
samecniero-popularuli Jurnali

#2 2014

ISSN 2298-0938

ivane javaxiSvilis 

saxelobis Tbilisis

saxelmwifo

universiteti

zust da

sabunebismetyvelo 

mecnierebaTa

fakulteti



მათემატიკა
სამეცნიერო–პოპულარული 

ჟურნალი

დაფუძნებულია 2013 წელს
ზუსტ და საბუნებისმეტყველო 
მეცნიერებათა ფაკულტეტის 
საბჭოს გადაწყვეტილებით

ივანე ჯავახიშვილის სახელობის 
თბილისის სახელმწიფო 

უნივერსიტეტის 
95 წლის იუბილესთან 

დაკავშირებით

სარედაქციო საბჭო
რამაზ ბოჭორიშვილი,

თეიმურაზ ვეფხვაძე
(მთავარი რედაქტორი), 

გრიგოლ სოხაძე
(მთავარი რედაქტორის მოადგილე), 

როლანდ ომანაძე,
გია გიორგაძე,

ილია თავხელიძე,
თენგიზ კოპალიანი,
ქეთევან შავგულიძე,

თინათინ დავითაშვილი,
ჯონდო შარიქაძე,

ტექნიკური რედაქტორი
თამარ ხორბალაძე

კომპ. უზრუნველყოფა
ზაზა გულაშვილი

sarCevi

jondo SariqaZe

viqtor kupraZis gaxseneba 4

viqtor kupraZe 5

viqtor kupraZe 6

daviT natroSvili, 6

110  6

v. kupraZis saxli s. yelaSi 7

q. quTaisi 7

viqtor kupraZis samecniero 

xelmZRvanelebi: 8

aleqsi krilovi da vladimer smirnovi 8

ssrk mecnierebaTa akademiis fizikisa da 

maTematikis instituti 8

1954-1958 wlebSi viqtor kupraZe Tsu-s 

reqtori iyo 9

q 12

a 12

r 12

T 12

v 12

e 12

l 12

i 12

a 12

v 12

t 12

o 12

r 12

e 12

b 12

i 12

hilbertis problemebi 12

gia giorgaZe 12

fizika-maTematikis mecnierebaTa 

doqtori, 12

zust da sabunebismetyvelo mecnierebaTa 

fakultetis asocirebuli profesori 12

daviT hilberti (1862-1943), 13

genialuri germaneli maTematikosi, 

romelic Tanabari siRrmiT flobda 

maTematikis yvela dargs. iTvleboda 

Tavisi drois yvelaze did figurad 



2



3



4

suli an uwmawuri sityva. amas isini aRweven 
da batoni viqtorica da batoni evgenic 
iZulebulni arian, wamoegon am ankesze da 
jarima gadaixadon. aqve unda gavixseno 
batoni viqtoris erTi keTilSobiluri 
saqcieli. batoni aleqsi gorgiZe igonebda 
da amas misi vaJi ivane gorgiZec adasturebs: 
leningradSi Casul ilia vekuasa da aleqsi 
gorgiZes rkinigzis sadgurze jer kidev arc 
Tu axlo nacnobi batoni viqtori daxvedria, 
romelsac maTi Camosvla albaT n. musxeliS-
vilma Seatyobina, wauyvania Tavis binaze, sa-
dac isini, TavianTi sacxovrebeli pirobebis 
gadawyvetamde cxovrobdnen.

win didi asparezia. zemoT CamoTvlil 
axalgazrdebs SemdgomSi didi misia mouw-
evT _ iyvnen maTematikis, fizikisa da as-
tronomiis qarTuli skolebis mSvenebani.

v. kupraZe Tbilisis universitetis kurs-
damTavrebuli pirveli qarTveli maTema-
tikosia, romelmac sadoqtoro disertacia 
daicva moskovSi 1935 wels, 32 wlis asakSi.

is leningradidan moskovSi gadmosuli 
steklovis saxelobis maTematikis insti-
tutis pirveli swavluli mdivania. axalgaz-
rduli asakis miuxedavad misi sityva Zalze 
fasobs. is akademikos luzinis damcvelia 
avad mosaxsenebeli luzinSCinis dros.

viqtor kupraZis gaxseneba

jondo SariqaZe

fizika-
maTematikis 

mecnierebaTa 
doqtori, 

profesori

viqtor kupraZeze mxolod aRmatebul xarisx-
Si unda vilaparakoT. Tu mecnierTa namoR-
vawars mwvervalebs SevusabamebT, maSin aka-
demikosi viqtor kupraZe erT-erTi maRali 
mwvervali iqneba _ daxvewili inteligenti, 
didi mecnieri, metad ganaTlebuli, kolori-
tuli da momxibvleli pirovneba.

ar yofila saqarTveloSi mecnieruli Tu 
sazogadoebrivi moRvaweobis TiTqmis ar-
cerTi ubani, sadac baton viqtors Tavisi 
avtoritetuli sityva ar eTqvas, mTeli en-
ergiiTa da rudunebiT ar emoRvaweos.

sazogadoebriv moRvaweobaSi igi erT-er-
Ti gamorCeuli pirovneba gaxldaT.

is pirveli maTematikosi iyo, romelic, 
sruliad Wabuki, xelmZRvanelobda axal-
gazrdul gazeTebs.

igi iyo Tbilisis universitetis kurs-
damTavrebuli pirveli qarTveli aspiranti, 
romelmac aspiranturis kursi leningradSi 
gaiara akademikosebis a. krilovisa da v. 
smirnovis xelmZRvanelobiT. swored iq, 
leningradSi, akademikos n. musxeliSvilis 
rekomendaciiTa da mxardaWeriT baton viq-
torTan erTad aspiraturis kurss gadiod-
nen i. vekua, a. gorgiZe, d. doliZe, i. mecxva-
riSvili, a. ruxaZe, e. xaraZe, gr. xaJalia, v. 
mamasaxlisovi, s. cxakaia. ai, es 27-30 wlis ax-
algazrdebi saqarTveloSi dabrunebis wina 
TveebSi pirobas sdeben, rom erTmaneTSi sau-
brisas arc erTi rusuli sityva ar ixmaron 
da arc bilwsityvaobas ar eqneba adgili. ja-
rimac ki aqvT dawesebuli _ 1 maneTi. gamg-
zavrebamde ramdenime dRiT adre aRmoCnda, 
rom jarimis saxiT arcerTi maneTi ar aqvT 
gadaxdili batonebs viqtor kupraZesa da 
evgeni xaraZes. axalgazrdoba axalgazrdo-
baa da megobrebi cdiloben, ZaldatanebiT 
erTxel mainc wamoacdeninon maT raime ru-
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TbilisSi dabrunebuli v. kupraZe Tbili-
sis maTematikis axlad Seqmnili institutis 
pirveli direqtori xdeba.

igi iyo pirveli maTematikosi, profe-
sori, romelic meore msoflio omSi qerCis 
brZolebSi monawileobda da, rom ityvian, 
bewvze gadarCa.

omidan dabrunebuli v. kupraZe pirve-
li maTematikosia, romelic universite-
tis proreqtorad iniSneba, Semdeg pirveli 
maTematikosi _ ganaTlebis ministri. igi 
pirveli maTematikosia, romelic univer-
sitetis reqtori xdeba.

misi uSualo xelmZRvanelobiT iqmneba 
diferencialuri da integraluri gan-
tolebebis kaTedra, romelsac sikvdilamde 
xelmZRvanelobs.

batoni viqtori pirveli maTematiko-
sia, romelic saqarTvelos uzenaesi sabWos 
Tavmjdomarea xangrZlivi drois ganmav-
lobaSi.

is saqarTvelos maTematikuri sazoga-
doebis Semqmneli da pirveli prezidentia 
(1962-1966).

is pirveli maTematikosia, romelic 
Tbilisis sapatio moqalaqed airCies.

aseTi didi sazogadoebrivi datvirTvis 
miuxedavad batoni viqtori intensiur mec-
nierul moRvaweobas eweva, ikvlevs difraq-
ciis, rxevaTa Teoriis, potencialTa Teor-
iisa da drekadobis maTematikuri Teoriis 
amocanebs, aqveynebs 6 sqeltanian monogra-
fiasa da 120 samecniero statias.

konferenciebsa da yrilobebze misi ga-
mosvlebi imis magaliTia, Tu rogori unda 
iyos mecnieri-mkvlevari, momxsenebeli. saz-
RvargareT is didebulad warmoaCenda xol-
me qarTul mecnierebas, mraval ucxo enaze 
ise saubrobda, rogorc mSobliur enaze. 
misi ministrobis periodi nikoloz bara-
TaSvilis iubiles daemTxva. n. baraTaSvilis 
Semoqmedebaze misi cnobili moxseneba bevr 
literators SeSurdeboda.

axlac Tvalwin midgas Cveni didi winapre-
bis _ gamoCenil maTematikosTa saubrebi, 
kamaTi, msjeloba, maTi jdomisa da dgomis 
manera. fakultetis samecniero sabWos sx-
domebze batonebi viqtor kupraZe da levan 
gokieli TiTqmis yovelTvis gverdigverd 
isxdnen xolme. Tvals ar vaSorebdi maT. 
yovelTvis raRacas eCurCulebodnen erT-
maneTs. orivem quTaisSi gaatara bavSvo-
ba, TiTqmis erTi xnisani iyvnen, bevri ram 
hqondaT mosagonari _ avica da kargic; 
erTmaneTs uRrmes pativs scemdnen. batoni 
viqtori ityoda xolme, levans verafers 
gamoaparebo. baton viqtorsac verafers ga-
moaparebdiT. yvela niuanss wvdeboda xol-
me. sianteresoa aRiniSnos, rom Tu qarTvel 
maTematikosTa pirvel Taobas wlovanebis 
mixedviT davalagebT, maSin pirvel „Sesan-
iSnav SvideulSi“ moxvdebian: g. nikolaZe, 

a. razmaZe, n. musxeliSvili, a. xaraZe, S. 
miqelaZe, l.gokieli da v.kupraZe.

amaTgan sami rkinigzelis Svili iyo: an-
dria razmaZe, arCil xaraZe da viqtor ku-
praZe. isic niSandoblivia, rom maSindel 
imperiaSi am samma, muSebis Svilebma, Sesan-
iSnavi ganaTleba miiRes _ orma moskovSi, 
erTma TbilisSi _ da sxvebTan erTad saxeli 
gauTqves qarTul maTematikur skolas.

sikvdilamde, 1985 wlis 25 aprilamde ba-
ton viqtors kalami ar gaugdia xelidan, 
rogorc leonard eilerze Tqves: „Эйлер 
перестал жить и вычислять“.

iseTi pirovneba, rogoric batoni viqto-
ri gaxldaT Tavisi didi saqmeebiTa da moR-
vaweobiT, TiTqos bednieri unda yofiliyo, 
magram xangrZliv es sofeli aravis axarebs 
da, ai, batoni viqtoris SesaniSnav ojaxs 
didi tragedia atydeba Tavs _ tragikulad 
daiRupa misi erTaderTi vaJi gurami, didi 
imedis momcemi axalgazrda.

TiTqos far-xmali unda dayaros ada-
mianma. ara, batoni viqtori ar aris aseTi 
pirovneba! man Tavis garSemo Semoikriba 
TiTqmis Tavisi Svilis toli axalgazrda 
maTematikosebi: m. baSeleiSvili, T. burWu-
laZe, T. gegelia, Semdeg ki _ mTeli Taoba 
axalgazrdebisa, Caunerga maT maTemati-
kuri kvlevis siyvaruli, maTTan erTad Se-
qmna skola _ viqtor kupraZis skola. am 
skolis mecnierulma gamokvlevebma erTxel 
kidev gauTqves saxeli qarTul maTematikur 
skolas.

batoni viqtoris mecnieruli skolis 
droSa didebuli mecnierebis xelSia. me 
darwmunebuli var, rom am droSas isini 
Zirdauxrelad gadascemen momaval Taobebs 
da erTxel kidev ukvdavyofen maTi Zvirfasi 
maswavleblis saxels.

wels baton viqtors dabadebidan 110 
weli Seusrulda.

dideba batoni viqtoris memkvidreebs!
dideba batoni viqtoris saxels!

viqtor kupraZe
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viqtor kupraZes, rogorc gamorCeul er-
iskacs, Tavisi mravalmxrivi moRvaweobiT, 
Rirseuli adgili ukavia SaravandediT mo-
sil qarTvel mamuliSvilTa pleadaSi. misi 
cxovreba mSobliuri erisa da qveynis msax-
urebis naTeli magaliTia. 

viqtor kupraZis saxeli kargadaa cnobi-
li msoflios maTematikosTa da meqanikosTa 
farTo wrisaTvis. batonma viqtorma udide-
si wvlili Seitana diferencialuri da inte-
graluri gantolebebis TeoriaSi, maTemati-
kur fizikaSi, drekadobis samganzomilebian 
TeoriaSi da, zogadad, gamoyenebiT maTema-
tikaSi, riTac man didi saerTaSoriso aRi-
areba moipova.

viqtor kupraZes Seswevda iSviaTi unari 
intensiuri samecniro-pedagogiuri muSao-
bisaTvis SeeTavsebina farTo samecniero-
organizatoruli, sazogadoebrivi da sax-
elmwifoebrivi moRvaweoba. is iyo sabWoTa 
kavSiris mecnierebaTa akademiis v. stek-
lovis saxelobis maTematikis institutis 
swavluli mdivani, Tbilisis maTematikis 
institutis direqtori, saqarTvelos ga-
naTlebis ministri, Tbilisis saxelmwifo 
universitetis reqtori, saqarTvelos mec-
nierebaTa akademiis maTematikisa da fizikis 
ganyofilebis akademikos-mdivani, mra-

vali samecniero Jurnalis redaqtori da 
saredaqcio kolegiis wevri, saqarTvelos 
maTematikuri sazogadoebis prezidenti, 
saqarTvelos umaRlesi sabWos Tavmjdo-
mare, gaerTianebuli erebis organizaciaSi 
sabWoTa delegaciis wevri, mravali samec-
niero forumis monawile da organizatori, 
saqarTvelos politeqnikuri institutisa 
da Tbilisis saxelmwifo universitetis 
kaTedrebis gamge, saqarTvelos mecniereba-
Ta akademiis prezidiumis wevri; sabWoTa 
kavSirisa da germaniis demokratiuli re-
spublikis megobrobis sazogadoebis saqa-
rTvelos ganyofilebis Tavmjdomare; sab-
WoTa kavSiris Teoriuli da gamoyenebiTi 
meqanikis nacionaluri komitetis wevri, sab-
WoTa kavSiris mecnierebaTa akademiis plas-
tikurobisa da simtkicis samecniero sabWos 
biuros wevri, sabWoTa maTematikosebis na-
cionaluri komitetis wevri. 

esaa arasruli, magram STambeWdavi 
CamonaTvali viqtor kupraZis marTlac 
gasaocari mravalaspeqtiani samecniero da 
sazogadoebrivi moRvaweobisa.

viqtor kupraZe daibada 1903 wlis 2 no-
embers lanCxuTis raionis sofel yelaSi 
(axlandeli ninoSvili), rkinigzelis ojax-
Si. saSualo ganaTleba miiRo quTaisis re-

daviT natroSvili,

fizika-maTematikis mecnierebaTa doqtori, 
profesori, saqarTvelos teqnikuri universitetis 
maTematikis departamentis ufrosi, saqarTvelos 

maTematikosTa kavSiris erovnuli komitetis 
Tavmjdomare

viqtor kupraZe
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alur saswavlebelSi, sadac maTematikuri 
disciplinebi SedarebiT gafarToebuli 
programiT iswavleboda. maTematikis mas-
wavlebelma ivane gaCeCilaZem Tavidanve mi-
aqcia yuradReba viqtoris maTematikisadmi 
gansakuTrebul midrekilebas. skolis dam-
Tavrebis Semdeg, swored misi rCeviT Sevida 
igi Tbilisis saxelmwifo universitetis 
fizika-maTematikis fakultetze.

universitetSi swavlis dros viqtor ku-
praZem miiqcia profesorebis andria razma-
Zisa da niko musxeliSvilis yuradReba. 
akademikosi Salva nucubiZe ase gamoTqvams 
andria razmaZis Sexedulebas batoni viqto-
ris Sesaxeb: „me kargad vicodi Cemi megobris 
andria razmaZis simpaTia-antipaTiebi. mas 
Zalian uyvarda Tavisi mowafe viqtor ku-
praZe; igi erTxel universitetis karebTan 
Segvxvda. me da andria universitetidan 
gamovdiodiT. vinmes Sexvedrisas andria iS-
viaTad CamorCeboda. am SemTxvevaSi is Sedga. 
me pirvelad SevamCnie maSin axalgazrda viq-
tor kupraZe, romelic moridebiT da din-
jad usmenda maswavlebels. nabiji Sevanele 
da roca andria damewia, Cems kiTxvas ar dae-
loda, ise miTxra: 

_ saintereso ymawvilia, niWieri da 
muyaiTi. Sors wava. samwuxarod, xSirad ver 
vxvdebi _ politikiTaa gatacebuli“.

 universitetis damTavrebis Semdeg, 1927 
wels, viqtor kupraZe universitetSi dato-
ves samecniero moRvaweobisaTvis mosamza-
deblad, xolo 1928 wels, imedis momcemi 
axalgazrda mkvlevari andria razmaZisa da 
niko musxeliSvilis rekomendaciiT aspi-
ranturaSi Cairicxa.

maTematikis gamoyenebiTi aspeqtebiT 
gataceba, gansakuTrebiT ki maTematikuri 
aparatis gamoyenebiT fizikuri amocanebis 
gadaWris perspeqtivebi damwyebi mecnieris 
uryev gadawyvetilebad iqca _ igi irCevs 
gamoyenebiTi maTematikis mimarTulebas 
da studentobis periodSive ixveWs friad 
warmatebuli studentis saxels. igi aqtiu-
rad monawileobs samecniero seminarSi. aR-
saniSnavia, rom masTan erTad am seminariT 
mecnierul karieras iwyebdnen gamoCenili 
qarTveli maTematikosebi: ilia vekua, vlad-
imer WeliZe da sxvebi. igi TanamSromlobda 
cnobil maTematikosebTan giorgi niko-
laZesTan da arCil xaraZesTan. viqtor ku-
praZem pirveli mecnieruli naSromic stu-
dentobis periodSi Seasrula _ Seiswavla 
nikoloz musxeliSvilis mier SeTavazebuli 
amocana: „grinis, klainisa da neimanis fun-
qciebi zogierTi martivi konturisTvis“. 
mogvianebiT ase axasiaTebda niko musxeliS-
vili Tavis axalgazrda kolegas: “studen-
tobis periodSi is amJRavnebda damoukide-
beli muSaobis naTlad gamoxatul unars. is 
safuZvlianad gaecno maTematikisa da meqa-
nikis sxvadasxva sakiTxs, sakmao warmatebiT 

daamuSava ZiriTadi saswavlo sagnebi. yov-
elTvis amJRavnebda damoukidebeli, Semo-
qmedebiTi da kritikuli azrovnebis unars. 
SemiZlia darwmunebiT aRvniSno, rom saTa-
nado pirobebSi is dadgeba gamoyenebiTi 
maTematikis gamoCenili specialisti“.

1930 wels viqtor kupraZe swavlas agrZe-
lebs sabWoTa kavSiris mecnierebaTa aka-
demiis aspiranturaSi leningradSi. misi 
xelmZRvanelebi iyvnen gamoCenili rusi mec-
nierebi akademikosebi aleqsi nikolozis Ze 
krilovi da vladimer ivanes Ze smirnovi.

leningradSi viqtor kupraZe aRmoCnda 
niWieri axalgazda maTematikosebisa da 
meqanikosebis: s. sobolevis, l. kantorovi-
Cis, s. xristianoviCis, s. mixlinis, g. goluz-
inisa da sxvaTa garemocvaSi. 

aspiranturaSi swavlis periodSi viq-
tor kupraZe dainteresda rxevis Teoriis 
amocanebiT, romelTac didi praqtikuli 
gamoyenebebi aqvT, gansakuTrebiT seismome-
degi nagebobebis mSeneblobaSi. swored am 
sakiTxebs miuZRvnes TavianTi erToblivi 
naSromi 1930 wels viqtor kupraZem da ser-
gei sobolevma. maT aRmoaCines axali saxis 
zedapiruli talRa, romelic vrceldeba 
drekadi da Txieri fenebis gamyof zeda-
pirze. avtorebma am talRas „urTierTq-
medebis“ talRa uwodes. Semdeg v. kupraZem 
calke Seiswavla ori drekadi fenis gamyof 

v. kupraZis saxli s. yelaSi

q. quTaisi
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zedapirze drekadi talRebis gavrcelebis 
sakiTxi da eleqtomagnituri talRebis 
difraqciis amocanebi. am Sedegebis avtors 
axalgazrda mecnierTa sakavSiro konkursze 
premia mieniWa. niko musxeliSvilma, romelic 
yuradRebiT adevnebda Tvals axalgazrda 
kolegis mecnierul winsvlas, ase Seafasa es 
naSromebi: „v.kupraZem mogvca difraqciis 
gansakuTrebulad mniSvnelovani da Zneli 
problemis gadawyveta. es amocana idga asze 
meti wlis ganmavlobaSi, magram misi zogadi 
amoxsna v. kupraZis Sromamde ar iyo miRe-
buli. Cven gvaqvs am Zalian Zneli amocanis 
Zalian martivi amoxsna“.

1933-1935 wlebSi viqtor kupraZe muSao-
bda sakavSiro mecnierebaTa akademiis stek-
lovis saxelobis maTematikis institutSi 
swavlul mdivnad. 1935 wels, man warmate-
biT daicva sadoqtoro disertacia Temaze: 
„eleqtromagnituri talRebis difraqciis 
Teoriis sasazRvro amocanebi“.

amave wels viqtor kupraZe brundeba 
TbilisSi da 1935 wlis pirvel oqtombers 
iniSneba axlad Seqmnili Tbilisis maTemati-
kis institutis direqtorad. 

1941 wlis Semodgomaze viqtor kupraZe 
samamulo omSi gaiwvies, rogorc germanuli 
enis kargi mcodne. miuxedavad imisa, rom 
mas SeeZlo e.w. „javSniT“ esargebla da omSi 
monawileoba ar mieRo, igi daTanxmda Sees-
rulebina specialuri davaleba uSualod 
frontis wina xazze. is iyo germanul enaze 
gamomavali propagandistuli gazeTis _ 
„jariskacis simarTle“ redaqtoris moadg-
ile. mraval araordinarul momentebs Soris, 
rac dakavSirebulia batoni viqtoris fron-
tul cxovrebasTan, erT metad amaRelvebel 
da araCveulebriv SemTxvevas gavixsenebT. 
im periodSi sabWoTa jaris nawilebs tyved 
Cabarda efreitori oto tretCeri, romelic 
amtkicebda, rom mas surda faSizmis wina-aR-
mdeg brZola. oto tretCers es ar daujeres 
da, rogorc yvela sxva tyve, gagzavnes tyve-
Ta banakSi, novorosiiskSi. samxedro Stabis 
davalebiT viqtor kupraZe gafrinda novo-
rosiiskSi germanel tyveTa banakSi antifa-

ssrk mecnierebaTa akademiis 
fizikisa da maTematikis 
instituti

viqtor kupraZis samecniero xelmZRvanelebi:
aleqsi krilovi da vladimer smirnovi
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Sisturi msoflmxedvelobis kadrebis Ses-
arCevad Jurnalisturi moRvaweobisaTvis, 
sadac Sexvda oto tretCers. igi alRoTi 
mixvda, rom germaneli simarTles ambobda da 
qerCSi Camoiyvana gazeTis redaqciaSi samuS-
aod. amiT man, faqtobrivad, ixsna oto tret-
Ceri tyveobis mZime xvedrisgan. viqtor ku-
praZis am moqmedebas yvela ar iwonebda, 
magram TviTon amarTlebda Tavis moqmedebas 
imiT, rom gazeTis TanamSromlebs ar hqon-
daT germanuli enisa da faSisturi armiis 
yofa-cxovrebaze sakmarisi codna. amis ga-
reSe ki ar SeiZleboda kargi propagandis-
tuli gazeTis gamoSveba. redaqciaSi tret-
Ceris misvliT gazeTi ufro konkretuli da 
mizanmimarTuli gaxda. umZimesma safronto 
tragikulma kataklizmebma, rac datrialda 
yirimis naxevarkunZulze, viqtor kupraZe 
da oto tretCeri erTmaneTs daaSora.

am movlenidan 30 wlis Semdeg viqtor ku-
praZe airCies sabWoTa kavSirisa da germani-
is demokratiuli respublikis megobrobis 
sazogadoebis saqarTvelos ganyofilebis 
Tavmjdomared da germaniidan is Rebulobs 
werils, sadac ewera: „ar vici vin xarT Tqven, 
magram odesRac Cemi cxovrebis Zalian 
rTul periodSi am gvaris adamianma iseTi 
roli iTamaSa Cemi bedis gadawyvetaSi, rom 
me ar SemeZlo gulgrilad mimeRo gazeTis 
es cnoba“. werilis avtori iyo oto tretC-
eri. male man miiRo sapasuxo werili viqtor 
kupraZisagan, rasac moyva maTi metad ama-
Relvebeli Sexvedra.

1943 wels viqtor kupraZe, frontidan 
demobilizaciis Semdeg, dainiSna Tbilisis 
saxelmwifo universitetis proreqtorad 
samecniero muSaobis dargSi. 

am periodidan moyolebuli, batoni viq-
toris cxovrebaSi samecniero-pedagogiuri 
moRvaweobis paralelurad kaleidoskopu-
ri siswrafiT icvleboda politikuri da 
saxelmwifoebrivi samoRvaweo sferoebi. 

1943 wels viqtor kupraZem universitet-
Si daaarsa diferencialuri da integral-
uri gantolebebis kaTedra, romlis gamge 
iyo 1980 wlamde. 

1944 wlis maisSi viq-

tor kupraZe dainiSna saqarTvelos gana-
Tlebis ministrad. am Tanamdebobaze igi 
1953 wlamde muSaobda. viqtor kupraZis moR-
vaweoba ganaTlebis ministris postze mra-
vali novatoruli wamowyebiT gamoirCeva 
ganaTlebis sferoSi. kerZod, misi uSualo 
mcdelobiT ganxorcielda saskolo pro-
gramebis reforma da SemoRebul iqna TerT-
metwliani swavleba zogadsaganmanaTleblo 
saSualo skolaSi.

1946 wels viqtor kupraZe airCies saqa-
rTvelos mecnierebaTa akademiis namdvil 
wevrad. 1947 wlidan 1985 wlamde igi iyo 
aRniSnuli akademiis prezidiumis wevri.

1954-1963 wlebSi viqtor kupraZe iyo saqa-
rTvelos umaRlesi sabWos Tavmjdomare. 

1954-1958 wlebSi viqtor kupraZe iyo 
Tbilisis saxelmwifo universitetis req-
tori da Rirseulad agrZelebda Tavisi didi 
winaprebis _ petre meliqiSvilisa da ivane 
javaxiSvilis mier danergil tradiciebs.

1955 wels viqtor kupraZe wargzavnil 
iqna aSS-Si gaerTianebuli erebis organiza-
ciis generaluri asambleis meaTe sesiaSi 
monawileobisaTvis. igi iyo sabWoTa del-
egaciis xelmZRvanelis moadgile. batoni 
viqtori sityviT gamovida gaeros sxdomaze, 
roca ixileboda sakiTxi afrikis xalxTa 
Sesaxeb. 

1962 wels TbilisSi aRorZinda 1923 wels 
dafuZnebuli saqarTvelos maTemati-kosTa 
sazogadoeba. damfuZnebelma krebam viqtor 
kupraZe sazogadoebis prezidentad airCia.

1963 wels saqarTvelos mecnierebaTa aka-
demiaSi daarsda maTematikisa da fizikis 
ganyofileba. viqtor kupraZe airCies am gan-
yofilebis akademikos mdivnad. igi am Tanam-
debobaze 1981 wlamde muSaobda.

batoni viqtori aqtiurad iyo Cabmuli 
saerTaSoriso samecniero urTierTobebSi. 
1976 wels viqtor kupraZe airCies ssr ka-
vSiris Teoriuli da gamoyenebiTi meqani-
kis nacionaluri komitetis wevrad, 
xolo 1977 wels _ axlad daarse-
buli saerTaSoriso sazogadoebis 

_ „maTematikis meTo-
debi meqani-

1954-1958 wlebSi viqtor kupraZe Tsu-s reqtori iyo
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kaSi“ prezidiumis wevrad. amave wlidan iyo 
ssr kavSiris mecnierebaTa akademiis plas-
tikurobisa da simtkicis samecniero sabWos 
biuros wevri. 1980 wels qarTveli mecnieri 
airCies sabWoTa maTematikosebis nacional-
uri komitetis wevrad.

viqtor kupraZis didi damsaxureba moR-
vaweobis sxvadasxva sferoSi mravali jil-
doTi aRiniSna. magram yvelaze didi jildo, 
albaT, is gulwrfeli siyvaruli da pati-
viscemis grZnoba iyo, romelsac saTuTad da 
gamorCeulad gamoxatavda farTo qarTuli 
sazogadoeba da misi uamravi kolega, ro-
gorc saqarTveloSi, ise mis farglebs ga-
reT _ ucxoeTSi.

1985 wlis 25 aprils Sewyda gamoCenili 
mecnierisa da didi mamuliSvilis majiscema. 
marTalia, mas Semdeg 28 weli gavida, magram 
misi naTeli da qarizmatuli saxe, pirovnu-
li xibli da umaRlesi inteligenturoba 
dResac udidesi aRtacebiTa da simpatiiT 
moixsenieba im pirovnebaTa wreSi, visac 
erTxel mainc hqonda bedniereba Sexvedro-
da da esaubra viqtor kupraZesTan.

saerTaSoriso samecniro wreebSi dRe-
sac udidesi interesis sagans warmoadgens 
viqtor kupraZis sakmarisad mdidari samec-
niero memkvidreoba, romlis gomoyenebis 
sfero ufro da ufro farTovdeba rogorc 
fundamenturi mecnierebis, ise gamoyenebi-
Ti sainJinro sferoebis mimarTulebiT. 

es samecniero memkvidreoba pirobiTad 
SeiZleba 6 did jgufad daiyos:

zemoTaRniSnuli Teoriuli sakiTxe-
bi ganxiluli da gaanalizebulia viqtor 
kupraZis mravalricxovan SromebSi da 
monografiebSi, romlebSic Seswavlilia 

rTuli mravalganzomilebiani amocanebis 
amoxsnadobis sakiTxebi potencialTa meTo-
disa da singularuli integraluri gan-
tolebebis Teoriis gamoyenebiT. mravali 
maTgani iTargmna da gamoica inglisur, ger-
manul da polonur enebze. 

viqtor kupraZis pirveli monografia 
„difraqciis maTematikuri Teoriis ZiriTa-
di amocanebi“, 1935 wels gamoqveynda rusul 
enaze leningradSi. es monografia 17 wlis 
Semdeg, 1952 wels, inglisur enaze gamosca 
kaliforniis universitetma da mas dRemde 
ar daukargavs aqtualoba. aseve didi mniS-
vneloba eniWeba viqtor kupraZis meore 
monografias „rxevis Teoriis sasazRvro 
amocanebi da integraluri gantolebebi“, 
romelic rusul enaze 1950 wels gamoica 
moskovSi, xolo germanul enaze – 1956 wels 
berlinSi.

drekadobis Teorias viqtor kupraZem 
ramdenime monografia miuZRvna. maT Soris 
unda aRiniSnos: „potencialis meTodebi 
drekadobis TeoriaSi“, romelic rusul 
enaze gamoica 1963 wels moskovSi, xolo 
Semdeg iTargmna inglisurad da ierusalim-
Si gamoica 1965 wels; 1963 wels inglisur 
enaze gamoica viqtor kupraZis monografia 
„drekadobis Teoriis dinamikuri amocane-
bi“, romelic cnobili holandiuri encik-
lopediuri gamocemis redaqtorebis i. sne-
donis da r. hilis TxovniT daiwera.

gansakuTrebuli aRniSvnis Rirsia viq-
tor kupraZis mier Tavis mowafeebTan Ten-
giz gegeliasTan, mixeil baSeleiSvilT-
an da Tengiz burWulaZesTan erTad 1968 
wels dawerili fundamenturi monogra-
fia „drekadobis maTematikuri Teoriis 
samganzomilebiani amocanebi“, romelic 
mieZRvna Tbilisis saxelmwifo univer-
sitetis 50-e wlisTavs. 1971 wels am wignis 
avtorebs mieniWaT saqarTvelos saxelm-
wifo premia mecnierebis dargSi. 1976 wels 
am monografiis meore gafarToebuli gamo-
cema saxelwodebiT „drekadobisa da Ter-
modrekadobis maTematikuri Teoriis sam-
ganzomilebiani amocanebi“ ganxorcielda 
moskovSi, gamomcemloba „naukaSi“, xolo 
1979 wels iTargmna inglisurad da gamoica 
amsterdamSi. gamocemisTanave am monogra-
fiam eqspertTa udidesi yuradReba miipyro 
da dargSi momuSave mecnierebisTvis samagi-
do wignad iqca.

saerTaSoriso masStabiT gansakuTreb-
uli popularobiT sargeblobs viqtor ku-
praZis mier gasuli saukunis samocian wleb-
Si SemoTavazebuli sasazRvro amocanebis 
miaxloebiTi amonaxsnebis agebis kidev erTi 
friad efeqturi meTodi, romelsac dRes 
samecniero literaturaSi ZiriTadad „fun-
damentur amonaxsnTa meTods“ uwodeben. 
am meTodisadmi miZRvnil saerTaSoriso 
maTematikuri forumebis masalebis pre-

 zomerfeldis gamosxivebis 
pirobebis dafuZnebasTan 
dakavSirebuli problemebi da 
sasazRvro amocanebi helmholcis 
gantolebisaTvis; 

 eleqtro-magnituri talRebis 
difraqciisa da gabnevis amocanebi; 

 drekadobis Teoriis 
samganzomilebiani amocanebi; 

 potencialTa meTodi, singularuli 
integraluri gantolebebis Teoria 
da maTi gamoyeneba maTematikuri 
fizikisa da uwyvet garemoTa meqanikis 
maTematikur modelebSi; 

 drekadobis Teoriis dazustebuli 
modelebi; 

 maTematikuri fizikis sasazRvro 
amocanebis miaxloebiTi amonaxsnebis 
ageba da ricxviTi realizaciis 
problemebi: fundamentur amonaxsnTa 
meTodi.
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ambulaSi, uklebliv yvelgan xazgasmuli 
da aRniSnulia viqtor kupraZisa da merab 
aleqsiZis damsaxureba am meTodis SeqmnaSi 
da dafuZnebaSi. gamoTvliTi teqnikis gan-
viTarebis Tanamedrove donem kidev ufro 
gazarda aRniSnuli meTodis gamoyenebis 
sferoebi. friad sasixaruloa, rom am meTo-
dis gamoyenebiT uaRresad mniSnelovani 
parqtikuli Sedegebia miRebuli ucxoeli 
da qarTveli radiofizikosebis mier gamoy-
enebiTi eleqtrodinamikis Tanamedrove 
amocanebis kvlevaSi. internet sivrceSi ar-
sebobs am amocanebisadmi miZRvnili 80 000-

mde bmuli, romlebic moicavs mravali qvey-
nis samecniero jgufebSi Seqmnil Sromebs. 
es marTlac rekorduli raodenobaa! 

 rogorc aRvniSneT, ukve 28 welia gasuli 
batoni viqtoris gardacvalebidan, magram 
zemoT motanili faqtebidan cxadad Cans, 
rom misi mecnieruli memkvidreoba da samec-
niero ideebi kvlavac aqtiuri gamoyenebisa 
da ganviTarebis procesSia msoflios mra-
val samecniero centrSi. 

es udidesi, uflis mier boZebuli jil-
doa mecnierisTvis!
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maTematikosTa pirveli kongresi 1897 
wels gaimarTa SveicariaSi, ciurixSi, xolo 
bolo 26-e, ki 2010 wels haidarabaTSi, in-
doeTSi. kongresis ganuyofeli da amaR-
lebuli nawilia (1936 wlidan) 40-wlamde 
mecnierTa dajildoeba umaRlesi jildoTi 
_ fildsis oqros medliT da premiiT, gan-
sakuTrebuli miRwevisaTvis maTematikaSi. 

maTematikis kongresebis istoriaSi 
gansakuTrebuli adgili uWiravs maTema-
tikosTa me-2 kongress, romelsac parizma 
umaspinZla 1900 wels. am kongresze maTema-
tikis swavlebis da meTodologiis seqciaze 
moxsenebiT warsdga im droisaTvis ukve kar-
gad cnobili da saxelgaTqmuli, gamorCeuli 
Sedegebis mqone 38 wlis germaneli maTema-
tikosi giotingenis universitetidan daviT 
hilberti. Tavis moxsenebaSi hilbertma Ca-
moayaliba zogadmaTematikuri problemebi, 
romlebsac misi azriT gansakuTrebuli 
mniSvneloba mieniWeboda momdevno, me-20 
aswleulSi. dRes es problemebi hilbertis 
problemebis saxelwodebiTaa cnobili da 
calkeuli problema moixsenieba im nomris 
mixedviT, ra qronologiiTac hilbertma 
daalaga isini. arc manamde da arc mis Semdeg 
erTi saukunis manZilze, aravis Tavis Tavze 
ar auRia pasuxismgebloba analogiuri ga-
nacxadi gaekeTebina. Tumca yovel epoqas Ta-
visi gamorCeuli gmirebi hyavs da 21-e sauku-
ne, iseve rogorc me-20, axali maTematikuri 
problemebiT daiwyo (aTaswleulis Svidi da 
smeilis 18 problema). CvenTvis Znelia maTi 

gavlenis Sefaseba 21-e saukunis maTemati-
kur mecnierebebze (maTematika, Teoriuli 
fizika, informatika), maSin rodesac hil-
bertis problemebis gavlena meoce saukunis 
maTematikur azrovnebaze farTo gagebiT 
gamorCeuli, unikaluri da dRes calke kv-
levis obieqtia Tavisi SedegebiT. 

Cven ver gavaSuqebT yvela mniSvnelovan 
istoriul detals, romelic hilbertis 
problemebTanaa dakavSirebuli maTi dasmi-
dan dRemde. msoflio samecniero liter-
aturaSi mas mravali gamokvleva eZRvneba. 
mivuTiTebT mxolod ramdenime naklebad 
cnobil faqtze. 

hilbertis moxsenebis Sesavali roman-
tikuli literaturuli nawarmoebiviTaa. 
igi iwyeba sityvebiT `romel TqvenTagans 
ar unda gadaswios farda, romlis miRma 
Cveni momavalia damaluli, Tundac Tvalis 
erTi SevlebiT SeigrZnos Cveni codniT miR-
weuli warmatebebi da uaxloes aswleulSi 
misi ganviTarebis saidumloebebi? ra gansa-
kuTrebul miznebs daisaxaven momdevno Tao-
bis wamyvani maTematikosebi? romeli axali 
meTodebi ganviTardeba da ra axal faqtebs 
aRmoaCenen axal aswleulSi maTematikuri 
azris farTo da mdidar samyaroSi?”. Sesav-
lis Semdeg hilbertma Camoayaliba 23 prob-
lema komentarebiT. komentarebi stiliTac 
ki gansxvavebulia erTmaneTisagan. isini 
Seicaven problemis mniSvnelobas, amocanis 
amoxsnis gzebs, maT kavSirs mecnierebis mo-
mijnave dargebTan da sxva. magram probleme-

hilbertis problemebi

maTematikosebi ganvlil oTx wels ajameben 
xolme maTematikosTa saerTaSoriso kon-
gresze. saerTaSoriso samecniero komiteti, 
romelic specialurad irCeva yoveli kongre-
sisaTvis msoflios wamyvani maTematikosebi-
sagan, adgens samecniero moxsenebis da momx-
seneblebis nusxas, ganvlil periodSi yvelaze 
mniSvnelovani gamokvlevebis avtorebs.

gia giorgaZe

fizika-maTematikis mecnierebaTa doqtori,
zust da sabunebismetyvelo mecnierebaTa 

fakultetis asocirebuli profesori
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bi arCeulia erTiani principiT. is princi-
pi, romelsac yvela amocana akmayofilebs 
hilbertis azriT aris a) gasagebi (naTeli 
unda iyos saidan modis amocana), b) sakmaod 
rTuli imisaTvis, rom interesi gamoewvia 
da g) arc imdenad rTuli, rom misi amoxsna 
SeuZlebeli iyos. hilbertis moxsenebis te-
qsti, romelic mogvianebiT gamoqveynda, 
daaxloebiT 30 gverdia. yoveli problema 
calke paragrafiTaa gamoyofili da dasa-
Taurebulia. zogma problemam samecniero-
popularul literaturaSi wlebis manZil-
ze specialuri saxeli SeiZina, maTematikuri 

Teoriis amgvar popularul gadmocemas 
hilberti miesalmeboda kidec, radgan misi 
azriT ̀ maTematikuri Teoria srulyofilad 
SeiZleba maSin CaiTvalos, Tu mas imdenad na-
Tels gaxdi, rom Tanaxma xar igi pirvelsave 
Semxvedrs uambo~.

qvemoT mogvyavs problemebis CamonaT-
vali, mcire komentarebiT, im saxiT, ra sax-
iTac isini gamoqveynda moxsenebidan erTi 
wlis Semdeg.

problema 1. kantoris problema kontin-
uumis simZlavris Sesaxeb. 

problema 2. ariTmetikuli (ariTmetikis) 
aqsiomebis arawinaaRmegobrioba.

problema 3. toli fuZis farTobis da 
toli simaRlis mqone tetraedrebis mocu-
lobebis toloba.

evklides droidan dawyebuli samkuTxa 
piramidis moculobis gamoTvlis dros 
gamoiyeneba arc Tu ise martivi zRvarze ga-
dasvlis operacia. maSin, rodesac farTo-
bis gamoTvla planimetriaSi ar iyenebs zR-
vars. am `zedmeti~ proceduris gamoyenebis 
aucilebloba aris problemis arsi. amrigad, 
saWiroa vaCvenoT, rom SeuZlebelia avagoT 
mravalwaxnaga figurebis farTobTa gamoT-
vlis Teoria zRvarze gadasvlis operaciis 
gareSe. 

problema 4. wrfis, rogorc ori werti-
lis SemaerTebeli umciresi manZilis prob-
lema.

CamoTvaleT metrikebi, romelTa mimarT 
wrfeebi geodeziurebi arian _ aseTia prob-
lemis Tanamedrove formulireba.

problema 5. lis uwyveti gardaqmnebis 
jgufi, rodesac jgufis warmomqmnelebs 
diferencirebadobas ar movTxovT. 

saWiroa gavarkvioT, yovelTvis aris 
Tu ara uwyveti (topologiuri) jgufi lis 
jgufis struqturis matarebeli. problema 
erTmaneTTan akavSirebs feliqs klainis 
konstruqcias sxvadasxa geometriebis war-
modgenis Sesaxeb gardaqmnebis jgufebis 
invariantebis saSualebiT da sofus lis 
diferencialuri gantolebebis simetriis 
jgufebis Teorias.

problema 6. fizikis aqsiomebis maTema-
tikuri formulireba.

problema sakmaod zogadi saxiTaa das-
muli. am problemis komentirebisas hil-
berti pirveli rigis amocanad ganixilavs 
albaTobis Teoriis dafuZnebas aqsiomaTa 
sistemaze. misi azriT albaTobis Teoria 
aris fizikis nawili, romelSic mniSvnelo-
van rols maTematikuri meTodebi asrule-
ben. dRes es azri dominanturi aRar aris, 
albaTobis Teoria maTematikur disci-
plinaTa ricxvSi ganixileba. amasTan, dRe-
vandeli gagebiT fizikuri Teoriebis aqsio-
matizacia ar aris wminda maTematikuri 
amocana.

daviT hilberti (1862-1943),
genialuri germaneli maTematikosi, 
romelic Tanabari siRrmiT flobda 
maTematikis yvela dargs. iTvleboda 
Tavisi drois yvelaze did figurad 

mecnierebaSi. moRvaweobda giotingenis 
universitetSi, romelic hilbertis 

iq moSaobis periodSi  msoflio 
maTematikur centrad iqca. aramarto 
evropeli, aramed amerikel mecnierTa 
didi umravlesoba Tavs valdebulad 

Tvlida moxsenebiT warmsdgariyo 
hilbertis seminarze  giotingenSi. 

germaniis xelisuflebaSi nacistebis 
mosvlis Semdeg (1930 w.) hilberti 

aqtiur samecniero cxovrebas 
CamoSorda. masTan erTad dideba 

CamoSorda giotingenis universitets. 
nacisturi germaniis TxuTmetwlianma 

politikurma, ekonomikurma da 
samxedro Zlierebam ver gadaswona 
hilbertis avtoritets. aqtualoba 
dakarga giotingenis universitetma 

da germanulma enamac ki, rogorc 
dominantma  samecniero enam. hilbertis 

saflavis qvas, giotingenSi, misive 
sityvebi aweria: "Cven unda vicodeT, Cven 

gvecodineba".
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problema 7. zogierTi ricxvis iraciona-
luroba da transcendentuloba. 

problema 8. martivi ricxvebis problema.
es problema Seicavs Semdeg sayovelTaod 

cnobil goldbaxis hipoTezas (4-dan dawyeb-
uli yoveli luwi ricxvi warmoidgineba ori 
martivi ricxvis jamad); rimanis hipoTezas 
ς-funqciis kompleqsuri nulebis ganlagebis 
Sesaxeb da hipoTezas imis Sesaxeb, rom tyupi 
martivi ricxvebis raodenoba usasruloa.

problema 9. nebismieri ricxviTi ve-
lisaTvis Tanaziarobis zogadi kanonis 
damtkiceba.

Tanaziarobis kvadratuli kanonis Tanax-
mad x2+1≡0(modp)-s aqvs amonaxsni mxolod 
maSin, rodesac p ≡ 1(mod4), sadac p martivi 
ricxvia. amocana mdgomareobs am tipis de-
bulebis Camoyalibebasa da damtkicebaSi 
nebismieri ricxviTi velebisaTvis. kerZod, 
saWiroa vaCvenoT nebismier ricxviT velSi 
l-uri rigis xarisxovani naSTisaTvis Tanzi-
arobis kanonis samarTlianoba.

problema 10. diofanturi gantolebis 
amoxsnadobis amocana (arsebobs Tu ara zog-
adi algoriTmi, romelic gaarkvevs, aqvs Tu 
ara diofantur gantolebas amonaxsni).

problema 11. kvadratuli formebi nebis-
mieri algebruli koeficientebiT.

mocemulia nebismieri raodenobis uc-
nobebis Semcveli kvadratuli gantole-
ba algebruli koeficientebiT. amovx-
snaT gantoleba mTel an racionalur 
ricxvebSi, romlebic ekuTvnian koeficien-
tebiT gansazRvrul garkveul algebrul 
struqturas.

problema 12. abeluri velebisaTvis kro-
nekeris Teoremis gavrceleba algebrul ra-
cionalurobis areebze.

problema 13. meSvide xarisxis zogadi 
gantolebis amoxsnis SeuZlebloba or argu-
mentze damokidebuli funqciis saSualebiT.

garkveuli (Cirngauzenis) radikalis 
tipis gardaqmniT meSvide xarisxis zoga-
di saxis algebruli gantoleba miiyvaneba 
ufro martivi saxis gantolebaze. magali-
Tad, meSvide xarisxis gantoleba dadis 
f 7+xf 3+yf 2+z+1=0 gantolebaze. amrigad, zoga-
di meSvide xarisxis algebruli gantolebis 
amonaxsni gamoisaxeba ariTmetikuli opera-
ciebis superpoziciiT, radikalebiT da sam 
x,y,z cvladebze damokidebuli f funqciiT. 
algebruli gardaqmnebiT am gantolebis 
Semdgomi gamartiveba, savaraudod, Seu-
Zlebelia. amrigad, saWiroa vaCvenoT, rom 
meSvide xarisxis zogadi saxis algebruli 
gantolebis amonaxsni SeuZlebelia war-
movadginoT ori cvladis uwyveti fun-
qciebis superpoziciiT. es aris me-13 prob-
lemis erT-erTi interpretacia. aRniSnuli 
problemis sxva interpretaciac arsebobs.

problema 14. funqciaTa sruli sistemis 
sasrulobis damtkiceba.

problema mdgomareobs wrfivi alge-
bruli jgufis invariantebis algebris sas-
rulad warmomqnelobis damtkicebaSi. dRes 
cnobilia, rom wrfivi jgufis invariantebis 
algebra ar aris sasrulad warmoqmnili. am 
Teoremidan gamomdinareobs dasmuli amo-
canis kontrmagaliTis arseboba.

problema 15. Subertis aRricxviTi geo-
metriis mkacri dafuZneba.

problema 16. algebruli wirebis da 
zedapirebis topologiis problema.

problema 17. gansazRvruli formebis 
warmodgena kvadratebis jamad.

problema 18. kongruentuli mraval-
waxnagebisagan sivrcis dafarva (Sevseba).

problema 19. arian Tu ara regularuli 
variaciuli amocanebis amonaxsnebi aucile-
blad analizurebi?

problema 20. zogadi amocana sasazRvro 
pirobebis Sesaxeb.

es problema gulisxmobs gairkves, amox-
snadia Tu ara garkveuli sasazRvro piro-
bebis mqone yvela variaciuli amocana.

problema 21. mocemuli monodromiis 
jgufis mqone wrfivi diferencialuri gan-
tolebis arsebobis damtkiceba (riman-hil-
bertis monodromiis amocana). 

problema 22. analizuri damokidebulo-
bebis uniformizacia avtomorfuli fun-
qciebis saSualebiT.

problema 23. variaciaTa aRricxvis me-
Todebis gafarToeba.

am problemaSi laparaki ar aris konkre-
tul amocanaze. igulisxmeba variaciaTa aR-
ricxvis universaluri xasiaTi sxvadasxva 
tipis eqstremaluri amocanebis amosaxs-
nelad. hilbertis optimizmi am aspeqtSi 
gamarTlda, amis sailustraciod sakmarisia 
optimaluri marTvis maTematikuri Teoria.

moyvanil problemaTagan zogi male 
amoixsna, zogis amoxsnas gamorCeul maTema-
tikosTa koleqtivebma aTeuli wlebi Seal-
ies. maT amosaxsnelad damuSavda axali 
meTodebi, dazustda cnebebi, Seiqmna mec-
nierebaTa axali dargebi da mimarTulebe-
bi. zogierTi problema mogvianebiT ufro 
zogadi saxiT daisva, zogierTis amoxsna ki 
kerZo SemTxvevebSi moxerxda.

hilbertma kongresze Tavisi moxsenebis 
dros miuTiTa maTematikuri debulebebis 
damtkicebis simkacris aucileblobaze _ 
didi Secdoma iqneba vifiqroT _ ambobs igi, 
rom simkacre mtkicebisas simartivis mteria. 
mravalricxovani magaliTebi amis sawinaaRm-
degoSi gvarwmuneben. mkacri meTodebi amav-
droulad ufro martivi da misawvdomni arian. 
mkacri damtkicebis Ziebas mivyavarT martivi 
damtkicebis aRmoCenisken. es Zieba axali 
meTodebis safuZvels qmnis, romelic xSirad 
ufro nayofieria, vidre naklebad mkacri 
damtkicebis dros gamoyenebuli meTodebi.
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dRes iTvleba, rom CamoTvlili 23 prob-
lemidan srulad amoxsnilia 16. amoxsnil 
problemaTa ricxvSi Sedis agreTve prob-
lemebi, romlebsac e.w. `uaryofiTi amox-
sna~ aqvT (me-10, me-14, 21-e,...) magaliTad, 
me-10 problema gulisxmobs algoriTmis 
povnas da ara aseTi algoriTmis arseboba _ 
ararsebobis Cvenebas. 21-e ki garkveuli sax-
is diferencialur gantolebaTa sistemis 
arseboba-ararsebobis damtkicebas. darCe-
nili 7 dReisaTvis amouxsneli problemidan 
ori (me-4 da me-6) koreqtulad Camoyalibe-
bul maTematikur amocanebad ar iTvleba. 
me-4 problema imdenad zogadia, Znelia imis 
garkveva, amoxsnilad CavTvaloT igi Tu ara. 
me-6 problemis srulyofil amoxsnas al-
baT 21-e saukuneSi unda velodoT. me-9, me-
15 da me-16 problemebi kerZo SemTxvevebSi 
arian amoxsnilebi. xolo me-8 da 12-e dRemde 
amouxsnel amocanebad rCebian, maT Soris 
me-8, e.w. aTaswleulis problemaTa nusxaSia. 

hilbertis problemebi maTematikis yve-
la dargs moicavs. kerZod, maTi geogra-
fia aseTia: maTematikis safuZvlebi (prob-
lemebi 1 da 2), algebra (prolemebi 13, 14,17), 
ricxvTa Teoria (problemebi 7,8,9,10,11,12), 
geometria (problemebi 3,4,18), topolo-
gia (problema 16), algebruli geometria 
(problemebi 12,13,14,15,16,22), lis jgufebis 
Teoria (problemebi 5,14,18), namdvili da 
kompleqsuri analizi (problemebi 13, 22), 
diferencialuri gantolebebi (problemebi 
16, 19, 20, 21), maTematikuri fizika (prob-
lema 6), albaTobis Teoria (problema 6), va-
riaciaTa aRricxva (problema 23). rogorc 
vxedavT, zogierTi problema maTematikis 
ramdenime dargs erTdroulad miekuTvneba. 
es bunebrivicaa: maTematika erTiania da er-
Tidaigive problemis kvleva maTematikis 
sxvadasaxva dargebis meTodebiTaa SesaZle-
beli. rogorc Cans, problemis dasmis mo-
tivaciac sxvadasaxva iyo. magaliTad wers, 
rom rodesac man (romelmac hilbertis me-19 
problema amoxsna) hilberts hkiTxa, Tu ra 
zogadi motivi amoZravebda mas, rodesac es 
problema (igulisxmeba me-19 problema) das-
va, hilbertma upasuxa, rom yvela, bunebrivad 
dasmuli amocanis amonaxsni analizuri unda 
iyoso. 21-e problemis komentirebisas ki 
hilberti ambobs, rom pasuxi dasmul amoca-
naze dasrulebuls gaxdida analizur koefi-
cientebiani diferencialur gantolebaTa 
Teorias.

me-20 saukuneSi kidev erTxel iyo maTema-
tikuri problemebis Camoyalibebis mcd-
eloba. asterdamSi, 1954 wels maTematikos-
Ta saerTaSoriso kongresze moxsenebiT 
`maTematikuri problemebi~ warsdga ungru-
li warmoSobis amerikeli maTematikosi jon 
fon neimani (1903-1957), romelsac maTemati-
kis garda ekuTvnis genialuri gamokvleve-
bi, agreTve, informatikasa da fizikaSi. man 

moxsenebis dros aRniSna, rom igi ar baZavda 
hilberts da misi moxsenebis amgvari Sinaar-
si mxolod maTematikosTa saerTaSoriso 
kavSiris TxovniT iyo ganpirobebuli. kon-
gresis SromaTa krebulSi misi moxseneba ar 
daibeWda. rogorc Cans neimanma Tavi Seikava 
problemaTa miseuli nusxa arsebuliyo hil-
bertis problemaTa gverdiT. me-20 saukunis 
bolos (1998 w.) maTematikosTa saerTaSor-
iso kavSiris saxeliT rusma maTematikosma 
v.arnoldma (1937-2010) msoflios wamyvan 
maTematikosebs werilobiT mimarTa Camo-
eyalibebinaT 21-e saukunis problemebi. 
arnoldis Txovnas gamoexmaura amerikeli 
maTematikosi s.smeili, romelmac hilber-
tis stilSi (problemebi komentarebiT) Ca-
moayaliba 18 problema. problemaTa es nusxa 
cnobilia smeilis problemebis saxelwodeb-
iT da aTaswleulis problemebTan erTad sa-
patio adgili uWiravs. 

pirveli da meore problemebi
s. berSteini (1880-1968)

kontinuum-hipoTeza hilbertis pirveli 
problemaa simravleTa Teoriisa da maTema-
tikis dafuZnebis sferodan. igi dakavSire-
bulia iseT bunebriv kiTxvebTan rogorebi-
caa `ramdeni?", `meti Tu naklebi?~ da yvela 
maRali klasis moswavlem SeiZleba misi arsi 
gaigos. 

ganvixiloT sxvadasxva xasiaTis nebis-
mier obieqtTa erToblioba da vuwodoT 
mas simravle. simravlis Semadgenel obi-
eqtebs ki elementebi. simravles ewodeba 
sasruli, Tu masSi Semaval elementTa ra-
odenoba sasrulia. winaaRmdeg SemTxvevaSi 
ki, ewodeba usasrulo. Tu simravleTa Soris 
urTiercalsaxa Tanadobis damyarebaa Sesa-
Zlebeli, maSin amboben, rom es simravleebi 
erTmaneTis eqvivalenturebi, an toli sim-
Zlavris arian. ori sasruli simravle erT-
maneTis eqvivalenturia maSin da mxolod ma-
Sin, rodesac isini elementTa erTidaigive 
raodenobisagan Sedgeba. amitom, Tu ori 
usasrulo simravle erTmaneTis eqvivalen-
turia, bunebrivia CavTvaloT, rom isini el-
ementTa Tanabari `raodenobisagan~ Sedge-
bian. eqvivalenturobis amgvar ganmartebas 
usasrulo simravleebisaTvis sakmaod mou-
lodnel Sedegamde mivyavarT. 

