IOBEPXHOCTh KOTOPOH 3epKalibHas
(puc. 2.2). ITycTh UCTOYHUK M MIPUEMHHK Pa3IeiCHBI IUPMOit. ONTHYECKAs JJIHHA
JIy4a OT HCTOYHHMKA 10 MPUEMHHKA 1151 BCceX HANMPaBJIeHNil OTHHAKOBA.

1) Bo3sméMm Ha moBepxHOCTH cepsl ToUKy A. [IycTh B 9TO# TOUKE ILIOCKOE 3ep-
KaJI0 KacaeTcsl MOBEPXHOCTH moiycdepsl. Y namuMm noxycdepy (puc. 2.3). B coort-
BeTcTBUH ¢ mpuHuUnoM ®Pepma, cBer oT S K P Gyaer pacnpocTpansaThes 0o MyTH
SAP, npuuém onTryeckas JJIMHA COOTBETCTBYIOIIETO Jiyda OyaeT MUHUMAJILHA.

2) Ecnu ucxopHoii monycheps! B Touke A kacaetcst HOBast monycdepa MEHBIIETO
pamuyca (puc. 2.4), To CBET NO-NPEKHEMY OyIeT pacnpocTpanaTses o mytu SAP,
HO, B 9TOM Clly4ae ONTHYecKasi INIMHA JIy4a GyaeT MaKcHMaJIbHAa.

S — R —

Puc. 2.2 Puc. 2.3 Puc. 2.4
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Ha »tom ucropus mpunnuna ®epma He 3akoHumsIoch. B cepenune 60-x ronos
NpOLUIOro Beka coBeTckuid (usuk Bukrop ['puropeeBny Becenmaro mpenmonoxuin
BO3MOJXKHOCTb CYIIIECTBOBAHHS CPEJXl C OTPUIATEIBHBIM ITOKA3aTeNIeM MPEIOMIICHHS.
OH pa3paboTas TEOpUIO PacIpPOCTPAHEHHS ICKTPOMArHUTHBIX BOJIH B TaKUX Cpe-
nax (cM. xypHan «Ycnexu (usndeckux Hayk», Tom 92, Ne 517, 1967 r). U Bot B
2000 rogy B HAyIHBIX JKypHaJIaX MOSBUJIOCH COOOIIEHHSI O TOM, YTO CO3TaHBI KOM-
HO3WTHBIC MaTepHanbl (MO3MHEe HX CTAlN Ha3bIBATH MEMAMAMEPUANAMU), HE-
OOBIYHBIE 3JEKTPOJAMHAMHYECKHE CBOICTBA KOTODBIX JIETKO
OOBSICHHUTB, €CITU JIOMYCTHTh, YTO B HUX KOA(QQUIMEHT mpe-
JoMIIeHHs oTpunateneH. Hampumep, myd, MpeIoMHUBIINCH HA
TPaHMIE C METaMaTEepHaIOM, OTKJIOHSETCSI B CTOPOHY, HPO-
THUBOIIOJIOKHYIO TOH, B KOTOPYIO OH OTKIJIOHSICS OBl B ClTydae
¢ N >0 (puc. 2.5).

B ouepenHoil pa3 mnpulIOCh MNOANPABIATH NPUHLIMI
@epma. Teneps B Gopmyny (2.2) mokazaTenb TPETOMICHHS Puc. 2.5
N, HYXHO MOJCTABJISATh C COOTBETCTBYIOLIUM 3HAKOM.

WL
P

OTKpBITHE METaMaTepHANIOB BBI3BAJIO B (pr3uke HacTosmmid Oym. mu 3amHTe-
pEecoBANNCH BOCHHEIE (€CTh WICH, KaK C MIOMOIIBIO CPell ¢ OTPUIATENBHBIM TI0Ka3a-
TeJIeM MpeIoMIICHHUs IeJaTh caMOIEThI-HEBUAUMKH ). bobIine BIo>KeHUsI CPENICTB B
HCCIICIOBaHUA METAMAaTePHAIIOB JIENAIOT (UPMBI, 3aHIMAIOIINECS TeICKOMMYHHUKA-
LUEMN. ..

§ 3. SIBJeHMe MOJIHOTO OTPa’KeHUs CBETA

PaccMoTpuM siBlieHHE NPOXOXKICHUSI CBETa 4Yepe3 IUIOCKYIO I'paHHUIy pasjelna
IBYX Cpei, KOT/a ToKa3aTeib HpesoMieHus N mepBoil cpensl OoJbIe COOTBET-
CTBYIOIIETO TOKa3aTens N, BTopoil cpeabl. s sroro 3ammimem 3akoH CHeluta B
BUJIE!

n,sin ¢ =sin 4, (3.1)
rzie Ny, — OTHOCHUTEINBHBIN MOKA3aTelb IPEIOMIIEHHS. 3aMeTUM, 4To N3>1.

Buumanue! [Tpu ¢popmanabHEIX BRIYHUCICHUSIX JieBas 4acTh ypaBHeHU (3.1) Mo-
JKeT oka3aThes Ooupire 1. Ho, cripaBa crout cuHycC, 3HaU€HHE KOTOpOro Bceraa < 1.
Kak paspemraercst 3To nporuBopeune?

Ecnm N;; He Ha MHOTO NpeBBIIACT eAUHUILY (Hanpumep, pasHo 1,5), a yron ma-
JICHUS! (91 MaJl, IOYTH BCE U3TyUYEHHE IIPOXOIUT BO BTOPYIO CPEAy.

YBenuueHne yria ¢; CONpOBOXKAAETCS YBEIHMUCHUEM YIJIa (0o, KaK TOTO Tpedyer
dbopmyma (3.1), 1 pocToOM IOJIM MIIMYUCHHs, OTPAXEHHOTO OT TPaHUIBI pas3ziela
cpen. Ilpu 3TOM, €CTECTBEHHO, MaAaeT oSl U3Ty4eHH s, IPOHUKAIOIIEr0 BO BTOPYIO
cpeay. OTa TEHICHIMS YCHINBAETCS 10 Mepe Npuommkenus yria ¢, k 90°. Hako-
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Hell, I[P HEKOTOPOM YIJIE (91 Yrol ¢, nocturaet 90°, 1 BcE Najarolee Ha rPaHUILY
pasjena cpej usnydeHue Oyjaer orpaxkaTbcs 06paTHO. COOTBETCTBYOIMI yron ma-
IEHUA (91 MOXKHO HAWTH U3 YCIIOBHS

n,sin ¢ =1, wm

-1
@ =arcsin—=g, . (3.2)
n12 N
B Hay4HOIT IMTEpaType 3TOT YTOJ MOTYUHII CIICIHATIbHOE Ha38aHUe — npedeb-
Hblll y2oi noano2o ompadicenus. Ilpu yrnax ¢, > @, BO BTOPYIO CPEAy M3Iy4Y€HHE

TaKXKe MPOHUKATHh He OyneT. DTUM U CHUMaeTCs IPOTUBOpedre MeXy pr3maeckoit
¥ MaTeMaTH9IeCKOH CTOPOHOU OTMCAHHOTO SIBJICHHS MIPEJIOMIICHHUS CBETA.

Kontpoasnslii Bompoc. OOBYHO CBETOBOJBI JCTAIOT B BUAC TOHKHX CTEKJISIH-
HBIX HATEH, IEHTpabHas YaCTh KOTOPBIX — «CEPIIICBHHAY» — COCTOUT M3 BEIECTBA C
MaJIbIM KO3 (PHUIHESHTOM MOTJIOIEHHs U TTOKa3aTeiIeM mpejaoMieHus Ny. JTo Bere-
CTBO, KaK MPaBUJIO, OYEHb YYBCTBUTEIHHO K XUMUYECKUM U MEXaHUYECKUM BO3JIEH-
ctBusiM. CHapy» K «CEpIICBUHAY 3allMICHA «PYOAIIKOi» — MPOYHBIM CTEKIOM C
MoKaszaTesieM IpesioMyeHus Ny, CTOUKUM K BO3JEHCTBUIO BJIarM U XMMHUYECKUX Be-
miectB. Kakoit u3 nokaszateneil mpenomienust Menplie, Ny wiu N,? Ioscaure nouemy?

OtBer. UroObI Ha TyTH OT IepeaTdnka K NPUEMHUKY CBET HE BHINIENT U3
«CepIIEeBUHBI», «PYyOaliKy» CBETOBOJA JENal0T M3 CTEKJa ¢ TaKUM IOKa3aTelleM
mpesoMIIeHus1 Ny, 4TOOBl Ha TPaHUIIE «CEPILEBHUHA» — «pyOalikay MPOHCXOAUIIO0
MOJIHOE OTpaXKe€HHe. DTO BO3MOXKHO mpH N, < Ny.

§ 4. [1nockue 3epkaja

Teneps NPUCTYNHM K ITOCTPOCHUIO M300pa)KeHUH B INIOCKUX 3epKanax. IlycTs
HaJl 3epKaJloOM HaXOJUTCs TOUSUHbII HCTOUHUK cBeTa S. [Ipu mocTpoeHun ero u3o0-
paXeHHs HEOOXOIMMO HCIIONBb30BaTh, 10 Kpaiinell mepe, §
06a NPOU3GOJIbHLIX JIydd, OTPAKAIOIIMXCA OT IUIOCKOCTH,
COBIIAJIAIONIEH C INIOCKOCTBIO 3epKaa.

MeTo/IMKa TIOCTPOEHHS M300pakeHHMs TOHATHA u3 1
puc. 4.1. C mpakTUYECKON TOYKH 3pEHUS ONUH U3 Iydeu
(orya. 1) menmecooOpa3HO MYCTHTH BJIOJBE HOPMAIH K ILIOC-
KOCTH 3epKaJa.

Ecnu nyuox nyuei, eviuweowux uz mouxu S, 6 pesyiv-
mame OmpadiceHusi, NPeIOMIEHUS. UWIU UCKPUBTEHUS 8 He0O-

HOPOOHOU cpede cXo0umcs 6 mouke S, mo mouxa S Puc. 4.1
Hasvisaemcs oelicmeumensuvim uzoopasxcenuem mouxu S. Eciu oce S, nonyueno

6 pe3ynvmame nepeceyeHus npooOJHCeHULl IMUX Jyyell 8 HanpasgieHuu, oopamHom
HaNpaeieHut0 pacnpoCmMpaneHusi ceemd, mo u300padcenue Ha3vleaemcs: MHUMbBIM.

