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Jurnali “mecniereba da teqnologiebi” _ 65 

 

XX saukunis 40-iani wlebidan Cvens respublikaSi Tanamedrove qarTul mecnierebas ko-

ordinacias uwevda ukve axlad Camoyalibebuli saqarTvelos mecnierebaTa akademia (1941 w.), 

romlis iniciativiTac safuZveli Caeyara msoflioSi saxelganTqmul araerT qarTul samecni-

ero skolas, axal mecnierul mimarTulebasa da mimdinareobas, kvlevis axal formebsa da me-

Todebs. swored saqarTvelos mecnierebaTa akademiis mzrunvelma damokidebulebam da saxe-

lovani mecnierebisa da teqnikis specialistTa Taosnobam da mondomebam axali sicocxle 

STabera wlebis ganmavlobaSi funqciadakarul qarTul samecniero-teqnikur periodul gamo-

cemas _ 1948 wlis dekemberSi saqarTvelos mTavrobis gadawyvetilebiT dafuZnda saqarTvelos 

mecnierebaTa akademiis samecniero-popularuli Jurnali “mecniereba da teqnika”, riTac xorci 

Seesxa didi niko musxeliSvilisa da misi saxelovani Tanamedroveebis Canafiqrs, rom sabu-

nebismetyvelo dargis qarTvel mecnierebsa da teqnikis specialistebs sakuTari originaluri 

Jurnali hqonodaT. 

Jurnalis mTavar redaqtorad dainiSna saqarTvelos mecnierebaTa akademiis vice-prezi-

denti, akademikosi rafiel aglaZe. masTan erTad saredaqcio kolegiaSi Sediodnen: akademi-

kosi viqtor kupraZe, profesori vasil kakabaZe, docenti maTe mirianaSvili, inJinrebi kons-

tantine gurgeniZe da Salva jabua, evgeni wulaZe (redaqciis pasuxismgebeli mdivani). 

Jurnali imTaviTve maRali profesiuli doniT gamoirCeoda rogorc Sinaarsobrivad da 

Tematikurad, ise mxatvruli TvalsazrisiTac. es SemTxveviTi ar iyo. misi sakmaod xangrZlivi 

(65-wliani) saqmianoba mwir niadagze ar aRmocenebula; manamde _ 1925_1926 wlebSi gamodioda 

Jurnali `mecniereba da teqnika”; 1925_1929 wlebSi _ `teqnika da cxovreba”; 1929-dan 1938 wla-

mde _ Jurnali `teqnika da Sroma’’, xolo 1938 wlidan 1941 wlamde `teqnikis” saxelwodebiT 

ganagrZobda funqcionirebas. 1941_1948 wlebSi jer omiT gamowveuli, mere ki omis Semdgomi 

mZime pirobebis gamo samecniero-teqnikuri periodikis ganviTarebaSi erTgvari vakuumi war-

moiqmna. arada, saWiro iyo Jurnali, romelic gaacnobda Cvens xalxs, Tu rogor emsaxurebian 

saqarTvelos samecniero dawesebulebebi da TviT mecnierebi saxalxo meurneobis Semdgomi 

ganviTarebis saqmes; Jurnals unda daekmayofilebina Cveni axalgazrdobis miswrafeba mecnie-

ruli da teqnikuri codnis SeZenisa da amaRlebisa, xeli Seewyo teqnikuri gamocdilebis 

gacvla-gamocvlisaTvis warmoebaSi axali teqnikis danergvisaTvis. gansakuTrebuli yuradReba 

unda mieqcia im miRwevebis gaSuqebisaTvis, romlebic teqnikasTan aris dakavSirebuli; Jur-

nali unda daxmareboda novatorebs, gamomgoneblebsa da racionalizatorebs.  

SeiZleba gadauWarbeblad iTqvas, rom swored axaldaarsebuli Jurnalis furclebze 

gamoqveynebuli statiebi, werilebi, reportaJebi, informaciebi safuZvlianad pasuxobda am 

moTxovnebs da yovelTvis keTilismyofel zemoqmedebas axdenda mkiTxvelze. bevri axalbe-

da da teqnikiT gatacebuli axalgazrdisaTvis Jurnali codnis dauflebis saimedo orien-

tirs warmoadgenda. asea es dResac. araerTi aw ukve aRiarebuli mecnierebisa da teqnikis 

moRvawis Semoqmedebisa da sagamomgoneblo-racionalizatoruli saqmianobis debiuti swo-

red am JurnalSi Sedga.  

Jurnali yovelTvis pirnaTlad pasuxobda im moTxovnebs, rac mas dafuZnebis dros 

dausaxes. igi yovelTvis sabunebismetyvelo mecnierebisa da teqnikis sferoSi momxdari 

movlenebis popularizacias axdenda da, rogorc wesi, samecniero-teqnikur samyarosa da 

mkiTxvelTa Soris erTgvari Suamavlis rols asrulebda.  
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Jurnalis arsebobis ganmavlobaSi misi gamorCeuli saxisa da stilis damkvidrebis 

process SemoqmedebiTad warmarTavdnen Jurnalis mTavari redaqtorebi. rogorc zemoTac 

aRvniSneT, axaldaarsebuli Jurnalis pirveli mTavari redaqtoris am keTilSobilur 

movaleobas 1949 wlidan 1953 wlamde asrulebda akademikosi rafiel aglaZe _ samecniero 

wreebSi didi avtoritetis mqone pirovneba, romelmac yvelaferi iRona, rom Jurnali “mecnie-

reba da teqnikis” redaqcias swori mimarTulebiT gadaedga pirveli nabijebi. mis sasaxelod 

unda iTqvas, rom Jurnalis redaqciam unarianad auRo alRo dakisrebul movaleobas da Tavis 

Semdgom saqmianobas saimedo safuZveli Cauyara.  

1953 wlidan 1956 wlamde Jurnalis redaqcias saTaveSi edga saqveynod cnobili mecnieri 

da sazogado moRvawe rafiel dvali _ didi mecnieruli erudiciisa da iSviaTi pirovnuli 

xiblis mqone adamiani. batonma rafielma didi amagi dasdo Jurnalis redaqcias da mis muSa-

obaSi mTeli rigi siaxleebi danerga. 

1956 _ 1959 wlebSi Jurnalis mTavari redaqtoris Tanamdeboba ekava akademikos vaxtang 

maxaldians, romelmac Tavisi moRvaweobiT didad Seuwyo xeli Jurnalis winsvlasa da misi 

uaxlesi miznebis gansazRvras.  

yvelaze xangrZlivi droiT (1959 _ 1990 ww.) Jurnals xelmZRvanelobda saqarTvelos mec-

nierebaTa akademiis wevr-korespondenti, batoni zurab wilosani, romelmac sami aTeuli wlis 

ganmavlobaSi waruSleli kvali daamCnia Jurnalsa da mis redaqcias. maRal mecnierul da 

organizatorul niWTan erTad z. wilosani gansakuTrebuli keTilSobilebiTa da adamianuri 

siTboTi gamoirCeoda, riTac redaqciaSi urTierTgagebisa da Tanadgomis atmosfero Seqmna.  

z. wilosanis gardacvalebis Semdeg, 1990 wlidan 2009 wlamde, Jurnalis redaqtori iyo 

gamoCenili kibernetikosi, qarTuli fizika-maTematikuri skolis saxelovani warmomadgeneli, 

akademikosi vladimer WavWaniZe. misi redaqtorobis periodSi Jurnalma jer samecniero-

ilustrirebuli (1991), xolo 2000 wlidan samecniero-referirebuli Jurnalis statusi miiRo. 

2000 wels Seecvala Jurnals saxelwodebac: saqarTvelos mecnierebaTa akademiis prezidiumis 

2000 wlis  #104 dadgenilebiT Jurnals “mecniereba da teqnologiebi” ewoda. gansakuTrebiT 

unda aRiniSnos vl. WavWaniZis uangaro saqmianoba 1990-ian wlebSi, rodesac Jurnalis redaq-

cias ukiduresad gauWirda. batonma vovam redaqciis TanamSromlebTan erTad Jurnali faqtob-

rivad daxurvas gadaarCina _ kritikul situaciebSi igi sakuTari saxsrebiT uzrunvelyofda 

Jurnalis dadgenil vadebSi gamocemas. 

vl. WavWaniZis gardacvalebis Semdeg Jurnals mTavari redaqtori ar hyolia. marTlac, 

mZime periodi daudga redaqcias, magram igi misTvis Znelbedobis Jamsac TvalisCiniviT ufrT-

xildeboda da agrZelebda aTeulwlobiT Camoyalibebul Zvirfas tradiciebs.  

redaqciis TanamSromlebis Tavdadebuli Sromis Sedegad da Jurnalis kuratoris, mTa-

vari redaqtoris movaleobis amsruleblis (2009 _ 2012 ww.), akademikos mindia saluqvaZis Za-

lisxmeviT Jurnalma funqcionireba ar Sewyvita 2012 wlis ivlisamde. xolo akademikos arCil 

frangiSvilis (amJamad Jurnalis mTavari redaqtori) mcdelobam _ daxmareboda Jurnals, 

ukvalod ar Caiara; man naxevar saukuneze meti xnis Jurnali dasaxurad ver gaimeta da 2013 

wels mas axali suli STabera.  dRes Jurnali `mecniereba da teqnologiebi~ isev fexze dgas 

da welgamarTuli xvdeba Tavisi daarsebis 65-e wlisTavs. 

 

Jurnali `mecniereba da teqnologiebis~  

saredaqcio kolegia   
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fizika 

 

 

atomis birTvis klasteruli agebuleba 

m. jiblaZe, T. bacikaZe 

(saqarTvelos teqnikuri universiteti) 

 

Tanamedrove mecniereba nivTierebis agebulebis Sesaxeb Seiqmna da Zlier ganviTarda 

fizikisa da qimiis zRvarze. [1_4]-Si ganxiluli iyo protonis mier Seqmnili eleqtro-

statikuri velis gavlena sxvadasxva birTvis struqturis formirebaze da nuklonebis 

struqturis qvarkul modelze dayrdnobiT naCvenebi iyo eleqtruli veli, romelic nuk-

lonebSi eleqtrul dipolebs warmoqmnis, uzrunvelyofs mdgrad rombul, prizmul da kuburi 

formis klasterebs, romlebic heliumis, naxSirbadisa da Jangbadis birTvebs Seesabameba.  

birTvuli Teoriis Seqmnis mcdelobebi birTvuli Zalebis Tvisebebze arsebuli 

arasakmarisi codnis gamo mraval siZnelesTanaa dakavSirebuli. amitom iZulebuli varT 

nuklonebs Soris arsebuli urTierTqmedebis Zalebi modeluri damokidebulebebis 

gamoyenebiT cnobil eqsperimentul Sedegebs SevusabamoT.  

atomis birTvi, romelic mravalnawilakian qvantur sistemas warmoadgens, uaRresad 

rTuli obieqtia da, amdenad, birTvuli Teoriis Seqmnis cdebi did siZneleebs awydeba 

ZiriTadad birTvuli Zalebis bunebaze arasrulyofili warmodgenebis gamo. Tumca nuklonebs 

Soris arsebuli birTvuli Zalebis buneba cnobilic rom iyos, mraval nawilakTa 

urTierTqmedebis qvanturi amocanis gadawyvetis problema mainc dadgeba.  

atomis birTvis Teoria ganviTarda iseTi birTvuli modelebis Seqmnis gziT, romlebic  

birTvis Tvisebebis an movlenebis arCeuli erTobliobis parametrebis minimaluri raodenobiT 

aRiwereba. modelis Rirebuleba parametrebis raodenobiTa da birTvebis axali Tvisebebis 

winaswarmetyvelebiT an ukve arsebuli Tvisebebis axsnis SesaZleblobiT ganisazRvreba, 

oRond nebismieri modelis SesaZleblobebi SezRudulia da birTvis yvela Tvisebis 

srulyofilad aRwera ar SeuZlia, ris Sedegadac iZulebuli varT gamoviyenoT mravali 

sxvadasxva modeli, romlebic movlenebis SezRudul raodenobas aRwers, magram mTlianobaSi 

birTvis Sesaxeb Cveni codnis dones Seesabameba.  

birTvis nebismieri modelis safuZvelia arCeuli obieqtis Tavisuflebis xarisxis 

nebismieri erTobliobis SedarebiTi damoukideblobis daSveba. Tavisuflebis xarisxi 

klasificirdeba rogorc erTnawilakiani, romelic calkeuli nuklonebis damoukidebel 

moZraobas aRwers, ise koleqtiuri, romelic mravali nawilakis urTierTSeTanxmebul 

moZraobas Seesabameba. AaseTia, magaliTad, ori modeli: wveTuri, romelic  koleqtiuri Tavi-

suflebis xarisxs eyrdnoba, da garsuli, romelic nuklonis, rogorc erTi nawilakis, 

moZraobis aRweras iyenebs.   

winamdebare naSromSi birTvebis klasterul warmodgenebze dayrdnobiT ganvixilavT  

qimiuri elementebis birTvebis Seqmnis sqemebs. 

Cvens samyaroSi daaxloebiT 100 sxvadasxva qimiuri elementia. rogor warmoiqmna es 

elementebi bunebriv pirobebSi? 

am kiTxvaze pasuxs iZleva samyaroSi qimiuri elementebis raodenobis fardobiTi 

ganawileba (nax. 1). rogorc Cans, yvelaze msubuqi elementebis _ wyalbadisa (H) da heliumis 
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(He) Semdeg bunebaSi ufro xSirad gvxvdeba naxSirbadisa (C) da Jangbadis (O) atomebi. 

gavrcelebis mixedviT maT mosdevs neoni (Ne), magniumi (Mg) da siliciumi (Si). 

 
      

nax. 1. qimiuri elementebis ganawileba samyaroSi 

 

mzis sistemaSi arsebuli qimiuri elementebis ganawilebis gansakuTrebulobaTa 

Soris umniSvnelovanesia Semdegi: 

- samyaro ZiriTadad wyalbadisagan Sedgeba, romelic atomTa mTliani raodenobis 

90%-s Seadgens; 

- gavrcelebis mixedviT, heliumi meore adgilzea (9%);  

- aris Rrma minimumi, romelic Seesabameba qimiur elementebs: liTiums (Li), beriliums 

(Be) da bors (B);   

- Li-is, Be-isa da В-is elementebis gavrcelebis Rrma minimums mohyveba naxSirbadisa (C) 

da Jangbadis (O) atomebis maqsimumi, rac gamowveulia maTi SedarebiT maRali gavrcelebiT;  

- Jangbadis Semdeg daimzireba qimiuri elementebis gavrcelebis naxtomisebri 

(xerxisebri) Semcireba skandiumamde Sn (А=45); 

- SeiniSneba elementebis gavrcelebis mkveTri zrda rkinis Fe (A = 56) ubanSi (rkinis 

jgufi); 

- neodiumis Semdeg elementebis gavrcelebis Semcireba ufro monotonurad xdeba; 

- mniSvnelovani gansxvavebaa wyvili da kenti protonebis raodenobis mixedviT. 

rogorc wesi, wyvili raodenobis protonebis mqone qimiuri elementebi bunebaSi ufro 

gavrcelebulia. 

rogorc cnobilia, SedarebiT msubuqi qimiuri elementebi varskvlavebis Suagul 

sivrceSi iqmneba, xolo mZime elementebis Sesaqmnelad aucilebelia zeaxali varskvlavebis 

afeTqeba zemaRali temperaturebisa da wnevebis pirobebSi. varskvlavebis siRrmeSi birTve-

bis Seqmnis procesi temperaturisa da nivTierebis simkvrivis zrdis mixedviT etapobrivad 

mimdinareobs: 

1.  wyalbadis wva varskvlavebSi (ρ = 102 g/sm3, T = 2·106 K); 

2.  heliumis wva varskvlavebSi (ρ = 103 g/sm3, T = 2·108 K); 

3.  naxSirbadis wva varskvlavebSi (ρ = 105 g/sm3, T = 8·108 K); 

4.  Jangbadis wva varskvlavebSi (ρ = 105-106 g/sm3, T = 2·109 K); 

5.  kaJbadis wva varskvlavebSi (ρ = 106 g/sm3, T = (3-5)·109 K). 
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rogorc vxedavT, qimiuri elementebis Seqmnisas ZiriTadi birTvebia wyalbadis, 

heliumis, naxSirbadis, Jangbadisa da kaJbadis birTvebi.  

atomis birTvebis agebulebis modeli. atomis birTvis modelebis raodenoba Zalze 

didia. xSirad isini birTvSi nuklonebis moZraobis xasiaTis urTierTsawinaaRmdego pos-

tulatebs emyareba. gavixsenoT zogierTi maTgani; 

1. birTvis hidrodinamikuri (wveTuri) modeli (n. bori, 1936). wveTuri modeli 

daefuZna birTvSi nuklonebisa da siTxis wveTSi molekulebis moZraobebs Soris 

analogias. iseve rogorc Cveulebriv wveTSi, birTvis zedapiric SesaZloa irxeodes. Tu am 

rxevebis amplituda Zalze gaizrdeba, wveTi daiSleba, anu birTvi daiSleba; 

2. birTvis garsuli modeli (m. heper-maeri, i. ienseni, 1950). jer kidev birTvuli 

fizikis ganviTarebis sawyis etapze atomebis birTvebSi protonebisa da neitronebis 

`magiuri ricxvebis~ (2, 8, 20, 50, 82, 126)  aRmoCenis safuZvelze warmodgenil iqna garsuli 

modeli atomSi eleqtronebis garsebis Teoriis analogiurad. garsul modelSi ZiriTadia 

nuklonebis damoukidebeli moZraoba TviTSeTanxmebul velSi, rac hidrodinamikur models 

ewinaaRmdegeba. birTvis garsulma modelma SeZlo spinisa da birTvis magnituri momentebis 

arsebobis axsna; amasTan, atomis birTvebis sxvadasxva mdgradobis faqtisa da birTvebis 

Tvisebebis cvlilebebis periodulobis gamovlena; 

3. birTvis koleqtiuri modeli (j. reinouteri, 1959; o. bori da b. motelsoni, 1952) 

Seiqmna wveTur modelze dayrdnobiT da axsna naklebad agznebuli birTvebis buneba, xolo 

birTvebis agzneba _ rogorc zedapiris dinamikuri deformacia (anu zedapiris droSi 

cvlileba); 

4. birTvis ganzogadebul modelSi (o. bori da b. motelsoni) ganixileba koleqtiuri 

da erTnawilakovani Tavisuflebis xarisxi. es modeli eyrdnoba statistikuri fizikis 

iseT Cveulebriv cnebebs, rogoricaa temperatura, doneebis simkvrive, entropia, fluq-

tuacia da a.S. birTvebis es maxasiaTeblebi birTvuli reaqciebis aRwerisaTvis gamoiyeneba. 

ganzogadebulma modelma axsna zogierTi birTvis didi kvadrupoluri momentebi da 

daaskvna, rom am birTvebis gare nuklonebi iwvevs birTvis gularis Zlier deformacias, 

rac mas sferulobas akargvinebs da birTvi ovalur formas iRebs; 

5. wyvili korelaciis modeli. birTvis ganzogadebuli modeli garkveul wina-

aRmdegobebs awydeba eqsperimentuli Sedegebis axsnis dros, gansakuTrebiT im birTvebis 

Tvisebebis aRwerisas, sadac birTvis gularis garSemo ramdenime nukloni moZraobs. am 

modelis gaumjobesebis bunebrivi gza nuklonebis gularTan urTierTqmedebis gaT-

valiswinebaa. garsuli modelis Sesabamis modifikaciebs wyvili korelaciis modelebi 

ewodeba, romelTagan yvelaze cnobili birTvis zegamtaruli modelia (n. bogoliubovi, o. 

bori, b. motelsoni, d. painsi, 1958). am models safuZvlad daedo warmodgena imis Sesaxeb, 

rom protonebisa da neitronebis wyvili erTmaneTis toli da urTierTsawinaaRmdego 

mimarTulebis moZraobis raodenobis momentebiT birTvSi SekavSirebul mdgomareobas qmnis; 

6. birTvis statistikuri modeli (i. frenkeli, 1936; l. landau, 1937). ufro didi 

agznebis dros (6-7 mev) doneebis raodenoba saSualo da mZime birTvebSi Zalze didia, ris 

Sedegadac doneebs Soris manZili mcirdeba. am dros TiToeuli donis qvanturi 

maxasiaTeblebis dadgena SeuZlebelia da arc aris saWiro. mizanSewonilia mocemuli 

spiniT, izospiniT da a.S. doneebis simkvrivis cnebis Semotana; 

7. birTvuli nivTierebis zegamtaroba. nuklonebs Soris Zlier urTierTqmedebas 

(sruli kuTxuri momentiT J=0 da spiniT S=0) birTvis nivTierebis zegamtarobamde mivya-

varT (o. bori, j. valantini, 1958). am modelis Sedegia birTvis erTsixSiriani agznebis 

speqtrSi Raris warmoqmna da deformirebuli birTvebis inerciis momentebis Semcireba 
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`myari~ birTvebis momentebTan SedarebiT. iseve rogorc liTonebSi eleqtronebis Se-

wyvileba zegamtarobis mizezia, nuklonebis Sewyvilebam, SesaZloa, birTvuli nivTierebis 

zegamtaroba gamoiwvios; 

8. birTvis optikuri modeli gamoiyeneba birTvebSi nuklonebze drekadi gabnevebis 

gansaxilvelad. es modeli pirdapir birTvul reaqciebs aRwers, romlebic ~10-22_10-23 wm 

drois ganmavlobaSi mimdinareobs. birTvebis sawinaaRmdego mdgomareoba statistikuri 

modeliT aRiwereba; 

9. klasterul modelSi gamoiyeneba nuklonebis asociaciis modeli atomis birTvis 

klasterul (blokebis) struqturaze dayrdnobiT. es modeli Seiqmna gasuli saukunis 30-iani 

wlebis meore naxevarSi, rodesac sistematizebul iqna monacemebi msubuq birTvebSi 

urTierTkavSiris energiis Sesaxeb. aRmoCnda -daSlis mimarT im birTvebis mdgradobis 

gazrda, romlebsac wyvili protonebi da neitronebi aqvs. maT Soris aris 8Ве, 12С, 16О  da a.S. 

birTvebi. mravali birTvi agznebul mdgomareobaSi didi albaTobiT -nawilakebis 

gamosxivebis Sedegad iSleba. j. uilerma 1937 wels wamoayena mosazreba, rom mravali birTvi 

-nawilakebis klasterebisagan Sedgeba. magaliTad, liTiumis (6Li) birTvi ZiriTadad imyofeba 

iseT mdgomareobaSi, romelic deitronisa da -nawilakis urTierTqmedebiT aRiwereba da 

birTvis centris garSemo brunavs. -nawilakebis korelacia naTlad vlindeba birTve-

bisaTvis, romelTa atomuri ricxvi А<40. ufro mZime birTvebisaTvis es efeqtebi naklebad 

vlindeba. msubuq birTvebSi SesaZloa sxva klasterebis Seqmnac. magaliTad, zog SemTxvevaSi 

liTiumis 6Li birTvi SesaZloa ganvixiloT, rogorc ornawilakiani sistema+d (ufro swori 

iqneba es birTvi ganvixiloT, rogorc  +n+р sistema). 
warmodgenili birTvuli modelebi aRwers atomuri birTvebis ZiriTad Tvisebebs. 

Tumca isini arasakmarisi aRmoCndnen birTvebis ZiriTad da agznebul mdgomareobaSi 

damzerili yvela eqsperimentuli Sedegis Sesafaseblad.   

atomis birTvis klasteruli modeli. winamdebare naSromSi ganvixilavT klasterul 

models, romlis mizania nuklonebis kvarkul modelze dayrdnobiT sxvadasxva birTvis 

sivrculi modelis Seqmna. 

aRsaniSnavia, rom nuklonebis qvarkuli modelis Tanaxmad, protoni ori u-qvarkisa da 

erTi d-qvarkisagan Sedgeba, xolo neitroni Seicavs erT u-qvarksa da erT d-qvarks. Tu pro-

tonsa da neitrons, rogorc nuklonebSi arsebul Tavisuflad moZravi nawilakebis (u- da 

d-qvarkebi) sistemad warmovidgenT, maSin sivrceSi qvarkebis gasaSualoebuli mdebareoba 

protonis dadebiT muxts da neitronis nulovan muxts ganapirobebs. 

rogorc cnobilia, erTi protoni SeiZleba SeuerTdes erT neitrons, ris Sedegadac 

deiteriumis birTvi warmoiqmneba. mas meore neitronis mierTebac SeuZlia (tritiumis birTvi), 

magram, miuxedavad imisa, rom Tavisufali adgili bevria, mesame neitrons aRar miierTebs. 

amasTan, aRsaniSnavia, rom bunebaSi deiteriumis gavrceleba tritiumTan SedarebiT Zalze 

didia, magram Tu tritiumis sistema kidev erT protons miierTebs, miviRebT Zalze stabilur 

da bunebaSi farTod gavrcelebul heliumis (2He4) izotops (-nawilaki). 

rogorc aRvniSneT, qvarkuli modelis Tanaxmad, nuklonebi SeiZleba sami nawilakis 

erTobliobad warmovidginoT (protoni – uud da neitroni – ddu), Tanac SeiZleba davuSvaT, 

rom qvarkebis wyvili nuklonebSi ise moZraobs, rogorc eleqtronebi heliumis atomSi, 

xolo nuklonis centralur nawilSi erTi qvarkia (nax. 2).  
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nax. 2. heliumis atomi, protoni da neitroni 

 

Tu mxedvelobaSi miviRebT eleqtronebs Soris arsebul Zlieri kulonuri ganzidvis 

Zalebs, cxadi gaxdeba, rom heliumis birTvSi eleqtronebi erTmaneTisagan maqsimalur 

manZilebze unda iyos dacilebuli. amdenad, heliumis atomSi eleqtronebs unda hqondes iseTi 

traeqtoriebi, rom ZiriTadad wris diametrze scildebodes erTmaneTs (nax. 2).   

heliumis atomisagan gansxvavebiT, sadac msubuqi eleqtronebi didi masis mqone 

birTvis gareSe moZraobs, qvarkebis masebi nuklonebSi TiTqmis erTmaneTis tolia. 

heliumis birTvis nebismieri moZraoba eleqtronebis moZraobis sibrtyis sivrculi 

orientaciis cvlilebas iwvevs. analogiuri mdgomareobaa nuklonebSic, magaliTad, 

protonSi ori u-qvarki aseve brunavs erTi d-qvarkis garSemo TiTqmis wriul orbitaze ise, 

rom erTmaneTisagan maqsimalurad dacilebulia, Tumca protonis centralur ubanSi myofi 

d-qvarki misi mcire masis gamo gacilebiT rTul moZraobas asrulebs (didi amplitudiT), 

vidre heliumis atomSi birTvis moZraobaa. miuxedavad amisa, yvela am qvarkis 

gasaSualoebuli mdebareoba protonis centrSia da erTis tol saerTo muxts (qe) iZleva. 

analogiuri suraTia neitronSic, sadac u-qvarkis garSemo ori d-qvarki brunavs, 

magram qvarkebis gasaSualoebuli mdebareoba neitronis centrSia da saerTo neitralur 

muxts iZleva. 

ismis kiTxva: ratom ar arsebobs neitronTa wyvili? 

marTlac, warmovidginoT neitroni mzis wiaRSi zemaRali temperaturebisa da 

wnevebis pirobebSi. misi kinetikuri energia Zalze didia da Sejaxebisas is SeiZleba 

rogorc protons, ise neitronsac SeuerTdes. Tumca, neitronis SeerTeba meore neitronTan 

Zalze iSviaTia da es wyvili ramdenime wamSi iSleba, maSin rodesac neitronis SeerTeba 

protonTan deiteriumis stabilur izotops gvaZlevs.  

amrigad, neitroni protonTan erTiandeba. gasagebia, rom Zlierma mizidulobis 

birTvulma Zalebma unda uzrunvelyos protonsa da neitrons Soris Zlieri kavSiri, 

magram es Zalebi ratom ver uzrunvelyofs kavSirs or, sam da met neitrons Soris? 

zogierT birTvul reaqciaSi (d2, d3, d4 reaqciebi) daimzireba ori, sami da oTxi 

neitronisagan Sedgenili sistemis gamosxiveba, magram maTi mdgradoba mcirea da ramdenime 

wamSi iSleba. gasaocaria, Tu isini erTad iyvnen, rogor moxda maTi Semdgomi dacileba, Tu 

maT Soris Zlieri birTvuli urTierTmoqmedi Zalebia? gamodis, rom dawyvilebul 

neitronebs Soris Zlieri birTvuli Zalebi ki ar moqmedebs, aramed maTi mcire xniT 

SekavSirebis mizezi gacilebiT susti gravitaciuli mizidulobis Zalebia.  

neitronebs Soris Zlieri birTvuli Zalebis arsebobis SemTxvevaSi warmoiqmneboda 

ara marto mcire raodenobis neitronebisagan Sedgenili stabiluri gundebi, aramed Zalze 

didi raodenobis neitronebisagan Sedgenili gundebic, rac atomgulTa sistemas mTlianad 

Secvlida. rogorc cnobilia,Nneitronebis Zalze did gunds neitronuli varskvlavebi 

warmoadgens gravitaciuli mizidulobis Zalebis moqmedebis gamo.   

SeiZleba davaskvnaT, rom mcire raodenobis neitronebis gundis warmoqmnisas mTavar 

rols birTvuli Zalebi ki ar asrulebs, aramed gravitaciuli Zalebi, miuxedavad maTi 



16 
 

simcirisa. Tu gaviTvaliswinebT nuklonebis Zalze mcire zomebs, SesaZloa, gravitaciulma 

Zalebma uzrunvelyos mcire raodenobis neitronebisagan Semdgari gundis ramdenimewamiani 

erTianoba, magram neitronebis didi gundis SeqmnisaTvis aucilebelia Zalze didi 

raodenobiT neitronTa erToblioba, rac neitronul varskvlavebSi xorcieldeba. gamodis, 

rom neitronebs Soris birTvuli mizidulobis Zalebi ar arsebobs da neitroni ierTebs 

protons masSi arsebuli eleqtruli muxtis mier Seqmnili velis saSualebiT.  

aRsaniSnavia, rom nuklonebis mcire zomebis gamo, qvarkebs Soris arsebuli 

eleqtruli urTierTqmedebis Zalebi daaxloebiT 1011-jer aRemateba heliumis atomSi 

eleqtronsa da atomguls Soris arsebul eleqtrul Zalebs. 

mniSvnelovania, rom swored qvarkebis wriul moZraobas SeuZlia uzrunvelyos 

nuklonebis Sesabamisi magnituri momentebi. marTlac, protonis magnituri momenti μp.=2.8μb. 

(μb. _ birTvuli magnetonia), xolo neitronis magnituri momenti Seadgens μn. = −1.9μb. 

nuklonebis magnitur momentebs Soris es gansxvaveba SeiZleba ganapirobos d- da u-qvarkebs 

Soris muxtebis sididis sxvaobam.  

davuSvaT, rom ZiriTadi Zala, romelic or nuklons Soris moqmedebs, kulonuri 

Zalaa. maSin, proton-neitronis wyvilis Seqmnisas, protonis dadebiTi muxtis mier Seqm-

nili eleqtruli veli neitronSi gamoiwvevs qvarkebis moZraobis traeqtoriis iseT 

cvlilebas, rom warmoiqmneba eleqtruli dipoli qd (nax. 3). radgan nuklonSi qvarkebi 

Tavisuflad gadaadgildeba, protonis eleqtruli velis gavleniT maqsimalurad SesaZlo 

eleqtruli dipoli warmoiqmneba. aseTive dipoli warmoiqmneba protonSic neitronSi 

aRZruli dipoluri velis gavleniT. am dipolebis urTierTqmedeba neitronsa da protons 

Soris urTierTqmedebis mizidulobis Zalas uzrunvelyofs. 

 

 
 

nax. 3. proton-neitronuli eleqtrodipoluri urTierTqmedeba 

  

rogorc vxedavT, proton-neitronul wyvilSi orive nukloni eleqtrulad pola-

rizebuli SeiZleba iyos, miuxedavad imisa, rom Tavisufal mdgomareobaSi nuklonebSi 

eleqtruli dipolebi qreba. neitronSi eleqtruli dipolis warmoqmna gamowveulia 

protonis mier Seqmnili veliT da gamodis, rom mizidulobis birTvuli Zalebi kulonis 

eleqtruli ZalebiTaa uzrunvelyofili.   

ramdenad Zlieri SeiZleba iyos es eleqtruli mizidulobis proton-neitronis 

Zalebi? Tu dipolis sigrZe daaxloebiT nuklonis radiusis tolia (d~r), maSin kulonis 

kanonis Tanaxmad, urTierTqmedebis Zala eleqtrul dipolebs Soris iqneba:  

F ~ 0,6 ke2/r2, 

sadac r – nuklonis radiusia, e – eleqtronis muxti.  

birTvis mcire zomebis gamo protonsa da neitrons Soris urTierTqmedebis Zala 

SeiZleba Zalze didi iyos. radgan birTvis zomebi 105–106-jer  naklebia atomis zomebze, 

birTvSi arsebuli eleqtruli Zalebi 1010 – 1011-jer gadaaWarbebs atomebSi arsebul 
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eleqtrul Zalebs. cxadia, or protons Soris arsebuli ganzidvis Zalebi ufro didia da 

amitom protonebis wyvili bunebaSi ar arsebobs. swored es eleqtruli Zalebi ganapi-

robebs deiteriumis birTvis – deitonis arsebobas.    

cnobilia, rom deitons (proton-neitronis sistema) SeuZlia miierTos protoni da 

neitroni. neitronis mierTebiT deitoni tritiumis birTvad gadaiqceva, magram es sistema 

ar aris mdgradi da wyalbadis es izotopi arastabiluria. Tu miviRebT nuklonebis dipo-

lur models, maSin am sameulSi neitronebi protonTan erTi wrfis gaswvriv ganlagdeba 

da erTmaneTisgan maqsimalurad iqneba dacilebuli. marTlac, me-4 nax-ze mocemuli diag-

ramis Tanaxmad, neitronebSi Seqmnili dipoluri muxtebi erTmaneTs ganizidavs da erT 

wrfeze ganlagdeba. es sistema damatebiT neitrons veRar miierTebs. eleqtruli 

mizidulobis Zala protonsa da neitronebs Soris tritiumis birTvSi daaxloebiT 3-jer 

aRemateba deitonSi arsebul Zalebs: 

F ~ 0,2 ke2/r2. 

marTalia, tritiumi arastabiluria da bunebaSi Zalze iSviaTad gvxdeba da mas ar 

SeuZlia damatebiT neitronis mierTeba, magram is advilad ierTebs kidev  erT  protons 

da qmnis Zalze stabilur da bunebaSi kargad gavrcelebul heliumis (4He) izotops (-

nawilaks). savaraudoa, rom misi sivrculi struqtura warmoadgens rombs, magram, rogoria 

es struqtura qvarkuli dipolebis gaTvaliswinebiT? cxadia, protonebi erTmaneTisgan 

maqsimalurad iqneba dacilebuli, Tumca neitronebi qvarkuli eleqtruli dipolebis 

warmoqmnis Sedegad protonebs heliumis birTvad gaaerTianebs (nax. 5). 

 

 
 

nax. 4. tritiumis birTvis SesaZlo struqtura 

  

 

                                                                                                                                              
nax. 5. -nawilakis agebulebis eleqtrodipoluri modeli 

 

rogorc vxedavT, miviReT nuklonebis sakmaod mdgradi sistema, sadac neitronebSi 

aRZruli eleqtruli dipoluri Zalebi udides rols asrulebs. ase rom, am sistemaSi 

qvarkebi yovelTvis moZraobaSia, magram efeqturi dipoluri velis Seqmna SeuZlia. am 

velis gavleniT oTxi nuklonisagan iseTi Sekruli, myari sistema iqmneba, rom -nawilaki 

uSualod aRarc neitrons ierTebs, aRarc protons da meore -nawilaksac ki ukuagdebs. 
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swored amitom bunebaSi ar arsebobs stabiluri izotopebi, romelTa masuri ricxvia 5 da 

8. marTalia, aris heliumis ufro mZime izotopebi, magram isini yvela arastabiluria. 

amrigad, -nawilaks aqvs rombis forma (nax. 5) da imdenad mdgradia, rom Znelia misi 

daSlac da gardaqmnac.   

deitons SeuZlia kidev erTi protonis mierTeba, Tu is protonisagan moSorebiT 

ganlagdeba da wrfiv sistemas Seqmnis. am SemTxvevaSi miiReba heliumis msubuqi izotopi  – 
3He, magram bunebaSi is naklebadaa gavrcelebuli. rogorc Cans, erT neitrons uWirs ori 

protonis Sekaveba da damatebiTi neitronis daxmarebas iTxovs, raTa -nawilaki gaxdes. 

Tumca, -nawilaks SeuZlia miierTos neitron-protonis wyvili ise, rom protoni -

nawilakis protonebs rac SeiZleba maqsimalurad dascildes. am gziT miiReba 6Li-is 

izotopi, Tumca bunebaSi ufro gavrcelebulia izotopi 7Li (92,5%), romlis birTvSic da-

matebiTi protoni -nawilaks ori neitroniT ukavSirdeba (nax. 8). 

rogorc vxedavT, -nawilaki warmoadgens ZiriTad klasters sxvadasxva birTvis 

warmoqmnisas, magram, cnobilia, rom ar arsebobs iseTi stabiluri birTvi, romelic 

mxolod ori -nawilakisagan Sedgebodes. es faqti imaze miuTiTebs, rom -nawilakebs ar 

SeuZlia erTmaneTTan rombis gverdebiT SeerTeba da brtyeli struqturis Seqmna.        

msubuqi birTvebis agebuleba. [1_4]-Si ganxiluli iyo nuklonebs Soris arsebuli 

Zalebis problema. aRsaniSnavia, rom nuklonebs Soris arsebuli urTierTqmedebis birT-

vuli Zalebi ganpirobebulia neitronsa da protonSi warmoqmnili eleqtruli dipoluri 

ZalebiT. radgan neitronebs eleqtruli muxti ara aqvs, maT Soris arsebuli mizidulobis 

Zalebi Zalze mcirea da gravitaciuli mizidulobis ZalebiTaa ganpirobebuli. 

Tu gamoviTvliT gravitaciuli mizidulobis Zalas or neitrons Soris (neitronis 

masa m=1,675.10-27 kg, diametri d=10-15m), gravitaciuli mizidulobis ZalisaTvis miviRebT:     

F=Gm2/d2~6,67.10-11 x 2,8.10-54/10-30~2.10-34 n. 

es Zala daaxloebiT 1016-jer aRemateba protonsa da eleqtrons Soris arsebul gra-

vitaciuli mizidulobis Zalas, Tumca arasakmarisia imisaTvis, rom ori neitroni erTma-

neTTan stabilurad SeakavSiros. 

es gansakuTrebiT  mniSvnelovania, radgan winaaRmdeg SemTxvevaSi warmoiqmneboda Zalze 

didi raodenobis neitronebisagan Sedgenili atomgulebi, romlebsac SesaZloa erTi an 

ramdenime protoni hqonoda Tavis garsze da bunebac aRar iqneboda iseTi, rogoric aris.  

ganvixiloT qimiuri elementebis birTvebis struqtura proton-neitronuli urTierT-

qmedebis safuZvelze. 

wyalbadi (H) sami izotopis saxiT gvxvdeba, romelTac TavianTi saxelwodebebi aqvT: 

protiumi (H/), deiteriumi (D) da tritiumi (T). protiumi da deiteriumi stabiluri izoto-

pebia masuri ricxvebiT 1 da 2. maTi raodenoba bunebaSi, Sesabamisad, Seadgens wyalbadis 

99,9885 % da 0,0115 %-s [5,6]. es Tanafardoba SeiZleba umniSvnelod Seicvalos wyalbadis 

sxvadasxva wyaros mixedviT. izotopi  tritiumi  (3Н) arastabiluria da misi naxevardaSlis 

periodi 12,32 wels Seadgens. bunebaSi tritiumi Zalze mcire raodenobiT gvxvdeba. [6]-Si 

mocemulia wyalbadis sxva izotopebis (masuri ricxvebiT 4_7) maxasiaTeblebi, romelTa 

naxevardaSlis periodi  10−22_10−23 wm-ia.  

[1,2]-is mixedviT, wyalbadis izotopebis birTvebi unda warmovidginoT, rogorc wrfivi 

struqtura (nax. 6, a,b,c). am dros protonis dadebiTi muxti neitronebSi eleqtrul 

dipolebs qmnis, xolo protonebsa da neitronebs Soris mizidulobis Zalas uzrunvelyofs. 

tritiumis SemTxvevaSi stabiluri izotopis SeqnisTvis es Zala sakmarisi aRar aris. Tumca 

birTvi iqneba wrfivi, radgan neitronebSi aRZrul dipolebs nuklonebis samkuTxedad 
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ganawilebis SemTxvevaSi (nax. 6, d,e) neitronebi erTmaneTisagan ganizidavs. aseve SeuZlebelia 

stabiluri izotopebis Seqmna ufro didi neitronebis ricxviT (4H, 5H da a.S.).     
                                           

 
nax. 6. wyalbadSi SesaZlebeli (a, b, c) da SeuZlebeli (d,e)  

proton-neitronuli kavSirebi 

                

heliumi (4He) erT-erTi Zalze gavrcelebuli izotopia samyaroSi. is wyalbadis 

Semdeg meore adgilzea da ori stabiluri izotopisagan Sedgeba: 4He (99,99986 %) da 3He 

(0,00014 %). cnobilia kidev 6 xelovnuri gziT miRebuli metad arastabiluri heliumis 

izotopi. me-7 nax-ze warmodgenilia heliumis izotopebis birTvebi.     
 

 
 

nax. 7. heliumis izotopebis birTvebis agebuleba 

   

deitonma SeiZleba kidev erTi protoni miierTos, Tu is protonisagan moSorebiT, 

meore mxares aRmoCndeba. am dros miiReba heliumis msubuqi izotopi (3He), romelic 

bunebaSi Zalze mcire raodenobiTaa warmodgenili. 

 Tu heliumis izotopis 3He birTvSi mizidulobis Zalebi sakmaod sustia, izotop 
4He-is birTvSi erTi protonis damatebiT uaRresad mdgradi -nawilaki Seiqmneba, romelic 

sxva neitrons an protons aRar miierTebs.   

 -nawilaki ZiriTadi klasteri aRmoCnda sxvadasxva birTvis Seqmnis gzaze, Tumca 

mxolod ori -nawilakisagan Seqmnili stabiluri birTvi ar arsebobs.  

 liTiumi (3Li). rogorc vnaxeT, erT neitrons ori protonis Sekaveba ar SeuZlia da 

daxmarebas sxva neitrons sTxovs, raTa -nawilaki gaxdes. aseve -nawilaks ar SeuZlia erTi 

neitronis an protonis mierTeba da amitomac ar arsebobs stabiluri birTvi rigiTi nomriT 

5. Tumca, -nawilaks damatebiT neitron-protonis wyvilis mierTeba SeuZlia. marTlac, am 

gziT miiReba liTiumis izotopi 6Li, Tumca bunebaSi ufro gavrcelebulia SedarebiT ufro 

mZime izotopi 7Li (92,5 %), romlis birTvSi damatebiTi protoni -nawilaks ori neitroniT 

ukavSirdeba. liTiums kidev Svidi xelovnurad miRebuli radioaqtiuri izotopi aqvs (4Li − 
12Li). maT Soris yvelaze mdgradi izotopia 8Li (naxevardaSlis periodiT T½ = 0,8403 wm), 7Li erT-

erTi izotopia, romelic uSualod varskvlavis birTvSi pirveladi nukleosinTezis dros 

warmoiqmneba. liTiumis izotopebis birTvebis struqtura mocemulia me-8 nax-ze.   

 
 

nax. 8. liTiumis izotopis birTvis agebuleba 
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rogorc Cans, birTvis yvelaze mkvrivi struqtura iqmneba 7Li-is izotopiT da swored 

es izotopia yvelaze gavrcelebuli liTiumis izotopTa Soris, Tumca bunebaSi beri-

liumisa da boris msgavsad iSviaTad gvxvdeba (wyalbadze TiTqmis miliardjer naklebia).  

 beriliumi (4Be). beriliumis izotopi 8Be ori -nawilakisagan unda Sedgebodes, 

magram aRmoCnda, rom -nawilaki ukuagdebs ara mxolod erTeul neitronsa da protons, 

aramed -nawilaksac da amitom 8Be bunebaSi ar arsebobs (misi naxevardaSlis periodi 10-18 

wm-ia). beriliumis stabiluri izotopis (9Be) Sesaqmnelad or -nawilaks Soris unda 

arsebobdes SemakavSirebeli neitroni. am sistemas SeuZlia damatebiT ramdenime neitronis 

miReba, magram beriliumis yvela ufro mZime izotopi arastabiluria da amdenad, 

beriliumis mxolod erTi stabiluri izotopi (9Be) arsebobs (nax. 9, gverdxedi). am 

stabiluri izotopis garda, bunebaSi gvxvdeba radioaqtiuri izotopebi _ 7Be da 10Be.  e.i. 

ori -nawilakis kavSiri neitronis daxmarebiT aris uaRresad mniSvnelovani ufro rTuli 

birTvuli sistemebis asagebad. amasTan, mosalodnelia, rom kavSiri or -nawilaks Soris 

umTavresad erTi neitroniT ganxorcieldes.     

                  

 
 

nax. 9. beriliumis izotopebis birTvebis agebuleba 

 

bori (5B) ori -nawilakis erTi protoniT SeerTebis gziT miiReba, magram boris izo-

topi 9B metad arastabiluria. misi stabilurobisaTvis or -nawilaks Soris erTi an, um-

jobesia, ori neitroni moTavsdes, rac gvaZlevs 10B (18,8 %) da 11B (81,2 %) stabilur 

izotopebs (nax. 10).  

                             

 
  nax. 10. boris izotopebis birTvebis agebuleba 

 

bori Zalze myari nivTierebaa. 10В izotops aqvs siTburi neitronebis STanTqmis Zal-

ze maRali kveTi, Sedis boris mJavas SedgenilobaSi da farTod gamoiyeneba atomur 

reaqtorebSi. boris ori _ 10B (18,8 %) da 11B (81,2 %) _ stabiluri izotopis garda, 

arsebobs aTi arastabiluri izotopi.     

boris birTvis struqtura sakmaod rTulia. igi warmoiqmneba beriliumis izotopze (9Be) 

protonis damatebiT. radgan -nawilaki uSualod protons ar uerTdeba, damatebiTi protoni 

SesaZloa neitrons (1)  SeuerTdes da stabiluri izotopi (10B) Seqmnas. Tumca, Tu am protonsa 

da neitrons (1) Soris Sualeduri neitronia (2), miviRebT yvelaze gavrcelebul boris 

izotops _ 11B-s. damatebiTi neitroni gvaZlevs boris arastabilur izotops _ 12B-s. 
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saSualo birTvebis sivrciTi struqtura. rogori unda iyos ufro mZime birTvebis 

sivrciTi suraTi klasteruli modelis Tanaxmad? 

aRsaniSnavia, rom -nawilakebis protonebi da damatebiTi protonebi SeZlebis-

dagvarad erTmaneTisgan maqsimalurad unda iyos dacilebuli (kulonuri ganzidvis 

Zalebis gamo). maSin isini birTvis zedapirze aRmoCndebian. Tu birTvi or -nawilakze mets 

Seicavs, magaliTad, naxSirbadis (3 ) da Jangbadis (4 ) birTvebs, -nawilakebis Sekruli 

sistema gveqneba, naxSirbadisTvis miiReba prizmis msgavsi stabiluri struqtura (nax. 11. 4, 

zedxedi), xolo JangbadisaTvis _ kubis formasTan miaxloebuli sworkuTxa paralele-

pipedi (nax. 11, 6, 7).    

 

 
 

nax. 11. zogierTi birTvis klasteruli modeli 

 

 -nawilakTan erTad (romelsac rombis forma aqvs) am figurebs SeiZleba klas-

terebi vuwodoT. am klasterebis sivrciTi suraTebi warmodgenilia me-12 nax-ze.   

 

 
 

nax. 12. klasterebis sivrciTi suraTebi 

 

naxSirbadi (6C), liTiumis, beriliumisa da borisagan gansxvavebiT, samyaroSi sakmaod 

gavrcelebuli elementia (nax. 1). es ganpirobebulia 12С birTvis gansakuTrebuli agebu-

lebiT: bunebrivi naxSirbadi Sedgeba ori stabiluri izotopisgan [12С (98,93 %) da 13С (1,07 

%)] da erTi 14С radioaqtiuri izotopisgan  (β-gamomsxivari Т½=5730 w.). garda am izotope-

bisa, arsebobs kidev naxSirbadis TerTmeti arastabiluri izotopi.    

 mniSvnelovania, rom yvelaze gavrcelebuli izotopis birTvs (12С) aqvs prizmis for-

ma, romlis gverdebi -nawilakebia, xolo prizmis centraluri ubani eqvsi neitronisagan 

Sedgeba (neitronebis sartyeli). am birTvs naxSirbadis klasteri ewoda [1,2]. aRniSnuli 

prizmis SigniT, sami protonis gverdiT, SeiZleba neitroni ganTavsdes da naklebad 
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gavrcelebul 13С izotops  miviRebT (nax. 13). prizmis meore mxares damatebuli meore 

neitroni naxSirbadis birTvis arastabilur 14С izotops gvaZlevs. prizmis SigniT 

SeiZleba mxolod sami neitroni ganTavsdes, magram naxSirbadis ufro mZime arastabiluri 

izotopebis misaRebad neitronebi protonebs prizmis kedlis garedan unda miuerTdes. rac 

Seexeba 10С da 11С izotopebs, aq saqme dauSenebel klasterebTan gvaqvs, sadac 4He-is 

nacvlad gvaqvs 3He-is izotopebi da, Sesabamisad, es birTvebi arastabiluria.  

