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YIK 372.853+372.851

B. B. Maitep, A. A.llonoea
MPEBPALLEHWUE INJTUMCA B NMAPABONTY

PaccMoTpeH nepexop oT ypaBHEHWs 3/I/MNCA B KaHOHWYEeCKoM dhopMe K ypas-
HeHWo Napabobl. 3TO NO3BONSAET PEasM30BaTb efMHbIM NMOAXOSH MPU U3YUeHUH
OMNTHUECKMUX CBOWCTB 3//MMca U napabosbl.

KnioueBoie co8a: ypaBHeHWE 3N1MNCa B KAHOHUYECKOM hopMe; ypaBHEHWE KpH-
BOM BTOPOro MopsifKka, OTHeCeHHOe K ee BeplLUWHe; ypaBHeHWe napabosbi.

1. Beepenue. B patote [ 1] mpensoxkeH AHMAaKTHYECKHH pecypc ydeHHUe-
CKOT'O TIPOEKTa 0 TEOPETHYECKOMY M 3KCIIEPHMEHTaNbHOMY HCCJE0BAHHMIO OTI-
THYECKHMX CBOHCTB aasunca. Ho mpakTHecKH 3HaYMMBIMH ONTHYECKHMH CBOH-
CTBaMH 00JaflaeT M Jipyrasi KpHBas BTOPOTO TOpsiika — mapadoJa. M3ydenue
MaTeMaTH4yeCKOH JMTepaTyphl yueGHOTO XapakTepa [2, 3| mokasaJo, uTo ma-
paGoJ/ia MOXKeT OBITh TIOJy4eHa M3 3/I/IMIICA, €CJH €ro pacTsHYTb BAOJAb GOJb-
mo# ocv. Mubl He BCTpedasH OMHCAHHMH OIMBITOB, MOATBEPKAAIONIMX, UTO 3TO
JIEHCTBHUTENBHO MOXKHO CJe/aTh. TaKHe OMBITH HMEIOT CMBICJA B TOM CJydae,
ecsiM 00ydalollyecs: OBJafeI0T MaTeMaTHUECKOH TeopHel, MOKaskBalolleH, uTo
napaoJ/Ty MOXKHO CUMTATh BEIPOKAEHHEIM 3JJHIICOM, 3KCUEHTPHCHTET KOTOPOTO
CTPeMHTCA K efiMHHIe. Llesbio HacTOAIIEH CTaThH SABJSETCS JOCTYITHOE CTY/EH-
TaM TeJlarOrMUeCcKOro By3a M TPOABHHYTHIM IIKOJbHHKAM H3JI0KeHHe YUeOHOTO
BapHaHTa YKa3aHHOH TeOpHH.

2. YpaBHeHne 3/MIIca B KaHOHMYEeCKoOH cpopme. [lo onpefeseHuo a1-
AUNC TIPEACTaBJSET COG0H MHOXKECTBO TOUEK, /IS KOTOPHIX CYMMa PacCTOSHHH
OT JIBYX 3aJlaHHEIX TOYeK eCTb BeJHUMHa TocTosiHHas. M3 ompefneneHus cie-
AyeT crocol ToCTpoeHMs aJnunca. Ha Jucte Gymaru ctaBar TodkH £ H F,
HaxoiAT cepevHy O oTpe3Ka MeXJy 3THMH TOUKaMH H CTPOAT JIEKapTOBY CH-
cTeMy KoopaxHat xOy ¢ 1eHTpoM B Touke O M 0ChIO X, MPOXOJsIIeH Uepe3 F]
Fy (puc. 1). Ha 3Tv TOUKM HaKHUABIBAIOT METJIO0 M3 HEPACTIHKHMON HHUTH, AJIHHA
KoTopoH Goublile paccTossHus 2¢ mexnay Fi(—c,0) u Fy(c,0). Hatanys HUTb
KapaH/allioM, TIPOBOJAT 3aMKHYTYIO JHHHIO, KOTOpasl M SIBJASETCH 3JIHIICOM.

Touku F| v Fy HaswBawTcsl gokycamu, NPoxXojsdllas yepe3 (POKYCH 0Ch —
@orasvrod, paccTosHue Mexay pokycamu Fify = 2¢ — gokanvreim paccmo-
anuem, otpeskn FIM =rn u FM = ry Mexxly (hoOKycamH U NPOU3BOJBHOM TOU-
Kol M(x,y) asamunca — gokarenbimu paduycamu. Toukn A(—a,0), B(a,0),
C(0, —b) u D(0, b) nepecedeHus 3J/HIICA C OCIMH KOODAHHAT HA3LIBAIOTCA €ro
sepuuramu, otpeskn AB = 2a u CD = 2b — Goavwoil u maroi ocamu
saaunca.

