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OCHOBHAR UKOJIA

YIK 372.853:535

B. B. Mariep, K. M. KypboHanues

MOJIHOE BHYTPEHHEE OTPAXXEHUE CBETA
N COBPEMEHHAA TPAAVEHTHAA OMNTUKA
HA LWKOJIbHOM BHEYPOYHOM 3AHATUNU

PaspabotaHo cofeprkaHWe BHEYPOUHOrO 3aHATUSA AAs ydawmxcs 8 kniacca, no-
CBSILLEHHOE SIB/IEHUSIM, CBSI3aHHBIM C MOJIHbIM BHYTPEHHUM OTpakeHWeM cBeTa B
ONTHUYECKU OAHOPOAHbBIX U HEOLHOPOAHBIX CPefax.

KaroueBoie cnoBa: BHeypo4yHOe 3aHATUE, OCHOBHaA LWKOJa, NoJIHOE BHYTpEeHHEe
oTpakeHue, rpagueHTHas onTuka.

Yyauumces 8-9 kjaccoB OyIeT HHTEPECHO TIO3HAKOMHUTCS C OMHUM
M3 COBPEMEHHBIX Pa3[esiOB YUEHHS O CBeTe — IPAJMEHTHON ONMTHKOH.
CrnenaTh 3TO MOXKHO Ha BHEYPOUYHOM 3aHSTHH IPOLOJKHUTENbHOCTHIO
He OoJiee aCTPOHOMMYECKOr0 yaca. Ha HeM HY»KHO 1OKa3aTb ¥ Ha Ka-
4YeCTBEHHOM yPOBHE OOBACHUTb CepHi0 00beqMHEHHBIX O0LeH Haeel
AEMOHCTPALIMOHHBIX OINBITOB IO PACIPOCTPAHEHHIO CBE€TAa B PA3HBIX
ONTHYECKH OTHOPOLHBIX U HEONHOPOAHBIX Cpenax.

1. IToaroroBka 3aHaATHUA

Jlst 6e3ynpeuHoro U KPaTKOBPEMEHHOTO BBITIOJTHEHHUST OTBITOB Ha
3aHSATHU HeoOXOoMMa TpeNBapuTe/ibHAs MOArOTOBKa yuuTtens. OHa
BKJIOYaeT: 1) mon6op o60pymoBaHHUs; 2) BBINOJHEHHE OMBITOB C IIe-
JIbI0 OTIpeJie/IeHHsT ONTUMAJbHBIX YCJOBUH HX TPOBEEeHHUs; 3) Tpe-
HUHT JEUCTBHUH IPU NEMOHCTPALHUAX, CONPOBOXKIAILIUXCH TEOPETHU-
yecKUM 0OBbsICHEHHEM HaOJI0aeMbIX SIBJIECHUH.

[lepeuncauM MUHHMaJbHOE 000DYIOBAHHE MJisI AEMOHCTPALMOH-
HBIX OIIBITOB (663 HITATHBOB, NMOABEMHOr0 CTOJIMKA U APYTHUX BCIIO-
MOTaTeNbHBIX, HO HEOOXOMUMBIX KOMIOHEHTOB): 1) MJ0oCcKOmapasenb-
Hasi CTEKJISIHHAsl KioBeTa BHyTpeHHUM pasmepom 20 x 60 x 200 mw,
nosiHblH 06beM KOTOPoi 240 MJj1; 2) nmoakpalieHHble (J00pPeCcenHOM
BOZa W HACHILIEHHBIH PAaCTBOP MOBAPEHHOH COJIM B cocynax 00beMOM
0,5 J1; 3) BOPOHKA C CHJIMKOHOBBIM IIJIAHTOM U 3aXKUMOM; 4) CTeK/IsiH-
HOe 3epKaJji0 Ha PYy4Ke; D) ABa ONUHAKOBBIX MO (hOopMe U pa3mepam
CBETOBOfla M3 OPICTEKJA, Y3KHe TPaHH OJHOrO M3 KOTOPHIX MAaTOBhIE;
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6) KpacHBIH U 3eJIeHbIH CBEPXbsIPKHE CBETONMOABI; 7) MOJNYIIPOBOLHHU-
KOBBIH J1a3ep, HAlIUi 3ejieHoe, (hHOJETOBOE HJIH YIbTPa(PUOJIETOBOE
U3JIyyeHHe.

