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reziume 

 

winamdebare sadisertacio naSromi “programuli 
uzrunvelyofis mobilurobisa da gafarToebadobis zogierTi 
aspeqti” miZRvnilia programuli uzrunvelyofis xarisxis iseTi 
mniSvnelovani maxasiaTeblebis, rogoricaa mobiluroba da 
gafarToebadoba, gaumjobesebisTvis mimarTuli meTodologiuri 
saSualebebis rogorc Teoriuli, aseve praqtikuli mxareebisadmi. 

naSromSi Seswavlilia programuli uzrunvelyofis 
mobilurobisa da gafarToebadobis gaumjobesebis iseTi 
saSualebebi, romlebic emyareba funqcionalur gamosaxulebaTa 
warmodgenis e.w. polonur notacias. amasTan dakavSirebiT 
SemuSavebul iqna funqcionalur gamosaxulebaTa damuSavebisTvis 
gankuTvnili programuli kompleqsi, romelic uzrunvelyofs am 
gamosaxulebebTan muSaobas terminebSi, romlebic maqsimalurad 
miaxloebulia bunebrivTan pirdapir daprogramebis e.w. 
algoriTmuli enis donidan. cxadia, es faqtobrivad warmoadgens 
algoriTmuli enis gafarToebas, romelic mTeli rigi 
amocanisTvis gadawyvetis principulad axal gzebs ganapirobebs 
problemuri programistisTvis. warmodgenili naSromis 
farglebSi Sesrulda funqcionalur gamosaxulebaTa damuSavebis 
avtomatizebisTvis gankuTvnili 2 gansxvavebuli realizacia. 

erTi – daprogramebis ena paskalze da gaformebulia 
damoukidebeli modulis saxiT. aq gamosaxulebis Sida 
warmodgena emyareba postfiqsur notacias da warmodgenilia 
dinamiurad cvalebadi bmuli siis saxiT. modulis 
SemadgenlobaSi Sedis 2 ZiriTadi programuli komponenti. erTi 
warmoadgens proceduras, romelic uzrunvelyofs striqonis 
saxiT mocemuli infiqsuri gamosaxulebis analizs da Tu igi 
koreqtulia, Sedegad iZleva am gamosaxulebis postfiqsur 
Sesatyviss Sida formiT, xolo winaaRmdeg SemTxvevaSi ki iZleva 
informacias aRmoCenili Secdomis Sesaxeb. meore programuli 
komponenti aris funqcia, romelic Sida saxiT mocemuli 
gamosaxulebisTvis daabrunebs mis mniSvnelobas parametriT 
gansazRvruli gamosaxulebaSi Semavali cvladebis 
mniSvnelobebisTvis. es realizacia iTvaliswinebs sazogadod 
ramdenime cvladis Semcveli iseTi gamosaxulebebis damuSavebas, 
romlebSic gamoyenebulia 4-ve ariTmetikuli moqmedeba, 2 saxis 
axarisxeba (mTel da aramTel xarisxad), agreTve gavrcelebuli 
elementaruli funqciebi. realizaciaSi gaTvaliswinebulia erTi 
3 operandiani moqmedeba. am realizaciiT Seikra Tsu-s egm-ebis 
maTematikuri uzrunvelyofis kaTedris mier 1999 wels Seqmnili 
gamoyenebiTi programebis paketi, romelic warmodgenil iqna 
gamofenaze info-99 da dajildovda diplomiT me-2 adgilisTvis. 

meore realizacia Sesrulebulia daprogramebis ena C++ -ze 
da amJamad programaTa kompleqsis saxe aqvs. aq 
gaTvaliswinebulia ara umetes erTi cvladis (x) Semcveli 
funqcionalur gamosaxulebaTa damuSaveba, romlebSic SeiZleba 
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iyos gamoyenebuli 4-ve ariTmetikuli moqmedeba, axarisxeba 
(universaluri) da gavrcelebuli elementaruli funqciebi. es 
realizacia iTvaliswinebs gamosaxulebis Sida warmoadgenas 
veqtoris saxiT prefiqsul notaciaze dayrdnobiT. am 
realizaciiT gaTvaliswinebulia gamosaxulebis bunebrivi 
formidan (striqonidan) ara marto Sida formaze gadayvana da 
sapirispiro qmedeba, aramed misi gawarmoeba da gamartiveba. 
warmodgenili realizacia qmnis winapirobas specialuri klasis 
SemuSavebisTvis, romelic gankuTvnili iqneba problemuri 
programistisTvis funqcionalur gamosaxulebebTan maqsimalurad 
martivad muSaobisTvis daprogramebis ena C++ -dan. am klasis 
sainterfeiso nawilis aRwera Sevida warmodgenil naSromSi. 

mocemuli naSromis farglebSi SemuSavda daprogramebis 
sastarto swavlebis koncepcia, romelic emyareba tiuringis 
virtualuri manqanis modifikaciis gamoyenebas. cxadia, es 
koncepcia ar aris damokidebuli sistemur platformaze da 
advilad eqvemdebareba gadatanas. am koncepciaze damyarebuli 
realizaciebi gamoiyeneba saswavlo procesSi saqarTvelos 
sapatriarqos wmida andria pirvelwodebulis saxelobis qarTul 
universitetSi 2011 wlidan da pansion “mTiebSi” 2014 wlidan. 

Tematikis aqtualoba ganpirobebulia programuli 
uzrunvelyofis moculobis zrdis stabilurad maRali tempebiT 
da kompiuteris gamoyenebis arealis mier adamianis saqmianobis 
praqtikulad yvela sferos dafarviT. 

naSromSi miRebuli ZiriTadi Sedegebi Semdegia: 
1. algebrul gamosaxulebaTa ufrCxilebo, e.w. polonuri 

Canawerebis mimarT SeuRlebulis cnebis SemoReba da am 
cnebasTan dakavSirebuli kanonzomierebebis dadgena. 
avtorma mkacrad maTematikurad daamtkica SesaZlebloba 
mTlianad moixsnas polonuri Canawerebis postfiqsuri da 
prefiqsuli formebis urTierTgardaqmnis aucilebloba. 
es garemoeba ki arsebiTia iseT amocanebSi, sadac 
warmoiSveba funqcionalur gamosaxulebaTa ara marto 
ricxviTi mniSvnelobebis miRebis, aramed maTi 
funqcionaluri gardaqmnis saWiroeba. am Sedegebze 
dayrdnobiT SemuSavda programa, romelic aZlevs 
momxmarebels SesaZleblobas imuSavos funqcionalur 
gamosaxulebebTan iseve, rogorc monacemTa standartul 
tipebTan. 

2. SemuSavebulia gamosaxulebaTa polonuri Canawerebis 
SeuRlebulis cnebasTan dakavSirebuli algoriTmebi, 
romlebic uzrunvelyofs maT gardaqmnas standartul 
polonur Canawerebze da piriqoT. 

3. SemuSavebulia infiqsuri Canaweridan prefiqsuli 
Canaweris miRebis pirdapiri algoriTmi, damyarebuli 2 
stekis gamoyenebaze. 

4. SemuSavebulia meTodika, gankuTvnili problemuri 
programistis mier funqcionalur gamosaxulebebze 
gawarmoebis gardaqmnebis ganxorcielebisTvis 
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daprogramebis e.w. algoriTmuli enebidan, romelic 
emyareba am mizniT Seqmnil Sida enas. 

5. SemuSavebulia specialuri klasis sainterfeiso nawili, 
romelic uzrunvelyofs problemur programists 
funqcionalur gamosaxulebaTa damuSavebis 
mosaxerxebeli saSualebebiT algoriTmuli enis donidan.  

6. SemuSavebulia tiuringis virtualuri manqanis 
modifikacia, gankuTvnili daprogramebis sawyisebis 
swavlebisTvis. 

naSromis mecnieruli siaxle ganpirobebulia SemdegiT: 

• avtoris mier SemoRebuli polonuri Canaweris 
SeuRlebulis cneba da, aqedan gamomdinare, am cnebasTan 
dakavSirebuli mis mier Camoyalibebuli da damtkicebuli 
7 Teorema da 8 Sedegi sruliad axalia;  

• siaxles warmoadgens avtoris mier Camoyalibebuli 
infiqsuri Canaweridan pirdapir prefiqsuli Canaweris 
miRebis algoriTmi, damyarebuli erTdroulad 2 stekis 
gamoyenebaze;  

• axalia SeuRlebulis cnebasTan  dakavSirebuli yvela 
algoriTmi; 

• siaxles warmoadgens avtoris mier SemoTavazebuli Sida 
ena gawarmoebis wesebis aRwerisTvis, aseve siaxlea 
realizacia, romelic eyrdnoba am enas da gamoirCeva 
rogorc gafarToebadobiT, aseve mobilurobiT; 

• mTlianobaSi, siaxlea avtoris mier SemuSavebuli 
programuli saSualebebi, romelTa meSveobiTac 
problemur programists eZleva SesaZlebloba 
algoriTmuli enis donidan daamuSavos striqonis 
meSveobiT bunebrivi saxiT mocemuli funqcionaluri 
gamosaxuleba. damuSavebaSi Sedis am gamosaxulebis ara 
marto mniSvnelobebis gamoTvla (parametris garkveuli 
mniSnelobebisTvis), aramed misi sxvadasxvanairi 
funqcionaluri gardaqmna, maT Soris difenerencireba; 

• siaxles warmoadgens avtoris mier SemoTavazebuli 
tiuringis virtualuri manqanis modifikacia.  

naSromis praqtikuli Rirebuleba ganpirobebulia im 
garemoebiT, rom yvela SemuSavebuli koncepcia miyvanilia 
kompiuteruli realizaciis donemde. 
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Abstract 
 

The dissertation “Some aspects of software portability and extensibility” 
examines theoretical and practical aspects of methodological means intended to 
improve important parameters of software quality, such as portability and 
extensibility. 

These methods are based on so-called “Polish notation” of representing 
functional expressions. In terms of this, a software package facilitating work with such 
expressions has been created. Actually, this can be regarded as an extension to a 
programming language, which provides programmers with brand new ways of 
handling substantial class of problems. Two different versions of the mentioned 
software have been designed. 

As for the first version, it was developed with Pascal programming language as 
an independent module. Reverse Polish Notation is used for internal representation of 
expressions, implemented by linked lists. The module comprises two main 
components. The first one is a function, which analyses string containing functional 
expression written in infix notation and returns an internal representation of the same 
expression but converted into postfix form, provided that no errors are found. 
Otherwise, a message containing information about the error is returned. The second 
component, also a function, evaluates the expression using values of variables, passed 
as arguments to the function. Generally, the expressions can contain several variables 
with all four arithmetic operators, two types of exponentiation (with integer and non-
integer exponent), some elementary functions and one ternary operator. This particular 
implementation was part of the software package developed by a department of 
computer software of Tbilisi State University in 1999. Exhibited within an exhibition 
“Info-99”, the software was awarded diploma for the 2nd place. 

The second version, is designed with C++. In contrast with the first one, this 
implementation is limited to only single variable expressions with all four arithmetic 
operators, exponentiation and elementary functions. Vector data structure is used for 
internal representation of functional expressions. Not only does it support converting 
string expression into internal representation and vice versa, but also differentiation 
and simplification. Based on this version, a C++ class could be created, providing a 
better experience for programmers when dealing with certain sorts of mathematical 
problems. Description of an interface of this class is also covered in the following 
thesis. 

Within the scope of this dissertation, a conception of teaching computer 
programming basics at introductory level has also been developed. Based on a 
modification of Turing Machine, yet preserving the key ideas, this methodology is 
platform independent, portable and easy to use. Implementations of the concept have 
been used in classes held at St. Andrew the First-Called Georgian University of the 
Patriarchate of Georgia and boarding school “IB Mtiebi” since 2014. 
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The topicality of the subject is provoked by stably high rates of software volume 
increase and the fact that the computer usage area currently covers virtually every 
field of human activity. 

 The principal results of the thesis are the following: 

1. The term of a conjugate to parenthesis-free notations of algebraic 
expressions was introduced and the regularities associated to this term 
were detected. The author has given a strict mathematical proof that it is 
possible to withdraw the necessity of convertibility from postfix notation to 
prefix and vice versa. This is significant for problems which require not 
only computing the numeral values of functional expressions, but also their 
functional translation. On basis of these results, a software was developed 
which enables the user to operate with functional expressions as with any 
standard data type. 

2. Set of algorithms providing functionality of converting between polish 
conjugate and standard polish notations has been introduced. 

3. The algorithm involving two stacks for directly converting from infix to 
prefix notation has been designed. 

4. The methodology of enabling programmers to perform differentiation of 
functional expressions using an internal language created for this very 
purpose. 

5. The interface part of special class which enables the user to processing 
functional expressions from the level of algorithmic language was 
developed. 

6. The conception of modification of Turing Machine intended to facilitate 
conveying the basics of programming to beginners has been developed. 

 
The following paragraphs suggest the scientific originality of the thesis: 

• The term of a conjugate to Polish notation, 7 stated and proven theorems 
and 8 results introduced by the author are brand new.  

• The algorithm of directly obtaining prefix notation of an expression from 
the corresponding infix notation using 2 stacks is new.  

• The new is also all algorithms concerning the conjugate. 
• The internal language for describing the rules of differentiation and the 

corresponding implementation (which is portable and extensible) are 
completely new as well. 

• Overall, the methodology enabling performing transformations of 
functional expressions (given as a string in a natural form), including 
differentiation and evaluation (with specified values of variables). 
Moreover, programmers are able to conduct all these operations from a 
programming language.  

• Finally, suggested modification of Turing Machine. 
 

The practical value of the dissertation consists in the fact that all developed 
concepts have been implemented as software. 
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Sesavali 

kacobriobis ganviTarebis Tanamedrove etapi xasiaTdeba 

sainformacio nakadebis intensivobis mkveTri zrdiT da 

kompiuteruli teqnologiebis SeWriT adamianis saqmianobis yvela 

sferoSi. aseT pirobebSi ganuxrelad izrdeba moTxovnebi 

profilur programul uzrunvelyofaze da izrdeba moTxovnebi 

misi xarisxis mimarT. 

Tu jer kidev aTiode wlis win programuli uzrunvelyofis 

saTanado xarisxs uzrunvelyofda misi SemuSavebis 

standartulad miCneuli sqema, romlis mixedviTac programists 

ar moeTxoveboda dasaprogramebeli masalis sagnobrivi aris 

codna, dRes ukve mTel rig SemTxvevaSi moTxovnili xarisxis 

miRweva SeuZlebeli xdeba, Tu programisti ar aris garkveuli 

dasaprogramebeli sakiTxebis SinaarsSi saTanado sagnobrivi 

aris specialistis doneze. 

amis miRwevisTvis realurad adgili aqvs orive SesaZlebel 

procesebs – erTis mxriv, programistebi cdiloben gaerkvnen maT 

mier Sesadgeni programebis sagnobriv areSi, meores mxriv ki 

sagnobrivi aris specialistebi cdiloben daeuflon 

daprogramebis safuZvlebs. amis xelSewyobas emsaxureba 

daprogramebis uaxlesi sainstrumento saSualebebi, romlebic 

gamiznulia problemur programists Seeqmnas maqsimalurad 

komfortuli pirobebi programis SemuSavebisTvis. 

erT-erTi mZlavri saSualeba zemonaxsenebis misaRwevad 

Cadebulia daprogramebis obieqtze orientirebul paradigmaSi, 

romlis wyalobiTac daprogramebis enis farglebSi 

SesaZlebelia Seiqmnas ama Tu im sagnobrivi arisTvis aqtualuri 

klasebi (faqtobrivad, enis mxardaWeriT SemoRebuli damatebiTi 

tipebi), romlebic iZleva SesaZleblobas Camoyalibdes programis 

teqsti saTanado sagnobrivi arisTvis bunebrivTan maqsimalurad 

miaxlovebul terminebSi. 

daprogramebis instrumentaris daxvewasTan erTad ixveweba 

daprogramebis stili. cnobilia, rom programaSi daSvebuli 
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Secdoma miT naklebad sazianoa, rac adrea gamovlenili. am 

TvalsazrisiT Zalian mniSvnelovania daprogramebis iseTi 

stilis gamomuSaveba, romelic minimumamde daiyvans Secdomis 

daSvebis SesaZleblobas. amavdroulad, programisti yovelTvis 

unda iTvaliswinebdes, rom davalebis arsi droTa ganmavlobaSi 

SeiZleba icvlebodes da mis mier Seqmnili programuli 

uzrunvelyofa advilad unda eqvemdebarebodes saTanado 

modifikacias. anu programis struqturam unda Seuwyos xeli 

SemdgomSi masSi cvlilebebis Setanas. winamdebare naSromSi 

ganxilulia programis gafarToebadobis miRwevis ramdenime 

SesaZlebloba. aqedan gamosayofia gafarToebadoba Sida enis 

SemuSavebis xarjze, rodesac sakuTriv programa warmoadgens am 

Sida enis realizacias da programis funqcionalis Secvla  

faqtobrivad mdgomareobs mxolod am Sida enaze Camoyalibebuli 

davalebis SecvlaSi. meores mxriv, ki SemuSavebulia programuli 

instrumentis gafarToebis SesaZlebloba daprogramebis enaSi 

problemuri programistisTvis axali saSualebebis Setanis gziT. 

cxadia, am ukanasknelis bazaze izrdeba mocemul enaze 

Sedgenili yvela samomxmareblo programebis gafarToebadobis 

maCveneblebic. 

daprogramebis safuZvlebis codnis farTo gavrcelebis 

aucilebloba dRes ukve araviTar eWvs ar iwvevs. programirebis 

safuZvlebis codna sasargebloa sagnobrivi aris 

specialistisTvis im SemTxvevaSic, Tu mas uSualod programebis 

Seqmna ar uwevs. aseTi codna specialists swor warmodgenas 

uyalibebs sazogadod programuli uzrunvelyofis da misi 

SesaZleblobebis mimarT – es garemoeba ki Znelia gadaWarbebiT 

Sefasdes! 

dRes programuli uzrunvelyofis mobilobis qveS gulisxmoben 

mis Tvisebas imuSavos sxvadasxva aparatul platformaze, an 

sxvadasxva operaciuli sistemis marTviT. kompiuteruli 

teqnologiebis ganviTarebis Tanamedrove etapze mobiloba 

pirvel rigSi miiRweva programuli uzrunvelyofis SesrulebiT 
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iseT sainstrumento saSualebiT (daprogramebis eniT), romelic 

realizebulia sxvadasxva platformaze da sxvadasxva operaciul 

sistemaSi. am azriT mocemul naSromSi warmodgenili yvela 

programa mobiluria, radgan Sesrulebulia sxvadasxva 

operaciul sistemaSi realizebul daprogramebis enaze. 

ZiriTadi aqcenti am naSromSi mainc gakeTebulia programuli 

uzrunvelyofis xarisxis ganmapirobebel iseT Tvisebaze, 

rogoricaa gafarToebadoba. SemuSavebul programebSi 

gafarToebadoba aris miRweuli rogorc misi Sida agebulebis 

xarjze, aseve sainstrumento saSualebis (daprogramebis enis) 

SesaZleblobebis gafarToebiT. 

rac Seexeba disertaciis daskvniT nawils, romelic exeba 

daprogramebis sastarto swavlebisTvis instrumentis SemuSavebis 

sakiTxs, misi CarTva mocemul naSromSi garda aqtualobisa, 

gamarTlebulia koncepciis absoluturi damoukideblobiT 

rogorc aparatuli, aseve sistemuri platformisgan.      
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literaturis mimoxilva 

 

rogorc SesavalSi iTqva, disertaciaSi aqcenti gakeTda 

programuli uzrunvelyofis gafarToebadobis miRwevis 

saSualebebze. am mimarTulebiT damuSavda kompilaciis Teoriis 

is nawili, romelic exeba algebrul gamosaxulebebTan muSaobis 

avtomatizebas. kompilaciis Teoriisa da praqtikis sakiTxebi 

kargad aris gadmocemuli mTel rig gamocemaSi, romlebic ukve 

programirebis klasikad iTvleba. aq Cven gvxdeba rogorc 

ufrCxilebo (polonuri) Canawerebis klasikuri aRwera, aseve 

yvela im algoriTmis aRwera, romelic gamoiyena avtorma am 

sakiTxis Seswavlis dros. cxadia, swored am masalas daeyrdno 

avtori ufrCxilebo CanawerebisTvis SeuRlebulis cnebis 

SemoRebisa da misi Tvisebebis kvlevis dros. [1-4,6,8-10]. 

ufrCxilebo Canawerebze dafuZnebuli monacemTa struqturebi 

did rols asrulebs sxvadasxva algoriTmis agebis sakiTxebSi. 

amavdroulad, rogorc cnobilia, dRes miRweulia aparatuli 

uzrunvelyofis simZlavreTa garkveuli zRvruli mniSvneloba da 

pirvel planze gamodis programuli uzrunvelyofis warmadobis 

gazrda algoriTmuli saSualebebiT. am sakiTxebs eZRvneba 

Semdegi fundamenturi naSromebi [12,13].  

programuli uzrunvelyofis xarisxi mravali maCvenebliT 

ganisazRvreba da Sesabamisi sakiTxebi TavisTavad did Teoriul 

da praqtikul interess Seadgens. es Tematika fundamenturad 

aris damuSavebuli [11]-Si. 

programuli uzrunvelyofis xarisxi mniSvnelovnad aris 

damokidebuli daprogramebis stilze. sazogadod, daprogramebis 

procesSi Serwymulia rogorc individualuri Tvisebebis 

gamovlenis SesaZlebloba, aseve garkveuli sayovelTaod 

aRiarebuli wasebis dacva, raTa Sedegi aRmoCndes maqsimalurad 

maRalxarisxiani. am sakiTxebze erTob Sinaarsianad msjelobs 

legendaruli deiqstra Tavis SesaniSnav wignSi [7]. 
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programistTa TaobebisTvis sakulto gamocemad gadaiqca da 

aseTad rCeba frederik bruqsis ganTqmuli wigni “rogor iqmneba 

programuli kompleqsebi”. am wignSi avtorma pirvelad gamoitana 

samsjelod programuli uzrunvelyofis SeqmnasTan 

dakavSirebuli wminda saorganizacio da Rrma fsiqologiuri 

qveteqstis mqone sakiTxebi. am wignis pirveli gamocemidan 

TiTqmis 50 weli gavida, miuxedavad amisa igi ar kargavs 

aqtualobas. amis dasturia misi ganaxlebuli gamocema [14]. 

pirvelad algebruli gamosaxulebis prefiqsuli Canaweris 

reversirebis Sedegis Sesaxeb avtoris mier iTqva [20]-Si. maSin mas 

jer kidev ar qonda gamoyenebuli termini SeuRlebuli. 

SeuRlebulis cnebis SemoRebas moyva avtoris mier am cnebis 

yovelmxrivi gamokvleva, rac aisaxa publikaciebSi [21-25]. 

miRebuli Sedegebis gamoyeneba simboluri diferencirebisTvis 

pirvelad dafiqsirda [27]-Si. 

calke did lodad aris aziduli donald knutis mravaltomeuli 

“daprogramebis xelovneba”, romelic programistTa TaobebisTvis 

samagido wignad iqca. roca laparakia daprogramebis swavlebis 

meTodikebze, gverds ver auvliT am naSromSi SemoTavazebul 

virtualur saswavlo manqanas MIX-s [15]. 

sakmaod didi xnis ganmavlobaSi daprogramebis sawyisebis 

swavlebis de-faqto standartad miCneuli iyo meTodikebi, 

damyarebuli Sveicarieli maTematikosis, niklaus virtis mier 

SemuSavebul daprogramebis ena paskalze. unda iTqvas, rom es 

gamarTlebuli iyo ara marto Tavad am enis SesaZleblobaTa 

simdidriT, aramed im faqtiT, rom wlebis ganmavlobaSi paskali 

da masze damyarebuli programistuli isntrumentebi erT-erTi 

yvelaze gavrcelebul sainstrumento saSualebebs miekuTvneboda. 

dRes am mxriv situacia Secvlilia. paskalis ganviTareba ukve ar 

xdeba da amis gamo sakmaod swrafad am enis momxmarebelTa 

raodenoba mkveTrad Semcirda. Sedegad, saWiro gaxda 

daprogramebis swavlebis axali meTodologiis SerCeva [16,17]. 
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pirvelad postis virtualuri manqanis saswavlo procesSi 

gamoyenebis idea gamoTqva moskovis saxelmwifo universitetis 

TanamSromelma, vladimer uspenskim [18]. 

es idea myisve aitaca qarTvelma maTematikosma konstantine 

ciskariZem da sakmaod male misi xelmZRvanelobiT axalgazrda 

specialistma marina xaraziSvili-derbinianma Seqmna postis 

dialoguri manqanis realizacia egm besm-6-Tvis. unda iTqvas, rom 

wlebis ganmavlobaSi am realizaciaze damyarebuli meTodika 

warmatebulad gamoiyeneboda Tsu-s gamoyenebiTi maTematikis 

samecniero kvleviTi institutis norC maTematikos-programistTa 

skolaSi [19]. 

am ideaze dayrdnobiT avtorma daiwyo muSaoba exla ukve  

tiuringis virtualuri manqanis saswavlo procesSi gamoyenebis 

SesaZlenlobaze [4,5]. 

