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Si ganxilulia samTo sawarmoTa atmosfero, mis Semadgenlo-

baSi momxdari cvlilebebi samTo sawarmoebSi haeris gadaadgi-

lebis dros; saSaxto da sakariero atmosferoSi mavne da feT-

qebadi airebis gamoyofa, sawarmoo mtveri, misi feTqebadoba da 

afeTqebis sawinaaRmdego zomebi; meore nawilSi _ saSaxto aero-

meqanika, mocemulia SaxtebSi haeris moZraobis kanonebi, airebi-

sa da mtvris gamoyofa da maTi gadatana saventilacio Wavle-

biT, moZrav haersa da qanebs Soris  siTbos gacvlis procesebi; 

mesame nawilSi _ samTo sawarmoTa ventilacia, gadmocemulia 

Saxtebis, karierebis da mamdidrebeli fabrikebis ganiavebis teq-

nikuri meTodebi da saSualebebi; meoTxe nawilSi _ samTo sawa-

rmoTa ventilaciis daproeqteba, mocemulia Saxtebis da karie-

rebis ganiavebis sqemebi da maT gasaniaveblad saWiro haeris ra-

odenobis gaangariSeba. 
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Sesavali 

 

samTo sawarmoebis aerologia aris samTo mecnie-

rebis nawili, romelic Seiswavlis Saxtebis, maRaroebisa 

da karierebis atmosferos Tvisebebs da masSi mimdinare 

procesebs. misi, rogorc mecnieruli disciplinis mizania 

samTo sawarmoebis atmosferos mecnieruli safuZvlebisa 

da gamajansaRebeli saSualebebis Seqmna. amisaTvis auci-

lebelia gadaiWras Semdegi ZiriTadi amocanebi: 1. mavne-

obebis winaaRmdeg brZolis meTodebisa da saSualebebis 

damuSaveba maTi warmoqmnisa da gamoyofis adgilebSi; 2. 

bunebrivi Zalebisa da faqtorebis gamoyeneba karierebis 

bunebrivi ganiavebis intensifikaciisaTvis; 3. karierebisa 

da miwisqveSa samTo sawarmoebis xelovnuri ventilaciis 

meTodebisa da saSualebebis damuSaveba. 

samTo sawarmoebis ganiavebis ZiriTadi amocanaa: a) 

sawarmoebis SigniT myofi haeri iyos sunTqvisaTvis var-

gisi, ar Seicavdes janmrTelobisaTvis mavne da afeTqebis 

mxriv saSiS airebs da mtvers; b) sawarmoebSi haeris miwo-

deba unda xdebodes ganuwyvetliv dRe-Ramis ganmavlobaSi 

im raodenobiT, romelic sakmarisi iqneba samuSao adgi-

lebze gamoyofili an sawarmoo procesebis Sedegad war-

moSobili momwamlavi da feTqebadi airebis da mtvris da-

saSveb normamde gazavebisaTvis. aRniSnuli amocanebis 

droulad da zustad Sesruleba ganapirobebs samTo sa-

warmoebSi momuSaveTa janmrTelobas, usafrTxo Sromis 
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pirobebs da maT maqsimalur mwarmoeblurobas. am mniS-

vnelobiT samTo sawarmoTa aerologia unda ganvixiloT 

rogorc Sromis dacvis erT-erTi dargi samTo saqmeSi. 

samTo sawarmoTa aerologia Sedgeba Semdegi ZiriTa-

di nawilebisagan: 

1. samTo sawarmoTa atmosfero. am nawilSi ganixi-

leba haeris SemadgenlobaSi mimdinare cvlilebebi, misi 

moZraobisas miwisqveSa gvirabebsa da karieris Siga siv-

rceSi, saSaxto atmosferos Semadgeneli nawilebis Tvi-

sebebi, saSaxto da sakariero atmosferoSi airebis gamo-

yofa, sawarmoo mtveri, rogorc afeTqebis mizezi da mis 

winaaRmdeg brZolis RonisZiebebi, samTo sawarmoTa Tburi 

reJimi da saSaxto haeris kondicireba. 

2. saSaxto aeromeqanika. aq ganixileba SaxtebSi hae-

ris moZraobis kanonebi, airebisa da mtvris gamoyofa da 

maTi gadatana saventilacio nakadebiT, moZrav haersa da 

samTo qanebs Soris siTbos gacvlis procesebi. 

3. samTo sawarmoTa ventilacia. es nawili moicavs 

Saxtebisa da karierebis ventilaciis uzrunelyofis teq-

nikur meTodebsa da saSualebebs. am nawilis mniSvnelovan 

moculobas warmoadgens samTo sawarmoTa ventilaciis 

proeqtireba. 

winamdebare saxelmZRvanelo Sedgenilia saswavlo 

programis Sesabamisad, romelic Seicavs maRarosa da ka-

rierebis aerologiis ZiriTad sakiTxebs, agreTve mam-

didrebeli da sabriketo fabrikebis ganiavebis safuZ-
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vlebs. igi pirvelad ibeWdeba qarTul enaze da vfiqrobT, 

did sargeblobas moutans saqarTvelos teqnikuri univer-

sitetis samTo-geologiuri fakultetis samTo 

teqnologiebis departamentis student-bakalavrebs  aero-

logiis sruli kursis SeswavlaSi. 
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nawili I. samTo sawarmoTa atmosfero 

 

1. samTo sawarmoebis haeri 

 

1.1. atmosferuli haeris Semadgeneli nawilebi 

 

maRaros an karieris haeri es atmosferuli haeria, 

romelic miwis zedapiridan miewodeba da gvirabebSi moZ-

raobis dros Semadgenlobis mxriv mTel rig cvlilebebs 

ganicdis. Tu es cvlilebebi imdenad umniSvneloa, rom 

samTo sawarmoTa haeri SemadgenlobiT ar gansxvavdeba 

atmosferuli haerisagan, mas sufTa haers uwodeben, yvela 

danarCen SemTxvevaSi igi warmoadgens WuWyian anu gada-

muSavebul haers da mokle drois ganmavlobaSi unda ga-

nidevnos samTo sawarmoebis samuSao adgilebidan. 

sufTa atmosferuli haeris Semadgenloba praqtiku-

lad mudmivia. igi warmoadgens airebisa da wylis or-

Tqlis narevs. mis SemadgenlobaSia: azoti 78,08%, Jan-

gbadi 20,95%, argoni 0,93%, naxSirmJava airi 0,03% da 

heliumi, neoni, kriptoni, qsenoni da ozoni, romelTa ja-

muri Semcveloba Seadgens 0,01%-s. garda amisa atmos-

ferul haerSi sxvadasxva raodenobiT yovelTvis aris 

mtveri, yinulis umciresi kristalebi, tenis uwvrilesi 

wveTebi. 

bunebaSi Jangbadis gamomyof ZiriTad wyaros war-

moadgenen okeanis planqtonuri afski da mcenareuli 
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samyaro. naxSirmJava airi ZiriTadad gamoiyofa vulka-

nebis moqmedebisa da niadagSi mimdinare JangviTi proce-

sebis Sedegad. 

atmosferul haers maqsimaluri mtvrianoba da kvam-

lianoba gaaCnia materikebisa da samrewvelo raionebis 

Tavze, agreTve mSral klimatur zonebSi. haeris fardo-

biTi tenianoba meryeobs ramodenime aTeuli procentidan 

as procentamde. 

ganvixiloT atmosferuli haeris mTavari Semadge-

neli airebis fizikur-qimiuri Tvisebebi. 

1. Jangbadi _ O2 aris ufero, usuno da ugemo airi. 

misi xvedriTi wonaa 1,11, molekuluri wona _ 32. igi 

cudad ixsneba wyalSi (00C temperaturis dros mxolod 

5%). Jangbadi qimiurad aqtiuri elementia da advilad 

uerTdeba mraval nivTierebas, xels uwyobs wvasa da sun-

Tqvas. 

Jangbadi aucilebelia adamianis sunTqvisaTvis. Tu 

adamians SeuZlia sakvebis gareSe icocxlos 30-40 dRe-

Rame, wylis gareSe 10-12 dRe-Rame, Jangbadis gareSe 

adamianis sicocxle wydeba 4-5 wT-is Semdeg. adamianis 

sunTqvis procesSi Jangbadi sasunTqi gzebiT xvdeba fil-

tvebSi, sadac igi uerTdeba sisxls da misi saSualebiT 

miewodeba mTel organizms. organizmis periferiebidan 

filtvebSi, dabrunebul sisxlTan erTad, miewodeba nax-

SirmJava airi, romelic amosunTqvisas gamoiyofa atmos-

feroSi. mSvid mdgomarebaSi yofnisas adamiani moixmars 
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0,3 l/wT Jangbads, xolo mZime fizikuri samuSaos Ses-

rulebisas _ 3-4 l/wT. 

adamiani sunTqvis procesSi Tavisi saWiroebisaTvis 

moixmars CasunTquli Jangbadis mxolod 20%-s. dadge-

nilia, rom organizmis mier SeTvisebuli Jangbadis rao-

denoba yovelTvis Warbobs organizmis mier gamoyofil 

naxSirmJava airis radenobas.  

amosunTquli naxSirmJava airis raodenobis fardoba 

drois imave periodSi CasunTqul Jangbadis raodenobas-

Tan warmoadgens e.w. respiratorul (sunTqvis) koefi-

cients. saSualo simZimis samuSaos Sesrulebisas respi-

ratoruli koeficientis mniSvneloba <1, xolo mZime sa-

muSaos Sesrulebisas >1. 

mSvid mdgomareobaSi yofnisas adamiani axdens wuT-

Si 16-18 CasunTqvas da TiTo CasunTqvisas haeris mocu-

loba Seadgens 0,4-0,5 l., xolo wuTSi moxmarebuli haeris 

moculoba Seadgens 8 l. mZime fizikuri samuSaos Sesru-

lebisas wuTSi CasunTqvebis sixSire izrdeba, xolo mox-

marebuli (CasunTquli) haeris moculoba aRwevs 130 l/wT. 

usafrTxoebis wesebis Tanaxmad, miwisqveSa pirobebSi 

momuSave TiTo adamianze, aucilebelia miwodebul iqnas 6 

m3/wT sufTa haeri. adamianis mier yvelaze kargad Jangba-

dis aTviseba xdeba haerSi misi 21% Semcvelobis dros, 

Tu atmosferuli wnevaa 760 mm. v.wy.sv. 

adamianis mier CasunTquli haeridan Jangbadis SeT-

viseba damokidebulia haerSi Jangbadis parcialur (wi-
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lobriv) wnevaze. dakvirvebebi gviCvenebs, rom adamianis 

organizms gaaCnia garemo pirobebTan kargi Seguebis una-

ri da igi kargad grZnobs Tavs maSinac, rodesac haerSi 

Jangbadis Semcveloba aris 9-12%, mxolod im pirobiT, 

rom danarCeni 88-91% iqneba azoti an misi msgavsi iner-

tuli airi da gadasvla Jangbadis normaluri Semcve-

lobidan (21%)  Semcirebul raodenobaze xdeba ara uec-

rad aramed TandaTanobiT. 

usafrTxoebis wesebis Tanaxmad, samTo sawarmoTa ha-

erSi, samuSao adgilebze Jangbadis raodenoba unda iyos 

aranaklebi 20%-isa. Cveulebriv, normalurad ganiavebul 

gvirabebSi es piroba yovelTvis daculia. magram im gvi-

rabebSi romlebic cudad niavdebian an feTqebadi masalis 

afeTqebis Semdeg da maRaros xanZrebis SemTxvevaSi, Jan-

gbadis raodenoba SeiZleba Semcirdes 1-3%-mde, aseT are-

Si ki adamianis moxvedrisas xdeba uecrad grZnobis daka-

rgva da sikvdili. 

2. azoti _ N2 warmoadgens atmosferuli haeris Zi-

riTad nawils, igi aris ufero, usuno da ugemo, ine-

rtuli airi. misi xvedriTi wonaa 0,97, molekuluri wona 

_ 28. igi ar uwyobs xels wvasa da sunTqvas. wyalSi sus-

tad ixsneba. azots yovelTvis Seicavs adamianis sisxli. 

atmosferuli wnevis gazrdasTan erTad azotis Semcvelo-

ba sisxlSi izrdeba. wnevis uecrad Semcirebisas (avariu-

li situacia kesonebSi, wyalqveSa momuSavis swrafi amoy-

vana siRrmidan zedapirze) sisxlSi SesaZlebelia warmoi-
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qmnas azotis buStulakebi, rac iwvevs kesonur daavadebas 

da sikvdilsac ki. garda amisa, azotiT organizmis gaje-

rebisas, maRali wnevis SemTxvevaSi, azotma SesaZlebelia 

gamoiwvios toqsikuri zemoqmedeba. 

miwisqveSa pirobebSi azotis gamoyofis ZiriTadi 

wyaroebia: 1. organuli nivTierebebis lpoba; 2. feTqebadi 

samuSaoebi; 3. gamoiyofa naxSiris fensa da fuW qanSi 

arsebuli bzarebidan. 

Saxtis haerSi azotis Semcveloba ar normirdeba. 

3. naxSirmJava airi _ CO2 aris ufero, susti momJavo 

gemos mqone airi. misi xvedriTi wonaa 1,52, molekuluri 

wona _ 44. igi kargad ixsneba wyalSi. naxSirmJava airi mu-

dmivad gamomuSavdeba adamianis organizmSi mimdinare Jan-

gvis procesebis Sedegad da asrulebs sunTqvis stimu-

latoris rols. 

naxSirmJava airis Semcvelobis gazrda sasunTq haer-

Si iwvevs organizmis mowamvlas. cudad ganiavebul gvira-

bebSi naxSirorJangis raodenobam SeiZleba miaRwios 0,75-

1,0%. am raodenobiT igi naklebad momwamlavia, magram Tu 

didi raodenobiT dagrovda gvirabSi, SeiZleba gamoiw-

vios adamianis sasikvdilo mowamvla. 

sasunTq haerSi naxSirorJangis koncentraciis gaz-

rda 0,2%-iT iwvevs filtvebis ventilaciis (sunTqvis 

sixSiris da siRrmis) 2-jer gazrdas; organizmis fiziku-

ri datvirTvis Semcirebisas sunTqvis procesi xdeba nor-

maluri, vinaidan mcirdeba naxSirmJava airis gamoyofa. 
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haerSi naxSirorJangis 3%-is Semcvelobisas sunTqva 

gaxSirebulia 2-jer mSvid mdgomareobaSi yofnis drosac 

ki. naxSirorJangis 5%-mde Semcvelobisas _ sunTqvis six-

Sire momatebulia 3-jer. haerSi naxSirorJangis 5-8% Sem-

cvelobisas warmoiqmneba zeda sasunTqi gzebisa da lor-

wovani garsis gaRizianebis niSnebi, Tavis tkivili, xmauri 

yurebSi, aRgznebuleba, Tavbruxveva, cxelebis SegrZneba, 

qoSini, pirRebineba, momatebulia guliscema  da arteriu-

li wneva. haerSi naxSirmJava airis 20%-iani Semcvelo-

bisas (maizolirebel respiratorebSi muSaobisas) SeimCne-

va kanis SewiTleba da Cxvleta gul-mkerdis areSi. haerSi  

CO2-is 20-25%-is Semcveloba sasikvdilod saSiSia. 

miwisqveSa gvirabebSi naxSirmJava airis gamoyofis 

ZiriTadi wyaroebia merqnisa da naxSiris lpoba da Jangva, 

mJave wylebiT samTo qanebis gaxrwna, gamoiyofa fuWi qa-

nebidan da sasargeblo waRiseulidan. gamomyofi wyaroebi 

agreTve SeiZleba iyos xanZrebi da meTanisa da naxSiris 

mtvris afeTqebebi. 

imis gamo, rom naxSirmJava airi haerze 1,5-jer mZimea, 

haeris moZraobis mcire siCqareebis dros misi koncen-

tracia gvirabis qveda nawilSi gacilebiT maRalia, vidre 

gvirabis WerSi. garda amisa igi SeiZleba dagrovdes didi 

raodenobiT da sicocxlisaTvis saSiSi gaxdes daxrili 

da vertikaluri gvirabebis ZirSi. 

usafrTxoebis wesebis Sesabamisad haerSi naxSirmJava 

airis Semcveloba ar unda aRematebodes Semdeg mniSvne-
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lobebs: samuSao adgilebze da ubnis amomaval WavlSi 

0,5%-s; frTis, horizontisa da mTlianad Saxtis amomaval 

Wavlis gvirabebSi _ 0,75%-s; CamoqcevebSi gvirabebis gay-

vanisas da maTi aRsadgeni samuSaoebis warmoebisas _ 

1,0%s.  

 

1.2. haeris Semadgenlobis cvlileba misi 

gvirabebSi moZraobisas 

 

miwisqveSa gvirabebSi myofi atmosferuli haeri war-

moadgens maRaros anu Saxtis haers. misi Semadgenloba da 

sxva parametrebi gansxvavdeba sufTa atmosferuli haeri-

sagan. 

gvirabebs, romelTa saSualebiT samuSao adgilebze 

miewodeba sufTa haeri, ewodebaT haermimwodebeli gvira-

bebi, xolo gvirabebs, romelTa saSualebiT xdeba WuW-

yiani anu gadamuSavebuli haeris mocileba _ saventila-

cio gvirabebi. 

haeris miwisqveSa gvirabebSi moZraobisas, mis Semad-

genlobaSi momxdar cvlilebebs Seadgens Jangbadis Sem-

cireba da naxSirmJava airis, meTanis, azotis, naxSir-

Jangisa da sxva airebis, agreTve mtvris raodenobis moma-

teba. garda amisa, icvleba haeris temperatura, 

fardobiTi tenianoba da atmosferuli wneva. 

ansxvaveben haeris gaWuWyianebis teqnogenur (samTo 

samuSaoebis warmarTvis teqnologiaze damokidebuli) da 
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bunebriv wyaroebs. teqnogenuri wyaroebia afeTqebiTi sa-

muSaoebis warmarTva, Sigawvis Zravebis muSaoba, fuWi qa-

nisa da sasargeblo wiaRiseulis mongreva da sxv. 

bunebriv wyaroebs warmoadgens miwisqveSa da zedapi-

ruli samTo masivis gaSiSvlebuli zedapirebi, mongreu-

li naxSirisa da fuWi qanis natexebi, mineraluri wylebi 

da sxv. 

garda airobrivi Semadgenlobis cvlilebisa, haeris 

gvirabebSi moZraobisas warmoebs misi temperaturis gaz-

rda da temperatura miT metia, rac ufro Rrmadaa ganla-

gebuli miwis zedapiridan gvirabi. 

   amave dros umetesi raodenobis SaxtebSi adgili aqvs 

gvirabebSi didi raodenobiT wyalmodenas, rac zrdis hae-

ris tenianobas maTSi. es gansakuTrebiT igrZnoba hidro-

SaxtebSi da SaxtebSi, sadac mongreuli naxSiris gada-

tana xorcieldeba hidrotransportis saSualebiT. 

rac Seexeba gvirabebSi atmosferuli wnevis cvli-

lebas, rac metia samTo samuSaoebis warmoebis siRrme, 

miT maRalia atmosferuli wneva. im SemTxvevaSi, Tu Saxti 

ganlagebulia maRalmTianeTSi, maSin piriqiT mis gvira-

bebSi haeris wneva naklebia, vidre haeris wneva zRvis do-

neze. 

yovelive amis garda gvirabebSi arsebul haeris wne-

vaze moqmedebs mTavari ganiavebis ventilatoris muSaobis 

reJimi: Tu ventilatori muSaobs daWirxvnaze, maSin gvi-

rabSi haeris wneva ufro maRalia, vidre miwis zedapirze 
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arsebuli haeris wneva da piriqiT, Tu ventilatori mu-

Saobs Sewovaze, igi amcirebs gvirabSi haeris wnevas ze-

dapirze arsebul wnevasTan SedarebiT. 

' 

1.3. Saxtis airsiuxve 

 

airsiuxve axasiaTebs airis gamoyofis intensivobas 

calkeul gvirabSi, amosaRebi ubnis sazRvrebSi, calkeul 

fenSi an mTlianad SaxtSi. ansxvaveben absolutur da 

fardobiT airsiuxves. 

Saxtis absoluturi airsiuxve ewodeba airis rao-

denobas, romelic gamoiyofa mis yvela gvirabSi drois 

erTeulSi. Saxtis absoluturi airsiuxve ganisazRvreba 

formuliT:  

      Qabs.=QS(Camom-CSem)/100,    m
3/wT,            (1,1) 

sadac: QS aris SaxtSi miwodebuli haeris raodenoba, 

m3/wT;  CSem _ airis Semcveloba SaxtSi misawodebel haer-

Si, %; Camom _ airis Semcveloba Saxtidan amomaval haeris 

WavlSi,%. 

Saxtis fardobiTi airsiuxve ewodeba airis rao-

denobas, romelic gamoiyofa drois erTeulSi 1 t an 1 m3 

samTo masis mopovebis dros. Saxtis fardobiTi airsiuxve 

ganisazRvreba formuliT 

                    
A

abs
fard A

QQ =  ,         m3/t,               (1.2) 
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sadac A aris Saxtis mwarmoebluroba, t/dR;  absQ _ 

absoluturi airsiuxve, m3/wT 

Saxtis airsiuxve mniSvnelovanwilad damokidebulia 

Semcveli qanebisa da sasargeblo wiaRiseulis airSemcve-

lobaze. airSemcveloba aris bunebriv pirobebSi myofi 1 

t an 1 m3 xeluxlebeli masivis airSemcveloba da igi da-

mokidebulia wiaRiseulis warmoSobaze. 

magmuri warmoSobis qanebi da madnebi xasiaTdebian 

mcire forianobiT, airgamtarobiTa da mcire sorbciuli 

aqtivobiT. maTSi airebi ZiriTadad Tavmoyrilia teqto-

nikuri aSlilobebis zonebSi. aq ZiriTadad gvxvdeba 

azoti, naxSirmJava airi, wyalbadi, agreTve umniSvnelo 

raodenobiT meTani da misi hemologebi. 

danaleqi qanebi (naxSiri, mineraluri marilebi, man-

ganumis madnebi, boqsitebi, fosforitebi da sxv.) 

xasiaTdebian sorbciuli aqtivobiT, riTac ganpirobebu-

lia maTSi mniSvnelovani raodenobiT airebis arseboba. 

danaleqi qanebi Seicaven naxSirwyalbadebs, naxSirmJava 

airebs, azots, gogirdwyalbads, gogirdovan airs, amiaks, 

wyalbads da sxv. 

metamorful qanebs (kvarcitebi, marmarilo, grafiti, 

spilenZis madnebi da sxv.) airSemcvelobis mixedviT uWi-

ravT Sualeduri mdgomareoba magmur da danaleq qanebs 

Soris. 
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1.4. samTo sawarmoTa haerSi Semavali feTqebadi 

da momwamlavi airebi 

 

sufTa atmosferuli haeri, miewodeba ra miwis zeda-

piridan samTo sawarmoebSi, Tavis SemadgenlobaSi ganic-

dis mniSvnelovan cvlilebebs, rac gamoixateba masSi 

sxvadasxva teqnologiuri procesebis warmarTvisas gamo-

yofili momwamlavi da feTqebadi airebis koncen-

traciebis momatebiT. haeris cvlilebebs iwvevs agreTve 

sasargeblo wiaRiseulisa da Semcveli qanebis Tvisebebi, 

samTo sawarmoTa mowyobilobebis tipebi da damuSavebis 

teqnologiuri procesebi. 

samTo sawarmoebis atmosferoSi SesaZlebelia gamoi-

yos Semdegi feTqebadi da momwamlavi airebi: 

naxSirJangi _ CO, anu mxuTavi airi, aris ufero, 

usuno da ugemo airi. misi xvedriTi wonaa 0,97, mole-

kuluri wona _ 28. igi wyalSi sustad ixsneba. naxSir-

Jangi wvadi da feTqebadi airia. normaluri tempera-

turisa da wnevis dros qimiurad sakmaod inertulia. 

haerTan erTad warmoSobs feTqebad narevs. afeTqebis 

zRvrebia 13-75%. yvelaze didi afeTqebis Zala aqvs haerSi 

30%-is Semcvelobis dros. afeTqebis temperaturaa 610-

8300C. 

adamianis mowamvla naxSirJangiT xdeba imis gamo, 

rom sisxlSi Semcveli hemoglobini 300-jer ufro aqtiu-

rad uerTdeba naxSirJangs, vidre Jangbads, rac iwvevs 
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organizmis qsovilebis JangbadiT SimSils. ansxvaveben 

naxSirJangiT adamianis mwvave mowamvlis sam xarisxs: 1. 

susti mowamvla, haerSi CO-s 0,05%-is Semcvelobisas, ga-

moixateba yurebSi SuiliT, Tavis susti tkiviliT, muSao-

bisas sunTqvis aCqarebiTa da TavbruxveviT; 2. Zlieri mo-

wamvla, haerSi CO-s 0,1%-is Semcvelobis dros, xasiaTdeba 

zemoTCamoTvlili simptomebis gaZlierebiT da masTan er-

Tad moZraobis unarisa da gonebis dakargviT; 3. sasik-

vdilo mowamvla, haerSi CO-s 0,4-0,5%-is Semcvelobisas, 

sikvdili dgeba mcire xnis zemoqmedebis dros. 

Saxtebsa da karierebSi naxSirJangis gamoyofis Ziri-

Tadi mizezebia: feTqebadi samuSaoebi, airisa da mtvris 

afeTqebebi, sasargeblo wiaRiseulis wva, Sigawvis Zrave-

bisa da cecxluri burRvis dazgebis muSaoba. 

usafrTxoebis wesebis Tanaxmad samuSao zonis haer-

Si naxSirJangis maqsimaluri dasaSvebi koncentracia aris 

0,0017%. afeTqebiTi samuSaoebis Catarebis Semdeg sangre-

vSi muSebis daSveba SesaZlebelia haerSi CO-s 0,008%-is 

Semcvelobisas, im pirobiT, rom sangrevSi ganuwyvetliv 

miewodeba sufTa haeri. 

azotis Jangeulebi anu feTqebadi nivTierebis afeT-

qebis airovani produqtebi: azotis Jangi (NO), azotis 

orJangi (NO2), ufro iSviaTad azotis oTxJangi (N2O4) da 

zogjer azotis xuTJangi (N2O5). maTi orTqli Zlier 

Sxamiania da gamaRizianeblad moqmedebs Tvalis, cxviris 
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da piris Rrus lorwovan garsze, agreTve zeda sasunTq 

gzebsa da filtvebze. 

haerSi yvelaze mdgradia NO2 da N2O4. azotis or-

Jangi 1,59-jer mZimea haerze, xolo oTxJangi 3,18-jer mZimea 

haerze. isini kargad ixsnebian wyalSi. 

sxva airebisagan gansxvavebiT azotis Jangeulebis 

momwamlavi moqmedeba vlindeba ara uecrad, aramed maTi 

CasunTqvidan garkveuli drois (4-20 sT da ufro metic) 

gavlis Semdeg. 

haerSi 0,006% NO2-is Semcvelobisas daaxloebiT 20 

wT-is Semdeg adamians ewyeba xvela, saerTo sisuste, Ta-

vis tkivilebi da tkivilebi gulis areSi; 0,01-0,015% NO2-

is koncentraciisas aRniSnuli simptomebi Cndeba myisie-

rad da ufro mZime formiT; NO2-is Semcveloba haerSi 

0,023-0,039% _ sasikvdiloa adamianisaTvis. 

usafrTxoebis wesebis Tanaxmad samTo sawarmoebis 

atmosferoSi azotis Jangeulebis zRvruli dasaSvebi 

koncentracia aris 0,00026%. 

gogirdwyalbadi _ H2S aris ufero, motkbo gemosa 

da laye kvercxis sunis mqone airi. misi xvedriTi wonaa 

1,19. igi wvadi airia da haerSi 6%-is Semcvelobisas war-

moqmnis feTqebad narevs, kargad ixsneba wyalSi. 

gogirdwyalbadi Zlier momwamlavi airia. igi gama-

Rizianeblad moqmedebs Tvalisa da sasunTqi gzebis lor-

wovan garsze, agreTve nervul sistemaze. iwvevs Tavis 
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tkivilebs, Tavbruxvevas, pirRebinebas, cremldenas, sinaT-

lisadmi SiSs, Tvalis tkivilebs. 

gogirdwyalbadis aRmoCena SesaZlebelia suniT misi 

haerSi 0,0001-0,0002%-is Semcvelobisas. gogirdwyalbadiT 

adamianis sasikvdilo mowamvla xdeba haerSi  misi Semcve-

lobisas 0,1% adamianze xanmokle zemoqmedebis drosac. 

gogirdwyalbadis gamomyofi ZiriTadi wyaroebia: or-

ganuli nivTierebis lpoba; gogirdis Semcveli minera-

lebis gaxrwna; naxSiris fenebis wva; feTqebadi nivTie-

rebebis gamowva; cecxlgamtari zonris wva; gamoiyofa qa-

nebSi arsebuli bzarebidan. 

usafrTxoebis wesebis Tanaxmad samTo sawarmoTa 

atmosferoSi gogirdwyalbadis dasaSvebi Semcveloba 

aris 0,00071%. 

gogirdovani airi _ SO2 anu gogirdovani anhidridi 

aris ufero airi mwvave momJavo gemoTi da Zlieri gama-

Rizianebeli suniT (mogvagonebs wvadi gogirdis suns). 

misi xvedriTi wonaa 2,3. SO2 kargad ixsneba wyalSi da 

warmoqmnis gogirdmJavas. 

gogirdovani airi Zlier momwamlavi airia. gamaRi-

zianeblad moqmedebs zeda sasunTq gzebsa da Tvalebze, 

xolo maRali koncentraciebis dros iwvevs bronqebis an-

Tebas, xorxisa da filtvebis SeSupebas. 

avariul situaciebSi haerSi SO2-is 0,05%-is Semcve-

loba mokle drois ganmavlobaSi iwvevs adamianis 
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sikvdils moxrCobis gamo. suniT haerSi misi aRmoCena Se-

saZlebelia SO2-is 0,0005%-is Semcvelobis dros. 

maRaroebsa da karierebSi gogirdovani airi gamoi-

yofa afeTqebiTi samuSaoebis warmoebisas, sulfiduri da 

naxSiris sabadoebis xanZrebisas, SesaZlebelia gamoiyos 

sulfidur sabadoebSi masividan, zogjer gogirdwyalbad-

Tan da meTanTan erTad. 

samTo sawamoTa atmosferoSi SO2-is Semcvelobis 

zRvruli dasaSvebi koncentracia aris 0,00038%. 

akroleini _ CH2CHCOH aris ufero, adviladaor-

Tqlebadi siTxe arasasiamovno, damwvari cximis mkveTri 

suniT. igi haerSi xvdeba orTqlis saxiT. akroleini uje-

ri aldehidia duRilis temperaturiT 520C. misi orTqli 

1,9-jer mZimea haerze da kargad ixsneba wyalSi. 

akroleini metad momwamlavia. igi aRizianebs Tvalis 

lorwovan garssa da sasunTq traqts, iwvevs Tavbruxvevas, 

tkivls kuWis areSi, gulisrevasa da pirRebinebas. 0,014% 

akroleinis Semcvel atmosferoSi 10 wuTis ganmavlobaSi 

yofna adamianisaTvis sasikvdiloa. 

akroleini gamoiyofa maRali temperaturis zemoqme-

debiT dizelis sawvavis Semadgenel nawilebad daSlis 

Sedegad. 

karieris atmosferoSi akroleinis Semcvelobis 

zRvruli dasaSvebi koncentracia aris 0,0008%. 

formaldehidi _ CH2O anu WianWvelis aldehidi aris 

ufero airi, mkveTri maxrCobela suniT. advilad ixsneba 
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wyalSi. misi xvedriTi wonaa 1,4. igi Zlier momwamlavi 

airia, gamaRizianeblad moqmedebs sasunTqi gzebis lor-

wovan garssa da centralur nervul sistemaze. 

CasunTqul haerSi formaldehidis 0,007%-is Semcve-

lobisas xdeba Tvalis da sasunTqi gzebis lrwovani gar-

sis msubuqi gaRizianeba. 

formaldehidiT mwvave mowamvlis SemTxvevaSi aRi-

niSneba koniuqtiviti, surdo, bronqiti, saerTo sisuste. 

karierebSi formaldehidis gamoyofis ZiriTadi wya-

roebia: afeTqebiTi samuSaoebi, saavtomobilo transpor-

tisa da cecxluri burRvis danadgarebis muSaoba, agreT-

ve sasargeblo wiaRiseulis TviTwva (TviTanTeba). 

Saxtebisa da karierebis atmosferoSi formalde-

hidis zRvruli dasaSvebi konceracia aris 0,00016%. 

amiaki _ NH3 aris ufero, mkveTri damaxasiaTebeli 

sunis mqone airi. misi xvedriTi wonaa 0,596. igi kargad 

ixsneba wyalSi. NH3 haerSi 16-26%-is Semcvelobisas war-

moqmnis feTqebad narevs. 

amiaki Zlier momwamlavi airia. igi iwvevs zeda sa-

sunTqi gzebis lorwovani garsis gaRizianebas, enisa da 

xorxis SeSupebas, mwvave bronqits, arteriuli wnevis da-

cemas, Tvalebis gaRizianebas, xolo TvalSi moxvedrisas 

_ sibrmaves. 

samTo sawarmoebSi amiaki ZiriTadad warmoiSoba fe-

Tqebadi samuSaoebis warmarTvisas, xanZrebis qrobis 

dros, rodesac wyali exeba naxSiris gavarvarebul 
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zedapirs, agreTve samacivro danadgarebis gamacivebeli 

agregatis mwyobridan gamosvlis SemTxvevebSi. 

haerSi amiakis Semcvelobis dasaSvebi normaa 0,002%. 

wyalbadi _ H2 aris ufero, usuno da ugemo airi. 

fiziologiurad inertulia. misi xvedriTi wonaa 0,09. igi 

wvadi airia. wyalbadi feTqdeba haerSi misi Semcvelo-

bisas 4-74%. yvelaze didi afeTqebis Zala aqvs haerSi 

28,6%-is Semcvelobisas. 

samTo sawarmoTa haerSi gamoiyofa fuWi qanebidan, 

agreTve kaliumis madnidan da naxSiris fenebidan, gamoi-

yofa xanZrebis dros sxva wvad airebTan erTad, akumu-

latoruli batareebis damuxtvis dros. 

Saxtebis airis mixedviT kategoriebad dayofisas 

miiReba, rom 1 m3 wyalbadi 2 m3 meTanis eqvivalenturia. 

haerSi wyalbadis Semcvelobis zRvruli dasaSvebi 

koncentracia aris 0,5%. 

 

1.5. haerSi airebis Semcvelobis gazomvis 

xerxebi 

 

haeris Semadgenlobisa da masSi sxvadasxva airis Se-

mcvelobis kontrolis ganxorcieleba SesaZlebelia ganu-

wyvetliv da epizodurad. daniSnulebis Sesabamisad airis 

sakontrolo xelsawyoebi (airanalizatorebi) iyofa sam 

jgufad: gadasatani (individualuri), stacionaruli da 

CamontaJebuli. 
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gadasatani xelsawyoebi emsaxurebian haerSi airebis 

Semcvelobis epizodur kontrols xalxis samuSao adgi-

lebSi, xolo stacionaruli _ airebis Semcvelobis ganu-

wyvetel kontrols gvirabebis yvelaze damaxasiaTebel 

sakvanZo adgilebSi. es ukanasknelebi uzrunvelyofen usa-

frTxoebis wesebiT dasaSveb koncentraciebze metad airis 

koncentraciebis gazrdisas eleqtrodanadgarebis gaTiS-

vas. 

samTo manqanebSi CamontaJebuli xelsawyoebi iZle-

vian signalebs haerSi airebis Semcvelobis Sesaxeb da 

TiSaven samTo manqanebs, im SemTxvevaSi, rodesac airis 

koncentracia gadaaWarbebs dasaSveb normas. moqmedebis 

principis mixedviT airanalizatori SeiZleba iyos qimiu-

ri, fizikuri an fizikur-qimiuri moqmedebisa. 

qimiuri airanalizatorebis moqmedebis principi dam-

yarebulia haerSi Semcveli airebisa da specialur mila-

kebSi moTavsebuli reaqtivebis urTierTqmedebis prin-

cipze. specialur milakSi moTavsebuli reaqtivi icvlis 

fers, milakSi gatarebul haerSi Semcveli airis zemoq-

medebis Sedegad. TiToeuli reaqtivi gankuTvnilia gan-

sazRvruli airisaTvis. reaqtivis Secvlili feris svetis 

simaRlis mixedviT ganisazRvreba airis koncetracia (kon-

centraciis skala datanilia milakze). aseTi tipis air-

analizatorebis dadebiTi mxarea is, rom isini saSua-

lebas iZlevian swrafad, 1-5 wuTis ganmavlobaSi, ganvsa-

zRvroT airis koncentracia, xolo maTi uaryofiTi mxa-
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rea _ mcire sizuste (gazomvis dasaSvebi cdomileba aris 

±25%). 

airebis fizikuri Tvisebebis gamoyenebis principze 

moqmedi airanalizatorebidan yvelaze meti gavrceleba 

moipoves optikurma airanalizatorebma. maTi moqmedebis 

principi damyarebulia interferenciuli zolis gadaad-

gilebis sididis gazomvaze. interferenciuli zolis ga-

daadgileba gamowveulia etalonuri airebis narevisa da 

gamosakvlevi airis sxvadasxva optikuri simkvriviT. in-

terferenciuli zolis gadaadgilebis sidide ganisaz-

Rvreba moculobiT procentebSi graduirebuli skalis 

mixedviT. interferometris dadebiTi mxarea misi usaf-

rTxoebis maRali xarisxi da gazomvebis sakmarisi sizus-

te. 

airebis fizikur-qimiuri Tvisebebis gamoyenebis prin-

cipze moqmedi airanalizatorebidan, yvelaze metad gav-

rcelebulia airanalizatorebi, romlebic moqmedeben Te-

rmokatalizur principze. am principis  arsi mdgomareobs 

katalizurad aqtiuri liTonis zedapirze wvadi airebis 

daJangvisas gamoyofili siTbos raodenobis gazomvaSi. 

TermowinaRobis saxiT gamoiyeneba platina an pelistori 

(igi Sedgeba aluminis Jangis Termomedegi SriT dafaru-

li platinis spiralisagan), romelzedac datanilia aqti-

uri katalizatori (paladiumi an Toriumi). 
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2. meTani 

 

2.1. meTanis fizikur-qimiuri Tvisebebi 

 

meTani _ CH4 aris ufero, usuno, ugemo airi. misi 

xvedriTi wonaa 0,554. igi fiziologiurad inertulia. sa-

SiSia imdenad, ramdenadac haerSi misi raodenobis gazrda 

iwvevs Jangbadis Semcirebas. meTani wyalSi Znelad ix-

sneba. Cveulebrivi wnevisa da temperaturis dros rea-

qciaSi Sedis mxolod halogenebTan. igi wvadi da feT-

qebadi airia. haerTan erTad warmoSobs feTqebad narevs 

da afeTqebis Sedegad warmoiSoba naxSirorJangi, wyali 

da azoti. 

meTanis aalebis temperaturad miRebulia 650-7500C, 

magram es temperatura SeiZleba iyos metic da naklebic. 

igi damokidebulia aalebis temperaturaze, meTanis Sem-

cvelobaze haerSi da sxva airebis minarevebze. dad-

genilia, rom gavarvarebuli zedapiridan meTani feTqdeba 

12000C, magram SeiZleba afeTqdes 5000C-zec. 

meTanis gansakuTrebuli Tviseba aris is, rom igi 

feTqdeba ara uecrad, aramed garkveuli dayovnebiT. Tu 

temperatura 6500C-ia, dayovneba Seadgens 100 wm-s, 7500C-is 

dros _ 11 wm-s, xolo 12000C-is dros _ 0,02 wm-s. miuxe-

davad imisa, rom 0,02 wm drois Zalze mcire monakveTia, 

mas mainc didi praqtikuli mniSvneloba gaaCnia maRaro-

ebSi feTqebadi samuSaoebis usafrTxod warmarTvisaTvis. 
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Cven feTqebadi masalis afeTqebis  momenti SeiZleba davi-

yvanoT miliwamamde, am drois monakveTSi ki meTani ver 

aswrebs afeTqebas, rac nawilobriv udevs safuZvlad 

mcveli feTqebadi nivTierebis damzadebas. 

dadgenilia, rom Tu moculoba, romelSic feTqdeba 

meTani mudmivia, meTanis afeTqebis Sedegad gamoyofili 

temperatura aRwevs 2150-26500C, xolo Tu afeTqebis Sede-

gad gamoyofil airebs gaaCniaT Tavisuflad gafarToebis 

saSualeba, maSin temperatura Seadgens 18500C. 

dadgenilia, rom meTanis afeTqebis Sedegad yvelaze 

didi wneva viTardeba maSin, rodesac afeTqeba xdeba mud-

miv moculobaSi da meTanis Semcveloba haerSi Seadgens 

9,5%-s. am pirobebSi afeTqebisas ganviTarebuli wneva daa-

xloebiT cxrajer aRemateba afeTqebamde arsebul wnevas. 

meTanis afeTqebis zRvrebi Semdegia: 1. meTanis rao-

denoba haerSi aris 0-5%, am SemTxvevaSi meTan-haeris 

narevi arafeTqebadia, magram iwvis maRali temperaturis 

zemoqmedebiT; 2. meTanis raodenoba haerSi aris 5-14%, am 

dros meTan-haeris narevi feTqebadia da yvelaze didi 

afeTqebis Zala aqvs haerSi meTanis 9,5%-is Semcvelobis 

dros; 3. meTanis raodenoba haerSi aris 14%-ze meti. am 

dros narevi arc feTqdeba da arc iwvis. am SemTxvevaSi 

adgili aqvs alis mTlian Caqrobas, rac aixsneba meTanis 

didi TbotevadobiT. 

usafrTxoebis wesebis Sesabamisad dadgenilia sxva-

dasxva gvirabebis haeris WavlSi meTanis zRvruli dasaS-
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vebi koncentraciebi da misi sidideebi mocemulia cxri-

lSi 2.1: 

         cxrili 2.1 

#
#
 

haeris Wavlis dasaxeleba 

meTanis 

zRvruli 

dasaSvebi 

konce-

ntracia, % 

1 
sawmendi an yru sangrevidan, kameridan, amosaRebi ubnidan 

amomavali haeris Wavli 
1,0 

2 amosaRebi frTis an mTeli Saxtis amomavali haeris Wavli 0,75 

3 
amosaReb ubanSi, sawmend an yru sangrevSi, agreTve 

kamerebSi misawodebeli haeris Wavli 
0,50 

4 
meTanis adgilobrivi dagrovebani sawmend, mosamzadebel 

an sxva gvirabSi 
2,0 

 

2.2. meTanis gamoyofis saxeebi 

 

samTo sawarmoebSi meTani gamoiyofa sasargeblo 

wiaRiseulidan, gverdiTi qanebidan da gamomuSavebuli 

sivrcidan. arsebobs meTanis gamoyofis sami saxe: 

1. Cveulebrivi gamoyofa. sasargeblo wiaRiseulis 

fenSi an gverdiT qanebSi arsebuli TvaliT uxilavi fo-

rebidan, bzarebidan da fenis gaSiSvlebuli zedapiridan 

meTanis mcire raodenobiT, magram ganuwyvetliv gamo-

yofas, Cveulebrivi gamoyofa ewodeba.  

2. sufliaruli gamoyofa. sasargeblo wiaRiseulis 

fenSi an gverdiT qanebSi arsebuli TvaliT xiluli bza-

rebidan da xvrelebidan meTanis didi raodenobiT gamo-

yofas sufliaruli gamoyofa ewodeba. am dros gamo-

yofili meTanis raodenoba cvalebadobs ramdenime aTeu-

li m3-dan aTaseul m3-mde dRe-RameSi, gamoyofa ki SeiZ-
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leba grZeldebodes ramdenime saaTidan ramdenime wlamde. 

sufliaruli gamoyofis sawinaaRmdego saSualebania: nax-

Siris masivis winaswari degazacia (winmswrebi Wabur-

Rilebis gaburRva, damcavi fenebis winaswari damuSaveba, 

Sesabamisi Weris marTva), saSiS gvirabebSi airis kaptaJi, 

misawodebeli haeris raodenobis gazrda. 

3. uecari gamoyofa. meTanis uecari gamoyofa xasi-

aTdeba gvirabSi naxSiris fenidan moulodnelad, drois 

mcire monakveTSi, meTanisa da naxSiris masis didi raode-

nobiT gamosroliT. am dros uecrad gamoyofili meTanis 

raodenoba cvalebadobs aTeuli m3-dan ramdenime aTas m3-

mde, gamosrolili naxSiris masa ki 1-2 tonidan aTasobiT 

tonamde. meTanis uecari gamoyofis safrTxe miT ufro 

didia, rac naklebia naxSiris simkvrive, didia fenis 

simZlavre, maRalia fenis daxris kuTxe da didia fenis 

teqtonikuri aSliloba. meTanis uecar gamoyofas win uZ-

Rvis Semdegi gamafrTxilebeli niSnebi: naxSiris fenaze 

da samagr masalaze samTo wnevebis gazrda, Weris daweva 

da sagebi gverdis amoburcva, yru dartymebi qanebis 

masivSi, romlebic qvemexis gasrolis xmas mogvagonebs. 

 

2.3. naxSirisa da airis uecari gamosrolis 

sawinaaRmdego zomebi 

 

iseT SaxtebSi sadac mosalodnelia naxSirisa da 

airis uecari gamosrola, garda saerTo gamafrTxile-
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beli zomebisa, meTanis sawinaaRmdegod aucilebelia Sem-

degi RonisZiebebis Catareba: 

1. damuSavebis iseTi sistemebis gamoyeneba, romleb-

Sic minimumamde iqneba dayvanili mosamzadebeli samuSa-

oebi; 

2. damuSaveba damcavi fenebis winswrebiT. ramdenime 

fenis erTdroulad damuSavebisas pirvel rigSi muSavde-

ba is feni romelic ar aris saSiSi uecari gamosrolis 

mxriv da daSorebulia saSiSi fenidan 50 m-iT. am dros 

saSiS fenSi mcirdeba daZabuloba, icvleba naxSiris fe-

nisa da gverdiTi qanebis gazis filtraciis pirobebi, 

xdeba fenis degazacia da misi potenciuri energiis Sem-

cireba. 

3. mosamzadebel da sawmend sangrevebSi naxSiris 

mongreva xorcieldeba feTqebadi samuSaoebiT da ara 

dartymiTi manqanebis gamoyenebiT. 

4. sangrevis afeTqeba warmoebs miwis zedapiridan an 

TavSesafari kameridan, rodesac xalxi gamoyvanilia mi-

wis zedapirze an imyofeba gvirabSi usafrTxo adgilze. 

5. feTqebadi masalis didi muxtebiT afeTqeba (masi-

uri afeTqeba). 

6. mosamzadebel sangrevebSi 200-300 mm. diametrisa da 

10-20 m sigrZis mowinave WaburRilebis gayvana, romelic 

xels uwyobs WaburRilis irgvliv fenis daZabulobis 

Semcirebas, aumjobesebs gazis filtracias da iwvevs fe-

nis degazacias. 
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7. avariaSi moxvedrili xalxis gadasarCeni Ronis-

Ziebebis SemuSaveba, gvirabebisa da amosaRebi ubnebis 

seqciuri ganiaveba, TavSesafari kamerebis mowyoba, muSe-

bis TviTmaSvelebiT momarageba da a.S. 

