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,,qristianuli kvlevis saerTaSoriso centris” seminarze wakiTxuli 

moxseneba 
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aleqsi gerasimovi 

nanoteqnologiebis sikeTe da saSiSroeba 

(anotacia) 

kacobriobis keTildReobis zrda faqtiurad ganisazRvreba axali 

teqnologiebis SeqmniT. xidan nayofis Camosagdebad qvis magier joxis 

gamoyeneba ukve win gadadgmuli didi teqnologiuri nabiji iyo, Semdeg qvis da 

Zvlebisagan primitiuli iaraRis damzadeba, cecxlisa da wylis energiis 

gamoyeneba, mcenareebis da cxovelebis moSinaureba, Rvinisa da rZis nawarmis 

damzadeba, metalis damuSaveba, sapnis gamogoneba, konveiris Seqmna, orTqlis, 

eleqtro da atomuri energiis damorCileba, saxmeleTo, sahaero da kosmosuri 

aparatebis Seqmna, yvelaferi es axali teqnologiuri procesebis damuSavebaa, 

ramac ganapiroba kacobriobis progresi. gabatonebuli azris Tanaxmad, meoce 

saukunis yvelaze did teqnologiur miRwevad iTvleba naxevargamtaruli 

xelsawyoebis Seqmna, romelTa gamoyenebam moicva adamianis moRvaweobis yvela 

sfero, rogorc amboben, samzareulodan kosmosamde da gansazRvra am saukunis 

samecniero-teqnikuri progresi. ocdameerTe saukuneSi am progresis tempi 

damokidebuli aRmoCnda sxvadasxva nivTierebebisgan xelovnurad Seqmnili 

nanometrebis (1nm=10-9m aris metris memiliardedi nawili) zomis nawilakebis 

Tvisebebis gamoyenebaze. (,,nano” - berZnulad niSnavs jujas da igi gamoiyeneba 

raime sazomi erTeulis memiliardedi nawilis aRsaniSnavad), am nawilakebs 

nanostruqturebs (nanonawilakebs) uwodeben, maTgan Seqmnil nivTierebebs ki 

nanonivTierebebs, xolo maTi Seqmnis xerxebs, warmoebas da gamoyenebas – 

nanoteqnologiebs. 

mecnieruli kvlevis da teqnologiuri gamocdilebis pirvelive Sedegebma 

cxadyo, rom nanoteqnologiebi momavalSi moicavs adamianis moRvaweobis yvela 

sferos da miiRebs monawileobas im procesebis gaumjobesebaSi an axlis 
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SeqmnaSi, romlebic damaxasiaTebelia calkeuli dargebisTvis, rogoric aris 

magaliTad: medicina, masalaTmcodneoba, robototeqnika, genetika, transporti, 

energetika da sxva. ,,nanoteqnologia aris axali karibWe, romelsac SevyavarT 

sruliad axal samyaroSi”. rita kolveli. 

prognozis mixedviT nanoteqnologiebi kardinalurad Secvlian adamianis 

cxovrebas da maT SeiZleba gadawyviton kacobriobis iseTi mudmivi problemebi, 

rogoric aris: SimSili, tansacmeli, janmrTeloba, sacxovrebeli binebi. N 

nanoteqnologiebs aqvT Znelad warmosadgeni, TiTqmis fantastikuri 

SesaZleblobebi,  romlsac ZaluZT Secvalon kacobriobis cxovrebis pirobebi 

ufro metad, vidre meoce saukunis erTad aRebulma yvela samecniero-teqnikurma 

miRwevam SeZlo. 

Mmecnierebis prognoziT 2015 wlisaTvis mTels msoflioSi 

nanoteqnologiebis sxvadasxva sferoSi dakavebuli iqneba 2 milioni adamiani, 

xolo maTi saSualebiT warmoebuli produqciis Rirebuleba miaRwevs 1 

trilion dolars. 2030 wlisaTvis ki msoflioSi warmoebuli mTeli produqciis 

naxevari nanoteqnologiebis gamoyenebiT iqneba miRebuli. 

r. kurcveili Tavis wignSi ,,fantastikuri mogzauroba _ xangrZlivi 

sicocxle TiTqmis ukvdavebamde” wers, rom arsebobs nanosistemebis Seqmnis 

iseTi proeqti, romlis saSualebiT adamianis organizmSi SeiZleba Seyvanili 

iyos specialuri medikamentebi imunitetis gasaZliereblad zogierTi 

parazituli organizmis mimarT. SesaZlebeli iqneba adamianis organizmis 

nawilebis modernizacia, maTi SesaZleblobis gaumjobesebis mizniT. aseve xdeba 

prognozireba imisa, rom Seiqmneba nanoroboti _ eqimebi, romlebic mudmivad 

iqnebian adamianis organizmSi da umkurnaleben organizmis yovelgvar 

dazianebebs, an ar dauSveben maT warmoqmnas. Teoriulad es uzrunvelyofs 

adamianis ukvdavebas, radgan SesaZlebeli iqneba organizmis yvela gacveTili 

nawilis aRdgena. mecnierebi seriozulad winaswarmetyveleben, rom SesaZlebeli 

iqneba adamianis organizms pirdapir gadaeces energia sakvebis miRebis gareSe. am 

debulebam didi gaoceba ar unda gamoiwvios, Tu gavixsenebT im faqts, rom 

dReisaTvis msoflioSi arsebobs aTasamde adamiani _ ,,mzisWamiebi”, rogorc maT 

eZaxian, romlebic sazrdooben mxolod mzis energiiT da ar iReben araviTar 

sakvebs. nanoteqnologiebis saSualebiT Teoriulad SesaZlebelia Zroxis 
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gareSe balaxidan uSualod miRebul iqnas rZe. SeiZleba Seiqmnas robotebi, 

romelTac replikaciis unari eqnebaT. yovelive es saSualebas miscems 

kacobriobas, moaxdinos orbitaluri sistemebis avtomaturi mSenebloba da sxva 

planetebis kolonizacia nedleulis mosapoveblad. 