WHpopManuio 0 TEXHOJNOTHH H3TOTOBJIEHHS KIOBETBHI, BOPOHKH H
crocobe TPUTOTOBJIEHHSI PACTBOPOB MOXHO HaWTH B ctatbe [1].
JIeMOHCTPaLMOHHbIE OMBITHI 110 KPUBOJHUHEHHOMY PacnpOCTPaHEHHI)
CBeTa H UX TeopeTHyeckoe 00bsicCHeHHe naHbl B padorax [2, 3]. Cro-
co0 M3TOTOBJIEHHS] CBETOBOJOB U3 OPrCTEKJA OMHUCaH B cTathe [4].

Uro KacaeTcs MpeaBapUTENbHON TOCTAHOBKH ONBITOB U TPEHHHTA
JIEMOHCTPATOPA, TO OHK COBEPLIEHHO HEOOXOIUMBI, €CJIH MJIAHUPYETCS]
TOJIYUUTh OT BHEYPOUHOTO 3aHSATHUS MOJIOXKHUTENbHBIH 3((eKT. Peko-
MEHIAlUWH B 3TOM MOT'YT 6bITb TOJIBKO CaMble O6LU,I/I€Z BO—TI€PBLIX, MIPHU
TOATOTOBKE OMBITOB MX HYXKHO TOBTOPSThb 10 T€X MOpP, MOKa OHU HE
OynyT moJayuaTbesi 0e3ymnpeuHo; BO—BTOPBIX, COOCTBEHHBIE NEHCTBHUS
U TeopeTHudyeCKue Oé"bHCHeHI/IH JOJI2KHBI 6bITb CUHXPOHU3HUPOBAHBI U
IOBENEHBl 10 PA3yMHOI0 aBTOMAaTH3Ma.

2. IIpoBeaeHue 3aHATHSA

[IpeacTaBuM CepUI0 AEMOHCTPALMOHHBIX 3KCIEPUMEHTOB U KpaT-
K€ KOMMEHTapHUU 10 OO0BSCHEHHIO HAOMI0naeMbIX sBJeHUH. MHBIMU
CJIOBAMH, NAJMM PA3BEPHYTHIH MJIAH BHEYPOUYHOIO 3aHATHUS, MPUBO-
JSALIET0 K MOHATHIO TPAAUEHTHOH ONTHUKH.

OnbiT 1. MNMpsaMonvHeHOe pacnpocTpaHeHWe cBeTa. B KioBeTy 1o
TIOJIOBUHBI HAaJMBAIOT BOAY M HANpaBJ/sdl0T B Hee COOKY NMYy4OK CBeTa
oT Jasepa. [1okaspBalOT, 4TO B ONTHYECKH OJHOPOAHOH Cpefe CBeT
pacnpocTpaHsieTcsi npsamoJiHedHo. IlpumensooT npuHuun [tolreHca
071 00BbsACHEHHUs 3TOr0 pedysbrata. CooOLIA0T, YTO B PAa3HBIX Cpenax
CBET PACNPOCTPAHSIETCH C PA3HOH CKOPOCTBIO.

OnbiT 2. OTpa)keHWe cBeTa OT MIOCKOro 3epkana. B Boxy omycka-
10T 3€PKaJI0 M MOKAa3bIBAKT, YTO MAAAMLIMUHI HA HEro MOJA HEKOTOPbIM
YIJIOM Ty4OK CBeTa OTPakaeTcs Mofi TeM ke yrioM. PopMysaupyioT
3aKOH OTpaxKeHus cBeTa. [0BopaT, yTo npuHLHKN [T0HreHca no3soJser
TeOpeTH4YeCKH OOBSICHUTb 3aKOH OTPAXKEHHsI CBETA.

