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JIHY «(IHCTUTYT IHHOBALIIMHUX TEXHOJIOT'IA I 3MICTY OCBITH»
HALIIOHAJIbHA AKAJIEMIS IIEJATOI'TYHMX HAVK YKPATHU
HALIIOHAJIBHUM LIEHTP «MAJIA AKAJIEMISI HAVK YKPATHW»
IHCTUTYT OBJAPOBAHOI JIUTUHU
XXII Misknapoana KoH(pepeHIisi OHIX A0CTITHUKIB
International Conference of Young Scientists
(ICYS-2015), m. I3mip, Typeuunna

IHOOPMAIIMHE [TOBIJJOMJIEHHSA

Mixnaponna koHdpepeniisa «ICYSy (naxi Kondepeniis) — mopiuynuii 3axif, SKUi € 0COOJIMBHM BHIOM
1HAMBIOyalIbHUX 3MaraHb 3 (izmku, MaTemMaTuku, iHpopmaruku Ta ekoJorii. Y 2015 poui Kondepenuis
BinOynethes 3 19 mo 25 kBiTHs B M. [3mip, Typedunna.

Ha Buxonanns nynktiB 87 Ilporpamu crhinbHOI misttbHOCTI MiHICTEpCTBa OCBITH 1 HAyKH YKpaiHU Ta
HarmionansHoi akagemii megarorivanx Hayk Ykpainu Ha 2014-2016 poxkwu, 3rigHo aucta MOH Bix 10.07.2014
Ne 1/9-353, 3 MeToO10 1IiIeCIpsIMOBAHO1, KOMIUIEKCHOI MiIFOTOBKM Y4HIB 70 Y4acTi y Mi>kHapoHiii koHpepeHmii
«ICYS-2015» ta dhopmyBanHss koMaHAu Bix Ykpaiawm, Harionansauii neHTp «Mana akanemiss Hayk YKpaiHm»
Ta [HCTUTYT OOmapoBaHoi muTwHHM HamioHanpHOI akaneMmii memarorivHux Hayk Ykpaiawm 3a miarpumiu [JTHY
«[HCTUTYT IHHOBAIIMHUX TEXHOJIOTIH 1 3MICTy OCBITH» MPOBOJATH HALlIOHAJIBHUN eTam KoHQepeHIii,
Bi0ipKoBO-TpeHyBaibHi 300pu — «ICY S-Ykpainay.

YmoBu yuacTi y HanioHaasHoMy eTami «ICYS-Ykpaina»
1. Bumoru 10 y4acHUKiB

Ho yuacti y «ICYS-Ykpaina» 3amnporrytoTbes y4ni 14-18 poki, unenn Manoi akagemii Hayk, I0HI
JOCTITHAKH, KOHKYPCHI POOOTH SIKUX € Pe3yJbTaTOM BIIACHOTO JTOCIIPKEHHS, BUKOHAHOTO ITiJI KEPIBHUIITBOM
neoazociuHo20 ma HayKoB8020 KePiGHUKIE.

OO00B’SI3KOBOI0 YMOBOIO € GiLIbHE GOJNOOIHHS YYHEeM AH2IUCbKOI0 MOGOK B MEXax 3aJaHOl HAyKOBOI
MpoOJeMaTHKH Ta BMiHHSI BECTH HayKOBUH Jialior.

2. Etanu BindipkoBo-TpenyBanbHux 300piB — «ICYS-Ykpaina»
|-it eman — Peecmpauiiino-¢iooipkoguii (3 03.11.2014 00 31.11.2014)

—  peectpamis Ha caiiti Incturyry obmapoBanoi autuaM  http://iod.gov.ua (3anoenumu 3aneéxy 0o
31.11.2014);

—  MPOXO/DKEHHs TecTyBaHHS (Tectd Ha caiti http://iod.gov.ua, cropinka «ICYS-Ykpaina»_) (0o
31.11.2014);

—  NpuHOM Te3 Ta KOHKYpCHHX pobit (0o 31.11.2014);

—  OIiHIOBaHHS poOIT KOHKYpPCHO KoMicieto (3 31.11.2014 oo 15.12.2014);

— TpoBeleHHS MepexeBoi KoHQepeHIii, BipTyanpHa cmiBOeciza 3 ydvacHukamu (3 01.12.2014
nols5.12.2014);

—  oroJiomieHHs pe3yibratis [ erany (22.12.2014).

-t eman — Konkypcuuu (3 22.12.2014 no 26.01.2015)

—  BIpTyaJbHHI 3aXUCT KOHKYPCHUX poOiT nepemMoxipimu | eramry koukypey (3 22.12.13 no 17.01.15);

—  orouoreHHs pe3ynbraris Il eramy (26.01.15).

1-i1 eman — Iiozomoeuo-mpenyeanrvnuu (ciuenv 2015 p. — keimens 2015 p.)

— Jucranmiina migroroBka moreHidiHMX ydacHUKiB XXII MixHaponHoi koH(pepeHIii FOHUX
nocmigaukie «ICYS-2015»: «BipryanpHa mkona [OHOTO IOCHiIHUKA» (omuit — oepezenv 2015 poky);
KOHCYJIbTAIIil 3 BUPILIICHHS OpraHi3aliiHIX MUTaHb.

— Owuna niaroroBka (keimensv 2015 p.) — TpeHyBaJbHI 300pH y4acHHKIB MixkHapoaHOT KOH(epeHIil
toHux nociigaukiB «ICYS-2015» (y M. Kuesi):

®  3aXUCT-TPEHIr YYHIBCHKHX JOCIIAHUIBKUX pOOIT 3a y4acTi0 HayKOBLIB IHCTUTYTy 001apoBaHOi AUTHHU
HarionansHoi Akanemii megarorivHuX HaykK YKpaiHu,

®  TICHXOJIOTO-TIEIaroTivHa MirOTOBKA YYaCHUKIB J0 YYacTi y KOHKypcax MIDKHApPOJHOTO PIiBHS, B T.d.
TPEHIHT MOTHUBAIIIl YCITINIHOT Jii B yMOBaX CTPECOBHX CUTYaIlii{, pO3BUTKY HABUYOK KOMaH/IHOT B3a€MOJIIT Ta iH.;

®  O3HAaHOMIICHHS 3 MUTAHHSMH HAYKOBOI ETHKH MIXKHAPOTHUX KOH(PEPEHIIIi;

®  TPEHIHT 3 PO3BUTKY Ta 3aKPIMJICHHS HABUYOK 3aXHCTY HAYKOBO-AOCIHITHHUIILKOI poOOTH 3 ypaxyBaHHIM
BUMOT MIXXHAPOIHUX KOHKYPCIB.