cnobilia, rom yvela medals ori mxare aqvs. aseve nanoteqnologiebsac 

garda zemoT aRwerili, TiTqmis zRapruli momavali keTildReobisa, aqvs   

Tavisi uaryofiTi mxareebi. unda gvaxsovdes kacobriobis mware gamocdileba, 

rom TiTqmis yvela did mecnierul da teqnologiur miRwevas adamiani pirvel 

rigSi, Tu es principulad SesaZlebelia, cdilobs gamoiyenos adamianis 

mosaspobi iaraRis Sesaqmnelad. 

nanoteqnologiebis fantastikuri SesaZleblobebi medicinaSi SeiZleba 

gamoyenebuli iyos adamianis sazianod,  magaliTad, misi zombirebisTvis.   

(zombi – es aris adamianis iseTi fsiqiuri mdgomareoba, roca igi yovelgvari 

mofiqrebis, gansjis gareSe asrulebs sxvis brZanebulebebs). Tu SesaZlebeli 

iqneba iseTi mcire mowyobilobis Seyvana adamianis organizmSi, romelic masSi 

,,icocxlebs” da gankurnavs organizmis dazianebul nawilebs, ratom ar 

SeiZleba iseTi mowyobilobis Seyvanac, romelic imoqmedebs mis fsiqikaze ise, 

rom gakontroldes pirovnebis qmedeba, aseve am mowyobilobis meoxebiT cnobili 

iyos misi adgilsamyofeli da saubrebi? aseTi mowyobiloba SeiZleba pirovnebis 

survilis gareSe, misgan malulad, romelime samedicino proceduris dros iyos 

Seyvanili adamianis organizmSi. miT umetes, rom aseTi mowyobiloba iqneba 

Zalze iafi, ramodenime dolaris Rirebulebis, amitom SesaZlebeli gaxdeba 

mTeli mosaxleobis TvalTvali da kontroli.  

nanonawilakebiT garemos dabinZurebam SeiZleba gamoiwvios 

arakontrolirebadi urTierTqmedeba sxvadasxva tipis nanonawilakebs Soris da 

Sedegad, miRebul iqnas ucnobi substanciebi, romlebsc mecnierebma uwodes 

,,greigoo”- nacrisferi goo da ,,gringoo” – mwvane goo. (,,goo”_ inglisurad 

niSnavs raRac lorwovans, webovans da slikinas). nacrisferi goo iseTi 

nanomasalis substancias warmoadgens, romelsac aqvs replikaciis (gamravlebis 

erT-erTi saxeoba) unari, aqtiurad urTierTqmedebs niadagTan da cvlis mis 

Tvisebebs. aman SeiZleba gamoiwvios mTeli dedamiwis zedapiris gadagvareba da 

uvargisoba soflis meurneobisaTvis. mwvane goo SeiZleba warmoiqmnas  
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nanoteqnologiebis damuSavebis dros, rogorc  Tanaproduqti, replikaciis 

unaris mqone organuli mavne substancia, romelic SeiZleba mTel dedamiwas 

moedos, rogorc saSineli sarevela. 

aq moyvanili mwiri masalac ki calsaxad miuTiTebs imaze, rom 

kacobriobas daRupvis sruliad realuri saSiSroeba emuqreba da mxolod 

saerTo ZalisxmeviT SeiZleba misi Tavidan acileba. imedia, kacoberioba bolos 

da bolos aiZulebs Tavis Tavs mecnieruli da teqnologiuri miRwevebi 

gamoiyenos mxolod Tavis sakeTildReod. 

 

moxseneba 

visaubrebT nanoteqnologiebze. saerTod ra aris teqnologia? es aris 

adamianis iseTi qmedebis Sedegi, romelic raime produqcias warmoqmnis, 

romelsac adamiani iyenebs. faqtiurad kacobriobis cxovrebis pirobebis 

gaumjobesebis istoria aris teqnologiebis ganviTarebis istoria. 

rodesac pirvelad qvis nacvlad xidan nayofis Camosagdebad joxi 

gamoiyenes, es ukve wingadagmuli nabiji iyo teqnologiaSi. Semdeg iyo 

ukve qvidan da Zvlebisagan xelsawyoebis damzadeba, Semdeg cecxlis 

gamoyeneba da cxovelebis moSinaureba, Semdeg Rvinis da rZis nawarmis 

aTviseba, sapnis gamoyeneba, Semdge ukve elqtro energiis aTviseba da 

sxvadasxva, ase kosmosamde. es aris teqnologiuri etapebi da adamins 

keTildReoba TandaTan izrdeboda. sanam nanoteqnologiaze gadaval, 

minda SegaxsenoT, Cvens garSemo sagnebi da buneba ras warmoadgens, ras 

fiqrobs dRes mecniereba amaze. SeiZleba es miRebuli warmodgenebi 

zusti da swori ar iyos, magram jerjerobiT asea. Cvens garSemo, rasac 

vxedavT da SevigrZnobT, igive haeri, wyali, magida, yvelaferi Sedgeba 

atomebisagan. atomis cneba SemoRebuli iyo Cv.w.aR-de ramdenime saukuniT 

adre demosfenes mier da es mere kargad gamoiyena aristotelem. 

