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mecniereba 

 

 

informaciuli mxardaWera, rogorc mecnierebisa da ganaTlebis 

ganviTarebis xelSemwyobi faqtori 

m. kopaleiSvili, i. bedinaSvili, e. misabiSvili, e. pavloviCi 

(saqarTvelos teqnikuri universiteti, instituti teqinformi) 

 

amJamad saqarTveloSi registrirebuli 300-mde dasaxelebis samecniero da samec-

niero-praqtikuli Jurnalebis, samecniero SromaTa krebulebis da sxva samecniero peri-

oduli gamocemebis mniSvnelovani nawili praqtikulad ucnobi da miuwvdomelia dainte-

resebuli pirebisTvis. amis mizezi sxvadasxvaa: saqarTveloSi aRar arsebobs samecniero da 

teqnikuri literaturis specializebuli maRazia, pres-saagentoebis mier pasiurad mimdina-

reobs samecniero-perioduli gamocemebis xelmoweriT gavrceleba da, rac mTavaria, ar 

xdeba am gamocemebis savaldebulo wesiT erovnul biblioTekaSi Tavmoyra. bolo wlebSi 

saqarTvelos samecniero-perioduli gamocemebis nawili ganTavsebulia internet-sivrceSi, 

zogierTi maTgani gamodis mxolod eleqtronuli gamocemis saxiT. es saSualebas iZleva, 

rom qveynis mecnieruli miRwevebi xelmisawvdomi gaxdes msoflios samecniero sazoga-

doebisaTvis. 

saqarTvelos beWduri da eleqtronuli samecniero-perioduli gamocemebis raodenoba 

bolo aTi wlis ganmavlobaSi sistematurad icvleba, zogierTi maTgani ramdenime nomris 

gamocemis Semdeg wyvets arsebobas, zogierTi gamoicema seriuli nomris gareSe. yvela es 

faqti asaxavs qveyanaSi samecniero saqmianobis sferoSi arsebul situacias da priori-

tetuli codnis sferoebis Camoyalibebis process. 

saqarTvelos teqnikuri universitetis teqnikisa da mecnierebis informaciis 

instituti (teqinformi) gamoscems orenovan qarTul referatul Jurnals, romelSic 

Tavmoyrilia saqarTveloSi gamocemuli samecniero-teqnikuri publikaciebis referatebi 

qarTul da inglisur enebze. 

referatuli Jurnali mniSvnelovnad aiolebs informaciis wyaroebis moZiebas, Ser-

Cevas da sistematizacias, enobrivi barierebis gadalaxvis xarjze uzrunvelyofs samec-

niero komunikaciis daCqarebas, amavdroulad xels uwyobs mecnieris saavtoro uflebebis 

dacvas, farTo samecniero sazogadoebis mier mis aRiarebas.  

referatul JurnalSi ganTavsebuli sainformacio dokumenti _ referati zustad 

gadmoscems samuSaos Sinaarss, moicavs ZiriTad, faqtobriv monacemebsa da Sedegebs. igi 

momxmarebels SesaZleblobas aZlevs Seafasos am monacemebis saWiroeba da gansazRvros 

pirvelwyaros gacnobis aucilebloba. 

samecniero referatul gamocemebSi Tavs iyris uaxlesi samecniero miRwevebi, rom-

lebic gamoqveynebulia samecniero-periodul gamocemebSi, wignebsa da monografiebSi, di-

sertaciebSi; ganxilulia samecniero konferenciebsa da simpoziumebze da sxva beWdur Tu 

eleqtronul samecniero SromebSi. amdenad, referatuli Jurnali asaxavs qveynis mecni-

erebisa da ganaTlebis ganviTarebis dones, samecniero-kvleviTi samuSaoebis masStabebs 

dargebis mixedviT da sxv. garda amisa, igi did rols asrulebs uaxlesi samecniero 

miRwevebis gavrcelebaSi. 

9



 
 

dReisaTvis msoflioSi didi raodenobiT gamoicema mravaldargobrivi an specia-

lizebuli referatuli Jurnalebi. referirebis samsaxurSi CarTulia mniSvnelovani sain-

formacio centrebi, dargobrivi samecniero sazogadoebebi, mZlavri saswavlo-samecniero 

organizaciebi da a.S. magaliTad, erT-erT cnobil referatul JurnalSi „Chemical Abstracts”, 

romelsac 1907 wlidan gamoscems aSS-is qimiuri sazogadoebis (American Chemicai Society) refe-

rirebis samsaxuri, gadamuSavdeba msoflios 27 qveyanaSi 50 enaze gamocemuli daaxloebiT 

8000 Jurnali, disertaciebi, konferenciebis masalebi, teqnikuri angariSebi, axali wignebi. 

yofil sabWoTa kavSirSi referatuli Jurnalis gamocema daiwyo 1952 wlidan. am 

mizniT Seiqmna ssr kavSiris mecnierebaTa akademiis samecniero-teqnikuri informaciis 

sakavSiro instituti (ВИНИТИ), romelic yovelwliurad gamoscemda 21 dasaxelebis 200-mde 

Tematur referatul Jurnals, risTvisac gadamuSavdeboda msoflios 130 qveynaSi 66 enaze 

gamocemuli milionze meti dasaxelebis naSromi. amiT ssr kavSiris mecnierebisaTvis 

xelmisawvdomi xdeboda msoflios sxvadasxva qveynis samecniero informacia zusti da 

sabunebismetyvelo mecnierebis, medicinisa da teqnikis sferoebSi. amavdroulad gadamu-

Savdeboda aseve yofil sabWoTa kavSirSi dabeWdili yvela mniSvnelovani publikacia.  

ВИНИТИ-s gamocemebi gamodioda rusul enaze pirvelwyaros enis miTiTebiT. miuxe-

davad imisa, rom sabWoTa kavSirSi Semaval TiTqmis yvela respublikaSi, maT Soris 

saqarTveloSic, iyo Seqmnili samecniero-teqnikuri informaciis centrebi, referatul Jur-

nals gamoscemda mxolod ВИНИТИ. amisaTvis igi aRWurvili iyo mZlavri sagamomcemlo 

baziT, dargobrivi kvalificiuri referentebis da mTargmnelebis mravalricxovani perso-

naliT, agreTve umdidresi pirveladi samecniero literaturis fondiT. dainteresebis 

SemTxvevaSi am fondidan SesaZlebeli iyo pirvelwyaros miReba originalis enaze. 

sabWoTa kavSiris daSlis Semdeg, 1990-iani wlebis dasawyisidan moxda wlebis 

ganmavlobaSi Camoyalibebuli informaciuli sistemis gadawyoba, samecniero literaturiT 

centralizebuli momarageba moiSala. imis gamo, rom ZiriTadi samecniero Jurnalebis, 

specializebuli literaturis, samecniero-kvleviTi, sacdel-sakonstruqtoro samuSaoebis 

ZiriTadi baza, Targmanebis, patentebis, disertaciebis, gamogonebebisa da sxva fondebi 

centralizebul marTvas eqvemdebareboda da ganlagebuli iyo ruseTSi, isini miuwvdomeli 

aRmoCnda postsabWoTa sivrcis respublikebis mecnierTaTvis. ucxoeTSi gamocemuli 

literaturis Semotana gaZnelebuli iyo im qveynebisaTvis, romlebsac damoukidebloba 

axali mopovebuli hqondaT. aq garkveuli roli Seasrula enobrivma bariermac, radgan 

yofil sabWoTa sivrceSi samecniero da teqnikuri literaturiT sargeblobis ZiriTad 

saurTierTo enas rusuli warmoadgenda. damoukidebel qveynebSi, maT Soris saqarT-

veloSic, saWiro gaxda axali realobis Sesabamisi erovnuli sainformacio sistemis 

Camoyalibeba, rac jer kidev mimdinareobs.  

amJamad qarTvel mecnierTa publikaciebi sxvadasxva ucxour saerTaSoriso Jurnaleb-

Sic qveyndeba. saqarTveloSi gamocemul ramdenime inglisurenovan JurnalSi ibeWdeba 

avtoritetuli ucxoeli specialistebis publikaciebi. ramdenime qarTuli samecniero Jur-

nali ibeWdeba sazRvargareT. am mxriv aRsaniSnavia andria razmaZis maTematikis institutis 

Jurnali „Georgian Mathematical Journal”, romelic gamodis 1994 wlidan, ibeWdeba germaniaSi 

gamomcemloba De Gruyter-is mier inglisur enaze. Jurnals miRebuli aqvs impaqt faqtoriani 

Jurnalis saxeli da figurirebs cnobil saerTaSoriso Jurnalebis bazebSi. 

qarTuli referatuli Jurnalis (qrJ) pirveli nomeri daibeWda 2000 wels. 2003 wlis 

bolomde Jurnali gamoicemoda kvartalSi erTxel, qarTul enaze. masSi Sedioda 

referirebuli masalebis bibliografiuli aRweriloba rusul da inglisur enebze. 

2004_2007 wlebSi Seqmnili finansuri siZneleebis gamo Jurnalis gamocema Sewyda. 2008 

10



 
 

wlidan gamodis eleqtronuli qrJ qarTul da inglisur enebze. 2011 wels ganaxlda Jur-

nalis beWduri versiis gamocemac. igi eleqtronuli Jurnalis analogia da ibeWdeba 

saqarTvelos teqnikur universitetSi. 

qarTuli referatuli Jurnali poliTematuri gamocemaa. misi Tematuri rubrikebia: 

a. sazogadoebrivi mecnierebebi: 1. saxelmwifo da samarTali, iuridiuli mecnierebebi; 

2. sociologia, demografia; 3. ekonomika; 4. ganaTleba; 5. informatika; 6. sxva sazogadoeb-

rivi mecnierebebi; 

b. sabunebismetyvelo da zusti mecnierebebi: 1. maTematika, meqanika, fizika, 

kibernetika; 2. qimia, biologia; 3. geologia, geodezia; 4. geografia, kartografia, astro-

nomia; 5. sxva sabunebismetyvelo da zusti mecnierebebi; 

g. teqnikuri da gamoyenebiTi mecnierebebi. ekonomikis dargebi: 1. energetika; 2. eleq-

troteqnika, eleqtronika, radioteqnika, kavSirgabmuloba; 3. avtomatika da telemeqanika, 

gamoTvliTi teqnika; 4. samTo saqme, metalurgia, qimiuri mrewveloba; 5. manqanaTmSenebloba, 

xelsawyoTmSenebloba; 6. msubuqi mrewveloba; 7. kvebis mrewveloba; 8. mSenebloba, arqiteq-

tura; 9. soflisa da satyeo meurneoba, Tevzis meurneoba; 10. wylis meurneoba, melioracia; 

11. sagareo da Siga vaWroba, turizmi; 12. transporti; 13. medicina, jandacva; 

d. dargTSorisi problemebi: 1. organizacia da marTva; 2. garemos dacva, ekologia; 3. 

statistika; 4. sxva dargTSorisi problemebi.  

qrJ gamodis weliwadSi 2-jer, qarTul da inglisur enebze, Seicavs avtorTa da 

sagnobriv saZieblebs. amJamad gamosulia 23 nomeri, maTgan bolo 11 – eleqtronuli 

Jurnalis saxiT. 

qarTuli referatuli Jurnali asaxavs saqarTveloSi gamoqveynebul samecniero pub-

likaciebs, risTvisac gadamuSavdeba saqarTveloSi registrirebuli samecniero-perioduli 

gamocemebis mniSvnelovani nawili _ 145 dasaxelebis Jurnalebi, samecniero SromaTa krebu-

lebi, saerTaSoriso konferenciebisa da simpoziumebis masalebi, disertaciebi, monogra-

fiebi. dReisaTvis JurnalSi ganTavsebulia 7473 referati, romlebic ase nawildeba: 

 sazogadoebrivi mecnierebebi _ 17,5%; 

 sabunebismetyvelo da zusti mecnierebebi _ 25,3%; 

 teqnikuri da gamoyenebiTi mecnierebebi. ekonomikis dargebi _ 51,7%; 

 dargTSorisi problemebi _ 5,5%. 

qrJ-Si gamoqveynebul referatTa raodenoba wlebis mixedviT mocemulia 1-l cxrilSi. 
 

 cxrili 1 

qrJ-Si gamoqveynebul referatTa raodenoba  

(2000-2013 ww.) 
 

wlebi referatebis raodenoba 

2000 248 

2001 1266 

2002 1199 

2003 1089 

2008 353 

2009 449 

2010 723 

2011 405 

2012 903 

2013 838 
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qarTul referatul JurnalSi 2000_2013 wlebSi gamoqveynebuli samecniero doku-

mentebis raodenobrivi analizi saSualebas iZleva gamovyoT mecnierebis is sferoebi, 

romlebsac samecniero publikaciebis mixedviT wamyvani adgili uWiravs saqarTvelos 

mecnierebis struqturaSi da asaxavs mecnierebis calkeuli dargebis ganviTarebis 

mdgomareobas. 

qvemoT mogvyavs mecnierebis im dargebis CamonaTvali, romlebic qrJ-Si gamoqveynebu-

li referatebis raodenobis mixedviT moxvda pirvel aTeulSi: 

 

cxrili 2 

gamoqveynebuli referatebis raodenoba codnis sferoebis mixedviT 

(pirveli aTeuli) 

 

# 

 

rubrikis dasaxeleba 

 

gamoqveynebuli 

referatebis 

raodenoba 

% saerTo 

raodenobidan 

1. soflisa da satyeo meurneoba; Tevzis 

meurneoba 

 

1035 

 

13,8 

2. medicina; jandacva 980 13,1 

3. qimia; biologia 810 10,8 

4. maTematika; meqanika; fizika; kibernetika 623 8,3 

5. ekonomika 589 7,9 

6. samTo saqme. metalurgia; qimiuri mrewveloba 356 4,7 

7. geologia; geodezia 264 3,5 

8. mSenebloba; arqiteqtura 243 3,2 

9. manqanaTmSenebloba; xelsawyoTmSenebloba 215 2,9 

10. informatika 176 2,3 

 
rogorc cxrilidan Cans, qarTul referatul JurnalSi gamoqveynebuli referatebis 

raodenobis mixedviT pirvel adgilzea soflis meurneoba, meoreze _ medicinis sfero, 

mesameze _ qimia-biologia. 

qrJ-is sagamomcemlo jgufi cdilobs moicvas saqarTveloSi gamocemuli samecniero 

Jurnalebis mTliani moculoba, magram teqinformSi masalebis wardgena Jurnalis gamom-

cemelTa nebis mixedviT xdeba da amis gamo mainc aris xarvezebi. Jurnalebis referi-

rebisaTvis teqinformSi warmodgenili unda iyos Jurnalis nabeWdi egzemplari da 

statiebis avtoriseuli referatebi qarTul da inglisur enebze eleqtronuli formiT. 

adgilze xdeba referatebis klasifikacia da redaqtireba. 

qrJ-Si asaxuli samecniero Sromebi safuZvlad udevs teqinformis samecniero pub-

likaciebis monacemTa bazas. 

rogorc cnobilia, samecniero publikaciebis erTiani saxelmwifo referatuli mona-

cemTa baza qveynis samecniero potencialis gansazRvris utyuari saSualebaa. masSi unda 

moxvdes yvela samecniero publikacia, romelic iqmneba samecniero-kvleviT organiza-

ciebSi, gamomcemlobebSi, universitetebSi da a.S. aseTi baza saSualebas iZleva ganisaz-

Rvros sainformacio nakadebis ganawileba mecnierebisa da teqnikis dargebis mixedviT. am 

bazaze dayrdnobiT ganisazRvreba e.w. „mecnierebis mowinave fronti“, rasac udidesi 

mniSvneloba aqvs mecnierebis marTvis, dagegmvis, prognozirebis, agreTve mecnierebis 

informaciuli momsaxurebis saqmeSi. Cveulebriv, mis safuZvelze iqmneba beWduri da 
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eleqtronuli referatuli Jurnalebic, romlebSic unda xvdebodes mecnieruli Tvalsaz-

risiT mniSvnelovani pirveladi wyaroebi. 

teqinformis mxridan iyo mcdeloba saxelmwifo grantis farglebSi Seqmniliyo 

erTiani saxelmwifo samecniero portali „saqarTvelos mecniereba“, romelSic saqarT-

velos mecnierebis ganviTarebis mdgomareobis amsaxvel sxva dokumentTa Soris iqneboda 

samecniero publikaciebis referatuli monacemTa baza. bazaze dayrdnobiT SesaZlebeli 

gaxdeboda srulfasovani referatuli Jurnalis Seqmna mecnierebis dargebis mixedviT. 

samwuxarod, am proeqtis dafinanseba ar moxda. 

2000 wels, roca gamoica qarTuli referatuli Jurnalis pirveli nomeri, qarTuli 

samecniero periodika iTvlida 4_5 aTeul gamocemas. publikaciaTa raodenobam da mraval-

profilianobam ganapiroba erTiani, poliTematuri referatuli Jurnalis gamocema, rac 

grZeldeba dRemde, Tumca iyo specializebuli gamocemebic _ yovelwliurad bolo nomer-

Si ibeWdeboda mxolod daculi disertaciebis referatebi. 2011 wels gamocemuli Jurnali 

#8 (eleqtronuli da beWduri) Tematuria _ asaxavs medicinis sferos publikaciebs, xolo 

2013 wlis #11 Jurnali ki _ soflis meurneobis sferos publikaciebs. 

qarTuli referatuli Jurnalis gamocemam SesaZlebeli gaxada Seqmniliyo saqarTve-

loSi gamomavali samecniero-teqnikuri Jurnalebis fondi. garda amisa, teqinforms aqvs 

mniSvnelovani sainformacio fondi, romelic moicavs: 

 saqarTveloSi daculi disertaciebis avtoreferatebs; 

 deponirebul Sromebs; 

 saqarTvelos samecniero dawesebulebebsa da umaRles saswavleblebSi Sesru-

lebuli da mimdinare samecniero samuSaoebis angariSebs (pirvelwyaroebs);  

 saqarTvelos mecnierTa publikaciebs. 

momavalSi gaTvaliswinebulia aRniSnuli fondebis Camoyalibeba monacemTa bazebis 

saxiT, rac xels Seuwyobs mecnierebis calkeuli dargebis sainformacio resursebiT 

uzrunvelyofas. 
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mecniereba 

informaciuli mxardaWera, rogorc mecnierebisa da ganaTlebis 

ganviTarebis xelSemwyobi faqtori 

m. kopaleiSvili, i. bedinaSvili, e. misabiSvili, e. pavloviCi 

(saqarTvelos teqnikuri universiteti, instituti teqinformi) 

 

reziume: statiaSi aRniSnulia samecniero referatuli gamocemebis roli uaxlesi 

samecniero miRwevebis gavrcelebis saqmeSi. mocemulia teqinformis mier gamocemuli qar-

Tuli referatuli Jurnalis Tematuri analizi, ganxilulia mecnierebis calkeuli darge-

bis sainformacio uzrunvelyofis sakiTxebi, gamoqveynebul publikaciaTa referatebis 

asaxvis dinamika. CamoTvlilia teqinformSi arsebuli sainformacio fondebi, romelTa 

daniSnulebaa mecnierebisa da ganaTlebis dargebis sainformacio mxardaWera. 

 

 

SCIENCE 

INFORMATION SUPPORT, AS A FACTOR, CONTRIBUTING TO THE DEVELOPMENT 

OF SCIENCE AND EDUCATION  

M. Kopaleishvili, I. Bedinashvili, E. Misabishvili, E. Pawlowich 

(Institute Techinformi of the Georgian Technical University) 

 

Resume: There is outlined the role of scientific abstracts publications in the dissemination of the latest scientific 

achievements. Thematic analysis of the Georgian Abstracts Journal, published by Techinformi, information support to 

individual branches of science and the dynamics of highlighting of the abstracts of published editions are given. The 

information collections available at Techinformi, which are designated for information support of science and education 

are listed. 

 

 

НАУКА 

ИНФОРМАЦИОННАЯ ПОДДЕРЖКА, КАК ФАКТОР, СПОСОБСТВУЮЩИЙ 

РАЗВИТИЮ НАУКИ И ОБРАЗОВАНИЯ 

М. Копалеишвили, И. Бединашвили, Е. Мисабишвили, Е. Павлович 

 (Институт Техинформи Грузинского технического университета) 

 

Резюме: В статье обозначена роль научных реферативных изданий в распространении новейших дос-

тижений науки. Даны тематический анализ грузинского реферативного журнала, издаваемого институтом “Тех-

информ”, информационное обеспечение отдельных отраслей науки, динамика реферированных публикаций. 

Перечислены имеющиеся в Техинформе информационные фонды, предназначенные для поддержки науки и 

образования.  
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fizika 

 

 

atomis birTvis klasteruli modeli 

m. jiblaZe, T. bacikaZe 

(saqarTvelos teqnikuri universiteti) 

 

atomis birTvi uaRresad rTuli obieqtia, romelic Zlieri urTierTqmedebis mqone 

mravali nawilakis qvantur sistemas warmoadgens. amdenad birTvebis srulyofili Teoriis 

Seqmna Zalze rTulia birTvuli Zalebis bunebis dadgenis gareSe. birTvebs Soris arse-

buli urTierTqmedebis Zalebis bunebac rom srulyofilad vicodeT, problemad mainc 

darCeba mravali sxeulis qvanturi amocanis amoxsna. amitom nuklonebs Soris arsebuli 

urTierTqmedebis Zala ise unda SeirCes, rom aixsnas cnobili eqsperimentuli Sedegebi.  

atomis birTvis modelebi mravladaa warmodgenili samecniero literaturaSi. isini 

xSirad birTvebSi nuklonebis (protonebisa da neitronebis) moZraobis xasiaTis urTierT-

sawinaaRmdego postulatebzea agebuli. cnobilia hidrodinamikuri (wveTuri), garsuli, 

koleqtiuri, ganzogadebuli, wyvili korelaciis, statistikuri, optikuri da klasteruli 

modelebi. es birTvebis ZiriTadi modelebia, Tumca maTs Tvisebebs srulad ver aRwers. 

ganvixiloT birTvebis klasteruli modeli protonebisa da neitronebis agebulebis 

qvarkul modelze dayrdnobiT. 

cnobilia, rom qvarkuli modelis Tanaxmad, protoni Sedgeba ori u qvarkisa da erTi 

d qvarkisagan, xolo neitronSi ki erTi u qvarki da ori d qvarkia. Tu neitronsa da protons 

warmovidgenT, rogorc swrafad moZrav sami qvarkis sistemas, unda davuSvaT, rom maTi 

jamuri eleqtruli dipoluri momenti nulis tolia [1,2]. 

ismeba kiTxva: ratom ar arsebobs bunebaSi Sewyvilebuli neitroni? 

miuxedavad imisa, rom garkveuli birTvuli reaqciebis dros daimzireba wyvili neit-

ronebi, ramdenime wamSi xdeba maTi daSla. stabilur sistemas ki neitroni mxolod maSin 

qmnis, rodesac is protonTan aris Sewyvilebuli. Tu nuklonebs Soris birTvuli mizidu-

lobis Zalebi arsebobs, maSin, cxadia, unda arsebobdes ara marto neitronis stabiluri 

wyvilebi, aramed ufro didi neitronuli warmonaqmnebi. marTalia, neitronul varskvla-

vebSi uaRresad didi raodenobiT neitronebia Tavmoyrili, magram iq mdgradobas gravita-

ciuli Zalebi ganapirobebs.  

protons SeuZlia miierTos erTi neitroni (deiteriumis birTvi) an ori neitroni 

(triTiumis birTvi). Tumca, triTiumis birTvi arastabiluria (misi sicocxlis xangrZli-

voba 31 welia), magram protons mesame neitronis mierTebis unari saerTod ara aqvs.  

davuSvaT, rom ZiriTadi Zala, romelic nuklonebs Soris arsebobs, kulonuri eleqt-

rostatikuri Zalaa; maSin, neitron-protonis wyvilis warmoqmnis dros protonis dadebiTi 

muxti Seqmnis vels, romelic neitronis eleqtrul polarizacias gamoiwvevs. amrigad, 

neitronSi warmoiqmneba eleqtruli dipoli, romelic qvarkebis traeqtoriebis cvlilebas-

Tanaa dakavSirebuli (nax. 1).  
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nax. 1. qvarkebis ganawileba neitron-protonis wyvilSi 

 

cxadia, 1-l nax-ze mocemul nuklonebSi qvarkebis ganawilebis dros jamuri eleq-

truli mizidulobis Zala maqsimaluri iqneba. 

rogorc vxedavT, neitron-protonis wyvilSi orive nukloni eleqtrulad polari-

zebulia, xolo Tavisufal mdgomareobaSi maTi dipolebi qreba. amrigad, SeiZleba davas-

kvnaT, rom neitronSi eleqtruli dipolis arseboba gamowveulia protonis mier Seqmnili 

eleqtruli veliT da radgan es veli araerTgvarovania, is miizidavs neitrons, rogorc 

eleqtrul dipols da, amdenad, savsebiT uzrunvelyofs birTvebs Soris urTierTqmedebis 

mizidulobis Zalis warmoqmnas. 

ramdenad Zlieri SeiZleba iyos es Zala? 

neitronisa da protonis qvarkebis urTierTganlagebidan gamomdinare, kulonis kano-

nis gamoyenebiT urTierTmizidulobis ZalasTan uxeSi miaxloebiT miviRebT sidides: Y  

F ~ (0,7-0,9) ke2/r2,       (1) 

sadac r nuklonis radiusia, e – eleqtronis muxti, k _ eleqtruli mudmiva. birTvis mcire 

zomebis mxedvelobaSi miRebiT, SegviZlia davaskvnaT, rom mizidulobis Zala protonsa da 

neitrons Soris Zalze didia. radgan atomis zomebi 105 – 106-jer aRemateba birTvis zomebs, 

gamodis, rom proton-neitrons Soris eleqtrostatikuri mizidulobis Zalebi daaxloebiT 

1011-jer aWarbebs wyalbadis atomSi arsebul eleqtrul Zalebs. cxadia, or protons 

Soris arsebuli eleqtrostatikuri ganzidvis Zala kidev ufro didia da protonebis 

wyvili bunebaSi ar arsebobs [1]. 

triTiumis birTvSi protonTan erTad ori neitronia, romlebic maTSi aRZruli 

eleqtruli dipolebis gamo erTmaneTs dascildeba da protonis sxvadasxva mxares 

ganlagdeba. miiReba wrfivi formis birTvi (nax. 2), romelic damatebiT neitrons aRar 

miierTebs.  

  

 
nax. 2. triTiumis birTvis qvarkuli modeli 
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eleqtruli mizidulobi

naklebi aRmoCndeba deiTerium

marTalia, triTiumis bir

miiReba uaRresad mdgradi da 

birTvi, anu,  nawilaki. radga

rom  nawilaks rombis forma 

 

  
amrigad, miiReba nuklon

dipoluri eleqtruli Zaleb

ganuwyvetliv moZraobaSia, T

romelic ori protonisa da o

nawilaki arc erT sxva nawil

arsebobs bunebaSi stabiluri 

forma (nax. 4, 1) da is imde

gadakeTeba. Tumca,  nawilak

aRZruli eleqtruli dipolis

Tumca bunebaSi ufro gavrcel

nawilaks ori neitroniT ukavS

beriliumis stabiluri 

moTavsdes damakavSirebeli 

izotopi aqvs (9Be, nax. 4, 3).  

or  nawilaks Soris Se

9B, Tumca is Zalze arastabil

erTi an ori neitroni da miiR

 

 

 

is Zala protonsa da neitrons Soris

is birTvSi arsebul mizidulobis ZalasT

F ~ (0,2-0,3) ke2/r2.   

rTvi arastabiluria, magram Tu igi erT

bunebaSi metad gavrcelebuli izotopi

an am sistemaSi protonebi erTmaneTs gan

SeiZleba hqondes (nax. 3). 

 
 

nax. 3.  nawilakis agebulebis  

eleqtrodipoluri modeli 

nebis sakmaod mdgradi sistema, sadac ne

bi udides rols asrulebs. cxadia, n

Tumca maT SeuZliaT efeqturi dipol

ori neitronisagan iseT Sekrul mdgrad s

laks, TviT  nawilaksac ki ar ierTebs

izotopebi 5 da 8 masuri ricxvebiT.  n

enad mdgradia, rom SeuZlebelia rogor

ks SeuZlia miierTos neitron-protonis

s gamo), ris Sedegadac miiReba liTiumis 

lebuli izotopis 7Li-is (92,5%) birTvSi da

Sirdeba (nax. 4, 2).  

izotopis (9Be) Sesaqmnelad or  naw

neitronebi, Tumca, beriliums mxolod

iZleba erTi protonis moTavsebac da mii

luria. boris birTvs stabilurobisaTvis 

eba stabiluri izotopebi 10B (18,8 %) da 11

s daaxloebiT 3-jer 

Tan SedarebiT:  

  (2) 

 protons daimatebs, 

s _ helium-4-is (4He) 

nizidavs, savaraudoa, 

eitronebSi aRZruli 

nuklonebi qvarkebSi 

luri velis Seqmna, 

sistemas qmnis, rom  

s. swored amitom ar 

nawilaks aqvs rombis 

rc misi daSla, ise 

s wyvili (neitronSi 

msubuqi izotopi 6Li. 

amatebiTi protoni  

wilaks Soris unda 

d erTi stabiluri 

iReba boris izotopi 

sWirdeba damatebiT 
1B (81,2 %). 
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nax. 4. 

 

aRsaniSnavia erTi Zalze

qimiuri elementebi _ wyalba

99%-s Seadgens, Cven mier gan

Zalze mcirea (nax. 5), miuxeda

Warbobs mZime elementebis rao

 

 

nax. 5. q

 

rogori unda iyos sxva, u

cxadia, birTvebis stru

protonebis Zlieri urTierT

 

zogierTi birTvis klasteruli modeli 

e saintereso garemoeba. Tu bunebaSi yve

di (90%) da heliumi (9%) bunebaSive ar

xiluli izotopebis (liTiumi, beriliu

avad imisa, rom msubuqi elementebis rao

odenobas.  

 

qimiuri elementebis gavrceleba samyaroSi 

 

ufro mZime birTvebis sivrciTi struqtur

qturis dadgenisas yovelTvis mxedvelo

Tganzidva; amdenad  nawilakebi da ca

 

laze gavrcelebuli 

rsebuli elementebis 

mi, bori) raodenoba 

denoba sagrZnoblad 

 

ra? 

obaSi unda miviRoT 

alkeuli protonebi 
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erTmaneTs maqsimalurad unda dascildnen. Tu birTvi ramdenime  nawilakisagan Sed-

geba, iseTi struqtura Seiqmneba, rom es nawilakebi birTvis zedapirze aRmoCndeba. 

amitom, naxSirbadis izotopis 12C birTvi, romelic eqvsi protonisa da eqvsi neitro-

nisagan Sedgeba (rac sam  nawilaks gvaZlevs), prizmis struqturas Seqmnis, romlis 

gverdebi  nawilakebia (nax. 4, 4). Jangbadis izotopi 16O, romelSic oTxi  nawilakia, 

Seqmnis marTkuTxa paralelepipeds. misi forma axlosaa kubis formasTan (nax. 4, 6).  

nawilakebis, naxSirbadisa da Jangbadis birTvebis SesaZlo sivrciTi suraTi mocemulia 

me-6 nax-ze. 

ra Tqma unda, aseTi struqturebis Seqmna ar aris advili. rogorc cnobilia, birT-

vebi iqmneba varskvlavebis centralur ubanSi uaRresad maRali temperaturisa da wnevis 

pirobebSi. swored miliardobiT gradusi temperatura da wneva qmnis  nawilakebis naxSir-

badisa da Jangbadis klasterebad gaerTianebis SesaZleblobas. 

 

 

 

 

nax. 6. 2He4, 6C
12 da 8O

16 birTvebis struqturis 

SesaZlo sivrciTi suraTi 

 
  

aRsaniSnavia, rom naxSirbadis klasteris Siga, centralur nawilSi Tavsdeba mxolod 

sami nukloni. damatebiTi protonisaTvis mxolod klasteris centria gamoyofili ( 

nawilakebisneitronebiT garSemortymuli). damatebiT am nawilSi mxolod ori neitroni 

Seva, romlis uSualo siaxloves  nawilakebis protonebi iqneba.  

Jangbadis klasteris SigniTac mxolod sami nukloni moTavsdeba, Tumca am oTxkuTxa 

klasteris struqturis ori varianti gvaqvs. pirvel variantSi (nax. 4, 6) Siga sivrce nak-

lebia da damatebiTi protoni birTvis ufro mkvriv struqturas qmnis, vidre meore varian-

tSia (nax. 4, 7). cxadia, ufro farTo klasterebi (magaliTad, nax. 4, 8-ze naCvenebi neonis 

izotopis birTvi) bunebaSi ar arsebobs. 
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rogorc vxedavT,  nawilakebiT iqmneba Zalze kompaqturi naxSirbadisa da Jangbadis 

klasterebi. am klasterebis `qveda~ da zeda Sreebze protonebia ganTavsebuli, Siga Sreze 

ki neitronebis sartyelia (nax. 5). nuklonebis es ganawileba stabilur da bunebaSi yve-

laze gavrcelebul 12C (98,9%) da 16O (99,76%) izotopebs iZleva. Tu naxSirbadis klasteris 

centrSi damatebiT erTi neitroni moTavsda, naxSirbadis stabilur, magram naklebad 

gavrcelebul izotops 13C (1,1 %) miviRebT. damatebiTi neitronebi, romlebic am klasteris 

Siga an gare sivrceSi ganTavsdeba, naxSirbadis arastabilur izotopebs mogvcems. izotopi 

arastabiluri iqneba, Tu ZiriTad klasters neitronebi daakldeba. 

analogiurad warmoiqmneba Jangbadis klasterSi neitronebis damatebiT Jangbadis sta-

biluri izotopebis 17O (0,365%) da 18O (0,204%) birTvebi.  

Tu naxSirbadis 12С klasteris SigniT protoni Sevida, miviRebT axali elementis, 

azotis birTvs _ 13N, Tumca is arastabiluria. azotis birTvis stabilurobas ki proto-

nTan erTad ganapirobebs erTi an ori neitronis damateba, rac 14N (99,62%) da 15N (0,38%) 

birTvebs qmnis.  

cxadia, Jangbadis 16O klasteris SigniT erTi protonis Sesvla ftoris izotopis 17F 

birTvs Seqmnis, magram igi arastabiluria da 70 wm-Si iSleba. damatebiTi ori neitroni mas 

ftoris erTaderT 19F stabilur birTvad gardaqmnis. 

სainteresoa, rom neonis gavrcelebul 20Ne (90%) izotops, SesaZloa, hqondes xuT-

kuTxedis forma (nax. 4, 8), magram am sistemis Siga sivrce imdenad didia, rom nuklonebi 

mkvriv sistemas ver Seqmnis. amdenad, mosalodnelia, rom am izotopis birTvi naxSirbadisa 

da ori damatebiTi  nawilakisagan Sedgebodes (nax. 4, 9). am struqturaSi TiTo neitronis 

damateba qmnis 21Ne (0,27%) da 22Ne (9,73%) stabilur izotopebs. 

oriKklasterisagan sakmaod saintereso struqtura miviReT. gvaqvs erTmaneTTan Seer-

Tebuli naxSirbadis ori klasteri, romlebsac saerTo gverdi aqvs (nax. 4, 9) da is myar 

sistemas qmnis. am sistemaSi protonisa da neitronis damatebiT natriumis erTaderT 23Na 

stabilur izotops miviRebT. 

rogorc aRniSnuli iyo, klasterebis SigniT mxolod TiTo protoni (centrSi) da 

maqsimum ori neitroni SeiZleba moTavsdes. aRmoCnda, rom naxSirbadisa da Jangbadis 

klasterebiT ( nawilakebTan erTad) nebismieri izotopis birTvis ageba SeiZleba. birT-

vebis struqturebis Seqmnisas unda gaviTvaliswinoT, rom damatebiTi protoni mxolod 

naxSirbadis an Jangbadis klasteris centrSi unda ganlagdes. centrSi moTavsebuli 

neitronebi stabilur an arastabilur izotopebis birTvebs qmnis, Tumca, klasteris gareT 

ganlagebuli damatebiTi neitronebi mxolod arastabiluri izotopebis birTvebis wyaros 

warmoadgens. cxadia, neitronebisTvis adgilebi klasterebis garSemo SemozRudulia da 

amitom arastabiluri izotopebis raodenobac SemosazRvrulia. mosalodnelia, rom 

ramdenime klasterisagan Sedgenili birTvebis sistemebSi mezobel klasterebs saerTo 

gverdi unda hqondes. 

klasterebSi nuklonebi mudmivad rxeviT moZraobaSia da TviT klasterebs erTi 

formidan meoreSi gardaqmnis unari Seswevs, magram es SesaZlebelia moxdes mxolod 

Zalze maRali wnevebisa da temperaturis pirobebSi, rogorc varskvlavebis gulSia. mZime 

birTvebSi klasterebs sferuli formis miReba SeuZlia, raTa maqsimalurad mkvrivi sis-

tema Seiqmnas.  

ori klasteriT Seqmnili birTvis magaliTia magniumis izotopi 24Mg (78,6%) (nax. 4, 10), 

romelic yvelaze gavrcelebuli izotopia. is ori klasterisagan Sedgeba da or SesaZlo 
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variants iZleva. pirvel variantSi is ori naxSirbadisagan Sedgenili sistemaa, magram maT 

saerTo  nawilaki ar aerTianebs (nax. 4, 10). amitom mosalodnelia, rom magniumis birTvi 

naxSirbadisa da Jangbadis klasterebisgan iyos Sedgenili (nax. 4, 11).  

asevea orklasteriani sistema _ siliciumis birTvi 28Si, Tumca, me-4 nax-ze 13-iT gamo-

saxulia birTvis struqtura, romelic Jangbadis or klasters Seicavs, saerTo  nawilaki 

aqvs da myar struqturas qmnis.  

Zalze sainteresoa, rom damzerilia mZime birTvebis klasterebad daSlis movlena 

[3_6]. miuxedavad imisa, rom mZime birTvebis klasteruli daSlis albaToba 106-jer nak-

lebia  nawilakebis daSlis albaTobasTan SedarebiT, daSlis birTvul reaqciebSi damze-

rilia naxSirbadis, Jangbadis, magniumisa da siliciumis klasterebi [5, 6].  

mniSvnelovania, rom rTuli birTvebis mravalklasteruli struqturebis dasadgenad 

aucilebelia klasterebs erTi gverdi mainc hqondes saerTo. rogorc vxedavT, birTvebi, 

romlebic maRali mdgradobiT gamoirCeva (4He, 12C, 16O, 28Si), mxolod  nawilakebisagan 

Sedgeba.  

amrigad, atomis birTvebis klasterul warmodgenas birTvuli fizikis zogierTi 

problemis axsna SeuZlia da stabiluri da arastabiluri izotopebis raodenobas 

zRudavs. kulonuri eleqtruli Zalebi ki udides rols asrulebs birTvebis formirebasa 

da maTi stabilurobis uzrunvelyofaSi.  
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fizika 

atomis birTvis klasteruli modeli  

m. jiblaZe, T. bacikaZe 

(saqarTvelos teqnikuri universiteti) 

 

reziume: atomis birTvis Teoriis Seqmnis mcdeloba mraval siZnelesTanaa dakavSi-

rebuli, rac birTvuli Zalebis bunebis Sesaxeb arasakmarisi codniTaa gamowveuli. amito-

mac specialistebis mier xdeba nuklonebs Soris arsebuli urTierTqmedebis Zalebis Ser-

Ceva Teoriuli modelebis cnobil eqsperimentul SedegebTan misadagebiT.  

naSromSi ganxilulia protonis mier Seqmnili eleqtrostatikuri velis gavlena 

atomis birTvebis struqturis formirebaze; nuklonebis agebulebis qvarkul modelze day-

rdnobiT miiReba daskvna, romlis mixedviTac kulonuri eleqtruli velebi birTvSi gana-

pirobebs rombis, prizmisa da kubis formis mdgradi klasterebis arsebobas, romlebic 

heliumis, naxSirbadisa da Jangbadis birTvebs Seesabameba.  

 

 

PHYSICS 

CLASTER MODEL OF THE NUCLEAR KERNEL 

M. Jibladze, T. Batsikadze 

(Georgian technical university) 

 

Resume: Attempt of creation of the theory of kernel meets many difficulties, because of insufficient knowledge 

of properties of nuclear forces. Therefore forces of interaction between nucleons should be selected by adjustment to 

known experimental data by means of modelling dependences. 

There is considered the nuclear influence of the electrostatic field, created by protons on formation of structure 

of various kernels. There is shown, that on the basis of the quark model to structure of nucleons, electric fields can 

result steady claster to formations of the rhombic, prismatic and cubic form, kernels of helium corresponding structures, 

carbon and oxygen.  

 

 

ФИЗИКА 

КЛАСТЕРНАЯ МОДЕЛЬ АТОМНОГО ЯДРА 

М. Джибладзе, T. Бацикадзе 

(Грузинский технический университет) 

 

Резюме: Попытка создания теории ядра сталкивается с многими трудностями из-за недостаточных 

знаний о свойствах ядерных сил. Поэтому силы взаимодействия между нуклонами приходится подбирать путем 

подгонки к известным экспериментальным данным с помощью модельных зависимостей. 

В работе рассмотрено влияние электростатического поля, созданного протонами, на формирование 

структуры различных ядер. Показано, что на основе кварковой модели структуры нуклонов, электрические 

поля могут привести к устойчивым кластерным образованиям ромбической, призменной и кубических форм, 

соответствующих структурам ядер гелия, углерода и кислорода.  
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fizika 

 

molekulur-potenciuri Teoriis fizikuri safuZvlebi 

a. gerasimovi 

(saqarTvelos teqnikuri universiteti)  

 

,,mecnierebis progresi is ki ar aris, rom aras-

wori Teoria Seicvalos sworiT, aramed erTi aras-

wori Teoria Seicvalos meore arasworiT, oRond 

dazustebuliT”.  

stiven hokingi 

 

kondensirebul garemoSi atomis gadaadgilebasTan dakavSirebul fizikur movlenaTa 

(pirveli gvaris fazuri gadasvlebi, difuzia, siblante da sxv.) aRsawerad, dReisaTvis 

umეtesad gamoiyeneba molekulur-kinetikuri Teoriis (mkT) warmodgenebi, romelTa mixed-

viT, imisaTvis, rom mocemulma atomma (molekulam) Seicvalos Tavisi adgilmdebareoba, 

aucilebelia masTan warmoqmnas saTanado sididis kinetikuri energiis fluqtuacia, rome-

lic sakmarisi iqneba potenciuri energiis barieris gadasalaxavad [1] (nax. 1).  

