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nawili III ricxviTi meTodebi 

 
am nawilSi warmodgenili ricxviTi meTodebi saWiroa mTeli rigi problemebis 

gadasawyvetad. MATLAB brZanebebis garda CavrTeT ramdnime diagrama da grafiki, 
romlebic dagexmarebaT gaerkveT ricxviT meTodTa koncefciis aRqmasa da gaazrebaSi. 

roca gaigebT koncefciis arss, SeZlebT sworad SearCioT meTodi dasaxuli amocanis 

amosaxsnelad. aseve Zalze mniSvnelovania SevamowmoT Cvens mier kompiutris 

saSualebiT miRebuli Sedegebi ramdenad swor pasuxs gvaZlevs dasaxuli problemis 

amoxsnaSi. ricxviTi meTodebiT miRebuli Sededgebis analizisa da 

interpretaciisaTvis MATLAB-s mZlavri grafikuli SesaZleblobebi gaaCnia. wfiv 

gantolebaTa sistemis amoxsna, interpolacia, mrudis gamoTvla (curve fitting), 
polinomis fesvebis povna – es yvelaferi xSirad dagWirdebaT mravali problemis 

gadasaWrelad. danarCeni Tavebi – polinomuri analizi, ricxviTi integreba da 

diferencireba, Cveulebrivi diferencialuri gantoleba, matricebis mamravlebad 

daSla da signalis damuSaveba ufro specializebulia, amitom girCevT zogadad 

gaecnoT ra SesaZleblobani gaCnia MATLAB -s am mimarTulebiT da ufro 

dawvrilebiT Semdeg SeiswavloT, roca amis saWiroeba Seiqmneba. 

 

8 wrfiv gantolebaTa sistema 

problema: satransporto saSualebebi (Vehicle performance) 
 

 
 

General Motors EV1 – eleqtroavtomobili 
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suraTze xadavT jeneral motorsis mer warmoebul erT-erT pirvel avtomobils. igi 

warmoadgens satransporto saSualebas gamonabolqvis gareSe. pirveli Taobis 

eleqtromobilis Zrava ikvebeboda tyviis akumulatoriT (lead-acid battery), romelic 

meore Taobis ZravaSi, 1999 wlidan, Secvala nikel-metal-hidridulma 

akumulatorma. pirveli Taobis eleqtromobili aviTarebs siCqares 90-120km/sT, 

xolo meore Taobis eleqtromobili – 120-160 km/sT. akumulatoris sruli 

datvirTvisaTvis saWiroa 8 saaTi da misi simZlavre 18 - 26 kilovat/saaTs Seadgens. 

1994 wels modificirebulma eleqtromobilma rekorduli siCqare – 295 km/sT 

ganaviTara. Semdegi Taobis eleqtromobils eqneba ukeTesi maxasiaTeblebi da 

konkurencias gauwevs sawvavze momuSave saTransporto saSualebebs. 
 

 

Sesavali 

8.1 grafikuli interpretacia 

8.2 amoxsna matriculi operaciebiT 

     problema: eleqtruli wredis analizi 

     daskvna 

 
Sesavali 

 

am Tavs daviwyebT wrfiv gantolebaTa sistemis amoxsnis grafikuli meTodis 

aRweriT. grafikebi gviCvenebs ori an samucnobiani wrfiv gantolebaTa sistemis 

amoxsnis ramdenime gansxvavebul SemTxvevas. samze met ucnobiani sistemis amoxsna 

ganxilulia rogorc hipersibrtyeTa TanakveTa. warmogidgenT wrfiv gantolebaTa 

amoxsnis or sxvadasxva meTods matriculi operaciebis saSualebiT. bolos 

ganvixilavT magaliTs – eleqtruli wredis analizi, sadac gamoviyenebT wrfiv 

gantolebaTa sistemis amoxsnis ganxilul meTodebs. 

