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rezonansuli sixSiris gansazRvris maTematikuri

modelireba

zaal azmaifaraSvili, medea narCemaSvili, nona oTxozoria,
naTela ananiaSvili

saqarTvelos teqnikuri universiteti

reziume

gamokvleulia rezonansuli sixSiris dadgenis efeqturoba optimizaciis meTodebis

gamoyenebiT. eqstremumis ZiebisTvis gamoyenebulia oqros kveTisa da fibonaCis meTodebi.
mocemulia TiToeuli meTodiT miRebuli kvlevis Sedegebi da SedarebiTi analizi.

sakvanZo sityvebi: rezonansuli sixSire. optimizaciis meTodebi. oqros kveTa.

fibonaCi.
1. Sesavali

marTvis mowyobilobebis praqtikaSi danergvisa da gamoyenebis sferos gafarToebam
gamoiwvia marTvis mowyobilobebisa da sistemis mimarT teqnikuri maxasiaTeblebis

xarisxis gaumjobesebis moTxovnis wayeneba maTi saeqspluatacio pirobebis erTdrouli

gauaresebisas. AmarTvis mowyobilobebis ZiriTadi informaciuli parametrebis maRali
sizustiT gansazRvra ganapirobebs teqnologiuri procesebis zust kontrolsa da

efeqtur marTvas.

arsebobs mravalnairi saxis mowyobilobebi, romlebic uzrunvelyofs
teqnologiuri parametrebis gansazRvras da dafuZnebulia sxvadasxva saxis fizikuri

Tvisebebis gamoyenebaze. maT Soris aRsaniSnavia farTo funqcionaluri SesaZleblobebis

mqone mowyobilobebi da saSualebebi, romlebic emyareba araeleqtruli sididis
gardasaxvis maRalsixSirul meTodebs. am meTodebze dafuZnebul mowyobilobebis

pirveladi gardamsaxis mgrZnobiare elements warmoadgens rxeviTi sistema (rs).

rs-as gaaCnia mravali maxasiaTebeli parametri, magram aqedan praqtikaSi ZiriTadad
gamoiyeneba rs-s sakuTari sixSire da vargisianoba. maT Soris pirvelads warmoadgens

rs-is rezonansuli (sakuTari) sixSire da vargisianoba.

2. ZiriTadi nawili

praqtikaSi cnobilia rxeviTi sistemis sakuTari sixSiris gansazRvris xerxi,

romelic realizebulia mowyobilobaSi. Aam xerxis arsia rxeviTi sistemis amplitudur-

sixSiruli maxasiaTeblis (asm) eqtremumis maxloblobaSi ori erTnairi gadacemis
koeficientis mqone wertilSi sixSireTa naxevarjamis gansazRvra simetriuli sixSiruli

modulaciis dros. aRniSnul xerxze dafuZnebuli mowyobiloba maRali sizustiT zomavs

rxeviTi sistemis rezonznsul sixSires – upiratesad simetriuli asm-is da ZabviT
marTvadi maRalsixSiruligeneratoris wrfivi modulaciuri maxasiaTeblis SemTxvevaSi.

praqtikaSi rxeviTi sistemis asm asimetriulia. Asimetriuloba miT ufro mJRavndeba,
rac ufro didia misi eleqtromagnituri danakargebi, xolo marTvadi maRalsixSiruli

generatoris modulaciuri maxasiaTebeli ki – arawrfivia.

GstatiaSi gaanalizebulia rxeviTi sistemis informaciuli parametrebis
gansazRvris meToduri cdomilebebi sabazo meTodze dayrdnobiT. rxeviTi sistemis

amplitudur-sixSiruli maxasiaTeblis mrudis eqstremumis wertils Seesabameba

rezonansuli sixSire. es damokidebuleba SesaZlebelia gamovsaxoT formuliT:

(1)
sadac, U(W) - rxeviT sistemaze moqmedi Zabvaa;
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W, W0- Sesabamisad, wriuli da rezonansuli sixSireebia;

Q - rxeviTi sistemis vargisianobaa;

U(M) - rs amplitudur-sixSiruli maxasiaTeblis mrudis amplitudaa.

praqtikaSi rxeviTi sistemisDZiriTadi maxasiaTeblebi dinamiur reJimSi aris

rezonansuli videoimpulsis Sesabamisi signali Zabvis saxiT, romlis forma SeiZleba

statistikurisagan gansxvavebuli iyos, misi amplituduri mniSvneloba, rezonansuli
sixSirisa da vargisianobis Sesabamisi proporciuli droiTi intervelebi, rodesac rs-ze

moqmedi maRalsixSiruli signalis sixSire icvleba wrfivi kanoniT.