Tavidan Sesrulda samodelo realizaciebi besm-6-Tvis, romlebic 

ar iyo dafiqsirebuli publikaciis saxiT (iyo studentTa 

sakurso da sadiplomo naSromebi). magram darwmunda ra am ideis 

nayofierebaSi, avtorma uxelmZRvanela SemuSavebuli koncepciis 

realizebas Tanamedrove kompiuterebze [26,28]. 

realizaciebis uSualo Semsruleblebi arian moyvanili 

publikaciebis Tanaavtorebi – avTandil ruxaZe da sandro 

barnabiSvili. mocemuli momentisTvis es meTodologia 

gamoiyeneba saswavlo procesSi saqarTvelos sapatriarqos wmida 

andria pirvelwodebulis saxelobis qarTul universitetsa da 

skola-pansion “mTiebSi”. 
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Sedegebi da maTi gansja 

Tavi 1. funqcionalur gamosaxulebaTa damuSavebis 

zogierTi meTodi 

1.1. funqcionalur gamosaxulebaTa Caweris postfiqsuri 

da prefiqsuli notaciebi 

sistemur programirebaSi farTod gamoiyeneba gamosaxulebaTa 

Caweris ufrCxilebo notaciebi, romlebsac polonur Canawerebs 

uwodeben maTi avtoris, poloneli maTematikosis, ian lukaseviCis 

(Jan Łukasiewicz) sapativcemulod. 

ganasxvaveben polonuri Canawerebis 2 nairsaxeobas – 

postfiqsurs da prefiqsuls. pirvel SemTxvevaSi operaciis 

niSani iwereba uSualod Sesabamisi operandebis Semdeg, xolo 

meore SemTxvevaSi ki uSualod operandebis win. 

magaliTad, vTqvaT gvaqvs gamosaxuleba, Cawerili 

daprogramebis enebSi miRebuli saxiT: 

(a+b)*c-d/(e-f*g), 

sadac laTinuri asoebiT aRniSnulia operandebi. gamosaxulebis 

Caweris aseT formas, rogorc wesi infiqsurs uwodeben (radgan 

aq 2-adgiliani operaciebis niSnebi operandebs Soris iwereba). 

aseT gamosaxulebas Seesabameba Semdegi postfiqsuri Canaweri: 

ab+c*defg*-/- 

marTlac, gamosaxulebas a+b zemoTqmulis mixedviT Seesabameba 

ab+ , amis Semdeg, Tu ganvixilavT am ukanasknels, rogorc 

operands, maSin ab+c* iqneba (a+b)*c gamosaxulebis Sesatyvisi 

postfiqsuri Canaweri. analogiurad, infiqsur Canawers e-f*g 

Seesabameba postfiqsuri Canaweri efg*- , xolo gamosaxulebas d/(e-

f*g) ki Seesabameba postfiqsuri Canaweri defg*-/ . bolos, miRebuli 

ori postfiqsuri Canaweris, rogorc operandebis, meSveobiT 

vRebulobT sawyisi gamosaxulebis postfiqsur eqvivalents 

ab+c*defg*-/-  . 

absoluturad analogiurad SegviZlia davrwmundeT, rom 

sawyisi gamosaxulebis prefiqsuli formaa 
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-*+abc/d-e*fg 

Tu sawyis gamosaxulebas warmovidgenT grafis (xis) saxiT 

Semdegnairad (kvanZebSi operaciebis niSnebia, xolo Sesabamisi 

operandebi - “foTlebia”): 

_ 
/        \ 

*          / 
/   \       /   \ 

+     c   d     _ 
/  \      /  \ 

a       b         e      * 
                             /   \ 

                             f     g 
 
 

maSin advilad davinaxavT, rom gamosaxulebis Caweris orive 

zemoganxiluli forma miiReba am grafis SemovliT. 

postfiqsuri gamosaxuleba miiReba, Tu grafis Semovlas 

vawarmoebT marcxnidan marjvniv im pirobiT, rom grafis kvanZebSi 

moTavsebul operaciebis niSnebs gadavitanT misaReb 

gamosaxulebaSi mxolod imis Semdeg, rac mTlianad dasruldeba 

misi yvela foTlis amoReba. 

gamosaxulebis prefiqsul formas miviRebT igive grafis 

SemovliT zevidan qvemoT marcnidan marjvniv im pirobiT, rom 

operandebis amoReba moxdes imis Semdeg, rac amoRebulia 

Sesabamisi operaciis niSani. 

postfiqsuri forma arsebiTad aadvilebs algebrul 

gamosaxulebaTa ricxviTi mniSvnelobebis gamoTvlas da farTod 

gamoiyeneba programirebis enebis kompilaciis Teoriasa da 

praqtikaSi. es gamowveulia imiT, rom postfiqsuri forma 

mosaxerxebeli saxiT Seicavs gamosaxulebis gamoTvlisTvis 

aucilebel srul informacias. gamosaxulebis Caweris am 

formaze dayrdnobiT misi mniSvneloba gamoiTvleba martivi 

algoriTmiT, romelsac qvemoT moviyvanT. 

SevTanxmdeT, rom SemdgomSi programirebaSi gavrcelebuli 

terminebis “ariTmetikuli gamosaxuleba” da “algebruli 

gamosaxuleba” sinonimad, gamoviyenebT termins “funqcionaluri 
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gamosaxuleba”. garda amisa, postfiqsuri Canaweris Semadgenel 

calkeul operandebs da operaciebis niSnebs vuwodoT Canaweris 

elementebi. amrigad, SegviZlia vTqvaT, rom postfiqsuri Canaweri 

warmoadgens mimdevrobas, romlis yoveli elementi aris an 

operandis aRmniSvneli (mokled, operandi), an operaciis 

aRmniSvneli (mokled, operacia). cxadia, zustad igive SeiZleba 

iTqvas prefiqsuli Canaweris Sesaxeb. 

 sanam CamovayalibebT postfiqsuri gamosaxulebis 

mniSvnelobis gamoTvlis algoriTms, mizanSewonilia gavixsenoT 

stekis cneba, radgan es algoriTmi iyenebs steks. 

stekis qveS gulisxmoben monacemTa iseT umisamarTo 

struqturas, romelic funqionirebs principiT – bolo moxvedi, 

pirveli midixar (LIFO – Last In First Out). adgils stekSi, sadac 

Tavsdeba yvelaze bolos miRebuli elementi, sarkmels uwodeben. 

zemoTqmulidan gasagebia, rom stekidan elementis aReba xdeba 

swored misi sarkmelidan. stekis yoveli mdgomareoba xasiaTdeba 

siRrmiT (stekSi moTavsebuli elementebis raodenobiT) da 

sarkmelis SigTavsiT. stekTan muSaobisTvis aucilebelia sul 3 

moqmedebis ganxorcieleba, esenia: stekSi moTavseba (Cawera), 

stekidan amoReba (wakiTxva), stekis Semowmeba daclaze. 

exla ki CamovayaliboT postfiqsuri formiT Cawerili 

gamosaxulebis mniSvnelobis gamoTvlis algoriTmi. qvemod 

yvelgan punqtebiani algoriTmebis aRweris dros vigulisxmebT, 

rom punqtebis numeracia gansazRvravs am punqtebis Sesrulebis 

Tanmimdevrobas, garda im SemTxvevebisa, rodesac esa Tu is 

punqti cxadi saxiT Tavad miuTiTebs mis Semdeg Sesasrulebel 

punqts, an moqmedebaTa dasrulebas. 

1. aviRoT carieli steki; 

2. ganvaxorcieloT postfiqsuri Canaweris morigi elementis 

aRebis (wakiTxvis) mcdeloba. Tu es mcdeloba 

warumatebelia, anu Canaweri ukve amoiwura, SevasruloT 

punqti 5; 
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3. Tu wakiTxuli elementi warmoadgens operands (operandis 

aRniSvnas), movaTavsoT igi stekSi da gadavideT puqnt 2-ze; 

4. radgan Canaweris morigi elementi operaciis niSania, 

SevasruloT igi da Sedegi movaTavsoT stekSi. amisaTvis, 

amoviRoT stekidan am operaciis SesrulebisTvis saWiro 

operandebis raodenoba (anu imdeni operandi, ramden 

adgilianic aris es operacia), SevasruloT am operandebze 

(am operandebis mniSvnelobebze) xsenebuli operaciis 

Sesatyvisi moqmedeba, imis gaTvaliswinebiT, rom 

operandebis amoReba xdeboda Sebrunebeli mimdevrobiT 

(vTqvaT, gamoklebis SemTxvevaSi, jer maklebi, xolo Semdeg 

ki saklebi) da miRebuli Sedegi movaTavsoT stekSi, ris 

Semdegac gadavideT punqt 2-ze; 

5. aviRoT Sedegi stekis sarkmelidan da davasruloT 

algoriTmis Sesruleba. 

avRniSnoT es algoriTmi asoTi A. zemomoyvanili 

gamosaxulebis ab+c*defg*-/- mimarT am algoriTmis miyenebis dros 

steki Tanmimdevrulad miiRebs Semdeg mdgomareobebs: 

 

wakiTxeuli 

elementi 

* _ / _ 

stekis 

mdgomareoba 

f*g 

e 

d 

(a+b)*c 

e-f*g 

d 

(a+b)*c 

d/( e-f*g) 

(a+b)*c 

(a+b)*c- d/( e-f*g) 

 

cxrili 1. postfiqsuri gamosaxulebis A algoriTmiT gamoTvla. 

wakiTxeuli 

elementi 

a b + c * d e f g 

stekis 

mdgomareoba 

a b 

a 

a+b c 

a+b 

(a+b)*c d 

(a+b)*c 

e 

d 

(a+b)*c 

f 

e 

d 

(a+b)*c 

g 

f 

e 

d 

(a+b)*c 
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rogorc vxedavT, arsad ar dagvWirda arc operaciebis 

prioritetis da arc frCxilebis gaTvaliswineba. operaciebisgan 

dagvWirda mxolod uSualod maTi Sesrulebis wesi, romelic, 

cxadia, moicavs am operaciebis operandebis raodenobas. 

mivaqcioT yuradReba imas, rom moyvanili gamosaxulebis 

mniSvnelobis miRebisTvis sakmarisi aRmoCnda steki maqsimaluri 

siRrmiT 5. sazogadod, gamosaxulebis gamoTvlis procesSi 

gamoyenebuli stekis maqsimaluri siRrme am gamosaxulebis 

sirTulis erT-erT sazomad SeiZleba gamodges. 

gamosaxulebaTa Caweris postfiqsuri forma farTod 

gamoiyeneboda ara marto kompilatorebis proeqtirebis dros, 

aramed mikrokalkulatorebSi. mTel rig mikrokalkulatorSi 

gaTvaliswinebuli iyo postfiqsuri Canawerebis mxardaWera. 

samecniero da sainJinro gamTvlebisTvis Seqmnil 

mikrokalkulatorebSi postfiqsuri Canawerebis mxardaWera 

pirvel rigSi imiT aixsneboda, rom SedarebiT mcire resursis 

mqone mowyobilobebisTvis gadamwyveti iyo postfiqsuri 

gamosaxulebebis damuSavebis procesis mcire moTxovnebi am 

resursebis mimarT. kerZod is, rom postfiqsuri formiT 

Cawerili gamosaxulebis gamoTvla ar aris dakavSirebuli 

Sualeduri Sedegebis calke damaxsovrebis aucileblobasTan – 

yvela Sualeduri Sedegi stekSi inaxeba gamosaxulebis 

damuSavebis procesSi.  

radgan funqcionaluri gamosaxulebis Caweris postfiqsuri 

forma agrerigad moxerxebulia gamosaxulebis mniSvnelobis 

gamoTvlisTvis, bunebrivad ismis kiTxva gamosaxulebis infiqsuri 

(anu bunebrivTan axlo) formidan misi postfiqsuri formis 

miRebis Taobaze. es sakiTxi sakmaod lamazad gadaWra cnobilma 

holandielma maTematikosma edsgar deiqstram (Edsgar Dijkstra), 

romelic aRiarebulia sistemuri programirebis klasikosad. mis 

mier SemoTavazebul algoriTmSi kvlav steki gamoiyeneba, oRond 

amjerad stekSi xdeba operaciaTa niSnebis moTavseba. 
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es algoriTmi gulisxmobs Sesasrulebel operaciaTa 

ranJirebas prioritetebis mixedviT. am algoriTmis 

TvalsazrisiT Semavali gamosaxuleba Sedgeba operandebisgan 

(cvladebi da konstantebi), moqmedebaTa aRniSvnebisgan (funqciebi 

da operaciebi) da frCxilebisgan (gaxsnili da daxuruli). 

algoriTmi Semdegnairad yalibdeba: 

1. aviRoT carieli steki; 

2. ganvaxorcieloT infiqsuri Canaweris morigi elementis 

wakiTxvis mcdeloba. Tu es mcdeloba warumatebelia, anu 

gamosaxuleba ukve amoiwura, maSin SevasruloT punqti 7; 

3. Tu wakiTxuli elementi operandia, mivuerToT igi 

gamosaval gamosaxulebas da gadavideT punqt 2-ze;  

4. Tu wakiTxuli elementi gaxsnili frCxilia, CavweroT igi 

stekSi da gadavideT punqt 2-ze; 

5. Tu wakiTxuli elementi daxuruli frCxilia, maSin 

amoviRoT stekidan yvela elementi uaxloes gaxsnil 

frCxilamde CaTvliT. yvela amoRebuli elementi, garda 

gaxsnili frCxilisa, amoRebis kvalobaze mivuerToT 

gamosaval gamosaxulebas da gadavideT punqt 2-ze; 

6. Tu wakiTxuli elementi operaciis niSania, an funqciis 

aRniSvnaa, maSin sanam stekis sarkmelSi iqneba mocemuli 

operaciasTan an funqciasTan SedarebiT ufro maRali an 

toli prioritetis mqone moqmedebis aRniSvna, amoviRoT igi 

stekidan da mivuerToT gamosaval gamosaxulebas, xolo 

rogorc ki stekis sarkmelSi ar iqneba mocemulTan 

SedarebiT ufro maRali an toli prioritetis mqone 

moqmedebis aRniSvna (im SemTxvevebis CaTvliT, roca steki 

carielia, an stekis sarkmelSi gaxsnili frCxilia), 

mocemuli moqmedebis aRniSvna movaTavsoT stekSi da 

gadavideT punqt 2-ze; 

7. amoviRoT stekidan yvela darCenili elementi da amoRebis 

kvalobaze movaTavsoT gamosaval gamosaxulebaSi. miRebuli 
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gamosaxuleba CavTvaloT algoriTmis ganxorcielebis 

Sedegad da davasruloT algoriTmis Sesruleba. 

arc Tu iSviaTad, sxvadasxva wyaroSi, am algoriTms 

moixsenieben dasaxelebiT “damxarisxebeli sadguri”. safiqralia, 

rom aseTi dasaxeleba ganpirobebulia am algoriTmiT 

gaTvaliswinebuli mopyrobiT operaciebis mimarT, romelSic 

daxarisxebis elements adgili namdvilad aqvs.    

cxrilis saxiT gavukeToT ilustracia am algoriTmis 

Sesrulebas Cvens mier adre ganxiluli infiqsuri gamosaxulebis 

(a+b)*c- d/( e-f*g)   mimarT. 

wakiTxuli 

elementi 

( a + b ) * c - d / 

stekis 

mdgomareoba 

( ( + 

( 

+ 

( 

 * * - - / 

- 

gamosavali 

gamosaxuleba 

 a a ab ab+ ab+ ab+c ab+c* ab+c*d ab+c*d 

 

wakiTxuli 

elementi 

( e - f * g 

stekis 

mdgomareoba 

( 

/ 

- 

( 

/ 

- 

- 

( 

/ 

- 

- 

( 

/ 

- 

* 

- 

( 

/ 

- 

* 

- 

( 

/ 

- 

gamosavali 

gamosaxuleba 

ab+c*d ab+c*de ab+c*de ab+c*def ab+c*def ab+c*defg 

 

wakiTxuli elementi ) ┤(gamosaxuleba 

amoiwura) 

stekis mdgomareoba / 

- 

 

gamosavali 

gamosaxuleba 

ab+c*defg*- ab+c*defg*-/- 

 

cxrili 2. infiqsuri gamosaxulebidan postfiqsuris miReba. 
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rogorc vxedavT, aqac stekis maqsimaluri siRrmea 5. 

exla mivaqcioT yuradReba gamosaxulebis Caweris prefiqsul 

formas. prefiqsuli Canaweri mosaxerxebelia gamosaxulebis 

funqcionaluri damuSavebisTvis, radgan aq aqcenti swored 

moqmedebebzea gakeTebuli. Tqmulis sailustraciod moviyvanoT 

ramodenime funqcionaluri Tanafardobis Cawera tradiciuli 

maTematikuri formiT da SevadaroT isini maT Sesatyvisebs 

prefiqsuli notaciis gamoyenebiT. 

Tanafardoba tradiciuli 

formiT 

Tanafardoba postfiqsuri 

notaciis gamoyenebiT 

(const)’ = 0 ‘ const = 0 

(x)’ = 1 ‘ x = 1 

(xn)’ = nxn-1 ‘^x n = ∗n^x –n 1  

(ax)’ = ax ∗ln(a) ‘^a x = ∗^a x ln a 

(u+v)’ = u’+v’ ‘+u v = +’u’v 

(u∗v)’ = u’∗v+u∗v’ ‘∗u v = +∗’u v ∗ u ’v 

(sin(x))’ = cos(x) ‘ sin x = cos x 

(u/v)’ = (u’∗v-u∗v’)/v2 ‘ / u v = / - ∗ ‘u v ∗ u ‘v ^ v 2 
 

cxrili 3. gawarmoebis cxrili tradiciuli da prefiqsuli notaciiT. 

aq axarisxeba avRniSneT simboloTi “^”. 

bunebrivia moviZioT SesaZlebloba prefiqsuli Canaweris 

miRebisa infiqsuri Canaweridan. cxadia, aq pirvel rigSi unda 

moisinjos infiqsuridan postfiqsuri Canaweris deiqstraseuli 

algoriTmis modificireba. advilad vrwmundebiT, rom es 

SesaZlebelia, magram rTuldeba punqtebis 5, 6 da 7 analogebis 

Camoyalibeba, radgan am SemTxvevaSi calke problemaa operaciis 

niSnisTvis gamosaxulebaSi adgilis monaxva. teqsti “mivuerToT 

gamosaval gamosaxulebas”, an “movaTavsoT gamosaval 

gamosaxulebaSi” Tavis mxriv dazustebas moiTxovs. marTlac, 

rodesac gamosavali gamosaxulebaa “ab”, maSin niSani “+” Tavsdeba 

am gamosaxulebis TavSi, aseve unda moviqceT, roca 

gamosaxulebaa “+abc”  da mosanaxia adgili gamravlebis 
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niSnisTvis: “∗+abc” . magram roca miRebuli gamosaxulebaa 

“∗+abcdefg” da am gamosaxulebaSi mosaTavsebelia niSani “∗”, igi 

unda moTavsdes marjvena 2 operandis win: “∗+abcde∗fg”. amis Semdeg, 

niSani “-” unda moTavsdes kvlav marjvnidan meore operandis win, 

magram amjerad es meore operandia “e”, radgan “∗fg” mTlianad 

operands warmoadgens: “∗+abcd-e∗fg”. analogiurad “/” Tavsdeba “d”-

s win, xolo bolo niSani “-” Tavsdeba gamosaxulebis TavSi:  

“-∗+abc/d-e∗fg”.  

advili SesamCnevia, rom gamosaxulebaSi moqmedebis yoveli 

niSnisTvis swori adgilis monaxvisTvis saWiroa misi analizi 

Tavidan (mxolod marjvnidan daTvaliereba arafers ar iZleva, 

radgan SesaZlebelia, rom moqmedebis niSnebi mxolod TavSi 

iyos). cxadia, es Zalzed mouxerxebelia. 

gacilebiT gamarTlebulia deiqstras algoriTmis Semdegi 

modifikacia: 

1. aviRoT 2 carieli steki da mivaniWoT maT nomrebi 1 da 2; 

2. ganvaxorcieloT infiqsuri Canaweris morigi elementis 

wakiTxvis mcdeloba. Tu es mcdeloba warumatebelia, anu 

gamosaxuleba ukve amoiwura, maSin SevasruloT punqti 8; 

3. Tu wakiTxuli elementi operandia, movaTavsoT igi #2 

stekSi da gadavideT punqt 2-ze;  

4. Tu wakiTxuli elementi gaxsnili frCxilia, CavweroT igi 

#1 stekSi da gadavideT punqt 2-ze; 

5. Tu wakiTxuli elementi daxuruli frCxilia, maSin 

amoviRoT #1 stekidan yvela elementi uaxloes gaxsnil 

frCxilamde CaTvliT. yvela amoRebuli elementisTvis, 

garda gaxsnili frCxilisa, amoRebis kvalobaze 

SevasruloT punqti 7 da gadavideT punqt 2-ze; 

6. Tu wakiTxuli elementi operaciis niSania, an funqciis 

aRniSvnaa, maSin sanam #1 stekis sarkmelSi iqneba mocemuli 

operaciis an funqciasTan SedarebiT ufro maRali an toli 

prioritetis mqone moqmedebis aRniSvna, amoviRoT igi 
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stekidan da SevasruloT mis mimarT punqti 7, xolo 

rogorc ki stekis sarkmelSi ar iqneba mocemulTan 

SedarebiT ufro maRali an toli prioritetis mqone 

moqmedebis aRniSvna (im SemTxvevebis CaTvliT, roca steki 

carielia, an stekis sarkmelSi gaxsnili frCxilia), 

mocemuli moqmedebis aRniSvna movaTavsoT #1 stekSi da 

gadavideT punqt 2-ze; 

7. mocemuli moqmedebis niSnis mixedviT SevasruloT saWiro 

operandebis raodenobis toli wakiTxvebi #2 stekidan, 

amoRebul elementebs win mivuerToT es moqmedebis niSani 

imis gaTvaliswinebiT, rom operandebis amoReba xdeboda 

piruku mimdevrobiT da miRebuli gamosaxuleba movaTavsoT 

#2 stekSi, ris Semdeg davbrundeT algoriTmis im 

wertilSi, saidanac moxda mimarTva punqt 7-ze; 

8. amoviRoT #1 stekidan yvela darCenili elementi da 

amoRebis kvalobaze SevasruloT maT mimarT punqti 7. #2 

stekis sarkmelSi miRebuli gamosaxuleba CavTvaloT 

algoriTmis ganxorcielebis Sedegad da davasruloT 

algoriTmis Sesruleba. 

