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CONCEPT OF INTRINSIC KINETIC ENERGY SYSTEM
OF PARTICLES IN RELATIVISTIC MECHANICS

I. Gordeyev, A. Malinin
Lipetsk State Pedagogical University
398020, Lipetsk, Lenina, 42

Abstract. The article introduces the concept of intrinsic relativistic kinetic energy. Its fun-
damental significance in kinetics of nuclear reaction and the process of elementary parti-
cles collisions were shown. The necessity of introduction of this concept in teaching the
basics of the theory of relativity in theoretical physics courses in both classical and peda-
gogical universities was methodically substantiated.

Key words: inherent kinetic energy, relativistic mechanics, Minkovski’s world postulate,
nuclear reaction, collision process of elementary particles.
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Annomayus. Ha npumepe 3a/1auu 0 HOTOHE MPOBOJUTCS CPABHEHHE JABYX IONOIHSIONINX
JIpYr Ipyra IOAXOJ0B K NU3YUYEHUIO TaHHOHM TE€MbI, HAIPABJIECHHBIX HA IOBBILIEHUE IIO3HA-
BaTeJbHOM aKTUBHOCTH ydyalmuxcs npyu U3y4CHUN TUHAMUYCCKUX CHUCTEM: - C HMCIIOJIb30-
BaHMeM au((epeHIHaNbHBIX YpaBHEHHH M C TPUMEHEHHE WMHTAIIMOHHOW MOJCIH.
I'paduyeckue wutocTparyu BeimoidHeHsl B cpene MathCad u NetLOGO.

Kniouesvle cnosa: 3amada o Morone, JUHaMHUYeCKas cucTeMa, TudpepeHInalbHbIE YpaB-
HEHUsI, IMUTAI[IOHHASI MOJIETIb.

3amaya COCTOUT B OIPENIEIEHUN TPAEKTOPUH, MO0 KOTOPOH JIBMKETCS JOTOHSIOMIMN (XHIL-
HUK, TUPATCKOE CYJIHO, MOJIULEUCKUN U T.I1.), €CJIU IPECIeayeMBbIi (KepTBa, TOPrOBOE CYIHO,
HapyUIUTENb U Tp.) JBUXKETCS IO 33JaHHOM KpPHUBOM, MPUYEM HaIlpaBJIeHUE ABMXKEHHUS JO0r0-
HSIOILIETO BCET/1a HAIPABJICHO Ha MPECIEayeMOro.

[Tycth P = (x, y) — TOUKa Ha KPUBOI, COOTBETCTBYIOIIECH TPAEKTOPUHU JOTOHSIONIET0, a Q =
(&) —TouKa HA TPACKTOPUH TPECIICAYEMOT0, TIOCIETHIS ITyCTh 3aJ]aHa ypaBHEHHEM

ficn) =0. (1)

[To ycnoBuIo 3a/1a4un TAHT€HC HAKJIOHA KACaTeJIbHOW K KPUBOM JOTOHSAIOIIETO

Ezf—x ' @

OTHOCHTEIBEHO COOTHOIICHHSI CKOPOCTEH TIPE/IITOI0KHAM, YTO CKOPOCTH IO BEIMIUHE JI0-
TOHSIIOIIETO B K pa3 OOJIbIIE TIPECIeTyeMOTO

a_ 4o 3)
dt dt

rie ds u do - 3IeMEeHThl KPUBBIX COOTBETCTBEHHO JIOTOHSIOIIETO U MpEeCieIoBaTeNls.
Tormga nmeem

dx’ +dy’ =k(dE* +dn’) (4)

KOTOPOE MO>KHO IPeoOpa3oBaTh K BUAY

2 2 2
dx dx dx
N3 cootnomenwmii (1) u (2), nuddepeHmpoBaHreM 10 X MOJIyYHM eIle J1Ba ypaBHEHHUS

0 ox on ox
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dn d’y dy d&
- = - X)+—=——. 7
dx  dx? (6= dx dx ™
dé dn
Vimest cOOTHOIICHUST BBIPOKEHUS IS TIPOM3BOIHBIX e u e Kak (QYyHKIUH OT X, ,
X X

NEPBOM M BTOPOU MPOU3BOAHOM y MO X, UCHIONB3Y4 (5), MOMydYnM HenuHeiHoe AuddepeHin-
aJIbHOE YPAaBHEHHUE BTOPOTO IOPSAAKA UL ONPENCIICHNS TPACKTOPUU JOTOHSAIOLIETO.

B kagecTtBe npumepa pacCMOTPUM Cily4ai, KOT1a IIPECIIelyeMbIN ABUXKETCS 10 NMPSMOU C
HOCTOSIHHOM CKOPOCTBIO. J{71s1 onpeaeneHHoCT! OyieM IoJlaraTh, 4To MpsiMasl HalpaBJieHa
BEPTUKAJIBHO U 33JaeTcs ypaBHeHHEM & = a . COOTBETCTBEHHO COCTABIISAIOLIAs] CKOPOCTH O
TOPU3OHTAIILHOM OCH PaBHA HYJIIO:

4 g
dx
W3 ypaBHenus (7) momydum:
dn d’y
R (6—x), (8)

a KOT/Ia MOJICTaBUM B (5), TO TIOJTyIHM:

&Y o ( @Y |
1+(dxj k[(dxzn(é x) . 9)

d
O6o03HaunM p = d_y Toraa ypaBHenue (9) MokHO nepenucarb B BUJE
x

kdp dx

oy o (10)

Huterpuposanue (10) gaet:

k*arsh(p)=—In(a—x) , (11)
WK, 94TO TO XKeE:
k*¥In(p++p*+1)=—In(a—x)+C , (12)

rae C — npou3BOJIbHAS MOCTOSTHHASL.
N36asmsiemcst oT torapuMoB u moydaem
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(a—x)*