3. Bwumoru 10 ogopmiIeHHS TOKYMEHTIB 10 KOHKYPCHOT0 Bin6opy
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Te3m - ykpalHCBKOIO Ta aHIIIMCHbKOI MOBaMu Ha 1 apkymn dopmaty A4 (texctoBuii pemakTop Word,
wpudT - 12 nr, intepsan - 1, mpudt Times New Roman), cknaneni 3a HaCTyITHUM TUTaHOM:
—  Ha3Ba po0oTH;
—  aBTOp podoTH;
—  KOpOTKHH omuc mpobieMu nociikeHHs (Abstract);
— teopernuHa yactuna (Theoretical part);
—  ekcnepuMeHTanbHa yactuHa (Experimental part);
—  pesynbraru (Results);
—  obrosopenns (Discussion);
— miteparypa (References) o 5 ocHOBHUX JxKepe.
Konkypcni po6otu - ogun npumipauk: gopmar A-4, TekctoBuid penaktop Word, mpudrt 14nt, Times New
Roman, iatepsan 1,5; MoBa ykpaiHceka, oocsr 5-20 CTOpiHOK.
Enextponni daiiau posmuperssaM *.doc iMEHYyIOTbCS TIEPIIOIO JITEPOIO 3MICTY JICTa Ta MPi3BUIIEM YYaCHHKA
JATUHUILICIO, HATIPUKIIA;
T Petrenko.doc. (Te3u 0o pobomu Ilempenka)
R _Petrenko.doc. (Poboma [lempenxa)
VY Temi moBiioMIICHHS HEOOX1/THO 3a3HAYUTH «10KYMeHTH 1J1s1 yuacTi B KoHKypci [lerpenka_Kuisy.
4. BapricTb yuacTi
YmoBu yuacti B MixxuapoaHiii kougepenuii «ICYS-2015» nependauaiors:
—  OIUIaTy BapTOCTi WIEHCHKOTO BHECKY BiJl KOXKHOTO YUYaCHHKA KOMaH/H HA PO3PaXyHKOBHUI paxXyHOK JIOKAIBHOT'O
oprkomitety (B Ykpaini) — 130 € + komiciiini 6anky;
—  omuiaTa nepeizay Ta npokuBaHHs (M. KuiB) A7st mpoBeneHHS TpeHYBalbHUX 300piB YUACHHKIB HalliOHATBHOTO
erary «ICYS-Ykpaina» Ta nepeizy 10 Miclis TpoBeACHHS KOH(EPEeHIlii;
—  OoImIaTy mpoi3ay JBOX KePiBHUKIB KOMaHAHM YKpaiHH (y BiJICOTKOBOMY CITiBBIIHOIIEHH] 0 KiTBKOCTI YUACHUKIB,
MaKCHMaJIbHO MOYINBA KUTBKiCTh YHACHHUKIB B OJ[HIM KOMaH/i — 6 YOJIOBIK).
* Opranizaropu HamioHaneHoro ertanmy KoHpepenuii «ICYS-YkpaiHa» NpoBoAATH aKTHBHY pPOOOTY 10
3aJy4eHHIO CIHOHCOPCHKOI MIATPHUMKH Ta MOLIYKY /mkepen (iHaHCyBaHHA KoMaHIu Ykpainu. B pasi
MO3UTHBHHUX PE3yNbTaTiB —BapTiCTh y4acTi Oyne BiAMOBIAHMM YWHOM 3MEHIIEHO Ha CyMYy CIIOHCOPCHKOI
JOTIOMOTH.
** [IpokBaHHS, Xap4yBaHH, KyJbTypPHa MporpamMa 3a paxyHoK JOKaJIbHOro oprkomitety Kondgepenuii
5. CnoHcopchKa MATPAMKA
Opranizatopy HauioHaJbHOro eTarmy KoH(pepeHuii — Inctutyr oOmapoBanoi auntmHKM HarionanbHoi
akajieMii rejaroriyHUX Hayk Ykpainu ta HarionanpHuii nieHTp «Maja akajaemis Hayk YKpaiHu» 3ampoIyrTh
MEICHATIB Ta CIIOHCOPIB MiATPUMATH KOMaHIy BiJi YKpaiHH Ta TOTOBI PO3MVISIHYTH BapiaHTH ONaroiitHuX
BHECKIB, CIIOHCOPCHKOI JI0TIOMOTH.
6. KoopaunaTopu nporpamu
Kamuwun Bonooumup Bixmopoeuu, nupektop IHcTuTyTy 0OmapoBaHoi nuTvuHM HarioHanbHOT akagemil
Me1aroriyHux HayK YKpaiHnu
JHicosuit Oxcen Bacunvoeuu, nupextop HamioHansHOTO 1IeHTpY «Mana akaieMis Hayk Y KpaiHu»
Ilywrapesa Tamapa Onexciiena, 3act. aupexropa JIHY «IHCTUTYT IHHOBAI[IHMX TEXHOJIOTIH 1 3MiCTy
OCBITH»
ITweniuka Ilayny @panyoeuu, HanioHansHN KoopauHartop B Ykpaini Bif «ICYS», mpesngentr UM MHT
«KBazap»
Ilonixyn Hamanin leaniena, 3aBinyBad BiJAUIOM MiATPUMKH OO0JapOBAaHOCTI Ta MIKHApPOJHOI CITiBIIpaIl
IactutyTy 0oO6napoBanoi nutrHu HanionaneHOi akazeMil negarorivHux HaykK YKpainu
Jicosuii Bimaniii Ilagnoeuu, KepiBHUK Biaginmy MiXHapoAHUX 3B’s3kiB HamionansHoro uentpy «Mana
akajeMist HayK YKpaiHm»
7. Indopmauiiine 3a0e3me4yeHHs] TA KOHTAKT
— Iadopmanis npo XXII Mixnapoany koHgpepeHuito oHux Aocaigauki (International Conference of
Young Scientists (ICYS-2015) na caiiri http://metal.elte.hu/~icys/ Ta http://www.izmir.edu.tr/icys2015/
— JleranpHa iHQoOpMamis Tpo HaAIIOHANBHUH eTan KOH(epeHIi, BiIOIpKOBO-TpEeHYBaIbHI 300pH, —
«ICYS-VYkpaina» 3a mocmmarnsM: http://www.iod.gov.ua/infusions/icys/icys_panel.php
OPI'AHIBALIMHWIM KOMITET HamionansHoro eramy «|CYS-Vkpainan:
03190, m. Kuis, Byn. CamotHa, 11-A, IHctuTyT 001aposanoi qutuan HAITH Ykpainw,
En. agpeca: icys.ua@iod.gov.ua ten. (044) 4812727, 4225520, 422-55-19; 4225514, dakc (044) 4831467
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IHmeniuka [Mayns @panueBny

(Buxnaoau ¢izuxu ma acmponomii
Yepuiseybko2o micvkoeo aiyero Nel,
npesudenm YepHiseybko2o MOI00IHCHOCO
Haykoeozo mosapucmea «Keazapy, mim-
nioep komanou Yrpainu kouxypcy «ICYS»)

«Mu Oepemo yuacts B ICYS 3
caMoro modarky, a came 3 1994 poky. ¥V
2008 poui mpoBoauiu ICYS B YepHiBILIX.
Jlns  y4acHMKIB Takuil MDKHApOJHUMA
dbopym — He3aOyTHS 1moAisl 1 4YyJoBa
MIKOJa — MOTHBALA I TOJAJIBIIOrO
CaMOBJIOCKOHAJICHHSI.

