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Sesavali

MATLAB_i _ ricxviTi gamoTvlebis, monacemTa analizisa da maTi grafikuli

interpretaciis erT_erTi wamyvani programuli paketia. mZlavri maTematikuri

aparatisa da vizualizaciis farTo SesaZleblobebis kombinacia ganapirobebs am

programuli paketis farTo gamoyenebas sainJinro amocanebis gadawyvetaSi.

MATLAB_i Seiqmna 1984 wels. MathWorks kompaniam mudmivad aviTarebs MATLAB_is
programul pakets, gamodis misi axali versiebi. mocemul saxelmZRvaneloSi

ganxilulia 7.5.0 versia.

abreviatura MATLAB (MATrix LABoratory) niSnavs `matricul laboratorias~.

gamoTvlebi sistemaSi sruldeba veqtorebze an veqtorTa erTobliobaze, rac

ganasxvavebs MATLAB_s sxva programebisagan, rogorebicaa Mathcad, Maple, Mathematica.
monacemTa veqtoruli damuSaveba ganapirobebs gamoTvlebis siswrafes, ciklebis

operatorebis gamoyenebis gareSec cikluri gamoTvlebis Sesrulebis saSualebasa da

Zalian maRali sizustis miRebas. MATLAB_is sxva mniSvnelovani Tvisebaa moduluri

agebis principi, rac iZleva gamoyenebiTi programebis paketebis Seqmnis

SesaZleblobebs. am programebis SeqmnaSi monawileobas iReben rogorc MATLAB
sistemis dammuSaveblebi, ise mravalricxovani partnioruli organizaciebi.

dReisaTvis MATLAB_i warmoadgens interaqtiul sistemur da programul enas

samecniero da teqnikuri gamoTvlebisaTvis.

MATLAB_is gamoyenebis tipuri saxeebia:

 maTematikuri gamoTvlebi;

 algoriTmebis Seqmna;

 modelireba;

 monacemTa analizi, gamokvleva da vizualizacia;

 mecnieruli da sainJinro amocanebis gadawyveta;

 sxvadasxva sferoSi gamoyenebiTi programebis damuSaveba

grafikuli interfeisis SeqmniT.

MATLAB_is ena da masSi arsebuli daprogramebis saSualebani axlosaa

Tanamedrove universaluri algoriTmuli enebis (Basic, C++, Java, Object Pascal) bazaze

dafuZnebul daprogramebis sistemebTan. rig aspeqtSi MATLAB_i CamorCeba aRniSnul

enebs (interpretaciis reJimi, vizualuri komponentebis mcire raodenoba), samagierod

mis ricxviTi meTodebis biblioTekas _ rogorc raodenobis, ise xarisxis mxriv _

verc erTi daprogramebis sistema ver Seedreba. garda amisa, MATLAB paketSi Sedis

ricxviTi damuSavebis Sedegebis vizualizaciisa da sxvadasxva grafikuli obieqtebis
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asaxvis mravalferovani SesaZleblobebi. MATLAB_is bazaze Seqmnilia

mravalricxovani gafarToebebi, romlebic ganapirobeben modelirebas da  sistemaTa

analizs adamianis moRvaweobis sxvadasxva sferoSi da faqtobrivad sistemis

Semadgenel nawils warmoadgenen.

Tanamedrove mecnierebasa da teqnikaSi MATLAB_i warmoadgens  modelirebisa da

ssxvadasxva gamoyenebiTi sistemebis analizis Seudarebel instruments. es exeba

rogorc sistemis mza produqtebis gamoyenebas, ise MATLAB sistemaSi arsebul

programul da algoriTmul saSualebaTa bazaze  axali produqtebis Seqmnas. Zalze

mniSvnelovania agreTve  sxvadasxva daprogramebis sistemaSi SemuSavebuli modulebis

gaerTianebis SesaZleblobebis aTviseba.

MATLAB_is unikaluroba ganisazRvreba misi Semdegi TvisebebiT:

 sistemis orientirebiT matricul operaciebze;

 biblioTekuri funqciebis Zalze didi raodenobiT, ris gamo MATLAB_i
SeiZleba ganvixiloT rogorc specializirebuli maTematikuri sistema

samecniero da sainJinro amocanebis amosaxsnelad (marTvis sistemebis

analizi da sinTezi, eqsperimentis dagegmva da uamravi sxva);

 sxva maTematikur sistemebTan (Maple, Mathcad, MS Excel) dialogis gamarTvis

unariT, rac afarTovebs MATLAB_is SesaZleblobebs da anulirebs mis

erT_erT nakls _ sxva sistemebTan SedarebiT ufro sust simbolur

maTematikas.

winamdebare saxelmZRvanelo gankuTvnilia rogorc studentebisaTvis, aseve

momxmarebelTa farTo wrisaTvis, vinc dainteresebulia sainJinro da samecniero

amocanebis gadawyvetaSi Tanamedrove programuli paketebis gamoyenebiT, romelTa

Soris MATLAB_s udavod erT_erTi wamyvani pozicia ukavia.
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Tavi I sawyisi cnebebi

1.1 MATLAB_is Semadgeneli nawilebi

MATLAB_i Sedgeba xuTi ZiriTadi nawilisagan:

MATLAB_is ena – es aris obieqtze orientirebuli, matricebisa da masivebis

damuSavebis maRali donis ena, romlis saSualebiT SeiZleba ganvaxorcieloT

rogorc `mciremasStabiani~ daprogrameba `Savad naweri~ programebis dasawerad, aseve

`didmasStabiani~ _ didi da rTuli programebis Sesaqmnelad.

MATLAB_is garemo – es aris instrumentebis erToblioba, romelsac

momxmarebeli an programisti iyenebs MATLAB_Si. aq Sedis samuSao areSi cvladebis

marTvis, monacemTa Seyvana_gamoyvanis, M_failebisa da gamoyenebiTi programebis

Seqmnis, kontrolis da gaSvebis saSualebebi da sxv.

mmarTveli grafika (GUI) – es aris MATLAB_is grafikuli sistema, romelic

Seicavs or da samganzomilebian monacemTa vizualizaciis saSualebebs,

gamosaxulebis damuSavebis, grafikis animaciisa da ilustrirebis SesaZleblobebs.

maTematikuri funqciebis biblioTeka – gamoTvliTi algoriTmebis  farTo

koleqciaa, dawyebuli elementaruli funqciebidan (jami, sinusi, kosinusi,

kompleqsuri ricxvebis ariTmetika), rTuli funqciebiT (beselis funqcia, furies da

laplasis gardaqmnis, matricebTan muSaobasTan dakavSirebuli funqciebi da sxv.)

damTavrebuli.

daprogramebis interfeisi – biblioTeka, romelic saSualebas gvaZlevs davweroT

programebi C_sa da FORTRAN daprogramebis enebze, romlebic urTierTqmediTia

MATLAB–Tan. is Seicavs agreTve MATLAB–Si programis gamoZaxebisa da MAT–
failebis wakiTxva_Caweris saSualebebs.

Simulink _ simulinkis paketi MATLAB_is gafarToebis erT_erTi mniSvnelovani

Semadgeneli nawilia (misi gaSvebis Rilaki gamotanilia sistemis instrumentTa

panelze). simulinki gvaZlevs analoguri gamomTvleli manqanebis ideis Tanamedrove

doneze ganxorcielebis saSualebas.

simulinki warmoadgens interaqtiul sistemas dinamiuri procesebis

modelirebisaTvis. mausis meSveobiT SesaZlebelia diagramebis blokebis

gadaadgileba ekranze da manipulireba. simulinki muSaobs wrfiv, arawrfiv, uwyvet,

diskretul, mravalganzomilebian sistemebTan. momxmareblisaTvis es aris

konstruqtori, romlis meSveobiTac SesaZlebelia blokebis (romlebic sistemis

calkeul elementebs warmoadgenen) gaerTianeba erT mTlianobaSi da miRebuli

sistemis moqmedebis Seswavla dinamikaSi.
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simulinkis bazaze agebulia MATLAB_is bevri gafarToeba. Blocksets _ es aris

simulinkis damateba, romelic SeiZleba ganvixiloT rogorc dasamodelirebeli

sistemebis konstruirebaSi monawile blokebis (modelebis) gaerTianeba. Blocksets
Seicavs modelebis (failebi gafarToebiT mdl) biblioTekas specialuri

monacemebisaTvis, rogoricaa signalebis damuSaveba, kavSiri, energetikuli sistemebi.

MATLAB_is ojaxSi Semavali produqtebis SeTavazebebi modelirebaSi ar

Semoifargleba mxolod sistemis analiziT dinamikaSi, agreTve SesaZlebelia

SesaZlo SemTxvevebis modelireba (Stateflow paketi), rac teqnikuri sistemebis

eqspluataciisas sxvadasxva situaciaTa imitacias gvaZlevs.

MATLAB–Si mniSvnelovan rols asrulebs specialuri programebis jgufi _

Toolboxes (sityvasityviT instrumentTa yuTi). Toolboxes – es MATLAB_is funqciaTa

erTobliobaa (M–failebis), romlebic gvaZlevs kerZo saxis amocanebis amoxsnis

saSualebas. Toolboxes gamoiyeneba signalebis damuSavebisaTvis, modelirebisaTvis da

sxv.

aRvniSnoT agreTve MATLAB–is iseTi komponentebi, rogoricaa Code Generation
Tools _ kodebis generirebis instrumentaluri saSualebani, romelTa meSveobiT

SesaZlebelia C an Ada enebze damoukideblad Sesasrulebadi kodebis Seqmna da

agreTve mikroprocesorebze maTi aparaturuli realizacia; Data Access Tools _

monacemTa bazebTan muSaobis da realuri drois reJimSi informaciis Segrovebis

programuli uzrunvelyofa; Real-Time Workshop, romelic saSualebas gvaZlevs

movaxdinoT programebis C_formatSi generireba diagramebis blokebis safuZvelze;

Real-Time Workshop Embedded Coder – Real-Time Workshop paketis programebis optimizacia

muSaobis siswrafis, mexsierebis gamoyenebis, interfeisis simartivis, kodebis advili

wakiTxvis TvalsazrisiT; Signal Processing Blockset _ cifruli da analoguri signalebis

damuSaveba; Image Processing Toolbox _ gamosaxulebebis damuSaveba; Robust Control
Toolbox _ SemTxveviTi zemoqmedebebis mimarT mdgradi marTvis sistemebis analizi da

sinTezi; Communications Toolbox _ sakomunikacio sistemebis damuSaveba da modelireba

drois realur masStabSi; Communications Blockset _ funqciebis biblioTeka

Communications Toolbox_saTvis (modulacia, kodireba, dekodireba); Control System Toolbox _

ukukavSiris mqone avtomaturi regulirebis sistemebis modelireba, analizi da

proeqtireba; RFBlockset da RF Toolbox _ usadeno kavSirgabmulobis sistemebis

modelireba da gamokvleva; Simulink Control Design _ modelebis agebis procesis marTva

simulinkSi; Simulink Parameter Estimation _ modelebis parametrebis SerCeva simulinkSi.



9

1.2 MATLAB_is dokumentis fanjris struqtura

rogorc yvela programas, romelic muSaobs Windows operaciuli sistemis

garemoSi, MATLAB_sac gaaCnia momxmareblisTvis moxerxebuli mravalfanjriani

interfeisi. MATLAB_is gaSvebisas winaswari SeTanxmebiT monitorze gamoCndeba

kombinirebuli fanjara, romelic Seicavs menius, iaraRebis panels da oTx CanarTs:

Command Window (brZanebebis fanjara), Command History (brZanebebis istoria _ adre

Sesrulebuli brZanebebis CamonaTvali), Workspace (samuSao are) da Current Directory
(mimdinare katalogi). aRniSnuli panelebis gaaqtiureba/gapasiureba SesaZlebelia

fanjris saTauris striqonze an mis samuSao sivrceSi dawkapunebiT. fanjrebis

Cveneba/damalva SesaZlebelia mTavari menius Desktop punqtidan. fanjrebis saTaurebis

striqonSi marjvniv 4 Rilaki mdebareobs: dakecvis, mTel ekranze gaSlis, Caketvis

moxsnisa (am SemTxvevaSi Sesabamisi fanjris adgilmdebareoba ar aris mkacrad

dafiqsirebuli da SesaZlebelia misi gadaadgileba sasurvel adgilas) da daxurvis.

advilad SesaZlebelia agreTve fanjrebis zomebiT manipulireba. programaSi

muSaobisas vaaqtiurebT zemoT CamonaTvalTagan mxolod im fanjaras, romelic

mocemul momentSia saWiro, raTa ar gadaitvirTos ekrani, rac muSaobaSi

xelisSemSlelia. ekranis marcxena kuTxeSi mdebareobs MATLAB_is mTavari menius

Start Rilaki, romlis meSveobiT xdeba programuli paketis nebismier qvedanayofSi

gadasvla.

zemoaRniSnuli CanarTebidan yvelaze mniSvnelovania Command Window. aq xdeba

momxmareblis mier brZanebebis Cawera da Sesrulebaze gaSveba klaviaturidan Enter
Rilakis gamoyenebiT. amave fanjaraSi SegviZlia saWiro daxmarebis miReba doc, help an

lookfor brZanebebis gamoyenebiT.

Workspace fanjaraSi asaxulia mimdinare cvladebi, romlebic momxmareblis mier

Seqmnilia brZanebebis fanjaraSi. samuSao areSi winaswari SeTanxmebiT gamotanilia

maTi saxelebi (Name velSi), mniSvnelobebi (Value_Si), minimumi (Min) da maqsimumi (Max).
Tu gvsurs cvladebis Sesaxeb damatebiTi informaciis miReba (monacemTa tipi (Class),
zoma (Size) da sxv.), menius View punqtidan davayenoT Sesabamisi velebis Cvenebis

reJimi. zogadad cvladebis Sesaxeb informaciis miReba (Tumca ara iseTi detaluris)

SesaZlebelia brZanebaTa fanjaraSic whos brZanebis gamoyenebiT. amis gamo zedmetia,

samuSao aris fanjara mudmivad gamotanili iyos ekranze. am fanjaraSi Caxedva

mizanSewonilia, Tu gvesaWiroeba romelime masivis elementebis redaqtireba Array
Editor_is (masivis redaqtoris) gamoyenebiT. es axali instrumenti MATLAB 7_is
versiaSia damatebuli. misi gamoZaxeba SesaZlebelia samuSao areSi cvladis saxelze

ormagi dawkapunebiT. SesaZlebelia agreTve cvladebis mniSvnelobebis koreqtireba

uSualod samuSao aris fanjridan Sesabamisi cvladis konteqsturi meniudan an misi

instrumentTa panelidan.
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Command History fanjara inaxavs momxmareblis mier akrefil yvela brZanebas,

magram Command Window fanjrisgan gansxvavebiT aq ver davinaxavT sistemur

Setyobinebebs da gamoTvlebis Sedegebs.

Current Directory (mimdinare katalogi) fanjara gviCvenebs mimdinare katalogs,

saidanac SesaZlebelia sasurveli failis gamoZaxeba.

brZanebebis fanjris menius punqtebSi Tavmoyrilia rogorc yvela is

standartuli brZaneba, romelic gvxvdeba Windows operaciuli sistemis garemoSi

momuSave programebSi, aseve MATLAB_isaTvis damaxasiaTebeli specifikuri brZanebebi.

aseTi brZanebebi SemdgomSi iqneba ganxiluli saWiroebisamebr.

mTavari menius qvemoT mdebareobs instrumentTa paneli, romlis Rilakebis

daniSnuleba ar saWiroebs damatebiT axsna_ganmartebas.

MATLAB_is brZanebebis fanjaraSi SesvlisTanave davinaxavT  >> niSans, rac imis

maniSnebelia, rom sistema mzad aris momxmarebelTan dialogisaTvis da elodeba

misgan brZanebas. dialoguri reJimi aris MATLAB_is muSaobis ZiriTadi reJimi.

dialogi xorcieldeba operatorebis meSveobiT, romelTa Sesruleba sistemis mier

xdeba interpretaciis reJimSi, e.i. brZanebaTa mimdevrobis yoveli striqoni

gardaiqmneba kodSi da maSinve sruldeba. aRvniSnoT, rom MATLAB_s aqvs

kompilatori, romelic asrulebs daprogramebis enis saSualebiT Seqmnil

programebs.

operatori warmoadgens brZanebas an funqcias cxadi an aracxadi miniWebiT.

brZaneba asrulebs miTiTebul moqmedebas; rogorc wesi, brZanebis Sesrulebisas

ar xdeba gamosasvleli cvladebis formireba. brZanebis formati ar Seicavs

frCxilebs. mas Semdegi saxe aqvs:

brZanebis_saxeli  ofcia1  ofcia2 ...

funqcia Seicavs Sesasvlel da gamosasvlel cvladebs, romlebic funqciis

Cawerisas frCxilebSia Casmuli. funqciis formats Semdegi saxe aqvs:

[out1, out2, ...] = funqciis_saxeli (arg1, arg2, ...).
aq out1, out2, ... _ gamosasvleli cvladebia, xolo arg1, arg2, ...  _ Sesasvleli anu

funqciis argumentebi.

gamosasvleli cvladebis ararsebobis SemTxvevaSi funqciis formats aseTi saxe

aqvs: funqciis_saxeli (arg1, arg2, ...). am dros funqcia SeiZleba CavweroT brZanebis

formatSi: funqciis_saxeli arg1  arg2 .... brZanebac xSir SemTxvevaSi SeiZleba

Caiweros funqciis formatSi: brZanebis_saxeli (ofcia1, ofcia2, ...).
aRvniSnoT, rom es principi yovelTvis ar moqmedebs, amitomac rekomendirebulia

brZanebebisaTvis visargebloT brZanebis formatiT, xolo funqciebisaTvis _

funqciis formatiT.

brZanebebis fanjris garda, sadac, rogorc ukve aRvniSneT, xdeba brZanebebis da

funqciebis Seyvana da agreTve Sedegebis miReba, MATLAB_s aqvs grafikebis fanjarac.
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home brZanebiT xdeba kursoris gadatana brZanebaTa fanjris zeda marcxena

kuTxeSi.

clear auqmebs samuSao sivrcis yvela cvlads, xolo clear cvladebis_saxelebis_
sia _ miTiTebul cvladebs.

clf asufTavebs grafikebis fanjaras, xolo clc brZanebiT xdeba brZanebebis

fanjris gasufTaveba da kursoris gadatana brZanebaTa fanjris zeda marcxena

kuTxeSi.

shg ekranze gamoiyvans grafikul fanjaras.
im SemTxvevaSi, rodesac brZanebaTa fanjara ar Cans ekranze (mag., mTeli ekrani

dakavebulia grafikuli fanjriT), nebismier klaviSze dawkapuneba daabrunebs am

fanjaras ekranze.

momxmarebels, romelic pirvel nabijebs akeTebs MATLAB_Si, SeuZlia

isargeblos demo brZanebiT imisaTvis, rom gaecnos sademonstracio programebis sias,

romlebic aCveneben MATLAB_is SesaZleblobebs.

computer brZaneba gvaZlevs informacias kompiuteris tipis Sesaxeb.

who brZanebiT miiReba momxmareblis mier Seqmnili cvladebis sia, xolo whos _

damatebiTi informacia maTi zomis, manqanuri moculobis da klasis Sesaxeb.

ukve mocemuli brZanebis Sesawyvetad (mag., roca romelime operatoris gamo

kompiuteri gauTaveblad imeorebs raime cikls) xmaroben ctrl+c klaviSebis

kombinacias.

help brZanebiT xdeba im sakiTxebis siis gamoZaxeba, romelTa Sesaxeb SegviZlia

mivmarToT MATLAB_s daxmarebis TxovniT, xolo Tu help_is Semdeg akrefili iqneba

romelime brZanebis an funqciis saxeli, mag., help clear, sistema gamoitans informacias

am brZanebis (funqciis) Sesaxeb.

MATLAB–i ixsomebs muSaobis seansis dros gamoTvlili yvela cvladis

mniSvnelobas. save brZanebiT momxmareblis mier Seqmnili cvladebi SeiZleba Senaxuli

iqnas muSaobis damTavrebamde. cvladebi Seinaxeba failSi, romlis saxelia matlab.mat.
MATLAB_is xelaxali gaxsnisas load brZanebiT SasaZlebelia Senaxuli cvladebis

aRdgena. save failis_saxeli brZanebiT yvela cvladis mniSvneloba iqneba Senaxuli

failis_saxeli.mat failSi MATLAB_is ZiriTadi katalogis work qvekatalogSi. File→
Save Workspace As... gamoitans dialogur fanjaras, sadac misaTiTebelia failis

saxeli da Sesanaxi katalogis saxeli. save failis_saxeli cvladebis_saxelebis_sia
brZanebiT Senaxuli iqneba miTiTebuli cvladebi.

MATLAB_Si muSaobis dasasruleblad sargebloben brZanebebiT quit an exit.
garda imisa, rom operatorebi SeiZleba mivceT brZanebebis fanjridan, SegviZlia

winaswar SevqmnaT operatorTa mwkrivi teqsturi failis saxiT, romlis saxels unda

hqondes gafarToeba .m; aseT failebs ewodeba M_failebi. failis saxiT Senaxuli

operatorTa aseTi mwkrivi SeiZleba SemdgomSic gamoviyenoT. M_faili warmoadgens
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teqstur ASCII fails, romelic Seicavs MATLAB_is kodebs. M_faili SeiZleba

SevqmnaT teqstur redaqtorSi, romlis gamoZaxeba xdeba menius striqonidan

File→New→M-file brZanebiT. samuSao sivrceSi M_failis gamoZaxeba xdeba misi saxelis

akrefiT brZanebaTa striqonSi, ris Semdeg unda davaWiroT Enter klaviSs. aRsaniSnavia,

rom am dros M_faili unda imyofebodes xelmisawvdom direqtoriaSi. Tu gvinda

gamoviyvanoT M_failis teqsti brZanebebis fanjaraSi, unda visargebloT echo
brZanebiT.

M_failebi farTod gamoiyeneba axali funqciebis Sesaqmnelad.

what brZanebiT miiReba im failebis sia, romlebic ganTavsebulia mimdinare

direqtoriaSi, xolo type brZaneba gvaZlevs miTiTebuli failis Sinaarss.

1.3 cvladebi, konstantebi, sakvanZo sityvebi.

elementaruli maTematikuri funqciebi

MATLAB–Si monacemTa ZiriTadi tipebi aris mudmivebi (konstantebi) da cvladebi.

cvladi aris saxelis mqone obieqti, romelsac gaaCnia mniSvneloba da es

mniSvneloba SeiZleba Seicvalos programis Sesrulebis msvlelobisas.

cvladis tipi ganisazRvreba misi mniSvnelobiT. igi SeiZleba iyos: single _

erTmagi sizustis ricxviTi masivi, double _ ormagi sizustis ricxviTi masivi, char _

striqonuli, logic _ logikuri, sparse _ ormagi sizustis gameCxrebuli matrica, cell _
ujredebis masivi, structure _ velebiani struqturebis masivi, function handle _ funqciaTa

deskriptorebi, gamoiyeneba funqciebis arapirdapiri gamoZaxebisas, int8, int16, int32 _ 8-,

16 da 32 Tanrigiani mTeli ricxvebi.

identifikatori (cvladis an sxva obieqtis saxeli) warmoadgens asoTi dawyebul

asoebis, cifrebis da qveSxazgasmis simboloebis mimdevrobas. mag., a, x1,
alfa,YY_coordinate. identifikatoris CanawerSi dauSvebelia haris gamoyeneba. sistema

ganasxvavebs nusxur da mTavrul asoebs. aRvniSnoT agreTve, rom sasurvelia,

identifikatori iyos unikaluri anu ar aris mizanSewonili, Tumca dasaSvebia,

identifikatorad vixmaroT, magaliTad, sin, radgan is CaSenebuli funqciis saxelia.

identifikatorSi simboloTa raodenoba SezRudulia da misi sigrZe damokidebulia

MATLAB_is versiaze. namelenghthmax funqciis meSveobiT SesaZlebelia cvladis

saxelis maqsimaluri dasaSvebi sigrZis gageba. MATLAB 7.5.0 versiisaTvis

>> N=namelengthmax
N=

63
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MATLAB_is erT_erTi yvelaze gavrcelebuli operatoria miniWebis operatori.

gamoTvlebis Sedegi mieniWeba cvlads, romelic miniWebis operatorSi Cawerilia

tolobis niSnis marcxniv. aseT miniWebas cxadi miniWeba hqvia. Tu operators ar

gaaCnia marcxena nawilSi cvladi, MATLAB_i avtomaturad qmnis specialur ans
(answer) cvlads da aniWebs mas Sedegis mniSvnelobas. aseT miniWebas aracxadi miniWeba

hqvia. ans cvladis mniSvneloba Senaxuli iqneba momdevno aracxad miniWebamde.

SesaZlebelia misi rogorc cvladis gamoyeneba.

Semdegi magaliTidan Cans, rom cvladis mniSvnelobis gareSe ariTmetikuli

gamosaxulebis Seyvanisas MATLAB_is sistemam Cawera Sedegi ans_Si.
>> sin(pi/6)
ans =

0.5000
gamosaTvlel   formulebSi   gamoiyeneba   niSnebi:  + (mimateba);  _ (gamokleba);

* (gamravleba);  / (gayofa); ^ (axarisxeba). maTi Sesrulebis Tanamimdevroba

standartulia. Tanamimdevrobis Secvla SesaZlebelia frCxilebis daxmarebiT.

konstanta aris saxelis mqone obieqti, romlis mniSvneloba ar icvleba.

konstantebi SeiZleba sxvadasxva tipis iyos.

ricxviTi konstantebis magaliTebia: –682, 86.4, 5.5*10^2. MATLAB–s SeuZlia

muSaoba rogorc namdvil, ise kompleqsur ricxvebTan. kompleqsuri ricxviTi

konstantebis magaliTebia: 2+3i, 3–10j, sadac i da j simboloebiT aRniSnulia

warmosaxviTi erTiani anu 1 . kompleqsuri ricxvebis Cawera SesaZlebelia sxva

formiTac: 3+2i da complex(3,2) erT kompleqsur mniSvnelobas asaxavs. kompleqsuri

ricxvebis gamoyeneba SeiZleba elementaruli funqciebis argumentad.

kompleqsur_SeuRlebuli gamosaxulebis gamoTvla xdeba apostrofiT:

>> 5-3i'
ans =

5.0000 + 3.0000i
striqonuli tipis monacemebi warmoadgenen simboloebis mimdevrobas

apostrofebSi, mag., ' Insert Matrix', 'The rezult is valid'. striqonuli tipis konstanta

SeiZleba Sedgebodes erTi an ramdenime simbolosagan an sityvisagan.

MATLAB_Si arsebobs specialuri konstantebic.

pi specialur konstantas MATLAB_i aRiqvams rogorc Cveulbriv  ricxvs. IEEE
standartiT pi=3.1416 short formatiT warmodgenisas; pi=3.141592653589793 long formatiT

warmodgenisas da a.S.

i,j konstantebi gamoiyeneba kompleqsuri ricxvebis Casawerad. unda aRvniSnoT, rom

i da j simboloebi SeiZleba warmoadgendnen ciklis parametrs, masivis elementebis

indeqss an suladac Cveulebriv cvladsac.

Inf specialuri konstantaa, romelic IEEE standartiT warmoadgens usasrulobas.

mag.,
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>> a=1; a/0
ans =

Inf
NaN – specialuri konstantaa, romlis meSveobiT fiqsirdeba Sedegi, romelic ar

warmoadgens ricxvs. NaN konstanta miiReba, mag., 0*Inf gamravlebiT, Inf/Inf an 0/0
gayofiT, nebismieri ariTmetikuli moqmedebis Sesrulebisas NaN konstantasTan erTad

da sxv.

eps _ ricxvis mocemis sizustea mcocavi mZimis reJimSi. es aris sxvaoba 1.0_sa da
mis momdevno uaxloes aTwilads Soris, romlis warmoeba SeuZlia MATLAB_s.

sakvanZo sityvebi

MATLAB_is enaSi warmodgenilia 19 sakvanZo sityva, romlebic gamoiyeneba

operatorebis formirebisas, mag, continue, if, global da sxv. es sityvebi SesaZlebelia

gamoviyenoT mxolod pirdapiri mniSvnelobiT. maTi gamoyeneba sxva miznebisaTvis

dauSvebelia. mag., cvladis mniSvnelobad global sakvanZo sityvis gamoyenebiT gamodis

Setyobineba Secdomis Sesaxeb:

>> global=5
??? global=5
Error: The expression to the left of the equals sign is not a valid target for an assignment.
iskeyword brZanebis meSveobiT SesaZlebelia Semowmdes, warmoadgens Tu ara

striqoni sakvanZo sityvas. amasTan, iskeyword_iT miiReba MATLAB_is yvela sakvanZo

sityvebis CamonaTvali, xolo iskeyword('S') funqciiT miviRebT 1_s, Tu S warmoadgens

sakvanZo sityvas, 0_s _ winaaRmdeg SemTxvevaSi:

>> P=iskeyword('otherwise')
P =

1
>> F=iskeyword('PAL')
F =

0
MATLAB–s aqvs mravali elementaruli funqcia. help elfun brZanebiT ekranze gamova

yvela elementaruli funqciis CamonaTvali mokle aRweriT, xolo help specfun
brZanebiT _ specialuri funqciebis sia. MATLAB–is ZiriTadi elementaruli

funqciebia (funqciebis argumentebi SeiZleba iyos rogorc skalaruli sidideebi, ise

masivebic):

abs(x) _ x cvladis absoluturi sidide;

sqrt(x) _ kvadratuli fesvi x sidididan;L

round(x) _ x sididis uaxloes mTelamde damrgvaleba;

fix(x) _ x sididis uaxloes mTelamde damrgvaleba 0 mimarTulebiT;

floor(x) _ x sididis uaxloes mTelamde damrgvaleba  mimarTulebiT;

ceil(x) _ x sididis uaxloes mTelamde damrgvaleba  mimarTulebiT;
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sign(x) _ x_is niSani: sign(x) gvaZlevs –1, Tu x<0, 0 – Tu x=0, 1 – Tu x>0;
rem(x,y) _ x sididis y–ze gayofis Sedegad miRebuli naSTi. rem(x,y)= x–n*y, sadac

n = fix(x/y), y 0 . rem(x,0) gvaZlevs NaN_s. Tu x  y da y  0, rem(x,y) funqciis niSani

emTxveva x_is niSans;

mod(x,y) = x–n*y, sadac n = floor(x/y), y 0 . Tu x  y da y  0, mod(x,y) funqciis niSani

emTxveva y_is niSans. mod(x,y) da rem(x,y) funqciebi gvaZlevs erTsa da imave Sedegs, Tu

x da y_is niSnebi erTnairia;

exp(x) _ eqsponencialuri funqcia
xe , sadac e naturaluri logariTmis fuZea

(neperis ricxvi), e  2.718282 ;

log(x), log10(x), log2(x) _ x cvladis logariTmi naturaluri, aTobiTi da orobiTi

fuZiT;

pow2(x) _ maCvenebliani funqcia x2 ;

sin(x), cos(x), tan(x), cot(x), sec(x), csc(x) _ x cvladis sinusi, kosinusi, tangensi,

kotangensi, sekansi da kosekansi; am funqciebis arguments MATLAB_i aRiqvams

radianebSi. imisaTvis, rom radiani gadaviyvanoT gradusebSi an piriqiT, gamoviyenoT

Semdegi tolobebi:

kuTxe_gradusebSi = kuTxe_radianebSi*(180/pi);
kuTxe_radianebSi = kuTxe_gradusebSi *(pi/180);
sind(x), cosd(x), tand(x), cotd(x), secd(x), cscd(x) _ x cvladis sinusi, kosinusi, tangensi,

kotangensi, sekansi da kosekansi, rodesac argumenti mocemulia gradusebSi;

sinh(x), cosh(x), tanh(x), coth(x), sech(x), csch(x) _ x cvladis hiperboluri sinusi,
kosinusi, tangensi, kotangensi, sekansi da kosekansi;

asin(x) _ x cvladis arksinusi, sadac 1 x 1 . funqcia gvaZlevs kuTxes radianebSi

[_π/2 ; π/2] intervalSi;

acos(x) _ x cvladis arkkosinusi, sadac 1 x 1 . funqcia gvaZlevs kuTxes

radianebSi [0 ; π ] intervalSi;

atan(x) _ x cvladis arktangensi. funqcia gvaZlevs kuTxes radianebSi (_π/2 ; π/2)
sazRvrebSi;

acot(x), asec(x), acsc _ arkkotangensi, arksekansi da arkkosekansi radianebSi;

atan2(y,x) y/x sididis arktangensi, amasTan, rodesac x=0, miRebuli pasuxi iqneba

π/2 (dadebiTi y_is SemTxvevaSi) an _π/2 (uaryofiTi y_is SemTxvevaSi). funqcia iZleva

kuTxes radianebSi, romelic mdebareobs [_π; + π] sazRvrebSi, x da y niSnebis mixedviT;

asind(x), acosd(x), atand(x), acotd(x), asecd(x), acscd(x) _ x cvladis arksinusi, arkkosinusi,
arktangensi, arkkotangensi, arksekansi da arkkosekansi gradusebSi;

asinh(x), acosh(x), atanh(x), acoth(x), asech(x), acsch(x) _ x cvladis hiperboluri arksinusi,
arkkosinusi, arktangensi, arkkotangensi, arksekansi da arkkosekansi.
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1.4 operatorebis Setana da redaqtireba

brZanebebis fanjris striqons brZanebaTa striqoni hqvia. MATLAB_is
operatorebi Cveulebriv ikrifeba axal striqonSi, magram SesaZlebelia erT

striqonSi ramdenime operatoris erTad Cawera. am SemTxvevaSi maT mZimiT an

wertil_mZimiT gamoyofen. am ukanasknelis gamoyenebisas monacemebi programis mier

aRqmuli iqneba, magram maT ver vnaxavT ekranze. es gansxvaveba naTlad Cans Semdegi

magaliTidan:

>> a=3, b=2,
a =

3
b =

2
>> a=3, b=2;
a =

3
Tu operatoris Cawera ver xerxdeba erT striqonze misi sigrZis gamo,

SesaZlebelia striqonis bolos sami wertilis (...) gamoyeneba, rac imis maniSnebelia,

rom meore striqonze grZeldeba wina striqonis operatoris Cawera. Tu sami

wertilis marjvniv igive striqonSi raimes avkrefT, Setanili informacia MATLAB_is
mier iqneba aRqmuli rogorc komentari.