ganvixiloT sasruli simravlis sakuTri-
vi qvesimravle (e.i. qvesimravle romelic 
aracarieli da ar emTxveva mocemul simrav-
les), maSin elementTa raodenoba qvesir-
avleSi naklebi iqneba mocemuli simravlis 
elementebis raodenobaze. e.i. nawili nakle-
bia mTelze. bunebrivia davsvaT kiTxva: aqvs 
Tu ara igive Tviseba usasrulo simravles? 
an azriani Tu ara aseTi tipis debuleba: 
erTi usasrulo simravle `naklebia~ meore 
usasrulo simravleze? an SeiZleba gagviC-



16

ndes mosazreba, rom yvela usasrulo sim-
ravle erTmaneTis eqvivalenturia. 

naturalur ricxvTa N, mTel ricxvTa Z, 
racionalur ricxvTa Q da namdvil ricxvTa 
R simravleebisaTvis samarTliani Semdegi 
CarTvebi: N⊂Z⊂Q⊂R. ganvixiloT pirveli 
CarTva N⊂Z. nebismieri naturaluri ricxvi 
mTelia da amitom naturalur ricxvTa sim-
ravle `naklebia~ mTel ricxvTa simravleze, 
amasTan, naturalur ricxvTa simravle aris 
mTel ricxvTa simravlis sakuTrivi qvesim-
ravle, radgan yvela mTeli ricxvi natural-
uri ar aris. miuxedavad amisa, naturalur da 
mTel ricxvTa simravleebi eqvivalenture-
bi arian. urTierTcalsaxa Tanadoba my-
ardeba Semdegi SesabamisobiT: yovel luw 
naturalur ricxvs, romelsac aqvs saxe 2k, 
SevusabamoT mTeli ricxvi k, xolo 2k+1 sax-
is kent naturalur ricxvs SevusabamoT -k 
da bolos, naturalur ricxvs 1 SevusabamoT 
mTeli ricxvi 0. amrigad, mTeli ricxvebi 
Cven SegviZlia gadavnomroT naturaluri 
ricxvebiT. simravles, romlis element-
ebis gadanomrva SesaZlebelia naturaluri 
ricxvebiT, Tvladi simravle ewodeba. Cven 
ukve vaCveneT, rom mTel ricxvTa simravle 
Tvladia, odnav garTulebuli msjelobaa 
sakmarisi racionalur ricxvTa simravlis 
Tvladobis dasamtkiceblad. simravleTa 
Teoriis fuZemdebelma, germanelma maTema-
tikosma georg kantorma aCvena, rom namdvil 
ricxvTa simravle Tvladi ar aris. aqedan ki 
gamomdinareobs, rom R-is simZlavre natu-
ralur ricxvTa simZlavres aRemateba. nam-
dvil ricxvTa simravleze amboben, rom igi 
kontinuumis simZlavrisaa. 

amis Semdeg SegviZlia CamovayaliboT 
hilbertis pirveli problema:

kontinuum-hipoTeza. eqvivalenturo-
bamde sizustiT arsebobs mxolod ori tipis 
usasrulo simravle: Tvladi da kontinuumi.

amrigad, amocana ase dgas: arsebobs Tu 
ara Sualeduri simZlavris iseTi T simrav-
le, romelic arc N-is eqvivalenturia da 
arc R-is, amasTan N⊂T⊂R.

kontinuum-hipoTeza Camoayaliba kan-
torma da igi wlebis maZilze uSedegod cdi-
lobda mis damtkicebas. kantoris Taname-
droveTa Soris hilberti im umciresobis 
warmomadgeneli aRmoCnda, romelic mixvda 
simravleTa Teoriis udides mniSvnelobas 
da cdilobda kontinuum-hipoTezis damt-
kicebas Tavis TanamSromlebTan erTad 
problemaTa ricxvSi mis Setanamde da mom-
devno wlebSic. 

maTematikuri debulebis damtkiceba niS-
navs mis gamoyvanas TeoriaSi daSvebuli wese-
biT aqsiomaTa im sistemidan, romelic moce-
mul Teorias safuZvlad udevs. aqsiomebis 
arCevis dros arsebobs garkveuli Tavi-
sufleba, magram yvela SemTxvevaSi isini 
bunebrivad Cndebian sinamdvilis Semecne-

bidan. simravleTa Teoria, romlis nawili-
caa zemoT moyvanili msjelobebi, aqsiomaTa 
konkretul sistemas eyrdnoba. mas cerme-
lo-frenkelis aqsiomaTa sistema ewodeba. 
kontinuum-hipoTezis damtkiceba niSnavs 
mis gamoyvanas aqsiomaTa am sistemidan. misi 
uaryofa ki niSnavs imas, rom Tu aqsiomaTa am 
sistemas davumatebT kontinuum-hipoTezas 
rogorc aqsiomas, miRebul TeoriaSi iarse-
bebs erTmaneTis sawinaaRmdego debulebebi.

aRmoCnda, rom hilbertis pirvel prob-
lemas moulodneli pasuxi aqvs. 1963 wels 
amerikelma maTematikosma da logikosma 
paul koenma aCvena, rom cermelo-frenkelis 
aqsiomaTa sistemaSi kontinuum-hipoTezas 
verc daamtkiceb da verc uaryof. pol koens 
maTematikosTa me-15 kongresze, moskovSi, 
1966 wels fildsis premia mianiWes.

miTiTeba iseTi tipis maTematikuri de-
bulebebis arsebobis Sesaxeb, romlebsac 
verc uaryof da verc daamtkiceb, pirve-
lad avstriuli warmoSobis amerikelma 
logikosma kurt giodelma gaakeTa. 

me-19 saukunis bolos d.pianom (1858-1932) 
ariTmetika aqsiomebze daafuZna, riTac 
ariTmetika aqsiomatur mecnierebad iqca. 
Teoriis arawinaaRmdegobriobis amocana ki, 
dedekindis (1831-1916) Tanaxmad, nebismieri 
aqsiomatur sistemaze dafuZnebuli Teori-
isaTvis ismeba. 1931 wels giodelma daamt-
kica, rom nebismier aqsiomaTa sistemis sis-
rule SeuZlebelia damtkicdes mocemuli 
aqsiomaTa sistemis farglebSi. damtkicebi-
saTvis an uaryofisaTvis saWiroa damate-
biTi aqsiomebi. giodelis am Teoremas uwo-
deben Teoremas arasrulobis Sesaxeb. igi 
iZleva pasuxs hilbertis meore problemaze. 

hilbertis problemaTa umravlesobas 
TiTqos dasasruli ar aqvs. maTi sxvadasxva 
ganzogadebebi fundamenturi maTematikuri 
debulebebia. am mxriv umniSvnelovanesi amo-
canebi aRmoCndnen pirveli da meore prob-
lemebi. giodelis Teorema erTi SexedviT 
wminda maTematikuri debulebaa da SeiZleba 
CavTvaloT, rom igi Cven `ar gvexeba~, magram 
es mxolod erTi SexedviT Cans. ingliseli 
maTematikosi da fizikosi rojer penrouzi 
(daibada 1931 wels) amtkicebs, rom giodel-
is Teorema SesaZlebelia gamoyenebuli iq-
nas bunebriv da xelovnur inteleqts Soris 
sazRvris gasavleblad. penrouzi Sedegnai-
rad msjelobs: kompiuteri mkacrad Sez-
Rudulia aqsiomaTa sistemiT. sazogadod, 
mas ar SeuZlia gansazRvros debulobis 
mcdaroba-WeSmariteba. giodelis Teore-
mis Tanaxmad ki aseTi debuleba arsebobs. 
adamiani ki, rodesac analogiur problemas 
gadaawydeba, yoveldRiuri gamocdilebiT 
myisierad iRebs gadawyvetilebas. amitom 
arsebobs SemTxvevebi, rodesac adamiani WeS-
mariT gadawyvetilebaTa miRebis Tvalsaz-
risiT upiratesobas flobs kompiuterTan 
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SedarebiT. adamianis tvins SeuZlia SeigrZ-
nos giodelis Teoremis mTeli siRrme, xolo 
kompiuters ki ara _ askvnis penrouzi.

manqanis da adamianis inteleqtis saz-
Rvrebis kvleva aris smeilis me-18 prob-
lema. penrouzis msjelobas smeili mxolod 
nawilobriv eTanxmeba da aRniSnavs, rom 
maTematika rogorc Semecnebis saSualeba 
gasafarToebelia. magaliTad, mas unda dae-
matos swavleba, rogorc maTematikuri Teo-
ria _ ambobs smeili.

me-7 problema

ricxvs ewodeba algebruli, Tu is aris 
mTelkoeficientebiani polinomialuri 
gantolebis fesvi. cxadia, rom racional-
uri ricxvebi algebrulia. Sebrunebuli 
debuleba ki samarTliani ar aris, arsebobs 
algebruli ricxvi, magaliTad √2, romelic 
ar aris racionaluri, magram aris algebru-
li, radgan x2-2=0  mTelkoeficientebiani 
kvadratuli gantolebis amonaxsnia. didi 
drois manZilze amouxsneli iyo amocana: 
arsebobs Tu ara araalgebruli namdvili 
ricxvi? frangma maTematikosma J.liuvilma 
(1809-1882) aCvena, rom aseTi namdvili ricx-
vebi arseboben. maT transcendentuli ricx-
vebi ewodebaT. transcendentuli ricxvis 
arsebobis liuvilis Teoremidan ver ga-
varkvevT, aris Tu ara raime ricxvi alge-
bruli, ara da es Zalze mniSvnelovania. 
magaliTad, Tu gvecodineba, rom π transcen-
dentulia, maSin advilad ixsneba sami Zveli 
berZnuli amocanidan (kubis gaormageba, 
kuTxis triseqcia da wris kvadratura) erTi 
_ wris kvadraturis amocana. π-s transcen-
dentuloba 1882 wels daamtkica germanelma 
maTematikosma karl lindemanma (1852-1939).

hilbertis me-7 problema yalibdeba Sem-
degnairad:

vTqvaT a 1-sagan gansxvavebuli dadebiTi 
algebruli ricxvia, b -ki iracionaluri al-
gebruli ricxvi. vaCvenoT, rom ab transce-
dentuli ricxvia.

zemoT moyvanili debulebis damtkice-
ba (1934 weli) ekuTvnis rus maTematikos 
aleqsandre gelfonds (1906-1968) da ger-
manel mecniers Teodor Snaiders (1911-
1988).

gelfond-Snaideris TeoremiT advilad 
ixsneba Semdegi amocana:

vTqvaT a da b iracionaluri ricxvebia. 
SesaZlebelia Tu ara ab iyos racionaluri? √2 
iracionaluri da algebrulia, amitom Teo-
remis Tanaxmad √2√2 transcendentulia da aqe-
dan iracionaluria. amrigad, gvaqvs ori ira-
cionaluri ricxvi a=√2√2 da b=√2. ganvixiloT 
ab=√2√2√2=2, miviReT racionaluri ricxvi.

aqve SevniSnoT, rom Cven imaze meti gava-
keTeT, vidre gvekiTxebodnen. Cven ara mar-
to amocanis pirobebis damakmayofilebeli 

a da b iracionaluri ricxvebis arseboba da-
vamtkiceT, aramed cxadad davwereT isini. 
amaSi gelfond-Snaideris Teorema mogvexma-
ra, romlis saSualebiTac davaskveniT, rom 
√2√2 iracionaluria. amocanaze damakmayo-
filebel pasuxs gavcemT maSinac, rodesac 
cnobili ar aris √2√2 racionaluria Tu ara 
marTlac, Tu √2√2 racionaluria, maSin amo-
cana amoxsnilia, Tu iracionaluria, maSin 
√2√2√2 racionaluria da amrigad, arseboba 
damtkicebulia. 

me-10 problema

berZeni maTematikosi diofante cdilob-
da amoexsna amocana:

mocemulia mTelkoeciecientebiani gan-
toleba. aqvs Tu ara mas amonaxsni mTel 
ricxvebSi.

magaliTad,

x2+y2=z2

mTelkoeficientebian gantoleba SesaniSna-
vi Tvisebis matarebelia. Tu (x0 , y0 , z0) sameu-
li am gantolebas akmayofilebs, maSin x0 , y0 
da z0-is toli monakveTebisagan SesaZlebe-
lia avagoT marTi kuTxe. am gantolebas ak-
mayofilebs (3, 4, 5) mTeli ricxvebi. advilad 
aRiwereba agreTve gantolebis yvela natu-
raluri amonaxsni:

x = (m2 - n2) l, (m < n);

y = 2mnl;

z = (m2 + n2) l .

agreTve x-is da z-is adgilebis SecvliT 
miRebuli ricxvebi amowuraven gantolebis 
yvela naturalur amonaxsns, sadac m, n da l 
nebismieri naturaluri ricxvebia.

zemoT moyvanili gantolebis bunebrivi 
ganzogadebaa

xn + yn = zn,  n ∈ N

fermas gantoleba. fermas didi Teore-
mis Tanaxmad, am gantolebas, rodesac n > 2 
amonaxsni ar aqvs mTel ricxvebSi. bolo ori 
gantoleba, formalurad, erTmaneTisagan 
TiTqos umniSvnelod gansxvavdebian, magram 
aRmoCnda, rom ukanaskneli Zalze rTuli 
amocanaa. magaliTad, gantolebas

xn + yn = 2zn,  n ∈ N,

romelic fermas gantolebaze ufro rTuli 
Cans, nebismieri n ∈ N-saTvis uamravi amonaxs-
ni aqvs: x = y = z = k, k∈N. saukuneebis manZilze 
fermas didi Teoremis damtkicebas cdilob-
da Tavisi drois TiTqmis yvela didi maTema-
tikosi da ara marto maTematikosebi, aramed 
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moyvarulTa mTeli armia. aseTi enTuziazmi 
SesaZloa im premiiTac (asi aTasi marka) iyo 
ganpirobebuli, romelic, mogvianebiT, 1907 
wels germanelma moyvarulma volfskelma 
daawesa. faqti isaa, rom fermas didi Teorema 
hilbertma problemaTa nusxaSi ar Seitana. 
ra motiviT sargeblobda hilberti, dRes 
Znelia axsna, rodesac man problema nomriT 
10, Camoayaliba Semdegnairad: 

vipovoT meTodi, romelic sasrul nabi-
jSi gaarkvevs, aris Tu ara amoxsnadi mTel 
ricxvebSi diofanturi gantoleba.

hilberti xmarobs maTematikis Tvalsaz-
risiT bundovan sityvas `meTodi". amitom 
problemis maTematikurad gamarTul dasmas 
wlebi dasWirda. meoce saukunis 30-ian wleb-
Si sityva meTodi `algoriTmiT~ Seicvala. 
ingliselma maTematikosma da logikosma, 
alan tiuringma (1912-1954), Tavis erT-erT 
naSromSi, romelic hilbertis me-2 prob-
lemis analizs miuZRvna, Semoitana al-
goriTmis mkacri ganmarteba. amitom Taname-
drove gagebiT hilbertis me-10 problema 
Sedgeba Tvladi raodenobis qveamocanaTa 
erTobliobisagan (e.i. mocemulia konkre-
tuli diofanturi gantoleba), romelTagan 
TiToeulis amoxsna gulisxmobs vupasuxoT 
kiTxvas, arsebobs algoriTmi Tu ara (ixsne-
ba Tu ara gantoleba mTel ricxvebSi). aseTi 
tipis amocanis amoxsna ki gulisxmobs iseTi 
algoriTmis agebas, romelic yoveli sawyisi 
monacemebisaTvis, romelic individualur 
amocanas gansazRvravs, gvaZlevs sasurvel 
pasuxs. hilberts aseTi algoriTmis arsebo-
bis sjeroda. fermas gantoleba individu-
alur gantolebaTa ricxvSi ar Sedis, magram 
gantolebis gadawera SesaZlebelia misi 
eqvivalenturi formiT imgvarad, rom misi 
amoxsna gamomdinareobdes hilbertis me-
10 problemidan. es mxolod maSin, Tu hil-
bertis problemaze pasuxi dadebiTia, anu 
Tu algoriTmi arsebobs. 1970 wels rusma 
maTematikosma i.matiaseviCma (daibada 1947 
wels) aCvena, rom aseTi algoriTmi ar arse-
bobs, da amrigad, hilbertis optimizmi ar 
gamarTlda. amis Semdeg, bunebrivia, fermas 
didi Teorema misi Sedegi veRar iqneboda. 

21-e problema

msoflioSi ar arsebobs arc erTi met-
naklebad cnobili maTematikuri skola, 
romelsac me-20 saukunis raime periodSi 
hilbertis romelime problemis amoxsni-
saken ar miemarTos Zalisxmeva. am mxriv gam-
onaklisi arc qarTuli maTematikuri skola 
yofila. n. musxeliSvilma da misma Tanamoaz-
reebma srulad amoxsnes riman-hilbertis 
sasazRvro amocana, romelic gulisxmobs 
iseT analizur funqciaTa wyvilis agebas, 
romlebic uwyvetad gagrZelebadni arian 
TavianTi gansazRvris aris sazRvramde da 

sazRvarze akmayofileben winaswar moce-
mul pirobas. es amocana ar Sedis hilber-
tis problemebis nusxaSi, magram hilberti, 
iseve rogorc rimani (1826-1866), romelmac 
pirvelma dasva amocana (romelzedac qve-
moT gveqneba saubari), zemoT moyvanil sa-
sazRvro amocanas Tvlidnen ZiriTadi amo-
canis amoxsnis erT-erT yvelaze realur 
damxmare amocanad. 

mivyveT problemis istorias qronolo-
giurad, radgan es `dramatuli~ istoria 
TiTqmis mTel me-20 saukunes moicavs da 
maTematikuri azris ganviTarebis ramdenime 
gardamtex movlenas exmianeba.

amrigad, hilbertis 21-e problema gu-
lixmobs iseTi meromorful koeficiente-
biani wrfivi gantolebaTa sistemis agebas, 
romelsac eqneba winaswar mocemul werti-
lebSi pirveli rigis polusebi da winas-
war mocemuli monodromiis jgufi. qvemoT 
moyvanili msjeloba ar saWiroebs am prob-
lemaSi miTiTebuli maTematikuri cnebebis 
zust formulirebas, masze zerele warmod-
gena, an Tundac terminis damaxsovrebac ki 
sruliad sakmarisia Cveni miznis misaRwevad. 

hilbertis 21-e problemaSi miTiTebuli 
amocana rimanma dasva Tavis erT-erT daum-
Tavrebel naSromSi. man, rogorc aRvniSneT, 
amocanis amoxsnis erT-erT gzad miiCnia spe-
cialuri saxis sasazRvro amocanis amonaxs-
nisagan monodromiuli amocanis amonaxsnis 

jozef plemeli (1873-1967),
slovenieli maTematikosi.  venis 

universitetis damTavrebis Semdeg 
gadavida giotingenis universitetSi, 

sadac gaxda d.hilbertisa da f.klainis 
mowafe da mimdevari. avstro-ungreTis 

monarqiuli saxelmwifos daSlis 
Semdeg, 1919 sacxovreblad gadavida 

sloveniaSi, sadac liublianis 
universitetis profesori iyo 

gardacvalebamde. igi iyo serbeTis, 
bavariis da sloveniis mecnierebaTa 

akademiebis wevri.
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ageba. hilbertma, rimanis mier SemoTavaze-
buli meTodiT marTlac amoxsna amocana, 
mxolod kerZo SemTxvevisaTvis. zogadi amo-
cana ki Seitana Tavis problemaTa nusxaSi. 

aqve SevniSnoT, rom a. puankarem (1854-
1912) n-uri rigis skalaruli gantolebis 
SemTxvevaSi amocanis amomwuravi analizi 
gaakeTa da miuTiTa garkveul fenomenze, 
romelic amocanas axasiaTebda skalaruli 
gantolebisaTvis. 

J. plemeli gahyva rimanis da hilbertis 
SemoTavazebul meTods: jer sasazRvro amo-
cana amoxsna, xolo Semdeg ki misi saSuale-
biT hilbertis 21-e problema. maSindelma 
maTematikurma sazogadoebam da rogorc 
Cans hilbertmac, miiRo plemelis damt-
kiceba da hilbertis 21-e problema amoxs-
nilad CaiTvala (1908 w.). plemelis naSromi 
ori nawilisagan Sedgeba: a) riman-hilbertis 
sasazRvro amocana da b) riman-hilbertis 
monodromiuli amocana. plemelis Semdeg 
es amocanebi maTematikis damoukidebel 
dargebad ganixileboda da maTi kvleva 
xdeboda sxvadasxva dasmiT, radgan orive 
amocanam mravalmxrivi gamoyeneba hpova. 
dRes riman-hilbertis amocanis meTodiT 
cnobilia kompleqsuri analizis is mimar-
Tuleba, romelic maTematikuri fizikis 
arawrfivi gantolebebis, kompiuteruli 
algebris diferencialuri gantolebebis 
kvadraturebSi integrebadobis, Teori-
uli fizikis zustad amoxsnadi modelebis 
da gabnebis Sebrunebuli amocanis kvlevis 
erT-erTi ZiriTadi instrumentia.

riman-hilbertis sasazRvro amocanis 
kvlevis sferoSi qarTuli matematikuri 
skola nikoloz musxeliSvilis xelmZR-
vanelobiT me-20 saukunis 40-iani wlebidan 
moyolebuli lideri samecniero skola gax-
da. monodromiul amocanas ki mravali qvey-
nis elitaruli samecniero koleqtivebi 
amuSavebden sxvadasxva ganzogadebuli das-
miT. 70-ian wlebSi rusma da frangma maTema-
tikosebma erTmaneTisagan damoukideblad 
SeniSnes, rom plemeliseuli monodromiuli 
amocanis amoxsna garkveul xarvezebs Sei-
cavda. kerZod, yovelTvis ver xerxdeboda 
gantolebaTa sistemis miyvana pirveli ri-
gis polusebis mqone diferencialur gan-
tolebaTa sistemaze. miuxedavad amisa, ple-
melis saboloo Sedegis marTebulobaSi eWvi 
aravis Seutania manam, sanam 1990 wels rusma 
maTematikosma andrei bolibruxma (1950-
2013) kontrmagaliTi ar aago. man aCvena, 
rom sibrtyeze wertilTa nebismieri kon-
figuraciisaTvis arsebobs gadaugvarebel 
matricTa jgufis qvejgufi, romelic ar 
realizdeba rogorc pirveli rigis po-
lusebis mqone diferencialur gantole-
baTa sistemis monodromiis jgufi! amrigad, 
hilbertis 21-e problemas, iseve rogorc 
me-10-s da me-14-s uaryofiTi pasuxi aqvs. 

plemelis Secdoma da rogorc Cans misi 
SeumCnevlobac, gamowveuli iyo amocanis 
amoxsnisadmi arasaTanado, gaumWvirvale 
maTematikuri aparatis gamoyenebiT. a. boli-
bruxma amocanis analizi germaneli maTema-
tikosis h.riorlis (daib.1927 w.) midgomiT 
moaxdina. rac gulisxmobda amocanis Ses-
wavlas algebruli topologiis meTodebiT. 
me-20 saukunis 60-ian wlebSi algebrulma 
topologiam maTematikuri analizis mra-
val amocanaSi Seitana sicxade. am periodSi 
damtkicda atia-zingeris cnobili Teorema 
indeqsis Sesaxeb, romelic maTematikur dis-
ciplinaTa erTianobis klasikuri nimuSia. 
verc riorlma da Semdgom verc pier delin-
ma (daib. 1944 w.), romelmac diferencialuri 
gantolebebis globaluri Teoria daafuZna 
algebruli topologiis meTodebiT, ple-
melis mtkicebaSi uzustoba ver SeniSnes, 
Tumca maT miznad pirveli rigis polusebis 
mqone sistemis agebis mcdeloba arc hqo-
niaT. isini Semoifarglnen gantolebaTa 
ufro farTo klasiT, romelic regularul 
gantolebaTa sistemis saxeliTaa cnobili. 
sistemaTa am klasisaTvis samarTliani ple-
melis Sedegic.

plemelis naSromze dayrdnobiT n. musx-
eliSvilma riman-hilbertis sasazRvro amo-
canisaTvis Semoitana e.w. kerZo indeqsebi 
da miuTiTa, rom am invariantis gareSe, ro-
melic plemelis ar hqonda, amocanis amoxsna 
srulyofilad ver CaiTvleboda. rogorc 
Cans, n.musxeliSvilma plemelis msjelobaSi 
xarvezebi SeniSna, es igrZnoba misi cnobili 
monografiis `singularuli integraluri 
gantolebebis~ pirvel gamocemaSi gakeTe-
buli delikaturi SeniSvnebidan, Tumca amis 
Sesaxeb igi cxadad arsad ar aRniSnavs. xolo 
rac Seexeba monografiis mesame gamocemas, aq 
igi sabolood uars ambobs gahyves plemelis 
msjelobas nawilobrivadac ki da riman-hil-
bertis sasazRvro amocanis amoxsnis ple-
melisagan gansxvavebul originalur gzas 
gvTavazobs. mogvianebiT gairkva, rom kerZo 
indeqsebs aqvT algebrul-topologiuri in-
terpretacia da misi saSualebiT dgindeba 
hilbertis monodromiuli amocanis amoxs-
nis sakmarisi piroba. rogorc a. bolibruxma 
aCvena, hilbertis 21-e problemis amoxsnado-
bis sakmarisi pirobaa Sesabamisi sasazRvro 
amocanis kerZo indeqsebis nulTan toloba.

dRemde cnobili ar aris sad gadis sazR-
vari hilbertis 21-e problemis uaryofiT 
pasuxsa da matricul riman-hilbertis sa-
sazRvro amocanis srul analizs Soris. anu, 
cnobili ar aris, ratom ar axdens gavlenas 
hilbertis 21-e problemis uaryofiTi pa-
suxi riman-hilbertis sasazRvro amocanis 
musxeliSviliseul amoxsnaze. manam, sanam 
pasuxi ar gvaqvs kiTxvaze, TeoriaSi raRac 
ar gvesmis _ aseTi iyo hilbertis damokide-
buleba problemebis mimarT.
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CanarTebi

singularuli (gansakuTrebuli) 
wertili

funqciis gansakuTrebul (singularul) 
wertilad iTvleba is wertili funqciis 
gansazRvis aredan, sadac funqciis yofaqce-
va Tvisobrivad gansxvavdeba `wertilTa um-
ravlesobaSi~ funqciis Tvisebebisagan. wer-
tilTa am umravlesobas zogad wertilebs 
uwodeben. amrigad, gansakuTrebuli wer-
tilSi funqciis zogadi Tviseba irRveva.

 
mzis sistemaSi Semavali planetebi moZ-

raoben mzis mizidulobis Zalis gavleniT. 
maTTvis samarTliania kepleris kanonebi. 
kepleris pirveli kanonis Tanaxmad plan-
etebi moZraoben elifsur (romlis erT 
fokusSi mzea moTavsebuli) traeqtoriaze. 
mzis sistemis planetebisaTvis mze `gansa-
kuTrebuli wertilia~ im TvalsazrisiT, 
rom planetis dinamikuri Tvisebebi arseb-
ulTan SedarebiT gansxvavebulia, rodesac 
planeta mzes miuaxlovdeba.

fermas didi Teorema

fermas didi Teoremis saxelwodebiT 
cnobili Teorema modis Zveli berZeni 
maTematikosis diofantes (daax. me-3 sau-
kune Cvens welTaRricxvamde) naSromidan 
`ariTmetika". diofantes es naSromi 13 wig-
nisagan Sedgeba da am traqtatis erT-erTi 
gverdis velze, frangma maTematikosma 
pier fermam (1601-1665) miawera Teorema: 
xn + yn = zn diofantur gantolebas ar aqvs 
amonaxsni mTel ricxvebSi, rodesac n>2. 
amasTan, iqve miuTiTa, rom mis mier mo-
fiqrebuli Wkuamaxviluri damtkicebi-
saTvis sakmarisi ar iyo gverdis veli, ris 
gamoc ver moiyvanda Teoremis srul damt-
kicebas. amrigad, Cvenamde moaRwia deb-
ulebam damtkicebis gareSe, romelic dRes 
samecniero literaturaSi fermas didi, 
an fermas ukanaskneli Teoremis saxeliT 
moixsenieben. Teoremis Camoyalibebidan 
TiTqmis sami saukunis Semdeg ingliselma 
maTematikosma endriu uailsma daamtkica 
es Teorema 1994 wels. Teoremis damtkice-
ba 129 saJurnalo gverdia.

kantori _ burbaki _ groTendiki

kantorma aRmoaCina minimalur funda-
mentur ideaTa sia, romlis gamoyenebiTac 
SesaZlebelia SevqmnaT araCveulebrivad 
Rrma maTematika. es aris simravleTa Teo-
ria, romelzedac hilbertma Tqva: `Cven ve-
ravin gamogvaZevebs im samoTxidan, romelic 
kantorma Seqmna". kantoris azris Semdgomi 
ganviTarebaa burbakis struqtura. burbaki 
cdilobda maTematikis yvela dargisaTvis, 
romelic ar unda yofiliyo igi -algebra, 
geometria, albaTobis Teoria Tu topolo-
gia, erTiani ena Seeqmna. burbakis erT-erTi 
umniSvlovanesi damsaxureba isaa, rom man es 
moaxerxa. universaluri enis safuZveli gax-
da struqtura. burbakis Semdeg nebismieri 
maTematikuri obieqti aris simravle dam-
atebiTi monacemebiT, rac kvlav simravlur 
enaze yalibdeba. magaliTad, jgufi aris sim-
ravle da kompoziciis kanoni da a.S.

arc kantori da Semdgom arc burbaki, 
gulgrilni ar iyvnen fizikis mimarT. isini 
grZnobdnen, rom maTematikis maTeuli safuZ-

endriu uailsi 
daibada 1953 wels kembrijSi, did 

britaneTSi. maTematikuri ganaTleba 
miiRo oqsfordis universitetSi. 1982 
wlidan cxovrobs aSS-Si, amJamad aris 

prinstonis universitetis profesori. 
fermas Teoremis damtkicebas  uailsi 

jer kidev skolaSi swavlisas cdilobda 
elementaruli maTematikis meTodebiT.  

sauniversiteto ganaTlebis Semdeg, 
1986 wels igi kvlav daubrunda fermas 

Teoremis damtkicebis mcdelobas. 
am dros cnobili gaxda fermas 

Teoremis kavSiri elifsur wirebsa da 
modularul funqciebTan, rac uailsis 
mtkicebis ZiriTadi instrumenti gaxda. 

endrou uailsi mravali samecniero 
premiis mflobelia. maT Sorisaa 
volfis premia, aSS nacionaluri 

akademiis jildo, makarturis stipendia 
da sxva. endrou uailsi atarebs seris 

tituls. 
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nikola burbaki
frang maTematikosTa jgufi, romelic burbakis fsev-
donimimiT moRvaweobda (1935 wlidan) da miznad isaxav-
da mTeli maTematikuri codnis erTiani maTematikuri 
eniT gadmocemas. maTi ambiciuri ganzraxvis Sedegia 
mravaltomiani zogadmaTematikuri traqtati. burba-
kis Sesaxeb mravali legenda arsebobs. burbakis mani-
festi Seicavda jgufis qcevis wesebs da miznebs. jgufi 
me-20 saukunis 80-ian wlebSi daiSala. amJamad burbakis 
saxels atarebs gamorCeuli stilis seminari sorbonis 
universitetSi. seminarze gakeTebuli moxsenebebi peri-
odulad qveyndeba.

aleqsand groTendiki (d. 1928 w.)
frangi maTematikosi, fildsis premiis laureati (1966 
w.). gamorCeulad erudirebuli maTematikosi, maRali mo-
qalaqeobrivi grZnobis da araordinaluri qcevis mecn-
ieri. sabWoTa kavSirSi adamianis uflebebis darRvevis da 
meore msoflio omis Semdeg aRmosavleT evropis qveynebis 
mimarT sabWoTa sagareo politikis mkacri kritikosi. man 
Segnebulad uari Tqva monawileoba miiRo maTematikosTa 
saerTaSoriso kongresis muSaobaSi moskovSi, 1966 wels, 
sadac misTvis fildsis oqros medali unda gadaecaT. kon-
gresis muSaobis periodSi igi gaemgzavra vietnamSi, rom-
lis winaaRmdegac amerikis SeerTebuli Statebi agresiul 
oms awarmoebda da hanois universitetis studentebisaT-
vis waikiTxa leqciebi etalur kohomologiaSi. ramdenime 
aTeuli welia groTendiki CamoSorda aqtiur pedagogiur 
da samecnero moRvaweobas da ganmartoebiT cxovrobs saf-
rangeTis erT-erT provinciul qalaqSi. misi ukanaskneli 
samecniero naSromebi da avtobiografiuli esse xelnawer-
is saxiT gavrcelda.

kurt giodeli
daibada 1906 wels CexeTSi, qalaq brnoSi, romelic im 
dros avstro-ungreTis imperiaSis Sedioda. daamTavra 
venis universiteti. 1940 wels sacxovreblad gadavida 
aSS-Si da muSaobda prinstonis universitetis perspeq-
tiuli kvlevebis institutSi. gardaicvala prinstonSi 
1978 wels. dajildovebulia aSS-is eronuli samecniero 
medliT (19974 w.) da albert ainStaianis priziT (1951 w.) 

georg kantori (1845-1918)
germaneli maTematikosi, simravleTa Teoriis fuZemde-
beli. misi iniciativiT Catarda maTematikosTa pirveli 
saerTaSoriso kongresi ciurixSi 1897 wels. gardaicv-
ala fsiqikurad daavadebulTa klinikaSi. mecnierebis 
istorikosebi miuTiTeben, rom misi fsiqiuri aSli-
loba moyva im mZime depresiebs, rac gamowveuli iyo 
kantoris Svilis gardacvalebiT, kontinuum-hipoTezis 
damtkicebis ramdenjerme warumatebeli mcdelobiT, 
kolegebis mier misi Teoriis miuReblobiT da mwvave, 
Seuracxmyofeli kritikiT.
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vlebi fizikas unda gamoeyenebina da am-
rigad maTSi unda yofiliyo raRac fizikuri. 
aracxadad, aseTi fizikuroba maTSi marTlac 
aris, rac mogvianebiT, 70-ian, 80-ian wlebSi ga-
moCnda, rodesac fizikidan wamosuli maTema-
tikuri ideebis da hipoTezebis dazuste-
ba daiwyes maTematikosebma kategoriaTa 
Teoriis farglebSi homologiuri algebris 
aparatiT. a. groTendiki iyo is pirvelaRmom-
Ceni, romelmac burbakis Semdeg erTiani enis 
Seqmnis zogadmaTematikuri idea daagvirgvi-
na kategoriaTa (toposi) TeoriiT.

aTaswleulis problemebi
P
P da NP klasebis toloba;

hojis hipoTeza;

puankares hipoTeza;

rimanis hipoTeza;

iang-milsis Teoria;

navie-stoqsis gantolebis amonaxsnis 
arseboba da sigluve;

biorC-svinerton-daieris hipoTeza.

avtoris eleqtronuli misamarTi
gia.giorgadze@tsu.ge

fildsis oqros medali da premia
umaRlesi samecniero jildo maTematikaSi. medali at-
arebs kanadeli maTematikosis jon fildsis saxels, 
romlis iniciativiTac 1924 wels torontoSi mimdinare 
maTematikosTa me-7 saerTaSoriso kongresze iqna miRe-
buli premiisa da medlis daweseba axalgazrda maTema-
tikosebisaTvis (asaki ar aRemateba 40 wels premiis gada-
cemis momentSi) maTematikaSi Setanili gansakuTrebuli 
wvlilis aRiarebis niSnad. premiisa da medlis gadacema 
xdeba 4 weliwadSi erTxel maTematikosTa saerTaSor-
iso kongresze. pirveli premia gaica 1935 wels. premire-
bul maTematikosTa maqsimaluri raodenoba, premiis 
debulebiT, 1966 wlamde ori iyo, xolo 1966 wlidan 
ki oTxia. iTvleba, rom nobelis premiis eqvivalenti 
maTematikosebisaTvis (nobelis premia maTematikaSi, 
nobelis anderZis Tanaxmad, ar gaicema) aris fildsis 
premia, Tumca finansurad igi 10-jer naklebia nobelis 
premiaze. finansuri TvalsazrisiT nobelis premia-
sTan miaxloebulia (1.2 milioni aSS dolari) abelis 
premia, romelic 2006 wlidan gaicema da ar aqvs asako-
brivi SezRudva. fildsis medali mzaddeba 14-karatiani 
oqrosagan, romlis erT mxares gamosaxulia arqimede. 
medlis am mxares aqvs warwera laTinurad `Transire 
suum pectus mundoque potiri~ (gadaaWarbe adamianur 
sisusteebs da daipyari samyaro), xolo meore mxares ki 
aweria `Congregati ex toto orbe mathematici ob scripta insig-
nia tribuere~ (mTeli samyaros aq Sekrebili maTematikose-
bi gajidoveben gamorCeuli samecniero naSromebisaT-
vis). msoflioSi, premiis daarsebidan dRemde, fildsis 
premiis laureatia 50 maTematikosi.
 

stiven smeili (daibada 1930 wels)
amerikeli maTematikosi, fildsis (1966 w.) da volf-
is (2007 w.) premiebis laureati, amerikis SeerTebuli 
Statebis nacionaluri samecniero medlis (1996 w.) 
mflobeli. kaliforniis universitetis profesori 
1960-1961 da 1964-2005 wlebSi, amJamad emeritus-profe-
sori (berkli) da hon kongis universitetis profesori. 
diferencialur topologiaSi, dinamiur sistemebis da 
gamoTvlebis sirTulis TeoriebSi smeilis saxels at-
arebs 20-mde Teorema, cneba da konstruqcia. 21-e sauku-
nis problemebi gamoaqveyna 1998 wels. im 18 problemi-
dan, romelic smeilis problemebis saxeliTaa cnobili, 
3 Sesulia aTaswleulis problemaTa ricxvSi. smeili 
aris aSS-is nacionaluri akademiis wevri.
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magaliTi 1. vipovoT albaToba imisa, rom wesieri saTamaSo kamaTlis erTxel gagorebi-
sas mova 3-is jeradi qula, Tu cnobilia, rom movida luwi qula. 

amoxsna. amocanis pirobebSi, yvela SesaZlo SemTxvevaTa raodenoba aris luwi qulebis 
raodenoba 1-dan 6-mde, anu 3, romlebic erTnairad mosalodnelia da aqedan mxolod erTi 
(2, 4 da 6-dan 6) aris xelSemwyobi. Sesabamisad, albaTobis klasikuri ganmartebis Tanaxmad, 
saZiebeli albaToba iqneba 1/3. 

ganmarteba. A xdomilebis pirobiTi albaToba, pirobaSi, rom adgili hqonda (moxda) B 
xdomileba, aRiniSneba simboloTi P(AB) da ganimarteba Semdegnairad:

( )( | )
( )

P A BP A B
P B

∩
= , Tu P(B)>0.

SeniSvna. Tu albaTobis klasikur ganmartebas ( ) ( ) / ( )P A N A N= Ω  gadavwerT Semdegnai-
rad ( ) ( ) / ( )P A N A N= ∩ Ω Ω , maSin bunebrivi iqneboda pirobiTi albaTobis Semdegi saxiT 
ganmarteba ( | ) ( ) / ( )P A B N A B N B= ∩ , saidanac advilad miviRebT pirobiTi albaTobis zemoT-
moyvanil ganmartebas, Tu wiladis mricxvelsa da mniSvnels gavyofT N(Ω)-ze da visarge-
blebT albaTobis klasikuri ganmartebiT:

( ) ( ) / ( ) ( )( | )
( ) ( ) / ( ) ( )

N A B N A B N P A BP A B
N B N B N P B

∩ ∩ Ω ∩
= = =

Ω
.

magaliTi 2. Tqven iciT, rom Tqvens axal mezobels hyavs 2 Svili. ras udris albaToba 
imisa, rom mas hyavs 2 qaliSvili, Tu cnobilia, rom mas hyavs sul cota erTi qaliSvili?

amoxsna. elementarul xdomilebaTa sivrcea Ω ={bb, bg, gb, gg}, sadac biWi (b) da gogo 
(g) dalagebulia dabadebis TariRis mixedviT. Tu Cven vigulisxmebT, rom biWisa da go-
gos dabadeba erTnairadSesaZlebelia da sxvadasxva bavSvis sqesi damoukidebelia, maSin 
TiToeuli elementaruli xdomilebis albaTobaa 1/4. saZiebeli pirobiTi albaToba iqneba

( ) 1/ 4 1( | , , )
( , , ) 3 / 4 3

P ggP gg bg gb gg
P bg gb gg

= = = .

pirobiTi albaTobis cneba 
da misi gamoyenebebi

omar furTuxia

fizika-maTematikur mecnierebaTa 
kandidati, asocirebuli profesori, 

maTematikis departamentis xelmZRvaneli, 
ivane javaxiSvilis saxelobis Tbilisis 

saxelmwifo universitetis zust da 
sabunebismetyvelo mecnierebaTa 

fakulteti

albaTobis TeoriaSi, xdomilebis albaTobis cnebasTan erTad, bunebrivad Semodis 
e.w. pirobiTi albaTobis cneba. misi SemoRebis aucilebloba nakarnaxevia im gare-
moebiT, rom xdomilebis albaTobis mniSvneloba SesaZlebelia Seicvalos, rodesac 
Cven vRebulobT damatebiTi informacias. magaliTad, filtvebis kiboTi daavadebis 
albaToba mwevelebSi ufro maRalia vidre aramwevelebSi. Tu Tqven dagaviwydaT 
telefonis ori cifri, maSin albaToba imisa, rom SemTxveviT akrefili ori cifri 
SegaerTebT sasurvel abonentTan aris 1/100, maSin rodesac, Tu Tqven gagaxsendaT, 
rom es cifrebi iyo gansxvavebuli, igive xdomilebis albaToba iqneba ukve 1/90.
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magaliTi 3. Tqven iciT, rom Tqvens axal mezobels hyavs 2 Svili. erT dRes Tqven dainax-
eT, rom mezobeli seirnobda Tavis gogonasTan erTad. ras udris albaToba imisa, rom 
mezoblis meore Svilic gogonaa?

amoxsna. erTi SexedviT es magaliTi magaliT 2-is msgavsia. Tqvenma dakvirvebam gamor-
icxa 2 biWis SemTxveva bb da pirobiTi albaToba, meore rom gogonaa unda iyos, 1/3-ia. meores 
mxriv, vinaidan Cven vgulisxmobT, rom sxvadasxva bavSvis sqesi damoukidebelia, albaToba 
unda iyos 1/2. 

avxsnaT raSia aq saqme. pirveli amoxsna arasworia. 1/3 aris albaToba imisa, rom mezo-
bels hyavs 2 gogona, roca cnobilia, rom mas hyavs sul cota erTi gogona. xolo ukanasknel 
SemTxvevaSi Cven ar vflobT analogiur informacias. Cven mxolod imas davakvirdiT, rom 
mezobeli seirnobda konkretul gogonasTan. es gansxvaveba Zalian mniSvnelovani da arse-
biTia da moiTxovs gavafarTooT elementarul xdomilebaTa sivrce, raTa gvqondes Sesa-
Zlebloba, aRvweroT rogor irCevs mezobeli, Tu romel bavSvTan erTad wava saseirnod. am 
mizniT, bavSvs, romelic midis mSobelTan erTad saseirnod gavukeToT zeda indeqsad var-
skvlavi. maSin axali elementarul xdomilebaTa sivrce iqneba

 
Ω = {b*b, bb*, b*g, bg*, g*b, gb*, g*g, gg*},

sadac, magaliTad, b*g niSnavs, rom ufrosi Svili biWia, xolo umcrosi _ gogona da mSo-
beli seirnobs biWTan erTad. Tu mSobeli bavSvs irCevs SemTxveviT, maSin yvela elementa-
rul xdomilebas aqvs 1/8-is toli albaToba. axla advili dasanaxia, rom 4 elementaruli 
xdomilebis dros seirnobs mSobeli gogonasTan da aqedan or SemTxvevaSi meore bavSvi 
agreTve gogonaa. Sesabamisad, saZiebeli pirobiTi albaToba aris isev 2/4=1/2.  

axla SevexoT pirobiTi albaTobis gamoyenebis erT-erT mniSvnelovan aspeqts. ZiriTadi 
idea mdgomareobs imaSi, rom rodesac albaTobis gamoTvla pirdapiri gziT sakmaod Znelia, 
maSin SesaZlebelia problemis gayofa iseT kerZo SemTxvevebad, sadac pirobiTi albaTobebi 
advili gamosaTvlelia. magaliTad, davuSvaT, rom Tqven yidulobT meorad avtomobils qa-
laqSi, sadac quCebis datborva Tavsxma wvimebis SemTxvevaSi Cveulebrivi problemaa. Tqven 
iciT, rom meoradi avtomobilebis daaxloebiT 5% adre dazianebuli iyo wyaldidobis gamo 
da specialistebis SefasebiT aseTi avtomobilebis 80%-s momavalSi eqneba Zravis serio-
zuli problemebi, xolo, Tu meoradi avtomobilebi adre ar iyo dazianebuli wyaldidobis 
gamo, maSin am avtomobilebis mxolod 10%-s SeiZleba Seeqmnas analogiuri problemebi. ras 
udris albaToba imisa, rom Tqven avtomobils mogvianebiT Seeqmneba Zravis problemebi? 

pirvel rigSi SevxedoT am amocanas proporciis TvalsazrisiT. yoveli gayiduli 1000 
avtomobilidan 50 aris adre wyaldidobiT dazinebuli da maTi 80%-s, anu 40 avtomobils 
momavalSi eqneba Zravis seriozuli problemebi. 950 avtomobili adre ar iyo wyaldidobiT 
dazianebuli da maT 10%-s anu 95 avtomobils SeiZleba Seeqmnas analogiuri problemebi. 
Sesabamisad, Cven vRebulobT sul 40 + 95 = 135 avtomobils 1000-dan da albaToba imisa, rom 
momavalSi avtomobils Seeqmneba problemebi iqneba 135 : 1000 = 0.135.

Tu SemoviRebT xdomilebebs: B = {wyaldidobiT dazianebuli} da A = {avtomobils Seeqm-
neba problemebi}, maSin Cven vnaxeT, rom P(A) = 0.135. meores mxriv, cxadia, rom rom P(B) = 0.05, 

( ) 0.95P B = , P(AB) = 0.8 da ( | ) 0.1P A B =  da Cvens mier gamoTvlili albaToba faqtiurad aris 
0.80.05+0.10.95 = 0.135. rogorc vxedavT, saZiebeli albaToba warmoadgens ori gansxvave-
buli SemTxvevis (wyaldidobiT dazianebuli da dauzianebeli) albaTobebis Sewonil saSua-
los, sadac wonebi aris am SemTxvevebis Sesabamisi albaTobebi. es magaliTi axdens sruli 
albaTobis Zalian mniSvnelovani formulis gamoyenebis ilustrirebas, romelsac kerZo 
SemTxvevaSi aqvs Semdegi saxe:

( ) ( ) ( | ) ( ) ( | )P A P B P A B P B P A B= + . 

magaliTi 4. sityvidan `samSoblo~ SemTxveviT viRebT or asos da Semdeg SemTxveviT 
vdebT ukan am asoebs cariel adgilebze. ras udris albaToba imisa, rom isev miviRebT sity-
vas `samSoblo~.

amoxsna. ganvixiloT ori gansxvavebuli SemTxveva: 1) amoRebulia orive `o~, romel Sem-
TxvevaSic nebismieri dabrunebisas miiReba sityva `samSoblo~ da 2) amoRebulia sxvavdasax-
va aso, romel SemTxvevaSic sityva `samSoblo~ miiReba Tu asoebis dabruneba moxdeba maT 
sawyis mdebareobaze. cxadia, rom es ori SemTxveva gamoricxavs erTmaneTs da amowuravs 
yvela SesaZleblobebs. Sesabamisad, sruli albaTobis formulis gamoyeneba SesaZlebelia. 
elementarul xdomilebaTa sivrcis zustad aRweris gareSe Cven SegviZlia ganvmartoT 
xdomilebebi:  

A = {miiReba sityva „samSoblo“} da B ={orive asoa „o“}.
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cxadia, rom P(AB)=1. Tu asoebi gansxvavebulia, maSin isini TavianT mdebareobas 
daubrundebian albaTobiT 1/2, anu ( | ) 1/ 2P A B = . ori asos SerCeva 8-dan SesaZlebelia 2

8 28C =
-nairad, romelTa Soris mxolod erT (formalurad 2

2 1C = ) SemTxvevaSi Segvxvdeba ori `o~. 
Sesabamisad, P(B) = 1 / 28  da ( ) 27 / 28P B =  (Sedegi ar Seicvleba, Tu asoebis amoRebisa da dab-
runebis rigs gaviTvaliswinebT: 2 2

2 8( ) / 1/ 28P B A A= = ). amitom, sabolood gveqneba:

1 27 1 29( ) 1
28 28 2 56

P A = × + × =  .

mjelobis es gza xSirad sakmarisia amocanis amosxsnelad da, imavdroulad, igi Tavidan 
gvacilebs elementarul xdomilebaTa sivrcis zustad agebis proceduras. 

amocana `bednier~ bileTebze. 25 sagamocdo bileTidan 5 `bednieria~, xolo danarCeni 
20 _ `ara bednieri~. romel students aqvs `bednieri~ bileTis aRebis meti albaToba: vinc 
pirveli iRebs bileTs, Tu vinc meore iRebs bileTs?

amoxsna. am amocanis amoxsna SesaZlebelia albaTobis klasikuri ganmartebis gamoy-
enebiT. Tu elementarul xdomilebaTa sivrces SemoviRebT Semdegnairad: Ω = {1, 2 ..., 25} 
_ I studentisaTvis da Ω = {(i, j) : i, j = 1,  2 ..., 25; i ≠ j} _ II studentisaTvis (daasruleT!). 
amovxsnaT axla igi elementarul xdomilebaTa sivrcis axleburi SemotaniTa da sruli al-
baTobis formulis gamoyenebiT. SemoviRoT Semdegi xdomilebebi: A iyos xdomileba, rom 
pirvelma studentma aiRo `bednieri~ bileTi, xolo B iyos xdomileba, rom meore student-
ma aiRo `bednieri~ bileTi. maSin cxadia, rom elementarul xdomilebaTa sivrce Sedgeba 
oTxi xdomilebisagan

{ , , , }A B A B A B A BΩ = ∩ ∩ ∩ ∩ .

albaTobis klasikuri ganmartebis Tanaxmad P(A) = 5/25 = 1/25, xolo ( ) 20 / 25 4 / 5P A = = . 
meores mxriv, amocanis Sinaarsidan gamomdinare, Tu cnobilia, rom pirvelma studentma 
aiRo ̀ bednieri~ bileTi, maSin albaToba imisa rom meore studenti aiRebs ̀ bednier~ bileTs 
isev SeiZleba gamoviTvaloT albaTobis klasikuri ganmartebiT: am SemTxvevaSi yvela Sesa-
Zlo SedegTa raodenobaa 24, xolo xelSemwyob elementarul xdomilebaTa raodenoba ki 
mxolod 4 (radgan erTi `bednieri~ bileTi ukve aRebulia) da Sesabamisad, P(B | A) = 4/24 = 1/6.

analogiurad, ( | ) 5 / 24 5 / 24P B A = =  da amitom sruli albaTobis formulis Tanaxmad 
gvaqvs:

1 1 4 5 1 1 1( ) ( ( ))
5 6 5 24 30 6 5

P B P A= ⋅ + ⋅ = + = = . 

magaliTi 5. gaqvT ori yuTi da aT-aTi cali Savi da TeTri burTi. rogor unda gadaanawi-
loT burTebi yuTebSi ise, rom maqsimaluri iyos albaToba imisa, rom SemTxveviT SerCeuli 
yuTidan SemTxveviT amoRebuli burTi rom iqneba TeTri.

amoxsna. SemoviRoT xdomilebebi: A = {amoRebulia TeTri burTi}, B = {SerCeulia I 
yuTi}. burTebis gadanawilebis Semdeg albaTobas gamoviTvliT sruli albaTobis formu-
liT: ( ) ( ) ( | ) ( ) ( | )P A P B P A B P B P A B= + , sadac ( ) ( ) 1/ 2P B P B= = .

ganvixiloT sami SesaZlo SemTxveva:
1) erT yuTSi CavdoT ocive burTi, maSin sruli albaTobis formulis Tanaxmad miviRebT, 

rom:

1 10 1 1( ) 0
2 20 2 4

P A = ⋅ + ⋅ =  ;

2) TiToeul yuTSi ganvaTavsoT 10 burTi. erT yuTSi CavdoT n TeTri burTi (0 ≤ n ≤ 10), 
xolo meoreSi ki 10 − n TeTri burTi. maSin sruli albaTobis formulis Tanaxmad:

1 10 1( ) ( )
2 10 10 2

n nP A −
= ⋅ + =  ;

3) erT yuTSi CavdoT 10 + k (1 ≤ k ≤ 9) burTi, xolo meoreSi ki 10 − k burTi. pirvel yuTSi 
CavdoT k + n (1 ≤ k ≤ 10) TeTri burTi, xolo meoreSi ki 10 − k − n TeTri burTi. maSin sruli 
albaTobis formulis Tanaxmad gvaqvs:

1 10 1 1( ) ( ) ( 1 ) ( 1)
2 10 10 2 10 10 10 2 10

k n k n k n n kP A
k k k k k k

+ − −
= + = + + − ≥ +

+ − + + − +
 ,

sadac ukanaskneli utoloba miiReba im faqtidan, rom 

0
10 10

n n
k k

− ≤
+ −

 .
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Tu axla visargeblebT TanafardobiT 
1 9

9max
10 19k

k
k≤ ≤

=
+

, maSin davinaxavT, rom aRniSnul Sem-

TxvevaSi P(A) albaTobis udidesi mniSvneloba iqneba 

1 9 14( 1)
2 19 19

⋅ + =  .

yovelive zemoTTqmulidan gamomdinare, vaskvniT, rom saZiebeli albaToba maqsimaluri 
iqneba, roca erT yuTSi movaTavsebT 19 burTs, romelTa Soris 9 aris TeTri, xolo meoreSi 
ki Sesabamisad mxolod erT TeTr burTs. 