Taxum 06paszom, S, — MEMMOE H300paXKeHHe TOUKH S.
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3agaua 4.1. Jlammouka JI HAcCTOJNBHOW JIaMIbI HAaXOJWUTCS Ha PaCCTOSHUU
L;=0,6 m ot moBepxHOCcTH cTona U L,=1,8 M oT moronka. Hute Hakama gaMIouxu
MOJKHO CYMTATh TOYEYHBIM HCTOYHUKOM
cBera. Ha crose JI€KUT OCKOJIOK ILIOC-
KOTO 3epKaja B (popMe TpeyrojbHUKA CO 82 S
CTOpOHaMH# 5 ¢M, 6 cM U 7 CM. L

1) Ha xakoM paccTOSHUM X OT TO- y
TOJIKA HAXOJUTCA W300paKCHUE HHUTHU

HaKaja JaMIIOUKHu? L
2) Haiitu ¢opmy u pasmepbl «3aii- 1

YHMKa» TIOJIyYCHHOI'O Ha IIOTOJKE OT L

ockoJka 3epkana (MOTH, 1996). s

Pemenne. BeinoaHuM pUCYHOK, MO-
SACHSIOUMKA cMbIcH 3anaun. OOparture
BHUMAaHHEC Ha CICIYyIOIIee OOCTOSATEIb-
CTBO. 3€pKaJl0 HAaXOAWTCSA Ha CTOJE Ha
NpoU3BONLHOM PACCTOSHUHM OT JIAMITBI Puc. 4.2
(puc. 4.2). HecnoxHO TMOKa3aTh, 4YTO
Li= Ls. CaemoBatensuo X = 2L + L, = 0,6 Mx2 + 1,.8M =3 M.

st onpenenenns GOpMBI U pa3Mepa «3aiduKa» yIo0HO pacCMOTPETh JIydH Sy U
S3, «MCXOIAIINE» OT MHUMOTO H300paxeHust J1;.

T. K. IUIOCKOCTH 3epKaja W MOTOJKA MapauleibHbl, (opMa 3aifunka Oyner mo-
no6Ha 3epkany. Haiiném koaddunpent nogobus. Ecinu qmuHa ctopoHsl 3epkana h, a
COOTBETCTBYIOIIAs €l JJIMHA CTOPOHBI «3aifyrka» H, To MOXXHO 3amucath MPONop-
muio: h/H = Lg/x, u3 kotopoit cienyer: H = 5 h. Takum 06pa3om, [UTHHBI CTOPOH
«3aifunkay paBHbI 25 cM, 30 cM 1 35 CM COOTBETCTBEHHO.

IIpumeuanne. Kax BunHO u3 puc. 4.2, BeCh CBET, OTPAXKEHHBIA 3€pKaIOM, J10JI-
JKEH JIe)KaTh B KOHyCEe, OTPaHHUCHHOM JIydaMu S; U Sz, ¢ BepmmHoOi B Touke JI;. B
JEWCTBUTEIILHOCTH MBI MOKEM BHIETh TOUKH MaJCHUS JIydel Ha OTPaKAIOIIYIO I10-
BEPXHOCTH M3 JIIOOOTO MECTa HaJl 3epKajloM. ITO IPOUCXOIUT Oylarogapsi TOMy, 4TO
4YacTh M3JIyYSHHs! PAcCEMBAETCsS BO BCE CTOPOHBI, B TOM YHWCIE W B HalpaBJICHUH
rima3 Habmogarens. PaccesHHBIH CBET BO3HMKAET IVIABHBIM 00pa3oM Ha JedeKTax
MOBEPXHOCTHU: HAJIUIIIHNX MBIJIMHKAX, [apalvuHax U JPYTUuX HECPOBHOCTAX pasMEpPoOM
B HECKOJIBKO JIECSITKOB MHKPOMETPOB (MHUKPOH). UeM Oonblile HEPOBHOCTEH, TeM
JydIIe BHJHA OTpa)kalollas MOBEpPXHOCTh. benas mucyas Oymara Tak CHIIBHO HC-

_SZ M, S

|

Puc. 4.3 Puc. 4.4
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HelipeHa HEPOBHOCTAMH, YTO NMPAKTHYECKH He NaéT 3epKalbHOro orpaxkeHus. I'o-
BOPAT, YTO TaKas MOBEPXHOCTh OTpaxxaeT dughghysno. Ho 3aro oHa XOpoIIo BHIHA
U3 pa3HbIX MECT.

3agauva 4.2. B apxuse CHeluinyca Hanum 4epTeéx, Ha KOTOPOM ObLIH H300paxe-
HBI TOYCYHBIH UCTOYHHUK CBeTa S U 11Ba 3epkana M; u M,, obpa3yromie 1ByrpaHHBINH
yrox 70° (puc. 4.3). OT BpeMeHH YepHMIIA BBIIBEIH, H HEBO3MOKHO OBLIO pasriis-
JeTh, CKOJIKO M300paXeHUI MCTOYHUKA S maBajia Takas cucTeMa 3epkail. Boccra-
HOBUTD Bce N300pakeHHs CTOYHUKA S. CKOJIBKO N300paKeHH NCTOUYHMKA S MOXK-
HO YBUJIETh B TaKOH cucTeMe 3epKai’?

Pemenue. VcTouHNK cBeTa M €ro M300pa)KEHUE PACIOJIOKEHBI CUMMETPHYHO
OTHOCHTEJIFHO TUIOCKOCTH OTpakaroliero 3epkaia. Ecim nonyuuBineecs nzobpaxe-
HHE OKaXXETCsI C OTPaKaloIei CTOPOHBI BTOPOTO 3epKaJia, OHO JIACT emE 0HO U300-
paXKeHHE U T. 1. 3aMeThTe, YTO BCE M300pakKeHHs JISKAT HA OKPYKHOCTH, MPOBeE-
néunoit n3 Touku O "yepe3 mctouHuK S (puc. 4.4).

1) S; — u300paXKeHUe TOYCIHOTO UCTOYHUKA S B 3epKaie My;

2) S;, — M300paxeHne MHIMOTO UCTOYHHKA S B 3epkaiie M. McTounuk S;, He
JacT M300pakeHHil, T. K. OH JICKUT C 00paTHOH (He OTpakaromleil) CTOPOHBI IUIOC-
KocTel, 00pa3oBaHHBIX 3epkanamMu M, u M.

3) S; — MHEMOE H300paXKEHUE TOUEUHOTO UCTOYHUKA S B 3epkaie M,;

4) S, 1 — M300pakeHNEe UCTOUHHKA S, B 3epKaie My;

5) S, 1, — H300pakeHHE UCTOYHHKA S, 1 B 3epkaine M,.

Hcrounuk S, , HE MOXKET JaTh N300pakeHHe, T. K. OH, KaK M UCTOYHHK S 5, Jie-
JKHUT ¢ 00paTHO# (HEe OTpakaroliel) CTOPOHBI II0CKocTel 3epkain My u M,.

CrnenoBatesbHO, B 3¢pKajic MOXKHO YBUJICTh 5 M300pakKeHUI HCTOYHHKA S.
Boo0mie mroboe m3o0paxkenue, okazapmeecs B cekrope AOB (oH 3aTeMHEH), HE MO-
KeT Ooliee oTpasuThes B 3epkanax M, u M,.

§ 5. [IpudaukeHue NapakcHaabHONH ONTUHKHU

ITockonbky (u3MKa MO CBOCH CYTH — HayKa dKCICPUMEHTAIbHAs, B HEW MOYTH
BCET/Ia TMOJYYArOTCsl MPUOMMKEHHBIE Pe3yabTaThl. TOMY MHOTO MPUYHH: HETOYHO-
CTH M3MEPUTETHHOHN amlmaparypsl, MPUOMMKEHHBIN XapaKTep UCIONB3YEMbIX 3aK0-
HOB, HETOYHOCTH BBIYHCIHTEIBHBIX MPUOOPOB U T. NI. YUUTHIBas BCE 3TO, GUUKU
WHOTTIA YK€ CAMH HCXOIHbBIE (DOPMYIIBI CO3HATEIFHO 3aMMACHIBAIOT B IPHUOIIKEHHOM
BUzE. DTO 37J0POBO O0JIErYaeT UM >KH3Hb, YIIPOIIAET BEIYHACICHUS U SKOHOMHUT Bpe-
Mms. JlaBaiiTe paccMOTpUM OJHO M3 TakuX MOJIE3HBIX yrpouleHuil. HazpiBaercs oHO
npubaUNCeHUe NAPAKCUATbHOL ONMUKU, @ CyTh €r0 3aKI0YaeTcsl B TOM, 4TO pac-
CMAaTpHUBAIOTCS TOJIKO T€ JIy4H, KOTOpPbIE HA CBOEM MYTH HE3HAUUTENIbHO OTKJIOHS-
FOTCSl OT UCXOJHOTO HallpaBJieHUs. B paibHeieM Bce yriibl, €Ciu 3TO HE OroBapu-
BaeTCs CHeINabHO, OyJeM BhIpaxkaTh B pajuanax. [[01e3HO 3alOMHUTH JBa COOT-
HOIICHUS:

1°=0, 01745 pan, 1pan=57,3°.
Ecnu yron ¢ man (Meree 10°), To, Kak IpaBuiIo, MOXKHO CUUTATH

© 2014, 30T M®TU, Cnoboastaun Banepuii [TaBnosny
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cosp~1 atgp=sinp~gp.
3axon CHeJuta B MapakCHaIbHOM MPHOIIMKEHUN BRITIBIIAT MPEAETIHHO IIPOCTO:
e, =N,Q,. (5.1)
3agaya 5.1. Jlyy cBera mamaer W3 BO3AyXa Ha HEBO3MYIIEHHYIO BOJHYIO IIO-
BEpPXHOCTh MOA yriioM ¢ = 10°. Haiitu yron mpejoMieHHs 10 TO4HOH (opmysie
(1.2) u mpubmmkénnoit (5.1). Ha cKOIBKO TPOIIEHTOB MPHOIIKEHHBIH PE3yIbTAT
omm4yaeTcs ot Tounoro? (s Boxsl N=4/3.)
Pemenue. Cornacuo (1.2) sing, =sing,/n, ortkyna cieayer, 4To MO TOYHOM

¢dopmyne (coxpansiem 4 3Hadammx uudpsr) @, =0,1306 pax, B To Bpems Kak II0
npubmkéHHolt  popmyne ¢, =@ /N=0,1309. OrHOCHTENBHAS MOTPEIIHOCTD

. o | Po — P,
TPUOIHKEHHBIX BEIYHACICHUI T2 Pl 100% ~0,2%), T. . MeHee nporieHral

(/)2 T

§ 6. Cepuueckue 3epkana

TpyoHO BCTPETUTH 4YEJIOBEKA, KOTOPBIH OBl HE BHAEN cepuyeckux 3epkai. B
caMoM Jielie, KTO M3 Hac He JI00O0BaCs CBEPKAIOIIMMHU PA3HOLBETHBIMH IIapaMH Ha
HOBOTOZIHEH &llke, KTO HE MOTEIIAJICS HaJ CBOMM HM300paKEHHUEM, HCKaKEHHBIM
chepruvecKoil MOBEPXHOCTHIO.

HaBepHnoe, Bbl oOpaijajii BHUMaHHE U Ha TO, YTO Y€M Jajiblle MPEeIMET OT 3ep-
Kaja, TeM INpaBUJIbHEE €ro MPOMOPILUH. 3aKOHAMM IMOCTPOCHHS TaKUX «IIPaBUIIb-
HBIX» H300paXCHUH MBI 1 3aiiMEMCSL.