OnbiT 3. MNMonHoe BHYTpeHHee OTpaXkeHWe ceeTa. JlazepHBIH my-
YOK HAMPaBJSIT COOKY KIOBETHI BHYTPb BOMbI MO PAa3HBIMHU YTJIAMH U
TI0Ka3bIBAIOT SIBJIEHNE TOJTHOTO BHYTPEHHEr0 OTpaXKeHHs cBeta. BBo-
OAT IMOHATUA OIITUYECKH 60JI€€ IIJIOTHOX U ONTHYECKU MeHee IJIOTHOU
cpenbl. [TokaspiBalOT CyllleCTBOBaHHE MpenebHoro yraa. OObsICHSIOT,
MOoYeMy MOJIHOE BHYTDEHHEE OTPa’KeHHe MOXKET HabJl0JaThCsi TOJb-
KO TPH Mepexofie CBeTa M3 ONTHYECKH GoJjiee MJIOTHOU B ONTHUECKU
MeHee MJIOTHYIO Cpeny.
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OnbiT 4. Mpsimoit ceeToBog,. [Ton6upaioT yroa nageHus Tak, 4TOObl
JIa3epHBIA NMYYOK HECKOJbKO Pa3 OTPA3UJCH OT BEpXHEH U HUXKHeH
MOBEPXHOCTEN MJOCKOTO CJ10s1 BOAbl. [IpUXoaAT K BBIBOAY, YTO CJIOH
ONTHYECKH OJHOPOLHOH CPEIbl MOXKET CJYXKHUTb CBETOBOJOM.

Puc. 1. ﬂeMOHCTan,HOHHbIﬁ CBETOBOJ U3 OprcTeKJa: 1 — Bce TpaHU CBETOBOMA OT-
TMOJINPOBAHBI; 2 — [oTepPU SHEPrrur CBeTa B CBETOBOLAE C OTIIOJMPOBAHHBIMU I'PaHAMHU
MaJibl

OnbiT 5. MNpenomnenuve ceeta. C MOMOLIBI0 BODOHKH U TPYOKH aK-
KYpPaTHO Ha IHO KIOBETHI, A0 MOJIOBUHbBI 3AM0JHEHHOH BOAOH, HAJIUBA-
10T PacTBOp COMU. Hanpas/si0T My4yoK CBeTa Ja3epa CBepXy KIOBETHl
Tak, 4ToObl OH Majaj Ha TPAHHUIy pasfesa XKUAKOCTEH IO YTJIOM
NajfieHus, He PaBHBIM Hym0. [I0Ka3blBalOT, YTO MOKA IpaHHULAa [IBYX
JKUJKOCTEH ellle pe3kasl, Ja3epHbId Ny4YOK Ha Hel NpeJoMJSeTCs, HO
He OTpaxKaercs.

OnbiT 6. KpuBonuHeiHoe pacnpoctpaHeHue ceeTta. CrycTss He6O0Ib-
II10e BpeMsi MeXIy YHCTOH BOLOH W PacTBOPOM COJIM 0Opasyercs Om-
THYECKH HEONLHOPOAHBIH CJIOH, B KOTOPOM JIa3epHBIH NMydyoK H3rubda-
eTcs. Ydauuecs: Hab/M0a0T, YTO My4OK CBeTa IJaBHO H30THYT B Ha-
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NPABJIEHUH OT ONTHYECKH MeHee IJIOTHOH K ONTHUecKH 6oJjee MJoT-
HOH cpene. OOBSCHAIOT SIBJEHHE C MOMOLIbIO MPUHLMNA [tofireHca: B
MepBOH cpele CKOPOCThb CBeTa 6oJblie, ueM BO BTopoi. CooOmaoT,
4TO SIBJIEHMS, TPOUCXOASILIME B ONTHUECKH HEOLHOPOAHBIX Cpenax,
U3yudaeT epaduenmuas OnmuKka.