 

 
 

nax. 13. naxSirbadis stabiluri birTvis klasterebi 

 

aRsaniSnavia, rom naxSirbadis prizmul klasterSi mxolod sami nuklonis moTavseba 

SeiZleba, rac maqsimaluri simkvrivis birTvs qmnis. Jangbadis birTvisaTvis ki -

nawilakebis daxmarebiT ori sxvadasxva tipis klasteri miiReba. erTi klasteri ufro 

didi simkvrivisaa (nax. 11, 6), vidre meore klasteri (nax. 11, 7). Sesabamisad, Jangbadis 

klasteris konfiguracia ufro albaTuria birTvis meti simkvrivis gamo (nax. 11, 6). cxadia, 

rom ufro farTo klasterebi, magaliTad, neonis izotopis birTvi (nax. 11, 8), am formiT 

ar unda arsebobdes. sagulisxmoa, rom prizmisa da paralelepipedis  yvela gverdiTi 

zedapiri -nawilakebisagan Sedgeba (nax-ebi: 11 da 12).  

zemoaRniSnul orive SemTxvevaSi klasteris `Senobis~ Siga nawilSi SeiZleba mxo-

lod sam nuklonamde moTavsdes ise, rom birTvis maqsimaluri simkvrive uzrunvelyos. am 

`Senobis~ qveda sarTulze sami protonia ganlagebuli. meore sarTuli mTlianad erT-

maneTze mikrul eqvs neitrons ukavia, xolo zeda sarTulze danarCeni sami protoni 

imyofeba. swored aseTia bunebaSi naxSirbadis izotopebs Soris yvelaze gavrcelebuli 12C 

(98,9%) izotopi. am Senobis centralur nawilSi (romelime sarTulze) erTi neitronis 

moTavsebiT miviRebT 13C (1,1 %) stabilur izotops. Semdgomi neitronebis damatebiT 

naxSirbadis mxolod arastabiluri izotopebi miiReba. arastabiluri iqneba is 

izotopebic, romlebsac ar yofnis neitronebi -nawilakebis Sesaqmnelad.   

azoti (7N). erTi protonis damateba naxSirbadis 12С klasterze axali izotopis _ 

azotis 13N klasters gvaZlevs (nax. 14). miuxedavad imisa, rom protoni klasteris centrSi 

neitronebis garemocvaSia (meore sarTulze), igi arastabiluria (T½=9,93 wT), magram qveda 

da zeda sarTulebze neitronebis damatebiT stabiluri izotopebi 14N(99,635%) da 15N(0,365%) 

miiReba. amiT dasruldeba klasteris Siga aris Sevseba, magram neitronebis Semdgomi 

damateba klasteris gare zedapirebze azotis arastabilur izotopebs qmnis, romlebic am 

neitronebs advilad kargavs.   

 
nax. 14. azotis birTvis izotopebi 
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azoti mzis sistemaSi gavrcelebul elementebs Soris meoTxe adgilzea (wyalbadis, 

heliumisa da Jangbadis Semdeg). azotis 14N  radioaqtiuri izotopi miiReba xelovnuri 

gziT (masuri ricxvebiT 10_13 da 16_25). maT Soris ufro stabiluri izotopis (13N) 

naxevardaSlis periodia 10 wT. am izotopze erTi an ori neitronis damateba mas 14N da 15N 

stabilur izotopebad gardaqmnis.     

Jangbads (8О) sami stabiluri izotopi aqvs: 16О, 17О и 18О, romelTa gavrceleba, 

Sesabamisad, dedamiwaze arsebuli Jangbadis 99,759, 0,037 da 0,204 %-ia. maT SorisYyvelaze 

msubuqi izotopis (16О) mkveTrad gamoxatuli raodenoba imiTaa ganpirobebuli, rom es 

izotopi mxolod -nawilakebisagan Sedgeba (nax. 15) [1_4].  

                

 
 

nax. 15. Jangbadisa da ftoris stabiluri izotopebi  

 

rogorc vxedavT, Jangbadis birTvi, klasteruli modelis Tanaxmad, oTxi -nawi-

lakisagan Sedgeba da naxSirbadis klasteris analogiurad iqmneba. Jangbadis birTvis 

pirveli sarTuli oTx protons aqvs dakavebuli, meore sarTulze mxolod rva neitronia, 

xolo bolo sarTulze kvlav oTxi protonia moTavsebuli (nax-ebi: 12 da 15), am gziT 

miiReba Jangbadis yvelaze gavrcelebuli izotopi 16O. am klasteris SigniT ori neitronis 

damatebiT or, Tumca naklebad gavrcelebul, 17O da 18O Jangbadis izotopebs miviRebT. 

Semdegi neitronebis damateba rogorc klasteris SigiT, ise mis gareT, mxolod 

arastabilur izotopebs gvaZlevs. aRsaniSnavia, rom klasteris kedlebSi neitronebis 

ukmarisoba 4Не-is birTvs  3Не birTvad gardaqmnis da Jangbadis Sesabamisi izotopebis 

(masuri ricxvebiT 12_15) arastabiluri birTvebi miiReba.  

amrigad, kuburi formis Jangbadis klasteri, iseve rogorc prizmuli naxSirbadisa 

da rombuli formis -nawilakebis klasterebi warmoadgens ZiriTad elementebs   yvela 

sxva birTvebis agebisaTvis. isini gamoirCevian maRali mdgradobiT, rac bunebaSi maT did 

raodenobas ganapirobebs. nuklonebis damateba naxSirbadisa da Jangbadis klasterebis 

SigniT umetesad stabilur izotopebs gvaZlevs, xolo klasterebis gareTa mxridan 

neitronebis damatebiT arastabiluri izotopebi miiReba, romelTa raodenoba SezRudulia. 

AzemoaRniSnulidan gamomdinare, SeiZleba davaskvnaT, rom wyalbadis wva varskvla-

vebSi heliumis birTvs (4Не) iZleva, romlis Semdgomi dawviT (-nawilakebis  SeerTebis 

gziT) prizmuli formis naxSirbadisa da kuburi formis Jangbadis klasterebi miiReba. 

ftori (9F) monoizotopiuri elementia, radgan bunebaSi mxolod erTaderTi stabi-

luri izotopiT (19F) aris warmodgenili. cnobilia ftoris kidev Cvidmeti radioaqtiuri 

izotopi masuri ricxvebiT 14-dan 31-mde. yvelaze didi sicocxlisunarianobiT gamoirCeba 

ftoris izotopi 18F, romlis naxevardaSlis periodi 109,77 wm-ia. ftoris birTvi Jangbadis 

kuburi klasterisagan miiReba erTi protonisa da ori neitronis damatebiT, romlebic am 

klasters mTlianad avsebs (nax. 15). protoni am klasteris centralur nawilSi ganTav-

sdeba, magram es izotopi arastabiluria da 70 wm-is ganmavlobaSi TavisiT iSleba. am 

izotopze birTvis orive mxares ori neitronis damateba birTvs stabilurs xdis da 

miiReba farTod gavrcelebuli stabiluri izotopi 19F. 
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orklasteruli birTvebi. neoni (10Ne) samyaroSi araTanabradaa ganawilebuli, Tumca 

mTlianobaSi mas mexuTe adgili ukavia _ daaxloebiT 0,13 % masis mixedviT. neonis yvelaze 

didi koncentracia mzeze da sxva cxel varskvlavebze, nisleulebze da gare planetebis 

atmosferoSi SeiniSneba. 

arsebobs neonis sami stabiluri izotopi: 20Ne (90,48%), 21Ne (0,27%) da 22Ne (9,25%). aseve 

damzerilia naklebad produqtiuli birTvuli reaqciebi, romelTa dros warmoiqmneba 

izotopebi 21Ne da 22Ne (-nawilakebis CaWera 18О Jangbadisa da 19F ftoris mZime izotopebiT). 

sami stabiluri neonis izotopis garda, kidev eqvsi arastabiluri izotopia. 

yvelaze gavrcelebuli izotopi 20Ne xuTi -nawilakisagan Sedgeba da SesaZloa 

xuTkuTxovan klasterad warmovidginoT (nax. 16, a). 

 

 
nax. 16. neonis, natriumisa da magniumis birTvebis SesaZlo konfiguraciebi 

 

 me-16 a nax-ze warmodgenili xuTkuTxa prizmis formis birTvis arseboba naklebad 

albaTuria, radgan birTvis Siga moculoba Zalze didia masSi Semdgomi nuklonebis 

mWidrod ganTavsebisaTvis. amrigad, neonis stabiluri izotopi 20Ne unda warmoadgendes 

ori naxSirbadis klasterisagan Seqmnil sistemas erTi saerTo -nawilakiT. radgan ori -

nawilakis erTmaneTTan uSualod dakavSireba SeuZlebelia (beriliumis stabiluri 

izotopis 8Be birTvis ararsebobis gamo), klasterebSi or -nawilaks erTi saerTo gverdi 

unda hqondes (an -nawilakebs Soris erTi nukloni mainc unda imyofebodes). 

natriumi (11Na). protonis or neitronTan erTad naxSirbadis erT-erT klasterSi 

damatebiT natriumis stabiluri izotopi 23Na miiReba. amJamad cnobilia natriumis oci izo-

topi masuri ricxvebiT 18-dan 37-mde da ori birTvuli izomeri. izotopebis umravlesobis 

naxevardaSlis periodi 1 wT-ze naklebia. arsebobs kidev ori radioaqtiuri izotopi naxe-

vardaSlis didi periodiT. eseni 22Na-is izotopis pozitronuli daSliT miiReba da misi 

naxevardaSlis periodi 2,6 wels aRwevs. mas, rogorc pozitronebis wyaros, mecnieruli 

kvlevebis Casatareblad iyeneben. 24Na-is izotops, romlis naxevardaSlis periodi 15 saaTia, 

medicinaSi iyeneben leikemiis zogierTi formis diagnostirebisa da mkurnalobisTvis. 

magniumis stabiluri izotopi 24Mg (78,60%) orklasteruli birTvis modelis tipuri 

magaliTia (nax. 16). is naxSirbadis ori klasterisagan Sedgeba da meore klasterSi 

protonisa da ori neitronis damatebiT SeiZleba migveRo, magram me-16 nax-ze warmodgenili 

magniumis izotopis birTvi 24Mg, albaT, naklebalbaTuria, radgan magniums aqvs kidev ori 

stabiluri izotopi 25Mg (10,11%) da 26Mg (11,29%), xolo amave nax-ze warmodgenili birTvis 

struqturaSi ormagi klasteris SigniT stabiluri birTvebis Sesaqmnelad sxva neitro-

nebisTvis adgili aRar rCeba. 

erTi neitronis ukmarisoba (arasrulad Sevsebuli klasteri) magniumis izotops 

(23Mg) gvaZlevs, magram TiTo neitronis Sedgenil klasterSi damatebiT ZiriTad izotops 

stabilur, Tumca naklebad gavrcelebul 25Mg (11,5%) da 26Mg (11,1%) izotopebad gardaqmnis. 

neitronebis Semdgomi damatebiT mxolod magniumis arastabiluri izotopebi miiReba.  
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ufro albaTuria, rom 24Mg (78,60%) izotopi ormag klasters warmoadgendes, romelic 

naxSirbadisa da Jangbadis klasterebis naerTia (nax. 17). Zalze mniSvnelovania, rom am 

klasterebs saerTo gverdi (-nawilaki) aqvs da klasterebis Siga areebi Tavisufalia, 

romlebSic TiTo neitronis ganTavsebiT stabiluri izotopis birTvebi miiReba. aseTi 

SesaZlebloba ormagi naxSirbadis klasters aqvs (nax. 17) da, Sesabamisad, upiratesoba 

ormag naxSirbad-Jangbadis klasters eniWeba. 
 

 
 

nax. 17. ormagi naxSirbad-Jangbadis magniumis (24Mg), 

aluminisa (27Al) da siliciumis (28Si) klasterebi 

 

naklebad savaraudoa, rom magniumis izotopi eqvsi -nawilakisagan Sedgenil erT 

did klasters warmoadgens am klasteris didi diametris gamo.     

alumini (13Al) mxolod stabiluri izotopisagan (27Al) Sedgeba. aluminis klasteris 

misaRebad 24Mg-is orklasteruli birTvis erT-erT klasterSi protoni or neitronTan 

erTad unda iyos moTavsebuli (nax. 17). am SemTxvevaSi protoni erT-erTi klasteris 

centrSi ganlagdeba (neitronebis garemocvaSi), xolo mis stabilurobas kidev ori 

neitroni uzrunvelyofs. Tu es Jangbadis klasteria, maSin protoni rva neitronis 

uSualo maxloblobaSi aRmoCndeba, rac mis did stabilurobas ganapirobebs. neitronebis 

meore klasterSi damatebiT SeyvaniT aluminis arastabiluri izotopebi miiReba.     

siliciumi (14Si). yuradRebas imsaxurebs siliciumis 28Si (92,27%) birTvis  agebuleba. am 

ormag naxSirbad-Jangbadis klasterSi SeiZleba kidev ori neitroni ganTavsdes da 

damatebiT siliciumis izotopis kidev or stabilur izotops _ 29Si (4,68%) da  30Si (3,05%) _ 

miviRebT, radgan siliciumis izotopis 28Si birTvi (nax. 17) mTlianad nuklonebiTaa 

Sevsebuli. SesaZloa, siliciumis 28Si birTvi Jangbadis ori klasterisagan Sedgebodes 

saerTo -nawilakiT. aseT ormagi Jangbadis klasterad SeiZleba siliciumis birTvi  30Si 

warmogvidges. 

fosforis 15Р birTvis misaRebad saWiroa ormagi Jangbadis klasterSi erTi protonis 

Sesvla, rac fosforis stabiluri izotopis erTaderT 31Р birTvs gvaZlevs (nax. 17). 

cnobilia fosforis kidev eqvsi xelovnurad miRebuli radioaqtiuri fosfori masuri 

ricxvebiT 28_30 da 32_34. 

Cven miviReT ormagi Jangbadis klasterebi, magram Tu gaviTvaliswinebT, rom 

gogirdis birTvis 34S klasterSi adgilebi mTlianad Sevsebulia, gogirdis stabiluri 

izotopebis birTvis 36S aRwerisaTvis aucilebelia sammagi klasterisagan Sedgenili 

birTvis warmodgena.  

argoni  _ 40Ar (99,60%) yvelaze gavrcelebuli izotopia, romelic gogirdis erT-erT 

klasterSi erTi protonis damatebiT miiReba, xolo sxva klasterebSi neitronis damatebebi 

argonis 36Ar (0,337)  da  38Ar (0,063) stabilur izotopebs da Tormet arastabilur izotops 

gvaZlevs. 

gansakuTrebuli aRniSvnis Rirsia is faqti, rom birTvebi, romlebic didi medegobiT 

gamoirCeva (4He, 12C, 16O, 28Si, 40Ca), mxolod -nawilakebisagan Sedgeba. yvela es elementi 
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farTodaa warmodgenili bunebaSi. birTvebs, romlebSic protonebisa da neitronebis 

ricxvi erTnairia da erTi romelime magiuri ricxvis (2, 8, 20, 28, 50, 82, 126) tolia, magiuri 

birTvebi ewodeba. isini sxva birTvebisagan maRali mdgradobiT da didi gavrcelebiT 

gamoirCevian da, amasTan, magiur ricxvze gadasvlisas SeiniSneba nuklonis birTvisagan 

mowyvetis energiis Semcireba. 

rogorc zemoT iyo aRniSnuli, heliumis, naxSirbadisa da Jangbadis klasterebiT 

SeiZleba nebismieri birTvis miReba. damatebiTi neitronebi da protonebi, romlebic klas-

terebis SigniT ganlagdeba, rogorc wesi, stabilur izotopebs iZleva, magram nuklonebi, 

romlebic klasterebs gverdebidan uerTdeba, arastabilur birTvebs qmnis. cxadia,  

nuklonebisaTvis adgili rogorc klasterebis SigniT, ise mis gareT SezRudulia, rac 

bunebaSi arsebuli stabiluri da arastabiluri izotopebis raodenobas zRudavs. SeiZle-

ba vivaraudoT, rom damatebiT neitronebs SeuZlia gaxdes klasterebis gverdebis urTi-

erTdamakavSirebeli, xolo klasterebis gverdebi erTamaneTis mimarT SeiZleba mob-

runebulic ki aRmoCndes. 

klasterebi araa myari sistemebi da nuklonebi mudmiv rxeviT moZraobaSia. TviT 

klasterebi birTvul reaqciebSi SeiZleba erTi formidan meoreSi gadavides (miierTos an 

dakargos -nawilaki). mZime birTvebi mraval klasters aerTianebs da sferuli formis 

miRebas cdilobs. klasterebis mimarT erT-erTi mniSvnelovani moTxovnaa birTvebis 

maqsimaluri simkvrivis uzrunvelyofa. mZime birTvSi moxvedrilma neitronma SeiZleba 

klasterebs Soris mWidro kavSiri daarRvios, rac mZime birTvis calkeul nawilebad 

daSlas gamoiwvevs. amasTan, mZime birTvebis daSla SeiZleba sxvadasxva gziT moxdes, 

Tumca ZiriTadi klasterebi daSlis am gzebis mravalferovnebas SezRudavs. 

msubuqi birTvebis reaqciebis SemTxvevaSi klasterebi ZiriTadad -nawilakebiT 

aigeba, xolo mZime birTvebSi daSlis reaqciebis dros daSlis nawilebi birTvs  xSirad 

mTliani klasterebis saxiT tovebs (-daSla). -daSlis Sedegad zedmeti neitronebi 

protonad gardaiqmneba da ZiriTad klasters _ -nawilaks Seqmnis.             

mravalklasteruli birTvebi. cxadia, nuklonebis raodenobis gazrdiT birTvebis 

klasteruli agebuleba rTuldeba. stabiluri da sakmaod gavrcelebuli gogirdis 

izotopis 32S (95,1%) birTvma fosforis (31P) klasteri protoniTa da neitroniT unda 

Seavsos (nax. 18).   
 

 
 

nax. 18. ormagi Jangbaduri klasteri, romelic siliciumis, 

fosforisa da gogirdis birTvebs qmnis 

 

fosforis birTvSi nuklonebiT klasterebis sruli Sevseba saSualebas gvaZlevs 

gogirdis stabiluri izotopi 34S (4,2%) miviRoT, magram naklebad gavrcelebuli stabiluri 

izotopis 36S (0,016%) misaRebad am klasterSi Tavisufali adgili aRar rCeba. amdenad, 

aucilebelia sammagi klasteris arseboba, romelic ori naxSirbadisa da erTi Jangbadis 

klasterisagan Sedgeba. amrigad, me-18 da me-19 nax-ebze moyvanil 32S gogirdis birTvs 

realurad SesaZloa samklasteruli forma hqondes, romelic me-19 nax-zea mocemuli.    
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nax. 19. gogirdis, qloris, argonisa  

da kaliumis samklasteruli birTvebi 

 

gogirdis klasterSi protonisa da neitronis Sesabamisi raodenobiT damatebis 

SemTxvevaSi SeiZleba miviRoT qloris (17Cl) stabiluri da arastabiluri birTvebi, magram 

argonisa (18Ar) da kaliumis (19К) izotopis birTvebis misaRebad saWiro xdeba ori 

naxSirbadisa da erTi Jangbadis klasterebisagan Sedgenili sistemis Seqmna (nax. 19). 

unda aRiniSnos, rom ormagi da sammagi klasteris Seqmnisas gasaTvaliswinebelia, rom 

birTvebis mdgradobis uzrunvelsayofad mezobel klasterebs saerTo -nawilaki hqondes. 

SesaZloa, rom birTvuli klasterebis Seqmnis gzaze upiratesoba naxSirbadis klasters 

mieniWos, radgan masSi nuklonebi ufro mkvriv garemos qmnis, vidre Jangbadis klasterSi. 

cnobilia, rom mzis SuagulSi zemaRali temperaturisa da wnevebis pirobebSi sili-

ciumis wva xdeba, riTac axali birTvebi iqmneba. wvis procesi dakavSirebulia birTvul 

reaqciasTan Si + O Ca (nax. 20).       

 
 

nax. 20. siliciumis wva 

                         

birTvuli sinTezis А sqemiT ganxorcielebisas kalciumis 40Са izotopis birTvi 

Jangbadis samklasterul struqturas iZleva, xolo B sqemis mixedviT, erTi Jangbadisa da 

sami naxSirbadis klasteris monawileobiT oTxklasteruli sistema miiReba. birTvuli 

reaqciebis orive sqema misaRebia, magram imis gaTvaliswinebiT, rom bunebaSi yvelaze gavr-

celebuli izotopi 40Са-is (96,97%) garda arsebobs kidev xuTi kaliumis izotopi: 42Са 

(0,64%), 43Са (0,145%), 44Ca (2,06%), 46Ca (0,0033%) da 48Ca (0,785%) da neitronebis ganawileba ufro 

mosaxerxebelia birTvis oTxklasterul warmodgenaSi. erTi protonis damateba neitro-

nebis Sesabamis raodenobasTan erTad skandiumis 45Sc (100%) erTaderT stabilur  izotops  

qmnis. Semdegi  qimiuri  elementis  izotopis  22Ti  birTvs  xuTi stabiluri izotopi aqvs: 
46Ti (7,95%), 47Ti (7,75%), 48Ti (73,45%), 49Ti (5,51%), 50Ti (5,34%). ori klasteris centrSi TiTo 
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protoni unda ganTavsdes, xolo neitronebisaTvis kidev eqvsi Tavisufali adgili rCeba 

da am birTvs stabiluri izotopebi eqneba. 

bolo qimiuri elementi, romlis birTvi SesaZloa sammagi Jangbadis klasterisagan 

aris Sedgenili, vanadiumia  (23V)  ori stabiluri izotopiT:  50V (0,24%) da 51V (99,76%) (nax. 21). 

am klasterze kidev erTi protonis damateba qromis izotopis (24Cr) stabilur birTvs 

iZleva.  

 

 
 

  nax. 21. skandiumis, titanis, vanadiumisa da qromis birTvebi 

 

 unda aRiniSnos, rom klasteris centrSi SeiZleba mxolod erTi protonis arseboba 

(neitronebis garemocvaSi) da maqsimum ori neitronis yofna (protonebs Soris). 

 rogorc vxedavT, qromis izotopis 52Cr birTvi Tormeti -nawilakisagan Sedgeba da, 

amdenad, is SeiZleba xuTklasterul sistemad warmovidginoT (nax. 22).  

Cven miviReT qromis 52Cr sakmaod kompaqturi birTvi, romelic warmoadgens 5d sisqisa 

da 7d diametris mqone diskos (d-neitronis diametria). mis SemadgenlobaSia ocdaoTxi 

protoni da ocdarva neitroni. zedmeti oTxi neitroni (Tormeti -nawilakis Seqmnis 

Semdeg darCenili), SesaZloa, aris damakavSirebeli nawilaki am xuTklasterul birTvSi, 

sadac Jangbadis klasteris TiToeuli -nawilaki saerToa naxSirbadis TiToeuli klas-

terisaTvis (nax. 22).      

 
                                      

nax. 22. qromis izotopis (52Cr) xuTklasteriani mrgvali 

diskos formis   birTvi (ori mxridan) 

qimiuri elementebis birTvebis Semdegi jgufi iqmneba Jangbadisa da naxSirbadis 

klasterebis centrebSi TiTo protonisa da neitronebis Sesabamisi raodenobis SeyvaniT. 

Sedegad vRebulobT 25Mn, 26Fe, 27Co 28Ni da 29Cu atomis birTvebs (nax. 23). zogi neitroni, 

SesaZloa, calkeuli klasterebis damakavSirebelic gaxdes (nax. 22, 2). mosalodnelia, rom 

axali Sris daSeneba diskos formis klasterTa sistemaze TandaTan, centridan yvela 

mimarTulebiT, atomis rigiTi nomris gazrdasTan erTad xdeba (birTvis sferuli formis 

SenarCunebis surviliT).    
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nax. 23. qimiuri elementebis 25Mn, 26Fe, 27Co,  28Ni da 29Cu klasteruli birTvebi 

  

 amrigad, savsebiT mosalodnelia, rom qromis (52Cr) atomis birTvi warmoadgens uf-

ro mZime birTvebis warmoqmnis safuZvels. Tu gaviTvaliswinebT, rom birTvebs SeZlebis-

dagvarad sferos formis SenarCuneba surs, xolo birTvebis daSeneba SeiZleba Jangbadis 

klasteridan, diskos centraluri nawilidan daiwyos. 

savaraudoa, rom axali fenis -nawilakebi dakavSirebuli iqneba ZiriTadi diskos -

nawilakTan neitronuli kavSirebiT (nax. 24). amisaTvis pirvelyovlisa saWiroa damatebiTi 

neitronebi da 65Cu stabilur izotops aqvs ori zedmeti neitroni axali fenis dasawyebad. 

24-e nax-ze (gverdiTi xedi) warmodgenilia neitronuli kavSirebi sxvadasxva fenis -

nawilakebs Soris.   

 

 
nax. 24. neitronuli kavSiri -nawilakebs Soris, romlebic 

sxvadasxva fenis klasterebs ekuTvnis 

     

spilenZis birTvis (65Cu) zedmeti neitronebi, romlebic diskos (63Cu) Seqmnis Semdeg 

darCa, SesaZloa -nawilakebis protonebs miekras. 

amrigad, ukve gvaqvs pirveli ZiriTadi fena ufro mZime birTvebis misaRebad, magram 

TuTiis gavrcelebuli stabiluri izotopebi  64Zn(48,89%), 66Zn(27,81%), 67Zn(4,11%), 68Zn(18,56%) 

da 70Zn (0,62%) Seicavs 30 neitrons da, Sesabamisad, 34, 36, 37, 38 da 40 neitrons. SesaZloa, 

birTvebis meore fena iseve iqmneba, rogorc pirveli, Tumca savaraudoa, rom axali fenebis 

Seqmna orive mxares paralelurad mimdinareobs birTvebis sferulobisken swrafviT. 

romelime klasterze dauSenebeli naxSirbadis an Jangbadis klasteris warmoqmna (nax. 

25) xdeba Jangbadisa da naxSirbadis TandaTan daSenebis gziT diskos orive mxridan.    

 
nax. 25. dauSenebeli naxSirbadisa da Jangbadis klasterebi 

 

didi raodenobiT neitronebis arsebobis dros dauSenebeli klasterebis gamoCena ar 

unda iyos moulodneli, radgan, magaliTad, Jangbadis klasteris Sesaqmnelad rva 
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neitronia saWiro. amasTanave, diskos centraluri nawili Sendeba ufro swrafad, vidre 

diskos periferiuli nawili. diskos centrSi 7d sisqis miRwevisas birTvi sferosTan 

miaxloebul formas iRebs. Semdgomi klasterebis daSenebiT TandaTan izrdeba rogorc 

diskos diametri, ise misi sisqe.   

is, Tu rogor gamoiyureba qimiuri elementebis birTvebi spilenZis birTvis Semdeg, 

uaRresad rTuli dasadgenia. SeiZleba mxolod davuSvaT, rom fenis struqtura inaxeba, 

magram ZiriTadi fenisagan gansxvavebiT, Zalze bevri daumTavrebeli klasteri iqneba. es 

klasterebi TandaTan izrdeba da birTvi gaizrdeba damatebiTi naxSirbadisa da Jangbadis 

klasterebis warmoqmniT. 26-e nax-ze naCvenebia ZiriTadi klasteruli fenis gafarToebis 

SesaZleblobebi. 

 

 
 

nax. 26. spilenZis (29Cu) birTvis gafarToebis SesaZlo mimarTulebebi 

 

rogorc vxedavT, atomuri birTvebis zomebis gazrda mimdinareobs sxvadasxva 

mimarTulebiT rogorc fenebis gafarToebiT, ise axali fenebis TandaTanobiT gaCeniT. 

amrigad, mZime birTvebis formebis met-naklebad zusti gansazRvra uaRresad rTuli amocanaa. 

birTvuli sistemebis Seqmnisas unda gaviTvaliswinoT, rom klasterebis Siga 

sivrceSi arsebuli neitronebi umTavresad stabilur izotopebs qmnis, xolo klasterebis 

gareT, protonebTan axlos myofi neitronebi ZiriTadad arastabilur birTvebs iZleva. 

rogorc Cans, buneba SeZlebisdagvarad sferul formasTan miaxloebul mkvriv birTvul 

sistemebs qmnis. aRsaniSnavia, rom birTvebs SeuZlia sakuTari formis Secvla rogorc 

spontanurad (radioaqtiuri birTvebi), ise iZulebiT (nawilakebiT dasxivebis SemTxvevaSi). 

swored am cvlilebebis dros mimdinareobs sinTezisa da daSlis birTvuli reaqciebi.  

birTvebis klasteruli warmodgena kargad xsnis bunebaSi qimiuri elementebis 

gavrcelebaSi liTiumis (Li), beriliumisa (Be) da boris (B) atomebisTvis Rrma minimumis 

arsebobas da, amasTanave, heliumis (He), naxSirbadisa (С) da Jangbadis (О) gavrcelebis 

maRal dones. 

birTvebis klasteruli warmodgena zRudavs samyaroSi rogorc stabiluri, ise 

arastabiluri birTvebis raodenobas. es imiTaa gamowveuli, rom stabiluri birTvebi iqmneba 

neitronebisa da protonebis damatebiT naxSirbadisa da Jangbadis klasterebis centrSi 

(Tanac protoni aucileblad neitronebis garemocvaSi unda iyos, SeZlebisdagvarad -

nawilakebis protonebisagan moSorebiT), xolo arastabilur birTvebSi damatebiTi 

neitronebis adgili ZiriTadad am klasterebis gareT, protonebTan uSualo siaxlovesaa. am 

adgilebis raodenoba SezRudulia, Tumca, arastabiluri birTvebis warmoqmnis SesaZleb-

lobebi stabiluri birTvebis Seqmnis SesaZleblobebs mniSvnelovnad aRemateba.  

birTvebis struqturis agebisas mniSvnelovania mkvrivi birTvis sistemis Seqmna, romlis 

forma sferul formasTan miaxloebulia, magram realurad Zalze Znelia imisi warmodgena, 
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Tu rogor gamoiyureba realurad mZime radioaqtiuri birTvebi da maTi formebi 

arastabiluri elementebisaTvis. mZime atomebis birTvebi Sedgeba rogorc mTlianad Sev-

sebuli, ise Seuvsebeli klasterebisagan (gansakuTrebiT birTvebis periferiul ubanSi). 

cxadia, rom mZime da arastabiluri birTvebis formebis dasadgenad saWiroa rogorc daSlisa 

da sinTezis birTvuli reaqciebis detaluri analizi, ise arastabiluri izotopebis 

radioaqtiuri daSlis sqemebi. gansakuTrebuli aRniSvnis Rirsia is faqti, rom yvelaze 

mdgrad sistemas -nawilaki warmoadgens, romelic protonTan da neitronTan erTad birTvis 

Semqmneli ZiriTadi nawilakia naxSirbadisa da Jangbadis klasterebis misaRebad.       

klasteruli daSla. birTvebis mier -nawilakebis gamotyorcnis movlena kargadaa 

cnobili. ramdenad SesaZlebelia sxva atomis birTvebis spontanuri gamosxiveba? am 

kiTxvaze dadebiTi pasuxi gaeca 1948 wels mecnierTa ori jgufis mier inglisSi [7] da yo-

fil sabWoTa kavSirSi [8], sadac eqsperimentebis gziT dadginda radonis birTvis izo-

topis (223Ra) radioaqtiuri daSlis faqti naxSirbadis izotopis (14C) gamosxivebiT:   
223Ra         14C + 209Pb + Q(31.85 mev). 

eqsperimentuli Sedegebi cxadyofs, rom 14C birTvebis gamosxivebis albaToba daax-

loebiT 10 miliardjer naklebia -nawilakebis gamosxivebis albaTobasTan SedarebiT. orive 

eqsperimentis Sedegi praqtikulad erTmaneTs daemTxva da 14C birTvebis daSlis albaTobis 

Sefardeba -nawilakebis daSlis albaTobasTan aRmoCnda  С/ = 8,5.10-10 da С/ = 7,6.10-10. 

aRsaniSnavia, rom daSlis Sedegad miiReba naxSirbadis ara Tavisufali klasteri 

(12C), aramed damatebiTi ori neitroniT Sevsebuli radioaqtiuri izotopis 14C klasteri.     

klasteruli radioaqtiurobis aRmoCenis gadamwyveti faqtoria dasaSleli birTvebis 

SerCeva. daSlis energiis momgebianoba im birTvebisaTvis, romelTa atomuri masa magiuri 

ricxvebis maxloblobaSia, garkveuli klasteris potenciur barierSi gasvlas da misi 

birTvidan gamosvlas uzrunvelyofs. 14C birTvis gamosxiveba sxva birTvebisTvisac (221Fr, 
221Ra, 222Ra) iyo damzerili. klasteruli daSla sakmaod kargadaa Teoriulad da 

eqsperimentulad Seswavlili Semdegi reaqciebisaTvis: 

  
222Ra    14C + 208Pb,   232U     24Ne + 208Pb,  
224Ra   14C + 210Pb,   233U    24Ne + 209Pb, 
226Ra   14C + 212Pb,   234U    24Ne + 210Pb,  
230Th   24Ne + 206Hg,  234U    28Mg + 206Hg, 
231Pa   24Ne + 207Tl,   236Pu   28Mg + 208Pb,  

238Pu  32Si + 206Hg. 
 

dReisaTvis arsebuli yvela cnobili birTvi, romelic klasterul daSlas eqvemdeba-

reba, mZime birTvebis jgufs ganekuTvneba (masuri ricxviT A > 208). amJamad eqsperimentuli 

gziT dadgenilia 25 birTvi bariumidan (114Ba) dawyebuli americiumis (241Аm) CaTvliT, 

romlebic ZiriTadi energetikuli mdgomareobidan klasterebs 14С, 20О, 24Ne, 26Ne, 28Mg, 30Mg, 
32Si da 34Si asxivebs. 27-e nax-ze mocemulia am izotopebis birTvebis agebuleba.  

gamosxivebuli klasterebis moZraobis energia gamomsxivebeli birTvis mimarT 28_94 

mev-is farglebSia da yvela SemTxvevaSi mniSvnelovnad naklebia birTvSi arsebul po-

tenciur barierze.  
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  nax. 27. izotopebis birTvebi, romlebic klasteruli  

daSlis Sedegad gamosxivdeba  

 

amrigad, savaraudoa, rom klasteruli daSla, iseve rogorc -nawilakebis gamotyorc-

na, gvirabis efeqtiTaa ganpirobebuli, rac potenciuri barieris gadalaxvas uzrunvelyofs. 

sainteresoa, rom klasteruli daSlis dros gamosxivebul birTvs Warbi neitronebi 

aqvs da isini yvela arastabiluria. miuxedavad amisa, birTvebis klasteruli daSla 

klasteruli midgomis samarTlianobaze miuTiTebs, rasac naxSirbadisa da Jangbadis 

klasterebis gamosxiveba adasturebs. cxadia, mZime birTvebSi mravali dausrulebeli 

klasteria, magram yvela Seqmnilia varskvlavebis wiaRSi an zeaxali varskvlavebis 

afeTqebis dros zemaRali temperaturebisa da wnevebis pirobebSi.   

unda aRiniSnos, rom birTvebis spontanuri (TavisTavadi) daSlis garda xdeba 

inducirebuli (iZulebiTi) daSla Cqari da neli neitronebiT birTvebze dasxivebis 

Sedegad. am reaqciebs Soris yvelaze kargad izotop 235U daSlis reaqciaa cnobili: 

92U + n  56Ba + 36Kr + kn. 

rogor SegviZlia warmovidginoT uranis birTvi da misi daSlis produqtebi _ bari-

umi da kriptoni? 

es Zalze rTuli amocanaa. Tu birTvebi naxSirbadisa da Jangbadis klasterebisagan 

Sedgeba, kriptonis izotopis birTvi _ ori Jangbadisa da xuTi naxSirbadis klasterisagan, 

maSin bariumi ori Jangbadisa da rva naxSirbadis klasterisagan unda Sedgebodes. gamodis, 

rom urani oTxi Jangbadisa da cameti naxSirbadis klasterisagan Sedgeba. Tanac, Jangba-

disa da naxSirbadis klasterebs SeiZleba saerTo -nawilakebi hqondes. 

es Zalze gamartivebuli suraTia, radgan am birTvebSi bevri dausrulebeli klasteri 

SeiZleba iyos. arc isaa gamoricxuli, rom yvela birTvis centraluri klasteri Jangbadis 

klasteria, romlis garSemo dasrulebuli an dausrulebeli naxSirbadis klasterebia 

ganlagebuli. imis gansazRvra, Tu ra gziT daiSleba romelime mZime birTvi, SeuZlebelia, 

magram klasteruli warmodgena daSlis gzebis raodenobas mniSvnelovnad zRudavs. 

klasteruli daSlis problemis analizi, misi fenomenologiuri da mikroskopiuli 

midgoma klasteruli radioaqtiurobis aRwerisas SeiZleba ixiloT SromebSi [9,10], 

romelTa Tanaxmad, klasteruli daSla -daSlis analogiurad mimdinareobs. am Sromis 

ZiriTadi daskvnis mixedviT, atomis birTvi SeiZleba ganvixiloT, rogorc nuklonebisa da 

sxvadasxva tipis klasterebis erTiani sistema. amasTan, birTvis Semadgeneli nawilakebi, 

romlebic mocemuli birTvis daSlis Sedegad ibadeba da sxvadasxva birTvul reaqciebSi 

monawileobs, birTvebSi ukve arsebuli klasterebiT formirdeba.  

perspeqtiulad unda CaiTvalos birTvebSi klasterebis mravalqvarkuli bunebis 

Semdgomi kvleva da maTi gamovlena sxvadasxva birTvul reaqciaSi, radgan am gzaze 

SeiZleba miviRoT Zalze sainterso informacia qvarkuli materiis Tvisebebis Sesaxeb. 

atomis birTvebis magnituri momenti. cnobilia, rom atoms aqvs birTvuli magnituri 

momenti, romelic SesaZloa gamowveuli iyos rogorc birTvis garSemo eleqtronebis 

moZraobiT, ise eleqtronis spiniT.  
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rogorc vnaxeT, birTvebis klasteruli warmodgenebiT SesaZlebelia birTvuli 

fizikis zogierTi problemis axsna. birTvebis Zalze mcire zomebis gamo kulonuri 

eleqtruli Zalebi gadamwyvet rols asrulebs sxvadasxva birTvis struqturis 

formirebaSi da maT stabilurobas uzrunvelyofs. miuxedavad imisa, rom klasterul 

warmodgenaSi Zlieri birTvuli Zalebi zedmeti aRmoCnda da birTvis mdgradobas 

eleqtrodipoluri urTierTqmedeba gansazRvravs, klasteruli warmodgena SeiZleba 

birTvebis magnituri Tvisebebis aRweris mizniTac gamoviyenoT.         

cnobilia [5], rom neitronebis dipoluri momenti, romelic miRebulia birTvuli 

magnituri rezonansis eqsperimentebSi, Seadgens n. = -1,91315b., sadac b. birTvuli 

magnetonia. dirakis gantolebis Tanaxmad, nuklons, Tu is damuxtulia (protoni), 

magnetonis toli magnituri momenti unda hqondes, xolo daumuxtavi nuklonis (neitronis) 

magnituri momenti nulis toli unda iyos.  

neitronis magnituri momentis, iseve, rogorc protonis Zalze didi magnituri 

momentis (p. =2,7279b.), arseboba imaze miuTiTebs, rom nuklons rTuli Sinagani struqtura 

aqvs, anu nuklonSi aris eleqtruli denebi, romlebic magnitur velebs qmnis. meore mxriv, 

adronebis qvarkuli modelis Tanaxmad, n./p. = 2/3, rac neitronebisa da protonebis 

eqsperimentuli gziT miRebul Sedegebs emTxveva [5].   

atomis birTvebis sivrculi struqturis ganxilvisas naCvenebi iyo, rom nuklonebis 

klasterul modelSi neitronebi da protonebi SegviZlia ganvixiloT, rogorc qvarkebis 

wriuli brunva, rac SeiZleba magnituri momentis Seqmnis mizezi gaxdes (nax. 2).   

Tu gaviTvaliswinebT, rom u-qvarkis muxti (2/3 e) 2-jer aRemateba d-qvarkis muxts (1/3 

e), gamodis, rom protonis magnituri momenti sididiT daaxloebiT 2-jer unda 

aRematebodes neitronis magnitur moments (ix. cxrili) [5]. magnituri momentis gazomvebi ki 

iZleva sidides _ p./n.=1,46, rac SeiZleba u- da d-qvarkebis muxtebisa da masebis 

gansxvavebuli sidideebiT aixsnas. 28-e nax-ze mocemulia atomis msubuqi birTvebis 

magnituri momentebis sidideebis damokidebuleba atomur ricxvze. 

cxrili            

zogierTi atomis birTvis magnituri momenti   

   

birTvi magnituri momenti 

(birTvul magnetonebSi) 

birTvi magnituri momenti 

(birTvul magnetonebSi) 
1n –1,9131 11B 2,6885 
1H 2,7927 12C 0 
2H 0,8574 13C 0,7024 
3H 2,9788 14C 0 

3He –2,1275 14N 0,4037 
4He 0 15N –0,2831 
6Li 0,8220 16O 0 
7Li 3,2563 17O –1,8937 
9Be –1,1774 18O 0 
10B 1,8008   
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nax. 28. msubuqi birTvebis magnituri momentebi    

 

rogorc cxrilidan Cans, sufTa klasterebis _ 4He-is, 12C-isa da 16O-is magnituri 

momentebi nulis tolia. am birTvebs emateba nulovani magnituri momentebis mqone birTvebi 

_ 14C da 18O, romelTa klasterebSic simetriulad or-ori neitronia moTavsebuli.  

sainteresoa protonis (1Н), deiteriumisa (2Н)  da tritiumis (3Н) birTvebis magnituri 

momentebis Sedareba (nax. 29, 1_3). aRsaniSnavia, rom deiteriumis birTvis magnituri momenti 

daaxloebiT samjer mcirea wyalbadisa da tritiumis birTvebis magnitur momentebTan 

SedarebiT.   
 

 
 

nax. 29. zogierTi birTvis struqtura da magnituri momentebi 

 

birTvuli Teoriis TvalsazrisiT, yuradRebas imsaxurebs Semdegi Sedegebi [4]: 

1.  protonisa da neitronis magnituri momentebi gansxvavdeba birTvuli magnetonisagan, 

Tumca pirveli birTvuli magnetonis toli unda yofiliyo, meore ki _ nulisa; 

2.  deitronis birTvis magnituri momenti da protonisa da neitronis magnituri 

momentebis jami (neitronisa da protonis magnitur momentebs urTierTsawinaaRmdego 

mimarTuleba aqvs) mcire sididisaa, rac protonisa da neitronis magnituri momentebis 

araaditiurobas adasturebs. gansxvaveba maT momentebs Soris 6%-ia, Tumca Teoriulad es 

gansxvaveba ar unda arsebobdes [5].    
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es sxvaoba SeiZleba aixsnas kvarkebis moZraobis traeqtoriebis wriuli orbi-

tebisagan gadaxrebiT, gansakuTrebiT neitron-protonis wyvilis Seqmnisas, da amasTanave 

qvarkebis orbitebis orientaciebis SesaZlo cvlilebebiTac iyos gamowveuli. 

gansakuTrebuli aRniSvnis Rirsia is maTematikuri siZneleebi, romlebic nuklonebSi 

qvarkebis moZraobasTanaa dakavSirebuli. samwuxarod, ver moxerxda gravitaciuli ZalebiT 

dakavSirebuli sami sxeulis moZraobis amocanis gadawyveta da, cxadia, qvarkebis moZraoba 

nuklonebSi, sadac moqmedebs rogorc mizidvis, ise ganzidvis Zlieri eleqtruli Zalebi. 

qvarkebis moZraobis traeqtoriebis met-naklebad zusti dadgena warmoudgenelia, miT 

umetes, Tu ganvixilavT proton-neitronis wyvils, sadac eqvsi qvarkis urTierTqmedeba 

unda aRiweros. am SemTxvevaSi yoveli maTematikuri gamoTvla azrs kargavs. amdenad, dRes 

SeiZleba Catardes mxolod eqsperimentuli monacemebis analizi, romelic birTvis ama Tu 

im models daasabuTebs. 

riTaa gamowveuli deiteriumisa da tritiumis magnituri momentis arseboba? 

Tu CavTvliT, rom neitronsa da protonSi qvarkebis moZraobis traeqtoria wrewiria 

da isini wriulad darCnen deiteriumad da tritiumad gaerTianebis Semdeg, deiteriumisa 

da tritiumis magnituri momentebi iqneba:   

d. =p. +n. = 2,7927b. - 1,9131b. = 0.8796b. (gazomvis Sedegia 0,8574b.); 

t. =p. +d.= 2,7927b. + 0,8796b. = 3.6723b. (gazomvis Sedegia 2,9788b.). 

magnituri momentebis gamoTvlilsa da gazomil sidideebs Soris sxvaoba 

deiteriumisa (nax. 30, a) da tritiumisaTvis (nax. 30, b) imaze miuTiTebs, rom qvarkebis 

traeqtoriebi wrewiri ar aris. swored wrewiridan gadaxra iwvevs eleqtruli dipolebis 

warmoqmnas nuklonebSi [1-4].   

rogorc vxedavT, tritiumisa da heliumis birTvis magnituri momentebi sakmaod 

didia, rac imaze miuTiTebs, rom qvarkebis orbitebis gadaxra wrewiridan ar aris didi. 
 

 
 

nax. 30. qvarkebis traeqtoriis wrewiridan gadaxra deiteriumsa (a) da tritiumSi (b) 
 

aRsaniSnavia is faqtic, rom -nawilakis magnituri momenti nulis tolia da, 

Sesabamisad, mxolod misgan Sedgenili naxSirbadisa (12C) da Jangbadis (16O) birTvebis 

magnituri momentebic aris nulis toli (nax. 28). es imas niSnavs, rom neitronebisa da 

protonebis wyvilebis magnituri momentebi mTlianad akompensirebs erTmaneTs.  

Zalze mniSvnelovani da ucnauria is, rom -nawilakis Semadgenel oTx nuklonSi 

Tormeti qvarkis mier Seqmnili wriuli denebi erTmaneTs mTlianad akompensirebs.  

28-e nax-ze moyvanili magnituri birTvebis momentebis sidideebis Tanaxmad, -

nawilakze proton-neitronis (deiteriumis) wyvilis damateba qmnis liTiumis izotops (6Li), 

romlis magnituri momenti 0,8220b.-is tolia, rac 0,0354b.-iT naklebia deiteriumis 

birTvis magnitur momentze. saocaria, rom -nawilakis nulovani magnituri momenti 

liTiumis izotopSi deiteriumis magnituri momentis sidides cvlis. 
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ufro gasaocaria is, rom liTiumis izotopze 6Li kidev erTi neitronis damatebiT 

miiReba izotopi 7Li, romlis magnituri momenti 3,2573b.-s aRwevs, maSin rodesac damatebiTi 

neitronis SetaniT magnituri momentis sidide mxolod 2,7352b.-mde unda gazrdiliyo. es 

yvelaferi imaze miuTiTebs, rom birTvebis Seqmnis procesSi Zalze didia qvarkebis 

orbitebis cvlilebebi, romelTa maTematikuri analizi praqtikulad SeuZlebelia.            

aseve Zalze mniSvnelovania, rom naxSirbadis klasterSi 12С erTi neitronis 

damatebiT miiReba izotopi 13С, romlis magnituri momentis sidide 0,7024 b. gacilebiT 

naklebia damatebuli neitronis magnitur momentze. es damatebiTi neitroni naxSirbadis 

klasteris erT-erT mxares ikavebs adgils sam protons Soris, magram kidev erTi 

neitronis damateba naxSirbadis klasteris meore mxares mTlianad abaTilebs wina 

neitroniT miRebul naxSirbadis birTvis 14С magnitur moments. 

ratom xdeba es? problema uaRresad rTulia da maTematikur gamoTvlebs ar 

eqvemdebareba.   

analogiuri mdgomareobaa Jangbadis izotopebis 16O, 17O da 18O birTvebis magnituri 

momentebis ganxilvis dros. Tu Jangbadis izotopebs 16О da 18О nulovani magnituri momenti 

aqvs, 17O izotopis birTvis magnituri momenti (–1,8937 b.) neitronis momentze naklebia.  

aqve SevniSnavT, rom magnituri momentebis sidideebi izotopebisTvis (13С da 17О) 

SesaZloa im faqtze miuTiTebdes, rom qvarkebis orbitis wrewiridan gadaxra naxSirbadis 

klasterSi ufro didia, vidre Jangbadis klasterSi. 

unda aRiniSnos, rom atomuri birTvebis magnituri momentebis formirebaSi mniSv-

nelovan rols asrulebs ara marto qvarkebis orbitebis deformacia, aramed orbitebis 

sibrtyis orientaciis cvlileba nuklonebSi.   

birTvuli reaqciebi. atomis birTvis struqturis agebis dros maqsimaluri simkvrivis 

mixedviT, birTvebi rac SeiZleba kompaqturi unda iyos, xolo birTvebis forma _ sferul 

formasTan miaxloebuli. am TvalsazrisiT Jangbadis klasters kubis forma aqvs, xolo 

naxSirbadis prizmuli klasteris simaRle da sigane daaxloebiT erTnairia. aRsaniSnavia, 

rom mZime birTvebis struqturis gansazRvrisas ZiriTadi klasterebi SesaZloa erTmaneTis 

mimarT Semobrunebulic ki iyos.  

rogorc vxedavT, rac ufro mZimea birTvi, misi stabilurobisTvis sul ufro meti 

neitronia saWiro. es sivrce damatebiT neitronebs (zogjer protonebsac) SeuZlia Seavsos 

rogorc martivi klasterebis SigniT, ise klasterebis gareT, raTa zogjer klasterebis 

makavSirebeli rolic Seasrulos. magaliTad, Tu yvelaze gavrcelebul qromis izotopSi 

(52Cr) neitronebis siWarbe protonebze mxolod oTxiT metia, oqros erTaderT stabilur 

izotopSi (197Au) es sxvaoba 39-s aRwevs, xolo uranis yvelaze gavrcelebul izotopSi (238U) 

es sxvaoba 54-ia. SesaZloa, rTuli da didi birTvebis struqturaSi `zedmeti~ neitronebis 

garkveuli nawili damakavSirebeli neitronebia. savaraudoa, rom birTvebis spontanuri an 

induqciebuli daSlisas neitronuli kavSirebi sustdeba swored klasterebis sazRvarze da 

amitom birTvebis daSla mimdinareobs sakmaod SezRuduli raodenobis sqemebiT. 

Zalze sainteresoa imis codna, Tu ra gansazRvravs klasterebis simtkices? es kiTxva 

sakmaod rTulia da moiTxovs qvarkebs Soris eleqtromagnituri urTierTqmedebebis deta-

lur Seswavlas. 

1919 wels rezerfordma aRmoaCina, rom birTvebi SeiZleba gardaiqmnas maTi-nawila-

kebiT dabombvisas. pirveli aseTi izotopi aRmoCnda azoti, romelic -nawilakebis zemoq-

medebiT Jangbadad gardaiqmna da erTi protonic gamoasxiva.Ees reaqcia klasteruli for-

miT ase gamoisaxeba:   
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naxSirbadis prizmuli klasteris SuagulSi neitroni da protonia (protoni neit-

ronebis garemocvaSia da mas neitroni faravs). am reaqciis Sedegad prizmuli klasteri 

Jangbadis kuburi formis klasterad gadaiqceva da prizmuli klasteris centrSi arsebu-

li protoni gamosxivdeba. am reaqciaSi birTvebis bmis energia im siTbos analogiuria, 

romelic qimiuri reaqciebis Sedegad gamoiyofa.   