 

moyvanili algoriTmis mixedviT sawyisi infiqsuri 

gamosaxulebidan prefiqsuli Canaweris miReba moxdeba Semdegi 

cxrilis Sesabamisad (ix. cxrili 4.) 

rogorc vxedavT, infiqsuri gamosaxulebidan prefiqsulis 

miReba ufro rTulia, vidre igive infiqsuridan postfiqsuris 

miReba, magram gansxvaveba sakmaod mcirea meore stekis efqtianad 

gamoyenebis wyalobiT. sainteresoa, rom am SemTxvevaSic 

gamoyenebuli stekebis maqsimaluri siRrmea 5. 

sakmaod kargi gamosavalia agreTve prefiqsuli Canaweris 

miReba postfiqsuri Canaweris safuZvelze. gardaqmna, romelic 

postfiqsuri Canaweridan Sesatyvis prefiqsul Canawers iZleva 

avRniSnoT simboloTi P. Sesabamisi algoriTmi Semdegnairad 

gamoiyureba. 
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cxrili 4. infiqsuri gamosaxulebidan pirdapir prefiqsulis miReba. 

wakiTxuli 

elementi 

( a + b ) * c - d / 

#1 stekis 

mdgomareoba 

( ( + 

( 

+ 

( 

 * * - - / 

- 

#2 stekis 

mdgomareoba 

 a a b 

a 

+ab +ab c  

+ab 
∗+abc d 

∗+abc 

d 

∗+abc 

wakiTxuli 

elementi 

( e - f * g 

#1 stekis 

mdgomareoba 

( 

/ 

- 

( 

/ 

- 

- 

( 

/ 

- 

- 

( 

/ 

- 

* 

- 

( 

/ 

- 

* 

- 

( 

/ 

- 

#2 stekis 

mdgomareoba 

d 

∗+abc 

e 

d 

∗+abc 

e 

d 

∗+abc 

f 

e 

d 

∗+abc 

f 

e 

d 

∗+abc 

g 

f 

e 

d 

∗+abc 

wakiTxuli 

elementi 

) ┤(gamosaxuleba 

amoiwura) 

#1 stekis 

mdgomareoba 

∗ 

- 

( 

/ 

- 

- 

( 

/ 

- 

( 

/ 

- 

/ 

- 

 

 

 

-  

#2 stekis 

mdgomareoba 

g 

f 

e 

d 

∗+abc 

∗fg 

e 

d 

∗+abc 

-e∗fg 

d 

∗+abc 

-e∗fg 

d 

∗+abc 

/d-e∗fg 

∗+abc 

-∗+abc/d-e∗fg 
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1. aviRoT carieli steki; 

2. ganvaxorcieloT postfiqsuri Canaweris morigi elementis 

aRebis (wakiTxvis) mcdeloba. Tu es mcdeloba 

warumatebelia, anu Canaweri ukve amoiwura, SevasruloT 

punqti 5; 

3. Tu wakiTxuli elementi warmoadgens operands (operandis 

aRniSvnas), movaTavsoT igi stekSi da gadavideT puqnt 2-ze; 

4. radgan Canaweris morigi elementi operaciis niSania, 

amoviRoT stekidan am operaciis SesrulebisTvis saWiro 

operandebis raodenobis elementi (anu imdeni elementi, 

ramden adgilianic aris es operacia), mivaweroT am 

elementebs zemoxsenebuli operaciis niSani, imis 

gaTvaliswinebiT, rom elementebis amoReba xdeboda 

Sebrunebeli mimdevrobiT da miRebuli gamosaxuleba 

movaTavsoT stekSi, ris Semdegac gadavideT punqt 2-ze; 

5. aviRoT Sedegi stekis sarkmelidan, davasruloT 

algoriTmis Sesruleba. 

 

vnaxoT, rogor warimarTeboda Camoyalibebuli algoriTmis 

mixedviT, Cvens mier ganxiluli postfiqsuri Canaweridan  

ab+c*defg*-/-   

misi Sesatyvisi prefiqsuli Canaweris miReba. cxrilis saxiT es 

procesi qvemoT aris moyvanili. 

wakiTxeuli 

elementi 

a b + c ∗ d e f g 

stekis 

mdgomareoba 

a b 

a 

+ab c 

+ab 

∗+ab

c 

d 

∗+abc 

e 

d 

∗+abc 

f 

e 

d 

∗+abc 

g 

f 

e 

d 

∗+abc 

wakiTxeuli 

elementi 
∗ - / - 
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cxrili 5. postfiqsuridan pirdapir prefiqsuli gamosaxulebis miReba. 

rogorc vxedavT, postfiქsuri Canaweridan prefiqsulis miReba 

sakmaod martivi algoriTmiT xerxdeba. es algoriTmi sirTuliT 

praqtikulad identuria algoriTmisa, romelic Cven avRniSneT 

simboloTi A da romelic gamoiyeneba postfiqsuri Canaweris 

mniSvnelobis gamoTvlisTvis.  

advilad SeiZleba davrwmundeT, rom prefiqsuli Canaweris 

mixedviT gamosaxulebis mniSvnelobis gamoTvla sakmaod rTulia. 

aseve advilia imaSi darwmuneba, rom Cvens mier adre moyvanili 

funqcionaluri gardaqmnebi postfiqsuri formiT Camoyalibebis 

SemTxvevaSi safrZnoblad mouxerxebeli iqneba prefiqsuli 

notaciis meSveobiT CamoyalibebulebTan SedarebiT. 

yovelive zemoTqmulidan savsebiT bunebrivad SeiZleba 

gakeTdes Semdegi daskvna – miuxedavad imisa rom orive saxis 

ufrCxilebo Canaweri aigeba msgavs principebze dayrdnobiT da 

gansxvaveba, erTi SexedviT, erTob umniSvneloa (moqmedebis niSani 

ganTavsdes operandebis marjvniv Tu marcxniv), es Canawerebi 

gansxvavebuli Rirebulebisaa imisda mixedviT, risTvis aris 

gamiznuli maTi gamoyeneba. saxeldobr, gamosaxulebaTa Caweris 

postfiqsuri notacia mosaxerxebelia am gamosaxulebis 

mniSvnelobis gamoTvlisTvis, xolo prefiqsuli notacia ki 

ufro mosaxerxebelia gamosaxulebis funqcionaluri gardaqmnis 

SemTxvevaSi. aqedan gamomdinare gasagebia, rom funqcionalur 

gamosaxulebaTa Caweris orive forma aqtualuria, radgan 

TiToeul maTgans aqvs mkveTrad gamoxatuli individualuri 

upiratesobebi gamoyenebis gansxvavebuli SemTxvevebisTvis. 

radgan postfiqsuri Canaweridan prefiqsulis miReba Cven ukve 

vnaxeT rogorc xdeba (davrwmundiT, rom sakmaod martivad), 

stekis 

mdgomareoba 
∗fg 

e 

d 

∗+abc 

-e∗fg 

d 

∗+abc 

/d-e∗fg 

∗+abc 

-∗+abc /d-e∗fg 
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bunebrivad ismis sakiTxi prefiqsuli formidan Sesabamisi 

postfiqsuri Canaweris miRebis Taobaze, anu P-1 gardaqmnis 

ganxorcielebaze. es sakiTxi kidev ufro aqtualuri xdeba imis 

gaTvaliswinebiT, rom arsebobs sakmaod mniSvnelovani amocanebi, 

romelTa gadawyvetis procesSi periodulad iqmneba rogorc 

funqcionaluri gardaqmnebis Sesrulebis, aseve gardaqmnili 

gamosaxulebebis mniSvnelobaTa gamoTvlis aucilebloba. 

Sesabamisad, warmoiSveba moTxovnileba erTdroulad viqonioT 

aqtiur mdgomareobaSi gamosaxulebis orive ufrCxilebo forma. 

da radgan funqcionaluri gardaqmnebis ganxorcieleba ufro 

mosaxerxebelia swored prefiqsuli notaciis gamoyenebiT, erTi 

SexedviT aqtualobas iZens prefiqsulidan postfiqsuri 

gamosaxulebis miRebis problemis gadawyveta. 

amave dros, miuxedavad imisa, rom rogorc Cven ukve vnaxeT, 

postfiqsuridan prefiqsuli forma advilad miiReba, sapirispiro 

gardaqmna uSualod sagrZnoblad ufro rTuli 

gansaxorcielebelia. 

magram aRmoCnda, rom am problemas mTlianad agvarebs  

postfiqsuri gamosaxulebis SeuRlebulis cnebaze damyarebuli 

erTi midgoma, romelsac qvemod CamovayalibebT. 

 

1.2. postfiqsuri Canaweris SeuRlebulis cneba da 

misi Tvisebebi 

postfiqsuri Canaweris SeuRlebulis cneba arsebiTad emyareba 

Cvens mier simbolo A–Ti aRniSnuli algoriTmis garkveul 

modifikacias, romelsac SemdgomSi Cven A–algoriTmis 

SeuRlebuls vuwodebT. 

gansazRvra 1. A–algoriTmis SeuRlebuli vuwodoT algoriTms, 

romelic aseve mieyeneba postfiqsur Canawerebs da miiReba A–

algoriTmidan, Tu punqt 4-Si xazmgasmul teqsts (“Sebrunebeli 

mimdevrobiT”) SevcvliT teqstiT “pirdapiri mimdevrobiT”. 
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A–algoriTmis SeuRlebuli avRniSnoT simboloTi A*. SevniSnoT, 

rom gansazRvridan pirdapir gamomdinareobs Semdegi:  

• algoriTmebs A da A* identuri sirTule aqvT; 

• (A*)* = A, anu SeuRlebuloba urTierTSebrunebuli yofila. 

gansazRvra 2. Tu v aris postfiqsuri gamosaxuleba, maSin misi 

SeuRlebuli vuwodoT iseT w gamosaxulebas, rom 

A*(w) = A(v)                                               (1) 

Tu adgili aqvs (1)-s, anu Tu w aris v–s SeuRlebuli, maSin 

CavwerT: 

w = v*                                                           (2) 

(1)-Si A SevcvaloT A* -iT. maSin, radgan (A*)* = A, miviRebT, rom  

A(w) = A*(v). saidanac pirdapir vRebulobT, rom v = w*. rac 

saboloo jamSi niSnavs, rom nebismieri postfiqsuri v 

gamosaxulebisTvis 

(v*)* = v                                                            (3) 

cxadia, postfiqsuri gamosaxulebis SeuRlebuli aseve 

postfiqsuri gamosaxulebaa. 

simboloTi C avRniSnoT postfiqsuri gamosaxulebis gardaqmna 

SeuRlebulze (Conjugate - SeuRlebuli). maSin gansazRvris 

mixedviT nebismieri v postfiqsuri gamosaxulebisTvis gveqneba: 

C(v) = v* .                             .      

cxadia, rom nebismier postfiqsur gamosaxulebas gaaCnia 

SeuRlebuli. garda amisa, axali aRniSvnis gamoyenebiT (3) 

Caiwereba Semdegnairad: 

C(C(v)) = v                                                         (3*) 

moyvanili gansazRvris mixedviT, magaliTad, gveqneba: 

C(ab-) = ba- 

C(ab-c/) = cba-/ 

CamovayaliboT C gardaqmnis marealizebeli algoriTmi. 

1. aviRoT carieli steki; 

2. ganvaxorcieloT postfiqsuri Canaweris morigi elementis 

aRebis (wakiTxvis) mcdeloba. Tu es mcdeloba 
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warumatebelia, anu Canaweri ukve amoiwura, SevasruloT 

punqti 5; 

3. Tu wakiTxuli elementi warmoadgens operands (operandis 

aRniSvnas), movaTavsoT igi stekSi da gadavideT puqnt 2-ze; 

4. radgan Canaweris morigi elementi operaciis niSania, 

amoviRoT stekidan am operaciis SesrulebisTvis saWiro 

operandebis raodenobis elementi (anu imdeni elementi, 

ramden adgilianic aris es operacia), mivaweroT am 

elementebs zemoxsenebuli operaciis niSani marjvnidan, 

imis gaTvaliswinebiT, rom elementebis amoReba xdeboda 

pirdapiri mimdevrobiT da miRebuli gamosaxuleba 

movaTavsoT stekSi, ris Semdegac gadavideT punqt 2-ze; 

5. aviRoT Sedegi stekis sarkmelidan, davasruloT 

algoriTmis Sesruleba. 

 

vnaxoT, magaliTad rogor miiReba zemoTganxiluli 

postfiqsuri Canaweris SeuRlebuli. 

wakiTxeuli 

elementi 

a b + c ∗ d e f g 

stekis 

mdgomareoba 

a b 

a 

ba+ c 

ba+ 

cba+∗ d 

cba+∗ 

e 

d 

cba+∗ 

f 

e 

d 

cba+∗ 

g 

f 

e 

d 

cba+∗ 

 

wakiTxeuli 

elementi 
∗ - / - 

stekis 

mdgomareoba 

gf∗ 

e 

d 

cba+∗ 

gf∗e- 

d 

cba+∗ 

gf∗e-d/ 

cba+∗ 

gf∗e-d/cba+∗- 

 

 

cxrili 6. postfiqsuri Canaweridan misi SeuRlebulis miReba. 
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rogorc vxedavT, C-s marealizebeli algoriTmis sirTule 

praqtikulad identuria A algoriTmis sirTulis. 

avRniSnoT simboloTi R (Reverse - Sebrunebuli) sasruli 

mimdevrobis Sebrunebis (reversirebis) gardaqmna, anu gardaqmna, 

romelic wyvil-wyvilad unacvlebs adgilebs mimdevrobis 

wevrebs, romlebic Tanabrad arian daSorebulni am mimdevrobis 

boloebidan. 

adgili aqvs Semdeg debulebebs. 

lema 1. Tu a da b sasruli mimdevrobebia, maSin imisaTvis, rom 

adgili qondes tolobas 

b = R(a) 

aucilebeli da sakmarisia, rom: 

arsebobdes iseTi urTierT calsaxa Tanadoba a da b-s wevrebs 

Soris, rom: 

1. ∀ai,aj∈a & ∀bi’,bj’∈b -Tvis, Tu am TanadobiT ai gadadis bi’ -Si da 

aj gadadis bj’ -Si, maSin i < j ⇒ i’ > j’ . 

2. wevrebi, romlebic Seesabameba erTmaneTs am Tanadobis 

mixedviT, tolia. 

damtkiceba. aucilebloba cxadia. vaCvenoT sakmarisoba. vTqvaT 

arsebobs dasamtkicebeli debulebiT moTxovnili urTierT 

calsaxa Tanadoba. maSin, am Tanadobis mixedviT, a1 SeiZleba 

Seesabamebodes mxolod bn-s. meore punqtis mixedviT ki a1 = bn . 

analogiurad, Tu ki arsebobs a2, maSin adgili eqneba a2 = bn-1 , da 

a.S. amiT lema mTlianad damtkicda. 

lema 2. Tu b aris nebismieri sasruli mimdevroba, maSin b-s 

nebismieri dayofisTvis uwyvet qvemimdevrobaTa mimdevrobad: 

b = B1...Bn 

adgili aqvs tolobas: 

R(b) = R(Bn)...R(B1) . 

damtkiceba. aviRoT b mimdevrobis nebismieri wevri. vTqvaT is 

moxvda Bi qvemimdevrobis j adgilze. maSin b-s yvela wevri, 

romelic iyo am wevris marcxniv, R gardaqmnis Semdeg unda 
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moxvdes mis marjvniv. marTlac, Tu es wevrebi sxva 

qvemimdevrobaSi iyo, maSin Bi-s marcxniv moTavsebuli yvela 

qvemimdevroma (Tavis wevrebianad) gardaqmnis Semdeg aRmoCndeba 

mis marjvniv. Tu es elementi igive qvemimdevrobaSi iyo, maSin 

gardaqmnis Semdeg igi aRmoCndeba mis marjvniv Tavad Bi–s 

Sebrunebis Sedegad. zustad analogiurad davrwmundebiT, rom 

Tavdapirvelad arCeuli elementis marjvniv myofi yvela wevri 

gardaqmnis Semdeg mis marcxniv aRmoCndeba. da radgan 

mimdevrobis elementi nebismierad iyo arCeuli, amiT naCvenebia, 

rom mimdevroba b–dan dasamtkicebeli tolobis marjvena mxareSi 

moTavsebuli mimdevrobis mimRebi TanadobisTvis Sesrulebulia 

lema 1-is pirveli piroba. da radgan dasamtkicebeli tolobis 

marjvena mxareSi moTavsebuli mimdevroba Seicavs b–mimdevrobis 

yvela wevrs da mxolod maT, aqedan trivialurad gamomdinareobs, 

rom Tanadoba, romelic iZleva am mimdevrobas akmayofilebs lema 

1-is meore pirobasac. amiT lema 2 mTlianad damtkicebulia. 

orive saxis ufrCxilebo Canawers SeiZleba SevxedoT, rogorc 

sasrul mimdevrobas, romlis wevrebi am Canaweris elementebia. 

maSin Sebrunebis gardaqmna savsebiT bunebriv azrs iZens am 

Canawerebis mimarTac. 

Teorema 1. nebismieri postfiqsuri v CanawerisTvis adgili aqvs 

Tanafardobas (gavixsenoT, rom P(v) aRniSnavs v–s prefiqsul 

Sesatyviss ): 

C(v) = R(P(v))                                                    (4) 

damtkiceba. damtkiceba vawarmooT zogadi induqciiT 

gamosaxulebaSi operaciaTa raodenobis mimarT, romelsac 

avRniSnavT asoTi n. roca n=0, maSin debulebis WeSmariteba 

cxadia. vTqvaT, dasamtkicebeli Teorema samarTliania yvela 

arauaryofiTi mTeli n<k–Tvis, sadac k>=1. vaCvenoT maSin, rom 

igi iqneba samarTliani aseve n=k –Tvisac. vTqvaT, v raime 

postfiqsuri gamosaxulebaa, romlisTvisac n=k. radgan n>0, 

amitom v-Si aris erTi mainc operaciis niSani. vinaidan operaciis 

erTi mainc niSnis Semcveli postfiqsuri gamosaxuleba 
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aucileblad bolovdeba operaciis niSniT, v SegviZlia 

warmovidginoT Semdegnairad v = w@ , sadac simbolo @ aRniSnavs 

Canaweris bolos moTavsebul operacias. vTvaT @ aris m– 

adgiliani operacia. maSin gveqneba w = w1...wm , sadac TiToeuli wi 

warmoadgens postfiქsur Canawers, romelSic operaciaTa 

raodenoba mkacrad naklebia k–ze, anu TiToeuli wi –Tvis 

induqciis daSvebis Tanaxmad dasamtkicebeli debuleba 

samarTliania. amitom SegviZlia davweroT: 

C(v) = C(w1...wm@) = C(wm)...C(w1)@ = R(P(wm))...R(P(w1))@ , aqedan ki 

axladdamtkicebuli lema 2-is Tanaxmad gveqneba: 

R(P(wm))...R(P(w1))@ = R(P(wm))...R(P(w1))R(@) = R(@P(w1)... P(wm)) = 

=R(P(w1...wm@)) = R(P(v)) . amiT Teorema mTlianad damtkicda. 

Sedegi 1.1. nebismieri postfiqsuri v CanawerisTvis adgili aqvs 

Tanafardobas: 

P(v) = R(C(v))                                           (5) 

damtkiceba. (5) pirdapir miiReba, Tu (4)-is orive mxares miuyenebT 

gardaqmna R-s da gaviTvaliswinebT cxad Tanafardobas R(R(w)) = w, 

sadac w-s qveS SegviZlia vigulisxmoT nebismieri sasruli 

mimdevroba. 

radgan C(v) = v*, amitom es Sedegi gvkarnaxobs postfiqsuri 

gamosaxulebidan prefiqsuli gamosaxulebis miRebis kidev erT 

gzas. saxeldobr, mocemuli postfiqsuri gamosaxulebidan 

miviRoT SeuRlebuli da Semdeg ki es SeuRlebuli gadavabrunoT. 

P-s Sebrunebuli gardaqmna avRniSnoT P-1. cxadia, gardaqmna P-1 

unda miuyenoT prefiqsul Canawers, Sedegad ki miviRebT 

postfiqsur Sesatyviss. 

Sedegi 1.2. nebismieri prefiqsuli x CanawerisTvis adgili aqvs 

Tanafardobas: 

P-1(x) = C(R(x))                                           (6) 

damtkiceba. erTdroulad miuyenoT (4)-is orive mxares gardaqmna 

C da visargeblod formuliT (3*), miviRebT 

v = C(R(P(v)))                                             (7) 
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radgan v – nebismieri postfiqsuri gamosaxulebaa da yovel 

prefiqsul gamosaxulebas aqvs postfiqsuri Sesაtyvisi da 

piriqiT, SegviZlia avRniSnoT x = P(v). maSin (7)-dan pirdapir 

miviRebT (6)-s. 

exla ki (6)-dan uSualod vaskvniT – imisaTvis, rom prefiqsuli 

Canaweridan miviRoT postfiqsuri Sestyvisi, unda aviRoT 

SeuRlebuli misi gadabrunebiT miRebuli gamosaxulebisgan. 

SevniSnoT, rom prefiqsuli gamosaxulebis SebrunebiT miiReba 

postfiqsuri Canaweri, Tanac, damtkicebulis mixedviT, sawyisi 

prefiqsulis Sesatyvisi postfiqsuris mimarT SeuRlebuli. 

Sedegi 1.3. Tu v - postfiqsuri Canaweria, maSin: 

R(v) = P(v*)                                               (8) 

damtkiceba. (8)-s pirdapir miviRebT, Tu (5)-is orive mxareSi v-s 

nacvlad CavsvamT v*-s. 

Sedegi 1.4. Tu x – prefiqsuli Canaweria, maSin: 

R(x) = (P-1(x))*                                         (9) 

damtkiceba. (9) pirdapir miiReba, Tu (6)-is orive mxares 

erTdroulad miuyenebT gardaqmna C-s. 

Tu yuradRebiT davakvirdebiT bolo 2 Sedegs, advilad 

davaskvniT, rom postfiqsuri gamosaxulebis damuSaveba 

marjvnidan marcxniv (anu misi yovelgvari saxecvlilebis gareSe) 

tolZalovania misi SeuRlebulis Sesabamisi prefiqsuli 

gamosaxulebis damuSavebisa. 

analogiurad, prefiqsuli Canaweris damuSaveba marjvnidan 

marcxniv, tolZalovania misi postfiqsuri Sesatyvisis 

SeuRlebulis damuSavebisa. 

faqtobrivad, zemoTqmulidan gamomdinareobs, rom postfiqsuri 

gamosaxulebis qona tolZalovania gvqondes misi SeuRlebulis 

Sesabamisi prefiqsuli gamosaxuleba. aseve, prefiqsuli 

gamosaxulebis qona tolZalovania gvqondes Sesabamisi 

postfiqsuri gamosaxulebis SeuRlebuli. magram, postfiqsuri 

gamosaxulebis qona, Tavis mxriv, tolZalovania gqondes 
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SuRlebuli, radgan SeuRlebulisgan moTxovnili Sedegi miiReba 

sawyisi postfiqsuridan mis mimarT A* algოrიTmis miyenebiT.   

yovelive zemoTqmuli gvkarnaxobs funqionalur gamosaxulebaTa 

damuSavebis sqemas, rodesac saerTod ar aris saWiro 

postfiqsuri Canaweris gardaqmna prefiqsulze da piriqiT, 

prefiqsulis gardaqmna postfiqsurze. 

marTlac, vTqvaT gadasawyveti amocana dro da dro moiTxovs 

sawyisi gamosaxulebis funqcionalur gardaqmnas, gardaqmnili 

gamosaxulebisTvis im blokis gaaqtiurebas, romelic 

argumentebis garkveuli mniSvnelobebisTvis moaxdens mis 

damuSavebas (vTqvaT, gamosaxulebis mniSvnelobis gamoTvlas), 

Semdeg kvlav funqcionalur gardaqmnas, xsenebuli blokis 

damuSavebas da ase ramodenimegzis. erTi SexedviT, SeiZleba 

vifiqroT, rom msgavsi amocanis gadawvetisas aucilebelia 

prefiqsuli Canaweridan postfiqsuris miRebis algoriTmis 

ganxorcieleba prefiqsuli Canaweris yoveli ganaxlebis 

kvalobaze da aqedan gamomdinare, am algoriTmis maqsimaluri 

optimizeba. magram, Cven ukve mivageniT sxva gamosavals.   

marTlac, imis gaTvaliswinebiT, rom algoriTmebs A da A* 

axasiaTebs sirTuleTa identuroba, postifqsuri Canaweris 

damuSaveba arafriT ar gansxvavdeba Sesabamisi SeuRlebulis 

damuSavebisgan. aseT SemTxvevaSi, cxadia, funqcionaluri 

gardaqmnebisTvis ufro mosaxerxebelia aqtiur mdgomareobaSi 

gvqondes gamosaxulebis prefiqsuli forma. Sesabamisi 

postfiqsuri Canaweris gamoyenebis efeqts ki miviRebT 

yovelgvari gardaqmnebis gareSe, Tu prefiqsul Canawers 

davamuSavebT marjvnidan marcxniv A* algoriTmiT! amrigad, es 

midgoma, zemonaxsenebi saxis amocanebis amoxsnisas, iZleva 

SesaZleblobas koncentracia mTlianad moxdes gamosaxulebis 

prefiqsuli formis damuSavebaze. 

bolos, CamovayaliboT kidev erTi debuleba, romelic 

gansazRvravs postfiqsuri Canaweris SeuRlebulis miRebis kidev 

erT wess. 
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Teorema 2. nebismieri postfiqsuri v CanawerisTvis adgili aqvs 

Tanafardobas: 

C(v) = P-1(R(v))                                                    (10) 

damtkiceba. (10) pirdapir miiReba (6)-dan, Tu avRniSnavT v=R(x) 

(amis ufleba, cxadia gvaqvs, radgan R(x) postfiqsuri Canaweria) 

da gaviTvaliswinebT, rom maSin x=R(v). 

