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O1nrTuyecKkue CUCTEMbl U

IpruOOPbI
IO.HELWIEB

IITNYECKUE cucreMsl IpeaCcTaBIsg-
10T cO00i COBOKYITHOCTb Pa3JIMYHbIX
OINITHYECKUX MHCTPYMEHTOB — JINH3, JH3-
JIEKTPUYECKUX IJIACTUH, 3epKaj U T.II.
Posib ux orpoMHa Tpu usydennu ¢$usu-
YeCKUX SIBJIEHUIl. DTO — HUCCJIeTOBAHUS
MHKPOMHUpPA C IIOMOIIBIO MHKDPOCKOIA,
U3yYeHUe 3Be3/[ U TaJlaKTUK IIPU UCTIOJIb-
30BaHUM TEJECKONOB U 3PUTEJBHBIX TPYO,
Ha6JI0/IeHne JaJieKO PAaCIOJIO0KEeHHbIX
00BEKTOB C MpHUMeHeHneM GUHOKJISA, (o-
torpadupoBanue 06beKToB (oToarapa-
TOM, HCCJEOBAHUE [IUAJIEKTPUUYECKUX
CBOICTB pas3anuubix cpex. OpHO U3 oc-
HOBHBIX TPeGOBaHUIl, TIPEIbSIBISEMbIX K
TakuM pubopam, — aTo TpeGoBaHMe Mpe-
00pa30BaHNUs JIyUeil, UCXOASIUX OT IIPe/I-
MeTa, B JIyUHd, CXOJSIIHNECS B OJHY TOUKY
nabmogenus (aefictBuresnbroe nuszobpa-
JKEHUe), WK B JIyYH, TPOJOJIKEHHE KOTO-
PBIX WMCXOAUT W3 OJHOH, OTJIUYHOU OT
UCXO/IHOI, TOUKH TpocTpancTBa (MHUMOE
uzo6paskenue). CiegoBaresbHo, pelie-
HIIE 3a/1a4, B KOTOPBIX 00CYKAAI0TCS Pa3-
JINYHDBIE ONITHYECKUE MHCTPYMEHTBI, OCHO-
BaHO HA YMEHUU ITOCTPOEHHS X0/Ia Jydeit
OT TIPEJIMETOB JI0 UX U300PAKEHUI.
3anpava 1. Pacceusarowas aunza JI, u
cobuparowas aunsa Jl, pacnonoxenvi na
00HOT 2aagHotl onmuneckoti ocu (puc.1).
Taxas onmuyeckas cucmema cosoaem

J, I,

Sy

o <

Puc. 1

deiicmeumenvroe usobpaxenue A B
npedmema AB. C nomowpio nocmpoenus
Haudume NOAOKeHUe 2AA8HbIX (POKYCOs
obeux JuH3.

N3 Toukn B yepes neHTp JUH3BI JI|
IIpOBeJeM JIyd /10 TlepecedeHnsl ¢ JUH30i
JI, 8 Touke C (puc.2). Tocre npenomie-
HUSA JUH30H JI, 3TOT Jyy TOiizeT 1o
tpaektopun CB;. U3 Touku B; yepe3
1eHTp JuH3b!l JI, mpoBenem Jjyu ByDno
nepecedenus ¢ juH3oil JI;. Ilocse mpe-
JIoMJIeHusl InH30# JI; oH ToiizeT 1o Ha-
npasyennio DB. Yepes nenTp JauH3bI JI,
MIpoOBeJIeM MpsIMYI0 1 — 1, TapaJieIbHyI0
CB. Torpa Touka @, nepecedeHus OTpe3-
ka CBy c npamoii 1 — 1 aexut B pokasb-
HOIi 1IocKocTH JnH3bl JI,. Ilepeceyenue
31Ol (POKATBHOI TIIOCKOCTH C TJIABHOM
ONITHYECKOH OCBIO CHCTEMBI OIpeJesisieT
oJIo’KeHue 1paBoro ¢gokyca F, JMH3bI
JI,. Haiiziem Terneps JieBblil POKYC JTUH3DI
JI, . Lns atoro mposeseM npsiMyio 2 —2,
napaJsiiesabHyio gyuy BD fo nepeceyeHust
¢ npospo/okenneM ayda DB B Touke @,
KOTOPast OIIpeiesIuT MOoJIoXKeHue PoKalb-
HO¥ miockocty JnH3b! JI; . Ilepecedenne
3TOH TIJIOCKOCTH C TJIABHOW OITHYECKON
0CbIO CUCTEMbI 33/1aeT I0JIOKEHHE JIEBOTO
dokyca F mmH3bBl JI;. AHAJOTUYHBIM
00pa3oM CTPOSITCS MPaBbIil POKYC JTMH3DI
JI; n nesblit dpokyc munsbt JI,.

