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I Tavi

algoriTmizacia

1.1. algoriTmis cneba

programirebis procesSi umTavresia amocanis

amoxsnis algoriTmis SemuSaveba. algoriTmizacia

kompiuterze amocanis amoxsnis etapebidan erT-erT rTul

etaps SeiZleba mivakuTvnoT.

nebismieri amocanis gadawyveta gulisxmobs

garkveuli moqmedebebis Sesrulebas. moqmedebaTa sasrul

mimdevrobas, romlis zustad Sesrulebis SemTxvevaSi

aRweven winaswar dasaxul mizans, algoriTmi ewodeba.

algoriTmis mkacri ganmarteba ar arsebobs. SeiZleba

iTqvas, rom es algoriTmis arsis axsnis mxolod

mcdelobaa.

adamians yoveldRiurad uxdeba raRac wesebis

mimdevrobis dacva, Seasrulos sxvadasxva instruqciebi

an miTiTebebi. magaliTad, gadasasvlelze roca

gadavdivarT SuqniSnis gareSe, jer unda gavixedoT

marcxniv, Tu manqanebi ar moZraoben gadavkveToT naxevari

gza, xolo Tu manqanebi moZraoben davelodoT gzis

ganTavisuflebas da gadavkveToT quCa Suaxazamde. Semdeg

gavixedoT marjvniv, Tu manqanebi ar aris gadavideT

bolomde, xolo Tu manqanebi  moZraoben, davelodoT

gzis ganTavisuflebas da gadavkveToT quCa bolomde.
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maTematikaSi msgavsi amocanebs amosaxsnelad gamoiyeneba

gansazRvruli wesebi, romlebic aRweren moqmedebaTa

mimdevrobas. magaliTad, wiladi ricxvebis Sekrebis wesi,

kvadratuli gantolebis amoxsnis wesi da a.S. nebismieri

instruqcia da wesi moicavs moqmedebebs, romlebic unda

Sesruldes gansazRvruli mimdevrobiT. amocanis

amosaxsnelad unda vicodeT: ra aris mocemuli, ra unda

miviRoT, ra moqmedebebi da ra mimdevrobiT unda

Sesruldes. moqmedebaTa mimdevroba, romlis daniSnulebaa

saZiebo Sedegis miReba, aris swored algoriTmi.

`algoriTmi~, rogorc cneba, warmoiSva udidesi

Suaazieli maTematikosis saxelis laTinuri formidan:

muhamed ibn musa al-xorezmi (Alhorithmi), romelic

cxovrobda 783-850 wlebSi. Tavis wignSi man aRwera

naturaluri ricxvebis Caweris wesebi arabuli cifrebiT

da maTze moqmedebebi `qveSmiweriT~. XII saukuneSi es

wigni iTargmna laTinurad da farTod gavrcelda

evropaSi.

algoriTmis cneba iTvleba erT-erT mniSvnelovan

cnebad ara marto maTematikaSi, aramed, Tanamedrove

mecnierebaSi. ufro metic, Tanamedrove informatizaciis

eraSi algoriTmebi gadaiqca civilizaciis erT-erT

umniSvnelovanes faqtorad.

algoriTmis Semsrulebeli - es aris raRac abstraq-
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tuli an realuri (teqnikuri, biologiuri an bio-

teqnikuri) sistema, romelsac aqvs algoriTmebiT

aRwerili moqmedebebis Sesrulebis unari.

Semsruleblebs axasiaTebT:

- garemo;

- elementaruli moqmedebebi;

- brZanebaTa sistema;

- mtyunebebi.

1.2. algoriTmis Tvisebebi

algoriTmi xasiaTdeba Semdegi TvisebebiT:

- algoriTmi unda iyos garkveuli, e.i. nebismieri

SemsruleblisaTvis misi yoveli brZaneba unda iyos

gasagebi da advilad Sesrulebadi.

- algoriTmi unda iyos bijebad (etapebad) dayofili.

igi amocanis amoxsnis process unda warmoadgendes,

rogorc winaswar gansazRvrul martiv moqmedebaTa

mimdevrobas.

- algoriTmis TiToeuli wesi unda iyos mkafiod

calsaxad gansazRvruli, ris wyalobiTac algoriTmis

Sesrulebas aqvs meqanikuri xasiaTi da ar moiTxovs

araviTar damatebiT miTiTebas amosaxsneli amocanis

Sesaxeb.

- algoriTmi unda iyos Sedegiani, rac niSnavs, rom
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garkveuli etapebis Sesrulebis Semdeg unda iZleodes

amonaxsns, an Tu amonaxsni ara aqvs sasruli raodenobis

bijebis Semdeg gaCerdes da gamosces Sesabamisi

Setyobineba, an gagrZeldes raRac mocemuli drois

ganmavlobaSi da gamoitanos saSualedo Sedegebi.

- algoriTmi unda iyos masobrivi (ganzogadoebuli)

e.i. misi Sesruleba unda iyos SesaZlebeli ara mxolod

erTi konkretuli amocanisaTvis, aramed amocanaTa mTeli

klasisaTvis, romelTac aqvT sxvadasxva sawyisi monacemebi.

1.3. algoriTmis Caweris formebi

algoriTmi SeiZleba Caiweros sxvadasxva formiT:

- sityvieri, rac niSnavs algoriTmis Caweras bunebriv

salaparako enaze;

- grafikuli, es aris algoriTmis Cawera grafikuli

gamosaxulebebis saxiT.

- fsevdokodebi, algoriTmis naxevrad formali-

zebuli aRweraa pirobiT algoriTmul enaze, romelic

Seicavs rogorc programirebis enis elementebs, aseve

bunebrivi enis frazebs, sazogadod miRebul maTematikur

aRniSvnebs da sxva.

- programuli, es aris algoriTmis warmodgena

programirebis enaze.

algoriTmis Caweris sityvieri xerxi warmoadgens
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amocanis amoxsnis etapebis mimdevrobis aRweras bunebriv

enaze.

magaliTisaTvis SevadginoT sityvieri algoriTmi,

romelic ipovis ori naturaluri ricxvis udides

saerTo gamyofs. algoriTmis mimdevroba SeiZleba

Caiweros Semdegi saxiT:

1. gansazRvreT ori ricxvi.

2. Tu ricvebi tolia, maSin aiReT nebismieri maTgani

Sedegis saxiT da gaCerdiT, winaaRmdeg SemTxvevaSi

ganagrZeT algoriTmis Sesruleba.

3. gansazRvreT udidesi am ricxvTagan.

4. SecvaleT udidesi, udidessa da umcires Soris

sxvaobiT.

5. gaimeoreT algoriTmi me-2 bijidan.

aRwerili algoriTmi marTebulia nebismieri natura-

luri ricxvebisaTvis. algoriTmis aRweris sityvieri

xerxi ar aris farTod gavrcelebuli, radgan aseTi

aRwera:

- ar aris mkacrad formalizebuli;

- xasiaTdeba Canaweris mravalsityvianobiT;

- calkeuli Canaweri xSirad aracalsaxad aris

gansazRvruli.

grafikuli xerxi metad kompaqturia da vizualurad

kargad aRiqmeba.
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grafikuli warmodgenisas algoriTmi gamoisaxeba

erTmaneTTan dakavSirebuli funqcionaluri blokebis

mimdevrobis saxiT, romelTagan TiToeuli Seesabameba

erT an ramodenime moqmedebis Sesrulebas. aseT

warmodgenas ewodeba algoriTmis sqema anu blok-sqema.

blok-sqemaSi moqmedebis TiToeul tips (sawyisi

monacemebis Setanas, gamosaxulebis mniSvnelobis

gamoTvlas, pirobis Semowmebas, moqmedebaTa ganmeorebis

marTvas, damuSavebis damTavrebas da a.S.) Seesabameba

geometriuli figura, romelic warmodgenilia blokuri

simbolos saxiT. blokuri simboloebi SeerTebulia

gadasvlis xazebiT, romlebic gansazRvraven moqmedebaTa

Sesrulebis rigiTobas. nax. 1.1.-ze, cxrilSi moyvanilia

SedarebiT xSirad gamoyenebuli simboloebi.

bloki - ̀ procesi~ gamoiyeneba moqmedebis an moqmede-

baTa mimdevrobis aRsaniSnavad, romlebic icvlian

mniSvnelobas, warmodgenis formas an monacemTa ganTavsebas.

sqemis vizualobis gasaumjobeseblad damuSavebis

ramodenime calkeuli bloki SeiZleba gaerTiandes erT

blokad. calkeuli operaciebis warmodgena sakmaod

SeuzRudavia.

bloki - ̀ gadawyveta~ gamoiyeneba pirobis mixedviT

marTvaze gadasvlis aRsaniSnavad. TiToeul aseT blokSi

unda iyos naCvenebi kiTxva, piroba an Sedareba, romlis
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mixedviTac xdeba gadawyvetilebis miReba.

nax. 1.1.

blokis dasaxeleba aRniSvna, Sevseba ganmarteba

 

x=(a-b)/sin(p) procesi

moqmedebebis

mimdevroba

gadawyveta pirobis Semowmeba

  

diax ara 

a<b 

modifikacia ciklis dasawyisi

winaswargansazRvruli

procesi

gamoTvlebi

qveprogramebSi

 

i=1,50,2 

 

parametrebis 

gamoTvla 

Setana-gamotana

Setana-gamotana

zogadi saxiT

 

Setana 

a,b,c 

dasawyisi-

dasasruli

algoriTmis dasawisi,

dasasruli. qveprog-

ramaSi Sesasvleli,

gamosasvleli

 
dasawyisi 

dokumenti

Sedegebis gamotana

sabeWd mowyobi-

lobaze

 
dabeWdva 

a,c 
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bloki - ̀ modifikacia~ gamoiyeneba cikluri konst-

ruqciis organizebisaTvis. (modifikacia niSnavs saxis

Secvlas, gardaqmnas). blokis SigniT Caiwereba ciklis

parametri, romlisTvisac mieTiTeba sawyisi mniSvneloba,

saboloo mniSvneloba da parametris cvlilebis biji

TiToeuli ganmeorebisaTvis.

bloki - ̀ winaswar gansazRvruli procesi~ gamoiye-

neba damxmare algoriTmebze, qveprogramebze mimarTvis

gamosaxvisaTvis.

fsevdokodi warmoadgens aRniSvnebisa da wesebis

sistemas, romelTa daniSnulebaa algoriTmis erTgvarovani

Cawera.

fsevdokods Sualeduri adgili uWiravs bunebriv

da formalur enebs Soris. erTis mxriv, igi axlos

aris Cveulebriv bunebriv enasTan, amitom algoriTmi am

saxiT Caiwereba da waikiTxeba rogorc Cveulebrivi

teqsti. meores mxriv, fsevdokodSi gamoiyeneba zogierTi

formaluri konstruqcia da maTematikuri simbolika,

romelic algoriTmis Caweras aaxlovebs sazogadod

miRebul maTematikur CanawerTan.

fsevdokodebSi ar aris miRebuli mkacri sintaqsuri

wesebi brZanebebis Casawerad. Tumca fsevdokodSi aris

ramodenime konstruqcia, formaluri enis msgavsad, rac

aiolebs fsevdokodebidan algoriTmis gadatanas
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formalur enaze.

algoriTmis sityvieri formiT, blok-sqemis saxiT

an fsevdokodebiT Cawerisas dasaSvebia gansazRvruli

Tavisufleba brZanebaTa gamosaxvisaTvis. aq mniSvnelovania

Caweris rogori stili iqneba ufro zusti, rac adamians

gauadvilebs saqmis arsSi Cawvdomas da algoriTmis

Sesrulebas. radgan praqtikulad algoriTmis Semsru-

lebeli aris kompiuteri, amdenad algoriTmi, romelic

gaTvaliswinebulia kompiuterisaTvis unda iyos dawerili

misTvis gasageb enaze. am dros wina planze gadadis

brZanebaTa zusti Cawera. Sesabamisad, algoriTmebis

Caweris ena unda iyos formalizebuli. aseT enas ewodeba

- programirebis ena, xolo am enaze daweril algoriTms

- programa kompiuterisaTvis.

1.4. sabazo algoriTmuli struqturebi

algoriTmebi SeiZleba warmovadginoT rogorc

calkeuli sabazo (e.i. ZiriTadi) elementebisagan

Sedgenili struqturebi. bunebrivia, algoriTmebis

konstruirebis ZiriTadi princi pebis Seswavla

aucilebelia daiwyos am sabazo elementebis SeswavliT.

nebismieri algoriTmis logikuri struqtura SeiZleba

iqnas warmodgenili sami sabazo struqturis kombinaciiT:

mimdevroba, ganStoeba, cikli.
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sabazo struqturebisaTvis damaxasiaTebelia maTSi

erTi Sesasvlelisa da erTi gamosasvlelis arseboba.

1. sabazo struqtura `mimdevroba~ xorcieldeba

erTmaneTis momdevno moqmedebaTa mimdevrobiT:

2. sabazo struqtura `ganStoeba~ pirobis

Semowmebis Sedegis mixedviT (`diax~ an `ara~)

uzrunvelyofs algoriTmis muSaobis erT-erTi

alternatiuli gzis arCevas. TiToeul gzas mivyavarT

saerTo gamosasvlelTan, ase rom algoriTmis muSaoba

gagrZeldeba imis miuxedavad, Tu romeli gza iqna arCeuli.

ganStoebis struqtura gadmoicema oTxi ZiriTadi

variantis saxiT:

1) Tu-maSin;

2) Tu-maSin-winaaRmdeg SemTxvevaSi;

3) amorCeva;

4) amorCeva-winaaRmdeg SemTxvevaSi;

ganvixiloT TiToeuli varianti.