 

 
nax. 1. atomis mier potenciuri barieris gadalaxvis 

sqematuri gamosaxuleba 

 

barieris simaRle ganpirobebulia mocemuli atomis mezobel atomebTan qimiuri 

bmebis energiis sididiT. am warmodgenebis gamoyenebiT moxda Tanamedrove teqnologiebis 

udidesi nawilis damuSaveba, risi Sedegicaa miRebulia Tanamedrove sameurneo, samxedro, 

kosmosuri manqana-danadgarebi da gamoTvliTi teqnika. miuxedavაd udidesi miRwevebisa, 

bolo 40 wlis kvlevebis Sedegad aRmoCnda atomebis gadaadgilebasTan dakavSirebuli 

axali cdiseuli faqtebi, romlebsac mkT ver xsnis [2]. sruliad gamouსაdegaria igi dabal 

temperaturebze mimdinare procesebis aRsawerad, kerZod, stimulirebuli dabaltem-

peraturuli difuziis da naxevargamtarebSi kriogenul temperaturebze Seqmnili radia-

ciuli defeqtebis moZraobisa da urTierTqmedebis asaxsnelad. es imitom xdeba, rom am 

Teoriis mixedviT, mocemuli atomis adgilmdebareobis Secvlis albaToba 

ሺെ ݌ݔ݁~ܹ  ܷ ⁄ ሻܶܭ       (1) 

U

x

a b
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(sadac ܷ aris barieris simaRle, ܶ _ absoluturi temperatura, ܭ_ bolcmanis mudmiva) 

temperaturis SemcirebiT Zalze swrafad mcirdeba da oTaxis temperaturaze dabal 

temperaturaze ukve nuls uaxlovdeba, rac imas niSnavs, rom atomebi adgilmdebareobas ar 

unda icvlidnen, eqsperimentis dros ki maTi gadaadgileba daimzireba [3]. amrigad, mkT 

gamoiyeneba maRal ܶ ൐ 0.3 დܶნ. temperaturebze ( დܶნ. nivTierebis dnobis temperaturaa). garda 

amisa, misi gamoyeneba maRali temperaturis areSi zogierTi fizikuri movlenis aRwerisas 

gadauWrel problemebs awydeba, amJRavnebs Sinagan winaaRmdegobebs [1] da amis gamo 

Tvisebrivadac ver xsnis bevr iseT eqsperimentul faqts [2], rogoricaa, magaliTad:  

1. myari sxeulis gafaToeba sinaTlis moqmedebiT temperaturis momatebis gareSe;  

2. pirveli gvaris fazuri gadasvlebis mikroskopuli meqanizmi;  

3. nivTierebebis myar mdgomareobaSi sxvadasxva atomis difuziis koeficientebis mniS-

vnelobebis erTmaneTisagan Zalze didi (ramdenime rigiT) gansxvaveba, xolo Txevad mdgo-

mareobaSi yvelanairi atomis difuziis koeficientebis mniSvnelobebis erTmaneTisagan mci-

re gansxvaveba (cxrili 1);  

4. myari sxeulis darbileba temperaturis momatebis gareSe sinaTlis, eleqtruli 

denis, magnituri an eleqtruli velis moqmedebis dros;  

 

cxrili 1 

dnobis temperaturaze elementTa TviTdifuziis  

koeficientebi ࡰ [sm2/wm] myar da Txevad mdgomareobebSi 
 

# elementi 

dnobis 

temperatura 

Т, K 

difuziis 

koeficienti 

my. mdg.-Si 

difuziis 

koeficienti 

Tx. mdg.-Si 

1  Li 454 9,4×10-8 6,6×10-5 

2 Na 371 2,4×10-7 3,6×10-5 

3 Cu 1356 5,4×10-8 2,6×10-5 

4 Ag 1234 5,2×10-9 2,4×10-5 

5 Au 1336 5,4×10-9 2,1×10-5 

6 Mg 923 2,6×10-8 6×10-5 

7 Al 933 1,6×10-7 7,2×10-5 

8 Cd 594 6×10-9 1,8×10-5 

9 Tl 577 1,2×10-9 1,6×10-5 

10 Sn 505 3,4×10-11 6,3×10-5 

11 In 430 9,5×10-10 1,6×10-5 

12 Pb 600 3,6×10-10 4,6×10-5 

13 Si 1683 5,6×10-12 1,9×10-4 

14 Ge 1210 1,1×10-12 1,7×10-4 

15 Sb 904 1,9×10-10 3,8×10-5 

16 Te 723 6×10-11 3,1×10-5 

17 Fe 1803 2×10-7 2,7×10-5 

18 Co 1765 1,4×10-9 4×10-5 

 

5. nivTierebis airadidan myar mdgomareobaSi gadasvla ganaTebis dros;  

6. maRal temperaturaze qimiuri elementebis orTqlSi atomTa kompleqsebis warmoqmna 

da sxv.  
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Cven mier SemoTavazebulia kondensirebul garemoSi atomis (molekulis) adgilmdeba-

reobis Secvlis axali warmodgenebi, romelic xsnis dReisaTvis damzeril yvela eqsperi-

mentul faqts rogorc maRal, ise dabal temperaturebze [2]. axali warmodgenebis mixed-

viT, kondensirebul garemoSi atomis (molekulis) adgilmdebareobis SecvlisaTvis 

saWiroa mocemuli atomis qimiur bmebSi monawile eleqtronebis kvanturi mdgomareobis 

iseTi cvlileba, romelic Seamcirebs qimiuri bmis energias, e.i. potenciuri energiis 

barieris simaRles imdenad, rom mocemul temperaturaze SesaZlebeli gaxdes atomis 

(molekulis) adgilmdebareobis Secvla (nax. 1). am axal warmodgenebze agebul Teorias 

Cven pirobiTad vuwodeT molekulur-potenciuri Teoria (mpT), romlis mixedviT konden-

sirebul garemoSi atomis (molekulis) adgilmdebareobis SecvlisaTvis unda Semcirdes 

misi potenciuri energia, gansxvavebiT molekulur-kinetikuri Teoriisa (mkT), romelic 

saWiroebs mocemul atomTan kinetikuri energiis gazrdas. axali Teoriis aRsawerad auci-

lebelia gavixsenoT, rom kondensirebul garemoSi qimiur bmebSi monawile eleqtronebi 

SeiZleba imyofebodes or gansxvavebul kvantur mdgomareobaSi: damakavSirebelSi, roca 

isini zrdian qimiuri bmebis energias da antidamakavSirebelSi, roca isini amcireben am 

energias. es Sedegi gamomdinareobs kondensirebul garemoSi eleqtronebis energetikuli 

mdgomareobis aRmweri zonuri Teoriidan, romelic miiReba Zlierad bmuli eleqtronis 

miaxloebaSi gamoTvlebisaTvis atomuri orbitalebis wrfivi kombinaciis meTodis gamoye-

nebiT [4]. am SemTxvevaSi myar sxeuls miiCneven mravali atomisagan Semdgar did mole-

kulad, amitom, ufro didi sicxadisaTvis, upriania pirvel rigSi ganvixiloT axali 

energetikuli mdgomareobebis warmoqmnis sakiTxi molekulebis Seqmnis SemTxvevisaTvis. 

aRniSnuli midgomis gamoyeneba oratomiani wyalbadis molekulis warmoqmnis SemTxvevaSi 

[4] molekulaSi eleqtronebis energiisaTvis iZleva or mniSvnelobas E ൌ E଴ (nax. 2), sadac 

E଴ aris wyalbadis Tavisufali atomis eleqtronis energia, xolo  _ e.w. kovalenturi 

bmis energia. molekulis Semadgeneli atomebis eleqtronebis kvantur mdgomareobaTa 

ricxvi ar icvleba, xdeba maTi energetikulad gancalkeveba, anu, rogorc amboben, gaxleCa. 

es doneebi ukve orive atomis sistemas ekuTvnis da amitom maT molekuluri doneebi ewo-

debaT. dabali energiis mqone energetikul dones uwodeben damakavSirebel energetikul 

dones, radgan masze myof eleqtronebs ufro dabali energia aqvs, vidre Tavisufal 

atomSi da isini qmnian qimiur bmas. maRali energiis mqone dones uwodeben antidamakav-

Sirebel dones, radgan masze myofi eleqtronebi bmas amcirebs. wyalbadis atomebis orive 

eleqtroni, energiis minimumisa da paulis principis Tanaxmad, daikavebs qveda dones, ris 

gamoc wyalbadis erTad aRebul or atoms ufro naklebi energia aqvs, vidre cal-calke 

Tavisufal mdgomareobaSi myof atomebs. amis Sedegad warmoiqmneba molekula. amitom 

bunebaSi wyalbadi Cveulebriv mxolod molekulur Hଶ mdgomareobaSi arsebobs. He-is 

SemTxvevaSi atomebis miaxloebis Sedegad miiReba igive damakavSirebeli da antidamakav-

Sirebeli energetikuli doneebi, rac wyalbadis atomebisaTvisaa damaxasiaTebeli da, 

radgan H݁-is atoms ori eleqtroni aqvs, ori atomis oTxi eleqtroni unda ganlagdes mi-

Rebul doneebze (nax. 3, a). amis Sedegad damakavSirebel da antidamakavSirebel doneebze 

or-ori eleqtroni aRmoCndeba. Semcirebul energias, romelsac damakavSirebel doneze 

myofi eleqtronebi iZleva, abaTilebs antidamakavSirebel doneze myofi eleqtronebi da 

Heଶ molekula ver warmoiqmneba. marTlac, bunebaSi es molekula Cveulebriv ar arsebobs. 

magram arsebobs Heଶ
ା molekula, radgan Heଶ

ା aqvs sami eleqtroni, romelTagan ori 

damakavSirebel da erTi antidamakavSirebel doneze imyofeba (nax. 3, b), Sesabamisad xdeba 

energiis Semcireba. sainteresoa is faqtic, rom bunebaSi arsebobs uaryofiTad damuxtuli 

Heଶ
ି molekula. misi arseboba aixsneba am molekulis xuTi eleqtronis Semdegnairi ganawi-
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lebiT (nax. 3, g): or-ori eleqt

doneebze, mexuTe ki agznebuli 

g). Sedegad, damakavSirebel do

roni, amitom Heଶ
ି bunebaSi, mar

mocemuli Sedegi samarT

kulisaTvis [4] da amitom dam

ronebis raodenobis sxvaoba 

rac naklebia es sxvaoba, miT 

orive doneze eleqtronebis r

ase rom, Hଶ-is dasaSlelad sa

doneze temperaturis, sinaTli

 

 

 
 

nax. 2. wyalbadis 

 ଴ _ wyalbadis atomSiܧ

molekulis (ܪଶ) 

 

 

 

nax. 3. el

antid

a _ hi

 

 

troni ganlagdeba ݊ ൌ 1 damakavSirebel d

݊ ൌ 2 donis gaxleCiT miRebul damakavSir

neebze imyofeba sami, xolo antidamakavSi

rTalia mcire xnis ganmavlobaSi, magram 

liania sxvadasxva valentobis mqone yvel

makavSirebel da antidamakavSirebel do

gansazRvravs atomebs Soris qimiuri bmi

naklebia bmis energia, xolo roca sxvao

ricxvi erTnairia, qimiuri bma atomebs So

aWiroa erTi eleqtroni gadayvanil iqne

is, radiaciis an kidev sxva raime zemoqmed

 

molekulis (ܪଶ) warmoqmnis energetikuli dia

  ଶܧ ଵ daܧ .eleqtronis energetikuli done (ܪ)

 damakavSirebeli da antidamakavSirebeli don

 _ kovalenturi bmis energia 

leqtronebis ganawileba damakavSirebel da  

damakavSirebel doneebze molekulebSi:  

ipoTezur ݁ܪଶ-Si; b _ ݁ܪଶ
+-Si; g _ ݁ܪଶ

_-Si. 

da antidamakavSirebel 

rebel doneze (nax. 3, 

irebelze ori eleqt-

mainc arsebobs.  

la oratomiani mole-

neebze myofi eleqt-

is energiis sidides. 

ba nulis tolia, e.i. 

oris aRar arsebobs. 

s aradamakavSirebel 

debiT. 

agrama. 

_ wyalbadis  

neebi.  
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mravali atomis daaxloebis, anu myari sxeulis Seqmnis dros maTi energetikuli do-

neebi erTiandeba e.w. zonebad [4], romlebic oratomiani molekulebis mdgomareobis 

analogiuria. gansxvaveba mxolod isaa, rom doneebis erT damakavSirebel da erT antidama-

kavSirebel mdgomareobebad gaxleCis nacvlad atomebis doneebi gaixliCeba zonebad (nax. 4). 

 

 

 

nax. 4. atomebis daaxloebisas hibridizebuli orbitalebis warmoqmna,  

maTi damakavSirebel da antidamakavSirebel orbitalebad gaxleCa da maTgan  

saTanado damakavSirebeli da antidamakavSirebeli zonebis warmoqmna 

 

aqve unda aRiniSnos, rom eleqtronuli zonuri struqturiT aRiwereba aseve myari 

sxeulebis nadnobebis eleqtronuli mdgomareobebi [2]. naxevargamtarebsa da dieleqtrikebSi 

damakavSirebeli (anu valenturi) da antidamakavSirebeli (anu gamtarobis) zonebi 

erTmaneTisgan gamoyofilia akrZaluli zoniT, xolo liTonebSi isini gadafarulia. sina-

Tlis, temperaturis da sxv. saSualebiT eleqtronis gadasvla damakavSirebeli zonidan 

antidamakavSirebel zonaSi (garda imisa, rom naxevargamtarebsa da dieleqtrikebSi zrdis 

gamtarobas) aseve iwvevs qimiuri bmis Semcirebas, radgan eleqtroni xdeba antidamakavSire-

beli, xolo damakavSirebel zonaSi eleqtronebis ricxvi mcirdeba da Cndeba xvreli. am 

dros warmoqmnili kvazinawilakebi antidamakavSirebeli kvazinawilakebia, romlebic iwvevs 

yvela im atomis qimiuri bmis Semcirebas, romlebTanac isini moxvdebian TavianTi qaosuri 

moZraobis dros.* naxevargamtarebisagan gansxvavebiT, romlebSic qimiuri bmis Sesusteba 

gamtarobaSi monawile eleqtronebisa da xvrelebis saSualebiT xdeba, liTonebSi, zonebis 

Seuvseblobis gamo, gamtarobaSi monawile eleqtronebi dabal temperaturaze imave zonaSi 

rCeba da liTonis qimiuri bmis cvlilebaze TiTqmis ar reagirebs. temperaturis momatebiT 

xdeba maTi gadasvla imave damakavSirebeli zonis ufro maRla mdebare doneebze, rac ar 

moqmedebs gamtarobis cvlilebaze, magram iwvevs qimiuri bmis Semcirebas. qimiuri bma 

Zlier mcirdeba, roca eleqtronebi damakavSirebeli zonidan gadadis antidamakavSirebel 

zonaSi. am SemTxvevaSi, eleqtronebis gadasvla unda moxdes fermis donis qvemoT arsebuli 

doneebidan. maSin energetikuli manZili fermis donidan antidamakavSirebeli zonis qveda 

kidemde aris is manZili, romelic saWiroa gadalaxos eleqtronma, rom moxvdes 

antidamakavSirebel zonaSi. aqedan gamomdinare, am energetikul manZils SeiZleba vuwodoT 

fsevdoakrZaluli zona (nax. 5).  

                                                            
*
 albaT upriani iqneba, rom aseTi grZeli dasaxeleba `aradamakavSirebeli kvazi nawilaki~, 
romelsac Cven Semdeg xSirad gamoviyenebT, SevcvaloT raime abreviaturiT (mokle dasaxe-
lebiT), magaliTad `akvazi“. 

naxevargamtarebi liTonebi 
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nax. 5. damakavSirebeli (1) da antidamakavSirebeli (2) energetikuli zonebi: 

a _ naxevargamtari an dieleqtriki; b _ liToni (ܧி _ fermis done; ܧ௚_ აkrZaluli zona  

naxevargamtarebSi; ܧფ_ fsevdoakrZaluli zona liTonebSi) 

 

rogorc ukve aRvniSneT atomis bmis siZliere mezobel atomebTan kondensirebul 

garemoSi damokidebulia mis damakavSirebel da antidamakavSirebel doneebze myofi 

eleqtronebis raodenobaTa sxvaobaze. akvazebis warmoqmna am sxvaobas amcirebs, e.i. 

asustebs im atomTa qimiur bmebs, romlebTanac aRmoCndeba Tavisi siTburi moZraobis 

dros, riTac uadvilebs maT gadaadgilebas. amitom myari sxeuli rbildeba, xolo 

nadnobis siblante mcirdeba [2]. akvazebis warmoqmna SesaZlebelia sinaTlis, temperaturis, 

wnevis, inJeqciis, eleqtro- da magnituri velebis zemoqmedebiT [2] (nax. 6). Tu zemoT 

moyvanili atomebis adgilmonacvleobis axali meqanizmi WeSmaritia, maSin myari sxeuli 

sinaTlis zemoqmedebiT temperaturis momatebis gareSe unda darbildes. eqsperimentebi 

adasturebs, rom myari sxeulis darbileba SesaZlebelia ara marto sinaTlis saSualebiT, 

aramed sxva, zemoT naxsenebi aTermiuli (temperaturis momatebis gareSe) zemoqmedebebis 

drosac [2], risi axsnac mkT-s ar SeuZlia! mpT-is siswore ki dasturdeba imiT, rom, mkT-

sagan gansxvavebiT, igi xsnis kondensirebul garemoSi atomis gadaadgilebasTan 

dakavSirebul dReisaTvis cnobil yvela fizikur movlenas da winaswarmetyvelebs 

zogierT axals. qvemoT moviyvanT am faqtis damadasturebel ramdenime magaliTs. 
 

 

 
 

nax. 6. akvazebis warmoqmnis sxvadasxva saSualeba 

 

mpT-is Tanaxmad, raime saSualebiT warmoqmnili akvazebi amcirebs qimiuri bmis 

energias. qimiidan ki cnobilia, rom qimiuri bmis energiis Semcireba iwvevs misi sigrZis 

gazrdas, e.i. atomebs Soris manZilis momatebas, rac ganapirobebs myari sxeulis zomebis 

gazrdas, anu gafarToebas. maSasadame, Tu myar sxeuls gavanaTebT iseTi sinaTliT, 

romelic warmoqmnis akvazebs, igi unda gafarTovdes misi temperaturis momatebis gareSe. 

mpT-is es winaswarmetyveleba dadasturda eqsperimentebiT [2], romlebsac mkT ver xsnis, 
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radgan misi warmodgenebis mixedviT, myari sxeulis gafarToebisaTvis saWiroa 

temperaturis, anu atomebis kinetikuri energiis gazrda. temperaturis momatebiT myari 

sxeulis gafarToeba mpT-iT aixsneba temperaturiT warmoqmnili akvazebis mier qimiuri 

bmebis energiis SemcirebiT. 

akvazebis arseboba da maT mier qimiuri bmebis energiis Semcireba eqsperimentulad 

mtkicdeba, rogorc ukve aRvniSneT [2], iseTi efeqtebiT, rogoricaa fotomeqanikuri efeqti 

(fme) _ myari sxeulis (naxevargamtarebi, dieleqtrikebi, liTonebi) sisalis Semcireba 

sinaTlis zemoqmedebis dros, eleqtromeqanikuri efeqti (eme) _ naxevargamtarebis sisalis 

Semcireba eleqtruli velis an eleqrodenis zemoqmedebiT, magnitur-meqanikuri efeqti (mme) 

_ naxevargamtarebis sisalis Semcireba magnituri velis zemoqmedebis Sedegad, minarevebiT 

legirebis meqanikuri efeqti (mlme) _ naxevargamtarebis sisalis Semcireba misi 

minarevebiT legirebis Sedegad. yvela es efeqti dakavSirebulia atomebis adgilmonac-

vleobasTan temperaturis cvlilebis gareSe, amitom maTi meqanizmebi mkT-iT ver aRiwereba, 

radgan am Teoriis mixedviT atomebis adgilmonacvleobisaTvis saWiroa kinetikuri 

energiis gazrda, anu temperaturis momateba. mpT-iT mocemuli efeqtebis axsnis sailus-

traciod ganvixiloT fme-is meqanizmi. myari sxeulis mikrosisalis gazomvis dros sa-

Tanado datvirTvis qveS myofi almasis piramidiT zemoqmedebas axdenen myari sxeulis 

zedapirze. piramidis mocilebis Semdeg rCeba kvali, rac gamowveulia wnevis zemoqmedebiT 

saTanado raodenobis nivTierebis gadaadgilebiT. datvirTvis sididis mniSvnelobis 

kvalis farTobze gayofiT miRebul sidides uwodeben mikrosisales [2]. datvirTvis 

zrdasTan erTad matulobs piramidis Canergvis siRrme, xolo mikrosisalis sidide jer 

klebulobs da Semdeg gadis najerobaze (nax. 7, mrudi 1). es gamowveulia imiT, rom nimuSis 

zedapirTan arsebobs didi simtkicis mqone Txeli fena, romelic did rols asrulebs 

mikrosisalis sididis uzrunvelyofaSi da romlis wvlili klebulobs piramidis 

Canergvis siRrmis zrdasTan erTad [2]. Tu erTsa da imave datvirTvaze erTi nivTierebis 

zedapirze kvalis sidide metia meorisaze, maSin am nivTierebis sisale naklebia meorisaze.  

 

 

 

nax. 7. ࢏ࡿ-is mikrosisalis damokidebuleba indentorze modebuli datvirTvis sidideze: 

1 – sibneleSi; 2 – lazeriT ganaTebisas ( Eࢍࡱ); akvazebis koncentracia mxolod zedapirul 

fenaSia; 3 _ ࢏ࡿ-is filtrSi gasuli TeTri sinaTliT ganaTebisas ( <ࢍࡱ), akvazebi warmoiqmneba  

mTel moculobaSi; 4 – didi intensiurobis lazeriT ganaTebisas, e.i. akvazebis didi  
koncentraciis dros zedapirze sisalis mniSvneloba naklebia, vidre moculobaSi 
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uxsovari droidan cnobilia, rom myari sxeulis temperaturis zrdiT xdeba misi 

darbileba. amitom erTsa da imave datvirTvaze mikrosisale mcirdeba. am movlenas 

mogvianebiT daerqva Termomeqanikuri efeqti (Tme). magram aRmoCenili iyo agreTve [2], rom 

myari sxeulis mikrosisale ganaTebiTac mcirdeba temperaturis momatebis gareSe. am 

movlenas ki fotomeqanikuri efeqti (fme) ewoda. mikrosisalis Semcireba, mpT-is Tanaxmad, 

xdeba sinaTliT warmoqmnili akvazebis mier qimiuri bmebis energiis Semcirebis gamo, rac 

atomebis adgilmonacvleobas aadvilebs da, Sesabamisad, myar sxeuls arbilebs. myari 

sxeulis darbilebis uSualo mizezi rom akvazebia, mtkicdeba Semdegi eqsperimentebiT:  

1. Tu gavzomavT naxevargamtaris mikrosisalis damokidebulebas datvirTvaze 

sibneleSi da sxvadasxva talRis sigrZis mqone sinaTliT ganaTebisas (nax. 7), davinaxavT, 

rom mikrosisale mcirdeba im areSi, sadac warmoiqmneba akvazebi, anu iq, sadac xdeba 

sinaTlis STanTqma. amasTan, aSkaraa, rom mokle talRis sigrZis mqone sinaTlisaTvis, 

romelsac axasiaTebs STanTqmis mcire manZili, mikrosisalis Semcirebis siRrme ufro 

naklebia, vidre grZeli talRis sigrZis mqone sinaTlisaTvis, romelsac STanTqmis ufro 

didi manZili aqvs. mikrosisalis Semcirebis sidide klebulobs da imeorebs warmoqmnili 

akvazebis koncentraciis Semcirebis mrudis formas nimuSis zedapiridan moculobisaken 

(nax. 7). rogorc cnobilia, es gamowveulia, nimuSSi SeRweuli sinaTlis intensiurobis 

siRrmis mixedviT, eqsponencialuri SemcirebiT. mikrosisalisa da akvazebis koncentraciis 

cvlilebis aseTi msgavseba calsaxad miuTiTebs imaze, rom fme-is SemTxvevaSi 

mikrosisalis Semcireba gamowveulia akvazebis warmoqmniT.  

2. me-8 nax-ze moyvanilia ܵ݅-is mikrosisalis sididis temperaturuli damokidebu-

lebebis mrudebi. mrudi (1) Seesabameba sibneleSi Catarebul gazomvebs, mrudi (2) _ 

gansazRvruli intensiurobis sinaTliT zemoqmedebis dros miRebul Sedegebs, mrudi (3) ki 

_ ufro didi intensiurobis sinaTliT zemoqmedebas. am mrudebis Sedareba cxadyofs, rom 

arsebobs dabaltemperaturuli ubani, romelSic temperatura mikrosisalis mniSvnelobaze 

ar moqmedebs da es ubani miT ufro didia, rac metia sinaTlis intensiuroba (nax. 8, (2) da 

(3) mrudebze ܤܣ da ܣଵܤଵ ubnebi), Semdeg ufro maRal temperaturebze aris ubani, sadac 

daimzireba fme-ze temperaturis gavlena (nax. 8, (2) da (3) mrudebze ܥܤ, da ܤଵܥଵ ubnebi). ܥ 

da ܥଵ wertilebSi xdeba sibneleSi da sinaTleze gazomviT miRebuli mrudebis SeerTeba, 

ris Semdeg maRal temperaturebze sinaTlis gavlena ar SeiniSneba da aris mxolod 

temperaturis zemoqmedeba (nax. 8, (2) da (3) mrudebze, ܦܥ da ܥଵܦ ubnebi). sinaTlis maRali 

intensiurobis SemTxvevaSi (mrudi 3) SeerTeba xdeba ufro maRal temperaturaze. zemoT 

aRniSnuli ubnebis Sesabamis temperaturebze gazomili iyo nimuSSi warmoqmnili akvazebis 

koncentraciebi. aRmoCnda, rom ܤܣ da ܣଵܤଵ ubnebis Sesabamis temperaturul areebSi sinaT-

liT warmoqmnili akvazebis ݊௦ koncentraciebi ufro metia, vidre temperaturiT warmoq-

mnili ݊௧ . e.i. iq, sadac sinaTlisa da temperaturis erToblivi zemoqmedebis dros tempe-

raturuli damokidebuleba ar daimzireba ݊௦ > ݊௧; iq ki, sadac sinaTlis gavlena ar aris 

(nax. 8, (2) da (3) mrudebze, ܦܥ da ܥଵܦ ubnebis Sesabamis temperaturul areebSi) ݊௧ >݊௦, 

xolo im areSi, sadac daimzireba orive _ sinaTlis da temperaturis zemoqmedebis gavlena 

ଵ ubnebi, ݊௦ ≈≈ ݊௧ܥଵܤ da ܥܤ . es eqsperimentuli faqtebi calsaxad amtkicebs, rom Tme-is 

SemTxvevaSi, mikrosisalis Semcireba gamowveulia temperaturis zemoqmedebis dros 

warmoqmnili akvazebiT, romlebic amcirebs qimiuri bmebis energias. 

amrigad, eme-is, mme-is da mlme-is meqanizmebis [2] gaTvaliswinebiT, SeiZleba davas-

kvnaT, rom myari sxeulis mikrosisalis Semcireba yvela zemoqmedebis dros gamowveulia 

warmoqmnili akvazebiT.  
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nax. 8. Si-is mikrosisalis temperaturuli damokidebuleba sibnelesa (1)  

da sinaTleSi (2,3), roca sinaTlis intensiurobebia: I1(2) da I2(3), I1<I2 

 

axla mokled ganvixiloT mpT-is mixedviT kondensirebul garemoSi atomis gadaadgi-

leba mikroskopul doneze [2]. rogorc zemoT aRvniSneT, atomis (molekulis) adgilmde-

bareobis SecvlisaTvis saWiroa mocemuli atomis qimiuri bmebis energiis Semcireba 

nulamde. radgan yoveli atomi qimiur bmebs Tavis uaxloes mezoblebTan axorcielebs gan-

sazRvruli raodenobis damakavSirebeli eleqtronebiT, da Tu mocemul atomTan aRmoCn-

deba raime zemoqmedebiT warmoqmnili imave raodenobis akvazi, maSin qimiuri bma aRar 

iarsebebs da atomi iqneba Tavisufali. amisaTvis saWiroa β raodenobis akvazis mocemul 

atomTan erTdroulad aRmoCenis albaToba [2] ௔ܹ௞ ൌ / ሺ݊௔௞ܣ ௔ܰ)
β, sadac ௔ܰ aris mocemuli 

nivTierebis Semadgeneli atomebis koncentracia, ݊௔௞ _ warmoqmnili akvazebis koncent-

racia, β _ qimiuri bmebis mospobisaTvis saWiro akvazebis raodenoba. Tavisufali atomi 

rom gadaadgildes, masTan unda movides mocemuli temperaturis Sesabamisi maqsimaluri 

energiis fononi, risi albaToba aRvniSnoT ௙ܹ . maSin atomis adgilmdebareobis Secvlis 

albaTobas eqneba Semdegi saxe:  

 ௔ܹ = ௔ܹ௞ ௙ܹ= ܣሺ݊௔௞ / ௔ܰ)
β ௙ܹ,  (2) 

sadac ܣ koeficienti da ௙ܹ albaToba temperaturis mixedviT bevrad nela icvleba, vidre 

eqsponencialuri damokidebuleba. Tu SevadarebT (2) gamosaxulebas mkT-is mixedviT 

miRebul atomis adgilmdebareobis Secvlis albaTobas (1), vnaxavT, rom (2) damokidebulia 

akvazebis koncentraciaze da ara aqvs mniSvneloba ra saSualebiT aris igi warmoqmnili! 

amitom (2)-is saSualebiT SeiZleba aRiweros ara marto maRaltemperaturuli, roca ݊௔௞ 

warmoiqmneba temperaturiT, aramed dabal temperaturaze mimdinare procesebi, roca 

akvazebis warmoqmna xdeba aTermiuli zemoqmedebiT. amis sailustraciod moviyvanT 

difuziis movlenis aRweras mkT-iT [1] da mpT-iT [2]. mkT-is mixedviT, difuziis koeficienti 

ase gamoisaxeba:  

400

600

800

1000

1200

1400

1600

50 100 150 200 250 300 t C
0

1

2

3

n   >ntsin

n   >ntsin

n   <ntsin

n   <ntsin

n     ntsin

n     ntsin

A
’

A

B’

B 

C

C
’ D 

31



 
 

ሺെ ݌ݔ݁ ଴ܦ = ܦ  ܷ ⁄ ሻܶܭ ,  (3) 

mpT-iT ki:  

/ ሺ݊௔௞ܤ = ܦ  ௔ܰ)
β ,  (4) 

sadac ܣݒ݀ = ܤ ௙ܹ; ݀ aris atomebs Soris manZili, ݒ _ atomis saSualo siTburi siCqare. aqve 

unda aRvniSnoT, rom difuziis movlenis aRweras mkT-iT aqvs Sinagani problemebi, razedac 

miuTiTebs erT-erTi misi SemqmnelTagani: „frenkelis Teoriam sworad aRwera difuziis koef-

icientis temperaturuli damokidebuleba myar sxeulebSi. magram unda aRiniSnos, rom am 

TeoriaSi ar moxerxda difuzuri parametrebis fizikuri arsis srulad gaxsna“ [5]. Tu 

difuzia dabal temperaturaze mimdinareobs, maSin difuziis koeficienti (3)-iT ver 

gamoiTvleba, radgan ܦ-s mniSvneloba TiTqmis nulis tolia. eqsperimentze ki sakmaod didi 

mniSvnelobis aTermuli difuziis koeficientebi daimzireba. magaliTad, Al-is fotosti-

mulirebuli difuziis koeficienti Si-Si oTaxis temperaturaze ܦ ؆ 10ିଽsm2/wm-ia, (3)-iT 

gamoTvlili ki ܦ ؆ 10ିହଽ sm2/wm [2]. (4)-iT gamoTvlili DD-s mniSvneloba emTxveva eqsperi-

mentuls imitom, rom difuziis koeficientis mniSvneloba ganisazRvreba aTermuli zemoq-

medebiT warmoqmnili akvazebis koncentraciiT. maRal temperaturaze mimdinare Termuli 

difuziis SemTxvevaSi orive formulis gamoyeneba erTnair Sedegs iZleva, radgan (4)-Si 

-ganisazRvreba temperaturiT warmoqmnili akvazebis koncentraciiT. marTlac, naxevargam  ܦ

tarebis SemTxvevaSi temperaturiT warmoqmnili akvazebis koncentracia ganisazRvreba 

formuliT:  

 ݊௔௞ ൌ ሺ ௖ܰ ௏ܰሻଵ ଶ⁄  ሻ,     (5)ܶܭ/݃ܧ-)݌ݔ݁ 

sadac ௖ܰ da ௩ܰ  aris mdgomareobaTa simkvrive, Sesabamisad, gamtarobis zonis qveda da 

valenturi zonis zeda kideSi. me-(5) gamosaxulebis (4)-Si CasmiT gveqneba:  

ܦ ൌ ሺܤ ௔ܰ
ஒሻ ൈ ሺ ௖ܰ ௩ܰ ሻఉ ଶ⁄ ⁄݌ݔ݁ ൫െβܧ௚ ⁄ܶܭ  ൯. 

Tu SemoviRebT aRniSvnebs ሺ ܤ ௔ܰ
ஒሻ ൈ ሺ ௖ܰ ௩ܰ ሻఉ ଶ⁄⁄ ሺെ ݌ݔ݁ ଵܦ= ܦ ௚=ܷ, miviRebTܧଵ da βܦ= ܷ ⁄ሻܶܭ , 

e.i. (3)-is msgavs gamosaxulebas. maSasadme mpT, difuzur process aRwers rogorc dabal, 

ise maRal temperaturaze, sadac aRwera iRebs iseTive saxes, rogoric aqvs mas mkT-Si [6]. 

aqedan gamomdinareobs daskvna, rom mkT aris mpT-is kerZo SemTxveva, romelic gamodgeba 

mxolod maRal temperaturaze mimdinare procesebis aRsawerad.  

axla SevexebiT mpT-is saSualebiT pirveli gvaris fazuri gadasvlebis 

mikromeqanizms. miuxedavad imisa, rom es movlena kargad aris Seswavlili, ar arsebobda misi 

meqanizmi atomur doneze. amis dasamtkiceblad moviyvanT cnobili mecnieris d. gudstainis 

mosazrebas: `dnoba da duRili  erTi SexedviT advilad gasagebi movlenebi, CixSi aqcevs 

mecnierebs, radgan dRemde ar arsebobs maTi damakmayofilebeli axsna mikroskopul doneze~ 

[7]. magaliTisaTvis ganvixiloT naxevargamtarebis SemTxvevaSi siTbos gadacemis dros misi 

temperaturisa da agregatuli mdgomareobebis cvlilebis (nax. 9) meqanizmi [2]. mkT-is 

arsebuli warmodgenebi ver pasuxobs kiTxvas, Tu ratom aris erTsa da imave temperaturaze ܣ 

wertilSi (nax. 9) nivTiereba myari, ܤ wertilSi ki _ Txevadi da ra gziT gadadis kinetikuri 

energia potenciurSi, romelic ܤܣ ubanze gadaecema nivTierebas. amitom Zalze mniSvnelo-

vania ganvixiloT, Tu ra procesebi mimdinareobs myar sxeulSi, rodesac mas siTbos 

gadavcemT [2]. siTbos gadacemasTan erTad izrdeba nivTierebis atomebis kinetikuri 

energia, e.i. temperatura. amasTan erTad xdeba eleqtronebis gadasvla damakavSirebeli 

zonidan antidamakavSirebelSi, e.i. akvazebis warmoqmna ori xerxiT: 1) atomebis dajaxebebis 

Sedegad atomis mier miRebuli kinetikuri energiis fluqtuaciis xarjze da 2) 

eleqtronebis erTmaneTTan dajaxebebis Sedegad eleqtronis mier miRebuli kinetikuri 

energiis fluqtuaciis xarjze (dartymiTi meqanizmi [2]). eleqtronebis qaosuri moZraobis 
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gamo raRac albaTobiT romelime eleqtrons, anu akvazs, uCndeba ܧ௚-ze meti kinetikuri 

energia da, roca es eleqtroni daejaxeba bmul eleqtrons, gadascems ܧ௚ energias, 

gaaTavisuflebs mas da amave dros TviTonac darCeba Tavisufali. amrigad, misi kinetikuri 

energiis ܧ௚-s toli nawili gadaeca bmul eleqtrons, romelic gadavida damakavSirebeli 

orbitalidan aradamakavSirebelze, TviTon ki dakarga ܧ௚-s toli kinetikuri energia, e.i. 

`gacivda” (nax. 10).  

 
 

nax. 9. myari sxeulis temperaturis cvlileba 

siTbos gadacemis Sedegad 

 

 

 

 

nax. 10. eleqtronis gadayvanis sqematuri gamosaxuleba damakavSirebeli  

zonidan antidamakavSirebel zonaSi eleqtronebis dajaxebiT (dartymiTi meqanizmi).  

1 _ eleqtroni, romelic ejaxeba bmul eleqtrons da rCeba antidamakavSirebel zonaSi;  

2 _ dartymiTi meqanizmiT gaTavisuflebuli eleqtroni 

antidamakavSirebeli zona

damakavSirebeli zona

1 2

1

Eg

eleqtroni, romelmac miiRo
kinetikuri energia fluqtuaciiT

nკრ ≈ 10171019 სმ-3

n ≈ 1021 სმ-3

A  B

C

A1  B1
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amrigad, moxda kinetikuri energiis gardaqmna potenciur energiad ise, rom atomebis 

kinetikuri energia ar Seicvala, xolo akvazebis koncentracia gaizarda. miuxedavad imisa, 

rom akvazebi bevrad msubuqia, atomebze da maTi siCqare mocemul temperaturaze gacilebiT 

metia, vidre atomebisa; sawyis etapze pirveli procesis albaToba sWarbobs meorisas imis 

gamo, rom atomebis koncentracia aris 1022sm-3, xolo akvazebis koncentracia mravali 

rigiT naklebia. magram akvazebis koncentraciis matebasTan erTad izrdeba me-2 procesis 

albaToba da akvazebi siTbos saxiT miRebuli kinetikuri energiis sul ufro met nawils 

xarjavs axali akvazebis warmoqmnaze. dnobis temperaturis miRwevis Semdeg sxeulisaTvis 

gadacemuli siTbo aRar iwvevs temperaturis zrdas imis gamo, rom drois erTeulSi ga-

dacemuli kinetikuri energia (siTbos gadacemis siCqare) utoldeba amave droSi dartymiTi 

meqanizmiT axali akvazebis warmoqmnaze daxarjul kinetikur energias. drois erTeulSi 

atomuri sistemis mier gadatanili siTbos raodenoba aris ܶܭ ௔ܰݒ௔, xolo akvazebis mier 

gadatanili _ ݊ܶܭ௔௞ݒ௔௞ , sadac ܶܭ aris erT nawilakze mosuli saSualo kinetikuri 

energia,N݊௔௞ da ௔ܰ _ Sesabamisad _ akvazebis da atomebis koncentraciebi, xolo ݒ௔௞ , da ݒ௔, 

_ maTi saSualo siTburi siCqareebi. radgan ݒ௔௞ > ݒ௔ erTi da imave raodenobis siTbos 

gadasatanad akvazebis naklebi koncentraciaa saWiro, vidre atomebisa, amitom am 

koncentraciis gansazRvra SesaZlebelia tolobidan  

ܶܭ = ௔௞ݒ௞௥݊ܶܭ  ௔ܰݒ௔ .  (6) 

aRmoCnda, rom es toloba sruldeba dnobis temparaturis odnav dabal temperaturaze 

da ݊௞௥ aris kritikuli koncentracia, am temperaturaze ufro dabla ܶܭN݊௔௞ݒ௔௞ < ܶܭ ௔ܰݒ௔ , 

xolo dnobis temperaturaze, roca ݊௔௞  ݊௞௥, piriqiT, ܶܭN݊௔௞ݒ௔௞ > ܶܭ ௔ܰݒ௔, da am dros 

mTeli gadacemuli siTbo ixarjeba axali akvazebis warmoqmnaze, ris gamoc temperatura 

aRar izrdeba da iwyeba dnoba. (6) tolobaSi siTburi siCqaris gamosaxulebis Casma da 

elementaruli gardaqmnebi gvaZlevs:  

  ݊௞௥ = ௔ܰሺ݉ܯ/כ௔)1/2,  (7) 

sadac ௔ܰ aris mocemuli nivTierebis atomebis koncentracia, ݉כ _ eleqtronis efeqturi 

masa, ܯ௔ _ mocemuli nivTierebis atomis masa. aRsaniSnavia isic, rom yvela naxevargam-

tarisaTvis dnobis temperaturaze (nax. 9, ܣ wertili) gazomili da (7)-iT gamoTvlili 

akvazebis koncentracia erTmaneTs emTxveva. (7)-dan Cans, rom ݊௞௥, anu dnobis dawyeba, 

ganisazRvreba mxolod nivTierebis fundamenturi parametrebiT da ar aris damokidebuli 

temperaturaze. aqedan gamomdinare, Tu mocemul nivTierebaSi, misi dnobis temperaturaze 

ufro dabal temperaturaze raime aTermuli zemoqmedebiT, magaliTad sinaTliT, Seiqmneba 

݊௞௥ , daiwyeba dnoba da saTanado siTbos gadacemis SemTxvevaSi myari sxeuli dadneba am 

dabal temperaturaze (nax. 9), rac eqsperimetulad mtkicdeba [2]! 

axla SegviZlia avxsnaT, Tu ratom aris, rom Txevad mdgomareobaSi myof yvela 

nivTierebaSi Tavisi dnobis temperaturis maxloblobaSi, nebismieri qimiuri elementis 

difuziis koeficientebs aqvs TiTqmis erTnairi mniSvnelobebi, roca myar mdgomareobaSi 

difuziis koeficientebis mniSvnelobebi mravali rigiT gansxvavdeba erTmaneTisagan. mpT-is 

mixedviT, atomis difuziis koeficienti gamoisaxeba ܤ = ܦሺ݊௔௞ / ௔ܰ)
β, saidanac cxadia, rom 

difuziis koeficientis mniSvnelobas gansazRvravs ݊௔௞ , romelic dnobis temperaturis 

maxloblobaSi yvela nivTierebisaTvis gamlRval mdgomareobaSi TiTqmis erTnairia 1022 sm3. 

myar mdgomareobaSi ki dnobis temperaturis maxloblobaSi sxvadasxva nivTierebisaTvis 

akvazebis koncentracia Zalze gansxvavdeba, rac ganapirobebs difuziis koeficientebis 

mniSvnelobebis did gansxvavebas. 
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axsna SeuZlebelia, radgan 

lisaTvis saWiroa mas gansazR
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nax. 11. sinaTl

 

yvela gamdnari qimiuri 
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obis damakavSirebel doneebze, warmoiqmneba qimiuri bmebi da nivTiereba myardeba. sinaTlis 

gamorTvis Semdeg eleqtronebi Camoiyreba antidamakavSirebel energetikul doneebze, 

qimiuri bmebi isev qreba da nivTiereba ubrundeba airad mdgomareobas. meore movlenis 

SemTxvevaSi eleqtronebis gadasvla ZiriTadi mdgomareobis antidamakavSirebeli energe-

tikuli doneebidan agznebuli mdgomareobis damakavSirebel doneebze xdeba didi kineti-

kuri energiis mqone (maRali temperatura) atomebis dajaxebis Sedegad. warmoqmnili atomuri 

jgufebi imyofeba agznebul mdgomareobaSi sicocxlis xangrZlivobis gansazRvruli drois 

ganmavlobaSi, ris Semdeg isini iSlebian, magram amave dros warmoiqmnebian axlebi da 

myardeba maTi wonasworuli koncentracia, rac sakmarisia maTi deteqtirebisaTvis. 

 

 

 
nax. 12. damakavSirebeli da antidamakavSirebeli zonebis energetikuli adgilmdebareoba mTavari 

kvanturi ricxvebisaTvis ݊=1 da ݊=2. gadasvlebi:  

 a) ଵܶ temperaturaze eleqtronebi gadadis ݊=1 damakavSirebeli orbitalebidan antidamakavSire-

belze, am orbitalebze eleqtronebis raodenobis tolobis gamo, qimiuri bmebi qreba da nivTi-

ereba airovan mdgomareobaSi gadadis. 

 b) pirvel movlenaSi sinaTlis, meoreSi ki maRali ଶܶ> ଵܶ temperaturis meSveobiT eleqtronebi gada-

dis ݊ ൌ 1 antidamakavSirebeli orbitalebidan ݊ =2 damakavSirebel orbitalebze, warmoiqmneba 

damakavSirebeli eleqtronebis siWarbe, rac warmoSobs qimiur bmas da, Sesabamisad, Cndeba myari 

mdgomareoba. 

 

n=2 

n=1 

ანტიდამაკავშირებელი ზონა 

დამაკავშირებელი ზონა 

ანტიდამაკავშირებელი ზონა 

დამაკავშირებელი ზონა 

T1 ; h=0 

ა) 

T2>T1 ; h≠0 

ბ) 

36



 
 

zemoT moyvanili mcireodeni masalidanac naTlad Cans, rom mpT-is warmodgenebidan 

da maTi eqsperimentuli mtkicebulebebidan gamomdinare, SeiZleba gakeTdes mniSvnelovani 

daskvna:  

procesebi, romlebic Cveulebriv maRal temperaturaze mimdinareobs, SeiZleba 

saTanado aTermuli zemoqmedebiT Catardes dabal temperaturaze. am daskvnas aqvs Zalze 

didi praqtikuli mniSvneloba, radgan SesaZlebeli iqneba teqnologiebis temperaturebis 

Semcireba, rac energoxarjebis ekonomias da axali teqnologiebis Seqmnas gamoiwvevs. aqve 

aRvniSnavT, rom Cveni jgufis mier ramdenime wlis winaT damuSavebul iqna naxevargam-

tarul xelsawyoTa da integralur sqemaTa damzadebis dabaltemperaturuli teqnolo-

giebi [2] (tradiciul teqnologiebSi aucilebelia temperaturis 800-12000ܥ-mde ramdeni-

mejer aweva, CvensaSi _ mxolod 300଴ܥ-mde). am teqnologiebs im droisaTvis msoflioSi 

analogi ar Hhyavda. 
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fizika 

molekulur-potenciuri Teoriis fizikuri safuZvlebi 

a. gerasimovi 

(saqarTvelos teqnikuri universiteti) 

 

reziume: naSromSi mocemulia kondensirebul garemoSi atomis (molekulis) 

adgilmonacvleobis axali Teoriis fizikuri safuZvlebi da misi eqsperimentuli 

mtkicebuleba, romelic, gansxvavebiT arsebuli molekulur-kinetikuri Teoriisa, xsnis 

dReisaTvis cnobil yvela movlenas, dakavSirebuls kondensirebul garemoSi atomis 

(molekulis) adgilmonacvleobasTan. 

 

 

FHYSICS 

PHYSICAL BASES OF MOLEKULAR-POTENCIAL THEORY 

A. Gerasimov  
(Georgian Technical University) 

 

Resume: The paper presents new theory of the displacement of atoms in condensed media and its physical basis 

of experimental evidence, which, in contrast to the kinetic molecular theory, explain all the phenomena related to the 

atomic displacement in condensed media. 

