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naSromis zogadi daxasiaTeba 

 

Temis aqtualoba da gamoyenebis sfero. dRes programuli 

uzrunvelyofis gamoyenebis arem praqtikulad dafara adamianis 

saqmianobis yvela sfero. wina planze gamodis gamoyenebis 

efeqtianoba, rac ganapirobebs mzard moTxovnebs programuli 

uzrunvelyofis xarisxis mimarT. es ki, Tavis mxriv, miiRweva, 

erTis mxriv, programistisTvis SeTavazebuli sainstrumento 

saSualebaTa daxvewiT, meores mxriv, ki Tavad damprogrameblis 

kvalifikaciis amaRlebiT da, aqedan gamomdinare, mis mier 

dawerili kodis xarisxis gaumjobesebiT. winamdebare naSromSi 

Sedegianad aris gamoyenebuli orive midgoma. naSromSi miRebuli 

Teoriuli Sedegebis safuZvelze SemuSavebuli programuli 

uzrunvelyofa arsebiTad aZlierebs daprogramebis enebis 

SesaZleblobebs, radgan awvdis problemur programists 

funqcionaluri gamosaxulebebis simbolurad damuSavebis 

aparats. rac, Tavis mxriv, ganapirobebs mTeli rigi amocanis 

kompiuterze gadawyvetis Tvisobrivad axal SesaZleblobebs. 

sagulisxmoa, rom simboluri diferencirebis programuli 

realizacia Tavad warmoadgens gafarToebadi programuli 

uzrunvelyofis saintereso magaliTs. imis gamo, rom gawarmoebis 

wesebi mocemulia Sida enaze Camoyalibebuli formulebiT, 

ukiduresad martivdeba amave programis mier raime axali 

funqcionaluri gardaqmnis gaTvaliswineba – sakmarisia axali 

gardaqmna aRiweros Sida enaze da moTavsdes formulebis 

veqtorSi. aseve Zalian advilia programaSi axali elementaruli 

funqciis Camateba – amisaTvis sakmarisia daematos es funqcia 

elementaruli funqciebis ukve arsebul sias, daematos Sesabamisi 

formula diferencirebis wesebis ganmsazRvrel formulebis sias 

(Sida enaze) da gaTvaliswinebul iqnas reqgireba am funqciaze 

gamosaxulebis mniSvnelobis ganmsazRvrel fragmentSi. 

dRes eWvgareSea, rom programistis profesia gaxda erT-erTi 

yvelaze moTxovnili da mniSvnelovani. metic, dRes 
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daprogramebis safuZvlebis codna moeTxoveba ukve im sagnobrivi 

aris specialistsac, vinc warmoadgens programuli 

uzrunvelyofis momxmarebels, radgan problemuri programebis 

Seqmnis standartuli sqema, rodesac programists ar 

moeTxoveboda saTanado sagnobrivi aris codna ver 

uzrynvelyofs programuli produqtis Tanamedrove moTxovnebis 

Sesabamis xarisxs. 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 da mieces mas normalurad 

ganviTarebis saSualeba. sakiTxis aqtualoba kidev ufro 

mwvavdeba imis gaTvaliswinebiT, rom 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 
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mxardaWera (samarTlianoba moiTxovs SevniSnoT, rom 90-ian 

wlebSi da 2000-iani 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 

Cvennair mdgomareobaSi. es niSnavs, rom garedan Tundac 

aRiarebuli meTodikis brmad gadmoReba ZirSive mcdaria, radgan 

is gaTvaliswinebulia sul sxva sastarto pirobebze. 

mocemul naSromSi SemoTavazebulia meTodika, romelic eyrdnoba 

saqarTveloSi ukve aprobirebuls. SemoTavazebuli meTodikis 

winamorbedad avtors miaCnia akademikos ilia vekuas saxelobis 

gamoyenebiTi maTematikis samecniero kvleviTi institutis norC 

maTematikos-programistTa skolaSi wlebis ganmavlobaSi 

danergili egm besm-6-Tvis postis dialoguri manqanis 

realizaciaze damyarebuli daprogramebis safuZvlebis 

warmatebuli swavleba. 