aristoteleseuli filosofia, imdenad Zlieri iyo, rom aqamde is 

mecnierebas Zalian exmareboda, xolo axla, Cemis azriT,  is 

Sexedulebebi ukve boWavs mecnierebis ganviTarebas. ras warmodgens 

atomi? TviTon sityva atomi niSnavs ganuyofads, maSin ese egonaT, magram 

Tanamedrove warmodgenebiT igi Sesdgeba ori nawilisagan. es aris birTvi 

damuxtuli dadebiTad da mis garSemo mbrunavi uaryofiTi muxtis 

eleqtronebi. isini erTmaneTisagan dacilebulebi arian Zalian didi 

manZiliT. es masStabi, rom warmovidginoT, alublis nayofi unda 
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SevusabamoT birTvs, maSin eleqtroni iqneba mcxeTaSi, manZili imdenad 

didia. atomis mTeli masa ganisazRvreba birTvisa da eleqtronebis 

masebiT. maT Soris aris urTierTqmedebis elqtruli veli, romelsac 

masa ar gaaCnia da mas Cven ver vxedvaT, verc SevigrZnobT, amitom, 

Cveulberiv, mas sicarieles vuwodebT. eleqtronebis da birTvis 

moculobebis jami warmoudgenlad mcirea, vidre mTeli atomis 

moculoba (daaxloebiT miliardi rom gavamravloT milionze-jer 

naklebi). es aris atomis struqtura, rom daukvirdeT, gamodis, rom Cven 

SevdgebiT TiTqmis sicarielesagan. atomebi erTdebian molekulebad, 

magaliTad, wylis molekula H2O. es aris Jangbadis atomi da masTan 

SeerTebuli 2 wyalbadis atomi da uerTdebian isini erTmaneTs 

eleqtronebiT, es atomebi eleqtronebiT ,,xelCakidebulebi” arian 

erTmaneTze. yvela nivTiereba, rac Cvens garSemo aris, 3 jgufad SeiZleba 

davyoT: es aris airi, siTxe da myari mdgomareobebi. riT gansxvavdebian 

isini erTmaneTisagan? airSi atomebi erTmaneTTan TiTqmis ar 

urTierTqmedeben (nax.#1), cal-calke arian, xedavT, yvela mrgvalia. 

siTxeSi isini erTmaneTTan urTierTqmedeben, eleqtronebi erTamenTs 

gadafaraven, magram atomebi arian qaosurad ganawilebuli da mcirea maT 

Soris urTierTqmedeba.  
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myar sxeulSi isini arian dalagebuli mkacri wesrigiT da 

gadaWdobilebi arian erTmaneTze, imitom aris rom Cven gviWirs myari 

sxeulis an moRunva an gatexva. yvelaferi aixsneba maT Soris qimiuri 

bmebiT, e.i. am eleqtronebis erTmaneTTan urTierTqmedebiT. myari 

sxeulebi gansxvavdebian imiT erTmaneTisagan, rom maTSi manZilebi or 

uaxloes atoms Soris aris sxvadasxva. magaliTad, almasSi yvelaze 

axlos arian atomebi erTmaneTTan da mWidrod arian gadafaruli 

eleqtronebi. magram almasi qimiurad aris naxSirbadi, igive naxSirbadi 

aris fanqris wveri, romelic qaRaldze gasmis Semdeg tovebs kvals, 

swored imitom, rom am SemTxvevaSi atomebi erTmaneTisagan dacilebuli 

ufro metad da qimiuri bmebi Zalian sustia. Tqven roca fanqars gausvavT 

qaRaldze, nawili naxSirbadisa rCeba zedapirze. naxSiri da almasi erTi 

da igive nivTierebaa qimiurad, magram bmebis gamo, erTi aris Zalian 

magari, meore Zalian rbili. es yvelaferi imisTvis movyevi, rom 

meCvenebina, rom nivTierebis Tvisebebi damokidebulia maT atomebs Soris 

qimiuri bmebis siZliereze. 

  ras niSnavs nanoteqnologiebi? atomebis buneba kargad aris 

Seswavlili, aseve kargad aris Seswavlili myari sxeulic (myari 

sxeulis qveS Cven vgulisxmobT sxeulebs, romelTac Cven vxedvaT 

SeuiaraRebeli tvaliT, magaliTad saaTis meqnizmis nawilebi da did 

sxeulebs, magaliTad, wylis eleqtro sadguris turbinis borbali), 

magram aRmoCnda, rom maT zomebs Soris mqone zomebis nivTiereba, 

romelTa danaxva SeuiaraRebeli TvaliT SeuZlebelia, cudad aris 

Seswavlili. es aris nanozomebis nivTiereba. rodesac Tqven sxeuls 

anawevrebT, gatexavT, kidev gatexavT, mere kidev da Zalian patara rom 

gaxdeba, iseTi rom Cven Tvali ver dainaxavs anu gaxdeba nanometris 

zomis (nanometri niSnavs metris erT memiliardeds), sxeuli _ 

nanonawilaki. es zoma rom warmovidginoT ras niSnavs, Cven unda aviRoT 

Cveni Tma da misi diametri gavyoT orze, mere kidev orze da ase 40 000-

jer. rasakvirvelia, Cven ukve mas ver davinaxavT, magram es aris 

nanozomebi da Tu am zomamde daiyvanT myar sxeuls, misi Tvisebebi 

Zalian icvleba. yvela myar sxeuls aqvs Tavisi koleqtiuri Tvisebebi. 