...

moqmedeba 1

moqmedeba 2

nax. 1.2.

moqmedeba n
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 Tu - maSin

Tu piroba

 maSin moqmedeba

dasruleba

 Tu - maSin - winaaRmdeg SemTxvevaSi

Tu piroba

 maSin moqmedeba 1

 w.S. moqmedeba 2

dasruleba

amorCeva

amorCeva

 piroba 1 : moqmedeba 1

 piroba 2 : moqmedeba 2

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

 piroba n : moqmedeba n

dasruleba

 

diax 

piroba 

moqmedeba 
ara 

nax. 1.3.

 

diax 

piroba 

moqmedeba 1 

ara 

moqmedeba 2 

nax. 1.4.

 

 

ara 

 

ara 

diax 

diax 

 

ara 

diax 

piroba1 moqmedeba1 

piroba2 moqmedeba2 

piroban 
n 

moqmedeban 

nax. 1.5.
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amorCeva-winaaRmdeg SemTxvevaSi

amorCeva

 piroba 1 : moqmedeba 1

 piroba 2 : moqmedeba 2

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

 piroba n : moqmedeba n

 w.S.  moqmedeba n+1

dasruleba

ganStoebis magaliTebi.

Tu x>0

  maSin y:=sin(x)

dasruleba

Tu a>b

     maSin a:=2*a;b:=1;

     w.S. b:=2*b;

dasruleba

 

 

ara 

 

ara 

diax 

diax 

 

ara 

diax 

piroba1  
moqmedeba1 

piroba2 moqmedeba2 

piroban moqmedeban 

moqmedeba n+1 

nax. 1.6.

 diax 

x>0 

y:=sin(x) 

ara 

nax. 1.7.

 
diax 

a>b 

a:=2*a;b:=1 

ara 

b:=2*b 

nax. 1.8.
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amorCeva

 Tu n=1 : y:=sin(x)

  Tu n=2 : y:=cos(x)

  Tu n=3 : y:=0

 dasruleba

amorCeva

 Tu a>5 : i:=i+1

   Tu a=0 : j:=j+1

   w.S. i:=10; j:=0

dasruleba

3. sabazo struqtura `cikli~ uzrunvelyofs

moqmedebaTa erTobliobis, romelsac SeiZleba vuwodoT

ciklis ̀ tani~,  mravaljerad Sesrulebas. cikli SeiZleba

iyos sxvadasxva saxis.

cikli ̀ sanam~ asrulebs ciklis ̀ tans~ manam, sanam

Sesruldeba piroba, romelic iwereba `sanam~ sityvis

Semdeg.

 

 

ara 

 

ara 

diax 

diax 

 

ara 

diax 

n=1  y:=sin(x) 
 

n=2  y:=cos(x) 

n=3  
n 

y:=0 

nax. 1.9.

 

 

ara 

diax 

 

ara 

diax 

a>5  i:=i+1 

a=0 j:=j-1 

i:=10; j:=0  

nax. 1.10.
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ciklis dasawyisi

 sanam piroba

 ciklis `tani~

 (moqmedebaTa mimdevroba)

ciklis dasasruli

cikli `mocemuli diapazonisaTvis~, uzrunvelyofs

ciklis `tanis~ Sesrulebas Ycvladis (ciklis

parametris)  yvela im mniSvnelobisaTvis, romelic

moTavsebulia mocemul diapazonSi.

ciklis dasawyisi

 i-saTvis i1-dan i2-mde

 ciklis `tani~

 (moqmedebaTa mimdevroba)

ciklis dasasruli

cikluri struqturebis magaliTebi

ciklis dasawyisi

sanam i<=5

S:=S+A[i]

i:=i+1

ciklis dasasruli

nax. 1.11.

 

i=i1,i2 

ciklis tani 

nax. 1.12.

 

nax. 1.13.
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ciklis dasawyisi

 i-saTvis 1-dan 5-mde

 X[i]:=i*i*i

  Y[i]:=X[i]/2

ciklis dasasruli

1.5. wrfivi, ganStoebadi da cikluri

struqturis algoriTmebis magaliTebi

wrfivi algoriTmebi.

martivi amocanebi amoixsneba wrfivi algoriTmebiT,

rac niSnavs, rom isini ar Seicaven pirobis Semowmebas

da ganmeorebas.

magaliTi 1. mgzavri midioda gansxvavebuli reliefis

mqone gzaze. misi moZraobis siCqare swor adgilebSi

iyo v1  km/sT, aRmarTSi - v2  km/sT, xolo daRmarTSi - v3

km/sT. moZraobis dro Sesabamisad iyo t1, t2, t3 saaTi. ra

gza gaiara mgzavrma?(nax. 1.15.)

magaliTi 2. mocemulia naturaluri samniSna ricxvi

n, SeadgineT algoriTmi, romelic gamoiTvlis mocemuli

ricxvis Semadgenel cifrTa jams. (nax. 1.16)

 

i = 1,5 

X[i]:=i*i*i 
Y[i]:=X[i]/2 

 

nax. 1.14.
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1. Setana v1,v2,v3,t1,t2,t3

2. S1:=v1*t1

3. S2:=v2*t2

4. S3:=v3*t3

5. S:=S1+S2+S3

6. S gamotana

7. dasasruli

1. Setana n

2. A:=n div 100

3. B:=(n-A*100) div 10

4. C:=(n-A*100)-B*10

5. S:=A+B+C

6. S gamotana

7. dasasruli

 

nax. 1.15.

nax. 1.16.

 dasawyisi 

Setana n 

A:=n div 100 

B:=(n-A*100) div 10 

C:=(n-A*100)-B*10 

S:=A+B+C 

S gamotana 

dasasruli 
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ganStoeba.

xSirad, esa Tu is moqmedeba unda Sesruldes

logikuri gamosaxulebis mniSvnelobis mixedviT. aseT

SemTxvevebSi gamoiyeneba ganStoeba.

magaliTi 1. gamoiTvaleT funqciis mniSvneloba:

1. x Setana

2. Tu             , maSin

3. Tu x<0, maSin

4. Tu     ,

maSin y:=x-2

5. y gamotana

6. dasasruli









≥−
<<−

−≤−
=

.0;2

,012;

,12;
4

2

xx

xx

xx

y

12−≤x
2: xy −=

4: xy =

0≥x

 

ara 

diax ara 

dasawyisi 

x Setana 

 

Y=x4 

Y gamotana 

dasasruli 

12−≤x

x<0 

Y=x-2 

diax 

Y=-x2 

nax. 1.17.
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ganStoebadi struqturis algoriTmebis testi-

rebisas aucilebelia iseTi sawyisi monacemebis SerCeva,

rom yvela totis Semowmeba iyos SesaZlebeli. zemoT

moyvanil magaliTSi unda gvqondes sul mcire sami

testuri nakrebi.

magaliTi 2. mocemulia n naturaluri ricxvi. Tu

ricxvi kentia da misi gaormagebis Sedegad igi ar

gadaaWarbebs 32767 (mTeli tipis zeda zRvari), maSin

gaaormageT, winaaRmdeg SemTxvevaSi datoveT ucvlelad.

gaormagebis piroba rom dakmayofildes ricxvi n unda

iyos kenti da 16384-ze naklebi.

1. n Setana

2. Tu ricxvi n kentia

 da naklebia 16384,

 maSin n:=n*2

3. n gamotana

4. dasasruli

magaliTSi ilustrirebulia arasruli ganStoeba.

logikuri gamosaxuleba (piroba) Seicavs or operands.

nax. 1.18.

 

diax ara 

dasawyisi 

n Setana 

(n mod 2=1) 
and(n<16384) 

n gamotana 

dasasruli 

n=2*n 
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cikli.

im SemTxvevaSi, roca saWiroa garkveuli opera-

torebis ramodenimejer Sesruleba, unda moxdes ciklis

organizeba.

magaliTi 1. n naturaluri ricxvis CanawerSi

daiTvaleT kenti cifrebis raodenoba.

miTiTeba. mocemuli ricxvis umcrosi Tanrigidan

airCieT cifrebi erTmaneTis mimdevrobiT, sanam igi ar

amoiwureba, e.i. gaxdeba nulis toli. TiToeuli kenti

cifri aRvricxoT.

1. n ricxvis Setana

2. K:=0 {mTvleli}

3. Tu n=0, gadasvla 7-ze

4. Tu n mod 10 mod 2=1,

     maSin K:=K+1

5. n:=n div 10

6. gadasvla 3-ze

7. K gamotana

8. dasasruli

 

diax 

ara 

diax ara 

dasawyisi 

n Setana 

n mod 10 mod 
2=1 

K gamotana 

dasasruli 

K:=K+1 

K:=0 

n:=n div 10 

n=0 

nax. 1.19.
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magaliTi 2. mocemulia mimdevroba, romlis zogadi

wevri gamoiTvleba formuliT:

n>2-saTvis gamoiTvaleT im wevrebis jami, romlebic

metia mocemul R ricxvze.

1. R Setana

2. S:=0

A:=1/4

4. n:=3

5 A SevadaroT R-s.

 Tu A>=R, gadasvla 10-ze

6. S:=S+A

7. A:=(n-1)/(n*n)

8. n:=n+1

9. gadasvla 5-ze

10. S gamotana

11. dasasruli

zemoT ganxilul magaliTebSi ganmeorebaTa ricxvi

winaswar ar aris cnobili. pirvel magaliTSi igi

damokidebulia naturaluri ricxvis CanawerSi cifrebis

2

1

n

n
an

−=

 

ara 

diax 

dasawyisi 

R  Setana 

S:=0 

A:=1/4 

n:=3 

A>R 

S:=S+A 

A:=(n-1)/n2 

 

n:=n+1 

S gamotana 

dasasruli nax. 1.20.
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raodenobaze, meoreSi ki - R ricxvze. im SemTxvevebSi,

roca bijebis raodenoba amocanis pirobaSi mocemulia,

umjobesia gamoviyenoT cikli parametriT.

magaliTi 3. gamoiTvaleT k raodenobis naturaluri

3-is jeradi ricxvebis namravli.

miTiTeba. gaiTvaliswineT, rom pirveli samis jeradi

ricxvi aris 3, xolo danarCenebi masze 3-iT metia.

1. k Setana

2. P:=1 {iTvlis namravls}

3. T:=0 {3-is jeradi ricxvebi}

4. I:=1

5. Tu I>k, gadasvla 10-ze

6. T:=T+3

7. P:=P*T

8. I:=I+1

9. gadasvla 5-ze

10. P gamotana

11. dasasruli

 dasawyisi 

k  Setana 

P:=1 

T:=0 

I:=1,k,1 

T:=T+3 

P:=P*T 

 

P gamotana 

dasasruli 

nax. 1.21.
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1.6. Cadgmuli ciklebi

xSirad, amocanebSi saWiroa ciklis SigniT opera-

torebis mimdevrobis ganmeoreba, rac moiTxovs Sida

ciklis organizebas. aseT struqturas SeiZleba vuwodoT

cikli ciklSi anu Cadgmuli cikli. ciklis Cadgmis

siRrme (anu erTmaneTSi Cadgmul ciklTa raodenoba)

SeiZleba iyos gansxvavebuli.

aseTi struqturis organizebisas, manqanuri drois

ekonomiis mizniT saWiroa Sida ciklidan gare ciklSi

im operatorebis gatana, romlebic ar arian damokidebuli

Sida ciklis parametrze.

magaliTi 1. cikli `mocemuli diapazonisaTvis~.

gamoiTvaleT mocemuli A(5,3) matricis  elementebis

jami.

  S:=0;

ciklis dasawyisi  i-saTvis

1-dan 5-mde

     ciklis dasawyisi j-saTvis

1-dan 3-mde

 S:=S+A[i,j]

     ciklis dasasruli

ciklis dasasruli

 

nax. 1.22.
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magaliTi 2. cikli `sanam~

i poveT mocemuli A(10,10) matricis im elementebis

namravli, romlebic ganTavsebulni arian luwi

striqonebisa da luwi svetebis gadakveTaze.

i:=2; P:=1;

ciklis dasawyisi sanam i<=10

j:=2

     ciklis dasawyisi sanam j<=10

        P:=P*A[i,j]

          j:=j+2

      ciklis dasasruli

         i:=i+2

ciklis dasasruli

nax. 1.23.

 

   

diax 

ara 

P:=P*Aij 

 

J:=J+2 

i:=i+2 

ara 

diax 

i:=2; P:=1 

i<=10 

J:=2 

J<=10 
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1.7. programirebis enebis daxasiaTeba

Tanamedrove periodSi arsebobs ramodenime aseuli

realurad gamoyenebuli programirebis ena, romelTagan

TiToeuls gaaCnia Tavisi gamoyenebis sfero.

nebismieri algoriTmi, rogorc viciT aris  sasruli

raodenobis moqmedebaTa mimdevroba, romelTa Sesruleba

sawyisi monacemebidan nabij-nabij migviyvans Sedegebamde.

Canawerebi metyveleben programirebis enis doneze, rac

ufro naklebia detalizeba, miT ufro maRalia

programirebis ena.

am kriteriumis mixedviT SeiZleba gamovyoT

programirebis enis doneebi:

- manqanuri;

- manqanur-orientirebuli(asembleri);

- manqanur-damoukidebeli(maRali donis enebi).

manqanuri da manqanur-orientirebuli enebi - es

aris dabali donis enebi, romlebic moiTxoven monacemTa

damuSavebis procesis wvrilmani detalebis Cvenebas.

maRali donis enebi warmoadgenen bunebrivi enis imitacias,

iyeneben salaparako enis zogierT sityvas da sazogadod

miRebul maTematikur simboloebs. es enebi metad

moxerxebulia adamianebisaTvis.

maRali donis enebi iyofian:

- proceduruli (algoriTmuli)-Basic, Pascal, C da
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sxva - romlebic calsaxad aRweren algoriTmebs. amocanis

amosaxsnelad proceduruli enebi moiTxoven amoxsnis

proceduris ama Tu im formaSi cxadad  Caweras.

logikuri (Prolog, Lisp da sxva), romlebic

orientirebulni arian ara amocanis amoxsnis algoriTmis

damuSavebaze, aramed amocanis sistematur da

formalizebul aRweraze.