samuSaos mizani, kvlevis obieqti da meTodebi, ZiriTadi Sedegebi 

da mecnieruli siaxle. 

naSromis mizania Catarebuli kvlevis Sedegad praqtikulad 

Rirebuli saSualebebis Seqmna, romlebic, erTis mxriv, Seuwyobs 

xels ufro xarisxiani programuli uzrunvelyofis Seqmnas, 

meores mxriv ki gazrdis daprogramebis sastarto swavlebis 

qmediTobas. 

kvlevis obieqtia funqcionaluri gamosaxulebebi. gamokvleulia 

maTi warmodgenis xerxebi da maTze Sesasrulebeli operaciebi. 

kvlevis obieqtia aseve tiuringis virtualuri manqana. 

gamokvleulia misi, rogorc brZanebaTa minimaluri sistemis 

pirobebSi algoriTmebis universaluri Semsruleblis, 

gamoyenebis perspeqtiva daprogramebis safuZvlebis 

swavlebisTvis. 

kvlevis meTodebi moicavs rogorc Teoriul, aseve praqtikul 

meTodebs. kerZod, mocemuli naSromis Teoriuli Sedegebis 
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misaRebad gamoyenebuli iyo Seswavla da ganzogadebis, analizisa 

da sinTezis, abstragirebis, formalizaciis, agreTve induqciisa 

da deduqciis meTodebi. praqtikuli Sedegebis misaRebad 

gamoyenebul iqna iseTi meTodebi, rogoricaa kompiuteruli 

modelireba, dakvirveba, Sedareba, da igive sinTezi, induqcia da 

deduqcia. 

ZiriTadi Sedegebia: 

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 programuli uzrunvelyofa, 

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 daprogramebis 

e.w. algoriTmuli enebidan, romelic emyareba am mizniT 

Seqmnil Sida enas. 
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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 mniSnelobisTvis), aramed misi 

sxvadasxvanairi funqcionaluri gardaqmna, maT Soris 

difenerencireba; 

• siaxles warmoadgens avtoris mier SemoTavazebuli 

tiuringis virtualuri manqanis modifikacia.  
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naSromis aprobacia. disertaciaSi ganxiluli sakiTxebi 

moxsenebuli iyo saqarTvelos teqnikuri universitetis 

informatikisa da marTvis sistemebis fakultetis, agreTve 

saqarTvelos sapatriarqos wmida andria pirvelwodebulis 

saxelobis qarTuli universitetis informatikis, maTematikis da 

sabunebismetyvelo mecnierebaTa fakultetis seminarebze, aseve 

saerTaSoriso da adgilobriv samecniero forumebze, romelTa 

nusxac Tan erTvis avtoreferats. garda amisa, sadoqtoro 

programis gegmis Sesabamisad momzadda da Catarda ori Tematuri 

seminari disertaciis ZiriTadi Sedegebis Sesaxeb. 

avtoris mier SemoTavazebuli daprogramebis sastarto swavlebis 

meTodika danergilia da gamoiyeneba saswavlo procesSi skola-

pansion “mTiebSi” (2014 wlidan) da saqarTvelos sapatriarqos 

wmida andria pirvelwodebulis saxelobis qarTul 

universitetSi (2011 wlidan).  

naSromis moculoba da struqtura. disertacia moicavs reziumes 

(qarTul da inglisur enaze), Sesavals, literaturis mimoxilvas, 

sam Tavs, daskvnas, gamoyenebuli literaturis nusxas (28 

dasaxeleba) da 2 danarTs (programuli realizaciebis sawyisi 

teqstebi). disertacia moicavs 119 nabeWd gverds. 
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disertaciis Sinaarsi 

SesavalSi avtori mokled mimoixilavs programuli 

uzrumvelyofis ganviTarebis Tanamedrove mdgomareobas da 

asabuTebs mis mier SerCeuli Tematikis aqtualobas. aqve aris 

dasabuTebuli naSromSi ganxiluli sakiTxebis kavSiri arCeul 

TematikasTan. 

literaturis mimoxilvaSi moyvanilia naSromSi ganxiluli 

sakvanZo sakiTxebisadmi miZRvnili publikaciebis gacnobiTi 

aRwera da avtoriseuli Sefasebebi.  