Semdegi nabiji iyo j. okroftisa da e. uotsonis 1932 wlis aRmoCena, romlebmac aCve-

nes, rom protonebis nakads SeuZlia liTiumis izotopis daSla reaqciaSi: 

 
reaqciis Sedegad heliumis ori birTvi erTdroulad sxvadasxva mimarTulebiT gamo-

sxivdeba.  

yvela cnobili qimiuri elementi, SesaZloa, xelovnuri gziT mezobel elementebad 

gadaiqces. yvela es axali izotopi radioaqtiuri aRmoCnda, Tumca Semdgomi daSlis Sede-

gad isini stabilur izotopebad gardaiqmneba. miRebul iqna axali qimiuri elementebi ri-

giTi nomriT 117-mde, romlebic radioaqtiurebi aRmoCnda.  

Tanamedrove warmodgenebiT, qimiuri elementebis Seqmna naxSirbadidan rkinis jgufis 

elementebamde varskvlavebis wiaRSi mimdinareobs birTvuli reaqciebis gziT. wyalbadis 

raodenobis Semcirebas mohyveba varskvlavebis SigniT wnevisa da temperaturis gazrda, 

rac heliumis birTvebis sinTezis reaqcias da naxSirbadis miRebas uzrunvelyofs:  

 

es reaqcia 1,5.108 K temperaturaze mimdinareobs, xolo varskvlavis nivTierebis 

simkvrivea 5.104 g/sm3. klasteruli modelis Tanaxmad, sami heliumis rombuli klasteri (-

nawilaki) naxSirbadis erT prizmul klasterad gaerTiandeba da reaqciis Sedegad Zalze 

didi siTburi energia gamoiyofa. aRmoCnda, rom heliumis wvis dros naxSirbadis misaRebad 

aucilebelia beriliumis izotopis (8Ве) arseboba, romelic ori -nawilakisagan Sedgeba. 

miuxedavad imisa, rom is Zalze swrafad, 10-16 wm-is ganmavlobaSi iSleba, mainc aswrebs 

reaqciaSi monawileobis miRebas da erTi -nawilakis mierTebas. amrigad, naxSirbadis 

klasteri etapobrivad iqmneba.  

mniSvnelovania, rom mzis wiaRSi mimdinareobs neonis birTvis magniumis birTvad 

gardaqmna, rac adasturebs erTi tipis orklasteruli sistemis gardaqmnas meore tipis 

orklasterul birTvad:  
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sakmaod sainteresoa ftoris izotopis gardaqmna Jangbadis izotopad pozitronuli 

daSlis gziT:  

 
 

rogorc vxedavT, ftoris izotopis daSlis Sedegad protoni, romelic kuburi klas-

teris SuagulSia, -qvants da eleqtrons asxivebs da neitronad gardaiqmneba, Tumca Tvi-

Ton meore neitronTan erTad klasterSi rCeba. 

analogiurad xdeba TermobirTvuli sinTezis gziT mzis wiaRSi qimiuri elementebis 

Seqmna naxSirbadidan rkinis jgufis elementebamde. Tu temperaturam mzis SuagulSi 

~5.108K-s miaRwia, birTvebis sinTezis sxva reaqciebi iwyeba da axali izotopebi miiReba:   

 
 

klasteruli modelis Tanaxmad, es reaqciebi cxadyofs prizmuli klasterebis or-

klasterul sistemebad gardaqmnis SesaZleblobas.  

Jangbadis (16О) wva warmogvidgens ori kuburi klasteris SeerTebiT axali birTvebis 

miRebis SesaZleblobas, romelic sxvadasxva gziT 109 К temperaturaze mimdinareobs: 

 
am reaqciebis Sedegad miiReba siliciumisa da fosforis birTvebi. 

Jangbadis wvis damTavrebis Semdeg temperaturis gazrdiT siliciumis wva da rkinis 

jgufis elementebis miReba iwyeba. masiur varskvlavebSi siliciumis wva birTvuli 

sinTezis reaqciebis ukanaskneli stadiaa da Semdgomi reaqciebi aRar xdeba, radgan msu-

buqi birTvebis Semdgomi mierTeba SeuZlebelia (es reaqciebi mxolod energiis STanTqmiT 

mimdinareobs). 
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ase rom, rkinis birTvze ufro mZime elementebis birTvebis sinTezi sxva sqemebiT 

mimdinareobs. erT-erTi aseTi sqema neli neitronebis CaWeraa protonis Semdgomi gar-

daqmniT da eleqtronis gamosxivebiT. marTlac, aris reaqciebi, rodesac mZime da zemZime 

birTvebi erTdroulad ramdenime neitrons STanTqavs da Semdgom -daSlis Sedegad pro-

tonad gardaiqmneba. es reaqciebi neitronebis maRali koncentraciis fonze mimdinareobs 

da Sesabamisi astrofizikuri pirobebi zeaxali varskvlavebis afeTqebis dros miiRweva. 

marTlac, swored zeaxali varskvlavebis afeTqebiT miiReba is uZlieresi dartymiTi 

talRa, romelic zemaRal temperaturebsa da wnevebs qmnis.         

amrigad, SeiZleba davaskvnaT, rom klasteruli warmodgenebis safuZvelze SesaZlebelia 

birTvuli fizikis zogierTi problemis gadawyveta. es warmodgenebi zRudavs bunebaSi 

arsebuli stabiluri da arastabiluri birTvebis raodenobas. birTvebis nuklonebis qvarkul 

modelze dayrdnobiT birTvebis mcire zomebis gamo kulonuri eleqtruli Zalebi gadamwyvet 

rols asrulebs birTvebis struqturis dadgenisa da maTi stabilurobis uzrunvelyofaSi. 

ase rom, birTvebSi Zlieri mizidulobis birTvuli Zalebi zedmetia, rasac bunebaSi 

stabiluri wyvili neitronebis ararseboba adasturebs. amdenad, neitronebs Soris mxolod 

mizidulobis gravitaciuli Zalebia, romlebic neitronebis uzarmazari raodenobis 

SemTxvevaSi neitronul varskvlavs qmnis. neitronebis mcire gundSi gravitaciuli Zalebis 

sisustis gamo stabiluri sistema ver iqmneba. mizidulobis birTvuli Zalebis SemTxvevaSi ki 

Seiqmneboda neitronebis mozrdili gundebi, rac bunebaSi mravalferovani qimiuri 

elementebis arsebobas SeuZlebels gaxdida. swored protoni Tavisi eleqtruli muxtiT qmnis 

eleqtrul vels, romelic neitronebSi eleqtrul dipolebs aRZravs da misi saSualebiT 

bunebaSi sxvadasxva qimiuri elementis birTvebis mravalferovnebas uzrunvelyofs. 
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fizika 

atomis birTvis klasteruli agebuleba 

m. jiblaZe, T. bacikaZe 

(saqarTvelos teqnikuri universiteti) 

 

reziume: naSromSi ganxilulia qimiuri elementebis sxvadasxva birTvis struqturisa da 

agebulebis problema da naCvenebia maTi klasteruli struqturis arsebobis SesaZlebloba. 

aRmoCnda, rom birTvebis agebisas protonebTan da neitronebTan erTad ZiriTadi elementebia 

heliumis, naxSirbadisa da Jangbadis birTvebi. naCvenebia isic, rom birTvebi agebulia 

ZiriTadad naxSirbadisa da Jangbadis klasterebisagan, xolo fenovani struqtura aqvs, mZime 

birTvebs, romlebic erTmaneTs neitronuli kavSirebiT uerTdeba. ganxilulia agreTve 

mizezebi, romlebic bunebaSi arsebuli stabiluri da arastabiluri birTvebis raodenobas 

zRudavs. aRsaniSnavia, rom birTvebis formirebaSi mTavar rols birTvuli Zlieri mizi-
dulobis Zalebi ki ara, protonis mier Seqmnili kulonuri Zalebi asrulebs. 

 

PHYSICS 
 

CLUSTER STRUCTURE OF NUCLEAR KERNELS 

M. Jibladze, T. Batsikadze 

(Georgian Technical University) 

  

Resume: In the article problems of a structure of various kernels of chemical elements are considered and 

existence of cluster structure of nuclear kernels is shown. It appeared that at creation of kernels of chemical elements 

with a proton and a neutron basic elements are kernels of helium, carbon and oxygen and heavy-nuclei have layered 

structure. The reasons, which limit number of stable and unstable elements are considered. It is shown, that when 

forming kernels a leading role plays not nuclear forces of an attraction and the coulomb forces created by protons and 

electric dipoles initiated in nucleons.   

  

ФИЗИКА 
 

 

КЛАСТЕРНОЕ СТРОЕНИЕ ЯДЕР ХИМИЧЕСКИХ ЭЛЕМЕНТОВ 

М. Джибладзе, Т. Бацикадзе 

(Грузинский технический университет) 

 

Резюме: Рассмотрена проблема структуры и строения различных ядер химических элементов и показана 

возможность существования кластерной структуры ядер. Оказалось, что при построении ядер, кроме протонов 

и нейтронов, основными элементами являются ядра гелия, углерода и кислорода, а тяжелые ядра имеют 

слоистую структуру и связаны между собой нейтронной связью. Обсуждены причины, ограничивающие число 

стабильных и нестабильных химических элементов в природе. Показано, что при формировании ядер основную 

роль играют не ядерные силы притяжения, а кулоновские силы электрических диполей, возникшие при 

образовании связи между протонами и нейтронами.   
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demografia 

 

 

mTa iTxovs Svelas  

b. goiSvili 

(saqarTvelos mecnierebaTa erovnuli akademia) 

 

XX saukunis dasasruls, sazogadoebis ganviTarebis am etapze, mTeli simZafriT dadga 

mTiani regionebis ganviTarebis sakiTxi, rac mWidrod ukavSirdeba qveynis demografiul, 

ekonomikur, ekologiur da socialur problemebs. wlebis ganmavlobaSi samecniero lite-

raturasa Tu presaSi bevri iwereboda barTan SedarebiT mTiani regionebis CamorCenilobaze. 

amas mravali mizezi hqonda; gansakuTrebiT ki is araswori politika, romelic tardeboda 

mTisa da mTis mosaxleobis mimarT. yvela problema, romelic ukavSirdeboda socialur, eko-

nomikur Tu ekologiur sakiTxebs, wydeboda saerTo saxalxo programiT, sadac mTis speci-

fika gaTvaliswinebuli ar iyo. yovelive amas emateboda stiqiuri movlenebiT gamowveuli 

zaralic. mTian regionebSi cxovreba gausaZlisi xdeboda, gamwvavda demografiuli viTarebac. 

zemoaRniSnuli mdgomareobis gamosworebisa da mTiani regionebis aRmavlobisaTvis 

saWiro gaxda kanonze dafuZnebuli pirobebis Seqmna, rac  iTava saqarTvelos mecnierebaTa 

erovnuli akademiis mTianeTis problemaTa kompleqsuri Seswavlis komisiam. 

mecnierTa interesi mTisadmi gamowveuli iyo ara marto imiT, rom mTa Cveni qveynis 

ulamazesi da umSvenieresi nawilia, aramed imiTac, rom mTa aris uzarmazari wylis maragis 

Semcveli (myinvarebis saxiT), aq aris “TeTri naxSiris” (wylis energiis) mniSvnelovani 

raodenoba, Tvaluwvdeneli saTib-saZovrebi, araCveulebrivi tyis masivebi, ekologiurad 

sufTa sakvebi produqtebi, madneuli da aramadneuli sabadoebi, mineraluri wylebi; garda 

amisa, aq yvela pirobaa turizmisa da rekreaciuli meurneobis ganviTarebisaTvis; erTi 

sityviT, yvelaferi is, rac adamians sicocxlisaTvis sWirdeba. amavdroulad saqarTvelos 

mTianeTi yovelTvis iyo mfarveli da damcveli Cveni qveynisa, radgan saqarTvelos mTiani 

regionebi sazRvrispira raionebia.  

jer kidev 1999 wels Seiqmna “mTiani regionebis socialur-ekonomikuri da kulturuli 

ganviTarebis  kanoni”, romelic parlamentma miiRo da prezidentma daamtkica imave wlis 19 

ivniss. misi avtorebi iyvnen mecnierebis doqtori b. goiSvili da akademikosi T. oniani. 

parlamentSi gatanamde aRniSnuli kanonproeqti ganixila saqarTvelos mecnierebaTa akademiis 

mTianeTis problemaTa kompleqsuri Seswavlis komisiam. komisia warmoadgenda kompetentur 

organos mTis problemebTan dakavSirebiT. igi Tavisi daarsebidan (1969 w.) 30 wlis 

ganmavlobaSi agrovebda masalebs mTis mosaxleobis socialur-ekonomikuri da kulturuli 

mdgomareobis Sesaxeb, adgenda sxvadasxva saxis proeqtebs, romlebic miewodeboda 

saqarTvelos mTavrobas, magram xSirad is uwyebriv interesebs awydeboda da mecnierTa Tu 

specialistTa naazrevi qaRaldzeve rCeboda. amitomac saWiro gaxda mTis kanonis SemuSaveba. 

ras moicavs “mTis kanoni” an ra SeRavaTebs moutans is mTis mosaxleobas? es is 

kiTxvebia, romlebic ainteresebs Cvens mosaxleobas imitom, rom sruliad gaugebari mizezebis 

gamo saqarTvelos sainformacio samsaxurma ver moaxerxa am kanonis yvela punqtisa da 

qvepunqtis sajaro ganxilva, raTa igi farTo sazogadoebis msjelobis sagani gamxdariyo. 

 “mTis kanoni” Seiqmna mTis mosaxleobis mZime mdgomareobis gamosasworeblad. misi 

mizani iyo maRalmTiani regionis socialur-ekonomikuri ganviTarebis uzrunvelyofa, 

mosaxleobis stiqiuri migraciis SeCereba, daclili da naxevrad daclili soflebisa da 
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Temebis aRorZineba, adgilobrivi resursebis racionalurad gamoyeneba, mrewvelobis 

ganviTareba, mosaxleobis dasaqmeba, investiciebis mozidva, TviTmyofadi landSaftebisa da 

ekosistemebis SenarCuneba da maTi mavne zemoqmedebisagan dacva, gzebis mowesrigeba, wiaRi-

seuliT racionalurad sargebloba, sawarmoo obieqtebis daproeqteba da mSenebloba, 

sazRvris dacva da, rac mTavaria, mTis mosaxleobis cxovrebis pirobebis gaumjobeseba. es 

exeba qveynis im nawils, romlis 79 % mTagoriania.  

kanoni iTvaliswinebs: SeRavaTian sakredito RonisZiebebs, samTo turizmis 

ganviTarebis  perspeqtivebs,  tradiciuli Sinarewvis ganviTarebas, mcire da saSualo biz-

nesisa da mrewvelobis ganviTarebas, mcire simZlavris eleqtrosadgurebis mSeneblobas da 

eleqtroenergiiT mosaxleobis uzrunvelyofas, sasoflo-sameurneo warmoebis ganviTare-

bas, sxvadasxva sagadasaxado SeRavaTebs, skolamdeli, sabazo da saSualo zogadi ganaT-

lebis xelSewyobas, xelfasze muSaobis staJisa da maRalmTianobis danamatis SemoRebas, 

mravalSvilianebis ekonomikur stimulirebas, ufaso janmrTelobis dacvas, mcire sawar-

moTa gaTavisuflebas yovelgvari gadasaxadisagan 5_10 wliT, sazRvris mimdebare sof-

lebis mosaxleobisaTvis mesazRvris funqciis miniWebas da sxv.                                          

radgan axlad miRebuli kanoni Tavisi SinaarsiT asaxavda saxelmwifos proteqcio-

nistul politikas mTiani regionebis mimarT, mTeli rigi muxlebiT gansxvavdeboda manamde 

arsebuli sxvadasxva kodeqsisa da organuli kanonebisagan. 

samwuxarod, es kanoni ZalaSi ver Sevida ramdenime mizezis gamo:  

pirveli mizezi iyo is, rom  kanoni exeboda maRalmTian regionebs, romlebic geo-

grafiuli mdebareobiT, bunebrivi da klimaturi pirobebiT mTlianad Seesabameboda maRal-

mTian zonas. dadgenili parametrebiT is unda amoqmedebuliyo z. d. 1500 m-is zeviT, iSviaTi 

gamonaklisiT ki _ 1000 m-is zeviT. kanoni vrceldeboda mTlianad svaneTze, raWaze, xevsureT-

ze, xevze, TuSeTze, mTiuleT-gudamayarze, afxazeTisa da aWaris maRalmTian zolze, romlebic 

demografiuli reabilitaciis mwvave zonebad iTvleboda. kanonis miReba daemTxva axali 

parlamentis arCevnebis periods da imdroindelma deputatebma, amomrCevelTa xmebis mopovebis 

mizniT, CamonaTvalSi Seitanes is soflebic, romlebic z. d. 400_600 m-ze mdebareobda, ramac 

kanoni daamaxinja. finansurad SeuZlebeli gaxda am kanonis amoqmedeba;  

meore mizezi saqarTvelos imdroindeli susti ekonomikuri mdgomareoba iyo.  

kanonis aumoqmedebloba ekonomikur siduxWires braldeboda.  

kanonis amoqmedebisaTvis brZola ar SeuwyvetiaT mis avtorebs. 2010 wels maT Sei-

muSaves kanonproeqti “damatebebi da cvlilebebi mTiani regionebis ekonomikur-socialuri 

da kulturuli ganviTarebis kanonSi”, romelic  faqtobrivad  ganaxlebul  kanons 

warmoadgenda. es kanonproeqti waredgina parlamentis “regionuli ganviTarebisa da mTis 

komitets”, raTa momxdariyo misi muxlobrivi ganxilva, magram, Cveni Sexsenebisa da Txov-

nis miuxedavad, samwuxarod, amas araviTari reaqcia ar mohyolia. 

2012 wlis 2 oqtombers saqarTveloSi Seicvala xelisufleba. qveyana daadga demokra-

tiuli ganviTarebis gzas da mTis mosaxleobas kvlav gauCnda imedi, rom maTi ocneba as-

ruldeboda _ amoqmeddeboda “mTis kanoni”. saqarTvelos mecnierebaTa erovnulma akademiam 

mimarTa parlamentis mTianeTisa da regionuli mmarTvelobis komitets. 2010 wels miRe-

buli kanonproeqti gamoqveynda akademiis mier gamocemul krebulSi “saqarTvelos mTiane-

Tis socialur-ekonomikuri da kulturuli problemebi da maTi mogvarebis gzebi”. TiTqos 

saqme daiZra, magram problemis mogvareba jer kidev ver moxerxda. axal mTavrobas memkvi-

dreobiT ergo bevri problema, romelTa  mogvareba erT weliwadSi, ra Tqma unda, SeuZle-

beli iyo,  magram, faqtia, rom saqarTvelos mTianeTi axla yvelaze mZime mdgomareobaSia. 
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Tu evropasa da aSS-Si  maRalmTiani regionebis ganviTarebaze saubroben, CvenTan dRes 

mTavari mTis gadarCenaa.  

istoriulad Cveni mTianeTi miuwvdomeli iyo rogorc gareSe mtrisaTvis, ise 

feodaluri mmarTvelobisaTvis. miuxedavad feodalebis mravali mcdelobisa, saqarTvelos 

mTianeTis mosaxleobam batonymobis uReli verafriT ver igua da TiTqmis XX saukunemde 

SeinarCuna cxovrebis Tavisufali Temobrivi wesi. Tavisuflebis- da Sromismoyvare vaJkaci 

mTielebi mudam gmirulad icavdnen damoukideblobas da dedaadgils. mTaSi odiTganve 

arsebobda Temis instituti, romelsac xevisberi xelmZRvanelobda. xevsureTSi mas xucs 

uwodebdnen, TuSeTSi _ dekanozs, svaneTSi _ maxvSs. xevisberi ar iyo marto RvTis wesebis 

aRmsrulebeli, mas xelT epyra politikuri da iuridiuli uflebebi. igi iyo 

mSvidobianobis dros msajuli da omis dros _ jaris winamZRoli.  

mTaSi cxovrebis Temobriv wess kanonmdeblobac Tavisi hqonda. aseTi iyo, magaliTad, 

migraciis SezRudvis meqanizmi, xat-salocavebisadmi ridi, qurdisa da Temis Semarcxvenlis 

Temidan mokveTa. mTieli kaci marto mefes cnobda, mas emorCileboda  da  mzad  iyo  mefisa  

da  mamulisaTvis  Tavi gaewira. istoriulad Cveni mTa mWidrod yofila dasaxlebuli, 

mravldeboda mosaxleoba, magram Semdgom, radgan mTa veRar arCenda bunebriv namats, 

dawyebula migraciis procesi, e.w. bunebrivi migracia.  XIX saukunis miwurulidan es procesi 

gaaqtiurda da dRes SegvrCa ekonomikurad, ekologiurad da socialurad gaWirvebuli 

mosaxleobisagan TiTqmis daclili es ulamazesi mxare saqarTvelosi. daclil teritoriebs 

ki mezobeli ucxo tomebi epatronebian. ikargeba winaparTa sisxliT morwyuli miwebi, 

samxreTisaken iwevs saxelmwifo sazvrebi, es ki katastrofis tolfasia. 

dRes Cvens qveyanaSi miwis kadastri jerac ar Catarebula, ar arsebobs soflis sta-

tusi, soflis mmarTveloba, ar muSaobs “mTis kanoni”, romelic daxvewas saWiroebs. amJa-

mad, rogorc ukve aRvniSneT, Seqmnilia kanonproeqti, romelic parlamentis Sesabamis komi-

tetebTan da mecnierebaTa erovnuli akademiis mTianeTis problemaTa kompleqsuri 

Seswavlis komisiasTan SeTanxmebis Semdeg unda waredginos parlaments dasamtkiceblad. 

Tu kanons miviRebT da avamoqmedebT, SeCerdeba mTidan mosaxleobis stiqiuri migracia, 

aRorZindeba soflebi, adgilobrivi resursebis racionaluri gamoyenebis safuZvelze gan-

viTardeba mrewveloba, mosaxleoba adgilze dasaqmdeba, mravalSvilian ojaxebs gaewevaT 

daxmareba, gadasaxadebisagan gaTavisufldeba sawarmoebi da mTaSi mudmivad mcxovrebTa 

qoneba, mesaqonleebsa da mecxvareebs daudgindebaT zamTris saZovrebi, saxelmwifos xel-

SewyobiT  gaumjobesdeba ganaTleba da samedicino momsaxureba, mTaSi momuSaveebs xelfas-

sa da pensiebze dauwesdebaT danamatebi, mTis mosaxleobas aRudgeba sazRvris dacvis 

funqciebi; dafuZndeba tradiciuli Temi, rogorc mTis mesakuTre, da gadaecema mas mTis 

resursebis marTvis ufleba; mTis aborigeni  mosaxleoba Tavs igrZnobs mTis mepatroned. 

erTi sityviT, daiwyeba mTis gamococxleba. 

aRsaniSnavia erTi garemoebac: msoflios gamoCenili mecnierebi da eqspertebi erTx-

mad aRiareben, rom, Tu mTis problema ar mogvarda,  XXI saukuneSive gaizrdeba sasmeli 

wylis deficiti, Semcirdeba sarekreacio raionebis biomravalferovneba, daiwyeba globa-

luri daTboba da myinvarebis dnoba. swored amitomaa, rom dRes mTeli msoflio iRvwis 

mTis sicocxlisunarianobis SesanarCuneblad, mTis mdgradi ganviTarebis politikis 

gasatareblad.       
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demografia 

mTa iTxovs Svelas 

b. goiSvili 
(saqarTvelos mecnierebaTa erovnuli akademia) 

 

reziume:  statiaSi ganxilulia qveynis mTis regionebSi Seqmnili sagangaSo mdgomareoba. 

mTa aris qveynis ara marto yvelaze mSvenieri mxare, aramed uzarmazari wylis maragisa 

(myinvarebis saxiT) da “TeTri naxSiris” (“wylis energiis”) mniSvnelovani raodenobis Semc-

veli; amasTan, aqaa saZovrebis didi farTobebi da tyis masivebi, ekologiurad sufTa sakvebi 

produqtebis maragebi, madneuli da aramadneuli sabadoebi, mineraluri wylebi; garda amisa, 

igi ganTqmulia turizmisa da rekreaciis gamorCeuli pirobebiT da sxv. magram mZime cxov-

rebis pirobebisa da uyuradRebobis gamo mTa carieldeba. pirvel rigSi saWiroa saTanado 

sakanonmdeblo dokumenti _ “mTis kanoni”, romelic Tavis droze miRebul iqna saqarTvelos 

parlamentis mier, Tumca misi amoqmedeba ver moxerxda mTeli rigi obieqturi Tu subieqturi 

mizezebis gamo. mTis regionebis aRorZinebas aqvs demografiuli, socialur-ekonomikuri, 

ekologiuri da politikuri mniSvneloba. statiaSi gaanalizebulia Seqmnili mdgomareoba da 

dasaxulia krizisis daZlevis gzebi.  
 

DEMOGRAPHY	

MOUNTAINS  REQUIRE  HELP 
B. Goishvili 
(Georgian National Academy of Sciences) 

 

Resume: The paper deals with the disturbing situation developed in the mountainous regions of the country. 
Mountains are not only the most beautiful part of the country, but also stocks of huge water resources (in the form of 
glaciers) and “white coal” Stores of significant amount of water energy), the big areas of haymaking and pastures and 
considerable forests, stocks of environmentally friendly products, minerals, mineral waters, special tourist attraction, 
recreation area, etc. However, because of severe living conditions and lack of attention mountains become empty. First 
of all adoption of the relevant legislative document is necessary. The Parliament of Georgia adopted “the Mountain 
law”, but it was never in force owing to a number of the objective or subjective reasons. Revival of mountain regions 
has demographyc, social and economic, ecological and political value. The analysis of the created situation and the 
ways of overcoming the crisis is provided in the paper. 

 
 

ДЕМОГРАФИЯ 
ГОРА  ПРОСИТ ПОМОЩИ 
Б. Гоишвили 
(Национальная академия наук Грузии) 

 
Резюме: Рассматривается сложившаяся в горных регионах страны тревожная ситуация. Горы являются 

не только самым прекрасным регионом страны, но и обладают запасами огромных водных ресурсов (в виде 
ледников) и «белого угля» (накопители значительных количеств водной энергии), а больших площадей 
сенокосов и пастбищ и значительных лесных массивов, запасов экологически чистых продуктов, полезных 
ископаемых, минеральных вод, особых условий туризма и рекреации и др. Однако из-за тяжелых жилищных 
условий и отсутствия внимания, горы пустеют. В первую очередь необходимо принятие соответствующего 
законодательного документа. В свое время Парламентом Грузии был принят «Горный закон», но приведение 
его в действие не удалось в силу целого ряда объективных или субъективных причин. Возрождение горных 
регионов имеет демографическое, социально-экономическое, экологическое и политическое значение. В статье 
приведен анализ создавшегося положения и пути преодоления кризиса. 
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axali teqnologiebi 

 

 

Ti-Cr-C-Me fazaTwarmoqmnis sistemaSi zogierTi Tavisebureba 

TviTgavrcelebadi maRaltemperaturuli sinTezis (Tms) dros 

z. aslamazaSvili, g. oniaSvili, g. zaxarovi, g. TavaZe, Gg.UuruSaZe 

 (f. TavaZis metalurgiisა da masalaTmcodneobis instituti)  

  
teqnikis ganviTarebis Tanamedrove etapze didi mniSvneloba eniWeba maRali saeqs-

pluatacio Tvisebebis mqone masalebis Seqmnas. rkinisa da mis fuZeze damzadebuli masalebi 

ukve veRar akmayofilebს am moTxovnეbs. masalaTmcodneobis sferoSi samecniero-teqnikuri 

progresis kvaldakval xdeba iseTi axali mravalfunqciuri masalebis miRebis efeqturi 

teqnologiebis SemuSaveba, romlebic uzrunvelyofs eqstremalur pirobebSi maTs muSaobas [1]. 

am axali teqnologiebis SemuSavebasTan erTad Tanamedrove samecniero kvlevebis ZiriTadi 

amocanaa mrewvelobis orientაცia energia- da resursdamzog, ekologiurad sufTa teqnolo-

giebis Seqmnasa da realizaciaze. eleqtroenergiis ekonomiisa da teqnologiuri ciklis 

xangrZlivobis Semcirebis erT-erTi perspeqtiuli meTodia TviTgavrcelebadi maRaltempe-

raturuli sinTezi (Tms). es meTodi qimiuri elementebis urTierTqmedebis gansakuTrebulი 

formaa, ris Sedegadac warmoiqmneba Zneldnobadi araorganuli naerTebi da kompoziciuri 

masalebi. procesis gansaxorcieleblad aucilebelia Tburi impulsiT inicirebis Semdeg saw-

yisi komponentebიs erTmaneTTan urTierTqmedeba da siTbos gamoyofa (egzoTermuli reaqcia), 

romelic uzrunvelyofs wvis frontis TviTgavrcelebas mTel nimuSSi siTbos gadacemis 

xarjze. es meTodi xasiaTdeba didi mwarmoeblurobiT, mcire energetikuli danaxarjebiT, 

maRali xarisxis ekologurad sufTa produqciis miRebiT [2]. 

 sinTezis talRaSi mimdinare procesebi SeiZleba daiyos oTx zonad; esenia: SeTbobis, 

komponentebis urTierTqmedebis, anu siTbogamoyofis, urTierTreagirebis damTavrebis da 

saboloo struqturis Camoyalibebis zonebi [3].  

SeTbobis zonaSi qimiuri reaqciebi jer ar mimdinareobs, Tumca sawyisi komponentebi 

Tbeba siTbogamoyofis zonaSi warmoqmnili Tburi nakadebiT, sadac xdeba qimiuri gardaqmnebi, 

ris Sedegadac gamiyofa didi raodenobiT siTbo, rac uzrunvelyofs sinTezis talRis 

gavrcelebas. Semdeg zonaSi dasruldeba komponentebis urTierTqmedeba, bolos ki _ saboloo 

produqtis fazuri Sedgenilobis formireba [4, 5]. 

Ti-Cr-C-Me sistemaSi (Me _Mfoladi X18H15) fazaTwarmoqmnis meqanizmis Sesaswavlad 

specialuri teqnologiuri meTodebiს gamoyenebiT damzadebul iqna nimuSebi sinTezis 

gaCerebuli frontiT. kvlevisaTvis gamoviyeneT YСХА-733 mikroanalizatori. ZiriTadi Sedegebi 

miRebulia “Compo” da X-RAYAY reJimebSi eleqtronuli zondis sxvadasxva ganSlisaTvis. 

SeTbobis zonaSi (sinTezis frontamde 180_200 mkm) iwyeba titanisa da foladis nawi-

lakebis SelRoba da ganTxeva naxSirbadis nawilakebze (nax. 1). aq liTonis nawilakebis zoma 

ramdenime mikronis tolia (liTonis nawilakebis sawyisi zoma iyo 10_40 mkm). wvis frontidan 

70_80 mkm-ze ukve xdeba liTonis nawilakebis kapilaruli ganTxeva naxSirbadis nawilakebze; 

nawilobriv warmoiqmneba 0,1_0,8 mkm marcvlis zomiს titanis karbidi, Tumca kidev arsebobs 

liTonuri CanarTebi (nax. 2). 
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         a                             b                           g 

 

nax. 1. mikrostruqtura Seesabameba SeTbobis zonas 180_200 mkm frontamde  

(gadideba 1300). a – “Compo“; b _ Cr-is ganawileba, X-RAY; g _ Fe-is ganawileba, X-RAY A 

 

 

 

 

 

 

 

 

 

 

 

                    

 

 
 

                a A                       b                       g  

 

nax. 2. mikrostruqtura Seesabameba sinTezis frontidan 70_80 mkm 

miRebul produქts (gadideba 1300). a – “Compo”; b _ Cr-is ganawileba, 

X-RAY; g _ Fe-is ganawileba, X-RAY 

 

siTbogamoyofis zonaSi mimdinareobs titanisa da naxSirbadis intensiuri urTierT-

qmedeba. naxSirbadis nawilakebi ixsneba gamdnar liTonSi da kristaldeba wvrildisper-

siuli karbidis nawilakebis saxiT. am zonaSi qromis nawilakebi bolomde ar aris gamd-

nari, amitom unda vivaraudoT, rom am etapze warmoqmnili karbidis nawilakebi ZiriTadad 

warmoadgens TiC nawilakebs. 

komponentebis urTierTreagirebis damTavrebis zonaSi qromi difuzuri meqanizmiT 

ixsneba titanis karbidis nawilakebSi da warmoqmnis (TI,Cr)C myar xsnars, icvleba agreTve 

X18H15 markis foladis Sedgeniloba masSi qromis, naxSirbadis da titanis gaxsniT. 

 miRebuli masalis lokaluri rentgenospeqtruლi analizis Sedegad (pirveladi 

eleqtronebis energia iyo 15 kev, etalonebad gamoiyeneboda sufTa liTonebi da Tms me-
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TodiT miRebuli TiC0,98) dadginda, rom Ti-Cr-C-X18H15 sistemaSi masalebis sinTezisas 

warmoiqmneba sami faza: I fazaa titan-qromis karbidi _ titanis karbidSi qromis karbidis 

gadajerebuli myari xsnari (Ti,Cr)xCy; II faza _ karbidi qromis fuZeze, romelic Seicavs 

rkinas da titans, III faza _ liTonuri Senadnobi, romelic Seicavs rkinas, qroms, titans 

da nikels.  

I faza warmodgenilia mrgvali marcvlebis saxiT, romelTa Sorisac ganlagebulia II 

da III fazebi (nax. 3). sawyis kazmSi X18H15 markis foladis raodenobis gazrdisas I fazaSi 

qromis raodenobis Semcveloba mcirdeba, Sesabamisad, 5_10_15_20 da 25% won-mde. igive 

sidide Ffoladis Semcvelobisas Seadgens: 9_5_3,5_2,3 da 1,8 % won-s, Tumca masSi nax-

Sirbadis da rkinis raodenoba ar icvleba da, Sesabamisad, Seadgens daaxloebiT 19 da 1 % 

won-s. rac Seexeba II fazas, kazmSi X18H15-is raodenobis zrdisas xdeba am fazis rkiniT da 

qromiT gamdidreba. kazmSi X18H15-is 8% won-ze meti Semcvelobisas warmoiqmneba rTuli 

qrom-rkinis karbidi Cr16Fe7C6, romelSic gaxsnilia 4 % won. Ti da 2% won. Ni. III fazaSi 

rkinis garda, SeiZleba Sediodes 21 % won-mde qromi, 17 % won-mde titani. kazmSi X18H15-

is 20 % won-ze meti Semcvelobisas III faza warmodgenilia faziT, romlis Sedgenilobaa 

Cr12Fe36Ti10. raodenobrivi TvalsazrisiT, II fazaa 14_16 % moc., III faza 5 % moc., xolo 

danarCeni I fazaa.  

 

 
 

nax. 3. Ti_Cr_C_X18H15-is mikrostruqtura 

 

sali SenadnobebisTvis metad mniSvnelovani Tvisebaa maTi medegoba sxvadasxva areSi, 

gansakuTrebiT ki medegoba Jangvisadmi haerze maRali temperaturebis dros, rac mniSvne-

lovnad afarToebs aseTi masalebis gamoyenebis sferos. maRali xenjmedegobis mqone masa-

la SeiZleba gamoyenebul iqnეs tvifrebis dasamzadeblad maRaltemperaturuli izostati-

kuri tvifrvisaTvis, agreTve glinebisaTvis, saWrisebisaTvis, TvalakebisaTvis da sxv.  

rogorc warmodgenili masalidan irkveva, СТИМ-3В masala Sedgeba xenjmedegi komponen-

tebisაgan, amitom savaraudod mas unda hqondes kargi xenjmedegoba. 1-l cxrilSi warmodge-

nilia sxvadasxva СТИМ masalisa da qarxnuli masalis SedarebiTi xenjmedegoba 11000 C-ze.  
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 cxrili 1 

СТИМ masalebis da qarxnuli masalebis xenjmedegoba 11000С temperaturaze 
 

# Senadnobis marka forianoba, % wonis namati, 

mg/sm2 

daJangvis siCqare, 

mg/sm2/sT 

1 СТИМ-3В-5% 2,8 6,34 1,268 

3 СТИМ-3В -10% 0,7 1,4 0,28 

4 СТИМ-3В -12% 0,75 1,5 0,3 

5 СТИМ-3В -15% 0,78 1,6 0,32 

2 СТИМ-3В -8% 0,9 1,8 0,35 

6 СТИМ-3В -18% 0,82 1,9 0,38 

7 СТИМ-3В -20% 0,95 2,2 0,4 

8 СТИМ-3В -25% 1,35 2,6 0,52 

9 СТИМ-3Б -10% 0,7 3,92 0,65 

00 СТИМ-1Б/3  0,8 7,81 1,3 

11 СТИМ-3ВМ 0,85 7,95 0,93 

12 СТИМ-4 0,6 10,43 1,738 

13 СТИМ-5 0,5 22,22 3,7 

14 Ti-Cr-C-Fe 0,8 3,18 0,53 

15 Ti-Cr-C-Co 0,8 4,1 0,82 

16 TiC-Cr3C2= 8:1 5,2 9,54 1,908 

17 TiC-Cr3C2= 6:1 5,5 8,48 1,696 

18 TiC-Cr3C2= 4:1 5,8 7,19 1,438 

19 TiC0,7 3,5 11,81 2,362 

20 TiC0,98 5,4 10,5 2,1 

21 ВК-8 - 179,7 179,7 

22 Т15К10 - 141,75 141,75 

23 ТН-20 - ganSreveba 

 

me-4 nax-ze warmodgenilia Jangvis siCqaresa da kazmSi liTonis raodenobasTan 

damokidebuleba 11000 C-ze sxvadasxva liTonis (X18H15, Fe, Ni da Co-s) gamoyenebisas. ukeTesi 

xenjmedegobiT xasiaTdeba СТИМ-3В kazmSi X18H15-is 8 % won-dan 18 % won-mde Semcvelobisas. 

 

 
 

nax. 4. Ti-Cr-C-Ме sistemaSi Jangvis siCqaris damokidebuleba sawyis kazmSi Semavali liTonis 

raobasa da raodenobaze: 1 _ Х18Н15; 2 – Fe; 3 – Ni; 4 _ Co 
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             a                            b                                  g 

 

nax. 5. Ti-Cr-C-X18H15-Mo-is mikrostruqtura.  

molibdenis raodenoba: a_4 %, b _ 6 %, g _ 8 % 

 

ramdenadac sali Senadnobebis fizikur-meqanikuri Tvisebebi, kerZod saeqspluatacio 

simtkice, mniSvnelovnad ganpirobebulia sali mdgenelis  faziT da makavSireblebis  da 

 fazebis simtkiciT, agreTve ,  da  fazebs Soris adheziuri kavSiris simtkiciT, 

samuSaoSi Seswavlilia Ti-Cr-C-X18H15 sistemaSi ,  da  fazebs Soris rgoluri 

struqturis SeqmniT adheziuri kavSiris simtkicis gazrdis SesaZlebloba, romelic 

miiRweva sawyisi kazmis molibdeniT legirebisas. me-2 cxrilSi mocemulia miRebuli sali 

Senadnobebis fizikur-meqanikuri Tvisebebi kazmSi X18H15 da Mo-is sxvadasxva Semcvelo-

bisas. me-3 da me-5 nax-ebze warmodgenilia, Sesabamisad, Ti-Cr-C-X18H15-isa da Ti-Cr-C-X18H15-

Mo-is mikrostruqturebi. 

cxrili 2 

sali Senadnobebis fizikur-meqanikuri Tvisebebi kazmSi  

X18H15-isa da Mo-is sxvadasxva Semcvelobisas 

 

№ 

 

Senadnobi 

simtkicis zRvari 

Runvaze, kg/mm2 

sisale, 

	HRA 

forianoba 

1 Ti-Cr-C-5%X18H5  60  93,3 1,6 

2 Ti-Cr-C-10%X18H5  85  93,0-92,8 0,7 

3 Ti-Cr-C-15%X18H5  82  92,5  1 

4 Ti-Cr-C-18%X18H5  80  92,0  1 

5 Ti-Cr-C-20%X18H5  78  91,8 1,3 

6 Ti-Cr-C-25%X18H5  73  91,2-90,8 2,5 

7 Ti-Cr-C-18%(2%Mo+16%X18H5)  82  92,0  1 

8 Ti-Cr-C-18%(4%Mo+14%X18H5)  85  92,0  1 

9 Ti-Cr-C-18%(6%Mo+12%X18H5)  90  92,2  1 

10 Ti-Cr-C-18%(8%Mo+10%X18H5)  104  92,3  1 

11 Ti-Cr-C-18%(9%Mo+9%X18H5)  95  92,3 1,2 

12 Ti-Cr-C-18%(10%Mo+8%X18H5)  85  91,8 1,4 

13 Ti-Cr-C-18%(12%Mo+6%X18H5)  70  91,5 2 

14 Ti-Cr-C-18%(14%Mo+4%X18H5)  67  91,0 3 
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Tms-is kompaqtirebis meTodiT SesaZlebelia ori tipis rgoluri struqturis miReba. 

esenia muqi da Ria feris centrebis mqone marcvlebi ( faza). pirveli tipis marcvali Sedgeba 

sami zonisagan, romlebic TandaTanobiT gadadis erTimeoreSi. rogorc rentgenospeqtრuლma 

analizma cxadyo, es zonebi erTmaneTisagan gansxvavdeba molibdenis SemcvelobiT. muqi 

feris centri Seicavs 13 % won. molibdens. momdevno Ria feris rgoli Seicavs 20 % won-

s, xolo muqi feris gare zona Seicavs 13 % won-s. meore tipis marcvali (nax. 5) Sedgeba 

ori zonisagan: pirveli (Ria feris centri) _ 20 % won. molibdenis Semcvelia da meore 

(muqi feris) _ 13 % won-isa. garda amisa, molibdens 3_5 % won. raodenobiT Seicavs agreTve 

sali Senadnobis  da  fazebi (nax. 6). 

zemoaRniSnulidan gamomdinare SeiZleba davaskvnaT, rom Tms-is meTodiT Ti-Cr-C-X18H15 

sistemis sawyis kazmSi molibdenis Seyvanisas miiReba rgoluri struqturiს mqone sali 

kompoziciuri masაla СТИМ-3ВM,M riTac miiRweva ukeTesi adჰezia – kavSiri karbidul 

marcvlebsa (I faza) da makavSireblebs ( da  fazebi) Soris, ris Sedegadac SesaZlebelia 

simtkicis maCveneblis Run. gazrda 10-15 %-iT (cxrili 2).  
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axali teqnologiebi 

 

Ti-Cr-C-Me sistemaSi fazaTwarmoqmnis zogierTi Taviseburebani 

TviTgavrcelebadi maRaltemperaturuli sinTezis (Tms) dros  

z. aslamazaSvili, g. oniaSvili, g. zaxarovi, g. TavaZe, Gg.UuruSaZe 

(f. TavaZis metalurgiisა da masalaTmcodneobis instituti)  

 

reziume: statiaSi ganxilulia Ti-Cr-C-Me sistemaSi TviTgavrcelebadi maRaltem-

peraturuli sinTeziT sali Senadnobebis miRebis dros fazaTa warmoqmnis Taviseburebebi. 

dadgenilia, rom Ti-Cr-C-Me sistemaSi masalebis sinTezis dros warmoiqmneba sami faza: 

titan-qromis karbidi, qromis karbidi da liTonuri Senadnobi. am sistemaSi molibdenis 

SeyvaniT miiReba rgoluri struqturis mqone sali kompoziciuri masala, romelic 

samtkicis maCveneblis zrdas iwvevs. 

 

 

 NEW TECHNOLOGIES 

 

SOME PECULIARITIES OF PHASE FORMATION IN TI-CR-C-ME SYSTEM BY SHS 

Z. Aslamazashvili, G. Oniashvili, G. Zakharov, G. Tavadze, G. Urushadze 

(F.Tavadze Institute of Metallurgy and Materials Science) 

  

Resume: There is described some peculiarities of phase formation in Ti-Cr-C-Me system by Self-propagating 

High-temperature Synthesis (SHS). There is established, that during the synthesizing of materials in Ti-Cr-C-X18H15 

system three phases are formed: Titanium-Chromium Carbide, Chromium Carbide and metal alloy. By entering the 

molybdenum in chasm of the mentioned system hard composite materials with ring structure is obtained, which ensures 

the increase strength characteristics. 

   

   

HОВЫЕ ТЕХНОЛОГИИ 

 

НЕКОТОРЫЕ ОСОБЕННОСТИ ФАЗООБРАЗОВАНИЯ ПРИ 

САМОРАСПРОСТРАНЯЮЩЕМСЯ ВЫСОКОТЕМПЕРАТУРНОМ СИНТЕЗЕ 

(CBC) В СИСТЕМЕ TI-CR-C-ME 

З. Асламазашвили, Г. Ониашвили, Г. Захаров, Г. Тавадзе, Г. Урушадзе 

(Институт металлургии и материаловедения им. Ф.Тавадзе)  

 Резюме: Рассмотрены закономерности образования фаз в системе Ti-Cr-C-Me методом СВС. 

Установлено, что при синтезе материалов в системе Ti-Cr-C-X18H15 образуются 3 фазы: титано-хромовый 

карбид, карбид хрома и металлический сплав. При добавлении молибдена в шихте этой системы получается 

твердый композиционный материал с кольцевой структурой, в результате которого достигается повышение 

прочностных показателей. 
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`mecniereba da teqnologiebi~ _ 65 

 

saxelovan, 65 wlis iubiles vulocav Jurnali „mecniereba da teqnilogiebis“ saredaqcio kolegias da 

redaqciis yvela warmomadgenels. sayovelTaod cnobilia maTi Tavdadeba da gmiruli SemarTeba qveynisaTvis 

metad Znel periodSi Jurnalis SenarCunebis saqmeSi. 

saiubileo TariRi minda mivuloco qarTul samecniero sazogadoebas da gansakuTrebiT im mecnierebsa da 

specialistebs, romlebic maRali donis da saintereso statiebs aqveyneben am JurnalSi. 

madlierebis grZnobiT unda gavixseno is sasiqadulo mamuliSvilebi, romlebmac daafuZnes qarTulenovani 

samecniero Jurnali da amiT TavianTi wvlili Seitanes qarTuli samecniero sazogadoebis formirebaSi, 

samecniero problemebiT axalgazrda Taobis dainteresebaSi. piradad me kargad maxsovs skolaSi swavlis 

periodi, rodesac mSoblebis mier gamowerili Jurnalis „mecniereba da teqnikis“ axal nomers mouTmenlad 

velodi. 

dRes, rodesac axalgazrdebSi Sesustebulia swrafva mecnierebisaken da maTi umetesoba internetiT an 

televiziiT miRebuli zedapiruli codniT kmayofildeba, kidev ufro izrdeba Jurnalis mniSvneloba, raTa 

niWier studentebSi aRZras meti codnis SeZenisa da axlis Ziebis survili.  

darwmunebuli var qveynis bed-iRbalze mofiqrali mamuliSvilebis daxmarebiTa da saTanado dafinansebiT 

Jurnals SeuZlia Tavisi wvlili Seitanos Cveni qveynisaTvis saWiro da sapasuxismgeblo amocanebis SesrulebaSi. 

 
profesori T. natriaSvili 

r. dvalis manqanaTa meqanikis institutis direqtori 

 

 

manqanaTmSenebloba 

 

saavtomobilo sawvavebze zogierTi danamatis efeqtianobis Sesaxeb 

T. natriaSvili, v. margvelaSvili, r. demetraSvili 

(r. dvalis manqanaTa meqanikis instituti)  

 

bolo periodSi saavtomobilo sawvavebis msxvil momxmareblebs xSirad sTavazoben 

sawvavebisaTvis gankuTvnil sxvadasxva saxis danamats. es danamatebi warmoadgens siTxeebs da 

iSviaT SemTxvevaSi abebs, romelTa saavtomobilo benzinSi Tu dizelis sawvavSi gaxsna, 

danamatebis avtorebisa da savaWro dilerebis ganmartebiT, uzrunvelyofs Zravas mier 

ganviTarebuli simZlavris mniSvnelovan zrdas (daaxloebiT 15-dan  40 %-mde), ekonomiurobis 

amaRlebasa da gamonabolqv airebSi toqsikur nivTierebaTa mkveTr Semcirebas. 

miuxedavad imisa, rom danamatebis avtorTa SemoTavazebebi, maTive azriT, mowonebuli da 

rekomendebulia sxvadasxva cnobili Tu naklebad cnobili ucxouri organizaciebis mier, 

avtosatransporto sawarmoTa xelmZRvaneloba, rogorc wesi, moiTxovs sawvavebisaTvis 

gankuTvnili danamatebis efeqtianobis adgilobriv pirobebSi Semowmebas, ris gamoc 

danamatebis mflobelebi iZulebuli arian eqspertizisaTvis mimarTon qveynis sxvadasxva 

kompetentur saswavlo da samecniero dawesebulebas. 

aRniSnul sakiTxebSi garkveuli sicxadis Setanis mizniT winamdebare statiaSi 

moyvanilia ori sxvadasxva wyaros mier mowodebuli sawvavis danamatebiT ganzavebuli 

benziniTa da dizelis sawvaviT momuSave saavtomobilo Sigawvis Zravebis gamocdebis Sedegebi. 

gamokvleuli danamatebi pirobiTad SeiZleba davyoT Semdegnairad: 

_ danamatiAA, damzadebuli da mowodebulia qarTveli specialistebis mier. maTi azriT, 

igi warmatebiT SeiZleba iqnes gamoyenebuli rogorc benzinis, aseve dizelis sawvavisaTvis;  
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_ danamati B/ da B// Seqmnili da SemoTavazebulia ucxoeli specialistebis mier. aqedan 

B/ gankuTvnilia benzinisaTvis, xolo B// _ dizelis sawvavisaTvis. garegnobiT, feriTa da 

suniT danamatebi erTmaneTisagan ar gansxvavdeba da maTi garCeva SeiZleba im flakonebis 

feriT, romlebSic isinia Casxmuli. 

r. dvalis manqanaTa meqanikis institutis Tboenergetikuli danadgarebis ganyofilebaSi 

Catarda gamocdebi dizelis sawvavebisaTvis gankuTvnili danamatebis efeqtianobis dasad-

genad; kerZod, Seswavlil iqna maTi gavlena sawvavis kuTr xarjze da agreTve namwvi airebis 

Sedgenilobaze.  

momwodeblis mier warmodgenili dokumentaciis Tanaxmad,  B// danamatis gamoyeneba 

dizelis sawvavSi iwvevs Semdeg efeqtebs: 

 amcirebs sawvavis kuTr xarjs 10 %-iT da metiT; 

 amcirebs namwv airebSi toqsikur nivTierebaTa raodenobas 10 %-iT da metiT; 

 amcirebs zeTis xarjs 40 %-mde; 

 amcirebs gamonabolqvSi Wvartlis Semcvelobas 40%-mde. 

eqsperimentebi Catarda Sigawvis Zravebis gamosacdel  laboratoriaSi arsebul eleq-

trobalansirul stendze (nax. 1). cdis obieqti iyo avtomanqana Ford Transit-is 4-cilindriani 

dizelis Zrava, romlis samuSao moculobaa 2,5 l.  

