Lenses Virtual Lab using PhET Geometric Optics Name
Materials:
Computer, Internet connection, and ruler Hour

Objectives:

¢ To demonstrate the formation of images from convex and concave lenses.

o Toidentify the type of image formed by convex and concave lenses.

e To confirm the lens equations.
BupTyaAbHas Aa6opaTopus AUH3 C UICNOAb3OBAHUEM reoOMeTpU4eckon onTuku PhET
Nms
MaTtepuranbl:
KomnbloTep, NOAKAIOYEHME K MHTEPHETY M AMHEMKA
Lean:
* MPOAEMOHCTPUPOBATH DOPMUPOBAHNE M3ODPAXKEHMM B BbIMYKABIX M BOTHYTbIX AMH3CX.
* ONpeAeAnTb TN M30DPAXKEHMSA, OBPA30BAHHOTO BbIMYKABIMM M BOTHYTBIMM AMH3AMM.,
* [ToATBEPANTE POPMYAY TOHKOM AMH3bI.

Procedure: Convex Lens

1. Go to PhET Simulations to Play with Sims to Physics to Light and Radiation to Geometric
Optics to Run Now!

2. Take some fime to play with the simulation to get familiar with how it works.

3. Maximize your screen. Warning: For the measurements taken in this lab, the ruler in the
PhET program will not work. Therefore, we will use a standard ruler measuring from the
computer monitor. The scale used to make these measurements will change from
computer to computer so once you start, you must finish.

4. In thislab, you will be moving the object to analyze how images are formed. When you
are ready to get started be sure that your seftings are as follows:

Tema: Boinykaas AmH3a

1. Mepenante B Phet Simulations!

2. [oTpaThTE HEKOTOPOE BPEMS HA TO, HTOOBI MOUTPATE C MOAEABIO C LLEABIO O3HAKOMMTBCH C
TEeM, KOK 370 paboTaer.

3. YBEAMYbLTE BALL IKPAH. [PEAYNPEXAEHMNE: AAT U3MEPEHUI, MOOBEAEHHDBIX B STOM
AQBOpPATOPUM, AMHEMKA B Nporpamme PhET paboTtaTts He ByaeT. No3ToMy Mbl ByAem
MCMOAB3OBATH CTAHAQPTHYIO AMHEMKY, M3MEPSIOLLLYIO C MOHUTOPA KOMMbOTEPA. LLKaAQ,
MCMOAB3YEMASR AAT DTUX M3MEPEHMM, BYAET MEHATLCA OT KOMMBIOTEPA K KOMMbIOTEPY, MOITOMY,
Bbl AOAXKHbI HOYHETE AOAXHbI 3AKOHYMUTH PABOTY HO OAHOM KOMIMbIOTEPE.

4. B 310 AQBOPATOPMM Bbl ByAETE NepemeLLaTb OObeKT, YTOObI MPOAHAAM3MPOBATL, KOK
POPMUPYIOTCH M30BPaKEHM. KOraa Bbl ByaeTe roToBbl HOYATb PABOTY, yOEAUTECH, H4TO BALLIM

HOCTOMKM CAEAYIOLLIME:
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5. Using the ruler, measure the distance from x to the center line of lens. Record in Data
Table 1 as f. Double this value and record as 2f.
Measure the height of object (ho) and record.

Place the yellow arrow beyond 2f.

In Data Table 2, record do, di, hi and your observations
of the image.

9. Move the yellow arrow to 2f. Record in Data Table 2
Your measurements for do, di, hi and your observations
of the image.

10. Move the yellow arrow to between 2f and f. Record in Data Table 2
Your measurements for do, di, hi and your observations
of the image.

11. Place the yellow arrow at f. Record your observations. (Having trouble locating image,
check your ray diagram sheet) Record your observations in Table 2.

12. Move the yellow arrow to a position that is halfway between f and the lens. If you can’t
locate the image, check the box next to Virtual Image. Record your observations in
Table 2.

5. C NOMOLLLBIO AMHENKM M3MEPBTE PACCTOSIHME OT X AO LLEHTPA AMH3bl. 3AMULLIMTE B TADAMLLY
AQHHbIX 1 KaK f. YABOUTE 3TO 3HAYEHME U 3anmLUmMTE KAK 2f.