pirveli Tavi mieZRvna funqcionalur gamosaxulebaTa 

ufrCxilebo (polonur) Canawerebis Sesaxeb arsebuli 

informaciis sistematiuri formiT Camoyalibebas, infiqsuri 

Canaweridan pirdapir prefiqsulis miRebis axali algoriTmis 

Camoyalibebas, am Canawerebis mimarT SeuRlebulis cnebis 

SemoRebas, SemoRebul cnebasTan dakavSirebuli 

kanonzomierebebis dadgenas da aqedan praqtikuli daskvnebis 

gamotanas. 

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*-/- 
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amave gamosaxulebis prefiqsul Sesatyviss ki aseTi saxe aqvs: 

-*+abc/d-e*fg 

postfiqsuri forma mosaxerxebelia gamosaxulebis mniSvnelobis 

gamosaTvlelad. Sesabamisi algoriTmi gamoiyureba ase: 

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, 

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, davasruloT 

algoriTmis Sesruleba. 

avRniSnoT es algoriTmi asoTi A. 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. 

zemomoyvanili gamosaxulebis ab+c*defg*-/- mimarT am 

algoriTmis miyenebis dros steki Tanmimdevrulad miiRebs Semdeg 

mdgomareobebs: 
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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 

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. 

rac Seexeba gamosaxulebis prefiqsul formas, sayovelTaod 

cnobilia, rom igi mosaxerxebelia funqcionaluri 

gardaqmnebisTvis. naSromSi moyvanilia saTanado sailustracio 

masala (gawarmoebis wesebis aRwera prefiqsuli notaciiT). 

aqedan SeiZleba gakeTdes daskvna, rom gamosaxulebis damuSavebis 

procesSi aucilebelia misi erTdroulad 2 formis warmarTva – 

rogorc postfiqsuris, aseve prefiqsulis, radgan TiToeul 

maTgans aqvs gamoyenebis prioritetuli reJimi. Tumca, naSromSi 

miiReba daskvna, rom prefiqsuli forma savsebiT sakmarisia yvela 

saxis damuSavebis sxartad SesrulebisTvis. 

am daskvnis wminda praqtikuli Rirebulebis gazrdisTvis  

yalibdeba infiqsuridan pirdapir postfiqsuri gamosaxulebis 

miRebis axali algoriTmi: 

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; 
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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 

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 

Sedegad da davasruloT algoriTmis Sesruleba. 
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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 

cxrili 2. 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 
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cxrili 2 iZleva am algoriTmis gamoyenebis ilustracias Cvens 

mier ganxiluli gamosaxulebis mimarT. 

zemonaxsenebi daskvna avtoris mier gamomuSavda mTeli rigi 

wminda Teoriuli Sedegebis safuZvelze. am Sedegebs saTave 

daudo avtoris mierve SemoRebulma SeuRlebulis cnebam.  

gansazRvra 1. A–algoriTmis SeuRlebuli vuwodoT algoriTms, 

romelic aseve mieyeneba postfiqsur Canawerebs da miiReba A–

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

mimdevrobiT”) SevcvliT teqstiT “pirdapiri mimdevrobiT”. 

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)                                                

Tu w aris v –s SeuRlebuli, maSin CavwerT: 

w = v*                                                            

avRniSnoT simboloTi R (Reverse - Sebrunebuli) sasruli 

mimdevrobis Sebrunebis (reversirebis) gardaqmna, xolo 

simboloTi P avRniSnoT garaqmna postfiqsuridan prefiqsulSi. 

disertaciaSi mkacrad mtkicdeba, magram aq damtkicebis gareSe 

moviyvanoT, Semdegi debulebebi. 