8.1 grafikuli interpretacia 

 
arsebobs wrfiv gantolebaTa amoxsnis mravali meTodi, magram TiTqmis yvela maTgani 

moiTxovs mravali operaciis ganxorcielebas, romelTa Sesrulebisas advild 

SeiZleba davuSvaT Secdoma. maT amosaxsnelad Zalze moxerxebulia kompiuteris 

gamoyeneba. magram kargad unda gvesmodes amoxsnis mTeli procesi, rom sworad 

SevadginoT algoriTmi da miviRoT swori Sedegi. pricesis kargad gasagebad 

daviwyoT wrfiv gantolebaTa sistemis amoxsnis grafikuli interpretaciiT.  

 

wrfivi gantoleba ori ucnobiT rogoricaa 32  yx  warmoadgens wrfes da xSirad 

aseTi formiT weren: bmxy  , sadac m wrfis daxraa da b - y RerZis gadakveTis 
wertili. Tu gvaqvs 2 wrfivi gantoleba, gvaqvs ori wrfe, romlebic an erT 

wertilSi ikveTeba, an  urTierTparaleluria an  erTidaigive wrfes warmoadgens. 

samive SemTxveva naCvenebia nax 8.1. gantolebebs, romlebic urTierTgadamkveT wrfeebs 

warmoadgens, advilad gamovicnobT imiT, rom maT gansxvavebuli daxra aqvT. 

magaliTad: 32  xy  da 3 xy . gantolebebs, romlebic or urTierTparalelur 

wrfes warmoadgens aqvT erTnairi daxra magram gansxvavebuli y RerZTan gadakveTis 
wertili:  32  xy  da 12  xy . gantolebebs, romlebic erTidaimave wrfes 
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warmoadgens aqvT erTnairi daxra da y RerZTan gadakveTis erTidaigive wertili: 

32  xy  da 963  xy . 

 

 

nax 8.1. ori wrfe 

 

Tu gantoleba Seicavs sam cvlads, x, y, z, maSin is warmoadgens sibrtyes 

samganzomilebian sivrceSi. Tu gvaqvs ori gantoleba sami ucnobiT isini SeiZleba 

warmoadgendes or sibrtyes, romlebic ikveTeba wrfeze, or paralelur sibrtyes, an 

or erTidaigive sibrtyes. es SenTxvevebi naCvenebia nax 8.2-ze. Tu gvaqvs sami 

gantoleba sami cvladiT, maSin es sami sibrtye SeiZleba ikveTebodes erT wertilSi, 

sam paralelur wrfeze, or paralelur wrfeze da erT wrfeze. SeiZleba arsad ar 

ikveTebodnen, iyvnen urTierTparaleluri, anda samive erTidaigive sibrtyes 

warmoadgendes. (nax 8.3, nax 8.4). 
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msjeloba SeiZleba ganvavrcoT samze meti cvladis Semcvel gantolebaze, magram 

Znelia maTTvis Sesbamisi vizualizaciis ganxorcieleba. wertilTa erTobliobas, 

romelic ganisazRvreba samze meti cvladis mqone wrfivi gatolebiT hipersibrtyes 

vuwodebT. sazogadod SegviZlia ganvixiloT M wrfiv gantolebaTa sistema N 

cvladiT, sadac TiToeuli gantoleba gansazRvravs kerZo hipersibrtyes, romelic am 

sistemis arcerTi sxva hipersibrtyis identuri ar aris. Tu M < N, sistema 

ganuzRvrelia da ar arsebobs misi amoxsna. Tu M = N, sistemas aqvs erTaderTi 

amoxsna im SemTxvevaSi, Tu sistema ar Seicavs paralelur hipersibrtyeebs. Tu M > 
N, sistema (overspecified) da mas ar aqvs erTaderTi amoxsna. gantolebaTa sistemas, 

romelsac gaaCnia erTaderTi amoxsna, arasingularuli ewodeba, xolo Tu ar gaaCnia 

– singularuli (gansakuTrebuli).  

 

xSirad gvWirdeba ganvsazRvroT aqvs Tu ara gantolebaTa sistemas amonaxsni. Semdeg 

ganyofilebaSi ganvixilavT MATLAB saSualebiT wrfiv gamtolebaTa sistemis 

amoxsnis or sxvadasxva xerxs. 