6. MamepbTe BbICOTY OObeKTa (hO) v 3amuLLmTEe B TABAMLLY.

7. [TOMECTUTE XEATYIO CTPEAKY 3a 2f.

8. B tabamue 2 3anmwmte do, di, hi, 1 BaLLM HOBAIOAEHUS HOA M30BPOXKEHNEM.

9. NepeMeCTUTE XEATYIO CTPEAKY B MOAOXeEHME 2f. 3anuiLumTte B TABAMLE ACHHBIX 2 BALLIM
msmepenHus aaa do, di, hi v Bawm HOBAIOAEHMS 3a M30DPAKEHUEM.

10. NepemecTuTe XEATYIO CTPEAKY B MOAOXKEHME mexay 2f u f. 3anuLumTe B TABAULLY AQHHbIX 2
Bawum mamepenus arga do, di, hi m BaLum HaBAIOAEHUS 3Q M30OPAKEHUEM.

11. MNepemecTure XeATyto CTpeaky B F. 3anuiumte cesom HaBAoAEHUA. (ECAM Y BOC BO3HMKAM
NPOBAEMBI C ONPEAEAEHNEM MECTOMOAOXKEHMA M30DPCKEHMS, MPOBEPLTE XOA Ay4EM HO
AMNATPAMMBbI) 3AMULLIMTE CBOU HOBAIOAEHUS B TADAMLLY 2.

12. TlepemecTUTe XEATYIO CTPEAKY B MO3MLMIO, KOTOPAS HOXOAMUTCS MOCEPEAMHE MEXAY F 1
AMH30M. ECAM Bbl HE MOXETE HAMTU M30BPAXKEHME, YCTAHOBUTE COACIKOK PIAOM C BUPTYOAbHBIAM
M30BPAXKEHNEM. 3AMULLIMTE CBOU HOBAIOAEHMS B TABAMLLY 2.

o N o

Data:
Table 1
Focal length, f
2f
Height of object, ho
Table 2
Position of Beyond 2f At 2f Between 2f At f Between f
Object (cm) (cm) and f (cm) and lens
(cm) (cm)




do

di

hi

Type of image:
real, none, or
virtual

Tmn
M30BPAXKEHMS:
AEVNCTBUTEABHOE,
HET AU
MHUMOE

Direction of
image: inverted
or upright
HanpaoBAaeHue
M30B6pPAKEHMS:
nepeBepHyToe
AU TPAMOE

Concave Lens:

1. Go to the following interactive at “The Physics Classroom”: http://goo.gl/iNOzfm

2. Choose the Diverging Lens (Concave)
3. Place your chosen object at 2f. Record f, do, di, hi, and ho info Trial 1 in Data Table 3.
4. Place your chosen object at f. Record f, do, di, hi, and ho into Trial 2 in Data Table 3.
BorHytas AmH3Q:
1. MNepenante B CAEAYIOLLIMM MHTEPAKTMBHDIM PA3AEA “KAaCC domsmkn': http://goo.gl/iNOzfm

2. BeiBpaTh pOCCEMBAIOLLLAA AMH3A (BOTHYTAS)

3. MomecTute BbIBPaHHbIM 06bekT Ha 2f. 3anmwmre f, do, di, hi 1 ho B NpobHyto Bepcuio 1 8
TABAMLLE AQHHDIX 3.

5. TomecTute BbIBPAHHBbIM 0ObekT B Touky f. 3anuumte f, do, di, hi u ho B NpobHyto
BEPCUIO 2 B TABAMLLE AQHHBIX 3.


http://goo.gl/iN0zfm

Table 3

Trial 1 Trial 2

f(cm)

do (cm)

di (cm)

ho (cm)

hi (cm)

Type of image: real, virtual,
none

Direction of image: inverted or
upright

Questions and Conclusions:
3akAlOHYUTEAbHBbIE BONPOCHI:

1. For each of the real images you observed, calculate the focal length of the convex

lens, using the lens/mirror equation. Do your values agree with each other?

1. AAS KOXKAOTO M3 HOBAIOAQEMBIX BOMM AEUCTBUTEABHbBIX M30BPAXKEHUI BBIMUCAUTE
dOOKYCHOE PACCTOAHME BbIMYKAOM AMH3bI, MCMIOAB3YS DOPMYAY AMH3bI. COrAQCYIOTCS AU

BALLIM PE3YABTATHI APYT C APYTOM?E

2. Average the values for f found in question 6 and calculate the percent error
between this average and the value for f from Data Table 1.