(13)

Pemenue OTHOCHUTCJIBHO p NACT:

_l C _(a_x)l/k "
p_2 (a_x)l/k C : (14)

Crenyromum marom sBisieTcst pereHue JudepeHnnaibHoro ypaBHEHUS:

Q:l{ C (a_x)l/kJ

x 2l (a-x)* ¢ (15)
WNurterpupoBanue naet s y(x) BoIpaKEHUE:
I+ Uk
y(x)=l k(a—x) Jrck(a X) re', (16)
21 clk+1) (1-k)

rue ¢’ — IPOU3BOJIbHAS TIOCTOSIHHAS (BTOpast) U k #1.
JloroHsOmMKK HAaYMHACT JABMKCHUE B HaYajle KOOPAUHAT (BBIOOP CHCTEMBI KOOPJAUHAT) U

€ro CKOpPOCTH HANpaBJICHa Ha MPECIIeyeMOro, 3HaUUT IPOU3BOAHAS d)/dx Taxke paBHA Hy-
J10.

W3 3Tux HavyanbHBIX YCJIOBI/Iﬁ OMpEaACIIsIEM 3HAUCHU o0enx IMPON3BOJIBHBIX ITOCTOSAHHBIX.

1/k ' ka

, c :k2—1 . (17)

OxoHYaTeNbHO NOJyYaeM JIs HaIIero npumepa

_ l k(a _x)1+l/k al/kk(a _x)l—l/k ka
y(x)_z{ A+ =k }rkz—l ‘ (18)

BrlpaskeHue BHyTpHU CKOOOK MO>KHO HECKOJIBKO BHIOM3MEHUTh, IPUBEIS CllaraéMble K o0I1ie-
My 3HaMEHATEIII0 ¥ BBIHOCS 32 CKOOKH OO MHOKHUTEIb:

ka x 1+1/k x 1-1/k ka
)/(X)—m{(k—l)(l—;j —(k+1)(1—;) }Lkz—l : (19)

[TonmyueHnas KpuBasi pecTaBieHa Ha puc.l cooTBeTCTBYeT k=06/5.
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(5]

[ 3]

y® 1

0 02 04 06 038

Puc.1. Tpaektopus IBUKEHUS JOTOHSIOLIETO

Wnrerpuposanue (15) npu k = 1 naer

ka x 1+1/k x 1-1/k ka
y(X)—m (k—l)il—;j —(k‘f-l)(l—;j +m . (20_

ITpu k > 1 noroHsIONMI HACTUTHET MpecieyeMoro. 3HaueHue KOOPIMHATHI X, OUEBUIHO,
Oyner paBHO a, 3HAYCHUE KOOPIAWHATHI y , MPU KOTOPOM MPOUZOUIET <JIOJTOXKIAHHAS)
BcTpeda u3 (19) momydaercst paBHOM:

ek @1

Ilpu k =3/2,2,3 koopauHaTa TOUKH IepexBaTa paBHa COOTBETCTBEHHO 6a/5, 2a/3, 3a/8.

B Gonee obmiem citydae 3aa4a MMEET OUEBUAHBIC CIIOKHOCTH KaK MPH MOMBITKaX YHC-
JIEHHOTO PEIICHUS, U TeM 0oJiee TPH MOMBITKAX aHATUTHYECKOTo pemeHus [1].

B cBsi3u ¢ 3TUM TpeAcTaBIsAE€T MHTEPEC, KaK C MPUKIATHOM, TaK U C JUAAKTUYECKOU CTO-
POHBI UCTIOJIB30BAaHUE CUCTEMBI AreHTHOTO MoienupoBanus Ha 6a3e cucteMbl NetLOGO [2].

B cpene NetLOGO mnpecnenoBatens U mnpecieayeMblii H300pakaloTcsl 3JIeMEHTapHBIMU
o0BeKTaMu cpefibl — areHTaMu. B naHHOMN cpene peain30BaHbl ONEpaluy MEepEeMEIEHUs, B
TOM YHCJI€ U JeHCTBHE MOVOto, 1S 3aJaHusl JIBH)KEHUS B CTOPOHY Apyroro oosekra. Ilpu-
MEHEHHE JAHHOTO omneparopa (paKTUYECKH HMCKIIYAET HEOOXOIUMOCTh YHUCIEHHOTO nudde-
PEHLIUPOBAHMUS.
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Ld4 tficks: 50

Equation sekup:
?ﬁ I Caplure_point
g 2727272727272,
setup

Execution:

go g|| goonce sowgown EI

Puc. 2. TpaexTopus npeciegoBaHus B 3a/1a4€ O IOTOHE

IIpocToTa mporpaMMHpOBaHus, YJOOHBIE CPEICTBA BU3yaIU3alMU U HAJMYUE YIPABISAIO-

mux snneMeHToB nenaetr cpeny NetLOGO 3¢ddekTnBHBIM HHCTPYMEHTOM TNpPU W3YYECHUU JTH-
HaMHUYECKUX CHCTEM.
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PURSUIT PROBLEM

M. Samoyavcheva, L. Fedorov

State University of Management
99, Ryzanskiy Prospekt, Moscow, 109542, Russia

Abstract: In the article for the problem of pursuit a comparison made of two approaches
to the study of this topic, aimed at improving the cognitive activity of students in the
study of dynamical systems: first with using differential equations and second with the

use of a simulation model. Graphic illustrations are made in the environment MathCad
and NetLOGO.

Key words: problem of pursuit, dynamical systems, differential equations, simulation
model.
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