Teorema 1. nebismieri postfiqsuri v CanawerisTvis adgili aqvs 

Tanafardobas: 

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

Sedegi 1.1. nebismieri postfiqsuri v CanawerisTvis adgili aqvs 

Tanafardobas: 

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

Sedegi 1.2. nebismieri prefiqsuli x CanawerisTvis adgili aqvs 

Tanafardobas: 

P-1(x) = C(R(x)) 
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bolo Sedegidan pirdapir vaskvniT, rom prefiqsuli 

gamosaxulebis Sebrunebuli (reversirebuli) warmoadgens misi 

Sesatyvisi postfiqsuris SeuRlebuls. da radgan ganmartebiT, 

postfiqsuris SeuRlebulis mniSvnelobis gamoTvla xdeba 

algoriTmiT A* (A-s SeuRlebuliT) vRebulobT, rom prefiqsuli 

gamosaxulebis mniSvnelobis gamosaTvlelad igi unda 

damuSavdes marjvnidan marcxniv algoriTmiT A*. exla Tu 

gaviTvaliswinebT imas, rom algoriTmi A* arafriT ar 

Camouvardeba algoriTm A-s, vakeTebT sabolood zemodapirebul 

daskvnas imis Taobaze, rom gamosaxulebis prefiqsuli forma 

savsebiT gawvdeba ara mxolod funqcionalur gardaqmnebs, 

aramed gamosaxulebis mniSvnelobis gamoTvlasac. 

Semdeg mtkicdeba debulebebi. 

Sedegi 1.3. Tu v - postfiqsuri Canaweria, maSin: 

R(v) = P(v*)                                                

Sedegi 1.4. Tu x – prefiqsuli Canaweria, maSin: 

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

Teorema 2. nebismieri postfiqsuri v CanawerisTvis adgili aqvs 

Tanafardobas: 

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

amis Semdeg avtors Semoaqvs SeuRlebulis cneba prefiqsuli 

gamosaxulebis mimarT. 

gansazRvra 3. Tu x aris raime gamosaxulebis prefiqsuli 

Canaweri, maSin misi SeuRlebuli vuwodoT iseT y gamosaxulebas, 

rom 

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

pirdapir ganmartebidan gamomdinareobs, rom prefiqsulis 

SeuRlebuli isev prefiqsuli Canaweria. 

rogorc mosalodneli iyo, mtkicdeba adre damtkicebuli 

debulebebis sarkiseburi analogebi. 

Teorema 3. nebismieri prefiqsuli x CanawerisTvis adgili aqvs 

Tanafardobas: 

C(x) = R(P-1(x))                                                     
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 Teorema 4. nebismieri prefiqsuli x CanawerisTvis adgili aqvs 

Tanafardobas: 

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

Sedegi 2.1. nebismieri prefiqsuli x CanawerisTvis adgili aqvs 

Tanafardobas: 

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

Sedegi 2.2. nebismieri postfiqsuri v CanawerisTvis adgili aqvs 

Tanafardobas: 

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

Sedegi 2.3. nebismieri prefiqsuli x CanawerisTvis adgili aqvs 

Tanafardobas: 

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

Sedegi 2.4. nebismieri postfiqsuri v CanawerisTvis adgili aqvs 

Tanafardobas: 

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

Sedegad yalibdeba daskvna, rom postfiqsuri Canaweris 

damuSaveba marjvnidan marcxniv, tolZalovania misi prefiqsuli 

Sesatyvisis SeuRlebulis damuSavebisa. 

amis Semdeg mtkicdeba ufro zogadi debulebebi. 

Teorema 5. Tu g aris nebismieri gamosaxulebis ufrCxilebo 

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

Tanafardobas: 

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

exla Tu P–s qveS vigulisxmebT ganzogadoebul gardaqmnas, 

romelic prefiqsulidan gvaZlevs postfiqsurs, xolo 

postfiqsuridan – piriqiT, prefiqsuls, mtkicdeba Semdegi. 

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))                                                       



17 
 

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

Teorema 7.  nebismieri ufrCxilebo g CanawerisTvis adgili aqvs 

Tanafardobas: 

R(P(g)) = P(R(g))                                                  

anu, gardaqmna R aRmoCnda gadaadgilebadi rogorc gardaqmna C–s 

mimarT, aseve ganzogadebuli P gardaqmnis mimarTac. 

am TavSi miRebuli Sedegidan zogierTi gamoyenebul iqna 

momdevno masalaSi, zogierTi ki samomavlod elodeba 

gamoyenebas. 