3ameuaeM, YTO TI0 MOCTPOEHHIO 3JJIMIICA C MOMOILBIO HUTAHOH TETJH, Ha-
KHHYTOH Ha TOYKM (okyca, 11 + ro + 2¢ = 2(a + ¢). Orciona r; + ry = 2a WJH
no Teopeme [ludaropa:

r1+i’2:\/(C—x)2+y2+\/(C+x)2+y2:2“~ (1
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3. T'eomeTpuueckue cpoicTBa 3mnca. OTHOLIEHHE PacCTOSHHUA MeXY
(oxycamu 2¢ K HauGoJbIIEMy JHAMETDPY 3JJHICA 2@ HA3HIBAETCS IKCUCHMPU-

cumemon:
e=c/a. ()

W3 coorHouenuit tuna (2) ciemyer, uTo Js JM0GOH TOUKM 3JJMIICA CIIPABE-
JIMBEL PABEHCTBA:
n=a-ex, rhy=a+ex. (6)

ﬂupeicmpuccmu SJIJIMIICA Ha3hIBAIOTCA TIPAMEBIE, TlapadlJesbHble MaJIoH oCH
JJIMIICa M OTCTOALIME OT Hee Ha pacCTOAHMA, paBHBIC a/e; HX YypaBHeHHA
HMCIOT BHI:

X=—= H x= (7N

OG603HAUHM paccTOsIHUE OT MPOH3BOJBHON TouKH M(x, y) 0 COOTBETCTBYIOMIEH
JIMPEKTPUCH Uepe3 [, a pacCTOsHHe JIO COOTBETCTBYHOIIEro (oKyca uepes 7
(puc. 1). Torna us dopmya (6) uMeem:

a a
r=a—ex=(——x>e=el, l==—x (8)
e e
Orciopia chejyer, 4to OTHOIIeHHe 7/l J/Ist JI000# TOUKU Ha KPUBOH OJIMHAKOBO

W pABHO 2KCHEHTPHUCHUTETY 3JJMUIICA:

r_n_n_
ITL T e. (9)

[ToJoBMHA JJIMHBL XOPJBl 3JIJIMIICA, TTPOBEJIeHHOH uepe3 ero (POKYC IMeprieH-
JIHKYJSIPHO (hOKAJNBHOH OCH, HA3BIBACTCS OKAALHLIM NAPAMEmpPOM p 3JIUIICA
(puc. 1). Toxctapasst B ypaBHeHHe (4) 3HAueHHs1 abcUMcC (POKYCOB 3JIHMIICA
X = &¢ ¥ yuuThBag (3), noaydaem:

2
yzigx/az—ﬂ zj:%.

OTCEOI[a CpOKa.HbeIﬁ mapaMeTp aJJIulca:
p=—. 10
a ( )

4. YpaBHeHME 3JIJIMIICA, OTHECEHHOE K ero Bepmuue. [lepeHeceM Hauajo
KOOPAMHAT B JIeBYIO BeplIMHy sJauuIca (puc. 2). Torga us (9): r=el u p = el’,
CJleIoBaTe bHO:

l=0U'+rcosp=plet+rcosey u r=el=p-+recose. (11)

OTCPOI[a ypaBHeHHE 2JJHIICa B HO.HHpHOﬁ CHUCTEME KOOpIHMHAT:

_ 4
r= 1 —ecosp’ (12)

Paccrosnue oT (okyca F| 10 BepliMHb O 3JIMICA fiin [OAYUHTCH TIPH
p=m
P
l+e’

Tmin =
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ﬂ.HH 3Junca e < 1 u X9 > 0, TO €CTh BTOpasd TOUKa JIC2KHT Ha OCH X IIpaBee
HepBOﬁ. CepeﬂHHa OTpe3Ka MeXJy 3THMH TOUKAMH OlpelleJIHeTCH BhIpaKeHH -
X + X9 _ p

eM:

HepeHeceM HaydaJ/Jo KoOpAMHaT B 3Ty TOUKY, TOUJa cTapas afdcumcca x BhIpa-

3uTcs yepes HoBYIO x': x = x' + xo. [ofgcTaBaas 5T0 BhIpaXKeHHe B (HOPMYJLY
(16), momygaem:

(" +x0)2 (€% = 1) + 2p(x" + x0) = ¢°. (18)
[ocJjie HeGOJBIIMX, HO TPOMO3JIKHX MPeoBpA30BaHUH UMEeeM:
2
) 2 2 14
x(1-e)+y =——,
( )ty =10
OTKyI[a HeMeJIEHHO HO.Hy‘{aeM ypaBHeHI/Ie 3JIJIUTICA B KAHOHMUESCKOM q)OpMeZ
12 2
a g 1. (19)

PI= e =)
371ech
a=—L_ u p=—r (20)

T T1-e? N

6. IlpeodGpasosanne s/umnca B mapadosy. B npepbiayieM nyHKTe I10-

Ka3aHo, 4yTo ypaBHeHHe (16) mpu e < 1 omMchiBaeT aJjimmc. [lepefinem B 3TOM

ypaBHEHHHU K TIpefiesy IpH e — 1, Torna nonydaeM 2px = y2, T0 ecTh ypaBHe-

HHe napaGoJbl:
1 o

21

310 YpPaBHEHHE MOXKHO 3allMcaTh B IIPUBBIYHOM JIJIA IHNKOJBHHUKOB BUJE Y = LZ)CZ,

ecau 0603HAYMTHL Kosdduument 1/2p = a, a ocb Ox cuutath ocbio Oy u
Hao00poT.