 

 
 

nax. 1. gamosacdeli dizeli eleqtrobalansirul 

eqsperimentul stendze 

 

aRniSnul stendze izomeboda: Zravas muxla lilvis brunvis sixSire n (br/wT), momenti 

M (kg.m), 100 g sawvavis xarjvis dro Δ∆t (wm), wylisa da zeTis temperatura t0C. gamonabolqv 

airebSi toqsikuroba mowmdeboda Tanamedrove “avtotest-5“ xelsawyos saSualebiT. sawvavad 

gamoyenebuli iyo kompania SOCAR-is dizelis sawvavi saTanado sertifikatiT. gazomvebi 

tardeboda 2800С temperaturisa da 711 mm atmosferuli wnevis garemo pirobebSi. 

A da B/ danamatebis efeqtianobis gamovlenis mizniT dizelis gamocdebi Catarda 

identur pirobebSi sawvavze danamatebis SemTxvevaSi da danamatebis gareSe. saerTaSoriso 

standartebis gaTvaliswinebiT moxsnil iqna sadatvirTvo maxasiaTeblebi Zravas muxla 
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lilvis brunvis or  _ 1500 da 2000 br/wT _ sixSireze.  es sixSireebi SerCeul iqna Zravas 

ZiriTadi samuSao reJimidan gamomdinare. 

B//-danamatiani sawvaviT Zravas gamocdebis dros  dacul iqna momwodeblis mier 

TandarTuli instruqciis pirobebi. aqve unda aRiniSnos, rom momwodeblis mier instruqciaSi 

warmodgenili zogierTi pirobis Sesruleba ekonomiuri da praqtikuli TvalsazrisiT 

mizanSeuwonlad miviCnieT.  magaliTad, sawvavSi B//-is damatebis Semdeg Zrava nacvlad 

instruqciaSi miTiTebuli 12 sT-isa, nominalur reJimSi vamuSaveT 2 sT-is ganmavlobaSi, raTa 

Tavidan agvecilebina misi zedmeti cveTa da sawvavis xarji.  

gamocdis Sedegebi damuSavebuli da warmodgenilia diagramebis saxiT me-2 da me-3 nax-

ebze. Ne-Ti (kvt) aRniSnulia Zravas simZlavre; Gt-Ti (kg/sT) _ sawvavis saaTobrivi, xolo ge-Ti 

(g/kvt.sT) _ kuTri  xarjebi. sawvavis xarjis universaluri, ganzogadebuli maCvenebeli _ 

sawvavis kuTri xarji (ge) 1 sT-is ganmavlobaSi 1 kvt simZlavris misaRebad daxarjuli sawva-

vis raodenobis dadgenis saSualebas iZleva.  

 

 

nax. 2  dizelis sadatvirTvo maxasiaTebeli sawvavze danamatiTa (- -)  

da danamatis gareSe (- х -) muSaobis dros Zravas muxla lilvis  

n=1500 br/wT brunvis sixSireze 
 

gamocdebma cxadyo, rom ZiriTadi parametrebi (Zravas simZlavre, sawvavis saaTobrivi  da 

kuTri xarjebi), romlebic Zravas simZlavris mixedviT gansazRvravs ekonomiur maCveneblebs 

or _ 1500 da 2000 br/wT sixSireebze sawvavis danamatiT da danamatis gare datvirTvis mTel 

diapazonSi, praqtikulad identuria da maT Soris gansxvavebebi ar scildeba eqsperimentis 

cdomilebis zRvrebs. Catarebuli eqsperimentebis dros aseve gaTvaliswinebuli iyo 

gamonabolqv airebSi toqsikuri nivTierebebis Semcvelobis Semowmeba da maT Semcvelobaze 

sawvavSi danamatis gavlenis dadgena. gamocdebma daadastura, rom sawvavSi danamatis Seyvana 

praqtikulad aranair gavlenas ar axdens gamonabolqvi airebis toqsikurobaze. 

gamocdebi Catarda agreTve benzinis Zravazec.  danamatis gamoyenebis instruqciis 

Tanaxmad, dizelis sawvavis danamatis msgavsad, benzinze danamatic  uzrunvelyofs 

garkveul efeqtebs, kerZod: 

_ mcirdeba sawvavis kuTri xarji minimum 8–15 %-iT; 
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_ izrdeba Zravas simZlavrisa da mabruni momentis sidideebi 10_12 %-iT; 

_ mcirdeba zeTis xarji 15_30 %-iT; 

_ mcirdeba azotis oqsidebis da naxSirbadis monooqsidebis emisia 20_30 %-iT, xolo 

naxSirwyalbadebisa _ 15_20 %-iT; 

_ wmends sawvav sistemas.  

eqsperimenti CatardaBAB530 imitaciur dolur stendze mobiluri manqanebis ganyo-

filebaSi. stendis muSaobis principi eyrdnoboda `moZraobis~ Seqcevadobis princips. 

gamosacdeli avtomobili moTavsebul iqna uZravad, xolo `gza~ moZraobda garkveuli 

siCqariT. gzis rols asrulebda mbrunavi dolurebi, romlebzedac moTavsebuli iyo 

avtomobili wamyvani TvlebiT. dolurebi dakavSirebuli iyo asinqronul eleqtroZravasTan, 

romlis saSualebiTac marTvis pultidan xorcieldeboda datvirTvis imitacia. eqsperimenti 

Catarda agreTve MERCEDES BENZ  E-200 markis avtomobilze meqanikuri 4-siCqariani gadacemaTa 

kolofiT sagzao pirobebTan miaxloebul pirobebSi (nax. 4). gamoyenebuli iyo kompania 

VISSOL-is “evroregularis” markis benzini. sawvavis xarji izomeboda VZD-4 markis cifruli 

xarjsazomiT, romlis cdomileba ar aRemateba 1 %-s.  

 

 

nax. 3.  dizelis  sadatvirTvo  maxasiaTebeli  sawvavze  danamatiTa  (- -) 

da danamatis gareSe (- х -) muSaobis dros Zravas muxla lilvis  n=2000 br/wT 

brunvis  sixSireze 
 

danamatis efeqtianobis gamovlenis mizniT gamocdebi Catarda identur pirobebSi sa-

erTaSoriso standartebis gaTvaliswinebiT 260C atmosferuli haeris temperaturisa da 711 

mm atmosferuli wnevis pirobebSi. gamosacdeli avtomobili Tavsdeboda stendze da 

xorcieldeboda misi moZraobis imitacia mudmiv 55 km/sT siCqareze mesame gadacemiT. sten-

dis marTvis pultidan Tanmimdevrulad xdeboda xuTi sxvadasxva sadatvirTvo pirobiTi 

reJimis imitacia da sawvavis xarjis sididis aTvla rogorc danamatiani, ise udanamato 

sawvavis gamoyenebisas. 
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nax. 4. gamosacdeli avtomobili dolurebian eqsperimentul danadgarze 

 

eqsperimentis Sedegebi mocemulia me-5 nax-ze, sadac abscisaTa RerZze datanilia 

avtomobilis datvirTva %-Si mudmivi 55 km/sT siCqariT moZraobis dros, xolo ordinatze 

_ sawvavis xarji 100 km-is garbenisas, saidanac Cans, rom danamatiani sawvaviT muSaobisas 

avtomobilis ekonomiuroba Seadgens 2_2.5 %-s, rac gazomvebis saerTo cdomilebaTa zRvar-

Sia da SeuZlebelia vifiqroT sawvavis danamatis raime mniSvnelovan efeqtianobaze. amasTan, 

dizelis sawvavis danamatisagan gansxvavebiT, aRsaniSnavia tendencia: danamatiani sawvaviT 

momuSave avtomobili TiTqmis mTel sadatvirTvo diapazonSi xarjavs umniSvnelod 

gansxvavebul, magram odnav mainc nakleb sawvavs, vidre udanamato.  

 
 

nax. 5. avtomobilis sawvavis xarjis cvlileba 100 km manZilis gavlisas danamatiT   

modificirebuli  sawvaviTa ( )  da  udanamato sawvaviT   

( ) muSaobisas avtomobilis Zravas sxvadasxva datvirTvis dros. 

 

amrigad, Cven mier ganxilulia ori sxvadasxva wyaros mier mowodebuli saavto-

mobilo sawvavebisaTvis gankuTvnili danamatebis zegavlena Sigawvis Zravas muSaobaze. spe-

cialur sagamocdo stendebze dizeliTa da benziniT momuSave avtomobilis gamocdebma 

cxadyo, rom zemoT ganxiluli danamatiani sawvavebiT momuSave Zravasa da avtomobilis 

teqnikur-ekonomiuri, aseve ekologiuri maCveneblebi faqtobrivad ar gansxvavdeba udana-

mato sawvaviT momuSave manqanebis maCveneblebisagan. 
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manqanaTmSenebloba 

 

saavtomobilo sawvavebze zogierTi danamatis efeqtianobis Sesaxeb 

T. natriaSvili, v. margvelaSvili, r. demetraSvili 

(r. dvalis manqanaTa meqanikis instituti) 

 

reziume: statiaSi ganxilulia ori sxvadasxva wyaros mier mowodebuli saavtomobilo 

sawvavebisaTvis gankuTvnili zogierTi danamatis zegavlena Sigawvis Zravas muSaobaze. 

specialur sagamocdo stendze dizeliTa da benziniT momuSave avtomobilebis gamocdebma 

cxadyo, rom aseTi danamatiani sawvavebiT momuSave Zravasa da avtomobilis teqnikur-eko-

nomiuri, aseve ekologiuri maCveneblebi faqtobrivad ar gansxvavdeba udanamato sawvaviT 

momuSave manqanis maCveneblebisagan. 

                                                                                        

 

MECHANICAL ENGINEERING 
 

ABOUT EFFECTIVENESS OF SOME ADMIXTURES OF THE AUTOMOBILE FUELS 

T. Natriashvili, V. Margvelashvili, R. Demetrashvili 

(R. Dvali Institutie of Machine Mechanics) 

 

   Resume: There is considered influence of admixtures, meant for automobile fuels feeded by two different 

sources, on the operation of the internal combustion engine. Tests of the automobile working on the diesel and petrol, 

carried out on the special testing stands have shown, that technical and economical as well as ecological indices of the 

engines working on fuels with the considered admixtures actually do not differ from indices of the engines working on 

the fuel without admixtures. 

 

 

 

МАШИНОСТРОЕНИЕ 
 

ОБ ЭФФЕКТИВНОСТИ НЕКОТОРЫХ НАДБАВОК АВТОМОБИЛЬНЫХ ТОПЛИВ 

Т. Натриашвили, В. Маргвелашвили, Р. Деметрашвили 

(Институт механики машин  Р. Двали) 

 

    Резюме: Рассмотрено влияние некоторых надбавок, предназначенных для автомобильных топлив, на 

работу двигателя внутреннего сгорания, которые подавались из двух источников. Испытание на специальном 

стенде двигателей, работающих на бензине  и дизельном топливах, с рассмотренными надбавками показало, 

что технико-экономические, а также экологические показатели двигателей фактически не отличаются от 

показателей автомобильных двигателей, работающих на обычном топливе. 
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SeTavsebadobis kriteriumis SerCeva sazeTi masalebisaTvis 

s. iaSvili 

(r. dvalis manqanaTa meqanikis instituti) 

 

sazeTi (sapoxi) masalebis ZiriTadi daniSnulebaa SeuRlebuli moxaxune zedapirebis 

xaxunisa da cveTis Semcireba, moxaxune nawilebisagan siTbos arTmeva, xaxunis zedapirze 

mimdinare procesebis stabilurobis uzrunvelyofa. aqedan gamomdinare, zeTebi unda iyos 

reologiuri, antifriqciuli, cveTasawinaRo, JangvasawinaRo, antikoroziuli da sxv. Tvise-

bebiT gamorCeuli. garda amisa, gansakuTrebuli mniSvneloba eniWeba zeTebis funqciur 

daniSnulebas, manqanebis eqspluataciis pirobebsa da Taviseburebebs [1_3].  

Zravas zeTebis muSaobis pirobebi erT ZravaSic ki mkveTrad gansxvavdeba SesazeTi 

kvanZebis daniSnulebisa da tipis (cilindr-dguSis jgufi, sakisrebi, airganawilebis meqa-

nizmi) mixedviT, rac gamowveulia am kvanZebis datvirTviT, siCqariT da sxv. pirobebiT. 

magaliTad, cilindris kedlebze dguSis rgolebis dawolis wneva, dguSis svlis mixedviT, 

meryeobs 0,5 – 2,0 mpa-is farglebSi, xolo srialis siCqare 0-dan 15 mm/wm-mde. amasTan, 

sakompensacio rgolis zonaSi wneva Seadgens 0,15 – 0,30 mpa-s, zeTsacleli rgolis zonaSi 

ki aRwevs 0,5 – 1,3 mpa-s. aseve gansxvavebulia xaxunis kvanZebSi zeTis afskis temperaturac: 

„cilindri-dguSis“ jgufis zonaSi SekumSvis taqtis dros temperatura karburatorian 

ZravebSi 450 0C-mdea, xolo dizelis ZravebSi _ 500_700 0C-mde. sakisrebis, sadebebisa da 

muxla lilvis yelebis temperatura xaxunis zonaSi 150 _ 1600C-is farglebSia, xolo zeTis 

samuSao temperatura Zravas karterSi icvleba 80 _ 1000C-is diapazonSi da zog SemTxvevaSi 

ufro maRalicaa [1, 2]. 

kontaqtis zonaSi zeTis afskis TbodaZabuloba ganisazRvreba wneviT (P), srialis 

siCqariT (V) da xaxunis koeficientiT (f). PVf sidide ganapirobebs moxaxune zedapirebs 

Soris xaxunis dros siTbos gamoyofis intensiurobas da zeTis afskis temperaturas. am 

sididis gazrdisas SeiZleba dairRves moxaxune zedapirebis gamyofi zeTis afskis mTli-

anoba da aman gamoiwvios liTonebis zedapirebis arasasurveli uSualo kontaqti, rasac 

SeiZleba mohyves maTi katastrofuli cveTa da gaWeqa. am darRvevebis Tavidan asacileb-

lad aseTi tipis kvanZebisaTvis gaiangariSeba an eqsperimentulad dgindeba sazeTi masalis 

kritikuli temperatura, romelic maqsimalurad dasaSvebi iqneba mocemuli moxaxune ze-

dapirebisa da sazeTi nivTierebisaTvis. 

zeTebis funqciuri daniSnulebisa da gamoyenebis efeqtianobis gazrdis erT-erTi 

racionaluri gzaa maTs SedgenilobaSi specialuri danamatebis _ xaxunis modifikatorebis _ 

Setana, rac mniSvnelovnad gaaumjobesebs zeTebis cveTasawinaRo antifriqciul Tvisebebs, maT 

Soris maRal muSa temperaturebsac [1, 2, 4]. modifikatorebis ZiriTadi daniSnulebaa xaxunis 

kvanZSi simZlavris danakargebis Semcireba da, aqedan gamomdinare, sazeTi masalebis xarjis 

ekonomia. xaxunis modifikatorebi, rogorc qimiurad aqtiuri minarevebi (danamatebi), samuSao 
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procesSi urTierTqmedebs liTonis zedapirTan da warmoqmnis qimiurad modificirebul fenas, 

riTac liTonebis uSualo kontaqti Tavidan aris acilebuli. 

sazeTi masalebis sistematurma gamokvlevebma, agreTve eqsperimentebis Sedegebma cxadyo, 

rom mTavari faqtori, romelic gadamwyvet rols asrulebs zeTebis muSaobis unarze, maTi 

eqspluataciis xangamZleobasa da saimedoobaze, xaxunis zedapiris maqsimaluri krizisuli 

temperaturaa [1,2,3}. Tu gaviTvaliswinebT zeTSi gardamavali temperaturebis kavSirs aqtiuri 

komponentebis koncentraciasTan, zedapirebze kontaqtur wnevebTan da fardobiT siCqaresTan, 

maSin SesaZlebeli iqneba xaxunis kvanZis maqsimaluri krizisuli temperaturis prognozireba: 

 Tკრ. = ,
ln( )m

E
pR aBV
H


   (1) 

sadac E adheziuri kavSirebis warmoqmnis aqtivizaciis energiaa, R _ airis mudmiva, a  _ 

liTonuri kontaqtis wili, B da m mudmivebia, V – moxaxune wyvilis fardobiTi gadaadgi-

lebis siCqare, p _ kuTri wneva, H _ moxaxune wyvilis ufro rbili elementis sisale 

temperaturaze, romelic axloa krizisulTan.  

amrigad, sazeTi masalis SeTavsebadobis kriteriumi Tკრ. ganisazRvreba zeTis urTierTqme-

debiT xaxunis zedapirebTan (E), kvanZis muSaobis reJimiT (V da p) da moxaxune wyvilis 

fizikur-meqanikuri TvisebebiT (H). krizisuli temperaturis sidideze α aseve mniSvnelovan 

gavlenas axdens a  parametri (liTonuri kontaqtis wili). im SemTxvevaSi, Tu sazeT masalebSi 

Seyvanilia xaxunis modifikatorebi, sxvadasxva saxis danamatebi da misarTebi, romlebic qmnis 

damcav, modificirebul fenebs xaxunis zedapirebs Soris, saWiroa gaangariSebul iqnes 

qimiuri modifikaciis ganmsazRvreli temperatura: 

   T ქ.მ. = ,

ln[ ]
m

n

E
c HR k
V p


  (2) 

sadac E qimiuri modifikaciis warmoqmnis aqtivaciis energiaa, m da n _ xarisxis maCveneblebi, 

K _ mocemuli SeuRlebis mudmiva, c _ qimiurad aqtiuri komponentebis koncentracia zeTSi. 

 

 
SeTavsebadobis krizisuli temperaturebis damokidebuleba  

xaxunis koeficientTan mimarTebaSi 
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naxazze naCvenebia SeTavsebadobis krizisuli temperaturebis damokidebuleba xaxunis 

koeficientze. sawyis 0A ubanze temperatura praqtikulad ver axdens gavlenas xaxunis 

koeficientis cvlilebaze, xolo cveTa aris zomieri, dasaSveb farglebSi. 

T კრ.1 temperaturis miRwevisas iwyeba xaxunis zedapirebis gamyofi zeTis fenis rRveva 

da uSualo liTonuri kontaqti, ris Sedegadac mkveTrad matulobs xaxunis koeficienti 

da cveTis intensiuroba. amis Semdeg iwyeba zedapirebis aglejisa da Sekvris dauSvebeli 

procesi (nax-ze mrudi OAB). 

im SemTxvevebSi, Tu sazeTi masala modificirebulia, e.i. masSi Seyvanilia xaxunis 

modifikatorebi, danamatebi da misarTebi, maSin temperaturis zemoqmedebiT xaxunis pro-

cesSi warmoiqmneba modificirebuli, xaxunis zedapirebis damcavi afski, romelsac Ziri-

Tad liTonTan SedarebiT aqvs naklebi winaRoba Zvrisadmi. es ki uzrunvelyofs xaxunis 

koeficientisa da cveTis intensiurobis Semcirebas. temperaturis zrdasTan erTad izr-

deba modificirebuli gamyofi feniT dafaruli zedapiris farTobi da mcirdeba xaxunis 

koeficienti manam, sanam qimiuri modifikaciis temperatura ar miaRwevs garkveul mniSvne-

lobas (C wertils), rodesac myardeba stabiluri, dasaSvebi (mocemuli moxaxune wyvilisa 

da sazeTi masalisaTvis) xaxunisa da cveTis procesi. temperaturis Semdgomi gazrdiT war-

moiqmneba meore krizisuli temperatura, romelic arRvevs SeTavsebadobis process da vi-

Tardeba xaxunis zedapirebis daSla-darRvevis Seuqcevadi procesi. krizisuli temperatu-

rebis (rogorc T კრ.1-is, ise T კრ.2-is) realizacia pirdapir kavSirSia zRvruli, gamyofi ze-

Tis fenis darRvevasTan, dauSvebeli liTonuri kontaqtis warmoqmnasTan da xaxunis kvan-

Zis mwyobridan gamosvlasTan. ase rom, SeTavsebadobis krizisuli temperaturebis gan-

sazRvriT SesaZlebelia sazeT garemoSi momuSave xaxunis kvanZebis muSaobis unaris, xan-

gamZleobis da optimaluri samuSao parametrebis gansazRvra jer kidev kvanZis dap-

roeqtebis stadiaze. 

 (1) da (2) saangariSo formulebis analizma cxadyo, rom erT danadgarze gansazRv-

ruli sazeTi masalis krizisuli temperatura xazobrivad aris dakavSirebuli imave zeTis 

krizisul temperaturasTan, romelic ganisazRvra meore (sxva) danadgarze. e.i  

   Tკრ.1 = a Tკრ.2 + b,   (3) 

sadac Tკრ.1 da Tკრ.2, Sesabamisad, pirvel da meore danadgarebze miRebuli sazeTi masalis 

krizisuli temperaturebia, xolo   da   _ gantolebis koeficientebi. aseve, Tu 

movaxdenT arCardis cnobili cveTis kanonis modernizacias rous [8] interpretaciiT, 

zRvruli SezeTvis SemTxvevaSi (1) formulis mixedviT, miviRebT 

    V = a nT კრ. + bn,   (4) 

sadac V aris moculobiTi cveTa sazeT garemoSi, xolo a n da bn _ gantolebis paramet-

rebi. (1) formulis mixedviT Vkr. miT ufro metia, rac ufro didi mniSvneloba aqvs Q-s _ 

sazeTi masalidan zedapirul-aqtiuri nivTierebebis adsorbirebis egzoTermul efeqts. 

rogorc Catarebulma gamokvlevebma [3_8] daadastura, qimiurad aqtiuri danamatebi, 

rogorc wesi, liTonTan urTierTqmedebs garkveuli pirobebis (datvirTvisa da siCqaris) 
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dros da warmoqmnis qimiurad modificirebul fenas. amasTan, uzrunvelyofs moxaxune 

zedapirebis dacilebas da xaxunis Zvris Zalis Semcirebas.  

amrigad, SemuSavebuli da miRebulia manqana-danadgarebis xaxunis kvanZebis ekolo-

giurad sufTa detalebis dafarva-SezeTvisa da cveTa- da koroziamedegi kombinirebuli 

meTodebi. garda amisa, gansazRvrulia xaxunis kvanZebis muSaobis unarisa da SeTavsebadobis 

universaluri kriteriumi xaxunis zedapiris maqsimaluri (krizisuli) temperaturis saxiT. 
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manqanaTmSenebloba 

 

SeTavsebadobis kriteriumis SerCeva sazeTi masalebisaTvis 

s. iaSvili 

(r. dvalis manqanaTa meqanikis instituti) 

 

statiaSi ganxilulia manqana-danadgarebSi xaxunis kvanZebisaTvis sazeTi masalebis 

SerCevisa da gaangariSebis sakiTxebi. naCvenebia, rom mZimed datvirTuli xaxunis detalebis 

gamarTuli muSaoba da saimedo eqspluatacia ZiriTadad ganpirobebulia sazeTi masalis 

TvisebiT _ ganacalkeos moxaxune zedapirebi zeTis gamyofi feniT da ganaxorcielos siTbos 

efeqturi arTmeva. miRebulia zeTis fenis urRveobis kriteriumi _ xaxunis zedapirebis 

maqsimaluri, krizisuli temperatura. mocemulia aseTi temperaturis ganmsazRvreli 

saangariSo formulebi rogorc Cveulebrivi, aseve modificirebuli  sazeTi masalebis  

gamoyenebis  SemTxvevaSi. 

 
MECHANICAL ENGINEERING 

 

CHOICE  OF COMPATIBILITY CRITERION FOR LUBRICATING MATERIALS 

S. Iashvili 

(R. Dvali  Institute  of Machine Mechanics) 

 

Resume: There are considered the problems of choice and calculation of lubricating materials of knots of 

friction of machines and options. There is shown, that a capacity and reliable exploitation of the heavily loaded details 

of friction are mainly determined by ability of lubricating materials to divide the ground surfaces of the lubricating layer 

and carry out the effective selection of heat.  The criterion of indestructibility of lubricating layer - critical temperature 

of surface of friction is determined. Calculation formulas are obtained for determination of such temperatures, at 

application of both usual and modified lubricating materials. 

 

МАШИНОСТРОЕНИЕ 

 

ПОДБОР СОВМЕСТИМОСТИ КРИТЕРИЕВ ДЛЯ СМАЗОЧНЫХ МАТЕРИАЛОВ 

С. Иашвили 

(Институт механики машин Р. Двали) 

 

Резюме: Рассмотрены вопросы выбора и расчета смазочных материалов,  узлов, трения машин и 

установок. Показано, что работоспособность и надежная эксплуатация тяжелонагруженных деталей трения в 

основном определяется способностью смазочных материалов разделить трущиеся поверхности смазочным 

слоем и осуществить эффективный отбор тепла. Определен критерий неразрушимости смазочного слоя – 

критическая температура поверхности трения. Получены расчетные формулы для определения таких 

температур при применении как  обыкновенных, так и модифицированных смазочных материалов. 
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eleqtromanqanaTmSenebloba 

 

 

 

TviTagznebadi samfaza asinqronuli generatorebis kvlevis Sedegebi 

a. rikrikaZe, a. SermazanaSvili 

(r. dvalis manqanaTa meqanikis instituti)  

 

 

XX saukunis 60–70-ian wlebSi TviTagznebadi asinqronuli generatori samecniero-

teqnikur literaturaSi moxseniebulia, rogorc nakleb perspeqtiuli, vinaidan am perio-

disaTvis asinqronuli generatoris agznebis Teoriuli sakiTxebi naklebad iyo Seswavlili 

da agznebisaTvis erTgragniliani sqema gamoiyeneboda, sadac agznebis gragnili amavdroulad 

mis samuSao gragnilsac warmoadgenda. masze mierTebuli iyo kondensatorebi, romlebic 

sakmaod didi masiTa da gabarituli zomebiT gamoirCeoda.  

XX saukunis bolos asinqronuli generatoris agznebis sakiTxebis Seswavla inten-

siurad mimdinareobda, ramac xeli Seuwyo ZiriTadad am mimarTulebiT problemuri sakiTxebis 

gadawyvetas. amis Sedegad asinqronuli generatorebis gamoyenebis areali gafarTovda pirvel 

rigSi aviaciaSi, xolo Semdgom mSeneblobaSi, kvebis mrewvelobasa da sxva sferoebSi. maTi, 

rogorc avtonomiuri denis wyaros, gamoyeneba gansakuTrebiT mizanSewonili gaxda moma-

tebuli sixSiris (200, 400 da 600 hc) dros. 

am periodisaTvis daixvewa asinqronuli generatoris agznebis e.w. orgragniliani eleq-

truli sqema, ramac xeli Seuwyo kompaqturi konstruqciis Seqmnas; amasTan, SesaZlebeli 

gaxda asinqronuli generatorebi praqtikulad nebismier dabal Zabvaze daproeqtebuliyo, ris 

saSualebasac arsebuli erTgragniliani sqema aranairad ar iZleoda. rac Seexeba dabal 

Zabvaze moTxovnilebas, igi ganpirobebulia eleqtromeqanikuri xelsawyoebis eleqtrousafrT-

xoebidan gamomdinare.  

orgragnilian asinqronul generatorSi erTi gragnili gamoyenebulia agznebisaTvis, 

xolo meore warmoadgens samuSao gragnils, romelzec datvirTvaa mierTebuli. am or grag-

nils erTmaneTTan eleqtruli kavSiris nacvlad magnituri (transformatoruli) kavSiri aqvs. 

sakiTxis ase gadawyveta gamoiwvia iman, rom agznebis gragnili samuSao gragnilTan SedarebiT 

maRal Zabvazea gaTvlili (≥ 380 v), xolo samuSao gragnili – nominalur Zabvaze (≤ 380 v). 

zemoaRniSnuli uzrunvelyofs kondensatorebis batareis jamuri tevadobis mcire sidides, 

maT mcire masas da gabaritebs, vinaidan kondensatorebis reaqtiuli simZlavre 

 2Q cU  , (1) 

sadac  kuTxuri sixSirea, c – kondensatorebis tevadoba, U – xazuri Zabvis sidide. 

 (1) formulidan Cans, rom erTsa da imave reaqtiuli simZlavris pirobebSi, rodesac 

agznebis Zabvis sidide izrdeba, agznebis gragnilze ufro naklebi tevadobis mqone 

kondensatorebia misaerTebeli, kerZod, tevadobis sidide Zabvis kvadratis proporciulad 

unda SevamciroT. sakiTxis ukeT garkvevisaTvis ganvixiloT TviTagznebadi asinqronuli 

generatoris agznebis procesis sami SemTxveva: 

1. uqmi svlis dros, rodesac statoris gragnilze mierTebuli kondensatorebis ba-

tareis tevadoba da mokled SerTuli rotoris brunvis sixSire mudmivi sididea, maSin ge-

nerirebuli rxevebis sixSire gamosaxuli iqneba rxeviTi konturis parametrebiT, anu sakuTriv 
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statoris gragnilis induqciurobiTa da mierTebuli kondensatorebis batareis tevadobis 

rezonansuli pirobiT. am SemTxvevisaTvis eleqtruli wonasworobis gantoleba Rebulobs 

aseT saxes: 

 0L CU U  . (2) 

 eleqtroteqnikis Teoriidan cnobilia, rom UL=L·di/dt, sadac L sakuTriv statoris 

gragnilis induqciurobaa, Tu i=C·dUc/dt damamagnitebeli denis sididea, xolo C – kondensa-

toris tevadoba, maSin di/dt=C·d2Uc/dt2. am sidideebis me-(2) formulaSi SetaniT miviRebT  

 L.C·d2Uc/dt2+Uc=0,  (3) 

misi gardaqmniT ki _  

  d2Uc/dt2+Uc/L·C=0.  (4)  

Tu davuSvebT, rom generirebuli Zabvis sidide sinusoiduri formisaa _  

  C CMU U Sin t  ,  (5)  

maSin (5)-is (4)-Si SetaniT da misi gardaqmniT miviRebT eleqtroteqnikaSi cnobil gamosaxu-

lebas  

 ω 1 L C  , (6)  

radgan, meore mxriv,  

 2   f ,  (7)  

sabolood miviRebT  

  f 1 2 L C  ,  (8)  

sadac f generirebuli rxevebis sixSirea. 

eleqtruli manqanebis TeoriaSi cnobilia formula  

  fr.= 60pn ,  (9)  

sadac p asinqronuli generatoris wyvil polusTa ricxvia, xolo n – rotoris brunvis 

sixSire (br/wT). generatoruli reJimis SemTxvevaSi fr. rotoris brunvis eleqtruli sixSirea. 

asinqronuli generatoris uqmi svlis reJimSi rotoris sriali S ≈ 0 da am dros f = fr., e.i. 

vRebulobT gamosaxulebas  

  60 1 2pn LC  .  (10)  

 Tu cnobilia asinqronuli generatoris wyvil polusTa da rotoris brunTa ricxvi, 

aseve sakuTriv statoris induqciurobis sidide, me-(10) formulidan SesaZloa gamovTvaloT 

saWiro tevadobis sidide, romlis mierTebiTac statoris gragnilze moxdeba CvenTvis 

sasurveli denis sixSiris generacia.  

asinqronuli generatori warmoadgens aqtiuri simZlavris wyaros. damagnitebis dens igi 

iRebs kondensatorebidan. kondensatorebis reaqtiuli simZlavre sakmarisi unda iyos rogorc 

reaqtiuli damamagnitebeli simZlavris, ise asinqronuli generatoris datvirTvis kompensaci-

isaTvis. mocemuli aqtiuri simZlavris SemTxvevaSi reaqtiuli simZlavre damokidebulia simZ-

lavris koeficientze (cos -ze). roca asinqronuli generatoris nominaluri simZlavre mud-

mivi sididea (Pn.=const.), cos -is gazrdiT kondensatorebis tevadobis sidide da, Sesabamisad, 

misi masa mcirdeba. aqve unda aRiniSnos, rom momatebuli sixSiris (200 da 600 hc) SemTxvevaSi 

asinqronul generatorebSi 50 hc sixSiris kondensatorebis gamoyenebis dros maTi dasaSvebi 

Zabvis sidide mcirdeba.  

asinqronuli generatoris mier warmoqmnili denis sixSire rotoris mudmivi brunviTi 

sixSiris dros icvleba, vinaidan igi damokidebulia datvirTvazec; 

2. uqmi svlis dros, rodesac rotoris brunvis kuTxuri sixSire mudmivi sididea  

( r.=const.), xolo kondensatoris tevadoba icvleba (C=var); an, piriqiT, rodesac  r. = var, 
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xolo C=const., am dros (7) da (8) tolobebi ar irRveva. pirvel variantSi Cven gvaqvs 

asinqronuli generatoris mocemuli siCqaris Sesabamisi erTi damagnitebis maxasiaTebeli da 

amgznebi kondensatorebis voltamperuli maxasiaTeblebi; amasTan, TiToeuli maxasiaTebeli 

abscisTa RerZis dadebiT mimarTulebasTan Seadgens  

  1K Karctg C     (12)  

kuTxes, sadac K = 1, 2, 3...… da namravli LKCK = const. rCeba mudmiv sidided, vinaidan damagnitebis 
mrudis arawrfivobis gamo induqciuroba ganicdis Sesabamis cvlilebas. magaliTad, 

tevadobis gazrdiT uqmi svlis deni da magnituri wredis gajerebis xarisxi izrdeba, xolo 

induqciuroba – mcirdeba. damyarebuli Zabvis sidide ganisazRvreba damagnitebis mrudisa da 

kondensatorebis voltamperuli maxasiaTeblis gadakveTis wertiliT. meore variantSi, e.i. 

damyarebul axal brunviT sixSireebze gadasvlisas, roca C=const., Cven gvaqvs damagnitebis 

mrudebis ojaxi da amgznebi tevadobis voltamperuli maxasiaTeblebis ojaxi. am ukanasknelTa 

kuTxuri daxra abscisTa RerZis dadebiT mimarTulebasTan ganisazRvreba TanafardobiT  

 1K karctg C   . (13) 

Zabvis damyarebuli mniSvnelobebi TiToeul SemTxvevaSi ganisazRvreba damagnitebis 

mrudisa da kondensatorebis voltamperuli maxasiaTeblebis gadakveTis wertiliT mocemuli 

kuTxuri sixSirisaTvis ( k.); 

3. asinqronuli generatoris datvirTvis dros, roca C=const. da  r.= const., viRebT 

tolobas 

  r./(1-S)= .  /p,  (14)  

sadac �  

  r.=2π.fr. (15) 

rotoris brunvis kuTxuri sixSirea, xolo S – rotoris sriali. (7) da (15) tolobis me-(14) 

formulaSi CasmiT miviRebT  

  f=fr./(1–S). (16) 

roca  r.=const., datvirTvis gazrdis SemTxvevaSi warmoqmnili rxevebis sixSire 

ramdenadme Semcirdeba, vinaidan asinqronuli generatoris meqanikuri maxasiaTeblis mdgrad 

nawilSi rotoris sriali datvirTvis proporciulia. meore mxriv, (8) gamosaxulebis 

Sesabamisad f-is Semcireba, rodesac C=const., aixsneba statoris fazis induqciurobis 

(urTierTinduqciurobis koeficientis) gazrdiT. es ukanaskneli ki rotoris denis ganmamag-

nitebeli moqmedebiTaa gamowveuli. warmoqmnili Zabvis TandaTanobiTi gazrdiT asinqronuli 

generatoris magnituri wredis gajerebis gamo urTierTinduqciurobis reaqtiuli winaRoba _ 

Xm mcirdeba. 

agzneba SesaZlebelia, Tu reaqtiuli damamagnitebeli deniT ganpirobebuli danakargebi 

kompensirdeba rotoris mxridan momdinare energiis xarjze. agznebis gardamavali procesi xa-

siaTdeba utolobiT ( )m CX X i  > Ci C , sadac X sakuTriv statoris gragnilis induqciu-

robaa. am maxasiaTeblebis gadakveTis wertili Seesabameba damyarebul reJims, romlisTvisac 

samarTliania toloba ( )mL L    C1 , sadac L+Lm=Lg., xolo Lg. asinqronuli generatoris 

induqtiobaa. 

 naxazze naCvenebia asinqronuli generatoris TviTagzneba A wertilSi, sadac Ug. Zabvis 

sididea, xolo Id. _ damagnitebis deni.  
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asinqronuli generatoris TviTagzneba A wertilSi. 

Ug. _ Zabvis sidide, Id. _ damagnitebis deni 

 

roca X=const., damagnitebis mrudTan mxebi warmoadgens uqmi svlis voltamperul 

maxasiaTebels. igi abscisTa RerZTan Seadgens (krizisul) kuTxes αkr.=arctgX. magnituri 

maxasiaTeblis meore zRvruli mniSvneloba gamoisaxeba mokled SerTuli maxasiaTebliT, igi 

abscisTa RerZTan Seadgens kuTxes αm.S.= arctgX1, roca X1= const.  
im SemTxvevaSi, Tu αkr. > α > αm.S.-ze, xorcieldeba TviTagzneba, anu X>Xc>X1. aRsaniSnavia, 

rom, rodesac rotori brunavs da Semdeg xdeba kondensatorebis mierTeba, TviTagzneba ufro 

swrafad xorcieldeba, vidre maSin, roca kondensatori winaswaraa mierTebuli. asinqronuli 

generatoris agznebadobis dakargva xdeba meoreuli konturis ganmamagnitebeli denis 

moqmedebiT, kerZod, eleqtromamoZravebeli Zalis (E) SemcirebiT, rac gamoiwvevs uqmi svlis 

denis, anu magnituri wredis gajerebis, Semcirebas da Semdgom Lg.-is gazrdas. es ukanaskneli 

ki wamoqmnili rxevebis sixSires amcirebs. 

sinqronul generatorTan SedarebiT asinqronuli generatoris upiratesoba vlindeba 

Zabvis mrudis formiT, romelic ufro sinusoiduria erTsa da imave datvirTvis SemTxvevaSi. 

garda amisa, asinqronuli generatorebis CarTva paralelur reJimSi gacilebiT advilia maTi 

rotoris brunvis kuTxuri sixSireebis SedarebiT didi gansxvavebis pirobebSic. 

Cven mier Catarda kvlevebi samfaza asinqronuli generatorebis agznebis sakiTxebTan 

dakavSirebiT. am mizniT daproeqtda da damzadda rogorc samrewvelo sixSiris (50 hc), ise 

momatebuli sixSiris (200 da 600 hc) mokled SerTulrotoriani 0.5; 0.7 da 1.0 kvt simZlavrisa 

da, Sesabamisad, 380, 36 da 220 v Zabvis mqone, Tanac arsebuli seriuli asinqronuli Zravebis 

(seria – 4А71В2, 4АА63В4б da 4А80В6) bazaze Seqmnili asinqronuli generatorebi. isini 

damzadda rogorc erTgragniliani, ise orgragniliani sqemiT da gaangariSebul iqna rogorc 

3000, ise 6000 br/wT brunviTs sixSireze. orgragniliani sqemis SemTxvevaSi gragnilebi 

moTavsda erTsa da imave RrmulebSi, Tanac maT Soris mxolod transformatoruli kavSiri 

arsebobda. kvleva Catarda 2-, 4- da 12-polusa asinqronul generatorebze. kvlevis mizani iyo 

imis dadgena: Tu ra gavlenas axdens polusTa raodenoba agznebadobaze; agreTve agznebis 

erT- da orgragniliani sqemebis Sedareba; warmoqmnili sixSiris sididis mniSvnelobis 

gavlena agznebadobaze; asinqronuli generatoris magnituri wredis gajerebis xarisxis 

mniSvnelobis garkveva amoRebuli simZlavris damokidebulebasTan mimarTebaSi; agznebisa da 

samuSao gragnilis roli amoRebul simZlavresTan kavSirSi. kvlevebi Catarda uqmi svlis da 

datvirTvis realur pirobebSi. asinqronul generatorebze datvirTvis mizniT mierTebuli iyo 

eleqtromeqanikuri instrumentebi, kerZod, eleqtroSalaSini, kedlis eleqtrosalesi, cxvris 

eleqtrosaparsi da siTxis eleqtrogamfrqvevi manqanebi. zemoT CamoTvlil manqanebSi 

eleqtroamZravad gamoyenebulia rogorc 50, ise 200 da 600 hc-iani, anu aqtiuri induqciuri 

datvirTvis mqone, samfaza asinqronuli Zrava. asinqronuli generatoris rotoris brunviTi 
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sixSiris regulirebis mizniT gamoyenebul iqna eleqtrosaiaraRo qarxana „REBIR”-is (latvia) 

mier warmoebuli didCqaruli seriuli koleqtoruli tipis cvladi denis eleqtroZrava, 

romlis nominaluri simZlavrea 1.5 kvt.  

Catarebuli kvlevebis Sedegad dadginda, rom: 

1. asinqronuli generatoris agznebis erTgragniliani sqemis gamoyeneba dabali nomina-

luri Zabvis SemTxvevaSi, gansakuTrebiT maSin, roca Un ≤ 50v, praqikulad SeuZlebelia, vinaidan 

kondensatorebis masa TviT asinqronul generatorze didi gamodis, amitom aseT dabal Zabvaze 

asinqronuli generatoris daproeqteba yovelgvar azrs moklebulia. erTgragniliani sqemiT 

50 hc-iani asinqronuli generatoris daproeqteba dasaSvebia mxolod Un ≥110 v Zabvisas; 

2. asinqronuli generatoris agznebis orgragniliani sqema praqtikulad nebismieri 

dabali nominaluri Zabvis miRebis saSualebas iZleva amgznebi kondensatorebis gacilebiT 

mcire tevadobisa da masis pirobebSi, miT umetes Tu asinqronuli generatori gaTvaliswine-

bulia momatebuli sixSiris misaRebad, vinaidan sixSiris gazrdiT tevadobis sidide pirda-

pirproporciulad mcirdeba; 

3. kvlevebma cxadyo, rom asinqronul generatorze kondensatorebis misaerTebeli 

mavTulis sigrZe Tu 1 m-ze metia, gasaTvaliswinebelia, vinaidan, rac metia am ukanasknelis 

sixSire, miT ufro advilad xdeba asinqronuli generatoris agzneba, rac aRniSnuli wyvili 

mavTulis mier kondensatoruli funqciis SesrulebiT aixsneba;  

4. agznebis gragnilis xviaTa raodenoba da, Sesabamisad, agznebisa da samuSao gragnilis 

mimarT transformaciis koeficienti Wa./Wm.=Kt. zegavlenas ar axdens asinqronuli 

generatoris gare maxasiaTeblis sixistesa da mis maqsimalur simZlavreze, aseve am gragniliT 

Rrmulis Sevsebis xarisxze; 

5. samuSao gragnilis xviaTa raodenobis cvlileba arsebiT gavlenas axdens rogorc 

maqsimalur simZlavreze, ise gare maxasiaTeblis sixisteze. aseTi zegavlenis fizikuri 

meqanizmi aixsneba asinqronuli generatoris magnituri wredis gajerebis xarisxiT; 

6. magnituri wredis gajerebis xarisxis gazrdis SesaZlo meTodebia: samuSao gragnilis 

xviebis Semcireba, magnituri gamtaris geometriuli zomebis Secvla (kerZod, statoris 

mravalpolusiani magnituri gamtaris geometriis gamoyeneba), rotorSi mokled SerTuli 

„ciyvis borblis“ aluminis masalis nacvlad spilenZis masaliT (mcire kuTri winaRobis) 

Secvla, rac agreTve uzrunvelyofs rotoris nakleb srials; 

7. sinqronul generatorTan SedarebiT asinqronuli generatoris upiratesoba isaa, rom 

misi agznebis gragnili statorSia, rac amartivebs konstruqcias da aadvilebs rotoris ba-

lansirebas, aseve iZleva misi wriuli siCqaris gazrdis SesaZleblobas, rac Zalze mniSv-

nelovania; 

8. transformaciis koeficientis SemcirebiT magnituri wredis ganmagnitebis xarisxi 

izrdeba, vinaidan izrdeba datvirTvis denis ganmamagnitebeli mdgenelis sidide (Im./Kt.), sadac 

Im. muSa gragnilSi datvirTvis denia; 

9. arsebul orgragnilian asinqronul generatorebSi magnituri wredi Zalze gaje-

rebulia, rac iwvevs mis gadaxurebas; 

10. asinqronuli generatori rac ufro did brunTa ricxvsa da momatebul sixSirezea 

gaangariSebuli, miT ufro advilad xdeba misi TviTagzneba; 

Cven mier SemuSavebuli asinqronuli generatoris axali orgragniliani sqema ara marto 

amartivebs mis gaangariSebas, aramed asinqronuli generatoris teqnikuri parametrebic 

SedarebiT optimaluria da gaTvaliswinebulia masSi nominaluri Zabvis stabilizaciac. es 

iTvaliswinebs Semdegs:  
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a) asinqronuli generatoris statoris erTsa da imave RrmulebSi ideba rogorc 

agznebis, ise samuSao gragnili, romelTa Soris mxolod transformatoruli kavSiria; 

b) agznebisa da samuSao gragnilis kveTis sidide Tanabrad unda ganawildes RrmulSi 

(TiToeulma unda daikavos Rrmulis moculobis 50%); 

g) samuSao gragnilis xviaTa raodenoba gaangariSebuli unda iqnes mocemuli 

nominaluri Zabvis sidideze Sesabamisi mavTulis kveTiT, xolo agznebis gragnilis xviaTa 

raodenoba _ Sesabamisi transformaciis koeficientis gaTvaliswinebiT; 

d) asinqronuli generatoris amuSaveba sasurvelia moxdes uqm svlaze, xolo misi 

nominaluri datvirTvis SemTxvevaSi samuSao gragnilis wredSi Seyvanili unda iqnes 

kondensatoruli batarea, romlis reaqtiuli simZlavre datvirTvis (zogadad aqtiur-induq-

ciuri) simZlavris kompensacias daakmakofilebs. 

 arsebuli asinqronuli generatoris orgragniliani sqema uqmi svlis reJimSi magni-

turad ufro datvirTulia, ris gamoc misi CarTva didxans am reJimSi dauSvebelia. Cven mier 

SemoTavazebuli xerxis gamoyenebiT ki asinqronuli generatori arasodes ar gadaxurdeba, 

radgan mxolod datvirTvis mierTebisas xdeba masTan paralelurad Sesabamisi konden-

satoruli batareis mierTeba. 

asinqronuli generatoris orgragniliani sqemis gamokvlevis safuZvelze SeiZleba 

davaskvnaT: 

1. agznebis gragnilSi tevadobis gazrdiT samuSao gragnilSi deni ar icvleba, rac 

aixsneba am gragnilebs Soris eleqtruli kavSiris ararsebobiT; 

2. uqmi svlis dros samuSao gragnilis wredidan amgznebi tevadobis gamoyvanis 

SemTxvevaSi agznebis gragnilSi gamavali deni 10%-iT izrdeba; 

3. samuSao gragnilis wredSi tevadobis SeyvaniT asinqronuli generatoris simZlavre 

Zalze matulobs, rac aixsneba magnituri wredis gajerebiT; 

4. Catarebuli kvlevebis safuZvelze miRebulia qvemoT moyvanili (17) da (18) formula, 

romlebic samuSao gragnilSi gamavali denis sididis gamoTvlis saSualebas iZleva, Tu 

cnobilia agznebis gragnilSi gamavali denis sidide da piriqiT. aRniSnuli formulebi 

samarTliania rogorc uqmi svlis, ise datvirTvis dros. 

  Im. = (Cm./Ca.)�(Ia./Kt.), (17)  

roca Cm.≠0;  

 Im.= (Ua.u./Ua.d.)�(Ia./Kt.),  (18)  

roca Cm.=0,  

sadac Im. da Ia. denia, Sesabamisad, samuSao da agznebis gragnilSi, xolo Cm. da Ca. _ Seyvanili 

kondensatoris tevadoba, Ua.u. da Ua.d. ki warmoqmnili Zabvebia, misi uqmi svlisa da datvirTvis 

dros. sufTa aqtiuri datvirTvis dros asinqronuli generatoris kondensatorebis simZlavre 

generatoris reaqtiuli damagnitebis simZlavris tolia. Tu datvirTva aqtiur-induqciuri 

xasiaTisaa, maSin kondensatoruli batareis simZlavris gazrda aucilebelia, raTa man da-

faros agreTve datvirTvis reaqtiuli simZlavre. 
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eleqtromanqanaTmSenebloba 

 

TviTagznebadi samfaza asinqronuli generatorebis kvlevis Sedegebi 

a. rikrikaZe, a. SermazanaSvili 

(r. dvalis manqanaTa meqanikis instituti) 

 

 reziume: statiaSi ganxilulia samfaza erT- da orgragniliani TviTagznebadi 

asinqronuli generatorebis kvlevis Sedegebi. Catarebulia maTi SedarebiTi da Teoriuli 

analizi. mravaljeradi eqsperimentis Sedegad miRebul iqna ori empiriuli formula, 

romlebic saSualebas iZleva agznebis gragnilSi gamavali denis sididiT ganvsazRvroT 

samuSao gragnilSi denis sidide. ganxilulia ori SemTxveva: roca samuSao gragnilis 

wredSi CarTulia kondensatoruli batarea da, roca igi gamorTulia am ukanasknelidan. 

 
 

ELECTRICAL ENGINEERING INDUSTRY 

 

ANALYSIS OF INVESTIGATION RESULTS OF SELF-EXCITABLE THREE-PHASE 

ASYNCHRONOUS GENERATORS 

A. Rikrikadze, A. Shermazanashvili 

( R. Dvali Institute of Machine Mechanics) 

Resume: There are considered investigation results of self-excitable three-phase one and two winding 

asynchronous generators. Their comperative and theoretical analysis was carried out. Two formulae were obtained, 

giving possibility to define the current value in the working winding at well-known current in exciting winding of the 

generator, when the condensator battery is switched on in the working winding and when it is switched off. 