3agaua 2. I'azemnwvii mexcm gomo-
epagpupyemcst homoannapamom ¢ 06vex-
MUeoM, uMeuuM GoKycHoe paccmosi-
nue F =50 cm, 0saxovi: a) ¢ naumenvue-
20 donycmumozo 0isi 3020 00BEKMUBA
paccmosnust d = 0,5 n; 6) npucoedunus
00BeKMUG K KaMepe uepe3 yYorunumesv-
Hoe xoavyo evicomoti h = 25 mm (marxe
C MUHUMATLHO BO3MOKHOZO0 6 IMOM CIY-
uae paccmosnus). Haiioume omnowenue
Pasmepos u300paenuil, NOSYUeHHbLL HA
Gomonnenxe 6 IMUX CAYUASX.

IIyctb f — paccrosinue oT 06 BEKTUBA [0
¢oronnenxu. DopMysa JUH3BI B 3TOM

cIydae Jaer

A, 11

C @,

Puc. 2

LI U
[F

F, d
OTKy/Ia 11T [ IOy qIuM

B,
_ dF
f_d—F'

{

YBesuenue B 3TOM CJiy4a€ paBHO

F
r1 = L = —
d d-F
Bo BTOpOM BapmaHTe pacCTOSIHHE OT
00bEKTHBA [I0 MIJIEHKU paBHo f; = f+ h, u
YBEJIMYEHUE COCTABJISICT

N
2 d -F

rjae d1 — HauMeHblllee pacCToAHuE OT
o0bekTHBa 10 GororpadupyemMoro mpej-
ME€Ta, KOTOPOE ONATHb-TaKu MOKHO BbIpa-
3UTb C NOMOIIBIO (opMyJIbI JIUH3BL. OT-
HOIIIEHUE Pa3MePOB M300pasKeH M PaBHO
OTHOIIIE€HHIO yBe]IPI‘-IeIIPIfI, T.€.

B:E.(d_mh
T, F2

+1=35,5,

3amava 3. Habmodamerv ¢ Hopmaiv-
HbIM 3penuem paccmampuedaem Jyny 6
meaeckon, 00seKmus Komopozo umeem
¢oxycroe paccmosnue F, = 2 M, a oKy-
asap F,=5 cm. I'aas nabawodamens axxko-
MOOUPOGAN HA PACCMOSHUE HAULYUULEZ0
spenus dy = 25 cm. Ha ckoavko nyxmo
nepemecmumy oKyJisp 0Jisk mozo, Umoool
noayuums usobpaxenue JIynor na sKpa-
He Ha paccmoanuu dy = 25 cm om oKy.ia-
pa? Yemy pasen npu 3mom pasmep u3oo-
paxenus JIynvl Ha sxpane, ecau ee yaio-
6ol duamemp A = 30’ ?