IIpoBeném uepes nentp C chepsr ontideckyro ock X. [loMmecTnM Ha Helt Toded-
HbII ucTouHuK cBera S. [Tycts SM — npon3BOBHBIN JTyd OT HCTOYHMKA JI0 3€pKaja,

¢ — yron majenus, ¢ — yroi orpaxenus. Ecau nmpogoinkuTh oTpaxxEHHBIN Ty4 3a

3epKayo (BHyTpb IIapa), TO Ha ero NepeceyeHur ¢ ocklo X (MOmyTHO och X Urpaet
poJB BTOPOTO Jy4a) OyAeT JexaTh m300pakeHue S; mctounuka S. Haiiném anamm-
THYECKYIO CBSI3b MEXy yIilaMu @, U @, (puc. 6.1).

Puc. 6.1
Just tpeyronpauka SM;S; yron & — BHEIIHHIL, a 0 TeopeMe O BHEIIHEM yriie
TPEYroJbHUKA

S=p+¢, (6.1)

© 2014, 30T M®TU, Cnoboastaun Banepuii [TaBnosny
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Hus tpeyronsauka MS;C yrom ¢, — BHemHmit. Ilo Teopeme o BHEHmIHEM yTie
TpeyTOJIbHUKA

P, =a+Ys. (6.2)

Tak kak y, =y, (110 3aKOHY OTpaKeHHs), TO O =2\/,. YTIBl ¥, U Y, PaBHBI

KaK BEPTUKAJbHBIC, CJICA0BATCIIBHO
5=2y,. (6.3)

INoxctanoBka (6.3) B (6.2) naér: ¢, =« +g, otkynma o =2(p, — ).

IMoacraBum nocienuee Beipakerne B (6.1): 2(p, —a) =@, + ¢, , wn

o, —@ =2a. (6.4)
Cwmorpute! Ecnn 3adukcupoBats Touky M Ha 3epkaie, TO yrol @ TOXE OKa-
xKeTcst GUKCHpOBaHHBIM. Ecinu Tenepb cMmemaTh UCTOYHUK S BAOJIL OcH X, TO YIJIBI
@1 ¥ (0, OYAYT U3MEHSATHCS, HO UX Pa3HOCTh OKa)XKETCsS HEM3MEHHOH. B npenene, npu
yIaJICHUH S BJIEBO Ha OECKOHEYHO OOJBIIOE PacCTOSHHUE yroi (9 00paTHTCS B HOMIb,
a ¢, CTaHET PaBHBIM 2 ¢ . 3aMETHM, YTO B NMPUOIIKCHNH MapaKCHAIBHONH ONTHUKU
paccrosinue h or Toukn M 10 ocu X MHOrO MeHsIe pamuyca R cdepuueckoro sep-
kaya. CleqoBaTeIbHO, MOXKHO 3aIHCaTh NMPHONMKEHHBIE pAaBCHCTBA:

h h h
~ ~ a :
a b R
h h
Wx noncranoBka B (6.4) macT: 5 3 =2—,
a

11 2
W1y, 1ocyie cokpaiieHus Ha h: 5" R

a R
B cuity npou3BoibHOCTH BhIOOpA TOUKH M JIErKO c/ienaTh BbIBOJ, YTO U LIHPO-
KUH IIy4OK MapajuleNbHbIX JYy4eil, paclpoCTPaHsIIIIMUXCA BIOIb ONTHYECKON OCH,
cobepércst Ha paccrosinue R/2 ot nentpa chepsl B Touke @, HaszpIBaEMOM (hoxycom
chepuueckoro 3epkana. O003HAYMM 3TO PACCTO-
STHUE CUMBOJIOM F:

F=R/2, (6.5)
11 1 R o L9 X
Benuuuny, obpaTHyto (OKyCHOMY paccTosi- @
HHIO, HA3BIBAIOT ONTHYECKOHW CHIIOH chepuue- b
CKOro 3epkayia. EjnuHHMIA ONTHYECKOH CHIIBI a
HasbIBaeTcst Ouonmpueu (anTp). Onrthyeckas Prc. 6.2

cuia 3epkana c F =1 m paBna 1 morp.
[TnockocTh, MepneHUKYISIpHAs TJIABHOM ONTHYECKOH OCH M OTCTOAIIAs OT I10-

BEPXHOCTH ChepruuecKoro 3epkaia (M meHTpa cdepsl) Ha paccrosaue R/2, Ha3biBa-

eTcs POKANBbHOU NIOCKOCBIO.

Hcnone3ys npnbiamkeHue napakCHaabHONW ONTHKH, MBI ITOJYYHIN y100HbIe hopMy-

JbI Ul TIOCTPOEHUS M300paKEHMH TOUYCYHBIX HCTOYHHKOB B  BBITYKIIBIX

© 2014, 30T M®TU, Cnoboastaun Banepuii [TaBnosny
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chepudeckux 3epkanax. Heciio)kHO 0000IINTE TOTYyYEHHBIE PE3yIbTaThl HA CIydai
BOTHYTHIX c(hepryecKux 3epkai (cM. puc. 6.2). B atom ciyuae

¢1 + ¢z = Zal (67)
11 1
Rt (6.8)

3aMedarenbHO TO, 9TO MOJ0OHOTO posa GOPMYIIEI TOTYYAIOTCS U IS JIUH3.
§ 7. [IpenomiieHne cBeTa B TOHKOM KJIMHE

IIpexne yeM MPUCTYNHUTh K U3YyYCHHUIO CBOMCTB TOHKOM IMH3BI, JaBaiiTe pac-
CMOTPUM OTKJIOHEHHE y3KOTO ITydKa CBETa OT NEPBOHAUAIBHOIO HAIMPaBICHUS IpU
MIPOXOKACHNAN Yepe3 TOHKUH KkinH (puc. 7.1). [Tycts N — moxka-
3aTenb TMPEIOMIICHHS MaTepHana KIWHA, O — APeNoMAIOuUli
yroJ TpH BepiuvHe KinHa « << 1, ¢; — yroxn majgenus csera
Ha TIEPBYIO TpaHb KiuHa. HailnéMm yron ¢ OTKIOHEHHS Jiyda OT
MCXOZHOTO HaIPaBJICHUS.

3agauy OyneM pemaTh B IAapakCHAIBLHOM IPUOIIDKCHUH.

Puc. 7.1 Jisi HarmsqHOCTH yroid ¢ wu300pa3uM CHIIBHO YBEIHYECHHBIM
(puc. 7.2).

3anunieM npuOImkEHHBIH 3aKoH CHea it 00eUX MPeIoOMIIIOIINX TTOBEPXHO-

CTEH KJIMHA:

G=Nyy, @ =N, . (7.1)
J1st Ka>k1oM U3 HUX HaWJIEM yroJl OTKJIIOHEHUSL:
o=p—yi=(N-Dy,, 6,=p,~y,=(N-Dy,. (7.2)

ITo Teopeme o BHemIHEM yriie TPEYroJbHHKA HC-
KOMBIH yrou

0=06,+6, =(n-D(y, +y,). (7.3)

Io Toit xe Teopeme y, +y, =, . Teneps 3ame-

THM, 4TO YIJIbl @ U ¢, PaBHBI, KaK YIJbl CO B3aHMHO

HEepHeHIUKYIIPHBIMUA CTOPOHaMHU. B utore Msl moiy-
YHUM:
Puc. 7.2 o=("-Do, =("-Dec . (7.4)
JIroOONBITHRINA pe3ysabTaT: B NMAPaKCHAIBHOM IpH-
OMVDKEHUH yToJl OTKJIOHEHHS HE 3aBUCHT OT YIJIa MAZCHUS M OCTaETCa MOCTOSHHON
BEJIMYMHOM IpH JTF000M (MasioM) yriie maaeHusl.

§ 8. Tonkue MTUH3BI

[IprumennM pa3paboTaHHYI0 HAMH METOAWKY JUIS MCCIICAOBAHUS CBOMCTB OITH-
yeckux JMH3. M3 npousBoibHOi Touku C; mpoBenéM chepudeckyro MOBEpXHOCTb
paauyca Iy, pa3JIeNnsiollyo MPOCTPAHCTBO Ha JiBe MOJoBUHBI. [lycTh B JIeBOi moo-
BUHE MPOCTPAHCTBA MOKa3aTelb IPEJIOMJIEHUS paBeH N;, a B IpPaBod — Ny,
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i

Puc. 8.1
OpUIEéM IS OTpeieIEHHOCTH Oy/IeM CUHTaTh, 9TO N, > Ny. [IpoBeném vepe3 Touky
C; ocb X (puc. 8.1). Dro — riaBHasi ONTHYECKass OCh CUCTeMbl. [loMecTnM Ha Hei
TOYCYHBIA UCTOYHHK CBETa A; U paCCMOTPUM OJIMH M3 Jy4eH, pacrpoCTPaHIIOIINX-
Csl OT TOTO MCTOYHHUKA BIIPaBO A0 TOYKH B;, examieil Ha rpaHHIe pas3mena JBYX
cpen. Jus tpeyronsauka A;B;Cy yron mageHus iy — BHEIIHUH, TI03TOMY B COOTBET-
CTBHU C TEOPEMOH O BHEITHEM YTIJIe TPEYTONbHUKA | =@, + & .

B touxe B; nyd cBera mpeiroMuTcsa U, U3MEHUB HalpaBJIEHUE CBOETO JBIKEHUS,
NOMAET Tak, Kak Oy/ATO OH OBUI UCIYIIEH B TOYKe A, M BCE BPEMs PaclpOCTPaHsIICs
npsimostHeiiHo. J{nst tpeyronsauka AyB;C; BHEIIHUM OyzeT yroi mpeoMiIeHus i, ,

U MO03TOMY i, =@, + . IlocTaBuM HaiieHHbIEe BBIPAKECHMS I yrjIoB i U i, B
npuOmkEHHBI 3akoH CHemna (5.1): nji, = n,i, . [TomyunTes

((P1+a)nl :((/’2"'0‘)“2- (8.1)

B pamkax npuOimkeHus mapakcuainbHO# onTuku « =Y, /I, noatomy u3 (8.1) cie-
Iy€T:

AN =N, = Py, (8.2)

% , Ha3bIBAEMYIO ONIMUYECKOU CUNOU Npenom-

1
asoweli nogepxrocmu. JlaHHoe 0003HaUYeHHE BeCbMa IOJIE3HO, T. K. ONTHYECKas
CHJIa 3aBHCHT TOJIBKO OT CBOMCTB 3TOH MOBEPXHOCTH U OJMHAKOBA JUISI BCEX JTydei!