 

exla SemoviRoT prefiqsuli Canaweris SeuRlebulis cneba da 

SeviswavloT misi Tvisebebi. unda velodoT sarkisebul Sedegebs 

postfiqsuri Canaweris SeuRlebulis cnebis safuZvelze 

miRebuli Sedegebis mimarT. 

 

1.3. prefiqsuli Canaweris SeuRlebulis cneba da misi 

Tvisebebi 

gansazRvra 3. Tu x aris raime gamosaxulebis prefiqsuli 

Canaweri, maSin misi SeuRlebuli vuwodoT iseT y gamosaxulebas, 

rom 

C(P-1(y)) = P-1(x)                                               (11) 

anu, gamosaxulebis prefiqsuli Canaweris SeuRlebuli iseTi 

prefiqsuli Canaweria, romlis Sesatyvisi postfiqsuri Canaweri 

sawyisi prefiqsuli Canaweris Sesatyvisi postfiqsuris 

SeuRlebulia. 

is faqti, rom y aris x prefiqsuli Canaweris SeuRlebuli, 

bunebrivia, avRniSnoT Semdegnairad: 

y = x* 

aseve bunebrivia, gardaqmna, romelic prefiqsuli Canaweridan 

gvaZlevs mis SeuRlebuls avRniSnoT simboloTi C. 

cxadia, rom uSualod ganmartebis Tanaxmad nebismieri 

prefiqsuli x–Tvis gveqneba: 

x* = C(x), aseve (x*)* = x da C(C(x)) = x . 

maSin adre damtkicebulze da am gansazRvraze dayrdnobiT 

advilad miiReba Semdegi debulebebi. 
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Teorema 3. nebismieri prefiqsuli x CanawerisTvis adgili aqvs 

Tanafardobas: 

C(x) = R(P-1(x))                                                    (12) 

damtkiceba. marTlac, (11)-Si y–is nacvlad CavweroT C(x), miviRebT: 

C(P-1(C(x))) = P-1(x),                                             (13) 

aqedan orive mxarisTvis R–is miyenebiT miviRebT:  

R(P-1(x)) = R(C(P-1(C(x)))) . exla Tu gaviTvaliswinebT, rom P-1(C(x)) 

postfiqsuri Canaweria da mis mimarT gamoviyenebT (5)-s, miviRebTY 

R(C(P-1(C(x)))) = P(P-1(C(x))) = C(x), risi damtkicebac gvindoda. 

es Sedegi sarkisebulia Teorema 1-Si Camoyalibebuli Sedegis 

mimarT. 

Teorema 4. nebismieri prefiqsuli x CanawerisTvis adgili aqvs 

Tanafardobas: 

C(x) = P(R(x))                                                    (14) 

damtkiceba. marTlac, (13)-is orive mxareSi x SevcvaloT C(x)-iT, 

miviRebT C(P-1(x)) = P-1(C(x)), aqedan ki, Tu orive mxares miuyenebT 

gardaqmna P-s, gveqneba C(x) = P(C(P-1(x))), saidanac (9)-is 

gaTvaliswinebiT uSualod miiReba P(C(P-1(x))) = P(R(x)), risi 

damtkicebac gvindoda. 

cxadia, rom es Teorema 2-is sarkisebuli Sedegia. 

Semdegi 4 Sedegi sarkisebulia 1.1-1.4 Sedegebis mimarT.   

Sedegi 2.1. nebismieri prefiqsuli x CanawerisTvis adgili aqvs 

Tanafardobas: 

P-1(x) = R(C(x))                                                (15) 

damtkiceba.  (15) pirdapir miiReba, Tu (12)-is orive mxares 

miuyenebT gardaqmna R–s. 

Sedegi 2.2. nebismieri postfiqsuri v CanawerisTvis adgili aqvs 

Tanafardobas: 

P(v) = C(R(v))                                               (16) 

damtkiceba. (12)-is orive mxares miuyenoT gardaqmna C, miviRebT 

x=C(R(P-1(x))). exla (16)-s dauyovnebliv miviRebT, Tu avRniSnoT  

v=P-1(x) da gaviTvaliswinebT, rom maSin x=P(v). 
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(15)-dan vaskvniT, rom prefiqsuli Canaweridan postfiqsuri 

Sesatyvisis miRebisTvis saWiroa am prefiqsuli Canaweris 

SeuRlebulis Sebruneba. 

(16) ki gvkarnaxobs, rom postfiqsuro Canaweris prefiqsuli 

Sesatyvisis misaRebad saWiroa postfiqsuri Canaweris 

Sebrunebulis SeuRleba.  

es daskvnebi praqtikulad Rirebuli iqneboda rom gvqondes 

prefiqsuli Canaweris SeuRlebis pirdapiri algoriTmi. (12) da 

(6)-dan ki vRebulobT Tanafardobas: 

C(x) = R(C(R(x))),                                                   (17) 

rac gvafiqrebs, rom prefiqsuli Canaweris SeuRleba, rogorc 

Cans, ar aris postfiqsuris SeuRlebasTan SedarebiT ufro 

moxerxebuli. 

Sedegi 2.3. nebismieri prefiqsuli x CanawerisTvis adgili aqvs 

Tanafardobas: 

R(x) = P-1(x*)                                                       (18) 

damtkiceba.  (18) pirdapir miiReba, Tu (15)-is orive mxareSi x–s 

SevcvliT x*-iT da gaviTvaliswinebT, rom C(x*)=x. 

Sedegi 2.4. nebismieri postfiqsuri v CanawerisTvis adgili aqvs 

Tanafardobas: 

R(v) = (P(v))*                                                    (19) 

damtkiceba. (19)-s dauyovnebliv miviRebT, Tu (16)-is orive mxares 

miuyenebT gardaqmna C–s. 

bolo ori Sedegi gvkarnaxobs postfiqsuri Canawerebis mimarT 

Sesabamisi Sedegebis safuZvelze Camoyalibebuli daskvnis 

sarkisebul daskvnas. kerZod, prefiqsuli gamosaxulebis 

damuSaveba marjvnidan marcxniv tolZalovania misi SeuRlebulis 

Sesabamisi postfiqsuri gamosaxulebis damuSavebisa. 

analogiurad, postfiqsuri Canaweris damuSaveba marjvnidan 

marcxniv, tolZalovania misi prefiqsuli Sesatyvisis 

SeuRlebulis damuSavebisa. 
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exla SevniSnoT, rom Tanafardobebis (5), (16) da (6), (15)-is 

safuZvelze SegviZlia CamovayaliboT da damtkicebulad 

CavTvaloT Semdegi debuleba. 

Teorema 5. Tu g aris nebismieri gamosaxulebis ufrCxilebo 

forma (an postfiqsuri, an prefiqsuli), maSin adgili aqvs Semdeg 

Tanafardobas: 

C(R(g)) = R(C(g))                                                        (20) 

sxva sityvebiT rom vTqvaT, gardaqmnebi C da R gadaadgilebadia 

(komutaciuria). 

Tu ganvazogadebT aRniSvna P–s polimorfizmis koncepciis 

stilSi da CavTvliT, rom igi SeiZleba mivuyenoT rogorc 

postfiqsur, aseve prefiqsul Canawers, Tanac vigulisxmebT, rom 

postfiqsurisadmi miyenebis SemTxvevaSi igi uzrunvelyofs misi 

prefiqsuli Sesatyvisis miRebas, xolo prefiqsulisadmi miyenebis 

SemTxvevaSi daabrunebs postfiqsur Sesatyviss, maSin 

zemomoyvanilis safuZvelze SegviZlia CamovayaliboT Semdegi 

debulebebi. 

Teorema 6. Tu g aris nebismieri gamosaxulebis ufrCxilebo 

forma (an postfiqsuri, an prefiqsuli), maSin misi SeuRlebulis 

misaRebad SeiZleba an jer misi Sebruneba da Semdeg 

miRebulisTvis meore  ufrCxilebo Sesatyvisis miReba, an jer 

sawyisi Canaweris meore ufrCxilebo formis miReba da Semdeg ki 

Sebruneba. anu adgili aqvs Tanafardobebs: 

C(g) = R(P(g))                                                      (21) 

C(g) = P(R(g))                                                      (22) 

damtkiceba. marTlac, rodesac g aris postfiqsuri gamosaxuleba, 

maSin (21) miiReba (4)-dan, xolo (22) ki (10)-dan. rodesac g aris 

prefiqsuli gamosaxuleba, maSin (21) miiReba (12)-dan, xolo (22) ki 

(14)-dan. 

Teorema 7.  nebismieri ufrCxilebo g CanawerisTvis adgili aqvs 

Tanafardobas: 

R(P(g)) = P(R(g))                                                 (23) 
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anu, gardaqmna R aRmoCnda gadaadgilebadi ganzogadebul P 

gardaqmnasTanac. 

damtkiceba. dasamtkicebeli debulebis WeSmariteba pirdapir 

gamomdinareobs (21) da (22)-dan. 

 

isev davubrundeT gamosaxulebas (a+b)*c-d/(e-f*g) da misi 

warmodgenis formas grafis meSveobiT (gverdi 20). adre Cven ukve 

vaxseneT, rom am gamosaxulebis rogorc prefiqsuli, aseve 

postfiqsuri formebi SeiZleba iyos miRebuli Sesabamisi grafis 

garkveuli wesiT Semovlis gziT. advilad davrwmundebiT, rom 

Cvens mier ganxilul ufrCxilebo gamosaxulebaTa SeuRlebulebs 

Seesabameba igive grafis Semovla savsebiT garkveuli 

algoriTmebis mixedviT.  

kerZod, postfiqsuris SeuRlebuli gf*e-d/cba+*- miiReba grafis 

SemovliT marjvnidan marcxniv im pirobiT, rom operaciebis 

niSnebs gadavitanT gamosaval gamosaxulebaSi mxolod imis 

Semdeg, rac mTlianad dasruldeba misi foTlebis amoReba. 

prefisqulis SeuRlebuli ki -/-*gfed*c+ba miiReba grafis 

SemovliT zevidan qvemoT da marjvnidan marcxniv im pirobiT, 

rom operandebis amoReba moxdes imis Semdeg, rac amoRebulia 

Sesabamisi operaciis niSani. cxadia, yovelive aq moyvanili 

gvafiqrebs, rom zogierTi saxis grafis algebrulad Cawera 

sasargeblo SeiZleba iyos ufrCxilebo Canawerebis ama Tu im 

formaze dayrdnobiT. aseve mosalodnelia, rom sxvadasxva 

amocanisTvis, sazogadod, ufrCxilebo Canawerebis sxvadasxva 

forma iqneba ufro mosaxerxebeli. 
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Tavi 2. funqcionalur gamosaxulebaTa damuSaveba  

daprogramebis enidan 

2.1. Sida ena simboluri diferencirebis wesebis 

aRwerisTvis 

rogorc zemiT ukve iTqva, funqcionaluri gardaqmnebis 

warmarTva ufro mosaxerxebelia gamosaxulebis prefiqsuli 

saxidan. am mxriv ar aris gamonaklisi arc gawarmoeba. 

mocemuli naSromis farglebSi ganxorcielebulia mxolod 

erTi cvladis funqciebis gawarmoeba. Tumca, Camoyalibebuli 

midgoma SeiZleba iyos gadatanili mravali cvladis funqciis 

simboluri gawarmoebisTvis. warmodgenil realizaciaSi 

infiqsur Canawers moeTxoveba funqciis parametric aucileblad 

frCxilebSi iyos Casmuli, rogorc es miRebulia daprogramebis 

enebSi. garda amisa, elementaruli funqciebis sias damatebulia 

erT parametriani funqcia dasaxelebiT s, (Semokleba sityvisa 

“signed” - niSani) romelic Semdegnairad ganisazRvreba: 

s(x) = –x . 

gawarmoebis wesebis Seswavla gvaZlevs SesaZleblobas 

gavakeToT Semdegi daskvnebi am wesebiT gansazRvruli 

moqmedebebis zogadi daxasiaTebisTvis: 

1. gawarmoebis yovel nabijze aucilebelia SegveZlos 

gamovyoT is moqmedeba (funqcia) romlis mimarTac xdeba 

gawarmoeba. cxadia, laparakia yvelaze gare moqmedebaze, anu 

moqmedebaze, romelic SeiZleba Sesruldes aRniSnuli 

gamosaxulebis gamoTvlis bolos. amiT xdeba im wesis dadgena, 

romelic aqtualuria mocemuli nabijisTvis; 

2. aucilebelia SegveZlos gamovyoT aqtualuri moqmedebis 

(funqciis) yvela parametri; 

3. rodesac cnobilia aqtualuri moqmedeba (funqcia) da misi 

yvela parametri, sakuTriv gawarmoebis wesis Camoyalibeba 

SesaZlebelia am parametrebisa da maTi warmoebulebis mimarT 

garkveuli gamosaxulebis terminebSi. cxadia, igive wesebi 
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SeiZleba iyos gamoyenebuli parametrebis gawarmoebisTvis – 

gawarmoebis wesebi, Tavisi bunebiT rekursiulia. 

yovelive zemoTqmuli gvkarnaxobs, rom programuli 

realizaciis gaadvilebis mizniT mizanSewonilia SemuSavdes 

Sida ena, romelzedac Camoyalibdeba gawarmoebis wesebi. 

TiToeuli wesi unda Seesabamebodes erT moqmedebas (funqcias) da 

qondes saTanado prefiqsuli funqcionaluri gamosaxulebis 

formis Targis saxe, romelSic gamoiyeneba moqmedebaTa 

(funqciaTa) aRniSvnebi, agreTve zogierTi konstantebi da 

gasawarmoebeli gamosaxulebis parametrebi da maTi warmoebulebi. 

aq Zalian arsebiTia, rom es Targebi iyos SeZlebisdagvarad 

TvalsaCino.  

gasawarmeobeli gamosaxuleba Sesabamisi gawarmoebis wesi  

Sida enaze  prefiqsuli 

saxiT  

Sida enaze 

+uv +ab +AB 

-uv -ab -AB 

*uv *ab +*Ab*aB 

/uv /ab /-*Ab*aB*bb 

^uv ^ab +**Ab^a-b1**A^abqa 

sin u fa *gaA 

cos u ga s*faA 

tg u ha /Anga 

ctg u ia s-Anfa 

arcsin u ja /Ao-1na 

arcos u ka s/Ao-1na 

arctg u ℓa /A+1na 

arcctd u ma s/A+1na 

sqr u na *2*aA 

sqrt u oa /A*2oa 

exp u pa *paA 

ℓn u qa /Aa 
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cxrili 7. gawarmoebis wesebi Sida enaze. 

imisaTvis, rom gasagebi gaxdes am enaze Camoyalibebuli 

zemomoyvanili gawarmoebis wesebi, sakmarisia iTqvas Semdegi: 

1. am formulebSi ariTmetikuli moqmedebaTa niSnebi 

ucleladaa gadmotanili, xolo axarisxeba aRiniSneba 

simboloTi ‘^’; 

2. funqciebi gadanomrilia mcire zomis laTinuri asoebiT, 

dawyebuli ‘f’-iT; 

3. aqtualuri moqmedebis pirveli parametri aRiniSneba 

simboloTi ‘a’, xolo meore parametri ki simboloTi ‘b’. 

maTi warmoebulebi ki aRiniSneba Sesabamisad ‘A’ da ‘B’-Ti. 

 

dagvrCa avRniSnoT, rom boloswina formulaSi simboloTi ‘D’ 

aRniSnulia ricxvi 10. garda amisa, s-iT aRniSnulia funqcia, 

romelic daabrunebs mniSnelobas, miRebuls parametridan misi 

niSnis SecvliT. 

 

2.2. simboluri diferencirebis realizacia  

simboluri diferencirebis realizebisTvis daprogramebis e.w. 

algoriTmuli enebis saSualebiT pirvel rigSi gadasawyvetia 

Semdegi sakiTxebi: 

1. rogor unda warmovadginoT funqcionaluri 

gamosaxulebebi; 

2. rogor unda warmovadginoT gawarmoebis wesebi. 

sakuTriv gawarmoebis wesebis realizeba mTlianad 

ganpirobebulia CamoTlili 2 punqtiT. 

garkveulobisTvis aq visaubrebT im realizebis Sesaxeb, romelic 

Sesrulda C++ –ze, Tumca, advilad davinaxavT, rom warmodgenili 

midgoma savsebiT martivad gadatanadia nebismier sxva 

algoriTmul enaze. 

ℓg u ta /A*aqD 

s u sa sA 
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Tavdapirvelad SevniSnoT, rom zemoTqmulze dayrdnobiT 

funqcionaluri gamosaxuleba mizanSewonilia iyos warmodgenili 

prefiqsul notaciaSi. da vinadian prefiqsuli Canaweri 

faqtobrivad warmoadgens mimdevrobas, romlis TiToeuli wevri 

aris an moqmedeba (funqcia) an operandi, bunebrivad gamoiyureba 

es mimdevroba movaTavsoT veqtorSi, romlis TiToeuli elementi 

an moqmedebaa an operandi. aqedan gamodinare, veqtoris elementis 

tipad SeirCa Semdegi struqtura: 

struct Telem 

{char operand; // 0 niSnavs moqmedebas, 1 cvlads, xolo 2 ricxvs 

 union { char nomer; // moqmedebisTvis aRniSnavs mis nomers 

  double mnish; // ricxvisTvis – misi mniSvnelobaa 

 }  

}; 

rac Seexeba gawarmoebis wesebs, isini pirdapir cxrili 7-is 

mixedviT Sedgenili striqonebiT warmodgeba, romlebic 

gansazRvravs aseTi veqtoris formirebas. am formulebisgan, 

Tavis mxriv, dgeba veqtori, romlis yoveli elementi 

SesabamisobaSia zustad erT moqmedebasTan (funqciasTan). amis 

Semdeg programuli uzrunvelyofis SemuSavebisTvis dagvrCeba 

Semdegi moqmedebebis realizeba: 

1. gamosaxulebis sakvanZo (romelic bolos sruldeba) 

moqmedebis dadgena. prefiqsul notaciaSi es ubralod 

niSnavs gamosaxulebis sawyisi elementis garkvevas; 

2. Tu sawyisi elementi ar aris moqmedeba (funqcia), maSin 

pasuxis dabruneba (1, Tu cvladia da 0, Tu konstantaa). 

xolo winaaRmdeg SemTxvevaSi ki Sesabamisi formulis 

Semcveli striqonis gaaqtiureba; 

3. mignebuli formulis mixedviT pasuxis ageba, risTvisac 

aucilebeli iqneba saWiro raodenobis parametrebis amoReba 

da maTi Casma pasuxSi formuliT gansazRvrul adgilze, 

SesaZloa, gawarmoebis funqciiT zemoqmedebis Semdeg 

(sakuTari Tavis rekursiuli gamoZaxebiT); 
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4. saboloo pasuxis miRebis win sasurvelia gamosaxulebis 

gamartivebis proceduris (meTodis) gamoZaxeba. 

yvelaferi miuTiTebs, rom gamartivebis meTodic arsebiTad 

ioldeba, Tu gamosaxulebis gamartivebis (Sekvecis) wesebsac 

zemomoyvanilis msgavs Sida enaze aRvwerT. 

amrigad, rogorc vxedavT, bunebrivTan axlo Sida enis 

gamoyenebam, erTis mxriv, erTian sqemaSi moaqcia diferencirebis 

gardaqmnis realizeba da amiT arsebiTad gazarda misi 

saimedooba da gasageboba. meores mxriv, Sida enis gamoyeneba 

ukiduresad amartivebs saWiro SemTxvevaSi sarealizacio 

gawarmoebis wesis Camatebas programaSi (programis gafarToebas). 

amisaTvis sakmarisi xdeba formulebis veqtorSi axali formulis 

damateba da Sesabamisi moqmedebis (funqciis) gamocnobis 

gaTvaliswineba mocemuli infiqsuri gamosaxulebidan Sesatyvisi 

prefiqsuli gamosaxulebis mimReb meTodSi. 

realizebis gaadvilebisTvis SemoRebul iqna C++ is standartuli 

vector – is memkvidre Vector Semdegnairad: 

template <class T> 

  class Vector : public vector <T> 

memkvidres daemata konkatenaciis operacia, romelic aRiniSna “|”-

Ti da meTodi SubVec, romlis daniSnulebaa qveveqtoris 

dabruneba sruli analogiiT imasTan, rasac gvaZlevs 

qvestriqonebis miRebisTvis standartuli meTodi Substr. 

zemoTqmulis Semdeg gasagebia, Tu ratom iqna SemoRebuli tipi 

Tgam, rogorc konteineruli tipi funqcionaluri gamosaxulebis 

Sida (ufrCxilebo) warmodgenis ganTavsebisTvis. 

aRniSnul tipTan muSaobisTvis realizebulia funqciebi, 

romelTa aRweras daviwyeb maTi saTaurebiT. 

Tgam Togam(string x, int &res) –  

es funqcia uzrunveyofs striqonis saxiT mocemuli ara umetes 

erTi cvladis Semcveli gamosaxulebis gardaqmnas Sida 

warnidgenaSi. meore parametris mniSvneloba Tu >=0, striqoni 

arakoreqtulia da es parametric gvaZlevs poziciis nomers, 
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romelSic aRmoCenil iqna Secdoma. aseT SemTxvevaSi, funqcia 

daabrunebs nulovani sigrZis gamosaxulebas (veqtors). Tu 

yvelaferi wesrigSia, meore parametris mniSvneloba iqneba (-1) – 

is toli. am realizaciaSi igulisxmeba, rom cvladi aRiniSneba 

asoTi ‘x’. gamosaxulebaSi SesaZlebelia iyos gamoyenebuli 4-ve 

ariTmetiuli moqmedeba {+,-,*,/}, axarisxeba, romelic aRiniSneba 

simboloTi ‘^’ da cxrili 7-Si moyvanili yvela elementaruli 

funqcia.    

string Tostring(Tgam x) – 

gamosaxulebis gadayvana Sida warmodgenidan misi infiqsuri 

saxis Semcvel striqonSi. aq ar xdeba mocemuli gamosaxulebis 

koreqtulobis Semowmeba. igulisxmeba, rom igi koreqtulia. amas 

uzrunvelyofs misi miReba bunebrivi saxis Semcveli striqonidan 

zemoTganxiluli funqciiT Togam. aq interess warmoadgens 2 

garemoeba. pirveli mdgomareobs imaSi, rom infiqsuri 

gamosaxuleba miiReba prefiqsuli gamosaxulebis marjvnidan 

marcxniv damuSavebiT (faqtobrivad, prefiqsulis Sesatyvisi 

postfiqsuri gamosaxulebis SeuRlebulidan). meore ki 

mdgomareobs damxmare funqciebis Br1 da Br2 gamoyenebaSi 

aucilebeli frCxilebis dasmisTvis. aqedan pirveli gansazRvravs 

pasuxs kiTxvaze – arsebobs Tu ara saWiroeba ganTavsdes 

frCxilebSi pirveli operandi, meore ki gansazRvravs pasuxs 

analogiur kiTxvaze meore operandis mimarT. imisaTvis, rom 

SegveZlos dasmul kiTxvebze pasuxis gacema, am funqciebis 

gamoZaxebis dros unda iyos cnobili ara marto mimdinare 

moqmedeba, aramed Sesabamisi operandis sakvanZo (bolos 

Sesasrulebeli) moqmedebac. Sesabamisad, orive es funqcia 

oroperandiania, xolo ZiriTadi algoriTmiT gaTvaliswinebuli 

operandebis ganTavsebisTvis gankuTvnili stekis paralelurad 

programaSi gaTvaliswinebulia amave operandebis sakvanZo  

moqmdebebis stekis warmarTva.  

double Gamotvla(Tgam G, double x=1) – 
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pirveli parametriT mocemuli gamosaxulebis gamoTvla cvladis 

mniSvnelobisTvis, romelic meore parametriT aris gansazRvruli. 