2. YcpeaHute 3Ha4eHus f, HaMAEHHbIE B BOMPOCE 1, U BbIMUCAMUTE MPOLLEHTHYIO OLLMOKY

MEXAY DTUM CPEAHUM 3HAYEHUMEM U 3HAYEHMEM f 13 TABAMLLI AQHHbIX 1.

3. When does a convex lens act like a magnifying glasse
3. KOoraa BbINyKAQS AMH3Q AEMUCTBYET KAK YBEAMYUTEABHOE CTEKAO?

4. Describe the conditions for forming a virtual image with lenses.

4. OnNMUCaTb YCAOBUS AAS COOPAMMPOBAHMS MHUAAOTO M3OBPAKEHMS C MOMOLLIBIO AMH3.

5. How does the image of a concave lens always appear?2 Where is it located with

respect fo the lens and the object?
5. KOKmm BCEraa BASETCA M30DPAXKEHME MPEAMETA B BOTHYTOM AMH3EZ A€ OHO
PACMNOAOXKEHO OTHOCUTEABHO AMH3bI M MPEAMETA?

6. Research the two basic types of vision problems, farsightedness and nearsightedness,
and describe the lens prescription for each. Use diagrams of the eye to show the

light paths before and after remediation.
6. iccaeAymTE ABA OCHOBHbIX TUMA MPOBAEM CO 3PEHUEM, AOABHO30PKOCTb U

BAM3OPYKOCTb, M OMMULLIMTE PELLEMNT AMH3 AAR KOXKAOTO M3 HUX. MCMOAB3YMTE XOA AYHEM AAS

rAQ3a, 4TOObl MOKA30Tb CBETOBbLIE nyT™ AO M MOCAE BOCCTAHOBAEHMA.



Geometric Optics Lab

1. Go to http://www.colorado.edu/physics/phet, where you will find the Geometric Optics activity
under “Light & Radiation.” Take the pencil and raise it so that the eraser is sitting on the principal
axis. Click on the “principal rays” button.

1.1.

1.2.

1.3.

1.4.

Draw the ray diagram. Describe the three special principal rays: how do they enter the lens, and
how do they exit the lens?
There are several properties of the lens you can change in this simulation. For each one below,
PREDICT what you think the effect will be on the image (its size, location, and brightness), then
give the actual answer:

a) Radius of curvature of the lens

b) Refractive index

c) Diameter
You can change the location of your object (the pencil). Drag the pencil so that it is farther away
from the lens. Explain the result.
Drag the pencil so the eraser is right on top of the focus. Draw the ray diagram. A) What
happens to the two principal rays that enter the lens? B) Will they ever form an image?

2. Get a magnifying lens and use it to look at this paper.

2.1.

2.2.
2.3.

How do you use the lens to make the words appear larger? Find the spot where the magnification
is highest and explain in terms of the focal length of the lens.

Sketch a ray diagram of how you think the magnifying lens might work.

Now back to the sim: drag the pencil so it is inside the focus. Draw the ray diagram. A) Will the
rays ever form an image, and if so, where? Click on “virtual image” to check your answer. B)
Imagine that you are looking through the lens from the righthand side. What would you see? Use
your answer, and your drawing, to explain how a magnifying lens works.


http://www.colorado.edu/physics/phet

JladopaTopus I'eomerpuueckoit Onruku

1. Ilepeitnute x http://www.colorado.edu/physics/phet, rie Bbl HaiineTe anumanuio «I'eomeTpuueckas
ontuka» B pazzgene "CBeT u uznydeHue.” Bo3bmuTe MBIIIKOW KapaHJall ¥ NOJHUMUTE €ro Tak,
9TOOBI JJACTUK CHJISN Ha TJIaBHOW ocH. Ha)kmMuTe Ha KHOTIKY "OCHOBHBIE JTy4dn'".