Tu gvsurs ramdenime striqonis erTi striqonis saxiT warmodgena, yoveli

striqoni davamTavroT Shift + Enter klaviSebis kombinaciiT.

teqsti, romelic moyveba % niSans, MATLAB_is mier ignorirdeba da gamoiyeneba

komentarisaTvis.

simboloebis striqonis, komentarebis da sxva elementebis Cawerisas MATLAB_i
iyenebs sxvadasxva fers maTi Seyvanis sisworis kontrolisaTvis:

 simboloebis striqoni, romelic iwereba apostrofebSi, gamoitaneba

moyavisfro ferSi, xolo dasaxuri apostrofis niSnis akrefa cvlis

simboloebs fers iisfrad;

 sakvanZo sityvebi da aseve striqonis gagrZelebis simbolo (...) gamoitaneba

lurjad;

 komentari mwvane ferad aris warmodgenili;

 operaciuli sistemis brZanebebi, romlebic Zaxilis niSniT iwyeba,

gamoitaneba oqrosfrad;

 CanawerSi daSvebuli sintaqsuri Secdomis Sesaxeb informacia gamoitaneba

wiTlad.

ferebis Secvla SesaZlebelia Preferences dialogur fanjaraSi, romelSic

SevdivarT  mTavari menius File Preferences... brZanebis meSveobiT.
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MATLAB_Si gamoiyeneba redaqtirebisTvis gankuTvnili yvela is moqmedebani,

romlebic Windows operaciuli sistemis garemoSi momuSave programebSia miRebuli:

klaviSi brZaneba daniSnuleba

 Ctrl+P wina brZanebaTa striqonis gamoZaxeba


Ctrl+N

momdevno brZanebaTa striqonis gamoZaxeba

ramdenimejer gamoyenebuli  klaviSis an
Ctrl+P brZanebis Semdeg

 Ctrl+F kursoris gadaadgileba erTi simboloTi
marjvniv

 Ctrl+B kursoris gadaadgileba erTi simboloTi
marcxniv

Ctrl+
kursoris gadaadgileba erTi sityviT
marjvniv

Ctrl+
kursoris gadaadgileba erTi sityviT
marcxniv

Home Ctrl+A kursoris gadaadgileba brZanebaTa
striqonis dasawyisSi

End Ctrl+E kursoris gadadgileba brZanebaTa
striqonis boloSi

Ctrl+ Home kursoris gadaadgileba brZanebaTa
fanjris pirvel striqonze

Ctrl+ End kursoris gadaadgileba brZanebaTa
fanjris bolo striqonze

Esc Ctrl+U brZanebaTa striqonis waSla

1.5 monacemTa formatireba

ricxviTi monacemebi MATLAB_Si warmodgenilia namdvili an kompleqsuri

ricxvebiT. namdvili ricxvi ikavebs operatiul mexsierebaSi 8 baits da iRebs

mniSvnelobebs [ 30810 ; 30810 ] diapazonidan. am dros cifrebis raodenoba aTobiTi

wertilis Semdeg 16 _ 17_ia. kompleqsuri ricxvi aseTi warmodgenisas Sesabamisad 16

baits ikavebs. swored am sizustiT asrulebs MATLAB_i gamoTvlebs.

formatireba ar axdens gavlenas gamoTvlebis msvlelobaze, masze damokidebulia

mxolod da mxolod gamosatani monacemebis warmodgenis forma. ricxvebis

gamotanisas xdeba am ricxvebis damrgvaleba da asaxva displeize miTiTebuli

formatis Tanaxmad.

monacemebi, romlebic ekuTvnis mTel ricxvTa klass (integer), bunebrivia, gamodis
rogorc mTeli, xolo aTwiladebi winaswari SeTanmebiT gamodis e.w. mokle

formatiT _ aTobiTi wertilis Semdeg 4 niSniT, Tu Cven TviTon ar mivuTiTebT

gansxvavebul formats. Tu gvsurs gamoviyvanoT ricxviTi gamosaxuleba mZimis Semdeg
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15 niSniT, vsargeblobT brZanebiT format long. Tu kvlav mokle formats gvinda

davubrundeT – format short:
>>  format short; b=-5.63858
b =

-5.6386
>> format long
>> b

b =
-5.638580000000000

format long da format short ar axdenen gavlenas mTeli ricxvebis gamosaxvaze.

roca ricxviTi gamosaxuleba Zalian didia an Zalze mcire, Caweris aTwiladuri

forma mouxerxebelia. magaliTad, qimiaSi xSirad gamoiyeneba avogadros ricxvi,

romlis mniSvneloba udris 602300000000000000000000_s. aseTi ricxvis Cawerisas

mimarTaven eqsponencialur (maCveneblian) formas: 6.023 . 2310 . MATLAB_Si aseTi formiT

ricxvis Cawerisas mantisa da eqsponenta gayofilia e niSniT. Tu gvsurs ricxvis

gamotana eqsponencialuri formatiT, vsargeblobT brZanebiT: format short e an format
long e. Tu mimdinare formatiT ricxvis Cawera ver xerxdeba, MATLAB_i TviTon

gamoiyenebs eqsponencialur formats. avogadros ricxvis SemTxvevaSi yovelgvari

damatebiTi miTiTebis gareSe is gamotanili iqneba rogorc 6.0230e+023, gamosaxuleba

-0.000003*2 _ rogorc -6.0000e-006.
format short g da format long g brZanebebis SemTxvevaSi airCeva saukeTeso varianti

ricxvis fiqsirebuli an eqsponencialuri formiT warmodgenebs Soris.

format + brZanebis SemTxvevaSi dadebiTi da uaryofiTi ricxvebis magier

daibeWdeba + an _ niSani, xolo Tu ricvis mniSvneloba 0–is tolia, mis magier

carieli adgili darCeba. kompleqsuri ricxvis warmosaxviTi nawili am formatSi

ignorirdeba:

>> format +; x=[-25 3 -6 -2 0 -4]; x
x =
-+-- -
format bank aris sabanko formati ori cifriT ricxvis aToboT nawilSi:

>> format bank; z=1200; z
z =

1200.00
format rat gamoiyvans ricxvs racionaluri wiladis saxiT, amasTan, Tu wiladi

Sesakvecia, moaxdens Sekvecas:

>> format rat; y=1.55
y =

31/20
format hex gankuTvnilia ricxvebis gamosatanad aTvlis TeqvsmetobiT sistemaSi:

>> format hex; a=1
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a =
3ff0000000000000

format brZaneba ofciebis gareSe gaauqmebs formatirebis wina brZanebebs da

daayenebs winaswari SeTanxmebis formatebs.

format compact brZaneba daayenebs kompaqturad, zedmeti carieli striqonebis

gareSe, informaciis gamotanis reJims, xolo format loose daabrunebs aramkvriv

gamotanas.

formatebis dayeneba SesaZlebelia agreTve Preferences dialogur fanjaraSi.

teqstis ekranze gamosayvanad 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 25 (celsiusis gardusebSi), brZaneba

disp(temp); disp(‘degrees C’) gvaZlevs: F

25

degrees C
qvemoT moyvanil magaliTSi jer xdeba saTauris striqonis formireba, xolo

Semdeg trigonometriuli funqciebis mniSvnelobaTa cxrilis gamotana (aq blanks(n) _

carieli n poziciis gamoyvanaa, xolo x veqtoris transponireba saWiroa masivebis

elementebis svetebad warmodgenisaTvis):

>> headers=[blanks(10) 'angle' blanks(10) 'sin' blanks(10) 'cos' blanks(10) 'tg'];
>> format short g; x=(0:pi/6:2*pi)'; t=[x/pi*180 sin(x) cos(x) tan(x)];disp(headers),disp(t)

angle sin cos tg
0 0 1 0

30 0.5 0.86603 0.57735
60 0.86603 0.5 1.7321
90 1 6.1232e-017 1.6331e+016

120 0.86603 -0.5 -1.7321
150 0.5 -0.86603 -0.57735
180 1.2246e-016 -1 -1.2246e-016
210 -0.5 -0.86603 0.57735
240 -0.86603 -0.5 1.7321
270 -1 -1.837e-016 5.4437e+015
300 -0.86603 0.5 -1.7321
330 -0.5 0.86603 -0.57735
360 -2.44936e-016 1 -2.4493e-016

formatirebis ufro farTo saSualebebs iZleva operatori fprintf. igi

erTdroulad teqstis da matricis dabeWdvisa da ricxviTi gamosaxulebis

formatirebis saSualebas iZleva. misi zogadi forma aseTia: fprintf (identifikatori,
'formatebi', cvladebi), sadac formatebi Seicavs brWyalebSi Casmul teqsts da
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formatis specifikaciebs. Tu failis identifikatori ar aris miTiTebuli,

cvladebis mniSvnelobebis gamotana xdeba brZanebaTa fanjaraSi.

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

saxiT unda daibeWdos matricis ricxviTi mniSvnelobebi: %e SemTxvevaSi ricxviTi

gamosaxuleba moicema eqsponencialuri formiT, %f SemTxvevaSi _ aTwiladuri

formiT, %g SemTxvevaSi ki airCeva umoklesi forma eqsponencialursa da aTwiladur

formebs Soris. Tu teqstSi aris niSani \n, es niSnavs, rom mis marjvniv mdgomi

informacia gadava Semdeg xazze. mag., brZanebebiT:

>> temp=-5;
>> fprintf ( 'The temperature is %f degrees C \n ' , temp)

miviRebT:

The temperature is -5.000000 degrees CF
Tu operators ase SevcvliT:

>> fprintf ( 'The temperature is \n %f degrees C \n', temp)
miviRebT:

The temperature is
-5.000000 degrees C
formatis ganmsazRvreli niSnebi %f, %g, %e SeiZleba Seicavdes informacias Tu

ramdeni niSani unda hqondes ricxvs da ramdeni wiladuri cifri daibeWdos aTobiTi

wertilis Semdeg. mag., operatori

>> fprintf ( 'The temperature is  %3.1f degrees C \n ' , temp)
iZleva:

The temperature is -5.0 degrees C
formatebSi procentis niSnis Semdeg damatebiT SeiZleba ganlagdes Semdegi

simboloebi: + (dadebiTi ricxvis niSnis gamosatanad); _ (ricxvis Casawerad

gamoyofili velis marcxena kideze); 0 (velSi darCenili marcxena poziciebis

nulebiT Sesavsebad). mag., operatorebiT

>> x=6; y=2.5; z=3.1;
fprintf(' x=%+6.1f\n y=%-6.1f\n z=%06.1f\n',x,y,z)

miviRebT:

x=  +6.0
y=2.5
z=0003.1
Tu gamosatani cvladi matricaa, formatebis miTiTeba xdeba svetebis mixedviT,

mag., A

>> A=[2.5 7.5 12]; fprintf('%6.2f  %6.2f  %6.2f\n',A)
mogvcems

2.50    7.50   12.00
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Tavi II matricebTan muSaoba

2.1 matricebis Setanis xerxebi

masivi aris saxelis mqone erTgvarovan monacemTa dalagebuli erToblioba.

masivi SeiZleba iyos sxvadasxva ganzomilebis (erTganzomilebiani, organzomilebiani

da a.S) da zomis (yoveli ganzomilebis mimarT elementebis raodenoba). masivis

elementebis numeracia iwyeba 1_dan.

matrica aris striqonebis da svetebis saxiT dalagebuli monacemTa mwkrivi,

romlisTvisac SemoRebulia moqmedebaTa warmoebis specialuri wesebi;

organzomilebiani masivebisaTvis igive moqmedebebi sxvanairadaa gansazRvruli (ix.2.2).

matrica, romelic Sedgeba erTi striqonisa da erTi svetisagan, warmoadgens

skalarul sidides, erTi striqonisa da ramdenime svetisagan Semdgari matrica _

veqtor_striqons, xolo erTi svetisa da ramdenime striqonisagan _ veqtor_svets.

ndims(A) CaSenebuli funqcia gamoiyeneba A masivis ganzomilebis, size(A) _ zomis,

length(A) _ veqtoris sigrZis dasadgenad (aRvniSnoT, rom matricis SemTxvevaSi

length(A) funqcia mogvcems striqonis sigrZes anu striqonSi elementebis raodenobas),

xolo numel(A) funqciiT miviRebT A masivSi elementebis raodenobis mniSvnelobas.

arsebobs matricebis (masivebis) Setanis ramdenime xerxi:

 matricis yvela elementis Tanmimdevruli Setana miniWebis operatoris

gamoyenebiT;

 matricis wakiTxva failidan;

 kolonoperatoris _ orwertilovani (:) operatoris gamoyeneba;

 matricis Setana klaviaturidan input operatoris saSualebiT.

miniWebis operatoris gamoyenebiT matricis Seqmnis dros jer iwereba matricis

saxeli, Semdeg tolobis niSani, romlis marjvniv kvadratul frCxilebSi Caismeba

matricis elementebis mniSvnelobebi. amasTan, striqonis elementebi erTmaneTisagan

gamoiyofa hariT an mZimiT, xolo striqonebi _ wertil_mZimiT. Tu operatoris

boloSi ar iqneba dasmuli wertil_mZime, Enter klaviSze dawkapunebis Semdeg moxdeba

matricis avtomaturi gamotana ekranze, winaaRmdeg SemTxvevaSi matrica iqneba

damaxsovrebuli, magram ar iqneba gamotanili ekranze.

mag.,

>> Z=[1 2.5 6; 4 -5 6.1]
Z =

1.0000    2.5000 6.0000
4.0000 -5.0000 6.1000
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>> P=[1 -23 4 0];
matricis Setanisas SeiZleba striqonebi wertil_mZimiT ki ar gamovyoT

erTmaneTisagan, aramed gadavitanoT Semdeg xazze Enter klaviSis meSveobiT:

>> Q=[2 3 -3
1 4 5
-3 2 5];
Tu matricis striqonSi bevri elementia, maTi Cawera SeiZleba gagrZeldes

momdevno xazze. amisaTvis wina xazze gamyofis (haris, mZimis an wertil_mZimis) Semdeg

avkrifoT sami wertili. mag.,

>> W=[1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 10 0];
igivea, rac

>> W=[1 0 2 0 3 0 ...

4 0 5 0 6 0 ...

7 0 8 0 9 0 10 0];
A matricis i_uri striqonisa da j_uri svetis gadakveTaze mdgomi elementi

Semdegnairad aRiniSneba: A(i,j). matricis elementTan mimarTva SesaZlebelia erTi

indeqsis gamoyenebiTac. aseTi mimarTvisas matrica ganixileba rogorc sawyisi

matricis svetebisagan formirebuli grZeli veqtori. ase rom, mag., zemoT  moyvanili

Z matricisTvis Z(2,1)_is mniSvneloba igivea, rac Z(2)_is da udris 4.0000_s.
indeqsiani cvladebis meSveobiT SesaZlebelia matricis elementebis

mniSvnelobebis Secvla. mag., operatori

>> Z(2,3)=2

Secvlis Sesabamisi elementis mniSvnelobas da Z matrica gaxdeba

Z=
1.0000 2.5000 6.0000
4.0000 -5.0000 2.0000
aseve SesaZlebelia matricas davumatoT axali elementebi. am dros matricis

zoma izrdeba. mag., operatori Z(3,2)=7 mogvcems Semdeg matricas:

Z =

1.0000 2.5000 6.0000
4.0000 -5.0000 2.0000

0 7.0000 0
Mrogorc vxedavT, matricis zoma gaizarda, xolo is axali elementebi, romelTa

mniSvneloba ar iyo cxadad gansazRvruli, gaxda 0_is toli.

axali matricis gansazRvra SesaZlebelia ukve Seqmnili matricis bazaze. mag.,

operatorebi

>> Y=[0 1 1]; Z=[Y;Z]
Semdegnairad gardaqmnis Z matricas:

Z =



23

0 1.0000 1.0000
1.0000 2.5000 6.0000
4.0000 -5.0000 2.0000

0 7.0000        0
operatorebi

>> K=[2.4 8.25]; M=[4.5 3.0 K];

es igivea, rac

>> M=[4.5 3.0 2.4 8.25];
aqve aRvniSnoT, rom ararsebuli indeqsebis mqone elementTan mimarTva

dauSvebelia. am SemTxvevaSi MATLAB_i mogvcems Setyobinebas Secdomis Sesaxeb:
>> s =Z(5,1)
??? Index exceeds matrix dimensions.
simboluri matricis formirebisas misi elementebis sigrZe toli unda iyos. Tu

elementebis sigrZeebi gansxvavebulia, saWiroa striqonebs davumatoT harebi:

>> z=['abcdef'; 'ABCDEF'; '12345 ']
z =
abcdef
ABCDEF
12345
Tu striqonul mniSvnelobebs gavyofT erTimeorisagan harebiT, moxdeba maTi

gaerTianeba:

>>  z=['abcdef ' 'ABCDEF ' '123456']
z =
abcdefABCDEF123456
matrica SeiZleba agreTve wavikiTxoT failidan. amisaTvis, ra Tqma unda,

saWiroa, rom matrica arsebobdes failSi. rogorc ukve iyo naTqvami, monacemTa

Sesanaxad gamoiyeneba save brZaneba. mag., operatorebis mimdevroba

>> x=10; y=11;
>> v=x+y;
>> z=[10 2 3];
>> save datavar1 x z; save datavar2; save

Seinaxavs datavar1.mat failSi x, z cvladebs, datavar2.mat failSi x, y, z da v cvladebs,

xolo matlab.mat failSi _ samuSao aris yvela cvlads.

failidan monacemTa wasakiTxad vsargeblobT load brZanebiT.

load brZanebiT xdeba samuSao areSi cvladebis CatvirTva diskidan. am dros

sistema eZebs matlab.mat fails; load failis_saxeli brZanebiT CaitvirTeba yvela

cvladi miTiTebuli failidan, amasTan, Tu failis saxelSi ar aris miTiTebuli

gafarToeba, sistema eZebs fails .mat gafarToebiT da TavisTavad ganixilavs mas

rogorc orobiTs, xolo Tu miTiTebul fails aqvs sxva gafarToeba, sistema
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ganixilavs mas rogorc ASCII tipis fails; load failis_saxeli cvladebis_sia
brZanebiT xdeba am cvladebis CatvirTva miTiTebuli failidan.

Tu monacemTa wasakiTxad gvsurs gamoviyenoT ASCII faili, is unda Seicavdes

mxolod ricxviT mniSvnelobebs, amasTan, teqsturi faili unda warmoadgendes

ricxvebis marTkuTxa cxrils anu yoveli striqoni elementTa erTnair raodenobas

unda Seicavdes. es faili SeiZleba Seiqmnas rogorc nebismieri teqsturi redaqtoris

saSualebiT, aseve MATLAB_is meSveobiT. mag., SevqmnaT Notepad_Si teqsturi faili:

16.0 3.0 2.0 13.0
5.0 10.0 11.0 -3.2

da SevinaxoT es faili prov.dat saxeliT. MATLAB_is brZaneba load prov.dat waikiTxavs am

fails da Seqmnis prov cvlads, sadac iqneba Cawerili moyvanili matrica.

igives mivaRwevT Notepad_Si Seqmnili failis SenaxviT MATLAB_is ZiriTadi

katalogis work qvekatalogSi .txt gafarToebiT da programaSi Semdgomi CatvirTviT

A=load('failis_saxeli'.txt) brZanebiT. matrica iqneba Cawerili A cvladSi.

Tu teqstur fails vqmniT MATLAB_Si, is unda SevinaxoT save brZanebiT da

mivuTiToT Sesabamisi gafarToeba. mag., operatorebis Semdegi mimdevroba

>> R=[2 1 3 4; 3 5 6 7]; save pr.dat R -ASCII
Seinaxavs R matricas pr.dat teqstur failSi. brZaneba load pr.dat waikiTxavs pr.dat fails

da Seqmnis pr cvlads, sadac iqneba Cawerili R matrica.

samuSao areSi arsebuli R masivis teqstur failSi gadasatanad SeiZleba

gamoviyenoT agreTve save 'failis_saxeli.txt' R -ASCII brZaneba an, vTqvaT,

save 'failis_saxeli.doc' R -ASCII (mag., save 'liza.txt' R -ASCII an save 'liza.doc' R -ASCII).
brZaneba A=load('liza.txt') (an Sesabamisad A=load('liza.doc') ) CatvirTavs miTiTebul fails da

Seqmnis A cvlads, sadac iqneba Cawerili R matrica.

matricis Seqmna SesaZlebelia agreTve M_failSi. mag., gamoviZaxoT M_failis

fanjara da avkrifoT

F=[...
2 45 -4
1 2 35];

SevinaxoT Setanili operatori saxeliT LP.m. maSin brZaneba LP waikiTxavs am fails

da Seqmnis samuSao sivrceSi F cvlads, rac ilustrirebulia Semdeg magaliTSi:

>> LP
>> X1=F
X1 =

2    45 -4
1     2    35

orwertilovani operatori _ MATLAB_is erT_erTi mniSvnelovani operatoria.

mas aqvs sxvadasxva forma. gamosaxuleba

>> 1 : 10



25

Seqmnis veqtor_striqons, romelSic Cawerilia mTeli ricxvebi 1_dan 10_mde:
1     2     3     4     5     6     7     8     9    10
Tu orwertilovani operatori Seicavs 3 ricxvs, Seiqmneba veqtori, romlis

pirveli ricxvi gvaZlevs veqtoris pirvel elements, meore ricxvi aCvenebs bijs,

xolo mesame _ veqtoris bolo elementis zRvrul mniSvnelobas. mag.,

>> kl=150 : -11 : 10
Seqmnis Semdeg kl veqtors:

kl =

150   139   128   117   106 95    84    73    62    51    40    29    18
orwertilovani operatoris meSveobiT SeiZleba arsebuli matricis safuZvelze

SevqmnaT axali matrica, romelic sawyisi matricis nawils warmoadgens. mag., Semdegi

operatorebis mimdevroba

>> T=[1 2 6 5 ; 3 1 1 0 ; 2 3 5 6 ; 4 4 0 0];
>> T_1=T(2:3,1:2);
>> T_2=T(3:4,:);
>> T_3=T(:, 1:2:3);
>> T_4=T(3,1:3);

jer Seqmnis T matricas, Semdeg T_1 matricas, romelic T matricis me_2 da me_3

striqonebis pirvel or svets warmoadgens, T_2 matricas, romelic T matricis me_3 da

me_4 striqonebis yvela svets Seicavs, T_3 matricas, romelic Sedgeba sawyisi

matricis yvela striqonis 1_li da me_3 svetisagan, da T_4 matricas, romelic

Seqmnilia me_3 striqonis pirveli sami elementisagan:

T T_1 T_3 T_4
1 2 6     5
3     1 1     0
2     3     5     6
4     4     0     0

3     1
2     3

1     6
3     1
2     5
4     0

2     3     5

T(:) gamosaxuleba Seqmnis veqtor_svets, romlis dasawyisSi ganlagebulia T
matricis pirveli svetis elementebi, Semdeg – meoris da a.S.:

SesaZlebelia matricis mniSvnelobebi SevitanoT uSualod klaviaturidan input
operatoris saSualebiT. input operatori gamoitans ekranze teqsts da daelodeba

monacemebs, romlis safuZvelze Seiqmneba matrica. mag.,

>> D=input('Enter D')
Enter D [1 22 -3]
D =

1    22 -3
Tu monacemebs ar SeviyvanT da davaWerT Enter klaviSs, Seiqmneba carieli matrica

[ ].
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2.2 operaciebi masivebze da matricebze

operaciebi masivebze zogadad gansxvavdeba matriculi operaciebisagan. masivebze

operaciebis ganmsazRvreli simboloa wertili moqmedebis niSnis win.

matricebis Sekreba da gamokleba Semdegi gamosaxulebis Tanaxmad sruldeba da

ar gansxvavdeba masivebis Sekreba_gamoklebisagan:

AA  B = [a(i,j)  b(i,j)] .

aq A da B _ sawyisi matricebia, a(i,j) da b(i,j) _ matricebis elementebi, Sekreba

(gamokleba) wevr_wevrad sruldeba. sawyisi matricebis zoma, cxadia, erTnairi unda

iyos (igivea erTganzomilebiani matricebis _ veqtorebis SemTxvevaSi).

Tu gvsurs ori erTnairi zomis matrica (an veqtori) erTmaneTze wevr_wevrad

gadavamravloT, vasrulebT masivebis gamravlebas:

AA.  B = [a(i,j) b(i,j)] .

wertilis gamotoveba seriozuli Secdomaa, radgan wertilis ardawerisas

moxdeba matricebis gadamravleba, romelic sruldeba Semdegi gamosaxulebis

Tanaxmad:

AAA . B = [


p

k 1
a(i,k) b(k,j)] .

anu m x p zomis A matricis p x n zomis B matricaze namravli warmoadgens m x n
zomis matricas, romlis i_uri striqonis da j_uri svetis gadakveTaze mdgomi

elementi A matricis i_uri striqonisa da B matricis j_uri svetis rigrigobiT

aRebuli elementebis namravlis jamis tolia.

masivebis gayofa wevr_wevrad sruldeba. sawyisi masivebis (veqtorebis) zoma aqac

erTnairi unda iyos. arsebobs marjvena gayofa da marcxena gayofa:

AA. / B = [a(i,j) / b(i,j)] ;

AA. \ B = [b(i,j) / a(i,j)] .

matricebSi marjvena da marcxena gayofa Semdegnairadaa gansazRvruli:

B / A =  B .A 1 ;    A \ B =  A 1 . B ,

sadac A 1 _ A_s Sebrunebuli matricaa. A kvadratuli matricis Sebrunebuli aris

iseTi A 1 matrica, romlisTvisac sruldeba piroba A . A 1 = A 1 . A da es namravli

udris erTeulovan matricas anu matricas, romlis mTavari diagonalis elementebi

erTis tolia, yvela sxva elementi ki nulis; A kvadratuli da igive zomis I

erTeulovani matricebisaTvis sruldeba Semdegi toloba: A . I = I . A = A.

masivuri axarisxeba wevr_wevrad xdeba:

A. ^ B = [a(i,j) ^ b(i,j)] .

mag.,
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>> A=[2 5 6];  B=[1 3 2];
>> C=A.^2
C =

4    25    36

>> D=A.^B
D =

2   125    36

>> W=3.^A
W =

9   243   729

dasaSvebia, rom masivebis elementebi kompleqsuri ricxvebic iyos.

matriculi axarisaxeba. rodesac xarisxis maCvenebeli k mTeli dadebiTi

ricxvia, matriculi axarisxeba Seesabameba matricis k_jer Tavis Tavze gamravlebas,

Tu k mTeli uaryofiTi ricxvia, Sebrunebuli matricis k_jer Tavis Tavze

gamravlebas, xolo Tu xarisxis maCvenebeli p namdvili an kompleqsuri ricxvia,

vsargeblobT formuliT [3]:

AA^ p = R.  p .R 1 .

imisaTvis rom matrica avaxarisxoT, is aucileblad kvadratuli unda iyos.

masivis elementebis transponireba mdgomareobs misi striqonebis da svetebis

adgilebis urTierTSecvlaSi. transponirebuli masivia es aris axali masivi, romlis

svetebi sawyisi masivis striqonebia da piriqiT. A masivisAtransponirebisaTvis

xmaroben apostrofis niSans, romlis momdevno simboloa wertili. Semdeg magaliTSi

F sawyisi masivia, R _ transponirebuli.

>> F=[1 2 3 5; 0 1 3 2];
>> R=F.'

R =
1     0
2     1
3     3
5     2

matricis transponirebisas xdeba striqonebisa da svetebis adgilebis

urTierTgacvla da kompleqsuri elementebis gardaqmna: transponirebuli matricis

kompleqsuri elementebis Sesabamisi elementebi gaxdeba sawyisi kompleqsuri

ricxvebis SeuRlebuli. matricis transponireba aRiniSneba apostrofis niSniT. Tu

gvsurs transponirebuli matricis miReba misi elementebis mniSvnelobebis Secvlis

gareSe, unda visargebloT A.' brZanebiT an conj(A' ) funqciiT.

mag.,

>> P=[1+3i, -2+3i, 4; -2i, 3-5i, 6];
>> X=P'
X =

1.0000 - 3.0000i          0 + 2.0000i
-2.0000 - 3.0000i     3.0000 + 5.0000i
4.0000                     6.0000

>> X=P.'
X =

1.0000 + 3.0000i          0 - 2.0000i
-2.0000 + 3.0000i     3.0000 - 5.0000i

4.0000                      6.0000
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MATLAB_Si SesaZlebelia masivis yvela elementisaTvis gamovTvaloT nebismieri

erTcvladiani maTematikuri funqcia: f(A) = [f(a(i,j))]. Sedegad miiReba sawyisi masivis

zomis mqone masivi, romlis yvela elementi warmoadgens sawyisi masivis Sesabamisi

elementis f funqcias. am Tvisebas _ funqciis erTdrouli gamoTvlis SesaZleblobas

masivis yvela elementisaTvis _ gamoTvlebis veqtorizacia hqvia. es aris MATLAB
sistemis unikaluri Tviseba, romelic uzrunvelyofs muSaobis did siswrafes

interpretaciis reJimSi. mag.:

>> A=[0  pi/6  pi/4  pi/3  pi/2  2*pi/3  5*pi/4  5*pi/6  pi];
>> B=sin(A)
B =

0    0.5000    0.7071    0.8660    1.0000    0.8660 -0.7071    0.5000    0.0000
>> C=sin(A)+cos(B)
C =

1.0000    1.3776    1.4674    1.5139    1.5403    1.5139    0.0531    1.3776    1.0000

2.3 monacemTa damuSavebis ZiriTadi funqciebi

help elfun brZanebiT ekranze aisaxeba monacemTa damuSavebasTan dakavSirebuli

yvela funqciis CamonaTvali mokle aRweriT. ganvixiloT ZiriTadi am funqciebisagan.

sum(X) funqcia veqtorebisaTvis gamoTvlis veqtoris elementebis jams.

matricebisaTvis es funqcia gamoTvlis elementebis jams TiToeul svetSiDda

moaTavsebs Sedegs veqtor_striqonSi.

sum(X,k) gamoTvlis jams k_uri ganzomilebis mixedviT. ase rom,

organzomilebiani masivisaTvis sum(X,1) gamoTvlis TiToeuli svetis elementebis

jams anu igive Sedegs mogvcems, rac sum(X), xolo sum(X,2) gamoTvlis elementebis

jams TiToeul striqonSi da moaTavsebs Sedegs veqtor_svetSi. TiToeuli striqonis

elementebis jamis veqtor_striqonSi mosaTavseblad vsargebloT sum(X') funqciiT:

>> g=[1 -22; 4 -2];
>> sum(g)
ans =

5 -24

>> sum(g,1)
ans =

5 -24

>> sum(g,2)
ans =

-21
2

>> sum(g')
ans =

-21     2

>> sum(g(:,end))
ans =

-24

bolo operatoriT sistema matricis bolo svetis elementis jams gamoTvlis.

igive SeiZleba vTqvaT prod funqciaze, romlis meSveobiT gamoiTvleba namravli:
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>> prod(g,1)
ans =

4    44

>> prod(g,2)
ans =

-22
-8

cumsum(X) funqcia veqtorebisaTvis warmoadgens veqtors, romlis TiToeuli

elementi udris mis win mdgomi elementebis jams. matricebisaTvis es funqcia

gvaZlevs sawyisi matricis zomis mqone matricas, romlis elementebi akumulireben

jams svetebis mixedviT. igive SeiZleba gakeTdes cumsum(X,1) funqciis meSveobiT,

xolo cumsum(X,2) funqciiT jamis akumulireba xdeba striqonebis mixedviT.

>> h=[1 2 3 5 10];
>> cumsum(h)
ans =

1     3     6    11    21

>> g=[1 -22; 4 -2];
>> cumsum(g,1)
ans =

1 -22
5 -24

>> cumsum(g,2)
ans =

1 -21
4     2

cumprod(X) funqciis meSveobiT xdeba namravlis akumulireba:

>> cumprod(h)
ans =

1     2     6    30   300

>> cumprod(g,1)
ans =

1 -22
4    44

>> cumprod(g,2)
ans =

1 -22
4 -8

diff(X) funqcia veqtorisaTvis warmoadgens [X(2)_X(1)  X(3)_X(2) ... X(n)_X(n_1)]
veqtors, xolo matricisaTvis gvaZlevs [X(2:n,:)_X(1:n-1,:)] striqonebis sxvaobis

matricas:

>> h=[1 2 3 5 10];  U=[1 0 2; 55 4 7; 8 9 10];
>> U
U =

1     0     2
55 4     7

8     9    10

>> diff(U,1)
ans =

54     4     5
-47     5     3

>> diff(U,2)
ans =

-101     1 -2

>> diff(U,3)
ans =

102 -3

>> diff(U,4)
ans =

-105

>> diff(U,5)
ans =

[]

>> diff(U,6)
ans =

[]

dot(A,B) funqcia gamoiyeneba A da B erTnairi zomis veqtorebis skalaruli

namravlis gamosaTvlelad. skalaruli namravli (sxvanairad mas Sida namravls

uwodeben) ganisazRvreba formuliT:5

A . B = 


n

i 1
ai

.bi ,

sadac n _ veqtorebis zomaa.

dot(A,B)Ffunqcia gamoiTvlis skalarul namravls imisda miuxedavad, Tu rogori

saxiT arian warmodgenili A da B veqtorebi: orive veqtor_svetia, orive

veqtor_striqoni Tu erT_erTi veqtor_svetia, meore ki veqtor_striqoni. Tu A
veqtor_striqonia, xolo B _ veqtor_sveti, skalaruli namravli SeiZleba sxva
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meTodiTac gamovTvaloT _ rogorc sum(A'. . B) an sum(A. . B'). ori veqtor_striqonis

skalaruli namravlis gamosaTvlelad vsargeblobT A.B' , xolo ori veqtor_svetis

SemTxvevaSi A'.B gamosaxulebiT an sum(A. . B) funqciiT.

A da B veqtor_striqonebis A'.B namravliT miiReba nxn zomis matrica, romelsac

ori veqtoris gare namravli hqvia. analogiurad A da B veqtor_svetebis A.B'
namravliT miiReba nxn zomis matrica.

min(X) da max(X) funqciebiT xdeba minimaluri da maqsimaluri elementis moZebna

veqtorSi. rodesac X matricaa, moiZebneba TiToeuli svetis minimaluri (maqsimaluri)

elementi da Sedegi moTavsdeba veqtor_striqonSi. NaN konstantebi ignorirdeba

minimumis da maqsimumis gamoTvlisas. Tu argumentis yvela elementia NaN, minimaluri

(maqsimaluri) elementic NaN_s udris.

[m,i]=min(X) da [m,i]=max(X) operaciebis Sesrulebis Sedegad m cvladSi

moTavsdeba X veqtoris minimaluri (maqsimaluri) elementi, xolo i_Si _ misi indeqsi.
Tu veqtori Seicavs ramdenime minimaluri (maqsimaluri) mniSvnelobis mqone elements,

i_Si moTavsdeba pirveli aseTi elementis indeqsi. operacia gansazRvrulia

matricebisTvisac.

min(X,Y) da max(X,Y) funqciiT miiReba X da Y masivebis sigrZis mqone masivi,

romlis TiToeuli elementi warmoadgens umciress (udidess) X da Y_is Sesabamis

elementTa Soris.

>> X=[1 4 -1 2 -1 5 6]; Y=[3 2 3;3 -1 5]; D=[NaN NaN]; A=[4 1 3;6 -1 5]; F1[2 4 1/0]; F2=[2 4 0/0];
>> X
X =

1     4 -1     2 -1     5     6
>> min(X)
ans =

-1
>> min(X)+max(X)*2
ans =

11
>> D
D =

NaN   NaN
>> min(D)
ans =

NaN

>> F1
F1 =

2     4   Inf
>> max(F1)
ans =

Inf
F2 =
2 4   NaN
>> max(F2)
ans =

4

>> [m,i]=min(X)
m =

-1
i =

3
>> Y
Y =

3     2     3
3 -1     5

>> A
A =

4     1     3
6 -1     5

>> min(Y)
ans =

3 -1     3
>> [z,j]=max(Y)
z =

3     2     5
j =

1     1     2
>> [w,p]=min(Y)
w =

3 -1     3
p =

1     2     1

>> min(Y,A)
ans =

3     1     3
3 -1     5

>> max(Y,A)
ans =

4     2     3
6 -1     5

sort(X) funqciiT xdeba veqtoris elementebis dalageba zrdadobiT. rodesac X
matricaa,  funqcia daalagebs zrdadobiT matricis TiToeuli svetis elementebs.

sort(X,dim,mode) funqcias aqvs ori ofcia: dim da mode. rodesac dim=1, xdeba

matricis TiToeuli svetis elementebis dalageba zrdadobiT, xolo rodesac dim=2 _
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TiToeuli striqonis. mode ofciiT airCeva dalagebis mimarTuleba: 'ascend' _

zrdadobiT, 'descend' _klebadobiT. klebadobiT elementebis dalageba SesaZlebelia

agreTve –sort(-X) operatoriT.