["onoBHUM MIACYMOK — AITH
MOYUHAIOTH PO3YMITH, HABIIIO MOTPIOHO
JIOKJIQIaTH Tak 0arato 3ycuib, oo
OTPUMYBATH OCBITY BUCOKOTO PiBHS, 1
YoMy, J10 peul, Tpeba 3HaTH aHTJIIIChKY.
BoHu Mar0Th MOXKIIMBICTh CIIJIKYBaTHCA 3
OJTHOJIITKaMH 3 1HIIMX KpaiH, BiBIIATH
CydacHi J1abopatopii 1 yHIBEpCUTETH.
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IHonaixyn Harauis IBaniBHA

(K.N.H., cmapuiuil HayKo8uUll
ChigpoOImHUK, 3a8i0y8ay 800Ny NIOMPUMKU
000aposanocmi ma MidcHapooHoi cnisnpayi

Inemumymy o60apoeanoi oumunu HAITH
Ykpainu, mim-nioep komanou Yxpainu
kouxypcy «ICYSy)

«Konkypc «ICYS» — e
PO3IIMPEHHS CBITY, BUX1J 32 MEXI Ta KPOK
70  BEpIIMHU, OCBOEHHS  CTpaTerii
MEPEMOXKIA UIsl KOKHOrO ywacHuka. lLle
«BHOYX» IHTEINeKTY, eMOLIH,
NaTPIOTUYHUX TOYYTTIB, SKI BIUIMBAIOTH
HAa TOJAJbIIYy JOJIKO JIFOJWHHU, KpaiHW,
CBITY, 3 TIOIITOBXOM JI0 MaiOyTHbHOI
HAyKOBOT Kap €pm».
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Aopamos I'ennaniit CepagimoBuy
(x.¢h.-m.H., Ooyenm kageopu euugoi
MAmMemMamuKku i MamemamuiHo2o

mooeniosanns Xepcorncokozo HTY)

BigminHUK OCBiTH YKpaiHH.

Mae OinbIIe 120 HaYKOBUX
myOJiKaIiu.

Unen  opraHi3alliiHUX  KOMITETIB
HIOPIYHOI  MDXKHApoAHOI KoHpepeHIii 3

MaTemMaTu4yHoro mozemntoBanis (MKMM) ta
MDKHapOJHOTO CHUMIIO31yMy II0 MeEToAam
JTUCKPETHUX  OCOOJIMBOCTEM B  3aaayax
MatemaTu4Hoi ¢pi3uku (MJO3MOD).

HayxoBi iHTepecu — MaTremMaTuyHe
MOJIETIIOBaHHS  AUQY31MHUX TPOLECIB Yy
0araTOKOMIOHEHTHUX CUCTEMaX;
MOJETIOBAHHSA CKJIIaHUX CUCTEM 1
TEXHOJOTTYHUX MPOLIECIB.

OcHOBHI HayKOBi mpalli MPUCBIYECHI
JOCHipkeHHI0  opMyBaHHSL  ABOX(a3HOI
30HM B MPOIEC] BHYTPIIIHHOIO OKHUCIIECHHS
(3BO) B cnabo neroBaHuX CIUIaBaX Ha

OCHOBI HIKeIo: BUBYCHI YMOBH
dbopmyBanus  3BO, kiHeTMKa  3MIHH
napaMeTpiB  30HM  (CEpeIHBOrO  YHcia
4acToOK, iX po3Mipy Ta o00’emy asmn).

JlocmipkeHa acCUMITOTHYHA CTaflisl TIPOIECY
BHYTPIIIHBOTO OKHUCIEHHS — KOAJIICLEHLIS
4acTOK OKHCHOT dazu. [Tokazani
0COOJMBOCTI IIBOTO TPOLECY Ui TUIACTUH
O1HApHUX CILJIaBIB HA OCHOBI HIKEJNIO.

Aopamos Liis MuxanjioBu4

(vuenwv 10-20 knacy cneyianizo8anoi
wxoau Ne30 m. XepcoH)

[Tpuzep II, III eramiB Bceykpainchkoi
omMmianu 3 iHpopmatuku (2014, 2015);
exosorii (2013, 2014). Ilpuzep Il eramy
Bceykpaincekoi omiMmiagn 3 MaTeMaTHUKH
(2014); dizuxu (2012, 2013, 2014). IIpuzep
BCEYKpaiHCHKOT BUCTaBKU-KOHKYPCY
HayKOBO-TEXHIYHOI TBOPYOCTI YYHIBCHKOI
momnonai «Hamr momryk i TBOpuicTh — TOOI,
VYkpaino!» (2012); nepemoskenb 0061acHOTO
KOHKYpCY  YYHIBCBKOi ~ MOJIOAI  FOHUX
BUHAXIJIHUKIB Ta pamioHanizatopis (2013). 3
8 kijacy Oepe ydacTb y KOHKYpPCI 3aXHUCTI
pobitr MAH Vkpainu. Ilpuzep II eramy
Bceykpaincbkoro KOHKYPCY-3aXUCTY
HAyKOBO-JIOCTIAHUIIBKUX PpOOIT y4YHIB —
yieniB  MAH  VYkpainm y  cekmisx
«IIpuknagna MaTE€MaTHKa» (2014),
«Eneproszoepiratoui TEXHOJIOT11 Ta
pecypco30epeKeHHs», (2013, 2014),
«Texunomorii nporpamysanss» (2015)

3axOILUTIOETHCS IHTEIEKTYATBHOIO TPOIO
«Ilo? Me? Kommu?». Kamitan mKiIbHOT
koMan i 3 rpu «11lo? [e? Komu?».

Jtobuth maxu, rpae Ha ¢opremniaHo,
OMMAHOBYE TPy Ha yHapHIiil yCTaHOBIII.
OpranizaTop 1 Bexyuiii «MareMaTH4YHOTO
KIIy0y IOHHX MaTeMaTHKiB» Yy MOJIOAIIIN
TITKOJTI.

Mae naykoBi myOJikartii.


http://man.gov.ua/ua/notice_board/macs/#board-324
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The normal approximation to the distribution of the numbers
in the rows of Pascal’s triangle

Abramov llya
Scientific advisor: Abramov Gennadiy
School 30, Kherson, Ukraine, zealot613@gmail.com

Introduction

Pascal's triangle and its properties are fairly
well-documented, but interest in it has not been
exhausted, and new features and new applications are
being found [1-3]. Therefore, we think there is still
multitude of properties and applications of Pascal's
triangle for further studies. In the literature on Pascal’s
triangle, one finds the hypothesis that the distribution
of the numbers in the rows of the triangle tends to
become normal as the row number increases. In this
case, there is no information about the numerical
characteristics (parameters) of the distribution, and
how these parameters vary depending on the number of
the rows in Pascal's triangle.