- obieqtur-orientirebuli (Object Pascal, C++, Java

da sxva), romelTac safuZvlad udevT obieqtis cneba,

romelTanac Serwymulia monacemebi da maTze moqmedebebi.

TiToeul kompiuters aqvs Tavisi manqanuri ena, anu

manqanuri brZanebebis Tavisi erToblioba, romelic

gansxvavdeba brZanebaSi misamarTebis raodenobiT,

misamarTebSi mocemuli informaciis daniSnulebiT, manqanis

mier Sesasrulebeli operaciebis nakrebiT da sxva.

manqanur enaze programirebisas programisti unda

akontrolebdes TiToeul brZanebas da mexsierebis

TiToeul ujreds, unda gamoiyenos manqanuri operaciebis

yvela SesaZlebloba.

manqanur enaze programis dawera Zalian Sromatevadia.

programac, Sesabamisad didi moculobisaa, rTulia misi

gawyoba, Secvla da ganviTareba. amitomac efeqturi

programis misaRebad, maqsimalurad iTvaliswineben ra

konkretuli kompiuteris specifikas, manqanuri enebis
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nacvlad gamoiyeneba maTTan miaxlovebuli manqanur-

orientirebuli enebi.

algoriTmuli enebis upiratesoba manqanur enebTan

SedarebiT SemdgomSi mdgomareobs:

- algoriTmuli enebis anbani gacilebiT farToa

manqanurTan SedarebiT, romelic gacilebiT aiolebs

programis teqstis wakiTxvas;

- operaciebis nakrebi ar aris damokidebuli manqanuri

operaciebis nakrebTan, igi airCeva gansazRvruli klasis

amocanebis amoxsnis algoriTmis formulirebidan

gamomdinare;

- winadadebaTa formati sakmaod moqnilia da

moxerxebulia gamoyenebis TvalsazrisiT, rac saSualebas

iZleva erTi winadadebis meSveobiT gadmoices monacemTa

damuSavebis garkveuli moculoba;

- saWiro operaciebi gamosaxulia sazogadod miRe-

buli maTematikuri aRniSvnebiT;

- algoriTmul enebSi monacemebs eniWebaT

individualuri saxelebi, romelTac irCevs programisti;

- enaSi gaTvaliswinebulia monacemTa ti pebis

mniSvnelovnad farTo nakrebi, manqanur monacemTa tipebis

nakrebTan SedarebiT.

ase rom, algoriTmuli enebi arian manqanur-

damoukidebeli. isini programists umsubuqeben muSaobas
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da maRleben Seqmnili programis saimedoobas.

algoriTmul enas, ise rogorc sxva nebismier enas,

gaaCnia: anbani, sintaqsi da semantika.

anbani - es aris mocemuli enisaTvis ZiriTadi

simboloebis nakrebi, anu `anbanis asoebi~, romlisagan

Sedgeba am enis nebismieri teqsti.

sintaqsi - es aris frazis agebis wesi, romelic

gansazRvravs sworad aris Tu ara dawerili esa Tu is

fraza. ufro zustad, enis sintaqsi moicavs wesebis

nakrebs, romelic gansazRvravs simboloebis romeli

kombinaciaa gaazrebuli winadadeba am enaze.

semantika gansazRvravs winadadebis azrobriv

mniSvnelobas. semantika adgens enis ama Tu im frazebiT

moqmedebaTa romeli mimdevrobaa aRwerili da sabolood,

gansazRvravs mocemuli teqstiT romeli algoriTmia

mocemuli.

1.8. algoriTmuli enis zogierTi cneba

enis cneba ganisazRvreba sintaqsur da semantikur

wesebTan erTobliobaSi. algoriTmul enaSi gvxvdeba

Semdegi ZiriTadi cnebebi:

1. saxelebi (identifikatori) - gamoiyeneba programis

obieqtebis aRniSvnisaTvis (cvladebi, funqciebi, masivebi

da sxva).
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2. operaciebi. operaciaTa tipebia:

- ariTmetikuli operaciebi: +,  -, *, / ;

- logikuri operaciebi: da, an, ara;

- damokidebulebis operaciebi: <, >, <=, >=, =, <>;

- dakavSirebis operaciebi (`SeerTeba~, ̀ konkatenacia~),

romelic aerTianebs simboloebs striqonad, gamoisaxeba

`+~-iT.

3. monacemebi - sidideebia, romlebsac amuSavebT

programebi. ZiriTadad, monacemebi gvaqvs sami saxis:

mudmivebi, cvladebi da masivebi.

- mudmivebi, es aris fiqsirebuli monacemebi, romlebic

ar icvlebian programis Sesrulebis procesSi.

mudmivebis magaliTebi:

ricxviTi: 75, 12;

logikuri: diax (WeSmariti), ara (mcdari);

simboluri (Seicavs erT simbolos): ̀ A~, ̀ +~;

literuli (Seicavs simbolos nebismier raodenobas)

`a0~, ̀ White~, ~~(carieli striqoni).

- cvladebi aRiniSnebian saxelebiT da SeuZliaT

mniSvnelobis Secvla programis Sesrulebisas. cvladebi

aris mTeli namdvili, logikuri, simboluri da literuli.

- masivebi - fiqsirebuli raodenobis erTnairi tipis

elementebis mimdevrobaa,  romelTac aqvT erTi saxeli.

elementis mdebareoba masivSi calsaxad ganisazRvreba
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misi indeqsiT. zogjer masivebs cxrilebsac uwodeben.

4. gamosaxuleba, romelTa daniSnulebaa saWiro

gamoTvlebis Sesruleba. igi Sedgeba mudmivebis, cvladebis,

funqciis maCveneblebisagan (magaliTad, exp(x)), romlebic

gaerTianebulni arian operaciis niSnebiT.

gamosaxuleba Caiwereba simboloebis wrfivi

mimdevrobiT, rac klaviaturis Sesabamis Rilakebze

mimdevrobiT daWeriT misi kompiuterSi Setanis

saSualebas iZleva.

ganasxvaveben ariTmetikul, logikur da striqonul

gamosaxulebebs.

- ariTmetikuli gamosaxulebaSi ganisazRvreba erTi

ricxviTi mniSvneloba. magaliTad, (1+sin(x))/2. am

gamosaxulebis mniSvneloba roca x=0, udris 0.5, xolo

roca x=p/2  udris 1.

- logikuri gamosaxuleba aRwers raRac pirobas,

romelic kmayofildeba an ar kmayofildeba. amitom,

logikur gamosaxulebas SeiZleba hqondes ori

mniSvneloba - WeSmariti an mcdari (diax an ara).

magaliTis saxiT ganvixiloT logikuri gamosaxuleba

x*x+y*y<r*r, romelic gansazRvravs wertilis, (x,y)

koordinatebiT, kuTvnilebas r radiusian wris mimarT,

romlis centria koordinatTa saTave. roca x=1, y=1,

r=2 am gamosaxulebis mniSvneloba `WeSmaritia~, xolo
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roca x=2, y=2, r=1 - `mcdaria~.

- striqonul (literul) gamosaxulebaSi mniSvne-

loba aris teqsti. striqonul gamosaxulebaSi SeiZleba

Sediodes literuli da striqonuli mudmivebi,

literuli da striqonuli cvladebi, literuli

funqciebi, romlebic gamoyofilia SeWidebis operaciiT.

magaliTad, A+B aRniSnavs A striqonis boloSi B

striqonis SeerTebas. magaliTad A=”personaluri “,

A=”kompiuteri“, maSin A+B gamosaxulebis mniSvneloba

iqneba `personaluri kompiuteri~.

5. operatorebi (brZanebebi). operatori - es enis

metad msxvili da Sinaarsobrivi cnebaa: TiToeuli

operatori warmoadgens enis dasrulebul frazas da

gansazRvravs monacemTa damuSavebis  savsebiT  dasrule-

bul etaps. operatorebis SemadgenlobaSi Sedian:

- gasaReburi sityvebi;

- monacemebi;

- gamosaxulebebi da a.S.

operatorebi SeiZleba iyos Sesrulebadi da

araSesrulebadi. araSesrulebadi operatorebis daniS-

nulebaa monacemTa da programis struqturis aRwera,

xolo Sesrulebadi operatorebis - sxvadasxva

moqmedebebis Sesruleba (magaliTad miniWebis operatori,

Setanis da gamotanis operatorebi, pirobis operatori,
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ciklis operatori, proceduris operatori da sxva).

kompiuterSi sxvadasxva amocanebis amoxsnisas

saWiroa logariTmis an ricxvis modulis, kuTxis sinusis

gamoTvla da a.S.

xSirad gamoyenebadi moqmedebebis gamoTvla

xorcieldeba qveprogramis meSveobiT, romelTac ewodebaT

standartuli funqciebi, romlebic winaswar arian

daprogramebuli da enis translatorSi CaSenebuli.

cxrilSi moyvanilia zogierTi standartuli funqcia,

Tumca programirebis TiToeul enas gaaCnia Tavisi

standartuli funqciebi.

funqciis dasaxeleba da maTemat. aRniSvna funqc.Cawera

absoluturi sidide (moduli)

naturaluri logariTmi

kvadratSi axarisxeba, kvadratuli fesvi

aTobiTi logariTmi

eqsponenta

ganayofis mTeli nawili

gayofisas miRebuli naSTi

kuTxis sinusi (kuTxe radianebSi)

kuTxis kosinusi

kuTxis tangensi

kuTxis kotangensi

| x |   abs(x)  

   ln x

   lg

     ex

  x div y

  exp(x)

  lg(x)

   ln(x)

 sqr(x), sqrt(x)

  x mod y

  sin(x)

 cos(x)

  tg(x)

  ctg(x)

x 2 ,
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ariTmetikuli gamosaxuleba Caiwereba Semdegi wesis

mixedviT:

- TanamamravlTa Soris ar SeiZleba gamravlebis

niSnis gamotoveba, aseve ar SeiZleba operaciis ori

niSnis erTmaneTis gverdiT Casma.

- masivis elementebis indeqsebi Caiwereba kvadratul

an mrgval frCxilebSi.

- cvladebis aRsaniSnavad gamoiyeneba laTinuri

anbanis asoebi.

- operaciebi sruldeba prioritetebis dacviT: jer

funqciebis gamoTvla, Semdeg axarisxeba, Semdeg gamravleba-

gayofa, xolo bolos Sekreba-gamokleba.

- erTnairi prioritetis operaciebi sruldeba

marcxnidan marjvniv.

ariTmetikuli gamosaxulebebis Caweris magaliTebi:

x * y / z

maTematik.Cawera Cawera algoriTmul enaze

bc

ba 22 +

2cosln49,0
22

ae ba +−

x / (y * z )

 ( a * a  +  b * b ) / ( b * c )

( a[i+1] + b[i-1] ) / ( 2*x*y )

( -b + sqrt (b*b - 4*a*c)) / ( 2*a)

0.49*exp(a*a-b*b) + ln(cos(a*a))
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logikur gamosaxulebebSi garda ariTmetikuli

operaciebisa, gamoiyeneba damokidebulebis operaciebi:

<(naklebia), >(metia), <= (naklebia an toli), >=(metia

an toli), =(tolia), <>(ar udris).

logikuri gamosaxulebis Caweris magaliTebi:

a mod 2 = 0

piroba Cawera algoriTm.enaze

a mod 2 = 1

(a>0) and (b>0)

(a>0) or (b>0)

(a<0) or (b<0) or (c<0)

(x>a) and (x<b)

a mTeli ricxvi - luwia

a mTeli ricxvi - kentia

a da b dadebiTi ricxvebia

a,b-dan erTerTia dadebiTi

a,b,c-dan erTerTia uaryofiTi

a<x<b

x moTavsebulia SualedSi[1,3] (x>=1) and (x<=3)

kvadratul gantol. ara aqvs fesvebi b*b - 4*a*c<0

a da b urTierTsawinaaRmdegoa a=-b

a metia b,c,d saS. ariTmetikulze a>(b+c+d)/3

a da b urTierTSebrunebulia a*b=1

wertili, romlis koordinatebia

(x,y) mdebareobs pirvel an meoTxe

meoTxedSi

((x>0) and (y>0)) or

((x<0) and (y>0))
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II Tavi

monacemTa ti pebi da sabazo monacemTa

struqturebi

2.1. monacemTa tipis cneba

tipebi da monacemTa struqturebi warmoadgenen

safuZvels, romelzedac agebulia Tanamedrove

programirebis teqnologia. ti pizaciis ZiriTad

princips warmoadgens is,  rom nebismieri mudmiva,  cvladi,

gamosaxuleba da funqcia miekuTvneba romelime tips,

rac saSualebas iZleva, rom monacemis Sesanaxad

kompiuterSi gamoiyos mexsierebis zustad imdeni

moculoba,  romelic ganisazRvreba tipis mniSvnelobis

dasaSvebi diapazoniT. Tumca tipis koncefcia amiT ar

amoiwureba.

SesaZlebelia monacemTa ti pebis sxvadasxva

klasifikacia,  magaliTad,  martivi da rTuli tipebi.

gamovyoT tipebis Semdegi  kategoriebi:

1. Cadgmuli monacemTa tipebi anu tipebi,  romlebic

winaswar aris gansazRvruli programirebis enaSi.

Cveulebriv,  enaSi fiqsirdeba am tipebis mniSvnelobebis

gare warmodgena da operaciebis nakrebi maTi semantikis

aRweriT. Sida warmodgena da operaciis realizeba

SeirCeva konkretul kompilatorSi.

