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F/A-18 High Alpha fighter testing high angle-of-attack aerodynamics in 80x120ft W.T. 
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Sesavali 

2.1 gamoTvliTi sistemebi 

2.2 zogadi informacia MATLAB-is Sesaxeb 
2.3 matrica, veqtori, skalari 

praqtikuli amocanebis amoxsna: aerodimanikuri milis monacemTa analizi 

Sesavali 

modelireba aris abstraqtuli, konceptualuri grafikuli an maTematukuri modelis 

Seqmna. mecniereba gvTavazobs uamrav meTods, teqnikasa da Teorias modelirebisaTvis. 

 

modelireba ZiriTadi, gauyofeli nawilia Tanamedrove samecniero saqmianobaSi. 

Titoeul samecniero sferos Tavisi specifikuri meTodebi gaaCnia modelirebisaTvis.  

 

modeli niSnavs obieqtis, movlenisa Tu fizikuri procesis empiriul warmodgenas 

logikuri da obieqturi gziT. modeli aris realobis gamartivebuli asaxva. magram 

miuxedavad maTi siyalbisa, zalze mniSvnelovan informacias iZleva. modelis ageba 

simulireba fundamentur rols TamaSobs Tanamedrove mecnierebaSi.  

 

sazogadod modelirebas mimarTaven roca SeuZlebelia, an arapraqtikulia 

experimentuli pirobebis Seqmna, sadac mecnierebma unda uSualod Seafason 

experomentis Sedegi. kontrolirebad pirobebSi Catarebuli eqsperimentis Sedegebi 

ra Tqma unda ufro zustia, vidre modelirebis. imitom rom modelirebisas xSir 

SemTxvevaSi uamrav daSvebas mivmarTavT, rac Tavidanaa acilebuli experimentis 

Catarebisas.  

 

simulacia aris modelis ganxorcieleba. mdgardi mdgomareobis simulacia gvawvdis 

informacias drois garkveul momentSi, xolo dinamiuri simulacia iZleva 
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informacias drois garkveul SualedSi.  simulacias modeli moqmedebaSi moyavs da 

gviCvenebs rogor iqceva konkretuli obieqti, an ra mosdis garkveul process 

droSi. simulacia gamoiyeneba testirebisa da analizisaTvis roca realuri sistema 

an koncepcia SesaZlebelia warmovadginoT modelis saxiT. 

 

modeli ZiriTadad iyenebs movlenis mxilod zogierT aspeqts da ori sxvadasxva 

modeli erTidaigive movlenisa, SesaZloas sruliad gansxvavdebodes erTmaneTisagan. 

modelis agebisas kargad unda gvesmodes modelirebis ZiriTadi mizani da is 

daSvebani, rasac viyenebT modelirebisas 

 

kompiuteri ZiriTadi saSualebaa sainJinro problemebis amoxsnis saqmeSi. am TavSi 

mokled mimovixilavT gamoTvliT sistemebs, maT Soris kompiuteris 

teqnikur(instrumental) aRWurvilobas  da programul uzrunvelyofas. Semdeg 

SevudgebiT MATLAB-s, romelic gaxlavT wamyvani programuli paketi interaqtiuli 

ricxviTi gamoTvlebis, monacemTa analizis da maTi grafikuli interpretaciisaTvis. 

mokle Sesavlis Semdeg ganvixilavT MATLAB-Si monacemTa warmodgenis saSualebebs, 

Semdeg arsebuli monacemebis bazaze avagebT grafiks. 

2.1 gamoTvliTi sistemebi 

vidre SevudgebiT MATLAB-is Seswavlas, mokled mimovixiloT kompiuteruli 

sistemebi. kompiuteri aris mowyobiloba, romelic Seiqmna imisaTvis, rom awarmoos 

operaciebi, romelnic gansazRvrulia instruqciebis mwkriviT, egreT wodebuli 

programiT. kompiuteris aRWurvilobas (HARDWARE) warmoadgens iseTi 

mowyobilobani, rogoricaa klaviatura, mausi, myari diski, printeri da sxva. 

kompiuteris programuli uzrunvelyofa (SOFTWARE) warmoadgens programas, 

romelic moicavs im brZanebebs, rac kompiuterma unda Seasrulos. 
 

kompiuteris aRWurviloba 

yvela kpmpiuters aqvs zogadad erTnairi Sida organizacia romelic naCvenebia nax. 

2.1 procesori aris kompiuteris nawili, romelic yvela sxva danarCens 

akontrolebs. is Rebulobs Sesaval mniSvnelobebs (magaliTad klaviaturidan) da 

aTavsebs maT mexsierebaSi. is agreTve interpretacias ukeTebs programaSi miTiTebul 

instruqciebs. Tu gvinda erTmaneTs mivumatoT ori sidide, kompiuterma unda 

moZebnos es sidideebi mexsierebaSi da gaagzavnos is ariTmetikul logikur 

mowyobilobaSi (ALU). ALU Seasrulebs Sekrebas da procesori miRebul Sedegs 

moaTavsebs mexsierebaSi. procesori da ALU iyeneben mexsierebis mcire nawils-Sida 

mexsierebas. monacemTa umravlesoba ganTavsebulia gare mexsierebaSi-myari diski, 

magnituri diski, romlebic dakavSirebulia procesorTan. procesori da ALU erTad 

warmoadgens centralur procesors – CPU. mikroprocesori aris CPU, romelic 

moTavsebulia mcire zomis mikrosqemaSi (integrated circuit chip), romelic aseve Seicavs 

aTasobiT sxva komponents da misi zoma daaxloebiT Tqveni frCxilisodenaa. 

 

gamoTvlili sidideebi SesaZlebelia davinaxoT monitorze, an davbeWdoT printerze. 

(lazeruli, matriculi, Wavluri). monacemebi SegviZlia agreTve CavweroT magnitur 

diskze. dabeWdil informacias uwodeben  myar asls (HARDCOPY), xolo magnitur 

asls – eleqtronul asls. 

 



2 MATLAB, Sesavali 3

 

nax. 2.1 kompiuteris Sida organizacia 

 

arsebobs sxvadasxva zomis da formis kompiuteri. praqtikaSi ufro xSirad gvxvdeba 

personaluri kompiuteri. ufro mZlavri minikompiuteri da universaluri 

kompiuteri ZiriTadad gamoiyeneba laboratoriebSi, qseluri kompiuteri 

(WORKSTATION), superkompiuteri - uswrafesi kompiuteri, romelic gamoiyeneba 

urTulesi amocanebis amosaxsnelad, romelTac sxva tipis kompiuteri ver 

umklavdeba. 

 

kompiuteri unda SeirCes im amicanis Sesabamisad, romlis amoxsnasac visaxavT miznad. 

magaliTad Tu kompiuteri saSinao usafrTxoebis sistemis nawilia, mikroprocesoric 

sakmarisia, magram Tu miznad visaxavT raime procesis modelirebas, universaluri 

kompiuteria saWiro. kompiuteruli qseli sasargebloa imiT, rom SesaZlebelia maT 

Soris monacemTa gacvla da maTi resursebis gaerTianeba. 

programuli uzrunvelyofa 

programuli uzrunvelyofa Seicavs instruqciebs, brZanebebs, romelic kompiuterma 

unda Seasrulos. arsebobs programuli uzrunvelyofis ramdenime mniSvnelovani 

kategoria. ganvixiloT isini: 

 

operaciuli sistema. operaciuli sistema programuli uzrunvelyofis is formaa, 

romelic saSualebas gvaZlevs viurTierToT kompiuterTan. es aris interfeisi, 

moxerxebuli garemo, sadac SegviZlia SevarCioT da gavuSvaT sxvadasxva programa. 

operaciul sistemas aqvs programaTa jgufi, e.w. utilities, romlebic saSualebas 

gvaZlevs SevasruloT failebis organizeba, kopireba, dabeWdva. es procesi saerToa 

yvela saxis operaciuli sistemisaTvis, Tumca maTi ganxorcielebis forma 

gansxvadeba. 
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programuli saSualebebi. programuli saSualebebi aris programebi, romelTa 

saSualebiT xorcieldeba zogadi operaciebi. magaliTad Microsoft Word da Word 
Perfect gvexmareba SevqmnaT teqsti da movaxdinoT misi formatireba, wavSaloT 

sityvebi da winadadebebi, SevcvaloT Srifti da SevamowmoT teqstis marTlwera. 

 

cxriluri programebi saSualebas gvaZlevs warmovadginoT Cvens xelT arsebuli 

monacemebi cxrilis saxiT. es programebi Tavidan Seqmnili iyo finansuri da 

sabuRaltro monacemebisaTvis, magram maT didi gamoyeneba hpoves mecnierebaSic. 

cxrilur programebs aqvT agreTve grafikuli saSualebebic, rac maT ufro 

moxerxebuls xdis.  

 

erTerTi popularuli programuli saSualebaa monacemTa bazis marTvis programa, 

romelic saSualebas iZleva vimuSaoT monacemTa vrcel sistemasTan. martivad 

amoviRoT monacemTa CvenTvis sasurveli nawili. am programas farTod iyenebn 

bankebSi, sastumroebsa Tu momsaxurebis sxva sistemaSi. mas farTod iyeneben 

mecnierebaSic, magaliTad, meteorologiuri monacemebi magaliTia samecniero 

monacemevisa, romelic moiTxovs monacemTa vrceli bazis Seqmnas da SemdgomSi mis 

mecnierul analizs. 

 

grafikuli paketi saSualebas iZleva avagoT mravalferovani grafikebi, 

organzomilebiani, samganzomilebiani, bar da konturuli grafikebi. KAD (Komputer-
aidid design) paketebs, rogoricaa AutoCAD, AutoSketch da MathCAD aqvT agreTve 

mravalferovani grafikuli SesaZleblobani. 

 

aresebobs agreTve mZlavri kompiuteruli gamoTvliTi saSualebebi, rogoricaa 

MATLAB, Mathematika. garda imisa, rom maT gaCniaT maTematikuri gamoTvlebis 

mZlavri saSualebebi, farTo grafikul SesaZleblobebsac floben. es kombinacia 

mZlavri maTematikuri aparatisa da vizualizaciisa, ganapirobebs am programuli 

paketebis farTo gamoyenebas sainJinro amocanebis gadawyvetaSi.  

  

kompiuteruli ena.  es aris ena, romelic “esmis” kompiuters. dReisaTvis kpmiuteris 

muSaoba emyareba orsafexurian (two-state) teqnologias. (mowyobiloba ori 

mdgomareobiT rogorc Ria an Sekruli wredi, an CarTuli da gamorTuli, uaryofiTi 

an dadebiTi muxti), manqanuri ena iwereba ori simbolos saSualebiT 0 da 1. manqanis 

ena aris oroboTi da instruqciebi iwereba 0 da 1  Sedgenili mwkrivis saxiT - 

orobiTi striqoni. manqnur enas uwodeben agreTve dabali donis enas da igi 

damokidebulia kompiuteris struqturaze, mag. SAN manqanebis ena gansxvavdeba VAX 

kompiuterebis manqanuri enisagan. 

 

maRali donis enas uwodeben kompiuterul enas, romelsac aqvs Cveulebrivi 

salaparako inglisuri enis msgavsi brZanebebi da instruqciebi. esenia C, Fortran, 
Pascal, Basic. programis dawera maRali donis enaze ra Tqma unda gacilebiT martivia, 

vidre dabali donis enaze. maRali donis enaze dawerili programa unda Seicavdes 

dawvrilebiT instruqciebs imis Sesaxeb Tu ra unda gaakeTos kompiuterma. garda 

amisa maRali donis enas gaCnia uamravi brZaneba da sintaqsi. 

 

Tu SesaZlebelia problemis amoxsna programuli saSualebebiT, umjobesia 

gamoviyenoT es SesaZlebloba, radgan es misi gadaWris uswrafesi gzaa. magram Tu 

sistemuri saSualebebiT ar xerxdeba dasaxuli amocanis gadaWra, kompiuteruli 
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enebi saSualebas gvaZlevs davweroT axali programa CvenTvis sasurveli sakiTxis 

gadasawyvetad. 

 

2.2 zogadi informacia MATLAB-is Sesaxeb 
 

MATLAB-i Seiqmna rogorn “matriculi laboratoria”. dReisaTvis igi warmoadgens 

iteraqtiul sistemur da programul enas farTo samecniero da teqnikuri 

gamoTvlebisaTvis. misi ZiriTadi elementia matrica. MATLAB-Si programis dawera 
gacilebiT martivia, vidre romelime maRali donis enaze. am TavSi ganvixilavT 

ramdenime ZiriTad informacias samuSao sivrcis (workspace) Sesaxeb. 
 

studenturi versia 

 

studenturi versia profesiulis identuria garda ramdenime maxasiaTeblisa. 

 

 yoveli veqtori an matrica Seicavs araumetes 1024 elementisa 

 metafaili da grafikuli postprocesori grafikebis dasabeWdad SeuZlebelia 

 maTematikuri Tanaprocesori ar aris saWiro, magram SesaZloa gamoyenebuli 

iqnas, Tu SesaZlebelia 

 signalis da sistemuri tulboqsi 

 

samuSao sivrce (workspace). imisaTvis rom SevudgeT muSaobas MATLAB_Si, 
SearCieT igi Tqvens operaciul sistemaSi an akrifeT MATLAB klaviaturaze. 

dainaxavT niSans (>>), rac imis maniSnebelia, rom MATLAB –i elodeba Tqvens 

brZanebas. Tu es Tqveni pirveli nabijia MATLAB_Si, isargebleT brZanebiT demo 
imisaTvis rom naxoT sademonstracio programebis sia, romelic SegiZliaT gauSvaT 

da naxoT MATLAB-is SesaZleblobebi. imisaTvis, rom daasruloT muSaoba MATLAB-
Si isargebleT brZanebebiT: quit an exit. magram Tu gsurT SeinaxoT Tqvens mier 

Seqmnili cvladebi muSaobis damTavrebamde, isargebleT brZanebiT save. ase SeinaxavT 
cvladebs failSi, romlis saxeli iqneba matlab.mat. roca xelaxla gaxsniT 

MATLAB-s, SegiZliaT aRadginoT cvladebi brZanebiT load. brZaneba computer  
gvaZlevs informacias kompiuteris tipis Sesaxeb. 

 

MATLAB-s aqvs brZanebebis fanjara, romelic saSualebas gvaZlevs SeviyvanoT 

brZanebebi da miviRoT Sedegebi iqve, ekranze an davbeWdoT da grafikebis fanjara. 

orive fanjara carielia, roca iwyebT muSaobas. Tu gsurT gaasufTaoT brZanebebis 

fanjara muSaobis procesSi, unda gamoiyenoT brZaneba clc. grafikebis fanjris 

gasasufTaveblad gamoiyeneba brZaneba clf. aseve SesaZlebelia gavasufTaoT samuSao 

sivrce – clear. amiT yvela cvladi, romelic Seiqmna mocemul samuSao sivrceSi, 

waiSleba. 

 

mniSvnelovania vicodeT rogor SevwyvitoT ukve micemuli brZaneba. magaliTad roca 

romelime brZanebis gamo kompiuteri gauTaveblad imeorebs raime cikls, Caicikleba. 

procesis Sesawyvetad isargebleT brZanebiT ctrl+c. 
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imisaTvis, rom gavigoT Cvens mier Seqmnili cvladebis da matricebis statusi 

MATLAB-s aqvs ramdenime brZaneba. brZaneba who gvaZlevs cvladebis sias, romelic 

SevqmeniT, xolo whos damatebiT informaciasac iZleva maTi zomis, manqanuri 

moculobis da klasis Sesaxeb. 

 

es brZanebebi cvladebSi moixsenieben cvlads saxeliT ans, romelic SesaZlos Tqven 

ar SegiqmniaT. es saxeli gamoiyeneba cvladisaTvis, romelic gamoviTvaleT, magram 

saxeli ar mivaniWeT. brZaneba size saWiroa Tu gvsurs gavigo romelime cvladis 

zoma. mag size(A).  
 

MATLAB-is brZanebebi Cveulebriv ikrifeba axal striqonSi, magram SegviZlia 

ramdenime brZaneba mivceT erTad, Tu maT wertil-mZimiT gamovyofT. teqsti, romelic 

moyveba niSans % MATLAB-is mier ignorirebulia da gamoiyeneba komentarisaTvis. 

Cven gamoviyenebT am niSans Cvens magaliTebSi komentarebisaTvis, magaliTad cvladebis 

gamnmartebisTvis. 

 

MATLAB-is mniSvnelovani resursia help brZaneba. mas mohyveba sia im sakiTxebisa, 
romelTaTvisac SegviZlia visargebloT am brZanebiT. 

M – failebi 

garda imisa, rom brZanebebi SegviZlia mivceT brZanebebis fanjridan, SegviZlia 

winaswar SevqmnaT brZanebaTa mwkrivi teqsturi failis saxiT, romlis saxels unda 

hqondes gafarToeba .m, mag. labtest.m  aseT failebs ewodeba M failebi. failis 

saxiT Senaxuli brZanebaTa aseTi mwkrivi SegviZlia SemdgomSic gamoviyenoT. am 

failebs agreTve uwodeben xelnawer failebs, radgan warmoadgens teqstur ASCII 
fails da SegviZlia SevqmnaT teqsturi redaqtoriT an word procesoriT. Tu gvinda 

brZanebebis fanjaraSi gamoviyvanoT .m failis  teqsti unda visargebloT brZanebiT  

echo  
 

M failebi aseve gamoiyeneba MATLAB-is axali funqciis Sesaqmnelad. 

 

brZaneba what gvaZlevs im failebis sias, romlebis ganTavsebulia mimdinare 

direqtiriaSi. brZaneba type gvaZlevs miTiTebuli failis Sinaarss. 

2.3 matrica, veqtori, skalari 

sainJinro amocanis amoxsnisas mniSvnelovania movaxdinoT problemasTan 

dakavSirebuli monacemebis vizualizacia. zogjer es monacemi erTi ricxvia, mag. 

wris radiusi. sxva SemTxvevaSi es SesaZloa iyos wertilis koordinatebi (x,y) 
sibrtyeze, anda SeiZleba gvqondes x-y-z koordinatebis 4 wyeba, romelic warmoadgens 

sivrceSi piramidis oTx wveros. es monacemebi SegviZlia warmovadginoT monacemTa 

specialuri struqturis – matricis saxiT. matrica es aris monacemTa mwkrivi 

dalagebuli striqonebis da svetebis saxiT. erTi wertili SegviZlia ganvixiloT 

rogorc matrica, romelic Sedgeba erTi striqonisa da erTi svetisagan, x, y wyvili 

– matrica erTi striqoniT da ori svetiT, xolo x-y-z koordinatebis 4 wyeba – 
matrica oTxi striqonisa da sami svetisagan. magaliTad: 

A = [3.5] 
B = [1.5 3.2] 
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Tu matrica Seicavs erT striqonsa da erT svets, igi skalaria, Tu igi Seicavs 1 

striqons da ramdenime svets – striqoni veqtoria, xolo Tu  Seicavs ramdenime 

striqonsa da 1 svets – igi sveti veqtoria. 

 

matricis elementebs miuTiTeben ori indeqsiT – striqonis da svetis nomeri. mag. C 
matricis meoTxe striqonis da mesame svetis elementia C4,3=0.  

 

matricis zoma ganisazRvreba striqonebis da svetebis raodenobiT. mag. C matricis 
zomaa 43. Tu matricis svetebis da striqonebis raodenoba erTidaigivea, mas 

kvadratuls uwodeben. 

savarjiSo 

 

upasuxeT kiTxvebs Semdegi matricis magaliTze: 

 

 






























5.05.43.22.1

5.04.25.05.0

5.10.92.87.5

2.01.05.02.8

5.03.25.16.0

C  

 

 

1. ra zomisaa matrica? 

2. aris Tu ara igi kvadratuli? 

3. dawereT aRniSvna matricis elementebisa, romelTa mniSvneloba 0.5 tolia 

4. dawereT aRniSvna matricis elementebisa, romelTa mniSvneloba uaryofiTia 

 

matricis inicializacia 

rogor ganvsazRvroT matrica MATLAB-Si? ganvixilavT oTx sxvadasxva meTods. 

pirveli meTodi cxadad ganvsazRvroT matricis elementebi, meore meTodi – 

wavikiTxoT matrica failidan, mesame – gamoviyenoT (orwertiliani) 

kolonoperatori (:), meoTxe- SeviyvanoT monacemebi klaviaturidan. 

 

pirveli meTodi – cxadad ganvsazRvroT matrica. CavweroT kvadratul frCxilebSi 

matricis elementebi: 

 
A= [3.5]; 
B= [1.5, 3.1]; 
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C= [-1, 0, 0; 1, 1, 0; 1,- 1, 0; 0, 0, 2]; 
 

es brZanebebi magaliTia, Tu rogor SevqmnaT sxvadasxva zomis matrica. matricis 

saxeli unda iwyebodes asoiTi gamosaxulebiT da Sedgebodes araumetes 19 niSnisa 

(dasaSvebia cifrebi, asoebi da qveda tire) da unda eweros udrisis niSnis marcxniv. 

tolobis niSnis marjvena mxare warmoadgens kvadratul frCxilebSi Casmul 

matricis elementebis mniSvnelobebs, wertilmZimiT striqonebi gamoiyofa 

erTmaneTisagan, xolo striqonebSi monacemebi SeiZleba gamovyoT mZimiT an mis gareSe. 

gamosaxuleba SeiZleba Seicavdes + an – niSans, aTwiladis niSans “.”da ara “,”. 

rodesac ganvsazRvravT matricas, Tu boloSi ar davusvamT wertil-mZimes, MATLB 
brZanebebis fanjaraSi gamogviyvans mis gamosaxulebas. scadeT SeiyvanoT 

zemoTaRniTnuli monacemebi boloSi wertil-mZimis daurTvelad.  

 

matrica SegviZlia ganvsazRvroT ise, rom srtiqonebi werti-mZimiT ki ar gamovyoT 

erTmaneTisgan, aramed gadavitanoT Semdeg xazze “Enter” klaviSis saSualebiT. 

 
C = [-1 0 0 
     1 1 0 
     1 –1 0 
     0 0 2] ; 

Tu matricis striqonSi bevri elementebia, SegviZlia garkveuli raodenobiT 

elementebis Semdeg davweroT sami wertili da striqoni gavagrZeloT Semdeg xazze. 

magaliTad: 

 
F = [ 1 0 5 7 3 9 6 7 8 0 4]; 

igivea rac 
F = [ 1 0 5 7 3 . . . 
      9 6 7 8 0 4]; 

 

MATLAB saSualebas iZleva ganvsazRvroT axali matrica  ukve Seqmnilis bazaze. 

magaliTad ganvixiloT Semdegi brZanebebi: 

 
B = [1.5, 3.1]; 
S = [3.0 B]; 
 

es igivea, rac: 

 
S = [3.0 1.5 3.1]; 

aseve SegviZlia SevcvaloT matricis elementebis mniSvnelobebi, an davumatoT axali 

elementebi: 

 
S(2) = -1.0; 

 

es brZaneba Secvlis S  matricis meore elements 1.5 mianiWebs ra mas axal 

mniSvnelobas –1.0. 

 

aseve SesaZlebelia matricas davumatoT axali elementebi: 

 
S(4) = 5.5; 
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amis Sedegad samelementiani matrica oTxelementianad iqceva. magram Tu mivcemT 

brZanebas: 
S(8) = 9.5; 

 

matrica gaxdeba 8 elementiani, xolo misi mexuTe, meeqvse da meSvide elementebi 

miiReben 0-is tol mniSvnelobebs. 

savarjiSo 

 

gansaRvreT mtricis zoma da SeamowmeT igi MATLAB-is saSualebiT: 

 
1. A = [1, 0, 0, 0, 0, 1]; 
2. B = [2; 4; 6; 10]; 
3. C = [5 3 6; 6 2 –3]; 
4. D = [         3 4 
           

05 7         
         9 10]; 

5. E = [3 5 10 0; 0 0 . . .                
             0 3; 3 9 9 8]; 
6.  T = [4 24 9];  

Q = [T 0 T]; 
7. X = [3 6]; 
      Y = [D; X]; 
8. R = [C; X; 5]; 
9. V = [C(2,1); B]; 
10. A(2,1) = -3; 
 

 

 

 

 

matrica SegviZlia SevqmnaT agreTve im informaciis saSualebiT, romelic Cawerilia 

teqstur failSi – MAT, romelic Seicavs informacias orobiT formatSi an ASCII 
failSi.  

  

MAT faili iqmneba MATLAB-is mier save brZanebis saSualebiT. magaliTad brZaneba 

 
save data1 x y; 
 
Seinaxavs x da y monacemebs failSi data1.mat .mat gafarToebas programa 

avtomaturad daurTavs failis saxels. 

   

am monacemTa samuSao sivrceSi gamosaZaxeblad vsargeblobT brZanebiT: 

 
load data1; 
 

ASCII faili, romelic gvinda MATLAB –is programaSi gamoviyenoT, unda Seicavdes 
mxolod ricxviT mniSvnelobebs, amasTanave, yoveli striqoni elementTa erTnair 
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raodenobas unda Seicavdes. es faili SeiZleba SevqmnaT nebismieri teqsturi 

redaqtoris saSualebiT da agreTve MATLAB-is meSveobiT Tu gamoviyenebT brZanebas: 
 
save data1.dat Z /ascii; 
 

Z matricis yoveli striqoni Caiwereba failis calke striqonis saxiT. mat 
gafarToeba ar daerTvis ascii formatis fails, magram umjobesia fails mivaniWoT dat 
gafarToeba raTa vizualurad ganvasxvaon MAT da M failebisagan.  

 

davuSvaT ASCII faili data1.dat Seicavs drois da Sesabamisi manZilis mniSvnelobaTa 

mwkrivs. am failis pirveli striqonebi daaxloebiT ase unda gamoiyurebodes: 

 

 

 

0.00 0.00 

0.01 0.1255 

0.02 0.2507 

 

brZaneba: 

 
load data1.dat; 
 

mimarTavs miTiTebul fails da Seqmnis orsvetian matricas data1 samuSao sivrceSi. 
 

orwertilovani operatoris saSualebiT SegviZlia matricisagan SevqmnaT veqtori. 

magaliTad Tu gvsurs avagoT grafiki x-y monacemTa mixedviT, moxerxebulia Tu 

gveqneba x  da y monacemebi veqtoris saxiT. roca ori wertili gvaqvs matricis 

elementTa aRniSvnaSi, is miuTiTebs yvala striqons an yvela svets. magaliTad Tu 

aviRebT Cvens mier ganxilul monacemebs failidan data1.dat Semdegi brZanebebi aagebs 
or svet veqtors x da y : 
 
x = data1( : , 1); 
y = data1( : , 2); 
 
es operatori aseve gamoiyeneba axali matricis sawarmoeblad. Tu igi dgas or mTel 

ricxvs Soris, Seiqmneba veqtori, romlis elementebi iqneba yvela mTeli ricxvi, 

romelic am or ricxvs Soris mdemareobs, maTi CaTvliT. magaliTad: 

 
H = 1:8  

 
iZleva veqtors  
 

H = [1 2 3 4 5 6 7 8]; 
 

Tu orwertilovani operatori 3 ricxvs gamoyofs erTmaneTisagan, maSin Seiqmneba 

veqtori, romlis elementebi iqneba ricxvebi pirvelsa da mesame ricxvs Soris, 

nazrdiT meore ricxvi: 

 
Time = 0.0:0.5:5.0;  
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gvaZlevs   

 
Time = [0.0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5]; 

 

nazrdi SeiZleba iyos uaryofiTi. 

 

orwertilovani operatori gamoiyeneba agreTve im SemTxvevaSi, Tu gvinda amoviRoT 

matrica ukve Seqmnili matricidan. davuSvaT gvaqvs matrica : 

 

























200

011

011

001

C  

 

Tu mivcemT brZanebebs: 

 
C_PARTIAL = C( : , 2 : 3); 

 
C_PARTIAL = C(3 : 4, 1 : 2); 

  
miviRebT or axal matricas: 

 

 






















20

01

01

00

1__ PARTIALC                  






 


00

11
2__ PARTIALC  

 

Tu orwertilovani operatori gamoyenebulia matricis araswori indeqsisaTvis, 

MATLAB  migviTiTebs Secdomaze.  
 

MATLAB –Si zogjer gvWirdeba carieli matrica, igi gansxvavdeba matricisagan, 

romlis yvela elementi nulis tolia. 

 
a = []; 
b = 4 : -1 : 5; 

 

orive brZaneba qmnis cariel matricas. 

 

gamosaxuleba  C (:) Tu C matricaa, qmnis erT grZel svet veqtors, rolis 

elementebia C matricis piveli svetis elementebi, romelsac moyveba meore svetis 

elementebi da a. S.   

 

amiT ar amoiwureba orwertilovani operatoris funqciebi, Cven mas kidev 

davubrundebiT. 

 

SesaZlebelia matricis mniSvnelobebi SeviyvanoT pirdapir klaviaturidan input 
brZanebis saSualebiT, romelsac ekranze gamohyavs teqsti da elodeba monacemebs. 
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momxmareblis mier miwodebuli monacemebiT Seiqmneba Sesabamisi matrica. Tu ar 

SeviyvanT aranair monacems (enter . . .enret), Seiqmneba carieli matrica. Tu brZaneba ar 

mTavrdeba wertil-mZimiT, Seyvanili monacemebis safuZvelze Seqmnili matrica 

daibeWdeba brZanebaTa fanjaraSi. 

 

ganvixiloT brZaneba: 

 
z = input(‘Enter value for z’); 
 

es brZaneba mogvcems ekranze teqsts:  Enter value for z. unda SeviyvanoT monacemebi [5.1 
6.3 –18.0], romelic mieniWeba z. radgan brZaneba mTavrdeba wertilbZimiT, z 
mniSvneloba ar gamoCndeba ekranze. 

savarjiSo 

ipoveT zoma da Semadgenloba Semdegi matricebisaTvis, Tu : 

 






























5.05.43.22.1

5.04.25.05.0

5.10.92.87.5

0.21.05.02.8

5.03.25.16.0

G  

 
11. A = G(: , 2); 
12. B = G(4, :); 
13. C = [10 : 15]; 
14. D = [4 : 9; 1 : 6]; 
15. E = [-5, 5]; 
16. F = [0.0 : 0.1 : 1.0]; 
17. T1 = G(4 : 5, 1 : 3); 
18. T2 = G(1 :2 : 5, : ); 

 

matricis dabeWdva 

arsebobs ramdenime xerxi matricis ekranze gamosayvanad. umartivesia SeviyvanoT 

matricis saxeli da  Enter. brZanebaTa fanjaraSi gamoCndeba matricis saxeli da misi 

gamosaxuleba. 

 

roca matricis mniSvnelobebi ekranze gamogvyavs, mTeli ricxvebi gamodis, rogorc 

mTeli, xolo aTwiladebi gamodis specialuri formatiT e.w. mokle formatiT - 

mZimis Semdeg 5 niSani, Tu ar mivuTiTebT gansxvavebul formats Cven TviTon. Tu 

gvsurs gamoviyvanoT ricxviTi gamosaxuleba mZimis Semdeg 15 niSniT, visargeblebT 

brZanebiT format long. Tu kvlav mokle formats gvinda davubrundeT – format short. 
 
roca ricxviTi gamosaxuleba Zalian didia, an Zalze mcire, aTwiladuri forma 

mouxerxebeli da arazustia. magaliTad qimiaSi xSirad gamoiyeneba avogadros ricxvi, 

romlis mniSvneloba = 602, 300, 000, 000, 000, 000, 000, 000. mivmarTavT 

gamosaxulibis Caweris  exponencialur (maCveneblian) formas: 1 da 10 Soris ricxvi 
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gamravlebuli 10-is Sesabamis xarisxze. avogadros ricxvi ase Caiwereba 6.023 X 

1023.  6.023 ewodeba ricxvis mantisa, xolo 23 - eqsponenta. MATLAB-Si aseTi 
formiT ricxvis Cawerisas mantisa da eqsponenta gamyofilia niSniT e. magaliTad 

6.023 X 1023 = 6.023e+23. Tu gvinda ricxviTi gamosaxuleba gamoviyvanoT 

eqsponencialuri formatiT, vsargeblobT brZanebiT: format short e an format long e.  
 

formatirebis Semdegi brZanebaa format +. am SemTxvevaSi dadebiTi ricxvis magier 

daibeWdeba niSani +, iseve rogorc uaryofiTis magir – niSani, xolo Tu ricxvis 

mniSvneloba 0 – is tolia mis magier carieli adgili darCeba. 

 

teqstis gamoyvana ekranze. teqstis gamosayvanad ekranze MATLAB – s aqvs brZaneba 
disp , romlis Semdeg frCxilebSi iwereba brWyalebSi moTavsebuli teqsti. es 

brZaneba aseve gamoiyeneba matricis, veqtoris an skalaris ekranze gamosayvanad. mag. 

Tu skalari saxeliT temp Seicavs temperaturis ricxviT mniSvnelobas-78 

farengeitis gardusebSi, brZaneba: disp(temp); disp(‘degrees F’) gvaZlevs: F 
 

78 
degrees F 
 

formatirebuli beWdva. formatirebis ufro vrcel saSualebas iZleva brZaneba 

fprintf. igi erTdroulad teqstis da matricis dabeWdvis da ricxviTi gamosaxulebis 

formatirebis saSualebas iZleva. misi zogadi forma aseTia: 

 
fprintf (format, matrices) 
 

sadac format Seicavs brWyalebSi Casmul teqsts da formatis specifikaciebs. 

teqstis SigniT %e, %f da %g gamoiyeneba imisaTvis, rom mivuTiToT sad unda 

daibeWdos matricis ricxviTi mniSvnelobebi. %e SemTxvevaSi ricxviTi gamosaxuleba 

moicema eqsponencialuri formiT, %f SemTxvevaSi ricxviTi gamosaxuleba  moicema 

aTwiladuri formiT, %g SemTxvevaSi – airCeva umoklesi forma eqsponencialursa da 

aTwiladur formas Soris. Tu teqstSi aris niSani \n es niSnavs, rom mis marjvniv 
mdgomi informacia gadava Semdeg xazze. 

 
fprintf ( ‘ The temperature is %f degrees F \n ’ , temp) 
 

Seesabameba: 

 
The temperature is 78.000000 degrees F 
 
Tu brZanebas ase SevcvliT: 

 
fprintf ( ‘ The temperature is  \n %f degrees F \n ’ , temp) 
 
miviRebT: 
 

The temperature is  
78.000000 degrees F 
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formatis ganmsazRvreli niSnebi %f, %g, %e SeiZleba Seicavdes informacias Tu 

ramden niSans unda Seicavdes ricxviTi gamosaxuleba da ramdeni niSani daibeWdos 

mZimis Semdeg. 
 
fprintf ( ‘ The temperature is  %4.1f degrees F \n ’ , temp) 
 
iZleva: 

 
The temperature is 78.0 degrees F 

x-y grafikis ageba 

me-7 TavSi dawvrilebiT ganvixilavT MATLAB-is grafikul SesaZleblobebs. axla ki 

imis sailustraciod Tu raoden martivi da moxerxebulia grafikis ageba 

MMATLAB-Si avagoT grafiki x da y veqtorebis saxiT warmodgenili monacemebis 

mixedviT.  

  

davuSvaT gvinda avagoT temperaturis monacemebi, romelic eqsperimentis Catarebis 

dros SevkribeT. 

  
dro, wamebSi temperatura, farenheitis gradusebSi 

0 54.2 

1 58.5 

2 63.8 

3 64.2 

4 67.8 

5 71.5 

6 88.3 

7 90.1 

8 90.6 

9 89.5 

10 90.4 

 

 

 

            

aseve davuSvaT, rom dro mocemuli gvaqvs rogorc  x vetoris, xolo temperatura 

– y veqtoris elementebi. (es veqtorebi winaswar unda SevqmnaT an failidan 

gamoviZaxoT Cvens samuSao sivrceSi). grafikis asagebad viyenebT brZanebas plot, 
argumentiT x, y, sadac orive an sveti veqtoria, an striqoni. 
 
plot(x,y) 
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nax. 2.2 x, y grafiki 

 
avtomaturad Seiqmneba grafiki nax. 2.2. imisaTvis, rom grafiki ufro 

informaciuli iyos, gavukeToT mas saTauri, RerZebs davaweroT Sesabamisi 

saxelebi da davitanoT naxazze sakoordinato bade nax. 2.3. 

 
plot(x,y),. . . 
title(‘Laboratory Experiments 1’), . . . 
xlabel(‘Time, s’), . . . 
ylabel(‘Temperature. degrees F’), . . . 
grid 
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nax. 2.3 gaumjobesebuli grafiki 

 

sami wertili yoveli striqonis bolos saWiroa imisaTvis, rom MATLAB – ma es 
xuTive brZaneba erTdroulad gauSvas. amis magivrad SegveZlo TiToeuli brZaneba 

cal-calke migveca erTmaneTis miyolebiT.  

 

Tu erTidaigive programaSi gvinda avagoT ori naxazi, an avagoT grafiki da 

gavagrZeloT Semdgomi gamoTvlebi, MATLAB gamoiyvans naxazs da gaagrZelebs 

programaSi miTiTebul brZanebebs, magram Tu gvinda, rom naxazs SevxedoT, vidre 

programa gaagrZelebs muSaobas, plot brZanebis Semdeg unda davweroT brZaneba pause. 
aseT SemTxvevaSi MATLAB  daelodeba Cvens dasturs (ENTER klaviSi) programis 

gagZelebisaTvis. 

 

MATLAB – is grafikul SesaZleblobebs dawvrilebiT gavecnobiT me-7 TavSi. 
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problema – gasrolili qvis traeqtoria 

 

mcire zomis obieqti gaisoles dedamiwidan 50 mili/saaTi siCqariT. dedamiwis 

zedapiris mimarT 30 gradusi daxris kuTxiT. ganvsazRvroT frenis dro da 

dedamiwaze dacemamde ganvlili manZili. 

 

1. amocanis dasma 

mcire zomis obieqti gaisoles dedamiwidan 50 mili/saaTi siCqariT. dedamiwis 

zedapiris mimarT 30 gradusi daxris kuTxiT. ganvsazRvroT frenis dro da 

dedamiwaze dacemamde ganvlili manZili.  

 

saWiroa damatebiTi informacia: 

 obieqtis parameterbi da frenis garemo gavlenas moaxdens frenis 

traeqtoriaze. magaliTad tu obieqti msubuqia, aqvs didi zedapiruli farTi 

da moZraobs haerSi haeris winaaRmdegoba mniSvnelovnad imoqmedes mis 

rtraeqtoriaze. garda amisa, Tu qari qris, sxeuli traeqtoria Seicvlis. Tu 

es inforemacia ar gvaqvs, unda davuSvaT rom garemo ar moqmedebs sxeulis 

gadaadgilebaze. 

 gravitaciuli aCqareba aseve moqmedebs frenaze. Tu xva monacemebi ar gvaqvs, 

vvaraudobT, rom sxeulze moqmedebs dedamiwis zedapirze moqmedi aCqareba. 

 unda SevafasoT sawyisi siCqaris da gasrolis kuTxis gazomvis sizuste, aseve 

gasrolis mdebareobac. saidan moxda gasrola dedamowis zedapiridan Tu 

adamianis mklavis simaRlidan 

 zomis erTeulebis Tanafardoba: 

1 mili = 5280 futi 

1 saaTi = 60 wuTi = 3600 wami 

360 gradusi = 2 radiani 
2. input/output aRwera 

 

 sawyisi monacemebia: sawyisi siCqare da 50 mili/saaTSi da kuTxe 30 gradusi 

horizontaluti mimarTulebis mimarT. 

 Sedegad unda miviRoT frenis dro da ganvlili manZili. SevarCioT zomis 

erTeulebic: wami droisaTvis da futi manZilisaTvis. 

 

3. maTematikuri modeli 

 

SemoviRoT aRniSvnebi: 

 dro – t (wm), t = 0 sxeulis gasrolis momentSi 

 sawyisi siCqare = 50 mili/saaTSi 

 gasrolis kuTxe 30 gradusi 

 sxeulis horizontaluri mdebareoba x(t) (futi) 
 vertikaluri mdebareoba - y(t) (futi) 
 gravitaciuli aCqareba g = 32.2 ft/s2, y mimarTulebis sapirispirod 
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trigonometriidan cnobilia 

  
Vh = V cos θ 
Vv = V sin θ 
 

sawyisi siCqare davSaleT vertikalur da horizontalur mdgenelebad. 

warmovadginoT siCqareebi rogorc drois funqcia: 

 

cos)( vttx                               

2

2

1
sin)( gtvtty  

   

4. gamoTvlis meTodi 

 

obieqtis gasrola xdeba roca misi vertikaluri mdebareoba nulis tolia 

 

2

2

1
sin)( gtvtty  

 

 

mas ori aminaxsni aqvs  

 

0t                           
0

2

1
sin 2  gtvt 

 

 

meore amonaxsnidan gamomdinare obieqti daecema dedamiwaze drois momentSi: 

 

g

v
tg

sin2


 

 

am droisaTvis horizontaluri mdebareoba (ganvlili manZili) tolia: 

 

cos)( gg vttx   
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5. M MATLAB amoxsna 
 

  Flight trajectory computation 
  
 Initial values 
g = 32.2; % gravity, ft/s^2 
v = 50 * 5280/3600; % launch velocity, ft/s 
theta = 30 * pi/180; % launch angle, radians 
 Compute and display results 
disp(’time of flight (s):’) % label for time of flight 
tg = 2 * v * sin(theta)/g % time to return to ground, s 
disp(’distance traveled (ft):’) % label for distance 
xg = v * cos(theta) * tg % distance traveled 

 Compute and plot flight trajectory 
t = linspace(0,tg,256); 
x = v * cos(theta) * t; 
y = v * sin(theta) * t - g/2 * t.^2; 
plot(x,y), axis equal, axis([ 0 150 0 30 ]), grid, ... 
xlabel(’Distance (ft)’), ylabel(’Height (ft)’), title(’Flight 
Trajectory’) 

 

6. Semowmeba 

 

 

 
 

 

 

problema – aerodinamikuri gvirabi 

 

aerodinamikuri gvirabi – es aris specialuri Senoba sxvadasxva siCqaris qaris 

modelirebisaTvis. siCqaris nacvlad SesaZloa visargebloT maxis ricxviT, romelic 
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= qaris siCqare / bgeris siCqare. SenobaSi Tavsdeba sahaero xomaldis zusti modeli 

da izomeba ra ZaliT moqmedebs qari masze sxvadasxva siCqarisa da modelis mimarT 

mimarTulebis sxvadasxva kuTxis SemTxvevaSi. xangrZlivi testirebis Semdeg 

monacemTa vrceli wyeba grovdeba da misi analizis safuZvelze dgindeba sxvadasxva 

aerodinamikuri parametri (aerodinamikuri amwevi Zala-lift, aerodinamikuri winaRoba - 
drag) mocemuli modelisaTvis.  

 

am magaliTs Cven kidev ramdenjerme davubrundebiT.  axla ki davuSvaT, rom 

testirebisas miRebuli monacemebi Cawerili ASCII failSi romlis saxelia 

wind1.dat. unda vnaxoT am monacemebis grafiki. TiToeuli xazi failSi Seicavs 

frenis mimarTulebis kuTxes gradusebSi da Sesabamis lift  koeficients. 

magaliTisaTvis aviToT aseTi monacemebi: 

 

frenis kuTxe 

(gradusebSi) 

koeficienti 

 

-4 -0.202 

-2 -0.050 

0 0.108 

2 0.264 

4 0.422 

6 0.573 

8 0.727 

10 0.880 

12 1.027 

14 1.150 

15 1.195 

16 1.225 

17 1.224 

18 1.250 

19 1.245 

20 1.221 

21 1.177 

   
 

 

 

Tumca viRebT monacemTa mxolod mcire nawils, magram esec sakmarisia davrwmundeT 

monacemTa failis gamoyenebis upiratesobaSi. failSi Cawerili monacemebi mravalgzis 

SegviZlia gamoviyenoT sxvadasxva amocanebisaTvis.  

 

warmogidgenT xuT safexurian process imis sailustraciod rom es martivi 

procesia. 

 

1. amocanis dasma 

avagoT frenis mimarTulebis kuTxis grafiki   koeficientis mimarT. 

 

2. input/output aRwera 
sadac es SesaZlebelia visargeblebT I/O diagramiT, rogorc es naCvenebia nax. 2.4. am 
magaliTSi vkiTxulobT informacias failidan da MATLAB saSualebiT vagebT 
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grafiks. diagrama Seicavs simbolos disketisaTvis, rac warmoadgens minacemTa fails 

– input. output aris  grafikuli gamosaxuleba da misTvis viyenebT sxva aRniSvnas.  

 

          
 

 

nax. 2.4 I/O diagrama 

 
 

3. saxeldaxelo amoxsna 

imisaTvis, rom daaxloebiT warmodgena gvqondes, ra Sedegi unda miviRoT, 

SevasruloT amocana mcire masStabiT. am SemTxvevaSi Tu davxedavT monacemebs 

vnaxavT, rom koeficieficienti izrdeba –0.2 dan da aRwevs maqsimums  1.25, 18 

gradusze. 

 

4. MATLAB amoxsna 
  
 This program reads and plots information  
 in data file containing flight path angles 
 and coefficients of lift. 
  
load wind1.dat;  % read data from file to matrix 
x = wind1(:,1);   % copy first column into x vector 
y = wind1(:,2);   % copy second column into y vector 
plot(x,y),...    % plot x and y 
title('Wind tunel Data Set 1'),... 
xlabel('Flight Path Angle, degrees'),... 
ylabel('Coefficient of Lift'),... 
grid 

 
5. Semowmeba 

 

Tu gavuSvebT am programas MATLAB –Si miviRebRebT grafiks. nax. 2.5. 
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nax. 2.5 aerodinamikuri eqsperimentis monacemTa grafiki 

 

 

am TavSi zogadad warmogidgineT MATLAB – is garemo. misi ZiriTadi 

struqturuli erTeulia matrica, romelic SeiZleba iyos skalari – Cveulebrivi 

ricxvi, veqtori – ricxviTi mwkrivi, an ricxvTa striqonebad da svetebad 

ganlagebuli erToblioba. gaecaniT matricis Seqmnis meTodebs, ASCII an MAT 
failis saxiT Cawerili monacemebis gamoZaxebas, gaCveneT rogor unda aigos x-y 
grafiki. Tavis dasasuls avageT aerodinamikuri testirebis Sedegad miRebuli 

monacemebis grafiki. 

 

CamoTvlilia yvela specialuri sombolo, brZaneba da funqcia, romelic 

ganxiluli iyo am TavSi. TiToeul maTgans erTvis mokle ganmarteba. 
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specsimboloebi: 

 

[ ]         gamoiyeneba matricis Sesaqmnelad 

( )         matricis elementebis ideqsebisaTvis 

,           gamoyofs erTmaneTisagan indeqsebsa da matricis elementebs 

;           gamoyofs matricebs an brZanebebs, krZalavs beWdvas 

>>         mogvixmobs Semdegi brZanebisaken 

. . .        agrZelebs brZanebas Semdeg xazze 

%          gansazRvravs komentars an formats 

:           matricis Sesaqmnelad 

\n          gansazRvravs axal xazs 

^C          brZanebis lokalurad Sewyveta 

 

 

brZanebebi da funqciebi 

 
ans                cvladi, Tu mas Seqmnisas saxels ar mivaniWebT 

clc              asufTavebs brZanebebis fanjaras 

clear            asufTavebs samuSao sivrces 

clf              asufTavebs grafikul fanjaras 

computer          gviCvenebs kompiuteris tips 

demo              iwyebs MATLAB demonstrirebas 
disp               gamoyavs ekranze matrica an teqsti 

echo              ekranze gamogviyvans M failis Sinaarss 

exit  Sezyvets MATLAB - s 
format + gamoyavs mxolod niSani da ara ricxviTi gamosaxuleba 

format long aTwiladi gamoyavs 15 niSniT mZimis Semdeg 

format short aTwiladi gamoyavs 5 niSniT mZimis Semdeg 

format long e ricxvi gamoyavs eqsponencialuri formiT 

format short e ricxvi gamoyavs eqsponencialuri formiT 

fprintf beWdavs formatirebul teqsts 

grid grafikul gamosaxulebaze gamohyavs sakoordinato bade 

help gamoiZaxbs MATLAB help 
input saSualebas gvaZlevs monacemi SeviyvanoT klaviaturidan 

load gamoiZaxebs matricas failidan 

pause droebiT wyvets programas 

plot agebs grafiks 

quit wyvets MATLAB 
save inaxavs cvlads failSi 

size gansazRvravs matricis zomas 

title grafikuli gamosaxulebis saTauri 

type dagvibeWdavs failis Sinaarss 

what CamogviTvlis M failebs moc. samuSao sivrceSi 

who CamoTvlis cvladebs moc. samuSao sivrceSi 
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whos CamoTvlis cvladebs moc. samuSao sivrceSi + zomebi 

xlabel grafikze x RerZis saxeli 

ylabel grafikze y RerZis saxeli  
 

amocanebi 

 

1 – 10 amocanaSi gamoiyeneT orwertilovani operatori, rom SeqmnaT miTiTebuli 

veqtori da Semdeg dabeWdeT Sesabamisi cxrili Tqven ar gWirdebaT arcerTi 

ariTmetukuli operacia MATLAB-Si am promlemebis gadasawyvetad, magram SesaZloa 

dagWirdeT nazrdis gamoTvla.  

 

1. SeqmeniT gradusebis radianebSi gadasayvani cxrili. pirveli xazi unda 

Sicavdes sidideebs 0 gradusisTvis, meore xazi – 10 gradusisTvis da a. S. 

bolo xazi unda Seicavdes sidideebs 360 gradusisaTvis. 

2. SeqmeniT radianebis gradusebSi gadasayvani cxrili. daiwyeT radianebis sveti 

0.0 nazrdiT /10 2-mde. (SegaxsenebT =1800). 
3. SeqmeniT duimebis santimetrebSi gadasayvani cxrili. daiwyeT duimebis sveti 

0.0 nazrdiT 0.5, bolo striqoni unda Seicavdes monacems 20 duimi (1 duimi = 

2.54 sm). 

4. SeqmeniT santimetrebis duimebSi gadasayvani cxrili. daiwyeT santimetrebis 

sveti 0.0 nazrdiT 0.5, bolo striqoni unda Seicavdes monacems 50 sm. (1 

duimi = 2.54 sm). 

5. SeqmeniT mili/saaTebis futi/wm.-Si gadasayvani cxrili. daiwye mili/saaTebis 

sveti 0.0 nazrdiT 5 mili/saaTi bolo striqoni unda Seicavdes monacems 65 

mili/saaTi (1 mili = 5.280 futs) 

6. SeqmeniT futi/wm. mili/saaTebSi gadasayvani cxrili. daiwyeT futi/wm. sveti 

0.0 nazrdiT 5 futi/wm. bolo striqoni unda Seicavdes monacems Tqvens mier 

SerCeul sidides (1 mili = 5.280 futs) 

 

Semdegi pirobebi vrceldeba 7 – 10  amocanebze: 

 

$ = 5.3 franki 

1 ieni = 0.0079 $ 

1.57 germanuli marka = 1 $ 

7. SeqmeniT frankebis dolarebSi gadasayvani cxrili. daiwye frankebis sveti 

5frankiT, nazrdiT 5 franki. dabeWdeT aseTi cxrilis 25 striqoni. 

8. SeqmeniT germanuli markis frankSi gadasayvani cxrili cxrili. daiwye markebis 

sveti 1germanuli markiT, nazrdiT 5 g.m. mieci saSualeba momxmarebels TviTon 

Seiyvanos striqonebis ricxvi klaviaturidan. 

9. SeqmeniT ienis germanul markebSi gadasayvani cxrili. daiwye ienis sveti 100 

ieniT da dabeWdeT aseTi cxrilis 25 striqoni, ise, rom ienis saboloo 

mniSvneloba iyos 10 000.  
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10. SeqmeniT dolaris frankebSi, germanul markaSi da ienSi gadasayvani cxrili. 

daiwye dolaris sveti 1 dolariT. dabeWdeT aseTi cxrilis 50 striqoni. 

 

11-15 amocanebi momarTaven monacemTa ASCII  fails saxeliT temp.dat . monacemTa 
faili Seicavs 100 striqons. TiToeuli striqoni Seicavs axali Zravis testirebis 

Sedegebs. pirveli sidide striqonSi(0.0) aris dro, roca Zravam muSaoba daiwyo. 

drois yovel mocemul momentSi izomeboda temperatura Zravis 4 sxvadasxva 

adgilas. amrigad, yoveli striqoni Seicavs 5 monacems: dro da 4 temperatura (T1, 
T2, T3, T4). 

 

11. aageT garfiki, sadac x RerZze gadazomilia dro, y RerZze ki T1. daawereT 
RerZebs Sesabamisi aRniSvnebi. 

12. aageT garfiki, sadac x RerZze gadazomilia dro, y RerZze ki T2. daawereT 
RerZebs Sesabamisi aRniSvnebi. 

13. aageT garfiki, sadac x RerZze gadazomilia dro, y RerZze ki T3. daawereT 
RerZebs Sesabamisi aRniSvnebi. 

14. aageT garfiki, sadac x RerZze gadazomilia dro, y RerZze ki T4. daawereT 
RerZebs Sesabamisi aRniSvnebi. 

15. aageT garfiki, sadac x RerZze gadazomilia T4, y RerZze ki dro. 
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kosmosuri Tanamgzavri VIKING 1 

 

 

fundamenturi sainJinro gamoTvlebi 

 

warmogidgenT masalas, romelic fundamenturia ZiriTadi sainJinro amocanebisaTvis. 

magaliTad MATLAB-is funqciebi trigonometriuli, logariTmuli da 

eeqsponencialuri gamoTvlebisaTvis. aseve ganvixilavT kompleqsur ricxvebs, 

romelic gansakuTrebiT mniSvnelovania eleqtro da meqanikur sainJinro 

disciplinebSi. garda imisa, rom vawarmooT ricxviTi operaciebi, unda SegveZlos 

Sedarebis, logikuri da ciklis operaciebis CarTva programaSi. amitom TavSi 
kontrolis operaciebis Sesaxeb ganxilulia sakiTxi imis Sesaxeb Tu rogor unda 

daisvas SekiTxva programaSi da pasuxze dayrdnobiT rogor unda Sesruldes 

garkveuli operaciebi.  Tavi ststistikuri ganazomebisa da maTi interpretaciis 

Sesaxeb exeba eqsperimentuli Sedegebis analizs. ganvixilavT SemTxveviTi sididis 

generirebis funqciebs, romlebic dagvWirdeba garkveuli fizikuri procesebis 

modelirebisaTvis. MATLAB-s aseve gaaCnia damatebiTi funqciebi da opertorebi, 

romlebic matricebisTvisaa gankuTvnili. da bolos, imis gamo, rom sainJinro 

koncefciaTa arsis gageba bevradaa damokidebuli maT vizualur warmodgenaze, Zalze 

mniSvnelovania martivad da moxerxebulad SevZloT maTi warmoCena.  MATLAB–s 
gaaCnia mZlavri saSualebebi grafikuli interpretaciisaTvis.  

3 skalaruli da matriculi gamoTvlebi 

 

3.1 MATLAB specialuri sidideebi da matricebi 

3.2 skalaruli operaciebi 

3.3 operaciebi masivebze 

sakomunikacio signalis eqo 

3.4 ZiriTadi maTematikuri funqciebi 
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problema: hidroakustikuri signali 

3.5 kompleqsuri ricxvebi 

Sesavali 

Sekrebis, gamoklebis, gamravlebis da gayofis operaciebi ZiriTadi ariTmetikuli 

operaciebia, romeloTac yvelaze xSirad vsargeblobT. aseve xSirad vasrulebT iseT 

operaciebs, rogoricaa kvadratuli fesvis amoReba, ricxvis logariTmis an kuTxis 

trigonometriuli funqciis gamoTvla. SesaZlebelia es operaciebi Sesruldes 

rogorc erTi sididisaTvis aseve maTi erTobliobisaTvisac – veqtoris da 

matricisaTvis. am TavSi gavecnobiT, rogor axorcielebs MATLAB  am operaciebs. 
garda amisa, vnaxavT, rogor gamoviyenoT MATLB–is SesaZleblobebi kompleqsuri 

ricxvebisaTvis. erT-erT praqtikul magaliTSi ganvixilavT sakomunikacio signalis 
eqos, meore ki exeba hidroakustikur signals. 

 

3.1 MATLAB specialuri sidideebi da matricebi 

MATLAB-s aqvs garkveuli raodenobis winaswargansazRvruli mudmivebi, specialuri 
sidideebi da specialuri matricebi. maTi umravlesoba Seqmnilia MATLAB-is mier  
Tavisive funqciebis gamoyenebiT. am TavSi gagacnobT MATLAB funqciaTa ramdenime 
magaliTs. xolo 3.4 ganyofilebaSi mimovixilavT MATLAB-is damatebiTi funqciebis 
ramdenime magaliTs.  

3.1.1 specialuri sidideebi 

pi MATLAB am saxelian cvlads aRiqvams rogorc Cveulbriv ricxvs π. 
i, J gamoiyeneba lompleqsuli ricxvebisaTvis da MATLAB-i maT aRiqvams                    

rogorc √-1 
inf es cvladi aRniSnavs usasrulobas, romelic, Cveulbriv, 

gamoTvlebisas miiReba rogorc nulze gayofis Sedegi (∞) 
NaN warmoadgens sidides, romelic ar aris ricxvi – ganuzRvreloba, 

sisdide, romelic miiReba magaliTad nulis gayofiT nulze.  
clock gvaZlevs mimdinare dros eqvselementiani veqtoris saxiT: weli, Tve, 

saaTi, wuTi da wami. 
date  gvaZlevs mimdinare TariRs simboloTa mwkrivis saxiT mag. 20-Jun-

2006 
eps mocemuli kompiuteris sizuste (ricxvis mocemis) mcocavi mZimis 

reJimSi. es aris sxvaoba 1.0- sa da mis momdevno uaxloes aTwilads 

Soris, romlis warmoeba moc. kompiuters SeuZlia.  
ans gamoiyeneba  im cvladis aRsaniSnavad, romelis saxelic 

gansazRvruli ar aris. 

 

3.1.2 specialuri matricebi 

MATLAB aqvs funqciaTa jgufi, romlis saSualebiT specialuri tipis matricebi 

iqmneba, romelTac garkveuli daniSnuleba aqvT ricxviTi meTodebis gamoyenebaSi. 

zogirT maTgans ki ufro zogadi gamoyeneba aqvs. 
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magiuri kvadrati. n rigis magiuri kvadrati aris n×n matrica, romls elementebia 

mTeli ricxvebi 1 dan n2 – mde. misi elementebi isea ganlagebuli, rom yovel 

striqonSi da svetSi elementebis jami erTidaigive ricxvia. 

 

brZaneba zeros awarmoebs matricas, romlis yvela elementi nulis tolia. Tu 

funqciis argumenti skalaria, miiReba kvadretuli matrica, romlis svetebis da 

striqonebis ricxvi argumentiT ganisaRzRvreba. Tu funqcias ori skalaruli 

argumenti qvs, (zeros(m,n)), miReba  n striqoniani da m svetiani matrica, romlis 
yvela elementi nulis tolia. Tu argumenti matricaa, maSin Seiqmneba iseTive zomis 

matrica, rogoric argumentia. Semdegi brZanebebi Seesabameba aRweril SemTxvevebs: 

 
A = zeros(3); 
B = zeros(3,2); 
C = [ 1 2 3; 4 5 6]; 
D = zeros( size(C)); 

 
 

000
000
000

=A                            
00
00
00

=B                     

 

654
321

=C                          
000
000

=D  

funqcia ones awarmoebs matricas, romlis yvela elementi 1-is tolia, iseve, rogorc 

zeros awarmoebs 0 –ebis Semcvel matricas. Tu funqciis argumenti skalaria, miiReba 

kvadretuli matrica, romlis svetebis da striqonebis ricxvi argumentiT 

ganisaRzRvreba. Tu funqcias ori skalaruli argumenti qvs, (ones(m,n)), miReba  n 
striqoniani da m svetiani matrica, romlis yvela elementi erTis tolia. Tu 

argumenti matricaa, maSin Seiqmneba iseTive zomis matrica, rogoroc argumentia. 

Semdegi brZanebebi Seesabameba aRweril SemTxvevebs: 
A = ones(3); 
B = ones(3,2); 
C = [ 1 2 3; 4 5 6]; 
D = ones(size(C)); 

 
 
 
















=

111
111
111

A                            















=

11
11
11

B                     

 









=

654
321

C                          







=

111
111

D  

 

 

erTeulovani matrica iseTi matricaa, romlis mTavari diagonalis elementebi 1-is 

tolia, yvela danarCeni ki nulis. mag. Semdegi matrica aris 4×4 erTeulovani 
matrica: 



3 skalaruli da matriculi gamoTvlebi 4 

 



















1000
0100
0010
0001

 

 
aRvniSnavT, rom mTavari diagonali aris is diagonali, romlis elementebis 

indeqsebic erTmaneTis tolia – (1,1), (2,2), (3,3) da a.S. 

 

MATLAB – Si erTeulovani matrica SegviZlia SevqmnaT  eye funqciis saSualebiT. 

am funqciis argumenti msgavsia ones da zeros funqciaTa argumentebis. Tu funqciis 
argumenti skalaria, miiReba kvadretuli matrica, romlis svetebis da striqonebis 

raodenoba argumentiT ganisaRzRvreba. Tu funqcias ori skalaruli argumenti qvs, 

(eye(m,n)), miiReba  n striqoniani da m svetiani matrica, romlis mTavari 

diagonalis elementebi erTis tolia, yvela danarCeni ki nulis. Tu argumenti 
matricaa, maSin Seiqmneba iigive zomis erTeulovani matrica. Semdegi brZanebebi 

Seesabameba aRweril SemTxvevebs: 

 
A = eye(3); 
B = eye(3,2); 
C = [ 1 2 3; 4 5 6]; 
D = eye( C ); 

 
 

100
010
001

=A                            
00
10
01

=B  

 

654
321

=C                          
010
001

=D  

sasurvelia erTeulovan matricas arasodes davarqvaT i, aman SesaZloa gamoiwvios 

problemebi Tu igive programaSi kompleqsur ricxvebs iyenebT. 

 

paskalis samkuTxedi. brZaneba pascal awarmoebs kvadratul matricas, romlis 

elementebi paskalis samkuTxeds Seesabameba. paskalis samkuTxedi gvaZlevs 

binomialuri gafarToebis koeficientebs formiT: (a + b)n. magaliTad meoTxe xarisxis 

samkuTxedi: 

 
 

14641
1331

121
11

1

 

 
Tu mivcemT brZanebas pascal(5), miviRebT matricas: 
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70351551
35201041
1510631
54321
11111

 

 

Tu kargad daakvirdebiT am matricaSi advilad ipoviT paskalis samkuTxeds. 

 

3.2 skalaruli operaciebi 

 
ariTmetikuli operaciebi xorcieldeba gamosaxulebaTa saSualebiT. gamosaxuleba 

SesaZloa iyos martivi, rogoricaa magaliTad mudmiva - konstanta, anda Seicavdes 

matricebs da konstantebs, SeerTebuls ariTmetikuli operaciebis niSnebiT. am TavSi 

ganvixilavT mxolod skalaruli sideebis Semcvel gamosaxulebebs. 

 

 cxrili aRwers ariTmetikul operaciebs sakalarebs Soris. 

 

 

operacia algebruli forma MATLAB 
Sekreba a + b a + b 
gamokleba a - b a - b 
gamravleba a x b a * b 
marjvena gayofa a/b a/b 
marcxena gayofa b/a a\b 
axarisxeba ab a^b 

 

gamosaxuleba: x = a + b, a da b mniSvnelobebi Seikribeba da  miRebuli Sedegi 

mieniWeba x –s. xolo gamosaxuleba count = count + 1 – niSnavs rom count mniSvnelobas 

miemateba 1 da Sedegi Caiwerwba isev count cvladSi, Secvlis ra mis wina 

mniSvnelobas, e. i. count mniSvneloba 1 –iT gaizrdeba. 

 
mniSvnelovania aRiniSnos, rom cvlads ar SeiZleba hqondes erTdroulad ori 

mniSvneloba. magaliTad erTmaneTis momdevno es ori brZaneba: 

 

 

 
time = 0.0; 
time = 5.0; 
 

Sedegad gvaZlevs time = 5.0. 
 

3.1.3 ariTmetikuli operaciebis Sesrulebis rigi 

 

ramdenadac ramdenime ariTmetikuli operacia SeiZleba gaerTiandes erTi 

gamosaxulebis saxiT, mniSvnelovania davicvaT maTi Sesrulebis rigi. cxrili 

gviCvenebs ariTmetikuli operaciebis rigiTobas MATLB gamosaxulebaSi, rac 

iseTivea, rogorc Cveulebriv algebruli operaciebis rigi. 
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procedura operacia 

1 frCxilebi 

2 axarisxeba marcxnidan marjvniv 

3 gamravleba da gayofa, marcxnidan 

marjvniv 

4 Sekreba – gamokleba, marcxnidan 

marjvniv 

 

davuSvaT gvsurs gamovTvaloT trapeciis farTobi, sadac skalari height Seicavs 

simaRlis sigrZes, xolo skalarebi base_1 da base_2 - mis or fuZes. trapeciis 
farTobi SegviZlia gamovTvaloT Semdegi brZanebebiT: 

 
area = 0.5* height *(base_1 + base_2); 
 
Tu gamogvrCa frCxilebi: 

 
area = 0.5* height *base_1 + base_2; 
maSin es brZaneba identuri iqneba brZanebis: 

 
area = (0.5* height *base_1) + base_2; 
da Sedegic Sesabamisad araswori mohyveba, Tumca programa ver gansazRvravs rom 

Secdomaa daSvebuli da arc migviTiTebs amis Taobaze, amitom programis Sedgenisas 

sifrTxile unda gamoviCinoT, raTa uzrunvelvyoT atiTmetikuli mqmedebebis 
saTanado rigi. ganvixiloT gantoleba: 

 

14.305005.0
3.62

2

23

−+
−+−

=
xx
xxxf  

 

f mniSvneloba unda gamoviTvaloT Semdegi brZanebebiT: 

 
numerator = x^3 – 2*n^2 + x – 6.3; 
denumerator = x^2 + 0.05005 * x – 3.14; 
f = numerator/denumerator; 
 
ukeTesia brZanebebi aseTnairad gavyoT, vidre erTi grZeli gamisaxuleba davweroT, 

romelic maT gaaerTianebs. es ufro martivicaa da Secdomebsac agvacilebs Tavidan 

savarjiSo 

 

dawereT brZanebebi Semdegi gamosaxulebebis gamosaTvlelad: 
 

1. xaxunis koeficienti saburavsa da qvafenils Soris: 

30s
vfriction

2

=  

2. correction faqtor(Sesworebis koeficienti) wnevis gamoTvlisas: 

 

2

b1f
υυ
cactor ++=  

3. or wertils Soris daxra: 
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12

12y
xx
yslope

−
−

=  

4. paraleluri wredis winaRoba: 

321

111
1tan

rrr

ceresis
++

=  

 

3.1.4 SezRudvebi gamoTvlebSi 

 

kompiuterSi cvladma SeiZleba miiRos ricxviTi mniSvneloba farTo diapazonSi, xSir 

SemTxvevaSi es aris 10-308 – 10308 Sualedi. umravles SemTxvevaSi es sakmarisia. 