Theoretical and experimental part

In this work we calculate the expected value and
dispersion of the distribution of numbers in the rows of

Pascal's triangle.
1 . 2 o2
==Y xn—X
N =

1 k
N |Z:1: i ’
x; — item number (element) in the row of Pascal's
triangle;
n; — value of the element at the i-th position in
the row of Pascal's triangle;
k = n + 1- the number of elements in the n-th

, Where

row

N — the sum of all elements in the row of
Pascal's triangle: N=2"

The dependence of the expected value, and the
variance on the line number:

n+2 n
X=——:S%=—.
2 4
In this paper we found the parameters of the
Gaussian distribution, which approximates the Pascal

distribution in the n-th row of the triangle.

eN(n_+2 £)

Kurtosis

-0,25

n+2.,

2(X—i)
) \F exp(—i)

We compared the corresponding empirical
distributions (based on the calculated frequencies) and
theoretical distributions (Gaussian curves) for the rows
of Pascal's triangle. It is shown, that as the row number
increases in Pascal's triangle, empirical and theoretical
distributions approach each other.

n+2

(x—
Fexp(_

f,(X) =

()

- Shanll .

o 2 4 6 8 10 12 14 16 18

Fig. 1 Comparison of Gaussian curves and
empirical distributions in the rows of Pascal's triangle

We explored the asymptotes of convergence of
the distribution in the rows of Pascal's triangle move
toward the normal distribution. For this purpose, the
values of kurtosis, which are describing the
deformation of the Gaussian curve along the y-axis, are
calculated, and the asymptotic approximation of its
value toward zero as row numbers increase are shown.

Number of a row

10 15 20 25 30 35 40 45 50

2,05 //
0,1 ///'
2,15

Em—

Fig. 2 The value of kurtosis for distribution in
the rows of Pascal's triangle
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This means that for large row numbers, the
Pascal distribution approaches normal.

Formulas are produced for calculating the
elements of the rows of Pascal’s triangle using a
Gaussian density function.

2
cr zzn\/zexp(_w)
m 2N

The simplest form formulas have for the central
elements of the even rows of Pascal's triangle.

n o on

It is shown that the same result is obtained if
factorials are calculated using the Stirling formula.

n!z%(g)”

Estimates were run on the relative error in the
calculation using the approximate formula, and we
found an inverse relationship between the relative error
and the line number,

2n
Jom 0,25

m=n/2 -
C, n

m=n/2
_Cn

on this basis we created a formula for a more
accurate approximation to the central elements of the
even rows of Pascal's triangle.

2”_ n
Jzzm n+0,25

m=n/2
C, ~

The relative error of this approximation was
inversely proportional to the square of row number,
which enabled us to formulate an even more accurate
approximation.

Cm:nlz ~ 2n . n . n2 or
" Jzm n+0,25 n®+0,03
Cm:n/2 ~ 2n ( 1 )
Jm 14 0,55 N 0,(33 N 0,0(375
n n

The accuracy of this approximation is so high
that even for relatively small n, it gives a very good
estimate. For example, for n = 20, the number of

10
combinations C20= 184756, and the latter approach
gives the result 184755,5; that is, the relative error is
0,00027%.

Once you have a sufficiently accurate
approximation for the central element of the even lines,
the other elements of the line can be easily calculated.

crk —cn Ln__l M
2n 2n rees
n+1 n+2 n +k

or, in a more compact recording:

Results and prospects for further
research:

Evaluating the relative approximate formula
computation error, and the dependences of the relative
error of the row number, formulas were created for the
following, more accurate approximations for values of
the central elements of the even rows of Pascal's
triangle.

Since the binomial coefficients are quite
common in applications, it is convenient to have a
formula for fast and sufficiently accurate calculation.
The proposed methods of calculating the binomial
coefficient can also be relevant in calculating trinomial
(and generally multinomial) coefficients with high
accuracy, since they can be represented as a products
of binomial coefficients.

In the future studies we are going to research the
fractal properties of Pascal's triangle, and explore the
values of the moments of higher order (6th and
following) and to understand their role and importance
in the Pascal distribution.

References:
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Bacusnenko Makcum IOpiiioBuu

(HAYKOBUILL KePIBHUK, MOJIOOULUL HAYKOBULL
cnigpobimuux Incmumymy kaimunnoi 6iono2ii
ma cenemuunoi inocenepii HAH Yxpainu)

3aiimMaeTbCs  pO3pOOKOIO  MAXOMIB B
rajry3i O10T€XHOJIOTIT Ta FTEHETUYHOT 1HXEHEPIi
pociuH. IIpoTsrom HayKoBOi IsJIBHOCTI B
IHCTHTYTI 3aliMaBCs  JOCHIIKEHHAMH Ta
OIITHMI3AIII €0 METO/IIB IUIACTOMHOT
TpaHcdopmalii pociuH poauH Brassicacea ta

Solanacea, CTBOPCHHSIM MIXKPOIOBUX
coMatTuyHux  TiOpuAiB  Ta  JHIA 3
TpaHCHOPMOBAaHUMU IacTOMaMH.

M. 1O. Bacunenko crunenaiar HaroHanabHOL
akamemii Hayk VYkpainm Ta I[Ipesugenta
VYkpainu.

B 2002 — 2003 pokax mpaloBaB B
nabopartopii YHiBepcutety Maptina Jlrotepa
(M. Xamne-Birren6epr, Himeuunna), e
3aiiMaBcs CTBOPEHHSIM  POCJIHH, 1o
CUHTE3YIOTh ¢apmakosoriuni Oumku. B 2011
poui pobora «OtpumanHs (apMaIeBTUIHO-
IIHHUX OUIKIB B PpOCIMHAX Ta BHBYCHHS
CTIMKOCTI1 TPAHCTE€HHHUX pociauH bi (e}
diTomatoreHHUX  BIPYCIB», B SKIH BIH
npuiiMaB yd4acTb, Oylia BiJ3HaueHa MPEMIEI0
IIpe3unenTa YkpaiHu Uit MOJIOAUX YYEHHUX.

Bacunenko M. 1O. € aBropom monaza 30
IpyKoBaHMX poOiT, cepen skux 13 craTeil.
PesynpTaTi nmOCHiTKEHB TOTIOBiAmUCs Ha
MDKHapOAHUX CHUMIIO3lyMax Ta HayKOBO-
NPAKTUYHUX KOH(EPEeHIIAX.