>> Y=[3 2 3;3 -1 5];
>> Y
Y =

3     2     3
3 -1     5

>> H=sort(Y)
H =

3 -1     3
3     2     5

>> K=sort(Y,1)
K =

3 -1     3
3     2     5

>> F=sort(Y,2)
F =

2     3     3
-1     3     5

>> -sort(-Y)
ans =

3     2     5
3 -1 3

>> sort(Y,2,'descend')
ans =

3     3     2
5     3 -1

mean(X) funqcia veqtorebisaTvis gamoTvlis veqtoris elementebis saSualo

ariTmetikuls. matricebisaTvis es funqcia gamoTvlis TiToeuli svetis elementebis

saSualo ariTmetikuls Dda moaTavsebs Sedegs veqtor_striqonSi.

median(X) funqcia veqtorebisaTvis gamoTvlis veqtoris elementebis medianas,

xolo matricebisaTvis _ TiToeuli svetis elementebis medianas Sedegis

veqtor_striqonSi moTavsebiT.

diag(X) funqciiT miiReba veqtor_svetad Cawerili X matricis mTavari diagonali.

mTavari diagonali iwyeba zeda marcxena kuTxidan, misi elementebis svetis da

striqonis mimTiTebeli indeqsebi erTnairia: x11, x22, da a.S. X matricis mTavari

diagonalis elementebis jami gamoiTvleba sum(diag(x)) funqciiT. diag(X) funqciiT

SeiZleba agreTve mTavar diagonalze movaTavsoT nebismieri ricxvebi, xolo

danarCeni elementebi gavutoloT nuls. am SemTxvevaSi diag funqciis argumenti

veqtoria da ara matrica. mag.,

>> X=[1 3 5 4; -1 -2 -5 -10; 1 2 22 0]; diag(X)
ans =

1
-2
22

>> z=[1; 3; 5; -1]; A=diag(z)
A =

1     0     0     0
0     3     0     0
0     0     5     0
0     0     0 -1

diag(X,k) funqciiT im SemTxvevaSi, rodesac k>0, xdeba mTavari diagonalis zemoT

k_uri diagonalis SerCeva; rodesac k<0, amoRebuli iqneba mTavari diagonalis qvemoT

k_uri diagonali. cxadia, diag(X,0) diag(X) _is tolfasia.

>>  X =
1     3      5     4

-1 -2 -5 -10
1     2    22     0

>>  diag(X,1)
ans =

3
-5
0

>>  diag(X,2)
ans =

5
-10

>> diag(X,-1)
ans =

-1
2

triu(X) funqciiT miiReba sawyisi matricis zomis matrica, romelic Seicavs X
matricis mTavari diagonalis da mis zemoT ganlagebul elementebs, danarCeni

elementi ki 0_is tolia.
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triu(X,k) funqcia Seqmnis sawyisi matricis zomis matricas, romelic Seicavs

k_uri diagonalis da mis zemoT mdebare X matricis elementebs, sxva elementi 0_is
tolia.

tril(X) da tril(X,k) funqciebii msgavsia triu(X) da triu(X,k) funqciebisa, mxolod

amoRebuli iqneba sawyisi matricis qveda nawili.

>>  F=[1:10:40; 1 2  3 4; 3:2:9];
>> F
F =

1    11    21    31
1     2 3     4
3     5 7     9

>> triu(F)
ans =

1    11    21    31
0     2      3     4
0     0      7     9

>> triu(F,1)
ans =

0 11    21    31
0     0      3     4
0     0      0     9

>> tril(F)
ans =

1     0     0     0
1     2     0     0
3     5     7     0

>> tril(F,-1)
ans =

0     0     0     0
1     0     0     0
3     5     0     0

det(X) funqciiT gamoiTvleba X kvadratuli matricis determinanti.

inv(X) funqciiT miiReba kvadratuli X matricis Sebrunebuli matrica anu X 1 .

axla ganvixiloT funqciebi, romelTa saSualebiT xdeba matricis nawilis

amoReba axali matricis saxiT.

spy(X) funqciis saSualebiT grafikul ekranze

gamoCndeba aranulovani elementebis

adgilmdebareoba.

mag.,

>> spy(tril(F))
mogvcems nax.2.1_ze naCveneb sqemas. sakoordinato

RerZebze moniSnulia striqonebisa da gverdebis

nomrebi, xolo qvemoT miTiTebulia aranulovani

elementebis raodenoba.

nax.2.1

2.4 matricebis da veqtorebis gaerTianeba da gardaqmna

matricebis gaerTianeba warmoadgens patara matricebisagan didi matricis Seqmnis

process. amisaTvis vsargeblobT gaerTianebis operatoriT _ kvadratuli

frCxilebiT. igive iTqmis veqtorebzec.Esailustraciod qvemoT moyvanilia D
matricisagan axali G matricisa da S veqtorisagan S2 matricis Seqmnis magaliTi:

>> D=[ 1 5 25 6; -1 -3 0 0; 4 5 -6 -8]
D =

1     5    25     6
-1 -3     0     0
4     5 -6 -8
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>>G=[D D+3; D-2 D*2]
G =

1     5    25     6     4     8    28     9
-1 -3     0     0     2     0     3     3
4     5 -6 -8     7     8 -3 -5

-1 3    23     4     2    10   50 12
-3 -5 -2 -2 -2 -6     0     0
2 3 -8 -10     8    10 -12 -16

>>S=[1 2 3]; S2=[S 2*S 4-S; S+1 S S]
S2 =

1     2     3     2     4     6     3     2     1
2     3     4     1     2     3     1     2     3

kvadratuli frCxilebiT vsargeblobT agreTve veqtoris elementebisa da

matricis striqonebisa da svetebis mosaSoreblad:

>> S2(:,3)=[]; S2
>> S2
S2 =

1     2     2     4     6     3     2     1
2     3     1     2     3     1     2     3

>> S2(:,1:2:7)=[]; S2
S2 =

2 4     3     1
3     2     1     3

>>S(1:2:3)=[]; S
S =

2
dauSvebelia matricidan erTi elementis amoReba. S2(1,2)=[] operatoris Sedegad

miviRebT Setyobinebas Secdomis Sesaxeb. magram Tu analogiur operatorSi

mivuTiTebT erT indeqss, Sesabamisi elementi iqneba amoRebuli da danarCeni

elementebis mimdevroba veqtor_striqonad gardaiqmneba:

>> S2(2)=[]; S2
S2 =

2     4     2     3     1     1     3
veqtorebis elementebis da matricebis svetebis (striqonebis) adgilebis

urTierTSecvla xdeba kvadratul frCxilebSi maTi axali adgilis miTiTebiT:

>> K=[-1 -3 -32 -4; 0 5 0 7]; P=K( : , [1 3 2
4]);
>> P
P =

-1 -32 -3 -4
0      0      5     7

>> S2([1 4 3 7 2 6 5])
ans =

2     3     2     3     4     1     1
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bolo operatorSi mivuTiTeT S2 veqtoris elementebis axali Tanamimdevroba.

analogiuri brZaneba SeiZleba mivceT matricisaTvisac:

>> P=[-1 -3 -32 -4; 0 5 0 -7]; P (: , [3 4 2 2])
ans =

-32 -4 -3 -3
0 -7 5 5

2.5 specialuri matricebis generireba

MATLAB_s aqvs funqciebi, romlis saSualebiT specialuri tipis matricebi

iqmneba.

magic(n) funqciiT Seiqmneba e.w. magiuri kvadrati. magiuri kvadrati aris nxn zomis

matrica, romlis elementebi mTeli ricxvebia 1_dan n2_mde. es ricxvebi isea

ganlagebuli, rom yovel striqonSi, svetSi da orive diagonalSi  elementebis jami

erTi da igive ricxvia.

>> magic(3)
ans =

8     1     6
3     5     7
4     9     2

magic funqcia gvaZlevs swor Sedegs, rodesac n>2.
zeros(n) funqciiT miiReba kvadratuli nxn zomis matrica, romlis elementebi 0_is

tolia. zeros(m,n)_iT (am funqciis Caweris sxva formebia zeros([m n]), zeros([m,n]))
Seiqmneba mxn zomis matrica, romlis yvela elementi nulia. igives gaakeTebs

zeros(m,n,p,..) (zeros([m n p ...]), zeros([m,n,p...]))) funqcia mravalganzomilebiani masivisTvis.

zeros(size(X)) funqcia Seqmnis iseTive zomis matricas, rogoric X_ia da am matricis

elementebic nulebia. mag.,

>> M=zeros(2,3); F=zeros(size(M));
operatorebiT Seiqmneba 2x3 zomis M da F matricebi, romlebSic yvela elementi

udris nuls.

ones funqciiT miiReba kvadratuli nxn zomis matrica, romlis elementebi 1_is

tolia. am funqciis argumentebi zeros funqciis argumentebis analogiuria. mag.,

>> K=5*ones(size(M))
K =

5     5     5
5     5     5

eye funqciis saSualebiT SeiZleba SevqmnaT erTeulovani matrica anu matrica,

romlis mTavari diagonalis elementebi 1_is tolia, yvela danarCeni ki nulebia. am
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funqciis argumentebi ones da zeros funqciebis argumentebis analogiuria. mag., eye(3)
da eye(3,2) funqciebi Sesabamisad Semdeg masivebs Seqmnian:

1     0     0 1     0
0     1     0 da 0     1
0     0     1 0     0

rand(n) funqciiT miiReba kvadratuli nxn zomis matrica, romlis elementebi

(0.0,1.0) intervalSi mdebareoben da axasiaTeben SemTxveviTi ricxvebis Tanabar

ganawilebas. SemTxveviTi ricxvebis Tanabar ganawilebas miviRebT agreTve rand(m,n)
(rand([m,n]), rand([m n])) da rand(size(X)) funqciebiT, oRond rand(m,n) generirebs mxn zomis

matricas, rand(size(X)) ki _ iseTive zomis, rogoricaa X matrica. rand(m,n,p,...)
(rand([m,n,p,...]), rand([m n p...]) ) generirebs mravalganzomilebian masivs.

randn(n) funqciiT miiReba kvadratuli nxn zomis matrica, romlis elementebi

axasiaTeben SemTxveviTi ricxvebis normalur ganawilebas. am funqciis argumentebi

rand funqciis argumentebis analogiuria.

mag.,

>> rand(1,10)
ans =

0.6405    0.2091    0.3798    0.7833    0.6808    0.4611    0.5678    0.7942    0.0592 0.6029
>> T=randn(2,3)
T =

0.1746    0.7258    2.1832
-0.1867 -0.5883 -0.1364

pascal(n) funqciiT miiReba kvadratuli matrica, romlis elementebi paskalis

samkuTxeds Seesabameba:

1

1 1

1      2 1

1      3      3     1

1 4 6 4 1
mag., pascal(4) funqciiT miviRebT Semdeg matricas:

1     1     1     1
1     2     3     4
1     3     6    10
1     4    10 20

2.6 manipulireba matricebTan
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rot90(X) funqciiT xdeba X matricis 90 gradusiT mobruneba saaTis isris

sawinaaRmdego mimarTulebiT, xolo rot90(X,k) funqciiT _ k.90 gradusiT, sadac k _

mTeli ricxvia.

mag.,

>> A=[1 2 3; 4 5 6; 7 8 9]; B=rot90(A); C=rot90(A,2); D=rot90(A,-1); W=rot90(A,0);
operatorTa mimdevrobiT miviRebT Semdeg matricebs:

A W B C D
1     2     3 1     2     3 3     6     9 9     8     7 7     4     1
4     5     6 4     5     6 2     5     8 6     5     4 8     5     2
7 8     9 7     8     9 1     4     7 3     2     1 9     6     3
aRvniSnoT, rom ar aris aucilebeli, sawyisi matrica kvadratuli iyos:

>> T=[3 6; 2 5; 1 4]; TR=rot90(T)
TR =

6     5     4
3     2     1

fliplr(X) funqciiT xdeba X matricis (veqtoris) sarkiseburi asaxva marcxnidan

marjvniv, xolo flipud(X) _iT _ zevidan qveviT. mag.,

>> X=[1 2 3; 4 5 6]; Y=fliplr(X);
>> Z=flipud(X); a= sum(diag(Z));

operatorebiT miRebuli iqneba X, Y da Z matricebi, xolo Bbolo operatoriT Z
matricis diagonalis (anu sawyisi X matricis e.w. antidiagonalis) elementebis jami

gamoiTveba (a=6):
X Y Z

1     2 3 3     2     1 4     5     6
4     5     6 6     5     4 1     2     3

Semdegi operatorebiT sruldeba veqtoris sarkiseburi asaxva. cxadia, veqtoris

asaxva zemodan qveviT ar Secvlis sawyis veqtors:

>> S=[1 2 3 4 5]; fliplr(S)
ans =

5     4     3     2     1
>> flipud(S)
ans =

1     2     3     4     5
flipdim(X,k) funqcia asrulebs matricis asaxvas k_uri ganzomilebis mimarT. anu

flipdim(X,1) mogvcems igive Sedegs, rac flipud(X), xolo flipdim(X,2) _ rac fliplr(X).

reshape(X,m,n) funqcia cvlis sawyisi X matricis formas anu Tanafardobas

striqonebisa da svetebis raodenobas Soris. m da n argumentebi gansazRvravs axali

misaRebi matricis striqonebisa da svetebis raodenobas, amasTan, m.n namravli

sawyisi matricis striqonebisa da svetebis raodenobis namravlis toli unda iyos.

analogiurad moqmedebs reshape(X,m,n,p...) funqcia mravalganzomilebian masivebSi.
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m.n.p... namravli prod(size(X)) funqciis mniSvnelobis toli unda iyos. reshape(X,[m,n]) da
reshape(X,[m,n,p...]) funqciebi reshape funqciebis Caweris sxva formas warmoadgens.

qvemoT moyvanil magaliTebSi ilustrirebulia reshape funqciis moqmedeba:

>> P=[1 3 5 28; -1 4 7 3];
>> P
P =

1     3 5    28
-1     4     7     3

>> reshape(P,[1,8])
ans =

1 -1     3     4     5     7    28     3
>> reshape(P,1,8)
ans =

1 -1     3     4     5     7    28     3

>> reshape (P, 4, 2)
ans =

1     5
-1     7
3    28
4     3

2.7 moqmedebebi polinomze

erTcvladiani polinomis (mravalwevris) zogadi formulaa:

nn
nnn axaxaxaxaxf  


1

2
2

1
10 ...)( .

polinomis xarisxi misi cvladis xarisxis umaRlesi maCveneblis tolia.

MATLAB_Si gamoiyeneba polinomis Caweris ori xerxi:

 koeficientebis veqtor_striqoniT;

 simboluri gamoxatulebiT.

polinomis ganmsazRvrel koeficientebis veqtor_striqonSi elementTa raodenoba

erTiT unda aRematebodes mis xarisxs. 0_is toli koeficientis ignorireba

dauSvebelia. mag., 12 3  xxp mravalwevris gansazRvrisaTvis gamoiyeneba brZaneba

>> p=[-2 0 1 -1];
igive polinomi simboluri saxiT Semdegnairad Caiwereba:

>> syms x
>> -2*x^3+x-1
ans =
-2*x^3+x-1

aq syms operatori gamoyenebulia simboluri obieqtis konstruirebisaTvis.

veqtor_striqonis saxiT Cawerili polinomis warmodgena simboluri

gamoxatulebiT SesaZlebelia poly2sym(X) funqciis meSveobiT, sadac X _ polinomis

koeficientebis veqtor_striqonia:

>> poly2sym(p) an >> poly2sym([-2 0 1 -1])
ans = ans =
-2*x^3+x-1 -2*x^3+x-1
poly2sym(X,'v') da poly2sym(X,sym('v')) funqciebiT miiReba polinomi, romlis

simboluri cvladi miTiTebulia meore argumentSi:
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>> poly2sym([-2 0 1 -1],'t')
ans =
-2*t^3+t-1
polinomis simboluri warmodgenidan koeficientebis veqtor_striqonis saxiT

Canawerze gadasvla xdeba sym2poly(X) funqciiT, sadac X _ polinomis simboluri

gamoxatulebaa:

>> syms z; sym2poly(3*z^4-2*z^3 - 10*z - 5)
ans =

3 -2 0 -10 -5
funqcia polyval(X,Y) gamoTvlis X polinomis mniSvnelobas Y cvladisaTvis,

amasTan, polinomi koeficientebis veqtor_striqoniT unda iyos warmodgenili:

>> polyval([3 -2     0 -10 -5],1.2)
ans =

-14.2352
Tu funqciis meore argumenti veqtori an matricaa, polinomis mniSvnelobis

gamoTvla xdeba yoveli elementisaTvis:

>> polyval([2 -3 5],[1 -1 ; 2 -5])
ans =

4    10
7    70

ra Tqma unda, polinomis mniSvnelobis gamoTvla SeiZleba ganvaxorcieloT

miniWebis operatorebiTac (Sesabamisad z=1.2; 3*z^4-2*z^3-10*z–5 da x=[1 -1; 2 5]; 2*x.^2-
3*x+5 brZanebebiT).

davuSvaT, polinomebi gansazRvrulia Tavisi koeficientebiT. Tu polinomebis

xarisxebi erTmaneTis tolia anu koeficientebis veqtor_striqonebi erTnairi

sigrZisaa, mxolod am dros aris SesaZlebeli maTi Sekreba_gamokleba. iseTi

polinomebis Sekreba_gamoklebisas, romelTa xarisxebi ar emTxveva erTimeores,

saWiroa jer maTi gaTanabreba da Semdeg moqmedebis Sesruleba.

mag., gamovTvaloT )3()2()1( xfxfxf  , sadac 13)1( 24  xxxf ,

103)2( 5  xxxf da 32)3( 2  xxxf :

>> x1=[0 1 0 3 0 -1]; x2=[1 0 0 0 3 -10]; x3=[0 0 0 2 1 -3];
>> x=x1+x2-x3
x =

1     1     0     1     2 -8
>> poly2sym(x)
ans =
x^5+x^4+x^2+2*x-8
polinomebis Sekreba_gamokleba SesaZlebelia im SemTxvevaSic, rodesac isini

simbolurad arian warmodgenili:

>> 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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polinomis skalarul sidideze gasamravlebad misi koeficientebis veqtori unda

gavamravloT skalarze. vTqvaT, gvaqvs 1063)( 24  xxxf polinomi. imisaTvis, rom

miviRoT )(3)( xfxg  polinomis koeficientebi, vsargeblobT cxrilis 1_li svetis

brZanebebiT. gamravleba skalarze SesaZlebelia im SemTxvevaSic, rodesac polinomi

simbolurad aris warmodgenili, rac cxrilis me_2 svetSi asaxulia:

>> f=[3 0 6 0 -10];
>> g = -3*f
g =

-9     0 -18     0    30

>> syms x
F = 3*x^4 +6*x^2-10;
G = -3*F
G =

-9*x^4-18*x^2+30

polinomebis gasamravlebad viyenebT conv(X,Y) funqcias, sadac X da Y _

polinomebis koeficientebis veqtor_striqonebia. gamravlebisas miiReba namravlis

veqtori, romlis sigrZea length(A)+length(B)-1. mag., zemoT moyvanili )1(xf da )2(xf
polinomebis namravlis gamosaTvlelad vsargeblobT operatorebiT:

>> x1=[1 0 3 0 -1]; x2=[1 0 0 0 3 -10]; conv(x1,x2)
ans =

1     0     3     0     2 -10     9 -30 -3    10
polinomebis gamravleba SesaZlebelia maTi simbolurad gamoxatvis SemTxvevaSic.

polinomebis gayofis funqciaa deconv(X,Y), romelic Sedegad gvaZlevs or

veqtors: pirveli veqtori Seicavs ganayofi polinomis koeficientebs, xolo meore _

naSTi polinomis koeficientebs. brZaneba Semdegnairad Caiwereba: [q,r]=deconv(x1,x2),
sadac q ganayofia, xolo r _ naSTi. zemoT moyvanili )2(xf da )3(xf polinomebis

gayofiT miviRebT:

>> x2=[1 0 0 0 3 -10]; x3=[2 1 -3];
>> [q,r]=deconv(x2,x3)
q =

0.5000 -0.2500    0.8750 -0.8125
r =

0         0         0         0    6.4375 -12.4375
polyder(X) funqciiT xdeba koeficientebis veqtor_striqoniT warmodgenili

polinomis warmoebulis gamoTvla, amasTan, Sedegic iqneba miRebuli

veqtor_striqonis saxiT. polyder(X,Y) funqcia gankuTvnilia ori polinomis namravlis

warmoebulis gamosaTvlelad, xolo ori polinomis Sefardebis warmoebulis

sapovnelad gamoiZaxeba polyder funqcia 2 gamomavali cvladiT: pirveli warmoadgens

Sedegis mricxvelis koeficientebs, xolo meore _ mniSvnelis.

diff(X) axdens X simboluri gamosaxulebis diferencirebas misi simboluri

cvladiT, diff(X,v) _ v cvladiT. diff(X,n) axdens diferencirebas n_jer (n _ mTeli

dadebiTi ricxvia), diff(X,v,n) _ n_jer v cvladiT. aRvniSnoT, rom diff funqciebiT

warmoebulis mniSvneloba miiReba ara mxolod polinomebisaTvis.
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qvemoT moyvanili cxrilis 1_l svetSi diferencireba ganxorcielebulia polyder
funqciiT, me_2 svetSi ki _ diff funqciiT.

>> x2=[1 0 0 0 3 -10]; x3=[2 1 -3]; polyder(x2)
ans =

5     0     0     0     3
>> polyder(x2,x3)
ans =

14     6 -15     0    18 -34 -19
>> [w1,w2]=polyder(x2,x3)
w1 =

6     4 -15     0 -6    40     1
w2 =

4     4 -11 -6     9

>> syms s
>> 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

int(X) funqciiT gamoiTvleba X simboluri gamosaxulebis ganusazRvreli

integrali misi simboluri cvladis mimarT, int(X,v)_iT _ v cvladis mimarT.

int(X,a,b) funqciiT miiReba X_is gansazRvruli integralis mniSvneloba a_dan
b_mde misi simboluri cvladis mimarT, xolo int(X,v,a,b)_iT _ v cvladis mimarT.

int funqciebiT integralis mniSvneloba miiReba ara mxolod polinomebisaTvis.

>> syms x  t; int(x^2+3*x-1)
ans =
1/3*x^3+3/2*x^2-x
>> int(4*x*t,x)
ans =
2*x^2*t
>> int(4*x*t,x,1,10)
ans =
198*t
roots(X) funqcia gankuTvnilia koeficientebis veqtor_striqoniT gansazRvruli

polinomis yvela fesvis mosaZebnad, romelTa raodenoba emTxveva polinomis xarisxs.

mag., roots([1 0 2 0 3 -5]) operatoriT miviRebT fesvebs: -0.9432 + 1.1306i; -0.9432 - 1.1306i;
0.4822 + 1.5063i; 0.4822 - 1.5063i; 0.9220. polinomis fesvebis gamoTvla SesaZlebelia

agreTve solve('X') funqciiT, sadac X _ polinomis simboluri warmodgenaa:

>> solve('x^2-7*x+12')
ans =
4
3

poly(X) funqciiT miiReba im polinomis koeficientebi, romlis fesvebi X veqtoris

elementebia:

>> poly([3 4])
ans =
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1 -7    12
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Tavi III grafikebis ageba da redaqtireba

3.1 organzomilebiani X_Y grafikis ageba

grafikis asagebad vsargeblobT plot funqciiT, romelsac ramdenime nairsaxeoba

gaaCnia.

plot(Y) marTkuTxa sakoordinato sistemaSi Seqmnis grafiks, romelic asaxavs Y
veqtoris elementebis damokidebulebas maT indeqsebze. amasTan, mniSvneloba ara aqvs,

veqtor_striqonTan gvaqvs saqme Tu veqtor_svetTan.

mag.,

>> Y=[2 -1 5 6 0]; plot(Y)
operatorebiT miiReba Semdegi grafiki, romlisTvisac MATLAB_i calke Figure 1
fanjaras gaxsnis:

nax.3.1

Tu veqtoris erT_erTi elementi mainc kompleqsuri ricxvia, plot(Y) funqcia

eqvivalenturia plot(real(Y),imag(Y))_isa anu Seiqmneba grafiki, romlis abscisaTa RerZze

aRebuli iqneba sawyisi veqtoris elementebis namdvili nawili, xolo ordinatTa

RerZze _ warmosaxviTi (nax.3.2,a):

>>  B=[2-2i; 3-i; 5; -1+2i; 3+4i; 5-i; 5];
>> plot(B)
plot(Y)_is argumenti SeiZleba matricac iyos. am SemTxvevaSi erT grafikul areSi

aigeba wirebi matricis TiToeuli svetisaTvis. mag.,

>>A=[1 2 4;2 6 8]; plot(A)
operatorebiT Seiqmneba nax.3.2,b_ze naCvenebi grafiki.

winaswari SeTanxmebiT axali grafiki Seiqmneba mimdinare grafikul fanjaraSi da

`waSlis~ iq wina grafiks. Tu gvsurs grafikis ageba axal grafikul areSi, winaswar
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mivceT File→New→Figure brZaneba, ris Sedegad Seiqmneba Figure 2 grafikuli are. axali

grafikuli fanjara SeiZleba agreTve SevqmnaT figure brZanebiT. bolo Seqmnili

fanjara iTvleba mimdinared. Tu gvsurs grafikis ageba arsebul n_ur grafikul

fanjaraSi, sakmarisia masze davawkapunoT an visargebloT figure(n) funqciiT.

Semdgomi plot operatori aagebs grafiks miTiTebul grafikul fanjaraSi da `waSlis~

iq arsebul grafiks.

aª b
nax.3.2ª

hold on brZanebiT SesaZlebelia axali grafikebis ageba arsebuli grafikebis

waSlis gareSe, amasTan SenarCunebuli iqneba RerZebis yvela Tviseba. es brZaneba

inarCunebs mimdinare grafikul fanjaras aqtiur mdgomareobaSi da yoveli Semdgomi

plot operatori axal wirs umatebs mas. hold brZanebiTac momdevno asagebi wirebi

mimdinare fanjaraSi iqneba asaxuli. hold brZanebis xelmeore micema (an hold off
brZaneba) Sewyvets am process.

Tu programaSi gaTvaliswinebulia ramdenime naxazis Seqmna erT fanjaraSi an

grafikis agebis Semdeg Semdgomi gamoTvlebis gagrZeleba, MATLAB_i gamoiyvans

naxazs da gaagrZelebs programaSi miTiTebul operatorebs, magram Tu gvinda naxazis

daTvaliereba programis mier muSaobis gagrZelebamde, grafikis agebis operatoris

Semdeg unda mivceT pause brZaneba. aseT SemTxvevaSi MATLAB_i daelodeba

momxmareblis dasturs (Enter klaviSi) programis gasagrZeleblad.

plot(X,Y) funqciiT marTkuTxa sakoordinato sistemaSi aigeba wiri, romelic

aerTebs X da Y veqtorebiT mocemul wertilebs, amasTan, x da y RerZebi tol

intervalebad iqneba dayofili (aseT gradacias wrfivs uwodeben). plot funqciis

pirveli argumenti damoukidebel cvlads Seesabameba, xolo meore _ damokidebul

cvlads.

rodesac cvladebis mniSvnelobebi Zalian farTo diapazonSia gansazRvruli,

iyeneben logariTmul gradacias. semilogx(X,Y) funqciiT marTkuTxa sakoordinato

sistemaSi aigeba grafiki logariTmuli gradaciiT x RerZisaTvis da wrfivi y_saTvis,
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semilogy(X,Y) funqciiT aigeba grafiki wrfivi gradaciiT x RerZisaTvis da

logariTmuli y_saTvis, xolo loglog(X,Y)_iT miiReba grafiki logariTmuli

gradaciiT orive RerZisaTvis. am operatorebis gamoyenebisas saWiroa gvaxsovdes, rom

nulze naklebi an toli sididis logariTmi ar arsebobs. Tu Sesabamisi monacemebi

Seicavs aseT mniSvnelobebs, MATLAB_i migviTiTebs Secdomaze da gagvafrTxilebs,

rom grafikis agebis dros es mniSvnelobebi gamotovebuli iqneba.

Semdeg magaliTSi moyvanilia operatorebi milevadi sinusoidis grafikis

asagebad. funqciis argumenti icvleba 0_dan 4 _mde bijiT  /50 (cxadia, rom rac
naklebia biji, miT ufro zustad aisaxeba asagebi funqcia. didi bijis SemTxvevaSi

SesamCnevi xdeba uban_uban wrfivi aproqsimacia):

>> x=0:pi/50:4*pi; y=sin(x).*exp(-x); plot(x,y)
Sedegad miviRebT nax.3.3_ze naCveneb grafiks:

nax.3.3

plot(X1,Y1,X2,Y2,...) funqciiT, sadac X1,Y1,X2,Y2,... veqtorebia, erT grafikul areSi

aigeba ramdenime wiri, amasTan, saWiro araa wertilebis raodenoba erTmaneTs

emTxveodes. MATLAB_i avtomaturad miuCens wirebs sxvadasxva fers. mag.,

>> t=0:pi/100:2*pi; y1=sin(t); y2=sin(t-pi/6); y3=sin(t-pi/3);
>> plot(t,y1,t,y2,t,y3)

operatorebiT Seiqmneba sxvadasxva feris 3 sinusoida (nax.3.4,a).

nax.3.4
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Tu amis Semdeg davwerT

>> hold on
>> plot(t,y1+2)

operatorebs, grafikul areSi Semdeg suraTs davinaxavT(nax.3.5):

nax.3.5

aqve aRvniSnoT, rom Tu grafikis agebis funqciaSi argumentebis raodenoba erTs

aRemateba, kompleqsuri ricxvebis SemTxvevaSi warmosaxviTi nawili ignorirdeba.

Tu grafikis agebis operatorebSi erT_erTi argumenti skalaria, xolo meore

veqtori, aigeba  erTmaneTTan aradakavSirebuli wertilebisagan Semdgari grafiki,

amasTan wertilebis raodenoba, cxadia, veqtoris elementTa raodenobis tolia.

Tu es argumentebi erTnairi zomis matricebia, aigeba Y matricis yoveli sveti X
matricis Sesabamisi svetis mimarT. mag., Semdegi operatorebiT

>> X=[1 3; 2 7; 6 4]; Y=[10 4; -5 7; 2 1];
>> plot(X,Y)

miiReba nax.3.6_ze naCvenebi grafiki:

nax.3.6

Tu plot(X,Y) funqciaSi erT_erTi argumenti matricaa, maSin wirebi aigeba matricis

TiToeuli striqonis an svetis mimarT erTi da igive grafikul areSi, amasTan,
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matricaSi striqonebis an svetebis raodenoba unda udrides veqtoris elementebis

raodenobas. wirebis ageba striqonebis an svetebis mimarT damokidebulia imaze, Tu

romlis raodenoba veqtoris sigrZis tolia. ase mag.,

>>  A=[1 3 5; 2 6 8]; B=[1 2 3]; plot(A,B)
>> figure; plot(B,A)
>> figure; C=[1 6; 2 4; 10 1]; plot(C,B)
>> figure; plot(B,C)

operatorebiT aigeba nax.3.7_ze moyvanili wirebi (nax.3.7,aª Seesabameba plot(A,B)_s,
3.7,b _ plot(B,A))_s, 3.7,g _ plot(C,B)_s da 3.7,d _ plot(B,C)_s).

a b

gG                                           d

nax.3.7

subplot(m,n,p) (an subplot(mnp)) funqcia saSualebas gvaZlevs grafikuli fanjara

davyoT ramdenime qvefanjarad. qvefanjrebis raodenoba m.n namravlis tolia. m _

qvegrafikebis raodenobaa vertikalis gaswvriv, n _ horizontalis gaswvriv, xolo

p_Ti ganisazRvreba Tu romel qvefanjaraSi aigeba Semdgomi plot funqciiT miTiTebuli

grafiki. qvefanjrebi danomrilia marcxnidan marjvniv da zemodan qvemoT. mag.,

Semdegi operatorebiT erT grafikul areSi miiReba nax.3.8_ze naCvenebi grafikebi:

>> t=0:pi/100:2*pi; y1=sin(t); y2=sin(t-pi/6); y3=sin(t-pi/3);
>> subplot(3,2,1); plot(t,y1,t,y2,t,y3); subplot(3,2,2); z1=abs(sin(t)); plot(t,z1);
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>> subplot(3,2,3); z2=abs(cos(t)); plot(t,z1,t,z2); subplot(3,2,4); plot(t,z1+z2);
>> subplot(3,2,5); plot(t,z1-z2); subplot(3,2,6); plot(t,y1+y2+y3)

nax.3.8

dabolos, ganvixiloT plot funqciis modifikacia _ fplot funqcia. mas ori

argumenti gaaCnia _ asagebi funqciis saxeli (Y) da sazRvrebi: fplot(@Y,[sazRvrebi])
(an fplot(‘Y’,[sazRvrebi]) ). funqciis meore argumenti warmoadgens or [xmin  xmax] an
oTxkomponentian [xmin  xmax  ymin  ymax] veqtors. pirvel SemTxvevaSi momxmarebeli

awvdis MATLAB_s informacias damoukidebeli cvladis minimalur da maqsimalur

mniSvnelobaze, meore SemTxvevaSi ki am informacias emateba funqciis mniSvnelobebis

qveda da zeda sazRvari. mag., Semdegi operatorebiT aigeba sinusoidis grafiki,

romlis argumenti icvleba 0_dan 2 _mde: fplot(@sin,[0  2*pi]) an fplot(‘sin’,[0  2*pi]).
plot_Tan SedarebiT, fplot funqcia ufro `inteleqtualuria~: iq, sadac asagebi

funqciis mniSvnelobebi mkveTrad icvleba, fplot_i Seamcirebs damoukidebeli cvladis

cvlilebis bijs. amrigad, fplot_iT raime funqciis grafikis agebisas momxmarebels

garantia aqvs, rom miRebul grafiksa da funqciis idealur grafikebs Soris

gansxvaveba 0,2%_s ar aRemateba.