Tumca zogjer Sedegma SesaZloa gadaaWarbos aRniSnul zRvars.  davuSvaT gvaqvs: 

 
 

x = 2.5e200; 
y = 1.0e200; 
z = x*y; 

x da y zemoaRniSnul SualedSi xvdebian, magram z mas aWarbebs. 
aseT Secdomas uwodeben eqsponencialur gadakavebas (overflow). MATLAB  aseT 

cvlads mianiWebs mniSvnelobas ∞. 
aseve SeiZleba  miviRoT Zalian mcire ricxvi – eqsponencialuri ukmarisoba 

(underflow),  

 
x = 2.5e-200; 
y = 1.0e200; 
z = x/y; 

 

am SemTxvevaSi z sidide miiRebs nulovan mniSvnelobas. 
 
 

3.3 operaciebi masivebze 

 

masivebze operacia xorcieldeba Sesabamis elementebs Soris. magaliTad, davuSvaT A 

aris xuTelementiani striqoni veqtori. B aseve xuTelementiani striqoni veqtoria. 

imisaTvis, rom Seiqmnas veqtori, romlis elementebic am ori veqtoris elementebis 

namravli iqneba, erTi gza aseTia: 
 

C(1) = A(1) * B (1); 
C(2) = A(2) * B (2); 
C(3) = A(3) * B (3); 
C(4) = A(4) * B (4); 
C(5) = A(5) * B (5); 

 

es operaciebi skalarulia, radgan Seicavs mxolodD skalarul sidideebs. 

 
Tu gvsurs ori erTnairi zomis veqtori an matrica erTmaneTze wevr-wevrad 

gadavamravloT, moqmedebis niSnis win unda davweroT wertili: 
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C = A.*B 

 

wertilis gamotoveba am operaciaSi seriozuli Secdomaa, radgan aseT SemTxvevaSi 

moxdeba matriculi gadamravleba, romelic rogorc viciT, sruliadac ar niSnavs 

elementebis erTmaneTze wevr-wevrad gadamravlebas. 

 

Sekrebisa da gamoklebisaTvis matriculi da masivebze operaciebi erTidaigivea, 
xolo gamravlebis gayofis, axarisxebis matriculi operaciebi  gansxvavdeba 

masivebze operaciebisagan, amitom ar unda dagvaviwydes moqmedebis niSnis win 

wertilis dasma, roca es saWiroa (masivebze operaciis dros). es wesebi Sejamebulia 

cxrilSi: 

 

operaciebi Sesabamis elementebze 

 

operacia algebruli forma MATLAB 
Sekreba a + b a + b 
gamravleba a – b a - b 
gamravleba a x b a. * b 
marjvena gayofa a/b a./b 
marcxena gayofa b/a a.\b 
axarisxeba ab a.^b 

 
B = 3*A; - Tu A A skalaria, 
B = 3.*A; - Tu A A ar aris skalari. 

 

Sedegad miRebuli veqtori igive zomos iqneba, rogoric moqmedebaSi monawile 

veqtorebi.  
 
A = [2 5 6] 
B = [2 3 5] 

A ,B masivuri namravli: 
C = A. *B  = [4 15 30]. 

MATLAB aqvs gayofis orgvari operacia: marjvena da marcxena. (/, \). 
 

C = A./B – marjvena gayofa xorcieldeba A matricis elementebis gayofiT B-
matricis Sesabamis elementebze. xolo marcxnidan gayofa – B elementebis gayofiT 
A elementebze.  

 
masivuri axarisxebac Sesabamisad wevr-wevrad xdeba. magaliTad: 
C = A.^2; 
D = A.^B; 

Sesabamisad mogvcems: 

 
C = [4   25  36] 
D = [4   125   7776] 

SegviZlia axarisxebisas fuZed skalari aviRoT, maCveneblad – veqtori: 

 

C = 3.0.^ A – mogvcems C = [9 243 729].  
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eqvivalenturia brZaneba:  

 
C = (3).^A;  

 
amgvarad didi sifrTxilea saWiro rom sworad ganvsazRvroT da mivuTiToT 

programaSi ra tipis operacia gvWirdeba matriculi Tu masivuri. 

 

moyvanil magaliTebSi vixilavdiT veqtorebs. yovelive rac maT Sesaxeb iTqva, 

exeba matricebsac. 

 
d = [1:5; -1 : –1 : -5]; 
z = ones(d); 
s = d – z;  
p = d.*s; 
sq = d. ^3; 

 
miiReba: 
 









−−−−−

=
54321

54321
d                           








=

11111
11111

z  

 









−−−−−

=
65432

43210
s                 








=

30201262
2012620

p  

 
 









−−−−−

=
125642781

125642781
sq  

 
savarjiSo 

 

 

gamoiTvaleT C veqtoris mniSvnelobebi, Tu A = [2 –1 5 0] B = [3 2 –1 4] 
 
1. C = A- B; 
2. C = B +A – 3; 
3. C = 2*A + A.^B; 
4. C = B. /A; 
5. C = B. \A; 
6. C = A. ^ B; 
7. C = (2).^B +A; 
8. C = 2*B/3.0.*A; 
 

 amocana - sakomunikacio signalis eqo 
 

Sesrulebuli iqna saintereso gamokvleva kompiuteruli sistemis ganviTarebisaTvis, 

romelic emyareba xmovan brZanebebs. aseTi sistema gulisxmobs, rom mikrofoni, 

romliTac brZanebebi gadaicema rac SeiZleba zustad gadascemdes metyvelebas. 

samwuxarod sensorebs, maT Soris mikrofonsac axasiaTebs xmauri. ormxrivi 

komunikaciis sistemebs axasiaTebs agreTve eqo. vidre Seudgebodes sityvebis 
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gaigivebas, metyvelebis gamaigivebel sistemas unda SeeZlos gadaamuSaos signali da 

gaasufTaos igi arasasurveli komponentebisagan, rogoricaa magaliTad eqo. imisaTvis, 

rom SevamowmoT programa, romelmac unda gaasufTaos signali eqosagan, gvWirdeba 

SevqmnaT cifruli signali da mas davurToT eqoebi. Semdeg miRebul signals 

davamuSavebT gamosacdeli programis saSualebiT da vnaxavT ramdenad kargad 

SevZeliT dasaxuli amocanis Sesruleba. ganvsazRvroT cifruli signali da 

davweroT MATLAB programa, romelic mas daumatebs ramdenime eqos. 

 

cifruli signali 

 

signali aris funqcia (Cveulebriv droisa) romelic gvawvdis informacias. 
informacia, anu monacemebi Sekrebilia sensoris mier. Cveulebriv aseTi mimRebia 

mikrofoni, romelic zomavs akustikur an xmovan sidideebs( magaliTad metyveleba), 

seismometri, romelic zomavs dedamiwis qerqis moZraobas, fotomimRebi, romelic 

zomavs sinaTlis intensivobas, Termometri- temperaturas, voltmetri – Zabvas. 

sensori Cveulebriv mierTebulia sxva instrumentTan, e. w. analogur-cifrul 

gardamqmnelTan(A/D), romelic agrovebs signals periodulad, Caiwers droiiT 

anaTvals da signalis Sesabamis mniSvnelobas monacemTa failis saxiT. sawyisi, 

Semomavali signali Cveulebriv uwyveti (analoguri) funqciaa. amgvarad miRebul 

monacemTa mwkrivs cifrul signals uwodeben. nax 3.1 warmoadgens uwyveti signalis 

magaliTs, 3.2 -  monacemTa mwkrivs, romelic miiReba analoguri signalidan - 
cifrul signals. cifruli signali Seicavs monacemTa mwkrivs, romelic SeiZleba 

Caiweros failis saxiT da Semdeg gamoviyenoT MATLAB –Si daweril programaSi, 

avagoT grafiki signalis mniSvnelobebisa drois mimarT. grafikis agebisas wertilebs 

erTmaneTTan vaerTebT segmentebiT, rom Sedegi ufro TvalsaCino iyos. 

 

eqos generireba 

 

eqo ganixileba rogorc Sesustebuli anarekli originaluri signalisa, romelic 

signals daerTvis garkveuli SeyovnebiT. magaliTad nax 3.3 Seicavs originalur 

signals, s(t), meore grafaSi signalis mniSvneloba Sesustebulia 0.5 jer da 2 wamis 
dagvianebiT daerTvis signals. mesame grafaSi saignals erTvis eqo, romelic 

Sesustebulia 0.3 jer da dagvianebuli 5 wamiT. es e.w. Caxveuli (rolled) eqoa,radgan 
eqos mniSvnelobebi uaryofiTi sidideebia. meoTxe grafaSi warmodgenilia 

originaluri signali TandarTuli orive eqoTi. 
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nax. 3.1 analoguri signali 
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nax. 3.2 cifruli signali 
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nax. 3.3 signali eqoebiTurT 

 

 

davuSvaT monacemebi signalis Sesaxeb grovdeboda 10 wamis ganmavlobaSi, yovel 0.1 

wamSi. pirveli wamis ganmavlobaSi Segrovda koordinatTa Semdegi wyeba: 

 

 

 

 

 

 
dro, wm signalis mniSvneloba 

00 0.0 

0.1 0.5 

0.2 1.0 

0.3 -0.5 

0.4 0.75 

0.5 0.0 

0.6 -0.02 

0.7 -0.10 

0.8 0.0 
0.9 0.0 

1.0 0.0 

   

 

signalis Semdgomi mniSvnelobebi 0-is tolia. 
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dawereT MATLAB programa, romelic Seqmnis signals, romelic Sedgeba sawyisi 

signalisa da darTuli sami eqosagan. pirveli eqo – signali Sesustebulia 

faqtoriT - 0.5 da dagvianebuli 2 wamiT, meore eqo – Caxveuli(rolled) eqo 4 wamis 
dagvianebiT da Sesustebuli faqtoriT -0.3, mesame eqo dagvianebulia 7.5 wamiT da 

Sesustebuli faqtoriT 0.1. aageT sawyisi signali da axali signali samive eqoTi. 

Semdeg SeinaxeT orive signalis monacemebi M failis saxiT – echo.m. 
 
 

1. amocanis dasma 

 

mocemulia sawyisi signali, SevqmnaT axali signali, romelic Seicavs rogoc sawyis 

signals, aseve sam sxvadasxvagvarad Sesustebul da dagvianebul eqos. 
 

2. INPUT/OUTPUT aRwera 
 

nax. 3.4 –is punqtiriT SemosazRvruli are moicavs sawyisi signalisgan (sn) eqos 

generirebis dawvrilebiT suraTs. signalis mniSvnelobebi gamravlebulia 

gansazRvrul koeficientze, rom miviRoT eqos Sesabamisi mniSvnelobebi, Semdeg 

sawyisi signali da samive eqo Sekrebilia axali signalis saxiT (gn), romelic unda 

avagoT da SevinaxoT failSi echo.mat. 
 

3. saxeldaxelo amoxsna 
 

aviRoT pirveli 3 monacemi: 

dro, wm signalis mniSvneloba 

00 0.0 

0.1 0.5 

0.2 1.0 

 

 

 

nax. 3.4 I/O diagrama 
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miviRebT: 

 

2.0               (0.5)*(0.0) = 0.0 

2.1               (0.5)*(0.5) = 0.25 

2.2               (0.5)*(1.0) = 0.5 

 

4.1                (-0.3)*(0.5) = -0.15 

4.2                (-0.3)*(1.0) = -0.3 

 

7.5                (0.1)*(0.0) = 0.0 

7.6                (0.1)*(0.5) = 0.05 
7.5                (0.1)*(1.0) = 0.1 

 

naxazze 3.5 mocemulia sawyisi signali + sami eqos grafiki 

 

 

nax. 3.5 sawyisi signali 3 eqoTi 

 
4. MATLAB amoxsna 

 
imisaTvis, rom gamoviTvaloT indeqsebi eqosaTvis, gavixsenoT faqti, rom aTvlis 

intervalia 0.1. amitom imisaTvis, rom SevqmnaT eqo 2 wamis dagvianebiT unda 

davagvianoT eqo aTvlis 20 wertiliT. s(1) mniSvnelobam unda Seqmnas echo_1(21) 
mniSvneloba, s(2) – echo_1(22) da a.S. MATLAB programa ase gamoiyureba: 
 
 
%              This program generates tree echoes from an  
%    original signal 



3 skalaruli da matriculi gamoTvlebi 16 

%              The sum of the original signal and the tree  
%    echoes is stored 
%               in a data file and then plotted. 
 
t=0.0:0.1:10; 
s=zeros(size(t)); 
s(1:8)=[0 0.5 1 -0.5 0.75 0 -0.2 -0.1]; 
% 
%               Generate three echoes by scaling and  
%               delaiing  original signal. 
% 
echo_1=zeros(size(t)); 
echo_1(21:101)=0.5*s(1:81); 
echo_2=zeros(size(t)); 
echo_2(41:101)=-0.3*s(1:61); 
echo_3=zeros(size(t)); 
echo_3(76:101)=0.1*s(1:26); 
% 
%                Add echoes to original signal giving new signal. 
 
%               Save time signal and new signal. 
% 
g=s+echo_1+echo_2+echo_3; 
save echo3 t g; 
% 
%                  plot new signal. 
% 
plot(t,g),... 
      title('signal with echo'),... 
xlabel('t, seconds'),... 
ylabel('g[k]'),... 
grid 

 
5. Semowmeba 

 

grafiki 3.6  Seicavs sawyis signals da sam eqos. 
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0 1 2 3 4 5 6 7 8 9 10
-0.5

0

0.5

1
signal with echo

t, seconds

g[
k]

 

nax. 3.6 sawyisi signali 3 eqoTi 

3.4 ZiriTadi maTematikuri funqciebi 

 

garda martivi ariTmetikuli operaciebisa saWiroa sxva ZiriTadi maTematikuri 

operaciebi rogoricaa logariTmi, trigonometriuli funqciebi, da sxva. maTTvis 
MATLAB  gaaCnia funqciebi. magaliTad Tu gvinda gamoviTvaloT kuTxis sinusi, 

viyenebT Sesabamis funqcias: 

 
b = sin(angle); 
 

igulisxmeba rom sin funqciss argumenti radianebaSia gamosaxuli. Tu argumenti 

gradusebSia mocemuli, igi winaswar unda gadaviyvanoT radianebSi: 

 
b = sin(angle*pi/180); 
 

SegviZlia kuTxe winaswar gadaviyvanoT radianebSi: 

 
angle_radians = angle*pi/180; 
b = sin(angle_radians); 
es brZanebebi vargisia im SemTxvevaSic, roca kuTxe skalaria, da maSinac, roca 

kuTxis mniSvnelobebi veqtoris saxiTaa mocemuli. Tu kuTxis MniSvnelobebi 

matricis saxiTaa mocemuli, maSin sin daiTvleba TiToeuli elementisaTvis. 
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ganvixiloT wesebi, romelic MATLAB –is funqciebs Seexeba. funqcias gaaCnia 
argumenti - parametrebi, romelic frCxilebSi iwereba funqciis saxelis Semdeg. 

funqcias SesaZloa arc gaaCndes argumenti, an gaaCndes erTi an ramdenime 

argumenti. magaliTad pi funqciaa, romelsac argumenti ar aqvs. roca Cven 

mivuTiTebT pi igi avtomaturad GgvaZlevs π  mniSvnelobas. Tu funqcias gaaCnia 

erTi an ramdenime argumenti, Zalian mniSvnelovania argumenrebis mimdevrobis 

dacva. zogierTi funqcia moiTxovs, rom argumenti mocemuli iyos gansazRvrul 

erTeulSi. magaliTad, trigonometriuli funqciebis argumentis ganzomileba unda 
iyos radiani. zogierT funqcias SesaZloa hqondes argumentebis cvalebadi 

raodenoba imis mixedviT, Tu ra gvsurs Sedegad miviRoT. ase magaliTad, funqcias 

zeros SeiZleba hqondes erTi an ori argumenti rac gansazRvravs Sedegas. 

 

ar SeiZleba funqcias mohyvebodes tolobis niSani, radgan igi funqciaa da ara 

cvladi, romelmac raRac mniSvneloba unda miiRos, magram dasaSvebia, rom funqcia 

Tavad mohyvebodes tolobis niSans. SesaZlebelia, agreTve, rom raime funqcia 

sxva funqciis argumentis nawili iyos. magaliTad, Semdegi brZaneba gamoiTvlis x 
cvladis absoluturi sididis logariTms: 

 
log_x = log(abs(x)); 

 

roca erTi funqcia gamoiyeneba imisaTvis, rom gamoviTvaloT sxva funqciis 

argumenti, kargad daakvirdiT, rom argumentebi Sesabamisi funqciebis misTvis 

gankuTvnil frCxilebSi iqnas Cawerili. 

 

ganvixiloT funqciaTa is kategoria, romelic yvelaze xSirad gamoiyeneba 

sainJinro amocaneebis programirebisas. 

 

3.1.5 elementaruli maTematikuri funqciebi. 

 

es funqciebi saWiroa imisaTvis, rom SevasruloT zogadi gamoTvlebi,rogoricaa 

vipovoT absoluturi sidide an gamovTvaloT kvadratuli fesvi. MATLAB –s 
gaaCnia ramdenime funqcia ricxviTi sididis damrgvalebisaTvis: 

 
abs(x) gamiTvlis x cvladis absolutur sidides 
sqrt(x) amoiRebs kvadratul fesvs x sidididanL  
round(x) amrgvalebs x sidides uaxloes mTelamde 
fix(x) amrgvalebs x sidides uaxloes mTelamde 0 mimarTulebiT 
floor(x) amrgvalebs x sidides uaxloes mTelamde -∝mimarTulebiT 
ceil(x) amrgvalebs x sidides uaxloes mTelamde +∝ mimarTulebiT 
sign(x) gvaZlevs –1, Tu x<0, 0 – Tu x=0, 1 – Tu x>0 
rem(x,y) gvaZlevs x sididis y –ze gayofis Sedegad miRebul naSTs 
exp(x) gvaZlevs ex, sadac e naturaluri logariTmis fuZea (neperis 

ricxvia) ~ 2.718282 
log(x) gvaZlevs x-is logariTms naturaluri fuZiT 
log10(x) gvaZlevs x-is logariTms 10-is fuZiT 
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savarjiSo 

 

gansazRvreT Semdegi gamosaxulebebi da pasuxebi SeamowmeT MATLAB saSualebiT 
 

1. round(-2.6) 
2. fix(-2.6) 
3. floor(-2.6) 
4. ceil(-2.6) 
5. sign(-2.6) 
6. abs(round(-2.6)) 
7. sqrt(floor(10.7)) 
8. rem(15,2) 
9. floor(ceil(10.8)) 
10. log10(100) + log10(0.001) 
11. abs(-5:5) 
12. round([0:0.3:2, 1:0.75:4]) 
 
trigonometriuli funqciebiT sargeblobisas unda gvaxsovdes, MATLAB 
arguments aRiqvams radianebSi. imisaTvis, rom radiani gadaviyvanoT gradusebSi an 

piriqiT, gamoviyenoT Semdegi gamosaxulebebi, viciT ra 180o = π radians: 
 
angle_degrees = angle_radians*(180/pi); 
angle_radians = angle_degrees*(pi/180); 
 
sin(x) gamoiTvlis x cvladis sinuss, x gamosaxulia radianebSi 
cos(x) gamoiTvlis x cvladis kosinuss, x gamosaxulia radianebSi 
tan(x) gamoiTvlis x cvladis tangenss, x gamosaxulia radianebSi 
asin(x) gamoiTvlis x cvladis arksinuss, anu Sebrunebul sinuss,sadac 

x mdebareobs –1 da 1 Soris. funqcia gvaZlevs kuTxes -π/2 da 
π/2 Soris. 

acos(x) gamoiTvlis x cvladis arkkosinuss, anu Sebrunebul 

kosinuss,sadac x mdebareobs –1 da 1 Soris. funqcia gvaZlevs 

kuTxes -π/2 da π/2 Soris. 
atan2(x,y) gamoiTvlis arktangenss, anu Sebrunebul tangenss sididisa y/x. 

funqcia iZleva kuTxes radianebSi, romelic mdebareobs 

sazRvrebSi -π + π, x da y niSnebis mixedviT. 
 
sxva trigonometriuli funqciebi SeiZleba gamoviTvaloT: 
 

x
x

cos
1sec =  

x
x

sin
1csc =  

x
x

tan
1cot =  

 

savarjiSo 
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mieciT MATLABS brZanebebi imisaTvis, rom gamoiTvaloT Semdegi sidideebi, im 

daSvebiT, rom gantolebebSi Semavali cvladebi skalaruli sidideebia da 

winaswar cnobilia maTi ricxviTi mniSvnelobebi. 

1. Tanabrad aCqarebuli moZraoba 

xamotion ⋅⋅+= 22υι  

2. eleqtruli rxevis sixSire: 

L
c

frequency
⋅

=
π2
1

 

3. tyviis moZraobis traeqtoria: 

g
bbirange )cos()sin(2 2 ⋅

⋅= υ  

4. length contraction   
 

 
2

1 





−=

c
klength υ  

 

5. fillet rgolis moculoba 

 

 
 









⋅





 −−⋅






 −= xyxvolume

4
833.0

4
12 2 πππ  

6. manZili mizidulobis centridan wakveTili cilindris kveTis sibrtyidan 

(distance of the center of gravity from a reference plane in a hollow cylinder sector):  
( )

( ) α
α

⋅−
−⋅

= 22

33 sin1972.38
sr

srcenter  

 

hiperboluri funqcia warmoadgens naturaluri xarisxis (ex) funqcias. 

Sebrunebuli hiperboluri funqcia ki x sididis naturaluri fuZiT 

logariTmia (ln x). es funqciebi gamoiyeneba iseT amocanebSi, rogoricaa 

magaliTad zogierTi tipis cifruli filtris dizaini. MARLAB - Si 

arsebobs cpecialuri funqciebi maT gamosaTvlelead. 

 
sinh(x) gamiTvlis x cvladis hiperbolur sinuss, romelic tolia  

2

xx ee −−
 

cosh(x) gamiTvlis x cvladis hiprbolur kosinuss romelic tolia  

2

xx ee −+
  

tanh(x) gamiTvlis x cvladis hiperbolur tangenss, x romelic tolia  

x
x

cosh
sinh

 

asinh(x) gamoiTvlis x cvladis Sebrunebul hiperbolur sinuss - 
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( )1ln 2 ++ xx  

acosh(x) gamoiTvlis x cvladis Sebrunebul hiperbolur kosinuss - 

( )1ln 2 −+ xx , x >= 1-Tvis 
atanh(x) gamoiTvlis x sididis Sebrunebul hiperbolur tangenss-  








−
+

x
x

1
1ln

2
1

 |x| < 1-Tvis. 

 

 
 

sxva hiperboluri funqciebi gamoiTvleba Semdegi formulebis saSualebiT: 

 

x
xx

sinh
coshcoth =    x ≠ 0 

x
hx

cosh
1sec =  

x
hx

sinh
1csc =  

 









−
+

=
1
1ln

2
1coth

x
xxa   |x| > 1 

 
 
 
 










 −+
=

x
xhxa

211lnsec   0 < x < 1 

 










 +
+=

x
x

x
aschx

211ln     x ≠ 0 

 
 

savarjiSo 

 

gamoiTvaleT MATLAB saSualebiT Semdegi gamosaxulebebi. x mniSvneloba 

winaswar cnobilia an Sedegia ukve Catarebuli gamoTvlebisa. 
 

1. coth x 
2. sec x 
3. csc x 
4. acoth x 
5. asech x 
6. acsc x 

 



3 skalaruli da matriculi gamoTvlebi 22 

3.1.6 M failebi – MATLAB –is axali funqciebi 

 

zogierTi saxis gamoTvlebi, romlebic ufro xSirad gWirdebaT, SegiZliaT aqcioT 
MATLAB funqciebad. amisaTvis unda daiweros programa, romelic saWiro 

gamoTvlebs Caatarebs da Caiweros igi M failis saxiT. SegiZliaT es funqcia 

gamoiyenoT, rogorc MATLAB sxva funqciebi. aseTi failebi garkveuli wesebis 

dacviT unda daiweros. vidre ganvixilavT am wesebs, moviyvanT M-file funqciis 

magaliTs, romelic Cawerilia  circum.m failis saxiT: 

 
function c = circum ( r ) 
%   CIRCUM              Circumference of circle with radius r. 
%                                 For matrices, CIRCUM ( r ) returns a matrix 
%                                 containing the circumferences of circles  
%                                 with radii equal to the values in the original vector. 
c = pi*2*r; 
 

es funqcia SegviZlia gamoviyenoT r radiusiani wrewiris sigrZis gmosaTvlelad 

 
r = [ 0 1.4 pi ]; 
circum( r ); 
 

MATLAB axali funqciis Seqmnisas unda davicvaT Semdegi wesebi: 
 

1. pirveli striqoni unda daiwyos sityviT function, romelsac mohyveba Sedegad 

misaRebi argumentebi, tolobis niSani da funqciis saxeli. Ffunqciis sawyisi 

argumentebi iwereba frCxilebSi funqciis saxelis Semdeg. es striqoni 

gansazRvravs Sesaval da gamosaval argumentebs (input – output) da igi 

ganasxvavebs aseT fails sxva m failebisagan. 

2. Semdegi ramdenime xazi unda daeTmos komentars, romelic ekranze gamova, Tu 

MATLAB mivcemT brZanebas help circum. 
3. Sedegad miRebuli mniSvnelobebi mieniWeba gamosaval arguments, amitom 

SeamowmeT: funqciis teqsti unda Seicavdes brZanebas, romelic gamosaval 

argumens mianiWebs gamoTvlil mniSvnelobas.  
4. funqciasa da programaSi, romelic mas iyenebs matricebisTvis erTnairi 

saxelebi SegviZlia gamoviyenoT, radgan programa da funqcia sruliad 

gamijnulni arian urTierTisgan. Tumca programisaTvis xelmisawvdomia 

mxolod funqciis gamosavali argumentis mniSvneloba. 
5. Tu funqcia Sedegad iZleva erTze meti sididis mniSvnelobas, es sidideebi 

unda iyos miTiTebuli rogorc veqtori brZanebaSi function qvemoTmoyvanil 

magaliTad: 
function [dist, vel, accel] = motion ( x )  
funqcia unda iTvlides samive sidides.  
 

6. Tu funqcias aqvs ramdenime Sesavali argumenti, isini CamoTvlili unda iyos 

function brZanebaSi: function error = mse(w,d) 
7. specialuri cvladebi nargin da nargout unda gamoviyenoT, rom ganvsazRvroT 

micemuli funqciis Sesavali da gamosavali argumentebis raodenoba. es 

cvladebi misawvdomia mxolod funqciis SigniT. 
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gavixsenoT, rom brZaneba what CamoTvlis yvela M-fails mocemul samuSao sivrceSi. 

brZaneba type, romelsac moyveba failis saxeli gamogviyvans am failis Sinaarss 

ekranze. Tu gafarToeba .m ar mivuTiTeT, type brZaneba avtomaturad gulisxmobs, 

rom es .m failia. 

 

 problema: hidroakustikuri signali 

 
hidroakustikuri kvleva saWiroebs bgeriTi signalis Seqmnas, mis gavrcelebas 

wyalSi da areklili signalis miRebas. okeanologiuri amocanebi moicavs okeanis 

topografiis, ruqis agebis da biologiuri signalebis gazomvis problemebs. 

industriuli hidroakustika ikvlevs Tevzebis adgilsamyofels, navTobisa da 

mineralebis gavrcelebis areals. sazRvao hidroakustika gamoiyeneba wyalqveSa 

gemebis adgilmdebareobis gansazRvrisaTvis. aqtiuri hidroakustikuri sistema 

awarmoebs signalis gadacemas, romelic Cveulebriv garkveuli sixSiris sinusoidaa. 

am signalis anarekli an eqo ukan brundeba da xdeba misi miReba da analizi. pasiuri 

hidroakustikuri sistema signalebs ar gadascems, magram agrovebs da aanalizebs maT. 

 
pirvel rigSi ganvixilavT sinusoidas, radgan igi ZiriTadi signalia, romelic 

hidroakustkur sistemaSi gamoiyeneba. Semdeg SevadgenT MATLAB programas 

hidroakustikuri signalis modelirebisaTvis. 

 

sinusoida 

 

Cven viciT sin – kuTxis funqcia. sinusoida aris sin funqcia , romelic Cawerilia 

rogorc drois funqcia: 

g(t) = sin(2πft) 
sadac f sinusoidis sixSirea. misi erTeulia cikli/wamSi, an herci. (SevniSnavT, rom 

2πft-is erTeulia radiani. 

Tu sinusoidis sixSire 5 hercia, gvaqvs 

g(t) = sin(2π5t) = sin(10πt) 

Tu avagebT am funqciis grafiks, vnaxavT, wamSi marTlac xuTi rxevaa. nax 3.7. 

sinusoidis periodi ewodeba drois Sualeds, romelSic igi erT srul rxevas 

asrulebs. ase, rom am sinusoidis periodia 0.2 wm. sixSiresa da periods Soris 

aseTi damokidebuleba arsebobs: 

;1
p

f =     ;1
f

p =  

sadac f sixSirea hercebSi, P periodi wamebSi. 
Tu sinusoidas gavamravlebT skalarze  A, gantoleba Caiwereba formiT: 

g(t) = Asin(2πft) 
am skalars uwodeben sinusoidis amplitudas. sinusoida fazuri wanacvlebiT φ ase 
Caiwereba: 
 

g(t) = A sin(2πft + φ) 
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nax. 3.7 5 herciani sinusoida 

 

 

Tu fazuri wanacvleba π/2 radianis tolia, gveqneba: 

 

( )ftAftA πππ 2cos
2

2sin ⋅=





 +⋅  

sinusoida aris drois funqcia, romelic SeiZleba Caiweros sinusis an kosinusis 

saSualebiT da SeiZleba hqondes an ar hqondes fazuri wanacvleba. 

 

 

hidroakustikuri signalis generireba 
aqtiuri hidroakustikuri sistema gadascems gansazRvruli sixSiris signals. am 

signalis anarekli an eqo ukanve miiReba da xdeba misi analizi garkveuli amocanebis 

Sesaswavlad. pasiuri sistema mxolod areklili signalis miRebas da analizs 

awarmoebs. hidroakustikur sistemaSi ZiriTadad sinusoida gamoiyeneba. sinusoida 

aseTi saxiTaa mocemuli 

 

( )






≤≤=
elsewhere

PDttf
PD

E
ts c

0

02cos2
)( π  
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sadac E gadacemis energiaa,  PD – pulsis xangrZlivoba wamebSi, fc – sixSire 

hercebSi. 

pulsis xangrZlivoba SesaZloa iyos miliwamis nawilidan ramdenime wamamde. 

sixSiruli diapazoni ramdenime aseuli hercidan aTeulobiT kilohercamdea. 

 

dawereT MATLAB programa, romelic saSualebas mogcemT miawodoT programas E, 
PD, fc mniSvnelobebi hidroakustikuri signalis generirebisaTvis, Seinaxavs signalis 

mniSvnelobebs failSi sonar.mat. signalis  aTvlis xangrZlivoba unda faravdes 

pulsis xangrZlivobas, yoveli periodis ganmavlobaSi 10 anaTvali unda iqnas 

aRebuli. garda amisa, signals unda daematos 200 wertili siCumisa pulsis 

Sewyvetis Semdeg. 
 

1. amocanis dasma 

 

dawereT programa imisaTvis, rom Seiqmnas garkveuli xangrZlivobis hidroakustikuri 

signali, romelic Seicavs 10 anaTvals yoveli periodis ganmavlobaSi. 

 

2. INPUT/OUTPUT aRwera  
 

sidideebi: E gadacemis energia joulebSi, PD – pulsis xangrZlivoba wamebSi, fc 
sixSire hercebSi  aris INPUT, Sesavali mniSvnelobebi. gamosavali mniSvnelobaa 
monacemTa faili saxeliT sonar.mat, romelic Seicavs drios da signalis Sesabamis 

mniSvnelobebs. avagebT agreTve signalis grafiks: 

 

 

nax. 3.8 I/ O diagrama 

 

 

3. saxeldaxelo amoxsna 

 

visargebloT Semdegi monacemebiT: 

 

E = 500 jouli 

PD = 5 miliwami 
fc = 3.5 kiloherci 

 

sinusoidis periodia 1/3500 = 0.3 miliwami. imisaTvis, rom gvqondes 10 anaTvali 

periodSi, aTvlis intervali unda iyos 0.03 miliwami. pulsis xangrZlivobaa 5 

miliwami da amitom gvWirdeba 167 (5/0.03) anaTvali Semdegi signalisa: 
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))3500(2cos(
005.0

1000)2cos(2)( ttf
PD

Ets c ππ ==  

 

qvemoT moyvanilia signalis pirveli ramdenime mniSvneloba: 

 

t(mwm) s(t) 
0.00 447.2 

0.03 353.4 

0.06 11.2 
0.09 -177.6 

0.12 -391.9 

0.15 -441.7 

0.18 -306.1 

0.21 -42.1 

0.24 239.6 

0.27 420.8 

0.30 425.3 

0.33 251.4 

 
amas davumatebT 200 wertils, roca signalis mniSvneloba 0 –is tolia. 

 

4. MATLAB amoxsna 
 

am programis yvelaze mniSvnelovani nawilia siCumisaTvis drois Sesabamisi  

mniSvnelobebis gamoTvla. drois mniSvnelobebs unda davumatoT 200 wertili. jer 

SevqmniT skalars saxelad silence_start, romelic miiRebs drois im mniSvnelobas, 

roca signali Sewyda da daiwyo siCume. Semdeg SevqmniT siCumis periodis saboloo 

mniSvnelobas da maT Soris orwertilovani operatoriT SevqmniT veqtors, romelic 

Seicavs am intervalSi drois mniSvnelobebs. amis Semdeg SevqmniT axal veqtors 
signalis mniSvnelobebisaTvis, romelic Seicavs zustad imden nulovani mniSvnelobis 

elements, ramdensac drois axali veqtori. 
 
%               This program generates a sonar signal 
%               using values obtained from the user for 
%               energy, pulse duration and frequency. 
%               An additional 200 points of silence are added 
%               to the signal 
%               before it is stored. 
  energy = input('Enter energy in joules '); 
  duration =input('Enter puls duration in seconds '); 
  fc =input('Enter frequency in Hz '); 
% 
%Generate sonar signal 
% 
  A=sqrt(2*energy/duration); 
  period=1/fc; 
  t_incr=period/10; 
  t=[0:t_incr:duration]; 
  s=A*cos(2*pi*fc*t); 
%   
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%generate and add 200 points of silence 
% 
last=length(t); 
silence_start=t(last)+t_incr; 
silence_end=t(last)+200*t_incr; 
silence=[silence_start:t_incr:silence_end]; 
t=[t silence]; 
s=[s zeros(size(silence))]; 
% 
%Save and plot sonar signal 
% 
save sonar t s  
plot(t,s),... 
    title('Sonar Signal'),... 
    xlabel('t, sec'),... 
    ylabel('[s(k)]'),... 
    grid 
 

 

nax. 3.9 hidroakustikuri signali 

 

3.5 kompleqsuri ricxvebi 

 

mravali sainJinro amocana moiTxovs vipovoT Semdegi gantolebis fesvebi: 

 
y = f(x) 
 

sadac  fesvebi aris x –is is mniSvnelobebi, romelTaTvisac y = 0. 
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kvadratuli gantolebisaTvis (meore rigis polinomi) viyenebT specialur formulas. 

ganvixiloT kvadratuli gantoleba: 

 

23)( 2 ++= xxxf  

 

Tu davSliT mamravlebad, miviRebT: 

 
)2()1()( +⋅+= xxxf   

 

rogorc vnaxeT am gantolebis fesvebia –1 da –2.  

axla ganvixiloT kvadratuli gantoleba: 

 

33)( 2 ++= xxxf  

 

misi fesvebia:   

 

187.05.1

187.05.1

2

1

−−−=

−+−=

x

x
 

imisaTvis, rom am gamosaxulebas azri hqondes, unda ganvsazRvroT uaryofiTi 

ricxvidan kvadratuli fesvis mniSvneloba. amisaTvis arsebobs kompleqsur ricxvTa 

simravle, a + ib, sadac I = 1− . Tu (b =0 SemTxvevaSi igi namdvili ricxvia). 
nax 3.10 warmoadgens orive kvadratuli polinomis grafiks. rogorc mosalodneli 

iyo, pirveli maTganis grafiki kveTs x RerZs or wertilSi, romlebic mis realur 

fesvebs Seesabameba, xolo meore polinomis grafiki ar gadakveTs x RerZs, radgan 
mas gaaCnia ori kompleqsuri fesvi. 

 

ganvixiloT n rigis polinomis zogadi saxe: 

 

01
2

2
2

3
1

21 =+++⋅⋅⋅+++ −−
−−

nnn
nnn axaxaxaxaxa  

 

n rigis polinoms aqvs n fesvi, zogierTi maTgani namdvilia, zogic kompleqsuri. am 

wignis me-10 TavSi ganvixilavT MATLAB funqcias polinomis fesvebis sapovnelad. 

am TavSi ki ganvixilavT moqmedebebs kompleqsur ricxvebze da MATLAB funqciebs, 
romlebic kompleqsur ricxvebs ukavSirdeba. 
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nax. 3.10 ori sxvadasxva kvadratuli funqciis grafiki 

 
 

3.1.7 ariTmetikuli operaciebi kompleqsur ricxvebze 

 
mravali sainJinro problemis amoxsnisas kompleqsuri ricxvebi  mniSvnelovan rols 

asrulebs: 

moqmedeba Sedegi 
c1 +c2 (a1+a2)+i(b1+b2) 
c1 -c2 (a1-a2)+i(b1-b2) 
c1 *c2 (a1 a2 - b1b2)+i(a1b2+ a2b1) 
c1 /c2 ((a1 a2 + b1b2)/(a2

2 +b2
2)) +  

i((a2b1 + b2 a1)/(a2
2 +b2

2)) 
|c1 | √a1

2 +b1
2    (magnitude) 

c1 
* a1

  - ib1   (conjugate of c1) 
sadac  c1  = a1

 + ib1     c2 = a2
 + ib2 

 

brZaneba x = 1 – 0.5*i  gvaZlevs kompleqsur ricxvs x. roca vawarmoebT moqmedebebs 
kompleqsur ricxvebze, MATLAB avtomaturad asrulebs zemoTmoyvanil cxrilSi 

aRweril moqmedebebs. Tu moqmedeba sruldeba namdvilsa da komplesur ricxvs Soris, 

MATLAB gulisxmobs, rom namdvili ricxvi es aris kompleqsuri ricsvi, romlis 

warmosaxviTi nawili 0 –is tolia. 

 

MATLAB – s aqvs ramdenime funqcia kompleqsuri ricxvebisaTvis: 

 
real(x)      iTvlis kompleqsuri ricxvis namdvil nawils 
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imag(x) iTvlis kompleqsuri ricxvis armosaxviT nawils B 

conj(x) iTvlis kompleqsuri x ricxvis SeuRlebuls 

abs(x) iTvlis kompleqsuri ricxvis moduls. 

angle(x) iTvlis kuTxes atan2(imag(x), real(x)) funqciis 
saSualebiT 

 

es funqciebi aadvilebs kompleqsuri ricxvis erTi formidan meoreSi gadayvanas. 

 

3.1.8 koordinatTa dekartis da polaruli sistema 

 

kompleqsur ricxvTa sistema SegviZlia warmovadginoT rogorc sibrtye namdvili da 

warmosaxviTi RerZebiT. realuri ricxvebi warmoadgens x ResZs, warmosaxviTi 

ricxvebi (namdvili nawilis gareSe) – y RerZs, xolo yvela sxva kompleqsuri 
ricxvi, romelsac gaaCnia rogorc namdvili, ise warmosaxviTi nawili, daikavebs 

Sesabamis adgils sibrtyeze. roca vixilavT kompleqsur ricxvs formiT 2 – i3, saqme 
gvaqvs kompleqsuri ricxvis marTkuTxa aRniSvnasTan. kompleqsuri ricxvebi SegviZlia 

warmovadginoT  θ kuTxisa da r radiusis saSualebiT – polaruli aRniSvna. nax. 3.11 

–dan martivad SegviZlia ganvsazRvroT damokidebuleba marTkuTxa da polarul 

koordinatebs Soris: 

 

a
bbar 122 tan; −=+= θ  

 

 

nax. 3.11 konpleqsuri sibrtye 

 

 

polarulidan dekartis sistemaSi gadasayvani formulebi: 

 

a = r cos θ 
b = r sin θ 

 



3 skalaruli da matriculi gamoTvlebi  31 

kalkulators SeuZlia Searulos gadasayvani formulebis gamoTvla. aq saWiroa 

sifrTxile, rom zustad ganvsazRvroT romel meoTxedSi unda mdebareobdes θ kuTxe. 
xSir SemTxvevaSi kalkulatori avtomaturad iZleba kuTxis mniSvnelobas pirvel 

meoTxedSi, misi yovelgvari analizis gareSe. MATLAB-Si funqcia atan(x) kuTxes 
gvaZlevs SualedSi -π/2 - +π/2, maSin roca atan2(y,x) gvaZlevs y/x tangensis 

Sebrunebuls -π - +π SualedSi.  funqcia angle(x) argumentia kompleqsuri ricxvi  

x da gvaZlevs sidides atan2(imag(x), real(x)). 
 
Tu x kompleqsuri ricxvia misi moduli da faza gamoiTvleba Semdegi brZanebiT: 

 
r = abs(x);   
theta = angle(x); 
 
Tu gvsurs gamoviTvaloT kompleqsuri ricxvi, roca mocemulia misi moduli da 

faza: 

 
y = r*exp(I*theta); 
 
kompleqsuri ricxvis namdvili da warmosaxviTi nawili SegviZlia gamoviTvaloT 

Semdegi brZanebebiT: 

 
a = real(x); 
b = imag(x); 
 
rom warmovadginoT kompleqsuri ricxvi misi namdvili da warmosaxviTi nawilis 

saSualebiT, davwerT: y = a  + i*b. 
 

savarjiSo 

 

warmoadgineT kompleqsuri ricxvebi polaruli formiT, SeamowmeT pasuxebi 

MATLAB saSualebiT: 

 
1. 3 – i2 
2. –I 
3. –2 
4. 0.5 + i 
 

gardaqmeniT kompleqsuri ricxvebi eqsponencialuridan marTkuTxa formaSi. 

SeamowmeT pasuxebi MATLAB saSualebiT. hh 
 
5. ei 
6. eiπ0.75 
7. 0.5ei2.3 
8. 3.5 ei3π 
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3.1.9 eileris formula 

kompleqsuri ricxvebis zogierTi mniSvnelovani Tvisebis misaRebad ganvixiloT 

Maclaurin mwkrivi: 
 

⋅⋅⋅−+=
!53!

x-xsin x  
53 x   

⋅⋅⋅−+=
!42!

x-1 x cos 
42 x

 

 

⋅⋅⋅−+++=
!32!

xx1e
32 xx  

 
vTqvaT x aris warmosaxviTi sidide ib, maSin gveqneba: 
 

⋅⋅⋅+−+−−+=⋅⋅⋅−+++=
!5!4!3!2

1
!3
)(

2!
(ib)ib1e

543232 bbbibibibib  

sabolood miviRebT: 

bibeib sincos +=  
 
es Zalian mniSvnelovani formula da eileris formulas uwodeben. misgan miiReba 

kidev 2 gamosaxuleba: 

 

i
ee ii

2
sin

θθ

θ
−−

=  

2
sin

θθ

θ
ii ee −+

=  

 
eileris formulis saSualebiT kompleqsuri ricxvi SegviZlia gamovsaxoT polarul 

da marTkuTxa formiT. 
 

)sin_(cos)sin()cos( θθθθ irririba =+=+  
 
eileris formulis gamoyenebiT miviRebT: 
 

θireiba =+  

sadac θθθ sin;cos;tan; 122 rbra
a
bbar ===+= −  

 
 

 

am TavSi ganvixileT maTematikuri operaciebi, MATLAB funqciebi matricebis 
Sesaqmnelad da ukve arsebuli matricebisagan axal matricebis sawarmoeblad. 

ganvixileT maTematikuri operaciebi matricebis Sesabamis elementebs Soris e.w. 

masivuri operaciebi. viswavleT agreTve rogor SevqmnaT axali funqcia MATLAB-Si 
m-failis saxiT. ganxiluli iqna agreTve kompleqsuri ricxvebi da maTze 

warmoebuli maTematikuri operaciebi. ganvixileT ramdenime amocana, romelic 
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dakavSirebuli iyo sakomunikacio signalis eqosTan da hidroakustikuri signalis 

modelirebasTan. 

 

 

yvela specsimbolo, brZaneba da funqcia, romelic am TavSi iqna ganxiluli mokle 

mimoxilviTirT. 

 

specsimboloebi 

 
+ skalaruli da masivuri Sekreba 

- skalaruli da masivuri gamokleba 

* skalaruli gamravleba 

.* masivuri gamravleba 

/ skalaruli marjvniv gayofa 

./ masivuri marjvniv gayofa 

\ skalaruli marcxniv gayofa 

.\ masivuri marcxniv gayofa 

^ skalaruli axarisxeba 

.^ masivuri axarisxeba 

 
 

 

 

brZanebebi da funqciebi: 

 
/ skalaruli marjvniv gayofa 

./ masivuri marjvniv gayofa 

abs gamoiTvlis moduls 

acos iTvlis arkkosinuss 

acosh iTvlis hiperbolur kosinuss 

angle iTvlis kompleqsuri ricxvis fazur kuTxes 

ans agebs gamosaxulebis mniSvnelobas 

asin iTvlis arksinuss 

asinh iTvlis hiperboluri sinusis Sebrunebuls 

atan iTvlis arktangenss  meoTxedSi 

atan2 iTvlis arktangenss  meoTxedSi 

atanh gamoiTvlis hiperboluri tangensis Sebrunebuls 

ceil amrgvalebs ∞ mimarTulebiT 
clock gvaZlevs mimdinare dros 

conj gvaZlevs kompleqsuri ricxvis SeuRlebuls 

cos gvaZlevs kuTxis kosinuss 

cosh gvaZlevs hiperbolur kosinus 

date gvaZlevs mimdinare TariRs 

eps aTwiladur sizustes 

exp iTvlis xarisxs e fuZiT 
eye qmnis erTeulovan matricas 

function qmnis axal funqcias MATLAB-Si 
fix amrgvalebs nulis mimarTulebiT 
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floor amrgvalebs - ∞ mimarTulebiT 
i kvadratuli fesvi –1 dan 

imag iTvlis kompleqsuri ricxvis warmosaxviT nawils 

inf usasruloba  ∞ 
j kvadratuli fesvi –1 –dan 

log gamoiTvlis logarithms naturaluri fuZiT 

log10 gamoiTvlis logarithms 10 fuZiT 

magic awarmoebs magiur kvadrats 

NaN ganuzRvreloba 

nargin gvaZlevs funqciis argumentebis raodenobas 

nargout gansazRvravs funqciis gamosavali argumentebis 

raodenobas 
ones qmnis matricas, romlis yvela elementi 1-is tolia 

pascal qmnis paskalis samkuTxeda matricaSi 

pi π 
real iTvlis kompleqsuri ricxvis namdvil nawils 

rem iTvlis mTeli ricxvebis gayofis Sedegad miRebul 

naSts 
round amrgvalebs uaxloes mTelamde 

sign gvazlevs –1, 0 an 1 

sin iTvlis kuTxis sinuss 

sinh iTvlis hiperbolur sinuss 

sqrt iTvlis kvadratu fesvs 

tan iTvlis kuTxis tangenss 

tanh iTvlis hiperbolur tangenss 

zeros qmnis matricas, romlis yvela elementi 0-is tolia 

 

amocanebi 
problema 1-8 ukavSirdeba am TavSi ganxilul amocanebs, xolo 9-23 miekuTvneba 

gansxvavebul sainJinro problemebs. 

 

 

es problemebi dakavSirebulia eqos Semcvel signalTan. garda imisa, rom SevqmnaT 

signali, romelic eqos Seicavs, unda SevZloT eqos Semcveli signalis modificireba. 

 

1. awarmieT da aageT 500 wertili signalisa, romelic Seicavs sawyis signals, 

romelic warmodgenilia am TavSi ganxilul problemaSi eqo, eqos, romelic 

Sesustebulia faqtoriT 0.3 da dagvianebulia 3 wamiT. 
2. SeqmeniT da aageT 500 wertili signalisa, romelic Seicavs wina amocanaSi 

miTiTebul sawyis signals, Caxveul eqos skalirebuls faqtoriT 0.6 da 

dagvianebuls 5.5 wamiT 

3. awarmieT da aageT 500 wertili signalisa, romelic Seicavs sawyis signals, 

romelic warmodgenilia am TavSi ganxilul problemaSi eqo da kidev 2 eqos. 

pirveli dagvianebulia 0.5 wamiT da Sesustebulia faqtoriT 0.7, meore – 

dagvianebulia 4 wamiT da Sesustebuli faqtoriT 0.1. 
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4. SeqmeniT da aageT 500 wertili signalisa, romelic Seicavs mxolod3 

problemaSi asaxul 2 eqos. 

5. aiReT signali eqosTan erTad, romelic ganxilulia am TavSi, aageT axali 

signali, romelic Seicavs signalis da eqoebis absolutur sidideebs. 

6. aiReT signali eqosTan erTad, romelic ganxilulia am TavSi, aageT axali 

signali, romelic Seicavs signalis da eqoebis kvadratSi ayvanil 

mniSvnelobebs. 

 

hidroakustikuri signali.  

 

7. SeqmeniT da aageT hidroakustikuri signali, romelic Seicavs signals 
ganxiluls am Tavis Sesabamis ganyofilebaSi (hidroakustikuri signali), 

romelsac mohyveba siCumis 200 wertili da Semdeg igive signali 2 

miliwamis xangrZlivobiT. 

8. SeqmeniT da aageT hidroakustikuri signali, romelic Seicavs am Tavis 

Sesabamis ganyofilebaSi ganxilul signals (hidroakustikuri signali), 

romelsac mohyveba siCume 1 miliwamis xangrZlivobiT 

 

formulebi gviCvenebs gradusebSi gamosaxul tempetaturaTa damokidebulebas 

sxvadasxva sistemaSi: farenheitis gradusi(TF), celsiusis gradusi(TC), kelvinis 

gradusi(TK) da rankinis gradusi(TR): 
 

TF  = TR – 459.67oR 
TF  = 9/5 TC +32oF 

TR = 9/5 TK 
 

9. dawereT programa imisaTvis, rom Seiqmnas cxrili farenheitis 

temperaturidan celsiusis temperaturaSi gadasayvanad 0o dan 100o –mde 

yoveli 5 gradusis Semdeg. 

 

10. dawereT programa imisaTvis, rom Seiqmnas cxrili farenheitis 

temperaturidan kelvinis temperaturaSi gadasayvanad 0o dan 100o –mde yoveli 

5 gradusis Semdeg. 

 
baqteriebis gamravleba. baqteriebis raodenobrivi zrda SeiZleba modelirebuli 

iqnas Semdegi formulis mixedviT: 

 
Ynew = Yold e1.386 t 

 

sadac Ynew baqteriebis axali raodenoba mocemul garemoaSi, Yold baqteriebis 

sawyisi raodenobaa, t dro saaTebSi.  
 

11. isargebleT am gantolebiT rom iwinaswarmetyveloT baqteriebis raodenoba 6 

saaTis Semdeg, Tu maTi sawyisi raodenoba 1-is tolia. dabeWdeT cxrili, 

romelic uCvenebs baqteriebis raodenobas yoveli saaTis Semdeg. 

12. Secvale 11 davaleba ise, rom momxmarebelma TviTon SeZlos drois miTiTeba 
saaTebSi. 

13. Secvale 11 davaleba ise, rom momxmarebelma miuTiTos dro wuTebSi, Tumca 

formula dros saTebSi aRiqvams. 
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14. Secvae 11 davaleba ise, rom momxmarebels SeeZlos baqteriebis sawyisi 

raodenobis miTiTeba. 

15. Secvale 11 davaleba ise, rom momxmarbelma miuTiTos drois ori 

mniSvneloba, programam ki daiTvalos drois am intervalSi warmoqmnili 

baqteriebis raodenoba. 

 

daTariReba naxSirbadis Semcvelobis mixedviT.  

es aris meTodi, romlis saSualebiTac xdeba organuli naerTebis naSTis, 

magaliTad niJara, mcenaris Tesli, asakis dadgena. es meTodi adgens radiaciuli 

naxSirbadis carbon14 wilobriv Semcvelobas mocemul nimuSSi. gantoleba iZleva 

narCenis asaks wlebSi: 
 

 

0001216.0
)14(log remainingproportioncarbon

age e ⋅⋅−
=  

 

carbon14  sicocxlis xangrZlivoba daaxloebiT 11400 welia. Tu proporciul 

Semcvelobas aviRebT 0.5, asaki toli iqneba 5700.22. 

 

16. dawereT programa, romelic momxmarebels saSualebas miscems miuTiTos 
narCeni carbon14 proporciuli Semcveloba es sidide unda iyos 0 da 1 –s 

Soris). dabeWdeT nimuSis asaki. 

17. Secvale 16 davaleba ise, rom miRebuli Sedegi damrgvaldes uaxloes 

wlamde. 

18. Secvale 16 davaleba ise, rom miRebuli Sedegi damrgvaldes uaxloes 
saukunemde. 

 

sixSiruli gazomvebi.  

sinusoidis sixSire SeiZleba micemuli iyos ciklebis raodenobiT wamSi (herci) 

an radianebiT wamSi, sadac erTi cikli wamSi tolia 2π radianisa wamSi. 
 

19. dawereT programa, romelic saSualebas mogcemT miuTiToT sixSire 
cikli/wamSi da gadaiyvanoT igi erTeulSi radiani/wamSi. 

20. dawereT programa, romelic saSualebas mogcemT miuTiToT sixSire 

radiani/wamSi da gadaiyvanoT igi hercebSi. 

21. normirebuli sixSire tolia ωT, sadac ω aris sixSire radiani/wamSi da T 
gamosaxulia wamebSi. e.i. normirebuli sixSiris erTeulia radiani. dawereT 

programa, romelic saSualebas iZleva miuTiToT sixSire radiani/wamSi da T 
sidide da gamoiTvaloT Sesabamisi normirebuli sixSire. 

22. SecvaleT 21 davaleba ise, rom miuTiToT sixSire hercebSi. 
23. SecvaleT 21 davaleba ise, rom normirebuli sixSire yovelTvis miiRoT 

SualedSi 0 - 2π. (gamoakeliT miRebul Sedegs  2π jeradi mniSvneloba). 

magaliTad: Tu normirebuli sixSire tolia 2.5π, CvenTvis sasurveli Sedegi 

unda iyos 0.5π; Tu normirebuli sixSire tolia 7π, unda miviRoT - π. 
(miTiTeba: gaixseneT funqcia rem) 
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4 kontrolis operaciebi 

problema: zegamtaroba 

magnitur levitaciuri transporti moZraobs, imarTeba da Cerdeba eleqtromagnituri 

Zalis moqmedebiT. am tipis transports miekuTvneba swrafi matarebeli (bullet train), 
romelsac SeuZlia ganaviTaros siCqare 300 mili saaTSi. matarebeli relsebidan 

daxloebiT 1 duimiTaa dacilebuli ganzidulobis Zalis gamo, romelsac warmoSobs 

matarebelze damagrebuli zegamtari magniti da koWa miwaze. eleqtruli sensorebi 

grZnoben matareblis moaxloebas da  aregulireben eleqtromagnitur vels. roca 

sensorebze matarebeli ar aris, energia wydeba. borblebi Seikeceba matareblis 

SigniT, roca is moZraobs, magarm isini daeSvebian, roca matarebeli uklebs siCqares 

gasaCereblad.  

 

saWiroa axali masalis gamogoneba, romelic iqneba ufro msubuqi da ufro mtkice 

erTdroulad imisaTvis, rom moxdes momavlis satransporto saSualebaTa srulyofa. 

am mizniT Seqmnili axali masalebi gadian mkacr da xangrZliv testirebas. erTerTi 

maTgania temperaturis ganawilebis xasiaTi. amas didi mniSvneloba eniWeba, roca es 

masala gamoyenebuli unda iqnas Zravis an maRal temperaturuli komponentebis 

maxloblad. 

Sesavali 

4.1 if brZaneba 
4.2 for cikli 

problema: optikuri boWkoebi 

4.3 while cikli 
problema: temperaturuli wonasworoba 

daskvna 

Sesavali 

MATLAB –is programebi, romlebic Cven aqamde davwereT, Seicavda mxolod 

mimdevrobiT safexurebs. erT operacias meore cvlida vidre ar dasruldeboda 
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saWiro gamoTvlebi. magram arsebibs mravali problema, sadac saWiroa SesarCevi 

brZaneba, romelic saSualebas iZleva gavuSvaT brZanebaTa erTi cikli, roca 

garkveuli pirobebi sruldeba da brZanebaTa sxva cikli, roca es piroba ar 

sruldeba. aseve dagvWirdeba gavimeoroT brZanebaTa garkveuli erToblioba 

ramdenimejer. aseTi tipis brZanebebs kontrolis operaciebs uwodeben, radgan isini 

saSualebas gvaZlevs vakontroloT Tu romeli brZanebebis gaSvebaa saWiro. 

if brZaneba 
SerCevis brZaneba aris pirobiTi makontrolebeli brZaneba, romelic saSualebas 

iZleva Semowmdes piroba da ise ganisazRvros programis Semdgomi safexurebi. 

SerCeviTi brZanebis ZiriTadi formaa if brZaneba. ramdenadac igi iyenebs Sedarebis da 
logikur operatorebs, ganvixiloT rogor xorcieldeba isini MATLAB_Si. 

Sedarebis operatorebi 

MATLAB aqvs Sedarebis 6 operatori: 
 

Sedarebis 

operatori 

interpretacia 

< naklebia 

<= naklebia an tolia 

> metia 

>= metia an tolia 

== tolia 

~= ar udris 

 

matrica da matriculi gamosaxuleba SeiZleba Segvxvdes am operatorTa orive 

mxares, magram SeiZleba SevadaroT mxolod erTnairi zomis matricebi. Sedegad 

miRebuli igive zomis matricis Sesabamisi elementi udris 1, Tu Seradebis Sedegi 

WeSmaritia da 0, Tu igi mcdaria. gamosaxulebas, romelic Seicavs Sedarebis 

operators logikuri gamosaxuleba ewodeba, radgan Sedegad iZleva matricas, 

romlis elementebis mniSvnelobebia - 1 (WeSmariti) da 0 (mcdari). Sedegad miRebul 

matricas 0-1 matricasac uwodeben. 

 

ganvixiloT Semdegi logikuri gamosaxuleba: 
a < b 

Tu a da b skalaruli sidideebia, maSin Sedegad miviRebT 1, roca igi WeSmaritia da 

0, roca igi mcdaria. davuSvaT a da b veqtorebia: 
a = [2 4 6] 
b = [3 5 1] 

aseT SemTxvevaSi a < b brZaneba mogvcems matricas: [1 1 0], xolo a ~= b - [1 1 1]. 
ori logikuri gamosaxuleba SegviZlia gavaerTianoT logikuri operatoriT da, an, 

ar. es operatorebi aRiniSneba simboloebiT: 

logikuri operatori simbolo 

da & 
an | 
ar ~ 
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logikuri operatorebi saSualebas iZleva SevadaroT erTmaneTs Sedarebis 

operatorebiT miRebuli matricebi, magaliTad: 
a < b & b < c 

es operacia Sedegs mogvcems, Tu a < b  da  b < c Sedegad miRebuli matricebi erTnairi 

zomisaa. Sesabamisad misi elementebi udris 1, roca orive piroba sruldeba, sxva 

SemTxvevaSi – 0. 

roca ori logikuri gamosaxuleba SeerTebulia an ( | ) niSniT, Sedegad miviRebT 0-1 

matricas, romlis elementebi tolia 1, roca erT-erTi gamosaxuleba maincaa 

WeSmariti, xolo 0-is tolia, roca orive gamosaxuleba mcdaria. roca ori 

logikuri gamosaxuleba SeerTebulia niSniT - da (&), Sedegad miRebuli matricis 

Sesabamisi elementi 1-is tolia mxolod da mxolod maSin, roca orive logikuri 

gamosaxuleba WeSmaritia, sxva SemTxvevaSi 0-is tolia. cxrili 4.1 Seicavs A da B 
logikur gamosaxulebebs Soris logikur operatorTa yvela SesaZlo kombinacias: 

 
A B ~A A | B A & B 

mcdari mcdari WeSmariti mcdari mcdari 
mcdari WeSmariti WeSmariti WeSmariti mcdari 
WeSmariti mcdari mcdari WeSmariti mcdari 

WeSmariti WeSmariti mcdari WeSmariti WeSmariti 

 

logikuri operatori aerTianebs dasrulebul logikur gamosaxulebebs. magaliTad a 
> b & b > c vargisi gamosaxulebaa magram a > b & c ar aris misi eqvivalenturi.  

logokuri gamosaxuleba SeiZleba iwyebodes ~ niSniT. es operatori gamosaxulebis 

mniSvnelobas misi sapirispiroTi cvlis. Tu a > b WeSmaritia, maSin ~ (a > b) – 
mcdaria. 

 

logikuri gamosaxuleba SesaZloa Seicavdes ramdenime logikur operators: 
~ (b == c | b == 5.5) 

logikuri operatorebis ierarqia (zemodan qvemoT) aseTia: ar, da, an. ierarqiis 

Sesacvlelad frCxilebi unda gamoviyenoT. zemoT mocemul gamosaxulebaSi pirvel 

rigSi Sesruldeba b == c  da b == 5.5.  davuSvaT b = 3 c = 5. radgan arcerTi 

gamosaxuleba ar aris WeSmariti, gamosaxuleba - b == c | b == 5.5 mcdaria, frCxilebis 

win mdgari ~ operatori ki mas sapirispiro mniSvnelobas – WeSmarits mianiWebs. 

davuSvaT frCxilebi ar gvaqvs am gamosaxulebaSi: 

 
~ b == c | b == 5.5 
 

am SemTxvevaSi gamosaxuleba  ~ b == c  Sefasdeba  b == 5.5 gamosaxulebasTan erTad . b 
da c mocemul mniSvnelobaTaTvis orive gamosaxuleba mcdaria, mTlianad 

gamosaxulebis mniSvnelobac mcdaria. SeiZleba gagiCndaT kiTxva, rogor SevafaseT 

~b, roca b TviTon ricxvs warmoadgens. MATLAB –Si yvela aranulovani 

mniSvneloba Sefasdeba rogorc WeSmariti, xolo nolovani mniSvneloba Sefasdeba 

rogorc mcdari. amitom didi sifrTxilea saWiro Sedarebis da logikuri 

operatorebiT sargeblobisas, raTa programis yvela safexuri ise Sesruldes, 

rogorc amas Cveni amocana moiTxovs. 
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savarjiSo 

gansazRvreT WeSmaritia Tu mcdari Semdegi gamosaxulebebi. SeamowmeT 

pasuxebi MATLAB saSualebiT. gaixseneT, rom pasuxis Sesamowmeblad 

saWiroa cvladebisaTvis mniSvnelobaTa miniWeba da Semdeg gamosaxulebis 

Seyvana klaviaturidan brZanebaTa fanjaraSi: 
a = 5.5;  b = 1.5;  k = -3; 

1. a < 10.0 
2. a + b >= 6.5 
3. k ~= 0 
4. b – k > a 
5. ~ (a == 3* b) 
6. – k <= k + 6 
7. a < 10 & a > 5 
8. abs (k) > 3 | k < b – a 

martivi if brZaneba 
programaSi if brZaneba SeiZleba gamoviyenoT martivi formiT, mxolod if brZaneba, anda 
misi rTuli forma, romelic garda if brZanebisa, Seicavs  else da elseif operatorebs. 
ganvixiloT martivi forma am brZanebisa, romelsac aqvs aseTi saxe: 

 

if  logikuri gamosaxuleba 

brZanebaTa jgufi A 
end 
 

Tu logikuri gamosaxuleba WeSmaritia, sruldeba brZanebebi if da end Soris, xolo 

Tu logikuri gamosaxuleba mcdaria, brZanebaTa jgufi A gamotovebuli iqneba da 

programa gadava im brZanebaTa Sesrulebaze, romelic end –s mohyveba. programis 

dawerisas imisaTvis, rom gamoikveTos if brZanebiT gaTvaliswinebuli safexuri, 

ukeTesia brZanebaTa es jgufi abzaciT daiweros. magaliTad: 
if a < 50 

count = count + 1; 
sum = sum +a; 

end  
davuSvaT a skalaria. Tu a < 50, cvladi count gaizrdeba erTiT da sum cvladis 

mniSvnelobas daemateba a mniSvneloba, Tu ara, programa gamotovebs am or brZanebas. 