N3o6paskenue JIynbl, 1aBaeMmoe 00beK-
tusom JI; (pmc.3), pacmonoxeno B ero
(okaTbHOIT TIIOCKOCTH HA pacCTOSTHIH F
OT JIMH3BL. ITO U306 paKeHIe, HaXO/IIe-
ecsd Ha paccToSHUN d; OT oKyasapa J,,
HaOJII0/[aeTCsT TJIA30M Ha PACCTOSIHUU d)
or JuH3bI JI, ¢ POKYCHBIM PacCTOSHUEM
F,. VI3 dopmyibl JnH3bI

1_1_1
di dy F
HaXO0/JuM
d1 - dOFZ

TR

B tom caryuae, korpa uzo6pakenue JIyHbt

JI
N

VIR

&%f

Puc. 3
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/e d,
NI
2 SI
S prd
—S H
=== 1] S J
S N
S,
v F d,

Puc. 4

npoexkTupyercst Ha skpan (puc.4) Ha pac-
crostHun d;, OT JUH3BI JI,, PACCTOSIHUE OT
n306pakeHus, 1aBaeMoro JuH3oi JI , 1o
okyJisipa JI, paBHO

dy =% g5
25T T em

0 2
OquI/IﬂHO, 4YTO CMeElleHue OKYJdpa CO-
CTaBJIdeT

Ad =d, -d, =208 cm.

3Hasa yruoBoi auamerp JIyHBI, JeTko
HAlTH JUHEHHbIN pasMep ee M306paske-
nusi. VI3 nogo6ust tpeyroibHukoB SSO u
55,0 noayuaem

d
H==2h
d,
rae (pu ycaosuu Masoctu yraa O ) k=

= Fo. OxoHyaresbHO

H =k % =Tcm.
2

3anaua 4. Ha monxyio ompuuame.io-
HY10 AUN3Y NAdaem NapaiLe/bHbil NYYOK
ayueti om yYyoaieHHozo UCMOUHUKA, HAXO0-
dawezocs na onmuyeckoti ocu. Ha pac-
CMOANUYU A 30 JUH3O0U NEPREHOUKYNAPHO
K ee ONMu4ecKoll 0CU PacnoLoKeHo nioc-
Koe 3epraro. Ilocae npoxosxdenus nyuei
uepes IUH3Y, OMPAKeHUs om 3epKaid u
B8MOPUUHOZ0 NPOXOKOEHUS Yepe3 JUHIY
06pasyemcs. MHuMoe u306paxenue, pac-
NOA0KEeHHOE MeKOY NUH3O0U U 3ePKATOM
Ha paccmoanuu 3a,/4 om aunsvl. Onpe-
deaume oxycnoe paccmosmue JuH3vL.

[TapasienbHblil Iy4OK OT y/AaJI€HHOTO
MCTOYHMKA TIPH TIPOXOKAECHNN Yepes pac-
CeMBaIoOIIyIo JUH3Y JaeT MHUMOe H306pa-
KeHue S, Haxozseecs B (OKyce JTUH3bI
(puc.5). Nzobpaxenne S, «HCTOUHUKA»
S| B 3epKaJjie PacloJIoKeHO Ha pPaccros-
HUN 2a + F OT JIMH3BI U SABJACTCS <IIPEfi-
MeTOM» JUIS JIMH3bI, KOTOpasl JaeT €ero
MHUMOe n300paxkenue B Touke S;. Ilpu-
Mensaa Qopmysay JauH3bl ang S, n S,
nMeeM

_t _4__ 1
F+2a 3a F’

oTKyZa /1 F rosrydaem KBajipaTHOE ypaB-

KBAHT 1998 /Ne§

Puc. 5

HeHue
2F% + aF - 3d*> = 0.

Pemas sto ypasnenue orHocuresnbho I,
HOJIY4UM

F=auF=-3a,2.

OdeBUIHO, YTO BTOpPOE 3HAuUeHUE HE
MOJIXO/IUT, CJIEe/JOBATEJbHO,

F=a.

3apava 5. /[ée mouKue IUH3bL HAXO-
dsimcst na paccmosnuu L = 25 cm dpye
om Opyea max, 4mo ux 21déHvle OnNmu-
weckue ocu cosnadaiom. Ima cucmemd
JUH3 cO30aem npsmoe OeicmeumebHoe
u3obpa;enue npedmema 6 HAMYPAlv-
Hyto eeauduny. Ecau aunzvl nomensmo
MECAMU, He USMEHSISL NOJIOKEHUS Nped-
Memd, MO CHO8A NOAYUAEMCS NPSIMOE
deticmeume.ivHoe U300pasxeHue npedme-
ma, Ho ¢ yeeauuenuen I = 4. Ha cxonv-
KO OMAUUAIOMCS ONMuUYecKue Cuibl
AUH3?