Tavi 2 mieZRvna funqcionalur gamosaxulebaTa damuSavebis 

avtomatizebisTvis gankuTvnili programebis SemuSavebas, sadac 

gansakuTrebuli adgili daeTmo simbolur diferencirebas.  

simboluri diferencirebis programa Sesrulda mxolod 1 

cvladis funqciebisTvis, romlebSic SeiZleba iyos gamoyenebuli 

4-ve ariTmetikuli operacia, axarisxeba (aRniSnuli “^”-iT) da 

Semdegi elementaruli funqciebi: sin, cos, tg, ctg, arcsin, arcos, arctg, 

arcctd, sqr, sqrt, exp, ln, lg, s. 

aq erTparametriani funqcia dasaxelebiT s, (Semokleba sityvisa 

“signed” - niSani) Semdegnairad ganisazRvreba: s(x) = –x . 

gawarmoebis wesebis Seswavlam mogvca SesaZlebloba 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 
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garkveuli gamosaxulebis terminebSi. cxadia, igive wesebi 

SeiZleba iyos gamoyenebuli Tavis mxriv am parametrebis 

gawarmoebisTvis – gawarmoebis wesebi 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 warmoebuli 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 3. gawarmoebis wesebi Sida enaze. 

imisaTvis, rom gasagebi gaxdes am enaze Camoyalibebuli 

zemomoyvanili gawarmoebis wesebi, sakmarisia iTqvas Semdegi: 

1. am formulebSi ariTmetikul 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 SevniSnoT, rom boloswina formulaSi simboloTi ‘D’ 

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

romelic daabrunebs mniSnelobas, miRebuls parametridan misi 

niSnis SecvliT. 

vinadian prefiqsuli Canaweri faqtobrivad warmoadgens 

mimdevrobas, romlis TiToeuli wevri aris an moqmedeba (funqcia) 

an operandi, bunebrivad gamoiyureba es mimdevroba moTavsdes 

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 

 }  

}; 

amis Semdeg programuli uzrunvelyofis SemuSavebisTvis gvrCeba 

Semdegi moqmedebebis realizeba: 

ℓg u ta /A*aqD 

s u sa sA 
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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 

aucilebelia iqneba saWiro raodenobis parametrebis 

amoReba da maTi Casma pasuxSi formuliT gansazRvrul 

adgilze, SesaZloa, gawarmoebis funqciiT zemoqmedebis 

Semdeg (sakuTari Tavis rekursiuli gamoZaxebiT); 

saboloo pasuxis miRebis win sasurvelia gamosaxulebis 

gamartivebis proceduris (meTodis) gamoZaxeba. 

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. 

realizaiam, romelic Sesrulda C++ –ze moicva Semdegi 

SesaZleblobebi: 

Tgam Togam(string x, int &res) – 

gamosaxulebis gadayvana infiqsuridan (striqonidan) Sida saxeze 

(tipi Tgam). Secdomis SemTxvevaSi meore parametri iZleva 

Sesabamisi poziciis nomers, Tu ara da igi daabrunebs (-1)-s. 

string Tostring(Tgam x) – 

gamosaxulebis gadayvana Sida saxidan infiqsurze. 

double Gamotvla(Tgam G, double x=1) – 

pirveli parametriT mocemuli gamosaxulebis gamoTvla meore 

parametriT gansazRvruli cvladis mniSvnelobisTvis. 
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Tgam Dif(Tgam x) – 

koreqtuli prefiqsuli gamosaxulebidan (pirveli parametri) 

misi warmoebulis Sesatyvisi prefiqsuli gamosaxulebis 

dabruneba uSualod zemomoyvanil formulebze dayrdnobiT. 

Tgam Gamartiveba(Tgam G) – 

es funqcia uzrunvelyofs prefiqsuli gamosaxulebis 

gamartivebas. 

realizaciis detalebi am TavSi dawvrilebiT aris ganxiluli. 

ris Semdegac avtors moyavs funqcionalur gamosaxulebebTan 

momxmareblis muSaobis mauzrunvelyofi klasis proeqtis 

(interfeisuli nawili) aRwera saTanado komentarebiT. 