Tu a skalari ar aris, orive brZaneba Sesruldeba mxolod maSin, Tu a-s yvela 

elementi < 50. 

if brZaneba SeiZleba iyos erTmaneTSi  Casmuli: 
 
if logikuri gamosaxuleba  1 

brZanebaTa jgufi A 
if logikuri gamosaxuleba  2 

brZanebaTa jgufi B 
end 
brZanebaTa jgufi C 

end 
brZanebaTa jgufi D 
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Tu ‘logikuri gamosaxuleba 1’ WeSmaritia, Sesruldeba brZanebaTa jgufi A da C, Tu 
‘logikuri gamosaxuleba 2’ aseve WeSmaritia, Sesruldeba brZanebaTa jgufi B-c, 
vidre Sesruldeba brZanebaTa jgufi C. Tu ‘logikuri gamosaxuleba 1’ mcdaria, 

programa pirdapir gadadis brZanebaTa D jgufze. abzacebis gamoyeneba if brZanebis 

aseT  struqturaSi Zalze mniSvnelovania. 

ganvixiloT magaliTi, romelic Seicavs erTmaneTSi Casmul if brZanebebs. 
 

if a < 50 
count = count + 1; 
sum = sum +a; 
if b > a 

b = 0; 
end 

end 
 

davuSvaT a da b skalarebia, maSin roca a < 50, cvladi count gaizrdeba 1 –iT da 
cvlads sum daemateba a. garda amisa, Tu b > a maSin b mieniWeba mniSvneloba 0. Tu a 
ar aris 50-ze naklebi, maSin programa pirdapir gadadis brZanebaze, romelic 

mohyveba meore end –s. Tu a skalari ar aris, maSin piroba a < 50 mxolod maSinaa 

WeSmariti, roca igi sruldeba a-s yvela mniSvnelobisaTvis. Tu arc a da arc b ar 
aris skalari, maSin b  metia a-ze mxolod maSin, roca b yvela elementi metia a 
Sesabamis elementze. Tu a an b skalaria, maSin matricis elementebi Sedardeba 

saTiTaod skalars da ise Semowmdeba piroba. 

 

Sedarebis da logikuri funqciebi 

MATLAB aqvs Sedarebis da logikuri funqciebi, romlebic gamoiyeneba if brZanebis 
struqturaSi.  

 
any (x) x matricis yoveli svetisaTvis gvaZlevs 1, Tu am svetis 

romelime elementi mainc aris aranulovani, sxva 

SemTxvevaSi gvaZlevs 0 
all (x) x matricis-is yoveli svetisaTvis gvaZlevs 1, Tu am 

svetis yvela elementi aranulovania, sxva SemTxvevaSi 

gvaZlevs 0. 
find (x) gvaZlevs veqtors, romelic Seicavs x veqtoris 

aranulovani elementebis indeqsebs. Tu x matricaa, maSin 
ideqsebi SeirCeva x( : ) veqtoridan. es aris erTi grZeli 

veqtori, romelic Sedgeba x matricis erTmaneTs 
miyolebuli svetebis elementebisagan. 

exist (‘A’) gvaZlevs 1, Tu mocemul samuSao sivrceSi arsebobs A 
cvladi , 2  Tu mocemul samuSao sivceSi arsebobs A 
cvladi an A.m faili, gvaZlevs 0 Tu aseTi arc cvladi 

da arc .m faili ar arsebobs. (yuradReba miaqcieT: 

saxeli brWyalebSi unda iyos Casmuli) 
isnan(x) gvaZlevs matricas, romlis elementebi udris 1, roca x 

matricis Sesabamisi elementebi warmoadgens 

ganuzRvrelobas, sxva SemTxvevaSi - 0. 
finite (x) gvaZlevs matricas, romlis elementebi tolia 1, roca 
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x matricis Sesabamisi elementebi sasruli ricxvebia, 

sxva SemTxvevaSi – 0. 
isepty (x) gvaZlevs 1, Tu x aris carieli matrica, Tu ara - 0. 

isstr (x) gvaZlevs 1, Tu x simboloebisgan Semdgari striqonia, 0 

- Tu es ase araa 
strcmp(y1,y2) erTmaneTs Seadarebs or striqons y1 da y2 da gvaZlevs 

1, Tu isini identuria, 0 – Tu isini gansxvavebulia. 

 

davuSvaT  A samstriqoniani da samsvetiani matricaa. ganvixiloT Semdegi brZaneba: 

 
if all (A) == 0 

disp (‘A contains all zeros’) 
end 

 

striqoni A contains all zeros daibeWdeba mxolod im SemTxvevaSi, roca A yvela 

elementis mniSvneloba aris 0 –is tolia. 

savarjiSo 

gansazRvreT yoveli gamosaxulebis mniSvneloba. SeamowmeT pasuxebi 

MATLAB saSualebiT. davuSvaT matrica B –s aqvs mniSvneloba: 

 


















078

300

401

B  

 
1. any (B) 
2. find (B) 
3. all (any (B)) 
4. any (all (B)) 
5. finite (B(:,3)) 
6. any (B(1:2,1:3)) 

 

else  operatori 
es operatori saSualebas gvaZlevs gavuSvaT brZanebaTa erTi jgufi, roca logikuri 

gamosaxuleba WeSmaritia, da brZanebaTa sxva jgufi, roca igive gamosaxuleba 

mcdaria. else operaoris Semcveli if brZanebis zogadi formaa: 
 

if  logikuri gamosaxuleba 

brZanebaTa jgufi A 
else 

brZanebaTa jgufi B 
end 
 

Tu ‘logikuri gamosaxuleba’ WeSmaritia, sruldeba brZanebaTa jgufi A, Tu mcdaria, 

sruldeba brZanebaTa jgufi B. else SeiZleba gamoviyenoT erTmaneTSi Casmul if 
brZanebebSic. 
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sailustraciod ganvixiloT magaliTi:  

 

bagirgza akavSirebs or koSks. davuSvaT skalari d warmoadgens manZilis 

mniSvnelobas vagonidan uaxloes koSkamde. Tu vagoni koSkidan 30-mde futiTaa 

daSorebuli, siCqare gamoiTvleba formuliT: 

 
200175.0425.0 dvelocity   

 

Tu vagoni koSkidan ufro Sorsaa, viyenebT formulas: 

 
200025.012.0625.0 ddvelocity   

 

siCqaris mniSvnelobebi SegviZlia gamoviTvaloT Semdegi brZanebis saSualebiT: 
if d < 30 

velocity = 0.425 + 0.00175*d^2; 
else 
velocity = 0.625 + 0.12*d + 0.00025*d^2; 

end 
 

elseif operatori 
elseif operators mivmarTavT, imisaTvis rom SevamowmoT ramdenime logikuri 

gamosaxuleba da gamoTvlebi saWiro mimarTulebiT warvmarToT: 

 

if  logikuri gamosaxuleba 1 

brZanebaTa jgufi A 
elseif logikuri gamosaxuleba 2 

brZanebaTa jgufi B 
elseif logikuri gamosaxuleba 3 

brZanebaTa jgufi C 
end 
 

gvaqvs ori elseif operatori, SegviZlia ufro metic gamoviyenoT. Tu ‘logikuri 

gamosaxuleba 1’ WeSmaritia, mxolod A jgufis brZanebebi sruldeba. Tu ‘logikuri 

gamosaxuleba 1’ mcdaria da ‘logikuri gamosaxuleba 2’ WeSmaritia, mxolod 

brZanebaTa jgufi B sruldeba, Tu ‘logikuri gamosaxuleba 1’ da ‘logikuri 

gamosaxuleba 2’ mcdaria da ‘logikuri gamosaxuleba 3’ WeSmaritia, mxolod 

brZanebaTa jgufi C sruldeba. Tu erTze meti logikuri gamosaxulebaa WeSmariti, 

pirveli WeSmariti gamosaxuleba gansazRvravs, Tu brZanebaTa romeli jgufi unda 

Sesruldes. Tu arc erTi logikuri gamosaxuleba ar aris WeSmariti, if struqturis 
arcerTi brZaneba ar Sesruldeba. 

 

SeiZleba if struqturaSi else da elseif operatorebi erTdroulad gamoviyenoT: 
 
if  logikuri gamosaxuleba 1 

brZanebaTa jgufi A 
elseif logikuri gamosaxuleba 2 

brZanebaTa jgufi B 
elseif logikuri gamosaxuleba 3 
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brZanebaTa jgufi C 
else  

brZanebaTa jgufi D 
end 
 

Tu arcerTi logikuri gamisaxuleba ar aris WeSmariti, maSin Sesruldeba brZanebaTa 

jgufi D. if-elseif struqturas xSirad amomrCev struqturasac uwodeben, radganac 

mowmdeba ramdenime piroba. 

savarjiSo 

dawereT MATLAB brZanebebis mwkrivi, rom Sesruldes gansazRvruli safexurebi, 

davuSvaT cvladebi sakalaruli sidideebia. 

 

1. Tu dro metia, vidre 50, daumate mas 1. 

2. roca kvadratuli fesvi cvladidan poly naklebia vidre 0.001, dabeWde misi 

mniSvneloba 

3. Tu sxvaoba volt_1 da volt_2 Soris metia, vidre 2.0, dabeWde maTi 

mniSvnelobebi 

4. Tu den mniSvneloba naklebia vidre 0.003, mianiWeT result –s 0-is toil 

mniSvneloba, Tu ara, mianiWeT result-s mniSvneloba num/den 
5. Tu x-is logariTmi naturaluri fuZiT metia, an tolia 10-is, mianiWeT time –s 

0-is toil mniSvneloba da gazardeT count mniSvneloba 

6. Tu dist naklebia 50, da time metia 10, gazardeT time mniSvneloba 2-iT, Tu 

ara, gazardeT time 5-iT  
7. Tu dist metia an tolia 100, gazardeT time 10-iT, Tu dist moTavsebulia 50 da 

100 Soris, gazardeT time 1-iT. sxva semTxvevaSi gazardeT time 0.5-iT 
 

for cikli 
ciklisaTvis MATLAB aqvs ori operatori for da while. jer ganvixilavT ciklis 

operators - for. 
 

mas aqvs zogadi saxe: 

 

for index = gamosaxuleba 

brZanebaTa jgufi A 
end 
 

gamosaxuleba SeiZleba iyos matrica, veqtori an skalari. brZanebaTa jgufi A 

sruldeba imdenjer, ramdeni sveticaa matricaSi. indeqsi mimdevrobiT Rebulobs 

matricis elementebis mniSvnelobebs. for operatoris gacnobamde ganvixiloT 

magaliTi: 

 

davuSvaT gvaqvs veqtori, romelic Seicavs manZilebis mniSvnelobebs, romlebic 

Seesabameba sabagiro gzis vagonis daSorebas uaxloesi koSkidan. gvinda miviRoT 

veqtori, romelic Seicavs aCqarebis Sesabamis mniSvnelobebs. Tu manZili naklebia 30 

futze, unda visrgebloT formuliT: 
200175.0425.0 dvelocity   
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Tu vagoni koSkidan ufro Sorsaa, viyenebT formulas: 
200025.012.0625.0 ddvelocity   

siCqaris formulis arCeva damokidebulia d maZilis mniSvnelobaze. imisaTvis, rom d 
TiToeuli mniSvnelobisaTvis calk-calke ar gamoviTvaloT siCqareebi, viyenebT for 
operators: 

 

davuSvaT d veqtori Seicavs 25 elements.  
 
 

for k = 1:25 
 if d(k) <= 30 
  velocity = 0.425 + 0.00175*d(k)^2; 
 else 
  velocity = 0.625 + 0.12*d(k) + 0.00025*d(k)^2; 
 end 
end 

 

 

Semdeg amoxsnaSi davuSvebT, rom d veqtoris zoma ucnobia. amitom visrgeblebT 

length brZanebiT. 
 

for k = 1:length(d) 
 if d(k) <= 30 
  velocity = 0.425 + 0.00175*d(k)^2; 
 else 
  velocity = 0.625 + 0.12*d(k) + 0.00025*d(k)^2; 
 end 
end 

 
for operatoriT sargeblobisas unda davicvaT Semdegi wesebi: 

 

1. for operatoris indeqsi unda iyos cvladi 

2. Tu gamosaxuleba carieli matricaa, ciklis gaSveba ar moxdeba, programis 

kontroli gamotovebs yvela brZanebas, romelic moTavsebulia for da end 
Soris. 

3. Tu gamosaxuleba skalaria, cikli mxolod erTxel Sesruldeba 

4. Tu gamosaxuleba striqoni veqtoria, indeqsi morigeobiT Rebulobs veqtoris 

elementebis mniSvnelobebs. 

5. Tu gamosaxuleba matricaa, indeqsi miiRebs mniSvnelobebs jer pirveli svetis 

elementebisas, Semdeg meore svetis da a. S. 

6. ciklis operatoris dasrulebisas indeqsi inarCunebs sabolood miRebul 

mniSvnelobas 

7. Tu gamosaxulebis matricis misaRebad gamoyenebulia orwertiliani operatori  

for k = sawyisi mniSvneloba : nazrdi : saboloo mniSvneloba  

maSin imis dasadgenad, Tu ramdenjer Sesruldeba cikis operatoriT 

gansazRvruli moqmedebebi, visargeblebT formuliT: 

floor((saboloo mniSvneloba – sawyisi mniSvneloba)/nazrdi)+1 

Tu es sidide uaryofiTia, ciklis gaSveba ar moxdeba. 

savarjiSo 
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gansazRvreT ramdenjer Sesruldeba ciklis operatoriT gansazRvruli moqmedeba 

Tu indeqsis gamosaxuleba  Semdegi saxisaa. SeamowmeT pasuxi MATLAB 
saSualebiT.  

 
9. for k = 3:20 
10. for count = -2:14 
11. for k = -2:-1:-10 
12. for time = 10:5 
13. for index = 52:-12 
 

cikli SegviZlia SevwyvitoT brZanebiT: break. es brZaneba aucileblad 

dagvWirdeba, Tu ciklis operatorSi piroba SecdomiTaa gansazRvruli. 

 

 

 

 

problema: optikuri boWko 

 

 

nax. 4.1 optikur boWkoTa kona 
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nax. 4.2 optikuri boWko 

 

 

Tu sinaTle ecema minis an plastikis grZel Reros, igi mravalgzis airekleba 

Reros kedlebidan vidre meore bolos moaRwevs. es saintereso fenomeni SeiZleba 

gamoyenebuli iqnas sinaTlis an sulac gamonasaxis gadasacemad. Tu aviRebT aseTi 

Reroebis konas, sinaTle gavrceldeba masSi da miaRwevs meore bolos, rogorc es 

nax. 4.2 mocemuli. 

 

optikuri boWko aris Zalian wvrili minis an plastikis boWko. aseTi boWkoebis 

kona SeiZleba gamoviyenoT rogorc sinaTlis gadacemis saSualeba. optikuri 

boWko gamonasaxis gadacemis saSualebasac iZleva, Tu boloebze specialur 

mowyobilobas mivuerTebT. radgan optikuri boWko Zalze moqnilia, is SegviZlia 

gamoviyenoT rogorc gamonasaxis gadacemis saSualeba iseT adgilebSi, romelic 

sxva xelsawyoebisaTvis miuwvdomelia, magaliTad endoskopSi. endoskopi 

xelsawyoa, romelic gamoiyeneba pacientis organizmis gamosakvlevad. organizmSi 

SeRweva xdeba umciresi Wrilobis saSualebiT. optikuri boWko lazeruli 

sxivis gadasacemadac gamoiyeneba, romelic gamoiyeneba arteriebis 

gasaTavisuflebad, TirkmelSi qvebis dasamsxvrevad, kataraqtis mosacileblad da 

sxva. 

 

boWkoebSi Sida arekvlis fenomeni aixsneba Snelis kanoniT. optikuri boWko 

Sedgeba orgvari masalisagan – masala, romlisganac Sedgeba boWko da masala, 

romelic gars akravs mas. Cveulebriv boWkos Semadgeneli masala ufro mkvrivia, 

vidre garsi. roca sinaTle erTi garemodan gansxvavebuli simkvrivis mqone meore 

garemoSi gadadis, igi gardatydeba gamyof zedapirze. gardatexis kuTxe  

damokidebulia garemos gardatexis koeficientze da dacemis kuTxeze. roca 

sinaTle ufro mkvrividan nakleb mkvriv garemoSi gadadis, daecema ra zedapis 

misi nawili airekleba, nawili ki gaaRwevs meore garemoSi. sinaTlis dacemis 

kuTxes, roca igi mTlianad airekleba zedapiridan kritikuli kuTxe ewodeba. 

radganac kritikuli kuTxe damokidebulia erTi garemos meoris mimarT 

gardatexis koeficientze SegviZlia gamoviTvaloT es kuTxe da ganvsazRvroT 

mocemuli kuTxiT dacemuli sinaTle gaivlis Tu ara boWkoSi. davuSvaT n2  

garemomcveli garemos gardatexis koeficientia, xolo n1 Tavad boWkosi, Tu n2 > 
n1  boWko sinaTles ar gaatarebs. kritikuli kuTxe gamoiTvleba formuliT: 

1

2sin
n

n
c   

dawereT MATLAB programa, romelic gansazRvravs gaivlis Tu ara sinaTle 

optikur boWkoSi, romelic garemoculia gansxvavebuli simkvrivis mqone masaliT. 

davuSvaT, gvaqvs ASCII monacemTa faili saxeliT indicies.dat, romelic Seicavs 
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monacemebs optikuri boWkosa da garemomcveli garemos Sesaxeb. failis yoveli 

striqoni Seicavs boWkosa da garsis masalis gardatexis koeficients. programam 

unda gansazRvros gaatarebs Tu ara sinaTles aseTi monacemebis mqone gamtari da 

Tu gaatarebs, rogoria kritikuli kuTxis mniSvneloba. 

1. amocanis dasma 

ganvsazRvroT, gaivlis Tu ara sinaTle mocemul garemoSi. ganvsazRvroT dacemis 

kuTxe, roca sinaTle gaivlis boWkoSi. 

2. INPUT/OUTPUT aRwera 
rogorc naCvenebia 4.2 suraTze, programis Sesavali mniSvnelobaa monacemTa 

faili, romelic Seicavs potenciuri sinaTlis gamtaris gardatexis 

koeficientebs. gamosavali mniSvneloba ki  cnoba imis Sesaxeb gaivlis Tu ara 

sinaTle mocemuli parametrebis mqone gamtarSi da kritikuli kuTxe. 

 

 

 
 

nax. 4.3 INPUT/OUTPUT diagrama 

 

 

 

 

3. saxeldaxelo amoxsna 

 

haeris gardatexis koeficientia 1.0003, minis – 1.5. Tu SevqmniT sinaTlis 

gamtars haeriT garemoculi minis boWkoTi, kritikuli kuTxe SeiZleba 

gamoviTvaloT formuliT: 

o
c n

n
82.41)66687.0(sin

5.1

0003.1
sinsin 11

1

21    

aseTi gamtri gaatarebs sinaTles, romelic daecema o82.41 -ze meti kuTxiT. 

 

4. MATLAB amoxsna 
  
 This program reads the indices of  refraction  
 for materials forming a light pipe. For each  
 pair of materials, we determine if the pipe   
 will transmit light, and at what angles of  
 incidence in degrees. 
  
factor = 180/pi; 
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load indices.dat 
n1 = indices(:,1); 
n2 = indices(:,2); 
for k = 1: length(n1) 
 if  n2(k) > n1(k) 
  fprintf(‘light is not transmitted for \n’) 
  fprintf(‘rod index %g and medium index %g \n\n’, 

n1(k), n2(k)) 
 else  
  critical_angle = asin(n2(k)/n1(k))*factor; 
  fprintf(‘light is not transmitted for \n’) 
  fprintf(‘rod index %g and medium index %g \n\n’, 

n1(k), n2(k)) 
  fprintf(‘for angles greater then %g  degrees \n\n’,… 

critical_angle) 
 end 
end 
 
5. Semowmeba  

SevamowmoT es amocana failiT romlis Semcvelobaa: 

 

1.31   1.473 

1.5 1.0003 

1.49 1.33 

 
      

miviRebT: 
light is not transmitted for  
rod index 1.31 and medium index 1.473  
light is transmitted for  
rod index 1.5 and medium index 1.0003  
for angles greater then 41.8257  degrees  
light is transmitted for  
rod index 1.49 and medium index 1.33  
for angles greater then 63.204  degrees 

 

scadeT ipovoT masalebi, romelTaTvisac dacemis kritikuli kuTxe 45 metia. 

while cikli 
es brZaneba mniSvnelovania, roca gvsurs programaSi moqmedebebi ganmeordes vidre 

garkveuli piroba sruldeba. misi zogadi formaa: 
 
while gamosaxuleba 

   brZanebaTa jgufi A 
end 
 

Tu gamosaxuleba WeSmaritia, A jgufis brZanebebi sruldeba, amis Semdeg mowmdeba 

piroba xelaxla. Tu piroba kvlav WeSmaritia, isev sruldeba brZanebaTa A jgufi 
da ase grZeldeba, vidre piroba ar gaxdeba mcdari. amis Semdeg programa gadadis 

end –is Hmomdevno brZanebaze. cvladebi, romlebic monawileoben brZanebaTa A 

jgufSi, unda Seicavdnen gamosaxulebaSi monawile cvladebs. Tu es ase ar aris, 
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gamosaxulebis mniSvneloba ar Seicvleba. Tu gamosaxuleba yovelTvis WeSmariti 

rCeba(an aris aranulovani ricxvi), cikli usasrulod grZeldeba. (gaixseneT, rom 

ciklis Sewyveta SegiZliaT brZanebiT ^c (ctrl+c).  
 
while ciklis sailustraciod ganvixiloT brZaneba, romelic veqtoris 

elementebs umatebs cvlads sum, vidre uaryofiTi ricxvi ar Sexvdeba. 
 
sum = 0; 
k = 1; 
while x(k) >= 0 & k <= length(x) 
 sum = sum + x(k); 
 k = k + 1; 
end 

problema – temperaturuli wonasworoba 

axali masalebis gamogoneba da gaumjobeseba saWiroebs maT gamocdas mravali 

parametris mixedviT. erT-erTi maTgania temperaturis ganawileba. am amocanaSi 

ganvixilavT temperaturis ganawilebas  metalis Txel firfitaze. firfitis 

masala Seqmnilia iseTi mowyobilobisaTvis, romelSic misma oTxive kidem unda 

SeinarCunos mudmivi, an izoTermuli temperatura. firfitis sxva wertilebSi 

temperatura gamoiTvleba mezobeli wertilebis temperaturis mixedviT. 

warmovidginoT, rom firfita dafarulia badiT, maSin firfita SegviZlia 

ganvixiloT, rogorc matrica, romlis elementebi warmoadgens temperaturas  

Sesabamis ujredSi. nax. 4.4 warmoadgens amgvari badiT dafarul firfitas. 

CavTvaloT, rom badis ujredis SigniT temperatura mudmivia. firfita dayofilia 

6  9 ujredad. sul temperaturis 48 mniSvneloba gvaqvs mocemuli matricis 

saxiT. 

 

 

 
 

nax. 4.4 metalis firfitis dayofa 

 

 

 

mocemulia izoTermuli temperatura firfitis oTxive gverdisTvis; davuSvaT 

firfitis gverdiTi da zeda kideebi erTnairi temperaturisaa, xolo qveda kide 

gansxvavebulia. igulisxmeba, rom dasawyisisaTvis firfitis sxva ujredebis 
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temperatura 0-is tolia. yoveli Sida wertilisaTvis axali temperatura 

gamoiTvleba rogorc misi mezobeli wertilebis saSualo Semdegi gantolebiT: 

 

 T1  

T4 T0 T2 

 T3  

 

4
4321

0

TTTT
T


  

Sida wertilebisaTvis axali temperaturebis gamoTvlis Semdeg Sefasdeba sxvaoba 

temperaturis Zvelsa da axal mniSvnelobas Soris. Tu temperaturis cvlileba 

metia, vidre winaswar gansazRvrul sidideze – firfita jer kidev ar aris 

Termul wonasworobaSi da aRwerili procesi isev ganmeordeba.  

vsargeblobT ori matriciT temperaturebisaTvis; erTi Zveli 

mniSvnelobebisaTvis, meore axlad gamoTvlili temperaturisaTvis. ori matrica 

imisaTvis gvWirdeba, rom vuSvebT: temperaturis cvlileba yvela elementisaTvis 

erTdroulad xdeba.  magaliTad viTvliT temperaturas wertilSi (3,3). axali 

mniSvneloba gamiTvleba rogorc saSualo misi mezobeli mniSvnelobebisa (2,3), 

(3,2), (3,4) da (4,3). Semdeg viTvliT temperaturas mdebareobisaTvis (3,4). isev 

viTvliT saSualos, magram Cven gvWirdeba (3,3) mdebareobis  Zveli da ara axlad 

gamoTvlili mniSvneloba, amitom saWiroa temperaturis axladgamoTvlili 

mniSvnelobebi CavweroT axali matricis saxiT.  

amrigad, viyenebT matricas Zveli temperaturebiT imisaTvis, rom gamoviTvaloT 

axali temperaturebi da vamowmebT Tundac erTi sxvaoba xom ar aWarbebs dasaSveb 

mniSvnelobas. roca temperaturis cvlileba firfitis yoveli ujredisaTvis, e. i 

nebismieri sxvaoba axali da Zveli matricis Sesabamis elementebs Soris gaxdeba 

dasaSveb mniSvnelobaze naklebi, CavTvliT, rom Termuli wonasworoba damyarda. 

 

1. amocanis dasma 

ganvsazRvroT Termuli wonasworobis Sesabamisi sidideebi metalis 

firfitisaTvis izoTermuli kideebiT. 

  

2. INPUT/OUTPUT aRwera 
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nax. 4.5 I/O diagrama 

 

rogorc naxazzea naCvenebi, programis Sesavali mniSvnelobaa firfitis badis 

zoma, izoTermuli temperatura da dasaSvebi mniSvneloba. 

 

3. saxeldaxelo amoxsna 

rom davrwmundeT ramdenad kargad gavigeT aRwerili procesi, amovxsnaT probleba 

martivi SemTxvevisaTvis. davuSvaT matrica Seicavs 4 striqonsa da 4 svets. 

gverdiTi da zeda kideebis izoTermuli temperatura 100 gradusia, xolo qveda 

kidisaTvis – 50 gradusi. dasaSvebi sidide aviRoT 40 gradusis toli. firfitis 

elementebis temperaturis sawyisi mniSvnelobebi iqneba: 

50505050

10000100

10000100

100100100100

 

pirveli iteraciis Semdeg miviRebT; 

50505050

1005.0375.37100

1005050100

100100100100

 

meore iteraciis Semdeg miviRebT: 

 

50505050

100375.059375.059100

100875.071875.71100

100100100100

 

amis Semdeg temperaturaTa sxvaoba ar aRemateba 40 graduss firfitis arcerTi 

wertilisaTvis. ese igi Termuli wonaworoba damyarda da meore iteraciis 

Sedegad miRebuli temperaturebi Seesabameba temperaturul wonasworobas. 

 

4. MATLAB amoxsna 
 

 This program initializes the temperatures in 
 metal plate and determines the equilibruim 
 temperatures based on atolerance value 
  
nrows = input(' Enter number of rows'); 
ncols = input('Enter number of columns'); 
iso1 = input('Enter temperature for top and sides'); 
iso2 = input('Enter temperature for bottom'); 
tolerance = input('Enter equilibrium tolerance'); 
 % 
 %     Initialize and print temperature matrix 
 % 
old = zeros(nrows, ncols); 
old(1,:) = iso1 + zeros(1, ncols); 
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old(:,1) = iso1 + zeros(nrows,1); 
old(:,ncols) = iso1 + zeros(nrows,1); 
old(nrows,:) = iso2 + zeros(1, ncols); 
disp('Initial Temperatures'); 
disp(old) 
new = old; 
equilibrium = 0; 
 % 
 %     Update temperatures and test for equilibrium 
 % 
while ~equilibrium 
 for m = 2:nrows - 1 
  for n = 2: ncols - 1 
   new(m,n) = (old(m-1,n)+old(m,n-1)+... 
   old(m,n+1)+old(m+1,n))/4; 
  end 
 end 
 if all(new-old<=tolerance) 
  equilibrium = 1; 
  disp('Equilibrium Temperatures'); 
  disp(new) 
 end 
 old = new; 
end  
    
5. Semowmeba 

Tu gavuSvebT programas MATLAB –Si da mivawodebT saTanado mniSvnelobebs, 

Sedegad miviRebT: 
Enter number of rows  4 
Enter number of columns  4 
Enter temperature for top and sides  100 
Enter temperature for bottom  50 
Enter equilibrium tolerance  40 
Initial Temperatures 
   100   100   100   100 
   100     0     0   100 
   100     0     0   100 
    50    50    50    50 
Equilibrium Temperatures 
  100.0000  100.0000  100.0000  100.0000 
  100.0000   71.8750   71.8750  100.0000 
  100.0000   59.3750   59.3750  100.0000 
   50.0000   50.0000   50.0000   50.0000 

am amocanis amoxsnisas tolerance mniSvnelovani cvladia. scadeT SeasruloT igive 

amocana tolerance  mcire mniSvnelobisaTvis, magaliTad 1 gradusi da daakvirdiT 

gansxvavebas Sedegad miRebul temperaturuli wonsworobis suraTebs Soris. aseve 

saintereso iqneba programa ise SecvaloT, rom damatebiT gvaZlevdes iteraciaTa 

raodenobas, romelic aucilebelia temperaturuli wonasworobis dasamyareblad. 

 

am TavSi ganvixileT programis kontrolis struqturis 3 gansxvavebuli tipis 

operatori. if brZaneba, operatorebTan else da elseif erTad saSualebas gvaZlevs 

gavuSvaT brZanebaTa sxvadasxva jgufi, imis mixedviT, Tu rogoria logikuri 
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gamosaxuleba. for  da while brZanebaebi, romelnic brZanebTa jgufis ramdenjerme 

ganmeorebis saSualebas iZleva. kontrolis es struqtura aucilebelia mravali 

sainJinro problemis gadasawyvetad. ganvixileT optikur boWkoebTan da 

temperaturul wonasworobasTan dakavSirebuli amocanebi. 

specsimboloebi 
 

< naklebia 

<= naklebia an tolia 

> metia 

>= metia an tolia 

== tolia 

~= ar udris 

& da 

| an 

~ ar  
 

brZanebebi da funqciebi 
  

all gansazRvravs WeSmaritia Tu ara yvela mniSvneloba 

any gansazRvravs romelime mniSvneloba mainc Tu aris 

WeSmariti 
break Sewyvets programis mier gaSvebul cikls 

else if struqturis operatori 
elseif if struqturis operatori 
end gansazRvravs kontrolis struqturis dasasruls 

exist gansazRvravs mocemul samuSao sivrceSi aris Tu ara 

miTiTebuli cvladi 
find poulobs aranulovan mniSvnelobebis indeqsebs 

finite gansazRvravs sasrulia Tu ara sidide 

for awarmoebs ciklis struqturas 

if amowmebs logikur gamosaxulebas 

isempty gansazRvravs carielia Tu ara matrica 

isnan gansazRvravs ganuzRvrelobaa Tu ara mocemuli sidide  

isstr gabsazRvravs cvladi simboloa Tu ricxviTi 

gamosaxuleba 
strcmp adarebs erTmaneTs or striqons 

while ayalibebs ciklis struqturas 

 

amocanebi 

1 – 8 peroblema dakavSirebulia am TavSi ganxilul amocanebTan, 9 –23 Seexeba 

gansxvavebul sainJinro problemebs 
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optikuri boWkoebi. es amocanebi dakavSirebulia gardatexis maCvenebelTa cxrilTan, 

romelic mocemuli iyo am Tavis Sesabamis nawilSi. 

1. dabeWdeT cxrili, romelic Seicavs informacias failidan indices.dat Semdegi 
formatiT: 

 
refraction indices 

Rod Index medium Index 
 

2. daumateT 1 amocanaSi aRweril cxrils sveti, romeli Seicavs kritikul 

kuTxes gradusebSi 

3. daumateT 1 amocanaSi aRweril cxrils sveti, romeli Seicavs kritikul 

kuTxes radianebSi 

4. dabeWdeT informacia failidan indices.dat, romelic daakavSirebs iseT masalebs, 

romlebic Seqmnian sinaTlis gamtars. Semdegi formatiT 

Light Transmitting Pipes 
Rod Index medium Index Angles of Incidense 

 

5. Secvale 4 amocaniT gansazRvruli cxrili ise, rom kuTxe nacvlad 

gradusebisa, daibeWdos radianebSi 

 

Termuli wonasworoba. es problemebi ukavSirdeba am TavSi ganxilul Sesabamis 

amocanas 

6. temperaturul wonasworobasTan dakavSirebuli programa Secvale ise, rom 

metalis firfitis oTxive kides gansxvavebuli temperaturea hqondes 

7. temperaturul wonasworobasTan dakavSirebuli programa Secvale ise, rom 

dabeWdos damatebiT iteraciaTa raodenoba, romelic saWiroa Termuli 

wonasworobis dasamyareblad 

8. temperaturul wonasworobasTan dakavSirebuli programa Secvale ise, rom 

metalis firfitis mxolod erT kides hqonde nulisagan gansxvavebuli 

temperatura. wertils SeiZleba hqondes erTi, ori an sami mezobeli 

temperatura.  

 

raketis traeqtoria. qaris paramartebis gamosakvlevad Seiqmna mcire zomis raketa. 

vidre testireba daiwyeba, saWiroa Sesruldes raketis traeqtoriis modelireba. 

inJinerTa gamoTvliT raketis traeqtoria aRiwereba formuliT: 
751.442 000034.00013.013.260 tttheight   

gantoleba gvaZlevs raketis simaRles dedamiwis zedapiridan drois mocemul 

t momentSi. simaRlis pirveli mniSvneloba (60) aris raketis simaRle, anu 

manZili dedamiwis zedapiridan raketis wveromde. 

9. dawereT programa, romelic gamoiTvlis da dabeWdavs droisa da raketis 

simaRlis Sesabamisi mniSnelobebs t = 0 dan im momentamde, roca raketa 

daecema dedamowaze. aiReT drois nazrdi 2 wami. Tu raketa dedamiwaze ar 

daecema 100 wamis Semdeg, SewyviteT programa.  

10. 9 amocanaSi aRwerili programa SecvaleT ise, rom cxrilis nacvlad dabeWdos 

drois mniSvneloba, roca raketa dedamiwaze daSvebas iwyebs da roca igi 

Seexeba dedamiwas. 
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saoperacio Zafis dafasoeba. medicinaSi cocxali qsovilis gasakerad operaciis 

Semdeg gamoiyeneba specialuri boWko. maTi dafasoebisas didi sifrTxilea saWiro, 

rom mtveri da mikrobebi ar moxvdes paketSi. SefuTvis Semdeg xdeba paketis 

dabeWdva. Stampi, romelic luqavs pakets cxeldeba eleqtrogamaTbobliT. imisaTvis, 

rom daluqvis procesi damakmayofileblad CaiTvalos, Stampma unda SeinarCunos 

saWiro doneze gansazRvruli temperatura, wneva, rmliTac is pakets awveba da 

drois intervali or momdevno operacias Soris. drois periods or urTirTmomdevno 

kontaqts Soris (dwell time)- Seyovneba ewodeba. davuSvaT dasaSvebi mniSvnelobebis 

intervali damakmayofilebeli procesisaTvis aseTia: 

temperatura 150-1700C 
wneva        60-70 psi 
Seyovneba    2-2.5 wm 

11. monacemTa faili suture.dat Seicavs informacias erTi kviris ganmavlobaSi 

wundebuli  samedicino Zafis partiis Sesaxeb. yoveli striqoni failSi 

Seicavs partiis nomers, temperaturas, wnevas, Seyovnebis periods dawunebuli 

partiisaTvis. xarisxis makontrolebelma inJinerma unda gaaanalizos es 

informacia, raTa Seafasos ramdeni procentia wundebul paketebSi gamowveuli 

tempetaturis, wnevis da Seyovnebis defeqtis gamo. SesaZloa zogierTi partia 

wundebulia ori sxvadasxva niSniT, maSin igi registrirdeba yvela SemTxvevaSi 

calk-calke. dawereT programa, romelic daiTvlis da dabeWdavs sxvadasxva 

tipis wunis procentul Sedgenilobas. 

12. 11 amocanaSi aRwerili programa SecvaleT ise, rom igi agreTve beWdavdes 

partiaTa nomers wunis TiToeuli kategoriisaTvis da partiaTa saerTo 

raodenobas, romelic amoRebuli iqna. yuradReba miaqcieT, dawunebuli partia 

saerTo raodenobaSi mxolod erTxel unda figurirebdes, Tumca SesaZloa 

ramdenjerme Segvxvdes sxvadasxva kategoriiT dawunebul partiebSi. 

13. dawereT programa, romelic waikiTxavs fails suture.dat, darwmundiT, rom 

monacemebSi marTlac wundebuli partiebi moyva. Tu romelime partia 

SecdomiTaa moxvedrili failSi, programam dagvibeWdos saTanado cnoba amis 

Taobaze. 

 

tyis ganaxleba. amocana exeba problemas xetyis damuSavebaSi. tyis farTobis ra 

nawili unda darCes gauCexavi, rom moxdes tyis ganaxleba sasurvel periodSi. 

iTvleba, rom gaCexili tyis ganaxlebas garkveuli dro sWirdeba niadagisa da 

klimatis pirobebis gaTvaliswinebiT. tyis ganaxlebis gantoleba gamoxatavs am dros 

rogorc gauCexavad darCenili tyis farTobis da ganaxlebis koeficientis (siCqaris) 

funqcias. magaliTad, vTqvaT xetyis damzadebis Semdeg 100 akri tye darCa gauCexavi, 

xolo tyis ganaxlebis koeficientia 0.05, maSin pirveli wlis bolos gveqneba 

100+0.5 * 100, anu 105 akri ganaxlebuli tye, meore wlis bolos ki – 105 + 0.05 

* 105=110.25 akri iqneba ganaxlebuli tyis saerTo farTi. 

14. davuSvaT gvaqvs tye saerTo farTiT 14000 akri, sadac darCenili gauCexavi 

farTi 2500 akria da tyis ganaxlebis koeficientia 0.02. dabeWdeT cxrili, 

romelic uCvenebs ganaxlebuli tyis farTs yoveli wlis bolos 20 wlis 

ganmavlobaSi. 

15. 14 amocanaSi aRwerili programa SecvaleT ise, rom saSualeba gvqondes 

SeviyvanoT monacemi wlebis raodenobis Sesaxeb. 
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16. 14 amocanaSi aRwerili programa SecvaleT ise, rom saSualeba gvqondes 

SeviyvanoT monacemi aRdgenili tyis farTis Sesaxeb da programam gansazRvros 

ramdeni weli dasWirdeba aaseTi farTis aRdgenas. 

 

kritikuli analizi. es aris teqnika, romelic gamoiyenebaAproeqtis gegmis ganrigis 

Sesadgenad. es informacia sasargebloa proeqtis SesrulebisaTvis Tvalyuris 

sadevneblad. aseTi analizis erT-erTi meTodi SemdegSi mdgomareobs: davyoT proeqti 

Tanmimdevrul movlenebad. yoveli movlena davyoT ramdenime qvepunqtad. ise, rom 

erTi movlena unda dasruldes, vidre meore daiwyeba. movlenis SigniT ramdenime 

qvepunqti SesaZloa erTdroulad daiwyos da mimdinareobdes. dro, romelic saWiroa 

erTi movlenis dasamTavreblad damokidebulia dReebis raodenobaze, romelic 

saWiroa misi yvelaze xangrZlivi qvepunqtis Sesasruleblad. msgavsad amisa proeqtis 

dasrulebis dro tolia movlenaTa dasrulebisaTvis saaWiro drois jamisa. davuSvaT 

kritikuli analizis informacia proeqtisaTvis Cawerilia failSi: path. dat. am 

failis yoveli striqoni Seicavs movlenis nomers, qvepunqtis nomers da am 

qvepunqtis SesrulebisaTvis sWiro dReebis raodenobas. monacemebi isea dalagebuli, 

rom jer mocemulia pirveli movlenis yvela qvepunqti. amas mohyveba meore movlenis 

yvela qvepunqti da a.S. 

17. dawereT programa, romelic waikiTxavs informacias failidan da dabeWdavs 

proeqtis dasrulebis ganrigs. cxrilSi mocemuli unda iyos TiToeuli 

movlenis nomeri, yvelaze xangrZlivi qvepunqtis dasrulebisaTvis saWiro 

dRebis raodenoba, proeqtis dasrulebisaTvis saWiro dro dReebSi. 

18. wina amocanaSi aRwerili programa Secvale ise, rom programam dabeWdos 

mxolod is movlena da qvepunqti, romlis dasrulebisaTvis saWiroa 5 dReze 

meti. 

19. Secvale programa ise, rom dabeWdos movlenis nomeri da masSi Semavali 

qvepunqtebis raodenoba. 

 

monacemebi mimRebidan. davuSvaT faili saxeliT sensor.dat Seicavs informacias, 

romelic Segrovilia ramdenime sensoridan erTdroulad. yoveli striqoni Seicavs 

sxvadasxva sensoridan aRebul monacemebs. pirvel striqonSi gvaqvs monacemebi 

aRebuli t = 0.0 wm-ze, meoreSi -  1.0 wm-ze da a. S. 

20. dawereT programa, romelic kiTxulobs monacemTa fails da beWdavs sensorebis 

raodenobas da da informacias imis Sesaxeb, ramdeni wamis ganmavlobaSi 

grovdeboda monacemebi. 

21. Secvale me-20 amocanisaTvis dawerili programa ise, rom yvela monacemi, 

romelic aWarbebs 10.0 gautoldes 10.0, xolo yvela monacemi, romelic 

naklebia –10, gautoldes –10.0 

22. dawereT programa, romelic aagebs pirvel mimRebze Segrovili monacemebis 

grafiks drois mimarT. 

23. dawereT programa, romelic ipovis cxrilSi im monacemis mdebareobas 

(indeqss), romlis mniSvnelobac sasruli sidide ar aris 

24. dawereT programa, romelic gansazRvravs im monacemTa mdebareobas, romelTa 

mniSvnelobac metia 20-ze 

25. dawereT programa, romelic dabeWdavs iseT monacemTa raodenobas, romelTa 

mniSvnelobac 0-is tolia. 



 
 

5 statistikuri gazomvebi 

problema: zegamtaroba 

Sesavali 

5.1 funqciebi monacemTa analizisaTvis 

problema: sakomunikacio signalis analizi 

5.1 SemTxveviTi sidide 

problema: TviTmfrinavis frenis modelireba 

5.1 Tanafardoba signali - xmauri 

problema: temperaturuli wonasworoba 

daskvna 
 

Sesavali 

 

eqsperimentis Catarebisas Segrovil monacemTa analizi mniSvnelovani punqtia  

sainJinro eqsperimentis Sesafaseblad. analizi moicavs rogorc martiv 

gamoTvlebs agreTve monacemTa saSualo mniSvnelobis, standartuli gadaxrisa 

da dispersiis gamoTvlas. es sidideebi statistikuri sidideebia, radgan maT 

aqvT statistikuri Tvisebebi. magaliTad sin 600 zusti ricxvia. is ar 

Seicvleba, ramdenjerac ar unda gamoviTvaloT, magram manZili, romelsac manqana 

gaivlis 1 galoni sawvavis gamoyenebiT, statistikuri sididea, radgan igi 

gamokidebulia sxvadasxva parametrebze, rogoricaa temperatura,  siCqare, 

romelsac manqana aviTarebs, gzis tipi, romelzec moZraobs. SegviZlia SevafasoT 

statistikuri monacemebis maxasiaTeblebi, aseve SegviZlia kompiuteris 

saSualebiT vawarmooT ricxviTi mwkrivebi (SemTxveviTi sidideebi) gansazRvruli 

maxasiaTeblebiT. am TavSi vnaxavT, rogor gamoviyenoT monacemTa analizis 

funqciebi MATLAB_Si da rogor SevqmnaT SemTxveviT sidideTa ganawileba, 

romelsac eqneba gansazRvruli statistikuri maxasiaTeblebi. 

 

 



1.1 funqciebi monacemTa analizisaTvis 

 

MATLAB Seicavs fucqciaTa rigs monacemTa statistikuri analizisaTvis. jer 

ganvixiloT ramdenime martivi funqcia. 

 

funqciaTa Semdegi jgufi xSirad gamoiyeneba monacemTa analizisaTvis. 

 

4.1.1 maqximumi da minimumi 

monacemTa iseTi parametrebis Sesafaeblad, rogoricaa maqsimumi da minimumi, 

gvaqvs funqciebi: 

 

 
max (x) Tu x veqtoria, es funqcia gvaZlevs mis elementebs 

Soris udidesis mniSvnelobas, Tu matricaa, maSin – 

striqon – veqtors, romlis elementebic TiToeuli 

svetis elementTa Soris udidesis tolia 
max (x,y) gvaZlevs igive zomis matricas, rogoricaa x da y, 

romlis yoveli elementi x da y Sesabamis elementebs 

Soris udidesis tolia 
[y,I] = max (x) aseTi formiT brZaneba agbs y veqtors x matricis yoveli 

svetis maqsimumis  mniSvnelobebiT, xolo am elementebis 

Sesabamis indeqsebs gvaZlevs i veqtoris saxiT. Tu oro 
maqsimumi erTmaneTs daemTxva, pirveli mniSvnelobis 

indeqss gvaZlevs 
min (x) Tu x veqtoria, es funqcia gvaZlevs x umcires 

mniSvnelobas, Tu x matricaa maSin – striqon – 
veqtors, romlis elementebic TiToeuli svetis 

elementTa Soris umciresis tolia 
min (x, y) gvaZlevs igive zomis matricas, rogoricaa x da y, 

romlis yoveli elementi x da y Sesabamis elementebs 

Soris umciresis tolia 
[y, I] = min (x) aseTi formiT brZaneba agbs y veqtors x matricis yoveli 

svetis minimumis  mniSvnelobebiT, xolo am elementebis 

Sesabamis indeqsebs gvaZlevs i veqtoris saxiT. Tu oro 
minimumi erTmaneTs daemTxva, pirveli mniSvnelobis 

indeqss gvaZlevs 
  

saSualo da mediana. ricxviT sidideTa jgufis saSualo maTi ariTmetikuli 

saSualoa. saSualos aRniSnaven berZnuli simboloTi (miu)  
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mediana aris jgufis saSualedo mniSvneloba, Tu jgfis wevrebs davalagebT 

zrdis mixedviT. Tu x veqrori Seicavs eelementTa kent raodenobas N, jer 

davalagebT x elementebs zrdis mixedviT, mediana iqneba im elementis toli, 

romlis indeqsia ceil(N/2) (Tu N=5, mediana iqneba mesame elementis toli),  Tu 

N luwia, maSin mediana iqneba (srdis mixedviT dalagebis Semdeg) Sua ori 

elementis saSualo mniSvneloba. 

 

MATLAB saSualos da medianas gamoiTvlis funqciiT: 

 
 

mean (x) Tu x veqtoria, es funqcia gamoiTvlis x elementebis 

saSualo mniSvnelobas. Tu x matricaa, es funqcia 
gvaZlevs veqtors, romlis elementebia Sesabamisi 

svetebis elementTa saSualo mniSvneloba 
median (x) Tu x veqtoria, es funqcia gamoiTvlis x elementebis 

medianas. Tu x matricaa, es funqcia gvaZlevs veqtors, 

romlis elementebia Sesabamisi svetebis elementTa 

mediana 
 
 

4.1.2 jami da namravli 

 
MATLAB aqvs funqciebi, romlebic gamoiTvlis matricis elementebis jams da 

namravls da agreaTve iseTi funqciebi, romebic iZleva matricis elementebis 

kumulaciur jamsa da namravls 

 
sum (x) Tu x veqtoria, es funqcia gamoiTvlis x elementebis 

jams. Tu x matricaa, es funqcia gvaZlevs veqtors, 

romlis elementebia Sesabamisi svetebis elementTa jams 
prod (x) Tu x veqtoria, es funqcia gamoiTvlis x elementebis 

namravls. Tu x matricaa, es funqcia gvaZlevs veqtors, 

romlis elementebia Sesabamisi svetebis elementTa 

namravli 

 
cumsum (x) Tu x veqtoria, es funqcia gvaZlevs igive sigrZis 

veqtors, romlis elementebi x elementebis kumulaciur 

jams warmoadgen, Tu x matricaa, es funqcia iZleva 

igive zomis matricas, romlis elementebic kumulaciur 

jams waroadgens svetebis mimarT 
cumprod (x) Tu x veqtoria, es funqcia gvaZlevs igive sigrZis 

veqtors, romlis elementebi x elementebis kumulaciur 

namravls warmoadgen, Tu x matricaa, es funqcia iZleva 

igive zomis matricas, romlis elementebic kumulaciur 

namravls  waroadgens svetebis mimarT 

 



sort (x) Tu x veqtoria, daalagebs elementebs zrdis mixedviT. 

Tu x matricaa, es funqcia TiToeul svets daalagebs 

zrdis mixedviT 
[y, i]=sort(x) aseTi formiT es funqcia y veqtoris saxiT mogvcems x 

veqtoris mnSvnelobebs dalagebuls zrdis mixdviT 

xolo i veqtorSi mogvcems Sesabamisi indeqsebis 
mniSvnelobas. 

 
 
 
 

 

savarjiSo 

 

mocemulia matricebi: 

 
w = [ 0 3 –2 7]; 
x = [3 –1 5 7]; 
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gamoiTvaleT Semdegi sidideebi da SeamowmeT MATLAB saSualebiT 

 
1. max (w) 
2. min (y) 
3. min (w,x) 
4. [z, i ] = max (y) 
5. mean (y) 
6. median (w) 
7. cumprod (y) 
8. sum (x) 
9. sort (2*w + x) 
10. sort (y) 

 

4.1.3 dispersia da standartuli gadaxra 

 

monacemTa jgufisaTvis erT-erTi mniSvnelovani statistikuri maxasiaTebelia 

dispersia. vidre ganvixilavdeT dispersiis maTemaTikur Sinaarss, ganvixiloT aseTi 

magaliTi: gvaqvs monacemTa ori jgufs data1 da data2 (nax. 5.1) naxazi agebulia subplot 
brZanebiT, romelsac mogvianebiT gavecnobiT. Tu SevecdebiT gavataroT mrudi 

saSualo mniSvnelobebze, es mrudi orive maTganisTvis Seesabameba mniSvnelobas 3.0. 

amitom SegviZlia vivaraudoT, rom orive jgufis saSualo mniSvneloba 3.0 tolia, 

Tumca monacemebs gansxvavebuli maxasiaTeblebi gaaCniaT. data2 monacemebi ufro 

mkveTrad gadaixreba saSualo mniSvnelobidan. e. i. cvlilebis, gadaxris 



mniSvnelobebi data2 ufro didia, vidre data1 –Tvis. rac ufro didia gadaxra, ufro 
metad fluqtuireben monacemebi saSualo mniSvnelobis mimarT. 

 

maTematikurad dispersias aRniSnaven bernuli simboloTi 2(sigma), monacemTa 

mwkrivis (romelic x veqtoris elementebs warmoadgens) dispersia gamoiTvleba 

Semdegi formuliT: 
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Tu kargad daakvirdebiT gamosaxuleba sakmaod martivia. xk -  warmoadgens veqtoris k 
uri elementis gadaxras saSualodan, es mniSvneloba kvadratSia ayvanili, rom jamis 

yvela Sesakrebi dadebiTi sidide iyos, Semdeg aRebulia jami saSualodan TiToeuli 

elementis gadaxrisa. sabolood miRebuli jami gayofili N-1 – elementTa 

raodenobaze. es gantoleba gamoiTvlis dispersias. kvadratuli fesvis mniSvnelobas 

dispersiidan, uwodeben saSualo kvadratul an standartul gadaxras: 

 
2   

 

 
 

 
 

MATLAB aqvs funqcia standartuli gadaxris gamosaTvlelad. Tu dispersia 

gvainteresebs, ubralod, standartul gadaxras kvadratSi aviyvanT. 

 
std (x) Tu x veqtoria, es funqcia gamoiTvlis x mniSvnelobaTa 

standartul gadaxras. Tu x matricaa, mogvcems 



striqon veqtors, romlis elementebia Sesabamisi svetis 

elementTa standartuli gadaxraa. 

 

 

 

savarjiSo 

 

gansazRvreT Semdeg funfciaTa mniSvnelobebi, Tu mocemulia matricebi: 

 
w = [ 0 3 –2 7]; 
x = [3 –1 5 7]; 
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1. std (w) 
2. std (x)^2 
3. std (y(:2)) 
4. std (y) 
5. std (y).^2 
 
 

4.1.4 histograma 

 

MATLAB –is grafikuli SesaZleblobebi ganxiluli iqneba me-7 TavSi. aq 

ganvixilavT histogramas, romelic specialuri grafikuli saSualebaa 

statistikuri monacemebis vizualizciisaTvis. histograma gviCvenebs monacemTa 

ganawilebis suraTs.  MATLAB –Si histograma gamoiTvlis im sidideTa 

raodenobas, romelnic xvdebian 10 zolSi, rolebadac dayofilia monacemTa 

umcires da udides mniSvnelobas Soris intervali. magaloTad, Tu avagebT data1 
da data2 monacemebis histogramas, miviRebT nax, 5.2. 
 

 



 
nax. 5.2  histograma 10 svetiT 

 

SevniSnavT, rom histograma gansxvavebul informacias gvaZlevs. histograma 

gvaZlevs ara marto mniSvnelobaTa ares, aramed informacias imis Taobaze, Tu 

rogor aris es monacemebi ganawilebuli. magaliTad data1 monacemebi uCvenebs rom 
monacemebi TiTqmis Tanabradaa ganawilebuli umcires (2) da udides (4) sidides 

Soris (aseTi tipis ganawilebas Tanabari ewodeba). data2 monacemebi ar aris 

ganawilebuli Tanabrad, monacemTa umravlesoba koncentrirebulia saSualo 

mniSvnelobis maxloblad (aseTi tipis ganawilebas gausiseburi, an normaluri 

ganawileba ewodeba). 

 

MATLAB brZaneba histogramis asagebad amgvaria: 
 
hist (x) 
 

sadac x veqtoria im monacemebiT, romlis histogramac unda avagoT. es brZaneba 

pirvel rigSi daalagebs x veqtoris elementebs zrdis mixedviT, Semdeg 

intervals x-is minimalur da maqsimalur mniSvnelobebs Soris gayofs 10 tol 

nawilad da daiTvlis TiToeul seqtorSi ramdeni monacemi moxvda. 

 

Tu mocemuli gvaqvs monacemebi matricis saxiT da gvsurs avagoT misi meore 

svetis mniSvnelobaTa histograma, ase unda mivuTiToT: 

 

hist (data (: , 2)) 
 

brZaneba hist aseve saSualebas iZleva SevarCioT histogramis svetebis raodenoba. 

Tu gvsurs gavzardoT histogramis garCeva ise, rom igi Seicavdes 25 svets 

nacvlad aTisa, mivmarTavT Semdeg brZanebas: 



 

hist (x, 25) 

 
 

nax. 5.3  histograma 25 svetiT 

 

Sesabamisi histograma naCvenebia nax. 5.3. ( 5.2 da 5.3 naxazebi agebulia MATLAB 
brZanebebiT hist da subplot, romelTac mogvianebiT SeviswavliT). 

informacia, romlis mixedviTac histograma aigeba, SegviZlia veqtoris saxiTac 

CavweroT: 

 
[n, x] = hist (data1); 
[n, x] = hist (data1,25); 
 

es brZanebebi histogramas ki ar aageben, aramed Seqmnian or veqtors – n da x. n 
veqtori Seicavs daTvlebs (TiToeul svetSi moxvedrili monacemebis raodenoba) 

10 svetisaTvis, x veqtori ki - TiToeuli svetis Suawertilis mniSvnelobas. 

meore brZaneba igivea, rac pirveli, magram 25 svetisaTvis. 

es veqtorebi dagvWirdeba bar grafikebis asagebad, romelsac me-7 TavSi 

ganvixilavT.  

 

problema: sakomunikacio signali 

 

davuSvaT gvinda SevqmnaT sistema, romelic gamoicnobs warmoTqmul sityvas 

Semdegi aTi sityvidan: “nuli”, “erTi”, “ori”, “sami”. . . “cxra”, romlebic 

cifruli signalis saxiTaa warmodgenili. pirveli, rac unda gavakeToT aris 

gavaanalozoT Sesabamisi signalis mniSvnelobebi. vnaxiT, arsebobs Tu ara raime 

statistikuri Sefaseba, romelic maT gamorCevaSi dagvexmareba. monacemTa 

analizis MATLAB funqciebi martivad gamoiTvlis statistikur maxasiaTeblebs, 



Semdeg SegviZlia davbeWdoT maTi mniSvnelobebi, movZebnoT  is parametrebi, 

romlebic dasmuli amocanis gadawyvetaSi dagvexmareba. magaliTad SesaZloa erTi 

Sedegis saSualebiT 10 dan 3 monacemi gamovarCioT, Semdeg ki meore Sefasebis 

saSualebiT am sams Soris CvenTvis saWiro signali gamovarCioT.  

 

visargebloT realuri signaliT, gamovTvaloT statistikuri maxasiaTeblebi, 

romlebic SemdgomSi gamoiyeneba signalis gamocnobis srul algoriTmSi. 

TiToeuli signalis Sesabamisi monacemTa faili Seicavs 1000 sidides.  dawereT 

MATLAB programa, romelic waikiTxavs ASCII monacemTa fails “nuli.dat” da 

gamoiTvlis Semdeg informacias: saSualo, standartuli gadaxra, dispersia, 

saSualo simZlavre, saSualo amplituda da nulovani gadakveTa. 

 

zemoT ukve ganvixileT saSualo, standartuli gadaxra da dispersia. saSualo 

simZlavre aris saSualo kvadratuli sidide da ufro dawvrilebiT SemdegSi 

iqneba ganxiluli. nulovani gadakveTa gviCvenebs Tu monacemTa mwkrivSi ramdenjer 

Seicvala uaryofiTi sidide dadebiTiT da piriqiT. 

 

1. amocanis dasma 

 

gamoiTvaleT sakomunikacio signalis statistikuri maxasiaTeblebi: saSualo, 

standartuli gadaxra, dispersia, saSualo simZlavre, saSualo amplituda da 

nulovani gadakveTis wertilebis raodenoba. 

 

2. INPUT/OUTPUT aRwera 
 

nax 5.4 warmoadgens diagramas. sawyisi mniSvneloba es aris faili xmovani 

signaliT, saboloo mniSvneloba ki failis monacemTa statitikuri 

maxasiaTeblebi.  

 

 
 

nax. 5.4  INPUT/OUTPUT diagrama 
 

3. saxeldaxelo amoxsna 

 

davuSvaT faili Seicavs Semdeg monacemebs: 

 

[2.5 8.2 –1.1 –0.2 1.5] 

 

kalkulatoris saSualebiT SegviZlia gamoviTvaloT: 



 

saSualo = (2.5 + 8.2 + –1.1 + –0.2 + 1.5)/5 = 2.18 

dispersia = [(2.5 - )2 + (8.2 -)2 + (-1.1 - )2 + (-0.2 -)2 + (1.5 -)2]/4 
=13.307 

 

standartuli gadaxra = 307.13 = 3.648 

 

saSualo simZlavre = (2.52 + 8.22 + (-1.1)2 + (-0.2)2 + 1.52)/5 

saSualo amplituda = (|2.5| + |8.2| + |-1.1| + |-0.2| + |1.5|)/5 = 2.7 

nulovani gadakveTis wertilebi = 2 

 

4. MATLAB amoxsna 
 

  
 This program komputes a number of statistics 
 for an utterance stored in a data file 
  
load one.dat; 
x = one; 
fprintf ('Digit Statistics \n\n') 
fprintf ('mean: %f \n', mean (x)) 
fprintf ('standard deviation: %f \n', std(x)) 
fprintf ('variance: %f \n', std(x)^2) 
fprintf ('average power: %f \n', mean(x.^2)) 
fprintf ('average magnitude: %f \n', mean(abs(x))) 
crossings = 0; 
for j = 1:length(x)-1 
    if x(j)*x(j+1) < 0 
        crossings =crossings + 1; 
    end     
end 
fprintf ('zero crossings: %f \n', crossings) 

 

5. Semowmeba 
 

programa gavuSviT MATLAB–Si da monacemTa failisaTvis “one,dat” gamoviTvaleT 

Semdegi statistikuri mniSnmelobebi: 

 
Digit Statistics  
 
mean: 0.000494  
standard deviation: 0.218396  
variance: 0.047697  
average power: 0.047696  
average magnitude: 0.099959  
zero crossings: 424.000000 
 

 

 

 



1.2 SemTxveviTi ricxvebi 

 

SemTxveviTi ricxvebi ar moicema gantolebiT. maTi mniSvneloba SemTxvevazea 

damokidebuli. winaswar SeuZlebelia imis gansazRvra, Tu ra mniSvnelobas miiRebs 

SemTxveviTi sidide. is ricxviTi mniSvneloba, romelic SeuZlia miiRos 

SemTxveviR sidides, aris misi SesaZlo mniSvneloba. SemTxveviTi sididis 

Sesaswavlad pirvel rigSi unda vicodeT is ricxviTi mniSvnelobebi, romelTa 

miRebac mas SeuZlia. magram marto SesaZlo ricxviT mniSvnelobaTa codna ar 

aris sakmarisi SemTxveviTi sididis Sesaswavlad. saWiroa agreTve vicodeT, Tu ra 

sixSiriT Rebulobs igi ama Tu im SesaZlo mniSvnelobas. amas ki gansazRvravs 

misi ganawilebis kanoni, romelic moicema ganawilebis funqciiT. mraval 

sainJinro amocanaSi gvWirdeba SemTxveviTi sidideebis gamoyeneba. zog SemTxvevaSi 

isini modelirebisTvisaa saWiro. modeli SeaZloa ramdenjerme gamoicados da 

moxdes miRebuli Sedegis analizi, yoveli xelaxali testireba Seesabameba 

eqperimentis ganmeorebas Secvlili parametrebiT. SemTxveviTi ricxvebi gvWirdeba 

xmauris modelirebisaTvis. magaliTad radios mosmenisas xSirad gvesmis xmauri, 

romelic signals erTvis da amaxinjebs. SeiZleba Cvenc  garkveuli eqsperimentis 

modelirebisTvis signals davurToT xmauri ufro realuri suraTis Sesaqmnelad. 

 

4.2.1 funqciebi SemTxveviTi ricxvebisaTvis 

 

funqcia rand MATLAB- Si qmnis SemTxveviT ricxvebs intervalSi [0, 1], ase 

miRebul SemTxveviT sidideTa ganawileba Tanabaria. seed mniSvneloba gamoiyeneba 

inicializaciisaTvis. 

 
 

rand (n) es funqcia gvaZlevs n striqonian, n svetian matricas, 
romlis elementebic 0 da 1 Soris moTavsebuli 

SemTxveviTi ricxvebia. miRebuli SerCevis ganawileba 

Tanabaria 
rand (m,n) gvaZlevs m striqonian n svetian matricas, romlis 

elementebic 0 da 1 Soris moTavsebuli SemTxveviTi 

ricxvebia. miRebuli SerCevis ganawileba Tanabaria 
randn (n) es funqcia gvaZlevs n striqonian, n svetian matricas, 

romlis elementebic qmnian SerCevas normaluri 

ganawilebiT, romlis saSualoa 0, xolo dispersia da 

standartuli gadaxra 1 
randn (m,n) es funqcia gvaZlevs m striqonian, n svetian matricas, 

romlis elementebic qmnian SerCevas normaluri 

ganawilebiT, romlis saSualoa 0, xoli dispersia da 

standartuli gadaxra 1 
rand('seed',s) gansazRvravs seed mniSvnelobas 

rand('seed',0) daabrunebs seed mniSvnelobas sawyis mdgomareobaSi 

  

4.2.2 SemTxveviT sidideTa Tanabari  ganawileba 

 



SemTxveviTi sidideebi xasiaTdeba simkvrivis funqciiT, romelic ganawilebis 

funqciis warmoebuls warmoadgens. es funqcia hgavs histogramas, gviCvenebs 

SemTxveviT sidideTa intervals da gansazRvravs calkeuli sidideebis xdomilobis 

albaTobas. MATLAB funqcia rand gvaZlevs SemTxveviT sidideTa erTobliobas ise, 

rom TiToeulis mnoSvneloba TanabradalbaTuria intervalSi [0,1]. misi simkvrivis 

funqcia mocemuli 5.5 naxazze. simkvrivis funqcia uCvenebs SemTxveviT sidideTa zeda 

da qveda zRvars (0 da 1) x RerZze. funqciis (y RerZi) marTkuTxa forma miuTiTebs, 
rom 0 sa da 1 Soris yvela sididis xdomilobis albaToba erTnairia. simkvrivis 

funqciiT SemosazRvruli farTi erTis tolia. amitom Tu misi sigane 1-is tolia, 

simaRlec erTis toli unda iyos. 

 

 
 

nax. 5.5 Tanabari ganawilebis simkvrivis funqcia 

 

Semdegi brZanebebi qmnis Tanabrad ganawilebuli 10 sididis erTobliobas, romelTa 

mniSvnelobebi 0 da 1 Sorisaa: 

 

rand (‘seed’,0)      gansazRvravs seed sawyis mdgomareobas 
rand(10,1)          awarmoebs 10 sidides 
 

rand funqcia awarmoebs SemTxveviT sidideTa erTidaigive mimdevrobas erTidaigive 
‘seed’ SemTxvevaSi. es brZaneba mogvcems svet veqtors: 
 

0.2190 

0.0470 

0.6789 

0.6793 

0.9347 

0.3835 

0.5194 

0.8310 

0.0346 

0.0535 

xSirad saWiroa SemTxveviTi sidideebi ara mxolod [0 1] intervalSi. magaliTad 5.6 

Tanabari ganawilebis funqciaa –5-sa da5 Soris.  

 



davuSvaT gvaqvs r SemTxveviTi sidide, romelic vawarmoeT Tanabari ganawilebis 

ganeratoriT [0 1] Soris. SegviZlia vawarmooT SemTxveviTi sidide, Tanabari 

ganawilebiT, romlis mniSvnelibac iqneba sxva sazRvrebSi. pirvel rigSi r 
gavamravlebT simkvrivis funqciis siganeze. sigane gamoiTvleba zeda da qveda 

sazRvrebs Soris sxvaobiT.  miRebul Sedges davumatebT qveda sazRvris 

mniSvnelobas, rom miviRoT saWiro intervali. magaliTad, davuSvaT gvsurs miviRoT 

SemTxveviTi sidideTa erToblioba intervalSi –5, 5. pirvel rigSi vawarmoebT 

SemTxveviT sidideebs 0-sa da 1 Soris, Semdeg maT gavamravlebT 10-ze ( 5 – (-5)). 