 

 

ЭЛЕКТРОМАШИНОСТРОЕНИЕ 

 

РЕЗУЛЬТАТЫ ИССЛЕДОВАНИЙ САМОВОЗБУЖДАЕМЫХ ТРЕХФАЗНЫХ 

АСИНХРОННЫХ ГЕНЕРАТОРОВ 

А. Рикрикадзе, А. Шермазанашвили 

(Институт механики машин им. Р. Двали) 

 

 Резюме: Рассмотрены результаты исследований самовозбуждаемых трёхфазных одно- и двухобмоточ-

ных асинхронных генераторов. Проведён их сравнительный и теоретический анализ. В итоге многочисленных 

экспериментов получены две эмпирические формулы, дающие возможность определить величину тока в 

рабочей обмотке при известном токе в обмотке возбуждения генератора в случаях, когда конденсаторная 

батарея подключена в цепь рабочей обмотки и когда она выключена из неё. 
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satransporto manqanaTmSenebloba 

 

 

Zraviani vagonis optimaluri samuxruWo berketuli gadacemis 

damatebiT moZraobaTa diferencialuri gantolebebis formireba 

† g. SaraSeniZe, v. margvelaSvili, g. usaneTaSvili, s. SaraSeniZe 

(saqarTvelos teqnikuri universiteti) 

 

eleqtromatareblis Zraviani vagonis samuxruWo berketuli gadacema metad rTuli 

konstruqciisaaю masSi bevrad metia saxsruli SeerTebebis, wevebisa da vertikaluri berke-

tebis raodenoba, rac garkveul zemoqmedebas axdens srul samuxruWo efeqtianobaze, kerZod, 

saxsrul SeerTebebSi samuxruWo cilindris Wokis dawolis Zelis danakargebze. samuxruWo 

berketuli gadacemis rgolebisa da saxsruli SeerTebebis raodenobis SemcirebiT gadacemis 

muSaoba ufro mobiluri xdeba da mcirdeba Zaluri danakargebi. realuri gamomavali 

kinematikuri da dinamikuri parametrebis dasadgenad aucilebelia gaTvaliswinebul iqnes 

RreCoebian saxsrul SeerTebebSi didi cveTebiT gamowveuli RreCoTa sidideebi, reaqciis, 

xaxunisa da gare datvirTvebiT aRZruli damatebiTi dinamikuri Zalebi. am realuri amocanis 

gadawyvetis mizniT aucilebelia Sedges damatebiT moZraobaTa diferencialuri gantolebebi, 

moxdes maTi sistematizacia da ganisazRvros sawyisi pirobebi. gantolebaTa erToblivi 

amoxsnis Sedegad ganisazRvreba realuri gamomavali kinematikuri da dinamikuri parametrebi 

gaumjobesebuli samuxruWo berketuli gadacemisaTvis.  
 

 
 

 Zraviani vagonis optimaluri samuxruWo berketuli gadacemis amZravi kvanZis  

dinamikuri modeli 0-1 saxsrul SeerTebaSi 1  RreCos arsebobisas 
 

optimaluri samuxruWo berketuli gadacemis SeqmniT gamartivda sistemis amZravi 

kvanZi, xolo vertikaluri berketebis, xundebis da sakidebis ganlageba darCa ucvleli. 

amZravi kvanZis SemadgenlobaSi arsebuli wevebisa da berketebis raodenoba Semcirda 4, 

xolo saxsruli SeerTebebisa _ 5 erTeuliT (ix. nax.).  
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warmodgenili OPO MDCBAO
1 1  dinamikuri modelis 0-1 saxsrul SeerTebaSi modebulia 

normaluri reaqciis n
iF  da Sesabamisi xaxunis F 0 1

xax.  Zalebi. 1 RreCos mniSvneloba aq 

warmodgenilia saxsris gare elementis radiusis saxiT, xolo Siga elementi _ sakontaqto 

M  wertiliT. reaqciisa da xaxunis Zalebi 1  wevasTan adgens   da 1  kuTxeebs.  

1 RreCos arseboba cvlis kvanZis elementebis muSaobas. am saxsrul SeerTebebSi M  

Siga elementis moZraobisas gare elementis mimarT SeiZleba warmoiqmnas ori saxis 

damatebiTi moZraoba – kontaqturi da wyvetili. kontaqturi moZraobisas sakontaqto M  

wertilis mdebareoba gare elementis mimarT aisaxeba ganzogadebuli 1  koordinatiT, xolo 

Siga elementis Tavisufali moZraobisas M  wertilis moZraoba ganisazRvreba ganzogadebuli 

x1  da y1  koordinatebiT moZrav x o y1 1 1  sistemaSi.  

0-1 saxsarSi Tavisufali da kontaqturi moZraobebis monacvleoba warmoqmnis 

damatebiT moZraobebs ganzogadebuli kuTxuri 1  da wrfivi ,x y1 1  koordinatebis mimarT. 

damatebiT moZraobaTa ori saxe – kontaqturi moZraoba (k. m.) da Tavisufali, anu wyvetili 

moZraoba (wy. m.) aRiwereba moZraobis diferencialuri gantolebebiT lagranJis meore 

rigis moZraobis diferencialuri gantolebis bazaze, risTvisac gamoyenebulia damatebiT 

moZraobaTa klasifikacia (ix. cxrili).  

cxrili 

 optimaluri samuxruWo berketuli gadacemis amZravi 

kvanZis damatebiT moZraobaTa klasifikacia 
 

damatebiTi 

moZraobis saxe 

wyveta da kontaqti  

0-1 saxsarSi 

moZraobis 

ganzogadebuli 

koordinatebi 

gantolebebis 

raodenoba 

I kontaqturi (k.m.) 1  1 

II wyvetili (wy.m.) ,x y1 1  2 

 

I saxis damatebiTi kontaqturi moZraoba (k. m.) aRiwereba damatebiTi moZraobis dife-

rencialuri gantolebiT 1  kuTxuri ganzogadebuli koordinatis mimarT. kontaqturi 

moZraoba ganisazRvreba 1  koordinatis sididis mixedviT. moZraobis xasiaTi icvleba 

normaluri reaqciis nF1  da Sesabamisi xaxunis F 0 1
xax.  Zalebis zemoqmedebis Sedegad.  

kontaqturi moZraobis geometriuli da Zaluri pirobebi SeiZleba warmovadginoT 

Semdegi tolobebiT:  

  x y  2 2 2
1 1 1 ,  (1) 

  ;nF 1 0  F  0 1 0xax. .  (2) 

II saxis damatebiTi wyvetili moZraoba (wy. m.) aRiwereba damatebiTi moZraobis 

diferencialuri gantolebebiT 1x  da 1y  ganzogadebuli koordinatebis mimarT. wyvetili 

moZraobis dros reaqciisa da xaxunis Zalebi gavlenas ver axdens moZraobis dinamikaze.  

damatebiTi wyvetili moZraobis pirobebi Caiwereba aseTi saxiT:  

  x y  2 2 2
1 1 1 ,  (3)   

  ;nF 1 0  F  0 1 0xax. .  (4)   

damatebiT moZraobaTa diferencialuri gantolebebis amoxsna saSualebas iZleva 

ganisazRvros RreCoTi gamowveuli dinamikuri da kinematikuri parametrebis cdomilebani. 

`idealuri~ da `realuri~ maCveneblebis Sedarebis mizniT TiToeuli damatebiTi moZraobi-

saTvis Sedgeba ZiriTadi moZraobis diferencialuri gantoleba.  



72 
 

gamodis, rom kontaqturi damatebiTi moZraoba aRiwereba ganzogadebuli kuTxuri 1  

koordinatisa da ZiriTadi moZraobis diferencialuri gantolebis   kuTxis mimarT. igi 

droSi Tanabrad cvladi sididea da, Sesabamisad, / / .d dt const    e. i. kontaqturi moZ-

raobis dros xdeba moZraobis ori diferencialuri gantolebis Sedgena, xolo wyvetilis 

dros – samisa. aRniSnuli moZraobebis diferencialuri gantolebebi zogadi saxiT 

Caiwereba Sesabamisi tolobebiT.  

kontaqturi moZraobis SemTxvevaSi: 

 
;

.

d dT dT Q
dt d d

d dT dT Q
dt d d





 

 

 
   

 


       

1
1 1



 (5) 

wyvetili moZraobis dros: 

 

;

;

,

x

y

d dT dT Q
dt dx dx

d dT dT Q
dt dy dy

d dT T Q
dt d 


 

 
   

  
     

  
       

1
1 1

1
1 1







 (6) 

sadac T  aris amZravi kvanZis kinetikuri energia; 1  _ RreCoiani saxsris Siga elementis 

gare elementisadmi mobrunebis kuTxe; 1  _ Sesabamisi mobrunebis kuTxuri siCqare; Q 1
 _ 

damatebiTi kontaqturi moZraobisTvis ganzogadebuli Zalis mniSvneloba; ,x yQ Q1 1
 _ dama-

tebiTi wyvetili moZraobebis ganzogadebuli Zalebis mniSvnelobebi Sesabamisad 1x  da y1  

ganzogadebuli koordinatebis mimarT; Q  _ ZiriTadi moZraobis Sesabamisi ganzogadebuli 

Zala mudmivi   kuTxis mimarT.  

gantolebebis Sedgenisas misaRebia imis daSveba, rom amZravi kvanZis berketebi 

absoluturad xistia masebis Tanabari ganawilebiT, amitom maTi simZimis G1 , G2 , G3 , G4 , 

G5  da G6  Zalebi modebulia maTs geometriul S1 , S2 , S3 , S4 , S5  da S6  centrebSi. amZravi 

berketis P  saxsari moZraobaSi modis samuxruWo cilindris Wokis Fsc  Zalis zemoqmede-

biT, xundze mosuli dawolis Zala Fs  mimarTulia urikis R  radiusiani Tvlis brunvis 

O2  centrisaken n n  wiris gaswvriv   kuTxiT.  

(5) da (6) sistemebis gantolebebSi Semavali kinetikuri energia T  tolia moZravi 

berketebis kinetikuri energiebis jamisa, e.i.  
 

 MD DC CB AB O AT T T T T T    
1
. (7) 

 

amZravi kvanZis MD  da AB  wevebi asrulebs rTul gadataniTs da brunviTs moZrao-

bebs erTdroulad, 6  weva _ mxolod gadataniTs, xolo DB  da O A1  _ brunviTs moZra-

obebs. am moZraobaTa kinetikuri energiebis amsaxveli tolobebiT ganisazRvreba saerTo 

kinetikuri T  energia.  

ganzogadebuli iQ  Zalebi ganisazRvreba muSaobis sididiT raime virtualur gadaadgi-

lebaze 1 RreCos gaTvaliswinebiT. inerciis Zalebi da momentebi ganisazRvreba Sesabamisi 

xF 1i , yF 1i , Mi  gamosaxulebiT berketebis simZimis centrebis mimarT [3]. reaqciis nF1  Semdgenisa 
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da Sesabamisi F 0 1
xax.  xaxunis Zalis gansazRvris mizniT saWiroa momentebis gantolebaTa 

Sedgena D  saxsris mimarT. am SemTxvevaSi ganixileba mSrali xaxunis movlena, amitom: 

 nF F K sign  0 1 0 1
1 1xax. xax.1 .  (8) 

sabolood damatebiTi da ZiriTadi moZraobebis diferencialuri gantolebebi 

Caiwereba aseTi saxiT:  

 

;

;

;

,

x

y

a x a y a a Q
b y b x b b Q

c c x c c Q

d d d x d y Q




 
 

  

 

    
    
    
    

1 1 2 1 3 1 4 1

1 1 2 1 3 1 4 1

1 1 2 1 3 1 4 1

1 2 3 4



  
  

  

   

  (9) 

sadac ia , ib , ic , id  aris ganzogadebuli meore rigis koordinatebis koeficientebi. 

 gantolebaTa (9) sistemis Sedgenisas gaTvaliswinebuli unda iqnes sakoordinato 

gardaqmnis formulebi:  

 
cos ;

sin ;

arccos arcsin .

x
y

x y







    

 

  

1 1 1

1 1 1

1 1
1

1 1

 (10) 

damatebiTi da ZiriTadi moZraobebis diferencialuri gantolebebis (9) sistemis amo-

xsnis Sedegad ganisazRvreba optimaluri samuxruWo berketuli gadacemis gamomavali dina-

mikuri parametrebi.  

arsebuli damatebiTi moZraobebis diferencialuri gantolebebis Sedgenis wesis 

gamoyeneba SeiZleba nebismieri sirTulis samuxruWo an sxva saxis berketuli gadacemebis 

moZraobis gantolebaTa misaRebad. am gantolebaTa amoxsnis Sedegad gadawydeba berketuli 

RreCoebiani gadacemebis gamomavali parametrebis dinamikuri da kinematikuri sizustis 

amocanebi.  
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satransporto manqanaTmSenebloba 

 

Zraviani vagonis optimaluri samuxruWo berketuli gadacemis 

damatebiTi moZraobebisaTvis diferencialuri gantolebebis 

formireba 

† g. SaraSeniZe, v. margvelaSvili, g. usaneTaSvili, s. SaraSeniZe 

(saqarTvelos teqnikuri universiteti) 

 

reziume: statiaSi mocemulia saxsrul SeerTebebSi arateqnologiuri RreCos gaTva-

liswinebiT moZraobis diferencialuri gantolebebis formirebis mimdevroba samuxruWo 

gadacemis gamomavali parametrebis gansazRvrisaTvis. gantolebaTa Sedgenis mizniT gamoye-

nebulia gadacemis dinamikuri modeli. gamokvleulia damatebiTi moZraobani da formi-

rebulia zogadi saxis diferencialuri gantolebani.  

 

 

MECHANICAL ENGINEERING OF TRANSPORT 

 

TOWARDS THE CREATION OF DIFFERENTIAL EQUATIONS FOR ADDITIONAL 

MOTIONS OF PLUS BRAKE LEVER CONTROLS OF DRIVING CAR 

† G. Sharashenidze, V. Margvelashvili, G. Usanetashvili, S. Sharashenidze  

(Georgian Technical University)  

 

Resume: In this work, taking into account the non-technological gap in the joints, there is given the sequence of 

formation of the differentional equation of motion to determine the output parameters of the transmission brake. In 

order to set up the a  dynamic equations there is used transmission model. There is investigated types of additional 

motions and formed differentional general equation.  

 

 

ТРАНСПОРТНОЕ МАШИНОСТРОЕНИЕ 

 

К ВОПРОСУ ФОРМИРОВАНИЯ ДОБАВОЧНЫХ ДИФФЕРЕНЦИАЛЬНЫХ 

УРАВНЕНИЙ РЫЧАЖНОЙ ТОРМОЗНОЙ ПЕРЕДАЧИ МОТОРНОГО 

ВАГОНА 

 † Г. Шарашенидзе, В. Маргвелашвили, Г. Усанеташвили, С. Шарашенидзе 

(Грузинский технический университет) 

 

Резюме: С учётом нетехнологического зазора в шарнирных соединениях, дается последовательность 

формирования дифференциальных уравнений движения для определения выходных параметров тормозной 

передачи. С целью составления уравнений используется динамическая модель передачи. Исследованы типы 

добавочных движений и сформированы дифференциальные уравнения общего вида.  
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                                            rkinigzis transporti 

 

 

MmTagoriani reliefis pirobebSi rkinigzis gamtarunarianobis 

zogierTi problema 

T. kupataZe, n. kupataZe, b. didebaSvili, z. kupataZe, g. guramiSvili 

(saqarTvelos teqnikuri universiteti) 

 

gaSlili reliefis pirobebSi, sadac iSviaTad gvxvdeba grZeli daRmarTebi da 

mcireradiusiani mrudebi, rkinigzebs mcire saxelmZRvanelo qanobi aqvs, mTagoriani reliefis 

pirobebSi ki _ rTuli profili da gegma. umetes SemTxvevaSi saxelmZRvanelo an jeradi wevis 

qanobi aRemateba 20‰-s da zogjer 40‰-sac aRwevs. magaliTad, suramis uReltexilze maqsi-

maluri qanobi Seadgens 29‰-s, jajuris uReltexilze (somxeTis rkinigza) – 25‰-s, marabda-

axalqalaqis rkinigzis xazze – 35‰-s, rioni_tyibulis xazis xresili_sawiris gadasarbenze 

48‰-s. cxadia, aseTi rkinigzebis eqspluatacia rTulia, radganac am dros mravali problema 

iCens Tavs. 

mTagoriani reliefis pirobebSi rkinigzebis eqspluataciisas aucilebelia gaTvalis-

winebul iqnes matareblis moZraobis usafrTxoebis mTeli rigi Taviseburebebi: grZel 

daRmarTze muxruWis xundebis gadaxureba, sahaero magistralis daSreta (cicabo daRmarTze), 

wevis Zravebis gadaxureba, relssa da Tvals Soris wriuli mrudebis mcire radiusebiT da 

relsebis gaWuWyianebiT gamowveuli SeWidulobis koeficientisa da damuxruWebis 

koeficientis Semcireba da sxv.  

mTagorian adgilebSi rkinigzebi umTavresad gadis zRvis donidan SedarebiT maRal 

simaRleze; magaliTad, marabda_axalqalaqis rkinigzis xazis garkveuli monakveTi z. d. 2000 m-

ze mdebareobs. aseT pirobebSi mxedvelobaSia misaRebi atmosferuli wnevis dacemiT gamow-

veuli lokomotivis simZlavris Semcireba (Tbowevis SemTxvevaSi).  

mTagoriani reliefis pirobebSi xSiria cicabo, grZeli daRmarTebi. magaliTad,  ma-

rabda_axalqalaqis  rkinigzis xazze daRmarTis maqsimaluri sigrZe erTi gadasarbenis farg-

lebSi Seadgens 15 km-s. 

bolo dros sagrZnoblad gaumjobesda moZravi Semadgenlobis samuxruWo aRWurviloba, 

ramac ganapiroba moZraobis siCqaris mniSvnelovani gazrda. amasTan, eqspluataciaSi Sevida 

mZlavri elmavlebi da Tbomavlebi, ramac mkveTrad gazarda satvirTo matareblebis masa. miu-

xedavad zemoaRniSnuli progresisa, iq, sadac gvxvdeba didqanobiani daZabuli ubnebi, 

matareblis moZraobis siCqare da masa SezRudulia. aseT pirobebSi matareblis moZraobis 

siCqares zRudavs samuxruWo pirobebi. magaliTad, suramis uReltexilze satvirTo matareb-

lis maqsimaluri dasaSvebi siCqarea  40 km/sT, marabda_axalqalaqis xazze – 35 km/sT. 

cicaboqanobian grZel daRmarTebze (nax. 1) mosalodnelia muxruWis xundebis gadaxureba 

da sahaero magistralis daSreta (haeris wnevis dacema normaze dabla). aseT ubnebze 

aucilebelia Tujis xundebis minimaluri sisqis dadgena. bolo periodSi rkinigzis moZravi 
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Semadgenloba aRiWurva kompoziciuri masalisagan damzadebuli xundebiT, ramac, rogorc 

aRvniSneT, mkveTrad gazarda moZraobis siCqare. amasTan, kompoziciuri masalebis cudi 

Tbogamtarobis gamo sagrZnoblad gaizarda Tvlis Tburi datvirTva, amitom aucilebelia 

daRmarTis zRvruli sigrZis dadgena im pirobiT, rom xundebis gaxurebis temperaturam ar 

gadaaWarbos dadgenil normebs (3500). Tanamedrove moZravi Semadgenloba aRWurvilia iseTi 

haergamanawileblebiT, romlebic Teoriulad uSretia. miuxedavad amisa, xangrZlivi da 

uwyveti damuxruWebis dros cicabo daRmarTebze mosalodnelia muxruWis magistralsa da 

cilindrebSi, agreTve samarago rezervuarebSi haeris wnevis dacema normaze dabla. 

es garemoeba ganpirobebulia mravali iseTi faqtoriT, rogoricaa, samuxruWo magis-

tralidan haeris gadineba, dabali temperatura da sxv.     

 

 

 

 

nax. 1. cicaboqanobiani gadasarbeni A  da B  sadgurebs Soris 

 

am sakiTxebis Seswavlam bolo periodSi cnobili mecnierebis da praqtikosebis didi 

interesi gamoiwvia, vinaidan ukanasknel xanebSi daiwyo dausaxlebeli mTiani regionebis 

aTviseba da saWiro gaxda aseT adgilebSi rkinigzis xazis daproeqteba da mSenebloba. 

matareblebis  usafrTxo  moZraobis  uzrunvelyofis mizniT tardeba mTeli rigi teqni-

kuri da organizaciuli RonisZiebebi, kerZod: izRudeba siCqare did daRmarTze, aseve izRu-

deba daRmarTis sigrZe rkinigzis daproeqtebis dros, izrdeba gamyofi punqtebis  moednebis 

sigrZe sauReltexilo ubnis win mdebare sadgurebSi, mowmdeba samuxruWo uzrunvelyofa 

matareblebis moZraobisas specialurad moniSnul adgilebze (ZiriTadad did daRmarTebamde, 

maT dasawyisSi). cicabo grZeldaRmarTiani gadasarbenebis SemTxvevaSi ewyoba damWeri Cixebi 

da sxv. amgvari RonisZiebebis gatareba, Tavis mxriv, iwvevs rkinigzis gamtarunarianobis 

Semcirebas. 
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nax. 2. damWerCixiani gamyofi punqti 

 

 

gansakuTrebuli yuradReba unda gamaxvildes iseT gadasarbenebze, romelTa gamyof 

punqtebSi moewyoba damWeri Cixebi (nax. 2). aseT sadgurebSi, teqnikuri eqspluataciis wesebis 

Tanaxmad, samatareblo marSruti yovelTvis mzadaa imisaTvis, rom marTvis dakargvis 

SemTxvevaSi matarebeli Sevides damWer CixSi da gaCerdes, rac Tavidan agvacilebs mosalod-

nel avarias. Ees procesi, Tavis mxriv, iwvevs gamtarunarianobis Semcirebas, radgan daRmarTze 

moZravi yoveli matarebeli aucileblad unda gaCerdes sadgurSi; e.i. ikargeba garkveuli dro 

matareblis Senelebasa da gaCerebaze, Semdeg _ dgomasa da daZvraze. vinaidan matareblis 

marTvis dakargva iSviaTad xdeba, aseT gadasarbenebze moZravi matareblebis siCqareebis 

gakontroleba sadgurebidan an sarelso wreebidan unda ganxorcieldes da im SemTxvevaSi, Tu 

matarebeli moZraobs daRmarTis Sesabamisi dadgenili siCqariT, avtomaturad moxdes gadamy-

vani isris momzadeba, raTa matarebelma SeuCereblad gaagrZelos gza momdevno gadasarbenis 

mimarTulebiT, rac udavod gazrdida rkinigzis gamtarunarianobas. sakiTxi Zalze aqtua-

luria da mis gadawyvetas Sesabamisi dargis specialistebis Zalisxmeva sWirdeba. 
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rkinigzis transporti 

 

mTagoriani reliefis pirobebSi rkinigzis gamtarunarianobis 

zogierTi problema 

T. kupataZe,  n. kupataZe,  b. didebaSvili,  z. kupataZe, g. guramiSvili 

(saqarTvelos teqnikuri universiteti) 

 

reziume:  statia exeba mTagoriani reliefis pirobebSi rkinigzis gamtarunarianobis 

problemas, rac gulisxmobs matareblebis moZraobis usafrTxoebas. mTiani regionis rki-

nigzebis gamyof punqtebSi da grZeli cicabodaRmarTiani gadasarbenebis boloebSi mow-

yobil damWer CixebSi aucilebeli xdeba matareblebis gaCereba, rac aferxebs rkinigzis 

gamtarunarianobas. statiaSi dasmulia sakiTxi gadasarbenze siCqaris makontrolebeli 

meqanizmis SemuSavebisa da dayenebis Sesaxeb, romelic uSualod iqneba dakavSirebuli moZ-

raobis samsaxuris warmomadgenlebTan da  dadgenili siCqariT moZraobisas saWiro aRar 

iqneba matareblis gaCereba. 

 

RAILWAY TRANSPORT 
 

SOME PROBLEMS OF MOUNTAINOUS RAILWAYS CAPACITY 

T. Kupatadze, N. Kupatadze, B. Didebashvili, Z. Kupatadze,  G. Guramishvili  

 (Georgian Technical University) 

Resume: The article is dedicated to problems of mountainous railways capacity, that follows form conditions of 

train traffic safety. In the separate points of mountainous railways, that are located at long, steep slope stages ends and 

are arranged catcher dead ends, the regulating switch always are directed to catching dead ends direction up to full 

braking of train, that impedes capacity of railway. In the article there is stated issue: to develop velocity control 

mechanism on stage, that will be directly connected with representatives of traffic service. At traffic with given 

velocities will not be the necessity of train stop.   

 

ЖЕЛЕЗНОДОРОЖНЫЙ  ТРАНСПОРТ 
 

НЕКОТОРЫЕ ПРОБЛЕМЫ ПРОПУСКНОЙ СПОСОБНОСТИ ГОРНЫХ 

ЖЕЛЕЗНЫХ ДОРОГ  

Т. Купатадзе, Н. Купатадзе, Б. Дидебашвили, З. Купатадзе, Г. Гурамишвили 

(Грузинский технический университет) 

Резюме: В статье рассмотрены проблемы пропускной способности горных железных дорог, которые 

выходят из условий обеспечения безопасности движения поездов. В раздельных пунктах горных железных 

дорог, рассположенных  в концах  перегонов с длинными крутыми затяжными спусками, имеющими 

улавливающие тупики, переводные стрелки всегда направлены в сторону улавливающих тупиков, до 

полной  остановки поезда, что задерживает пропускную  способность  железных дорог. В статье поставлен 

вопрос о разработке контролируюшего механизма скорости, который непосредственно связaн с движением. 

При движении поездов с установленными скоростями не будет необходимости остановки этих поездов.   
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 masalaTmcodneoba 

 

 

duraluminis zedapiris dafarva Savi, cveTamedegi feniT 

 

v. RaribaSvili, v. metreveli, z. mirijanaSvili, z. jabua, i. kupreiSvili 

(f. TavaZis metalurgiisa da masalaTmcodneobis instituti) 

  

aluminis Senadnobebisagan damzadebul detalebs xSirad iyeneben intensiuri xaxu-

nisa da cveTis pirobebSi. maT dasacavad mimarTaven zedapiris cveTamedegi feniT dafarvis 

sxvadasxva xerxs, kerZod, fxvnilebis dafrqvevas plazmuri, detonaciuri da airaliani 

meTodebiT [1_3], eleqtronaperwklur da eleqtroeroziul legirebas [4_5], mikrorkalur 

oqsidirebas [6] da sxv. erT-erTiEyvelaze ufro gavrcelebuli meTodia anodireba (eleq-

trolizuri oqsidireba), romelsac iyenebs msoflios mowinave qveynebis mravali firma. 

ganasxvaveben Cveulebriv da sal (dabaltemperaturul) anodirebas. gansakuTrebuli Tvi-

seba, rac gamoarCevs sali anodirebiT miRebul zedapirs, esaa anodirebuli fenis didi 

sisqe. am sisqis gamo sal anodirebul zedapirebs axasiaTebs maRali cveTamedegoba, rac 

aluminisa da misi Senadnobebis sxva TvisebebTan erTad ganapirobebs maT farTo gamo-

yenebas aerokosmosur, Tavdacvis, energetikul, samedicino, satransporto, sazRvao da sxva 

sferoebSi. anodirebas iyeneben dekoratiuli mizniTac, radgan es ukanaskneli zedapiris 

sxvadasxvaferad SeRebvis saSualebas iZleva.  

kargi anoduri danafaris misaRebad aucilebelia teqnologiis zusti dacva, rac 

gulisxmobs liTonis zedapiris winaswar gasufTavebas da mWidro kontaqtis uzrunvelyofas. 

saWiroa agreTve sawyisi masalis Sedgenilobis, Termuli da sxva tipis damuSavebis codna, 

radgan yovelgvarma damuSavebam da TiToeulma malegirebelma elementma anodirebis procesze 

SeiZleba maTTvis damaxasiaTebeli gavlena moaxdinos.  

aluminis deformirebadi Senadnobebidan erT-erTi gamorCeulia B95 markis duralumini 

(AlZn6MgCu), romlis qimiuri Sedgeniloba mocemulia 1-l cxrilSi. 

 cxrili 1. 

В95 Senadnobis qimiuri Sedgeniloba 
 

qimiuri Sedgeniloba, %

 Fe  Si  Mn  Cr  Ti  Al  Cu  Mg  Zn 
 <0,5  <0,5 0,2_0,6 0,1_0,25  <0,05 86,2_91,5 1,4_2 1,8_2,8  5_7 

  

AlZn6MgCu daZvelebadi Senadnobia. TuTia, magniumi da spilenZi aluminTan da urTierT 

Soris warmoqmnis myar xsnarebs da sxvadasxva liTonur naerTs: MgZn2, Al2CuMg, Mg4Zn3Al3, 

romlebic mniSvnelovan rols asrulebs Senadnobis ganmtkicebaSi. manganumi da qromi aZlie-

rebs daZvelebis efeqts da koroziul medegobas. maqsimaluri simtkice miiRweva 460_4750C 

temperaturidan wrTobiT da Semdgomi xelovnuri daZvelebiT. Senadnobis daZvelebis reJimia 

135_1450C 16 saaTis ganmavlobaSi an safexurovani (1200C_3sT + 1600C_3sT). aseTi damuSavebis 

Semdeg misi simtkicis zRvari aRwevs 600_700 mpa-s. 

Senadnobis uaryofiT mxared SeiZleba CaiTvalos misi nakleb plastikuroba, maRali 

mgrZnobiaroba Zabvebis koncentraciisadmi, Tvisebebis didi anizotropia ganivi da grZivi 

mimarTulebebiT da koroziisadmi midrekileba Zabvis qveS. Tumca sworad damuSavebis, kon-



80 
 

struqciebSi racionalurad gamoyenebis da koroziisagan dacvis pirobebSi es xarvezebi 

SeiZleba warmatebiT aRmoifxvras. 

cveTa- da koroziamedegi danafarebis misaRebad B95 Senadnobis nimuSebs utardeboda 

Cveulebrivi (oTaxis temperaturaze) da sali (50C temperaturaze) anodireba. am ukanaskne-

lis misaRwevad eleqtrolizeri idgmeboda yinuliani wylis abazanaSi, winaswar xdeboda 

nimuSebis gaucximoeba acetoniT, mowamvla jer kaustikuri sodis (NaOH) 9_10%-ian xsnarSi 

60_700C temperaturaze da Semdeg azotmJavas 10_15%-ian xsnarSi. anodireba tardeboda minis 

abazanaSi. eleqtrolitad gamoiyeneboda gogirdmJavas 18_20%-iani wyalxsnari, kaTodad _ 

1,5 mm sisqis tyviis firfita. eleqtrolizi egzoTermulad mimdinare procesia, rac iwvevs 

temperaturis cvlilebas eleqtrolitis sxvadasxva doneze, amitom saWiro gaxda 

meqanikuri Semrevis gamoyeneba. eqsperimentebis Catarebisas icvleboda denis simkvrive 

0,015_0,35 a/sm2 da procesis xangrZlivoba 15_90 wT-is farglebSi. danafaris sisqis 

kontroli xdeboda metalografiuli analiziT optikur mikroskop Neophot-21-ze (nax. 1). 

danafarebis maqsimaluri sisqe (150_160 mkm) miiReboda sali anodirebis dros 0,25 a/sm2 

denis simkvrivisa da 15 wT xangrZlivobis pirobebSi.  

anodirebuli nimuSebis Savad SesaRebad qimiuri da eleqtrolizuri SeRebvis 

sxvadasxva meTodisa da saRebavi xsnarebis gamoyenebiT Catarebulma kvlevebma saukeTesod 

cno qimiuri SeRebva anilinis Savi saRebavis 1_1,5%-ian wyalxsnarSi 50_600C temperaturaze.  

cveTamedegobis SedarebiTi analizisTvis gamoiyeneboda fardobiTi meqanikuri 

simtkicis sazomi arastandartuli danadgari, romelic Seqmnilia saqarTvelos teqnikuri 

universitetis eleqtronuli teqnikis masalebis teqnologiis laboratoriaSi (mcire 

gadakeTebis da Cveni, 22x12x4 mm zomis nimuSebisaTvis morgebis Semdeg; nax. 2) [7].  

 

   
a                                     b 

nax. 1. anodirebuli danafarebis sisqis kontroli (x100). a _ 100_110 mkm, b _ 150_160 mkm  

 

 
 

nax. 2. fardobiTi meqanikuri simtkicis sazomi danadgaris sqema 
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masiuri fila (1), romelzedac magrdeba sakvlevi nimuSi (2) eleqtroZravas (7) meSveobiT 

nela moZraobs win da ukan. Ffilis Sua nawilSi П-sebr (3) sadgarSi gadaadgildeba Rero (6), 

romlis qveda nawilze mimagrebulia danafarze moxaxune xelsawyos muSa ubani, xolo zedaze 

disko (5), romelzec iwyoba saWiro sididis tvirTi. Ddiskosa da sadgars Soris Camagrebulia 

zambara (4), romelic isea SerCeuli, rom Rero exeba danafaris zedapirs, magram ar awveba mas. 

eleqtrosacecebTan (8) Sexebisas fila icvlis moZraobis mimarTulebas. kolofSi (9) damon-

taJebulia xelsawyos eleqtruli kvebis sqema. Reros qveda boloze Cven mier damagrebulia 

BK-8 sali Senadnobis konusuri buniki, romelic Tavisi momrgvalebuli wveroTi exeba 

danafaris zedapirs. Reroze datvirTvis SerCeva xdeba iseTnairad, rom danafari waiSalos 

ramdenime aTeuli gasmis Semdeg. nimuSebis fardobiTi mdgradoba cveTis mimarT ganisazRv-

reba danafaris sruli waSlisaTvis saWiro gasmaTa raodenobis mixedviT. 

me-3 nax-ze warmodgenilia sakvlevi nimuSis zedapiri cveTaze gamocdis win da gamoc-

dis Semdeg.  

  
 a                b 

nax. 3. nimuSis zedapiri cveTaze gamocdis win (a) da gamocdis Semdeg (b) 

 

kvlevebi Catarda sxvadasxva reJimiT damzadebul sam nimuSze: 1 _ Cveulebrivi 

anodireba 0,015 a/sm2 denis simkvrivisa da 90 wT xangrZlivobis pirobebSi; 2 _ sali 

anodireba 0,1 a/sm2 denis simkvrivisa da 15 wT xangrZlivobisas; 3 _ sali anodireba 0,25 

a/sm2 denis simkvrivisa da 15 wT xangrZlivobis pirobebSi. Sedegebi mocemulia me-2 

cxrilSi. 

 

 cxrili 2 

cveTamedegobaze Catarebuli kvlevis Sedegebi 
 

№ nimuSis № datvirTva, g gasmaTa raodenoba 

1 1 190 12_14 

2 1 280 9_10 

3 1 370 5_6 

4 2 190 32_35 

5 2 280 24_26 

6 2 370 21_22 

7 3 190 38_41 

8 3 280 30_32 

9 3 370 23_24 
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rogorc cxrilidan Cans, cveTis mimarT medegobis saukeTeso SedegiT gamoirCeoda 

sali anodirebiT ( 0,25 a/sm2 denis simkvrivisa da 15 wT xangrZlivobis pirobebSi) miRe-

buli danafarebi. garda amisa, aseTi danafarebi ar xundeba da inarCunebs Sav fers rTul 

klimatur pirobebSi gamocdebis Semdegac [8]. 

amrigad, Catarebulma kvlevebma cxadyo, rom B95 markis (AlZn6MgCu) aluminis Senad-

nobis zedapirze Savi cveTamedegi danafaris misaRebad saWiroa: 

nimuSebis zedapiris momzadeba _ gaucximoeba acetoniT, mowamvla kaustikuri sodis 

9_10 da azotmJavas 10_15%-ian wyalxsnarebSi;  

sali anodireba _ eleqtrolizuri oqsidireba minis abazanaSi 5,00C-ze nakleb 

temperaturaze, sadac gamoyenebulia aluminis sadenebi, mWidro kontaqti, tyviis furclis 

kaTodi, eleqtrolitad gogirdmJavas 18%-iani wyalxsnari. oqsidireba mimdinareobs 0,25 

a/sm2 denis simkvrivisa da 15_20 wT xangrZlivobis pirobebSi; 

 qimiuri SeRebva _ anilinis Savi saRebavis 1_1,5%-ian wyalxsnarSi 50_600C 

temperaturaze. 
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masalaTmcodneoba 

 

duraluminis zedapiris dafarva Savi, cveTamedegi feniT 

v. RaribaSvili, v. metreveli, z. mirijanaSvili, z. jabua, i. kupreiSvili 

(f. TavaZis metalurgiisa da masalaTmcodneobis instituti) 

 

 reziume: aluminis Senadnobis AlZn6MgCu zedapiris gaSaveba ganxorcielda misi anodi-

rebiT da Semdgomi SeRebviT. saukeTeso damcavi Tvisebebi cveTisa da gaxunebis (gafer-

mkrTalebis) mimarT aRmoaCnda gogirdmJavas xsnarSi salad anodirebul (<50C) da anilinis 

Savi saRebaviT SeRebil nimuSebs. 

 

 

 

MATERIALS SCIENCE 

 

COATING OF DURALUMIN SURFACE BY BLACK, WEAR- RESISTANT LAYER  

V. Garibashvili, V. Metreveli, Z. Mirijanashvili, Z. Jabua, I. Kupreishvili 

(F. Tavadze Institute of Metallurgy and Materials Science) 

 

Rezume: The blackening of the AlZn6MgCu aluminum alloy was done by the method of anodizing and 

colouring. The samples, which were hard anodized in sulfuric acid solution (<50C) and coloured by black aniline dye 

have the best protective properties against wear and fading.  

  

 

 

 МАТЕРИАЛОВЕДЕНИE 

 

ПОКРЫТИЕ ПОВЕРХНОСТИ ДЮРАЛЮМИНИЯ ЧЕРНЫМ ИЗНОСОСТОЙКИМ 

СЛОЕМ 

В. Гарибашвили, В. Метревели, З. Мириджанашвили, З. Джабуа, И. Купреишвили 

(Институт металлургии и материаловедения им. Ф.Тавадзе) 

 

Резюме: Методом анодирования и окраски осуществлено чернение алюминиевого сплава AlZn6MgCu. 

Лучшими защитными свойствами против износа и обесцвечивания обладают образцы, твердоанодированные 

(<50C) в растворе серной кислоты и окрашенные черным анилиновым красителем.  
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erbiumis monoteluridis firebis miReba, maTi optikuri da eleqtruli 

Tvisebebi 

z. jabua, i. tabataZe, a. gigineiSvili 

(saqarTvelos teqnikuri universiteti) 

 

 

komponentebis ori damoukidebeli wyarodan vakuumur-Termuli aorTqlebis meTodiT 

pirvelad CvenTan (stu-is fizikis departamentSi) damuSavda erbiumis monoteluridis Txeli 

firebis damzadebis teqnologia. erbiumis asaorTqleblad gamoyenebuli iyo eleqtronul-

sxivuri amaorTqlebeli, xolo teluris asaorTqleblad _ joulis gamxurebeli. dafenis 

procesSi erbiumisa da teluris aorTqleba xdebobda, Sesabamisad, ~1800 K da 795 K tempera-

turebze. amaorTqleblebis daSoreba fuZeSridan Seadgenda, Sesabamisad, 55 da 40 mm-s. 

amaorTqleblebis RerZebis daxris kuTxeebi fuZeSris normalis mimarT erbiumisaTvis ~200-ის, 

xolo telurisaTvis ~350-is toli iyo. firis dafenis siCqare icvleboda ~30–45 Å/wm fargleb-

Si, fuZeSris temperatura ki _ 750–1200 K farglebSi. fuZeSris optimalurze dabali tempe-

ratura xels uSlida adsorbirebuli atomebis Tanabar ganawilebas, rac iwvevda maT daj-

gufebas sxvadaxva sisqis „kunZulebad“. maRal temperaturebze xdeboda axlad gamoleqili 

atomebis mowyveta fuZeSridan da maTi aorTqleba. mravaljeradi cdebiT dadginda, rom ErTe 

firis dafenisaTvis fuZeSris optimaluri temperatura aris ~1125 K . 

sawyis masalebad gamoyenebuli iyo ЭрМ-1 markis erbiumi (kontrolirebadi minarevebis 

La, Ce, Nd jamuri SemcvelobiT: Ta an Mo ≤0.2,≤ Fe≤0.01%, Ca≤0.01%, Cu≤0.01%, Cu≤0.01%, Ta≤0.02%) da 

ТeЧ markis teluri (99,999 % teluris SemcvelobiT). 

  miRebuli firebis fazur Sedgenilobasa da kristalurobaze, dafenis temperaturisa 

da fuZeSris masalis zemoqmedebaze Seswavla xdeboda rentgenodifraqciuli da 

eleqtronografiuli meTodebiT. aRmoCnda, rom fuZeSris masala praqtikulad araviTar 

zegavlenas ar axdens miRebuli firebis kristalurobaze. 

fuZeSreebis 1125KK-ze dabal temperaturebze miRebuli firebis zeda fenebi calke fazis 

saxiT Seicavda Er liTonur CanarTebs. zedapiruli fenebis momdevno fenebi warmoadgenda 

samariumis monoteluridis kristalebs. 1125KK-ze ufro maRal temperaturაze firebi Seicavdა 

or fazas: zedapiruli faza warmoadgenda erbiumis 1,5-ian telurids, xolo qveda fazebi _ 

sakuTriv erbiumis monotelurids. mxolod fuZeSris 1125 KKtemperaturaze gaxda SesaZlebeli 

erbiumis monoteluridis erTfaza firebis miReba. mxolod zedapiruli Zalian Txeli faza 

Seesabameboda erbiumis 1,5-ian telurids, rac gamowveuli iyo imiT, rom xSirad ver 

xerxdeboda momzadebuli firebis dacva teluris orTqlisagan. 

am zedapiruli fenis mocileba xdeboda meqanikuri polirebiT almasis pastis meSveobiT, 

romlis marcvlebis zomebi Zalian mcire iyo. Tumca es iwvevda firis zedapiris amorfulobas 

daaxloebiT 510-9 m sisqeze (eleqtronoskopuli gamokvlevebiT). rogorc eleqtronografiulma 

da rentgenodifraqciulma kvlevebma daadastura, amgvarad damuSavebeli firebi aRar Seicavs 

erbiumis 1,5-iani teluridis kvals. cxadia, aseT SemTxvevebSi sasurvelia eleqtroqimiuri 

momwamlavi nivTierebis gamoyeneba, magram samecniero literaturaSi ar moipoveba monaceme-
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bi aRniSnuli nivTierebis arsebobis Sesaxeb. erbiumis monoteluridis 1125 K tempera-

turaze miRebuli firis rentgenodifraqtograma mocemulia 1-l nax-ze. firebs aqvs kargad 

Camoyalibebuli sufris marilis struqtura gisosis mudmivaTi a=6.03Å, rac zustad Seesa-

bameba samecniero literaturaSi moculobiTi kristalebis Sesaxeb arsebul monacemebs [1].  

  
nax. 1. ErTe Txeli firis rentgenodifraqtograma 

(fuZeSre _ safironi, firis sisqe _ 1.1 mkm) 

 

 
 

nax. 2. ErTe Txeli firis STanTqmis speqtri 

 

oTaxis temperaturaze fotonebis energiaTa SualedSi (0.5–4.5 ev) Seswavlil iqna 

miRebuli firebis STanTqmis speqtri. tipuri speqtri moyvanilia me-2 nax-ze. rogorc 

naxazidan Cans, kargadaa gamokveTili STanTqmis Zlieri oTxi zoli _ E1, E2 E3 da E4; ener-

giebis maqsimumia, Sesabamisad, 1.2, 2.0, 2.8 da 3.5 ev. radgan erbiumis teluridis zonuri 

agebulebis sqema ar arsebobs, am SemTxvevaSi SegviZlia visargebloT [2] naSromSi samariu-

mis monohalkogenidebis analizisaTvis gamoyenebuli meTodikiT, romelic efuZneba metfes-

elis [3] mier evropiumis monohalkogenidisaTvis Sedgenili zonuri agebulebis sqemas [4] 

da CaF2-Si, SrCl2-sa da sxva kristalebSi minarevis saxiT Seyvanili orvalentiani samariumis 

ionis STanTqmis speqtrs [5, 6]. am sqemis mixedviT, STanTqmis kide da STanTqmis pirveli 

maqsimumi ganpirobebulia 4f eleqtronebis eleqtronuli gadasvlebiT qveda 5d(t2g) zonaSi, 

romelsac mdgomareobis simkvrivis ori maqsimumi aqvs, xolo E3 maqsimaluri energiis 

mqone zoli dakavSirebulia eleqtronul gadasvlebTan zeda 5d(eg) zonaSi, romelsac spin-
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orbituli gaxleCis Sedegad aseve aqvs mdgomareobis simkvrivis ori maqsimumi. [6] naSromSi 

mocemulia SmX STanTqmis speqtris odnav gansxvavebuli interpretacia. sruli hamilto-

niani samariumis orvalentiani ionis 4f55d agznebuli mdgomareoba ase Caiwereba: H=H(0)+Hკვ.(d)+ 

+Hელ.(t)+ Hს.ო.(f)+ Hელ.(f,d)+Hს.ო.(d)+Hკვ.(f), Hsadac Hკვ., Hელ. da Hsო. aRniSnavs hamiltonianSi, Sesabamisad, 

kristaluri velis eleqtrostatikuri ganzidvis spin-orbitul urTierTqmedebas. [7]-is Ta-

naxmad, SeiZleba bolo sami wevri ugulebelvyoT. pirveli miaxloebiT SeiZleba aseve ukuvag-

doT Hს.ო.(f) wevri, vinaidan f eleqtronebis spin-orbituli kavSiri, albaT, mcirea. 

kulonuri urTierTqmedeba nawilobriv xsnis misive 4f5 -is gadagvarebas, qmnis 6H, 6F da 6P 

seqstetebs. me-3 nax-ze moyvanilia samariumis orvalentiani ionis energetikul mdgomareo-

baTa doneebis sqema samariumis monohalkogenidebSi. yovelive amis gaTvaliswinebiT ErTe 

STanTqmis speqtrebis identifikacia SeiZleba moxdes Semdegi eleqtronuli gadasvlebiT 

ZiriTadi 4f6(7F0) mdgomareobidan: E1 – 4f5(6 H)5d( t2g), E2 – 4f5(6F)5d( t2g), E3 – 4f5(6H)5d( eg),  

E4 – 4f5(6F)5d(eg).  

 
 

nax. 3. Sm+2 energetikuli doneebis  

sqema monohalkogenidebSi 

 

100–500 K temperaturul intervalSi Seswavlilia ErTe firebis holis mudmivas, kuTri 

winaRobisa da Termuli emZ-is temperaturaze damokidebuleba (nax. 4 6). yvela gazomva 

Catarebulia erTsa da imave erTfaza ErTe firebze, romlebic dafenili iyo sitalis 

fuZeSreze. holis mudmiva gazomil iqna mudmivi denisa da mudmivi magnituri velis 

pirobebSi (magnituri velis daZabuloba _ 20 000 erstedi), xolo eleqtrowinaRoba _ 

kompensaciuri meTodiT; Termuli emZ gazomil iqna absoluturi meTodiT da Setanil iqna 

spilenZis Termuli emZ-is Sesworeba. holis mudmivas gazomvis sizuste Seadgenda ~8–10 %-s, 

xolo kuTri winaRobis da Termuli emZ-isa _ ~4–5 %-s. 

cdebis Sedegad dadasturda, rom holis mudmivas niSani Seesabameba n tipis gam-

tarobas da is temperaturis mixedviT ar icvleba (nax. 4), rac imaze miuTiTebs, rom eleq-

tronebis koncentracia mudmivia. me-5 nax-danDDCans, rom kuTri winaRoba temperaturis mi-

xedviT TiTqmis wrfivad izrdeba. yovelive es safuZvels gvaZlevs vivaraudoT, rom 

samvalentiani ime-s (iSviaT miwaTa elementebi) teluridebis eleqtruli Tvisebebis aRwe-

risas SesaZlebelia gamoyenebul iqnes erTvalentiani liTonis modeli. me-7 da me-8 nax-

ebze mocmulia ErTe firebis eleqtronebis koncentraciisa da Zvradobis damokidebuleba 

temperaturaze. 
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nax . 4. E ErTe Txel firSi holis mudmivas 

damokidebuleba temperaturaze  

 

 
 

nax. 5. E ErTe Txeli firis kuTri winaRobis  

damokidebuleba temperaturaze 

 

 

nax. 6. ErTe Txeli firis Termuli emZ-is  

damokidebuleba temperaturaze 
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nax. 7. E ErTe Txeli firis eleqtronebis koncentraciis 

damokidebuleba temperaturaze 

 

rogorc am naxazebidan Cans, eleqtronebis koncentracia 1022 sm-3 rigisaa da is mud-

mivia, Zvradoba ki temperaturis gazrdiT mcirdeba. aRsaniSnavia is faqti, rom ErTe fi-

rebis Termul emZ-s aqvs dadebiTi niSani da misi damokidebuleba temperaturaze rTuli 

xasiaTisaa (nax. 6). 

cnobilia, rom Termuli emZ iTvleba masalis eleqtronuli Tvisebebis yvelaze mgrZ-

nobiare kinetikur Tvisebad. erTzoniani liTonebisaTvis muxtis erTi tipis gadamtanebis 

SemTxvevaSi Termuli emZ-is koeficienti ase Caiwereba: 

 

α = , 

 

sadac e eleqtronis muxtia, T _ absoluturi temperatura, σ – eleqtrogamtaroba. Teo-

riulad cnobilia, rom eleqtrogamtarobis dasadgenad saWiroa vicodeT, Tu rogor 

icvleba σ(ε) fermis doneze damokidebulebiT da amis Semdeg unda vipovoT σ(ε) warmoebuli 

ε-is mixedviT ε = ξ-Tvis, sadac ξ fermis faqtobrivi donea. am SemTxvevaSi σ(ε)-is sidide 

ganisazRvreba rogorc muxtis gadamtanebis cvlilebiT, romlebic SeiZleba gaibnen, aseve 

maTi Tavisufali ganarbenis sigrZis λ cvlilebiT kvaziimpulsisagan damoukideblad: 

 

α = 
	

, 

sadac S fermis zedapiris farTobia. 

amrigad, Termuli emZ Sedgeba ori wevrisagan, romelTagan pirveli dakavSirebulia 

muxtis gadamtanebis gabnevasTan, xolo meore  briluenis zonis agebulebis Tavise-

burebasTan. am ori wevris kombinacia gansazRvravs Termuli emZ-is niSans da sidides. 

aRsaniSnavia, rom spilenZis, vercxlis, oqrosa da sxva erTvalentiani liTonebis Termuli 

emZ-is niSani dadebiTia, maSin rodesac holis mudmivas aqvs uaryofiTi niSani [2]. aseTive 

efeqti SeimCneva terbiumis monosulfidisaTvis [8]. amasTan, j. robinsonis mixedviT [9], Ta-

visufali eleqtronebis modelisTvisac λ(ε)-s SeiZleba hqondes uaryofiTi niSani δ  δε 

wevrSi, xolo Termul emZ-s  dadebiTi niSani.  
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nax. 8. E ErTe Txeli firis eleqtronebis Zvradobis 

damokidebuleba temperaturaze 

  

zemoaRniSnulidan gamomdinare, SeiZleba davuSvaT, rom samvalentiani ime-is mono-

halkogenidebis Termuli emZ-is qceva ar ewinaaRmdegeba erTvalentiani liTonebisaTvis 

Seqmnil models. 
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masalaTmcodneoba 
 

erbiumis monoteluridis firebis miReba, maTi optikuri da eleqtruli 

Tvisebebi 

z. jabua, i. tabataZe, a. gigineiSvili 

(saqarTvelos teqnikuri universiteti) 

 reziume: saqarTvelos teqnikuri universitetis fizikis departamentSi pirvelad 

damuSavda erbiumis teluridis Txeli firis miRebis teqnologia komponentebis ori da-

moukidebeli wyarodan vakuumur-Termuli aorTqlebis meTodiT. Ffirebs aqvs NaCl-is tipis 

kuburi gisosi. gisosis mudmiva a	= 6,03Å-s. oTaxis temperaturaze Seswavlilia miRebuli 

firebis STanTqmis speqtri da Catarebulia misi analizi. 100_500 KKtemperaturul inter-

valSi gamokvleulia holis mudmivas, kuTri eleqtrowinaRobis da Termuli emZ-is tem-

peraturaze damokidebuleba. naCvenebia, rom eleqtrofizikuri TvisebebiT ErTe-is firebi 

uaxlovdeba liTons. 