rodesac bevri atomi erTad aris SeerTebuli, maT garda Tavisi atomuri 

Tvisebebisa, uCndebaT axali koleqtiuri Tvisebebi, magaliTad, simagre an 

eleqtro gamtarebloba, dnobis temperatura da sxv. erT atoms simagre, 

eleqtrogamtaroba da dnobis temperatura ar gaaCnia. erTi nivTiereba 

meorisagan swored koleqtiuri TvisebebiT gansxvavdeba. magaliTad, roca 

oqros misaRebad mas gamoadnoben sxva nivTierebebisagan, romlis 

SemadgenlobaSi is aris Sereuli, iyeneben swored maTi dnobis 
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temperaturebis sxvaobas. iTvleboda, rom yvela nivTierebas aqvs Tavisi 

gansazRvruli dnobis temperatura, magram aRmoCnda, rom nanozomebis 

myari sxeulebis koleqtiuri Tvisebebi damokidebulia maT zomebze. 

viciT, rom yinuli dneba 00
C, magram Tu mas nanonawilakamde SevamcirebT, 

maSin is _50-ze dadneba an ufro dabal temperaturaze. es Zalian 

mniSvnelovania. es nawilakebi adrec iyo cnobili, magram teqnikaSi 

gamoyeneba daiwyes sul raRac 15 wlis win da aman moaxdina didi 

revolucia teqnologiebSi. adamianis Tvali xedavs 5000 nanometris zomis 

sagans, ufro naklebs veRar xedavs. nanoteqnologiebSi yvelaferi 

keTdeba specialuri mikroposkopebis da specialuri danadgarebis 

gamoyenebiT. nanonawilakic atomebisagan Sedgeba. yvelaze mcire 

nanonawilaki aris 13 atomisagan Semdgari. 

  minda gagacnoT ramdenime azri nanoteqnologiebis Sesaxeb. cnobili 

mecnieri, nobelis premiis laureatis, feimanis gamoTqma (iyo aseTi 

mecnieri, romelsac uwodebdnen ukanasknel mohikans fizikaSi, imitom rom 

man fizikis yvela dargi kargad icoda): ,,CemTvis rom ekiTxaT, 

mecnierebis romel dargs SeuZlia uzrunvelyos garRveva momavalSi, me 

davasaxelebdi nanoteqnologias”. es man Tqva 1979 w., roca 

nanoteqnologiebze muSaoba dawyebuli jer ar iyo. meore _ cnobili 

mecnieri, nanoteqnologiebis erT-erTi pioneri wers, rom 

,,nanoteqnologiebi aris axali karibWe, romelsac SevyavarT sruliad 

axal samyaroSi”. nax. #2. aq aris moyvanili atomebi, Semdeg molekulebi.  

nax. #2  
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Semdeg aris nanonawilakebi. umciresi Sesdgeba 13 erTnairi atomisagan. 

swored amas gaaCnia ukve koleqtiuri Tvisebebi, yvelaze didi 

nanonawilaki aris daxloebiT 3000 atomidan Semdgari. misi zoma 

daaxloebiT aris 100 nanometri. amis danaxva Seuararebeli TvaliT 

SeuZlebelia. ram gamoiwvia aseTi ineteresi nanonawilakebis mimarT? iman, 

rom fundamenturi Tvisebebi damokidebulia maT zomebze. magaliTad, aq 

(nax. #3) moyvanilia nanonawilakebis Tvisebebis, maT Soris dnobis 

temperaturis, damokidebuleba nanonawilakis zomaze.  

 

 

nax. #3 

 

sanam sxeuli masiuria, temperatura mudmivia. nawilakebis zomebi rom mcirdeba, 

dnobis temperatura ecema. masiuri oqros dnobis temperatura daaxloebiT 13000-

ia da roca Zalian  pataraa, 8 nanometris, aris 4000, e.i. dnobis temperatura 

damokidebuli aris zomebze da es aris Zalian mniSvnelovani Tviseba, imitom 

rom es SeiZleba gamoiyenoT sxvadasxva teqnologiur procesebSi. garda amisa 

aRmoCnda, rom es sxvadasxva zomis nawilakebi sxvadasxvanairad moqmedeben 



9 
 

adamianis organizmze. SeiZleba 10 nanometris nivTiereba TvqenTvis sasargeblo 

iyos da 25 nanometris nivTiereba ukve piriqiT _ saziano. naxazze #4 naCvenebia 

rogor icvleba oqros feri misi zomebis cvlasTan erTad. erTi da igive 

nivTierebaa, magram imitom rom Semcirda misi zomebi, Seicvala Tvisebebi. oqros 

sxvadasxva zomis 25, 50, 100 nanometri, e.i. orjer gaizarda da kidev orjer da 

rogor icvleba oqros feri. ai, aq aris wiTeli, mere mwvane da aq ukve 

uaxlovdeba moyviTalos _ oqrosfers. nanonawilakebs didi xania iyenebdnen 

vitraJebis teqnologiaSi, magram aravin ar eZaxoda maT nanonawilakebs.  