7. 3akmouenne. TakuM 00pasoM, a/eMeHTapHast, HO IOBOJIHO TPOMO3JKast
TEOpHS TIOKA3EIBAET, YTO €CJ/IH 3JJIMIIC CHJBHO BHITAHYTh BAOJb €70 (hOKaJbHOH
OCH, TO BOJM3H (POKyCa OH INpeBpallaeTcs B napadosy. XopoIio H3BECTHO, UTO
CBETOBHIE JYUH, BHIXOASIME H3 (PoKyca mapadoJHl, 10c/e OTpaXeHHs OT Hee
UAYT TapaJjiej]bHO OCH CHMMETPHH 3ToH KpuBOH. Mnes yueGHOTO 3KClepH-
MeHTa, MOKa3EIBAIOIIET0, UTO SJJIMIIC C 3KCIEHTPUCHTETOM, GJIM3KHUM K eJIMHH-
1e, siBJsieTcs napadoqoi, npuHannexuT E. Y. BapakcuHoil. [lpenpaputenphbie
OTIBITHI T10Ka3a/H TEePCIIeKTHBHOCTD 3TOH HJIEH.
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Mayer V.V, Kornev Yu. A. A simple and reliable Franklin wheel. A sim-
ple method of making a Franklin wheel is described, accessible even to those
students who are just starting to study physics. The idea of this method can
become the basis of a student project, the final stage of which is the demon-
stration of the Franklin wheel in a school lesson. Keywords: electrostatics,
Franklin wheel, student project, demonstration experiment.

Mayer V.V., Varaksina E.I. Arrangement and operating principle of
piezoelectric generator. The arrangement and the principle of operation of
the piezoelectric generator are considered. A series of simple experiments
on the educational study of a piezoelectric high voltage source is described.
The article is a didactic resource of project activity intended for high school
students and teachers. Keywords: piezoelectric generator, electrometer, simple
experiments, educational research, didactic resource.

Mayer V.V,, Varaksina E.I., Vasiliev 1. A., Kurbonaliev K. M. Equip-
ment for educational experiments on curved light propagation. The equip-
ment and procedure for preparing a demonstration experiment on the curvi-
linear propagation of light in an optically inhomogeneous medium formed by
a layer between two miscible liquids are described. Keywords: glass cuvette,
water, saturated salt solution, fluorescein, semiconductor laser.

Mayer V. V., Varaksina E.I., Kurbonaliev K. M. Experimental substan-
tiation of the Huygens principle. A series of demonstration experiments
on the propagation of light in an optically homogeneous and inhomogeneous
liquids is described. In experiments, estimates of the radius of curvature of
a light beam are compared in two ways: by direct measurement of the pa-
rameters of a curved beam and calculation based on the Huygens principle.
Keywords: Huygens principle, optically inhomogeneous medium, refractive
index gradient, radius of curvature of the light beam.

Mayer V. V., Popova A. A. Transformation of an ellipse into a parabola.
The transition from the ellipse equation in canonical form to the parabola
equation is considered. This makes it possible to implement a unified approach
when studying the optical properties of an ellipse and a parabola. Keywords:
equation of ellipse in canonical form; equation of second—order curve related
to its vertex; equation of parabola.

Markov S.V. Scientific research of the magnetic fields using the Hall
generator in a full-scale computer experiment. The electromagnetic in-
duction research was examined. A graph of the magnetic induction and the
resulting EMF of induction in the loop were built. The experiment was worked
for lab out of the quantitative study of the law of electromagnetic induction.
Keywords: a full-scale computer experiment, an electromagnetic induction, a
lab, Hall generator, to visualize electromagnetic processes.

Varaksina E. 1., Sokolova O. L. The problem of forming a visual image of
interference of mechanical waves. The existence of the problem of forming
a visual image of interference is substantiated. The possibility of creating
such an image by means of an educational physical experiment, graphic and
photographic illustrations in school textbooks is analyzed. At the initial stage
of studying interference, it is proposed to supplement the educational physical
experiment with interactive computer animation simulating the superposition
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of circular waves propagating from two point sources. Keywords: interference,
wave theory of light, visual aids, educational physical experiment.

Saurov Yu.A. On the modernity of the development of creative abili-
ties (to the 50th anniversary of the defense of the doctoral dissertation
by V.G.Razumovsky). Memory is our great and eternal resource. It sets
and preserves patterns of activily in the past for the present and the fu-
ture. The defense of the dissertation is not only personally significant, but
socially and socially significant. The defense of the doctoral dissertation by
V. G. Razumovsky has so far directly or indirectly influenced the development
of methods of teaching physics. This article outlines the essential features
of this study. Keywords: creativity, dissertation, history of physics teaching
methods.

Varaksina E.I. Illustrative and evidential educational physical experi-
ment. Our articles published in the journals «Educational Physics» No. 1 and
No. 3 show the need for systematic research activities of subjects of physical
education in the field of educational physical experiment. To formulate the
purpose of this activity, we propose to turn to the concepts of illustrative and
evidential experiment. Keywords: educational physical experiment, research,
conclusiveness, illustrativity.
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