Semdeg davumatebT –5 da miviRebT SemTxveviT sidideTa erTobliobas, romelic 

ganawilebulia Tanabrad intervalSi [–5 5]. maSasadame, Tu gvsurs [0 1] intervalSi 

Tanabrad ganawilebuli sidideebi gadaviyvanoT iseT sidideebSi, romelnic Tanabrad 

iqnebian ganawilebulni intervalSi [a b], unda visargebloT formuliT: 

 
x = (b - a ) * r + a 

 

 
nax. 5.6 simkvrivis funqcia Tanabari ganawilebisaTvis intervalSi –5 da 5 

 

Tu SemTxveviT sidideTa ori mimdevroba elementTa erTidaigive raodenobiT da 

erTnairi sazRvrebiT vawarmoeT seed sxvadasxva mniSvnelobiT, Sedegic sxvadasxva 

iqneba. zogjer sainJinro programaSi SesaZloa dagvWirdes SemTxveviT sidideTa 

zustad erTnairi mimdevrobis warmoeba sxvadasxva SemTxvevaSi, amis saSualebas 

mogvcems seed erTidaigive mniSvnelobiT sargebloba. 

 



 
nax. 5.7 SemTxveviT sidideTa mimdevroba intervalSi –5 da 5 seed sxvadasxva       

mniSvnelobiT 

 

 

savarjiSo 

 

mieciT MATLAB–s brZaneba, rom SeqmnaT SemTxveviT ricxvTa 10 wevriani mimdevroba 
Semdegi maxasiaTeblebiT: 

 

1. mimdevroba Tanabari ganawilebiT intervalSi 0 – 10.0. 

2. mimdevroba Tanabari ganawilebiT intervalSi -1 – 1. 

3. mimdevroba Tanabari ganawilebiT intervalSi -20 – 10. 

4. mimdevroba Tanabari ganawilebiT intervalSi 4.5 – 5. 

5. mimdevroba Tanabari ganawilebiT intervalSi  - -. 
 

 

SemTxveviT sidideTa mimdevrobas agreTve uwodeben SemTxveviT signals. xSirad 

gvainteresebs signalis saSualo mniSvneloba, romelic advilad gamoiTvleba mean 
funqciis saSualebiT. Teoriulad Tanabari ganawilebis saSualo mniSvneloba tolia 

ganawilebis funqciis Suawrtilisa anu; 

 

2

__ boundlowerboundupper 
  

 



aseve sainteresoa signalis dispersiis gamoTvla. es didide SeiZleba gamoviTvaloT 

rogorc kvadratuli fesvi std funqciidan. albaTobis Teoria uCvenebs, rom 

dispersia Semdegnairadac SegviZlia gamovTvaloT: 
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             (5.6) 

 

Tanabari ganawilebis gadaxra aseve albaTobis Teoriis gamoyenebiT sxvagvaradac 

SegviZlia gamovTvaloT: 

 

12

)__( 2
2 boundlowerboundupper 
       (5.7) 

 

radgan zeda daqveda sazRvrebs Soris sxvaoba ganawilebis funqciis siganes udris: 

 

12

2
2 width
             (5.8)  

 

SevniSnavT, rom 5.6 gantoleba vrceldeba SemTxveviT sidideTa yvela saxis 

mimdevrobaze, maSin roca 5.8 – mxolod Tanabari ganawilebisTvisa vargisi. aseve 

mniSvnelovania gvaxsovdes, rom roca saqme gvaqvs realur monacemebTan, saSualo da 

dispersia Teoriul mniSvnelobebTan yovelTvis rodia karg TanxvdomaSi.  Tumca 

mocemul intrvalSi mimdevrobis rac ufro meti raodenobis wevrebs aviRebT, 

gamoTvlili da Teoriuli mniSvnelobebi miT ufro dauaxlovdebian erTmaneTs. amis 

sailustraciod SevqmnaT MATLAB saSualebiT SemTxveviT ricxvTa mimdevroba 

Tanabari ganawilebiT intervalSi [-5 5]. Teoriuli saSualo 0 –is tolia, xolo 

Teoriuli dispersia – 100/12 = 8.333.  cxrilSi moyvanilia mimdevrobis wevrTa 

raodenoba da MATLAB funqciebiT gamoTvlili saSualo da dispersiis Sesabamisi 

mniSvnelobebi. 

 

mimdevrobis wevrTa 

raodenoba 

saSualo gadaxra 

10 0.1286 9.1868 

100 0.3421 8.0959 

1000 0.0036 7.8525 

5000 -0.0022 8.2091 

 

rac metia mocemul intervalSi SemTxveviT sidideTa raodenoba, Teoriuli da 

gamoTvlili mniSvnelobebi miT metad uaxlovdeba erTmaneTs. 

 

Tu seed sxvadasxva mniSvnelobas aviRebT SemTxveviTi sidideTa generirebisas, anda 

Tu rand brZanebas gavimeorebT zedized seed mniSvnelobis Seucvlelad, miviRebT 

SemTxveviT sidideTa gansxvavebul mimdevrobas.  

 

savarjiSo 

 

gamoTvaleT winaswargansazRvruli maxasiaTeblebis mqone SemTxveviT ricxvTa 

mimdevrobis saSualo da gadaxra. MATLAB saSualebiT awarmoeT gansazRvruli 



maxasiaTeblebis mqone 1000 SemTxveviTi ricxvi. gamoTvaleT miRebuli ganawilebis 

Teoriuli saSualo da dispersia da SeadareT igi Sesabamis Teoriul mniSvnelobebs. 

 

1. Tanabari ganawileba intervalSi 0 da 10. 

2. Tanabari ganawileba intervalSi –1 da +1. 

3. Tanabari ganawileba intervalSi -20 da -10. 

4. Tanabari ganawileba intervalSi 4.5 da 5. 

5. Tanabari ganawileba intervalSi  da -. 
 

4.2.3 normaluri anu gausis ganawileba 

 

Tanabari ganawilebis dros yvela sididis xdomilobis albaToba erTnairia. zogjer 

gvWireba SevqmnaT iseTi ganawileba, sadac sidideTa romeliRac mniSvnelobebi ufro 

xSirad gvxvdeba sxva mniSvnelobebTan SedarebiT. magaliTad, davuSvaT SemTxveviT 

sidieTa mimdevroba warmoadgens garemos temperaturis anaTvlebs drois romelime 

intervalSi. vnaxavT, rom temperaturis mniSvnelobebi gansxvavdebian, magram ar arian 

erTnairad albaTurni. magaliTad temperatura icvleba mxolod ramdenime gradusus 

farglebSi, Tumca SesaZloa didi cvlilebebi aRiniSnos qaris amovardnis, 

moRrublulobis anda dRe – Ramis monacvleobis gamo.  

 

SemTxveviT sididdeTa aseTi mimdevrobis modelireba SesaZlebelia gausis 

SemTxveviTi cvladiT (normaluri). misi simkvrivis funqcia; 
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 xexf  

 

sadac  saSualoa, xolo 2 gadaxra. magaliTad simkvrivis funqcia gausis 

ganawilebisaTvis , sadac =0 da 2 = 1 naCvenebia nax. 5.8.   
 

aseTi ganawilebis saSualo mniSvneloba Seesabameba simkvrivis funqciis maqsimumis 

wertilis x koordinats. simkvrivis funqciis grafikis mixedviT SeamCnevT, rom 

saSualo mniSvnelobebis maxlobeli sidideebis generirebis albaToba ufro didia. 

SevniSnavT, rom Tanabar ganawilebas axasiaTebs mniSvnelobaTa zeda da qveda 

sazRvari, xolo gausis ganawilebas aseTi sazRvrebi ar gaaCnia. gausis SemTxvevoTi 

sidideebis umravlesoba saSualodan mcired gansxvavebul mniSvnelobebs iRebs, Tumca 

zogierTi maTgani SesaZloa sakmarisad daSordes saSualo mniSvnelobas. 5.9 naxazi 

warmoadgens ori gansxvavebuli normaluri ganawilebas saSualoTi 0 da gadaxriT 1. 

Sesabamisi ganawilebis simkvrivis funqciis garafiki mocemulia nax. 5.8. 

 

 



 
 

nax. 5.8 normaluri ganawilebis simkvrivis funqcia  = 0, 2 = 1. 
 

 

 
nax. 5.9 SemTxveviT sidideTa mimdevroba gausis ganawilebiT.  = 0, 2 = 1. 
 

 

nax 5.10 warmodgenilia gausis ganawilebis simkvrivis sami sxvadasxva funqcia. samive 

maTganis saSualo mniSvnelobaa 5, magram maTi standartuli gadaxra da dispersia 

sxvadasxvaa. g1 ganawilebas aqvs yvelaze mcire dispersia, g3 – yvelaze didi.  

 

 

 



 
 

nax. 5.10 gausis sami sxvadasxva ganawilebis simkvrivis funqcia 

 

statistikidan cnobilia, rom gausis ganawilebisaTvis sidideTa 68% Rebulobs 

mniSvnelobebs saSualodan  intervalSi, 95% 2 intervalSi, xolo 99% - 3 
intervalSi. 

 

MATLAB funqcia randn qmnis SemTxveviT sidideTa mimdevrobas saSualoTi 0 da 

dispersiiT 1 (gausis, anu normaluri ganawilebiT). imisaTvis rom SevqmnaT 

ganawileba gansxvavebuli parametrebiT, es sidide unda gavamravloT Sesabamis 

standartul gadaxraze da davumatoT saSualo mniSvneloba. amgvarad, Tu r 
SemTxveviTi sididea saSualoTi 0 da standartuli gadaxriT 1, Semdegi gantoleba 

awarmoebs SemTxveviT sidides x saSualoTi b da standartuli gadaxriT a: 
 

brax   
 

Semdegi brZanebebi gvaZlevs SemTxveviT sidideTa mimdevrobas gausis anu normaluri 

ganawilebiT, romlis saSualoa 5 da dispersia 2: 

 
randn (‘seed’, 0) 
s = sqrt(2)*randn(10,1) + 5 
 
miviRebT veqtors s: 
s = 
 
    6.6475 
    5.8865 
    5.1062 
    5.4972 
    4.0150 
    7.3987 
    5.0835 
    7.5414 
    5.3734 
    6.2327 
 

 



4.2.4 simkvrivis funqcia 

 

ganyofilebaSi 5.1  ganvixileT brZaneba hist, romelic gvaZlevs histogramas. es 

brZaneba SeiZleba gamoviyenoT signalis simkvrivis funqciis Sesafaseblad. Tu gvaqvs 

1000 SemTxveviTi sidide da avagebT maT histogramas, faqtiurad Cven vagebT maTi 

ganawilebis simkvrivis funqciis grafiks. magaliTad MATLAB saSualebiT SevqmeniT 

Tanabrad ganawilebuli 1000 ricxvis mimdevroba 0 da 1 Soris, CavwereT isini svet 

veqtorSi u_values. SegviZlia visargebloT hist brZanebiT imisaTvis, rom avagoT 

saTanado ganawilebis funqcia 25 svetiT: 

 

u_values = rand(1000,1); 
hist(u_values,25) 
 
miviRebT grafiks 5.11. rogorc mosalodneli iyo, sidideebi ganawilebuli arian 0 

da 1 Soris da ganawileba SedarebiT Tnabaria. axla gavimeoroT igive normaluri 

ganawilebisaTvis saSualoTi 0 da gadaxriT 1. 

 

 
 

nax. 5.11 Tanabari ganawilebis histograma 

 

g_values = randn(1000,1); 
hist(u_values,25) 
 

miviRebT grafiks 5.12. rogorc mosalodneli iyo, ganawilebis grafikis pikia 0, 

saSualo mniSvneloba da monacemTa umravlesobis mniSvnelobebi moTavsebulia 

intervalSi 2. 
 



 
 

nax. 5.12 normaluri ganawilebis histograma 

 

savarjiSo 

 

MATLAB saSualebiT awarmoeT 1000 SemTxveviTi sidide gansazRvruli 

maxasiaTeblebiT. gamoTvaleT misi saSualo da standartuli gadaxra. gamoTvlili da  

mocemuli mniSvnelobebi erTmaneTTan axlos unda iyos. aageT maTTvis histograma 25 

svetiT: 

 

1. SemTxveviT sidideTa gausis ganawileba saSualoTi 1 da standartuli 

gadaxriT 0.5 

2. SemTxveviT sidideTa gausis ganawileba saSualoTi –5.5 da standartuli 

gadaxriT 0.25 

3. SemTxveviT sidideTa gausis ganawileba saSualoTi –5.5 da standartuli 

gadaxriT 1.25 

4. SemTxveviT sidideTa gausis ganawileba saSualoTi  da standartuli 

gadaxriT  /8. 
 

problema: TviTmfrinavis frenis modelireba 

 

kompiuteruli modelireba gulisxmobs programulad Seiqmnas situacia, romelic 

realuri procesebis imitacias warmoadgens. modelirebis nimuSia magaliTad 

kompiuteruli TamaSebi. kompiuteruli TamaSis dros Tqveni moqmedebis mixedviT 

programa irCevs Sesabamis pasuxs. zogierTi animaciuri TamaSi iyenebs kompiuterul 

grafikas imisaTvis, rom  upasuxos moTamaSis reaqcis, klaviaturiT Tu mauziT 

manipulirebas. modelirebis ufro srulyofil programebSi, rogoricaa frenis 

simulatori, kompiuteri ara marto pasuxobs saTanadod momxmaeblis mier miwodebul 

brZanebebs, aramed situaciis Sesabamisad awarmoebs iseT sidideebs, rogoricaa 

temperatura, qaris siCqare da TviTmfrinavis mdebareoba. simulatori, amasTanave, 

axdens moulodneli movlenebis modelirebas, romelTac SesaZloa adgili hqondes 

TviTmfrinavis frenisas. imisaTvis, rom programis mier asaxuli situacia, rac 

SeZleba axlos iyos realurTan, generirebuli monacemebi SemTxveviT xasiaTs unda 

atarebdes. monte karlos meTodi iyenebs SemTxveviT ricxvebs movlenebis 

modelirebisaTvis. 



 

dawereT programa romelic awarmoebs SemTxvevviT sidideTa mimdevrobas, imisaTvis, 

rom moxdes qaris siCqaris modelireba, romlis xangrZlivoba iqneba 1 saTi, 

monacemebi ganaxldeba yovel 10 wuTSi (miviRebT  361 movacems). reluri 

eqperimentis monacemTa analizis safuZvelze dadgenilia, rom  qaris siCqaris 

modelirebisaTvis SegviZlia gamoviyenoT normaluri SemTxveviTi sidide (gausis  

ganawileba. CavTvaloT, rom saSualo da gadaxra mocemuli regionisaTvis weliwadis 

gansazRvrul dros garkveuli, dadgenili, cnobili sidideebia da programaSi 

viyenebT rogoc miwodebul, INPUT  parametrebs. amasTan, Sefasebulia, rom arsebobs 

1% Sansi, albaToba imisa, rom TviTmfrinavi moxvdes mcired qariSxalSi, ise, rom 

qaris siCqare gaizardos 10 mili/wm –iT, xolo 0.01% albaToba imisa, rom moxvdes 

Zlier grigalSi, romelic siCqares 50 mili/wm-iT gazrdis. aageT qaris siCqaris 

grafiki drois mimarT da SeinaxeT monacemebi ASCII formatiT failSi saxeliT 
windspd.dat. 
 

1. amocanis dasma 

 

SevqmnaT erTsaaTiani qaris modeli statisatikuri parametrebis gaTvaliswinebiT. 

 

2. INPUT/OUTPUT aRwera 
 

rogorc Cans 5.13 naxazidan, programis sawyisi (INPUT) mniSvnelobaa amindis 

statistikuri monacemebi TviTmfrinavis frenis gzaze: qaris siCqaris saSualo 

mniSvneloba da standartuli gadaxra Cveulebriv pirobebSi. Sedegad ki vRebulobT 

monacemTa fails da grafiks, romelic asaxavs qaris siCqaris cvlilebas. 

 

 
 

nax. 5.13 I/O diagrama 
 

3. saxeldaxelo amoxsna 

 

programa iyenebs SemTxveviT sidideTa sxvadasxva mimdevrobas garkveuli saSualoTi 

da dispersiiT. mcire qariSxlisa da grigalis xdomilebis albaToba mocemulia 

procentebSi da warmoadgebs SemTxveviT sidideebs (ganawileba Tanabaria). grigalis 

modelirebisaTvis vawarmoebT SeTxveviT sidides 0 da 1 Soris brZanebiT rand da 
vuSvebT, rom mcire qariSxals adgili eqneba, Tu miRebuli sidide moTavsdeba 

sazRvrebSi [0.0, 0.01], xolo grigals im SemTxvevaSi eqneba adgili, Tu miRebuli 

sidide moTavsdeba sazRvrebSi [0.01 0.0101].  

 



4. MATLAB amoxsna 
 

%        this program generates one hour of simulated wind 
%        such that it uses uniform random nambers to generate 
%        the initial wind and compares it to the wind 
generating  
%        with using Gaussian nambers 
% 
 
mn_speed=input('Enter mean of wind speed  '); 
var_speed=input('Enter variance of wind speed  '); 
std_speed=sqrt(var_speed); 
seed=input('Enter seed for random numbers  '); 
% 
%       generate simulated wind speed without storms  
% 
rand('seed',seed) 
speed=std_speed*randn(1,361)+mn_speed; 
 
%Add simulated storms and microbursts 
 
t=[0:1:360]*(1/360); 
k=1; 
while k<=361 
    random_x=rand(1); 
    if random_x<=0.01 
        end_storm=min(361,k+17); 
        speed(k:end_storm)=speed(k:end_storm)+10; 
        k=k+18; 
    elseif 0.01<random_x&random_x<=0.0101 
        end_micro=min(361,k+5); 
        speed(k:end_micro)=speed20(k:end_micro)+50; 
        k=k+6; 
    else 
        k=k+1; 
    end 
end 
% 
%                 Plot the data  
% 
 
    plot(t,speed),... 
    title('Simulated Wind Speed Using Gaussian Random 
Nambers'),... 
    xlabel('t,houres'),... 
    ylabel('wind,mi/hr'),... 
    grid 
 
data(:,1) = t'; 
data(:,2) = speed'; 
save windspd.dat data  /ascii 

 

5. Semowmeba 



 

Tu programas gaSvebis Semdeg mivawodebT mniSvnelobebs: 

E 
Enter mean of wind speed  20 
Enter variance of wind speed  5 
Enter seed for random numbers  0 
 

miviRebT suraTs nax. 5.14 

 
nax. 5.15 modelireba sami qariSxliT 

 

qaris ufro realuri suraTi rom miviRoT, Semdegi cvlilebebi SegviZlia SevitanoT 

programaSi: grigalis ganmavlobaSi siCqaris nazrdi SeiZleba iyos SemTxveviTi 

sidide Tanabari ganawilebiT saSualoTi 10 da dispersiis didi mniSvnelobiT. 

SegviZlia agreTve davumatoT brZaneba, romelic gansazRvravs siCqaris momatebas da 

klebas ara mkveTrad, aramed TandaTanibiT. SegviZlia grigalis xangrZlivoba aviRoT 

Tanabari ganawilebiT SemTxveviTi sidide 1 wuTidan 10 wuTamde. 

 

Tu programas gavuSvebT ramdenimejer, seed sxvadasxva mniSvnelobiT, grafikze 

grigalis SemTxvevasac miviRebT. (nax. 5.15). 

 



 
nax. 5.15 qaris siCqaris modelireba (grigalis SemTxveva) 

 

1.3 Tanafardoba signali/xmauri 

 

sacdeli sainJinro amocanebis modelirebisas xSirad saWiroa iseTi signalis 

modelireba, romelsac axlavs SemTxveviTi xmauri.  (nax. 5.16). xmauri SemTxveviT 

sidideTa erTobliobaa da misi wili miRebul sagnalSi ganisazRvreba TanafardobiT 

signali/xmauri – SNR. igi signalis simZlavris erTeulebSi gamoisaxeba. jer 

ganvixiloT ras warmoadgens signalis simZlavre da Semdeg davubrundeT SNR.  
 

4.3.1 signalis simZlavre 

 

simZlavre – es aris signalis amplitudis zoma. rac metia signalis amolituda, miT 

metia misi simZlavre. ramdenadac amplituda SeiZleba iyos dadebiTic da 

uaryofiTic, simZlavre ganisazRvreba amplitudis kvadratiT, ise rom simZlavris 

mniSvneloba yovelTvis dadebiTi sididea. x veqtoriT warmodgenili signalis 

simZlavre SeiZleba SevafasoT signalis mniSvnelobaTa kvadratebis saSualo 

mniSvnelobiT: 

 

N

x
power

N

k
 1

2

 

 

MATLAB –Si es sididie gamoiTvleba sum funqciis sasualebiT: 

 



power = sum(x^2)/N; 
 
SesaZlebelia agreTve vaCvenoT, rom signalis simZlavre tolia dispersiisa da 

saSualo mniSvnelobis kvadratis jamisa: 

 
22  power  

 

MATLAB saSualebiT es SeiZleba Semdegi brZanebebiT gamoiTvalos: 

 
power = std(x)^2 + mean(x)^2; 
 

Tu signali sinusoidaa, advilad SeiZleba vaCvenoT, rom misi simZlavre tolia 

misive amplitudis kvadratis naxevris. magaliTad sinusoidis 4sin2t simZlavre 

tolia 16/2, anu 8. 

 

savarjiSo 

 

mocemuli parametrebis saSualebiT awarmoeT 100 SemTxveviTi sidide. gamoTvaleT 

simZlavre ori sxvadasxva gziT (mniSvnelobaTa kvadratebis sSualo da saSualosa da 

dispersiis mniSvnelobaTa mixedviT) da SeadareT erTmaneTs.  

 

1. Tanabarad ganawilebuli SemTxveviTi sidideebi intervalSi 0 da 10. 

2. Tanabarad ganawilebuli SemTxveviTi sidideebi intervalSi -2 da 4. 

3. Tanabarad ganawilebuli SemTxveviTi sidideebi saSualoTi 0 da gadaxriT 1.0 

4. Tanabarad ganawilebuli SemTxveviTi sidideebi saSualoTi –0.5 da dispersiiT 

4.0 

5. SemTxvevoTi sidideebi normaluri ganawilebiT saSualoTi 0 da dispersiiT 

2.0 

6. SemTxvevoTi sidideebi normaluri ganawilebiT saSualoTi 0 da dispersiiT 

0.5 

7. SemTxvevoTi sidideebi normaluri ganawilebiT saSualoTi –2.5 da dispersiiT 

0.5 

 

 

4.3.2 SNR gamoTvla 

 

Tanafardoba signali – xmauri aris signalis simZlavris Tanafardoba xmauris 

simZlavresTan. magaliTad, SNR = 1, niSnavs, rom signals simZlavresa da xmauris 

simZlavris Tanafardoba = 1:1. Tu mocemuli gvaqvs sinusoida amplitudiT 3 da 

Tanabri xmauriT –1 da 1 Soris, SegviZlia gamovTvaloT SNR Sesabamis simZlavreTa 

gamoTvlebze dayrdnobiT: 

 

5.13
3/1

2/9
SNR  

 



Tu mocemuli gvaqvs ZiriTadi sinusoiduri signali amplitudiT A da Tanabri 

xmauri intervalSi [a b], MATLAB saSualebiT SNR ase gamoiTvleba 

 
SNR = ((A^2)/2)/((b-a)^2/12 
 

sailustraciod davuSvaT gvsurs SevqmnaT 201 elementiani veqtori signali, 

romelic Seicavs 1 hercian sinusoidas xmauriT, romlis saSualoa 0 ise, rom SNR = 
46. sinusoidas unda hqondes amplituda 1.5 da  fazuri kuTxe 0.0, aTvlili unda 

iyos 100 herciT (es niSnavs, aTvla warmoebs yovel 1/100 wamSi): 

 

SNR = signalis simZlavre/xmauris simZlavre= 

((1.52)/2)/xmauris simZlavre = 

46 

 

aqedan miviRebT: 

xmauris simZlavre = (1.52)/2/46 = 0.024 

 

radganac xmauris saSualo = 0, xmauris simZlavre tolia misi dispersiisa. e.i 

xmauris gadaxra toli yofila 0.024, radgan xmauri Tanabaria da misi saSualo 0 –

is tolia, misi mniSvnelobebi unda mdebareobdes [a –a] Soris. rogorc viciT, 

dispersia tolia (2a)2/12, gveqneba: 
  

0.024 = (2a)2/12 
 

anu a=0.27. 
 
axla SegviZlia gamoTvlili aRniSnuli parametrebiT SevqmnaT xmauris mniSvnelobebi 

da davumatoT sinusoidur signals: 

 
% 
%       Generate and plot sine plus noise. 
% 
rand('seed',0); 
t=(0:0.01:2); 
s=1.5*sin(2*pi*t) + (0.54*rand(1,201) -0.27); 
plot(t,s),... 
    title('Sinusoid with noise'),... 
    xlabel('t, seconds'),... 
    ylabel('[s(k)]'),... 
    grid 

 



 
 

nax. 5.16 sinusoiduri signali xmauriT. 

 

sinusoiduri signali Tanabari xmauriT naCvenebia grafikze 5.16. SevniSnavT, rom 

grafiki moicavs sinusoidis or peroods 2 wamis ganmavlobaSi, rac Seesabameba 1 

hercian sinusoidas, ese igi periodi = 1 wams. 

 

4.3.3 arsebul signlze xmauris damateba 

 

davuSvaT gvaqvs signali, romelic aTvlilia da Senaxulia monacemTa failis saxiT. 

Tu gvsurs davumatoT aseT signals xmauri, romelic mogvcems SNR gansazRvrul 

mniSvnelobas, jer unda SevafasoT signalis simZlavre, imisaTvis, rom ganvsazRvroT 

xmauris signalis Sesabamisi simZlavre. signalis simZlavris Sesafaseblad 

gamovTvaloT signalis mniSvnelobaTa kvadratebis saSualo, romelic MATLAB 
saSualebiT advilad gamoiTvleba. amis Semdeg SegviZlia ganvsazRvroT xmauris 

signalis simZlavre. viciT, rom simZlavre saSualosa da dispersiis funqcia amitom 

erT-erTi maTgani mainc unda vicodeT, rom meore ganvsazRvroT. sasurvelia, rom 

xmauris saSualo mniSvneloba 0 –is toli iyos, am daSvebas xSirad mimarTaven, Tu 

sxva informacia ar arsebobs. ukve SegviZlia gamovTvaloT dispersia,  miviRoT 

veqtori, romelic xmauris mniSvnelobebs Seicavs da davumatoT igi ZiriTad 

signals.  

 

savarjiSo 

 



aageT signali, romelic Sedgeba 5 herciani sinusoidis 100 wertiisagan xmauriT, 

romlis saSualoa 0 da xasiaTdeba parametrebiT: 

 

5.1 Tanabari xmauri, SNR =5 
5.1 Tanabari xmauri, SNR =1 
5.1 Tanabari xmauri, SNR =0.2 
5.1 xmauri gausis ganawilebiT, SNR =5 
5.1 xmauri gausis ganawilebiT, SNR =1 
5.1 xmauri gausis ganawilebiT, SNR =0.2 

 

 

am TavSi warmogidgineT monacemTa statistikuri analizisaTvis saWiro mTeli 

rigi funqciebisa. ganvixileT agreTve magaliTi Tu rogor SevqmnaT zogierTi 

sainJinro problemis modelirebisaTvis saWiro monacemebi da mivceT maT 

statistikuri Sefaseba. magaliTebSi ganxiluli iyo sakomunikacio signalis 

analizi, modelireba monte-karlos meTodiT da sinali – xmauri Tanafardobis 

Sefaseba. 

 

brZanebebi da funqciebi 

 
cumprod gansazRvravs kumulaciur namravls 

cumsum gansazRvravs kumulaciur jams 

hist agebs histogramas 

max gansazRvravs udides mniSvnelobas 

mean gansazRvravs saualo mniSvnelobas 

median gansazRvravs medianas mniSvnelobas 

min gansazRvravs umcires mniSvnelobas 

prod gansazRvravs sidideTa namravls 

rand gansazRvravs SemTxveviT ricxvebs 

sort daalagebs sidideebs 

std gamoiTvlis standartul gadaxras 

sum gansazRvravs sidideTa jams 

 

amocanebi 

 

amocanebi 1-7 dakavSirebulia sainJinro problemebTan, romlebic am TavSia 

ganxiluli, xolo danarCeni amocanebi sxva sakiTxebs axeba. 

 

sakomunikacio signali. es sakiTxebi dakavSirebulia am TavSi ganxilul amocanasTan 

sakomunikacio signalis Sesaxeb. 

 

1. mikrofonis saSualebiT CawereT Tqvens mier warmoTqmuli sityvebi – nuli, 

erTi, ori, sami, . . . cxra calke failebis saxiT. gauSviT programa, romelic 

dawereT am TavSi ganxiluli amocanisaTvis sakomunikacio sagnalis Sesaxeb 

TiToeuli failis monacemebisaTvis da dabeWdeT Sesabamisi cxrilebi. 



2. gauSviT igive programa sxvadasxva adamianis mier warmoqTmuli erTidaigive 

sityvis Sesabamisi failebisaTvis da dabeWdeT cxrili Sesabamis statitikur 

monacemTa Sesadareblad. 

 

TviTmfrinavis frenis modelireba. qaris siCqare. es problemebic aseve amTavSi 

ganxilul problemas ukavSirdeba qaris modelirebasTan dakavSirebiT. 

 

3. am TavSi qaris modelirebasTan dakavSirebiT dawerili programa ise SecvaleT, 

rom man qaris siCqaris sawyisi mniSvnelobebisaTvis gamoiyenos Tanbrad 

ganawilebuli SemTxveviTi sidideebi. SeadareT Sedegebi SemTxveviT sidideTa 

ori sxvadasxva tipis ganawilebis SemTxvevaSi. 

4. igive programa SecvaleT ise, rom grigalis dros siCqaris mateba iyos 

Tanabari SemTxveviTi sidide saSualoTi 10 mili/saaTSi da standartuli 

gadaxriT 1.5 mili/saaTSi. 

5. igive programa SecvaleT ise, rom grigalis droc siCqaris mateba iyos 

Tanabari SemTxveviTi sidide, romlis saSualoa 10 mili/saaTSi da gadaxra 

orjer agematebodes gadaxras, romelic axasiaTebs qaris siCqares grigalis     

greSe. 

6. igive programa SecvaleT ise, rom saWiro iyos programisaTvis grigalis da 

qariSxlis xdomilebaTa albaTobis miTiTeba. 

7. igive programa SecvaleT ise, rom grigalis xangrZlivoba iyos SemTxveviTi 

sidide intervalSi 1 – 10 wuTi. 

 

komponentTa saimedooba. komponentTa saimedoobis analizis gantolebebi 

gamomdinareobs albaTobis da statistikis Teoriidan.  saimedooba aseve SegviZlia 

ganvsazRvroT kompiuteruli modelirebis safuZvelze, Tu TiToeuli elementis 

saimedooba cnobili sididea. ganvixiloT diagrama nax. 5.17. mimdevrobiTi 

SeerTebis am sqemaSi SeerTebulia 3 komponenti. imisaTvis, rom informacia a 
wertilidan b –Si mivides, samive komponenti unda muSaobdes. paraleluri 

SeerTebis SemTxvevaSi samidan erTi mainc unda muSaobdes igive informaciis 

gadasacemad. Tu viciT komponentis saimedooba (romelic proporciulia im 

droisa, roca igi sworad muSaobs), SegviZlia davweroT gantoleba, romelic 

gamoiTvlis mTeli sistemis saimedoobas. sistemis saimedooba SegviZlia SevafasoT 

kompiuteruli modelirebis safuZvelze. magaliTad Tu mimdevrobiT CarTuli 

sistemis elementTa saimedooba 0.8 tolia (rac niSnavs, rom komponenti drois 

80% sworad muSaobs), SegviZlia vawarmooT 3 SemTxveviTi sidide 0 - 1 

intervalSi. Tu samive maTgani naklebia an tolia 0.8, maSin sistema imuSavebs. Tu 

romelime maTgani metia 0.8, maSin komponenti ar imuSavebs (for one simulation). Tu 
aseT simulacias 100 da 1000 jer gavimeorebT, SevZlebT gamovTvaloT wili im 

droisa, roca sistema muSaobs. imisaTvis, rom SevafasoT paraleluri sisitemis  

 



 
 

nax. 5.17 

 

muSaobis saimedooba, imgvaradve viqceviT. Tu am sami ricxvidan erTi mainc 

naklebia an tolia 0.8, sistema imuSavebs. Tu samive SemTxveviTi sidide aWarbebs 

0.8, maSin sistema ar imuSavebs. 

 

8. dawereT programa momdevrobiT SeerTebuli sistemis modelirebisaTvis (nax. 

5.17), CaTvaleT, rom komponentebis saimedoobaa (reliability) 0.8. gamoiTvaleT 

saimedooba 500 simulaciisaTvis, 1000 simulaciisTvis 

9. dawereT programa paralelurad SeerTebuli sistemis modelirebisaTvis (nax. 

5.17), CaTvaleT, rom komponentebis saimedoobaa (reliability) 0.8. gamoiTvaleT 

saimedooba 500 simulaciisaTvis, 1000 simulaciisTvis. romeli sistema ufro 

saimedoa? 

10. dawereT programa nax. 5.18 mocemuli sistemis modelirebisaTvis, Tu erTi 

komponentis saimedoobaa 0.8, xolo meoris – 0.92. dabeWdeT saimedooba 5000 

simulaciis SemTxvevaSi. 

11. dawereT programa nax. 5.19 mocemuli sistemis modelirebisaTvis, Tu erTi 

komponentis saimedoobaa 0.8, xolo meoris – 0.92. dabeWdeT saimedooba 5000 

simulaciis SemTxvevaSi. SeadareT paraleluri mimdevrobiT CarTuli sistemis 

saimedooba. 

12. dawereT programa nax. 5.20 mocemuli sistemis modelirebisaTvis, Tu erTi 

komponentis saimedoobaa 0.8, meoris – 0.85, xolo mesamis – 0.95. dabeWdeT 

saimedooba 5000 simulaciis SemTxvevaSi. 



 
 

nax. 5.18 

 

 
 

nax. 5.19 

 

 
 

nax. 5.20 

 



 
 

nax. 5.21 

 

 
 

nax. 5.22 

 

 

13. dawereT programa nax. 5.21 mocemuli sistemis modelirebisaTvis, Tu 1da 2 

komponentis saimedoobaa 0.8, mesamis – 0.95. dabeWdeT saimedooba 5000 

simulaciis SemTxvevaSi. 

14. dawereT programa nax. 5.22 mocemuli sistemis modelirebisaTvis, 

komponentebis saimedoobaa 0.95. dabeWdeT saimedooba 5000 simulaciis 

SemTxvevaSi. 

 

eleqtrosadguris mier gamomuSavebuli energia. 8 kviris ganmavlobaSi grovdeboda 

monacemebi eleqtrosadguris mier gamomuSavebuli energies Sesaxeb. monacemebi 



Caiwera failSi plant.dat.  TiToeuli striqoni Seicavs monacemebs 1 kvirisaTvis. 

1, 2, 3 , . . . , 7 dRes gamomuSavebul energias megavatebSi. 

 

15. dawereT programa, romelic waikiTxavs monacemebs failidan plant.dat, da 

mogvcems im dReebis raodenobas, roca eleqtrosadgurma gamoimuSava 

saSualoze meti energia. unda miviRoT kviris nomeri da dRis nomeri 

TiToeuli aseTi dRisaTvis. amasTan erTad dagvibeWdos am rva kviris 

ganmavlobaSi saSualod erT dReSi gamomuSavebuli eleqtroenergia megavatebSi 

16. dawereT programa, romelic waikiTxavs monacemebs failidan plant. dat, da 

dabeWdavs im kviris da dRis nomers, roca yvelaze meti da yvelaze mcire 

eleqtroenergia iqna gamomuSavebuli. 

17. dawereT programa, romelic waikiTxavs monacemebs failidan plant. dat, da 

dabeWdavs erT dReSi gamomuSavebul saSualo energies, yoveli kvirisaTvis 

calk-calke. 
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4 matriculi operaciebi 

problema: manqanuri xedva 

sakomunikacio sistemas da mikroprocesorul makontrolebel instruments 

SeuZlia miiRos maRali garCevis gamonasaxi. erT-erTi maTgani iupiteris 

“mTvare” - hanimedi - naCvenebia fotoze, romelic gadaiRo kosmosurma 

Tanamgzavrma ‘Galileo’. fotogamonasaxis kompiuteruli interpretacia sakmaod 

rTulia. kargi algoriTmis dawera moiTxovs safuZvlian codnas gamonasaxis 

Sesaxeb. gamonasaxze muSaobisas zogjer unda SegveZlos gavyveT miZravi obieqtis 

kvals erTi gamonasaxidan meoreze, imisaTvis rom davadginoT am obieqtis 

moZraobis siCqare da mimarTuleba. aseTi tipis amocanebis algoriTmi rTuli  

Sesadgenia. 

 

Sesavali 

4.1matriculi operaciebi 

problema: cilis molekuluri wona 

4.2matriculi manipulaciebi 

problema: gamonasaxTa SeTavseba 

daskvna 

Sesavali 

sainJinro monacemebis warmosadgenad matrica Zalze moxerxebuli formaa. wina TavSi 

ganvixileT maTematikuri gamoTvlebi da funqciebi, romlebic gamoiyeneba matricebis 

Sesabamis elementebs Soris maTematikuri operaciebis Sesasruleblad. am TavSi 

ganvixilavT maTematikur operaciebs uSualod matricebs Soris. pirvel rigSi 

ganvixilavT maTematikur operaciebs romelTa saSualebiT matricidan an 

matricebidan axal matricas vRebulobT. Semdeg gagacnobT funqciebs, romlebic 

matricebis manipulirebis saSualebas iZleva da igi erTi formidan meoreSi 

gadahyavs. 
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4.1 matriculi operaciebi 

sainJinro amocanebSi matricebi gamoiyeneba rogorc moxerxebuli saSualeba 

monacemebis warmosadgenad. am ganyofilebaSi ganvixilavT gamoTvlebs, romelSic 

monawileobs matricis saxiT warmodgenili monacemebi. am TavSi ZiriTadad SevexebiT 

matricebs, romlebic Seicaven orze met svets da striqons. gavixsenoT, rom 

skalaruli gamravleba da metricebis Sekreba – gamokleba warmoebs Sesabamis 

elementebs Soris operaciebis SesrulebiT. am TavSi matricebis gamravlebas 

ganvixilavT, xolo gayofas TavSi, sadac saubari iqneba wrfiv gantolebaTa sistemis 

amoxsnaze. 

4.1.1 matricis tranponireba 

 

transponirebuli matrica es aris axali matrica, romlis svetebic  sawyisi 

matricis striqonebia. transponirebuls aRniSnaven niSniT “  ”  
magaliTad  ganvixiloT matrica A da misi transponirebuli A: 
 

01316

2154

837

152

A         

02181

13535

16472

A  

 

Tu davakvirdebiT vnaxavT,rom elementi (3,1) gardaisaxa elementSi (1,3) anu A(3,1) = 
A(1,3), xolo A(4,2) = A(2,4). faqtiurad indeqsebi icvleba ise, rom A(i,j) = A(j,i). 
 

unda gvaxsovdes, rom Tu matrica ar aris kvadratuli (kvadratuli matricis 

svetebis da striqonebis raodenoba erTnairia), maSin matrica da misi 

transponirebuli sxvadasxva zomisaa. transponirebis operacias xSirad viyenebT, 

roca gvsurs striqoni veqtoridan miviRoT sveti veqtori.  

 

Tu A matrica Seicavs kompleqsur ricxvebs, maSin A mogvcems transponirebul 

matricas, magarm misi elementebi iqneba sawyisi matricis elementebis kompleqsuri 

SeuRlebuli, amitom, Tu gvsurs transponirebuli matricis miReba ise, rom misi 

elementebis mniSvneloba ar Seicvalos, unda visargebloT brZanebiT A. an conj(A).  
 

magaliTad: 
 
>> Z=[1+2i, 2+4i, 2+4i; 2i, 6i, 7i]; 
>> Z' 
 
ans = 
 
   1.0000 - 2.0000i        0 - 2.0000i 
   2.0000 - 4.0000i        0 - 6.0000i 
   2.0000 - 4.0000i        0 - 7.0000i 
 
>> Z.' 

 
ans = 
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   1.0000 + 2.0000i        0 + 2.0000i 
   2.0000 + 4.0000i        0 + 6.0000i 
   2.0000 + 4.0000i        0 + 7.0000i 

 

4.1.2 skalaruli namravli 

 

ori erTnairi zomis veqtoris skalaruli namravli aris skalari romelic tolia am 

veqtorebis Sesabamis elementTa urTierTnamravlTa jamisa. magaliTad, Tu A da B  N 
elementiani veqtorebia, maSin maTi skalaruli namravli ase gamoiTvleba: 

 





N

i
iibaBAproductdot

1

_ B 

 

sailustraciod davuSvaT, A da B Semdegi veqtorebia: 
 

A = [4 –1 3]    B = [-2 5 2] 
 

maSin skalaruli namravli iqneba: 

 

A 76)5()8(235)1()2(4  BA  

 

skalarul namravls sxvanairad  Sida namravls (inner product) uwodeben 
 

MATLAB saSualebiT skalaruli namravli SeiZleba gamovTvaloT Semdegnairad: 

 
dot_product = sum(A.*B); 

 

gavixsenoT, rom A. * B Secavs am veqtorebis Sesabamis wevrTa namravls. Tu orive 

striqoni veqtori, an orive sveti veqtoria, A.*B  agreTve veqtoria, aviRebT am 
veqtoris elementTa jams da miviRebT skalarul namravls. Tu A striqoni veqtoria, 
xolo B sveti veqtori, maSin skalaruli namravli ori gziT SegviZlia gamovTvaloT: 

 

dot_product = sum(A.*B); 
dot_product = sum(A.*B); 
 

MATLAB–s agreTve gaaCnia funqcia veqtorebis  skalaruli namravlis 

gamosaTvlelad – dot.  dot(A,B) igive Sedegs mogvcems rasac -  sum(A.*B). 
 

4.1.3 matricebis gamravleba 

 

Tu A matricas gavamravlebT B miviRebT C matricas, romlis elementebic A 

matricis striqonebis B matricis svetebze skalarul namravls warmoadgens: 

 





N

k
kjikbajiC

1

),(  
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radganac skalaruli namravli moiTxovs, rom veqtorebi elementTa erTnaior 

raodenobas Seicavdnen, amiTom roca matricebs vamravlebT erTmaneTze, pirveli 

matrica (A) TiToeul striqonSi unda Seicavdes imden wevrs, ramdensac Seicavs 

meore matricis (B) TiToeuli sveti. amgvarad, Tu A da B Secaven 5 striqonsa da 
5 svets, maSin maTi gadamravlebis Sedegad miRebuli matrica C unda Seicavdes 5 
striqonsa da 5 svets. aseTi (kvadratuli matricebisaTvis SegviZlia gamovTvaloT 

rogorc A*B, aseve B*A, Tumca sazogadod isini tolo ar iqneba. 

 

Tu A Seicavs 2 striqonsa da 3 svets, da B Seicavs 3 striqonsa da 3 svets, maTi 
namravli C = AB Seicavs 2 striqonsa da 3 svets: 
 

 












130

152
A    

















125

241

201

B  

 

pirveli elementi namravlSi C = AB  iqneba: 
 

251)1(5121,33,11,22,11,11,1

3

1
111,1  



babababac
k

kk  

 

aseve gamoviTvliT sxva elementebsac da miviRebT matricas: 

 













7108

5222
CAB  

 

Cven ver gamoviTvliT B*A, B yovel striqonSi ar Seicavs imdensave elements, 

ramdensac AYyovel svetSi.  

 

arsebobs martivi wesi imis dasadgenad, SesaZlebelia Tu ara mocemuli matricebis 

gamravleba. davweroT ori matrices zomebi erTmaneTis gverdiT. Tu Sida ori ricxvi 

tolia, aseTi matricebis gamravleba SesaZlebelia da namravlis zoma ganisazRvreba 

gare ricxvebis mixedviT. magaliTad ganvixiloT mocemuli A da B matricebis 

SemTxveva. A mtricis zomaa 23, B – 33: 
2 X 3 , 3 X 3 

Sida ricxvebi tolia da =3, ese igi matricebis namravli arsebobs da misi zomaa 

23. B*A SemTxvevaSi: 
 

3  3 , 2  3 
 

Sida ricxvebi ar aris toli da ar asebobs aseTi namravli. 

 

MATLAB-Si matricebis gamravleba aRiniSneba niSniT  “ * ”. imisaTvis rom 

MATLAB -Si SevqmnaT A da B matricebi da Semdeg A gavamravloT B, gvWirdeba 
brZanebebi: 
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A = [2, 5, 1; 0, 3, -1]; 
B = [1, 0, 2; -1, 4, -2; 5, 2, 1]; 
C = A*B;  

 

Tu MATLAB mivcemT brZanebas B*A, miviRebT informacias, rom aseTi namravli ar 

arsebobs. 

 

umartivesi gza ori striqoni veqtoris skalaruli namravlis sapovnelad Semdegia: 

 

dot_product = F*G 
 

Tu davuSvebT, rom maTi sigrZea N da visargeblebT zemoT aRwerili wesiT, romelic 

gvaZlevs namravli matricis zomas, miviRebT: 

 

1  N, N  1 
 

F*G namravli matricis zomaa 11, anu ori veqtoris skalaruli namravli 

skalaruli sididea. Tu F da G sveti veqtorebia, maT skalarul namravls ase 

gamoviTvliT: 
 
dot_product = F*G 

 
SesaZlebelia gamoviTvaloT ori veqtoris gare namravli (outer product). davuSvaT F 
da G Semdegi veqtorebia; 

 

F = [2 5 –1]   G = [0 1 –3] 

 

ganvixiloT brZaneba:  
 

outer_product = F*G 
 
SevamiwmoT maTi zomebis Tanafardoba: 

 

3  1, 1  3  
 

namravli arsebobs da Sedegad miiReba matrica, romlis zomaa [3  3].  
gare namravli iseve ganisazRvreba, rogorc Cveulebriv matricebis gamravleba.  

imisaTvis, rom matricebi sworad gavamravloT, kargad unda davukvirdeT maT zomas, 

da amis Semdeg SevarCioT transponirebis operaciebi da TanamamravlTa saTanado 

mimdevroba. rogorc vnaxeT, roca F da G veqtorebi striqoni veqtorebia, maSin FG  
skalaria, FG [3  3] zomis matrica, xolo F*G saerTod ar arsebibs. 
 

davuSvaT I kvadratuli erTeulovani matricaa. (gavixsenoT me-3 Tavidan rom 

erTeulovani iseTi matricaa, romlis mTavari diagonalis elementebi erTis tolia, 

yvela sxva elementi ki 0-is). Tu A igive zomis kvadratuli matricaa, maSin AI = 
IA=A.  es gamoTvlebi gviCvenebs, rom matricis gamravlebiT erTeulovan matricaze 

igive matricas miviRebT. 
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4.1.4 matricis axarisxeba 

gavixsenoT, rom Tu A matricaa A.^2 iseTi operaciaa, romelsac A yvela elementi 

kvadratSi ahyavs. Tu gvinda kvadratSi aviyvanoT matrica anu SevasruloT moqmedeba 

A*A,vwerT A^2.  A^4 igivea, rac A*A*A*A. roca xarisxis maCvenebeli ar aris mTeli 

ricxvi, ufro rTul operaciasTan gvaqvs saqme. am dros saWiroa iseTi sidideebis 

codna, rogoricaa matricis maxasiaTebeli ricxvi da maxasiTebeli veqtori. rogorc 

vnaxeT, or matricas Soris gamravlebis operacia rom SevasruloT, pirveli 

matricis svetebis raodenoba meore matricis striqonebis raodenobas unda udrides, 

aqedan gamomdinare, imisaTvis, rom matrica avaxarisxoT, igi aucileblad kvadratuli 

unda iyos. 

4.1.5 matricis Sebrunebuli 

gansazRvrisaTvis, A kvadratuli matricis Sebrunebuli aris iseTi matrica A-1, rom 

sruldeba piroba AA-1 =A-1A = erTeulovan matricas. magaliTd ganvixiloT ori 

matrica A da B: 
 











43

12
A    













12

55.1
B  

 

Tu gamoviTvliT namravls A*B da B*A, miviRebT Semdeg matricebs: 

 











10

01
AB       










10

01
BA  

 

amitom A da B urTieTSebrunebuli matricebia, anu A = B-1 da B = A-1. 
 

Sebrunebuli matricis gamoTvla mosawyeni da damRleli procesia. sabednirod 

MATLAB Seicavs funqcias inv, romelic gamoiTvlis matricis Sebrunebuls. (ar 

moviyvanT algoriTms matricis Sebrunebulis gamosaTvlelad, igi ganxiluli iqneba 

wrfiv algebrasTan dakavSirebul TavSi. amgvarad, Tu mivcemT brZanebas inv(A), 
Sedegad miviRebT B matricas da piriqiT.  
 

matricis Sebrunebulis gamoTvla gvWirdeba mravali sainJinro amocanis 

gadasawyvetad. mogvianebiT ganvixilavT zogierT aseT amocanas. 

 

savarjiSo 

 

MATLA-is saSualebiT SeqmeniT Semdegi matricebi da SeasruleT miTiTebuli 

moqmedebani: 
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1. AB 
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2. DB 
3. BC’ 
4. (CB)D’ 
5. B-1 
6. BB-1 
7. B-1B 
8. AC’ 
9. (AC’)-1 
10. (AC’)-1(AC’) 
11. IB 
12. BI 

4.1.6 determinanti 

matricis determinanti skalaria, romelic matricis elementebis saSualebiT 

gamoiTvleba. determinants farTo gamoyeneba aqvs mravali problemis amoxsnisas, maT 

Soris matricis Sebrunebulis gamoTvlis da wrfiv gantolebaTa sistemis 

amoxsnisas. 22 zomis matricis determinanti Semdegnairad gamoiTvleba: 

 
|A| = a1,1a2,2-a2,1a1,2 

 
 
magaliTad , Tu : 

 












51

31
A  

 
 
|A| = 8. 
 

33 zomis matricis determinanti Semdegnairad gamoiTvleba: 

 
|A| = a1,1a2,2 a3,3+a2,1a2,3 a3,2+ a1,3a2,1 a3,2- a3,1a2,2 a1,3- a3,2a2,3 a1,1- a3,3a2,1 a1,2 

 

Tu A Semdegi matricaa: 

 

121

251

031

A  

 

|A| = 5 + 6 + 0 – 0 – 4 – (-3), anu 10 
 

 

ufro rTulia procesi ufro meti elementebis Semcveli matricis determinantis 

gamosaTvlelad. ar mogvyavs sazogadod determinantis gamoTvlis procesis sruli 

aRwera, radgan MATLAB saSualebiT SegviZlia gamoviTvaloT determinanti 

funqciiT det, romlis argumentia kvadratuli matrica.  

 

problema – cilis molekuluri wona 
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genur inJineriaSi did rols TamaSobs iseTi mowyobiloba, rogoricaa proteinis 

(cilis) sinTezatori. mas SeuZlia gansazRvros aminomJavaTa rigi, mimdevroba cilis 

jaWvisebur molekulaSi. aminomJavaTa rigi exmareba genetikosebs daadginon 

(gaaigivon) geni, romelsac Seicavs Seqmnili cila. fermentebis saSualebiT 

SesaZlebelia kavSiris darRveva mezobel genebs Soris, imisaTvis rom gamocalkevdes 

saWiro geni DNA (dezoqsiribonukleinis mJava)-dan. es geni Semdeg SehyavT sxva 

organizmSi, rogorc baqteria, romelic Semdeg gamravldeba axal garemoSi. 

 

arsebobs mxolod 20 sxvadasxva aminomJava. cilis molekulea Seicavs asoboT 

aminomJavas, romlebic dakavSirebuli arian erTmaneTTan garkveuli rigiT. mocemul 

amocanaSi davuSvaT rom dadgenilia proteinis molekulaSi aminomJavaTa momdevroba 

da unda gamovTvaloT cilis molekuluri wona. cxrilSi mocemulia anbanis 

mixedviT dalagebuli aminomJavaTa mwkrivi, maTi mokle aRniSvna da molekuluri 

wona. 

 

 
N aminomJava aRniSvna molekuluri wona 
1 Alanine ALA 89 
2 Arginine Arg 175 
3 Asparagine Asn 132 
4 Aspartic Asp 132 
5 Cysteine Cys 121 
6 Glutamik Glu 146 
7 Glutamine Gln 146 
8 Glycine Gly 75 
9 Histidine His 156 
10 Isoleucine Ile 131 
11 Leucine Leu 131 
12 Lysine Lys 147 
13 Methionine Met 149 
14 Phenylalanine Phe 165 
15 Proline Pro 116 
16 Serine Ser 105 
17 Threonine Thr 119 
18 Tryptophan Trp 203 
19 Tyrosine Tyr 181 
20 Valine Val 117 

 
 

am amocanis sawyisi monacemebia monacemTa faili protein.dat, romelic Seicavs 

aminomJavaTa raodenobas da tips cilis TiToeul molekulaSi. davuSvaT monacemTa 

faili Seiqmna cilis sintezatoris saSualebiT. failis monacemTa yoveli striqoni 

Seesabameba erT cilas da Seicavs 20 mTel ricxvs, romelic Seesabameba cxrilSi 

aminomJavas rigiT nomers. amrigad Semdegi striqoni: 

 
0 0 0 1 0 2 0 0 0 0 0 1 1 0 0 1 0 0 0 0 

 

Seesabameba cilas aminomJavaTa mimdevrobiT – LysGluMetAspSerGlu.  
 

1. amocanis dasma 
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gamovTvaloT cilis molekuluri wona. 

 

2. INPUT/OUTPUT aRwera 
 

naxazze mocemuli INPUT/OUTPUT diagrama, romelic gviCvenebs, rom sawyisi 

monacemebi warmodgenilia failis saxiT, romelic Seicavs monacemebs cilis 

molekuluri Semcvelobis Sesaxeb -  romeli tipis aminomJavas Seicavs mocemuli 

cila da ra raodenobiT. 

 

 

nax. 6.1 INPUT/OUTPUT diagrama 

 

 

 

3. saxeldaxelo amoxsna 

 

davuSvaT gvaqvs cilis molekula LysGluMetAspSerGlu. maTi Sesabamisi molekuluri 

wonebia : 

 

147, 146, 149, 132, 105, 146 

 

aqedan gamomdinare, cilis molekuluri wona iqneba 825. monacemTa failSi am cilas 

Seesabameba striqoni: 

 

0 0 0 1 0 2 0 0 0 0 0 1 1 0 0 1 0 0 0 0 

 

cilis molekuluri wona rom miviRoT calkeuli aminomJavas raodenoba unda 

gavamravloT Sesabamis molekulur wonaze da miRebuli Sedegebi SevkriboT. aseTi 

namravlebis jami SegviZlia ganvixiloT rogorc cilis veqtoris da wonaTa 

veqtoris skalaruli namravli. Tu gvinda gamovTvaloT molekuluri wona cilaTa 

jgufisaTvis, Sedegi SegviZlia miviRoT matricebis gadamravlebiT Semdegnairad: 

 



 matriculi operaciebi 4 10























































































1063

825

117

181

203

119

105

116

165

149

147

131

131

156

75

146

146

121

132

132

175

89

00100000003001100010

00001001100000201000

 

 
 

4. MATLAB amoxsna 
 

MATLAB saSualebiT es amocana Zalze martivad amoixsneba. informacia aminmJavebis 

Sesaxeb wakiTxuli iqneba monacemTa failidan da Seiqmneba matrica protein, 

ganisazRvreba sveti veqtori mw, romlis elementebic iqneba anbanis mixedviT 

dalagebul  aminomJavaTa molekuluri wonebi.  am ori matricis gadamravlebiT 

miviRebT axal matricas, romlis elementebic iqneba cilis molekuluri wonebi. 

  
      Tthis  program computes the molecular weights for 
      a group of protein molekules. A data file contains 
      the occurence and number of amino acids in each 
      protein molecule. 
  
load protein.dat 
mw=[89 175 132 132 121 146 146 75 156 131 131 147 ... 
    149 165 116 105 119 203 181 117]; 
  
  Compute protein weights 
  
weights=protein*mw'; 
  
 Print protein weights 
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[rows cols] = size(protein); 
for k=1:rows 
    fprintf('protein %3.0f:  molecular weight = %5.0f \n',k, 
weights(k)) 
end     

 
5. Semowmeba 

 

davuSvaT cilaTa jgufi, romlisTvisac viTvliT molekulur wonebs aseTia: 

 
GlyIleSerThrTrp 
AspHisProGln 
ThrTyrSerTrpLysMetHisMet 
AlaValLeuValMet 
LysGluMetAspSerGluLysGluGluGlu 
 

monacemTa failSi gveqneba: 

 
0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 1 1 0 0 
0 0 0 1 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 0 0 0 0 0 0 0 1 0 0 1 2 0 0 1 1 1 1 0 
1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 2 
0 0 0 1 0 4 0 1 0 0 0 2 1 0 0 1 0 0 0 0 

 

MATLAB dagvibeWdavs molekulur wonebs cilebisaTvis: 

 
protein   1:  molecular weight =   633  
protein   2:  molecular weight =   550  
protein   3:  molecular weight =  1209  
protein   4:  molecular weight =   603  
protein   5:  molecular weight =  1339 

4.2 matriculi manipulireba 

4.1.7 Semobruneba 

SesaZlebelia matrica A SemovabrunoT 90 gradusiT saaTis isris sawinaaRmdego 

mimarTulebiT brZanebiT - rot90. Tu gvaqvs: 
 

















643

152

012

A  

 

Tu gavuSvebT brZanebas : 

 

B = rot90(A); miviRebT: 
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am brZanebas SeiZleba meore argumentic hqondes, romelic gansazRvravs ramdenjer 

Semobrundes matrica 90 gradusiT. brZanebebi: 
 
B = rot90(A); 
C = rot90(B); 

 
eqvivalenturia brZanebis: 

 
C = rot90(A,2) 

flip 

matrica SegviZlia ‘gadavabrunoT’ marjvnidan marcxniv fliplr an zemodan qvemoT 

(vertikalurad) flipud: 
 

A = [1 2; 4 8; -2 0]; 
B = fliplr(A); 
C = flipud(B); 

 
am brZanebaTa safuZvelze miviRebT: 
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C  

4.1.8 matricis formis Secvla 

brZaneba reshape mocemul matricas Seucvlis formas – Tanafardobas striqonebis 

da svetebis raodenobas Soris. funqciis argumentebi ise unda SeirCes, rom sawyis  

da Sedegad miRebul matricebis elementTa raodenoba erTnairi iyos. am funqcias 

gaaCnia sami argumenti. pirveli, Tavad matricaa, bolo ori ki gansazRvravs axali 

matricis striqonebis da svetebis raodenobas. magaliTad ganvixiloT Semdegi 

brZanebebi: 

 
A = [2 5 6 –1; 3 –2 10 0]; 
B = reshape(A,4,2); 
C = reshape(A,8,1); 

 
miviRebT: 
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4.1.9 matricis nawilis amoReba axali matricis saxiT 

funqciebi diag, triu, tril saSualebas gvaZlevs matricis elementebi amoviRoT. samive 

brZanebaSi igulisxmeba matricis mTavari diagonali, Tu igi kvadratuli araa. 

mTavari im diagonals ewodeba, romelic iwyeba zeda marcxena kuTxidan da 

elementebis svetis da striqonis mimTiTebeli indeqsebi erTnairia – a1,1, a2,2 da a.S. 

mTavari diagonali aqvT rogorc kvadratul, aseve arakvadratul matricebs. 

magaliTadAA matricis mTavari diagonalis elementebia 2, -2. B – 2, 10, xolo C – 
2. funqcia diag(A) Seqmnis svet veqtors, romlis elementebic A matricis mTavari 

diagonalis elementebs Seicavs. 

 

SeiZleba am funqcias meore argumentic hqondes diag(A,k). im SemTxvevaSi Tu gvsurs 
diagonalis rigi mivuTiToT. Tu k > 0, mTavari diagonalis zemoT k-ur diagonali 

SeirCeva, Tu k <0, MmTavari diagonalis qvemoT k-uri diagonali iqneba SerCeuli. 

 

Tu diag funqciis argumentad nacvlad matricisa SerCeulia veqtori, maSin funqcia 

Seqmnis kvadratul matricas, romlis mTavari diagonalc mocemuli veqtoris 

elementebia, yvela sxva elementi ki 0-is tolia. magaliTad: 

 
V = [1 2 3]; 
A = diag(v); 
mogvcems: 

 


















300
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A  

 

funqcia triu(A) Seqmnis matricas, romelic Seicavs A matricis mTavari diagonalis 

da mis zemoT ganlagebul elementebs, danarCeni elementebi nulis tolia. am 

funqcias SeiZleba meore argumentic hqondes. funqcia triu(A,k) mogvcems matricas, 
romelic igive zomisa, rac A , Seicavs mis elementebs k-uri diagonals zemoT, an 

qvemoT, sxva yvela elementi 0-is tolia. ganvixiloT MATLAB brZanebebi: 
 

A = [1:2:7; 3:3:12; 4:-1:1; 1:4]; 
B = triu(A); 
C = triu(A,-1); 
D = triu(A,3); 

Sedegad miiReba matricebi: 
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Tril funqcia msgavsia triu funqciisa, mxolod is Qqmnis qveda samkuTxa matricas. Tu 

wina magaliTSi SevcvliT triu funqcias tril –iT, miviRebT: 
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savarjiSo 

 

gansazRvreT matricebi, romelic Seiqmneba Semdegi funqciebis moqmedebis Sedegad, Tu 

viciT, rom: 
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1. rot90(B) 
2. rot90(A,3) 
3. fliplr(A) 
4. flipud(fliplr(B)) 
5. reshape(A,4,3) 
6. reshape(A,6,2) 
7. reshape(A,2,6) 
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8. reshape(flipud(B),8,2) 
9. triu(B) 
10. triu(B,-1) 
11. tril(A,2) 
12. diag(rot90(B)) 
 
 

gamonasaxTa SeTavseba (image alignment) 
 
cifruli gamonasaxi warmodgenilia matricis saxiT, romlis elementebic 

sinaTlis intensivobas Seesabameba. aseTi matricis elementebs piqselebs anu 

suraTis elementebs uwodeben. maRali garCevis gamonasaxi Seicavs elementTa did 

raodenobas, dabali garCevis – mcire raodenobas. magaliTad maRali garCevis 

gamonasaxi SesaZloa Seicavdes 1024 striqons da amdenive svets, ese igi 

piqselebis saerTo raodenoba milionze meti iqneba. TiToeuli sidide aseT 

matricaSi aris kodi, romelic sinaTlis intensivobas Seesabameba. kodi SeiZleba 

Seicavdes informacias feris an Sav-TeTri gamonasaxis SemTxvevaSi nacrisfris 

sxvadasxva tonalobebis Sesaxeb. 

 

davuSvaT gamonasaxi warmodgenilia 6 striqoniani da 6 svetiani matricis saxiT. 

aseve davuSvaT, rom matricis TiToeuli elementi  0 da 7 Sorisaa moTavsebuli, 

rac ruxi feris tonalobebs eTanadeba. magaliTad: 
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davuSvaT gvaqvs erTidaigive obieqtis ori gamonasaxi eTidaigive garCeviT da 

ruxi feris tonalobaTa kodiT. aseve davuSvaT, rom ar viciT gamonasaxebs 

erTmaneTis mimarT rogori mdebareoba ukaviaT. imisaTvis, rom isini erTmaneTs 

SevuTavsoT, erTerTi maTgani ucvleld davtovoT, meore ki matriculi 

manipulaciebiT SevuTavsoT mas. isini SeTavsebulad CaTvleba, roca Sesabamisi 

elementebis mniSvnelobebi erTmaneTs daemTxveva. magaliTad davuSvaT A da B 
matricebi erTidaigive obieqtis gamonasaxebia: 
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imisaTvis, rom B SevuTavsoT A, igi unda SemovabrunoT 270 gradusiT saaTis isris 

sawinaaRmdegod (an 90 gradusiT saaTis isris mimarTulebiT). anda gadavabrunoT B 
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qvemodan zemoT da SemovabrunoT 90 gradusiT saaTis isris sawinaaRmdegod. 

SeamowmeT samive gza, raTa darwmundeT, rom gamonasaxebi amgvarad SeTavsdebian. 

 

imisaTvis, rom ganvsazRvroT SeuTavsda Tu ara ori gamonasaxi (image 1 da image 2) 
erTmaneTs, SegviZlia gamovTvaloT sxvaobebi Sesabamis elementebs Soris da 

miRebuli Sedegebi SevkriboT. amas mivaRwevT MATLAB brZanebiT: 
 
dif = sum(sum(image 1 – image 2)); 

 
sum funqcia orjer gavimeoreT imitom, rom yvela sxvaoba Segvekriba. pirveli sum 
mogvcems veqtors, romlis elementebia Sesabamisi svetebis elementebis jami, xolo 

meore sum Sekrebs am veqtoris elementebs. samwuxarod, SesaZloa es jami 0 

gamovides. ganvixiloT ori gamonasaxis Sesabamisi matrica: 
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Tu gamoviTvliT am ori matricis Sesabamisi elementebs Soris sxvaobebis jams 

miviRebT 5 + (-5) = 0. Tumca cxadad Cans, rom isini arTidaigive gamonasaxebi 

namdvilad ar aris. 0 imitom miviReT, rom dadebiTma da uaryofiTma sxvaobebma 

gaabaTila erTmaneTi. Tu sxvaobebs kvadratSi aviyvanT, an maT absolutur sidides 

aviRebT da ise daviTvliT jams, es sidideebi erTmaneTs veRar gaabaTilebs. MATLAB 
brZanebiT miiReba ase gamoTvlili sxvaobaTa jami, romelsac vuwodebT manZilis 

zomas: 

 
distance = sum(sum(image1 – image2).^2)); 

 

SegviZlia daviTvaloT es manZilebi yvela SesaZlo SeTavsebis SemTxvevaSi. ori 

gamonasaxi CaiTvleba SeTavsebulad, Tu manZili 0 tolia. Tu gaviTvaliswinebT, rom 

erTidaimave obieqtis ori sxvadasxva gamonasaxis  Sesabamis elementebs SeiZleba 

mcired gansxvavebuli mniSvnelobebi hqondes (gamowveuli instrumentuli 

cTomilebiT an sakomunikacio arxebSi xmauriT), SegviZlia gamovTvaloT manZilebi 

yvela SesaZlo SeTavsebisTvis da Semdeg avirCioT maT Soris umciresi. 