nax.#4 

 

  es aris loqsusis Tasi (nax. #5) me-4 saukune Cv.w.aR-mde da misi feri 

icvleba imisda mixedviT, Tu rogor aris ganaTebuli. minaSi Sereulia 

oqros da vercxlis Zalian mcire nawilakebi. nanomecniereba daiwyo 

maSin, rodesac SeZles nanonawilakebis miReba calkeuli atomis 

SeerTebiT an nivTierebebis daSliT mcire masStabebamde da gazomva. 

gaazrebulad es daiwyo 70-iani wlidan. ,,nanoteqnologia” terminad 

Semoitana 74 wels iaponelma mecnierma tani guCim. am patara 

nawilakebidan daiwyes xelsawyoebis gakeTeba, romelic SeiZleba 

gamoyenebuli iyos. magaliTad, gaakeTes motori, romlis diametric iyo 

500 nanometri. is TvaliT ar Cans, magram muSaobs. es gamodgeba imisaTvis, 

rom sisxlSi SeviyvanoT da raRac manipulacia gaakeToT romelime 

organoze. nanonawilakebis forma SesaZloa garegnulad sxvadasxvagvari 

iyos. nanowilakebis gamokvleva sruldeba specialur danadgarebze. es 
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aris eleqtronuli mikroskopi da atomuri mikroskopi. axla me minda 

ganaxoT ra lamazi aris nanowilakebi eleqtronul mikroskopSi 

gadaRebuli. (nax. #6) 

nax. #5  

 

 

nax.#6 
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maTi danaxva SeuiaraRebeli TvaliT, rasakvirvelia, SeuZlebelia. 

nanonawilakebis miReba xdeba sxvadasxva gziT. magaliTisaTvis moviyvan 

erT-erT maTgans (nax. #7). 

nax. #7 

 

es aris Zalian maRali vakuumis mqone moculoba. ras niSnavs vakuumi? Tu 

daxSuli WurWlidan gamvqaCavT haers, ise rom masSi TiTqmis ar aris iq 

haeris molekulebi, faqtiurad carielia. ai, ori patara kafsula 

sxvadasxva nivTierebiT. Tu kafsulebs gaaxurebT, isini amoafrqveven 

sxvadasxva atomebs, romlebic daefinebian safenze da amiT Tqven 

SeZlebT, SeqmnaT sasurveli struqtura. magaliTad, vercxlis da 

spilenZis atomebi dasvaT gverd-gverdiT da miiRoT saTanado struqtura. 
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Tqven SegiZliaT safenze dasvaT jer erTi erTi atomi, gverdze dausvaT 

meore atomi da a.S.  Seiqmneba axali sxeuli. am meTodiT ,,ai bi emi”-is 

mkvlevarebma daweres IBM. es iyo 86 wels, Tu ar vcdebi. 

  atomuri mikroskopi (nax. #8) aris bolo miRweva kacobriobisa 

teqnikaSi. ai, es aris faqtiurad nemsis wveri. Tqven xedavT, rom misi Tavi 

mTavrdeba erTi  

nax. #8 

 

 

atomiT, es kidev aris zedapiri, romelzec Cven unda vimoqmedod. Tu maT 

Soris movdebT eleqtronul vels, moxdeba eleqtronebis gamosvla. Tqven 

xedavT, sadac amozneqilia atomis zedapiri, iqidan meti eleqtroni 

amodis, sadac atomebs Soris area, iq naklebi amodis da saTanado 

gardaqmnebis saSualebiT Tqven iRebT da pirdapir xedavT atomur 

zedapirs. magram yvelaze saintereso is aris, rom atomuri mikroskopis 

saSualebiT SeiZleba atomebi gadaadgiloT. amisaTvis Tqven axlos 



13 
 

miitanT nemsis (zondis) wvers minareul atomTan, xedavT mwvanesTan, 

miitanT axlos, mosdebT saTanado vels, es atomi miekroba nemss anu 

zonds, mere Tqven am zonds gadaswevT mikruli atomianad sxva adgilze 

da mere gamorTavT vels. es atomi moscildeba zonds da iq jdeba. Tqven 

SegeZlebaT manipulireba atomis doneze. es aris marTlac fantastikuri 

Sedegi dRevandeli kacobriobis miRwevisa. am meTodiT Tqven SegiZliaT 

SeqmnaT sxvadasxva sididis nanonawilakebi, Tu aiRebT 13, 15, 16, 20, 200 an 

met atoms, 3000 atomamde. amas yvelafers SeiZleba vuyuroT teleekranze. 

nanowilakebis Tvisebebis damokidebuleba maT zomebze aris maTi yvelaze 

gasaocari da saintereso buneba. nivTiereba erTnairi aris, magram am 

nivTierebis sxvadasxva zomis nanonawilakebs eqnebaT sxvadasxvanairi 

Tvisebebi. naxSirbadi, rogorc Cans, mniSvnelovani elementia 

nanoteqnologiebisaTvis, imitom rom naxSirbads aqvs ramdenime 

modifikacia: erTi aris almasi, meore aris grafiti da aRmoCnda, rom mas 

kidev erTi modifikacia aqvs _ grafeni. es aris erTi fena naxSirbadis 

atomebisa. myar sxeulSi TiTqmis yvela atoms hyavT mezoblebi yvela 

mxridan da ai, garfens hqonia erTi fena da ara hyavs mezoblebi zemodan 

da qvemodan. wiTeli aris naxSirbadis atomebi.  SarSandeli nobelis 

premia mianiWes swored am grafenis aRmoCenisaTvis. sasacilo iyo rogor 

aRmoaCines, rusebi iyvnen da rusulad moiqcnen. skoCi daawebes grafens 

da moaZres da mere naxes, rom erTi fena aZvra, mere gamoikvlies, Zalian 

Zneli gamosakvlevi iyo. am grafens Zalzed saintereso Tvisebebi 

aRmoaCnda: pirveli _ imisda mixedviT, Tu Tqven dens ra mimarTulebiT 

gaatarebT (nax. #9).  