 

  MATERIALS SCIENSE 
 

PREPARATION OF ERBIUM MONOTELLURIDE FILMS, AND THEIR OPTICAL AND 

ELECTRICAL PROPERTIES 

Z. Jabua, I. Tabatadze, A. Gigineishvili 

(Georgian Technical University)  

 

 Resume: For the birsttime there was worked out the technology of preparation of thin crystalline ErTe films by 

vacuum-thermal evaporation from two independent source of components. Thin films had cubic crystalline structure 

with lattice parameters a=6,03Å. There have been obtained absorbtion spectra of prepared films at 300 K. The 

electroresistivity, Hall constant and thermoelectric power of the films have been measured in the temperature range 

100_500 K as function of themperature. There is shown that ErTe is metal. 

  

  

 МАТЕРИАЛОВЕДЕНИЕ 

 

ПРИГОТОВЛЕНИЕ ПЛЁНОК МОНОТЕЛЛУРИДА ЭРБИЯ, ИХ ОПТИЧЕСКИЕ И 

ЭЛЕКТРИЧЕСКИЕ СВОЙСТВА 

З. Джабуа, И. Табатадзе, А. Гигинеишвили 

(Грузинский технический университет) 

 

 Резюме: В департаменте физики Грузинского технического университета впервые разработана 

технология приготовления тонких пленок ErTe методом вакуумно-термического испарения из двух 

независимых источников компонентов. Пленки имеют кубическую структуру типа NaCl с постоянной решетки 

a=6,03Å. При 300 К изучен спектр поглощения и проведён его анализ. В области температур 100_500 K 

исследована температурная зависимость удельного электросопротивления, постоянной Холла и термо _ ЭДC. 

Показано, что пленки ErTe по своим электрофизическим свойствам близки к металлам. 
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samSeneblo meqanika 

 

 

qanebis Sedgenilobisa da reliefis zegavlenis gamokvleva ferdobis 

mdgradobaze asaSenebeli nagebobebis da seismuri datvirTvebis 

gaTvaliswinebiT* 

p. menabdiSvili 

(l. samxaraulis saxelobis sasamarTlo eqspertizis erovnuli biuro; k. zavrievis 

samSeneblo meqanikis, seismomedegobisa da sainJinro eqspertizis centri) 

 

ferdobis mdgradobis problemam gansakuTrebuli aqtualuroba SeiZina mas Semdeg, 

rac adamianis bunebaze zemoqmedebis Sedegad dairRva maT Soris balansi. kerZod:  Tavi-

sufali miwis nakveTebis deficitis gamo Zalze gaxSirda mSeneblobisa da soflis meur-

neobisaTvis mewyruli teritoriebis aTviseba, adamianis saqmianobis intensifikacia geo-

logiur garemoSi, rac iwvevs mTel rig iseT arasasurvel movlenebs, rogoricaa arsebuli 

mewyrebis gaaqtiureba da axlis warmoqmna. msoflio statistikis Tanaxmad, Tanamedrove 

viTarebaSi mewyrebis Camowolis daaxloebiT 80 % dakavSirebulia sainJinro-sameurneo 

saqmianobasTan. cnobilia, rom mewyrebi ara marto uzarmazar materialur zarals ayenebs 

mosaxleobas, aramed xSir SemTxvevaSi iwvevs adamianis msxverplsac. magaliTad, 1920 wels 

miwisZvriT gamowveulma mewyerma CineTSi 100000 adamiani imsxverpla; 1963 wlis 9 oqtombers 

italiis alpebSi md. piaves xeobaSi vaiontis 265.5 m simaRlis TaRovani kaSxlis midamoebSi 

ganviTarebuli mewyris Sedegad wyalsacavis ferdobidan daiZra qanebis uzarmazari masa _ 

240 mln m3 da daikava wyalsacavis qvabuli. gadmoRvrilma wyalma mTlianad waleka 

dasaxlebuli adgilebi da 3 aTasamde adamiani Seiwira; 2006 wlis TebervalSi filipinebze 

momxdari mewyeri gaxda 2000 adamianis daRupvis mizezi. 

ferdobis mdgradobis ganxilvisas seismuri zemoqmedebis efeqtis Seswavla erT-erT 

ZiriTad sakiTxs warmoadgens. miwisZvris dros SesaZlebelia rogorc bunebrivi, aseve xe-

lovnuri ferdobis mewyruli procesebis ganviTareba. gruntis daZvra ZiriTadad viTar-

deba iseTi miwisZvrebis dros, rodesac magnituda icvleba 5.5÷8.5 farglebSi, xolo epi-

centruli manZili _ ramdenime kilometridan aseul kilometramde. bunebriv ferdobebze 

aseT dros SeiZleba ganviTardes mewyeri, romelmac, SesaZloa, dasaxlebuli punqtebis 

didi ngreva da msxverpli gamoiwvios. es sakiTxi gansakuTrebiT aqtualuria saqarTvelo-

saTvis, romlis mTeli teritoriis seismuroba 7÷9 baliT ganisazRvreba. magaliTad, raWis 

1991 wlis miwisZvris magnitudam 6.9-s miaRwia, xolo 2009 wlisam – 6.0-s. Jinvalis miwis 

kaSxalze, romlis ferdobebis seismuri mdgradobis uzrunvelyofa uaRresad aqtualuria, 

bevri ramea damokidebuli, maT Soris Tbilisis wyalmomaragebac. TviT TbilisSi miwis 

nakveTebis ukmarisobisa da infrastruqturis ganviTarebis gamo aqtiurad mimdinareobs 

maRlivi korpusebis mSeneblobebi, romlebic ZiriTadad ferdobebis aTvisebiT xdeba. Seno-

                                                 
* proeqti ganxorcielda SoTa rusTavelis saxelobis saqarTvelos erovnuli samecniero fondis fi-

nansuri xelSewyobiT (granti 11/09). winamdebare publikaciaSi gamoTqmuli nebismieri azri ekuTvnis 

avtors da SesaZlebelia ar asaxavdes SoTa rusTavelis saxelobis saqarTvelos erovnuli samec-

niero fondis Sexedulebebs. 
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bebis usafrTxo eqspluataciisaTvis aucilebelia mSeneblobis dawyebamde ferdobebis 

yovelmxrivi gamokvleva da maTi seismuri mdgradobis uzrunvelyofa.  

ferdobebis mdgradobis Sefasebis yvelaze gavrcelebuli meTodebiT miRebuli ga-

angariSebebi dakavSirebulia mTeli procesis mniSvnelovan sqematizaciasTan, romelic 

xSirad iwvevs saangariSo sqemis gadaxras realuri mdgomareobidan, rasac sabolood fer-

dobis mdgradobis araswori Sefaseba mosdevs. es ZiriTadad gamowveulia srialis zeda-

piris ufro rTuli konfiguraciiT, vidre amas gaangariSeba iTvaliswinebs; an namdvili 

gadanacvleba xdeba ara erT zedapirze, aramed im zonis farglebSi, sadac aris dabali 

simtkicis gruntebi an mZvrel Zabvebs aqvs gadidebuli mniSvnelobebi. gaangariSebis umrav-

lesobaSi srulad ar aris gaTvaliswinebuli srialis zonaSi daZabul-deformirebuli 

mdgomareoba (ddm), Zabvebis gadanawileba da misi gavlena gruntebis formirebasa da simt-

kiceze. miuxedavad aseTi gaangariSebebis SedarebiTi simartivisa, ferdobis miRebuli 

mdgradobis Sefaseba umetesad arasaimedoa. yvelaze utyuari Sedegebi miiReba masivebis 

erTgvarovani qanebis Sedgenilobisas da ferdobis zedapiris SedarebiT martivi konfigu-

raciis dros. geologiuri agebulebis araerTgvarovnebis gaTvaliswinebis aucileblobis, 

gadanacvlebis meqanizmis da srialis zedapiris ararsebobis gamo zemoT naxsenebi ga-

angariSebebi rTuldeba da xSirad usargeblo xdeba. yvela es gaangariSeba SeiZleba 

gamoyenebul iqnes mxolod im SemTxvevaSi, Tu mkacrad iqneba daculi maTze dafuZnebuli 

gamartivebebi da daSvebebi.  

Cveni azriT, yvelaze perspeqtiulia ferdobis mdgradobis gaangariSebis is meTodebi, 

romlebic dafuZnebulia qanebis simtkicisa da Zabvebis velis Sepirispirebaze da aqedan 

mdgradobis velis miRebaze. amgvarad dasmuli amocana daiyvaneba Sesaswavli masivis TiTo-

eul wertilSi mZvreli 1  da 2  integraluri mniSvnelobebis moZebnaze, maT ganpirobebu-

lobaze da K
md.

-is kerZo da mTliani velis mniSvnelobebis miRebaze. 

masivebis ddm amocanis gadasawyvetad yvelaze perspeqtiulia modelirebis meTodebi, 

romlebic dafuZnebulia im diferencialuri gantolebebis gadawyvetaze, romlebic aR-

weren am mdgomareobas fizikuri meTodebiT modelirebisa da kompiuteris gamoyenebiT. 

amJamad am gamokvlevebis safuZvlad ZiriTadad gamoyenebulia sasrul elementTa meTodi 

(sem), romelic warmoadgens Tanamedrove mZlavr,  universalur ricxviT meTods rTuli 

samecniero-teqnikuri amocanebis gadasawyvetad. 

warmodgenil naSromSi ganxilulia Cven mier damuSavebuli ferdobis gaangariSebis 

meTodika sem-is gamoyenebiT. masze asagebi nagebobebis urTierTqmedebis gaTvaliswinebiT 

gaangariSeba sruldeba bijur-iteraciuli meTodiT gruntis fizikurad arawrfivi sas-

ruli elementis gamoyenebiT. gruntebis Taviseburebebis gaTvaliswineba xdeba maqsimaluri 

mxebi ZabvebisTvis mori-kulonis damokidebulebis safuZvelze 

   1 2 1 2sin 2 cos .SR           

rodesac mTavari 1N  da 2N  Zabvebi akmayofilebs 1 2,S SN R N R 
 
utolobebs, maSin 

sruldeba wrfivi gaangariSeba, winaaRmdeg SemTxvevaSi gaangariSeba xdeba iteraciuli 

procesiT. 

sawyis monacemebad gruntis sasrul elementSi gamoiyeneba Semdegi sidideebi: E 

drekadobis moduli,  puasonis koeficienti, 0R  moculobiTi wona, CR _Zvris SeWi-

duloba, SR  zRvruli Zabva gaWimvis dros,  Siga xaxunis kuTxe. 

amocana ganixileba brtyeli deformaciis sqemiT, romelSic gaTvaliswinebulia Zvra. 
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sakvlev obieqts warmoadgens ferdobi, romelzedac Sendeba mravalsarTuliani 

saxli. ferdobi Sedgeba sami zonisagan; esenia: Zlier gamofituli qanebi, gamofituli 

qanebi da sustad gamofituli qanebi. 

ZiriTadi modelis damuSavebamde Sesrulda ramdenime testuri amocana sxvadasxva 

sasazRvro pirobiT, sadac modelirebul iqna rogorc qviSaqvis, aseve argilitebis fenac. 

am modelebSi sasruli elementebis zoma qviSaqvisaTvis da argilitisaTvis sigrZiT 0.7 m-

ia, xolo siganiT _ 0.5 m. aRniSnul testur amocanebSi modelis muSaobis Sesafaseblad 

Sesrulda gaangariSebis mravali varianti. kerZod, icvleboda rogorc sasazRvro piro-

bebi, aseve qviSaqvis da argilitis fenebis sawyisi monacemebi. 

miRebuli Sedegebidan aSkarad Cans, rom SesaZlo srialis zedapirebs argilitis 

Sreebi warmoadgens. am Sedegebis guldasmiTi analizis Sedegad SemuSavebul iqna fer-

dobis ZiriTadi saangariSo modeli, romelic Seqmnilia geologiuri gamokvlevebis mona-

cemebis mixedviT. realizebul iqna sasrul elementTa meTodis upiratesoba sxva meTo-

debTan SedarebiT. kerZod, saangariSo modeli maqsimalurad iqna miaxloebuli realur 

mdgomareobasTan: modeli zustad aRwers ferdobis profils, fenebis daxrilobas, 

romelic 40 -s Seadgens, masze arsebuli ximinjebis ganlagebas da maT geometrias. aseve 

mTlian WrilSi modelirebulia qviSaqvisa da argilitis fenebis urTierTmonacvleoba. 

miRebuli daZabul-deformirebuli mdgomareobis Sesabamisad gamoiTvleba mTavari 

Zabvebi elementis Sua zedapiris simZimis centrSi: 

,
	 	

 
	 	

/

,	

udidesiNN  mTavari Zabvis kuTxis daxrilobaa 	RerZis mimarT: 

. 

miRebuli mTavari Zabvebis saSualebiT xdeba Wrilis mdgradobis Sefaseba. sasazRvro 

pirobebia: kveTis Ziris Camagreba Z-is mimarTulebiT, xolo gverdiTi mxareebisa _ X-is mi-

marTulebiT.  

gaangariSeba Sesrulebulia ori datvirTvis SemTxvevaSi. pirveli, rodesac ferdobze 

moqmedebs nagebobisagan gadacemuli datvirTva 8-baliani seismurobis gaTvaliswinebiT da 

meore, rodesac ferdobze moqmedebs mxolod sakuTari masa. 

qanebis Sedgenlobisa da reliefis zegavlenis Sesaswavlad, aseve saZirkvlis tipis 

SesarCevad ricxviTi eqsperimentebis saSualebiT Sesrulebul iqna gaangariSebis 10 vari-

anti; kerZod, rodesac saZirkvlis mowyoba xdeba:  

1.  mesame (sustad gamofitul) Sreze ximinjebiT (ximinjebze mosuli datvirTvebiT _ 

193 t, 229 t, 211 t da 153 t); pirveli da meore Sre (Zlier gamofituli qanebi da 

gamofituli qanebi) modelirebulia, rogorc argilitebi. Senobis marjvniv mdebare gamo-

fituli fena ar aris moWrili;  

2.  mesame (sustad gamofitul) Sreze ximinjebiT (ximinjebze mosuli datvirTvebi _ 193 

t, 229 t, 211 t da 153 t); pirveli da meore Sre (Zlier gamofituli qanebi da gamofituli 

qanebi) modelirebulia, rogorc 15 % qviSaqvis Semcveli argilitebi. Senobis marjvniv mde-

bare gamofituli fena moWrilia;  

3.  mesame (sustad gamofitul) Sreze ximinjebiT (ximinjebze mosuli datvirTvebi _ 193 

t, 229 t, 211 t da 153 t); pirveli da meore Sre (Zlier gamofituli qanebi da gamofituli 

qanebi) modelirebulia, rogorc 30 % qviSaqvis Semcveli argilitebi. Senobis marjvniv 

mdebare gamofituli fena moWrilia; 

4.  mesame (sustad gamofitul) Sreze ximinjebiT (ximinjebze mosuli datvirTvebi _ 193 

t, 229 t, 211 t da 153 t); pirveli da meore Sre (Zlier gamofituli qanebi da gamofituli 
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qanebi) modelirebulia, rogorc 30 % qviSaqvis Semcveli argilitebi. Senobis marjvniv mde-

bare gamofituli fena ar aris moWrili; 

5.  mesame (sustad gamofitul) Sreze ximinjebiT (ximinjebze mosuli datvirTvebia 193 

t, 229 t, 211 t. da 153 t); pirveli da meore Sre (Zlier gamofituli qanebi da gamofituli 

qanebi) modelirebulia, rogorc 30 % qviSaqvis Semcveli argilitebi. Senobis marjvniv 

mdebare gamofituli fena moWrilia naxevrad; 

6.  pirvel (Zlier gamofitul) Sreze monoliTuri rkinabetonis filaze (datvirTvebia 

193 t, 229 t, 211 t da 153 t); pirveli da meore Sre (Zlier gamofituli qanebi da 

gamofituli qanebi) modelirebulia, rogorc 30 % qviSaqvis Semcveli argilitebi. Senobis 

marjvniv mdebare gamofituli fena ar aris moWrili; 

7.  pirvel (Zlier gamofitul) Sreze monoliTuri rkinabetonis filaze (datvirTvebi 

_ 193 t, 229 t, 211 t da 153 t); pirveli da meore Sre (Zlier gamofituli qanebi da gamofi-

tuli qanebi) modelirebulia, rogorc 30 % qviSaqvis Semcveli argilitebi. Senobis marjv-

niv mdebare gamofituli fena moWrilia; 

8.  mesame (sustad gamofitul) Sreze ximinjebiT (ximinjebze mosuli datvirTvebi _ 193 t, 

229 t, 211 t da 153 t); pirveli da meore Sre (Zlier gamofituli qanebi da gamofituli qanebi) 

modelirebulia, rogorc 30 % qviSaqvis Semcveli argilitebi, Senobis marjvniv mdebare 

gamofituli fena moWrilia. daxrilobis mxares Camagreba moxsnilia X-is mimarTulebiT; 

9.  mesame (sustad gamofitul) Sreze ximinjebiT (mxolod gruntis seismuri 

datvirTvebi); pirveli da meore Sre (Zlier gamofituli qanebi da gamofituli qanebi) mo-

delirebulia, rogorc 30% qviSaqvis Semcveli argilitebi. Senobis marjvniv mdebare ga-

mofituli fena ar aris moWrili; 

10. mesame (sustad gamofitul) Sreze ximinjebiT (datvirTvebi _ 193 t, 229 t, 211 t da 

153 t gruntis seismuri datvirTvebis gareSe) pirveli da meore Sre (Zlier gamofituli 

qanebi da gamofituli qanebi) modelirebulia, rogorc 30% qviSaqvis Semcveli argilitebi. 

Senobis marjvniv mdebare gamofituli fena ar aris moWrili. 

1-l da me-2 nax-ebze mocemulia mTavari Zabvebis N1 da N2 ozovelebi. 

Catarebuli gamokvlevebis safuZvelze SeiZleba davaskvnaT: 

rogorc testuri, aseve sxvadasxva variantis gaangariSebam cxadyo, rom gaangariSebis 

Sedegebis sizuste da saimedooba ganisazRvreba sawyisi monacemebiT, kerZod E, ν, R0, Rc, Rs, -

is mniSvnelobebiT, amitom gaangariSebiT miRebuli Sedegebis utyuaroba mTlianad 

damokidebulia sainJinro-geologiuri gamokvlevebis monacemebze da Senobidan gruntze 

gadacemul saangariSo datvirTvebze; 

Catarebuli ricxviTi eqsperimentebis safuZvelze dadginda, rom gruntis masivebis 

daZabul-deformirebuli mdgomareobis da mdgradobis gamokvlevisas aucilebelia fizikuri 

arawrfivobis gaTvaliswineba;  

Tu SevadarebT gaangariSebis 1-l, me-2 da me-3 variantebs, davinaxavT, rom ferdobis 

pirvel da meore SreSi (Zlier gamofituli qanebi da gamofituli qanebi) qviSaqvis Semcve-

lobis gazrdiT Zvra 15 da 30 %-iT mcirdeba da Semdeg  TiTqmis mTlianad qreba. amitom 

realuri ferdobebis mdgradobis gansazRvrisaTvis aucilebelia ferdobis saangariSo 

modeli zustad asaxavdes ferdobis fenebis ganlagebas da maT geometriul zomebs;  

Tu ferdobis daxrilobis mxares nawilobriv movxsniT Camagrebas X-is mimarTulebiT, 

maSin xdeba gaTavisuflebuli fenebis Zvra da warmoiqmneba mewyruli procesi. amdenad, 

rodesac ferdobis daxrilobas emTxveva ferdobSi sxvadasxva qanis ganlageba, daxrilobis 

mxares winaswari gamagrebis gareSe ferdobis CamoWra dauSvebelia, radgan sxvadasxva 
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faqtoris Sedegad (magaliTad miwisZvra, Zlieri atmosferuli naleqebi, mZime teqnikiT 

gamowveuli vibracia), SesaZloa, myisierad ganviTardes mewyruli procesebi, amitom aseT 

SemTxvevebSi aucilebelia mSeneblobis dawyebamde gaangariSebis saSualebiT ferdobis 

mdgradobis gansazRvra da mewyersawinaRo nagebobis optimaluri variantis SerCeva; 
 

 

 
nax. 1. mTavari Zabvebis ozovelebi (N1) 

 

 

 

 
nax. 2 mTavari Zabvebis ozovelebi (N2) 

 

Tu SevadarebT gaangariSebis me-7 (saZirkveli mowyobilia pirvel Zlier gamofitul 

Sreze, monoliTuri rkinabetonis filaze) da me-3 (saZirkvli mowyobilia mesame sustad 

gamofitul Sreze ximinjebiT) variantebs, SevniSnavT, rom Zvra TiTqmis mTlianad qreba. 
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amitom axali Senobis saZirkvlis mosawyobad ricxviTi eqsperimentebis saSualebiT 

SesaZlebelia saZirkvlis optimaluri variantis SerCeva; 

mSenebare saxlis marjvniv mdebare amaRlebuli ubnis gamofituli fenis moWra aum-

jobesebs rogorc ferdobis daZabul-deformirebul mdgomareobas, aseve mis mdgradobas 

(ix. gaangariSebis me-6, me-5 da me-4 variantebi); 

miRebuli Sedegebis analizi cxadyofs, rom nagebobidan gruntze gadacemuli 

datvirTvebisas 8-baliani seismurobis gaTvaliswinebiT ferdobis mdgradobis koeficienti 

Seadgens 1,8-s, romelic akmayofilebs samSeneblo normebiT gansazRvruli ferdobis 

mdgradobis dasaSveb sidides, Tu moiWreba saxlebs Soris arsebuli amaRlebuli gzis 

viwro zolis gamofituli fena da Senoba dafuZnebuli iqneba sustad gamofitul fenaze. 

amrigad, warmodgenili midgomiT da ricxviTi eqsperimentebis saSualebiT, asaSenebeli 

nagebobebisa da seismuri datvirTvebis gaTvaliswinebiT ferdobis nebismieri reliefis, 

daxrilobis da qanebis Sedgenilobis dros SesaZlebelia ganisazRvros ferdobis daZabul-

deformirebuli mdgomareoba, mdgradobis veli, gamovlindes srialis zedapiri, dadgindes 

mdgradobis koeficienti, SerCeul iqnes saZirkvlis mowyobis optimaluri varianti da 

Sefasdes mewyersawinaRo nagebobebis efeqtianoba. 
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samSeneblo meqanika 
 

qanebis Sedgenilobisa da reliefis zegavlenis gamokvleva ferdobis 

mdgradobaze asaSenebeli nagebobebis da seismuri datvirTvebis 

gaTvaliswinebiT 

p. menabdiSvili 

(l. samxaraulis saxelobis sasamarTlo eqspertizis erovnuli biuro; k. zavrievis sam-

Seneblo meqanikis, seismomedegobisa da sainJinro eqspertizis centri) 

 

reziume: araxelsayrel sainJinro-geologiur da seismur pirobebSi mewyruli 

ferdobis mdgradobis Sefasebis SemoTavazebuli meTodika saSualebas iZleva ferdobis 

nebismieri reliefis, daxrilobisa da qanebis Sedgenilobis dros ganisazRvros ferdobis 

daZabul-deformirebuli mdgomareoba da mdgradobis koeficienti, dadgindes mdgradobis 

veli, gamovlindes srialis zedapiri, SerCeul iqnes saZirkvlis mowyobis optimaluri 

varianti da Sefasdes mewyersawinaRo nagebobebis efeqtianoba. 

 

 

STRUCTURAL MECHANICS 
 

INVESTIGATION OF ROCK COMPOSITION AND RELIEF EFFECT ON THE SLOPE 
STABILITY CONSIDERING THE LOADINGS OF THE STRUCTURES TO BE BUILT 
AND SEISMIC ONES 

P. Menabdishvili 

(L. Samkharauli National Bureau of Forensic exspertise; K. Zavriev Structural Mechanics, Seismic Stability and 
Engineering Examination Center)  

 

Resume: The methods of the slope steadiness calculation considering the mutual   influence of the structures 
under construction in disadvantageous and seismic conditions has been elaborated using the method of finite 
elements. The use of the elaborated methods allows determination of the slope deformed mode at the some inclination 
and soil composition, the obtaining of the field of steadiness, revealing of the sliding surface, establishment of the 
steadiness coefficient, selection of the optimum version of the foundation for the buildings under construction and 
estimation of the effectiveness of the structures against the land-slide. 

 
 

СТРОИТЕЛЬНАЯ МЕХАНИКА 
 

ИССЛЕДОВАНИЕ ВЛИЯНИЯ РЕЛЬЕФА И СОСТАВА ПОРОД НА 
УСТОЙЧИВОСТЬ СКЛОНА С УЧЕТОМ ВОЗВОДИМЫХ ЗДАНИЙ И 
СЕЙСМИЧЕСКИХ УСЛОВИЙ 

П. Менабдишвили 

(Национальное бюро судебной экспертизы им. Л. Самхараули; Центр строительной механики, сейсмостойкости и 
инженерной экспертизы им. К. Завриева) 

 
Резюме: Применение разработанной методики оценки взаимовлияния возводимых сооружений на 

устойчивость склона и существующих зданий, в неблагоприятных и сейсмических условиях позволяет при 
любом наклоне и любом составе грунтов склона определить напряженно-деформированное состояние, 
получить поле устойчивости, выявить поверхность скольжения, установить коэффициент устойчивости, 
выбирать оптимальный вариант фундаментов для возводимых зданий и оценить эффективность проти-
вооползневых сооружений. 
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 bunebrivi resursebi 

 

 

saqarTvelos bunebrivi ceoliTebis gamoyeneba saSen masalaTa 

danamatebad* 

r. sxvitariZe, v. ciciSvili, b. keSelava, g. winwkalaZe 

(l. samxaraulis saxelobis sasamarTlo eqspertizis erovnuli biuro; k. zavrievis 

samSeneblo meqanikis, seismomedegobisa da sainJinro eqspertizis centri) 

 

bunebrivi ceoliTebi kristaluri, hidratirebuli aluminsilikatebia. maTi struqtura 

Seicavs sicarieleebs, romlebiც Tavisuflad moZravi ionebiTa da wylis molekulebiTaa 

dakavebuli. maT axasiaTebT molekulur-sacruli unari da SeuZliaT aqtiuri monawileoba 

miiRon ionmimocvliT reaqciebSi. 

bunebaSi ceoliTebi ZiriTadad ori saxisaa – vulkanuri da vulkanur-danaleqi. 

vulkanuri ceoliTebi kristalebisa da monokristalebis saxiT bazaltebisa da monoklinuri 

qanebis RruebSia ganlagebuli da maTi kvleva mxolod samecniero interesebis sferos 

ganekuTvneba. aseTi ceoliTebი praqtikuli TvalsazrisiT did interess ar iwvevs. vulkanur-

danaleqi tipis ceoliTebi ki grandiozuli maragebis gamo praqtikuli miznebisaTvis 

gamosayeneblad mecnierebis gansakuTrebul yuradRebas imsaxurebs. 

dReisaTvis bunebrivi ceoliTebis cnobili 43 saxeobidan saqarTveloSi 15-ze metia 

aRmoCenili, romelTa saerTo maragi 250 mln t-s aRemateba [1,2], amitom am mineralebis kvleva, 

maTi Tvisebebis Seswavla da Semdgom praqtikuli TvalsazrisiT gamoyeneba Cveni qveynis 

ganviTarebisaTvis prioritetuli mimarTulebaa. 

betoni xelovnuri qvaa, romelic konglomeratulad Secementebul nivTierebaTa erTob-

liobas warmoadgens. igi XXI saukuneSic umTavres saSen masalad rCeba. miuxedavad garkveuli 

miRwevebisa, betonTmcodneobaSi saWiroa axali meTodebis Zieba, romelic minimumamde daiyvans 

betonis uaryofiT Tvisebebs, mis anizotropiulobas [3]. 

saqarTvelos samSeneblo bazari ukve iTxovs axali Taobis betonebs. amisaTvis saWiroa 

Tanamedrove teqnologiebis aTviseba, maTi adgilobriv pirobebTan morgeba, rac saqarTveloSi 

arsebul bunebrivi Semvsebebis da CvenSi warmoebuli cementebis bazaze maRali klasis beto-

nebis Sedgenilobis etalonuri variantebis dadgeniT, betonis Tvisebebis mamodificirebeli 

danamatebis SerCeviTaa SesaZlebeli. 

kompoziciuri saSeni masalebis struqturis modificirebis erT-erTi yvelaze gavrce-

lebuli meTodi maT SedgenilobaSi maRalaqtiuri mikro- da nanodanamatebis Seyvanaa. 

Tanamedrove samecniero masalaTmcodneobaSi ZiriTad nano- an mikrodanamatebad sxvadasxva 

warmoebis wvrildispersiuli siliciumisa da aluminis oqsidebi gamoiyeneba. bunebrivi 

ceoliTebi saintereso da perspeqtiul mineralur danamatad SeiZleba ganvixiloT [3]. 

Cveni interesis sferoSi moeqca saqarTveloSi moZiebuli yvela bunebrivi ceoliTi, 

romelTa maragi sawarmoo mniSvnelobisaa. sakvlev obieqtad aRebuli gvqonda danaleqi saxis, 

xuTi adgilmdebareobis ceoliTi – analcimi (quTaisi, gelaTi), lomontiti (Tbilisi, 

                                                 
* proeqti ganxorcielda SoTa rusTavelis saxelobis saqarTvelos erovnuli samecniero fondis fi-

nansuri xelSewyobiT (granti №AR/47/3-104/11). winamdebare publikaciaSi gamoTqmuli nebismieri azri 
ekuTvniT avtorebs da SesaZlebelia ar asaxavdes SoTa rusTavelis saxelobis saqarTvelos erovnu-
li samecniero fondis Sexedulebebs. 
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botanikuri baRi), mordeniti (bolnisi, ratevani), klinoptiloliti (kaspi, xandaki), filopsiti 

(guria, SuxuTi), aseve vulkanuri warmoSobis sqoleciti (quTaisi, kursebi).  

bunebaSi arsebuli ceoliTebi erTmaneTisagan gansxvavdeba rogorc qimiuri Sedgeni-

lobiT, ise struqturiT. orive es faqtori mniSvnelovan gavlenas axdens ceoliTis 

Tvisebebze. amitom saintereso iyo sxvadasxva struqturisa da qimiuri Sedgenilobis ceo-

liTebis gamoyenebis SesaZleblobis kvleva saSen masalaTa (cementisa da betonis) da-

namatebad. 

qimiuri analizis meTodiT Seswavlil iqna am ceoliTebis qimiuri Sedgeniloba, 

Sedegebi mocemulia 1-l cxrilSi. 

 

cxrili 1 
 

saqarTveloSi gavrcelebuli zogierTi bunebrivi ceoliTis 

qimiuri Sedgeniloba 
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Si02 53.92 62.75 70.70 61.26 50.04 48.55 

TiO2 - 0.31 0.20 0.32 0.39 - 

Al2O3 20.67 14.45 9.25 12.29 16.45 18.40 

Fe2O3 1.77 2.32 3.85 3.05 3.89 - 

FeO 1.22 0.51 0.38 0.15 0.36 - 

MnO 0.01 0.04 0.03 0.04 0.07 - 

MgO 0.65 1.32 0.38 0.01 1.90 - 

CaO 1.05 5.67 3.30 3.93 4.56 10.8 

Na2O 9.43 3.73 1.60 2.21 0.40 7.7 

K2O 2.82 0.42 1.25 0.82 7.50 7.1 

SO3 - - 0.04 0.24 - - 

P2O5 - 0.32 0.20 0.21 - - 

H2O 9.0 8.32 8.52 14.72 14.02 8.5 

ceoliTuri fazis 
Semcveloba, % 

65-75 55-65 50-65 70-80 60-80 80-95 
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ceoliTebis identifikaciisa da masSi ceoliTuri fazis Semcvelobis gansazRvris 

mizniT sakvlevi nimuSebi Seswavlili iyo rentgenodifraqtometruli da infrawiTeli  

speqtroskopiis meTodebiT. difraqtometr „dron-2~-ze Сu-К gamosxivebiT. skanirebis siC-

qarea 1 m/wT. ceoliTSemcveli qanebis difraqtogramebis safuZvelze gansazRvruli 

sibrtyeTSorisi manZilebi da pikebis intensiurobebi Sedarebuli iyo cnobil etalonur 

nimuSebTan. infrawiTeli speqtrebis Seswavla xdeboda speqtrofotometr UR-20-ze 

aluminsilikatis mesris sxivis ubanSi (400_1300 sm-1). 

1-l nax-ze mocemulia Cven mier Seswavlili bunebrivi ceoliTebis rentgenodifraq-

togramebi, romlebic srul TanxvedraSia etalonur nimuSebTan [5]. 

 
        550          450          350         250            150 

nax. 1. Seswavlili bunebrivi ceoliTebis rentgenodifraqtogramebi:  

1 _ klinoptiloliti; 2 _ filopsiti; 3 _ analcimi; 4 _ mordeniti; 5 _ lomontiti 

 

cxrili 2 
 

Seswavlili bunebrivi ceoliTebis infrawiTeli speqtrebis STanTqmis zolebis sixSireTa 

mikuTvneba aluminsilikatis mesris rxevis ubanze 

 

ceoliTi νdef νinter-def νintra-sim νinter-sim νintra-as νinter-as 

mordeniti 450 560,580,627 720 800 1068 1220 

klinoptiloliti 430,465 526,610,668 730 787 1062 1210 

lomontiti 440,465 
495,530,565, 

585,600 
- 775 960 

995,104, 

1090,1134 

analcimi 435,470 525,590 780 820 1045 - 

filopsiti 440 475,530,615 730 820 1040 1130 

sqoleciti 415,445 
487,517,545, 

585,605,635 
690 780 980 1070 
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νdef – deformaciuli rxeva; 

νinter-def – tetraedrebsSorisi deformaciuli rxeva; 

νintra-sim – Sigatetraedruli simetriuli valenturi rxeva; 

νinter-sim – tetraedrebsSorisi simetriuli valenturi rxeva; 

νintra-as – Sigatetraedruli asimetriuli valenturi rxeva; 

νinter-as – tetraedrebsSorisi asimetriuli valenturi rxeva; 

aseve srul TanxvedraSia etalonur nimuSebTan Seswavlili ceoliTebis infrawiTe-

li speqtrebi saSualo infrawiTel ubanSi. rentgenodifraqtometruli da infrawiTeli 

speqtroskopiis meTodebiT dadgenili iyo Seswavlil nimuSebSi ceoliTuri fazis Semcve-

loba (cxrili 1). 

sakvlevi ceoliTebi, rogorc danamatebi, Seswavlili iyo cementebis simtkiceze 

zegavlenis mosaxdenad. danamatis raodenoba Seadgenda 20%-s. kvlevis Sedegebi mocemulia 

me-3 cxrilSi. 

 

cxrili 3 

ceoliTuri danamatebis zegavlena cementis simtkiceze 
 

№ cementis tipi 
ceoliTuri 

danamati 

simkvrive 

ρ(t/m3) 

simtkicis zRvari, 

mpa 

Runvaze kumSvaze 

1 

CEM/42,5 

- 2.24 6.14 45.56 

2 mordeniti 2.20 6.36 25.80 

3 sqoleciti 2.23 6.32 26.18 

4 lomontiti 2.24 6.55 29.87 

5 analcimi 2.24 6.69 31.01 

6 filopsiti 2253 6.07 35.64 

7 klinoptiloliti 2.26 7.28 47.57 

 

rogorc cxrilidan Cans, TiTqmis yvela ceoliTuri danamati zrdis simtkices Runvaze, 

Tumca simtkice kumSvaze mcirdeba; gamonakliss warmoadgens ceoliTi klinoptiloliti, 

romelic SesamCnevad zrdis cementis simtkices rogorc Runvaze, ise kumSvaze. 

amrigad, ceoliTebis garkveuli raodenobiT Setanam cementis SedgenilobaSi 

SesaZlebelia gamoiwvios cementis xarisxis gaumjobeseba, rac samSeneblo sferoSi 

ceoliTebis gamoyenebis SesaZleblobis perspeqtivebs Seqmnis. 
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bunebrivi resursebi 

 

saqarTvelos bunebrivi ceoliTebis gamoyenebis perspeqtivebi saSen 

masalaTa danamatebad 

r. sxvitariZe, v. ciciSvili, b. keSelava, g. winwkalaZe 

(l. samxaraulis saxelobis sasamarTlo eqspertizis erovnuli biuro; k. zavrievis samSeneblo 

meqanikis, seismomedegobisa da sainJinro eqspertizis centri) 

 

reziume: Seswavlilia saqarTvelos bunebrivi ceoliTebis – analcimi, mordeniti, fi-

lopsiti, lomontiti, klinoptiloliti _ qimiuri Sedgeniloba. dadgenilia maTi identoba da 

ceoliTuri fazis Semcveloba. naCvenebia, rom cementebSi maTi danamatebis saxiT Setana 

aumjobesebs cementis xarisxs. am mxriv gansakuTrebiT efeqturi gamodga ceoliTi kli-

noptiloliti. 

 

 

  NATURAL  RESOURCE 

 

PROSPECTS OF APPLICATION OF GEORGIAN NATURAL ZEOLITES AS A BUILDING 

MATERIALS ADDITIONS 

R. Skhvitaridze, V. Tsitsishvili, B. Keshelava, G. Tzintzkaladze  

(L. Samkharauli National Bureau of  Forensic expertise; K. Zavriev Structural Mechanics, Seismic Stability and 

Engineering Examination Center) 

 

Resume: There is examined the chemical composition of Georgian natural zeolites – analcime, phelopsite, 

mordenite, laumontite, klinoptilolite _ established their identity and containment of zeolite phases. There is shown, that 

the introduction of the zeolites into the cement compositions, as a additions, leads to the improvement of the cement 

quality. From this point of view, the zeolite _ klinoptilolite was revealed the most effective. 

 

 

  ПРИРОДНЫЕ РЕСУРСЫ 

 

ПЕРСПЕКТИВЫ ИСПОЛЬЗОВАНИЯ ПРИРОДНЫХ ЦЕОЛИТОВ ГРУЗИИ В 

КАЧЕСТВЕ ДОБАВОК ДЛЯ СТРОИТЕЛЬНЫХ МАТЕРИАЛОВ 

Р. Схвитаридзе, В. Цицишвили, Б. Кешелава Г. Цинцкаладзе 

(Национальное бюро судебной экспертизы им. Л. Самхараули;  Центр строительной механики, 

сейсмостойкости и инженерной экспертизы им. К. Завриева) 

 

Резюме: Изучен химический состав природных цеолитов Грузии – аналцима, морденита, филипсита, 

сколецита, клиноптилолита. Установлена их идентичность и содержание цеолитной фазы. Показано, что 

введение цеолитов в цементы в качестве добавки улучшает свойства цемента. В этом плане наиболее 

эффективным оказался цеолит клиноптилолит. 
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arqiteqtura 

 

 

kolxeTis dablobis dasavleT zonaSi balneologiuri raionis 

formirebis zogierTi sakiTxi 

n. Aaxvlediani 

(saqarTvelos teqnikuri universiteti) 

 

saqarTveloSi sakurorto-samkurnalo da rekreaciuli resursebis koncentraciis 

maRali done xels Seuwyobs qveyanaSi sakurorto meurneobis ganviTarebas. 

saqarTvelos teritoriaze arsebuli hidromineraluri resursebi gamoirCeva wylebis 

fizikuri Tvisebebisa da qimiuri Sedgenilobis mravalferovnebiT. isini erTmaneTisagan gansx-

vavdebian airnajerobis, saeრTo mineralizaciis, biologiurad aqtiuri mikrokomponentebis 

Sedgenilobisa da sxv. xarisxiT. Tavisi SedgenilobiT ase gansxvavebuli saqarTvelos mine-

raluri wylebis warmoqmna da gavrceleba dedamiwis wiaRSi mimdinare sakmaod rTuli hidro-

geoqimiuri da Termodinamikuri procesebis Sedegia. 

mineraluri wylebis ganmasxvavebel Taviseburebas warmoadgens is garemoeba, rom isini 

zedapirze gamosavals pouloben jgufurad da maT bazaze aRmocenebuli kurortebi bunebrivi 

saxiT erTiandeba jgufebad.  

es bunebrivi gaerTianeba unda ganmtkicdes gegmarebiTi erTianobiT da mTlianobiT, rac 

xels Seuwyobs erTiani sistemis kulturul-sayofacxovrebo da sameurneo momsaxurebis 

raionis Seqmnas, masSi Semavali mudmivi mosaxleobis saerTo adgilebis gansaxlebas. 

regionis erTiani organizmis warmomqmneli sakurorto erTeulebis gegmarebis kompleq-

suri gadawyveta saSualebas iZleva ganzogaddes msgavsi faqtorebi, gansxvavebis SemTxvevaSi 

moxdes maTi urTierTSevseba, gamovlindes TiToeuli sakurorto erTeulis potenciuri 

SesaZleblobebis yvelaze ufro racionalurad ganviTareba da amis Semdeg miRebul iqnes 

udidesi ekonomikuri efeqti. 

kurortebis raionad gaerTianeba Seqmnis ara marto iseTi janmrTelobis keris gan-

viTarebis winapirobas, rogorsac warmoadgens respublikuri mniSvnelobis kurortebi, aramed 

gadawyvets im adgilobrivi kurortebisa da sakurorto adgilebis ganviTarebis problemasac, 

romlebsac TavianTi maRali Rirebulebis, magram SedarebiT dabali simZlavrisa da msxvil 

sakurorto erTeulebTan axlo mdebareobis gamo ganaSenianebis sakiTxebis lokaluri 

gadawyvetisas ar hqonda ganviTarebis SesaZlebloba. 

balneologiur raionSi droebiT sakurorto mkurnalobisaTvis Casuli mosaxleo-

bisaTvis yvelaze ufro xelsayreli pirobebis Seqmnis mizniT aucilebelia kurortologiuri 

resursebis mowesrigeba da funqcionaluri zonirebis daxmarebiT maTi teritoriis 

racionalurad ganawileba. 

magaliTis saxiT ganvixiloT kolxeTis dablobis dasavleT zonaSi _ zugdidTan da se-

nakTan ganlagebuli balneologiuri kurortebis jgufi (nax. 1): menji (40 000 l dRe-RameSi); 

caiSi (820-iani hiperTermuli wyaroebis sadReRamiso debiti aRwevs 2 000 000 l-s); bia (40 000 

l dRe-RameSi); qvaloni (200 000 l dRe-RameSi); xorga (400 000 l dRe-RameSi); yulevi (60 000 l 

dRe-RameSi); noqalaqevi (500 000 l dRe-RameSi).  

menjidan 16 km-is da caiSidan 14 km-is daSorebiT mdebareobs bia, xolo menjis Crdi-

loeTiT, 4 km-Si qvalonia. Semdeg, amave mimarTulebiT 12 km-Si _ xorga da Sav zRvasTan _ 
yulevi.Mmenjidan Crdilo-aRmosavleTiT 29 km-Si ganlagebulia noqalaqevi. rogorc Cans, 
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raioni 16 km-is radiusze sakmaod mWidrodaa datvirTuli kurortebiT, romlis mineraluri 

wyaroebis sadReRamiso debiti Seadgens 4 140 000 l-s.  

zemoaRniSnuli adgilebi, garda menjisa da caiSisa, ar aris aTvisebuli. am terito-

riaze arsebuli mineraluri wyaroebi Tavis gamosasvlels poulobs gauSenebel, Tavisufal -
nakveTebze. Ees garemoeba saSualebas iZleva saabazano Senobebi ganlagdes wyaroebTan axlos. 

saabazano Senobebis aseTi ganlagebis upiratesobas warmoadgens im mineraluri wylebis yvela 

samkurnalo komponentis SenarCuneba, romlebic gadatanisas garkveulwilad kargavs Tavis 

Tvisebebs. samegrelos kurortebis jgufisgan Semdgari sakurorto zona formirdeba 

sakurorto kompleqsebiT, romlebSic CarTulia samkurnalo-gamajansaRebeli da momsaxure 

dawesebulebebi, parkebi, sportuli mowyobilobebi da a. S. Cvens SemTxvevaSi mineralur 

wyaroebTan unda Seiqmnas samkurnalo dawesebulebebis qvezonebi, romlebSic ganlagdeba 

obieqtebi wyliT mkurnalobisaTvis, sakurorto poliklinika, samkurnalo auzebi. am da sxva 
samkurnalo dawesebulebebTan avadmyofebis erTdrouli masobrivi nakadis gaTvaliswinebiT 

aucilebelia Seiqmnas gantvirTvis zona (dasasvenebeli adgilebi, Siga ezoebi, farTo aleebi). 

ufro metad warmatebul gadawyvetad SeiZleba CaiTvalos balneosamkurnaloebis zonaSi 

parkis mowyoba, rogorc es wyaltuboSia, rac avadmyofebs saSualebas aZlevs aimaRlon 

ganwyoba da gaiumjobeson esTetikuri aRqma, aseve qmnis dasvenebisaTvis optimalur pirobebs.  

samkurnalo zonebTan axlos da uSualod maT garSemo unda moxdes saZile korpusebis 

ganlageba. maTi dakavSireba sameurneo zonasTan ufro mosaxerxebeli unda iyos, ar unda 

kveTdes gzebsa da sanatoriumis kuTvnil teritorias. aqve SeiZleba ganlagdes mowyobilo-

bebi wynari dasvenebisaTvis; magaliTad, fanCaturi kiTxvisa da magidis TamaSebisTvis (Wadraki, 

SaSi...), moednebi dasvenebisa da dilis tanvarjiSisaTvis, aseve kortebi sportis iseTi saxeo-

bebisaTvis, rogoricaa magidis CogburTi, badmintoni da a. S. 

momsaxure dawesebulebebis qvezona (sakurorto darbazi, amfiTeatri, sportuli 

mowyobilobebi, kulturul-sayofacxovrebo dawesebulebebi da sxv.) unda mdebareobdes 

satransporto gzidan daaxloebiT 30 wT-is savalze saZile korpusebis qvezonidan. Seswavlis 

TvalsazrisiT, mizanSewonilia moewyos kulturul-sayofacxovrebo momsaxurebis ori centri; 

erTi biaSi, romelic TiTqmis geometriul centrSia ganlagebuli caiSsa da menjs Soris 

(daaxloebiT 15 km), xolo meore _ menjSi, romelic mdebareobs yulevs, xorgas, qvalonsa da 

noqalaqevs Soris. 

saZile korpusebidan 30 wT-iani satransporto miRwevadobiT dacilebuli samomxmareblo 

dawesebulebebis centrebis xSiri ganlagebis SemTxvevaSi sakurorto zonis ganfeniloba 

praqtikulad ganusazRvrelia da damokidebulia balneologiuri resursebis sididesa da 

sakurorto miznebisTvis vargisi teritoriis arsebobaze. 

funqciuri zona _ samosaxlo _ warmoadgens balneosakurorto zonis mudmivi mosaxle-

obis gansaTavsebel teritorias. mosaxleobis SemadgenlobaSi upirveles yovlisa Sedian 

sakurorto dawesebulebebis momsaxure personali, amasTanave soflis meurneobaSi, trans-

portsa da mSeneblobaze dakavebuli adamianebi da sxv. 

zemoaRniSnuli balneologiuri kurortebis teritorias zugdidTan da senakTan akravs 

aseve adgilobrivi mosaxleobis dabebi. amitomacaa aucilebeli sakurorto zonis erTiani 

generaluri gegmis damuSaveba. 

am dasaxlebul adgilebSi kurortis samosaxlo zona unda ganTavsdes sakurorto teri-

toriidan savaldebulo 200 m-is daSorebiT. 

sakurorto kompleqsebSi momsaxure personalisaTvis dasaxlebuli punqtidan ganapira 

moxmarebis samuSao adgilamde manZili SemoisazRvreba 20_25 wT-iani satransporto miRwe-

vadobiT (igulisxmeba 10 _ 15 km). 



105 
 

 

 
nax. 1. balneologiuri kurortebis jgufi kolxeTis  

dablobis dasavleT zonaSi 

 

ramdenadac adgilobrivi mosaxleobis kerZo sacxovreblebi SeWrilia sakurorto 

teritoriebze, gansakuTrebuli mniSvneloba eniWeba higienis dacvas. aseve saWiroa zrunva ku-

rortebTan kontaqtSi armyofi dabebis mimarT, vinaidan, miuxedavad aucilebeli izolaciisa, 

kurortebis irgvliv mdebare dabebi TavianTi adgilobrivi TaviseburebebiT da tradiciebiT 

gaacocxleben da gaamravalferovneben sakurorto atmosferos, ganumeorebel kolorits 

Semateben arsebul garemos, rac aRniSnuli sakiTxisadmi racionalurad midgomisas 

sagrZnoblad gaaumjobesebs mocemuli sakurorto zonis kurortologiur efeqts. 

komunalur-sameurneo zonis teritoriaze ganlagebulia komunaluri da sameurneo 

sawarmoebi (kvebis mrewvelobis sawarmo, naxevarfabrikatebis fabrika, msxvili sawyobebi, 

garaJebi, samrecxaoebi da a. S.), romlebic emsaxureba sakurorto raions. Ddawesebulebis, anu 

mTeli teritoriis sidide damokidebulia droebiTi da mudmivi mosaxleobis raodenobaze. 