 

1. amocanis dasma 

 

ganvsazRvroT ori gamonasaxis SeTavsebisaTvis ra saxis manipulaciebia saWiro. 

 

2. INPUT/OUTPUT aRwera  
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nax. 6.2 INPUT/OUTPUT diagrama 

 

nax. 6.2 warmoadgens INPUT/OUTPUT diagramas, sadac naCvenebia, rom sawyis 

monacemebs viRebT ori failidan, Sedegi ki warmoadgens sidides: erTerTi 

gamonasaxis 90 gradusiT ramdenjer Sebruneba dagvWirda, rom igi meore gamonasaxs 

SeTavseboda. 

 

3. saxeldaxelo amoxsna 

 

davuSvaT gvaqvs ori gamonasaxi: 

 

 











12

34
C      










43

31
D  

 

 

Tu SevabrunebT D mimdevrobiT 0, 90, 180, 270, miviRebT: 
 

 









43

31
    








31

43
    








13

34
    








14

33
 

 
axla Tu gamoviTvliT manZilebs (elementebs Siris sxvaobaTa kvadratebis jams) C 
matricasa da D –s am oTx versias Soris, miviRebT: 19, 7, 1 da 13 Sesabamisad. 

rogirc vxedavT minimaluri manZili = 1, rasac Seesabameba saaTis isris 

sawinaaRmdegod 180 gradusiT Semobruneba. 

 

4. MATLAB amoxsna 
 

vuSvebT, rom ori gamonasaxi Cawerilia ASCII monacemTa failis saxiT. saWiroa 4 

ciklis gamoTvla, rom miviRoT mobrunebis 4 sxvadasxva mniSvneloba. Semdeg 

vsargeblobT min funqciiT, rom SevarCioT minimaluri manZili da misi Sesabamisi 

mdebareoba manZilebis veqtorSi. ase ganvsazRvravT Tu ramdenjer SemovabruneT 

gamonasaxi SeTavsebis misaRwevad. 
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 This program determines the best alignment between 
 two images using rotation of 90 degree 
  
 load image1.dat 
 load image2.dat 
  
 Compute rotational distances. 
  
for k=0:3 
    a=rot90(image2,k); 
    distance(k+1)=sum(sum(image1-a).^2); 
end 
  
 Print best alignment 
  
[minval, minloc]=min(distance); 
fprintf('Image alignment best at %3.0f degrees \n',... 
    (minloc-1)*90) 
fprintf('(counterclockwise) \n \n') 

 

5. Semowmeba 
 
SevniSvavT, rom es programa imuSavebs nebismieri garCevis gamonasaxebisaTvis. 

erTaderTi moTxovnaa, rom gamonasaxebis Sesabamis matricebs erTnairi zoma hqondeT. 

Tu am programas SevamowmebT zemoT ganxiluli A da B matricebisaTvis miviRebT: 
 

Image alignment best at 270 degrees  
(counterclockwise) 
 

am TavSi  SevajameT matriculi gamoTvlebis da manipulaciebis operaciebi. 

ganvsazRvreT matricis transponirebuli da Sebrunebuli. vnaxeT rogor 

gamovTvaloT ori veqtoris skalaruli namravli da rogor gadavamravloT erTi 

matrica meoreze. gavecaniT MATLAB funqciebs, romelTa saSualebiTac SegviZlia 

SevcvaloT matricis forma da struqtura. funqciiT rot90 SegviZlia SemovabrunoT 

matricis elementebi saaTis isris sawinarmdego momarTulebiT. reshape  funqcia 

saSualebas gvaZlevs SevqmnaT axali matrica elementebis igive raodenobiT. gavecaniT 

funqciebs, romelTa saSualebiT SegviZlia matricidan amoviRoT elementebi da ase 

SevqmnaT axali matrica an veqtori. 

 

specsimboloebi 

 

 gansazRvravs matricis transponirebas 

* matricebis gamravleba  
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brZanebebi da funqciebi 

 
diag amoiRebs matricis mTavari diagonalis elementebs 

det gamoiTvlis matricis determinants 

fliplr gadaabrunebs matricas marcxnidan marjvniv 

(horizontalurad) 
flipud gadabrunebs matricas zemodan qvemoT (vertikalurad) 

inv gamoiTvlis matricis Sebrunebuls 

reshape formas ucvlis matricas 

rot90 Semoabrunebs matricas 90 gradusiT saaTis isris 

sawinaaRmdegod 
tril Seqmnis qveda samkuTxa matricas 

triu Seqmnis zeda samkuTxa matricas 

dot gvaZlevs ori veqtoris skalarul namravls 

 

 

problemebi 

 

problemebi 1 - 10  dakavSirebulia am TavSi ganxilul amocanebTan, xolo 11 – 21 

ukavSirdeba sxva sainJinro amocanebs. 

 

amocanebi 

 

cilis molekuluri wonebi. es amocanebi ukavSirdeba am TavSi gnxilul amocanas 

cilis molekuluri  wonis gansazRvris Taobaze. 

 

1. Secvale programa ise, rom gamoiTvalos da daibeWdos cilis rigiTi nomeri da 

molekuluri wona im cilisaTvis, romelsac udidesi molekuluri wona 

gaaCnia. 

2. Secvale programa ise, rom daibeWdos ganxiluli jgufis mixedviT cilis 

saSualo molekuluri wona 

3. Secvale programa ise, rom dagvibeWdos failSi Caweril monacemebSi calkeuli 

aminomJava sul ramdenjer gvxvdeba. daibeWdos Semdegi formatiT 

 

aminomJavas xdomilebis Sejameba 

aminomJavas nomeri xdomilebis raodenoba 

1 XXX 

2 XXX 

. . .  

20 XXX 

 

4. Secvale programa ise, rom dabeWdos im cilis rigiTi nomeri da molekuluri 

wona, romelic aminomJavaTa yvelaze met saxeobas Seicavs. 
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5. Secvale programa ise, rom dabeWdos arsebuli monacemebis safuZvelze 

saSualod aminomJavas ramden saxeobas Seicavs calkeuli cilis molekula. 

 

gamonasaxTa SeTavseba. es amocanebu ukavSirdeba am TavSi ganxilul amocanas 

erTidaigive obieqtis ori gamonasaxis SeTavsebis Taobaze. 

 

6. Secvale programa ise, rom dabeWdos agreTve gamoTvlili manZilebi gamonasaxis 

yoveli Semobrunebis Semdeg. 

7. Secvale programa ise, rom dabeWdos Semobrunebis kuTxe gradusebSi saaTis 

isris mimarTulebiT. 

8. Secvale programa ise, rom SeTavsebisas gamiyenos MATLAB funqciebi fliplr da 
flipud. 

9. Secvale programa ise, rom Seadaros gamonasaxebi meore gamonasaxis 

gadabrunebiT marcxnidan marjvniv (horizontalurad) da aseve saaTis isris 

mimarTulebiT 90, 180 da 270 gradusiT Semobrunebuli gamonasaxis 

gadabrunebiT. (moifiqreT, ratom ar CavrTeT damatebiT SemTxveva zemodan 

qvemoT (vertikalurad) gadabruneba?) 

10. Secvale programa ise, rom manZili gamoTvalos rogorc Sesabamis elementebs 

Soris sxvaobaTa absoluturi sidideebis jami. SeadareT orive SemTxvevaSi 

miRebuli Sedegebi. 

 

aminomJavebi. cilis molekulis Semadgeneli aminomJavebi Seicavs Semdeg qimiur 

elementebs: Jangbadi(O), naxSirbadi(C), axoti(N), gogirdi(S) da wyalbadi(H), 

rogorc naCvenebia cxrilSi davuSvaT am cxrilis monacemebi Cawerilia failSi 

elements.dat. am elementTa atomuri wonebia: 

 
Oxigen 15.9994 
Carbon 12.011 
Nitrogen 14.00674 
Sulfur 32.066 
Hydrogen 1.00794 

 

11. dawereT programa, romelic gamoiTvlis TiToeuli aminomJavas molekulur 

wonas da Seqmnis monacemTa fails aaweights.dat, romelic Seicavs monacemebs 

failidan elements.dat plus aminomJavas molekuluri wona. 

 

aminomJavaTa molekulebi 

 

aminomJava O C N S H 
Alanine 2 3 1 0 7 
Arginine 2 6 4 0 15 
Asparagine 3 4 2 0 8 
Aspartic 4 4 1 0 6 
Cysteine 2 3 1 1 7 
Glutamik 4 5 1 0 8 
Glutamine 3 5 2 0 10 
Glycine 2 2 1 0 5 
Histidine 2 6 3 0 10 
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Isoleucine 2 6 1 0 13 
Leucine 2 6 1 0 13 
Lysine 2 6 2 0 15 
Methionine 2 5 1 1 11 
Phenylalanine 2 9 1 0 11 
Proline 2 5 1 0 10 
Serine 3 3 1 0 7 
Threonine 3 4 1 0 9 
Tryptophan 2 11 2 0 11 
Tyrosine 3 9 1 0 11 
Valine 2 5 1 0 11 

 

12. 11 amocanisaTvis dawerili peograma Secvale ise, rom gamoTvalos da dabeWdos 

aminomJavavTa saSualo molekuluri wona. 

13. 11 amocanisaTvis dawerili peograma Secvale ise, rom gamoTvalos da dabeWdos 

im aminomJavas rigiTi nomeri romelsac aqvs udidesi da umciresi molekuluri 

wona. 

 

matriculi analizi. SeqmeniT matrica amocanis pirobis gaTvaliswinebiT da 

SeinaxeT igi ASCII failSi array.dat, romelsac Semdeg waikoTxavs programa da 

gaaanalizebs. 

 

14. dawereT programa, romelic waikiTxavs matricas failidan array.dat, 
gansazRvravs aris Tu ara igi zeda samkuTxa matrica da dabeWdavs Sesabamisad: 

“Upper Triangular” an “Not Upper Triangular” 

15. dawereT programa, romelic waikiTxavs matricas failidan array.dat, 
gansazRvravs aris Tu ara igi qveda samkuTxa matrica da dabeWdavs Sesabamisad: 

“Lower Triangular” an “Not Lower Triangular” 

16. dawereT programa, romelic waikiTxavs matricas failidan array.dat, 
gansazRvravs aris Tu ara igi diagonaluri matrica da dabeWdavs Sesabamisad: 

“Diagonal” an “Not Diagonal”. Tu diagonaluri matrica agreTve erTeulovanicaa, 

dabeWdavs “Identity”  “Diagonal” nacvlad. 

17. simetriuli ewodeba kvadratul matricas, romelic simetriulia mTavari 

diagonalis mimarT. aseTi matricas transponirebuli igive matricis tolia. 

dawereT programa, romelic waikiTxvs matricas failidan array.dat, 
gansazRvravs aris Tu ara igi simetriuli da dabeWdavs Sesabamisad: 

“Symmetric” an “Not Symmetric” 

18. toeplicis (Toeplitz) matrica ewodeba iseT matricas, romlis diagonalis 

elementebi erTmaneTis tolia, magram sxvadasxva digonalis elementebi 

gansxvavdeba. dawereT programa, romelic waikiTxvs matricas failidan 

array.dat, gansazRvravs aris Tu ara igi toeplicis (Toeplitz) da dabeWdavs 

Sesabamisad: “Toeplitz” an “Not Toeplitz”. 

19. tridiagonaluri matrica ewodeba iseT matricas, romlis mxolod mTavari 

diagonalis, mTavari diagonalis zeda da qveda ori diagonalis elementebia 

aranulovani. dawereT programa, romelic waikiTxvs matricas failidan 

array.dat, gansazRvravs aris Tu ara igi tridiagonaluri da dabeWdavs 

Sesabamisad: “Tridiagonal” an “Not Tridiagonal”. 
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20. zogierTi ricxviTi meTodi saWiroebs matricis striqonebis iseT gadalagebas, 

roca saWiroa pirvel striqonad gadavides is atriqoni, romelic Secavs 

pirveli svetis elementebs Soris absoluturi sididiT udides. Semdeg Tu 

ganvixilavT darCenil striqonebs meore striqonad gadava is striqoni, 

romelic Secavs me-2 svetis elementebs Soris absoluturi sididiT udides. 

procesi grZeldeba, vidre am wesiT ar dalagdeba matrica mTlianad. am 

process uwodeben (row pivoting). dawereT aseTi programa da daalageT Tqvens 

mir Seqmnili 10 striqoniani matrica. 

21. Column pivoting iTvalicwinebs monacemTa imis msgavs gadalagebas, rogoc row 
pivoting, mxoloD am SemTxvevaSi svetebis gadalageba xdeba: pirveli sveti 

Seicavs pirveli striqonis absoluturi sididiT udides mniSvnelobas da a.S. 

dawereT Sesabamisi programa. 
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dedamiwa kosmosidan ( gadaRebulia Apollo 17 kosmosuri xomaldidan) 

4 MATLAB-is grafikuli SesaZleblobebi 

problema: globaluri cvlilebis prognozi 

biosfero is garemoa, sadac sicocxle arsebobs. dedamiwis biosfero moicavs 

atmosferos, hidrosferos – zRvebsa da okeaneebs da liTosferos – dedamiwis 

qerqis nawils. imisaTvis rom SeviswavloT biosferoSi mimdinare fizikuri 

procesebi, kargad unda gaverkveT uamrav wvrilman detalSi, rogorica 

magaliTad, naxSirorJangis mimoqceva atmosferosa da okeaneSi, ozonis safaris 

Sesusteba, qimiuri da energetikuli procesebiT gamowveuli klimaturi 

cvlilebebi.  saWiro minacemebis Sesagroveblad gamoiyeneba meteorologiuri 

raketa, romlis saSualebiT xerxdeba dedamiwis atmosfros zeda fenebis kvleva. 

atmosferos sxadasxva fenis gavlisas raketis cxvirze damagrebuli 

telemetruli sistema gadmoscems monacemebs dedamiwaze. dagrovili monacemebi 

SemdgomSi kompiuteris saSualebiT muSavdeba. 

      

Sesavali 

4.1 X-Y grafikis ageba 

4.2 polaruli grafikis ageba  

4.3 BAR da Stairs grafiki 
4.4 grafikuli ofciebi 

problema: meteorologiuri raketis traeqtoria 

4.5 samganzomilebiani grafiki 

Sesavali 

grafikis ageba  saSualebas gvaZlevs SevamowmoT da gavaanalizoT monacemebi. 

MATLAB -s gaCnia mZlavri grafikuli saSualebebi. Tu SeiswavliT maT, saSualeba 

geqnebaT martivad aagoT sxvadasxva formatis grafiki, rogoricaa x – y grafiki, 
polaruli, Bar da konturuli, samganzomilebiani grafiki. am TavSi ganvixilavT 

MATLAB –is grafikul brZanebebs da maT mravalferovan SesaZleblobebs 
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4.1 X –Y grafiki 

 

ganvixiloT X – Y grafiki, romelic yvelaze xSirad gamoiyeneba. monacemebi, romelTa 

mixedviTac grafiks vagebT, Cveulbriv monacemTa failis saxiTaa warmodgenili an 

miiReba kompiuteruli programiT gaTvaliswinebuli gamoTvlebiT, romelic iZleva 

Sesabamis  x da y veqtorebs. sazogadod vTvliT, rom x Seesabameba damoukidebel 

cvlads, xolo y masze damokidebul cvlads. y mniSvnelobebi SesaZloa gamoTvlili 

iqnas rogorc x –is funqcia. SesaZloa orive sidide miRebuli iyos eqsperimentis 

Sedegad. 

 

koordinatTa marTkuTxa sistema (dekartis) 

 

sxvadasxva amocanebSi viyenebT monacemebs romelTa warmodgena SesaZlebelia rogorc 

koordinatTa marTkuTxa, ise polarul sistemaSi. koordinatTa marTkuTxa sistemaSi 

wertilis adgili ganisazRvreba manZiliT saTavidan  horizontaluri da 

vertikaluri RerZebis gaswvriv nax 7.1. grafikis asagebad koordinatTa polarul 

sistemaSi gvWirdeba polaruli monacemebi – manZili koordinatTa saTavidan da 

kuTxe nax 7.2.  jer ganvixiloT grafikis ageba koordinatTa marTkuTxa, dekartis 

sistemaSi, Semdeg polarul sistemaSi. vidre warmogidgenT brZanebebs grafikis 

asagebad, mimovixiloT ukve ganxiluli brZanebebi romlebic naxazs ukeTebs saTaurs 

da RerZebs Sesabamis warweras daurTavs. grafiks dausrulebeli saxe aqvs Tu ar 

Seicavs amgvar informacias. xSirad grafiks davurTavT sakoordinato bades, radgan 

igi aadvilebs im sidideTa Sefasebas, romlis mixedviTac igi aigeba.  

 

 

nax 7.1. koordinatTa marTkuTxa - dekartis sistema  
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nax 7.2. koordinatTa polaruli sistema 

 

 

Labels (warwera RerZebze) 
 

title(‘text’) grafiks gaukeTebs saTaurs  

xlabel(‘text’) x-RerZis qvemoT waawers brWyalebSi moTavsebul teqsts 

ylabel y-RerZis gaswvriv waawers brWyalebSi moTavsebul 

teqsts 
text(x,y,’text’) brWyalebSi Caweril teqsts waawers grafiks wertilSi, 

romlis koordinatebia x,y mocemuli grafikis RerZebis 

mixedviT, Tu x ,y veqtorebia, warweras gaakeTebs yovel 

wertilSi 
text(x,y, ‘text’,’sc’) brWyalebSi Caweril teqsts waawers grafiks wertilSi, 

romlis koordinatebia x,y ise, rom qveda marcxena 
kuTxis koordinatebia (0,0), zeda marjvenasi ki (1,1) 

gtext(‘text’) waawers teqsts grafikze im wertilSi, romelsac 

mauziT  an klaviaturis isrebiT mivuTiTebT 
grid daitans grafikze sakoordinato bades 

 

4.1.1 brZaneba plot 
szogadod roca am brZanebiT vagebT grafiks, igulisxmeba, rom x da y RerZebi 

dayofilia Tanatol intrvalebad. aseT grafikul operacias wrfivs uwodeben. 

zogjer SeiZleba saWiro iyos logariTmuli gradacia erT-erT an orive RerZze. 10 

fuZiani logariTmuli gradacia moxerxebulia, roca cvladis mniSvnelobebi Zalian 

farTo diapazonSia gansazRvruli. 

MATLAB brZanebebi wrfivi da logariTmuli gradaciis grafikebisaTvis Semdegia: 

 
plot(x,y) agebs x,y sididebis wrfiv grafiks x – damoukidebeli 

cvladia, y masze damokiebuli 
semilogx(x,y) agebs grafiks logariTmuli gradaciiT x –Tvis da 

wrfiviT y –Tvis. 
semilogy(,y) agebs grafiks logariTmuli gradaciiT y –Tvis da 

wrfiviT x –Tvis. 
loglog(x,y) agebs x,y grafiks logariTmuli gradaciiT orive 
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cvladiaTvis 

 

mniSvnelovania gavixsenoT, rom nulis toli an nulze naklebi sididis logariTmi 

ar arsebobs, amitom Tu monacemebi, romlebic unda avagoT semilog an loglog 
brZanebiT, Seicavs uaryofiT an nulis tol mniSvnelobebs, MATLAB migviTiTebs 
Secdomaze da gvamcnobs, rom es mniSvnelobebi gamotovebuli iqneba grafikis agebis 

dros. 

 

Tu x an y grafikul brZanebebSi matricaa, maSin grafiki aigeba matricis TiToeuli 

striqonis an svetis mimarT erTidaigive grafikze.  

 

Tu x da y erTnairi zomis matricebia, aigeba x matricis yoveli sveti y Sesabamisi 
svetis mimarT.  

 

TiToeul am brZanebaTagans SeiZleba hqondes erTi argumenti. am SemTxvevaSi x 
veqtoris mniSvnelobebi aigeba iseTi y veqtoris mimarT, romlis elementebia x 
mniSvnelobaTa Sesabamisi indeqsi.  

 

gavixsenoT, rom meore TavSi avageT TviTmfrinavis frenis traeqtoriis 

mniSvnelobebi lift (amwevi Zalis) koeficientis mimarT. nax 7.3 –ze warmodgenilia am 

mniSvnelobaTa grafikebi wrfivi, semilogx, semilogy da loglog brZanebebiT: 

 

 

nax 7.3. wrfivi da logariTmuli grafikebi 
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pirveli maTgani  warmoadgens wrfiv grafiks: 

 
    plot(x,y),... 
    title('Wind Tunnel Data (Linear)'),... 
    xlabel('Flight Path Angle, degrees'),... 
    ylabel('Coefficient of Lift'),... 
    grid 

 

gavixsenoT, rom x veqtoris ramdenime mniSvneloba uaryofiTia, amitom MATLAB 
brZanebaTa fanjaraSi logariTmuli gradaciis SemTxvevaSi miviRebT Sesabamis 

Setyobinebas: 

 
Warning: Negative data ignored. 

 
imisaTvis, rom ufro TvalsaCino grafiki SevarCioT sasurvelia avagoT Cveni 

monacebi sxvadasxva brZanebaTa gamoyenebiT. 

 

savarjiSo 

 

SeadgineT 100 elementiani x veqtori 0 dan bijiT 0,5  da gamoiTvaleT Sesabamisi y 
rogorc x –is funqcia: 

y = 5x2 
 

1. aageT am monacemTa wrfivi grafiki 

2. aageT am monacemTa grafiki logariTmuli gradaciiT x-is mimarT 

3. aageT am monacemTa grafiki logariTmuli gradaciiT y-is mimarT 

4. aageT am monacemTa loglog grafiki 

5. SeadareT grafikebi erTmaneTs aRwereT TiToeulis upiratesoba da nakli 

4.2 polaruli grafiki 

zogjer mocemuli gvaqvs polaruli koordinatebi – sidide da Sesabamisi kuTxe, 

magaliTad vzomavT sinaTlis intensivobas wyaros irgvliv. SegviZlia informacia 

warmovadginoT rogorc raime fiqsirebuli ReZis mimarT aTvlili kuTxe da 

intensivoba am mimarTulebiT. aseTi monacemebi ufro TvalsaCino suraTs mogvcems Tu 

avagebT polarul grafiks. polaruli grafiki aseve TvalsaCinodD warmogvidgens 

kompleqsur ricxvebs. 

4.2.1 polaruli koordinatebi 

wertili koordinatTa polarul sistemaSi gansazRvrulia ori sididiT – kuTxe  
da moduli. kuTxis mniSvnelobebi xSirad mocemulia rogorc sidideebi 0 da 2 
radians Soris (0 – 3600). moduli dadebiTi ricxvia da warmoadgens manZils 

koordinatTa saTavidan am wertilamde mocemuli mimarTulebiT. 
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4.2.2 brZaneba polar 

MATLAB –Si polaruli grafiki aigeba brZanebiT polar. misi argumentebia kuTxe () 
da moduli (r), manZili. 

 

  
polar(theta,r) es brZaneba aagebs polarul grafiks  kuTxisa da 

Sesabamisi modulisaTvis-r 
 

Tu romelime argumentTagani matricaa, maSin veqtori aigeba matricis svetebis an 

striqonebis mimarT, erTdroulad miviRebT imden mruds, ramdeni striqonic (svetic) 

Sedis matricaSi. 

 

Tu orive argumenti erTnairi zomis matricaa, erTi maTganis svetebi aigeba meoris 

Sesabamisi svetebis mimarT. 

 

davuSvaT gvinda avagoT mrudi wrewiris wertilebisa zrdadi radiusiT. SevqmniT 

veqtors , romlis elementebia radianebSi gamosaxuli kuTxe 0 dan 2-mde. SevqmnaT 
veqtori r, romlis elementebi iqnebs radiusebis Sesabamisi mniSvnelobebi 0 dan 1-

mde. nax 7.4 Seicavs grafiks, romelic aigeba brZanebaTa Semdegi mwkriviT: 

 
theta = 0:2*pi/100:2*pi; 
r = theta/(2*pi); 
polar(theta,r),... 
    title('Polar Plot'),... 
    grid 
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nax 7.4. polaruli grafiki wre zrdadi radiusiT 

 

 

4.3 marTkuTxa/polaruli gardaqmna 

 

xSirad saWiroa monacemebi koordinatTa erTi sistemdan meoreSi gadaviyvanoT.  

trigonometriis gamoyenebiT aseTi transformacia gamoisaxeba formulebiT: 

 

polaruli koordinatebis gadayvana marTkuTxa sisemaSi: 

 

sinrx   
cosry   

marTkuTxa koordinatebis gadayvana polarul sistemaSi: 

 

22 yxr   

 

® 





 

x

y1tan  

 

tangensis Sebrunebuli sididis gamoTvlisas sifrTxilea saWiro, rom sworad 

SevarCioT kuTxis mniSvneloba. Tu MATLAB-s iyenebT am gardaqmnis 

gansaxorcieleblad, SegiZliaT Tavi daizRvioT atan2 funqciis gamoyenebiT. 
 

savarjiSo 

 

gdaiyvaneT mocemuli wertilebi koordinatTa marTkuTxadan polarul sistemaSi: 

 
1. (3, -2) 
2. (0, -1) 
3. (-2,0) 
4. (0.5, 1) 

 

gadaiyvaneT Semdegi wertilebi polarulidan marTkuTxa sistemaSi: 

 

5. (, 1) 
6. (/2, 0) 
7. (2.3, 0.5) 
8. (0.5, 0.5) 

 

4.4 bar da stairs grafikebi 
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nax 7.5 warmoadgens bar da stairs grafikebs, agebuls aerodinamikuri gvirabis 

eqsperimentis monacemebisaTvis, romelic ukve ramdenimejer Segvxvda ganxilul 

magaliTebSi.  

 
bar(y) aagebs bar grafiks y mniSvnelobaTaTvis 

bar(x,y) aagebs bar grafiks y veqtoris elementebisaTvis im 

mniSvnelobebze, romelic mocemulia x veqtoris saxiT 
stairs(y) aagebs stair grafiks y veqtoris mniSvnelobaTaTvis. 

stairs(x,y) aagebs stair grafiks y veqtoris elementebisaTvis im 

mniSvnelobebze, romelic mocemulia x veqtoris saxiT 
 

 
subplot(2,1,1), bar(y) 
    title('Wind Tunnel Data (Linear)'),... 
    xlabel('Flight Path Angle, degrees'),... 
    ylabel('Coefficient of Lift'),... 
    grid 
    subplot(2,1,2),stairs(y) 
    title('Wind Tunnel Data (semilogx)'),... 
    xlabel('Flight Path Angle, degrees'),... 
    ylabel('Coefficient of Lift'),... 
    grid 
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nax 7.5. bar da stairs grafikebi 

4.5 grafikuli ofciebi 

MATLAB Seicavs sxvadasxva ofciebs grafikis gasaformeblad, gasaumjobeseblad. 

ganvixiloT zogierTi maTTgani, romelic SemdgonSi xSirad gamogvadgeba. 

4.5.1 ramdenime mrudis ageba erTidaigive naxazze 

arsebobs erTidaigive naxazze ramdenime mrudis agebis sami gza. erT-erTi maTgania: 

plot brZanebis argumentad aviRoT matricebi.  
 

meore gzaa plot brZanebas mivceT ramdenime argumenti, magaliTad: 

 
plot(x,y,w,z) 
 
sadac x, y, w, z  veqtorebia. roca am brZanebas mivcemT, MATLAB aagebs orive grafiks 
erT naxazze (erT grafikul fanjaraSi). am meTodis upiratesoba isaa, rom saWiro 

araa wertilebis raodenoba erTmaneTs emTxveodes. MATLAB avtomaturad SearCevs 
maTTvis wiris gansxvavebul formas da fers. 

 

mesame gza erTidaigive naxazze sxvadasxva monacemTa agebisa xorcieldeba brZanebiT 

hold. es brZaneba inarCunebs grafikul fanjaras aqtiur mdgomareobaSi da yoveli 

Semdgomi grafikuli brZaneba axal grafiks umatebs mas, hold brZanebis xelmeored 

micema Sewyvets am process. 

4.5.2 wiris da aRniSvnis stili 

brZaneba plot(x,y) awarmoebs wiris agebas, romelic aerTebs x da y veqtorebiT 

mocemul wertilebs. SesaZlebelia airCioT da miuTiToT wiris forma (wyvetili, 

wertilovani da wyvetilwertilovani) da feri. SegiZliaT wiriT sulac ar 

SeaerToT wertilebi. asTeT SemTxvevaSi mxolod veqtorebiT gansazRvruli 

wertilebi aRiniSneba naxazze. SegviZlia mivuTiToT aRniSvna wertilis adgilze: 

varskvlavi, wre, samkuTxedi da sxva. Semdegi cxrili Seicavs wirisa da wertilis 

aRniSvnebis mravalferovan arCevans: 

 

wiris tipi ganmsazRvreli wertilis tipi ganmsazRvreli 

uwyveti - wertili . 
wyvetili -- plusi + 
wertilovani : varskvlavi * 
wyvetil-wertilovani -. wre O 
  x - aRniSvna x 

 

sailustraciod mogvyavs magaliTi. brZaneba uwyveti wiriT aerTebs wertilebs, 

romelTa koordinatebi warmodgenili x da y veqtorebis saxiT da Semdeg dasvams am 
wirze Sesabamis wertilebs aRniSvniT x: 
 

plot(x, y, x, y, ’x’) 
 

garda amisa, SegiZliaT SearCioT da miuTiToT wiris feri Semdegi cxrilis 

mixedviT: 
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wiris tipi ganmsazRvreli 

wiTeli r 
mwvane g 
lurji b 
TeTri w 
uxilavi i 

Semdegi brZaneba uwyveti lurji wiriT aerTebs wertilebs, romelTa koordinatebi 

warmodgenili x da y veqtorebis saxiT da Semdeg dasvams am wirze Sesabamis 

wertilebs wiTeli feris x niSniT: 
  

plot(x, y, ‘b’, x, y, ‘xr’) 

4.5.3 gradacia 

MATLAB avtomaturad irCevs RerZebis gradacias. magram SesaZlebelia mivuTiToT 

RerZebis sazRvrebi brZanebiT axis: 
 

axis es brZaneba grafikul fanjaraze ‘gayinavs’ RerZebis 

arsebul gradacias, avtomatur reJimSi dasabruneblad 

igive brZanebas vimeorebT 
axis(v) v 4 elementiani veqtoria, romelic Seicavs gradaciis 

sidideebs [xmin, xmax, ymin, ymax] 
axis(‘square’) gansazRvravs RerZebis Tanafardobas (kvadratuli) 

axis(‘normal’) gansazRvravs RerZebis Tanafardobas (normaluri) 

 

es brZanebebi gansakuTrebiT sasargebloa sxvadasxva gradaciiT(scaling) agebuli  

naxazebis Sesadareblad.  

 

4.5.4 brZaneba subplot  

brZaneba subplot saSualebas gvaZlevs grafikuli fanjara davyoT ramdenime 

qvefanjarad. nax 7.3 da nax 7.5 Seqmnilia am brZanebis gamoyenebiT. subplot gaaCnia 3 
argumenti subplot (m n p), m,n gansazRvravs ramden qvefanjradaa dayofili grafikuli 

fabjara da ra rigiT, xolo p miuTiTebs romel fanjaraSi aigos mocemuli grafiki. 

fanjrebi danomrilia marcxnidan marjvniv, zemodan qvemoT. magaliTad Semdegi 

brZanebebi gansazRvravs, rom grafikuli fanjara dayofilia or qvefanjarad – zeda 

da qveda, xolo mocemuli grafiki aigeba zeda fanjaraSi: 

 
subplot(211), plot(x,y) 

 

4.6 ekranis kontroli  

rogorc viciT MATLAB-s ori ZiriTadi fanjara aqvs brZanebaTa fanjara da 

grafikuli fanjara Semdegi brZanebebi saSualebas gvaZlevs SevarCioT da 

gavasufTaoT fanjara: 

 
shg ekranze gamoiyvans grafikul fanjaras 

nebismieri klaviSi daabrunebs ekranze brZanebaTa famjaras 
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clc asufTavebs brZanebaTa fanjaras 

clf asufTavebs grafikul fanjaras 

home asufTavebs brZanebaTa fanjaris xilul nawils ekranze 

da kursori gadadis brZanebaTa fanjaris zeda marcxena 

kuTxeSi 

 

4.6.1 brZaneba ginput 
es brZaneba saSualebas gvaZlevs aviRoT koordinatebi pirdapir grafikuli 

fanjaridan mauzis an isriani klaviSebis saSualebiT: 

 
[x,y]=ginput saSualebas gvaZlevs SevarCioT wertilTa SeuzRudavi 

raodenoba grafikuli fanjaridan mauzis an klaviSebis 

saSualebiT. Seiqmneba x, y veqtorebi koordinatTa 
Sesabamisi mniSvnelobebiT. brZanebis moqmedebas wyvets 

klaviSi return  key 
[x,y]=ginput(n) saSualebas gvaZlevs SevarCioT n wertili grafikuli 

fanjaridan mauzis an klaviSebis saSualebiT. Seiqmneba 

x, y veqtorebi koordinatTa Sesabamisi mniSvnelobebiT. 

brZanebis moqmedebas wyvets klaviSi return  key 
 

4.6.2 grafikis dabeWdva 

 
print dabeWdavs maRali garCevis grafiks printerze, an 

Seinaxavs mas rogorc .pdf fails diskze. 

 

 

problema - meteorologiuri raketis traeqtoria 

meteorologiuri raketa gamoiyeneba atmosferos sxvadasxva fenebSi mimdinare 

procesebis Sesaxeb monacemTa Sesagroveblad. magaliTad ozonis Semcvelobis 

gansazRvra. raketaze sxva xelsawyoebTan erTad damagrebulia telemetruli sistema, 

rolis saSualebiTac xdeba monacemebis gadmogzavna dedamiwaze. yovel anaTvls Tan 

axlavs monacemebi Tavad raketis Sesaxeb am momentisaTvis: simaRle, siCqare da 

aCqareba. 

 

davuSvaT gvaqvs monacemTa faili, romelic Seicavs informacias ionosferos 

gamosakvleved gaSvebuli orsafexuriani (two-stage) meteorologiuri raketis 

simaRlis, siCqaris da aCqarebis Sesaxeb. viciT, rom raketis pirveli safexuris 

sawvavi daiwva 35 wamSi, ris Semdegac raketis siCqarem miaRwia 1 250 metrs wamSi. 

amis Semdeg 2 wuTis ganmavlobaSi raketa ganicdis Tavisufal vardnas da aRwevs 

ionosferos dabal fenebs 100 kolometris simaRleze. am droisaTvis gravitacia 

Seanelebs raketis siCqares 100 metr/wamamde. amis Semdeg irTveba meore safexuris 

sawvavis meqanizmi, romelic gamoiwvevs raketis aCqarebas. igi gaiWreba ionosferos 

maRal fenebSi. unda avagoT mrudi failSi Cawerili monacemebis mixedviT, raTa 

SevadaroT isini Teriulad gaTvlil traeqtorias. 

1. amocanis dasma 
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avagoT raketis simaRlis, siCqaris, da aCqarebis mrudi, failidan wakiTxul 

monacemTa mixedviT. 

 

2. INPUT/OUTPUT aRwera 
cxrili Seicavs monacemebs raketis simaRlis, siCqaris da aCqarebis mniSvnelobebs 

drois Sesabamisi momentusaTvis. 

 

dro [wm] simaRle [m*105] siCqare [m/wm] aCqareba[m/wm2] 

10 0 500 42 
20 0.1100 895 40 
30 0.2500 1245 10 
40 0.3400 1250 -9 
50 0.4200 1147 -10 
60 0.5300 1046 -10 
70 0.6200 920 -10 
80 0.6900 824 -10 
90 0.7500 711 -10 
100 0.8300 609 -10 
110 0.9200 501 -10 
120 0.9900 400 -10 
130 1.0300 286 -10 
140 1.0700 190 -10 
150 1.1300 90 -5 
160 1.1500 264 30 
170 1.2100 741 56 
180 1.3000 1381 78 
190 1.3700 2141 94 
200 1.6100 3195 118 
210 2.0000 3791 19 
220 2.3500 3811 -10 
230 2.7600 3698 -10 
240 3.3000 3560 -10 

 

 

nax 7.6 naxazze warmodgenilia gansaxilveli amocanis  INPUT/OUTPUT diagrama, 

romelic gviCvenebs, rom sawyisi monacemebi failis saxiTaa mocemuli, xolo Sedagad 

unda miviRoT monacemTa mixedviT agebuli grafikebi. 
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nax 7.6. I/O diagrama 

 

3. saxeldaxelo amoxsna 

radgan am amocanaSi arafers ar viTvliT, gamosaTvlelic araferia. magram SegviZlia 

amoviRoT failidan ramdenime monacemi da miRebuli Sedegis mixedviT gavakeToT 

daskvna. 

 

4. MATLAB amoxsna 
MATLAB mravalferovani grafikuli SesaZleblobebis gamo aseTi grafikebis ageba 

martivad xdeba. avagoT wiri da Semdeg davsvaT wertilTa Sesabamisi aRniSvnebi. 
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nax 7.7. meteorologiuri raketis simaRle  

 
 

       
 This program generates plots of the altitude, 
 velocity, and acceleration of sounding rocket 
  
clear; clc; 
load rocket.dat 
time=rocket(:,1); 
alt=rocket(:,2); 
vel=rocket(:,3); 
acc=rocket(:,4); 
  
 These commands generate and label 
 a plot of the altitude data 
  

 
plot(time,alt,time,alt,'o'),... 
title('Sound rocket Altitude'),... 
xlabel('Time, s'),... 
ylabel('Altitude, m'),... 
grid 
pause 
  
 These commands generate and label 
 a plot of the velocity data  
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plot(time,vel,time,vel,'o'),... 
title('Sounding rocket Velocity'),... 
xlabel('Time, s'),... 
ylabel('Velocity, m/s') 
text(140,200,'second dtage') 
grid   
pause 
  
 These commands generate and label 
 a plot of the acceleration data  
      
plot (time,acc,time,acc,'o') 
title('Sounding rocket Altitude and Acceleration'),... 
xlabel('Time, m'),... 
ylabel('Acceleration, (m/s^2)') 
text(140,0,'second dtage') 
grid 

    
    

 

nax 7.8. meteorologiuri raketis siCqare  
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nax 7.9. meteorologiuri raketis aCqareba 

 

 

 

 

5. Semowmeba 

monacemebi Cawerilia failSi rocket.dat. 7.7 – 7.9 naxazze warmodgenilia Sedegad 

miRebuli grafikebi meteorologiuri raketis simaRlis, siCqarisa da aCqarebisaTvis 

Sesabamisad. siCqaris grafikidan kargad Cans, rom Tavdapirvelad igi izrdeba, 

pirveli safexuris sawvavis dawvis Semdeg – TandaTan klebulobs, xolo roca meore 

safexuris sawvavi iwyebs wvas, isev momatebas iwyebs. aCqarebis grafikidan advilad 

SeamCnevT aCqarebas, romelic gamowveulia pirveli safexuris da meore safexuris 

gamo. sawvavis amowurvis stadiaSi orive SemTxvevaSi raketis aCqareba –9.5 m/wm-ia, 

rac gravitaciiT gamowveuli Tavisufali vardnis aCqarebaa. nax. 7.8 da 7.9 text 
brZanebis saSualebiT mivuTiTeT meore safexuris dasawyisis Sesabamisi wertili 

grafikze. 

4.7 samganzomilebiani grafiki 

MATLAB –Si samganzomilebiani grafikis sxvadasxva gza arsebobs. SesaZlebelia 

avagoT badura (mesh) zedapiri samganzomilebian sivrceSi. SegviZlia aseT zedapirs 

SevxedoT grafikulad nebismieri mimarTulebidan, SegviZlia ganvsazRvroT RerZebis 

gradacia. samganzomilebiani zedapiri SeiZleba avagoT rogorc zedapiris konturi 

sxvadasxva WrilSi. samganzonmilebiani grafikis yvela forma mniSvnelovan 

informacias iZleva samganzomilebian monacemTa analizisaTvis. 
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4.7.1 badura zedapiri (mesh zedapiri) 
mesh zedapiri aigeba matricis saxiT warmodgenili monacemebis safuZvelze. 

matricis TiToeuli elementi Sesabameba wertils badeze. 

 

imisaTvis, rom SevqmnaT monacemebi samganzomilebiani zedapirisaTvis, pirvel rigSi 

ganvsazRvravT damoukidebeli cvladebis x da y sidideebis mwkrivs, Semdeg 

gamoviTvliT z sidideebs, romelic x da y –s funqciaa da warmoadgens 

samganzomilebian zedapirs. x da y ise avirCevT, rom maTi mniSvnelobebi Tanabrad 

iyos ganawilebuli x-y sibrtyeze. magaliTad, davuSvaT gvinda avagoT funqcia  

 

221),( yxzyxf   

 

ise, rom 5.05.0  x  da 5.05.0  y  

es funqcia warmoadgens erTeulovani radiusis mqone sferos zedapiris gantolebis 

saxecvlilebas: 

 

1222  zyx  

 

radgan f(x,y) iyenebs kvadratuli fesvis mxolod dadebiT mniSvnelobebs, igi am 

funqciis mxolod zeda naxevars warmoadgens. imisaTvis, rom avagoT 

samganzomilebiani zedapiri Semdegnairad unda moviqceT: 

 
for m =  1:11 
    x = (m-6)*0.1; 
    for n = 1:11 
        y = (n-6)*0.1; 
        z(m,n) = sqrt(abs(1 - x.^2 - y.^2)); 
    end 
end     
mesh(z),... 
title('3-D Plot') 
grid 
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nax 7.10.    sferos nawilis samganzomilebiani grafiki 

 

 

 

z veqtoris agebis meore gzac arsebobs. vsargeblobT brZanebiT meshgrid, romlis 

argumentebi x da y veqtoris mniSvnelobebia. igi awarmoebs 2 masivs x da y 
mniSvnelobebis mixedviT. sferos zemoTaRwerili nawili asec SegviZlia avagoT: 

 
[X,Y]= meshgrid(-0.5:0.1:0.5,-0.5:0.1:0.5); 
Z=sqrt(abs(1-X.^2-Y.^2)); 
mesh(Z) 
grid 

 

SeiZleba samganzomilebiani grafikis agebisas saWiro iyos agebul zedapirs raime 

garkveuli mimarTulebidan SevxedoT. xedvis mimarTuleba ganisazRvreba gradusebSi 

gamoxatuli azimutisa (horizontaluri) da simaRlis(vertikaluri) mixedviT. 

azimuti = 0, simaRle = 0 Seesabameba matricis qveda marjvena kuTxe. azimutis 

dadebiTi mimarTuleba saaTis isris sawinaaRmdego mimarTulebaa, z ReZis gaswvriv. 
dadebiTi simaRleebi gviCvenebs zedapirs zemodan, uaryofiTi – qvemodan.  

 

Tu ar vuTiTbT xedvis kuTxes maSin mas aqvs (default) mniSvneloba azimuti –37.5 

gradusi da simaRle 30 gradusi nax 7.10. xedvis kuTxe ganisazRvreba rogorc mesh 
brZanebis meore argumenti mesh(x, [–37.5, 0]). magaliTad, nax 7.11 xedvis kuTxea [–

37.5, 0] 
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nax 7.11. sferos nawili. xedvis kuTxe (-37.5, 0) 

 

 

nax 7.12 naxazze grafiki naCvenebia mimarTulebidan: [-37.5, -30) 
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nax 7.12. sferos nawili 30 gradusiani simaRlidan 

 

savarjiSo 

 

aage mesh zedapiri, romelic ganisazRvreba Semdegi formuliT. vidre aagebdeT. 

SeecadeT warmoidginoT, rogori iqneba igi. 

 

1. 5.005.001),( 22  yforandxforyxyxf  

2. 5.05.05.05.01),( 22  yforandxforyxyxf  

3. 5.0005.01),( 22  yforandxforyxyxf  

4. 11111),( 22  yforandxforyxyxf  

4.7.2 konturuli grafiki 

 

simaRleebis (elevation) ruqa Seicavs wirebis jgufs, romlebic aerTeben erTnair 

simaRleze myof wertilebs. Tu dedamiwis fizikur ruqaze aseTi wirebiT SevaerTebT 

zRvis donidan erTiYsimaRlis mqone wertilebs, SegviZlia vimsjeloT maTi realuri 

simaRlis Sesaxeb. aseTi tipis ruqebs konturuls uwodeben. MATLAB-is saSualebiT 

matricis saxiT mocemuli zedapirisaTvis SegviZlia avagoT msgavsi konturuli 

gamosaxuleba. amisaTvis arsebobs brZaneba contour: 
 

contour(z) agebs z matriciT mocemuli zedapiris konturs. 

konturuli wirebis raodenoba da maTi mniSvnelobebi 

avtomatrad SeirCeva MATLAB –is mier. naxazis zeda 
marcxena kuTxe Seesabameba sidides mdebareobaSi z(1,1)  

contour(z,n) agebs z matriciT gansazRvruli zedapiris n donis 
konturs 

contour(z,v) agebs z matriciT gansazRvruli zedapiris konturul 

gamosaxulebas konturuli wirebiT, romelTa doneebi 

mocemulia v veqtoris saxiT 
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nax 7.13. grafiki zedapiris 5 sxvadasxva donis konturiT 

 

am brZanebas SesaZloa hqondes argumentebi, romlebic gansazRvravs konturTa dones 

da RerZebis masStabirebas. Semdegi brZanebebi agebs sferuli zedapiris 7.13 grafiks: 
 

[X,Y]= meshgrid(-0.5:0.1:0.5,-0.5:0.1:0.5); 
Z=sqrt(abs(1-X.^2-Y.^2)); 
contour(Z,5),... 
title('Contour of Sphere') 

 
Tu am brZanebebs gavuSvebT axis(‘square’) brZanebis Semdeg miviRebT nax 7.14. 
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nax 7.14. sferos zedapiris konturi RerZebis kvadratuli TanafardobiT 

 

 

problema: terrain navigation topografiuli gazomvebi????? 

 

terrain navigation ZiriTadi komponentia distanciurad marTvadi obieqtebis warmoebaSi. 
aseTebia magaliTad roboti, upiloto TviTmfrinavi da raketa, TviTmarTvadi 

wyalqveSa xomaldi da sxva. am mowyobilobebs bortze gaaCniaT kompiuteri, 

romelSic Setanilia informacia im garemos Sesaxeb, sadac obieqti moZraobs. viciT 

ra drois nebismier momentSi obieqtis mdebareoba SesaZlebelia SeirCes 

daniSnulebis adgilamde misasvleli optimaluri gza. roca daniSnulebis adgili 

Seicvleba, kompiuteri mimarTavs informacias garemos Sesaxeb da gamoiTvlis axal 

mimarTulebas.  

 

kompiuteruli programa, romelic aseT sistemebs marTavs, winaswar gamoicdeba 

sxvadasxvagvar topografiul pirobebSi. monacemTa bazebSi arsebibs dedamiwiasa Tu 

okeanis fskeris Sesaxeb topografiuli informacia. imisaTvis rom ganisazRvros 

gasavleli gzis sirTule saWiroa ganisazRvros pikebis raodenoba. piki es aris 

wertili, romelis simaRlec yvelaze metia mis irgvliv wertilebis mimarT.   

 

dawereT programa, romelic waikiTxavs topografiul monacemebs failidan da 

dabeWdavs pikebis mdebareobas sakoordinato badeze. aseve dabeWdavs samganzomilebian 

mesh da konturul grafiks failSi arsebuli monacemebis safuZvelze. 
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1. amocanis dasma 

 

dgansazRvreT pikebis raodenoba da mdebareoba falSi Cawerili monacemebis 

safuZvelze. 

 

2. INPUT/OUTPUT aRwera 
 

nax 7.17 Seicavs  INPUT/OUTPUT diagramas. diagramidan Cans, rom sawyisi monacemebi 
warmodgenilia failis saxiT, xolo Sedegi – pikebis mdebareoba cxrilis saxiT da 

monacemTa safuZvelze agebuli konturuli grafiki. 

 

 
    

nax 7.15. I/O diagrama 

 

3. saxeldaxelo amoxsna 

davuSvaT zedapiri dayofilia 6  8 kvadratad da gazomilia TiToeuli maTganis 

simaRle. monacemebi Cawerilia matricis saxiT: 

 

3544333232313131

3025494842403939

2527303248424540

3528283639383834

2730323730434532

5021342123635925

 

 

pikis wertilebis Sesabamisi mniSvnelobebi xazgasmulia, ise, rom pikebis 

mdebareobebi Seesabameba matricis elementebs (2,5), (4,2), (4,4), da (5,6). 

 

4. MATLAB amoxsna 
 

pikebis Zieba gulisxmobs badis mxolod Sida wertilebs. kidis wertili ar 

SeiZleba CaiTvalos pikad imitom, rom ar viciT misi yvela mezobeli wertilis 

mniSvneloba. ganvixiloT simaRle wertilSi, romelic Seesabameba monacems elevation 
(m,n). misi mosazRvre mdebareobebi naCvenebia nax 7.16 amdenad, elevant(m,n) piki iqneba 
im SemTxvevaSi, Tu Tu sruldeba pirobaebi: 

 
elevation(m,n) > elevation(m,n-1) 
elevation(m,n) > elevation(m-1,n) 
elevation(m,n) > elevation(m,n+1) 
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elevation(m,n) > elevation(m+1,n) 
 

 
    

nax 7.16. elevtion(m,n) mezobeli wertilebis mdebareobebi 

 
 

programis dawerisas viyenebT erTmaneTSi Calagebuli for ciklis operators. 

 

 This program reads the elevation data for 
 a land grid and determines the peaks. 
 It also ganarates a contour plot 
  
load elevant.dat 
elevation = elevant; 
  
 Identify rhe peaks. 
  
[rows, cols] = size(elevation); 
for m=2:rows-1 
    for n=2:cols-1 
        if (elevation(m,n)>elevation(m,n-1)&... 
           elevation(m,n)>elevation(m-1,n)&...  
           elevation(m,n)>elevation(m,n+1)&... 
           elevation(m,n)>elevation(m+1,n)) 
                fprintf('Peak at (%6.0f, %6.0f) \n',m,n) 
         end 
    end 
end         
  
 Generate plot 
  
contour(elevation),... 
title('Elevation Data') 

 
5. Semowmeba 

 

SevamowmoT programa zemoT ganxiluli monacemebisaTvis, romelic Cawerilia failSi 
elevant.dat 
 

pikebisaTvis miviRebT: 
Peak at (     2,      5) 
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Peak at (     4,      2) 
Peak at (     4,      4) 
Peak at (     5,      6) 

 
rogorc mosalodneli iyo, xolo Sesabamisi grafiki mocemulia nax 7.17-ze. 

 

 

 

 
    

nax 7.17. topografiul monacemTa konturuli grafiki 

 

 

am TavSi mimovixileT MATLAB grafikuli brZanebebi. x-y grafiki, romelic yvelaze 

xSirad gamoiyeneba. MATLAB saSualebas iZleva gamoviyenoT misi rogorc wrfivi, 

aseve logariTmuli forma. aseve sasargeblo da saWiroa erTidaimave grafikul 

fanjaraSi ramdenime grafikis ageba maTi erTmaneTTan Sedarebis TvalsazrisiT.  

 

mraval amocanaSi farTod iyeneben samganzomilebian monacemebs, romlebic SegviZlia 

avagoT MATLAB-Si rogorc samganzomilebiani zedapiri. 

 

4.8 brZanebebi da fiunqciebi 

 
axis akontrolebs RerZebis masStabs 

bar agebs bar grafiks 
clc asufTavebs brZanebaTa fanjaras 
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clf asufTavebs grafikul fanjaras 

contour agebs konturul grafiks 

ginput iRebs koordinatebs grafikuli fanjridan 

grid grafiks umatebs sakoordinato bades 

gtext saSualebas gvaZlevs CavweroT teqsti uSualod 

grafikul fanjaraSi 
hold tovebs momdinare grafiks grafikul fanjaraSi 

home brZanebebis fanjaraSi kursori gadaaqvs home 
mdebareobaSi 

loglog agebs log-log grafiks 
mesh aagebs samganzomilebian mesh grafiks 
meshgrid awarmoebs veqtorebs sakoordinato badiaTvis 

plot agebs wrfiv x-y grafiks 
polar agebs polarul grafiks 

print beWdavs maRali garCevis grafiks 

semilogx agebs logariTmul-wrfiv grafiks 

semilogy agebs wrfiv-logariTmul graiks 

shg ekranze gamoyavs grafikuli fanjara 

stairs agebs safexurovan (stair) grafiks 
subplot dayofa grafikul fanjaras ramdenime qvefanjarad 

text Cawers miTiTebul teqsts grafikul gamonasaxSi 

title grafiks Tavze waawers saTaurs 

xlabel daawers miTiTebul aRniSvnas x RerZs 
ylabel daawers miTiTebul aRniSvnas y RerZs 
surf agebs zedapiris ferad, parametrul gamosaxulebas 

surfc igive surf magram umatebs grafiks Sesabamis konturul 

gamosaxulebas 
shading akontrolebs zedapirze ferebis sigluves(shading) 
colormap gansazRvravs ferTa gams (diapazons) 

 

problemebi   

 

1-13 problemebi dakavSirebulia am TavSi ganxilul amocanebTan, xolo 14 – 22 sxva 

amocanebs ukavSirdeba. 

 

meteorologiuri raketis traeqtoria. es amocanebi dakavSirebulia am TavSi 

ganxilul problemasTan meteorologiuri raketis (zondis) Sesaxeb. 

 

1. aageT siCqaris wrfiv – logariTmuli grafiki. SeadareT igi igigve monacemebis 

wrfiv grafiks 

2. aageT aCqarebis wrfiv – logariTmuli grafiki. SeadareT igi igive monacemebis 

wrfiv grafiks. 

3. aageT simaRlisa da siCqaris grafiki erTidaigive RerZebis mimarT, erT 

naxazze, xedavT raime informacias, romelic TvalsaCino ar iyo maTi calke 

naxazze agebis SemTxvevaSi? 
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4. aageT simaRlisa da aCqarebis grafiki erTidaigive RerZebis mimarT, erT 

naxazze, xedavT raime informacias, romelic TvalsaCino ar iyo maTi calke 

naxazze agebis SemTxvevaSi? 

5. aageT siCqaris da aCqarebis grafiki erTidaigive RerZebis mimarT, erT naxazze, 

xedavT raime informacias, romelic TvalsaCino ar iyo maTi calke naxazze 

agebis SemTxvevaSi? 

6. waawereT teqsti rimelic uCvenebs pirveli etapis sawvavis amowurvis moments 

siCqarisa da aCqarebis grafikze. 

7. aCqarebis grafikze aRniSneT is intervalebi, roca igi gamowveulia mxolod 

gravitaciiT. 

 

 

topografiuli (reliefuri) navigacia 

 

8. Secvale am problemasTan dakvSirebiT Sedgenili programa ise, rom rom 

dabeWdos pikebis raodenoba reliefur badeze (elevation grid) 

9. Secvale programa ise, rom man dabeWdos pikebis nacvlad (Rrmulebis) 

mezobeli wertilebis mimarT yvelaze naklebi simaRlis mqone wertilebis 

mdebareoba badeze 

10. Secvale programa ise, rom mogvces badeze umaRlesi da udablesi werilis 

mdebareoba da mniSvneloba. 

11. Secvale programa ise, rom mogvces simaRleTa badis saSualo simaRle. 

12. davuSvaT wertilebs Soris manZili vertikaluri da horizontaluri 

mimarTulebiT 100 futia, ipoveT futebSi gamosaxuli yoveli pikis mdebareoba 

badis zeda marcxena kuTxis mimarT. 

13. davuSvaT wertilebs Soris manZili vertikaluri da horizontaluri 

mimarTulebiT 100 futia, ipoveT futebSi gamosaxuli yoveli pikis mdebareoba 

badis qveda marcxena kuTxis mimarT. 

 

logariTmuli grafiki. mraval gamoyenebiT amocanaSi gvWirdeba eqsperimentuli 

anaTvlebis aReba, romelic Semdeg maTemetikurad unda aRvweroT, ganvsazRvroT 

gantoleba, romelic miRebul monacemebs asaxavs, ase vTqvaT SevqmnaT procesis 

maTematikuri modeli. magaliTad, Tu avageT x-y grafiki da Cans, rom igi axlosaa 

wrfesTan, SegviZlia SevafasoT misi daxris kuTxe da RerZebTan gadakveTis 

wertilebi da amis mixedviT davweroT wrfis gantoleba. gantoleba iqneba 

mocemul monacemTa modeli. 

 

14. ganvixiloT Semdegi maCvenebliani gantoleba: 

 
xy 2103   

Tu x garkveul mniSvnelobaTaTvis gamoviTvliT y mniSvnelobebs da avagebT x-y 
wrfiv-logariTmul grafiks, wertilebi wrfeze ganlagdebian. amaSi rom davrwmundeT 

aviRoT orive mxaris logariTmi: 

 

3log2log 1010  xy  

es gantoleba wrfivia x da y10log  -Tvis.  MATLAB saSualebiT aageT xy 2103   
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gamosaxulebis wrfivi da wrfiv-ligariTmuli grafiki. SeafaseT daxra da y RerZis 
gadakveTis wretili. daxra daxloebiT 2 unda iyos, xolo y RerZis gadakveTis 

wertili 3log10 -is toli. 

 

15. davuSvaT gaqvT eqsperimentis Sedegad miRebul monacemTa mwkrivi, aageT misi 

wrfiv-logariTmuli grafiki da daaxloebiT wrfe miiReT. ra tipis gantoleba 

SeiZleba ganvixiloT aseTi monacemebis modelad? rogor gamoiTvliT 

gantolebis mudmivebs? 

 

16. ganvixiloT Semdegi gantoleba: 

 
35xy   

Tu avagebT am gantolebis logariTmul-logariTmul grafiks, miviRebT wrfes. 

imitom, rom Tu aviRebT gantolebis orive mxaris logariTms, miviRebT: 

5loglog3log 101010  xy  

es gantoleba ki wrfes warmoadgens x10log   da y10log  -Tvis. MATLAB saSualebiT 

aageT 35xy   gantolebis wrfivi da logariTmul-logariTmuli grafiki. am 

ukanasknekis mixedviT SeafaseT daxra da y RerZis gadakveTis wertili. daxra 

daaxloebiT 3 –is toli unda miiRoT, y RerZis gadakveTis wertili ki daaxloebiT 

5log10 - toli. 

17. davuSvaT gaqvT eqsperimentis Sedegad miRebul monacemTa mwkrivi, aageT misi 

logariTmul-logariTmuli grafiki da daaxloebiT wrfe miiReT. ra tipis 

gantoleba SeiZleba ganvixiloT aseTi monacemebis modelad? rogor 

gamoiTvliT gantolebis mudmivebs? 

 

funqcia sinc . es funqcia sainteresoa Tavisi formis gamo. mas agreTve didi 

mniSvneloba aqvs cifruli signalis damuSavebaSi. funqcia aRiwereba formuliT: 

 
rrrcyxf /)sin()(sin),(   

sadac r (x,y) wertilis manZilia koordinatTa saTavidan. saTaveSi funqciis 

mniSvneloba 1-is tolia (am funqcias, formis gamo, xSirad ‘sombreros’ uwodeben). 

 

18. SeqmeniT kvadratuli matrica, romlis zoma iqneba (11  11), romelic Seicavs 

sinc funqciis mniSvnelobebs intervalSi 1010,1010  yx . aageT 

miRebuli zedapiris samganzomilebiani grafiki. 

19. me-18 amocanaSi ganxiluli zedapirisTvis aageT konturuli grafiki. 

20. aageT me-18 amocanaSi ganxiluli sinc funqciis samganzomilebiani grafiki 

xedvis kuTxiT zedapiris qvemodan 

21. aageT me-18 amocanaSi ganxiluli sinc funqciis samganzomilebiani grafiki 

xedvis kuTxiT daxriloba = 0 gradusi. 

22. aageT sinc funqciis konturuli grafiki konturebiT doneebze: 0.1, 0.2, 0.3, 

0.4, 05. 
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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. 
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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). 

 



4   8 wrfiv gantolebaTa sistema  

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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zyx

 

sistema SegviZla CavweroT matricebis saSualebiT: 
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B  

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: 

 





















1

523

123

321

321

321

xxx

xxx

xxx

 

 

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 




















 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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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: 
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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  
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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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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: 
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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] 
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Fermi – kosmosuri gama teleskopi 

4 interpolireba da regresia 

problema: birTvuli sinTezi 

eqsperimentuli monacemebis damuSavebas mniSvnelovani roli akisria axali 

mecnieruli principebis da Teoriis SemuSavebaSi. birTvuli sinTezis problema 

moiTxovs Rrma codnas iseT sferoSi rogoricaa birTvuli  mdgradoba da 

birTvuli daSla. birTvuli energiis problemebi asocirdeba gama 

gamosxivebasTan. imisaTvis rom gaizomos kosmosidan mosuli gama gamosxiveba, 

Seiqmna gama gamosxivebis kosmosuri observatoria, romelic kosmosSi gauSves 

1991 wels. igi orbitaze gauSva Satlma ATLANTIS. igi  Secvala ufro 

mZlavrma aparaturam, romelic gaSvebuli iqna 2008 wlis 11 ivniss. dRes igi 

cnobilia rogorc kosmosuri gama teleskopi Fermi  (http://fermi.gsfc.nasa.gov/). 
 
Sesavali 

4.1 interpolireba 

4.2 problema: robotis mklavis manipulireba 

4.3 umcires kvadratTa meTodi 
 

Sesavali 

vTqvaT gvaqvs eqsperimentis  an raime fizikur procesze dakvirvebis Sedegad 

miRebuli monacemebi. es monacemebi szogadod SeiZleba ganvixiloT rogorc y=f(x) 
Sesabamisi wertiliebis koordinatebi. gvinda gamovTvaloT am funqciis mniSvnelobebi 

x iseTi mniSvnelobebisaTvis, romelTa Sesaxeb informacia ar gvaqvs. magaliTad, 

gvaqvs monacemebi (a, f(a)) da (c, f(c)). Tu gvsurs SevafasoT funqciis mniSvneloba b 
wertilSi f(b), sadac a<b<c, unda davuSvaT, rom f(a) da f(c) SeerTebulia wrfiT da 

wrfivi interpolirebis saSualebiT gamoviTvliT f(b). Tu davuSvebT, rom es 

wertilebi SeerTebulia kuburi polinomis saSualebiT, f(b) gamosaTvlelad 

gamoviyenebT kuburi interpolirebis meTods. zogjer gvWirdeba monacemebis mixedviT 
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dasmul wertilebze mrudi ise gavataroT, rom rac SeiZleba kargad moergos 

dasmul wertilebs, ramdenadac es SesaZlebelia, axlos gaiaros yvela wertilTan. 

am amocanas emsaxureba umcires kvadratTa meTodi, romelic ise SearCevs mruds, rom 

manZili mocemul wertilsa da funqciiT gamoTvlil Sesabamis mniSvnelobas Soris 

umciresi iyos yvela wertilisaTvis. axla ganvixilavT interpolaciisa da mrudis 

gamoTvlis (curve fitting) magaliTebs. 

4.1 interpolireba 

ganvixilavT interpolirebis or tips: wrfivi da kuburi (spline) interpolireba. 

orive SemTxvevaSi vuSvebT, rom gvaqvs monacemebi, romelic warmodgenilia wertilis 

koordinatebis saxiT (x, f(x)). gvinda SevafasoT sidide f(b), romlis mniSvneloba ar 

gvaqvs sawyis monacemebSi, magram sruldeba piroba a<b<c da viciT f(a) da f(c) 
mniSvnelobebi. nax. 9.1 naCvenebia 6 wertili, romlebic SeerTebulia monakveTebiT 

(swori xaziT) da mesame rigis – kuburi polinomuri wiriT. rasakvirvelia funqciis 

Sualeduri mniSvnelobebi damokidebulia imaze, Tu interpolirebis romel meTods 

avirCevT maT gansasazRvravad.  

 

 

 

 

nax. 9.1 wrfivi da kuburi interpolireba 

 

9.1.1 wrfivi interpolireba 

 

ZiriTadi meTodi or mocemul wertils Soris moTavsebuli wertilis koordinatis 

Sesafaseblad wrfivi interpolirebis meTodia. nax. 9.2–ze gvaqvs ori wertili. Tu 
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davuSvebT, rom funqcia am or wertils Soris SeiZleba Sefasdes rogorc wrfe, 

romelic am wertilebze gadis, funqciis mniSvneloba maT Soris moTavsebuli 

nebismieri wertilisaTvis SegviZlia gamovTvaloT Semdegi formuliT: 

 

 

nax. 9.2 msgavsi samkuTxedebi 

 

 

))()(()()( afcf
ac

ab
afbf 




  

 

vTqvaT Cvens xelTaa eqperimentuli monacemebi. SedarebiT martivi saqmea 

interpolirebis saSualebiT miviRoT Sualeduri mniSvnelobebi. interpolirebis 

gamoyeneba SesaZlebelia mas Semdeg, rac Cvens xelT arsebul monacemebs Soris 

vipoviT im or wertils, romelTa Sorisac CvenTvis saWiro wertili mdebareobs. 

SesaZlebelia aseTi wertilebi verc vipovoT. MATLAB saSualebiT wrfivi 

interpolireba xorcieldeba Semdegi funqciebis saSualebiT. interp1 da interp2. 
 

interp1(x,y,x1)– finqcia axorcielebs erTganzomilebian wrfiv interpolirebas 

monacemTa cxrilis safuZvelze. vTqvaT gvaqvs monacemebi x veqtoris saxiT da misi 
Sesabamisi monacemebi y veqtoris saxiT da x1 - is mniSvneloba, romlisTvisac gvsurs 

Sesabamisi y1 sididis interpolireba. funqcia moZebnis x veqtorSi im mniSvnelobebs, 

romelTa Sorisac x1 sididea moTavsebuli da wrfivi interpolirebis formulis 

saSualebiT gamoiTvlis y1 saTanado mniSvnelobas. SevniSnavT, rom x veqtorSi 

monacemebi zrdis mixedviT unda iyos dalagebuli, Tu es ase ar aris, MATLAB 
migviTiTebs Secdomaze. amasTan Cvens mier miTiTebuli sidide unda Tavsdebodes 

monacemTa pirvel da ukanasknel mniSvnelobas Soris, gansxvavebul SemTxvevaSi 

MATLAB mogvcems mniSvnelobas NAN.  

 

am funqciis sailustraciod ganvixiloT temperaturis monacemebi, romelic 

gazomilia cilindris xufSi avtomobilis axali Zravis gamocdisas. 