nax. #9 
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aq aris ori mimarTuleba: x da y. erTi mimarTulebiT mas aqvs metaluri 

gamtarebloba, Zalian kargad atarebs dens da meore mimarTulebiT ki _ 

dens ar atarebs, e.i. dieleqtrikia. Tu am firfitas, am grafens daaxvevT 

y-is mimarTulebis garSemo, igi iqneba metaluri gamtareblobis, Tu 

daaxvevT x-is mimarTulebis garSemo, miiRebT naxevargamtars. daxveul 

grafens hqvia nanomilebi, romliTac mTeli msoflioa dainteresebuli. 

nanomilebis simagre ufro metia, vidre almasis. amis sailustraciod 

moviyvan Semdeg magaliTs: iyo aseTi proeqti, rom gaekeTebinaT 

Tanamgzavridan lifti dedamiwaze. is rom yvelaze Zlieri foladisagan 

gaekeTebinaT, maSin dedamiwaze misi diametri unda yofiliyo 200 m. da 

wona 10 miliardi tona, e.i. fantastikaa da mas ver Seqmnidnen. Tu 

nanomilebs gamoiyeneben, maSin misi radiusi iqneboda sul raRac 13 sm. da 

am liftis wona iqneboda kilogramebi. am nanomilakebs didi gamoyeneba 

aqvs eleqtronikaSi, imitom rom nanomilaki rom moRuno, misi 

gamtareblobac icvleba da Tu gamtarebloba icvleba raime 

zemoqmedebiT, maSin SeiZleba gaakeTo raime xelsawyo, magaliTad, 

tranzistorebs rom eZaxian, diodebs da a.S. garda amisa, es nanomilakebi 

gamoiyeneba medicinaSi. masSi SeiZleba CatvirToT raime wamali, mere 

adamians gaukeToT saTando ineqcia, romelic Seicavs am milakebs da 

sisxlTan erTad is miva organizmis saTanado adgilamde. es ar aris 

marto prognozi. ukve keTdeba zogierTi wamlebisaTvis, zogisTvis ki 

cdebi tardeba. 

nax. #10. aq aris naCvenebi gamtarebloba imisda mixedviT, masalas rogor 

davgrixavT. daugrixavs ar aqvs gamtarebloba, dagrexiT gamtarebloba 

izrdeba.  

 



15 
 

minda ganaxoT fantastikuri sizustis saswori (nax. #11), romelic ukve 

gakeTebulia.  

nax. #11 

 

nanomilaks miamagreben sxeuls, risi gazomvac undaT. jer gadaiReben 

miumagreblad mis rxevebs, mere raRacas miamagreben da ise gadaiReben 

rxevebs. rxevebis sixSire icvleba, es cnobili fizikuri faqtia da amis 

mixedviT adgenen wonas.gazomili aris fenta grami. fenta grami aris 10-12, 

anu grami unda gayoT milionjer da kidev milionjer. fantastikuri 

Sedegia.  

ra SeiZleba kidev iTqvas nanoteqnologiebis Sesaxeb. 

winaswarmetyveleben, rom SeiZleba iseTi masalebi Seiqmnas, romelic 

Tqveni survilis mixedviT Seicvlian Tvisebebs. maRaziaSi mixvalT, 

organuli masala minda, foladze magari, magram rom ar iwvodes, iyos 
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msubuqi da es yvelaferi SesaZlebelia. garda amisa, sruliad realurad 

muSaoben dRes e.w. desemblerebze da asemblerebze.  ra aris 

desembeleri? desembleri aris iseTi mowyobiloba, romelic Slis 

sxeuls atomebad, magaliTad, Tqven gaqvT ai, es sxeuli da amas daSlis 

atom-atomad. pirveli, atoms moaSorebs da kompiuterSi Caiwers mis 

monacemebs da koordinatebs, Semdeg meore atoms, mesames da a.S. mTlianad 

daSlis sxeuls. kompiuterSi yvela koordinati iqneba. Semdeg iqmneba 

asembleri, romelic Seqmnis atomebisagan igive sxeuls, Tu miawodebT 

saTanado nivTierebis atomebs. saqme is aris, rom am mowyobilobas 

SeiZleba hqondes replikaciis unari, e.i. Tavis Tavi gaimeoros. Tu 

gaakeTebT erT desemblers da asemblers, isini gaimeoreben Tavis Tavs 

uamravjer. adamians SeeZleba robotebis saSualebiT moaxdinos ucxo 

planetebis kolonizacia. kosmonavti ar Cava sxva planetaze, magram 

robotebi gaakeTeben yvelafers. yvelaze saintereso mainc is aris, rom 

winaswarmetyveleben adamianis ukvdavebamde sicocxles. es 

ganxorcieldeba TvaliT uxilavi zomis kompiuterebis SeqmniT. erTi Cemi 

gamocdilebis SesaxebmogiyvebiT: ,,mionis” mTavari inJineri viyavi 80-ian 

wlebSi. Cven mogvces im droisaTvis saukeTeso gamoTvliTi manqana БЕСМ-6, 

sakmaod didi moculobis iyo (daaxloebiT simaRleSi 1,8 metri, siganeSi 

1,2 metri da sigrZeSi 2.5 metri). axla jibis kalkulatori 100-jer mets 

akeTebs. Zalian swrafad ganviTarda es teqnologia. axla ukve momavali 

nanokompiuterebi iqneba 1000-jer naklebi Tanamedrove kompiuterebze, 

amitom sisxlis kapilarebSi sisxlTan erTad imoZravebs Tavisuflad. 