SevniSnoT, rom es albaToba minimaluri iqneba, roca ocive burTs movaTavsebT erT yuT-
Si. 

qvemoT Cven moviyvanT erT martiv magaliTs saTamaSo kamaTlebze, romelSic, erTi 
SexedviT, Tqven ar unda gqondeT upiratesoba, magram sinamdvileSi es asea.

magaliTi 6. ganvixiloT sami saTamaSo kamaTeli A, B da C, romelTa waxnagebze Sesabam-
isad weria: 

kamaTeli A : 1, 1, 5, 5, 5, 5
kamaTeli B : 3, 3, 3, 4, 4, 4
kamaTeli C : 2, 2, 2, 2, 6, 6

TamaSi mimdinareobs Semdegnairad: Tqven da Tqveni mowinaaRmdege debT TiTo-TiTo 
lars da Tqven TavazobT mowinaaRmdeges airCios saTamaSo kamaTeli da gaagoros igi. Sem-
dgom Tqven irCevT erT-erTs darCenili kamaTlebidan da agorebT mas. mogebulia is, visac 
mouva ufro maRali qula. TiTqos Tqvens mowinaaRmdeges gaaCnia upiratesoba, vinaidan igi 
pirveli irCevs kamaTels. magram, ramdenadac TqvenTvis cnobilia misi arCevani, Tqven yov-
elTvis SegiZliaT ise SearCioT Tqveni mogebis albaToba, rom is meti iyos 1/2-ze. es aixs-
neba Semdegi garemoebiT: saTamaSo kamaTlebi iseTia, rom A kamaTelze saSualod meti qula 
modis, vidre B kamaTelze; B kamaTelze saSualod meti qula modis, vidre C kamaTelze da 
C kamaTelze saSualod meti qula modis, vidre A kamaTelze. marTlac, Tu aRvniSnavT saTa-
maSo kamaTlebze mosul qulebs, Sesabamisad, imave A, B da C asoebiT, maSin cxadia, rom

P (A > B) = P (A = 5) = 4/6 = 2/3 ,

P (B > C) = P (C = 2) = 4/6 = 2/3 ,

xolo mesame SemTxvevisaTvis visargebloT sruli albaTobis formuliT:

( ) ( | 1) ( 1) ( | 5) ( 5)P C A P C A A P A P C A A P A> = > = = + > = = =  

 
2 4 1 1 2 51 ( 6)
6 6 3 3 3 9

P C= × + = × = + × = .

rogorc vxedavT, yvela es albaToba naxevarze metia. gasagebia ra iqneba meore gamgore-
blis strategia: a) Tu pirveli airCevs A kamaTels, maSin meorem unda arCios C kamaTeli; b) 
Tu pirveli airCevs B kamaTels, maSin meorem unda arCios A kamaTeli; g) Tu pirveli airCevs 
C kamaTels, maSin meorem unda arCios B kamaTeli. marTalia, TiTqos Tqven Zalian guluxvi 
xarT Tqveni oponentis mimarT, aZlevT ra mas uflebas gaakeTos pirveli arCevani, magram 
swored misi arCevanis codna gaZlevT Tqven upiratesobas.

zogjer Cven gvWirdeba mravaljeradi pirobiToba. magaliTad, P(A | B) pirobiTi alba-
Tobis gamosaTvlelad SeiZleba momavalSi saWiro gaxdes garkveuli C xdomilebis piro-
baSi muSaoba. vinaidan pirobiTi albaToba agreTve albaTobaa, aq axali araferia, magram 
Sesabamisi sruli albaTobis formula ufro rTulad gamoiyureba. kerZod, adgili aqvs 
Tanafardobas:

( | ) ( | ) ( | ) ( | ) ( | )P A B P A B C P C B P A B C P C B= ∩ + ∩  . 

simpsonis paradoqsi. berklis universitetis genderuli tipis kvlevebSi SeniSnul 
iqna, rom kacebi ufro metad xvdebian doqtoranturaSi, vidre qalebi. erTi wlis Semdeg 
doqtoranturaSi miRebul iqna mamakacebis 45% da qalebis 30%. Semdgomi kvlevebisaTvis 
SeirCa 6 didi universiteti da doqtorantura daiyo or kategoriad: ̀ martivi~ da ̀ rTuli~, 
imis mixedviT, sad ufro advilia da sad ufro Zneli doqtoranturaSi moxvedra. aRmoCnda, 
rom `rTul~ kategoriaSi Cairicxa mamamakacebisa da qalebis daaxloebiT erTi da igive 
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_ 26–26%. amitom gadaxra kacebis sasargeblod, cxadia, unda yofiliyo meore (“martiv~) 
kategoriaSi. magram `martiv~ kategoriaSi Caricxul iqna qalebis 80 % da kacebis mxolod 
62%. Sesabamisad, sadRac unda iyos Secdoma. qvemoT moyvanilia doqtoranturis konkursSi 
monawile (frCxilebSi) da Caricxuli kacebisa da qalebis ricxvi kategoriebis mixedviT:

          kaci  qali
   `martivi~  864 (1385) 106 (133)
   `rTuli~  334 (1306) 451 (1702)
        jami      (2691)  (1835)

ganvixiloT SemTxveviT SerCeuli konkursanti. A iyos xdomileba rom konkursanti 
Cairicxeba doqtoranturaSi, xolo M da W _ Sesabamisad, konkursanti kacia, Tu qa-
lia. `rTuli~ da `martivi~ kategoriebi aRvniSnoT Sesabamisad D da E-Ti. cnobilia, rom 
P(A|M)=45/100=0.45 da P(A|M)=30/100=0.3. zemoTmoyvanili cxrilidan Cans, rom:

( | ) 334 /1306 0.26P A M D∩ = ≈  , xolo ( | ) 864 /1385 0.62P A M E∩ = ≈ ;

( | ) 451/1702 0.26P A W D∩ = ≈  , xolo  ( | ) 106 /133 0.80P A W E∩ = ≈ .

rogorc vxedavT, 

 ( | ) ( | )P A M D P A W D∩ = ∩  da  ( | ) ( | )P A M E P A W E∩ < ∩ ,

magram P (A | M) > P (A | W), anu Caricxvis pirobiTi albaTobebi qalebisaTvis orive kat-
egoriaSia igivea, an ufro maRalia vidre kacebisaTvis, maSin rodesac kategoriebis gareSe 
Caricxvis pirobiTi albaTobebi qalebisaTvis ufro dabalia. naTelia, rom aq Secdoma ar 
aris, magram es jer kidev gamoiyureba paradoqsalurad. am faqtis asaxsnelad visargebloT 
sruli albaTobis formuliT pirobiTi albaTobisaTvis, romlis Tanaxmad:

( | ) ( | ) ( | ) ( | ) ( | )P A W P A W D P D W P A W E P E W= ∩ + ∩  ,

( | ) ( | ) ( | ) ( | ) ( | )P A M P A M D P D M P A M E P E M= ∩ + ∩

da Cven vxvdebiT, rom `winaaRmdegobis~ safuZvelia pirobiTi albaTobebi _ P(D | W), P(E | 
W), P(D | M) da P(E | M), romlebic asaxaven, Tu rogor irCeven kacebi da qalebi TavianT kate-
goriebs. albaToba imisa, rom kaci airCevs ̀ rTul~ da ̀ martiv~ kategorias aris Sesabamisad:

( | ) 1306 / 2691 0.49P D M = ≈   da ( | ) 0.51P E M ≈ ,

xolo qalebisaTvis Sesabamisi albaTobebi iqneba:

 ( | ) 1702 /1835 0.93P D W = ≈  da ( | ) 0.07P E W ≈ .

amgvarad, qalebi TiTqmis yovelTvis irCeven `rTul~ kategorias, maSin rodesac kacebi 
daaxloebiT erTnairad irCeven `rTul~ da `martiv~ kategoriebs da swored amaSi mdgo-
mareobs paradoqsis amoxsna. 

axla ganvixiloT situacia, roca cnobilia pirobiTi albaTobebi erTi mimarTulebiT 
da gamosaTvlelia `Sebrunebuli~ pirobiTi albaTobebi. Sesabamis Sedeges warmoadgens 
baiesis formula, romelic miiReba namravlis albaTobisa da sruli albaTobis formulis 
gamoyenebiT da romelsac kerZo SemTxvevaSi aqvs saxe:

( ) ( ) ( | )( | )
( ) ( ) ( | ) ( ) ( | )

P B A P B P A BP B A
P A P B P A B P B P A B

∩
= =

+
. 

magaliTi 7. sicruis deteqtori (poligrafi) 95 % SemTxvevaSi iZleva zust pasuxs. cno-
bilia rom saSualod yoveli aTasi adamianidan erTi cruobs. ganvixiloT SemTxveviT Ser-
Ceuli adamiani, romelic gadis testirebas deteqtorze da romelsac gadawyvetili aqvs 
icruos. ras udris albaToba imisa, rom deteqtori aRmoaCens, rom is cruobs?

amoxsna. SemoviRoT xdomilebebi: L = {adamiani cruobs}, Lp = {deteqtorma daadgina, rom 
adamiani cruobs}. pirobis Tanaxmad P (L) = 1/1000 = 0.001 da ( | ) ( | ) 95 /100 0.95ppP L L P L L= = = . 
saZiebelia pirobiTi albaToba P (LLp), romelic baiesis formulis Tanaxmad iqneba:
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( ) ( | ) 0.95 0.001( | ) 0.02
0.95 0.001 0.05 0.999( ) ( | ) ( ) ( | )

P
P

P P

P L P L LP L L
P L P L L P L P L L

×
= = ≈

× + ×+
.

amocana keTil gamomcdelze I. vTqvaT, Cven Casabarebeli gvaqvs gamocda da SegviZlia 
avirCioT nebismieri sami gamomcdelidan. davuSvaT, CvenTvis cnobilia, rom erT-erTi sami 
gamomcdelidan (ucnobia romeli) _ `keTilia~ da albaToba imisa, rom masTan Caabaro ga-
mocda tolia 0.4–is, xolo danarCeni ori gamomcdeli `avia~ da maTTan gamocdis Cabarebis 
albaToba tolia 0.1-is. Cven SemTxveviT avirCieT gamomcdeli da warmatebiT CavabareT ga-
mocda. rogoria albaToba imisa, rom Cven avirCieT `keTili~ gamomcdeli?

amoxsna. SemoviRoT Semdegi xdomilebebi: A _ amorCeuli gamomcdeli `keTilia~ (maSin 
A  _ iqneba xdomileba, rom amorCeuli gamomcdeli `avia~) da B _ gamocda Cabarebulia (Se-

sabamisad, B  _ gamocda araa Cabarebuli). amocanis pirobebSi gvaqvs:

( ) 1/ 3P A = , ( ) 1 ( ) 2 / 3P A P A= − = ;

( | ) 0.4P B A = , ( | ) 1 ( | ) 0.6P B A P B A= − = ;

( | ) 0.1P B A = , ( | ) 1 ( | ) 0.9P B A P B A= − = .

cnobilia, rom moxda B xdomileba da gamosaTvlelia pirobiTi albaToba P (A | B). vinaid-
an, A da A  xdomilebebi qmnian srul sistemas, baiesis formulis Tanaxmad saZiebeli alba-
Toba iqneba:

( ) ( | ) 2( | )
3( ) ( | ) ( ) ( | )

P A P B AP A B
P A P B A P A P B A

= =
+

 .

amocana keTil gamomcdelze II. davuSvaT, rom gamomcdelTan, romelTanac warmatebiT 
Caiara gamocdam, gamosacdelad rig-rigobiT mivida kidev ori moswavle. jer gamocda ver 
Caabara meore moswavlem, Semdeg mivida mesame da manac ver Caabara gamocda. am faqtis Sem-
deg romeli hipoTezaa ufro dasajerebeli: es gamomcdeli `keTilia~ Tu `avi~?

amoxsna. avRniSnoT Pi (A) (Sesabamisad, Pi ( A )) simboloTi albaToba (aposterioruli) 
imisa, rom es gamomcdeli `keTilia~ (Sesabamisad, `avia~) mas Semdeg rac gamocdil iqna i-uri 
studenti, i = 1, 2, 3. Cven ukve davadgineT, rom P1(A) = 2/3. Sesabamisad, 

1 1( ) 1 ( ) 1/ 3P A P A= − =  .

meore moswavlis TvalsazrisiT es albaTobebi warmoadgenen ori SesaZlo hipoTezis 
apriorul albaTobebs. amitom, baiesis formulis Tanaxmad, meore studentis CaWris Sem-
deg aposterioruli albaTobebi iqneba:

1
2

1 1

( | ) ( ) 4( )
7( | ) ( ) ( | ) ( )

P B A P AP A
P B A P A P B A P A

= =
+

 da 
2 2

3( ) 1 ( )
7

P A P A= − = .

analogiurad, axla miRebuli albaTobebi ukve iqneba aprioruli albaTobebi mesame mo-
swavlisaTvis, da amitom saZiebeli aposterioruli albaTobebi, mas Semdeg rac mesame mo-
swavlem ver Caabara gamocda, gamoiTvleba isev baiesis formuliT:

2
3

2 2

( | ) ( ) 8( )
17( | ) ( ) ( | ) ( )

P B A P AP A
P B A P A P B A P A

= =
+

 da 3 3 3
9( ) 1 ( ) ( )

17
P A P A P A= − = > .

rogorc vxedavT, eqsperimentis (gamocdis) dawyebis win aprioruli albaToba imisa, rom 
arCeuli gamomcdeli `keTilia~, toli iyo 1/3-is. eqsperimentebis Semdeg am xdomilebis 
aposterioruli albaToba gaizarda da gaxda 8/17. miuxedavad amisa, Tu sami eqsperimentis 
Semdeg misaRebia gadawyvetileba am gamomcdelis Sesaxeb, maSin ufro sarwmunoa CavTvaloT 
igi `avad~ (vinaidan, 3 3( ) ( )P A P A> ). 

albaTobis Teoria xSirad gamoiyeneba samarTalwarmoebaSi, gansakuTrebiT, roca mt-
kicebeulebebSi figurirebs adamianis `dnm~. ganvixiloT e. w. kunZulis amocana.

kunZulis amocana. kunZulze mokles adamiani da mkvleli unda iyos kunZulis dar-
Ceni  mcxovrebidan erTerTi. danaSaulis adgilis Seswavlisas gakeTebulma `dnm~-s anal-
izma aCvena, rom mkvlels gaaCnia gansakuTrebuli genotipi, romelic cnobilia, rom mTel 
mosaxleobaSi gvxvdeba p proporciiT. vigulisxmoT, rom kunZulis mcxovrebTa genoti-
pebi damoukidebelia. gamomZiebelma daiwyo kunZulis mcxovrebTa genotipebis Semowmeba. 
pirveli, vinc Seamowmes iyo batoni zezva da mas aRmoaCnda mkvlelis genotipi. ras udris 
albaToba imisa, rom batoni zezva damnaSavea?

amoxsna. SemoviRoT xdomilobebi: C ={batoni zezva damnaSavea} da D ={batoni zezvas 
genotipi aRmoCenilia mkvlelobis adgilze}. saZiebelia pirobiTi albaToba P (CD), rom-
lis gamosaTvlelad unda visargebloT baiesis formuliT, sadac dagvWirdeba rogorc 
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P(C)-s, ise `pirdapiri~ pirobiTi albaTobebis codna. P(C) aris albaToba imisa, rom batoni 
zezva damnaSavea manam, sanam genotipebis Semowmeba dawyebula, da Tu Cven davuSvebT, rom 
aranairi mizezi ar arsebobs imisa, rom romelime personaSi meti eWvi SevitanoT, vidre sxva 
romelimeSi, maSin bunebrivia CavTvaloT, rom P(C) = 1/n. Tu batoni zezva damnaSavea, maSin 
misi genotipi aucileblad aRmoC-ndeba danaSaulis adgilze da Sesabamisad, P (DC) = 1. 
Tuki batoni zezva udanaSauloa, maSin misi genotipi isev SeiZleba aRmoCndes danaSaulis 
adgilze im albaTobiT, ra proporciiTac gvxvdeba aRniSnuli genetipi sazogadod adami-
anTa populaciaSi, anu ( | )P D C p= . Sesabamisad,

1 (1/ ) 1( | )
1 (1/ ) (1 1/ ) 1 ( 1)

nP C D
n p n n p

×
= =

× + × − + −
.

Semdegi magaliTi gviCvenebs, rom sxvadasxva midgomam SeiZleba sxvadasxva pasuxamde 
migviyvanos.

magaliTi 8. Tqven iciT rom Tqvens axal mezobels hyavs ori Svili. erT Rames Tqven fan-
jaras esroles qva da Tqven dainaxeT bavSvi, romelmac Tqveni baRidan Seirbina mezoblis 
saxlSi. sibnele iyo da Tqven mxolod is gaarCieT, rom bavSvi biWi iyo. meore dRes Tqven 
darekeT mezoblis karebze da kari gagiRoT biWma. ras udris albaToba imisa, rom es biWi 
damnaSavea?

amoxsna. amovxsnaT es amocana ori gziT. pirveli midgoma: Tu mezoblis meore Svili 
gogoa, maSin Tqven iciT, rom damnaSave biWia, xolo Tu mezoblis meore Svilic biWia, maSin 
biWi, romelmac kari gagiRoT Tanabari albaTobebiT SeiZleba iyos damnaSavec da udana-
Sauloc. amitom, Tu SemoviRebT xdomilebas C = {bavSvi, romelmac gaaRo kari, damnaSavea}, 
maSin, sruli albaTobis formulis Tanaxmad, miviRebT, rom:

P (C) = P (biWi) P (C|biWi) + P (gogo) P (C|gogo) = 
1 1 1 31
2 2 2 4

× + × = .

meore midgoma: SevniSnoT, rom es amocana analogiuria e. w. kunZulis amocanis, sadac 
genotipi Secvlilia sqesiT, xolo batoni zezva ki bavSviT, romelmac kari gaaRo. am SemTx-
vevaSi Cven gvaqvs: n = 2 da p = 1/2 da, Sesabamisad, 

1 1 2( )
1 ( 1) 1 (2 1) (1/ 2) 3

P C
n p

= = =
+ − + − ×

.

gansxvavebulma midgomebma mogvca gansxvavebuli Sedegebi! rogorc wesi, saWiroa Za-
lian didi sifrTxile pirobaSi mdgomi xdomilebebis SerCevisas. davuSvaT, rom nebismieri 
bavSvi erTnairi albaTobiT wyvets gavides Tavisi ezodan da qva esrolos Tqvens fanjaras 
da nebismieri bavSvi erTnairi albaTobiT aRebs kars. ori bavSvis sqesis nebismieri kombi-
naciisaTvis, Cven SegviZlia SemTxveviT ise SevarCioT, vin damnaSavea da vin aRebs kars, rom 
sqesis nebismieri kombinacia daiyos oTx erTnairad SesaZlebel SemTxvevad. biWi da gogo 
aRvniSnoT Sesabamisad b da g asoebiT, bavSvi romelmac gaaRo kari aRvniSnoT qveda ind-
eqsiT d, xolo bavSvi romelic damnaSavea –– zeda indeqsiT c. elementarul xdomilebaTa 
sivrce Sedgeba 16 erTnairad-SesaZlebeli elementaruli xdomilebisagan:

{ , , , , , , , , , , , , , , , }c c c c c c c c c c c c c c c c
d d d d d d d d d d d d d d d db b b b b b bb b g b g b g bg g b g b g b gb g g g g g g ggΩ =

da xdomileba –– bavSvi, romelmac kari gaaRo damnaSavea aris:

{ , , , , , , , }c c c c c c c c
d d d d d d d dC b b bb b g bg g b gb g g gg= .

romeli xdomileba unda ganvixiloT pirobaSi? Cven viciT ori ram: damnaSave bavSvi biWia 
da biWma gaaRo kari. es xdomilebebia Sesabamisad:

{ , , , , , , , }c c c c c c c c
d d d d d d d dA b b b b b b bb b g b g g b gb= ,

{ , , , , , , , }c c c c c c c c
d d d d d d d dB b b b b b b bb b g b g g b gb=

da pirobaSi Cven unda ganvixiloT maTi TanakveTa:
 

{ , , , , , }c c c c c c
d d d d d dA B b b b b b b bb b g gb∩ = .

vinaidan oTxi am 6 elementaruli xdomilebidan aris C-Si da Ω-s yvela elementaruli 
xdomileba erTnairad mosalodnelia, amitom:

P {bavSvi, romelmac gaaRo kari, damnaSavea} ( | ) 2 / 3P C A B= ∩ = ,

rac SesabamisobaSia e.w. kunZulis amocanasTan.
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gamodis, rom pirveli midgoma gvaZlevs mcdar amoxsnas. ismis kiTxva –– ratom? roca 
Cven viTvlidiT albaTobebs P (biWi) da P (gogo), Cven aracxadad vixilavdiT pirobaSi B 
xdomilebas, magram dagvaviwyda A piroba. albaToba P (biWi) Cven unda gamogveTvala rogorc 

P (meore bavSvi biWia| 
2A B)
3

∩ =

da ara 1/2. rogorc vxedavT, pirobiTi albaToba imisa, rom meore bavSvi biWia ufro maRa-
lia axla, roca Cven agreTve viciT, rom damnaSave bavSvi biWia. pirobis dadgena sakmaod 
faqizi sakiTxia da saWiroa, rom piroba iyos arsebuli informaciis sruliad adeqvaturi, 
arc meti da arc naklebi. axla Cven CamovayalibebT pirveli amoxsnis koreqtul versias –– 
yvelaferi unda gamoiTvalos A ∩ B xdomilebis pirobaSi da gveqneba: 

2 1 1 2( ) 1
3 2 3 3

P C = ⋅ + ⋅ = . 

magaliTi 9. moqalaqem ipova sxvisi sakredito baraTi, romlis kodi oTxcifriania. ip-
oveT albaToba imisa, rom moqalaqes eyofa ori mcdeloba kodis gamosacnobad (met Sesa-
Zleblobas bankomati ar iZleva).

amoxsna. SemoviRoT xdomilebebi: Ai (i = 1, 2) –– moqalaqem pirvelad kodi gamoicno i-uri 

mcdelobisas. maSin saZiebeli xdomileba iqneba 1 1 2( )A A A A= ∪ ∩ . vinaidan A1 da 1A  xdomile-

bebi araTavsebadia, miTumetes, araTavsebadi iqneba xdomilebebi A1 da 1 2A A∩ . amitom, 
xdomilebaTa jamisa da namravlis albaTobebis formulebis Tanaxmad, gvaqvs:

1 1 2 1 1 2 1( ) ( ) ( ) ( ) ( ) ( | )P A P A P A A P A P A P A A= + ∩ = + ,

sadac

4
1( ) 1/10P A = , 4

1 1( ) 1 ( ) 1 1/10P A P A= − = − , 4
2 1( | ) 1/ (10 1)P A A = − .

Sesabamisad, saZiebeli albaToba iqneba

4 4 4 4( ) 1/10 (1 1/10 ) [1/ (10 1)] 2 /10P A = + − ⋅ − = . 

amocana moTamaSis gakotrebaze. ganvixiloT e. w. `gerbi-safasuris~ TamaSi: Tu monetis 
agdebisas mova moTamaSis mier winaswar dasaxelebuli monetis mxare, maSin igi igebs 1 lars, 
winaaRmdeg SemTxvevaSi, agebs 1 lars. vTqvaT, moTamaSis sawyisi kapitali Seadgens x lars 
da misi mizania miiyvanos es Tanxa a laramde. TamaSi grZeldeba manam, sanam moTamaSe ar mi-
iyvans Tavis Tanxas winaswar gansazRrul a laramde, an igi ar gakotrdeba (anu waagebs mis 
xelT arsebul mTel x lars). rogoria albaToba imisa, rom moTamaSe gakotrdeba?

amoxsna. es albaToba damokidebuli iqneba sawyis x kapitalze. aRvniSnoT igi p (x) simbo-
loTi. cxadia, rom igi ganmartebulia nebismieri 0 ≤ x ≤ a da, amasTanave, P (0) = 1 da P(a) = 0. 
SemoviRoT xdomilebebi:

A1 = {moTamaSem moigo pirvel nabijze},

B ={moTamaSe, romelsac gaaCnia sawyisi kapitali x, gakotrdeba}.

amocanis pirobebSi gvaqvs:

1 1( ) ( ) 1/ 2P A P A= = , 1( | ) ( 1)P B A p x= +  da 1( | ) ( 1)P B A p x= −  (1 1x a≤ ≤ − ).

vinaidan, A1 da 1A  xdomilebaTa sruli sistemaa, amitom sruli albaTobis formula p (x) 
albaTobisaTvis gvaZlevs Semdeg gantolebas:

1 1( ) ( 1) ( 1)
2 2

p x p x p x= + + − , 1 1x a≤ ≤ − .

SeiZleba Semowmdes, rom am gantolebis amoxsnas aqvs saxe:

p (x) = bx + c,

sadac b da c _ nebismieri mudmivebia. am koeficientebis mosaZebnad unda visargebloT sa-
sazRvro pirobebiT P (0) = 1 da P (a) = 0. maSin miviRebT, rom
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c = 1 da ab + c = 0,

saidanac, b = −1/a da sabolood p (x) = 1 − x/a, 0 ≤ x ≤ a. 
savarjiSo. davuSvaT, rom Sesamowmebeli jgufis 1% avadmyofia, xolo danarCeni 99% ki 

janmrTelia. adamianebis SerCeva xdeba SemTxveviT da amitom 

P (avadmyofi) = 1% = 0.01 da P (janmrTeli) = 99% = 0.99.

vigulisxmoT, rom im SemTxvevaSi, roca testireba utardeba adamians, romelsac ara aqvs 
avadmyofoba, maSin 1%-ia albaToba imisa, rom miviRoT mcdari dadebiTi Sedegi, e.i.

P (dadebiTi | janmrTeli) = 1% da P (uaryofiTi | janmrTeli) = 99%.

im SemTxvevaSi, roca testireba utardeba avadmyof adamians, maSin 1%-ia albaToba imisa, 
rom miviRoT mcdari uaryofiTi Sedegi, e.i.

P (uaryofiTi | avadmyofi) = 1% da P (dadebiTi | avadmyofi) = 99%.

gamoTvaleT albaToba imisa, rom: a) adamiani janmrTelia, xolo testma aCvena uaryofi-
Ti Sedegi; b) adamiani avadmyofia, xolo testma aCvena dadebiTi Sedegi; g) adamiani janmrTe-
lia, xolo testma aCvena dadebiTi Sedegi; d) adamiani avadmyofia, xolo testma aCvena 
uaryofiTi Sedegi.  

ganvixiloT realuri situacia, romelic gviCvenebs erTi SexedviT moulodnel gansx-
vavebas P (AB) da P (BA) pirobiT albaTobebs Soris: imisaTvis, rom gamovavlinoT seri-
ozuli avadmyofobis mqone adamianebi adreul stadiaze, xdeba adamianebis didi jgufis 
testireba. miuxedavad winaswari Semowmebis sargeblobisa, am midgomas gaaCnia uaryofiTi 
mxare: Tu adamians sinamdvileSi ar gaaCnia avadmyofoba da sawyisma testma aCvena dadeb-
iTi Sedegi (daudgina avadmyofoba), is iqneba stresul mdgomareobaSi (rac Tavis mxriv 
uaryofiTad moqmedebs mis cxovrebaze) sanam ufro warmatebuli testi ar aCvenebs, rom is 
janmrTelia. am problemis mniSvneloba SesaZlebelia kargad gavigoT pirobiTi albaTo-
bebis terminebSi.

wina savarjiSos monacemebSi gamovTvaloT albaToba imisa, rom testi aCvenebs dadebiT 
Sedegs. sruli albaTobis formulis Tanaxmad:

P (dadebiTi) = P (janmrTeli) P (dadebiTi | janmrTeli) +
+ P (avadmyofi) P (dadebiTi | avadmyofi) = 0.99 ∙ 0.1 + 0.01 ∙ 0.99 = 0.0198.

savarjiSos pirobebSi P (dadebiTi | avadmyofi) = 99%. gamovTvaloT axla Sebrunebuli 
pirobiTi albaToba, risTvisac visargebloT pirobiTi albaTobis ganmartebiTa da namrav-
lis albaTobis formulebiT. maSin zemoT miRebuli Sedegis Tanaxmad:

P (avadmyofi | dadebiTi) = 
( )

( )
P

P
∩

=
avadmyofi dadebiTi

dadebiTi

( ( ) 1% 99% 50%
1.98% 1.98%

P P ⋅
= = =

avadmyofi) dadebiTi|avadmyofi
.

rogorc vxedavT, pirobiTi albaToba imisa rom testi mogvcems dadebiT Sedegs, piro-
baSi, rom adamiani avadmyofia, tolia 99%-is, maSin, rodesac pirobiTi albaToba imisa rom 
adamiani avadmyofia, pirobaSi rom testma mogvca dadebiTi Sedegi aris mxolod 50%. aq Ser-
Ceuli monacemebis SemTxvevaSi ukanaskneli Sedegi SeiZleba CaiTvalos miuRebelad: naxeva-
ri adamianebis, romelTa testirebam aCvena dadebiTi Sedegi, faqtiurad aris janmrTeli.

monti holis paradoqsi: warmoidgineT, rom Tqven monawileobT TamaSSi, romelSic 
Tqven imyofebiT sami karis win. wamyvani, romlis Sesaxebac cnobilia, rom is patiosania, 
SemTxveviT aTavsebs erTi karis ukan avtomobils, xolo danarCeni ori karis ukan TiTo ve-
losipeds. wamyvani geubnebaT: `Tavidan Tqven irCevT erT kars, mere me gagiRebT darCenili 
oridan erT kars, romlis ukan dgas velosipedi. Semdeg Tqven SegiZliaT Tavidan gaakeToT 
karis arCevani: an airCioT sxva kari, an ar SecvaloT pirvandeli arCevani. amis Semdeg wa-
myvani aRebs Tqvens mier sabolood SerCeul kars da igebT imas, rac am karis ukanaa~. gaiz-
rdeba Tu ara Tqveni Sansi moigoT avtomobili, Tu SecvliT pirvandel arCevans?

Tavidan albaToba imisa, rom Tqven airCevT kars, romlis ukan dgas avtomobili aris 1/3. 
mas Semdeg rac wamyvani gaaRebs kars, romelSic dgas velosipedi, adamianebis umravlesoba 
Tvlis, rom avtomobilis mogebis albaToba 1/2-ia, magram es ase ar aris. wamyvanma icis, sad 
dgas avtomobili da amitom ar aRebs im kars, sadac dgas avtomobili.
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swori pasuxia: diax, avtomobilis mogebis Sansebi orjer gaizrdeba, Tu moTamaSe Secv-
lis pirvandel arCevans. amis yvelaze martivi axsna SemdegSi mdgomareobs: imisaTvis, rom 
moigoT avtomobili pirvandeli arCevanis Secvlis gareSe, Tqven Tavidanve unda gamoicnoT 
is kari romlis ukan dgas avtomobili. amis albaToba 1/3-ia. Tuki Tqven Tavidan airCevT 
im kars, romlis ukanac dgas velosipedi (amis albaTobaa 2/3, radganac aris ori velosipe-
di da erTi avtomobili), maSin pirvandeli arCevanis Secvlis SemTxvevaSi Tqven calsaxad 
moigebT avtomobils, radganac darCenili iqneboda avtomobili da erTi velosipedi da wa-
myvanma gaaRo is kari, romlis ukanac idga velosipedi.

amoxsna. SemoviRoT xdomilebebi: Ai _ avtomobili dgas i-uri karis ukan (i = 1, 2, 3); C 
_ moTamaSis pirvandeli arCevania kari #1; D _ wamyvanma gaaRo kari #3, sadac aRmoCnda 
velosipedi; B _ moTamaSis pirvandeli arCevania kari #1, xolo wamyvanma gaaRo kari #3, 
sadac aRmoCnda velosipedi. cxadia, rom  B = C ∩ D.

pirobiTi albaTobis ganmartebidan gamomdinare, cxadia, rom:

( | ) ( | ) ( | ) ( | )i i i iP B A P C D A P D C A P C A= ∩ = ∩ .

amitom baiesis formula Semdegnairad gadaiwereba:

3

1

( | ) ( | ) ( )( | )
( | ) ( | ) ( )

i i i
i

j j j
j

P D C A P C A P AP A B
P D C A P C A P A

=

∩
=

∩∑ .

moTamaSis pirvandeli arCevani araa damokidebuli, Tu romeli karis ukan dgas sinamd-
vileSi avtomobili (man ar icis sad dgas avtomobili), anu C da Ai (i = 1, 2, 3) damoukidebeli 
xdomilebebia. Sesabamisad, P(CA1) = P(CA2) = P(CA2) = P(C). am faqtis gaTvaliswinebiT, 
wiladis P(C)-ze Sekvecis Semdeg, baiesis formula miiRebs saxes: 

3

1

( | ) ( )( | )
( | ) ( )

i i
i

j j
j

P D C A P AP A B
P D C A P A

=

∩
=

∩∑ .

Tu moTamaSem airCia kari #1, xolo avtomobili dgas kari #2-is ukan, maSin wamyvani 
valdebulia gaaRos (aucileblad gaaRebs) kari #3, anu P (DC ∩ A2) = 1. Tu moTamaSem air-
Cia kari #1, xolo avtomobili dgas kari #3-is ukan, maSin wamyvans ar SeuZlia gaaRos (ar 
gaaRebs) kari #3, anu P (DC ∩ A3) = 0. Tu moTamaSem airCia kari #1da avtomobili dgas am 
karis ukan, maSin unda CavTvaloT, rom wamyvani valdebulia SemTxveviT (anu Tanabari alba-
TobiT) gaaRos erT-erTi #2 da #3 karidan, anu P (DC ∩ A1) = 1/2 (swored amaSi gamoixateba 
wamyvanis `patiosneba~). garda amisa, iTvleba, rom avtomobili Tanabari albaTobiT dgas 
nebismieri karis ukan, anu P (A1) = P (A2) = P (A3) = 1/3. ukanaskneli daSvebis Semdeg baiesis 
formula miiRebs saxes:     

3

1

( | )( | )
( | )

i
i

j
j

P D C AP A B
P D C A

=

∩
=

∩∑ .

amitom sabolood gveqneba:

1
1 3

1

( | ) 1/ 2( | ) 1/ 3
1/ 2 1 0( | )j

j

P D C AP A B
P D C A

=

∩
= = =

+ +∩∑
,

2
2 3

1

( | ) 1( | ) 2 / 3
1/ 2 1 0( | )j

j

P D C AP A B
P D C A

=

∩
= = =

+ +∩∑
,

3
3 3

1

( | ) 0( | ) 0
1/ 2 1 0( | )j

j

P D C AP A B
P D C A

=

∩
= = =

+ +∩∑
.

igive Sedegamde Cven SegviZlia mivideT dendrogramebis gamoyenebiT (qvemoT, ix. sqema1, 
simboloTi A aRniSnulia avtomobili, xolo simboloebiT B1, B2 ki _ Sesabamisad I da II ve-
losipedi): 
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moTamaSem
airCia

wamyvanma gaxsna
ar Seicvala

I arCevani
Seicvala
I arCevani

A
B1 1/6 A B1

B2 1/6 A B2

B1 B2 1/3 B1 A

B2 B1 1/3 B2 A

sqema 1.

im SemTxvevaSi, roca moTamaSe Tavidan irCevs avtomobils, pirvandeli arCevanis Secv-
la iwvevs avtomobilis wagebas, xolo Tu Tavidan arCeul iqna velosipedi, maSin arCeva-
nis Secvla iwvevs avtomobilis mogebas. jamuri albaToba imisa, rom pirvandeli arCevanis 
Secvla migviyvans avtomobilis mogebamde tolia:

1 1 21 1
3 3 3

⋅ + ⋅ = , 

xolo albaToba imisa, rom pirvandeli arCevanis ar Secvla migviyvans avtomobilis mo-
gebamde tolia:

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

⋅ + ⋅ = + = .

avtoris eleqtronuli misamarTi:
omar.purtukhia@tsu.ge

o.purtukhia@gmail.com

1/3

1/2

1/2

1

1

1/3

1/3
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martiv ricxvTa ganawileba

erTisagan gansxvavebul naturalur 

ricxvs, romelsac mxolod ori dadebiTi 

gamyofi aqvs, erTiani da Tavis Tavi, martivi 

ricxvi ewodeba.martiv ricxvTa mimdevroba 

naturalur ricxvTa simravleSisakmaod 

rTuli kanonzomierebiT xasiaTdeba.magal-

iTad, naturalur ricxvTa pirvel aseulSi 

gvaqvs 25 martivi ricxvi: 2, 3, 5, 7, 11, 13, 17, 

19, 23, 29, 31, 37, 41, 43, 47, 53, 59, 61, 67, 71, 73, 

79, 83, 89, 97. xolo 1000000-dan 1000100-mde 

aseulSi mxolod 6 martivi ricxvia: 1000003, 

1000033, 1000037, 1000039, 1000081, 1000099. 

martiv ricxvTa gansakuTrebul mniSvnelo-

baze miuTiTebs is faqtic, rom yoveli er-

Tze meti naturaluri ricxvi iSleba martiv 

ricxvTa namravlad (ariTmetikis ZiriTadi 

Teorema).

evklidem jer kidev Cvens welTaRricx-

vamde winaaRmdegobis daSvebis gziT daamt-

kica, rom martiv ricxvTa simravle usasru-

loa. moviyvanoT es damtkiceba:

davuSvaT sawinaaRmdego,vTqvaT, rom mar-

tiv ricxvTa simravle sasrulia da amovw-

eroT yvela martivi ricxvi: P1,P2, ... Pn, maSin 

am ricxvebidan gansxvavebuli yvela sxva 

ricxvi (garda 1-ianisa)Sedgenili iqneba da 

maSasadame, unda gaiyos P1, P2,..., Pn ricxvebi-

dan erT-erTze mainc. ganvixiloT P1 · P2 · ... · 
Pn+1 ricxvi, es ricxvi yvela martiv ricxvze 

metia da amitom martivi ar aris, amasTanave 

arc Sedgenilia, radgan verc erT martiv Pi 

ricxvze ver gaiyofa (Pi-ze gayofisas naSTi-

erTia), e.i. miviReT winaaRmdegoba, anu daS-

qeTevan SavguliZe

fizika maTematikis mecnierebaTa 
kandidati, asocirebuli 

profesori. iv. javaxiSvilis 
saxelobis Tbilisis saxelmwifo 

universitetis zust da 
sabunebismetyvelo mecnierebaTa 

fakulteti
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martivi ricxvebi

veba, rom martiv ricxvTa simravle sasru-

lia, ar yofila swori.

Tu ganvixilavT naturalur ricxvTa mim-

devrobas 1-dan n-mde, SevamCnevT, rom n-is 

zrdasTan erTad martivi ricxvebi saSua-

lod ufro iSviaTad gvxvdeba. Tumca xSir-

adgvxvdeba martivi ricxvebi, romelTa So-

ris sxvaobac 2-is tolia (magaliTad 5 da 7, 

11 da 13, 17 da 19, 29 da 31, ...), martiv ricxvTa 

aseT wyvilebs „tyupi martivi ricxvebi“ ewo-

deba da maTi raodenoba sasrulia, Tu usas-

rulo jerjerobiT daudgenelia. amasTa-

nave, ricxviT mwkrivSi arsebobs nebismieri 

sigrZis monakveTi, romelTa Sorisac arc 

erTi martivi ricxvi ar aris, magaliTad, n−1 

raodenobis TanmimdevrobiT aRebuli natu-

raluri ricxvebi: n! + 2; n! + 3; ... ; n! + n nebis-

mieri n ≥ 2-sTvis aris Sedgenili. 

cxrili im martivi ricxvebisa, romlebic 

mocemul n ricxvs ar aRemateba, Semdegnai-

rad SeiZleba SevadginoT: davweroT Tanmim-

devrobiT yvela naturaluri ricxvi 2-dan n-

mde, 2-iani davtovoT da amovSaloT yoveli 

meore, Semdeg davtovoT amouSleli Semdegi 

ricxvi 3-iani da amovSaloT yoveli mesame, 
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Semdeg davtovoT amouSleli Semdegi ricx-

vi 5-iani da amovSaloT yoveli mexuTeda a.S. 

vidre yvela Sedgenili ricxvi ar amoiSleba. 

es meTodi cnobilia e.w. „eratosTenes sac-

eris“ saxelwodebiT da iZleva saSualebas 

SevadginoT martiv ricxvTa cxrili nebismi-

er n ricxvamde. sasurvelia gaviTvaliswin-

oT, rom mas Semdeg, rac amoSlilia martivi 

p ricxvis jeradi ricxvebi, Semdegi amoSla 

unda daviwyoT p2 ricxvidan, romelic cxril-

Sia darCenili, amasTanave, martiv ricxvTa 

cxrilis Sedgena n-mde damTavrebuli iqneba, 

Tu amovSliT jeradebs, yvela im martivi 

ricxvisas, romelic ar aRemateba √n-s. ase 

Sedgenili cxrili aris vrceli empiriuli 

masala, romelze dayrdnobiTac SeiZleba 

gamoiTqvas mTeli rigi uaRresad sarwmuno 

hipotebebi, aseTi hipoTezebis damtkiceba 

ki xSirad metismetad rTuldeba.

ganvixiloT martiv ricxvTa ganawile-

basTan dakavSirebuli amocanebi.vTqvaT, 

π(x)-iT aRniSnulia yvela im martiv ricxvTa 

raodenoba, romelic x-s ar aRemateba. mar-

tiv ricxvTa ganawilebis kanonzomiereba, 

anu π(x) funqciis cvalebadoba naturalur 

ricxvTa sasrul monakveTze kargad ver 

mJRavndeba, amitom daisva amocana cnobil 

funqciaTa klasSi vipovoT iseTi, romelic 

warmoadgens π(x) funqciis yvelaze ukeTes 

miaxloebas (saTanado azriT). leJandrma 

(1808 wels), pirvelma miiRo empiriuli for-

mula π(x) funqciis miaxloebiT warmod-

genisaTvis. saxeldobr, man dauSva, rom x-is 

didi mniSvnelobebisaTvis π(x) daaxloebiT 

udris 
ln

x
x B−

 funqcias, sadac B mudmivia. le-

Jandrisagan damoukideblad, naturalur 

ricxvTa simravleSi martiv ricxvTa raode-

nobis uSualo daTvlis Sedegad, germaneli 

maTematikosi karl fridrix gausi im daskv-

namde mivida, rom ( )x
x

π  fardoba miaxloebiT 

udris 
1

ln x
 da rom am miaxloebis sazuste, 

x-is zrdasTan erTad ukeTesdeba. amgvar 

empiriul WeSmaritebaze dayrdnobiT gaus-

ma gamoTqva mosazreba, rom 
( )x
x

π
 fardoba 

„asimptoturad tolia“ 
1

ln x  fardobis, anu 

( ) 1lim : 1
lnx

x
x x

π
→∞

    =   
    , anu ( )( )lim 1, ~

ln
ln

x

x xxx x
x

π π
→∞

=

(am tolobiT gamoTqmul debulebas ewodeba 

martiv ricxvTa ganawilebis kanoni), manve 

ivarauda, rom π(x) funqcias ufro „zustad“ 

uaxlovdeba funqcia 

2

li
ln

x dt x C
t

= −∫ ,

vidre funqcia 
ln

x
x

 , sadac 

0

1

0
1

li lim , li 2 1,04
ln ln

xdt dtx C
t t

ε

ε
ε

−

→
+

 
= + = = … 

 
∫ ∫ .

TiTqmis asi wlis ganmavlobaSi (1896 

wlamde) am tolobis damtkiceba warmoadgen-

da maTematikis erT-erT umniSvnelovanes da 

Znel problemas.

zusti Sedegebi am mimarTulebiT pirve-

lad miiRo CebiSevma 1851-52 wlebSi. man 

daamtkica, rom: 

1) Tu 
( )

ln

x
x
x

π
 Sefardebas aqvs zRvari, roca 

x→∞, maSin es zRvari udris 1-s;

2) Sefardeba  
( )

ln

x
x
x

π
 , sakmaod didi x-

isaTvis, SemosazRvrulia ori dadebiTi 

mudmiviT, 1 2
( )

ln

xc cx
x

π
< <

 sadac c1 = 0,92129…, c1 

=1,0555...…, magram zRvris arsebobis damt-

kiceba funqciaTa Teoriis meTodebis gar-

eSe didi xnis manZilze ar xerxdeboda da mx-

p. CebiSevi
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olod 1896 wels erTmaneTisgan 

damoukideblad adamarma (J. Hadamard) pariz-

Si da vale-pusenma (Ch. La ValleePoussin) lu-

venSi SeZles am Teoremis damtkiceba. ker-

Zod, vale-pusenma daamtkica kidev ufro 

zusti Tanafardoba, rom

( ) ( )
2 ln

x dtx R x
t

π = +∫ ,

sadac 

( ) 2 ln
1

c xR x c xe−< ,

e.i. cdomileba naklebia vidre ( )ln A
x
x ^A, A-s 

nebismieri ra gind didi mudmivi mniSvnelo-

bisaTvis.

mogvianebiT, 1948 wels elementaruli 

meTodebiT, kompleqsuri cvladis funqci-

aTa Teoriis meTodebis gareSe, es Sedegebi 

miRebul iqna selbergisa (Selberg) da erdoSis 

(Erdős) mier.

sxvadasxva meTodebis gamoyenebiT xde-

boda da kvlavac xdeba vale-pusenis Sefase-

baSi cdomileba R(x)-is kidev ufro gaum-

jobeseba, kerZod Sefasebis maRali sizuste 

iqna miRweuli veilis meTodiT litlvudis 

(Littlewood) mier (1921 w.), xolo ufro Zlieri 

trigonometriul mwkrivTa meTodiT vino-

gradovis mier (1935 w.).

martivi ricxvis formula da

Tvisebebi

eZebdnen ra formulebs, romlebic mogv-

cemdnen mxolod martiv ricxvebs, eilerma 

dawera ramdenime mTelkoeficientebiani 

polinomi, romlebic x-is sawyisi mTeli mni-

SvnelobisaTvis gvaZlevdnen martiv ricx-

vebs, magaliTad:

x2 + x + 17;  x = 0,1,2,…16-sTvis martivia,

xolo  x = 17-sTvis ukve Sedgenilia,

2x2 + 29;  x = 0,1,2,…28-sTvis martivia,

xolo  x = 29-sTvis Sedgenilia,

x2 + x + 41;  x = 0,1,2,…40-sTvis martivia,

xolo  x = 41-sTvis Sedgenilia,

x2 - 79x + 1601;  x = 0,1,2,…79-sTvis martivia,

xolo  x = 80-sTvisSedgenilia

da manve daamtkica Semdegi

Teorema 1. ar arsebobs mTelkoeficien-

tebiani polinomi

f (x) = a0x
n + a1x

n−1 + ... + an,

romelic x-is yvela mTeli mniSvnelobebi-

saTvis gvaZlevs mxolod martiv ricxvebs.

damtkiceba. vTqvaT, x = x0-saTvis miiReba 

martivi ricxvi, anu f (x0) = p, sadac p martivi 

ricxvia. advili saCvenebelia, rom f (x0+py)-is 

mniSvneloba nebismieri y-isaTvis iyofa p-ze, 

radgan f (x0+py) = f (x0)+pg(y) = p+pg(y) = p(1+g(y)), 
sadac g(y) mTelkoeficientebiani polinomia 

y-is mimarT da 1+g(y) aris 1-sagan gansxvave-

buli mamravli.

moviyvanoT ramdenime Teorema martivi 

ricxvebis Sesaxeb, romelic ricxvis marti-

vobis aucilebeli da sakmarisi pirobaa. ma-

gram, samwuxarod, am Teoremebs praqtikuli 

Rirebuleba martiv ricxvTa agebis Tval-

sazrisiT ar gaaCnia:

J. adamari



37

Teorema 2. n martivia maSin da mxolod ma-

Sin, Tu

1

1 2
m

n n
m m≥

 −    − =        
∑ .

aq da SemdegSi aRniSnavs mTel nawils.

damtkiceba.marTlac, Sesakrebi aris 1-is 

toli, Tu m yofs n-s, da aris nuli sxva Sem-

TxvevaSi, e.i. mocemuli jami aris τ(n), anu 

n-is gamyofTa raodenoba da toloba τ(n)=2 

axasiaTebs mxolod martiv ricxvs.

Teorema 3. vilsonis Teorema ([1] gv. 62), 

romelic daamtkica varingma 1770 wels: nat-

uraluri n > 1 ricxvi martivia maSin da mx-

olod maSin, roca

(n−1)! + 1 iyofa n-ze (anu (n−1)! + 1 ≡ 0 (mod n)).

vilsonis Teoremis safuZvelze klemen-

tis mier damtkicebuli iqna ([2, gv. 30])

Teorema 4. ricxvebi n da n+2 maSin da mx-

olod maSin aris tyupi martivi ricxvebi, 

roca

4( (n−1)! + 1) + n ≡ 0 (mod n(n+1) )
(anu 4( (n−1)! + 1) + n iyofa n(n+1)-ze).

Teorema 5. imisaTvis rom n iyos martivi, 

aucilebeli dasakmarisia Cn
k iyofodes n-ze, 

nebismieri k = 1,2,… (n−1)-sTvis, sadac Cn
k 

aris jufTebaTa raodenoba n elementidan k 

elementad.

damtkiceba. aucilebloba, vTqvaT 

n=p martivi ricxvia, maSin cxadia p yofs 

( )
!

! !
k
p

pC
p k k

=
−  mTel ricxvs. 

sakmarisoba. vTqvaT, n yofs Cn
k-s, nebism-

ieri k = 1,2,… (n−1)-sTvis, vaCvenoT, rom n mar-

tivia. davuSvaT sawinaaRmdego, vTqvaT n Sed-

genilia, anu n = qn1, sadac q aris n-is umciresi 

martivi gamyofi, vaCvenoT, rom n ver gayofs 

Cn
q-s, marTlac, 

( )
( )
( )

( )
( )

1 1

1 1

! !!
! ! ! ! ! ( 1) !

q
n

qn qnnC
q n q q qn q q q n

= = =
− − −

, aq mricxvelSi martivi q ricxvi gvxvdeba 

Tanamamravlad n1-jer, mniSvnelSi: q!-Si _ 

erTxel, (q(n1−1))!-Si _ (n1−1)-jer, e.i. mniSvnel-

Sic martivi q ricxvi gvxvdeba Tanamamravlad 

zustad n1-jer, anu Cn
q ar iyofa q-ze , Sesabam-

isad arc n-ze. Cveni daSveba, rom n Sedgenilia 

ar yofila swori. 

Teorema 6. (eileris kriteriumi) yoveli 

kenti ricxvi maSin da mxolod maSin aris 

martivi, roca is erTaderTi gziT warmoid-

gineba kvadratebis sxvaobad.

damtkiceba. vTqvaT, n=p kenti marti-

vi ricxvia, maSin warmodgenidan n=p=x2−

y2=(x−y)(x+y), gamomdinareobs, rom x−y=1 da 

x+y=n=p saidanac, 1
2

px +
=  da 1

2
py −

= , amgvarad, 
2 21 1

2 2
p pp + −   = −   

   
.

vTqvaT, axla n = ab (1 < a < n, 1 < b < n) kenti 

Sedgenili ricxvia, maSin 
2 2

2 2
a b a bn ab + −   = = −   

   
 

da agreTve 
2 21 1

2 2
n nn + −   = −   

   
, gvaqvs ori ma-

inc gansxvavebuli warmodgena.

Teorema 7. yoveli 4n+1 saxis kenti ricx-

vi maSin da mxolod maSin aris martivi, roca 

is erTaderTi saxiT iSleba ori (urTierT-

martivi) kvadratis jamad. arc erTi 4n+3 

saxis martivi ricxvi ar iSleba ori kvadra-

tis jamad. es Teorema privelad Camoayaliba 

fermam da daamtkica eilerma ([2, gv. 37]).

Teorema 8. Tu arsebobs iseTi ricxvi, 

Tanamartivi n-Tan, rom a(n−1) ≡ 1(mod n), magram 
1n

pa
−

≢1(mod n), n−1-is yoveli p martivi gamyo-

fisaTvis, maSin n martivia ([2, gv. 32]).

maTematikosebma minakma (Minac) da vilans-

ma (Willans) miiRes n-uri martivi ricxvis pn-is 

formula ([3, gv. 25]), romelic ufro Teori-

uladaa saintereso, vidre praqtikuli gam-

oyenebisTvis da mas aqvs saxe:

vale puseni
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( ) ( )

1

2

2

2

2
1 ! 1 1 !

1

n

n

n
mm

j

np
j j

j j
=

=

 
  
  
  = +    − + −  + −        

 

∑
∑

.

vilsonis Teoremidan gamomdinareobs, 

rom 1, Tu j martivia
0, Tu j Sedgenilia

( ) ( )1 ! 1 1 !j j
j j

 − + − 
− =  

   

e.i. 
( ) ( )

2

1 ! 1 1 !
( )

m

j

j j
m

j j
π

=

 − + − 
− =  

   
∑ , axla sakmarisia 

vaCvenoT, rom 1
2

2

2
1 ( )

n
n

n
m

np
mπ=

 
  = +   +   

∑ ,

advili saCvenebelia, rom 

1 ,Tu π(m)≤n−1
0, sxva SemTxvevaSi

1

1 ( )

nn
mπ

 
   =  +    .

roca m icvleba 2-dan 2n-mde, maSin utoloba 

π(m) ≤ n−1 sruldeba m = 2,3,4,… pn−1-sTvis, e.i. 

sul aris pn−2 erTiani, anu

1
2

2

2 2 2
1 ( )

n
n

n n
m

n p p
mπ=

 
  + = + − =  +   

∑ .

dReisaTvis yvelaze didi martivi ricxvi, 

romelic cnobilia (daadgines los- anjele-

sis kaliforniis universitetSi 2013 wlis 

TebervalSi) aris mersenis M57885161 = 257885161 − 1 

ricxvi, romelic Seicavs 17 425 170 cifrs.

1845 wels frangma maTematikosma ber-

tranma (Bertrand) erTi mniSvnelovani Teo-

remis damtkicebisas gamoiyena Semdegi, rom 

nebismieri mTeli n>1-sTvis n-sa da 2n-s So-

ris yovelTvis arsebobs erTi mainc martivi 

ricxvi. martiv ricxvTa es Tviseba, romelic 

literaturaSi moixseneba, rogorc ber-

tranis postulati, 1852 wels sakmaod gon-

ebamaxviluri da elementaruli gziT daamt-

kica CebiSevma.

broiSma (Breusch) daamtkica, rom x≥48-

sTvis x-sa da 9
8
x -s Soris yovelTvis ar-

sebobs martivi ricxvi. ingamma (Ingham) 

daamtkica, rom sakmaod didi x-sTvis x3-sa 

da (x+1)3-s Soris aris erTi mainc martivi 

ricxvi, samarTliania Tu ara es Tviseba x2 

-is da (x+1)2-sTvis jerjerobiT dadgenili 

ar aris. cxrilis mixedviT Tu vimsjelebT, 

am kiTxvaze albaT dadebiTi pasuxi unda 

iyos, magram damtkicebis ar arsebobis gamo 

sakiTxi Riad rCeba. am SeniSvnasTan dakav-

SirebiT moviyvanT erT saintereso faqts: 

fermas problemaze muSaobisas (xn + yn = zn 

gantolebis mTeli amonaxsnebis arsebobis 

sakiTxi, roca n > 2), erT-erTi mniSvnelovani 

amocanaa (2p−1−1)-is p2-ze gayofadoba, roca 

p martivi ricxvia. cnobilma maTematikos-

ma gravem (Grawe) 1913 wels, Seamowma ra es 

Tviseba yvela martivi ricxvisTvis 1-dan 

1000-mde, gamoTqva mosazreba, rom ricxvi 

(2p−1−1), martivi p-sTvis arasdros ar iyofa 

p2-ze. sul male aRmoCnda, rom p = 1093-sT-

vis 2^1092−1 iyofa 10932-ze. amrigad empiri-

ulad miRebuli daskvnebi, zogjer SeiZleba 

mcdari aRmoCndes.

iSikavas (Ishikawa) mier dadgenilia ([2, gv. 

72-74]), rom

a) π(xy) > π(x) + π(y), yoveli y ≥ 2, x ≥ 6, x ≥ y.

b) pn + pn+1 > pn+2,

g) pn pm > pn+m,

d) 

2

1
1

n n

n k
k

p p+
=

 
<  

 
∏ ,

sadac pn aris me-n-e martivi ricxvi.

i. bertrani
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ariTmetikuli progresia da martivi 

ricxvebi

yoveli 3-ze meti martivi ricxvi 6-ze 

gayofisas naSTSi gvaZlevs 1-s an 5-s (winaaR-

mdeg SemTxvevaSi, Tu naSTi iqneboda 2, 3 an 4, 

maSin es ricxvi gaiyofoda 2-ze an 3-ze), e. i. 

3-ze met martiv ricxvs aqvs saxe: 6m+1 an 6m-

1. davamtkicoTSemdegi

Teorema. 6m-1 saxis ricxvebSi aris usas-

rulo simravle martivi ricxvebisa.

damtkiceba. davuSvaT sawinaaRmdego, 

rom aseTi saxis martivi ricxvebi sasrulia 

da aris sul k cali, esenia: p1, p2,...pk, ganvix-

iloT A = 6p1p2...pk−1 ricxvi. SesaZlebelia 

ori ram, an A ricxvi martivia ( SeuZlebelia, 

radgan A-sac aqvs 6m−1 saxe da TiToeul 

aseTi saxis pi ricxvze metia), an A Sedgenilia 

da iSleba martiv mamravlebad, romelTa-

gan arc erTi ar aris 6m−1 saxis (radgan 

6m−1 saxis yvela martivi ricxvi Sedis A+1-

is daSlaSi da A da A+1 ki Tanamartivia, maT 

saerTo gamyofi 1-is garda ar gaaCniaT), Tu 

A Sedgenilia, maSin iSleba 6m+1 saxis martiv 

mamravlebad da Sesabamisad aris 6m+1 tipis, 

rac ewinaaRmdegeba A-s saxes. e.i. Cveni daS-

veba arasworia da 6m−1 saxis martiv ricxvTa 

simravle usasruloa. aseve SeiZleba damt-

kicdes 4m−1 saxis martiv ricxvTa simravlis 

usasruloba.

am sakiTxis ganzogadebaa Teorema mar-

tivi ricxvebis Sesaxeb ariTmetikul pro-

gresiaSi, romelic 1788 wels Camoayaliba 

frangma maTematikosma leJandrma da ro-

melic 1837 wels namdvili cvladis funq-

ciaTa Teoriis gamoyenebiT daamtkica ger-

manelma maTematikosma dirixlem (Peter Gustav 

Lejeune Dirichlet).

dirixles Teorema ariTmetikuli pro-

gresiis Sesaxeb: yoveli ariTmetikuli 

progresia a+nd, sadac pirveli wevri a da sx-

vaoba d Tanamartivia (a,d)=1, Seicavs martiv 

ricxvTa usasruli simravles.

didi xnis manZilze cdilobdnen am Teo-

remis damtkicebas elementaruli gziT, rac 

1949 wels moaxerxa danielma maTematikos-

ma selbergma, romelsac ricxvTa Teoriis 

araerTi sakmaod rTuli problema aqvs 

damtkicebuli elementaruli meTodebiT.

cnobilia agreTve grin taos Teorema 

(Green–Tao theorem): yoveli k-saTvis arsebobs 

a da d ricxvebis wyvili, iseTi, rom a+nd mar-

tivi ricxvia yvela n-sTvis 0-dan k−1-mde. 

saukeTeso Sedegi aseTi k-sTvis jerjero-

biT aris k = 26 (napovnia andersenis mier 2010 

wels) 43142746595714191 + 5283234035979900n 

aris martivi yvela n-sTvis 0-dan 25-mde. 

goldbaxis problema

peterburgis akademiis wevrma maTema-

tikosma goldbaxma eilerisadmi gagzavnil 

werilebSi (1742 wlis 7 ivnisi) gamoTqva Sem-

degi ori hipoTeza: a) yoveli luwi ricxvi 

≥6, aris ori kenti martivi ricxvis jami; b) 

yoveli kenti ricxvi ≥9, aris sami kenti mar-

tivi ricxvis jami.

a) 2n = p1+p2 (n ≥ 3, p1, p1 _ kenti martivi 

ricxvebia).

b) 2n+1 = p1+p2+p3 (n ≥ 4, p1, p2, p3 _ kenti mar-

tivi ricxvebia).
l. dirixle
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cxadia, rom a) Seicavs b)-s, e.i. Tu marTe-

bulia a), marTebulia b)-c. marTlac, Tu 2n + 
1 ≥ 9 (n ≥ 4), maSin, a)-s Tanaxmad, gvaqvs

2n+1 = (2n-2)+3 = p1+p2+3 = p1+p2+p3 (p3=3).
am hipoTezaTa marTebulobis damtkicebis 

amocanas ewodeba goldbaxis problema.

miuxedavad imisa, rom am problemaze mra-

vali saxelganTqmuli maTematikosi muSaob-

da, didi xnis manZilze araferi arsebiTi ar 

gakeTebula.

ricxvTa Teoriis erT-erTma udidesma 

specialistma edmund landaum 1912 wels 

kembrijSi, maTematikosTa mexuTe saerTa-

Soriso kongresze, ganacxada, rom goldbax-

is problema aRemateba Tanamedrove maTema-

tikis SesaZleblobebso.

goldbaxis problemis Sesaxeb yvelaze 

Zlieri Sedegi miiRo vinogradovma. 1937 

wlis maisSi man daamtkica goldbaxis b) hipo-

Tezis marTebuloba. zustad misi es Sedegi 

ase Camoyalibdeba: yoveli, sakmarisad didi 

kenti naturaluri ricxvi sami martivi ricx-

vis jamia. luwi ricxvebisaTvis vinogrado-

vis am Teoremidan gamomdinareobs Semdegi: 

yoveli, sakmarisad didi luwi naturaluri 

ricxvi oTxi martivi ricxvis jamia.

vinogradovma Seqmna friad mZlavri 

meTodi ricxvTa adiciur TeoriaSi. am meTo-

dis ideis siRrmeze metyvelebs, kerZod, is 

faqtic, rom misi gamoyenebiT amoxsnil iqna, 

mTlianad, an nawilobriv, mravali rTuli 

problema, miRweul iqna sxvadasxva sidide-

Ta Sefasebis arsebiTi gaumjobeseba.

landaus mier maTematikosTa mexuTe 

saerTaSoriso kongresze, dasmuli iyo 

agreTve martiv ricxvebTan dakavSirebuli 

ramdenime problema, romelTagan arcerTi 

ar aris dRemde amoxsnili:

1. sasruli Tu usasrulo „tyup mar-

tiv ricxvTa~ simravle (martivi ricxvebi, 

romelTa Soris sxvaobac 2-is tolia). 2013 

wels maTematikosma itan Cangma (Yitang Zhang) 

niu hempSiris universitetidan daamtkica, 

rom arsebobs usasrulo simravle martivi 

ricxvebisa, romelTa Soris manZili ar aR-

mateba 70 milions, risTvisac man 2014 wels 

miiRo frank nelson kolis premia TeoriaSi.