2. CamoTvliTi tipis kategorias miekuTvneba cxadad
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gansazRvruli mTeli tipebi,  mniSvnelobaTa sasruli

raodenobiT.

3. konstruirebuli (Sedgenili) tipebi,  romelTa

Soris yvelaze gavrcelebulia: masivebi, Canawerebi da

simravle.

4. mimTiTeblis tipi,  romlis mniSvneloba romelime

programuli obieqtis misamarTia.

2.2. Cadgmuli monacemTa ti pebi

Tanamedrove kompiuterebSi aseT tipebs miekuTvneba

sxvadasxva zomis mTeli tipebi(1-dan 8-baitamde), bulis

mniSvneloba (gamoiyeneba, ZiriTadad, pirobis mixedviT

marTvis gadacemis SemTxvevebSi) da mcuravmZimiani ricxvebi

erTmagi an ormagi sizustiT (Sesabamisad, oTxi an rva

baiti).

mTelricxva tips miekuTvneba:

Integer, Sida warmodgenaSi  ikavebs 2 baits,

mniSvnelobaTa diapazonia -32768-dan +32767;

 Long Integer, Sida warmodgenaSi ikavebs 4 baits,

mniSvnelobaTa diapazonia -2147483648-dan 2147483647;

programirebis sxvadasxva enaSi gamoiyeneba aseve:

Byte - mniSvnelobaTa diapazonia  0-dan 255-mde;

Word- mniSvnelobaTa diapazonia  0-dan 65535-mde;

ShortInt- mniSvnelobaTa diapazonia  -128-dan 127-

l
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mde;

Cardinal- mniSvnelobaTa diapazonia  0-dan

2147483647-mde;

namdvilricxva (mcuravmZimiani) tipebidan sxvadasxva

enaSi gvxvdeba:

Float, Sida warmodgenaSi ikavebs 4 baits, mniSvnelobaTa

diapazonia  -10
38
-dan 10

38
-mde;

Real, Sida warmodgenaSi ikavebs 6 baits, mniSvnelobaTa

diapazonia  2,9E-39 dan 1,7E+38-mde;

Double (namdvilricxva ormagi sizustiT), Sida

warmodgenaSi ikavebs 8 baits, mniSvnelobaTa diapazonia

-10
307
-dan 10

307
-mde.

Cadgmul monacemTa tipebs miekuTvneba tipi Character

(anu Char) sxvadasxva enebSi es aris: anbanis simboloebis

nakrebi an erTianebis da nulebis nakrebi, romelic ikavebs

erT baits. Tu x cvladi akmayofilebs pirobas:

0 <= x <= 9, maSin  misi mniSvneloba aris cifri, xolo

Tu a <= x <= z, maSin x mniSvneloba aris simbolo.

Boolean tips aqvs ori mniSvneloba: True(WeSmariti)

da False(mcdari). miuxedavad, rom am tipis monacemebis

Sesanaxad Teoriulad sakmarisia erTi biti, Cveulebriv

am tipis monacemebi mexsierebaSi ikaveben erT baits.

bulis ti pis monacemebisaTvis gaTvaliswinebulia

koniunqciis (AND) , diziunqciis (OR ) da uaryofis
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(NOT  ) operaciebi.

TRUE  AND TRUE = TRUE

TRUE  AND FALSE = FALSE

FALSE  AND TRUE = FALSE

FALSE  AND FALSE = FALSE

TRUE  OR TRUE = TRUE

TRUE  OR  FALSE = TRUE

FALSE  OR TRUE = TRUE

FALSE  OR FALSE = FALSE

NOT  FALSE = TRUE

NOT TRUE = FALSE

2.3. CamoTvliTi monacemTa ti pi

CamoTvliTi tipi Sedgeba sasruli raodenobis,

mimdevrobis saxiT dalagebuli mniSvnelobebisagan.

klasikur variantSi, rogoricaa Pascal-is mimarTulebis

enebi,  tipis gansazRvra Sedgeba mniSvnelobaTa saxelebis

CamonaTvalisagan, amitom TiToeul mniSvnelobas Seesabameba

naturaluri ricxvebi 1-dan n-mde, sadac n CamoTvliTi

ti pis mniSvnelobaTa ricxvs Seesabameba. ase, rom

CamoTvliTi tipis mnisvnelobis mixedviT SeiZleba misi

nomris povna, xolo nomris mixedviT CamoTvliTi tipis
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mniSvnelobis povna. garda amisa,  CamoTvliTi tipisaTvis

gaTvaliswinebulia Sedarebis operaciebi da SesaZlebelia

momdevno da wina elementebis povna. radgan CamoTvliTi

tipis monacemebs calsaxad Seesabameba naturaluri

ricxvebi, SesaZlebelia am mniSvnelobebis  nebismier

ricxviT monacemTa ti pis mniSvnelobad aracxadi

gardaqmna.

C-is mimarTulebis enebSi `CamoTvliTi tipi~

gansxvavebulad moiazreba, ramdenadac aseTi tipis

gansazRvrisas mniSvnelobis saxelad SeiZleba gamoyenebul

iqnas romelime mTeli ricxvi (ar aris aucilebeli,

rom igi iyos dadebiTi). Tu mTeli ricxvebi aracxadad

aris mocemuli, maSin CamoTvliti tipis pirvel elements

aracxadad Seesabameba 0, xolo danarCen elementebs winaze

erTiT meti mniSvneloba . amasTan , cvladis

gamocxadebisaTvis CamoTvliTi tipis saxelis gamoyeneba

Integer tipis gamoyenebis eqvivalenturia da aseTi cvladi

SeiZleba Seicavdes nebismier mTel mniSvnelobas.

CamoTvliTi tipis mniSvnelobebis saxelebi SeiZleba

gavigoT, rogorc mTeli konstantebis saxelebi da am

mniSvnelobebisaTvis miRebulia mTeli ricxvebis yvela

operacia. ase,  rom C enaSi CamoTvliTi tipi ar miekuTvneba

tips am sityvis sruli mniSvnelobiT.
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2.4. konstruirebuli monacemTa ti pebi

literaturaSi konstruirebuli monacemTa tipebi

moixsenieba rogorc rTuli monacemTa ti pebi.

konstruirebuli tipebidan yvelaze gavrcelebulia:

masivis tipi, Canaweris tipi da simravlis tipi.

2.4.1. masivebi

masivis tipisaTvis damaxasiaTebelia,  rom misi

TiToeuli elementi miekuTvneba  erTidaigive sabazo

ti ps.

masivisa da masivis ti pis cneba ramdenadme

gansxvavebulia mkacrad tipizebul da SedarebiT sustad

tipizebul enebSi.  mkacrad tipizebul enebSi,  rogoricaa

paskali,  masivis tipi ganisazRvreba ori damxmare tipis

safuZvelze,  rogoricaa:  masivis elementebis tipi(sabazo

tipi) da masivis indeqsis tipi. masivis gansazRvra,

paskalSi, gamoiyureba Semdegi saxiT: type T = array [I] of

TO, sadac TO sabazo tipia, xolo I - tipis indeqsia.

TO SeiZleba iyos nebismieri Cadgmuli an winaswar

gansazRvruli tipi. I indeqsis tipi Sedgeba CamoTvliTi

mniSvnelobebis sasruli raodenobisagan. paskalis

mimarTulebis enebSi dasaSvebia masivis tipis aracxadi

gansazRvra. magaliTad, masivi SeiZleba ganisazRvros

Semdegi saxiT: type T = array [1..6] of integer an type T = array

[1..6] of real.

 sul
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Tu masivis indeqsis sididea n, maSin masivis

mniSvneloba aris struqtura, romelic Seicavs n

raodenobis sabazo tips. nebismieri tipis masivisaTvis

SeiZleba ganisazRvros ori operacia: masivis

konstruirebisa da elementis amorCevis. Tu x aris T

masivis cvladi,  xolo i  indeqsis mniSvneloba, SeiZleba

avagoT masivi     x  := T(c1, c2,...,cn),  sadac c1, c2,...,cn -

sabazo ti pis mniSvnelobebia. masivis elementis

amorCevisaTvis gamoiyeneba x[i]  konstruqcia, romlis

mniSvnelobaa masivis i-uri elementis mniSvneloba.

masivis tipis sabazo tipi SeiZleba iyos  nebismieri

Cadgmuli an gansazRvruli tipi, maT Soris masivis

tipic. am bolos aRniSnul SemTxvevaSi,  saqme gvaqvs

mravalganzomilebian masivebTan anu matricebTan.

mravalganzomilebian masivebTan muSaobisaTvis enaSi

gamoiyeneba Semoklebuli Canaweri. magaliTad, imis nacvlad,

rom masivi ganisazRvros, rogorc type T = array [1..10] of

array [1..5] of  real, SeiZleba daiweros Semdegi saxiT: type

T = array [1..10],[1..5] of real, xolo nebismieri elementis

amorCevisaTvis nacvlad x[i][j]-sa daiwereba x[i,j].

sustad tipizebul enebSi masivebTan muSaobis

ilustrirebis mizniT SeiZleba ganvixiloT ena-C. msgavs

enebSi aris masivis cvladebis gansazRvris SesaZlebloba.

masivis cvladebis elementebis raodenoba ganisazRvreba
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cxadad an sabazo tipis inicializebuli mniSvnelobebis

siis meSveobiT. magaliTad,  masivis tipi,  romelic

Sedgeba oTxi mTeli elementisagan, SeiZleba ganisazRvros,

rogorc int  x[4] (arainicializebuli varianti), an, rogorc

int  x[ ] = { 0, 12, 18, 22}(inicializebuli varianti).

masivis nebismier elementze mimarTva xorcieldeba igive

konstruqciiT,  rogorc mkacrad tipizebul enebSi x[i]

sadac i aris mniSvneloba, romelic iRebs mxolod mTel

mniSvnelobas.

2.4.2. Canawerebi

masivis tipisagan gansxvavebiT Canaweris elementebi

SeiZleba miekuTvnebodes sxvadasxva Cadgmul an cxadad

gansazRvrul monacemTa tipebs. Canaweris(struqturuli)

tipi Seicavs velebs,  romelTaTvisac unda ganisazRvros

saxeli da tipi. amis Semdeg SeiZleba TiToeul velze

mimarTvis ganxorcieleba.

Modul-2 enaSi Canaweri `kompleqsuri ricxvebi~

SeiZleba gamoiyurebodes Semdegi saxiT:

 type complex   =   record  re : real;

                                           im : real

  end

C enaSi igive SeiZleba Caiweros Semdegi saxiT:

struct complex  { float  re;
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float   im;

                       }

amis Semdeg x  cvladi SeiZleba gamocxaddes, rogorc

kompleqsuri tipi (var  x : complex; an struct  complex  x;)

da mivmarToT x cvladis namdvil da warmosaxviT nawilebs

x.re (an Sesabamisad x.in) konstruqciis meSveobiT.

CanawerSi erTi saxelis qveS SeiZleba gaerTiandes

sxvadasxva tipis mqone velebis nakrebi. Canawerebi

ZiriTadad gamoiyeneba raime obieqtis Sesaxeb informaciis

Sesanaxad. aseTi obieqti SeiZleba iyos, magaliTad, adamiani,

romlis atributebia: gvari, saxeli, asaki, misamarTi,

xelfasi, telefonis nomeri. am informaciis mTel  jgufs

SeiZleba mivceT erTi saxeli.

Canaweris ti pi variantebiT, paskalSi SeiZleba

ganisazRvros Semdegi saxiT:

type person = record    Lname, Fname : alfa;

birthday : date;

marstatus :  (single, married);

case  sex :  (male, female) of

male  :  (weight :  real;

bearded :  boolean);

female :  (size:  array[1..3]  of  integer)

end

igulisxmeba, rom alfa  da date monacemTa tipebi ukve
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gansazRvrulia. person  tipis cvladis gansazRvris Semdeg

nebismier momentSi SeiZleba mivmarToT weight  da bearded

velebs, aseve size  masivis elementebs, ra Tqma unda sex

diskriminantis mniSvnelobis mixedviT.

C-is mimarTulebis enebSi gvxvdeba monacemTa tipebis

specialuri saxe e.w. `narevi~ (Union). es aris Canaweri

variantebiT, magram aracxadad mxardamWeri diskriminantiT.

zemoT moyvanili magaliTi C  enisaTvis SeiZleba daiweros

Semdegi saxiT:

struct person  {  char  Lname[10],  Fname[10];

integer birthday;

enum  {  single,  married  ]  marstatus;

enum  {  male,  female  }  sex;

union  {

struct  {  float  weight;

integer  bearded  }  male;

integer  female[3];

}  pers;

}

unda aRiniSnos, rom cxadad gansazRvruli diskri-

minantis gamoyeneba paskalis mimarTulebis enebisTvisac

iTvleba araaucileblad.