Semdgom amave TavSi aRiwereba paskalze dawerili moduli, 

romelic uzrunvelyofs mravali cvladis Semcveli 

gamosaxulebis damuSavebas. 

aq gamosaxulebis Sida warmodgena postfiqsuria da programaSi 

Seesabameba bmuli sia. moduliT gaTvaliswinebulia 2 

programuli komponenti. pirveli maTgani warmoadgens 

proceduras da misi saTauria: 

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. meore parametri 

warmoadgens sawyisi gamosaxulebis postfiqsur Sesatyviss, bolo 

parametri iZleva informacias im cvladebis Sesaxeb, romlebsac 

iyenebs procedura. Secdomis SemTxvevaSi mistake iZleva Secdomis 

mizezis nomers, xolo npoz ki daabrunebs poziciis nomers, 

romlisTvisac garkveuli gaxda, rom sawyisi gamosaxulebis 

Semdgomi damuSaveba azrs moklebulia.   

modulis meore programuli komponenti aris funqcia saTauriT: 

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

funqcia Sida saxiT mocemuli pirveli parametrisTvis 

gamoiTvlis gamosaxulebis mniSvnelobas meore parametriT 

gansazRvruli cvladebis mniSvnelobebisTvis (meore parametric 
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namdvili tipis elementebiani masivia, romelSic yovel elements 

zustad erTi SesaZlo cvladi Seesabameba). 

am modulSi sawyis gamosaxulebaSi dasaSvebia winaswar 

gansazRvruli raodenobis cvladebis gamoyeneba. agreTve 

SesaZlebelia 4-ve ariTmetikuli moqmedebis, 2 saxis axarisxebis 

(calke mTel xarisxad da calke wilad xarisxad, Sesabamisad 

niSnebiT # da ^) da Semdegi elementaruli funqciebis gamoyeneba 

sin, cos, tg, arcsin, arccos , arctg, abs, sqr, sqrt, exp, ln, lg . 

amave modulSi realizebulia 3 operandiani moqmedeba. naSromSi 

dawvrilebiT aris ganxiluli am modulis realizacia. 

Tavi 3 mieZRvna tiuringis virtualuri manqanis modifikacias, 

gankuTvnils gamoyenebisTvis saswavlo procesSi. 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 SemuSavebuli tiuringis manqanis 

modifikaciis brZanebaTa terminebSi, minimaluri damatebiTi 

saSualebebis CarTvis pirobebSi. 

4. realizacia yofiliyo advili gamoyenebisTvis saswavlo 

procesis sxvadasxva komponentis interesebidan gamomdinare. 

5. realizacia yofiliyo maqsimalurad TvalsaCino. 

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: 
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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 

umetes 5 niSna aTobiT mTel ricxvs. Wde iwereba striqonSi, 

romelic moTavsebuloa uSualod mosaniSni operatoris  win. 

amis Semdeg naSromSi ganixileba am manqanaze Sesasrulebeli 

amocanebi aRmavali sirTuliT. maTgan yvelaze martivia Semdegi. 

amocana 1. simboloTa mimdevrobis marjvena kideze gadasvla, Tu 

Tavaki am mimdevrobazea. 

lentis sastarto mdgomareoba. lentze moTavsebulia simboloTa 

nebismieri aracarieli 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. 

 

magaliTi 1. 
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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 mdgomareoba: 

  P R O G R A M A   

 

SevniSnoT, rom tiuringis virtualur manqanaze amosaxsneli 

yoveli amocanis pirobaSi  unda ganisazRvros lentis da Tavakis 

sastarto mdgomareoba, agreTve amave lentis da Tavakis 

daskvniTi mdgomareoba. 

aq amoxsna ase gamoiyureba. 