2. leJandris hipoTeza: samarTliania Tu 

ara, rom yoveli naturaluri n-saTvis n2-sa 

da (n+1)2-s Soris aris erTi mainc martivi 

ricxvi.

3. sasrulia Tu usasrulo n2+1 tipis mar-

tivi ricxvebi, sadac n naturaluria. magal-

iTad 17 = 42 + 1; 37 = 62 + 1 da a.S.

daudgenelia agreTve, usasrulo raode-

nobis martiv ricxvebs Seicaven Tu ara sx-

vadasxva ricxviTi mimdevrobebi, magaliTad 

fibonaCis ricxvebi, fermas ricxvebi da sxva.

aRsaniSnavia agreTve, rom gasuli sauku-

nis bolos da XXI saukunis dasawyisSi martiv 

ricxvebs udidesi gamoyeneba aqvs informa-

tikaSi, kerZod informaciis Senaxvisa da ga-

dacemis usafrTxoebisaTvis, simetriuli da 

asimetriuli kriptosistemebisTvis iyene-

ben algoriTmebs, romelTa saSualebiTac 

mowmdeba ricxvi martivia Tu ara, martivi 

ricxvebis agebis algoriTmebs, ricxvis mam-

ravlebad daSlis algoriTmebs da sxva.

gamoyenebuli literatura:

1. p.koRonia, a.lursmanaSvili, ricxvTa 

Teoriis kursi, „ganaTleba“, Tbilisi, 1967.

2. E. Trost, Primzahlen, VerlagBirkhauser, Basel-
Stuttgart, (Targmani rusulad) 1959.

3. J. De Koninck, A. Mercier, 1001 Problems in 
Classical Number Theory, AMS, 2007.

avtoris eleqtronuli misamarTi:

ketevanshavgulidze@@yahoo.com

q. goldbaxi



ბაბილონური ხელწერა (Plimpton 322 
მათემატიკა) ჩვენს წელთაღრიცხვამდე 1900 

წელი, უძველესი მათემატიკური ტექსტი



42

1. Aadamiani cxovrobs da moRvaweobs mra-
valferovan movlenaTa garemoSi. igi ak-
virdeba da swavlobs am movlenebs, aanali-
zebs maTs cvalebadobas droSi. movlenis 
droSi winaswarmetyveleba da ganWvreta 
mniSvnelovani problemaa. is yovelTvis 
did yuradRebas imsaxurebda, vinaidan, vinc 
flobda winaswarmetyvelebis ukeTes meTod-
sa da unars, igi ufro warmatebulad arT-
mevda Tavs saqmianobas. swored movlenis 
evoluciis ganWvretis procesi warmoad-
gens prognozirebas.

kacobriobis istoria mdidaria prog-
nozirebis institutebis arsebobiT. aseTi 
centri, berZnuli wyaroebis mixedviT, iyo 
delfSi, sadac orakuli winaswarmetyveleb-
da, Tu rogor ganviTardeboda garkveuli 
mniSvnelovani movlena. Nnostradamusis wi-
naswarmetyvelebas dResac cdiloben miscen 
interpretacia. amitom xSirad msjeloben ma-
Tze Jurnalistebi da sensaciis moyvarule-
bi. bulgareli vangas misnoba da eqstrasens 
juna daviTaSvilis fenomeni mecnierebis 
gamokvlevis sagnadac ki iqca. uamravi sxva 
magaliTis moyvanac SeiZleba: astrologebis 
centrebi, eqstrasensebi da sxv.

cxadia, imis varaudi, rom es yvelaferi 
Sarlatanobaa da misnobaa da araviTar re-
alur safuZvels ar eyrdnoba, mTlad samar-
Tliani ar aris. bevri ram bunebaSi meorde-
ba, xolo movlenebis detaluri Seswavla, 
statistikis sawyisebi da sxv. zogierTebs 
aZlevda sakmaris codnas, rom movlenaTa 
saSualo tendencia ewinaswarmetyvela. is ki 
rom, rogorc misnebs undaT axsnan TavianTi 
grZneuloba, TiTqos yvela movlena dedami-
waze ukve momxdaria da maT aqvT unari dain-
axon is, rac ainteresebT, cxadia, ufro 
fantaziis nayofia. prognozirebis aucile-
blobas odiTgan iwvevda realoba _ amindi, 
planetebis gadaadgileba, vulkanebis amo-

frqveva, miwisZvrebi da bevri sxva kacobri-
obisaTvis mniSvnelovani movlena. man gamoi-
wvia prognozirebis mecnieruli meTodebis 
ganviTareba, rac gadajaWvulia mTlianad 
mecnierebis ganviTarebasTan. aRmoCda, rom 
prognozirebis sawyis etapad unda miviC-
nioT movlenis modelis Seqmna da Semdeg am 
modelisaTvis mkacri prognozirebis meTo-
debis SemuSaveba. zogierTi CamoTvlili 
problema kargad eqvemdebareba prognozs, 
zogierTis prognozi ki TiTqmis SeuZlebe-
lia. dRes am mimarTulebiT mravali mecni-
eruli skola muSaobs, Seqmnilia am sakiTxis 
Semswavleli specialuri institutebi.

iseTi mecnier-korifeebi, rogorebicaa 
norbert vineri da andrei kolmogorovi 
iyvnen yvelaze warmatebulebi. maT erTmane-
Tisagan damoukideblad Cauyares safuZve-
li prognozirebis dRevandel Teorias. amo-
mavali postulati iyo is, rom, ZiriTadad, 
prognozirebisaTvis saintereso movlene-
bi SemTxveviTi xasiaTisaa. prognozirebis 
zusti maTematikuri Teoria efuZneba 
swored albaTobis Teoriis iseT ganxras, 
rogoricaa SemTxveviTi (stoqasturi) pro-
cesebis Teoria. es bunebrivia, vinaidan 
SemTxveviTi procesi warmoadgens droze 
damokidebul SemTxveviT sidideTa erTo-
bliobas, maT Soris, specialuri kavSirebiT. 
mecnierebi intensiurad swavloben real-
uri procesebis adekvaturi stoqasturi 
procesebis klasebs. metad mniSvnelovania 
stacionaruli procesebis kvleva. swored 
procesebis aseT klasebs uZRvnes Tavisi pi-
oneruli gamokvlevebi vinerma da kolmogo-
rovma. maT prognozirebaSi terminologiac 
daamkvidres da aCvenes, rom prognozirebisa 
da filtraciis (signalisaTvis xmauris mo-
cileba) problemebi erTobliobaSi ixsneba.

amocanis naTeli warmodgena SeiZleba Sem-
degi nawilobriv dakvirvebadi sqemis farg-

prognozireba

omar Rlonti

fizika-maTematikis mecnierebaTa doqtori, 
asocirebuli profesori. iv. javaxiSvilis 

saxelobis Tbilisis saxelmwifo 
universitetis zust da sabunebismetyvelo 

mecnierebaTa fakulteti 

q
a
r
T
v
e
l
i

a
v
t
o
r
e
b
i



43

lebSi: vixilavT orkomponentian SemTxveviT 
process, pirveli komponentis dakvirvebis 
saSualeba ara gvaqvs, xolo meores vakvird-
ebiT. saukeTeso prognozisa da saukeTeso 
filtris asagebad unda gamoviyenoT is in-
formacia (monacemebi dakvirvebad komponen-
tze), romelic gagvaCnia, e.i. unda daveyrd-
noT warsuls imis varaudiT, rom Semdegi 
yofaqcevac TiTqmis analogiuri iqneba.

filtraciisa da prognozirebis Teori-
aSi axali mniSvnelovani etapi iyo kalman-
biusis SemoTavazebuli algoriTmi mox-
erxebuli kompiuteruli gaTvlebisaTvis. 
aTiaTasobiT naSromi iyo Sesrulebuli am 
mimarTulebiT da gamoyenebuli sainJinro 
proeqtebis praqtikaSi sarealizaciod. 
miRebuli SedegebiT isargebles kosmosur 
navigaciaSic da sakmaod warmatebiTac. am 
midgomaSi ZiriTadi daSveba iyo modelis 
rekurentuli gamosaxulebiT (diskretuli 
drois SemTxvevaSi) da stoqasturi Ddife-
rencialuri gantolebiT (uwyveti drois 
SemTxvevaSi) aRwera.

aq unda SevniSnoT, rom stoqasturi 
diferencialuri gantolebebi gaigeba 
stoqasturi integraluri gantolebebis 
arsebobis TvalsazrisiT, xolo stoqastu-
ri integraluri gantolebebi efuZnebian 
stoqastur integrals brounis moZraobis 
mimarT. brounis moZraobis SemTxveviTi 
procesis modeli (an vineris procesi) metad 
mniSvnelovani obieqtia. igi pirvelad gamo-
yenebuli iyo baSelies mier (1900 w.) rogorc 
safondo birJaze aqciis fasis evoluciis 
modeli. 1905 wels mas gamokvlevebi miuZ-
Rvna (smoluxovskisTan erTad) genialurma 
albert ainStainma, Semdeg ki meoce sauku-
nis ocian wlebSi igi detalurad Seiswavla 
norbert vinerma da amitom am process vin-
eris process uwodeben.

2. prognozi (berZnulidan _ winaswarme-
tyveleba, ganWvreta) _ momavlis ganWvreta 
mecnierul meTodebze dayrdnobiT.P prog-
nozireba warmoadgens gadawyvetilebis 
miRebis process im movlenis Sesaxeb, romlis 
Sedegzec dakvirveba jer ar mogvepoveba. sx-
vagvarad rom vTqvaT, prognozs miiCneven mo-
mavali movlenis samecniero modelad, xolo 
prognozirebas ki _ prognozis SemuSavebad. 
prognozi xangrZlivobis mixedviT aris 
moklevadiani da grZelvadiani. metad mniS-
vnelovania prognozis sizustis gansaz-
Rvris meTodebis damuSaveba. cxadia, rom 
moklevadiani prognozis sizuste aRemateba 
grZelvadiani prognozis sizustes. sityva 
prognozirebis inglisuri Sesatyvisebia _ 
forecasting, prediction, extrapolation, bolo Sesa-
tyvisi qarTulSic ixmareba. mokled Sevexe-
biT sakmaod gavrcelebul prognozirebis 
meTods _ delfis meTods. saxelwodeba 
„delfi“ momdinareobs delfis orakuli-
dan. am meTodebis avtorebsa da mimdevrebs 

es maincdamainc ar moswonT, vinaidan igi 
gulisxmobs rames, cota saidumlos (okul-
turs). pirvelad meTodi gamoyenebuli iyo 
1944 wels omis warmoebis teqnologiebis 
prognozirebisaTvis da damuSavda gener-
al p. arnoldis xelmZRvanelobiT. delfis 
meTodi efuZneba im varauds, rom jgufuri 
azri ufro efeqturia, vidre individual-
uri. delfis meTodi prognozirebis meTo-
dia, romelic eyrdnoba eqspertTa jgufis 
Zalisxmevas.Eeqspertebi pasuxoben kiTxva-
rebs ori an meti raundis periodSi. yoveli 
raundis Semdeg kuratori ajamebs wina raun-
dis saprognozo Sedegs. eqspertebi am Sede-
gis mixedviT cvlian Tavis pasuxebs. AaseTi 
procesis Sedegad aris imis varaudi, rom pa-
suxebis sarwmuneoba izrdeba da bolos „ko-
reqtul“ pasuxSi gadaizrdeba. Kkonsesusis 
miRwevisas raundebi wydeba.Ddelfis meTods 
farTo gamoyeneba aqvs sxvadasxva biznesis, 
mecnierebis ganviTarebis prognozisa da 
prognozirebisaTvis safondo birJazec.

3. prognozirebis Tanamedrove meTode-
bi moiTxovs albaTur-statistikuri Teor-
iis sakmaod karg codnas da, bunebrivia, 
saWiroa, rom mkiTxvelma, Tu igi dain-
teresdeba am problematikiT, saTanadod 
Seiswavlos SemTxveviTi procesebis Teo-
ria, droiTi mwkrivebi da SemTxveviTi pro-
cesebis statistika, Tumca arsebobs mar-
tivi prognozirebis algoriTmebi, romlis 
aRqma mkiTxvels ar gauWirdeba da advilad 
SeZlebs mis realizacias mocemuli droiTi 
mwkrivis prognozis gansaxorcieleblad. 
Cven gTavazobT erT aseT martiv algoriT-
ms (eqsponencialuri gagluveba), romelsac 
evristuli xasiaTi aqvs, magram cud Sedegs 
ar iZleva prognozirebis dros da praq-
tikaSic farTo gamoyeneba aqvs. Cven aseve 
vTavazobT mkiTxvels garkveul statisti-
kur monacemebs (valutis kursebis droiTi 
mwkrivi) da vurCevT mas am monacemebisaTvis 
gamoiyenos SemoTavazebuli prognozirebis 
algoriTmi.

4. eqsponencialuri gagluveba. Ggvaqvs 
dakvirvebebi x1, x2, ..., xn, sadac x1 Seesatyvise-
ba dakvirvebas drois pirvel momentSi 
(pirveli dRe, pirveli kvira, pirveli weli 
da a.S.), x2 _ meore momentSi,..., xn−n-ur mo-
mentSi e.i. gvaqvs, egreT wodebuli, droiTi 
mwkrivi. Aam dakvirvebebis meSveobiT gvinda 
SevimuSavoT prognozi n+1, n+2,... _ drois 
momentebSi. eqsponencialuri gagluvebis 
rekomendaciiT xn+k,k = 1,2,... sidideebis prog-
nozi gamoiTvleba formuliT:

 , 1, 2,...,n k nx m k+ = =

sadac mn _ eqsponencialurad Sewonili 
saSualoa da igi Semdegi rekurentuli al-
goriTmiT moicema
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( )1 1n n nm m xα α−= + − .

aq α gagluvebis parametria da 0 < α < 1. vi-
naidan gvaqvs rekurentuli gamosaxuleba, 
unda gadavwyvitoT, saidan daviwyoT gamoT-
vlebi. SegviZlia avirCioT.

m1 = x1,
Tumca SesaZlebelia aviRoT sxva sawyisi 

mniSvneloba. gagluvebis parametri ki me-
tyvelebs imis Taobaze, Tu awonil saSua-
loSi ra wili modis mimdinare drois mona-
cemze, ra wili warsul monacemebze da es 
parametric asarCevia. Tu aviRebT 1

2
α = , ma-

Sin Cven ar vaniWebT upiratesobas arc mim-
dinare monacems da arc warsul monacemebs. 
Tu 1

2
α > , maSin met wonas vaniWebT warsul 

monacemebs, xolo, Tu 
1
2

α < , maSin met wonas 
vaniWebT mimdinare monacems.

SevniSnoT, moxerxebulia α-s arCeva Sem-
degnairad. aviRoT α-s oTxi done 0.2; 0.4; 0.6 
da 0.8. gavyoT Cveni dakvirvebebi x1, x2,..., xn or 
nawilad x1, x2,..., xi da xi+1, xi+2,..., xn. monacemebis 
pirvel nawilze dayrdnobiT α-s oTxive do-
nisaTvis cal-calke viTvliT prognozis 
mniSvnelobebs 

( )


( )


( )
1 2, ,...,

i i i
i i nx x x+ + , i = 1, 2, 3, 4. Semdeg 

vangariSobT prognozis Secdomas oTxive 
SemTxvevisaTvis da virCevT im dones, rom-
lisaTvisac Secdoma naklebi iqneba. ufro 
dawvrilebiT es ase xdeba. prognozis Sec-
domis ganmsazRvreli maCvenebelia MAPE 
(Mean Absolute Forecasting Error _ saSualo ab-
soluturi prognozirebis Secdoma), ro-
melic iTvleba procentebSi Semdegi gamo-
saxulebidan,

1

1 100%
n

i

t l t

e
MAPE

n e x= +

= ⋅
− ∑

sadac  , 1, 2,...t t te x x t l l= − = + +  da virCevT α-s 
im dones, romlisaTvisac MA P E minimaluria. 
saerTod, Tu MAPE aRmoCnda 10%-ze nak-
lebi an toli, maSin gvaqvs maRali sizuste, 
Tu 10-dan 20%-mde _ kargi sizuste, 20-dan 
30%-mde _ damakmayofilebeli da 30%-ze 
meti _ aradamakmayofilebeli sizuste. 
imis Semdeg, rac avarCieT α parametri 
da pirveli nawilis monacemebis saSu-
alebiT vipoveT saprognozo sidideebi 
  

1 2, ,...,i i nx x x+ +  damakmayofilebuli sizustis 
miRweviT, gamoviyenebT ukve yvela n-mo-
nacems x1, x2,...,xn da vimoqmedebT xm-is, m > n 
prognozis gamosaTvlelad iseve, rogorc 
adre vakeTebdiT meore jgufis monace-
mebisaTvis.

…………davuSvaT, rom vamuSavebT 2008 wlis mai-
sis TbilisSi moqmed yoveldRiur gacvliT 
kursebs dolarisa larTan mimarTebaSi:

x1 = 1.4660, x2 = 1.4680, x3 = 1.4680, x4 = 1.4680,
x5 = 1.4680, x6 = 1.4630, x7 = 1.4600, x8 = 1.4570,
x9 = 1.4520, x10 = 1.4520, x11 = 1.4520, x12 = 1.4520,
x13 = 1.4520, x14 = 1.4520, x15 = 1.4550, x16 = 1.4570,
x17 = 1.4530, x18 = 1.4530, x19 = 1.4530, x20 = 1.4510,
x21 = 1.4490, x22 = 1.4490, x23 = 1.4490, x24 = 1.4540,
x25 = 1.4540, x26 = 1.4540, x27 = 1.4540, x28 = 1.4490,
x29 = 1.4490, x30 = 1.4440, x31 = 1.4440

prognozis SemuSavebisaTvis daveyrdnoT 
am monacemebis pirvel ocdaxuT monacems, 
e.i. pirveli jgufia x1, x2,..., x25, xolo meore 
sakontrolo jgufad aviRoT darCenili eqv-
si monacemi x26, x27,..., x31. avirCioT m1=x1=1.4660 
da α = 0.6 maSin eqsponencialurad Sewonil 
saSualoebisaTvis gveqneba

m2 = (0.6) ∙ (1.4660) + (0.4) ∙ (1.4680) = 1.4668,
m3 = (0.6) ∙ (1.4668) + (0.4) ∙ (1.4680) = 1.4673,
m4 = (0.6) ∙ (1.4673) + (0.4) ∙ (1.4680) = 1.4676,

da analogiuri gamoTvlebiT: 
m5 = 1.4659, m6 = 1.4659, m7 = 1.4635, m8 = 1.4609,
m9 = 1.4573, m10 = 1.4552, m11 = 1.4539, m12 = 1.4531,
m13 = 1.4527, m14 = 1.4524, m15 = 1.4534, m16 = 1.4548,
m17 = 1.4540, m18 = 1.4536, m19 = 1.4534, m20 = 1.4524,
m21 = 1.4510, m22 = 1.4502, m23 = 1.4497, m24 = 1.4514,
m25 = 1.4524

prognozis mniSvnelobebi t = 26,27,...,31 mo-
mentebSi iqneba:

 

 

 

26 2725 25

28 2925 25

30 3125 25

1.4524, 1.4524,

1.4524, 1.4524,

1.4524, 1.4524,

x m x m

x m x m

x m x m

= = = =

= = = =

= = = =

Pprognozis Secdomebi ki:

1 0.0016 0.0016 0.0034{
6 1.4540 1.4540 1.4490

0.0034 0.0084 0.0084} 100% 0.31%
1.4490 1.4440 1.4440

MAPE = ⋅ + + +

+ + ⋅ ≈

am SemTxvevaSi miRebuli 0.31% aT procen-
tze gacilebiT naklebia da sizuste Zalian 
maRalia, rac unda avxsnaT ganxilul period-
Si TbilisSi gacvliTi kursis stabiluro-
biT dolarisa larTan mimarTebaSi. Semdeg 
ukve gamoviyenebT yvela monacems, romelic 
mogvepoveba, gamovTvliT m-ebs da mis bolo 
gamoTvlil mniSvnelobas aviRebT progno-
zad momavali momentebisaTvis. daintere-
sebul mkiTxvels SeuZlia Caataros analo-
giuri gaTvlebi imave monacemebze α-s sxva 
doneebisaTvis, an moipovos axali monacemebi 
droiTi mwkrivis saxiT, magaliTad, valutis 
gacvliTi kursebis Sesaxeb bolo periodSi 
da imoqmedos iseve, rogorc aqaa aRwerili.

avtoris eleqtronuli misamarTi:
omar.glonti@tsu.ge
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albaTobis Teoria, iseve, rogorc masze 

dafuZnebuli maTematikuri statistika 

maTematikis SedarebiT axalgazrda dar-

gia. albaTur-statistikuri azrovneba 

uxsovari droidan arsebobs. Zvel droSi 

am Teoriis Canasaxs e.w. `Sansebis~ Teori-

aSi vnaxulobT. pirvelyofilTa beladebma 

icodnen, rom ramdenime monadires erT mona-

diresTan SedarebiT gacilebiT meti Sansi 

hqonda daemarcxebina saSiSi mxeci, amitomac 

nadirobdnen isini koleqtiurad.

iseTi legendaruli mxedarTmTavrebi, 

rogorebic iyvnen aleqsandre makedoneli 

an giorgi saakaZe, sabrZolvelad mzadebi-

sas mxolod meomrebis mamacobisa da xe-

lovnebis imedze rodi iyvnen. ra Tqma unda, 

es saxelganTqmuli sardlebi Sors iyvnen 

albaTur-Teoriuli an statistikuri ga-

naTlebisagan, magram, amasTanave, isini ar 

iyvnen `SemTxvevis brma monebi~. gamocdile-

baze dayrdnobiT maT SeeZloT SeefasebinaT 

mosalodneli warmatebis Sansi samxedro 

operaciebis win. 

mogvianebiT, dakvirvebebsa da saTanado 

ganaTlebaze dayrdnobiT adamianma daiwyo 

SemTxveviTi movlenebis (xdomilobebis, si-

dideebis) TandaTanobiTi Seswavla _ mod-

elireba, prognozireba da marTva.

maTematika abstraqtuli mecnierebaa, 

romelic Seiswavlis bunebaSi arsebul sa-

gnebsa da movlenebs Soris raodenobriv da 

sivrculi gardaqmnebis kanonzomierebebs. 

bunebaSi arsebuli movlenebi SeiZleba or 

did klasad gaiyos:

1) deterministuli (araSemTxveviTi);

2) stoqasturi (SemTxveviTi) movlenebi. 

albaTobis Teoria Seiswavlis SemTx-

veviTi movlenebis kanonzomierebebs, anu 

is aris SemTxveviTobis maTematikuri anal-

izi. dadginda, rom SemTxveviT movlenebsac 

`marTavs~ obieqturi kanonzomierebani. mag-

albaTobis Teoriis 
zogierTi saintereso 

amocanis Sesaxeb

petre babilua

fizika-maTematikis 
mecnierebaTa kandidati, 

asistent-profesori,
ivane javaxiSvilis 

saxelobis Tbilisis 
saxelmwifo universiteti;
evropuli skolis pedagogi

zaza xeCinaSvili

fizika-maTematikis 
mecnierebaTa kandidati,

asistent-profesori,
ivane javaxiSvilis 

saxelobis Tbilisis 
saxelmwifo universiteti
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aliTisTvis moviyvanoT martivi SemTxvevi-

Ti movlena _ simetriuli monetis agdeba. 

sityva `simetriuli~ aq imis garantiaa, rom 

monetis agdebisas Sedegebi _ `gerbis gamo-

Cena~ (sxvanairad mas warmatebas vuwodebT) 

da `ricxvis gamoCena~ (anu warumatebloba), 

Tanabradaa mosalodneli. es Sedegebi 

Tanabrad mosalodneli SemTxveviTi xdomi-

lobebia. Sesabamisad, warmatebis an waru-

mateblobis Sansi (albaToba) Tanabaria. Cat-

arda mravali cda amasTan dakavSirebiT. XVIII 

saukuneSi frangma mecnierma b i u f o n m a 

4040-jer aagdo moneta. gerbi 2048-jer ga-

moCnda (daaxloebiT naxevarjer!). XX sau-

kunis dasawyisSi cnobilma maTematikosma 

p i r s o n m a  24000-jer monetis agdebisas 

12012 SemTxvevaSi `gerbi~ miiRo. am ocdaa-

Tiode wlis win amerikelma mecnierebma 

10000-jer monetis agdebisas 4879 SemTxveva-

Si moneta `gerbze dasves~.

zemoT CamoTvlili cdebis Sedegebi eqs-

perimentulad adastureben e.w. did ricx-

vTa kanonSi Teoriulad damtkicebul Sede-

gebs: rac ufro didia cdaTa raodenoba 

(Cvens SemTxvevaSi simetriuli monetis ag-

debaTa ricxvi), miT ufro meti Sansia imisa, 

rom gerbis (an ricxvis) gamoCenis wili (far-

dobiTi sixSire, albaToba) `ragind axlos~ 

iyos naxevarTan. albaTobis amocanebi war-

moiSva demografiaSi, sadazRvevo saqmeSi da 

yvelaze martiv SemTxveviT movlenebSi _ 

azartul TamaSebSi (`azar~ arabuli sityvaa 

da niSnavs rTuls, ganusazRvrels).

Sansebis TeoriasTan mravali saintereso 

amocanaa dakavSirebuli. 1494 wels it-

alielma maTematikosma p a C i o l i m  ga-

moaqveyna enciklopediuri Sroma maTemati-

kaSi, sadac ganxilulia aseTi situacia: ori 

moTamaSe SeTanxmda, rom iTamaSon simetriu-

li kamaTliT im momentamde, sanam romelime 

maTgani m raodenobis partias ar moigebs 

(mogebuli miiRebs winaswar daTqmul prizs). 

magram TamaSi Sewyda maSin, roca pirvelma 

moigo a (a < m) partia, xolo meorem b (b < m) 
partia. rogor unda gaunawilon moTamaSee-

bs sawyisi prizi?

TviTon p a C i o l i m  am amocanis mcdari 

gadawyveta mogvca. 100 wlis Semdeg frangma 

maTematikosma paskalma amoxsna es amocana 

im SemTxvevaSi, roca m = 3, a = 2 da b = 1. qve-

moT, mogvianebiT, SemogTavazebT paskalis 

msjelobas.

1718 wels londonSi gamovida frangi 

mecnieris a .  m u a v r i s  wigni im drois-

aTvis ucnauri saxelwodebiT: `swavlebani 

SemTxveviTobebze~. muavrma gazoma 1375 

SemTxveviT SerCeuli qalbatonis simaRle 

da Sedegebi sqematurad gamosaxa dekar-

tis sakoordinato sibrtyeze. Sedegad mi-

iRo zarisebri mrudi, romelic axlosaa 
2

21
2

x

y e
π

−
=  funqciis grafikTan, sadac π ≈ 3.14, 

e ≈ 2.7 anu e.w. `normalur ganawilebasTan~. 

mas aqvs Zalze mniSvnelovani Teoriuli da 

praqtikuli Rirebuleba. asea ganawilebuli 

mravali sxva sididec _ gazis molekulebis 

siCqare, axalSobilTa wona da sxva mravali 

SemTxveviTi fizikuri, Tu biologiuri si-

dide. am wignis SesavalSi avtori werda: 

`aRsaniSnavia, rom mecniereba, romelic war-

moiSva azartuli TamaSebidan, gaxdeba cno-

bierebis umniSvnelovanesi cxovrebiseuli 

problemebis SeswavliT mZlavri iaraRi, vi-

naidan isini albaTobis Teoriis amocanebs 

warmoadgenen~. es sityvebi saocrad winas-

warmetyveluri aRmoCnda. miuxedavad aseTi 

dasawyisisa, XIX saukunis meore naxevrisa 

da XX saukunis dasawyisSi bevri cnobili 

maTematikosi aRar dainteresebula alba-

Tobis problematikiT.

cnobili maTematikosis l a p l a s i s 

mier xdomilebis ganxorcielebis obieqtur 

raodenobriv zomas (albaTobis klasikur 

ganmartebas) aseTi saxe aqvs:

( ) mP A
n

=  ,

sadac n aris eqsperimentis (cdis) yvela 

urTierTgamomricxav da erTnairad Sesa-

Zlebel SedegTa raodenoba, xolo m war-

moadgens A xdomilobis xelSemwyob elemen-

tarul xdomilobaTa raodenobas.

am gansazRvrebidan, rogorc TqvenTvis 

cnobilia, gamomdinareobs albaTobis ram-

denime ZiriTadi Tviseba, kerZod, 

a) 0 ≤ P(A) ≤ 1;

b) aucilebeli xdomilobis albaToba ud-

ris erTs: P(Ω) = 1;

g) SeuZlebeli xdomilobis albaToba ud-

ris nuls: P(∅) = 0;

d) P (A ∪ B) = P (A) + P (B) − P (A ∩ B) (jamis 



47

albaTobis formula). Tu A da B uTavsebadi 

xdomilobebia, maSin es formula miiRebs 

saxes:

 

P (A ∪ B) = P (A) + P (B).

jamis albaTobis formula aseve samar-

Tliani rCeba n Sesakrebis SemTxvevaSi da 

aqvs saxe:

( )

( ) ( ) ( )

( )

1 2

1 1 1

1

1

1 .

n

n

i i j i j k
i i j n i j k n

n
n

i
i

P A A A

P A P A A P A A A

P A

= ≤ < ≤ ≤ < < ≤

−

=

∪ ∪ ∪ =

= − ∩ + ∩ ∩ −

 
+ −   

 

∑ ∑ ∑







am formulis samarTlianoba advilad 

mowmdeba maTematikuri induqciis prin-

cipis gamoyenebiT.

Tu A1, A2,...,An xdomilobebi wyvil-wyvilad 

uTavsebadia maSin bolo formula miiRebs 

saxes

P (A1 ∪ A2 ∪ ... ∪ An) = P (A1) + P (A2) + ... + P (An).

axla albaTobis gamoTvlis da gamoy-

enebis ori magaliTi moviyvanoT.

`danaSauli gaxsnilia~. policiis gan-

yofilebaSi Semovida Setyobineba bankis 

gaZarcvis Sesaxeb. xuTma borotmoqmedma 

gatexa seifi da gaitaca didZali Tanxa. mow-

meebma mxolod is dainaxes, rom mZarcvelebi 

Casxdnen avtobusSi da gaemgzavrnen sxva qa-

laqSi. es yvelaferi ecnoba policias. ro-

gorc ki avtobusi gaCerda sadgurze, masTan 

mivida gamomZiebeli da aukrZala konduq-

tors karis gaReba. man uTxra, rom surs 

Cxrekis Catareba. konduqtorma gamomZieb-

els acnoba, rom avtobusSi iyo 40 mgzavri 

da es did dros waiRebda. gamomZiebelma 

daawynara is da upasuxa: `CemTvis sakmarisia 

SemTxveviT SerCeuli eqvsi mgzavris Semow-

meba~. aseTnairad SerCeuli eqvsi mgzavri 

waiyvanes ganyofilebaSi da erT maTgans 

jibeSi aRmoaCnda fuli. Sesabamisad, is iyo 

damnaSave da man daasaxela Tavisi Tanamz-

raxvelebi. Cveni amocanaa, gavarkvioT riTi 

xelmZRvanelobda gamomZielebeli, es iyo 

riski Tu garkveuli gaTvla.

amis gasarkvevad gamoviyenoT albaTobis 

Teoriis zogierTi cneba da faqti. vTqvaT, 

A aris xdomiloba imis Sesaxeb, rom SemTxve-

viT SerCeuli eqvsi mgzavridan erTi mainc 

borotmoqmedia, xolo Ai aris xdomiloba 

imisa, rom SemTxveviT SerCeuli eqvsi mgza-

vridan aris i damnaSave, sadac i = 1,2,3,4,5. ma-

Sin, cxadia, A warmoidgineba Semdegi saxiT

A = A1 ∪ A2 ∪ A3 ∪ A4 ∪ A5, 

(xdomiloba imis Sesaxeb, rom 6 adamianidan 

erTi mainc borotmoqmedia, maSin moxdeba 

Tu moxda romelime Semdegi xdomilobidan: 

maT Soris zustad 1 damnaSavea, an zustad 

2..., an … zustad 5 damnaSavea). es xdomilobebi 

TanaukveTia. amitom

P (A) = P (A1) + P (A2)+ P (A3)+ P (A4)+ P (A5).

gamoviyenoT albaTobis klasikuri gan-

marteba. miviRebT

( )

( )

( )

( )

( )

1 5
5 35

1 6
40

2 4
5 35

2 6
40

3 3
5 35

3 6
40

4 2
5 35

4 6
40

5 1
5 35

5 6
40

0,4192,

0,1364,

0,017,

0,0008,

0,00001,

C CP A
C

C CP A
C

C CP A
C

C CP A
C

C CP A
C

⋅
= ≈

⋅
= ≈

⋅
= ≈

⋅
= ≈

⋅
= ≈

sadac Cn
k aris n elementiani simravlidan K 

elementiani jufTeba.

maSasadame, P(A) ≈ 0.5734. e.i. albaToba 

imisa, rom eqvs mgzavrSi aRmoCndeba erTi 

borotmoqmedi mainc aRmoCnda 1
2

-ze meti, 

rac sakmaod didi Sansia, Tumca unda aRin-

iSnos, rom gamomZiebeli sakmaod riskavda. 

aqedan SeiZleba vivaraudoT, rom gamomZieb-

els SeeZlo albaTobis cnebebis gamoyeneba.

SemTxveviTi sidideebi. yoveldRiur 

cxovrebaSi adamianebi xSirad gamoiyeneben 

gamonaTqvams `saSualod~. rodesac moswav-

le ambobs, rom mas saSualod 9 qula aqvs, is 

gulisxmobs, rom zogierT saganSi mas Sei-

Zleba hqondes niSani 7, 8, 9 an 10, magram maTi 

saSualo ariTmetikuli 9-is tolia. rode-

sac me vambob, rom samsaxuramde saSualod 25 

wuTi mWirdeba, me vgulisxmob, rom SeiZleba 



48

dRes 30 wuTi damWirdes, guSin 26, ori dRis 

win 20 da a.S. saSualo ki 25 wuTia. aseTi mag-

aliTebi bevri SeiZleba moviyvanoT. aq yvel-

gan e.w. statistikur saSualozea saubari, 

anu faqtiurad miRebuli ricxvebis saSua-

lo ariTmetikulze. SegviZlia iseTi movle-

nis saSualozec visaubroT, romlebzedac 

dakvirvebebi ar gagvaCnia, magram savaraudo 

Sefaseba SegveZlos. magaliTad, rodesac 

Cven vgegmavT Semosavals axlad gaxsnili 

maRaziis navaWridan, sxvadasxva mosazrebe-

bidan gamomdinare, SeiZleba vivaraudoT, 

rom saSualo navaWri SeiZleba iyos 500 

lari yoveldRiurad. moyvanili magaliTe-

bi, da sxva mravali msgavsi, saWiroebs zust 

maTematikur ganmartebas. aseTi ganmarteba 

albaTobis Teoriis erT-erT amocanas war-

moadgens. moviyvanoT martivi konstruqcia 

aseTi ganmartebisTvis.

mkiTxvelisTvis cnobilia albaTobis 

ganmarteba. amitom SevecadoT am gansaz-

Rvras sxva kuTxiT SevxedoT. vTqvaT, ω1, 
ω1,...,ωn,... elementaruli xdomilobebia. e.i. 

iseTi xdomilobebia, rom eqsperimentisas 

an dakvirvebisas, maTgan mxolod erT-erTi 

moxdeba da Tanac aucileblad romelime 

erTi. davuSvaT TiToeuli maTganis mosvlis 

albaToba CvenTvis cnobilia. es xdomilobe-

bi da maTi Sesabamisi albaTobebi SegviZlia 

cxrilis saxiT ase warmovadginoT:

ω1 ω2 ... ωn ...

p1 p2 ... pn ...

am cxrilSi pn aris ωn-is moxdenis albaToba. 

cxadia, 0 ≤ pn ≤ 1 da p1 + p2 + ... + pn + ... = 1.

im SemTxvevaSi, rodesac TiToeuli 

xdomileba ωn, n = 1,2,... ricxviTi mniSvn-

elobiT gamoisaxeba, vityviT, rom mocemu-

lia SemTxveviTi sidide. aRvniSnoT aseTi 

SemTxveviTi sidide ω asoTi. am SemTxveviT 

sidides SeuZlia miiRos ω1 ,ω2 ,...,ωn ,... mniS-

vnelobebi, Tanac albaToba imisa, rom ω mi-

iRebs ωn-is mniSvnelobas pn-s tolia. amasTan 

dakavSirebiT, zemoT moyvanil cxrilze am-

boben, rom mocemulia ω SemTxveviTi sidi-

dis ganawileba.

magaliTad, vTqvaT vakvirdebiT erTi ka-

maTlis gagorebisas 1-ianis mosvlas. ω iyos 

im eqsperimentis nomeri, romlis drosac 

pirvelad movida 1-iani. aseTi eqsperimenti-

sas ω warmoadgens SemTxveviT sidides. mas 

SeuZlia miiRos yvela naturaluri ricx-

viTi mniSvneloba. amasTanave, albaToba 

imisa, rom ωn = n ase SeiZleba gamovTvaloT. 

imisaTvis, rom 1-iani movides n-ur nabijze, 

saWiroa yvela wina (n − 1) nabijze ar movides 

1-iani (risi albaTobacaa (5/6)n−1) da bolo 

n-ur nabijze movides 1 (amis albaTobaa 

1/6). amitom ( )
11 5

6 6

n

P nω
−

 = =  
 

. Sesabamisad, ga-

nawilebis kanoni iqneba

1 2 ... n ...

1
6

1 5
6 6

⋅ ...
11 5

6 6

n−
 
 
 

...

(SeamowmeT, rom namdvilad 

2 11 1 5 1 5 1 5 1
6 6 6 6 6 6 6

n−
   + + + + + =   
   

 
).

SemTxveviTi sididisaTvis SesaZlebelia 

saSualo sididis gansazRvra. formalurad, 

SemTxveviTi sididis saSualo, anu albaTo-

bis TeoriaSi miRebuli terminologiis Se-

sabamisad `maTematikuri lodini~, ewodeba 

Semdeg gamosaxulebas:

Eω = ω1 p1+ ω2 p2+ ... + ωn pn ...

 es jami yovelTvis SeiZleba arc arsebob-

des. SeiZleba aRniSnuli jami, an misi nawili, 

TandaTanobiTi Sekrebisas usasrulod iz-

rdebodes, an araregularulad irxeodes. am 

SemTxvevas albaTobis Teoriis sistematiur 

kursSi ganixilaven. Cven mxolod im SemTxve-

vas ganvixilavT, rodesac maTematikuri lo-

dini arsebobs. es magaliTad yovelTvis asea, 

Tu ganawilebaSi sasruli raodenobis wevri 

gvaqvs.

gamovTvaloT zemoT moyvanili SemTx-

veviTi sididis maTematikuri lodini. unda 

gamovTvaloT aseTi jami:

2 1

2 3

2 3

1 1 5 1 5 1 51 2 3
6 6 6 6 6 6 6

1 1 5 1 5 1 5
6 6 6 6 6 6 6

1 5 1 5 1 5
6 6 6 6 6 6

n

n
−

   ⋅ + ⋅ + ⋅ + + ⋅ + =   
   

   = + ⋅ + ⋅ + ⋅ + +   
   

   + ⋅ + ⋅ + ⋅ + +   
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2 3

3

1 5 1 5
6 6 6 6

1 5
6 6

   + ⋅ + ⋅ + +   
   

 + ⋅ + 
 





 

TiToeuli am SesakrebTagan usasrulod 

klebad geometriul progresias warmoad-

gens. maTi SekrebiT miviRebT:

2 35 5 5 11 656 6 6 1
6

Eω    = + + + + = =   
    −


.

maTematikuri lodini es aris is saSualo 

mniSvneloba, romelsac Rebulobs mocemu-

li SemTxveviTi sidide. Cvens magaliTSi sa-

Sualod erTiani yovel 6 cdaSi erTxel unda 

movides. zemoT aRwerili statistikuri sa-

Sualoebic analogiuri Sinaarsisaa. fizika-

Si saSualos simZimis centri Seesabameba.

Tu gvaqvs mocemuli l sigrZis erTgva-

rovani Zeli, romlis boloebSic moTavse-

bulia masebi m1 da m2, maSin simZimis centri 

moTavsebuli iqneba wertilSi 
2

1 2

m l
m m+ , ro-

melic maTematikur lodins warmoadgens 

(SeamowmeT).

exla davubrundeT paskalis msjelobas. 

vTqvaT, TamaSi Sewyda maSin, roca pirvel 

moTamaSes aqvs ori mogebuli, xolo _ 

meores erTi mogebulia partia. prizis gay-

ofa rogor moxdeba jer-jerobiT gaugebar-

ia. yvelaferi gamartivdeba Tu moTamaSeebi 

kidev erT partias iTamaSeben.

1) Tu am `damatebiT~ partias moigebs 

pirveli moTamaSe, maSin mTel Tanxas pirve-

li moTamaSe miiRebs.

2) Tu meore moTamaSe moigebs, maSin Tanxa 

Suaze gaiyofa.

SevniSnoT, rom am ori Sedegis SesaZle-

bloba Tanabaria. 

e. i. pirvel moTamaSes SeuZlia moigos an 

mTeli prizi an misi naxevari. es imas niSnavs, 

rom saSualod misi mosalodneli mogebaa 

prizis
11 32

2 4

+
=  nawili.

meore moTamaSis SesaZleblobebi ufro 

mokrZalebulia, is an naxevars igebs, an ve-

rafers igebs, e.i. meore moTamaSis saSualo 

mosalodneli mogebaa

10 12
2 4

+
=  nawili.

zemoTqmulidan gamomdinare, pirvel 

da meore moTamaSeebs Soris saprizo Tanxa 

aseTi proporciiT unda ganawildes: 3:1. Sem-

dgomSi fermam es amocana zogadad amoxsna.

ar moxvde maxeSi, WianWvelav. WianWvela 

ganuwyvetliv moZraobs kubis wiboebze siC-

qariT erTi wibo wuTSi (nax. 1). is moZraobas 

iwyebs A wverodan, xolo C1 wveroSi aris 

maxe, sadac is iRupeba. wiboze is moZraobs 

ise, rom is icvlis mimarTulebas nebismier 

wveroSi (garda C1-sa). WianWvelas win, yov-

el wveroSi aris sami ganStoeba, araviTari 

gafrTxileba ar aris wveroebSi, Tu ra elo-

deba mas am mimarTulebiT wasvlisas, amitom 

is Semdegi moZraobisTvis am samidan irCevs 

TiToeul wibos erTi da igive albaTobiT 
1
3

p = 
 

. mas SeuZlia usasrulod didxans 

imoZraos wiboebze ise, rom ar moxvdes max-

eSi. misTvis sicocxlis yvelaze mokle dro 

aris 3 wuTi. ismis SekiTxva: ra aris WianWve-

las sicocxlis saSualo xangrZlivoba? See-

cadeT winaswar gamoicnoT pasuxi. ra ggoni-

aT, saSualod ramdeni wuTi SeiZleba iyos 

sicocxlis xangZlivoba. Cven gTavazobT am 

amocanis amoxsnas. WianWvelas sicocxlis 

xangrZlivoba aris X SemTxveviTi sidide, 

romelic iRebs 3, 5, 7, ... , 2n + 1 ... (wuTebi) 

mniSvnelobebs. diskretuli SemTxveviTi si-

dide, romlis mniSvnelobebi SemousazRvre-

li mimdevrobaa, ganawilebis cxrilis Sed-

gena saintereso kombinatoruli amocanaa.

 

nax. 1
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avagoT brtyeli `grafi~, romelic gamox-

atavs wiboTa rva sameuls, romelic Tav-

moyrilia rva wveroSi (nax. 2). yvela 8 wvero 

davyoT 4 klasad, Sesabamisad, minimaluri 

wiboebiT, romlebic aerTeben kvanZs sawyis 

A wverosTan. naxazze kvanZebi, romlebic 

ekuTvnis erTi da igive klass, aRniSnulia 

erTi da igive cifrebiT. CvenTvis iqneba 

ufro TvalsaCino, Tu Cvens grafs (nax. 2) 

gardavqmniT erTi kvanZis meoreSi SesaZlo 

gadasvlis `xisebr diagramaSi~ (nax. 3). ro-

gorc `xe~ gviCvenebs, ori kvanZis marSruti 

(010), e.i. WianWvelas sicocxlis 2 wuTi, 

mas abrunebs `0~ mdgomareobaSi albaTobiT 

11
3

⋅ . meore marSruti 0121 abrunebs mas 

`1~ kvanZSi, grZeldeba 3 wuTi da xorciel-

deba 
2 2 41
3 3 9

⋅ ⋅ = . mesame marSruti 0123 

grZeldeba 3 wuTi 2 1 21
3 3 9

⋅ ⋅ = . es marSruti Wi-

anWvelas arsad ar abrunebs. is ar ganxor-

cieldeba ganmeorebiT.

 

nax. 2

nax. 3

WianWvelis sicocxlis xangrZlivobis 

SesaZlo mniSvnelobebis albaTobebis dasa-

dgenad gamogvadgeba Semdegi sqema:

maSasadame, Cven ganvsazRvreT SemTx-

veviTi sididis ganawileba (geometriuli 

ganawileba). 

axla gamovTvaloT misi sicocxlis xan-

grZlivobis saSualo. Cven gvaqvs SemTxvevi-

Ti sididis ganawileba

X 3 5 7 ... 2n+1 ...

p 2
9

2 7
9 9

⋅
22 7

9 9
 ⋅  
 

...
12 7

9 9

n−
 ⋅  
 

...

CvenTvis saZiebeli sidide aris SemTx-

veviTi sididis saSualo (maTematikuri lo-

dini)

( )
1 1 1

1 1 1

2 7 2 7 72 1 2
9 9 9 9 9

n n n

n n n

EX n n
- - -¥ ¥ ¥

= = =

é ùæ ö æ ö æ öê ú÷ ÷ ÷ç ç ç= + × × = × + ×÷ ÷ ÷ç ç çê ú÷ ÷ ÷ç ç çè ø è ø è øê úë û
å å å .

ukanaskneli jamis pirveli Sesakrebi aris 

usasrulod klebadi geometriuli progre-

sia
1

1

7 1 9
79 21
9

n

n

−∞

=

  = = 
  −

∑ ,

xolo meore Sesakrebis gamosaTvlelad 

visargebloT formuliT

( )
1

2
1

1
1

n

n

n x
x

∞
−

=

⋅ =
−

∑ , sadac x< 1.

(daamtkiceT is! miTiTeba: isargebleT gv.7-

ze mocemuli msjelobiT.)

amgvarad,
1

2
1

7 1 81
9 471

9

n

n

n
−∞

=

 ⋅ = = 
   − 

 

∑ .

maSasadame,

2 9 812 10
9 2 4

EX
æ ö÷ç= × + × =÷ç ÷çè ø

.

avtorebis eleqtronuli misamarTebi:
petre.babilua@tsu.ge;

khechinashvili@gmail.com
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ricxvebze ariTmetikuli moqmedebebis Catarebis wesebi uSualodaa dakavSirebuli 
imasTan, Tu ra formiT aris Cawerili es ricxvebi. 

ricxvis Canaweris misaRebad saWiro moqmedebebis erTobliobas Tvlis sistema ewodeba. 
amgvarad, Tvlis sistema werilobiTi niSnebis gamoyenebiT ricxvis simbolurad Caweris 
meTods warmoadgens. Tvlis nebismieri sistemis asagebad saWiroa SerCeul iqnas garkveuli 
simboloebi, romelTa gamoyenebiTac SesaZlebeli iqneba Tvlis mocemuli sistemis nebis-
mieri sxva ricxvis miReba. aseT simboloebs Tvlis mocemuli sistemis cifrebi ewodebaT. 
magaliTad, 0,1,2,3,4,5,6,7,8,9 cifrebi gamoiyeneba Tvlis indur-arabul sistemaSi, xolo 
I,Y,X,L,C,D,M  cifrebi Tvlis romaul sistemaSi. 

arsebobs sxvadasxva saxis Tvlis sistemebi. TiToeuli maTganis Seqmna-Camoyalibebas sa-
kuTari istoria aqvs da xSirad saintereso movlenasa Tu legendas ukavSirdeba.

Tvlis sistemas ewodeba poziciuri, Tu am sistemaSi gamoyenebuli yoveli cifri Tavis 
raodenobriv mniSvnelobas Rebulobs imis mixedviT, Tu ra mdebareoba anu pozicia uWiravs 
mas am ricxvis Sesabamis gamosaxulebaSi. magaliTad, ricxvi 101-is marjvena bolo cifri 
aRniSnavs erTeuls, xolo marcxnidan pirveli cifri _ aseuls, Tumca orive maTgani erTi 
da igive cifria.

Tvlis mocemul sistemaSi gamoyenebuli cifrebis raodenobas Tvlis am sistemis fuZe 
ewodeba. magaliTad, Tvlis aTobiTi sistemis fuZea 10, Tvlis orobiTi sistemis fuZea 2, 

q
a
r
T
v
e
l
i

a
v
t
o
r
e
b
i

Tvlis poziciuri 
sistemebi

ruslan surmaniZe

fizika-maTematikis 
mecnierebaTa kandidati, 

asistent profesori.
iv. javaxiSvilis saxelobis 

Tbilisis saxelmwifo 
universitetis zust 

da sabunebismetyvelo 
mecnierebaTa fakulteti

adamianis mier raime sagnebis an movlenebis raodenobis Tvlis saWiroebas-
Tan erTad gaCnda ricxvebis SemoRebis aucileblobac. uZvelesi adamianebi 
sagnebis raodenobebs xxvadasxva niSnebiT aRniSnavdnen: wertilebiT, xeze 
gakeTebuli naWdevebiT da sxva simboloebiT. SemdgomSi, daTvlis procesis 
gamartivebis mizniT, daiwyes am niSnebis dajgufeba sameulebad, xuTeulebad 
da a.S. Camoyalibda ricxvebis Caweris sistema, romelsac erTeulovan siste-
mas anu unaruls uwodeben. aseTi sistemis nebismieri ricxvis miReba erTi 
da igive, simbolurad erTeulis toli, niSnis mravaljeradi ganmeorebis 
gziT xdeboda. Tvlis aRniSnuli sistema Tanamedrove cxovrebaSic gamoiy-
eneba. magaliTad, samxedro saswavleblis kursantis samxedro uniformaze 
datanebuli zolebis raodenoba aRniSnavs im kursis nomers, romeli kursis 
msmenelicaa is. Tvlis amave xerxs iyeneben bavSvebi saTamaSo CxirebiT gar-
Tobis drosac.
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rvaobiTis _ 8, TeqvsmetobiTis _ 16 da a.S. p-obiTi sistemis fuZea p da am sistemaSi gamoiy-
eneba p cali 0, 1, 2, 3, ..., p−1 cifri. Tvlis raime sistemaSi ricxvis Sesabamis CanawerSi ci-
fris pozicias Tanrigi ewodeba. magaliTad, 365 samTanrigiani aTobiTi ricxvia, xolo 
100011

2
-eqvsTanrigiani orobiTi ricxvi. Tanrigebis gadanomrva xdeba ricxvis CanawerSi 

marjvnidan marcxniv. magaliTad, ricxvSi 835 pirveli (erTeulebis) Tanrigis cifria 5, 
meore (aTeulebis) Tanrigisa 3 da mesame (aseulebis) Tanrigisa ki 8.

p fuZis mqone Tvlis poziciur sistemaSi nebismieri ricxvi Caiwereba saxiT: 

1 2 3 2 1 0 1 2 3

1 3 2 1 0
1 3 2 1 0

1 2
1 2

( , )n n n m p

n n
n n

m
m

a a a a a a a a a a a

a p a p a p a p a p a p
a p a p a p

− − − − − −

−
−

− − −
− − −

=

= ⋅ + ⋅ + + ⋅ + ⋅ + ⋅ + ⋅ +

+ ⋅ + ⋅ + + ⋅







, (1)

sadac, a0, a1, ..., an am sistemis cifrebia da 0 ≤ ak < p.

an p
n + an−1 p

n−1 + ... + a1 p + a0

 
jami warmoadgens ricxvis mTel nawils, xolo 

a−1 p
−1 + ... + a−m p

−m

mis wiladur nawils. magaliTad, 

110012 = 1 ∙ 24 + 1 ∙ 23 + 0 ∙ 22 + 0 ∙ 21 + 1 ∙ 20 = 16 + 8 + 1 = 25;

2213 = 2 ∙ 32 + 2 ∙ 31 + 1 ∙ 30 = 18 + 6 + 1 = 25;

318 = 3 ∙ 81 + 1 ∙ 80 = 24 + 1 = 25.

cxadia, rom, Tu ricxvi Tvlis raime sistemaSia mocemulia, anu cnobilia am ricxvis war-
modgena Tvlis am sistemis fuZis xarisxebis wrfivi kombinaciis saxiT, maSin am kombinaciiT 
gansazRvruli ariTmetikuli operaciebis Catarebis Sedegad miviRebT am ricxvis Canawers 
Tvlis aTobiT sistemaSi.

imisaTvis, rom Tvlis aTobiT sistemaSi mocemuli raime A ricxvi CavweroT Tvlis p-obiT 
sistemaSi, anu imisaTvis, rom es ricxvi warmovadginoT 

(anan−1an−2 ... a0)p = an ∙ p
n + an−1 ∙ p

n−1 + ... + a1 ∙ p
1 + a0 ∙ p

0

 
wrfivi kombinaciis saxiT, saWiroa:

an ∙ p
n + an−1 ∙ p

n−1 + ... + a1 ∙ p
1 + a0 ∙ p

0

 
jami gavyoT p-ze. maSin ganayofSi miiReba 

an ∙ p
n−1 + an−1 ∙ p

n−2 + ... + a2 ∙ p
1 + a1 ∙ p

0,

xolo naSTi toli iqneba saZiebeli Canaweris marjvena kidura cifris a0. miRebuli ganayofi 

an ∙ p
n−1 + an−1 ∙ p

n−2 + ... + a2 ∙ p
1 + a1 ∙ p

0

 
kvlav gavyoT p-ze. ganayofSi miiReba

an ∙ p
n−2 + an−1 ∙ p

n−3 + ... + a3 ∙ p
1 + a2 ∙ p

0,
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xolo naSTSi saZiebeli Canawerils marjvnidan meore cifri a1. Tu am process gavagrZelebT, 
miviRebT saZiebeli Canaweris yvela cifrs. magaliTad, CavweroT aTobiTi ricxvi 37 Tvlis: 
orobiT, samobiT da rvaobiT sistemebSi. gveqneba:

 
37 = 2 ∙ 18 + 118 = 2 ∙ 9 + 09 = 2 ∙ 4 + 14 = 2 ∙ 2 + 02 = 2 ∙ 1 + 01 = 2 ∙ 0 + 1 anu 37 = 1001012;

37 = 3 ∙ 12 + 112 = 3 ∙ 4 + 04 = 3 ∙ 1 + 11 = 3 ∙ 0 + 1 anu 37 = 11013;

37 = 8 ∙ 4 + 54 = 8 ∙ 0 + 4 anu 37 = 458;

aTobiTi A ricxvis (iseve rogorc nebismieri sxva sistebis ricxvis) Tvlis p-obiT siste-

maSi gadasayvanad (misi p-obiTi Canaweris misaRebad) SegviZlia aseve visargebloT Semdegi 

algoriTmiT: davadginoT p-s udidesi pn xarisxi, romelic A ricxvs ar aRemateba. Tu Tavda-

pirvelad aRebuli ricxvi pn-is tolia anu A = pn, maSin A ricxvis Tvlis p-obiT sistemaSi 

gadayvanis procesi dasrulebulia da gveqneba saboloo Canaweri (1 00 0) p
n

A = 


. Tu A > pn, 

maSin A ricxvis p-obiT CanawerSi ufrosi (ukiduresi marcxena) Tanrigi toli iqneba 1-is. 