 

 

ФИЗИКА 

ФИЗИЧЕСКИЕ ОСНОВЫ МОЛЕКУЛЯРНО-ПОТЕНЦИАЛЬНОЙ ТЕОРИИ 

А. Герасимов 
(Грузинский Технический Университет) 

 

Резюме: В работе приводятся физические основы новой теории изменения местоположения атома 

(молекулы) в конденсированных средах и её экспериментальное подтверждение; в отличие от существующей 

молекулярно-кинетической теории, она объясняет все известные к настоящему времени явления, связанные с 

изменением местоположения атома (молекулы) в конденсированных средах. 
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ekologia 

 

 

Savi zRvis ekologiuri da energetikuli problemebi 

m. jiblaZe, T. bacikaZe, g. varSalomiZe, i. SarabiZe 

(saqarTvelos teqnikuri universiteti, baTumis saxelmwifo sazRvao akademia) 

 

Sav zRvaSi arsebuli gogirdwyalbadis ekologiur problemas ukavSirdeba iqauri 

faunisa da floris ganadgureba. zRvis zedapirze gogirdwyalbadis aalebis saSiSroeba 

da gogirdwyalbadis daSlis Sedegad miRebuli wyalbadis sawvavad gamoyenebis SesaZleb-

loba erTian kompleqsur problemad Camoyalibda da kompleqsuradac unda gadawydes. 

Savi zRvis istoria iwyeba daaxloebiT milioni wlis winaT, roca uZvelesi okeane 

tetisis adgilas kavkasiisa da yirimis mTebis formireba daiwyo. xSiri Relvisa da nislis 

gamo zRva aramegobrulobiT, arastumarTmoyvareobiT gamoirCeoda da XIII saukuneSi mezR-

vaurebma mas Savi, anu `cudi zRva,~ uwodes. 

ukve 100_150 m siRrmidan Savi zRva `daavadebulia~ didi raodenobis gogirdwyalba-

diT, romelic Zalze agresiul garemos warmoadgens da saxifaToa rogorc adamianebisaT-

vis, ise, saerTod, cocxali organizmebisaTvis. `gogirdwyalbadis zonas~ mTeli wylis ma-

sis 87 % ukavia.  

gogirdwyalbadis gamyof fenas TaRis forma aqvs da zRvis centralur ubanSi zeda-

pirs daaxloebiT 50 m-ze uaxlovdeba. zogjer es fena qarebis zemoqmedebiT zRvidan amo-

dis, rac ukanasknelad 1928 wels moxda ialtis miwisZvris dros, roca napiridan sakmaod 

moSorebiT gogirdwyalbadis suni igrZnoboda. zRvis horizontze cisken mimarTuli cec-

xlis alebi gamoCnda. sanapiro zoli gogirdmJavaTi moiwamla, magram aseTi ram iSviaTia.  

zRvis garemos Seswavlis Sedegebma cxadyo, rom Savi zRvis sasicocxlo maxasiaTeb-

lebi TandaTan icvleba – Raribdeba zRvis flora da fauna, uaresdeba wylis qimiuri 

Sedgeniloba, WuWyiandeba zRva da is sikvdiliswina mdgomareobas uaxlovdeba. Sav zRvaSi 

binadrobs daaxloebiT 2000 saxeobis cxoveli, xolo wyalqveSa samyaros mcenareTa saxeo-

ba 100-s aRwevs. 

Savi zRvis erT-erTi seriozuli ekologiuri problemaa masSi Camdinari wylebi, 

romlebsac pesticidebisa da mZime liTonebis garda, zRvaSi Caaqvs didi raodenobiT azo-

ti da fosfori, rac zRvis mikroorganizmebisa da wyalmcenareebis sakvebs warmoadgens. 

isini swrafad mravldebian da, roca ixocebian, fskerze eSvebian da ixrwnebian; gaxrwnis 

procesSi mniSvnelovani raodenobiT Jangbads STanTqaven. am dros zRvis binadarTaTvis 

(moluskebi, kiborCxalebi, Wiebi da Tevzebi) uJangbado `mkvdari zonebi~ iqmneba. maTi far-

Tobi 3-dan 40 aTas km2-s aRwevs. 

1-l nax-ze naCvenebia Savi zRvis Wrili, romelic Sav zRvaSi gogirdwyalbadiT mdi-

dar wylis fenaze miuTiTebs. 
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nax. 1. Savi zRvis Wrili 

 
 

`sazRvao wiTeli wignis~ pirveli gamocemis mixedviT, saxifaTo regionebis rukaze 

Sav zRvas navTobproduqtebiT gaWuWyianebis mxriv erT-erTi pirveli adgili ukavia. faunis 

daaxloebiT 160 saxeoba ganadgurebis pirzea misuli. wylis gaWuWyianebis Sedegad TevzWe-

ra ukanaskneli wlebis ganmavlobaSi 5-jer Semcirda. 1996 wlis 31 oqtombers q. stambulSi 

Savi zRvis mimdebare qveynebis garemos dacvis ministrTa konferenciaze xeli moewera Savi 

zRvis dacvis samoqmedo strategiul gegmas. Savi zRvis auzis qveynebis^_ ruseTis, ukrai-

nis, bulgareTis, TurqeTis, saqarTvelosa da rumineTis erToblivi SeTanxmebiT, es TariRi 

`Savi zRvis saerTaSoriso dRed~ gamocxadda [5]. 

Tanamedrove energetikisa da transportis intensiur ganviTarebas kacobrioba masS-

tabur ekologiur krizisamde mihyavs. wiaRiseuli sawvavis maragis Semcireba industri-

ulad ganviTarebul qveynebs atomuri energetikis swrafad aTvisebas aiZulebs, rac did 

ekologiur safrTxeebTanaa dakavSirebuli. am mxriv sayuradReboa Cernobilisa da `fuko-

sima-1~ reaqtorebis avariebi; mkveTrad gaizarda radioaqtiuri narCenebis utilizaciis 

problemebic. 

am sagangaSo tendenciis gamo mraval mecniers Zalze mniSvnelovnad miaCnia energiis 

alternatiuli wyaroebis Zieba. kerZod, maTi yuradRebis centrSi moeqca wyalbadis ener-

getika, romlis udavo upiratesoba navTobTan SedarebiT aris misi sawvavad gamoyenebisas 

SedarebiT didi ekologiuri usafrTxoeba, maRali kaloriuloba, transportirebis SesaZ-

leblobebi, aratoqsikuroba da sxv. Tumca ZiriTadi problema wyalbadis miRebis Zvirad 
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Rirebuli teqnologiaa. problemis warmatebiT gadawyveta mniSvnelovnad Secvlis mTeli 

msoflios ekonomikas da gaajansaRebs garemos.  

ekonomikuri prognozebis mixedviT, XXI saukunis 50-iani wlebisaTvis kacobriobis 

mier moxmarebuli energia 15-jer gadaaWarbebs mTeli XX saukunis ganmavlobaSi daxarjul 

eleqtroenergias da dasWirdeba Txevadi da myari sawvavis maragis daaxloebiT 80 %. 2100 

wlisaTvis ki energiis integraluri moxmareba 2-jer da ufro metad gadaaWarbebs ekonomi-

kurad xelmisawvdomi bunebrivi resursebis marags. amdenad, dRes alternatiuli, ekolo-

giurad sufTa energiis wyaroebis Zieba warmoadgens XXI saukunis energetikis umniSvnelo-

vanes, aqtualur da perspeqtiul problemas.  

wyalbadis energetikis masStaburi koncefcia, romelic jer kidev gasuli saukunis 

70-ian wlebSi Seiqmna, dakavSirebuli iyo im wlebis energetikul krizisTan. koncefciis 

mTavari idea wiaRiseuli organuli saTbobis wyalbadiT Secvlaa. aRsaniSnavia, rom wyal-

badis wvis Sedegad mxolod wylis orTqli miiReba. radgan wyalbadis woniTi Tbounaria-

noba (28 630 kkal/kg) 2,8-jer aRemateba benzinis Tbounarianobas da swored amitom SeiZleba 

wyalbadma Secvalos navTobi, bunebrivi airi, qvanaxSiri da momavali energetikis safuZve-

li gaxdes. amerikelebma wyalbadis energetika XXI saukunis energetikad aRiares, xolo 

1975 wels daarsda wyalbadis energetikis saerTaSoriso organizacia (maiami, aSS). 

amJamad wylis eleqtrolizis meTodiT miRebuli 1 kg wyalbadis fasi 20 aSS dolars 

aRwevs, xolo gogirdwyalbadidan wyalbadis miRebis meTodebis damuSavebiT SeiZleba 

wyalbadis Rirebuleba mniSvnelovnad Semcirdes. magaliTad, plazmuri katalizis teqno-

logiis gamoyenebiT 1 kg wyalbadis fasi 1 aSS dolaramde mcirdeba.  

wyalbadis Senaxvisa da gadatanis specialuri infrastruqturis Seqmna xels Seu-

wyobs wyalbadis Rirebulebis Semcirebas. aSS-Si funqcionirebs 750 km sigrZis, evropaSi 

ki _ 1500 km-mde sigrZisa da 25_30 sm diametris mqone wyalbadsadeni milebi.  

dRes ekonomikurad ganviTarebuli 48 qveyana sakuTari kanonmdeblobiT mxars uWers 

energiis aRdgenad wyaroebs (maT Soris wyalbads). investiciebma am dargSi marto 2005 

wels 30 mlrd aSS dolars miaRwia. yvela energoobieqtis jamuri simZlavre 200 000 megvt-

ia, rac msoflio energetikuli seqtoris 4,5 %-s Seadgens. amdenad, gogirdwyalbadTan da-

kavSirebul energetikas udidesi mniSvneloba aqvs aRdgenadi da aratradiciuli energeti-

kis Semdgomi ganviTarebisaTvis [1]. 

samecniero literaturaSi arsebuli monacemebis mixedviT, Sav zRvaSi 200 m siRrmeze 

yovel 1 l wyalSi gaxsnilia 1,2 mg gogirdwyalbadi, 300 m-ze – 2,34 mg, 1000 m-ze – 8,84 mg, 

xolo 2000 m-ze ki 9,6 mg-ze meti [1]. Tumca maqsimaluri siRrme, saidanac 2003 wels ameri-

kelebis mier amoRebul iqna Savi zRvis wyali, Seadgens 1350 m-s [5].  

cnobilia wylis disociaciis mTeli rigi meTodebi: qimiuri, Termoqimiuri, eleq-

trolizuri da sxv., magram yvela zemoT CamoTvlil meTods erTi didi nakli aqvs: wyal-

badis miRebis teqnologiur procesSi gamoiyeneba maRalpotenciuri energia, romlis miRe-

ba, Tavis mxriv, deficituri wiaRiseuli saTbobis (qvanaxSiri, bunebrivi airi, naeTobpro-

duqtebi) an hidro- da atomuri eleqtrosadgurebis mier gamomuSavebul eleqtroenergias 

saWiroebs. wyalbadis am gziT miReba, cxadia, yovelTvis araekonomiuri, ekologiurad sa-

xifaTo da, Sesabamisad, araperspeqtiuli iqneba.  

Savi zRvidan siRrmuli wylebis amoRebiT SesaZlebelia didi raodenobiT gogird-

wyalbadis sawvavi airis mopoveba da misi uSualod gamoyeneba TboeleqtrosadgurebSi; 

amasTan, aucilebelia, sruli wvis gogirdSemcveli narCenebis gamoyeneba ekologiuri 

usafrTxoebis dacvis mizniT.  
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energetikuli TvalsazrisiT (wvis siTbos mixedviT), 1 m3 gogirdwyalbadi 1,49 m3 bu-

nebrivi airis eqvivalenturia. haerSi gogirdwyalbadi daaxloebiT 300 oC‐ze aaldeba da 

Warbi Jangbadis SemTxvevaSi iwvis.  

cxadia, gogirdwyalbadis sawvavad gamoyeneba SesaZlebelia Sesabamisi ekologiuri 

usafrTxoebis normebis sruli dacviT, Tumca, gacilebiT mniSvnelovania gogirdwyalbadis 

daSla gogirdad da wyalbadad, radgan wyalbadis energetika dRes yvelaze perspeqtiuli, 

ekonomikuri da ekologiuria.  

marTlac, wyalbadi unikaluri nivTierebaa: misi gamoyeneba SesaZlebelia rogorc 

sawvavad, ise reagentad sxvadasxva procesSi _ qimiuri procesebidan dawyebuli metalur-

giuli mrewvelobiT damTavrebuli. magaliTad, qimiur mrewvelobaSi wyalbadis 80% amiaki-

sa da meTanolis misaRebad ixarjeba. amdenad, arcaa gasakviri, rom wyalbadis warmoebam 

weliwadSi 1,4 mlrd m3-s miaRwia. gasuli saukunis 90-ian wlebSi ganviTarebul qveynebSi 

wyalbadis 77%-s bunebrivi airidan da navTobproduqtebidan Rebulobdnen, 18%-s _ naxSi-

ridan, 4%-s _ wylis disociaciiT da 1%-s _ bunebrivi nedleulidan.  

Sav zRvaSi arsebobs mkveTrad gamijnuli wylis ori fena. zeda fena JangbadiT mdi-

dari area, romlis sisqe daaxloebiT 100_160 m-ia (nax. 1). zedapirul fenas zRvaSi Camdina-

ri JangbadiT mdidari mdinareebi amaragebs. am fenis qvemoT ki gogirdwyalbadis fenaa, 

romelsac ZiriTadad bosforis srutis gavliT marmarilos zRvidan Semosuli maRali 

simkvrivis mariliani wyali ikavebs. amitom zRvis siRrmeebSi wylis marilianoba 30 %-s 

aRwevs. ris gamoc Sav zRvaSi Zalze sustia vertikaluri dinebebi da JangbadiT mdidari 

wylis Sereva gogirdSemcvel mZime wyalTan gaZnelebulia.  

JangbadiT mdidar wylis fenasa da gogirdwyalbadiT mdidar wylis fenas Soris ar-

sebuli sazRvari sezonis mixedviT icvleba. zafxulobiT es sazRvari ramdenime aTeuli 

metriT qvemoT Cadis, zafxulis TveebSi ki zemoT amodis.  

Savi zRva mis centralur ubanSi sakmaod Rrmaa. amdenad, masSi gogirdwyalbadis ma-

ragi Zalze didi raodenobiT unda iyos. mosalodnelia, rom Zalze did siRrmeebze go-

girdwyalbadis koncentracia metad didia. am mxriv Zalze sainteresoa swored zRvis 

fskeris maxlobeli sivrcidan wylis amoReba da misi fizikur-qimiuri Tvisebebis dadgena.  

Tu zRvis zeda fenebSi gogirdwyalbadis raodenoba sakmaod mcirea (0,13_0,15 mg/l), 

8oC‐ze gogirdwyalbadiT gajerebul wyalSi misi raodenoba 5,1 mg/l-s aRwevs. amdenad, sa-

Wiroa wylis didi siRrmeebidan amoReba. amasTan, gasaTvaliwinebelia, rom gogirdwyalba-

dis xsnadoba mkveTrad izrdeba wnevis gazrdasTan erTad (magaliTad, 2000 m siRrmeze go-

girdwyalbadis xsnadoba 50-jer aRemateba 200 m siRrmeze xsnadobas). rogorc vxedavT, 

Zalze mniSvnelovania gogirdwyalbadis maqsimaluri siRrmeebidan amoReba [2].  

Savi zRvis siRrmeebSi maRali wnevis gamo gogirdwyalbadi Txevad mdgomareobaSia da 

mosalodnelia, rom igi wyals Seerios. SesaZloa fskeris maxloblobaSi gogirdwyalbadis 

tbebic ki iyos, rac mniSvnelovnad gazrdida gogirdwyalbadis mopovebis efeqtianobas.  

aRsaniSnavia, rom, roca gogirdwyalbadis molekulis disociaciis energia mcirea 

(wylis molekulisagan gansxvavebiT), mzis sxivebiT fotodisociacia SesaZlebelia. aseve 

gasaTvaliswinebelia isic, rom gogirdwyalbadis xsnadobis mkveTri Semcireba maRali tem-

peraturis dros wylidan mis gamoyofas gaaadvilebs. 

gogirdwyalbadis (H2S)  molekulas aqvs tolgverda samkuTxedis formis struqtura 

(centrSia gogirdi). normalur pirobebSi gogirdwyalbadi ufero da sakmaod momwamlavi 

airia. haeris 100 000 molekulaze 1 gogirdwyalbadis molekulis arseboba ukve sakmarisia 

imisaTvis, rom haerSi gogirdisaTvis damaxasiaTebeli suni dadges. 
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Txevad mdgomareobaSi H2S wyalTan SedarebiT dens Zalze cudad atarebs, radgan misi 

sakuTari eleqtrolituri disociacia umniSvneloa. Txevad gogirdwyalbads dabali dieleq-

trikuli SeRwevadoba axasiaTebs da, rogorc gamxsneli, organul siTxeebs ufro emsgavseba, 

vidre wyals. magaliTad, masSi praqtikulad ar ixsneba yinuli. myar H2S  ‐s aqvs mkvrivi 

struqtura 12 uaxloesi mezobeli atomiT TiToeul molekulaSi (anu sruliad gansxvavebu-

lia yinulis struqturisagan). H2S -is dnobis siTbo Seadgens 2,5 kj/mols, xolo orTqladq-

cevis siTbo aris 18,8 kj/moli. gogirdwyalbadis dnobis temperatura tdn.= _82,3
oC‐s, duRilis 

temperatura tduR.= _60,3
0C‐s, simkvrive ki 1539 g/l‐ia. gogirdwyalbadi 00C-ze da 10 atm wne-

vis dros siTxed iqceva [5].  

mniSvnelovania, rom gogirdwyalbadis xsnadoba mkveTrad izrdeba wylis temperaturis 

SemcirebiT. amdenad, radgan wylis temperatura did siRrmeebze daaxloebiT 8_9o C‐ia, Tu 

gaviTvaliswinebT siRrmeSi arsebul maRal wnevas, SeiZleba vivaraudoT, rom did siRrmeze 

gogirdwyalbadis koncentracia metad maRali iqneba. amdenad, Zalze mniSvnelovania siRr-

muli wylebis amoRebis efeqturi meTodis damuSaveba da praqtikuli realizacia [2]. 

gogirdwyalbadi wyalSi gacilebiT ukeT ixsneba, vidre Jangbadi (90-jer ukeT 200C-ze) 

da naxSirorJangi (2,3-jer). es sxvaoba temperaturis SemcirebiT izrdeba. 

miuxedavad imisa, rom gogirdwyalbadis warmoqmna uwyveti procesia, gasuli saukunis 

ganmavlobaSi gogirdwyalbadiani wylis gamyofi sazRvari umniSvnelod Seicvala. es faqti 

cxadyofs, rom Sav zRvaSi unda arsebobdes uwyveti procesi, romelic zRvis zeda fenebSi 

gogirdwyalbadis daSlasTan unda iyos dakavSirebuli. 

mosalodnelia, rom dinamikur wonasworobas uzrunvelyofs wylis zeda fenebSi mzis 

sxivebis zemoqmedebiT gogirdwyalbadis fotodisociacia. am mxriv unda gaviTvaliswinoT 

gogirdwyalbadiani wylis gamyofi sazRvris mdebareobis sezonuri cvlilebebi. amdenad, 

Zalze sainteresoa gogirdwyalbadis fotodisociaciis movlenis Seswavla.A 

aRmoCnda, rom infrawiTel diapazonSi gogirdwyalbadis STanTqmis speqtri Sedgeba 4 

xazisagan (nax. 2). yvelaze intensiuria 2 mkm talRis sigrZis STanTqmis xazi. swored am 

diapazonSi wylis STanTqmis koeficienti mcirea. amdenad, mzis infrawiTeli sxivebi sak-

maod did siRrmeebs aRwevs. infrawiTeli sxivebis intensiuroba SesaZloa mzis sxivebis 

wylis molekulebze kombinaciuri gabnevis xarjzec gaizardos [5]. amdenad, gasagebia, Tu 

ratom xdeba gamyofi sazRvris daweva zafxulis periodSi. aseve mosalodnelia, rom fo-

todisociaciis procesSi dedamiwis infrawiTeli gamosxivebac monawileobdes, rac zRvis 

napirebTan gogirwyalbadiani wylis sazRvris garkveul dawevas gamoiwvevs da gamyofi 

zolis TaRovan formas ganapirobebs. 

amrigad, savaraudoa, rom gogirdwyalbadis daSlis yvelaze efeqturi meTodia fo-

todisociacia infrawiTeli sxivebiT [3]. 

radgan gogirdwyalbadis fotodisociacia ekologiurad sufTa procesia, unda ve-

lodoT, rom Sav zRvaSi arsebuli gogirdwyalbadis amoReba da daSla gadawyvets ro-

gorc ekologiur, ise wyalbadis energetikis problemebs. amasTan, siRrmuli wylebis amo-

Rebisas gogirdwyalbadTan erTad SeiZleba miviRoT Zalze Zvirad Rirebuli da sasargeb-

lo mZime liTonebi (maT Soris oqro da vercxli).  

aqve unda aRiniSnos, rom, radgan saqarTveloSi, kolxeTis dablobze aris zonebi, 

sadac xmeleTi zRvis doneze dabalia (foTisa da anakliis midamoebi), es Zalze amartivebs 

Cveni meTodis saSualebiT zRvis siRrmeebidan wylis didi raodenobiT amoRebas, am bune-

briv RrmulebSi maT dagrovebas da xelovnuri wyalsacavis fskerze mZime liTonebis bune-
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ekologia 

Savi zRvis ekologiuri da energetikuli problemebi 

m. jiblaZe, T. bacikaZe, g. varSalomiZe, i. SarabiZe 

(saqarTvelos teqnikuri universiteti, baTumis saxelmwifo sazRvao akademia) 

 

reziume: naSromSi ganxilulia gogirdwyalbadTan dakavSirebuli Savi zRvis ekolo-

giuri da energetikuli problemebi. naCvenebia Savi zRvis gogirdwyalbadiT mdidari siRr-

muli wylebis amoRebis SesaZleblobebi.  energetikuli TvalsazrisiT Zalze mniSvnelova-

nia gogirdwyalbadis gamoyofa da misi fotodisociacia sufTa wyalbadisa da gogirdis 

miRebis mizniT. 

 
 

ECOLOGY 

ECOLOGICAL AND ENERGY PROBLEMS OF BLACK SEA 

M. Jibladze, T. Batsikadze, G. Varshalomidze, I. Sharabidze 

(Georgian Technical University, Batumi State Maritime Academy) 

 

Rezume: There is considered ecological and energy problems of Black Sea, connected with hydrogen sulfide. 

There is shown the possibility of the deliry of the deep sea water, rich in hydrogen sulfide. Wich the point of view of 

power engineering it is very significant the isolation of hydrogen sulfide from the water and the realization of its photo-

dissociation for the purpose of obtaining pure hydrogen and sulfur. 

 

 

ЭКОЛОГИЯ 

ЭКОЛОГИЧЕСКИЕ И ЭНЕРГЕТИЧЕСКИЕ ПРОБЛЕМЫ ЧЕРНОГО МОРЯ 

М. Джибладзе, Т. Бацикадзе, Г. Варшаломидзе, И. Шарабидзе 

(Грузинский технический университет, Батумская Государственная Морская Академия)  

 

Резюме: В работе рассмотрены экологические и энергетические проблемы Черного моря, связанные с 

сероводородом. Показана возможность доставки глубинных морских вод, богатых сероводородом. С точки 

зрения энергетики, имеет большое значение выделение сероводорода из воды и осуществление его 

фотодиссоциации с целью получения чистого водорода и серы.  
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botanika 

 

 

Tbilisis erovnuli parkis tyeebis geobotanikuri mimoxilva 

r. qvaCakiZe, k. iaSaRaSvili 

(ilias saxelmwifo universitetis botanikis instituti) 

 

Tbilisis erovnuli parki 2009 wels daarsda. igi mdebareobs saguramos, ialnosa da 

sabaduris qedebis kalTebze. Tbilisis erovnuli parkis saerTo farTobi 22425.06 ha-s 

Seadgens. erovnuli parkis mcenareulobis umetesoba (90%-mde) bunebrivi tyeebia, danarCeni 

farTobi uWiravs tyisSemdgom (meoreul) mcenareulobas – buCqnarebs, mdeloebs, stepebs 

da sxv. 

arsebuli samecniero literaturis Tanaxmad [1-3], ganeduri mimarTulebis gamo sagu-

ramos, ialnosa da sabaduris qedebi mniSvnelovan dabrkolebas uqmnis dasavleTis notio 

(zRvis) haeris masebis aRmosavleTiT gadaadgilebas. es ganapirobebs SedarebiT uxv atmos-

ferul naleqs, haeris SedarebiT maRal tenianobas da sakmaod maRali da mdgradi Tovlis 

safris formirebas aRniSnuli qedebis kalTebze. havis am Taviseburebebma mniSvnelovani 

gavlena iqonia adgilobrivi mcenareulobis formirebasa da mis Semdgom ganviTarebaze. 

mcenareulobis, gansakuTrebiT tyeebis, Tanamedrove struqturis formirebaze didi gavle-

na moaxdina agreTve Zlierma anTropogenurma zemoqmedebam, romelic ganxorcielda bolo 

saukuneebis ganmavlobaSi. am mxriv garkveuli roli Seasrula dedaqalaqTan erovnuli 

parkis teritoriulma siaxlovemac. tyeebma bunebrivi struqtura met-naklebad SeinarCuna 

erovnuli parkis dasavleT nawilSi – saguramos qedze. es teritoria 1946 wlidan sagura-

mos saxelmwifo nakrZalad gamocxadda. amJamad igi erovnuli parkis mkacri dacvis zonas 

warmoadgens. 

Tbilisis erovnuli parkis tyeebis geobotanikuri gamokvleva CavatareT 2010_2012 

wlebSi. gamoviyeneT is masalebic, romlebic SevagroveT 1998_1999 wlebSi Sesrulebuli 

gamokvlevebis dros. 

TandarTul cxrilSi mocemulia Tbilisis erovnuli parkis tyeebis geobotanikuri 

(tipologiuri) klasifikacia, romelic zemoaRniSnuli gamokvlevebis Sedegebs emyareba. 

cxrilidan naTlad Cans, rom Tbilisis erovnul parkSi gavrcelebuli tyeebi fito-

cenologiurad mravalferovania. tyis formaciebidan SedarebiT farTodaa gavrcelebuli 

muxnarebi, wiflnarebi da rcxilnarebi; SezRudulia ifnarebis gavrceleba; mdinareTa 

(ZiriTadad md. Tezmis) uaxloes terasebze SemorCenilia Walis tyeebis fitocenozebi 

(tyis koromebi). 

 

46



 
 

cxrili 

 Tbilisis erovnuli parkis tyeebis fitocenologiuri 

tipebi (formaciebi, asociaciebi) 
 

formacia asociacia 

1. muxnarebi (Querceta; 

Quercus iberica) 

1.1. muxnari Sindian-jagrcxiliani (Quercetum cornoso‐

carpinosum: Quercus iberica – Cornus mas + Carpinus 

orientalis); 

1.2. muxnari jagrcxilian-isliani (Quercetum 

carpinoso‐caricosum: Quercus iberica – Carpinus orientalis+ 

Carex buschiorum); 

1.3. muxnari jagrcxilian-nairbalaxiani (Quercetum 

carpinoso‐mixtoherbosum: Quercus iberica ‐ Mixtoherbeta); 

1.4. muxnari jagrcxilian-islian-suroiani 

(Quercetum carpinoso‐caricoso‐hederosum: Quercus iberica – 

Carpinus orientalis + Carex buschiorum + Hedera pastuchovii); 

1.5. muxnari jagrcxilian-bziani (Quercetum carpinoso‐

buxosum: Quercus iberica – Carpinus orientalis + Buxus 

colchica); 

1.6. muxnari jagrcxilian-Tivaqasriani (Quercetum 

carpinoso‐poosum: Quercus iberica – Carpinus orientalis + Poa 

nemoralis); 

1.7. muxnari suroiani (Quercetum hederosum: Quercus 

iberica – Hedera pastuchovii); 

1.8. rcxilnar-muxnari suroiani (Carpineto‐Quercetum 

hederosum: Quercus iberica + Carpinus caucasica – Hedera 

pastuchovii); 

1.9. ifnar-muxnari grakliani (Fraxineto‐Quercetum 

spiraeosum: Quercus iberica + Fraxinus excelsior – Spiraea 

hypericifolia); 

1.10. rcxilnar-muxnari islian-nairbalaxiani 

(Carpineto‐Quercetum caricoso‐mixtoherbosum: Quercus 

iberica + Carpinus caucasica – Carex buschiorum + 

Mixtoherbeta); 

1.11. muxnari mTis wivaniani (Quercetum festucosum: 

Quercus iberica – Festuca drymeja). 

 

2. wiflnarebi (Fageta; 

Fagus orientalis) 

2.1. wiflnari mkvdarsafriani (Fagetum nudum); 

2.2. rcxilnar-wiflnari mkvdarsafriani (Carpineto‐

Fagetum nudum); 

2.3. wiflnari suroiani (Fagetum hederosum: Fagus 

orientalis – Hedera pastuchovii); 

2.4. wiflnari Wyoriani (Fagetum ilexosum: Fagus oientalis 

– Ilex colchica); 
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2.5. wiflnari Wyorian-suroiani (Fagetum ilexoso‐

hederosum: Fagus orientalis – Ilex colchica + Hedera 

pastuchovii); 

2.6. wiflnari ieliani (Fagetum rhododendronosum: Fagus 

orientalis – Rhododendron luteum); 

2.7. wiflnari mayvliani (Fagetum rubosum: Fagus 

orientalis – Rubus caucasicus); 

2.8. wiflnari mTis wivaniani (Fagetum festucosum: Fagus 

orientalis – Festuca drymeja); 

2.9. rcxilnar-wiflnari mTis wivaniani (Carpineto‐

Fagetum festucosum: Fagus orientalis + Carpinus caucasica – 

Festuca drymeja); 

2.10. rcxilnar-wiflnari CitisTvalian-Tivaqasriani 

(Carpineto‐Fagetum asperuloso‐poosum: Fagus orientalis + 

Carpinus caucasica – Asperula odorata + Poa nemoralis); 

2.11. rcxilnar-wiflnari mTis wivanian-Tivaqasriani 

(Carpineto‐Fagetum festucoso‐poosum: Fagus orientalis + 

Carpinus caucasica – Festuca drymeja + Poa nemoralis); 

2.12. wiflnari Caduniani (Fagetum dryopteridosum: Fagus 

orientalis – Dryopteris filix mas). 

3. rcxilnarebi (Carpineta; 

Carpinus caucasica) 

3.1. wiflnar-rcxilnari suroiani (Fageto‐Carpinetum 

hederosum: Carpinus caucasica + Fagus orientalis – Hedera 

pastuchovii); 

3.2. rcxilnari mayvliani (Carpinetum rubosum: Carpinus 

caucasica – Rubus caucasicus); 

3.3. rcxilnari mTis wivaniani (Carpinetum festucosum: 

Carpinus caucasica – Festuca drymeja); 

3.4. rcxilnari berseliani (Carpinetum brachypodiosum: 

Carpinus caucasica – Brachypodium sylvaticum); 

3.5. rcxilnari xaxiani (Carpinetum pachyphragmosum: 

Carpinus caucasica – Pachyphragma macrophyllum); 

3.6. muxnar-rcxilnari nairbalaxiani (Querceto‐

Carpinetum mixtoherbosum: Carpinus caucasica + Quercus 

iberica ‐ Mixtoherbeta); 

3.7. wiflnar-rcxilnari Caduniani (Fageto‐Carpinetum 

dryopteridosum: Carpinus caucasica + Fagus orientalis – 

Dryopteris filix mas). 

 

4. ifnarebi (Fraxineta; 

Fraxinus excelsior) 

4.1. ifnari Sindiani (Fraxinetum cornosum: Fraxinus 

excelsior – Cornus mas); 

4.2. ifnari jagrcxiliani (Fraxinetum carpinosum: 

Fraxinus excelsior – Carpinus orientalis); 

4.3. ifnari nairbalaxiani (Fraxinetum mixtoherbosum: 

Fraxinus excelsior ‐ Mixtoherbeta); 
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4.4. rcxilnar-Txilnar-ifnari xaxiani (Carpineto‐

Coryleto‐Fraxinetum pachyphragmosum: Fraxinus excelsior + 

Corylus iberica + Carpinus caucasica – Pachyphragma 

macrophyllum). 

 

5. murynarebi (Alneta; Alnus 

incana) 

5.1. murynari nairbuCqiani (Alnetum mixtofruticosum: 

Anmus incana ‐ Mixtofruticeta); 

5.2. murynari berseliani (Alnetum brachypodiosum: Alnus 

incana – Brachypodium sylvaticum). 

 

6. tirifnarebi (Saliceta; 

Salix excelsa) 

6.1. tirifnari nairbalaxiani (Salicetum mixtoherbosum: 

Salix excelsa ‐ Mixtoherbeta). 

 

 

qvemoT mokled mimoxilulia erovnuli parkis tyis formaciebis gavrceleba da 

tipologiuri struqtura. 

 muxnarebi (Querceta;  Quercus  iberica) Tbilisis erovnul parkSi gavrcelebulia z. d. 

600-650 m-dan (saguramos qedi) 1050_1100 (1150) m-mde. muxis tyis fitocenozebi (tyis koromebi) 

ganviTarebulia samxreTis eqspoziciis nairgvari daqanebis ferdobebze, tyis yavisfer, 

mcire da saSualo siRrmis, momSralo da mSral niadagebze. muxnaris SedarebiT momcro 

dajgufebebi aRiniSneba samxreT-aRmosavleTisa da samxreT-dasavleTis eqspoziciis ferdo-

bebzec. CrdiloeTis eqspoziciis ferdobebze muxnarisa da rcxilnar-muxnaris mxolod 

momcro nakveTebi gvxvdeba ZiriTadad z. d. 850_900 m simaRlemde (saguramos qedi). 

erovnuli parkis muxnari tyis koromebis absoluturi umetesoba amonayriTi 

warmoSobisa (Zirkvis amonayari) da dabali (V) bonitetisaa.  

muxnarebi tipologiurad sakmaod mdidari da mravalferovania. Cven mier gamoyofi-

lia 11 asociacia (ix. cxrili). maT Sorisaa mesameul-reliqturi saxeobebis (kolxuri bza 

– Ruscus  colchica, pastuxovis suro – Hedera  pastuchovii)  monawileobiT Seqmnili asociaciebic, 

romlebic aRmosavleT saqarTvelos mTis muxnarebis tipologiur speqtrSi iSviaTad aRi-

niSneba [4-6]. 

 wiflnarebi (Fageta;  Fagus  orientalis) Tbilisis erovnul parkSi ZiriTadad gavrce-

lebulia CrdiloeTisa da CrdiloeTisaken gardamavali (Crdilo-aRmosavleTi, Crdilo-

dasavleTi) eqspoziciis nairgvari daqanebis ferdobebze, tyis yomral, metwilad saSualo 

siRrmis, zomierad tenian niadagebze. wiflnari tyis fitocenozebis hifsometriuli gavr-

celeba iwyeba z. d. 1000_1100 m-dan (saguramos qedi). qedebis samxreTis eqspoziciis kal-

Tebze wiflnarebis gavrcelebis qveda sazRvari mniSvnelovnad (zogan 200_300 m-iT) aweu-

lia (ialnosa da sabaduris qedebi), rac, garda bunebrivi pirobebisa (havisa da niadagebis 

meti simSrale), wiflnar tyeebze Zlieri anTropogenuri zemoqmedebis (tyis ukanono Wra, 

pirutyvis mouwesrigebeli Zoveba) Sedegia.  

erovnuli parkis wiflnari tyeebi floristulad da fitocenologiurad mravalfe-

rovania. maT SemadgenlobaSia mesameul-reliqturi mravali saxeoba (uTxovari ‐ Taxus baccata, 

kolxuri bza – Buxus colchica, kolxuri Wyori – Ilex colchica, pastuxovis suro – Hedera pastucho‐

vii, ieli – Rhododendron  luteum, kavkasiuri mocvi – Vaccinium arctostaphylos, meliqauri – Daphne 

pontica da sxv.) da asociacia (wiflnari suroiani – Fagetum hederosum, wiflnari Wyoriani – 
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Fagetum ilexosum, wiflnari ieliani – Fagetum rhododendronosum, wiflnari molozaniani – Fage‐

tum viburnosum) [4]. 

 rcxilnarebi (Carpineta;  Carpinus  caucasica) Tbilisis erovnul parkSi tipologiurad 

sakmaod mravalferovania (ix. cxrili). gavrcelebulia yvela eqspoziciis nairgvari daqa-

nebis ferdobebze z. d. 900_1000 m-dan 1400_1500 m-mde. rcxilnari tyis cenozebis (tyis ko-

romebis) umetesoba meoreulia. isini formirebulia Zireuli tyeebis – qarTuli muxis mux-

narebisa da wiflnarebis naalagevze, maTi anTropogenuri cvlis (digresiuli suqcesiis) 

procesSi. amJamad erovnuli parkis rcxilnarebSi mimdinareobs Zireuli (metwilad wina-

morbedi) tyeebiT maTi bunebrivi cvla, romlis daCqareba (erovnuli parkis tradiciuli 

gamoyenebis zonaSi) SesaZlebelia tyeTsargeblobis dadgenili wesebis gamoyenebis piro-

bebSi.  

 ifnarebi (Fraxineta;  Fraxinus  excelsior) Tbilisis erovnul parkSi ZiriTadad dasavleT 

nawilSia (saguramos qedis samxreTi kalTa) gavrcelebuli z. d. 900_1200 m farglebSi. if-

narebi gvxvdeba mcire da saSualo daqanebis ferdobebze, Txel da saSualo siRrmis, mo-

mSralo, xSirad qvian niadagebze. ifnari tyis koromebis momcro nakveTebi lokalurad 

CarTulia muxnari da rcxilnari tyeebis masivebSi.  

 Walis murynarebi (Alneta;  Alnus  incana) da tirifnarebi (Saliceta;  Salix  excelsa) Tbilisis 

erovnul parkSi momcro nakveTebis saxiT SemorCenilia mdinareebis (ZiriTadad md. Tezmis) 

aluviur da proluviur terasebze. erovnuli parkis Walis tyeebi tipologiurad Raribia 

(ix. cxrili). tyis cenozebis struqtura maTze Zlieri anTropogenuri zemoqmedebis gamo 

(tyis usistemo Wra, pirutyvis Zoveba) darRveulia.  

 

literatura _ REFERENCES _ ЛИТЕРАТУРА: 

 

1. m. korZaxia. saqarTvelos hava. Tb., 1961. 

2. l. maruaSvili. saqarTvelos fizikuri geografia. Tb., 1964. 

3. d. ukleba. aRmosavleT saqarTvelos mTiani mxareebis landSaftebi da fizikur-

geografiuli raionebi. Tb., 1974. 

4. r. qvaCakiZe, k. iaSaRaSvili. saqarTvelos dendrofloris mesameul-reliqturi saxeobe-

bi Tbilisis erovnul parkSi (aRmosavleT saqarTvelo) // mecniereba da teqnologiebi, 

# 7_9, 2011. 

5. r. qvaCakiZe. saqarTvelos tyeebi. Tb., 2001. 

6. r. qvaCakiZe. saqarTvelos geobotanikuri raionebi. Tb., 2010.  

50



 
 

botanika 

Tbilisis erovnuli parkis tyeebis geobotanikuri mimoxilva 

r. qvaCakiZe, k. iaSaRaSvili 

(ilias saxelmwifo universitetis botanikis instituti) 

 

reziume: Seswavlilia Tbilisis erovnul parkSi (aRmosavleT saqarTvelo) tyeebis 

gavrceleba da tipologiuri struqtura. statiaSi warmodgenilia erovnuli parkis tyis 

mcenareulobis geobotanikuri klasifikacia.  

 

 

BOTANY 

THE GEOBOTANICAL REVIEW OF THE FORESTS OF TBILISI NATIONAL PARK 

R. Kvachakidze, K. Iashaghashvili 

(Ilia State University Institute of Botany) 

 

Rezume: There has been studied extension and typological structure of the forests of Tbilisi National park (East 

Georgia). There is presented the geobotanical classification of silvan vegetations of the National Park.  

 

 

БОТАНИКА 

ГЕОБОТАНИЧЕСКИЙ ОБЗОР ЛЕСОВ ТБИЛИССКОГО НАЦИОНАЛЬНОГО 

ПАРКА 

Р. Квачакидзе, К. Яшагашвили 

(Институт ботаники Государственного университета Ильи) 

 

Резюме: Изучены распространение и типологическая структура лесов в Тбилисском национальном парке 

(Восточная Грузия). В статье дана геоботаническая классификация лесной растительности Национального 

парка.  
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meqanika 

 

 

bzaris warmoqmnis da gavrcelebis mimarTulebis dadgena kldovani 

qanis dinamikuri datvirTvisas 

T. iamaniZe, m. losaberiZe, m. TuTberiZe 

(gr. wulukiZis samTo instituti) 

 

qanis meqanikuri rRvevis procesebis kvlevis dros didi mniSvneloba aqvs zedapirze 

moqmedi datvirTvis ganawilebis saxes. Cven mier  Seswavlilia kldovani qanis drekad-

daZabuli mdgomareoba maSin, roca sazRvarze dawnevas axdens mudmivi c siCqariT moZravi 

da garkveuli qi (x) (i=1,2,...,n) kanonzomierebiT ganawilebuli datvirTva.  

Tu gaviTvaliswinebT im faqts, rom kldovani qanis rRveva mimdinareobs SedarebiT 

mcire deformaciebis dros, maSin SegviZlia visargebloT drekadobis klasikuri Teoriis 

meTodebiT. mxedvelobaSia misaRebi isic, rom qanis zedapirze datvirTvis zemoqmedeba 

qanis sisqis (z) zrdasTan erTad TandaTan sustdeba da bolos mTlianad qreba. sakmaod 

didi z-ebisaTvis daZabulobis velze zegavlenas axdens qanis zeda Sreebis wona. ase rom, 

qanis zedapirze datvirTvis zemoqmedeba mniSvnelovania mcire sisqis (sxva zomebTan 

SedarebiT) mqone SrisaTvis. aqedan gamomdinare, garkveuli miaxloebiT SeiZleba 

CaiTvalos, rom qani aris orTotropuli naxevarsibrtye, romlis mTavari RerZebis 

mimarTulebebi emTxveva sakoordinato RerZebis mimarTulebebs. yovelive zemoaRniSnulis 

gaTvaliswinebiT, mocemuli amocana maTematikurad ase Camoyalibdeba: mocemulia 

orTotropuli naxevarsibrtye (y<0), romlis ox sazRvris (ai, bi) monakveTze mudmivi c 

siCqariT moZraobs qi(x) (i=1, 2, ..., n) kanonzomierebiT ganawilebuli datvirTvebi (ix. nax). 