 

 

 

2.4. naxSiris fenebisa da qanebis        

meTanSemcveloba da meTansiuxve 

 

naxSiris fenis meTanSemcveloba ewodeba meTanis 

raodenobas, romelsac Seicavs erTi tona an erTi m3 nax-

Siri bunebriv pirobebSi (m3/t an m3/m3). 

naxSiris fenis meTanis mixedviT airtevadoba ewo-

deba Tavisufal an sorbirebul mdgomareobaSi myofi me-

Tanis raodenobas, romelsac STanTqavs erTi tona an 

erTi m3 naxSiri mocemuli wnevisa da temperaturis dros. 

meTansiuxvis mixedviT ganasxvaveben absolutur da 

fardobiT meTansiuxves. absoluturi meTansiuxve aris me-

Tanis raodenoba m3-Si, romelic gamoiyofa maRaroSi dRe-

Ramis ganmavlobaSi. 

Saxtis an maRaros fardobiTi meTansiuxve warmoad-

gens maRaroSi gamoyofil meTanis raodenobas, romelic 

modis dRe-RameSi mopovebul erT tona naxSirze da misi 

ganzomilebaa m3/t. 
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fardobiTi meTansiuxvis mixedviT naxSiris Saxtebi 

iyofa 5 kategoriad, romelTagan pirvelidan meoTxe kate-

goriis CaTvliT Saxtebis ganawileba xdeba dRe-RameSi 

mopovebul yovel tona naxSirze mosuli gamoyofili me-

Tanis mixedviT, xolo mexuTe kategoriaSi gaerTiane-

bulia uecari gamotyorcnis mxriv saSiSi Saxtebi. 

Saxtebis dayofa kategoriebad fardobiTi meTansiu-

xvis mixedviT mocemulia cxrilSi 2.2: 

madneulis da aramadneuli sasargeblo wiaRiseulis 

damamuSavebeli maRaroebi meTanis da wyalbadis (erTo-

blivad) fardobiTi airsiuxvis mixedviTac iyofian 4 

kategoriad, mxolod fardobiTi airsiuxvis cvlilebis 

biji Seadgens 7 m3/t. 

                                                 cxrili 2.2 

Saxtis an maRaros 

kategoria meTanis 

mixedviT 
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airis mixedviT Saxtis kategoriis dasadgenad auci-

lebelia vicodeT absoluturi da fardobiTi airsiuxve. 

absoluturi airsiuxvis dasadgenad Saxtis saerTo amoma-

val WavlSi dReSi samjer iReben haeris sinjs da imave 
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gvirabSi zomaven gamaval haeris raodenobas. aRniSnuli 

operaciebi tardeba 10 dReSi erTxel erTi Tvis gan-

mavlobaSi. miRebuli sinjebis laboratoriaSi damuSa-

vebiT adgenen meTanis saSualo procentul raodenobas 

da absolutur airsiuxves gansazRvraven formuliT 

        
1003

332211
4 ⋅

++
=

CQCQCQQCH abs ,   m3/wT,           (2.1) 

sadac: Q aris haeris raodenoba sinjis aRebis momentSi, 

m3/wT; C_aRebul sinjSi airis procentuli Semcveloba. 

fardobiTi airsiuxve ganisazRvreba maqsimaluri ab-

soluturi airsiuxvis mixedviT, formuliT 

 
T

nQ
Q CH

CH

⋅⋅
=

1440
4

4

abs
fard ,    m3/t ,             (2.2) 

sadac abs4CHQ  aris maqsimaluri absoluturi airsiuxve 

Tvis ganmavlobaSi,  m3/wT; n _ samuSao dReTa ricxvi im 

TveSi, rodesac vawarmoebT gazomvebs; T _ Saxtis mwar-

moebluroba aRniSnul TveSi. 

is Saxtebi, romlebSic Tundac erT gvirabSi aR-

moCnda meTani miekuTvnebian meTanis mixedviT saSiSi Sax-

tebis kategorias. 

 

2.5. meTanis saSiSi raodenobiT dagrovebis 

sawinaaRmdego zomebi 

 

usafrTxoebis wesebis Tanaxmad, ubnis amomaval Wav-

lSi meTanis Semcveloba ar unda aRematebodes 1%, xolo 
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Saxtis saerTo amomaval WavlSi ki _ 0,75%. am moTxovnis 

mkacrad dasacavad aucilebelia:  

1. Saxtis ganiaveba ara bunebrivi ganiavebiT, aramed 

ventilatorebiT. saventilatoro danadgari unda Sedge-

bodes: ori erTimeorisagan damoukidebeli ventilatoris, 

ori Zravis, ori eleqtroZaluri xazisa da sareversio 

mowyobilobisagan; 

2. eqvivalenturi xvrelis sidide sasurvelia meti 

iyos 1,5 m2-ze, depresia ki _ ar aRematebodes 150-300 mm.  

wy. sv.; 

3. sangrevebis ganiaveba aqtiuri WavliT da ara di-

fuziiT; 

4. Saxtis ganiaveba Sewovaze momuSave ventilatore-

biT, mosamzadebeli sangrevebisa ki _ daWirxvnaze momuSa-

ve ventilatorebiT; 

5. 100-ze meti daxris kuTxis mqone fenebSi gamo-

yenebuli unda iqnes mxolod  aRmavali ganiaveba; 

6. qvesarTulebiT damuSavebis dros win unda us-

wrebdes qveda qvesarTuli; 

7. haeris moZraobis siCqare saWiroa iyos: sawmend 

sangrevSi aranaklebi 0,25 m/wm, xolo mosamzadebel san-

grevSi _ 0,15 m/wm; 

8. aRmavali gvirabebis minimaluri raodenoba; 

9. sangrevebis ganiaveba saerTo-saSaxto depresiis 

xarjze; 

10 ganiavebis mkacri kontroli. 
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2.6. naxSiris fenebis degazacia 

 

dasamuSavebeli naxSiris fenebidan sxvadasxva saSua-

lebiT meTanis xelovnurad amoRebis process degazacia 

ewodeba. misi daniSnulebaa Semcirdes naxSiris fenebisa 

da gvirabebis meTansiuxve da meTani gamoyenebul iqnas 

saWiroebisamebr. 

naxSiris fenis degazaciis yvela meTodi iyofa or 

ZiriTad jgufad: 1. fenis degazacia misi eqspluataciis 

procesSi; 2. fenis winaswari degazacia sawmendi samuSao-

ebis dawyebamde.  

ganvixiloT degazaciis xerxebi cal-calke. 

1. axlomdebare fenebis degazacia WaburRilebiT. am 

xerxis arsi mdgomareobs SemdegSi: eqspluataciaSi myofi 

fenis gvirabidan burRaven 

WaburRils axlomdebare 

fenis gadakveTamde, saida-

nac milebiTa da vakuum-

tumboebiT xdeba meTanis 

Sewova (nax.2.1). 

    gansakuTrebuli  yura-

dReba  unda  mieqces Wabu-

rRilis micemis adgils. igi sakmao manZiliT unda iyos 

daSorebuli sawmendi sangrevidan da axlomdebare fens 

unda kveTdes samTo wnevebisagan gantvirTvis zonaSi. wi-

naaRmdeg SemTxvevaSi adgili eqneba gamomuSavebuli sivr-

nax. 2.1
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cidan meTan-haeris narevis Sewovas, rac Seamcirebs dega-

zaciis efeqturobas. dakvirvebebi gviCvenebs, rom degaza-

ciis am meTodis gamoyenebisas fenis meTansiuxve SeiZleba 

SevamciroT 60-80%-iT. 

2. axlomdebare fenebis degazacia gvirabebiT mdgo-

mareobs SemdegSi: eqspluataciaSi myofi fenis sawmendi 

sangrevidan gansazRvrul manZilze axlomdebare fenis 

gadakveTamde gahyavT gezenki 

(nax. 2.2(3)), saidanac sadega-

zacio fenSi gaiyvaneba sad-

renaJo gvirabi 1, romelsac 

hermetulad gadaketaven zRu-

dariT 2. am ukanasknelSi 

datanebulia airSemwovi 

mili, romelic gezenkis milsadenis 4 saSualebiT 

uerTdeba magistralur milsadens. es meTodi efeqturia 

maSin, rodesac fenebs Soris manZili ar aRemateba       

20-30 m-s. 

3. eqspluataciaSi myofi naxSiris fenis degazacia 

WaburRilebiT. es  meTodi gamoiyeneba grZeli svetebiT 

damuSavebis sistemis gamoyenebis dros iseT fenebSi, 

romelTac axasiaTebT maRali airgamtaroba. am dros (nax. 

2.3) sazidi Strekidan 2, naxSiris  fenSi  gaiyvaneba  Wa-

burRilebi 4,  saidanac  xdeba  meTanis  Sewova da gada-

cema magistralur milsadenSi 5, am meTodis gamoyeneba 

amcirebs sawmendi sangrevis airsiuxves 2-2,5-jer. 

ნახ. 2.2 
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4.eqspluataciaSi myofi 

naxSiris fenis degazacia 

gvirabebiT. am meTodis 

gamoyenebis dros mTli-

anad momzadebul amosa-

Reb ubans ketaven herme-

tuli zRudarebiT, rom-

lebSic Cadgmulia 

airSemwovi milebi. 

gvirabebSi gamoyofili meTani am milebiT gadadis 

magistralur milsadenSi da amodis miwis zedapirze. 

5. moqmedi sawmendi sangrevebis gamomuSavebuli siv-

rceebis degazacia. es meTodi gamoiyeneba maSin, rodesac 

axlomdebare fenebidan adgili aqvs gamomuSavebul 

sivrceSi meTanis  didi  raodenobiT  gamoyofas (nax. 2.4).  

am meTodiT degazaciis 

warmoebis dros, rodesac 

Weris marTva xorcielde-

ba mTliani CamoqceviT, ga-

momuSavebuli sivrcis 

zeda nawilSi aTavseben 

10-30 m sigrZis milebs 2, 

romlebic mierTebulni 

nax. 2.3 

 

nax. 2.4 
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arian magistralur milsadenTan 3 da vakuumtumboebis 

saSualebiT xdeba gamomuSavebuli sivrcidan meTanis 

gamowova. 

6. gaziani fenebis erTdrouli damuSaveba, rodesac 

erTi maTgani warmoadgens uecari gamosrolis mxriv 

saSiS fens. rodesac erTdroulad muSavdeba ramdenime 

gaziani feni da erTi maTgani saSiSia uecari gamosrolis 

mxriv, pirvel rigSi unda damuSavdes am fenis zeviT an 

qveviT ganlagebuli feni, rac xels Seuwyobs saSiSi fe-

nis gantvirTvas samTo wnevisagan da masSi Semcveli meTa-

nis didi raodenobiT desorbcias. am meTodis uaryofiTi 

mxarea is, rom izrdeba muSa fenis gvirabebSi airsiuxve, 

amitom xSirad muSa fenebSi gayavT sadrenaJo gvirabebi 

an WaburRilebi. 

 

2.7. karieris mikroklimatis ZiriTadi 

maxasiaTeblebi 

 

sawarmoo saTavsis mikroklimati aris miwis 

zedapirTan arsebuli haeris Sris klimati. karierebis 

mikroklimatis ganmsazRvreli ZiriTadi maxasiaTeblebia 

karierSi haeris moZraobis siCqare, haeris temperaturuli 

reJimi da atmosferos tenianoba. 

karierSi haeris moZraobis siCqare ganisazRvreba 

zedapirze haeris siCqariTa da karieris temperaturuli 

reJimiT. zedapirze 2,0 m/wm-ze meti qaris siCqaris dros, 
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siCqare karierSi mniSvnelovanwilad ganisazRvreba  qaris 

energiiT. 2 m/wm-ze naklebi siCqariT qaris SemTxvevaSi, 

karieris SigniT siCqareTa veli ZiriTadad ganisazRvreba 

Termuli faqtoriT. 

qaris siCqare miwis zedapirTan cvalebadia: zogadad 

igi izrdeba dilidan SuadRemde, xolo Semdeg mcirdeba 

da aRwevs minimalur sidides Ramis saaTebSi. es dReRa-

muri cvalebadoba ganpirobebulia haeris Sreebis turbu-

lenturi gadaadgilebiT. 

saerTod, dadgenilia, rom haeris moZraobis siCqare 

karieris SigniT saSualod 80-90%-iT naklebia zedapirze 

arsebuli haeris moZraobis siCqareze. 

haeris gaTbobis an gacivebis Sedegad warmoqmnili 

Termuli Zalebi, mniSvnelovnad cvlian karieris SigniT 

haeris moZraobis siCqares. es gansakuTrebiT intensiuria 

zafxulis periodSi, rodesac karieris zedapiri Tbeba 

ufro intensiurad. garda amisa, karierebSi SesaZlebelia 

warmoiqmnas mcire Caketili nakadebi wnevebis hori-

zontaluri sxvaobis gamo, rac gamowveulia mzis mier 

zedapiris sxvadasxva gaTbobis gamo. 

karierebSi haeris temperatura ganisazRvreba: 1. 

zedapirze arsebuli haeris temperaturiT; 2. haeris bune-

brivi SekumSviT; 3. karierSi mimdinare siTbos gamomyofi 

da siTbos mSTanTqmeli procesebiT; 4. karieris atmosfe-

ros mdgomareobiT. 
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karieris SigniT haeris temperatura ar aris mudmivi 

da icvleba weliwadisa da dRe-Ramis ganmavlobaSi. misi 

cvalebadoba praqtikulad Tanxvedrilia miwis zedapirze 

arsebuli haeris temperaturis cvlilebisa. temperaturis 

dRe-Ramuri cvlilebis amplituda maqsimaluria zafxul-

Si da minimaluri _ zamTarSi, rodesac mkveTrad Semcire-

bulia mzis radiacia. 

Cveulebriv, karierSi haeris temperatura ufro maRa-

lia, vidre zedapirze. es gamowveulia haeris bunebrivi 

SekumSviT, mzis gamosxivebiT (insolaciiT), agreTve sxva 

damatebiTi siTbos wyaroebis arsebobiT. 

karieris atmosferos mdgomareoba (didi an mcire 

turbulizacia, 2 m/wm-ze meti siCqaris qari an haeris sru-

li Stili) iwvevs karieris moculobaSi siTbos intensi-

ur gabnevas an Sesabamis siTbos wyaroebis Tavze mis dag-

rovebas. 

rogorc wesi karieris siRrmis zrdasTan erTad, 

masSi haeris temperaturac izrdeba. ase magaliTad, 1 m/wm-

ze meti qaris siCqaris dros, yovel 100 m siRrmeze, 

haeris temperatura izrdeba 10C-iT. temperaturis aseT 

kanonzomier cvlilebas, rac ganpirobebulia haeris sve-

tis bunebrivi SekumSviT, ewodeba temperaturuli gradi-

enti. misi mniSvneloba aRemateba 10C susti qaris an sru-

li Stilis dros. 

karierebSi haeris tenianoba da wneva. karieris at-

mosferoSi wylis orTqlis Semcveloba ganisazRvreba 
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garemos haeris saerTo tenSemcvelobiT, samTo qanebis 

xasiaTiTa da tenianobiT, maTi gaxurebis xarisxiTa da 

haeris moZraobis siCqariT. 

weliwadisa da dRe-Ramis ganmavlobaSi haeris far-

dobiTi cvlilebis xasiaTi xSirad emTxveva imave peri-

odSi haeris temperaturis cvlilebas. 

zafxulSi haeris fardobiTi tenianoba ufro daba-

lia, vidre zamTarSi. aorTqlebis Sedegad haeris date-

nianebas Tan sdevs gaciveba, vinaidan 1 g wylis aorTqle-

bisas STainTqmeba saSualod 2470 jouli siTbo. 

barometruli wnevis gazrdisa da siRrmis matebas-

Tan erTad haeris tenSemcveloba TandaTan mcirdeba. 

karierebSi atmosferuli wnevis dRe-Ramuri cvli-

leba miwis zedapirze wnevis cvlilebis Tanxvedrilia. 

karieris siRrmis zrdasTan erTad atmosferuli 

wnevis mateba eqvemdebareba saerTo kanonzomierebas da 

Seadgens siRrmis yovel 100 m-ze 1263,5 pa-s. 

 

2.8. karieris atmosferos gaWuWyianebis wyaroebi 

 

mtveriTa da mavne airebiT karierebis atmosferos 

gaWuWyianeba SesaZlebelia moxdes sxvadasxva wyaroebidan. 

maTi intensivoba damokidebulia samTo qanebis mdgoma-

reobasa da Tvisebebze, klimatur pirobebsa da amindze, 

damuSavebis teqnikasa da teqnologiaze, mtvrisa da mavne 

airebis winaaRmdeg brZolis xerxebze. 
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arsebobs atmosferos gaWuWyianebis garegani da Si-

nagani wyaroebi. garegani wyaroebi ganlagebulebi arian 

karieris zeda konturis sazRvrebs gareT. maTgan, qaris 

zemoqmedebis Sedegad, mtveri da mavne airebi vrceldeba 

karieris gamomuSavebul sivrceSi, riTac uaresdeba atmo-

sferos saerTo mdgomareoba. garegan wyaroebs warmoad-

genen samsxvrevelebi, mamdidrebeli da agromelaciuri 

fabrikebi, metalurgiuli qarxnebi, Saxtebis saventila-

cio Waurebi, fuWi qanis sanayaroebi, saavtomobilo gzebi, 

saqvabeebi, mcenareuli safaris armqone moednebi da sxva. 

mtvrisa da airis warmomqmneli Siga wyaroebi ganla-

gebulebi arian karieris konturis SigniT da iwveven 

atmosferos mdgomareobis rogorc adgilobriv, aseve sa-

erTo gauaresebas. Siga wyaroebs ekuTvnis: saburRi daz-

gebi da perforatorebi, afeTqebebi, Sigawvis Zravebi, saav-

tomobilo gzebi, qvismWreli manqanebi, samsxvrevi da dam-

xarisxebeli danadgarebi, mompovebel-damtvirTavi manqane-

bi, xanZrebi, airis gamoyofa qanebidan da wyalSemcveli 

horizontebidan.  

atmosferoSi mavneobebis gamomyofi wyaro SeiZleba 

iyos: wertilovani (saburRi dazgebi, eqskavatorebi, qvis-

mWreli manqanebi da sxv.), xazobrivi (avtogzebi, airebis 

gamoyofa fenebidan da sxv.) da Tanabrad ganawilebulebi 

(niadagis erozia, karieris bortebis zedapirebis gamofi-

tva). 
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saburRi teqnikidan yvelaze did saSiSroebas warmo-

adgenen Termuli da saRaravi burRvis dazgebi. cecxluri 

burRvis dros gamoyofili airebis raodenoba da Semad-

genloba icvleba farTo zRvrebSi da damokidebulia 

sawvavisa da damJangavis qimiur Semadgenlobaze, sanTuris 

muSaobis reJimze, WaburRilis siRrmeze da mTel rig 

sxva faqtorebze. 

masiuri afeTqebebis dros warmoiqmneba mtvrisa da 

mavne airebis didi raodenoba. maTi nawili mtvergazis 

Rrublis saxiT gadis karieris sazRvrebs gareT, xolo 

danarCeni nawili rCeba afeTqebul samTo masaSi. masiuri 

afeTqebis Semdeg karierSi darCenili momwamlavi aire-

bidan ZiriTadia naxSiris Jangeulebi da azotis orJangi. 

karierSi mompovebel-damtvirTavi samuSaoebi SeiZle-

ba sruldebodes cikluri an ganuwyveteli moqmedebis 

mowyobilobebiT, Sesabamisad maT mier haeris damtve-

rianebac aris cikluri an ganuwyveteli, garda amisa, 

maTi muSaobisas mtvris warmoqmnis intensivoba damo-

kidebulia qaris siCqareze, samTo masis tenianobasa da 

sangrevSi samuSaoTa warmarTvis organizaciaze. 

zogierTi samSeneblo masalis mopovebisas gamoi-

yeneba qvismWreli manqanebi, romlebic warmoadgenen mtve-

rwarmomqmnel intensiur wyaroebs. 

samTo masis transportirebis dros yvelaze saSiSs, 

mtvrisa da airebis gamoyofis mxriv, warmoadgens saavto-

mobilo transporti. am SemTxvevaSi mtvris warmomqmnel 
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ZiriTad wyaros warmoadgens borblebis urTierTqmedeba 

gzis zedapirTan. misi intensivoba damokidebulia gzis 

zeda safaris masalaze, am safaris mdgomareobaze, man-

qanis tvirTamweobaze da misi moZraobis siCqareze. 

avtoTviTmclelebze, Tbomavlebsa da sxva manqanebze 

dadgmuli Sigawvis Zravebi warmoadgenen mTeli rigi 

mavne airebis gamoyofis wyaroebs. maTi muSaobisas gamo-

yofili airebidan ZiriTadia azotis Jangeulebi, naxSir-

Jangi, naxSirwyalbadebi da aldehidebi. 

 

3. samTo sawarmoebis mtveri 

 

3.1. zogadi cnobebi 

 

samTo sawamoebis mtveri aris sasargeblo namarxisa 

da fuWi qanis umciresi nawilakebi, romlebic imyofebian 

haerSi Sewonil an saTavsis kedlebze daleqil mdgo-

mareobaSi. haerSi mtvris Sewonil (Setivtivebul) mdgo-

mareobaSi yofnis xangrZlivoba damokidebulia mtvris 

nawilakebis zomebze,  xvedriT wonaze, agreTve nawila-

kebis formaze, garda amisa haeris tenianobaze, tempe-

raturasa da haeris moZraobis siCqareze. 

wvrilmarcvlovan mtverze zust warmodgenas gvaZ-

levs mtvris klasifikacia, romlis Tanaxmadac haerdis-

persiuli sistemebi nawilakebis zomis mixedviT iyofa sam 

klasad: 1. mtveri _ aerozoli, nawilakebis zomiT 10 mk-ze 



 44

meti, romlebic uZrav haerSi iatakze eSvebian mzardi 

siCqariT; 2. mtvris Rrubeli, nawilakebis zomiT 0,1-10 mk, 

romlebic uZrav haerSi iatakze eSvebian mudmivi siCqariT; 

3. mtvris boli, nawilakebis zomiT 0,1 mk-ze naklebi, rom-

lebic arasodes ar ileqebian iatakze, ifantebian haerSi 

rogorc kvamli da imyofebian ganuwyvetel Tbur moZrao-

baSi. 

maRaros aerologiaSi mtvers ganixilaven, rogorc 

gvirabebSi afeTqebis erT-erT mizezs. dadgenilia, rom 

rac ufro mcirea mtvris nawilakebis zomebi, miT ufro 

saSiSia igi afeTqebis mxriv. amasTan erTad mravali 

arawvadi myari nivTiereba daqucmacebis Sedegad iqceva 

feTqebad an advilad aalebad masalad. aseTebia: alumini, 

rkina, TuTia, brinjao, kolCedanuri madnebi, puris fqvi-

li, Saqari, kakao, korpi, xe, naxSiri da sxv. es movlena 

aixsneba imiT, rom daqucmacebisas mniSvnelovnad izrdeba 

haeris JangbadTan Sexebis farTi da nawilakis mier STan-

Tqmuli Jangbadis raodenoba. 

 

3.2. naxSiris mtveris wvadoba da feTqebadoba 

 

naxSiris mtveri, Tu igi didi raodenobiT imyofeba 

haerSi, TiTqmis yovelTvis Rebulobs monawileobas afeT-

qebaSi. es cnobili iyo jer kidev 200 wlis winaT, magram 

mecnierebs Soris mainc mimdinareobda kamaTi imis Sesa-

xeb, SeiZleba Tu ara afeTqdes naxSiris mtveri meTanis 
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gareSe. bolos, 1906 w. safrangeTSi, ugazo maRaro `kuri-

er~-Si, moxda naxSiris mtvris afeTqeba, romelmac 

imsxverpla 1100 adamiani. am SemTxvevam bolo mouRo yove-

lgvar kamaTs da dadgenil iqna: 1. naxSiris mtvers SeuZ-

lia afeTqdes meTanis gareSe; 2. mtvers SeuZlia meTanis 

umniSvnelo afeTqeba gadaaqcios did afeTqebad; 3. haerSi 

Semcveli mSrali da wvrilmarcvlovani naxSiris mtveri 

dabla swevs afeTqebis qveda zRvars; 4. maSin, rodesac 

afeTqebaSi monawileobs naxSiris mtveri didi raode-

nobiT gamoiyofa naxSiris oqsidi. 

naxSiris mtvers, iseve rogorc meTans, gaaCnia: 1. 

afeTqebis qveda da zeda zRvari, Sesabamisad _ 30-40 g/m3 

da 1500-2000 g/m3; 2. aalebis temperatura _ 700-8000C; 3. 

siTbos gamoyofis unari _ 1 kg naxSiris mtvris dawvis 

Sedegad gamoiyofa 8140 kkal siTbo. 

garda aRniSnuli msgavsi Tvisebebisa, naxSiris 

mtveri mniSvnelovnad gansxvavdeba meTanisagan: 1. meTani 

gamoiyofa ra gvirabSi, mTlianad imyofeba haerSi, mtvris 

umetesi raodenoba ki daleqilia gvirabis kedlebze; 2. 

meTani advilad SegviZlia aRmovaCinoT maSinac ki, rode-

sac misi raodenoba haerSi afeTqebis qveda zRvarze nak-

lebia, naxSiris mtveri ki gvirabSi SeiZleba iyos saSiSi 

raodenobiT, magram naklebad SesamCnevi, vinaidan  misi 

didi raodenoba SeiZleba daleqili iyos gvirabis ked-

lebze; 3. meTanis aaleba da feTqebadoba gvirabebSi praq-

tikulad yvelgan erTnairia, naxSiris mtvris aaleba da 
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feTqebadoba ki meryeobs farTo diapazonSi da damoki-

debulia mraval faqtorze; 4. naxSiris mtvris Rrubels 

aqvs damuxtvis unari, ramac SeiZleba gamoiwvios naper-

wkali da afeTqeba; 5. meTanis afeTqebis Sedegad warmoi-

Soba naxSirorJangi, naxSiris mtvris afeTqebis dros ki 

didi raodenobiT gamoiyofa naxSirJangi. 

 

3.3. faqtorebi, romlebzedac damokidebulia 

naxSiris mtvris afeTqeba 

 

naxSiris mtvris afeTqeba ZiriTadad damokidebulia 

Semdeg faqtorebze: 

1. mtvris nawilakebis zomebi gansazRvravs mis feT-

qebadobas. cnobilia, rom rac ufro mcirea mtverSi Sem-

cveli nawilakebis zomebi, miT metad feTqebadia mtveri. 

dadgenilia, rom mtvris feTqebadobis maCvenebelia nawi-

lakebi zomiT 1/10_1/15 mm. rac metia aseTi zomis na-

wilakebis raodenoba, miT ufro saSiSia mtveri afeTqebis 

mxriv da piriqiT. 

2. mtvris Sedgeniloba. mtvris feTqebadoba damoki-

debulia masSi aqroladi nivTierebebis Semcvelobaze. Zi-

riTadi wvadi nivTierebebia: meTani, wyalbadi, naxSir-

Jangi, eTani da mZime naxSirwyalbadebi. Catarebuli cde-

bis Sedegad dadgenilia, rom rodesac aqroladi niv-

Tierebebis maCvenebeli indeqsi V<10%, aseTi mtveri pra-
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qtikulad arafeTqebadia; Tu V=10-15%, aseTi mtveri nak-

lebad feTqebadia da rodesac V>15% _ feTqebadi. 

3. mtvris nacrianoba da tenianoba. dadgenilia, rom 

rac metia nacrianoba, miT nakleb saSiSia mtveri afeT-

qebis mxriv. es imiT aixsneba, rom warmoqmnili siTbos 

nawili ixarjeba inertuli mtvris nawilakebis gasaT-

bobad, rac amcirebs aerozolis temperaturas. garda 

amisa, vinaidan inertuli mtveris xvedriTi wona yovel-

Tvis metia naxSiris xvedriT wonaze, igi xels uSlis 

naxSiris mtvris Sewonil mdgomareobaSi yofnas. aranak-

leb gavlenas axdens mtvris feTqebadobaze tenianoba. 

teni xels uwyobs mtvris wvrili nawilakebis koagu-

lacias (SekavSirebas) ufro msxvil nawilakebad, ris 

gamoc mcirdeba maTi xvedriTi zedapiri da mcirdeba 

zedapiruli qimiuri reaqciebi. 

4. mtvris raodenoba. dadgenilia, rom Zlier feT-

qebadi mtvris afeTqebis qveda zRvaria 17-18 g/m3, magram 

Tu maRaros haerSi aris 2,5% meTani, afeTqebis qveda 

zRvari mcirdeba da Seadgens 5-6 g/m3. naklebad feTqebadi 

mtvrisaTvis (rodesac V=10-15%) afeTqebis qveda zRvaria 

50 g/m3. 
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3.4. naxSiris mtvris afeTqebis sawinaaRmdego 

zomebi 

 

mtvris warmoSobis sawinaaRmdego zomebia: 1. iseTi 

manqana-meqanizmebis gamoyeneba, romlebic warmoSoben 

mtvris minimalur raodenobas; 2. naxSiris fenebis 

winaswari wyliT gaJRenTva; 3. mtvris gamoyofis 

adgilebis wyliT morwyva; 4. intensiuri ganiaveba; 5. 

sazidi da saventilacio gvirabebis periodulad 

mtvrisgan gawmenda; 6. skipiT awevis mowyoba maRaros 

saerTo amomaval haeris Wavlze; 7. miwis zedapirze 

saamqroebis Waurebis mimarT iseTnairad ganlageba, rom 

adgili ar hqondes zedapiridan mtvris Sewovas. 

mtvris aalebis sawinaaRmdego zomebia: 1. meTanis aa-

lebis sawinaaRmdego zomebi; 2. gvirabebis gasanaTeblad 

feTqebausafrTxo lamparebis gamoyeneba; 3. naxSiris mon-

greva hidravlikuri xerxiT; 4. damcavi feTqebadi masa-

lebis gamoyeneba; 5. naxSiris mtvris neitralizacia 

wyliT da inertuli mtvriT; 6. feTqebausafrTxo Sesru-

lebis eleqtromowyobilobebis gamoyeneba. 

mtvris afeTqebis gavrcelebis sawinaaRmdegod erT-

erTi efeqturi saSualebaa inertuli mtvris safarebis 

gamoyeneba. es safarebi (nax. 3.1)  gamoiyeneba imisaTvis, 

rom ar moxdes mtvris an meTanis afeTqebis Sedegad 

warmoSobili alisa da talRis gavrceleba gvirabebSi. 
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safarSi gamoyenebuli inertuli mtveri unda 

akmayofilebdes Semdeg moTxovnebs: 1. ar unda itkep-

nebodes; 2. unda iyos tenis 

naklebad mSTanTqmeli; 3. masSi 

SiO2-is Semcveloba ar unda 

aRematebodes 10%; 4. masSi 

aqroladi nivTierebebis raode-

noba ar unda aRematebodes 5%. 

usafrTxoebis wesebis Tana-

xmad inertuli mtvris safari 

mowyobili unda iyos yvela 

amosaRebi ubnis, agreTve sawmendi 

da mosamzadebeli sangrevebis rogorc amomaval, aseve 

Semaval haeris Wavlze. 

mtvris afeTqebis lokalizaciisaTvis, garda iner-

tuli mtvris safarisa, gamoiyeneba wylis safarebi, sadac 

Taroebze inertuli mtvris magivrad moTavsebulia 

wyliT savse WurWlebi. 

 

3.5. gvirabebis mofiqaleba da morwyva 

 
mofiqalebis daniSnulebaa gvirabis kedlebze, Wersa 

da iatakze daleqili mtvris nacrianobis xelovnurad 

gazrda standartuli inertuli mtvriT. mofiqaleba war-

moebs xeliT an specialuri manqanebiT, 6 TveSi erTxel. 

damtvirTav punqtebSi aucilebelia inertuli mtvris yo-

nax. 3.1



 50

veldRiuri damateba. gvirabebSi, romlebSic intensiurad 

ileqeba mtveri, iyeneben aramarto mofiqalebas, aramed 

mtvris aRebasa da wyliT morwyvas. usafrTxoebis wesebis 

Tanaxmad naxSirisa da inertuli mtvris narevSi arawvadi 

nivTierebebis Sedgeniloba ugazo maRaroebSi unda iyos 

aranaklebi 60%-isa, xolo airian maRaroebSi _ aranak-

lebi 75%-isa. 

ramdenime aTeuli wlis win, mtvris afeTqebis wi-

naaRmdeg sabrZolvelad farTod gamoiyeneboda gvirabebis 

morwyva, magram dadginda, rom mas gaaCnia mTeli rigi 

uaryofiTi mxareebi: 1. am dros aucilebelia mtveri mu-

dam imyofebodes svel mdgomareobaSi, vinaidan mtveri 

male Sreba, advilad ifxvneba, wvrilmandeba da ufro sa-

SiSi xdeba afeTqebis TvalsazrisiT; 2. morwyva zrdis 

tenianobas, romelic iwvevs qanebis amoburcvas da Ca-

mongrevas; 3. didi tenianobis dros gvirabebSi Cndeba 

Wiebi, romlebic iwveven epidemiur daavadebebs. 

am uaryofiTi mxareebis gamo, amJamad gvirabebis 

morwyva gamoiyeneba mxolod gansakuTrebiT mtvrian 

adgilebSi da sawmend sangrevebSi. sawmend sangrevebSi 

mofiqalebas ar iyeneben, vinaidan maTi yoveldRiuri ga-

daadglebis gamo mofiqaleba moiTxovs didi raodenobiT 

inertul mtvers. 
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3.6. karierebis atmosferoSi mtvris gamoyofis 

Semcirebis meTodebi da saSualebebi 

 

karierebis atmosferos mtvriTa da mavne airebiT ga-

WuWyianebis Tavidan acilebis ZiriTad faqtors warmo-

adgens bunebrivi haercvla. magram misi SesaZleblobebi 

xSirad SezRudulia, gansakuTrebiT atmosferos gaWuW-

yianebis intensiuri wyaroebis arsebobis dros. yovelive 

amis gamo Zlier aqtualuria atmosferoSi mtvrisa da mav-

ne airebis gamoyofis Tavidan acilebis xerxebisa da me-

Todebis gamoyenebis sakiTxi. 

karierebis atmosferoSi mavne airebisa da mtvris ga-

moyofis Tavidan acileba SeiZleba efeqturad mivaRwioT 

Semdegi xerxebiT: 1. mtvrisa da mavne airebis gamoyofis 

mxriv usafrTxo teqnikisa da teqnologiebis gamoyenebiT; 

2. gamoyofili mtvris nawilakebis CaxSobiT; 3. mtvris na-

wilakebis filtrebSi daWeriTa da mavne airebis neitra-

lizaciiT. 

gamoyofili mtvris nawilakebis CaxSobisaTvis SesaZ-

lebelia gamoviyenoT wyali, specialuri xsnarebi, qafebi, 

marilebi da mcenareuli safarebi. 

karierebSi mtvris nawilakebis daWera moicavs 

mtvris warmoqmnis adgilebSi damtverianebuli haeris 

aspiracias (Sewovas) da specialur mtverdamWerebSi mis 

gawmendas. mtverdamWeri aparati SeiZleba iyos sveli da 

mSrali. 
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mSrali mtvris nawilakebis daWerisas SeiZleba ga-

moviyenoT gravitaciuli (mtverdamleqi kamerebi), iner-

ciuli (ciklonebi da multiciklonebi), forovani (qso-

vilis, keramikuli da sxv.), eleqtruli (eleqtro-

filtrebi) da SemakavSirebeli (akustikuri) mtverdam-

Werebi. 

svel mtverdamWerebad gamoiyenebian inerciuli 

(wylis afskiani ciklonebi, gamrecxi ciklonebi, rotaci-

uli ciklonebi da sxv.), eleqtruli (sveli eleqtro-

filtrebi), SemakavSirebeli (akustikuri koagulatrebi) 

da makondensirebeli mtverdamWerebi. Cveulebriv svel 

mtverdamWerebSi gamoiyeneba wyali, magram SesaZlebelia 

gamoviyenoT sxvadasxva xsnarebi, zeTebi da siTxeebi. 

 

4. klimaturi pirobebi samTo sawarmoebSi 

  

4.1. adamianis organizmze klimaturi pirobebis 

zemoqmedeba 

 

samTo sawarmoebSi klimatur pirobebs gansazRvravs 

haeris temperatura, fardobiTi tenianoba da haeris moZ-

raobis siCqare. aRniSnuli faqtorebi did gavlenas ax-

denen atmosferosa da adamianis organizms Soris Tbo-

gacvlis procesze, razedac Tavis mxriv damokidebulia 

adamianis ganwyoba, janmrTeloba da Sromis nayofiereba. 



 53

klimaturi pirobebi miwisqveSa gvirabebSi mniSvne-

lovnad gansxvavdeba zedapiruli klimaturi pirobebi-

sagan. es gamowveulia imiT, rom gvirabebSi haeris moZ-

raobisas icvleba misi temperatura da tenianoba. haeris 

temperatura maqsimalur mniSvnelobas aRwevs sawmend san-

grevebSi an mis momdevno saventilacio gvirabebSi. 

Waurebsa da maRaros ezosTan axlomdebare gvirabebSi 

haeris fardobiTi tenianoba aRwevs 90-95%-s da zogjer 

metsac (Tu WaurSi adgili aqvs intensiur wyalmodenas). 

Rrma horizontebze (800-1000 m) ganlagebul gvirabebSi 

wyalmodena mniSvnelovnad mcirdeba, temperatura ki 

matulobs, rac Tavis mxriv iwvevs haeris gamoSrobas. 

yovelive es did gavlenas axdens adamianis organiz-

mze da Tu ar iqna damyarebuli normaluri klimaturi pi-

robebi, mkveTrad mcirdeba Sromis nayofiereba da izrde-

ba safrTxe momuSaveTa janmrTelobis mdgomareobis gaua-

resebisa. 

adamianis organizmi sicocxlis mTel periodSi 

ganuwyvetliv gamoyofs siTbos gansazRvrul raodenobas: 

mSvid mdgomareobaSi _ 70 kkal/sT, muSaobis procesSi _ 

250-450 kkal/sT. adamianis organizmSi gamoyofili siTbos 

raodenobis mxolod 10-15% ixarjeba miRebuli sakvebisa 

da CasunTquli haeris gasaTbobad, danarCeni siTbo ki ga-

daecema garemos sami gziT: gamosxivebiT, konveqciiTa da 

aorTqlebiT. 
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organizmis mier siTbos gacemis intensivoba damoki-

debulia temperaturis, tenianobisa da haeris moZraobis 

siCqaris komleqsur zemoqmedebaze. adamianis organizms 

gaaCnia garemo pirobebTan Seguebis didi unari, magram 

mxolod gansazRvrul zRvrebSi, ris Semdegac iwyeba 

organizmis gadaxureba an zomaze metad gaciveba. 

organizmi gadaxurdeba maRali temperaturisa da di-

di Tburi gamosxivebis zemoqmedebis dros, gansakuTrebiT 

rodesac haeri uZravia da fardobiTi tenianoba didia. 

rodesac haeri moZraobs, temperatura dabalia da 

fardobiTi tenianoba maRali, xdeba organizmis zomaze 

metad gaciveba. imisaTvis, rom ar moxdes adamianis or-

ganizmis gadaxureba an gaciveba aucilebelia damyardes 

e.w. Tburi balansi organizmsa da garemos Soris, anu 

organizmis mier gacemuli siTbos raodenoba toli unda 

iyos organizmSi gamoyofili siTbos raodenobis 85-90%-

isa (rogorc avRniSneT, siTbos raodenobis danarCeni 10-

15% xmardeba miRebuli sakvebisa da CasunTquli haeris 

gaTbobas). 

 

4.2. klimaturi pirobebis normebi Saxtebsa da 

karierebSi 

 

amJamad moqmedi usafrTxoebis wesebis Tanaxamad Sax-

tebSi haeris temperaturis maqsimaluri dasaSvebi norma 

aris 260C, fardobiTi tenianobis norma _ 60-95%, haeris 
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moZraobis siCqaris minimaluri norma ki ganisazRvreba 

mtvrisa da Tburi pirobebis mixedviT da mocemulia 

cxrilSi 4.1. 

haeris moZraobis siCqaris maqsimaluri dasaSvebi 

sidide, teperaturis miuxedavad, sawmend da mosamzadebel 

sangrevebSi aris 4.0 m/wm (gamonaklisis saxiT meqanize-

buli kompleqsebiT aRWurvil sawmend sangrevebSi maqsi-

maluri dasaSvebi haeris moZraobis siCqare SeiZleba iyos 

6,0 m/wm). 

cxrili 4.1 

haeris moZraobis 

minimaluri 

siCqare, m/wm 

haeris dasaSvebi temperatura (
0C) 

fardobiTi tenianobis dros, % 

60-75 76-90 91-95 

0,25 

0,50 

0,75 

2,00 

24 

25 

26 

26 

23 

24 

25 

26 

22 

23 

24 

25 

 

Rrma horizontebze (800-1000 m) muSaobisas, samuSao 

adgilebze maqsimaluri dasaSvebi haeris temeraturis no-

rma aris 28
0C. 

miwisqveSa gvirabebSi normaluri klimaturi piro-

bebis dasamyareblad saWiroa gamoviyenoT Semdegi samTo-

teqnikuri RonisZiebebi: 1. gvirabebis kedlebis izolacia; 

2. haeris gaciveba uSualod sangrevebTan (kumSuli haeris 

gamoyenebiT an specialuri mfrqvevanebiT gvirabebSi 

wylis gafrqveviT); 3. aRmavali ganiavebis Secvla daRma-
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vali ganiavebiT; 4. atmosferuli haeris gatareba Surfeb-

Si, romlebic gahyavT sufTa haeris mimwodebuli Wauris 

axlos da uerTdebian am ukanasknels gamkveTebiT miwis 

zedapiridan 20-25 m siRrmeze; 5. siTbos gamomyofi wyaro-

ebis raodenobis Semcireba; 6. SaxtaSi misawodebeli hae-

ris xelovnurad damuSaveba (gaTboba, gaciveba, gaSroba 

an danamva). 

karierebSi ZiriTad samuSao adgils, sadac SesaZ-

lebelia xelovnurad SevqmnaT normaluri mikroklimati, 

warmoadgens manqana-meqanizmebis kabinebi. amJamad moqmedi 

sanitarul-higienuri normebis mixedviT manqana-meqaniz-

mebis kabinebSi haeris optimaluri parametrebia: wlis civ 

periodSi (rodesac gare haeris temperatura naklebia 

+10
0C) haeris temperatura 17-190C, fardobiTi tenianoba 30-

60%, haeris moZraobis siCqare _ araumetes 0,3 m/wm; wlis 

Tbil periodSi (rodesac gare haeris temperaturaa +10
0C 

da ufro maRali) Sesabamisad 20-23
0C, 30-60% da 0,2-0,5 m/wm. 

rac Seexeba mikroklimatis dasaSveb parametrebs: 

wlis civ periodSi dasaSvebia temperatura 15-20
0C, far-

dobiTi tenianoba 75%-mde, haeris moZraobis siCqare _ 

araumetes 0,5 m/wm; wlis Tbil periodSi, Sesabamisad 28
0C-

mde, 75%-mde da 0,3-0,7 m/wm. 

aRniSnul zRvrebSi haeris temperaturis Sesanar-

Cuneblad aucilebelia wlis Tbil pariodSi memanqanis 

kabinaSi misawodebeli haeris gaciveba, xolo zogierT Se-

mTxvevaSi misi gaSrobac. rac Seexeba wlis civ periods _ 
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aucilebelia misawodebeli haeris gaTboba da xSirad _ 

danamva. 

 

4.3. SaxtebSi haeris gamacivebeli danadgarebi 

 

macivar-danadgari Sedgeba sami ZiriTadi kvanZisagan: 

1. macivar-agregati (kompresori, kondensatori, amaorT-

qlebeli); 2. wylis gamacivebeli mowyobiloba; 3. haeris 

gamacivebeli sistema. 

macivar-danadgarebSi gamacivebel agentad ZiriTadad 

gamoiyeneba: freoni, amiaki, naxSirorJangi da qlorme-

Tili. maTgan yvelaze metad gavrceleba moipova freonma 

(CF2Cl2). igi aris ufero, usuno da uvnebeli airi. misi 

uaryofiTi mxarea is, rom igi 5-6-jer Zviria sxva macivar-

agentebTan SedarebiT. rac Seexeba amiaks (NH3), igi iafia, 

magram mavned moqmedebs adamianis organizmze da, garda 

amisa, rodesac haerSi misi koncentracia aRwevs 16-26%-s, 

igi Zlier feTqebadia, amitom miwisqveSa macivar-dana-

dgarebSi mas ar iyeneben. 

macivar-danadgarebis ganlagebis mixedviT isini 

SeiZleba iyos: 1. zedapiruli; 2. miwisqveSa centraluri 

(maRaros ezoSi); 3. miwisqveSa saubne macivar-danadgarebi. 
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4.4. Saxtis haeris gaTboba 

 

zamTris periodSi, rodesac zedapirze haeris tem-

peratura 0
0C-ze dabalia, aucilebelia SaxtaSi misawode-

beli haeris gaTboba aranakleb +2
0C-mde, winaaRmdeg SemT-

xvevaSi Wauris armireba ifareba yinuliT, rac xels uS-

lis amwe satransporto danadgarebis normalur muSao-

bas. haers aTboben orTqliT an eleqtrokaloriferiT. 

Cveulebriv SaxtaSi misawodebeli mTeli haeris rao-

denobis 20-25%-s aTboben 60-70
0C-mde im varaudiT, rom 

civi da gamTbari haeris Serevis Semdeg narevis tempe-

ratura iyos aranaklebi +2
0C. 

am mizniT Saxtis zedapirul SenobaSi mowyobilia 

kaloriferi, sufTa haeri ki Semodis specialur mimReb 

jixurSi, romelic Senobis gareT imyofeba, saidanac 

gadadis arxSi da ereva gamTbar haerSi. civi da gamTbari 

haeris narevi WaurSi Cadis kedelSi specialurad mow-

yobili fanjris saSualebiT, romelic imyofeba nulovani 

donis qveviT. 



 59

nawili II. saSaxto aeromeqanika 

 

5. winaswari ganmartebani da gansazRvrebani 

 

5.1. idealuri da realuri siTxe an airi 

 

siTxis an airis nawilaki misi moZraobisas unda emo-

rCilebodes im saerTo kanonebs, romlebic Teoriuli me-

qanikis kursidan aris cnobili, materialuri wertilis 

moZraobis SemTxvevaSi. 

vinaidan siTxes axasiaTebs gansakuTrebuli Tviseba, 

Txevadi sxeuli ver inarCunebs Tavis damoukidebel 

formas da Rebulobs im  WurWlis formas, romelSic igi 

imyofeba. es garemoeba aixsneba imiT, rom siTxes 

axasiaTebs dinebis Tviseba, ris gamoc misi nawilakebi 

gadaadgildebian erTimeoris mimarT, rac warmoSobs maT 

Soris urTierTqmedebis Zalebs. siTxis an airis 

moZraobis gantolebis Sedgenisas aRniSnuli urTi-

erTqmedi Siga Zalebi aucileblad unda iqnan miRebuli 

mxedvelobaSi, ris gamoc siTxis an airis moZraobis 

gantolebebi saxes icvlian myari sxeulis moZraobis 

gantolebebTan SedarebiT. 

absoluturad Txevadi sxeuli ewodeba iseT siTxi-

sebr an airovan sxeuls, romelTa nawilakebi ver uweven 

veraviTar winaRobas gamWimav an mxeb Zalebs, magram Se-

uZliaT winaRoba gauwion nebismieri sididis mkumSav Za-
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lebs. e.i. absoluturad Txevadi an idealuri siTxe ewo-

deba iseT siTxisebr sxeuls, romlis nawilakebs Soris 

ar arsebobs araviTari SeWidulobis Zalebi. 

realuri siTxis nawilakebi winaRobas uweven gamWi-

mav da mxeb Zalebs. magaliTad, joxis boloze dakidebu-

li wylis wveTi ewinaaRmdegeba simZimis Zalas manam, sanam 

misi wona ar miaRwevs garkveul zRvars. e.i. sanam simZimis 

Zala ar gadaaWarbebs nawilakebs Soris arsebul SeWidu-

lobis Zalebs, ris Semdeg wylis wveTi wydeba joxis 

bolodan. e.i. realuri siTxe an airi ewodeba iseT siT-

xisebur an airovan sxeuls, romelTa nawilakebs Soris 

arsebobs SeWidulobis Zalebi. 