Tu gvsurs, SegviZlia mivuTiToT sasurveli fardobiTi cdomileba _ 1_ze

naklebi ricxvi, mag., fplot(@sin, [0  2*pi], 0.05). am operatoriT aigeba sinusoida, romelic

gansxvavdeba idealurisagan araumetes 5%_isa.

fplot_s SeiZleba kidev erTi parametri hqondes – mTeli naturaluri ricxvi n,
romliTac momxmarebeli miuTiTebs MATLAB_s, rom grafikis asagebad saWiroa minimum

n+1 wertilis gamoyeneba. amasTan, mniSvneloba ara aqvs, Tu ra TanmimdevrobiT aris

miTiTebuli fplot_Si fardobiTi cdomileba da n ricxvi: fplot(@sin, [0  2*pi], 0.05, 20) da

fplot(@sin, [0  2*pi], 20, 0.05) funqciebi tolfasia.
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nax.3.9_ze moyvanilia Semdegi operatorebiT miRebuli grafikebi (aq [-1 1 -1 1]

sazRvrebis win moTavsebulia 2 saerTo koeficienti, romelzedac unda gamravldes

yoveli sazRvari):

>> subplot(1,3,1); fplot('[tan(x),sin(x),cos(x)]', 2*pi*[-1 1 -1 1])
>> subplot(1,3,2); fplot('sin(1./x)', [0.01 0.1], 10e-3); subplot(1,3,3); fplot('sin(1./x)', [0.01 0.1], 1e-3)

nax.3.9

3.2 grafikebis redaqtireba

warwerebi grafikze

cxrili 3.1

Funqcia funqciis aRwera

title('teqsti') grafiks gaukeTebs saTaurs

xlabel('teqsti') x RerZis qvemoT waawers brWyalebSi moTavsebul teqsts

ylabel('teqsti') y RerZis gaswvriv waawers brWyalebSi moTavsebul teqsts

text(x,y, 'teqsti') brWyalebSi Caweril teqsts waawers grafiks wertilSi,
romlis koordinatebia (x, y). Tu x, y veqtorebia, warweras gaakeTebs
yovel wertilSi

gtext('teqsti') waawers teqsts grafikze im wertilSi, romelsac TagviT an
klaviaturis isrebiT mivuTiTebT
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aqve aRvniSnoT, rom grid an grid on brZaneba daitans grafikze sakoordinato

bades, xolo grid off _ `waSlis~ mas.

wiris feris SerCeva

grafikis agebis operatorebSi ZiriTadi parametrebis Semdeg SeiZleba

movaTavsoT damatebiTi ofciebi misi gaformebis gasaumjobeseblad. amisaTvis

brWyalebSi unda mivuTiToT feris, stilis da markeris ganmsazRvrelebi. amasTan,

simboloebis Tanmimdevrobas mniSvneloba ara aqvs. ase rom plot(x,y,'g:') da plot(x,y,':g')
funqciebi tolfasia. 3.2 cxrilSi moyvanilia wiris feris ganmsazRvrelebi:

cxrili 3.2

wiris feri ganmsazRvreli wiris feri ganmsazRvreli

wiTeli (ingl. _ red) r Savi (black) k

mwvane (green) g yviTeli (yellow) y

lurji (blue) b Jolosferi (magenta) m

TeTri (white) w cisferi (cyan) c

wiris stilis da markerebis formis SerCeva

winaswari SeTanxmebiT marTkuTxa da polarul koordinatTa sistemaSi agebuli

grafikebi uwyveti stilisaa. SesaZlebelia SevcvaloT wiris stili da wertilebis

aRmniSvneli markerebis forma. 3.3 cxrilSi moyvanilia wiris stilis

ganmsazRvrelebi:

cxrili 3.3

wiris stili ganmsazRvreli wiris stili ganmsazRvreli

uwyveti - punqtiruli :

wyvetili -- wyvetil_punqtiruli -.

3.4 cxrilSi miTiTebulia markerebis tipis ganmsazvrelebi, romlebic agreTve

unda CavsvaT brWyalebSi:

cxrili 3.4

markeris forma ganmsazRvreli markeris forma ganmsazRvreli

wertili . v_aRniSvna V
plusi + ^_aRniSvna ^
varskvlavi * <_aRniSvna <

wre o >_aRniSvna >

X_aRniSvna x xuTqimiani varskvlavi p
kvadrati s eqvsqimiani varskvlavi h
rombi d
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qvemoT moyvanili operatorebiT aigeba nax.3.10_ze naCvenebi grafikebi, sadac

ilustrirebulia warwerebis datana grafikebze da wiris gaformebis SerCeva:

>> t = -pi:pi/100:pi; y=sin(t.^2); subplot(2,1,1); plot(t,y)
>> title('grafik sin(t^2)'); xlabel('-\pi\leq\itt\leq\pi'); ylabel('sin(t)^2');
>> grid on; text(-1, -0.75, ' grafiki simetriulia');
>> subplot(2,1,2); plot(t,y,'g-.o'); grid on

nax.3.10

RerZebis daformateba

rogorc aRvniSneT, marTkuTxa sakoordinato sistemaSi grafikebis agebisas

MATLAB_i avtomaturad irCevs RerZebis gradacias. Axes funqciiT SesaZlebelia

SevcvaloT gradaciis parametrebi.

axis([xmin, xmax, ymin, ymax]) funqciiT SeiZleba SevcvaloT x da y RerZebis

minimaluri da maqsimaluri mniSvnelobebi.

axis square brZanebiT dayendeba RerZebis kvadratuli Tanafardoba, xolo axis
normal _ normaluri. axis normal brZaneba auqmebs axis square da axis equal brZanebebiT

dawesebul SezRudvebs.

axis equal brZanebiT orive RerZze Seiqmnema erTi da igive masStabi. mag., Tu axis
square an axis equal brZanebebis Semdeg plot_Si mivuTiTebT ovalis amsaxvel funqcias,

davinaxavT ara ovals, aramed wrewirs.

axis on brZaneba `gayinavs~ RerZebis daformatebis mimdinare parametrebs.

avtomatur reJimSi dasabruneblad vimeorebT igive brZanebas. mimdinare daformatebis

parametrebis gauqmeba SesaZlebelia agreTve axis off brZanebiT.
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axis auto brZanebiT MATLAB_i RerZebis gradaciis SerCevas avtomatur reJimSi

gaagrZelebs.

Tu erT fanjaraSi ori grafikis agebisas Seiqmna gradaciasTan dakavSirebuli

problemebi (es SeiZleba moxdes maSin, rodesac an argumentebis, an funqciis

mniSvnelobebi mkveTrad gansxvavebulia), SesaZloa visargebloT plotyy funqciiT. es

funqcia saSualebas gvaZlevs pirveli funqciis argumentis da TviT funqciis

gradacia movaxdinoT x RerZis qvemoT da y RerZis marcxniv, xolo meoris _

argumentis gradacia zemoT, xolo funqciis – marjvniv (nax.3.11, romelic miiReba

qvemoT mocemuli operatorebiT):

>> x=0:0.1:6.28; yl=sin(x); y2=100*(sin(x)+cos(x));
>> plotyy(x,yl,x,y2)

nax.3.11

ganmartebebis datana

Tu erT grafikul areSi agebulia ramdenime wiri, sasurvelia grafikze

ganmartebebis (wirebis daxasiaTebis) datana.

LEGEND(striqoni1, striqoni2, striqoni3, ...) funqciiT ganmarteba (legend)
moTavsebuli iqneba mimdinare grafikze. ganmartebis datana SesaZlebelia X_Y
grafikze, bar grafikze, pie_ze da a.S. amasTan, legend_is Srifti da misi zoma emTxveva

RerZebis Sriftsa da zomas. ormagi dawkapuneba legend_ze Segviyvans misi redaqtirebis

reJimSi. SesaZlebelia ganmartebis sxva adgilze gadatana, risTvisac vsargeblobT

drag and drop teqnikiT. legend(...,n) funqciis n parametriT (romelic principSi

frCxilebis SigniT nebismier adgilas SeiZleba iyos moTavsebuli) ganisazRvreba

ganmartebis adgilmdebareoba:

 1 _ ganmarteba moTavsebuli iqneba zeda marjvena kuTxeSi (Tu n parametrs

ar mivuTiTebT, winaswari SeTanxmebiT (by Default)) legend_is datana swored
aq moxdeba);

 2 _ ganmarteba moTavsebuli iqneba zeda marcxena kuTxeSi;

 3 _ ganmarteba moTavsebuli iqneba qveda marcxena kuTxeSi;
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 4 _ ganmarteba moTavsebuli iqneba qveda marjvena kuTxeSi;

 -1 _ ganmarteba moTavsebuli iqneba grafikis aris gareT, mis marjvniv da

zeviT;

 0 _ sistema TviTon SeirCevs `saukeTeso~ kuTxes legend_saTvis.

qvemoT moyvanili operatorebiT agebulia nax.3.12_ze naCvenebi grafikebi. sistemam

ganmartebebisaTvis SeirCia qveda marcxena kuTxe, magram radganac moxda monacemebis

nawilobrivi gadafarva, drag and drop teqnikiT ganmartebebi odnav marjvniv  gavwieT.

>> subplot(2,1,1); plot(0:pi/20:2*pi, sin(0:pi/20:2*pi), 'LineWidth',2)
>> text(pi,0,'\leftarrow sin(\pi)','fontsize',14)
>> subplot(2,1,2); t=0:pi/20:2*pi; plot(t,sin(t),'b-.s',t,sin(t.^2)+2,'r-*')
>> grid on; legend('sinus-function','sin(t)^2+2',0)

nax.3.12

3.3 grafikuli fanjris menius mokle mimoxilva

grafikul fanjaras aqvs Tavisi meniu da instrumentTa paneli, romelTa

meSveobiT SesaZloa mivmarToT grafikuli obieqtis Tvisebebis redaqtors,

SevinaxoT is fig gafarToebiT, gadavideT MATLAB_is brZanebaTa fanjaraSi da iq

SevasruloT nebismieri moqmedeba da a.S. ganvixiloT zogierTi am SesaZleblobebidan.

menius punqti File (faili)

File punqtis pirveli jgufis brZanebebis meSveobiT SegviZlia davxuroT

grafikuli fanjara (Close), gavxsnaT arsebuli grafikuli faili (Open...), SevqmnaT

axali (New) M_faili, grafikuli fanjara da a.S. New Figure da Open File Rilakebi

instrumentTa panelzedac gvxvdeba.
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brZanebaTa meore jgufSi Sedis Save _ grafikuli fanjris Senaxva arsebuli

saxeliT (Rilaki Save Figure instrumentTa panelzedac gvaqvs), Save As... _ grafikuli

fanjris Senaxva axali saxeliT da Generate M-File... _ M_failis generireba. am

brZanebiT MATLAB_i avtomaturad Seqmnis programas grafikul fanjaraSi arsebuli

wirebis asagebad. rogorc wesi, Seqmnili programa sawyisTan SedarebiT ufro didia,

rac aixsneba wiris yvela elementis detaluri aRweriT. aseTi proceduris Catareba

gamarTlebulia, rodesac momxmarebels `xeliT~ aqvs Secvlili grafikis zogierTi

parametri. mag., nax.3.12_ze naCvenebi grafikuli arisaTvis am brZanebiT generirebuli

M_faili ase gamoiyureba:

function createfigure(X1, Y1, YMatrix1)
%CREATEFIGURE(X1,Y1,YMATRIX1)
%  X1:  vector of x data
%  Y1:  vector of y data
%  YMATRIX1:  matrix of y data
%  Auto-generated by MATLAB on 06-Mar-2011 22:41:20
% Create figure
figure1 = figure;
% Create subplot
subplot1 = subplot(2,1,1,'Parent',figure1);
box('on');
hold('all');
% Create plot
plot(X1,Y1,'Parent',subplot1);
% Create text
text('Parent',subplot1,'String','\leftarrow sin(\pi)',...

'Position',[3.142 0 0],...
'FontSize',14);

% Create subplot
subplot2 = subplot(2,1,2,'Parent',figure1);
box('on');
grid('on');
hold('all');
% Create multiple lines using matrix input to plot
plot1 = plot(X1,YMatrix1,'Parent',subplot2);
set(plot1(1),'Marker','square','LineStyle','-.','Color',[0 0 1],...

'DisplayName','sinus-function');
set(plot1(2),'Marker','*','Color',[1 0 0],'DisplayName','sin(t)^2+2');
% Create legend
legend1 = legend(subplot2,'show');
set(legend1,'Location','Best');

Import Data... , Save Workspace As… da Preferences dublireben brZanebaTa fanjris

menius analogiur brZanebebs.

File punqtis bolo jgufis brZanebebiT xdeba grafikebis beWdvisaTvis momzadeba.

Export Setup... brZanebiT gamoiZaxeba dialoguri fanjara, sadac SesaZloa grafikuli

fanjris da wirebis mimdinare parametrebis Secvla. Print Preview... brZanebiT

SevdivarT beWdviswina daTvalierebis reJimSi, xolo Print... brZaneba emsaxureba
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grafikebis dabeWdvas. Print Figure Rilaki instrumentTa panelzedac gvxvdeba. grafikis

dabeWdva printerze SesaZlebelia agreTve brZanebaTa fanjridan print brZanebiT.

menius punqti Edit (redaqtireba)
Edit punqtis brZanebebi emsaxureba wirebis redaqtirebas. aq Sedis rogorc

standartuli brZanebebi, romlebic ar saWiroebs damatebiT axsna_ganmartebas (Undo _

gauqmeba, Redo _ aRdgena, Cut _amoWra, Copy _ kopireba, Paste _ Casma, Delete _ waSla,

Select All _ yvelafris gamoyofa, Clear Figure _ grafikuli fanjris gasufTaveba, Clear
Workspace _ samuSao sivrcis gasufTaveba da sxv.), aseve MATLAB_is grafikuli

SesaZleblobebisaTvis damaxasiaTebeli specifikuri brZanebebi.

Edit→Figure Properties... brZanebiT gamoiZaxeba grafikuli obieqtis Tvisebebis

redaqtori (Property Editor - Figure), romelic moTavsdeba grafikul fanjaraSi grafikis

qveviT. am redaqtorSi SesaZlebelia grafikuli obieqtis saxelis (Figure Name), misi
feris palitris (Colormap) da grafikuli aris feris (Figure Color) Secvla.

ama Tu im wirze dawkapunebiT wiri gamoiyofa, erTdroulad Seicvleba Tvisebebis

redaqtoris rogorc saTauri (Property Editor - Lineseries), ise Sinaarsic. am redaqtorSi

SesaZlebelia wiris gaformebis yvela maxasiaTeblis koreqtireba da agreTve sawyisi

monacemebis Secvla, ris Semdegac saWiroa movaxdinoT monacemebis ganaxleba Refresh
Data Rilakis daWeriT, raTa axali monacemebi aisaxos wirze.

grafikis romelime RerZis gamoyofiT Tvisebebis redaqtori gardaiqmneba

RerZebis parametrebis redaqtorad. am redaqtoris gamoZaxeba SesaZloa agreTve

Edit→Axes Prorerties... brZanebiT. Property Editor - Axes CanarTebSi SeiZleba movaxdinoT

RerZebis saxelebis, cvladebis sazRvrebisa da masStabis redaqtireba, RerZebis

mimarTulebis sawinaaRmdego mimarTulebiT Secvla (Reverse) da a.S.

Tvisebebis nebismier redaqtors aqvs More Properties... Rilaki. am RilakiT

gamoiZaxeba Tvisebebis inspeqtori (Inspector), romelSic asaxulia grafikis yvela

Tviseba. SeiZleba movaxdinoT nebismieri maTganis koreqtireba.

Tvisebebis redaqtoris gamoZaxebisas instrumentTa panelis marjvena nawilSi

davinaxavT Tile, Left/Right Tile, Top/Bottom Tile, Float, Maximize Rilakebs, romelTa

meSveobiT SesaZlebelia grafikul fanjaraSi grafikis adgilmdebareobis Secvla.

redaqtirebis reJimSi Sesvla SesaZlebelia agreTve instrumentTa panelis Edit
Plot Rilakis daWeriT, ris Semdeg obieqtze dawkapuneba gamoyofs mas, xolo ormagi

wkapuniT moxdeba Sesabamisi Tvisebebis redaqtoris gamoZaxeba.

menius punqti View (xedi)

View punqtis qvepunqtebia: grafikuli fanjris (Figure Toolbar), kameris (Camera
Toolbar) da grafikis redaqtirebis (Plot Editor Toolbar) instrumentTa panelebi,

grafikuli fanjris (Figure Palette) da grafikuli obieqtis Tvisebebis (Property Editor)
redaqtorebi, grafikuli obieqtis daTvaliereba (Plot Browser). am brZanebebis
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moniSvniT xdeba Sesabamisi panelebis/redaqtorebis dayeneba, xolo xelmeore

wkapuniT _ moxsna. nax.3.13_ze naCvenebia grafikuli fanjara, sadac dayenebulia yvela

instrumentTa paneli da redaqtori.

Camera gansazRvravs damzeris wertils _ rakurss, romliTac Cans grafiki,

sinaTlis sxivis wyaros parametrebs, sinaTlis sxivebis gavrcelebasa da arekvlas.

Plot Browser fanjaraSi asaxulia grafikul fanjaraSi moTavsebuli obieqtebis

sia da Tvisebebi.

grafikuli fanjris redaqtorSi SesaZlebelia axali qvefanjrebis Seqmna (New
Subplots), isrebis, xazebis, elipsebis Casma da sxv.

grafikis redaqtirebis instrumentTa panelis RilakebiTac SesaZlebelia

SevqmnaT isrebi, marTkuTxedebi, elipsebi da sxv. aqve gvaqvs saSualeba SevcvaloT

wirebis feri, Casmuli teqstis gaformeba, vamoviZaxoT Align Distribute Tool paneli da

sxv.

nax.3.13

menius punqti Insert (Casma)
menius Casmis punqti Seicavs brZanebebs, romelTa meSveobiT xorcieldeba

grafikul areSi gaformebis sxvadasxva elementebis Casma: RerZebze warwerebis _

Label, saTauris _ Title, ganmartebis _ Legend, swori xazis _ Line, sxvadasxva saxis

isrebis _ Arrow, Text Arrow, Double Arrow, CarCos Sig teqstiT _ TextBox,
marTkuTxedis _ Rectangle, elipsis _ Ellipse, ferebis panelis _ Colorbar da sxv. ferebis
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panelis da ganmartebis Casma SesaZlebelia agreTve grafikuli fanjris

instrumentTa penelidan, xolo isrebis, marTkuTxedebis da sxv. _ grafikis

redaqtirebis panelze mdebare RilakebiT.

menius punqti Tools (instrumentebi, servisi)
servisis punqti Seicavs Semdeg Rilakebs: Edit Plot _ grafikis redaqtireba; Zoom In

da Zoom Out _ masStabis gadideba da dapataraveba; Pan _ wiris `mimagreba~ Tagvis

maCvenebelTan, ris Semdeg SesaZlebeli xdeba misi gadaadgileba (am operaciis

Sesrulebisas Tagvis maCvenebels xelisgulis forma aqvs); Rotate 3D _ sivrculi

mobruneba (amisTvis davaWiroT Tagvis marcxena Rilaks, ar gavuSvaT da vamoZraoT);

Data Cursor _ wiris wertilebis koordinatebis amokiTxva. yvela es brZaneba

dublirebulia Sesabamisi RilakebiT grafikuli fanjris instrumentTa panelze. Reset
View brZanebiT gadaadgilebuli wiri sawyiss mdgomareobaSi brundeba.

Options_Si Sedis Semdegi ofciebi: Unconstrained Zoom, Unconstrained Pan _ bunebrivi

masStabireba (erTdroulad yvela RerZisaTvis) da wiris bunebrivi gadaadgileba

(Tagvis moZraobis traeqtoriis Sesabamisad), Horizontal Zoom, Horizontal Pan _

masStabireba da gadaadgileba horizontalis gaswvriv, Vertical Zoom, Vertical Pan _

masStabireba da gadaadgileba vertikalis gaswvriv, Display Cursor as Datatip _ wiris

wertilebis koordinatebis Cveneba kursoris  gverdiT, Display  Cursor  in Window _

wiris wertilebis koordinatebis Cveneba grafikis qveda nawilSi.

Pin to Axes (RerZebTan `WikartiT~ mimagreba) brZanebiT obieqti _ es SeiZleba iyos

isari, marTkuTxedi da sxv. _ SeiZleba waviRoT grafikis nebismier adgilas da iq

`mivamagroT~. Tu amis Semdeg, vTqvaT, gadavaadgilebT wirs an SevasrulebT sivrcul

mobrunebas, mimagrebuli obieqti gadaadgildeba wirTan erTad.

servisis punqti Seicavs agreTve moniSnuli grafikuli obieqtebis badis

kvanZebTan `mibmis~ brZanebebs, urTierTsworebasTan (Align) da ganlagebasTan

(Distribute) dakavSirebul SesaZleblobebs. aqve aRvniSnoT, rom ramdenime grafikuli

obieqtis moniSvna maTze dawkapunebiT da erTdroulad Shift klaviSis daWeriT xdeba.

Zalze sainteresoa Tools→Basic Fitting (bazuri dagluveba) brZaneba. vTqvaT,

funqciis agebisas argumentis cvlilebis biji iseTia, rom miRebulia funqciis

aradamakmayofilebeli aproqsimacia. ra Tqma unda, SeiZleba SevcvaloT biji. magram

Tu funqcia miRebulia rTuli gamoTvlebis Sedegad, momxmarebels maincdamainc ar

surs programis Secvla da xelaxali gaSveba. aseT SemTxvevebSi Basic Fitting brZaneba

ekranze gamoiyvans dialogur fanjaras, cxrilis saxiT mocemuli funqciisaTvis

interopolaciis meTodis SesarCevad, ris Semdegac moaxdens wiris dagluvebas.

nax.3.14_ze naCvenebia x=0:10; plot(x,sin(x),'-.') operatorebiT agebuli sinusoida

(wyvetil_punqtiruli wiri) da misi splainuri interpolaciiT miRebuli gagluvebis

Sedegi (uwyveti wiri).
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nax.3.14

aqve aRvniSnoT, rom Command Window_Si mocemuli [x,y]=ginput(n) operatori

saSualebas gvaZlevs mausis meSveobiT SevarCioT grafikul fanjaraSi n raodenobis

nebismieri wertili. moxdeba am wertilebis koordinatebis dafiqsireba _ Seiqmneba x,
y veqtorebi koordinatTa Sesabamisi mniSvnelobebiT. [x,y]=ginput saSualebas gvaZlevs

SevarCioT wertilTa SeuzRudavi raodenoba. Seiqmneba x, y veqtorebi miTiTebuli

wertilebis koordinatTa mniSvnelobebiT. operatoris moqmedebas wyvets Enter
klaviSi. am operatoriT SeiZleba miviRoT, mag., gagluvebuli wiris an rTuli

gamoTvlebis Sedegad miRebuli funqciis cxriluri saxe.

servis punqtis Data Statistic brZaneba gamoiyvans statistikur monacemebs grafikis

Sesaxeb: minimalur da maqsimalur mniSvnelobebs, monacemTa saSualos, medianas,

modas, standartul (saSualo kvadratul) gadaxras da diapazons.  nax.3.14_ze

moyvanili sinusoidisaTvis (wyvetil_punqtiruli wiri) statistikuri monacemebi

Semdegnairad gamoiyureba (nax.3.15):

nax.3.15
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3.4 polaruli grafikis ageba

M(r,θ) wertilis adgilmdebareoba koordinatTa polarul sistemaSi

ganisazRvreba ori sididiT: radius_veqtoris sigrZiT, romelic aerTebs

koordinatTa saTaves M wertilTan, da radius_veqtorsa da x RerZs Soris

arsebuli kuTxiT. kuTxis mniSvnelobaTa diapazonia 0_dan 2 radianamde (00_dan

3600_mde). kuTxis aTvla warmoebs x RerZis dadebiTi mimarTulebidan

radius_veqtoramde saaTis isris sawinaaRmdegod.

MATLAB_SiP polaruli grafiki aigeba polar(theta,r) funqciiT, romlis pirveli

argumentia θ kuTxe, meore ki _ r.
magaliTisaTvis nax.3.16_ze moyvanilia e.w. kardioidis grafiki, romelic

alfa=0:0.1:2*pi; r=5*(1+cos(alfa)); polar(alfa,r,'k') operatorebiT agebulia:

nax.3.16

rogorc viciT, hold on brZanebiT momdevno grafikebi aigeba arsebul grafikul

areSi. sainteresoa, rom SesaZlebelia erT grafikul areSi avagoT rogorc X_Y
grafiki, ise polarulic, rac ilustrirebulia 3.17 naxazze. gavagrZeloT wina

magaliTis operatorebi:

>> hold on; plot(alfa,sin(alfa),'k')
miviRebT

nax.3.17
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qvemoT moyvanili operatorebiT erTi grafikuli aris sam qveareSi Seqmnilia

polaruli grafikebi (nax.3.18):

>> gama=0:pi/100:2*pi; subplot(1,3,1); polar(sin(gama),cos(gama));
>> subplot(1,3,2); polar(sin(gama)+10,cos(gama)); subplot(1,3,3); polar(gama,sin(gama).*cos(gama))

nax.3.18

3.5 bar, stairs, stem, pie da hist grafikebi

svetovani diagramis ageba

bar(Y) aagebs bar tipis grafiks _ svetovan diagramas, romelic asaxavs Y veqtoris

elementebis maT indeqsebze damokidebulebas. im SemTxvevaSi, rodesacYY matricaa,

aigeba matricis TiToeuli svetis elementebis maT pirvel indeqsze damokidebulebis

amsaxveli svetovani diagrama. bar(X,Y) aagebs bar grafiks, romelic asaxavs Y veqtoris

X veqtorze damokidebulebas. im SemTxvevaSi, rodesac Y matricaa, Seiqmneba grafiki,

romelic aCvenebs matricis svetebis X veqtorze damokidebulebas (nax.3.19,a-1). barh_iT
Seiqmneba horizontalurad orientirebuli svetovani diagrama (nax.3.19,a-2).

bar funqciaSi SeiZleba mivuTiToT svetebis dajgufebis sasurveli varianti _

grouped (bar(...,’grouped’) _ nax.3.19,a-1) an stacked (bar(...,’stacked’) _ nax.3.19,a-3) . amasTan,

miTiTebis ararsebobisas winaswari SeTanxmebiT gamoyenebuli iqneba grouped varianti.

SeiZleba mivuTiToT agreTve svetebis feri (erT_erTi 'rgbymckw’_dan) da sigane.

winaswari SeTanxmebiT svetebis sigane udris 0.8_s.
bar3 da bar3h funqciebiT svetovani diagrama miiRebs moculobiT saxes (nax.3.19,b),

Tumca Sinaarsobrivad igive damokidebulebas asaxavs.
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safexurisebri grafikis ageba

stairs(Y) da stairs(X,Y)_iT moxdeba safexurisebri grafikebis ageba. am funqciebis

argumentebi bar_is argumentebis analogiuria. dasaSvebia, rom X da Y argumentebi

erTnairi zomis matricebic iyos. safexurisebri grafikebis agebisas SeiZleba

mivuTiToT xazis feri, stili da markerebis forma.

qvemoT moyvanili operatorebiT miiReba nax.3.19 (bolo ori operatoriT axal

grafikul fanjaraSi agebulia moculobiTi saxis svetovani diagrama):

x=[2 4 6 9]; Z=[1 3; 5 9; 1 4; 10 3]; subplot(2,2,1); bar(x,Z, 'grouped')
>> subplot(2,2,2); barh(x,Z); subplot(2,2,3); bar(x,Z,'stacked')
>> subplot(2,2,4);y=[2 1 10 7]; stairs(x,y,'r')
>> figure(2); bar3(x,Z)

a                                           b

nax.3.19

stem tipis grafikis miReba

stem(Y) da stem(X,Y)_iT aigeba grafiki, sadac funqciis mniSvnelobebi winaswari

SeTanxmebiT wriuli formis markerebiT aRiniSneba. funqciis argumentebi stairs
funqciis argumentebis analogiuria. stem(...,'filled') funqciiT Seiqmneba stem grafiki

Sevsebuli markerebiT. stem funqciaSi SeiZleba mivuTiToT ordinatebis da markerebis

feri, ordinatebis stili da SevcvaloT markerebis forma.

wriuli diagramis ageba

pie(X) funqciiT Seiqmneba n seqtorisagan Semdgari wriuli diagrama, sadac n
aris X veqtoris elementebis raodenoba. wriuli diagrama mTelis nawilebs Soris

fardobiT damokidebulebas asaxavs. veqtoris elementebis mniSvnelobebi 0_ze meti
da 1_ze naklebi unda iyos, xolo Tu X_is  elementebi 1_ze meti ricxvebia,

MATLAB_i TviTon miiyvans am ricxvebs x i / sum(X) mniSvnelobebamde (nax.3.20,1).
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TiToeuli seqtoris centruli kuTxe X da farTobi veqtoris Sesabamisi elementis

mniSvnelobis proporciulia, yvela elementis jami ki 3600 _s Seesabameba. im

SemTxvevaSi, rodesac 0 < x i < 1 , aigeba nawilobrivi `wre~ (nax.3.20,3). winaswari

SeTanxmebiT TiToeuli seqtoris gverdiT aRiniSneba misi procentuli `wvlili~.

seqtorebi aigeba saaTis isris sawinaaRmdego mimarTulebiT, dawyebuli

`CrdiloeTidan~.

imisaTvis, rom yuradReba gavamaxviloT zogierT seqtorze an seqtorTa jgufze,

mimarTaven maTi wridan nawilobriv gamowevas (nax.3.20,3 da 3.20,4). amisaTvis pie
funqcias emateba kidev erTi argumenti _ m veqtori, romlis elementebis raodenoba

X veqtoris elementebis raonebis tolia. am veqtoris 1_is toli mniSvnelobebi wris

gamoweul seqtorebs Seesabameba.

imisaTvis, rom procentuli `wvlilis~ magivrad digramaze aisaxos momxmareblis

mier Seqmnili warwerebi (nax.3.20,4), pie funqcias unda daematos kidev erTi argumenti,

sadac miTiTebuli iqneba warwerebi. cxadia, es unda iyos striqonuli tipis

mudmivebi.

pie3(X) funqcia pie(X)_is analogiuria. wriul diagramas am SemTxvevaSi

moculobiTi saxe aqvs (nax.3.20,2). moculobiTi wriuli diagramis ageba

`Crdilo_dasavleTidan~  iwyeba.

qvemoT moyvanilia operatorebi, romelTa meSveobiT miRebulia nax.3.20. brZaneba
colormap cool emsaxureba ferebis `gaRiavebas~.

>> z=[25 40 10 10]; colormap cool;
>> subplot(2,2,1); pie(z); subplot(2,2,2); pie3(z);
>> subplot(2,2,3); m=[1 0 0 0]; pie([0.4 0.15 0.1 0.2], m);
>> s={'group1', 'group2', 'group3', 'group4'}; subplot(2,2,4); pie(z,[0 1 0 0],s)

nax.3.20
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aqve aRvniSnoT, rom colormap(palitris saxeli) brZanebiT SeiZleba mivuTiToT

sasurveli palitra. cxrilSi moyvanilia zogierTi palitris daxasiaTeba.

cxrili 3.5

palitris
saxeli

palitra palitris  daxasiaTeba

autumn Semodgomis palitra: wiTlis, narinjisfrisa da
yviTlis gradaciebi

bone nacrisfris palitra, romelSic gray palitrasTan
SedarebiT odnav momatebulia lurjis komponenti

colorcube palitra, romelic Seicavs yoveli feris maqsimaluri
raodenobis gradacias

cool `civi~ ferebis palitra: gradaciebi cisfridan
Jolosframde

copper `spilenZis~ palitra: gradaciebi Savidan
spilenZisframde

gray ferebi icvleba muqi nacrisfridan Riamde

hot `cxeli~ ferebis palitra: Savis, wiTlis,
narinjisfris, yviTlisa da TeTris gradaciebi

hsv Seicavs ferebs: wiTels, narinjisfers, yviTels,
mwvanes, cisfers, lurjs, Jolosfersa da isev wiTels

jet winaswari SeTanxmebis palitra: gradaciebi lurjidan
wiTel feramde

spring gazafxulis palitra: gradaciebi Jolosfridan
yviTlamde

summer zafxulis palitra: gradaciebi mwvanidan yviTlamde

white white palitra Seicavs mxolod TeTr fers

winter zamTris palitra: gradaciebi lurjidan mwvanemde

colormap('default') brZaneba iwvevs winaswari SeTanxmebiT gaTvaliswinebuli jet
palitris dayenebas.

hist funqcia emsaxureba intervalebs Soris monacemTa ganawilebas. n=hist(X)
operatoris gamoyenebisas X veqtoris elementebi 10 `Tanabari moculobis

konteinerSi Tavsdeba~, xolo elementebis raodenoba `konteinerebSi~ (monacemTa

ganawileba) Caiwereba n veqtorSi. hist(X) funqciiT aigeba e.w. histograma _ grafiki,

romelic asaxavs 10 intervalTa Soris monacemTa ganawilebas (nax.3.21,a). Tu X

matricaa, miviRebT monacemTa ganawilebis veqtors da histogramas yoveli

svetisaTvis (nax.3.21,b). n=hist(X,m) da hist(X,m) operatorebi axdenen monacemTa

ganawilebas da Sesabamisi grafikis agebas m `konteineris~ SemTxvevaSi (nax.3.24,g).
cxadia, es operatorebi damoukideblad muSaoben anu histogramis asagebad

ganawilebis veqtoris winaswari miReba aucilebeli ar aris.

qvemoT moyvanili operatorebiT miRebulia ganawilebis veqtorebi da nax.3.21.
>> colormap cool
>> X=[1 2 3 4 5 6 7 89 10]; z=hist(X)
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z =
7     1     0     0 0     0     0     0     0     1

>> hist(X)
>> A=[1  2  3  4  5  6  7  89  10; 2  5  4  22  8  35  2  5  7]';
>> m=hist(A); m=m'
m =

7     1     0     0     0     0     0     0     0     1
7     0     1     1     0     0     0     0     0 0

>> hist(A)
>> g=hist(X,5)
g =

8     0     0     0     1
>> hist(X,5)

nax.3.21

n=hist(X,Y) da hist(X,Y) operatorebiT miiReba X monacemTa ganawileba

`konteinerebSi~, romelTa centrebi mocemulia Y veqtorSi. pirveli `konteineri~

Seicavs monacemebs  -dan pirvel miTiTebul centramde, bolo `konteineri~ _ bolo

miTiTebuli centridan  -mde (nax.3.22,a). Tu gvsurs usasruloebis magivrad pirveli

da bolo `konteinerebisaTvis~ visargebloT napira mniSvnelobebiT, monacemTa

ganawilebis misaRebad unda gamoviyenoT n=histc(X,Y) operatori. yovel `konteinerSi~

elementebis raodenoba meti an tolia marcxena sazRvris mniSvnelobaze da naklebia

marjvenasi, xolo is monacemebi, romlebic sazRvrebs gareTaa, mxedvelobaSi ar

miiReba. napira mniSvnelobebis gaTvaliswinebisas histogramis asagebad mivmarTavT

bar(Y,n, 'histc') funqcias (nax.3.22,b).
gavagrZeloT operatorTa mimdevroba. Sedegad miviRebT ganawilebis veqtorebs da

nax.3.22-s.
>> z=[2 8 80];
>> v=hist(X,z)
>> v =

5     3     1
>> hist(X,z)
>> w=histc(X,z)
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w =
6     1     0

>> bar(z,w,'histc')

nax.3.22

3.6 samgamzomilebiani obieqtebis vizualizacia

samganzomilebiani obieqtis vizualizacia warmoadgens XOY sibrtyeze Z masivis

asaxvas. Tu XOY sibrtyis dafarvis marTkuTxa bades orive RerZis gaswvriv aqvs

regularuli biji, bade SeiZleba gansazRvruli iyos ori veqtoriT: n_elementiani x
veqtoriT da m_elementini y veqtoriT. bunebrivia, Z masivi organzomilebiania da

masSi elementebis raodenoba mxn udris. zogadad biji SeiZleba iyos

araregularulic.

Tu x da y veqtorebis saxiT arian mocemuli, Z masivis elementebis formirebis

daCqarebis mizniT sasurvelia veqtorebis safuZvelze SevqmnaT matricebi. amas

emsaxureba meshgrid funqcia.