 

 

 

 

 

 

 

 

orTotropuli naxevarsibrtyis ox sazRvris (ai, bi) monakveTze  

mudmivi c siCqariT moZravi datvirTvebi 

 

naxevarsibrtyisaTvis mosaZebnia σx, σy, τxy Zabvis tenzoris komponentebi, romlebic 

akmayofilebs moZraobis diferencialur gantolebebs 

 

 

డఙೣ 

డ௫
൅  

డఛೣ೤

డ௬
ൌ ߩ 

డమ௎

డ௧మ  ,

డఛೣ೤ 

డ௫
൅  

డఙ೤

డ௬
ൌ ߩ 

డమ௏

డ௧మ  ,
ቑ       (1) 

 

x 

 

 a1 b1  an  bn 
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Tavsebadobis pirobas 

   
ଵ

ாమ
 ቀ

డమ

డ௫మ  െ ଶߪ 
డమ

డ௬మቁ ߪ௬ ൅  
ଵ

ாభ
 ቀ

డమ

డ௬మ  െ ଵߪ 
డమ

డ௫మቁ ௫ߪ ൌ  
ଶ

ఓ
 
డమఛೣ೤

డ௫డ௬
 ,      (2) 

 

 nulovan sawyis pirobebs da Semdeg sasazRvro pirobebs 

 

 ,y=0 = 0,   sazRvris Tavisufal zedapirze(௫ߪ)

(߬௫௬)y=0 = 0,  - ∞ < 3                   ∞ > ݔ) 

ሺߪ௬ሻ௬ୀ଴ ൌ ,ሻݔ௜ ሺݍ  ݔ א ሺܽ௜ ;  ܾ௜ ሻ; ݅ ൌ 1,2, … , ݊;  

 

sadac E1 da E2 iungis modulebia mTavari mimarTulebebiT; ߪଵ da σߪଶ  � puasonis 

koeficentebi; μ � Zvris moduli, U da V �gadaadgilebis veqtoris komponentebi, 

romlebic Zabvis tenzoris komponentebTan dakavSirebulia Semdegi TanafardobiT 

 

 

డ௎

డ௫
ൌ  

ଵ

ாభ
 ൫ߪ௫ െ ,௬൯ߪଵߪ

డ௏

డ௬
ൌ  

ଵ

ாమ
 ൫ߪ௬ െ ,௫൯ߪଶߪ

ଵ

ଶ
 ቀ

డ௎

డ௬
൅

డ௏

డ௫
ቁ ൌ  

ଵ

ఓ
 ߬௫௬ .ۙ

ۖ
ۘ

ۖ
ۗ

      (4) 

 

rogorc cnobilia, [1] Zabvis tenzoris komponentebisaTvis arsebobs Semdegi warmodgenebi: 
 

௫ ൌߪ  െ2ܴ݉݁ ൣሺߚଵ ൅  ݉ ሻܨଵ
"ሺݖଵሻ ൅  ሺߚଶ ൅  ݉ ሻܨଶ

"ሺݖଶሻ൧, 

௬ ൌߪ      ଵܨൣ 2ܴ݊݁ 
"ሺݖଵሻ ൅ ܨଶ

"ሺݖଶሻ൧,                                                                (5) 

߬௬ ൌ ଵܨܽൣ ௠ܬ 
"ሺݖଵሻ ൅ ଶܨܾ 

"ሺݖଶሻ൧, 
 

sadac ܨଵሺݖଵሻ და ܨଶሺݖଶሻ  qveda  ሺݕ ൏ 0ሻ naxevarsibrtyeSi analizuri funqciebia, amasTan,  ݖଵ ൌ ߦ  ൅

ଶݖ ,ߟଵߚ݅ ൌ ߦ  ൅   ,ߟଶߚ݅

ߦ ൌ ݔ െ ,ݐܿ ߟ ൌ    ,ݕ
 

ଵߚ ൌ

ۉ

1ۇ െ  ܿ
ଶ

ܿଵ
ଶ൘

ی

ۊ

ଵ
ଶൗ

, ଶߚ ൌ

ۉ

1ۇ െ  ܿ
ଶ

ܿଶ
ଶ൘

ی

ۊ

ଵ
ଶൗ

. 

 

ܿଵ da  ܿଶ  ganivi da grZivi talRis gavrcelebis siCqareebia, ݉, ݊, ܽ, ܾ ki  mudmivebi.  

(5) TanafardobaSi (3) sasazRvro pirobis gaTvaliswinebiT miviRebT: 
 

ଵܨܽൣ   ௠ܬ 
"ሺߦሻ ൅ ଶܨܾ 

"ሺߦሻ൧ ൌ 0,   െ  ∞ ൏ ߦ  ൏  ∞.                                                   (6) 

 

(6) dakmayofildeba, Tu CavTvliT, rom 

   '' ''
2 1 .

a
F z F z

b
             (7) 

es ukanaskneli saSualebas gvaZlevs Zabvis komponentebi gamovsaxoT erTi analizuri 

funqciis saSualebiT. amasTan, (3)-idan  ''
1Re 0F    sazRvris Tavisufal nawilze  
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     ''
1Re ,

2
 

 i

b
F q

n b a
   

 ; 1, 2, ... .i ia b i n  
 

 

ukanaskneli gamosaxulebidan Cans, rom Cven mier dasmuli amocana aris dirixles 

amocana, romlis amonaxsnis miReba SesaZlebelia Svarcis integraliT  
 

   
   1

1

1''
1

1
... .

2 2
n

n

b b n

a a

q d q db
F z

n b a i z z

   
  

 
       

                (8) 

 

imis mixedviT, Tu rogori saxe aqvs  1 1,q x i n  datvirTvebs, (5)_(8) formulebis 

daxmarebiT SegviZlia davadginoT sxvadasxva SemTxvevisaTvis ZabvaTa ganawilebis kanoni.  

miRebuli Sedegebis analizis safuZvelze SeiZleba davaskvnaT, rom normaluri 

Zabvebi rogorc cal-calke, aseve erTad asustebs qanis calkeul monakveTebs da saboloo 

jamSi mxeb ZabvebTan qmnis rRvevis xelsayrel pirobebs. am procesSi gadamwyveti 

mniSvneloba eniWeba mxeb Zabvebs, radgan bzarebi (gansakuTrebiT mikrobzarebi) gadis mxebi 

Zabvebis maqsimumis wertilebze. 
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meqanika 

bzaris warmoqmnis da gavrcelebis mimarTulebis dadgena kldovani 

qanis dinamikuri datvirTvisas 

T. iamaniZe, m. losaberiZe, m. TuTberiZe 

(gr. wulukiZis samTo instituti) 

 

reziume: statiaSi SemoTavazebulia maTematikuri modeli, romlis Tanaxmad qani 

miCneulia orTotropul naxevarsibrtyed. am ukanasknelis sazRvarze dawnevas axdens 

mudmivi siCqariT moZravi datvirTvebi. amocana amoxsnilia analizur funqciaTa Teoriis 

daxmarebiT. 

 

 

 

MECHANICS 

ESTABLISHMENT OF FRACTURE INITIATION AND DIRECTION OF PROPAGATION 

IN ROCK UNDER DYNAMIC LOADING 

T. Iamanidze, M. Losaberidze, M. Tutberidze 

(G. Tsulukidze Mining Institute) 

 

Summary: In the article there is proposed the mathematical model, according which rock is considered as 

orthotropic half-plane. On the boundary of this half-plane loads moving at a constant speed exert pressure. The problem 

has been solved by using theory of analytical functions. 

  

 

 

МЕХАНИКА 

УСТАНОВЛЕНИЕ ОБРАЗОВАНИЯ И НАПРАВЛЕНИЯ РАСПРОСТРАНЕНИЯ 

ТРЕЩИН В СКАЛИСТЫХ ПОРОДАХ ПРИ ДИНАМИЧЕСКИХ НАГРУЗКАХ 

Т. Яманидзе, М. Лосаберидзе, М. Тутберидзе 

(Горный институт им. Г. Цулукидзе) 

 

Резюме: В статье предложена математическая модель, согласно которой порода принята за ортотропную 

полуплоскость. На границе этой полуплоскости оказывают давление нагрузки, движущиеся с постоянной 

скоростью. Задача решена с помощью теории аналитических функций. 
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manqanaTmSenebloba 

 

 

turboCaberviani dizelis Zravაs sasimaRlo pirobebSi muSaobis eqspe-

rimentuli da Termodinamikuri kvlevebi 

b. korZaZe, r. demetraSvili  

(r. dvalis manqanaTa meqanikis instituti) 

  

statia eZRvneba saqarTvelos mecnierebaTa akademis wevr-ko-

respondentis, profesor iovel jebaSvilis dabadebis 90 wlisTavs. 

masSi moTxrobilia cxovrebis bolo periodSi mis mier Catarebul 

samuSaoebis Sesaxeb. Pprofesorma i. jebaSvilma ganvlo xangrZlivi 

da nayofieri gza im periodidan, roca. man akademikosebTan r. dval-

Tan da v. maxaldianTan erTad daafuZna manqanaTa meqanikis insti-

tuti da iyo misi ucvleli direqtori sicocxlis bolomde.  

 

Tavisi sicocxlis ukanasknel wlebSi saqarTvelos mecnierebaTa akademiis wevr-

korespodenti, profesori i. jebaSvili Zalian did yuradRebas uTmobda avtosatransporto 

dizelis Zravebis simZlavris forsirebis sul ufro da ufro mzard process saavtomo-

bilo teqnikaSi, rac ganapirobebda mis mier sasimaRlo pirobebSi turboCaberviani dize-

lis Zravაs muSaobasTan dakavSirebuli ZiriTadi sakiTxebis kvlevebsac. bednieri SemTxve-

vis wyalobiT amas daemTxva maSindeli gfr-is samxedro uwyebis dakveTiT q. aaxenis umaR-

les teqnikur skolasTan arsebuli Tbოteqnikisa da Sigawvis Zravebis institutSi profe-

sor f. Smidtis xelmZRvanelobiT analogiur samuSaoTa Sesruleba, magram germaniaSi igi 

Semoifargla sasimaRlo pirobebSi aseTi Zravაs muSaobis mxolod SeswavliT, maSin roca 

imave pirobebSi saqarTvelos mecnierebaTa akademiis manqanaTa meqanikis institutSi Se-

srulebuli samuSao iTvaliswinebda sasimaRlo pirobebSi turboCaberviani dizelis Zravაs 

muSaobis nominaluri maCveneblebis SenarCunebis problemis gadaWrisaTvis eqsperimentuli 

da Teoriuli safuZvlebis Seqmnasac. swored samuSaoTa es kompleqsi daedo safuZvlad 

mis fundamentur monografias `Работа автотракторных двигателей в горных условиях~, romelic 

gamocemulia saqarTvelos mecnierebaTa akademiis gamomcemloba `mecnierebis~ mier 1980 

wels. monografiaSi ganzogadoebuli da SesaSuri mecnieruli siRrmiT aris damuSavebuli 

turboCaberviani dizelis Zravაs muSaobis efeqtianoba sasimaRlo pirobebSi da misi amaR-

lebis meTodebi; aRniSnulia, rom weviT reJimebze muSaobis dros am Zravas samuSao Ter-

modinamikuri cikli xasiaTdeba dabali efeqtianobiT, rac ganapirobebs misi simZlavris 

vardnas gareSe atmosferuli wnevis proporciulad da aseve ekonomiurobis mkveTr gaure-

sebas, dizelisa da turbokompresoris ZiriTadi sapasuxismgeblo nawilebis Tburi dat-

virTvebis mkveTr zrdas, rac araiSviaTad eqstremalur atmosferul pirobebSi Zravაs 

mwyobridan avariul gamosvlasac ki iwvevs. aseT pirobebSi momxmarebეls, bunebrivia, ain-

teresebs sasimaRlo pirobebSi Zravas dasaSvebi simZlavris gansazRvra da, Sesabamisad, mi-

si muSaobis efeqtianobis amaRleba.  
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meore mxriv, turboCaberviT forsirebuli ZravebisaTvis aseve damaxasiaTebelia maTi 

araefeqtur muxruWad gadaqceva, rac, Cveulebriv, dizelis Zravაs simZlavris forsirebis 

kvalobaze samuxruWo da efeqtur simZlavreTa fardobis Semcirebis bunebrivi Sedegia. 

amitomac saavtomobilo teqnikaSi profesori i. jebaSvili aqtiurad svams sakiTxs samu-

xruWo reJimebze Zravაs simZlavris forsirebis Taobaze; kerZod, Zravas muxruWis efeqtia-

nobis amaRlebis Sesaxeb, rasac gansakuTrebul mniSvnelobas aniWebs avtomobilebis 

eqspluataciis dros sasimaRlo pirobebSi.  

dasaxuli miznis Sesabamisad sasimaRlo pirobebSi turboCaberviani dizelis Zravაs 

eqsperimentuli da Teoriuli kvlevis safuZvelze aRebul TanafardobaTa sistematizaciiT 

avtori adgens Zravas simZlavris simaRlis mixedviT cvlilebis meqanizმis maTematikur 

models, romlis analiziT sasimaRlo pirobebSi turboCaberviani dizelis Zravas muSaobis 

nominaluri maCveneblebis SenarCunebis sakiTxis dadebiTad gadasaWrelad gamoyenebuli 

unda iyos Cabervis haeris gagrileba. amasTan erTad sasimaRlo pirobebSi turboCaberviani 

dizelis Zravაs samuxruWo reJimebze muSaobis gasaumjobeseblad unda Seiqmnas Sigawvis 

Zravაs maRali wnevis kompresorad konvertirebis safuZvelze arsebulTan SedarebiT ufro 

didefeqtiani Zravas muxruWi, romelic mogvcems avtomobilis damuxruWebis dinamikis 

mkveTri amaRlebisa da, Sesabamisad, misi muSaobis saeqspluatacio maCveneblebis Tvisebriv 

gaumjobesebas.  

dasaxelebul monografiaSi Camoyalibebulia sasimaRlo pirobebSi turboCaberviani 

dizelis Zravაs wevisa da samuxruWo reJimebze muSaobis efeqtianobis amaRlebis samecnie-

ro safuZvlebi da meTodebi, romelTa SemuSavebas arsebiTi mniSvneloba eniWeba maRalm-

Tiani da cxeli klimatis pirobebSi saeqspluatacio Tvisebebis amaRlebis msxvili samec-

niero problemis gadawyvetaSi, rac uaRresad aqtualuria Cvens respublikaSi saavtomobi-

lo transportis didefeqtiani eqspluataciisaTvis. 

i. jebaSvilis mier turboCaberviani dizelis Zravაs sasimaRlo pirobebSi weviT da 

samuxruWo reJimebze muSaobis eqsperimentuli da Teoriuli gamokvlevebis ganxorciele-

bisaTvis institutSi Seiqmna Sigawvis Zravebis sasimaRlo eleqtrobalansuri laborato-

riuli stendi, romelic konstruqciulad rTuli barokameris gamouyeneblad iZleva sxva-

dasxva klimaturi pirobebis imitaciis saSualebas atmosferos fizikuri parametrebis si-

didis moTxovnil zRvrebSi zusti dacviT. 

stendi avtomaturad uzrunvelyofs sxvadasxva sasimaRlo pirobebis Sesabamis gaiS-

viaTebas haeris Sewovisa da gandevnis dros. kompresoris SesasvlelSi Sesabamisi gaiSvia-

Tebis Seqmna miiRweva specialur SemSveb resiverSi haeris dadroselebiT, xolo turbini-

dan gamosasvlelsa da Zravas karterSi _ rotaciuli tumbos saSualebiT. 

kompresoris Semwov traqtSi resiveris Semdeg moTavsebulia eleqtrosaxurebeli 

kompresorSi Semavali haeris temperaturis regulirebisaTvis, xolo dizelis Semwov 

traqtSi kompresoris Semdeg Cabervis haeris gamagrilebel cilindrSi Semavali haeris 

temperaturis regulirebisaTvis. gamosacdeli mowyobilobis SeSvebisa da gaSvebis siste-

mebis winaRoba saregulirebeli drosel-farebis saSualebiT SeirCeva Zravas Sesabamisi 

standartuli sistemebis winaRobaTa toli. 

aRwerili mowyobiloba saSualebas iZleva CavataroT sxvadasxva klimatur pirobebSi 

Zravაs samuSao procesis farTo eqsperimentuli gamokvleva. amasTan, Zravasa da turbokom-

presoris muSaobis parametrebis aRsaniSnavad sxvadasxva simaRleze nebismierი atmosfe-

ruli pirobebis dros sawyisi, anu zRvis donis Sesabamisi, mdgomareobisas viyenebT Semdeg 

aRniSvnebs: 
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Ne _ efeqturi simZlavre;

Ni _ indikatoruli simZl

 ௞π_ kompresorSi wnevisߨ

TT _ turbinis win airebi

nT _ turbokompresoris r

GT _ sawvavis xarji; 

GBH,GBO - haeris xarji H 

PKH, PKO - Cabervis haeris w

  ;௜ _ indikatoruli mqkߟ

PC, TC _ kumSvis bolos wn

PZ, TZ _ wvis maqsimaluri 

ሺ݀݌ ݀߮ሻ⁄ ௠௔௫_ wvis dros wn

Ximax _ aqtiuri Tbogamoyo

ሺ݀ݔ ݀߮ሻ⁄
௠௔௫
ᇱ _ ሺ݀ݔ ݀߮ሻ⁄

௠௔௫
"  sa

 ߮௭ _ wvis xangrZlivoba; 

 ߮௔ _ anTebis winswrebis 

ტemperaturis, rogorc g

tris, cvlileba uSualod moq

ris Semdeg da airisa _ turb

wodebis wesis mixedviT Zravა

turbinis win airebis temperat

peraturasTan erTad misi fard

zrdis sididis Semcirebas im

dideze gareSe temperaturis 

ucvlelia, rac dasturdeba t

turis mimarT invariantulobi

 

nax. 1. TKR 8,5 turboko

maCveneblebis damokideb

da GT=4,8 g/w

 

; 

lavre; 

zrdis sidide; 

s temperatura; 

rotoris brunvis sixSire; 

simaRleze da zRvis doneze O; 

wneva amave pirobebSi;  

neva da temperatura;  

wneva da temperatura; 

nevis zrdis siCqaris maqsimaluri sidide

ofis maqsimaluri sidide; 

afexurebze aqtiuri Tbogamoyofis maqsimal

kuTxis sidide. 

garemomcveli haeris mdgomareobis erT-er

qmedebs Cabervis haeris mdgomareobis par

inis win. is araerTnairad moqmedebs cil

აs muSaobaze. GT=const dros gareSe temp

tura izrdeba. ase rom, kompresoris Sesa

dobis sidide mcirdeba, rac ganapirobebs

denad, rom praqtikulad akompensirebs k

gavlenas. amitom kumSvis adiabaturi mu

urbokompresoris rotoris brunvis sixS

T (nax. 1).  

 
 

ompresoris dizelis ZravასTan erToblivi muS

buleba gare temperaturaze Zravas brunvis n =

wm sawvavis xarjis � dros z. d. Semdeg simaRl

H=700 m, 2H=1500 m, 3 H=2500 m, 4 H=3500 m 

e; 

luri sidideebi; 

rTi ZiriTadi parame-

rametrebze kompreso-

lindrSi sawvavis mi-

eraturis gadidebiT 

asvleლSi haeris tem-

s kompresorSi wnevis 

kumSvis muSaobis si-

uSaoba praqtikulad 

iris gareSe tempera-

Saobis ZiriTadi  

 2000 wT -1 sixSirisa  

leebze:  
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simaRlis zrdis kvalo

airebis temperaturis zrdas, 

Sesabamisad kumSvis adiabatu

turbokompresoris rotoris b

gareSe temperaturis gad

vis xarisxis zrdisa, haeris 

(G=const) ganapirobebs narevis 

kurobis gauaresebas.  

Zravაs simZlavreze moq

mdgomareobis parametrebis gav

denobrivad ganisazRvros TiT

lebisas.  

 

 

nax. 2. 4ЧH 11/12,5 dizelis Zrav

fardobiTi sidideebis damo

Zravაs n =2100 wT-1 b

 
turbinis win airebis zR

vavis saTanado miwodebiT xor

reSe temperaturisadmi ufro 

ris zrdiT turbinis win da 

mcirdeba, rac ganapirobebs ko

mxriv arsebiTad amcirebs gar

rac iZleva am ukanasknelis 

daSvebis SesaZleblobas. sima

win da kompresoris Sesasvlel

wnevis zrdis xarisxi, Cabervis

sixSire ise mcire zRvrebSi ic

da Sesabmisad simaRlis mimarT

xis invariantuloba simaRlis

vaTa proporciulobas da Ses

Soris. radganac piroba TT=con

 

baze gareSe temperaturis Semcireba i

rac ganapirobebs kompresorSi wnevis 

uri muSaobis zrdasac. amisaTvis saWir

brunvis sixSiris Sesabamisi gadideba.  

didebiTa da wnevis SemcirebiT, miuxedav

xarji mcirdeba, rac sawvavis miwodebis

Sedgenilobis gamdidrebas da Sesabami

medi ZiriTadi sidideebis cvlileba a

vleniT mocemulia me-2 nax-ze, romlis mix

Toeuli am sididis kuTri wili Zrava

vაs efeqturi simZlavris da masze moqmedi Zir

okidebuleba simaRlis (ა) da gareSe temperatu

brunvis sixSirisa da GT=4,8g/wm sawvavis xarji

Rvruli temperaturis mudmivobis dros (n

rcieldeba, turbokompresoris rotoris 

mgrZnobiarea, vidre gareSe wnevis mimarT

kompresoris SesasvlelSi temperaturi

ompresorSi wnevis zrdis xarisxis Semcir

reSe temperaturis gavlenas Cabervis ha

gareSe temperaturis mixedviT cvlileb

Rlis gadidebiT gareSe temperaturis m

lSi temperaturis fardobis ucvlelobi

s haeris temperatura da turbokompresor

cvleba, rom SesaZlebelia isini miCneul 

T invariantul sidideebad. kompresorSi 

s mimarT ganapirobebs Cabervisa da atmo

sabamisad agreTve gareSe wnevasa da hae

nst ganapirobebs haeris masobriv xarjsa 

iwvevs turbinis win 

zrdis xarisxisa da 

ro energiis wyaroa 

ad kompresorSi wne-

s ucvlelobis dros 

isad Zravas ekonomi-

atmosferuli haeris 

xedviT SeiZleba rao-

s simZlavris cvli-

 

riTadi parametrebis 

uris (ბ) sidideze. 

is dros 

nax. 3), romelic saw-

brunvis sixSire ga-

T. gareSe temperatu-

is fardobis sidide 

rebas, romelic Tavis 

aeris temperaturaze, 

bis ugulvebelyofis 

mudmivobiT turbinis 

is gamo kompresorSi 

ris rotoris brunvis 

iqnes gareSe wnevisa 

wnevis zrdis xaris-

sferuli haeris wne-

ris masobriv xarjs 

da sawvavis miwode-
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bas Soris TiTqmis erTnair 

zRvrebSi cvalebadobs. gareSe

medi ZiriTadi sidideebis cvl

ganisazRvros TiToeuli am si

  

nax. 3. ТКР-8,5 turbo

muSaobis ZiriTadi maCvenebl

simaRleze (nax. 2) Zra

 

gareSe wnevis gavlenis 

ori wesis gamoyenebisas (nax

GT=const, Zravas simZlavris va

aixsneba pirvel SemTxvevaSi

temperaturis gadidebiT, rom

gareSe wnevasTan SedarebiT 

xvevaSi Zravაs maRlivoba mkveT

suxismgeblo nawilebis dasaSv

Caberviani dizelis Zravაs s

datvirTvis mdgomareobis gaT

dizelis Zravაs maCveneblebis 

ganviTarebis TaviseburebebiT. 

procesis mimdinareoba damokid

dinamikis cvlilebaze. me-2 da

nax-ebze indikatoruli mqk. maT

siWarbis koeficientis mniSvne

zrdis dros ciklis indikato

aris damokidebuli atmosfer

koeficientis cvlileba umniSv

 

 

Tanafardobas, amitom haeris siWarbis 

e temperaturisa da wnevis gavleniT Zrav

lileba mocemulia me-4 nax-ze, romlis 

didis kuTri wili simZlavris cvlilebi

 
 

okompresoris 4ЧH11/12,5 dizelis ZravასTan er

lebis ࢑࣊, ,к࢚ damokidebuleba gareSe temperat ࢀ࢔

vas brunvis sixSiris n=2000 wT-1 da turbinis 

ТT = 6500 С = const temperaturis dros 

Sesaxeb Zravაs muSaobaze cilindrSi sa

. 2 da nax. 4), SeiZleba iTqvas, rom p

ardna sagrZnoblad mcirea, vidre me-2 we

 narevis Sedgenilobis gamdidrebis 

melic zrdis kompresorSi wnevis xaris

Cabervis haeris wnevis nakleb Semcireb

Trad izRudeba Zravasa da turbokompres

vebi Tburi datvirTვebiT. amis Tavidan a

imZlavris SezRudva unda ganxorcield

valiswinebiT, TT=const. sasimaRlo pirobe

cvlileba ganpirobebulia samuSao pro

sxvadasxva atmosferuli pirobebis dro

debulia umTavresad narevis Sedgeniloba

a me-4 nax-ebze mocemulia haeris siWarbis

Ti cvlilebis analiziT irkveva, rom GT=

elovani Semcirebis gamo simaRlisa da g

oruli mqk Sesabamisad mcirdeba, xolo 

rul pirobebze, radganac am SemTxveva

vneloa.  

koeficienti mcire 

vas simZlavreze moq-

mixedviTac SeiZleba 

sas. 

rToblivi  

turaze sxvadasxva  

win airebis 

awvavis miwodebis am 

pirveli wesis dros 

esisas (TT=const), rac 

gamo turbinis win 

sxs da ganapirobebs 

bas, magram am SemT-

soris ZiriTadi sapa-

asacileblad turbo-

des turbinis Tburi 

ebSi turboCaberviani 

ocesSi Tbogamoyofiს 

os am Zravაs samuSao 

asa da Tbogamoyofis 

s, xolo me-5 da me-6 

=const-is dros haeris 

gareSe temperaturis 

TT=const-is dros ar 

aSi haeris siWarbიs 
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nax. 4. 4ЧH11/12,5 dizelis

parametrebis ࢻ, ge, Pk, TT

temperatur

 

aqtiuri Tbogamoyofis 

temperaturul pirobebze dam

xasiaTi. gamosacdel dizelSi

sawvavis nawilobrivi moxved

xasiaTdeba maxasiaTebelze 

Sesabamisi maqsimumebiT.  

 

 

nax. 5. 4 ЧH11/12,5 dize

ZiriTadi param

(dp/d࣐)max ࣐z da ࢇ࣐ 

temperaturis (b

 

s Zravas efeqturi simZlavris Ne da masze moq

T, fardobiTi sidideebis damokidebuleba simaR

raze (ბ) Zravაs brunvis n=2100 წთ-1 sixSirisa da

TT =650o C=const temperaturis dros 

Xi cvlilebaze arsebiT gavlenas a

mokidebulebebiT wvis sawyisi pirobebi 

i gvaqvs moculobiT-afskuri narevwarmo

driT. Tbogamoyofa aseT e.w. naxevrad 

wvis ori safexuris arsebobiT Tbo

elis Zravაs samuSao ciklis da Tbogamoyofis

metrebis: ࢏ࣁ, ࣐ max da (dp/d’(࣐dp/d), Pc da Pz ; Tz ,ࢉࢀ,ࢉࡼ

cvლileba simaRlis (a) mixedviT sxvadasxva g

b) dros 1 _ tH=oo C, 2 _ tH=15oC, 3 _ tH = 30 oC , 4 _ tH =

5 _ n=2100wT -1 da GT=4 g/wm 

 

       

medi ZiriTadi  

Rlesa (ა) da 

a 

axdens atmosferul 

da narevwarmoqmnis 

oqmna wvis kedlebze 

gayofil kameraSi 

ogamoyofis siCqaris 

      

s dinamikis 

)"max ; 

gareSe 

=50 oC, 
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nax. 6. 4 ЧH11/12,5 dize

ZiriTadi parametrebi

cvlileba simaRlis

 
anTebis Seferxebis peri

misi sidide damokidebulia c

Sefrqvevis momentSi GT=const d

ar aris damokidebuli atmosf

urTierTgamawonasworebel gav

Tbogamoyofis maqsimaluri si

saerTo xangrZlivobac matul

simaRlis gadidebis kvalobaz

loba izrdeba da Sesabamisad 

moculobiTs narevwarmoqmnaSi

cilindrSi wnevis maqsimaluri

wneva mcirdeba, xolo wvis maq

GT=const dros iwvevs aalebis 

cirebas. 

TT=const dros da ucvlel

rom aalebis Seferxebis perio

siCqare izrdeba, rac aixsneba 

li simaRleze, xolo Cabervis

raturis gadideba ki iwvevs wn

matebas; amasTan, cilindrSi 

gareSe temperaturaze.  

atmosferuli pirobebis 

ganpirobebulia indikatoruli

cvlilebiT, ramdenadac am dr

danakargebze atmosferuli hae

efeqturi mqk icvleba indikato

 

elis Zravაs samuSao ciklis da Tbogamoyofis

is ࢉࢀ,ࢉࡼ, Pc da Pz , Tz ,(dp/d࣐)’ max da (dp/d࣐)’’ max , (dp/d࣐

 (a) mixedviT sxvadasxva gareSe temperaturis 

(n=2100 wT -1 da TT =650o C=const) 

iodi arsebiT gavlenas axdens Tbogamoy

cilindrSi haeris muxtis wonasa da tem

da ucvleli gareSe temperaturis dros 

ferul pirobebze, radganac am dros masz

vlenas axdens kumSvis temperaturis gadi

iCqare wvis pirvel da meore safexurz

obs. Tbogamoyofis aseTi zrda dakavSir

e kumSvis wnevis Semcirebis gamo sawvavi

izrdeba kedlebze daleqili sawvavis w

i monawileobs sawvavis miwodebis nakle

i siCqaris zrdis Semcirebas. am SemTxveva

qsimaluri temperatura izrdeba. gareSe t

Seferxebis periodis da aqtiuri Tbogamo

l gareSe temperaturaze Zravაs muSaobis 

odi da masTan erTad cilindrSi wnevis

imiT, rom Cabervis haeris temperatura 

s wneva mcirdeba gareSe wnevis proporci

nevis Semcirebas da Cabervis haeris tempe

Tbogamoyofis dinamikis parametrebi ar 

gavleniT saSualo efeqturi wnevis cvl

i mqk-is cvlilebiT, xolo TT=const dros 

ros indikatorული mqk praqtikulad ar

eris mdgomareobis parametrebis gavlena 

orული mqk-is cvlilebis xasiaTis Sesaba

 

s dinamikis  

) max ࣐z da ࢇ࣐  

(b) dros  

yofis ganviTarebaze. 

peraturaze. sawvavis 

Seferxebis periodi 

ze wneva mcirdeba da 

idebaze. am pirobebSi 

ze mcirdeba da wvis 

rebulia imasTan, rom 

is Wavlis Sorsmsro-

ilic. am SemTxvevaSi 

bi wili, rac iwvevs 

aSi wvis maqsimaluri 

temperaturis gazrda 

oyofis siCqaris Sem-

Seswavla cxadyofs, 

 zrdis maqsimaluri 

ar aris damokidebu-

iulad. gareSe tempe-

raturis nawilobriv 

aris damokidebuli 

lileba GT=const dros 

_ sawvavis miwodebis 

r icvleba. meqanikur 

umniSvneloa, amitom 

amisad, xolo TT=const 
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dros misi cvlileba arsebiTia da amitom efeqturi mqk icvleba meqanikuri mqk-is cvlile-

bis xasiaTis Sesabamisad. 

sasimaRlo pirobebSi Sigawvis Zravebis muSaobis gamokvlevebis paralelurad xdebo-

da maTi simZlavrisa da ekonomiurobis simaRlis mixedviT cvlilebis meqanizmis dadgena. 

turboCaberviani dizelis Zravაs mimarTac es sakiTxi mwvaved dadga dRis wesrigSi Sigaw-

vis Zravebis saerTaSoriso sabWos kongresis (Simac) moTxovnebis Sesabamisad. sasimaRlo 

pirobebSi aq warmodgenili turboCaberviani dizelis Zravაs muSaobis eqsperimentuli da 

Teoriuli gamokvlevebis safuZvelze Sedgenili Tanafardobisa da maTi sistematizaciiT 

SemuSavda turboCaberviani dizelis Zravაs simaRlis mixedviT cvlilebis meqanizmis maTe-

matikuri modeli Semdegi gantolebis saxiT: 

ܭ  ൌ
ே೔ಹ

ே೔ೀ
ൌ

ீ್ಹ

ீ್ೀ
ൌ

௉ಹ

௉ೀ
ቀ

்ೀ

்ಹ
ቁ

೙ೖ
೙ೖషభ ,      (1)  

romelsac safuZvlad udevs kompresorSi politropas nk‐maCvenebliani procesi Semdegi 

nebismieri gareSe da sawyis pirobebSi. 

 ௉಼ಹ

௉ೖ೚
 =ቀ

಼்ಹ

಼்ೀ
ቁ

೙ೖ
೙ೖషభ;    

௉ೖ೚

௉೚
 = ቀ

಼்೚

்ೀ
ቁ

೙ೖ
೙ೖషభ ,       (2) 

saidanac Cabervis haeris temperaturis gareSe temperaturis mimarT invariantulobis mxed-

vlobaSi miRebiT TKH=TKO, rac eqsperimentuladac dadasturebulia. Sesabamisad gveqneba 

ீ್ಹ

ீ್ೀ
ൌ

௉ಹ

௉ೀ
ቀ

்ೀ

்ಹ
ቁ

೙ೖ
೙ೖషభ ,                (3)  

rac adasturebs, rom indikatoruli simZlavris cvlilebis ZiriTadi da mTavari mizezi 

aris haeris xarjis cvlileba, radganac darCenili sidideebis cvlileba imdenad mcirea, 

rom SeiZleba maTi ugulebelyofa. maSasadame, TT=const dros praqtikisaTvis sakmarisi 

sizustiT indikatoruli simZlavris cvlileba SeiZleba ganisazRvros haeris xarjis 

cvlilebiT, xolo es ukanaskneli Cabervis haeris wnevis cvlilebiT; e.i.  
ீ್ಹ

ீ್ೀ
ൌ

௉಼ಹ

௉಼ೀ
 .       (4) 

turboCaberviani dizelis Zravას simaRlis mixedviT cvlilebis meqanizmis 

maTematikuri modeli Tvisebrivad gansxvavdeba analogiuri mizniT Sedgenili saangariSo 

sistemebisagan, vinaidan igi Tavisufalia empirizmisagan da Sesabamisad gamosaxavs Zravაs 

muSaobis maCveneblebze garemomcveli haeris parametrebis gavlenis bunebas. am modeliT 

dadgenilia sasimaRlo pirobebSi dizelTan turbokompresoris erToblivi muSaobis 

ZiriTadi Termodinamikuri kanonzomierebani. misi TiToeuli Tanamamravlis fizikuri arsis 

gasagebad ganvixiloT Tanamamravli (TO/TH)exp(nk/nk-1). siZneles ar warmoadgens imis 

gansazRra, rom es Tanamamravli tolia kompresorSi wvis zrdis xarisxis fardobisa:  

ቀ
்ೀ

்ಹ
ቁ

೙ೖ
೙ೖషభ=

గೖ೓

గೖ೚
, 

romlis mixedviT ucvleli gareSe temperaturis dros kompresorSi wnevis zrdis xarisxi 

ar aris damokidebuli gareSe wnevaze, ramdenadac am dros ߨ௞௛ ൌ  ௞௢. maSasadme, Cabervisߨ

wneva gareSe wnevis proporciulia. amasTan, kompresorSi wnevis zrdis xarisxi ise 

icvleba, rom Cabervis haeris temperatura TiTqmis mudmivi rCeba. 
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manqanaTmSenebloba 

turboCaberviani dizelis Zravაs sasimaRlo pirobebSi muSaobis  

eqsperimentuli da Termodinamikuri kvlevebi  

b. korZaZe, r. demetraSvili 

(r. dvalis manqanaTa meqanikis instituti) 

 

reziume: statiaSi mocemulia turboCaberviani dizelis Zravas sasimaRlo pirobebSi 

muSaobis eqsperimentuli da Termodinamikuri kvlevebis Sedegebi. damuSavebulia Zravas 

srulyofis meTodebi da safuZvlebi, romelsac didi mniSvneloba aqvs avtosatraqtoro 

Zravebis maRali mTisa da cxeli klimatis pirobebSi saeqspluatacio Tvisebebis amaRlebi-

saTvis.  

 

 

MECHANICAL ENGINEERING 

EXPERIMENTAL AND THERMO-DYNAMIC RESEARCHES OF THE DIESEL  

ENGINES WITH TURBO-SUPERCHARGE IN ALTITUDE CONDITIONS ACCORDING 

B. Kordzadze, R. Demetrashvili 

(R. Dvali Institute of Machine mechanics) 

 

Rezume: The results of experimental and thermo-dynamic researches of the diesel with turbo-supercharging in 

altitude conditions carried out in the altitude laboratory of the Institute of Machine Mechanics providing immitation of 

altitude conditions with extract value of each physical parameter of atmosphere in the limits of standard atmosphere are 

given in the work. Thus there are developed the methods and scientific bases of perfection of the engine being very im-

portant for solution of the scientific problem to increase quality of motor tractor engines at operation in conditions of 

high mountains and hot climate.  

 

 

МАШИНОСТРОЕНИЕ 

ЭКСПЕРИМЕНТАЛЬНЫЕ И ТЕРМОДИНАМИЧЕСКИЕ ИССЛЕДОВАНАНИЯ 

ДИЗЕЛЬНЫХ ДВИГАТЕЛЕЙ С ТУРБОНАДДУВОМ В ВЫСОТНЫХ УСЛОВИЯХ 

Б.И. Кордзадэе, Р.С. Деметрашвили 

(Институт механики машин им. Р. Двали) 

 

Резюме: В статье приведены реэультаты экспериментальных и термодинамических исследований 

дизеля турбонаддувом в высотных условиях. При этом разработаны методы и научные основы совер-

шенствования двигателя, имеющие важное значение в решении крупной научной проблемы повышения 

эксплуатационных качеств автотракторных двигателей при работе в условиях высокогорья и жаркого 

климата.  
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eleqtromanqanaTmSenebloba 

 

 

didCqaruli da eleqtrousafrTxo eleqtromeqanikuri xelsawyoebis 

daproeqtebis koncefcia 

a. rikrikaZe 

(r. dvalis manqanaTa meqanikis instituti) 

 

msoflio samrewvelo bazris moculoba yovelwliurad ivseba axali eleqtro-

meqanikuri (em) xelsawyoebis nomenklaturiT. praqtikulad ar arsebobs mrewvelobis 

sfero, sadac igi ar poulobdes farTo gavrcelebas. es sferoebia: kosmonavtika, aviacia, 

samTogeologiuri (qvanaxSiris), bioqimiuri, kvebis, samSeneblo, saerTo mrewveloba, 

soflis meurneoba, medicina, sayofacxovrebo sfero da sxv.  

em xelsawyoebis teqnikur dones mniSvnelovnad gansazRvravs amZravi eleqtroZravas 

teqnikuri done, romelic warmoadgens xelsawyoebis ZiriTad da yvelaze ZviradRirebul 

kvanZs. aRniSnul xelsawyoebSi ZiriTadad gamoiyeneba didCqaruli koleqtoruli eleqtro-

Zravebi (keZ), romelTa rotoris brunviTi siCqare ar aRemateba 24000 br/wT-s, xolo nomina-

luri simZlavre–1200 vt-s. Tu gadavxedavT msoflios ganviTarebuli saxelmwifoebis mier 

warmoebul em xelsawyoebს, romlebSic gamoyenebulia keZ, advili misaxvedria, rom saqme 

exeba Warb warmoebas (did konkurencias), meore mxriv, aRniSnuli produqcia rac ar unda 

cnobili firmebis mier iyos damzadebuli, mainc naklebsaimedoa da SedarebiT xSirad ga-

modis mwyobridan. amitom momxmarebeli eZebs saimedo em xelsawyoebs, magram aseTi xelsaw-

yoebi ZiriTadad samxedro mrewvelobasa da specteqnikaSi gamoiyeneba, anu Znelad 

saSovnelia.  

Tanamedrove daproeqtebis etapze em xelsawyoebs waeyenebaT mkacri moTxovnebi: eleq-

trousafrTxoeba, saimedooba, Sesabamis klimatur pirobebSi xangrZlivad da usafrTxod 

muSaobis unari, brunTa ricxvis mdovre regulireba, mcire masa da gabarituli zomebi, 

naklebi xmauri da TviTRirebuleba, esTetikuri da ergonomikuli moTxovnebi. am CamonaT-

validan ganvixiloT ZiriTadad teqnikuri moTxovnebi: 

eleqtrousafrTxoeba. evropasa da postsabWoTa sivrceSi mkvebavi Zabvis sidided 

ZiriTadad sayofacxovrebo teqnikaSi miRebulia 220 v, xolo avstraliaSi – 240 v, magram 

eleqtrousafrTxoebis mxriv maTi gamoyeneba ar aris mizanSewonili. am dros rogorc 

postsabWoTa, ise evrostandarti – samSeneblo, soflis meurneobis, mecxoveleobis da 

samedicino sferoSi krZalavs aseTi sididis Zabvis gamoyenebas da es sidide maT mier 

SezRudulia 50 v-iT. kerZod, zemoaRniSnul sferoebSi mkvebavi Zabvis sidided Sesabamisad 

miRebulia 42, 36 da 24 v. am mxriv logikurad ismis kiTxva, ra daaSava sayofacxovrebo 

teqnikis momxmarebelma? aq, erTi mxriv, saxelmwifo standartebis SeqmnaSi monawile orga-

nizaciebs SeuZliaT Tavi imarTlon im motiviT, rom am sferoSi em xelsawyoebis 

damzadeba daSvebulia mxolod ormagi izolaciiT, rac aramarTebulia, vinaidan es 

`ormagi~ izolacia metnaklebad swrafad SeiZleba daziandes (gansakuTrebiT 

eleqtroqselSi SesaerTebeli sadeni), amitom am sferoSic Zabvis sidide ar unda 

aRematebodes 50 v-s, vinaidan adamianis sicocxlesTan gvaqvs saqme. 

Tu ganvixilavT eleqtroenergiis ganawilebis istorias sacxovrebel saxlebSi, 

aRmovaCenT, rom postsabWoTa sivrceSi 1965 wlamde eleqtroqselSi Zabvis sidide iyo 127 v, 
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rac SedarebiT nakleb safrTxes Seicavda. Semdgom aRniSnuli sidide gazardes 220 v-mde 

(ramac safrTxe kidev ufro gazarda), rac gamowveuli iyo moxmarebuli eleqtroenergiis 

simZlavris gazrdiT, meore mxriv, spilenZis sadenis iaffasiani aluminis sadeniT 

SecvliT. aRsaniSnavia, rom aSS-Si aRniSnuli Zabvis sidide dRemde 110 v-ia.  

Tu SevadarebT did siCqaresa da dabal Zabvaze momuSave rogorc mudmivi, ise cvladi 

denis koleqtorul Zravas imave siCqaresa da imave sididis Zabvaze momuSave asinqronul 

Zravas, anu rogorc mas uwodeben momatebuli sixSiris asinqronul Zravas (msaZ), eleq-

trousafrTxoebis TvalsazrisiT msaZ gacilebiT usafrTxoa, Tanac miT ufro, rac ufro 

metia mkvebavi denis sixSire. e.w. skin efeqtis mixedviT, rac ufro izrdeba denis sixSire, 

eleqtrodeni miT ufro sxeulis zeda SreebSi gadis da igi adamianisaTvis praqtikulad 

SeugrZnobelia. 

swored eleqtrousafrTxoebis mizniT unda iyos ganpirobebuli is faqti, rom am 

bolo aTi wlis ganmavlobaSi wamyvani evropuli firmebi aRniSnul em xelsawyoebs ukve 

amzadeben dabalians, kerZod: 6; 9; 12; 14; 18; 24 da 36 v-ians, romelTac akumulatoruli 

xelsawyoebi ewodebaT. sakiTxis aseTi gadawyveta aadvilebs maT moxmarebas, vinaidan eleq-

troqselis sadeni ukve saWiro aRar aris, rac gacilebiT zrdis eleqtrousafrTxoebas. 

sakiTxis aseTma gadawyvetam ganapiroba maTi popularoba da msoflio bazarze damkvid-

reba. magram xarisxiani akumulatoruli eleqtroxelsawyoebi jerjerobiT ZviradRirebu-

lia da muSaobis xangrZlivoba SezRudulia akumulatoris simZlavris gamo. ufro meti 

simZlavris miReba am etapze SeuZlebelia, Tumca es problema albaT mogvardeba didi 

tevadobisa da mcire gabaritebis mqone akumulatorebis SeqmniT. 

saimedooba. eleqtroZravebis daaxloebiT 80%, romelic gamoiyeneba eleqtromeqa-

nikur xelsawyoebSi didCqarul kontaqtian, anu koleqtorul Zravebs warmoadgens. radgan 

maTi muSaobis principi dafuZnebulia meqanikur musakoleqtorul kontaqtze, amitom maTi 

saimedooba gacilebiT dabalia da muSaobis xangrZlivoba saSualod 1000–1500 sT-s ar 

aRemateba. msaZ-Tan SedarebiT, maTi muSaobis xangrZlivoba 3–4-jer naklebia. radgan 

akumulatoruli em xelsawyoebic Seicavs koleqtorul eleqtroZravebs, Sesabamisad, maTi 

saimedoobac dabalia. 

klimaturi pirobebi. koleqtoruli Zravebis funqcionireba sxvadasxva klimatur 

pirobebSi musakoleqtoris gamo praqtikulad SeuZlebelia. maTi funqcionireba mxolod 

zomier klimatur pirobebSi da Tanac gadaxurul SenobaSia dasaSvebi. 

mcire masa da gabarituli zomebi. es moTxovnebi ZiriTadad dakavSirebulia 

eleqtroZravas rotoris brunvis siCqaresTan. rac ufro metia brunvis siCqare, miT ufro 

naklebia eleqtroZravas masa da gabarituli zoma, magram brunviTi siCqare proporciul 

damokidebulebaSia saimedoobasTanac, vinaidan, rac ufro metia rotoris siCqare, miT 

ufro naklebia Zravas saimedooba, gansakuTrebiT Tu Zrava koleqtoruli tipisaa da თanac 

daxuruli konstruqciis. musasa da koleqtors Soris rotoris (Ruzis) brunvis dros 

warmoiqmneba naxSiris mcire nawilakebis mtveri, ramac garkveuli drois Semdeg SesaZloa 

gadafaros koleqtoris firfitebs Soris sivrce da gamoiwvios Ruzis xviebis mokle 

CarTva (Zravas mwyobridan gamosvla). 

xmauri. xmauri koleqtorul ZravebSi orgvaria: meqanikuri – sakisrebis burTula-

kebis separatorebSi gorviT gamowveuli da eleqtromagnituri – koleqtorze eleqtrona-

perwkliT (eleqtrorkaliT) gamowveuli, rac teleradio dabrkolebis wyaros warmoadgens. 

pirveli SesaZlebelia sakisrebis SezeTviT SevamciroT, xolo meore – Sesabamisi 

kondensatoris tevadobis sididis SerCeviT. meqanikuri xmauri msaZ–Si koleqtorulTan 

SedarebiT mcirea, xolo eleqtromagnituri praqtikulad umniSvneloa. 
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TviTRirebuleba. koleqtoruli Zravebis damzadebis teqnologia asinqronul Zraveb-

Tan SedarebiT rTuli da Sromatevadia, ris gamoc maTi TviTRirebuleba 2–3-jer metia. 

brunviTi siCqaris regulireba. koleqtoruli Zravebis upiratesoba asinqronul 

ZravebTan SedarebiT gamoixateba rotoris brunviTi siCqaris mdovred regulirebaSi. siCqa-

ris regulireba xorcieldeba martivi, e.w. amplituduri, meTodiT (Zabvis sididis regu-

lirebiT), xolo asinqronul ZravebSi _ denis sixSiris regulirebiT, rac SedarebiT 

rTulia. 

zemoT CamoTvlili teqnikuri moTxovnebis dakmayofileba SesaZlebelia mxolod msaZ-s 

gamoyenebiT (mokled SerTuli rotoriT), kerZod, rogorc or-, ise samfaziani Zravasi, 

Tumca orfazianis gamoyeneba ukeTesia, vinaidan mTlianobaSi misi TviTRirebuleba ufro 

naklebia, saimedooba ki SedarebiT maRali. am ukanasknelSi naxevargamtaruli kvebis wyaro 

_ sixSiruli gardamqmneli, konstruqciulad SedarebiT martivia. igi unda damzaddes ara 

umetes 50 v Zabvaze, rac mis maRal eleqtrousafrTxoebas uzrunvelyofs, da mas praq-

tikulad yvela klimatur pirobebSi SeuZlia imuSaos da ganaviTaros maRali wiruli 

siCqareebi, amasTan teleradio dabrkolebas ar warmoqmnis ukontaqto muSaobis gamo, 

Tanac rotoris balansireba SedarebiT gaadvilebulia. amJamad dadga dro da auci-

lebloba damuSavdes proeqtebi didCqaruli msaZ–isa, romlebic Semdgom warmoebaSi iqneba 

CaSvebuli da aTvisebuli axla ukve sayofacxovrebo da samedicino teqnikis gansavi-

Tareblad, romelTa nomenklaturaSi Sedis xelsawyoebis sakmaod farTo speqtri [1]. 

msaZ ukve 50–60 welia gamoiyeneba kosmosur da saaviacio teqnikaSi rogorc Zalur 

amZravebad da ventilatorebad, aseve amZravebad _ qvanaxSiris mrewvelobaSi _ maRaroebSi, 

eleqtrosaxvret da saxex manqanebSi; mSeneblobaSi _ kedlebis cementiT Sesales man-

qanebSi; soflis meurneobaSi _ balaxisa da buCqebis saTib-sakreW manqanebSi, warmatebiT 

gamoiyeneba mecxoveleobaSi cxovelebis sapars manqanebSi. maTi mkvebavi Zabva ar aRemateba 

Sesabamisad 42 da 36 v-s, xolo kosmosur teqnikaSi mkvebavi denis sixSirea – 1000 hc, 

aviaciaSi 400–500 hc, mSeneblobis, soflis meurneobis da mecxoveleobis sferoSi 200 hc. 