Kogomunesa Oabra BsauyeciiaBiBHa

(yvuenuyss  11-e0  knacy  Vkpaincokoeo
eymanimaprozo niyero Kuiscoxozo nayionanvroeo
yuieepcumemy imeni Tapaca [llesuenka)

HaBuarounch y mo4aTkoBiid Ta CepeaHiil Ko
MpHUCBsYyBaia CBi yac 3aHATTAM 3 (hopTeriaHo,
YKUBOTIUCY, KIHHOMY CIIOPTY.

Y crapuriii mIKOMi, HAaBYAIOYMCh Y JIiLEd,
BUIBHMI Yac TPUCBAYYE ydacTi y poOoTi
BiqaineHHs Oionorii Manoi akagemii Hayk
Ykpainu.

[TpoBOoaUTH  AOCHIDKEHHS 3  POCIMHAMH,
aHaJI13yl0OuM OCOOJIMBOCTI BIUIUBY Ha iX 1CHYBaHHS
CTOPOHHIX (PaKTOPiB Ta HABKOJIHUIIHBOTO

2013 pixk — ywacHuk XVI MibKHapoaHOi
KoH(pepeHIii [OHUX JOocHiAHMKIB  «Exomnoris.
Jlronuna. CycniibCTBOY, JIe CTajla MePeMOKIEM.

2013 pik — Bceykpaincbkuil ¢GopyM IOHHUX
HaykoBLiB «JloTuk npupoamn», |l micue.

2014 pik — MDKHapoAHAa KOH(epeHIis
«YHuBepcuterckass TuMHazus — 2014» vy
M. Cankt-IletepOypr, | micue.

VYV 2013 ta 'y 2014 poui 6pana ydacts Ta craia
npuzepoM Il etamy KOHKypCy-3axHCTy HayKOBO-
JIOCHITHAIIPKUX PpOOIT y4yHIB — wieHIiB Maoi
akajzeMii Hayk YKpaiHu 3 poOOTaMH Ha TEMH:
«TecTyBaHHSI TEHETMUHUX KOHCTPYKLIH, 3 T€HOM
Crylab wna pociunax Bumie Nicotianay Tta
«CKpHUHIHT POCIIUH, SIKI MalOTh 1HCEKTHUIIMHY, 32
JIOTIOMOT'OI0  T€CT-CUCTEMH, 3 BHKOPHCTAHHIM
JMYUHOK TYTOBOTO IIOBKOTIPSITYY.
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Introduction

Insecticides are used to protect crops from insects.
Insecticides help to prevent crop losses and increase quality
by controlling pests. They are chemically synthesized or
natural. The agro-industrial sector usually uses chemically
synthesized insecticides, but they are harmful not only for
humans but also for the environment. Therefore, today it is
important to explore and discover new natural insecticides
that act on insects as effectively as synthetic, but which are
not harmful to humans. It is necessary to create artificially a
test system to search and test such kind of substances using
an insect as one of the components of the system.
Consequently, the purpose of the work was to develop such
a test device to search for plants with insecticidal effect on
insects.

Objects of research

In our work we used the silkworm larvae to study the
insecticidal action of plants. Silkworm is an attractive target
for such studies as well-developed in terms of its cultivation
in artificially created environment.

The second part of the test systems are plant extracts that are
added in the medium for the cultivation of insects. In the
study we used in vitro plants, which were kept under the
controlled same conditions for a long time and which can be
a renewable source of useful compounds [1].

The following species were tested: Bauhinia tomentosa,
Mammillaria multiceps, Campanula kemulariae, Nicotiana
rustica, Nicotiana trigonophylla, Nicotiana excelsior,
Physalis  philadelphica, = Solanum  pseudocapsicum,
Cahypanicus, Dianthus viscidus, Physalis pubescens,
Nicotiana  suaveolensmpanula  trachelium,  Nicotiana
pauciflora, Nicotiana alata, Cotinus coggygria, Ficus sur,

Campanula medium, Dianthus, Ligustrum
strongylophyllum, Rebutia senilis ,. Boenninghausenia
japonica, Schisandra  chinensis, Protea lacticolor,
Hyacinthella azurea, Mammillaria schiedeana, Nicotiana
goodspeedii, Hymenocallis sp., Abroma augusta, Campanula
bononiensis, Dianthus tianschanicus.

Material and method

The plant extracts were obtained from the dried plant
material and then purified from low molecular fractions by
gel filtration. In order to determine whether the insecticidal
component is protein, after purification via the column the
plant extracts were separated into two equal parts. One of
the parts was treated with proteinase K and then heated up to
100°C. Plant extracts were then added to silkworm diet [2].
Having 30 plant species tested, we found two of them with
insecticidal action - Hymenocallis sp and Nicotiana rustica,
It has been shown that these qualities are not regarded to a
protein component of plants.

Conclusion

Thus, to study the insecticidal qualities of plants, we propose
a test system using silkworm larvae as well as the addition
of plant extracts. Modification of the test systems using
proteinase K allows to assess whether the insecticidal
component of the plants is protein. It is shown that in vitro
plants can keep their bioactive qualities and be a renewable
source of substances for people.
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Binoyc Csitiana KOQpiiBHa
(kanouoam neoazoziunux nayx)

3a OCBITOIO (I3UK-TEOPETUK, 3aKIHUMIIA
JIHIpOTIeTPOBCHKUI HAIlIOHATBHUN YHIBEPCHUTET,
KaHAMJAT NelaroriyHuxX Hayk, 3aKiHYWIa TaKOoX
JNOKTOpaHTypy. BinmiHHHK ocBiTH  YKpaiHu,
naypeat ¢onny «BigpomxeHHs» (CopocOBChKHMA
BunTenb). IlpamioBana y BHIIMX HaBYAIBHHUX
3aKJIaax, BUKJIAJana 1 INPOJOBKYE BHUKIAIATH
¢izuky B minesx ¢i3uKo-MaTeMaTHIHOTO MPOodiTo
M. 3aopi¥oKs, MpH LbOMY MapajelbHO Kepye
ryprkamu Maroi akagemii HayK.

Ouontoe  ¢uTI0 —  HAYKOBO-AOCIIIHY
eKCIIepUMEHTaIbHY J1aboparopito HamioHamsHOTO
neHTpy «Mama akajgemis HayKk  YKpaiHn»,
TISUTBHICTh SIKOT CHIPSIMOBaHA Ha BIPOBA/KCHHS
aBTOpchbkoi meparoriuHoi cuctemu «lllkoma-
MAHp». Ininiatop i opranizarop BceykpaiHChbKux
BIIKPUTUX 1HTEpAaKTUBHMX KOHKypciB «MAH-
Owniop Epymut» Ta « MAH-IOHIop Jocmigauk» y
HOMIHAI[ISIX «IcTopisny, «Exomnorisy»,
«ActpoHOoMisn»y,  «TexHikay. €  TOJOBHUM
pENakTOpOM  HAYKOBO-TIOMYJISIPHOTO  JKypHAITY
Mauoi akagemii Hayk «llIkona 1OHOro BUEHOTO»,
KW BUJIA€ThCS 3a 11 iHimiaTuBoro 3 2009 poky.