Tu gamosaxuleba ar Seicavs cvlads, an misi mniSvneloba udris 

1-s, funqcia gamoiZaxeba erTi parametriT. moyvanil realizaciaSi 

gamosaxulebis mniSvneloba miiReba rogorc double tipis 

mniSvneloba, rogorc ricxviTi tipebidan yvelaze zogadi. 

operaciebic sruldeba ise, rogorc es miRebulia double tipisTvis. 

Tgam Dif(Tgam x) – 

funqcia uzrunvelyofs koreqtuli prefiqsuli gamosaxulebidan 

(erTaderTi parametri) misi warmoebulis Sesatyvisi prefiqsuli 

gamosaxulebis dabrunebas uSualod zemomoyvanil formulebze 

dayrdnobiT. 

Tgam Gamartiveba(Tgam G) – 

es funqcia uzrunvelyofs prefiqsuli gamosaxulebis gamativebas. 

aRniSnuli moqmedebebi aqtualuria imis gaTvaliswinebiT, rom 

gawarmoeba xdeba yvela SemTxvevaSi uSualod formulebis 

mixedviT, romelTac zogadi xasiaTi aqvs. 

magaliTad, gamosaxulebidan, romlis infiqsuri saxea 

 (2.14*x -15)*cos(x) 

funqciiT Dif miiReba gamosaxuleba, romlis infiqsuri 

Sesatyvisia: 

(0*x+2.14*1-0)*cos(x)+ (2.14*x -15)*s(sin(x)*1) 

am gamosaxulebis gamartivebiT miviRebT gamosaxulebas, romlis 

infiqsuri Sesatyvisia: 

2.14*cos(x)+ (2.14*x -15)*s(sin(x)) . 
sainteresoa, rom gamosaxulebaSi zedmeti frCxilebis mocileba 

uzrunvelyofilia mxolod funqciebiT Togam da Tostring. 

mocemul realizaciaSi gaTvaliswinebulia Semdegi saxis 

gamartivebebi: 

gasamartivebeli gamosaxuleba gamartivebis Sedegi 

ƒC ƒ(C) – anu konstanta 

gamoTvlili mniSvnelobiT 
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@C1C2 C1@C2 – anu konstanta 

gamoTvlili mniSvnelobiT 

ss  anu gamosaxuleba sigrZiT 0 

+a0 a 

+0a a 

-a0 a 

-0a sa 

*a0 0 

/0a 0 

*0b 0 

*a1 a 

*1b b 

/a1 a 

^0b 0 

^1b 1 

^a0 1 

^a1 a 

cxrili 8. programaSi realizebuli gamartivebebi 

moyvanil cxrilSi: 

ƒ – programaSi gaTvaliswinebuli nebismieri elementaruli 

funqciaa, 

@ - programaSi gaTvaliswinebuli nebismieri 2 adgiliani 

moqmedebaa, 

a – gamosaxulebis pirveli operandi, 

b – gamosaxulebis meore operandi, 

C,C1,C2 – nebismieri ricxviTi konstantebi. 

CamoTvlili funqciebis muSaobas aadvilebs Semdegi damxmare 

funqciebi, romlebiTac SeiZleba problemurma programistma 

pirdapirac isargeblos. 

Telem SetTelem(char x=2, char y=0, double z=0) –  
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funqcia uzrunvelyofs Telem tipis mniSvnelobis Camoyalibebas 

misi parametrebis safuZvelze (operatorobis niSani, moqmedebis 

nomeri, mniSvneloba). 

Tgam SetTgam(Telem x) – 

funqcia daabrunebs erTelementian prefiqsul gamosaxulebas, 

romlis erTaderTi elementi gansazRvrulia parametriT. 

void Printelem(Telem x) – 

parametris mniSvnelobis amobeWdva. 

void PrintGam(Tgam x) – 

parametris mniSvnelobis amobeWdva. amjerad parametri 

warmoadgens prefiqsul gamosaxulebas, amitom misi mniSvnelobis 

amobeWdva miiRweva calkeuli elementebis amobeWdviT maT Soris 

TiTo haris moTavsebiT. 

Tgam a(Tgam x) – 

parametriT gansazRvruli prefiqsuli gamosaxulebidan pirveli 

operandis gamoyofa. 

Tgam b(Tgam x) – 

parametriT gansazRvruli prefiqsuli gamosaxulebidan meore 

operandis gamoyofa. 

int Prior(int x) – 

parametriT gansazRvruli nomris mqone operaciis prioritetis 

dabruneba. 

int IsCorrectMnish(string x) – 

striqonis saxiT mocemuli Canaweris koreqtulobis gansazRvra 

misi ricxvad aRqmis WrilSi C++ –is sintaqsis mixedviT. funqcia 

daabrunebs (-1)-s, Tu parametri ricxvis koreqtul Canawers 

warmoadgens, xolo winaaRmdeg SemTxvevaSi ki daabrunebs im 

poziciis nomers, romlidanac SeuZlebeli gaxda parametris 

aRqma ricxvad. 

  

2.3. funqcionalur gamosaxulebaTa damuSavebisTvis 

gankuTvnili klasis interfeisi 
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yovelive zemomoyvanili qmnis winapirobas funqcionalur 

gamosaxulebebTan muSaobisTvis gankuTvnili specialuri klasis 

SemuSavebisTvis.  

aq moviyvanoT aseTi klasis mxolod interfeisis aRwera. 

SevTanxmdeT, rom aseT klass davarqvaT Cgam da daviwyoT imiT, 

rom funqcionaluri gamosaxulebis Sida warmodgena 

zemomoyvanilis identuri iqneba. exlave vTqvaT, rom aseTi 

klasis informaciuli velebis Semadgenlobis sakiTxi 

mravalnairad SeiZleba gadawydes. me aq moviyvan iseT gadawyvetas, 

romelic daemyareba minimalurad aucilebeli sainformacio 

Semadgenlobis qonas.  

amrigad, am klass eqneba erTi informaciuli veli, romelic 

iqneba sakuTrivi (privatuli) da romlis tipia Tgam. 

diskusia SesaZlebelia sakiTxze – Rirs Tu ara moyvanil klasSi 

gaTvaliswinebul iqnas gamosaxulebis postfiqsuri saxe. saqme 

isaa, rom zemoaRwerili gziT yovelgvari saxecvlilebis gareSe 

SesaZlebelia postfiqsuri gamosaxulebis warmodgenac. aseT 

SemTxvevaSi aucilebeli iqneboda meTodi, romelic miwodebuli 

gamosaxulebis mixedviT daabrunebda pasuxs kiTxvaze aris Tu 

ara igi prefiqsuli (Tu prefiqsuli ar aris, maSasadame 

postfiqsuria). am funqcias gamoiyenebda klasSi gadatvirTuli 

yvela operacia da meTodebis absoluturi umravlesoba, raTa 

ganesazRvra gamosaxuleba daemuSavebina rogorc postfiqsuri, 

Tu prefiqsuli. cxadia, aseT SemTxvevaSi momxmareblisTvis sul 

erTi iqneboda gamosaxulebis Sida warmodgena postfiqsuria Tu 

prefiqsuli. cxadia, ukve warmodgenilis safuZvelze araviTari 

problema ar iqneboda moyvanili gamosaxulebisTvis 

gagveTvaliswinebina yvela SesaZlo gardaqmnebi, romlebic 

dafaravda ara marto infiqsuridan standartuli polonuri 

notaciis orive saxeze da piriqiT gardaqmnebs, aramed moicavda 

gardaqmnebs Cvens mier SemoRebuli polonuri Canawerebis 

SeuRlebulebis monawileobiT... ar gamovricxav, rom droTa 

ganmavlobaSi gamoCndes aseTi gadawyvetis mizanSewoniloba, 
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magram mocemul naSromSi aqcents vakeTeb realizaciis 

maqsimalur garkveulobaze da orientaciaze SesaZleblobaTa 

sruli paketiT SeiaraRdes algoriTmuli enidan momuSave 

problemuri programisti. amisaTvis ki savsebiT sakmarisia 

(rogorc Cven ukve davrwmundiT) viqonioT gamosaxulebis 

mxolod erTi Sida saxe, romelic emyareba mis prefiqsul 

warmodgenas. amitom, am aRweraSi vigulisxmeb, rom klass aqvs 

erTaderTi informaciuli veli – dasamuSavebeli gamosaxulebis 

Sida warmodgena, damyarebuli prefiqsul notaciaze. 

klasSi gadatvirTuli iqneba oTxive ariTmetikuli operacia da 

axarisxeba (es ukanaskneli, isev niSani ‘^’-is gamoyenebiT). amis 

saSualebas gvaZlevs C++ –is operaciaTa gadatvirTvis 

SesaZlebloba. sityvam moitana da aq gamoCnda riTia 

gamarTlebuli veqtorebis konkatenaciis operaciad ara + , 

aramed | operaciis gadatvirTva. 

yvela elementaruli funqcia, romelic Sedis zemoganxiluli 

programuli kompleqsis SemadgenlobaSi, rogorc es daSvebulia 

gamosaxulebis infiqsuri formisTvis, SeiZleba bunebrivi saxiT 

gadatvirTuli iyos am klasis meTodebad. cxadia, TiToeuli 

maTgani daabrunebs Sedegad gaრdaqmnili gamosaxulebis Sida 

warmodgenas, anu amave klasis obieqts. gamosaxulebis 

warmodgenis prefiqsuli notacia ukiduresad aiolebs rogorc 

operaciebis, aseve elementaruli funqciebis gadatvirTvas...   

saqmes seriozulad gaaiolebs tolobis operaciis gadatvirTva. 

mosafiqrebelia, ra Sinaarsi mieces Sedarebis danarCen 

operaciebs. 

cxadia, klasSi gasaTvaliswinebelia punqt 2.2.-Si moyvanili 

yvela funqciis Sesatyvisi meTodi. aq, rogorc Cans aucilebeli 

iqneba erTi gamonaklisis daSveba. funqcia Togam-is analogi 

jobia gaformdes rogorc megobruli funqcia, radgan Rirebulia 

misi meore parametriT dabrunebuli informacia, Tumca aSkarad 

sasargeblo iqneba klasis erTi konstruqtori swored am 

funqciis safuZvelze aigos. 
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wminda praqtikuli mosazrebebiT gamosaxulebis gamartiveba 

pirdapir unda Caidos diferencirebis meTodSi – saboloo 

Sedegis dabrunebamde. amave dros, sasargebloa gamartivebis 

meTodis gamoyeneba calkec SegveZlos. 

sainteresod gamiyureba ariTmetikuli operaciebis gadatvirTva 

im SemTxvevebisTvis, rodesac operaciaSi monawileobs aramarto 

mocemuli klasis obieqti, aramed ricxviTi tipis konstanta. 

 

2.4. funqcionalur gamosaxulebaTa damuSavebisTvis 

gankuTvnili moduli (realizacia paskalze) 

es realizacia gankuTvnilia sazogadod mravali cvladis 

funqciebis damuSavebisTvis da Sesrulebulia modulis saxiT, 

romelsac daerqva gamotvla da romelic Sedgeba 2 programuli 

komponentisgan. 

am komponentebidan pirveli, scanfunq, warmoadgens proceduras, 

romelic uzrunvelyofs striqonis saxiT miwodebuli infiqsuri 

gamosaxulebis gardaqmnas postfiqsur notaciaze damyarebul 

Sida saxeze. 

proceduris saTaurs Semdegi saxe aqvs: 

procedure scanfunq(x:string; var y : mimt; var mistake, npoz : byte; var 

masind : masindp); 

aq pirveli parametri warmoadgens sawyis gamosaxulebas, 

mocemuls infiqsuri saxiT striqonis meSveobiT.  

yvela danarCeni parametri ki gamomuSavdeba proceduris muSaobis 

Sedegad. aqedan meore paramatri warmoadgens sawyisi 

gamosaxulebis postfiqsur Sesatyviss, mocemuls bmuli siis 

saxiT. 

gamelem = Record case moqm:Boolean of 

              True:(monom:integer; 

                     adgil:1..3; 

                    ); 

              False:(Case cvladi:Boolean of 

                       True:(cnom:integer); 
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                       False:(mnish:Real); 

                    ); 

             end; 

  mimt = ^gamosah; 

  gamosah = Record 

             inf:gamelem; 

             mim:mimt 

            end;  

rogorc vxedavT, mimt warnoadgens miTiTebas 2 velian 

kombinirebul tipze (gamosah). am ukanasknelis pirveli veli (inf) 

iZleva gamosaxulebis erT elements. es elementi SeiZleba iyos 

moqmedebis aRniSvneli da maSin saWiroa vicodeT misi nomeri da  

SesrulebisTvis aucilebeli operandebis raodenoba (Sesabamisad, 

velebi monom da adgil), xolo Tu elementi operands aRniSnavs, 

maSin Tu igi cvladia, unda vicodeT misi nomeri (cnom), xolo 

Tu igi ricxvia, unda vicodeT misi mniSvneloba (mnish). meore 

veli (mim) ki warmoadgens mimTiTebels igive tipis obieqtze 

(miekuTvneba tips mimt). am gziT xdeba gamosaxulebis 

postfiqsuri Sesatyvisis Semcveli bmuli siis ageba. 

cxadia, am parametriT miRebuli mniSvneloba saWiroebs Semdgom 

damuSavebas, Tu sawyis gamosaxulebaSi Secdoma ar iyo. amis 

Sesaxeb ki informacias iZleva mesame da meoTxe parametri. Tu 

mesame parametri (mistake) ar udris 0-s, es niSnavs, rom 

dafiqsirda Secdoma, romlis adgilmdebareobas (poziciis 

nomers) iZleva meoTxe parametri (npoz), xolo Tu mesame 

parametrma daabruna 0, maSin gamosaxuleba Secdomebs ar Seicavs, 

misi Sida saxe meore parametrSia, xolo bolo parametri (masind) 

ki iZleva informacias am gamosaxulebaSi gamoyenebuli 

cvladebis Sesaxeb. igi warmoadgens masivs: 

masindp = array[1..np] of boolean; 

elementi indeqsiT 1 pasuxibs kiTxvas – iyo Tu ara 

gamosaxulebaSi cvladi dasaxelebiT x, elemeti indeqsiT 2 

pasuxobs analogiur kiTxvas y cvladis Sesaxeb da a.S. 
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es procedura Tavis muSaobaSi iyenebs ramdenime Sida 

qveprogramas. 

function shecdoma:boolean; 
es funqcia uzrunvelyofs saTanado sasruli gamomcnobiT 

gansazRvruli Sida gadasvlebis logikis realizebas da 

abrunebs pasuxs kiTxvaze gasaanalizebel striqonSi Secdoma iyo 

Tu ara. 

procedure relem(var mm: tipelem; var lakm:Boolean); 
es procedura uzrunvelyofs morigi sintaqsuri elementis 

miRebas da gamocnobas (romelia morigi elementi?). gamocnobis 

Sedegi brundeba pirveli parametris meSveobiT, romelic 

miekuTvneba tips tipelem: 

tipelem = Record case romelem:selem of 

             -1:(); 

              0:(mmnish:real); 

              1:(cvnom:integer); 

              2:(monom:integer); 

              3:(); 

              4:() 

            end; 

  aq seleqtoris mniSnelobebi Seesabameba (-1) – Secdomaa, 0 – 

ricxvia (da gvWirdeba misi mniSvneloba), 1 – cvladia (da 

gvWirdeba misi nomeri), 2 – moqmedebaa (da gvWirdeba misi nomeri), 

3 – gaxsnili frCxilia, 4 – daxuruli frCxilia. 

proceduris meore parametri pasuxobs kiTxvas – sworia Tu ara, 

rom morigi elementi ar aris. anu, Tu misi mniSvneloba aris true, 

es niSnavs, rom striqoni ukve bolomde damuSavda. 

es procedura iyenebs 2 Sida uparametro proceduras. 

procedure neprob; 

aq uzrunvelyofilia gasaanalizebeli striqonis mimdinare 

adgilidan uaxloes iseT simbolomde misvla, romelic ar 

warmoadgens hars. amiT xdeba im logikis ganxorcieleba, romlis 
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mixedviTac zedized ganTavsebuli ramdenime haridan mxolod 

erTi iTvleba niSnad simbolod – yvela danarCeni ignorirdeba. 

procedure prob; 

es procedura ki uzrunvelyofs gasaanalizebeli striqonis im 

ubnis amoRebas, romelic iwyeba mimdinare adgilas da Tavdeba 

uaxloesi gamyofiT. aq ganxorcielebulia logika, romlis 

mixedviTac morigi elementis gamocnobis dros gamyofebis nusxa 

SeiZleba icvlebodes (vTqvaT, Tu daviwyeT ricxvis wakiTxva, 

maSin cifri ukve ar aris gamyofi). 

procedure wmstack(x:integer); 

es procedura uzrunvelyofs morigi elementis Caweras 

moqmedebebis stekSi. realurad stekSi xdeba moqmedebebis 

nomrebis Cawera. 

procedure rmstack(var x:integer); 
es procedura ki uzrunvelyofs moqmedebaTa stekidan morigi 

elementis amoRebas. aqac xdeba moqmedebis nomris amoReba. 

bolos CamovTvaloT elementaruli funqciebi, romelTa 

gamoyeneba nebadarTulia am modulisTvis miwodebul infiqsur 

gamosaxulebaSi: 

sin, cos, tg, arcsin,  

arccos , arctg, abs,  

sqr, sqrt, exp, ln, lg . 

vfiqrob, am sias rame damazustebeli komentari ar Wirdeba. rac 

Seexeba erTaderT samoperandian moqmedebas, igi moicema 

simboloebiT ‘?’ da ‘:’. mis sintaqss Semdegi saxe aqvs: 

g1?g2:g3 

aq TiToeuli gi warmoadgens ricxviTi mniSvnelobis mqone 

gamosaxulebas. mTlianobaSi gamosaxulebis mniSvnelobaa g2–is 

toli, Tu g1>=0, winaaRmdeg SemTxvevaSi, gamosaxulebis 

mniSvnelobas iZleva g3.  

meore programuli komponenti warmoadgens funqcias, romelic 

uzrunvelyofs pirveli parametriT mocemuli gamosaxulebis 
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Sida saxidan mniSvnelobis miRebas meore parametriT 

gansazRvruli cvladebis mniSvnelobebisTvis. 

am funqciis saTaurs Semdegi saxe aqvs: 

function gam(x:mimt; y:maspar):real; 

funqcia axorcielebs postfiqsuri Canaweris mniSvnelobis 

gamoTvlis klasikur algoriTms. muSaobis procesSi igi iyenebs 

ramdenime Sida qveprogramas. 

procedure wstack(x:real); 
es procedura uzrunvelyofs zemonaxsenebi algoriTmiT 

gaTvaliswinebul mniSvnelobaTa stekSi parametrad miwodebuli 

mniSvnelobis moTavsebas; 

procedure rstack(var x:real); 

aq ki, piriqiT, mniSvnelobaTa stekidan xdeba 1 elementis amoReba. 

amoRebuli mniSvneloba Tavsdeba meore parametrSi, romelic 

warmoadgens paramatr-cvlads. 

function arcsin(x:real):real; 

funqcia gankuTvnilia arcsin(x) mniSvnelobis gamoTvlisTvis, 

sadac parametris mniScneloba igulisxmeba mocemulad 

radianebSi. 
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Tavi 3. tiuringis virtualuri manqanis modifikacia 

daprogramebis sastarto swavlebisTvis 

3.1. daprogramebis sastarto swavlebisTvis gankuTvnili 

tiuringis vitualuri manqanis modifikaciis aRwera 

sazogadoebis ganviTarebis Tanamedrove etapze programistis 

profesia gaxda erT-erTi yvelaze moTxovnili da mniSvnelovani. 

ukve Tamamad SeiZleba iTqvas, rom ar arsebobs adamianis 

saqmianobis arcerTi sfero, romelSic ar gamoiyeneba kompiuteri. 

am pirobebSi teqnologiuri TvalsazrisiT yvelaze mowinave  

saxelmwifoebic ki cdiloben sagangebo zomebi gaataron 

imisaTvis rom moaxerxon  maRalkvalificiuri kadrebis saWiro 

raodenobiT momzadeba, raTa ar aRmoCnden programistul 

poziciebze specialistebis garedan mowvevis aucileblobis 

winaSe. 

cxadia, es sakiTxi aqtualuria saqarTvelosTvisac. sakiTxis 

aqtualoba mniSvnelovnad izrdeba imis gaTvaliswinebiT, rom 

saqarTvelos mosaxleobas odiTganve axasiaTebs maRali 

inteleqtualuri potenciali da, sazogadod, ltolva 

inteleqtualuri saqmianobisken. dasturad SeiZleba gamodges 

umdidresi xalxuri Semoqmedeba (xalxuri proza da poezia, 

uprecedento JReradobis, sirTulis da mravalferovnebis 

xalxuri simRerebi, unikaluri cekvebi,  xalxuri rewva, ...). 

inteleqtualuri saqmianoba qarTveli kacisTvis yovelTvis 

maRalprestiJulad iTvleboda. aqedan gamomdinare, laparakia 

imaze rom maqsimalurad gamoyenebul iqnas mosaxleobis maRali 

inteleqtualuri potenciali. 

zemoTqmulidan gasagebia, Tu raoden mniSvnelovania 

maRalkvalificiuri programistuli kadrebis momzadebisTvis 

gamiznuli saswavlo procesis organizeba. dRes am saqmes 

ZiriTadad umaRlesi saswavleblebi emsaxureba. maTi mdgomareoba 

mniSvnelovnad garTulebulia im garemoebiT, rom Cvens skolebSi 

(ramodenime gamonaklisis garda) daprogramebis safuZvlebi ar 
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Seiswavleba. amis gamo umaRles saswavleblebs uwevT 

daprogramebis sastarto swavlebis organizebac. 

dReisaTvis ar arsebobs de faqto standartad miCneuli 

daprogramebis sastarto swavlebis meTodologia. aseTad ver 

gadaiqca verc donald knutis mier SemoTavazebuli virtualur 

MIX da MMIX kompiuterebze damyarebuli meTodologia da verc 

niklaus virtis mier SemoTavazebuli paskalis swavlebaze 

damyarebuli meTodologia. ufro swored, es ukanaskneli ukve ar 

aris de faqto standarti, radgan Sewyda daprogramebis ena 

paskalis  teqnologiuri mxardaWera (samarTlianoba moiTxovs 

SevniSnoT rom 90-ian wlebSi da 2000-ian wlebis dasawyisSi 

swored es meTodologia iTvleboda yvelaze ufro 

gamarTlebulad). 

aseT pirobebSi sakmaod intensiurad xdeba sxvadasxva midgomebis 

Camoyalibeba. magram Cveni mdgomareoba erTiorad garTulebulia 

imiT, rom arcerTi sxva saxelmwifos umaRlesi skola ar aris 

msgavs mdgomareobaSi. es niSnavs, rom garedan Tundac 

aRiarebuli meTodikis gadmoReba ZirSive mcdaria, radgan is 

gaTvaliswinebulia sul sxva sastarto pirobebze. 

sakiTxis simwvave izrdeba imiT, rom arc dro aris moumzadebeli 

eqsperimentebis Casatareblad. moumzadebeli eqsperimenti 

SeiZleba aRmoCndes gonieri axalgazrdisTvis sakuTar TavSi 

rwmenis Cakvlis gamomwvevi, rac Cvens pirobebSi yovlad 

dauSvebelia. 

warmodgenil naSromSi SemoTavazebulia meTodika, romelic 

eyrdnoba tiuringis virtualuri manqanis modifikaciis 

realizebas. 

tiuringis virtualuri manqanis avtori, rogorc cnobilia, aris 

gamoCenili ingliseli maTematikosi alan tiuringi, romelic 

iTvleba Tanamedrove programirebis pirvel Teoretikosad, 

informatikisa da xelovnuri inteleqtis Teoriis erTerT 

fuZemdeblad. sayovelTaod cnobilia misi udidesi Rvawli meore 
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msoflio omSi germanelebis saidumlo mimoweris gaSifrvis 

saqmeSi. 

tiuringis virtualur manqanas aqvs ori nawili: 

1. orive mxridan SemousazRvreli wrfivi lenta, romelic 

dayofilia ujredebad; 

2. programis mier marTvadi Cawera–wakiTxvis Tavaki. 

yovel ujredSi TiTo simbolo SeiZleba ganTavsdes. manqanis 

yofaqceva ganisazRvreba mimdinare simboloTi (romelzec dgas 

Tavaki) da e.w. mdgomareobaTa cxrilis mimdinare mdgomareobiT. 

tiuringis manqanis sruli aRwera gadis mocemuli naSromis 

farglebs gareT. aq mxolod imas SevniSnavT, rom tiuringis 

manqana gamoiyeneba maTematikis iseT rTul da ganyenebul dargSi, 

rogoricaa algoriTmebis Teoria... 

swavlebisTvis gankuTvnili tiuringis virtualuri manqanis 

modifikacia SemuSavda Semdeg mosazrebebze dayrdnobiT:  

1. SenarCunebuli yofiliyo tiuringis manqanis fuZemdebeli 

nawilebi - wrfivi lenta, mimdinare poziciis 

ganmsazRvreli Tavaki, da mdgomareobaTa cxrilis 

faqtobrivi eqvivalenti. 