Jlerko BuzieThb, 4TO ecjim n306paskeHne
npeaMera IpsiMoe M JIeHCTBUTEJbHOE
(puc.6), To 06e JMH3BI TTOJTOKUTETBHBIE.

JI JI,
/ 4
L
\ N
d1 N fl dz N fz

Puc. 6

YBenuuenue, gaBaemoe JnH301 JI;, paB-
HO
5

r1:d1_}71.

[lna munser JI, OHO paBHO
__ kK _ K _
dy-F L-fi-F

Iy

YBenuuenune cucteMbl U3 JABYX JIMH3 CO-
CTaBJIAET

r=rr,=
_ FF,
d\(L-(F +F))+ FF, - KL’
OTKy1a
1 _d(L-(F+E)+RE
r KF, F

[[]IH cJiy4dasd, Korja JIMH3bl IIOMEHAJIN
MeCTaMu, [AJd yBEJIMYEHUA CUCTEMbI F*
3allMiieM

4 _d(L-(F+E)+RE

T, FF, F-

Bssas pasHocTb ABYX TOCJIEHUX BBIpa-
JKeHUI, uMeeM

L1 1).
I‘_*_L(E FZ) L(D; - D),

rae Dy u D, — ontudeckue cubl gun3 J
u JI,. OKoHuaTeJbHO PA3HOCTb ONTHYEC-
KUX CHUJI PaBHa

= —-

11 1
AD =D, - D, =f(f_—j =3 aurp.

3apgaua 6. IIpedmem naxodumcs mex-
Oy AUN3OU U NAOCKUM 3€PKALOM, NEPNEH-
QUKYASAPHOIM 21ABHOU ONIMUUECKOU OCU
JAUH3BL. 3epKao, Aun3a u npeomem 3dx-
JHOUCHDBL 8 KOXKYX U3 CGEMONPOHUUACMOT
mamosoti naacmmaccor (puc.7). Taxas
cucmema co30aem 06a u300paxenusi npeo-
mema u uzobpaxenue aun3ol. Oba u306-
pasxkenus npeomema umeiom o0OUHaAKosvle
pasmepul, He3ABUCUMO OM PACCINOSTHUS
om aun3wvt 0o npedmema. C xaxum yeeu-
uenueMm u300PAXAemces AUH3a?

Onrrueckasi CHCTeMa CO3/1a€eT iBa n306-
PaKeHNs1, OJJHO U3 KOTOPBIX €CTh N306pa-

,[\A

VIV IIIIYA

Puc. 7

S\

Puc. 8



JKeHue caMoro mnpeamera A;, Bropoe —
n300paXkeHne npeaMera A,, SBJSIONEro-
€51 3epPKAJIbHBIM H300paskeHHeM IIpeIMeTa
A, (puc.8). Beuay toro, uto 06a uso6pa-
JKEHUST MMEIOT OJMHAKOBBIE DPa3Mephbl,
PaBHbI U UX yBeJuveHus. SIcHO, 4TO 3TO
BO3MOJKHO TOJIBKO B CJIydae, KOTAQ OJHO
u3 u300paKeHuil — JeiiCTBUTEIbHOE a
npyroe — MmunMoe. CrieioBaTesIbHO, TIpe/l-
MeT A; HAXOIUTCS MEXy JUH30H M ee
dokycom, a npeamer A, — 3a GoKycoMm
JanH3bl. Bocnonb3yemMcst dopMy1oit JuH-
3Bl [T 9THX CJIyYaeB:
1 1 1 1 1 1

_ = — u + — = —
d i F T dy f, F
riae f; u f, — paccrosHus 10 n3o6paske-

nuii npeameron. g ysesnvennii I'y u I,
HOJIy4UM

F F

r=—— r,= ——
'Y F-d, "2 d,-F-

W3 pasencrsa I'; = I, caenyer, uto d; +
+d, = 2F, wm d;, + | = F. Takum
06pa3oM, 3epKaJo J0JLKHO GBITh pacio-
JIO3KEHO B (DOKAIBHON MJIOCKOCTH JINH3DL:
L=F.