 

nax 8.2. ori sibrtye 
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nax 8.3. sami sibrtye 

 

 

erT wertilSi TanamkveTi sami sibrtye sam sibrtyes gaaCnia TanakveTis 3 

paraleluri wrfe 

sam sibrtyes gaaCnia TanakveTis 2 paraleluri wrfe 
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nax 8.4. sami sibrtye (gagrZeleba) 

 

 

 

8.2 amoxsna matriculi operaciebiT 

 

ganvixiloT gantolebaTa samucnobiani sistema: 
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sistema SegviZla CavweroT matricebis saSualebiT: 
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sam sibrtyes gaaCnia TanakveTis 1 wrfe 

sami paraleluri sibrtye 
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Tu gavixsenebT matricebis gamravlebis wess, gantolebaTa es sistema ase SegviZlia 

CavweroT: SeasruleT matricebis gadamravlebis operacia, rom darwmundeT amaSi.  

 

roca cvladebs sxvadasxva asoTi aRvniSnavT, sistemis Cawera mouxerxebelia, amitom 

aRvniSnoT cvladebi erTidaigive asoTi, gansxvavebuli indeqsiT: x1, x2, x3 da a. S. 

miviRebT aseTi saxis sistemas: 

 






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es sistema matriculad ase Caiwereba: AX=B, sadac X aris sveti veqtori  
 

 Txxx 321  

SegviZlia sistema matriculad sxva formiTac CavweroT: XA=B, sadac: 
 

   1510

121

132

113

321 

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


 BAxxxX  

gadaamravleT matricebi da darwmundiT msjelobis sisworeSi. (SevniSnavT, rom 

matrica A am sistemaSi sawyisi sistemis A matricis transponirebulia). 

 

axla ganvixiloT N ucnobian N gantolebaTa sistemis amoxsnis ori xerxi. Tumca 

MATLAB-Si SesaZlebelia ganuzRvreli sistemis amoxsnac, sadac Sedegi warmoadgens 

umcires kvadratul amonaxsns (list square solution) da aq ar ganvixilavT. davuSvebT, 

rom gvaqvs N gantoleba N ucnobiT. 

 

8.2.1 matricebis gayofa 

 

MATLAB –Si wfiv gantolebaTa sistema SegviZlia amovxsnaT matricebis gayofiT. 

AX=B sistemis amoxsna xorcieldeba matricebis marcxena gayofiT: X=A\B; XA=B  
sistemis amoxsna gamoiTvleba matricebis marjvene gayofiT: X=B/A. (MATLAB 
matricebis gayofisaTvis iyenebs gausis gamoricxvis(elimination) ricxviT meTods). 
 

magaliTad, amovxsnaT gantolebaTa zemoxsenebuli sistema. MATLAB saSualebiT ase 

ganxorcieldeba: 

 
A = [3,2,-1; -1,3,2; 1,-1,-1]; 
B = [10,5,-1]'; 
X = A\B; 
 
veqtori X Seicavs sidideebs: -2, 5, -6. SegviZlia SevamowmoT amoxsna, gavamravloT 

A*X. Sedegad miviRebT svet veqtors elementebiT: 10,5,-1. 
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igive sistema SegviZlia amovxsnaT matriculi gantolebiT XA = B Semdegi 

brZanebebiT: 

 
A = [3,-1,1; 2,3,-1; -1,2,-1]; 
B = [10,5,-1]; 
X = B/A; 
 

 

X veqtori Seicavs –2, 5, -6. SevamowmoT amonaxsni gavamravloT X veqtori A 

veqtorze: X*A miviRebT striqon veqtors, romelic Seicavs 10, 5, -1. 

 

Tu gatolebaTa sistema singularulia, MATLAB migviTiTebs Secdomaze. amonaxsni 
veqtori SeiZleba Seicavdes mniSvnelobebs – NAN , + an -. aseve SesaZlebelia 

sistema Seicavdes iseT gantolebebs, romelTa Sesabamisi hipersibrtyebi Zalian 

axlosaa erTmaneTTan an Zalian mcired gansxvavdeba paralelurisagan. aseT sistemebs 

ill-conditioned sistemas uwodeben. MATLAB gamoiTvlis amoxsnas, magram migviTiTebs, 

rom Sedegi maincdamainc sando ar aris.  