2. SenarCunebul yofiliyo algoriTmis gamomsaxvelobiT 

saSualebaTa minimaluroba maTi universalobis pirobebSi, 

Tuki lenti usasruloa. 

3. mdgomareobaTa cxrilis eqvivalentis roli etvirTa 

programas, dawerils tiuringis manqanis SemuSavebuli 

modifikaciis brZanebaTa terminebSi minimaluri damatebiTi 

saSualebebis CarTvis pirobebSi. 

4. realizacia yofiliyo advili gamoyenebisTvis saswavlo 

procesis sxvadasxva komponentis interesebidan gamomdinare. 

5. realizacia yofiliyo maqsimalurad TvalsaCino. 

yovelive zemoTqmulis safuZvelze SemuSavda tiuringis manqanis 

modifikacia. 

tiuringis virtualuri manqanis realizaciis idea warmoiSva Tsu-

s gamoyenebiTi maTematikis samecniero kvleviT institutTan 
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arsebuli norC maTematikos-programistTa skolis gamocdilebaze 

dayrdnobiT. am skolaSi (xelmZRvaneli avTandil ciskariZe) 

wlebis ganmavlobaSi moswavleebi daprogramebis safuZvlebs 

euflebodnen postis virtualuri manqanis realizaciis 

meSveobiT. saswavlo procesSi postis virtualuri manqanis 

gamoyenebis idea ekuTvnis moskovis saxelmwifo universitetis 

Tanamsromels, vladimer uspenskis. es idea myisve aitaca 

qarTvelma maTematikosma konstantine ciskariZem da sakmaod male 

misi xelmZRvanelobiT axalgazrda specialistma marina 

xaraziSvili-derbinianma Seqmna postis dialoguri manqanis 

realizacia egm besm-6-Tvis. unda iTqvas, rom wlebis 

ganmavlobaSi am realizaciaze damyarebuli meTodika 

warmatebulad gamoiyeneboda Tsu-s gamoyenebiTi maTematikis 

samecniero kvleviTi institutis norC maTematikos-programistTa 

skolaSi. 

mocemul naSromSi warmodgenili tiuringis virtualuri manqanis 

modifikacia Sedgeba 2048 ujrediani wrfivi lentisgan, 

niSnulisgan (Tavakisgan) romelic miuTiTebs am lentis mimdinare 

pozicias, da imarTeba sul 6 brZanebiT. 

es brZanebebia: 

1. L - Tavakis gadaadgileba erTi poziciiT marcxniv; 

2. R - Tavakis gadaadgileba erTi poziciiT marjvniv; 

3. S - programis Sesrulebis damTavreba (tiuringis 

virtualuri manqanis gaCereba); 

4. Ws - lentis mimdinare poziciaSi s simbolos Cawera; 

5. GW - upirobo gadasvla W Wdeze, anu W niSnulis mqone 

brZanebaze; 

6. IsW - gadasvla W Wdeze, im SemTxvevaSi, Tu lentis 

mimdinare poziciaSi moTavsebulia simbolo s. 

TiToeuli brZaneba iwereba calke striqonSi. aseve calke 

striqonSi iwereba Wde, romelic garegnulad warmoadgens ara 
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umetes 5 niSna aTobiT mTel ricxvs. Wde iwereba striqonSi, 

romelic moTavsebuloa uSualod mosaniSni operatoris  win. 

tiuringis virtualuri manqanis zemoaRweril brZanebaTa enas 

savsebiT SeiZleba am manqanis asembleri vuwodoT. zemoTqmulis 

sailustraciod ganvixiloT ramdenime konkretuli amocana. 

yvelgan qvemoT vigulisxmebT, rom lentis sawyisi da daskvniTi 

mdgomareobis gansazRvrisTvis savsebiT sakmarisia 

gamocxadebuli sigrZe 2048 simbolo. sxva sityvebiT, rom vTqvaT, 

vigulisxmoT, rom arc sawyisi, arc Sualeduri da arc daskvniTi 

monacemebi ar iTxovs 2048-ze ufro didi sigrZis lentas. 

SevniSnoT, rom tiuringis virtualur manqanaze amosaxsneli 

yoveli amocanisTvis  unda ganisazRvros lentis da Tavakis 

sastarto mdgomareoba, agreTve amave lentis da Tavakis 

daskvniTi mdgomareoba. 

 

3.2. umartivesi amocanebis gadawyveta tiuringis 

virtualur saswavlo manqanaze 

amocana 1. simboloTa mimdevrobis marjvena kideze gadasvla, Tu 

Tavaki am mimdevrobazea. 

lentis sastarto mdgomareoba. lentze moTavsebulia simboloTa 

nebismieri mimdevroba, romelic ar Seicavs harebs, am 

mimdevrobisgan marcxniv da marjvniv yvela pozicia Sevsebulia 

harebiT (Cven gTavazobT sityva ”hari” gamoviyenoT im simbolos 

aRniSvnisTvis, rasac inglisurad ewodeba ”space”, xolo rusulad 

ki ”пробел”; ”hari” svanuri warmoSobis sityvaa da aRniSnavs 

Tavisufal sivrces 2 moxnul yanas Soris). 

Tavakis sastarto mdgomareoba. Tavaki ganTavsebulia mimdevrobis 

mier dakavebuli sivrcis SigniT (anu am mimdevrobis nebismier 

simboloze). 

lentis daskvniTi mdgomareoba. igivea, rac sastarto. 

Tavakis daskvniTi mdgomareoba. Tavaki unda ganTavsdes 

simboloTa sawyisi mimdevrobis marjvena kideze. 
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magaliTi 1. 

sawyisi mdgomareoba: 

  P R O G R A M A   

 

daskvniTi mdgomareoba: 

 

 

 

magaliTi 2. 

sawyisi mdgomareoba: 

  P R O G R A M A   

 

daskvniTi mgomareoba: 

  P R O G R A M A   

 

magaliTi 3. 

sawyisi mdgomareoba: 

  P R O G R A M A   

daskvniTi mgomareoba: 

  P R O G R A M A   

 

magaliTi 4. 

sawyisi mdgomareoba: 

    1 2 3 4 5    

daskvniTi mgomareoba: 

    1 2 3 4 5    

 

mivaqcioT yuradReba, rom magaliTebi, romlebic axlavs pirobas, 

am pirobis Semadgeneli nawilia da aadvilebs pirobis gagebas. 

  P R O G R A M A   
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albaT ukve uCemodac gasagebia, rom mimdinare pozicia 

gamoyofilia sqeli CarCoTi. 

jer formalurad aRvweroT algoriTmi. 

1. Tavaki gadavides erTi poziciiT marjvniv; 

2. Tu mimdinare poziciaSi ar aris hari, ganxorcieldes 

gadasvla 1-ze; 

3. Tavaki gadavides erTi poziciiT marcxniv; 

4. programa dasruldes. 

rogorc vxedavT, punqt 3-Si mosvla niSnavs, rom marjvniv 

moZraobiT Tavaki pirvelad miadga pozicias, romelSic weria 

simbolo hari. es ki niSnavs, rom mimdevrobis marjvena kide am 

pirveli haris mezoblad marcxniv aris ganTavsebuli. cxadia, am 

aRweris bolomde gagebisTvis gasaTvaliswinebelia, rom 

Camoyalibebuli punqtebi sruldeba TanmimdevrobiT, garda 

SemTxvevebisa, rodesac Tavad punqtis Sesruleba gansazRvravs 

momdevno punqts. vTqvaT, pirveli punqtis mere aucileblad 

sruldeba me-2 punqti. me-3-s mere ki aucileblad sruldeba 

punqti 4. magram punqt 2-s Semdeg punqti 3 Sesruldeba mxolod 

im SemTxvevaSi, Tu mimdinare simbolo aris hari, winaaRmdeg 

SemTxvevaSi, Sesruldeba punqti 1. 

programa SeiZleba ase Caiweros: 

10 

R 

I  20 

G10 

20 

L 

S 

rogorc vxedavT, programa ver aRmoCnda aRweril algoriTmTan 

srul SesabamisobaSi bijebis mixedviT. mizezi mdgomareobs imaSi, 

rom Cven ver CamovayalibeT piroba - ”mimdinare simbolo ar ari 

hari”. amis nacvlad, Cven gamoviyeneT piroba  ”mimdinare simbolo 

aris hari” da gaviTvaliswineT aseT SemTxvevaSi gadasvla 
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programis daskvniT nawilze, winaaRmdeg SemTxvevaSi ki programa 

gadadis momdevno brZanebaze, romelic uzrunvelyofs 10-iT 

moniSnul brZanebaze dabrunebas da marjvniv moZraobis 

gagrZelebas. 

mivaqcioT yuradReba programis mesame striqons. am striqonSi 

simbolo I-sa da ricxv (Wde) 20-s Soris ganTavsebulia simbolo 

hari. es striqoni uzrunvelyofs programis SesrulebaSi e.w. 

ganStoebis ganxorcielebas. marTlac, Tu mimdinare simbolo 

aris hari, programis Sesruleba grZeldeba brZanebidan, romlis 

Wdea 20 (anu programis me-5 striqonidan), xolo winaaRmdeg 

SemTxvevaSi sruldeba uSualod momdevno brZaneba (anu brZaneba, 

romelic moTavsebulia me-4 striqonSi). 

aqve vxedavT brZanebebis jgufis jeradi Sesrulebis (ciklis) 

SesaZleblobas, rac ganpirobebulia amocanis pirobiT. Tavakma 

unda imoZraos marjvniv, sanam ar miadgeba pirvel hars. ris 

Semdegac unda dabrundes erTi poziciiT marcxniv da Sewyvitos 

Sesruleba. amas uzrunvelyofs programis pirveli 5 striqoni. 

programa miadgeba am striqonebidan me-5-s (Wde 20) maSin da 

mxolod maSin, Tu Tavaki mivida mimdevrobis marjvniv 

moTavsebul pirvel harze. 

moyvanil programas Seesabameba algoriTmis aseTi aRwera: 

1. Tavaki gadavides erTi poziciiT marjvniv; 

2. Tu mimdinare poziciaSi aris hari, ganxorcieldes 

gadasvla 4-ze; 

3. ganxorcieldes gadasvla 1-ze; 

4. Tavaki gadavides erTi poziciiT marcxniv; 

5. programa dasruldes. 

exla ki modiT, odnav gavarTuloT moyvanili amocana. davuSvaT, 

rom Tavdapirvelad Tavaki SeiZleba iyos ara marto sakuTriv 

mocemul momdevrobaze, aramed mis marcxnivac. 

amocana 2. simboloTa mimdevrobis marjvena kideze gadasvla, Tu 

Tavaki Tavdapirvelad mimdevrobazea an mis marcxniv. 
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lentis sastarto mdgomareoba. lentze moTavsebulia simboloTa 

nebismieri mimdevroba, romelic ar Seicavs harebs, am 

mimdevrobisgan marcxniv da marjvniv yvela pozicia Sevsebulia 

harebiT  

Tavakis sastarto mdgomareoba. Tavaki ganTavsebulia mimdevrobis 

mier dakavebuli sivrcis SigniT (anu am mimdevrobis nebismier 

simboloze) an am sivrcis marcxniv. 

lentis daskvniTi mdgomareoba. lentis daskvniTi mdgomareoba 

igivea, rac sastarto. 

Tavakis daskvniTi mdgomareoba. Tavaki unda ganTavsdes 

simboloTa sawyisi mimdevrobis marjvena kideze. 

magaliTi 1: 

sawyisi mdgomareoba 

    1 2 3 4 5    

 
daskvniTi mdgomareoba  
  

    1 2 3 4 5    

 
magaliTi 2: 

sawyisi mdgomareoba 

 

    1 2 3 4 5    

 
daskvniTi mdgomareoba 
 

    1 2 3 4 5    

 

cxadia, aq Tavdapirvelad misaRwevi iqneba mdgomareoba, rodesac 

Tavaki mimdevrobazea da mxolod amis Semdeg gagrZeldeba 

Sesruleba CvenTvis ukve cnobili gziT. 

modiT, SevecadoT pirdapir SevadginoT saTanado programa: 

5 

R 
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I  5 

10 

R 

I 20 

G10 

20 

L 

S 

TiTqos yvelaferi ukiduresad martivad aris. pirveli 3 

striqoni uzrunvelyofs Tavakis sawyisi mdgomareobis moyvanas 

amocana 1-is sawyis mdgomareobaSi. Semdeg ki modis amocana 1-is 

amoxsna yovelgvari cvlilebebis gareSe. magram, aq Cven gagvepara 

Secdoma. advilad davrwmundebiT, rom programa arasworad 

imuSavebs, Tu virtualuri manqanis sastarto mdgomareoba 

akmayofilebs daskvniT pirobas. marTlac, mimdevrobis marjvena 

kideze mdebare Tavakis gadanacvleba marjvniv gamoiwvevs mis 

ganTavsebas haris Semcveli ujris gaswvriv, ris Semdegac 

programa dabrundeba me-5 WdiT moniSnul brZanebaze da moxdeba 

is, rasac programistebi eZaxian Caciklvas. Cven SemTxvevaSi, 

lenti usasrulo ar aris, amitom moxdeba Tavakis misvla lentis 

marjvena sazRvarze da, radgan imis marjvniv araferi ar aris, 

programis Sesruleba Sewydeba ise, rom mizani ar iqneba 

miRweuli. 

es magaliTi migvaniSnebs, Tu ramdenad yuradRebiT unda iyos 

programisti, raTa ar datovos programis arasworad Sesrulebis 

SesaZlebloba. 

aseTi Secdoma ar warmoiSveboda, Tavidanve rom momxdariyo 

mimdinare simbolos Semowmeba, magaliTad ase: 

3 

I  5 

G10 

5 

R 
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G3  

10 

R 

I 20 

G10 

20 

L 

S  

Tumca, darwmunebuli var, bevrs ufro moewoneba amoxsnis gza, 

romelic emyareba dasawyisSi marcxniv 1 gadaadgilebis 

Sesrulebas: 

L 

5 

R 

I  5 

10 

R 

I 20 

G10 

20 

L 

S 

exlave davafiqsiroT, rom umartivesi amocanebic ki SeiZleba 

gadaiWras sxvadasxva programebiT (anu sxvadasxva gziT). 

sinamdvileSi, mTel rig SemTxvevaSi, verc vityviT romeli 

amoxsnaa ukeTesi. sazogadod, aq vlindeba programistis, rogorc 

individis, azrovnebis Tavisebureba. erTgvarad, rom SevajamoT am 

sakiTxTan dakavSirebuli problematika, unda vTqvaT, rom yoveli 

programisti gamoimuSavebs daprogramebis sakuTar stils. misi 

dawerili programis is varianti CaiTvleba ukeTesad, romelic 

ufro ukeT Seesabameba am pirovnebis azrovnebis konstitucias, 

romelic misTvis ufro gasagebi da gamWvirvalea. da rac ufro 

gamWvirvalea amoxsna misi avtorisTvis, miT naklebia Sansi am 
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amoxsnaSi man rame Secdoma dauSvas, xolo Tu mainc gaepara 

Secdoma, mas gauadvildeba am Secdomis lokalizeba (aRmoCena) 

da gasworeba. 

da modiT axlave SevTanxmdeT, rom daprogramebis maswavlebelma 

aramc da aramc ar unda moaxvios moswavles daprogramebis 

romelime stili. man unda daanaxos amoxsnaTa speqtris simdidre, 

Camoayalibos amoxsnaTa Sedarebis mTavari kriteriumebi, xolo 

saboloo arCevani ki dautovos Tavad moswavles. iseve, rogorc 

qarTulis kargi maswavlebeli ar aswavlis moswavles 

metyvelebas da weras gamzadebuli StampebiT da musikis kargi 

maswavlebeli ar daTrgunavs Tavisi moswavlis individualobas. 

 

3.3. ganStoebebis da ciklebis gacnoba  tiuringis 

virtualur saswavlo manqanaze 

rogorc vxedavT, Cven jer-jerobiT ar gamogviyenebia Caweris 

brZaneba (W). am brZanebis gamoyenebis sailustraciod 

CamovayaliboT kidev erTi, cota ufro rTuli amocana. 

amocana 3. orobiTi kombinaciis invertireba. 

lentis sastarto mdgomareoba. lentze moTavsebulia simboloTa 

aracarieli  mimdevroba, romelic Sedgeba mxolod ’0’ da ’1’-gan, 

am mimdevrobisgan marcxniv da marjvniv yvela pozicia 

Sevsebulia harebiT. 

Tavakis sastarto mdgomareoba. Tavaki ganTavsebulia mimdevrobis 

mier dakavebuli sivrcis SigniT (anu am mimdevrobis nebismier 

simboloze). 

lentis daskvniTi mdgomareoba. lentis daskvniT mdgomareobaSi 

mocemuli mimdevrobis yvela simbolo unda iyos Secvlili: ’0’ 

unda Seicvalos ’1’-iT da piriqiT. 

Tavakis daskvniTi mdgomareoba. Tavaki unda ganTavsdes 

simboloTa daskvniTi  mimdevrobis marjvena kideze. 

magaliTi 1. 

sawyisi mdgomareoba: 
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  0 0 1 1 1 0 1 0   

 

daskvniTi mdgomareoba:   

  1 1 0 0 0 1 0 1   

 

magaliTi 2. 

sawyisi mdgomareoba: 

  0 0 1 1 1 0 1 0   

 

daskvniTi mdgomareoba:   

  1 1 0 0 0 1 0 1   

 

safiqralia, rom aq azri aqvs Tavidan Tavaki ganvaTavsoT 

mimdevrobis marcxena kideze, saidanac vamoZraoT marjvena 

kidemde da gzad ki SevcvaloT yvela Semxvedri simbolo. 

programa SeiZleba Semdegnairad gamoiyurebodes: 

10 

L 

I 20 

G10 

20 

R 

I 40 

I030 

W0 

G20 

30 

W1 

G20 

40 

L 

S 
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aq pirveli 4 striqoni uzrunvelyofs im poziciaze misvlas, 

romelic ganTavsebulia mocemuli mimdevrobis kidura marcxena 

poziciis mezoblad marcxena mxridan. ris Semdegac iwyeba 

moZraoba marjvniv. rogorc ki am moZraobaSi Segvxdeba simbolo 

hari, ganxorcieldeba erTi poziciiT marcxniv gadasvla da 

moxdeba programis muSaobis Sewyveta, manamde ki gzad Semxverdi 

yvela ’0’ icvleba ’1’-iT, xolo yvela ’1’ ki ’0’-iT. miaqcieT 

yuradReba, rom marjvniv moZraobis dros, harisgan gansxvavebuli 

yoveli simbolosTvis brZanebebidan W0 da W1 Sesruldeba 

zustad erTi. 

Cven arsad ar Camogviyalibebia moTxovnebi Wdeebis mimarT, garda 

imisa, rom isini garegnulad warmoadgens ara umetes 5-niSna 

arauaryofiT aTobiT mTel ricxvebs da TiToeuli maTgani 

ikavebs calke striqons. am dros, Wde gamoiyeneba programis ama 

Tu im brZanebis moniSvnisTvis, anu adgilmdebareobis 

dasaxelebisTvis. amis gamo, sasurvelia, Wdeebi ganTavsebuli 

iyos programaSi maTi ricxviTi mniSnelobis zrdiT, raTa 

damatebiT urTierTganTavsebis informaciasac iZleodes... Tumca, 

isic vTqvaT, rom daprogramebis ganviTarebis erT-erTi 

umniSvnelovanesi etapi ukavSirdeba WdeebTan brZolas. 

Sesabamisad, daprogramebis Tanamedrove enebSi moTxovnileba 

Wdeebze minimumamdea dayvanili... cota win gavuswrebT movlenebs 

da vityviT, rom brZola Wdeebis winaaRmdeg Cvenc gveqneba Cveni 

saswavlo virtualuri manqanis ganviTarebis kvalobaze. 

exla ki CamovayaliboT axali amocana. es amocana sirTuliT 

aRemateba adre ganxilulebs. 

amocana 4. arauaryofiTi samobiTi ricxvis erTiT gazrda. 

lentis sastarto mdgomareoba. lentze moTavsebulia simboloTa 

aracarieli  mimdevroba, romelic warmoadgens arauaryofiT 

ricxvs, Cawerils samobiT sistemaSi; am mimdevrobisgan marcxniv 

da marjvniv yvela pozicia Sevsebulia harebiT. 
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Tavakis sastarto mdgomareoba. Tavaki ganTavsebulia mimdevrobis 

mier dakavebuli sivrcis SigniT (anu am mimdevrobis nebismier 

simboloze) an mis marcxniv. 

lentis daskvniTi mdgomareoba. lentis daskvniT mdgomareobaSi 

mocemuli mimdevroba unda Seesabamebodes Tavidan mocemuli 

mimdevrobis Sesabamis ricxvTan SedarebiT erTiT gazrdil 

ricxvs, Cawerils samobiT sistemaSi. 