Semdeg nabijze, davadginoT moTavsdeba Tu ara A − pn sxvaobaSi pn−1. Tu ki moTavsdeba, maSin  

ricxvis CanawerSi momdevno Tanrigi toli iqneba 1-is, xolo Tu ara moTavsdeba, maSin am 

Tanrigis cifri iqneba 0 da a.S. procesi damTavrdeba maSin, roca ganxiluli sxvaoba p fuZis 

garkveuli xarisxis toli gaxdeba. aseT SemTxvevaSi Sesabamisi Tanrigi toli iqneba 1-is da 

yvela danarCeni Tanrigi 0-is. magaliTad, CavweroT aTobiT ricxvi 57 Tvlis orobiT siste-

maSi. cxadia, rom  57-Si moTavsdeba maqsimum 25 = 32, xolo darCenili nawili toli iqneba 57 
− 32 = 25. is ar warmoadgens 2-is raime xarisxs da masSi moTavsdeba maqsimum 24 = 16. sxvaoba 25 
− 16 = 9 kvlav ar warmoadgens 2-is xarisxs da am sxvaobaSi moTavsdeba maqsimum 23 = 8. sxvaoba 

9 − 8 = 1 ukve warmoadgens 2-is xarisxs 1 = 20. maSasadame, 57 = 1110012.
amgvarad, Tvlis sxvadasxva poziciuri sistemebis asagebad, sakmarisia sxvadasxva mniS-

vnelobebi mivceT Tvlis sistemis p fuZes. Sesabamisad, gvaqvs Tvlis orobiTi (p = 2), samo-
biTi (p = 3) da sxva sistemebi.

Tvlis uZveles sistemebs aTobiTi da samocobiTi sistemebi warmoadgenen. Zvel babi-
lonSi, jer kidev qristeSobamde II aTaswleulSi, yoveldRiuri saWiroebisaTvis farTod 
gamoiyeneboda, maT mier ufro Zveli _ mesopotamiuri civilizaciisagan aRebuli, Tvlis 
aTobiTi sistema. isini, garkveuli simboloebis gamoyenebiT, sagnebs aTeulebad, aseulebad 
da a.S. ajgufebdnen. ufro rTuli ariTmetikuli gamoTvlebisaTvis gamoiyeneba Tvlis samo-
cobiTi sistema, romliTac dResac vsargeblobT kuTxis gradusuli sididis gazomvisa Tu 
drois dadgenis dros. maias tomis indielebi Tvlis ocobiT sistemasac iyenebdnen. Tvlis 
aTobiTma sistemam TiTqmis Tanamedrove saxe Cveni welTaRricxvis VI-VII saukuneebSi Zvel 
indoeTSi miiRo. SemdgomSi is farTod gavrcelda arabeTSi, xolo 1201 wels leonardo pi-
zanelis (fibonaCi) mier gamoqveynebulma wignma gadamwyvveti roli Seasrula Tvlis aTobiTi 
sistemis evropaSi farTod gavrcelebis saqmeSi.

Tavdapirvelad Tvlis aTobiTi sistema mxolod mTeli ricxvebisaTvis gamoiyeneboda. 
aTwiladebis gamoyeneba pirvelad CineTSi daiwyes (daaxloebiT 500 w), xolo evropaSi maTi 
gamoyeneba mxolod XVIII saukunidan daiwyo.

Tvlis erT-erTi uZvelesi sistemaa orobiTi sistema, romlis gamoyenebasac efuZneba 
elementaruli kompiuteruli bazebi Tanamedrove eleqtronul sistemebSi. Tvlis oro-
biTi sistemiT sargebloben agreTve Tanamedrove primitiuli tomebi, roca isini sagnebs 
ajgufeben ara sameulebad, an xuTeulebad, aramed „wyvilebad“. Tumca, raRa Tqma unda, 
isini ar axdenen sagnebis saerTo raodenobis oris xarisxebis saxiT warmodgenas. Tvlis 
orobiTi sistemis gamoyenebis idea aseve indoeTidan momdinareobs. amaze miuTiTebs mag-
aliTad cnobili legenda Wadrakis gamogonebis Sesaxeb: indoel maharajas Zalian moewona 
Wadrakis TamaSi da misi gamomgoneblis dajildoeba gadawyvita. jildod gamomgonebelma 
xorblis imdeni marcvali moiTxova, ramdensac miviRebdiT, Tu Wadrakis erT-erT ujraze 
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movaTavsebdiT xorblis erT marcvals, xolo yovel momdevno ujraze orjer ufro mets, 

vidre winaze. gamomgoneblis „TavmdablobiT“ gaocebulma mbrZanebelma Tavis qveSevrdo-

mebs xorblis moTxovnili raodenobis dauyovnebliv gacema ubrZana. 

evropaSi Tvlis orobiTi sitemis gamoyeneba gacilebiT gvian daiwyes. kerZod, oro-

biT sistemas emyareba siTxis moculobis sazom erTeulTa inglisuri sistema: ori kvarta 

udris potls, ori potli udris galons, ori galoni udris peks, ori peki udris naxevarbu-

Sels, ori naxevarbuSeli udris buSels, ori buSeli udris kilderkins, ori kilderkini 

udris barels da a.S. es sistema, nawilobriv, dResac gamoiyeneba _ navTobisa da benzinis 

raodenobebi galonebsa da barelebSi izomeba.

nebismier poziciur sistemaSi ariTmetikuli operaciebi sruldeba imave wesebis gamoy-

enebiT, ra wesebiTac vsargeblobT Tvlis aTobiT sistemaSi. es gamowveulia imiT, rom Tvlis 

mocemul sistemaSi ricxvebze ariTmetikuli moqmedebebis Catareba gulisxmobs moqmede-

bebis Sesrulebas am ricxvebis Sesabamis Canawerebze (mravalwevrebze) mocemul sistemaSi.

Tvlis p-obiT sistemaSi ariTmetikuli operaciebis Sesasruleblad sakmarisia visarge-

bloT Sekrebisa da gamravlebis Sesabamisi cxrilebiT. rogorc viciT, Tvlis aTobiT siste-

maSi, rodesac erTeulebis daTvlisas maTi raodenoba am sistemis bolo cifris 9-is toli 

gaxdeba, maSin Semodis aTeulebis Tanrigi da erTeulebis daTvla Tavidan unda daviwyoT. 

Semdeg nabijze, roca aTeulebis Tanrigis aRmniSvneli cifri aseve 9-is toli gaxdeba, Semo-

dis aseulebis Tanrigi da aTeulebis Tanrigis Sesabamisi cifri nulis toli gaxdeba a.S. 

analogiuri suraTi gvaqvs Tvlis orobiT sistemaSic, romelSic mxolod ori cifri 0 da 

1 gvaqvs. am SemTxvevaSi, rogorc ki Tanrigi miaRwevs Tavis zRvrul mniSvnelobas (roca is 

1-s gautoldeba), gadavdivarT momdevno Tanrigze, xolo Zveli Tanrigi nuldeba. amgvarad, 

Tvlis orobiT sistemaSi: 0 aris Tvlis aTobiTi sistemis nuli, 1 aris aTobiTi sistemis 

erTi, 10 aris aTobiTi ori, 11 aris sami, 100 aris oTxi, 101 aris xuTi, 110 aris eqvsi, 111 

_ Svidi, 1000 rva da a.S. Tvlis orobiT sistemaSi gvaqvs ariTmetikuli moqmedebebis Ses-

rulebis Semdegi wesebi: 
Sekrebis operacia:

0 + 0 = 0
1 + 0 = 1
0 + 1 = 1
1 + 1 = 10 (erTiani gadadis Semdeg TanrigSi)

 gamoklebis operacia:
0 − 0 = 0
1 − 0 = 1
0 − 1 = 1 (viRebT ufro maRali Tanrigidan)

1 − 1 = 10
 gamravlebis operacia:

0 ∙ 0 = 0
1 ∙ 0 = 0
0 ∙ 1 = 0
1 ∙ 1 = 1

 gayofis operacia:
0 : 1 = 0
1 : 1 = 1

Tvlis orobiT sistemaSi nulebiTa da erTebiT Cawerili ricxvebis aRqma da maTi gaday-

vana Tvlis aTobiT (an romelime sxva) sistemaSi da, piriqiT, sakmarisad Sromatevadi pro-

cesia. amis gamo, programirebaSi aqtiurad gamoiyeneba Tvlis rvaobiTi, TeqvsmetobiTi, 

ocdaTormetobiTi, samocdaoTxobiTi sitemebi. vinaidan ricxvebi 8, 16, 32 da 64 warmoad-

gen 2-is xarisxebs, ricxvebis gadayvana orobiTi sistemidan rvaobiTSi, TeqvsmetobiTSi, 

ocdaTormetobiTSi, samocdaoTxobiTSi da piriqiT Zalian martivia.

XVII saukuneSi Tvlis rvaobiTi sistemis SeswavliT TviT Sveciis mefe karl XII iyo dain-

teresebuli. man SeamCnia, rom Tvlis rvaobiT sistemaSi ariTmetikuli operaciebis warmoeba 

gacilebiT martivi da mokle iyo vidre Tvlis aTobiT sistemaSi. is Tvlis am sistemis SemoRe-

basac ki apirebda SveciaSi, Tumca misi gardacvalebis gamo es idea ganuxorcielebeli darCa.
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Tvlis rvaobiT sistemaSi gamoiyeneba rva cifri 0, 1, 2, 3, 4, 5, 6, 7. TiToeul rvaobiT ci-
frs Seesabameba garkveuli orobiTi ricxvi _ samcifriani orobiTi Canaweri:  

000  0
001  1
010  2
011  3
100  4
101  5
110  6
111  7

imisaTvis, rom raime orobiTi ricxvi CavweroT Tvlis rvaobiT sistemaSi, sakmarisia 
ricxvis orobiTi Canaweri davyoT sameulebad (samcifrian jgufebad) da TiToeuli aseTi 
sameuli SevcvaloT misi Sesabamisi rvaobiTi cifriT. amasTan, sameulebad dayofa warmoebs 
marjvnidan marcxniv, xolo saWiroebis SemTxvevaSi dayofis yvelaze marcxena jgufi, mar-
cxena mxridan, unda SevavsoT saWiro raodenobis nulebiT. magaliTad, CavweroT 10111012

 
orobiTi ricxvi Tvlis rvaobiT sistemaSi. amisaTvis mocemuli ricxvis orobiTi Canaweri 
davyoT sameulebad:

10111012 = 1 011 101 = 001 011 101 = 1358.

cxadia, rom analogiuri wesiT moxdeba Sebrunebuli gardaqmna _ rvaobiTi sistemis 
ricxvis gadayvana orobiTSi. am SemTxvevaSi, sakmarisia rvaobiTi ricxvis TiToeuli cifri 
misi orobiTi CanaweriT SevcvaloT. magaliTad, CavweroT rvaobiTi sistemis ricxvi 1028 
Tvlis orobiT sistemaSi. gveqneba:

1028 = 001 000 010 = 001 000 010 = 1 000 0102.

SevniSnoT, rom rvaobiTi sistemis raime ricxvis Tvlis orobiT sistemaSi gadayvana da 
piriqiT, SesaZlebelia zogadi sqemis gamoyenebiTac. 

programirebaSi aseve farTod gamoiyeneba Tvlis TeqvsmetobiTi sitema, romelSic Te-
qvsmeti cifri gvaqvs. esenia: aTobiTi sistemis yvela cifri 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 da laTinuri 
alfavitis pirveli eqvsi aso A (10), B (11), C (12), D (13), E (14) da F (15). 

Tu TiToeul TeqvsmetobiT cifrs SevusabamebT orobiTi ricxvs _ oTxcifrian oro-
biT Canawers: 

0000  0
0001  1
0010  2
0011  3
0100  4
0101  5
0110  6
0111  7

1000  8
1001  9
1010  A
1011  B
1100  C
1101  D
1110  E
1111  F

maSin raime orobiTi ricxvis TeqvsmetobiTSi gadasayvanad, sakmarisia ricxvis orobi-
Ti Canaweri, dawyebuli Canaweris marjvena bolodan, davyoT oTxeulebad (oTxcifrian 
jgufebad). Tu ukidures marcxena jgufSi aRmoCndeba oTxze naklebi raodenobis cifri, 
am jgufs marcxena mxridan mivuweroT imdeni nuli, rom is oTxeuli gaxdes. SevcvaloT 
TiToeuli oTxeuli Sesabamisi TeqvsmetobiTi cifriT. miviRebT orobiTi ricxvis Teqvs-
metobiT Canawers. magaliTad, 100011001012 orobiTi ricxvi gadaviyvanoT Tvlis Teqvsmeto-
biT sistemaSi. gveqneba: 

100110001012 = 100 1100 0101 = 0100 1100 0101 = 4 C 5 = 4C516.
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piriqiTac, TeqvsmetobiTi sistemis raime ricxvis Tvlis orobiT sistemaSi gadasayva-
nad, saWiroa ricxvis TeqvsmetobiTi Canaweris TiToeuli cifri SevcvaloT misi orobiTi 
CanaweriT. magaliTad, gadaviyvanoT 4C516 TeqvsmetobiTi ricxvi Tvlis orobiT sistemaSi. 
gveqneba:

4C516  = 4 C 5 = 0100 1100 0101 = 100 1100 0101 = 100110001012.

TeqvsmetobiTi ricxvis Cawera Tvlis orobiT sistemaSi warmoebs analogiurad. 
(1) formulis gamoyenebiT, aTwiladi SeiZleba CavweroT Tvlis nebismier sistemaSi. mag-

aliTad, aTobiTi aTwiladisaTvis gveqneba:

245,12 = 2 ∙ 102 + 4 ∙ 101 + 5 ∙ 100 + 1 ∙ 10−1 + 2 ∙ 10−3.

imisaTvis, rom aTobiTi sistemis raime aTwiladi Tvlis p-obiTi sistemis aTwiladis sax-
iT CavweroT, saWiroa, rom aTobiTi aTwiladi TanmimdevrobiT gavamravloT p fuZeze manam, 
sanam wiladi nawili nulis toli ar gaxdeba an miRweuli ar iqneba sasurveli miaxloebis 
sizuste. amasTan, p-ze yoveli momdevno gamravlebisas unda movaxdinoT miRebuli mTeli 
nawilis anulireba. Sedegad miRebuli mTeli nawilebi adgens swored axal aTwilads. mag-
aliTad, aTobiTi sitemis aTwiladis orobiTSi gadayvanisas gveqneba 0,25510 = 0,00111001∙∙∙2. 
marTlac:

0,255 ∙ 2 = 0,45
0,45 ∙ 2 = 0,9
0,9 ∙ 2 = 1,8
0,8 ∙ 2 = 1,6
0,6 ∙ 2 = 1,2
0,2 ∙ 2 = 0,4
0,4 ∙ 2 = 0,8
0,8 ∙ 2 = 1,6
........

 
analogiurad, Tvlis raime sistemis aTwiladis aTobiT sistemaSi Casawerad, saWiroa 

SevasruloT Sesabamisi ariTmetikuli operaciebi. magaliTad, orobiTi sistemis aTwila-
disaTvis: 

101,012 = 1 ∙ 22 + 0 ∙ 21 + 1 ∙ 20 + 0 ∙ 2−1 + 1 ∙ 2−2 = 5,5110,

xolo rvaobiTi sistemis aTwiladisaTvis: 

253,318 = 2 ∙ 82 + 5 ∙ 81 + 3 ∙ 80 + 3 ∙ 8−1 + 1 ∙ 8−2 = 171,390625110

 
bolos, unda aRiniSnos, rom garda poziciuri p-uri sistemebisa ganixileba Tvlis 

arapoziciuri sistemebic. 

avtoris eleqtronuli misamarTi:
ruslan.surmanidze@tsu.ge
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jielisis wirebi dazedapirebi _ meCvidmte saukunis 
dasawyisSi, iohan keplerisa da galileo galileis gamokv-
levebma gamokveTes erTi Zalze mniSvnelovani mosazreba, 
bunebrivi obieqtebis moZraobis traeqtoriis Seswavla 
mWidrodaa damokidebuli `klasikuri konusuri kveTebis~ 
(meore rigis wirebi) Seswavlaze. es mosazreba kidev ufro 
gamyarda ser isaak niutonis mier msoflio mizidulobis 
kanonis aRmoCenis Semdeg. movlenis Seswavlis niutoniseu-
li midgoma arsiT geometriuli iyo, mokle xanSi, meqanikasa 
da sxva sabunebismetyvelo mecnierebebSi, kvlevisas,  dai-
wyo maTematikuri (algebris, analizis da sxv.) meTodebis 
farTod gamoyeneba, da es tendencia dRemde Zalze aqtual-
uria. `im dros rodesac algebra da analizi uzrunvelyofs 
maTematikis dafuZnebas, geometria warmoadgens safuZ-
velT-safuZvels~ (Chern 2000). 

1994 wlidan moyolebuli, gabriel lames warmodgenaze 
(1818 weli, gantolebebi 1-5) dayrdnobiT mecnierebi cdi-
lobdnen analizurad aReweraT bunebaSi arsebuli sxvadasx-
va forma, rogorc `superelifsi~, anu daeweraT gamaer-
Tianebeli analizur-geometriuli warmodgena (Gielis, 1996). 
aseTi iyo pirveli nabiji klasikuri konusuri kveTebidan, 
lames wirebis gavliT, gamaerTianebeli geometriuli war-
modgenisaken.

1
n nx y

A B
+ = ;(1)

1x y
A B

+ = ; 1A B
x y

+ = ; 
2 2

1x y
A B

   + =   
   

; 1x y
A B

+ = . (2-5)

formula 1 _ superelifsebi , formulebi 2-5 _ wirebi da 
konusuri kveTebi konkretuli xarisxebisaTvis
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lames superwreebisa da superelifsebis 
ganzogadebam superwirebamde da Semdgom 
superzedapirebamde  (GGielis da Tanaavtore-
bi, 2005), mogvca saSualeba erTianad aRwer-
iliyo bunebrivi simrudis mqone arsebuli 
formebis didi nawili. superwirebi miiReba 
egreT wodebuli jielisis gardaqmniT, ro-
melic xandaxan moixsenieba rogorc super-
formula (formula 6 da Sesabamisad nax.1).

dasaxelebebi: „superformula“, „super-
wirebi“ da „superzedapirebi“ ganpiroba, 
am warmodgenis udavo kavSirma iseT ter-
minebTan, rogorebicaa lames: superwre,  
superelifsi da superkvadrati.  droTa 
ganmavlobaSi es dasaxeleba Seicvala da 
maTematikosebis gavleniT mas ewodeba an 
`jielisis formula~ (mag.: Koiso and Palm-
er, 2007, 2008), romelic aRwers `jielisis 
wirebs~, an zedapirebsa da (sub) mravalnai-
robebs (Verstraelen, 2004, 2008).

mravali wiris analizuri warmodgena Za-
lze xelsayrelia ρ da a polarul koordi-
natebSi (x=ρcosφday=ρsinφ). wirebis klasi far-

Tovdeba, rodesac koordinati ρ garkveuli 
wesiT aris damokidebuli aφ polarul kuTx-
eze, anu ρ(φ)-garkveuli funqciaa. kerZod, 
koeficient m/4-is CamatebiTa (romelic ga-
napirobebs Sesaswavli formis (wiris)  ufro 
konkretul simetriul ganlagebasO O koor-
dinatTa saTavis mimarT) da formula 1-Si 
xarisxis maCvenebelTaTvis meti `Tavisu-
flebis~  miniWebiT superelifsi SesaZloa 
ganzogaddes e.w. superwirad (formula (6))

( )

2 3 1

1

1 2cos( ) cos( )
4 4

n n nm m

A B

φ φ
ρ φ

−
 
 

+ = − 
 
 

,   (6)

sadacA, B, n1∈ℜ0; m, n2, n3∈ℜ. rodesac m = 4 da 
n1=n2=n3=n miiReba formula 1. Sesabamisad 
Canaweri (6) SesaZlebelia ganxilul iqnes 
rogorc gardaqmna, romlis saSualebiT wre 
gardaiqmneba sxvadasxva saxis brtyel wirSi.

 

nax. 1. superzedapirebi (Gielis, 2003a)

superelifsebi da superwirebi sazoga-
dod cnobilia ara mxolod rogorc garkveu-
li saxis brtyeli wirebi, maT, amavdroulad, 
gaaCniaT Zalze saintereso geometriuli 
arsi _ `n-moculobis~ Senaxvis kanoni. mag-
aliTad superwre, rodesac n=3 (formula 1, 
rodesac A=B=1 da n=3) `gamosaxavs~ kanonzo-
mierebas romlis Tanaxmad kubebis, romelTa 
wiboebi Sesabamisad X (abscisa) da Y (ordi-
nata) sigrZisani arian, moculobaTa jami 
erTeulovani wibos mqone kubis moculobis 
tolia. (Zalze sainteresoa, rom superwre 
(formula 1), rodesac A=B=1 da n=1 `gamo-
saxavs~ kanonzomierebas, romlis Tanaxmad 
esaa geometriuli adgili iseTi wertilebi-
sa, romelTa dekartuli koordinatebis 
sigrZeTa jami erTianis tolia, anu aRwers 
wirs, romelsac moxazavs iseTi marTkuTxa 
samkuTxedebis hipotenuzebi, romelTa 
erTi bolo saTaveSia ganTavsebuli da ka-
Tetebis sigrZeebis jami erTianis tolia 
i.T.) amgvarad es brtyeli wiri zogad Sem-
TxvevaSi gamosaxavs `n-moculobis~ Senaxvis 
kanons. amgvarad orive SemTxvevaSi brtyeli 
(2D) da sivrciTi (3D) lame-jielisis wirebi, 
romlebic aRiwereba erTi martivi formu-
liT, amavdroulad gamosaxavs, garkveuli ser isaak niutoni (1643-1727)

gabriel leon Jan 
batist lame

(1795-1870)
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azriT, Senaxvis kanonis lokalur da zogad 
SemTxvevas (Gielis, 2010a).

Tu lames wirebisaTvis an superwirebi-
saTvis SemoRebul iqna e.w. Sida sakoordi-
nato funqciebi ncos da nsin, maSin SesaZloa 
`ganzogaddes~ piTagoras Teorema (for-
mula 7; Beirinckx and Gielis, 2004; Lenjou 2005). 
amgvarad n-moculoba SesaZloa ganxilul 
iqnas, rogorc Tavisuflebis xarisxi, rac 
cxadia metia vidre Tavisuflebis xarisxi 
ori (anu piTagoras Teoremis klasikuri 
SemTxveva n=2 da Sesabamisad „erTeulovani 
wrewiri“ klasikuri evklides wrewiria, anu 
sakoordinato funqciebi ncos da nsin war-
moadgenen klasikur cos da sin funqciebs).

ncosn(φ) + nsinn(φ) = 1 (7)

formula 7 - piTagoras zogadi Teorema

superwirebisa da superelifsebis saSu-
alebiT, anu formula (6)-Si, mxolod ricx-
viTi parametrebis cvlilebiT, SesaZloa 
aRiweros bunebaSi arsebuli ZiriTadi 
formebis farTo speqtri, anu moxdes e.w.  
`bunebis geometrizacia~. sakuTrivi forme-
bi, rogorc erTeulovani wreebi, romlebic 
gamosaxaven ricxviT damokidebulebebs da 
anzogadeben piTagoras Teoremas.

arsebuli warmodgena ar Semoifargleba 
brtyeli wirebiTa da zedapirebiT, is Sesa-
Zloa martivad ganzogaddes submraval-
nairobebis farTe klasze. bunebaSi arse-
bul formaTa (organizmebiebi, mcenareebi, 
kristalebi, molekulebi...) aRweras es for-
mula, parametrebis regularuli cvlile-
biT axorcielebs da asaxavs rogorc arseba-
Ta (romlTa garemocvaSic Cven vcxovrobT) 
geometriul formebs (D’Arcy Thompson, 1917), 
agreTve zogierT sivrce-droiTfizikur 
models. amitomac is moixsenieba, rogorc 
zogadi bunebrivi forma (Gielis da Tanaavt., 
2005).

zogadi bunebrivi formis 
geometriuli arsi

zedapirebis Seswavlisas ganmsazR-vrel 
rols TamaSobs: meore rigis warmoebulebi 
da simrudeebi (Schrödinger, 1940). zedapir-
ebi, Tavisi geometriuli arsiT, calsaxad 
ganisazRvreba Tavisi simrudiT. Cveuli, 
tradiciuli, evkliduri geometriis Tval-
szrisiT zedapirebis simrudeebi aRiwereba 
wreebis, an elifsebis saSualebiT (Coolidge, 
1952), amavdroulad, rimanis geometriaSi, 
isini warmoadgenen yoveli skalaruli si-
didis safuZvels. zedapirTa gamokvlevebis 
amgvari midgomis istoriuli sawyisebi ke-
pleris, hiugensisa da niutonis saxelebTa-
naa dakavSirebuli.

Cven warmodgenas samyaros (garemos) 
Sesaxeb, Rrma fesvebi aqvs Cven aRqmaSi dae-
fuZneba am aRqmis abstragirebas, romelic 
Tavis TavSi moicavs garemos izotropi-
ulobas (anu erTgvarovnebas) _ formis 
TvalsazrisiT amgvari abstraqciis Sede-
gia wre da sfero. pirdapiri svla da Tavi-
sufali, izotropuli, nebismieri mimar-
TulebiT gadaadgileba kacobriobis mier 
gadaazrebulia evkliduri geometriis 
safuZvelze. XIX saukuneSi geometria mivida 
zogad rimanis sivrceebis aRqmamde, sadac 
mudmivi simrudis K kveTebis mqone zedapir-
ebi, rogorca Cven arimanis, hemholcisa da 
lis kvlevebma, akmayofileben `Tavisufali 
gadaadgilebis aqsiomas~. Tumca amgvari 
Tavisufali gadaadgilebis idea aRar aR-
moCnda aucilebeli cocxali da aracocx-
ali qmnilebebisaTvis, romelTaTvis e.w. 
variaciuli pirobebidan gamomdinare „saku-
Tari geometria ganisazRvreba“. evklidur 
geometriaSi umoklesi manZili or wertils 
Soris `wrfea~, magram ukve mcenareebisa Tu 
zRvis varskvlavebis `samyaroSi~ umoklesi 
manZilis aRqma sazogadod gansxvavebulia. 
radgan arsebobs gansxvavebuli garemo pi-
robebi da maTgan gamowveuli SezRudvebi, 

nax. 2. sivrculi superzedapirebi romelTa safuZveli brtyeli superwirebia
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maTi aRqma da agreTve Sesabamisad inicirebuli geometrie-
bi SesaZloa iyos principulad gansxvavebuli.

qmnilebaTa umetesobisaTvis samyaro an izotropulia, 
gaaCnia e.w. prioritetuli mimarTulebebi, agreTve „zo-
mis sxvadasxva ideologia“. wignis, minkovskis geometria, 
SesavalSiA. C. Thompson (1996) wers: `evklidesa da niutonis 
sivrce aris erTgvarovani da  `izotropuli~, erTnairi 
yvela mimarTulebiT. amgvari warmodgena yoveldRiuro-
basTan, rbilad rom vTqvaT, SeuTavsebelia _ zeda da qveda 
principulad gansxvavdeba aRmosavleTisa da dasavleTi-
sagan. realobaSi arsebobs prioritetuli mimarTulebebi. 
amis kargi magaliTia _ prioritetuli mimarTulebebi, 
romlebic gaaCnia zrdis procesSi kristalebs, romlebic 
sapnis buStebisagan gansxvavebiT yalibdebian rogorc mra-
valwaxnagebi da ara rogorc sferoebi. evkliduri (klasi-
kuri) erTeulovani wre da sfero realur samyaroSi ucnobi 
(ar arsebuli) obieqtebia, Tumca arsebobs amozneqili ra-
Rac obieqtebi, romlebsac erTeulovani birTvebi ewodeba~.

Cven vimyofebiT bunebis geometriis Semecnebisa da gaaz-
rebis sawyis stadiaSi, xolo ras niSnavs es TviT geometriis 
bunebisaTvis es jer kidev Sesaswavlia. `arsebuli geome-
triuli modelebi, miuxedavad maTi simravlisa, ver pasuxo-
ben mraval arsebul umniSvnelovanes SekiTxvas. magali-
Tad: rogor unda aRiweros yvela SesaZlo konfiguraciis 
cocxali organizmis droSi zrdis (cxovrebis) traeqto-
ria~ (Berger, 2000); magaliTad, konkretulad, xeebis an kibos 
ujredebis zrda!? 

sinaTlis buneba an ki misi yofaqceva, martivad rom vTq-
vaT, araviTar gavlenas ar axdens arc arsebebze, romle-
bic Rrma wylebSi binadroben, da arc nawlavur Cxirebze, 
romelTa saarsebo garemo Cveni Sinagani organoebia. Segvi-
Zlia, didi albaTobiT vivaraudoT, rom rvafexas, romelic 
veSapis mier, 600 metrze ufro Rrmadaa daWerili da ro-
melic okeanis zedapirze amotanisTanave `feTqdeba~, wneva-
Ta sxvaobis gamo, raRa Tqma unda `Tavisufali gadaadgile-
baze~ absoluturad gansxvavebuli mosazreba eqneba. zRvis 
varskvlavebi da xeebi sxvadasxvanairad, Tanac Cvengan gan-
sxvavebulad aRiqvamen samyaros. maT rom hqondeT SesaZle-
bloba aRweron, an moaxdinon samyaros geometrizacia da 
„gazomvebi~, Sedegi iqneba absoluturad gansxvavebuli. 
cxadia, rom samyaros, dRes arsebuli, aRwera dafuZnebulia 
unikalur _ adamianur aRqmaze.

e.w. `jielisis wirebisa da zedapirebis~ saSualebiT 
Cven gveZleva kargi da Tanac martivi saSualeba bunebaSi 
arsebuli sxvadasxva forma aRiweros konusuri kveTebis 
gardaqmnebiT. amgvarad dadga amocana gadavideT aRweridan 
gagebaze. klasikur SemTxvevaSi mxebi sivrceebis kvlevi-
sas gamoyenebulia mxebi elifsebi da wreebi, analogiurad 
aRebul SemTxvevaSi mxebi sivrceebis, simrudeebis gansaz-
Rvra SesaZloa daeyrdnos superelifsebsa da superwirebs, 
da Sesabamisad SesaZloa axleburi kuTxiT iqnas gagebuli 
minkovskisa da hilbert-finsleris geometriebi da mod-
elirebul iqnas bunebaSi mimdinare sxvadasxva movlena.

am zogad SemTxvevaSi simrude SesaZlebelia ganisazRv-
ros Sesabamisad aRwerili formis safuZvelze, rogorc es, 
klasikur SemTxvevaSi, wris safuZvelze xorcieldeboda.

Zalze sainteresoa is gansxvaveba, romelic am mimar-
TulebiT maTematikuri azrovnebis ganviTarebis or Ziri-
Tad gzas Soris arsebobs. erTi midgoma ZiriTad yuradRe-
bas amaxvilebs konusuri kveTebis aRwerasa da Seswavlaze, 
is ukavSirdeba iseT saxelebs rogorebicaa apoloniusi, 
kepleri, galilei, lame, minkovski da am mimarTulebis dRe-
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vandeli Seswavlis obieqtia 
aq warmodgenili e.w. bune-
brivi wirebi. meore mimar-
Tuleba ZiriTad aqcents 
akeTebs `gamoTvlebze”,  Ta-
nac is safuZvlad iRebs sa-
myaros izotropulobasa da 
am ideis geometriul sim-
bolos evklidur wres, anu 
klasikur erTeulovan wres. 
am mimarTulebis apologe-
tebia arqimede, ptolemaosi, 
niutoni da furie.

sazogadod mecnieruli 
azris ganviTareba gvamc-
nobs: erTni pouloben ga-
maerTianebel aRweras, ro-
melsac safuZvlad uZevs 
konusuri kveTebi (mag., 
galilei, kepleri), rac 
STaagonebs udides maTema-
tikosebs wreze da gamoTvle-
bze dayrdnobiT ganezoga-
don aRwerili meTodebi. 
niutonis erTerT udides 
damsaxurebas warmoadgens 
nebismieri brtyeli wiris 
simrudis gansazRvra, ramac 
Semdgom SesaZlebloba mica 
mas sTavisi principis da-
fuZnebisa.

esaa momavlis amocana:  
moxdes gadasvla bunebaSi 
arsebuli formebis gaer-
Tianebuli aRweridan  (anu 
rac iZleva saSualebas ganx-
iluli iqnas bunebaSi ar-
sebuli formebi, konusuri 
kveTebi), imis gagebisaken 
Tu ra gansazRvravs arse-
bul formebs. am gzas, TiTq-
mis uciloblad, mivyevarT 
garegani da Sinagani sim-
rudeebis gansxvavebulo-

bamde (utolobamde), da Tu 
rogoraa is ganxorciele-
buli garemoSi, da es analo-
giuria zedapirebisaTvis 
kargad cnobili utolobisaK 
K ≤ H2, sadac K aris gausis 
simrude da warmoadgens ori 
mTavari simrudis saSualo 
geometriul mniSvnelobis 
kvadrats, xoloH am sididee-
bis saSualo ariTmetikuli 
mniSvnelobaa (Verstraelen,2008; 
Gielis, 2010а, в). paralelu-
rad, mosalodnelia didi 
progresi garemos izotro-
piulobaze dafuZnebuli 
gamoTvliTi meTodebis da-
muSavebaSi.

gabriel lames 
mecniereba 
racionalurad 
unikaluria

am mimarTulebiT erT-
erTi mniSvnelovani nabiji 
iyo furies meTodis gafar-
Toeba sasazRvro amocanebi-
saTvis. p. natalini (P. Natalini 
(et al, 2008)), da d. karateli 
(D. Caratelli da Tanaavt., 2009, 
2010)), ganixiles, jielisis 
wirebis ideaze dayrdnobiT, 
laplasis (da masTan  da-
kavSirebuli) gantolebis 
furies meTodiT amosaxs-
nelad e.w. `deformirebuli 
polaruli koordinatebi~. 
geometriuli Tvalsaz-
risiT Zalze mniSvnelova-
nia, rom `TiTqmis yoveli or 
Tu samganzomilebiani kla-
sikuri gagebiT polaruli 
are zustad (an yovel SemTx-
vevaSi sakmarisi sizustiT 

miaxlovebulad) aRiwereba 
amgvari wirebiT~. es ki sa-
Sualebas iZleva Seswavlil 
iqnas sxvadasxva kerZo war-
moebulebiani diferencial-
uri gantolebisaTvis das-
muli sasazRvro amocanebi 
iseT areebSi, romlebic mag-
aliTad akmayofileben e.w. 
varskvlavis pirobas. amgvar 
areebSi didi albaTobiT 
xdeba SesaZlebeli mravali 
klasikuri amocanisaTvis 
amonaxsnebis moZebnis meTo-
debis damuSaveba. arsebi-
Tad, es niSnavs, rom me-19 
saukunis ociani wlebidan 
moyolebuli xdeba gabriel 
lamesa da Jozef furies 
midgomebis Serwyma.

es zogadi meTodolo-
gia gamoyenebul iqna sx-
vadasxva diferencialuri 
gantolebisaTvis dasmuli 
Sesabamisi sasazRvro amo-
canis (dirixle, neimani, ro-
beni) amoxsnisaTvis, xolo 
amJamad mecnierTa jgufebi 
cdiloben am meTodis gamoy-
enebas Sedgenili areebisaT-
vis dasmul Sereuli tipis 
diferencialuri gantole-
bebisaTvis. laplasiani (lap-
lasis operatori) uSualod 
aris damokidebuli zeda-

piris saSualo H Hsimrudeze, 
romelic amavdroulad war-
moadgens garemos zedapiris 
daWimulobis zomas. evkli-
dur E3 sivrceSi M2 zedapir-
ebisaTvis saSualo simrude 
warmoCindeba beltramis 
formulaSi:

Hv


 2−=∆
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sadac ν


 aris M2 zedapiris radius veqtori E3-Si, H


- lapla-
sis operatori, xolo warmoadgens M2 zedapiris saSualo 
simrudes E3-Si (Verstraelen, 2007).

laplasis gantoleba 0=∆v

puasonis gantoleba

 
fv =∆

hemholcis gantoleba

 
02 =+∆ vkv

Sredingeris gantoleba

 

ψψψ EV
m

h
=+∆−

2

2

„talRis“ gantoleba

 
vavtt ∆= 2

siTbogamtareblobis 
gantoleba

 
vkvt ∆=

raRac azriT ara mxolod Tavsdeba erTmaneTTan lamesa 
da furies midgomebi, aramed agreTve viTardeba gabriel 
lames mier 1830 wels dawyebuli programa. lame uSvebda, 
rom fizikuri movlenebis Seswavla maTematikuri Tval-
Taxedvidan gamomdinare, daiyvaneba movlenis Sesabamisi 
mrudwiruli koordinatebis Seswavlaze. maTematikur 
terminebSi mrudwiruli koordinatebi asaxaven fizikur 
models (Guitart, 2009). lames naSromi mrudwiruli koordi-
natebis Sesaxeb iyo Zalze mniSvnelovani da man realurad 
gansazRvra mTeli mimarTuleba (Struik, 1933); lames naS-
romi mrudwiruli koordinatebis Sesaxeb iyo Zalze mniS-
vnelovani da man realurad gansazRvra da man ganazogada 
eileris mier sibrtyeze da gausis mier zedapirebze da-
muSavebuli meTodebi. fizikuri amocanebis Seswavla, ro-
melic morgebulia Sesabamis mrudwirul koordinatebze 
da daiyvaneba diferencialuri invariantebis daxasiaTe-
baze, rac imaSi gamoixateba, rom laplasis operatori war-
modgenil iqnas Sesabamis mrudwirul koordinatebSi.

am Sexedulebis Tanaxmad mxolod erTi, saxeldobr pua-
sonis, gantoleba saWiroebs amoxsnas warmodgenil mrud-
wirul koordinatebSi Sesabamis sasazRvro pirobebSi. sxva 
gantolebebisa da kanonebis Seswavla specialur SemTx-
vevebze daiyvaneba (Guitart, 2009). warmodgenili meTodebi 
saSualebas iZleva gamokvlevebisas koodinatTa sistemebi 
morgebul iqnas (bunebaSi arsebul) formebze. jielisis 
wirebi da zedapirebi Tavad warmoadgenen bunebriv mrud-
wirul koordinatebs, romlebic „ganasaxiereben~ gabriel 
lames racionalur da unikalur mecnierebas anu maTema-
tikur fizikas. es racionaluri mecniereba unikaluria, im 
gagebiT, rom universaluri naturaluri zedapirebisa 
da morfogenezis geometriuli Teoria viTardeba igive 
sqemiT da uzrunvelyofs samyaroSi arsebuli geometriu-
li formebis mravalferovnebas. 

geometris mier danaxuli samyaro

bunebaSi arsebuli formebis Seswavlis am midgomis 
pirvel mimarTulebaSi, SesaZlebelia moiZebnos gansxvave-
ba daZabulobis moxsnis or urTierTsawinaaRmdego meTods 
Soris, romelic garemos formaze aisaxeba (Verstraelen, 2008). 
pirveli strategia gulisxmobs mivyveT dinebas da am Sem-
TxvevaSi asocirebuli figuraa wre. meore, absoluturad 

apoloniusi
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sawinaaRmdego, strategiaa daZabuloba 
(winaaRmdegobis gaweva) da Sesabamisad aso-
cirebuli figuraa logariTmuli spirali 
(romelic dakavSirebulia harmoniul, gno-
monur, zrdasTan).

ubrundebiT ra parametruli saxiT, po-
larul koordinatebSi Caweril formulas, 
aRmovaCenT, rom aucilebelia mxolod erTi 
samarTavi parametris yofaqcevis dadge-
na, esaa wris SemTxvevaSi radiusi r (= wiris 
simrudis radiusi), xolo logariTmiuli 
spiralis SemTxvevaSi esaa parametri k, ro-
melic dakavSirebulia im kuTxis sidides-
Tan, romelsac mxebi adgens radius veqtor-
Tan.

 ϕcosrx = ϕϕ coskex =

 
ϕsinry = ϕϕ sinkey =

dasaxelebuli ori ZiriTadi strategiis 
arCevani gamomdinareobs motanili warmod-
genidan Gielis (2003a, b). wrisa da spiralis 
jielisis gardaqmniT, e.w. marTvis damatebi-
Ti parametris varirebiT, SesaZloa Seiqmnas 
modeli da aRweril iqnas bunebaSi arsebuli 
formebis farTo speqtri. lamesa da jieli-
sis wirebisa da (hiper-) zedapirebis saSu-
alebiT Semotanili `faqizi~ an izotropia 
aRmoCnda `evkliduri geometriisaTvis 
yvelaze misaReb bunebriv wirebad da zeda-
pirebad~. warmodgenili universaluri saSu-
alebiT SesaZloa aRiweros farTo speqtri 
formebisa, romlebic sabunebismetyvelo 
mecnierebebSi gvxvdeba: pirvel yovlisa 
Semodis `evkliduri~ geometriis zogierTi 
principi, meore mxriv, jielisis zogierTi 
gardaqmna aris am geometriuli principebis 

Sedegi (Verstraelen, 2008). amgvari an izotro-
piis mqone zedapirebi warmoadgenen wonas-
worul zedapirebs wonasworobidan Zalze 
Sors mqone garemo pirobebSi. am klasis fig-
urebSi Cans, rom maTi ZiriTadi geometriu-
li idea aris n-moculobis (oriveSi lokal-
urisa da globaluris) SenarCuneba,  da is 
agreTve evkliduria (Gielis, 2010a, 2010c).

saintereso sanaxavia Tu rogor xdeba 
ariTmetiki is (mimateba, gamravleba da sa-
Sualoebi) martivi wesebis gamoyenebiT 
xarisxebisa da parametrebis cvlilebiT 
bunebaSi arsebuli formebis aRwera. ne-
peris ricxvisaTvis qvemoT, cxrilSi, mota-
nilia Sesabamisi magaliTebi. da Tu avjamavT 
Sesabamisad xn da yn gamosaxulebebs miviRebT 
superwreebsa da superelifsebs, klasi-
kur konusur kveTebsa da bunebaSi arsebul 
formebs (rodesac ganvazogadebT super-
wirebs) da Tuki gadavamravlebT Cven mivi-
RebT xarisxovani funqciebisa da kanonebis 
mTel speqtrs, romlebic warmoadgenen 
superparabolebsa da superhiperbolebs. 
safuZvelT safuZveli klasikuri konusuri 
kveTebia (Gielis, 2010c).

fuqciebi
eφ da e−φ

polaruli 
sibrtye

XY-sibrtye

Sekreba da  
ariTmetiku-
li saSualo

logariTmu-
li spirali

katenari

gamravleba 
da geome-
triuli 
saSualo

wre wrfe

bunebaSi arsebuli formebis Seswavlis 
es midgoma gvabrunebs geometriis ZiriTadi 
ideebisa, cnebebisa da aRniSvnebis gadaaz-
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rebasTan. rogorc albert einSteini wers: 
`Cveni gamocdileba amarTlebs Cvens molo-
dins, rom bunebaSi xorcieldeba maTemati-
kuri simartivis ideali~.

berZnuli sawyisi sityvebis geometria 
da simetria (συμμετρια) aris sityva _ μετρεω 
(gazomva, Sefaseba, gamoTvla). antikur sa-
berZneTSi simetrias aqvs agreTve zmnis 
(συμμετρεω) mniSvneloba: zomva, Sesabamisoba, 
Tanazomadoba (Vlastos, 2005). amgvarad gaCnda 

saerTo wesi, rom aRiweros zRvis varskvla-
vi, samkuTxedi, cilindrebi da yvavilebi, . . 
, isini arian SesabamisobaSi, qmnian ra erTo-
blivad samyaros anu kosmoss ()
ufro metad geometrizebuls da simetri-
uls, ufro mowesrigebuls da ufro lamazs; 
_ aris agreTve zmna, da misi arsi ara mx-
olod mowyobaa aramed dasvenebac; amitoma-
caa is fuZe sityvisa kosmetika (Vlastos, 2005).

nax. 3. spiralebi da superspiralebi bunebaSi

nax. 4. wreebi da spiralebi yvavilebis kokrebis SemTxvevaSi
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dialogi sokratesa da
hipokrates Soris

 
sokrate _ Zvirfaso hipokrate Sen viRa-

cas eZeb?
hipokrate _ ara, Cemo sokrate, radgan 

ukve vipovne is, visac veZebdi. piradad Sen 
geZebdi, yvelgan. viRacam, agoraze, miTxra, 
rom gnaxa rogor seirnobdi mdinare iliso-
sis gayolebiT. ase rom, me kvaldakval mogy-
vebodi.

 

nax. 3. aTeni, mdinare ilisosi da agora _ 
mxatvari e. doueli, 1821 w.

sokrate _ maSin miTxari, ratom moxvedi, 
mere ki minda gkiTxo Cveni protagorasTan 
saubris Sesaxeb. xom gaxsovs es saubari (igu-
lisxmeba platonis dialogi „protagora“ 
i.T.)?

 

nax. 4. filosofosi protagora
(481-414 Zv. w. aR.)

`adamiani aris yvelafris sazomi;
adamiani aris yvelafris zoma~

dialogi maTematikis 
arsis Sesaxeb

avtori alfred renii
inglisuridan Targmna ilia TavxeliZem

arsebobs am nawarmoebis kidev erTi Targmani, romelic ekuTvnis profesor fili-
mon xarSilaZes da is meoce saukunis samocdaaTian wlebSia Sesrulebuli.

nax. 1. sokrate
(469-399 Zv. w. aR.)

nax. 2. hipokrate xioseli
(470-410 Zv. w. aR.) 

antikuri samyaros 
maTematikosi
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hipokrate _ amas rogor mekiTxebi? mas 
Semdeg dRe ar gasula, rom amaze ar mefiqra. 
dRes ki SenTan rCevisaTvis movedi, radgan 
es saubari Tavidan ar gamomdis.

sokrate _ etyoba, Cemo hipoktrate, 
Cven erTnair sakiTxebze gvinda saubari; am-
rigad, saubris ori Tema sinamdvileSi er-
Tia. meCveneba, rom maTematikosebi cdebian 
rodesac Tvlian, rom ori arasodes aris er-
Tis toli. 

hipokrate _ saqme imaSia, Cemo sokrate, 
rom maTematikosebi rogorc yovelTvis 
marTlebi arian.

sokrate _ magram Sen, Cemo hipokrate, ra 
Tqma unda ici, rom me maTematikosi ara var. 
ratom ar dausvam Sen SekiTxvebs gamoCenil 
Teodores (Teodore kireneli, V-IV saukune 
Zv.w.aR., gamoCenili Zveli berZeni maTema-
tikosi, platonis maswavlebeli)?

hipokrate _ me ubralod gaognebuli 
var, Cemo sokrate, Sen mpasuxob SekiTxve-
bze manam, sanam me davsvam maT. arada, me xom 
swored amitomac var mosuli SenTan, rom 
gkiTxo, Rirs ki, rom Teodores mowafed 
mivebaro? wina Sexvedrisas, rodesac me ga-
davwyvitili mqonda protagoras mowafe 
gavmxdariyavi, Cven erTad wavediT masTan da 
Sen ise warmarTe saubari, rom cxadi gaxda _ 
man ar icis sagani, romelzedac msjelobs. 
raRa Tqma unda, me gadavifiqre da aRar mi-
vebare mas. es saubari damexmara gamego ra 
ar unda meqna, magram ar miCvena, Tu risi 
gakeTeba Rirs. me ki minda gavigo es. unda 

gagibedo da giTxra, Cem megobrebTan erTad 
davdivar nadimebze da palestraSi, dros 
sasiamovnod vatareb, magram sinamdvileSi 
yvelaferi es, me siamovnebas ar maniWebs. me 
vgrZnob Cems ucodinarobas. ufro zustad, 
me vgrZnob, rom codna, romelic gamaCnia, 
sakmaod gaurkvevelia da daulagebeli. 
protagorasTan saubrisas cxadi gaxda, rom 
Cemi codna kargad cnobili kategoriebis 
Sesaxeb iseTebis, rogoricaa keTilgoniere-
ba, samarTlianoba, siqvele, Zalze mwiria da 
sakmaod gaurkveveli. magram axla, yovel 
SemTxvevaSi, srulad mesmis Cemi uvicoba.

sokrate _ moxaruli var, Cemo Zvirfaso 
hipokrate, rom ase kargad gesmis Cemi. me 
yovelTvis Riad veubnebi Cem Tavs, rom me 
araferi ar vici. me arc ki warmomidgenia, 
rom davibralo imis codna, rac sinamd-
vileSi CemTvis araa cnobili. albaT esaa 
gansxvaveba Cemsa da umetesoba sxva adamian-
ebs Soris, romelTa raodenoba, samwuxarod, 
arc Tu ise cotaa.

hipokrate _ es amtkicebs Sen sibrZnes, 
Cemo sokrate. magram, es CemTvis araa sak-
marisi. me Zalian minda miviRo sruliad 
gansazRvruli da safuZvliani ganaTleba, 
da me ver viqnebi bednieri, sanam amas ar 
mivaRwev. me mudmivad vfiqrob im codnis 
bunebis Sesaxeb, romelic me minda miviRo. 
sul axlaxan Teatetusma Tqva, rom gansaz-
Rvruli arsebobs mxolod maTematikaSi, 
da mirCia Semeswavla is mis maswavlebel Te-
odoresTan, ricxvTa Teoriisa da geometri-

alfred renii (20.III.1921-1.II.1970)

gamoCenili ungreli maTematikosi; daamTavra budapeStis universiteti; 
1947 wels daicva doqtoris xarisxi segedis universitetSi gamoCenili 

maTematikosis f. ricis xelmZRvanelobiT; 1949 wlidan moyolebuli iyo 
debrecenis universitetis profesori; daafuZna budapeStis maTematikis 
instituti, romelic dRes misi saxelobisaa; misi ZiriTadi Sromebi exeba 
albaTobis Teoriis, maTematikuri statistikis, informaciis Teoriis, 

kombinatorikis da grafTa Teoriis sakvanZo sakiTxebs; informaciis 
TeoriaSi mis mier SemoRebulia speqtri (e.w. renis entropia), romelic 
warmoadgens  "Senonis entropiisa" da "kulbak-leibleris gansxvavebis" 
ganzogadebas. dawera 32 samecniero naSromi pol erdoSTan erTad, maT 

Semoitanes "SemTxveviTi grafebis erdoS-renis modeli".

nax. 5. Teatetus aTeneli 417-369 Zv.w.aR — gamoCenili maTematikosi
Teorema: arsebobs mxolod 5 wesieri amozneqili mravalwaxnaga!