SeiZleba iTqvas, rom dRemde eleqtroZravebis daproeqtebis ori koncefcia arsebobs: 

pirveli ganekuTneba 1960 wlamde periods, romlisTvisac damaxasiaTebelia mcire magnitu-

ri datvirTvebi da brunviTi siCqareebi ≤ 8000 br/wT, rac ganpirobebuli iyo eleqtroteq-

nikuri, saizolacio da konstruqciuli masalebis dabali teqnikuri TvisebebiT, amitom 

eleqtroZravas moculoba da masa gacilebiT didi gamodioda, miT umetes, rom iZulebiTi 

gagrilebis sistema gamoyenebuli ar iyo. es gansakuTrebiT sayofacxovrebo teqnikis 

sferos exeba. 

1960 wlidan TandaTanobiT gaumjobesda teqnikuri Tvisebebis mqone rogorc aqtiuri 

da saizolacio, ise konstruqciuli masalebi, xolo 1980–iani wlebidan maTma ganviTarebam 

intensiuri xasiaTi miiRo, rac gamovlinda axali, SedarebiT Tanamedrove eleqtroZravebis 

mTeli seriis daproeqtebasa da aTvisebaSi. zemoaRniSnuls xeli Seuwyo didCqaruli 

sakisrebis aTvisebamac, romelTa brunvis siCqarem 25000 br/wT-s miaRwia, amasTan erTad 

daixvewa daproeqtebis e.w. meore koncefcia, romlisTvisac damaxasiaTebelia didi 

magnituri datvirTvebi, didi siCqareebi da iZulebiTi gagrilebis sistemebi (haeriT an 

siTxiT), ramac sagrZnoblad Seamcira eleqtroZravas masa da moculoba.  

zemoT moyvanili daproeqtebis orive koncefcia struqturulad SeiZleba Semdeg-

nairad warmovadginoT: 
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koncefcia #1 

mcire magnituri 

datvirTvebi 

Bδ*=0.20-0.45 tesla 

brunviTi siCqare  

≤8.000 br/wT 

mkvebavi Zabva 

127 v 

iZulebiTi 

gagrilebis 

sistemis gareSe 

*Bδ aris magnituri induqcia statorsa da rotors Soris RreCoSi. 

 

koncefcia #2 

didi magnituri datvirTvebi  

Bδ=0.35-0.70 tesla 

didi 

siCqareebi 

>8.000 br/wT 

mkvebav-

Zabva 

220 v 

iZulebiTi 

gagrilebis sistema  

(haeri; siTxe) 

 

XXI saukunis dasawyisisaTvis gacilebiT gaumjobesda zemoaRniSnuli aqtiuri, saizo-

lacio da konstruqciuli masalebis teqnikuri Tvisebebi, damuSavda sakisrebis konst-

ruqciebi, romelTa siCqarem 40000–60000 br/wT-s miaRwia, rac Cveni daproeqtebis koncefciis 

N#3 safexurze gadasvlis saSualebas iZleva, kerZod, unda daakmayofilos momxmareblis 

Semdegi moTxovnebi: maRali eleqtrousafrTxoeba, SedarebiT maRali saimedooba, dabali 

TviTRirebuleba, SedarebiT mcire masa da moculoba. am moTxovnebis Sesasruleblad 

uzrunvelyofili unda iqnes mcire magnituri datvirTvebi, dabali mkvebavi Zabva (ara 

umetes 50 v), gansakuTrebiT didi siCqareebi _ 12000–60000 br/wT da muSaoba iZulebiTi 

gagrilebis sistemis gareSe, romlis struqturac Semdegnairad warmogvidgeba: 
 

koncefcia #3 

 

dabali magnituri 

datvirTvebi 

Bδ=0.20-0.45 tesla 

 

gansakuTrebiT didi 

siCqareebi 

> 12000 br/wT 

mkvebavi Zabva 

≤ 50 v 

iZulebiTi gagrile-

bis sistemis gareSe 

 
zemoaRniSnuli konstruqciuli sistema saSualebas iZleva rotoris brunvis siCqare 

gazrdil iqnes 60000 br/wT–mde, gabaritebisa da masis Seucvlelad miviRoT gacilebiT 

meti simZlavre, anu didi kuTri simZlavre. aseTi didi brunvis siCqare gamoiwvevs 

rotoris TviTdacentrebas, rac dadebiTad imoqmedebs mis muSaobis unarze. Cven mier 

SemuSavebuli daproeqtebis koncefcia garkveulwilad efuZneba winamorbedi koncefciebis 

hibridul SekavSirebas. es koncefcia iZleva saSualebas msaZ–s daproeqtebisas aqtiur 

eleqtroteqnikur masalad gamoyenebul iqnes samrewvelo sixSireze (50hc) momuSave 

aqtiuri masala, romlis sisqe – 0,5mm-ia 200–400hc sixSiris dros, xolo 500–1000hc-is dros 

misi sisqe 0,35 mm-ia, rac amartivebs misi damzadebis teqnologias da amcirebs 

TviTRirebulebas. 

dReisaTvis Cven mier eskizuri proeqtis doneze damuSavda da damzadda originaluri 

konstruqciis didCqaruli (24000–30000 br/wT) momatebuli sixSiris (400–500 hc) samfaza, 

mcire simZlavris (80–100 vt-is) asinqronuli mokled SerTulrotoriani Zrava rotoris 

konsoluri ganlagebiT statoris korpusis mimarT, romelic ar saWiroebs gagrilebis 

sistemas da arc sakisrebs esaWiroeba cirkulaciuri SezeTvis sistema, xolo misi ro-

toris statorTan SeTanwyoba dRemde arsebul ZravebTan SedarebiT Zalze gamartivebulia. 
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Cven mier Seqmnil msaZ-s lilvze SesaZlebelia pirdapir iqnes dasmuli muSa organo 

(xelsawyo) yovelgvari meqanikuri gadacemebis gareSe, rac Zlier amartivebs mTlianobaSi 

manqana-xelsawyoebis konstruqcias. aRniSnuli konstruqciis gamoyeneba SesaZlebelia: tur-

bogeneratorebSi, eleqtroventilatorebSi, eleqtroxerxebSi, eleqtrosaTibelebSi, eleqt-

romiqserebSi, yavis eleqtrosafqvavebSi, eleqtrocentrifugebSi eleqtrosaSrobebSi, turbo-

kompresorebSi, manqanuri sixSiris gardamqmnelebSi, xis eleqtrosafrezebSi, eleqtrosa-

xexebSi, eleqtroseparatorebSi, eleqtroSalaSinebSi, wyalqveSa navebis turboZravebSi, 

eleqtroSpindelebSi. 

 

 
 

konsoluri konstruqciis mqone eleqtrousafrTxo msaZ  

 

  

naxazze naCvenebia #3 koncefciis safuZvelze Cven mier damuSavebuli da dam-

zadebuli konsoluri konstruqciisa da gazrdili eleqtrousafrTxoebis xarisxis mqone 

msaZ. 
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eleqtromanqanaTmSenebloba 

didCqaruli da eleqtrousafrTxo eleqtromeqanikuri xelsawyoebis 

daproeqtebis koncefcia 

a. rikrikaZe 

(r. dvalis manqanaTa meqanikis instituti) 
 

reziume: statiaSi ganxilulia didCqaruli eleqtroZravebi, romlebic gamoiyeneba 

eleqtromeqanikuri xelsawyoebis amZravebad; Catarebulia koleqtoruli da momatebuli 

sixSiris asinqronuli Zravebis SedarebiTi teqnikur-ekonomikuri analizi. gansakuTrebuli 

yuradRebaa gamaxvilebuli eleqtrousafrTxoebasa da TviTRirebulebaze. gaweulia reko-

mendacia eleqtromeqanikur xelsawyoebSi dabal Zabvasa ( 50 v) da maRal siCqareebze ( 60000 

br/wT) momatebuli sixSiris asinqronuli Zravebis gamoyenebaze. aRniSnul Zravebze daproeq-

tebis axali koncefciaa warmodgenili, romelic saSualebas iZleva miviRoT eleqtrousaf-

rTxo, dabali TviTRirebulebis, mcire masisa da gabaritebis mqone asinqronuli Zravebi. 

damuSavebuli da damzadebulia 100 vt simZlavris didCqaruli (30000 br/wT) da eleqt-

rousafrTxo (Zabva -_ 42 v) maRalsixSiruli asinqronuli Zrava #3 koncefciis safuZvelze 

yovelgvari gagrilebis sistemis gareSe. 

 

ELECTRICAL MACHINEBUILDING 

THE CONCEPTION OF DESIGNING OF HIGH-SPEED AND ELECTRICAL SAFETY OF 
ELECTROMECHANICAL DEVICES 

A. Rikrikadze 

(R. Dvali Institute of Machine mechanics) 
 

Resume: There are considered the high speed electric engines, with drive the electro mechanical devices. Comparative 

technical-economic analysis between the collector and asynchronous electric engines with a short-circuit rotor of increased 

frequency is carried out. Special attention is paid to technical demands on electrical safety and price. The recommendation is 

given to make electromechanical devices of low voltage  50 wet and on high speed  60.000 r/min. For projecting there is 
offered a new conception giving possibility to obtain high electric safety, low price, small mass and dimensions. 

Corresponding to conception N3 there was developed and made the high-speed electric engine (30 000 r/min) of 

increased electric safety (42 V) with power 100 Wt without cooling systems. 

 
 

ЭЛЕКТРОМАШИНОСТРОЕНИЕ 

КОНЦЕПЦИЯ ПРОЕКТИРОВАНИЯ ВЫСОКОСКОРОСТНЫХ И 
ЭЛЕКТРОБЕЗОПАСНЫХ ЭЛЕКТРОМЕХАНИЧЕСКИХ ПРИБОРОВ 

А. Рикрикадзе 

(Институт механики машин им. Р. Двали) 
 

Резюме: В статье рассмотрены высокоскоростные электродвигатели, которые предназначены для 
привода электромеханических приборов. Проведен сравнительный технико-экономический анализ между 
коллекторными и асинхронными электродвигателями с короткозамкнутым ротором повышенной частоты. 
Особое внимание уделено техническим требованиям на электробезопасность и себестоимость. Дана реко-
мендация для изготовления электромеханических приборов на низком напряжении 50 В и на высоких ско-
ростях  60.000 об/мин. Для их проектирования предложена новая концепция, дающая возможность получения 
высокой электробезопасности, низкой себестоимости, малой массы и габаритов.  

В соответствии с концепцией №3 разработан и изготовлен высокоскоростной электродвигатель (30 000 
об/мин) повышенной электробезопасности (42 В) мощностью 100 Вт без применения систем охлаждения. 
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eleqtromanqanaTmSenebloba 

 

 

universaluri benzoeleqtrogeneratori 

a. rikrikaZe, a. SermazanaSvili 

(r. dvalis meqanikis instituti)  

 

sxvadasxva konstruqciisa da saxeobis (mcire, saSualo da didi simZlavris) avtono-

miuri benzoeleqtrogeneratorebi gamoiyeneba ZiriTadad iq, sadac ar gagvaCnia eleqtri-

ficirebuli qseli. amJamad ganvixilavT mxolod 0,5–1 kvt simZlavris benzoeleqtrogene-

ratorebs.*  

msoflioSi sxvadasxva firmis mier iwarmoeba sayofacxovrebo daniSnulebis, maT So-

ris 220 v cvladi Zabvisa da 50/60 hc sixSiris benzoeleqtrogeneratorebi; magaliTad, ru-

seTis zogierTi specializebuli sawarmo uSvebs momatebuli sixSiris (400 hc) da 115 v 

Zabvis mqone benzoeleqtrogeneratorebs savele pirobebisaTvis (samxedro daniSnulebiT 

sxvadasxva specaparaturis avtonomiuri deniT kvebisaTvis da sxv). maTi simZlavrea 0,5 kvt, 

xolo masa _ 22 kg (sawvavis gareSe). amave daniSnulebiT awarmoeben aseve 24–30 v Zabvis 

mqone mudmivi denis benzoeleqtrogeneratorebsac. isini gamoiyeneba akumulatorebis dasa-

muxtavad. maTi simZlavre ar aRemateba 1 kvt-s. 

Catarebul iqna mcire simZlavris benzoeleqtrogeneratorebis analizi. zogierT 

maTganSi eleqtrogeneratorad gamoyenebulia kontaqtiani sinqronuli generatori, zogSi 

ki _ mudmivmagnitebiani ukontaqto sinqronuli generatori. kontaqtiani sinqronuli gene-

ratori naklebsaimedoa, vinaidan igi konstruqciulad Seicavs sakontaqto rgolebsa da 

naxSirian musas, iwvevs teleradio dabrkolebas. rac Seexeba mudmivmagnitebian ukontaqto 

sinqronul generators, igi SedarebiT Zvirad Rirebulia; amasTan, masSi gamoyenebuli mud-

mivi magniti myifea da meqanikurad msxvrevadi. igi SeiZleba ganmagnitdes, rac gamoiwvevs 

eleqtrogeneratoris muSaobis reJimidan amovardnas an misi simZlavris Semcirebas. mra-

valma ucxourma firmam bolo dros msoflio bazarze gamoitana benzoeleqtrogeneratore-

bi, romlebSic garda zemoaRniSnulisa, eleqtrogeneratorad gamoyenebulia ukontaqto 

sinqronuli generatorebi. Tu adre mxolod samxedro daniSnulebisaTvis iwarmoeboda 

mudmivi denis benzoeleqtrogeneratorebi, amJamad ukve aris maTi sayofacxovrebo mizniT 

gamoyenebis moTxovnileba. germanulma firma “hamerma” da iaponurma firma “hondam” gamouS-

va portatiuli universaluri tipis benzoeleqtrogeneratorebi, romlebic eleqtrogene-

ratoris gamosasvlelze erTdroulad iZleva rogorc cvlad, ise mudmiv dens. maTi sim-

Zlavre Seadgens 640 vt-s cvladi denis mxareze da 36 va-s (akumulatorebis dasamuxtavad) 

mudmivi denis mxareze. maTi masaa 18 kg. 

individualuri warmoebis doneze CvenTan xdeba aramarto eleqtrogeneratorebis da-

proeqteba, aramed misi damzadebac. Cveni azriT, eleqtrogeneratorad gamoyenebuli unda 

iqnes ara sinqronuli, aramed asinqronuli generatori (ag), vinaidan igi konstruqciulad 

da damzadebis teqnologiis TvalsazrisiTac martivia, amavdroulad _ Zalze saimedo, Tvi-

                                                            
* arsebobs agreTve e.w. portatiuli benzoeleqtrogeneratorebic, anu romelTa gadagoreba an gada-
tana SesaZlebelia xeliTac. maTi simZlavrea 0,25–0,5 kvt, xolo masa 18–25kg (sawvavis gareSe). 
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TRirebuleba ki dabalia. sainteresoa is faqti, rom misi damzadeba SesaZlebelia arsebuli 

asinqronuli Zravebis bazaze. amisaTvis saWiroa arsebuli asinqronuli Zravas generatorul 

reJimSi gadayvana da misi agznebisaTvis kondensatorebis tevadobis gaangariSeba. aseT 

SemTxvevaSi asinqronuli generatoris daproeqteba da damzadeba SedarebiT martivdeba. 

bolo 15 welia, rac saqarTvelos bazarze gamoCnda asinqronuli generatorebiT da-

kompleqtebuli benzoeleqtrogeneratorebi. maTSi agzneba xdeba kondensatorebiT. mis ro-

torSi Caxveulia orfaza gragnili, romelic mokled SerTulia naxevargamtaruli diode-

bis meSveobiT.  

 

 

 

 nax. 1. avtonomiuri asinqronuli generatoris agznebis erTi  

samfazagragniliani sqema. 1, 2, 3 _ asinqronuli generatoris gragnilis fazebi  

 

cnobilia avtonomiuri asinqronuli generatoris agznebis erTi samfazagragniliani 

sqema (nax. 1), sadac C kondensatoria, xolo 1, 2, 3 _ asinqronuli generatoris gragnilis 

fazebi. aseTi sqemiT praqtikulad SeuZlebelia asinqronuli generatoris agzneba, rodesac 

teqnikuri davaleba iTvaliswinebs dabali Zabvis miRebas, romlis sidide U ≤ 42 v-ze. aseTi 

dabali Zabvis miReba SesaZlebelia cnobili agznebis ori samfazagragniliani sqemiT, ro-

melic naCvenebia me-2 nax-ze, sadac 1, 2, 3 asinqronuli generatoris agznebis gragnilis fa-

zebia, xolo 1', 2', 3' _ muSa gragnilis fazebi. agznebis gragnilze kondensatorebia mierTe-

buli, xolo muSa gragnilidan xorcieldeba simZlavris moxsna (datvirTvis mierTeba). 

 

 
 

nax. 2. avtonomiuri asinqronuli generatoris agznebis  

ori samfazagragniliani sqema  
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Cveulebriv, rogorc wesi, asinqronuli generatoris advilad aRsagznebad statori 

unda akmayofilebdes pirobas 2Р≥6, sadac 2Р statoris polusTa ricxvia. aseT SemTxvevaSi 

statoris magnituri gamtaris uRlis simaRle SedarebiT naklebi sididisaa orpolusa 

konstruqciasTan SedarebiT, rac ganapirobebs agznebisaTvis statorSi erTi da imave 

gragnilis xviebis SemTxvevaSi magnitur gamtarSi magnituri induqciis saWiro mniSvnelo-

bis miRebas.  

Cven mier Catarebuli kvlevebis safuZvelze davadgineT, rom asinqronuli generato-

ris agznebis advilad miReba SesaZlebelia im SemTxvevaSic, rodesac statoris polusTa 

raodenoba 2Р<6. am ukanasknelis miRweva SesaZlebeli gaxda martivi xerxiT, kerZod, muSa 

gragnilisaTvis sami funqciis miniWebiT: 1. muSa gragnilis, 2. damatebiTi agznebis da 3. 

Zabvis stabilizaciis funqcia. me-3 nax-ze naCvenebia asinqronuli generatoris agznebis 

martivi sqema, rodesac 2Р<6.  

 

 
 

nax. 3. asinqronuli generatoris agznebis  

gamartivebuli sqema 

 

Cven eskizuri proeqtis doneze arsebuli mokled SerTulrotoriani seriuli asin-

qronuli Zravas bazaze damuSavebuli da damzadebuli gvaqvs sacdeli samfaza rogorc sa-

mrewvelo sixSiris (50 hc), aseve momatebuli sixSiris (200–400 hc) universaluri asinqro-

nuli generatori kondensatoruli agznebiT (simZlavre _ 0,7 kvt).  

asinqronuli generatoris amZravad sasurvelia gamoyenebul iqnes romelime ganviTa-

rebuli qveynis firmis mier warmoebuli benzinis Zrava. ucxouri asinqronuli generatore-

bisagan gansxvavebiT, Cven mier SemuSavebuli varianti konstruqciulad martivia, radgan, 

rogorc zemoT aRvniSneT, igi mzaddeba arsebuli seriuli asinqronuli Zravas bazaze, anu 

igi axal konstruqciul damuSavebas ar moiTxovs da Tanac rotorze specialuri orfaza 

gragnilis daxvevas ar saWiroebs. aq Cveulebrivi mokled SerTuli asinqronuli Zravas 

rotoria gamoyenebuli Seucvlelad. rac Seexeba stators, masSi daxveulia ori samfaza 

gragnili, romelTa Soris transformatoruli kavSiria. aseTi ori samfazagragniliani 

statori saSualebas iZleva saWiroebis SemTxvevaSi miviRoT praqtikulad nebismieri sidi-

dis dabali Zabva (12–24–36–42 v), rac erT samfazagragnilian statorSi praqtikulad SeuZ-

lebelia, vinaidan Seiqmneba generatoris agznebis problema, radgan dabali Zabvis 
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SemTxvevaSi kondensatorebis simZlavre Zabvis kvadratis proporciulad mcirdeba da, Sesa-

bamisad, agznebisaTvis saWiro denis sidide sakmarisi aRar iqneba.  

generatoris gamomavali Zabvis stabilizaciisaTvis Cven mier SemuSavebulia martivi 

xerxi; kerZod, or samfazagragnilian sqemaSi arsebul muSa gragnils eniWeba damatebiTi 

agznebis funqcia, rac asinqronuli generatoris gadatvirTvis SemTxvevaSi generirebuli 

Zabvis stabilizaciis funqcias Seasrulebs. amisaTvis muSa gragnils К CamrTvelis meS-

veobiT Sesabamisi sididis kondensatorebi unda mivuerToT, rac agznebis denis gazrdasa 

da asinqronuli generatoris momWerebze Zabvis momatebas, anu stabilizacias, gamoiwvevs. 

Tu saWiroebis SemTxvevaSi miRebul Zabvas gavmarTavT, miviRebT mudmiv Zabvas, rac ben-

zoeleqtrogenerators universalur xasiaTs SesZens.  

arsebul benzoeleqtrogeneratorebSi deniT gadatvirTvis SemTxvevaSi eleqtrogene-

ratorebSi gamoyenebulia avtomaturi eleqtronuli dacva. Cvens konstruqciaSi aseTi dac-

va saWiro ar iqneba, vinaidan asinqronul generators aqvs SesaniSnavi Tviseba: Tu igi 

sworadaa gaangariSebuli, misi gadatvirTvis SemTxvevaSi generatoris eleqtromagnituri 

veli (anu misi agzneba) avtomaturad Tavad gaqreba da generatori mwyobridan ar gamova. am 

dros generatoris gamosasvlelze Zabva nulis toli gaxdeba. rogorc ki datvirTva momx-

mareblis mxridan normalur farglebSi aRdgeba, generatoris gamosasvlelze Zabva isev 

normas daubrundeba. 

unda aRiniSnos, rom Zalze didi mniSvneloba aqvs generirebuli kvebis wyaros Zabvis 

formas, romelic miaxloebuli unda iyos sinusoidis formasTan. sinqronuli generatori-

sagan gansxvavebiT, swored aseTi sinusoiduri forma aqvs asinqronuli generatoris mier 

generirebul Zabvas. 

aqve SevniSnavT, rom kondensatoruli agznebiT asinqronuli generatoris gamarTuli 

Zabvis xarisxi naklebi pulsaciis gamo ufro maRalia, vidre sinqronul generatorebSi, 

rac kondensatorebis arsebobiT aris ganpirobebuli. sinqronul generatorebSi, rogorc 

wesi, agznebis gragnili rotorzea ganlagebuli, asinqronul generatorebSi ki _ stato-

rSi, rac amartivebs konstruqcias da rotoris balansirebas. es ki rotoris siCqaris 

gazrdis saSualebasac iZleva, rac gamoiwvevs imave gabaritebSi simZlavris gazrdas. 

me-4 nax-ze naCvenebia Cven mier daproeqtebuli da damzadebuli sacdeli benzoeleq-

trogeneratori asinqronuli mokled SerTulrotoriani generatoris gamoyenebiT arsebu-

li seriuli samfaza asinqronuli Zravas 4АА63В4–У3–is bazaze.  

 

benzoeleqtrogeneratoris parametrebia: 

nominaluri simZlavre – 0,7kvt; 

nominaluri samfaza Zabva – 220/36 v; 

nominaluri denis sixSire – 200 hc; 

brunvis siCqare – 6 000 br/wT; 

masa ara umetes (sawvavis gareSe) – 22 kg; 

 

zemoaRniSnuli benzoeleqtrogeneratoris sqema SesaZloa gamoyenebul iqnes rogorc 

samoqalaqo, aseve samxedro daniSnulebiT, sayofacxovrebo da specaparaturis, agreTve sa-

transporto saSualebebis eleqtroZrava-borblebis kvebisaTvisac. 
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nax. 4. samfaza asinqronuli Zravas  

4АА63В4–У3-is bazaze damzadebuli benzoeleqtrogeneratori 
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eleqtromanqanaTmSenebloba 

universaluri benzoeleqtrogeneratori 

a. rikrikaZe, a. SermazanaSvili  

(r. dvalis manqanaTa meqanikis instituti)  

 

reziume: statiaSi mocemulia arsebuli mcire simZlavris avtonomiuri benzoeleqtro-

generatorebis konstruqciebis SedarebiTi analizi. ganxilulia asinqronuli eleqtro-

generatorebis kondensatoruli agznebis problema eleqtrogeneratoris momWerebze dabali 

Zabvis (U ≤ 42 v) SemTxvevaSi da SemoTavazebulia agznebis martivi ori samfazagragniliani 

sqema, romelic erTdroulad asrulebs gamosasvleli Zabvis stabilizaciis funqciasac. 

 

 

E ELECTRIC MACHINE BUILDING 

MULTIPLE-PURPOSE PETROL POWER GENERATOR 

A. Rikrikadze, A. Shermazanashvili 

(R. Dvali Institute of Machine mechanics) 

 

Resume: There is carried out comparative analysis of existed constructions of autonomous petrol electric power 

generators of low power. There are considered the problems of the condenser of excitation of electric generators at low 

output voltage and is offered simple two three-phase winding schemes of excitation promoting simultaneously stabiliza-

tion of output voltage. 

 

 

ЭЛЕКТРОМАШИНОСТРОЕНИЕ 

УНИВЕРСАЛЬНЫЙ БЕНЗОЭЛЕКТРОГЕНЕРАТОР 

A. Рикрикадзе, А. Шермазанашвили 

(Институт механики машин им. Р. Двали) 

 

Резюме: В статье проведен сравнительный анализ существующих конструкций автономных бензоэ-

лектрогенераторов малой мощности; рассмотрены вопросы, связанные с проблемой конденсаторного возбуж-

дения электрогенераторов при низких значениях выходных напряжений U≤42В. Предложена простая схема с 

двумя трехфазными обмотками возбуждения, способствующая одновременной стабилизации выходного 

напряжения.  
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eleqtromanqanaTmSenebloba 

 

 

eleqtroZrava-borbali satransporto saSualebebisaTvis 

†a. nozaZe, a. rikrikaZe, a. SermazanaSvili, a. sulaZe 

(r. dvalis manqanaTa meqanikis instituti) 

 

mrewvelobis sxvadasxva sferoSi warmatebiT gamoiyeneba eleqtroamZravebiani manqanebi 

_ eqskavatorebi, amweebi, skreperebi, buldozerebi, greiderelevatorebi, eleqtrosaburRi 

danadgarebi, rotoruli Txrilis eqskavatorebi, miwis saTxrel-safrezi manqanebi, gamwevi 

satransporto saSualebebi da sxv., romelTac aqvT avtonomiuri kvebis wyaro. zemoT CamoT-

vlil manqana-danadgarebSi pirvelad Zravas metwilad warmoadgens dizeli. am manqanebSi 

zRvrul sididemdea Semcirebuli maTi masa da gabarituli zomebi, raTa martivad SeZlon 

kompaqturad da mobilurad funqcionireba. dRes am miznis miRweva SesaZlebelia eleqtruli 

manqanebiT, romelTa marTva Zabvis sixSiruli regulirebiT xorcieldeba. firma `delqo re-

mi~-m (aSS) jer kidev wina saukunis dasawyisSi Seqmna samRerZiani satvirTo avtomobili. igi 

aRWurvilia maRalsixSiruli generatoriT, romelic moZraobaSi modis karburatoriani Zra-

vaTi. avtomobilis borblebSi Cayenebulia asinqronuli, mokled SerTulrotoriani (amSr) 

Zrava. maTi brunvis siCqaris regulireba xdeba sixSiruli gardamqmnelidan 6–400 hc-mde di-

apazonSi. TiToeuli Zrava muSaobs calkeuli statikuri gardamqmnelis meSveobiT. 

belorusSi Seiqmna samxedro daniSnulebis 120 t tvirTamweobis avtomatarebeli be-

laz-549 v, romelsac 4 wamyvani borbali aqvs. am borblebSi Cayenebulia amSr–iani Zrava da 

maTi deniT kveba xorcieldeba sixSiruli gardamqmnelidan f=2–200 hc-is diapazonSi. avto-

matareblis moxvevisas sixSiruli marTvis gamoyenebiT marjvena da marcxena borblebi 

gansxvavebuli siCqariT amoZravdeba. dReisaTvis belorusiis qarxana `belazi~awarmoebs 75–

320 t tvirTamweobis avtomanqanebs, romlebSic gamoyenebulia 200 hc sixSiris eleqtroZra-

vebi Zrava-borblisaTvis. belorusis qarxanas aRniSnul Zravebs awvdis firma `simensi~. 

aSS-sa da safrangeTSi gasuli saukunis 60–ian wlebSi damzadda 400 hc sixSireze momuSave 

eleqtroZravebi avtobusebisaTvis. am etapze yvelaze Tanamedrove da srulyofil avtono-

miur eleqtrotransmisias asrulebs sistema, romelic Sedgeba dizel-generatorisagan, 

statikuri sixSiris gardamqmnelisa da eleqtroZravasagan. 

eleqtroZravebis avtonomiuri eleqtrogeneratoris meSveobiT muSaobis dros mkvebavi 

Zabva da denis sixSire SesaZloa mdovred regulirdebodes pirveladi Zravas (dizelis) 

siCqaris regulirebiTac. eleqtroZravebis gamoyeneba satransporto saSualebebSi zrdis 

ara marto saimedoobas, gamavlobasa da mwarmoeblurobas, aramed axdens misi momsaxurebis 

gamartivebas (diferencialis, siCqareTa kolofis, kardanuli lilvis da a.S. gamoricxviT) 

da  masis mniSvnelovan Semcirebas. 

eleqtroZrava unda akmayofilebdes iseT moTxovnebs rogoricaa: a) ukontaqto Se-

sruleba; b) mcire masa da gabarituli zomebi, rasac didi siCqareebi sWirdeba; g) klima-

turi pirobebi (mtveri, wyali, temperatura); d) brunviTi siCqaris regulirebis didi di-

apazoni. aRniSnuli moTxovnebi ganapirobebs konstruqciul Taviseburebebs. magaliTad, 

brunvis siCqaris regulirebis diapazoni gavlenas axdens optimaluri Zabvisa da sixSiris 

sidideze, konstruqciul, saizolacio da eleqtromagnitur masalebze. 

eleqtromanqanaTmSeneblobis winaSe dgas Semdegi amocana – Zrava-borblebisaTvis 

unda Seiqmnas Tanamedrove eleqtroZrava, romelic gamoyenebuli iqneba mobilur sat-
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ransporto saSualebebSi. am miznis misaRwevad Catarda arsebuli eleqtroZravebis kon-

struqciebis gamokvleva, romlebic gamoiyeneba saavtomobilo mrewvelobaSi, aseve ialqnian 

navebsa da mTvaremaval satransporto saSualebebSi. CavatareT yvela arsebul eleqtro-

Zravaze kompleqsuri analizi maTi dadebiTi da uaryofiTi mxareebis gaTvaliswinebiT. 

mTeli rigi eleqtroZravebi, kerZod, mudmivi denis mudmivmagnitebiani da cvladi denis 

eleqtroZravebi dRes warmatebiT gamoiyeneba zemoaRniSnuli meqanizmebis amZravebad. mud-

mivi denis mudmivmagnitebiani Zravebi iyofa kontaqtian da ukontaqto eleqtroZravebad, 

xolo cvladi denis eleqtroZravebi _ sinqronul mudmivmagnitebian da amSr-ian Zravebad. 

mudmivi denis kontaqtian eleqtroZravebs miekuTvneba koleqtoruli eleqtroZravebi. 

aseTia magaliTad, `agni motorsis~ (indoeTi) brtyeli Ria konstruqciis eleqtroZrava, rom-

lis masaa 11 kg, brunTa ricxvi – 6000 br/wT, simZlavre – 6 kvt, Rirebuleba _ 1600 aSS dola-

ri; muSaobis reJimi savaraudod – xanmokle, ganmeorebiTi. igi gamodgeba robotebisa da sku-

terebisaTvis. misi gamoyeneba Zrava-borbalSi dauSvebelia Ria konstruqciis gamo. amasTan, 

axasiaTebs uaryofiTi Tviseba _ naperwklianoba da teleradio dabrkolebebi. xolo dadebiTi 

_ swrafad amuSavebis momenti da brunTa ricxvis mdovre regulireba did diapazonSi. rac 

Seexeba ukontaqto mudmivi denis mudmivmagnitebian eleqtroZravebs, isini miekuTvnebian Tana-

medrove eleqtroZravebs. maT rotorSi Cayenebulia rotoris mdebareobis gamwodi, xolo 

statorSi _ komutatori, romelic SedarebiT arTulebs eleqtroZravas konstruqcias. garda 

amisa, sirTules warmoadgens mudmivi magnitebis gamoyeneba iseT mZime pirobebSi, rogoricaa 

vibraciebi da meqanikuri dartymebi, aseve eleqtroZravas xSiri reversireba da damuxruWeba, 

gansakuTrebiT mudmivi magnitebis simyifis gamo SesaZloa moxdes maTi meqanikuri dazianeba 

(gabzarva), rac gamoiwvevs eleqtroZravas funqcionirebis nawilobriv Seferxebas an mTlianad 

Sewyvetas, miT umetes, Tu mudmivi magnitebi ganlagebulia rotorze. 

1-l nax-ze mocemulia cvladi denis samfaza sinqronuli mudmivmagnitebiani eleqtro-

Zravebis konstruqciebi (Txevadi gagrilebiT) troleibusis, avtobusis, metrosa da sxv. 

satransporto saSualebebisaTvis. am tipis eleqtroZravebs awarmoebs firmebi: “orioni” (a), 

“grin motor-sporti” (b), “evo eleqtriki” (g) da ”mavilori” (d). 

ruseTSi SemuSavebulia sinqronuli mudmivmagnitebiani Zrava-borblis integrirebuli 

konstruqciis proeqti (nax. 1, e) satvirTo avtomobilebisa da yvelganmavali transporti-

saTvis. 
 

  
 

a b g d e 

 

nax. 1. cvladi denis samfaza sinqronuli mudmivmagnitebiani eleqtroZravebis  
konstruqciebi Txevadi gagrilebiT.  

a – firma “orionis” (belorusi) eleqtroZrava (simZlavre – 7,5 kvt, brunvis  
siCqare 8000 br/wT, rotoris diametri – 160 mm, statoris diametri – 268 mm, masa – 15 kg);  

b – firma “grin motor sportis” eleqtroZrava (simZlavre – 18 kvt, Zabva – 48 v, brunvis siCqare _  
4000 br/wT, amuSavebis momenti – 45,5 nm, gabarituli zomebi – 202x236 mm, masa – 15,5 kg); g – firma  

“evo eleqtrikis” eleqtroZrava (simZlavre – 64 kvt, brunvis siCqare 8000 br/wT, amuSavebis  
momenti – 145 nm, gabarituli zomebi _  300x110 mm, masa – 30,5 kg); d – firma “maviloris”  
(espaneTi) eleqtroZrava (simZlavre – 4,3kvt, brunvis siCqare _ 3000 br/wT, amuSavebis  

momenti – 13,6 nm, gabarituli zomebi _ 300x110 mm, masa – 24 kg); e – reduqtoriani  
eleqtroZrava-borbali “415-nild” (ruseTi; simZlavre – 45 kvt,  

gabarituli zomebi – 830x240 mm, masa – 60kg)
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dReisaTvis mravali firma (“simensi” – germania, “miCelini” – safrangeTi, “akura” – 

iaponia, “proteineleqtriki” – inglisi, “eleqtrikautoteqnoloji” – italia-CineTi)  mu-

Saobs da zogi maTgani ukve awarmoebs kidec rogorc msubuqi, ise specdaniSnulebis avto-

mobilebisaTvis Zrava-borbals. esenia ZiriTadad mudmivi denis ukontaqto Zravebi. me-2 nax-

ze (a, b, g, d, e) naCvenebia zemoT CamoTvlili firmebis Zrava-borblis konstruqcia. 

 

 

   

a b g d e 

     

nax. 2. mudmivi denis mudmivmagnitebiani ukontaqto eleqtroZravebis konstruqciebi. 

a – “simensi”; b – “miCelini” (simZlavre – 55 kvt); g – “akura”; d – “protein eleqtriki” 

(simZlavre – 4 kvt); e – “eleqtrikautoteqnoloji” (simZlavre  – 4 kvt, Zabva – 72 v) 

 

rac Seexeba evropuli qveynebis sawarmoebs, isini ZiriTadad awarmoeben ukontaqto 

mudmivi denis mudmivmagnitebian da cvladi denis sinqronul mudmivmagnitebian eleqtro-

Zravebs, romelTa umravlesoba wyliT grildeba. 

satransporto saSualebebSi farTo gavrceleba pova amSr-ianma Zravebma, romelTa 

upiratesobaa ukontaqto Sesruleba, rac zrdis maT saimedoobas, amartivebs konstruqcias, 

damzadebis teqnologias da momsaxurebas. amitomac mcirea maTi TviTRirebuleba. ukontaq-

to Sesruleba saSualebas iZleva gavzardoT brunvis siCqare. aseTi Zravebis masa da gaba-

rituli zomebi SedarebiT mcirea. Zrava `zil-abegi” amzadebs eleqtroventilatorebs, 

romlebSic gamoiyeneba 7 kvt simZlavris amS garerotoriani eleqtroZravebi. avstriul-

germanuli firma “bombardir transporteiSenAaustria” awarmoebs Zrava-borbals tramvai-

saTvis. tramvais borblebSi CamontaJebulia garerotoriani eleqtroZrava, romlis gagri-

leba xdeba wyliT (nax. 3. a, b). 

 

 

 

a 

 

 
b 

 

nax. 3. eleqtroZrava-borblis konstruqciebi. a _ firma ~zil-abegis” garerotoriani  

asinqronuli eleqtroZrava-borbali (ventilatori); b – firma “bombardir transporteiSen  

austrias” garerotoriani asinqronuli eleqtroZrava-borbali tramvaisaTvis  

(simZlavre – 35 kvt, gabarituli zomebi – 440x460 mm) 
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amSr-iani Zravebi SeiZleba iyos Siga- da garerotoriani.   eleqtroamZravebis ganvi-

Tareba yovelTvis iwvevda eleqtroZravas sawarmoo meqanizmebTan daaxlovebas da Suale-

duri rgolebis gamoricxvas. am SemTxvevaSi xdeboda eleqtroZravas uSualo SeerTeba man-

qanis muSa organosTan. magaliTad, samfaza amS garerotoriani Zrava gamoyenebulia eleq-

troSalaSinisaTvis (ruseTi, q. viborgis eleqtrosaiaraRo qarxana), romlis garerotorze 

damagrebulia SalaSinis piri da imarTeba sixSiruli gardamqmneliT. aseTi SesrulebiT 

rotoris balansireba da statoris daxveva martivdeba. statoris uZrav RerZSi gakeTebu-

lia naxvreti, romelic emsaxureba eleqtromkvebavi sadenis miyvanas (separatoris SemTxve-

vaSi ki –dasamuSavebeli produqtis miwodebasac). aseTi konstruqciis dros rotors gare 

zedapirze SeiZleba gaukeTdes garsacmi, romelic Tavisi teqnologiuri daniSnulebiT 

SeiZleba iyos borbali, Spindeli, doli, dana, xerxi da a.S. 

novosibirskis eleqtroteqnikuri institutis da saxelmwifo teqnikuri universitetis 

(orive ruseTi) erToblivi ZalisxmeviT damzadebulia toroiduli konstruqciis samfaza 

eleqtroZrava-borbali  planetur reduqtorTan erTad samxedro daniSnulebis transpor-

tisaTvis, romlis simZlavrea – 6 kvt, Zabva – 54 v, brunvis siCqare – 6000 br/wT, denis six-

Sire – 400 hc, igi grildeba wyliT (nax. 4). 

 

 
nax. 4. novosibirskis eleqtroteqnikuri institutis 

da saxelmwifo teqnikuri universitetis (orive ruseTi) mier 

damzadebuli eleqtroZrava-borblis konstruqcia 

    

sacdeli mobiluri satransporto manqanis Zrava-borblis Seqmnisas Cveni yuradReba Se-

vaCereT samfaza amSr-ian eleqtroZravaze. daisaxa gegma daproeqtebuliyo eleqtroZrava 

Zrava-borblisaTvis, romelic damagrdeboda manqanis borblis diskoze reduqtorTan erTad. 

diskos Siga diametris zomad aRebul iqna 400 mm, xolo siganed – 250 mm. aqedan gamomdinare, 

eleqtroZravas sigane ar unda yofiliyo 200 mm-ze meti, xolo misi masa planetur reduq-

torTan erTad – 25 kg. aseTi miznebisaTvis samfaza amSr-iani eleqtroZrava yofili sabWoTa 

kavSiris arc erTi respublikis eleqtromanqanaTmSeneblobis sawarmoebis mier ar iwarmoeba.  