Teneps NpeAnoNokKUM, YTO HA MYTH JIyda OKa3amachk Apyras cdepudeckas Imo-
BEPXHOCTH C PAJANYCOM I, Pa3IeIsIONMM IPOCTPAHCTBO Ha 00JACTH C TOKa3aTes-
MU TpesnoMieHus N, u N3 Cpedy ¢ MokasarenaeM MPeIOMIIEHUS Ny, OFPaHUYEHHYIO
MOBEPXHOCTSIMHU I'1 U Iy, HA30BEM JIUH3OIL.

BBeném oo ompeneneHue: paauyc KpUBU3HBI ONTHUECKONW MOBEPXHOCTH CUU-
TAEeTCsl MOJIOKUTENBHBIM, €CJIM LIEHTP KPUBU3HBI PACIIONIOKEH CIIpaBa OT HEE, B MPO-
TUBHOM CITydae paouyc 6yoem ompuyamenbHbiM.

Ilycts N, > N3 1 I, — oTpunateneH. Paccyxias aHaJIOTMYHO paHee pacCMOTPEH-
HOMY CJIy4ar0, MbI IIOJyYUM:

3,I[CCI> MbI BBCJIM BCJINYUHY pl =

PN, =N = P, Y5, (8.3)
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raoe Py =7 (8.4)

INockoneky B ypaBHeHus (8.2) u (8.3) Bxoaut obliee cnaraemoe: @,N, , MbI MOKEM
00BCIMHUTH TH 1Ba YPAaBHEHUS B OJJHO, HCKITIOUUB (,N, |

o =Ny =(p,Y; + P, Ys)- (8.5)

Ecmu paccrosiHue Mexay OOKOBBIMH MOBEPXHOCTSMH JIMH3BI CTOJIb Majio, YTO
W3MCHCHHUE BBICOTHI Jy4a BHYTPH JHH3BI TIPU JIFOOOM (1 MOXKHO HE YYHUTHIBAThH (HE
3a0BIBaliTe, YTO YTOJ @1 MAJT), TO TaKas JINH3a HA3BIBACTCS MOHKOIL.

JJ1st TOHKOM JTMH3BI MBI MOKEM OITYCTHUTh MHICKCHI Y BBICOTHI yda «Yy». Torma
(8.5) mpumer Bu:

e —@sny = (P + P,)Y- (8.6)

W3 (8.6) cienyeT mepBbIii BRIBOMA: ONTHYECKas CHJIA IBYX ONU3KO PACIIONIOKEH-
HBIX MIPEJIOMIIIOIIUX TOBEPXHOCTEH paBHA UX CyMMeE:

Posy = P + P, -

[IprMeHNTETHHO K TOHKOH JIMH3E STOT BBIBOJ MOXKHO C(POPMYyITHPOBATH TaK: OII-
THUYECKas CHJIa JIMH3BI paBHA CyMME ONITHYECKUX CHII €€ TPEJIOMIISIONINX TOBEPXHO-
CTeH.

Ecnu cripaBa u ciieBa OT JIMH3BI HAXOJIUTCSA BO3AYX (3TO HanboJiee TUITHYHAS CH-
Tyarusi), ToN; =Nz =1, u

n,-1 1-n, 1 1
= +—==(n,-1)| ——— 8.7
06wy rl r2 ( 2 ) ] r2 ( )

¢dhopmyia (8.5) crana emé npoiie:

P=Ps =P (8.8)

B npagoii uactu (8.8) cTout BripakeHue @ = Y- P, , €

1 n-1 1-n, 1 1

=—=——4+—2=(n,-| ———|. 8.9
poém F rl rz ( 2 ) rl rz ( )

3necy F umeer pasmepHOCTh IIUHBL. E€ QU3MUECKUI CMBICT MBI CKOPO BBISC-
HHM.

ByneM cuuTaTh OCTPBIA Yroji MEXIy JIy4OM CBETa U IOJOXXUTEIbHBIM Halpas-
JeHHeM OcH X TOJIOXKUTEIBHBIM, €CIIM OH OTCUMTBIBACTCS OT OCH X MPOTHUB YaCOBON
cTpenkd. B mpoTHBHOM ciydae yron OynaeT OTpHUATeNbHBIM. B NPHHATBIX HAMHU
0003HaYEHNAX YTON ¢, OTPHULATENEH, T. K. OH OTCUUTHIBACTCS OT INIABHOM ONTHYe-

CKOH ocH 110 4acoBo# cTpenke. ToOuHO Taxke oTpumareseH u paauyc I, (cM. ompe-

nenenue Ha ctp. 14). Ecnu OpaTh TOJNBKO a0COMIOTHBIC BEIMYUHBI YTIIOB, TO BMECTO
(8.8) cmenyer 3anucate

|¢1| +|¢3| =@ (8.10)

Just Tonko# nuH3EL popmyna (8.10) mo3BoseT AaTh NPOCTYIO M KPAacuBYIO (u-

3MYECKyl0 MHTeprperanuio. HaunéM oToaBHraTh MCTOYHMK CBETa BCE Aaiblie U

Jajblle OT JUH3bL. YTOJN ¢, IpH 3TOM OyIeT yMEHbIIAThCA, U B Ipejiene o0paTuTcs

B 0, a yron ¢, CTaHET PaBHbIM @ .
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Bot u nposicasercss pusmdeckuit cmpicn BenmuuHbl F. Bee yam, mpoxoasiye
MapajulebHO TJIABHON ONTHYECKON OCH CUCTEMBI (HE3aBUCUMO OT PacCTOSHUS Y 10
Hed), MPEJTOMUBIIKCH B JIMH3E, COOCPYTCS B OJJHOW TOUYKE, HA3bIBAEMOU (hoKyCcoM, U
OTJaNEHHON OT JIMH3KI Ha paccrosHue F. Bemuunna F HaseBaetcs poxychwvim pac-
cmosnuem TAH3BL. CTall sICeH U (PU3HMYECKUI (TCOMETPUIECKUN) CMBICIT OTHOIICHUS
y/F =¢., rne @ — 3T0 yroi, mox KOTOpeIM H3 ()OKyca JHH3BI BUJHA TOUKA, B
KOTOPOU MPOM30IUIO IMpelloMIIeHHe majatouero jgyda. Ecnu npunsate Yy =R (rzoe

R —pamuyc onpaBku imH3BI), TO cMbIca cooTHomenus (8.10) craner emé npouie:
CyMMa yIJIOB, MO/ KOTOPBIMU BUJCH Kpail cOOHparoIei THH3bI U3 TOUCK PACIoo-
JKEHHSI UCTOYHHMKA CBETA M €ro M300paKEHHUs, eCTh BEIMYHHA ITOCTOSHHASI, PaBHASI
YTITy, O/ KOTOPBIM M3 (OKyca BHICH TOT e Kpaii (puc. 8.2).

Puc. 8.2

B 3aa4ax Yribl 3a4ar0T PEAKO. OOBIYHO H3BECTHO pacCcTosAHuC OT JIMH3bI J0
npeamMeTra ujin A0 €ero I/I306pa)KCHI/I$[ n (I)OKYCHOG paccTossHue. Y‘II/ITHBaH, qTOo

R R
|g01| R—, QO zE, a |¢)3| z%, ™Mbl u3 (8.10) mocie cokparieHus Ha R moryaum
a
3HAMEHHUTOC BBIpAXKEHHUE I (POPMYJIbI TOHKOM JIMH3BI:
11 1
i, (8.11)
a b F

CTOUT OTMETHTh, YTO, XOTS JUISl MPAKTHUECKUX BblumclieHud (opmyra (8.11)
3HAYUTENBHO yHoOHee Gpopmyinsl (8.10), B mocnenHel 3amucu COBEPIICHHO HCYe3aeT
ACHOE (PU3UUECKOE COJEp)KaHHWEe IOJYYEeHHOTO HaMH 3aKOHA, KOTOPOMY IOIYMHS-
I0TCS BCE ONTHYECKHUE JIy4H, TPOXOISIINE Yepe3 TOHKHE COOMPATOIIIE JINH3HI.

Haxonen, Ba)kKHO IIOMHUTB, 4TO (pOPMYIIBI JIMH3BI NOIyYSHBI HAMH B IPUOIHKeE-
HHHY TTapaKCUAIIbHOM ONTHKH M [O3TOMY HE CIIEyeT UX aOCOIOTH3UPOBATb.

Teneps nonpobyeM H3BIEYb MOJB3Y U3 HOIXyYeHHBIX HaMu (opmyn. CoBepiieH-
HO SICHO, YTO €CJIM UCTOYHMK HPHUOIM3UTH K JIMH3E HACTOJBKO, YTO OH OKAXKETCS K
Hel Giroke, ueM €€ nepeaHuii GOKycC, TO Ik COXpaHEHUs cMbIcia Gpopmyisl (8.10)
Oyner HeoOXoAUMO nepesl a0CONIOTHBIM 3HAYEHHEM BEJIMYMHBI YIila ¢, B3ATh MU-

HYC. OT0 O3Ha4acT, 4ToO I/1306pa)KCHI/I€ HCTOYHHKaA CTAaJI0 MHHUMBbIM M HaXOJHUTCA C
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TOMW e CTOPOHBI OT JIMH3BI, YTO ¥ McToyHUK. Dopmynsl xe (8.10) u (8.11) npumyr
37011

o] =|os] = @ (8.12)
11 1
SThTE (8.13)

Jist HamuX paccyXAeHUH Mbl BBIOpaiu coOuparoulyto JimH3y. Ho nmoiyueHHble
(hopMyIIBI HOCAT OOLIMI XapakTep.
B camom nene, BepréMcs k Boipaxenuro (8.9). B uém Benmunna (n, —1) momo-

JKUTEJIbHAsA, a BOT PafuyCchl I} M I, MOIYT UMETh pa3Hble 3HaKkU. Bcé 3aBucutr ot

TOTO, C KaKOW CTOPOHBI HAXOAUTCS HEHTP KPUBU3HBI COOTBETCTBYIOIINX TOBEPXHO-
creil. Mbl y)xe BUAENH, YTO Ul JBOSKOBBIIYKIOH nuH3BI I >0, 1, <0. A eciu

JnH3a ABOsIKOBOTHyTas, T. €. (I, <0, I, >0), To dhokycHOEe paccTOsSHHE OKaKeTCs

OTPHUIATENILHBIM, a 3HAYUT ompuyamenviol (paccenBaroieit) Oyaer u auuza. Muo-
r/1a 3HaK KPUBU3HBI PEIOMIIIONINX TOBEPXHOCTEH TMH3BI 3aJaf0T HHAYe. [ 0OBOPSIT,
YTO €CJM JaHHAs IMOBEPXHOCTH JIMH3HI BEIMYKJIas, €€ paanyc KPUBH3HBI ITOJIOKUTE-
JICH, a eCJIM BOTHYTas — OTpHIaTeseH. [Ipn BHUMATEIbHOM aHAaJH3e OKa3bIBACTCS,
4T0 00a MOIX0/1a Tal0T OJUHAKOBBIC PE3YIIbTATHI.