(tetraedri, oqtaedri, ikosaedri, heqsaedri, dodekaedri)
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is yvelaze mcodne adamianTan aTenSi. me ki 
ar msurs gavimeoro is Secdoma, romelic 
protagorasTan dauSvi, rodesac gadavw-
yvite, rom misi moswavle gavmxdariyavi. ami-
tomac, gTxov miTxari Cemo sokrate, miviReb 
ki safuZvlian codnas, romelsac me veZeb, 
Tu me daviwyeb maTematikis Seswavlas Teo-
doresTan?

sokrate _ o apolodoris Svilo, ukeTes 
verafers gaakeTeb, Tu ara imas, rom mie-
baro, Cem megobars, pativcemul Teodores. 
mxolod zustad unda gadawyvito, marTla 
ginda Tu ara Sen maTematikis Seswavla. ve-
ravin, Senze ukeT, ver SeZlebs Seicnos Seni 
survilebi. 

hipokrate _ ratom meubnebi uars dax-
marebaze, Cemo sokrate? egeb uneblieT gawy-
enine ise, rom verc ki SevniSne?

nax. 6. kunZulikosi _
`eqim hipokrates Wadari~

nax. 7. `kiborCxalsaxis nisleuli~ 
_ dedamiwidan daSorebulia 6500 

sinaTlis wlis manZilze

sokrate _ Sen ver gamige, Cemo axalgaz-
rda megobaro. me ar gavbrazebulvar, ma-
gram Sen me SeuZlebels mTxov. nebismierma 
pirovnebam damoukideblad unda miiRos 
gadawyvetileba _ riTi unda, rom dakavdes. 
me SemiZlia mxolod dagexmaro, rogorc 
meane mSobiares, Seni arCevanis miRebaSi.

hipokrate _ gemudarebi, uari ar miTxra, 
Zvirfaso sokrate, da Tu Sen axla Tavisufa-
li xar, daviwyoT saubari dauyovnebliv.

sokrate _ keTili, Tu Sen ase dabejiTe-
biT iTxov. modi am Wadris Crdils Seva-
faroT Tavi da daviwyoT. magram, Tavdapir-
velad miTxari, Tanaxma xar visaubroT ise, 
rogorc es CemTvisaa xelsayreli? me mog-
cem SekiTxvebs, Sen ki maTze gascem pasuxebs. 
Sedegad Sen ukeT gaigeb, rac ukve Seicani, 
aqedan ki aRmocendeba codnis marcvlebi, 
romlebic Sen sulSia ganbneuli. imedi maqvs, 
Sen ar daemgvanebi mefe darioss, romelmac 
sikvdiliT dasaja spilenZis maRaroebis 
ufrosi, raTa man spilenZis sabadoebidan 
mxolod spilenZis mopoveba SeZlo da ara 
oqrosi, rogorc es mefes surda. imedi maqvs, 
Sen yovelTvis gemaxsovreba, rom maRarodan 
mxolod imis amoRebaa SesaZlebeli, rasac is 
Seicavs.

hipokrate _ vficav, rom arafers ar da-
gayvedri, magram, zevsis gulisaTvis, davi-
wyoT dauyovnebliv.

sokrate _ Tanaxma var. mxolod mipa-
suxe, ici Tu ara Sen ra aris maTematika? 
imedi maqvs, Sen SeZleb moitano maTematikis 
gansazRvreba, radgan apireb mis Seswavlas. 

hipokrate _ vfiqob, bavSvic ki SesZlebs 
amis gakeTebas. maTematika _ erTerTi mec-
nierebaa, Tanac erTerTi umSvenieres mec-
nierebaTagani. 

sokrate _ me gTxove aRgewera maTemati-
kis arsi da ara Segeqo is. SesaZloa ukeT gai-
go, Tu ra minda gavarkvioT, Tu ganvixilavT 
raime sxva mecnierebas, Tugind, magaliTad, 
medicinas. ai me, rom mekiTxa SenTvis eqimo-
bis xelovnebis Sesaxeb, Sen mipasuxebdi, rom 

medicinas saqme aqvs janmrTelobasTan da 
daavadebebTan. misi mizania _ umkurnalos 
daavadebulebs da daicvas janmrTelebi. ase 
araa?

hipokrate _ Sen marTali xar.
sokrate _ imis Sesaxeb, Tu rogor unda 

ganasxavon da umkurnalon daavadebebs 
ician, mxolod eqimebma, da maTTvisac jer 
kidev Zalian cota ram aris cnobili. magram, 
medicinis amocanac imaSi mdgomareobs, rom 
gaarkvios yvelaferi amis Sesaxeb. maTemati-
kasTan saqme xom sxvanairadaa? 

hipokrate _ gTxov, am SemTxvevaSi amix-
sna gansxvaveba, radgan mkafiod ver vxedav. 

sokrate _ maSin mipasuxe: mkurnalobis 
xelovnebas saqme aqvs imasTan, rac arsebobs, 
Tu imasTan, rac ar arsebobs? eqimebi, rom ar 
iyvnen, maSin daavadebebic ar iqneboda?
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hipokrate _ ra Tqma unda, iqneboda da 
ufro meti, vidre axlaa.

sokrate _ axla sxva xelovnebas Sev-
xedoT, Tugindac magaliTad, astronomias. 
meTanxmebi imaSi, rom astronomebi Seiswav-
lian varskvlavT moZraobas?

hipokrate _ me amaSi darwmunebuli var. 
sokrate _ da rom gkiTxo _ aqvT Tu ara 

astronomebs saqme imasTan, rac arsebobs, 
rogori iqneba Seni pasuxi?

hipokrate _ me gipasuxeb _ diax. 
sokrate _ da iarsebebda varskvlavebi, 

astronomebi, rom ar yofiliyvnen?
hipokrate _ ra Tqma unda. im SemTxveva-

Sic ki, zevss sibrazeSi mTeli kacobrioba, 
rom moespo varskvlavebi mainc ikiafebdnen 
caze. magram, ratom vsaubrobT astronomiis 
Sesaxeb da ara maTematikaze? 

sokrate _ nu iqnebi aseTi mouTmene-
li, Zvirfaso megobaro. modi vimsjeloT 
zogierTi sxva xelovnebis Sesaxebac, rom 
gvqondes saSualeba SevadaroT isini maTema-
tikas. ras daarqmev Sen adamians, romelmac 
icis yvelaferi cocxali arsebebis Sesaxeb, 
romlebic tyeebsa da zRvis siRrmeebSi 
cxovroben?

hipokrate _ esaa mecnieri, romelic 
cocxal bunebas swavlobs.

sokrate _ Sen meTanxmebi, rom aseTi mec-
nierebi swavloben mxolod imas, rac arse-
bobs?

hipokrate _ geTanxmebi.
sokrate _ da ras daarqmev adamians, 

romelic dainteresebulia mTis qanebiT da 
icis, romeli maTgani Seicavs rkinas?

hipokrate _ mineralT mcodnes.
sokrate _ dakavebulia Tu ara es adami-

ani imiT, rac arsebobs, Tu imiT, rac ar ar-
sebobs?

hipokrate _ Tavis Tavad igulisxmeba, 
rom imiT, rac arsebobs.

sokrate _ axla, SegviZlia Tu ara vamt-
kiciT, rom yoveli mecniereba swavlobs 
imas, rac arsebobs?

hipokrate _ meCveneba, rom es asea.
sokrate _ axla miTxari, Cemo axalgazr-

da megobaro, ra aris maTematikis Seswavlis 

obieqti? ras swavloben maTematikosebi?
hipokrate _ me SevekiTxe amis Ses-

axeb Teatetuss. man mipasuxa, rom maTema-
tika swavlobs ricxvebsa da geometriul 
formebs.

sokrate _ pasuxi sworia da SeuZlebelia 
ukeTesis moZebna, magram SegviZlia vamtki-
coT, rom ricxvebi da formebi arseboben?

hipokrate _ ra Tqma unda. rogor vis-
aubrebdiT maT Sesaxeb, isini rom ar arse-
bobdnen?

sokrate _ marTali xar. magram, ai ra 
mawuxebs. ganvixiloT, magaliTad, martivi 
ricxvebi. arseboben isini, rogorc varskv-
lavebi an Tevzebi? iarsebebden ki martivi 
ricxvebi, maTematikosebi, rom ar yofili-
yvnen?

hipokrate _ axla viwyeb imis mixvedras, 
rac ginda, rom mixra? yvelaferi ise marti-
vad araa, rogorc Tavidan megona, da unda 
gamogityde, arc ki vici, rogor gipasuxo am 
SekiTxvaze.

sokrate _ davsvaT sakiTxi cota sx-
vagvarad: Tvli Tu ara Sen, rom varskvlave-
bi caze mainc amovlen, miuxedavad imisa _ 
daakvirdeba maT vinme Tu ara, xolo Tevzebi 
gaagrZeleben cxovrebas zRvaSi miuxedavad 
imisa, rom vinme daiWers Tu ara maT?

nax. 8. cocxali 
organizmebi 
prof. ernst 
hekelis (1834-1919) 
albomidan

nax. 9. sivrculi fraqtali _ geometriuli 
figura
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hipokrate _ ra Tqma unda?
sokrate _ maSin miTxari, maTematikose-

bi, rom ar arsebobdnen iqneboda Tu ara mar-
tivi ricxvebi da Tu iqneboda _ sad?

hipokrate _ arc ki vici ra vTqva. cxa-
dia, rom maTematikosebi fiqroben martiv 
ricxvebze da Sesabamisad isini arseboben 
maT cnobierebaSi, magram maTematikosebi, 
rom ar arsebobdnen, maSin martivi ricxve-
bic ar iarsebebda.

sokrate _ niSnavs Tu ara es, rom maTema-
tika swavlobs ararsebul cnebebs?

hipokrate _ vaRiareb, Cven eseTi mosaz-
reba unda dauSvaT.

sokrate _ viqnebi Tu ara marTali, Tu 
me vityvi, rom maTematikosebi dakavebuli 
arian imis SeswavliT, rac an saerTod ar ar-
sebobs an ki arsebobs, magram ara ise rogorc 
varskvlavebi an Tevzebi?

hipokrate _ sruliad.
sokrate _ axla ganvixiloT es sakiTxi 

sxva kuTxiT. me davwere cvilis dafaze 
ricxvi 37. xedav mas?

hipokrate _ diax. 
sokrate _ da Sen SegiZlia mas Seexo?
hipokrate _ ra Tqma unda.
sokrate _ es niSnavs, rom ricxvebi arse-

bobs?
hipokrate _ damcini? Cemo sokrate. mo-

mismine! me imave dafaze SvidTaviani drako-
ni, rom davxato, nuTu es imis maniSnebelia, 
rom is arsebobs? me aravin Semxvedria, visac 
drakoni unaxavs. me darwmunebuli var, rom 
drakonebi mxolod zRaprebSi arseboben. 
SesaZloa, me vcdebi, da drakonebi sinamd-
vileSi arseboben, sadRac herakles svetebis 
gadaRma mxares, rasac ver ityvi imis Sesaxeb, 
rac me davxate.

sokrate _ Sen marTali xar, Cemo hipo-
krate, me geTanxmebi. ese igi Tumca Cven vsau-
brobT ricxvebze da SegviZlia davweroT 
kidec isini, sinamdvileSi isini ar arsebo-
ben?

hipokrate _ ra Tqma unda. 
sokrate _ ar gaakeTo naCqarebi daskvne-

bi. modi gadavwyvitoT erTi sakiTxi. mar-
Tali var Tu ara, rodesac vambob, rom Segvi-
Zlia davTvaloT cxvrebi velze, anda kidev 
xomaldebi navsadgurSi?

hipokrate _ diax.
sokrate _ arseboben Tu ara cxvrebi da 

xomaldebi?
hipokrate _ eWv gareSea! 
sokrate _ magram, Tu cxvrebi da xomal-

debi arseboben, maTi ricxvic xom unda arse-
bobdes, ase araa?

hipokrate _ damcini, Cemo sokrate? 
maTematikosebi ar iTvlian cxvrebs, es xom 
mecxvareebis saqmea.

sokrate _ Sen fiqrob, rom maTema-
tikosebi swavloben ara cxvrebis, xomal-
debisa anda sxva realuri obieqtebis ra-
odenobas, aramed Tavis Tavad ricxvebs? da, 
amitom, isini interesdebian mxolod imiT, 
rac arsebobs maT SemecnebaSi? 

hipokrate _ me zustad ase vTvli.
sokrate _ Sen miTxari, rom Teatetusi 

Tvlis, rom maTematika swavlobs ricxvebsa 
da geometriul formebs. Sen, rom gkiTxo, 
arseboben ki formebi? _ ras mipasuxeb?

hipokrate _ arseboben. Cven SegviZlia 
davinaxoT, magaliTad WurWlis mSvenieri 
forma, xeliT SevexoT mas da SevigrZnoT is. 

sokrate _ darCa erTi gaurkveveli ram. 
Tu Sen uyureb WurWels, ras xedav Sen _ 
WurWels Tu formas?

hipokrate _ erTsac da meoresac.
sokrate _ aseTive ram xdeba, rodesac 

Sen uyureb batkans. Sen xom xedav erTdrou-
lad batkansac da mis matylsac?

hipokrate _ es Zalze zusti Sedarebaa.
sokrate _ me ki vfiqrob, rom is, rogorc 

hefesto moikoWlebs. Sen SegiZlia gakriWo 
cxvari da dainaxo batkani matylis gareSe 
da matyli batknis gareSe. meores mxriv, 
amgvaradve SeZleb Tu ara Sen gamoacalkevo 

nax. 10. drakoni nax. 11. antikuri kiliki
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forma WurWlidan?
hipokrate _ vTvli, rom 

es aravis SeuZlia.
sokrate _ da Sen kidev 

xar darwmunebuli, rom Sesa-
Zlebelia geometriuli for-
mis danaxva?

hipokrate _ axla ukve 
eWvi mepareba.

sokrate _ garda amisa, 
Tu maTematikosebi swavloben 
WurWlis formas, niSnavs ki, 
rom maT SegviZlia davarqvaT 
meTuneebi?

hipokrate _ ra Tqma unda.
sokrate _ maSin, Tu Teo-

dore _ saukeTeso maTema-
tikosia, unda iyos ki is imav-
droulad saukeTeso meTune? 
bevri adamiani aqebs mas, ma-
gram jer aravis ar uTqvia, rom mas raime 
mainc gaegeba meTuneobaSi. veWvob, rom man 
yvelaze ubralo qoTanic ki gaakeTos. Sei-
Zleba, maTematikosebs saqme aqvs Senobebisa 
an qandakebebis formebTan?

hipokrate _ maSin isini arqiteqtorebi 
an kidev moqandakeebi iqnebodnen. 

sokrate _ asea, Cemo megobaro, Cven im 
daskvnamde mivediT, rom maTematikosebi, 
Seiswavlian ra geometrias, ikvleven ara re-
aluri obieqtebis formebs, rogorebicaa 
WurWlebi, aramed formebs, romlebic mx-
olod maT SemecnebaSi arsebobs. meTanxmebi?

hipokrate _ me iZulebuli var dage-
Tanxmo.

sokrate _ Cven davadgineT, rom maTema-
tikosebi ikvleven obieqtebs, romlebic ar-
seboben ara realurad, aramed mxolod maT 
azrebSi. exla ki modi vimsjeloT Teatetu-
sis im gamonaTqvamze, romelic Sen adre moi-
tane, rom maTematika iZleva ufro saimedo 
da sarwmuno codnas, vidre sxva mecnierebe-
bi. miTxari, moitana Teatetusma raime mag-
aliTi?

hipokrate _ diax, man 
Tqva, rom aravis ar Seu-
Zlia icodes zusti manZili 
aTenidan spartamde. ra Tqma 
unda, adamianebi, romlebic 
mogzauroben, ician, ramdeni 
dRea saWiro am manZilis gas-
avlelad, magram SeuZlebe-
lia romelime ubanze nabi-
jebis zusti raodenobis 
codna. magram nebismiers, 
SeuZlia piTagoras Teore-
mis saSualebiT kvadratis 
diagonalis sigrZis gamoT-
vla. Teatetusma kidev Tqva, 
rom SeuZlebelia eladis 
macxovrebelTa zusti ra-
odenobis daTvla. Tu vinme 

mainc ecdeba gaakeTos es, is 
ver miaRwevs realur Sedegs, 
imitom, rom am daTvlis dros 
zogirTi moxucebuli adami-
ani gardaicvleba, xolo amav-
droulad daibadeba axali 
Taoba, amgvarad Sedegi iqneba 
mxolod miaxloebiTi. ma-
gram, Tu maTematikoss hkiTx-
av ramdeni wibo aqvs wesier 
dodekaedrs, is gipasuxebs, 
rom dodekaedrs 12 waxnagi 
da TiToeuls xuTi wibo aqvs. 
anu vRebulobT, rom 60 wiboa, 
magram, radganac TiToeuli 
wibo erTdroulad or mezo-
bel waxnags ekuTvnis da Ses-
abamisad daTvlisas orjeraa 
CaTvlili, amitom vRebulobT 
30 wibos, da es ricxvi, raRa 

Tqma, unda WeSmaritia.
sokrate _ kidev raime magaliTi xom ar 

moutania mas?
hipokrate _ me yvela ar maxsovs. is 

kidev ambobda, rom bunebaSi ar moiZebneba 
ori sruliad erTnairi raRac. ar arsebobs 
ori erTnairi kvercxi, poseidonis taZris 
kolonebic ki erTmaneTisagan gansxvavdeba. 
magram, unda viyoT sruliad darwmunebuli, 
rom marTkuTxedis ori diagonali erTmane-
Tis absoluturad identuria. is citirebda 
heraklites, romelmac Tqva, rom yvelaferi 
arsebuli mudmivad icvleba da zusti mo-
nacemebi SesaZlebelia movipovoT mxolod 
cnebebze, romlebic ucvleli arian, magali-
Tad luwi da kenti, an wrfe da wrewiri.

sokrate _ sakmarisia. es magaliTebi 
marwmunebs, rom maTematikaSi Cven miviRebT 
iseT codnas, romelic ueWvelia, im dros, 
rodesac, sxva mecnierebebSi da Cveulebriv 
cxovrebaSi es SeuZlebelia. SevajamoT 
Cveni gamokvlevebis Sedegebi, maTematikis 
bunebis Sesaxeb. marTali var Tu ara, rode-

sac vambob, rom maTematika 
swavlobs ararsebul obi-
eqtebs da SeuZlia srulad 
aRweros isini?

hipokrate _ diax, zus-
tad es davadgineT.

sokrate _ maSin miTxari, 
Zvirfaso hipokrate, gasa-
ocari araa, rom Cven viciT 
ararsebuli obieqtebis Ses-
axeb meti, vidre realuri 
obieqtebis Sesaxeb?

hipokrate –es marTlac 
ucnauria! me vfiqrob, rom 
Cvens msjelobaSi Secdoma 
gagvepara.

sokrate _ ara, Cven Za-
lze yuradRebianebi viyaviT 
da Cveni msjelobisas yovel 

nax. 13. heraklite (535-475 
Zv. w. aR.) `erT mdinareSi 

orjer ver Sexval~

nax. 12. `etruskuli 
dodekaedri~
(500 w. Zv. aR.) 

daniSnuleba ucnobia
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nabijs guldasmiT vamow-
mebdiT. aq ar SeiZleba iyos 
raime Secdoma. magram, me 
meCveneba, rom raRac gavix-
sene, da es dagvexmareba Cveni 
amocanis amoxsnaSi.

hipokrate _ Tqvi Cqara, 
Torem saerTod amebna Tavg-
za.

sokrate _ dRes diliT 
me viyavi meore mosamarT-
lis darbazSi, sadac sofel 
piTosis macxovrebeli dur-
glis cols brals debdnen 
Ralatsa da sayvarlis Tana-
monawileobiT, qmris mkvl-
elobaSi. qali ki ificebda 
artemidasa da afrodites 
saxelebiT, rom udanaSau-
lo iyo, rom aravin qmris 
garda ar yvarebia, da rom 
is mZarcvelebis mier iyo 
mokluli. mravali adamiani 
iyo gamoZaxebuli mowmis sax-
iT. erTni amtkicebdnen, rom 
is damnaSavea, xolo meoreni, 
rom ara. da SeuZlebeli iyo 
simarTlis dadgena.

hipokrate _ Sen isev dam-
cini? jer Tavgza amibnie, 
axla ki raRac ambebs miyvebi. 

sokrate _ ar gabrazde, 
Cemo megobaro! me seriozuli 
sababi maqvs, rom gesaubro am 
qalze, romlis danaSaulis 
dadgena SeuZlebelia. magram 
erTi ki cxadia: qali arse-
bobs, me is Cemi TvaliT vnaxe, 
da yvela, vinc iq iyo, da bevr 
maTgans arasodes cxovreba-
Si tyuili ar uTqvams, aseve 
dagidastureben amas.

hipokrate _ Seni damow-
meba CemTvis sruliad sakma-
risia, Cemo sokrate. davuS-
vaT damtkicebulad iTvleba, 
rom qali arsebobs. magram ra 
saerTo aqvs amas maTemati-
kasTan?

sokrate _ ufro mWidro, 
vide Sen ggonia. oRond, jer 
miTxari: ici Tu ara Sen gad-
mocema agamemnonisa da kli-
temnestras Sesaxeb?

hipokrate _ es istoria 
yvelam icis. SarSan TeatrSi 
me vnaxe esqiles trilogia.

sokrate _ Tu SeiZleba 
momiyevi ramdenime sityviT 
es istoria.

hipokrate _ sanam agamem-
noni, mikenes mefe, ibrZoda 

troas kedlebTan, misma 
colma klitemnestram uRa-
lata, mis biZaSvil, egisT-
esTan. rodesac agamemnoni 
saxlSi dabrunda, troas 
dacemis Semdeg, klitemnes-
tram da misma sayvarelma is 
mokles.

sokrate _ miTxari, Cemo 
hipokrate, Sen darwmunebu-
li xar, rom klitemnestra 
damnaSavea?

hipokrate _ ar mes-
mis Seni, ratom misvam aseT 
SekiTxvas? am istoriis Wes-
mariteba udavoa. homerosis 
Tanaxmad, rodesac odisevsi 
hadesSi imyofeboda, is Sex-
vda agamemnons da man TviTon 
mouyva Tavisi samwuxaro be-
dis Sesaxeb.

sokrate _ da Sen gjera, 
rom agamemnoni, klitemnes-
tra da am tragediis danar-
Ceni sxva personaJebi marTla 
arsebobdnen?

hipokrate _ SesaZloa, me 
gamaZevon sazogadoebidan, 
me rom sajarod ganvacxado, 
magram Cemi azri aseTia, rom 
amdeni saukunis gasvlis Sem-
deg SeuZlebelia damtkiceba 
an uaryofa homerosis po-
emebSi motanili faqtebis 
WeSmaritebisa. magram, es xom 
Cven saqmes ar exeba. rodesac 
vambob, rom klitemnestra 
damnaSavea, vgulisxmob ara 
realur klitemnestras, Tu 
is sadme da rodesme arsebob-
da, aramed klitemnestras 
homerosis poemidan, an esq-
iles trilogiidan.

sokrate _ SemiZlia vTq-
va, rom Cven araferi ar viciT 
realur klitemnestraze? 
ufro metic, misi arsebo-
bac ki eWvqveSaa, magram, misi, 
rogorc esqiles tragediis 
personaJis ganxilvisas, Cven 
darwmunebuli varT, rom is 
mzakvari qalia da marTla 
mokla agamemnoni, imitom, 
rom zustad ase mogviyva es-
qilem.

hipokrate _ geTanxmebi. 
magram, ratomaa, rom dabe-
jiTebiT xazs usvam amas? 

sokrate _ moica. jer 
SevajamoT yvelaferi, rac 
gavarkvieT. Cven ver vamt-
kicebT, dResdReisobiT, 

nax. 14. tragikosi esqile 
(525-456 Zv. w. aR.)

nax. 15. arqitasi 
tarentodan (Zv.w.aR. 428 _ 

Zv.w.aR. 347)
filosofosi, 

maTematikosi da 
astronomi, platonis 

Tanamedrove, gamoTqva 
azri samyaros 

heliocentrulobisa da 
usasrulobis Sesaxeb!

nax. 16. zRvaosani kolumbi 
(1451-1506)
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aris Tu ara damnaSave aTenSi macxovrebeli, 
realurad arsebuli, cocxali qali, magram 
amave dros eWvic ar gvepareba, rom trage-
diis personaJi _ klitemnestra, romelic 
SesaZloa, saerTod arc ki arsebobda, damna-
Savea. amaSi meTanxmebi?

hipokrate _ me vxvdebi ris Tqmas apir-
eb, magram ukeTesi iqneba, Tu Senve gaakeTeb 
daskvnebs.

sokrate _ daskvna aseTia: CvenTvis ufro 
meti ram aris cnobili im adamianebze, rom-
lebic mxolod warmodgenaSi arseboben, 
magaliTad piesebis personaJebze, vidre re-
alur adamianebze. Tu Cven vambobT, rom kli-
temnestra damnaSavea, vinaidan ase gamosaxa 
esqilem Tavis piesaSi. igive mdgomareobaa 
maTematikaSi. aq darwmunebuli varT, rom 
marTkuTxedis diagonalebi absoluturad 
identuria, radgan maTematikosebis mier 
dadgenili marTkuTxedis ganmarteba aseTia.

hipokrate _ Cemo sokrate, Sen mxedv-
elobaSi gaqvs, rom paradoqsuli Sedegi, 
romelic miviReT marTla 
WeSmaritebaa. gamodis, rom 
SesaZloa viqonioT ufro 
meti garkveuli codna 
ararsebulze, magaliTad 
maTematikur cnebebze, vi-
dre arsebul obieqtebze? 
meCveneba, rom axla ukve 
mesmis, ratom gamodis ase. 
cnebebi, romlebic Cven Tvi-
Ton SevqmeniT, CvenTvis 
sruladaa cnobili Taavisi 
bunebiT, aseve SegviZlia maT 
irgvliv gavigoT yvelaferi, 
radgan maT ar gaaCniaT sxva 
cxovreba, Tu ara Cvenive 
warmodgenaSi. realur sa-
myaroSi arsebuli obieqte-
bi, ki ar arian Cveni maTze 
warmodgenebis tolfasni, amitomacaa, rom 
Cveni codna realurad arsebul obieqtebze 
arasodes ar SeiZleba iyos amomwuravi da 
saboloo.

sokrate _ savsebiT geTanxmebi, Cemo 
Zvirfaso megobaro, Sen ukeTesad Tqvi, vi-
dre me TviTon SevZlebdi amas.

hipokrate _ es Seni damsaxurebaa, Cemo 
sokrate, imitom, rom damexmare gavrkveu-
liyavi. axla me ara marto vxedav, rom Tea-
tetusi sruliad marTali iyo, rodesac 
mirCevda Semeswavla maTematika, Tuki msur-
da mimeRo saimedo codna. am saubris wyalo-
biT ara marto vxedav, aramed vici kidec, 
ratom iyo is marTali. bevri ram ganmimarte 
moTminebiT da didad gemadlierebi amisaT-
vis, magram gTxov, ar mimatovo axla, radgan 
CemTvis yvelaze mniSvnelovani kiTxva, jer 
kidev pasuxgaucemelia.

sokrate _ romeli kiTxva?
hipokrate _ gaixsene, Cemo sokrate, aq 

xom rCevis misaRebad movedi, Seviswavlo Tu 
ara me maTematika? Sen damexmare imis gageba-
Si, rom maTematika da mxolod maTematika Se-
Zlebs momces safuZvliani codna, romelic 
me minda, rom mqondes. magram ra sargebelia 
am codnisagan? cxadia, realuri samyaros 
Sesaxeb garkveuli codna, Tugind aras-
ruli da araamomwuravi, mainc Rirebulia, 
rogorc erTi adamianisaTvis, aseve mTeli 
qveynisaTvisac. varskvlavebis Seswavlac ki 
sasargebloa, magaliTad zRvaosnebisaTvis. 
magram ra sargebeli aqvs ararsebuli obi-
eqtebis Seswavlas, riTic aris dakavebuli 
maTematika?

sokrate _ Cemo Zvirfaso megobaro, dar-
wmunebuli var, rom Senc ici pasuxi da mx-
olod ginda Semamowmo.

hipokrate _ vficav herakles, me ar vici 
pasuxi. gTxov damexmare.

sokrate _ Tanaxma var. SevecadoT vi-
povnoT is. Cven ukve davrwmundiT, rom 
maTematikuri cnebebi Seqmnilia maTema-

tikosebis mier. magram, 
irCevs Tu ara matematikosi 
am cnebebs Tavisi survilis-
amebr?

hipokrate _ me ukve 
giTxari, rom jer ar vici 
maTematika sakmarisad. ma-
gram meCveneba, rom maTema-
tikosi iseTive Tavisufalia 
Tavisi sakvlevi obieqtebis 
arCevisas, rogorc poetia 
Tavisufali personaJebis 
arCevisas Tavisi piesisaTvis, 
poeti Tavisi nebis mixedviT 
urCevs personaJebs xasiaTs. 
aseve iqceva maTematikosi da 
imdagvaradve aniWebs cnebebs 
sasurvel Tvisebebs.

sokrate _ magram, ma-
Sin imdeni maTematikuri WeSmariteba iar-
sebebda, ramdenic TviT maTematikosi. aba 
rogor axsni im garemoebas, rom maTema-
tikosebi Seiswavlian erTi da igive cnebeb-
sa da problemebs? an ratomaa, rom xSirad 
maTematikosebi, romlebic erTmaneTisagan 
daSorebiT cxovroben da erTmaneTs arc ki 
icnoben, aRmoaCenen erTidaigive WeSmarite-
bebs da Seiswavlian erTi da igive cnebebs? 
Tu ricxvebze laparakoben, mxedvelobaSi 
erTi da igive ricxvebi aqvT, xolo wrfeebi, 
wreebi, kvadratebi, birTvebi da wesieri sx-
eulebi yvelasaTvis erTnairia.

hipokrate _ iqneb es imiT SeiZleba aixs-
nas, rom yvela adamiani erTnairad fiqrobs 
da raRaceebze msgavsi warmoudgenebi aqvT? 

sokrate _ Zvirfaso hipokrate, Cven ver 
miviRebT sasurvel axsnas manam, sanam, ar 
ganvixilavT gansjis sagans yvela Tvalsaz-
risidan. rogor avxsnaT is xSiri movlena, 
rodesac maTematikosebi, romlebic erT-

nax.17. fermweri jorjone 
(1477-1516)
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maneTisagan Sori-Sors cxovroben, vTqvaT 
erTi tarentoSi da meore kunZul samosze, 
aRmoaCenen erTi da igive WeSmaritebas ise, 
rom arc ki icnoben erTmaneTs? amav drou-
lad me arasodes ar gamigia, rom or poets 
daeweros erTi da igive poema.

hipokrate _ mec ar gamigia aseTi Sem-
Txvevis Sesaxeb. magram maxsendeba, rom Tea-
tetusma miambo mis mier damtkicebuli, Za-
lze saintereso Teoremis Sesaxeb, romelic 
araTanazomad sidideebs Seexeba. es Teorema 
gaacno Tavis maswavlebel Teodores. man ki 
Tavis mxriv amoiRo werili, romelic mas ar-
qitasma mowera, romelSic TiTqmis sityva-
sityviT iyo motanili igive mtkiceba.

sokrate _ poeziaSi es SeuZlebelia. 
ai, xom xedav, gaCnda axali problema. gan-
vagrZoT, rogor axsni imas, rom sxvadasxva 
qveynis maTematikosebi yovelTvis Tanxm-
debian maTematikuri WeSmaritebebis Sesaxeb, 
im dros rodesac saxelmwifo sakiTxebSi, 
magaliTad sparselebs da spartanelebs 
sruliad sawinaaRmdego Tvalsazrisi gaaC-
niaT aTenelebisagan, da ufro metic, xSirad 
adamianebi, erTmaneTSic ki ver vTanxmdebiT?

hipokrate _ bolo kiTxvaze me gipasuxeb. 
saxelmwifo saqmeebSi, nebismieri adamiani 
SeiZleba dainteresdes. es kerZo interesebi 
xandaxan Zalze urTierTgamomricxavia. ai, 
ratomaa Zneli Tanxmobis miRweva. maTema-
tikosi ki xelmZRvanelobs ubralod WeS-
maritebisken swrafviT.

sokrate _ Sen ginda Tqva, rom maTema-
tikosebi cdiloben WeSmaritebis povnas, 
romelic srulebiT ar aris damokidebuli 
maT sakuTar interesebze?

hipokrate _ diax.
sokrate _ maSin SecdomiT vfiqrobdiT, 

rom maTematikosebi irCeven Tavisi kvlevis 
obieqtebs Tavisi survilisamebr. gamodis, 
rom maTi Seswavlis obieqts gaaCnia arse-
bobis ramdenime forma da isini ar arian 
damokidebuli maTematikosis pirovnebaze. 
Cven unda amovxsnaT es axali gamocana. 

hipokrate _ me arc ki vici riTi davi-
wyoT.

sokrate _ Tu kidev SegrCa moTmineba, 
maSin modi erTad SevecadoT. jer miTxari, 
ra saerToa ukacrieli kunZulis maZebar 
zRvaosansa da axali saRebavis, romelic 
arasodes yofila gamoyenebuli, maZiebel 
fermwers Soris?

hipokrate _ me mgoni, rom isini amdi-
dreben kacobriobas aRmoCenebiT.

sokrate _ magram, Seni azriT, raSi mdgo-
marebs sxvaoba?

hipokrate _ me vfiqrob, rom zRvaosans 
SegviZlia vuwodoT aRmomCeni, xolo fermw-
ers _ gamomgonebeli. zRvaosanma aRmoaCina 
kunZuli, romelic aravisaTvis ar iyo cnobi-
li, magram is arsebobda. fermwerma ki gamoi-
gona aqamde ararsebuli axali saRebavi.

sokrate _ aravis SeeZlo epasuxa am 
kiTxvaze Senze ukeTesad. magram, miTxari, 
axali WeSmaritebis maZiebeli maTematikosi 
aRmoaCens Tu igonebs? aRmomCenia is, ro-
gorc mezRvauri, Tu gamomgonebeli ro-
gorc, fermweri?

hipokrate _ me ver gipasuxeb mag SekiTx-
vaze, radgan araviTari sakuTari gamoc-
dileba ar gamaCnia. magram, Teatetusma 
momiyva misi da Teodores saerTo gamokv-
levebis Sesaxeb, ris Sedegadac vfiqrob, 
rom maTematikosi unda CavTvaloT ufro 
aRmomCenad, romelic raRaciT gamomgoneb-
elsac hgavs.

sokrate _ kargadaa naTqvami. meCveneba, 
rom maTematikosi Tanabradaa aRmomCenica 
da gamomgonebelic. magram, ratom mipa-
suxe ase swrafad? Sen gindoda geTqva, rom 
matematikosi garkveuli azriT agreTve ga-
momgonebelicaa?

hipokrate _ maTematikosi TviTon qm-
nis cnebebs, romelsac is swavlobs. amasTan, 
rodesac maTematikosi qmnis axal cnebas, is 
iqceva rogorc gamomgonebeli. xolo, rode-
sac is swavlobs cnebas, romelic Tavis an sx-
vis mieraa SemoRebuli, anda rodesac is aya-
libebs maTematikis enaze axal Teoremas da 
amtkicebs mas, is iqceva, rogorc aRmomCeni. 
yvelaferi imis Semdeg rac Teatetusma mo-
miyva, Teoremis “aRmoCena” maTematikosebis 
cxovrebaSi, rogorc Cans, ufro mniSvnelo-
van rols TamaSobs, vidre cnebis “gamogone-
ba”, radgan yvelaze martivi cnebebi, magali-
Tad ricxvis cnebasa da misi gayofadobas 
mivyevarT mraval Zalze Rrma da rTul 
problemebamde, romelTa mxolod mcire 
nawilis amoxsna SeZles dReisaTvis maTema-
tikosebma.

sokrate _ cxadia, Zvirfaso hipokrate, 
rogorc vxedav, Senma megobarma Teatetus-
ma ukve bevris Seswavla moaswro warmate-
bulad. meCveneba, rom maTematikosi ufro 
waagavs aRmomCens. is _ mamaci zRvaosania, 
romelic ucnob zRvaSi dacuravs da ikvlevs 
ucnob sanapiroebs, kunZulebsa da morevebs. 
me minda mxolod davamato, rom maTematiko-
si raRaca azriT gamomgonebelicaa, gansa-
kuTrebiT maSin, rodesac mas axali cnebebi 
Semoaqvs. aki nebismieri aRmomCeni, raRaca 
azriT, gamomgonebelic unda iyos. man unda 
aagos xomaldi, romelic manamde arsebulebs 
ajobebs. maTematikosebis mier SemoRebuli 
axali cnebebi amgvari xomaldebis sadaria, 
isini mkvlevars exmarebian azrTa usazRvro 
okeaneSi. magram upirveles yovlisa, maTema-
tikosi aRmomCenia; is imdenadaa gamomgone-
beli, ramdenadac es saWiroa aRmoCenisaTvis.

hipokrate _ Cemo Zvirfaso sokrate, 
me darwmunebuli var, rom aTensa da mTels 
eladaSic ki ar moipoveba adamiani, romelic 
flobs saubris Sennair xelovnebas. yovel 
jerze, rodesac Sen gansji Cems sityvebs, Sen 
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ambob imas, rasac me SesaZloa veWvob, magram 
ver gamovxatav aseTi sicxadiT. Seni daskvn-
idan gamodis, rom maTematikosis mTavari 
mizani _ adamianTa azrovnebis saidumloe-
bebisa da gamocanebis okeanis gamokvlevaa. 
isini maTematikosis pirovnebis gareSec ar-
seboben, magram ara zogadad kacobriobis 
gareSe. maTematikoss SeuZlia Semoitanos 
Tavisi Sexedulebisamebr axali cnebebi, 
rogorc damxmare samuSao instrumentebi. 
magram is arc ise Tavisufalia Tavis arCev-
anSi, radgan axali cnebebi misi saqmisaTvis 
sasargeblo unda iyos. aseTive warmatebiT, 
zRvaosansac SeuZlia aagos, Tavisi Sexed-
ulebisamebr, nebismieri axali xomaldi, ma-
gram Cven mas giJaT CavTvliT, Tu is aagebs 
xomalds ise, rom is pirvelive StormSi 
nawilebad daiSleba. axla, mgoni, yvelaferi 
cxadia.

sokrate _ Tu ase cxadad warmogidgenia 
yvelaferi, kvlav cade da gaeci Semdeg kiTx-
vas pasuxi, _ ras Seiswavlis maTematika?

hipokrate _ Sevecdebi, Tunmca es isev 
arasruli pasuxi iqneba. vinaidan me isev da 
isev WeSmaritebis mxolod nawili mesmis.

sokrate _ maS Tamamad! mamaci zRvaosa-
niviT win gaswi!

hipokrate _ axla vxedav, Cven aqamde 
mcdarad vamtkicebdiT, rom maTematika ga-
nixilavs realobaSi ararsebul obieqtebs. es 
obieqtebi arseboben, rogorc qva an xe. Cven 
ar SeviZlia davinaxoT isini an SevexoT maT. 
Cven mxolod SevZlebT azriT movicvaT isi-
ni. arsebobs sxva samyaro _ samyaro maTema-
tikisa, gansxvavebuli imisagan, romelSic 
Cven vcxovrobT. xolo maTematikosi ki mama-
ci zRvaosania, romelic miuyveba gaukvalav 
gzas da ar ufrTxis siZneleebs, xifaTebsa 
da risks, romelic mas am mogzaurobaSi elo-
deba.

sokrate _ Cemo megobaro, Senma axalgaz-
rdulma energiam TiTqmis wamaqcia, magram 
vfiqrob, enuziazmiT aRtyinebuli, Sen ver 
SeamCnie zogierTi sakiTxi.

hipokrate _ Cemo sokrate, ukve imdeni 
dro damiTme, magram gTxov, nu mimatoveb Sua 
gzaze, gTxov, miTxari ra damaviwyda?

sokrate _ meCveneba, rom Cven jer kidev 
ver vipovneT pasuxi Sen kiTxvaze. albaT 
orives axla ukeT gvesmis ra aris maTema-
tika. magram pasuxi SekiTxvaze maTematikis 
azrisa da miznis, adamianis azrebis okeanis 
Sesaxeb jer Cven ar gagvicia.

hipokrate _ Sen marTali xar. me davr-
wmundi, rom maTematikis Seswavlisas viZen 
fuZemdeblur, saimedo codnas. rodesac 
me Caveflobi am saocar samyaroSi, albaT 
momiva is SesaniSnavi grZnoba, romelsac me 
dRemde ver vpoulobdi: aris WeSmariteba, 
romelic ar tovebs adgils eWvisaTvis. me 
gavige, rom maTematikis samyaro arsebobs 
Cemgan damoukideblad, marTalia ise ara 

rogorc qvebi da xeebi, magram arsebobs. da 
mainc risTvisaa saWiro am samyaros gamokv-
leva? amjerad mainc, xom ar gadadeb Seni 
saubris meTods gverdze da ubralod gam-
cem kiTxvaze pasuxs? vSiSob, rom TviTon 
ver vipovni saTanado pasuxs.

sokrate _ ara, Cemo megobaro, romc 
SemeZlos, me amas ar gavakeTeb. SenTvisac 
ar varga es, pirvel rigSi. codna, romelic 
miRebulia Sromis gareSe, araferi ar Rirs. 
bolomde Cven gvesmis mxolod is, SesaZloa 
gare Zalis daxmarebiTac, rasac Cven TviTon 
gavigebT, msgavsad mcenarisa, romelic mx-
olod Tavisi fesvebiT amowovil wyals iy-
enebs zrdisaTvis.

hipokrate _ keTili. ganvagrZoT Cve-
ni Ziebani igive meTodiT, magram maSin 
momeSvele SekiTxviT.

sokrate _ axla vxedav, Zvirfaso hipo-
krate, Tu gvinda, rom win waviwioT Cven ukan 
unda davbrundeT.

hipokrate _ ramdenad ukan mogviwevs 
dabruneba?

sokrate _ vfiqrob, Cven unda daubrun-
deT im moments, rodesac davadgineT, rom 
maTematikoss saqme aqvs ara cxvrebis, 
xomaldebis an sxva nivTebis ricxvebTan, ar-
amed uSualod TviT ricxvebTan, rogorc 
aseTebTan. Sen fiqrob, rom maTematikuri 
aRmoCena, romelic samarTliania martivi 
ricxvebisaTvis, aseTive iqneba realuri 
obieqtebis ricxvebisaTvisac? magaliTad, 
17 _ maTematikosis gansazRvrebiT, esaa 
martivi ricxvi. isic marTalia, rom 17 cx-
vari ver ganawildeba Tanabrad adamianebs 
Soris, Tu adamianebis raodenobac agreTve 
17 araa.

hipokrate _ ra Tqma unda es simarTlea.
sokrate _ maSasadame, maTematikosma ic-

is ricxvebis Sesaxeb is, rac SesaZlebelia 
gamoyenebul iqnas arsebuli obieqtebisaT-
vis?

hipokrate _ geTanxmebi.
sokrate _ axla, rac Seexeba geometri-

as? rodesac arqiteqtori Senobis naxazs 
akeTebs, is geometriis Teoremebs ar eyrd-
noba? gana piTagoras cnobil Teoremas ar 
eyrdnoba, rodesac is marT kuTxes agebs?

hipokrate _ Sen marTali xar...
sokrate _ da miwaTmzomelic geometri-

as ar iyenebs?
hipokrate _ es xom yvelasaTvis cnobi-

lia.
sokrate _ da xomaldis amgebi durgali 

an saxuravis damgebi ostati?
hipokrate _ isinic ase iqcevian.
sokrate _ da rodesac meTune qoTans 

amzadebs an zRvaosani angariSobs, ramden 
xorbals Caitevs misi xomaldi, ar saWiroe-
ben isini maTematikur codnas?

hipokrate _ ra Tqma unda, Tumca, 
meCveneba, rom xelosnis saqmianobaSi araa 
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saWiro Zalian bevri maTematika. aq sakma-
risia martivi wesebis codna, romelTa Ses-
axeb, jer kidev egviptis faraonTa mweralma 
_ moxeleebma icodnen, xolo is axali aR-
moCenebi, romlebzec ase aRfrTovanebuli 
melaparakeboda Teatetetusi, sruliadac 
ar gamoiyeneba praqtikuli saqmianobisas.

sokrate _ erTi mxriv, marTali xar, Cemo 
hipokrate, xolo, meore mxriv, isev cdebi. 
SesaZloa, dadges dro, rodesac adamianebi 
maTematikuri aRmoCenebidan SeZleben naxon 
sargebeli praqtikul saqmianobaSic. is, rac 
dRes mxolod Teoriaa, odesme SesaZloa re-
alur cxovrebaSi gaxdes aucilebeli. ase 
araa?

hipokrate _ me dRevandeloba maintere-
sebs.

sokrate _ Sen, Cemo hipokrate, araTana-
mimdevruli yofilxar. Tu ginda gaxde 
maTematikosi, unda gesmodes, rom imuSaveb 
ufro metad momavlisaTvis. axla ki mTavar 
kiTxvas moubrundeT. Cven davinaxeT, rom 
ideebis samyaros Secnoba, anu Secnoba obi-
eqtebisa, romlebic Cveuli saxiT ar arsebo-
ben, SesaZloa gamodges yoveldRiur cxovre-
baSi, realuri samyaroSi wamoWrili kiTxvebis 
asaxsnelad. gana es saocari ar aris?

hipokrate _ ufro metic, gaugebaria! da 
es marTlac saswaulia!?

sokrate _ SesaZloa, arc Tu iseTi said-
umloa amaSi. Tu Cven CavwvdebiT am sakiTxis 
arss, maSin SevZlebT movZebnoT namdvili 
margaliti. 

hipokrate _ gTxov, Zvirfaso sokrate, 
nu saubrob gamocanebiT, piTiasaviT.

sokrate _ maSin miTxari, gakvirvebs ro-
desac vinme, romelmac moiara Soreuli qvey-
nebi, bevri naxa da gamocada, Sin dabruneb-
uli iyenebs SeZenil codnas imisaTvis, rom 
kargi rCeva mices Tavis Tanamoqalaqeebs?

hipokrate _ sruliadac ara.
sokrate _ ufro metic, Tu is qveynebi, 

romlebic man moiara, Zalian Sors mdebareo-

ben da dasaxlebuli arian sruliad sxva ju-
ris xalxiT, sxva enaze metyveleben da sxva 
RmerTebvs eTayvanebian?

hipokrate _ ara, arc am SemTxvevaSi, Tu-
mca vTvli, rom ganxvavebul xalxebs Sori-
sacaa bevri saerTo.

sokrate _ aba axla miTxari: Tu aR-
moCnda, rom maTematikis samyaro misi Ta-
viseburebebis miuxedavad, raRaciT waagavs 
Cven realobas, gagakvirvebs SesaZlebloba 
imisa, rom maTematika gamoyenebul iqnas re-
aluri samyaros kvlevisas?

hipokrate _ aseT SemTxvevaSi ara, ma-
gram me ver vamsgavseb am or samyaros.

sokrate _ xedav kldes, iqiTa napirze, 
iq, sadac mdinare farTovdeba da warmoqmnis 
tbis msgavs morevs?

hipokrate _ vxedav.
sokrate _ da xedav kldis anarekls wy-

alSi?
hipokrate _ ra Tqma unda.
sokrate _ maSin miTxari, ra gansxvavebaa 

kldesa da mis anarekls Soris?
hipokrate _ klde, myari, mZime niv-

Tierebis naglejia. is mzeze cxeldeba, 
Sexebisas uxeSia. anarekls ki ver Seexebi. 
Tu vecdebiT xeli davadoT mas, mxolod wy-
lis sigrilis SegrZneba gveqneba, vinaidan 
sinamdvileSi anarekli ar arsebobs. es ilu-
ziaa da meti araferi.

sokrate _ ese igi araferia saerTo 
kldesa da mis anarekls Soris?

hipokrate _ garkveuli azriT anarekli 
kldis zusti analogiaa. kldis konturebi, 
yvelaze mcire nakecic ki mkveTradaa gamo-
saxuli anareklze. magram ra? nuTu Sen gin-
da Tqva, rom maTematikis samyaro aris re-
aluri samyaros anarekli Cveni azrovnebis 
sarkeSi.

sokrate _ Sen TviTon es Zalian kargad 
Tqvi.

hipokrate _ magram, rogor aris es Ses-
aZlebeli?

nax. 18. piTia _ misani 
kunZul delfosidan 

(miqelanjelo, vatikani, 
siqstis kapela)

nax. 19. peizaJi da anarekli
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sokrate _ gaixsene abstraqtuli maTe-
matikuri cnebebis istoria. Cven SevniSneT, 
rom maTematikosebs saqme aqvT ganyenebul 
ricxvebTan da ara realuri obieqtebis ra-
odenobebTan. magram gana is, visac arasodes 
ar dauTvlia konkretuli sagnebi, SeZlebs 
Seicnos abstraqtuli ricxvis cneba? asevea 
saqme geometriasTan. bavSvi midis birTvis 
cnebamde mrgaval sagnebTan urTierTo-
biT, magaliTad burTebTan. yvela ZiriTad 
maTematikur cnebamde kacobrioba amave 
gziT mivida. isini gamokristaldnen re-
aluri samyaros Sesaxeb miRebuli codni-
dan. amitom sruliad bunebrivia, rom isini 
inarCuneben Tavisi warmomavlobis kvals, 
rogorc bavSvebi inarCuneben TavianTi mSo-
blebis iers. rogorc bavSvebi, romlebic 
izrdebian da xdebian TavianTi mSoblebis 
sayrdeni, aseve maTematikis zogierTi 
ganxra, Tuki is sakmarisad ganviTarda, xde-
ba realuri samyaros gamokvlevis sasarge-
blo instrumenti.

hipokrate _ axla CemTvis sruliad naTe-
lia, rom maTematikur samyaroSi realurad 

ararsebuli obieqtebis Seswavla Tavisu-
flad SeiZleba gaxdes sasargeblo realur 
cxovrebaSi. gmadlobT, rom damexmare amis 
gagebaSi.

sokrate _ mSurs Seni, Cemo Zvirfaso 
hipokrate, radgan me piradad minda raRac 
davasabuTo. albaT Sen SeZleb Cem daxmare-
bas.

hipokrate _ me didi siamovnebiT ga-
vakeTeb amas, magram, vSiSob, isev raRac 
oins miwyob. marcxven, rodesac daxmarebas 
mTxov, ukeTesia amixsna sakiTxi, romelic me 
ver SevniSne.

sokrate _ Seecade Seajamo Cveni saubari 
da yvelafers TviTon mixvdebi. 

hipokrate _ keTili, naTeli gaxda, 
Tu ratom SeuZlia maTematikas mogvces 
garkveuli codna samyaros Sesaxeb. es codna 
ki gansxvavdeba im realuri samyarosagan, 
romelSic Cven vcxovrobT. aseve ganasx-
vavebs adamianis warmodgenas samyaros Ses-
axeb. ibadeba kiTxva, ra sargebelia aqedan? 
vinaidan axlaxans gavarkvieT, rom maTemati-
kis samyaro sxva araferia, Tu ara realuri 
samyaros anarekli Cven gonebaSi, Sesabamis-

ad gasagebi gaxda, rom maTematikis samyaro-
Si gakeTebuli nebismieri aRmoCena gvaZlevs 
garkveul informacias realur samyaroze. 
me sruliad damakmayofila am pasuxma.

sokrate _ getyvi, rom pasuxi araa sru-
li. amas geubnebi ara imitom, rom Segarcx-
vino, aramed imitom, rom darwmunebuli var, 
adre Tu gvian, Sen TviTon daisvam amgvar 
SekiTxvas da mere misayvedureb, ratom ar 
mivaqcie Seni yuradreba aqeTken. Sen ikiTxav: 
„miTxari, sokrate, ra azri aqvs anareklebis 
Seswavlas, Tu Cven TviTon realuri obi-
eqtebi SegviZlia SeviswavloT?“

hipokrate _ Sen sruliad marTali xar, 
es kiTxva cxadia daismeba. jadoqari xar, 
Cemo sokrate, isev Semarcxvine. ramodenime 
sityviTa da garegnulad miamiti SekiTxviT 
SesaZloa daangrio mTeli Senoba, romelic 
didi Zalisxmevis Sedegad aris agebuli. gi-
pasuxebdi, rom Tu arsebobs SesaZlebloba 
daxedo originals, uazrobaa Seiswavlo misi 
anarekli. magram, darwmunebuli var, Cveni 
Sedareba uadgiloa. pasuxi ki sadRac axlo-
saa, magram ar vici rogor vipovno.

sokrate _ sworad mixvdi. paradoqsi 
warmoiSva, radgan Cven dauSviT azri, rom-
lis Tanaxmad, msgavseba anareklsa da origi-
nals Soris Zalze didia. es msgavseba hgavs 
mSvilds, romelic gatydeba, Tu Zalze Zli-
erad moWimav lars. Tavi davaneboT am Sedar-
ebas da ganvixiloT sxva magaliTi. Sen, ra 
Tqma unda, ici, rom mogzaurebi da zRvaos-
nebi sargebloben rukebiT.

hipokrate _ es sakuTari gamocdilebi-
dan vici. Sen Tvli, rom maTematikosebi ag-
denen realuri samyaros rukas.

sokrate _ diax. axla SeZleb mipasuxo 
kiTxvaze: ra upiratesoba aqvs rukaze yure-
bas realur landSaftis yurebasTan Sedar-
ebiT?

hipokrate _ aq yvelaferi gasagebia: 
vsargeblobT ra rukiT, vswavlobT uzarma-
zar manZilebs, romelTa davaTvaliereba, 
realobaSi, mxolod mravalkviriani anda 
mravalTviani mgzavrobisasaa SesaZlebeli.

sokrate _ Sesanisnavia. magram, kidev ra-
Rac momivida TavSi.

hipokrate _ mainc ra?
sokrate _ aris meore mizezic, Tu ra-

nax. 20. burTi, sapnis buSti, sfero da birTvi
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tomaa SesaZlebeli samyaros maTematikuri 
warmodgenis Seswavla gaxdes sasarge-
blo. rodesac maTematikosebi aRmoaCenen 
wrewiris raime Tvisebas, es imavdroulad 
iZleva raRac informacias nebismieri tipis 
mrgvali formebis mqone sxeulebis Sesaxeb. 
amgvarad, maTematikuri meTodi iZleva sa-
Sualebas erTdroulad saqme viqonioT gas-
xvavebul obieqtebTan.

hipokrate _ ganvixiloT Semdegi mag-
aliTebi: ra SemTxvevaSi Seiqmnis pirovneba 
ufro srul STabeWdilebas qalaqis Sesaxeb, 
roca is axlomdebare mTidan dahyurebs mas, 
Tu rodesac amave qalaqis daxveul quCebs 
miuyveba? vin Rebulobs ufro zust su-
raTs, mTavarsardali, romelic mtris jaris 
manevrs borcvidan adevnebs Tvalyurs, Tu 
mowinave xazze myofi jariskaci, romelic 
zustad magram mxolod imas xedavs, Tu ra 
xdeba uSualod mis win.

sokrate _ kargia, Sen axali, Cemze uke-
Tesi, Sedarebebi mogifiqrebia, magram arc 
me minda CamogrCe da neba momeci erTi igavi 
giambo. amas winaT vakvirdebodi, rogor xat-
avda aglaofonis vaJi aristofane. mxatvar-
ma gamafrTxila: “sokrate, nu mixval Zalian 
axlos, radgan aseT SemTxvevaSi mxolod fe-
rad laqebs dainaxav, mTlianad naxatis aRqma 
ki gagiWirdebao”.

hipokrate _ ra Tqma unda, is marTali 
iyo, da Senc marTali iyavi, saubari rom ar 
gawyvite manam, sanam Cven sakiTxis arss ar 
CavwvdiT. axla ki vfiqrob, droa davbrun-
deT qalaqSi. ukve bneldeba, me ki mSia da mwy-
uria. Tanac minda gzaSi raRac gkiTxo, Tu 
Sen jer kidev SemogrCa moTmineba. 

sokrate _ SesaniSnavia, wavideT da yur-
adrebiT gismen.

hipokrate _ Cvenma saubarma sabolood 
damarwmuna, rom me unda Seviswavlo maTema-
tika da amisaTvis Seni didad madlieri var. 
magram miTxari, ratom Tavad ar gaxdebi 
maTematikosi? gamomdinare iqidan, Tu ra 
Rrmad gesmis garemomcveli samyaro da gaT-
viTcnobierebuli gaqvs maTematikis mniSvn-
eloba, vgoneb, rom Sen eladis yvela maTema-
tikoss ajobebdi, Tuki amiT dakavdebodi.

sokrate _ ara, Cemo Zvirfaso hipokrate, 
es Cemi saqme araa. Teodorem gacilebiT meti 
icis maTematikaSi, vidre me. Sen ver moZebni 
ukeTes maswavlebels. rac Seexeba Sen SekiTx-
vas, ratom ara var me maTematikosi, getyvi 
amis mizezs. arasodes damimalavs Cemi maRa-
li warmodgena am mecnierebaze. vfiqrob, 
rom Cven, elinebi, arc erT sxva xelovnebaSi 
ar wavweulvarT ise Sors, rogorc maTema-
tikaSi, da es mxolod dasawyisia. Amis Sem-
deg, Tu erTmaneTs ar gavanadgurebT uazro 
omebSi, kidev mets mivaRwevT, rogorc aR-
momCenebi da rogorc gamomgoneblebi. Sen 
mkiTxe, Tu ratom ar SeuerTdi maT, romle-
bic am bumberaz mecnierebas anviTareben? 

mokled gipasuxeb: me erTi maTematikosTa-
gani var, magram sxva yaidis. Sinaganma xmam, 
amas winaswarmetyvelebac SegiZlia daarqva, 
romelsac me yoveTvis yuradRebiT vusmen, 
mravali wlis winaT mkiTxa: `ra aris wyaro, 
im didi warmatebisa, romelTac maTema-
tikosebi TavianT keTilSobilur mecniere-
baSi aRweven?~ me vupasuxe: `vfiqrob, rom 
es pirvelwyaroebia: logikuri moTxovnebi, 
kvlevis meTodebi, maRali standartebi, 
WeSmaritebisaken ukompromiso swrafva, 
yvelafris pirveladi principebidan daw-
yebis Tviseba, yoveli cnebis gansazRvra da 
zustad gamoyeneba, am gansazRvris Sinagani 
winaaRmdegobebisagan Tavisufaleba~.

Sinagani xma agrZelebda: `Zalian kargi, 
magram ratom fiqrob, Cemo sokrate, rom 
azrovnebis es meTodebi da mtkicebulebani 
SeiZleba sasargeblo iyos mxolod ricx-
vebisa da geometriuli formebis Seswavli-
sas? ratom ar cdilob daarwmuno Tanamo-
qalaqeni gamoiyenon igive standartebi 
codnis sxva mimarTulebiT, magaliTad fi-
losofiasa da politikaSi, yoveldRiuri 
piradi an sazogadoebriv cxovrebaSi?~. am 
droidan zustad es gaxda Cemi cxovrebis 
mizani. me ukve davamtkice (ra Tqma unda Sen 
gaxsovs Cemi protagorasTan kamaTi?), rom is, 
vinc Tavis Tavs brZnad Tvlis, umeteswilad 
suleli briyvia. nebismier maT msjelobas 
aklia myari safuZveli, radgan maTematiki-
sagan gasxvavebiT, iyeneben ganusazRvrel 
da naxevrad gaazrebul cnebebs. saubrisas 
bundovan terminebs xmaroben, raTa dafaron 
Sinaarsis gaurkvevloba. me ki aseT xalxs 
brals vdeb. swored amitomac, gamiCnda ase 
bevri mteri, rac sruliadac ar mikvirs. 
adamianebs xom ar uyvarT, roca mudmivad 
uTiTeben im naklze, romlis gamosworebac 
maT ar ZaluZT an ar surT. dadgeba dRe, 
rodesac Cemi mtrebi Tavs damesxmebian da 
momspoben. magram sanam es dRe ar damdgara, 
me Cems daniSnulebas ar vuRalateb. Sen ki 
mainc wadi TeodoresTan.

 

nax. 21. hipokrate xioselis Teorema: 
marTkuTxa samkuTxedis gverdebze,

rogorc diametrebze, agebulia wreebi;
niJarebis saerTo farTobi samkuTxedis 

farTobis tolia



nax. 22. hipokrate xioselis Teorema: wreSi Caxazuli wesieri 
eqvskuTxedi. eqvskuTxedis gverdebze rogorc diametrebze 

agebulia wreebi. Sesabamisi niJarebis farTobebis jami da erTi 
patara naxevarwris farTobi naxevari eqvskuTxedis farTobis 

tolia, anu

S1 + S2 + S3 + S4 = SABCD
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maRali ganzomilebis geometriis Teo-
riuli agebis mcdeloba viqtorianuli epo-
qis mecnierebis debatebis mTavar Temas war-
moadgenda. mecxramete saukunis dasawyisSi 
gamoCnda gausis, lobaCevskis, boiais Srome-
bi araevklidur geometriaSi. herman helm-
holcma aCvena, rom evkliduri geometria 
araa erTaderTi Teoria sivrcis bunebis 
asaxsnelad. 1870 wels, „fletlendis“ gamos-
vlamde ramodenime wliT adre, helmholcma 
gamoaqveyna „geometriis aqsiomebi“, sadac 
aRwers, rogori iqneboda organzomilebiani 
arsebebis cxovreba fletlendis msgavs si-
brtyeze da aseve, sferos zedapirze, sadac 
evklides aqsiomebi sruldeba mxlod Zalian 
mcire, lokalur areebSi. fizikosma jeims 
maqsvelma warmoidgina Tavisi suli, rogorc 
kvanZi (feliqs kleinis cnobili zedapiris 
mixedviT), romlis gaxsnac mxolod meoTxe 
ganzomilebaSia SesaZlebeli. 

mecxramete saukunis 70–ian wlebSi ase-
ve gamoqveynda ramodenime nawarmoebi, ro-
melTac, rogorc Cans, gavlena iqonies eb-

otis Sromaze. „fletlendis“ gamosvlamde 
ramodenime wliT adre (1875 w., 1878 w.) gamov-
ida taitis da stuartis Sromebi, sadac 
laparakia fundamentur uwyvet kavSirze 
Cvens xilul samyarosa da spiritualur sa-
myaros Soris, romelic am avtorebisaTvis 
oTxganzomilebian sivrces warmoadgens. 

igive periods (1859, 1868, 1871 ww.) gane-
kuTvneba agreTve Carlz darvinis Sromebis 
seriac. adamianis warmoSobas material-
isturad xsnis darvini wignSi „adamianis 
warmoSoba da sqesobrivi gadarCeva“ (1871 
w.). romelSic gatarebulia idea, rom or-
ganizmTa axali formebis warmoqmna xdeba 
memkvidruli cvlilebebis da bunebrivi ga-
darCevis gziT, rac mizanSewonilebiTaa gan-
pirobebuli.

kvadrati TiTqos epasuxeba darvins, 
roca darvinis Teoriis msgavsad yuradRe-
bas uTmobs seleqcias da mizanmimarTul 
qorwinebebs, romlebic fletlendSi umaR-
lesi qurumebis _ wreebis meTvalyureobiT 
xorcieldeba. rogorc Cans, eboti ar izi-

qarTul enaze iTargmna edvin ebot ebotis cnobili nawarmoebi
„fletlendi“ (brtyeli samyaro), anonimurad gamovida 1884 wels. wignis avtorad 
moxseniebuli iyo kvadrati, organzomilebiani samyaros mkvidri maTematikosi. 
radganac nawarmoebma bevri orazrovneba gamoiwvia, imave wels gamovida am wig-
nis meore, Sevsebuli gamocema. romelSic TiTqosda redaqtori, sinamdvileSi ki 
avtori, edvin ebot eboti, winasityvaobaSi gansazRvravs Tavis pozicias sakamaTo 
sakiTxebs.
am nawarmoebs  unikaluri adgili  ukavia mecnieruli fantaziis JanrSi. is naTargm-
nia msoflios yvela enaze.

fletlendi, anu romansi 
mraval ganzomilebaze

qarTuli Targmanis avtoria ia giorgobiani

mxatvrulad gaaforma marina leJavam

edvin ebot eboti
(Edwin Abbott Abbott 1838-1926 ww.)

cnobili iyo Tavisi TanamedroveebisaTvis, 
rogorc ganmanaTlebeli, Seqspiris Semoqmedebis 
mkvlevari, Teologi. misi xelmZRvanelobiT City 
of London School gaxda erTerTi saukeTeso skola 

inglisSi. mas gamoqveynebuli aqvs 50-ze meti wigni. 
mis SromebSi gansakuTrebuli adgili ukavia 

maTematikur fantazias, "fletlends".
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arebda darvinis Sexedulebebs. satirulad 
JRers kvadratis sityvebi, roca ambobs, rom 
„bunebis kanonebi dabali klasis figurebi-
saTvis ar sruldeba..., rom ganviTareba 
dabali da maRali klasis figurebisaTvis 
sxvadasxvanirad mimdinareobs da rom gan-
viTarebidan sruliad gamoricxulni arian 
qalebi~. eboti dascinis viqtorianuli ing-
lisis droindel „mecnierul“ Sexedulebas 
qalebis Sesaxeb, ris gamoc, magaliTad, 1870 
wlamde britaneTSi qalebs umaRlesi gana-
Tlebis miRebis ufleba ar hqondaT. 

h. g. uelsis nawarmoebSi „drois man-
qana“ romelic 1895 wels gamovida, meoTxe 
ganzomilebad droa aRebuli. meoTxe gan-
zomilebis, rogorc drois warmodgenis 
mTavari problema aris is, rom aseTi war-
modgenis Semdeg ganzomilebis momateba 
aRar xdeba. amis mere SeuZlebeli xdeba 
vilaparakoT mexuTe ganzomilebaze.

rogorc xdeba xolme, imisaTvis, rom 
sivrce _ drois geometria gansazRvron, 
fizikosebi ganixilaven sivrces erTi an, 
ori ganzomilebiT, romelsac mere umate-
ben dros, rogorc Semdeg ganzomilebas. ris 
Sedegadac mTliani ganzomileba orze, an 
samze dadis, rac aadvilebs vizualizacias. 
sagnis popularuli axsna yovelTvis iwyeba 
or, sam da oTx ganzomilebiani analogebis 
ganxilviT. yvela am koncepciebis ganxilvi-
sas, maTSi pirdapir miTiTebulia „fletlen-
di“, an avtori uTiTebs “Sphereland” (sfer-
os samyaros), nawarmoebs, romelic 1965 
wels dawera danielma fizikis maswavle-
belma dionis burgerma. am wignSi kvadratis 
STamomavlebi Soreul mogzaurobaSi midian 
da aRmoaCenen, rom maTi samyaro sruliadac 
araa brtyeli, aramed gamrudebulia da didi 
sferos zedapirs warmoadgens.