10    20 

R    L 

I  20    S 

G10 

programis teqsti 2 mwkrivad mogvyavs – jer marcxena sruldeba. 

naSromSi amas moyveba amocana, romelic odnav aRemateba 

sirTuliT ganxiluls. da ukve am amocanis ganxilva gviCenebs 

iseTi Secdomis daSvebis saSiSroebas, rogoricaa Caciklva. 

amocana 2. simboloTa mimdevrobis marjvena kideze gadasvla, Tu 

Tavaki Tavdapirvelad mimdevrobazea an mis marcxniv. 

aq moviyvanT amoxnas, romelic Secdomas Seicavs: 

5    I 20 

R    G10 

I  5    20 

  P R O G R A M A   
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10    L 

R    S 

es programa arasworad imuSavebs, Tu virtualuri manqanis 

sastarto mdgomareoba akmayofilebs daskvniT pirobas. am 

SemTxvevaSi adgili eqneba Caciklvas. 

aqve SemoTavazebulia swori amoxsnis gzebi. diax, aseTi martivi 

amocanac ki iZleva SesaZlo amoxsnaTa mravalferovnebis 

ilustrirebis SesaZleblobas, rac aucilebelia moswavlisTvis. 

Semdgom ganxiluli magaliTebi rTuldeba, xdeba ganStoebisa d 

ciklis gacnoba. ris Semdegac naSromSi gvamcnoben saswavlo 

manqanis asembleris gafarToebas, romlis idea ekuTvnis avtoris 

moswavles, bakalavriatis student sandro barnabiSvils. 

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, Tu ki misi 

Sesrulebis momentisTvis aseTi erTi mainc daukmayofilebeli 

moTxovna iarsebebda. winaaRmdeg SemTxvevaSi es brZaneba 

Cveulebriv amTavrebs davalebis Sesrulebas. 

faqtobrivad, am gafarToebam saswvlo manqanis asemblers Semata 

qveprogramis SesaZlebloba da agreTve aman gaxada SesaZlebeli 

aRiweros rekursiuli algoriTmebi. 

naSromSi ganixileba Tqmulis sailustracio ramdenime magaliTi. 

aq moviyvanoT Semdegi. 

amocana 3. frCxilebiani mimdevrobis koreqtulobis Semowmeba. 

frCxilebiani mimdevrobis koreqtuloba gagebulia Cveulebrivi 

azriT. konkretulad, mrgvali frCxilebisgan Sedgenil 

mimdevrobas vuwodebT koreqtuls (kfm), Tu igi akmayofilebs 

pirobas: 

<kfm>::= | (<kfm>) 
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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    I(20 

R    R 

20    S 

I(10R 

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 avTandil ruxaZis da sandro barnabiSvilis 

mier. mimdinareobs am meTodikis Semdgomi daxvewa.                                                   
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daskvna 

warmodgenili naSromis farglebSi Catarebuli kvleviTi 

samuSaos Sedegebis Sejamebis saxiT SeiZleba Semdegi davaskvnaT: 

1. Seswavlilia da sistemaSia moyvanili funqcionalur 

gamosaxulebaTa kompiuterSi warmodgenis formebi da maT 

damuSavebasTan dakavSirebuli algoriTmebi; 

2. SemuSavebulia infiqsuri gamosaxulebidan prefiqsuli 

gamosaxulebis miRebis efeqtiani pirdapiri algoriTmi, 

damyarebuli 2 stekis gamoyenebis ideaze;  

3. SemoTavazebulia funqcionalur gamosaxulebaTa kompiuterSi 

warmodgenis axali formebi, Seswavlilia am formebis 

Tvisebebi, mkacrad maTematikurad aris damtkicebuli 

SemoTavazebuli da standartuli formebis damakavSirebeli 

kanonzomierebebi; 

4. miRebuli Teoriuli Sedegebidan gamotanilia praqtikuli 

mniSvnelobis mqone mTeli rigi daskvnebi, ris safuZvelzec 

SemuSavda funqcionalur gamosaxulebaTa damuSavebis 

meTodika, romelic moiTxovs gamosaxulebis mxolod 

prefiqsuli formis gamoyenebas, rogorc wminda 

funqcionaluri gardamqnebisas, aseve gamosaxulebis ricxviTi 

damuSavebis dros; 

5. mkacrad maTematikurad damtkicda, rom zustad igive 

SeiZleboda gakeTebuliyo gamosaxulebaTa mxolod 

postfiqsur formaze dayrdnobiT da am TvalsazrisiT, 

rogorc mosalodneli iyo, ufrCxilebo notaciis es ori 

forma Tavisi SesaZleblobebiT tolZalovania; 