 

dro, wm temperatura,  F 
0.0 0.0 
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1.0 20.0 

2.0 60.0 

3.0 68.0 

4.0 77.0 

5.0 110.0 

   

pirvel rigSi am informacias CavwerT matricis saxiT, sadac x veqtori iqneba dro, 
y – temperatura. 
 

x = [0.0, 1.0, 2.0, 3.0, 4.0, 5.0]'; 
y = [0.0, 20.0, 60.0, 68.0, 77.0, 110.0]'; 

 
amis Semdeg SegviZlia visargebloT interp1 funqciiT. drois iseTi 

mniSvnelobebisaTvis, romelic Tavsdeba intervalSi [0 – 5] wami. magaliTad, 

ganvixiloT Semdegi brZanebebi:  

 
y1 = interp1(x,y, 2.6); 
y2 = interp1(x,y, 4.9); 

 
miviRebT y1 = 64.8, y2 = 106.7. 
 

Tu y matricaa da xi veqtori, interpolireba Sesruldeba y yvela svetisaTvis da 

miviRebT y1 matricas, romlis striqonebis raodenoba xi veqtoris sigrZis toli 

iqneba, xolo svetebis raodenoba -  y veqtoris svetebis raodenobis.  magaliTad, 

davuSvaT temperatura gavzomeT cilindris xufis sam sxvadasxva wertilSi da 

miviReT Semdegi cxrili: 

 

dro, wm temp. 1,  F temp. 2,  F temp. 3,  F 
0.0 0.0 0.0 0.0 

1.0 20.0 25.0 52.0 

2.0 60.0 62.0 90.0 

3.0 68.0 67.0 91.0 

4.0 77.0 82.0 93.0 

5.0 110.0 103.0 96.0 

 

avagoT samsvetiani matrica y temperaturisaTvis sam sxvadasxva wertilSi: 
 

y(: , 1) = [0.0, 20.0, 60.0, 68.0, 77.0, 110.0]'; 
y(: , 2) = [0.0, 25.0, 62.0, 67.0, 82.0, 103.0]'; 
y(: , 3) = [0.0, 52.0, 90.0, 91.0, 93.0,  96.0]'; 

 
Tu gvinda miviRoT interpolirebuli mniSvneloba cilindris xufis samive 

wertilSi drois momentSi 2.6 wami, MATLAB unda mivceT brZaneba: 
 

temps = interp1(x,y, 2.6) 
 
miviRebT: 

 
temps = 
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   64.8000   65.0000   90.6000 
interp2 – axorcielebs wertilis interpolacias organzomilebian zedapirze z=f(x,y) 
 

9.1.2 kuburi interpolireba - kuburi splaini 

 
kuburi splaini (wiri) aris gluvi wiri, romelic gaivlis mocemul wertilebze 

ise, rom wiris monakveTi yovel or momdevno wertils Soris mesame xarisxis 

polinoms warmoadgens. 4.1 naCvenebia kuburi wiri, romelic 6 wertils aerTebs. 

imisaTvis, rom es wiri miviRoT 5 sxvadasxva kuburi gantoleba unda amovxsnaT. 

 

MATLAB-Si kuburi wiri gamoiTvleba funqciiT spline. misi pirveli ori argumenti 

x, y warmoadgens veqtorebs, im wertilebis koordinatebs, romlebic wirma unda 

SeaerTos. mesame argumenti Seicavs x koordinatebs, romelTa Sesabamisi y unda 

gamovTvaloT mesame rigis interpolaciiT. x veqtoris mniSvnelobebi zrdis mixedviT 

unda iyos dalagebuli. spline funqciis sailustraciod davubrundeT cilindris 

xufis temperaturaTa monacemebs. drois mniSvnelobisaTvis 2.6 wami gamovTvaloT 

temperatura ara wrfivi, aramed kuburi interpolirebis saSualebiT: 

 
x = [0, 1, 2, 3, 4, 5]; 
y = [0.0, 20.0, 60.0, 68.0, 77.0, 110.0]; 
temp1 = spline(x,y,2.6) 

miviRebT:  
temp1 = 
 
   67.3013 

Tu gvsurs gamoviyenoT kuburi interpolireba temperaturis gamosaTvlelad drois 

or sxvadasxva momentSi, MATLAB brZaneba aseTi iqneba: 
 

temp2 = spline(x,y,[2.6,4.9]) 
 
miviRebT: 

temp2 = 
 
 0.6730  1.0520 

Tu gvinda miviRoT kuburi wiri x mniSvnelobaTa intervalSi mTlianad, unda 

SevqmnaT x veqtori saWiro garCeviT da aviRoT igi rogorc mesame parametri spline 
funqciisaTvis. 

 

magaliTad, nax. 9.1 naCvenebi kuburi wiri miiReba Semdegi brZanebebis Sedegad: 
 

x=[0.0, 1.0, 2.0,3.0,4.0,5.0]; 
y=[0, 20, 60, 68, 77, 110]; 
newx=0:0.1:5; 
newy=spline(x,y,newx); 
plot(x,y,newx,newy),... 
axis([-1 6 -20 120]),... 
title('Linear and Cubic Spline Interpolation'),... 
xlabel('Time, s'),... 
ylabel('Degrees, F'),... 
grid 
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sworxazovani monakveTebi Seesabameba  brZanebas plot(x,y) da warmoadgens wrfiv 

interpolirebas, xolo gluvi wiri - plot(newx,newy) brZanebis Sedegia da kuburi 
interpolirebis Sedegs warmoadgens. 

 

savarjiSo 

davuSvaT gvaqvs monacemTa Semdegi mwkrivi: 

 

dro [wm] temperatura, [F] 
0.0 72.5 

0.5 78.1 

1.0 86.4 

1.5 92.3 

2.0 110.6 

2.5 11.5 

3.0 109.3 

3.5 110.2 

4.0 110.5 

4.5 109.9 

5.0 110.2 

1. SeaerTeT wertilebi wrfis monakveTebiT da kuburi wiriT 

2. MATLAB saSualebiT gamoiTvaleT temperatura wrfivi interpolirebiT 

drois Semdegi mniSvnelobebisaTvis  

0.3, 1.25, 2.36, 4.48 

3. MATLAB saSualebiT gamoiTvaleT temperatura kuburi interpolirebiT 

drois Semdegi mniSvnelobebisaTvis  

 

0.3, 1.25, 2.36, 4.48 

4. gamoiyeneT wrfivi interpolirebis meTodi MATLAB –Si da gamoiTvaleT 

drois mniSvnelobebi, romelic Seesabameba temperaturaTa Semdeg mniSvnelobebs: 

81, 96, 100, 106 

5. gamoiyeneT kuburi interpolirebis meTodi MATLAB –Si da gamoiTvaleT 

drois mniSvnelobebi, romelic Seesabameba temperaturaTa Semdeg mniSvnelobebs: 

81, 96, 100, 106 

 

problema: robotis mklavis manipulatori 

imisaTvis, rom robotma raime moqmedeba Seasrulos, mas unda gaaCndes kontrolis 

sistemiT marTvadi manipulatorebi, romelic SeimuSavebs moZraobis marSruts, raTa 

igi gadaadgildes erTi mdebareobidan  meoreze. marSruti gluvi unda iyos, raTa 

Tavidan iqnas acilebuli mkveTri moZraobebi, romlis drosac SesaZloa daziandes 

obieqti an TviTon robotis mklavi. amitom marSruti robotis mklavisaTvis 

ganisazRvreba wertilebis erTobliobiT, romelTa gaswvrivac mklavma unda imoZraos. 

imisaTvis, rom gadaadgileba gluvi mrudis gaswvriv moxdes, interpolirebas 

mimarTaven. ganvixilavT msgavs problemas, im daSvebiT, rom robotis manipulatori 

mklavi moZraobs sibrtyeze, Tumca sazogadod moZraoba sivrceSi xorcieldeba. 

Marina
Typewritten Text

Marina
Typewritten Text
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algoriTmis SemuSavebis, an problemis amoxsnis mniSvnelovani pirobaa yuradRebiT 

ganvixiloT xom ar aris raime gansakuTrebuli SemTxveva, romelic mxedvelobidan ar 

unda gamogvrCes. am amocanaSi vuSvebT, rom im wertilebis koordinatebi, romelTa 

gaswvriv robotis mklavma unda imoZraos, moTavsebulia monacemTa failSi da iseTi 

rigiT aris dalagebuli, rom mklavma unda miaRwios garkveul mdebareobas, aiRos iq 

mdebare obieqti, Semdeg gadaadgildes wertilSi, sadac datovebs aRebul obieqts da 

kvlav daubrundes sawyis mdebareobas. aseve vuSvebT, rom monacemebSi CarTulia 

Sualeduri wertilebi, romelic saSualebas aZlevs mas Tavi aaridos Semxvedr 

dabrkolebas da xeli ar SeuSalos sensorebs, romlebic monacemebs agroveben. yovel 

wertils gaaCnia sami koordinati: x da y sawyisi mdebareibis mimarT da mesame, 

romelic kodirebulia Semdegnairad: 

 

kodi interpretacia 

0 sawyisi mdebareoba 

1 Sualeduri mdebareoba 

2 obieqtis aRebis mdebareoba 

3 obieqtis dadebis mdebareoba 

amocanis dasma 
unda gavataroT kuburi mrudi mocemul wertilebze, romelic unda gaiaros 

robotis mklavis manipulatorma Tavis gzaze, sawyisi mdebareobidan obiqtis aRebis, 

misi dabinavebis gavliT kvlav sawyis mdebareobamde.  

 

1. INPUT/OUTPUT diagrama 
 

 

nax. 9.3 I/O diagrama 

 

 

2. saxeldaxelo amoxsna 

ganvsazRvroT, xom ar aris raime gansakuTrebuli SemTxveva, romelic mxedvelobaSi 

unda miviRoT algoriTmis Sedgenisas. ganvixiloT monacemTa faili, romelic Seicavs 

wertilebs Semdegi monacemebiT: 

 
x y kodi kodis interpretacia 

0 0 0 sawyisi mdebareoba 

2 4 1 Sualeduri mdebareoba 

6 4 1 Sualeduri mdebareoba 

7 6 2 obieqtis aRebis mdebareoba 

12 7 1 Sualeduri mdebareoba 

15 1 3 obieqtis dabinavebis mdebareoba 
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8 -1 1 Sualeduri mdebareoba 

4 -2 1 Sualeduri mdebareoba 

0 0 0 sawyisi mdebareoba 

 

swori xazebiT SeerTebuli es wertilebi naCvenebia nax. 9.4 – ze. 

davyoT marSruti sam nawilad: sawyisi mdebareobidan obieqtis aRebis mdebareobamde, 

obieqtis aRebis mdebareobidan misi dabinavebis mdebareobamde da aqedan ukan sawyis 

mdebareobamde. ase ori mizezis gamo moviqeciT: pirveli, manipulatori unda 

SeCerdes yoveli maTganis dsrulebisas, ase, rom es monakveTebi realurad 

gamoyofili monakveTebia. meore – funqcia spline moiTxovs, rom x koordinatebi 

zrdis mixedviT iyos dalagebuli. amgvarad gzis yovel monakveTSi koordinatebi 

zrdis mixedviT unda iyos dalagebuli. davuSvebT, rom es momenti gaTvaliwinebulia 

monacemebis Sedgenisas 

 

 

 

nax. 9.4 swori xazebiT SeerTebuli wertilebi monacemTa failidan 

robotis manipulatorisaTvis 

 

 

 

 

 

3. MATLAB amoxsna 
 

minacemTa sam nawilad gayofa mniSvnelovani safexuria algoriTmis SedgenaSi. 

naklebad mniSvnelovania is Tu ramden wertils SevarCevT kuburi wirisaTvis. radgan 

koordinati SeiZleba iyos Zalian mcire da Zalian didi sidide, gadavwyviteT 
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vipovoT umciresi manZili wertilebs Soris da misi meaTedi gamoviyenoT rogorc 

nazrdi interpolirebisaTvis saWiro wertilebis x koordinatebis SerCevisaTvis. am 
mosazrebiT yovel or mocemul wertils Soris minimum 10 interpolirebuli 

wertili mainc gveqneba.  

 

 This program reads the data file contaning the 
 points for a path for a manipulator arm to go to  
 a location to grasp an object, then move to  
 another location to release the object, and 
 then move back to the start posision 
 
load points.dat; 
x=points(:,1); 
y=points(:,2); 
code=points(:,3); 
  
 Generate the three separate paths 
  
grasp=find(code==2); 
release=find(code==3); 
lenx=length(x); 
x1=x(1:grasp);           y1=y(1:grasp); 
x2=x(grasp:release);     y2=y(grasp:release); 
x3=x(release:lenx);      y3=y(release:lenx); 
  
 Compute time sequences 
  
incr=min(abs(x(2:lenx)-x(1:lenx-1)))/10; 
t1=x(1):incr*sign(x(grasp)-x(1)):x(grasp); 
t2=x(grasp):incr*sign(x(release)-x(grasp)):x(release); 
t3=x(release):incr*sign(x(lenx)-x(release)):x(lenx); 
  
 Compute spline path 
  
s1=spline(x1,y1,t1); 
s2=spline(x2,y2,t2); 
s3=spline(x3,y3,t3); 
  
 Plot spline path 
  
axis([-1, 16, -4, 10]) 
plot([t1 t2 t3],[s1 s2 s3], … 
[x1' x2' x3'],[y1' y2' y3'],'o'),... 
title('Path for Manipulator Arm'),... 
xlabel('x'), ylabel('y'), grid 
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nax. 9.5 kuburi interpolirebis Sedegad miRebuli wiriT SeerTebuli 

wertilebi 

 
 

 

 

4. Semowmeba 

 

SevamowmoT programa monacemTa zemoTganxiluli failis magaliTze. miviRebT  

nax. 9.5. 

 

4.2 umcires kvadratTa meTodi 

 

davuSvaT gvaqvs eqsperimentuli monacemebi, avageT grafiki da cxadad Cans, rom isini 

ZiriTadad wrfis gaswveriv dalagdnen. Tumca Tu gavavlebT wrfes, mxolod 

ramdenime maTgani gadaikveTeba. umcires kvadratTa meTodi gamoiyeneba iseTi wrfis 

mosaZebnad, romelic yvela wertils yvelaze axlos Cauvlis wertilidan wrfemde 

manZilis kvadratis minimaluris moZebnis safuZvelze. Tumca es wrfe ganixileba, 

rogorc optimaluri ‘miaxloeba’ (best fitting), SeiZleba isec moxdes, rom arcerTi 

wertili ar moxvdes uSualod masze. (unda aRiniSnos, rom es meTodi bevrad 

gansxvavdeba interpolirebisagan, radgan wiri, romliTac vsargeblobT wrfivi da 

kuburi interpolirebisas, gaivlis yvela wertilze.) am TavSi ganvixilavT jer 

wrfis, Semdeg ki polinomuri wiris gavlebas eqsperimentuli monacemebis Sesabamis 

wertilebze umcire kvadratTa meTodis gamoyenebiT. 



4 interpolireba da regresia 11

9.1.3 wrfivi regresia 

wrfivi regresia iseT process ewodeba, romelic gansazRvravs iseT wrfiv 

gantolebas, romelic optimalurad gaivlis arsebuli monacemebis Sesabamis 

wertilebze, wrfemde manZilebis kvadratebis jamis minimizaciis safuZvelze. kargad 

rom gavigoT es procesi davubrundeT temperaturis monacemebs, romlis anaTvalic 

aRebulia axali Zravis cilindris xufSi. Tu avagebT am monacemebs, vnaxavT, rom 

isini wrfis gaswvriv ganlagdebian. wrfe y=20x erTi SexedviT kargad asaxavs 

wertilTa mdebareobas. nax. 9.6 naCvenebia es wertilebi da gavlebuli wrfe. Semdegi 

brZanebebi iZleva nax. 9.7. 

 

nax. 9.6 wrfivi Sefaseba 

 
x = [0, 1, 2, 3, 4, 5 ]; 
y = [0, 20, 60, 68, 77, 110 ]; 
y1 = 20*x; 
plot(x,y1,x,y,'o'), title('Linear Estimate'),... 
xlabel('Time, s'), ylabel('Temperature, Degrees F'), grid 
axis([-1,6,-20,120]) 

 
vnaxoT ramdenad kargad asaxavs es wrfivi Sefaseba Cvens monacemebs. pirvel rigSi 

gavzomoT manZilebi wertilebidan wrfemde. es manZilebi naCvenebia nax. 9.7-ze 
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nax. 9.7 manZili wertilsa da wrfiv Sefasebas Soris 

 

pirveli ori wertili pirdapir wrfeze moTavsda, ase, rom d1 da d2 0-is tolia. d3 

tolia 60-40, anu 20. aseve SeiZleba SevafasoT  danarCeni manZilebic. Tu 

gamoviTvliT manZilebis jams, dadebiTma da uaryofiTma manZilebma SeiZleba 

erTmaneTi gaabaTilon da miviRebT ufero mcire mniSvnelobas, vidre mosalodnelia, 

amis Tavidan asacileblad unda SevkriboT absoluturi sidideebi an kvadratSi 

ayvanili mniSvnelobebi.  wrfivi Sefasebis xarisxis zomad virCevT wertilebsa da 

wrfiv Sefasebas Soris manZilebis kvadratebis jams. es jami gamoiTvleba MATLAB 
saSualebiT Semdegi brZanebebiT: 

 
sum_sq = sum((y-y1).^2) 

 
miviRebT: sum_sq =573. 
 
Tu gavavlebT sxva wrfes, SegviZlia aseTive jami misTvisac gamoviTvaloT. am or 

wrfes Soris ukeTesi Sefaseba is iqneba, romlisTvisac jamis mniSvneloba ufro 

mcirea. imisaTvis, rom vipovoT saukeTeso wrfivi Sefaseba, romlisTvisac 

kvadratuli jamis mniSvneloba umciresia, unda davweroT gantoleba, romelic 

gamoiTvlis kvadratuli jamis mniSvnelobebs wrfis zogad formulaze  dayrdnobiT: 

y = mx + b. davwerT gantolebas, romelic warmoadgens manZilebis kvadratebis jams. 

am gantolebis cvladebia m da b. gamoviTvliT am gantolebis warmoebuls m-iT da 

b –iT da gavutolebT mas 0. amgvarad gamoTvlili m da b gansazRvravs im wrfes, 
romelsac eqneba manZilebis kvadratebis jamis umciresi mniSvneloba mocemuli 

wertilebis mimarT. es sididebi SeiZleba gamoTvlili iqnas funqciiT polyfit. es 

funqcia warmodgenili iqneba mogvianebiT, polinomuri regresiis ganxilvis Semdeg.     

nax. 9.8 warmoadgens wrfes umciresi kvadratuli gadaxriT, romelic optimalurd 
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asaxavs Cvens monacemebs. igi Seesabameba optimalur wrfiv Sefasebas. gadaxris 

kvadratebis jami tolia 356.82  

 

 

nax. 9.8 wrfivi regresia umciresi kvadratuli gadaxriT 

 

9.1.4 polinomuri regresia 

 

ukve warmogidgineT umcires kvadratTa meTodi, romelic gamoiTvlis eqsperimentuli 

monacemebis optimalurad amsaxvel wrfes. igive Sedegs mivaRwevT polinomuri 

regresiis meTodis gamoyenebiT, wrfe xom igive pirveli rigis polinomia. 

SegaxsenebT, rom erTcvladiani polinomis zogadi formulaa: 

 

NN
NNN axaxaxaxaxf  


1
2

2
1

10)(  

polinomis xarisxi misi cvladis xarisxis umaRlesi maCveneblis tolia. amrigad 

kuburi, mesame xarisxis polinomis zogadi formula aseTia: 

 

32
2

1
3

0)( axaxaxaxg   

nax. 9.9 da nax. 9.10 naCvenebia axali Zravis cilindris xufSi aTvlili 

tempereturis monacemebis sxvadasxva rigis polinomuri regresiis Sedegad miRebuli 

mrudebi. 
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nax. 9.9 polinomuri regresiis Sedegad miRebuli mrudebi 
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nax. 9.10 polinomuri regresiis Sedegad miRebuli mrudebi 
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yuradReba miaqcieT, rac ufro izrdeba polinomis rigi, miT ufro metia wertilebis 

raodenoba, romelzec wiri uSualod gaivlis. Tu mocemulo gvaqvs N wertili da 

gamoviyenebT N rigis polinomur regrasias, miRebuli wiri yvela wertilze 

gaivlis. 

 

maRali rigis polinomuri Sefasebisas yuradReba unda mivaqcioT Cvens xelT 

arsebul monacemTa Taviseburebebs. maRali rigis polinoms wertilebs Soris 

SesaZloa cvalebadobis farTo intervali axasiaTebdes, ramac SeiZleba mcdar gzaze 

dagvayenos monacemebis Sefaebisas garkveul intervalSi.  

9.1.5 polyfit da polyval funqcia 
MATLAB –Si polinomuri regrasia xorcieldeba funqciiT polyfit. funqcias aqvs 
sami argumenti. monacemTa x - y koordinatebi da polinomis rigi N. funqcia gvaZlevs 

N rigis polinomis koeficientebs polinomis x cvladis xarisxis klebis 

mimarTulebiT. (yuradReba miaqcieT, N rigis polinomisaTvis vRebulobT N+1 
koeficients.) 

 

nax. 9.8 gamosaxuli monacemebis saukeTeso wrfivi Sefasebis gadxris kvadratebis 

jami = 356.82. misi gamoTvla da mrudis ageba SesaZlebeliia Semdegi brZanebebiT: 

 

 

 
x = [0, 1, 2, 3, 4, 5]; 
y = [0 20 60 68 77 110]; 
coef = polyfit(x,y,1); 
m=coef(1); 
b=coef(2); 
ybest=m*x+b; 
sum_sq = sum((y-ybest).^2); 
plot(x,ybest,x,y,'o'),... 
xlabel('Time, s'), ylabel('Temperature, Degrees F'),... 
title('Linear Regression'),... 
grid 
axis([-1,6,-20, 120]) 

 

funqcia polyval gamiTvlis polinoms, romelsac axasiaTebs umciresi kvadratuli 

gadaxra mocemuli wertilebidan. misi pirveli argumentia polinomis koeficientebi, 

meore – x veqtori, romlis argumentebia x cvladis is mniSvnelobebi, 

romelTaTvisac gvinda gamoviTvaloT polinomis mniSvnelobebi. wina magaliTSi 

wrfivi regresiis wertilebi gamiviTvaleT miRebuli koeficientebis saSualebiT – 

ybest=m*x+b, igive Sedegs mogvcems funqcia polyval: 
 

ybest = polyval(coef,x); 
 
aviRoT monacemebi, romliTac vsargeblobdiT zemoxsenebul magaliTSi da gamoviyenoT 

polinomuri regresiis meTodi, polinomis rigi SevcvaloT 2-dan 9-mde. rogorc ukve 

aRvniSneT, mosalodnelia, rom dabali rigis polinomis SemTxvevaSi wiri yvela 

mocemul wertilze ar gaivlis, magram meeqvse rigis polinomi ukve yvela wertils 

unda moicavdes. rogorc naxzidan kargad Cans, meeqvsedan mecxre rigis CaTvliT 
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yvela polinomi Cvens mier ganxilul yvela wertils moicavs da maTi Sesabamisi 

umciresi kvadratuli jami 0-is tolia, Tumca dabali rigis polinomis Sesabamisi 

mrudebi ukeT asaxavs Cveni monacemebis saerTo tendencias.  zemiTaRwerili 

polinomuri mrudebi aigeba Semdegi brZanebebiT: 
 
x =  [ 0, 1, 2, 3, 4, 5 ]; 
y = [ 0, 20, 60, 68, 77, 110 ]; 
newx = 0:0.5:5; 
for n=1:9; 
     f (:,n) = polyval(polyfit(x,y,n), newx) '; 
end 

grafikis asagebad am brZanebebs daemateba: 
 

plot(newx, f(:,2), x,y, ‘o’) 
 
saWiroa kidev damatebiTi brZanebebi grafikis gasaformeblad: saTauris dawera, 

Sesabamisi warwera RerZebze, RerZebis sazRvrebis gansazRvra da subplot brZanebis 
gamoyeneba. 

 

 

 

 

am TavSi gavecaniT gansxvavebas interpolirebasa da umcires kvadratTa meTods 

Soris. warmogidgineT interpolirebis ori sxvadasxva tipi: wrfivi da kuburi 

interpolireba. ganvixileT MATLAB brZanebebi interpolirebisaTvis. Semdeg 

gagacaniT umcires kvadratTa meTodis ZiriTadi principi da sxvadasxva rigis 

polinomuri regresia. giCveneT, Tu rogor SevarCioT monacemebisaTvis saukeTeso 

wiri umcires kvadratTa meTodis saSualebiT sxvadasxva rigis polinomis 

gamoyenebiT. 

 

brZanebebi da funqciebi 

 
polyfit gamiTvlis polinoms uncires kvadratTa meTodiT 

polyval gamoiTvlis polinomis mniSvnelobebs 

spline kuburi interpolireba 

interp1 erTganzomilebiani wrfivi interpolireba 

interp2 organzomilebiani wrfivi interpolireba 

amocanebi 

 

1 – 7 problema dakavSirebulia am TavSi  ganxilul amocanebTan, xolo 8 – 11 – 

axal sainJinro amocanebs ukavSirdeba 

 

robotis mklavis manipulatori. problemebi ukavSirdeba am TavSi ganxilul amocanas 

robotis mklavis manipulatoris Sesaxeb. monacemebi Cawerilia failSi points.dat. 
 

1. dawereT programa imisaTvis, rom winaswar SeamowmoT monacemebi failSi 

points.dat. aris Tu ara dalagebuli zrdis moxedviT x koordinatis 

mniSvnelobebi marSrutis sam sxvadasxva monakveTze? 
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2. davuSvaT faili points.dat miocavs samze met monakveTs, magaliTad es SeZleba 

iyos ramdenime obieqtis gadatana axal adgilze. dawereT programa, romelic 

daiTvlis individualuri marSrutebis raodenobas, romelic MmTavrdeba an 

obieqtis aRebiT, an misi dadebiT axal adgilze, an sawyis mdebareobaSi 

dabrunebiT. 

3. Secvale kuburi interpolaciis programa ise, rom man dabeWdos mTeli 

marSrutis interpolirebuli monacemebi da Caweros igi failSi path.dat. 
waSaleT monacemebi, romlebic meordeba.  

4. dawereT programa, romelic waikiTxavs fails path.dat, romelic me-3 

amocanaSia aRwerili, aagebs sawyis marSruts da dasvams wreebs im 

wertilebze, sadac robotis mklavi SeCerda. (robotis mklavi Cerdeba rom 

aiRos obieqti, dados igi an im SemTxvevaSi Tu daubrunda sawyis 

mdebareobas.) 

5. Secvale me-4amocanaSi aRwerili programa ise, rom marSruti Seicavdes samze 

met monakveTs, rogorc me-2 amocanaSia aRwerili. 

 

navTobis WaburRili.(oil well production) davuSvaT gvinda gavigoT navTobis moqmedi 
WaburRilis produqcia rogoraa damokidebuli temperaturaze. gvaqvs 

eqsperimentuli monacemebi, romelic gviCvenebs saSualod dRis ganmavlobaSi 

warmoebuli navTobis raodenobas barelebSi da Sesabamis saSualod temperaturas 

dRis ganmavlobaSi. monacemebi Cawerilia ASCII failSi oil.dat. 
 

6. radganac monacemebi arcerTi parametris mixedviT ar aris dalagebuli, 

pirvel rigSi saWiroa maTi gadalageba. dawereT programa, romelic 

kiTxulobs fails oil.dat da qmnis or axal fails: faili oiltmp.dat unda 

Seicavdes monacemebs dalagebuls navTobis raodenobis zrdis mixedviT 

temperaturas Sesabamisi monacemebiT, xolo faili tmpoil.dat – temperaturis 
zrdis mixedviT dalagebul monacemebs navTobis raodenobis Sesabamisi 

mniSvnelobebiTurT. Tu gvaqvs wertilebi x koordinatis erTnairi 

mniSvnelobebiT, axal failSi unda darCes mxolod erTi minacemi, xolo 

Sesabamisi y unda iyos erTnairi x koordinatis mqone y koordinatebis 

saSualo mniSvneloba. .  

7. dawereT programa, romelic aagebs tempoil.dat failis monacemebis grafiks 

wertilebis meore da mesame rigis polinomuri aproqsimaciis safuZvelze. 

dabeWdeT miRebuli polinomis gamosaxuleba da umciresi kvadratuli 

cTomileba. 

8. dawereT programa, romelic aagebs oiltmp.dat failis monacemebis grafiks 

wertilebis meore da mesame rigis polinomuri aproqsimaciis safuZvelze. 

dabeWdeT miRebuli polinomis gamosaxuleba da umciresi kvadratuli 

cTomileba. 

9. davuSvaT temperaturis zrdis mixedviT dalagebuli monacemebi navTobis 

Sesabamisi raodenobiT gvinda SevafasoT (aRvweroT) mesame rigis polinomiT. 

dawereT programa, romelic saSualebas mogvcems SeviyvanoT temperaturis  

mniSvneloba da miviRoT navTobis raodenobis Sesabamisi mniSvneloba. 
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meteorologiuri zondi 

 

10 polinomuri analizi 

problema: amindis winaswarmetyveleba 

 

amindis gamosakvlevi zondi (meteorologiuri baloni) gamoiyeneba atmosferos 

zeda fenebSi monacemTa Sesagroveblad amindis modelirebisaTvis. baloni 

Sevsebulia  heliumiT da aRwevs wonasworobis wertils roca sxvaoba balonSi 

heliumisa da garemos simkvrives Soris nuls utoldeba. baloni Cerdeba 

mocemul simaRleze. dRis ganmavlobaSi mze aTbobs balons, heliumi farTovdeba 

da balonSi simkvrive ecema. amis gamo zondi gadainacvlebs atmosferos ufro 

zeda fenebSi. saRamos heliumi kvlav civdeba da zondi atmosferos qveda fenebs 

ubrundeba. balons gamoiyeneben mis irgvliv temperaturis, wnevis, tenianobis, 

qimiuri koncentraciis  da sxva parametrebis gasazomad. baloni rCeba garkveul 

simaRleze  ramdenime saaTis, dRis an wlebis ganmavlobaSi, raTa Sekribos 

monacemebi garemos Sesaxeb. baloni dedamiwas ubrundeba, Tu heliumi gaJonavs 

balonidan. 

 

Sesavali 

10.1 gamoTvlebi polinomis saSualebiT 

problema: meteorologiuri zondi 

10.2 polinomis fesvebi 

     daskvna 
 
Sesavali 

 

am TavSi warmogidgenT MATLAB funqciebs polinomis analizisaTvis. pirvel rigSi 

ganvixilavT gzebs, rogor SevqmnaT polinomi da rogor vawarmooT gamoTvlebi 
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polinomis saSualebiT. Semdeg ganvixilavT amocanas, sadac naCvenebia rogor SevqmnaT 

meteorologiuri balonis siCqaris da simaRlis modeli polinomis saSualebiT. amis 

Semdeg ganvixilavT funqciebs, romlebic saSualebas gvaZlevs vipovoT polinomis 

fesvebi da piriqiT fesvebis saSualebiT avagoT polinomis gamosaxuleba. 

10.1 gamoTvlebi polinomis saSualebiT. 

 

polinomi aris erTi cvladis funqcia, romlis zogadi formula aseTia: 

 

1
2

1
2

3
1

21)( 
  NNN

NNN axaxaxaxaxaxf  

sadac cvladia x xolo koeficientebi a1, a2, da a.S. polinomis xarisxi cvladis 

xarisxis yvelaze maRali maCveneblis tolia. amrigad, kuburi – mesame xarisxis 

polinomis zogadi formulaa: 

32
2

1
3

0)( axaxaxaxg   

magaliTad: 

5.65.02)( 23  xxxxh  

polnomis koeficientis indeqsi iwyeba 1 –iT umaRlesi xarisxis mqone cvladisaTvis. 

 

polinoms xSirad viyenebT sainJinro Tu samecniero amocanebSi imis gamo, rom maTi 

saSualebiT SesaZlebelia kargad aisaxos fizikuri sistemebi. mecxre TavSi ukve 

gavecaniT eqperimentul monacemTa  modelirebis magaliTs polinomis saSualebiT. 

 

9.1.1 polinomis mniSvnelobis gamoTvla (Sefaseba) 

 

MATLAB-Si arsebobs cvladis mocemul mniSvnelobaTaTvis polinomis gamoTvlis 

ramdenime gza. magaliTad gvinda gamovTvaloT Semdegi polinomis mniSvneloba: 

 

2.53)( 34  xxxf  

Tu gvinda gamovTvaloT am funqciis mniSvneloba skalarisaTvis, romelic eniWeba x 
cvlads, davwerT: 

 
f = 3*x^4 – 0.5*x^3 + x – 5.2 
 
Tu x veqtoria an matrica, maSin gamoviyenebT masivur an Sesabamisi elementebis 

operacias: 

 
f = 3*x.^4 – 0.5*x.^3 + x. – 5.2 
 

miRebuli f matricis zoma iseTive iqneba, rogorc x matricis. 
 

polinomis mniSvneloba SeiZleba gamovTvaloT agreTve funqciiT polyval, romelsac 

ori argumenti aqvs. pirveli argumenti Seicavs polinomis koeficientebs, meore ki x 
im mniSvnelobebs, romelTaTvisac viTvliT polinomis mniSvnelobebs. amrigad, f 
polinomis mniSvnelobaTa gamosaTvlelad dagvWirdeba brZanebebi: 

 
a = [3, -0.5, 0, -5.2]; 
f = polyval(a,x); 
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es ori brZaneba SeiZleba gavaerTianoT: 
 

f = polyval([3, -0.5, 0, -5.2], x); 
 
f zoma iseTive iqneba, rogorc x , romelic SeiZleba iyos skalaric, veqtoric da 

matricac.  

 

davuSvaT gvinda gamovTvaloT polinomis mniSvnelobebi intervalSi [0,5]: 

 

5.25.23)( 235  xxxxg  

 

Semdegi brZanebebi mogvcems polinomis 201 mnoSvnelobas am intervalze. 
 
x = 0:5/200:5; 
a = [-1, 0, 3, -2.5, 0, -2.5]; 
g = polyval(a,x); 

 

roca x veqtoria an skalari, funqcia polyval polinomis mniSvnelobas gamoiTvlis 

Sesabamis elementebs Soris operaciiT, rogorc wina magaliTSia aRwerili. 

polinomos mniSvnelobebi SeiZleba gamoviTvaloT matriculi operaciiT. amisaTvis 

arsebobs funqcia polyvalm: 

 

f = polyvalm(a,X) – roca a N+1 sigrZis veqtoria, romelic Seicavs polinomis 

koeficientebs, gamoiTvlis polinomis mniSvnelobebs matriculi argumentiT X. X 
unda iyos N x N zomis Nkvadratuli matrica. polinomis Tavisufali wevri 

gadamravldeba erTeulovan matricaze I: 
 
f = a(1)*X^N + a(2)*X^(N-1) + …+ a(N)*X*I 
 

10.2 ariTmetikuli operaciebi 

 

davuSvaT ori polinomis koeficientebi Cawerilia striqoni a da b veqtoris saxiT. 
SegviZlia vawarooT polinomuri gamoTvlebi. magaliTad rom SevkriboT polinomebi, 

unda SevkriboT maTi Sesabamisi koeficientebi. amrigad polinomebis jamis 

koeficientebi tolia Sesakreb polinomTa Sesabamisi (erTnairi xarisxis mqone 

cvladis kieficientebi) koeficientebis jamisa. SevniSnavT, rom veqtorebi, romelic 

Seicavs polinomis koefeicientebs erTnairi sigrZis unda iyos. sailustraciod 

davuSvaT gvinda SevkriboT 2 polinomi; 

 

4.23)( 24  xxxxg  

16524)( 23  xxxxh  

)()()( xhxgxs   

maT Sesakrebad  MATLAB –Si viyenebT brZanebebs: 
 

g = [1, 0, -3, -1, 2.4]; 
h = [0, 4, -2, 5, -16]; 
s = g + h; 



4   10 polinomuri analizi 

 
miviRebT 
 

s = 
 
    1.0000    4.0000   -5.0000    4.0000  -13.6000 
 

aseve gamoiTvleba polinomTa sxvaobac. ori polinomis sxvaobis veqtoris elementebi 

miiReba maTi veqtirebis Sesabamisi elementebis gamoklebiT. aqac igive biroba unda 

iyos daculi – veqtorebi erTnairi sigrZis unda iyos.  

 

polinomis skalarul sidideze gasamravlebad misi koeficientebis veqtori unda 

gavamravloT skalarze. amrigad, Tu gvaqvs polinomi 163)( 2  xxxf , imisaTvis, 

rom miviRoT )(3)( xfxg   polinomis koeficientebi, vsargeblobT brZanebebiT: 

 
f = [3, -6, 1]; 
g = 3*f; 
 
sklaris mniSvneloba SeiZleba dadebiTic iyo da uaryofiTic. 

 

polinomebis erTmaneTze gadamravleba ufro rTuli procesia, vidre maTi Sekreba da 

gamokleba. MATLAB polinomTa gadamravlebas axorcielebs funqciiT conv, romelic 

asrulebs namravli polinomis koeficientebis gamoTvlis yvele saWiro safexurs da 

gvaZlevs misi Sesabamisi kieficientebis veqtirs. Tu a da b A da B polinomebis 

veqtor-striqonebia, C namravli polinomis koeficientebi Semdegi brZanebiT 

gamoiTvleba: 

 
c = conv(a,b); 
 

ar aris aucilebeli, rom a da b veqtorebi erTnairi sigrZis iyos. 
 

polinomebis gayofa MATLAB –Si xorcieldeba brZanebiT deconv, romelic gvaZlevs 

or veqtors: pirveli veqtori Seicavs ganayofi polinomis koeficientebs, xolo 

meore naSTi polinomis koeficientebs. deconv  da conv funqciebi xSirad gamoiyeneba 
signalis damuSavebSi da dawvrilebiT ganvixilavT am sakiTxisadmi miZRvnil TavSi.  

 

conv  da deconv funqciaTa sailustraciod ganvixiloT ori polinomis namravli: 

 

)5.23)(2653()( 24523  xxxxxxxg  

 

SegviZlia es namrvli gamovTvaloT brZanebebiT: 
 
a = [3, -5, 6, -2]; 
b = [1, 3, 0, -1, 0, 2.5]; 
g =  conv(a,b); 
 

g veqtori miiRebs mniSvnelobas – [3, 4, -9, 13, -1, 1.5, -10.5, 15, -5], rac Seesabameba 

polinoms: 
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5155.105.113943)( 2345678  xxxxxxxxxg  

 

funqcia deconv polinomTa gayofas asrulebs. SevasruloT gayofa: 

 

5.23

5155.105.113943
)(

245

2345678





xxx

xxxxxxxx
xh  

 

mivmarTavT brZanebebs: 
 
n = [3, 4, -9, 13, -1, 1.5, -10.5, 15, -5]; 
d = [1, 3, 0, -1, 0, 2.5]; 
[q,r] =  deconv(n,d); 
 

rogorc mosalodneli iyo miviRebT ganayofi polinomis koeficientebs [3, -5, 6, -2], 

anu polinoms 2653 23  xxx  da naSTis veqtors, romelis elementebic nulis 

tolia. 

 

axla ganvixiloT aseTi ganayofi: 

 

42

13115
)(

2

23





xx

xxx
xh  

 

MATLAB saSualebiT gamoviTvliT: 
 
n = [1 5 11 13]; 
d = [1 2 4]; 
[q,r] = deconv(n,d); 
 

miviRebT: q =  [1     3] da   r = [0     0     1     1]. 
 

rac niSnavs: 
 

42

1
3

42

13115
)(

22

23










xx

x
x

xx

xxx
xh  

xSirad saWiroa, rom polinomebis ganayofi warmovadginoT polinomuri wiladebis 

jamis saxiT. MATLAB gaaCnia funqcia residue, romelic saSualebas gvaZlevs 

wiladi davSaloT racionaluri wiladebis jamad. 

 

savarjiSo 

 

mocemulia polinomebi: 
 

33)( 23
1  xxxxf  

8126)( 23
2  xxxxf  

16208)( 23
3  xxxxf  

375)( 23
4  xxxxf  

2)(5  xxf  
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aageT Semdeg funqciaTa mrudi intervalSi [0,4]. gamoTvaleT polinomis 

koeficientebi algebruli operaciebiT(element by element) da MATLAB funqciebis 
(conv, deconv, polyval) gamoyenebiT. SeadareT erTmaneTs orive SemTxvevaSi miRebuli 

Sedegebis mixedviT agebuli mrudebi. 
 

1. f1(x) 
2. f2(x)-2 f4(x) 
3. 3f5(x)+ f2(x)-2 f3(x) 
4. f1(x)* f3(x) 
5. f4(x)/(x-1) 
6. f1(x)* f2(x)* f5(x) 
7. f2(x)/(x-1) 
 
 

problema: meteorologiuri baloni 

 

meteorologiuri balonis saSualebiT xorcieldeba temperaturis da wnevis 

gazomva atmosferos sxvadasxva simaRleze. baloni Sevsebulia heliumiT, romlis 

simkvrivec balonSi naklebia balonis irgvliv garemos simkvriveze atmosferos 

dabal fenebSi. amitom igi mifrinavs sul  maRla da maRla, vdre ar miaRwevs 

wonasworobis wertils, iseT simaRles, sadac atmosferos simkvrive balonSi 

heliumis simkvrives gautoldeba. dRis ganmavlobaSi mze aTbobs ra heliums, misi  

simkvrive ecema da baloni ufro maRal fenebSi gadaadgildeba. RamiT heliumi 

civdeba, ikumSeba da misi simkvrivec izrdeba, ris gamoc baloni atmosferos qveda 

fenebSi eSveba. garkveuli periodis ganmavlobaSi grovdeba monacemebi balonis 

simaRlis Sesaxeb. simaRlis cvlilebis modelireba SesaZlebelia polinomis 

saSualebiT.  

 

davuSvaT 48 saaTis ganmavlobaSi balonis simaRle drois mixedviT Semdegi 

formulis mixedviT icvleba: 

 

22041003801212.0)( 234  ttttth  

 

sadac dro saTebSia mocemuli. atmosferoSi balonis gadaadgilebis siCqare 

toli iqneba misi warmoebulis: 

 

41007603648.0)( 223  tttt  

siCqare gazomilia m/wm. aageT meteorologiuri balonis simaRlis da siCqaris 

mrudebi (metri, wami da metri/wamSi – erTeulebSi), gansazRvreT balonis 

simaRlis udidesi mniSvneloba da saTanado drois mniSvneloba. 

 

1. amocanis dasma 

 

mocemuli polinomebis saSualebiT aageT atmosferuli balonis simaRlisa da 

siCqaris grafiki. ipoveT simaRlis udidesi da drois saTanado mniSvneloba. 

 

2. INPUT/OUTPUT aRwera 
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 warmoadgens INPUT/OUTPUT diagramas. rogorc Cans programas ar miewodeba 
aranairi monacemebi, xolo Sedegad iZleva or mruds, simaRlis udides 

mniSvnelobas da Sesabamis dros. 

 

 

nax. 10.1 I/O diagrama 

 

 

3. saxeldaxelo amoxsna  

 

es safexuri aRar gvWirdeba, radgan unda davweroT programa, romelic aagebs 

mruds da ipovis udides mniSvnelobas monacemebs Soris, romlis mixedviTac 

mrudi aigo. 

 

4. MATLAB amoxsna 
 

 

 This program generates altitude and velocity 
 plots using polinomial models for the 
 altitude and velocity of a weather ballon 
  
t = 0:0.1:48; 
alt_coef = [-0.12, 12, -380, 4100, 220]; 
vel_coef = [-0.48, 36, -760, 4100]; 
alt = polyval(alt_coef,t); 
vel = polyval(vel_coef,t)/3600; 
  
subplot(211),plot(t,alt),... 
title('Balloon Altitude'),... 
xlabel('t, hours'), ylabel('meters'),grid,... 
subplot(212),plot(t,vel),... 
title('Balloon Velocity'),... 
xlabel('t, hours'), ylabel('meters/sec'),grid,pause 
  
[max_alt,k] = max(alt); 
max_time = t(k); 
fprintf('Maximum altitude: %8.2f    Time: %6.2f \n',... 
         max_alt, max_time) 
 
5. Semowmeba 
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Sedegad miRebuli grafikebi naCvenebia . miviRebT agreTve simaRlis udides 

mniSvnelobas:  
 

Maximum altitude: 17778.57    Time:  42.40 
 

 

nax. 10.2 meteorologiuri balonis simaRle da siCqare 

 
 

10.3 polinomis fesvebi 

 

amocanis amoxsnisas xSirad gvWirdeba vipovoT y = f(x)  gantolebis fesvebi, anu x 
cvladis is mniSvnelobebi, romelTaTvisac y = 0.  
 
Tu f(x)  funqcia N rigis polinomia, mas aqvs zustad N fesvi. maT Soris SeiZleba 

iyos erTnairi mniSvnelobis mqone an kompleqsuri fesvebi. Tu davuSvebT, rom 

polinomis koeficientebi (a1, a2, . . .) namdvili ricxvebia da mas aqvs kompleqsuri  

fesvebi, isini urTierTSeuRlebuli kompleqsuri ricxvebi iqneba. 

 

Tu polinoms davSliT mamravlebad aseTi saxiT: 

 

)3)(2(6)( 2  xxxxxf  

 

misi fesvebis sapovnelad f(x) gavutoloT 0, gveqneba: 
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0)3)(2(  xx  

saidanac miviRebT fesvebis mniSvnelobebs x = 2 da x = -3. fesvebi Seesabameba x –is 
im mniSvnelobebs, romelTaTvisac polinomis Sesabamisi mrudi gadakveTs x RerZs rac 
Cans nax. 10.3-ze. 

 

 

nax. 10.3 kvadratuli polinomi 2 namdvili fesviT 

 

 

kuburi polinomis zogadi saxea: 

 

43
2

2
3

1)( axaxaxaxf   

 

kuburi polinomi mesame xarisxisaa, amitom mas 3 fesvi unda hqondes. Tu davuSvebT, 

rom misi koeficientebi namdvili ricxvebia, SeiZleba gvqondes Semdegi SemTxvevebi: 

 

3 sxvadasxva namdvili fesvi 

3 erTnairi mniSvnelobis mqone namdvili fesvi, 

2 erTnairi mniSvnelobis mqone da 1 gansxvavebuli namdvili fesvi 

1 namdvili fesvi da 2 urTierTSeuRlebuli kompleqsuri fesvi 

 

sailustraciod ganvixiloT Semdegi polionomebi: 

 

33)1)(1)(3()( 23  xxxxxxxf  

8126)2()( 233  xxxxxf  

1612)2)(4()( 232  xxxxxf  
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1032))2())(2()(2()( 23  xxxjxjxxxf  

 

nax. 10.4 warmoadgens am polinomTa Sesabamis mrudebs. nemdvili fesvebi x is 

mniSvnelobebia, sadac es mrudebi x RerZs gadakveTs. 
 

 

nax. 10.4 kuburi polinomebi 

 

  

Tumca meore da mesame rigis polinomebis daSla martiv mamravlebad da maTi 

fesvebis povna SedarebiT advilia, maRali rigis polinomTa fesvebis povna, sakmaod 

rTuli da Sromatevadi saqmea. arsebobs mravali ricxviTi meTodi, romelTa 

sSualebiT gamoiTvleba polinomis fesvebi. 

 

MATLAB polinomis fesvebis gamosaTvlelad gaaCnia funqcia roots. misi argumentia 
veqtori, romlis elementebic polinomis kopeficientebia. igi gvaZlevs veqtors, 

romlis elementebic polinomis fesvebs warmoadgens. fesvebis raodenoba polinomis 

xarisxis tolia. am funqciis sailustrciod ganvixiloT Semdegi polinomi: 

 

1032)( 23  xxxxf  

 

gamovTvaloT polinomis fesvebi MATLAB saSualebiT: 

 
p = [1, -2, -3, 10]; 
r = roots(p) 
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es ori brZaneba erTi brZanebis saxiTac SegviZlia warmovadginoT: 

 
r = root([1, -2, -3, 10]) 

 

MMATLAB mogvcems fesvebis mniSvnelobebs: 2+i, 2-i, da –2. SevamowmoT miRebuli 

mnSvnelobebisSvis polinomi Rebulobs Tu ara nulis tol mniSvnelobas: 

 
polyval([1,-2,-3,10],r) 

 

Tu mocemuli gvaqvs polinomis fesvebi da gvinda vipovoT misi koeficientebis 

mniSvnelobebi, unda gamoviyenoT funqcia poly. misi argumentia veqtori, romelic 

polinomis fesvebs Seicavs da Sedegad gvaZlevs veqtors, romlis elementebic 

polinomis koeficientebia. magaliTad, gamovTvaloT polinomis koeficientebi, 

romlis fesvebia –1, 1, 3. 

 
a = poly([-1, 1, 3]); 

 

veqtor-striqoni a = [1, -3, -1, 3]. 
 

savarjiSo 

 

gansazRvreT Semdegi polonomis fesvebi. aageT Sesabamisi mrudi saTanado intervalSi 

da SeamowmeT gadakveTs Tu ara mrudi x RerZs im werilSi, romlis mniSvnelobac 

fesvis tolia. 

 

1. 825)( 23
1  xxxxg  

2. 44)( 2
2  xxxg  

3. 22)( 2
3  xxxg  

4. 241027113)( 2345
4  xxxxxxg  

5. 48283294)( 2345
5  xxxxxxg  

6. 24402643)( 2345
6  xxxxxxg  

7. 266465359)( 2345
7  xxxxxxg  

8. 4443)( 345
8  xxxxxg  

 

 

am TavSi ganvixileT polinomuri analizi. daviwyeT polinomis mniSvnelobaTa 

gamoTvliT, Semdeg gavecaniT polinomebis Sekraba-gamoklebas da gamravleba – 

gayofas. ganvmarteT polinomis fesvebi da gavecaniT maTi povnis gzebs, ganvixileT am 

sakiTxebTan dakavSirebuli MATLAB funqciebi. 

10.4 BbrZanebebi da funqciebi 

 
conv gadaamravlebs or polinoms 

deconv gayofs erT polinoms meoreze 

polyval gamoiTvlis polinomis mniSvnelobas 

roots gansazRvravs polinomis fesvebs 

poly gamoiTvlis polinomis koeficientebs 
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problemebi 

 

1-5 amocana dakavSirebulia am TavSi ganxilul amocanebTan, 6-15 -  zogadad 

polinomur analizs Seexeba 

 

meteorologiuri baloni. es amocanebi ukavSirdeba am TavSi ganxilul amicanas 

meteorologiuri balonis Sesaxeb. 

 

1. balonis moZraobis modelze dayrdnobiT gansazRvreT dro, roca baloni 

dedamiwaze daecema (miTiTeba: ganixile polinomis fesvebis mniSvnelobebi) 

2. simaRlis monacemTa mixdviT, romelic polinomis saSualebiT gamoiTvleba, 

gansazRvreT periodi, roca baloni gadaadgildeba qvemodan zemoT. 

3. simaRlis monacemTa mixdviT, romelic polinomis saSualebiT gamoiTvleba, 

gansazRvre periodi, roca baloni qvemoT eSveba. 

4. balonis siCqare nulis tolia, roca is wyvets aRmasvlas, an daSvebas. 

gamoTvaleT drois mniSvneloba, roca balonis siCqare nulis tolia 

5. me-4 amocanaSi ganvsazRvreT wertili, sadac siCqare nulis toil iyo, rac 

Seesabameba im moments, roca baloni wyvets aRmasvlas an daSvebas. es 

wertilebi Seesabameba im intervalis sazRvrebs, romlis ganmavlobaSic 

baloni zemoT mifrinavs, an eSveba dedamiwisken. SeadareT me-3 da me-4 

kiTxvis pasuxebi rom naxoT kavSiri balonis siCqaresa da simaRlis 

mokleba-momatebas Soris. 

 

polinomuri analizi. MATLAB saSualebiT ipoveT Semdegi problemebis 

amoxsna 

 

6. davuSvaT mocemulia veqtor-striqoni, romelic Seicavs polinomis 

koeficientebs. gamoTvale da dabeWde dadebiTi fesvebis raodenoba 

7. davuSvaT mocemulia striqoni-veqtori, romelic Seicavs polinomis 

koeficientebs. gamoTvale iseTi polinomis koeficientebi, romelsac eqneba 

igive namdvili fesvebi, magram ar eqneba kompleqsuri fesvebi. 

8. davuSvaT mocemulia striqoni-veqtori, romelic Seicavs polinomis 

koeficientebs. gamoTvale iseTi ori A(x) da B(x) polinomis 

koeficientebi, romelTa gadamravlebiTac SesaZlebelia sawyisi polinomis 

miReba, Tanac ise, rom  A(x) namdvili fesvebi hqondes, xolo B(x) 
kompleqsuri 

9. ipoveT k-s iseTi mniSvnelobebi, romelTaTvisac x-3 aris erT-erTi 

Tanamamravli polinomisa 1226 23  kxxkx . 

10. ipoveT k-s iseTi mniSvnelobebi, romelTaTvisac x+2 aris erT-erTi 

Tanamamravli polinomisa 8423 23  xkxx . 

11. SeqmeniT polinomi, romlis koeficientebi mTeli ricxvebia ise, rom misi 

fesvebi iyos: 
(a) 1, 2, -3 
(b) 2/3. –2, -1 

(c) 0,3/4,5,5   
(d) ½, 2/3, 2i,-2i 
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12. SeqmeniT polinomi, romlis fesvi iqneba 3+ Semdegi polinomis fesvebi 

572 3  xx  
13. mocemulia f(x) polinomis koeficientebi. gansazRvre –f(x) polinomis 

koeficientebi. 

14. mocemulia f(x) polinomis koeficientebi. gansazRvreT koeficientebis 

niSnis cvlilebis raodenioba (Cveulebriv, mravalwevris wevrebi 

dalagebuli unda iyos cvladis xarisxis klebis mimarTulebiT marcxnidan 

marjvniv) magaliTad aseTi koeficientebis raodenoba polinomisaTvis  

3222 23  xxx  samis tolia(+,-,+,-), xolo plinomisaTvis  22  xx  

oris (+,+,-). 

15. dekartis niSnis cvlilebis wesi gvamcnobs, rom Tu polinomis 

koeficientebi   namdvili ricxvebia, misi dadebiTi fesvebis raodenoba ar 

aRemateba niSnis cvlilebis raodenobas da uaryofiTi fesvebis raodenoba 

ar aRemateba niSnis cvlilebis raodenobas polinomisaTvis f(-x).  
mocemulia polinomis koeficientebi. ipoveT misi dadebiTi da uaryofiTi 

fesvebis raodenoba. (ix. amocana 13, 14.) 

 

 



11 ricxviTi integreba da diferencireba 1

 
alaskis navTobsadeni 

11 ricxviTi integreba da diferencireba 

problema: gazis da navTobwarmoebis gaumjobeseba 

alaskis navTobsadenis agebisas mravali problema warmoiSva. maT Soris erT-erTi 

umniSvnelovanesi iyo niadagis mradiuli yinuliT dafaruli safaris dacva 

milsadenis siTbosagan. milSi gamavali navTobi Tbeba milis kedlebze xaxunis 

gamo, amitom  sabjenebi, romelsac eyrdnoba milsadeni izolirebuli unda iyos 

yinulovani zedapirisgan, an mudmivad civdebodes, rom yinuli galRobisagan 

daicvas.  

 

Sesavali 

11.1 ricxviTi integreba 

problema: milsadenSi navTobis nakadis dinebis analizi 

11.2 ricxviTi diferencireba 

Sesavali 

integreba da diferencireba ZiriTadi koncefciebia gamoTvliT meTodebSi, rac 

fundamentur rols TamaSobs mravali sainJinro da samecniero problemis gadaWraSi. 

Tu zogierTi problema moiTxovs analizur amonaxsns integrebisa da diferencirebis 

saSualebiT, zogi maTganis amoxsna SeuZlebelia analizuri meTodiT da saWiro xdeba 

ricxviTi integrebisa da diferencirebis meTodis gamoyeneba.  

 

am TavSi ganvixilavT ricxviTi integrabisa da diferencirebis sakiTxebs da 

MATLAB-is Sesabamis funqciebs. 
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11.1 ricxviTi integreba 

 

f(x) funqciis integrali [a,b] intervalze ganisazRvreba rogorc farTi, romelsac 

SemosazRvravs f(x) wiri a-dan b-mde. rogorc nax. 11.1 –zea naCvenebi Tu integralis 

mniSvneloba K tolia, f(x) funqciis saSualebiT igi ase Caiwereba: 

 


b

a

xfK )(  

 

mravali funqciisaTvis am integralis gamoTvla SesaZlebelia analizurad, magram 

zogierTi fiunqciisaTvis, roca es SeuZlebelia, saWiroa ricxviT meTodebs 

mivmarToT. funqciis ricxviTi integerebis amocana imaSi mdgomareobs, rom 

integralqveSa funqciis mniSvnelobaTa mixedviT gamovTvaloT integralis 

mniSvneloba. erTi cvladis funqciis gansazRvruli integralis gamoTvlas funqciis 

mniSvnelobaTa mixedviT zogjer meqanikur kvadraturas uwodeben. meqanikuri 

kvadraturis Cveulebrivi xerxi imaSi mdgomareobs, rom mocemul f(x) funqcias 
gansaxilvel intervalze cvlian mativi saxis mainterpolirebeli an 

maaproqsimirebeli g(x) funqciiT (magaliTad mravalwevriT). 

  

Tu fuvqcias Zalian mcire intervalebze wrfis monakveTebiT SevcvliT, SegviZlia 

gamovTvaloT miRebuli trapeciebis farTobebi da SevkriboT. ase SevafasebT wiriT 

Semofarglul farTs da vipoviT integralis mniSvnelobas. SegviZlia wrfis magier 

kvadratuli funqcia aviRoT da ise SevafasoT integralis mniSvneloba. am meTods 

simpsonis wess uwodeben.  

 

 

 

nax. 11.1 funqciis integrali 
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11.1.1 trapeciis da simpsonis meTodi 

Tu intergralqveSa funqciis Sesabamisi wiriT Semofargluli farTobi dayofilia 

mcire zomis trapeciebad da Tu intervali [a,b] dayofilia n tol nawilad maSin 

farTobi aproqsimirdeba Semdegi formulis saSualebiT (trapeciis wesi): 

 

))()(2)(2)(2)((
2 1210 nnT xfxfxfxfxf

n

ab
K 


   

 

sadac xi warmoadgens trapeciis kidura wertilebs da x0 =a da xn =b.  
Tu wiriT Semofargluli farTi dayofilia kvadratuli wiriT Semofarglul 

nawilebad da intervali [a,b] dayofilia 2n tol nawilad, maSin faraTi 

aproqsimirdeba simpsonis formuliT: 

 

))()(4)(2)(4)(2)(4)((
3 12223210 nnns xfxfxfxfxfxfxf
h

K    

 

sadac xi warmoadgens dayofis wertilebs da x0 =a , x2n =b  da h=(b-a)/(2n). 
 

Tu maaproqsimebeli funqcia ufro maRali rigisaa (trapeciis wesi eyrdnoba wrfiv 

da simpsonis formula kvadratul funqcias) integralis mniSvnelobis 

gamosaTvlelad sargebloben sxva meTodebiT, magaliTad - gaus-lobatos meTodi. 

 

integralis mniSvneloba ufro zustia, rac ufo mcire monakveTebadaa dayofili 

intervali. Tu SevecdebiT funqciis integrebas (singularobis) wyvetis wertilSi 

(sadac funqcia an misi warmoebuli usasrulobaa an gansazRvruli ar aris) 

damakmayofilebel pasuxs ver miviRebT. 

 

MATLAB funqciebi integrebisaTvis 
 

MATLAB -s gaaCnia funqcia trapeciis wesiT integrebisaTvis: 
 

trapz(x,y) y funqciis integrali x-is mimarT trapeciis wesiT. x
da y erTnairi sigrZis veqtorebi unda iyos, 

 

am funqciis sailustraciod ganvixiloT funqcia humps(x), es MATLAB 
sademonstracio funqciaa, aqvs pikebi  x=0.3 da x=0.9 maxloblad nax. 11.2.  
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nax. 11.2 funqciis humps(x) grafiki intervalSi [-1, 2] 

 

 

trapz axdens farTis aproqsimacias trapeciis wesiT. n=18 qveintervalisaTvis 

integralis aproqsimirebis procesi aseTia: 

 
x = linspace(-1, 2, 18) 
y = humps(x); 
area = trapz(x,y) 
 
area = 
   25.1406 

 

Tu naxazis mixedviT vimsjelebT integralis arcTu ise karg Sefasebas miviRebT, 

magarm Tu x ufro mcire intervalebad davyofT, Sedegsac ukeTess miviRebT. 

 
x = linspace(-1,2,401); 
y = humps(x); 
area = trapz(x,y) 
area = 
26.3449 

 
sainteresoa iseTi integralis gamoTvla, romlis zeda szRvari cvladia. 

 


x

a
duuf )(  
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integralis qveda sazRvari gansazRvrulia, x da y erTnairi zomis veqtorebia, 

cumtrapz(x,y) gvaZlevs y funqciis kumulaciur integrals, imave zomis z axal 

veqtors, romlis n-uri elementi warmoadgens integralis mniSvnelobas x(1) dan 

x(n)-mde (aproqsimireba xorcieldeba trapeciis wesiT). 

 

MATLAB-s funqciis ricxviTi integrebisaTvis sxva funqcebic aqvs. quad funqcia 
eyrdnoba simpsonis adaptirebul formulas, xolo quadl – gaus - lobatos meTods.  

 

quad funqciis umartivesi forma moiTxovs sam arguments: funqciis brWyalebSi 

Casmuli saxels, romelic gvaZlevs veqtors f(x) funqciis mniSvnelobebiT, roca 

mivawvdiT x mniSvnelobaTa veqtors; SeiZleba es iyos MATLAB funqciis saxeli, 

magaliTad sin an Cvens mier Seqmnili funqcii saxeli. meore da mesame argumenti 

intervalis a da b sazRvrebia, romelSic integralis mniSvneloba gvinda 

daviTvaloT.  

 

quad funqciis sailustraciod gamovTvaloT integrali: 

 


b

a

Q dxxK
 

a da b arauaryofiT mniSvnelobaTaTvis. 

xxf )(  funqciis grafiki intervalSi [0,5] warmodgenilia naxazze; x<0 
mniSvnelobaTaTvis funqciis mniSvnelobebi kompleqsuri ricxvebia. am funqciis 

integreba SesaZlebelia analizuradac da igi tolia: 

 2/32/3

3

2
abK 

 
Semdegi programa saSualebas gvaZlevs gamovTvaloT integralis mniSvnelobebi 

gansazRvrul intervalSi quad funqciiT da analizurad: 
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nax. 11.3 funqcia xxf )(  

 

 

  
 This program compares the quad function with the 
 analytical results for the integration of the  
 square root of x over an interval [a, b], where 
 a and b are non-negative 
  
a = input('Enter laft endpoint >= 0  '); 
b = input('Enter right endpoint >= 0  '); 
k = 2/3*(b^(1.5) - a^(1.5)); 
kq = quad('sqrt',a,b); 
kq1 = quadl('sqrt',a,b); 
fprintf(‘Analytical: %f\n Numerical: %f%f%f’, k, kq, kq1) 
 

SevamowmoT programa sxvadasxva intervalze: 

 

intervali  [0.5, 0.6] 

 
Analytical:   0.074136  
Numerical:   0.074136  0.074136  
  

intervali [0, 0.5] 

 
Analytical:   0.235702  
Numerical:   0.235695  0.235702  
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intervali [0, 1] 

 
Analytical:   0.666667  
Numerical:   0.666660  0.666665   

 
quad da quadl funqciebs SeiZleba hqondeT meoTxe argumentic: dasaSvebi 

mniSvneloba(tolerance) funqciis integreba iqamde grZeldeba, vidre cTomileba am 

parametrze naklebia: 

 

(wina Sefaseba - mimdinare Sefaseba)/wina Sefaseba < dasaSvebi mniSvneloba 

 

Tu es parametri Tavidan araa miTiTebuli, mis mniSvnelobad iTvleba 0.001. Tu am  

funqciebs aqvT mexuTe, aranulovani argumenti, integralis saboloo mniSvnelobasTan 

erTad Sualeduri safexuris mniSvnelobebsac mogvcems.  

 

Tu funqcias gaaCnia singularobis wertilebi Sualedis SigniT, intervali ramdenime 

qveintervalad unda daiyos da ise gamoiTvalos saboloo mniSvneloba, xolo 

singularobis wertilebSi integralis mniSvneloba Sefasdes sxva meTodiT, 

magaliTad lopitalis wesiT. 

 

savarjiSo 

 

mocemulia funqcia ||)( xxf  , gamoTvaleT Semdegi integrali analizurad 

da quad funqciis saSualebiT. Sedegebi SeadareT erTmaneTs: 

 

1. dxx
6.0

5.0
||  

2. dxx
1

0.0
||  

3. dxx




5.0

1
||  

4. dxx
0

1
||  

5. dxx
5.0

5.0
||  

 

problema: milsadenSi navTobis nakadis moZraobis analizi 

 

am magaliTSi gavaanalizebT milsadenSi navTobis nakadis dinebas. wriul milSi 

siTxis dinebis analizs gamoyenebis mravali sfero gaaCnia, maT Soris sisxlis dineba 

arteriebsa da venebSi, wyalmomaragebis sistema qalaqSi, irigaciuli sistema soflis 

meurneobaSi, melnis nakadi Wavluri tipis printerSi da sxva. 

 

wriul milSi siTxis dinebisas xaxuni milis kedlebze ganapirobebs ‘siCqaris 

profils’. siTxis is nawili, romelic uSualod exeba milis kedlebs, TiTqmis ar 

moZraobs, xolo milis centrSi gamavali siTxe yvelaze swrafad moZraobs.       

nax. 11.4 mocemuli diagrama gviCvenebs rogor icvleba milSi gamdinare navTobis 

siCqare milis diametris gaswvriv da gansazRvravs analizisaTvis saWiro cvladebs. 

siCqaris profils aRwers Semdegi gantoleba: 
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n

r

r
r

/1

0
max 1 








  

n mTeli ricxvia 5 -sa da 10 -s Soris, romelic gansazRvravs nakadis formas 

(forward flow). Cvens SemTxvevaSi n=8. milSi nakadis saSualo siCqare gamoiTvleba 

siCqaris profilis integrebiT 0-dan milis radiusis r0 mniSvnelobamde, formuliT: 

 

dr
r

r
r

rr

drrr r
nr

ave 








 0

0

0

/1

0
2

0

max
2

0

0 1
22)( 




  

 

n da max  mniSvnelobebi SesaZlebelia gaizomos eqsperimentulad,  r0 milis 

radiusia. dawereT MATLAB programa, romelic siCqaris profilis integrebiT 

gansazRvravs milSi navTobis nakadis moZraobis saSualo siCqares. 