 

8.2.2 matricis Sebrunebuli 

 

gantolebaTa istema SeiZleba amoixsnas matricebis Sebrunebis meTodiT. magaliTad, 

davuSvaT: 
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maSin AX =B. davuSvaT tolobis orive mxare gadavamravloT A-1 , 
 

BAAXA 11    
 

magram radganac AA 1  tolia erTeulovani matricis - I, gveqneba: 
 

BAIX 1  anu BAX 1  

MATLAB –Si es ase SegviZlia gamovTvaloT: 

 
X = inv(A)*B 

 
Tumca es meTodi gansxvavdeba matriculi marcxena gayofis meTodisagan, magram igive 

Sedegs iZleva iseTi sistemebisaTvis, romlebic ar aris ill conditioned (слабо 
обусловленная матрица) sustad ganpirobebuli.  

 

igive sistema aseve amoixsneba matricebis Sebrunebis meTodiT, Tu igi Cawerilia 

formiT XA=B sadac 
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   1510

121

132
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321 
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tolobis orive mxare gadavamravloT A-1 , 
 

11   BAAXA  
 

magram radganac AA 1  tolia erTeulovani matricis - I, gveqneba: 
 

1 BAXI  anu 1 BAX  

MATLAB –Si es ase SegviZlia gamovTvaloT: 

 
X = B*inv(A) 

 
yuradReba miaqcieT, roca am meTods iyenebT, rom B iyos striqoni veqtori. 
 

savarjiSo 

 

 

amoxseniT wrfiv gantolebaTa sistema matricebis gayofis da matricebis 

Sebrunebulis meTodiT. MATLAB saSualebiT Seamowme miRebuli amonaxsni 

matricebis gamravlebis saSualebiT. orucnobian gantolebaTa sistemisaTvis aageT 

gantolebaTa Sesabamisi grafikebi erTidaimave naxazze, imisaTvis, rom uCvenoT 

gadakveTa. Tu sistemas ar aqvs kerZo(unique) amoxsna uCveneTes grafikulad. 
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8. 


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problema: eleqtruli wredis analizi 

 

eleqtruli wredis sixSiruli analizisaTvis saWiroa amoixsnas wrfiv gantolebaTa 

sistema. es gantolebebi miiReba wredebis Teoriidan da asaxaven wredSi denisa da 

Zabvis xasiaTsa da ganawilebas. magaliTad ganvixiloT nax 8.5-ze naCvenebi 

eleqtruli sqema.  

 

nax 8.5. wredi Zabvis ori wyaroTi 

 

SeiZleba SevadginoT sami gantoleba, romlebic aRwers Zabvas sam sxvadasxva 

konturSi: 

 

0)(

0)()(

0)(
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ViRiiR
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iiRiRV


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

 

 

Tu davuSvebT, rom winaRobebi (R1, R2, R3, R4, R5 ) da Zabvebi (V1, V2) cnobilia, am 

sistemaSi gveqneba sami ucnobi (i1, i2, i3). sistema SegviZlia CavweroT Semdegi formiT: 
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dawereT programa MATLAB-Si, romelic saSualebas mogvcms SevitanoT monacemebi 

winaRobebisa da ZabvebisaTvis da miviRoT denis Sesabamisi mniSvnelobebi. 

 

1. amocanis dasma  

 



8 wrfiv gantolebaTa sistema   11  

winaRobebis da Zabvebis cnobil mniSvnelobaTa saSualebiT vipovoT denis 

mniSvnelobebi eleqtrul wredSi, romlis sqemac naCvenebia nax. 8.4. 