[X,Y] = meshgrid(x,y) Seasrulebs x, y veqtorebis X,YY matricebad iseT gardaqmnas,

romlis Sedegad X matricis yvela striqoni x veqtoris elementebs warmoadgens,

xolo striqonebis raodenoba y veqtoris elementebis raodenobis tolia, Y
matricaSi ki yvela sveti y veqtoris elementebs warmoadgens, xolo svetebis

raodenoba x veqtoris elementebis raodenobis tolia.

mag.,

>> u=[-2,0,2]; v=[0,1,2,3]; [X,Y]=meshgrid(u,v)
X =

-2     0     2
-2     0     2
-2     0     2
-2     0     2
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Y =
0     0     0
1     1     1
2     2     2
3     3     3

[X,Y] = meshgrid(x) Seasrulebs Semdeg gardaqnbas: [X,Y] = meshgrid(x,x).
aRvniSnoT, rom x da y SeiZleba elementebis mxn raodenobis mqone matricebis

saxiTac iyos warmodgenili. am SemTxvevaSi pirdapir gadavdivarT Semdeg etapze –

badis xazebis gadakveTis wertilebSi Z masivis elementebis mniSvnelobebis

gamoTvlaze.

X,Y,Z masivebis formirebis Semdeg SeiZleba Z=f(X,Y) grafikis Seqmna. zedapiris

grafikis asagebad xmaroben mesh(X,Y,Z) an surf(X,Y,Z) funqcias. qvemoT moyvanili

operatorebiT mesh (nax.3.23,a) da surf (nax.3.23,b) funqciebiT Seqmnilia zedapiris

grafikebi. orive grafiki erT da igive damokidebulebas gamoxatavs. gansxvaveba am

damokidebulebis vizualizaciaSi naTlad Cans moyvanili naxatebidan; mesh funqcia

aerTebs mezobel wertilebs wrfis monakveTebiT, amasTan, winaswari SeTanxmebiT ar

aCens zedapiris ukana planze myof xazebs. surf funqcia aferadebs zedapiris

TiToeul oTxkuTxa elements, rac aumjobesebs mis aRqmas.

>> [X,Y]=meshgrid(-8:0.5:8); R=sqrt(X.^2+Y.^2)+eps;
>> Z=sin(R)./R; mesh(X,Y,Z)
>> figure(2)
>> surf(X,Y,Z)
am magaliTSi R _ koordinatTa saTavidan manZilia, eps mudmivis damateba saWiroa

koordinatTa saTaveSi ganusazRvrelobis 0/0 asarideblad.

aA b

nax.3.23

rogorc vxedavT, zedapiris elementebi sxvadasxva ferisaa. winaswari SeTanxmebiT

feri damokidebulia aplikatis mniSvnelobaze anu zedapiris simaRlis
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proporciulia. nax.3.23,b_ze grafikuli fanjris Insert→Colorbar brZanebiT ekranze

gamotanilia palitrac (igives mivaRwevT grafikuli fanjris Sesabamisi RilakiT an

programis colorbar operatoriT, romelSic SesaZlebelia agreTve grafikze palitris

adgilmdebareobis miTiTeba). TavisTavad cxadia, rom feris indeqsi, romelic

zedapiris elementebs mieniWeba, Seesabameba mimdinare palitras. ase, mag., igive Z
funqciis Sesabamisi zedapiri colormap hot pirobebSi naCvenebia nax.3.24,a_ze, xolo

colormap cool pirobebSi _ nax.3.24,b_ze.

aA b

nax.3.24

Tu momxmarebels ar awyobs feris aplikatis mniSvnelobaze SerCevis xerxi,

grafikebis agebis funqciebs amateben kidev erT parametrs, romelic mxn masivs

warmoadgens, zedapiris gaferadeba am masivis elementebis mniSvnelobebiT iqneba

ganpirobebuli.

rogorc vxedavT, ekranze asaxulia zedapiris mxolod xiluli nawili. hidden off
brZanebiT SesaZlebelia funqciis gamosaxulebas daematos uxilavi mxareebic, xolo

hidden on brZanebiT moxdeba sawyis variantze dabruneba.

winaswari SeTanxmebiT yvela saxis zedapiris grafikis agebisas koordinatTa

RerZebis dadebiTi mimarTulebebia: x RerZis _ marjvniv, y _ marcxniv, z _ zemoT, xolo

damkvirveblis mdgomareoba, romelic azimutiT da amaRlebis kuTxiT ganisazRvreba,

Semdegbnairia: azimuti = -37,50, amaRlebis kuTxe = 300 (azimuti aiTvleba y RerZis

uaryofiTi mimarTulebidan, amaRlebis kuTxe ki _ XOY sibrtyidan, amasTan dadebiTi

mimarTulebebia Sesabamisad marcxnidan marjvniv da qvemodan zemoT). am kuTxeebis

SecvliT SesaZlebelia zedapiris daTvaliereba damkvirveblis sxva mdgomareobidan.

[a,b]=view operatoriT miviRebT azimutis da amaRlebis kuTxis mimdinare

mniSvnelobebs, xolo view(x,y) funqciiT azimuti gaxdeba x-is toli, xolo amaRlebis

kuTxe _ y-is. grafikis sivrcul mobrunebas da amiT naxazis yovelmxriv
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daTvalierebas mivaRwevT grafikuli fanjris Tools→Rotate 3D brZanebiT an

instrumentTa panelis Sesabamisi RilakiT.

surfl(X,Y,Z) funqciiT aigeba ganaTebuli zedapiris grafiki. aseTi grafikis

agebisas igulisxmeba, rom sinaTlis wyaros aqvs 450_ze meti azimuti, vidre

damkvirvebels, da igive amaRlebis kuTxe.

meshz(X,Y,Z)_iT aigeba zedapiris grafiki kvarcxlbekze (nax.3.25,a – dayenebulia

colormap hot palitra).

surface(X,Y,Z) aCvenebs XOY sibrtyis nawils, romlis zedapiris TiToeuli

elementis feri Z mniSvnelobaze aris damokidebuli (nax.3.25,b, ferebi winaswari

SeTanxmebis palitras Seesabameba).

a                                              b

nax.3.25

meshc(X,Y,Z)_iT erT grafikul areSi aigeba zedapiris grafiki da konturulic

(zogadad erT grafikul areSi ramdenime samganzomilebiani grafikis asagebad

gamoiyeneba hold on brZaneba) _ nax. 3.26,a, xolo contour(X,Y,Z) _iT _ konturuli anu

erTnairi doneebis wirebis (izowirebis) ruka _ nax.3.26,b.
izowirebi warmoadgenen Z(X,Y) zedapiris gadakveTas Z=const sibrtyeebTan. am

wireebis proeqcia erT sibrtyeze gvaZlevs 2D gamosaxulebas. contour funqcias

gamoZaxebis ramdenime varianti aqvs: contour(Z), contour(Z,k), contour(Z,v), contour(X,Y,Z),
contour(X,Y,Z,k), contour(X,Y,Z,v) da sxv.

gamoZaxebis nebismier variantSi Z warmoadgens mxn zomis organzomilebian

aplikatebis masivs. XDda Y SeiZleba iyos Sesabamisad n da m elementebis mqone

veqtorebi an igive zomis matricebi, rogorc Z. X_iTDda Y_iT ganisazRvreba badis

kvanZebis koordinatebi, romelTaTvis mocemulia aplikatebis mniSvnelobebi. Tu

zedapiris gansazRvris are kvadratulia da x da y RerZebis gaswvriv biji erTnairia,

X,Y argumentebis wyvilis magivrad SeiZleba mocemuli iyos mxolod erTi masivi. Tu
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koordinatTa bade ar aris gansazRvruli, iTvleba, rom abscisis mniSvnelobebi

icvleba 1_dan n_mde bijiT 1, xolo ordinatis _ 1_dan m_mde bijiT 1.

nax.3.26

k skalariT ganisazRvreba doneebis raodenoba anu z RerZis gaswvriv simaRleebis

raodenoba, romelTaTvis aigeba izowirebi. amasTan, miRebuli izowirebis ricxvi

SeiZleba k_s toli ar iyos, radganac SesaZlebelia Sesabamisi sibrtyiT zedapiris

gadakveTiT miRebuli iqnas ramdenime wiri (nax.3.27). Tu k_s mniSvneloba ar aris

mocemuli, MATLAB_i avtomaturad airCevs doneebis raodenobas [zmin,zmax]
intervalidan. rogorc wesi, arCeuli mniSvneloba 20_s ar aRemateba.

v veqtoriT ganisazRvreba doneebis mniSvnelobebi, romelTaTvis sasurvelia

izowirebis ageba. Tu v veqtoris romelime komponenti ar Sedis [zmin,zmax]
intervalSi, Sesabamisi izowiri ar iqneba agebuli misi ararsebobis gamo.

gamoZaxebis  nebismier  variantSi contour funqcias SeuZlia 2 masivis dabruneba:

[С h]=contour(...);
aq C masivi warmoadgens matricas, romelSic Cawerilia informacia yvela

izowirze: izowiris donis mniSvneloba, masSi Semavali wertilebis raodenoba Tavisi

koordinatebiTurT; h veqtori ki warmoadgens Seqmnil grafikul masivebze

mimTiTeblebis krebuls. es ori parametri saWiroa grafikze izowirebis doneebis

mniSvnelobebis aRsaniSnavad. amas emsaxureba clabel(C,h) funqcia, romlis saSualebiT

xdeba konturul grafikze doneebis mniSvnelobebis avtomaturi Cawera.

gavagrZeloT operatorTa mimdevroba (me_3 operatori emsaxureba wiris sisqis

gansazRvras):

>> figure
>> [C,h]=contour(X,Y,Z,5);
>> set(h,'LineWidth',3)
>> clabel(C,h)
Sedegad miviRebT nax.3.27,a.
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rogorc naxatidan Cans, ricxvebis avtomaturi Cawerisas miRebuli grafiki

maincdamainc lamazad ar gamoiyureba. gansakuTrebiT es exeba areebs izowirebis didi

koncentraciiT. SeiZleba doneebis mniSvnelobebis aRmniSvneli ricxvebi CavweroT ara

avtomaturad, aramed `xeliT~. amas emsaxureba clabel(C,h,'manual') funqcia. am

SemTxvevaSi ekranze davinaxavT grafikul fanjaras konturuli grafikiT, magram

ricxvebis gareSe. Tagvis meSveobiT unda gadavaadgiloT gadajvaredinebuli wrfeebis

gadakveTis wertili izowiris Cvens mier SerCeul wertilSi da iq davawkapunoT.

gamoCndeba cifruli warwera. unda aRvniSnoT, rom `xeliT~ Catarebuli cifrebis

datanis procedurac yovelTvis rodia gvaZlevs karg (naxatis silamazis

TvalsazrisiT) Sedegs.

gavagrZeloT operatorebis mwkrivi:

>> figure
>> [C,h]=contour(X,Y,Z,5);
>> set(h,'LineWidth',3) `
>> clabel(C,h,'manual')
nax.3.27,b_ze naCvenebia ricxvebis datana `xeliT~ konturul grafikze.

a                                               b

nax.3.27

veqtoruli velis grafiki mokle isrebis (an konusebis) saxiT warmodgenili

veqtorebis erTobliobaa, romelTa mimarTuleba gviCvenebs siCqaris veqtoris zrdas,

xolo sigrZe siCqaris veqtoris modulis mniSvnelobis proporciulia. grafikis

aseTi forma xSirad gamoiyeneba eleqtromagnituri, siTburi da gravitaciuli

velebis warmodgenisaTvis. veqtoruli velis grafikis asagebad vxmarobT coneplot
funqcias, romelsac gamoZaxebis ramdenime varianti aqvs.

coneplot(X,Y,Z,U,V,W,Cx,Cy,Cz) funqcia asaxavs U, V, W masivebiT mocemul

veqtorul vels konusebis saxiT. veqtoruli velis parametrebs MATLAB_i gamoTvlis

X, Y, Z masivebiT gansazRvrul koordinatebisaTvis, amitom am masivebis zoma U, V, W
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masivebis zomas unda emTxveodes. Cx, Cy, Cz_iT ganisazRvreba wertilebi, romlebSic

iqneba gamosaxuli konusebi, amasTan, winaswari SeTanxmebiT am wertilebSi konusebis

asagebad MATLAB_i iyenebs wrfiv interpolacias.

coneplot(U,V,W,Cx,Cy,Cz) funqciaSi gamotovebulia X,Y,Z argumentebi.

nagulisxmevia, rom [X,Y,Z] ]=meshgrid(1:n,1:m,1:p), sadac [m,n,p]=size(U).
coneplot(…, 'method') funqciaSi misaTiTebelia sasurveli interpolaciis meTodi:

'linear', 'cubic' an 'nearest'.
coneplot(X,Y,Z,U,V,W, 'nointerp')_Si ar xdeba konusebis poziciebis interpolacia.

konusebis poziciebi am SemTxvevaSi ganisazRvreba X ,Y ,Z masivebiT, xolo

mimarTuleba _ U, V, W_iT.

coneplot(…, 'color') funqciiT xdeba veqtoruli velis grafikis gaferadeba

samganzomilebiani color masivis Sesabamisad, romlis zoma U_s zomas unda emTxveodes.

gaferadeba SesaZlebelia mxolod konusebiT velis Cvenebisas da ara isrebiT.

coneplot(…,'quiver') funqcia aagebs veqtoruli velis grafiks, romelSic

mimarTuleba isrebiT naCvenebia.

qvemoT moyvanili brZanebebiT miRebulia nax.3.28_ze naCvenebi veqtoruli velis

grafikebi:

>> u=[0:2:10];v=[1 2 3 5 7 8];w=[4 5 8 2 6 12];[U,V,W]=meshgrid(u,v,w);
>> x=[0:5]; y=[0:5];z=[0:5:25];[Cx,Cy,Cz]=meshgrid(x,y,z);
>> coneplot(U,V,W,Cx,Cy,Cz);
>> figure
>> coneplot(U,V,W,Cx,Cy,Cz,'quiver');

a A b

nax.3.28

rogorc samganzomilebiani grafikebis agebis am mokle mimoxilvidanac Cans,

MATLAB_s gasaocrad didi SesaZleblobebi aqvs obieqtebis vizualizaciis sferoSi.
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3.7 animaciuri grafikis ageba

wertilis moZraobis Seswavlisas xSirad mniSvnelovania ara marto misi

traeqtoriis Seqmna, aramed agebis procesSi traeqtoriis gaswvriv wertilis

moZraobis danaxva. animaciuri (dinamiuri) grafikebis misaRebad MATLAB_s aqvs 2

funqcia: comet da comet3. dinamiuri grafikebis agebis procesSi wertilis aRmniSvneli

rgoli moZraobs da tovebs kvals xazis saxiT, rac damkvirvebels moZrav kometas

agonebs.

comet(Y) marTkuTxa sakoordinato sistemaSi Seqmnis dinamiur grafiks, romelic

asaxavs Y veqtoris elementebis damokidebulebas maT indeqsebze, xolo comet(X,Y)
funqciiT aigeba animaciuri wiri, romelic aerTebs X da Y veqtorebiT mocemul

wertilebs anu asaxavs Y veqtoris damokidebulebas X_ze.

avagoT t = -pi:pi/200:pi; comet(t,tan(sin(t))-sin(tan(t))) operatorebiT gansazRvruli grafiki.

miviRebT nax.3.29,a_s, amasTan, grafikis Seqmnis process davaTvalierebT dinamikaSi.

amisaTvis, ra Tqma unda, saWiroa, rom grafikuli fanjara ekranze sxva fanjrebis

zemoT mdebareobdes. aRvniSnoT, rom grafikuli fanjris zomis Secvlisas an misi

minimizaciisa da momdevno aRdgenis Semdeg moZraobis traeqtoria qreba.

comet3(Z) funqciiT miiReba Z veqtoris amsaxveli animaciuri 3D grafiki, xolo

comet3(X,Y,Z)_iT _ animaciuri 3D grafiki, romelSic rgoli mimdevrobiT gaivlis

(X(i),Y(i),Z(i)) wertilebs. qvemoT moyvanili brZanebebiT miRebulia moZravi wertilis

samganzomilebiani traeqtoria (nax.3.29,b), romelic Seesabameba Semdeg parametrul

funqcias: )sin(50/50 tex t , )cos(50/50 tey t .

>> t=[0:0.05:100]; x=exp(abs(t-50)/50).*sin(t);
>>  y=exp(abs(t-50)/50).*cos(t); comet3(x,y,t)

nax.3.29
rgolis (`kometis~ Tavis) moZraobis siCqare damokidebulia drois veqtoris

bijze, xolo `kometis~ kudis sigrZe SeiZleba SevcvaloT comet da comet3 funqciebSi

damatebiTi p parametris (0 p<1) SetaniT, ris Sedegadac `kometis~ sigrZe p.length(Y)_is
toli gaxdeba. winaswari SeTanxmebiT p=0,1.
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Tavi IV gamoTvliTi procesebis daprogrameba

4.1 skriptebi da funqciebi

aqamde vixilavdiT brZanebaTa fanjaraSi muSaobas dialogur reJimSi, rodesac

momxmarebeli krefs sasurvel operatorebs da Enter Rilakis daWeris Semdeg sistema

asrulebs Sesabamis moqmedebebs. akrefili brZanebebi inaxeba Command History
fanjaraSi, saidanac saWiroebisamebr SesaZlebelia adre akrefili operatorebis

brZanebaTa fanjaraSi Setana maTi xelmeore SesrulebisaTvis an msgavsi brZanebebis

formirebisaTvis. aseTi midgoma kargia, roca gvWirdeba nabij_nabij erTjeradi

gamoTvlebis Catareba.

brZanebaTa fanjaraSi Sesrulebuli moqmedebebis Senaxva SesaZlebelia teqstur

failSi, romlis Sinaarsi MATLAB_Si gadatanis Semdeg Sesruldeba avtomaturad,

operatorebis xelmeore akrefisa da yoveli operatoris Semdeg Enter klaviSis

daWeris gareSe. aseTi saxis programebs hqvia skriptebi (script). skriptebis garda,

arsebobs programebis meore, ufro moxerxebuli nairsaxeobac – funqciebi (function).
skripti funqciasTan SedarebiT ufro martivia, radgan mas ar gaaCnia Semavali da

gamomavali parametrebi.

programa SeiZleba momzaddes teqstur failSi da Senaxuli iqnas diskze m
gafarToebiT. magram MATLAB_s gaaCnia sakuTari M_failis redaqtori, romelic

gamoiZaxeba FileNewM-File brZanebiT. redaqtoris fanjaraSi akrefili programis

dasamaxsovreblad vsargeblobT redaqtoris menius FileSave As... brZanebiT.

aRsaniSnavia, rom M_failis Senaxvisas funqciis saxeli unda iqnas aRebuli failis

saxelad.

M_funqciis struqtura xasiaTdeba Semdegi komponentebiT:

1. funqciis Cawera iwyeba function operatoriT, romelsac aqvs Semdegi

sintaqsi:

function cvladis_saxeli = funqciis_saxeli (Semavali_parametrebis_sia)
Tu gamomavali parametrebis raodenoba erTze metia, maTi CamonaTvali unda iyos

moyvanili kvadratul frCxilebSi:

function [gamomavali_parametrebis_sia] = funqciis_saxeli (Semavali_parametrebis_sia)
function operatoris Semavali da gamomavali parameterebi funqciis formalur

parametrebs warmoadgens.

2. sasurvelia, rom function operatoris win an mis Semdeg moTavsebuli iqnas

komentari, romelic gansazRvravs funqciis daniSnulebas da informacias Semavali da

gamomavali cvladebis Sesaxeb. help funqciis_saxeli brZanebiT komentaris striqonebi
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(pirvel cariel striqonamde an function operatoramde _ Tu komentari moTavsebulia

function operatoris  win,  xolo  Tu  komentari  moTavsebulia function operatoris

Semdeg _ pirvel operatoramde funqciis tanSi) gamodis ekranze;

3. funqciis tani _ es aris MATLAB enaze dawerili programa, romelic

axorcielebs gamoTvlebs da aniWebs gamomaval cvladebs mniSvnelobebs.

M_failSi Cawerili brZanebebis Sesrulebaze gaSveba xorcieldeba:

 skriptisaTvis redaqtoris fanjridan (klaviaturidan F5 funqcionaluri

Rilakis gamoyenebiT an meniudan DebugRun brZanebiT) an, Tu faili

damaxsovrebulia, brZanebaTa fanjridan brZanebaTa striqonSi misi saxelis

akrefiT da Enter klaviSis daWeriT;

 funqciisaTvis brZanebaTa fanjridan brZanebaTa striqonSi misi saxelis

akrefiT da Enter klaviSis daWeriT, amasTan, winaswar unda gansazRvruli

iyos frCxilebSi moTavsebuli funqciis faqtiuri Semavali parametrebi.

faqtiuri parametrebi aucileblad unda Seesabamebodes funqciis

formalur parametrebs rogorc raodenobis, aseve tipisa da CamonaTvalSi

maTi mdebareobis mixedviT. mimarTvisas faqtiuri parametrebi cvlis

Sesabamis formalur parametrebs. maTTvis ganxorcieldeba funqciis tanSi

aRwerili operatorebi, ris Semdegac moxdeba programa_funqciidan

gamosvla da programuli modulis Sesruleba gagrZeldeba mimarTvis

Semdeg mdgomi operatoridan.

M_failSi striqonebi avtomaturad inomreba da programis gaSvebisas Sedegi

gamodis brZanebaTa fanjaraSi. Tu striqonSi Setanili brZanebebis bolos davsvamT ;

niSans, programis Sesrulebaze gaSvebisas Sualeduri Sedegebi brZanebaTa fanjaraSi

ar gamoCndeba. aseTi midgomiT SesaZlebelia dawerili programis mxolod saboloo

Sedegebis Cveneba.

M_failSi striqonebis danomvra gvaZlevs daSvebuli sintaqsuri da semantikuri

Secdomebis identificirebis saSualebas. amasTan, brZanebebis bolos ; niSnis dasma

ar Trgunavs Secdomis Sesaxeb Setyobinebis gamotanas. brZanebaTa fanjaraSi wiTlad

gamotanil Secdomis Sesaxeb Setyobinebaze mausis dawkapunebiT gadavyavarT

M_failSi Sesabamis striqonze.

skriptebis mTavari Tavisebureba mdgomareobs imaSi, rom isini muSaoben mxolod

samuSao aris (Workspace) cvladebTan. ramdenime skripti SeiZleba gavuSvaT

Sesrulebaze erTimeoris miyolebiT, amasTan, momdevno skripti sargeblobs wina

skriptis monacemebiT saerTo samuSao aris meSveobiT an failebSi Sualeduri

Sedegebis damaxsovrebiT. magram unda aRiniSnos, rom lokaluri cvladebis

ararseboba skriptebSi aferxebs amisTana reJimSi muSaobas saerTo cvladebis

SeTanxmebuli gamoyenebis siZneleebis gamo. am mxriv gacilebiT ufro  moxerxebulia

funqciebi. funqciebs vawvdiT sawyis monacemebs Semavali parametrebis saxiT, xolo

Sedegs viRebT gamomaval parametrebSi.
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sriptebisagan gansxvavebiT, funqciebs axasiaTebs lokaluri cvladebis aparati.

globaluri cvladebis da Semavali da gamomavali parametrebis garda, yvela

cvladi, romlebic gvxvdeba funqciis brZanebebSi, iTvleba lokalurad anu maTi

moqmedeba limitirebulia konkretuli funqciis farglebiT da arc erTi skripti an

sxva funqcia maT ver gamoiyenebs. cxadia, lokaluri cvladebi Workspace_Sic ar arian
gansazRvruli. saWiroebisamebr SesaZlebelia zogi cvladi globalur cvladad

(operatori global) gamocxaddes, Tumca globaluri cvladebis gamoyeneba erTob

sariskoa. magaliTad, vTqvaT, momxmarebelma gamoacxada romelime cvladi globalur

cvladad. Tu sxva M_failSi arsebobs aseTive saxelis mqone globaluri cvladi,

misi mniSvneloba amiT Seicvleba. amisTana Secdomis gamovlineba Zalze rTulia.

swored amitom globaluri cvladebis gamoyeneba dasaSvebia mxolod gansakuTrebul

SemTxvevebSi. maTi gamoyenebisas saWiroa davrwmundeT saxelis unikalurobaSi.

kidev erTi mniSvnelovani gansxvaveba mdgomareobs imaSi, rom M_skriptis saxeli,

M_funqciis saxelisagan gansxvavebiT, ar SeiZleba gamoyenebuli iqnas ariTmetikuli

gamosaxulebis operandad da funqciebis argumentad.

M_faili SeiZleba Seicavdes erTze met funqcias. maTgan pirvels hqvia ZiriTadi.

mxolod am funqciis gamoZaxeba xdeba garedan. yvela sxva funqcias hqvia qvefunqcia _

es aris Sida funqcia, romlis moqmedebis are limitirebulia mocemuli M_failiT

anu qvefunqciis gamoZaxeba SesaZlebelia mxolod ZiriTadi funqciidan da mocemuli

M_failis sxva qvefunqciebidan.

M_failis Sesruleba xdeba interpretaciis reJimSi, rac sagrZnoblad amcirebs

amocanis amoxsnis siswrafes. siswrafis gadidebis mizniT MATLAB_i gardaqmnis

sawyis funqcias e.w. fsevdokodad, raTa funqciis xelmeore gamoZaxebisas sistemas

dasWirdes minimaluri muSaobis Sesruleba Secdomebis gamosavlenad. fsevdokodi

rCeba mexsierebaSi muSaobis seansis bolomde an operatiuli mexsierebis

gasufTavebamde, romelic xorcieldeba brZanebebiT:

clear funqciis_saxeliE_ konkretuli fsevdokodis gauqmeba,

clear functions _ yvela funqciis fsevdokodis gauqmeba,

clear all _ yvela funqciis da cvladis gauqmeba.

SesaZlebelia M_skriptis an M_funqciis fsevdokodis Senaxva muSaobis momdevno

seansebSi gamosayeneblad. amisTvis vsargeblobT brZanebiT pcode funqciis_saxeli,

romlis Sedegia imave saxelis mqone orobiTi failis SeqmnaEp gafarToebiT. sawyisi

teqstis p_failiT CanacvlebiT xdeba failis Tavdapirveli CatvirTvisas programis

sintaqsuri analizis arideba da agreTve algoriTmis sawyisi teqstis gasaidumloeba.
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4.2 daprogrameba MATLAB_Si. operatorTa sintaqsi

MATLAB_Si gamoiyeneba gamoTvliTi procesebis daprogramebasTan dakavSirebuli

9 operatori, romlebSic gamoyenebulia 14 sakvanZo sityva (sityva_gasaRebi). rac

Seexeba monacemTa aRwerasa da Setanas, isini sagrZnoblad gamartivebulia

daprogramebis enebTan SedarebiT. MATLAB programaSi cvladis tipi ar cxaddeba. is

ganisazRvreba im gamosaxulebiT, romlis mniSvnelobac eniWeba cvlads anu axali

cvladi sistemis mier aRiqmeba rogorc gansazRvruli klasis masivis saxeli (single _

erTmagi sizustis ricxviTi masivi, double _ ormagi sizustis ricxviTi masivi, logic _

logikuri masivi, char _ simboloebisgan Semdgari striqonuli masivi da a.S.), romlis

zomebi misi Sevsebisas ganisazRvreba.

4.2.1 miniWebis operatori

miniWebis operators aqvs saxe:

cvladis_saxeli = gamosaxuleba

miniWebis operatori iTvlis gamosaxulebis mniSvnelobas da aniWebs Sedegs

miTiTebul cvlads. magaliTisaTvis SevqmnaT programa_funqcia, romelic wamebSi

mocemul drois monakveTs gadaiyvans saaTebSi, wuTebSi da wamebSi:

function [saaTi,cuTi,cami]=dro(camebi)
%   camebSi mocemuli drois monakveTis
% saaTebSi, cuTebSi da camebSi gadayvana
saaTi=floor(camebi/3600);
a=camebi-saaTi*3600;
cuTi=floor(a/60);
cami=a-cuTi*60;

Tu, vTqvaT, brZanebaTa fanjridan Semdegnairad mivmarTavT am funqcias:

>> [h m s]=dro(36650)
Sedegad mivirebT:

h =
10

m =
10

s =
50
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4.2.2 ganStoebadi algoriTmebis daprogrameba@

pirobis operators, romelic ganStoebis operaTorTa jgufs ekuTvnis,

Semdegi struqtura aqvs:

if piroba_1
operatori_1

[elseif piroba_2
operatori_2

elseif piroba_3
operatori_3

. . . . . . . . . . . . . . . . . . .
else

operatori_n]
end

aq piriba_1, piriba_2,... _ logikuri gamosaxulebebia, operatori_1, operatori_2,... _
calkeuli operatorebia an operatorTa jgufebia. Tu piroba_1 WeSmaritia, sruldeba

operatori_1, Tu mcdaria, mowmdeba piroba_2, romlis WeSmaritebis SemTxvevaSi

sruldeba operatori_2 da a.S. Tu yvela aRniSnuli piroba mcdaria, maSin sruldeba

else_sa da end_s Soris ganlagebuli operatori_n. pirobiTi operatori SeiZleba

nebismieri raodenobis elseif qveoperators Seicavdes. dasaSvebia pirobiTi operatoris

Semoklebuli saxeebic:

if piroba_1 if piroba_1
operatori_1 an operatori_1

end else
operatori_2

end
pirvel SemTxvevaSi Tu piroba WeSmaritia, sruldeba operatori_1, Tu mcdaria _

end_is Semdeg mdgari operatori.
magaliTisaTvis moviyvanoT programa_funqcia, romelic gamoTvlis veqtoris

elementTa saSualo mniSvnelobas da medianas. medianis sapovnelad gamoyenebulia if
operatori.

function[avg,med]=statistics(A)

%   funqcia poulobs A veqtoris elementebis saSualo

% mniSvnelobas da medianas qvefunqciebis gamoyenebiT

n=length(A);

avg=saSualo(A,n);

med=mediana(A,n);

%

function s=saSualo(X,n)

% es qvefunqcia gamoTvlis saSualo mniSvnelobas

s=sum(X)/n;

%
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function m=mediana(X,n)
%  es qvefunqcia gamoTvlis medianas
Y=sort(X);
if rem(n,2)==1

m = Y((n+1)/2);
else

m=(Y(n/2)+Y(n/2+1))/2;
end

ganvixiloT pirobebis (logikuri gamosaxulebebis) Sedgenis wesebi.

MATLAB_s aqvs Sedarebis eqvsi operatori: < (naklebia), < = (naklebia an toli),

> (metia), > = (metia an toli), = = (tolia), ~ = (ar udris).

masivi da masivuri gamosaxuleba SeiZleba Segvxvdes am operatorTa orive mxares,

magram SeiZleba SevadaroT mxolod erTnairi zomis masivebi. Sedegad miRebuli igive

zomis masivis Sesabamisi elementi udris 1_s (True _ WeSmariteba), Tu Seradebis

Sedegi WeSmaritia, da 0_s (False _ mcdaroba), Tu igi mcdaria.  gamosaxulebas,

romelic Seicavs Sedarebis operators, logikuri gamosaxuleba ewodeba, radgan

Sedegad miiReba masivi, romlis elementebis mniSvnelobebia 1 da 0. mag., logikuri

gamosaxuleba a<b , Tu a da b, vTqvaT, veqtorebia: a = [2 4 6] , b = [3 5 1], mogvcems

Sedegad [1 1 0] veqtors, xolo a~=b _ [1 1 1]. Sedarebis operaciebSi erT_erT

argumentad SesaZlebelia ricxvis gamoyeneba. am dros xdeba masivis yoveli

elementis Sedareba am ricxvTan da Sedegad miiReba igive zomis masivi.

ori logikuri gamosaxuleba SegviZlia gavaerTianoT logikuri operatorebiT,

romlebic aRiniSneba simboloebiT an darezervirebuli sityvebiT: ~ , not (logikuri

uaryofa), & , and (logikuri gamravleba), | , or (logikuri Sekreba), xor (gamomricxavi

or). operaciis simbolo iwereba operandebs Soris, xolo darezervebuli sityvebis

gamoyenebisas operandebi unda movaTavsoT frCxilebSi. cxrili Seicavs A da B
logikur gamosaxulebebs Soris logikur operatorTa yvela SesaZlo kombinacias:

A B ~ A & | xor
F F T F F F
F T T F T T
T F F F T T
T T F T T F

MATLAB_Si SesaZlebelia erT gamosaxulebaSi gamoviyenoT rogorc

ariTmetikuli, ise logikuri cvladebic. operaciaTa ierarqia maRlidan dablisaken

aseTia: 1) logikuri uaryofa; 2) transponireba, axarisxeba, ricxvis win + an _ niSnis

gaTvaliswineba; 3) gamravleba da gayofa; 4) Sekreba da gamokleba; 5) Sedarebis

operaciebi; 6) and; 7) or. erTi punqtis operaciebs aqvs erTnairi prioriteti, isini

TanmimdevrobiT sruldeba. frCxilebiT SesaZlebelia operaciaTa Tanamimdevrobis

Secvla. mag., Semdeg logikur gamosaxulebaSi: ~(b = = c | b = = 5.5) pirvel rigSi

Sesruldeba b = = c da b = = 5.5, Semdeg | operacia da bolos logikuri uaryofa.
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davuSvaT, b = 3, c = 5. Sedegad miviRebT WeSmaritebas. davuSvaT, am gamosaxulebaSi

frCxilebi ar gvaqvs: ~b = = c | b = = 5.5. am SemTxvevaSi jer Sesruldeba logikuri

uaryofa ~b (am dros anu rodesac b TviTon ricxvs warmoadgens, MATLAB–i yvela

aranulovan mniSvnelobas Seafasebs rogorc WeSmarits, xolo nulovani mniSvneloba

Sefasdeba rogorc mcdari), Semdeg Sesruldeba ~b = = c da b = = 5.5 da bolos

logikuri or. b da c mocemul mniSvnelobaTaTvis am gamosaxulebis mniSvneloba

mcdaria. aRvniSnoT agreTve, rom pirvel rigSi sruldeba and, or da not operaciebi

(radgan isini MATLAB sistemis funqciebs warmoadgenen), Tu isini gamoyenebulia &, |
da ~ _is nacvlad, ase rom and(A,B) + C daAA&B + C Canaweri ar aris ekvivalenturi.

MATLAB_s aqvs logikuri funqciebi, romlebic xSirad gamoiyeneba if operatorSi.

moviyvanoT zogi maTgani:

any(X) funqcia X matricis yoveli svetisaTvis gvaZlevs 1_s, Tu am svetis

romelime  elementi mainc aris aranulovani, sxva SemTxvevaSi gvaZlevs

0_s;
all (X) X matricis yoveli svetisaTvis gvaZlevs 1_s, Tu am svetis yvela

elementi aranulovania, sxva SemTxvevaSi gvaZlevs 0_s;
find (X) gvaZlevs veqtors, romelic Seicavs X veqtoris aranulovani

elementebis indeqsebs. Tu X matricaa, maSin indeqsebi SeirCeva X( :)
veqtoridan, romelic warmoadgens X matricis erTmaneTs miyolebuli

svetebis elementebisagan Semdgar erT grZel veqtors. mag., Tu A=[3 -4 0
0; 7 5 0 8], find(A) mogvcems Semdegi elementebisagan Semdgar veqtor_svets:

1, 2, 3, 4, 8;

exist ('A') gvaZlevs 1_s, Tu mocemul samuSao sivrceSi arsebobs A cvladi; 2_s,

Tu mocemul samuSao sivceSi arsebobs A cvladi an A.m faili; 0_s, Tu

aseTi arc cvladi da arc .m faili ar arsebobs;

isnan(X) gvaZlevs matricas, romlis elementebi 1_is tolia, roca X matricis

Sesabamisi elementebi warmoadgens ganusazRvrelobas, sxva SemTxvevaSi

elementebis mniSvnelobebi 0_is tolia;

finite(X) gvaZlevs matricas, romlis elementebi udris 1_s, roca X matricis

Sesabamisi elementebi sasruli ricxvebia, sxva SemTxvevaSi – 0_s;
isempty (X) gvaZlevs 1_s, Tu X aris carieli matrica, Tu ara, gvaZlevs 0_s;
ischar (X) gvaZlevs 1_s, Tu X striqonuli tipis masivia, 0_s _ Tu es ase araa;

strcmp(y1,y2) erTmaneTs adarebs y1 da y2 striqons da gvaZlevs 1_s, Tu isini

identuria, 0_s – Tu gansxvavebulia.

davuSvaT, A samstriqoniani da samsvetiani matricaa. ganvixiloT Semdegi brZaneba:

if all (A) = = 0
disp ('A contains all zeros')

end
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teqsti A contains all zeros daibeWdeba mxolod im SemTxvevaSi, roca yvela elementis

mniSvneloba aris 0–is toli.

ganStoebis operaTorTa jgufs ekuTvnis agreTve gadamrTveli operatori,

romelsac Semdegi struqtura aqvs:

switch mmarTveli gamosaxuleba

case mniSvneloba_1
operatori_1

case mniSvneloba_2
operatori_2

. . . . . . . . . . . . . . . . . . .