48

2.4.3. simravle

konstruirebuli tipebis erTerTi saxesxvaobaa

simravlis tipi. aseTi tipebi gamoiyeneba mxolod

ganviTarebul mkacrad tipizebul enebSi. paskalSi

simralis tipi ganisazRvreba konstruqciiT:  type   T =

set  of  TO, sadac TO  Cadgmuli an winaswar gansazRvruli

monacemTa tipia (sabazo tipi). T cvladis mniSvnelobebia

TO tipis elementebis simravle.

simravle erTnairi tipis elementebis nakrebia,

romlebic raRac saxiT arian erTmaneTTan dakavSirebulni.

simravle, romelic ar Seicavs arc erT elements, hqvia -

carieli. carieli simravle aRiniSneba [ ] simboloTi.

ori simravle eqvivalenturia, Tu maTi yvela elementi

erTnairia. elementebis mimdevroba SeiZleba iyos

nebismieri. Tu erTi simravlis yvela elementi Sedis

meoreSi, Seizleba iTqvas, rom pirveli simravle CarTulia

meoreSi.

vTqvaT mocemulia ramodenime simravle:

 S1 := [‘1’,’2’,’3’];  S2 := [’3’,’2’,’1’];

S3 := [‘2’,’3’];        S4 := [0..3, 6];

S5 := [4, 5 ];            S6 := [3..9];

am magaliTSi simravle S1 eqvivalenturia S2-sa, S3

CarTulia S2 –Si, magram misi eqvivalenturi ar aris.

simravlis elementebi erTmaneTisagan gamoiyofa
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mZimeebiT da Caismeba kvadratul frCxilebSi.

simravleebisaTvis gansazRvrulia Semdegi operaciebi:

* simravleTa TanakveTa, Sedegi Seicavs mocemul

simravleTa saerTo elements.

magaliTad S4 * S6 Seicavs [3, 6]-s.

+ simravleTa gaerTianebaa. Sedegi Seicavs pirveli

simravlis yvela elements mimatebuls meore simravlis

gansxvavebul elementebs.

- simravleTa sxvaoba, Sedegi Seicavs pirveli

simravlis im elementebs, romlebic ar Sedian meore

simravleSi.

S6-S5 Seicavs  [3, 6, 7, 8, 9];

= simravleTa Semowmeba eqvivalenturobaze, Sedegia

TRUE,  Tu simravleebi eqvivalenturia.

< > araeqvivalenturobaze Semowmeba. Sedegia TRUE,

Tu simravleebi araeqvivalenturia.

<= simravleTa  Sedareba. Sedegia TRUE,  Tu pirveli

simravle CarTulia pirvelSi.

>= simravleTa Sedareba, Sedegia TRUE,  Tu meore

simravle CarTulia pirvelSi.

in Semowmeba kuTvnilebaze. aq pirveli elementia

gamosaxuleba, meore ki - igive tipis simravle. Sedegia

TRUE, Tu gamosaxulebis mniSvneloba Sedis simravleSi.

3  in  S6  =  TRUE;   2 * 2  in  S1 =  FALSE.
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III Tavi.

 amocanis momzadebisa da amoxsnis

teqnologia kompiuterisaTvis

3.1. kompiuterze amocanis amoxsnis etapebi

kompiuteris saSualebiT amocanis amoxsna moicavs

Semdeg ZiriTad etapebs, romelTagan zogierTi maTgani

xorcieldeba kompiuteris gareSe.

1. amocanis dasma:

- amocanis Sesaxeb informaciis Segroveba;

- amocanis pirobis formulireba;

- amocanis amoxsnis saboloo miznis gansazRvra;

- Sedegebis gamotanis formis ansazRvra;

- monacemTa aRwera (tipebis, sidideTa diapazonis,

struqturis gansazRvra).

2. amocanis, modelis analizi da gamokvleva:

- arsebuli analogebis analizi;

- teqnikuri da programuli saSualebebis analizi;

- maTematikuri modelis damuSaveba;

- monacemTa struqturis damuSaveba.

3. algoriTmis damuSaveba:

- algoriTmis proeqtirebis meTodis arCeva;

- algoriTmis Caweris formis arCeva (blok-sqema,

fsevdokodi da sxva);

- testebis da testirebis meTodis arCeva;
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- algoriTmis proeqtireba.

4. programireba:

- programirebis enis arCeva;

- monacemTa organizaciis xerxebis dazusteba;

- algoriTmis Cawera arCeul programirebis enaze.

5. testireba da gawyoba:

- sintaqsuri gawyoba;

- semantikisa da logikuri struqturis gawyoba;

- testirebis Sedegebis analizi;

- programis srulyofa.

6. amocanis amoxsnis Sedegebis analizi da saWiroebis

SemTxvevaSi maTematikuri modelis dazusteba 2-5 etapebis

ganmeorebiT SesrulebiT.

7. programis dasruleba:

- programis dasruleba konkretuli amocanis

amoxsnisaTvis;

- amoxsnili amocanisaTvis saWiro dokumentaciis

Sedgena.

3.2 amocanis amoxsnis maTematikuri modeli

amocanis amoxsnis maTematikuri modelis Sesadgenad

saWiroa:

- SeirCes winadadebebi, romelzec aigeba maTematikuri

modeli;



52

- ganisazRvros ra unda CaiTvalos sawyis monacemebad

da Sedegebad;

- daiweros maTematikuri damokidebulebebi, romelic

daakavSirebs Sedegebs sawyis monacemebTan.

maTematikuri modelis agebisas yovelTvis ar

moiZebneba formulebi, romlebic cxadad asaxaven saZiebo

sidideebisa da sawyis monacemebis urTierTdamokidebu-

lebas. am SemTxvevebSi gamoiyeneba maTematikuri meTodebi,

romlebic sizustis raRac xarisxSi iZlevian amonaxsns.

arsebobs raime movlenis ara marto maTematikuri

modelireba aramed vizualuri modelireba, romelic

xorcieldeba am movlenis asaxviT manqanuri grafikis

saSualebiT.

3.3. programis damuSavebis procesis etapebi

programis damuSavebis procesi SeiZleba aRiweros

etapobrivad:

- samuSaos sawyis etapze analizdeba da formulir-

deba programis moTxovnebi, damuSavdeba imis zusti aRwera,

Tu ras unda akeTebdes programa da misi meSveobiT ra

Sedegebi unda miiRweodes.

- SemdgomSi programa damuSavdeba programirebis

ama Tu im teqnologiis gamoyenebiT (magaliTad,

struqturuli programireba).
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programis miRebuli varianti gaivlis ramodenime

testirebas, Secdomebis sabolood aRmofxvris mizniT.

praqtikulad SeuZlebelia rTuli, realuri amocanis

uSecdomod Sedgena. ar SeiZleba daskvnis gamotana, rom

programa sworia, im SemTxvevaSic ki Tu programaSi

aRar aris arc erTi Secdoma da igi iZleva raRac

Sedegs, romelic SeiZleba sulac ar aris swori. am

SemTxvevaSi programaSi SeiZleba iyos daSvebuli uamravi

logikuri Secdoma. am etapze unda gadamowmdes programis

metad sapasuxismgeblo monakveTebi Tu ramdenad sworad

aris Camoyalibebuli logikuri TvalsazrisiT.

3.4. programis gawyoba da testireba

programis teqstis kontroli SeiZleba daTvalie-

rebiT, SemowmebiT da gadaxveviT.

- daTvalierebis dros unda Semowmdes yvela ciklis

organizacia, pirobis operatorebSi Tu ramdenad sworad

aris dasmuli piroba, ramdenad sworad aris

organizebuli argumentebi qveprogramebSi da a.S.

- Semowmebis procesSi programisti programis

teqstis mixedviT azrobrivad cdilobs aRadginos is

gamoTvliTi procesi, romelsac asrulebs dawerili

programa. am dros yuradReba ar unda mieqces Tu risi

Sesruleba moeTxoveba programas da es unda iqnas

Tu
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gagebuli programis teqstis mixedviT. programis

Semowmebis dasrulebis Semdeg unda moxdes programis

realuri da moTxovnili moqmedebebis Sedareba.

- gadaxvevis safuZvelia programistis mier prog-

ramis Sesrulebis imitacia. am procesSi unda iqnas

SerCeuli raRac sawyisi monacemebi da maTze Catardes

aucilebeli gamoTvlebi. es procesi sakmaod Sromatevadia,

amitom igi mizanSewonilia programis logikurad rTuli

monakveTebis kontrolis mizniT.

programis gawyoba kompiuterze programis gaSvebisas

Secdomebis Ziebisa da Secdomebis gasworebis procesia.

testireba axorcielebs programis Semadgeneli

nawilebisa da mTlianad programis muSaobis sisworis

Semowmebas.

gawyoba da testireba ori erTmaneTisagan gansxvave-

buli etapia:

- gawyobisas mimdinareobs sintaqsuri Secdomebisa

da kodirebis cxadi Secdomebis lokalizeba da

aRmofxvra;

- testirebis procesSi mowmdeba programis

Sromisunarianoba, romelic ar Seicavs cxad Secdomebs.

testireba uCvenebs Secdomebis arsebobas, xolo

gawyoba arkvevs Secdomebis mizezebs.

Tanamedrove programul sistemebSi (Turbo Basic, Turbo
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Pascal, Turbo C da sxva) gawyoba xorcieldeba specialuri

programuli saSualebebis gamoyenebiT, romelTac

ewodebaT gamwyobebi. es saSualebebi ikvleven programis

Sida qcevas.

programa-gamwyobs aqvs Semdegi SesaZleblobebi:

- programis nabij-nabij Sesruleba;

- nebismieri cvladis mimdinare mniSvnelobis

daTvaliereba an nebismieri gamosaxulebis mniSvnelobis

povna, maT Soris standartuli funqciebis gamoyenebiT;

- programaSi `sakontrolo wertilebis~ dayeneba,

anu wertilebisa, romelSic programa droebiT wyvets

Tavis muSaobas, Sualeduri Sedegebis Sefasebis mizniT

da a.S.

programis gawyobisas sayuradReboa:

- gawyobis procesis dasawyisSi unda iqnas

gamoyenebuli martivi testuri monacemebi;

- warmoSvebuli problemebi unda gamoikveTos da

nabij-nabij aRmoifxvras;

- Secdomis mizezad ar unda CaiTvalos kompiuteri,

radgan Tanamedrove manqanebsa da translatorebs gaaCniaT

maRali saimedoba.

programa pirobiTad SeiZleba sworad CaiTvalos,

Tu misi gaSveba sxvadasxva sawyisi monacemebisaTvis

iZleva swor Sedegs. ase, rom mniSvnelovania testebis
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sistemaSi programis SesrulebiT miRebuli Sedegebis

kontroli.

testuri monacemebi unda uzrunvelyofdes yvela

SesaZlo pirobis Semowmebas.

- unda Semowmdes algoriTmis yvela toti;

- yvela momdevno testi unda akontrolebdes imas,

rac ar iyo Semowmebuli wina testiT;

- pirveli testi unda iyos maqsimalurad martivi,

raTa Semowmdes muSaobs Tu ara programa saerTod;

- testebSi ariTmetikuli operaciebi unda gamar-

tivdes gamoTvlebis moculobis Semcirebis mizniT;

- mimdevrobaTa elementebis raodenoba, ciklebze

mimarTvis raodenoba, testur magaliTebSi, mocemuli unda

iyos gamoTvlaTa moculobis Semcirebis mizniT;

- gamoTvlaTa minimizacia ar unda adablebdes

kontrolis saimedobas;

- testireba unda iyos mizanmimarTuli da siste-

matizebuli, radganac sawyisi monacemebis SemTxveviTi

arCeva metad gaarTulebs mosalodneli Sedegebis miRebas.

garda amisa testuri monacemebis SemTxveviTi arCevisas

SeiZleba mravali situacia aRmoCndes Seumowmebeli;

- testuri monacemebis garTuleba unda mimdinareob-

des TandaTan.

magaliTi. testebis sistema kvadratuli gantolebis

Tu
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fesvebis povnisaTvis.

testirebis procesi SeiZleba daiyos sam etapad:

1. Semowmeba normalur pirobebSi - iTvaliswinebs

testirebas im monacemebis safuZvelze, romelic

damaxasiaTebelia programis funqcionirebis realuri

pirobebisaTvis.

2. Semowmeba eqstremalur pirobebSi. testuri

monacemebi Seicaven Semavali monacemebis cvlilebis ares

zRvrul mniSvnelobebs, romelic programam swor

monacemebad unda  aRiqvas. tipiuri magaliTia Zalian

mcire an Zalian didi ricxvebi an monacemTa ararseboba.

eqstremaluri pirobis kidev erTi tipia monacemTa

zRvruli moculoba, rodesac masivebi Sedgeba elementTa

Zalian didi an Zalian mcire raodenobisagan.

testis

nomeri

Sedegebi

Sesamowmebeli

SemTxvevebi

koeficientebi

1

3

2

4

5

6

7

a b c

1 1 -2

1 12

2 21

0 0 0

0 0 2

20 1

2 1 0

x1=1, x2=-2d > 0

d = 0

d < 0

fesvebi tolia x1,x2=-1

amonaxsni ara aqvs

a=0, b=0, c=0 x nebismieri ricxvia

gantoleba arasworiaa=0, b=0, c<>0

a=0, b<>0 wrfivi gantoleba. erTi

fesvi aqvs: x =-0,5

x1=0,  x2=-0,5a<>0, b<>0, c=0
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3. Semowmeba gamonaklis situaciebSi, mimdinareobs

im monacemTa gamoyenebiT, romelTa mniSvnelobebi imyofeba

cvlilebaTa dasaSveb ares gareT. cnobilia, rom yvela

programa muSavdeba raRac gansazRvruli monacemebis

damuSavebaze dayrdnobiT, amitom mniSvnelovania Semdegi

sakiTxebis gaTvaliswineba:

- ra moxdeba Tu programaSi ar aris gaTvaliswi-

nebuli uaryofiTi an nulovani monacemebis damuSaveba

da raRac Secdomis gamo programas mouxdeba swored

aseTi monacemebis damuSaveba?

- rogor moiqceva programa masivebis damuSavebisas,

Tu wevrTa raodenoba gadaaWarbebs gamocxadebul wevrTa

raodenobas?