 

2. INPUT/OUTPUT aRwera 
 

nax 8.6 Seicavs diagramas, sadac naCvenebia rom gvaqvs Zabvis 2 da winaRobis 5 

mniSvneloba, romelTa saSualebiT wrfiv gantolebaTa samucnobiani sistemis 

safuZvelze unda miviRoT denis Zalis 3 mniSvneloba:  

 

 

nax 8.6. Input-Output diagrama 

 

wrfiv gantolebaTa sistemas aseTi saxe eqneba: 
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

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
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gamoviyenoT MATLAB gantolebaTa am sistemis amosaxsnelad: 

 
A = [2, -1, 0; -1, 3, –1; 0, -1, 2]; 
B = [5, 0, -5]'; 
X = A\B 
err = sum(A*X-B) 

 
miviRebT mniSvnelobebs; 
 

X = 
 
    2.5000 
         0 
   -2.5000 

 
garda amisa, miviRebT A*X-B sidideTa jmis mniSvnelobas, romelic nulis toli 

unda iyos, Tu sistema arasingularulia. marTlac MATLAB mogvcems: 
 

err = 
 
     0 
 

sami paraleluri sibrtye 
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3. MATLAB amoxsna 
 

programa ise unda SevadginoT, rom brZanebaTa fanjaraSi  daisvas kiTxva, romelic 

mogvTxovs SevitanoT Zabvebisa da winaRobebis mniSvnelobebi. yuradReba mivaqcioT 

faqts, rom Tu I gamoviyenebT, rogorc denis Zalis aRniSvnas, igi dakargavs Tavis 

MATLAB-iseul mniSvnelobas 0 + 1.0000i . 
 

 This program reads resistor and voltage values 
 and then comlutes the corresponding mesh 
 currents for a specified electrical circuit 

 
R = input('Enter resistor values in ohms, [R1...R5]'); 
V = input('Enter voltage values in volts, [V1 V2]'); 
  
 Initialize matrix A and vector B using AX = B form. 
 
 
A = [R(1)+R(2),            -R(2),             0; 
         -R(2),   R(2)+R(3)+R(4),         -R(4); 
            0 ,            -R(4),    R(4)+R(5) ]; 
        B = [V(1); 
               0 ; 
            -V(2)];    
  
fprintf('Mesh Currents \n') 
i = A\B 
 
4. Semowmeba 

 

Tu mivawodebT Semdeg mniSvnelobebs: 
 
Enter resistor values in ohms, [R1...R5]  [1 1 1 1 1] 
Enter voltage values in volts, [V1 V2]  [5 5] 

 
programa Sedegad migvcems: 

 
Mesh Currents  
 
i = 
    2.5000 
         0 
   -2.5000 

 

SeamowmeT miRebuli Sedegi A matricis gadamravlebiT i veqtorze. 
 

daskvna  

 

es Tavi daviwyeT wrfiv gantolebaTa sistemis grafikuli interpretaciiT. giCveneT 

sxvadasxva SemTxveva, romelsac SeiZleba adgili hqondes wrfiv gantolebaTa 

orucnobiani da samucnobiani sistemebisaTvis. es msjeloba Semdeg ganvavrceT N 
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ucnobiani N gantolebis Semcvel sistemebze, im daSvebiT, rom es gantolebebi 

warmoadgens gansxvavebul hipersibrtyeebs. ganvixileT wrfiv gantolebaTa sistemis 

amoxsnis ori meTodi, romelic matricul operaciebs eyrdnoba.  

 

 

 
\ matricebis marcxena gayofa 

/ matricebis marjvena gayofa  
 

 

amocanebi 

 

1-3 problema ukavSirdeba am TavSi ganxilul amocanebs, xolo 4 – 8 dakavSirebulia 

sxva amcanebTan. 

 

eleqtruli wredi. es amocanebi dakavSirebulia amTavSi ganxilul amocanasTan 

eleqtruli wredis analizis Sesaxeb. 

 

1. Secvale programa ise, rom igi moiTxovdes winaRobis mniSvnelobebs 

kiloomebSi, Sesabamisad Secvale programis danarCeni nawilic. 

2. Secvale programa ise, rom Zabvis orive wyaros erTidaigive mniSvneloba 

hqondes yovelTvis. 