 

5.2. hidromeqanikuri wneva da misi Tviseba 

 

meqanikidan cnobilia, rom sxeulSi, romelic ganic-

dis deformacias vlindeba Siga Zalebi, romlebic Zabve-

biT xasiaTdebian. idealur siTxeSi vlindeba mxolod 

mkumSavi Zabvebi, romlebsac hidravlikaSi hidromeqanikur 

wnevas uwodeben da aRniSnaven P-Ti. igi warmoadgens far-

Tis erTeulze mosul Zalas. 

hidromeqanikur wnevas ewodeba hidrostatikuri an 

hidrodinamikuri, imisdamixedviT, vixilavT siTxis wonas-

worobas Tu moZraobas. hidrostatikur wnevas aqvs Zabvis 

ganzomileba da igi ganisazRvreba, rogorc Zala Sefar-

debuli farTis erTeulTan. 
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S
RP =                                                  (5.1) 

hidromeqanikur wnevas idealuri siTxis nebismier 

wertilSi aqvs erTi da igive sidide yvela mimarTu-

lebiT, igi ar aris damokidebuli im farTis mimar-

Tulebaze, romelzedac moqmedebs, aramed damokidebulia 

am farTis mdgomareobaze drosa da sivrceSi, anu igi 

drois da koordinatTa RerZebis funqciaa. kerZo SemT-

xvevaSi, siTxis wonasworobis an damyarebuli moZraobis 

dros hidromeqanikuri wneva P mxolod koordinatTa Rer-

Zebis funqciaa. 

 

5.3. haeris fizikuri Tvisebebi 

 

1. haeris wona. romelime moculobis haeris wona 

ganisazRvreba tolobiT 

                                          G=V⋅γ,      kg,                                   (5.2) 

sadac V aris haeris moculoba, m3; γ _ 1 m3 haeris wona, 

anu haeris moculobiTi wona, kg/m3. 

am tolobidan 

                                         γ=G/V,    kg/m3                  (5.3.) 

2. haeris xvedriTi moculoba ewodeba haeris mocu-

lobas m3-Si, romelic uWiravs wonis erTeuls. igi gain-

sazRvreba tolobiT: 

                                         ν =1/ γ,        m3/kg               (5.4) 
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3. haeris simkvrive. erTeuli moculobis haeris masas 

ewodeba haeris simkvrive. igi ganisazRvreba tolobiT 

                                           ρ=M/V,                      (5.5) 

sadac M aris haeris masa; V _ misi moculoba. 

haeris simkvrive mWidrodaa dakavSirebuli erTeuli 

moculobis wonasTan. cnobilia, rom G=M⋅g, aqedan M=G/g 

da sabolood  

              4

2

m
kgwm

,ggV
V γγρ =
⋅
⋅

=              (5.6) 

4. siblante ewodeba airis an siTxis im Tvisebas, ro-

melic winaaRmdegobas uwevs deformacias. 

aviRoT ori parale-

luri Txeli firfita, ro-

melTa Soris manZili iyos 

n, davuSvaT zeda firfita 

moZraobs qveda firfitis 

mimarT raRaca V siCqariT 

(nax. 5.1). dakvirvebebi 

gviCvenebs, rom siTxis is nawilakebi, romlebic uSualod 

ekvrian zeda firfitas, moZraoben igive ν  siCqariT, 

xolo siTxis nawilakebi, romlebic qveda, uZrav firfi-

tasTan arian ganlagebulni, imdenad ekvrian mas, rom maTi 

siCqare praqtikulad nulis tolia. rogorc Cans, siTxis 

nawilakebi moZraoben sxvadasxva siCqariT, rac warmoSobs 

maT Soris urTierTqmedebis Zalebs da imisaTvis, rom 

nax. 5.1 
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zeda firfita davZraT qvedas mimarT, saWiroa mas movdoT 

raRac P Zala, romelic pirdapirproporciulia firfitis 

farTis (S), misi moZraobis siCqaris (v), absoluturi 

siblantis koeficientisa (µ) da ukuproporciulia 

firfitebs Soris manZilisa (n), e.i.  

                                        P=µ⋅S⋅ν /n,                    (5.7) 

Tu davuSvebT, rom firfitebs Soris manZilia ara n, 

aramed raRac usasrulod mcire sidide, maSin  

P=µ⋅S⋅dν /dn, 

Tu miRebul Zalas SevufardebT farTis erTeuls, 

miviRebT e.w. mxeb Zabvebs 

                                       τ=P/S=µ⋅dν /dn,                            (5.8) 

sadac dν /dn aris siCqaris gradienti. 

5. wneva aris erT-erTi ZiriTadi fizikuri sidide, 

romelTanac Cven saqme gvaqvs maRaros an karieris gani-

avebis nebismieri sakiTxis ganxilvisas. ganvixiloT ra 

damokidebulebaSia wneva im farTobTan, romelzedac igi 

moqmedebs. aviRoT raime sveti, davuSvaT Wauri (nax. 5.2). 

misi siRrme avRniSnoT H, ganivi kveTi S, haeris wneva mi-

wis zedapirze P1, xolo haeris wneva maRaros ezos done-

ze  P2. CavTvaloT, rom haeris moculobiTi wona WaurSi 

mudmivia γ=const. maSin S farTze mosuli absoluturi  

wneva maRaros ezos doneze toli iqneba  

P2=(P1+γH)⋅S 

Tu am wnevas SevufardebT farTis erTeuls miviRebT 
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P=P1+γH, 

xolo H svetis mier mis 

fuZeze gadacemuli wneva toli 

iqneba                                                                              

                      p =γH,                 (5.9) 

rogorc vxedavT H svetis 

mier fuZeze gadacemuli wneva 

damokidebuli ar aris fuZis 

farTze da damokidebulia svetis 

simaRlesa da haeris moculobiT wonaze. 

6. ventilatoris mier ganviTarebuli wneva. rodesac 

ventilatori mierTebulia milebze an maRaroze, im mxri-

dan saidanac xdeba haeris Sewova, wneva yovelTvis nak-

lebia atmosferul wnevasTan SedarebiT, daWirxvnis mxri-

dan ki piriqiT, adgili aqvs atmosferul wnevasTan Seda-

rebiT Warb wnevas. 

ganvixiloT ori SemTxveva, rodesac ventilatori 

mierTebulia maRaroze da muSaobs Sewovaze an daWir-

xvnaze. Sewovaze momuSave ventilatoris arxSi wneva av-

RniSnoT PSemw., xolo  daWirxvnaze  momuSave  ventilato-

ris arxSi _ PdamW. (nax. 5.3 a) da b)).  

 nax. 5.2 
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nax. 5.3 

     atmosferuli wneva miwis zedapirze _ P0. maSin ven-

tilatoris mier Seqmnili wnevaTa sxvaoba SegviZlia ase 

ganvmartoT. wnevaTa sxvaobas Sewovaze momuSave ventila-

toris arxsa da atmosferul (barometrul) wnevas Soris 

depresia ewodeba da aRiniSneba h-iT, xolo wnevaTa sxvao-

bas daWirxvnaze  momuSave ventilatoris arxsa da baro-

metrul wnevas Soris kompresia ewodeba da isic aRi-

niSneba h-iT (sityva kompresiam praqtikaSi ver hpova 

gavrceleba da masac depresias uwodeben, mxolod am Sem-

TxvevaSi igulisxmeba Warbi wneva atmosferul wnevasTan 

SedarebiT). 

am ganmartebis safuZvelze SegviZlia davweroT 

13,6
Semw

Semw

h
PP =−0 ;       

13,6
damW

damW

h
PP =− 0  

anu aqedan 
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13,6

Semw
Semw

h
PP −= 0 ;              (5.10) 

                  
13,6

damW
damW

h
PP += 0 ;                (5.11) 

Tu gvsurs ganvixiloT zogadad depresia romelime 

calkeul gvirabSi, aviRoT Streki da masSi gamovyoT 

sawyisi da bolo wertilebi (nax. 5.4). haeris wneva sawyis 

A wertilSi  avRniSnoT  P1,  xolo bolo B wertilSi _ 

P2 da davuSvaT, rom haeri moZraobs A-dan B-sken, maSin 

 

nax. 5.4 

wnevaTa sxvaobas A da B wertilebs Soris Strekis AB 

ubnis depresia ewodeba, e.i. 

                                         hAB=P1-P2,                                        (5.12) 

maRaros ganiavebaSi Sewovaze da daWirxvnaze momu-

Save ventilatorebis mier Seqmnil wnevebs xSirad sta-

tikur wnevebs uwodeben, xolo ventilatoris mier 

ganviTarebul wnevaTa sxvaobas _ statikur depresias hst. 
7. moZravi haeris mier ganviTarebuli wneva. davuS-

vaT, romelime haeris nakadSi uZravad aris moTavsebuli 
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raime sxeuli an piriqiT, uZrav haerSi raime sxeuli moZ-

raobs. am orive SemTxvevaSi sxeuli Tavis wina (Sublur) 

nawilze ganicdis wnevas, romelsac dinamiuri wneva anu 

siCqariTi dawneva ewodeba. misi sidide SeiZleba ganvsaz-

RvroT tolobiT 

                  gVh 2
2 γ⋅=s.d. ,  kg/m2          (5.13) 

sadac V aris haeris moZraobis (uZravi haeris SemTxvevaSi 

_ sxeulis moZraobis) siCqare, m/wm; γ_ haeris moculobiTi 

wona, kg/m2; g=9,81 aris Tavisufali vardnis aCqareba. 

8. haeris tenianoba. cnobilia, rom atmosferuli ha-

eri warmoadgens mSrali airebis da wylis orTqlis na-

revs da cxadia, rom haeris mier ganviTarebuli wneva 

damokidebuli iqneba mSrali airebisa da wylis orTqlis 

parcialur (wilobriv) wnevaze. haerSi wylis orTqlis 

Semcvelobis mixedviT ganasxvaveben gajerebul, naklebad 

gajerebul da absoluturad mSral haers. 

haerSi wylis orTqlis Semcvelobas tenianoba ewo-

deba. arsebobs sami saxis tenianoba: 1. wylis orTqlis 

raodenobas, gamosaxuls gramebSi, romelsac Seicavs 1 m3 

haeri, absoluturi tenianoba ewodeba; 2. wylis orTqlis 

maqsimalurad SesaZlo raodenobas, romelsac SesaZloa 

Seicavdes 1 m3 haeri mocemuli temperaturis dros, 

maqsimaluri tenianoba ewodeba; 3. 1 m3 haerSi Semcveli 

wylis orTqlis raodenobis fardobas mis maqsimalurad 

SesaZlo raodenobasTan mocemuli temperaturis dros, 
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fardobiTi tenianoba ewodeba da igi gamoisaxeba mTelis 

nawilebSi an procentebSi. 

 

6. temperaturis, tenianobis, wnevis, wnevaTa 

sxvaobisa da haeris moZraobis siCqaris gazomva 

da sazomi xelsawyoebi 

 

6.1. maRaros haerisa da qanebis temperaturis 

gazomva 

 

1. maRaros haeris temperatura izomeba TermometriT, 

romelic gvirabebSi gadaadgilebis dros moTavsebulia 

rkinis damcav budeSi. gazomva warmoebs ase: viRebT Ter-

mometrs budidan, vicdiT 2-3 wT, raTa Termometrma mii-

Ros garemos temperatura, ris Semdeg viRebT pirvel 

anaTvals. 5-10 wT-is Semdeg igive adgilze viRebT meore 

anaTvals Tu orive anaTvali erTnairia, maSin gazomva 

sworadaa Catarebuli. 

2. qanebis temperatura izomeba SpurSi, risTvisac 

winaswar burRaven 2 m sigrZis Spurs. gaburRvis damTav-

rebidan ori saaTis Semdeg SpurSi vaTavsebT Termometrs 

da Spurs vxuravT sacobiT. imisaTvis, rom Termometrma 

miiRos samTo qanebis temperatura saWiroa Termometri 

davayovnoT SpurSi 6-12 sT-is ganmavlobaSi. am drois 

gasvlis Semdeg Termometri gamogvaqvs Spuridan da 

swrafad viRebT masze anaTvals. 
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6.2. haeris tenianobis gazomva 

 

haeris fardobiTi tenianoba izomeba fsiqrometriT. 

igi SeiZleba iyos stacionaruli da aspiraciuli. samTo 

sawarmoebSi ufro xSirad gamoiyeneba aspiraciuli fsiq-

rometri (nax. 6.1). igi Sedgeba liTonis CarCoSi Cadgmuli 

ori Termometris (3), ventilatoris (1) da ventilatoris 

gasaSvebi saxelurisagan (2). fardobiTi tenianobis ga-

zomva warmoebs Semdegnairad: gazomvis win erT-erTi 

Termometris burTulaze Semoxveul 

qsovils vasvelebT garemos temperaturis 

mqone gamoxdili wyliT (am Termometrs 

uwodeben e.w. `svel Termometrs~). amis 

Semdeg zambariani meqanizmis momarTviT 

vrTavT ventilators, romlis mier 

Sewovili haeri garsSemoedineba 

vercxliswylis burTulebs (orive, mSral 

da svel TermometrebSi)  da  agrilebs  

maT.  ventilatoris gaSvebidan 1,5-2 wT-is 

gasvlis Semdeg, rodesac svel da mSral 

TermometrebSi damyardeba doneTa simaRle, viRebT 

anaTvals erTdroulad orive Termometrze. anaTvalTa 

Soris miRebuli sxvaobis mixedviT ganvsazRvravT far-

dobiT tenianobas fsiqrometruli cxrilis, fsiqro-

metruli nomogramis an formulis saSualebiT 

nax. 6.1 
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            ( )[ ] F
PttF 100

7535,01 ⋅−−= svmSrϕ .         (6.1) 

 

6.3. wnevisa da wnevaTa sxvaobis sazomi xelsawyoebi 

 

rogorc cnobilia, barometruli wnevis gasazomad 

gamoiyeneba barometr-aneroidi, romlis skala dayofilia 

600-790 mm.wy.sv.. yvela barometrs Tan axlavs Semaswo-

rebeli koeficienti: a) temperaturuli, romelic gviCve-

nebs, Tu ramdenad unda Seicvalos barometris Cveneba, 

rodesac temperatura icvleba 10C-iT; b) mudmivi Semas-

worebeli koeficienti sxvadasxva wnevaze, romelic iT-

valiswinebs masalis Tvisebebs, risganac damzadebulia 

xelsawyo. vinaidan barometri ver aRiqvams wnevis swraf 

cvlilebas, amitom im areSi, romelSic gvsurs wnevis 

gazomva, anaTvlis aRebamde barometri unda gavaCeroT 20-

30 wT. 

barografi. wnevis cvlilebis mudmivi registracii-

saTvis iyeneben barografs. misi moqmedebis principi ba-

rometris analogiuria, gansxvaveba aris is, rom barog-

rafs erTi membranis yuTis magivrad aqvs ramdenime 

erTimeoresTan dakavSirebuli yuTi da garda amisa, ba-

rografSi isris magivrad mowyobilia berketi saweri 

kalmiT, romelic exeba ra mbrunav dolze Semoxveul 

qaRalds, aRniSnavs masze wnevis cvlilebas. 
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SaxtebSi ufro xSirad wnevaTa sxvaoba izomeba U-s 

magvari manometriT (nax. 6.2). igi warmoadgens moRunul 

minis mils, romelic damagrebulia xis CarCoze. dep-

resiis anu wnevaTa sxvaobis gasazomad milSi vasxamT 

wyals 0-0 donemde. Semdeg manometris orive 

muxls rezinis milebiT vuerTebT im areebs, 

romelTa Sorisac gvsurs wnevaTa sxvaobis ga-

zomva. manometris im muxlSi, romelic mier-

Tebulia dabali wnevis aresTan  wylis  done  

aiwevs,  meore muxlSi ki _ daiwevs  igive sidi-

diT. anaTvals viRebT orive muxlSi da maTi 

jami warmoadgens wnevaTa sxvaobas gamosaxuls 

wylis svetis milimetrebSi.  

wnevaTa sxvaoba (depresia) SeiZleba gavzo-

moT agreTve barometr-aneroidis saSualebiT. amisaTvis 

barometrs vaTavsebT pirvel kveTSi da viRebT anaTvals, 

Semdeg barometri gadagvaqvs meore kveTSi da iqac viRebT 

anaTvals. wnevaTa sxvaoba am or kveTs Soris 

ganisazRvreba anaTvlebs Soris sxvaobiT. 

am meTodis uaryofiTi mxarea is, rom vidre pirveli 

kveTidan gadavidodeT meore kveTSi, SeiZleba Seicvalos 

atmosferuli wneva, es ki gamoiwvevs cdomilebas. 

mikromanometri. rodesac saWiroa wnevaTa sxvaobis 

gazomva maRali sizustiT, an rodesac viciT, rom saqme 

gvaqvs mcire wnevaTa sxvaobasTan, gasazomad viyenebT 

    nax. 6.2 
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mikromanometrs (nax. 6.3). rogorc sqemidan Cans,  aq  saqme 

gvaqvs   ziar   WurWelTan.   Tu   didi  WurWlis  ganikveTis  

farTs avRniSnavT S1, 

xolo viwro milis 

farTs _ S2, maSin far-

doba S1:S2=700. aseTi fa-

rdoba SerCeulia imi-

tom, rom rodesac viw-

ro milSi siTxe gada-

adgildeba Tundac mTel simaRleze, did WurWelSi 

siTxis done praqtikulad rCeba ucvleli. viwro mili 

isea dakavSirebuli did WurWelTan, rom saWiroebis Sem-

TxvevaSi igi SegviZlia davayenoT vertikaluradac da 

daxriladac. daxrilad misi dayeneba saWiroa imitom, rom 

Tu wnevaTa sxvaoba Zalze mcirea, siTxe mainc gada-

adgildes imdenad, rom SevZloT anaTvlis aReba. davu-

SvaT vertikalurad mdgom viwro milSi siTxem aiwia a-a1 

simaRleze, maSin daxril milSi, imave depresiis Sem-

TxvevaSi, siTxis gadaadgileba toli iqneba bb1=aa1:Sinβ. 

aqedan, Tu Cven gvsurs daxril milSi aRebuli anaTvali 

gadaviyvanoT vertikalur svetebSi, unda gamoviyenoT 

toloba 

                                              aa1=bb1·Sinβ.                                              (6.2) 

(6.2) gamosaxulebaSi Sinβ aRiniSneba F-iT da mas ewo-

deba daxris kuTxis koeficienti. misi mniSvnelobebi da-

tanilia mikromanometris liTonis rkalze. 

nax. 6.3
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imisaTvis, rom daxril svetebSi miRebuli siTxis 

(spirtis) gadaadglebis sidide gadaviyvanoT wylis 

svetis milimetrebSi, vsargeblobT gamosaxulebiT 

                          hvert=(hsab-hsawy)⋅F⋅∆⋅ε,  mm. wy. sv        (6.3) 

sadac hsab aris spirtis saboloo done daxril milSi;  

hsawy _ sawyisi done;  F _ daxris kuTxis koeficienti;      

∆ _ spirtis moculobiTi wona; ε _ mikromanometris Semas-

worebeli koeficienti. 

haermzomi milaki. imisaTvis, rom depresiometrs 

(manometri an mikromanometri) gadavceT gasazomi wneva, 

vsargeblobT damxmare saSualebebiT _ rezinis milebiTa 

da haermzomi milakiT. 

haermzomi milaki (nax. 6.4) Sedgeba ori damou-

kidebeli arxisagan (viwro mili-

sagan), romelTagan erTi bolov-

deba centraluri xvreliT 1, xo-

lo meore _ radialuri xvreliT 

2. centraluri xvreli Tavisi ar-

xiT uerTdeba milaks 3' da aR-

niSnulia `+~ niSniT, xolo radi-

aluri xvreli Tavisi arxiT uerTdeba milaks 3 da aR-

niSnulia `-~ niSniT. imis mixedviT Tu haermzomi milakis 

romeli bolo iqneba mierTebuli mikromanometrTan, Seg-

viZlia gavzomoT depresia an siCqariTi dawneva. ase ma-

galiTad: Tu miuerTebT `-~ bolos, gaizomeba mTliani 

wnevaTa sxvaoba atmosferosa da milis dayenebis adgils 

nax. 6.4
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Soris, xolo YTu miuerTebT `+~ bolos, gaizomeba 

mTliani depresia, e.i. (hst-hs.d.) _ Semwov haergamtarSi da  

(hst+hs.d.) _ damWirxn haergamtarSi. 

 

6.4.  depresiisa da siCqariTi dawnevis gazomva 

 

ganvixiloT Sewovaze momuSave ventilatoris arxi. 

mivuerToT mas U-s magvari manometri ise, rogorc es 

naCvenebia nax. 6.5-is I SemTxvevaSi. am dros manometri 

gazomavs ventilatoris mier ganviTarebul mTlian dep-

resias. 

 

nax. 6.5. 

 

                                       hmTl=hst+hs.d.                      (6.4) 

im SemTxvevaSi, Tu gvsurs gavzomoT maRaros depre-

sia, saWiroa arxSi moTavsebuli manometris bolo Semo-

vabrunoT haeris moZraobis sapirispirod (II SemTxveva). am 

dros gaizomeba statikuri wneva. 

                                  hst = hmTl-hs.d.                  (6.5) 
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es gamomdinareobs iqidan, rom II SemTxvevaSi haeris 

nawilakebi ejaxebian ra moRunuli milis bolos, a wer-

tilSi gadascemen damatebiT wnevas, ris gamoc marcxena 

muxlSi siTxe aiwevs ufro nakleb simaRleze. 

siCqariTi dawnevis gasazomad (nax. 6.5. III SemTxveva) 

saWiroa manometris orive muxli mivuerToT arxs, erTi 

bolo Semobrunebulia haeris moZraobis sawinaaRmdego 

mimarTulebiT, xolo meore bolo _ ara. am dros mano-

metris marcxena muxlze imoqmedebs haeris mTliani wneva 

(hst+hs.d.), xolo marjvena muxlze _ mxolod hst. es wneve-

bi urTierTsawinaaRmdegod arian mimarTulni da cxadia 

siTxis doneTa Soris sxvaoba mogvcems siCqariTi dawne-

vis sidides (hs.d). 

exla ganvixiloT igive gazomvebi haermzomi mila-

kisa da mikromanometris gamoyenebiT (nax. 6.6). am naxazze 

I SemTxvevaSi, rodesac haermzomi   milakis   `-~    mier-

Tebulia  mikromanometris   `-~,   xolo   mikromanomet-

ris   `+~   mierTebulia   atmosferosTan,  

 
nax. 6.6. 
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mikromanometri gazomavs ventilatoris mier ganviTa-

rebul mTlian depresias. 

                                        hmTl=hstat+hs.d.                (6.6) 

II SemTxvevaSi gaizomeba maRaros statikuri depresia 

                                hstat= hmTl_hs.d.                   (6.7) 

Tu gvsurs gavzomoT siCqariTi dawneva, saWiroa 

haermzomi milakis `+~ mivuerToT mikromanometris `+~, 

xolo haermzomi milakis `-~ ki mivuerToT mikromano-

metris `-~ (nax. 6.6. III SemTxveva). 

exla ganvixiloT daWirxvnaze momuSave ventilato-

ris arxi (nax. 6.7). am dros I da III SemTxvevebSi gaizomeba 

ventilatoris mier ganviTarebuli statikuri depresia 

                                  hstat= hmTl -hs.d.                  (6.8) 

 

nax. 6.7. 

xolo II da IV SemTxvevebSi gaizomeba mTliani depresia  

                                   hmTl= hstat +hs.d.                 (6.9) 

Tu gvsurs gavigoT romelime gvirabis depresia, 

aviRebT am gvirabis sawyis da bolo wertilebs, gansa-

kuTrebuli yuradReba unda mivaqcioT, rom am kveTebs 
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Soris ar iyos sxvadasxva mowyobiloba-danadgarebi, rom-

lebic gamoiwveven depresiis gazrdas (nax. 6.8). vaTavsebT 

haermzom milakebs  

(pitos mili)  I da II  

kveTebSi  da viRebT 

erT mikromanometrs. 

vinaidan haeri moZraobs 

I kveTidan II kveTisken, 

cxadia, rom haeris wneva 

I kveTSi meti iqneba, 

vidre II kveTSi. amitom I kveTSi moTavsebuli haermzomi 

milakis `_~ bolos vaerTebT mikromanometris `+~ bolo-

sTan, xolo II kveTSi moTavsebuli haermzomi milakis `_~ 

bolos, vaerTebT mikromanometris `_~ bolosTan. am 

SeerTebebis dros gaizomeba gvirabis depresia I da II 

kveTebs Soris. 

 

6.5. haeris moZraobis siCqaris sazomi 

xelsawyoebi da gazomvis xerxebi 

 

haeris moZraobis siCqare izomeba anemometrebis 

saSualebiT. anemometri arsebobs ori saxis: frTebiani 

(nax. 6.9) da jamebiani (nax. 6.10). 

nax. 6.8
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    frTebiani anemometri gamoiyeneba mcire 

siCqareebis (0,1-5,0 m/wm) gasazomad, xolo jamebiani 

anemometri _ didi siCqareebis (1,0-20,0 m/wm) gasazomad. 

 

6.5.1. haeris  moZraobis siCqaris anemometriT 

gazomvis xerxebi 

 

gvirabSi haeris moZraobis siCqaris gasazomad saWi-

roa SevirCioT gvirabis swori da normaluri gamagrebis 

mqone monakveTi. erTi da igive kveTSi gazomva xdeba or-

jer an samjer. Tu gazomvis Sedegebi ar gansxvavdeba 

erTmaneTisagan 5%-ze meti sididiT, Tvlian, rom gazomva 

sworad aris Catarebuli. aRsaniSnavia, rom rodesac vla-

parakobT gvirabSi haeris moZraobis siCqareze, yovelTvis 

           nax. 6.10nax. 6.9
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vgulisxmobT haeris moZraobis saSualo siCqares da misi 

gazomva SeiZleba sxvadasxva xerxiT. 

1. saSualo siCqaris gansazRvra gvirabis centrSi 

gazomili siCqariT. am SemTxvevaSi gvirabis centrSi uZ-

ravad moTavsebuli anemometris saSualebiT zomaven hae-

ris moZraobis siCqares da saSualo siCqare ganisaz-

Rvreba formuliT 

                                   VsaS.=K⋅Vgaz.,  m/wm,             (6.10) 

sadac K aris gvirabis kveTSi siCqareTa araTanabari gana-

wilebis koeficienti (igi yvela konkretuli gvirabisaT-

vis ganisazRvreba eqsperimentalurad); Vgaz. _ gvirabis 

centrSi gazomili siCqare, m/wm. 

es xerxi naklebad zustia da gamoiyeneba mxolod im 

SemTxvevaSi, rodesac haeris moZraobis siCqare imdenad 

mcirea, rom anemometris frTebi ar brunavs gvirabis 

ganivi kveTis yvela wertilSi. 

2. siCqaris gazomva xerxiT `Cvens win~. am dros 

anemometrs vamagrebT 1,5-2 

m sigrZis joxze, romelic 

mzomavs uWiravs xelSi da 

amoZravebs gvirabis ganiv 

kveTSi nax. 6.11-ze mocemu-

li sqemis mixedviT. rode-

sac haeris moZraobis 

siCqares vzomavT am xer-

nax. 6.11
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xiT, saWiroa  gazomvis Sedegad  miRebuli haeris 

moZraobis  siCqare gavamravloT Semasworebel koe-

ficientze K=1,14 

3. siCqaris gazomva xerxiT `kveTSi~. am SemTxvevaSi 

mzomavi dgas zurgiT gvirabis kedlisken da amoZravebs 

anemometrs gvirabis igive kveTSi, romelSic TviTon  imyo-

feba, nax. 6.11-ze moyvanili sqemis Sesabamisad. am xerxiT 

gazomili haeris moZraobis saSualo siCqare saWiroa 

gavamravloT Semasworebel K koeficientze, romelic ga-

moiTvleba formuliT 

                 
S

SK 4,0−
=Sem ,                 (6.11) 

sadac S aris gvirabis ganivi kveTi,  m2. 

 

  4. siCqaris gazomvis specialuri xerxi. rodesac 

gvirabSi haeris moZraobis 

siCqare surT gansazRvron 

didi sizustiT, mimarTaven 

siCqaris gazomvis  speci-

alur  xerxs,  rac  mdgoma-

reobs SemdegSi: gvirabis 

ganiv kveTs dayofen 

nawilebad (nax. 6.12) da TiToeuli nawilis centrSi 

uZravad gaCerebuli anemometriT zomaven haeris 

moZraobis siCqares. haeris moZraobis saSualo siCqare ki 

ganisazRvreba formuliT 

nax. 6.12 
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S

SV
V

n

i
ii∑

== 1
saS ,    m/wm,                                     (6.12) 

sadac Vi aris gvirabis i-uri nawilis centrSi gazomili 

siCqare, m/wm; Si _ gvirabis Sesabamisi i-uri nawilis ga-

nikveTis farTi, m2. 

 

6.5.2. haeris moZraobis siCqaris gazomva 

anemometriT da haermzomi milakiTa da 

mikromanometriT 

 

anemometris saSualebiT siCqaris gazomvas awarmoebs 

ori adamiani, erTs uWiravs anemometri, xolo meores _ 

wammzomi. gazomvis dawyebis win anemometris mricxvelze 

viRebT sawyis anaTvals. Semdeg erTdroulad vrTavT ane-

mometrsa da wammzoms, da vamoZravebT anemometrs gvira-

bis ganiv kveTSi nax. 6.11-ze mocemuli sqemis mixedviT. 

mzomelebi winaswar SeTanxmebulebi arian iseT gazomvis 

droze, rom mzomavma moaswros anemometris motareba 

gvirabis ganivi kveTis yvela damaxasiaTebel wertilSi. 

gazomvis drois gasvlis Semdeg anemometri da wammzomi 

iTiSeba erTdroulad. amis Semdeg anemometris mric-

xvelze viRebT bolo anaTvals, vsazRvravT anaTvalTa 

Soris sxvaobas, romelsac vyofT gazomvis droze, raTa 

ganvsazRvroT e.w. danayofTa ricxvi wamSi. miRebuli 

sididis mixedviT, specialuri grafikiT (nax. 6.13), ro-
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melic gaaCnia yvela anemometrs, rogorc pasporti, vad-

genT haeris moZraobis siCqares. 

 

 

nax. 6.13 

am grafikis (pasportis) abcisTa RerZze gadazo-

milia haeris moZraobis siCqare, xolo ordinatTa RerZze 

_ danayofTa ricxvi wamSi. 

haermzomi milakiTa da mikromanometriT haeris moZ-

raobis siCqaris gansazRvrisaTvis jer 6.4-Si aRwerili 

sqemis mixedviT unda ganvsazRvroT siCqariTi dawneva 

(nax. 6.6, III SemTxveva), xolo siCqare ki viangariSoT 

tolobiT. 

   ( ) εγ ⋅⋅∆⋅⋅−= FghhV 8,0
2

sawysab ,  m/wm,            (6.13) 

sadac hsab aris spirtis saboloo done mikromanometris 

daxril milSi, mm; hsawy _ spirtis sawyisi done, mm; γ _ 

haeris moculobiTi wona; g=9,81 _ Tavisufali vardnis 
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aCqareba; ∆ _ spirtis moculobiTi wona; F _ mikromano-

metris milis daxris kuTxis koeficienti; ε _ mikroma-

nometris Semasworebeli koeficienti. 

 

7. aerostatika 

 

7.1. aerostatikis ZiriTadi gantoleba 

 

rogorc cnobilia idealuri siTxis an airis 

wonasworobis diferencialur gantolebebs Semdegi saxe 

aqvT: 

                              

⎪
⎪
⎪

⎭

⎪⎪
⎪

⎬

⎫

=∂
∂⋅−Ζ

=Υ∂
∂⋅−Υ

=∂
∂⋅−

01

01

01

z
p

p
x

pX

ρ

ρ

ρ

               (7.1) 

es gantolebebi pirvelad mogvca eilerma da amitom 

maT eileris gantolebebsac uwodeben. 

imisaTvis, rom movZebnoT aerostatikuri wnevis si-

dide, e.i. gamoviyvanoT aerostatikis ZiriTadi ganto-

lebebi, eileris gantolebebidan pirveli gavamravloT dx, 

meore _ dy, mesame _ dz da samive SevkriboT.   

⎟
⎠
⎞⎜

⎝
⎛ ∂⋅∂

∂+∂⋅∂
∂+⋅∂

∂=++ zz
pyy

pdxx
p

pZdzYdyXdx 1       (7.2) 

rogorc adre avRniSneT, wonasworobis SemTxvevaSi 

aerostatikuri wneva aris koordinatTa RerZebis funqcia, 
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(7.2) gantolebis marjvena mxareze moTavsebuli sami wev-

ris jami ki warmoadgens srul diferencials, amitom (7.2) 

gantoleba SegviZlia ase gadavweroT. 

                                       Xdx+Ydy+Zdz= ρ
p∂                           (7.3) 

imisaTvis, rom gantoleba iyos marTebuli da SeiZ-

lebodes misi integreba, aucilebelia (7.3) gantolebis 

marcxena mxarec iyos sruli diferenciali. bunebaSi cno-

bil yvela moculobiT Zalas, romelTac SeuZliaT imoq-

medon siTxisebur sxeulze aqvT potenciali. am Sem-

TxvevaSi hidroaerodinamikidan cnobilia, rom arsebobs 

raRac U funqcia, romlis kerZo warmoebulebi koor-

dinatTa RerZebis mimarT tolia Sesabamisi moculobiTi 

Zalebis aCqarebis gegmilebisa, e.i. 

               Xx
u =∂
∂        Yy

u =∂
∂     Zz

u =∂
∂                     (7.4) 

am gamosaxulebebis gaTvaliswinebiT (7.3) gantole-

bis marcxena mxare warmoadgens dU-s 

U-s ewodeba potencialuri funqcia, xolo im Za-

lebs, romlebic akmayofileben (7.4) pirobas ewodebaT 

Zalebi, romelTac gaaCniaT potenciali. (7.3) gantolebis 

fizikuri arsi mdgomareobs SemdegSi: siTxe an airi wo-

nasworobaSi SeiZleba imyofebodes mxolod potencialis 

mqone Zalebis zemoqmedebiT. aseTi Zalebidan CvenTvis sai-

nteresoa simZimis Zala. 
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Tu koordinatTa sistemis Z RerZs mivmarTavT 

vertikalurad qveviT, maSin simZimis Zala g dagegmildeba 

Z RerZze misi naturaluri sididiT, xolo X da Y 

RerZebze misi gegmili iqneba nulis toli, e.i. 

X=0;        Y=0;        Z=g 

Tu am mniSvnelobebs SevitanT (7.3) tolobaSi mivi-

RebT 

                           gdz= ρ
dp     anu    dzdp =γ                       (7.5) 

(7.5) gantolebis integrebisaTvis saWiroa gvqondes 

zRvrebi, aviRoT Wauri siRrmiT H, zedapiruli done 

avRniSnoT Z1, maRaros ezos done ki _ Z2, Sesabamisad 

wnevebi avRniSnoT _ P1 da P2. 

maSin: 

∫∫ =−==
2

1

2

1

12

Z

Z

P

P

HZZdzdp
γ , 

e.i.                 ∫=
2

1

P

P

dpH γ .                                     (7.6) 

(7.6) gantoleba warmoadgens aerostatikis ZiriTad 

gantolebas. 
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7.2. wnevis saangariSo formulebi siRrmis 

cvlilebebis mixedviT 

 

cnobilia, rom samTo sawarmoebSi temperatura na-

wildeba arakanonzomierad da igi mraval sxvadasxva 

faqtorzea damokidebuli. aseve arakanonzomierad icv-

leba haeris moculobiTi wona. es mdgomareoba ar 

gvaZlevs saSualebas, raTa haeris moculobiTi wona 

gamovsaxoT, rogorc wnevis funqcia, riTac rTuldeba 

aerostatikis ZiriTadi gantolebis gadawyveta. es rom 

SevZloT, rac saSualebas mogvcems praqtikulad sakma-

risi sizustiT viangariSoT wnevebi sxvadasxva siRrmeze, 

ganvixiloT samTo sawarmoebSi haeris mdgomareobis 

zogierTi cvlileba: 

1. erTgvarovani atmosfero, e.i. haeris moculobiTi 

wona miwis zedapirze da maRaros ezos doneze mudmivia, 

anu γ=const. 

am SemTxvevaSi (7.6) gantolebidan vwerT 

γγ
1

2

1

== ∫
P

P

dpH ( )12

2

1

1 ppdp
P

P

−=∫ γ . 

anu aqedan         P2=P1+Hγ.                                           (7.7) 

(7.7) gantolebaSi P1 aris wneva miwis zedapirze; P2 _ 

wneva maRaros ezos doneze;  H _ Wauris siRrme; γ _ maRa-

roSi haeris saSualo moculobiTi wona. aq Hγ-s gan-

zomilebaa mm.wy.sv. da Tu gvsurs igi gadaviyvanoT 
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vercxliswylis svetis milimetrebSi, saWiroa gavyoT 13,6-

ze, maSin miviRebT: 

             6.1312
γHPP ±= ,    mm.v.wy.sv.                (7.8) 

am tolobaSi ¬`+~ ixmareba, roca gvsurs wneva 

ganvsazRvroT zedapiridan romeliRac H siRrmeze, xolo 

niSani `-~ ixmareba, rodesac wnevis gansazRvra gvsurs 

zedapiridan romeliRac H simaRleze. 

2. izoTermuli atmosfero, e.i. constTTT =
+

=
2

21
. am 

SemTxvevaSi, romeliRac H siRrmeze wneva P2 SegviZlia 

viangariSoT Semdegi tolobiT 

                                     lgP2=lgP1+0,015H/T                                (7.9) 

3. politropuli atmosferos SemTxvevaSi wnevis 

sidide romeliRac H siRrmeze iangariSeba tolobiT 

           ( ) ⎟
⎠
⎞⎜

⎝
⎛⋅

−
+=

1

2

12
12 lglglg T

T
TTR

HPP ,           (7.10) 

sadac P1   da  T1 aris wneva da teperatura miwis zeda-

pirze; P2   da  T2 _ wneva da temperatura romeliRac H siR-

rmeze; R=29,27 da aris airis mudmiva. 
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8. maRaroSi haeris moZraobis ZiriTadi 

kanonebi 

 

8.1. idealuri siTxis an airis moZraobis 

diferencialuri gantolebebi 

 

siTxis mdgomareoba misi moZraobis SemTxvevaSi 

ganisazRvreba ara marto mkumSavi ZalebiT, rogorc es 

gvqonda siTxis wonasworobisas, aramed siCqariTac, rome-

lic mas gaaCnia sivrcis sxvadasxva wertilebSi da drois 

sxvadasxva momentebSi. siTxis romelime nawilakis siCqa-

ris mdgenelebisaTvis x, y da z RerZebze gveqneba: 

     xdt
dx ν= , ydt

dy ν= ,  zdt
dz ν= .              (8.1) 

imisaTvis, rom SevadginoT siTxis elementaruli 

nawilakis moZraobis gantoleba, gamoviyenoT dalamberis 

sawyisi da elementarul nawilakze moqmed yvela Zalas 

davumatoT inerciis Zala, romelic aris siCqaris drois 

mixedviT warmoebuli Sebrunebuli niSniT. aRniSnuli 

msjelobis Tanaxmad da, idealuri siTxis wonasworobis 

diferencialuri (7.1) gantolebis  gamoyenebiT, SegviZlia 

davweroT 
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⎪
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⎪
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               (8.2) 

miRebul (8.2) gantolebebs ewodebaT eileris ganto-

lebebi idealuri siTxis an airis moZraobis SemTxvevaSi. 

 

8.2. bernulis gantoleba idealuri siTxisaTvis 

 

imisaTvis, rom miviRoT bernulis gantolebebi, (8.2) 

gantolebebidan pirveli gavamravloT dx-ze, meore _ dy-

ze, mesame _ dz-ze da SevkroboT 

 

dz
dt

ddy
dt

d
dx

dt
d

dz
z
Pdy

y
Pdx

x
Pzdzydyxdx

zyx ννν

ρ

++=

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

+
∂
∂

+
∂
∂

−++ 1

         (8.3) 

miRebuli gantoleba gardavqmnaT Semdegnarad: 

1. Tu mxedvelobaSi miviRebT (8.1) gamosaxulebas, mar-

jvena mxareze moTavsebuli sami wevridan TiToeuli ase 

SeiZleba gardavqmnaT: 

( )2

2
1

xxx
x ddxVd

dt
dx

dx
dt

d
νν

ν
===  
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maSasadame, marjvena mxareze moTavsebuli sami wev-

ris jami warmoadgens siCqaris kvadratis diferencialis  

naxevars. 

2. exla ganvixiloT marcxena mxareze frCxilebSi 

moTavsebuli sami wevris jami: Tu Cven CavTvliT, rom 

siTxis moZraoba damyarebulia, e.i.  Tu siCqare ar icv-

leba rogorc sididiT, aseve mimarTulebiT, maSin SeiZ-

leba miviRoT, rom aRniSnuli samwevri warmoadgens 

srul diferencials, e.i. 

dpdz
z
Pdy

y
Pdx

x
P

=
∂
∂

+
∂
∂

+
∂
∂

 

3. exla ganvixiloT marcxena nawilis pirveli sami 

wevris jami: aviRoT koordinatTa sistema iseTnairad, 

rom xoy sibrtye iyos horizntaluri, xolo oz RerZi miv-

marToT vertikalurad zeviT, da davuSvaT, rom siTxe 

moZraobs mxolod simZimis Zalis zegavleniT, maSin misi 

gegmilebi koordinatTa RerZebze iqneba:  

X=0;   Y=0;   Z= _g 

yovelive am msjelobis gaTvaliswinebiT gantoleba-

(8.3) ase gadaiwereba: 

0
2

)( 2

=−−−
vddPgdz

ρ
 

am ukanaskneli gantolebis orive mxare gavyoT `-g~-

ze da movaxdinoT misi integreba, miviRebT: 
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                                      C
g

PZ =++
2

2ν
γ

.                         (8.4) 

miRebul (8.4) gantolebas ewodeba bernulis ganto-

leba da misi fizikuri arsi mdgomareobs SemdegSi: dam-

yarebuli moZraobis dros idealuri siTxis nebismieri 

nawilakisaTvis bernulis gantolebaSi Semavali sami wev-

ris jami aris mudmivi sidide. 

rogorc avRniSneT, idealuri siTxis nawilakebs So-

ris ar arsebobs SeWidulobis Zalebi, ris gamoc siTxis 

nawilakebi ver uweven winaaRmdegobas gamWimav da mxeb Za-

lebs, amitom cxadia, 

roca siTxis nawilaki  

A  kveTidan  gadaadgi-

ldeba  B  kveTSi (nax. 

8.1), mas eqneba igive 

energia, rac gaaCnia A 

kveTSi. aqedan gamomdi-

nare bernulis ganto-

leba A da B kveTebisaTvis miiRebs saxes: 

                  
g

PZ
g

PZ
22

2
22

2

2
11

1
ν

γ
ν

γ
++=++ .                           (8.5) 

ganvmartoT bernulis gantolebaSi Semavali TiToe-

uli wevri: 

1. Z aris simaRle, romelic gviCvenebs siTxis nawi-

lakis daSorebas 001 sibrtyidan, an sxvanairad rom 

nax. 8.1
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vTqvaT am nawilakis mdebareobis energias, mis poten-

cialur energias.  

2. γ
P  aris iseTi svetis simaRle, romelic ga-

dascems wnevas mis fuZeze mocemul wertilSi da es wneva 

am wertilSi arsebuli wnevis tolia. ganvixiloT maga-

liTi: aviRoT WurWeli siTxiT (nax. 8.2) da masSi mo-

vaTavsoT  mili  toriCelis  sica-

rieliT. davinaxavT, rom milSi si-

Txe aiwevs garkveul simaRleze. Tu 

siTxis moculobiT wonas avRniS-

navT γ maSin hidrostatikuri wneva 

A wertilSi toli iqneba h⋅γ da igi 

gawonasworebulia A wertilSi sa-

pirispiro mimarTulebiT moqmedi P 

wneviT, e.i. P= h⋅γ, aqedan 

γ
ph =  

3. g2
2ν  aris simaRle, saidanac Tavisuflad var-

dnili sxeuli mis mier gavlili gzis boloSi moipovebs 

ν siCqares. ganvixiloT magaliTi: romelime nakadSi mova-

TavsoT moRunuli viwro minis mili ise, rogorc es  nax. 

8.3-zea  naCvenebi.  davinaxavT, rom milSi  

nax. 8.2
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siTxis done aiwevs 001 donidan raRac h simaRleze, 

romelic gawonasworebuli 

iqneba ν  siCqariT. rogorc 

naxazidan Cans, siTxis 

nawilakebi ejaxebian ra 

moRunuli milis bolos A 

wertilSi gadascemen 

damatebiT wnevas milSi 

arsebul nawilakebs da 

cdiloben SeiWran masSi. milSi myofi nawilakebi ki Tavis 

mxriv cdiloben gamoedinon A xvrelidan siCqariT, 

romlis absoluturi sidide tolia gh2 . rogorc 

vxedavT saqme gvaqvs or urTierT-sapirispirod mimarTul 

siCqaresTan da cxadia maTi tolqmedi sididiT toli 

iqneba maTi sxvaobisa, magram vinaidan viwro milSi siTxe 

wonasworobaSia, amitom am siCqareebis tolqmedi iqneba 

nulis toli, e.i. 