Ecnu ¢oxycHOoe paccTosiHME JHMH3BI OTPULATENHHOE,
9TO NMPHUBOIUT K IEPECTAHOBKE MEPEJHEro U 3aaHero ¢o-
KycOB JHH3bI. DaKTHYECKH MBI OyaeM HaOIIOIaTh CIey-
ol1Iee: NapayiyiebHbIM My4YOK, NaJarollui clieBa Ha JIMH3Y,
Iocyie TIPEIOMIICHHST BCeTria OyAeT PacXOMUThCs, MPUIEM
HCCIICOBATEIIO, CTOSAIIEMY CIIpaBa OT JIMH3BI, OyIeT Ka-
3aThCs, YTO HMCTOYHUK HAXOJWUTCS B IepenHeM Qokyce
a3k (puc. 8.3).

[Ipu xenmaHuM BBI JIETKO MOXeTe 0000IUTh HAIllK pe-

Puc. 8.3 3yJIBTAaThl HA CIIy4ai, KOrja JIMH3a HaXOJUTCs HEe B BO3MY-
Xe, a B cpeJie C MoKa3zarelieM MpeIOMIIeHHs N, OTIMYHBIM OT 1, WJIM KOrjJa ciieBa U
CrpaBa OT JIMH3bl HAXOMSATCS CPE/bl C Pa3IMYHBIMHU MOKA3aTEeNSIMU IIPEJIOMIICHHS,
WM KOT/1a ICHTPHI KPUBU3HBI 00EMX TIOBEPXHOCTEH JIMH3EI JIC)KAT C OJTHOW CTOPOHHI,
WIH. . .

§ 9. locTpoenne n300pakeHii, fTaBaeMbIX TOHKOM JTUH30H

IIpenmonoxxum, 9To y HacC ecTh TOHKas cobuparomas nuH3a JI. Ilomectum criepa
OT Hee Ha pacCTOSTHHUM, OobIIeM (OKYCHOTO, BEPTHKAIBHYIO CTPEIKY AB.

ITyctum syd 1 m3 Toukm B Ha JMH3Y NMapaulelbHO TIABHOW ONTHYECKOH ocH
(puc. 9.1). [IpenomuBIIMCH B JIMH3E, JIyd MOMIET yepe3 3aAHMI (HOKYC BIPaBO BHU3.
Jlya 2 myctum u3 Touku B wepe3 nepenuuil ¢okyc. [IperomuBIIMCh B JIHH3E, OH
MOWAET BIpaBO MapajuleNbHO TNIABHOW omTHyeckod ocu. CymiecTByeT Touka B, B
KOTOpO# 00a my4a mepecekyTcs. B; ecTh u3zobpaxkenue Touku B. JtoOoil apyroi
Jy4, HampuMep 3, BBIIEAMNN U3 TOYKH B W Mpomenmuid CKBO3b JINH3Y, TOJKEH
MPOMTH M Yepe3 TOUKY B;. AHAIOTHYHBIM 00Pa30M IOCTPOUM H300pa)keHHE TOUKH
A n 1pyrux Touek, oopasyromux crpeiky AB. Utak, uMmes JnH3y U npeaMeT 4B, Mbl
MOCTPOMIIN €ro n300pakeHue.
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OTMETHM J1Ba JOCTATOYHO OOIIMX CBOMCTBA JIMH3BI: MIPSIMYIO JTUHUIO OHA OTOO-
paxxaeT B MpsSIMYIO; €CJIM B MPOCTPAHCTBE IPEIMETOB IpsiMas MEpIeHIUKYIIpHa
TJIABHOM ONTHYECKOH OCH, TO M €€ M300pakeHHe OKaXKETCS IHepIeHANKYISPHBIM
9T0# ocu. BooOiie roBopsi, yriiel B IPOCTPAHCTBE MPEAMETOB M ITPOCTPAHCTBE M300-
pakeHU# pa3nuyHbL. ITO NPEKPACHO WILTIOCTPUpYET puc. 9.2.

Ksagpar ABCD nun3a «upespatuna» B Tpanemuto ABC D,. Eciu cnpasa u
CJIeBa OT JIMH3bI HAXOJIUTCS OJIHA M Ta )K€ CPEAa, TO JUIS IIOCTPOCHUS U300pasKeHUs
TOYKHM YacTO OKa3bIBAETCs YAOOHBIM HCIOJIB30BaTh €IIE OIMH «3aMeyaTeIbHBIN
Jy4 — TOT, KOTOpBIA UIET yepe3 LeHTp auH3bl. Ha puc. 9.1 oH oTMedeH kak jiyu 3.
OTOT yd, MPOXOAA Yepe3 JIUH3Y, HE MEHSET CBOECTO HAIPAaBJICHHS M TaK )K€, KaK U
HepBble [Ba Jyd4a, IPOXOAUT uepe3 Touky B,. MHorzma Takue yrydu, mpoxozsiuue
4yepe3 IEHTP JIHMH3bI, 33 MX «HECTMOAEMOCTB» HAa3bIBAIOT NOOOYHOU ONMUYECKOU
ocwbio. Ho ¢ mmydaMu, IpOXOAANIMME Yepe3 LEHTP JNH3bI, Hy)HO ObITh BHIMATEIIb-

B

3

A F g3 =16
\ Bl . - 1

Puc. 9.1 Puc. 9.2
HbIMU. Eciiu cieBa U cipaBa OT JIMH3bI HAXOAATCS CPElbl C pa3IMYHBIMU [IOKa3aTe-
JSIMU TIPEJIOMJICHUS (HanpuMep, BOJia U BO3/yX), TO TaKUX HMCHBITAaHUHA MoOOYHAs
OCh HE BBIJICPIKUBACT H... Crudaetcs!
[ m3o0paxeHuit NeHCTBUTEIBHBIX MPEAMETOB, AaBaeMBIX TOHKHMH COOHMpa-
IOIIMMH JINH3aMH, IT0JIE3HO 3a[IOMHUTH CIIEAYIOIIYIO TaOIuILy.

Paccrosiaue ot H3ob6pakenue Uzobpaxenne Hzobpakenue
JIMH3HI 10 pSMO€e WK JICCTBUTENFHOE WIIH | YBEJIIMYEHHOE WU
nmpeaMera nepeBEpPHyTOE MHHMOE YMEHBIIIEHHOE
a<F IpsIMOe MHUMO€E YBEIMUEHHOE
F<a<2F nepeBEpPHyTOE JICCTBUTENBFHOE YBEJIMYEHHOE
a>2F nepeBEpPHyTOE JICHCTBUTENFHOE YMEHBIIIEHHOE

Ora Tabinna — IS HOJIOKUTEIBHON JTHUH3bI. ECIM BBI MOIBITAETECH 3AMIOJIHUTH
TaKkylo TaOJUWIly JUIsl OTPULIATENBHOMN JIMH3BI, TO YOeauTech, YTO OHA Bcerma AaéT
MpsIMOe, MHAMOE€, YMEHBIIIEHHOE M300pakeHue NeiHCTBUTENLHOTO ipeameTa. OTcro-
J1a, B YaCTHOCTH, CICAYET Ba)KHBIHI BBIBOJI: TIPAMOC I/I306pa)KeHI/Ie }leI\/'ICTBI/ITeJ'IBHOFO
npeaMeTa Bcerja MHUMOE.
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3agaya 9.1. [TokasaTs ¢ moMoIbI0 octpoeHus (puc. 9.3) HampaBiieHHE, BAOJb
KOTOPOTO MPUIIEN K JIUH3e Jy4d AB.

Pemenue. [Ipexne Bcero, npy pereHnH 3agad MOJOOHOTO poja MITyT (OKaIb-
HBIE IUIOCKOCTHU. [l 3TOTO ClexyeT MPOBECTH Yepe3 ONTUYECKUi HeHTp O NHMH3BI
MOOOYHYIO OCh, MApaJUIECNbHYI0 OJHOW W3 IOJOBHUHOK Jy4a, MPEIIOMHUBILETOCS B
muaze. [lpoBeném mobounyro ock mapamiensHo tyay KL . IIpoBeppre camocrtos-
TENBHO, YTO 3Ta MeToAuKa pabdoraeT u g myda LM . IIpomomxum mya LM BieBo
J0 mepecedeHHs B Touke F, ¢ moOoyHON onTHuecKoi ocklo. DTa TOYKA JEKUT B

| | IN |
| |

A B F: |A B i :\5_\,8 :F

K ! ! >

o : T I

| .

I L 2 Sy (=3

\ s v S S <

\M & X N PR

— (@] — N

Puc. 9.3 Puc. 9.4 Puc. 9.5
(okanbHON TocKocTH. [lpyras (okaipHas IIIOCKOCTh HAXOIUTCS CIIPaBa OT JIMH3EI
Ha TOM K€ paccTOsHUU. Ternepb NPOBOAUM Yepe3 ONTHYECKHUI LIEHTP JIMH3bI BTOPYIO
0GOYHYI0 0Ch MapaienbHo ayay AB. B Hamem ciydae oHa COBMANAET ¢ ONTHYE-
CKOIf Oochi0 cucTeMbl. MIHTepecyIomuii Hac Jy4 JOJDKEH NMPOMTH depe3 TOYKy A U
Touky F_ mepeceueHus: mocTpoeHHON ocu ¢ QokaibHO# MmIockocThio (puc. 9.5).

it
Takum obpasom, myuy AB 1o mperomsieHHs B JHH3E PaclpOCTPaHSUICSA BAOJb Ips-
moii NA.

§ 10. I'na3 u ouku

Crpoenue riasa (Kak OnTHYECKOro mpudopa) mokazano ua puc. 10.1. TIpounas
HIapoBH/IHAsE 000JI0UKA TJ1a3a, Ha3bIBaeMasi CKIEpOM, B mepeaHell yactu Oojee BbI-
MyKJIa U COBEPINEHHO MpO3pavHa. JTa 4acTh HA3bIBa-
ercst porosureil (1). 3a Hell HaXxoaWTCs IpoO3payHas
BOJSIHUCTAst Macca (2), 3a Hell — pajyxHas 060I0uka
(3), B LeHTpe KOTOPOIt €CTh KPYyriioe OTBEPCTHE — 3pa-
yoK. /lnameTp 3pauka MOKET U3MEHATHCS, PEryaupys
TEM CaMbIM JHaMETp MPOHHUKAIOIIEr0 B HEr0 CBETOBOTO
mydka. OmnucaHHOE YCTPOWCTBO HAallOMHHAET KaMmepy-
00ckypy. Cpasy 3a pajyHOH O0OJIOUKOW HaXOJIHTCS
XpycTanuk (4), OXBa4eHHBIH KOJIbIEBOH Mbimiei (5).