VY4yHi, SKi HaBYATUCh 32  aBTOPCHKOIO
metoaukoro CeiTinanu FOpiiBHHU, mocATarOTh mif il
KEpIBHUIITBOM 3HAYHMUX Pe3yJbTaTiB: cepel HHUX
24 nmaypeatu ctunenmii [Ipesunenta Ykpainu, a
TaKO)K  UYWCJICHHI  TMEPEeMOXII 1  Tpu3epu
HaIllOHAJTLHUX 1 MDKHApOJHMX KOHKYpPCIB Ta
(b13MYHMX OMiMITIa.

Hummepman I'ennanii
AHaToJ1iii0BUY

(cmapwuti suxknadau kageopu ingopmayitinux
MexHOo02Il 3anopizbK020 HAYIOHANbHO20
VHigepcumemy.)

Haponuscs 1966 poky B yuyuTeNnbChKil
ciM’i. 3 TUTHUHCTBA I[IKAaBUBCS KOHKYpCaMU Ta
omiMmiagaMy. 3 BiI3HAKOIO 3aKiHYWB y 1990
potii 3anopi3bKuil IepKaBHUN YHIBEPCUTET 3a
dbaxom «maTeMaTUK, BHUKIamau». Ha 1e#
MOMEHT 3acCTyIHHK JeKaHa MaTeMaTUYHOTO
¢bakynpTeTy 3amopi3bKOro  Hal[lOHAJIbHOTO
yHiBepcuTeTy. OCHOBHI HampsiMKu poOOTH —
BUKJIQIaHHS OCHOB porpamMyBaHHS,
BIIPOBA/DKEHHS 1H(QOPMALIMHUX TEXHOJOTIH,
ONiMIiaJHUN PyX, MIATOTOBKA HIKOJSPIB 10
y4acTi y HAyKOBUX Ta TBOPUYHUX KOHKYPCAaX.

3a Oubm HiXK 20 poOKiB NEAArorivyHoi
TSTIBHOCTI  MIATOTYBaB  KiJlbKa  JIECSATKIB
npusepisB KOHKYPCIB pi3HUX piBHIB
(WIKIIBHUNA, YHIBEPCUTETCbKUHM, OOJacHUIA,
peciyOJiKaHChKUI).

Bumano Oam3pko 80 METOOUYHUX Ta
HAyKOBUX IyOJIKaIliil.
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IlaTtoB Cepriii IOpiiioBny

(vuenw 10-20 xnacy eimnasii Ne 6,
M. 3anopidxcoics)

3 11 POKiB 1oyan LIKaBUTHUCS
nporpaMmyBaHHsAM. Y 8 Kiaci, oyaB 3aiiMaTuCs B
MAH 1 HanmcaB nepury HayKoBy poOoTy 3

IporpaMyBaHHs MiJl KEPIBHULTBOM CTapIIOro
Bukiagada 3HY I'. A. [limmepmaHa; siIKy BHCOKO
OI[IHWJIM Ha piBHI oOmacti Ta YKpaiHi — TpeTe
micre. [lounHaroun 3 9-ro kjmacy OpaB y4acTb B
oimiMmiagax 3 mnporpamyBaHHsA. [lapanensHo
3aitmaBcst matemartukoro 3 H. A. Tlonomapenko Tta
npoOyBaB BIAacHI MOXJIMBOCTI Ha 00JIaCHUX
oJimIianax.

B nmopobkxy Cepris 2 mnpu30BHX Miclsid Ha
BCEYKpATHCHKUX oJliMITianax, 4 — Ha obmacHux, 10
— Ha paiionHux; MAH — 2 npu3oBux Micus — 10
VYkpaini Ta 4 — o o6nacri (y 10 kmac a8i po6oTH).

L{ikaBUTBCS XyI0KHBOO JITepaTypolo,
CTHJISIMH POMAHTH3MY, CHMBOJII3MY, €CTETH3MY,
eK3UCTEeHLIaNi3My, HAyKOBOIO  (PAHTaCTHKOIO.
(mopob6aroreest TBopu Crpyranpkux, CraHiciaBa
Jlema, JlaBkpapra, Kadxu, Tere). Takox,
3aXOIUTIOETHCS KUBOITUCOM, 3aKIHUUB 3aropi3bKy
JUTSYY — XYJOXKHIO — IIKOINYy. Y  MHCTENTBI
HaiiOinpme  yBarm  mpuaiiste  ¢inocodebkii
CKJIaJIOB1 Ta IIIMOMHI PO3KPUTTS IEPCOHAXKIB.
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COMPUTER SIMULATION OF PIPE NETWORK

Shatov Sergey
Scientific Advisors: Gennady Zimmerman,

Svitlana Belous
Zaporizhzhya Gymnasium 6, Grade 11, Zaporizhzhya, Ukraine

Introduction

This research is investigating methods of
analyzing pipeline networks, and is intended to be used
for creating a new program based upon obtained results.

Pipeline networks are one of the major
transportation modes, and are widely used for transporting
liquids and gases, such as water, petroleum and natural gas.
Different network failures can cause leaks, pollution and
even explosions, so it’s important to keep all parts of the
system safe, and be able to quickly respond in a case of
emergency.

The purpose of the investigation

The purpose of this project is to create a program
to analyze pipeline networks critical sections by interpreting
the system as a mathematical graph and to help engineers in
designing networks.

Method of the investigation

Unlike other programs from this field, this work
doesn’t use standard methods of calculating flows of
pipeline networks with physical formulas, but representing
it in a form of mathematical model.

While physical calculations require parameters of
network such as elevation, material, wall thickness. etc., the
mathematical models, if representing networks as graphs,
require only network layout and capacity of each
connection.

Description of the created program

| have designed a new algorithm which was used
in the program. It is based on the Ford-Fulkerson algorithm
and the comparison of nodes in the network. It allows to
find critical sections of pipeline network, which, in the case
of the failure, would affect the network stance the most.

Fn — Vector of maximum flows.

Cn — Vector of nodes criticality.
Perform next steps for each node:
Remove this node from the network.

Find maximum flow Fi for this node with the use of the
Ford-Fulkerson algorithm.

Return node to network.

Find Fmin and Fmax among Fn.
Find the percentage value of criticality Ci for each
edge, Ci = (Fi-Fmin) / (Fmax-Fmin). Value 0
means that this edge is the most critical, value 1
means that it is the least critical.

5. Results of the experiment

Save

Load

Create on

Start

Regular

Fig. 1 Program screenshot

During the investigation a new program which
allows analyzing and designing pipeline networks was
created. This software uses a new algorithm to find
critical sections. Since this algorithm uses only the
mathematical interpretation of the network, it can also
work with other systems, like cells in the supercomputer,
electrical or telecommunication networks.