G(1) gamosaxuleba asaxavs rezonansul sixSireze droSi xazovnad cvladi
sixSiruli signalis zemoqmedebas.

davadgineT mocemuli gamosaxulebis eqtremumis wertilebi optimizaciis meTodebis

gamoyenebiT. funqciis grafikuli saxe mocemulia 1–el naxazze.

nax.1

CvenTvis saintereso saZiebo diapazonia (8; 12) diapazoni.
statiaSi [1] moyvanilia oqros kveTis meTodis efeqturobis gamokvleva

eqsperimentis Secdomebis pirobebSi. statiaSi moyvanili efeqturobis kriteriumis

mixedviT gamovikvlieT oqros kveTis da fibonaCis meTodebis efeqturobis SedarebiTi
analizi Secdomebis pirobebSi (nax.2-a,b).

nax.2

a) Secdomebis derefani aditiuri cdomilebis pirobebSi;

b) Secdomebis derefani multiplikaciuri cdomilebis pirobebSi
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efeqturobis c kriteriumis (1) garda, romelic warmoadgens sidides, romlis

mniSvneloba intervalis saboloo sigrZis am intervalis Suawertilis minimumidan
gadaxris absolutur mniSvnelobaze namravlis tolia, Sesafaseblad gamovitaneT

eqstremumis povnisTvis daxarjuli drois Sefaseba.

exstrxxxxc 



2

)(*)( 12
12 (2)

sadac x2 x1 Ziebis saboloo intervalis sazRvrebia, xolo extr eqstremumis mniSvneloba.

eqstremumis povnis Sedegebis Sesadareblad Zieba Catarda erTsa da imave sigrZis

mqone 3 sxvadasxva intervalisaTvis, sadac eqstremumis wertils sxvadasxva mdebareoba

hqonda intervalis sazRvrebis mimarT.
ganvixileT saZiebo intervalebi (8:10), (9:11), (10;12), (Ziebis Sedegebi mocemulia

cxrilebSi.) erTi da igive pirobebSi, e.i. erTsa da imave Ziebis intervalze tardeboda

10 cda. 1-el cxrilSi mocemulia oqros kveTis meTodiT miRebuli Sedegebi
eqsperimentis Secdomebis ararsebobis pirobebSi, xolo me-2 cxrilSi mocemulia

fibonaCis meTodiT miRebuli Sedegebi. MSedegebis analizidan, Cans, rom oqros kveTis

meTodiT Ziebisas sxvadasxva intervalidan eqstremumis wertilis miaxloebisaTvis
gansxvavebuli dro aris saWiro, yvelaze meti dro daixarja [9; 11] intervalidan Ziebis

SemTxvevaSi, xolo fibonaCis meTodiT Ziebisas yvelaze uaresi SemTxveva fiqsirdeba im

SemTxvevaSi, roca eqstremumis wertilis mniSvneloba emTxveva intervalis sazRvris
mniSvnelobas (nax.3).

oqros kveTiT Ziebis Sedegebi eqperimentis Secdomebis

ararsebobis pirobebSi cxr.1

intervali funqciis

maqsimumi

kriteriumi iteraciebis

raodenoba

Tvlis dro

c
[8;10] 4.99735 3.12E-05 11 0.002

[9;11] 4.99899 3.12E-05 11 0.003
[10,12] 4.99736 3.12E-05 11 0.002

fibonaCis meTodis Sedegebi eqperimentis Secdomebis

ararsebobis pirobebSi cxr.2

intervali funqciis

maqsimumi

kriteriumi iteraciebis

raodenoba

Tvlis dro

c
[8;10] 4.99899 4.02E-01 10 0.01

[9.5;11] 4.99985 0.40198 10 0 .001

[10.5,12] 4.99899 4.02E-01 10 0

nax.3



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 2(13), 2012

145

eqstremumTan miaxloebas yvelaze meti dro dasWirda im intervalebSi, sadac
eqstremumis wertili intervalis sazRvars emTxveva (cxr.4), oqros kveTis SemTxvevaSi