02 =− ghν    gh2=ν , anu aqedan:    g
vh 2

2
=  

 

    8.3. bernulis gantoleba realuri siTxisaTvis 

 

vidre ganvixilavdeT bernulis gantolebas realuri 

siTxisaTvis (8.5) gantolebis orive mxare winaswar gavam-

ravloT haeris moculobiT wonaze γ, maSin: 

nax. 8.3
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                   γνγγνγ
g

PZ
g

PZ
22

2
2

22

2
1

11 ++=++           (8.6) 

vinaidan realur siTxes axasiaTebs siblante, cxa-

dia, rom AB ubanze (nax. 8.1) siTxis moZraobisas adgili 

eqneba energiis kargvebs, rac iwvevs (8.6) tolobis dar-

Rvevas. aRniSnuli energia ikargeba yvela im winaRobaTa 

gadasalaxavad, romelic siTxis nawilaks xvdeba A kve-

Tidan B kveTSi gadaadgilebisas. Tu AB ubanze moZ-

raobisas energiis kargvas avRniSnavT hwin, maSin realuri 

siTxisaTvis (8.6) gantoleba miiRebs saxes: 

winh
g

PZ
g

PZ +++=++ γνγγνγ
22

2
2

22

2
1

11 ,         (8.7) 

rogorc davinaxeT bernulis gantoleba miRebuli 

iyo ukumSvadi (idealuri) siTxisaTvis, magram misi gamo-

yeneba SeiZleba haerisTvisac, romelic Zalian advilad 

ikumSeba, vinaidan dadgenilia, rom maRaroSi haeris moZ-

raobisas, haeris moculobiTi wona icvleba misi stan-

dartuli mniSvnelobidan 6-8%-iT, rasac praqtikuli mni-

Svneloba ara aqvs. amis gaTvaliswinebiT (8.7) gantoleba 

SeiZleba davweroT haerisaTvis, mxolod igi gadavweroT 

iseTnairad, rom marjvena mxareze davtovoT mxolod hwin, 

xolo danarCeni wevrebi davajgufod 

winh
gg

ZZPP =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−+−+− 2

2
2

1

2
1

221121 22
)()( γνγνγγ      (8.8) 
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gamoviyenoT (8.8) gantoleba maRaroSi haeris moZ-

raobis SemTxvevaSi (nax. 8.4). SemoviRoT Semdegi aRniS-

vnebi: P1 _ barometruli wneva 

CC1 doneze; P2 _ wneva venti-

latoris arxSi; Z0 _ haeris 

svetis simaRle AA1  da CC1 

doneTa Soris; γ0 _ am done-

ebs Soris haeris saSualo 

moculobiTi wona; Z1 _ AB 

Wauris simaRle;   γ1 _ haeris 

moculobiTi wona AB WaurSi; Z2 _ CD Wauris simaRle;   

γ2 _ haeris moculobiTi wona CD WaurSi. 

davuSvaT γ1>γ2. rogorc nax. 8.4-dan Cans haeris wneva 

A wertilSi toli iqneba P1+Z0γ0. davweroT (8.8) gan-

toleba A da C kveTebisaTvis: 

                                 

winh
g

V
g

VZZZPP =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−+−++− 2

2
2

1

2
1

22110021 22
)()( γγγγγ        (8.9) 

miRebul gantolebaSi ganvixiloT marcxena mxareze 

frCxilebSi moTavsebuli gamosaxulebebi cal-calke: 

)( 21 PP −  warmoadgens ventilatoris mier ganviTarebul 

wnevaTa sxvaobas _ hvent; )( 221100 γγγ ZZZ −+  warmoadgens 

AB da CD haeris svetebis mier ganviTarebul wnevaTa 

nax. 8.4
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sxvaobas (e.w. bunebrivi weva), avRniSnoT igi hbun;  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
− 2

2
2

1

2
1

22
γγ

g
V

g
V

 warmoadgens siCqariT dawnevas, avRniSnoT 

igi ∆hs.d. yovelive am msjelobis gaTvaliswinebiT (8.9) 

gantoleba miiRebs Semdeg saxes: 

                                      hvent+ hbun+∆hs.d=hwin.             (8.10) 

(8.10) gantolebaSi hwin warmoadgens wnevaTa sxvaobas, 

romelic ixarjeba A wertilidan C wertilamde haeris 

moZraobisas yvela arsebuli winaRobis gadasalaxavad, 

xolo marcxena nawilSi moTavsebuli sami wevris jami ki 

warmoadgens wnevaTa sxvaobas, romelic unda Seiqmnas, 

raTa maRarom gaataros haeris garkveuli raodenoba. 

avRniSnoT barometruli wneva P1 _ B-Ti, xolo wneva 

ventilatoris arxSi P2 _ Pvent, maSin adgili eqneba 

maRaros ganiavebis Semdeg SemTxvevebs: 

1. dauSvaT P1>P2, γ1=γ2, ν 1=ν 2, maSin: hwin=P1-P2=B-

Pvent=hvent e.i. ventilatori muSaobs Sewovaze. 

2. dauSvaT P1<P2, γ1=γ2, ν 1=v2, maSin P2-P1= Pvent_B=hvent. 

e.i. ventilatori muSaobs daWirxvnaze. 

3. dauSvaT P1=P2, γ1≠γ2, ν 1=ν 2 maSin hwin=Z0γ0+ Z1γ1_Z2γ2 

=hbun.  e.i. ganiaveba xdeba bunebrivi depresiiT. 

4. davuSvaT P1=P2, γ1=γ2, ν 1≠ν 2, maSin 

s.d.win h
gg

h ∆=−= γνγν
22

2
2

2
1

 e.i. ganiaveba xdeba siCqariTi 

dawnevis xarjze. 
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5. davuSvaT P1>P2, γ1>γ2, V1=V2, maSin hwin=(P1-P2)+(Z0γ0+ 

Z1γ1-Z2γ2)= hvent+ hbun. e.i. maRaros ganiaveba xdeba venti-

latorebiTa da bunebrivi depresiiT. am SemTxvevaSi bu-

nebrivi weva exmareba ventilatoris muSaobas. 

6.   davuSvaT P1>P2, γ1<γ2, ν 1=ν 2, maSin hwin=(P1-P2)- 

(Z0γ0+ Z1γ1-Z2γ2)= hvent- hbun e.i. maRaros ganiaveba aqac xdeba 

ventilatoriTa da bunebrivi depresiiT, mxolod am Sem-

TxvevaSi bunebrivi weva xels uSlis ventilatoris muSa-

obas. 

 

8.4. bernulis gantoleba horizontaluri 

gvirabebisaTvis 

 

horizontalur gvirabebSi haeris moZraobisas bernu-

lis gantolebas eqneba Semdegi saxe 

           win.( h
gg

PP =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−+)− 21 2

2
2

1

2
1

22
γνγν

            (8.11) 

am gantolebidan Cans, rom wnevis kargva hwin mxo-

lod maSin udris gazomil wnevaTa sxvaobas anu (P1-P2), 

rodesac ν 1=ν 2. yvela danarCen SemTxvevaSi gazomil 

depresiaSi (wnevaTa sxvaobaSi) saWiroa SevitanoT Seswo-

reba 

                          γνν
g

h
2

2
2

2
1 −=∆ Sesw ,                                   (8.12) 

ganvixiloT ori SemTxveva: 
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1. vTqvaT haeri gadadis viwro kveTidan farTo kveTSi 

(nax. 8.5), e.i. S1<S2,  cxadia  am  SemTxvevaSi ν 1>ν 2 da ami-

tom (8.12) gantolebaSi siCqariT dawnevaTa sxvaoba miiReba 

dadebiTi, amitom namdvili depresiis gasagebad gazomil 

depresias unda davumatoT Sesworeba 

                                    hnam= hgaz+∆hSesw.                  (8.13) 

 

           nax. 8.5                            nax. 8.6 

2. davuSvaT haeri gadadis farTo kveTidan viwro 

kveTSi (nax. 8.6), e.i. S1>S2,  cxadia  am  dros ν 1<ν 2 da 

(8.12) gantolebaSi siCqariTi dawnevaTa sxvaoba miiReba 

uaryofiTi da Sesabamisad namdvili depresiis misaRebad 

gazomil depresias unda gamoakldes Sesworeba 

                                hnam= hgaz-∆hSesw.                                       (8.14) 

imisaTvis, rom ufro ukeT warmovadginoT aRniSnuli 

Sesworebis fizikuri arsi, gantoleba (8.11) pirveli Sem-

TxvevisaTvis (nax. 8.5) gadavwyvitoT P2-is mimarT: 

                                    P2=P1- hwin+∆hSesw.                    (8.15) 

am gantolebidan Cans, rom vinaidan meore kveTSi si-

Cqare Semcirda, absoluturi wneva am kveTSi gaizarda, e.i. 

siCqaris energia gadavida wnevis energiaSi (aq yovelTvis 

unda gvaxsovdes, rom marTalia meore kveTSi absolu-
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turi wneva gaizarda, magram igi arasodes ar gadaa-

Warbebs pirvel kveTSi arsebul absolutur wnevas). 

meore SemTxvevaSi, kveTis Seviwroebis dros (nax. 8.6), 

piriqiT siCqare gaizarda, ris gamoc meore kveTSi wneva 

Semcirda 

                             P2=P1- hwin-∆hSesw.                    (8.16) 

e.i. aq wnevis energia gardaiqmna siCqaris energiad. 

ganxiluli ori SemTxvevidan gamogvaqvs mniSvne-

lovani daskvnebi: haeris moZraobis siCqaris gazrda iw-

vevs absoluturi wnevis Semcirebas da, piriqiT, siCqaris 

Semcireba iwvevs wnevis gazrdas. 

 

8.5. haeris nakadTa tipebi. laminaruli da 

turbulenturi moZraoba 

 

haeris nakadebi, romlebsac vxvdebiT samTo sawar-

moebis ganiavebis dros, iyofa or jgufad: 1. haeris naka-

di, romelic SemosazRvrulia myari kedlebiT. msgavs 

nakadebs vxvdebiT WaurebSi, Strekismagvar gvirabebSi,  

saventilacio milebSi da sxv. 

2. egreT wodebuli Tavisufali nakadebi, romlebic 

myari kedlebiT ar aris SemosazRvruli. magaliTad, hae-

ris Wavli, misi kameraSi Sesvlis dros an saventilacio 

milidan gamosvlis momentSi, aseT Wavls sruli Tavi-

sufali Wavli ewodeba. maSin, rodesac sawyisi kveTidan  
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Tavisufali Wavli SemosazRvrulia gvirabis kedlebiT, 

mas arasruli Tavisufali Wavli ewodeba. 

siTxisa da airis moZraobisas SeiniSneba ori saxis 

moZraoba: rodesac siTxis nawilakebi paralelurad da 

mSvidad (mcire siCqariT) moZraoben erTimeoris mimarT, 

e.i. adgili ara aqvs mocemul kveTSi nawilakebis ganiv ga-

daadgilebas. aseT moZraobas laminaruli anu Sreobrivi 

moZraoba ewodeba. 

im SemTxvevaSi, rodesac siTxis nawilakebi areulad, 

uwesrigod moZraoben, e.i. adgili aqvs nawilakebis ganiv 

gadaadgilebas, aseT moZraobas turbulenturi moZraoba 

ewodeba. 

ingliselma mecnierma osborn reinoldsma daadgina, 

rom erTi saxis moZraobidan meoreze gadasvlisas adgili 

aqvs raRac garkveul, saSualo siCqares mocemul kveTSi, 

romelsac man kritikuli siCqare uwoda. 

SemdgomSi dadgenil iqna: 

1. rodesac siTxis moZraobis siCqare naklebia kriti-

kul siCqareze, wnevis kargva siCqaris proporciulia, xo-

lo kritikuli siCqaris zeviT ki wnevis kargva siCqaris 

kvadratis proporciulia. 

2. yoveli gansazRvruli diametrisaTvis adgili aqvs 

or kritikul siCqares, romelsac reinoldsma zeda da 

qveda kritikuli siCqareebi uwoda. qveda kritikuli siC-

qare Seesabameba SemTxvevas, rodesac saSualo siCqariT 

moZravi siTxis nawilakebi inarCuneben paralelur moZ-
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raobas maSinac ki, rodesac mils axasiaTebs didi simqise 

da nakadis turbulizacia. e.i. am siCqareze qveviT ara-

viTar turbulentur moZraobas ara aqvs adgili. piriqiT, 

rodesac siTxis nawilakebis moZraobis saSualo siCqare 

aWarbebs zeda kritikul siCqares, SesaZlebelia mxolod 

turbulenturi moZraoba, ragind gluvi ar unda iyos mi-

lis zedapiri da siTxe mSvidad Sediodes milSi. 

siTxis an airis moZraobis saxis  dasadgenad Semo-

Rebulia ricxviTi kriteriumi _ e.w. reinoldsis ricxvi. 

wriuli formis haergamtarebisaTvis reinoldsis ri-

cxvi iangariSeba formuliT 

                               
ν

dV ⋅
=Re ,                                            (8.17) 

sadac V aris nawilakebis moZraobis saSualo siCqare, 

m/wm; d _ haergamtari milis diametri, m; ν  _ kinematikuri 

siblante, m2/wm. 

arawriuli formis airgamtarebisaTvis, kerZod gvi-

rabebisaTvis reinoldsis ricxvi (Re) ganisazRvreba 

formuliT: 

                         
ϑ
ν
⋅
⋅⋅

=
P
S saS4Re ,                                         (8.18) 

sadac S aris gvirabis ganivi kveTi, m2; P _ gvirabis peri-

metri, m. 

sablood o. reinoldsma daadgina, rom rodesac 

Re<2320 adgili aqvs laminarul moZraobas, xolo rode-

sac Re>2320 _ turbulentur moZraobas. 
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unda aRiniSnos, rom maRaros gvirabebSi, romlebic 

normaluri WavliT niavdebian, yovelTvis adgili aqvs 

turbulentur moZraobas, xolo laminarul moZraobas 

SeiZleba adgili hqondes mxolod gamomuSavebul siv-

rceSi, vsebaSi, tixrebsa da bunkerebSi haeris gaparvebis 

dros. 

 

9. gvirabebis aerodinamikuri winaRobebi 

 

rogorc cnobilia gvirabebSi haeris moZraobis 

dros adgili aqvs energiis kargvebs. es energia ixarjeba 

im winaRobaTa gadasalaxavad, romlebic haers xvdeba 

gvirabebSi moZraobis dros. es winaRoba SeiZleba iyos 

sami saxis: 1. xaxunis winaRoba; 2. Subluri winaRoba; 3. 

adgilobrivi winaRoba. ganvixiloT es winaRobebi cal-

calke. 

9.1. xaxunis winaRoba 

 

gvirabebSi haeris moZraobis dros winaRobis kanonSi 

vgulisxmobT damokidebulebas wnevis vardnas, haeris moZ-

raobis siCqaresa da gvirabebis geometriul zomebs So-

ris. am damokidebulebas naTlad asaxavs Semdegi ganto-

leba 

                  2

2 νγβ ⋅
⋅

⋅⋅=
S

LP
gh , kg/m2,               (9.1) 
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sadac β aris hidravlikuri winaRobis koeficienti, rome-

lic iTvaliswinebs haergamtari milebisa da gvirabebis 

kedlebis simqises; P _ gvirabis perimetri, m; L _ gvirabis 

sigrZe, m; S _ gvirabis ganivi kveTi, m2; ν  _ haeris moZ-

raobis siCqare, m/wm; h _ wnevis kargva, mm. wy.sv. an kg/m2. 

vinaidan gvirabSi haeris moZraobis dros misi 

moculobiTi wona umniSnelod icvleba β da γ/2g koe-

ficientebi gaerianebulia erT, α koeficientad, romelsac 

aerodinamikuri winaRobis koeficienti ewodeba. e.i.  

                                            
g2
γβα ⋅= ,                               (9.2) 

garda amisa viciT, rom 

                                                 S
Q=ν                                 (9.3) 

(9.2) da (9.3) gamosaxulebebis gaTvaliswinebiT (9.1) 

gantoleba miiRebs Semdeg saxes 

                                   2
3 Q

S
LPh ⋅
⋅

⋅= α ,                         (9.4) 

(9.4) gantoleba warmoadgens maRaros aeromeqanikaSi 

ZiriTad gantolebas, romlis saSualebiTac xorcieldeba 

calkeuli gvirabebisa da mTlianad Saxtis depresiis ga-

moTvla. 

am gantolebaSi gamosaxuleba 3S
LP ⋅

⋅α  aRiniSneba    

R-iT da mas uwodeben gvirabis aerodinamikur winaRobas. 
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amis gaTvaliswinebiT (9.4) gantoleba miiRebs Semdeg 

saxes. 

                                2QRh ⋅= , kg/m2.                                    (9.5) 

ventilaciis daproeqtebis dros (9.4) gantolebaSi 

Semavali wevrebi P, L, S da Q Cveulebriv winaswar aris 

cnobili, amitom depresiis sworad gaangariSeba didad 

aris damokidebuli aerodinamikuri winaRobis koeficient 

α-s sworad SerCevaze. vinaidan Tu α koeficienti ar iqna 

sworad SerCeuli, SeuZlebeli iqneba depresiis sworad 

gaangariSeba, aqedan gamomdinare ar iqneba sworad Ser-

Ceuli mTavari ganiavebis ventilatori da Saxti ver 

miiRebs haeris saWiro raodenobas, rac xSirad yofila 

afeTqebisa da xalxis daRupvis mizezi. 

aerodinamikuri winaRobis α koeficienti ZiriTadad 

damokidebulia gvirabebis kedlebis simqiseze, maT geome-

triul zomebsa da reinoldsis ricxvze. maSin, rodesac 

Re<2320, α koeficienti mxolod  Re-s funqciaa. 

rodesac Re-s mniSvneloba matulobs, e.i. izrdeba 

haeris moZraobis siCqare, xdeba laminaruli moZraobis 

gadasvla turbulenturSi, e.i. dgeba e.w. gardamavali 

procesi. am SemTxvevaSi α koeficienti aris Re-s da 

kedlebis simqisis (∆) funqcia. 

didi siCqareebis dros, rodesac Re>150000÷200000, 

maSin moZraoba turbulenturia da α koeficienti mxo-

lod gvirabebis kedlebis simqisis funqciaa. 
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dakvirvebebi gviCvenebs, rom grZivi kalibris gazrda 

garkveul zRvramde (∆=6) iwvevs α koeficientis gazrdas, 

Semdeg ki ∆-s gazrdasTan erTad α koeficientis 

mniSvneloba mcirdeba. 

 

 

9.2. sxvadasxva saxis gvirabebis aerodinamikuri 

winaRobis koeficientis saangariSo formulebi 

 

aTeuli wlebis ganmavlobaSi laboratoriebsa da ma-

RaroebSi Catarebuli kvlevebis Sedegad dadgenil iqna, 

rom α koeficientis sidide ZirTadad damokidebulia 

samagr CarCoebs Soris manZilze da aRwevs maqsimalur 

mniSvnelobas, rodesac es manZili 1,10 m-is tolia. jer 

kidev 1947-1949 ww moskovis samTo insitutSi prof. v. 

kaSibaZis mier dadgenil iqna: 1. ortesebri ZelebiT gama-

grebuli gvirabebis aerodinamikuri winaRoba 20-25%-iT 

aRemateba xis mrgvali bigebiT gamagrebuli gvirabebis 

winaRobas; 2. rkina-betonis mrgvali bigebiTa da orte-

sebri uRliT gamagrebuli gvirabebis winaRoba 15-20%-iT 

aRemateba xis arasruli CarCoTi gamagrebuli gvirabebis 

winaRobas; 3. Tu CarCoebs Soris sivrces amovavsebT an 

amovficravT, gvirabis aerodinamikuri winaRoba Semcir-

deba 1,5-2-jer; 4. betoniT gamagrebis SemTxvevaSi gvirabis 

aerodinamikuri winaRoba mcirdeba 3,0-3,5-jer. 
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am ukanaskneli 30-35 wlis manZilze saqarTvelos 

teqnikuri universitetis samTo sawarmoTa aerologiisa 

da Sromis usafrTxoebis kaTedraze Catarebuli mecni-

eruli kvlevebis Sedegad prof. v. kaSibaZis, prof. g. 

Ciqobavas da prof. T. kunWulias mier dadgenil iqna 

sxvadasxva saxisa da daniSnulebis gvirabebis aerodi-

namikuri winaRobis koeficient α-s saangariSo formu-

lebi: 

1. ukonveiero Strekismagvari gvirabebi: 

2
4

2lg

110

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⋅

⋅+

=⋅

lP
Sba

k

α ; 

2. lenturi konveierebiT aRWurvili gvirabebi: 

a
ES

U
+

−
=⋅ 410α ; 

3. individualuri samagrebiT gamagrebuli sawmendi 

sangrevebi: 

α⋅104=2,3⋅A⋅lg2⋅B⋅S;    

an                                 lg(α⋅104)=lgb+n⋅lgm; 

4. ОМКТ, "Мосбасс", ОКП, 2ОКП, 2ОКП 70 da maT bazaze 

Seqmnili kompleqsebiT aRWurvili sawmendi sangrevebi: 

α⋅104=Уе-сm; 

5. КД70, "Донбасс", КМ81, К1МКС da 1КМ97Д da maT 

bazaze Seqmnili kompleqsebiT aRWurvili sawmendi san-

grevebi: 
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bma
m

e +=⋅ 410α ; 

6. vertikaluri Waurebi: 

bda
d
+

=⋅ 410α ; 

yvela aRniSnul formulaSi: S aris gvirabis ganivi 

kveTi; m _ fenis sisqe; d _ Wauris diametri; l  _ samagr bi-
gebs Soris manZili; Pk _ gvirabis gamagrebuli perimetri; 

a, b, U,E,A,B,n,Y da C  _ mudmivebi, romelTa sidideebi moce-

mulia specialur cxrilebSi. 

garda amisa saqarTvelos teqnikuri universitetis 

samTo sawarmoTa aerologiis kaTedrazeve pirvelad saSa-

xto aerodinamikaSi, dadgenil iqna rom КМ87 da КМ100 

tipis kompleqsebiT aRWurvili sawmendi sangrevebis aero-

dinamikuri winaRobis koeficientebis sidide ar aris da-

mokidebuli fenis sisqeze da ricxobrivad mudmivi sidi-

deebia: 

αКМ87⋅104=39,0;       αКМ100⋅104=56,0 

 

9.3. Subluri winaRoba 

 

aerodinamikuri winaRobis saerTo koeficienti Sed-

geba ori nawilisagan 

αsaer=αxax+αSub, 

sadac αxax aris koeficienti, romelic iTvaliswinebs 

gvirabis kedlebze haeris xaxuniT gamowveul winaRobas; 
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αSub _ koeficienti, romelic aRricxavs gvirabebSi ganla-

gebuli sxvadasxva saxis manqana-meqanizmebisa da samagri 

bigebis mier gamowveul Sublur winaRobas. 

dakvirvebebi gviCvenebs, rom Subluri winaRobis P 

Zala damokidebulia sxeulis formaze da igi pirdapir-

proporciulia siCqariTi dawnevis (hs.d), midelis kveTisa 

(Sm) da Subluri winaRobis koeficientisa (Cx) 

                     P=hs.d⋅ Cx⋅ Sm= Cx⋅ mSg ⋅⋅γν
2

2
,                     (9.6.) 

Cx aris uganzomilebo koeficienti da igi ganisaz-

Rvreba mxolod eqsperimentalurad. rodesac sxeuli uZ-

ravadaa moTavsebuli moZrav haerSi, an haeri uZravia da 

sxeuli ki moZraobs, am orive SemTxvevaSi sxeuli Tavis 

Sublur nawilze ganicdis raRac P Zalis zemoqmedebas. 

Subluri winaRobis gansazRvrisaTvis moviqceT Sem-

degnairad: (9.6) gantolebis orive mxare gavyoT gvirabis 

cocxal kveTze (S-Sm)-ze (sxeulis midelis kveTi war-

moadgens nakadis marTobulad moTavsebul sxeulis yve-

laze did kveTs), miviRebT: 

                   x
m

m

m

C
SS

S
gSS

P
⋅

−
⋅=

−
γν

2

2

,                      (9.7) 

am gantolebaSi 

mSS
P
−

 aris wnevis kargva gamag-

rebis erT elementze da amitom misi ganzomilebaa kg/m2. 

igi avRniSnoT hSub.win., garda amisa cnobilia, rom 
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2Q
hR =  da Q=V(S-Sm) Tu am aRniSvnebs, gamosaxulebebsa 

da γ-sa da g-s ricxviT mniSvnelobebs SevitanT (9.7) to-

lobaSi da mas gardavqmniT, miviRebT Subluri winaRobis 

(RSub.) saangariSo formulas 

                         ( )m

mx

SS
SCR

−
⋅⋅

=
0612.0

Sub.win ,                        (9.8) 

mecnieruli kvlevebiT dadgenilia: 1. samagri bigebis 

Subluri winaRobis koeficienti Cx ZiriTadad damokide-

bulia bigis diametrze; 2. rodesac bigebs Soris grZivi 

manZili izrdeba, Cx-is mniSvneloba matulobs garkveul 

zRvramde, Semdeg ki Rebulobs izolirebuli bigis Cx_is 

mniSvnelobas. 

 

 

9.4. adgilobrivi winaRobebi da maTi Semcirebis 

saSualebani 

 

adgilobriv winaRobebs ganapirobebs nakadis siC-

qaris cvlileba sididiTa da mimarTulebiT, rac iwvevs 

nakadis struqturis Secvlas, grigaluri moZraobis war-

moSobas da damatebiTi energiis kargvas. adgilobriv wi-

naRobebs warmoadgenen gvirabebis uecari gafarToeba an 

Seviwroeba, saventilacio fanjrebi, sahaero xidebi (kro-

singebi), ventilatoris arxi da sxv. (nax. 9.1) 
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nax. 9.1. 

adgilobrivi winaRobis mier gamowveuli wnevis da-

nakargi iangariSeba: 

                                  γνε
g

h
2

2

⋅=a.w , kg/m2,                              (9.9) 

sadac ε aris adgilobrivi winaRobis koeficienti, rome-

lic ganisazRvreba eqsperimentalurad. 

Tu mxedvelobaSi miviRebT, rom V=Q/S da ha.w=Ra.w⋅Q2, 

garda amisa (9.9) gantolebaSi γ-s da g-s ricxviTi mniS-

vnelobebis CasmiT miviRebT 

22 0612,0
2 SSgQ

h
R εγε

=
⋅
⋅

== 2
a.w

a.w Q
                     (9.10) 

am gantolebidan, Tu gvsurs adgilobrivi winaRobis 

koeficient ε-is gansazRvra  
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                 2
2

34,16
0612,0

SR
SR

⋅=
⋅

= a.w
a.w.ε .             (9.11) 

adgilobrivi winaRobis SemcirebisaTvis aucilebe-

lia nawilobriv mainc SevamciroT grigaluri moZraoba, 

rac SegviZlia ganvaxorcieloT: gvirabebis SeerTebis ad-

gilebSi maTi TandaTanobiT gafarToebiT an SeviwroebiT; 

gvirabis moxveva unda xdebodes ara uecrad, aramed Tan-

daTanobiT mimmarTveli niCbebis gamoyenebiT. adgilob-

rivi winaRobis Semcirebas agreTve xels uwyobs gvirabe-

bis kedlebis simqisis Semcireba. 

 

9.5. winaRobis erTeulebi 

 

CvenTvis cnobilia, rom h=R⋅Q2. aqedan 

2Q
hR =   

winaRobis ganzomleba Semdegia: 

[ ] 8

2

3

2

m
kgwm

wm
m

m
kg

=

⎟
⎠
⎞⎜

⎝
⎛

=⎥
⎦

⎤
⎢
⎣

⎡
= 22Q

hR  

davuSvaT Q=1 m3/wm da h=1 kg/m2, maSin R=1.0. e.i. erTis 

toli winaRoba gaaCnia iseT gvirabs, romelSic 1 m3/wm 

haeris gavlis dros depresia tolia 1 kg/m2. 

vinaidan maRaros ganiavebis praqtikaSi, gvirabebis 

winaRobas gaaCnia mcire sidide, romelic gamoisaxeba wi-
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ladebiT, rac angariSis dros qmnis uxerxulobas, amitom 

frangi inJinris miurgis mier rekomendebulia winaRobis 

erTeuli miurgi, romelic aRiniSneba µ-Ti da igi tolia 

µ=1000R. rodesac winaRoba gamosaxulia miurgebSi, depre-

sias vangariSobT tolobiT 

1000

2Qh ⋅
=
µ

 

 

9.6. eqvivalenturi xvreli 

 

imisaTvis, rom davadginoT Tu ramdenad Zneli an ad-

vili gasaniavebelia esa Tu is maRaro, Semotanilia eqvi-

valenturi xvrelis cneba. 

maRaros an Saxtis eqvivalenturi xvreli ewodeba 

iseT warmosaxviT mrgvali kveTis xvrels Txel kedelSi, 

romelSic wnevaTa sxvaoba (depresia) kedlis orive mxa-

reze tolia Saxtis an maRaros depresiisa da atarebs 

imdenive haeris raodenobas, ramdensac atarebs Saxti an 

maRaro imave depresiis 

zemoqmedebiT. ganvsazRvroT 

eqvivalenturi xvrelis 

sidide.  

davuSvaT romelime 

xvrelSi, romlis farTia   

A m2, gadis Q m3/wm haeris 

raodenoba (nax. 9.2). kedlis marcxena mxareze wneva 

nax. 9.2
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avRniSnoT P1-iT, marjvena mxareze ki _ P2-iT. P1_ P2=h  

aris maRaros depresia. davuSvaT 1 kveTi imdenad aris 

daSorebuli me-2 kveTidan, rom sawyisi siCqare 1ν  

SeiZleba ar miviRoT mxedvelobaSi. davweroT bernulis 

gantoleba 1-li da me-2 kveTebisaTvis  

             γνγν
g

P
g

P
22

2
2

2

2
1

1 +=+                    (9.12) 

vinaidan ν 1=0, miviRebT: 

γν
g

hPP
2

2
2

21 ==−  

aqedan 

                
γ

ν gh2
2 = ,   m/wm.                             (9.13) 

xvrelSi gamavali haeris raodenoba toli iqneba 

Q=V2⋅A, m3/wm. hidravlikidan cnobilia, rom Txel kedelSi 

xvrelidan siTxis gamodinebisas adgili aqvs nakadis 

Seviwroebas, amitom rom gavigoT siTxis namdvili xarji, 

xvrelis kveTi unda gavamravloT Seviwroebis an xarjis 

φ koeficientze (φ=0.65) 

maSin:                 Q= 2ν ⋅φ⋅A 

da aqedan            
ϕν ⋅

=
2

QA A                             (9.14) 

SevitanoT (9.13) gantolebidan 2ν -s mniSvneloba da 

ricxviTi sidideebi (9.14) gantolebaSi, maSin: 
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RRQ
Q

h
QA 38.038.038.0

2
=

⋅
=

⋅
= , m2. 

aqedan      2

144.0
A

R =       an  2

144
A

=µ  

eqvivalenturi xvrelis sididis mixedviT SeiZleba 

davaskvnaT: 1. rodesac A<1, maRaro miekuTvneba Znelad ga-

saniavebel maRaroTa ricxvs; 2.  rodesac A=1÷2, maRaro 

aris saSualo siZnelis gasaniavebeli; 3. rodesac A>2, 

maRaro aris advilad gasaniavebeli. 

 

9.7. maRaros an Saxtis maxasiaTebeli 

iseTi maRaroebisaTvis, romelTa winaRoba winaswar 

aris cnobili, maxasiaTeblis ageba warmoebs Semdeg-

nairad: viciT ra maRaroSi 

misawodebeli haeris rao-

denoba QmaR, mivaniWoT Q-s 

sxvadasxva ricxviTi mniS-

vneloba nulidan QmaR-mde (Q1, 

Q2, ....., QmaR), Semdeg formuliT 

h=R⋅Q2
, vangariSobT Sesabamis 

depresiebs (h1, h2, ....., hmaR ),   miRebuli monacemebi Segvaqvs 

cxrilSi da maTi saSualebiT  vagebT  mruds (nax. 9.3, 

mrudi 1)  h=f(Q),  romelsac maRaros maxasiaTebels uwo-

deben. rac metia maRaros an Saxtis winaRoba, miT metia 1-

li mrudis daxra. Tu igive naxazze davitanT venti-

nax. 9.3
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latoris maxasiaTebels (nax. 9.3, mrudi 2), maSin am ori 

mrudis gadakveTis A wertili gviCvenebs ventilatoris 

muSa reJimis wertils. 

 

 

10. maRaros saventilacio qselebis                  

da gvirabebis SeerTebis saxeoba 

          

        10.1. gvirabebis mimdevrobiTi SeerTeba 

 

 

gvirabebis iseT SeerTebas, rodesac erTi gvirabi war-

moadgens meoris uSualo gagrZelebas, gvirabebis mim-

devrobiTi SeerTeba ewodeba (nax. 10.1). rogorc naxazidan 

Cans sufTa haeri Cadis WaurSi (1), ris Semdegac moivlis 

miwisqveSa gvirabebs (2.3.4.5) da saventilacio Wauris (6) 

saSualebiT amoedineba miwis zedapirze.  

praqtikaSi aseTi SeerTeba gamonaklisia, Cveulebriv 

ki gvirabebis mimdevrobiTi 

SeerTeba maRaros saventi-

lacio qselis Semadgeneli 

nawilia. 

mimdevrobiT  SeerTebuli  

calkeuli  gvirabebis  wi-

naRobebi avRniSnoT R1, R2, R3, . . . . . ., Rn, maSin mTeli 

SeerTebis saerTo winaRoba toli iqneba 

nax.10.1
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                         Rsaer= R1+R2+, R3+ . . . . .  . .+ Rn.                       (10.1) 

vinaidan yvela gvirabSi gadis erTidaigive haeris 

raodenoba Q, Tu (10.1) gantolebis orive mxares gavam-

ravlebT Q2
-ze, miviRebT 

                    Rsaer·Q2
= R1·Q2+R2·Q2+. . . . .  . .+ Rn·Q2 

Aanu            hsaer=h1+h2+......+hn                           (10.2) 

rogorc Cans, mimdevrobiTi SeerTebis dros saerTo 

depresia tolia calkeuli gvirabebis depresiebis jamisa. 

garda amisa, cnobilia, rom 2
144,0
A

R = , Tu am mniS-

vnelobas SevitanT (10.1) gantolebaSi, miviRebT: 

22
2

2
1

2
1111

nAAAA +⋅⋅⋅⋅⋅++=
saer

                (10.3) 

(10.3) gantolebidan vaskvniT: gvirabebis mimdevrobiTi 

SeerTebis dros saerTo eqvivalenturi xvrelis sididis 

Sebrunebuli kvadrati, calkeuli gvirabebis eqvivalen-

turi xvrelebis Sebrunebul sidideTa kvadratebis jamis 

tolia. 

 

10.2. gvirabebis paraleluri SeerTeba 

 
gvirabebis paraleluri SeerTeba ewodeba iseT Seer-

Tebas, rodesac ori an ramdenime gvirabi erT wertilSi 

ganStovdeba da meore wertilSi erTdeba. gvirabebis 

paraleluri SeerTeba (ganStoeba) SeiZleba iyos martivi 

(nax. 10.2 a) da rTuli (nax. 10.2 b). rogorc nax. 10.2 a)-dan 
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Cans haeri 1 wertilSi ganStovdeba da me-2 wertilSi 

erTdeba. Aamitom am naxazze  

paralelur  frTebs  warmo-

adgenen  1, 2, 3, 4  da  m-1 

gvirabebi.  

Aarsebobs gvirabebis 

paraleluri ganStoebis Cake-

tili da Ria sistemebi. 

Caketil sistemebs ekuTvnis  

nax. 10.2-ze mocemuli SemTxvevebi, xolo Ria sistemebs 

ekuTvnis SemTxveva, rodesac haeri ganStovdeba gvirabSi 

da erTdeba ara miwisqveSa erT romelime wertilSi, 

aramed atmosferoSi. 

gvirabebis paraleluri ganStoebis ZiriTadi kanoni 

mdgomareobs masSi, rom paraleluri ganStoebis dros 

depresiebi paralelur frTebze mudam erTmaneTis tolia, 

miuxedavad paraleluri frTebis geometriuli zomebisa 

da maTSi gamavali haeris raodenobisa. 

 

10.3. paraleluri ganStoebis saerTo winaRobis 

saangariSo formula 

 

davuSvaT mocemuli gvaqvs martivi paraleluri 

ganStoeba (nax. 10.3). ABC frTis winaRoba da masSi 

gamavali haeris raodenoba avRniSnoT R1 da Q1, xolo 

ADC   frTaze   Sesabamisad _  R2  da Q2, saerTo   haeris  

nax. 10.2
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raodenoba  sistemaSi  avRniSnoT Q-Ti.  viangariSoT am 

ganStoebis saerTo winaRoba. aseTi 

winaRoba eqneba albaT gvirabs, romel-

Sic depresia Q haeris raodenobis 

gavlis dros toli iqneba paraleluri 

ganStoebis erT-erTi frTis depresiisa 

masSi Q1 an Q2 haeris raodenobis 

gavlis dros. P paraleluri 

ganStoebis ZiriTadi kanonis Tanaxmad 

vwerT 

22
22

2
11 QRQRQR ⋅== saer  

aqedan     
1

1

R
R

Q
Q saer= :     

2

2

R
R

Q
Q saer=  

Tu am or tolobas SevkribavT da gavamartivebT, 

miviRebT: 

           

21saer RRR
111

+=                            (10.4) 

an Tu winaRobebi gamosaxulia eqvivalentur xvre-

lebSi, SegviZlia davweroT: 

                                 Asaer=A1+A2                                       (10.5) 

rogorc vxedavT paraleluri ganStoebis SemTxvevaSi 

saerTo eqvivalenturi xvrelis sidide tolia calkeuli 

frTebis eqvivalenturi xvrelebis sidideebis jamisa. 

orfrTiani paraleluri ganStoebis dros saerTo wi-

naRoba garda (10.4) gantolebisa iangariSeba formuliT: 

nax.10.3
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            2

2

1

1

1 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

=

R
R

RRsaerTo                      (10.6) 

 

10.4. paralelur frTebze gamavali haeris 

raodenobis saangariSo formulebi 

 

vTqvaT mocemuli gvaqvs martivi paraleluri gan-

Stoeba (nax. 10.3). paraleluri ganStoebis ZiriTadi kano-

nis Tanaxmad 

2
22

2
11 QRQR =  

aqedan                                 
1

2

2

1

R
R

Q
Q

=                             (10.7) 

(10.7) gantolebis orive mxares mivumatoT 1 da ga-

davwyvitoT Q2-is mimarT 

                          

1

2
2

1
R
R

QQ
+

=                       (10.8) 

analogiurad miiReba pirvel frTaze gamavali haeris 

raodenoba Q1 

2

1
1

1
R
R

QQ
+

=                               (10.9)                     
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10.5. mokle SerTva 

 

davuSvaT maRaroSi Cadis QmaR haeris raodenoba da 

garda amisa miwis zedapiridan saventilacio   WaurSi  

adgili  aqvs P% haeris Semowovas  (nax. 10.4).  maRaros  

 

nax. 10.4 

winaRoba avRniSnoT  RmaR  da  movZebnoT maRaros saerTo 

winaRoba Rsaer maRaroSi mokle gziT Semowovili haeris 

gaTvaliswinebiT. mokle gziT Semowovili haeris raode-

noba toli iqneba ( )maRQP ⋅100 . rogorc nax. 10.4-dan Cans 

haeri A wertilSi ganStovdeba da C wertilSi erTdeba 

e.i. saqme gvaqvs paralelur ganStoebasTan, amitom Seg-

viZlia davweroT 

              ( )2100 maRkar
2
maRmaR QPRQR ⋅=⋅                 (10.10) 

aqedan ganvsazRvroT Rkar 
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                   maR

maR

2
maRmaR

kar R
P

QP

QR
R ⋅⎟

⎠
⎞

⎜
⎝
⎛=

⎟
⎠
⎞

⎜
⎝
⎛ ⋅

⋅
=

2

2
100

100

            (10.11) 

rogorc zemoT avRniSneT, orfrTiani paraleluri 

ganStoebis saerTo winaRoba iangariSeba (10.6) tolobiT. 

am tolobaSi R1=RmaR, xolo R2=Rkar, maSin (10.6) toloba 

miiRebs Semdeg saxes: 

           maR
maR

saer RK
P

R
R ⋅=

⎟
⎠
⎞

⎜
⎝
⎛ +

= 2

1
100

                        (10.12) 

sadac K aris e.w. Sewovis koeficienti. 

 

10.6. gvirabebis diagonaluri SeerTeba 

 

gvirabebis iseT SeerTebas (ganStoebas), rodesac para-

leluri ganStoeba, garda sawyisi da bolo punqtebisa, 

SeerTebulia erTi an ramdenime gverdi-

Ti gvirabiT, diagonaluri SeerTeba 

ewodeba (nax. 10.5) 

diagonaluri SeerTebis gansakuTre-

buli Tviseba is aris, rom 2-4, 4-5, 2-3 

da 3-5 ubnebis winaRobebis mixedviT 3-4 

diagonalur gvirabSi haeris moZraobis 

mimarTuleba SeiZleba iyos: 1. me-3 wer-

tilidan me-4 wertilisaken, 2. me-4 wer-nax.10.5 
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tilidan me-3 wertilisaken; 3. 3-4 diagonalSi haeris 

moZraobas saerTod ar hqondes adgili. ganvixiloT cal-

keuli ubnebis rogori winaRobis dros eqneba adgili am 

sam SemTxvevas. 

1. 3-4 diagonalSi haeri ar moZraobs. aseT SemTxvevas 

adgili eqneba maSin, rodesac me-3 da me-4 wertilebSi 

wneva iqneba erTi da igive. am SemTxvevaSi 

                 
3

4

5

1
R

R
R

R =                                     (10.13) 

2. davuSvaT diagonalSi haeri moZraobs 4→3, am Sem-

TxvevaSi sakmarisia gavzardoT 4-5 an 2-3 ubnis winaRoba. 

maSin (10.13) tolobidan miviRebT 

               
3

4

5

1
R

R
R

R <                                         (10.14) 

3. diagonalSi haeri moZraobs 3→4. am dros unda 

gavzardoT 2-4 an 3-5 ubnis winaRoba, maSin miviRebT 

              
3

4

5

1
R

R
R

R >                                       (10.15) 

 

11. samTo sawarmoebis bunebrivi ganiaveba 

 

11.1. maRaroebis bunebrivi ganiaveba 

 

haeris moZraobas, romelic ganpirobebulia arame-

qanikuri mowyobilobebiT ewodeba bunebrivi moZraoba anu 

bunebrivi weva. saerTod cnobilia, rom haeris moZraobas 
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maSin aqvs adgili, rodesac gvaqvs wnevaTa sxvaoba, ami-

tom haeris bunebrivi moZraoba war-

moiqmneba mxolod bunebrivi depre-

siis Sedegad. 

imisaTvis, rom haeris bunebriv 

moZraobas maRaros pirobebSi 

hqondes adgili, saWiroa iyos ori 

vertikaluri an daxrili gvirabi da 

haeri sxvadasxva moculobiTi woniT 

(nax. 11.1). am naxazze, davuSvaT γ1>γ2, 

maSin AB haeris sveti BC svetTan erTad Saxtidan 

gamoaZevebs SedarebiT Tbil DE haeris svets. 

bunebrivi depresia warmoiqmneba Semdegnairad: 1. Wau-

rebis piri ganlagebulia erT simaRleze. am dros 

TiTqos ar unda hqondes adgili bunebriv wevas, magram 

Tu Wauri svelia, SeiZleba adgili hqondes haeris 

moZraobas; 2. ventilatori Tavisi muSaobis procesSi 

zamTrobiT iwovs civ haers, rac Tanxvedrilia 

ventilatoris muSaobasTan, e.i. zamTrobiT bunebrivi weva 

exmareba ventilators, xolo zafxulobiT, rodesac haeri 

Tbilia, piriqiT xels uSlis ventilatoris muSaobas; 3. 

rodesac maRaro ganlagebulia ferdobze da muSavdeba 

Stolnebis saSualebiT, am dros haeris moZraoba 

damokidebulia temperaturaTa sxvaobaze maRaroSi da mis 

gareT. 

 

nax.11.1
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11.2. bunebrivi depresiis gazomva da angariSi 

 

bunebrivi deresiis gasazomad viqceviT Semdegnairad: 

1. ventilatoris arxSi CamouSveben Sibers an tixris 

saSualebiT gadaketaven mTeli Saxtis haers da Tu gav-

zomavT wnevaTa sxvaobas Siberis an tixris orive mxares, 

igi iqneba bunebrivi depresia. 

2. gazafxulze an Semodgomaze, rodesac haeris tempe-

ratura zedapirze da gvirabebSi daaxloebiT erTnairia, 

bunebriv wevas adgili ara aqvs. am periodSi gazomaven 

Saxtis mTlian haeris raodenobas da iangariSeben maRa-

ros  saerTo  winaRobas 2Q
hR = .  cnobili monacemebiT 

 

nax. 11.2 

 

vagebT Saxtis gare qselis maxasiaTebels (nax. 11.2), sadac 

A wertili warmoadgens reJimis  wertils  bunebrivi  we-
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vis  gareSe.  SemdgomSi,  rodesac  bunebrivi weva daiw-

yebs moqmedebas,  kvlav  gansazRvraven haeris raodenobas 

Qven+bun da gaagrZeleben mruds. miviRebT B wertils, 

romelic bunebriv wevasac aRricxavs. am meTodis naklia 

is, rom gazomvebs Soris periodSi SeiZleba Seicvalos 

maRaros mTliani winaRoba RmaR. rac gamoiwvevs garkveul 

cdomilebas. 

3. ventilatoris muSaobis procesSi gansazRvraven  

RSaxt. amis Semdeg gaaCereben ventilators da mis arxSi 

CamouSveben Sibers. gaxsnian Saxtis zeda Senobis kars da 

daicdian cota xans, rom damyardes haeris moZraoba. amis 

Semdeg gazomaven haeris raodenobas Qbun da iangariSeben 

bunebriv depresias formuliT 

2
bunSaxtbun QRh ⋅=  

   bunebrivi depresiis angariSi warmoebs Semdegi 

formulebiT: 

1.     ( )'''

100 saSsaSbun ttHah −⋅= ,    mm.wy.sv, 

sadac H aris Wauris siRrme; 
'
saSt  da 

''
saSt  _ maRaroSi Cama-

vali da amomavali haeris saSualo temperatura; a  _ koe-

ficienti, romelic aiReba specialuri cxrilidan Wauris 

siRrmisa da saSualo  temperaturebis mixedviT 

2.      ( )210 100 aaHPh −⋅=bun ,    mm.wy.sv, 

sadac P0 aris barometruli wneva; H _ Wauris siRrme;   

1a  da 2a  _ koeficientebi, romlebic aiReba cxrilebidan 
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maRaroSi Camavali da amomavali haeris temperaturebis 

mixedviT. 

3.     ( )'''0047,0 saSsaSbun ttHh −= ,    mm.wy.sv, 

 

 

11.3. faqtorebi, romlebzedac damokidebulia 

bunebrivi wevis sidide 

 

1. haeris tenianoba da misi qimiuri Semadgenloba me-

tad umniSvneloa da mcired moqmedebs bunebrivi wevis 

sidideze. 

2. barometruli wneva. dakvirvebebi gviCvenebs, rom ba-

rometruli wnevis cvlileba wlis ganmavlobaSi ar 

aRemateba 35 mm vercx.wy.sv. rac Seadgens normaluri 

atmosferuli wnevis 3%-s, amitom misi gavlena bunebrivi 

wevis sidideze umniSvneloa. 

3. Wauris siRrme. bunebrivi wevis saangariSo formu-

lebidan Cans, rom bunebrivi depresia Wauris siRrmis pir-

dapirproporciulia. 

4. ventilatoris muSaoba. es faqtoric umniSvnelod 

moqmedebs bunebrivi depresiis sidideze. 