Cven mier eskizuri proeqtis doneze damuSavda samfaza amSr-iani eleqtroZrava, rom-

lis simZlavrea 4_5 kvt, sinqronul brunTa ricxvi – 6000 br/wT, mkvebavi denis sixSire _ 200 

hc yovelgvari gagrilebis gareSe. misi saorientacio masa ar aRemateboda 20 kg-s. Tu mas Se-

vadarebT belorusis firma `orionis” mier damuSavebul supermagnitebian sinqronul eleq-

troZravas (nax. 1, a), romlis nominaluri simZlavrea – 7,5 kvt, maqsimaluri brunTa ricxvi – 

8000 br/wT, xolo masaa – 15 kg da aqvs wyliT gagrilebis sistema, advili misaxvedria, rom 

Cveni varianti ukeTesia, vinaidan igi martivia dasamzadeblad, teqnologiuria, gamoirCeva 

maRali saimedoobiT da dabali TviTRirebulebiT. Cven mier SemuSavebuli Zravas konstruq-

cia yvela arsebuli amSr-iani samrewvelo da specdaniSnulebis eleqtroZravebisagan Ziri-

Tadad da arsebiTad gansxvavdeba rotoris konstruqciiT. kerZod, igi Sesrulebulia ori 

magnituri Srisagan: monoliTuri da datvifruli furclebisagan. monoliTuri magnituri 

gamtari datvifruli magnituri gamtaris gare zedapirzea Cawnexili, xolo rotoris Rer-

Zul naxvretSi Cawnexilia simetriulad ori sayeluri, romlebSic moTavsebulia sakisari. 
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gamomavali sayeluris  bolo mowyobilia borblis diskos moZraobis gadacemis Sesabamisad. 

aseTi eleqtroZrava uzrunvelyofs amuSavebis momentis koeficientis gazrdas, rac Zrava-

borblisaTvis erT-erT ZiriTad parametrs warmoadgens. Cveulebriv eleqtroZravebSi aRniS-

nuli koeficienti daaxloebiT 1,0–2,0 diapazonSia, xolo Cveni konstruqcia saSualebas 

mogvcems es koeficienti gaizardos minimum 1,4–2,4-mde. aRniSnuli eleqtroZravas aseTi ga-

dawyveta Zalze amartivebs eleqtroZravas awyobas da zrdis misi muSaobis saimedoobas. igi 

daxuruli tipisaa da gaTvaliswinebulia xangrZliv reJimSi samuSaod. konstruqcia origi-

naluria imiTac, rom rotori statoris mimarT konsoluradaa ganlagebuli, rac brunviTi 

moZraobis mimarT vibraciebis warmoqmnis nakleb albaTobas qmnis, vinaidan amiT aseTi mo-

Zraobis Tavisuflebis xarisxia gazrdili.  

me-5 nax-ze naCvenebia Cven mier SemuSavebuli konstruqcia _ asinqronuli mokled 

SerTulrotoriani eleqtroZravas da planeturi reduqtoris SeTanwyoba borbalTan. aR-

niSnuli eleqtroZravas kveba xorcieldeba avtonomiurad ukontaqto sinqronuli an asin-

qronuli generatoridan da naxevargamtaruli sixSiruli gardamqmnelidan. 
 

 
nax. 5. asinqronuli mokled SerTulrotoriani  

eleqtroZrava-borblis konstruqcia 

 

aseTi eleqtroZrava-borblis damuSaveba teqnikuri daproeqtebis doneze, misi damzadeba, 

gamocda da sabolood sawarmoSi danergva Cveni qveynisaTvis friad momgebiani iqneba. eleq-

troZravas daproeqtebis gamartivebis mizniT bazad aRebul iqna arsebuli seriuli eleqtro-

Zrava 4А da АИР, romlebsac dResac awarmoebs dsT-is zogierTi qveyana (moldova, belorusi, 

ukraina). vinaidan dReisaTvis saqarTvelos aRar aqvs eleqtromanqanaTmSenebeli qarxnebi, ami-

tom SeiZleba gamoyenebul iqnes aRniSnuli qveynebis erT-erTi sawarmo, sadac Cveni proeqtis 

safuZvelze damzaddeba statori da rotori, Tu es ukanaskneli Sesabamisi dafinansebiT iqne-

ba uzrunvelyofili. amis Semdeg SesaZlebeli gaxdeba saqarTveloSi safuZveli Caeyaros ro-

gorc samxedro daniSnulebis, aseve samoqalaqo msubuqi eleqtroavtomobilebisa da sarkinig-

zo satransporto saSualebebisaTvis eleqtroZrava-borblebis warmoebas. 
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eleqtromanqanaTmSenebloba 

eleqtroZrava-borbali satransporto saSualebebisaTvis 

†a. nozaZe, a. rikrikaZe, a. SermazanaSvili, a. sulaZe 

(r. dvalis manqanaTa meqanikis instituti) 

 

reziume: statiaSi ganxilulia sxvadasxva tipis eleqtroZravebi, romlebic gamoiyeneba 

mobilur manqanebsa da gansxvavebuli daniSnulebis satransporto saSualebebis eleq-

troZrava-borblebSi. Catarebulia aRniSnul Zravebze SedarebiTi teqnikur-ekonomikuri 

analizi. SerCeulia da dasabuTebulia asinqronuli, mokled SerTulrotoriani eleq-

troZravas gamoyenebis upiratesoba eleqtroZrava-borbalSi. eskizuri proeqtis doneze 

SemuSavebulia samfaza asinqronuli Zrava, romlis simZlavrea 4_5 kvt, sinqronul brunTa 

ricxvi – 6000 br/wT. mkvebavi denis sixSire – 200 hc, xolo saorientacio masa – 20kg.  

konstruqciis mTavari upiratesoba isaa, rom igi specialur gagrilebis sistemas ar 

saWiroebs da misi damzadeba SesaZlebelia arsebuli seriuli eleqtroZravebis bazaze.  

 
 

EEELECTRICAL MACHINE BUILDING 

ELECTRIC MOTOR-WHEEL FOR TRANSPORT MEANS 

†A. Nozadze, A. Rikrikadze,  A. Shermazanashvili,   A. Suladze 

 (R. Dvali Institute of Machine Mechanics) 
 

Resume: There are considered electric engines of different types being used as the drive of mobile machines, al-

so electric motor of wheels of transport means of different destination. Comparative technical-economic analysis for the 

given electric engines is given there. There were chosen and based advantages of asynchronous electric engines, with a 

short circuit rotor used in electric motor wheels. On the  level of sketch project was worked out the  three-phase asyn-

chronous  electric engine for electric motor wheels, with following  technical parameters: power  4-5 kWt,   rotational 

frequency – 6000 r/min, frequency of feeding current - 200 Hz.  Approximate mass of the electric motor is no more than  

20 kg.  The principal advantage of the designed electric motor is that, that its construction does not need forced cooling 

and its manufacturing is possible on the base of serial asynchronous electric engines. 

 
 

ЭЛЕКТРОМАШИНОСТРОЕНИЕ 

ЭЛЕКТРОМОТОР-КОЛЕСО ДЛЯ ТРАНСПОРТНЫХ СРЕДСТВ  

†А. Нозадзе, А. Рикрикадзе,  А. Шермазанашвили, А. Суладзе 

(Институт механики машин им. Р. Двали) 
 

Резюме: В статье рассмотрены разные типы электродвигателей, которые применяются в качестве 

привода мобильных машин, а также электромотор-колесах транспортных средств разного назначения.  

Проведён сравнительный технико-экономический анализ для данных электродвигателей. Выбраны и обосно-

ваны преимущества асинхронных электродвигателей с короткозамкнутым ротором, применяемых в электро-

мотор-колёсах. На уровне эскизного проектирования разработан трёхфазный асинхронный электродвигатель 

для электромотор-колес со следующими техническими параметрами: мощность 4-5 кВт, синхронная частота 

вращения 6000 об/мин, частота питающего тока 200 Гц. Ориентировочная масса электродвигателя 20кг. 

Главным преимуществом разработанного электродвигателя является то, что его конструкция не нуждается в 

принудительном охлаждении, а изготовление возможно на базе существующих серийно выпускаемых асин-

хронных электродвигателей. 
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biomeqanika 

 

 

vertikalurad mdgomi adamianis wonasworobis biomeqanikuri 

principebi 

k. moiswrafiSvili, a. egoiani 

(saqarTvelos fizikuri aRzrdisa da sportis saxelmwifo universiteti) 

 

sportsa da adamianis saqmianobis sxva sferoebSi, sadac aqtiur fizikur moZrao-

basTan gvaqvs kavSiri, bevri ram damokidebulia adamianis wonasworobis SenarCunebis 

unarze. 

cnobilia stabilurobis ZiriTadi principebi [1, 2]: 

1.  adamianis simZimis centris (CG) dabali pozicia; 

2. sayrdenis didi farTobi. 

cilindruli formis sxeulis pozicia maqsimalurad mdgradia, rodesac simZimis 

centris vertikaluri proeqcia emTxveva sayrdenis centrs (nax. 1, a). Tu simZimis centris 

proeqcia sayrdenis farTobs ar emTxveva, maSin cilindri iwyebs vardnas (nax. 1, b). 

 
 

nax. 1. ori daxrili cilindri:  

a _ dabalansebuli; b _ daubalansebeli 

 

vertikalurad mdgomi adamianis wonasworobis Seswavlis dros SeiZleba gamoviyenoT 

cilindrebze dafuZnebuli Teoriuli biomeqanikuri modeli, rodesac adamianis sxeuli 

moTavsebulia warmosaxviT vertikalur cilindrSi (nax. 2, a) da cilindris radiusi 

adamianis sayrdenis radiusis tolia, magram adamianis SemTxvevaSi cilindris magaliTisa-

gan gansxvavebiT, masa ar aris Tanabrad ganawilebuli sivrceSi, ris gamoc adamianis sim-

Zimis centris proeqcia, rogorc wesi, ar emTxveva sayrdenis geometriul centrs (nax. 2, b). 

gadaxris dros sayrdenis geometriuli centri ar Seicvleba. ar Seicvleba arc man-

Zili simZimis centrsa da O wertils Soris; Seicvleba mxolod kuTxe α cilindris RerZsa 

da vertikalur RerZs Soris. Cven gvainteresebs am kuTxis kritikuli mniSvnelobebi: α=0 – 

adamiani dgas vertikalurad (nax. 3, a); α=αcr′ _ adamiani kargavs wonasworobas ukan gada-

xris dros (nax. 3, b); α=αopt _ adamianis mdgradoba maqsimaluria (nax. 3, g); α=αcr′′ _ adamiani 

kargavs wonasworobas win gadaxris dros (nax. 3, d). 
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nax. 2. cilindrebze dafuZnebuli Teoriuli biomeqanikuri modeli: a _ sportsmeni  

dgas warmosaxviT cilindrSi; b _ sayrdeni,O O _ sayrdenis geometriuli centri,  

O�_ simZimis centris vertikaluri proeqcia 

 

 

 
 

nax. 3. adamianis kritikuli poziciebi ukan da win gadaxris dros 

 

 

αcr′, αcr′′ da αopt kuTxeebis gamosaTvlelad SeiZleba gamoviyenoT Semdegi formulebi: 

 αcr′=arcsin(|AO|/l), (1) 

 αcr′′=arcsin(|OB|/l), (2) 

 αopt=arcsin(|OO|/l), (3) 

l=|OC|=|OC1|=|OC2|=|OC3| vertikalurad mdgomi adamianis simZimis centris y koordinatis 

tolia. literaturidan cnobilia [3], rom saSualod mamakacebisTvis l=0.56h, xolo 

qalebisaTvis l=0.543h da sayrdenis radiusi R0≈h/12≈0.083h, sadac h adamianis simaRlea. 

agreTve cnobilia, rom proporciuli adamianisaTvis |AO|≈|OO| da αcr′= αopt, amitom |AO|, |OO| 

da |OB| manZilebisaTvis gveqneba: 
 

                                                                |AO|=|OO|=R0/2=0.5h/12, (4) 

                                                          |OB|=|OO|+|OB|=1.5R0=1.5h/12. (5) 
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Tu (4) da (5) gamosaxulebebs CavsvamT (1)_(3) formulebSi, miviRebT αcr′, αcr′′ da αopt 

kuTxeebs (cxrili 1). 

cxrili 1 

αcr′, αcr′′ da αopt kuTxeebis mniSvnelobebi  

proporciuli adamianis SemTxvevaSi  

(mamakacebi, qalebi). 

sportsmeni αopt (grad.) αcr′ (grad.) αcr′′ (grad.) 

mamakacebi 4.267 4.267 12.898 

qalebi 4.401 4.401 13.309 

 

rogorc cxrilidan Cans, qalebi mamakacebze odnav ufro stabilurebi arian, rac 

ganpirobebulia maTi proporciebiT. amasTan, orives aqvs gacilebiT meti mdgradoba wina 

mimarTulebiT gadaxrisas. 

aranakleb sainteresoa ufro gavrcelebuli SemTxveva, rodesac proporciebis rome-

lime wesi darRveulia: magaliTad, Tu terfis sigrZe R ar aris R0-is toli, anu sportsmens 

aqvs patara an, piriqiT, didi terfi. maSin gadaxra SeiZleba SevafasoT Semdegi formu-

lebis mixedviT: 

                                                               R=R-R0= R-h/12=RpR0/100%, (6) 

                                                         Rp=[(R-R0) /R0]100%==[R/R0]100%, (7) 

sadac R aris R0-is nazrdi, xolo Rp _ R0-is procentuli cvlileba. 

vinaidan simZimis centris koordinatebi umniSvnelod aris damokidebuli terfis zo-

maze (misi patara masis gamo) amitom manZili |AO| praqtikulad ar icvleba da isev (R0/2)-is 

tolia. am SemTxvevaSi kuTxe αcr′ rCeba ucvleli da ar aris damokidebuli terfis zomaze, 

magram Seicvleba OO monakveTis sigrZe. 

                                         |OO|=0.5R0+R=0.5R0+RpR0/100=(0.5+Rp/100) R0, (8) 

                            |OB|=|OO|+|OB|=0.5R0+R+R0+R =1.5R0+2R=(1.5+2Rp/100) R0. (9) 

me_4 naxazze mocemulia αopt(Rp) da αcr′′(Rp) grafikebi, roca Rp icvleba -10%-dan 10%-mde. 

 

 

 

nax. 4. αopt(Rp) da αcr′′(Rp) grafikebi 

 

rogorc vxedavT, qalebi mamakacebTan SedarebiT odnav ufro stabilurebi arian da 

es sxvaoba SeumCnevlad izrdeba Rp-is zrdasTan erTad (nax. 4). procentulad es sxvaoba 

0.03%-ze naklebia (nax. 5, cxrili 2), magram orive kuTxe αopt(Rp) da αcr′′(Rp) izrdeba Rp-is 
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zrdasTan erTad. procentulad αopt(Rp) izrdeba 20%-iT da αcr′′(Rp) _ 13.5%-iT, maSin roca Rp 

izrdeba mxolod 10%-iT (cxrili 2). zrdas aqvs wrfivi xasiaTi (nax. 5). 

es imas niSnavs, rom adamianis wonasworoba damokidebulia terfis sigrZeze: didi 

terfi zrdis adamianis wonasworobas, xolo patara piriqiT, amcirebs.  

 

 

 

nax. 5. αopt(Rp) da αcr′′(Rp) kuTxeebis SedarebiTi diagrama 

 

cxrili 2 

αopt(Rp) da αcr′′(Rp) kuTxeebis minimaluri da maqsimaluri mniSvnelobebi  

da maTi sxvaobebi [-10%; 10%] intervalze mamakacebisa da qalebisaTvis  

(gradusebsa da procentebSi). 

parametris tipi erTeuli 
mamakacebi qalebi 

αopt αcr′′ αopt αcr′′ 

minimaluri (Rp=-10 %) grad. 3.412 11.154 3.519 11.508 

minimaluri (Rp=-10 %) % -20.023 -13.516 -20.028 -13.527 

maqsimaluri (Rp=10 %) grad. 5.122 14.654 5.283 15.123 

maqsimaluri (Rp=10 %) % 20.053 13.615 20.052 13.635 

sxvaoba grad. 1.7100 3.499 1.763 3.615 

sxvaoba % 40.077 27.131 40.080 27.162 

 

imedia, rom statiaSi moyvanili diagramebi da cxrilebi xels Seuwyobs mwvrTnelebs 

da sportsmenebs adamianis wonasworobasTan dakavSirebuli sakiTxebis garkvevaSi da wo-

nasworobaze iseTi faqtorebis gavlenis SefasebaSi, rogoricaa adamianis proporciebi, 

kerZod, misi simaRle da terfis sigrZe. 
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biomeqanika 

vertikalurad mdgomi adamianis wonasworobis biomeqanikuri 

principebi 

k. moiswrafiSvili, a. egoiani 

(saqarTvelos fizikuri aRzrdisa da sportis saxelmwifo universiteti) 

 

reziume: warmodgenil naSromSi Seswavlilia vertikalurad mdgomi adamianis sxeulis 

wonasworoba misi win da ukan gadaxrisas, roca fexis terfebi fiqsirebulia. gamoTvlilia 

win da ukan gadaxris is kritikuli kuTxeebi αcr′ da αcr′′, Sesabamisad, roca adamianis sxeuli 

arastabiluri xdeba. aseve gamoTvlilia gadaxris kuTxe αopt, roca sxeulis simZimis centri 

mdebareobs sayrdeni farTobis geometriuli centris Tavze da, roca mdgomareoba maqsima-

lurad stabiluria. naCvenebia, rom stabiluri mdgomareoba miiRweva didi αcr=αcr′+αcr′′ da mci-

re αopt-is mniSvnelobisas. gamokvleulia kritikuli kuTxeebis damokidebuleba terfis sigr-

Zeze da dadgenilia, rom αcr′ praqtikulad ar aris damokidebuli terfis sigrZeze. 

 
 

BIOMECHANICS 

BIOMECHANICAL PRINCIPLES OF EQUILIBRIUM OF THE UPRIGHT STANDING 

HUMAN BODY 

K. MoistSrapishvili, A. Egoyan 

(GEORGIAN STATE UNIVERSITY OF PHYSICAL EDUCATION AND SPORTS) 
 

Resume: There is studied equilibrium of the upright standing human body during leanings backward and for-

ward with the feet fixed on the ground. Critical values of the angles αcr′ and αcr′′, when the body becomes unstable dur-

ing leanings back and forward correspondingly and αopt – the value of the angle of leaning to the most stable position, 

when the center of gravity of the body is exactly above the geometrical center of the base of support have been calcu-

lated. Stable equilibrium will be achieved for larger αcr=αcr′ +αcr′′ and smaller αopt. It is also studied how equilibrium of 

the body depends on the foot size and it turns out, that αcr′ practically doesn’t depend on it.  
 

 

БИОМЕХАНИКА 

БИОМЕХАНИЧЕСКИЕ ПРИНЦИПЫ РАВНОВЕСИЯ ПРЯМОСТОЯЩЕГО 

ЧЕЛОВЕКА 

К. Моисцрапишвили, А. Егоян 

(ГОСУДАРСТВЕННЫЙ УНИВЕРСИТЕТ ФИЗИЧЕСКОГО ВОСПИТАНИЯ И СПОРТА ГРУЗИИ) 

 

Резюме: В этой работе изучается равновесие прямостоящего человеческого тела во время наклонов вперед 

и назад с фиксированным положением ступней. Рассчитаны критические углы наклона αcr′ и αcr′′, когда тело 

становится нестабильным во время наклонов назад и вперед соответственно и αopt – углом наклона в самое 

стабильное положение, когда центр тяжести тела находится точно над геометрическим центром площади основы. 

Показано, что стабильное равновесие достигается при больших αcr=αcr′+αcr′′ и меньших αopt. Исследовано, как 

критические углы зависят от длины ступни и выяснено, что αcr′ практически не зависит от длины ступни. 
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sxvadasxva poziciaSi mdgomi adamianis wonasworobis biomeqanikuri 

analizi 

a. egoiani, k. moiswrafiSvili 

(saqarTvelos fizikuri aRzrdisa da sportis saxelmwifo universiteti) 

 

cnobilia, rom sportuli warmateba damokidebulia ara marto sportsmenis profe-

sionalizmsa da gawvrTnilobaze, aramed mis anTropometriul parametrebze: tanis propor-

ciebze, simaRleze, fexis zomaze da a.S. Tu iseTi parametri, rogoricaa masa, SedarebiT 

advilad regulirdeba, tanis proporciebis Secvla praqtikulad SeuZlebelia. sportis 

sxvadasxva saxeoba moiTxovs sportsmenisgan gansazRvrul fizikur Tvisebebs: magaliTad, 

kalaTburTSi meti warmateba aqvT maRal sportsmenebs, mocuraveebs xSirad aqvT grZeli 

fexebi, msubuqi wonis moWidaveebs aqvT mokle fexebi da farTo mxrebi. sportuli mecni-

erebis specialistebma daadgines, rom sportsmenis warmateba sportis arCeul saxeobaSi 

xSirad damokidebulia mis proporciebsa da fizikur monacemebze [1]. 

Cveni kvlevis mizania imis garkveva, Tu rogori damokidebulebaa sportsmenis wonas-

worobis SenarCunebis unarsa da mis anTropometriul parametrebs Soris; kerZod, simZimis 

centris koordinatebsa da fexis zomaze. biomeqanikaSi adamianis moZraobebis aRsawerad 

iyeneben simZimis centrs. adamianis simZimis centris koordinatebi damokidebulia sxeulis 

sxvadasxva segmentis simZimis centrebis koordinatebze da gamoiTvleba Semdegi formu-

lebiT [2]: 

XCG=( x1m1+..+ ximi+..+ xnmn)/m, 

                                                     YCG=( y1m1+..+ yimi+..+ ynmn)/m, (1) 

ZCG=( z1m1+..+ zimi+..+ znmn)/m, 

sadac XCG, YCG, ZCG mTeli sxeulis simZimis centris (CG) koordinatebia, xolo xi, yi, zi _ 

sxeulis segmentebis simZimis centrebis koordinatebi, mi _ i-uri segmentis masa. 

vertikalurad mdgomi adamiani SeiZleba movaTavsoT warmosaxviT paralelogramSi, 

romlis vertikaluri RerZi gadis sayrdenis centrze da paralelogramis sigane AB 

terfis sigrZis tolia. maSin adamianis wonasworoba win da ukan gadaxris dros gani-

sazRvreba sami kuTxiT: αcr′, αcr′′ da αopt. pirveli ori kuTxe gansazRvravs SesaZlo maqsimalur 

gadaxrebs ukan da win [3], xolo mesame aris kuTxe, romelic axasiaTebs gadasvlas maqsi-

malurad stabilur poziciaSi, rodesac adamianis CG vertikaluri proeqcia zustad emT-

xveva sayrdenis geometriul centrs (nax. 1). 

ganvixiloT adamianis sxeulis mxolod is poziciebi, rodesac sxeuli simetriulia 

XOY sibrtyis mimarT, sadac O aris sayrdenis geometriuli centri, OX simZimis centris 

moZraobis mimarTulebis paraleluria da OY aris vertikaluri RerZi. amasTan, ganvix-

iloT is SemTxveva, rodesac orive terfi erTmaneTis paraleluria (nax. 2), anu sayrdens 

aqvs marTkuTxedis forma da sayrdenis geometriuli centri O aris zustad AB monakveTis 

SuaSi: |AO|=|OB|=L/2, sadac L terfis sigrZea (nax. 2). 
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nax. 1. vertika

a, b, g _ s

 

 

n

sawyis poziciaSi simZimi

rizontaluri koordinati d

koordinati Seicvleba, XCG mc

αcr′, αcr′′ da αopt kuTxeebis g

                                                     

                                                     

                                                     

sadac k1, k2 da k3 koeficientebi

                               k1=|OM′|/|OA

                                                     

                                                     

 

 

alurad mdgomi adamiani warmosaxviT paralel

sportsmenis sxvadasxva pozicia; d _ wonaswor

maxasiaTebeli kuTxeebi 

 

ax. 2. sayrdenis geometriuli forma 

 
s centris vertikaluri koordinati maqs

damokidebulia adamianis poziciaze. gad

irdeba ukan gadaxris dros da izrdeba w

gamosaTvlelad SeiZleba gamoviyenoT Semd

           αcr′=arcsin((1+k2)/k1),

           αcr′′=arcsin((1-k2)/k1),

                αopt=arcsin(k3),

is gamoTvla SesaZlebelia Semdegi formu

A|==|O′M1|/|OA|=|O′M2|/|OA|=|O′M3|/|OA|=2·YCG/L=2

             k2= XCG /|OA|=2·XCG/L,

          k3= XCG / YCG=XCG/l= k2/ k1.

 

logramSi.  

robis  

 

simaluria, xolo ho-

daxris dros orive 

win gadaxrisas. 

degi formulebi: 

(2) 

(3) 

(4) 

ulebis mixedviT: 

2·l/L, (5) 

(6) 

(7) 
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L terfis sigrZea, XCG da 

aris maqsimaluri, l=YCG manZil

(2)_(7) formulebidan naT

kuTxis didi da αopt kuTxis pat

me-3 nax-ze grafikulad 

sadac -1<k2<1 da k1 Rebulobs f

 

nax. 3. α

 

rogorc vxedavT, αcr′ iz

k2-is zrdasTan erTad. roca k1

me-4 (a) nax-ze warmodge

mniSvnelobebisaTvis _ 2, 4, 6, 

praqtikulad ar icvleba k2-is

formulebis gamartivebuli va

formulas:  

                                                     

am funqciis grafiki mo

forma da igi kargad aRiwereb

                                                     

k1 koeficienti damoki

sportsmenebi, romlebsac aqvT

ufro didi αcr eqnebaT. rodesa

(4) formulis mixedviT, 

Tu αopt(k3) aris uaryofiTi, es

sportsmenis tani unda iyos 

grafiks aqvs wrfivi xasiaTi

mirebuli formuliT: 

                                                     

 

 

 

YCG – sportsmenis CG-is sawyisi koordi

lia C′ da O′ wertilebs Soris. 

lad Cans, rom maqsimaluri mdgradoba xa

tara mniSvnelobebiT.  

warmodgenilia αcr′ da αcr′′ kuTxeebis da

fiqsirebul mniSvnelobebs _ 2, 4, 6, 8, 10. 

 

αcr′ daα αcr′′ kuTxeebis damokidebuleba k2-ze 

zrdeba k2-is zrdasTan erTad, xolo αcr′′, 

≥4-isa, orive damokidebuleba wrfivia. 

enilia αcr(k2) funqciis grafiki gamoTvlil

8, 10. naxazidan naTlad Cans, rom αcr(k1, 

s cvlilebasTan erTad, amitom SeiZleb

arianti k2-is gareSe: k2=0 da αcr(k1, k2)≈αcr(k

                    αcr=2|arcsin(1/k1)|.

ocemulia me-4 (b) nax-ze. am grafiks aqvs

a aproqsimirebuli formuliT: 

                      αcr(k1, 0)≈120/k1.

idebulia sportsmenis tanis propor

T didi sayrdeni farTobi ufro stabil

c k1 izrdeba, αcr, piriqiT, mcirdeba. 

Cven SegviZlia gamovTvaloT αopt(k3) funqc

s imas niSnavs, rom maqsimaluri stabil

gadaxrili win da, Tu αopt(k3) aris dad

i -0.6≤k3≤0.6 diapazonSi da igi kargad 

                 αopt ≈58·k3=58·XCG/YCG.

inatebi, rodesac YCG 

asiaTdeba αcr=|αcr′|+|αcr′′| 

amokidebuleba k2-ze, 

 

 

piriqiT, klebulobs 

li k1-is diskretuli 

k2)≈const Tu k1≥4 _ αcr 

a gamoviyenoT (2)_(6) 

1, 0). miviRebT Semdeg 

(8) 

s hiperbolis msgavsi 

(9) 

rciebze: tandabali 

lurebi arian da maT 

ciis grafiki (nax. 5). 

lurobis misaRwevad 

debiTi, maSin _ ukan. 

aRiwereba aproqsi-

(10) 
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nax. 4. αcr (k2)Gfun
roca k1=2

nax

 

 

specialuri literaturi

mixedviT, L/h≈1/6. es monacemebi 

ki _ XCG =_0.25·L-s, YCG =0.543·h-s

αcr′′=_12.898, αcr=17.665 da αopt=

αcr′′=_13.309, αcr=17.71 da αopt=_4

magram maqsimalurad stabilu

ra vidre mamakacebs. 

statiaSi moyvanili diag

sportsmenebs sxvadasxva pozi

miekuTvneba yvela pozicia, ro

riulia vertikaluri sibrtyis

paraleluria. yvelaze martiv

magram amas garda daSvebuli

moRunuli an/da gaSlili xel

 
li

 

4. P. Grimshaw and A. Burden. Sport a

5. Duane Knudson. Fundamentals of B

47474-3, 2003, p.178-188. 

6. Diana Cotoros. Biomechanical Anal

gress on Engineering 2010, Vol. II, W

7. V. M. Zatsiorskyi. Fundamentals of 

 

 

nqciis grafiki. a _ αcr kuTxis damokidebuleba
2, 4, 6, 8, 10; b _ αcr(k1, 0) damokidebuleba k1-ze 

 

 

x. 5. αopt kuTxis damokidebuleba k3-ze 

idan cnobilia [4], rom saSualo stati

mamakacebisTvis Seadgens XCG=_0.25·L-s, YC

s. amitom pirvel SemTxvevaSi miviRebT k1≈

=_4.267; xolo meore SemTxvevaSi: k1≈0.6.5

4.401. es imas niSnavs, rom qalebi ufro 

ri poziciis misaRwevad maT mouwevT od

gramebi, vfiqrobT, did daxmarebas gauwe

iciis wonasworobis SefasebaSi.Aam pozic

odesac adamianis rogorc marcxena, ise m

s mimarT da amave dros orive terfi gad

via am poziciebs Soris standartuli ve

ia sxva poziciebic, rodesac adamians a

ebi da fexebi.  
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stabilurebi arian; 

nav metad win gadax-

evs mwvrTnelebsa da 

ciebis farTo klass 

marjvena mxare simet-

daxris mimarTulebis 

ertikaluri pozicia, 

aqvs aweuli xelebi, 

007, p. 156-163. 
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biomeqanika 

sxvadasxva poziciaSi mdgomi adamianis wonasworobis biomeqanikuri 

analizi 

a. egoiani, k. moiswrafiSvili 

 (saqarTvelos fizikuri aRzrdisa da sportis saxelmwifo universiteti) 

 

reziume: warmodgenil naSromSi Seswavlilia adamianis wonasworoba misi win da ukan 

gadaxrisas, roca fexis terfebi fiqsirebuli da urTierTparaleluria. ganxilulia 

sxeulis poziciebi, roca XOY warmoadgens sxeulis vertikaluri simetriis sibrtyes, sa-

dac O sayrdenis geometriuli centria, xolo OX sxeulis simetriis centris moZraobis 

mimarTulebis paraleluria, OY ki sayrdenis perpendikularulia. Semotanilia ori koefi-

cienti k1= 2·YCG/L da k2= 2·XCG/L, sadac XCG, YCG sxeulis simZimis centris sawyisi koordina-

tebia, xolo L _ terfis sigrZe. es koeficientebi sakmarisi aRmoCnda imisaTvis, rom ga-

moTvlil iqnes gadaxris kritikuli kuTxeebi αcr′ da αcr′′, roca sxeuli arastabiluri xdeba, 

Sesabamisad, win da ukan gadaxrisas. NnaCvenebia, rom sxeulis stabiluroba xasiaTdeba 

αcr=|αcr′|+|αcr′′| kuTxiT, romelsac Zlieri damokidebuleba axasiaTebs k1-ze da susti _ k2-ze, 

da αopt kuTxiT, sadac αopt aris sxeulis gadaxris kuTxe, roca sxeulis stabiluroba maqsi-

maluria da, roca simZimis centri mdebareobs O wertilis Tavze. stabiluri wonasworoba 

miiRweva didi αcr-sa da mcire |αopt|-is pirobebSi. 

 

 

 

BIOMECHANICS 

BIOMECHANICAL ANALYSIS OF EQUILIBRIUM OF THE HUMAN BODY STANDING 

IN DIFFERENT POSITIONS 

A. Egoyan, K. MoistSrapishvili 

(GEORGIAN STATE UNIVERSITY OF PHYSICAL EDUCATION AND SPORTS) 

 

Resume: There is studied equilibrium of the standing human body during leanings backward and forward with 

the parallel feet fixed on the ground. Body positions with vertical plane of symmetry XOY, where O is the geometrical 

center of the base of support, OX is parallel to the direction of motion of CG and OY is perpendicular to the ground 

have been considered. Two coefficients k1=2·YCG/L and k2= 2·XCG/L, where XCG, YCG are the initial co-ordinates of CG 

of the body and L is the foot length have been introduced. These coefficients are enough to calculate critical values of 

the angles αcr′ and αcr′′ when the body becomes unstable during leanings back and forward correspondingly. There is 

shown, that stability of the body may be characterized by the angle αcr= |αcr′|+|αcr′′|, which strongly depends on k1 and 

weakly depends on k2 and αopt – the value of the angle of leaning to the most stable position, when CG of the body is 

exactly above the point O. Stable equilibrium will be achieved for larger αcr and smaller |αopt|. 
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БИОМЕХАНИКА 

БИОМЕХАНИЧЕСКИЙ АНАЛИЗ РАВНОВЕСИЯ СТОЯЩЕГО В РАЗЛИЧНЫХ 

ПОЗИЦИЯХ ЧЕЛОВЕКА 

А. Егоян, К. Моисцрапишвили 

(ГОСУДАРСТВЕННЫЙ УНИВЕРСИТЕТ ФИЗИЧЕСКОГО ВОСПИТАНИЯ И СПОРТА ГРУЗИИ) 

 

Резюме: В этой работе изучено равновесие человеческого тела во время наклонов вперед и назад с 

фиксированным положением параллельных друг другу ступней. Рассмотрены позиции тела с вертикальной 

плоскостью симметрии XOY, где O – геометрический центр основы, OX параллельна направлению движения 

центра тяжести тела и OY перпендикулярна основе. Введено два коэффициента k1= 2·YCG/L и k2= 2·XCG/L, где 

XCG, YCG - это начальные координаты центра тяжести тела, а L – длина стопы. Этих коэффициентов 

оказывается достаточно, чтобы рассчитать критические углы наклона αcr′ и αcr′′, когда тело становится 

нестабильным во время наклонов назад и вперед соответственно. Показано, что стабильность тела 

характеризуется углами αcr=|αcr′|+|αcr′′|, которые сильно зависят от k1 и слабо зависят от k2, и αopt – углом наклона 

в самое стабильное положение, когда центр тяжести тела находится точно над точкой О. Стабильное 

равновесие достигается при больших αcr и меньших |αopt|. 
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samTo saqme 

 

 

 daleqvis procesis optimaluri marTvis sistema  

r. enageli, m. qitoSvili 

(saqarTvelos teqnikuri universiteti) 

 

manganumis madnis separacia (manganumis mineralebis fuWi qanisagan gamocalkeveba) 

ZiriTadad xdeba gravitaciuli, kerZod, daleqvis meTodiT. iseve rogorc yvela teqno-

logiuri procesi, daleqvis procesic mimdinareobs SemaSfoTebeli zemoqmedebebis gavlenis 

pirobebSi. amdenad, didi mniSvneloba eniWeba avtomaturi marTvis iseTi sistemis agebas, 

romelic gaaumjobesebs procesis xarisxobriv da raodenobriv maCveneblebs SemaSfoTebeli 

zemoqmedebebis cvalebadobis gaTvaliswinebiT. am mizniT SemuSavebulia daleqvis procesis 

optimaluri marTvis xerxi [1,2], romelic iTvaliswinebs regulirebis ori konturiT 

marTvas: pirveli axdens saleqi manqanis gasamdidrebeli masalis mixedviT mwarmoeblurobis 

stabilizacias, xolo meore _ pirveli da mesame kameris sahaero ganyofilebaSi miwodebuli 

haeris raodenobis regulirebas madnis xarisxisa da resiverSi haeris wnevis mixedviT. 1-l 

nax-ze mocemulia aseTi marTvis sistemis funqciuri struqtura.  

marTvis pirveli konturi warmoadgens saleq manqanaSi miwodebuli madnis stabili-

zaciis sistemas [1]. aqve SevniSnavT, rom kontrolerisaTvis davaleba dQ . misi eqstre-

maluri mniSvneloba ( Q =30,5t/sT) gansazRvrulia eqsperimentuli monacemebis mixedviT. 
 

 
 

nax. 1. marTvis sistemis struqtura.   manganumis Semcvelobaa gasamdidrebel madanSi, %;  


 
_ manganumis Semcveloba saleqi manqanis koncentratSi, %;  d. _ misi davalebuli (programuli) 

sidide, %; 
 
_ koncentratis gamosavali, % Q

 
_ saleqi manqanis mwarmoebluroba sawyisi masalis 

mixedviT, t/sT; d.Q
 
_ misi stabilizaciis done, t/sT; P  _ haeris wneva saleqi manqanis resiverSi,  

10-5pa; 1B
 
_ pirveli kameris sahaero ganyofilebaSi miwodebuli haeris arsebuli raodenoba (fasdeba 

Semavali haersadenis farsaketis Semobrunebis kuTxiT), grad.; 1B d, _ misi davalebuli (programuli) 

mniSvneloba, grad.; 3B
 
_ haeris xarjia mesame kameraSi, grad.; 3B d. _ misi davalebuli sidide, 

grad; r1 da r3 _ pirvel da mesame kameraSi miwodebuli haeris xarjis regulatorebi. 
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saTanado analizis Sedegad miRebulia marTvis sistemis funqcionirebis algoriTmi, 

romelSic SemaSfoTebeli zemoqmedebebis cvalebadoba gaTvaliswinebulia Semdegnairad: 

gasamdidrebeli madnis xarisxs ( ) da haeris wnevas )(P  resiverSi vakontrolebT uwyve-

tad, magram Tu  -s Secvlas mohyveba miwodebuli haeris xarjis uwyveti regulireba, P -s 

Secvlaze reagireba moxdeba maSin, roca misi sidide gascdeba cvalebadobis diapazonis 

garkveul ubans. am mizniT eqsperimentis periodSi dafiqsirebuli wnevis cvalebadobis 

diapazoni (0,18_0,28) 10-5pa daiyo sam ubnad 

 1P =0,18-0,21; 2P =0,21-0,25 da 3P =0,25-0,28.  (1) 

Sedegad miRebulia marTvis kanonebi pirveli da 

 
473.0326.25

11 )(10613.1= dB ,  (2) 

 
473.0326.25

12 )(1031.1= dB ,  (3) 

 
473.0326.25

13 )(10097.1= dB ,  (4) 

mesame kamerebisaTvis: 

 
9046.04539.48

31 )(102926.2= dB ,  (5) 

 
9046.04539.48

32 )(105419.1= dB  ,  (6) 

 
9046.04539.48

33 )(100972.1= dB .  (7) 

am gamosaxulebebSi B 11, B 12, B 13 aris (1) sami ubnis Sesabamisi pirveli kameris, xolo 

B 31, B 32, B 33 ki _ mesame kameris sahaero ganyofilebaSi miwodebuli haeris raodenoba.  

Tu saleqi manqanis resiverSi haeris wneva Seesabameba pirvel ubanSi P =0,18-0,21 

sidides, procesis marTva moxdeba (2) an (5) kanonis Sesabamisad [2,3]. rodesac P aris  

P =0,21-0,25 SualedSi, procesi imarTeba (3) an (6) marTvis kanonis mixedviT.  

 (2), (3) an (4) marTvis kanonebis mixedviT, procesis marTva xorcieldeba, roca d. 

imyofeba 41_43,5 % SualedSi. am dros B 3 dafiqsirebulia Tavis saSualo mniSvnelobaze. 

(5), (6) an (7) marTvis kanonebis mixedviT, procesi imarTeba im SemTxvevaSi, Tu d. imyofeba 

39,5-41 % SualedSi. am dros B 1 dafiqsirebulia Tavis saSualo mniSvnelobaze.  

1-l nax-ze warmodgenili marTvis sistemis meore konturis funqciuri struqtura 

gamosaxulia me-2 nax-ze. igi axdens saleqi manqanis pirvel da mesame kameraSi haeris 

regulirebas (2)_(7) optimaluri marTvis kanonebis mixedviT. 

kontroleris pirveli logikuri blokis resiverSi xdeba haeris wnevis sididis 

gazomva da gansazRvra, Tu (1)-dan romel ubanSi imyofeba igi. wnevis gadamwodis P signalis 

da koncentratis xarisxis davalebuli d. mniSvnelobis mixedviT, logikuri bloki (2) 

gansazRvravs Tu (2)_(7) optimaluri marTvis kanonebidan, romlis mixedviT da romel 

kameraSi moxdeba haeris regulireba. Sesabamisi davaleba d.1  da d.3  miewodeba r1 da r3 

regulatorebs. am dros meore da meoTxe kamerebSi haeris regulireba ar xdeba _ isini 

ayenia eqsperimentebis Sedegebis damuSavebis Sedegad gansazRvrul eqstremalur sidideze 

B2=45,28 da B4=34,73.  

ganvixiloT ori SesaZlo varianti: 

 1. %,20=
   

%,5,40=d.     pa.51023,0=P
  (8) 

 2. %,26=     %,5,42=d.     pa.510265,0=P
  (9) 
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pirveli SemTxvevis dros d. -is sididis gamo 1B  dafiqsirdeba, xolo 3B  daiwyebs 

cvalebadobas manam, sanam koncentratis xarisxi ar gaxdeba programulis, d. =40.5% -is 

toli. amisaTvis kontroleri (5)_(7) marTvis kanonebidan SeirCevs (6)-s, radgan igi 

Seesabameba (8)-s, wnevis cvalebadobis Sua, P2 ubans. 

meore SemTxvevaSi 3B  dafiqsirdeba, xolo 1B  cvalebadobas manam, sanam koncent-

ratis xarisxi ar gaxdeba programulis toli. kontroleri (2)_(4) marTvis kanonebidan 

SeirCevs (6)-s, radgan igi Seesabameba wnevis cvalebadobis zeda, P3 ubans. 

procesis marTvis efeqtianoba (optimizaciis kriteriumis moTxovnaTa Sesabamisad 

procesis marTva) didadaa damokidebuli ZiriTadi SemaSfoTebeli zemoqmedebis ( ) zust 

da uwyvet gazomvaze. amJamad manganumSemcveli aseTi gadamwodi ar arsebobs. xdeba misi 

Sefaseba madnis fizikuri Tvisebebis an procesis reJimuli parametris mixedviT. Cvens 

SemTxvevaSi gamoyenebulia saleqi manqanis sagebis gafxvierebis CaZirultivtiviani 

gadamwodi [5], romelmac warmatebiT gaiara laboratoriuli da sawarmoo gamocdebi (nax. 

2-ze gadamwodi R). gamocdebiT dadginda, rom misi signali procesis mmarTveli da 

SemaSfoTebeli zemoqmedebebis proporciulia. sxva parametrebis B , P , Q  kontrolis 

SemTxvevaSi R gadamwodis signalidan SeiZleba gamovyoT  -s cvalebadobis Sesabamisi 

signali [5, 6]. 

 

 
 

nax. 2. saleqi manqanis optimaluri marTvis sistemis funqciuri struqtura 
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amrigad, zemoT ganxiluli marTvis sistema uzrunvelyofs daleqvis procesis 

optimalur marTvas miwodebuli haeris regulirebiTa da SemaSfoTebeli zemoqmedebebis 

cvalebadobis gaTvaliswinebiT 
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samTo saqme 

daleqvis procesis optimaluri marTvis sistema  

r. enageli, m. qitoSvili 

(saqarTvelos teqnikuri universiteti) 

 

reziume: statiaSi mocemulia manganumis madnis daleqvis procesis optimaluri 

marTvis sistema, romelic agebulia procesis maoptimizebeli maTematikuri modelisa da 

miRebuli teqnologiuri kriteriumis safuZvelze wrfivi daprogramebis meTodis 

grafikuli variantiT procesis optimizaciis Sedegad gansazRvruli marTvis kanonebis 

mixedviT. marTvis sistema uzrunvelyofs saleqi manqanis pirvel da mesame kameraSi 

miwodebuli haeris optimalur marTvas SemaSfoTebeli zemoqmedebebis – gasamdidrebel 

madanSi manganumis Semcvelobisa da saleqi manqanis resiverSi wnevis cvalebadobis 

mixedviT. 

 

 

MINING 

OPTIMAL GOVERMING SYSTEM OF SETTLING PROCESS 

R. Enageli, M. Qitoshvili 

(Georgian Technical University) 

 

Resume: There is given the optimal governing system of settling process of the manganic ore, which is 

constructed on the basis of process optimizing mathematical model and achieved technological criterion by the graphic 

version of rectilinear programming method according to the governing laws determined as a result of process 

optimization. Governing system secures optimal governing of the air achievable in the first and third cells of the settling 

machine, according to the dangerous influence – according to the changes of manganic composition in concenrtate the 

ore and changes of pressure in the receiver of the settling machine.  