Ha pucynke 9 mnoxasan xop Jydeit,
MO3BOJIAIONMNX TOJYYUTh H306paskeHne
UCTOYHUKOB A 1 A,, JaBaeMbIX JHUH30I1.

J, T J,
~N - - 4
o B'AF,?‘%—
f < 2 \
F 1 F
7 ] ]
2F N 2F

Puc. 9

Jlerko BuAeTh, 4TO N300paKEHIE JTUH3bI B
3epKajie HaXOJAUTCS Ha YABOECHHOM (o-
KycHOM paccrosuuu. ClieZoBaTesbHoO,
yBeJIMYeHUE JIMH3BI B CHCTEME PABHO
r=1.

3anau 7. Caoxnoiii 06sexmue cocmo-
um u3 08Yx MOHKUX JUH3: NOJIOXKUMNETb-
Hoi ¢ ¢poxycHum paccmosinuem F =
=20 cm u OMPUUAMENLHOU C POKYCHLIM
paccmosinuem F, = 10 cm. JTunsvt pacno-
J0XKeHvL Ha paccmosnuu | = 15 cm Opye
om Opyeza. C nomowpio 06seKmusd noy-
uaiom na sxkpane uzobpaxenue Connyd.
Kaxoe ¢poxycroe paccmosinue F donxna
uMemv MOHKASL JUH3d, 4moObl u3o6pa-
Kenue Coanud, noayuenHoe ¢ ee noMo-
wpio, UMEN0 MAKol e pasmep?

IIycte O — yruoBoit pasmep Counia.
N3so6pakenne CosHIla, JaBaeMoe Iep-
BOIl JINH30M, HAXOUTCS B ee POKATBHOM
mmockocTn u umeet pasmep (¢ yuerom
majnoctu O) /iy = oF, (puc.10). Paccro-
STHHE OT 3TOTO M306pa’keHHs 0 BTOPOIX
mun3sl d = F; — [. VI3 ¢hopMyJIbl JIMH3BI

NPAKTUKYM ABUTYPUEHTA

J,
S ‘/Iz f
\ /_
a 7Fh h.
_—— 1 2
% F,
Puc. 10
-t 11
K-l f F

HAXO/JMM PACCTOSTHUE MEXK/y 9KPAHOM U
auH3on Jl,:

FE 2(F1 ~ l)

f ===/

F-F+l

Torma pa3Mep BTOPOTO n306pasKeHUsT pa-
BEH

-, [ __OhF
Ch ey

Ecsin ucnosb3yeTcss OANHOKAs TOHKAsI
aun3a ¢ GOKyCcHbIM paccrosguueMm F, To
pasmep uzo6pakenus CouHia B Heil co-
CTaBJISIET

hy =aoF.

OKoHYATEIBHO JUIs1 (DOKYCHOTO PACCTO-
SIHUST 9TOH JIMH3BI TT0JIYYaeM

QL8]

F:Fz_F1+l

= 40 cM.

Yupaxxuenus

1. VlcTounuk cBeTa pacmoJioXKeH Ha JBOITHOM
OKyCHOM pacCTOSTHUN OT COOHPAIOIIEIT JTMH3bI
Ha ee oCH. 3a JHMH30U IEepHeHJUKYJSIPHO K
OTITUYECKOI OCH MOMETEHO MJI0CKOe 3ePKAJIO.
Ha kxakoM paccTOSTHUHM OT JIMH3BI HY>KHO IOMe-
CTUTH 3€PKajo, 4TOObI JIY4H, OTPa’KEHHbIE OT
3epKaJia, Mpoii/iss BTOPHYHO Yepes JIMH3Y, CTa-
au napasieapapiMun? (DoKycHoe paccTosHue
JUH3BI F.