1.1 Hapucyiite xon nydeid. Onummure Tpu OCOObIX TJIABHBIX JIyda: KaK OHU BXOJST B JIMH3Y M Kak
BBIXOJIAT U3 Hee?

1.2 CymecTByeT HECKOJBKO CBOWCTB JIMH3BI, KOTOPBIE BBl MOXETE€ M3MEHHUTh B ATOW Monenu. s
KaX/I0TO M3 HUX (CM. HIDKE) MONMpOOyHTE MpeacKa3aTh, YTO MPOM30HAET ¢ M300pakeHueM (ero
pa3MepoM, pacroNoKEHUEM U IPKOCTbIO), a 3aTEM JTalTe SKCIIEpUMEHTAIIbHbBIN OTBET:

a) painyc KPUBU3HBI JTUH3HI;

0) mokaszaTeib IPeTOMIICHHS,

B) JMaMETp JINH3BI.

1.3 BbI MOXeTe U3MEHUTH MECTOIIOJIOKEHUE Baliero npeaMera (kapanmamnia). [lepemecture kapasmamt
TaK, 4YTOOBI OH HAXOWJICS JajbIle OT JUH3bL. OOBSICHUTE pe3yibTarT.

1.4. Tleperamure KapaHJaml TakK, YTOOBI JJACTHK OKaszajics mpsmo Han dokycom. Hapucyiite xon
Jy4en.

A) 9TO TIPOXOJIAT /IBa TTIABHBIX JIy4a, BXOISIINX B INH3Y?

B) chopmupyroT n OHM KOTAa-HUOYIH N300pakeHHe?

2. Bo3pmuTE yBENUYUTENBHOE CTEKIIO M UCIIOJIB3YHTE €ro, YTOObI TOCMOTPETh HA JIUCT OyMar.

2.1 Kak BBl HCHOJB3yeTE JUH3Y, YTOOBI CIIOBa Kazaluch Oosbine? HaliauTe mMecTo, riae yBelIUueHHE
00JIbIIIE BCETO, U OOBSICHUTE C UCTIOJIB30BAaHUEM MOHATHUS (POKYCHOTO PACCTOSHUS JIMH3HI.

2.2. HapucyiiTe X0J JTy4deit Toro, Kak, 1o BalieMy MHEHHIO, MOYKET pad0TaTh YBEIHUYUTEILHOE CTEKIIO.

2.3. Teneps BepHEMCS K aHUMAIIUK: TIEPETAIINTE KapaHIalll TaK, YTOObI OH OKa3aJics MEXIy (GOKycoM
U uH30#. Hapucyiite xox jiy4deil.

A) chopmupyroT M Korja-HUOYIb Jy4d T300pa)keHHe, M eciu na, To rae? Haxmure Ha KHOIKY
"BUpTyaibHOE M300paxkeHue", 4ToObl IPOBEPUTH CBOW OTBET.

b) mpencraBpTe, 4TO BBl CMOTpUTE uepe3 JIMH3Y C MpaBod cTOpoHbl. UTo OBl BBl yBHAETU?
Hcnonb3yiiTe CBOW OTBET U CBOM PUCYHOK, YTOOBI OOBACHUTH, KaK PabOTaeT yBEIUYUTEIbHOE
CTEKJIO.
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By the end of this worksheet, I:

e Explore the location of the images produced by placing the object in various location and
distances from the converging/convex lens.
Investigate how an image is formed by a converging lens using ray diagrams
Understand and observe how light rays are refracted by a lens
Examine and observe how the image changes when you adjust the focal length of the lens
Understand and observe how changing the lens (radius, index and diameter) effects
where the image appears and how it looks (magnification, brightness and inversion)

This work is licensed under a Creative Commons Attribution 4.0 International License.

K koH11y 3T0#1 pabOTHI 1 JOJIKEH:

* MccnenoBaTh pacnofioykeHue U300pakeHUH, MOTyYE€HHBIX ITyTeM ITOMEIICHUS
IpeaMeTa B Pa3IMYHbIX MECTAX U HA PA3JIMYHBIX PACCTOSHUSAX OT COOMpAarOIIEeN/BBITYKION
JIUH3BI.

* UccnenoBathb, Kak n300paxkeHne GopMupyeTcsi coOnparoien JMH30M, UCIOIb3Ys X0
JIy4dei.

* [lonnMath 1 HAOMIOAATh, KAK CBETOBBIC JTyYH TIPEIIOMIISIOTCS JIMH30M.

* UccnenoBath U HaOMIOJaTh, KaKk MEHsETCsl 1300pa’keHue Ipy U3MEHEHNHU (POKYCHOTO
PacCTOSIHUS JIMH3BI.