 

 

ГОРНОЕ ДЕЛО 

СИСТЕМА ОПТИМАЛЬНОГО УПРАВЛЕНИЯ ПРОЦЕССОМ ОСАДКИ 

Р. Энагели, М. Китошвили 

(Грузинский Технический Университет) 

 

Резюме: В статье приведена система оптимального управления процессом отсадки марганцевых руд, 

построенном на основе оптимизируюшей математической модели процесса, принятого технологического 

критерия и по законам оптимального управления, полученных в результате оптимизации процесса графическим 

вариантом метода линейного программирования. Система управления обеспечивает оптимальное управление 

расходом воздуха в первой и третьей камерах в зависимости от изменений возмущающих воздействий – 

содержания марганца в обогащаемой руде и давления воздуха в рессивере отсадочной машины. 
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Zraviani vagonis gaum

kinematikuri parametreb

g. SaraSeniZe, g. usaneTaS

(saqarTvelos teqnikuri univer

 

dizelmatareblis Zravia

metad rTulia. es sirTule gam

wyvilebis (saxsrebis) simravl

berketebis arakompaqturad gan

aRWurvilia ori konusuri ga

sagulisxmoa, rom konusuri 

awyobis sruli teqnologiuri 

garkveul kinematikur cdomil

uzrunvelyofs mcire fizikuri

yovelive amis gaTvalis

muxruWis gaumjobesebuli var

gamoyenebulia amZravi cilind

gamomavali kinematikuri

lebis) mizniT, amZravi kvanZis

Sedegebze gavlenas ver moaxd

xelis muxruWis amZravi kvanZis

gaumjobes

kinem

 

 

satransporto manqan

mjobesebuli xelis muxruWis 

bis maTematikuri analizi 

vili, s. SaraSeniZe 

rsiteti) 

ni vagonis xelis muxruWis konstruqcia

mowveulia berketebisa da brunviTi Semaer

liT. aRsaniSnavia, rom am berketuli gada

lagebis gamo izrdeba samuSao zona. arse

adacemiT da am gadacemebisTvis saWiro 

gadacema arTulebs samuxruWo berketu

procesis dacvas, rac muxruWis moqmedeb

lebasTan. amasTan, toldiametriani konus

i ZaliT muxruWis droul moqmedebas.  

swinebiT Seiqmna dizelmatareblis Zrav

rianti, sadac ori erTnairi konusuri 

ruli kbila gadacema.  

i parametrebis maTematikuri analizis 

s Semobrunebas vaxdenT 180-iT, rac gaa

dens gadacemis sarkisebri asaxvis gamo.

s kinematikuri parametrebis saangariSo s

sebuli xelis muxruWis amZravi kvanZis ( ak ) 

matikuri parametrebis saangariSo sqema 

 

naTmSenebloba 

amZravi kvanZis 

, rogorc cnobilia, 

rTebeli kinematikuri 

acemis saxsrebisa da 

ebuli xelis muxruWi 

samagri detalebiT. 

uli gadacemis (sbg) 

bisas dakavSirebulia 

suri gadacemebi ver 

viani vagonis xelis 

gadacemis nacvlad 

gamartivebis (gaio-

ngariSebis saboloo 

 naxazze mocemulia 

sqema.  
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naxazis mixedviT, amZravi kvanZis amoqmedeba xdeba mcire (
1Z ) da gadidebuli ( 2Z ) 

kbilTa ricxvis mqone amZravi cilindruli kbilanebiT. muxruWi moqmedebaSi modis nn_  

simetriis RerZiani kbilanis saxeluriT, saidanac moZraoba gadaecema mm_  xraxnze xistad 

damagrebul 2Z  kbilTa ricxvis mqone kbilanas ( 12 ZZ  ). xraxnis (6) SemobrunebiT wins-

vliT moZraobas axorcielebs prizmulganivkveTiani qva, anu qanCi (2), e.i. O  brunvis werti-

lis mqone OG  mxari brunviTi saxsris (7) saSualebiT Semobrundeba   kuTxiT, romlis 

drosac manZili brunvis O  centrze gamaval ordinatTa OY  RerZsa da Z  qanCis brunviT 

saxsars Soris miiRebs X  mniSvnelobas. kuTxe OG  mxrisa da brunviTi saxsrebis SemaerTe-

bel vertikals Soris miiRebs 1  mniSvnelobas. am dros saxsris simaRle OX  RerZidan 

aRiniSneba H -iT ( OFH = ).  

imis gamo, rom GOC  sinusa meqanizmi (2) Seicavs qvas, aseve OG  da OC  mxrebis xist 

SeerTebas brunvis O  centris garSemo moZraobisas, amitom OC  mxari Semobrundeba   

kuTxiT.  

OG  mxris momdevno Semobrunebisas, rac SeiZleba Seesabamebodes xelis muxruWis 

amoqmedebis Semdeg damuxruWebis boloswina an saboloo moments, cvladi XL  mniSvneloba 

icvleba isev cvladi XIL  mniSvnelobiT. romlis simaRle OX  RerZidan aiTvleba tolo-

biT ,+=1 EFHH  sadac EF  warmoadgens qvis gadaadgilebis mniSvnelobas Semobrunebis   

kuTxidan   kuTxemde, e.i.  

 11 += BBHH .  (1) 

Tavis mxriv, H  gadaadgileba warmoadgens funqcias xraxnis (6) brunvis   kuTxur 

siCqaresa da mis h bijs Soris, e.i. SeiZleba Caiweros  

 
( )hnHH XB= , 

sadac XBn  aris xraxnis brunTa raodenoba wuTSi, br/wT.  

aseve marTebulia toloba 

 
( )hnHH XBI= 11 .  (2) 

sayuradReboa is garemoebac, rom xelis muxruWis samuxruWo kvanZis awyobis an dam-

zadebis teqnologiuri procesis Catarebisas dasaSvebia xraxnis mm_  vertikalur RerZs 

axasiaTebdes garkveuli vertikaluri uzustoba raRac Δ  sididiT, amitom SesaZlebelia 

gvqondes toloba:  

 nXXI Δ±=  ,  (3) 

sadac X  aris manZili sistemis OY  RerZsa da qvis 1BB  vertikaluri gadaadgilebis wirs 

Soris; nΔ  _ mm_  xraxnis vertikaluri sizuste B  wertilis qvemoT OX  RerZisadmi an 

1B  wertilis zemoT amave RerZisadmi.  

aRsaniSnavia, rom mm_  xraxnis simetriis RerZsa da OY  RerZs Soris manZili 

mudmivi sididea: 

 constX = .  (4) 

mocemuli samuxruWo kvanZis sqemis (ix. nax.) mixedviT, SeiZleba daiweros toloba 

OG  mxris sawyisi   kuTxis mixedviT:  

 
OA

AB
tg = .  (5) 

tolobis marjvena nawilis mniSvnelobaTa gaTvaliswinebiT miviRebT:  

 
( )

.
;

=
X

XA hnH
tg


   (6) 

(6) tolobis drois mixedviT diferencirebiT irkveva, rom 
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  hnH
dt

d

dt

d
XA

X

X ;
cos

1
22







.  (7) 

(7) tolobidan sinusa meqanizmis OG  mxris   kuTxis mixedviT mobrunebiT SeiZleba 

miviRoT misive brunvis kuTxuri siCqare. igi gamoisaxeba tolobiT:  

 

  hnH
dt

d
XA

X

;cos
1 2

1 


 .  (8) 

im SemTxvevaSi, Tu xelis muxruWis moqmedeba Tavidanve iwyeba ukve cnobili   

kuTxiT _ const= , maSin (8) tolobidan SeiZleba davweroT:  

 
  .

;
cos

21

1










hnH XA

X


 

(9) 

(9) gamosaxulebidan ki vwerT:  

 
 

21

1

;
arccos 










hnH XA

X .  (10) 

sinusa meqanizmis L  mxris mobrunebis kuTxuri aCqareba   kuTxis mixedviT SesaZ-

lebelia gaangariSebul iqnes (8) tolobis diferencirebiT. miviRebT Sesabamis tolobas 

mobrunebis kuTxuri 1  aCqarebisTvis: 

 

      


 2
2

2

121 cos
1

;;
2sin

X
XAXA

X

hnH
dt

d
hnH

dt

d


 . (11) 

(9) formulis gaTvaliswinebiT (11) miiRebs Semdeg saxes:  

 

        








hnH
hnH

dt

d
hnH

dt

d

XA

X
XAXA

X ;
;;

2sin
2

2

11







 .  (12) 

B  wertilSi qvis gadaadgilebisas kuTxe mm_  vertikalsa da mxars Soris aisaxeba 

tolobiT:  

 
 _90=1 , (13) 

anu (12) formulis mixedviT:  

 
 

21

1
1 ;

arccos90 









hnH XB

X 
 .  (14) 

OABΔ -dan 

 cosXX L , 

saidanac    22 CAABLX  . (15) 

(15) gamosaxulebaSi AB  da CA mniSvnelobaTa SetaniT miviRebT Semdeg tolobas:  

    21;hnH
L

XB

X
X


 .  (16) 

amZravi kvanZis sqemis mixedviT, qvis gadaadgilebis sigrZe HH >1 , xolo 1OG  mxari 

OX  RerZTan qmnis   kuTxes.  

AOB1Δ -dan vwerT:  

 

 
X

XBI hnH
tg



;1 .  (17) 

maSin (17) tolobis diferencirebiT miviRebT: 

 

  hnH
dt

d
XBI

X

;cos
1

1
2

2 


 ,  (18) 

sadac  

 dtd /=2  . 
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(18) tolobidan SeiZleba davweroT:  

 
2/1

1

2

;
cos 










hnH XBI

XI
 .  (19) 

am tolobidan  

 

2/1

1

2

;
arccos













hnH XBI

XI
 . (20) 

1OG  mxris kuTxuri aCqareba 

dtd /2=2  .  (21) 

(18) formulis gaTvaliswinebiT miviRebT 2 -is mniSvnelobas:  

 
     



  hnHhnH

dt

d
XBIXBI

X

;2sin;
1

122122 


. (22) 

AOB1Δ -dan (23) tolobis gaTvaliswinebiT miiReba: 

 
2/1

1

1
1 ;

arccos90 









hnH XBI

XI 
 .  (23) 

amave kuTxidan  

 cos=1 XIX L , 

 

saidanac vwerT: 

    2/1
1 ;hnH

L
XBI

XI
XI


 .  (24) 

amZravi samuxruWo kvanZis sqemidan (ix. nax.) Cans, rom 

 XXI LL > , 

anu 

  
      2/12/1

1

12
;; hnHhnH

RRLL
XB

X

XBI

XI
XXI


 .  (25) 

mm_  xraxnis 2  kuTxuri siCqariT mobrunebisas qvis vertikaluri 1BB  gadaadgileba 

SeiZleba ganisazRvros BOB1Δ -dan:  

      cos2222
1 XXIXXI LLLLBB .  (26) 

qvis 1BB  gadaadgileba amave dros warmoadgens ( )HH _1  sxvaobas, magram BB1 -s 

gansazRvrisTvis SeiZleba visargebloT mxolod (26) tolobiT. (19) da (25) tolobebis 

gaTvaliswinebiT (26) miiRebs aseT saxes:  

 

     

       .cos
;;

2

;;

2/12/1
1

2

12

2

2/1
1

2
1

 




















hnHhnH

hnHhnH
BB

XB

XI

XBI

XI

XB

X

XBI

XI





 

 (27) 

sabolood, (25) da (13) tolobebis SetaniT (27)-Si, miviRebT qvis 1BB  gadaadgilebis 

mniSvnelobas amZravi kvanZis amoqmedebidan saboloo damuxruWebamde:  
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           

    .
;

arccos
;

arccoscos

;;
4

;;
2/1

1

2/1

1

2

2/12/1
1

2

2/1
1

2

1





































hnHhnH

hnHhnHhnHhnH
BB

XB

X

XBI

XI

XBXBI

XXI

XB

X

XBI

XI







 

(28) 

qvis gadaadgilebis siCqare, sawyisi B  mdgomareobidan dabrunebis Sesabamis 1B  

mdgomareobamde, ganisazRvreba (28) tolobis droiTi diferencirebiT. diferencirebis Sem-

deg 1BB  gadaadgilebis wrfivi siCqare gamoisaxeba (26) an (28) formulebis daxmarebiT da 

Sedegi iqneba erTnairi. magaliTad, (26) formulis gamoyenebisas vwerT:  

 

( ) ( )

( ) .+cos

sin+2

2+2=2
11

dt

dL
L

dt

dL
L

dt

d
LL

dt

dL
L

dt

dL
LVBB

X
XI

X
X

XXI

X
X

XI
XIBB





__

___

 

 (29) 

sabolood (29) tolobidan miviRebT 1BBV  xazovani moZraobis siCqares:  

 

[

( ) ( ) ( )

( ) ,+×cos×

×cossin×

×+
1

=
1

1

dt

dL
L

dt

dL
L

dt

d

LL
dt

dL
L

dt

dL
L

BB
V

X
XI

XI
X

XXI
X

X
XI

XIBB





_

___

_

  (30) 

sadac 1BB  ganisazRvreba (28) tolobis mixedviT, xolo   da  -s mniSvneloba aiReba (20) 

da (10) gamosaxulebebidan.  

1BB  gadaadgilebis xazovani aCqarebis mniSvneloba ganisazRvreba (30) tolobiT 

gamosaxuli Sesabamisi siCqaris droiTi diferencirebiT.  

amrigad, dadgenilia dizelmatareblis Zraviani vagonis xelis muxruWis amZravi kvan-

Zis gamomavali kinematikuri parametrebis mniSvnelobebi maTematikuri analizis gamoyene-

biT. miRebulia Sesabamisi algebruli gamosaxulebebi. Sedegi SeiZleba gamoyenebul iqnes 

gaumjobesebuli xelis muxruWis sinTezisa da dinamikuri parametrebis dasadgenad.  
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satransporto manqanaTmSenebloba 

Zraviani vagonis gaumjobesebuli xelis muxruWis amZravi kvanZis 

gamomavali kinematikuri parametrebis maTematikuri analizi 

g. SaraSeniZe, g. usaneTaSvili, s. SaraSeniZe 

(saqarTvelos teqnikuri universiteti) 

 

reziume: statiaSi gansazRvrulia dizelmatareblis Zraviani vagonis xelis muxruWis 

amZravi kvanZis gamomavali kinematikuri parametrebis mniSvneloba maTematikuri analizis 

gamoyenebiT. Sedegebi asaxulia analizur gamosaxulebaSi, romelic xelis muxruWis praq-

tikaSi optimizaciisaTvis maTematikuri analizis gamoyenebis saSualebas iZleva. 

 

 

MECHANICAL ENGINEERING 

MATHEMATICAL ANALISIS OF OUTGOING KINEMATIC PARAMETERS OF 

DRIVING KNOT OF IMPROVED HAND-BRAKE OF MOTOR CAR 

G. Sharashenidze, G. Usanetashvili, S. Sharashenidze 

(Georgian Technical University) 

 

Resume: In the work it is advisable with consideration of the problems pat by a new direction of transport 

mechanics. It is founded on optimization of constructive and kinematic characteristics of mechanical transmissions of 

cars, with the purpose of perfect veriability of mechanical transmissions and motion safety on reailway.  

 

 

ТРАНСПОРТНОЕ МАШИНОСТРОЕНИЕ 

МАТЕМАТИЧЕСКИЙ АНАЛИЗ КИНЕМАТИЧЕСКИХ ПАРАМЕТРОВ 

ПРИВОДНОГО УЗЛА УЛУЧШЕННОГО РУЧНОГО ТОРМОЗА МОТОРНОГО 

ВАГОНА ДИЗЕЛЬПОЕЗДА 

Г. Шарашенидзе, Г. Усанеташвили, С. Шарашенидзе 

(Грузинский Технический Университет) 

 

Резюме: В работе определены значения выходных кинематических параметров приводного узла ручного 

тормоза. Результаты даются в виде аналитических выражений, дающих возможность использования 

результатов математического анализа при практическом синтезе ручного тормоза.  
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dizelmatareblis Zravi

sinTezis amocanis gadaw

g. usaneTaSvili 

(saqarTvelos teqnikuri univer

 

dizelmatareblis gaumjo

ganisazRvros im samagri uZrav

vagonis urikaze ganTavsebul 

xelsawyoebi). xelis muxruWis

xvevaSi, roca urikis mowyobil

kvanZis, wevebsa da berketebs So

am sakiTxis gadawyveta

sakoordinato sistemaSi da 

geometriis debulebaTa gaTva

koordinatTa daxmarebiT.  

rogorc dawolis sistem

misi mxolod gamomavali par

vsargeblobT imave sqemiT da S

ganvixiloT dizelmatar

dawolis kvanZis kinematikur

warmoadgens dawolis kvanZis 

saxsris mimarT BD  berketis

damuxruWebis procesis dasrul
 

Zraviani

d

 

satransporto manqan

ani vagonis gaumjobesebuli xel

wyveta 

rsiteti) 

obesebuli xelis muxruWis realuri dageg

vi saxsrebis sakoordinato mniSvnelobebi

rTul mowyobilobebSia (amZravi, gadamc

s optimaluri moqmedeba ganxorcieldeb

lobebsa da xelis muxruWis, gansakuTreb

oris damyardeba Tavisufali, ukontaqto m

a SesaZlebelia, Tu dawolis kvanZs 

horizontaluri sibrtyis mimarT kl

aliswinebiT movaxdenT saTanado elemen

mis kinematikuri sqemis (ix. nax.) analizid

rametrebis mniSvnelobebi. sinTezis amo

Semogvaqvs brunviTi saxsrebis sakoordin

reblis Zraviani vagonis gaumjobesebul

i sqema. mamoZravebeli Zala modebuli

wevas, romlis bolo B  saxsarSia mie

s mobrunebisas D  saxsris marjvniv g

leba.  

 

i vagonis gaumjobesebuli xelis muxruWis  

dawolis kvanZis kinematikuri sqema  

 

naTmSenebloba 

lis muxruWis 

gmarebis mizniT unda 

i, romlebic Zraviani 

cemi da sakontrolo 

ba mxolod im SemT-

biT ki misi dawolis 

moZraoba.  

ganvixilavT XOY  

lasikuri analizuri 

ntebis gamoTvlas am 

dan Cans, dadgenilia 

ocanis gadawyvetisas 

nato mniSvnelobebi.  

li xelis muxruWis 

ia A  saxsarSi. AB  

erTebuli. 1O  uZravi 

adaadgilebiT xdeba 
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pirvel rigSi sakoordinato XOY  sistemaSi unda dadgindes udidesi   kuTxis 

mniSvneloba Sesabamisi A , B  da 1O  saxsrebis mixedviT. am saxsarTa koordinatebia:  

 

( )
( )

( ).,=

;,=

;,=

3311

22

11

YXOO

YXBB

YXAA

 

 (1) 

maSin optimaluri   kuTxis dadgena SesaZlebelia aseTi koordinatuli gardaq-

mnebiT:  

 













.

;cos

;cos

3

112

1

bX

XX

rX





 

 (2) 

 













,

;sin

;sin

3

32

1

dY

dY

rLY





 

 (3) 

sadac L  aris OO0  ordinata da SeiZleba daiweros:  

 dcL += .  (4) 

(2)_(4) tolobis gamoyenebiT SeiZleba miviRoT:  

 
     

       
2 1 3 2 2 1 3 2

2 2 2 21/ 2 1/ 2
2 1 3 2 3 2 3 2

X X X X Y Y Y Y
cos

X X Y Y X X Y Y

    
 

           

 .  (5) 

Tu gaviTvaliswinebT, rom: 

 
 








cos

;cos

1123

112





XbXX

XX
  (6) 

 
  









sin

;sinsin

323

312





ddYY

rLdYY
  (7) 

(4)_(7) tolobebis gamoyenebiT (5) algebruli gamosaxuleba mcire gardaqmnebis Semdeg mii-

Rebs Semdeg saxes:  

 
GS

P
.

=Θcos ,  (8) 

sadac  

 
 sincossinsincoscoscoscos 333

22
111  rcrbP  ; 

 
 2 2 1/ 2

1 3S cos sin    ; 

 
 22 2 1/ 2

3 1G sin b r cos cos          .  

am tolobaTa (8) formulaSi SetaniT miiReba Θ kuTxis is mniSvneloba, rac aucile-

belia gaumjobesebuli xelis muxruWis dawolis kvanZis elementebis SemobrunebisaTvis 

urikis ZiriTadi Zaluri da xelsawyoTa saxeobebis ganlagebis mimarT.  

 






GS

P

.
arccos .  (9) 

dawolis kvanZis miaxloebiTi sinTezisaTvis saWiroa uZrav saxsrul SeerTebasa da 

moZrav saxsrebs Soris Tavisufali moZraobis parametrebis gansazRvra. vsargeblobT imave 

sqemiT da ganvsazRvravT BO0 , 1AO , 1OO , DO0  da OD  mxrebisa da berketebis mniSvnelobebs 

isev sakoordinato gardaqmnebis gamoyenebiT. aqedan gamomdinare, SeiZleba davweroT:  
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3311
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YXDD

OOOO

YXOO

YXBB
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YXOO

 (10) 

(10) tolobaTa gaTvaliswinebiT miiReba saZiebeli elementebis saxsrebis Semdegi 

analizuri gamosaxulebani: 

 























.

;cos

;

;cos

;cos

;

5

34

3

112

1

0

OX

bX

bX

XX

rX

OX







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 (11) 

aseve miiReba: 

 
























.

;

;sin

;sin

;sin

;

5

4

33

112

01

0

OY

OY

Y

YY

rYY

LY







   (12) 

(11) da (12) tolobebis gaTvaliswinebiT gveqneba:  

    2 2 1/ 2
0 2 0 2 0O B X X Y Y      ;  (13) 

 
   2 2 1/ 2

1 3 1 3 1AO X X Y Y      ;  (14) 

 
   2 2 1/ 2

1 5 3 5 3OO X X Y Y      ;  (15) 

 
   2 2 1/ 2

0 4 0 4 0O D X X Y Y      ;  (16) 

 
   2 2 1/ 2

5 4 5 4OD X X Y Y      .  (17) 

garkveuli Casmebisa da algebruli gardaqmnebis Sedegad (13)-(17) tolobebi Caiwereba 

sakoordinato mniSvnelobebiT aseTi saxiT:  

 
 2 1/ 2

0 1 1O B r cos cos cos       ;  (18) 

 
 2 2 2 1/ 2

1AO b L r 2r bcos Lsin        ;  (19) 

 
 2 2 1/ 2

1 3 3OO b L sin 2L sin         ;  (20) 

 
 2 2 1/ 2

0 3 3O O b L cos 2b cos         ;  (21) 

 
 2 2 1/ 2

3 3OD L b cos 2b cos         ;  (22) 

dawolis kvanZis A saxsarSi maqsimaluri dawolis Zalis SenarCuneba warmoadgens 

umniSvnelovanes faqtors. am mizniT aucilebelia sruli damuxruWebis bolos SenarCu-

nebul iqnes AO2  mcire mxrisa da AB  wevis marTobulobis piroba, e.i. ABO2∠  iyos marTi 

( )ABAO ⊥2 . 

dasmuli amocanis gadaWris mizniT SesaZlebelia sakoordinato meTodiT sargebloba. 

marTi ABO2  kuTxis arsebobisTvis aucilebelia dacul iqnes toloba:  

   2
1

22
2  rBO   (23) 
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anu SeiZleba daiweros: 

 

     
    









.

;
2

12
2

12
2

1

2
01

2
01

2

YYXX

YYXXZ


 

 (24) 

sadac 0X , 1X , 2X  da 0Y , 1Y , 2Y  aris 2O , A  da B  saxsrebis koordinatebi.  

saTanado Casmebis Semdeg miiReba tolobebi: 

 







.sincos

sincos
22

1
222

1

22222





 r

rrZ

 

 (25) 

(25) sistemis gamoyenebiT sruldeba AO2  da AB  berketebis marTobulobis (23) 

piroba, romlis drosac 902  ABO . 

sasurvelia, rom AB  weviTa da BD  sakidiT Seqmnili Θ kuTxec iyos marTi, 

risTvisac aucilebelia (8) pirobis Sesruleba, romlis mixedviTac:  

 
GS

P
.

arccos= .  (26) 

Θ  kuTxis marTobuloba moiTxovs dawolis kvanZis 1 , 2  da 3  rgolebis sigrZeTa 

zust gansazRvras, rac sinTezis amocanis calke nawilia.  

AO2  da AB  rgolebis marTobuloba SeiZleba damtkicdes kosinusebis Teoriebis 

mixedviTac. ABO2Δ -saTvis vwerT:  

    ABOrrBO 21
2
1

22
2 cos2   . (27) 

martivi gardaqmnebis Semdeg am tolobidan miviRebT:  

   0cos2 21  ABOr .  (28) 

r  da 1  mudmivi sidideebia. amitom 0r  da 01  , e.i.  

   0cos 2  ABO   (29) 

gamodis, rom 902  ABO . 

aqedan gamomdinare, SeiZleba davaskvnaT, rom dizelmatareblis dawolis kvanZis 

nawilobrivi sinTezis dros didi mniSvneloba eniWeba AO2  da AB , aseve AB  da BD  rgo-

lebis marTobulobis pirobas A  saxsarze modebuli dawolis Zalis udidesi mniSvnelo-

bis SenarCunebisTvis.  
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satransporto manqanaTmSenebloba 

dizelmatareblis Zraviani vagonis gaumjobesebuli xelis muxruWis 

sinTezis amocanis gadawyveta 

g. usaneTaSvili 

(saqarTvelos teqnikuri universiteti) 

 

reziume: gaumjobesebuli xelis muxruWis gamomavali parametrebis optimizaciis miz-

niT gansazRvrulia amocanis sinTezis zogierTi elementi. amocana Sesrulebulia xelis 

muxruWis dawolis kvanZisaTvis da miRebulia analizuri gamosaxuleba gadacemis sruli 

sinTezis Casatareblad.  

 

 

TRANSPORT MECHANICAL ENGINEERING 

WORK OUT A PROBLEM OF IMPROVED HAND-BRAKE SYNTHESIS OF A DIESEL 

TRAIN MOTOR CAR 

G. Usanetashvili 

(Georgian Technical University) 

 

Resume: There is considered of choice of the brake shoe material of the car linkage for the purpose of reduction 

of the relaxing self-oscillations arising at interaction of frictional surfaces. At present, planning of brake lever 

transmission of a car is done according to kinematic analysis and synthesis of transmission lever system. 

 

 

ТРАНСПОРТНОЕ МАШИНОСТРОЕНИЕ 

РЕШЕНИЕ ЗАДАЧИ СИНТЕЗА УЛУЧШЕННОГО РУЧНОГО ТОРМОЗА 

МОТОРНОГО ВАГОНА ДИЗЕЛЬПОЕЗДА 

Г. Усанеташвили 

(Грузинский Технический Университет) 

 

Резюме: В работе, с целью оптимизации выходных параметров улучшенного ручного тормоза, опреде-

лены некоторые элементы задачи синтеза. Задача выполнена для нажимного узла ручного тормоза и получены 

аналитические выражения для проведения полного синтеза передачи.  
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rkinigzis transporti 

 

 

Tanamedrove mZlavri rkinigzis teqnikuri sadguris daproeqteba 

saqarTvelos pirobebSi 

a. kakabaZe, b. didebaSvili, t. kotrikaZe 

(saqarTvelos teqnikuri universiteti) 

 

qveynis erTian satransporto sistemaSi rkinigzis transporti satvirTo da samgzav-

ro gadazidvebis moculobiT wamyvan rols asrulebs. rac gansazRvravs misi muSaobis 

maRal intensifikacias. rkinigzis transporti gansakuTrebiT efeqturia masobrivi tvir-

Tebis gadazidvebisaTvis. 

cnobilia, rom saqarTvelo warmoadgens satranzito qveyanas, romelic erTmaneTTan 

akavSirebs dasavleTisa da aRmosavleTis (dasavleT evropas centralur da aRmosavleT 

aziasTan) da CrdiloeTisa da samxreTis qveynebs (ruseTsa da aRmosavleT evropas TurqeT-

Tan, iranTan da somxeTTan). amisaTvis aucilebelia qveynis sarkinigzo infrastruqturis 

saTanado gaviTareba. 

qveynis ekonomikis stabilurobisaTvis aucilebelia rkinigzis transports hqondes 

sawarmoo simZlavreebis aucilebeli rezervi, romelic SeiZleba Seiqmnas mxolod misi wi-

naswari ganviTarebiT da materialur-teqnikuri bazis srulyofis garantiiT.  

saqarTvelos rkinigzis sadgurebs seriozuli naklovanebebi axasiaTebs rogorc sali-

andago ganviTarebis saerTo sqemebSi, aseve mTlianad saeqspluatacio samuSaoebis Sesru-

lebaSi. am naklovanebebis aRmofxvra arc ise advilia, radgan maTi Semdgomi ganviTarebisa 

da Sesabamisi sarekonstruqcio RonisZiebebis ganxorcielebisaTvis saWiro teritoriebi 

Zalze SezRudulia. TbilisSi arsebul rkinigzis or umniSvnelovanes sadgurSi `Tbilisi-

satvirTosa~ da `Tbilisi-sakvanZoSi~ SezRudulia Semadgenlobis gaweva sigrZeSi, arasak-

marisia saxarisxebeli liandagebis raodenoba da sasargeblo sigrZe da, rac mTavaria, 

rogorc ukve aRvniSneT SezRudulia teritoriebis mxriv. orive sadguri mdebareobs qalaqis 

centralur mWidrod dasaxlebul raionebSi da Semdgomi ganviTarebis perspeqtiva ar gaaC-

nia. anologiuri mdgomareobaa Tbilisis savagono da salokomotivo depoebSi, amasTan, es 

struqturuli erTeulebi TiTqmis mowyvetilia erTmaneTisagan. 

aRniSnuli problemis gadasawyvetad saqarTvelos mTavrobam mizanSewonilad miiCnia 

gaeyvana rkinigzis SemovliTi gza, sadac moewyoboda ramdenime Sualeduri da mZlavri 

teqnikuri sadguri, romlebic SeiTavsebda rogorc TbilisSi arsebuli sakvanZo da sat-

virTo sadgurebis, ise savagono da salokomotivo depoebis funqciebs. radgan teritoria 

SezRuduli ar aris, sadgurSi SeiZleba sxvadasxva struqturuli erTeuli ufro xel-

sayrelad ganlagdes. 

naxazze warmodgenilia, teqnikuri sadguris sqema, romelzedac Tanmimdevruladaa gan-

lagebuli mZlavri kombinirebuli tipis satvirTo raioni, samgzavro mowyobilobebi, satvir-

To gadazidvebisaTvis gankuTvnili mimReb-gamgzavni parkebi da savagono da salokomotivo 

depoebi. sadguris aseTi daproeqteba yvela struqturuli erTeulis ganviTarebis saSua-

lebas iZleva rogorc ganivi, aseve grZivi mimarTulebiT. mocemuli sqemiT SesaZlebeli iqne-

ba samgzavro mowyobilobebis ganviTareba. mimdebare teritoriebze mosaxleobis zrdasTan 
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dakavSirebiT (magaliTad 2015 

perspeqtivaSi 120 000-ze meti sa

warmodgenili sqemis mix

denobis satranzito satvirTo

Zalze aqtualuri procesia. a

rali, romelic gazrdis Sua a

raodenobas evropis mimarTul

aRmosavleTisaken gagzavnil s

nigzo mimosvlis aRdgenis Se

tiispireTi) samxreTisaken gagz

yovelive zemoaRniSnuli

vleli liandagebis mierTeba

Tbilisis dasavleT nawilSi g

rusTavisa da Tbilisis dasavl

 

 

teqnikuri sadguris sqe

kombinirebuli tipis 

gadazidvebisaTvis gankuTvn

saxarisxebeli parki (sax

 

amrigad, SemoTavazebuli

denobisa da sigrZis gazrdis

maxarisxebeli mowyobilobebi

teqnologiuri procesis inten

tvirTnakadis moculobis mkv

struqturuli erTeulebis ko

iRweva. yovelive es ki Seamci

buli da gadaziduli tvirTi

rac yvelaze mTavaria, gaizrde
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wlisaTvis dagegmilia olimpiuri sofli

acxovrebeli iqneba). 

edviT, SesaZlebelia lokomotivebis Seu

o matareblebis gatareba, rac saqarTve

amasTan, eqspluataciaSi Seva baqo-yarsis

aziidan da azerbaijanidan satranzito m

lebiT, aseve moemsaxureba saqarTvelos Sa

satvirTo Semadgenlobebs da perspeqtiva

emTxvevaSi CrdiloeTidan (ruseTi, ukrai

zavnil tvirTnakadebs. 

s garda, SesaZlebelia agreTve orive mx

, romlebic dasavleTidan moemsaxureba

ganlagebul samrewvelo sawarmoebs, xol

leT nawilSi ganlagebul sawarmoebs. 

ema, romelzedac Tanamimdevruladaa ganlagebu

satvirTo raioni, samgzavro mowyobilobebi, 

nili mimReb-gamgzavni parkebi (m.g.p.) orive mima

. p.), savagono da salokomotivo depoebi (sav. 

i axali sadguris sqema ZiriTad parkebS

s, aucilebeli rezervebis gamoyenebis da

s danergvis saSualebas mogvcems, roml

nsifikacias da vagonebis mocdenebis Semc

veTr zrdas, manevrebis drois Semcire

mpaqturi da urTierTxelsayreli ganlag

irebs saeqspluatacio xarjebs, gazrdis 

is moculobas, qveyanas miscems met mate

eba saqarTvelos geopolitikuri mniSvnel

iteratura_REFERENCES_ЛИТЕРАТУРА: 

В.М., Правдин Н.В. и др. Железнодорожные стан
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Железнодорожные станции и узлы (задачи, при

is mSenebloba, sadac 

ucvlelad didi rao-

los rkinigzisaTvis 

s sarkinigzo magist-

matareblebis nakadis 

vi zRvis portebidan 

aSi ruseTTan sarki-

ina, belorusia, bal-

xridan moxdes misas-

 mcxeTa-zahesisa da 

lo aRmosavleTidan _ 

 

uli mZlavri  

satvirTo  

arTulebisaTvis, 

da salok. dp.) 

Si liandagebis rao-

a iseTi Tanamedrove 

lebic uzrunvelyofs 

cirebas, gatarebuli 

bas, rac sxvadasxva 

gebis safuZvelze mi-

gamtarobas, gatare-

rialur Semosavals, 

loba. 

нции и узлы / Под ред. В. 

имеры, расчеты) // “Мар-
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rkinigzis transporti 

Tanamedrove mZlavri rkinigzis teqnikuri sadguris daproeqteba 

saqarTvelos pirobebSi 

a. kakabaZe, b. didebaSvili, t. kotrikaZe 

(saqarTvelos teqnikuri universiteti) 

 

reziume: statiaSi ganxilulia Tbilisis rkinigzis sadgurebSi arsebuli mdgo‐

mareoba da SemoTavazebulia axali sarkinigzo teqnikuri sadguris sqema, romlis mixedviT 

Tbilisis SemovliT gzaze maTi ganTavsebis SemTxvevaSi gadaiWreba mTeli rigi arsebuli 

problema da saSualeba mogvecema aramarto efeqturad gavataroT gazrdili satranzito 

satvirTo matareblebis nakadebi, aramed movemsaxuroT Tbilisisa da mimdebare raionebis 

samrewvelo sawarmoebsa da mosaxleobas. 

 

 

RAILWAY  TRANSPORT 

PLANNING OF MODERN HIGH-CAPACITY REILWAY TECHNICAL STATIONS IN 

CONDITIONS OF GEORGIA 

A. Kakabadze, B. Didebashvili, T. Kotrikadze 

(Georgian Technical University) 

 

Resume: There is considered existing state of Tbilisi railway stations and is offered lay-out of new railway 

technical station, that in the case of arrangement on Tbilisi bypass railway allows to solve lot of existing problems  and  

gives the possibility not only effectively pass the increased transit freight trains flow, but also serve the located in 

Tbilisi and adjacent regions enterprises and population. 

 

 

                                      ЖЕЛЕЗНОДОРОЖНЫЙ ТРАНСПОРТ 

ПРОЕКТИРОВАНИЕ СОВРЕМЕННЫХ МОЩНЫХ ЖЕЛЕЗНОДОРОЖНЫХ 

ТЕХНИЧЕСКИХ СТАНЦИЙ В УСЛОВИЯХ ГРУЗИИ 

А. Какабадзе, Б. Дидебашвили, Т. Котрикадзе 

(Грузинский технический университет) 

 

Резюме:  В статье рассматривается существующее положение железнодорожных станций г. Тбилиси и 

предложена схема новых железнодорожных технических станций. В случае их расположения по обводной 

дороге Тбилиси разрешится ряд существующих проблем, что даст возможность не только эффективно 

пропустить увеличенный поток транзитных грузовых поездов, но и обслужить промышленные предприятия, 

население г. Тбилиси и прилегающие районы. 
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arqiteqtura  

 

 

saqarTvelos balneologiuri kurortebis qalaqTmSeneblobiTi 

ganviTarebis ZiriTadi principebi 

n. axvlediani 

(saqarTvelos teqnikuri universiteti) 

 

saqarTvelos teritoria erT-erTi umdidresi kuTxea mineraluri wylebis resursebiT, 

romlebic gamoirCeva fizikur-qimiuri maCveneblebis mravalferovnebiT da samkurnalo 

TvisebebiT. aq gvxvdeba moqmedi klasifikaciis TiTqmis yvela tipis mineraluri wyali. 

arasruli monacemebiT, Cvens qveyanaSi mineraluri wyaroebis saerTo raodenoba 2 

aTasze metia 130 000 000 l-ze meti jamuri sadReRamiso debitiT. naxSirorJangiani wylebi 

Seadgens resursebis saerTo raodenobis daaxloebiT 50 %-s.  

saqarTvelo mdidaria samkurnalo talaxebiTac.  

mineraluri wyaroebi, romlebic gamoiyeneba rogorc sasmelad, ise abazanebiT sam-

kurnalod, balneologiuri kurortebis ZiriTadi samkurnalo faqtoria. 

erTmaneTTan axlomdebare kurortebi, sakurorto dabebi da samkurnalo adgilebi sa-

kurorto raionebad da kurortebis jgufebadaa gaerTianebuli, aseTia, magaliTad, Tbilisis 

kurortebis jgufi, baTumis kurortebis jgufi, borjomis kurortebis jgufi da sxv. 

saqarTvelos udidesi sakurorto rezervebi da maTi aTvisebis RonisZiebebis masS-

tabebi moiTxovs balneologiuri kurortebis struqturebis formirebis specifikuri Tavi-

seburebebis detalur ganxilvas, maTi tevadobis optimalur SerCevas, arqiteqturul-gegma-

rebiTi organizaciis principebis gansazRvras. sakiTxebis srulfasovani gadawyvetisaTvis 

aucilebelia kurortebis eqspluataciis, mSeneblobis da dagegmarebis samamulo da 

sazRvargareTis didi gamocdilebis Rrma Seswavla da gamoyeneba. 

 

 

Trusos xeoba.  

mineraluri wylis tbebi da mdinareebi 

rkinis Semcveli  

veZas tba Trusos xeobaSi 
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dRes ZiriTadi yuradReba eTmoba balneologiuri kurortebis arqiteqturul-gegma-

rebiTi organizaciis ZiriTadi principebis gansazRvras Tanamedrove qalaqTmSeneblobisa 

da samedicino moTxovnilebebis Sesabamisad, agreTve kurortebis kompleqsuri ganaSenia-

nebisaTvis calkeuli normatiuli maCveneblebis dazustebas; amasTan, axali balneolo-

giuri kompleqsebis arqiteqturul-gegmarebiTi struqturis formirebasac, radgan kuror-

tebis rekonstruqciis sakiTxebi saWiroebs specialur gamokvlevas. 

gamokvlevebma cxadyo, rom sakurorto warmonaqmnebis damaxasiaTebel formebs Cveni 

droisaTvis warmoadgens sakurorto qalaqebi da dabebi, sxvadasxva qalaqSi Seqmnili saku-

rorto zonebi da calkeuli sanatoriuli obieqtebi. 

optimalurad gamarTlebuli sanatoriul-sakurorto dawesebulebebis gamsxvilebiTa 

da gaerTianebiT SesaZlebelia amaRldes mSeneblobis ekonomikuri efeqtianoba, gamoiricxos 

momsaxurebis mcire elementebis dublireba, gaumjobesdes samkurnalo da kulturul-sayo-

facxovrebo dawesebulebebis teqnikuri aRWurviloba, kurortebis uzrunvelyofa maRalkva-

lificiuri samedicino kadrebiT. yvela zemoxsenebuli piroba axasiaTebs axal gegmarebiT 

warmonaqmnebs _ sakurorto kompleqsebs, romlebic Sedis ufro msxvil qalaqTmSeneblobis 

warmonaqmnebSi, kerZod, sakurorto raionebSi, sakurorto qalaqebSi an kidev gancal-

kevebiTaa ganlagebuli.  

 

  

Trusos xeoba.  

mineraluri wylis mdinare 

mineraluri tba  

svaneTSi 

 
 

balneologiuri kurortebis sxvadasxva maxasiaTeblis (bunebrivi samkurnalo faqto-

ri, geografiuli ganlageba, tevadoba, mniSvneloba da a. S.) ganxilvis safuZvelze dad-

genil iqna balneologiuri kurortebis klasifikacia:  

a) sakurorto regionebi (borjomi, Savi zRvispireTi, didi da mcire kavkasioni); 

b) sakurorto raionebi (sakurorto kompleqsebis dasaxlebuli punqtebis aglo-

meracia);  

g) sakurorto qalaqebi da dabebi (dasaxlebuli punqtebi, romelTa qalaqwarmonaq-

mnebis safuZvels warmoadgens sanatoriul-gamajansaRebeli dawesebulebebi);  

d) sakurorto zonebi (saxalxo meurneobis sxvadasxva profilis qalaqebSi); 

e) sakurorto kompleqsebi (SedarebiT damoukidebeli qalaqgegmarebiTi warmonaqmnebi, 

romlebic Sedgeba sanatoriul-gamajansaRebeli dawesebulebebis jgufebisgan).  
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kurortebis amgvari dayofa zemoT CamoTvlili jgufebidan TiToeulis dagegmarebis 

organizaciis Taviseburebebis zust moTxovnebs unda pasuxobdes.  

gamokvlevebis safuZvelze dadgenil iqna, rom balneologiuri kurortebis dageg-

marebiTi organizaciis yvelaze Tanamedrove da perspeqtiuli formaa balneologiuri 

kompleqsi.  

balneologiuri kompleqsebis gegmarebiTi struqturis formirebisas ZiriTad faqto-

rebad gvevlineba: 

_ balneologiuri kompleqsis adgilis gansazRvra sakurorto raionul sistemaSi; 

_ samkurnalo resursebis simZlavrisa da teritoriuli resursebis dadgena; 

_ mineraluri wyaroebis sanitariuli dacvis zonebisa da raionebis sazRvrebis da-

zusteba; 

_ balneologiur kompleqsSi Semavali sakurorto dawesebulebebis Semadgenlobisa 

da xasiaTis gansazRvra. 

ase rom, balneologiuri kompleqsebis ganTavseba sakurorto raionis sistemaSi 

momsaxure personalis ganTavsebis erTiani sistemis, satransporto, sameurneo da sain-

Jinro sistemebis organizaciis saSualebas iZleva. bevri dawesebuleba: sakurorto darba-

zebi, sayofacxovrebo momsaxurebis kombinatebi, sacurao auzebi da sxv. unda iyos gaTvli-

li mxolod mocemuli balneologiuri kompleqsis avadmyofebis raodenobaze sistemis da 

momsaxurebis farglebis mimarT gansakuTrebuli moTxovnilebebis gaTvaliswinebiT da ar 

SeiZleba hqondeT saerTo raionuli mniSvneloba.  

raionis sazRvrebSi sxvadasxva samkurnalo da bunebrivi resursebis yovelmxrivi ga-

moyenebisas udidesi mniSvneloba unda eniWebodes msxvili sakurorto teritoriebis same-

dicino zonebad dayofas.  

samkurnalo resursebis simZlavre, ganaSenianebisTvis gamosadegi teritoriebis 

arseboba gavlenas axdens balneologiuri kompleqsebis saerTo tevadobasa da gamosaye-

nebeli teritoriebis zomebze.  

balneologiuri kompleqsebis Seqmnisa da ganviTarebis erT-erT gadamwyvet pirobas 

warmoadgens samedicino TvalsazrisiT Rirebuli mineraluri wyaroebis debitis sidide.  

mineraluri resursebis sanitariuli dacvis zonebis sazRvrebi mniSvnelovan gavlenas 

axdens balneologiuri kompleqsebis sazRvrebSi ganaSenianebaze. kerZod, iseTi nagebobebis 

ganTavsebaze, rogoricaa wyliT samkurnalo da biuveti (mineralur wyaroze mowyobili 

nageboba). am samkurnalo nagebobebs da mineralur wyaroebs Soris mWidro teqnologiuri 

kavSirebis arseboba ganapirobebs maTs adgils kompleqsSi, Tumca, erTi mxriv, maTTan safex-

mavlo misadgomebis zRvruli radiusebis dacva da meore mxriv, samkurnalo faqtorebis 

sanitariuli dacvis aucilebeli RonisZiebebis ganxorcieleba mniSvnelovan pirobas war-

moadgens. mTeli raionis masStabiT samkurnalo adgilmdebareobis dacvis RonisZiebebis Ca-

tareba saSualebas iZleva ufro mizanmimarTulad gadawydes calkeuli kompleqsebis gan-

Tavsebis sakiTxi maTi perspeqtiuli ganviTarebis gaTvaliswinebiT, ganisazRvros raionis 

sawarmoo-sameurneo da sacxovrebeli zonebis mizanSewonili adgilmdebareoba da agreTve 

saerTo jamSi amaRldes sakurorto teritoriis sanitariuli mdgomareobis done. amasTan, 

teritoriulad axlos ganlagebuli jgufebisaTvis rekomendebulia Seiqmnas sanitariuli 

dacvis zonebi.  

sanatoriuli pansionatebis erTian kompleqsSi gaerTianebiT SesaZlebelia sruli 

centralizebuli samedicino da kulturul-sayofacxovrebo momsaxurebis ganxorcieleba, 
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xolo sanatoriumebis kompleqsSi _ mxolod nawilis. orive SemTxvevaSi erTian komp-

leqsSi Cndeba komfortis donis asamaRlebeli samkurnalo da kulturul-sayofacxovre-

bo daniSnulebis mTeli rigi momsaxure dawesebulebebi da nagebobebi. amgvari momsa-

xurebis dawesebulebaTa gaerTianebiT mSeneblobis saerTo moculoba mcirdeba 13%-iT 

(sanatoriumebSi momsaxurebis elementebis cal-calke ganlagebasTan SedarebiT), rac 

qmnis ekonomikur winapirobas sanatoriuli dawesebulebebis kooperirebisTvis.  

balneologiuri kompleqsi SeiZleba ganisazRvros, rogorc SedarebiT damoukidebeli 

qalaqTgegmarebiTi warmonaqmni, Semdgari sanatoriuli dawesebulebebis jgufebisgan 

(sanatoriumebi, sanatoriuli pansionatebi), romlebic warmodgenili iqneba, rogorc 

saWiro infrastruqtura da gaerTianebulia momsaxurebis erTiani sistemiT yoveldRiuri 

da perioduli moxmarebis dawesebulebebTan. aseTi tevadobis balneologiur kompleqsebs 

samamulo-samSeneblo praqtikaSi pirdapiri analogi ar gaaCnia.  

balneologiur kompleqsSi momsaxurebis gamsxvilebis da centralizaciis Sedegad 

Cndeba teritoriis saerTo elementebi. momsaxurebis axali, msxvili elementebis orga-

nizacia da maTi racionaluri ganTavseba safuZvlianad zemoqmedebs funqciuri zonirebis 

principze. 