- ra moxdeba Tu ricxviTi mniSvnelobebi iqneba

Zalian didi an Zalian mcire?

yvelaze uaresi situacia Seiqmneba maSin, Tu programa

mcdar monacemebs aRiqvams swor monacemebad da miiRebs

araswor, magram sworis msgavs Sedegs.

programam TviTon unda gamoavlinos iseTi monacemebi,

romlis sworad damuSaveba mas ar SeuZlia.
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3.5. programaSi daSvebuli Secdomebis

daxasiaTeba

Secdomebi SeiZleba daSvebul iqnas amocanis amoxsnis

yvela etapze - amocanis dasmidan dawyebuli, misi

gaformebis CaTvliT.

sxvadasxva saxis Secdomebi da maTi Sesabamisi

magaliTebi moyvanilia cxrilSi:

Cveulebriv, sintaqsuri Secdomebi gamovlindeba

kompilaciis etapze. sxva mraval Secdomas kompilatori

SecdomaTa saxeoba magaliTi

amocanis araswori dasma
arasworad formulirebuli amocanis

swori amonaxsni

araswori algoriTmi
algoriTmis amorCeva, romelic iZleva

mcdar amonaxsns.

Secdomebi analizSi
situaciis arasruli gaTvla; logikuri

Secdoma.

semantikuri Secdomebi
operatorebis Sesrulebis mimdevrobaSi

gaugebroba.

sintaqsuri Secdomebi
programirebis enaSi gaTvaliswinebuli

wesis darRveva.

Secdomebi operaciis

Sesrulebisas

Zalzed didi ricxvia; nulze gayofa;

uaryofiTi ricxvidan kvadratuli fesvis

amoRebaa da a.S.

Secdomebi monacemebSi monacemTa SesaZlo cvlilebis diapazonis

warumatebeli gansazRvra.

Secdomebi beWdvaSi SecdomiT aris dabeWdili simbolo,

magaliTad, cifri 1 da aso I, l

Secdomebi Setana-gamotanaSi Sesatani monacemebis araswori gaTvla;

monacemTa formatis arasworad

gansazRvra.
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ver ipovis,  radgan misTvis ar aris cnobili progra-

mistis naazrebi.

sintaqsur Secdomebze Setyobinebis ararseboba aris

aucilebeli, magram arasakmarisi piroba imisa, rom

programa gasworebulad CaiTvalos.

sintaqsuri Secdomebis magaliTebia:

- punqtuaciis niSnis gamotoveba;

- frCxilebis SeuTanxmebloba;

- operatoris araswori formireba;

- cvladis saxelebis arasworad gamosaxva;

- ciklis dasasrulebis pirobis gamotoveba;

- masivis aRweris gamotoveba da a.S.

arsebobs mravali Secdoma, romlis gamovlena ar

SeuZlia kompilators, Tu programaSi gamoyenebuli

operatorebi sworad aris formirebuli. aseTi

Secdomebis magaliTebia:

a) logikuri Secdomebi:

- algoriTmSi pirobis Semowmebis Semdeg ganStoebis

arasworad miTiTeba;

- SesaZlo pirobebis araswori gaTvla;

- programaSi erTi an meti algoriTmuli blokis

gamotoveba;.

b) Secdomebi ciklSi:

- ciklis dasawyisis arasworad miTiTeba;
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- ciklis dasasrulis pirobis arasworad miTiTeba;

- ciklis ganmeorebaTa ricxvis arasworad miTiTeba;

-  usasrulo cikli.

g) Secdomebi Setana-gamotanaSi; Secdomebi monace-

mebTan muSaobisas:

- monacemTa tipebis arasworad miTiTeba;

- moTxovnilze meti an mcire moculobis monacemebis

gamoyeneba;

- monacemTa araswori redaqtireba.

d) Secdomebi cvladebis gamoyenebaSi:

- cvladebis gamoyeneba maTze sawyisi monacemebis

miniWebis gareSe;

- erTi cvladis nacvlad, SecdomiT, sxva cvladis

miTiTeba.

e) Secdomebi masivebTan muSaobisas:

- masivebi winaswar ar aris ganulebuli;

- masivebi arasworad aris aRwerili;

- indeqsebs aqvT araswori mimdevroba.

v) Secdomebi ariTmetikul operaciebSi:

- cvladis tipis arasworad miTiTeba (magaliTad,

mTelricxva, wiladis nacvlad);

- moqmedebaTa mimdevrobis arasworad gansazRvra;

- nulze gayofa;

- uaryofiTi ricxvidan kvadratuli fesvis amoReba;
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- ricxvis Tanrigis dakargva.

yvala es Secdoma gamovlindeba testirebis procesSi.

programis dasrulebis procedurebi dakavSirebulia

programis eqsploataciasTan.

programa gamoyenebis TvalsazrisiT moiTxovs Semdeg

damatebiT samuSaoebs:

- gamovlenili Secdomebis gasworeba;

- programis modifikacia cvalebadi saeqsploatacio

moTxovnebis dasakmayofileblad;

- konkretuli amocanis amosaxsnelad programis

dayvana saboloo saxemde;

- damatebiTi testuri Semowmebis Catareba;

- muSa dokumentaciaSi SesworebaTa Setana;

- programis srulyofa da a.S.

programas, romelic gaTvaliswinebulia xangrZlivi

eqsploataciisaTvis, Tan unda axldes dokumentacia da

instruqcia misi gamoyenebis Sesaxeb.
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IV Tavi

savarjiSoebi

4.1. CawereT gamosaxulebebi algoriTmuli enis

wesebis mixedviT:

1)         3)

2)         4) xyx

yx

+

−

ln

sincos 22

.

4.2. CawereT gamosaxulebebi Cveulebrivi

maTema-tikuri formiT:

1) a+b/c+1;

2)1/a*b/c;

3) a/b/c/d*p*q;

4) 4/3*3.14*r*3;

5) b/sqrt(a*a+b);

6) 5*ctg(x)-tg(y)/4;

7) lg(u*(1/3)+sqrt(v)+z);

8) ln(y*(-sqrt(abs(x))));

9) abs(x*(y/x)-(y/x)*(1/3));

10) sqrt((x1-x2)*2+(y1-y2)*2);

11) sqrt(exp(a*x)*sin(x)*n)/cos(x);

12) abs(cos(x)+cos(y))*(1+sin(y)*2);

13) sqrt(sin(ctg(u))*2+abs(cos(v)));
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14) lg(sqrt(exp(x-y))+x*abs(y)+z);

4.3. gamoiTvaleT logikuri gamosaxulebis

mniSvneloba (Sedegi: True an False):

1)x*x+y*y<=9 Tu x=1, y=-2

pasuxi: True;

2) b*b-4*a*c<0 Tu a=2, b=1, c=-2;

3)a>=1) da (a<=2) Tu a=1.5;

4) (a<1) an (a>1.2) Tu a=1.5;

5) (a mod 7 = 1) da (a div 7 = 1)  Tu a=8;

6) ara((a>b)  da (a<9) an (a*a=4)) Tu a=5, b=4.

4.4. SeadgineT wrfivi struqturis

algoriTmi:

1) mocemulia marTkuTxa samkuTxedis kaTetebi,

gamoiTvaleT hipotenuza da perimetri;

2) mocemulia ori ricxvi, gamoiTvaleT maTi jami,

sxvaoba, namravli da ganayofi;

3) mocemulia sami ricxvi gamoiTvaleT maTi saSualo

ariTmetikuli da saSualo geometriuli;

4) gamoiTvaleT gamosaxulebis mniSvneloba:

aba

ba
S

+

−
=

ln

sincos 22

.

4.5. SeadgineT ganStoebadi struqturis

algoriTmi:
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1) 








+
+

=
5,0

22

yx

yx

z

2)

3)

4) mocemulia ori ricxvi ipoveT maT Soris udidesi.

5) mocemulia ori ricxvi i poveT maT Soris

umciresi.

6) mocemulia sami ricxvi ipoveT maT Soris udidesi.

7) mocemulia sami ricxvi ipoveT maT Soris umciresi.

8) ricxvi SeamowmeT luwobaze da gamoitaneT

Sesabamisi Setyobineba(`luwia~ an `kentia~).

9) mocemulia ori erTmaneTisagan gansxvavebuli

ricxvi, maT Soris udidesi SecvaleT maTi saSualo

ariTmetikuliT, xolo umciresi - maTi gaormagebuli

namravliT.

10) mocemulia ori erTmaneTisagan gansxvavebuli

ricxvi, Tu pirveli metia meoreze, maSin isini SecvaleT





+

−
=

1

)lg(

x

x
z

Tu

winaaRmdeg SemTxvevaSi.

x<0













−−
+−

−
+

=

yx

yx

yx

yx

V
Tu

Tu

Tu

,1;1 >> yx

,1;1 ≤> yx

,0;1 >≤ yx

.0;1 ≤≤ yx

,122 <+ yx

,122 >+ yx

.122 =+ yx

Tu

Tu

Tu
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nulebiT, winaaRmdeg SemTxvevaSi orive datoveT ucvlelad.

11) mocemulia ori erTmaneTisagan gansxvavebuli

ricxvi, Tu orive uaryofiTia, maSin isini SecvaleT maTi

modulebiT, Tu orive dadebiTia, maSin isini SeamcireT

5-jer, xolo Tu erT-erTi uaryofiTia, maSin isini

gaadideT 10-jer.

4 .6 .  Se adgin eT cikluri struqturis

algoriTmi:

1) gamoiTvaleT miTiTebul N1-N2 (N1<N2) diapazonSi

moTavsebul mTel ricxvTa jami da namravli.

2) gamoiTvaleT yvela samniSna ricxvis jami.

3) gamoiTvaleT yvela orniSna ricxvis namravli.

4) gamoiTvaleT namravli: 1.1*1.2*1.3*1.4*...*2.

5) gamoiTvaleT AN=A*A*...*A(N-jer), sadac A,N

mocemulia.

6) gamoiTvaleT n!=n*(n-1)*(n-2)*...*2*1.

7) gamoiTveleT xuTi Setanili ricxvis saSualo

ariTmetikuli.

8) gamoitaneT 1-dan N-mde  ricxvebis kvadratuli

da kuburi mniSvnelobebi.

9) gamoitaneT A ricxvis  1-dan N-mde xarisxebis

mniSvnelobebi.

10) SeitaneT A,N. gamoiTvaleT A1+A2+...+AN.

11) gamoiTvaleT 1+1/2+1/3+...+1/N.
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12) SeitaneT A. i poveT pirveli N mniSvneloba,

romlisTvisac WeSmaritia utoloba: 1+1/2+1/3+...+1/N>A.

13) gamoiTvaleT y=sin(x) funqciis mniSvnelobebi, Tu

x icvleba a-dan b-mde, h bijiT. (a,b,h  mocemulia).

14) SeitaneT aranulovani mTeli ricxvebi, Setanis

dasasrulia ricxvi - 0:

- daiTvaleT [5,10] diapazonSi moTavsebul ricxvTa

raodenoba;

- daiTvaleT [3,7] diapazonis gareT moTavsebul

ricxvTa raodenoba;

- daiTvaleT Setanil samniSna ricxvTa raodenoba;

- daiTvaleT 3-ebis da 5-ebis raodenoba;

- gamoiTvaleT Setanil ricxvTa jami da namravli;

- gamoiTvaleT Setanil ricxvTa saSualo ariTme-

tikuli;

- daiTvaleT Setanil ricxvTa raodenoba;

- SeamowmeT iyo Tu ara Setanili ricxvi 5.

gamoitaneT Sesabamisi Setyobineba: True an False.

15) mocemulia namdvil ricxvTa mimdevroba, SeadgineT

algoriTmis blok-sqema, romliTac ganisazRvreba:

- wevrTa jami;

- dadebiTi wevrebis jami;

- uaryofiTi wevrebis jami;

- luwindeqsebiani wevrebis jami;
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- kentindeqsebiani wevrebis jami;

- luwindeqsebiani  dadebiTi wevrebis jami;

- kentindeqsebiani dadebiTi wevrebis jami;

- luwindeqsebiani  uaryofiTi wevrebis jami;

- kentindeqsebiani uaryofiTi wevrebis jami;

- dadebiTi wevrebis raodenoba;

- uaryofiTi wevrebis raodenoba;

- maqsimaluri elementi;

- minimaluri elementi moduliT;

- kentindeqsebian elementTa Soris udidesi;

- luwindeqsebian elementTa Soris udidesi;

- nulovani elementebis raodenoba;

- 1-is tol elementTa raodenoba;

- wevrebis namravli;

- dadebiTi wevrebis namravli;

- uaryofiTi wevrebis namravli;

- luwindeqsiani elementebis namravli;

- mocemuli ricxvebis kvadratebis jami;

- a
1
a

2
+a

2
a

3
+...+a

n-1
a

n
.

- a
1
a

2
+a

3
a

4
+...+a

2n-1
a

2n
.

16) SeitaneT 10 ricxvi:

- ipoveT minimaluri elementi da misi nomeri;

- ipoveT maqsimaluri elementi da misi nomeri;

- ipoveT minimaluri luwi elementi,  Tu aseTi ar
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aris gamoitaneT 0.

- ipoveT minimalur elementTa raodenoba.

17) SeitaneT ricxvTa mimdevroba, gansazRvreT:

- wevrTa jami, namravli da saSualo ariTmetikuli;

- [3, 7] diapazonSi moTavsebul wevrTa jami;

- [5, 8] diapazonis gareT moTavsebul wevrTa namravli;

- wevrTa raodenoba, romlebic metia wina wevrze;

- wevrTa raodenoba, romlebic metia mezobel wevrze;

- SeamowmeT yvela wevri luwia Tu ara da gamoitaneT

Sesabamisi Setyobineba;

- minimalur da maqsimalur elementebs gaucvaleT

adgilebi;

- luw elementebs daumateT erTi erTeuli da

gamoitaneT miRebuli mimdevroba.

18) mocemulia mTeli ricxvebi a
1
...a

100
 miReT axali

mimdevroba am ricxvebidan ise, rom Tu |a
i
| ar udris

max(a
1
...a

100
) maSin isini SecvaleT 0-ebiT, xolo winaaRmdeg

SemTxvevaSi 1-iT.