3. Secvale programa ise, rom Zabvis orive wyaros mniSvneloba iyos 5 volti, 

Semdeg CaTvaleT, rom winaRobaTa mniSvnelobebi erTmaneTis tolia. 

gamoiTvaleT denis mniSvnelobebi winaRobaTaTvis: 100, 200, 300, . . . , 1000 

omi. 

 

eleqtruli wredi Zabvis erTi wyaroTi. mocemulia eleqtruli wredi Zabvis 

erTi wyaroTi da 5 winaRobiT.  

 

4. gvaqvs gantolebaTa sistema aseTi wredisaTvis, romlis sqema mocemulia nax 

8.7. dawereT programa, romelic gamoiTvlis denis mniSvnelobebs Cvens mier 

miwodebuli winaRobebis da Zabvebis mniSvnelobaTaTvis: 

 





















0)()(

0)()(

0)()(

13435233

12232221

3142121

iiRiRiiR

iiRiiRiR

iiRiiRV
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nax 8.7. eleqtruli wredi Zabvis erTi wyaroTi 

 

 

 

5. Secvale 4 amocanis programa ise, rom man dabeWdos wrfiv gantolebaTa 

mocemuli sistemis koeficientebi da mudmivebi 

 

gantolebaTa sistema. davuSvaT gvaqvs monacemTa faili eqns.dat, romelic Seicavs 

wrfiv gantolebaTa sistemis koeficientebs. TiToeuli striqoni Seicavs 

koeficientebsa da mudmivs erTi gantolebisaTvis. monacemTa faili Seicavs N 

gantolebas N ucnobisaTvis. 

 

6. dawereT programa, romelic kiTxulobs fails eqns.dat, gansazRvravs xom ar 
aris sistemaSi paraleluri hipersibrtyeebi. ( SegaxenebT, rom or paralelur 

hipersibrtyes aqvs erTnairi koeficientebi, magram gansxvavebuli mudmivebi.) 

dabeWdeT monacemebi, romlebic Seesabameba paralelur hipersibrtyeebs.  

7. dawereT programa, romelic kiTxulobs fails eqns.dat, gansazRvravs xom ar 
aris sistemaSi erTidaigive (toli) hipersibrtyeebi. (SegaxenebT, rom or tol 

hipersibrtyes aqvs erTnairi koeficientebi da mudmivebi, an miiRebian 

erTmaneTisgan wrfivi gardaqmnis Sedegad). dabeWdeT monacemebi, romlebic 

Seesabameba identur hipersibrtyeebs.  

8. gaaerTianeT ori wina amocanis piroba da dabeWdeT mxolod gansxvavebuli da 

araparaleluri hipersibrtyeebis Sesabamisi monacemebi.  

 

amoxsna matricis Sebrunebulis meTodiT. isargebleT matricis SebrunebuliT, 

rom amoxsnaT wrfiv gantolebaTa Semdegi sistema. CawereT sistema orive formiT: 

A*X=B,  X*A=B, SeadareT orive SemTxvevaSi miRebuli Sedegebi. 

 
9. x + y + z + t = 4  

2x – y + t = 2 
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3x + y - z - t = 2 
x – 2y –3z + t = -3 

10. 2x + 3y + z + t = 1  
x – y – z + t = 1 
3x + y + z + 2t = 0 
- x +z - t = -2 

11. x - 2y + z + t = 3 
x + z = t 
2y - z = t 
x + 4y + 2z - t = 1 

12. x + 2y +w = 0  
3x + y + 4t + 2w  = 3 
2x - 3y - z + 5w  = 1 
x + 2z  + 2w = -1 

 

urTierTgadamkveTi hipersibrtyeebi. TiToeuli mocemuli wertilisaTvis SeqmeniT 

wrfiv gantolebaTa ori gansxvavebuli sistema, romlebic gadaikveTeba mocemul 

wertilSi. 

 

13. [3, -5, 7] 

14. [0, -2, 1.5, 5] 

15. [1, 2, 3, -2, -1] 

 

 