Puc. 2. ﬂeMOHCTan,I/IH paccesdgHUs CBeTa Ha LLqu)eKTaX TOBEPXHOCTH CBETOBOAA U3

OprcTeKJa: 1 — Y3KHe I'paHHh CBETOBOAA IIOCJ/IE LUJ'IH(I)OBKH OCTaBJIEHBI MAaTOBBIMH;,

2 — Ha MaTOBBIX T'paHaX CBeT paccerBaeTcCsd KU IIOKWAaeT CBETOBOL, IIO3TOMY Ha
BBIXOJl€ M3 HEro MHTEHCHBHOCTb CB€TAa HHUYTOXKHO MaJia

Onbit 7. UN30rHyThili cBeTOBOL M3 oprcTekna. Mcmosb3yoT ce-
TOBOL M3 MOJOCKH OPrCTeKJ/a, BCe TPaHH KOTOPOTO OTIOJHPOBAHbI
(puc. 1.1). Ha xoHel| cBeTOBOAA HaaeBalOT NaTPyOOK CO CBETOAHOIOM,
BKJIIOUYAKOT MUTAHWE CBETOMAMOAA H TMOKA3biBAIOT, UTO CBET C HEOOJIb-
[IMMH TIOTEPSIMU TOXOIHUT A0 BTOPOTrO KOHIA cBeToBoAa (puc. 1.2).

OnbiT 8. MNoTtepu 3aHepruv B ceetoBope. [10BTOPSIOT MpeablAyLIHH
OMBIT CO CBETOBOIOM, Y KOTOPOTO y3KHe TPaHH MaToBble (puc.2.1) —
ydauuecs BUAAT, UTO MOTEPH JHEPTHU HACTOJBKO BEJHKH, YTO CBET
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He JOXOAMT [0 BTOPOr0 KOHLA cBetoBoma (puc.2.2). Bmecte co
IIKOJbHUKAMH TMPUXOAAT K BBIBOAY, YTO MJf YMEHBILIEHHS TOTEDPb
cBeTa HeOOXOMMMO MCIIOJb30BATh epaduermHolli c8emosod, B KOTO-
pOM CBET pacmpoOCTpPaHSEeTCs KPUBOJHHEHHO, HE NOCTHTas €ro Imo-
BEPXHOCTH.

3. OueHKa pe3yJbTaTOB 3aHATUS

UToOBl OLIEHHUTH TOJyYeHHble 00pa30BaTesbHBIE PE3yJbTaThl, de-
pe3 HeJeJIo 10C/Ie COCTOSBLIEr0CS BHEYPOUHOrO 3aHATHUS MOXKHO MPO-
BECTH TECTHPOBAHHE 00YJaIOIINXCS.

TecT: YpoBeHb YCBOEHHUS SIBJIEHUS NMOJIHOMO BHYTPEHHENO
OTpakeHUs cBeTa

1. B onThyecku ogHopopaHoi cpefe cBeT pacnpocTpaHsercs: 1) KpHBOJHHENHO;
2) BoJIHOOGpa3HO; 3) MpSMOJIHHEHHO; 4) O KpyTYy.

2. MNpu napeHnn nyya cBeTa Ha 3epKano yron oTpakeHus: 1) Goiblie; 2) MeHb-
1e; 3) paBeH; 4) He 3aBHCHT OT yIJia NMajieHHUs.

3. MonHoe BHYTpeHHee OTpa’keHWE CBETa MPOMCXOAMT MPH Mepexofe CBeTa U3:
1) Bo3ayxa B cTeKJ0; 2) BOABI B BO3AYX; 3) BOAbI B BOLHBIH pacTBOp co/iv; 4) BOAbI
B CTEKJIO.

4. B nnockom crioe coneHoil Bofbl Hanpas/ieHHbIM Mof, YrIOM Nlyy cBeTa WAeT:
1) KpuBOJIHHEHHO; 2) MpSIMOIUHENHO; 3) BOJMHOOGPa3Ho; 4) 3UraarooGpasHo.

5. B cnoe mexkay coneHol W YMCTOM BOLOM CBETOBOM My4OK NnaBHO M3rubaercs
BHW3 MOTOMY, YTO CKOPOCTb CBETa B YMCTOM Boge: 1) Gosiblile; 2) MeHbllle; 3) paBHa;
4) 3aBHCHT OT CKOPOCTH CBETa B COJIEHOH BOJE.

6. B usorHytom cBeToBOAE M3 OprcTekna cBeT pacrnpocTpaHsiercs: 1) KpUBOJIH-
HelHO; 2) mpsiMmosuHelHo; 3) BoJHOOGpasHO; 4) 3Ur3aroo6pasHo.