[othewise
operatori_n]

end
gadarTva xdeba mmarTveli gamosaxulebis mniSvnelobis Tanaxmad. Tu is emTxveva

mniSvneloba_1 sidides, maSin sruldeba jgufi operatori_1, Tu is emTxveva

mniSvneloba_2 sidides, maSin sruldeba operatori_2, ... Tu gamosaxuleba ar emTxveva

arc erT CamoTvlil mniSvnelobas, maSin sruldeba operatori, romelic

ganlagebulia otherwise_sa da end_s Soris. erT ganStoebaSi SeiZleba cvladis

ramdenime mniSvnelobis Cawera, mag.,

case(mniSvneloba_1, mniSvneloba_2, mniSvneloba_3, ...).
switch operatoris nacvlad yovelTvis SeiZleba gamoviyenoT if operatoris esa Tu

is forma, magram, roca algoriTmi mravalvariantulia da arsebobs Sesabamisoba

raRaca cvladis diskretul mniSvnelobebsa da Semdgom moqmedebebs Soris, switch
operatoris meSveobiT SeiZleba SevadginoT ufro TvalsaCino programuli

struqturebi.

qvemoT, marcxniv, moyvanilia programa, romelic axorcielebs ama Tu im grafikis

agebas mmarTveli cvladis mniSvnelobis Sesabamisad, xolo marjvniv _ brZanebaTa

fanjridan x = -6.28:0.1:6.28; grafiki(x,3) brZanebebiT miRebuli grafiki.

function grafiki(x,k)

switch k

case 1

plot(x,sin(x));

case 2

plot(x,cos(x));

case 3

plot(x, sin(x)+cos(x));

end

nax.4.1
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4.2.3 cikluri algoriTmebis daprogrameba

msgavsi ganmeorebadi moqmedebebis Casatareblad gamoiyeneba ciklis operatorebi

for da while. for cikli ariTmetikuli progresiis tipis ciklia. masSi winaswar

cnobilia moqmedebebis gameorebis ricxvi, xolo while ciklSi cnobilia ciklis

gagrZelebis piroba.

for tipis ciklis operators Semdegi struqtura aqvs:

for ciklis_parametri = e1:[e2:]e3
operatorebi

end
ciklis parametri icvleba e1_dan bijiT e2 saboloo e3 mniSvnelobamde (ufro

swored, manam ciklis parametris mniSvneloba ar gaxdeba e3_ze meti, Tu e2 dadebiTia,

da e3_ze naklebi, Tu e2 uaryofiTia). Tu ciklis parametris cvlilebis biji 1_is

tolia, e2 SeiZleba saerTod ar mivuTiToT.

SevadginoT faqtorialis gamoTvlis programa_skripti da programa-funqcia:

skriptis SemTxveva

( 5! _is gamoTvla):

a=1;
for i=1:5

a=a*i;
end
a

funqciis SemTxveva:

function y=factn(n)
k=1;
for i=1:n

k=k*i;
end
y=k;

cxadia, nebismieri ricxvis faqtorialis gamosaTvlelad funqciis SemTxvevaSi

sakmarisia brZanebaTa fanjris mimdinare striqonSi avkrifoT funqciis saxeli da

frCxilebSi mivuTiToT es ricxvi, mag.,

>> k=factn(5)
pasuxad miviRebT

k=
120

dasaSvebia, ciklebi erTmaneTSi iyos Cadgmuli. cxadia, am SemTxvevaSi ciklis

parametrad sxvadasxva cvladi unda iyos aRebuli. mag., davweroT programa, romelic

axorcielebs masivis elementebis mowesrigebas mniSvnelobaTa klebadobis mixedviT:

% veqtoris elementebis mowesrigeba klebadobis mixedviT

function A=mowesrigeba(A)

n=length(A);

for i=1:n-1

k=n+1-i;

% veZebT minimalur elements k elementTa Soris da mis nomers

minim=A(1); nom=1;

for j=1:k

if A(j)<minim
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minim=A(j);

nom=j;

end

end

%  minimaluri da k-uri elementebis adgilebis Secvla

A(nom)=A(k); A(k)=minim;

end

programis muSaobis sisworis Sesamowmeblad avkrifoT brZanebaTa fanjaraSi

>> z=[1 5 3 8 9 4 8 2 1 5]; z=mowesrigeba(z)
pasuxad miviRebT:

z =
9             8              8              5              5              4              3 2              1              1

while tipis ciklis (ciklis pirobiT) operators Semdegi saxe aqvs:

while piroba

operatorebi

end

cikli while sruldeba manam, sanam sruldeba piroba. for ciklisagan gansxvavebiT,

mas ara aqvs ciklis parametri. amitom mis tanSi saWiroa gaTvaliswinebuli iqnas

pirobaSi Sesuli romelime cvladis cvlileba, raTa piroba ciklSi yovel

Sesvlisas gansxvavebuli iyos. magaliTisaTvis davweroT programa_funqcia, romelic

mocemuli sizustiT (anu programa gaagrZelebs muSaobas manam, sanam morigi Sesakrebi

mocemul ricxvze metia) gamoTvlis Semdegi mwkrivis mniSvnelobas:











43

1
32

1
21

11

function s_jami=sss(sizuste)

s_jami=1;

i=1;

while 1/(i*(i+1))>sizuste

s_jami=s_jami+1/(i*(i+1));

i=i+1;

end

avkrifoT brZanebaTa fanjaraSi

>>  p=sss(0.0001);
miviRebT

p =
1.9900
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4.2.4 programebis muSaobis sisworis kontroli@

sxva daprogramebis enebisagan gansxvavebiT, zogi arakoreqtuli maTematikuri

operacia ar iwvevs MATLAB programis muSaobis dasrulebas (mag., nulze gayofis

dros miiReba usasruloba Inf, nulis nulze gayofisas Nan), Tumca arsebobs

Secdomebi, romlebic iwvevs muSaobis dasrulebas. aseTi Secdomaa, magaliTad,

ararsebul failTan mimarTva. mwyvetavi situaciis damuSaveba xdeba try ... catch
operatoriT, romelsac Semdegi saxe aqvs:

try
operatori_1

catch
operatori_2

end
Cveulebrivad sruldeba mxolod try da catch sakvanZo sityvaTa Soris

ganlagebuli operatorebi. Secdomis SemTxvevaSi Sesruldeba operatorebi catch_sa da
end_s Soris, xolo Secdomis Sesaxeb informacia Senaxuli iqneba lasterror_Si. Semdeg
magaliTSi failis ararsebobis SemTxvevaSi gamova Sesabamisi Setyobineba, ris Semdeg

programa gaagrZelebs muSaobas.

try X=load('prov.dat');

pie(X)

catch('faili prov.dat. ar arsebobs')

end

A= 1:10; B=21:30;

C=A.^2+B.^2

mmarTveli konstruqciebis for, while, switch, try_catch Sewyveta xdeba break
operatoriT.

magaliTi: SevadginoT programa_skripti A veqtorSi pirveli 0_is toli elementis

nomeris mosaZebnad. Tu aseTi elementi A_Si ar aris, gamovitanoT Sesabamisi

Setyobineba:

m=length(A);
nom=0;
for i=1:m

if  A(i)==0
nom=i
break

end
end
if  nom==0

'A-Si ar aris 0-is toli elementebi'
end
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4.2.5 function da return operatorebi

return operatoris meSveobiT SesaZlebelia programis muSaobis Sewyveta.

magaliTisaTvis moviyvanoT Semdegi programa_funqcia, romelic asrulebs veqtorebis

gayofas wevr_wevrad. programa gamoTvlis ori veqtoris sigrZes, amasTan, Tu

veqtorebis zoma ar aris erTnairi, moxdeba programis muSaobis Sewyveta Sesabamisi

SetyobinebiT, xolo 0_ze gayofisas moxdeba Setyobinebis gamoyvana da ciklis

Sewyveta. programebis Sewyvetisas cvladebs mieniWeba mimdinare brZanebiT

gamoTvlili mniSvneloba.

function s=jjj(a,b)
n1=length(a); n2=length(b);
if n1~=n2

'veqtorebis zoma ar aris erTnairi'
return

end
for i=1:n1

if b(i)==0
'0-ze gayofaa'
break

else
s(i)=a(i)/b(i);

end
end
'programis muSaoba dasrulda'

dabolos, davubrundeT function operators, romlis formebi ukve iyo mocemuli

4.1_Si. dasaSvebia function operatoris kidev ori konstruqcia: function funqciis_saxeli

da function funqciis_saxeli (Semavali_parametrebis_sia).
qvemoT, marcxniv, moyvanilia programa_funqcia gamomavali parametrebis gareSe.

programa axorcielebs parametruli grafikis agebas anu grafikis, romlis abscisac

da ordinatac parametrzea ( t _ze) damokidebuli ( )sin()( 1 tktx  , )cos()( 2 tkty  ).

marjvniv moyvanilia brZanebaTa fanjridan parametruli_grafiki(0.5,0.2) brZanebiT

miRebuli grafiki.

function parametruli_grafiki(k1,k2)

t=0:0.01:2*pi;

x=k1*sin(t);

y=k2*cos(t);

plot(x,y);

nax.4.2
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moviyvanoT programa_funqciebi Semavali da gamomavali parametrebis gareSe.

orive programa axorcielebs uban_uban gansazRvruli funqciebis grafikebis agebas:

1

function uug_grafiki
t=0:0.01:15;
n=length(t);
for i=1:n

if t(i)>=0&t(i)<5
y(i)=1;

elseif t(i)>=5&t(i)<10
y(i)=4;

else
y(i)=2;

end
end
plot(t,y,'ko'); grid on

brZanebaTa fanjaraSi
akrefilia

>> uug_grafiki
nax.4.3

2 function ububg_grafiki

X1=-2*pi:0.05:-pi;

Y1=abs(sin(X1));

X2=-pi+0.05:0.05:pi;

Y2=pi^2*sin(X2);

X3=pi+0.05:0.05:2*pi;

Y3=sin(X3)+cos(X3);

X=[X1 X2 X3];

Y=[Y1 Y2 Y3];

plot(X,Y,'k+'); grid on

brZanebaTa fanjaraSi
akrefilia

>> ububg_grafiki

nax.4.4
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Tavi V simboluri informaciis damuSaveba

5.1 simboluri cvladebi da funqciebi

rogorc ukve aRvniSneT, miuxedavad imisa, rom MATLAB sistema orientirebulia

ricxviTi gamoTvlebis sawarmoeblad, misi saSualebiT SesaZlebelia simboluri

gamoTvlebis Catarebac. help symbolic brZanebiT miiReba dawvrilebiTi informacia

MATLAB_is simboluri operaciebisa da funqciebis Sesaxeb, xolo am sakiTxTan

dakavSirebuli sademonstracio masalis dasaTvaliereblad vsargeblobT symintro
brZanebiT.

ricxviTi cvladebisagan gansxvavebiT, simboluri informaciis damuSavebisas

pirvel rigSi unda aRvweroT saWiro mudmivebi da cvladebi rogorc simboluri

obieqtebi (symbolic objects). rogorc ukve iyo aRniSnuli 2.7 paragrafSi, amas emsaxureba

syms operatori. mag.,
>> syms  x  y

brZanebiT Seiqmneba x da y simboluri cvladebi. simboluri cvladisaTvis

mexsierebaSi gamoiyofa 126 baiti. SedarebisaTvis _ ricxvisaTvis gamoiyofa mxolod

8.

simboluri mudmivebis gamosacxadeblad gamoiyeneba funqcia sym. misi argumentia

apostrofebSi Casmuli simboluri striqoni, romelic Seicavs specialuri cvladis

saxels, ricxviT gamosaxulebas, funqciis saxels an simbolur gamosaxulebas.

Semdegi operatorebiT:

>> pi = sym('pi'); delta = sym('1/10'); sqrt2 = sym('sqrt(2)');
Seqmnilia 3 simboluri mudmivi. aRvniSnoT, rom Tu pi simbolur mudmivs ase

ganvsazRvravT, igi mocemul samuSao sivrceSi Secvlis pi–s ricxviT

mniSvnelobas.

Tu zemoxsenebuli brZanebebis Semdeg mivcemT brZanebas whos, miviRebT:

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
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5.2 simboluri gamosaxuleba

simboluri cvladi SeiZleba gamoviyenoT simbolur gamosaxulebaSi rogorc

cvladi an funqciis argumenti. +, -, *, /, ^^ operaciebisa da MATLAB_is funqciebis
gamoyeneba igivea, rac ricxviTi gamoTvlebis warmoebisas. mag.,

>> syms s t A
>> f = s^2 + 4*s + 5
f =
s^2+4*s+5
>> h = f*(s+2)
h =
(s^2+4*s+5)*(s+2)
>> y = A*exp(-s*t)
y =
A*exp(-s*t)
rogorc am magaliTebidan Cans, axladSeqmnili cvladebi (f, h da v) ar saWiroeben

gamocxadebas. es simboluri cvladebia da ara ricxviTi gamosaxulebebi.

simbolur gamosaxulebaSi SeiZleba erTdroulad gamoviyenoT Cveulebrivi

(ricxviTi)  da simboluri cvladebi da mudmivebi. findsym(S) funqcia S simbolur

gamosaxulebaSi an matricaSi poulobs simbolur cvladebs da gvaZlevs maT, rogorc

simbolur striqons, anbanis mixedviT dalagebuls da mZimeebiT gamoyofils:

>> findsym(f)
ans =
s
>> findsym(y)
ans =
A, s, t
Tu S ar Seicavs arc erT simbolur cvlads, miiReba carieli striqoni.

simboluri cvladebi SeiZleba iyos veqtoris an matricis elementebi. qvemoT

moyvanilia simboluri matricis Seqmnis magaliTi:

>> 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]

sym funqciiT SesaZlebelia ricxviTi cvladebis miReba simboluri formiT. mag.,

t=8.2; w=sym(t) operatorebiT miviRebT w=41/5. racionaluri wiladebis gamoyeneba

simbolur gamoTvlebSi niSnavs, rom yovelTvis miRebuli iqneba zusti pasuxi,

damrgvalebis cdomilebis gareSe.
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qvemoT moyvanilia simbolur gamosaxulebebTan momuSave ZiriTadi funqciebi

(zemoT ganxiluli da 2.7 paragrafSi aRwerili funqciebis garda):

funqciis aRwera magaliTi

char(x) arauaryofiTi mTeli

ricxvebisagan Semdgar x masivs, romlis

elementebi warmoadgens simboloTa

kodebs, gardaqmnis simboloTa

striqonad

magaliTi aCvenebs Tu romeli simbolo

Seesabameba kods 32_dan 95_mde:

>> char(reshape(32:95, 32, 2)')
ans =
!"#$%&'()*+,-./0123456789:;<=>?

@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_
ischar(s) gvaZlevs 1-s, Tu s simboloTa

striqonia, sxva SemTxvevaSi – 0-s
>> x='MATLAB'
>> ischar(x)
ans =
1

isletter(s) gvaZlevs 1-s s striqonis yoveli

elementisaTvis, romelic asoiT

gamosaxulebas warmoadgens, da sxva

SemTxvevaSi 0-s

>> R='group 845'
>> isletter(R)
ans =

1     1     1     1     1     0     0     0     0

blancs(n) gvaZlevs striqons, romelic

Seicavs n cariel pozicias n simbolos

nacvlad; gamoiyeneba Sedegebis

gamoyvanis funqciebSi

>> disp(['xxx' blanks(20) 'yyy'])
xxx                    yyy

deblank(s) Sekvecs cariel poziciebs

striqonis boloSi

>> A{1,1} = 'MATLAB    ';
A{1,2} = 'SIMULINK    ';
A = deblank(A)

A =
'MATLAB'    'SIMULINK'

bin2dec(b) axdens b striqonis saxiT

Cawerili orobiTi ricxvis

interpretirebas da gvaZlevs Sesabamis

aTobiT ricxvs.

>> bin2dec('11011')
ans =

27

dec2bin(d) gvaZlevs arauaryofiTi 522 _ze

naklebi d mTeli ricxvis orobiT

warmodgenas striqonis saxiT

>> dec2bin(23)
ans =
10111

bitshift(x,k) mogvcems mTel aTobiT

ricxvs, romelic warmoadgens x ricxvis

orobiTi warmodgenis k bitiT

wanacvlebis Sedegs. Tu k>0, es

operacia igivea, rac gamravleba k2 _ze,

Tu k<0 _ igivea, rac gayofa
k2 _ze

aTobiT ricxvs 12 Seesabameba orobiTi

1100. misi wanacvlebiT marcxniv 2

poziciiT miviRebT 110000 anu aTobiT

48_s.
>> bitshift(12, 2)
ans =

48

bitand(a,b) bituri and operacia >> A=[1 0 0]; B=[1 1 0];
>> bitand(A,B)
1     0     0
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bitor(a,b) bituri or operacia >> A=[1 0 0]; B=[1 1 0];  bitor(A,B)
ans =

1     1     0
bitcmp(a,n) a aTobiTi mTeli ricxvis n-
bitian orobiT warmodgenaSi Secvlis

0-s 1-iT, xolo 1-s 0-iT da mogvcems

Sesabamis aTobiT ricxvs

>> A=5; bitcmp(A,3)
ans =

2
>> c=8; bitcmp(c,4)
ans =

7
pretty(S) axdens S simboluri

gamosaxulebis gadayvanas zogadad

miRebul maTematikur saxeze.

samwuxarod,  funqcias ar gaaCnia

specialuri maTematikuri niSnebi:

integralis, fesvis, jamis, namravlis

da sxv.

>> syms a b c
>> t=(2-cos(b))^2*(sin(2*a))^(1/2)/abs(c)^3
t =
(2-cos(b))^2*sin(2*a)^(1/2)/abs(c)^3
>> pretty(t)

2         1/2
(2 - cos(b))  sin(2 a)
-------------------------

3
| c |

[n,d]=numden(S) gvaZlevs racionalur

wiladad warmodgenili S simboluri

masivis yoveli elementis mricxvelsa

da mniSvnels mTelkoeficientebiani

dayvanili polinomis saxiT

[n,d] = numden(sym(4/5)) operatoriT

miviRebT pasuxs: n = 4, d =5.
operatorebiT syms  x  y;
[n,d] = numden(x/y + y/x) miviRebT:

n = x^2+y^2, d = y*x.
operatorebiT syms  s  h;  A = [s, 1/h];
[n,d] = numden(A) miviRebT:

n = [ s, 1], d = [ 1, h].
findstr(s1,s2) eZebs erT striqons meoris

SigniT. Tu Zebna uSedegod damTavrda,

pasuxad miiReba carieli simravle.

>> s = 'Find the starting indices of the shorter
string';
>> findstr(s, 'the')
ans =

6    30
>> findstr('the', s)
ans =

6    30
>> findstr('The', s)
ans =

[]
eval(s) gauSvebs s striqons rogorc

MATLAB gamosaxulebas an brZanebas.

num2str(n) funqciiT n ricxvidan miiReba

striqoni, xolo str2num(s)_iT s
striqoni, romelic unda iyos ricxviTi

sididis Sesabamisi ASCII kodi,
gardaiqmneba Sesabamis ricxviT

mniSvnelobad

>> for n = 4:6
eval(['M' num2str(n) ' = magic(n)'])
end
am brZanebis Sesrulebis Sedegad

miviRebT magiur kvadratebs saxeliT

M4, M5 da M6..
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double(S) S simbolur gamosaxulebas

gardaqmnis double array tipis ricxviT

sidided

>> z=sym(sqrt(7))
z =
sqrt(7)
>> a=double(z)
a =

2.6458
aq a cvladi double tipisaa da ikavebs 8

baits, xolo simboluri cvladi z
ikavebs 138 baits, raSidac advilad

davrwmundebiT whos a z brZanebis

meSveobiT

vpa(x,n) warmoadgens ricxvs miTiTebuli

n sizustiT (gamoyenebuli cifrebis

raodenobiT), amasTan x SeiZleba iyos

rogorc ricxviTi gamosaxuleba, aseve

simboluri. orive SemTxvevaSi pasuxi

iqneba simboluri tipisa. zogadad digits
funqciiT SeiZleba gavigoT

ariTmetikuli gamoTvlebis mimdinare

sizuste (by default is 32_is tolia),

xolo digits(k)_iT davayenoT k sizuste.

>> vpa(a,4)
ans =
2.646
>> vpa(z,4)
ans =
2.646
>> vpa(z,10)
ans =
2.645751311

simplify(S) funqcia axorcielebs

simboluri gamosaxulebis gamartivebas.

igives akeTebs simple(S) im gansxvavebiT,

rom es ukanaskneli gamartivebisas

sxvadasxva xerxebs iyenebs da ekranze

gamohyavs gamartivebis sxvadasxva

varianti

>> syms c  a  b
>> simplify(exp(c*log(sqrt(a+b))))
ans =
(a+b)^(1/2*c)
>> S = [(a^2+5*a+6)/(a+2),sqrt(25)];
R = simplify(S)
R =
[ a+3,   5]

expand(S)_iT xdeba gamosaxulebis

gaSla. es funqcia, SeiZleba iTqvas,

gamartivebis sapirispiroa. misi

meSveobiT gamosaxulebaSi Sesuli

rTuli funqciebi ufro martivi

funqciebiT gamoisaxebian da xdeba

algebruli gamosaxulebis warmodgena

gaSlili formiT

>> syms x;  expand((x-2)^2*(x-3)^3+6)
ans =
x^5-13*x^4+67*x^3-171*x^2+216*x-102
>> syms b;  expand(3+2*exp(a+b))
ans =
3+2*exp(a)*exp(b)
>> z=sym('sin(x+y)');
>> expand(z)
ans =
sin(x)*cos(y)+cos(x)*sin(y)

factor(S) axdens maTematikuri

gamosaxulebis mamravlebad daSlas

>> syms x; z=sin(x)^4-1;
>> factor(z)
ans =
(sin(x)-1)*(sin(x)+1)*(sin(x)^2+1)
>> factor(204)
ans =

2     2     3    17
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collect(S) S gamosaxulebas mwkrivad

gaSlis msgavsi wevrebis SekrebiT,

xolo collect(S,x) gaSlas Seasrulebs

x_is mimarT

>> syms x y; R1 = collect((exp(x)+x)*(x+2))
R1 =
x^2+(exp(x)+2)*x+2*exp(x)
>> R2 = collect((x+y)*(x^2+y^2+1), y)
R2 =
y^3+x*y^2+(x^2+1)*y+x*(x^2+1)

subs(S) S simbolur gamosaxulebaSi

Secvlis yvela cvlads maTi

mniSvnelobebiT, romlebic aiReba

samuSao aridan. subs(S,x) Secvlis S
gamosaxulebaSi simbolur cvlads

x_iT, xolo subs(S,y,x) Secvlis

miTiTebul y cvlads x_iT, amasTan, x
da y SeiZleba siis saxiT iyos

mocemuli

>> w=8; b=7;
>> subs(exp(-w*t)*b)
ans =
7*exp(-8*t)
>> syms x  t
>> z=x^3-7*x^2+1;
>> subs(z,2.5)
ans =

-27.1250
>> subs(z,t)
ans =
t^3-7*t^2+1
>>  z=x^3-7*x^2+1; subs(z,{3;11})
ans =
-35
485

>> S=x^2-2*t^3+5; subs(S,{x,t},{[1,-1],[0,2]})
ans =

6 -10
finverse(f) gvaZlevs erTcvladiani

funqciis Sebrunebuls, xolo

finverse(f,v) _ f funqciis Sebrunebuls v
cvladis mimarT

>> finverse(1/tan(x))
ans =
atan(1/x)
>> syms v; finverse(exp(u-2*v),u)
ans =
2*v+log(u)

simboluri funqciis grafikis miReba xdeba ezplot funqciis saSualebiT.

ezplot(F), sadac F _ simboluri gamosaxulebaa, agebs F(x) grafiks. winaswari

SeTanxmebiT  2 x 2 . orargumentiani simboluri funqciis SemTxvevaSi aigeba

wiri F(x,y)=0, sadac  2 x 2 ,  2 y 2 .

ezplot(F,[a,b]) gamoiyvans F(x) grafiks a<x<b intervalSi. orargumentiani simboluri

funqciis SemTxvevaSi ezplot(F,[a,b]) agebs F(x,y)=0 wirs, sadac a<x<b da a<y<b, xolo

ezplot(F,[a,b,c,d]) agebs igive wirs a<x<b da c<y<d intervalebSi.

ezplot(FX,FY), sadac FX, FY _ simboluri gamosaxulebebia, gamosaxavs

parametrulad gansazRvrul wirs: FX(t) da FY(t), sadac, winaswari SeTanxmebis

Tanaxmad, 0 t 2 .

ezplot(FX,FY,[a,b]) agebs parametrul wirs a<t<b intervalSi.

nax.5.1_ze da 5.2_ze moyvanilia Semdegi operatorebiT miRebuli wirebi:
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>> syms z; F=sin(2*z)^3; a=-10; b=10;
>> ezplot(F,[a,b])
>> figure
>> ezplot('x*y+x^2-y^2-1')

nax.5.1 nax.5.2

simboluri funqciebis vizualizaciisaTvis arsebobs sxva funqciebic: ezcontour,
ezmesh, ezpolar, ezsurf da a.S., romlebic Sesabamisi Cveulebrivi funqciebis analogebs

warmoadgenen.

5.3 MATLAB sistemis simboluri maTematikis sabazo

operaciebi _ Symbolic Math Toolbox paketi

Symbolic Math Toolbox paketis saSualebiT SesaZlebelia yvela ZiriTadi

maTematikuri amocanis amoxsna. ra Tqma unda, gasaTvaliswinebelia, rom zog

SemTxvevaSi amocanas SeiZleba ar hqondes analizuri amoxsna. aqve aRvniSnoT, rom

zogierTi qvemoT axsnili funqciebidan ar Sedis MATLAB funqciaTa biblioTekaSi an

Sedis sxva mniSvnelobiT (mag, diff funqcia), amitom help funqciis_saxeli mimarTva

uSedego aRmoCndeba an sxva informacias mogvcems. Symbolic Math Toolbox paketi

akavSirebs MATLAB_s Maple_is funqciebis biblioTekasTan. amgvar SemTxvevaSi

informacias Sesabamisi funqciis Sesaxeb miviRebT mhelp funqciis_saxeli brZanebiT.

qvemoT mocemulia im funqciebis mokle mimoxilva, romlebiTac vsargeblobT

ZiriTadi maTematikuri amocanebis amosaxsnelad; am funqciebis minimum erTi

parametria simboluri gamosaxuleba.

 ganvixiloT wrfivi algebris simboluri amocanebis amoxsna.
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matriculi operaciebis ganxorcieleba SesaZlebelia simboluri

matricebisTvisac. simbolur matricebTan da veqtorebTan samuSaod

vsargeblobT funqciebiT, romlebsac, rogorc wesi, igive Sinaarsi aqvT, rac

ricxviTi argumentis mqone Sesabamis funqciebs: det(X) funqcias ekranze

gamohyavs simboluri X matricis determinanti; diag(X) _ misi diagonali (am

funqciiT sargebloben agreTve diagonaluri  matricis  Sesaqmnelad);

diag(X,k) _ k-uri diagonali; trace(X) mogvcems diagonaluri elementebis jams;

sum(X) _ elementebis jams TiToeul svetSi an veqtorisaTvis _ veqtoris

elementebis jams; sum(X,k) _ jams k-uri ganzomilebis mixedviT; prod(X) _

elementebis namravls TiToeul svetSi an veqtorisaTvis _ misi elementebis

namravls; prod(X,k) _ namravls k-uri ganzomilebis mixedviT; inv(X) mogvcems

kvadratuli matricis Sebrunebuls.

X = sym('[a1 b1 c1;d1 e1 f1;g1 h1 k1]'); >> syms t1 t2 h1 h2;
>> Z=[t1 t2; h1 h2];

>> det(X)
ans =
a1*e1*k1-a1*f1*h1-d1*b1*k1+d1*c1*h1+g1*b1*f1-g1*c1*e1
>> diag(X)
ans =
a1
e1
k1

>> trace(X)
ans =
a1+e1+k1
>> diag(X,1)
ans =
b1
f1

>> diag(diag(X))
ans =
[ a1,  0,  0]
[  0, e1,  0]
[  0,  0, k1]

>> sum(Z)
ans =
[ t1+h1, t2+h2]
>> prod(Z)
ans =
[ t1*h1, t2*h2]
>> sum(Z,2)
ans =
t1+t2
h1+h2

>> prod(Z,2)
ans =
t1*t2
h1*h2

>> inv(Z)
ans =
[ -h2/(-t1*h2+t2*h1),  t2/(-t1*h2+t2*h1)]
[  h1/(-t1*h2+t2*h1), -t1/(-t1*h2+t2*h1)]

 teiloris mwkrivad funqciis gaSlisaTvis vsargeblobT taylor(F) funqciiT.

winaswari SeTanxmebiT miRebuli iqneba me-5 xarisxis polinomiT F
funqciis aproqsimacia. taylor(F,n)-iT miviRebT (n-1) xarisxis aproqsimacias,

xolo taylor(F,a)-iT _ aproqsimacias a wertilis midamoSi. rodesac F
mravalcvladiania, am funqciebs SeiZleba daematos y parametri, romelic

aCvenebs, Tu romeli cvladis mimarT unda moxdes gaSla:

>> syms z; taylor(exp(-z))
ans =
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1-z+1/2*z^2-1/6*z^3+1/24*z^4-1/120*z^5
>> taylor(exp(-z),7)
ans =
1-z+1/2*z^2-1/6*z^3+1/24*z^4-1/120*z^5+1/720*z^6
>> taylor(log(z),6,1)
ans =
z-1-1/2*(z-1)^2+1/3*(z-1)^3-1/4*(z-1)^4+1/5*(z-1)^5

>> syms t; taylor(z^t,3,t)
ans =
1+log(z)*t+1/2*log(z)^2*t^2

 mwkrivis jami gamoiTvleba symsum funqciiT.

symsum(S) funqcia gamoTvlis mwkrivis jams, rodesac misi simboluri

cvladi k icvleba 0-dan (k-1)-mde:
>> syms n; symsum(n^2)
ans =
1/3*n^3-1/2*n^2+1/6*n
symsum(S,k) funqcia gamoTvlis jams, rodesac funqciaSi miTiTebuli

simboluri cvladi k icvleba 0-dan (k-1)-mde.
symsum(S,a,b) gamoTvlis mwkrivis jams, rodesac misi simboluri cvladi

icvleba a-dan b-mde:
>> symsum(k^2,0,10)
ans =
385
symsum(S,k,a,b) funqciiT gamoiTvleba mwkrivis jami, rodesac funqciaSi

miTiTebuli simboluri cvladi k icvleba a-dan b-mde. mag., gamovTvaloT







0

2

)!2(
)1(

k

k
k

k
z

mwkrivis jami:

>> syms z k; S=(-1)^k*z^(2*k)/sym('(2*k)!');
>> P=symsum(S,k,0,Inf)
P =
cos(z)
yvela am funqciaSi S _ simboluri gamosaxulebaa an indeqsze

damokidebuli funqciis saxeli.

 zRvris mosaZebnad gamoiyeneba limit(S,x,a) funqcia, romelic gamoTvlis

simboluri gamosaxulebis zRvars, rodesac x → a ; limit(S) gamoTvlis

zRvars, rodesac misi cvladi x → 0 ; limit(S,x,a,'right') da limit(S,x,a,'left') _

Sesabamisad marjvena da marcxena zRvrebs. ase magaliTad, limit(sin(x)/x)
funqcia pasuxad mogvcems 1, limit((x-2)/(x^2-4),2) _ 1/4, limit((1+2*x/t)^(3*t),t,inf) _

exp(6*x), limit(1/x,x,0,'right') _ inf, limit(1/x,x,0,'left') _ -inf.
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 simboluri gamosaxulebis diferencireba xdeba diff funqciiT, romlis

semantika ukve iyo aRwerili 2.7_Si. diff('3^x+6') funqciiT miviRebT 3^x*log(3),
diff('3^x+6',2)-iT _ 3^x*log(3)^2. syms x y; diff('sin(x)^2+cos(y)',x)-iT miviRebT

warmoebuls x cvladiT anu 2*sin(x)*cos(x), xolo diff('sin(x)^2+cos(y)',y)-iT _ y
cvladiT anu -sin(y). diff('sin(x)^2+cos(y)',x,2) mogvcems me-2 rigis warmoebuls x
cvladiT.

 integralis gamosaTvlelad vsargeblobT int funqciiT, romlis semantika

agreTve ukve aRvwereT 2.7_Si.

int(sin(x)) moZebnis sin(x))-is ganusazRvrel integrals, romelic udris

-cos(x), int(sin(x)^2+cos(y)^3) da syms x; int(sin(x)^2+cos(y)^3,x) operatorebiT

miviRebT integrals x cvladis mimarT: -1/2*sin(x)*cos(x)+1/2*x+cos(y)^3*x, xolo

syms y; int(sin(x)^2+cos(y)^3,y)-iT _ y cvladis mimarT:

sin(x)^2*y+1/3*cos(y)^2*sin(y)+2/3*sin(y). int(int(2*sin(x)^2)) operatori Sedegad

mogvcems -1/2*sin(x)^2+1/2*x^2.
ra Tqma unda, ganusazRvreli integralis moZebna yovelTvis rodia

SesaZlebeli. zogierT SemTxvevaSi ki pasuxi _ pirvelyofili funqcia

Seicavs Secdomis funqcias. mag., syms x; int(exp(-x^2)) operatorebiT miviRebT:

ans =
1/2*pi^(1/2)*erf(x)

aq erf(x) Secdomis funqciaa:  
x t dtexerf

0

22)(


.  Secdomis funqciebia

agreTve erfc, erfcx, erfinv, erfcinv. aseTi saxis pasuxis miRebisas integralis

gamosaxulebis misaRebad saWiroa damatebiTi gardaqmnebis Catareba.

int(sin(x)^2,-pi/2,pi/2) gamoiTvlis sin(x)^2 funqciis gansazRvrul integrals

- /2-dan  /2-mde, pasuxad miviRebT 1/2*pi. int(sin(x)^3+2*cos(y)^3,y,-pi/2,pi/2)
operatori mogvcems miTiTebuli  funqciis gansazRvrul   integrals

- /2-dan  /2-mde y simboluri cvladis mimarT: 8/3+sin(x)*pi-sin(x)*pi*cos(x)^2.

 algebruli gantolebis an gantolebaTa sistemis amosaxsnelad

gankuTvnilia solve funqcia, amasTan, meoTxe rigis CaTvliT gantoleba

amoixsneba zustad, ufro maRali rigis SemTxvevaSi _ miaxloebiT.