Tavakis daskvniTi mdgomareoba. Tavaki unda ganTavsdes 

simboloTa daskvniTi mimdevrobis marjvena kideze. 

magaliTi 1. 

sawyisi mdgomareoba: 

   2 1 2 1 1 1 2   

 

daskvniTi mdgomareoba:  

   2 1 2 1 1 2 0   

 

magaliTi 2. 

sawyisi mdgomareoba: 

    2 2 2 2 2 2   

 

daskvniTi mdgomareoba:  

   1 0 0 0 0 0 0   

 

magaliTi 3. 

sawyisi mdgomareoba: 

   2 1 2 1 2 0 1   

 

daskvniTi mdgomareoba:  

   2 1 2 1 2 0 2   
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magaliTi 4. 

sawyisi mdgomareoba: 

    2 1 0 2 1 0   

 

daskvniTi mdgomareoba:   

    2 1 0 2 1 1   

 

modiT, jer CamovayaliboT amoxsnis algoriTmi: 

1. Tavaki gadavides erTi poziciiT marcxniv; 

2. Tavaki gadavides erTi poziciiT marjvniv; 

3. Tu mimdinare poziciaSi aris hari, ganxorcieldes 

gadasvla 2-ze; 

4. Tavaki gadavides erTi poziciiT marjvniv; 

5. Tu mimdinare poziciaSi aris hari, ganxorcieldes 

gadasvla 7-ze; 

6. ganxorcieldes gadasvla 4-ze; 

7. Tavaki gadavides erTi poziciiT marcxniv; 

8. Tu mimdinare poziciaSi aris 1, ganxorcieldes gadasvla 

16-ze; 

9. Tu mimdinare poziciaSi aris 2, ganxorcieldes gadasvla 

18-ze; 

10. mimdinare poziciaSi Caiweros 1; 

11. Tavaki gadavides erTi poziciiT marjvniv; 

12. Tu mimdinare poziciaSi aris hari, ganxorcieldes 

gadasvla 14-ze; 

13. ganxorcieldes gadasvla 11-ze; 

14. Tavaki gadavides erTi poziciiT marcxniv; 

15. programis Sesruleba Sewydes; 

16. mimdinare poziciaSi Caiweros 2; 

17. ganxorcieldes gadasvla 11-ze; 

18. mimdinare poziciaSi Caiweros 0; 

19. ganxorcieldes gadasvla 7-ze; 
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ukve SegviZlia davinaxoT, rom punqtebi 1-3 uzrunvelyofs 

Tavakis moxvedras mocemuli mimdevrobis sivrceSi (Tu Tavaki 

Tavidanve am sivrceSi iyo, sawyis poziciaze darCeba, xolo Tu 

iyo marcxniv, gaCerdeba mimdevrobis kidura marcxena poziciaze). 

punqtebi 4-6 uzrunvelyofs Tavakis ganTavsebas mimdevrobis mier 

dakavebuli sivrcis gareT, am sivrcis marjvena kidis marjvnidan 

mezobel poziciaSi. punqtebi 7-10 da 16-19 uzrunvelyofs ricxvis 

erTiT gazrdas. Tanac punqt 10-ze mivdivarT maSinac, roca 

dasamuSavebeli simbolo aris ’0’ da maSinac, roca es simbolo 

aris hari. xolo, Tu kidura poziciaSi aris 2, maSin muSaobs 

cikli punqtebisgan 9,18,19,7. da bolos, punqtebi 11-15 

uzrunvelyofs daskvniTi moqmedebebis Sesrulebas, anu Tavakis 

gadayvanas mimdevrobis kidura marjvena poziciaSi da programis 

Sesrulebis SeCerebas. 

virtualur manqanas axladgacnobili kaci, eWvgareSea, 

gaikvirvebs algoriTmis pirveli 2 punqtiT. marTlac, ra azri 

aqvs Tavakis jer marcxniv gawevas, xolo iqve, momdevno svliT, 

ukan dabrunebas. magram Cven xom ukve viciT, rom punqtebi 2,3 

qmnias cikls, romelic uzrumvelyofs Tavakis gadaadgilebas 

marjvniv, sanam igi ar miadgeba harisgan gansxvavebul pirvel 

simbolos. am dros punqti 1 am ciklSi ar Sedis, magram is 

asrulebs moqmedebas, romlis Semdeg cikli SeiZleba 

ganxorcieldes daubrkolebliv. musikis Teorias gacnobilebi 

uTuod SeamCneven aq analogias e.w. gare taqtTan. da gare taqtis 

rolSi punqti 1 gvevlineba...  

saTanado programis dawera ukve ar warmoadgens raime sirTules. 

L 

10 

R 

I 10 

20 

R 

I 30 
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G20 

30 

L 

I160 

I270 

W1 

40 

R 

I 50 

G40 

50 

L 

S 

60 

W2 

G40 

70 

W0 

G30 

 

3.4. qveprograma tiuringis virtualur saswavlo 

manqanaze 

daprogramebisTvis qveprogramis cnebis mniSvnelobis 

gadaWarbebiT Sefaseba erTob Znelia. faqtia, rom am cnebas 

emyareba sazogadod daprogramebis teqnologiebisa da 

paradigmebis ganviTareba. 

aqamde Camoyalibebuli saSualebebiT qveprogramis da, miT ufro 

rekursiis, cnebis gacnoba tiuringis saswavlo virtualur 

manqanaze SeuZlebeli iyo. 

mravali mcdelobis Semdeg tiuringis saswavlo manqanis enis 

saTanado gafarToebisTvis moinaxa lamazi gadawyveta, romlis 

avtoria sandro barnabiSvili. 
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am gadawyvetiT moxda gadasvlis operaciebis (G da I) gafarToeba 

maTze damatebiT dabrunebis moTxovnis dakisrebiT, Tu ki 

brZaneba dasruldeboda simboloTi R. aseT pirobebSi 

garegnulad arSecvlil brZanebas S daekisra yvelaze bolos 

Camoyalibebuli dabrunebis moTxovnis ganxorcieleba, Tuki misi 

Sesrulebis momentisTvis aseTi erTi mainc daukmayofilebeli 

moTxovna iarsebebda. winaaRmdeg SemTxvevaSi es brZaneba 

Cveulebriv amTavrebs davalebis Sesrulebas. 

ganvixiloT am brZanebis sailustracio 2 magaliTi. 

jer moviyvanoT bolos Sesrulebuli amocanis axali amoxsna. 

amosxnis idea aseTia – davyoT amocana nawilebad, romelTac 

daekisreba, Sesabamisad: 

1. mimdinare mdgomareobidan lentze moTavsebul simboloTa 

mimevrobis marjvena kideze misvla (cxadia, aq unda 

gvqondes garantia, rom Tavidan Tavaki an mimdevrobazea, an 

mis marcxniv); 

2. samobiTi ricxvis erTiT gazrda im pirobiT, rom Tavaki 

startze am ricxvis marjvena kideze dgas. 

Tu es nawilebi ukve gvaqvs, maSin axali brZanebebis meSveobiT 

jer SevasruloT pirveli nawili, Semdeg meore da Semdeg ki isev 

pirveli. 

aseTi midgoma iTxovs daprogramebis sxva stilis dauflebas. 

vnaxoT, rogor gamoiyureba amocanis axali amoxsna. 

G80 

10 

L 

15 

R 

I 15 

20 

R 

I 30 

G20 



 81 

30 

L 

S 

40 

I160 

I270 

W1 

50 

 S 

60 

W2 

G50 

70 

W0 

L 

G40 

80 

G10R 

G40R 

G10R 

S 

aq Wdidan 10 iwyeba Cvens mier zemonaxsenebi pirveli nawili, 

xolo 40-dan ki zemonaxsenebi meore nawili. realurad erTic da 

meorec warmoadgens qveprogramebs. da miuxedavad imisa, rom 

programis sigrZe ar Semcirebula (piriqiT, cota gaizarda), 

darwmunebuli var, bevrs es varianti ufro moewoneba, radgan 

programis logika aSkarad gamartivda. 

meore amocana ki gvaZlevs rekursiis gamoyenebis erTob efeqtiani 

da arc Tu martivi SemTxvevis ilustracias. 

amocana 5. frCxilebiani mimdevrobis koreqtulobis Semowmeba. 

frCxilebiani mimdevrobis koreqtuloba gagebulia Cveulebrivi 

azriT. konkretulad, mrgvali frCxilebisgan Sedgenil 
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mimdevrobas vuwodebT koreqtuls (kfm), Tu igi akmayofilebs 

pirobas: 

<kfm>::= | (<kfm>) 

am ganmartebiTY carieli mimdevrobac iTvleba koreqtul 

mimdevrobad, magram Cveni amocanis pirobiT mocemuli mimdevroba 

carieli ar SeiZleba iyos. 

lentis sastarto mdgomareoba. lentze ganTavsebulia mxolod 

mrgvali frCxilebisgan Sedgenili aracarieli mimdevroba. 

lentis yvela darCenili pozicia Sevsebulia harebiT. 

Tavakis sastarto mdgomareoba. Tavaki Tavidan dgas 

frCxilebisgan Sedgenili mimdevrobis marcxena kidis marxena 

mezobel poziciaze. 

lentis daskvniTi mdgomareoba. daskvniTi mdgomareoba identuria 

sastartosi. 

Tavakis daskvniTi mdgomareoba. Tu mimdevroba koreqtulia, 

Tavaki unda ganTavsdes mimdevrobis marjvena kidesgan 2 

poziciiT marjvniv, Tu ara da nebismier sxva mdgomareobaSi. 

magaliTi 1. 

sawyisi mdgomareoba: 

  ( ) ( ( ) )     

 

daskvniTi mdgomareoba:   

  ( ) ( ( ) )     

 

programa, romelic wyvets am amocanas Semdegnairad gamoiyureba: 

10 

R 

20 

I(10R 

I(20 

R 

S 
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vfiqrob udavia, rom programa arc ise trivialuria, Tumca 

zomiT sakmaod pataraa. 

 

mocemuli momentisTvis arsebobs tiuringis saswavlo manqanis 2 

realizacia. orive Sesrulebulia daprogramebis enaze C# Cemi 

xelmZRvanelobiT. pirvelis avtoria avTandil ruxaZe. man 

realizacia Seasrula 2011 wels samagistro naSromis farglebSi 

wmida andria pirvelwodebulis saxelobis qarTul 

universitetSi. meore realizacia ekuTvnis amave universitetis 

bakalavriatis students, sandro barnabiSvils da Sesrulebulia 

2013 wels. ruxaZis realizacia iTvaliswinebs sistemasTan 

muSaobas veb-aplikaciis reJimSi, xolo barnabiSvilis 

realizacia gamoirCeva ufro daxvewili dizainiT da 

zemoaRwerili gafarToebuli saSualebebis CamatebiT, magram 

muSaoba am realizaciasTan SesaZlebelia mxolod im aslTan, 

romelic mocemul kompiuterzea dainstalirebuli. mocemul 

momentSi SemoTavazebuli meTodika gamoiyeneba saswavlo 

procesSi saqarTvelos sapatriarqos wmida andria 

pirvelwodebulis saxelobis qarTul universitetSi da skola-

pansion “mTiebSi”. 
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daskvna. 

pirveli Tavi miZRvnilia algebrul gamosaxulebaTa Caweris sxva 

da sxva notaciis Seswavlisa da am notaciebs Soris 

urTierTkavSirebis dadgenisadmi. am TavSi avtorma Tavi mouyara 

algebrul gamosaxulebaTa e.w. polonur notaciasTan 

dakavSirebul da sistemur programirebaSi nayofierad  

gamoyenebul faqtebs. ris Semdegac avtori gvTavazobs siaxles – 

infiqsuri notaciidan gamosaxulebis prefiqsul notaciaSi 

gadayvanis pirdapir algoriTms, romelic erTdroiulad 2 stekis 

gamoyenebis ideas emyareba. amis Semdeg avtors Semoaqvs 

SeuRlebulis cneba algebruli gamosaxulebis postfiqsuri 

Canaweris mimarT. SeuRlebulis cnebis gamokvleviT dadginda 

misi mTeli rigi Tvisebebi. am Tvisebebze dayrdnobiT avtorma 

miiRo praqtikuli mniSvnelobis daskvna – prefiqsuli Canaweris 

Tanxleba posrtfiqsuriT saWiro ar aris, radgan gamosaxulebis 

mniSvnelobis miReba SesaZlebelia pirdapir misi prefiqsuli 

saxidan. amisaTvis ki sakmarisia prefiqsuli Canaweris damuSaveba 

marjvnidan marcxniv postfiqsuri CanawerisTvis gansazRvruli 

standartuli algoriTmis SeuRlebuli algoriTmiT. imis 

gaTvaliswinebiT, rom zemoxsenebuli standartulis SeuRlebuli 

algoriTmis sirTule identuria sakuTriv standartulis 

sirTulisa, Sedegad mTlianad moixsna prefiqsulidan 

postfiqsurSi gamosaxulebis gadayvanis aucilebloba. amave 

TavSi SemoRebul iqna SeuRlebulis cneba gamosaxulebis exla 

ukve prefiqsuli Canaweris mimarT da, rogorc mosalodneli iyo, 

miRebul iqna postfiqsuri Canaweris SeuRlebulisTvis 

dadgenili yvela Tanafardobis sarkisebuli analogi. metic, 

ganxilul iqna ufrCxilebo Canaweris gamnzogadoebuli cneba da 

misTvisac damtkicebul iqna saTanado debulebebi, romlebsac 

praqtikuli mniSvneloba aqvs.  

Semdgomi kvlevisTvis sainteresoa ZarRvis damuSaveba, romelic 

mdgomareobs imaSi, rom am TavSi ganxiluli yvela saxis 
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ufrCxilebo Canaweri warmoadgens grafis (xis) saxiT mocemuli 

informaciis algebrul warmodgenas. 

meore Tavi mieZRvna simbolur diferencirebas da pirvel TavSi 

miRebuli Sedegebis praqtikul gamoyenebas. simboluri 

diferencirebisTvis SemoRebul iqna Sida ena, romelzedac 

aRiwera gawarmoebis cnobili formulebi. avtorma daasabuTa am 

enis SemoRebis mizanSewoniloba da iqve mogvca misi realizacia 

C++-ze. am realizaciam, faqtobrivad uzrunvelyo prefiqsuli 

saxiT mocemuli erTi cvladis funqcionaluri gamosaxulebebis 

analitikuri gawarmoeba. funqcionaluri gamosaxulebebis Sida 

warmodgenisTvis, rac daefuZvna prefiqsul notacias, 

SemoTavazebul iqna standartuli veqtoris tipis konteineris 

ganzogadoeba. gawarmoebis funqcia Sevida amave TavSi 

SemuSavebul programaTa kompleqsSi, romelmac moicva – 

infiqsuri saxiT (striqoniT) mocemuli funqcionaluri 

gamosaxulebis gadayvana prefiqsul saxeze, prefiqsuli saxidan 

gamosaxulebis gadayvana infiqsur saxeze (striqonSi), 

prefiqsuli saxiT mocemuli gamosaxulebis gamoTvla ucnobis 

garkveuli mniSvnelobisTvis, prefiqsuli gamosaxulebis 

gamartiveba. am kompleqsma ukve SeaiaraRa problemuri 

programisti funqcionaluri gamosaxulebebis damuSavebis 

mravalmxrivi instrumentiT algoriTmuli enis donidan, ramac 

SeiZleba ganapirobos gamoTvliTi maTematikis, fizikis da sxva 

dargebis wiaRSi warmoqmnili amocanebisTvis gadawyvetis 

principialurad axali SesaZleblobebi. aqve avtorma moiyvana 

daprogramebis enis donidan funqcionalur gamosaxulebaTa 

mravalmxrivi damuSavebisTvis gankuTvnili klasis sainterfeiso 

nawilis aRwera. amave TavSi moyvanilia avtoris mier paskalze 

Sesrulebuli algebrul gamosaxulebaTa damuSavebisTvis 

gankuTvnili modulis aRwera. aq SesaZlebelia damuSavdes 

ramdenime cvladis Semcveli gamosaxuleba, magram am 

realizaciaSi gaTvaliswinebulia mxolod gamosaxulebis 

gadayvana striqonis saxiT mocemuli infiqsuri formidan 
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postfiqsur warmodgenaze damyarebul Sida formaze da Sida 

formiT mocemuli gamosaxulebis mniSvnelobis gamoTvla am 

gamosaxulebaSi Semavali cvladebis garkveuli 

mniSvnelobebisTvis.  

meore TavSi moyvanili masalis Semdgomi ganviTareba 

SesaZlebelia aseTi mimarTulebebiT: 

1. daixvewos da, saWiroebis SemTxvevaSi, Seivsos avtoris mier 

SemoTavazebuli klasis proeqti da ganxorcieldes misi 

realizacia; 

2. SemuSavdes ramdenime cvladis Semcveli funqcionaluri 

gamosaxulebebis damuSavebisTvis gankuTvnili programuli 

realizacia, romelic moicavs kerZo warmoebulebis 

miRebas; 

3. gamokvleul iqnas gamosaxulebaTa Semokleba am 

miznisTvTvis gankuTvnili ufro mZlavri aparatis 

SemuSavebisTvis; 

4. avtoris mier SemoTavazebuli midgoma gamoyenebul iqnas 

gawarmoebis SeswavlisTvis gankuTvnili saswavlo 

programis SemuSavebisTvis; 

5. moisinjos msgavsi realizaciebis Sesruleba daprogramebis 

sxva enebze. SemuSavdes am realizaciebis sxva enebze 

gadatanisTvis gankuTvnili konvertorebi; 

6. moisinjos avtoriseuli midgoma simboluri integrebis 

amocanis gadasawyvetad; 

7. ganisazRvros amocanaTa klasi, romlisTvisac 

SemoTavazebuli instrumentari gansakuTrebiT efeqtiania.   

mesame Tavi mieZRvna avtoris mier SemuSavebul tiuringis 

virtualuri manqanis modifikacias, gankuTvnils saswavlo 

procesSi gamoyenebisTvis. avtorma Camoayaliba moTxovnebi 

Tanamedrove saswavlo procesSi daprogramebis sastarto 

SeswavlisTvis gankuTvnili saSualebebis mimarT. amis Semdeg mas 

moyavs saswavlo procesSi gamoyenebisTvis gamiznuli tiuringis 

virtualuri manqanis miseuli modifikaciis aRwera. ris Semdegac 
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am TavSi ganixileba ramdenime konkretuli magaliTi, romlebic 

swor warmodgenas qmnis SemoTavazebuli saswavlo saSualebis 

farglebSi potenciurad dafaruli davalebebis sirTulis 

diapazonos Sesaxeb. am Tavis bolos avtori gvacnobs 

SemoTavazebuli saswavlo manqanis Semavali enis gafarToebas, 

romlis meSveobiTac xdeba qveprogramisa da rekursiis cnebis 

gacnoba. aqve xdeba saTanado sailustracio magaliTebis 

ganxilva. realurad, SemoTavazebuli meTodika iZleva 

SesaZleblobas moswavle Seudges uSualod kompiuterTan 

davalebebis Sesrulebas swavlebis meore saaTidan. aRwerili 

meTodika ukve danergilia saqarTvelos sapatriarqos wmida 

andria pirvelwodebulis saxelobis qarTul universitetSi (2011 

wlidan) da pansion “mTiebSi” (2014 wlidan). avtori gulisxmobs, 

rom SemoTavazebuli saSualeba umaRles saswavleblebis 

saswavlo procesSi mizanSewonilia gamoyenebul iqnas mxolod 

daprogramebis swavlebis sastarto etapze da sul 3-4 gakveTilis 

xangrZlivobiT. avtoris azriT, tiuringis saswavlo virtualuri 

manqanis aTviseba kargi winapirobaa daprogramebis safuZvlebis 

Semdomi warmatebuli dauflebis procesis gagrZelebisTvis, 

vinaidan moswavle garda aucilebeli unarebis SeZenisa, iqmnis 

karg fsiqologiur da emociur fons daprogramebis realuri 

algoriTmuli enis SeswavlisTvis. am mimarTulebiT samomavlod 

SeiZleba gakeTdes Semdegi: 

1. SemuSavdes Sida enis gafarToeba, romelic mogvcems 

SesaZleblobas SemoRebul iqnas preprocesingis elementebi. 

es ki, Tavis mxriv, xels Seuwyobs moduluri daprogramebis 

gacnobas; 

2. realizacia gatanil iqnas saitze da xelmisawvdomi gaxdes 

gare momxmareblisTvis; 

3. realizaciaSi gaTvaliswinebul iqnas momxmareblisTvis 

amosaxsneli amocanebis SeTavazeba, mis mier Sesrulebuli 

amoxsnebis sisworis avtomaturi Semowmeba, sxvadasxva 

amoxsnebis Sedareba (maT Soris virtualuri manqanisTvis 
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damaxasiaTebeli maCveneblebiT, rogoricaa simokle, 

amoxsnis dros Sesrulebuli brZanebebis raodenoba,...); 

4. gamokvleul iqnas amoxsnaTa sisworis Semowmebis 

formalizebis SesaZleblobebi; 

5. gamokvleul iqnas testebis generirebis avtomatizebis 

SesaZlebloba.    
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danarTi 1. moduli Gamotvla. sawyisi teqsti (paskalze). 

unit gamotvla; 

interface 

const np=3; 

type selem = -1..4; 

  shesvla = ( operandi, psevdoo, moqmedeb, dahurva, bolo ); 

  gadasvla = (o, m, f, t ); 

  maspar = array[1..np] of real; 

  masindp = array[1..np] of boolean; 

  tipelem = record case romelem:selem of 

             -1:(); 

              0:(mmnish:real); 

              1:(cvnom:integer); 

              2:(monom:integer); 

              3:(); 

              4:() 

            end; 

  tipstack = ^moqmed; 

  moqmed = record 

            monom:integer; 

            mit:tipstack 

           end; 

  gamelem = record case moqm:boolean of 

              true:(monom:integer; 

                     adgil:1..3; 

                    ); 

              false:(case cvladi:boolean of 

                       true:(cnom:integer); 

                       false:(mnish:real); 

                    ); 

             end; 

  mimt = ^gamosah; 

  gamosah = record 
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             inf:gamelem; 

             mim:mimt 

            end; 

  tstack = ^ts; 

  ts = record 

        inf:real; 

        next:tstack 

       end; 

procedure scanfunq(x:string; var y:mimt; var mistake, npoz:byte; var 

masind:masindp); 

function gam(x:mimt; y:maspar):real; 

 

 

implementation 

 

procedure scanfunq(x:string; var y:mimt; var mistake, npoz:byte; var 

masind:masindp); 

 label 100; 

 const 

   adg:array[0..21] of byte = (1,1,2,2,2,2,2,2,1,1,1,1,1,1,1,1,1,1,1,1,3,1); 

   prior:array[-2..21] of byte = (0,0,7,6,2,2,3,3,4,4,5,5,5,5,5,5,5,5,5,5,5,5,1,6); 

 var 

   mm : tipelem; 

   pr,lakm,first : boolean; 

   moqmst : tipstack; 

   r : mimt; 

   n,ns,ks,mnom,nompd : integer; 

   mdg : gadasvla; 

 function shecdoma:boolean; 

   const maga:array[o..m,shesvla] of gadasvla = ((m,o,f,f,f),(f,f,o,m,t)); 

   var 

     x:shesvla; 

   begin 

     if mm.romelem = -1 then begin shecdoma := true; mistake :=1 end 



 94 

       else 

         begin if lakm then x := bolo 

           else 

             if mm.romelem in [0,1] then x := operandi 

               else 

               if mm.romelem = 3 then x:=psevdoo 

                else 

                 if mm.romelem = 4 then x := dahurva 

                   else 

                     if (adg[mm.monom] = 1) and (mm.monom <> 21) then x := psevdoo 

                       else 

                         x := moqmedeb; 

                       mdg := maga[mdg,x]; 

                       if mdg = f then begin 

                                         shecdoma := true; 

                                         mistake := 3+ord(x) 

                                       end 

                         else 

                           shecdoma := false 

         end 

   end; 

 

 procedure relem(var mm:tipelem; var lakm:boolean); 

   const 

     sr = 12; 

     sitmas:array[-2..sr] of string[10] = 

('x','y','z','sin','cos','tg','arcsin','arccos','arctg','abs','sqr','sqrt','exp','ln','lg'); 

   var 

     qss:char; 

     qs:string[10]; 

     i,code:integer; 

     musha:real; 

   procedure neprob; 

     begin 
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       while (ns <= n ) and (x[ns] = ' ') do ns := ns+1 

     end; 

   procedure prob; 

     var 

       turn:0..2; 

       gamkop:set of char; 

     begin 

       turn := 0; 

       ks := ns; 

       if x[ks] in ['0'..'9'] then 

         begin 

           gamkop := [chr(0)..chr(255)] - ['0'..'9','.','e','E']; 

           ks := ns+1; 

           turn := 1 

         end 

         else 

           gamkop := [' ','+','-','*','/','(',')','^']+[';','#','?','0'..'9']; 

       while (ks <= n) and not (x[ks] in gamkop) do 

         begin 

           if turn = 1 then 

             if x[ks] in ['e','E'] then 

               begin 

                 gamkop := gamkop + ['.','e','E']-['-','+']; 

                 turn := 2 

               end 

               else 

             else 

               if turn = 2 then gamkop := gamkop + ['-','+']; 

               ks := ks+1 

         end; 

       ks := ks-1 

     end; 

   begin {start relem} 

     neprob; 
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     lakm := ns=n+1; 

     if not lakm then 

       begin 

         qss := x[ns]; 

         ks := ns; 

         if qss = '(' then mm.romelem := 3 

           else 

             if qss = ')' then mm.romelem := 4 

               else 

                 if qss in ['-','+','*','/','^','#','?',':',','] then 

                   begin 

                     mm.romelem := 2; 

                     case qss of 

                       '-': if (y = nil) or first then mm.monom := 1 

                              else mm.monom := 3; 