5. haeris temperatura. es aris ZiriTadi faqtori, ro-

melic moqmedebs bunebrivi depresiis sidideze. Ddakvir-

vebebi gviCvenebs, rom Saxtidan amomavali haeris tem-

peratura wlis ganmavlobaSi icvleba mcire farglebSi, 
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e.i. ZiriTads warmoadgens SaxtSi Camavali haeris tem-

peratura da misi zemoqmedeba imdenad didia, rom Sei-

Zleba gamoiwvios haeris Wavlis gadayiraveba anu haeris 

moZraobis mimarTulebis Secvla. aseT SemTxvevas adgili 

hqonda magaliTad tyvarCelis #5 Saxtze. 

 

 

11.4 karierebis ganiaveba qaris energiiT 

 

dadgenilia, rom qaris energiiT karieris ganiavebis 

SemTxvevaSi warmoiqmneba ganiavebis pirdapiri dinebiTi 

da recirkulaciuri sqemebi. ganiavebis es sqemebi war-

moiqmneba miwis zedapirze gabatonebuli qarebis sakmaod 

didi energiiT. qaris didi energiis (siCqaris) dros ga-

niavebis pirdapiri dinebiTi an recirkulaciuri sqemis 

warmoqmna ZiriTadad damokidebulia karieris geomet-

riaze (ferdebis daqanebis kuTxeze). am energiis Semcireba 

iwvevs e.w. ganiavebis `Termuli~ sqemebis warmoqmnas. 

ganiavebis pirdapiri dinebiTi sqema warmoiqmneba miwis 

zedapirze 0,8-1,0 m/wm-ze meti qaris siCqarisa da karieris 

qarzurga ferdis 150-ze naklebi daxrilobis dros. Ggani-

avebis am sqemis moqmedebisas (nax. 11.3), haeris nakadi, ro-

melic moZraobs romeliRac a-a sibrtyesa da miwis zeda-

pirs Soris, miaRwevs ra kariers 0 wertilSi, iwyebs gafa-

rToebas karieris siRrmeSi, ris gamoc xdeba nakadis 

damuxruWeba da karieris sivrceSi haeris moZraobis siC-
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qaris Semcireba. yovelive amis gamo karierebis zeviT 

warmoiqmneba e.w. `qudi~ OAO1
. 

 

nax. 11.3 

a-a sibrtye ganacalkavebs haeris nakadis nawils, ro-

melic farTovdeba qveviT karieris sivrceSi, da haeris 

nakadis nawils, romelic ar ganicdis deformacias miwis 

zedapirze arsebuli CaRrmavebis gamo. 

aRniSnuli Taviseburebis gaTvaliswinebiT karierSi 

haeris moZraoba SesaZlebelia gamovsaxoT nax. 11.4-ze naC-

venebi sqemis mixedviT. 

 

nax. 11.4 
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am naxazidan Cans, rom ganiavebis pirdapiri dinebis 

sqemis dros qaris nakadi miwis zedapirze 0 wertilSi, 

karieris qarzurga ferdis zeda kidesTan  icvlis  Tavis  

moZraobis  mimarTulebas, farTovdeba karieris siRrmis 

mimarTulebiT da Semorecxavs karieris qarzurga ferds. 

haeris nakadi miaRwevs ra qarpira ferds, uxvevs zeviT, 

miemarTeba qarpira ferdis gaswvriv da ikumSeba. qar-

zurga ferdis daqanebis mcire kuTxis gamo O wertilSi 

myari zedapiridan haeris nakadis mowyvetas adgili ara 

aqvs da karierSi vrceldeba SezRuduli haeris nakadi, 

SemosazRvruli karieris fskeriTa da ferdebiT. 

karieris zeviT mudmivi siCqareebis zonis sazRvari φ1 

(nax.11.4), romlis zeviTac haeris siCqare tolia zedapirze 

arsebuli haeris siCqarisa, zedapiris sibrtyesTan qmnis 

α2=400 kuTxes. amgvarad, karieris zedapirebsa (ferdebi, 

fskeri) da mudmivi siCqareebis zonis sazRvars φ1-s Soris 

xdeba haeris moZraobis siCqaris cvlileba nulidan (myar 

zedapirze) qaris siCqaremde (φ1 sazRvarze). 

pirdapiri dinebiT ganiavebis dros karierSi ar war-

moiqmneba met-naklebad mniSvnelovani sididis damdgari 

(`mkvdari~) zonebi, sadac SesaZlebelia mavneobebis dag-

roveba. mavneobebis karieris farglebs gareT gamotanis 

TvalsazrisiT pirdapiri dinebiT ganiavebis sqema yve-

laze metad efeqturia. am sqemis gamoyenebis dros, 

Cveulebriv SeiniSneba mavneobebis gamoyofis adgilebSi 

atmosferos mxolod adgilobrivi gaWuWyianeba. Cveu-
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lebriv am dros ar xdeba atmosferos mTlianad gaWuW-

yianeba. gamoyofili mavneobebis kariers gareT gamotana 

miT ufro kargad warmoebs, rac naklebia karieris 

ferdebis daqanebis kuTxe, vinaidan daqanebis kuTxis mo-

mateba iwvevs haeris nakadis gafarToebis xarisxis moma-

tebas da, Sesabamisad haeris siCqaris Semcirebas. 

karieris ganiavebis recirkulaciuri sqema warmoiqmneba 

miwis zedapirze 0,8-1,0 m/wm-ze meti qaris siCqarisa da 

karieris qarzurga ferdis 150-ze meti daxris kuTxis 

dros. ganiavebis am sqemis moqmedebisas (nax. 11.5) 0 

wertilSi qaris nakadis myari sazRvris mimarTulebis 

mkveTri cvlilebis gamo da qaris nakadis mniSvnelovani 

inerciis Zalebis gamo, imave wertilSi (0 wertilSi) 

xdeba myari zadapiridan haeris nakadis mowyveta. amis 

Sedegad karieris sivrceSi haeri moZraobs Tavisufali 

Wavlis saxiT φ1 da φ2 sazRvrebs Soris. φ1 sazRvris 

zeviT haeris siCqare zedapirze qaris UB siCqaris tolia. 

Tavisufali Wavli, miaRwevs ra qarpira ferds, iyofa or 

nawilad. pirveli nawili, miemarTeba safexurebis gas-

wvriv zeviT da  amodis  miwis  zedapirze. meore nawili 

_ brundeba qveviT da, moZraobs ra Tavdapirveli mimar-

Tulebis sawinaaRmdego mimarTulebiT, warmoqmnis agre-

Tve Tavisufal Wavls, romelsac uwodeben II saxis Wavls. 

Sesabamisad, ganiavebis recirkulaciuri sqemis dros, 

karierSi gvaqvs gansxvavebuli moZraobis xasiaTis mqone 
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nax. 11.5 

ori zona: 1. aqtiuri zona, romelSic nakadis moZraobis 

mimarTuleba qaris mimarTulebis Tanxvedrilia. misi saz-

Rvari gadis α2≈150 (OO1 xazi) kuTxeze; 2. grigaluri zona, 

haeris mopirdapire mimarTulebiT moZraobiT (qarzurga 

ferdsa da OO1 xazs Soris).  

am or zonas Soris moTavsebulia sxvadasxva mimar-

TulebiT moZravi haeris nakadebis mqone ubnebi.    

karierebis ganiavebis kombinirebuli sqemebi. Kkariere-

bis realuri geometriisagan damokidebulebiT SesaZlebe-

lia, rom karieris erTi nawili niavdebodes pirdapiri 

dinebis sqemiT, xolo meore nawili _ recirkulaciuri 

sqemiT. ase magaliTad, didi zomis karierebSi SesaZ-

lebelia ganiavebis recirkulaciur-pirdapiri dinebiT 

ganiavebis sqemebis kombinacia (nax. 11.6). am sqemis dros I 

saxis Wavlis qveda sazRvari kveTs karieris fskers 

romeliRac B wertilSi, romlis marjvena mxarezec (uba-

ni BCD):  karieri niavdeba SemosazRvruli haeris nakadiT 
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(pirdapiri dinebiT ganiavebis sqema). B wertilis marcxniv 

mdebare ubani niavdeba recirkulaciuri sqemiT. 

 

nax. 11.6 

 

     karieris qarzurga ferdis daqanebis kuTxis cvale-

badobis dros SesaZlebelia ganiavebis pirdapiri dinebiT 

_ recirkulaciuri sqemis gamoyeneba (nax. 11.7) 

 

nax. 11.7 

 

ganiavebis am sqemis dros, karieris nawili, romelic 

uSualod ekvris qarzurga ferdis zeda, damrec nawils 

(AO ubani) niavdeba pirdapiri dinebiTi sqemiT, xolo 

karieris danarCeni nawili (ABCD ubani) _ recirkulaci-

uri sqemiT. 
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11.5. karierebis ganiaveba Termuli Zalebis energiiT 

 

karierebis ganiavebis konveqciuli sqema. karierebis 

ganiavebis procesze Termuli Zalebis gavlena mniS-

vnelovania zedapirze 2 m/wm-mde siCqaris qarebis SemT-

xvevaSi. ufro dabali siCqaris qarebis dros, maTi 

zegavlena xdeba ufro moWarbebuli da teperaturuli 

gradientis mniSvnelobisagan damokidebiT warmoebs hae-

ris konveqciuri an inversiuli moZraoba anu Sesabamisad 

konveqciuri an inversiuli ganiavebis sqema. 

ganiavebis konveqciuri sqema warmoiqmneba karieris 

ferdoebis  gaTbobisa da miwis zedapirze arsebuli qa-

ris nakadis mcire energiebis dros. 

karieris gamTbari ferdoebi, aTboben maT zeviT 

myof haers, romelic gadaadgilebas iwyebs zeviT. mis ad-

gils ikavebs zeda fenebidan dabla Camonacvlebuli hae-

ris civi masebi. aseTi gadaadgilebis mizezi mdgomareobs 

erT horizontalur sibrtyeSi ganlagebuli calkeuli 

haeris moculobebis sxvadasxva xarisxis gaTbobaSi. 

garda saerTo-sakariero konveqciuri moZraobisa 

xSirad SeiniSneba lokaluri konveqciuri nakadebi. maTi 

warmoqmna ganpirobebulia: sxvadasxva xarisxis ganaTebis 

gamo karieris zedapiris sxvadasxva xarisxis gaTbobiT; 

karierSi ganlagebuli qanebis sxvadasxva feriT an maTi 

fizikuri TvisebebiT gamowveuli sxvadasxva xarisxis 

STanTqmis unariT; siRrmuli siTboTi sxvadasxva xa-
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risxis gaTbobiT; zedapirze mimdinare JangviTi proce-

sebis intensivobiT. 

karierSi haeris moZraobis sqema, misi konveqciuri 

ganiavebisas mocemulia nax. 11.8-ze.  am naxazidan Cans, rom 

Tbili  haeris masebi  gadaadgildebian  zeviT  ara  ver-

tikalurad, aramed moZraoben safexurebis gaswvriv, 

 

nax. 11.8 

 

vinaidan moqmedebs SedarebiT civi haeris masebis qveviT 

daSvebisas warmoqmnili webovani efeqti. amave dros ka-

rieridan amomavali haeris moculoba izrdeba simaRlis 

zrdasTan erTad. yvelaze mZlavri konveqciuri nakadebi 

SeiniSneba karieris zeda safexurebTan. 

mzis radiaciiT gamowveuli ganiavebis konveqciuri 

sqema ufro intensiurad moqmedebs dRis saaTebSi. 

rodesac siTbos gamomyof wyaroebs warmoadgenen maRaros 

xanZrebi, karieris ferdoebis egzogenuri gaTboba da sxv. 

am SemTxvevebSi haeris konveqciuri moZraoba warmoebs 

dRe-Ramis ganmavlobaSi. 

karieris atmosferos gaWuWyianeba ZiriTadad xdeba 

mavneobebis gamomyofi Sinagani wyaroebis gamo: burRviTi 

samuSaoebi, eqskavatorebis muSaoba, avtotransportis 

muSaoba da a.S. am wyaroebis siaxloves, gansakuTrebiT 
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qarzurga mxridan da haeris moZraobis mcire siCqareebis 

dros, haeris gaWuWyianebis xarisxi SeiZleba iyos Zalian 

maRali. karieris atmosferos gaWuWyianebebze garegani 

wyaroebis zemoqmedeba mniSvnelovnad mcirea, radgan maT 

mier gamoyofili mavneobebi karieris atmosferoSi xvde-

bian mxolod SedarebiT civi haeris saSualebiT. 

karierebSi haeris moZraobis inversiuli sqema war-

moiqmneba karieris ferdoebis gacivebisa da miwis zeda-

pirze qaris nakadis mcire energiis dros. igi ganpi-

robebulia naklebad adiabaturi  temperaturuli gradi-

entis warmoqmniT. 

haeris inversiuli sqemis warmoqmnisaTvis aucile-

belia raTa miwis zedapirze qaris siCqare ar aRema-

tebodes 0,7-0,8 m/wm. 

karierebSi haeris inversiuli moZraoba SeiZleba 

warmoiqmnas ara 

marto karieris 

ferdoebiT haeris 

gacivebis Sedegad, 

aramed karieris Tavze civi atmosferuli haeris 

gavlisas. am dros haeris civi nakadebi xvdebian karieris 

sivrceSi pirdapir zedapiridan. 

     karierSi haeris inversiuli moZraobis sqema mocemu-

lia nax. 11.9-ze. am naxazidan Cans, rom ferdTan axlos 

myofi haeris Sre civdeba da rogorc ufro mZime, Ca-

moedineba qveviT, karieris fskerze, riTac xdeba fskerze 

nax.11.9



 136

arsebuli ufro Tbili haeris masebis  iZulebiTi wesiT 

gadaadgileba zeviT. inversiis ganviTarebasTan erTad ka-

rieris fskerze civi  haeris Sris simaRle izrdeba. Rrma 

inversiebis dros mTeli karieris sivrce SeiZleba 

Sevsebuli iyos civi haeris masebiT. 

inversiis dros, karieris Semavsebel civi haeris 

Sres ewodeba inversiis Sre (nax. 11.9-ze h), xolo mis zeda 

sazRvars _ inversiis done (a-a). is TiTqmis Tanxvedrilia 

im donesTan, romlis qveviTac warmoiqmneba temperaturis 

inversia, anu uaryofiTi temperaturuli gradienti. 

haeris moZraobis inversiuli  sqemis dros, ferdo-

ebis zedapirTan haeris maqsimaluri siCqare ar aRemateba 

1 m/wm. inversiuli nakadis mimarTulebiT siCqareebi mcir-

deba, xolo inversiis donis qveviT haeri praqtikulad uZ-

ravia. 

inversiuli sqemiT moZraobisas haercvla inversiul 

Sresa da atmosferuli haeris zeviT mdebare Sreebs So-

ris Zlier gaZnelebulia, ris gamoc mavneobebis gamotana 

karieris sivrcis gareT praqtikulad ar xdeba. ufro 

metic, haeris civ masebs, romlebic Camoedinebian qveviT, 

Tan CamoaqvT karieris zeda safexurebze gamoyofili mav-

neobebi. Sesabamisad, inversiis donis qveviT, grovdeba 

yvela mavneoba, romelic gamoiyofa inversiis donis ro-

gorc qveviT, aseve am donis zeviTac. 

yovelive amis gamo, inversiis donis qveviT iqmneba 

metad araxelsayreli sanitarul-higienuri pirobebi. aseT 
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adgilebSi xalxis yofna ara marto mavnebelia, aramed 

saSiSicaa momwamlavi airebiT SesaZlo mwvave mowamvlis 

TvalsazrisiT. aqedan gamomdinare Rrma inversiebis dros 

aucilebelia karierSi yovelgvari samuSaoebis Sewyveta 

da xalxis amoyvana miwis zedapirze. amitom karierebis 

aerologiis erT-erT ZiriTad amocanas warmoadgens inve-

rsiis xelovnuri darRvevisa da karierSi haercvlis aR-

dgenis meTodebis SemuSaveba. 

karierebis ganiavebis kombinirebuli sqemebi. zeviT 

aRwerili karieris bunebrivi ganiavebis sqemebi warmo-

adgenen idealur SemTxvevebs, vinaidan maTSi ganixileba 

mxolod erTi, gansazRvruli faqtoris moqmedeba, xolo 

sxva faqtorebis zemoqmedeba ignorirebulia. praqtikaSi, 

saqme gvaqvs iseT SemTxvevebTan, rodesac erTdroulad 

moqmedebs ramdenime faqtori. amis gamo karierebis gani-

avebis sqemebi iReben kombinirebuli ganiavebis sqemebis 

saxes. im SemTxvevebSi, rodesac zedapirze qaris siCqare 

aris 2 m/wm-dan 5 m/wm-mde, karierebSi haeris moZraoba 

ganpirobebulia qarisa da Termuli Zalebis energiis er-

Toblivi moqmedebiT. 

gamocdileba gviCvenebs, rom zedapirze sakmaod 

Zlieri qaris drosac ki, karieris siRrmeSi qaris mier 

gamowveuli nakadi aRwevs mxolod 150-200 m manZilze. am 

donis qveviT haeris moZraoba SeiZleba iyos konveqciuri 

an inversiuli. 
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nax. 11.10-ze gamosaxulia karierSi haeris moZraoba 

pirdapiri-dinebiT-konveqciuri sqemiT, romlis drosac ka-

rieris zeda nawili niavdeba qaris energiis xarjze, xo-

lo qveda nawili _ konveqciuri Termuli Zalebis gavle-

niT. amave dros konveqciuri nakadebiT mavneobebi gada-

itaneba qaris nakadis moqmedebis zonaSi, saidanac xdeba 

maTi gamotana karieris farglebs gareT. 

 

nax. 11.10 

SesaZlebelia gamoviyenoT karierebis bunebrivi gani-

avebis sxva kombinirebuli sqemebi. magaliTad Tu kari-

eris erT-erTi ferdi gacivebulia, xolo meore ferdi 

raime mizeziT gamTbaria, maSin SesaZlebelia gamoviyenoT 

haeris moZraobis sqema _ konveqciur-inversiuli sqema 

(nax. 11.11) 

karieris ganiavebis kombi-

nirebuli sqemebis dros war-

moebs haeris moZraobis Zale-

bisa da kanonebis erToblivi 

gavlena, romlebic damaxasiaTebelia qaris energiisa da 

Termuli ZalebisaTvis. 

 

12. haeris regulireba 

 

nax.11.11
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maRaroebisa da Saxtebis eqspluataciis procesSi 

xSirad saWiroa haeris regulireba, rac samTo sawar-

moebis aerologiaSi erT-erT yvelaze rTul process 

warmoadgens. haeris regulirebaSi igulisxmeba haeris 

raodenobis xelovnuri ganawileba calkeul gvirabebSi, 

amosaReb ubnebSi, dasamuSavebel frTebze, velebze da a.S. 

 

12.1. haeris regulireba saventilacio fanjrebis 

saSualebiT  

(uaryofiTi regulireba) 

 

vTqvaT mocemulia martivi paraleluri ganStoeba 

(nax. 12.1). davuSvaT sistemaSi haeri  ganawilebulia da 

ABC farTze gadis Q1 m
3/wm, xolo ADC farTze _ Q2 m

3/wm,  

da vTqvaT fardoba Q1/Q2 sasurveli ar 

aris da saWiroa miviRoT axali fardoba 

2

1
'
2

'
1

Q
Q

Q
Qm >=  

es imas niSnavs, rom Cven gvsurs ABC 

frTaze gavzardoT gamavali haeris rao-

denoba ADC frTaze gamavali haeris rao-

denobis xarjze. amas mivaRwevT im SemTxvevaSi, Tu ADC 

frTaze davdgamT saventilacio karebs da amovWriT masSi 

saventilacio fanjaras. fanjris winaRoba avRniSnoT 

Rfanj, paraleluri ganStoebis ZiriTadi kanonis Tanaxmad 

   nax.12.1 
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am tolobidan ganvsazRvroT fanjris winaRoba 
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rogorc viciT fanjris winaRoba warmoadgens adgi-

lobriv winaRobas, xolo adgilobrovi winaRobis koefi-

cienti ganisazRvreba (9.11) tolobiT: 

                  
234,16 SR ⋅⋅= fanjε                 (12.2) 

dauSvaT Cven gvsurs ABC frTaze gavides haeris sa-

erTo raodenobis 60%, xolo ADC frTaze _ 40%, e.i.  

5,1
40
60

==m  

vTqvaT R1=0,06 da R2=0,04. gvirabis kveTi romelSic un-

da Caidgas saventilacio fanjara tolia 4,0 m2-isa, maSin 

(12.1) tolobidan miviRebT: Rfanj=0,095, xolo (12,2) tolo-

bidan ki _ ε=24,8. imisaTvis, rom viangariSoT fanjris  

kveTi,  vsargeblobT  specialuri  diagramiT   
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nax. 12.2 

(nax. 12.2), sadac abscisTa RerZze mocemulia S
Sfanj

, 

xolo ordinatTa RerZze _ ε. am diagramidan vsazRvravT, 

rom Tu ε=24,8, am SemTxvevaSi 27,0=S
Sfanj

, aqedan 

Sfanj=0,27·S=0,27·4,0=1,08 m2 

e.i. 1,08 m2 farTis mqone saventilacio fanjara unda amo-

iWras saventilacio karebSi ADC frTaze, rom miviRoT 

haeris CvenTvis misaRebi ganawileba. 

haeris regulirebis es xerxi miaxloebiTia, radgan ε-

is mniSvnelobebi gansazRvrulia miaxloebiT. 

ganvixiloT ufro zusti xerxi. davuSvaT igive siste-

maSi (nax. 12.1) gvsurs miviRoT haeris axleburi ganawi- 

leba 

2

1
'
2

'
1

Q
Q

Q
Q

>  
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amis gansaxorcieleblad ADC frTaze unda davdgaT 

saventilacio fanjara, romlis depresia avRniSnoT hfanj. 

vinaidan gvaqvs paraleluri ganStoeba 

( ) ( )
fanj

hQRQR +⋅=⋅
2'

22
2'

11 , 

saidanac  

               ( ) ( )2'
22

2'
11 QRQRh ⋅−⋅=

fanj
            (12.3) 

miRebuli (12.3) tolobidan gamogvaqvs metad sagulis-

xmo daskvna: fanjris depresia tolia paraleluri frTe-

bis depresiaTa sxvaobisa haeris axlad ganawilebis Sem-

TxvevaSi. 

fanjris kveTi am meTodiT regulirebis dros gani-

sazRvreba tolobiT 

             

fanj
fanj RS

SS
⋅+

=
63,265,0

   m2,        (12.4) 

sadac S aris gvirabis kveTi;  Rfanj _ fanjris winaRoba. 

Tu (12.4) tolobiT miviRebT, rom 5,0>S
Sfanj

, maSin 

fanjris kveTi xelmeored unda viangariSoT tolobiT 

              

fanj
fanj RS

SS
⋅⋅+

=
38,21

 m2,             (12.5) 

maSin, rodesac 1,0=S
Sfanj

, fanjris kveTi unda 

gavadidoT 12%-iT, Tu 13,0=S
Sfanj

, maSin fanjris kveTi 
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unda gavadidoT 7%-iT; Tu  13,0>S
Sfanj

, maSin (12.5) 

formulaSi ar Segvaqvs araviTari Sesworeba. 

 

12.2. haeris regulireba winaRobis SemcirebiT im 

frTaze, romelzec gvsurs gavadidoT haeris 

raodenoba (dadebiTi regulireba) 

 

vTqvaT mocemuli gvaqvs martivi paraleluri gan-

Stoeba (nax. 12.3). davuSvaT  ABC  frTaze  gvsurs  gav-

zardoT haeris raodenoba ADC frTis xarjze, ise  rom  

ADC  frTaze fanjris dayeneba SeuZlebelia. 

maSin haeris gadanawilebas SeiZleba mivaR-

wioT ori xerxiT: 1. gvirabebis kedlebis 

simqisis SecvliT: Tu ortesebri ZelebiT 

gamagrebas SevcvliT xis mrgvali bigebiT, 

gvirabis winaRoba SeiZleba SevamciroT 25-

30%-iT, xolo Tu xis mrgval bigebs Sev-

cvliT betonis samagriT, maSin winaRoba 

SeiZleba Semcirdes 3,5-jer; 

2. ABC frTaze gvirabis kveTis gazrdiT. e.i. unda mi-

viRoT ABC frTis raRaca axali winaRoba 

1
'
1 RR p  

paralelur frTebze haeris bunebrivi ganawilebis 

dros, rogorc CvenTvis cnobilia, romelime frTaze gama-

vali haeris raodenoba iangariSeba formuliT: 

    nax. 12.3 



 144

2

1
1

1
R
R

QQ
+

=  

am formulaSi R1-is nacvlad CavsvaT 
'
1R , Q1-is 

nacvlad _ 
'
1Q  da ganvsazRvroT 

'
1R ; 

                                    2

2

'
1

'
1 1 R

Q
QR ⋅⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−=                        (12.6) 

davuSvaT paraleluri frTebis depresiebi cnobilia 

da tolia h=80 kg/m2. sistemaSi haeri  nawildeba Semdeg-

nairad: Q1=16 m3/wm; Q2=24 m3/wm. ganvsazRvroT ramdenad 

unda gadiddes gvirabis kveTi ABC frTaze, rom 
'
1Q =19 

m3/wm. 

viangariSoT TiToeuli frTis winaRoba 

;312,0
16
80

22
1

1 ===
Q
hR       139,0

24
80

22
2

2 ==
Q
hR , 

maSin (12.6) tolobidan haeris axleburad ganawilebis 

SemTxvevaSi  

168,0139,01
19
40 2

'
1 =⋅⎟

⎠
⎞

⎜
⎝
⎛ −=R  

e.i. ABC  frTis winaRoba unda Semcirdes 

85,1
168,0
312,0

'
1

1 ==
R
R

-jer 
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exla viangariSoT, Tu ramdenjer unda gadiddes 

gvirabis kveTi ABC frTaze. viciT, rom 

3
1

11
1 S

LPR α
= ;    (a) 

 ( )3'
1

1
'

1'
1

S
LPR α

=       (b) 

gavyoT (a) gamosaxuleba (b) gamosaxulebaze, miviRebT  

  
5,2

1

'
1

'
1

1
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

S
S

R
R

 

da avRniSnoT 

X
S
S

=
1

'
1 , 

maSin 

5,2
'
1

1 X
R
R

= ,  anu 85,15,2 =X  

aqedan 28,1=X , anu 1
'
1 28,1 SS ⋅=  

e.i. ABC frTaze  gvirabis kveTi unda gadiddes 1,28-

jer, raTa am frTaze gaiaros 19 m3/wm haerma. 
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12.3. haeris regulireba damxmare ventilatorebis 

saSualebiT 

 

haeris raodenobis regulirebisaTvis praqtikaSi 

xSirad gamoiyeneba e.w. `haeris fardebi~ (nax. 12.4). am 

SemTxvevaSi im gvirabSi, 

romelSic gvsurs SevamciroT 

gamavali haeris raodenoba, 

ayeneben haeris fardas, romelic 

iqmneba damxmare ventilatoris 

saSualebiT. mis mier Seqmnili 

haeris nakadi mimarTulia 

ZiriTadi nakadis marTobulad. 

haeris fardas ayeneben  ganStoebis  wertilSi.  davuSvaT 

(1) gvirabSi gvsurs gavzardoT haeris raodenoba (2) 

gvirabSi gamavali haeris xarjze, am dros ganStoebasTan 

vayenebT (4) damxmare ventilators, romelic iwovs haers 

ZiriTadi gvirabidan (3) milsadenis saSualebiT da qmnis 

(5) haeris fardas RreCos saSualebiT. RreCo ewyoba 

gvirabis mTel simaRleze, rom miviRoT haeris Tanabari 

nakadi. ZiriTadi nakadis mimarT RreCos sibrtyis 

cvlilebiT, Cven SegviZlia vareguliroT haeris gamavali 

raodenoba (2) gvirabSi an sruliad SevwyvitoT (2) 

gvirabSi haeris nakadi. 

haeris fardebs gaaCniaT mTeli rigi dadebiTi 

mxareebi regulirebis sxva xerxebTan SedarebiT: 1. am 

nax.12.4
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dros SesaZlebelia transportis Seuferxebeli moZraoba 

(radgan ara gvaqvs saventilacio fanjrebi); 2. gamoric-

xulia satransporto WurWlebiT maregulirebeli mowyo-

bilobebis dazianeba; 3. uzrunvelyfilia muSaobis maRali 

nayofiereba; 4. haeris fardebi advilad emorCilebian av-

tomatizacias. 

 

 

13. haeris danakargebi maRaroebSi 

 

13.1. haeris adgilobrivi danakargebi 

 

1. Wauri, romliTac maRaroSi miewodeba sufTa haeri. 

haeris mimwodebel WaurebSi TiTqos haeris danakargebs 

ar unda hqondes adgili, magram Tu igi mierTebulia sa-

ventilacio WaurTan erT an ramdenime horizontze, maSin 

adgili aqvs haeris mniSvnelovan danakargebs, romelmac 

SeiZleba miaRwios 40%-s, amitom Waurebi izolirebuli 

unda iyos erTmaneTisagan sammagi saventilacio karebiT 

an yru tixrebiT. 

2. maRaros ezo da masTan axlomdebare gvirabebi. 

rodesac centraluri Sewyvilebuli Waurebis maRaros 

ezoebi ganlagebulia erT horizontze da SeerTebulia 

gvirabebiT,  romelSic Cadgmulia karebi, Waurebs Soris 

mniSvnelovani wnevaTa sxvaobis gamo, haeris danakargebi 

aRweven 20-30%-s da am danakargebis Sesamcireblad saWi-
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roa movawyoT ormagi an sammagi hermetulad gakeTebuli 

saventilacio karebi, romelic unda imyofebodes mudmivi 

meTvalyureobis qveS, vinaidan didi wnevebis an qanebis 

gamofitvis gamo xdeba maTi hermetulobis darRveva da 

saWiroa perioduli SekeTeba. 

3. tixrebi. dadgenilia, rom tixarSi haeris dana-

kargebi damokidebulia tixris orive mxareze wnevaTa 

sxvaobaze, tixris geometrul zomebsa da hermetulobaze. 

tixrebSi haeris danakargebs ZiriTadad adgili aqvs 

tixris qanebTan SeerTebis adgilas. praqtika gviCvenebs, 

rom am adgilebis Selesva TixiT an cementiT amcirebs 

haeris danakargebs 40-80%-iT. periodulad saWiroa gan-

xorcieldes xelaxali Selesva, or TveSi erTxel Tixis 

gamoyenebisas da eqvs TveSi erTxel cementis 

gamoyenebisas. 

4. tixari saventilacio karebiT. rogorc avRniSneT 

saventilacio karebSi haeris danakargebi aRweven mniS-

vnelovan sidides. igi SesaZlebelia daviyvanoT minimu-

mamde Semdegi RonisZiebebiT: 1. karebi unda damzaddes 

ormagi ficrisagan, maT Soris Suasadebis datanebiT; 2. 

karebis ZirSi mikruli unda iyos tilos an brezentis 

naWeri; 3. gansakuTrebuli yuradReba unda mivaqcioT, rom 

karebi mWidrod iyos Casmuli CarCoSi. 

5. krosingebi (sahaero xidebi). rodesac gvirabebi 

erTmaneTs kveTen da erT-erT maTganSi gadis sufTa haeri, 

xolo meoreSi _ gadamuSavebuli, rom ar moxdes maTi er-



 149

TmaneTSi Sereva awyoben sahaero xidebs anu krosingebs. 

igi SeiZleba iyos xis, liTonis, qvis an betonis. aq gan-

sakuTrebuli yuradReba unda mivaqcioT krosingis her-

metizacias. magaliTad, xis bigebiT gamagrebis SemT-

xvevaSi samagri CarCoebi unda dadges mijriT da kedlebi 

amoificros; Tu krosingi qvisaa, saWiroa igi kargad gai-

lesos, am SemTxvevaSi mkveTrad mcirdeba agreTve aero-

dinamikuri winaRoba. 

6. saventilacio Wauri da Saxtis zedapiruli Se-

noba. mravalricxovani gamokvlevebiT dadgenilia, rom 

Saxtis zedapirul SenobaSi da saventilacio Wauris pi-

ris gadamxurav mowyobilobebSi, haeris Semowova aRwevs 

mTavari ganiavebis ventilatoris mwarmoeblurobis 20-

30%-s. misi SemcirebisaTvis saWiroa: 1. saventilacio Wau-

ris zedapiruli Senobis moculoba daviyvanoT minimu-

mamde; 2. Senobis kedlebi Seilesos Signidanac da gare-

danac; 3. fanjrebi unda moewyos ormagi CarCoTi; 4. Se-

nobis karebi unda iyos ormagi da hermetuli; 5. 

ventilatoris arxis farTan arsebuli RreCoebi gadav-

xuroT ficrebiT da SevlesoT TixiT; 6. arxSi Casasvlel 

yvela Surfze unda moewyos hermetuli Tavsaxuri; 7. sis-

tematiurad vadevnoT Tvali, rom ar moxdes faris de-

formacia an misi amovardna mimmarTvelebidan; 8. saven-

tilacio Wavlis gadasayiraveblad gamoyenebuli sarqve-

lebi unda iyos hermetuli. 

 



 150

13.2. gvirabebis mTel sigrZeze arsebuli      

haeris  uwyveti danakargebi   

am danakargebidan ZiriTadia danakargebi gamomuSave- 

 

bul sivrceSi (nax. 13.1 da 13.2),  romelic  damokidebulia  

mraval sxvadasxva faqtorze, rogoricaa:  fenis sisqe, da-

xris kuTxe, damuSavebis sistema, zedapiridan fenis 

Cawolis siRrme, Semcveli qanebis Tvisebebi, ventilaciis 

sqema da ubnis depesia. 

gamomuSavebul sivrceSi haeris danakargebi SeiZleba 

iyos 10-35% im haeris raodenobidan, romelic saWiroa 

sawmendi sangrevis gasaniaveblad. 

rogorc nax. 13.1-dan Cans, sufTa haeri miemarTeba 

sazidi StrekiT sawmendi sangrevis sivrceSi, saidanac 

mokle gziT gadis saventilacio StrekSi. dakvirvebebi 

gviCvenebs, rom gamomuSavebul sivrceSi haeris gaparvebs 

ZiriTadad adgili aqvs sawmendi sangrevidan 20-25 m-is 

manZilze, Semdeg ki igi TandaTan mcirdeba da sawmendi 

sangrevidan 100-150 m manZilze praqtikulad nulis toli 

xdeba. im SemTxvevaSi, rodesac sazidi da saventilacio 

Strekebis gaswvriv ar xdeba amoyorva an Weri ar aris 

nax. 13.1 nax. 13.2
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mTlianad Camoqceuli, maSin haeris danakargebs Strekis 

mTel sigrZeze aqvs adgili. nax. 13.2-ze gamosaxulia 

sawmendi sangrevis ganiavebis sqema grZeli svetebiT 

damuSavebis sistemis dros. rogorc aqedan Cans, am dros 

sazid da saventilacio Strekebs Soris aris naxSiris 

xeluxlebeli masivi da haeris gaparvebs gamomuSavebul 

sivrceSi adgili ar aqvs. 

 

13.3. haeris danakargebis Sesamcirebeli 

RonisZiebebi 

haeris danakargebis Sesamcireblad saWiroa mTeli 

rigi teqnikuri RonisZiebebis ganxorcieleba: 

1. ventilaciis racionaluri sqemis SerCeva, rome-

lic gansazRvravs saventilacio nagebobaTa ricxvs da 

gvirabebis sigrZes (Saxtis Siga minimalur danakargebs 

adgili aqvs ventilaciis flanguri sqemis dros, xolo 

danakargebi maqsimaluria _ ganiavebis cetraluri sqemis 

dros); 

2. saerTo-saSaxto depresiis Semcireba, romelic hae-

ris danakargebis pirdapirproporciulia; 

3. ganiavebisaTvis stacionaruli saventilatoro da-

nadgarebis gamoyeneba; 

4. naxSiris SaxtebSi savele Strekebis gayvana, 

vinaidan fuWi qanebi gacilebiT cudad atareben haers; 

5. momsaxure personalis mier saventilacio nagebo-

bebis drouli SekeTeba da mudmivi kontroli. 
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nawili III. samTo sawarmoTa ventilacia 

 

14. sawmendi da mosamzadebeli sangrevebis 

ganiaveba 

 

14.1. gamomuSavebul sivrceebTan haeris Sexebis 

variantebi damuSavebis sistemebis mixedviT 

ganiavebis ZiriTadi amocanaa gvirabebSi haeris saWi-

ro raodenobiT miwodeba, raTa uzrunvelyofil iqnes 

xalxis normaluri sunTqva, mtvrisa da momwamlavi da 

feTqebadi airebis ganzaveba da sangrevebidan maTi mokle 

drois ganmavlobaSi gamotana. sawmendi sangrevebis gania-

vebis efeqturoba didad aris damokidebuli ganiavebis 

sqemaze. ganiavebis sqema unda SeirCes iseTnairad, rom 

sangrevSi miwodebuli haeri maqsimalurad iqnas gamo-

yenebuli mis gasaniaveblad. maSasadame, sawmendi sangre-

vebis normalurad ganiavebaSi mniSvnelovani adgili 

uWiravs damuSavebis sistemas, romelic gansazRvravs gani-

avebis sqemas da gamomuSavebul sivrceebTan haeris Sexe-

bas, razedac didadaa damokidebuli sazidi gvirabidan 

sawmend sangrevSi da gamomuSavebul sivrceSi haeris moZ-

raobis mimarTuleba da haeris danakargebi. ansxvaveben 

gamomuSavebul sivrcesTan haeris calmxriv, ormxriv da 

samxriv Sexebas (nax. 14.1). 
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nax. 14.1 

am naxazze 1-l SemTxvevaSi mocemulia ukudab-

runebiTi dinebiT ganiavebis sqema. am SemTxvevaSi adgili 

aqvs gamomuSavebul sivrcesTan haeris calmxriv Sexebas. 

damuSavebis sistema aris grZeli svetebiT. 

me-2 da me-3  SemTxvevebSi mocemulia pirdapiri dine-

biT ganiavebis sqema. am orive SemTxvevaSi adgili aqvs 

gamomuSavebul sivrcesTan haeris ormxriv Sexebas. me-2 

SemTxvevaSi gamosaxulia damuSavebis mTliani sistema, 

xolo me-3 SemTxvevaSi _ grZeli svetebiT damuSaveba. 

me-4 SemTxvevaSi mocemulia ukudabrunebiTi dinebiT 

ganiavebis sqema. am dros adgili aqvs gamomuSavebul 

sivrcesTan haeris sammxriv Sexebas. aq gamosaxulia amo-

saRebi ubnis damuSavebis mTliani sistema. 

ganxiluli SemTxvevebidan yvelaze efeqturia gamo-

muSavebul sivrcesTan moZravi haeris Wavlis sammxrivi 

Sexeba, vinaidan am dros, gamoyofili meTani gamomu-
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Savebuli sivrcidan haeris danakargebTan erTad mokle 

gziT gadis saventilacio StrekSi lavis muSa sivrcis 

gverdis avliT. im SemTxvevaSi, ki rodesac haeri gamo-

muSavebul sirces exeba erTi mxridan, gamomuSavebuli 

sivrce TiTqmis mTlianad rCeba gauniavebeli, rac iwvevs 

masSi didi raodenobiT airis dagrovebas da Tu uecrad 

mkveTrad Semcirda barometruli wneva an dairRva gania-

vebis reJimi, SeiZleba moxdes amosaRebi ubnis daga-

zianeba. 

 

14.2. mosamzadebeli sangrevebis ganiaveba 

 

ganiavebis TvalsazrisiT, miwisqveSa gvirabebi iyofa 

or jgufad: 1. gvirabebi, romlebic gamWoli haeris Wav-

liT niavdebian; maT miekuTvneba sawmendi sangrevebi, 

gayvanili sazidi da saventilacio Strekebi. 2. gvirabebi, 

romelTac aqvT erTi gamosasvleli; maTi gayvanis pro-

cesSi sanrevis gasaniaveblad sufTa haeris miwodeba da 

gadamuSavebuli haeris ukan dabruneba xorcieldeba erTi 

da igive gvirabiT. aseTi gvirabebis sangrevebs yru san-

grevebs uwodeben da maTi ganiavebis sxvadasxva xerxi ar-

sebobs. ganvixiloT es xerxebi cal-calke. 
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14.3. yru sangrevebis ganiaveba grZivi tixrebiT 

    es xerxi mdgomareobs SemdegSi (nax. 14.2): gayvanaSi 

myofi gvirabis SuaSi (gvirabis grZivi RerZis gaswvriv), 

erTmaneTisagan 2-3 m daSorebiT, vayenebT bigebs, romle-

bic orive mxridan  unda  iqnes  amoficruli.  maT Soris  

carieli  sivrce  ivseba  RorRiT,  TixiT  da a.S.  

 

nax. 14.2 

aseTi  tixrebis dadebiTi mxarea is, rom moiTxovs mcire 

danaxarjebs da advili mosawyobia. uaryofiTi mxareebia: 

samTo wnevebis zemoqmedebiT tixari advilad iSleba, 

didia haeris danakargebi da xdeba gvirabis savali 

nawilis daviwroeba. kapitaluri gvirabis gayvanisas 

tixari amohyavT agurisagan, romlis sisqe damokidebulia 

tixris sigrZeze. 

 

14.4. yru sangrevebis ganiaveba paraleluri 

gvirabebiT 

am SemTxvevaSi, ZiriTadi gvirabis paralelurad ga-

yavT damxmare gvirabi, romelic emsaxureba gadamuSave-

buli haeris mocilebas (nax. 14.3). 
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nax. 14.3 

 

gvirabis sigrZis yoveli 20-30 m-is gayvanis Semdeg 

paraleluri gvirabebi erTmaneTTan erTdeba gamkveTebiT. 

gvirabis sangrevis winwawevasTan erTad gaiyvaneba axali 

gamkveTi, xolo Zveli ki gadaiketeba yru tixriT. 

uSualod sangrevSi sufTa haeris miwodeba xorcieldeba 

grZivi tixrebiT, saventilacio milebiT an damxmare ven-

tilatorebiT. yru sangrevebis ganiavebis es xerxi gan-

sakuTrebiT efeqturia didi sigrZis (2-8 km) gvirabebis 

gayvanis dros. am xerxis dadebiTi mxareebia: grZeli gvi-

rabebis efeqturi ganiaveba; sangrevSi haeris didi 

raodenobiT miwodeba SedarebiT naklebi depresiis xar-

jze; ar moiTxovs Strekebis did sigrZeze gadatixvrasa 

da gvirabebis Seviwroebas. uaryofiTi mxareebia: wyvili 

gvirabebis gayvana moiTxovs did danaxarjebs; gamkveTSi 

Cadgmul tixrebs droTa ganmavlobaSi uCndebaT bzarebi, 

rac zrdis haeris danakargebs; gvirabebs Soris dato-

vebuli mTelanebi samTo wnevebis zemoqmedebiT iSleba, 

rac iwvevs haeris danakargebis gazrdas, xels uwyobs 

SaxtebSi airebis gamoyofis intensivobis gazrdas da 

xanZris gaCenas TviTwvis unaris mqone naxSiris fenebSi. 
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14.5. yru sangrevebis ganiaveba gvirabebis farTe 

svliT gayvanis dros 

 

es xerxi mdgomareobs SemdegSi (nax. 14.4): ZiriTad 

sazid StrekSi miewodeba sufTa haeri, romelic a wer-

tilSi ganStovdeba. nawili saventilacio  fanjris  gav-

liT midis sawmendi sangrevis gasaniaveblad, xolo na-

wili ab gvirabis gavliT, romelic cd sangrevis  winwawe-  

 

nax. 14.4 

 

vasTan erTad ewyoba sayore zolSi yovel 50 m-Si, mie-

marTeba cd yru sangrevis gasaniaveblad. vinaidan sazid 

StrekSi saventilacio fanjara xels uSlis moZraobas, 

SeiZleba mis magivrad a wertilSi davdgaT damxmare ven-

tilatori, romelic saventilacio milebis saSualebiT 

daWirxnis haers cd sangrevis gasaniaveblad. am xerxis 

dadebiTi mxareebi igivea, rac gaaCnia paraleluri 

gvirabebiT yru sangrevebis ganiavebas, xolo uaryofiTi 

mxarea haeris didi danakargebi.' 
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14.6. yru sangrevebis ganiaveba saventilacio 

milebiT 

   

xSirad yru sangrevebs aniaveben saventilacio mile-

bis saSualebiT. amJamad farTed gamoiyeneba liTonis, ma-

teriis, plastmasisa da teqstovinitis milebi. yru san-

grevebSi saventilacio milebiT haeris miwodeba xor-

cieldeba Semdegi sqemebis mixedviT (nax. 14.5): am naxazze I 

da II sqemebze naCvenebia yru sangrevebis ganiaveba mim-

devrobiTi sqemebiT. rogorc am sqemebidan Cans ufro mi-

zanSewonilia gamoviyenoT II sqema, vinaidan aq tixari 

Cadgmulia gamkveTSi da xels ar uSlis transportis moZ-

raobas. 

 

nax. 14.5 

 

im SemTxvevaSi, rodesac gvirabebi gagvyavs airian 

fenebSi, usafrTxoebis wesebis Tanaxmad aucilebelia 
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sangrevebis gancalkevebuli ganiaveba, rac SeiZleba gan-

xorcieldes III an IV sqemebiT. am sqemebidan upiratesoba 

unda mivaniWoT IV sqemas, vinaidan aq gvaqvs erTi tixari 

da isic Cadgmulia gamkveTSi, xolo III sqemis dros gvaqvs 

sami tixari, garda amisa am sqemaSi milebis raodenobac 

gazrdilia. 

saventilacio milebiT yru sangrevebis ganiavebisas 

gansakuTrebuli yuradReba unda mivaqcioT milebis dia-

metrs, radgan rogorc sqemebidan Cans, saqme gvaqvs para-

lelur ganStoebasTan da Tu milebis diametri ar iqna 

sworad SerCeuli, SeiZleba erTi sangrevi darCes sru-

lad gauniavebeli, rac saxifaToa. 

 

14.7. Waurebis sangrevebis ganiaveba maTi gayvanis 

procesSi 

 

Waurebis gayvanisas maTi sangrevebis ganiaveba xor-

cieldeba ventilatoriT, romelic dadgmulia miwis zeda-

pirze da awvdis haers sangrevSi saventilacio milebis 

saSualebiT. milebis ganlageba WaurSi xorcieldeba ori 

xerxiT: 1. milebis bagirze CamokidebiT; 2. Wauris samag-

rze milebis uZravad damagrebiT. pirveli xerxi gamoi-

yeneba Waurebis betoniT gamagrebis SemTxvevaSi, xolo 

meore ki _ xiT gamagrebis dros. 

im SemTxvevaSi, rodesac erTi horizonti imyofeba 

eqspluataciaSi da paralelurad mimdinareobs Waurebis 
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CaRrmaveba, Wauris sangrevis gasaniaveblad SeiZleba ga-

moviyenoT nax. 14.6-ze mocemuli sqema. 