„fletlendSi“ upiratesoba evklidur 
geometrias aqvs miniWebuli. nawarmoebis 
mTavari moqmedi piri, kvadrati ar kmayo-
fildeba meoTxe ganzomilebiT da saerTod 
arasworad miiCnevs ganzomilebis raime 
ricxviT SemosazRvris ideas. 

qvemoT mogvyavs mcire nawyveti nawarmoe-
bidan: „zrdasruli fletlendelis yvelaze 
didi sigrZe saSualod 11 Tqveneburi dui-
mia. 12 duimi maqsimumad iTvleba. Cveni qa-
lebi swori xazebia. Cveni jariskacebi da 
mSromeli xalxis yvelaze dabali fenebis ma-
makaci warmomadgenlebi samkuTxedebi arian 
ori toli gverdiT, sigrZiT daaxloebiT 11 
duimi. … Cveni saSualo klasi tolgverda sam-
kuTxedebisagan Sedgeba. Cveni profesorebi 
da jentlmenebi kvadratebi arian (am klass 
mivekuTvnebi mec), an xuTgverdiani figure-
bi, anu pentagonebi.

Semdeg modis Tavad _ aznauroba, 
romelTaTvisac ramodenime safexuri ar-
sebobs, dawyebuli eqvsi gverdiT, anu 
heqsagonebiT da Semdeg gverdebis raodeno-
bis matebiT, sanam ar miaRweven tituls „po-
ligoni“, anu mravalkuTxedi. rodesac fig-
uris gverdebis raodenoba usasrulo xdeba, 
gverdis sigrZe ki ise mcire, rom figura 
TiTqmis ar gansxvavdeba wrisagan, maSin es 
figura Cairicxeba wriul qurumTa ordenSi 
da es aris umaRlesi klasi CvenTan“.

„fletlendi“ fantastikuri nawarmoebia, 
romlis moqmedi pirebis samyaro TiTqos 
Cveni samyaros aCrdils warmoadgens. 
fletlendelebs SezRuduli SesaZleblo-
bebi ar aZlevT saSualebas, rom maTze ufro 
ganviTarebuli, ufro meti ganzomilebebis 
mqone arsebebi ara Tu aRiqvan, aramed ar 
SeuZliaT maTi arsebobis dajerebac ki.

eboti Tvlida, rom warmosaxvis unari 
warmoadgens yvelanairi codnis baziss da am 
mxriv, „fletlendi“ marTlac warmosaxvis 
unaris varjiSs warmoadgens. rac, avtoris 
azriT, mkiTxvels miscems codnis SeZenis 
SesaZleblobas. 

wignis naxva SeiZleba erovnul samecnie-
ro biblioTekaSi da saqarTvelos parlamen-
tis erovnul biblioTekaSi. eleqtronuli 
versia http://dspace.nplg.gov.ge/handle/1234/23366

avtoris el. fostis misamarTi:
iagiorgobiani@yahoo.com 

ia giorgobiani 

daamTavra 
Tbilisis Tsu 

fizika-maTematikis 
fakulteti. amJamad 

cxovrobs CexeTis 
respublikaSi, q.praRa.
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maswavlebelTa sasertifikacio gamocdebze, an gamocdebisaTvis momzadebis 
mizniT Catarebuli testirebisas maswavleblebs eZleodaT sakiTxebi, rom-
lebic amowmebda farglis da saxazavis saSualebiT agebis amocanebis Ses-
rulebis codnas. iyo amocanebi, romlebSic miTiTebuli iyo savaraudo pa-
suxebi, moiTxoveboda maTgan swori pasuxis SerCeva (amocana 1 da amocana 2).

sibrtyeze geometriuli 
agebis amocanebis 
swavlebis Sesaxeb

Teimuraz vefxvaZe

fizika-maTematikis mec-
nierebaTa doqtori, 

sruli profesori,
iv. javaxiSvilis saxelo-

bis Tbilisis saxelmwifo 
universitetis zust da 
sabunebismetyvelo mec-

nierebaTa fakulteti

lamara qurCiSvili

pedagogikis mecnierebaTa 
kandidati, skola 

"albionis" pedagogi

m
e
T
o
d
i
k
a

amocana 1. qvemoT moyvanili naxazebidan romelzea naCvenebi fargliTa da saxazaviT 
kuTxis biseqtrisis agebis swori maTematikuri konstruqcia?

amocana 2. qvemoT moyvanili naxazebidan romelzea naCvenebi fargliTa da saxazaviT c 
wrfis mimarT A wertilis simetriuli A1 wertilis agebis swori maTematikuri konstruq-
cia?

a)

nax. 1 nax. 2 nax. 3 nax. 4

b) g) d)
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nax. 5 nax. 6

nax. 7 nax. 8

a) b)

g) d)

amocana 3. SeasruleT Semdegi ageba fargliTa da saxazaviT. farglis da saxazavis gamoy-
enebiT mocemul samkuTxedSi CaxazeT rombi, romelsac mocemul samkuTxedTan aqvs saerTo 
kuTxe, xolo wveroebi samkuTxedis gverdebze mdebareobs (fargliTa da saxazaviT ageba 

gulisxmobs naxazis agebis algoriTmis gad-
mocemas da mis dasabuTebas).

miuxedavad imisa, rom am amocanebis amox-
snebi erovnuli saswavlo gegmiT gaTval-
iswinebul moTxovnebTan srul Sesabamiso-
baSia, bevrisTvis moulodneli aRmoCnda 
bileTSi maTi gamoCena, maswavleblebs gau-
WirdaT swori pasuxis migneba da dasabuTe-
ba. samwuxarod, skolaSi naklebi yuradRe-
ba eqceva saswavlo gegmiT moTxovnili im 
sakiTxebis swavlebas, romlebic umaRlesi 
saswavleblebis misaRebi gamocdebis pro-
gramebSi ar aris warmodgenili, maswavle-
belTa profesiul standartSi ki farglisa 
da saxazavis gamoyenebiT agebis Semdegi amo-
canebia Setanili: samkuTxedis ageba misi el-
ementebis mixedviT; mocemuli kuTxis toli 
kuTxis ageba; kuTxis biseqtrisis ageba; mo-
cemul wertilze mocemuli wrfis marTo-
buli wrfis gavleba; mocemul wertilze mo-
cemuli wrfis paraleluri wrfis gavleba; 
monakveTis gayofa mocemuli fardobiT (ix., 
mag., [1]). maTgan erovnuli saswavlo gegmis 
mixedviT skolaSi unda iswavlebodes: mo-

cemuli samkuTxedis toli samkuTxedis 
ageba; kuTxis biseqtrisis ageba; monakveTis 
SuamarTobis ageba ([2], gv. 468, VII kari). me-9 
klasis programaSi ki miTiTebulia geome-
triuli adgilis cneba da misi gamoyeneba 
agebis amocanebSi. zemoT CamoTvlili samive 
amocana am sakiTxebis codnas ukavSirdeba.

farglisa da saxazavis saSualebiT geo-
metriuli figurebis agebis amocanebis Tema 
saskolo maTematikis tradiciuli sakiTxia. 
„am agebebidan zogierTi martivi SemTxveva 
gamoiyeneba xolme praqtikul saqmianobaSi, 
sxva mxriv maTi praqtikuli mniSvneloba mc-
irea. miuxedavad amisa, swavlebis procesSi 
am agebebis CarTva gamarTlebulia, radgan 
isini geometriuli figurebis gacnobisa 
da amocanebis amoxsnebis gzebis aTvisebis 
saqmeSi Zalian mniSvnelovan rols asru-
lebs“ ([3], gv. 26). amitom dierd poia Tavis 
meTodikur saxelmZRvaneloSi [3] did yur-
adRebas uTmobs geometriuli agebebis Ses-
axeb Teoriis gadmocemas.

poia miuTiTebs, rom geometriuli age-
bebis Teoria evklides `sawyisebSic~ iyo 
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gadmocemuli da farglisa da saxazavis sa-
SualebiT sami gverdiT samkuTxedis agebis 
amocanis garCevis magaliTze warmogvidgens 
erT-erT meTods _ wertilTa geometriuli 
adgilis meTods. am meTodis arsi Semdegia: 
vTqvaT, agebaze amocanis amoxsnisas mivediT 
im daskvnamde, rom amocanis amoxsna dakav-
Sirebulia raRac X wertilis agebaze, ro-
melic or pirobas akmayofilebs; wertilTa 
geometriuli adgili, romlebic pirvel 
pirobas akmayofilebs, aris F1 figura da 
wertilTa geometriuli adgili, romlebic 
meore pirobas akmayofilebs, aris F2 fig-
ura. saZiebeli X wertili ekuTvnis F1 da F2 
figurebs, e.i. aris maTi TanakveTa. F1 da F2 
figurebis TanakveTis X wertilis sapovne-
lad saWiro xdeba farglisa da saxazavis 
saSualebiT am F1 da F2 figurebis ageba. Tu 
F1 da F2 figurebi warmoadgens wrfeebs, an 
wrewirebs, maSin, cxadia, SesaZlebelia maTi 
ageba da saerTo wertilis povna farglisa 
da saxazavis saSualebiT. amasTan dakavSire-
biT, interess warmoadgens is SemTxvevebi, 
roca wertilTa geometriuli adgili wrfe, 
an wrewiria. SegviZlia davasaxeloT ramden-
ime magaliTi:

a) im wertilTa geometriuli adgili, 
romlebic toli manZilebiTaa daSorebuli 
mocemuli wertilidan, wrewiria.

b) im wertilTa geometriuli adgili, 
romlebic mocemuli manZiliTaa daSore-
buli mocemuli wrfidan, am wrfis parale-
luri ori wrfea (isini mocemuli manZiliTaa 
daSorebuli mocemuli wrfidan).

g) mocemuli ori wertilidan tolad da-
Sorebul wertiTa geometriuli adgili 
aris im monakveTis SuamarTobi wrfe, rom-
lis boloebi mocemuli wertilebia.

d) ori gadamkveTi wrfidan tolad daSo-
rebul wertilTa geometriuli adgili aris 
im kuTxis biseqtrisa, romelic am wrfeebis 
gadakveTiT miiReba.

e) im wertilTa geometriuli adgili, 
romlebidanac or mocemul wertilebamde 
manZilebis Sefardeba mocemuli erTis-
gan gansxvavebuli dadebiTi ricxvia, aris 
wrewiri.

pirvel oTx SemTxvevas kargad icnobs mas-
wavlebeli. isini saSualo skolis tradici-
ul TemebTan aris dakavSirebuli. sasurve-
lia, rom maswavlebeli icnobdes mexuTe 
debulebis damtkicebas koordinatTa meTo-
diT da koordinatTa meTodis gamoyenebis 
gareSec. miTiTeba koordinaTa meTodis 
gamoyenebis gareSe damtkicebaze, roca λ = 2, 
mocemulia Cvens saxelmZRvaneloSi ([4], gv. 
351).

erovnul saswavlo gegmaSi miTiTebu-
lia skolaSi maTematikis swavlebis miznebi 
da amocanebi. sxvadasxva miznebTan erTad 
(magaliTad, azrovnebis unaris ganviTare-
ba, deduqciuri da induqciuri msjelobis, 
SexedulebaTa dasabuTebis, movlenebisa da 
faqtebis analizis unaris ganviTareba da 

sxva) aRniSnulia swavlis Semdgomi etapisT-
vis momzadebis mniSvneloba. koordinatTa 
meTodiT zemoTaRniSnuli debulebis damt-
kiceba umaRles skolaSi meore rigis wirTa 
kanonikuri gantolebebis gamoyvanis aT-
visebisTvis mniSvnelovani propedevtikuri 
masalaa.

nax. 9

mocemuli wertilebi iyos A da B. veZebT im 
M wertilTa geometriul adgils, romelT-
aTvisac gvaqvs BM : AM = λ . SevarCioT koor-
dinatTa sistema _ abscisaTa RerZi gavav-
loT A da B wertilebze, ordinatTa RerZi 
_ maT Soris Sua wertilze. vTqvaT, AB = 2a, 
maSin A = (−a; 0) da B = (0; a). Tu M = (x; y), maSin, 
pirobis Tanaxmad,

2 2
2

2 2

( )
( )
x a y
x a y

λ− +
=

+ +
,

2
2 2 2

2

2( 1) 0
1

x y ax aλ
λ

+
+ + ⋅ + =

−
,

2 22 2
2 2

2 2

( 1) 1 1
1 1

x a y aλ λ
λ λ

    + + + ⋅ + = − ⋅    − −    
.

es ki wrewiris gantolebaa.
maswavleblebisTvis SeTavazebuli amo-

canebidan pirveli amocana me-7 klasSi ga-
nixileba. meore amocanis amoxsnisas ki Sei-
Zleba gamoviyenoT wertilTa geometriuli 
adgilis meTodi. unda avagoT A wertilis 
simetriuli A1 wertili c wrfis mimarT.

vTqvaT, ageba Sesrulebulia da A1 aris 
A wertilis simetriuli wertili c wrfis 
mimarT. c wrfis mimarT simetriisas am wrfis 
nebismieri wertili Tavis Tavze aisaxeba. 
amitom A da A1 wertili toli manZilebiTaa 
daSorebuli c wrfeze aRebuli B wertili-
dan da isini BA radiusis mqone wrewirzea. 
Tu aviRebT sxva D wertils _ analogiurad, 
A da A1 wertilebi DA radiusis mqone wrewir-
sac ekuTvnis. maSasadame, A da A1 wertilebi 
am ori figuris gadakveTis wertilebia. 
aqedan Cans, rom swori konstruqcia naxazi 
7-iTaa warmodgenili.

Tumca, am amocanis amoxsnis sailustra-
ciod Semdegi suraTic gamodgeba. A wer-
tili im wrewiris centria, romelic kveTs c 
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wrfes D da B wertilebSi. D da B wertilebi-
dan imave radiusiT SemovxazavT or wrewirs, 
maTi TanakveTa gvaZlevs A1 wertils; SevniS-
noT, rom ADA1B rombia.

nax. 10

nax. 11

nax. 12

am suraTze ki A wertilze c wrfis parale-
luri wrfis gavlebaa ilustrirebuli; B da 
D c wrfis nebismieri ori wertilia. avagebT 
O wertils, romelic aris AB-s Sua wertili, 
Semdeg _ D wertilis simetriul E wertils 
AB-s mimarT. AE saZiebeli wrfea.

wrfeTa paralelobis niSnebis gavlis 
dros moswavleebs SeiZleba SevTavazoT mo-
cemul wertilze mocemuli wrfis parale-
luri wrfis gavlebis sxva xerxic.

M wertilze vavlebT nebismier m wrfes, 

romelic kveTs c wrfes. Semdeg miRebuli α 
kuTxis tol kuTxes avagebT, romlis wvero 
M wertilia, erTi gverdi m wrfes ekuTvnis.

nax. 13

axla, Semdegi suraTebis mixedviT aRwer-
eT igive amocanis amoxsnisas Sesrulebuli 
nabijebi.

am amocanis amoxsnisas gamoyenebulia 
agebebi, romelTa Sesruleba cnobilad iT-
vleba _ monakveTis Sua wertilis ageba, 
mocemuli wrfis mimarT mocemuli werti-
lis simetriuli wertilis ageba, mocemuli 
kuTxis toli kuTxis ageba.

nax. 14

analogiurad, zemoT warmodgenili me-3 
amocanis amoxsnac daiyvaneba agebis cnobil 
amocanebze.

farglisa da saxazavis saSualebiT Cavx-
azoT rombi samkuTxedSi (amocana 3).

farglisa da saxazavis saSualebiT av-
agebT A kuTxis AM biseqtrisas, AM monakve-
Tis SuamarTobis gavlebiT miiReba rombis 
sxva ori wvero _ N da K. SesaZlebelia N da 
K wertilebis povna M wertilze AB-s da AC-s 
paraleluri wrfeebis gavlebiT.

erovnul saswavlo gegmaSi, ZiriTadad, 
agebis amocanebis Sesrulebis erT meTodzea 
gamaxvilebuli yuradReba (geometriuli 
adgilis meTodi). „wertilTa geometriuli 
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adgilis“ cneba aristoteles SemoRebulia. 
igi miuTiTebda, rom wrfe aris „adgili“, 
sadac SeiZleba iyos wertilebi; wertilebs 
ara aqvs zomebi da nebismieri raodenoba 
wertilebisa, ramdenic ar unda iyos erTma-
neTze „midebuli“ wertilis garda arafers 
mogvcems. 70-ian wleSi a. kolmogorovis 
mier ganxorcielebuli reformebis period-
Si am terminis nacvlad gamoiyeneboda „wer-
tilTa simravle“ (ix. mag. [6], gv. 181). wina 
planze maSin Teoriul-simravluri gadmo-
cema da formalizmisadmi swrafva SeiniS-
neboda. magram, rogorc aleqsandre Senma 
[7] aCvena simkacris dacva saSualo skolis 
masalis gadmocemisas SeuZlebelia da, mTa-
varia, intuiciis gamoyenebiT misi zomieri 
dacva. zogierTi termini ki, romlebic 
maTematikis cnobil meTodistebs ekuTvnis, 
SeiZleba SevinarCunoT. es Tvalsazrisia ga-
ziarebuli erovnuli saswavlo gegmis Sed-
genis drosac.

nax. 15

farglisa da saxazavis gamoyenebiT age-
baze amocanebis ganxilvisas maswavlebelma 
kargad unda auxsnas moswavleebs instru-
mentebis dasaSvebi gamoyenebebis SesaZle-
blobebi: saxazavis saSualebiT SeiZleba ga-
vavloT nebismieri wrfe, romelic mocemul 
wertilze gadis; nebismieri wrfe, romelic 
or mocemul wertilze gadis. sxva opera-
ciebi saxazaviT ar SeiZleba rom Sesruldes, 
magaliTad, ver gadavzomavT monakveTs.

farglis gamoyenebiT SeiZleba mocemuli 
centrisa da radiusis mqone wrewiris gav-
leba. kerZod, farglis gamoyenebiT SeiZle-
ba mocemul wrfeze mocemuli wertilidan 
mocemuli sigrZis monakveTis gadadeba.

agebaze amocanebi, rogorc wesi, Sem-
degi etapebisgan Sedgeba: 1) amoxsnis Zieba; 
2) agebis Sesruleba; 3) amoxsnis sisworis 
Semowmeba; 4) amoxsnis gamokvleva.

amoxsnis Zieba iwyeba im daSvebis gakeTe-
biT, rom amocana amoxsnilia. Semdeg iwyeba 
agebuli figuris Seswavla, kavSirebi moce-

mulobebTan. amas mivyavarT agebis Tanamim-
devrobis aRmoCenamde. agebis Sesruleba 
ar aris aucilebeli. Tumca, aucilebelia 
davamtkicoT, rom amoxsnaSi miTiTebul 
procedurebs moTxovnili Tvisebis mqone 
figuramde mivyavarT. am gamokvlevisas unda 
SevamowmoT _ aqvs Tu ara amocanas amox-
sna nebismieri konkretuli mocemulobebis 
ganxilvisas da ramdeni amoxsna arsebobs.

nax. 16

garda geometriul adgilTa meTodisa 
literaturaSi ganixileba sxva meTodebic: 
msgavsebis meTodi, simetriis meTodi, mo-
brunebis meTodi, inversiis meTodi. mas-
wavlebels SeuZlia isargeblos Cvens mier 
miTiTebuli masaliT (ix. mag., [9], [10], [11]), 
romlebiTac farglisa da saxazavis gamoy-
enebiT agebis amocanebis Sesaxeb bevr sain-
tereso masalas gaecnoba.
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saSualo da umaRlesi skolebis pedago-
gebisTvis kargadaa cnobili is Tavisebure-
bebi, romelic maTematikuri ganaTlebis 
mimdinare etaps axasiaTebs da mdgomareo-
ba, romelSic saganmanaTleblo procesis 
monawileebi aRmoCndnen. saSualo skolis 
maTematikis standarti ukanaskneli aTwleu-
lis ganmavlobaSi ramdenjerme gadaxalis-
da; Seicvala programa, saxelmZRvaneloebi 
da saaTuri bade. umaRles skolaSi saganTa 
CamonaTvalic axalia da Tanamimdevrobac, 
amasTanave, kvireuli saaTuri datvirTvis 
SezRudvis gamo, Semcirda maTematikuri 
disciplinebis wili saaTebic. did prob-
lemas qmnis wyveta, romelic uneblied Seiqm-
na saSualo skolis kursdamTavrebulis 
codnis donesa da umaRlesi skolis mxridan 
pirvelkurselisadmi wayenebul moTxovnebs 
Soris. yovel dasaxelebul problemas aqvs 
Tavisi mizezebi da Sedegebi, romelTa ana-
lizis gziT arsebuli rTuli viTarebidan 
gamosavali unda veZioT.

daviwyoT imiT, rom keTil ganzraxvas 
gavzardoT studentebis damoukidebeli 
muSaobis moculoba saauditorio datvirT-

vis Semcirebis gziT, namdvilad ar mohyva 
sasurveli Sedegebi. Canafiqris mixedviT, 
students auditoriaSi mosmenili infor-
macia unda gamoeyenebina erTgvar nimuSad, 
gzamkvlevad wyaroze damoukidebeli muS-
aobis dros; Tavis mxriv, wyaros SeiZleba 
warmoadgendes saxelmZRvanelo, leqciebis 
da/an savarjiSoebis krebuli, samecniero 
statia, eleqtronuli saZiebo sistemebi da 
sxva. am gzaze xelisSemSlel faqtorad gvev-
lineba rogorc mSobliur enaze arsebuli 
didaqtikuri resursebis simcire, aseve da-
moukideblad muSaobis unar-Cvevebis sruli 
deficiti. samwuxarod, umaRlesi saswav-
lebeli ver/ar uwyobs xels am deficitis 
aRmofxvras da pasuxismgebloba mTlianad 
daekisra students. 

safiqralia, rom swavlebis arsebul 
formatze gadasvlamde unda gvezruna di-
daqtikuri bazis Seqmnaze, swavlebis axali 
meTodebis damuSavebaze, pedagogebis meTo-
dikuri kvalifikaciis amaRlebaze. magram 
ase ar moxda. saSualo skolaSi gamosavali 
maswavleblebis savaldebulo sertificire-
baSi naxes — gamoyofili vauCerebis sazRau-

maTematikis swavlebis 
procesSi kompiuteruli 
testirebis gamoyenebis 

Sesaxeb

ia mebonia

fizika-maTematikur mecnierebaTa 
kandidati, akademiuri doqtori, 

maswavlebelTa profesiuli ganviTarebis 
erovnuli centris trener-konsultanti, 

qarTul-amerikuli skolis zust 
mecnierebaTa kaTedris xelmZRvaneli.
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rad, maswavleblebs sTavazoben akredite-
buli treningebis gavlas, ris Semdegac maT 
unda Caabaron kvalifikaciis damadasture-
beli gamocda. magram Teoriuli gamocdis 
Cabareba sulac ar adasturebs praqtikaSi 
am Teoriebis gamoyenebis unarebis flobas. 
asec aRmoCnda — sertificirebuli pedago-
gebis ricxvi izrdeba, moswavleTa maTemati-
kuri codnis done ki ar matulobs. umaRles 
saswavleblebs gadamzadebis gzaze jer re-
aluri araferi ganuxorcielebiaT, garda, 
SeiZleba, axali formis Tanmdevi sabuTebis 
(magaliTad, silabusebis) danergvisa, xaris-
xis marTvis samsaxurebis daarsebisa, rac 
studentebis codnaze sasikeTo gavlenas 
jer-jerobiT ver axdens. umaRlesi saswav-
leblis leqtorebis SerCevis kriteriumebi 
mWidro kavSirSia kandidatebis samecniero 
moRvaweobasTan, rac, yovelgvar eWvs gar-
eSe, uaRresad mniSvnelovania; magram gana 
pedagogiuri interesebi da didaqtikuri 
produqtis Seqmna naklebad Rirebuli unda 
iyos?aucilebelia am kuTxiT leqtorebis 
moRvaweobis waxaliseba.

umaRlesi saswavleblebis saswavlo geg-
mebi ar iTvaliswinebs maTematikaSi da-
moukidebeli muSaobis raime konkretul 
formebs, cxadia, Tu ar CavTvliT, Cveu-
lebriv saSinao davalebebs, romelTa mocu-
lobac leqciebis proporciulad mcirdeba.

imisTvis, rom Seqmnil situaciaSi arsebi-
Tad gavaumjobesoT maTematikis swavlebis 
xarisxi, aucilebelia maTematikis swavlebis 
meTodikis gadaxedva. amasTanave, cvlile-
bebi unda Seexos ara swavlebis romelime 
konkretul safexurs, aramed maTematikis 
swavlebis saerTo sqemas, rogorc skolaSi, 
aseve umaRles saswavlebelSi. daviwyoT 
imiT, rom gvaqvs Semcirebuli sakontaqto 
saaTebi. Sesabamisad, pedagogi moswavles-
Tan uwindelze nakleb dros atarebs maSin, 
roca saswavlo programa araa Semcirebuli, 
piriqiT, xSir SemTxvevaSi gazrdilia kidec. 
cxadia, SeuZlebelia Zveli sqemiT swavleba, 
arc dro gveyofa da verc xarisxs miviRebT. 
am situaciidan erT-erTi gamosavalia swav-
lebis prioritetebis gadatana teqnikuri 
Semadgenlidan ideurze, swavlebis mTavar 
mimarTulebad unda SeirCes ara pasuxi kiTx-
vaze „rogor?“, aramed, „ratom?“ da „risT-
vis?“. es gaamdidrebs saswavlo process 
ideurad, xels Seuwyobs moswavlis Semec-
nebiTi da SemoqmedebiTi aqtivobis zrdas. 
magram maTematikis Seswavla warmoudgenel-
ia Teoriuli sakiTxebis irgvliv kritikuli 
dialogisa da teqnikuri unar-Cvevebis SeZe-
na/ganmtkicebis gareSe. rogor moviqceT, 
Tu pedagogTan urTierToba droSi Zalze 
SezRudulia? SeiZleba, Tu ara maswavleb-
lis raime formiT Canacvleba?

skolaSi didi xania igrZnoba kvalifici-
rebuli kadrebis mwvave nakleboba. am viTa-

rebam ukve biznesmenTa yuradRebac miipyro. 
magaliTad, sakabelo televizia „silqneti“ 
momxmarebels sTavazobs axal saganmana-
Tleblo produqts „saSinao skola“, romlis 
saSualebiTac moswavles SeuZlia skolis 
nebismieri klasis sagnobrivi standartis 
nebismieri sakiTxis SerCeva da am Temaze 
Catarebuli video gakveTilis naxva. cxadia, 
kargi ideaa. erTi problemaa — moswavle 
pasiuri msmenelis rolSi rCeba da ver xerx-
deba aTvisebis xarisxis Semowmeba/koreqcia.

gTavazobT ideas, romlis ganxorciele-
bisas saswavlo procesi iyofa or fazad, 
pirobiTad, „sakontaqto“ da „arasakon-
taqtod“. sakontaqto fazis Semadgeneli 
nawilebia Temis axsna/ganxilva, axali cod-
nis gamoyenebis nimuSebis gacnoba, axali 
codnis gamoyenebis sferos Semowera/Se-
faseba — es faza pedagogTan (an videoCa-
nawerTan) uSualo kontaqtis pirobebSi 
mimdinareobs. arasakontaqto faza moicavs 
Temis Teoriuli nawilis damoukideblad 
Seswavlas, gamoyenebis teqnikaSi gawafvas 
— es faza kompiuteris daxmarebiT tardeba 
da ar moiTxovs pedagogis uSualo monawil-
eobas, Tumca saWiroebs specialistis mier 
winaswar SerCeul da damuSavebul saswavlo 
masalas.

aRniSnuli meTodi efeqturia maTema-
tikis (da, savaraudod, ara marto maTema-
tikis) swavlebis yvela safexurze, xolo 
misi arsis axsna SesaZlebelia nebismieri 
Temis nimuSze. magaliTad, ganvixiloT Tema 
„piTagoras Teorema“. sakontaqto fazaSi, 
anu gakveTilze, pedagogi gaacnobs mo-
swavles piTagoras Teoremas da misi damt-
kicebis romelime (an ramdenime) gzas (aq 
Segnebulad ar vamaxvilebT yuradRebas ax-
snis meTodikebze, radgan es araa Cveni ganx-
ilvis sagani); moswavleebi gaigeben axali 
formulis — a2 + b2 = c2 — Sinaarss; Semdeg, 
darCenili drois Sesabamisad, amoixsneba 
ramdenime amocana — es codnis gamoyenebis 
nimuSebis gacnobaa. gakveTilis dasasruls, 
pedagogi gansazRvravs savaldebulo sa-
Sinao davalebas, romelic moicavs axali 
Teoriuli masalis Seswavlasa da amocanebis 
amoxsnas. gakveTili damTavrda. Semdegi 
etapi arasakontaqto fazaa. moswavle rCeba 
pirispir saSinao davalebasTan. jer unda 
iswavlos Teoriuli masala. rogor unda 
gamoarCios gansakuTrebiT mniSvnelovani 
nawili? rogor unda darwmundes, rom swo-
rad gaigo da kargad iswavla masala? Tanac 
amocanebi unda amoxsnas. ramdenad SesZlebs 
amas?modiT SevTavazoT moswavles kompiut-
eruli testi, romelic aseTi sqemiT aris 
awyobili: 

faqtis codna ⇒ faqtis gaazreba ⇒ gamoyeneba.

testis muSaobis principi martivia 
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1. piTagoras  Teoremaa: “nebismieri  samkuTxedis  erTi  gverdis  

kvadrati danarCeni  gverdebis  kvadratebis  jamis  tolia“. 

  

 veTanxmebi  ar  veTanxmebi  

 

2. piTagoras  Teoremaa:“marTkuTxa  samkuTxedis  nebismieri  

ori gverdis  kvadratebis  jami  mesame  gverdis  kvadratis  tolia“. 

  

 veTanxmebi  ar  veTanxmebi  

 

3. piTagoras  Teoremaa: “tolferda  samkuTxedis  ferdebis  

kvadratebis  jami  fuZis  kvadratis  tolia“. 

  

 veTanxmebi  ar  veTanxmebi  

 

4. marTkuTxa  samkuTxedis  kaTetis  sigrZe  hipotenuzis  sigrZeze   

naklebia. 

  

 veTanxmebi  ar  veTanxmebi  

 

5. piTagoras  Teoremaa: “samkuTxedis  mcire  gverdebis  kvadratebis  

jami  udidesi  gverdis  kvadratis  tolia“. 

  

 veTanxmebi  ar  veTanxmebi  

 

6. piTagoras  Teoremaa: “marTkuTxa  samkuTxedis  kaTetebis  

kvadratebis  jami  hipotenuzis  kvadratis  tolia“   

  

 veTanxmebi  ar  veTanxmebi  

 

SevniSnoT,  rom  testze  muSaobisas  sru-
lad  dasaSvebia  saxelmZRvaneloSi „Caxedva“  
da  frazebis  uSualo  Sedarebac  ki  —  ase  
xom  Teoriis  kidev  erTxel  wakiTxva  xde-

ba.  safiqralia, rom am  amocanebis  amomxs-
neli  piTagoras  Teoremas daimaxsovrebs. 
gadavdivarT  meore  fazaze („faqtis  gaaz-
reba“):

— yovel dasmul SekiTxvasa Tu amoca-
nas axlavs ramdenime (ori, an meti) pasuxi, 
romelTagan mxolod erTia swori. es pasuxe-
bi panelis aqtiuri RilakebiTaa warmodge-

nili da moswavle Rilakis miniSnebiT afiq-
sirebs arCevans. magaliTad, SerCeuli Temis 
Sesabamisad, pirvel SekiTxvebad („faqtis 
codna“) SeiZleba SevTavazoT:
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erTxel  wakiTxva  xdeba.  safiqralia, romam  amocanebis  amomxsneli  piTagoras  

Teoremasdaimaxsovrebs. gadavdivarT  meore  fazaze („faqtis  gaazreba“): 

 

7. piTagoras  Teorema samarTliania  nebismieri  samkuTxedisTvis. 

  

 veTanxmebi  ar  veTanxmebi  

 

8. SesaZlebelia,  rom  romelime   marTkuTxa  samkuTxedisTvis  

piTagoras  Teorema  ar  Sesruldes. 

  

 veTanxmebi  ar  veTanxmebi  

 

9. piTagoras  Teorema  asec  SeiZleba  CamovayaliboT: “marTkuTxa 

samkuTxedis  mcire  gverdebis  kvadratebis  jami  udidesi  gverdis  

kvadratis  tolia“.   

  

 veTanxmebi  ar  veTanxmebi  

 

10. Tu  samkuTxedi  tolferdaa, maSin  udidesi  gverdis  kvadrati  ar  

SeiZleba  toli  iyos  mcire  gverdebis  kvadratisa. 

  

 veTanxmebi  ar  veTanxmebi  

 

11. piTagoras  Teoremaa: „Tu  samkuTxedis  romelime  gverdis  

kvadrati  danarCeni  gverdebis  kvadratebis  jamis  tolia,  maSin  es  

samkuTxedi  marTkuTxaa. 

  

 veTanxmebi  ar  veTanxmebi  

 

aseTi  saxis   testebiT  mowmdeba,  Tu  ram-
denad  kargad  gaiazra  moswavlem   axali  in-
formacia,  ramdenad  SeuZlia  misi  amocnoba  
sxva  sityvebiT  gadmocemis  SemTxvevaSic 
(ix. N9), ramdenad  Seqcevadia  am  faqtiT  mo-
cemuli  implikacia (ix. N11).  

gadavdivarT  mesame  fazaze („gamoyene-
ba“),  romelic,  Tematikidan   gamomdinare, 
SeiZleba  davyoT  sxvadasxva   sirTulis  
amocanebad.  magaliTad, Semdegi  sami amo-
cana  mzardi  sirTulis  mixedviTaa  dalage-
buli:
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12. marTkuTxa  samkuTxedis  kaTetebis  sigrZeebia  5 sm  da  12 sm.  

ipoveT hipotenuzis  sigrZe. 

a) 17 sm            b) 7 sm           g) 13 sm           d) √119 sm 

  

 a  b  g  d  

 

13. marTkuTxa  samkuTxedis  erT-erTi kaTeti   2 sm-iT  grZelia  meoreze 

da  2 sm-iT moklea  hipotenuzaze.ipoveT  umciresi  kaTetis   sigrZe. 

a) 8 sm            b) 6 sm           g) 5 sm           d) 10 sm 

  

 a  b  g  d  

 

14. marTkuTxedis   perimetri   56 sm-ia.  amasTanave,  erT-erTi  gverdi  

meoreze  4 sm-iT  moklea.  ipoveT  marTkuTxedis  diagonalis   sigrZe. 

a) 20 sm            b) 10 sm           g) 12 sm           d) 16 sm 

  

 a  b  g  d  

 

 

 

 

testirebis  dasasruls  programa  Sea-
tyobinebs  moswavles  miRweul  Sedegs,  ro-
melic  Semdeg   informacias  Seicavs (Tval-
saCinoebisTvis,  grafebi  Sevsebulia):

 

ramdenad  kargad  gaxsovT  Seswavlili  faqti: 85% 

 

ramdenad  kargad  gesmiT  am  faqtis  Sinaarsi: 60% 

 

ramdenad  kargad  iyenebT  axal  codnas: 55% 

 

 

 

moswavle  Sewyvets  mecadineobas,  an  xe-
laxla  miubrundeba  saxelmZRvanelos  imis  
mixedviT,  akmayofilebs, Tu  ara  miRebuli  
Sedegi.

testirebis  mimarT  pedagogebis  damo-
kidebuleba  araerTgvarovania; nawili  Tv-
lis,  rom  es  lamis  erTaderTi  qmediTi  di-
daqtikuri  saSualebaa,  mravalis  rwmeniT  
ki  SesaZlebelia  testis  pasuxis  gamocno-
ba da, amrigad, is  ar  SeiZleba  CaiTvalos  
swavlebis  saSualebad. SevTanxmdeT,  rom,  
swavla-swavlebis  procesi maRalzneobrivi  
procesia  da, Tu  moswavles  marTla  surs  

swavla,  is  Tavs  ar  moityuebs, Sesabamisad,  
Sedegis  gamocnobasac  ar  daiwyebs.  garda  
amisa,    testirebis  proceduras   ar  unda  
mivaniWoT  imaze  meti  funqcia,  vidre  is  
obieqturad  aris. 

msoflioSi  gavrcelebulia avtomobi-
lis marTvis  Seswavlis  msurvelTa  meca-
dineobisas  kompiuteruli  trenaJorebis  
gamoyeneba; aseve,  sportis  sxvadasxva  saxe-
obaSi  varjiSisas  sportsmenebi  iyeneben  
erTsa  da  imave  saSualebebs — sirbilsa  da  
trenaJorebs. calke  aRebuli  es  saSualebe-
bi  ar  warmoadgenen  warmatebis  garantias,  
magram,  varjiSis  kargad  gaazrebul  kom-
pleqsSi  maTi  gonivruli  CarTvisas,  didi  
daxmarebis  gaweva  SeuZliaT.  savaraudod, 
saswavlo  procesSi  testirebis  Sesafer-
isad  gamoyenebac  mniSvnelovan  sikeTes   
mogvitans. saWiroa  mxolod  xarisxiani  
miznobrivi testebis  Seqmna  da  aucilebe-
lia  amaSi  yvela  pedagogis  CarTva,  miuxe-
davad  imisa  skolaSi  moRvaweobs  igi,  Tu  
umaRles  saswavlebelSi. 

avtoris el. fostis misamarTi
iamebonia@gmail.com
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dawyebiTi ganaTlebis safexurze maTema-
tikis swavlebisas gamzadebuli codnis ga-
dacema ar mogvcems xarisxian, gaazrebul 
swavlebas. moswavleebs unda SeeZlos da-
moukideblad dafiqrebis, sakuTari cod-
nisa da gamocdilebaze dayrdnobiT axali 
sakiTxebis aRmoCena da damuSaveba. cxadia, 
moswavle Secdomebsac dauSvebs, dabrkole-
bebsac waawydeba, magram saboolod Seecde-
ba SeZlos logikuri msjelobis safuZvelze 
swori daskvnis gamotana. amiT Cven mivaRw-
evT moswavleTa kritikuli azrovnebis gan-
viTarebas, romlis daxmarebiTac xdeba ar-
sebuli faqtebis, hipoTezebis gaazreba da 
dasabuTebuli, argumentirebuli msjelo-
biT, yovelmxriv awonil-dawonili da gaaz-
rebuli daskvnis gamotana. Cveni mizania, 
rom moswavleebma ara mxolod daimaxsov-
ron mza faqtebi, aramed SeZlon problemis 
gadaWris ramdenime gzis moZieba da maT So-
ris optimaluri, racionaluri gzis arCeva. 
jon diui aRniSnavda, rom bavSvebis bunebriv 
cnobismoyvareobas ganviTareba sWirdeba: 
`bavSvi mxolod maSin iwyebs fiqrs, Tu Cven 

mas konkretul problemasTan SebrZolebis 
saSualebas vaZlevT da mas rTuli situaci-
idan gamosvlis Zieba uxdeba~ [1]. moswavles 
unda mivceT fiqris, gansjis da gansxvave-
buli interpretirebis saSualeba.

am mxriv dawyebiT klasebSi maTematikis 
Seswavlisas udidesi adgili uWiravs amo-
canebis amoxsnas. pirvelive klasidanve iwye-
ba teqstian amocanebze muSaoba. moswavlem 
dawyebiT klasebSive unda SeZlos gaarkvios 
amocanis teqstSi Semaval sidideebs Soris 
mimarTebani. Rrmad, Sinaarsianad gaiazros 
amocanis struqtura da SeZlos misi maTema-
tikuri formulireba; SeZlos erTi da igive 
amocanis amoxsnis sxvadasxva xerxiT in-
terpretacia. moswavlisadmi gadacemuli 
codna ar unda iyos mxolod informaciuli. 
swored am mxriv, mniSvnelovani roli maswav-
lebels akisria. maswavlebeli unda daexma-
ros moswavleebs, rom imuSaon amocanebze da 
iswavlon sakuTar aRmoCenebze dayrdnobiT. 

maswavlebelTa treningebze Sexvedrebsa 
da dawyebiTi ganaTlebis specialobis stu-
dentebTan xangrZlivi pedagogiuri moR-

m
e
T
o
d
i
k
a

amocanebis amoxsnis 
sxvadasxva xerxebi 

kritikuli azrovnebis 
ganviTarebisaTvis

manana deisaZe

akademiuri doqtori, 
akaki wereTlis 

saxelmwifo universitetis 
pedagogiuri fakultetis 

dekanis moadgile

vladimer adeiSvili

asocirebuli profesori, 
akaki wereTlis 

saxelmwifo universitetis 
pedagogiuri fakultetis 

dekani
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vaweobis dros gamoikveTa, rom studentTa 
umravlesobas, da zogierT maswavlebel-
sac uWirs erTidaigive amocanis sxvadasxva 
xerxiT interpretireba. ZiriTadad, amo-
canebs advilad xsnian algebruli xerxiT, 
Tumca, zogjer ufro saintereso ariTmeti-
kuli, geometriuli xerxebia. 

ganvixiloT ramdenime amocanis amoxsnis 
sxvadasxva xerxi.

amocana 1. mama 26 wlisaa, Svili 6 wlis. 
ramdeni wlis mere iqneba mama Svilze 
3-jer ufrosi?

algebruli xerxi: Zalian martivia am 
amocanis amoxsna cvladis SemoRebiT, anu 
algebruli xerxiT. vTqvaT, mama Svilze 
3-jer ufrosi iqneba x wlis Semdeg. x wlis 
Semdeg mama iqneba _ (26 + x) wlis, xolo Svi-
li ki _ (6 + x) wlis; Tu mama Svilze 3-jer 
ufrosi iqneba, vwerT gantolebas

26 + x = 3(6 + x)
26 + x = 18 + 3x
2x = 8
x = 4

e.i. 4 wlis Semdeg mama iqneba 26+4=30 wlis, 
xolo Svili 6+4=10 wlis. maSasadame, 30:10=3, 
e.i. mama Svilze 3-jer ufrosi iqneba 4 wlis 
Semdeg.

ganvixiloT am amocanis amoxsna ariTme-
tikuli xerxiT: Tu mama 3-jer ufrosi iqne-
ba Svilze, maSin maTi asakTa sxvaoba orjer 
meti iqneba Svilis asakze, magram es sxvaoba 
xom mudmivia _ 26−6=20. amitom Svilis asaki 
am momentSi iqneba 20:2=10 wlis, e.i. 10−6=4 
wlis Semdeg. 4 wlis Semdeg Svili iqneba _ 10 
wlis, mama _ 26+4=30 wlis. 30:10=3, e.i. 3-jer 
ufrosia mama Svilze.

Tu davukvirdebiT, ra Tqma unda, ariT-
metikuli xerxi ufro met dakvirvebas, msj-
elobasa da gaazrebas moiTxovs. moswavles 
unviTardebaT analitikuri azrovnebis 
unari. praqtikam aCvena, rom umravlesoba 
mainc standartul pirvel xerxs - algebrul 
xerxs amjobinebs. amitomacaa saWiro erTi 
da igive amocanis amoxsnisadmi sxvadasxva-
nairi midgomis unar-Cvevebi Camouyalibdes 
moswavles jer kidev dawyebiT klasebSive. 

kidev ufro sayuradReboa igive amocanis 
amoxsna geometriuli xerxiT: Svilis asaki 
gamovsaxoT raime monakveTiT, xolo mamis 
asaki ki 3 iseTive sigrZis anu 3-jer meti sig-
rZis monakveTiT, e.i

 

suraTidan Cans am or monakveTebs Soris 
sxvaobas _ 2 monakveTis sigrZe gamosaxavs 
mama-Svils Soris asakTa sxvaobas 20-s, e.i 
erTi monakveTis sigrZe aris 20:2=10. maSasa-
dame, Svilis asaki aris 10 weli, xolo mamis 
asaki 3-jer meti, anu 30 weli. magram ramdeni 

wlis Semdeg gaxdeba mama 30 wlis? 30−26=4 
wlis Semdeg.

amocana 2. anas unda eyida rveulebi. Tu 
is iyidis 6 rveuls, mas darCeba 20 TeTri, 
xolo Tu is iyidis 8 rveuls, dakldeba 60 
TeTri. ra Rirs erTi rveuli?

algebruli xerxi: vTqvaT erTi rveuli 
Rirs x TeTri, maSin 6 rveuls dasWirdeboda 
6x TeTri, da radganc 20 TeTri morCa anas, 
e.i. anas hqonia (6x + 20) TeTri. 8 rveuli eRi-
reba 8x TeTri, magram radganac anas 60 Te-
Tri daaklda, e.i. anas hqonda (8x − 60) TeTri. 
amocanis pirobis Tanaxmad, vwerT:

6x + 20 = 8x − 60
2x = 80
x = 40

e.i. erTi rveuli Rirs 40 TeTri.
ariTmetikuli xerxi: ufro sainteresoa 

am amocanis amoxsna, Tu vimsjelebT ase: ana 
Tu 6 rveuls iyidis, mas 20 TeTri darCeba, 
magram 8 rveulisaTvis Tu daakldeba 60 Te-
Tri, e.i kidev 2 rveulis SesaZenad akldeba 
60 TeTri, e.i. morCenili 20 TeTri + 60 Te-
Tri (rac daaklda) = 80 TeTri yidulobs 2 
rveuls, anu 1 rveuli Rirs 20 TeTri. 

Zalian mniSvnelovania maTematikuri re-
busebis swavlebis roli maTematikuri az-
rovnebis ganviTarebisaTvis. maTematikuri 
rebusebi logikuri amocanebis kerZo SemTx-
vevaa [2].

amocana 3 [3]. ra cifrebi weria mocemu-
li asoebis nacvlad, Tu erTnairi asoebiT 
erTnairi cifrebia aRniSnuli da gansx-
vavebuli asoebiT gansxvavebuli cifrebi:

A + A + A + A + B = BA

aseTi maTematikuri davalebebis Ses-
rulebis dros xSirad cdiloben mosinjon 
yvela cifri yovelgvari fiqris gareSe da 
Seasrulon ariTmetikuli manipulaciebi. 
aba vnaxoT, movsinjoT A-s da B-s nacvlad 
yvela cifris CasmiT ramdeni SemTxveva iqne-
ba da SevZlebT ki mokle droSi yvela Sesa-
Zlo SemTxvevis amowurvas? 

am xerxiT amocanis amoxsna arc saintere-
soa da arc faqtiurad SesaZlebebli. ami-
tomac mivceT moswavleebs fiqris, msjelo-
bis saSualeba. daviwyoT ase:

A da B asoebis nacvlad unda Caisvas rome-
lime cifri: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. yvelaze 
didi erTniSna ricxvic 9-c rom CavsvaT A da 
B-s nacvlad (Tumca es ar SeiZleba, radgan 
A-s da B-s gansxvavebuli cifrebi Seesabam-
eba), gveqneba:

 9 + 9 + 9 + 9 = 36

e. i. yvelaze didi mniSvneloba rac SeiZleba 
miiRos BA ricxvma, naklebia 36-ze, maS, BA 
ricxvis aTeulebis gamomsaxveli cifris, 
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B-s SesaZlo mniSvnelobebia: 1, 2, 3. anu BA 
ricxvi SeiZleba iyos am tipis: 

1A,  2A,  3A 
e.i.

1) A + A + A + 1 = 1A
2) A + A + A + 2 = 2A
3) A + A + A + 3 = 3A

ganvixiloT TiToeuli SemTxveva cal-
calke. pirvel SemTxvevaSi, Tu A-s nacvlad 
CavsvamT kenti cifrebidan: 1, 3, 5, 7, 9 rome-

limes, maSin A + A + A + 1 = 1A SeuZlebelia Ses-

ruldes, radgan A + A + A _ kenti+kenti+kenti 
kvlav kenti iqneba da +1 gaxdeba luwi. magram 
1A xom kentia, radgan A-s nacvlad kenti ci-
fri CavsviT. analogiuri msjelobiT vnaxoT 
ra moxdeba luwi cifrebis Casmis Sedegad. 
A+A+A _ luwi+luwi+luwi kvlav luwi iqne-
ba da +1 gaxdeba kenti, magram 1A xom luwia. 
e.i. ar gamogvadgeba arc erTi luwi cifri. 
amrigad, pirveli SemTxveva gamoiricxa. 
analogiuri msjelobiT gamoiricxeba 3) Sem-
Txvevac. 

axla dagvrCa ganvixiloT 2) SemTxveva.

A + A + A + 2 = 2A
 
ra cifri SeiZleba Caisvas A-s nacvlad?
2A Canaweri niSnavs rom igi orniSna ricx-

via da Seicavs 2 aTeuls, e.i. es ricxvi Sei-
Zleba iyos `ocda....~. amitomac A-s nacvlad 
cxadia ver CavsvamT 1, 2, 3 ,4, 5, imitom rom am 
ricxvebidan arc erTi 3-jer Sesakrebad aRe-
buli da +2 ar mogvcems 2 aTeuls. e. i dagvr-
Ca SevamowmoT 6, 7, 8, 9. es arafer did fiqrsa 
da gansjas ar moiTxovs.

6 + 6 + 6 + 2 ≠ 26
7 + 7 + 7 + 2 ≠ 27
8 + 8 + 8 + 2 ≠ 28
9 + 9 + 9 + 2 = 29

e.i. A = 9, B = 2.

amocana 4. gaSifreT, ra cifrebi Sei-
Zleba eweros Sesabamis figurebis qveS, Tu 
erTnairi figurebis qveS erTnairi cifre-
bi weria, xolo sxvadasxva figurebis qveS 
sxvadasxva cifrebi.

 

=

aqac, Tu yvela cifrs movsinjavT, amoca-
na ar iqneba saintereso. davukvirdeT marcx-
ena mxares _ orniSna ricxvis axarisxebisas 

gveZleva samniSna ricxvi _ 
 

=

2

2 . cxadia, ∆ 
2-ze meti ver iqneba, radgan 2-ze met xarisx-
Si axarisxebisas orniSna ricxvi (Tundac 10) 
samniSna ricxvs ver mogvcems. e.i SeiZleba 
iyos 0, 1, 2.

ver iqneba 0, radgan 0-iT ricxvi ver dai-
wyeba. arc 1 iqneba, radgan orniSna ricxvi 
1 xarisxSi, kvlav orniSnaa. e.i. dagvrCa = 2 
gveqneba

 

=

2

2

e.i. orniSna ricxvi kvadratSi, anu orniSna 
ricxvis TavisTavze namravli bolovdeba 
imave cifriT, razec mocemuli orniSna 
ricxvi. aseTi orniSna ricxvis bolo ci-
fri SeiZleba iyos 0,1,5,6. axla ukve advilia 
Semowmeba:

202 = 400, 212 = 441, 252 = 625, 262 = 676 

advili SesamCnevia, rom 
 

 = 2,   = 6,   = 7. e.i. 
262 = 676.

msgavsi tipis amocanebis aseTi msjelo-
biT amoxsna aCvevs moswavles fiqrs, azrTa 
Sejerebas da sakuTari aRmoCenebis safuZ-
velze argumentirebuli msjelobis Cat-
arebis Sedegad daskvnebis gamotanas. 

amocanebis amoxsnis sxvadasxva xerxiT in-
terpretacia xels uwyobs moswavlis maTema-
tikuri unar-Cvevebis Camoyalibebas, swori, 
logikuri, kritikuli azrovnebis ganviTa-
rebas. moswavlisaTvis romelime sakiTxze 
muSaoba udides mniSvnelobas iZens maSin, 
roca is logikuri miznisken aris mimar-
Tuli, roca moswavles SeuZlia ganixilos 
mizezebi da warmoadginos amocanis amoxsnis 
gzebi da SeZlos maTgan optimaluri gzis 
arCeva.
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1. saazrovno unarebis ganviTarebis efeq-
tiani strategiebi. maswavlebelTa profe-
siuli ganviTarebis erovnuli centris sa-
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3. Thomas Sonnabend-Mathematics for elemen-
tary Teachers, Copyright 1993 by Saunders College 
Publishing. p.119
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amocana 1

amocana 2

1

k
k ii

s x
=

=∑

1

1 | ( 1) | .
n

i n
i

E n x s
n=

= + −∑

1

1[( 1) ( 1)( ) ( ) ]

1 [2( 1) (2 1)].

n

n n n
i

n

E n s s n s s n s
n

n s s
n

α α

α

α α

α

=

= + − − + − + −

= + − +

∑

1 [(2 2) ( )(2 1)]E n s s n
n α α α α≤ + − + − +

21 1[(2 2 1) ( )(2 1)] ( 4 4 ).E n n n n
n n

α α α α α α≤ − + − − + = − + +

24 1 1max 4 1
2 2

n nE
n

+ +   = − + +      

amocana 1.

x1, x2,..., xn(n ≥ 2) ricxvebi Rebuloben 

mniSvnelobebs [–1, 1] segmentidan. ipoveT

2 1 1
1

n n
n

x x x xE x x
n n

−+ ⋅⋅⋅ + + ⋅⋅⋅ +
= − + ⋅⋅⋅+ −

gamosaxulebis udidesi mniSvneloba

amocana 2.

aageT ori perioduli f da g funqcia, romelTac 

gaaCniaT Tviseba: f funqciis nebismieri T1 periodis 

da g funqciis nebismieri T2  periodis  fardoba 

iracionaluri ricxvia da a) f + g periodulia;

b) f + g ar aris perioduli.
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amocana 3
amocana 3.

beqa ambobs, rom luka uaryofs, rom nino amtkicebs, rom 

Tea ityueba. dauSvaT, rom TiToeuli ambobs simarTles 

albaTobiT 
1
3

 erTmaneTisagan damoukideblad. ras 

udris albaToba imisa, rom Tea ambobs simarTles.

2 2; ,
( )

0; ,
b c b c x a b c W

f x
x W

α β γ− − − + = + + ∈
= 

∉

2 2; ,
( )

0; .
a c a c x a b c W

g x
x W

α β γ + + − = + + ∈
= 

∉

rα \{0}r Q∈ f
s \{0}s Q∈ g

T
( ) ( )f T fβ β+ = ( ) 2f β = − T Wβ + ∈

T W∈ T r s tα β γ= + + , ,r s t Q∈
( ) (0)f T f= 2 2 0s t s t− − − + = ( )(1 ) 0s t s t+ + − =

1 0s t+ − ≠ 1 0s t+ − = (1 )T r s sα β γ= + + + ( ) ( )f x T f x+ =
x γ= − 2 2 1 1s s s s− − + + = + 1s = − T rα β= −

( ) ( )f x T f x+ = x β= ( ) ( )f r fα β= 0 1 1= − −

1 0s t+ − ≠ 0s t+ =

T r s sα β γ= + − 0s = ( ) ( )f T fβ β+ = x γ=

2 21 ( 1) 1 1s s s s− + − − + − = − +

0s =
sβ \{0}s Q∈ g f

g h f g= +

2 2; ,
( )

0; .
a b a b x a b c W

h x
x W

α β γ − + − = + + ∈
= 

∉

h
tγ \{0}t Q∈

( ) sinf x x= ( ) [ ],g x x x x R= − ∈ f g
2π 1 f g

h f g= + T

sin [ ] 0, sin( ) [ ] 0T T T T T T+ − = − − − − =

( [ ]) ( [ ]) 0T T T T− + − − = [ ] 0T T− =
sin 0T =
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2 2 2 2 16 2 2 2 1 8 1 1 1 1 1(0000) , (0001) ,..., (1111) .
3 3 3 3 81 3 3 3 3 81 3 3 3 3 81

P P P= ⋅ ⋅ ⋅ = = ⋅ ⋅ ⋅ = = ⋅ ⋅ ⋅ =

( ) 1 1 1 1 1 2 2 1 2 2 1 1 2 1 2 1 1 4 4 4 13
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 81 81 81 81 81

P C A = ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ = + + + =∩

2 2 2 2 2 2 1 1 2 1 2 1 2 1 1 2 1 2 2 1 1 2 1 2 1 1 2 2 1 1 1 1
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ =

16 4 4 4 4 4 4 1 41.
81 81 81 81 81 81 81 81 81

+ + + + + + + =

( ) 13 / 81 13
( ) 41/ 81 41

P C A
P A
∩

= =
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{ }1,2m∈ 223n m− > n
2m > { }2 223 1,2,3,4n m− ∉ m n

{ }2 223 1,2,3,4n m− ∈ { }2 (mod 23) 19,20,21,22m ∈

{ }2 (mod 23) 0,1,2,3,4,6,8,9,12,13,16,18m ∈

2 223 5n m− ≥ 2

41
m

>

2
2 2 2 2

2

4 223 5 4 1 4n m m m m
m m

 ≥ + = + + > + + = + 
 

223n m
m

− >

O R OA


OP


ϕ

( ) ( ) ( ) ( ) ( )( )2 2, , 2 , , 2 ,PA OP OA OP OA OP OP OP OA OA OA R OP OA= − − = − + = −
           

( )( ) ( )( )2 2 2 22 , , 2 ,PB R OP OB PC R OP OC= − = −
   

( )2 2 2 2 26 2 , 6PA PB PC R OP OA OB OC R+ + = − + + =
   

( )( ) ( )( )
( ) ( )

4 2 2 2 2

24 2

2 , 2 ,

4 2 , , .