solve(E) amoxsnis gantolebas misi cvladis mimarT (Tu gantolebaSi

Sedis erTze meti cvladi, is amoxsnili iqneba by default gansazRvruli

cladis mimarT), xolo solve(E,v) _ miTiTebuli v cvladis mimarT. aq E _

simboluri gamosaxulebaa (mag., x^2-2*x+1) an striqoni ('x^2-2*x+1'). Tu E ar

Seicavs tolobis niSans, amoxsnili iqneba E=0 gantoleba:

>> solve('a*x^4-2*x^3+a*x^2-2*x')
ans =
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0
i

-i
2/a

>> solve('5*x^2 + 10*x + 7=16')
ans =
-1+1/5*70^(1/2)
-1-1/5*70^(1/2)

>> w=solve('a*x^2 + b*x + c','b')
w =
-(a*x^2+c)/x

subs operatoris saSualebiT SegviZlia vipovoT gantolebis amonaxsni

simboluri cvladebis sxvadasxva mniSvnelobaTaTvis:

>> subs(w,{a,b,c,x},{1,-2,1,5})
ans =
-26/5

gantolebebs, romlebic Seicaven periodul funqciebs, SesaZloa

hqondeT fesvebis ganusazRvreli raodenoba. aseT SemTxvevaSi solve funqcia

Semoifargleba fesvebiT 0-is midamoSi:

>> syms theta; E = cos(2*theta)-sin(theta); solve(E)
ans =
-1/2*pi
1/6*pi
5/6*pi

ganxiluli solve funqciis analogiuri Sinaarsi aqvs solve(E1,E2,...,En)
da solve(E1,E2,...,En,v1,v2,...,vn) funqciebs, romlebiTac vsargeblobT

gantolebaTa sistemis amosaxsnelad:

>> A = solve('a*u^2 + v^2', 'u - v = 1', 'a^2 - 5*a + 6')
A =

a: [4x1 sym]
u: [4x1 sym]
v: [4x1 sym]

rogorc vxedavT, pasuxi miRebulia struqturis saxiT. aseTi tipis

pasuxi gamodis, rodesac sistemis amoxsnisas miTiTebulia erTi

gamosavali parametri. A.a ,  A.u da A.v operatorebiT miviRebT Sesabamisad:

>> A.a >> A.u >> A.v
2

2

3

3

1/3+1/3*sqrt(-1)*2^(1/2)
1/3-1/3*sqrt(-1)*2^(1/2)
1/4+1/4*sqrt(-1)*3^(1/2)
1/4-1/4*sqrt(-1)*3^(1/2)

-2/3+1/3*sqrt(-1)*2^(1/2)
-2/3-1/3*sqrt(-1)*2^(1/2)
-3/4+1/4*sqrt(-1)*3^(1/2)
-3/4-1/4*sqrt(-1)*3^(1/2)

moviyvanoT arawrfiv gantolebaTa sistemis amoxsnis magaliTi:
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>> syms x y; f1=sin(x)^2-cos(x)^2; f2=x-y;
>> [p1,p2]=solve(f1,f2,x,y)
p1 =

3/4*pi
1/4*pi

p2 =
3/4*pi
1/4*pi

moviyvanoT transcendentul gantolebaTa sistemis amoxsnis magaliTi:

>> syms x1 x2; f1=exp(x1)-x2; f2=2*x^2+3*x-10-3*x2;
>> [z1 z2]=solve(f1,f2,x1,x2)
z1 =

log(2/3*x^2+x-10/3)
z2 =

2/3*x^2+x-10/3
dabolos aRvniSnoT, rom gantolebis an gantolebaTa sistemis

amoxsnisas im SemTxvevaSi, rodesac pasuxis miReba simboluri saxiT

SeuZlebelia, solve funqcia gvaZlevs ricxviT amonaxsns.

 diferencialuri gantolebis an gantolebaTa sistemis amosaxsnelad

gankuTvnilia dsolve funqcia, romelsac aqvs Semdegi sintaqsi:

dsolve('E1,E2,...', 'P1,P2,...', 'v') an dsolve('E1','E2',..., 'P1','P2',..., 'v'). aq E1, E2,... _

gantolebebia, P1, P2,... _ sasazRvro pirobebi (cxadia, sasazrvro pirobebi

Sedis dsolve funqciaSi maTi arsebobis SemTxvevaSi), v _ damoukidebeli

cvladi. Tu damoukidebeli cvladi miTiTebuli ar aris, by default
igulisxmeba t (dro). D aso aRniSnavs warmoebuls v cvladiT. mag., Dy
aRniSnavs dy/dt, D2y _ meore rigis warmoebuls da a.S. Tu sasazRvro

pirobebis raodenoba naklebia diferencialur gantolebaTa ricxvze,

maSin amonaxsni Seicavs C1, C2,... mudmivebs. moviyvanoT magaliTebi:

>> dsolve('Df = f + sin(t)')
ans =
-1/2*cos(t)-1/2*sin(t)+exp(t)*C1
>> dsolve('Dy = a*y', 'y(0) = b')
ans =
b*exp(a*t)
>> dsolve('(Dy)^2 + y^2 = 1','s')
ans =

1
-1

sin(-s+C1)
-sin(-s+C1)
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danarTi 1

signalis gavrcelebis procesSi miRebuli eqosignalebi

eqosignali warmoadgens ZiriTadi signalis Sesustebul anarekls, romelic

mimRebamde aRwevs garkveuli SeyovnebiT. magaliTad, nax.1_ze moyvanilia sawyisi s(t)
signali, echo1 signali, romlis mniSvneloba Sesustebulia 2_jer (koeficientiT 0.5)
da 2 wamis dagvianebiT daerTvis sawyiss, echo2 signali -0.3 koeficientiT da

dagvianebuli 5 wamiT (es e.w. Caxveuli (rolled) eqoa, radgan eqos mniSvnelobebi

uaryofiTi sidideebia) da ZiriTadi signali TandarTuli orive eqoTi.

nax.1 signali eqoebiTurT

davuSvaT, signalis miRebis procesi grZeldeba 10 wami. pirveli wamis

ganmavlobaSi Segrovda koordinatTa Semdegi wyeba:

dro, wm 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
signalis mniSvneloba 0.0 0.5 1.0 -0.5 0.75 0.0 -0.02 -0.10 0.0 0.0 0.0

signalis Semdgomi mniSvnelobebi 0_is tolia.

davweroT programa_skripti, romelic Seqmnis ZiriTadi signalisagan da mis sam

eqosignalisagan Sedgenil signals: pirveli eqo – signali Sesustebulia

koeficientiT 0.5 da dagvianebuli 2 wamiT, meore eqo – Caxveuli eqoa 4 wamis

dagvianebiT da koeficientiT -0.3, mesame eqo dagvianebulia 7.5 wamiT da Sesustebuli

10_jer. avagoT miRebuli signalis grafiki da SevinaxoT miRebuli signalis

monacemebi MAT failis saxiT – echo.mat.
programis dawerisas eqos mniSvnelobebis gamosaTvlelad saWiroa

gaviTvaliswinoT Sesustebis koeficienti da dagvianebis dro. mag., signalis pirveli

3 monacemisagan miviRebT:
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1_li eqo me_2 eqo me_3 eqo

dro signali dro signali dro signali

2.0 0.5*0.0 = 0.0 4.0 -0.3*0.0 = 0.0 7.5 0.1*0.0 = 0.0

2.1 0.5*0.5 = 0.25 4.1 -0.3*0.5 = -0.15 7.6 0.1*0.5 = 0.05

2.1 0.5*1.0 = 0.5 4.2 -0.3*1.0 = -0.3 7.7 0.1*1.0 = 0.1

anu imisaTvis, rom pirveli eqo iyos 2 wamiT dagvianebuli, programaSi unda

gaviTvaliswinoT, rom s(1) mniSvnelobidan miiReba echo_1(21) mniSvneloba (radgan

aTvlis intervalia 0.1), s(2)_dan – echo_1(22) da a.S. zogadad echo_1_is mniSvnelobebis

misaRebad ZiriTadi signalis mniSvnelobebi unda gavamravloT 0.5 koeficientze da
`gadavwioT~ aTvlis 20 wertiliT; echo_2_is mniSvnelobebis misaRebad ZiriTadi

signalis mniSvnelobebi unda gavamravloT -0.3_ze da `gadavwioT~ aTvlis 40
wertiliT, xolo echo_3_is _ gavamravloT 0.1_ze da `gadavwioT~ 75 wertiliT.

M_faili, romelic skripts warmoadgens, ase gamoiyureba:

%               This program generates tree echoes from an  original signal
%               The sum of the original signal and the three  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];
%
%               Generation 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);
%
%               Adding echoes to original signal
%               Saving new signal.
%
g=s+echo_1+echo_2+echo_3;
save echo3 t g;
%
%               Plotting new signal.
%
plot(t,g),...

title('signal with echoes'),...
xlabel('t, seconds'),...
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ylabel('g'),...
grid

miRebuli signali moyvanilia nax.2_ze.

nax.2   ZiriTadi signali da sami eqo
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danarTi 2

optikur boWkoSi sinaTlis gavlis pirobebis gansazRvra

optikuri boWko gamWvirvale minis Zafia, romelic ufro wvrilia, vidre

adamianis Tma, magram mas SeuZlia gaataros ufro meti informacia, vidre

radiotalRebma spinelZis satelefono mavTulSi. garda amisa, optikur_boWkovani

sakomunikacio signali daculia eleqtromagnituri talRebisagan, romelic iwvevs

xmaurs da amaxinjebs signals.

optikuri boWko amJamad warmoadgens informaciis gadacemis yvelaze srulyofil

saSualebas. kavSirgabmulobis optikuri sistemebi gamoirCeva:

 farTozolovnebiT (erTi boWkos meSveobiT SeiZleba erTdroulad

gadaices 10 milioni satelefono saubari da milioni vodeosignali);

 signalis dabali mileviT;

 boWkos masalis (kvarcis) siiafiT;

 kompaqturobiT, simsubuqiT da eqspluataciis xangrZlivobiT;

 dabrkolebamdgradobiT eleqtromagnituri velebis mimarT;

 mdgradobiT arasanqcionirebuli SeRwevis mimarT.

nax.1 optikuri boWko
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optikur_boWkovani kavSiris uaryofiT mxares warmoadgens boWkos Sepirapirebis

uzrunvelmyofeli Zviri danadgarebi, Tumca upiratesobani imdenad mniSvnelovania,

rom aRniSnuli nakli SeiZleba umniSvnelod CaiTvalos.

optikuri boWko Sedgeba gansxvavebuli optikuri Tvisebebis mqone garsisa da

gularisagan.

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

Reros kedlebidan, vidre meore bolos miaRwevs, rogorc naxazzea naCvenebi.

boWkoebSi Sida arekvlis fenomeni aixsneba Snelis kanoniT. Cveulebriv, gularis

masala optikurad 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 zedapirs, misi nawili airekleba, nawili ki gaaRwevs meore garemoSi.

sinaTlis dacemis kuTxes, roca igi mTlianad airekleba zedapiridan, sruli

arekvlis 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, 2n garsis gardatexis koeficientia, xolo 1n _ gularis. Tu 12 nn  ,

boWko sinaTles ar gaatarebs. kritikuli kuTxe ganisazRvreba formuliT:

1

2sin
n
n

c 

magaliTad, haeris gardatexis koeficientia 1.0003, minis – 1.5. am SemTxvevSi

kritikuli kuTxe  SeiZleba gamoviTvaloT Semdegnairad:

0

1

2 82.4166687.0arcsin
5.1

0003.1arcsinarcsin 
n
n

c

aseTi gamtari gaatarebs sinaTles, romelic daecema 41.82 0_ze meti kuTxiT.

davweroT programa, romelic gansazRvravs, gaivlis Tu ara sinaTle optikur

boWkoSi, romelic garemoculia gansxvavebuli simkvrivis mqone masaliT.

davuSvaT, gvaqvs ASCII monacemTa faili saxeliT indices.dat. failis yoveli

striqoni Seicavs gularisa da garsis masalis gardatexis koeficientebis

mniSvnelobebs. programam unda gansazRvros, gaatarebs Tu ara sinaTles aseTi

monacemebis mqone optikuri boWko da Tu gaatarebs, rogoria kritikuli kuTxis

mniSvneloba.

qvemoT moyvanilia programa_skripti:

%
%  This program reads the indices of  refraction  for
%  materials forming a light pipe.
%  For each  pair of materials we determine if the pipe
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%  will transmit light and at what
%  angles of  incidence in degrees.
%
factor = 180/pi;
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',n1(k), n2(k))
fprintf('for angles less than %g degrees \n\n',critical_angle)

end
end

SevinaxoT M_faili opt_boWkos_krit_kuTxe saxeliT.

SevqmnaT indices.dat faili Semdegi monacemebiT:

1.31         1.473
1.5           1.0003
1.49         1.33

brZanebaTa fanjaraSi mivceT brZaneba

>> opt_bowkos_krit_kuTxe

Sedegad miviRebT:

light is not transmitted for
rod index 1.31 and medium index 1.473

light is not transmitted for
rod index 1.5 and medium index 1.0003
for angles less than 41.8257 degrees

light is not transmitted for
rod index 1.49 and medium index 1.33
for angles less than 63.204 degrees
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danarTi 3

grafis wveroebs Soris umoklesi gzis gansazRvra

monacemebis gadacemisas mniSvnelovania umoklesi gzis gansazRvra. zogadad

umoklesi gzis povnis amocana Zalze aqtualuria ara marto kavSirgabmulobaSi,

aramed mraval sxva dargSic (mag., transportSi).

ganvixiloT araorientirebul grafSi umoklesi gzis povnis algoriTmi.

CavTvaloT, rom grafis wiboebi erTeulovani sigrZisaa. am SemTxvevaSi

araorientirebul grafSi (orgrafisaTvis procesi analogiuria) umoklesi gzis

moZebnis wesi SemdegSi mdgomareobs: grafis TiToeul wveros miewereba indeqsi,

romelic gamosaxavs mocemuli wverodan saboloo wveromde umoklesi gzis sigrZes.

wveroebisaTvis indeqsebis miwera Semdegi TanmimdevrobiT xdeba:

1. saboloo wveros (aRvniSnoT is sabx –iT) miewereba indeqsi 0, xolo yvela

wveros, romelic wiboTi uSualod ukavSirdeba sabx –s, _ indeqsi 1;

2. yvela wveros, romelsac ar gaaCnia indeqsi da wiboTi ukavSirdeba mimdinare

indeqsis mqone wveros, miewereba indeqsi, romelic 1_iT aRemateba mimdinares.

procesi grZeldeba manam, sanam sawyis wverosac ( sawyx ) ar miewereba indeqsi. es

ukanaskneli ki umoklesi gzis sigrZis toli iqneba. TviT umoklesi gza rom

ganvsazRvroT, saWiroa vimoZraoT sawyisi wverodan saboloo wveromde

indeqsebis klebis mimarTulebiT.

zemoaRniSnuli procesis sailustraciod nax.1–ze naCvenebia araorientirebul

grafSi umoklesi gzis moZebna sawyx da sabx wveroebs Soris. naxazze mocemul grafs

Semdegi SeerTebebis matrica Seesabameba (SeerTebebis matricis elementi udris 1_s,

rodesac wveroebi dakavSirebulia, winaaRmdeg SemTxvevaSi _ 0_s):
x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13

x1 0 1 0 0 0 0 0 0 0 0 0 0 0
x2 1 0 1 1 0 1 0 0 0 0 0 0 0
x3 0 1 0 0 0 0 0 0 0 0 0 0 0
x4 0 1 0 0 1 1 0 0 0 0 0 0 0
x5 0 0 0 1 0 0 0 0 0 0 0 0 0
x6 0 1 0 1 0 0 1 1 0 0 0 0 0
x7 0 0 0 0 0 1 0 1 0 0 0 0 0
x8 0 0 0 0 0 1 1 0 1 0 1 0 0
x9 0 0 0 0 0 0 0 1 0 1 0 0 1
x10 0 0 0 0 0 0 0 0 1 0 1 1 0
x11 0 0 0 0 0 0 0 1 0 1 0 0 0
x12 0 0 0 0 0 0 0 0 0 1 0 0 0
x13 0 0 0 0 0 0 0 0 1 0 0 0 0
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nax.1 x1 da x12 wveroebs Soris umoklesi gzis gansazRvra

qvemoT moyvanilia aRwerili meTodis safuZvelze dawerili programa_funqcia.

programis sawyis monacemebad aRebulia grafis SeerTebebis matrica (sheert) da

sawyisi da saboloo wveroebis nomrebi (xsawy, xsab).

function [sigrdze gza]=gzis_povna(sheert,xsawy,xsab)
%    araorientirebul grafshi wveroebs Soris umoklesi gzis da
% gzis sigrZis gansazRvra (grafis yvela wibo erTeulovani sigrZisaa)
% sheert - grafis sheertebebis matrica;
% xsawy - sawyisi wveros nomeri; xsab - saboloo wveros nomeri
%
n=length(sheert);
if xsawy==xsab

sigrdze=0; gza=[xsawy];

'sawyisi da saboloo wvero emTxveva erTmaneTs'
else

[index sigrdze]=indeqsacia(sheert,xsawy,xsab,n);
gza=[xsawy];
for i=index(xsawy):-1:1

for j=1:n
if index(j)==i-1

gza=[gza j];
break

end
end

end
end
%
function [index sigrdze]=indeqsacia(sheert,xsawy,xsab,n)
% wveroebis indeqsaciis programa
%
index=-1*ones(1,n);
index(xsab)=0;
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ind=0;
k=xsab;
while k~=xsawy

sia=[];
for i=1:n

if index(i)==ind
sia=[sia i];

end
end
m=length(sia);
for i=1:m

for j=1:n
if sheert(sia(i),j)==1&index(j)==-1

index(j)=ind+1;
if j==xsawy

sigrdze=index(j);
k=xsawy;
return

end
end

end
end
ind=ind+1;

end

brZanebaTa fanjaraSi SevitanoT sawyisi informacia da mivmarToT gzis_povna
funqcias:

>> sheert=[0 1 0 0 0 0 0 0 0 0 0 0 0; 1 0 1 1 0 1 0 0 0 0 0 0 0;
0 1 0 0 0 0 0 0 0 0 0 0 0; 0 1 0 0 1 1 0 0 0 0 0 0 0;
0 0 0 1 0 0 0 0 0 0 0 0 0; 0 1 0 1 0 0 1 1 0 0 0 0 0;
0 0 0 0 0 1 0 1 0 0 0 0 0; 0 0 0 0 0 1 1 0 1 0 1 0 0;
0 0 0 0 0 0 0 1 0 1 0 0 1; 0 0 0 0 0 0 0 0 1 0 1 1 0;
0 0 0 0 0 0 0 1 0 1 0 0 0; 0 0 0 0 0 0 0 0 0 1 0 0 0;
0 0 0 0 0 0 0 0 1 0 0 0 0];
>> [sigrdze gza]=gzis_povna(sheert,1,12)

miviRebT pasuxs:

sigrdze =
6

gza =
1     2     6     8     9    10    12

grafSi umoklesi gzis gansazRvris amocana rTuldeba, Tu grafs aqvs

nebismieri sigrZis wiboebi (rkalebi). am amocanis amoxsnisaTvis arsebobs sxvadasxva

algoriTmi. ganvixiloT erT_erTi maTgani _ e.w. dancigis algoriTmi:

1. mivaweroT sawyis wveros nulis toli indeqsi: 00)(   sawyx .

2. Q_Ti aRvniSnoT im araindeqsirebuli wveroebis simravle, romlebic

warmoadgenen indeqsis mqone wveroebis asaxvebis gaerTianebas (anu am wveroebSi
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arsebobs indeqsirebuli wveroebidan gza erTi wibos (rkalis) gavliT). yvela Qix 

wverosaTvis gamovTvaloT i maxasiaTeblis mniSvneloba:

sadac minimums veZebT indeqsis mqone yvela jx wveros gaTvaliswinebiT, romlebic ix
wveros ukuasaxvis simravles miekuTvneba. is ix wvero, romelsac Seesabameba

minimaluri i , aRvniSnoT indeqsiT i : iix  )( .

es procedura meordeba manam, sanam indeqsi ar miewereba saboloo wveros sabx .

Tu romelime etapze Q ∅, es niSnavs, rom sawyx da sabx _s Soris gza ar arsebobs

da Sesabamisi manZili usasrulobas udris.

3. umoklesi gzis sigrZe )( sabx indeqsis mniSvnelobis tolia, xolo gza

SeiZleba ganvsazRvroT, Tu sabx _dan sawyx _ken gadavinacvlebiT indeqsebis klebis

mimarTulebiT Semdegi wesis dacviT: ijij dxx  )()(  .

ganvixiloT dancigis algoriTmis muSaoba nax.2_ze naCvenebi orgrafis magaliTze

(araorgrafisaTvis procesi analogiuria). rkalebis zemoT miTiTebuli ricxvi maT

sigrZes aRniSnavs. Tu rkalis sigrZe mTeli ricxvi ar aris, ra Tqma unda, indeqsic

mTeli ar iqneba. indeqsebi miTiTebulia frCxilebSi.

nax.2 dancigis algoriTmiT umoklesi gzis gansazRvra

8x da 7x wveroebs Soris

movZebnoT gza 8x )( sawyx da 7x )( sabx wveroebs Soris.

I biji: 0)( 8 x ;  321 ,, xxxQ  .

gamovTvaloT i _is mniSvnelobebi:

8101 d   0+1=1; 8202 d   0+4=4; 8303 d   0+5=5.
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 maxasiaTeblis minimaluri mniSvneloba 1x wveros aqvs. am wveros min i _is

(1_is) toli indeqsi mivaweroT.

II biji:  432 ,, xxxQ  .

2 min( 820 d )  0+4=4; 3 min( 830 d ) 0+5=5; 4 min( 1(x ) 14d ) 1+1=2 .

4x wveros mivaweroT indeqsi 2.

III biji:  732 ,, xxxQ  .

2 min













424

820
)( d

d
x


min














12

40
3;

3 min( 830 d ) 0+5=5; 7 min( 4(x ) 47d ) 2+2=4 .

2x wveros mivaweroT indeqsi 3.

IV biji:  753 ,, xxxQ  .

3 min













232

830
)( d

d
x


min







 




1
0
3

5
4;

5 min(
252

)( dx  ) 3+2=5; 7 min( 4(x ) 47d ) 2+2=4 .

3x da 7x wveroebs mivaweroT indeqsi 4.

radgan saboloo 7x wveros ukve aqvs indeqsi, procedura damTavrebulia.

umoklesi gzis sigrZe udris oTxs, TviTon gza aris 8x  1x  4x  7x .

qvemoT moyvanilia aRwerili meTodis safuZvelze dawerili programa_funqcia.

programis sawyis monacemebad aRebulia grafis manZilebis matricis (xdmatr)
nairsaxeoba (xdmatr(i, j) udris manZils i da j wveroebs Soris, rodesac arsebobs gza

i_uri wverodan j_ur wveroSi erTi rkalis gavliT, winaaRmdeg SemTxvevaSi _ 0_s) da

agreTve sawyisi da saboloo wveroebis nomrebi (xsawy, xsab).

function [sigrdze_danc gza_danc]=dancigis_algoriTmi(xdmatr,xsawy,xsab)
%   nebismieri sigrZis SeerTebebis mqone grafSi wveroebs Soris
% umoklesi gzis da gzis sigrZis gansazRvra dancigis algoriTmiT
% xdmatr - grafis mandzilebis matrica;
% xsawy - sawyisi wveros nomeri; xsab - saboloo wveros nomeri
% sigrdze_danc - gzis sigrZe; gza_danc - gza;
%
n=length(xdmatr);
if xsawy==xsab

sigrdze_danc=0; gza_danc=[xsawy];
'sawyisi da saboloo wvero emTxveva erTmaneTs'

else
% siawver - indeqsis mqone wveroebis sia
% ind - indeqsebis mniSvnelobebi
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siawver=[xsawy];
ind=length(siawver); ind(xsawy)=0;
% ww cvladi gansaqRvravs, miRweulia Tu ara saboloo wvero:
%   rodesac ww=1, indeqsaciis procesi damTavrebulia
ww=0;
while ww==0

%     indeqsis mqone wveroebTan SeerTebuli
% araindeqsirebuli wveroebis Q veqtoris formireba
Q=[];
for j=1:length(siawver)

vsp=find(xdmatr(siawver(j),:));
for k=1:length(siawver)

vr=vsp(find(vsp~=siawver(k)));
vsp=vr;

end
for k=1:length(Q)

vr=vsp(find(vsp~=Q(k)));
vsp=vr;

end
Q=[Q vsp];

end
if length(Q)==0

'miTiTebul wveroebs Soris gza ar arsebobs'
sigrdze_danc=Inf;
gza_danc=Inf;
return

else
% Q-Si Semavali wveroebisaTvis miu maxasiaTeblis gansazRvra
miu=[];
for i1=1:length(Q)

A=[];
for j1=1:length(siawver)

if xdmatr(siawver(j1),Q(i1))>0
A=[A ind(siawver(j1))+xdmatr(siawver(j1),Q(i1))];

end
end
miu(i1)=min(A);

end
lambda=min(miu);
for i2=1:length(Q)

if miu(i2)==lambda
siawver=[siawver Q(i2)];
ind(Q(i2))=lambda;
if Q(i2)==xsab

ww=1;
end

end
end

end
end
sigrdze_danc=ind(xsab);
% indeqsebis dalageba zrdadobiT da Sesabamisad
% siawver veqtoris mowesrigeba
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[ind siawver]=sort(ind);
% xsawy da xsab Soris gzis gansazRvra
gza_danc=[xsab];
m=length(siawver);
R=xsab;
while R~=xsawy

for k=m-1:-1:1
if ind(m)-ind(k)>0&ind(m)-ind(k)==xdmatr(siawver(k),siawver(m))

gza_danc=[gza_danc siawver(k)];
break

end
end
R=siawver(k);
m=k;

end
m=length(gza_danc);
for i=1:m/2

c=gza_danc(i);
gza_danc(i)=gza_danc(m+1-i);
gza_danc(m+1-i)=c;

end
end

brZanebaTa fanjaraSi SevitanoT nax.2_is Sesabamisi sawyisi informacia da

mivmarToT dancigis_algoriTmi funqcias:
>> X=[0 0 0 1 0 0 0 0;

4 0 1 0 2 0 0 0;
0 0 0 0 0 1 0 0;
0 1 0 0 0 0 2 0;
0 0 2 2 0 0 3 0;
0 0 0 0 1 0 4 0;
0 0 0 0 0 0 0 0;
1 4 5 0 0 0 0 0];

[sigrdze_danc gza_danc]=dancigis_algoriTmi(X,8,7)

miviRebT pasuxs:

sigrdze_danc =
4

gza_danc =
8     1     4     7

me_2 magaliTi asaxavs situacias, rodesac sawyx da sabx wveroebs Soris gza ar

arsebobs (mag., 7x da 8x wveroebs Soris _ ix. nax.2). maSin miRebuli pasuxi iqneba:

ans =
miTiTebul wveroebs Soris gza ar arsebobs
sigrdze_danc =

Inf
gza_danc =

Inf
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danarTi 4

komponirebis amocanis amoxsna maqsimaluri koniunqciis –

minimaluri diziunqciis meTodiT

komponirebis amocanis (sqemis nawilebad gayofis) amoxsnis erT_erT mimdevrobiT

meTods warmoadgens maqsimaluri koniunqciis – minimaluri diziunqciis (maqsimaluri

Siga kavSirebis _ minimaluri gare kavSirebis) meTodi. am meTodiT komponirebisas

sawyisi sqemidan elementebis (modulebis) jgufis gamoyofa xdeba koniunqciis da

diziunqciis operaciebis ganxorcielebiT.

vTqvaT, mocemuli sqema warmodgenilia elementuri kompleqsebisQ matriciT – es

aris mn  ganzomilebis matrica (n _ elementebis (modulebis) raodenobaa, m _

kavSirebis (wredebis) ricxvi), romlis ijq elementi udris 1_s, Tu j_uri wredi

SeerTebulia i_ur elementTan, winaaRmdeg SemTxvevaSi _ 0_s. sqemis gare gamomyvanebs
erT an ramdenime fiqtiur moduls miakuTvneben. moyvanil programaSi fiqtiuri

moduli erTia.

morigi i_uri kvanZis (nawilis) formireba iwyeba sabazo *
iz elementis

arCeviT gaunawilebeli elementebis iZ simravlidan. procesis dasawyisSi yvela

elementi iTvleba gaunawileblad, e.i. gaunawilebeli elementebis simravle EZ i 

(fiqtiuri moduli 1ne E  ).

iZx  elementebisaTvis gamoiTvleba funqcionali

,)( '
1 iZxxL 

romelic gansazRvravs gansaxilveli x elementis kavSirebis raodenobas danarCen

gaunawilebel elementebTan, e.i. elementebTan xZZ ii \'  simravlidan.

sabazo *
iz elementad  iTvleba rigiT pirveli elementi iZ –dan, romlisTvisac

1L funqcionali iRebs maqsimalur mniSvnelobas. *
iz elementi Tavsdeba i_ur kvanZSi,

xolo danarCeni *\i iZ z elementebi gvevlineba iE simravleSi Sesayvan kandidatebad

algoriTmis momdevno bijebze ( iE _ i_uri nawilis elementebis simravlea).

kvanZis momdevno formireba xdeba )(2 xL da )(3 xL funqcionalebis saSualebiT.

vTqvaT, i_ur kvanZSi ukve moTavsebulia elementi:  *, , ,...i i j kE z e e  . )(2 xL

funqcionali moicema mocemuli momentisaTvis gaunawilebeli elementebis 
iZx 
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( \ )i i i ix Z Z Z E    simravleze da gansazRvravs gare gamomyvanebis ricxvs i_uri

kvanZisaTvis, romelic warmoadgens i_ur kvanZs 
iZx  elementis damatebiT:

sadac ''
iZ aris wredebi, romlebic dakavSirebulia 

iZ simravlis elementebTan x

elementis gamoricxviT, xolo }{ 10  neE .

)(3 xL funqcionali moicema gaunawilebeli elementebis 
iZ simravleze im

elementebis gamoricxviT, romlebic ar akmayofileben pirobas kxL )(2 , sadac k _

kvanZis gamomyvanebis, anu nawilis gare kavSirebis, maqsimaluri dasaSvebi raodenobaa.