                       '+': if (y = nil) or first then mm.monom := 0 

                              else mm.monom := 2; 

                       '*': mm.monom := 4; 

                       '/': mm.monom := 5; 

                       '^': mm.monom := 7; 

                       '#': mm.monom := 6; 

                       '?': mm.monom := 20; 

                       ':': mm.monom := 21; 

                       ',': mm.monom := 0 

                     end 

                   end 

                  else 

                   begin 

                      prob; 

                      qs := copy(x,ns,ks-ns+1); 

                      i := -3; 

                      repeat 

                        i :=i+1 

                      until (qs = sitmas[i]) or (i = sr); 
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                      if qs = sitmas[i] then 

                        begin 

                          mm.romelem := 2; 

                          case i of 

                            1..12 : mm.monom := i+7; 

                            -2..0 : begin 

                                      mm.romelem := 1; 

                                      mm.cvnom := i+3 

                                    end 

                          end 

                        end 

                       else 

                        begin 

                          val(qs, musha, code); 

                          if code = 0 then 

                            begin 

                              mm.romelem := 0; 

                              mm.mmnish := musha 

                            end 

                           else 

                             mm.romelem := -1 

                        end 

                   end; 

             ns := ks+1; 

             first := qss in ['(','?',':',','] 

       end { if not lakm} 

   end; 

 

   procedure wmstack(x:Integer); 

     var 

       r:tipstack; 

     begin 

       new(r); 

       r^.monom := x; 
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       r^.mit := moqmst; 

       moqmst := r 

     end; 

 

   procedure rmstack(var x:integer); 

    var 

     r:tipstack; 

    begin 

      x := moqmst^.monom; 

      r := moqmst; 

      moqmst := moqmst^.mit; 

      dispose(r) 

    end; 

   begin {start scanfunq} 

     mdg := o; 

     for ns := 1 to np do masind[ns] := false; 

     moqmst := nil; 

     n := length(x); 

     y := nil; 

     first := true; 

     pr := true; 

     mistake := 0; 

     ns := 1; 

     relem(mm,lakm); 

     if shecdoma then goto 100 

       else 

         while not lakm do 

           begin 

             with mm do 

               if romelem < 2 then {it is operand} 

                 begin 

                   if pr then {that is first} 

                     begin 

                       new(y); 
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                       r := y; 

                       pr := false; 

                     end 

                    else 

                     begin 

                       new(r^.mim); 

                       r := r^.mim 

                     end; 

                 with r^.inf do 

                   begin 

                     moqm := false; 

                     cvladi := romelem = 1; 

                     if cvladi then begin 

                                     cnom := cvnom; 

                                     masind[cvnom] := true 

                                    end 

                       else mnish := mmnish 

                   end 

                 end 

                else 

                 if romelem = 2 then {es moqmedebaa} 

                   begin 

                     while (moqmst <> nil) and (prior[moqmst^.monom] > prior[monom]) do 

                       begin 

                         rmstack(mnom); 

                         new(r^.mim); 

                         r := r^.mim; 

                         with r^.inf do 

                           begin 

                             moqm := true; 

                             monom := mnom; 

                             adgil := adg[mnom] 

                           end; 

                       end; 
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                     wmstack(monom) 

                   end; 

                with mm do 

                 if romelem = 3 then wmstack(-1) 

                   else 

                     if (romelem = 2) and (monom = 20) then wmstack(-2) 

                       else 

                         if (romelem = 4) or (monom = 21) then 

                           begin 

                             if romelem = 4 then nompd := -1 else nompd := -2; 

                             while (moqmst <> nil) and (not (moqmst^.monom+2 in [0,1])) do 

                               begin 

                                 rmstack(mnom); 

                                 new(r^.mim); 

                                 r := r^.mim; 

                                 with r^.inf do 

                                   begin 

                                     moqm := true; 

                                     monom := mnom; 

                                     adgil := adg[mnom] 

                                   end 

                               end; 

                           if (moqmst = nil) or (moqmst^.monom <> nompd) then 

                             begin 

                               mistake := 2; 

                               goto 100 

                             end 

                            else rmstack(mnom) 

                           end; 

                        relem(mm,lakm); 

                 if shecdoma then goto 100 

           end; {while not lakm} 

         while moqmst <> nil do 

           begin 
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             rmstack(mnom); 

             if (mnom = -1) or (mnom = -2) then 

               begin 

                 if mnom = -1 then mistake := 8 else mistake := 9; 

                 goto 100 

               end; 

             new(r^.mim); 

             r := r^.mim; 

             with r^.inf do 

               begin 

                 moqm := True; 

                 monom := mnom; 

                 adgil := adg[mnom] 

               end 

           end; 

         r^.mim := nil; 

         100:npoz := ns-1 

   end; {scanfunq} 

 

  function gam(x:mimt; y:maspar):real; 

    var 

      r:mimt; 

      a,b,c:real; 

      stack:tstack; 

      procedure wstack(var x:real); 

        var r:tstack; 

        begin 

          new(r); 

          r^.inf := x; 

          r^.next := stack; 

          stack := r 

        end; //wstack 

      procedure rstack(var x:real); 

        var r:tstack; 
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        begin 

          x := stack^.inf; 

          r := stack; 

          stack := stack^.next; 

          dispose(r) 

        end; //rstack 

      function har(x:real; y:integer):real; 

        var 

          b:boolean; 

          i:integer; 

          p:real; 

        begin 

          b := y<0; 

          y := abs(y); 

          p := 1; 

          for i := 1 to y do p := x*p; 

          if b then har := 1/p else har := p; 

        end;//har 

 

    function arcsin(x:real):real; 

      begin 

        if x = 1.0 then arcsin := pi*0.5 

          else 

            if x = -1.0 then arcsin := -pi*0.5 

              else arcsin := arctan(x/sqrt(1-sqr(x))) 

      end;//arcsin 

 

    begin 

      r := x; 

      stack := nil; 

      while r <> nil do 

        begin 

          with r^.inf do 

            if moqm then 
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              if monom in [0,21] then 

                else 

                  begin 

                    rstack(b); 

                    if adgil >=2 then rstack(a); 

                    if adgil = 3 then rstack(c); 

                    case monom of 

                      21,0  : a := b; 

                         1  : a := -b; 

                         2  : a := a+b; 

                         3  : a := a-b; 

                         4  : a := a*b; 

                         5  : a := a/b; 

                         6  : a := har(a,round(b)); 

                         7  : a := exp(b*ln(a)); 

                         8  : a := sin(b); 

                         9  : a:= cos(b); 

                         10 : a := sin(b)/cos(b); 

                         11 : a := arcsin(b); 

                         12 : if b>0 then a := arcsin(1-sqr(b)) 

                                else a := pi-arcsin(1-sqr(b)); 

                         13 : a := arctan(b); 

                         14 : a := abs(b); 

                         15 : a := sqr(b); 

                         16 : a := sqrt(b); 

                         17 : a := exp(b); 

                         18 : a := ln(b); 

                         19 : a := ln(b)/ln(10); 

                         20 : if c>=0 then else a := b; 

                    end; 

                    wstack(a); 

                  end 

             else 

              if cvladi then wstack(y[cnom]) 
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                else wstack(mnish); 

            r := r^.mim 

        end; 

      rstack(a); 

      gam := a; 

    end;//gam 

 

end. 
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danarTi 2. programaTa kompleqsi funqcionalur 

gamosaxulebaTa damuSavebisTvis. sawyisi teqsti 

(C++ ). 
#include <cstdlib> 

#include <iostream> 

#include <string> 

#include <set> 

#include <vector> 

#include <map> 

#include <sstream> 

#include <cmath> 

 

using namespace std; 

template <class T> 

 class Vector :public vector <T> 

       {  public: 

                 Vector operator | (Vector y) 

                 {int i,N=y.size(); Vector x(*this); 

                  for(i=0;i<N;i++) 

                   x|=y[i]; 

                   return x; 

                 } 

                 Vector operator | (T y) 

                 {Vector x(*this); 

                  x.push_back(y); 

                  return x; 

                 } 

                 Vector operator |= (Vector y) 

                 {*this=(*this)|y; 

                  return *this; 

                 } 

                 Vector operator |= (T y) 

                 {return *this=(*this)|y; 
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                 } 

                 Vector SubVec(int n,int m=10000) 

                 {Vector x; 

                  for(int i=0; n+i<this->size() && i<m;i++) 

                  x|=(*this)[n+i]; 

                  return x; 

                 } 

                 int Find(T x) 

                 {for(int i=0;i<this->size();i++) 

                  if((*this)[i]==x)return i; 

                  return -1; 

                 } 

                 int Card() 

                 {Vector x(*this);set <T> R(x.begin(),x.end()); 

                  return R.size(); 

                 } 

       }; 

string Formulebi[]={"+AB","-AB","+*Ab*aB","/-*Ab*aBnb", 

       "+**Ab^a-b1**B^abqa", 

       "*gaA","s*faA","/Anga","s-Anfa","/Ao-1na","s/Ao-1na", 

       "/A+1na","s/A+1na","*2*aA","/A*2oa","*paA","/Aa","/A*aqD","sA"}; 

string Funqciebi[]={"sin","cos","tg","ctg","arcsin","arcos", 

       "arctg","arcctd","sqr","sqrt","exp","ln","lg","s"}; 

string mq="+-*/^"; 

struct Telem 

{char operand; 

 union {char nomer; 

        double mnish; 

       }; 

}; 

typedef Vector<Telem> Tgam; 

Telem SetTelem(char x=2, char y=0, double z=0) 

{ Telem a; 

  a.operand=x; 
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  if(x==2)a.mnish=z; 

  else if(!x)a.nomer=y; 

  return a; 

} 

Tgam SetTgam(Telem x) 

{ 

 Tgam ans; 

 ans|=x; 

 return ans; 

} 

void Printelem(Telem x) 

{ 

 if(x.operand) 

    if(x.operand==1)cout<<"x"; 

    else cout<<x.mnish; 

 else if(x.nomer<6)cout<<mq[x.nomer-1]; 

      else cout<<Funqciebi[x.nomer-6]; 

 cout<<' '; 

} 

void PrintGam(Tgam x) 

{ 

 int i,N=x.size(); 

 for(i=0;i<N;i++) 

 Printelem(x[i]); 

 cout<<endl; 

} 

Tgam a(Tgam x) 

{int i,k; 

 for(i=k=1;k;i++) 

 if(x[i].operand)k--; 

 else k+=x[i].nomer<6; 

 return x.SubVec(1,i-1); 

} 

Tgam b(Tgam x) 
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{ 

 int i; 

 i=a(x).size(); 

 return a(x.SubVec(i)); 

} 

double Gamotvla(Tgam G, double x=1) 

{int i,N=G.size(),n=0,m; 

 double st[30],a,b; Telem g; 

 for(i=N-1;i>=0;i--) 

 {g=G[i]; 

  if(g.operand) 

      {if(g.operand==1)st[n++]=x; 

       else st[n++]=g.mnish; 

      } 

  else {a=st[--n]; 

        m=g.nomer; 

        if(m>5) 

          switch(m) 

              {case 6:a=sin(a);break; 

               case 7:a=cos(a);break; 

               case 8:a=tan(a);break; 

               case 9:a=1/tan(a);break; 

               case 10:a=asin(a);break; 

               case 11:a=acos(a);break; 

               case 12:a=atan(a);break; 

               case 13:a=3.14159265358979323846*.5-atan(a);break; 

               case 14:a*=a;break; 

               case 15:a=sqrt(a);break; 

               case 16:a=exp(a);break; 

               case 17:a=log(a);break; 

               case 18:a=log10(a);break; 

               case 19:a=-a;break; 

               default:; 

              } 
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          else {b=st[--n]; 

                switch(m) 

                   {case 1:a+=b;break; 

                    case 2:a-=b;break; 

                    case 3:a*=b;break; 

                    case 4:a/=b;break; 

                    case 5:a=pow(a,b);break; 

                    default:; 

                   } 

               } 

        st[n++]=a; 

       } 

 } 

 return st[0]; 

} 

Tgam Gamartiveba(Tgam G) 

{int i,N=G.size(),n=0,m; 

 Tgam st[30],a,b; Telem g; 

 for(i=N-1;i>=0;i--) 

  { 

   g=G[i]; 

   if(g.operand)st[n++]=SetTgam(g); 

   else 

     { m=g.nomer; 

       a=st[--n]; 

       if(m>5) 

        { 

         if(a[0].operand==2) 

            { 

             a[0].mnish=Gamotvla(SetTgam(SetTelem(0,m))|a); 

             st[n++]=a; 

            } 

         else if(!a[0].operand && a[0].nomer==19 && m==19) 

              { 
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               a=a.SubVec(1); 

               st[n++]=a; 

              } 

         else st[n++]=SetTgam(g)|a; 

        } 

        else 

        { 

         b=st[--n];  

         int k=n; 

         if(a[0].operand==2 && b[0].operand==2) 

             st[n++]=SetTgam(SetTelem(2,0,Gamotvla(SetTgam(g)|a|b))); 

         else if(m==1) 

                  {if(a[0].operand==2 && a[0].mnish==0) 

                  st[n++]=b; 

                  else if(b[0].operand==2 && b[0].mnish==0) 

                  st[n++]=a; 

                  } 

         else if(m==2) 

                  {if(a[0].operand==2 && a[0].mnish==0) 

                  st[n++]=SetTgam(SetTelem(0,19))|b; 

                  else if(b[0].operand==2 && b[0].mnish==0) 

                  st[n++]=a; 

                  } 

         else if(m==3) 

                  {if(a[0].operand==2 && a[0].mnish==0) 

                       st[n++]=SetTgam(SetTelem(2,0,0)); 

                  else if(a[0].operand==2 && a[0].mnish==1) 

                       st[n++]=b; 

                  else if(b[0].operand==2 && b[0].mnish==0) 

                       st[n++]=SetTgam(SetTelem(2,0,0)); 

                  else if(b[0].operand==2 && b[0].mnish==1) 

                       st[n++]=a; 

                  } 

         else if(m==4) 
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                  {if(a[0].operand==2 && a[0].mnish==0) 

                       st[n++]=SetTgam(SetTelem(2,0,0)); 

                  else if(b[0].operand==2 && b[0].mnish==1) 

                       st[n++]=a; 

                  } 

         else if(m==5) 

                  {if(a[0].operand==2 && a[0].mnish==0) 

                       st[n++]=SetTgam(SetTelem(2,0,0)); 

                  else if(a[0].operand==2 && a[0].mnish==1) 

                       st[n++]=a; 

                  else if(b[0].operand==2 && b[0].mnish==0) 

                       st[n++]=SetTgam(SetTelem(2,0,1)); 

                  else if(b[0].operand==2 && b[0].mnish==1) 

                       st[n++]=a; 

                  } 

         if(k==n) 

              st[n++]=SetTgam(g)|a|b; 

        } 

     } 

  } 

 return st[0]; 

} 

 

Tgam Dif(Tgam x) 

{ 

 if(x[0].operand) 

   { 

    if(x[0].operand==1) 

       { 

        x[0].operand=2; 

        x[0].mnish=1; 

       } 

    else x[0].mnish=0; 

    return x; 
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   } 

  string f(Formulebi[x[0].nomer-1]); 

  Tgam ans; Telem g; 

  int i,N,k; 

  string mq="+-*/^"; 

  map<char,int>MQ; 

  for(i=0;i<mq.size();i++)MQ[mq[i]]=i+1; 

  for(i=0,N=f.size();i<N;i++) 

    if(f[i]=='a')ans|=a(x); else 

    if(f[i]=='b')ans|=b(x); else 

    if(f[i]=='A')ans|=Dif(a(x)); else 

    if(f[i]=='B')ans|=Dif(b(x)); else 

    { 

     if(MQ.count(f[i])) 

        { 

         g.operand=0; g.nomer=MQ[f[i]]; 

        } 

     else if(f[i]>='f' && f[i]<='s') 

         { 

          g.operand=0; g.nomer=f[i]-'f'+6; 

         } 

     else { 

           g.operand=2; 

           if(f[i]=='D')g.mnish=10; 

           else g.mnish=f[i]-'0'; 

          } 

     ans|=g; 

    } 

    return Gamartiveba(ans); 

} 

int Br1(int x,int y) 

{ 

 if(y>=6 || y==0)return 0; 

 if(x>=6 || x<=2)return 0; 
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 if(y<=2)return 1; 

 if(x==5)return 1; 

 return 0; 

} 

int Br2(int x,int y) 

{ 

 if(x<=1)return 0; 

 if(y==0 || y>=5)return 0; 

 if(y<3)return 1; 

 return x>3; 

} 

int Prior(int x) 

{ 

 if(x<1)return 0; 

 if(x<3)return 1; 

 if(x<=5)return 2+(x==5); 

 return 4; 

} 

int IsCorrectMnish(string x) 

{int mg[10][7]={{1,2,3,4,-1,-1,-1}, 

                {-1,2,3,4,-1,-1,-1}, 

                {-1,-1,-1,5,6,-1,10}, 

                {-1,3,3,5,6,-1,10}, 

                {-1,5,5,-1,-1,-1,-1}, 

                {-1,5,5,-1,6,-1,10}, 

                {7,8,9,-1,-1,-1,-1}, 

                {-1,8,9,-1,-1,-1,-1}, 

                {-1,-1,-1,-1,-1,-1,10}, 

                {-1,8,8,-1,-1,-1,10} 

               }, 

 i,N=x.size(),k,g=0; 

 for(i=0;i<=N && g>-1;i++,g=mg[g][k]) 

 if(i==N)k=6; else 

 if(x[i]=='+' || x[i]=='-')k=0; else 
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 if(x[i]>='0' && x[i]<='9')k=1+(x[i]!='0'); else 

 if(x[i]=='.')k=3; else 

 if(x[i]=='e' || x[i]=='E')k=4; 

 else k=5; 

 if(g<0)return i-1; 

 return -1; 

} 

string Tostring(double x) 

{ 

 stringstream SS; 

 SS<<x; 

 return SS.str(); 

} 

string Tostring(Tgam x) 

{ 

 int i,N=x.size(),n=0; 

 string ST[30]; int st[30]; 

 string mq="+-*/^"; 

 for(i=N-1;i>=0;i--) 

  if(x[i].operand) 

    { 

     if(x[i].operand==1)ST[n]="x"; 

     else ST[n]=Tostring(x[i].mnish); 

     st[n++]=0; 

    } 

  else 

    {string A,B; 

     int a,b,c=x[i].nomer; 

     A=ST[--n];a=st[n]; 

     if(c>=6) 

       { 

        st[n]=c; 

        ST[n++]=Funqciebi[c-6]+"("+A+")"; 

       } 
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     else 

       { 

        B=ST[--n]; b=st[n]; 

        if(Br1(c,a))A="("+A+")"; 

        if(Br2(c,b))B="("+B+")"; 

        ST[n]=A+mq[c-1]+B; st[n++]=c; 

       } 

    } 

  return ST[0]; 

} 

double Todouble(string x) 

{stringstream SS(x); 

 double ans; 

 SS>>ans; 

 return ans; 

} 

Tgam Togam(string x, int &res) 

{ 

 string mq="+-*/^()",X=x; 

 map<char,int>MQ; 

 int i,N=x.size(),n=0,L=-1,c,k,bn=0,m=0,g=0,p=0,pr,sk; 

 for(i=0;i<mq.size();i++)MQ[mq[i]]=i+1; 

 Tgam ST[30],A,B; int st[30]; 

 map<string,int>FD; 

 for(i=0;i<14;i++) 

 FD[Funqciebi[i]]=i+6; 

 vector<int>P; 

 for(i=N;i>=0;i--) 

 if(MQ.count(x[i])){ 

  x=x.substr(0,i)+" "+x[i]+" "+x.substr(i+1); 

  P.insert(P.begin(),i+1); 

 } 

stringstream SS(x); 

 int mg[4][9]={{0,-1,1,0,-1,3,1,-1,-1}, 
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               {2,2,-1,-1,1,-1,-1,-1,4}, 

               {-1,-1,1,0,-1,3,1,-1,-1}, 

               {-1,-1,-1,0,-1,-1,-1,-1,-1} 

              }; 

 while(g>=0 && SS>>x) 

   {  

    if(x.size()==1 && MQ.count(x[0])) 

     {p=P[++L]; 

      k=MQ[x[0]]; 

      if(k<6) 

         {pr=Prior(k); 

          sk=k/3; 

          if(g==0){if(k==1); else st[m++]=19; goto L10;} 

          while(m && Prior(st[m-1])>=pr) 

            {c=st[--m]; 

             B=ST[--n]; 

             if(c>5)ST[n++]=SetTgam(SetTelem(0,c))|B; 

             else {A=ST[--n]; 

                   ST[n++]=SetTgam(SetTelem(0,c))|A|B; 

                  } 

            } 

          st[m++]=k; 

         } 

      else if(k==6){st[m++]=-1; bn++; sk=3;} 

      else {if(bn--<1){A.resize(0); res=p; return A;} 

            sk=4; 

            while(st[--m]!=-1) 

                     { 

                      B=ST[--n]; c=st[m]; 

                      if(c>5)ST[n++]=SetTgam(SetTelem(0,c))|B; 

                      else {A=ST[--n]; 

                            ST[n++]=SetTgam(SetTelem(0,c))|A|B; 

                           } 

                     } 
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           } 

     } 

     else 

     {p++; 

      if(x=="x"){ST[n++]=SetTgam(SetTelem(1)); sk=2;} 

      else if(FD.count(x)) 

           {sk=5; 

            k=FD[x]; 

            pr=4; 

            while(n && m && Prior(st[m-1])>=pr) 

             {c=st[--m]; 

              B=ST[--n]; 

              if(c>5)ST[n++]=SetTgam(SetTelem(0,c))|B; 

              else {A=ST[--n]; 

                   ST[n++]=SetTgam(SetTelem(0,c))|A|B; 

                   } 

             } 

           st[m++]=k; 

           } 

      else {sk=6; 

            k=IsCorrectMnish(x); 

            if(k>=0){A.resize(0); res=p+k; return A;} 

            double d; 

            d=Todouble(x); 

            ST[n++]=SetTgam(SetTelem(2,0,d)); 

           } 

     } 

 

  L10:  g=mg[g][sk]; 

   } 

   if(g<0){A.resize(0); res=p; return A;} 

   if(bn){A.resize(0); res=X.size(); return A;} 

   while(m--) 

           { 
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                      B=ST[--n]; c=st[m]; 

                      if(c>5)ST[n++]=SetTgam(SetTelem(0,c))|B; 

                      else {A=ST[--n]; 

                            ST[n++]=SetTgam(SetTelem(0,c))|A|B; 

                           } 

 

           } 

 sk=8; 

 if(g>-1)g=mg[g][sk]; 

 if(g==4){res=-1; 

          return ST[0]; 

         } 

 A.resize(0); res=X.size(); return A; 

} 

int main(int argc, char *argv[]) 

{int pos; 

 

Tgam G; 

 

//   G=Togam("(2.5-x)*3/(cos(3/x+2E3)+tg(14.3*x)*x/12.3242)-17.77",pos); 

 

//   G=Togam("((2.5-x)*7/sin(x))+tg(((0.1234)*x-(256))-26.134+4*23.123)",pos); 

//    G=Togam("((ln((x)+1e2+3)))/tg(x^2.3)",pos); 

//     G=Togam("(3-2)*x+x*(2/2)+(3-3)*x+x*(5-5)",pos); 

//     G=Togam("4*arctg(1)",pos); 

//       G=Togam("x^1",pos); 

         G=Togam("((2.14*x-(15))*(cos(x)))",pos); 

 if(pos>-1)cout<<"Error in pos "<<pos<<endl; 

 else {cout<<Tostring(G)<<endl; 

       PrintGam(G); 

       cout<<Gamotvla(G)<<endl; 

       G=Gamartiveba(G); 

       cout<<Tostring(G)<<endl; 

       PrintGam(G); 
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       G=Gamartiveba(G); 

       cout<<Tostring(G)<<endl; 

       PrintGam(G); 

       G=Dif(G); 

       cout<<Tostring(G)<<endl; 

       PrintGam(G); 

       G=Gamartiveba(G); 

       cout<<Tostring(G)<<endl; 

       PrintGam(G); 

        

      } 

     system("PAUSE"); 

    return EXIT_SUCCESS; 

} 
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