2. Tlokaskute, 4TO ONTHYECKAS] CUJIA CHCTE-
MBI, COCTOSIIEN U3 [BYX TOHKUX JINH3, [IPUJIO-
JKEeHHDBIX BILTIOTHYIO JIPYT K IPYTY, paBHA CyM-
Me OTNTHYECKUX CHJI TUX JIHH3.

3. llepnenanKy/IsIpHO TJIABHOI ONTHYECKOIT
OCH TOHKOI TTOJIOKUTEIbHOI JIMH3BI ¢ (POKyC-
HBIM paccTosinneM F pPacmoJsioskeHo TI0CKOoe
sepkaso (puc.11). dra onTHyeckas cucTeMa
co3/1aeT JIeCTBUTEIbHOEe M300paskeHHe Mpe/-

Puc. 11
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MeTa A, HaXO[sIerocs MexIy JHH30H u ee
doxycom, ¢ yBequuennem I' = F/d, rne d —
paccTosiHue Meskly 1uH301 u npegmerom. Haii-
JIUTE PACCTOSIHIE MEK/Y JIMH30M U 3ePKaJjIoM.

4. CucreMa 13 IByX TOHKHX JIMH3, cOOHpa-
Iomieil 1 paccenBaiolieil, ¢ OJMHAKOBBIMHU IO
Moy 10 (POKYCHBIMU paccrosiHusMu Fjaer
n3o6pakeHne TOYEYHOTO HCTOYHUKA CBETA.
[naBHbIe onTHYECKHME OCH JHMH3 COBIAJAIOT.
Paccrosune mexxay mmuzamu L = 3F. Vcrou-
HUK PACIIOJIOXKEH Ha TJIABHON ONTUYECKON ocH
na paccrosiuuun d = 2F mepen cobuparoiieit
gun3oi. Ha CKOJBKO M B Kakylo CTOPOHY
CMeCTUTCSt N300 pakeHne HCTOUYHUKA, eCaH OJIH-
Kaluyo Kk uctouHuky (cobupamninyo) JuH3y
CMECTUTDb IEPIICHAUKYJIAPHO TJIaBHON OIITH-
YecKoil ocn Ha x = 2 cM?

5. Toueunblii NCTOYHUK CBETA PACTIOJIOKEH
na paccrosiuun d = 30 cM or coGuparonieit
JINH3BI, ONTHYECKAS CUJIA KOTOpOoil D = 5 AnTp.
Ha kakoe paccrosinne cMecTuTCsl M306pase-
HH€e UCTOYHUKA, €CJIN MEXK/IY JUH30il 1 UCTOY-
HUKOM [TOMECTUTD TOJICTYIO CTEKJISTHHYIO I1JIac-
THHKY ToJMHON L = 15 cM ¢ 1okasareseMm
npegomaenus n = 1,577

6. 113-3a xoHeuHOiT paspemiaoiieil croco6-
HocTu oTomieHku 1pu QororpadpupoBaHnn
PE3KO IOJIYYaIOTCsI IPEJAMEThbl, HAXOASIIHecs
Ha paccTosHusAX or dy = 15 M n g0 d, =30 M
or ¢oroannapara. Bemnmuuny d, nasbpiBaioT
6maxHell rpanuIeil TyOuHbl peskocTH, d, —
nanpueil. He menss naBojgku ¢oroamnmnapara,
o6bextuB 3asuadparmupoBain (T.e. ymeHb-
HINJIH IMaMeTP OTKPBITOI YacTH JTNH3bI 06beK-
tuBa). [Ipu 9TOM GIMKHAA TPAHUIA TJIyGHHbI
peskocty ctaa d;, = 10 m. Haiizure ganpnioio
IpaHuILy.

7. Haiinure sxkBuBajenTHoe (OKyCHOE pac-
CTOSIHHE CHCTEMbl JABYX JIMH3 C (DOKYCHBIMU
paccrosanuaMu F, u F,, pacTioloXeHHbIMI Ha
OJIHON ONTUYECKON OCH HA pacCTosiHuu [ pyr
OT Ipyra, U MECTOIIOJIOKEeHUE 9KBUBAJIEHTHOMI
JINH3bI.