PA PA PA R OP OA R OP OA

R R OP OA OP OA

= ⋅ = − ⋅ −

 = − +  

   

   

4PB 4PC

( ) ( ) ( ) ( )2 2 24 4 4 4 2

4 2 2 2 2 4

12 8 , , , ,

12 4 [cos cos (2 / 3 ) cos (2 / 3 )] 18 .

PA PB PC R R OP OA OB OC OP OA OP OB OP OC

R R Rϕ π ϕ π ϕ

+ + = − + + + + +

= + + + + − =

         

amocana 4

amocana 5

amocana 4.

vTqvaT m da n naturaluri ricxvebia, amasTanave, 

23 0n m− > . aCveneT, rom 
223n m
m

− > .

amocana 5.

wrewirSi Caxazulia ABC wesieri samkuTxedi.  P 

wertili mdebareobs wrewirze. aCveneT, rom sidide 

PA4 + PB4 + PC4 araa damokidebuli P wertilis 

mdebareobaze.
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( ), ( )n na b ( )nc

1 1 11, 2, 4a b c= = =

na

{ }1 1 1 1 1 1,..., , ,..., , ,...,n n na a b b c c− − −

nb

{ }1 1 1 1 1 1,..., , , ,..., , ,...,n n n na a a b b c c− − −

2n n nc b n a= + −

n

0 (1 3) 2nn b< + − <

( )22 2 2( ( ( 2) 2) 2) 2x⋅ ⋅ ⋅ − − − − ⋅⋅⋅−
2x

n

{ } { }: 1, 2,...., 1, 2,....,n nσ →

1
( ) | ( ) |

n

i
S i iσ σ

=

= −∑

1 2, ,..., na a a
  

1 2 nc a a a= ⋅⋅⋅
   

  

| | 2c ≤


1 2... nPP P 4n ≥

p
13 2 2

2 2
d n nn
p

+   − < < −      
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saerTaSoriso olimpiadebi 
saskolo maTematikaSi

2013 wlis saerTaSoriso olimpiada saskolo maTematikaSi Catarda kolumbiis qalaq san-
ta-martaSi ivlisis TveSi. asparezobaSi monawile gundebi 6-6 moswavlisagan Sedgeboda. 
saqarTvelos nakrebs warmoadgendnen: gela maRalTaZe (Tbilisis komarovis skola-pansio-
nis XII klaseli); akaki margvelaSvili (quTaisis fizika-maTematikis skolis XII klaseli); 
giorgi svanaZe (Tbilisis komarovis skola-pansionis XI klaseli);zaur meSveliani (Tbili-
sis komarovis skola-pansionis X klaseli);  Tornike manZulaSvili (Tbilisis ilia vekuas 
saxelobis fizika-maTematikis skolis XII klaseli) da amiran melia (Tbilisis komarovis 
skola-pansionis XI klaseli).  
saqarTvelos olimpiuri nakrebis formireba moxda oTxi SesarCevi turis Sedegebis  safuZ-
velze. SesarCev werebs administrirebas uwevda SoTa rusTavelis saxelobis erovnuli sa-
mecniero fondi. mkacrad reglamentirebul 4-turian   weriTi gamocdebSi monawileobis 
ufleba ki moipoves respublikuri saskolo maTematikuri olimpiadis daskvniTi turis 
Sedegebze dayrdnobiT gamovlenilma 18–ma saukeTeso  moswavlem. maT Soris iyo aTi meTer-
Tmete–meTormete klaseli, xuTi meaTe da sami mecxre klaseli. SesarCevi werebis safuZ-
velze dakompleqtda 6-moswavliani nakrebi.
erovnuli olimpiuri nakrebis dakompleqtebis Semdeg erTTviani sawvrTneli Sekreba 
Catarda komarovis skolaSi yoveldRiuri 6-saaTiani mecadineobebiT. bolo etapze ki 
erovnulma samecniero fondma uzrunvelyo nakrebis wevrebis erTkviriani wvrTnebi baku-
rianSi, sadac moswavleebs utardebodaT satreningo werebi saerTaSoriso olimpiadebis 
pirobebis gaTvaliswinebiT.
gundis liderisa da Tanalideris garda moswavleTa momzadebaSi aseve monawileobdnen ga-
mocdili yofili olimpielebi: giorgi arabiZe, nika maWavariani da leri bancuri.
saerTaSoriso olimpiadas xelmZRvanelobs Jiuri, romlis wevrebi arian qveynebis warmo-
madgenlebi. Jiuris Sekreba Catarda  kolumbiis q. barankiliaSi, sadac Jiuris sxdomebze 
ramdenime aTeuli amocanidan (short list) SeirCa 6 amocana, romlebic gadanawilda 3–3 amoca-
nad da miecaT moswavleebs or turad, zedized or dRes. sagangebod unda aRiniSnos, rom 
SerCevis kandidat amocanaTa Soris (short list) moxvda Tsu zust da sabunebismetyvelo mec-
nierebaTa fakultetis magistrantis giorgi arabiZis mier Sedgenili geometriuli amo-
cana.
xangrZlivi da damRleli mgzavrobis Semdeg nakrebi gundi kolumbiis qalaq santa–martaSi 
Cavida 21 ivliss. gamocdebi  Catarda 23 da 24 ivliss. Semdeg dReebSi ki Jiuris wevrebma 
koordinatorebTan erTad moaxdines nawerebis Sefaseba da qulebis Sejameba. Sedegad Cven-
ma eqvsive  moswavlem jildo daimsaxura: akaki margvelaSvilma da giorgi svanaZem daimsax-
ures brinjaos medlebi, xolo gela maRalTaZem, Tornike manZulaSvilma, zaur meSvelianma 
da amiran meliam daimsaxures sapatio sigelebi. vusurvoT Cvens norC olimpielebs Semd-
gomi warmatebebi.
qvemoT moviyvanT im amocanebs, romlebic miecaT moswavleebs werebze:

giorgi WeliZe

asistent profesori iv. 
javaxiSvilis saxelobis Tbilisis 

saxelmwifo universitetis zust da 
sabunebismetyvelo mecnierebaTa 

fakulteti

givi nadibaiZe

asistent-profesori iv. 
javaxiSvilis saxelobis Tbilisis 

saxelmwifo universitetis zust da 
sabunebismetyvelo mecnierebaTa 

fakulteti
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amocana 1. daamtkiceT, rom yoveli (k, n) wyvilisTvis, sadac k da n mTeli dadebiTi ricx-
vebia, arsebobs k cali (ara aucileblad gansxvavebuli) mTeli dadebiTi ricxvi m1, m2,…,mk 
iseTi, rom 

1 2

2 1 1 1 11 1 1 1
k

kn m m m
   −

+ = + + +   
    


.

amoxsna. winadadeba davamtkicoT maTematikuri induqciis meTodiT k-s mimarT. roca k 
= 1 maSin winadadeba trivialuria. davuSvaT winadadeba marTebulia k = j – 1-Tvis da davamt-
kicoT k = j-Tvis. ganvixiloT ori SemTxveva, roca n kentia da roca n luwia.
1. vTqvaT n = 2t – 1 raime mTeli dadebiTi t-Tvis.

maSin 
1 12 1 2 1 2( 2 1) 2 2 1 11 1 1 1

2 1 2 2 1 2 1

j j j jt t
n t t t t t

− − − − + − −  + = + = ⋅ = + +  − − −  
.

induqciis daSvebis Tanaxmad arsebobs iseTi mTeli dadebiTi m1, m2,…,mj−1, rom 

1

1 2 1

2 1 1 1 11 1 1 1
j

jt m m m

−

−

   −
+ = + + +         



da amrigad, Tu mj = 2t − 1, vRebulobT sasurvel warmodgenas k = j-Tvis.
2. vTqvaT n = 2t raime mTeli dadebiTi t-Tvis.
gvaqvs

12 1 2 1 2 2 1 2 2 2 1 2 11 1 1 1
2 2 2 2 2 2 2 2

j j j j j

j j

t t
n t t t t t

− − − + − + − − + = + = ⋅ = + +  + − + −  

da Tu mj–is rolSi aviRebT 2t + 2j − 2 da kvlav gamoviyenebT induqciis daSvebas miviRebT 
sasurvel warmodgenas. risi damtkicebac gvindoda.

amocana 2. vuwodoT kolumbiuri konfiguracia sibrtyeze mdebare 4027 wertils, Tu 
arc erTi sami wertili erT wrfeze ar mdebareobs da amasTan, 2013 cali wertili aris wi-
Teli feris, xolo danarCeni 2014 cali wertili aris lurji feris. ganvixiloT wrfeTa 
ojaxi, romelic sibrtyes ramodenime ared hyofs. mocemuli kolumbiuri konfiguraciisT-
vis wrfeTa am ojaxs vuwodoT kargi, Tu sruldeba Semdegi ori piroba:

 arcerTi wrfe ar gadis konfiguraciis arcerT wertilze;
 sibrtyis arcerTi are ar Seicavs orive feris wertils.

ipoveT umciresi k iseTi, rom 4027 wertilis nebismieri kolumbiuri konfiguraciisTvis 
moiZebneba k cali wrfisgan Sedgenili kargi ojaxi. 

amoxsna. pasuxi: k = 2013.
jer moviyvanoT magaliTi, romelic gviCvenebs, rom k aucileblad metia an tolia 2013-

ze. amisTvis davyoT wrewiri 4026 wertiliT 4026 tol rkalad, ise, rom TiToeuli rkalis 
boloebi iyos sxvadasxva feris wertilebi, xolo darCenili erTi cali lurji feris wer-
tili aviRoT sibrtyeze nebismier adgilas. Tu sibrtyeze gvaqvs k wrfisgan Seqmnili kargi 
ojaxi, maSin yovel rkals aucileblad unda kveTdes erTi wrfe mainc. da radganac yovel 
wrfes maqsimum ori saerTo wertili SeiZleba hqondes wrewirTan amitom unda gvqondes 2k 
≥ 4026, anu k ≥ 2013.

axla vaCvenoT, rom 4027 wertilis nebismieri kolumbiuri konfiguraciisTvis moiZebne-
ba 2013 wrfisgan Semdgari wrfeTa kargi ojaxi. amisTvis gamoviyenoT Semdegi trivialuri 

lema. yoveli ori A da B wertilisaTvis arsebobs ori paraleluri wrfe, romlebic gami-
jnaven am or wertils danarCeni wertilebisgan.

damtkiceba. gavavloT wrfe A da B wertilebze. amocanis pirobis Tanaxmad, danarCeni 
4025 wertilidan arcerTi wertili am wrfeze ar mdebareobs, anu manZilebi am wertilebi-
dan AB wrfemde dadebiTi ricxvebia. vTqvaT d aris umciresi am manZilTa Soris. cxadia, rom, 
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Tu ganvixilavT AB wrfis paralelur da misgan d/2-iT daSorebul or wrfes, maSin am wrfeTa 
Soris iqneba moqceuli mxolod A da B wertilebi. lema damtkicebulia.

axla ganvixiloT mocemul wertilTa amozneqili garsi P, anu umciresi amozneqili sim-
ravle, romelic mocemul 4027 wertils Seicavs. SesaZlebelia ori SemTxveva:

1. vTqvaT P-s aqvs wiTeli feris wvero A. maSin cxadia, rom erTi wrfis saSualebiT gavmi-
jnavT am A wveros danarCeni wertilebisgan. gamijnul wertilebSi axla ukve 2012 cali 
wiTeli feris wertilia. davawyviloT isini or-orad 1006 cal wyvilad da TiToeuli 
wyvilisTvis gamoviyenoT lema, anu TiToeuli wyvili ori wrfiT gavmijnoT danarCeni 4025 
wertilisgan. amrigad, sul gveqneba 1+2∙1006=2013 wrfe.

2. vTqvaT, axla P-s ara aqvs wiTeli feris wvero, anu misi yvela wvero lurjia. ganvixi-
loT P-s ori mezobeli lurji A da B wvero. cxadia, rom AB-s paraleluri wrfiT SeiZleba 
A-s da B-s gamijvna danarCeni wertilebisgan. gamijnul wertilebSi ukve 2012 cali lurji 
wertilia, romlebsac isev, rogorc wina SemTxvevaSi, gavmijnavT danarCeni 4025 wertilis-
gan 2012 wrfiT. anu am SemTxvevaSic 2013 wrfe sakmarisia. risi damtkicebac gvindoda.

amocana 3. vTqvaT ABC samkuTxedSi A wveros mopirdapire gareCaxazuli wrewiri exeba BC 
gverds A1 wertilSi. analogiurad ganvsazRvroT B1 wertili CA gverdze da C1 wertili AB 
gverdze, Sesabamisad B da C wveros mopirdapire gareCaxazuli wrewirebis saSualebiT. da-
vuSvaT, rom A1B1C1 samkuTxedze Semoxazuli wrewiris centri devs ABC samkuTxedze Semoxa-
zul wrewirze. daamtkiceT, rom ABC marTkuTxa samkuTxedia.

ABC samkuTxedSi, A wveros mopirdapire gareCaxazuli wrewiri ewodeba iseT wrewirs, 
romelic exeba BC gverds da aseve exeba AB da AC gverdebis gagrZelebebs. B da C wveros 
mopirdapire gareCaxazuli wrewirebi ganisazRvreba analogiurad.

amoxsna. vTqvaT A0, B0 da C0 Sesabamisad CAB, ABC da BCA rkalebis Suawertilebia.
lema. A0B1=A0C1. amasTan A, A0, B1 da C1 wertilebi cikluria, xolo A da A0 wertilebi mde-

bareoben B1C1 wrfis erT mxares. analogiuri debulebebi sruldeba B0 da C0 wertilebisT-
visac.
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damtkiceba. Tu A = A0, maSin ABC samkuTxedi tolferdaa da amitom cxadia, rom AB1 = AC1. 
lemis danarCeni debulebebi ki trivialuria. amitom vigulisxmoT, rom A ≠ A0. davamtki-
coT, rom ΔA0C1B = ΔA0B1C. A0-is gansazRvrebidan gamomdinare A0B = A0C. advili saCvenebelia, 
rom BC1 = CB1. marTlac, ganvixiloT C wveros mopirdapire gareCaxazuli wrewiri. radganac 
erTi wertilidan wrewirisadmi gavlebuli mxebebi tolia, gvaqvs toloba CB+BC1=CA+AC1. 
amrigad, 2(CB+BC1) = CB+BC1+CA+AC1 = CB+AB+CA = 2p da amitom BC1 = p−BC. analogiurad vRe-
bulobT, rom CB1 = p−BC, e.i. BC1 = CB1. aseve gvaqvs ∠C1BA0 = ∠ABA0 = ∠ACA0 = ∠B1CA0 da amrigad 
ΔA0C1B = ΔA0B1C, e.i. davamtkiceT toloba A0B1 = A0C1. SevniSnoT, rom ∠AC1A0 = ∠AB1A0, radganac 
isini tol ∠A0C1B da ∠A0B1C kuTxeebs avseben ∠180°-mde. amrigad, vaCveneT, rom AA0B1C1 marT-
lac cikluri oTxkuTxedia AA0 da B1C1 mopirdapire gverdebiT. lema damtkicebulia.

vinaidan ∠A1B1C1 samkuTxedze Semoxazuli Γ wrewiris Q centri devs ABC samkuTxedze 
Semoxazul wrewirze, amitom cxadia, rom A1, B1 da C1 wertilebi devs Γ-s naxevari rkalis 
SigniT, e.i. ∠A1B1C1 samkuTxedi blagvkuTxaa. zogadobis SeuzRudavad vigulisxmoT, rom B1 
kuTxe aris blagvi.

amrigad, Q da B0 devs A1C1 wrfis sxvadasxva mxares, aseve B da B1-ic devs A1C1 wrfis sx-
vadasxva mxares da e.i. B da Q devs A1C1 wrfis erT mxares. lemis gamo B da B0-ic A1C1 wrfis erT 
mxaresaa da amitom Q da B0 wertilebi arian A1C1 wrfis erT mxares. iseve lemis gamo B0C1 = B0A1 
da amrigad vRebulobT, rom B0 da Q wertilebi erTmaneTs emTxveva. igive lemis Tanaxmad 
QA0 da QC0 Sesabamisad B1C1 da A1B1 monakveTebis SuamarTobebia. amitom 

1 0 1 1 0 1 1 0 1 0 0 1 1 0 0 0 0 02 2 2 180C B A C B B B B A A B B B B C A B C ABC°∠ = ∠ + ∠ = ∠ + ∠ = ∠ = − ∠ .

meores mxriv, lemis meore nawilis Tanaxmad ∠C1B0 A1 = ∠C1BA1 = ∠ABC da vRebulobT, rom 
∠ABC = 180° − ∠ABC , e.i. ∠ABC = 90°. risi damtkicebac gvindoda.

amocana 4. mocemulia maxvilkuTxa samkuTxedi ABC, romlis orTocentria HH. vTqvaT W 
aris BC gverdis Siga wertili, xolo M da N Sesabamisad B da C wverodan daSvebuli simaR-
leebis fuZeebia. vTqvaT, ω1 aris BWN samkuTxedze Semoxazuli wrewiri, xolo X iseTi wer-
tilia ω1-ze, rom WX aris ω1-is diametri. analogiurad, vTqvaT ω2 aris CWM samkuTxedze 
Semoxazuli wrewiri da Y iseTi wertilia ω2-ze, rom WY aris ω2-is diametri.

daamtkiceT, rom X, Y da H erT wrfeze mdebareobs.
amoxsna. vTqvaT Z aris ω1 da ω2 wrewirebis gadakveTis wertili gansxvavebuli W-sgan. 

vaCvenoT, rom X, Y, Z da H erT wrfeze mdebareobs.
vinaidan ∠BNC = ∠BMC = 90°, amitom B, C, N da M wertilebi mdebareoben erT wrewirze, 

aRvniSnoT igi ω3-iT. SevniSnoT, rom WZ aris ω1 da ω2 wrewirebis radikaluri RerZi. analo-
giurad, BN aris ω1 da ω3-is, xolo CM – ω2 da ω3-is radikaluri RerZebi. amrigad A = BN ∩ 
CM aris ω1, ω2 da ω3 wrewirebis radikaluri centri, rac niSnavs imas, rom WZ wrfe gadis A 
wertilze.

radganac WX da WY warmoadgenen Sesabamisad ω1 da ω2 wrewirebis diametrebs, amitom 
∠WZX = ∠WZY = 90°, rac niSnavs imas, rom X da Y devs wrfeze romelic gadis Z wertilze da 
WZ-is marTobulia.



105

vTqvaT L aris A wverodan daSvebuli simaRlis fuZe. cxadia, rom BNHL oTxkuTxedi BNMC 

cikluria, amitom gvaqvs AL∙AH = AB∙AN = AW∙AZ da e.i. toloba AZ AL
AH AW

= .

Tu, H wertili devs AW wrfeze, maSin igi aucileblad emTxveva Z wertils da amrigad vRe-

bulobT dasamtkicebel debulebas. Tu H ar devs AW-ze, maSin gvaqvs samkuTxedebi AHZ da 

ALW, romlebic msgavsi samkuTxedebia, radganac maT kuTxe ∠HAZ saerTo aqvT da amasTan 

sruldeba toloba 
AZ AL
AH AW

= . amrigad, ∠HZA = ∠WLA = 90° rac niSnavs imas, rom H wertili 

aseve devs XYZ wrfeze. risi damtkicebac gvindoda.

amocana 5. vTqvaT, 0>Q  aris yvela dadebiT racionalur ricxvTa simravle. vTqvaT 

0:f > →Q R  funqcia akmayofilebs Semdeg pirobebs:
(i) yoveli x, y ∉ 0>Q  sruldeba utoloba f (x)f (y) ≥ f (xy);
(ii) yoveli x, y ∉ 0>Q  sruldeba utoloba f (x + y) ≥ f (x) + f (y);
(iii) arsebobs racionaluri ricxvi a > 1 iseTi, rom f (a) = a.
daamtkiceT, rom f (x) = x yoveli x ∉ 0>Q .
amosxna. damtkiceba ganvaxorcieloT ramdenime etapad.
1. f (1) ≥ 1. 

marTlac,  f (1) f (a) ≥ f (a)⇒ f (1)a ≥ a ⇒ f (1) ≥ 1.
2. yoveli x ⇒ 0>Q , f (x) > 0 da yoveli mTeli dadebiTi m-Tvis f (m) ≥ m.

marTlac, Tu m mTeli dadebiTi ricxvia, maSin (ii)-is gamo

f (m) = f (1+1+...+1) ≥ mf (1) ⇒ f (m) ≥ m.

amitom, Tu 
mx
n

= , sadac m da n mTeli dadebiTi ricxvebia, 

f (m/n) f (n) ≥ f (m) ⇒ f (m/n) > 0.

3. Tu x > y maSin f (x) > f (y). 
marTlac, f (x) ≥ f (x−y) + f (y) > f (y).

4. Tu x ≥ 1, maSin f (x) ≥ x.
Tu x = 1 maSin 1-is gamo f (1) ≥ 1. vTqvaT axla x > 1 da davuSvaT winaaRmdegoba, anu davuSvaT 

f (x) < x. maSin arseboben mTeli dadebiTi ricxvebi n da m, rom f n(x) < m < xn. marTlac, 2-is gamo

xn – f n (x) = (x−f(x) )(x(n−1) + x(n−2) f(x) + ... + f (n−1) (x)) ≥ (x−f(x)) x(n−1)

da n aviRoT iseTi didi, rom (x−f(x)) x(n−1) > 1. es niSnavs, rom (f n(x), xn) intervalSi moxvdeba ra-
Rac mTeli ricxvi m, anu marTebulia utolobaTa jaWvi f n(x) < m < xn. es ki winaaRmdegobaa, 
radganac zrdadobidan da 2-dan gvaqvs f (xn) > f (m) ≥ m > f n(x) ≥ f (xn).

5. f (an) = an.
marTlac, (i)-is da 4-is gamo an = f n(a) ≥ f (an) ≥ an.
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6. Tu x ≥ 1, maSin f (x) = x.
marTlac, aviRoT mTeli dadebiTi ricxvi m iseTi didi, rom am−x > 1. maSin 4-is, 5-is da (ii)-is 
gamo gveqneba am = f (am) ≥ f (am−x) + f (x) ≥ am−x + f (x), anu f (x) ≤ x da kvlav 4-is gaTvaliswinebiT 
vRebulobT f (x) = x.

7. yoveli x ∉ 0>Q , f (x) = x. marTlac, Tu 
mx
n

= , sadac m da n mTeli dadebiTi ricxvebia, maSin

( ) ( ) ( ) ( )m mm f m f x x x nf f n f f m m
n n

   = = + +…+ ≥ = ≥ =   
   

anu 
m m mnf m f
n n n

   = ⇒ =   
   

. r.d.g.

amocana 6. vTqvaT n ≥ 3 aris mTeli ricxvi. ganvixiloT wrewiri da masze ganlagebuli 
n + 1 cali wertili, romelic am wrewirs toli sigrZis rkalebad hyofs. ganvixiloT yve-
la iseTi markireba am wertilebisa 0, 1,…, n ricxvebis saSualebiT, rom yovel markirebaSi, 
TiToeuli ricxvi gamoiyeneba mxolod erTxel rogorc markeri. ori aseTi markireba iTv-
leba ekvivalenturad, Tu erTi maTganis miReba SeiZleba meoresgan wrewiris motrialebiT. 
markirebas ewodeba SesaniSnavi, Tu yoveli oTxi a < b < c < d markerisTvis, sadac a + d = b + c, 
qorda romlis boloebia a da d, ar kveTs qordas romlis boloebia b da c.

vTqvaT M aris SesaniSnavi markirebebis raodenoba, da vTqvaT N aris iseTi dalagebuli 
(x, y) wyvilebis raodenoba, rom x da y mTeli dadebiTi ricxvebia, amasTan x + y ≤ n da gcd (x, y) 
= 1. 

daamtkiceT toloba M = N + 1.
amoxsna. k-qorda vuwodoT qordas romlis boloebze mdebare markerTa jami aris k. 

(wertili, romelic markirebulia m ricxviT warmoadgens gadagvarebul 2m-qordas.) vi-
tyviT, rom qordaTa sameuli aris Camwkrivebuli, Tu erT-erTi qordis sxvadasxva mxares 
mdebareobs danarCeni ori.

magaliTad, naxaz 1-ze mocemuli A, B, C qordaTa sameuli Camwkrivebulia, aseve A, B da D 
qordebic Camwkrivebulia, xolo A, D, C da B, D, C araa Camwkrivebuli qordebis sameulebi. 

vityviT, rom qordaTa simravle aris Camwkrivebuli, Tu am simravlidan aRebuli nebism-
ieri sami qorda aris Camwkrivebuli.

lema. SesaniSnav markirebaSi, yoveli mTeli k-Tvis, k-qordaTa simravle Camwkrivebulia.
damtkiceba. lema davamtkicoT mkacri maTematikuri induqciis gamoyenebiT. roca n 

≤ 4 maSin advili sanaxavia, rom winadadeba marTebulia. vTqvaT axla winadadeba marTebu-
lia yoveli mTeli ricxvisTvis n-mde da davamtkicoT n-Tvis. davuSvaT winaaRmdegoba, anu 
davuSvaT, rom arsebobs SesaniSnavi markireba 0, 1,…, n ricxvebis saSualebiT da arsebobs 
qordebi A, B da C, romlebic ar arian Camwkivebuli. Tu n ar warmoadgens A, B da C qordis bo-
loebis markers, maSin wavSaloT is wertili romlis markersac n warmoadgens. bunebrivad 
miviRebT n cali wertilisgan da 0, 1,…, n–1 markerebisgan Sedgenil SesaniSnav markirebas 
araCamwkrivebuli sami qordiT, rac ewinaaRmdegeba induqciis daSvebas. (bunebriv miRe-
baSi vgulisxmobT Semdegs: erTi wertilis waSliT miRebuli wertilebi wrewirs Tanabar 
rkalebad aRar hyofs, magram Cven SegviZlia CavaCoCoT es wertilebi Tavisive markerebiT 
wrewiris gaswvriv ise, rom maT Soris manZilebi toli gaxdes, xolo markirebebis Tanmim-
devroba ucvleli darCes. SemdgomSi bunebrivad miRebuli markirebis qveS vigulisxmebT 
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swored amas.) Tu 0 ar warmoadgens A, B da C qordis boloebis markers, maSin Tu wavSliT 
im wertils, romlis markersac 0 warmoadgens da yvela markers SevamcirebT erTiT, bune-
brivad miviRebT n cali wertilisgan da 0, 1,…, n–1 markerebisgan Sedgenil SesaniSnav 
markirebas araCamwkrivebuli sami qordiT, rac ewinaaRmdegeba induqciis daSvebas. amrigad 
0 da n aris A, B da C qordebis boloebis markerebs Soris. advili saCvenebelia, rom 0 da n 
aris erTi qordis, vTqvaT C qordis boloebis markerebi. (marTlac, Tu es ase araa, maSin 
gvaqvs qorda boloebiT 0 da a. aseve gvaqvs qorda boloebiT n da b. es ki SeuZlebelia vi-
naidan n > 0 + a = k = n + b > n.)

vTqvaT, D aris pirveli qorda, romelic paraleluria C qordis da romelic imave mxare-
saa romelSic aris A da B (naxazi 2) vTqvaT, mis boloebze markerTa jami aris m, anu, vTqvaT, 
D aris m-qorda. cxadia SesaZlebelia mxolod sami SemTxveva m = n, an m < n, an m > n. vaCvenoT, 
rom samive SemTxvevaSi miviRebT winaaRmdegobas induqciis daSvebasTan. es ki daasrulebs 
lemis damtkicebas.

1. Tu m = n, maSin n-qordebi A, B da D ar iqnebian Camwkrivebuli. axla, Tu wavSliT C qor-
das da yvela markers SevamcirebT erTiT, bunebrivad miviRebT n – 1 wertiliTa da 0, 1,…, n–2 
markerebiT Sedgenil SesaniSnav markirebas, romelic Seicavs araCamwkrivebul sam qordas, 
rac ewinaaRmdegeba induqciis daSvebas.

2. Tu m < n, maSin m-qorda romelic Sedgenilia 0 da m markeriT ar kveTs D-s, amrigad 
qorda C ancalkevebs D qordasa da im wertils romlis markeria m. qorda E, romlis boloe-
bis markerebia m da n-m ar kveTs C, amrigad C ancalkevebs E da D-s. es niSnavs, rom n-qordebi 
A, B da E, ar iqnebian Camwkrivebuli. Tu wavSliT C qordas da yvela markers SevamcirebT er-
TiT, isev bunebrivad miviRebT n – 1 wertiliTa da 0, 1,…, n–2 markerebiT Sedgenil SesaniSnav 
markirebas, araCamwkrivebuli sami qordiT. kvlav winaaRmdegoba. da bolos

3. Tu m > n, maSin SevcvaloT mocemuli SesaniSnavi markireba Semdegnairad: x markeris 
nacvlad davweroT n−x, 0 ≤ x ≤ n. cxadia, rom m-qorda gadava (2n−m)-qordaSi, xolo miRebuli 
axali markireba iqneba kvlav SesaniSnavi. aseTnairad es SemTxveva daiyvaneba wina, m < n Sem-
Txvevaze, romelic rogorc vnaxeT SeuZlebeli iyo.

lema damtkicebulia.

davamtkicoT toloba maTematikuri induqciis gamoyenebiT. roca n = 3, advili sanaxa-

via, rom N = 3 da M = 4 anu M = N + 1 toloba WeSmaritia. vTqvaT axla toloba marTebulia 

n−1-sTvis da davamtkicoT n-sTvis. ganvixiloT SesaniSnavi markireba 0, 1,…, n ricxvebis sa-

SualebiT da vuwodoT mas S. im wertilis waSliT, romlis markeria n, bunebrivad miviRebT 

SesaniSnav markirebas 0, 1,…, n–1 ricxvebis saSualebiT, vuwodoT mas T, romelSic yoveli 
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n-qorda iqneba Camwkrivebuli. cxadia, rom am n-qordis boloebis markirebaSi monawileobs 
yvela ricxvi n–1-is CaTvliT garda 0-isa. vityviT, rom miRebuli markireba aris pirveli ti-
pis, Tu 0 moTavsebulia or n-qordas Soris da vityviT, rom is aris meore tipis, winaaRmdeg 
SemTxvevaSi. vaCvenoT axla, rom 0, 1,…, n–1 ricxvebis saSualebiT miRebuli yoveli pirveli 
tipis markireba, bunebrivad warmoiqmneba mxolod erTi markirebidan, romelSic monawil-
eobs 0, 1,…, n ricxvebi. xolo 0, 1,…, n–1 ricxvebis saSualebiT miRebuli yoveli meore tipis 
markireba, bunebrivad warmoiqmneba zustad ori markirebidan, romelSic monawileobs 0, 1,…, 
n ricxvebi.

Tu T aris pirveli tipis, maSin 0 moTavsebulia or n-qordas Soris mdebare erT-erT 
rkalze. vTqvaT es qordebia A da B. ganvixiloT n-qorda romlis boloebia 0 da n. maSin es 
qorda A da B qordasTan erTad warmoadgens sam cal n-qordas, romlebic unda iyvnen Cam-
wkrivebuli S-Si. amitom n-iT markirebuli bolo aucileblad unda idos or n-qordas So-
ris mdebare meore rkalze, anu im rkalze romelzec 0 ar devs. aqedan gamomdinare vaskvniT, 
rom S aRdgeba T-dan calsaxad. vTqvaT, axla T aris nebismieri pirveli tipis markireba da 
mas vamatebT erT wertils markeriT n, ise rom n-qordebi Camwkrivebulia. vaCvenoT, rom am 
erTi wertilis damatebiT, bunebrivad aRdgeba SesaniSnavi S markireba. roca 0 < m < n, m-
qorda S-Si aseve m-qordaa T-si, ase rom isini Camwkrivebulia, anu ar TanaikveTebian. vTqvaT 
axla n < m < 2n. ganvixiloT paralelur n-qordaTa simravle (romlis boloebis markerebia 
yvela ricxvi 0, 1,…, n da t wrfe romelic am qordaTa marTobulia da TiToeul qordas Suaze 
hyofs. Tu ori m-qorda TanaikveTeba maSin cxadia TanaikveTeba am qordebis simetriuli 
qordebic t wrfis mimarT. magram isini 2n−m-qordebia da radganac 0 < 2n−m < n amitom, ro-
gorc wina SemTxvevaSi vnaxeT, es SeuZlebelia.

Tu T aris meore tipis, maSin aris ori ganlageba wertilisa markeriT n, 0-is erT mxares 
wrewiris gaswvriv, an 0-is meore mxares aseve wrewiris gaswvriv. analogiurad vaCvenebT, 
rom orive ganlagebas bunebrivad mivyavarT SesaniSnav markirebamde 0, 1,…, n ricxvebis sa-
SualebiT.

vTqvaT Mn aris raodenoba SesaniSnavi markirebebisa 0, 1,…, n ricxvebis saSualebiT, 
xolo Ln−1 aris raodenoba meore tipis SesaniSnavi markirebebisa 0, 1,…, n–1 ricxvebis saSu-
alebiT. gveqneba

Mn = (Mn−1 − Ln−1) + 2Ln−1 = Mn−1 + Ln−1.

induqciis daSvebis ZaliT, Mn−1 = Nn−1 + 1, sadac Nn−1 aris raodenoba im dalagebuli (x, y)
wyvilebisa, sadac x + y ≤ n–1 da gcd(x, y) = 1. axla Tu vaCvenebT, rom Ln−1 aris raodenoba im 
dalagebuli (x, y) wyvilebisa, sadac x + y = n da gcd(x, y) = 1, maSin miviRebT

Mn = Mn−1 + Ln−1 = Nn−1 + 1 + Ln−1 = Nn + 1,

anu dasamtkicebel tolobas.
amrigad, dasamtkicebeli dagvrCa, rom Ln−1 aris raodenoba im dalagebuli (x, y) wyvilebisa, 

sadac x + y = n da gcd(x, y) = 1. bolo toloba gadavweroT ase: gcd(x, n−x) = 1, es ki cxadia ekvival-
enturia pirobis gcd(x, n) = 1. amrigad, raodenoba im dalagebuli (x, y) wyvilebisa, sadac x + y = 
n da gcd(x, y) = 1, tolia φ(n) = #{x:1 ≤ x ≤ n, gcd(x, n) = 1}, anu eileris funqciis mniSvnelobisa n-Si. 
Ln−1 = φ(n) tolobis saCveneblad ganvixiloT meore tipis SesaniSnavi markireba, anu gvaqvs Cam-
wkrivebuli n-qordebi da wertili markeriT nuli ar imyofeba arc erT or n-qordas Soris. 
daviwyoT moZraoba saaTis isris moZraobis mimarTulebiT im wertilidan romlis markeria 
nuli da TanmimdevrobiT amovweroT markerebi: 0, f (1), f (2)…, f (n–1). vinaidan n-qordebi Cam-
wkrivebulia da yoveli markeri 1-dan n–1-mde monawileobs markirebaSi amitom gveqneba.

f (i) + f (−i) = n yoveli i = 1, 2,…, n−1-Tvis. aq −i aRniSnavs i-ur adgils 0-dan, saaTis isris 
moZraobis sawinaaRmdego mimarTulebiT.

vTqvaT,  f (a) = n−1. lemis ZaliT, n–1-qordebi Camwkrivebulia. cxadia yvela markeri gamoi-
yeneba am qordebis boloebis markirebaSi, amitom es n–1-qordebic paraleluria da gvaqvs 
toloba: f (i) + f (a−i) = n–1 yoveli i = 0, 1, 2,…, n−1. 
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amrigad vRebulobT f (a−i) = f (−i) − 1.
advili saCvenebelia, rom
     
    f (−ak) = k yoveli k = 0, 1, 2,…, n−1.  (*)

aq ak-s qveS vgulisxmobT ak-s moduliT n. 
marTlac, roca i = a, radganac f (0) = 0 gvaqvs f (−a) = 1. vTqvaT axla f (−ak) = k. aviRoT 

i=a(k+1). gveqneba f(a−a(k+1))=f(−a(k+1))−1 anu  f(−ak)=f(−a(k+1))−1 da vRebulobT dasamt-
kicebel tolobas f(−a(k+1))=k+1.

amrigad f (−ak) = k yoveli k = 0, 1, 2,…, n−1 da radganac {0, f (1), f (2)…, f (n–1) } = {0, 1, 2,…, n−1} 
amitom aucileblad unda gvqondes gcd(a, n) = 1. rac niSnavs imas, rom Ln−1 ≤ φ (n). rom vaCvenoT, 
rom es utoloba agreTve tolobacaa SevniSnoT, rom (*) markireba warmoadgens SesaniSnav 
markirebas. marTlac ganvixilo oTxi markeri wrewirze x, y, z da t, iseTi rom x + t = y + z. maSin 
am markerebis Sesabamisi wertilebis adgilis nomrebi akmayofilebs tolobas −ax−at = −ay−az 
rac niSnavs, rom qordebi boloebiT x da t, paraleluria qordis boloebiT y da z. amrigad 
(*) miRebuli dalageba SesaniSnavia da agebis Tanaxmad aris meore tipis. e.i. miviReT, rom 
Ln−1=φ(n) risi damtkicebac gvindoda.

avtorTa eleqtronuli misamarTebi:
g.nadibaidze@gmail.com

g.chelidze@mail.ru
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fakulteti aerTianebs 8 departaments, 
19 samecniero-kvleviT instituts, 33 sas-
wavlo-kvleviT laboratorias. ZiriTad 
saswavlo da kvleviTi saqmianobas axorcie-
lebs Semdegi departamentebi: maTemati-
kis, kompiuteruli mecnierebebis, fizikis, 
qimiis, biologiis, geologiis, geografiis, 
eleqtruli da eleqtronuli inJineriis.

samecniero kvlevebis TvalsazrisiT 
zust da sabunebismetyvelo mecnierebaTa 
fakulteti udavo lideria universitetSi 
da saqarTveloSi: gvaqvs yvelaze meti da-
finansebuli adgilobrivi da saerTaSoriso 

proeqti, yvelaze meti publikacia aRiare-
bul maRalreitingul saerTaSoriso gamo-
cemebSi; fakultetis saxeliT asobiT mox-
seneba keTdeba samecniero konferenciebsa 
da seminarebze.

fakultetis samecniero potencialze 
naTlad metyvelebs yovelwliur safa-
kulteto konferenciaze wardgenili mox-
senebebi _ http://conference.ens-2013.tsu.ge/, http://
conference.ens-2014.tsu.ge/. konferenciis muS-
aobaSi profesorebTan erTad monawileoben 
doqtoranturis, magistraturis da bakala-
vriatis studentebi.

zust da 
sabunebismetyvelo 

mecnierebaTa fakulteti T
s
u

ivane javaxiSvilis saxelobis Tbilisis saxelmwifo univer-
sitetis zust da sabunebismetyvelo mecnierebaTa fakultetis 
misia aris: maRali xarisxis ganaTlebis uzrunvelyofa; maRali 
donis fundamenturi da gamoyenebiTi kvlevebis warmoeba; kv-
levaze dafuZnebuli swavlebis ganxorcieleba; motivirebuli 
da niWieri studentebis mizidva; kvlevebisa da swavlebis in-
ternacionalizacia.

ramaz boWoriSvili

Tsu zust da sabunebismetyvelo 
mecnierebaTa fakultetis 
dekani, sruli profesori
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bakalavriatis saganmanaTleblo 
programebi

 kompiuteruli mecniereba;
 maTematika;
 fizika;
 qimia;
 biologia;
 geografia;
 geologia;
 eleqtronika;
 gamoyenebiTi biomecnierebebi da biote-

qnologia;
 kompiuteruli mecniereba (qarTul-

franguli);
 ekologia; 

magistraturis saganmanaTleblo 
programebi

 kompiuteruli mecniereba; 
 informaciuli sistemebi;
 informaciuli teqnologiebi;
 maTematika;
 gamoyenebiTi maTematika;
 fundamenturi fizika;
 gamoyenebiTi fizika;
 qimia;
 qimiuri eqspertiza;
 biologia;
 fizikuri geografia da garemos mdgradi 

ganviTareba;
 geomorfologia, kartografia da 

landSafturi dagegmareba;
 geologia;
 biofizika (interdisciplinuri);
 eleqtruli da eleqtronuli inJineria;
 gamoyenebiTi biomecnierebebi;
 gamoyenebiTi biomecnierebebi 

(inglisurenovani);

3. saganmanaTleblo programebze 
miRebis procedurebi

bakalavriati:
sabakalavro programaze swavlebis ufle-

biT sargebloben erTiani erovnuli ga-
mocdebis wesiT Caricxuli abiturientebi.

savaldebulo gamocdebi:
 zogadi unarebi (koeficienti 4)
 maTematika an biologia an qimia an 

geografia an fizika (koeficienti 6)
 ucxo ena (koeficienti 1)
 qarTuli ena da literatura 

(koeficienti 1)
adgilebis kvota arCeviTi sagnebis 

mixedviT: 360 maTematika, 100 geografia, 70 
fizika, 100 qimia, 130 biologia; 

fakultetis kodi _ 00102
magistratura:

samagistro programaze swavlebis ufle-
biT sargebloben bakalavris akademiuri 
xarisxi mqone studentebi (gaTvaliswinebu-
li unda iqnas programaSi miTiTebuli daS-
vebis winapirobebi), romelTac unda Caabar-
on:

saerTo samagistro gamocda
specialobaSi gamocda 

4. misaRebi kontigenti
misaRebi kontigenti - 760
2014 wels 100%-iani saxelmwifo program-

uli dafinanseba gamoiyo sabakalavro pro-
gramebze: maTematika – 100 adgili, fizika 
– 100 adgili, qimia – 100 adgili, biologia 
– 100 adgili. garda amisa, kvlav ZalaSi dar-
Ca 100%-iani, 70%-iani da 50%-iani saswavlo 
grantis mopovebis SesaZleblobac. 

5. dasaqmebis sfero
ganaTlebis, mecnierebis, biznesis sfero; 

Sesabamisi profilis saswavlo-kvleviTi 
dawesebulebebi. 

6. damatebiTi informacia
sabakalavro programa `kompiuteruli 

mecniereba (qarTul-franguli)~ xorciel-
deba ucxoeli kolegebis monawileobiT; 

2013 wels aTaswleulis gamowvevis fon-
dis daxmarebiT `abetis~ (ABET, the Accredi-
tation Board for Engineering and Technology, Inc., 
USA) eqspertebis mier Sefasebuli iqna 
universitetebis sainJinro da teqnologi-
uri ganxris sabakalavro programebi. Cveni 
fakultetidan SerCeuli ori programa _ 
`kompiuteruli mecniereba~ da `eleqtru-
li da eleqtronuli inJineria~. Sefasebis 
Sedegad pirvel adgilze iqna ranJirebuli.

konkursis safuZvelze bakalavriatis 
warCinebuli studentebi semestrulad iRe-
ben prezidentis stipendias, zogierT pro-
gramaze dawesebulia saxelobiTi stipendie-
bi; konkursis safuZvelze bakalavriatis da 
magistraturis warCinebuli studenetebis 
swavlis safasuris gadaxdas fakulteti ax-
orcielebs. swavlis gadasaxadis Tvalsaz-
risiT gansakuTrebiT SeRavaTiani pirobebia 
dawesebuli doqtorantebisTvis. 

fakultetze moqmedebs gacvliTi progr-
amebi. samive safexuris students SeuZlia, 
erTi an meti semestri, iswavlos sazRvarga-
reTis umaRles saswavlo dawesebulebaSi, 
xolo iq dagrovili kreditebis aRiareba 
xdeba arsebuli proceduris Sesabamisad 
studentis Tsu-Si dabrunebis Semdeg. 

kursdamTavrebulma SesaZlebelia swav-
la Semdeg safexurze gaagrZelos saqarT-
velos an sazRvargareTis umaRles saswavlo 
dawesebulebaSi.
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2013 wlis 4-7 seqtembers ivane javaxiS-
vilis saxelobis Tbilisis saxelmwifo 
universitetSi Catarda saerTaSoriso 
konferencia „gamoyenebiTi maTemati-
kis Tanamedrove problemebi“, romelic 
rigiT meorea da mieZRvna i. javaxiSvi-
lis saxelobis Tbilisis saxelmwifo 
universitetis daarsebidan 95 da Tsu i. 
vekuas saxelobis gamoyenebiTi maTema-
tikis institutis daarsebidan 45 wlis 
iubileebs.

mcire eqskursi istoriaSi

1918 wlis 26 ianvars (axali stiliT, 8 
Tebervals), daviT aRmaSeneblis xsenebis 
dRes gaixsna Tbilisis saxelmwifo univer-
siteti erTaderTi _ sibrZnismetyvelebis 
_ fakultetiT. universitetis pirvel 
reqtorad, ivane javaxiSvilis winadadebiT, 
profesorTa sabWom aRiarebuli qimiko-
si profesori petre meliqiSvili airCia. 
profesorTa sabWo mxolod sibrZnism-
etyvelebis fakultets ar ganagebda, is 
zrunavda agreTve axali fakultetebis 
gaxsnaze da universitetis ganviTarebis 
perspeqtiul gegmas amuSavebda. 1918 wlis 
seqtemberSi Seiqmna samaTematiko-sabunebi-
smetyvelo da samkurnalo gaerTianebuli 
fakulteti, romlis dekani iyo medicinis 
doqtori profesori a. moseSvili, xolo 
mdivani - maTematikosi asistenti a. xaraZe. 
1919 wlis maisSi es fakulteti gaiyo orad. 
samaTematiko-sabunebismetyvelo fakulte-
tis dekanad arCeul iqna maTematikosi pro-
fesori a. razmaZe, xolo mdivanad isev a. 
xaraZe darCa. andria razmaZesTan erTad 
saqarTveloSi maTematikis dargSi kadrebis 
aRzrdasa da qarTuli maTematikuri samec-

meore saerTaSoriso konferencia 
„gamoyenebiTi maTematikis 
Tanamedrove problemebi“

g. jaiani

i. javaxiSvilis saxelobis 
Tbilisis saxelmwifo 

universiteti,
i. vekuas saxelobis gamoyenebiTi 

matematikis institutis 
direqtori, zust da 

sabunebismetyvelo mecnierebaTa 
fakultetis sruli profesori, 

meore saerTaSoriso 
konferenciis `gamoyenebiTi 

maTematikis Tanamedrove 
problemebi~ samecniero 
komitetis Tavmjdomare

n. CinCalaZe

i. javaxiSvilis saxelobis 
Tbilisis saxelmwifo 
universiteti, i. vekuas 

saxelobis gamoyenebiTi 
matematikis institutis 
direqtoris moadgile, 

zust da sabunebismetyvelo 
mecnierebaTa fakultetis 

asistent profesori, meore 
saerTaSoriso konferenciis 

`gamoyenebiTi maTematikis 
Tanamedrove problemebi~ 
saorganizacio komitetis 

Tavmjdomare

T
s
u
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niero skolis CamoyalibebaSi didi wvlili 
miuZRviT akademikos nikoloz musxeliS-
vils, profesor giorgi nikolaZes, arCil 
xaraZes, mogvianebiT ki akademikosebs ilia 
vekuas da viqtor kupraZes. droTa ganma-
vlobaSi garkveuli cvlilebebis Semdeg, 
1951 wlidan meqanika-maTematikis fakulte-
ti Camoyalibda calke struqturul er-
Teulad, romlis pirveli dekani gaxda 
akademikosi nikoloz vekua. fakultetze 
samecniero kvlevebi mimdinareobda Semdegi 
mimarTulebiT: maTematikuri analizi, dife-
rencialuri da integraluri gantolebebi, 
funqcionaluri analizi, albaTobis Teor-
ia da maTematikuri statistika, algebra da 
geometria, zogadi maTematika, Teoriuli 
meqanika da astronomia. dReisaTvis maTema-
tikuri mecnierebebi warmatebiT viTardeba 
zust da sabunebismetyvelo mecnierebaTa 
fakultetis maTematikis departamentSi, sa-
dac funqcionirebs maTematikuri analizis, 
albaTobis Teorisa da statistikis, ricx-
viTi analizisa da gamoTvliTi teqnolo-
giebis, maTematikuri logikisa da diskre-
tuli struqturebis, algebra-geometriis, 
diferencialuri gantolebebisa da meqani-
kis kaTedrebi. 

maTematikis gamoyenebiTi aspeqtebis 
ganviTarebis TvalsazrisiT mniSvnelovani 
iyo 1968 wels Tbilisis saxelmwifo uni-
versitetSi gamoyenebiTi maTematikis in-
stitutis daarseba (http://www.viam.science.
tsu.ge), romelic dRes misi damaarseblis 
akademikos ilia vekuas saxels atarebs. in-
stituts imTaviTve hqonda damyarebuli 
mWirdo samecniero kavSiri (ormxrivi Tu 
mravalmxrivi xelSekrulebebis safuZvel-
ze) msoflios wamyvan samecniero centrebT-
an. institutSi leqcia–seminarebi aqvT Cat-
arebuli mraval msoflioSi saxelmoxveWil 
mecniers, maT Soris J.l. lionss, g. fikeras, 
a. tixonovs, a. samarskis, g. marCuks, a. veils, 
r. glovinskis. institutSi sxvadasxva dros 
staJireba gaiares an samecniero muSaobi-
saTvis imyofebodnen mecnierebi aSS–dan, 
didi britaneTidan, germaniidan, poloneTi-
dan, CexeTidan, bulgareTidan, vietnamidan. 
institutis daarsebidanve Caeyara safuZve-
li fundamentur da gamoyenebiT kvlevebSi 
dasaqmebul mecnierTa farTe wreebis Sex-
vedrebs, romlebic warmoadgens axali amo-
canebis dasmis da TanamSromlobis gegmebis 
dasaxvis efeqtur saSualebas. 

i. javaxiSvilis saxelobis Tbilisis sax-
elwifo universitets da, kerZod, i. vekuas 
saxelobis gamoyenebiTi maTematikis insti-
tuts aqvT didi tradicia maTematikasa da 
meqanikaSi saerTaSoriso konferenciebisa 
da simpoziumebis (maT Soris saerTaSoriso 
samecniero organizaciebis egidiT) Cat-
arebis kuTxiT. amis dasturad sakmarisia 
Teoriul da gamoyenebiT meqanikaSi saerTa-

i. javaxiSvilis 
saxelobis 
Tbilisis 

saxelmwifo 
universiteti

Tsu i. vekuas 
saxelobis 

gamoyenebiTi 
maTematikis 
instituti

konferenciis 
gaxsna

marjvnidan:
v. papava,

s. sisauri,
T. marsagiSvili, 

g. jaiani
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Soriso kavSiris (IUTAM) egidiT da mis mier 
nawilobrivi dafinansebiT garsTa TeoriaSi 
Catarebuli ori simpoziumis [1978 (saerTa-
Soriso samecniero komitetis Tavmjdo-
mare: ilia vekua) da 2007 wlebSi (saerTaSor-
iso samecniero komitetis Tavmjdomare: 
giorgi jaiani)] da analizSi, gamoyenebebsa 
da gamoTvlebSi saerTaSoriso sazogadoe-
bis (ISAAC) konferenciis (2007) dasaxeleba. 
2008 wels i. vekuas saxelobis gamoyenebiTi 
maTematikis institutSi Catarda saerTa-
Soriso konferencia „gamoyenebiTi maTema-
tikis Tanamedrove problemebi“, romelic 
mieZRvna i. javaxiSvilis saxelobis Tbili-
sis saxelwifo universitetis daarsebidan 
90 da Tsu i. vekuas saxelobis gamoyenebiTi 
maTematikis institutis daarsebidan 40 
wlis iubileebs. garda amisa, institutSi 
Catarda saqarTvelos meqanikosTa kav-
Siris konferenciebi ucxoeli mecnierebis 
monawileobiT (2010, 2011 da 2012 wlebSi, 
saqarTvelos meqanikosTa kavSirTan erTad 
konferenciis Tanaorganizatorebi iyvnen 
i. javaxiSvilis saxelobis Tbilisis saxel-
wifo universitetis zusti da sabunebism-
etyvelo mecnierebaTa fakulteti da Tsu i. 
vekuas saxelobis gamoyenebiTi maTematikis 
instituti).

„gamoyenebiTi maTematikis Tanamedrove 
problemebSi“ meore saerTaSoriso kon-
ferenciis mizani iyo ucxoeli mecnierebis 
msoflios wamyvan maTematikur centrebi-
dan mowveviT qarTvel monawileebs miscemo-
daT saSualeba mieRoT informacia wamyvan 
ucxoel mecnierTa im uaxlesi Sedegebis 
Taobaze, romelic, kerZod, dakavSirebu-
lia SoTa rusTavelis erovnuli samecniero 
fondis mier dafinansebul gamokvlevebTan 
iseT TematikaSi rogoricaa: praqtikaSi 
gavrcelebuli rTuli geometriis mqone 
konstruqciebis modelireba da gaangariSe-
ba; wamaxvilebuli prizmuli garsebisa da 
Reroebis gaTvlis analizuri da ricxviTi 
meTodebis damuSaveba; funqcionalur-
diferencialur da diskretul gantole-
baTa amonaxsnebis asimptoturi yofaqceva; 
sawyisi monacemebis optimizaciis amocanebi 
neitraluri funqcionalur diferencial-
uri gantolebebisTvis: variaciis formule-
bi, optimalurobis aucilebeli pirobebi, 
arsebobis Teoremebi; arawrfivi arastacio-
naruli modelebis gamokvleva da ricxviTi 
amoxsna; arawrfivi sasazRvro amocanebi 
da maTi gamoyenebebi diferencialur gan-
tolebaTa Tvisobriv TeoriaSi; operatore-
bi zogierT funqciaTa sivrceSi da maTi gam-
oyenebebi furies analizSi da sxva.

konferenciis organizatorebi iyvnen 
Tbilisis saxelmwifo universiteti, Tbili-
sis saerTaSoriso centri maTematikasa 
da informatikaSi (TICMI; http://www.viam.
science.tsu.ge/others/ticmi/index.html), saqarT-

konferenciis 
mimdinareobisas

ucxoel da 
qarTvel 

monawileTa 
erTi jgufi 
mTawmindis 

parkSi

sxdomebs Soris 
Sesvenebaze

i. javaxiSvili 
saxelobis 
Tbilisis 

saxelmwifo 
universitetis 

vokaluri 
ansambli  

`gordela~
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velos erovnuli komiteti Teoriul da 
gamoyenebiT meqanikaSi da SoTa rusTavelis 
erovnuli samecniero fondi, romlis sa-
granto dafinansebiTac gaimarTa aRniSnu-
li konferencia.

konferenciis gaxsnisas ucxoel da qarT-
vel mecnierebs miesalmnen i. javaxiSvilis 
saxelobis Tbilisis saxelwifo universite-
tis reqtori, akademikosi vladimer papava, 
saqarTvelos ganaTlebisa da mecnierebis 
ministris moadgile Tamaz marsagiSvili da 
rusTavelis erovnuli samecniero fondis 
generaluri direqtori sulxan sisauri. 
gaxsnas eswrebodnen agreTve erovnuli sa-
mecniero fondis direqtoris moadgile 
TinaTin boWoriSvili da samecniero pro-
gramebis departamentis ufrosi irakli 
noseliZe, i. javaxiSvilis saxelobis Tbili-
sis saxelwifo universitetis samecniero 
kvlevebisa da ganviTarebis departamentis 
ufrosi giorgi RvedaSvili.

konferenciis muSaobaSi monawileobda 
20-ze meti mecnieri arabTa gaerTianebuli 
emiratebidan, germaniidan, espaneTidan, 
italiidan, poloneTidan da TurqeTidan. 
maT Soris iyvnen iseTi aRiarebuli mec-
nierebi, rogoric arian b. boiarski (i. ja-
vaxiSvilis saxelobis Tbilisis saxelmwifo 

universitetis sapatio doqtori), v. Sulce 
(Tsu i. vekuas saxelobis gamoyenebiTi 
maTematikis institutis sapatio doq-
tori), d. kroneri, h. begeeri, h. altenbaxi 
(saukunovani istoriis mqone gamoyenebiT 
maTematikasa da meqanikaSi Jurnalis _ 
ZAMM mTavari redaqtori), o. gil-medrano 
(valensiis universitetis vice-reqtori), 
a. Caldea, o.Celebi. konferenciis samecni-
erokomitetis SemadgenlobaSi Sediodnen 
mecnierebi, rogorc zemoT dasaxelebuli 
qvynebidan, aseve aSS-dan, kanadidan da por-
tugaliidan. konferenciaze gakeTda 80-mde 
samecniero moxseneba.

konferenciis gaxsnis Semdeg Catar-
da koncerti i. javaxiSvilis saxelobis 
Tbilisis saxelmwifo universitetis zus-
ti da sabunebismetyvelo mecnierebaTa 
fakultetis studentebis, vokaluri ansam-
blis „gordela“, a. quTaTelaZis saxelobis 
Tbilisis saxelmwifo samxatvro akademiis 
studentebis da Tbilisis v. sarajiSvilis 
saxelobis saxelmwifo konservatoriis 
studentebisa da kursdamTavrebulebis 
monawileobiT. saaqto darbazSi samxat-
vro akademiis studentebis monawileobiT 
moewyo gamofena „abstraqciebi mxatvro-
baSi“.

avtorTa eleqtronuli misamarTebi:
giorgi.jaiani@tsu.ge

natalia.chinchaladze@tsu.ge
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