Puc. 10.1
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3aHss BHYTPCHHSIS CTEHKA CKJIEPhI BBICTIaHa ceTyatkoi (6), cocTosiei U3 cBeTo-
YyBCTBUTEIBHBIX 3JIEMEHTOB. FIMEHHO OT HHMX pa3/ipa)keHHE 10 3pUTEILHOMY HEPBY
(7) nepenaérest B Mo3r. [IpocTpaHCTBO MEXIY XPYCTAIMKOM U CETYaTKON 3aroJHe-
HO CTeKJIOBUIHBIM TeioM (8). Xpyctanuk (4) — 310 cBocoOpa3Has TBOSKOBBITYKIIasI
nrH3a (e€ moKa3aTelb MPeIOMIICHH BO3pacTacT OT nepudepruu K IeHTPY), C TOMO-
IBI0 KOTOPOH Ha CeTYaTKe CO3MaéTcsi PEe3Koe HM300paKeHHE paccMaTpHBACMBbIX
npenmeToB. KomblieBasi Mbllina, 0XBaThIBasi XPYCTAINK U M3MEHSS €r0 KPHBU3HY,
TI03BOJISIET BCE BPEMS CO3/1aBaTh HA CETYATKE PE3KOE M300paKEHHE paccMaTpUBac-
MBIX IPEIMETOB, HE3aBUCHMO OT PACCTOSIHUS [0 HHUX (9TOT NPOIECC Ha3bIBACTCS
akkoMoganueii). IIpyn HopMabHOM 3peHHH JalbHSA Touka (T. €. Hanbojee ynanéH-
Hasl TOYKa, 9€TKO POKycHpyeMasi Ha CeTYaTKe) JIKHUT B OECKOHEUHOCTH B (PUKCHPY-
etcst Oe3 ycwmnmid. bikHss ToUka pacnonaraercs Ha paccTossHuH oT 10 mo 22 cM ot
riasza (B 3aBHCHMOCTH OT BO3pacTa 4eloBeKa). Y pasHBIX JIoAeH B CHIIy TeX WIU
MHBIX TPUYMH MOTYT HaOJIONAThCS OTKJIOHEHHS OT yKa3aHHBIX I'PaHUI] aKKOMOJa-
A, Y OMM30PYKHX JFOJICH ManbHSs TOYKA JISKUT Ha KOHEYHOM PACCTOSIHUM (MHO-
r7a BecbMa HeOOJIBLIOM), a y JNATbHO30PKUX YBEJIMYEHO PAcCTOSHHE 10 OJIVKHEH
TOYKH. YTOOBI CKOMIIEHCUPOBATh YKa3aHHbIEC Ae(EKTHI 3pEeHHs, OOBIYHO TPUMEHSIOT
ouky. OYKH MMO3BOJIAIOT CO3JaTh N300pakeHHUE MIPEeMETa Ha TaKOM PACCTOSIHUH, Ha
KOTOPOM TIJIa3 MOKET YBHJIETH €ro pe3KiuM. O4eBHIHO, N300pakeHHe, CO3/1aBacMoe
JIMH3aMH OYKOB, JIOJDKHO OBITH MPSMBIM (KaKod IPOK OT MEepPEeBEPHYTOrO U300pake-
HUA?), a IpsIMOe M300pakeHHEe BCeraa MHUMOE (cM. ab3all, clemyromuil 3a Tadm-
e B koute § 8). /i1 genoBeka ¢ HOpMaIbHBIM 3pSHHEM PacCTOSHUE B 25 CM SIBIISI-
eTcsl ONTHUMAJBbHBIM IJISI paccMaTpHUBaHUS JAeTanel mpeamera 0e3 upe3MEepHOTo
yToMieHus ria3. I103ToMy 3TO paccTOsIHUE Ha3bIBACTCS PACCMOAHUEM HAULYHULESO
3penus.

W3noxeHHoN BBIIe HH(GOPMAIUH BIIOJIHE AOCTATOYHO AJS TOTO, YTOOBI CyMETh
MPaBUIBHO NMO00PATh OYKHU MIIM KOHTAKTHbIE JIMH3HI.

3amaya 10.1. JlanpHO30pKHMi YeOBEK PE3KO BUANT IPEIMETHI, PACIOIIOKEHHBIE
He Ommxe 1 mMeTpa ot Hero. Kakue KOHTaKTHBIE IMH3BI €My CJIeyeT HOCUTbh, YTOOBI,
yuTasi KHUTY, OH Jiepkal e€ Ha paccTosiHuu L =25 cm?

Mpumeuanne: onruueckas cuna P=F ", rae F BBIpaXeHO B METpax, H3Mepsi-
eTCs B AUONTPHSIX (IOTP).

Pemenune. Kak yxxe roBopmiioch paHee, KOHTAKTHAs JIFH3a JOJDKHA CO3/aBaTh
IpsIMOE MHUMOE H300paXkeHrne KHUTH Ha paccTosHud b =1wm. Camy KHHTY 4eloBeK

nepxut Ha pacctosauu a = 0,25 m. [IpumernM GopMyITy JTHH3BL: 1—% =P . Yuc-
a

JeHHas mojcraHoBka paet P =+3 anrtp. CnenoBarenbHO, YENIOBEK, O KOTOPOM To-
BOPHTCS B 3aj/laue, Hy)XIAaeTCsl B MOJIOXKUTEIbHBIX KOHTaKTHBIX JIMH3aX C ONTHYe-
ckoit cunoit P = +3 antp.
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§ 11. [lonepeuHoe U MPOAOJILHOE YBEJIUYEHHE

Paccmorpum nmeeiHBIH npeamer AB , Haxomsmuiics mepen ONTHIecKoi cucTe-
Mo#i (HampuMep, IMH30H) 1 ero u3obpaxenue A B, (puc. 11.1).

Omnpenenenne. Veeruuenuem ONTUYECKOM CHCTEMBI
Ha3BIBAETCS OTHOIICHNE BEJTMYMHBI M300paKCHUS TIpeIMe- B A
Ta K BETMYUHE CAMOTO TIpeaMETa. f \

3/1ech MOJIE3HO BBIJEIHUTD JBA OCHOBHBIX CITydas.

1) TlpeaMeT IEXUT B IUIOCKOCTH, PaCMOJI0KEHHOM
MEPIEHIUKYISIPHO TJIABHOM ONTHYECKOM OCH CHUCTEMBI. A B
Bo3snukaromee npu 3TOM yBeIMYEHUE HA3bIBAE€TCS TOIE- 1
peunsM. Bynem o6o3HaugaTs ero /. Puc. 11.1

Jis TOHKMX JTIHH3 BCe HEoOXomuMmble (HOpMYIBI BBI
MOJKETE MOJIYIHUTh CAMOCTOSATEIBHO, IIOATOMY HIDKE IpeaiaracTcs TOJIBKO OKOHYA-
TENBHBIA Pe3yNbTaT:

1

b b-F F
F: —_——=—= .
a F a-F
Bce pa3mepsl cienyet OpaTh ¢ COOTBETCTBYIOIIUMHE 3HAKAMU.
WHorpa Hapsay ¢ NONEpPEYHBIM YBEIUYEHUEM [ UCIONb3YIOT YIIIOBOE yBeIUde-

(11.1)

Hue I’ o Ilo onmpenenenuro

r¢222 (11.2)
(2%

(Yraet @1 @, usobpaxensl Ha puc. 11.2). HecioxkHo nokasate, uro I, - I'= 1.

2) [Ipeamer pacroioxKeH BIOIh TITABHOW ONTHIECKON OCH ¥ JISKUT Ha Hell. Bos-

HHUKAOIIEe MPU 3TOM YBEIHMYCHHE HA3bIBACTCS MPOAOJBHBIM. [lonmyuum Qopmyity
JUIsl IPOJIOJIBHOTO YBEIIUYEHHUS, CO34aBAEMOI0 TOHKOW JIMH30M:

//\/1 <2\((\\
B . A B| h, |A
a, b,
a'2 bl
Puc. 11.2
1 1 1
St (11.3)
Foa b
11,1 "
F a, b,
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O6beaunanm (11.3) u (11.4):
i_i_i:i_'_i:az_ai:bl_bz:bl_bz :ﬂb_z
& b1 &, bz aa, blbz aL-a aaq

b b
Mockoneky |b, —b,|=h,, |a,—a|=h u =7, %=1, oxoHuarenbHO 3a-
& a,
MHLIEM, 9TO IIPOAOIBHOE YBEINICHHE
h
r,=—=t=r,r, (11.5)

h,

Ecmu h <<a,, a, u h, <<hb, b,, 10
r,~re. (11.6)

3agaua 11.1. bykamka nomsér co ckopoctsio U, =0,2 cM/c B CTOpPOHY TOHKOMH

cobuparoieii nuH3bI ¢ GPoKycHbIM paccTosaueM F =6cm
BIIOJIb NPSMOM, MapajjieIbHOM TJIaBHOM ONTHYECKOW OCH
JMH3Bl M OTCTOAIIEH OT OCH HAa paccTosHMEe & = 3cM =
(puc. 11.3). Hafiti cKOpOCTh TIepeMEeeHAST H300pakeHUs :
OyKallky, KOrjja OHa HaXOoJWuTCsl Ha paccrosuuu F/2 ot 7, a
TUIOCKOCTH JIMH3BI. <
Pemenne. JlomycTuMm, 4TO 3a Malblii MPOMEXYTOK F/2
BpeMeHH At Oykallka Ipornon3ia paccTosiHue AX = v, At .
. Puc. 11.3
B cootBerctBUu ¢  dopmymoit (11.5) wuzobpaxkeHue
2
OyKalllKi CMECTUTCS BJIOJIb OCU JIMH3BI Ha paccTosHue AX, =AX [ ", rue
F 6
F: —_— =
a-F 3-6
3HaK «MHHYC» O3Ha4aeT, 4YTO HW300pakeHHe
MHHMOE, T. €. HAXOAMTCS C TOM K€ CTOPOHBI OT AX
JMH3bL, 4TO M Oykarika (puc. 11.4). 13 noctpoe- AX
1
HUS BHJHO, YTO TIIEpPEMEIICHHE H300parkeHUs = =
Il
OyKarmku 7
Al = Ax /cosa.
B npsimoyrosisHoM Tpeyronbuuke F'FA ka-
terel AF m FF' orsocarcs, kak 1:2. Orcrona
Haxoxum Ccosar =2/ /5. Cruenosatenbho, cko- A
pocTh NepeMelieHHs U300pakeHNs OyKaIIKK al
Al AX AX TI? I? Puc. 114
VU, =— = = — =17, .
1 0
At cosa-At At cosa Cosa

Yucnennslit oteet: v, = 0,9 cm/c.
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IIpumeuanne. B nanHo# 3agade npuOIMKEHHs TapaKCHAIbHOW ONTHKU HE BbI-
MOJIHSIOTCS, OATOMY HCIIOJIb30BaHHBIE HAMU (POPMYIIBI TaKXKe HETOUHBI. [loy4yeH-
HBIIl OTBET HY)KHO PacCMaTpPHBATh TOJIBKO, KaK BECbMa MPHONMKEHHBIA, U BBIUHUC-
JeHne v; ¢ OoMblIel TOUHOCTHIO HE MPABOMEPHO (B PEIIEHHUAX ITOH 3a/ayM aBTOP
BCcTpeual oTeT v, = 0,894 cm/c).