7. CBeToBOL M3 OprcTek/ia C MaTOBbIMU Y3KMMU FpaHsMuU He paboTaeT noTtomy,
yto cBeT: l) orpaxaercs; 2) mpesomissercsi; 3) paccedBaeTcs; 4) TMorJomaeTcs
MaTOBBIMH TOBEPXHOCTSIMH.

8. Ecnm k noBepxHOCTH CBETOBOAA M3 OpPrcTek/a NPUK/IEUTb YEPHYIO U3OJIEHTY,
TO CBeTOBO[, NepecTaeT paboTaTb, Tak Kak CKOPOCTb CBeTa B C/I0€ K/ies U30JieHTbl:
1) Gosblue; 2) He 3aBucuT; 3) paBHa; 4) MeHbllle CKOPOCTH CBETA B OPTCTEKIJIE.
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ABSTRACTS

XXVII All-Russia scientific and practical conference «The Educational Physics
Experiment: Topical problems. Modern solutions». A report on XXVII All-Russian
scientific and practical conference «The Educational Physics Experiment: Topical prob-
lems. Modern solutions» is presented. The conference was organized in Glazov on
28-29 January 2022. The names of the reports are given. Keywords: didactics of
physics, educational physics experiment, conference.

Mayer V.V., Kurbanaliev K. M. Total internal reflection of light and modern
gradient optics at school optional lesson. The content of an optional lesson for 8th
grade students has been developed. The lesson is devoted to the phenomena associated
with the total internal reflection of light in optically homogeneous and inhomogeneous
media. Keywords: optional lesson, basic school, total internal reflection, gradient optics.

Bakulin V.N., Tolmacheva M. 1. Rope is not an easy verve. Different methodologi-
cal approaches to solving problems with rope are compared. The reasons for discrepan-
cies in the results of solving problems by different methods are analyzed: dynamic and
energetic. The results of the application of various approaches by senior physics stu-
dents to solving rope movement problems are discussed. Keywords: educational task,
motion models, dynamic and energetic approaches.

Ziyatdinov Sh. G. Trap tasks in the school physics course. The necessity of drawing
students’ attention to tasks requiring an unconventional approach to their solution is
discussed. Keywords: school physics course, workshop on solving physical problems,
trap tasks.

Mukushev B.A. Experimental setup simulating the force of universal gravity.
The article presents the principles of operation and structure of the experimental setup
necessary to simulate the movement of a body in a field of central force similar to the
force of universal gravity. Keywords: electrical circuit of the installation, alternating
current coil, magnetic field, Wood proof, conical motion of a steel ball.

Sabirzyanov A. A. Construction of electrostatic field lines by Maxwell's method.
Maxwell’s method of constructing force lines for a system of two point charges is
considered. The force lines are represented by approximating polylines. The equation
of force lines is derived in trigonometric form through the functions of two guiding
angles. The pictures of force lines for several cases differing in the values and signs
of charges are given. Keywords: electrostatic field, force lines, construction, Maxwell’s
method.

Gerasimov S. A. Electric current in liquid and negative magnetoresistivity. Not
to confirm, but to understand — that is the purpose of this work. The magnetic

field should reduce the current in the substance. This is the result of the so-called
magnetoresistivity. It turned out the opposite. The electric current in the electrolyte

increases under the influence of a magnetic field. Keywords: magnetic field, electric
current, temperature, electrolyte, magnetoresistivity.

Kovalenko A.P., Simukova S. V. Research of alternating current rectifier at a lab-
oratory workshop in physics. The article considers the research of the dependence of
the ripple ratio, as well as the variable and steady components of the rectified voltage
on the load current strength for single-half-period and two-half-period rectifiers. Key-
words: single-hali-period rectifier, two-half-period rectifier, steady component, variable
component, ripple ratio.

Mayer V. V., Perminov A. A. Using a smartphone to determine the gradient of the
refractive index. For the undergraduate physics workshop of a pedagogical university,
a laboratory work is proposed to determine the gradient of the refractive index in the
layer between a solution of table salt and pure water. The main measuring device
is a smartphone with the program «Radius of curvature of the beam». Keywords:
laboratory work, refractive index gradient, smartphone, software, photographing curved
light beam.