6. Seiqmna SemuSavebul meTodikaze damyarebuli programuli 

uzrunvelyofa; 

7. diferencirebis gardaqmnisTvis SemuSavda realizacia, 

romelmac mTlianad dafara simboluri diferencireba 

gawarmoebis wesebs daqvemdebarebuli erTi cvladis yvela 

funqciisTvis; 
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8. SemuSavda mravali cvladis fuqnqionalur gamosaxulebaTa 

damuSavebisTvis gankuTvnili programuli uzrunvelyofa, 

romelSic jer ar aris gaTvaliswinebuli simboluri 

diferencireba; 

9. SemuSavda daprogramebis sastarto swavlebisTvis 

gankuTvnili tiuringis virtualuri manqanis modifikacia, 

romelic miyvanil iqna kompiuterul realizaciamde; 

10. Seswavlili iqna SemuSavebuli realizaciis saswavlo 

procesSi gamoyenebasTan dakavSirebuli sakiTxebis kompleqsi; 

11. swavlebis zemonaxsenebi meTodika dainerga saswavlo 

procesSi; 

12. naSromis farglebSi Sesrulebulma samuSaoebma gamoamzeura 

axali sakvlevi Temebi da winapirobebi Seqmna samomavlod 

Semdegi samuSaoebis warmoebisTvis: 

12.1. gamokvleul iqnas gamoyenebis perspeqtivis WrilSi is 

faqti, rom yvela saxis ufrCxilebo Canaweri warmoadgens 

grafis (xis) saxiT mocemuli informaciis algebrul 

warmodgenas; 

12.2. daixvewos da, saWiroebis SemTxvevaSi, Seivsos avtoris 

mier SemoTavazebuli funqcionalur gamosaxulebaTa 

damuSavebisTvis gankuTvnili klasis proeqti da 

ganxorcieldes misi realizacia; 

12.3. SemuSavdes ramdenime cvladis Semcveli funqcionaluri 

gamosaxulebebis damuSavebisTvis gankuTvnili programuli 

realizacia, romelic moicavs kerZo warmoebulebis 

miRebas; 

12.4. gamokvleul iqnas gamosaxulebaTa SemoklebisTvis 

gankuTvnili ufro mZlavri saSualebebis  SemuSavebis 

SesaZlebloba; 

12.5. avtoris mier SemoTavazebuli midgoma gamoyenebul iqnas 

gawarmoebis SeswavlisTvis gankuTvnili saswavlo 

programis Sesaqmnelad; 
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12.6. moisinjos msgavsi realizaciebis Sesruleba 

daprogramebis sxva enebisTvis; 

12.7. moisinjos avtoriseuli midgoma simboluri 

diferencirebis amocanisadmi simboluri integrebis 

amocanis gadasawyvetad; 

12.8. gamovlenil iqnas amocanaTa klasi, romlisTvisac 

SemoTavazebuli instrumentari gansakuTrebiT efeqtiania; 

12.9. SemuSavdes tiuringis virtualuri manqanis modifikaciis 

asembleris gafarToeba, romelic mogvcems SesaZleblobas 

SemoRebul iqnas preprocesingis elementebi. es ki, Tavis 

mxriv, xels Seuwyobs moswavleebisTvis sastarto etapze 

moduluri daprogramebis gacnobas; 

12.10. tiuringis saswavlo virtualuri manqanis realizacia 

gatanil iqnas saitze da xelmisawvdomi gaxdes gare 

momxmareblisTvis; 

12.11. tiuringis saswavlo virtualuri manqanisTvis  

gamokvleul iqnas amoxsnaTa sisworis avtomaturad 

Semowmebis SesaZleblobebi; 

12.12. tiuringis saswavlo virtualuri manqanisTvis 

gamokvleul iqnas testebis generirebis avtomatizebis 

SesaZlebloba; 

12.13. Seiqmnas saiti, romelzedac 24 saaTis ganmavlobaSi 

msurvels miecema SesaZlebloba gaecnos tiuringis 

saswavlo virtualur manqanas da Seasrulos Sesabamisi 

sirTulis magaliTebi. 
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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. 
 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 
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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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