)(3 xL funqcionali warmoadgens gansaxilveli elementis Siga kavSirebs )(xEi


simravleSi Sesul elementebTan:


iExxL )(3 .

kvanZSi Seva elementi, romelsac 
iE simravlesTan aqvs maqsimaluri koniunqcia,

anu romelsac Seesabameba )(3 xL _is maqsimaluri mniSvneloba. Tu aseTi elementi

ramdenimea, maT Soris amoirCeva is elementi, romlisTvisac )(2 xL Rebulobs

minimalur mniSvnelobas. Tu minimaluri diziunqciis mqone elementic ramdenimea,

amoirCeva minimaluri indeqsis mqone elementi.

kvanZi dasrulebulad iTvleba, Tu kvanZSi elementebis raodenoba mocemuli k
ricxvis tolia anda nebismieri gaunawilebeli elementis ganawileba kvanZSi kvanZis

gare kavSirebis ricxvs zrdis iseT mniSvnelobamde, romelic dasaSveb v
mniSvnelobaze metia.

ganvixiloT algoriTmis realizacia konkretuli magaliTisaTvis. vTqvaT,

mocemulia SeerTebebis sqema Semdegi Q matricis saxiT:
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saWiroa moxdes sqemis komponireba im pirobiT, rom 3k da 5v . amoxsna

moyvanilia cxrilSi.

amgvarad, miviReT Semdegi dayofa:

       5476398324211 ,,,,,,,, eEeeEeeeEeeeE  .

qvemoT moyvanilia maqsimaluri koniunqciis – minimaluri diziunqciis meTodis

safuZvelze dawerili programa_funqcia:

function kv=kompon_mimd(Q, max_el_raod, max_gare_wib)

% komponirebis amocanis amoxsna maqsimaluri koniunqciis -

%        minimaluri diziunqciis meTodiT

% Q - elementuri kompleqsebis matrica; max_el_raod -

% kvanZSi elementebis maqsimaluri raodenoba;

% max_gare_wib - gare kavSirebis maqsimaluri raodenba
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%

[n m]=size(Q);

% Z0 - gaunawilebel elementTa sia

for i=1:n-1

Z0(i)=i;

end

nn=length(Z0);

%  kv - yvela kvanZSi Sesuli elementebis sia

kv=[];

while nn>0

for j=1:max_el_raod

dam(j)=0;

end

kvanZi=[];

L1= L1_gamoTvla(Q,Z0,nn);

[maximal  nom]=max_povna(L1);

kvanZi=[kvanZi  Z0(nom)];

Z0(nom)=[];

nn=nn-1;

for el_raod=2: max_el_raod

[L2 L3]=L2_da_L3_gamoTvla(Q,Z0,kvanZi,nn,max_gare_wib);

fff=0;

for t=1:length(L2)

if L2(t)> max_gare_wib

fff=fff+1;

end

end

if fff==length(L2)

break

else

nom_el=el_moZebna(L2,L3);

kvanZi=[kvanZi  Z0(nom_el)];

Z0(nom_el)=[];

nn=nn-1;

end

end

for j=1:length(kvanZi)

dam(j)=kvanZi(j);

end

kv=[kv;dam];

end

'kvanZebSi elementebis ganawileba:'

%

function L1=L1_gamoTvla(Q,Z0,nn)

% L1-is gamoTvla: L1 - elementis kavSirebis raodenoba danarCen

% gaunawilebel elementebTan

% Z0 - gaunawilebeli elementebis sia

% nn - gaunaWilebeli elementebis raodenoba

%
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[n m]=size(Q);

for t=1:nn

VSP(t,:)=Q(Z0(t),:);

% VSP – damxmare matrica, warmoadgens Q-s, ganawilebuli

%       elementebis striqonebis gamoricxviT

end

L1=zeros(1,nn);

for i=1:nn

Y=VSP; VSP(i,:)=[];

for j=1:m

if Q(Z0(i),j)==1&any(VSP(:,j))==1

L1(i)=L1(i)+1;

end

end

VSP=Y;

end

%

function [maximal nom]=max_povna(A)

% veqtoris maximaluri elementis da misi nomeris povna

n=length(A);

maximal=A(1); nom=1;

for i=1:n

if A(i)>maximal

maximal=A(i); nom=i;

end

end

%

function [L2 L3]=L2_da_L3_gamoTvla(Q,Z0,kvanZi,nn,max_gare_wib)

% L2-is gamoTvla: L2 - gare kavsirebis ricxvi;

% L3-is gamoTvla: L3 - Sida kavsirebis ricxvi; rodesac i-uri

% elementis L2(i)>max_gare_wib, CavTvaloT L3(i)=-1;

%

% Q - elementuri kompleqsebis matrica;

% Z0 - - gaunawilebeli elementebis sia;

% kvanZi - mimdinare kvanzSi Sesuli elementebis sia;

% nn - gaunawilebeli elementebis raodenoba;

% max_gare_wib - kvanZis gare kavsirebis maqsimaluri dasasvebi ricxvi,

[n m]=size(Q);

% VSP-s gamoTvla: VSP – damxmare matrica, warmoadgens Q-s, ganawilebuli

%  elementebis striqonebis gamoricxviT, masSi Sedis fiqtiuri modulic;

% damx-s gamoTvla: damx – damxmare matrica, warmoadgens Q-s striqonebs,

%   romlebic mimdinare kvanZSi ganawilebul elementebs Seesabameba;

% E - yvela elementis sia

for i=1:n

E(i)=i;

end

for i=1:length(kvanZi)

damx(i,:)=Q(kvanZi(i),:);

end
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sia_VSP=simr_gamokleba(E,kvanZi);

for i=1:length(sia_VSP)

VSP(i,:)=Q(sia_VSP(i),:);

end

L2=zeros(1,nn); L3=zeros(1,nn); Y1=VSP;

for i=1:nn

Y=Q(Z0(i),:); Z=damx; damx=[damx;Y];

for j=1:length(sia_VSP)

if Z0(i)==sia_VSP(j)

number=j;

break

end

end

VSP(number,:)=[];

for j=1:m

if any(damx(:,j))==1&any(VSP(:,j))==1

L2(i)=L2(i)+1;

end

end

if L2(i)>max_gare_wib

L3(i)=-1;

else

L3(i)=0;

for j=1:m

if Y(j)==1&any(Z(:,j))==1

L3(i)=L3(i)+1;

end

end

end

VSP=Y1;

damx=Z;

end

%

function nom_el=el_moZebna(L2,L3)

% max L2-is da min L3-is mqone elementis serCeva

n=length(L2);

n1=[];

maxL3=max(L3);

for i=1:n

if L3(i)==max(L3)

n1=[n1 i];

end

end

nom_el=n1(1);

if length (n1)>1

minL2=L2(n1(1)); nom_el=n1(1);

for j=2:length(n1)

if L2(n1(j))<minL2

nom_el=(n1(j));
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end

end

end

%

function  s_gam=simr_gamokleba(A,B)

% A  simravlidan  B simravlis gamokleba

n1=length(A); n2=length(B); s_gam=[];

for  i=1:n1

k=0;

for j=1:n2

if A(i)~=B(j)

k=k+1;

end

end

if k==n2

s_gam=[s_gam  A(i)];

end

end

brZanebaTa fanjridan SevitanoT sawyisi informacia (Q matrica) da mivceT

brZaneba:

>> kv=kompon_mimd(Q, 3, 5)

miviRebT pasuxs:

ans =

kvanZebSi elementebis ganawileba:

kv =

1     2     4

3     9     8

6     7 0

5     0     0

>> kv=kompon_mimd (Q, 5, 9) brZanebis SemTxvevaSi miRebuli pasuxi iqneba:

ans =

kvanZebSi elementebis ganawileba:

kv =

1     2     4     5     3

6     7     8     9     0

aRvniSnoT, rom max_povna qvefunqciis dawera ar aris aucilebeli, radgan

MATLAB_s aqvs Sesabamisi CaSenebuli funqcia.
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danarTi 5

sakomutacio velze elementebis ganlagebis amocanis amoxsna

bmulobis mixedviT _ sawyisi ganlagebis miReba

ganlagebis amocana mdgomareobs sibrtyeze elementebis optimaluri

mdgomareobis SerCevaSi. saerTo jamSi ganlagebis amocana SeiZleba Camoyalibdes

Semdegnairad: samontaJo sivrceSi mocemulia are, romelic iyofa poziciebis

simravled },...,{ 21 qpppP  , romelTa ricxvi gansalagebeli elementebis ricxvze

naklebi ar unda iyos. cxadia, rom yvela elementi daikavebs  mxolod erT pozicias

(dasamagrebel adgils), romelTa adgilmdebareoba aRwerilia koordinatTa

matricis saxiT. elementebis arsebuli simravle },...,{ 21 neeeE  , romelTa erTmaneTTan

dakavSireba asaxulia momijnaveobis R matriciT (momijnaveobis matricis ijr elementi

i_uri da j_uri elementebs Soris kavSirebis raodenobis tolia), unda aisaxos P
simravleSi ise, rom uzrunvelyofili iqnas arCeuli miznobrivi funqciis eqstremumi.

ganlagebis amocanis optimalurobis mTavari kriteriumia SeerTebebis sigrZeebis

jamis minimizacia, romelic iTvaliswinebs elementebis ganlagebisa da maTi

SeerTebebis trasirebisadmi wayenebul mravalricxovan moTxovnas.

manZili dasamagrebel adgilebs Soris gamoiTvleba evklidur an orTogonalur

metrikaSi:

22 )()( jijiij yyxxd 

an

|||| jijiij yyxxd  .

sawyisi ganlagebis misaRebad gamoviyenoT elementebis bmulobis mixedviT

amocanis amoxsnis meTodi, romelic miekuTvneba mimdevrobiTi algoriTmebis jgufs.

sawyisi ganlagebis miRebis procesi warmoadgens gadawyvetilebebis miRebis bijur

process, romlis TiToeul bijze xdeba erT_erTi Tavisufali elementis arCeva da

misi ganlageba Tavisufal poziciaze.

vTqvaT, kE aris im elementebis simravle, romlebic ganlagebulia k_ur

bijamde, xolo kP – am elementebis poziciebis simravle. kE da kP aris Sesabamisad

Tavisufali elementebisa da Tavisufali poziciebis simravle.

k_uri bijis dawyebamde SeiZleba adgili hqondes or situacias:

1. ar gvaqvs adre ganlagebuli an winaswar romelime poziciaze damagrebuli

elementebi;

2. gvaqvs winaswar romelime poziciebze dafiqsirebuli elementebi.
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Tu sakomutacio velze ar aris arc erTi adre ganlagebuli an winaswar

damagrebuli elementi, gamoiTvleba TiToeuli elementis SeerTebebis jamuri ricxvi.

sakomutacio velis centralur poziciaze ganlagdeba elementi, romlis SeerTebebis

jami udidesia. centralur poziciad iTvleba minimaluri daSorebis mqone pozicia,

e.i. iseTi, romlisTvisac 
i

ijj dl maxasiaTeblis mniSvneloba minimaluria. aქ ijd

manZilia ip da jp poziciebs Soris. aRvniSnoT, rom jl SeiZleba agreTve

gamovTvaloT, rogorc iji
dmax .

ganvixiloT meore situacia. elementis arCevis nebismieri wesi emyareba misi

kavSirebis gamoTvlas ukve ganlagebul elementebTan. qvemoT moyvanil programaSi

TiToeuli Tavisufali kj Ee  elementisaTvis gamoTvlilia jc maxasiaTebeli,

romelic warmoadgens gansaxilveli kj Ee  elementis ukve ganawilebul ki Ee 

elementebTan kavSirebis maqsimalur raodenobas:

sadac ijr _ ie da je elementebs Soris kavSirebis raodenobaa ( jc maxasiaTebeli

SeiZleba agreTve gamoiTvalos rogorc Tavisufali elementis ukve ganawilebul

elementebTan jamuri kavSirebis ricxvi). morig bijze xdeba im elementis arCeva,

romlisTvisac jc maqsimaluria.

ganlagebisTvis amorCeuli
0ie elementi unda moTavsdes erT_erT Tavisufal

poziciaze kP simravlidan. poziciis SerCeva xdeba SeerTebebis jamuri sigrZis

gaTvaliswinebiT. kerZod, poziciis SesarCevad yvela kj Pp  _Tvis gamoiTvleba e.w.

fsevdosigrZe:

sadac jep i )(
0

. am formuliT gamoTvlili fsevdosigrZe warmoadgens
0ie

elementis im kavSirebis jamur sigrZes, romlebic
0ie _s aerTeben sakomutacio velze

ukve moTavsebul elementebTan. airCeva is pozicia, romlisTvisac jF minimaluria.

magaliTi:

mocemulia 6_adgiliani sakomutacio veli (nax.1a), romelzec unda movaTavsoT 6

elementi. 3 moduli ( 2e , 3e , 6e ) ukve ganlagebulia Sesabamisad 1p , 3p da 4p
poziciaze. es informacia miewodeba programas ukve ganlagebuli elementebis da

dakavebuli poziciebis veqtorebis meSveobiT.
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Nnax.1

elementebs Soris kavSirebi warmodgenilia momijnaveobis matriciT, xolo

sakomutacio veli _ dasamagrebeli adgilebis koordinatebis X da Y veqtorebiT (X =

1 2 3 1 2 3; Y = 2 2 2 1 1 1), romelTa safuZvelzedac Sedgenilia orTogonalur

metrikaSi gamoTvlili poziciebs Soris manZilebis matrica:

amoxsna moyvanilia cxrilSi, xolo miRebuli ganlageba – nax.1b_ze.

qvemoT moyvanilia aRwerili meTodis safuZvelze dawerili programa_funqcia:
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function P_gan=ganlag_bmul(mom,coord,gan_el,dak_poz)

% sakomutacio velze elementebis ganlageba

%          bmulobis mixedviT

%

% mom - momijnaveobis matrica,

% coord - adgilebis koordinatebis matrica,

% gan_el - ukve ganlagebuli elementebis sia,

% dak_poz - dakavebuli poziciebis sia,

% P_gan - miRebuli ganlageba: 1-li striqoni Seesabameba

%       elementebs, me-2 - poziciebs

%

q=length(coord);

for i=1:q

for j=1:q

mandz_adg(i,j)=abs(coord(1,i)-coord(1,j))...

+abs(coord(2,i)-coord(2,j));

end

end

n=length(mom); k=length(gan_el);

if k==0

for i=1:n

b(i)=0;

for j=1:n

b(i)=b(i)+mom(i,j);

end

end

nom=max_povna(b);

gan_el=[gan_el  nom];

for i=1:q

dash(i)=0;

for j=1:q

dash(i)=dash(i)+mandz_adg(i,j);

end

end

nomeri=min_povna(dash);

dak_poz=[dak_poz  nomeri];

k=k+1;

end

% E - yvela elementis, P - yvela poziciis siebi

for i=1:n

E(i)=i;

end

for i=1:q

P(i)=i;

end

Tav_el=simr_gamokleba(E,gan_el);

Tav_poz=simr_gamokleba(P,dak_poz);

mm=n-k;

nn=q-k;
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while mm>=1

c=[];

for j=1:mm

c(j)=-1;

for i=1:k

if mom(gan_el(i),Tav_el(j))>c(j)

c(j)=mom(gan_el(i),Tav_el(j));

end

end

end

nom=max_povna(c);

gan_el=[gan_el Tav_el(nom)];

% fsevdosigrZeebis gamoTvla

F=[];

for j=1:nn

F(j)=0;

for i=1:k

F(j)=F(j)+mom(Tav_el(nom),gan_el(i))*mandz_adg(Tav_poz(j),dak_poz(i));

end

end

nomeri=min_povna(F);

dak_poz=[dak_poz  Tav_poz(nomeri)];

mm=mm-1; nn=nn-1; k=k+1;

Tav_el=simr_gamokleba(Tav_el,Tav_el(nom));

Tav_poz=simr_gamokleba(Tav_poz,Tav_poz(nomeri));

end

P_gan=[gan_el;dak_poz];

%

function nom=max_povna(A)

% veqtoris maximaluri elementis nomris povna

n=length(A);

maximal=A(1);

nom=1;

for i=1:n

if A(i)>maximal

maximal=A(i); nom=i;

end

end

%

function nomeri=min_povna(A)

% veqtoris minimaluri dadebiTi elementis nomris povna

n=length(A);

minimal=A(1);

nomeri=1;

for i=1:n

if A(i)>0&A(i)<minimal

minimal=A(i); nomeri=i;

end

end
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%

function  s_gam=simr_gamokleba(A,B)

%  A  simravlidan  B simravlis gamokleba

n1=length(A); n2=length(B); s_gam=[];

for  i=1:n1

k=0;

for j=1:n2

if A(i)~=B(j)

k=k+1;

end

end

if k==n2

s_gam=[s_gam  A(i)];

end

end

brZanebaTa fanjaraSi SevitanoT sawyisi informacia da mivmarToT funqcias:

>> R=[0 1 2 1 0 0;
>> 1 0 1 3 0 0;
>> 2 1 0 1 1 1;
>> 1 3 1 0 1 1;
>> 0 0 1 1 0 0;
>> 0 0 1 1 0 0];
>> coord=[1 2 3 1 2 3;2 2 2 1 1 1];
>> gan_el=[2 3 6]; dak_poz=[1 3 4];
>> P_gan=ganlag_bmul(R,coord,gan_el,dak_poz)

pasuxi warmoadgens matricas, romlis pirvel striqonSi naCvenebia elementebis

nomrebi, meoreSi _ Sesabamisi poziciebi:

P_gan =

2     3     6     4     1     5

1     3     4     2     5     6

pasuxidan naTlad Cans misi sruli identuroba zemoT moyvanil cxrilTan.

meore magaliTi asaxavs situacias, rodesac winaswar ar aris ganlagebuli arc

erTi moduli:

>> R=[0 1 2 0 0;1 0 0 1 1;2 0 0 0 1;0 1 0 0 2;0 1 1 2 0];
>> coord=[1 3 2 1 3;3 3 2 1 1];
>> El=[]; poz=[];
>> P_gan=ganlag_bmul(R,coord,El,poz)

miRebuli pasuxia:

P_gan =

5     4     2     1     3

3     1     2     5     4
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nax.2_ze naCvenebia sakomutacio veli masze ganlagebuli elementebiT, romelTa

adgilmdebareoba Seesabameba miRebul pasuxs.

mesame magaliTSic arc erTi moduli winaswar ar aris ganlagebuli. amis garda,

aq dasamagrebeli poziciebis raodenoba elementebis raodenobaze metia. imisaTvis,

rom pasuxis gamotana moxdes elementebis nomrebis zrdadobis Sesabamisad, ZiriTadi

programis bolo operatoris nacvlad Setanilia operatorebi:

% poziciebis sortireba elementebis nomrebis zrdadobis Sesabamisad

vvv=dak_poz;

for i=1:n

for j=1:n

if E(i)==gan_el(j)

dak_poz(i)=vvv(j);

break

end

end

end

P_gan=[E;dak_poz];

brZanebaTa fanjaraSi SevitanoT sawyisi informacia da mivmarToT funqcias:

>> R=[0 1 1 0 2;
>> 1 0 0 0 3;
>> 1 0 0 1 0;
>> 0 0 1 0 1;
>> 2 3 0 1 0];
>> coord=[1 2 3 1 2 3; 2 2 2 1 1 1];
>> El=[]; poz=[];
>> P_gan=ganlag_bmul(R,coord,El,poz)

miRebuli pasuxia (nax.3):

P_gan =
1 2 3 4 5

3 1 6 5 2
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danarTi 6

sakomutacio velze elementebis ganlagebis amocanis amoxsna

wyvil_wyvili gadaadgilebis meTodiT

wyvil_wyvili gadaadgilebis meTodi miekuTvneba iteraciul algoriTmTa jgufs.

rogorc wesi, am meTodiT sargebloben erTnairgabaritebiani modulebis sakomutacio

velze ganlagebisas.

davuSvaT, rom informacia sqemis elementebs Soris kavSirebis Sesaxeb moicema

momijnaveobis R matriciT, xolo sakomutacio velis geometriuli parametrebis

Sesaxeb _ dasamagrebeli adgilebis koordinatebiT, romelTa safuZvelzedac xdeba

dasamagrebel adgilebs Soris manZilebis matricis Sedgena. manZili dasamagrebel

adgilebs Soris gamoiTvleba orTogonalur metrikaSi. elementebis sawyisi

ganlagebis Sesaxeb informacia moicema P veqtoriT, romlis jpi  elementi

gviCvenebs, rom j–ur adgilze ganlagebulia ie elementi. zogjer saWiroa ganlagebis

sawyis variantSi zogierTi elementis dafiqsireba. amisaTvis SemoRebulia fiqsaciis

F veqtori, romlis elementi 1if , Tu ie veqtori miTiTebul adgilzea damagrebuli.

Tu ie ar aris dafiqsirebuli da SeuZlia monawileobis miReba gadaadgilebaSi, maSin

0if .

optimalurobis kriteriumia SeerTebebis sigrZeebis jamis minimizacia.

SeerTebebis jamuri sigrZe gamoiTvleba formuliT:

sadac )( iep , )( jep _ sakomutacio velze ie da je elementebis poziciebi, xolo

)()( ji epepd _ manZili am elementebs Soris.

aRvweroT wyvil_wyvili gadaadgilebis meTodiT ganlagebis algoriTmis sqema:

1. sawyisi monacemebisaTvis orTogonalur metrikaSi manZilebis matricis da

L _ SeerTebebis jamuri sigrZis gamoTvla;

2. 1it (it cvladis am mniSvnelobisaTvis sruldeba morigi iteracia);

3. iteraciis dasawyisi. 0it (es miniWeba saWiroa imisaTvis, rom optimaluri

ganlagebis miRebisas ar Sesruldes Semdegi iteracia da procesi Sewydes);

4. ganlagebis sawyis variantSi i da modulebis wyvilis ( 1,1  ni ; nij ,1 )

adgilebis urTierTgacvla da gacvlis Sedegad miRebuli SeerTebebis

jamuri sigrZis ijL _is gamoTvla. (cxadia, i da modulebi ar unda iyos

dafiqsirebuli).



125

5. yvela SesaZlo gadaadgilebis Sedegad qe da we modulebis wyvilis

gansazRvra, romelTa adgilebis urTierTgacvla iZleva miznobrivi

funqciis minimums. qe da we modulebis gadaadgileba, amasTan, qwLL  ,

1it (Tu modulebis aseTi wyvili ar arsebobs, it rCeba 0_is toli);

6. mimdinare iteraciis dasasruli: Tu 1it , gadasvla me_3 bijze _ Semdegi

iteraciis Sesrulebaze; Tu 0it (iteraciis Sedegia: ar arsebobs

modulebis wyvili, romelTa gadaadgilebiT xdeba SeerTebebis jamuri

sigrZis minimizacia), algoriTmi amTavrebs muSaobas.

aRweril algoriTmSi dasamagrebeli poziciebis raodenoba elementebis

raodenobis tolia.

magaliTi:

nax.1_ze moyvanilia 6_poziciani sakomutacio veli masze ganlagebuli

elementebiT.

sawyisi informaciaa:

 momijnaveobis R matrica;

 sakomutacio velis Sesabamisi koordinatTa coord matrica: matricis

pirveli striqoni Seesabameba dasamagrebeli adgilebis abscisebs, meore _

ordinatebs;

 elementTa sawyisi ganlagebis P veqtori;

 elementTa adgilmdebareobis fiqsaciis F veqtori.

Nnax.1

P = | 1 4 6 3 2 5 |   (1_li elementi 1_l poziciaze, me_2 _ me_4_ze da a.S);

F = | 1 0 0 1 0 1 | (dafiqsirebulia 1_li, me_4 da me_6 elementebis poziciebi).

cxrilSi moyvanilia amocanis amoxsnis msvleloba:
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saboloo ganlagebaa P = | 1 2 4 3 6 5 |, romlis dros L = 19.
qvemoT moyvanilia aRwerili algoriTmis safuZvelze dawerili

programa_funqcia:

function [Popt,kavsh_sigrZe]=ganlag_iter(mom,coord,Psawy,fixir)

% sakomutacio velze elementebis ganlageba

% wyvil-wyvili gadaadgilebis meTodiT

%

% mom - momijnaveobis matrica,

% coord - adgilebis koordinatebis matrica,

% Psawy - sawyisi ganlagebis veqtori,

% fixir - fiqsaciis veqtori

%

n=length(coord);

for i=1:n

for j=1:n

mandz_adg(i,j)=abs(coord(1,i)-coord(1,j))+abs(coord(2,i)-coord(2,j));

end

end

it=1;

P=Psawy;

kavsh_sigrZe=sig(mom,mandz_adg,Psawy,n);

while it==1

it=0;

for i=1:n-1

if fixir(i)==0

for j=i+1:n

if fixir(j)==0

P1=P;

z=P1(i);

P1(i)=P1(j);
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P1(j)=z;

kavsh_sigrZe_axali=sig(mom,mandz_adg,P1,n);

if kavsh_sigrZe_axali<kavsh_sigrZe

kavsh_sigrZe=kavsh_sigrZe_axali;

q=i;

w=j;

it=1;

end

end

end

end

end

if it==1

z=P(q);

P(q)=P(w);

P(w)=z;

end

end

Popt=P;

%

function L=sig(A,D,P,n)

%       SeerTebaTa sigrZis gamoTvla

% A da D - momijnaveobis da manZilis matricebi,

% P - ganlagebis veqtori, n - elementTa raodenobaa

L=0;

for i=1:n-1

for j=i+1:n

L=L+A(i,j)*D(P(i),P(j));

end

end

brZanebaTa fanjaraSi SevitanoT informacia, romelic nax.1_s Seesabameba.

miviRebT Sedegs:

Popt =
1     2     4     3     6     5

kavsh_sigrZe =

19

me_2 magaliTi:

brZanebaTa fanjaraSi SevitanoT Semdegi sawyisi informacia da mivmarToT

ganlag_iter funqcias:

>> mom=[0 1 2 3 4 1 2 3 3 2 1 1; 1 0 2 3 3 1 2 1 3 1 0 1; 2 2 0 1 1 3 1 0 3 1 0 3; 3 3 1 0 1 1 2 2 1 1 2 1;...

4 3 1 1 0 1 1 1 2 2 1 2; 1 1 3 1 1 0 1 2 3 1 3 1; 2 2 1 2 1 1 0 4 2 0 0 1; 3 1 0 2 1 2 4 0 2 2 2 2;...

3 3 3 1 2 3 2 2 0 1 1 2; 2 1 1 1 2 1 0 2 1 0 1 1; 1 0 0 2 1 3 0 2 1 1 0 2; 1 1 3 1 2 1 1 2 2 1 2 0];

>> coord=[1 4 7 10 1 4 7 10 1 4 7 10; 5 5 5 5 3 3 3 3 1 1 1 1];
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>> Psawy=[11 2 8 5 12 1 9 3 6 4 7 10];

>> fixir=[0 1 0 0 1 0 0 0 0 0 1 0];

>> [Popt,kavsh_sigrZe]=ganlag_iter(mom,coord,Psawy,fixir)

miviRebT pasuxs:

Popt =

11     2     5     3    12     1     4     8     6     9     7    10

kavsh_sigrZe =

592

Tu programaSi gaviTvaliswinebT yoveli iteraciis Semdeg Sualeduri

monacemebis ekranze gamotanas, davinaxavT, rom optimaluri ganlagebis misaRebad

dasWirda 5 iteracia (cxadia, igive sawyisi monacemebisaTvis). qvemoT moyvanilia

yoveli iteraciis dasawyisSi arsebuli ganlagebis veqtori da kavSirebis sigrZe:

1) P =    11     2     8     5    12     1 9     3     6     4     7 10 ,
kavsh_sigrZe =   649;

2) P =    11     2     5     8    12     1     9     3     6 4 7 10 ,
kavsh_sigrZe = 616;

3) P =    11     2     5     8    12     1     4     3     6     9     7 10 ,
kavsh_sigrZe =  603;

4) P =    11     2     5     3    12 1     4     8     6     9     7 10 ,
kavsh_sigrZe = 598;

5) P =    11     2     1     3    12     5     4     8     6     9     7 10 ,
kavsh_sigrZe =   592.

saboloo pasuxia: Popt =    11     2     1     3    12     5     4     8     6 9     7    10,
kavsh_sigrZe =   592.
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danarTi 7

gamtarebis trasireba lis algoriTmiT

calkeuli gamtarebis trasirebis yvelaze gavrcelebul algoriTms warmoadgens

talRuri algoriTmi (lis algoriTmi), romelsac mravalricxovani modifikacia

gaaCnia. ganvixiloT lis algoriTmis arsi.

sakomutacio veli davyoT marTkuTxa badis ujredebad, rogorc es naCvenebia

nax.1,a_ze. aq A da B SemaerTebeli kontaqtebia, xolo daStrixulia platis

`akrZaluri~ ujredebi, sadac trasis gatareba ar SeiZleba.

procesi iwyeba sawyis wertilad nebismieri am ori kontaqtis arCeviT. avirCioT,

mag., A kontaqti. TiToeul cariel ujredSi, romelic uSualod esazRvreba

(horizontalurad an vertikalurad) A kontaqtis ujreds, iwereba cifri 1. Semdeg

yvela cariel ujredSi, romelic esazRvreba 1 indeqsis mqone ujredebs, iwereba

cifri 2. igive principiT iwereba cifrebi 3, 4 da a. S. ujredebis danomvris

(indeqsaciis) procesi grZeldeba an miznis _ B ujredis miRwevamde, an yvela SesaZlo

gzis blokirebis aRmoCenamde (k_ur bijze ar aRmoCndeba (k_1)-nomriani ujredebis

mosazRvre carieli ujredebi). nax.1,b_ze naCvenebia sakomutacio veli misi ujredebis

danomvris Semdeg. B ujredis indeqsi A_sa da B_s Soris umoklesi gzis sigrZis

tolia.

nax.1

imisaTvis, rom movZebnoT ujredebi, romlebzedac gaivlis trasa, B ujredi unda

SevaerToT ujredTan, romlis nomeri B ujredis indeqsze 1_iT naklebia, anu

ujredTan indeqsiT 12, ujredi 12 _ ujred 11_Tan da a.S., sanam ar mivaRwevT A
ujreds. nax.1,b_ze isrebiT naCvenebia miRebuli trasa.

im SemTxvevaSi, rodesac k indeqsis mqone ujreds ramdenime (k_1)-nomriani ujredi

esazRvreba, saWiroa maT Soris erT_erTis arCeva. Teoriulad alternatiuli
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ujredebidan nebismieris arCeva SeiZleba. magram praqtikaSi, trasis moxvevaTa

ricxvis Semcirebis mizniT, rekomendirebulia wina mimarTulebis SenarCuneba.

Tu wina mimarTulebis Secvla aucilebelia an, rogorc es aris trasis

gansazRvris procesis dasawyisSi, wina mimarTuleba jer ar arsebobs, gamoiyeneba e.w.

`kompasis wesi~, romlis mixedviTac mimarTulebebs aseTi prioritetebi gaaCniaT:

CrdiloeTi _ aRmosavleTi _ dasavleTi _ samxreTi. prioritetebis siaSi

mimarTulebebis mimdevroba pirobiTia. mTavaria, davicvaT erTxel arCeuli wesi, raTa

miviRoT gamtarebis `budisebri~ ganlageba, romelic trasirebisaTvis yvelaze

xelsayrel pirobebs qmnis.

qvemoT moyvanilia aRwerili algoriTmis safuZvelze dawerili

programa_funqcia:

function  [sigrdze coord_tras]=tras_Li(plata,A,B)
% trasis koordinatebis gansazRvra
% plata – platis aRmweri matrica;
% A da B –trasis sawyisi da bolo wertilebi
%
[n m]=size(plata);
[index sigrdze zzz]=indeqsacia(plata,A,B,n,m);
if zzz==0

'am monacemebisaTvis gza A-dan B-mde beWduri montaJiT ver Sesruldeba'
return

end
coord=B; mimd=B;
% mimd – mimdinare gansahilveli ujredebis CamonaTvali
win_mim=0;
% win_mim – wina mimarTulebis cvladia: 1 – chrdiloeTi; 2 – aRmosavleTi;
%   3 – dasavleTi; 4 – samxreTi; 0 – wina mimarTulebis ararseboba
for i=sigrdze-1 :-1:1

k=zeros(4,1);
%    k – veqtori, romelic aCvenebs  mimdinare etapze
%        trasis SesaZlo  mimarTulebebs

ujr=zeros(4,2);
% ujr – matrica, romelSic Sedis ujredebi – trasis kandidatebi
% zeda wveros Semowbeba

if  mimd(1)-1>=1&index(mimd(1)-1,mimd(2))==i
ujr(1,:)=[mimd(1)-1  mimd(2)];
k(1)=1;

end
% marjvena wveros Semowbeba

if mimd(2)+1<=m&index(mimd(1),mimd(2)+1)==i
ujr(2,:)=[mimd(1)  mimd(2)+1];
k(2)=1;

end
% marcxena wveros Semowbeba

if mimd(2)-1>=1&index(mimd(1),mimd(2)-1)==i
ujr(3,:)=[mimd(1)  mimd(2)-1];
k(3)=1;

end
% qveda wveros Semowbeba
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if mimd(1)+1<=n&index(mimd(1)+1,mimd(2))==i
ujr(4,:)=[mimd(1)+1  mimd(2)];
k(4)=1;

end
zz=0;

% wina mimarTulebis wesis realizacia
% zz=1, Tu moxerxda wina mimarTulebis SenarCuneba,
%        winaaRmdeg SemTxvevashi zz=0

if win_mim~=0
zz=0;
for  j=1:4

if  win_mim==j&k(j)==1
mimd=ujr(j,:); zz=1;

end
end

end
if win_mim==0|zz==0

% kompasis wesis realizacia
for  j=1:4

if  k(j)==1
mimd=ujr(j,:); win_mim=j;
zz=0;
break

end
end

end
coord=[coord;mimd];
end
coord=[coord;A];
coord=coord';
% grafikis ageba da trasis ujredebis adgilmdebareobis gadaangariSeba
%        dekartis sakoordinato sistemis Tanaxmad
X=[0 0 m+1 m+1 0];
Y=[0 n+1 n+1 0 0];
plot(X,Y,'k','LineWidth',3)
hold on
for i=1:n

for j=1:m
if plata(i,j)==-1

plot([j],[n+1-i],'ks','LineWidth',7)
end

end
end
grid on
X=coord(1,:); Y=coord(2,:);
for i=1:sigrdze+1

w=X(i);
X(i)=Y(i);
Y(i)=n+1-w;

end
plot(X,Y,'r*')
coord_tras=[X;Y];
%
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function [index sigrdze zzz]=indeqsacia(plata,A,B,n,m)
% ujredebis indeqsacia
%
index=plata;
sigrdze=0;
sia=A;
% sia – mimdinare indeqsis (sigrZis) mqone ujredebis CamonaTvali
zzz=1;
mm=1;
index(A(1),A(2))=-1;
while zzz==1
% cikli grZeldeba saboloo B wertilis miRwevamde
% an yvela SesaZlo gzis blokirebis aRmochenamde;

sigrdze=sigrdze+1;
dam=[];

% dam – ujredebis CamonaTvali, romlebsac ciklshi miewereba indeqsi
for k=1:mm

% zeda wveros indeqsacia
if sia(k,1)-1>=1&index(sia(k,1)-1,sia(k,2))==0

index(sia(k,1)-1,sia(k,2))=sigrdze;
ujr=[sia(k,1)-1,sia(k,2)];
if ujr==B

index(A(1),A(2))=0;
return

end
dam=[dam; ujr];

end
% marjvena wveros indeqsacia
if sia(k,2)+1<=m&index(sia(k,1),sia(k,2)+1)==0

index(sia(k,1),sia(k,2)+1)=sigrdze;
ujr=[sia(k,1),sia(k,2)+1];
if ujr==B

index(A(1),A(2))=0;
return

end
dam=[dam;ujr];

end
% marcxena wveros indeqsacia
if sia(k,2)-1>=1&index(sia(k,1),sia(k,2)-1)==0

index(sia(k,1),sia(k,2)-1)=sigrdze;
ujr=[sia(k,1),sia(k,2)-1];
if ujr==B

index(A(1),A(2))=0;
return

end
dam=[dam; ujr];

end
% qveda wveros indeqsacia
if sia(k,1)+1<=n&index(sia(k,1)+1,sia(k,2))==0

index(sia(k,1)+1,sia(k,2))=sigrdze;
ujr=[sia(k,1)+1,sia(k,2)];
if ujr==B

index(A(1),A(2))=0;
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return
end
dam=[dam;ujr];

end
end
if size(dam)==0

zzz=0;
end
sia=dam;
[mm nn]=size(sia);

end

brZanebaTa fanjaraSi SevitanoT informacia, romelic nax.1,a_s Seesabameba.

aRvniSnoT, rom platis aRwera gaTvaliswinebulia matricis saxiT. informacia

Caiwereba TanmimdevrobiT (striqonebad) yvela horizontalis gaswvriv zevidan qveviT:

dakavebul ujredebs Seesabameba -1, xolo Tavisufals _ 0. A ujredi imyofeba me_3

striqonis da me_3 svetis, xolo B _ me_6 striqonis da me_11 svetis gadakveTaze.

>> P=[0 0 0 0 0 0 0 0 0 0 0 0;
0 0 0 0 0 0 -1 0 0 0 0 0;

0 0 0 0-1 0 -1 0  0  0 -1 -1;
-1 -1 0 0 -1 0 0 0 0 0 0 0;
0 0 0 0 -1  0 -1 -1 -1 -1 0  0;
0 0 -1 -1 -1 0 0 0 -1 0 0 0;
0 0 0 -1 0 0 0 0 0 0 0 0;
-1 -1 0 0 0 0 -1 0 0 0 -1 0;
-1 0 0 0 0 0 -1 0 0 -1 -1 0;
0 0 0 0 0 0 -1 0 0 0 -1 -1];

>> A=[3 3];  B=[6 11];

mivmarToT tras_Li funqcias:

>> [sigrdze coord_tras]=tras_Li(P,A,B)

Sedegad miviRebT trasis sigrZes da TviT trasas. aRvniSnoT, rom trasis

ujredebis adgilmdebareoba gadaangariSebulia dekartis sakoordinato sistemis

Tanaxmad. coord_tras matricis pirvel striqonSi moyvanilia trasis ujredebis x
koordinatebi B_dan AA_mde, meoreSi – Sesabamisi y koordinatebi. gaTvaliswinebulia

agreTve platis naxazis ageba da masze trasis Cveneba (nax.2).

sigrdze =
13

coord_tras =
11    11    11    10     9     8     7     6     6     6     5     4     3     3
5      6      7      7      7     7     7     7     8     9     9     9     9     8
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me_2 magaliTi (miRebulia nax.3):

>> P=[0 0 0 -1 0 0 0 0 0 0 0 0 0;
0 0 0 0 0 0 0 0 0 0 0 0 0;
0 0 0 0 0 0 0 0 0 0 0 0 0;
-1 -1 0 0 0 0 -1 0 0 0 0 0 0;

0 0 0 0 0 0 -1 0 0 0 0 0 0;
0 0 0 0 0 0 -1 -1 0 0 -1 -1 0;
0 0 0 0 0 0 0 0 0 0 -1 -1 0;
0 0 0 0 0 0 0 0 0 0 0 0 0;
0 0 -1 -1 -1 0 0 0 -1 -1 -1 0 0;
0 0 0 0 -1 0 0 0 0 0 -1 0 0 ;
0 0 0 0 0 0 0 0 0 0 0 0 0;
0 0 0 0 0 0 0 0 0 0 0 0 0];
>> A=[5 4]; B=[10 12];
>> [sigrdze coord_tras]=tras_Li(P,A,B)
sigrdze =

13
coord_tras =

12 12    12    11    10     9     8     7     6     5     4     4     4     4
3      4     5      5      5      5     5     5     5     5     5     6     7     8

me_3 magaliTi:

am magaliTSi asaxulia situacia, rodesac A daBB kontaqtebis SeerTeba beWduri

montaJiT SeuZlebelia (nax.4).'

>> S=[0  0 0 -1  0  0;
0  0 -1 -1 0 0;
0 0 0 -1  0  0;

-1 0 -1  0  0  0;
0 -1  0  0  0 0;
0  0  0  0 0 0];

>> A=[2 2];
>> B=[5 5];
>> [L c]=tras_Li(S,A,B)
ans =
am monacemebisaTvis gza A-dan B-mde beWduri montaJiT ver Sesruldeba

moyvanili pasuxis garda, gamotanili iqneba Setyobineba Secdomaze, radgan

amisTana SemTxvevaSi, rodesac gza ar arsebobs, bunebrivia, SeuZlebelia trasis

sigrZisa da misi ujredebis adgilmdebareobis gansazRvra.
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