Cvens SemTxvevaSi komunalur-sameurneo dawesebulebebi mizanSewonilia ganlagdes 

zugdidsa da senakSi. aqedan isini ufro moxerxebulad daukavSirdebian rkinigzis sadgurebsa 

da satvirTo avtosadgurebs, amave dros izolirebuli iqnebian sakurorto zonisagan. 

tye-parkis nargavebis zona. samegrelos kurortebi ganlagebulia soflis meurneobis 

raionebSi, sadac mohyavT didi raodenobiT citrusi. citrusebis plantaciebs SeuZlia 

Seasrulos tye-parkis zonisa da damcavi zolis roli. 

ramdenadac samegrelos kurortebi ganlagebulia kolxeTis dablobze, Sav zRvasTan ax-

los, tenian, uqaro, SedarebiT araxelsayrel klimatur raionSi, sakurorto zonis gegmarebi-

sas aucilebelia gaTvaliswinebul iqnes sakurorto teritoriis mudmivi ganiaveba.Gganiaveba 

unda moxdes maqsimalurad xSirad; didi xis nargavebi dasaSvebia mxolod SezRuduli 

raodenobiT. nargavebis mimarTuleba unda emTxveodes gabatonebuli qarebis mimarTulebas, 

mocemul SemTxvevaSi _ zRvidan monaberi qarebisas. QqarsawinaRo nargavebis raodenoba unda 

iyos minimaluri. 

sakurorto raionis sxvadasxva funqciuri zonis farTobebis saorientacio Tanafardoba 

da normebi mocemulia cxrilSi. 
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cxrili 

sakurorto raionis funqciuri zonis farTobebis savaraudo 

Tanafardoba da normebi* 

zonis dasaxeleba zonis teritoriis 

kuTri wili 

normatiuli maCvenebeli 

1 sawolze (m2). 

 

sakurorto 

 

60 

 

200 – 250 

 

samkurnalo 

 

25 

 

60 – 80 

 

komunalur-sameurneo 

 

5 

 

10 – 20 

  

*tye-parkis, nargavebisa da bunebrivi landSaftis zona ar normirdeba minimaluri damcavi gar-

Rvevis gamonaklisiT, romelic aucilebelia sxvadasxva zonis izolaciisa da optimaluri sanitari-

ul-higienuri pirobebis Sesaqmnelad. 

 

kolxeTis dablobze sabWoTa periodSi arsebuli balneologiuri kurortebidan, 

romlebic TavianTi arsebobis pirvelive dRidan ar akmayofilebda saerTaSoriso standar-

tebs, dRes TiTqmis arc erTi aRar funqcionirebs. sruliad gapartaxebulia caiSis saku-

rorto obieqti, xolo sakmaod didi debitis hiperTermuli mineraluri wyali (80–900C) 

iRvreba mimdebare teritoriaze. igive SeiZleba iTqvas danarCen sakurorto obieqtebzec 

(nax-ebi 2 da 3). 

 

 
 

nax. 2. hiperTermuli mineraluri wyaroebi caiSSi 
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nax. 3. hiperTermuli mineraluri wyaroebi (geizerebi) noqalaqevTan  

 

 

saqarTveloSi ganviTarebulma Rrma politikur-ekonomikurma krizisma da Semdgom 

ukve politikurma arastabilurobam gamoiwvia mwvave socialur–ekonomikuri, energetikuli, 

finansuri, sainvesticio d a. S. problemebi. am procesebma ganapiroba sakurorto-rekreaci-

uli industriis paralizebac. 

bolo wlebSi saqarTvelos ekonomikaSi investiciebi mkveTrad gaizarda, maT Soris 

sakurorto mSeneblobaSic. saqarTveloSi sakurorto-turistuli infrastruqturis gasaum-

jobeseblad saWiroa msxvili investiciebis ganxorcieleba, sakurorto-turistuli bizne-

sis prioritetulad aRiareba da, rac mTavaria, qveyanaSi politikuri stabiluroba. 
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Aarqiteqtura  

 

kolxeTis dablobis dasavleT zonaSi balneologiuri raionis 

formirebis zogierTi sakiTxi 

n. axvlediani 

(saqarTvelos teqnikuri universiteti) 

 

reziume: statiaSi ganxilulia balneologiur raionSi sakurorto mkurnalobisaTvis 

yvelaze ufro xelsayreli pirobebis Seqmnis mizniT kurortologiuri resursebis 

mowesrigebis, maTi racionalurad ganawilebis, aseve funqciuri zonirebis daxmarebiT 

teritoriis mowyobis sakiTxebi. 

vrclad Seswavlis mizniT, magaliTisaTvis ganxilulia qalaqebTan _ zugdidTan da 

senakTan ganlagebuli balneologiuri kurortebis da sakurorto adgilebis jgufi: menji, 

caiSi, bia, qvaloni, xorga, yulevi, noqalaqevi. 

 

 

ARCHITECTURE 

 

SOME QUESTIONS OF FORMATION OF THE BALNEOLOGICAL REGION OF 

WESTERN ZONE IN THE LOWLAND OF KOLKHETI 

N. Akhvlediani 

(Georgian Technical University) 

 

Resume: There is described the questions for unification of balneological healt resorts in one region; also with 
the view of creation of the favourable conditions for health resort treatment of temporary population of the 
balneological area, there is considered the questions of regulating balneological resources, rational distribution of the 
territory by mesns of functional zoning. 

For more detailed study, as an example in the article there is considered group of balneological health resorts and 
health resort localities, which are located near the towns of Zugdidi and Senaki: Menji, Tsaishi, Bia, Qvaloni, Khorga, 
Kulevi, Nokalakevi. 

 

АРХИТЕКТУРА 

 

НЕКОТОРЫЕ ВОПРОСЫ К ФОРМИРОВАНИЮ БАЛЬНЕОЛОГИЧЕСКОГО 

РАЙОНА ЗАПАДНОЙ ЗОНЫ КОЛХИДСКОЙ НИЗМЕННОСТИ 

Н. Ахвледиани 

(Грузинский технический университет) 

 

Резюме: Рассмотрены вопросы объединения бальнеологических курортов в район, также, в целях 
создания наиболее благоприятных условий для курортного лечения временного населения бальнеологического 
района, рассмотрены вопросы упорядочения курортологических ресурсов, рациональное распределение 
территории при помощи функционального зонирования. 

Для более подробного изучения, как пример, рассмотрена группа бальнеологических курортов и 
курортных местностей, расположенных близ городов Зугдиди и Сенаки: Менджи, Цаиши, Бия, Квалони, Хорга, 
Кулеви, Нокалакеви.  
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qimiuri teqnologia  

  

 

nitrat-nitritis Semcvelobis cvlileba mwvanileulis kulinariuli 

damuSavebisas 

g. andriaZe, e. mxCiani, e. Sengelia, l. gvasalia 

(saqarTvelos teqnikuri universiteti) 

 

nitratebi azotovani naerTebis erT-erTi saxeobaa. maTi didi doziT moxvedra adamia-

nis organizmSi xels uwyobs sxvadasxva daavadebis ganviTarebas [1,2]. nitratebi kargad 

Seiwoveba kuW-nawlavis traqtidan da sisxlis saSualebiT momentalurad gadanawildeba 

mTels organizmSi. saxifaToa ara imdenad nitratebi, ramdenadac maTi metabolitebi – nit-

ritebi, romlebic warmoiqmneba nitratebis aRdgeniT sakvebi produqtebis Senaxvisa da 

Termuli damuSavebis dros.  

adamianis organizmSi moxvedrili nitrat-nitritebis didi doza iwvevs methemoglobi-

nemias. am dros hemoglobini gardaiqmneba saxifaTo methemoglobinad, romelsac ar SeuZ-

lia Jangbadis gadatana [3_6]. garda amisa, kvlevebiT dadasturebulia, rom 15_20 wlis gan-

mavlobaSi nitratebis didi doziT sistematuri moxvedra organizmSi iwvevs kuW-nawlavis 

daavadebebs [6].  

adamianis organizmSi nitratebis moxvedris ZiriTadi wyaroა xilbostneuli (mwvani-

leuli, kombosto, kitri, stafilo, Warxali da sxv.), romlebic xasiaTdeba nitratebis 

dagrovebis didi unariT [7, 8].  
mwvanileuli gamoirCeva vitaminebis maRali SemcvelobiT. amdenad, adamianebi upirate-

sobas aniWeben maT cocxlad miRebas organizmis vitaminebiT Sevsebis mizniT. sxvadasxva naS-

romSi, sadac mwvanileulis rogorc sasargeblo, ise mavne Tvisebebzea saubari, rekomen-

debulia im kerZebis damzadebisTanave miReba, romlebSic cocxali mwvanilia gamoyenebuli.  

aRsaniSnavia, rom nitratebiT mdidarი daWrili bostneulis 15_20 wT-ze met xans 

haerze gaCerebisas mikroorganizmebis zemoqmedebiT mimdinareobs maTSi arsebuli nitratis 

nitritad gardaqmna; maTi Tundac erTjeradi miReba didi doziT sakmaod საxifaTოa 

janmrTelobisaTvis [9]. Cveni kvlevis mizans warmoadgenda nitrat-nitritebis Semcvelobis 

gansazRvra bazarze mowodebul sxvadasxva jiSis (Ria da daxuruli gruntis) 

mwvanileulSi (nax. 1) da nitritebis dagrovebis donis Sefaseba maTi kulinariuli 

damuSavebisas (daqucmacebul mdgomareobaSi dayovneba an Senaxva). mwvanileulSi nitrat-

nitritebis Semcvelobis gansazRvra xdeboda ISO standartiT [10].  

 
nax. 1. nitratebis Semcveloba bazarze warmodgenil sxvadasxva jiSis mwvanileulSi.  

 a _ Ria gruntis mwvanileulSi, b _ daxuruli gruntis mwvanileulSi  
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mwvanileulSi nitratebis zRvruli dasaSvebi koncentracia (zdk) saerTaSoriso 

standartis mixedviT Seadgens 2000 mg/kg-s. rogorc 1-li nax-dan Cans, nitratebis 

raodenoba daxuruli gruntis oxraxuSsa da qinZSi mkveTrad (Sesabamisad 2-jer da 1,6-jer) 

aRemateba zdk-s, xolo kamaსა da niaxurSi maTi koncentracia standartTan SesabamisobaSia. 

adregazafxulis Ria gruntis mwvanileulidan nitratebis gansakuTrebuli maRali Semcve-

lobiT gamoirCeva tarxuna da oxraxuSi. tarxunaSi nitratebis Semcveloba 1,8-jer 

aRemateba zdk-s, xolo oxraxuSSi – mcired aWarbebs mas. 

kvlevis Sedegad gansazRvrulia kulinariulad damuSavebul (xeliT daqucmacebuli 

mwvanileulis) sinjebSi nitrat-nitritis Semcvelobis droSi cvlilebis dinamika. 

mwvanileulis xeliT daqucmacebas (da ara daWras) vaxdendiT nitrat-nitritis gardaqmnis 

procesze rkiniT gamowveuli JangviTi zemoqmedebis Tavidan asacileblad. xeliT 

daqucmacebul mwvanileulSi nitratebis sawyisi Semcveloba da maTi Semcveloba 40 wT-iT 

haerze dayovnebis Semdeg mocemulia 1-ლ cxrilSi, xolo nitrat-nitritis Semcvelobis 

cvlilebis dinamika 40 wT-is ganmavlobaSi _ me-2 nax-ze da me-2 cxrilSi.  

 cxrili 1 

xeliT daqucmacebul mwvanileulSi nitratebis sawyisi Semcveloba 

da maTi Semcveloba 40 wT-iT haerze dayovnebis Semdeg 

 

 

sinjis dasaxeleba 

nitratebis 

sawyisi 

koncentracia, 

mg/kg  

nitratebis koncentracia 

40 wT-iT haerze 

dayovnebis Semdeg, mg/kg 

oxraxuSi dax. გrunტSi 4050 4260,46 

oxraxuSi  3302 6436,30 

oxraxuSi Ria gruntSi 2291 5055,74 

oxraxuSi  1055 1991,35 

oxraxuSi  438,24 480,74 

qinZi dax. gruntSi  4920 5526,20 

qinZi Ria gruntSi 1449 2965,39 

qinZi  2176,15 2212,70 

კama dax. gruntSi 1011 2965,65 

კama Ria gruntSi 842 2865,23 

tarxuna  3370 5695,45 

salaTis foToli  128 404,46 

  

 რogorc vxedavT, daWrili mwvanileulis haerze dayovnebisas izrdeba ara marto 

nitritebis, aramed nitratebis koncentraciac. magaliTad, 40 wT-is ganmavlobaSi nitra-

tebis raodenoba sawyisi 1055,29 mg/kg-dan gaizarda 1991,75 mg/kg-mde, xolo nitritebisა – 

sawyisi 6,25 mg/kg-dan 62,5 mg/kg-mde.  

 daWril mwvanileulSi nitratebis koncentraciis zrdis savaraudo mizezad mig-
vaCnia maTi  Semadgeneli  organuli  nivTierebebis  JangviTi  procesebi, romlis Sedegad 
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 nax. 2. daWril oxraxuSSi nitrat-nitritebis  

 cvlilebis dinamika 40 wT-is ganmavlobaSi 

  
 

 

ცxrili 2 

xeliT daqucmacebul oxraxuSSi nitrat-nitritebis  

cvlilebis dinamika 40 wT-is ganmavlobaSi 

 

sinjis  № dayovnebis dro, wT 

eqsperimentiT miRebuli 

NO3-mg/kg NO2-mg/kg 

1 0 1055,29  6,25 

2 10 1201,68  16,87 

3 20 1428,10  21,56 

4 30 1825,30  48,75 

5 40 1991,75  62,48 

 

mimdinareobs fermentebis gaaqtiureba, rac iwvevs nitratebis nitritebad intensiur 

aRdgenas da nitritebis koncentraciis mniSvnelovan zrdas. paralelurad mwvanileulis 

Semadgeneli cximebis cximovani mJavebi haerze dayovnebisas ganicdiს Jangvas JangbadTan 

urTierTqmedebis Sedegad. am dros ormagi bmebis adgilas warmoiqmneba zeJangebi [11], 

romlebic, Tavis mxriv, Jangavs nitritebis nawils da gardaqmnis nitratebad. Cveni azriT, 

nitratebis zrdis dinamika mwvanileulSi gagrZeldeba ujeri naerTebis srul 

amowurvamde. 

 garda zemoaRniSnulisa, Catarebulia agreTve kvleva, romelic miznad isaxavda 

daqucmacebul mwvanileulSi nitratebis droSi zrdis dinamikis Seswavlas (cxrili 3). 
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 cxrili 3  

 

nitrat-nitritebis droSi zrdis dinamika xeliT daqucmacebul oxraxuSSi 

 

sinjis 

№ 

dayovnebis dro, wT NO NO3- mg/kg NO NO2- mg/kg 

1 0 2794,43 15,09 

2 60 4297,96 54,47 

3 140 4359,91 95,54 

4 200 2342,08 88,44 

 

me-3 cxriliს monacemebis mixedviT, nitratebis koncentraciis intensiuri zrda haerze 

dayovnebul daqucmacebul oxraxuSSi mimdinareobs pirveli 60 wT-is ganmavlobaSi (sinji 2), 

xolo Semdeg 80 wT-Si (sinji 3) nitratebis koncentraciis zrdis intensiuroba mcirdeba da 

aRiniSneba nitratebis koncentraciis Zlieri kleba (sinji 4) Semdegi 60 wT-is ganmavlobaSi.  

amrigad, gamokvlevebis Sedegad dadginda, rom daqucmacebuli mwvanileulis 2–3 sT-is 

ganmavlobaSi haerze dayovnebisas mimdinareobs ara marto nitritebis, aramed nitratebis 

mniSvnelovani mateba. es ki imas niSnavs, rom drois am intervalSi mwvanileulis sakvebad 

gamoyenebisas organizmi ganicdis nitrat-nitritiT Zlier datvirTvas, rac safrTxes uqmnis 

adamianis janmrTelobas. amdenad, umjobesia mwvanileulis miiReba daqucmacebisTanave.  
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qimiuri teqnologa  

 

nitrat-nitritis Semcvelobis cvlileba mwvanileulis kulinariuli 

damuSavebisas 

g. andriaZe, e. mxCiani, e. Sengelia, l. gvasalia 

(saqarTvelos teqnikuri universiteti) 

 

reziume: xeliT daqucmacebuli mwvanileulis 2_3 sT-is ganmavlobaSi haerze da-

yovnebisas xdeba masSi aramarto nitritebis, aramed nitratebis dagroveba. Ees ki imas niS-

navs, rom drois am intervalSi sakvebad maTi gamoyenebisas organizmi ganicdis nitrat-nit-

ritiT Zlier datvirTvas. aqedan gamomdinare, umjobesia mwvanileulis miReba daquc-

macebisTanave. 

 

CHEMICAL TECHNOLOGY  

 

CHANGES IN THE VOLUME OF NITRATE-NITRITE CONCENTRATION DURING 

THE PROCESS OF CHOPPING HERBS 

G. Andriadze, E. Mkhchian, E. Shengelia, L.Gvasalia  

(Georgian Technical University)   

 

Resume: By keeping chopped herbs in the air for 2_3 hours, there goes the process of increase in nitrite 

concentration, as well as considerable increase of number of nitrates. This means, that consuming product after this time 

interval involves major growth of nitrate-nitrite volume in human body, accordingly it is better to consume the chopped 

herbs in a shorter period.  

 

 

 ХИМИЧЕСКАЯ ТЕХНОЛОГИЯ 

 

ИЗМЕНЕНИЕ СОДЕРЖАНИЯ НИТРАТ-НИТРИТОВ В ЗЕЛЕНИ ПРИ ЕЕ 
КУЛИНАРНОЙ ОБРАБОТКЕ 

Г. Андриадзе, Э. Мхчиян, Е. Шенгелия, Л. Гвасалия 

(Грузинский технический университет) 

 
Резюме: Если измельченную зелень продержать на воздухе в течениe двух-трех часов, в ней происходит 

интенсивное накапливание не только нитритов, но и нитратов. При их употреблении организм подвергается 

интесивной нитрат-нитритной нагрузке. Исходя из этого, рекомендуется употребление зелени сразу же после ее 

измельчения.  
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Jurnali `mecniereba da teqnologiebi~ _ 65 

 

Jurnali „mecniereba da teqnologiebis“ winamorbedi Jurnali „mecniereba da teqnika“ Cemi bavSvobis da 

Semdgomi wlebis yvelaze sayvareli Jurnali iyo. misi gamorCeuli popularoba ganapiroba im didma interesma, 

romelsac mis mimarT iCenda TiTqmis yvela asakis mkiTxveli. 

diax, Tavis droze Jurnalma „mecniereba da teqnikam“  da Semdeg „mecniereba da teqnologiebma“ fasdaudebeli 

wvlili  Seitana qarTuli samecniero-teqnikuri azris Camoyalibebasa da ganviTarebaSi. igi wlebis ganmavlobaSi 

emsaxureboda mosaxleobis inteleqtualuri donis amaRlebis keTilSobilur saqmes. 

uzarmazaria Jurnalis roli qarTveli axalgazrdobis profesiuli orientaciis CamoyalibebaSi, axali 

teqnologiebis damkvidrebasa da qarTuli teqnikuri terminologiis daxvewaSi. 

dRes,  65  wlis iubilari Jurnali reaminaciul mdgomareobaSia. miuxedavad misi uerTgulesi msaxurebis _ 

saredaqcio kolegiisa da amagdari TanamSromlebis mcdelobisa, Seqmnili politikuri da ekonomikuri viTarebis 

gamo Jurnali kinaRam daixura. 

minda uRrmesi madloba gadavuxado saqarTvelos teqnikuri universitetis reqtors, akademikos arCil 

frangiSvils, romelmac Rirseuli nabiji gadadga da Zalisxmeva ar daiSura Jurnalis gadasarCenad. imedia, 

mimdinare wlidan Jurnali kvlavac  Cadgeba Cveni qveynisa da qarTveli xalxis samsaxurSi. 

 

profesori T. maRlakeliZe 

 

 

 

Mmsubuqi mrewveloba 

 

 

 

fexsacmlis sacdeli stendis struqturuli modelebi 

T. maRlakeliZe, m. zaqaraia 

(ak. wereTlis saxelmwifo universiteti) 

  

fexsacmlis sacdeli tarebis imitacia laboratoriul pirobebSi samecniero-teqnikur 

problemasTan iyo dakavSirebuli. am problemis gadawyvetas didi praqtikuli mniSvneloba 

hqonda. amisaTvis damzadda eqsperimentuli xelsawyo (stendi), romlis daniSnulebaa:  

 fexsacmlis sacdeli tarebis xangrZlivobis, Sromatevadobisa da materialuri da-

naxarjebis mkveTri Semcireba;  

 gamosacdeli garemos gamartiveba da gaumjobeseba;  

 fexsacmlis gamocdis procesis mwarmoeblurobis amaRleba. 

stendis muSaobis principi efuZneba fexis terfis moZraobis iseT ZiriTad fazebs, 

rogoricaa: dabijeba, gadagoreba da niadagidan mowyveta. 

stendis ZiriTadi Semsrulebeli meqanizmia brtyeli, mravalrgoliani, saxsrulRe-

roiani sistema (nax. 1), romelic moZraobaSi modis reduqtoris gamomaval lilvze damagre-

buli mrudmxaras (10) saSualebiT.  

sadgarTan (11) cilindruli zambariT (2) dakavSirebulia gruntiani baqani (3), ro-

melsac SeuZlia horizontalurad gadaadgileba. masze dabjenilia sacdeli fexsacmlis 

nimuSis Camosacmel Reroze (7) wamocmuli Rrutaniani kalapoti (4), romlis ZiriTadi 

nawili firfitiT (5) dakavSirebulia moZravi cxviris (6) wina nawilTan. es ukanaskneli 

ebjineba kalapotis quslTan nawilobriv Casmul cilindrul zambaras (12).  
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kalapots amoZravebs saxsrulReroiani meqanizmi, romelic, Tavis mxriv, Sedgeba 

mrudmxaras (10), barbacasa (1) da masTan saxsrulad dakavSirebuli berketisagan (7). am 

ukanasknelTan aseve saxsruladaa mierTebuli berketi (8), romlis erTi bolo mxreuliT 

(13) saxsruladaa damagrebuli sadgarze, xolo meore boloze damontaJebulia tvirTi (9). 

 

 
 

nax. 1 fexsacmlis sacdeli eqsperimentuli stendis struqturuli sqema. 1 – barbaca,  

2 – cilindruli zambara, 3 – gruntiani baqani, 4 – Rrutaniani kalapoti, 5 – firfita, 6 – moZravi 

cxviri, 7, 8 – berketebi, 9 – tvirTi, 10 – mrudmxara, 11 – sadgari, 12 _ kalapotis quslTan 

nawilobriv Casmuli cilindruli zambara, 13 – mxreuli 

 

 Tavdapirvelad saxsrulReroiani sistemisa (1, 10) da berketis (7) meSveobiT xdeba ba-

qanze (3) qusliT dabjenili sacdeli fexsacmlis Ziris TandaTanobiT gadagoreba. am dros 

tvirTi (9) berketis (8) saSualebiT awveba kalapotis ZiriTad nawils, romelsac amoZra-

vebs zemoaRniSnuli saxsrulReroiani sistemiT aZruli berketi (7) mxreulis (13) dax-

marebiT. Sedegad sacdeli fexsacmeli mTeli ZiriT ebjineba baqans, berketi (8) da masze 

moTavsebuli tvirTi ki mxreulis saSualebiT gadaadgildeba qvemoT, kalapoti gadagorde-

ba da eyrdnoba cxviris wina nawils (6), romelic tvirTis simZimis gavleniT moixreba sax-

sarSi da moRunavs kalapotis RruSi moTavsebul firfitas (5), xolo es ukanaskneli eyrd-

noba nawilobriv quslis RruSi moTavsebul cilindrul zambaras (12). Semdeg berketi (8) 

masze damagrebul tvirTTan erTad gadaadgildeba zemoT. mTeli am xnis ganmavlobaSi 

baqani kalapotis ZiriTadi nawiliTa da masze Camocmuli sacdeli fexsacmliT uwyvetad 

gadaadgildeba sayrdenisaken da kumSavs cilindrul zambaras (2).  

bolo momentSi tvirTi swrafad adis zemoT da sacdeli fexsacmeli Sordeba baqans. 

meqanizmi moZraobas agrZelebs manam, sanam kalapoti ar daeSveba qvemoT. am dros 

saxsrulReroiani meqanizmi Semoabrunebs tvirTs ukumimarTulebiT da kvlav xdeba 

sacdeli fexsacmlis qusliT dabjena baqanze. kalapotis dabla daSvebisas zambara (2) 

abrunebs gruntian baqans sawyis mdgomareobaSi da amis Semdeg yvelaferi iwyeba Tavidan. 

zemoaRniSnuli stendis gamocdis procesSi gamovlinda mTeli rigi naklovanebebi, 

kerZod, kalapotis didi siCqariT vardnisas iqmneba gaWedvis saSiSroeba; amasTan, 

gadametebuli xmauri, rTuli struqtura da mravalrgolianobac arasasurvel faqtorebad 

iTvleba. aseT meqanizmSi naklebia sizuste, didia gabaritebi, masa, inerciis Zalebi, 

aCqarebebi da saxsrebis cveTa, maRalia masalatevadoba, rac amcirebs mowyobilobis 

xangamZleobas, zrdis TviTRirebulebas, eqsperimentebis Catarebis moxerxebulobas da a.S. 

amitom sqemis koreqtirebis mizniT gadawyda samuSaos gagrZeleba. 
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naklovanebaTa aRmofxvrisaTvis damuSavda meqanizmis struqturis ramdenime varianti: 

a) me-2 nax-ze warmodgenilia sqemis erT-erTi varianti, romelic aRWurvilia 

zambariani gorgolaWiT (13). gorgolaWi asrulebs Tavisufali sayrdenis rols da icavs 

barbacas (1) vardnisagan; garda amisa, uzrunvelyofs gorgolaWsa da barbacas Soris 

kontaqts. barbacasTan kontaqtis dros gorgolaWi Semobrundeba Tavisi RerZis _ 

cilindruli TiTis (14) garSemo. gorgolaWis RerZi Casmulia cociaSi (15), romelic, Tavis 

mxriv, moZraobs uZrav mimmarTvelSi (16). ciklis im nawilSi, roca kalapoti haerSia, 

barbaca eyrdnoba gorgolaWs, xolo kalapotis gruntze dabjenis fazaSi gorgolaWi 

uqmadaa. kalapotis quslis nawili moZraobs Caketil ovalur mrudze. 

aRniSnuli sqemis garkveul naklad SeiZleba CaiTvalos is, rom barbacasa da 

gorgolaWis Sexebis momentebSi SeiZleba moxdes mcire dartymebi, rac unda aRmoifxvras 

gorgolaWis zedapiris rezinis masaliT dafarvis gziT; 
 

 
  

nax. 2. zambarebiani gorgolaWiT aRWurvili stendis struqturuli sqema. 1 – barbaca, 

2 – sayrdeni zambara, 3 – gruntiani baqani, 4 – kalapoti, 5, 6 _ amZravi lilvebi, 7, 8 – berketebi,  

9 – tvirTi, 10 – mrudmxara, 11 – sadgari, 12 – mxreuli, 13 – gorgolaWi, 14 – cilindruli TiTi, 15 – 

cocia, 16 – mimmarTveli, 17 – zambara.  

 

b) me-3 nax-ze warmodgenili sqema uzrunvelyofs meqanizmis vardnis Tavidan acilebas 

mowyobilobis muSaobis mTeli ciklis ganmavlobaSi, rac miiRweva barbacaze Sualeduri 

rgolis – mxreulis damatebiT. 

meqanizmi muSaobs Semdegnairad: amZravi rgoli _ mrudmxara (10) moZraobs wrewirze 

da moZraobaSi mohyavs masTan saxsrulad mierTebuli barbaca (1), romlis Sua nawilSi 

saxsrulad aris damagrebuli mxreuli (13). es ukanaskneli aseve saxsrulad ukavSirdeba 

barbacas mxars (12), berketebs (7, 8) da a.S. stendis danarCeni rgolebi me-2 nax-ze 

warmodgenili sqemis analogiuria. 

SemoTavazebuli struqturuli sqemis dadebiT mxared miiCneva stendis uwyveti cik-

luri moZraoba da agreTve isic, rom kalapotis gadaadgilebis yvela faza xorcieldeba 

meqanikurad, tvirTs ki ekisreba mxolod kalapotis datvirTvis funqcia. uaryofiTi mxarea 

mravalrgolianoba da masTan dakavSirebuli problemebi; 
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 nax. 3. Sualeduri rgoliT – mxreuliT aRWurvili stendis struqturuli sqema. 

1 – barbaca, 2 – sayrdeni zambara, 3 – gruntiani baqani, 4 – kalapoti, 5,6 _ amZravi lilvebi,  

7,8 – berketebi, 9 – tvirTi, 10 – mrudmxara, 11 – sadgari, 12 – barbacas mxari, 13 – Sualeduri 

rgolis mxreuli  

 

 

g) me-4 nax-ze warmodgenilia kulisuri meqanizmis sqema. am variantSi barbacas (1) Sua 

nawilSi wamocmulia kulisa (15). es ukanaskneli saxsruli TiTis (14) saSualebiT ukav-

Sirdeba stendis korpuss. amZravi mrudmxaras (10) brunvisas barbaca srialebs kulisaSi, 

romelic, Tavis mxriv, irxeva saxsruli TiTis mimarT. 

kulisuri meqanizmis naklad iTvleba kulisaSi barbacas winsvliT-ukusvliTi moZ-

raobisas araTanabari siCqare, uzusto moZraobebiT gamowveuli dartymebi, rac iwvevs 

meqanizmis swraf cveTas; 

 

 
 

nax. 4. kulisuri meqanizmis sqema. 1 – barbaca, 2 – sayrdeni zambara, 3 – gruntiani baqani, 

4 – kalapoti, 5, 6 _ amZravi lilvebi, 7, 8 – berketebi, 9 – tvirTi, 10 – mrudmxara, 11 – sadgari,  

12 – mxreuli, 13 – barbacas mxari, 14 – saxsruli TiTi, 15 – kulisa 

  

d) rgolebis naklebi raodenobiT xasiaTdeba saxsruli oTxrgola mrudmxara-mxre-

uli meqanizmi (nax. 5), romelic uzrunvelyofs gamomavali rgolis moZraobas Caketil na-

xevarmTvarisebr traeqtoriaze.  

sqemis dadebiTi Tvisebebia: didi siCqariT (5000 – 6000 br/ wT) muSaobis SesaZlebloba; 

mcire aCqarebebi; fexsacmliani kalapotis gadaadgilebis traeqtoriis mixedviT metruli 

sinTezis Sesruleba da rgolebis diametruli zomebis gansazRvra, riTac miiRweva 

kalapotis zusti gadaadgileba muSa ubanze.  
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 meqanizmis amZravi rgolia mrudmxara (10), romelsac amoZravebs Tanabrad mbrunavi 

lilvi. mrudmxara saxsrulad ukavSirdeba barbacas (1), romelic Sesrulebulia xisti 

ormxriani berketis saxiT (1,5). igi mbrunavi saxsriT ukavSirdeba mxreuls (12), es ukanask-

neli ki cilindruli saxsriT damagrebulia korpusze. barbacაs meore berketSi (5) xis-

tadaa Camagrebuli berketi-fexi (7) kalapotTan (4) erTad. 

rgolebis zomebis gansazRvra ufro gaadvildeba, Tu winaswar gamovTvliT mxreulis 

rxevis kuTxes formuliT: 

sin  , 

sadac H aris kalapotis moZraobis sididis proeqcia horizontalur sibrtyeSi,  

O2B_ mxreulis sigrZe, BC – barbacas sigrZe. 

 
 

 nax. 5. saxsruli oTxrgola mrudmxara-mxreuli meqanizmi. 1 – barbaca, 2 – sayrdeni zambara,  

3 – gruntiani baqani, 4 – kalapoti, 5 _ barbacas mxari, 6 _ amZravi lilvi, 7, 8 – berketebi,  

9 – tvirTi, 10 – mrudmxara, 11 – sadgari 

 

yovelive zemoaRniSnulidan gamomdinare, SeiZleba davaskvnaT, rom Sesrulebuli 

samuSaos farglebSi SemoTavazebulia stendis gaumjobesebis ramdenime varianti, maT Soris: 

 meqanizmi Sualeduri kontaqtiT, romelic miiRweva zambaruli gorgolaWis saSua-

lebiT (nax 2); 

 meqanizmi Sualeduri mimyoli rgoliT – mxreuliT (nax. 3); 

 kulisuri meqanizmi (nax. 4);  

 SemuSavebulia agreTve mowyobilobis amZravi meqanizmis gamartivebuli varianti 

oTxrgola saxsrulReroiani mrudmxara-mxreulis saxiT (nax. 5), romelsac zemoT Ca-

moTvlil stendebTan SedarebiT aqvs naklebi moZravi rgolebi, gamoirCeva didi siCqariT, 

dabali inerciuli datvirTvebiT, kalapotis moZraobis zusti traeqtoriiT. 

 

 

literatura _ REFERENCES _ ЛИТЕРАТУРА: 
 

1. Ченцова К. М. Стопа и рациональная обувь. М.: Легкая индустрия, 1974. 

2. Вальщиков Н. М., Зайцев Б. А., Вальщиков Ю. Н. Расчет и проектирование машин швейного  

производства. Л.: Машиностроение,1973. 

 



119 
 

msubuqi mrewveloba 

 

fexsacmlis gamosacdeli stendis struqturuli modelebi 

T. maRlakeliZe, m. zaqaraia 

(ak. wereTlis saxelmwifo universiteti)  

  

 reziume: statiaSi ganxilulia laboratoriul pirobebSi fexsacmlis sacdeli sten-

dis naklovanebebis aRmofxvris mizniT Seqmnili mowyobilobis struqturis ramdenime al-

ternatiuli varianti: Sualedurkontaqtiani gorgolaWis mqone meqanizmi, meqanizmi Sua-

leduri mimyoli rgoliT, kulisuri meqanizmi da oTxrgola saxsrulReroiani mrudmxara-

mxreuli meqanizmi.  

 

 

 

LIGHT INDUSTRY  

 

STRUCTURAL MODELS OF THE STAND FOR SHOE TEST 

T. Maglakelidze, M. Zakaraia 

 (A. Tzereteli State University) 

 

 Resume: With a view of elimination of imperfection of the stand for shoe test some structures of the device 

have been developed under laboratory conditions: the mechanism with an intermediate contact link in the form of a 

roller, the mechanism with the intermediate driven link, the crank mechanism, the hinged four-tier mechanism.  

 

 

 

 

 ЛЕГКАЯ ПРОМЫШЛЕННОСТЬ 

 

СТРУКТУРНЫЕ МОДЕЛИ СТЕНДА ДЛЯ ИСПЫТАНИЯ ОБУВИ 

Т. Маглакелидзе, М. Закараия 

(Государственный университет А. Церетели) 

 

Резюме: С целью устранения недостатков стенда для испытания обуви, в лабораторных условиях раз-

работаны несколько вариантов структуры устройства: механизм с промежуточным роликом, механизм с про-

межуточным ведомым звеном, кулисный механизм, шарнирный четырехзвенный кривошипно-коромысловый 

механизм.  
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safeiqro mrewveloba 

 

 

abreSumis warmoebis ganviTarebis istoria saqarTveloSi 

n. CxaiZe, n. maxvilaZe, l. lursmanaSvili, T. CubiniSvili 

(saqarTvelos teqnikuri universitetis instituti teqinformi) 

 

 

sityva „abreSumi~ adamianis mier umSvenieresi produqciis damzadebasTan da sasiamovno 

komfortis SeqmnasTan asocirdeba. esaa mravalferovani, ulamazesi, msubuqi da nazi sakabe 

qsovilebi, SedarebiT mZime farCebi, xaverdi, gobelenebi da a.S. abreSumi unikaluria Tavisi 

higienuri TvisebebiT, garegnuli SesaxedaobiT. abreSumis parkis moyvanas gavrcelebis Sez-

Ruduli areali aqvs. abreSumis Zafs msoflioSi erT weliwadSi damzadebuli boWkovani 

masalebis moculobaSi mxolod  0,2 %-ze naklebi uWiravs. 

saqarTvelos geografiuli mdebareoba xels uwyobs TuTis abreSumxvevias moSenebasa da 

gamokvebas. TuTis veluri saxeoba _ TeTri TuTa bunebrivad izrdeboda kavkasiaSi. marTalia, 

abreSumis samSoblod CineTi iTvleba, saidanac VI saukuneSi orma misionerma mRvdelma 

abreSumxvevias kvercxebi (grena) bambukis joxebSi gadamaluli gamoapara da aqedan gavrcelda 

axlo aRmosavleTsa da evropaSi. magram, savaraudoa, saqarTveloSi manamdec flobdnen 

abreSumis boWkos miRebis saidumlos. 

saqarTveloSi meabreSumeobis arseboba Cvenamde moRweul pirvelsave qarTul li-

teraturul  wyaroSi dasturdeba. iakob xucesis „SuSanikis wamebaSi“ (V s.) naTqvamia: „SuSanik 

nacvlad WiWnauxtisa saqmisa... xelTa aRixuna daviTni da... igi fsalmunni daiswavlna~. 

„WiWnauri-WiWnauxti~ abreSumis Zveli saxelwodebaa. sityva „abreSumi~ sparsuli warmoSobisaa 

da qarTulSi VI saukunidan gvxvdeba. Semdgom saukuneebSi abreSumi saqarTvelos istoriisa 

da kulturis ganuyofeli nawilia. gansakuTrebuli aRmavloba abreSumis warmoebam IX 

saukunidan ganicada. cnobili qarTveli istorikosi iv. javaxiSvili aRniSnavs: „saqarTveloSi 

brwyinvale ekonomikuri mdgomareobis periodSi metad iyo gavrcelebuli meabreSumeoba da 

abreSumis Zvirfasi qsovili sazRvargareTac gahqondaT“.  

mogzauri marko polo XIII saukuneSi werda: „saqarTveloSi didZali abreSumia, agreTve 

abreSumisa da oqronarev qsovilebs amzadeben, romelTa ufro lamazs versad ipovi“. momdevno 

saukuneebSi saqarTvelo gamudmebiT sxvadasxva mtris Semosevas ganicdida, romelTac an 

xarkis saxiT gahqondaT abreSumi, an cdilobdnen moespoT es dargi, rom qveyana ekonomikurad 

daesustebinaT. isini venaxTan erTad TuTis nargaobasac Cexdnen. miuxedavad amisa, abreSumi 

rCeboda saqarTvelos erT-erT wamyvan sameurneo dargad. Sua saukuneebSi abreSumi gadioda 

eqsportis saxiT siriaSi, sparseTSi, italiaSi. ucxoeli mogzaurebi TavianT STabeWdilebebSi 

gansakuTrebiT usvamdnen xazs saqarTveloSi warmoebuli abreSumis qsovilebis Rirsebasa da 

silamazes. ruseTis elCi tolCanovi (XV s.) werda, rom imereTsa da samegreloSi abreSumis 

parki mohyavdaT yvela glexis ojaxSi. igives imeorebs ruseTis mecnierebaTa akademiis wevri i. 

a. giuldenStedti (XVII s.), romelmac akademiis davalebiT Semoiara aRmosavleT saqarTvelo. 

frangi mogzauri Sardeni (XVII s.) Tavis „sparseTis mogzaurobaSi“ wers: „sparseTi, romelic 

imJamad did savaWro adgils warmoadgens, abreSums iRebs saqarTvelodan, xorasnidan da sxva 

provinciebidan. yarabaRsa da saqarTveloSi cal-calke modis 2000 sapalne abreSumi“. n. 

Savrovis Canawerebis mixedviT, „XVII saukuneSi saqarTvelodan abreSumi gahqondaT 

osmaleTSi~.N 



121 
 

abreSumi pirvel rigSi Sinamoxmarebis sagani iyo. qarTulma eTnografiulma sinamdvilem 

da xalxurma zepirsityvaobam abreSumis gadamuSavebis kustaruli samarjvebi, danadgarebi, 

meTodebi da terminologia dRemde Semoinaxa.  

rogorc aRvniSneT, TuTa saqarTvelosaTvis endemur mcenares warmoadgens. 

saqarTveloSi odiTganve iyo TuTis sxvadasxva jiSi. imereTSi TuTas „bJolas~ eZaxdnen, 

samegreloSi _ „jamps~, kaxeTsa da qarTlSi _ „TuTas~ („furcela TuTas~ _ unayofo TuTas). 

TuTis saxeobaTa Soris meabreSumeebi Wiis sakvebad daumynobel TeTr TuTas amjobinebdnen, 

romelsac kaxeTSi „qarTuls~ uwodebdnen, dasavleT saqarTveloSi _ „Zveleburs~, „Cveneburs~. 

rac Seexeba abreSumis Wiis jiSebs, gavrcelebuli iyo TeTri da yviTeli jiSis 

„Sinauri parkis~ saxeebi, aseve „pirisferi~ parki. abreSumis parkis momyvanTa azriT, TeTri 

parki yvelas sjobda, or mosavals iZleoda da bevr abreSumsac Seicavda, magram „cota 

zanti~ iyo.  TeTri parkis Zafi SesaRebadac ufro mosaxerxebeli iyo. imereTSi am ukanasknels 

„kaxur jiSs~ uwodebdnen, guria-imereTSi „kaxuri abreSumis~ yviTel jiSs aniWebdnen upi-

ratesobas, rogorc ufro meti abreSumis Semcvels. 

abreSumis Zafis amoxveva, darTva da qsova kustaruli wesiT xdeboda. amosaxvevad ga-

darCeul parks mzeze dayridnen xolme, rom Sig Wupri moeklaT. mere mduRareSi Cayridnen 

nawil-nawil da Zafs Suloebad amoaxvevdnen specialur xelsawyoebze („elarTaSe”, „ogi-daSe” 

_ samegreloSi; „ogvado” _ guriaSi; „samxeli”, „samuxveli” _ imereTSi); kaxeTSi specialur 

jaras _ „manjoniks” xmarobdnen. Suloebs firfitaze gadaaxvevdnen. amoxveul Zafs daarTav-

dnen TiTistarze, romelsac simZimisaTvis boloze qvis kviristavi hqonda wamocmuli. 

calwverad darTul Zafs Semdeg isev TiTistarze orwverad an samwverad SeZaxavdnen (dag-

rexdnen). saZaxavi TiTistari sarTavze ufro wvrili, grZeli da Txelmucliani iyo. 

kviristavi zemodan ekeTa. daZaxul Zafs muxlebze Suloebad amoaxvevdnen da dasarbileblad 

da gasaTeTreblad nacarwyalSi gamoxarSavdnen. wundebuli parkebisagan _ domfalisagan (ori 

Wiis mier daxveuli saerTo parki) da parkis amoxvevis dros miRebuli narCenebisagan 

xarSavdnen yaWs, gaaSrobdnen, dawewavdnen, gaCeCavdnen da daarTavdnen TiTistarze, orwverad 

daZaxavdnen da „daxvewavdnen~ (guriaSi yaWs uwodebdnen, zogadad, abreSumis parks). 

abreSumisagan saqsov dazgaze qsovdnen TavTas, merdins (aRmosavleT saqarTvelo); daraias 

(dasavleT saqarTvelo); CxirebiTa da yaisnaRebiT – Tavsafrebs, windebs, tolaRebs, qisebs, 

xelTaTmanebs, badeebs; firfitebiT _ Caxsakravebs, saxian sartylebs, yaiTnebs, CafariSebs da 

tansacmlis saolvels. qsovilebi ZiriTadad miiReboda dgim-savarcxlian horizontalur 

saqsov dazgebze, romelTa saxelwodeba sxvadasxva regionSi sxvadasxva iyo: kaxeTSi _ 

„safeiqro~, guriaSi _ „sameqslobo~, samegreloSi _ „oSuale~, istoriul samxreT 

saqarTveloSi _ „dazga/safeiqro~. abreSumis xami Zafi da darTuli abreSumi gamoiyeneboda 

rogorc „sazedao Zafi” (misaqselad) e. w. ,,saqulaje” da ,,saCoxe” qsovilebis dasamzadeblad 

vertikalur saqsov dazgebzec (e. w. „akazmebi”). abreSumis Zafebi gamoiyeneboda samkerdeebis, 

gulispirebis, sartylebis, qisebis mosaqargad oqrosa da vercxlis wvril ZafebTan erTad. 

qalisa da mamakacis erovnuli tansacmlis erT-erTi ZiriTadi nedleuli abreSumi iyo. 

qsovilebi iyo saxiani an erTferad SeRebili. Zafebis gadaxlarTvac sxvadasxvagvari iyo.  

sakeravi Zafi mzaddeboda ZiriTadad darTuli abreSumisagan ramdenime (2, 3, 4, 6) wveris 

SegrexviT. abreSumi gamoiyeneboda Sereuli narTis misaRebad SalTan, selTan, bambasTan 

erTad. abreSumis SesaRebad gamoiyeneboda adgilobrivi bunebrivi saRebavebi, ZiriTadad 

lurji da wiTeli. 

XIX saukuneSi abreSumis xami Zafi da qsovilebi glexebisaTvis Semosavlis wyaro iyo. 

maT aqtiurad iZendnen vaWrebi imisaTvis, rom ufro Zvirad gaeyidaT. magram amierkavkasiis 

abreSumis warmoebis politikas ZiriTadad ukve ruseTi gansazRvravda, romlis 

mmarTvelobasac daeqvemdebara saqarTvelo XIX saukunis dasawyisidan. ruseTma imTaviTve 
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miaqcia yuradReba samxreT ruseTsa da saqarTveloSi abreSumis moyvanis sakiTxs, Caatara 

inspeqtireba _ Seagrova cnobebi meabreSumeobis gavrcelebis Sesaxeb da aRwera meabreSu-

meobis raionebSi TuTis nargaobebi. ruseTi dainteresebuli iyo abreSumiT, rogorc 

nedleuliT Tavisi abreSumsaqsovi sawarmoebisaTvis, romlebic ZiriTadad moskovsa da mis 

maxlobel guberniebSi iyo ganTavsebuli. Cvens qveyanaSi Zveli saukuneebidan moyolebuli 

maRalxarisxovani abreSumis qsovili „daraia~ mzaddeboda. adreul wlebSi mas valutis 

daniSnulebac hqonda da oqrosa da vercxlTan erTad Zvirfaseulobad iTvleboda. im 

periodSi ZiriTadi moTxovna parkze modioda, rac ruseTSi, rogorc aRvniSneT, abreSumis 

qsovilebis sawarmoeblad gahqondaT. amitom glexobam garkveulwilad tradiciuli abreSumis 

qsovilebis damzadebas Tavi daaneba da maT nacvlad Semotanili iafi fabrikatebis 

moxmarebaze gadavida. qarTuli abreSumis qsovilebis miRebis xalxuri meTodebi da xerxebi 

TandaTan daviwyebas mieca. miuxedavad imisa, rom XX saukunis 20-iani wlebidan saqarTveloSi 

abreSumis mrewveloba aRorZinda, qarTuli abreSumis TviTmyofadoba daikarga. 

 XIX saukunis 50-iani wlebi abreSumis moyvanis mxriv amierkavkasiisaTvis warmatebuli 

aRmoCnda. aq abreSumis nedli parkis mosavali saSualod Seadgenda 700_800 aTas fuTs 

weliwadSi. moyvanili parkis 60_70 % gahqondaT ruseTSi moskovis da abreSumis sxva safeiqro 

fabrikebisaTvis, mcire nawili igzavneboda TurqeTSi, dasavleT evropis qveynebSi. abreSumis 

darCenili nawilis _ saerTo raodenobis 30_40%-is gadamuSaveba xdeboda adgilze. kavkasiis 

mefisnacvali m. voroncovi Tavisi saqmianobis 1851 wlis angariSSi werda: „meabreSumeoba 

warmoadgens amierkavkasiis soflis meurneobis mniSvnelovan dargs~; rom quTaisis guberniaSi 

abreSumis parki „Zlier kargia da swori gadamuSavebis SemTxvevaSi iZleva saukeTeso 

produqts. aqaur parks yiduloben da agzavnian odesasa da moskovSi evropuli wesiT 

amoxvevisaTvis~. 

XIX saukunis meore naxevarSi safrangeTSi ifeTqa abreSumis Wiis saSinelma daavadebam – 

pebrinam. daavadeba swrafad gavrcelda italiaSi, aRmosavleT evropis qveynebSi, amier-

kavkasiaSi, mcire da Sua aziaSi. pebrinas gavrcelebam meabreSumeoba sruli ganadgurebis 

safrTxis winaSe daayena. am daavadebis winaaRmdeg brZolis saSualeba safrangeTSi lui 

pasterma gamoigona. 

1862_1863 wlebSi daavadeba farTod gavrcelda dasavleT saqarTveloSi, kerZod  

samegreloSi, 1863 wels _ nuxis mazraSi (azerbaijanis CrdiloeT nawilSi, romelic iTv-

leboda amierkavkasiaSi meabreSumeobis wamyvan regionad), 1865 wels _ meabreSumeobis TiTqmis 

yvela raionSi. 1866_1869 wlebi iyo yvelaze mZime kavkasiis meabreSumeobisaTvis. es dargi 

aSkarad gadaSenebis gzaze idga. magram momdevno wlebSi daavadebam TandaTan iklo, rasac 

xeli Seuwyo lui pasteris meTodiT Semowmebuli (e.w. celuliaruli)  jansaRi grenis  Semo-

tanam amierkavkasiaSi da aseve avadmyofobis mimarT gamZle jiSebis gamoyenebam. 