 

nax. 14.6 

rogorc am naxazidan Cans, sufTa haeri A wertilSi 

ganStovdeba, nawili midis (3) gvirabiT muSa horizontis 

gasaniaveblad da (4) gvirabiT brundeba saventilacio 

gvirabSi. A wertilSi ganStoebuli haeris meore nawili 

miemarTeba sagale Wauris sangrevis gasaniaveblad, xolo 

mesame nawili ki miemarTeba (1) saventilacio miliT 

saskipe Wauris sangrevis gasaniaveblad. sagale Wauris 

sangrevidan gadamuSavebuli haeris Wavlis mocileba xor-

cieldeba (2) saventilacio miliT. 

ganiavebis aseTi sqemis gamoyenebis dros gansa-

kuTrebuli yuradReba unda mieqces saventilacio mile-

bis diametrs, vinaidan gvaqvs paraleluri ganStoeba da 

Tu milebis diametrebi sworad ar iqna SerCeuli, SeiZ-
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leba muSa horizonti darCes mTlianad gauniavebeli, rac 

did safrTxesTanaa dakavSirebuli. 

es sqema SeiZleba gamoviyenoT, maSin rodesac Waure-

bis sangrevebis ganiaveba ar moiTxovs did depresias, 

winaaRmdeg SemTxvevaSi sangrevebi unda ganiavdes damxma-

re ventilatorebis saSualebiT. 

 

14.8. yru sangrevebis ganiaveba damxmare 

ventilatorebiT 

 

yru sangrevebis ganiaveba damxmare ventilatorebiT 

xorcieldeba sami xerxiT: damWirxni, Semwovi da kombini-

rebuli. ganvixiloT isini cal-calke. 

1. damWirxni ganiaveba mdgomareobs SemdegSi (nax. 

14.7): mTavar gvirabSi, romelSic haeri moZraobs saerTo 

saSaxto depresiis xarjze, ganStoebidan aranakleb 10 m 

manZilze vdgamT damxmare ventilators, romelic saventi-

lacio milebiT Wirxnis haers sangrevSi. ventilatoris 

dayeneba saventilacio horizontze SeiZleba maSin, rode-

sac meTanis raodenoba  gvirabis  haerSi  ar  aRemateba  

0,5%-s.  am  xerxis dadebiTi mxareebia: 1. saventilacio mi-

lidan gamosuli haeris Wavli moZraobs sworxazovnad 10-

15 m manZilze, rac uzrunvelyofs sufTa haeris Sxamian 

da feTqebad airebTan intensiur Serevas da sangrevidan 

maTi mokle drois ganmavlobaSi gamotanas; 2. cnobilia, 

rom airian maRaroebSi meTani gamoiyofa ara marto 
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sangrevis gulidan, aramed Strekis mTel sigrZeze gaSiS-

vlebuli  zedapiridan  da,  vinaidan  am  xerxis  gamoye-

nebisas  sufTa haeris Wavli  miewodeba saventilacio 

milebiT, adgili ara aqvs 

Strekis mTel sigrZeze ga-

moyofili airebis mitanas 

sangrevSi. am xerxis uar-

yofiTi mxarea is, rom 

vidre sangrevSi gamoyofi-

li momwamlavi da feTqe-

badi airebi ar iqneba gandevnili gvirabis mTel sigrZeze, 

sangrevSi muSaobis ganaxleba dauSvebelia. 

2. Semwovi ganiaveba. iseve, rogorc  damWirxni ga-

niavebis dros, am SemTxvevaSic damxmare ventilatori id-

gmeba saerTo-saSaxto depresiis xarjze ganiavebul mTa-

var gvirabSi (nax. 14.8), romelic saventilacio milebiT 

iwovs haers sangrevis gulidan. am xerxis dadebiTi mxa-

reebia: 1. gvirabis mTel sigrZeze moZraobs sufTa haeri 

da amitom ar aris aucile-

beli momuSaveTa mTavar gvira-

bSi gamoyvana; 2. SesaZlebelia 

sangrevis ganiavebas SevuTav-

soT sxva operaciebic, rogo-

ricaa liandagis SekeTeba, gvi-

rabis gadamagreba da a.S.  am  

xerxis   uaryofiTi  mxareebia:  1.  sufTa  haeri  miaR-

nax.14.7

nax.14.8
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wevs  ra saventilacio milis bolos, maSinve uxvevs mili-

saken da nawili sangrevisa rCeba gauniavebeli (daStri-

xuli nawili); 2. gvirabis mTel sigrZeze, fenis gaSi-

Svlebuli zedapiridan gamoyofili airebi nawilobriv 

miyveba sufTa haeris Wavls sangrevisaken; 3. sangrevis 

afeTqebisas saventilacio milis sangrevTan axlos miy-

vana SeuZlebelia, raTa mili ar daziandes.  

3. kombinirebuli ganiaveba. (nax. 14.9) am dros mTavar 

gvirabSi dgas ventilatori, romelic saventilacio mi-

lebis saSualebiT iwovs sangrevidan  momwamlav  da  fe-

Tqebad  airebs. xolo TviT gayvanaSi myof gvirabSi dgas 

meore ventilatori, romelic muSaobs daWirxvnaze da uz-

runvelyofs sangrevidan gamoyofili Sxamiani da mom-

wamlavi airebis miwodebul sufTa haerSi swraf ganza-

vebas da mokle drois ganmavlobaSi gamodevnas. daWir-

xvnaze momuSave ventilatori damontaJebulia specialur 

gadasaadgilebel urikaze, raTa sangrevis winwawevasTan 

erTad moxdes ventilatoris gada-

adgileba. amasTan erTad matulobs 

Semwovi milsadenis sigrZe. imi-

saTvis, rom ar moxdes haeris moZ-

raoba C wertilidan D werti-

lisaken, gayvanaSi myof gvirabSi 

ayeneben tixars an brezentis fardas. 

 

 

nax.14.9
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15. saventilacio nagebobani 

 

maRaroebSi haeris Wavlis regulireba xorcieldeba 

saventilacio nagebobebis saSualebiT, romlebic Tavisi 

daniSnulebis mixedviT iyofian or jgufad: 1. saven-

tilacio nagebobani, romlebic haers atareben _ venti-

latoris arxi, krosingi da saventilacio fanjara; 2. 

nagebobani, romelTa saSualebiTac xdeba haeris Wavlis 

gadaRobva _ tixrebi, saventilacio karebi, rabi, saSaxto 

sarqveli da Wauris zedapiruli hermetuli Senoba. 

am nagebobebidan zogierTi Cven adre ganvixileT (ix. 

13.1 _ haeris adgilobrivi danakargebi), amitom exla 

ganvixiloT danarCeni nagebobani: 

1. ventilatoris arxi. zedapirze ganlagebuli mTa-

vari saventilatoro danagdgarebi saventilacio WaurTan 

axlos arian moTavsebuli da uerTdebian maT venti-

latoris arxiT. arxi atarebs ventilatoris mier maRa-

rodan Sewovil an maRaroSi daWirxnul mTel haeris rao-

denobas da misi araswori dagegmarebis dros adgili aqvs 

aerodinamikuri winaRobis sagrZnob zrdas da did haeris 

danakargebs. amitom arxis kedlebi unda iyos haerga-

umtari da axasiaTebdes rac SeiZleba minimaluri aerodi-

namikuri winaRoba, risTvisac aucilebelia: 1. arxis kveTi 

ise unda iyos SerCeuli, rom masSi haeris moZraobis 

siCqare ar aRematebodes 15 m/wm; 2. arxisa da saventila-

cio Wauris SeuRlebis adgili ise unda iyos mowyobili, 
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rom ar axasiaTebdes mkveTri moxveva, uecari gafarToeba 

an Seviwroeba; 3. arxi unda iyos minimaluri sigrZisa da 

gluvkedlebiani. 

2. rabi warmoadgens gvirabis ubans, romelic moTav-

sebulia or saventilacio karebs Soris. misi daniS-

nulebaa gaataros xalxi da transporti ventilaciis re-

Jimis daurRvevlad. ganiavebis centraluri sqemis dros 

saskipe da sagale Waurebis SemaerTebel gvirabSi unda 

ganTavsdes minimum sami saventilacio karebisagan Semdga-

ri ori sahaero rabi. 

3. saSaxto sarqvelebi. rodesac saventilacio Waur-

Si warmoebs tvirTis zidva, imisaTvis, rom ar hqondes ad-

gili haeris danakargebs, Wauris pirTan ewyoba saSaxto 

sarqvelebi an igeba zedapiruli hermetuli Senoba. saSax-

to sarqveli (nax. 15.1) warmoadgens saxuravs, 

romliTac  gadaxurulia Wauris piri yvela 

SemTxvevaSi, rodesac sazidi WurWeli imyo-

feba Wauris piris qveviT. rodesac sazidi 

WurWeli amodis zeviT da uaxlovdeba Wauris 

pirs, sarqveli 1 iReba amwev bagirze damagre-

buli diskos 3 saSualebiT. 

imisaTvis, rom diskos dartyma sar-

qvelze SevarbiloT, aucilebelia wneva 

sarqvelis orive mxareze gavaTanabroT, risTvisac quros 

5 saSualebiT jer iReba patara saxuravi 6 da Semdeg 

sarqveli 1. 

       nax.15.1 
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sarqvelis hermetizacis gazrdis mizniT galis 

orjeradi simaRlis siRrmeSi Wauris piridan mowyobilia 

xvreli 7, romelSic Sedis gali. rodesac gali gascdeba 

Wauris pirs, es ukanaskneli ixureba galis ZirSi mowyo-

bili fariT. 

4. bufeti warmoadgens haeris gadamRob saventila-

cio nagebobas, romelic ewyoba sazidi Strekisa da qano-

bis (bremsbergis) SeuRlebis adgilebSi. igi keTdeba xis 

an aguris kedlebisagan, romlis orive mxareze Cadgmulia 

 

nax. 15.2 

 or-ori saventilacio karebi xalxis sasiarulod da 

tvirTis gasatareblad. bufetis ZiriTadi daniSnulebaa 

ar gaataros haeri sazid Strekidan qanobSi (bremsbergSi). 

 

16. ganiavebis kontroli da depresiuli agegmva 

 

ganiavebis kontrolis ZiriTadi amocanebia: 1. miwis 

zedapiridan SaxtSi misawodebeli haeris raodenobis 

gazomva, agreTve haeris raodenobis gazomva calkeul 

gvirabSi, sangrevSi, amosaReb ubanSi, ventilatoris arxSi 
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da a.S. 2. maRaros haerSi Semavali feTqebadi da momwam-

lavi airebis koncentracis gazomva, agreTve gvirabebSi 

mtvris koncentracis dadgena; 3.  qanebisa da miwisqveSa 

gvirabebis haeris temperaturis gazomva, gansakuTrebiT 

Rrma horizontebze muSaobisas; 4. depresiis gazomva 

calkeul gvirabSi, amosaReb ubanSi, amosaReb frTebze da 

mTlianad SaxtSi. 

 

16.1. haeris raodenobis da misi moZraobis 

siCqaris kontroli 

 

ukanaskneli 35-40 wlis manZilze haeris moZraobis 

siCqaris gasazomad Seiqmna sxvadasxva konstruqciis ele-

qtroanemometrebi, magram SaxtebSi arsebuli specifikuri 

pirobebis gamo maT ver hpoves gavrceleba da samTo sa-

warmoebSi haeris moZraobis siCqare izomeba frTebiani an 

jamebiani anemometrebiT. 

haeris moZraobis siCqaris gazomva warmoebs specia-

lurad mowyobil sazom sadgurebSi. sazomi sadguri ew-

yoba gvirabis swor ubanze, sadac gvirabs ar axasiaTebs 

uecari Seviwroeba an gafarToeba, xolo gvirabis gamag-

reba aris wesier mdgomareobaSi. sazomi sadguris ked-

lebi mWidrod unda iyos amoficruli, raTa adgili ar 

hqondes haeris gaparvebs. sadguris kedelze damagrebuli 

unda iyos  dafa, romelzedac aRiniSneba sadguris nome-
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ri, gvirabis ganivi kveTi, gazomili haeris raodenoba, 

gazomvis Catarebis TariRi da gamzomis xelmowera. 

sazomi sadguri ewyoba kapitalur gvirabSi, amosa-

Rebi ubnis Semaval da amomaval haeris Wavlebze, venti-

latoris arxSi da saerTod yvelgan, sadac saWiroa gama-

vali haeris raodenobis codna. ama Tu im gvirabSi gama-

vali haeris raodenobis gazomvis Sedegebi garda sazom 

sadgurSi moTavsebuli dafisa, unda dafiqsirdes venti-

laciisa da usafrTxoebis teqnikis ubanSi arsebul spe-

cialur JurnalSi. yvela cvlileba, romelic moxdeba 

maRaros ganiavebis sqemaSi, dauyonebliv unda iqnes data-

nili maRaros ventilaciis sqemaze. 

aseTnairad calkeul gvirabSi gazomili haeris rao-

denobis mixedviT dgeba maRaros sahaero balansi, rome-

lic gviCvenebs, Tu romel gvirabSi, romel ubanze da 

mTlianad maRaroSi ramdeni haeri gadis. 

 

16.2. maRaros haeris Semadgenlobis kontroli 

 

atmosferuli haeri, romelic maRaroSi miewodeba mi-

wis zedapiridan, gvirabebSi moZraobis  dros ganicdis 

cvlilebebs, rac ZiriTadad gamoixateba mis Semadgen-

lobaSi Jangbadis Semcvelobis SemcirebiT da naxSirmJava 

airis Semcvelobis gazrdiT. garda amisa, haers emateba 

sxvadasxva feTqebadi da momwamlavi airebi, romlebic 

maRaroSi gamoiyofa: meTani, naxSirJangi, gogirdwyalbadi, 
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gogirdovani airi, wyalbadi, azotis oqsidebi, amiaki, 

akroleini da sxv. 

haerSi aRniSnuli airebis Semcvelobis procentuli 

raodenobis dadgena xorcieldeba sxvadasxva airanaliza-

torebiT. magaliTad, ГХ-1 da УГ-2 tipis analizatoriT 

SegviZlia davadginoT haerSi CO, CO2, H2S da SO2-is pro-

centuli Semcveloba. am airanalizatorebis ZiriTad na-

wils warmoadgens indikatoruli milaki sxvadasxva qimi-

uri reaqtivebiT. misi moqmedebis principi Semdegia: indi-

katorul milakSi moTavsebuli qimiuri reaqtivi icvlis 

fers ama Tu im airis moqmedebis dros. milakSi reaqtivis 

feris Secvlis sigrZe damokidebulia haerSi airis pro-

centul Semcvelobaze. 

usafrTxoebis wesebis Tanaxmad maRaroebis haerSi 

Semcveli momwamlavi da feTqebadi airebis kontroli 

warmoebs Semdeg vadebSi: uairo maRaroebSi _ TveSi erT-

xel; airis mixedviT I da II kategoriis SaxtebSi _ TveSi 

orjer; III da zekategoriis SaxtebSi _ TveSi samjer. 

agreTve usafrTxoebis wesebis Tanaxmad, maRaros 

haerSi Semcveli meTanis (CH4) koncentraciis gazomva war-

moebs: I da II kategoriis maRaroebSi _ cvlaSi orjer, 

xolo III da zekategoriis maRaroebSi _ cvlaSi samjer. 

iseT SaxtebSi romlebSic farTed gamoiyeneba feT-

qebadi masalebi, haeris analizi azotis dioqsidisa (NO2) 

da naxSirJangis (CO) raodenobis dasadgenad unda Catar-
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des aranakleb TveSi orjer, madneulis mompovebel maRa-

roebSi _ aranakleb TveSi erTxel. 

maRaroebis airsiuxvis mixedviT kategoriis dadgena 

unda moxdes weliwadSi erTxel. 

mtvris mixedviT saSiS maRaroebSi gvirabis kedleb-

ze daleqili mtvris analizi unda Catardes sam TveSi 

erTxel, xolo inertuli mtvris analizi _ TveSi erT-

xel. 

iseT adglebSi, sadac ganuwyvetliv gamoiyofa mtve-

ri, saWiroa mtvris analizi Catardes yoveldRiurad. 

 

16.3. depresiuli agegmva 

 

 maRaros saerTo depresiis gazomviT SeuZlebelia 

vakontroloT Tu rogor nawildeba depresia calkeul 

gvirabebSi, amosaReb ubnebsa da mTlianad maRaroSi, misi 

codna ki aucilebelia raTa gavanawiloT haeri saWiroe-

bis mixedviT, gamovavlinoT adgilebi, romlebsac gaaC-

niaT didi aerodinamikuri winaRoba da davsaxoT Ronis-

Ziebani maTi likvidaciisaTvis. samuSaoebs, romlebic mi-

marTulni arian gvirabebSi depresiebis ganawilebis Ses-

wavlisaken, depresiuli agegmva ewodebaT. 

depresiuli agegmvis meTodika mdgomareobs SemdegSi: 

maRaros ganiavebis sqemaze virCevT maqsimaluri depresiis 

gzas (gzas, romelzedac ar dgas saventilacio nagebo-

bebi) da am gzaze dagvaqvs pirobiTi niSnebi, sazom pun-
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qtebSi haeris Wavlis moZraobis mimarTulebis CvenebiT. 

es gza dgeba sagale Wauris piridan ventilatoris arxis 

miwis zedapirze gamosaval wertilamde, anu haeris 

Wavlis SaxtSi Casvlis wertilidan Saxtidan miwis zeda-

pirze haeris Wavlis amosvlis wertilamde.  Semdeg vzo-

mavT depresiebs haeris moZraobis arCeul gzaze yovel 

or mezobel punqts Soris, ris Semdegac vajamebT mim-

devrobiT CarTuli gzis ubnebis depresiebs da viRebT 

arCeuli saventilacio gzis srul depresias. 

depresiuli agegmviTi samuSaoebis Catareba SeiZleba 

ganvaxorcieloT barometr-aneroidiT, mikromanometriT, 

mikrobaroniveliriT an deprimometriT. 

 

16.4. Saxtis mTliani depresiis gaangariSeba 

 

Saxtis ganiavebis sqemis Sedgenisa da cakeul gvira-

bSi haeris ganawilebis Semdeg SegviZlia SevudgeT Saxtis 

mTliani depresiis angariSs Semdegi formuliT 

                             hSax=h1+h2+........+hn,                  (16.1) 

sadac h1, h2, ........hn aris mimdevrobiT CarTuli gvirabebisa 

da ubnebis depresiebi. 

TiToeuli gvirabis an ubnis depresia iangariSeba 

formuliT 

            
2

3 Q
S

LPh ⋅
⋅

⋅=α                    (16.2) 
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depresia unda viangariSoT SaxtSi arsebul yvela 

damoukidebel haeris Wavlze da gamoTvlili depresie-

bidan saangariSod anu mTavari ganiavebis ventilatoris 

SesarCevad viRebT yvelaze maqsimalur depresias. 

imis gamo, rom haeris moZraobis yvela damouki-

debul gzaze miiReba sxvadasxva depresia, xolo Cven ki 

viciT, rom paraleluri ganStoebis ZiriTadi kanonis Ta-

naxmad, yvela paraleluri gzis depresia unda iyos erT-

maneTis toli, maT gaTanabrebas vaxdenT saventilacio 

fanjrebis saSualebiT. romelime gzaze dadgmuli fan-

jris depresia toli unda iyos maqsimaluri depresiisa 

da mocemuli gzis depresias Soris sxvaobisa. 

TiToeuli gzis depresias vamatebT 10-15%-s adgi-

lobrivi winaRobebis mier gamowveuli wnevis danakargebs 

da miviRebT mocemuli gzis srul depresias. 

Tu aseTi analizis Sedegad gamoCndeba, rom erT an 

ramdenime gvirabSi depresia Zalian didia, saWiroa mivi-

RoT zomebi mis Sesamcireblad. igi SeiZleba SevamciroT 

gvirabis kedlebis simqisis SecvliT, kveTis gadidebiT, 

paraleluri gvirabis gayvaniT da sxva RonisZiebebiT. 
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16.5. Saxtis maqsimaluri da minimaluri 

eqvivalenturi xvrelebis angariSi 

 rodesac Saxti Sedis eqspluataciaSi, sawmendi san-

grevebi yoveldRiurad win miiweven Saxtis velis centri-

dan sazRvrebisaken, izrdeba gvirabebis sigrZe, maTi wina-

Roba da cxadia, rodesac sawmendi sangrevebi miaRweven 

Saxtis velis sazRvrebs, gveqneba maqsimaluri winaRoba, 

e.i. hmaqs. am msjelobidan Cans, rom Saxtis eqspluataciaSi 

Sesvlisas adgili eqneba minimalur depresias hmin. rac 

Seexeba Saxtis eqvivalenturi xvrelis cvlilebas, ana-

logiuri msjelobiT miviRebT, rom rodesac sawmendi 

sangrevebi gadaadgildebian Saxtis velis centridan saz-

Rvrebisaken, gvirabebis sigrZe da maTi winaRoba izrdeba, 

e.i. eqvivalenturi xvrelis sidide TandaTan mcirdeba da 

Rebulobs mis minimalur mniSvnelobas Amin, rodesac saw-

mendi sangrevebi miaRweven Saxtis velis sazRvrebs. am 

msjelobidan cxadia, rom Saxtis eqspluataciis dasaw-

yisSi eqvivalentur xvrels aqvs maqsimaluri mniSvneloba 

Amaqs. aRniSnuli msjelobis Tanaxmad Saxtis maqsimaluri 

da minimaluri eqvivalenturi xvrelebis sidideebi SegviZ-

lia viangariSoT formulebiT 

                

min
maqs h

QA ⋅
=

38,0 ;                     

                   

maqs
min h

QA ⋅
=

38,0 .                 (16.3)                 
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17. karierebis xelovnuri ventilacia 

 

17.1. karierebis xelovnuri ventilaciis xerxebi 

 

karierebis xelovnuri ventilacia aucilebelia yve-

la im SemTxvevaSi, rodesac karierSi haercvlis inten-

sivoba arasakmarisia samuSaoTa warmarTvis adgilze at-

mosferos normaluri sanitarul-higienuri mdgomareobis 

SesanarCuneblad. 

karierebSi mavneobebis dagrovebas xels uwyobs Sem-

degi pirobebi: 1. zedapirze qaris nakadis energiis Semci-

reba; 2. adiabaturze naklebi vertikaluri temperatu-

ruli gradientebis warmoqmna; 3. karierebis atmosferoSi 

mavneobebis gamoyofis intensivobis momateba. 

karieris xelovnuri ventilaciis qveS igulisxmeba 

adamianis nebismieri mizanmimarTuli moqmedebiT karierSi 

haercvlis intensifikacia. am ganmartebis safuZvelze ka-

rierebis xelovnuri ventilaciis yvela arsebuli xerxi 

SeiZleba davyoT or klasad _ bunebrivi haercvlis inten-

sifikaciis xerxebi da TviT xelovnuri ventilaciis xer-

xebi. 

bunebrivi hercvlis intensifikaciis xerxebs ganeku-

Tvneba: 1. gegmaSi karieris swori orientaciis SerCeva; 2. 

karierebis, ganiavebis faqtoris mxriv, yvelaze ufro 

racionaluri zomebis SerCeva; 3. karieris siaxloves mi-

wis zedapirze xelovnuri nagebobebis Seqmna, romlebic 



 175

zrdian qaris nakadis siCqaresa da turbulizacias; 4. spe-

cialur moculobebSi siTbos akumulireba (dagroveba);  

5. qanebis siRrmuli siTbos gamoyeneba. 

karierebis xelovnuri ventilaciis uSualo xer-

xebia: 1. ventilacia milebisa da gvirabebis saSualebiT; 

2. ventilacia Tavisufali Wavlebis saSualebiT, romle-

bic iqmneba specialuri saventilacio danadgarebiT (izo-

Termuli an araizoTermuli Wavlebi), agreTve siTbos 

wyaroebiT (konveqciuri Wavlebi). 

 

17.2. karierebSi bunebrivi haercvlis 

intensifikacia 

 

karierebSi bunebrivi haercvlis intensifikacia yove-

lTvis sasurvelia, xolo _ is aucilebelia Rrma karie-

rebSi. haercvlis intensifikaciis sxvadasxva saSuale-

bebis gamoyenebis aucilebeli pirobaa miwis zedapirze 

haeris intensiuri moZraobis arseboba. aqedan gamomdinare 

yvela es saSualeba amJamad warmoadgens karierebis xe-

lovnuri ventilaciis damxmare saSualebebs. 

karieris orientacia gegmaSi. karierSi haercvlis in-

tensificireba SesaZlebelia misi grZeli RerZis gegmaSi 

orientirebiT zedapirze gabatonebuli qarebis mimarTu-

lebis mixedviT (Tu amis saSualebas iZleva sasargeblo 

wiaRiseulis Cawola). nax. 17.1 a)-dan Cans, rom am dros 

haercvlis naklebi intensivobis mqone recilkulaciis 
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zonis OAB-is moculoba SedarebiT mcirea, vidre pirda-

piri dinebiTi moZraobis zona OBCD-s moculoba. am Sem-

TxvevaSi recirkulaciis zonis farTi gegmaSi Seadgens 

karieris farTis daaxloebiT naxevars (daStrixuli 

farTi). 

rodesac karieris mokle RerZi orientirebulia 

zedapirze gabatonebuli qarebis 

Tanxvdenilad (nax. 17.1 b)), 

recirkulaciis zonis O'A'A''B' 

moculoba aRemateba pirdapiri 

dinebiT moZraobis zonis O'B'C' 

moculobas, xolo recirkulacis 

zonis farTi gegmaSi, Seadgens 

karieris mTliani farTis 70-80%-s. amis Sedegad b) 

SemTxvevaSi karierebSi bunebrivi haercvla gaZnelebulia. 

karieris zomebi. karieris zomebis Sesabamisi SerCeva 

xels uwyobs mis atmosferoSi haercvlis gaumjobesebas. 

am mxriv gansakuTrebiT mniSvnelovan rols TamaSobs ka-

rieris ferdos daqanebis kuTxis Semcireba. am SemTxve-

vaSi SesaZlebelia miviRoT iseTi daqanebis kuTxe, rom 

karierSi damyardes metad efeqturi ganiavebis pirdapiri 

dinebiTi sqema. 

garda amisa, ganiavebaze did gavlenas axdens kari-

eris siRrme. rac ufro Rrmaa karieri, miT mcirea kari-

eris SigniT haeris moZraobis siCqare da, Sesabamisad, 

cudia haercvla karierSi. 

nax.17.1
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karierSi haercvlis intensivoba damokidebulia ag-

reTve karieris siRrmis (H), qaris moqmedebis 

mimarTulebiT karieris 

sigrZesTan  (L) fardobaze. 

sxva Tanabari pirobebis 

dros rac naklebia fardoba 

H/L, miT ufro `brtyelia~ 

karieri da advilad gasaniavebelia.  

nax. 17.2-ze mocemulia karieris gamomuSavebis ori 

stadia: 1,01 =L
H

 da  2,02 =L
H

. rogorc Cans fardobis 

H/L gazrdasTan erTad, karieris sul ufro meti nawili 

xvdeba recirkulaciis zonaSi (daStrixuli farTi), xo-

lo rodesac 3,0=L
H , anu ufro qveda horizontze 

muSaobisas, yvela qveda horizonti xvdeba recirkulacis 

zonaSi, anu cudad ganiavebul zonaSi. 

saventilacio nagebobebi miwis zedapirze. Kkariere-

bis ventilaciis gaumjobeseba SesaZlebelia miwis zedapi-

rze sanayaros tipis nagebobebis mowyobis gziT, romle-

bic axdenen haeris nakadis turbulizaciasa da karieris 

sivrcisaken mimarTvas. am mizniT SesaZlebelia gamovi-

yenoT agreTve karieris siaxloves ganlagebuli Senobebi. 

aRniSnuli nagebobebi, romelTac sxvanairad haermimmar-

Tvelebsac uwodeben, saSualebas iZlevian qaris nakadis 

siCqare gavzardoT 10-20%-iT (nax. 17.3). aRniSnul nage-

bobebs Soris umciresi manZili l  ar unda aRematebodes 

nax.17.2
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karieris siganes. nagebobebs Soris α kuTxis optimaluri 

sidide aris daaxloebiT 700. 

gabatonebuli qaris mimarTu-

lebiT karieris win ganlagebuli 

Senobebi da sanayaroebi, zrdian 

haeris turbulizacias, rac zrdis 

karierSi miwodebuli qaris nakadis 

gaSlis kuTxes. amis saSualebiT 

mcirdeba recirkulaciis zonis moculoba da 

umjobesdeba karieris ganiaveba. aseTi sanayaroebis 

daSoreba karieris piridan sanayaroebis aTjeradi 

simaRlis toli unda iyos. 

siTbos akumulireba specialur moculobebSi. Bbune-

brivi haercvlis intensifikaciis es xerxi damyarebulia 

specialur moculobebSi myofi siTbogadamtanebis mier 

siTbos dagrovebaze. am mizniT SesaZlebelia gamoviyenoT 

wyliani liTonis avzebi. siTbogadamtani axdens mzis ra-

diaciis Tburi energiis akumulacias dRis ganmavlobaSi, 

xolo Semdeg, saRamosa da Ramis saaTebSi am dagrovil 

siTbos gadascems haers, aTbobs mas da amiT amcirebs 

Ramis inversiebis saSiSroebas. 

qanebis siRrmuli siTbos gamoyeneba. cnobilia, rom 

zedapiridan miwis siRrmeSi Casvlisas qanebis tempe-

ratura imatebs. inversiis ganviTarebis Tavidan acile-

bisa da haercvlis intensifikaciis mizniT karierSi hae-

ris gasaTbobad SesaZlebelia gamoviyenoT qanebis masivSi 

nax.17.3 
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arsebuli siTbo. am mizniT rekomendebulia zedapiridan 

garkveul siRrmeSi gaviyvanoT miwisqveSa gvirabebi, rom-

lebSic unda gavataroT atmosferuli haeri. am SemT-

xvevaSi, gvirabis Tbil kedlebTan atmosferuli haeris 

kontaqtirebisas xdeba haeris gaTboba da karieris siv-

rceSi misi moxvedrisas  warmoebs atmosferos gaTboba 

da karierSi haercvlis gaumjobeseba. 

am xerxis gamoyenebisas mxedvelobaSi unda miviRoT, 

rom droTa ganmavlobaSi, gvirabis garSemo myofi qanebis 

temperatura mcirdeba, maTi haeriT gacivebis Sedegad, 

ris gamoc aRniSnuli xerxis efeqturoba mcirdeba. 

 

17.3. karierebis ganiaveba milebisa da gvirabebis 

saSualebiT 

 

xelovnuri ventilaciis am xerxis gamoyenebisas ka-

rieris ferdebze amontaJeben milsadenebs an zedapiridan 

ferdebis an karieris Ziris mimarTulebiT gayavT gvira-

bebi. 

 

nax. 17.4 
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nax. 17.4-ze gamosaxulia karieris ventilaciis sqema 

ventilatoris daWirxvnaze muSaobis dros. miwis zeda-

pirze aRebuli sufTa atmosferuli haeri saventilacio 

danadgaris saSualebiT iWirxneba milsadenis (nax. 17.4 a)) 

an gvirabis (nax. 17.4 b)) saSualebiT karierSi, sadac 

vrceldeba Tavisufali Wavlis saxiT. saventilatoro 

danadgari SeiZleba ganTavsdes rogorc karieris zeda-

pirze, aseve milsadenis (gvirabis) nebismier wertilSi.  

ventilatoris Sewovaze muSaobisas, WuWyiani haeri Sei-

woveba karieris sivrcidan da gaityorcneba miwis zeda-

pirze atmosferoSi. am SemTxvevaSi saqme gvaqvs Semwov 

ganiavebis sqemasTan. 

damWirxni ventilaciis gamoyenebisas sufTa haeri 

miewodeba uSualod haeris gaWuWyianebis zonaSi, rac uz-

runvelyofs karieris SedarebiT swraf ganiavebas. am 

sqemis gamoyenebisas, vinaidan haeris Wavls gaaCnia didi 

eJeqtoruli SesaZlebloba, igi Seiwovs axlomdebare at-

mosferuli haeris gaWuWyianebul masas, sufTa haerSi 

ganazavebs masSi myof mavneobebs da gatyorcnis am 

ganzavebul haers zemoT mdebare horizontebze an ka-

rieris arasamuSao an naklebad gaWuWyianebul ubanze. 

Semwovi ventilaciis gamoyenebis dros haeris gaWuW-

yianebis zonidan Seiwoveba mavneobebiT gajerebuli haeri, 

xolo mis adgils ikavebs mezobeli ubnidan gadmodi-

nebuli SedarebiT sufTa haeri. haeris gaWuWyianebis zo-

nis centrSi, sadac ZiriTadad Tavmoyrilia mavneobebis 
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gamomyofi ZiriTadi wyaroebi, sufTa haeris miwodeba xde-

ba mxolod mTeli gaWuWyianebuli haeris mocilebis  Sem-

deg. amis gamo, Semwovi ventilaciis gamoyenebisas, sa-

muSao adgilebis ganiaveba droSi ufro gawelilia, vidre 

damWirxni ganiavebis dros. Semwovi ventilaciis dadebiTi 

mxarea is, rom misi gamoyenebisas gaWuWyianebuli haeri 

Seiwoveba uSualod samuSao adgilebidan da gaityor-

cneba karieris gareT. garda amisa, am dros miiReba haeris 

moZraobis mcire siCqareebi, ris gamoc gamoricxulia da-

leqili mtvris nawilakebis xelaxali Setivtiveba haerSi 

da masSi mtvris koncentraciis gazrda. 

saerTod milebisa da gvirabebis gamoyenebiT karie-

rebis ganiaveba naklebad efeqturia, vinaidan misi gamoye-

nebisas SezRudulia samuSao adgilebze miwodebuli 

sufTa haeris raodenoba, gamoyenebuli haersadenebis gam-

tarobis SezRudulobis gamo. amitom ganiavebis es xerxi 

SesaZlebelia gamoviyenoT rogorc damxmare saSualeba, 

Tanac im SemTxvevaSi, rodesac karierSi miwisqveSa gvi-

rabebis gayvana aucilebelia sxva miznebis gamo (maga-

liTad, sabados amoSrobisaTvis). 

 

17.4. karierebis ganiaveba izoTermuli  

nakadebiT 

 

izoTermuli ewodebaT atmosferoSi gavrcelebul 

Tavisufal haeris nakadebs (Wavlebs), romelTac gaaCniaT 
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garSemomyofi garemos temperaturis toli mudmivi tem-

peratura. 

Tanamedrove karierebSi izoTermuli Tavisufali Wa-

vlebi iqmneba saaviacio xraxnebze Seqmnili mZlavri save-

ntilacio danadgarebis saSualebiT. aseTi danadgarebi 

ganTavsebulia mZlavri satvirTo avtomanqanebis Sasize 

da gamoiyeneba, rogorc SedarebiT mcire moculobis mqo-

ne karieris calkeuli ubnebis gasaniaveblad, aseve isini 

uzrunvelyofen efeqtur brZolas karieris atmosferoSi 

mtver-airis narevis winaaRmdeg. am ukanasknel SemTxvevaSi 

haerTan erTad xdeba wylis uwvrilesi nawilakebis gaf-

rqveva haeris Wavlis saSualebiT. 

nax. 17.5-ze mocemulia CBH-6 tipis eqvsi ventila-

torisa da maTTan mierTebuli haergatarebiT Seqmnili 

konturuli saventilacio danadgaris 

sqema. am sqemidan Cans, rom haergamtar 

milebs gaaCniaT zeda mxareze RreCoebi, 

ventilatoris mier daWirxnili haeris 

gamosaSvebad. ventilatorebi da 

aersadenebi ganTavsebulia Caketili 

konturis saxiT 2,3 m simaRleze 

mavneobebis gamomyofi wyaros irgvliv. 

am saventilacio danadgaris muSaobisas Seqmnili wriuli 

Tavisufali Wavli eJeqtirebas ukeTebs gaWuWyianebul 

haers da gatyorcnis mas 60-70 m simaRleze. TiToeul 

ventilatorTan mierTebuli saventilacio milis  sigrZea  

nax.17.5 
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3,3 m; mTliani saventilatoro danadgaris mier  

SemosazRvruli wris diametria 20,0 m; TiToeuli ven-

tilatoris mwarmoeblurobaa 6,5 m3/wm; mTeli saventila- 

toro danadgaris mier eJeqtirebuli haeris xarjia 174 

m3/wm. danadgari gankuTvnilia karieris Rrma ubnebSi ga-

moyofili mavneobebis gamosadevnad misi atmosferos zeda 

SreebSi, sadac sakmao intensivobiT moZraobs haeri, rome-

lsac SeuZlia mavneobebis gamotana karieris sivrcis ga-

reT. 

zogadad, WuWyiani zonebis gasaniaveblad gamoiyeneba 

vertikaluri, horizontaluri an daxrili izoTermuli 

nakadebi (Wavlebi). 

karieris yvelaze Rrma ubnebSi ganTavsebuli gaWuW-

yianebuli zonebis gasaniaveblad gamoiyeneba mZlavri saa-

viacio xraxnebiT Seqmnili vertikaluri izoTermuli Wav-

lebi. amasTan, gaWuWyianebuli haeri gamoityorcneba an 

karieris zeda sivrceSi, an zeda 

aramuSa horizontebis doneze.im 

SemTxvevSi, rodesac gamoyofili 

mavneobebiT gaWuWyianebuli zonis 

moculoba didia, ganiavebis 

dasaCqareblad gamoiyeneba verti-

kaluri da horizontaluri 

Wavlebis kombinacia (nax. 17.6). 

ganiavebis aseTi sqemis gamoyenebisas horizontaluri Wav-

li xels uwyobs haeris gaWuWyianebuli masis 

nax.17.6 
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gadaadgilebas vertikaluri 

Wavlisaken da maT efeqtur 

mocilebas karieris sivrci-

dan. aucileblobis SemTxve-

vaSi, horizontaluri Wavlis 

Semqmneli saventilatoro dana-

dgarebi SesaZlebelia gadaadgildnen da moaxdinon 

gaWuWyianebuli haeris masebis gadaberva sxvadasxva 

mxridan vertikaluri Wavlis Semqmneli danadgaris 

mimarT. nax. 17.6-ze gamosaxulia vertikaluri da 

horizontaluri Wavlebis erTdrouli zemoqmedeba 

adgilobrivi ganiavebis dros. amis garda, rogorc wesi, 

karierebis saerTo haercvliTi ventilacia moiTxovs 

mZlavri haeris Wavlebis kombinirebul gamoyenebas (nax. 

17.7). am dros erTi Wavli mainc unda iyos vertikaluri 

an daxrili, romelic asrulebs haermomcilebeli  Wauris  

rols,  romliTac  gaWuWyianebuli haeri gamoidevneba 

karieris sivrcidan. danarCeni izolirebuli Wavlebi, 

horizontaluri an daxrilebi, asruleben arxebis rols, 

romelTa saSualebiTac WuWyiani haeri miedineba 

vertikalur WavlTan. 

 

 

 

 

nax.17.7



 185

17.5. saaviacio reaqtiuli ZravebiT Seqmnili 

araizoTermuli WavlebiT karierebis ganiavebis 

sqemebi. 

 

 araizoTermuli ewodeba karieris atmosferoSi gav-

rcelebul haeris Wavls, romlis temperatura cvale-

badobs misi sigrZis Sesabamisad da mniSvnelovnad gan-

sxvavdeba garemos temperaturisagan. magaliTad, saaviacio 

reaqtiuli ZraviT Seqmnili haeris Wavlis temperatura 

SeiZleba aRematebodes garemos temperaturas 5000C-iT da 

ufro meti sididiTac. 

karierebis gasaniaveblad amJamad gamoyenebul gada-

saadgilebel reaqtiul saventilacio danadgarebs gaaC-

niaT Semdegi maxasiaTeblebi: danadgaris mier Seqmnili 

Wavlis gavrcelebis manZilia 700-800 m; haeris xarjia 

samuSao zonaSi 7000-7500 m3/wm; haeris xarji zedapirze 

Seadgens 17000-19000 m3/wm. 

araizoTermuli Wavlis damaxasiaTebel Tavisebu-

rebas warmoadgens arqimeduli moculobiTi Zalebis 

warmoqmna, romlebic moqmedeben vertikalurad da xels 

uwyoben Wavlis gavrcelebas garemoSi. am Zalebs gaaCniaT 

sakmaod didi mniSvneloba maSin, rodesac Wavlis 

nawilakebis temperatura aRwevs mniSvnelovan sidides 

garemos haeris temperaturasTan SedarebiT. 
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nax. 17.8-ze mocemulia ga-

xurebuli Tavisufali haeris 

Wavli,  romlis   gadmodinebis 

 sawyisi kuTxe nulis tolia 

(horizontaluri haeris Wavli). 

rogorc am naxazidan Cans, haeris Wavli Tavis 

horizontalur mimarTulebas inarCunebs mxolod sawyis 

stadiaSi. Semdeg Wavli gadaiRuneba zeda mxares, xolo 

Semdeg isev gadadis horizontalur mimarTulebaSi. 

haeris Wavlis traeqtoriis aseTi xasiaTi ganpirobebulia 

masSi kinetikuri energiasa da moculobiTi Zalebis ene-

rgias Soris sxvadasxva fardobiT. 

araizoTermuli (gaxurebuli) haeris WavlebiT kari-

erebis ganiavebis dros, principSi SesaZlebelia ganiave-

bis iseTi sqemebis gamoyeneba, 

rogorc izoTermuli WavlebiT 

ganiavebis dros. amave dros 

gaxurebuli haeris Wavlebis 

gamoyenebisas SesaZlebelia Wavli mivmarToT horizontis 

mimarT mcire uaryofiTi kuTxiT da saventilacio 

danadgari ganvalagoT Sualedur horizontze (nax. 17.9). 

am SemTxvevaSi miiReba haeris daxrili gaxurebuli Wavli. 

amave dros saSualeba gveZleva gavzardoT haeris Wavlis 

sigrZe da uzrunvelvyoT qveda horizontebidan 

mavneobebis ufro kargi da efeqturi mocileba, imis gamo, 

nax.17.8

nax.17.9
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rom haeris Wavli gavrcelebisas TiTqmis mTlianad 

morecxavs karieris fskers. 

araizoTermuli WavlebiT ganiavebis Sedarebisas 

izoTermuli WavlebiT ganiavebasTan, SegviZlia Semdegi 

daskvnis gakeTeba: haeris Wavlis sigrZis mixedviT 

araizoTermuli haeris Wavlebi ufro mZlavria, vidre 

izoTermuli Wavlebi; moculobiTi Zalebis zemoqmedebiT 

araizoTermuli Wavlebi iReben karieris fskeris pro-

filis formas, rac xels uwyobs ufro efeqtur ga-

niavebas; haeris xarji araizoTermul WavlebSi gaci-

lebiT mcirea, izoTermul WavlebTan SedarebiT. 

araizoTermuli haeris Wavlebis gamoyenebisas uar-

yofiT mxares warmoadgens is, rom reaqtiuli Zravebis 

muSaobisas karieris sivrceSi gamoiyofa toqsikuri mina-

revebi gacilebiT didi raodenobiT, vidre saaviacio 

xraxnebis muSaobisas. 

 

17.6. siTbos xelovnuri wyaroebiT Seqmnili 

konveqciuri WavlebiT karierebis ganiaveba 

 

konveqciuri haeris Wavli ewodeba haeris Wavls, ro-

melic iqmneba gamTbari haeris masebis Tavisuflad zeviT 

moZraobisas. konveqciuri Wavlis gaTboba raTa igi 

gamoyenebul iqnes karieris xelovnuri ganiavebisaTvis, 

warmoebs specialur mowyobilobebSi saTbobis dawviT. 



 188

am specialur mowyobilobebSi saTbobis dawvisas 

xdeba sanTuris garSemo myofi haeris mniSvnelovani gaT-

boba da aqedan gamomdinare misi simkvrivis Semcireba 

mTel sahaero garemosTan SedarebiT. amasTan dakavSi-

rebiT sanTurebis moqmedebis zonaSi warmoiqmneba didi 

arqimeduli Zalebi, romlebic vertikalurad zeviT arian 

mimarTuli. am Zalebis zemoqmedebiT haeris gamTbari 

masebi gadaadgildebian zeviT riTac iqmneba gaiSviaTeba 

sanTurebis ganlagebis zonaSi da am zonas avsebs mezob-

lad ganlagebuli maRali wnevis qveS myofi haeris masebi 

da procesi grZeldeba. 

konveqciuri Wavlis Ziris garSemo civi haeris ma-

sebis Semodineba gansakuTrebuli intensivobiT xdeba 

Wavlis qveda nawilSi, rac iwvevs mis 

SekumSvas (nax. 17.10). 

am naxazidan Cans, rom SekumSvis 

ares zeviT Wavlis gaSlis kuTxe 

stabiluria da Seadgens daaxloebiT 

250-s. 0 wertils, romelSic xdeba 

Wavlis Semqmneli sxivebis gadakveTa, 

ewodeba Wavlis polusi. 

dakvirvebebi gviCvenebs, rom in-

versiebi swrafad irRveva zeda horizontebze. es saSua-

lebas gvaZlevs ganiavebis pirvel periodSi, siTbos gamo-

myofi zedapiris diametris SemcirebiT, SevamciroT qveda 

nax.17.10
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horizontze haeris civi masebis eJeqcia da zeda hori-

zontebze gavtyorcnoT SedarebiT Tbili haeri. 

ganiavebis am xerxis gamoyenebisas mxedvelobaSi un-

da miviRoT, rom didi raodenobiT siTbos dawvisas gamo-

iyofa toqsikuri airebis mniSvnelovani raodenoba, ris 

gamoc Tburi danadgarebis gamoyenebisas higienuri aspeq-

tebi moiTxovs Seswavlas. 

 

 

18. mamdidrebeli da sabriketo           

    fabrikebis ganiaveba 

 

18.1. samrewvelo ventilaciis daniSnuleba, misi 

meTodebi da saSualebebi 

 

manqana-meqanizmebis, danadgarebisa da sxvadasxva mo-

wyobilobebis muSaobis Sedegad sawarmoo saTavsebSi 

SeiZleba gamoiyos siTbo, orTqli, mtveri da momwamlavi 

an feTqebadi airebi. aRniSnuli mavneobebis adamianis or-

ganizmze zemoqmedeba iwvevs misi Sromis nayofierebis Se-

mcirebas da sxvadasxva saxis profesiul daavadebas. 

samrewvelo ventilaciis daniSnulebaa daamyaros saTav-

sebSi normaluri klimaturi pirobebi. garda amisa ven-

tilacia xels uwyobs sxvadasxva teqnologiuri proce-

sebis normalizacias, produqtebis Senaxvasa da samSeneb-

lo konstruqciebis dacvas. ventilacia warmoadgens erT-
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erT ZiriTad saSualebas, romelic uzrunvelyofs ada-

mianis organizmis normalur Tboregulacias.  ventila-

ciis saSualebiT sawarmoo saTavsebSi ganuwyvetliv unda 

miewodos sufTa haeri, xolo gaWuWyianebuli haeri ki 

mokle drois ganmavlobaSi unda gamoidevnos sawarmoo 

saTavsebidan. 

arsebobs samrewvelo ventilaciis sxvadasxva meTodi 

da saSualeba. ventilaciis yvelaze efeqtur meTodad Se-

iZleba CaiTvalos mavneobaTa mocileba uSualod maTi 

warmoSobis adgilze. am SemTxvevaSi minimaluri raode-

nobis sufTa haeriT Cven SegviZlia gamovitanoT mavne 

airebis didi raodenoba. ventilaciis aseT meTods adgi-

lobrivi gamwovi ventilacia ewodeba. 

im SemTxvevaSi, rodesac mavneobis gamomyofi wyaro 

imyofeba karadisa da garsacmis Siga sivrceSi, gamoi-

yeneba adgilobrivi gamwovi ventilacia gamwovi kara-

debisa da gamwovi garsacmebis saxiT (nax. 18.1). 

zogierT SemTxvevaSi, teqnologiuri 

procesebis TaviseburebaTa gamo, mavneobis 

gamomyofi wyaros moTavseba karadaSi an 

garsacmSi SeuZlebelia, amitom mavneobis 

wyaros Tavze ewyoba e.w. adgilobrivi gamwovi qudebi 

(zondebi), romelic SeiZleba emsaxurebodes erT an ram-

denime obieqts erTdroulad (nax. 18.2, a) da b)). 

    nax.18.1 
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nax. 18.2 

im SemTxvevaSi, rodesac dasamuSavebeli masalis Ca-

tvirTva an gadmotvirTva xorcieldeba amwe-satranporto 

mowyobilobebiT, uSualod danadgarebisa da aparatebis 

Tavze gamwovi mowyobilobebis dayeneba SeuZlebelia, ami-

tom gamoyofili mavneobebis mocileba uSualod maTi 

warmoSobis adgilebidan xorcieldeba, e.w. gverdiTi gam-

wovebiT (nax. 18.3 a)) an gadamberi mowyobilobebiT (nax. 