19) mocemulia namdvil ricxvTa mimdevroba x
1
, x

2
,

......,x
20

  ipoveT axali y
1
, y

2
, ....., y

n
 mimdevroba, romlis

wevrebic gamoiTvlebian Semdegnairad:

1

20
20

19

2
2

20

1
1 ,,,

x

x
y

x

x
y

x

x
y === L

20) mocemulia namdvil ricxvTa a
1
, a

2
, ......,a

20
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mimdevroba, ipoveT axali mimdevroba, romlis wevrebi

ganlagebuli iqnebian Semdegi mimdevrobiT:

a) a
1
, a

11
,a

2
,a

12
, .....,a

10
,a

20

b) a
20
,a

1
,a

19
,a

2
,.......,a

11
,a

10

21)  mocemulia namdvil ricxvTa ori mimdevroba:

a
1
, a

2
, ......,a

21
  da b

1
, b

2
, ......,b

21 
i poveT Semdegi

gamosaxulebebis mniSvnelobebis mniSvnelobebi:

a) .
2120

2120

32

32

21

21

ab

ba

ab

ba

ab

ba +++ L

b) .121202211 bababa +++ L

g) .21203221 bababa +++ L

d) .20194321 bababa +++ L

e) .
)(

)(

20204422

19193311

bababa

bababa

+++
+++

L

L

22) ipoveT samkuTxedis udidesi farTobi, Tu

gverdebi mocemulia namdvil ricxvTa Semdegi mimdevrobis

saxiT:

a
1
, a

2
, ......,a

20
; b

1
, b

2
, ......,b

20
; c

1
, c

2
, ......,c

20

samkuTxedis farTobi gamoiTvaleT heronis

formuliT:

cpbpapps −−−= )()((

23) mocemulia simboloebis mimdevroba s
1
.....s

80

gansazRvreT araswori tolobebis raodenoba:
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a) s
1
=s

41
, s

2
=s

42
, ..... , s

40
=s

80
 tolobebs Soris.

b) s
1
=s

80
, s

2
=s

79
, ..... , s

40
=s

41
 tolobebs Soris.

24) mocemuli B(N) masivis yvela wevri gadawereT

axal A(N) masivSi ukumimdevrobiT.

25) mocemuli A(3N) mimdevrobidan miiReT axali

B(N) mimdevroba, romlis yoveli momdevno komponenti

udris A  mimdevrobis yoveli momdevno sami komponentis

saSualo ariTmetikuls.

26) gamoiTvaleT mniSvnelobebi:

- sin x + sin2x + ... + sinnx;

- sin x + sin x2 + ... + sin xn;

- sin x + sin2 x2 + ... + sinnxn;

- sin x + sin sin x + ... + sin sin...sin x (n-jer);

27) gamoiTvaleT mocemuli X(N) mimdevrobis yvela

wevris kvadratebis jami, garda 5-is jeradi wevrebisa.

28) gamoiTvaleT z = (a + b + c
i 
) / i, funqciis

mniSvneloba, Tu a icvleba 0-dan 1-is bijiT, b icvleba 5-

dan 1-is bijiT, c
i  
warmoadgens C(N)  mimdevrobis

elementebs. mave dros a da b icvleba  i-sTan erTdroulad.

29) mocemul A(N) mimdevrobaSi gansazRvreT im

elementebis raodenoba, romlebic naklebia mocemul

mniSvnelobaze.

30) ganaxorcieleT mocemul A(N) mimdevrobis

elementebis cikluri daZvra erTi poziciiT marcxniv,

anu miiReT mimdevroba A = (a
2 
, a

3 
, ..., a

n 
, a

1 
).
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31) ganaxorcieleT mocemul A(N) mimdevrobis

elementebis cikluri daZvra ori poziciiT marjvniv,

anu miiReT mimdevroba A = (a
N-1 

, a
N  

, a
1 
 , a

2
 ,..., a

N-2 
).

32) B(2N) mimdevrobidan luwindeqsiani elementebi

gadawereT A(N) mimdevrobaSi, xolo kentindeqsiani B(N)

mimdevrobaSi.

33) mocemul A(N) mimdevrobaSi a
1
 SecvaleT

mimdevrobis udidesi elementiT, xolo a
N
  - umciresi

elementiT.

34) mocemul A(N) mimdevrobaSi ipoveT:

- uaryofiT wevrebs Soris udidesi;

- dadebiT wevrebs Soris umciresi;

- sididis mixedviT meore elementi.

35) mocemul A(N) mimdevrobaSi daiTvaleT ramdenia

mezoblad mdgomi:

- ori dadebiTi ricxvi;

- ori sawinaaRmdego niSnis ricxvi;

- ori erTnairi niSnis ricxvi, Tanac pirveli ricxvis

absoluturi mniSvneloba meti unda iyos meore ricxvis

absolutur mniSvnelobaze;

- luwi ricxvebi.

36) mocemul A(N) mimdevrobaSi dadebiTi elementebi

orjer SeamcireT, xolo uaryofiTi elementebi SecvaleT

maTi indeqsebis mniSvnelobebiT.
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37) mocemulia dadebiTelementebiani A(3, N) matrica.

gansazRvreT a
1i 

, a
2i 

, a
3i
 (i = 1, ..., N) sameulidan romlebi

SeiZleba gamodges samkuTxedis gverdebad. gamoitaneT

b
1 
, ... , b

N
 mimdevroba (masivi), romelic Sedgeba nulebisa

da erTianebisagan. Tu a
1i 

, a
2i 

, a
3i  
sameuli gamodgeba

samkuTxedis gverdebad, maSin b
i
=1, winaaRmdeg SemTxvevaSi

b
i
=0.

38) aeroflotis salarosTan dgas N adamiani.

molares TiToeuli i klientis momsaxureobisaTvis

sWirdeba T
i
(i = 1, ...,  n) dro.

- gansazRvreT TiToeuli klientis rigSi dgomis

dro;

- ipoveT klientis nomeri,  romlis momsaxureobazec

daixarja yvelaze meti dro.

39) figurul srialSi Sejibrebis dros Jiuris N

wevri erTmaneTisagan damoukideblad uCvenebs qulebs.

gamocxadebuli qulebidan amoagdeben erT yvelaze maRal

da erT yvelaze dabal qulas. darCenili qulebidan

gamoiTvleba saSualo ariTmetikuli, romelic gamsvle-

lad CaiTvleba. Jiuris mocemuli Sefasebebis mixedviT

gansazRvreT sportsmenis gamsvleli qula.

40) maswavlebelma gamoacxada gamocdebis Sedegebi.

gansazRvreT gamocxadebuli: xuTebis, oTxebis, samebis

orebis procentoba.
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41) funti sterlingi didi britaneTis fuladi

erTeulia, 1971 wlamde igi udrida 20 Silings an 240

penss. liverpulis portSi Semosuli gemidan Camovida

N mgzavri, romelTagan TiToeuls hqonda TiTo aTfuntiani

kupiura. maT iyides suvenirebi p
1 

, p
2 

, ..., p
n
 Tanxis

Sesabamisad. ramdeni funti, Silingi da pensi miiRo

TiToeulma mgzavrma xurdis saxiT.

42) mocemulia A(N, M) matrica. ipoveT misi udidesi

elementi da im striqonisa da svetis nomeri, romlis

gadakveTazec igi mdebareobs.

43) mocemul A(N, M) matricis TiToeul striqonSi

gamoiTvaleT dadebiTi elementebis jami, raodenoba da

saSualo ariTmetikuli.

44) mocemul A(N, M) mTelricxva matricaSi

gansazRvreT aris Tu ara luwi misi elementebi jami

da gamoitaneT Sesabamisi Setyobineba.

45) mocemulia A(N, M) matrica. ipoveT am matricis

im elementTa raodenoba, romlebic metia yvela elementis

saSualo ariTmetikulze.

46) mocemulia A(N, M) mTelricxva matrica.

gaucvaleT adgilebi romelime or svets.

47) mocemulia A(N, M) mTelricxva matrica. gaucvaleT

adgilebi mis udides da umcires elementebs.

48) mocemulia A(N, N) matrica. gadawereT misi
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mTavari diagonalis wevrebi erTganzomilebian Y(N) masivSi

da gayaviT isini mTavari diagonalis maqsimalur

elementze.

49) aageT A(N, N) matrica, romlis elementebi

ganisazRvreba a
ij
 = i + 2 . j tolobiT, agreTve ipoveT am

matricis luwi elementebis namravli, romlebic

akmayofileben a
i j
 < P (0< P<3N) pirobas.

50) mocemuli sami A(N, N), B(N, N)  da C(N, N)

matricidan aageT imave zomis X  matrica, romlis

TiToeuli elementi gamoiTvleba x
i j
 = max {a

i j
 , b

i j, 
c

i j 
}.

formuliT.

51) mocemulia A(N, N)  matrica da P mTeli ricxvi.

gardaqmeniT matrica Semdegi wesiT: P nomris striqoni

gardaqmeniT P nomris svetad, xolo P nomris sveti - P

nomris striqonad.

52) mocemulia A(N, N)  matrica. gansazRvreT:

- matricis TiToeul striqonSi aranulovani

elementebis raodenoba;

- matricaSi aranulovani elementebis saerTo

raodenoba;

- TiToeul striqonSi aranulovani elementebis

raodenobis Tanafardoba matricaSi aranulovani

elementebis saerTo raodenobasTan.

53)  mocemul A(N, M)  matricaSi  waSaleT K



76

nomris striqoni da P da Q nomris svetebi. miRebuli

matrica SeamWidroveT.

54) mocemul X(N, M)  matricaSi yvela ricxvi

gansxavebulia. TiToeul striqonSi airCeva minimaluri

elementi, Semdeg am ricxvebs Soris airCeva maqsimaluri.

dabeWdeT matricis striqonis nomeri, romelSic aris

dabeWdili arCeuli ricxvi.

55) mocemul A(N, M)  matricaSi striqonebi

gadaaadgileT ise, rom maTi elementebis jamebi dalagdnen

zrdis mixedviT.

56) mocemul A(N, M)  matricaSi striqonebisa da

svetebis gadaadgilebiT miaRwieT imas, rom udidesi

elementi (erT-erTi maTgani) aRmoCndes marcxena zeda

kuTxeSi.

57) avtobusis bileTis eqvsniSna nomers uwodeben

`bedniers~, Tu tolia pirveli sami da bolo sami

cifrebis jami. daiTvaleT `bednieri~ bileTebis

raodenoba.

58) mocemulia a
1 
, a

2 
, . . . , a

n 
 mTel ricxvTa mimdevroba.

aageT axali im ricxvebisagan Sedgenili mimdevroba,

romlebic sawyis mimdevrobaSi mxolod erTxel Sedian.

59) gansazRvreT mocemul A(N)  mimdevrobaSi aris

Tu ara mezobeli ricxvebidan  Tundac erTi sawinaaRmdego

niSnis wyvili.
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60) gansazRvreT aris Tu ara mocemul A(N)

mimdevrobaSi ricxvi, romelic jeradia A  da B ricxvebis,

xolo ar aris jeradi  C ricxvis,

61) gansazRvreT aris Tu ara mocemuli naturaluri

ricxvi `polindromi~ (polindromi - aris ricxvi,

romelic erTnairad ikiTxeba marcxnidan da marjvnidan).

62) mocemulia mTeli ricxvi A>1. ipoveT umciresi

arauaryofiTi mTeli k ricxvi, romlisTvisac 5k > A.

63)* dasaxleba Sedgeba N  raodenobis mravalbiniani

saxlisagan. romlebic ganlagebulni arian swori gzis

gaswvriv da erTmaneTisagan Tanabrad arian daSorebulni.

dasaxlebaSi gahyavT satelefono xazi. cnobilia, Tu

ramdeni telefonis aparati unda dayendes TiToeul

saxlSi. gansazRvreT romel saxlSi unda dayendes ateesi,

raTa ateesidan yvela teelefonis aparatamde jamuri

daSoreba iyos minimaluri. Tu aseTi saxli ramodenimea

sakmarisia nebismieri maTganis povna. gaiTvaliswineT,

rom TiToeuli telefoni dakavSirebulia ateesTan

calkeuli mavTuliT.

64)* mTvlelis garSemo dgas N  adamiani, romelTagan

erT-erT iTvleba pirvel nomrad. danarCenebi danomrilia

saaTis isris mimarTulebiT 2-dan N-mde ricxvebiT.

mTvleli iTvlis erTidan M-mde. adamiani, romelzec

gaCerda daTvla  gadis wridan. Tvla grZeldeba gasulis
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momdevnodan da grZeldena manam, sanam ar darCeba erTi

adamiani. gansazRvreT sabolood darCenili adamianis

sawyisi nomeri.

65)* mocemulia S  striqoni. SeamowmeT aris Tu

ara es striqoni Cawerili romauli cifrebiT. Tu aris,

maSin gamoitaneT  momdevno cxra ricxvi romauli

cifrebiT. (magaliTad Tu S =’VI’, unda gamoitanoT ‘VII,

VIII, IX, X, XI, XII, XIII, XIV, XV’). Tu striqoni ar aris

romauli ricxvi, maSin gamoitaneT Setyobineba Secdomis

Sesaxeb.

SeniSvna. ricxvTa romaul sistemaSi zogierTi sabazo

ricxvebi aRiniSneba  maRali registris laTinuri asoebiT.