ki im intervalSi, sadac eqstremumis wertili Tanabrad aris daSorebuli intervalis

sazRvrebidan (cxr.3).
oqros kveTiT Ziebis Sedegebi eqperimentis

Secdomebis pirobebSi cxr.3

intervali funqciis

maqsimumi

kriteriumi iteraciebis

raodenoba

Tvlis dro

c
[8;10.5] 9.99187 4.95525 3.12E-05 11 0

[9;11.5] 9.97871 4.93976 3.12E-05 11 0.01

[10,12.5] 10.077 4.74102 3.12E-05 11 0

fibonaCis meTodiT Ziebis Sedegebi eqperimentis

Secdomebis pirobebSi cxr.4

intervali argumentis

mniSvneloba

funqciis

maqsimumi

kriteriumi
c

iteraciebis

raodenoba

Tvlis

dro

[8;10] 9.95861 5.0014 4.02E-01 10 0.01

[9;11] 10.0282 5.00647 0.401716 10 0.01

[10,12] 10.0414 4.94742 4.02E-01 10 0.005

me-4 naxazze mocemulia multiplikaciuri Secdomebis pirobebSi eqstremumis

wertilis mniSvnelobebi intervalebis mixedviT, rogorc naxazidan Cans oqros kveTis

meTodi naklebad mdgradia Secdomebis mimarT da miRebuli Sedegebis gadaxra

eqstremumis namdvili mniSvnelobidan gacilebiT metia, vidre monakveTis sam tol

nawilad gayofis meTodis SemTxvevaSi.

nax.4

me-5 naxazze mocemulia eqsprimentis Sedegebi aditiuri Secdomebis SemTxvevaSi.

rogorc naxazidan Cans, oqros kveTis meTodi am SemTxvevaSic naklebad efeqturia

fibonaCis meTodTan SeadrebiT.
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nax.5

meTodebis programuli realizaciisaTvis Sesabamisi kodi Sedgenilia daprogramebis

C++ enaze. testireba Catarda standartuli simZlavris personalur kompiuterze

monacemebiT: Intel(R) Pentium(R) Dual CPU E2220   2.40 GHz, 2.00 GB of RAM.

3. daskvna

rogorc eqsperimenti gviCvenebs, fibonaCis meTodi Secdomebis arsebobis pirobebSi

gacilebiT efeqturad muSaobs, vidre oqros kveTis meTodi da bijis SerCevisas

eqsperimentators vurCevT, rom upiratesoba am meTods mianiWos. Tumca unda aRiniSnos,

rom efeqturi ZiebisTvis mniSvneloba aqvs intervalis sazRvrebis mimarT eqstremumis

wertilis mdebareobas, am mdebareobis mixedviT icvleba Ziebis Sedegebic da meTodis

efeqturobac.
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MATHEMATICAL MODEL FOR DETERMINING THE RESONANCE FREQUENCY

Zaal Azmaiparashvili, Medea Narchemashvili, Nona Othozoria, Natela Ananiashvili
Georgian Technical University

Summary
The article described  the definition of the resonance frequency of the vibrational system

using optimization techniques. To search for extreme methods of  gold section and Fibonacci.
Research results obtained by each method and given their comparative analysis.

МАТЕМАТИЧЕСКАЯ  МОДЕЛЬ ОПРЕДЕЛЕНИЯ РЕЗОНАНСНОЙ ЧАСТОТЫ
Азмайпарашвили З., Нарчемашвили М., Отхозориа Н., Ананиашвили Н.

Грузинский  Технический  Университет
Резюме

Рассмотрены вопросы определения резонансной частоты колебательной
системы с применением методов оптимизации. Для поиска экстремума применены

методы золотого сечения и Фибоначи. Приведены результаты исследования для
каждого метода и приведен их сравнительный анализ.