18.3 b)). 

im dros, rodesac adgilob-

rivi gamwovis mowyoba SeuZle-

belia an araxelsayrelia da mav-

neoba vrceldeba mTel saTav-

sSi, maSin gamoiyeneba saerTo 

gamwovi ventilacia. mavneobis mocileba ki xdeba im 

adgilidan, sadac mavne airebis koncentracia an siTbo 

aWarbebs dasaSveb normebs. 

 

nax.18.3
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18.2. meqanikuri da bunebrivi ventilaciis 

zogadi cnobebi 

 

imisaTvis, rom saTavsebSi SevqmnaT normaluri kli-

maturi pirobebi, aucilebelia sufTa haeris ganuw-

yveteli miwodeba da gaWuWyianebuli haeris saTavsebidan 

mokle drois ganmavlobaSi gandevna. 

haeris moZraoba saTavsebSi xorcieldeba meqanikuri 

an bunebrivi ventilaciis gamoyenebiT. 

maSin, rodesac saTavsSi haers vawvdiT ventila-

torebis saSualebiT, aseT ganiavebas meqanikuri anu xe-

lovnuri ventilacia ewodeba. Tu saTavsSi haeris miwo-

deba xorcieldeba Siga da gare haeris temperaturaTa 

sxvaobis anu haeris moculobiTi wonebis sxvaobis xar-

jze, aseT ganiavebas bunebrivi ventilacia ewodeba. 

bunebrivi ventilaciis Sedegad saTavsSi miwodebuli hae-

ris raodenobis regulirebas aeracia ewodeba. 

bunebrivi ganiaveba xorcieldeba gravitaciuli Za-

lebiT da qaris zemoqmedebis Sedegad. rodesac Senoba 

imyofeba qaris zemoqmedebis qveS, im mxridan, saidanac 

Senobas xvdeba qari, xdeba haeris nakadis damuxruWeba, 

e.i. qaris kinetikuri energia gadadis wnevis potencialur 

energiaSi, ris gamoc Senobis Sublur mxareze wneva ga-

cilebiT metia, vidre gverdebze da mis mopirdapire 

mxareze. Tu Senobas aqvs Riobebi an xvrelebi, haeri 

qaris zemoqmedebis mxridan Sedis SenobaSi da meore 
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mxridan gamodis, amgvarad myardeba haeris moZraoba ma-

Rali wnevidan dabali wnevisaken. 

rodesac ganiaveba warmoebs daWirxvnaze momuSave ve-

ntilatoriT, aseT ventilacias damWirxni ventilacia 

ewodeba. am SemTxvevaSi saventilacio danadgari da ven-

tilaciis sqema (nax. 18.4) Sedgeba Semdegi ZiriTadi nawi-

lebisagan: 1. haeris mimRebi; 2. haeris damamuSavebeli kame-

ra (haeris gaTboba, gaciveba, danamva, gaSroba); 3. daWir-

xvnaze momuSave ventilatori; 4. saventilacio milebis 

qseli; 5. haeris mimwodeblebi; 6. haeris raodenobis mare-

gulirebeli fanjrebi. 

 

nax. 18.4 

saTavsSi misawodebeli haeri, umetes SemTxvevaSi, mo-

iTxovs damuSavebas. magaliTad, wlis civ periodSi _ ga-

Tbobas, rac xorcieldeba kaloriferebis saSualebiT; 

zafxulis periodSi zogjer saWiroeba moiTxovs misawo-

debeli haeris gagrilebas, rac ZiriTadad warmoebs wyli-

Ta da mfrqvevanebiT. 
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haeris damamuSavebel danadgarebs, romlebic Tavmoy-

rilia erT kameraSi, sadac avtomaturad xdeba haeris 

gawmenda, gaTboba, gaciveba, danamva an gaSroba kondi-

cionerebi ewodebaT. 

im SemTxvevaSi, rodesac Senobis ganiaveba xor-

cieldeba meqanikuri ventilaciiT da haeris gawova 

warmoebs Sewovaze momuSave ventilatoriT, ventilacias 

Semwovi an gamwovi ventilacia ewodeba. am dros saven-

tilatoro  danadgari  da   ventilaciis  sqema  (nax.18.5) 

Sedgeba Semdegi ZiriTadi nawilebisagan: 1. adgilobrivi 

gamwovebi; 2. saventilacio milebis qseli; 3. filtri; 4. 

Sewovaze momuSave ventilatori. 

 

 

nax. 18.5 

.  

18.3. saTavsebSi mavneobis gansazRvris meTodi 

saerTo haercliTi ventilaciis gamoyenebisas auci-

lebelia vicodeT drois erTeulSi gamoyofili mavneo-

bebis raodenoba, risTvisac saWiroa gavzomoT 1 sT-is 
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ganmavlobaSi saTavsSi gamavali haeris raodenoba, haeris 

temperatura da mavneobis koncentracia saTavsSi Semaval 

da saTavsidan gamomaval haeris WavlSi. 

davuSvaT saTavsSi Sedis L kg/sT an L m3/sT haeris 

raodenoba. Tu saTavsSi Semavali haeris temperaturas av-

RniSnavT t1-iT, mavneobis koncentracias K1-iT da saTav-

sidan gamomaval haeris WavlisaTvis Sesabamisad t2 da K2, 

maSin siTbos an mavneobis Warbi raodenoba iangariSeba 

formulebiT 

          Q=0,24L(t2-t1),     kkal/sT, 

                                      K=L(K2-K1),        kg/sT. 

rodesac ganiavebis angariSi warmoebs saTavsSi gamo-

yofili siTbos mixedviT, saWiroa vicodeT yvela is 

wyaro, romelic gamoyofs an STanTqavs siTbos. Cveu-

lebrivi angariSisas vRebulobT, rom saTavsSi gamoyo-

fili siTbos raodenoba tolia STanTqmuli siTbos rao-

denobisa. saTavsis Tburi balansi SeiZleba warmo-

vadginoT Semdegnirad. 

            Q=Q1+Q2+Q3±Q4-Q5,    kkal/sT, 

sadac Q1 aris sawarmoo procesebis Sedegad gamoyofili 

siTbo; Q2 _ xelovnuri ganaTebis wyaroebis mier gamoyo-

fili siTbo; Q3 _ xalxis mier gamoyofili siTbo; Q4 _ Se-

momRobi konstruqciebis mier gamoyofili an STanTqmuli 

siTbo; Q5 _ saTavsSi Semosuli transportis (vagoni an 

manqana) gasaTbobad daxarjuli siTbo. 
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gaxurebuli zedapirebidan gamoyofili siTbos rao-

denoba ganisazRvreba formuliT  

Q'=F·α·∆t,    kkal/sT, 

sadac F aris siTbos gamomyofi zedapiris farTi, m2;  α _ 

siTbos gacemis koeficienti, kkal/m2 sT grad.; ∆t _ gaxu-

rebuli zedapirisa da garemos haeris temperaturebs 

Soris sxvaoba, grad. 

dadgenilia, rom dazgebis muSaobisas xaxunze 

daxarjuli simZlavre TiTqmis mTlianad gadadis 

siTboSi. magaliTad, 1 cx.Z. eqvivalenturia 632 kkal/sT 

da 1 kvt _ 860 kkal/sT. aqedan gamomdinare eleqtroZrave-

bis muSaobisas gamoyofili siTbo iangariSeba formuliT 

Q''=860N(1-η),  kkal/sT. 

sadac N aris eleqtroZravebis dadgmuli simZlavre, kvt; 

η _ Zravebis m.q.k. 

xelovnuri ganaTebis wyaroebiT gamoyofili siTbos 

raodenoba iangariSeba formuliT 

Q=860N,  kkal/sT, 

sadac N aris ganaTebis wyaroebis jamuri simZlavre, kvt. 

xalxis mier gamoyofili siTbos raodenoba Ziri-

Tadad damokidebulia fizikuri muSaobis intensivobaze. 

mSvid mdgomareobaSi yofnisas adamiani gamoyofs 100 

kkal/sT, intensiuri muSaobisas ki _ 300-400 kkal/sT. 

 

 



 197

18.4. haeris raodenobis gansazRvra Warbi 

siTbos mixedviT 

 

saTavsis gasaniaveblad saWiro misawodebeli haeris 

raodenoba Warbi siTbos mixedviT ganisazRvreba formu-

liT 

            ( )Semam

Warb

ttC
Q

L
−

= , kg/sT,              (18.1) 

sadac C aris mSrali haeris Tbotevadoba, C=0,24 

kkal/kg.grad; tam _ Senobidan amomavali haeris tempe-

ratura; tSem _ SenobaSi Semavali haeris temperatura. 

rogorc (18.1) formulidan Cans, rac metia sxvaoba 

mniSvnelSi, e.i. rac metia sxvaoba Semaval da amomaval ha-

eris teperaturebs Soris, miT naklebi haeria saWiro 

saTavsis gasaniaveblad. 

Cven xelovnurad SegviZlia vareguliroT Semavali 

haeris temperatura (tSem), rac Seexeba saTavsidan gamoma-

val haeris temperaturas, igi damokidebulia saTavsis 

SigniT haercvlis jeradobaze da ganisazRvreba formu-

liT 

L
Wr

Semam LC
Q

tt
⋅

+=  

wlis civ periodSi, zogjer saWiroa saTavsSi mi-

sawodebeli haeris gaTboba. siTbos raodenoba, romelic 

saWiroa haeris gasaTbobad, ganisazRvreba formuliT 
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Q=L(I2-I1),   kkal/sT 

sadac L aris gasaTbobi haeris raodenoba, kg/sT; I1 da I2 _ 

haeris TboSemcveloba gaTbobis dasawyisSi da gaTbobis 

bolos, kkal/kg. 

 

18.5. saerTo meqanikuri ventilacia 

 

 saerTo an saerTocvliTi meqanikuri ventilacia ga-

moiyeneba yvela SemTxvevaSi, rodesac adgilobrivi gamwo-

vi ventilaciis gamoyeneba araxelsayrelia, an SeuZle-

beli. saerTo meqanikur ventilacias iyeneben rogorc sa-

mrewvelo, aseve sacxovrebel SenobebSi. 

Tu SenobaSi gamoiyofa sxvadasxva saxis mavneoba, ma-

Sin gasaniaveblad saWiro haeris saangariSo raodenoba 

ganisazRvreba im mavneobis mixedviT, romelic moiTxovs 

haeris met raodenobas da igi ganisazRvreba formuliT 

1. gamoyofili Warbi siTbos mixedviT: 

( ),Semam

Warb

ttC
Q

L
−

=    kg/sT; 

2. gamoyofili airebis mixedviT; 

Semam KK
KL
−
⋅

=
γ

,   kv/sT, 

sadac K aris mavneobis saerTo raodenoba muSa zonaSi; 

Kam _ saTavsidan amomaval haeris WavlSi airebis koncen-

tracia, g/m3; KSem _ airebis koncentracia SenobaSi Sema-
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val haeris WavlSi, g/m3; γ _ haeris moculobiTi wona, 

kg/m3. 

saTavsebSi, romlebSic gamoiyofa Warbi siTbo, mav-

neobebis maRal koncentraciebs adgili aqvs Senobis zeda 

nawilSi, maSinac ki, rodesac airebi haerze mZimea. Ddad-

genilia, rom haeris erTi gradusiT gaTboba 1 m3 haeris 

wonas amcirebs 3 gramiT. amitom Tu airi an orTqli mZi-

mea haerze da exeba gaxurebul zedapirs, igi odnav mainc 

Tbeba da miiswrafis zeda nawilisaken. Senobis qveda 

sirceSi aseTi airebi da orTqli SeiZleba imyofebodes 

mxolod  maSin, Tu ar arsebobs gaxurebuli zedapiri. 

 

18.6. zogadi cnobebi aeraciis Sesaxeb 

 

rogorc zemoT iyo aRniSnuli, bunebrivi ganiavebis 

Sedegad sawarmoo saTavsebSi miwodebuli haeris reguli-

rebas aeracia ewodeba. bunebrivi ganiavebis dadebiTi mxa-

re mdgomareobs masSi, rom yovelgvari energiis xarjvis 

gareSe sawarmoo saTavsebSi SegviZlia mivawodoT milio-

nobiT m3 haeri. 

wlis Tbil periodSi bunebrivi ganiaveba farTod 

gamoiyeneba sxvadasxva Senobis gasaniaveblad. bunebrivi 

ganiaveba SeiZleba gamoviyenoTYzamTris periodSic, Tu 

saTavsSi adgili aqvs Warbi siTbos gamoyofas. am Sem-

TxvevaSi SenobaSi sufTa haeris miwodeba xorcieldeba 

iatakidan 6-7 m-is simaRleze moTavsebuli xvrelebis sa-
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SualebiT, im varaudiT, rom vidre haeri miaRwevdes muSa 

zonas, igi unda Seerios saTavsis SigniT myof Tbil 

haers da muSa zonis doneze miiRos sanitaruli normebiT 

dasaSvebi temperatura. 

xSir SemTxvevaSi saTavsebSi adgili aqvs e.w. Cake-

til cirkulacias, e.i. rodesac haeri exeba siTbos wya-

ros, Tbeba, gamTbari haeri miiswrafvis zeviT, iSleba 

Weris mTel farTze, ris gamoc nawilobriv civdeba, civi 

haeri ki ubrundeba siTbos wyaros, isev Tbeba da a.S. Tu 

saTavss aqvs Riobebi (xvrelebi), nawili gamTbari haerisa 

gadis Senobis gareT da imdenive haeri Semodis SenobaSi. 

 

18.7. qaris zemoqmedebiT gamowveuli haeris 

moZraoba 

 

qaris warmoSoba gamowveulia sxvadasxva ganedze 

mzis sxivebiT dedamiwis zedapiris araTanabari gaTbobis 

Sedegad. miwasTan axlomyof atmosferul SreebSi tem-

peratura sxvadasxvaa, rac iwvevs wonasworobis darRvevas 

da haeris moZraobas: Tbili haeri adis zeviT da mis ma-

givrad SedarebiT civi adgilebidan moedineba axali 

haeris nakadi. qari warmoadgens dedamiwis zedapiris gas-

wvriv haeris turbulentur moZraobas. 

Cven ukve avRniSneT, rom Tu Senoba imyofeba qaris 

zemoqmedebis qveS, Senobis Sublur mxareze adgili aqvs 

nakadis damuxruWebas, rac warmoSobs Warb wnevas, xolo 
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Senobis mopirdapire mxareze warmoiSoba gaiSviaTeba. Tu 

am dros, Senobas Subluri mxridan aqvs Riobebi (xvre-

lebi). am mxridan haeri Seva SenobaSi, xolo meore mxri-

dan ki _ gamova. 

rodesac saTavsis SigniT haeris temperatura metia 

saTavsis gareT arsebul haeris temperaturaze, adgili 

aqvs haeris bunebriv moZraobas, e.i. haeri Sedis Senobis 

qveda nawilSi arsebuli xvrelebis saSualebiT da gamo-

dis Senobidan gareT, zeviT ganlagebuli xvrelebis an 

fanjrebis saSualebiT. am SemTxvevaSi mamoZravebel Za-

las warmoadgens gravitaciuli Zala. 

∆P=H(γgar-γSig),   kg/m2, 

sadac H aris zeda da qveda xvrelebs Soris manZili, m; 

γSig _ saTavsis Siga haeris moculobiTi wona, kg/m3; γgar _ 

gare haeris moculobiTi wona, kg/m3. 

aRniSnuli sxvaoba ixarjeba im winaRobis gadasa-

laxavad, romlebic haers xvdeba misi moZraobis dros 

qveda xvrelidan zeda xvrelamde. Tu qaris wnevas Seno-

baSi Semaval xvrelSi avRniSnavT P1-iT, xolo haeris 

wnevas Senobidan gamomaval xvrelSi _ P2-iT, maSin haeris 

moZraobis gamomwvevi wnevaTa sxvaoba iqneba 

∆P=P1-P2,   kg/m
2 

rodesac qari da gravitaciuli Zalebi moqmedeben 

erTdroulad, maT mier erToblivad warmoqmnili wnevaTa 

sxvaoba toli iqneba 

∆P=H(γgar-γSig)+(P1-P2),   kg/m
2 
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18.8. aeraciis angariSis ZiriTadi   debulebani 

 

1. saTavsSi Sesuli haeris woniTi raodenoba toli 

unda iyos saTavsidan amomavali haeris raodenobisa imave 

drois ganmavobaSi: 

∑ ∑= amSem LL ; 

2. garedan miwodebuli haerisa da saTavsSi gamoyo-

fili siTbos raodenobaTa jami toli unda iyos saTav-

sidan amomavali haeris siTbos raodenobisa: 

∑∑ ∑ ⋅=+⋅ amWarSem QLQQL ; 

3. sxvadasxva mavneobebisaTvis saWiroa damyardes 

Semdegi balansi: 

∑∑ ∑ ⋅=+⋅ amWarSem KLKKL ; 

romelime F, m2 xvrelSi gamaval haeris raodenobasa 

da Senobis Siga da gare haeris wnevaTa sxvaobas Soris 

damokidebuleba gamoisaxeba formuliT 

Ψ
∆

=∆=
PgFPgFL γγµ 22 ,  kg/wm 

sadac µ aris xarjis koeficienti; Ψ _ adgilobrivi wi-

naRobis koeficienti; ∆P _ Senobis gare da Siga haeris 

wnevaTa sxvaoba. 

exla ganvsazRvroT Warbi wneva SenobaSi romelime 

doneze. aviRoT yvelaze martivi SemTxveva, rodesac Se-
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noba imyofeba qaris zemoqmedebis qveS da SenobaSi 

siTbos wyaro ar arsebobs (nax. 18.6). 

1-l da me-2 xvrelebs 

Soris simaRle avRniSnoT H-iT, 

haeris moculobiTi wona saTav-

sSi da mis gareT γ1-iT. sawyisi 

done aviRoT 1-li xvrelis 

Suaze da davuSvaT aq Warbi 

wneva iyos nulis toli, 1-l 

xvrelSi wneva _ P1-iT; me-2 xvrelSi _ P2-iT. Siga Warbi 

wneva 1-li xvrelis doneze avRniSnoT Px-iT, maSin sawyis 

doneze gare wneva iqneba (P1+0), xolo wnevaTa sxvaoba 1-l 

xvrelSi iqneba: 

∆P1=P1+0-Px=P1-Px 

me-2 xvrelSi Siga wneva iqneba (Px-Hγ1), xolo gare 

wneva (0-Hγ1+P2), maSin wnevaTa sxvaoba me-2 xvrelSi iqneba: 

∆P2=(Px-Hγ1)-(0-Hγ1+P2)=Px-P2 

davweroT haercvlis balansis gantoleba (L1=L2) 1-

li da me-2 xvrelebisaTvis gaSlili saxiT 

( ) ( )21221111 22 PPgFPPgF xx −=− γµγµ  

miviRoT, rom µ1=µ2 da gavyoT miRebuli tolobis 

orive mxare ( 11 2 γµ g )-ze da ganvsazRvroT Px 

                2
2

2
1

2
2

21
2

1

FF
PFPFPx +

+
=                        (18.2) 

nax.18.6
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(18.2) gamosaxulebis mricxveli da mniSvneli gavyoT 

2
1F -ze da avRniSnoT nF

F =
1

2 , maSin 

                 2
2

2
1

1 n
PnPPx +

+
=                  (18.3) 

(18.3) gamosaxulebiT Cven SegviZlia ganvsazRvroT 

Warbi wneva Px raRac doneze, romelic mdebareobs 1-l da 

me-2 xvrelebs Soris. 

am SemTxvevaSi (nax. 18.6) SeiZleba gvqondes Semdegi 

variantebi: 

1. Tu me-2 xvrels davketavT, e.i. rodesac F2=0, maSin 

Px=P1; 

2. Tu 1-l xvrels davketavT, e.i. rodesac  F1=0, maSin 

Px=P2; 

3. rodesac F1=F2, maSin 2
21 PPPx

+
=  

rogorc am msjelobidan da formulebidan gamomdi-

nareobs, Tu viciT wnevebi 1-l da me-2 xvrelebSi, ro-

meliRac doneze sawyisi Warbi wneva Px damokidebulia am 

xvrelebis farTobTa fardobis kvadratze (n2) da Px_ma 

SeiZleba miiRos yvela ricxviTi mniSvneloba P1-dan P2-

mde. 

exla ganvixiloT zogadi SemTxveva, rodesac Senoba 

garemosTan dakavSirebulia ara ori, aramed sami xvreliT 

(nax. 18,7). am SemTxvevaSi analogiuri msjelobiT Seg-

viZlia ganvixiloT Semdegi variantebi: 
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1. Tu davxuravT me-2 da 

me-3 xvrelebs, maSin Px=P1; 

2. Tu davxuravT 1-l da 

me-3 xvrelebs, maSin Px=P2; 

3. Tu davxuravT 1-l da     

me-2 xvrelebs, maSin Px=P3; 

davamtkicoT, rom miRebuli 

pasuxebi Px-is mimarT samarTliania maSinac, rodesac 

Senoba imyofeba qaris zemoqmedebis qveS da saTavsSi 

adgili aqvs siTbos gamoyofas. 

1-l xvrelSi wnevaTa sxvaoba ∆P1=P1-Px; meore xvrel-

Si Siga wneva iqneba (Px-Hγ1), xolo gare wneva (0-Hγ1+P2), 

maSin wnevaTa sxvaoba me-2 xvrelSi iqneba 

∆P2=(Px-Hγ2)-(-Hγ1+P2)=Px-Hγ2+Hγ1-P2=Px+H(γ1-γ2)-P2 

es gantoleba gadavweroT Semdegnairad: 

                         ∆P2=Px-[-H(γ1-γ2)+P2]                   (18.4) 

(18.4)-Si kvadratul frCxilebSi moTavsebuli gamosa-

xuleba avRniSnoT 
φ

2P -iT, e.i. 

                                  ∆P2=Px-
φ

2P                        (18.5) 

analogiuri gamosaxuleba Cven miviReT maSinac, ro-

desac Senoba imyofeboda qaris zemoqmedebis qveS da sa-

TavsSi ar gvqonda siTbos gamomyofi wyaro, amitom 
φ

2P -s 

uwodeben qaris zemoqmedebis Sedegad gamowveul fiqtiur 

wnevas da nebismieri i xvrelisaTvis, romelic imyofeba 

sawyisi donis zeviT SeiZleba ganvsazRvroT formuliT 

   nax.18.7 
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φ
2P =Pi-Hi(γ1-γ2), 

 xolo, rodesac xvreli imyofeba sawyisi donis qve-

viT 

φ
2P =Pi+Hi(γ1-γ2) 

Tu xvrelebis kveTebs varegulirebT, Cven SegviZlia 

miviRoT Px-is iseTi mniSvneloba, rom SenobaSi (nax. 18.7) 

haeri Sevides aramarto 1-li xvreliT, aramed me-3 xvre-

liTac. aseTi ganiaveba iqneba yvelaze xelsayreli. sxva-

nairi regulirebis SemTxvevaSi me-3 xvrelma SeiZleba 

imuSaos gawovaze, rac araxelsayrelia, gansakuTrebiT 

maSin, rodesac mavneobis gamyofi wyaro moTavsebulia 1-

l da me-3 xvrelebs Soris. 

aeraciis angariSis dros Cven vxvdebiT ZiriTadad 

or SemTxvevas: 

1. mocemulia haeris raodenoba L da veZebT xvrelis 

ganivi kveTis farTs F; 

2. mocemuli gvaqvs xvrelis farTi F da veZebT 

misawodebeli haeris raodenobas L. 

ganvixiloT pirveli SemTxveva. monacemebi aseTia: 

temperatura dRis yvelaze cxel periodSi t0C; aero-

dinamikuri winaRobis koeficientebi xvrelebSi Sesabami-

sad aris K1, K2 da K3; haeris moZraobis siCqare aris ν , 

m/wm; xvrelebis kveTebi F1, F2 da F3 (nax. 18.8) 

Tu davuSvebT, rom Senobis qveda nawilSi 1-li da 

me-3 xvrelebi Riaa, xolo sarkmelSi Riaa me-2 xvreli da 
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daketilia 2' xvreli (is ar SeiZleba 

iyos Ria, radgan qaris zemoqmedebiT 

moxdeba Wavlis gadayiraveba da 

gaWuWyianeba. magram amave dros,  2' 

xvreli, me-2 xvrelis toli farTiT 

aucileblad unda iyos mowyobili 

sarkmelSi. mas gamoviyenebT maSin, 

rodesac qari Seicvlis mimarTulebas). 

1-l xvrelSi wnevaTa sxvaoba iqneba (P1-Px), me-2 

xvrelSi _ (Px-
φ

2P ), xolo me-3 xvrelSi ki _ (P3-Px). vinaidan 

me-3 xvreli muSaobs Sewovaze, yovelTvis daculia piro-

ba: 

P3>Px>P2 

davuSvaT haeri ise gvsurs gavanawiloT, rom 

                                    L1=L3   da L2=L1+L3; 

SegviZlia davweroT: 

( )xPPg
LF

−⋅
=

111

1
1 2 γµ

; 

( )φγµ 222

2
2

2 PPg
LF

x −⋅
= ; 

( )xPPg
LF

−⋅
=

313

3
3 2 γµ

; 

                                       

                       ( )ϕγµ 22222 2 PPgFL −= ;         (18.6) 

nax.18.8 
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               ( )xPPgFLL −== 313313 2 γµ ;      (18.7) 

gavyoT (18.6) gamosaxuleba, (18.7) gamosaxulebaze da 

avRniSnoT 

;
3

2 α=L
L

       β=
3

2
F

F
; 

garda amisa miviRoT, rom µ2=µ3  da γ1=γ2, maSin: 

x

x

PP
PP

−
−

=
3

222
ϕ

βα , 

aqedan: 

22
2

2
3

2

βα
βα ϕ

+
+

=
PPPx  

ganvixiloT ricxviTi magaliTi.  viangariSoT 1-li, 

me-2 da me-3 xvrelebis kveTebi (nax. 18.8) Semdegi piro-

bebisaTvis: H=10 m; QWar=500000 kkal/sT; haeris moZraobis 

siCqare ν =4,0 m/wm; aerodinamikuri winaRobis koeficien-

tebi KK1=0,6; K2=-0,4; K3=-0,2; tgar=200C; tSig=33,80C. 

1. ganvsazRvroT saangariSo haercvla: 

151000
)208,33(24,0

500000
231 =

−⋅
==+ LLL Kkg/sT=42,0 kg/wm 

miRebuli haeris raodenoba Tanabrad gavanawiloT 1-

l da me-3 xvrelebSi: 

0,21
2

2
31 ===

LLL   kg/wm 

2. qaris dinamiuri wneva: 
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0,1
4
4

4

22

=⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛=
ν

qarP    kg/m2 

3. qaris wneva calkeul xvrelSi: 

P1=K1·Pqar=0,6·1,0=0,6 kg/m2 

P2=K2·Pqar=-0,4·1,0=-0,4 kg/m2 

P3=K3·Pqar=-0,2·1,0=-0,2kg/m2 

4. gravitaciuli wneva: 

H(γ1-γsaS)=10(1,205-1,177)=0,28 kg/m2 

5. me-2 xvrelSi fiqtiuri wneva: 

φ
2P =P2-H(γ1-γsaS)=-0,4-0,28=-0,68   kg/m2 

dauSvaT 

β=F2/F3=0,5  da, vinaidan L2/L3=2,0, 

228,0
25,04

)68,0(25,0)2,0(4
22

2
2

3
2

−=
+

−+−⋅
=

+
+

=
βα
βα ϕPPPx  kg/m2 

6. ganvsazRvroT wnevaTa sxvaoba TiToeul xvrelSi: 

∆P1=P1-Px=0,6-(-0,228)=0,828  kg/m2 

∆P2=Px-
φ

2P =(-0,228)-(-0,68)=0,452  kg/m2 

∆P3=P3-Px=-0,2-(-0,228)=0,028  kg/m2 

vinaidan saTavsSi Semavli haeris moculobiTi wona 

da saTavsidan amomavali haeris moculobiTi wona umniS-

vnelod gansxvavdeba erTmaneTisagan, SegviZlia miviRoT, 

rom 91,22 =⋅ γµ g  

7. ganvsazRvroT xvrelebis kveTebi: 
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0,8
828,091,2

21
2 1

1
1 ==

∆⋅⋅
=

Pg
LF

garγµ
 m2; 

4,21
452,091,2

42
2 ==F    m2; 

2,43
028,091,2

21
3 ==F     m2; 

aseTi kveTis xvrelebi unda iyos nax. 18.8-ze mo-

cemul saTavsSi, rom igi normalurad ganiavdes. 
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nawili IV. samTo sawarmoTa ventilaciis 

daproeqteba 

 

19. maRaroebis ganiavebis sqemisa da xerxis 

dadgena 

 

19.1. zogadi cnobebi 

 

maRaros ganiavebis sqemis Sedgenisas unda gaviTva-

liswinoT Semdegi sakiTxebi: 1. pirvel rigSi unda Sevir-

CioT mTavari ganiavebis ventilatoris dayenebis adgili, 

romelic gansazRvravs maRaroSi haeris moZraobis mimar-

Tulebas; 2. yvela airian maRaroSi aucileblad unda ga-

moviyenoT xelovnuri ganiaveba, ventilators ki vayenebT 

miwis zedapirze; 3. airian maRaroSi rogorc wesi, venti-

lators vamuSavebT  Sewovaze. damWirxni ganiaveba gamoi-

yeneba: madneul sabadoze, uairo naxSiris sabadoebsa da 

nebismieri kategoriis maRaroebSi pirveli sarTulis da-

muSavebis dros; 4. ganiavebis sqemis Sedgenis dros, sa-

Wiroa saventilacio karebebis, fanjrebisa da krosin-

gebis raodenoba SevamciroT minimumamde, raTa Semcirdes 

haeris danakargebi da maRaros aerodinamikuri winaRoba; 

5. ar unda gamoviyenoT iseTi sqemebi, romlebSic sufTa 

da gaWuWyianebuli haeris Wavlebi axlos imyofebian er-

TmaneTTan da maT mier Seqmnili depresia ki didia; 6. 

mtvris mxriv saSiS maRaroebSi, romlebSic mongreuli 
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naxSiris zidva warmoebs skipebiT, dauSvebelia sufTa 

haeris CaSveba saskipe WaurebSi, agreTve dauSvebelia suf-

Ta haeris CaSveba daxril WaurebSi, Tu maTSi naxSiris 

zidva warmoebs lenturi konveierebiT; 7. yvela sawmendi 

sangrevi aucilebelia niavdebodes saerTo saSaxto dep-

resiis xarjze, damxmare ventilatorebis gamoyenebis ga-

reSe. 

 

19.2. maRaros ganiavebis sqemebi 

 

Waurebis urTierTganlagebis mixedviT ganiavebis 

sqema SeiZleba iyos centraluri, flanguri da kombinire-

buli. 

1. centraluri ganiaveba. arsebobs centraluri gani-

avebis ori saxe: centralur-Sewyvilebuli WaurebiT  (nax. 

19.1 a)) da centralur-gancalkavebuli WaurebiT (nax. 19.1 

b)). 

 

nax. 19.1 

nax. 19.1 a)-ze gamosaxulia SemTxveva, rodesac Wau-

rebi ganlagebulia dasamuSavebeli velis centrSi da Wa-
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urebs Soris manZili cvalebadobs 30-100 m farglebSi. 

aseTi sqemebi gamoiyeneba did siRrmeebze damuSavebis 

dros (>200 m). 

nax. 19.1 b)-ze mocemulia SemTxveva, rodesac Waurebi 

fenis gavrcelebis mimarTulebiT ganlagebulia Saxtis 

velis centrSi, magram fenis daqanebis mimarTulebiT 

daSorebulia erTmaneTisagan sakmaod didi manZiliT. 

aseTi sqemebi gamoiyeneba fenebis zeda nawilis damuSa-

vebis dros. 

centraluri ganiavebis sqemebis dadebiTi mxareebia: 

maRaros adre Sesvla eqspluataciaSi, naklebi kapita-

luri danaxarjebi, sasargeblo wiaRiseulis mcire dana-

kargebi, zedapirul nagebobaTa koncentracia, ventila-

torebis advili momsaxureba da advili energomomarageba. 

am sqemebis uaryofiTi mxareebia: haeris didi danakargebi 

(maRaros ezoSi da maRaros ezodan amosaReb ubnebamde), 

miwisqveSa xanZrebis gaCenis saSiSroeba, didi da aramd-

gradi depresia, miwis zedapirze ori amosasvleli nac-

vlad samisa flanguri ganiavebis dros. 

2. flanguri ganiaveba gamoiyeneba maSin, rodesac 

Saxtis veli gaxsnilia centrSi da mis sazRvrebze (nax. 

19.2). rogorc naxazidan Cans dasamuSavebeli velis 

centrSi gayvanilia erTi Wauri, xolo velis sazRvrebze 

flanguri Waurebi. sufTa haeri Cadis cenraluri WauriT, 

xolo gaWuWyianebuli haeri zedapirze amodis flanguri 

WaurebiT. 
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zeda sarTulebis (iarusebis) damuSavebis dros Se-

iZleba gaviyvanoT flanguri 

Surfebi da maTze davayenoT 

ventilatorebi. aseT Surfebs 

ewodebaT droebiTi Surfebi, 

radgan sawmendi sangrevebis 

winwawevasTan erTad yovel 100-300 m-

Si xdeba axali Surfis gayvana da ventilatoris 

gadatana (nax. 19.3). es sqema ufro progresulia, radgan am 

SemTxvevaSi maRaro ufro 

adre Sedis eqspluataciaSi, 

vinaidan ar aris saWiro 

gvirabebis gayvana Saxtis ve-

lis sazRvrebamde. 

flanguri ganiavebis 

dadebiTi mxareebia: haeris 

mimwodebeli Wauridan sawmend sangrevebemde haeris 

danakargebi ufro mcirea, Semcirebulia agreTve haeris 

danakargebi flanguri Waurebis zedapirul SenobebSi 

vinaidan isini satransportod naklebad arian 

gamoyenebulebi, Semcirebulia maRaros saerTo depresia, 

vinaidan Semcirebulia haeris mier gasavleli gza, am 

dros ar aris saWiro saventilacio horizontis 

gvirabebis Senaxva Saxtis velis srulad gamomuSavebamde. 

am sqemebis uaryofiTi mxareebia: didi kapitaluri 

danaxarjebi ZiriTadi horizontis gvirabebis gayvanaze, 

nax. 19.2 

nax. 19.3
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eqspluataciis gvian dawyeba, sasargeblo wiaRiseulis 

didi danakargebi, vinaidan Waurebis raodenoba didia, 

didi raodenobiT ventilatorebis gamoyeneba rac 

arTulebs maT marTvas, momsaxurebasa da 

energomomaragebas, avariis SemTxvevaSi garTulebulia 

haeris Wavlis reversireba. 

3. kombinirebuli ganiaveba. ganiavebis kombinirebuli 

sqemis gamoyenebisas, miuxedavad imisa, amosaRebi ubani im-

yofeba centrSi Tu sazRvarze, maRaroSi sufTa haeris 

miwodeba xorcieldeba centraluri WauriT, xolo gaWuW-

yianebuli haeris amosvla miwis zedapirze SeiZleba gan-

vaxorcieloT rogorc centraluri, aseve flanguri Wau-

rebiT (nas, 19.4 a). im SemTxvevaSi, rodesac dasamuSavebeli 

veli ganiavebis TvalsazrisiT umjobesia davyoT cal-

keul ubnebad _ seqciebad, saWiroa gamoviyenoT ganiavebis 

kombinirebuli _ seqciuri sqema (nax. 19.4 b)). rogorc am 

naxazidan Cans dasamuSavebeli velis centrSi gayvanilia 

ori Wauri: erT maTganSi Cadis sufTa haeri, romelmac un-

da gaaniavos velis centrSi arsebuli uban-seqciebi, 

gaWuWyianebuli haeri ki velis centrSi arebuli ubne-

bidan amodis zedapirze centraluri  saskipe  WauriT,  

xolo velis sazRvrebTan ganlagebul seqciebs emsa-

xureba Tavisi haermimwodebeli da agreTve Tavisive haer-

momcilebeli Waurebi. ganiavebis aseTi sqema gamoiyeneba 

didi mwarmoeblurobis mqone maRaroebSi. 
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nax. 19.4 

 

ganiavebis seqciuri sqemis dadebiTi mxareebia: vina-

idan amosaRebi velis zomebi didia, xolo gvirabebi 

mravalricxovani, amitom calkeuli uban-seqciebis depre-

siebi gamodis mcire rac amartivebs calkeuli seqciebis 

ganiavebas, gamartivebulia agreTve calkeuli seqciebis 

SigniT haeris regulirebis sakiTxebi, gazrdilia miwis 

zedapirze gamosasvleli gvirabebis raodenoba. am sqemis 

uaryofiTi mxareebia: ganiavebis metad rTuli sqema, ven-

tilatorebis didi raodenoba (zogjer 10-ze meti), didia 

kapitaluri danaxarjebi, garTulebulia mTlianad haeris 

regulirebis sakiTxebi. 

 

19.3. mTavari ganiavebis ventilatorebis ganlageba 

miwisqveS da miwis zedapirze 

 

 usafrTxoebis wesebis moTxovnebis Tanaxmad auci-

lebelia mTavari ganiavebis ventilatorebi ganvalagoT 

miwis zedapirze. amas safuZvad udevs Semdegi dadebiTi 
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mxareebi: zedapirze dadgmuli ventilatoris momsaxureba 

gacilebiT moxerxebulia da eleqtroenergiis miyvanac 

gaadvilebulia; xanZrebis an afeTqebis SemTxvevaSi ven-

tilatori SeiZleba darCes dauzianebeli an naklebad 

daziandes. 

miuxedavad aRniSnuli dadebiTi mxareebisa da usa-

frTxoebis moTxovnebisa, praqtikaSi gvxvdeba SemTxvevebi, 

rodesac mTavari ganiavebis ventilatoris ganlageba mi-

wis qveS ufro gamarTlebulia. es xdeba im dros, ro-

desac zedapiris reliefi ar iZleva saventilatoro 

danadgaris Senobis aSenebis saSualebas, an rodesac Wau-

ris pirTan axlomdebare teritoria moicavs mcocav 

qanebs, ris gamoc ventilatoris damontaJeba SeuZlebe-

lia. 

mTavari ganiavebis ventilatoris miwis qveS daye-

nebis dadebiTi mxareebia: 1. likvidirebulia haeris Semo-

wovebi Wauris piridan da ventilatoris arxidan; 2. moiT-

xovs SedarebiT mcire xarjebs saventilacio nagebobebis 

mowyobaze; 3. damWirxni ganiavebis SemTxvevaSi ar moiT-

xovs zedapiruli Senobis hermetizacias. 

 

19.4. Semwovi da damWirxni ganiaveba 

 

 usafrTxoebis wesebis moTxovnebis Sesabamisad yve-

la naxSiris maRaroSi, garda gamoyofili meTanis mixed-

viT I kategoriisaa, gamoyenebuli unda iyos Semwovi gani-
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aveba. am moTxovnas safuZvlad udevs Semdegi dadebiTi 

mxare, rodesac ventilatori muSaobs Sewovaze, gvira-

bebSi haeris wneva naklebia barometrul wnevaze, amitom 

Tu raime mizezis gamo saWiro gaxda mTavari ganiavebis 

ventilatoris gamorTva, gvirabebSi haeris wneva izrdeba, 

ris gamoc gamomuSavebuli sivrceebidan, bzarebidan da 

fenis gaSiSvlebuli zedapiridan airis gamoyofis proce-

si wydeba mokle drois ganmavlobaSi da ar xdeba gvira-

bebis dagazianeba. 

airian maRaroebSi damWirxni ganiavebis gamoyenebisas 

ki adgili aqvs sawinaaRmdego SemTxvevas, rac damWirxni 

ganiavebis uaryofiT mxares warmoadgens. 

damWirxn ganiavebas gaaCnia Semdegi dadebiTi mxare-

ebi: 1. ventilatorSi gadis sufTa atmosferuli haeri, 

romelic ar Seicavs mtversa da momwamlav da feTqebad 

airebs, rac uzrunvelyofs ventilatoris xangrZliv da 

usafrTxo muSaobas; 2. bzarebSi da Camongreul sivrce-

ebSi adgili ara aqvs haeris Semowovas miwis zedapiridan, 

xolo gamomuSavebul sivrceebsa da Zvel gvirabebSi dag-

rovili airebi haeris danakargebs amoaqvT miwis zedapir-

ze. 
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20. naxSiris maRaroebis gasaniavebeli haeris 

raodenobis gaangariSeba 

 

20.1. zogadi cnobebi 

     naxSiris maRaroebis gasaniavebeli haeris raodeno-

bis angariSi warmoebs Semdegi TanmimdevrobiT: pirvelad 

vangariSobT sawmendi sangrevebis, mosamzadebeli sangre-

vebis da amosaRebi ubnebis gasaniavebel haeris raode-

nobas, Semdeg amosaRebi ubnis gareT arsebuli mosam-

zadebeli sangrevebisa da kamerebis gasaniavebel haeris 

raodenobas. miRebul haeris raodenobebs vajamebT da 

vamatebT haeris danakargebs maRaros ezodan sawmend san-

grevebamde. Tu haeris miRebul raodenobas daumatebT 

haeris danakargebs maRaros ezoSi, ventilatoris arxsa 

da Saxtis zedapirul SenobaSi, miviRebT ventilatoris 

mier SaxtaSi misawodebeli haeris raodenobas. 

vidre uSualod haeris raodenobis angariSs Sevud-

gebodeT, saWiroa viangariSoT Semdegi monacemebi: 

1. fenis nayofiereba 

P=m·γ, 

sadac m aris dasamuSavebeli fenis sisqe, m; γ _ naxSiris 

moculobiTi wona. 

2. sarTulis simaRle 

∑ ⋅⋅
=

CLP
Ah

2
,   m, 
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sadac A aris Saxtis dRe-Ramuri mwarmoebluroba;∑P  _ 

dasamuSavebeli naxSiris fenebis jamuri nayofiereba; L _ 

sawmendi sangrevebis dRe-Ramuri winwaweva;  C _ naxSiris 

amoRebis koeficienti. 

cicabo fenebis SemTxvevaSi, winaswar mocemulia sa-

rTulis simaRle h da saWiroa viangariSoT Saxtis dRe-

Ramuri mwarmoebluroba: 

∑ ⋅⋅⋅⋅= hCLPA 2 ,   t/dR. 

3. sarTulebis (iarusebis) raodenoba 

h
an = , 

sadac a  aris fenis zoma daqanebiT. 

aseTi wesiT naangariSev sarTulebis raodenobas 

vamrgvalebT mTel ricxvamde da Semdeg vangariSobT 

sarTulis dazustebul simaRles 

n
ah =daz ,  m. 

       4. Wauris siRrme 

HW=asabr.v·Sin α,  m 

sadac asabr.v aris sabremsbergo velis zoma daqanebiT; α _ 

fenis daxris kuTxe. 

cicabo fenebis SemTxvevaSi asabr.v-is nacvlad aiReba 

Saxtis velis mTliani zoma daqanebiT _ α, da vTvliT, 

rom Wauri gayvanilia sul qveda sarTulemde. 
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20.2. sawmendi sangrevebis gasaniavebeli haeris 

gaangariSeba 

 

 haeris raodenoba sawmendi sangrevis gasaniaveblad 

iangariSeba sxvadasxva meTodiT: 

1. haeris raodenoba gamoyofili meTanisa da naxSir-

orJangis mixedviT: 

d
AKq

Q luTl
wm.s

⋅⋅⋅
=

07,0
,   m3/wT 

an 

d
IQ 100⋅

= abs
wm.s ,    m3/wT 

sadac ql aris fardobiTi airsiuxve lavis muSa sivrceSi 

meTanis an naxSirorJangis mixedviT, m3/t (lavis fardo-

biTi airsiuxve aris gamoyofili meTanis an naxSiror-

Jangis raodenoba dRe-RameSi mongreul yovel tona nax-

Sirze); KuT _ lavSi airis gamoyofis uTanabrobis koefi-

cienti; Al _ sawmendi sangrevis saangariSo dRe-Ramuri 

mwarmoebluroba, t/dR; d _ sawmendi sangrevis amomaval 

haeris WavlSi airis maqsimalurad dasaSvebi procentuli 

raodenoba (usafrTxoebis wesebis Sesabamisad d=1%); Iabs _ 

lavis muSa sivrcis absoluturi airsiuxve m3/wT. 

2. haeris raodenoba feTqebadi masalis raodenobis 

mixedviT: 

_ laviseburi sawmendi sangrevebisaTvis  
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VB
t

Q ⋅⋅=
34

l ,  m3/wT, 

_ kameriseburi sawmendi sangrevebisaTvis 

311 VB
tK

Q ⋅⋅
⋅

=
t

kam ,    m3/wT 

sadac t aris afeTqebis Semdeg sawmendi sangrevis gani-

avebis dro (usafrTxoebis wesebis Tanaxmad t=30 wT); B _ 

erTdroulad asafeTqebeli feTqebadi masala, kg; V _  

sawmendi sangrevis gasaniavebeli moculoba, m3; Kt=0,4 

aris Tavisufali Wavlis turbulenturi difuziis koefi-

cienti. 

3. haeris raodenoba momuSaveTa raodenobis mixedviT: 

Qwm.s=6·n,  m3/wT, 

sadac 6 aris sufTa haeris misawodebeli norma erT 

adamianze, m3/wT;     n _  sawmend  sangrevSi erTdroulad 

momuSaveTa raodenoba, igi ganisazRvreba: 

cv

cv

MMMM
A

n = , 

sadac Acv aris cvlis ganmavlobaSi sawmend sangrevSi mo-

ngreuli naxSiris raodenoba, t; Mcv _ TiToeuli muSis 

saSualo mwarmoebluroba cvlaSi, t. 

4. haeris raodenoba sawmend sangrevSi gamoyofili 

mtvris mixedviT: 

Qwm.s=S·ν op,  m
3/wT, 
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sadac S aris sawmendi sangrevis ganivi kveTi, m2;               ν

op _ haeris moZraobis optimaluri siCqare, romlis 

drosac yvelaze efeqturad xdeba mtvris nawilakebis 

sawmendi sangrevidan gamotana. igi yoveli konkretuli 

SemTxvevisaTvis ganisazRvreba eqsperimentalurad. 

rodesac sawmendi sangrevis gasaniaveblad saWiro 

haeris raodenobas viangariSebT yvela aRniSnuli meTo-

diT, sabolood saangariSod viRebT miRebuli Sedegebi-

dan maqsimalur mniSvnelobas. 

amasTan unda gvaxsovdes, rom sarezervo lavSi 

saWiroa miwodebul iqnes moqmedi sawmendi sangrevisaTvis 

naangariSevi haeris raodenobis 50%. 