The main advantages of this program are its
simplicity, high processing speed, effectiveness, analysis
clarity.
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Kpucuncoka Ipuna Bosogumupisna

(3asioyroua kageoporo mamemamuxu
Muxkonaigcbko2o MyHIYUNANLHO20 KOE2IYMY IMEHI
Bonooumupa Jimumposuua Yaiiku)

Buurtens Bumoi  karteropii, BYWTEIb-
METOANCT, «BiAMIHHUK OCBITHU YKpaiHu»
(1995 p.), «Iloyecna rpamora MiHicTepCcTBa
ocBiTH 1 Hayku Ykpainu (2009 p.).

Kpeno: «lluchmeHHMK XKHBE B CBOiX
KHWKKaX, CKYJbOTOP — Y CTBOPEHHUX HUM
CKYJBITYpax, a BUMTEIb Y JyMKax 1 CIipaBax
CBOIX YUHIB».

Ipuna BonogumupiBHa ouonoe poOOTy
tBOpuoi Tpynu «llomyk» BYHTENiB MicTa
MuxkonaeBa. HeogHopa3oBo Oyna wieHOM
XKypl MiICbKOi Ta oOJacHOi oJjiMmiag 3
MaTeMAaTHKH.

VYuni  Kpucunceskoi I. B.  HeogHopazoBo
craBanu npuzepamu I, III Ta IV eramis
Bceykpaincbkoi  y4HIBCBKOI ~ MpPEIMETHO1
ONIiMITIaIn 3 MaTeMaTuku, BceykpaiHChbKUX
TYPHIPiB IOHIX MaTeMaTHKIB iMeH1 mpodecopa
M. W. Snpenka, II, III eramiB KOHKypCy-
3aXHUCTY HAYKOBO-AOCTITHUIIbKUX podiT MAH
Vkpainu. Ii BUXOBaHIi aKTMBHI YYacCHHKH
IHTepaKTUBHOTO KOHKYpcy «Kenrypy». Ipuna
BomogumupiBHa onxHa 3 iHIIIATOpIB  Ta
OpraHi3aTopis IIPOBEICHHS o01acHOro
TYpHIpY IOHMX MaTeMaTHKiB iMeHi mpodecopa
B. M. Jleiidpypu.

Houubkuii Onexcanap CepriiioBuu

(vuens Muxkonaiscoromy Myuiyunanvnomy
koneziymy m. Muxonaisa im. B. J]. Yatixu.)

3 6-TM pokiB 3aliMaBCi HapOJHUMU
TaHISIMM, 00 13AMB 3 BHUCTyHaMH YCIO
VYxpainy, OyBaB y bonrapii, Momgosi. ¥ 8
KJ1acl BIAKpUBae i cebe HayKy MaTeMaTukKy

2011p.- 2013p. — I, II, III MukonaiBchkuii
o0lacHUl  TYpHIp  IOHHMX  MaTeMaTHUKIB
M. ipodecopa B. M. Jleiipypu, M. Muko:mais;

2012p. — XV  BceykpaiHChKUH TYpHIp
FOHUX MaTeMaTHKiB iM. mpoecopa
M. 1. Snpenka, M. YUepHiBiii;

2013p. — XVI BceykpaiHcbkuil TypHIip
FOHUX MaTeMaTHKIB iM. mpoecopa
M. M. SInpenka, M. CimMpeporions.

Koxxna TypHipHa 3amada 1€ MOXKJIHUBICTh
PO3BUTKY HOBUX ifeil. OnHa 3 HUX M cTana
00’eKTOM HOro nociuipkeHb. 3 9  Kiacy
NpUiiMaEe yd4acTh Ta € MPHU3EPOM KOHKYPCiB-
3axuctiB MAH. He ongHopasoBo 6epe ydactp y
BceykpaiHChKHMX JITHIX, OCIHHIX Ta 3MMOBHX
¢b131KO-MaTeMaTUYHUX HIKOJIax MAH
Vkpainu. A y 2013 Tta 2014 pori 3akiHuye
mitaio mkony AACIMP npu  KIII, ne
MaTeMaTUKy BHUKJIAQJald HAYKOBII 3 PI3HHX
KYTOYKIB CBITY.

VY 2013 ta y 2014 pomui craB npuzepom III
erarry BceykpaiHChKOTO eTamy KOHKYpCY-
3aXHUCTY HAyKOBO-JOCTITHULIBKUX POOIT YUHIB
— yyieHiB Majoi akajaeMii HayK.
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Modeling of unbounded systems
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Scientific Advisor: Krysynska Iryna
Minor Academy of Science of Ukraing,
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Introduction

The modeling of unbounded systems such as
multidimensional cubes and infinite networks which
consist of resistors, is one of the issues that is widely used
in engineering, namely in producing technical appliances.
Unfortunately, a chain of unsolved problems exists. The
aim of our work is to create the models based on which to
make summaries and consider some separate cases of
these models. According to our goals, we used the
properties of binomial coefficients and such mathematical
structures as Leibniz harmonic triangle.

Theoretical part

The Leibnitz harmonic triangle has become the main
structure of our investigation, in particular : sums of
elements of it’s vertical and horizontal rows (
“avenues” and “streets” ). The first time we were faced
with Leibnitz triangle was while solving the following
problem [4]:

Let kK — be a specified natural number.

A) Find those real numbers A, (k), A (K),...., A (K),
for which equality is true

k!

X(X+1)(X+2).(x+K)
AR AR, AR

X x+1 7 x+Kk
B) For natural n>2k  find the sum
o1
S, (k) = Z —.
RO

B) Find the limit of this sum lim S_ (k).
nN—o0

In our work there is a full solution to the problem. Here
let’s take a look at the main points of the solution.:

A) Let’s bring the right-hand side of the equality to a
common denominator, then consider the equality of the
numerators.

Putting X =—m the coefficients for which the equality is
true were found.

A,(K)=(D"C,

Bb) S, (k) :z_ 1k — simplifying the sum we have

i=1 |

i+k
got the formula for the elements of the “avenues” of the
Leibnitz triangle.

1 n'k!
W, (k) = v TR
n+k

_ (n-1)!
~ (K+D)(K +2)...(k + n)

With the method of mathematical induction it was proved
that the sum is equal to the following expression

sm%—% L

B)
Finding the limit of subtrahend
—Din! |
i (I (k —1)! _
oo (N4+k) e (n+1)(n+2)...(n+k)

We will get that:
-Dint —Din!
e N L1 N (e L

ek (k) ek e (n+k)! K

Experimental part

In the experimental part we have taken a look at some
problems (1) which solutions contain formulas proved in
the theoretical part, models of multidimensional cubes(l1)
and unbounded networks(111) have been constructed (I11).

|.Sum of the elements of the “avenues”
of the Leibnitz triangle

We all know the problem of finding following sum:

1 1 1 1
+ + +iit——ro =
1x2 2x3 3x4 n(n+1)
2111 1, 1
1 2 2 3 7 n+1 n+1

With the help of the formula (1) we can solve the problem
in a general case, SO
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! + ! +...
Ix2x.xm 2x3x..x(M+1)

+ ! =
(n+DY(n+2)x..x(n+m-1)
We can find the sum for the following expression:

(m-=1)! N (m-1)!
Ix2x.xm 2x3x.x(M+1)

N (m-1)! 3
(N+)(N+2)x..x(n+m-1)
1 (m-=2)n!