 

 

nax. 11.4 milSi gamdinare navTobis siCqaris profili 

 

 

1. amocanis dasma 

 

gamovTvaloT milSi gamdinare navTobis saSualo siCqare. 

 

2. INPUT/OUTPUT aRwera 
 

rogorc nax. 11.5 diagrama uCvenebs, programam Sedegad unda mogvces milSi gamdinare 

navTobis nakadis saSualo siCqare. nakadis siCqaris udidesi mniSvneloba max , milis 

radiusi r0 da n programaSi gansazRvrulia rogorc mudmivi sidideebi.  
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nax. 11.5 I/O diagrama 

 

 

3. saxeldaxelo amoxsna 

 

Tu davuSvebT, rom r0=0,5 m, n=8, SegviZlia avagoT r(1-r/r0)
1/n funqciis grafiki, 

romelic naCvenebia nax. 11.6 am funqciis integralis saSualo mniSvneloba SegviZlia 

SevafasoT am naxazidan im samkuTxedebisa da marTkuTxedebis jamis saSualebiT(nax. 

11.7), romelTac Semowers funqciis grafiki: 

 

 

nax. 11.6 milSi gamdinare navTobis nakadis siCqaris profili 
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nax. 11.7 integralis aproqsimireba 

 

 

farTobi = 0.5(0.4)(0.35)=0.105 

 

gavamravloT miRebuli farTobi 2 max /r0
2, rom miviRoT siCqaris saSualo 

mniSvneloba. Tu davuSvebT, rom max  = 1.5, miviRebT siCqaris saSualo mniSvnelobas 

1.260. 

 

4. MATLAB amoxsna 
 

integralis gamosaTvlelad visargebloT quad funqciiT. misi erT-erTi  parametria 
im funqciis saxeli, romelic gamoiTvlis integralqveSa funqciis mniSvnelobebs.  

amitom unda davweroT M-funqcia, romelic gamoiTvlis integralqveSa funqciis 

mniSvnelobebs. programaSic da funqciaSic mudmivebis saxiT unda SevitanoT Semdegi 

sidideebis mniSvnelobebi: max , r0 . 

 
  
 This program computes the value of the 
 averaje flow velosuty for a pipeline 
 using numerical integration. 
  
vmax = 1.5; 
r0 = 0.5; 
  
integral = quad('velocity', 0, 0.5) 
  
ave_velocity = (2*vmax/(r0^2))*integral 

 
unda SevqmnaT agreTve M-faili  velocity.m romelic gansazRvravs integralqveSa 

funqcias: 

 
function v = velocity(r) 
 VELOCITY     This function is related to the 
 average flow velocity of the pipe. 
  
r0 = 0.5; 
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n = 8; 
  
v = r.*(1-r/r0).^(1/n); 
 
5. Semowmeba  

 

Sedegad miviRebT : 

 
integral =     
           0.1046 
ave_velocity =  
           1.2548 

 
Cvens mier Sefasebuli mniSvnelobebi iyo: 0.105 da 1.260, Sesabamisad. 

 

11.2 ricxviTi diferencireba 

 

funqciis f(x) warmoebuli aris axali funqcia f(x) romelic ganisazRvreba rogorc x 
argumentis cvlilebis siCqare. igi ganisazRvreba rogorc funqciis nazrdis 

Tanafardoba argumentis nazrdTan. 

 

dx

xdf
xf

)(
)(   

 

mravali fizikuri procesis Seswavlisas gvWirdeba SevafasoT cvladis cvlilebis 

siCqare. magaliTad, siCqare mdebareobis cvlilebis zomaa (m/wm), xolo aCqareba - 

Tavad siCqaris cvlilebis (m/wm2). SeiZleba vaCvenoT, rom aCqarebis integrali 

siCqaris tolia, xolo siCqaris integrali - manZilis. amrigad integreba da 

diferencireba urTierTSebrunebuli procesebia, funqciis warmoebulis integreba 

sawyis funqcias gvaZlevs. integralis warmoebuli iZleva sawyis funqcias mudmivi 

sididis sxvaobiT. 

 

geometriulad funqciis warmoebuli warmoadgens mocemul wertilSi funqciis 

mxebis mier x RerZTan Sedgenili kuTxis tangenss. a wertilSi funqciis 

warmoebului f(a) naCvenebia nax. 11.8.  
 



 ricxviTi integreba da diferencireba 11 12 

 

nax. 11.8 f(x) funqciis warmoebuli a wertilSi 

 

 

radgan funqciis warmoebuli mocemul wertilSi am wertilze gavlebuli mxebis 

daxraa, Tu viciT, rom funqciis warmoebuli mocemul wertilSi nulis tolia, 

maSin am wertilSi gavlebuli mxebi horizontaluri wrfe iqneba. funqciis im 

wertilebs, sadac warmoebuli nulis tolia funqciis kritikul wertilebs 

uwodeben da es SeiZleba iyos funqciis horizontaluri are, lokaluri maqsimumi an 

minimumi. (SeiZleba aseTi wertili globaluri maqsimumi an minimumic iyos, amis 

dasadgenad funqciis Semdgomi analizia saWiro). Tu funqcias gavawarmoebT raime 

intervalSi da vnaxavT, rom warmoebulis niSani icvleba, es imize miuTiTebs, rom 

funqcias am intervalSi lokaluri minimumi an maqsimumi gaaCnia. imis Sesafaseblad 

maqsimumTan gvaqvs saqme Tu minimumTan meore warmoebuls unda mivmarToT(meore 

warmoebuli miiReba funqciis warmoebulis gawarmoebis Sedegad). Tu mocemul 

wertilSi funqciis meore warmoebuli dadebiTia, maSin funqciis mniSvneloba 

mocemul wertilSi – lokaluri minimumia da piriqiT, Tu meore warmoebuli 

mocemul wertilSi uaryofiTia, am wertilSi funqcias maqsimumi gaaCnia.  

11.2.1 diferencireba 

ricxviTi diferencirebis meTodi gansazRvravs mocemul xk wertilSi funqciis 

warmoebulis mniSvnelobas am wertilSi gavlebuli mxebis aproqsimirebiT xk 

wertilSi funqciis mniSvnelobaTa gamoyenebiT. aproqsimireba SeiZleba moxdes 

ramdenime gziT.  SevxedoT nax. 11.9, nax. 11.9(a) miuTiTebs, rom warmoebuli xk 

wertilSi Sefasdeba f(xk-1) da f(xk) wertilebze gavlebuli wrfis daxriT: 

1

1)()(
)(









kk

kk

xx

xfxf
xf  



11 ricxviTi integreba da diferencireba 13

 

nax. 11.9 f(x) funqciis warmoebulis gamoTvlis sxvadasxva xerxi 

amgvarad Sefasebul warmoebuls marcxena uwodeben. nax. 11.9(b) uCvenebs, rom 

aproqsimireba xdeba wrfis daxriT, romelic gaivlis wertilebze f(xk+1) da f(xk): 

kk

kk

xx

xfxf
xf









1

1 )()(
)(  

amgvarad Sefasebul warmoebuls marjvena diferencialur aproqsimirebas uwodeben. 

Cveulebriv igulisxmeba, rom xk mdebareobs xk-1-sa da xk+1 Soris. am orive SemTxvevaSi 

warmoebulis Sefasebis sizuste damokidebulia wertilebs Soris manZilze. 

warmoebulis gamoTvlis maRali sizuste miiRweva wertilebs Soris manZilebis 

SemcirebiT.  

f(x) funqciis meore rigis warmoebuli misi warmoebulis warmoebuls ewodeba: 

dx

xfd
xf

)(
)(


  

es funqcia Sefasdeba pirveli warmoebulis saSualebiT. amrigad Tu gamoviyenebT 

marcxena diferencirebas, miviRebT: 

1

1)()(
)(









kk

kk

xx

xfxf
xf  

diff funqcia gamoiTvlis sxvaobebs veqtorSi urTirTmomdevno elementebs Soris da 

gvaZlevs axal veqtors, romlis elementebis raodenoba 1-iT naklebia. Tu misi 

argumenti matricaa, aRweril operacias asrulebs matricis TiToeuli svetisaTvis). 

davuSvaT veqtori x Seicavs elementebs: [0, 1, 2, 3, 4, 5], xolo y –[2, 3, 1, 5, 8, 
10], maSin  diff(x) = [1, 1, 1, 1, 1], diff(y) = [1, -2, 4, 3, 2] y funqciis warmoebuli x-
iT iqneba dy = diff(y)./diff(x). yuradReba miaqcieT, rom warmoebulis es mniSvnelobebi 

swor Sedegs iZleva rogorc marcxena, ise marjvena diferencirebis 

formulebisaTvis. gansxvaveba ori sxvadasxva meTodiT gamoTvlil warmoebuls Soris 

ganisazRvreba x veqtoris mniSvnelobebiT, romelic Seesabameba warmoebuls dy. Tu x 
Sesabamisi mniSvnelobebia [1, 2, 3, 4, 5], maSin dy gamoiTvlis marcxena diferencials, 
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Tu x Sesabamisi mniSvnelobebia [0, 1, 2, 3, 4], maSin dy gamoiTvlis marjvena 

diferencials. 

davuSvaT mocemulia funqcia: 

241027113)( 2345  xxxxxxf  

am funqciis grafiki naCvenebia nax. 11.10. davuSvaT gvinda gamoviTvaloT am funqciis 

warmoebuli intervalSi [-4, 5], marcxena diferencirebis xerxiT. SegviZlia 

gamoviyenoT funqcia diff. df warmoadgens f(x), xolo xd x-is Sesabamis mniSvnelobebs. 

 

 

nax. 11.10 mexuTe xarisxis polinomis mrudi 

 
x=-4:0.1:5; 
f = x.^5 -3*x.^4 - 11*x.^3 + 27*x.^2 + 10*x -24; 
df = diff(f)./diff(x); 
xd = x(2:length(x)); 

nax. 11.11 warmoadgens warmoebulis grafiks. daakvirdiT, wertilebi, sadac funqciis 
warmoebuli nuls utoldeba funqciis lokalur minimumsa da maqsimums Seesabameba. 
am funqcias ar gaaCnia globaluri minimumi da maqsimumi, imitom rom igi vrceldeba 
- -dan  + -mde. SegviZlia vipovoT am funqciis kritikul mniSvnelobaTa 
mdebareoba (x = -2.3, -0.2, 1.5, 3.4) Semdegi brZanebebiT: 
 

product = df(1:length(df)-1).*df(2:length(df)); 
critical =xd(find(product<0)) 

 
am gamosaxulebaSi funqcia find gansazRvravs im elementis indeqss veqtorSi product, 
romlis Sesabamisi df(k) nulis tolia. Semdeg es indeqsi gamoyenebulia xd veqtoris 
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im elementebis sapovnelad, romelic kritikul wertils Seesabameba (x-is im 

mniSvnelobebs, sadac funqciis warmoebuli nulis tolia).  

 

 

nax. 11.11 mexuTe xarisxis polinomis warmoebulis mrudi 

 
centralur warmoebuls x da f veqtorebze dayrdnobiT Semdegi brZanebebis 

saSualebiT vipoviT: 

 
numerator = f(3 : length(f)) – f(1 : length(f) – 2); 
denomirator = x(3 : length(x)) – x(1 : length(x) – 2); 
dy = numerator./denomirator; 
xd = x(2 : length(x) – 1); 

 

Cvens mier ganxilul magaliTSi davuSviT, rom funqcia warmoebadia, magram mraval 

amocanaSi mocemuli gvaqvs eqsperimentuli monacemebi da SeuZlebelia avirCioT 

wertilebi erTmaneTTan ise axlos, rom warmoebulis mniSvnelobebi zustad 

ganvsazRvroT. aseT SemTxvevaSi mivmarTavT me-9 TavSi aRweril meTods. vipoviT 

mravalwevrs, romelic am monacemebs Seesabameba da ise gamoviTvliT miRebuli 

funqciis warmoebuls. 

 

savarjiSo 

 

TiToeuli gamosaxulebisaTvis aageT funqciis, misi pirveli warmoebulis 

da misi meore warmoebulis grafiki intervalSi [-10,10]. Semdeg MATLAB 
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brZanebebis saSualebiT ipoveT da dabeWdeT lokaluri minimumis, 

lokaluri maqsimumis da x -is Sesabamisi  mniSvnelobebi. 

 

1. 825)( 23
1  xxxxg  

2. 44)( 2
2  xxxg  

3. 22)( 2
3  xxxg  

4. 2410)(4  xxg  

5. 48283294)( 2345
5  xxxxxxg  

6. 24402643)( 2345
6  xxxxxxg  

7. 266465359)( 2345
7  xxxxxxg  

8. 443243)( 2345
8  xxxxxxg  

daskvna 

 

am TavSi ganvixileT ricxviTi integreba da diferencireba. ricxviTi integraba xdeba 

wiriT Semofargluli farTis aproqsimirebiT, xolo diferencireba funqciis mrudis 

mocemul wertilze gavlebuli mxebis aproqsimirebiT. gavecaniT MATLAB funqciebs 
integrebisaTvis - quad da quadl, romlebic eyrdnoba simpsonis da gaus - lobatos 

meTodebs Sesabamisad. orive funqciisaTvis saWiroa, rom funqcia iyos an MATLAB –
is ZiriTadi funqcia, an Cvens mier M-failis saxiT warmodgenili MATLAB funqcia. 
warmoebulis gamoTvlas MATLAB –Si emsaxureba funqcia diff, romelic gamoiTvlis 

sxvaobebs veqtoris mezobel elementebs Soris. gamoiTvleba amgvari sxvaobebi 

rogorc argumentis, ise funqciisaTvis da miviRebT warmoebuls: diff(f)./diff(x). 
 
brZanebebi da funqciebi 
 

trapz gamoiTvlis integrals trapeciis wesiT 

cumtrapz gvaZlevs funqciis kumulaciur integrals 

diff  gamoiTvlis sxvaobebs veqtoris mezobel elementebs 

Soris 
quad gamoiTvlis integrals (simpsonis wesiT) 

quadl gamoiTvlis integrals (gaus-lobatos wesiT) 

 

amocanebi 

 

1-4 amocana dakavSirebulia am TavSi ganxilul amocanasTan, xolo 5 – 11 axal 

problemebs ukavSirdeba. 

 

milsadenSi siTxis nakadis analizi.  

 

1. am problemaSi aRwerili parametrebis saSualebiT aageT siCqaris profili. 

2. SeadgineT cxrili, romelic uCvenebs siTxis nakadis saSualo siCqares n 
sididis sxvadasxva mniSvnelobebisaTvis 5-dan 10-mde. 
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3. SeadgineT cxrili, romelic uCvenebs navTobis nakadis saSualo siCqares milis 

radiusis sxvadasxva mniSvnelobaTaTvis: 0.5, 1.0, 1.5 da 2.0. sxva parametrebi 

ucvlelad datoveT. 

4. SecvaleT programa ise, rom saSualeba gvqondes mivawodoT programas max  

mniSvneloba. 

 

traeqtoriis monacemTa analizi. davuSvaT mocemuli gvaqvs ASCII faili altitude.dat, 
romelic Seicavs imformacias ori svetis saxiT: dro da axali tipis 

meteorologiuri raketis simaRlis Seasabamisi mniSvneloba. am monacemebis 

safuZvelze amoxseniT Semdegi amocanebi: 

 

5. gamoTvaleT da aageT raketis siCqaris mniSvneloba drois yovel momentSi 

marcxena diferencirebis meTodiT. 

6. gamoTvaleT da aageT raketis aCqarebis mniSvneloba drois yovel momentSi 

marcxena diferencirebis meTodiT. 

7. gansazRvreT raketis safexurebis, etapebis, (stages) raodenoba raketisaTvis. 

(miTiTeba: ganixile kritikuli wertilebi). 

8. aageT siCqaris grafiki diferencirebis samive meTodis saSualebiT gamoTvlili 

monacemebisaTvis erTidaigive naxazze. 

9. aiReT sawyis informaciad raketis aCqarebis mniSvnelobebi, romelic 

gamoiTvaleT me-6 amocanaSi. maTi integrebis saSualebiT miiReT siCqaris 

mniSvnelobebi. (ver gamoiyenebT quad funqcias, radgan mxolod wertilis 

(mniSvnelobebi) koordinatebi gaqvT. isargebleT trapeciis an simpsonis wesiT.) 

10. aiReT sawyisad raketis siCqaris mniSvnelobebi, romelic gamoiTvaleT me-5 

amocanaSi. maTi integrebis saSualebiT miiReT raketis simaRlis Sesabamisi 

mniSvnelobebi. (ver gamoiyenebT quad funqcias, radgan mxolod wertilis 

(mniSvnelobebi) koordinatebi gaqvT. isargebleT trapeciis an simpsonis wesiT.) 

 

funqciis analizi. es amocana ricxviT integrebas ukavSirdeba. 

 

11. davuSvaT mocemuli gvaqvs funqcia: 

 
xexf  4)(  

aageT funqciis grafiki intervalSi [0,1]. gamoiyeneT ricxviTi integrebis meTodi 

da gamoTvaleT f(x) funqciis integrali  intervalSi[0, 0.5] da [0, 1]. 
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13  simboluri striqoni, simboluri gamonasaxis 

damuSaveba 

Sesavali 

Tumca MATLAB äÄA–is ZiriTadi daniSnuleba ricxviTi gamoTvlebia, zogjer 

saWiroa teqsturi manipulaciebi. magaliTad grafikul gamosaxulebaze saTauris 

gakeTeba, an RerZebis saxelebis dawera. amisaTvis MATLAB -s gaaCnia striqoni, 

romelic asoiT gamosaxulebas Seicavs, anu simboluri striqoni . 

13.1 striqonis konstruqcia  

ääÄ 

MATLAB simboluri striqoni ASCII sidideebis erTobliobaa. magaliTad: 

 
>>text = ‘This is a character string’ 
text =  
This is a character string 
>>size(text) 
Ans = 
26 
>> whos 
Name      Size       Bytes       Class 
ans         1x2           16           double array 
text        1x26         52           char array 
 
Grand total is 28 elements using 68 bytes 

 

ASCII kodi 

striqonis yoveli simbolo warmoadgens erT elements masivSi, romelic saWiroebs 2 

bait mexsierebas. (ricxviTi gamosaxuleba moiTxovs 8 baits.) ASCII kodi ‘A’- ‘Z’ 
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simboloTaTvis aris erTmaneTis momdevno mTeli ricxvebi 65-dan 90-mde, xolo ‘a’ – 
‘z’ 97-dan 122-mde. MATLAB funqcia abs gvaZlevs ASCII kods striqonisaTvis. 
 

>> text = ’This is a character string’ 
text = 
This is a character string 
>> d = abs(text) 
d = 
Columns 1 through 12 
84  104  105  115  32  105  115  32  97  32 99  104 
Columns 13 through 24 
97 114 97 99 16 101 114 32 115 116 114 105 
Columns 25 through 26 
110  103 

 
funqcia char asrulebs Sebrunebul gardaqmnas, ASCII kodis mixedviT aRadgens 

striqons: 

 
>> char(d) 
ans = 
This is a character string 

 

striqonsa da ASCII kods Soris am damokidebulebis safuZvelze miviRebT: 

 
>> alpha = abs('a'):abs('z') 
>> disp(char(alpha)) 
abcdefghijklmnopqrstuvwxyz 
 

striqoni igive masivia, magram simboloTa masivi, amitom maszee SesaZlebelia 

masivuri operaciebis warmoeba: 
 
>> text = ‘This is a character string’; 
>> u = text(11:19) 
u = 
character 
 

iseve rogorc matrica, striqoni masivic SeiZleba Seicavdes mraval striqons, 

magram yoveli striqoni svetebis Tanabar raodenobas unda Seicavdes. magaliTad: 

 
v = ['Character strings having more than' 
'one row must have the same number ' 
'of columns - just like matrices   '] 

miviRebT: 

 
v = 

 
Character strings having more than 
one row must have the same number  
of columns - just like matrices    
 
>> size(v) 
ans = 
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3 34 
 
 

radgan striqoni igive masivia, SegviZlia oro striqoni gavarTianoT kvadratuli 

frCxilebis saSualebiT: 

 
>> today ='May'; 
>> today = [today,' 18'] 
today = 
May 18 

 
ganvixiloT MATLAB-is ramdenime funqcia striqonisaTvis: 
 

char(x) x masivs, romlis elementebic mTeli dadebiTi ricxvebia 

da warmoadgens asoiTi simbolos kodebs gardaqmnis 

asoiT simboloTa masivad.  
int2str(x) x matricis elementebs daamrgvalebs mTelamde da 

Sedegad miRebul masivs gardaqmnis striqon matricad 
num2str(x) x ricxviT matricas gardaqmnis striqonad. es brZaneba 

sasargebloa grafikze aRniSvnebis gasakeTeblad 

(rogorc title, xlabel, ylabel, text brZanebaTa  argumenti) 
str2num(s) s striqons, romelic Seicavs ricxviT sidideTa 

gamosaxulebas ASCII formatSi, gardaqmnis Sesabamis 

ricxviT mniSvnelobad. striqoni s SeiZleba Seicavdes 

cifrs, aTwiladur mZimes, + an – niSans, ‘e’ da ‘d’ 
simboloebs – mantisasa da eqsponetas gamyofis saxiT 

da i – kompleqsuri ricxvebisaTvis. 

magaliTebi: 

 
>> x=abs('string') 
x = 
 
   115   116   114   105   110   103 
 
>> char(x) 
ans = 
string 

 
num2str sailustraciod ganvixiloT Semdegi brZanebebi: 

 

rogorc viciT, cvlads -  pi  MATLAB aRiqvams rogoc π mniSvnelobas – 3.1416… 
 

>> ss=num2str(pi) 
ss = 
3.1416 

ss am SemTxvevaSi aris ara konkretuli ricxvi 3.1416, aramed simboloTa masivi (char 
array), romlis elementebic ASCII kodebs warmoadgens. marTlac: 
 
>> size(ss) 
ans = 
     1     6 
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>> abs(ss) 
ans = 
 
    51    46    49    52    49    54 
 
axla gamoviyenoT brZaneba , romelic striqons ss gardaqmnis ricxviT sidided: 

 
pp=str2num(ss) 
 
pp = 
 
    3.1416 

pp  ukve konkretuli ricxvia (double array)– 3.1416. 
 

size(pp) 
 
ans = 
 
1 

ganvixiloT kidev erTi magaliTi: 

 

MATLAB Semdeg brZanebebs: 
 

tg = 2.2774; 
xg = 144.6364; 
disp(['time of flight: ' num2str(tg) ' s']) 
disp(['distance traveled : ' num2str(xg) ' ft']) 
 

Sedegad mohyveba: 

 
>> time of flight: 2.2774 s 
distance traveled : 144.6364 ft 

 
disp brZanebis pirveli argumenti Cveulebrivi simboluri striqonia, meore – 

brZanebaa, romelic ricxviT gamosaxulebas simbolur striqonad gardaqmnis, da 

mesame – isev Cveulebrivi simboluri striqoni.  

 

MATLAB funqciebi simboloTa striqonisaTvis: 

 
blanks(n) gvaZlevs striqons , romelic n simbolos nacvlad n

cariel pozicias Seicavs. 
deblank(s) Tu striqoni bolovdeba ganmeorebadi carieli 

poziciiT, es brZaneba Sekvecs mas pirvelive simbolomde  
eval(s) gauSvebs s striqons rogorc MATLAB gamosaxulebas 

an brZanebas. 
eval(s1,s2) saSualebas iZleva Secdoma vipovoT. gauSvebs s1

Sesabamis brZanebas da gvaZlevs Sedges, Tu brZaneba 

warmatebiT Sesrulda, xolo Tu brZanebis Sesruleba 

Secdomas iZleva, uSvebs s2 – Sesabamis brZanebas. 
findstr(s1,s2) poulobs erT striqons meoris SigniT 

ischar(s) gvaZlevs 1, Tu s simboluri masivia, sxva SemTxvevaSi –0 
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isletter(s) gvaZlevs 1-s s striqonis yoveli elementisaTvis, 

romelic asoiT gamosaxulebas warmoadgens da 0 sxva 

SemTxvevaSi. 
isspace(s) gvaZlevs 1-s s striqonis im elementebisaTvis, romlebic 

warmoadgens cariel pozicias(space, tabs, newlines,carriage 
returns), 0 – sxva SemTxvevaSi 

 

13.2 dro da TariRi 

ukve gavecaniT MATLAB brZanebas date, romelic gvaZlevs TariRs, clock – gvaZlevs 

drois mniSvnelobas. ufro dawvrilebiTi informaciis misaRebad am sakiTxTan 

dakavSirebiT SegiZliaT isargebloT MATLAB-is  help brZanebiT. gavecnoT zogierT 
maTgans. 

 
>>[d,s]=weekday('9/15/2006') 

gvaZlevs kviris ra dRea miTiTebuli TariRi: 
 
d =6 
s = Fri 
 
>> calendar('9/15/2006') 

romelic gvaZlevs: 
 
                   Sep 2006 
     S     M    Tu     W    Th     F     S 
     0     0     0     0     0     1     2 
     3     4     5     6     7     8     9 
    10    11    12    13    14    15    16 
    17    18    19    20    21    22    23 
    24    25    26    27    28    29    30 
     0     0     0     0     0     0     0 

 
brZaneba tic CarTavs taimers xolo toc, gamorTavs mas da mogvcems dros, romelic 

gavida taimeris CarTvis, anu tic brZanebis Semdeg. es brZaneba sasargebloa, roca 

gvsurs daviTvaloT ra dros andomebs kompiuteri Cvens mier dawerili programis 

amaTuim operaciis Sesrulebas.  

 

13.3 bazuri gardaqmnebi da bit operaciebi 

 

MATLAB aqvs SesaZlebloba gadaiyvanos ricxvebi orobiTidan aTobiTSi da an 

romelime sxva bazur sistemaSi simboluri striqonis formiT.  

 

 
dec2bin(d) gvaZlevs d –s orobiT warmodgenas rogorc striqons. d

unda iyos arauaryofiTi mTeli ricxvi <252. 
bin2dec(b) axdens b orobiTi striqonis interpretirebas da 

gvaZlevs Sesabamis aTobiT ricxvs 
 
magaliTad: 
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>> d=32; 
>> dec2bin(d) 
 
ans = 
 
100000; 
 
>> bin2dec('100000') 
 
ans = 
 
    32 

 
MATLAB –s gaaCnia funqciebi logikuri operaciebis gansaxorcieleblad ricxbebis 

Sesabamis orobiT striqonebs Soris. (a, b, c mTeli, arauaryofiTi ricxvebia). 

 
c=bitand(a,b) bituri and or arguments Soris 
c=bitor(a,b) bituri or a da b arguments Soris 
c=bitcmp(a,N) a aTobiTi mTeli ricxvis N bitian orobiT 

warmodgenaSi Secvlis 0 1-iT, xolo 1 0-iT da mogvcems 

Sesabamis aTobiT ricxvs 
c=bitshift(a,N) mogvcems mTel aToibiT ricxvs, romelic warmoadgens a 

ricxvis orobiTi warmodgenis N bitiT wanacvlebis 

Sedegs. Tu N >0, es operacia igivea, rac gamravleba 2N, 

Tu N < 0, - igivea, rac gayofa 2N-ze 

magaliTad: 

 

>> bitand(13,27)   brZaneba mogvcems: 
 
ans = 9 
 

marTlac ricxvi 13 orobiTi warmodgena 5 bitian sistemaSi aseTia : 
>> dec2bin(13,5) 
ans =01101 

xolo  - 27-is:  
>> dec2bin(27,5) 
ans =11011 

Tu SevadarebT erTmaneTs or orobiT ricxvs: 01101 da 11011 and Sedarebis 

operatoriT, miviRebT 01001, rasac Seesabameba aTobiTi ricvxvi 9. marTlac: 

 
>> bin2dec('01001') 
ans = 9 

 

axla vnaxoT bitcmp funqciis moqmedebis Sedegi: 
 

>>bitcmp(9,5) brZanebis Sedegad miviRebT: 
ans = 22 
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radgan aTobiTi ricxvis 9 orobiTi warmodgena 5 bitian sistemaSi =  01001, bitcmp 
funqcia Secvlis 0 1-iT, xolo 1- 0-iT da miiReba 10110, rasac Seesabameba aTobiTi 

ricxvi 22. 

 

SevamowmoT: 

 
>> dec2bin(9,5) 
ans = 01001 
 
>>dec2bin(22,5) 
ans =10110 
 
>>bitShift(9,2)   
ans = 36 

 
marTlac 9 aTobiTi ricxvis orobiTi warmodgenaa 1001, bitshift brZaneba daumatebs 
mas or nuls marjvniv da miiReba orobiTi ricxvi 100100, rac Seesabameba aTobiT 

ricxvs 36, es operacia igivea, rac 9 gavamravloT 22 (9*2^2=36). 

 

13.4 simboluri informaciis damuSaveba 

 

aqmde Cven MATLAB –s ganvixilavdiT rogorc saSualebas ricxviTi gamoTvlebis 

sawarmoeblad. aseve mogawodeT garkveuli informacia teqstis manipulirebisaTvis. 

MATLAB –is saSualebiT SesaZlebelia vawarmooT moqmedebebi Cveulebriv algebrul 

gamosaxulebebze. 

 

ufro dawvrilebiTi informaciisaTvis akrifeT brZanebaTa fanjaraSi  help symbolic. 
aseve SesaZlebelia am sakiTxTan dakavSirebuli sademonstracio masalis 

daTvaliereba brZanebiT symintro. 

simboluri gamosaxuleba da algebra 

Tu gvsurs MATLAB-is saSualebiT simboluri informaciis damuSaveba, pirvel 

rigSi unda ganvmartoT (gamovacxadoT) saWiro mudmivebi da cvladebi rogorc 

simboluri obieqtebi. magaliTad: 

 
>>syms x y 

 

simboluri mudmivebis gamosacxadeblad gamoiyeneba funqcia sym. misi argumentia 

simboluri striqoni, romelic Seicavs specialuri cvladis saxels, ricxviT 

gamosaxulebas an funqciis dasaxelebas.  

 
>> pi = sym('pi'); 
>> delta = sym('1/10'); 
>>sqrt2 = sym('sqrt(2) '); 

 

Tu simboluri mudmivi pi ase ganvsazRvreT, igi mocemul samuSao sivrceSi Secvlis 

pi –s ricxviT mniSvnelobas. simboluri obieqtebis tipi ganisazRvreba rogorc 

symbolic objects. 
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Tu zemoxsenebuli brZanebebis Semdeg mivcemT brZanebas whos, miviRebT: 
 

>> whos 
  Name        Size                      Bytes  Class 
 
  delta       1x1                      132  sym object 
  pi          1x1                      128  sym object 
  sqrt2       1x1                      138  sym object 
  x           1x1                      126  sym object 
  y           1x1                      126  sym object 

 
Grand total is 20 elements using 650 bytes 

simboluri gamosaxuleba 

simboluri cvladi SeiZleba gamoviyenoT simbolur gamosaxulebaSi rogorc cvladi 

an funqciis argumenti. ariTmetikuli operatorebi + - * / ^ da MATLAB-is 
funqciebic gamoiyeneba igive wesis mixedviT, rogorc es xdeboda ricxviTi 

gamoTvlebis warmoebisas. magaliTad: 

 
>> syms s t A 
>> f = s^2 + 4*s + 5 
f = 
s^2+4*s+5 
>> g = s + 2 
g = 
s+2 
 
>> h = f*g 
h = 
(s^2+4*s+5)*(s+2) 
>> z= exp(-s*t) 
z = 
exp(-s*t) 
>> y = A*exp(-s*t) 
y = 
A*exp(-s*t) 
 

pirvel rigSi vacxadebT cvladebs t, s da A, Semdeg vwerT simbolur gamosaxulebebs 

axali cvladebis f, g, h da y Sesaqmnelad. axladSeqmnili cvladebic simboluri 

cvladebia da ara ricxviTi gamosaxulebebi. 

 

sazogadod MATLAB-Si Tu arafers mivuTiTebT, x aris damoukidebeli cvladis 

saxeli, magram es ar niSnavs imas, rom sxva simbolo ar SegviZlia gamoviyenoT 

damoukidebeli cvladis aRsaniSnavad. damoukidebeli cvladis mosaZebnad simbolur 

gamosaxulebaSi MATLAB –s gaaCnia funqcia findsym 

 
findsym(S) S simbolur gamosaxulebaSi an matricaSi poulobs 

simbolur cvladebs da gvaZlevs maT, rogorc simbolur 

striqons, anbanis mixedviT dalagebuls da mZimeebiT 
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gamoyofils. Tu S ar Seicavs arcerT simbolur 

cvlads, gvaZlevs cariel striqons. 

 

Cvens SemTxvevaSi : 
 
>> findsym(f) 
ans = 
s 
>> findsym(z) 
ans = 
A, s, t 

 
SegviZlia SevqmnaT simboluri matrica: 

 
>> n = 3; 
>> syms x 
>> B = x.^((0:n)'*(0:n)) 
 
B = 
  
[1,   1,   1,   1] 
[1,   x, x^2, x^3] 
[1, x^2, x^4, x^6] 
[1, x^3, x^6, x^9] 

 
rogor SevasruloT simboluri polinomis algebruli gardaqmnebi: 

 
expand(S) simbolur gamosaxulebaSi S Seasrulebs algebrul 

moqmedebebs, Sekrebs msgavs wevrebs da warmogvidgens 

polinomis saxiT. 
factor(S) S polinoms daSlis mamravlebad.  

simplify(S) gaamartivebs simbolur gamosaxulebas S 
[n,d]=numden(S) mogvcems racionalur wiladad daSlili S simboluri 

gamosaxulebis mricxvelsa da mniSvnels  
subs(S,old,new) S simbolur gamosaxulebaSi cvlads old Secvlis 

cvladiT new 
 

  
 
 
magaliTebi: 

 

• Sekreba 

 
>> syms s 
>> A = s^4 -3*s^3 -s +2; 
>> B = 4*s^3 -2*s^2 +5*s -16; 
>> C = A + B 
C = 
s^4+s^3+4*s-14-2*s^2 
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• skalaruli gamravleba 

 
>> syms s 
>> A = s^4 -3*s^3 -s +2; 
>> C = 3*A 
C = 
3*s^4-9*s^3-3*s+6 
 

• gamravleba 
 
>> syms s 
>> A = s+2; 
>> B = s+3; 
>> C = A*B 
C = 
(s+2)*(s+3) 
>> C = expand(C) 
C = 
s^2+5*s+6 

• mamravlebad daSla 

 
>> syms s 
>> D = s^2 + 6*s + 9; 
>> D = factor(D) 
D = 
(s+3)^2 
>> P = s^3 - 2*s^2 -3*s + 10; 
>> P = factor(P) 
P = 
(s+2)*(s^2-4*s+5) 

 
• gaerTmniSvnelianeba 
 

ganvixiloT gamosaxuleba 

 

sss
sH

3/2

1

2/1

3

6/1
)( +

+
−

+
−=  

 
sami Sesakrebis gaerTmniSvnelianeba SesaZlebelia Semdegnairad: 

 
>> syms s 
>> H = -(1/6)/(s+3) -(1/2)/(s+1) +(2/3)/s; 
>> [N,D] = numden(H) 
N = 
s+2 
D = 
(s+3)*(s+1)*s 
>> D = expand(D) 
D = 
s^3+4*s^2+3*s 
 

maSasadame SegviZlia H(s) ase warmovadginoT: 
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sss

s
sH

34

2
)(

23 ++
+

=  

 

• Sekveca 

 

vTqvaT gvaqvs simboluri gamosaxuleba: 

 

5

1052
)(

2

23

+
+++

=
s

sss
sH  

 

MATLAB martivad Sekvecs am wilads da sabolood mogvcems: 

 
>> syms s 
>> H = (s^3 +2*s^2 +5*s +10)/(s^2 + 5); 
>> H = simplify(H) 
H = 
s+2 

 

Tu wiladis mniSvnels davSliT mamravlebad, vnaxavT, ratom miviReT s+2. 
 

>> factor(s^3 +2*s^2 +5*s +10) 
ans = 
(s+2)*(s^2+5) 

 
sabolood gveqneba: 
 

H(s) = s + 2 
 

• cvladis Canacvleba sxva cvladiT 

 

ganvixiloT polinomTa Tanafardoba: 

 

86

3
)(

2 ++
+

=
ss

s
sH  

ganvsazRvroT meore gamosaxuleba 

 

2|)()( +== sssHsG  

CavanacvloT s cvladi s+2 –iT MATLAB saSualebiT: 

 
>> syms s 
>> H = (s+3)/(s^2 +6*s + 8); 
>> G = subs(H,s,s+2) 
G = 
(s+5)/((s+2)^2+6*s+20) 
>> G = collect(G) 
G = 
(s+5)/(s^2+10*s+24) 

 
miviRebT gamosaxulebas: 
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2410

5
)(

2 ++
+

=
ss

s
sH  

MganvixiloT kidev ramdenime sasargeblo brZaneba: 

 
sym2poly(P) P simboluri polinomisaTvis gvaZlevs veqtors, romlis 

elementebia am polinomis koeficientebi 
poly2sym(p) p veqtorze dayrdnobiT, romlis elementebic polinomis 

koeficientebs warmoadgens, gvaZlevs Sesabamis simbolur 

polinoms. cvlads mianiWebs saxels x. 
 

magaliTad ganvixiloT polinomi: 

 

1074)( 23 −−+= ssssA  

 
>> a = [1 4 -7 -10]; 
>> A = poly2sym(a,s) 
A = 
s^3+4*s^2-7*s-10 

 
polinomisaTvis: 

 

16524)( 23 −+−= ssssB  

 
>> syms s 
>> B = 4*s^3 -2*s^2 +5*s -16; 
>> b = sym2poly(B) 
b = 
4   -2    5   -16 

simboluri gamosaxulebis forma 

MATLAB-s Sedegad miRebuli gamosaxuleba yovelTvis ar gamohyavs CvenTvis 

sasurveli formiT, magaliTad, Ggarkveuli operaciebis Sesrulebis Semdeg Sedegad 

SesaZloa miviRoT 1/a*b, da ara b/a. 

trigonometriuli simboluri gamosaxuleba 

ganvixiloT Semdegi brZanebebi: 

 
>> syms theta phi 
>> A = sin(theta + phi) 
A = 
sin(theta+phi) 
>> A = expand(A) 
A = 
sin(theta)*cos(phi)+cos(theta)*sin(phi) 
>> B = cos(2*theta) 
B = 
cos(2*theta) 
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>> B = expand(B) 
B = 
2*cos(theta)^2-1 
>> C = 6*((sin(theta))^2 + (cos(theta))^2) 
C = 
6*sin(theta)^2+6*cos(theta)^2 
>> C = expand(C) 
C = 
6*sin(theta)^2+6*cos(theta)^2 
 

rogorc vnaxeT MATLAB –ma “kargad  gaarTva Tavi” rTul trigonometriul 

gardaqmnebs, Tumca bolo sruliad martivi gardaqmnis Sesruleba “gauWirda”: 

 

6))(cos)((sin6 22 =+= θθC  

simboluri gamosaxulebis ricxviTi mniSvnelobis gamoTvla da grafikis ageba 

xSirad gvWirdeba cvladis mocemuli mniSvnelobisaTvis gamovTvaloT simboluri 

gamosaxulebis mniSvneloba. amisaTvis saWiroa funqciiT subs simbolur cvlads 

mivaniWoT ricxviTi mniSveloba: 
 

>> E = s^3 -14*s^2 +65*s -100; 
>> F = subs(E,s,7.1) 
 
F = 
 
   13.6710 

F pirdapir Rebulobs ricxviT mniSvnelobas double array 
 
SesaZlebelia simboluri gamosaxulebis mixedviT avagoT grafiki: 

 
ezplot(f) aagebs f(x) grafiks, sadac f simboluri gamosaxulebaa 

da warmoadgens maTematikur gamosaxulebas, romelic 

Seicavs mxolod erT cvlads, vTqvaT x. miTiTebis 
gareSe (default) x mniSvnelobaTa area [-2π, 2π] 

ezplot(f,xmin,xmax) aagebs grafiks x miTiTebul mniSvnelobaTa mixedviT 

 

sailustraciod ganvixiloT funqcia: 

 

1074)( 23 −−+= ssssA  

 

intervalSi [-1, 3]: 
 

syms s 
a = [1 4 -7 -10]; 
A = poly2sym(a,s) 
ezplot(A,-1,3), ylabel(’A(s)’) 

 

Sedegad miRebuli grafiki naCvenebia nax. 13.1. 
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nax. 12.1 ezplot funqciis saSualebiT agebuli polinomis grafiki 

 
miaqcieT yuradReba, rom gamosaxuleba, romlis mixedviTac aigo grafiki 

avtomaturad ganTavsdeba grafikis saTaurad, xolo x RerZs avtomaturad waewereba 
cvladis saxeli (am SemTxvevaSi s) 
 

simboluri algebruli da transcendentuli gantolebebi 

 

MATLAB –is saSualebiT SesaZlebelia amovxsnaT simboluri algebruli an 

transcendentuli gantolebebi da gantolebaTa sistemebi. transcendentuli iseT 

gantolebas ewodeba, romelic Seicavs romelime transcendentul funqcias: cos x, ex an 
ln x. amisaTvis gamoiyeneba funqcia solve. arsebobs am funqciis ramdenime forma, Cven 
ganvixilavT Semdegs: 

 
solve(E1, E2, E3,. . .,EN) 
solve(E1, E2, E3,. . .,EN, var1, var2, . . ., var3) 

 
sadac E1, E2, E3,. . .,EN simbolur gamosaxulebaTa saxelebia, xolo  var1, var2, . . ., 
var3 Sesabamisi cvladebi. miRebuli amonaxsnebi warmoadgens gamosaxulebis fesvebs. es 

aris simboluri gamosaxulebani cvladebisaTvis Semdegi pirobebiT E1=0, E2=0, E3=0,. 
. .,EN=0. 

 
erTi gantolebisaTvis erTi cvladiT amonaxsni iqneba erTi simboluri sidide. 

magaliTad: 
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>> syms s 
>> E = s+2; 
>> s = solve(E) 
s = 
-2 

miviReT simboluri sidide s=-2. imisaTvis, rom igi ricxviT gamosaxulebad 

gardavqmnaT saWiroa mivmarToT brZanebas double: 
 

double(S) simbolur gamosaxulebas S  gardaqmnis ricxviT 
sidided (double prescision floating point number). S ar 
unda Seicavdes simbolur cvlads. 

 
>> snum=double(s) 
 
snum = 
 
    -2 

 
ganvixiloT  simboluri gamosaxuleba – meore xarisxis polinomi: 

 
>> syms s 
>> D = s^2 +6*s +9; 
>> s = solve(D) 
s = 
[ -3] 
[ -3] 

 
magaliTi trigonomertiidan: 
 

>> syms theta x z 
>> E = z*cos(theta) - x; 
>> theta = solve(E,theta) 
theta = 
acos(x/z) 

 
gantolebebs, romlebic Seicaven periodul funqciebs, SesaZloa hqondeT fesvebis 

ganusazRvreli raodenoba. aseT SemTxvevaSi solve funqcia Semoifargleba fesvebiT 0-

is maxloblobaSi. magaliTad amovxsnaT gantoleba: 

 

2 0)sin()2cos( =− θθ  

 
>> E = cos(2*theta)-sin(theta); 
>> solve(E) 
ans = 
[ -1/2*pi] 
[ 1/6*pi] 
[ 5/6*pi] 
 

MATLAB –Si SesaZlebelia simboluri gamosaxulebis integreba da diferencireba. 
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diff(E) axdens E simboluri gamosaxulebis diferencirebas im 

cvladiT, romelic ganisazRvreba funqciiT findsym(E) 
diff(E,v) axdens E simboluri gamosaxulebis diferencirebas v 

cvladiT 
diff(E,n) axdens E simboluri gamosaxulebis diferencirebas n-

jer(n mTeli dadebiTi ricxvia) 
diff(S,v,n) axdens E simboluri gamosaxulebis diferencirebas v 

cvladiT n-jer(n mTeli dadebiTi ricxvia) 

 

polinomis warmoebulis gamoTvla: 

 
>> syms s n 
>> p = s^3 + 4*s^2 -7*s -10; 
>> d = diff(p) 
d = 
3*s^2+8*s-7 
>> e = diff(p,2) 
e = 
6*s+8 
>> f = diff(p,3) 
f = 
6 
>> g = s^n; 
>> h = diff(g) 
h = 
s^n*n/s 
>> h = simplify(h) 
h = 
s^(n-1)*n 

 
transcendentuli funqciis warmoebuli: 
 

>> syms x 
>> f1 = log(x); 
>> df1 = diff(f1) 
df1 = 
1/x 
>> f2 = (cos(x))^2; 
>> df2 = diff(f2) 
df2 = 
-2*cos(x)*sin(x) 
>> f3 = sin(x^2); 
>> df3 = diff(f3) 
df3 = 
2*cos(x^2)*x 
>> df3 = simplify(df3) 
df3 = 
2*cos(x^2)*x 
>> f4 = cos(2*x); 
>> df4 = diff(f4) 
df4 = 
-2*sin(2*x) 
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>> f5 = exp(-(x^2)/2); 
>> df5 = diff(f5) 
df5 = 
-x*exp(-1/2*x^2) 

integreba 

 
int(E) gvaZlevs E simboluri gamosaxulebis ganusazRvrel 

integrals misi simboluri cvladis mixedviT, romelic 

ganisazRvreba funqciiT findsym 
int(E,v) E simboluri gamosaxulebis ganusazRvreli integrali 

v cvladis mixedviT 
int(E,a,b) E simboluri gamosaxulebis gansazRvruli integrali 

intervalSi [a b], sadac a da b simboluri an ricxviTi 

skalarebia 
int(E,v,a,b) E simboluri gamosaxulebis gansazRvruli integrali v 

cvladis mixedviT intervalSi [a b], sadac a da b 
simboluri an ricxviTi skalarebia 

 

polinomis integreba: 

>> syms x n a b t 
>> int(x^n) 
ans = 
x^(n+1)/(n+1) 
>> int(x^3 +4*x^2 + 7*x + 10) 
ans = 
1/4*x^4+4/3*x^3+7/2*x^2+10*x 
>> int(x,1,t) 
ans = 
1/2*t^2-1/2 
>> int(x^3,a,b) 
ans = 
1/4*b^4-1/4*a^4 

 
transcendentuli funqciis integreba: 

 
>> syms x 
>> int(1/x) 
ans = 
log(x) 
>> int(cos(x)) 
ans = 
sin(x) 
>> int(1/(1+x^2)) 
ans = 
atan(x) 
>> int(exp(-x^2)) 
ans = 
1/2*pi^(1/2)*erf(x) 
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erf(x) warmoadgens cTomilebis integrals (error function) yoveli x-Tvis, sadac x – 
namdvili ricxvia, xolo erf(x) Semdegnairad ganisaZRvreba: 

∫ −=
x t dtexerf

0

22
)(

π
 

wrfivi algebra 

matriculi operaciebis ganxorcieleba SesaZlebelia simboluri matricebisTvisac. 
 

>> A = sym([2,1; 4,3]) 
A = 
[ 2, 1] 
[ 4, 3] 
>> Ainv = inv(A) 
Ainv = 
[ 3/2, -1/2] 
[ -2, 1] 
>> C = A*Ainv 
C = 
[ 1, 0] 
[ 0, 1] 
>> B = sym([1 3 0; -1 5 2; 1 2 1]) 
B = 
[ 1, 3, 0] 
[ -1, 5, 2] 
[ 1, 2, 1] 
>> detB = det(B) 
detB = 
10 

 
aseve SesaZlebelia MATLAB saSualebiT amovxsnaT wrfiv gantolebaTa simboluri 

sistema: 

 
>> syms x 
>> A = sym([3 2 -1; -1 3 2; 1 -1 -1]) 
A = 
[ 3, 2, -1] 
[ -1, 3, 2] 
[ 1, -1, -1] 
>> b = sym([10; 5; -1]) 
b = 
[ 10] 
[ 5] 
[ -1] 
>> x = A\b 
x = 
[ -2] 
[ 5] 
[ -6] 
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miRebuli Sedegi SeadareT igive sistemis ricxviT amonaxsnebs, raTa darwmundeT 

pasuxis sisworeSi. Tumca, gantolebaTa sistemis amoxsnisas raime parametris mimarT, 

mciredi upiratesoba gaaCnia simbolur midgomas. ganvixiloT gantolebaTa sistema: 

 

195

332

21

21

=+
=−

cxx

xx
 

 

amovxsnaT x1 da x2 rogorc c parametris funqcia: 
 

>> syms c 
>> A = sym([2 -3; 5 c]); 
>> b = sym([3; 19]); 
>> x = A\b 
x = 
[ 3*(19+c)/(2*c+15)] 
[ 23/(2*c+15)] 

 
brZanebis subs saSualebiT SegviZlia vipovoT gantolebaTa sistemis amonaxsnebi c 
sxvadasxva mniSvnelobaTaTvis: 

 

Tu c=1, miviRebT: 
 

x1=subs(x,1) 
 
x1 = 
 
    3.5294 
    1.3529 
 
 cilindruli formis rezervuaris dizaini minimaluri danaxarjiT 

 

unda aigos cilindruli formis rezervuari naxevarsferos formis gadaxurviT 

minimaluri danaxarjiT, Tu cnobilia, rom cilindruli zedapiris konstruqcia 

Rirs $300/m2, xolo cferuli zedapiris - $400/m2, xolo rezervuaris tevadobaa 

5*105 l. rezervuari unda aigos betonis zedapirze, romlis fasic mxedvelobaSi ar 

unda iqnas miRebuli. 

 

1. amocanis dasma 

 

nax. 12.2 –ze mocemulia rezervuaris zomebi. ganvsazRvroT cilindris radiusi da 

simaRle ise, rom rezervuaris asagebad minimaluri Tanxa daixarjos 
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nax. 12.2 rezervuaris konstruqcia 

 

2. INPUT/OUTPUT aRwera 
 

cnobilia, rom cilindruli zedapiris ageba Rirs $300/m2, xolo cferuli zedapiris 

- $400/m2, xolo asagebi rezervuaris tevadobaa 5*105 l. unda ganvsazRvroT 

cilindris radiusi da simaRle ise, rom rezervuaris agebaze minimaluri Tanxa 

daixarjos. 

3. saxeldaxelo amoxsna 

cilindris moculoba:  HRVc ⋅⋅= 2π

naxevarsferos moculoba: 3

3

2
RVh ⋅= π  

cilindris zedapiris farTobi: HRAc ⋅⋅= π2  

naxevarsferos zedapiris farTobi:  22 RAh ⋅= π
radgan rezervuariis moculobaa 500l = 500 m3, SegviZlia davweroT gamosaxuleba: 

 

32

3

2
500 RHR ⋅+⋅⋅= ππ  

aqedan 

3

2500
2

R

R
H −=

π
 

 

gamovsaxoT rezervuaris Rirebuleba rogorc cilindris simaRlisa da radiusis 

funqcia: 

)2(400)2(300400300 2RHRAAC hc ⋅⋅+⋅⋅⋅=⋅+⋅= ππ  

rogorc viciT, uwyveti funqciis warmoebuli nulls utoldeba funqciis minimumisa 

da maqsimumis wertilebSi. pirvel rigSi moculobis gamosaTvleli gantolebidan 
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vipovoT H rogorc R-is funqcia. Semdeg gavawarmooT C funqcia R-iT, gavutoloT 

miRebuli gamosaxuleba 0-s da vipovoT gantolebis fesvebi. ase vipoviT radiusis 

mniSvnelobas, romelic Seesabameba minimalur Rirebulebas, xolo radiusis 

saSualebiT gamoviTvliT simaRlis saTanado mniSvnelobasac. 

4. MATLAB amoxsna 
syms R H 
V = pi*R^2*H + (2/3)*pi*R^3 -500; % Equation for volume 
H = solve(V,H);                   % Solve volume for height H 
H =-2/3*(pi*R^3-750)/pi/R^2; 
C = 300*(2*pi*R*H) + 400*(2*pi    % Equation for cost 
dCdR = diff(C,R);                 % Derivative of cost wrt R 
dCdR =400/R^2*(pi*R^3-750)+400*pi*R; 
Rmins = solve(dCdR,R);            % Solve dC/dR for R: Rmin 
Rmins = double(Rmins); 

  
Rmin = Rmins(1); 
Hmin = double(subs(H,R,Rmin)); 
Cmin = double(subs(C,{R,H},{Rmin,Hmin})); 
  
5. Semowmeba 

programa gamoiTvlis rezervuaris asagebad saWiro minimalur danaxarjs da radiusis 

da simaRlis saTanado mniSvnelobebs. 

 
Rmin = 
   4.92372510921348 
Hmin = 
 
   3.28248340614232 
Cmin = 
   9.139421678069333e+004 

brZanebebi da funqciebi 

 
char(x) x masivs, romlis elementebic mTeli dadebiTi ricxvebia 

da  warmoadgens simboloTa Sesabamis kodebs, gardaqmnis 

simboloTa striqonad.  
[n,d]=numden(S) mogvcems racionalur wiladad daSlili S simboluri 

gamosaxulebis mricxvelsa da mniSvnels  
bin2dec(b) axdens orobiTi ricxvis - b interpretirebas da 

gvaZlevs Sesabamis aTobiT ricxvs 
blancs(n) gvaZlevs striqons , romelic Seicavs n simbolos 

nacvlad n cariel pozicias. 
c=bitand(a,b) bituri and or arguments Soris 
c=bitcmp(a,N) a aTobiTi mTeli ricxvis N bitian orobiT 

warmodgenaSi Secvlis 0 1-iT, xolo 1 0-iT da mogvcems 

Sesabamis aTobiT ricxvs 
c=bitor(a,b) bituri or a da b arguments Soris 
c=bitshift(a,N) mogvcems mTel aToibiT ricxvs, romelic warmoadgens a 

ricxvis orobiTi warmodgenis N bitiT wanacvlebis 

Sedegs. Tu N >0, es operacia igivea, rac gamravleba 2N, 
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Tu N < 0, - igivea, rac gayofa 2N-ze 

deblank(s) Tu striqoni bolovdeba ganmeorebadi carieli 

poziciiT, es brZaneba Sekvecs mas pirvelive simbolomde  
dec2bin(d) gvaZlevs d orobiT warmodgenas rogorc striqons. d 

unda iyos arauaryofiTi mTeli ricxvi. 
dec2hex(d) gvaZlevs d TeqvsmetobiT warmodgenas rogorc striqons. 

d unda iyos arauaryofiTi mTeli ricxvi. 
diff(E) axdens E simboluri gamosaxulebis diferencirebas im 

cvladis moxedviT, romeic ganisazRvreba funqciiT 
findsym(E) 

diff(E,n) axdens E simboluri gamosaxulebis diferencirebas n-
jer(n mTeli dadebiTi ricxvia) 

diff(E,v) axdens E simboluri gamosaxulebis diferencirebas v 
cvladis mixedviT 

diff(S,v,n) axdens E simboluri gamosaxulebis diferencirebas v 
cvladis mixedviT n-jer(n mTeli dadebiTi ricxvia) 

double(S) simbolur gamosaxulebas S  gardaqmnis ricxviT 
sidided (double prescision floating point number). S ar 
unda Seicavdes simbolur cvlads. 

eval(s) gauSvebs s striqons rogorc MATLAB gamosaxulebas 

an brZanebas. 
eval(s1,s2) saSualebas iZleva Secdoma daviWiroT. gauSvebs s1 

Sesabamis brZanebas da gvaZlevs Sedges, Tu brZaneba 

warmatebiT Sesrulda, xolo Tu brZanebis Sesruleba 

Secdomas iZleva, uSvebs s2 – Sesabamis brZanebas. 
expand(S) simbolur gamosaxulebaSi S Seasrulebs algebrul 

moqmedebebs, Sekrebs msgavs wevrebs da warmogvidgens 

polinomis saxiT. 
ezplot(f) aagebs f(x) grafiks, sadac f simboluri gamosaxulebaa 

da warmoadgens maTematikur gamosaxulebas, romelic 

Seicavs mxolod erT cvlads, vTqvaT x. miTiTebis 
gareSe (default) x mniSvnelobaTa area [-2π, 2π] 

ezplot(f,xmin,xmax) aagebs grafiks x miTiTebul intervalSi 

factor(S) S polinoms daSlis mamravlebad.  

findstr(s1,s2) poulobs erT striqons meoris SigniT 

findsym(S) simbolur gamosaxulebaSi an matricaSi S poulobs 

simbolur cvladebs da gvaZlevs maT, rogorc simbolur 

striqons, anbanis mixedviT dalagebuls da mZimeebiT 

gamoyofils. Tu S ar Seicavs arcerT simbolur 

cvlads, gvaZlevs cariel striqons. 
hex2dec(h) axdens orobiTi ricxvis h interpretirebas da gvaZlevs 

Sesabamis aTobiT ricxvs 
int(E) gvaZlevs E simboluri gamosaxulebis ganusazRvrel 

integrals misi simboluri cvladis mixedviT, romelic 

ganisazRvreba funqciiT findsym 
int(E,a,b) E simboluri gamosaxulebis gansazRvruli integrali 

intervalSi [a b], sadac a da b simboluri an ricxviTi 

skalarebia 
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int(E,v) E simboluri gamosaxulebis ganusazRvreli integrali 

v cvladis mixedviT 
int(E,v,a,b) E simboluri gamosaxulebis gansazRvruli integrali v 

cvladis mixedviT intervalSi [a b], sadac a da b 
simboluri an ricxviTi skalarebia 

int2str(x) x matricis elementebs daamrgvalebs mTelamde da 

Sedegad miRebul masivs gardaqmnis simbolur striqonad 
ischar(s) gvaZlevs 1, Tu s simboluri masivia, sxva SemTxvevaSi –0 

isletter(s) gvaZlevs 1 s striqonis yoveli elementisaTvis, 

romelic asoiT gamosaxulebas warmoadgens da 0 sxva 

SemTxvevaSi. 
isspace(s) gvaZlevs 1 s striqonis im elementebisaTvis, romlebic 

warmoadgens cariel pozicias(space, tabs, newlines,carriage 
returns), 0 – sxva SemTxvevaSi 

num2str(x) x matricas gardaqmnis striqonad. es brZaneba 
sasargebloa grafikze aRniSvnebis gasakeTeblad (title, 
xlabel, ylabel, text) 

poly2sym(p) p veqtorze dayrdnobiT, romlis elementebic polinomis 

koeficientebs warmoadgens, gvaZlevs Sesabamis simbolur 

polinoms. cvlads mianiWebs saxels x. 
simplify(S) gaamartivebs simbolur gamosaxulebas S 
str2num(s) gardaqmnis s striqons, romelic unda iyos ricxviTi 

sididis Sesabamisi ASCII kodi, Sesabamis ricxviT 
mniSvnelobad. striqoni s SeiZleba Seicavdes cifrs, 

aTwiladur mZimes, + an – niSans, ‘e’ 10-is xarisxis 

maCvenebls da I – kompleqsuri ricxvebisaTvis. 
subs(S,old,new) S simbolur gamosaxulebaSi cvlads old Secvlis 

cvladiT new 
sym2poly(P) simboluri polinomisaTvis P gvaZlevs veqtors, romlis 

elementebia am polinomis koeficientebi 
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14 signalis damuSaveba 

manqanuri xedva moiTxovs cifruli gamonasaxis swraf damuSavebasa da gaigivebas. es 

procesi saWiroebs ara mxolod swraf algoriTms, aramed daxvewil da faqiz 

teqnologias, romelic uzrunvelyofs didi moculobis gamonasaxis swraf 

CamotvirTvas kompiuteris mexsierebaSi. gamonasaxis damuSavebis procesi moicavs 

ramdenime safexurs, romelic sasurvelia ganxorcieldes erTmaneTis paralelurad. 

am procesSi mniSvnelovani adgili ukavia cifruli filtraciis operacias. am 

amocanas emsaxureba cifruli mikroprocesori, romelic warmoadgens cifrul 

eleqtronul komponents naxevargamtarul eleqtronul sqmaze damontaJebuli 

tranzistorebiT. kompiuteris centraluri procesori erTi an ramdenime 

mikroprocesorisagan Sedgeba. 

 

14.1 sixSiruli analizi 

14.2 filtris analizi 

14.3 cifruli filtris danergva 

14.4 cifruli filtris Seqmna (dizaini) 

problema: arxebis gamyofi filtri 
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14.1 sixSiruli analizi 

am TavSi ganvixilavT MATLAB –is funqciebs, romlebic dakavSirebulia signalis 

damuSavebasTan. ganvixilavT oTxi kategoriis funqciebs: sixSiruli analizi, 

filtris analizi, filtris dizaini da filtris modeli.  ganvsazRvravT aRniSvnebs, 

romlebic gamoiyeneba signalis damuSavebis TeoriaSi. ganvixilavT rogorc 

analoguri, aseve cifruli signalis damuSavebis Teorias. ufro dawvrilebiT – 

cifrul signals.  

 

analoguri signali aris uwyvti funqcia( Cveulebriv droisa) romelic warmoadgens 

garkveul informacias, magaliTad: xmovani signali, sisxlis wnevis gamomxatveli 

signali, anda seismuri signali. imisaTvis, rom es informacia davamuSaoT 

kompiuteris saSualebiT, analoguri signali unda aRiricxos yovel T wamSi da ase 
Seiqmnas cifruli signali, romelic warmoadgens sawyisi analoguri signalis 

ricxviTi sidideebis mwkrivs.  

)(kTff k =  

cifruli signali aris SerCeul sidideTa mwkrivi . kf

dro, roca daviwyeT anaTvlebis aReba, Cveulebriv iTvleba nulis tolad da pirveli 

mniSvnelobac mwkrivSi iqneba . 0f

Tu anaTvlebs viRebT 100 hc sixSiriT (wamSi 100 anaTvali), cifruli signalis 

pirveli 3 mniSvneloba iqneba: 

 

)0.0()0(0 fTff ==  

)01.0()1(1 fTff ==  

)02.0()2(2 fTff ==  

 

signalis analizi warmoebs droiT da sixSirul garemoSi. sixSiruli signali 

SesaZloa warmodgenili iyos kompleqsuri ricxvebis saxiT, rogorc jami 

sinusoidebisa (kosinusuri formiT), romelTaganac Sedgeba signali (harmonikebis 

saxiT). zogierTi informacia ukeT Cans signalis droiTi analizidan, magaliTad Tu 

SevxedavT droiT mruds, SegviZlia vTqvaT periodulia Tu ara signali. droiTi 

monacemebiT gamoviTvliT signalis saSualos, standartul gadaxras, gadaxras da 

simZlavres. signalis sixSiruli maxasiaTeblebis Sesafaseblad ki gvWirdeba misi 

sixSiruli analizi. signalis sixSirul Semcvelobas mis speqtrs uwodeben. 

 

droiTi signalis gadasayvanad sixSirul garemoSi gamoiyeneba furies diskretuli 

gardaqmna. sawyisi monacemebi furies gardaqmnisaTvis aris droiTi monacemebis 

mwkrivi . algoriTmi gamoiTvlis kompleqsur sidideTa mwkrivs F  romelic 

warmoadgens sixSirul informacias. DFT algoriTmi moiTxovs sakmao dros, roca 

monacemTa mwkrivi grZelia, magram Tu monacemTa raodenoba 2-is xarisxis tolia (N 

= 2

kf kF

m), gamoiyeneba gansxvavebuli algoriTmi - furies swrafi gardaqmna (fft), 
romelic sagrZnoblad amcirebs gamoTvliT dros. 

 

radgan cifruli signali aiTvleba yovel T wamSi, wamSi gveqneba 1/T anaTvali anu 

aTvlis sixSire iqneba 1/T herci. aTvlis sixSire sifrTxiliT unda SeirCes, raTa 

Tavidan aviciloT zeddebis efeqti (aliasing) – problema, romelic gamowveulia 

imiT, rom SerCeva ar xdeba Sesabamisi sixSiriT. SeiZleba vaCvenoT, rom amis Tavidan 

asacileblad signalis aTvlis sixSire unda aRematebodes signalis Semadgeneli 
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nebismieri sinusoidis sixSiris gaormagebul mniSvnelobas. magaliTad Tu signali 

Seicavs or sinusoidas, erTis sixSirea 10 hc, meoris ki 35 hc, signalis aTvlis 

sixSire unda iyos 70 hc. naiqvistis sixSire tolia aTvlis sixSire/2 da 

warmoadgens zeda sazRvars im sixSireebisas, romelsac SeiZleba Seicavdes cifruli 

signali.  

 

1 1.5 2 2.5 3 3.5 4
-1

-0.5

0

0.5

1
Analog Signal

t, seconds

f(
t)

1 1.5 2 2.5 3 3.5 4
-1

-0.5

0

0.5

1
Digital Signal

t, seconds

f(
t)

 

nax. 14.1 analoguri da cifruli signali 

 

MATLAB –is funqcia fft gamoiTvlis signalis sixSirul speqtrs. mas SeiZleba 

hqondes erTi an ori argumenti. Tu mxolod erTi argumenti aqvs, es unda iyos 

veqtori, romlis elementebia signalis amplitudebi drois gansazRvrul 

intervalSi. Sedegad unda miviRoT igive sigrZis veqtori, romelic warmoadgens 

kompleqsur ricxvTa mwkrivs da gvaZlevs sawyisi signalis sixSirul speqtrs. 

 

fft Sedegad miRebuli F veqtoris urTierTmomdevno elementebi erTmaneTisgan 

gansxvavdebian 1/NT herciT. e. i. Tu gvaqvs droiTi signalis 32 anaTvali, romelic 

aTvlili iyo 1000 hc sixSiriT, fft algoriTmiT daTvlili mniSvnelobebi Seesabameba 

0hc, 1/0.032hc, 2/0.032hc da a.S. anu 0hc, 31.25hc, 62.5hc ... naiqvistis sixSire = 

1/2T da es Seesabameba F16 . radgan furies diskretuli funqcia periodulia, 

naiqvistis sixSiris zeviT monacemebi axal informacias ar Seicavs da vsargeblobT 

Sedegad miRebuli veqtoris elementTa mxolod pirveli naxevriT. 