XIX saukunis 80-ian wlebSi ruseTis imperiaSi daisva sakiTxi samxreTuli meabeSumeobis 

Semdgomi ganviTarebisaTvis gadaudebeli RonisZiebebis ganxorcielebis Sesaxeb. 1887 wels 

TbilisSi daarsda amierkavkasiis sacdeli sadguri, romlis pirveli xelmZRvaneli iyo cno-

bili rusi mecnieri da meabruSemeobis specialisti  n. Savrovi. sadgurTan moewyo labo-

ratoriebi, muzeumi, biblioTeka. tardeboda abreSumis Wiis saCvenebeli gamokveba, leqciebis 

kiTxva, adgilebze meabreSumeobis mdgomareobis gamokvleva. samwuxarod, epidemiis gavr-

celebam TiTqmis mTlianad gaanadgura da gadaSenebis safrTxis winaSe daayena abreSumis Wiis 

qarTuli jiSebi. n. Savrovis mier 80-ian wlebSi kavkasiis meabreSumeobis Seswavlis dros 

adgilobrivi jiSi aRar arsebobda. is asaxelebs mxolod adrindel ramdenime jiSs: 

adgilobriv quTaTur jiSs da adgilobriv kaxur parks. 

pirveli msoflio omis win amierkavkasiaSi saSualod nedli parkis mosavali Seadgenda 

300000 fuTs, aqedan 40% gadioda sazRvargareT. saqarTveloSi muSaobda Telavis, samtrediis, 
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xonis, ozurgeTis abreSumsaxvevi oTxi patara fabrika. grena kvlav ucxoeTidan Semodioda. 

miRebuli Zafi gahqondaT milansa da marselSi. menSevikebis wlebSi es fabrikebic daixura. 

gasuli saukunis 20-iani wlebidan sabWoTa kavSiris pirobebSi meabreSumeobas ukve didi 

yuradReba mieqca. yofil  mokavSire respublikebsa da olqebSi Seiqmna meabreSumeobis 

sammarTveloebi, raionuli parksaSrobebi, damzadebis punqtebi, sagrenaJe  qarxnebi, sanaSene-

seleqciuri sadgurebi, daarsda TuTis saxelmwifo da sakolmeurneo  sanerge meurneobebi, 

Seiqmna parkis pirveladi damuSavebis bazebi da Zafsaxvevi fabrikebi. 1921_1927 wlebSi saqar-

TveloSi gaixsna sami didi sagrenaJe qarxana, meabreSumeobis sajiSe-saseleqcio sadgurebi, 

romlebic amzadebda saqarTvelos klimatur pirobebTan Seguebul grenas, ucxoeTidan grenis 

Semotana Sewyda. am periodSi aSenda Zafsaxvevi fabrikebi ozurgeTSi, xonSi, TelavSi (1926 w.), 

samtrediaSi (1927 w.), quTaisSiA (1929 w.). 1925 wels Seiqmna meabreSumeobis sammarTvelo 

,,saqabreSumi”, romlis damsaxurebaa is, rom parkis mosavali 2000 t-mde gaizarda, xolo XX 

saukunis 60-iani wlebis dasawyisSi _ 4000 t-mde. ganviTarda abreSumis mrewveloba. gasuli 

saukunis 80-ian wlebSi saqarTveloSi moqmedebda xuTi Zafsaxvevi fabrika, ori msxvili 

abreSumsaqsovi da ori gamomyvani warmoeba Tbilisis abreSumis  da quTaisis abreSumis safe-

iqro-samkervalo gaerTianebebSi. gasuli saukunis 60-iani wlebis dasawyisSi saqarTvelos 

abreSumis mrewveloba TiTqmis uzrunvelyofili iyo sakuTari abreSumis parkiT. 

amierkavkasiis sacdeli sadguris bazaze 1930 wels Seiqmna amierkavkasiis meabreSumeobisa 

da abreSumis mrewvelobis samecniero-kvleviTi instituti, romelsac 1955 wels saqarTvelos 

meabreSumeobis samecniero-kvleviTi instituti daerqva. 1959 wels aRniSnuli instituti 

SeuerTda sasoflo-sameurneo institutis meabreSumeobis fakultets, meabreSumeobis 

saswavlo-kvleviTi fakultetis saxelwodebiT. 1989 wels aRniSnuli fakulteti gaiyo 

meabreSumeobis kaTedrad da problemur laboratoriad, romlebic diRmis teritoriaze 

mdebareobda. Zvel SenobaSi, romelic aRdgenil iqna srulyofili saxiT, moTavsda meabreSume-

obis saTavo samecniero centri. aRsaniSnavia, rom orive bazaSi muSaobdnen maRal-

kvalificiuri specialistebi. meabreSumeobis da abreSumis samrewvelo dargebisaTvis 

specialistebs saqarTvelos umaRlesi saswavleblebi  amzadebdnen.  

saqarTveloSi warmodgenili iyo abreSumis warmoebis TiTqmis yvela rgoli: meTuTeoba, 

meabreSumeoba, parkis damzadeba, Zafis amoxveva da xami abreSumis Zafis miReba, abreSumis Za-

fis grexa, abreSumis darTva, qsova, gamoyvana. 1990 wlisaTvis saqarTvelos Zafsaxvevi fabrike-

bis teqnikuri aRWurviloba Seadgenda 834 Zafsaxvev   auzs (8390 ZafgadasataniT), aqedan КМС-

10 sistemis (meqanikuri dazgebi) _ 738 Zafsaxvev auzs da 96 sabWour avtomatur Zafsaxvev auzs. 

naturaluri abreSumis qsovilebi gamomuSavdeboda „riutis~  da „nortropis~ firmis 

Zvel meqanikur saqsov dazgebze, romlebic saukeTesod iTvleboda Txeli qsovilebisaTvis, 

agreTve Tanamedrove mikromaqoian ganier (samuSao  sigane _ 180, 220, 330 sm) sabWour saqsov 

dazgebze. gamomyvan warmoebebSi dayenebuli iyo Tanamedrove saCiTavi, saSrobi, sazom-

sawunmdeblo da sxva gamomyvani manqanebi. 

iwarmoeboda abreSumis klasikuri qsovilebi (eseni iyo ZiriTadad krepuli Zafisagan* 

miRebuli qsovilebi): krepdeSini, krepJorJeti, krepmarokeni, krepSifoni. krepuli grexis mqone 

Zafi qsovils marcvlovan faqturas aZlevda. iwarmoeboda agreTve gluvi zedapiris mqone 

qsovilebi. gansakuTrebiT unda aRiniSnos krepsatini, romelsac quTaisis abreSumis kombinati 

gasuli saukunis 70-ian wlebamde uSvebda. es qsovili iyo mZime, zedapiri atlasis efeqtiT, 

romelic iqmneboda daugrexavi abreSumis Zafebisagan, xolo meore mxares krepuli misaqselis 

gamo hqonda krepuli efeqti. am qsoviliT ikereboda suxiSvilebis cekvis ansamblis qalis 

kabebi. es qsovili gamomuSavdeboda 8 dgimiT da mqsovelisagan did yuradRebas moiTxovda. 

aRsaniSnavia, qarTveli desinatorebis da mxatvrebis mier Seqmnili naturaluri abreSumis 

                                                 
* krepuli Zafi abreSumis Zafis ramdenime wverisagan Sedgeba da 1 m-ze Rebulobs 2200_2400 grexas. 
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Jakarduli da daCiTuli qsovilebi, romlebic mowonebas imsaxurebda sxvadasxva gamofenasa 

da Cvenebaze. magram aqve unda aRiniSnos, rom masobrivi moxmarebis qsovilebi TavianTi 

garegnuli gaformebiT, SeRebvis xarisxiT da sxva TvisebebiT ver utoldeboda saerTaSoriso 

dones. es garkveulwilad ganpirobebuli iyo sabWoTa gegmuri ekonomikiT, romlisTvisac  

upirvelesi iyo raodenoba da ara xarisxi. sabWoTa standartebis (e.w. ГОСТ-ebis) moTxovnebic 

CamorCeboda saerTaSoriso standartebis moTxovnebs. 70-iani wlebidan abreSumis warmoebaSi 

Semodis viskozuri da acetaturi abreSumis qsovilebi, romlebic swrafad imkvidrebda 

adgils siiafis gamo, magram naturaluri abreSumi Seucvleli rCeba misi fizikur-meqanikuri 

Tvisebebidan gamomdinare da am mxriv mas konkurencias ver uwevs xelovnuri boWkosagan 

damzadebuli qsovilebi. saWiro iyo  daCiTva-Rebvis Semdeg maT SeenarCunebinaT bzinvareba, 

sirbile, haerovneba, ferTa sikaSkaSe. 

1964 wlidan TuTis daavadebis gavrcelebam saqarTveloSi abreSumis parkis moyvanis 

mkveTri Semcireba gamoiwvia. TuTis daavadeba – sixuWuWe cnobili iyo XIX saukuneSic. 

1963_1964 wlebSi teniani haeri da avadmyofobis gadamtani mwerebis gamravleba gaxda dasavleT 

saqarTveloSi avadmyofobis gavrcelebis mizezi. amis Sedegad saqarTvelom dakarga sakvebi 

fondis 80%. 1956 wels TuTis mTliani nargaoba 18 mln Zirze meti iyo, 1975 wels 4 mln 

Ziramde Semcirda. amis Sedegad nedli parkis moyvanac 4000 t-dan (1961 w.), weliwadSi 

saSualod  (1975_1990 ww.) 1700 t-mde Semcirda, Sesabamisad _ mSrali parkis damzadebac _ 1400 

t-dan 500 t-mde. saqarTvelo am situacias moumzadebeli Sexvda. nacvlad imisa, rom 

Catarebuliyo saswrafo da efeqturi RonisZiebebi TuTis foTlis sixuWuWis winaaRmdeg, 

respublikis Zafsaxvevi fabrikebis moTxovnis dakmayofileba importuli nedleulis gazrdis 

xarjze moxda. Tu 1961 wels mSrali parkis importuli gziT Semotana umniSvnelo iyo, Semdeg 

wlebSi  Sua aziidan Semotanili nedleulis wili 60 _ 65%-sac ki aRwevda.  

aqve unda aRiniSnos,  rom ekonomikis saerTo daRmasvla, e. w. „uZraobis periodi~ da 

„perestroika~ 70-iani wlebidan abreSumis warmoebazec aisaxa: ar xdeboda mowyobilobis da 

asortimentis ganaxleba, teqnikuri donis amaRleba, Sromis pirobebis gaumjobeseba da a.S. 

sabolood, 80-iani wlebis bolos sabWoTa kavSiri daiSala. dairRva ekonomikis Sekruli wre, 

aTeuli wlebis ganmavlobaSi Camoyalibebuli miwodeba-gasaRebis kavSirebi. saqarTvelom, 

romelmac damoukidebloba moipova  da, romelic axal ekonomikur sivrceSi aRmoCnda _ e.w. 

„sabazro ekonomikis“ pirispir, ver SeZlo SeenarCunebina abreSumis warmoeba. igi Cakvda. 

damoukideblobis mopovebidan 2_3 weliwadSi saqarTvelos abreSumis mrewveloba aRar 

arsebobda. bolo 22 wlis ganmavlobaSi bevri daiwera, bevri mosazreba da mowodeba gamoiTqva 

abreSumis warmoebis aRorZinebis Sesaxeb, magram jer saqme ar daZrula.  

saqarTveloSi abreSumis warmoebis mravalsaukunovani istoria imas mowmobs, rom  

abreSumis warmoeba Cveni qveynisaTvis sisxlxorceuli sameurneo saqmea da is unda aRdges. ra 

Tqma unda, es arc ise advilia, radgan kompleqsur midgomas saWiroebs: unda ganviTardes 

meTuTeoba, grenaJis warmoeba, Wiis gamokveba da parkis moyvana, rac unda Caisvas soflis 

meurneobis ganviTarebis perspeqtiul gegmaSi, daarsdes Zafsaxvevi, sagrexi, saqsovi da 

qsovilebis gamomyvani sawarmoebi miRebuli parkis samrewvelo gadamuSavebisaTvis. es unda 

moxdes Tanamedrove moTxovnebis Sesabamisad, qarTuli tradiciebis, TviTmyofadobis, 

mxatvruli motivebis gaTvaliswinebiT, rom produqciam daakmayofilos rogorc qveynis Siga, 

ise saeqsporto moTxovnebi. 

aqve moviyvanT msoflios meabreSumeobis qveynebSi xami abreSeSumis Zafis warmoebis 

statistikur maCveneblebs. 
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 cxrili 
 

xami abreSumis Zafis warmoeba (abreSumis narCenebis CaTvliT, t)  

  

 

1979_1981 ww. 

(saS. wl. 

warmoeba) 

1989 2001 2009 2010 2011 2012 

mTlianad msoflioSi 57958 73589 90488 106169 139118 129684 152868 

CineTi 34199 42044 64567 84000 115000 104000 126000 

indoeTi 4226 10500 17531 19690 21005 23060 23679 

iaponia 15642 7000 431 72 54 42 30 

uzbekeTi 1634 2354 1260 780 940 940 940 

brazilia 1300 1900 1485 811 770 558 614 

samxreT korea 3311 1400  3 3 3 1,5 

tailandi 883 1250 1510 665 655 655 655 

vietnami 246 450 2035  550 500 450 

saqarTvelo 392 306 _ _ _ _ _ 

 

d. guramiSvili jer kidev XVIII saukuneSi leqsSi „ukvdavebis wyaros igavT axsna~ 

abreSumis miRebis saqmes uflis wyalobad miiCnevs:  

„RmerTma CvenTvis rac mohfina, yvela CvenTvis ganaCina,  

Wiac CvenTvis amuSaka, WiWnauri aparkina~. 

nu viqnebiT skeptikosebi da viwamoT, rom male qveynis saeqsporto CamonaTvalSi qar-

Tuli Rvinis, da Cais gverdiT Rirseul adgils daimkvidrebs qarTuli abreSumi, rogorc 

qarTuli kulturis, tradiciebis, Rirsebis mowme. da Tu es ase moxda, imis mimaniSnebeli 

iqneba, rom qarTveli glexi daubrunda Tavis sofels, feiqari _ saqsov dazgas da 

saqarTvelo swori gziT midis win.  
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safeiqro mrewveloba 
 

abreSumis warmoebis ganviTarebis istoria saqarTveloSi 

n. CxaiZe, n. maxvilaZe, l. lursmanaSvili, T. CubiniSvili 

(saqarTvelos teqnikuri universitetis instituti teqinformi) 

    

reziume: statiaSi gadmocemulia saqarTveloSi abreSumis warmoebis istoria uZvelesi 

droidan  dRemde. cnobilia, rom abreSumis Wiis gamosakvebad saWiro TuTis xis foToli 

kavkasiaSi bunebrivad iyo gavrcelebuli. amitom, savaraudoa, rom abreSumis boWkos miRebis 

saidumlos saqarTveloSi ZvelTaganve flobdnen. es dasturdeba Cvenamde moRweul pirvelsave 

qarTul literaturul wyaroSi i. curtavelis ~SuSanikis wamebaSi~ (V s.), sadac naxsenebia 

~WiWnauxtis saqme~ (~abreSumis saqme~), rogorc saqalebo saqmianoba. Semdgom saukuneebSi 

cnobili qarTveli istorikosebi da ucxoeli mogzaurebi adastureben abreSumis warmoebas-

Tan dakavSirebuli saqmianobis, rogorc wamyvani sameurneo dargis,   arsebobas saqarTveloSi.  

gansakuTrebuli aRmavloba ganicada abreSumis warmoebam  XX saukuneSi. gasuli saukunis 90-

iani wlebis dasawyisidan abreSumis warmoeba saqarTveloSi SeCerda. abreSumis warmoebis 

aRdgena unda iyos  dRes Cveni qveynis ZiriTadi amocana. 

 

TEXTILE INDUSTRY 

SILK PRODUCTION DEVELOPMENT HISTORY IN GEORGIA 

N. Chkhaidze, N. Makhviladze, L. Lursmanashvili, T. Chubinishvili 

(Georgian Technical University, Institute Techinformi)  

 
  Resume:  There is given history of silk production in Georgia from ancient centuries to the present day. There 

is shown, that the mulberry trees needed to feed the silkworm grow naturally in Caucasus from ancient times. So, 
probably the secrets of getting the silk fiber were known in Georgia from those times. In the oldest Georgian literary 
work “Martyridom of Shushanik” (5th c. A.D.) is shown the existence of silk in Georgia. In the next centuries the silk 
production in Georgia became one of the main industry. The produced silk products were consumed as within the 
country as well exported outside, also were taken as a tribute by the invaders, which also cut vineyards and mulberry 
trees, to weaken the country economic. Especially great attention was paid to silk production in the past century. The 
raw silk thread production made up to 400 tonnes per annum in the 1960-ies and the rate was kept up to 90-ies. At the 
beginning of 90-ies the silk production was ceased due to known reasons of economic collapse of the Soviet Union. A 
lot of efforts of people and of the country are required to restore the silk production.  

 
ТЕКСТИЛЬНАЯ ПРОМЫШЛЕННОСТЬ 

 

ИСТОРИЯ РАЗВИТИЯ ШЕЛКОВОГО ПРОИЗВОДСТВА В ГРУЗИИ 

Н. Чхаидзе, Н. Махвиладзе, Л. Лурсманашвили, Т. Чубинишвили 

(Институт ТЕХИНФОРМИ Грузинского технического университета) 

 
Резюме: В статье изложена история шелкового производства с давних времен до наших дней. Известно, что 

шелковица, листьями которого питается шелковичный червь, растет  на Кавказе естественным образом. Поэтому, 
можно предполагать, что в Грузии с древних времен владели способом получения шелкового волокна. Это 
соображение подтверждается в дошедшем до нас первом же грузинском литературном произведении Якова 
Цуртавели «Мученичество Шушаники» (V в.), где «шелковое дело» упоминается, как обычное женское дело. В 
последующие века известные грузинские ученые и путешественники сообщали о существовании шелководческой 
деятельности, как ведущей хозяйственной отрасли в Грузии. Особенное развитие получило шелковое производство в 
XX веке, но с начала 90-ых годов прошлого века шелковое дело остановилось. Восстановление  шелкового  
производства должно стать основной задачей нашей страны. 
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    mrewvelobis istoria 

 

 

mrewvelobis ganviTarebis pirveli nabijebi aWaraSi  

o. gogoliSvili 

(SoTa rusTavelis saxelmwifo universiteti) 

 

 

XIX saukunis 80-iani wlebidan baqoSi didi aRmavlobiT viTardeboda navTobis mrew-

veloba. baqos navTobproduqtebi akmayofilebda ara marto ruseTis saSinao bazris 

moTxovnebs, aramed misi Warbi nawilis eqsportiT _ evropisa da aziis bazrebis did 

nawilsac, xolo am bazrebisTvis navTobproduqtebis misawodeblad baTumi geografiulad 

yvelaze ufro moxerxebuli satransporto kvanZi aRmoCnda.  

1883 wlis 21 marts baTumSi saokeano gemis sayvirs pirveli matareblis sayviric 

SeuerTda. baTumi amierkavkasiis rkinigziT daukavSirda baqos, saidanac baTumis navsadgur-

Si rkinigzis magistraliT daiwyo ,,Savi oqros” – navTobis mZlavri nakadis Semosvla da 

Semdeg msoflios ganTqmuli bazrebisaTvis baqos navTobisa da kavkasiis sxva mravali 

nedleulis miwodeba [1].  

baTumi, rogorc sanavsadguro qalaqi, iwyebs mzardi da mniSvnelovani rolis Sesru-

lebas qveynis ekonomikur cxovrebaSi. navsadguris axlos igeba qarxnebi, Sendeba ,,navTobis 

qalaqi”. es qarxnebi saeqsporto navTobproduqtebis gasatanad saWiro specialur taras 

(Tunuqisa da xis yuTebs) amzadebdnen. saeqsporto navTobisaTvis xis yuTebisa da Tunuqis 

WurWlebis damamzadebeli pirveli qarxana (mepatrone inJineri palaSkovski) eqspluata-

ciaSi Sevida 1883 wels. igi aRWurvili iyo im droisaTvis arsebuli maRali teqnikiT, 

romelic Semotanil iqna aSS-dan. es qarxana 1886 wlamde TiTqmis erTaderT meqanizebul 

sawarmod iTvleboda, romlis Tavdapirveli sadReRamiso mwarmoebluroba iTvaliswinebda 

12 aTasi Tunuqisa da 6 aTasi xis yuTis damzadebas. 

baqos navTobi 1885 wlidan moyolebuli swrafad iwyebs sazRvargareTis bazrebis 

xelSi Cagdebas. igi gabedulad uwevs konkurencias aSS-is navTobs da aviwroebs mas 

navTobproduqtebis msoflio bazrebze.  

swored am periodSi xdeba baTumis, rogorc qalaqis, Camoyalibeba. 1885 wlis damlevs 

aq Camosuli cnobili frangi mecnieri, aRmosavleTmcodne Jan murie aRniSnavda, rom ba-

Tums am dros ukve hqonda evropuli qalaqis saxe [2]. 

baqos navTobis eqsportis ganuxrel zrdasTan dakavSirebiT baTumSi sakmaod ga-

farTovda navTobproduqtebis taris warmoeba. izrdeba warmoebis moculoba arsebul 

qarxnebSi. mwyobrSi Cadga axali qarxnebic. jer kidev 1883 wlis bolos amuSavda sidere-

disis qarxana [3], 1887 wels _ qarxana “manTaSevi da kompania”, xolo 1892 wlidan eqsplua-

taciaSi Sevida xaCaturiancisa da sxvaTa qarxnebi. 

 XIX saukunis 90-ian wlebSi baTumSi xis yuTebisa da Tunuqis WurWlis damamza-

debeli 9 qarxana iyo. am qarxnebSi sul muSaobda 3500 muSa. sadReRamiso mwarmoebluroba 

aRwevda 100000 Tunuqisa da 50000 xis yuTs. navTobproduqtebis taris qarxnebi warmoebis 

moculobisa da muSaTa raodenobis mixedviT, XIX saukunis bolo wlebSi baTumSi arsebul 

fabrika-qarxnebs Soris yvelaze ufro msxvil da mZlavr sawarmoebad iTvleboda. maT ara 

marto baTumis, aramed mTeli quTaisis guberniis warmoebis sistemaSi gansakuTrebuli 

adgili ekavaT. 1894 wels marto 8 sawarmom, romlebic saeqsporto navTobproduqtebis 
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taras amzadebdnen, 22350,0 aTasi maneTis produqcia gamouSva. es Seadgenda quTaisis 

guberniis yvela qalaqis mrewvelobis saerTo produqciis 96,6, xolo mTeli guberniis 

mrewvelobis saerTo moculobis – 93,3 %-s. navTobproduqtebis yuTebis warmoebasTan 

dakavSirebuli iyo mTeli rigi sxva sawarmoebi, kerZod, Tujis Camomsxmeli, lursmnis 

damamzadebeli, meqanikuri da sxv. mniSvnelovan sawarmos warmoadgenda agreTve qimiuri, 

momTuTiebeli, tyavisa da sxva qarxnebi. 

 qveynis samrewvelo da komerciul cxovrebaSi baTumis roli imdenad gaizarda, rom 

jer kidev XIX saukunis 80-iani wlebidan moyolebuli aq daarsda sxvadasxva sakredito 

dawesebuleba (saxelmwifo banki, Tbilisis komerciuli banki, samxreT ruseTis samrewvelo 

bankis baTumis ganyofilebebi da sxv.), romlebic xels uwyobda sawarmoo procesebisa da 

komerciuli operaciebis daCqareba-ganviTarebas. aRniSnuli samrewvelo sawarmoebisa da 

sakredito dawesebulebebis Seqmna baTumSi imaze miuTiTebda, rom jer kidev XIX saukunis 

dasasruls baTumi mTlianad ,,cxovrobda samrewvelo kapitalizmis cxovrebiT, misTvis 

damaxasiaTebeli yvela Rrma socialur-ekonomiuri winaaRmdegobiTa da antagonizmiT” [4]. 

qalaqis samrewvelo da komerciuli cxovreba ganuxrelad izrdeboda. XIX saukunis 

miwuruls baTumSi ukve arsebobda 8_10 sakmaod msxvili samrewvelo sawarmo, xolo 1900 

wels moqmedebda 31 samrewvelo sawarmo. 

XX saukunis dasawyisSi baTumi mTeli amierkavkasiis mesame samrewvelo centrs war-

moadgenda. safabriko-saqarxno warmoebis aRmocenebasa da ganviTarebasTan erTad baTumSi 

Camoyalibda samrewvelo muSaTa klasi. 

baTumidan navTobproduqtebis sazRvargareT da ruseTis imperiaSi gatana (1904 wlam-

de) TiTqmis yoveldRe izrdeboda da 1903 wels kulminacias miaRwia. am wels baTumis nav-

sadguridan gaitanes 84,2 mln fuTi navTobproduqtebi. baTumis navsadgurma msoflio 

mniSvnelobis saxeli moixveWa. 

amierkavkasiis rkinigzis gayvanis Semdeg navTobis transportirebis gaZlierebis Tval-

sazrisiT udidesi mniSvneloba hqonda 1900 wels ruseTis imperiaSi pirveli navTobsadeni 

milis gayvanas baqodan baTumamde. amieridan baTumis navsadgurSi daiwyo navTobis pirdapiri 

Casxma ucxoeTis gemTa triumebSi. navTobsadenis milis sigrZe Seadgenda 883 km-s, xolo 

milis Siga diametri _ 8 diums. weliwadSi mas SeeZlo gaetarebina 1 mln t navTobi. amis 

Sedegad rkinigziT navTobis zidva TandaTanobiT Semcirda. 1903 wlidan baTumSi SesamCne-

vad iklo samrewvelo produqciis gamoSvebam, rac gamowveuli iyo im garemoebiT, rom mu-

SaTa politikuri gaficvebis Sedegad mTeli rigi sawarmoebi SeferxebiT muSaobda. ruseTs 

xelidan gamoecala navTobis iseTi mniSvnelovani bazrebi, rogoric iyo CineTi, indoeTi, 

iaponia. baTumis samrewvelo sawarmoebi krizisma moicva. aman ki, Tavis mxriv, mravali 

qarxnis daxurva gamoiwvia. muSaoba Sewyvita manTaSevisa da rotSildis qarxnebma. 1908 

wels moqmedebda Tunuqis yuTebis damamzadebeli mxolod ori qarxana, romlebSic 

dasaqmebuli iyo 629 muSa [5]. am qarxnebis warmoebis moculobac 1902 welTan SedarebiT 

TiTqmis 5-jer Semcirda. 

1910 wlidan ruseTis bazrebze gaizarda moTxovnileba navTobproduqtebze. amave dros 

CineTis, indoeTis, iaponiisa da aRmosavleTis sxva qveynebis bazrebmac gazarda ruseTis 

navTobze moTxovnileba. ruseTis navTobi isev ipyrobs aRniSnul bazrebs. rogorc ruseTis, 

ise sazRvargareTis bazrebze ruseTis navTobi kvlav baTumis navsadguridan igzavneba. 

baTumis savaWro-samrewvelo cxovrebis majiscema matulobs. magram aseTi mdgomareoba 

didxans ar gagrZelebula. pirveli msoflio omis dros bevri sawarmo nedleuls veRar 

iRebda da dakveTebs ver asrulebda. magaliTad, baTumis olqis samrewvelo sawarmoebis 

raodenoba 1913 wlidan 1915 wlamde 24 %-iT Semcirda, xolo muSaTa raodenoba _ 63,2 %-iT. 

kapitalizmi SeiWra aWaris soflis meurneobaSic. naturaluri gadasaxadebi, rac ma-

namde arsebobda, fuliT Seicvala. safuZveli Caeyara teqnikur kulturaTa saplantacio me-
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urneobas da sxv. miuxedavad amisa, Turquli feodaluri miwaTmflobelobis kanonmdebloba 

jer kidev ZalaSi rCeboda. carizmis agrarul-kolonialuri politika saxazino miwis fon-

dis gazrdisa da glexTa materialuri Seviwroebisaken warimarTa. rusi moxeleebi cdi-

lobdnen aWaraSi Turquli miwaTmflobelobis wesebi gamoeyenebinaT, romlis mixedviT mTe-

li miwa saxelmwifo sakuTrebaSi rCeboda. es mdgomareoba carizms aWaraSi kolonizaci-

isaTvis farTo gzas uxsnida [6]. 

Savi zRvis sanapirom aWaraSi Tavisi bunebriv-geografiuli pirobebiT mecnierTa di-

di yuradReba miipyro. maTi dakvirvebebiTa da gamokvlevebiT Savi zRvis sanapiros niadag-

klimaturi pirobebi Zlier emsgavseboda im qveynebis niadag-klimatur pirobebs, sadac 

subtropikuli kulturebi didad iyo garcelebuli. isini amtkicebdnen, rom CvenSi SeiZle-

boda Caisa da subtropikuli kulturebis gavrceleba. am mxriv gamoirCeodnen mecnierebi a. 

voeikovi, a. krasnovi, a. butlerovi da sxv. subtropikuli kulturebis praqtikulad da-

nergva-gavrcelebaSi didi roli Seasrula im eqspediciebma, romlebic moewyo CineTSi, 

iaponiaSi, indoeTSi, ceilonsa da sxva subtropikul qveynebSi. am kulturebis adgilze 

Seswavlisa da misi Savi zRvis sanapiroze gaSenebis mizniT eqspediciebs SemohqondaT Cais, 

citrusovanTa, bambukis, tungisa da sxva Zvirfasi subtropikuli kulturebis Tesli, 

agreTve nergebi da aSenebdnen zRvis sanapiroze (Caqvi, salibauri). swored aman Cauyara 

safuZveli aq Caisa da citrusovanTa meurneobas. 

XIX saukunis damlevs izrdeba mosaxleobis interesi Cais kulturisadmi. igi, 

marTalia, mcire raodenobiT, magram mainc ikidebs fexs glexTa ezoebSic. Cais kulturis 

gavrcelebis paralelurad viTardeba Cais mrewvelobac. 1897 wels aigo salibauris Cais 

fabrika, xolo 1898 wels _ Caqvis Cais fabrika. bazarze ukve gaCnda aq damzadebuli Cai 

,,pirveli rusuli Cais” saxelwodebiT. 1900 wels salibauris Cais produqciam parizis 

msoflio gamofenaze maRali Sefaseba da didi oqros medali daimsaxura.  

aRsaniSnavia, rom mefis ruseTis dros Caisa da citrusovanTa warmoeba SesaZl-

eblobis farglebSi ver ganviTarda (1913 wels Cais plantaciebis farTobi Seadgenda 889 

ha-s, xolo citrusovani kulturebisa _ 262 ha-s), magram am dargis ukeT ganviTarebisaTvis, 

rogorc pirvel nabijs, didi mniSvneloba hqonda. Semdgom periodSi aWaram Tavisi 

gamocdilebis gaziarebiT udidesi daxmareba gauwia im raionebs, romlebmac xeli mohkida 

Caisa da citrusovanTa gaSenebas.  

mefis ruseTis dros aWaris mTian raionebSi farTod gavrcelda Tambaqos kultura, 

ramac sagrZnoblad gazarda soflis meurneobis Semosavali.  

mkvlevarTa yuradReba miipyro Savi zRvis sanapiro zolis samkurnalo resursebmac. 

baTumsa da mis midamoebSi, aseve qobuleTSi gaSenda patar-patara agarakebi, ramac mniSvn-

elovani roli Seasrula aWaris sakurorto meurneobis ganviTarebaSi.  
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mrewvelobis istoria 

 

mrewvelobis ganviTarebis pirveli nabijebi aWaraSi 

o. gogoliSvili  

(SoTa rusTavelis saxelmwifo universiteti) 

 

reziume: amierkavkasiis rkinigzis mSeneblobis Semdeg (1883 w.) baqodan cisternebiT 

miewodeboda navTobproduqtebi baTums, saidanac Semdeg eqsportirdeboda evropisa da aziis 

bazrebSi. male baTumis portma msoflio mniSvneloba SeiZina, swrafi tempiT ganviTarda 

qalaqis samrewvelo da komerciuli cxovreba. XX saukunis dasawyisSi baTumi iqca amier-

kavkasiis mesame savaWro-samrewvelo centrad, sadac koncentrirebuli iyo muSaTa klasi. 

kapitalizmma moicva aWaris soflis meurneobac. iqauri niadag-klimaturi pirobebi xel-

sayreli aRmoCnda Zvirfasi subtropikuli kulturebis (Cais, citrusis, Tambaqos) ga-

saSeneblad. 

 

 

HISTORY OF INDUSTRY 
 

THE FIRST STEPS OF DEVELOPMENT OF INDUSTRY IN ADJARA O 

O. Gogolishvili 

(Shota  Rustaveli state University) 

 

Resume: This article deals with the first steps of development of industry in Adjara. The sity of Batumi became 

a very important centre of industry in the whole of Caucasus as a result of transportation of oil products from Baku to 

Batumi. The special vessels for oil products were manufactured in factories, that were specially built for this purpose in 

Batumi. The port of Batumi became of the world importance. 

Capitalism invaded in the agriculture sector of Adjara and as a result the production of tea, citrus, tobacco and so 

on were developed. 

 

 

ИСТОРИЯ ПРОМЫШЛЕННОСТИ 
 

ПЕРВЫЕ ШАГИ РАЗВИТИЯ ПРОМЫШЛЕННОСТИ В АДЖАРИИ 

 О. Гоголишвили 

(Государственный университет Шота Руставели) 

 

 Резюме: После постройки Закавказской железной дороги (1883 г.) из Баку цистернами стали поступать 

нефтепродукты в Батуми, откуда они экспортировались на рынки Европы и Азии. Вскоре батумский порт 

приобрел мировое значение; быстрыми темпами развивалась промышленная и коммерческая жизнь города. В 

начале XX века Батуми стал третьим торгово-промышленным центром Закавказья с высокой концентрацией 

рабочего класса. 

 Капитализм охватил и сельское хозяйство Аджарии. Почвенно-климатические ресурсы края были 

пригодны для разведения драгоценных субтропических культур, таких как чай, цитрусы, табак.  
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mecnierebis istoria 

 

 

Zveli mecnierebis axali furclebi 

† l. uruSaZe 

 

cnobili mecnieri, sazogado moRvawe, publicisti, istoriis mecni-

erebaTa doqtori levan uruSaZe iyo 150-ze meti samecniero naSromis, 

maT Soris 9 monografiis, 300-mde publicisturi werilis avtori, 

mravali samecniero sazogadoebisa da akademiis wevri, saqarTvelos  

sabWoTa okupaciis muzeumis samecniero xelmZRvaneli. igi tragikulad 

daiRupa 2013 wlis Semodgomaze. gardacvalebis Semdeg dajildoebulia 

Rirsebis ordeniT da miniWebuli aqvs saqarTvelos erovnuli premiis 

laureatis wodeba (saqarTvelos prezidentis 2013 wlis 16 noembris  
№ 16/11/11-is gankarguleba). 

 

 
* * * 

 karga xnis winaT mamaCemis _ zurab uruSaZis (biofizikosi) biblioTekaSi aRmovaCine 

1987 wels honkongSi gamocemuli wigni `idealebi da realoba. abdus salamis rCeuli eseebi~. 

wigns yuradRebiT gavecani. mimaCnia, rom am eseebs unda icnobdes yvela, visac ainteresebs 

mecnierebis da maRali teqnologiebis ganviTarebis sakiTxebi (da ara marto es).  

fizikaSi 1979 wlis nobelis premiis laureatis abdus salamis (1926 _ 1996 ww.) 

samSoblo pakistania, erT-erTi didi ganviTarebadi qveyana 60-milioniani mosaxleobiT, 

sadac xalxi ukidures siRatakeSi cxovrobs. abdus salami imdenad ganicdida Tavisi xalxis 

umZimes mdgomareobas, rom am wignis ruminul enaze mTargmneli winasityvaobaSi wers: 

`gegonebaT avtori msoflio mwuxrs autania, magram es ase ar aris. igi Tavisi xalxis 

bednierebisTvis Tavdadebuli mebrZolia~. am wignSi qarTvelebisaTvis bevri ram aris 

sagulisxmo. erT-erT eseiSi avtori wers: `... me SemeZlo davxmarebodi Cems qveyanas, rogorc 

kargi maswavlebeli, ris Sedegadac aRizrdeboda meti fizikosi, romlebic, Tavis mxriv, 

gaxdebodnen maswavleblebi, radgan am qveyanaSi mrewveloba ar arsebobda, an datovebdnen 

samSoblos. magram male mivxvdi, rom SeuZlebeli iqneboda kargi maswavleblis rolis 

didxans SenarCuneba im zRvruli izolaciis pirobebSi, rac arsebobs lahorSi (mis 

mSobliur qalaqSi – l. u.), sadac arasdros aRwevs literatura fizikaSi, ar aris saer-

TaSoriso kontaqtebi da mTel qveyanaSi ar meguleba arc erTi kompetenturi fizikosi. aq me 

aRmovCndebodi savsebiT umweo mdgomareobaSi ... rCeboda mxolod erTi saSualeba _ kavSiris 

damyareba saerTaSoriso samecniero sazogadoebriobasTan, raTa SemenarCunebina profesiuli 

kvalifikacia. Cemi imedi dakavSirebuli iyo gaerTianebuli erebis organizaciasTan da mis 

danayofebTan. ase daiwyo 1954 wels Cemi daxlarTuli gza am mimarTulebiT~. 

am `daxlarTuli gzis~ dasawyisSive abdus salamma dausabuTa gaeros, rom aucilebeli 

iyo gaerosTan Teoriuli fizikis saerTaSoriso centris Seqmna, rac ganviTarebadi 

qveynebisaTvis daxmarebis gawevis sakmaod moulodneli, magram qmediTi forma iqneboda. misi 

azriT, es centri meurveobas gauwevda ganviTarebadi qveynebis profesiul izolaciaSi myof 

fizikosebs, romelTa mniSvneloba, rogorc samecniero da teqnikur sferoebSi momuSave 

TanamSromlebisa, yvela qveyanaSi TandaTanobiT gaizrdeboda. am centris Seqmnis idea 

imdenad uCveulod JRerda, rom gaeros biurokratiul koridorebSi abdus salams 11 wlis 

ganmavlobaSi dasWirda Tavgamodebuli brZola mis dasacavad. abdus salami igonebs am 

brZolis damaxasiaTebel epizods: `gaeros atomuri energiis saerTaSoriso saagentos 

forumze evropis erT-erTi mowinave qveynis warmomadgenelma aseTi ramis Tqmac ki ikadra: 
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`Teoriuli fizika mecnierebis `rols-roisia~, ganviTarebad qveynebs ki urmis meti araferi 

sWirdebaT~.  

bolos da bolos, abdus salamis ideam gaimarjva. 1964 wels gaeros atomuri energiis 

saerTaSoriso saagento daTanxmda, rom gaerosTan Seqmniliyo Teoriuli fizikis centri da 

saagentos sabWom am mizniT gamoyo 55 000 aSS dolari. gadawyda, rom centri italiaSi 

ganTavsebuliyo. italiis xelisufleba am, misTvis prestiJul, movlenas aRfrTovanebiT 

Sexvda. italiis mTavrobam centrs grantis saxiT gamouyo 350 000 aSS dolari yovelwliu-

rad da gadasca Sesaferisi Senoba qalaq triestSi. 

centri 1964 welsve amoqmedda. amJamad misi Tanasponsorebi arian atomuri energiis 

saerTaSoriso saagento da iunesko, romelTa Semowirulobaa weliwadSi daaxloebiT 250 000 

dolari TiToeulisagan da kidev sxva araperioduli grantebi. 

metad sainteresoa centris angariSi gaweuli muSaobis Sesaxeb. aRmoCnda, rom Teoriu-

li fizikis saerTaSoriso centrma misi arsebobis 11 wlis ganmavlobaSi Sesabamisi 

samsaxuri gauwia 90 qveynis 6 000 wamyvan fizikoss, maT Soris 4 000 fizikoss 65 ganvi-

Tarebadi qveynidan. centrma moaxdina revoluciis msgavsi ram. es exeba fizikis swavlebas 

da aseve im daxmarebas, romelic gaewia ganviTarebad qveynebs im amocanebis gadasaWrelad, 

rac wlebis ganmavlobaSi fizikaSi teqnikuri problemebis warmoqmniT iyo gamowveuli.  

rogorc abdus salami ambobs: ` ... 1961 wels gaeros generalurma mdivanma dag hamar-

Seldma warmoadgina mecnierebisa da teqnologiebis sakiTxze gaeros konferenciis gegma. mas 

hqonda ganviTarebadi qveynebis gardaqmnis sakuTari xedva. me xangrZlivi interviuú Camo-

varTvi dags, romelsac mxolod erTxel Sevxvdi da SevZeli gameziarebina misi naxevrad mis-

tikuri rwmena imis Taobaze, Tu ra didi sargeblobis motana SeeZlo Rataki qveynebisaTvis 

mecnierebasa da teqnikas maTi Segnebuli da gaazrebuli gamoyenebis SemTxvevaSi. mas mSve-

nivrad esmoda, rom amisaTvis upirveles yovlisa saWiroa investireba im SemTxvevaSic ki, 

rodesac arsebobs Sesabamisi teqnologia. hamarSeldma ganviTarebadi qveynebis liderebze 

bevrad ukeT icoda ganviTarebad qveynebSi samamulo mecnierebis aRorZinebis mniSvneloba. 

ukidures SemTxvevaSi aucilebelia, xelisuflebas gacnobierebuli mainc hqondes mecnie-

rebis da teqnologiebis ganviTarebis mniSvneloba, rac imis saSualebas miscems qveyanas, 

rom SearCios da molaparakeba gamarTos im teqnologiebze, rac sWirdeba qveynis ekonomikur 

da socialur winsvlas. dags kargad esmoda, rom aq mTavaria ara marto siaxleni, e.w. `nou-

hau~ (`icode, rogor~), aramed is, Tu ratomaa isini saWiro, anu `nou-vai~ (`icode, ratom~). 

abdus salams mecnierebis ganviTarebis erT-erT winapirobad miaCnda qveyanaSi mecniere-

bisaTvis keTilganwyobili fonis Seqmna, ris misaRwevadac aucilebelia maRali donis samec-

niero-popularuli Jurnalebis gamocema. aRsaniSnavia, rom am mxriv saqarTveloSi ukve gada-

idga mniSvnelovani nabiji – Seiqmna SesaniSnavi amerikuli samecniero-popularuli Jurnalis 

`neSenel jeografis~ qarTuli redaqcia da es Jurnali qarTulad miewodeba mkiTxvels.  

abdus salamis gardacvalebis Semdeg (1996 w.), misi saxelobis triestis Teoriuli 

fizikis saerTaSoriso centri ganagrZobs nayofier muSaobas. amis erT-erTi magaliTia 2009 

wlis ivnisSi konferenciebis da seminarebis mowyoba Temaze: `fizika biologiaSi~ rac 

udavod fizikosebsa da biologebs Soris saqmiani dialogis mimaniSnebelia. 

radganac biofizikas SevexeT, upriani iqneba gavixsenoT, rom gamoCenili qarTveli 

fizikos-Teoretikosi, mecnierebis axali dargis – eleqtroqimiuri fizikis (an meorenairad, 

kvantur-meqanikuri eleqtroqimiis) erT-erTi Semqmneli, saqarTvelos mecnierebaTa akademiis 

wevr-korespodenti da saqarTvelos politeqnikuri institutis (axla saqarTvelos 

teqnikuri universiteti) zogadi da Teoriuli fizikis kaTedris gamge, profesori revaz 

doRonaZe (1931_1985 ww.) amave dros gaxldaT erT-erTi sasicocxlo procesis, e.w. 

fermentuli katalizis msoflioSi pirveli kvantur-meqanikuri (fizikuri) modelis 

Tanaavtori, risTvisac igi Seyvanilia msoflios gamoCenil biofizikosTa siaSi*, sadac 

                                                 
* am siis naxva SeiZleba, internetis cnobil `vordiq enciklopediaSi~ misamarTze: 

 http://www.wordiq.com/definition/Biophysics.  
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weria: `mixeil volkenSteini, revaz doRonaZe da zurab uruSaZe – fermentuli katalizis 

kvantur-meqanikuri (fizikuri) modelis avtorebi~. iqvea miTiTebuli maTi naSromebi.  

Tamamad SeiZleba iTqvas, rom r. doRonaZe mravalmxrivi ganaTlebiT, codniT, azrov-

nebiT, qveynis siyvaruliT, da, rac mTavaria, misTvis damaxasiaTebeli Tavdadebuli SromiT, 

saqarTvelos abdus salamia (aqve aRvniSnav, rom, Tu ara misi udrood gardacvaleba, igi iyo 

fizikur qimiaSi nobelis premiis laureatobis realuri pretendenti). 

politeqnikur institutSi SeTavsebiT muSaobis dawyebisTanave (1982 w.) r. doRonaZem 

reqtorats dausabuTa imis aucilebloba, rom institutis sainJinro fizikis fakultets 

unda damateboda axali specialoba `Teoriuli fizika~ (TiTqmis iseTive argumentaciiT, rac 

hqonda abdus salams Teoriuli fizikis saerTaSoriso centris Seqmnis aucileblobis 

dasabuTebisas). r. doRonaZem saqarTvelos maswavlebelTa yrilobas (1983 w.) warudgina 

saqarTveloSi samecniero-teqnikuri kadrebis aRzrdis kargad mofiqrebuli gegma, romelic, 

ra Tqma unda, ar miiRes saxelmZRvanelod, radgan es gegma ar modioda moskovidan. miuxe-

davad amisa, r. doRonaZem far-xmali ar dayara da SeZlo xorci Seesxa am gegmis sawyisi 

etapisaTvis – politeqnikur institutTan man Seqmna ufaso fizika-teqnikuri skola, 

romelic Seivso fizikiT dainteresebuli saSualo skolis niWieri ufrosklaselebiT. 

skolam male moipova popularoba da Semdeg misma bevrma moswavlem profesiad fizika 

airCia. msgavsi profilis fizika-teqnikuri klasebi unda gaxsniliyo agreTve ramdenime 

saSualo skolaSi rogorc TbilisSi, ise mis farglebs gareT. yvelaze adre ki es moxda 

lanCxuTis me-2 saSualo skolis me-7 klasSi. profesori r. doRonaZe (vidre avadmyofoba ar 

mieZala) da misi TanamSromlebi weliwadnaxevris ganmavlobaSi or kviraSi erTxel 

Cadiodnen lanCxuTSi mecadineobebis Casatareblad. 

dabolos, vinaidan am werilSi yuradReba gamaxvilebulia mecnierebis mniSvnelobaze, 

ar SeiZleba ar aRiniSnos, rom xSirad Zalze gamartivebulad, primitiulad aris warmodge-

nili kavSiri samecniero da praqtikul saqmianobas Soris. 

bevrs hgonia, rom mecnierebis mTavari amocana im siZneleebis gadalaxvaa, romlebic 

warmoiqmneba qveynis sameurneo da yofiT cxovrebaSi. ra Tqma unda, mecniereba amas auci-

leblad unda akeTebdes, magram es ar aris mTavari _ mowinave mecniereba kudSi ki ar unda 

mihyvebodes praqtikul saqmianobas, aramed TviTon unda qmnides axal mimarTulebebs 

kulturis ganviTarebaSi da swored amiT cvlides Cveni cxovrebis nirs. 

gamoCenili ingliseli fizikosis rezerfordis TanamSromeli da mowafe, akademikosi 

petre kapica werda, rom, magaliTad, radiumi, antibiotikebi, atomuri energia iSva im 

samecniero aRmoCenebisa da Teoriebis safuZvelze, romlebic Seiqmna laboratoriebSi praq-

tikuli moTxovnilebis gareSe. 

SeuZlia Tu ara saqarTvelos Tvali gausworos mecnierebisa da Tanamedrove 

teqnologiebis moTxovnebs da aqtiurad Caebas qveynis ekonomikis srulyofisaken mimarTul 

saqmianobaSi? rasakvirvelia, SeuZlia! cxadia, am miznis miRwevas sWirdeba xelisuflebis, 

mecnierebis, sazogadoebis mowinave nawilis erTiani Zalisxmeva!  

didi germaneli filosofosi emanuil kanti jer kidev rodis werda, rom adamianisTvis 

mTavaria damoukidebeli azrovneba da ara swavla-Segonebani.  

rac Seexeba praqtikiT inicirebul warmatebul samecniero miRwevebs, amis erT-erTi 

brwyinvale magaliTia gasuli saukunis 70-iani wlebis STambeWdavi miRweva agronomiaSi, 

rasac samarTlianad ewoda `mwvane revolucia~. 1970 wels mSvidobis nobelis premiiT 

daajildoves agronomi norman borlaugi, romelmac gamoiyvana xorblis axali 

uxvmosavliani jiSebi samxreTSi mdebare qveynebisaTvis (meqsika, indoeTi, pakistani da a.S.). 

uxvmosavlianobis garda, n. borlaugis mier gamoyvanili jiSebi sxva RirsebebiTac 

gamoirCeva. isini ukve iTeseba samxreTis 70-ze met qveyanaSi. sami wlis (1966_1969 ww.) 

ganmavlobaSi maTi naTesebis farTobi 1000-jer gaizarda!  

n. vavilovis mier Sekrebil koleqciaSi dRemde inaxeba unikaluri, JangagamZle, e.w. 

`sparsuli~ xorblis marcvlebi. saqarTveloSi, xorblis uZveles samSobloSi, GGaseTi jiSi 

aqamde ver moiZebna.  
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mecnierebis istoria 

Zveli mecnierebis axali furclebi 

† l. uruSaZe 

 

reziume: statiaSi mocemulia dRevandeli msoflios sabunebismetyvelo mecnierebaSi 

farTod cnobili Tanamedroveobis erT-erTi udidesi mecnieris, triestis (italia) 

Teoriuli fizikis saerTaSoriso centris direqtoris, nobelis premiis laureatis, 

profesor abdus salamis gamorCeuli sazogadoebrivi saqmianobis saintereso faqtebi. misi 

dauRalavi ZalisxmeviT gaerosTan Seiqmna Teoriuli fizikis centri. 

statiaSi saubaria agreTve gamoCenili qarTveli fizikos-Teoretikosis, mecnierebis 

axali dargis _ eleqtroqimiuri fizikis (kvantur-meqanikuri eleqtroqimiis) erT-erTi 

Semqmnelis, saqarTvelos mecnierebaTa akademiis wevr-korespondentis, saqarTvelos 

teqnikuri universitetis zogadi da Teoriuli fizikis kaTedris gamgis, profesor revaz 

doRonaZis saqmianobis Sesaxeb. 
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† L. Urushadze 

 

Resume: The paper includes interesting facts of public activities of a well-known first-rate physicist, Director of 

the International Center for Theoretical Physics in Trieste (Italy), Nobel Prize winner, professor Abdus Salam. His 

untiring efforts resulted in establishment of the center theoretical physics. The paper also considers public activities of a 

prominent Georgian theoretical physicist, one of the establishers of electrochemical physics (quantum-mechanical 

electrochemistry), a corresponding member of the Georgian Academy of Sciences, head of department of general and 

theoretical physics of the Georgian Technical University, professor Revaz Dogonadze. 

 

 

ИСТОРИЯ НАУКИ 

 

НОВЫЕ СТРАНИЦЫ СТАРОЙ НАУКИ 

† Л. Урушадзе 

 

 Резюме: В статье приведены интересные факты общественной деятельности широко известного в 

современной природоведческой науке крупнейшего ученого, директора международного центра теоретической 

физики в Триесте (Италия), лауреата Нобелевсkой премии, профессора Абдуса Салама. В результате его 

неустанных усилий при ООН был создан центр теоретической физики. В статье также рассматривается 

деятельность видного грузинского физика-теоретика, одного из создателей новой отрасли науки _ 

электрохимической физики (квантого-механической электрохимии), член-корреспондента Грузинской  

академии наук, заведующего кафедрой общей и теоретической физики Грузинского технического университета, 

профессора Реваза Догонадзе.  
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