* [lonnmatp 1 HaOMIOAATH, KAK M3MEHEHHE JIMH3HI (painyc, 0Ka3aTesb NPeIoMIICHUS U
JaMeTp) BIMSET Ha TO, IJI€ MOSBISETCS N300pakeHNe U KaK OHO BBITJIAIUT (YBEJTUYEHHE,
SIPKOCTh U MHBEPCHSI)

Ota paboTa JUIeH3UpOBaHa 10 MeXayHapoHoH ymien3un Creative Commons
Attribution 4.0.

Go to the Geometric Optics simulation page from PhET Interactive Simulations at

University of Colorado Boulder.
https://phet.colorado.edu/sims/geometric-optics/geometric-optics_en.html

[lepelinuTe Ha CTpaHUILY C MOACIUPOBAHUEM I'€OMETPUUYECKON ONTHKU 13 Phet
Interactive Simulations B YuuBepcurere Komopamo boymnaep.

https://phet.colorado.edu/sims/geometric-optics/geometric-optics_en.html

Activity with PhET Simulation (JeiicTBusi ¢ cCHMYJIITOpOM)

1- In Geometric Optics, choose principal rays in the simulation screen, change the
curvature radius to 0.53 and keep refractive index equal to 1.53 and diameter with 1
m, like what you see in the figure below. Choose Ruler to measure the distances. You
may change the shape of the object you see in the simulation by Change Object.

Note: the lens is draggable.
AXTHBHOCTH C-TIET MOJCIINPOBAHUSA

1 - B okHe aHUMAaIMU BHIOEPUTE OCHOBHBIE JTyur Ha dkpane (Principal rays), namenure
paaunyc kpuBH3HbI Ha 0,53 ¥ cCOXpaHHTE MOKa3aTesb MpeaoMIeHuUs paBHbIM 1,53, a nuameTp-1 m,
KakK MMO0Ka3aHo Ha pUCyHKe Hibke. Beioepute nuneiiky (Ruler) mis usmepenus paccrosiauii. Boi


http://creativecommons.org/licenses/by/4.0/
https://phet.colorado.edu/sims/geometric-optics/geometric-optics_en.html
https://phet.colorado.edu/sims/geometric-optics/geometric-optics_en.html
https://phet.colorado.edu/sims/geometric-optics/geometric-optics_en.html
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MOJKeTe U3MEHUTH (popMy 00BEKTa, KOTOPHIH BBl BUIUTE B CUMYIISLIUU, U3MEHUB OOBEKT
(Change Object).
[IpuMeuanue: nuH3y, IpEeaAMET U SKpaH MOKHO IIEPETACKUBATh.

No Rays — S ’ | Change Object
Marginal rays ] =—— T "~ |Show Guides

* Principal rays _|Virtual |
. = ; intual Image
Many rays curvature radius(m) refractive index diameter(m) .

_|2nd Point

_|Screen V|Ruler

a) Place the object beyond 2F and find the location of the image. Show with the
simulation. Write the image properties.

b) Place the object at 2F and find the location of the image. Show with the simulation.

Write the properties of the image.

c) Place the object between 2F and F. Find the location of the image. Show with the
simulation. Write the properties of the image.

d) Place the object at F. Find the location of the image. Show with the simulation. Write
the properties of the image.

e) Place the object between F and the lens (in focal length). Find the location of the
image. Show with the simulation. Write the properties of the image.
Choose the Virtual Image in the simulation screen and Observe.

a) IOMECTHUTE 0OBEKT 3a npeensl 2F v HaluTe MECTOOI0KEHNE N300paKEeHHS.
HaGnronaiite pe3ynbrar. 3anuimTe CBOMCTBA N300paKEHUS.

0) momectute 00bekT Ha 2F u HalimuTe MecTonosiokeHne n3oopaxenus. Habmogaiite
pe3ynbTaT. 3auIlInTe CBOWCTBA H300pakKeHUSI.

B) nmomectute 00bekT Mexxay 2F u F. HalimuTe MmecTomnoioxkeHne n300pakeHusI.
Hab6nronaiite pe3ynbrar. 3anuimTe CBOMCTBA H300paKEHUS.

') MOMECTUTE OOBEKT B TOUKyY F. HaliuTe MecTomnonoxenne n3oopaxenus. Habmromaiite
pe3ynbTaT. 3aluiInuTe CBONCTBA H300paKEeHUSI.