WHorpa TtpeOyercss MONYyYWTh YBEIMYEHHOE MHHMOE H300paKEHHE MEJIKHX
npeaMeToB. B aToM ciiydae MpUMEHSIOT JIyIy MM MHUKPOCKOIL.

Jlyma — 3TO TONOXHUTENBHAS JIMH3A2 C HEOONBIIMM (OKYCHBIM PacCTOSHHUEM
(10Mmm <F< 100MMm), pacmonaraemMass MeXIy pacCMaTpPHUBaEMBIM IPEAMETOM M TIa-
30M. OOBIYHO JIYITy pAacIIONIAaTal0T HETIOCPEACTBEHHO BO3JIE Iia3a (KaK OYKH), a
npeaMer — BONMM3M (oKyca Tak, YTOOBl €ro MHUMOE H300pa)keHHe HaXOUIOCh Ha
PacCTOAHUN HAWITYYIIECTrO 3pCHUA aH . HpI/I 9TOM OKa3bIBACTCsA, YTO BUAMMOC YBECIU-

YCHUE IpeaMEeTa
a
N~ 117
= (117

MHUKpOCKOII, KaK U JIyIa, YBeIUUYHUBACT BHIUMBIC YIJIOBBIE pPa3Mephl HcClexye-
MBIX 00beKTOB. HO MOCKOIBKY POKYCHOE PacCTOSHUE CUCTEMBI JIMH3, BXOSIIMX B
MHKPOCKOII, eIIé MEHbLIe, YeM Y JIYIbl, TO ero yBeamdeHue (cM. Gopmyny (11.7))
MOXET JOCTHI'aTh HECKOIBKUX COTEH!

§ 12. lIpumepsbl penieHusi 3a1a4

3agaya 12.1. C momonipio coOuparomeil TUH3BI ¢ (OKYCHBIM paccTosHueM F

Ha JKpaHe J, pacroyiokeHHOM Ha pacctosiun L =4,9F
J oT nudepbaTa Hapy4HbIX YacoB LI, MOJy4eHO yMEHbB-
o 9 menmoe n300pakeHNe CEeKYH/IHOM CTPEJKH YacoB, AJIMHA
koropoid R = 1,5 cm (puc. 12.1). T'naBHas onrTuyeckas

2

OCh JIMH3BI NMEPIECHINKYIISIPHA IKPaHy M IUIOCKOCTH ITH-

(epbnata yacoB M MPOXOAMT UYepe3 OCh BPAIICHUS Ce-
a KyHAHOU cTpenku. Uemy paBHa JIMHEWHAash CKOPOCTh Iie-
L peMenieHns KOHYMKa U300paKeHUsI CTPEIKH Ha dKpaHe?
Puc. 12.1 MDTH, 1997 1.)

Pemenne. 3anuineM ypaBHEHUE TOHKOU JINH3BI:
1 1 1
4 =—=a’-la+LF=0=
a L-a F

:>a1=£ 1+ 1_£ =3,5F; aZ=£ 1— 1_£ =14F.
2 L 2 L
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Tak Kak 1o ycJI0BHIO H300pakeHHe yMEHbIIIeHHoe, To a = 3,5F , ciieoBarenbHo,

b=L-a=14F, ysenuueHue F:E:E:
a 35

Jmaa n3o6pakenus ctpenkn R'=RIT=1,5cm- 0,4 = 0,6 cM, CKOPOCTH

0,4.

v=R'wo=R" 2—” = 0,62—7z ~ 0,063 cm/c.
T 60

3amaya 12.2. Ha rnaBHOIl ONTHYECKOH OCH TOHKOM IOJOKHTEILHOW JIHUH3BI
muaMerpoM D HaXoAWTCS TOYEHHBIH MCTOYHUK CBETa. VI3 JHMH3BI BEIXOIUT Pacxo-
JAIIAKRCA MY4YOK JIydell ¢ MakCHUMaJbHBIM YIJIOM OTKJIOHEHHUA JIy4eil OT IJIaBHOU
ONITUYECKON oc ¢ . OnpenenTuTh MaKCUMAaJIbHBIN yToJl OTKIOHCHUS f, €Cli BMe-
CTO TOJIOKUTEILHOM JIMH3bI HAa TO K€ MECTO IOCTABUTh OTPULATENBHYIO JIUH3Y TOTO
JKe TUaMEeTpa U C TeM ke (POKYCHBIM pacCcTOsIHUEM. PaccTosiHUE MEXKTYy HCTOYHUKOM
u nuH30# pasHo d (MOTU, 1982 r.).

Vit
a_ A
Y7 /
2404 | |D
s | |D F
F d
d
Puc. 12.2 Puc. 12.3

Pemienne. MakcuManbHBIA yroJl OTKIIOHEHHS JIyda OT ONTHYECKOW ocu Oyner
HaOJIIOAThCS MIPH [IPOXOXKACHHUH JTyda dyepe3 Kpait nuH3bl (Ha paccrosauu D/2 ot
e€ ONTHUYECKOro IeHTpa). B mpulOnmkxeHnn mapakCHaibHONW ONTHKU IS TIOJIOKHU-

TenpHOH MuH3E (hopmyna (8.12)) 3ammmeM: ¢, —@, = @, e (puc. 12.2):

=t (12.0)
a @, = TI0 IOCTPOCHUIO, CIEOBATENBHO,
P —a=¢ (12.2)
Js oTpunaTensHOM MHH3B @', — @, = @ (cM. puc. 12.3). Ho mo moctpoenuto
Py=p=L-0 =¢. (12.3)
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Pemast coBmectHo ypaBuenus (12.2) u (12.3), noryqaem:

p= 2¢1 —-a,
win, ¢ yaérom (12.1):
D
=—-—a.
p d
HekoToprle yyaludecs peluiy 3a1a4y «TO4HO». B 3TOM cilydae OHU MOJTYYUIN
OTBET: B=arctg[D/d —tga].

Ho, ctporo roBopsi, 3T0 NpEeBbIIIEHHE TOYHOCTH TOTO MPUOIMKEHHS, B KOTOPOM
OBLTH TOTY9eHBI (POPMYIIBI TOHKOW JIMH3HL.

3agaya 12.3. Tonkas nmuH3a co3qaéT Ha HKpaHe M300paxenne npeameta B 20 pas
Oouiblee, YeM MpeAMeT. DKpaH MepeABHHYIIH BJIOJIb OCH JHH3EI Ha 4 M. UT00BI 1o-
JYYUTh PE3KOE HU300pakeHUeE, MPEIMET MPUILIOCh mepeMecTuTh Ha 40 cm. Kakum,
IIPU 3TOM, CTalo yBeluueHHe? B kakylo CTOpPOHY — K JIMH3€ WM OT JIMH3BI — Iepe-
Mectuiu npeamer? (MOTH, 1982 r.)

bl_bZ
a-a,
|bl—b2|=4 M, |a1—a2|:0,4 M = I, =10
ITo ycnoeuto [ =20. Cornacuo dopmyne (11.5),
I, 10

I"12=F1F2 :>F2=T:>F2=%=O,5.
1

Pemenue. IIpononsHoe yBenuaenue /), =

» TIC

TakuMm cTalo NONEepPeyHOe YBEINYCHHUE.
b
Ilo onpenenenuto [ =—. Tak kak /' yMEHbIIUIOCH, PACCTOSIHUE OT NPEAMETa

a
J0 JHMH3BI OOJI?KHO OBITH YBCJIHYCHO. CJ'IeZ[OBaTCJ'IBHO, npeaMeT NepeMecTuiin OT

JIMH3BbI.

S1

Puc. 12.4 Puc. 12.5
3agaya 12.4. B xoMHare Ha CTOJIE JIEKHT TUIOCKOE 3€PKAlo, Ha KOTOPOM HaXo-
JIMTCS TOHKasH TJIOCKO-BBIMYKIIAs JIMH3a ¢ POKYCHBIM paccrosianeM F =40 cwm. Tlo
IIOTOJIKY TON3ET MyXa CO CKOPOCTBIO U = 2 ¢cM/C. PaccTostHEE OT MOTONIKA 10 3€pKa-
aa h=220cwm (puc. 12.4).
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1) Ha xakoM pacCTOSIHUH OT 3epKaja HaXOAUTCSA M300paKeHHEe MYXH B IAHHOM

ONTHYECKOH cucteMe?
2) Yemy paBHA CKOPOCTh N300paKEHHs MyXH B TOT MOMEHT, KOT/Ia OHA mepece-

KaeT INIaBHYI0 ONTHYecKylo ock muH3e? (MDTH, 1998 1.)
Pemenne. JIyd cBera mocne NMPOXOXKACHUS JIMH3BI OTpakaeTcs OT 3epKajia |
NPOXOANUT CKBO3b JHMH3Y emmé pa3. TakuMm oOpa3om, ONTHYECKash CUiIa CHCTEMBI

«UTMH32 + 3epKajio» B JIBa pa3a OOJIBIIE ONTHIECKOH CHIIbI oHOM muH3el: P, =2/F.

PaccrostHe OT meHTpa 3epkana (v JTUH3BI) A0 N300pakeHUsT MyXH HaWIEM C TI0-

MOIIBIO (POPMYIIBI THH3BL:

11 2 hF
b h F 2h—F

;b=22cm.

CkopocTh H300paXKeHHsT MyXH HAIEM U3 COOTHOIICHUS moa00ust (puc. 12.5):
VAt v'At b
T:T:>U':U—; v'=0,2cm/c.

3agaya 12.5. ToHKas IUIOCKOBOTHYTas JHH3a C (DOKYCHBIM pPacCTOSHUEM
F=15cM npukieeHa mIoCKolH CTOPOHOH K CTEHKE aKBapHyMa, 3aII0JIHEHHOTO BOJIOH
(n=4/3) . Ha iuH3y 1o yriioM @ K IJIaBHOM ONTHYECKON OCH HajaeT apasieiib-
HBIif TTy4OK cBeTa. VI3BeCTHO, UTO JIyd, MPOLICAIINI CKBO3b JMH3Y HA PACCTOSHUH N

OT e€ ONTHYECKOro IIEHTpa, HE M3MEHSET CBOEro HampapneHus. Haiitu h, ecmu

tger =0,08 (M®TH, 1993 r.).

Q
-+
.

D
S

.

\“% N
B i

Puc. 12.6 Puc. 12.7
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Pemenue. Eciu b1 32 muH30# He ObLTO akBapuyMa ocbio (puc. 12.6), To

P-a=¢:. (12.4)
Hanuune akBapuyma npuBOIUT K TOMY, YTO
pg=np, (12.5)

rae 3'— yroys MexIy JIydoM B BOJIE W TJIaBHOM omThueckoi ochio (puc. 12.7). Tlo
ycnosuto f'=« . Pemas (12.4) u (12.5), nonyunm:

o =(n-1a.
C npyroi#t croponsl, @ =h/F, h=F(n-1)«. UncineHHas moicTaHOBKa IaéT:
h=0,4cm.