 

ganvixiloT MATLAB-is brZanebaTa Semdegi wyeba: 
 

>>N=64; 
>>T=1/128; 
>>k=0:N-1; 
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>>f=sin(2*pi*20*k*T); 
>>plot(k*T,f) 
>> grid 
>> xlabel('Time, seconds') 
>> ylabel('f(kT)') 
>> title('20 Hz Sinusoid') 

 
f warmoadgens 20 hercian sinusoidas romelic aTvlilia yovel 1/128 wamSi, rasac 

Seesabameba aTvlis sixSire 128 herci.(sinusoidis sixSire 20hc-ia, amitom is unda 

aviTvaloT ufro didi sixSiriT, vidre 40hc. 128 herci am SemTxvevaSi sakmarisia.) 

 

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
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-0.4
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f(
kT
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nax. 14.2 20 herciani sinusoida 

 

radgan viciT, rom sinusoida 20 herciania, mosalodnelia, rom sixSiris mniSvneloba 

= 0 yvelgan, garda im wertilisa, romelic Seesabameba 20 hc. rom ganvsazRvroT 

F , romelic Seesabameba 20 hc, unda gamovTvaloT sxvaoba sixSirul wertilebs 

Soris hercebSi,  es aris 1/NT = 2hc. 
kF

 

amrigad, 20 herciani komponenti unda gamoCndes F10  mniSvnelobaze. nax. 14.3. 

 
>> F=fft(f); 
>> magF=abs(F); 
>> plot(k, magF),title('Magnitude of F(k)'),... 
xlabel('k'), ylabel('|F(k)|'),grid 
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nax. 14.3 Fk moduli 

 
am naxazze Cans simetriuli anasaxi 20 hc komponentisa, rac gamowveulia DFT 
periodulobiT. 20 hc komponenti Tavs iCens rogorc F(54). unda aRvniSnoT rom 
veqtori k Seicavs indeqsebs, romelic Seesabameba f, F veqtorTa elementebs. sazogadod 

rekomendebulia aigos monacemebis mxolod pirveli naxevari, rom Tavidan aviciloT 

simetriuli komponenti. ufro moxerxebulia avagoT Fk hercebSi gamosaxuli 

sidideebiT nacvlad k indeqsebisa.  
 
>> hertz = k*(1/N*T); 
>> plot(hertz(1:N/2), magF(1:N/2)),... 
title('Magnitude of F(k)'),... 
>> xlabel('Hz'),ylabel('|F(k)|'),grid 
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nax. 14.4 Fk  hercebSi 

 

davuSvaT am magaliTSi ganxiluli sinusoidis sixSire 19 hercia. radgan sxvaobaF 

veqtoris or momdevno mniSvnelobas Soris 2 hercia, es sixSire Tavs iCens k=9.5-ze, 
magram k mniSvnelobebi mTeli ricxvebia, amitom ar gvaqvs F9.5, am SemTxvevaSi 

sinusoidis sixSiruli komponenti gamoCndeba F9 da F 10 Soris.  
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nax. 14.5 19 herciani sinusoidis sixSiruli mrudi 

 

nax. 14.4 da nax. 14.5 orive warmoadgens erTi sinusoidis sixSirul speqtrs, magram 

erTi maTgani xvdeba zustad FFT algoriTmiT miRebul wertilze, meore ki ara. es 

aris magaliTi e.w. gaJonvisa (leakage). 
 

ifft warmoadgens furies Sebrunebuli gardaqmnis algoriTms. misi saSualebiT  

gamoiTvleba droiTi signali Sesabamisi kompleqsuri sixSiruli mniSvnelobebis 

mixedviT. mocemuli Canaweri gamoiTvlis F kompleqsur mniSvnelobebs da Semdeg ifft 
saSualebiT aRadgens sawyis droiT signals. sabolood gamoiTvleba sxvaoba signalis 

sawyis da ifft-s saSualebiT aRdgenil mniSvnelobaTa Soris, am SemTxvevaSi igi nulis 

tolia. 
 
>> N=64; 
>> T=1/128; 
>> k=0:N-1; 
>> f=sin(2*pi*19*k*T); 
>> sum(f-ifft(fft(f))) 
 
ans = 
 
 -3.3307e-016 

 

FFT algoriTmi mZlavri saSualebaa signalis damuSavebasa da analizisaTvis. Cven 

ganvixileT Fk moduli, magram aranakleb mniSvnelovan informacias iZleva Fk  fazis 
gamoTvla phase(Fk). 
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savarjiSo 

gamoTvaleT da aageT Semdegi signalis 128 wertilis mniSvneloba. aageT droiTi 

signali. Semdeg FFT algoriTmis saSualebiT ipoveT signalis sixSiruli 

mniSvnelobebi da aageT Sesabamisi mrudi mxolod pirveli 64 wertilis mixedviT. 

aTvlis sixSired aiReT 1 kiloherci. SeamowmeT marTlac im sixSireebze miiReT Tu 

ara piki, sadac mosalodneli iyo.  

 

1. )502sin(2 kTfk π=  

2. )200sin()250cos( kTkTfk ππ −=  

3.  )1000cos(5 kTfk −=
4. )4/250sin(4 ππ −= kTfk  

14.2 filtris analizi 

analoguri sistemis gadacemis(transfer function) funqcia warmoadgens kompleqsur 

funqcias H(s), xolo cifruli sistemis gadacemis funqciaa – H(z), es funqcia 

asaxavs sistemis gavlenas Semosul signalze, anu sistemis filtrul efeqts. orive 

funqcia sixSiris uwyveti funqciaa, sadac s = jw ,  z=ejwT (gavixsenoT, rom w aris 
sixSire, gamosaxuli radiani/wamSi.) amrigad mocemulia w0, vuSvebT, rom gadacemis 

funqciis amplituda aris K da faza j. Tu Semavali signali Seicavs sinusoidas w0 

sixSiriT, gamomavali signalisaTvis am sinusoidis amplituda gamravldeba K-ze  faza 
ki gaizrdeba  j-iT.  
 

 
 

A sin(ω0t+θ)                                  A * k sin(ω0t+θ+ϕ) 
   

                           A sin(ω0kT+θ)                                 A * k sin(ω0kT+θ+ϕ) 
 

 

nax. 14.6 filtris gavlena sinusoidaze 
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nax. 14.7 gadacemis funqcia (idealuri SemTxveva) 

 

radganac filtris gadacemis funqcia gansazRvravs filtris efeqts sixSireze, igi 

unda xasiaTdebodes sixSireTa zoliT, romelsac is atarebs. magaliTad 

dabalsixSiruli filtri gaatarebs sixSireebs zRvrul sixSiris qveviT da mokveTs 

danarCens. zolovani filtri gaatarebs speqtris mxolod mocemul monakveTs 

danarCens ki mokveTs. bandstop filtri ar gaatarebs sixSiruli speqtris mxolod 

gansazRvrul monakveTs. nax. nax. 14.7-ze naCvenebia oTxi ZiriTadi filtris 

gardaqmnis funqcia idealur SemTxvevaSi. praqtikaSi SeuZlebelia aseTi 

maxasiaTeblebis mqone filtris ganxorcieleba. 

 

magaliTia tipiuri dabalsixSiruli filtrisa. gvaqvs 3 ubani – gatarebis, 

gardamavali da mokveTis. es ubnebi ganisazRvreba mokveTis wc da wr garatebis 

sixSireebiT. miRebulia,rom sixSire, romelic Seesabameba amplitudas 0.7, CaiTvalos 

zRvrul(cutoff) sixSired, xolo 0.1 Camket(rejection) sixSired. aseTi aRniSvnis 

SemoRebis Semdeg, SegviZlia vTqvaT, rom gatarebis zoli Seicavs sixSireebs, 

romelTa moduli metia zRvrul sixSireze, gardamavali zoli Seicavs sixSireebs, 

romelTa moduli naklebia zRvrul (mokveTis) da metia Camket sixSireze, stopband 
Seicavs Camketis modulze naklebi modulis Sesabamis sixSireebs. 
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nax. 14.8 tipiuri dabalsixSiruli filtri 

 

radgan gadacemis funqcia kompleqsuria, Sesabamisi filtris analizi xSirad 

saWiroebs modulis da fazis grafikul warmodgenas. MATLAB-is funqcia abs, angle 
da unwrap SegviZlia gamoviyenoT kompleqsuri sidideebis H(s), H(z) modulisa da 

fazis gamosaTvlelad. amasTanave, funqciebi freqs da freqz gamoiyeneba Tavad  H(s), 
H(z) mniSvnelobaTa gamosaTvlelad. 

anloguri sistemis gadacemis funqcia 

analoguri filtri ganisazRvreba funqciiT  H(s) sadac s = jw . gadacemis funqciis 
zogadi saxea:   

 

n
nnn

n
nnn

asasasa

bsbsbsb

sA

sB
sH

+⋅⋅⋅+++
+⋅⋅⋅+++

== −−

−−

2
2

1
10

2
2

1
10

)(

)(
)(  

 

es funqcia Seesabameba n rigis analogur filtrs. misi zogierTi magaliTia: 

 

5279.00275.1

5279.0
)(

2 ++
=

ss
sH  

0062.01117.0
)(

2

2

++
=

ss

bs
sH  

447.005.1

05.1
)(

2 ++
=

ss

s
sH  

2359.23511.2

2359.2
)(

2

2

++
+

=
ss

s
sH  

 

imisaTvis, rom ganvsazRvroT gadacemis aq warmodgenili funqciis mqone sistemis 

maxasiaTeblebi, avagoT maTi modulisa da fazis mrudebi. MATLAB –is funqcia 
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freqs gamoiTvlis  kompleqsuri funqciis mniSvnelobebs sami argumentis saSualebiT. 

pirveli argumentia veqtori, romelic Seicavs B(s) polinomis koeficientebs, meore -  

veqtori, romelic Seicavs A(s) polinomis koeficientebs, xolo mesame - veqtori 

sixSireebis mniSvnelobebiT radiani/wamSi. koeficientebis veqtorebi pirdapir 

gadacemis funqciidan unda aviRoT, garkveuli gamocdilebaa saWiro sixSireTa 

intervalis saTanadod SesarCevad. sazogadod, gvWirdeba sixSireTa are, romelic 

iwyba 0 dan da moicavs yvela kritikul informacias filtrSi. unda SegveZlos 

ganvsazRvroT filtris tipi (dabalsixSiruli, maRalsixSiruli, zolovani, Camketi 

stopband) da kritikuli sixSireebi zRvruli da Camketi). 

 

qvemoT moyvanili programa gansazRvravs da agebs gadacemis 4  funqciis maxasiaTebel 

mrudebs  

 

% This programm datermines and plots the  
% magnitudes of four analog filters 
%  
w1 = 0:0.05:5; 
B1 = [0.5279]; 
A1 = [1,1.0275,0.5279]; 
H1s = freqs(B1,A1,w1); 
%  
w2 = 0:0.001:0.3; 
B2 = [1,0,0]; 
A2 = [1,0.1117,0.0062]; 
H2s = freqs(B2,A2,w2); 
%  
w3 = 0:0.15:10; 
B3 = [1.05,0]; 
A3 = [1,1.05,0.447]; 
H3s = freqs(B3,A3,w3); 
%  
w4 = 0:0.005:5; 
B4 = [1,0,2.2359]; 
A4 = [1,2.3511,2.2359]; 
H4s = freqs(B4,A4,w4); 
clf 
subplot(221),plot(w1,abs(H1s)),title('Filter H1(s)'),... 
    xlabel('w,rps'),ylabel('Magnitude'),grid 
subplot(222),plot(w2,abs(H2s)),title('Filter H2(s)'),... 
    xlabel('w,rps'),ylabel('Magnitude'),grid 
subplot(223),plot(w3,abs(H3s)),title('Filter H3(s)'),... 
    xlabel('w,rps'),ylabel('Magnitude'),grid 
subplot(224),plot(w4,abs(H4s)),title('Filter H4(s)'),... 
    xlabel('w,rps'),ylabel('Magnitude'),grid 
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nax. 14.9 sxvadasxva tipis analoguri filtrebis maxasiaTebeli mrudebi  

 

filtris fazebi SegviZlia avagoT angle  an unwrap funqciis gamoyenebiT. angle 
gvaZlevs kuTxes radianebSi mxolod [-π,π] intervalSi. am xarvezis Tavidan 

asacileblad vsargeblobT funqciiT unwrap aseTi saxiT unwrap(angle(w)). 
 

14.3 diskretuli gadamcemi funqcia 

 

diskretuli filtri ganisazRvreba gadacemis kompleqsuri funqciiT H(z), sadac 

z=ejwT.  z SeiZleba Caiweros rogorc sixSiris (w)  an normirebuli sixSiris (wT) 
funqcia, Tu z sixSiris funqciaa, H(z) agreTve sixSiris funqcia iqneba. Tuki H(z) 
movargeT (applied) signals aTvlis intervaliT T, sixSireebis Sesabamisi are iqneba 
0 dan naiqvistis sixSiremde, romelic tolia p/T radiani/wm, an 1/2T herci. Tu 
davuSvebT, rom z aris normirebuli sixSiris funqcia, H(z) eqneba sixSireTa 

Sesabamisi intervali 0 dan p-mde. 
 

H(z) gadacemis funqciiis zogadi saxea: 
 

n
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n
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es funqcia Seesabameba n rigis cifrul filtrs. ganvixiloT zogierTi magaliTi: 
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Tu funqcia Cawerilia rogorc z-is dadebiTi xarisxebis funqcia, mricxveli da 

mniSvneli unda gavyoT z saTanado xarisxze, rom miviRoT zemoT moyvanilis 

analogiuri gamosaxuleba. 

 

cifruli filtri SesaZloa warmodgenili iyos standartuli sxvaobiTi gantolebis 

saxiT (standard difference equation). mas aqvs zogadi saxe: 
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arsebobs pirdapiri kavSiri gadamcem gantolebasa da standartul sxvaobiT 

gantolebas soris Tu davuSvebT, rom N1=0,  
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aseT formaSi ak da bk koeficientebi warmoadgens gadacemis funqciis koeficientebs a0 

= 1-iT. amrigad gantoleba, romelic Seesabameba pirvel magaliTs, ase Caiwereba: 

 

2121 1958.03695.02066.04131.02066.0 −−−− −+++= nnnnnn yyxxxy  

 

Tu ak  yvela koeficienti 0-is tolia, garda a0, romelic 1-is tolia, maSin 

Sesabamisi gadacemis funqciis mniSvneli tolia 1-is: 

 

31 25.02.15.0 −− +−= nnnn xxxy  
31 25.02.15.0)( −− +−= zzzH  

 

Tu gadacemis funqciis mniSvneli 1-is tolia, mocemuli gvaqvs filtri sasruli 

impulsuri maxasiaTebliT (FIR-finite impulse response) , Tu ara - usasrulo 

impulsuri maxasiaTebliT (IIR- infinite impulse response) . filtris orive tipi 

farTod gamoiyeneba signalis damuSavebaSi. 

 

imisaTvis rom gavigoT mocemuli gadacemis funqciis mqone sistemis maxasiaTeblebi, 

unda avagoT misi maxasiaTebeli mrudi. MATLAB –s funqcia freqz gamoiTvlis  

kompleqsuri funqciis mniSvnelobebs sami argumentis saSualebiT. pirveli 

argumentia veqtori, romelic Seicavs B(z) polinomis koeficientebs, meore 

argumentia veqtori, romelic Seicavs A(z) polinomis koeficientebs, xolo mesame 
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argumentia mTeli ricxvi, romelic gansazRvravs normirebul sixSireTa raodenobas, 

romelic gamoyenebulia [0. p] intervalze. koeficientebi ganisazRvreba funqciidan, 

xolo wertilebis raodenoba, romelic gardaqmnis funqciis mniSvnelobaTa 

gamosaTvlelad gamoiyeneba gansazRvravs garCevas, romelic ise unda SeirCes rom 

SevZloT filtris tipis dadgena. 

 

programa gamoiTvlis da agebs maxasiaTebel mrudebs zemoTganxiluli 4 

filtrisaTvis: 
 

% This programm datermines and plots the  
% magnitudes of four digital filters 
%  

 
B1 = [0.2066,0.4131,0.2066]; 
A1 = [1,-0.3695,0.1958]; 
[H1z,w1T] = freqz(B1,A1,100); 
%  

 
B2 = [0.894,-1.789,0.894]; 
A2 = [1,-1.778,0.799]; 
[H2z,w2T] = freqz(B2,A2,100); 
%  

 
B3 = [0.42,0,-0.42]; 
A3 = [1,-0.443,0.159]; 
[H3z,w3T] = freqz(B3,A3,100); 
%  

 
B4 = [0.5792,0.4425,0.5792]; 
A4 = [1,0.4425,0.1584]; 
[H4z,w4T] = freqz(B4,A4,100); 
clf 
subplot(221),plot(w1T,abs(H1z)),title('Filter H1(z)'),... 
    xlabel('Normalized Frequency'),ylabel('Magnitude'),grid 
subplot(222),plot(w2T,abs(H2z)),title('Filter H2(z)'),... 
    xlabel('Normalized Frequency'),ylabel('Magnitude'),grid 
subplot(223),plot(w3T,abs(H3z)),title('Filter H3(z)'),... 
    xlabel('Normalized Frequency'),ylabel('Magnitude'),grid 
subplot(224),plot(w4T,abs(H4z)),title('Filter H4(z)'),... 
    xlabel('Normalized Frequency'),ylabel('Magnitude'),grid 
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nax. 14.10 sxvadasxva tipis cifruli filtrebis maxasiaTebeli mrudebi  

 
 

MATLAB-s aqvs agreTve funqcia grpdelay, romelic gamoiyeneba cifruli filtris 

jgufuri Seyovnebis gansasazRvravad. jgufuri Seyovneba es aris filtris, rogorc 

sixSiris funqciis saSualo Seyovnebis zoma. is ganisazRvreba rogorc filtris 

fazuri maxasiaTeblis uaryofiTi pirveli warmoebuli. Tu gadacemis funqciis 

fazuri maxasiaTebelia q(w), MmaSin jgufuri Seyovneba iqneba: 
 

ω
ωθωτ

d

d )(
)( −=  

 

grpdelay funqcias aqvs 3 argumenti: B(z) da A(z) koeficientebi da mTeli ricxvi, 

romelic gansazRvravs Seyovnebis zomas normirebuli sixSiris 0 - p intervalze. 

ramdenadac es funqcia iyenebs fft funqcias, sasurvelia mesame argumentis mniSvneliba 

SeirCes ise, rom iyos 2-is xarisxis toli. 

racionalur wiladTa jamad daSla 

analoguri da cifruli filtrebis analizisas xSirad gvWirdeba gadacemis funqciis 

daSla racionalur wiladTa jamad. es procesi SeiZleba gamoviyenoT imisaTvis, rom 

filtri warmovadginoT qvefunqciaTa kaskaduri an paraleluri struqturis saxiT. 

garda amisa racionalur wiladad daSla SeiZleba gamoviyenoT imisaTvis, rom 
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SevasruloT ukugardaqmna sixSirulidan droiT garemoSi. MATLAB-s aqvs funqcia 
residue romelic axdens ori polinomis ganayofis racionalur wiladTa jamad 

daSlas. es funqcia SegviZlia gamoviyenoT gadacemis funqciisaTvis, radgan igi 

swored ori polinomis ganayofis saxiTaa warmodgenili.  

 

davuSvaT G aris υ  cvladiani ori polinomis ganayofi. is SeiZleba warmovadginoT 

rogorc Sereuli wiladi; 

 

)(

)(

)(

)(
)(

0 υ
υυ

υ
υυ

D

N
k

A

B
G

N

n

n
n +== ∑

=

 

 

wiladuri nawili aris ori polinomis ganayofi. misi mricxveli SesaZloa 

warmovadginoT rogorc ramdenime Tanamamravlis namravli, romlebic udris am 

polinomis cvladisa da misi fesvebis sxvaobas. (mricxveli polinomis fesvebs 

ewodeba funqciis nulebi, xolo mniSvnelisas – polusebi).  
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romelic SegviZlia jamis saxiT warmovadginoT; 
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funqcias residue aqvs ori input mniSvneloba: A da B polinomis koeficientebi., 

gamoiTvlis da gvaZlevs sam veqtors – r, p, k. r veqtori Seicavs Ci,j koeficientebs, p – 
polusebis mniSvnelobebs pn da k – kn mniSvnelobebs. imisaTvis rom swori 

interpretacia mivceT residue funqciis Sedegad miRebul mniSvnelobebs, kargad unda 

davukvirdeT formulaSi SemoRebuli aRniSvnebis mniSvnelobas. mniSvnelovania 

gaviTvaliswinoT, rom mocemuli wiladi racionaluri wiladebis jamis saxiT 

ramdenimegvarad SeiZleba warmovadginoT. Tumca aqve aRvniSnavT, rom es funqcia 

yovelTvis erTidaigive Sedegs mogvcems mricxvelisa da mniSvnelis mocemuli 

wyvilisaTvis.  

 

funqciis sailustraciod ganvixiloT magaliTi: 

 

5.05.1
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MATLAB saSualebiT igi SegviZlia davSaloT racionaluri wiladebis jamad: 

 
B=[1, 0, 0]; 
A=[1, -1.5, 0.5]; 
[r,p,k]=residue(B,A) 
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Sedegad miviRebT: 
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amitom gveqneba: 
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ganvixiloT Semdegi wiladi: 
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B=[1]; 
A=[1, -3.5, 1.5]; 
[r,p,k]=residue(B,A) 
 

Sedegad miviRebT: 
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ese igi gveqneba: 
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Tu gvsurs CavweroT formula z uaryofiTi xarisxebiT, wiladis mricxveli da 

mniSvneli gavamravloT z-1: 
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savarjiSo 

TiToeuli funqciisaTvis aageT maxasiaTebeli mrudi (magnitude). gansazRvreT 

filtris tipi da maxasiaTeblebi. cifruli filtrebisaTvis isargebleT 

normirebuli sixSiriT. 
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14.4 cifruli filtris ganxorcieleba 

 

analoguri filtrebi xorcieldeba mowyobilobebSi iseTi komponentebis gamoyenebiT, 

rogoricaa rezistori da kondensatori. cifruli filtri xorcieldeba 

programulad. cifruli filtri SegviZlia ganvaxorcieloT rogorc gadacemis 

funqcia Hz an standartuli difference gantoleba. funqciis filter sawyisi argumentia 
signali da saboloo Sedegic signalia, romelmac gaiara filtri. gantoleba 

gansazRvravs Semavalis  gamomaval signalad gardaqmnis safexurebs. 

 

damokidebuleba Semavalsa xn da gamomaval yn signals Soris aseTia: 
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magaliTad: 

 

54321 04.017.025.017.004.0 −−−−− ++++= nnnnnn xxxxxy  

212 16.044.042.042.0 −−− −+−= nnnnn xxxxy  

11 33.033.033.0 −+ ++= nnnn xxxy  

 

pirveli filtris gamomavali signali damokidebulia Semavali signalis mxolod 

warsul mniSvnelobebze. magaliTad rom gamovTvaloT y10 unda icodeT x9, x8, x7,  x6,  x5  

mniSvnelobebi. am tipis filtri warmoadgens FIR filtrs da misi gadamcemi funqciis 

mniSvneli 1-is tolia. meore filtri moiTxovs ara marto Semavali signalis 

mniSvnelobebs, aramed gamomavali signalis wrsul mnisvnelobebsac, rom gamoiTvalos 

axali gamomavali signali. am tipis filtrs uwodeben IIR filtrs. mesame filtri 

aris agreTve FIR filtri, magram gamomavali signali damokidebulia mxolod Semaval 

signalze. Tumca unda SevniSnoT, rom indeqsebi mesame gantolebaSi moiTxovs, rom 

SegveZlos winaswar ganvWvritoT Semavali signalis mniSvnelobebi. ase, rom Tu 

gvinda gamoviTvaloT y5 unda vicodeT x6, x5, x4. 

es moTxovna problemas ar warmoadgens, Tu Semaval signals viTvliT funqciis 

saSualebiT, an misi mniSvnelobebi mocemulia failis saxiT. magram prblema Seiqmneba, 

Tu es signali iqmneba realurad, eqsperimentis mimdinareobisas. 

 

MATLAB-Si signalis ‘gafiltrva’ xdeba funqciiT filter. igulisxmeba, rom 

standartul difference gantolebas aqvs saxe: 
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rac Seesabameba gadacemis funqcias: 
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filter funqciis pirveli 2 argumentia [ak ] da [bk ] koeficientebis veqtori. 
 

mesame argumentia Semavali signali. 
 
>>B=[0.0, 0.04, 0.17, 0.25, 0.17, 0.04]; 
>>A=[1]; 
>>y=filter(B,A,x); 
 

es funqcia ar SegviZlia gamoviyenoT mesame filtrisaTvis, radgan diferencialur 

gantonebas SeuZlia gamoiTvalos signalis mniSvnelobebi mxolod k=0 dan. mesame 

gantolebaSi moiTxoveba, rom pirveli jami daiwyos k=-1 mniSvnelobiT. am SemTxvevaSi 

filtrs ‘movargebT’ e.w. veqtoruli ariTmetikis saSualebiT. davuSvaT,rom Semavali 

signali warmodgenilia x veqtoris saxiT. Sesabamisi gamomavali y signali SegviZlia 

gamoviTvaloT Semdegi brZanebebis saSualebiT: 
 
N=length(x); 
y(1)=0.33*x(1)+0.33*x(2); 
for n=2:N-1 
       y(n) = 0.33*x(n-1) + 0.33*x(n) + 0.33*x(n-1); 
end 
y(N) = 0.33*x(N-1) + 0.33*x(N); 
 

Cven davuSviT, rom x-is is mniSvnelobebi, romelTaTvisac ar gvaqvs sidideebi 

mocemuli, 0-is tolia [x(-1) da x(N+1)] .  gamoTvlis sxva gzac arsebobs: 

 
N=length(x); 
y(1)=0.33*x(1)+0.33*x(2); 
y(2:N-1) = 0.33*x(3:N) + 0.33*x(2:N-1) + 0.33*x(1:N-2); 
y(N)=0.33*x(N-1) + 0.33*x(N); 

 
nebismieri filtri SegviZlia ganvaxorcieloT veqtoruli operaciebiT, magram  

funqcia yovelTvis iZleva ufro martiv amoxsnas. 

 

filter funqcia iZleva or gamosaval arguments:  

 
[y, state] = filter(b,a,x) 

y veqtori Seicavs gamomaval arguments, roca x veqtori – sawyisi signalia, xolo 

veqtori state sidideTa saboloo mwkrivs, romelsac filtri iyenebs. magaliTad, Tu 

gvinda gavfiltroT x2 veqtori, romelic x signalis sxva segments warmoadgens, 

SegviZlia mivuTiToT, rom sawyisi pirobebi gansazRvrulia veqtorSi state, am 

SemTxvevaSi x da x2 veqtorebi ganixileba rogorc erTi grZeli veqtori nacvlad 2 

sxvadasxva veqtorisa. 
 
y  = filter(b,a,x2,state); 

 
bolos, funqcia conv  SegviZlia gamoviyenoT, imisaTvis, rom gamoviTvaloT FIR 
filtris gamosavali mniSvnelobebi. es funqcia gamoiyeneba mxolod FIR 
filtrisaTvis. umjobesia conv gamoviyenoT polinomebis gadamravlebisaTvis, xolo 

filter signalis gasafiltrad. 
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savarjiSo 

 

Semdegi gadacemis funqcia Seiqmna imisaTvis, rom filtrma gaataros signali 

sixSireebze 500 – 1500 hercs Soris. signali aTvlilia 5 kiloherci sixSiriT: 

 

59.1443.0

42.042.0
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zz
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aiReT Semdegi signali, gamoTvaleT rogori iqneba igi filtrSi gavlis Semdeg. aageT 

orive signalis sixSiruli mrudi erTiodaigive naxazze, rom TvalsaCinod gamoCndes 

filtris efeqti. 
 

1.  )10002sin( kTxk π=  

2. )1002cos(2 kTxk π=  

3. )2002sin( kTxk π−=  

4. )16002cos( kTxk π=  

 

14.5 cifruli filtris dizaini 

 
IIR (infinit impulse response filter) (filtri usasrulo impulsuri maxaliaTebliT) 

 

MATLAB –s aqvs funqciebi oTxi sxvadasxva tipis cifruli filtrisaTvis, 

romelic eyrdnoba anloguri filtris dizains. Butterworth filtrs aqvs brtyeli 

maxasiaTebeli mrudi brtyeli gatarebis(zRvruli) da mokveTis(cutoff) areebiT. 

Chebishev-is da elifsuri filtrebis maxasiaTebeli mrudi ki talRovania TiTqmis 

mTel ubanze. magram Chebishev-is filtrs aqvs yvelaze viwro gardamavali ubani, 

rac mis upiratesobas warmoadgens sxva filtrebTan SedarebiT. 

 



14 signalis damuSaveba 21

nax. 14.11 gadacemis funqciis talRovani ubnebi 

 

MMATLAB-is funqciebs dabalsixSiruli IIR filtrebisaTvis analogur prototipze 

dayrdnobiT Semdegi saxe aqvs: 
 

[B,A] = butter(N,Wn); 
[B,A] = cheby1(N,Rp,Wn); 
[B,A] = cheby2(N,Rs,Wn); 
[B,A] = ellip(N,Rp,Rs,Wn); 

 
funqciis Sesaval argumentebs warmoadgens filtris rigi (N), (Rp , Rs) ripple da 
normirebuli momkveTi (cutoff) sixSire(Wn).  normirebuli sixSire emyareba 

naiqvistis sixSires, romelic 1-is tolad miiCneva. (aRvniSnavT, rom es gansxvavdeba 

freqz funqciis normirebuli sixSirisagan). Sedegad miRebuli veqtorebi B da A aris 
gadacemis funqciis koeficientebi.  

 

rom SevqmnaT zolovani filtri, argumentebi iseTive unda gamoviyenoT, rogorc 

dabalsixSiruli filtrisas, mxolod Wn iqneba orelementiani veqtori, romelic 

axasiaTebs zolis sawyis da saboloo normirebul sixSireebs (Wn(1)-Wn(2)). 
 

maRalsixSiruli filtris Sesaqmnelad gvWirdeba damatebiTi parametri ‘high’, 
 
[B,A] = butter(N,Wn,’high’); 
[B,A] = cheby1(N,Rp,Wn, ’high’); 
[B,A] = cheby2(N,Rs,Wn, ’high’); 
[B,A] = ellip(N,Rp,Rs,Wn, ’high’); 
 

bandstop filtris Sesaqmnelad argumentebi igive rCeba, mxolod nacvlad ‘high’ 
iwereba ‘stop’, Tanac Wn argumenti unda iyos orelementiani veqtori, romelic 

zolis sazRvrebs axasiaTebs. 
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sailustraciod, davuSvaT gvinda SevqmnaT me-6 rigis CebiSevis II tipis filtri. 

vTqvaT aseve gvinda SevzRudoT gatarebis talRa(ripple) 0.1-iT (20 decibeli). 

filtri gvinda gamoviyenoT signalisaTvis, romelic aiTvleba 1khercze, rac niSnavs, 

rom naiqvistis sixSire 500 hercia. mokveTis cutoff sixSire unda iyos 300 herci, 
e.i. normirebuli sixSirea 300/500, anu 0.6.  

 
[B,A] = cheby2(6,20,0.6, 'high'); 
[H,wT] = freqz(B,A,100); 
T = 0.001; 
hertz = wT/(2*pi*T); 
plot(hertz, abs(H)), title('Highpass Filter'),... 
xlabel('Hz'),ylabel('Magnitude'), grid 
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nax. 14.12 CebiSevis II tipis filtri 

 
es filtri rom signals movargoT unda gamoviyenoT brZaneba:  

 

y = filter(B,A,x); 
 

B da A mniSvnelobebi SegviZlia gamoviyenoT agreTve filtris standartuli 

difference gantolebis gansasazRvravad. 

pirdapiri IIR filtri 

MATLAB-s aqvs funqcia Yule-Walker filtrisaTvis. veqtorebi f da m axasiaTebs 

sixSirul-amplitudur Tvisebebs sixSiris areSi 0-1.rac Seesabameba 0 dan naiqvistis 

sixSiremde intervals. sixSureebi f – Si unda daiwyos 0 – dan da dasruldes 1-iT.   



14 signalis damuSaveba 23

dalagebuli unda iyos zrdis mixedviT. amplitudebi m_Si unda Seesabamebodes 

sixSireebs f-Si. Semdegi magaliTSi ganxilulia filtri gatarebis 2 zoliT; 
 
m=[0 0 1 1 0 0 1 1 0 0]; 
f=[0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 1]; 
 
[B,A] = yulewalk(12,f,m); 
[H,wT] = freqz(B,A,100); 
T = 0.001; 
 
plot(f,m,wT/pi,abs(H)),... 
title('IIR filter with two passbands'),... 
xlabel('Normalized frequency'),ylabel('Magnitude'),grid 
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nax. 14.13 Yule-Walker filtri 

 

pirdapiri FIR filtri 

aseTi filtri MATLAB-Si xorcieldeba Parks-MacClelanis algoriTmiT, romelic 

Tavis mxriv iyenebs remez-is algoriTms. gavixsenoT, rom FIR filtrs esaWiroeba 

mxolod B koeficientebi, radgan H(z) mniSvnelis polinomi 1-is tolia. MATLAB –
is funqcia remez gvaZlevs erT veqtors : 
 

B = remez(n,f,m) 
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pirveli argumentia filtris rigi, f da m Zalian gavs wina TavSi ganxilul 

sidideebs, magram damatebiT wertilebis raodeniba f da m veqrorebSi unda iyos  

luwi. 
 
m=[0 0 1 1 0 0 1 1 0 0]; 
f=[0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 1]; 
 
[B,A] = remez(50,f,m); 
[H,wT] = freqz(B,[1],100); 
 
 
plot(f,m,wT/pi,abs(H)),… 
title(‘FIR filter with two passbands’),… 
xlabel(‘Normalized frequency’),ylabel(‘Magnitude’),grid 

  

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.2

0.4

0.6

0.8

1

1.2

1.4
FIR filter with two passbands

Normalized frequency

M
ag

ni
tu

de

 

nax. 14.14 filtri sasruli impulsuri maxasiaTebliT 

 

 

savarjiSo 

 

gamoyeneT MATLAB –is funqciebi Semdegi saxis filtrebis Sesaqmnelad. aageT  

filtris maxasiaTebeli mrudi 
 

1. dabalsixSiruli IIR filtri zRvruli cutoff sixSiriT 75 herci, aTvlis 

sixSire 500 herci. (filtris rigi 5) 
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2. maRalsixSiruli IIR filtri zRvruli cutoff sixSiriT 100 herci, aTvlis 

sixSire 1 kiloherci. (filtris rigi 6) 

3. dabalsixSiruli FIR filtri zRvruli cutoff sixSiriT 75 herci, aTvlis 

sixSire 500 herci. (filtris rigi 5) 

4. zolovani FIR filtri gatarebis zoliT 100-200 herci, aTvlis sixSire 1 

kiloherci. (filtris rigi 80) 

 
 problema: arxebis gamyofi filtri 

 

kosmosuri xomaldis mier Ria sivrceSi gadaRebuli gamosaxuleba gadmoicema 

dedamiwaze. es monacemebi gardaiqmneba cifrul signalad, romlis miRebis da 

damuSavebis Semdeg miiReba sawyisi gamosaxuleba. informaciis miReba warmoebs 

ramdenime sensorze. sensorze miRebuli signalis sixSiruli Sedgeniloba 

damokidebulia gazomili monacemebis tipze. 

 

sxvadasxva sixSiris signalebi SeiZleba gaerTiandes erT signalad modulaciis 

saSualebiT. magaliTad davuSvaT, gvinda gadavceT 3 signali paralelurad. pirveli 

signali Seicavs sixSirul komponentebss 0-dan 100 hercamde, meore-500 hercidan 1 

kilohercamde, mesame ki 2 kilohercidan 5 kilohercamde. davuSvaT signali romelic 

Seicavs am sam signals aiTvleba sixSiriT 10 kiloherci. imisaTvis, rom miRebuli 

signalidan gamovyoT TiToeuli mdgeneli calk-calke, gvWirdeba dabalsixSiruli 

filtri zeda zRvruli sixSiriT 100 herci, zolovani filtri  sixSireTa 

intervaliT 500-1000 herci da maRalsixSiruli filtri qveda zRvruli sixSiriT 

2 kiloherci. filtris rigi sakmaod maRali unda iyos, rom miviRoT viwro 

gardamavali zoli raTa sixSireebi rac SeiZleba mkveTrad gaimijnos.  

 

1. amocanis dasma: 

 

SevqmnaT 3 filtri, romelic unda gamoviyenoT 10 kiloherc sixSiriT aTvlili 

signalisaTvis. erTi maTgani unda iyos dabalsixSiruli filtri, romelic CamoWris 

100 hercze ufro maRal sixSirul komponentebs, meore  unda iyos zoluri 

filtri, romelic gaatarebs sixSireebs 500-1000 herc intervalSi, mesame filtri 

unda iyos maRalsixSiruli, romelic gaatarebs yvela sixSires 2 kilohercidan. 

 

2. INPUT/OUTPUT aRwera 
 

am problemaSi ar gvaqvs sawyisi monacemebi, xolo Sedegad vrebulobT veqtorebs 

koeficientebiT, romelic gansazRvravs am sami filtris gadacemis funqciebs. ix. 

diagrama nax. 14.15. 
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nax. 14.15 I/O diagrama 

 

 

3. saxeldaxelo amoxsna 

 

nax. 14.17 naCvenebia sixSiruli intervali 0-dan naiqvistis sixSiremde (500 khc) 

sami filtriTurT. unda gamoviyenoT Butterworth filtri imisaTvis, rom miviRoT 

gatarebis da mokveTis brtyeli zoli. SesaZloa dagvWirdes eqsperimenti filtris 

rigis SesarCevad, imisaTvis rom davrwmundeT filtrebis gatarebis zolebi ar 

faraven erTmaneTs da amdenad arxebi mkveTrad gaimijneba. 

 

 

nax. 14.16 filtris eskizi 

 

 

4. MATLAB amoxsna 
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es programa iTvlis normirebul sixSireebs(0-dan 1-mde 1-Seesabameba naiqvistis 

sixSires) zRvruli sixSireebisaTvis butter funqciaSi, mas Semdeg rac gamoviTvliT 

koeficientebs, mivmarTvT freqz funqcias, rom avagoT filtris maxasiaTebeli mrudi. 

gavixsenoT, rom freqz funqcia axdens sixSireTa normirebas 0 - p intervalSi, sadac 

p warmoadgens naiqvistis sixSires. sixSiris erTeulad aviRebT hercs. 

 

%     This program designs three digital filters  
%     for use in a channel separation problem 

 
fs = 10000;      %sampling frequency 
 
T= 1/fs;         %sampling time 
fn = fs/2;       %Nyquist frequency 
f1n = 100/fn;    %normalized lowpass cutoff 
f2n = 500/fn;    %normalized bandpass left cutoff 
f3n = 1000/fn;   %normalized bandpass left cutoff 
f4n = 2000/fn;   %normalized highpass cutoff 
%  
[B1,A1] = butter(5,f1n); 
[B2,A2] = butter(5,[f2n,f3n]); 
[B3,A3] = butter(5,f4n,'high'); 
%  
[H1,wT] = freqz(B1,A1,200); 
[H2,wT] = freqz(B2,A2,200); 
[H3,wT] = freqz(B3,A3,200); 
%  
hertz = wT/2*pi*T; 
plot(hertz,abs(H1),'-
',hertz,abs(H2),':',hertz,abs(H3),'r'),... 
    title('Channel Separation Filters'),... 
    xlabel('Hz'),ylabel('Magnitude'),grid 

 

5. Semowmeba 

 

samive filtris maxasiaTebeli mrudi (moduli) warmodgenilia  
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nax. 14.17 arxebis gamyofi sami filtris maxasiaTebeli mrudebi 

 

ganxiluli iqna MATLAB-is ramdenime funqcia, romelic saWiroa signalis 

damuSavebisaTvis. cifruli signalis sixSiruli Sedgenilobis analizisaTvis 

gamoviyeneT fft funqcia. analoguri da cifruli filtrebis sixSiruli 

maxasiaTeblebis Sesaswavlad gamoviyeneT freqs da freqz funqciebi. kompleqsuri 

signalidan SegviZlia gamoviTvaloT filtris amplituda da faza. filter funqcia 

gamoiyeneba IIR da FIR filtrebis gansaxorcieleblad. da bolos ganxiluli iqna 

ramdenime fuqcia IIR da FIR filtrebis dizainisTvis. 

 

MATLAB  brZanebebi da funqciebi 
 

butter Butterworth cifruli filtris dizaini 

cheby1 Chebyshev I tipis filtris dizaini 

cheby2 Chebyshev II tipis filtris dizaini 

ellip elifsuri cifruli filtris dizaini 

fft gamoiTvlis signalis sixSirul Semcvelobas (swrafi 

furie gardaqmna) 
filter Semomaval signals moargebs cifrul filtrs 

freqs gamoiTvlis analogur sixSirul Semcvelobas 

freqz gamoiTvlis cifrul sixSirul Semcvelobas 

grpdelay daadgens cifruli signalis jgufuri Seyovnebis zomas 

ifft gamoiTvlis FFT Sebrunebuls (Sebrunebuli furie 

gardaqmna) 
remez optimaluri  FIR cifruli filtris dizaini 

residue racionalur wiladad daSla 
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unwrap gvaZlevs fazur kuTxis yvela SesaZlo mniSvnelobas 

yulewalk optimaluri IIR cifruli filtris dizaini 

 

 

problemebi 

 

1-6 amocanebi dakavSirebulia am TavSi ganxilul problemebTan, xolo 7-23 – axal 

sainjinro problemebs ukavSirdeba 

 

arxebis gamyofi filtri. es problema ukavSirdeba am TavSi ganxilul probemas 

arxebis gamyofi filtris dizainis Sesaxeb. SevecadoT SevqmnaT sistemis 

kompiuteruli modeli: 

 

1. pirvel rigSi unda SevqmnaT signali, romelic Seicavs sxvadasxva sixSirul 

mdgenels. amas mivaRwevT sxvadasxva sixSiris da amplitudes sinusoidaTa 

SekrebiT, romlebic aiTvleba 10 kiloherci sixSiriT. pirveli signali 

Sedgeba sami sinusoidisaga, romelTa sixSireebia: 25 hc, 40hc da 75hc, meore 

sinusoida Seicavs sam sinusoidas sixSireebiT: 500hc, 730 hc da 850hc, mesame 

sinusoida ki warmoadgebs sami sinusoidis jams maRali sixSireebiT: 3 500hc, 

4 000hc da 4 200 hc. SearCieT sinusoidebisTvis sxvadasxva amplitudebi da 

fazebi da aageT 500 wertili pirveli, meore da mesame signalisaTvis grafiki 

calk-calke. 

2. gamoTvleT da aageT pirvel amocanaSi aRwerili signalebis sixSiruli 

maxasiaTeblebi (magnituda da faza). grafikis agebisas x RerZze daitaneT 

sixSiris mniSvnelobebi hercebSi. 

3. SekribeT pirvel amocanaSi aRwerili signalebi. aageT signali  droiT da 

sixSirul sivrceSi(areSi). x RerZze gadazomeT sixSire hercebSi.  
4. moargeT dabalsixSiruli filtri mesame amocanaSi aRweril signals. aageT 

Sedegad miRebuli signalis droiTi da sixSiruli (magnitude) 

maxasiaTeblebis grafiki. SeadareT igi 1 da 2 amocanaSi aRweril saTanado 

signalis grafiks. droiTi grafiki pirveli signalisaTvis misi msgavsi unda 

iyos SesaZlo fazuri wanacvlebis gareSe, xolo sixSiruli mrudebi TiTqmis 

identuri unda iyos. 

5. gaimeoreT me-4 amocana zolovani filtrisaTvis. SeadareT igi 1 da 2 

amocanaSi aRweril saTanado signalis grafiks. droiTi grafiki meore 

signalisaTvis misi msgavsi unda iyos SesaZlo fazuri wanacvlebis gareSe, 

xolo sixSiruli mrudebi TiTqmis identuri unda iyos. 

6. gaimeoreT me-4 amocana maRalsixSiruli filtrisaTvis. SeadareT igi 1 da 2 

amocanaSi aRweril saTanado signalis grafiks. droiTi grafiki mesame 

signalisaTvis misi msgavsi unda iyos SesaZlo fazuri wanacvlebis gareSe, 

xolo sixSiruli mrudebi TiTqmis identuri unda iyos. 

 

filtris maxasiaTeblebi. TiToeuli filtrisaTvis gansazRvreT maxasiaTeblebi 

zRvruli, gardamavali da mokveTis (stopband). zRvruli sixSiris Sesafaseblad 

gamoiyeneT 0.7 done, xolo mokveTis sixSirisaTvis 0.1. 

7. 
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19. SeqmeniT dabalsixSiruli filtri zRvruli sixSiriT 1 kiloherci, roca 

aTlis sixSirea 8 kiloherci. Seadare erTmaneTs  4 standartuli IIR 
filtris maxasiaTeblebi me-8 rigis Sesabamis filtris maxasiaTeblebs 

erTidaigive naxazze. 

20. SeqmeniT maRalsixSiruli filtri zRvruli sixSiriT 500 herci, roca aTlis 

sixSirea 1500 herci. Seadare erTmaneTs  me-8 rigis elifsuri da 32-e rigis 

FIR filtris maxasiaTeblebi erTidaigive naxazze. 

21. SeqmeniT zolovani filtri gatarebis sixSiriT 300-4000 herci, roca aTlis 

sixSirea 9.6 kiloherci. Seadare erTmaneTs  Butterworth da me-8 mrigis FIR 
filtris maxasiaTeblebi erTidaigive naxazze. 

22. SeqmeniT filtriromelic ar gaatarebs sixSirul zols 500-100 hc, roca 

aTlis sixSirea 10 kiloherci. Seadare erTmaneTs 12-e rigis elifsuri da me-

12 rigis Yule-Walker filtris maxasiaTeblebi erTidaigive naxazze. 

23. SeqmeniT filtri, romelic gamoricxavs sixSireTa zols 100-150 hc da 500-

600hc, roca aTlis sixSirea 2.5 kiloherci. Seadare erTmaneTs IIR da FIR 
filtris maxasiaTeblebi erTidaigive naxazze. 
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15 gamonasaxis damuSaveba 

MATLAB gaaCnia standartuli algoriTmebisa da grafikul saSualebaTa 

erToblioba gamonasaxis damuSavebisaTvis. SesaZlebeli dabali garCevis, 

dazianebuli gamonasaxis aRdgena da gaumjobeseba. amovWraT detalebi 

gamonasaxidan da gavaanalizoT gamosaxuleba formisa Tu struqturis 

TvalsazrisiT. Tulbox- Image Processing – gvTavazobs amisaTvis ukve daweril M-

funqciebs, Tumca momxmarebels SeuZlia Tavad Seqmnas saWiro algoriTmis 

mixedviT axali MATLAB funqciebi. 
MATLAB saSualebas gvaZlevs davamuSaoT gamonasaxebi, romelnic miRebulia 

sxvadaxva tipis mimRebebiT rogoricaa cifruli kamera, freim-graberi, kosmosur 

Tanamgzavrebze dadgmuli sxvadasxva tipis mimRebi, mimRebi, romliTac 

aRWurvilia saedicino mikroskopi, teleskopi Tu sxva mravali samecniero 

instrumenti. 

 

15.1 gamonasaxis import_eqsporti 

15.2 ariTmetikuli operaciebi gamonasaxze 

15.3 gamonasaxis zomis Secvla 

15.4 gamonasaxis Semobruneba 

15.5 detalis amoWra gamonasaxidan 

15.6 informacia gamonasaxis Sesaxeb da statistikuri analizi 
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15.7 brZanebebi da funqciebi 

 

15.1 Sesavali 

 
MATLAB gaaCnia specialuri funqciaTa krebuli gamonasaxisaTvis. imisaTvis 

rom SevamowmoT aris Tu ara sistemaSi instalirebuli Image Processing 
Toolbox vsargeblobT funqciiT ver funqcia gvawvdis informacias MATLAB da 
Toolbox Sesaxeb, romlebic instalirebulia mocemul sistemaSi. 

gamonasaxis 4 ZiriTadi tipi arsebobs: 

 

 binaruli, orobiTi gamonasaxi – logikuri masivi romelic Seicavs 

mxolod 0 da 1 mniSvnelobebs.  

 

 

nax. 15.1 orobiTi gamonasaxi 

 

 

 indeqsirebuli – masivi romelic SesaZloa iyos logikuri, uint8, uint16, 
single an double tipis. romlis piqselebis mniSvneloba aris pirdapir 

color map indeqsebi, xolo colormap aris m X 3 double tipis matrica 
informaciiT ferebis Sesaxeb. mas sxvagvarad fsevdoferad gamonasaxsac 

uwodeben.  
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nax. 15.2 indeqsirebuli gamonasaxi 

 

 Sav-TeTri - uint8, uint16, single an double tipis matrica, romlis 

piqselebic warmodgenilia intensivobebSi. single an double tipisaTvis 

piqselis mniSvnelobebia [0,1], uint8 - [0,255], uint16 – [0, 65535].  

 
 realuri  (truecolor) – samganzomilebiani matrica uint8, uint16, single an 

double tipis, romlis piqselebic warmodgenilia intensivobebSi. aseve 

uwodeben RGB gamonasaxs. single an double tipisaTvis piqselis 

mniSvnelobebia [0,1], uint8 - [0,255], uint16 – [0.65535] 

 

nax. 15.3 indeqsirebuli gamonasaxi 
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nax. 15.4 RGB gamonasaxi 

 

15.2 gardaqmna gamonasaxis tipebs Soris 

Semdegi funqciebi gamoiyeneba gamonasaxis erTi tipis sxva tipis gamonasaxad 

gardasaqmnelad: 
 
dither –  Sav-TeTri gamonasaxi binarulSi, an realuri - indeqsirebulSi 
 
gray2ind –  Sav-TeTri - indeqsirebulSi 
 
im2bw –  Sav-TeTri, indeqsirebuli an realuri gamonasaxi orobiT gamonasaxSi  
 
ind2gray –  indeqsirebuli Sav-TeTrSi 
 
ind2grb – indeqsirebuli realur gamonasasSi (MATLAB 9.0 version ) 
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mat2gray – monacemTa matrica gadayavs Sav-TeTr gamonaaxSi monacenTa skalirebis 

safuZvelze 
 
rgb2gray– realuri –Sav-TeTrSi  
 
rgb2ind –  realuri – indeqsirebulSi 
 

15.3 gamonasaxis impirt-eqsporti 

gamonasaxis importisa da eqsportisaTvis MATLAB garemoSi, ramdenime gza 

arsebobs.  

 Tulbox – Image Ecquisition, romelic saSualebas iZleva pirdapir 

mimRebidan MATLAB garemoSi miviRoT gamosaxuleba. 

 Tulbox – Database  Seqmnilia  ODBC/JDBC formatis monacemTa bazaze 

samuSaod 

 SesaZlebelia standartuli formatis gamonasaxze muSaoba, rogoricaa: 
JPEG, TIFF, PNG, HDF, HDF-EOS, FITS, Microsoft Excel, ASCII da binaruli 

failebi. 

gamonasaxis gamoZaxeba MATLAB garemoSi xorcieldeba funqciis imread, 
grafikul fanjaraSi misi warmodgena – imshow. 
 

A=imread(‘filename’) gamoiZaxebs orferovani(Sav-TeTri) an ferad 

gamonasaxis Semcvel fails da warmoadgens mas A 

matricis saxiT. Tu gamonasaxi Sav-TeTria, miviRebT 

organzomilebian matricas, Tu feradia, miviRebT 

samganzomilebian matricas. matricis klasi 

damokidebulia gamoZaxebuli failis formatze. 
[X, 
map]=imread(‘filename’) 

gamoiZaxebs feradi, indexsirebuli gamonasaxis 

Semcvel fails da warmoadgens mas X matricis 

saxiT, romlis Sesabamis informacias ferTa Sesaxeb 

warmodgenilia map matricis saxiT 
imshow(‘filename’) warmoadgens gamonasaxis Semcvel fails grafikul 

fanjaraSi  
 
imisaTvis, rom vnaxoT Tu rogori saxiT warmoadgens gamonasaxs funqcia imread 
mivmarToT funqcias whos: 
 

imread('moon.tif'); 
whos 
  Name      Size                    Bytes  Class 
  ans     537x358                  192246  uint8 array 
Grand total is 192246 elements using 192246 bytes 

 

 funqcia imtool gamonasaxis grafikul fanjaraSi warmodgenasTan erTad 

saSualebas gvaZlevs gamoviyenoT aseve Pixel Region tool, the Image Information 
tool, da the Adjust Contrast tool: 

 
imtool('moon.tif') 
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nax. 15.5 imtool 

 
 
 

15.4 ariTmetikuli operaciebi gamonasaxze 

 

mas Semdeg, rac gamonasaxi gamoZaxebul iqneba MATLAB garemoSi brZanebiT imread, 
SesaZlebelia miRebul indeqsirebul gamonasaxze ariTmetikuli operaciebis warmoeba. 

gamonasaxebi erTidaigive zomis da klasis unda iyos. maTematikuri operaciebi 

sruldeba Sesabamis elementebze.  

 
imadd gamonasaxebis Sekreba 

imdevide gamonasaxebis gayofa 

imsubtract gamonasaxebis gamokleba 

immultiply gamonasaxebis gamravleba 

imabsdiff gvaZlevs axal matricas, romlis elementebic 

argumentTa Sesabamisi elementebis sxvaobaTa 
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absolutur sidides warmoadgens 

am funqciaTa argumentebi erTnairi zomis da klasis matricebia, an meore elementi 

SesaZloa iyos double scalar klasis. 

magaliTad: 
 
I = imread('rice.png'); 
J = imread('cameraman.tif'); 
K = imadd(I,J); 
figure, imshow(K) 
 
an: 

 
I = imread('moon.tif'); 
J = immultiply(I,0.5); 
figure, imshow(I), figure, imshow(J) 

 

15.5 gamonasaxis zomis Secvla 

 
MATLAB saSualebiT SesaZlebelia gamonasaxis zomis Secvla funqciis imresize. 
ganvixiloT am funqciis gamoyenebis ramdenime magaliTi. 

 gamonasaxis zomis Secvla gadidebis faqtoris miTiTebiT 

 
I = imread('circuit.tif'); 
J = imresize(I,1.25); 
imshow(I) 
figure, imshow(J) 
 
brZanebaTa es mwkrivi gamoiZaxebs MATLAB garemoSi gamonasaxs da mogvcems 
sawyisi gamonasaxis indeqsirebul matricas I, 1.25 jer gadidebuli axali 

gamonasaxis indeqsirebul matricas J, sawyisi da axali gamonasaxis grafikul 

gamosaxulebebs nax. 15.6. 
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 gamonasaxis zomis Secvla sasurveli zomis miTiTebiT 
 
I = imread('circuit.tif'); 
J = imresize(I,[100 150]); 
imshow(I) 
figure, imshow(J) 
 

miviRebT sawyis da zomaSecvlil gamonasaxebs nax. 15.7 

 

 gamonasaxis zomis Secvla interpolirebis meTodis miTiTebiT 

 
I = imread('circuit.tif'); 
J = imresize(I,[100 300],'bilinear'); 
imshow(I) 
figure, imshow(J) 
 
funqciis mesame argumenti  miuTiTebs interpolirebis meTods, romelic unda 

iqnas gamoyenebuli axali gamonasaxis Sesaqmnelad. Tu argumenti miTiTebuli ar 

aris interpolireba xdeba mezobeli elementebis meTodiT, 'bilinear' - 

interpolireba ori wrfivi funqciis gamoyenebiT, 'bicubic'- interpolireba 

ori kuburi funqciis gamoyenebiT. 

 

15.6 gamonasaxis mobruneba 

MATLAB saSualebiT sesaZlebelia gamonasaxis mobruneba funqciis imrotate. 
ganvixiloT am funqciis gamoyenebis magaliTi. 

 gamonasaxis mobruneba 

 

 

nax. 15.6 sawyisi da gadidebuli gamonasaxi 

 

 

nax. 15.7 sawyisi da zomaSecvlili gamonasaxi 
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I = imread('circuit.tif'); 
J = imrotate(I,35,'bilinear'); 
imshow(I) 
figure, imshow(J) 
 

brZanebaTa es mwkrivi gamoiZaxebs MATLAB garemoSi gamonasaxs da mogvcems 
sawyisi gamonasaxis indeqsirebul matricas I, 35 gradusiT mobrunebuli axali 

gamonasaxis indeqsirebul matricas J, sawyisi da axali gamonasaxis grafikul 

gamosaxulebebs nax. 15.8. 

 

 

 

nax. 15.8 sawyisi da Semobrunebuli gamonasaxi 

 

15.7 detalis amoWra gamonasaxidan 

MATLAB-Si detalis amosaWrelad gamoiyeneba funqcia imcrop. ganvixiloT am 

funqciis gamoyenebis magaliTi. 
 
imshow moon.tif 
I = imcrop; 
imshow(I); 
 

funqcia imcrop ekranze moixmobs gamonasaxs da daelodeba momxmarebels mauzis 

saSualebiT moniSnos sasurveli detali gamonasaxidan. miviRebT amokveTili 

detalis grafikul gamosaxulebas nax. 15.9. 
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nax. 15.9 sawyisi gamonasaxi da amokveTili detali 

15.8 informacia gamonasaxis Sesaxeb da statistikuri analizi 

MATLAB gvaZlevs saSualebas miviRoT informacia im sidedeTa Sesaxeb, rac qmnis 

gamonasaxs da SevasruloT am monacemTa statistikuri analizi. 

 

 informacia gamonasaxis Semadgeneli piqselis Sesaxeb. funqcia impixel 
imisaTvis, rom miviRoT informacia piqselis Sesaxeb, unda gamoviZaxoT 

gamonasaxi imshow canoe.tif. amis Semdeg visargebloT brZanebiT: vals = impixel, 
rac saSualebas mogvcems gamonasaxze movniSnoT CvenTvis saintereso piqselebi. 

SerCevis procesi sruldeba return klaviSis saSualebiT. informacia moniSnuli 

piqselebis Sesaxeb Seinaxeba cvladis- vals saxiT. 
 

 improfile – gamoiTvlis da aagebs intensivobaTa ganawilebas gamonasaxze 

miTiTebuli monakveTis gaswvriv. monakveTi SegviZlia ganvsazRvroT mausis 

saSualebiT, an mivuTiToT koordinatebi, rogorc Semavali argumentebi. 

feradi gamonasaxis SemTxvevaSi funqcia agebs intensivobebis mniSvnelobebs 

Sesabamis ferebSi. 

 

Semdegi brZanebebi MATLAB-Si saSualebas mogvcems gamonasaxi gamovitanoT 

grafikul fanjaraSi da movniSnoT monakveTi, romlis gaswvrivac gvainteresebs 

profilis ageba: 

 
imshow peppers.png 
improfile 
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nax. 15.10 improfile 

 

 gamonasaxis konturuli grafiki. funqcia imcontour 
 
I = imread('rice.png'); 
imshow(I) 
figure, imcontour(I,3) 
 

brZanebaTa mwkrivi gamoiZaxebs, grafikul fanjaraSi gamoitans gamonasaxs da 

axal grafikul fanjaraSi mogvcems gamonasaxis konturul grafiks. 

 

 

 

nax. 15.11 sawyisi gamonasaxi da konturuli grafiki 

 

 gamonasaxis histograma. funqcia imhist 
 
I = imread('rice.png'); 
imshow(I) 
figure, imhist(I) 
 

brZanebaTa mwkrivi gamoiZaxebs, grafikul fanjaraSi gamoitans gamonasaxs da 

axal grafikul fanjaraSi mogvcems gamonasaxis histogramas. 
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nax. 15.12 sawyisi gamonasaxi da histograma 

 

arsebobs ramdenime gza gamonasaxis kontrastis Sesacvlelad. erT-erTi maTgania 

funqcia histreq rac saSualebas iZleva ganvavrcoT intensivoba Tananbrad mTel 

gamonasaxze. am process histogramis gaTanabrebas uwodeben (histogram equalization). 
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nax. 15.13 gaTanabrebuli gamonasaxi da histograma 

 

 gamonasaxis statistikuri analizi 

funqciebi mean2, std2 gamoiTvlis gamonasaxis Semqmneli matricis elementebis 

mniSvnelobaTa saSualosa da standartul gadaxras, xolo corr2 erTnairi zomis 
ori matricis korelaciis koeficients gamoiTvlis. 

 

 cifruli gamonasaxi SesaZloa damaxinjebuli iyo sxvadasxva mizeziT 

gamowveuli xmauriT. MATLAB gaaCnia xmauris gamoricxvis sxvadasva 

saSualeba, rogoricaa wrfivi, medianuri da adapturi filtracia. Ffunqcia 

wiener2 aanalizebs gamonasaxs da xmauris filtracias imis mixedviT 

Seasrulebs. brZanebaTa Semdegi mwkrivi gamoiZaxebs gamonasaxs, gadaiyvans mas 

Sav-TeTr gamonasaxSi, daumatebs xmaurs. (gausis ganawileba) da Semdeg 

gaasufTavebs gamonasaxs xmaurisagan wiener2 funqciis saSualebiT. 
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RGB = imread('saturn.png'); 
I = rgb2gray(RGB); 
J = imnoise(I,'gaussian',0,0.005); 
K = wiener2(J,[5 5]); 
imshow(J) 
figure, imshow(K) 
 

  

  

nax. 15.14 gamonasaxis gasufTaveba xmaurisagan 

 

 gamonasaxis Cawera diskze 

 

funqcia imwrite Cawers gamonasaxs miTiTebul adgilze. 
 
imwrite(I2, 'rice2.png'); 
 

xolo funqcia iminfo gviCvenebs informacias axladSeqmnili gamonasaxis Sesaxeb: 

 
imfinfo('rice2.png ') 
 
ans =  
 
                  Filename: 'rice2.png ' 
               FileModDate: '08-Nov-2010 18:04:56' 
                  FileSize: 49552 
                    Format: 'png' 
             FormatVersion: [] 
                     Width: 256 
                    Height: 256 
                  BitDepth: 8 
                 ColorType: 'grayscale' 
           FormatSignature: [137 80 78 71 13 10 26 10] 
                             olormap: [] 
                 Histogram: [] 
             InterlaceType: 'none' 
              Transparency: 'none' 
    SimpleTransparencyData: [] 
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           BackgroundColor: [] 
           RenderingIntent: [] 
            Chromaticities: [] 
                     Gamma: [] 
               XResolution: [] 
                       YResolution: [] 
                            ResolutionUnit: [] 
                   XOffset: [] 
                   YOffset: [] 
                OffsetUnit: [] 
           SignificantBits: [] 
              ImageModTime: '8 Nov 2010 14:04:56 +0000' 
                     Title: [] 
                    Author: [] 
               Description: [] 
                 Copyright: [] 
              CreationTime: [] 
                  Software: [] 
                Disclaimer: [] 
                   Warning: [] 
                    Source: [] 
                            Comment: [] 
                 OtherText: [] 
 

 

 

15.9 MATLAB  brZanebebi da funqciebi 
A=imread(‘filename’) gamoiZaxebs orferovani(Sav-TeTri) gamonasaxis 

Semcvel fails da warmoadgens mas A matricis 

saxiT (indeqsirebuli gamonasaxi) 
[X,map]=imread(‘filename’) gamoiZaxebs ferad gamonasaxis Semcvel fails da 

warmoadgens mas A matricis saxiT, romlis 

Sesabamis informacias ferTa Sesaxeb warmoadgens 

map matricis saxiT 
imshow(‘filename’) warmoadgens gamonasaxis Semcvel fails grafikul 

fanjaraSi  
B=imresize(A,m) gvaZlevs A indeqsirebuli gamonasaxis m-jer 

gadidebul gamonasaxs (Tu 0<m<1, gamonasaxi 

Semcirdeba) 
imrotate(A,angle) abrunebs A gamonasaxs ‘angle’ gradusiT saaTis 

isris sawinaaRmdego mimarTulebiT 
imadd gamonasaxebis Sekreba 

imdevide gamonasaxebis gayofa 

imadd gamonasaxebis Sekreba 

imdevide gamonasaxebis gayofa 

imsubtract gamonasaxebis gamokleba 

immultiply gamonasaxebis gamravleba 

imabsdiff gvaZlevs axal matricas, romlis elementebic 

argumentTa Sesabamisi elementebis sxvaobaTa 
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absolutur sidides warmoadgens 

imcrop amoWris detals gamonasaxidan 

impixel iZleva informacias moniSnuli piqselis Sesaxeb 

imcontour gamonasaxis konturuki grafiki 

imhist agebs gamonasaxis histogramas 

mean2 mean2 gamoiTvlis gamonasaxis Semqmneli matricis 

elementebis mniSvnelobaTa saSualos 
std2 std2 gamoiTvlis gamonasaxis Semqmneli matricis 

elementebis mniSvnelobaTa standartul gadaxras, 
corr2 gamoiTvlis erTnairi zomis ori matricis 

korelaciis koeficients. 
wiener gamonasaxis xmaurisagan gasufTaveba 

improfile agebs intensivobaTa profiles gamonasaxze 

miTiTebili monakveTis gaswvriv 
dither gardaqmnis Sav-TeTri gamonasaxs binarulSi, an 

realurs - indeqsirebulSi 
gray2ind gardaqmnis Sav-TeTr gamonasaxs indeqsirebulSi 

im2bw gardaqmnis Sav-TeTr, indeqsirebul an realur 

gamonasaxs orobiT gamonasaxSi  
ind2gray gardaqmnis indeqsirebul gamonasaxs Sav-TeTrSi 

ind2grb gardaqmnis indeqsirebul gamonasaxs realur 

gamonasasSi 
mat2gray monacemTa matricas warmoadgens Sav-TeTr gamonaaxis 

saxiT monacenTa skalirebis safuZvelze 
rgb2grai gardaqmnis realur gamonasaxs Sav-TeTrSi 

rgb2ind gardaqmnis realur gamonasaxs indeqsirebulSi 

imwrite Cawers gamonasaxs miTiTebul adgilze 

iminfo gviCvenebs informacias gamonasaxis Sesaxeb 
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