1 - I, 5 - V, 10 - X, 50 - L, 100 - C, 500 - D, 1000 - M. yvela

danarCeni ricxvi aigeba sabazos kombinaciebiT Semdegi

wesebis Sesabamisad:

- Tu  naklebi sididis cifri dgas didi  mniSvnelo-

bis cifris marjvniv, maSin maTi mniSvnelobebi Sejamdeba;

- Tu piriqiT, maSin did mniSvnelobas akldeba mcire

mniSvneloba, Tanac SesaZlebelia mxolod Semdegi Serwyma:

IV, IX, X, XC, CD, CM;

- I, X, C, M cifrebidan TiToeuli mimdevrobiT

SeiZleba gvxvdebodes mxolod samjer;

-  V, L, D cifrebidan TiToeuli mimdevrobiT SeiZleba

gvxvdebodes mxolod erTjer.
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 V Tavi

zogierTi maTematikuri algoriTmi

mocemul TavSi ganxilulia ramodemime magaliTi.

TiToeuli Seicavs Zalian efeqtur da zust algoriTms,

romelic sakmaod martivad aixsneba, Tumca programulad

rTulad realizebadia.

5.1. kentganzomilebiani magiuri kvadratis

agebis algoriTmi

magiuri kvadrati aris NxN matricaSi iseTi

ganlageba, rom TiToeul striqonSi, TiToeul svetSi da

or mTavar diagonalSi jamebi erTmaneTis tolia.

Cveulebriv aiReba mTeli ricxvebi 1,2, . . . , N2. ganvixiloT

kentganzomilebiani magiuri kvadratis agebis magaliTi.

ricxvi 1 ganvaTavsoT zeda striqonis Sua poziciaSi.

Semdegi ricxvis ganTavsebisaTvis gadavideT erTi bijiT

zemoT da marjvniv. am gadaadgilebam SeiZleba gagviyvanos

masivis gareT, magram sinamdvileSi es ricxvi unda

ganTavsdes sami poziciiT qvemoT an marcxniv (3 Seesabameba

matricis ganzomilebas). gadaadgileba `zemoT da

marjvniv~ aris magiuri kvadratis agebis aucilebeli

piroba. TiToeuli N (mocemul SemTxvevaSi 3) gadaadgi-

lebis Semdeg, unda daviZraT qvemoT Semdegi ricxvis

gansaTavseblad.
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nax. 4.1-ze naCvenebia 3X3 ganzomilebis magiuri

kvadratis ageba etapobrivad.

algoriTmis sisworis dasamtkiceblad SegiZliaT

aagoT sxva sididis kentganzomilebiani magiuri kvadrati.

5X5 ganzomilebiani magiuri kvadrati gamoiyureba Semdegi

saxiT:

g) d)

2

nax. 5.1.

7

1

 

2

33

a)

1

2

3

b)

4

5

6

 

  7

 

1

2

3

4

5

6

  7

88

9

9

1

2

3

4

5

6

  7

8

9

1

2

8 152417

23 5 7 14 16

22201364

10 12 19 21 3

11 25 9

nax. 5.2.

18
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5.2. oTxis jeradi ganzomilebis magiuri

kvadratis agebis algoriTmi

oTxis jeradi ganzomilebis magiuri kvadratis

ageba ramdenadme rTulia winaganxilulTan SedarebiT.

avagoT 8X8 zomis magiuri kvadrati, risTvisac mTeli

are davyoT oTx meoTxedad. moxerxubulobis mizniT

pirvel meoTxedad aviRoT marcxena zeda meoTxedi da

ujrebi aRvniSnoT nebismierad, magram gaviTvaliswinoT,

rom TiToeul striqonSi da TiToeul svetSi moniSnuli

iyos or-ori ujra. nax. 4.3.a.

avsaxoT es aRniSvnebi simetriis vertikaluri RerZis

Sesbamisad zeda marjvena meoTxedSi, Semdeg ki simetriis

horizontaluri RerZis Sesabamisad - qveda marcxena

meoTxedSi. bolos avsaxoT es aRniSvnebi qveda marcxena

kuTxidan zeda marjvena kuTxeze gamavali diagonalis

Sesabamisad, qveda marjvena meoTxedSi. Sedegad miviRebT

aRniSvnaTa simravles. nax. 4.3.b.

ganvixiloT yvela ujra marcxnidan marjvniv da

zemodan qvemoT. Tu kvadrats ara aqvs aRniSvna CavsvaT

masSi pirveli jer kidev aurCeveli K ricxvi, 1, 2, . . . ,

N2 
 mimdevrobidan, xolo ricxvi (N2+1)-K  CavsvaT am

ujris centris mimarT simetriul ujraSi. Tu momdevno

ujra Seicavs aRniSvnas, masSi CavsvaT (N2+1)-K  ricxvi,

xolo K  CavsvaT mis simetriul ujraSi. gavagrZeloT
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ganxiluli procedura masivis srulad Sevsebamde.

nax. 4.3.-ze naCvenebia zemoTganxiluli magiuri

kvadratis ageba etapobrivad.

nax. 5.3.

*

**

**

**

*

b)

* *

*

*

*

*

**

* *

**

*

* *

*

* *

**

*

*

*

*

a)

*

**

**

**

*

 1

**

**

54*56*

61*60* 58*

51*

*

*

*

**

* *

**

7*

* 14*

5*

* *

**

2*

11*

4*

9*

63*

 64

3

13

8

10 12

6

 53  56 52

 57  62 59

 1

3726

4617

5456

61 60 58

51

4243

3336

32 29

2223

7

16 14

5

28 25

1819

2

11

4

9

63

 64

3

13

8

10 12

6

 53  56 52

 57  62 59

47 21

15 49

20 24

40 27 30 31

3534 38 39

4441 45 48

50

g) d)
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5.3. sortirebis algoriTmebi

1. sortireba amorCeviT (Selection sort).

ganvixiloT martivi SemTxveva, rodesac mimdevrobis

wevrebi warmoadgenen  namdvili ricxvebis a
0
, a

1
, . . . a

n-1

masivs. algoriTmis mimdevroba aseTia:

1. sawyis masivSi vipovoT minimaluri elementi yvela

wevrs Soris a
i 
(min) da man adgili gaucvalos pirvel

elements;

2. 1-dan n-1 indeqsis mqone ricxvebs Soris vipovoT

minimaluri da man adgili gaucvalos meore elements;

3. pirvel da meore punqtSi aRwerili  moqmedebebi

ganmeordes i-dan n-1 indeqsis mqone ricxvebisaTvis.

cxrilSi naCvenebia, Tu rogor muSaobs algoriTmi

nabij-nabij konkretuli masivis SemTxvevaSi.

nax. 5.3.1.

2 7 11 12 1914

1 biji

0 biji

2 biji

3 biji

4 biji

5 biji

6 biji

7 biji

14 11 8 16 2 71912

2 11 8 16 14 71912

2 7 8 16 14 111912

2 7 8 16 14 111912

2 7 8 11 14 161912

2 7 8 11 12 161914

2 7 8 11 12 161914

8 16



84

2. sortireba buStulebis meTodiT (buble sort).

algoriTmis ideaa mocemul a
0
, a

1
, . . . a

n-1
 ricxvebSi

davaTvalieroT yvela wyvili da davalagoT,  sadac

darRveulia zrdadobiT dalageba. dalagebis cikls eqneba

Semdegi saxe:

cikli ( i = n - 1;  i  > 0;  i - - )

  cikli ( j = 1;  j < = i;  j + + )

      Tu  ( a [ j - 1 ]  >  a [ j ] ), maSin

    SevucvaloT adgilebi a [ j - 1 ]  da  a [ j ]. vnaxoT

Tu rogor muSaobs algoriTmi romelime konkretuli

monacemebisaTvis.

 

i = 3 7 6 3 10

6 7 3 10

6 3 7 10

6 3 7 10

j = 1

j = 2

j = 3

i = 2 76 3 10

6 73 10

63 7 10

j = 1

j = 2
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am algoriTmis dadebiTi Tvisebaa, rom gare ciklis

yoveli gavlis Semdeg erTi elementi mainc ikavebs Tavis

ukidures marjvena adgils. swored es aris

gaTvaliswinebuli, roca ajamva xdeba i-mde.

3. sortireba CasmiT. masivis TiToeuli elementi-

saTvis meoredan dawyebuli mimdinareobs Sedareba

mcireindeqsian elementebTan (a
i 
elementi Seedareba a

i-1
,

a
i-2

, ...) da manam, sanam momdevno  a
j  
elementisaTvis  sruldeba

a[j] > a[i] piroba, a[i] da a[j] elementebi cvlian adgilebs.

Tu Segvxvdeba iseTi a[j] elementi, romlisTvisac a[j] <=

a[i], anu Tu miRweulia masivis qveda zRvari, daiwyeba

a[i+1] elementis damuSaveba, sanam ar miiRweva masivis

zeda zRvari. ganvixiloT konkretuli magaliTi:

nax. 5.3.2.

i = 1 3

6

6

3
j = 1

  

1 biji

masivis sawy. mdgomar.

2 biji

3 biji

4 biji

5 biji

8   23   5   65   44   33   1   6

  8   23   5   65   44   33   1   6

   8   5    23   65   44   33   1   6

   5    8  23    65   44   33    1   6

   5   8   23    65    44   33   1   6

   5   8   23    44    65  33   1   6

   5    8   23   44   33   65   1   6

   5    8  23    33   44   65    1   6
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5.4. gantolebis amoxsna variantebis

gadarCeviT

ganvixiloT a+2b+3c+4d=30 gantolebis amoxsna,

sadac a, b, c, d mTeli dadebiTi ricxvebia.  ra Tqma unda

a, b, c, d yvela dasaSvebi mniSvnelobis ganxilva migviyvanda

swor amonaxsnamde, magram amisaTvis saWiro iqneboda

sakmaod didi dro. SemoTavazebuli algoriTmi sasurvel

amonaxsns poulobs gacilebiT mcire droSi. algoriTmis

arsi mdgomareobs imaSi, rom dasawyisSi virCevT

ramodenime SemTxveviT mniSvnelobas da gadarCevis gziT

vpoulobT sasurvel amonaxsns.

dasawyisisaTvis avirCioT xuTi SemTxveviTi amonaxsni:

1 =< a, b, c, d <= 30.

7 biji

 5      8    23   33   44   1   65    6

   5     8     23    33   1   44    65   6

  5      8    23    1   33   44    65   6
  5       8   1    23   33   44    65   6

5    1  8    23     33    44    65     6

1     5    8   23   33   44    65    6

1      5    8    23   33     44   6  65
  1      5    8    23   33   6  44    65

 1      5    8    23    6    33    44   65

 1      5    8     6    23   33   44   65

6 biji

saboloo Sedegi 1   5   6   8  23   33    44   65

nax. 5.3.3.
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imis Sesamowmeblad, Tu ramdenad axlos aris Cvens

mier miRebuli amonaxsni namdvil amonaxsnTan,  vipovoT

miRebuli amonaxsnis gansxvaveba 30-Tan. CavsvaT a, b, c, d

mniSvnelobebi gantolebaSi, gamoviTvaloT miaxlovebis

koeficientebi.

rac ufro mcirea sxvaoba, varianti miT ufro axlos

aris amonaxsnTan. e.i. CvenTvis sainteresoa dabali

miaxlovebis koeficientis mqone mniSvnelobebi.

gamoviTvaloT sxvaobaTa koeficientebis Sebrunebuli

cxr. 5.4.

varianti a, b, c, d

5

4

3

2

1 (1,28,15,3)

(14,9,2,4)

(13,5,7,3)

(23,8,16,19)

(9,13,5,2)

cxr. 5.5.

varianti miaxlovebis koefic.

5

4

3

2

1 |114-30|=84

|54-30|=24

|56-30|=26

|163-30|=133

|58-30|=28
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mniSvnelobebi da maTi jami:

gamoviangariSoT miaxlovebis koeficientebis

procentuli mniSvnelobebi:

aqedan gamomdinare, yvelaze kargi miaxlovebis

koeficienti aqvs meore da mesame variantebs. am ori

variantisagan sxvadasxva kombinaciis gziT miviRebT

ramodenime variants:

varianti miaxlovebis koeficient.%

5

4

3

2

1 (1/84)/0.135266=8.8%

(1/24)/0.135266=30.8%

(1/26)/0.135266=28.4%

(1/28)/0.135266=26.4%

(1/133)/0.135266=5.56%

cxr. 5.7.

cxr. 5.6.

varianti miaxlovebis koefic.

5

4

3

2

1 1/84=0.011904

1/24=0.041666

1/26=0.038461

1/133=0.007518

1/28=0.035714

jami 0.135266
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miRebuli variantebisaTvis kvlav gamoviTvaloT

miaxlovebis koeficientebi. kombinacia (13, 5, 2, 4) D

danarCen mniSvnelobebTan SedarebiT yvelaze ufro

uaxlovdeba Sedegs, radgan miaxlovebis koeficienti

udris 15-s. SegviZlia mniSvnelobebi SevcvaloT 1-dan

30-mde SemTxveviTi ricxvebiT. magaliTad, Tu b-s

mniSvnelobas CavanacvlebT 3-iT,  miaxlovebis koeficienti

gaxdeba 11. a-s mniSvneloba, anu ricxvi 13,  CavanacvloT

2-iT, rac gamoiwvevs misi mniSvnelobis 11-iT Semcirebas,

ris Sedegadac miaxlovebis koeficienti gaxdeba 0-is

toli. a, b, c, d -s miRebuli kombinacia (2, 3, 2, 4) aris

mocemuli gantolebis amonaxsni.

Tu Tavidan aviRebdiT SemTxveviT mniSvnelobaTa ara

5, aramed, magaliTad 50  an met variants, Sedegi iqneboda

ufro swrafi da stabiluri.

varianti a,b,c,d kombinaciebi

2

3

     14   5   7   3

     14  9   7   3

     14   9   2   3

     13   9   2   4

     13   5   2   4

     13   5   7   4

cxr. 5.8.
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