SeiZleba mas hqondes gadamcemi saSualeba, romelic gadascems 

informacias eqims, Tu romelime organosTan raRac defeqti SeamCnia. 

eqimi nanomilakis saSualebiT saTanado wamals miitans dazianebul 

organosTan. faqtiurad, adamiani kvdeba imisagan, rom misi organoebi 

icviTeba. es meTodi ki aRadgens organos dazianebul ares. kompiuteri 

mudmivad iqneba adamianis organizmSi da sisxlTan erTad icirkulirebs. 

energias miiRebs admianis siTbosgan. mecnierebi seriozulad 

winaswarmetyveleben, rom SesaZlebeli iqneba adamianis organizms 

pirdapir gadaeces energia sakvebis miRebis gareSe. am debulebam didi 

gaoceba ar unda gamoiwvios, Tu gavixsenebT im faqts, rom dReisaTvis 

msoflioSi arsebobs aTasamde adamiani _ ,,mzisWamiebi”, rogorc maT 

eZaxian, romlebic sazrdooben mxolod mzis energiiT da ar iReben 

araviTar sakvebs (rac damtkicebulia mkacri Semowmebis saSualebiT). 

nanoteqnologiebis saSualebiT Teoriulad SesaZlebelia Zroxis gareSe 

balaxidan uSualod miRebul iqnas rZe. 
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me kidev SemiZlia bevri kargi raRacis moyola, magram me minda, uaryofiT 

mxareebze gavamaxvilo yuradReba, imitom rom saSineleba SeiZleba 

moutanos kacobriobas am nanoteqnologiebma. warmoidgineT, rom am 

kompiuteris nacvlad, romelsac Tqven verc xedavT, verc grZnobT, 

SeiZleba organizmSi Seyvanil iyos kompiuteri saTanado programiT 

xelis CamorTmeviT, romelime samedicino analizebis aRebisas anda nemsis 

gakeTebis an acris dros, romelic Tqvens tvinis ujredebTan miva da 

moaxdens Tqvens zombirebas. zombi niSnavs iseT adamians, romelic 

usityvod asrulebs yvela gareSe brZanebas. Cemi azriT, es saSinelebaa. 

garda amisa, SeiZleba iseTi jariskacebis Camoyalibeba, romlebsac 

arafris eSiniaT da yvela brZanebas asruleben. amerikaSi, masaCusetis 

universitetSi muSaobs nanoteqnologiebis samxedro instituti, romelic 

muSaobs axali Taobis iaraRis Seqmnaze. axla me minda vTqva, rom 

kacobriobis mier axali miRwevebis gamoynebis istoria Zalian 

SemaSfoTebelia, radgan rac ki axali gamoigona adamianma, gamoiyena 

meore adamianis winaaRmdeg. gavixsenoT I msoflio omis dros ,,piritis” 

momwamlavi gazis gamoyeneba. igive nobeli aiReT, nobelis premia rom 

daarsa. man gamoigona asafaeTqebeli nivTiereba, romlis gamoyenebas 

gegmavdnen gzebisa da gvirabebis gayvanis samuSaoebis Sesrulebis dros. 

magram dResac teroristebi am nivTierebas iyeneben asafeTqeblad. 

amerikelebma gaakeTes atomuri bombi da II msoflio omis bolos misi 

saSualebiT gaanadgures xirosima da nagasaki. mogaxsenebT ra moxda sul 

ramdenime wlis win. nanoteqnologiaSi bevri ram jer kidev ar aris 

Camoyalibebuli, cnebebic ki ar aris bolomde dadgenili, bevri 

kanonzomiereba Sesaswavlia, magram amerikelebma ukve gaakeTes bombi 

nanoteqnologiebis gamoyenebiT da gamoscades. igi damangreveli da 

gamanadgurebeli unariT atomur bombs aRemateba, amitom amerikelebmamas  

,,mam bomb” – deda bombi uwodes. rusebma 3 Tvis Semdeg Tavisi bombi 

gamoscades. maTi bombi ufro Zlieri aRmoCnda da amerikelebis jinaze 

daarqves ,,papa bomba” _ mama bombi. amaze meti cinizmi warmoudgenelia, 

roca adamianis mosaklav saSualebas arqmev or uZvirfases saxels: dedas 

da mamas.  

prognozis mixedviT, 2015 wlisaTvis gamoSvebuli iqneba 1 trilionze 

meti nanoproduqcia. yvela didi qveyana _ a.S.S., ruseTi, CineTi, iaponia _ 

dResdReobiT intensiurad muSaoben nanoteqnologiebis ganviTarebaze, 

imitom rom ician, rom dRevandeli fizika xvalindeli iaraRia da visac 

eqneba nanoteqnologiebi umaRles doneze, is iqneba msoflios baton-

patroni. es didi qveynebi guluxvad gamoyofen saTanado Tanxebs am 

problemis gasanviTareblad. magaliTad, amerikam 10 miliardi gamoyo 
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SarSan. es marto biujetidan da daaxloebiT amdenive gamoyo kerZo 

kapitalma. putinma SarSanwin nanoteqnologiebze gamoyo iseTi 

dafinanseba, rac erTad aRebul mecnierebis sxva dargebze. ratom aris 

saSineli nanobombi? imitom rom atomur bombs aqvs Tavisi muxruWi. 