1) moMecTuTe 00beKT Mexkay F u nmun3oii (Ha GoxycHoM paccrosuun). Haiinure
MECTOIOJIOKEeHNEe n300pakeHus. Habmronalite pe3ynprar. 3anuinuTe CBOHCTBA
Hn300pakeHUsI.

Bribepure manmoe nzobpakenue (Virtual images) B annmaruu 1 HabmroaiTe
pe3ynbTar.

2- How can you change the focal length of the lens? In other words, what happens if you
change the refractive index of the lens.

2- Kak MOKHO U3MEHHTh (POKYCHOE paccTosiHue o0bekTuBa? J[pyruMu cioBamu, 4To

l'[pOPI3OI>iI[CT, €CJIM UBMCHUTD MOKA3aTCIIb ITPCIIOMIICHHUS JIMH3bI.

3- What happens to the image when you change the refractive index of the lens?
3- Uro IMPOUCXOOUT C I/1306pa)KeHI/IeM IMpU UBMCHCHHUU TTOKa3aTCJIA ITPCIIOMIICHUS JINH3BI?

4- What happens to the image when you change the curvature radius of the lens?
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4 - Y10 IpOMCXOUT C M300paKEHNUEM NPU U3MEHEHUH Payca KPUBU3HBI JINH3bI?

5- What happens if you change the diameter of the lens? In other words, how the image is
impacted by changing the diameter of the lens?

5-Urto npou3zoiiieT, eciu U3MEHUTb TUaMeTp JUH3bl? J[pyrumu ciioBaMu, Kak BIUSET HA

n300pakeHNe U3MEHEHHE THaMEeTpPa JINH3bI?

6- In Geometric Optics, choose marginal rays in the simulation screen, change the
curvature radius to 0.53 and keep refractive index equal to 1.53 and diameter with 1
m, like what you see in the figure below. Choose Ruler to measure the distances. You
may change the shape of the object you see in the simulation screen by Change Object.
You can choose the screen option and drag it to different locations.
Note: the lens and screen are draggable.
6 — B okne anumariu BeiOepute npeaenbubie ayun (Marginal rays) va skpane
MOJICITMPOBAHUS, U3MEHUTE paauyc kpuBu3Hbl (Curvature radius) ua 0,53 u coxpanute
IMOKa3aTeNnb NPeJoMIIeHHS paBHbIM 1,53, a nnametp-1 M, Kak MOKa3aHO Ha PUCYHKE HUXKE.
Bribepure nuneiiky (Ruler) ams usmepenus pacctosiHuii. Bel MokeTe U3MEHUTH HopMy
00BeKTa, KOTOPBIH BUAWTE Ha SKpaHe ¢ momorisio Change Object.
Bb1 MoskeTe BBIOpaTh ONIMIO SCIEEN U MepeTacKUBaTh IKPaH B pa3HbIe MECTa.
[Ipumeuanue: 0OBEKTUB U SKpaH MOKHO MEPETACKUBATh.

_ No Rays
+ Marginal rays 0.53

_ Principal rays -ul.— —LJJ..— _|Show Guides

. " . _|Virtual Image
ANEnYEVE curvature radius(m)  refractive index diameter(m) &
_|2nd Point

V|Screen _|Ruler

a) The focal length is 50 cm, and the source of light is 120 cm away from the center of
the lens. Where is the screen located to have a clear image of that?

a) (I)OKYCHOC pacCTOAHUC COCTABJIACT 50 CM, 4 HICTOYHHK CBC€TAa HAXOAUTCA Ha

PacCToOAHNN 120 cMm oT LHCHTpA JIMH3bI. I AC HAaXOUTCH 3KpaH, 4TOOBI UMETH YETKOE

n300pakeHue npeamera?


https://phet.colorado.edu/sims/geometric-optics/geometric-optics_en.html
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b) Change the diameter, refractive index, and curvature radius of the lens and
observe the point of the converged light rays on the screen. Play with simulation and explore
more.

0) U3MEHUTE AUAMETP, I0KA3ATENb PETOMIICHUS U PaInyC KPUBU3HBI JIMH3bI U
Habro/1aiiTe N300pakeHNEe CXOIAIIMXCS CBETOBBIX JIyueil Ha skpaHe. Mrpaiite ¢ cuMmynsiuei u
HCCIIEAYNTE KaK MOKHO OOJIbIIIE.