T m-1 (n+m+1)!

From which we can get that:

1 (m-2)'n!
~m-1 (n+m-1)!
B (m-1)!

1. Sum of the elements of the “streets”
of the Leibnitz triangle

Let’s find the resistance between diametrically opposite

vertices of a multidimensional cube:
the number of vertices with the sum of coordinates equal

. k. . .
to k will be equal to Cn (in an n-dimensional cube) and

for all of those vertices, we can find (N —K) vertices with

the sum of the coordinates equal to k+1, moreover, initial
numbers should be in their places. So, the number of ribs

K
that connect these vertices will be equal to (N—K)C .

For finding the resistance, we should calculate the
following sum, which is equal to the sum of the elements
of the “streets” of the Leibnitz triangle

n-1 1
Sy=y ————
g(n—k)cn

I11.The resistance of an unbounded
network

In our work we have taken a look at the different
configurations of networks such as: triangle, square,
hexagon networks.

For a general case, let’s assume we have an unbounded
network which consists of m — vertices and S ribs that goes
into each vertex

B

‘)
(M—>00,S=S)  {apl )
ate®

VAV

Electrical power applied to vertex A will divide into S

I . . .
equal partsg. The electrical power, which will outcome

. |
from the vertex B will also be equal to—. So, the

electrical power between vertices A and B will be equal to

| 1 21
—t—=—
S S S
R —UAB and the resistance of each resistor is
AB I !
21
AB=R=1, so: UAB= Rx?
2
Then RAB =§
Conclusion

To sum up, we have examined the Leibnitz triangle, found
the sums of the elements of the “avenues” and the
“streets”. We have applied our results to a chain of
olympiad and practical problems. Namely we have
calculated the resistance between the diametrically
opposite vertices of a multidimensional cube. Also, the
program for calculating those sums was written.
Additionally, we have found the resistance between
vertices in unbounded networks.
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Mmeniuka [Mayas ®@panueBuy

(Kepi6HUK KOMAHOU, HAYKOBUL KePIBHUK)

Bukmagay  ¢isukm  Ta  acTpoHOMIl
YepHiBeLKOTO MICBKOT'O JIIET0 Nel
MaTeMaTHYHOTO Ta EKOHOMIYHOTO MpoQiTiB,
noyecHUi wieH JIOHIOHCBKOrO  1HCTUTYTY
¢i3uku, y 2004 pomi — Kpamuid BYATETh Pi3UKH
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Introduction

Chaos theory studies the behavior of dynamical
systems which are highly sensitive to initial conditions.
Even systems that are deterministic, meaning that their
further behavior is fully determined, and without
random elements, can become unpredictable under
certain conditions. It means that the deterministic
nature of these systems does not make them
predictable. Such behavior is known as a deterministic
chaos. The goal of our paper is to investigate the
deterministic chaos using a simple mechanical
dynamic system named “Equidistant pendulum.”

Equidistant pendulum

The equidistant pendulum device consists of a
succession of pendulums suspended on bifilar
suspensions fixed to the horizon rod fastened on some
height with the help of lugs (fig.1 above). The
pendulums length differs and is set by the definite law
but each pendulum oscillates independently. Possible
interaction between pendulums via the rod is
maximally weaken but cannot be fully excluded in real
model. At the initial stage, all the pendulums are drawn
aside on the small equal distance from the equilibrium
state by the small board and are let of. Further each
pendulum oscillates according to harmonic law with
identical initial magnitude but having different periods.

Computer modelling

Computer model of the equidistant pendulum is taken
from Wolfram Demonstration Project library and
reproduces an oscillating system consisted of 15
independent pendulums®. At the bottom of the fig.1 we
can see the graph of all pendulum motions where the
oscillation coincidence either of all pendulums or
separate groups of these pendulums is visible. The
computer model advantage over physical model is that
pendulums do not influence each other and the law of
their movements is stable in time. Moreover, their
oscillation magnitude does not decrease’.

Theoretical and practical investigation of the
pendulums chaotic motion

Though the initial load position of the equidistant
pendulum and their further motion are strictly
determined, the space position of the pendulums in

number of
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One complete cycle takes 60 seconds; time = 30.0 seconds.

Fig.1. Screenshot of the computer model.

different time patterns represents chaotic pattern that is
seen through separate order periods. Without
knowledge of the each pendulum motion law, it is hard
to predict the time of order structure appearance and
their type. We have theoretically calculated periods of

Fig. 2. Linear pattern.

some periodical structures (Fig. 2-4) appearance and
experimentally revealed their spatial patterns.
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Discussions

If the pendulums could ideally follow their motion law
than periods of chaos and order would repeat the
regular sequence any number of times. However,
pendulums oscillations are constantly influenced in
reality even to the lowest degree. For example,
pendulum oscillations are transmitted through the rod
and perturb the period of other pendulums oscillations.
This is the reason why periodic structures are gradually
diminish and eventually fully vanishes. Besides, the
energy dissipation occurs which gradually leads to
total system movement extinction.

Fig. 3. Wave pattern.

Fig. 4. Chaotic pattern.

It seems that computer model shouldn’t have this lacks
but because of mistake gathering during computations
result roundings this model become chaotic through
some significant period of time®.

As a result, behavior supervision and study of such
simple linear model as equidistant pendulum can help
to understand the processes principles that we can
examine as the determined chaos manifestation. It is
very important to state that these phenomenons are

inherent not only for physical but also for many other
systems.

Conclusion

Chaos theory has many applications in several
disciplines including meteorology physics,
engineering, economics, biology and even history.
Consider a personal computer. You can use a
spreadsheet program to generate a random sequence, a
succession of points we can call a history. The
computer program responds to an equation of a
nonlinear nature that produces random numbers. The
equation is very simple: if you know it, you can predict
the sequence. It is almost impossible, though, to
reverse engineer the equation and predict further
sequences. We are talking about a simple one-line
computer program generating a handful of data points,
not about the billions of simultaneous events that
constitute the real history of the world. In other words,
even if history was a nonrandom series generated by
some "equation of the world," as long as reverse
engineering such as equation does not seem within
human possibility, it should be deemed random and not
bear the name "deterministic chaos." While in theory
randomness is an intrinsic property, in practice,
randomness is incomplete information. At least the
great question is whether the randomness is "true
randomness™ or “deterministic chaos™."
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