Vkazanue: He nepenuceiBaiiTe ycI0BUS KOHTPOJIBHBIX BONPocoB U 3anau! Cpazy
3aIMChIBAUTE UX PELIEHUS.

KOHTpOJ’[I)HI)Ie BOITPOCHI

1*. Tloyemy B NETHHH ICHb COJHEY-
HBIC JIy49H, TPOXOMAIINE CKBO3b HEOOIb-
IME TMPOMEXKYTKH MEXIY JINCTBIMH KpO-
HBI JIEpPEBbEB, 00Pa3ylOT Ha MTOBEPXHOCTU -
3eMIIM  «3aiYMKH» OKpYrJIod  (GopMBbI .
(puc. 1), a He B opMe MHOTOYTOIEHUKOB,
NOAOOHBIX OTBEPCTHSM, CKBO3b KOTOpBIC
OHH ITPOOUBArOTCS?

2. B mmcr xapToHa, Jexamui mepen
BEPTHKAJIBHO YCTAHOBJICHHBIM IUIOCKAM

sepkantom M, BoTkHYmHM sBE Gynasku A Puc. 1

u B (puc. 2). B xakoe MecTo Ha IITPU-
XOBOW JIMHHMHU CIIE€AyeT BOTKHYTH Tpe- A
Thi0 OymaBky C, KoTOpas CMOXeET 3a- v
KPBITh H300pakeHus OynaBok A u B?
3*. B miockoMm 3epkaie Hamie u300-
pa)KeHHE OKa3bIBAaeTCs IMEPEBEPHYTHIM
CrpaBa HaJlleBO (HampuMep, Mnpasas py-
Ka BBITJISIIUT Kak JieBasi). [louemy Haie
3epKajibHOEe M300paKeHUE HE MepeBep-
HyTO emé U BBepX Horamu? Urto meii-
CTBUTENILHO TIEpPEBOPAYNBALET 3ePKao?

H

Puc. 2

4. Jlea 3epkana oGpa3yloT AByrpaHHbi yrom o =100, BHYTpH KOTOPOro

HAXOJUTCSI TOYEYHBIH MCTOYHHK cBera S . CKOJIBKO n300pakeHU UCTOYHUKA S
MO>KHO YBUJETh B TaKOW cucteme?
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5. Bo Bpemst pbIOHO# JIOBIM Ty3eMIBI ITPpH OPOCaHUM IPOTHKA B PBHIOY JENAOT
MONpaBKy Ha IpeJoMiIeHHe cBeta B Bojae (puc.3). Beimie mim Huke BHAMMOrO
M300paKEHHUS CIIEIYeT LEIUTHCS, YTOOBI TOPa3sUTh 100bITy?

6. ToxueHnoe crekiio Henpo3payHo. [loueMy OHO CTAaHOBHTCS MPO3pPAvHBIM, €CIN
€ro NOrPy3UTh B COCYJ C BOION?

7*. ToHkuii cTekIsTHHBINA KiIKH (N = 1,48) mOrpy3uiid B COCY/ € CEPOYTIIEPOIOM
(n = 1,63). JIy4 cBera majaet Ha JIEBYO TPaHb KIMHA MO/ MaJbIM yIiioM ¢ (puc. 4).
Bribepute npaBuinbHOE YTBEP)KICHHUE:

A. Jlyd cBeta, mpoleAmuil CKBO3b KJIMH, OTKJIOHUTCS OT UCXOAHOIO Halpasie-
HUS BBEPX;

B. JIyu cBera, npomeamui CKBO3b KJIMH, OTKJIOHUTCS OT UCXOJHOTO HaIpaBie-
HUS BHU3;

B. Pe3ynbraT 3aBHCHUT OT TOT0, B KaKyl0 CTOPOHY OT HOPMaJld K NMOBEPXHOCTH
KJIMHA OTCYUTBIBACTCA YI'OJI (.

®)
BN ]
) o
A TS - - >
e K
Puc. 3 Puc. 4

8. NmeroTes aBe MWH3BI — coOmMparomas 1 paccenBaromas. Kak, He m3Mepsis ux
(hOKyCHBIE pPACCTOSHUS, OIPENCIHTh, Y Kakoi W3 JHH3 (POKYyCHOE pacCTOSHUE
MeEHbIIe?

9. TouyeuHbIH HCTOYHHK S U ero n300pakeHue S1 HaXoJATCS Ha TJIaBHOM OII-
THYECKOH OCH THH3HI Ha OHOM ¥ ToM ke paccrosauu L # 0 ot mmockoctn mun3eL
Kakas ato nuH3a — cobupatomnias win paccenBaromas’? Uemy paBHo pokycHOE pac-
CTOSTHHE JTUH3BI?

10. ToHKasl MJIOCKOBOTHYTasl JMH3a IUIOCKOW CTOPOHOH KacaeTcsi MOBEPXHOCTH
BOJBI. 3 BO3ayXa Ha ONTHYECKHUI LOCHTP JIMH3bI MaJaacT JIyd CBETa IMOA YTJIOM

o o o o
a = 12 . Kakoit yroa ﬁ 6y,£[€T COCTaBJIAATH 3TOT JIYY € INIaBHOU ONTHYECKOU OCBhIO

B Bozie? ITokasatens npenomienns certa B Boge N=4/3.

3agaun

1. Yron o MeXay IIIOCKOCTBIO 3epKajia M NagafomuM JIy4oM B K pa3 MeHbLIE yr-
Ja @ MEXIy MaJalolluM M OTPaKCHHBIMH Jiydamu. Beraucnure yron o. OtaensHO
paccMotpuTe citydai i K = 7.
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2. Ha nByX cTeHax TpEHa)KEPHOTO 3ajia BUCAT 3 OJMHAKOBBIX IUIOCKUX 3€pKaia
(puc. 5). Kakoe MakcHMabHOE KOJTMYECTBO CBOUX M300paKEHUI BUIUT CIIOPTCMEH,
cTosMid B 1ieHTpe 3ana? Kakoe MakcMMalbHOE KOJMYECTBO M300paXKEHUI CrIopTC-
MEHa OJHOBPEMEHHO MOJXKET BWJETh CTOPOHHHUI HaOmonarens? B kakux o0macTiax
3aja JuIs 5TOrO OH JIOJDKEH HaxoAuThes? PerieHue conpoBOAUTH MOSCHSIOUIMM PH-
cyHKoM. [Inan TpeHaxepHOro 3ana (BUA CBEpXY) C PACIIOJIOKEHUEM 3€pKajl U BCEMHU
HEOOXOMMBIMH pa3MepaMi MpHBeeH Ha cxeme. CUUTATh CIIOPTCMEHA HE CIHIIKOM
KPYITHBIM (ITOYTH TOYESHHBIM).

e N E— T
© L
: /S
L
v
Puc. 5

3. JIy4 cBera majaeT u3 BO3[yXa Ha IUIOCKONApPAJUIEIBHYIO CTEKJISIHHYIO ILIa-
cTHHKY. Yro1 magenus ¢ = 50° . Yroa Mexmy OTpaKeHHBIM U IPETOMICHHBIM JTy-

gamu £ = 100" . BeluncimTe noka3aTes IpeloMIeH s CTEKIA.

4. Jyd cBeTa NMajiaeT Ha IUIOCKYIO MPaHUIly pasjena JIByX cpen 1o yriom 30 ©, a
npenomisiercss of yriaoM 15°. Belumciute IpeienbHbIH yron I0JHOTO OTpake-
HHUSL.

5. JIBa ogMHAKOBBIX 1O (popMe TOHKHX KIMHA C PAa3HBIMH IOKa3aTeIIMHU IIpe-
JIOMJICHUS Ny ¥ Ny TDIOTHO MPYIKATHL IPYT K IPYTY TaK, 4TO 00Pa3yIOT IIOCKOTapa-
JEMBHYI0 TUIACTHHKY (pHC. 6). YTOX o MpH BEepIIMHE KaXIOTO W3 KIMHBEB PAaBEH
0,02 pan. Jlyd cBera, majaronMil Ha TaKyl IUIACTUHKY, OTKJIOHSIETCA Ha YIoJj
0 = 4,6 mpan. Ha ckoipKO OTIHYAIOTCS APYT OT Jpyra MOKas3aTeldH MPeIOMICHHUS
KITMHBEB?

6. B cocyn ¢ Bomoit (Ng = 4/3) morpy3uiu aBa OAWHAKOBBIX MO (OPME TOHKHX
KIIMHA C Pa3HBIMU TIOKA3aTeNISIMH MPEIOMIICHUS Ny U Np. KIIMHBS MIOTHO TpHXKaThl
JIPYT K APYTY TaK, 4TO 00pa3yIoT INIOCKOTapaIeIbHYIO MIACTHHKY (puc. 6). Yron a
IIpY BEpIINHE KaX10To u3 KIuHbeB paBeH 0,02 pan. JIyd cBer, magaromuii Ha TaKyio
IUTACTHHKY, OTKJIOHSAETCS Ha yrou o0 = 4,6 mpaa. Ha ckoibKO OTiIMYArOTCS APYr OT
JIpyTa MOKa3aTeNy MPEIIOMIICHHS KJIHHBEB?
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7. Ha riaBHOIT oNTHYECKON OCH paccerBarolieH JIMH3bI ¢ POKYCHBIM pacCTOSHH-
eM F HaxomuTcs TOUeUHBIH UCTOYHMK cBeTa S. HalinnTe paccTosiHEE X OT HCTOYHU-
Ka J10 Oxmkaiiero (okyca JIMH3bI, €CJIM OHO PAaBHO PACCTOSHUIO OT 3TOro (okyca
JI0 M300pa)KeHUsI NCTOYHHKA

n, »
Vi

— - =g—- -
% )

Vi
4N, |

Puc. 6 Puc. 7

8*. Crpenka AB mepneHIuKyIsipHa TIaBHOH ONTHYECKOH OCHM TOHKOHM coOmpa-
folIeit IMH3BL. PaccTosHUE OT CTPENKH 10 9KpaHa, Ha KOTOPOM IOJIydmIoch e€ JéT-
Koe n3obpaxeHue, paBHo L = 81 cm. Ecim nuH3y nmepenBuHYTHh BIOJb €€ TIaBHOW
OIITUYECKO# ocH Ha paccrosaue | = 9 cM, To n306paKeHre BHOBb OKAKETCS YETKHM.
KakoBo okycHoe paccTosiHuE THH3bI?

9. V3kuii my4oK CBeTa, MPOXOJSIIUHA MEPHCHAMKYISPHO OCH CHMMETPHUHU IIH-
JauHApa paaunyca R, hokycupyercs Ha pacCTOSHUH X OT €ro MOBEPXHOCTH (pHC. 7).
BeruncnuTe mokaszarenb IPENOMIICHHS —BEIIECTBA, 3allOJIHSIOIIET0  LIMINHID,
eciu X = kR. Pacemotpure cyuan K = {0; 0,5; 1,0}.
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