atomuri bombis gamoyenebis Semdeg, im teritoriaze narCeni radiaciis 

gamo 10 000 wlis ganmavlobaSi veravin ver Seva, verafers ver daTesavs, 

ver aaSenebs, is teritoria dakargulia. garda amisa, rogori iqneba qari, 

rogori iqneba wyalqveSa dinebebi, amisda mixedviT TviT bombis 

gamomyenebelic SeiZleba moeqces narCeni radiaciis gavlenis qveS. 

magaliTad,  roca CernobilSi moxda afeTqeba, 10-jer Tu 12-jer gaizarda 

Sav zRvaSi radiaciis foni. ramdeni axalgazrda daavadda kiboTi da sxva 

saSineli sneulebebiT. amitom atomur bombs aqvs Tavisi muxruWi. 

nanoteqnologiuri bombic anu vakuumis bombic yvelafers klavs, angrevs, 

magram mas narCeni radiacia ar gaaCnia. meore dRes ukve SegiZlia 

gamoiyeno es teritoria _ es aris saSineleba. garda amisa, masaCusetis 

institutSi muSaoben patara xelovnur mwerebze, romlebSic iqneba Sxami. 

50 000 aseTi mweri eteva daaxloebiT aseTi kompiuteris odena yuTSi da 

SeuZlia mospos sicocxle mTel dedamiwaze. amis winaaRmdeg brZola 

Zalian Znelia, imitom rom Sen verc igrZnob, rom gikbina. rusebmac 

gaakeTes xelovnuri buzi, romelic Sedis organizaciaSi da iRebs 

yvelafris fotoebs da gadascems informacias. rodesac nanoproduqcias 

akeTeben, aqtualuria ekologiuri problema, ra gamoiyofa, riT 

binZurdebagaremo. SarSan momixda ekologiur konferenciaze gamosvla, 

Seviswavle ekologiuri dacvis pirobebi da gamikvirda, ra mdgomareobaa 

msoflioSi am mxriv. jer erTi, ekologiaze gacilebiT naklebi ixarjeba, 

vidre SeiaraRebaze da axali warmoebis Seqmnaze, mere, erT magaliTs 

moviyvan: msoflio ekologiurma centrma daamtkica, rom esa da es 

nivTiereba mavnea, misi gamoyeneba ar SeiZleba da es unda Seicvalos 

axali nivTierebiT, romelic uvnebelia. arc erTma saxelmwifom es 

rekomendacia ar Seasrula, imitom rom Tavisi warmoebebi unda 

gardaeqmna, es ki did fulTan aris dakavSirebuli. ekologiaSi aris 

Zalian mniSvnelovani kanoni, rom yvelaferi sadRac unda iyos, araferi 

ar qreba. aqedan gamomdinare akeTeben Zalian cud prognozs, rom 

SeiZleba Seiqmnas arakontrolirebadi nivTierebebi TavisTavad. Tqven am 

nivTierebas vercerTi arsebuli filtriT ver SeakavebT, imdenad mcirea 

nawilakebis zomebi. rogor imoqmedeben es nawilakebi erTmaneTTan aravin 

ar icis. akeTeben  prognozs, rom SeiZleba warmoiqmnas e.w. ,,go”. ,,go” 

aris inglisurad lorwovani, slikina. SeiZleba iyos ori ,,go”: mwvane 

,,go” da yavisferi ,,go”, romelTac eqnebaT replikaciis (TviTgamravlebis) 

unari da SeiZleba moedon dedamiwis zedapirs. Tqven verc daTesavT da 
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verc verafers gaakeTebT maT mosaspobad. es SeiZleba moxdes 5 

weliwadSic, SeiZleba _ 10 weliwadSic. axla minda visaubro prevenciaze, 

anu ra SeiZleba gaakeTos kacobriobam, rom aicilos Tavidan 

ekologiuri katastrofebi gamowveuli nanoteqnologiebiT. unda 

aRvniSnoT, rom atomuri bombis teqnologiam gaaswro mis filosofiur 

da sazogadoebriv gaazrebas. jer atomuri bombi aafeTqes xirosimaSi da 

nagasakSi da mZinare xalxi daRupes da da mere daiwyes bombis 

gamoyenebis winaaRmdeg brZola. einSteinma, romelmac xeli moawera 

amerikis prezidentisadmi gagzavnil werils, romelSic rekomendacias 

uwevda bombis Seqmnas, daiwyo brZola bombis gamoyenebis winaaRmdeg da 

Seiqmna moZraoba mTel msoflioSi atomuri bombis gamoyenebis 

winaaRmdeg. Cemi azriT, dagvianebuli iyo. axla albaT droa, rom 

yuradReba mieqces nanoteqnologiebis swori mimarTulebiT ganviTarebas, 

rom farTo sazogadoeba informirebuli iyos nanoteqnologiebis saSiSi 

mxareebis Sesaxeb, radgan droulad aRkveTos nanoteqnologiebis mavne 

mxareebis ganviTareba. da Tu yvela gaiazrebs, ra aris cudi, xolo 

RvTismsaxurebi iloceben, me imedi maqvs, rom adamianma SeiZleba bolos 

da bolos gaigos, rom mecnieruli miRwevebi unda gamoiyenos ara Tavis 

sazianod, aramed mxolod _ sakeTildReod. 

 

 


