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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 



3 skalaruli da matriculi gamoTvlebi 2 

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

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



3 skalaruli da matriculi gamoTvlebi 6 

 

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. 

 



3 skalaruli da matriculi gamoTvlebi 14 

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 
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%              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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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 
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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 
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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 



3 skalaruli da matriculi gamoTvlebi  33 

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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