Catarebuli gamokvlevebis safuZvelze dadginda, rom balneologiuri kompleqsis 

teritoria unda ganixilebodes, rogorc erTi mTliani, sadac gamoiyofa Semdegi ZiriTadi 

funqciuri zonebi: 

_ saZile korpusebi da sasadiloebi; 

_ samkurnalo dawesebulebebi; 

_ kulturul-sayofacxovrebo dawesebulebebi; 

_ saavario samsaxuris personalis sacxovrebeli;  

_ sameurneo daniSnulebis saTavsebi. 

teritoriis saerTo farTobis (bruto) maCvenebeli rekomendebulia gaTvaliswinebuli 

iyos kompleqsis yvela funqciuri zonis organizaciis dros. am maCvenebelSi unda CaerTos 

rogorc ganaSenianebisTvis vargisi, aseve sxva nakveTebi, romlebic umniSvnelo danaxar-

jebis SemTxvevaSi SeiZleba keTilmoewyos da gamoyenebul iqnes dasvenebis, sameurneo da 

sxva zonebis organizebisaTvis.  

gasaSenebeli teritoriis maCvenebelSi (neto) gaTvaliswinebuli unda iyos ganaSenia-

nebisTvis vargisi mxolod is teritoriebi, romlebic mizanSewonili iqneba avadmyofebis 

xangrZlivi adgilsamyoflisaTvis. 

dadgenilia, rom, qalaqTmSeneblobis TvalTaxedvidan gamomdinare, ufro ekonomiu-

rad gvevlineba 7_10-sarTuliani ganaSenianeba, romelic saSualebas gvaZlevs: 

 gamosayenebeli teritoriis farTobi 5-sarTulian ganaSenianebasTan SedarebiT Sem-

cirdes 10%-iT; 

 gamsxvildes sanatoriuli Senobebis moculoba da maTi tevadoba gaizardos 500 ad-

gilamde erTi adgilis umniSvnelo gaZvirebis xarjze 10-sarTulian korpusSi 5-

sarTulianTan SedarebiT;  

 Semcirdes Senobebis saerTo raodenoba da, aqedan gamomdinare, gaSenebis farTobi, 

miwisqveSa komunikaciebis sigrZe, miwis samuSaoebis moculoba da a.S.; 

 Semcirdes momsaxure dawesebulebebis safexmavlo miRwevadobis radiusebi; 
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 ganaSenianebaSi gamoyenebul iqnes momsaxurebis gamsxvilebuli nagebobebi, optima-

luri tevadobis, moculobiTi maCveneblebis da eqspluataciis Rirebulebis Tval-

sazrisiT;  

 arsebuli gamocdilebis, agreTve eqsperimentuli daproeqtebis Sedegebis Seswavla 

da ganzogadeba SesaZlebels xdis ganisazRvros balneologiuri kompleqsebis arqi-

teqturul-gegmarebiTi struqturis safuZvlebi. 

balneologiuri kompleqsi erTgvari samkurnalo mikroraionia, romlis momsaxurebis 

sistemis ZiriTad elements warmoadgens blokirebuli saZile korpusi, sasadilo, samkur-

nalo-diagnostikuri nawili (sanatoriumi) an saZile korpusi da sasadilo (sanatoriuli 

pansionati), romelic warmoadgens pirveladi momsaxurebis jgufs da romlis Semadgen-

lobaSic gaTvaliswinebulia rigi kulturul-sayofacxovrebo daniSnulebis saTavsebi (mi-

saRebi, samagido TamaSebis oTaxebi, fotolaboratoriebi da a.S.). 

sadReRamiso drois balansis da pacientis moZraobis ZiriTadi grafikis specialuri 

gamokvlevebis safuZvelze dadgenil iqna, rom saZile korpusebis da sasadiloebis ganla-

gebis zonaSi dRis ganmavlobaSi erTdroulad SeiZleba imyofebodes avadmyofTa mTliani 

raodenobis 25%, amitom saZile zonaSi avadmyofebis nawilisaTvis aucileblad unda 

Seiqmnas xanmokle dasvenebis pirobebi da upirveles yovlisa unda uzrunvelvyoT avad-

myofebis mosaxerxebeli gadayvana ZiriTadi yoveldRiuri vizitebis obieqtebis mimar-

TulebiT.  

Tu uSualod avadmyofebisTvis gaTvaliswinebuli dawesebulebebi warmoadgens pir-

veladi momsaxurebis erTgvar jgufs, maSin balneologiuri kompleqsebis yoveldRiuri 

da nawilobrivi perioduli momsaxurebis dawesebulebebs miekuTvneba samkurnalo 

dawesebulebebi, kulturul-sayofacxovrebo dawesebulebebi, sportuli nagebobebi da 

mowyobilobebi, savaWro nagebobebi, romelTa damoukidebel centrebad gamoyofac aris 

SesaZlebeli. 

balneologiuri kompleqsis mizanSewonili tevadoba, sadac gaTvaliswinebulia bal-

neologiuri mowyobilobebis maRali Rirebuleba, momsaxure dawesebulebebis raciona-

luri gamsxvileba da specialuri gamokvlevebis safuZvelze dadgenili maTTan misasvle-

li fexmavalTa samoZrao radiusebi (samkurnalo centramde _ 300 m, kulturul-sayofa-

cxovrebomde _ 600 m), saorientaciod unda viangariSoT 4 000 adgili (7- da 10-sarTuliani 

ganaSenianebisTvis) da 2 000 adgili (5-sarTuliani ganaSenianebisTvis). 

praqtikis analizi cxadyofs, rom axali saproeqto gadawyvetebis umetesoba efuZneba 

Tavisufali gegmarebis principebs, zogierT SemTxvevaSi regularuli ganaSenianebis ele-

mentebis CarTviT. 

mravalsaxeoba, romelic gvxvdeba Bbalneologiuri kompleqsebis dagegmarebis da 

ganaSenianebis meTodebis saproeqto praqtikaSi, ZiriTadad SeiZleba daviyvanoT sworxazo-

van, kompaqtur da gafantul principul sistemebamde. 

miTiTebuli sistemebis farglebSi SeiZleba gamoyenebul iqnes ganaSenianebis sxvadas-

xvagvari kompoziciuri meTodebi, maT Soris balneologiuri kompleqsebis pirobebisTvis 

yvelaze damaxasiaTebeli gaxsnili, Caketili, jgufuri da Sereuli kompoziciuri meTo-

debi. 

sainJinro mowyobilobebi (wyalmomarageba, kanalizacia, gamwmendi nagebobebi da a.S.) 

rekomendebulia dagegmarebul iqnes sakurorto raionis erTian sistemaSi.  
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SemoTavazebuli balneologiuri kompleqsebis dagegmarebiTi organizaciis principe-

bi iTvaliswinebs Semdeg SesaZleblobebs: 

_ samedicino, kulturul-sayofacxovrebo da sameurneo momsaxurebis kooperirebas; 

_ samkurnalo, kulturul-sayofacxovrebo da sameurneo daniSnulebis dawesebule-

bebis gamsxvilebasa da maTi teqnikuri aRWurvilobis donis amaRlebas; 

_ samkurnalo procesis maRali efeqturobis uzrunvelsayofad kvalificirebuli 

kadrebis mozidvas; 

_ tipizaciis, industrializaciis da mSeneblobis Cqarosnuli meTodebis ganxorcie-

lebas; 

_ xarjebis Semcirebas sainJinro momzadebaze, mowyobilobaTa SeZenaze da terito-

riis keTilmowyobaze maTi racionalurad gamoyenebis gziT; 

_ mSeneblobis da nagebobebis eqspluataciis ekonomikuri efeqtianobis amaRlebas; 

mocemuli gamokvlevebis Sedegebma SeiZleba praqtikuli gamoyeneba povos balneolo-

giuri kompleqsebis detaluri dagegmarebis da ganaSenianebis proeqtebSi.  

zemoT CamoTvlili balneologiuri kurortebis dagegmarebis principebis praqtikaSi 

danergva xels Seuwyobs arqiteqturul-gegmarebiTi gadawyvetebis gaumjobesebas da 

mSeneblobis ekonomikuri efeqtianobis amaRlebas. 
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saqarTvelos balneologiuri kurortebis qalaqTmSeneblobiTi 
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reziume: statiaSi ganxilulia saqarTveloSi balneologiuri kurortebis dageg‐

marebis ZiriTadi principebi, romlis praqtikaSi danergva xels Seuwyobs sakurorto 

mSeneblobaSi arqiteqturul-gegmarebiTi gadawyvetebis gaumjobesebas da mSeneblobis 

ekonomikuri efeqtianobis amaRlebas. 

 
 

ARCHITECTURE 

THE MAIN PRINCIPLES FOR URBAN DEVELOPMENT OF BALNEOLOGICAL 

HEALTH RESORTS OF GEORGIA 

N. Akhvlediani 

 (Georgian Technical University)  

 

Resume: There are considered the main principles of planning of balneological health resort of Georgia. The 

represent principles inculcation in practise will help us to improve the architectural-planned decisions and to rise the 

economic effectiveness of health-resort construction in Georgia. 

АРХИТЕКТУРА 

ОСНОВНЫЕ ПРИНЦИПЫ ГРАДОСТРОИТЕЛЬНОГО РАЗВИТИЯ 

БАЛЬНЕОЛОГИЧЕСКИХ КУРОРТОВ ГРУЗИИ 

Н. Ахвледиани 

(Грузинский технический университет)  

 

Резюме: В статье рассматриваются основные принципы планирования бальнеологических курортов в 

Грузии, внедрение которых в практике курортного строительства будет способствовать улучшению 

архитектурно-планировочных решений и повышению экономической эффективности строительства. 
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kvebis mrewveloba 

 

 

imeruli zafranis (TAGETES PATULA L.) yvavilebisagan yviTeli feris 

mcenareuli saRebavebis miRebis axali teqnologiebis SemuSaveba 

g. RvalaZe, g. CaCua, d. RvalaZe 

(ak. wereTlis saxelmwifo universiteti, saqarTvelos agraruli universiteti) 

 

adamianis jansaRi cxovrebis wesis erT-erTi mniSvnelovani faqtoria swori kveba, 

rac ZiriTadad biousafrTxo, ekologiurad sufTa mcenareuli da cxoveluri nedleuliT 

damzadebuli produqciis miRebazea damokidebuli. 

aqedan gamomdinare, kvebis Tanamedrove moTxovnaTa Sesabamisad, saWiroa qimiuri, sin-

Tezuri, fermentuli, agreTve genmodificirebul ingredientebze damzadebuli produqcia 

SevcvaloT bunebrivi, ekologiurad sufTa mcenareuli produqtiT. 

msoflio jandacvis organizaciam gamoaqveyna samedicino daskvna, romelSic aRniS-

nulia, rom xelovnuri sakvebis xangrZlivi miReba adamianis janmrTelobaze uaryofiTad 

moqmedebs da iwvevs sxvadasxva daavadebas. aseTi sakvebi ki gansakuTrebiT saSiSia bav-

SvebisaTvis. 

aRniSnulTan dakavSirebiT, marketinguli kvleva Caatares saerTaSoriso organizacia 

grinfisma, mwvaneTa moZraobam, evrokavSiris qveynebma, romlebmac Seiswavles msoflioSi 

sasursaTo bazrebze arsebuli kvebis produqtebis vargisianoba da gairkva, rom msoflio 

bazari gajerebulia xelovnuri sakvebiT. maT Soris yvelaze metad gavrcelebulia kvebis 

mrewvelobis danamatebi, xelovnuri akrZaluli qimiuri saRebavebi, aromatizatorebi da 

sxva produqcia, romlis bazaze xdeba alkoholiani da ualkoholo sasmelebis, kanfetebis, 

namcxvrebis, xilis, rZis produqtebisa da sxv. warmoeba. 

kvebis mrewvelobaSi akrZalul produqtebs Sorisaa sxvadasxva ferisa da klasi-

fikacis saRebavebi; kerZod, yviTeli feris nivTiereba tatarazini, romelic momwamlavi 

TvisebebiT xasiaTdeba. igi erTaderTi yviTeli feris qimiuri saRebavia, romelsac dRemde 

iyeneben kvebis mrewvelobaSi. amdenad, didi mniSvneloba aqvs axali sanedleulo bazebis 

gamovlenas, kvebis mrewvelobaSi axali saxis yviTeli feris uvnebeli mcenareuli 

saRebavebis teqnologiebis SemuSavebas adgilobriv sanedleulo bazaze.  

cnobilia zafranis 80-mde saxeoba, maT Soris saqarTveloSi gavrcelebulia 3 sa-

xeoba: imeruli zafrana (Tagetes patula L.), igive xaverda, dekoratiuli (Crocus sativus L.) da 

veluri zafrana. 

rac Seexeba velur zafranas, igi sakvebad uvargisia. 

dekoratiuli zafrana (Grocus sativus L.) gvxvdeba mxolod kulturaSi qalaqis gamwva-

nebaSi. zafranis am saxeobas axasiaTebs swrafi zrda da gaSlili, burTis msgavsi yviTeli 

sasiamovno sunisa da aromatis yvaviledebi. dekoratiuli zafrana imeruli zafranisagan 

gansxvavdeba. CvenSi ar xdeba dekoratiuli zafranis samrewvelo daniSnulebiT kultivi-

reba, Tumca, unda aRiniSnos, rom igi saukeTesod egueba saqarTvelos, kerZod, imereTis 

niadagur-klimatur pirobebs. 

am TvalsazrisiT saintereso nedleuls warmoadgens saqarTvelos niadagur-klima-

tur pirobebSi mozardi imeruli zafrana (Tagetes patula L.).  
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botanikuri daxasiaTebis mixedviT imeruli zafrana aris erTwliani bostneuli 

kultura, romelic saqarTvelos sxvadasxva kuTxeSi sxvadasxva saxelwodebebiTaa cnobi-

li: xaverda, imeruli zafrana, da am gvaris sxva saxeobebi: qarTluri kakia, guruli 

safrana, nargizi, kaxuri nargizi, susambari, zafrana, imeruli yviTeli surneli, xarCos 

yvavili, megrul-qarTuli zafrana, yvinTeli koWa, yvinTeli piri. 

imerul zafranas (Tagetes patula L.) / xaverdas (Tagetes L.) ojaxi miekuTvneba rTulyva-

vilovnebs (Compositae). misi simaRle 70 sm-s aRwevs, Rero sworia, martivi an, ufro iSvia-

Tad, datotvili, sigrZeze Rarebi Casdevs, kentfrTisebri 5_7 foToli Reroze urTi-

erTmopirdapiredaa gawyobili, kenweruli foTolaki ufro didi zomisaa, vidre danar-

Cenebi; yvela foTolaki bazur-lanceta formisaa da wawvetebul kideebze xerxisebradaa 

dakbiluli; kbilakebis ZirSi da mTavari ZarRvis gayolebiT orive mxareze moyavisfro-

moyviTalo gamWvirvale jirkvlebiTaa mofenili; 3_4 mm diametris mqone kalTebi Sekre-

bilia farisebr yvavilebad da Reros kenweroebsa da zeda foTlebis iRliebSia gawyo-

bili; kalaTaSi 5_9 yvavilia; yviTeli feris enisebri ornakvTiani ganapira yvavilebi mded-

robiTi sqesisaa; xuTnakvTiani milisebri Siga yvavilebi orsqesiania; saburvlis foTo-

lakebi urTierTSezrdilia; wverze dakbiluli cilindruli formis mogrZo Teslurebi 

ZirSi Seviwroebulia, oTxwaxnagovania da waxnagze TeTri feris mokle bewviTaa mofenili; 

qoCori martivia: qoCris sifrifana qerqlebi araa Tanabari zomis _ zogi maTgani Sezr-

dili da blagvwvetiania, zogic _ Tavisufali [1]. 

imerul zafrana/xaverdas da dekoratiul zafranas gansakuTrebuli movla-patronoba 

da niadagis damuSaveba sWirdeba. igi aRmocendeba gvian gazafxulze (mais-ivnisSi) da 

yvavilobs agvistoSi. zafrana gvalvagamZle mcenared iTvleba. yvavilobisa da simwifis 

periodSi zafranis yvavilebi didi raodenobiT Seicavs aromatul eTerzeTsa da yviTlad 

mRebavi Tvisebis mqone nivTierebas _ karotins, romelic Cveni kvlevis mizansa da amocanas 

warmoadgens. 

imerul zafranas farTod iyeneben kvebis mrewvelobis aromatul saneleblebSi. 

kvebis mrewvelobis samecniero-kvleviTi institutis mier SemuSavebulia imeruli yviTeli 

zafranis dafquli saxiT saneleblad gamoyenebis standarti.  

marTalia, imeruli zafranis yvavilebi Seicavs yviTeli feris saRebav nivTierebas, 

magram misgan kvebis mrewvelobaSi gamoyenebuli yviTeli feris saRebavis miRebis teqno-

logia ar aris SemuSavebuli. 

Cven mier pirvelad iqna Catarebuli eqsperimentebi da SemuSavda imeruli zafra-

nisagan yviTeli feris saRebavis miRebis teqnologia siTxis saxiT, romlis pirveladi 

monacemebi saSualebas iZleva imeruli zafranis yviTeli yvavilebi gamoyenebul iqnes 

kvebis mrewvelobaSi yviTeli feris saRebavis dasamzadeblad. amisaTvis saWiroa safuZ-

vlianad SeviswavloT zafranis yvavilebisagan miRebuli yviTeli feris saRebavis bioqimi-

uri Tvisebebi, saRebavis qimizmi da klasifikacia, romlis monacemebic literaturaSi ar 

moipoveba. 

laboratoriul pirobebSi SevimuSaveT imeruli zafranisagan yviTeli feris saRe-

bavis miRebis sami meTodi. pirveli meTodis mixedviT, imeruli zafranis saRebavi kargad 

ixsneba cximSi, spirtsa da wyalSi, rac Zalze iSviaTi dadebiTi Tvisebaa. cximSi xsna-

dobis gamo imeruli zafranis yvavilebisagan SevimuSaveT cximSi xsnadi yviTeli feris 

saRebavis miRebis teqnologia xorcproduqtebSi gamosayeneblad. igi xorcproduqtebs 

aZlevs rogorc yviTel fers, aseve aromats da ar Seicavs zafranis Setivtivebul nawila-
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kebs, rac zafranis mSrali yvavilebis saxiT gamoyenebisas xdeba. cnobilia, rom zafranis 

dafquli yvavilebi ar ixsneba kerZebSi da igi Setivtivebulia masSi, rac, organolep-

tikuri TvalsazrisiT, uaryofiTad moqmedebs produqciaze. 

zafranis yviTeli yvavilebisagan saRebavis miRebis meore meTodia eqstraqciis 

meTodi. vinaidan Cven mier SemuSavebuli eqstrahirebis meTodiT zafranis saRebavi kargavs 

suns da aromats, igi SeiZleba farTod iqnes gamoyenebuli kvebis mrewvelobaSi sxvadasxva 

daniSnulebiT. uaromato yviTeli feris saRebavi SesaZlebelia gavamdidroT sasurveli 

aromatiT.  

Cven mier SemuSavebulia agreTve zafranis yvavilebisagan yviTeli feris saRebavis 

miRebis mesame meTodi, rac iTvaliswinebs spirtiani nayenis momzadebas. aseTi nayeni yvi-

Teli feris saukeTeso aromatuli saRebavia alkoholuri sasmelebis dasamzadeblad. 

yovelive zemoaRniSnulidan gamomdinare, imeruli zafranis yviTeli yvavilebi sauke-

Teso mcenareuli nedleulia yviTeli feris samrewvelo saRebavis misaRebad, romelic 

warmatebiT Secvlis yviTeli feris akrZalul saRebavebs da igi nawilobriv Seamcirebs 

kvebis produqtebSi momwamlavi saRebavebis gamoyenebis kuTr wils. 

zafranis yvavilisagan yviTeli feris saRebavis teqnologiis SemuSavebas da mcenare-

uli yviTeli feris saRebavis kvebis mrewvelobaSi gamoyenebas udidesi socialuri da 

ekonomikuri mniSvneloba aqvs da Tanac gamarTlebulia ekologiuradac. 
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kvebis mrewveloba 

imeruli zafranis (TAGETES PATULA L.) yvavilebisagan yviTeli 

feris mcenareuli saRebavebis miRebis axali teqnologiebis 

SemuSaveba 

g. RvalaZe, g. CaCua, d. RvalaZe 

(ak. wereTlis saxelmwifo universiteti, saqarTvelos agraruli universiteti) 

 

reziume: kvebis mrewvelobaSi erT-erT aqtualur problemas warmoadgens qimiuri da 

genmodificirebuli saRebavebis Secvla bunebrivi, mcenareuli saRebavebiT. 

aqedan gamomdinare, kvebis mrewvelobisaTvis Zalze aqtualuria axali saxis buneb-

rivi mcenareuli nedleulis gamovlena da axali teqnologiis SemuSaveba, romlis Sedegad 

miRebuli iqneba biousafrTxo konkurentunariani saRebavebi. 

imeruli zafranis (Tagetes patula L.) yvavilebisagan damzadebuli yviTeli feris mcena-

reuli saRebavi SeiZleba gamoyenebul iqnes kvebis mrewvelobaSi alkoholiani da ual-

koholo sasmelebis, sakonditro nawarmis, xorcproduqtebis feris Sesacvlelad, rasac 

udidesi socialuri da ekonomikuri efeqti eqneba. 

 

 

 

FOOD INDUSTRY 

DEVELOPMENT OF NEW TECHNOLOGIES IN ORDER TO RECEIVE OF 

VEGETABLE PAINT OF YELLOW COLOR FROM IMERETIAN SAFFRON (TAGETES 

PATULA L.) 

G. Ghvaladze, G. Chachua, D. Ghvaladze 

(A. Tsereteli State University, Agrarian University) 

 

Resume: Food industry is one of the most pressing problems in the chemical and genetically modified food 

industry to change colors, including natural, vegetable dyes in the food industry. 

Hence, a new kind of natural herbal raw material identification and development of new technology, which will 

be obtained through competitive food industry biosafe paints, is urgent. 

Yellow colored vegetable dye, made from Imeretian Saffron (Tagetes patula L.) flowers, may be used in food 

indastry, alcoholic and non-alcoholic beverages, confectionery, meat painting which will have both social and economic 

effects. 
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ПИЩЕВАЯ ПРОМЫШЛЕННОСТЬ 

РАЗРАБОТКА НОВЫХ ТЕХНОЛОГИЙ ДЛЯ ПОЛУЧЕНИЯ РАСТИТЕЛЬНОГО 

КРАСИТЕЛЯ ЖЕЛТОГО ЦВЕТА ИЗ ИМЕРЕТИНСКОГО ШАФРАНА (TAGETE 

PATULA L.) 

Г. Гваладзе, Г. Чачуа, Д. Гваладзе 

(Государственный университет им. А. Церетели, Грузинский Аграрный Университет) 

 

Резюме: В пищевой промышленности одной из наиболее актуальных проблем является замена 

химических и генетически модифицированных красителей на природные растительные красители. 

Таким образом, выявление новых видов сырья для получения натурального растительного красителя 

пищевой промышленности и развитие новых технологий, которые будут получены в рамках конку-

рентоспособной пищевой промышленности, актуально. 

Растительный краситель желтого цвета, изготовленный из Имеретинского шафрана (Tagetes patula L.), 

может быть использован в продуктах питания, в алкогольных и безалкогольных напитках, в кондитерских 

изделиях, в мясопродуктах. Это будет иметь как социальный, так и экономический эффект. 

 

 

 

 

 

 

 

124



 

 

sporti 

 

 

swavlebis dawyebiT safexurze skolebSi moswavleTa xelis Zalis 

ganviTarebis zogadi maCveneblebi  

m. mnaTobiSvili, k. xvedeliZe, d. yarangozaSvili 

(saqarTvelos fizikuri aRzrdisa da sportis saxelmwifo universiteti) 

 

skolaSi, sadac ZiriTadad xorcieldeba moswavleTa fizikuri aRzrdis amocanebi, 

gansakuTrebuli yuradReba eqceva FmoswavleTa fizikuri Tvisebebis Camoyalibebas da 

ganviTarebas. amdenad, moswavleTa fizikuri momzadeba da masTan dakavSirebuli amoca-

nebis gadaWra, romelic fizikuri aRzrdis Teoriisa da meTodikis erT-erTi mniSvnelovani 

sakiTxia, pirvel rigSi swored fizikuri aRzrdis gakveTilebze unda mimdinareobdes. 

saskolo asakis bavSvTa fizikuri aRzrdis erT-erTi ZiriTadi amocana maTi yovelmxrivi 

fizikuri ganviTrebaa, rac warmoadgens sportis momavali aRmavlobis winapirobas. 

dRevandeli sportuli moTxovnilebis doneze momzadebisaTvis udidesi mniSvneloba aqvs 

bavSvTa fizikuri Tvisebebisa da funqcionaluri SesaZleblobis Seswavlas naadrev asakSi 

da saswavlo-sawvrTneli mecadineobebis sworad dagegmvas.  

Cveni kvlevis mizania saskolo asakis bavSvebis fizikuri momzadebis mdgomareobis 

Seswavla da misi Semdegi amaRlebis meTodikis srulyofa.  

fizikuri Tvisebebidan pirvel rigSi SeviswavleT xelis Zalis maCveneblebi, rom-

lebic izomeboda xelis dinamometris meSveobiT cal-calke maqsimaluri SesaZleblobebiT 

marjvena da marcxena xelisaTvis. 

xelis Zala aris erT-erTi is fundamenturi fizikuri Tviseba, romelic saWiroa 

optimaluri fizikuri SesaZleblobis gamosavlenad. Cveulebriv, igi ganisazRvreba, ro-

gorc Zalisxmevis maqsimaluri odenoba, romelic SesaZloa, gamoyenebul iqnes winaaR-

mdegobis dasaZlevad sxeulis zeda kidurebis mier Zalis gamovlenis procesSi. am dros 

xelis kunTebi da gansakuTrebiT xelis momxreli kunTebi, TiTqmis yvela ZiriTad moq-

medebaSi monawileobs. rogorc specialur profesiul saqmianobaSi, ise sportSi, xelis 

Zalis maCvenebeli garkveuli pirobiTobiT SeiZleba erTgvar indikatoradac miviCnioT 

mTlianad organizmis fizikuri SesaZleblobebis gansazRvrisas. 

kargad dagegmili da ganxorcielebuli fizikuri aqtiuroba aumjobesebs moswavleTa 

koncentracias, zrdis maT kreatiulobas, amaRlebs TviTSefasebas, uviTarebs gadawyvetilebis 

miRebisa da problemis gadaWris unars. aseve pozitiurad aisaxeba maT qcevaze liderobis 

gamocda. magaliTad, moZrav TamaSebSi kargad gamoikveTa pasuxismgeblobis aRebis 

SesaZlebloba sakuTar da sxvis saqcielze. moswavleebi eCvevian disciplinas, maT 

uviTardebaT TanaklaselebTan urTierTobis kultura. fizikuri aqtiurobis dros mos-

wavleebs eZlevaT saSualeba iswavlon, Tu rogor dasaxon mizani da ibrZolon am miznis 

misaRwevad.  

sanam aRniSnuli sakiTxis kvlevas daviwyebdiT saWiro iyo skolebSi saswavlo wlis 

dawyebisas moswavleTa fizikuri momzadebis donis dadgena, raTa naTeli warmodgena 

gvqonoda moswavleTa fizikur SesaZleblobebze. es monacemebi mogvcemda sakiTxis 

Seswavla-gaanalizebis saSualebas. unda SegvemuSavebina meTodika, romlis mixedviTac 

warimarTeboda momavalSi kvleviTi muSaoba. 

am mizniT cdis pirebad SeirCa sxvadasxva asakis dawyebiTi swavlebis mozardebi, q. 

Tbilisis arasaxelmwifo saero zogadsaganmanaTleblo saSualo skola ,,mermisis” 120 
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moswavle. Catarebuli kvlevis Sedegad gamoikveTa, rom fizikuri datvirTva Tavis dadebiT 

Sedegs iZleva bavSvTa fizikuri ganviTarebisa da funqcionaluri SesaZleblobis zrdaze.  

pirveli kvleva saswavlo wlis dasawyisSi (oqtomberSi) CavatareT. gamovikvlieT 

moswavleTa xelis Zalis maCveneblebi (ix. 1-li da me-2 cxrilebi). 
 

 cxrili 1 
moswavleTa xelis Zalis pirveladi monacemebi 

 

kl
as

eb
i 

marjvena xelis 
Zala 

Mmarcxena xelis 
Zala 

marjvena xelis  
Zala 

Mmarcxena xelis  
Zala 

gogonebi vaJebi 

1 8 7 9 9 

2 10 8 10 9 

3 12 11 13 13 

4 13 12 15 14 

5 13 15 18 17 

6 15 14 17 15 
 

 

cxrili 2 
moswavleTa xelis Zalis pirveladi monacemebis grafiki 

 

 
 

Semowmeba mimdinareobda xelis dinamometriთ, romliს saSualebiTac SegveZlo gan-

gvesazRvra Zalis gamovlenis SesaZleblobebis done da, saerTod, fizikuri momzadeba. 

ramdenadac moswavleTa fizikur momzadebaSi erT-erT ZiriTad sakiTxs Zalis SesaZ-

leblobebis gaZliereba warmoadgens, saWirod miviCnieT SegvemuSavebina fizikuri aRzrdis 

gakveTilebze moswavleTa fizikuri momzadebis amaRlebis gzebi da Segvedgina srul-

yofili cikluri varjiSebi. gamoyenebuli iyo Semdegi varjiSebi: iatakidan da tanvar-

jiSis skamidan xelebze aZalva; bagirze cocva: fexebis daxmarebiT, fexebis dauxmareblad, 

kuTxiT; RerZze mizidva; Sveduri kedlis gamoyenebiT Zalis gansaviTarebel varjiSTa 

kompleqsebi.  

meore eqsperimenti (Zalis gazomvis testebi) CavatareT gazafxulze. me-3 da me-4 cxri-

lebis monacemebi saSualebas gvaZlevs cifrebiT gamovsaxoT Zalis ganviTarebis xarisxi 

da masSi momxdari cvlilebebi. 
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kl

a-
s
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i 
marjvena xelis 

Zala 
M

gogoneb

1 10 

2 12.6 

3 15.6 

4 16 

5 17.5 

6 19.7 

moswavleTa x

 

dakvirvebam cxadyo, ro

axdens cdis piris xelis sivr

moxris SemTxvevaSi SedarebiT

gaSlis dros. xelis Zalis 

doneze. Catarebuli testebi

tisDSedegad gamoikveTa is, ro

Sedegia swavlebis dawyebiTi s
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leTa xelis Zalis daskvniTi monacemebi  
 

marcxena xelis 
Zala 

marjvena xelis 
Zala 

i vaJeb

9 11.8 

11.4 12.8 

13.4 16.8 

15.8 17.6 

16.9 20.1 

18.2 20.4 

xelis Zalis daskvniTi monacemebis diagr
 

m testirebis dros Zalis gamovlenis 

rceSi mdebareobis faqtori. magaliTad, x

T dabali maCveneblebi miiReba, vidre ida

sidide damokidebulia aseve asakze, sqe

is Sedegebis safuZvelze pirveli da

om xelis Zalis maCvenebeli gazrdilia 2

safexuris moswavleebisaTvis.  
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12.8
11

13.4

16.8
15.615.8

17.6
16.816.9

20.1
19

18.2

20.4 19.9

cxrili 3 

Mmarcxena xelis 
Zala 

i 

10.8 

11 

15.6 

16.8 

19.0 

19.9 

 

cxrili 4 
rama 

 

xarisxze gavlenas 

xelis idayvSi 900-iT 

ayvis saxsris 1800-iT 

esze, gawvrTnilobis 

a meore eqsperimen-

2_3 kg-mde, rac kargi 

odikis safuZvlebi; II 

III nawili; Tb., 2007. 

s meTodebi. Tb., 1986. 
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1 კლასი

2 კლასი

3  კლასი

4 კლასი

5  კლასი

6 კლასი
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sporti 

swavlebis dawyebiT safexurze skolebSi moswavleTa xelis Zalis 

ganviTarebis zogadi maCveneblebi  

m. mnaTobiSvili, k. xvedeliZe, d. yarangozaSvili 

(saqarTvelos fizikuri aRzrdisa da sportis saxelmwifo universiteti) 

 

reziume: statiaSi ganxilulia swavlebis dawyebiT safexurze 1-li – me-6 klasebis 

moswavleebis xelis Zalis ganviTarebis unari asakisa da sqesis gaTvaliswinebiT. im cdebis 

Sedegebis mixedviT, romlebic saswavlo wlis dawyebisas da dasrulebisas Catarda xelis 

dinamometris meSveobiT, Semowmda rogorc marjvena, ise marcxena xelis maCveneblebi, ramac 

SesaZlebeli gaxada xelis Zalis zrdis ganviTarebis parametrebis dafiqsireba Zalis ganvi-

Tarebis varjiSebis daxmarebiT. miRebuli SedegebiT gamoikveTa xelis Zalis zrda 2_3 kg-iT. 

 

 

SPORT 

GENERAL CHARACTERISTICS OF HAND POWER AMONG PUPILS IN THEIR FIRST 

YEARS AT SCHOOL 

M. Mnatobishvili, K. Khvedelidze, D. Karangozashvili 

(Georgian State University of physical Education and Sport) 

 

Resume: There is discussed initial stages of the classroom teaching in the forms of 1_6, including the 

development of a hand-held force ability: age, sex were taken into account by the tests, that were carried out in the 

beginning and in the end of school year by means of dynamometer. We checked the data from both right and the left 

hand, which helped us to record the highlights of the growth of hand-held force by power enhancement trainings. 

According to results we got power was increased by 2_3 kg. 

 

 

СПОРТ 

ОБЩИЕ ПОКАЗАТЕЛИ РАЗВИТИЯ РУЧНОЙ СИЛЫ УЧЕНИКОВ НАЧАЛЬНЫХ 

КЛАССОВ В ШКОЛАХ 

М. Мнатобишвили, К. Хведелидзе, Д. Карангозашвили 

(Государственный университет физического воспитания и спорта Грузии)  

 

Резюме: В статье рассматривается способность развития силы руки в начальной стадии обучения (1_6 

класс) с учетом возраста и пола. По результатам испытаний, проведенных в начале и в конце учебного года, с 

помощью ручного динамометра были зафиксированы параметры роста силы рук, как правой так и левой, с 

применением упражнений для развития силы рук. Полученные результаты показали рост силы рук на 2_3 кг. 
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sporti 

 

mocuraveTa momzadeba mokle distanciaze 

d. yarangozaSvili, m. mnaTobiSvili 

(saqarTvelos fizikuri aRzrdisa da sportis saxelmwifo universiteti) 

 

curvas, rogorc sportis saxeobas, erT-erTi mniSvnelovani adgili ukavia sazoga-

doebriv cxovrebaSi da fiziologiurad sasargeblo saxeobad aris miCneuli. igi aumjobe-

sebs gul-sisxlZarRvTa da sasunTq sistemas, nivTierebaTa cvlas, amcirebs zedmet agzne-

bulobas da nervul daZabulobas. curvisas CarTulia yvela ZiriTadi kunTi, romelic sxe-

uls sZens simkvrives, harmoniul ganviTაrebas da kidev sxva mravაli dadebiTi TvisebiT 

xasiaTdeba. 

sportis ganviTarebis Tanamedrove etapebze am saxeobaSi maRali Sedegebis miRweva 

sportsmenTa winaSe sxva moTxovnebs ayenebs. mocuraveTa momzadebaSi gansazRvruli unda 

iyos calkeuli movarjiSebis unarebi da SesaZleblobebi. Zala aris erT-erTi fundamen-

turi fizikuri Tviseba, romelic saWiroa optimalუri fizikuri SesaZleblobebis gamosav-

lenad. sxeulis zeda kidurebis mier Zalis gamovlenis procesSi mxris kunTebi TiTqmis 

yvela ZiriTad moqmedebaSi monawileobs. amasTan, isini mniSvnelovan rols asruleben 

sportsmenTa specialur profesiul saqmianobaSi. 

Tanamedrove sawylosno sportSi farTod gamoiyeneba izokinetikuri trenaJorebi. Cvens 

SemTxvevaSi gamoyenebuli iyo trenaJori ,,biokinetiki”, romelic afiqsirebs Sesrulebul 

samuSaos 10 reJimSi. cifrul tabloze gamosaxulia sportsmenTa Sesabamisi Zalisxmeva. 

mocuraveebs SeuZliaT daafiqsiron TavianTi Zalisxmeva xelis TiToeul mosmaSi. trena-

Jorze Catarebuli eqsperimentis dros mocuraveTa swraf-Zalis gamosavlenad gamoviyeneT 

xelis mosmis imitacia. aRsaniSnavia, rom ,,biokinetikis” me-5 reJimi daaxloebiT Seesabameba 

saSejibro distanciaze mosmas. reJimi (0_4) umetes wilad aCvenebs Zalismier komponents, 

xolo reJimi 6_9 mocuravis swraf-Zalis SesaZleblobebis komponents. 

saWiro iyo gაmogvekvlia, Tu ra gavlenas axdenda sxvadasxva sawvrTneli saSualeba 

mocuravis Zalis siCqaris SesaZleblobebze. 

pirvel eqsperimentSi monawileoba miiRes Tavisufali stiliT mocurave sportis 

ostatebma (50 m Tavisufali stili). yoveli eqsperimentis dasawyisSi da damTavrebisas 

fiqsirdeboda TiToeuli sportsmenis Zalisxmevis maCvenebeli 10-ive samuSao reJimSi 

(xelis yoveli 3-jer mosmis jamiT), agreTve dro 50 m distanciaze Tavisufali stiliT. 

am eqsperimentis dros gamoiyeneboda ZalTa SesaZleblobebis gazrdisaken mimarTuli 

saSualebebi, darbazSi mimdinაreobda tradiciuli xasiaTis sawvrTnel muSaoba; Cveuleb-

riv swori moZraoba ar aRemateboda saSejibros da ar Seesabameboda mas. 

eqsperimentis damTavrebisas aRmovaCineT Zalisxmevis zrda dabali zonebis reJimebSi 

(0_4). saSejibro mosmis (4_6) da masze siswrafiT maRalze (6_9) mniSvnelovani cvlilebebi 

SemCneuli ar iyo. Tavisufal stiliT gacurvam 50 m. distanciaze ar gamoavlina raime 

cvlilebebi sawyis maCveneblebTan SedarebiT. 
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meore eqsperimentis dros (erTi Tvis Semdeg) muSaoba darbazSi mimdinareobda swraf-

Zalis gansaviTareblad. varjiSebis Sesrulebis siswrafeze Sedegebi Seesabameboda saSe-

jibros an odnav aRemateboda mas. 

am eqsperimentis dasawyisSi da dasasruls miRebuli maCveneblebis Sedarebisas, gamo-

irkva, rom swraf-Zalis SesaZleblobebis zonaSi (saSejibro mosma), reJimi (4_6), aRiniSna 

Zalismieri maCveneblebis mateba, siswrafis reJimebis zonaSi (6_9) cvlileba Seexo 

mxolod (6_7) reJimebs. analogiuri suraTi gamovlinda Zalismier zonaSi: 

trenaJor ,,biokinetikis” (3_4) reJimSi miviReT Zalisxmevis umniSvnelo momateba, 

xolo (0_1) reJimSi maCveneblebis daqveiTeba; 

meore eqsperimentis yvela monawilem aCvena maCveneblebis zrda 50 m distanciaze -0,5 -

0.65 wm sawyisTan SedarebiT (ix. cxrili). 

 

cxrili 

sportsmenTa sakontrolo da  

eqsperimentuli jgufis monacemebi 
 
 

 

sakontrolo jgufi Eeqsperimentuli jgufi 

 
pirveli, 

sawyisi etapi 

meore, Semdgomi 

etapi 

pirveli, 

sawyisi etapi 

meore, Semdgomi 

etapi 

1 25.7 25.5 25.5 25.0 

2 26.8 26.6 26.1 25.5 

3 27.0 27.1 25.4 24.9 

4 27.4 27.4 26.4 25.9 

5 26.9 26.8 26.8 26.3 

6 27.1 27.0 27.0 26.35 

7 27.9 27.7 26.9 26.25 

8 27.4 27.1 26.6 26.1 

9 28.0 28.1 27.0 26.4 

10 27.2 27.1 26.9 26.3 

11 26.9 26.9 26.4 25.9 

12 27.3 27.4 26.4 25.8 

  
 

 wvrTvis procesSi maCveneblebis zrda xdeba im swraf-Zalis SesaZleblobebis 

zonebSi, romelTa siswrafis reJimebi emTxveoda specialuri Zalismieri momzadebis 

sawvrTneli varjiSebis reJimebs darbazSi;  

 mocuraveTa wvrTna siswrafis reJimebSi sagrZnoblad daqveiTebul saSejibrosTan 

SedarebiT zrdis Zalismier komponentebs da araviTar gavlenas ar axdens 50 m 

Tavisufali stiliT distanciis gacurvaze; 

 sawvrTvneli saSualebebis gamoyeneba swraf reJimSi, romlebic Seesabameba saSe-

jibros, axdens sportuli MmaCveneblebis zrdas 50 m Tavisufali stilis distanciaze. 

Catarebuli eqsperimentis safuZvelze SeiZleba davaskvnaT (ix. nax.): 
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sporti 

mocuraveTa momzadeba mokle distanciaze 

d. yarangozaSvili, m. mnaTobiSvili 

(saqarTvelos fizikuri aRzrdisa da sportis saxelmwifo universiteti) 

 

reziume: warmatebis erT-erT faqtors mokle distanciaze curvaSi warmoadgens 

sportsmenTa swraf-Zalis SesaZleblobebis ganviTarebis optimaluri done. 

mocuraveTa swraf-Zalismieri momzadeba Sejibris reJimSi xels uwyobs maCveneblebis 

zrdas im SemTxvevaSi, Tu wvrTnis meTodika darbazSi da wyalSi identuria. 

 
 

СПОРТ 

ПОДГОТОВКА ПЛОВЦОВ НА КОРОТКИЕ ДИСТАНЦИИ 

Д. Карангозашвили, М. Мнатобишвили 

(Государственный университет физического воспитания и спорта Грузии) 

 

Резюме: Одним из факторов успеха в плавании на короткие дистанции является оптимальный уровень 

развития скоростно-силовых возможностей спортсменов.  

Скоростно-силовая подготовка пловцов в соревновательном режиме способствует росту результатов в 

случае идентичности методики тренировки на суше и в воде. 

 

SPORT 

PREPARATIONS OF SPORTSMEN IN SHORT COURSE SWIMMING 

D. Karangozashvili, M. Mnatobishvili 

(Georgian State Universite of physical Education and sport) 

 

Resume: In short course swimming one of the main tools for success is attaining optimal level of development 

of speed-power skills. 

Speed-power training of swimmers in competitive regime enhances growth of coefficients only if dry land work-

outs and training methods in pool are same.  
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