 

20.3. mosamzadebeli sangrevis gasaniavebeli 

haeris gaangariSeba 

 

mosamzadebel sangrevSi misawodebeli haeris raode-

noba sangrevSi gamoyofili airis mixedviT iangariSeba 

formuliT: 

0

100
dd

IQ
−
⋅

= s
mos.s ,  m3/wT 

sadac Is aris sangrevSi gamoyofili airis maqsimaluri 

raodenoba, m3/wT  (Is-s saangariSod saWiroa ganvsazRvroT 

sangrevis gayvanisas mongreuli naxSirisa da fuWi qanis 

masa da maTi fardobiTi airsiuxvis mixedviT gavigoT san-

grevSi gamoyofili airis maqsimaluri raodenoba, m3/wT); 
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d=1 da aris sangrevidan amomaval WavlSi airis maq-

simaluri dasaSvebi procentuli Semcveloba; d0=0, aris 

sangrevSi misawodebel haerSi airis procentuli Semcve-

loba. 

2. haeris raodenoba feTqebadi masalis xarjis mixe-

dviT 

3
225,2 L

SK
bB

t
SQ ⋅⋅

⋅
⋅⋅

=
d

mos.s
ϕ

 ,   m3/wT 

sadac S aris mosamzadebeli sangrevis kveTi, m2; t=30 wT, 

aris usafrTxoebis wesebis Tanaxmad afeTqebis Semdeg 

sangrevis ganiavebis dro; φ _ gvirabis wylianobis koe-

ficienti; B _ erTdroulad asafeTqebeli masalis rao-

denoba; b _ 1 kg feTqebadi masalis afeTqebisas gamoyo-

fili airebis raodenoba, l (fuWi qanisaTvis tolia 40 

l, naxSirisaTvis _ 100 l); Kd _ haersadenSi haeris dana-

kargebis koeficienti; L _ gvirabis gasaniavebeli sigrZe 

(50-100 m),  m. 

grZeli gvirabebis SemTxvevaSi formulaSi L-is nac-

vlad unda CavsvaT gvirabis kritikuli sigrZe Lkr rome-

lic iangariSeba formuliT: 

S
KbB

L t
kr

⋅⋅
= 5,12 , m; 

sadac Kt=0,4 aris Tavisufali Wavlis turbulenturi di-

fuziis koeficienti. 

3. haeris raodenoba momuSaveTa raodenobis mixedviT 
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Qmos.s=6·n,  m3/wT, 

sadac 6 m3/wT aris haeris misawodebeli norma erT ada-

mianze; n _ mosamzadebel sangrevSi erTdroulad momuSa-

veTa maqsimaluri raodenoba. 

rodesac mosamzadebeli sangrevis gasaniaveblad sa-

Wiro haeris raodenobas viangariSebT yvela aRniSnuli 

meTodiT, sabolood saangariSod viRebT miRebuli 

Sedegebidan maqsimalur mniSvnelobas. 

 

20.4. amosaRebi ubnis gasaniavebeli haeris 

raodenoba 

 

 im ubnebSi, romlebSic airis mudmiv gamoyofas aqvs 

adgili, misawodebeli haeris raodenoba ganisazRvreba 

formuliT; 

∑ ∑∑ ++= danmos.swm.sub QQQKQ 1 ,   m3/wm; 

sadac K1 aris koeficienti, romelic iTvaliswinebs amo-

saRebi ubnis gamomuSavebul sivrceSi haeris danakargebs; 

∑ wm.sQ  _ ubanSi arsebuli sawmendi sangrevebis gasa-

niaveblad saWiro haeris jamuri raodenoba; ∑ mos.sQ _ 

ubanSi arsebuli mosamzadebeli sangrevebis gasaniaveb-

lad saWiro haeris jamuri raodenoba; ∑ danQ _ haeris 

danakargebi amosaReb ubanSi arsebul saventilacio nage-

bobebSi da igi ganisazRvreba formuliT: 



 226

∑ danQ =K2+K3,   m
3/wm, 

sadac K2 aris haeris danakargebi amosaReb ubanSi 

arsebul yrud Caketil tixrebSi; K3 _ haeris danakargebi 

amosaReb ubanSi arsebul saventilacio karebebSi. 

 

20.5 sxvadasxva kamerebis gasaniavebeli haeris 

raodenoba 

 

1. feTqebadi masalis sawyobis gasaniavebeli haeris 

raodenoba: 

Qf.n.s=0,07·V,  m3/wT, 

sadac V aris feTqiTi nivTierebis sawyobis kamerebis ja-

muri moculoba, m3; 0,07 _ koeficienti, romelic uzrun-

velyofs kameraSi yovel saaTSi haeris oTxjerad cvlas. 

2. kamerebi, romlebSic ganlagebulia eleqtro-dana-

dgarebi: 

Qel.dan.kam=10·N·(1-η)·Kd, m
3/wT, 

sadac N aris kameraSi ganlagebuli danadgarebis jamuri 

simZlavre, kvt: η _ danadgarebis m.q.k;  Kd _ danadgarebis 

dRe-Ramuri datvirTvis koeficienti. 

3. dasamuxti kamerebis gasaniaveblad saWiro haeris 

raodenoba: 

Qdas.kam=30·Kt·nb , m3/wT, 
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sadac Kt aris koeficienti, romelic SeirCeva dasamuxti 

akumulatoris tipis mixedviT; nb _ erTdroulad dasa-

muxti akumulatoris batareebis raodenoba. 

 

20.6. Saxtis gasaniavebeli haeris raodenoba da 

ventilatoris mier Sewovili haeris raodenoba 

 

mTeli Saxtis gasaniaveblad saWiro haeris raode-

noba iangariSeba formuliT 

( )∑ ∑ ∑∑ +++= dankammos.gvubSaxt QQQQQ 1,1 ,  m3/wm, 

sadac 1,1 aris koeficienti, romelic iTvaliswinebs gvi-

rabebSi haeris araTanabar ganawilebas: ∑ ubQ _ amosaRebi 

ubnebis gasaniaveblad saWiro haeris jamuri raodenoba; 

∑ mos.gvQ _ amosaRebi ubnebis gareT arsebuli mosamzade-

beli gvirabebis sangrevebis gasaniaveblad saWiro haeris 

jamuri raodenoba; ∑ kamQ _ kamerebis gasaniaveblad saWi-

ro haeris jamuri raodenoba; ∑ danQ _ haeris danakargebi 

maRaros ezodan amosaReb ubnamde arsebul saventilacio 

nagebobebSi. 

ventilatoris mier Sewovili haeris raodenoba SeiZ-

leba viangariSoT formuliT: 

∑+= gar.danSaxtvent QQQ ,   m3/wm, 
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sadac QSax aris Saxtis gasaniaveblad saWiro haeris rao-

denoba; ∑ gar.danQ _ haeris garegani danakargebi da igi ga-

nisaRvreba tolobiT: 

∑ gar.danQ =K5+K6,   m
3/wm, 

sadac K5 aris haeris danakargebi vertikaluri Waurebis 

zedapirul SenobebSi, romelSic mowyobilia amwe danad-

garebi; K6 _ haeris danakargebi ventilatoris arxSi. 

aseTnairad naangariSevi haeris raodenoba saWiroa 

ganawildes Saxtis ventilaciis sqemaze da Semdeg unda 

viangariSoT TiToeuli gzis depresia. amis Semdeg Tu sa-

Wiroa unda movaxdinoT haeris regulireba saventilacio 

fanjrebiT. Semdeg vangariSobT maqsimaluri depresiis 

gzaze minimaluri gzis depresias, Saxtis mTlian maq-

simalur da minimalur winaRobas, agreTve eqvivalenturi 

xvrelis maqsimalur da minimalur mniSvnelobebs. 

 

20.7. madneul sabadoTa maRaroebis 

gasaniavebeli haeris raodenobis gaangariSeba 

 

madneul sabadoTa maRaroebis gasaniavebeli haeris 

raodenobis gaangariSeba warmoebs feTqebadi masalis, ga-

moyofili momwamlavi da feTqebadi airebis, gamoyofili 

mtvrisa da momuSaveTa raodenobis mixedviT. 

1. momuSaveTa raodenobis mixedviT gasaniaveblad sa-

Wiro haeris raodenoba ganisazRvreba Semdegi formuliT: 

ZnqQ ⋅⋅=maR ,  m3/wT. 
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sadac q aris erT adamianze misawodebeli haeris norma 

(q=6,0 m3/wT); n _ xalxis maqsimaluri raodenoba maRaroSi; 

Z _ haeris maragis koeficienti, romelic iTvaliswinebs 

yvela saxis danakargebs Z=1,3-1,6. 

2. maRaroSi gamoyofili airebis mixedviT (meTani, 

wyalbadi), maRaros gasaniaveblad saWiro haeris raodeno-

ba iangariSeba formuliT 

ZAqQ ⋅⋅= nmaR ,   m3/wT. 

sadac qn aris saSualo dRe-Ramuri mwarmoeblurobis 1 m3-

ze misawodebeli haeris norma, m3/wT (cxr. 20.1); A _ maRa-

ros saSualo dRe-Ramuri mwarmoebluroba,  m3. 

cxrili 20.1 

maRaros 

kategoria 

fardobiTi 

airsiuxvis 

mixedviT 

airis raodenoba 

(meTani, wyalbadi), 

romelic gamoiyofa 

1m3 dReRamur 

mwarmoeblurobaze, m3 

qn, 
m3/wT m3-ze 

I 

II 

III 

zekategoria 

7-mde 

7_14 

14_21 

21-ze meti 

1,40 

1,75 

2,10 

zekategoriis 

maRaroebSi haeris 

raodenoba unda iyos 

imdeni, rom saerTo 

amomaval WavlSi 

airebis Semcveloba 

ar aRematebodes 

0,75%, magram 

aranaklebi 2,1 m3/wT 

yovel m3 saSualo 

dReRamur mwarmoeb-

lurobaze 
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3. feTqebadi masalis xarjis mixedviT misawodebeli hae-

ris raodenoba iangariSeba ramdenime meTodiT. im SemTxve-

vaSi, rodesac masiur afeTqebas ara aqvs adgili, sawmendi 

sangrevebisaTvis haers vangariSobT formuliT 

BSl
t
SQ 5,25=saw.s ,   m3/wT. 

mTlianad maRarosaTvis 

Z
dt

bBQ 100
⋅

⋅
=maR ,  m3/wT. 

sadac S aris sawmendi sangrevis ganivi kveTi, m2; t=30 wT 

da aris afeTqebis Semdeg sawmendi sangrevis ganiavebis 

dro,wT; B _ erTdroulad afeTqebuli feTqiTi nivTiere-

bis maqsimaluri raodenoba, kg; l _ sawmendi sangrevis 

sigrZe afeTqebis adgilidan saventilacio Strekamde, m; b 

_ 1 kg feTqiTi nivTierebis afeTqebis Sedegad gamoyofi-

li airebis raodenoba, m3/kg; d _ naxSirJangis maqsimalu-

rad dasaSvebi procentuli raodenoba (d≤0,008% im piro-

biT, rom ganuwyveteli ganiavebis Sedegad naxSirJangis 

Semcveloba haerSi 2 sT-is ganmavlobaSi daiwevs 0,0024%-

mde). 

masiuri afeTqebebis dros, im gvirabebisaTvis, rom-

lebic ganlagebulia sawmendi blokebidan madnis gamo-

saSveb horizontze, haeris raodenoba iangariSeba for-

muliT 

d.g.gv iBV
t

Q ϕ
= ,  m3/wT. 



 231

sadac Vd.g. aris dagazianebuli gvirabis moculoba, m3; φ 

da i _ eqsperimentuli koeficientebi. 

kamerebisaTvis, romlebic niavdebian gamWoli Wav-

liT, misawodebeli haeris raodenoba ganisazRvreba for-

muliT 

Vd
Bb

tK
VQ 100lg3,2
⋅

=
t

kam ,  m3/wT. 

sadac V aris kameris gasaniavebeli moculoba, m3; Kt _ 

Tavisufali Wavlis turbulenturi difuziis koeficie-

nti. 

4. haeris raodenoba sawmend sangrevSi mtvris 

ganuwyveteli gamoyofis SemTxveveSi iangariSeba martivi 

formuliT 

( )0ddK
IQ
−

=
t

, m3/wT. 

sadac I aris sawmend sangrevSi (gvirabSi) mtvris war-

moSobis intensivoba, mg/wT; Kt _ Tavisufali Wavlis tur-

bulenturi difuziis koeficienti; d _ haerSi mtvris da-

saSvebi maqsimaluri koncentracia; d0 _ gvirabebSi Sema-

val haerSi mtvris koncentracia. 
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21. karierebis ganiavebis daproeqteba 

 

21.1. karieris ganiavebaze moqmedi bunebrivi 

pirobebis zegavlena 

 

karierebis ganiavebaze moqmedi bunebrivi faqtorebia 

klimati, garemos reliefi da raionis mcenareuli safari. 

klimaturi faqtorebidan saWiroa pirvelyovlisa gavi-

TvaliswinoT qaris mimarTuleba da siCqare, uqarobis pe-

riodebi, wlis ganmavlobaSi temperaturis cvalebadoba, 

naleqebis raodenoba da xasiaTi, agreTve mzis radiaciis 

sidide. 

qaris siCqaris dRe-Ramuri da wliuri cvlilebebi, 

agreTve inversiis cvlilebebis monacemebi, romelic sa-

Sualebas gvaZlevs davadginoT karierSi haercvlis dar-

Rvevis periodebi, uqarobis an qaris mcire siCqareebis pe-

riodis xangrZlivobis Sefaseba saSualebas gvaZlevs ukve 

proeqtirebis sawyis stadiaze gaviTvaliswinoT moTxov-

nebi karieris teqnologiisa da meqanizaciisadmi, agreTve 

moTxovnebi karieris ganlagebisa da geometriuli parame-

trebisadmi. karieris ganlagebis raionSi qaris qrolvis 

gabatonebuli mimarTulebis codna saSualebas gvaZlevs 

karieris RerZi mivmarToT am mimarTulebis Tanxved-

rilad, garda amisa am mimarTulebis gaTvaliswinebiT au-

cilebelia mavneobebis gamomyofi garegani wyaroebi gan-

lagdnen karieris mimarT qarzurga mxridan. 
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karieris ganlagebis raionSi haeris temperaturis 

cvlilebisa da naleqebis Sesaxeb  monacemTa codna sa-

Sualebas gvaZlevs gavakeToT winaswari daskvna mtvria-

nobis mdgomareobis Sesaxeb. umniSvnelo raodenobis na-

leqebi, agreTve temperaturis mkveTri cvlilebebi xels 

uwyobs mtverwarmoqmnas rogorc karieris SigniT, ise 

zedapirze. uaryofiTi temperaturebis mqone xangrZlivi 

periodebi mniSvnelovnad zRudaven mtverTan brZlis sve-

li meTodebis gamoyenebis SesaZleblobas. 

mzis radiacia, erTi mxriv, gansazRvravs karierebSi 

qanebisa da haeris temperaturas riTac moqmedebs mtvris 

warmoqmnaze, xolo meores mxriv igi gansazRvravs kari-

erSi atmosferos mdgradobasa da haercvlas. mzis radia-

ciis gazrda xels uwyobs haercvlas, xolo misi Sem-

cireba piriqiT _ xels uSlis haercvlas. 

garemos reliefi gansazRvravs horizontis Caketi-

lobas, xolo Caketilobaze damokidebulia karieris ze-

dapirze qaris Semcireba. horizontis Caketilobis xaris-

xi ganisazRvreba karieris sawyisi donis mimarT relie-

fis uswormasworobis amaRlebis H SefardebiT karie-

ridan uswormasworobamde manZilTan L. 

cxrilSi 21.1 moyvanlia qaris Sesustebis xarisxi 

horizontis Caketilobis xarisxis mixedviT. 
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cxrili 21.1 

parametrebi 
horizontis Caketiloba, gradusi 

0 5 10 15 >15 

Sefardeba L
H H 

 

haeris nakadis 

Semcirebis 

xarisxi 

 

0 

 

 

0 

 

0,09 

 

 

0,1 

 

0,18 

 

 

0,2 

 

0,27 

 

 

0,3 

 

>0,27 

 

 

ukunakadebis 

warmoqmna 

 

karieris ganlagebis raionSi mcenareuli safaris 

Sesaxeb monacemebi mniSvnelovania mtvris warmoqmnis da 

zedapirze qaris nakadis Semcirebis Sesafaseblad. tyeebi 

da myari mcenareuli safari amcireben zedapirze mtver-

warmoqmnas da amave dros, tyeebi mkveTrad amcireben qa-

ris simZlavres. 

 

21.2. ventilaciis faqtorebis gaTvaliswinebiT 

Ria samTo samuSaoebis teqnologiuri safuZvlebis 

SerCeva 

 

Ria samTo samuSaoebis teqnologiebis proeqtirebis 

safuZvlebSi Cadebulia sasargeblo wiaRiseulis ama Tu 

im sabados Taviseburebani, misi ganlageba, Tvisebebi da 

sxva bunebrivi faqtorebi. im SemTxvevaSi, rodesac damu-

Savebis pirobebi saSualebas iZleva gamoviyenoT teqno-

logiebis ramdenime varianti, upiratesoba unda mieniWos 

im variantebs, romlebic minimalur uaryofiT zegavlenas 
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axdenen karieris meteorologiur pirobebze. karierSi at-

mosferuli pirobebis ganmsazRvreli ZiriTadi teqnolo-

giuri faqtorebia sabados tipi, karieris velis forma da 

zomebi, samuSaoTa fronti, damuSavebis sistema da saba-

dos gadaxsnis xerxi. 

sabados tipi ganisazRvreba sasargeblo wiaRise-

ulis Cawolis pirobebiT da mniSvnelovan gavlenas 

aZdens ZiriTadad karieris ganiavebaze. miRebuli klasi-

fikaciis Sesabamisad arsebobs sabados Semdegi tipebi: 

zedapiruli, siRrmuli, mTiani, mTian-siRrmuli da wyal-

qveSa. 

bunebrivi ganiavebis TvalsazrisiT yvelaze xelsay-

relia sabados mTiani tipi, rodesac sasargeblo wiaRi-

seulis sabado ganlagebulia garSemomyofi zedapiris 

donis zeviT. amave dros, am SemTxvevebSi SesaZlebelia, 

rom ganiavebis pirobebi mTiani karieris SigniT garTul-

des, ris mizezicaa mezoblad mdebare mTebis siaxlove. 

sabados zedapiruli tipi, romelic xasiaTdeba sa-

sargeblo wiaRiseulis horizontaluri an damreci Cawo-

liTa da Cawolis SedarebiT mcire siRrmiT, ganiavebis 

TvalsazrisiT aseve ar iwvevs araviTar garTulebas. 

bunebrivi ganiavebis efeqturoba gansakuTrebiT Sem-

cirebulia sabados siRrmuli tipis dros. vinaidan am 

SemTxvevaSi warmoebs karieris siRrmis ganuwyveteli 

zrda, SesaZlebelia haeris nakadebis siCqaris Semcireba 

da gansazRvrul pirobebSi, karieris atmosferoSi mavneo-
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bebis dasaSveb raodenobaze meti raodenobiT Tavmoyra. 

amis gamo, aseTi tipis karierebisaTvis saWiroa ufro da-

wvrilebiT ganvixiloT damuSavebis sxvadasxva xerxis 

gamoyeneba. xolo gansazRvrul pirobebSi aucileblad 

unda gamoviyenoT xelovnuri ventilacia. 

karieris velis forma da zomebi aseve moqmedeben ka-

rieris ganiavebaze. karieris forma SeiZleba iyos wag-

rZelebuli, rodesac karieris sigrZis fardoba mis siga-

nesTan Seadgens oTxs da mets, momrgvalebuli, rodesac 

karieris sigane uaxlovdeba mis sigrZes. karieris forma 

saSualebas gvaZlevs vcvaloT haeris nakadebis mimarTu-

leba gamomuSavebul sivrceSi. 

karieris ganiavebaze mniSvnelovan gavlenas axdens 

misi geometruli zomebi. amave dros siRrmuli da zo-

gierT SemTxvevebSi zedapiruli tipis sabadoebis SemT-

xvevebSi ganmsazRvrelia karieris sigrZisa da siganis 

Sefardeba mis siRrmesTan. am fardobis Sesabamisad qaris 

energiiT ganiavebis xerxis mixedviT gamoiyofa Semdegi 

jgufebi: kargad gasaniavebeli (rodesac aRniSnuli far-

doba metia 10-ze); sustad gasaniavebeli (fardoba aris 6-

10) da Znelad gasaniavebeli (fardoba naklebia 6-ze). 

amave dros mizanSewonilia, rom sabados damuSaveba 

da karieris ganviTareba warvmarToT iseTnairad, rom ka-

rieris muSa ferdi ganlagebuli iyos gabatonebuli qare-

bis mxares. ganiavebis recirkulaciuri sqemebisaTvis, ka-
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rieris fskeris zomebis Semcireba iwvevs ukunakadebis 

SefardebiTi moculobis zrdas. 

praqtikaSi miRebuli karierebis zomebis mixedviT 

klasifikaciis Sesabamisad karieri SeiZleba iyos Zalian 

mcire, saSualo, didi da Zalian didi. Zalian mcire kari-

eri aris iseTi kareri romlis farTi gegmaSi aris 0,4 km2-

mde da siRrme _ 100 m-mde. aseTi karierebi, Tu maTSi ga-

moyenebulia mavneobebis winaaRmdeg brZolis adgilob-

rivi saSualebebi, ar warmoadgenen safrTxes atmosferos 

gaWuWyianebisaTvis. siRrmuli tipis danarCeni karierebi 

moiTxoven bunebrivi ganiavebis gansazRvrul SesaZleb-

lobebs, gansakuTrebiT airebisa da mtvris winaaRmdeg 

brZolis araefeqturi saSualebebis gamoyenebisas. 

 samTo samuSaoebis warmarTvis fronti axdens gar-

kveul zemoqmedebas samuSao adgilebze haeris mtvria-

nobasa da dagazianebaze. frontis mimarTuleba saSua-

lebas iZleva Seicvalos mowyobilobebis urTierTgan-

lageba da koncentracia, haeris nakadebis gadaadgilebis 

mimarT. amave dros SesaZlebelia samuSao adgilebze at-

mosferos gaWuWyianebis mniSvnelovani gazrda. garda 

amisa, Tu frontis gadaadgilebis mimarTuleba Tanxvde-

nilia karieris grZeli RerZisa da es orive mimarTuleba 

emTxveva gabatonebuli qaris mimarTulebas, metad izrde-

ba bunebrivi ganiavebis efeqturoba. 

safexurze samTo masis mongrevis wesi gansazRvravs 

haeris nakadebis formirebas samTo manqanebis sangrevebSi. 
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am mxriv bunebrivi ganiavebisaTvis yvelaze kargi piro-

bebi iqmneba safexuris an blokis zeda moednis gaswvriv 

Txeli SreebiT gamoRebis dros. ramdenadme uaresdeba ga-

niaveba, rodesac gamoRebas vaxdenT Txeli SreebiT fer-

dis gaswvriv, gansakuTrebiT maSin, rodesac qaris mimar-

Tuleba perpendikularulia frontis mimarT. yvelaze 

rTuli atmosferuli pirobebi iqmneba tranSeis gayva-

nisas Cixur sangrevebSi. 

mongreuli samTo masis datvirTva garkveulwilad 

gansazRvravs mtverwarmoqmnis intensivobas eqskavaciis 

dros. am SemTxvevaSi yvelaze naklebi mtvrianoba iqmneba 

rodesac samTo masis datvirTva xorcieldeba imave hori-

zontze ganlagebli momgrev-damtvirTavi mowyobilobebis 

saSualebiT. mtvris gamoyofa ufro intensiuria, rodesac 

datvirTva xorcieldeba zeda datvirTviT, anu rodesac 

satvirTo WurWeli ganlagebulia ufro maRali siCqaris 

mqone sahaero nakadebSi. mtverwarmoqmnis yvelaze maRali 

intensivoba iqmneba eqskavatoruli gadatvirTvebis dros, 

rodesac mongreuli samTo masa gadaitaneba eqskavatoriT 

orjer da ufro metjer. 

eqskavatoriT aRWurvil sangrevSi mtverwarmoqmnis 

intensivobaze moqmedebs safexuris simaRlec. amis gamo, 

ar aris daSvebuli eqskavatoris aCamCvis simaRleze ma-

Rali safexurebis gamoyeneba, gansakuTrebiT mSrali qane-

bis mongrevis dros. 
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safexuris gaswvriv samTo masis gadaadgilebis rigi 

moqmedebs atmosferos mdgomareobaze saavtomobilo tra-

nsportis gamoyenebis dros. avtotransportis gamWoli 

moZraobisas, saSualeba gvaqvs SevamciroT manqanebis Tav-

moyra, gansakuTrebiT tranSeebSi da amiT mniSvnelovnad 

SevamciroT haeris dagazianeba, manqanebis Cixuri sqemiT 

gadaadgilebasTan SedarebiT. 

 Ria wesiT damuSavebis sistema. damuSavebis sistema 

mTlianad ganiavebaze moqmedebs Semdegnairad: 

mtvrisa da mavne airebis faqtorebis Sesabamisad 

yvelaze saSiSs warmoadgens cvalebadi samuSao zonis 

mqone damuSavebis sistemebi, romlebic gamoiyeneba dax-

rili da cicabo sabadoebis damuSavebisas. am jgufSi 

Tavis mxriv yvelaze saSiSia gegmaSi ganivad erTbortiani 

da orbortiani mongrevis mimarTulebis mqone sistemebi.  

naklebad saxifaToa damuSavebis sistemebi mudmivi 

samuSao zoniT. am SemTxvevebSi, Tu sanayaroebi ganlage-

bulni arian karieris zeda sazRvridan sakmao manZilze, 

maTi ganiaveba ZiriTadad xorcieldeba pirdapiri dinebi-

Ti sqemiT. 

im SemTxvevebSi, rodesac sanayaroebi ganlagebulni 

arian SedarebiT mcire manZilze karieris zeda saz-

Rvridan, sanayaros simaRlis gazrda iwvevs gamomuSa-

vebuli sivrcis ganiavebis gauaresebas. ganiavebis pirobe-

bidan gamomdinare minimaluri manZili karieris zeda sa-

zRvridan sanayaromde ar unda iyos sanayaros simaRlis 
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10-mag sidideze naklebi. im SemTxvevaSi, rodesac sanaya-

roze ganTavsebulia TviTwvadi qanebi, es manZili unda 

gulisxmobdes airebis gavrcelebas. 

 sabados gadaxsnis xerxic Taviseburad moqmedebs 

karieris atmosferos mdgomareobaze. gabatonebuli qare-

bis mimarTulebis gaTvaliswinebiT gayvanili gare tran-

Sea saSualebas gvaZlevs SevamciroT ukunakadebis moqme-

debis zonebi bortebis cicabod daxris SemTxvevaSic ki, 

gansakuTrebiT sabados wyvili tranSeebiT gaxsnis dros. 

am ukanasknelis gamoyenebisas xdeba agreTve mtvrisa da 

mavne airebis gamomyofi wyaroebis daSoriSoreba. 

sabados miwisqveSa gvirabebiT gaxsnisas iqmneba Se-

saZlebloba, rom mkvdar zonebSi xelovnurad mivawodoT 

haeri. es xerxi aris ganiavebis adgilobrivi saSualeba, 

radgan gvirabi saSualebas iZleva gavataroT haeris Zli-

er SezRuduli moculoba. 

karieris atmosferos damtverianebasa da dagazia-

nebaze did gavlenas axdens misi sawarmoo simZlavreebi. 

identur pirobebSi erTi da igive saxis samTo da sat-

ransporto mowyobilobebis gamoyenebisas atmosferos da-

mtverianeba da dagazianeba saSualod proporciulad 

izrdeba karieris sawarmoo simZlavris gazrdasTan er-

Tad. garda amisa, samTo samuSaoebis intensifikacia da 

koncentracia xels uwyobs karieris zonebis atmosferos 

gaWuWyianebis momatebas. 
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21.3. karierebis bunebrivi ganiavebis 

parametrebis gansazRvra 

 

proeqtirebis am etapis ZiriTadi Sinaarsi mdgo-

mareobs karieris ganiavebis sqemis gansazRvraSi misi gan-

viTarebis sxvadasxva periodSi da karieris gasaniavebeli 

haeris raodenobis gaangariSebaSi. 

karieris eqspluataciis mTeli periodis ganmav-

lobaSi ganisazRvreba periodebi, romlebSic kariers ga-

aCnia sxvadasxva mniSvnelobis Semdegi parametrebi: bor-

tebis daxris kuTxeebi, karieris siRrmis fardoba mis 

sigrZesa da siganesTan, mavneobebis gamoyofis adgilebi 

da maTi gamoyofis intensivoba, agreTve bunebrivi gania-

vebis efeqturobaze moqmedi sxva maxasiaTebelebi. am pe-

riodebisaTvis gamoisaxeba karieris gegma da misi dama-

xasiaTebeli profilebi (vertikaluri sibrtyiT kveTebi) 

qaris qrolvis ZiriTadi mimarTulebebisaTvis. amave dros 

kveTebis raodenoba da maTi orientacia sakmarisi unda 

iyos karierSi haeris moZraobis sivrcobrivi suraTis 

misaRebad (nax. 21.1) 

 

nax. 21.1 
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nax. 21.1-ze mocemulia karieris gamomuSavebis oTxi 

sxvadasxva periodis profili erT vertikalur sibrtyeSi. 

yoveli periodisaTvis karieris SerCeuli damaxasiaTe-

beli kveTebisaTvis warmoebs haeris bunebrivi moZraobis 

sqemebis gansazRvra sxvadasxva meteorologiuri pirobe-

bis gaTvaliswinebiT da pirvel rigSi zedapirze haeris 

moZraobis siCqaris gaTvaliswinebiT. 

yovelive amis Sedegad, TiToeuli periodisaTvis ga-

nisazRvreba wlis periodebi, romelTa drosac Warboben 

ventilaciis qariT gamowveuli an Termuli sqemebi, xolo 

am ukanasknelebSi unda ganisazRvros maTi saxesxvaobebi. 

ase, magaliTad, nax. 21.1-dan Cans, rom karieris gamo-

muSavebis 1-l da me-2 periodebSi, qaris sakmarisi Zalisa 

da misi miRebuli mimarTulebis dros praqtikulad mTe-

li karieri ganiavdeba pirdapiri dinebiTi sqemiT. am 

periodebSi umniSvneloa Tavisufali Wavlis AO sazRvris 

qveviT mdebare recirkulaciis zonebi. Tu am dros, Ziri-

Tadi samTo samuSaoebi iwarmoeba karieris marjvena, qar-

pira bortze da Tu gaviTvaliswinebT, rom karieris 

sigrZis Sefardeba mis siRrmesTan sakmaod didia, naTe-

lia, rom ganxilul periodebSi karieris ganiavebis 

procesSi araviTari siZneleebi ar iqmneba. gamonaklis 

SemTxvevebSi, siZneleebi Seiqmneba uqarobis da tempera-

turuli inversiebis periodebSi. 

me-3 periodSi recirkulaciis zonebis moculoba iz-

rdeba da ganiavebis sqema xdeba recirkulaciur-pirda-
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pirdinebiani. mdgomareoba ufro rTuldeba me-4 periodSi, 

rodesac ganiavebis sqema mTlianad gardaiqmneba recirku-

laciur sqemad, xolo karieris sigrZis mis siRrmesTan 

Sefardebis Semcireba iwvevs karieris fskerispira nawil-

Si qaris mier gamowveuli moZraobis mniSvnelovan Sesus-

tebas. es ukanaskneli warmoadgens karieris am nawilSi 

haeris moZraobis Termuli sqemebis ganviTarebis mizezs. 

karieris ganiavebis sqemebisa da recirkulaciis zo-

nebis gansazRvra SesaZlebelia modelirebis saSualebiT, 

romlis drosac karieris Semcirebuli modelis gamocda 

xdeba specialur aerodinamikur milSi. 

 

21.4. karieris bunebrivi ganiavebis 

intensifikacia da misi atmosferos  

gamajansaRebeli teqnologiuri RonisZiebebi 

 

bunebrivi ganiavebis intensifikacia afarToebs gania-

vebis SesaZleblobebs da amiT amcirebs im periodebs, ro-

desac aucilebelia xelovnuri ventilaciis saSualebebis 

gamoyeneba. karierebis bunebrivi ganiavebis intensi-

fikaciis saSualebebia: gabatonebuli qarebis mimarT ka-

rieris orientaciis gaumjobeseba, bortebis daxris kuT-

xeebis Semcireba, gabatonebuli qaris mimarTulebiT ka-

rieris sigrZis gazrda, zedapirze nagebobebisa da sanaya-

roebis Sesabamisi ganlageba.  
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zedapiruli nagebobebisa da gare sanayaroebis raci-

onaluri ganlageba SedarebiT martivi amocanaa. magram 

unda gaviTvaliswinoT, rom es RonisZieba efeqturia mxo-

lod gabatonebuli mimarTulebiT qaris qrolvisas. qaris 

qrolvis mimarTulebis Secvlisas zedapirulma nagebobe-

bma da gare sanayaroebma SesaZlebelia, piriqiT, gaaua-

resos karieris bunebrivi ganiaveba ekranuli zemoqmede-

bis gamo. amave dros saWiroa gaviTvaliswinoT Ronis-

Ziebebi raTa Tavidan iqnes acilebuli gare sanayaroe-

bidan karierSi mtvris Setana.  

mecnieruli gamokvlevebi da dakvirvebebi gviCvenebs, 

rom karierebis bunebrivi ganiavebis intensifikaciisaTvis 

SesaZlebelia gamoviyenoT karieris zeda kidesTan, zeda-

piridan raRac simaRleze mimmarTveli horizontaluri 

farebis ganlageba. aRniSnuli farebi SeiZleba gadaad-

gildnen karieris konturis gaswvriv qaris mimarTulebis 

mixedviT. es farebi mimarTaven ra karieris SigniT 

sahaero nakads, xels uwyoben recirkulaciis zonebis Se-

mcirebas. 

im SemTxvevaSi, rodesac bunebrivi ganiavebis inten-

sivoba arasakmarisia, saWiroa ganvixiloT karierSi teq-

nologiis, meqanizaciisa da muSaobis organizaciis Sec-

vlis sakiTxi, romlis drosac mcirdeba karieris at-

mosferoSi mavneobebis gamoyofa. ase, magaliTad, karierSi 

gamoviyenoT ufro higienuri  transportis saxeebi (eleq-

tro-transporti, sakonveiero da hidrotransporti); iseTi 
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avtoTviTmclelebis gamoyeneba, romlebic gamoyofen mini-

maluri raodenobis mavne airebs; samuSaoTa warmarTva Zi-

riTadad qarpira bortebze; afeTqebiTi samuSaoebis war-

marTva dRe-Ramis im periodebSi, rodesac karierSi haer-

cvla maqsimaluria; karierSi samuSaos iseTi organi-

zaciis gamoyeneba, rodesac mavneobebis gamomyofi wya-

roebis ganuwyveteli muSaobis dro ufro naklebia im 

droze, rodesac karieris atmosferoSi mavneobebis konce-

ntracia gadaaWarbebs maT zRvrulad dasaSveb koncen-

traciebs. 

 

21.5. karieris xelovnuri ventilaciis 

saSualebebis gamoyenebis periodebisa da 

masStabebis gansazRvra 

 

karieris bunebrivi ganiavebis efeqturobis Sefa-

sebisas aucilebelia qaris siCqaris kritikuli mniS-

vnelobebis dadgena, romlis qveviTac praqtikulad nulis 

tolia karierebSi bunebrivi haercvla, amis saSualebiT 

ganisazRvreba is periodebi, rodesac aucilebelia gamo-

viyenoT xelovnuri ventilaciis saSualebebi. 

haercvlis darRvevis periodebis Sefasebisas yovel-

Tvis unda gaviTvaliswinoT, rom qaris siCqaris cvli-

lebebis saSualo statistikuri monacemebi yovelTvis 

SeiZleba gansxvavdebodes faqtiuri monacemebidan karie-

ris gamomuSavebis ama Tu im periodisaTvis. karierSi 
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haercvlis darRvevis periodebis SefasebisaTvis SesaZ-

lebelia gamoviyenoT meteorologebis mier mowodebuli 

specialuri monacemebi temperaturebis inversiebisa da 

wynari amindebis Sesaxeb. 

xelovnuri ventilaciis saSualebebis gamoyeneba au-

cilebelia mxolod im SemTxvevebSi, rodesac haercvlis 

darRvevis periodebis xangrZlivoba aRemateba im perio-

dis xangrZlivobas, romlis drosac atmosferoSi mavneo-

bebis koncentracia gadaaWarbebs maT zRvrulad dasaSveb 

koncentraciebs. 

xelovnuri ventilaciis masStabebi ganisazRvreba im 

zonebis moculobebiT, romlebSic mavneobaTa Semcveloba 

aRemateba zRvrulad dasaSvebi koncentraciebis doneebs. 

ganiavebis pirdapiri dinebis sqemisa da mavneobebis 

gamomyofi wyaroebis karieris qarzurga bortebze ganla-

gebis dros warmoebs karieris mTliani sivrcis dagazia-

neba. dagazianebuli sivrcis moculoba TandaTan Semcir-

deba mavneobebis gamomyofi wyaroebis qarpira bortisaken 

gadaadgilebis dros. 

ganiavebis recirkulaciuri sqemis gamoyenebisas da-

gazianebis zonis moculobad miiReba recirkulaciis zo-

nis moculoba da dagazianebis donis gansazRvrisaTvis 

unda gaviTvaliswinoT mxolod recirkulaciis zonaSi 

ganlagebuli mavneobebis gamomyofi wyaroebi. 
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21.6. karieris ventilaciisaTvis aucilebeli 

haeris raodenobisa da saventilatoro  

danadgarebis ricxvis gansazRvra 

 

karierSi gamoyofili mavneobebis ganzavebisaTvis au-

cilebeli haeris raodenoba ganisazRvreba formuliT  

  ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−= 0022,0lg0166,0 0

dC
C

t
vq ,  m3/wm,           (21.1) 

sadac ν aris karieris dagazianebuli sivrcis moculoba, 

m3; t _ ganiavebis dro, wm; C0 _ karierSi misawodebel haer-

Si mavneobebis Semcveloba, %; CdD _ karieris haerSi mavne-

obebis zRvrulad dasaSvebi Semcveloba, %. 

igive haeris raodenoba SesaZlebelia agreTve gani-

sazRvros formuliT 

             

dC
C

t
vbq 0ln⋅

= ,  m3/wm,               (21.2) 

sadac b aris koeficienti, romelic iTvaliswinebs saven-

tilatoro danadgarebis ricxvs, ganlagebis adgilsa da 

saventilacio milebis diametrs (b=0,087-0,130). 

im SemTxvevaSi, rodesac karieris sivrceSi mudmivad 

gamoiyofa mavneobebi intensivobiT G, drois erTeulSi 

karierSi misawodebeli haeris aucilebeli raodenoba 

iangariSeba formuliT 
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             ( )0CCK
Gq
−

=
d

,  m3/wm,              (21.3) 

sadac K aris Tavisufali Wavlis turbulenturi difu-

ziis koeficienti. 

msxvili Tanamedrove karierebis xelovnuri ventila-

ciis praqtika da gaangariSeba gviCvenebs, rom maTi efeq-

turi ganiavebisaTvis airebis ganzavebisaTvis saWiro hae-

ris raodenoba Seadgens 60 000 m3/wm, xolo mtvris faqto-

ris mixedviT _ 10 000-15 000 m3/wm. 

saventilatoro danagdarebis ricxvi, maTi parale-

luri an maraoseburi muSaobis dros, miaxloebiT SeiZ-

leba ganisazRvros formuliT 

                    
b
BN =  ,                  (21.4) 

sadac B aris saventilacio Wavlis moqmedebis marTobu-

lad ganlagebul sibrtyeSi dagazianebuli zonis sigane; 

b _ erTi saventilatoro danadgaris mier Seqmnili Wav-

lis sigane; am dros mizanSewonilia saventilatoro da-

nadgari ganvalagoT gasaniavebeli zonidan daaxloebiT l
≈2,5·b manZilze. 

ventilatorebis mimdevrobiTi muSaobis dros, saven-

tilatoro danadgarebis miaxloebiTi raodenoba ganisaz-

Rvreba Semdegi formuliT 

                  

saSl
LN = ,                   (21.5) 
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sadac L aris WuWyiani haeris moZraobis traeqtoriis sae-

rTo sigrZe pirveli saventilatoro danadgaris ganla-

gebis adgilidan karieridan haeris mocilebis adgilamde; 

saSl  _ erTi saventilatoro danadgaris mier Seqmnili 

Wavlis saSualo sigrZe. 

      saerTod dadgenilia, rom saventilatoro danadga-

rebis ricxvi damokidebulia ganiavebis miRebul droze. 

garda amisa, saventilatoro danagdgarebis ricxvi Sesa-

Zlebelia ganvsazRvroT formuliT 

                  
tq

QN
⋅

= ,                      (21.6) 

sadac Q aris haeris saerTo raodenoba, m3; q _ erTi sa-

ventilatoro danadgaris mwarmoebluroba, m3/wm; t _ gani-

avebis miRebuli dro, wm. 

 

 

21.7. saventilatoro danadgarebis, maTi ganlagebis 

adgilebisa da erToblivi muSaobis sqemebis SerCeva 

 

 saventilatoro danadgarebis SerCeva pirvel rigSi 

ganpirobebuli unda iyos karieris mosalodneli gaWuWyi-

anebis masStabebiT. rac ufro metia gaWuWyianebuli zonis 

moculoba, miT ufro mZlavri unda iyos SerCeuli saven-

tilatoro danadgari. 

calkeuli samuSao adgilebis ganiavebisaTvis (adgi-

lobrivi ventilacia), rodesac karieris saerTo atmos-
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feros mdgomareoba damakmayofilebelia, SesaZlebelia 

gamoviyenoT Sesabamisi simZlavris gadasaadgebeli venti-

latorebi. es ventilatori SeiZleba ganlagdes samuSao 

moednis doneze, zeda safexurebze an specialur sad-

gamebze (nax. 21.2, a) da b)). 

 

nax. 21.2 

am meTodis gamoyenebisas saerTo moTxovnas warmoa-

dgens, rom gansazRvrul zonaSi ventilatoris mier unda 

miewodos sufTa haeri, risTvisac ventilatori unda gan-

lagdes gaWuWyianebuli zonis farglebs gareT. Tu am pi-

robis Sesruleba SeuZlebelia ventilatoris mier Seqmni-

li Tavisufali Wavlis SezRuduli sigrZis gamo, aucile-

belia sufTa haeris asaRebad gamoviyenoT saventilacio 

milebi. 

adgilobrivi ganiavebisaTvis gamoyenebuli ventila-

toris ganlagebisas saWiroa gamoiricxos an minimumamde 

Semcirdes gaWuWyianebuli haeris recirkulacia, risTvi-

sac unda gaviTvaliswinoT qaris mimaruleba da Zala. 

saventilatoro danadgaris ganlagebis adgili damo-

kidebulia karieris ventilaciis sqemaze, qaris qrolvis 

mimarTulebaze, karieris formaze, atmosferos gaWuWyia-
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nebis xarisxsa da xasiaTze, agreTve erToblivad momu-

Save saventilatoro danadgarebis raodenobaze. saventi-

latoro danadgari SeiZleba iyos stacionaruli da gada-

saadgilebeli. karierSi mizanSewonilia gamoviyenoT ga-

dasaadgilebeli danadgarebi. maTi muSaoba ufro advi-

lad uTavsdeba qaris qrolvis mimarTulebas, agreTve 

danadgari SeiZleba iq gadavitanoT, sadac mimdinareobs 

ZiriTadi samuSaoebi da maqsimaluri gavxadoT misi efe-

qturoba. Cveulebriv, gadasaadgilebeli danadgarebis sa-

Wiro raodenoba yovelTvis ufro mcirea, vidre stacio-

naruli danadgarebisa. stacinaruli danadgarebi SeiZle-

ba gamoviyenoT mxolod mcire zomis karierebSi. 

mavneobebis adgilobrivi dagrovebis mniSvnelovani 

moculobis mqone zonebis warmoqmnisas saWiroa gamovi-

yenoT adgilobrivi ganiavebis mZlavri saventilatoro 

danadgarebi (nax. 21.3), romelTagan erTi muSaobs sufTa 

haeris daWirxvnaze, xolo meore ganzavebuli haeris Se-

wovaze. praqtikaSi ganiavebis aRniSnuli sqemis gamo-

yenebiT SesaZlebeli Seiqmna inversiis periodSi 25 mili-

oni m3 moculobisa da 100 m siRrmis mqone gaWuWyianebuli 

zonis mTlianad gasufTaveba 45 wuTis ganmavlobaSi. 
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nax. 21.3 

saventilatoro danadgaris ganlagebis adgili unda 

uzrunvelyofdes mis mier Seqmnili haeris Wavlis yve-

laze ufro srulofil ganviTarebas. es niSnavs, rom ven-

tilaciisaTvis unda gamoviyenoT Wavlebi, romelTa saSu-

alo sigrZe da haeris xarji maqsimaluri an masTan miax-

loebulia, xolo Wavlis energiis kargva karieris gareT 

minimaluria. 

 

21.8. karierebis xelovnuri ganiavebis sqemebi 

 

arsebobs karierebis xelovnuri ganiavebis Sedegi 

sqemebi: 

1. ganiaveba calkeuli saventilatoro danadgarebis 

gamoyenebiT, romlebic ganlagebulni arian zedapirze, 

Sualedur saventilacio bermaze an karieris Zirze; 

2. ganiaveba ramdenime saventilatoro danadgaris ga-

moyenebiT, romlebic muSaoben mimdevrobiT, paralelu-

rad, maraoseburad an kombinirebulad. 
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ganiavebis sqemebi calkeuli danadgarebiT gamoiye-

neba karieris umniSvnelo zomebis dros, tranSeebis gayva-

nisas, an gaWuWyianebis zonebis umniSvnelo moculobis 

SemTxvevebSi. 

miwis zedapirze saventilatoro daadgari ewyoba 

mcire siRrmis karierebis SemTxvevaSi (nax. 21.4, a)) 

 

nax. 21.4 

es sqema racionaluria maSin, rodesac karieris zo-

ma saventilacio Wavlis moqmedebis mimarTulebiT ar aRe-

mateba danadgaris mier Seqmnili Wavlis sigrZes, rac 

uzrunvelyofs miwis zedapirze mavneobebis amotanas. Mmi-

wis zedapirze qaris mimarTuleba naCvenebia isriT. 

ufro Rrma karierebis SemTxvevaSi mizanSewonilia 

saventilatoro danadgari movaTavsoT Sualedur saventi-

lacio bermaze, raTa uzrunvelvyoT karieris qveda na-

wilis ganiaveba (nax. 21.4, b da g). b) SemTxvevaSi moce-

mulia karieris ganiavebis recirkulaciuri sqema. am 

SemTxvevaSi ventilatori unda ganlagdes an recirku-

laciuri zonis zeviT, an recirkulaciuri zonis zeda 

nawilSi mainc, sadac haeri SedarebiT sufTaa, xolo misi 

muSaobis mimarTuleba unda emTxveodes haeris moZraobis 

mimarTulebas recirkulaciis zonaSi (anu miwis 

zedapirze qaris qrolvis mimarTulebis sawinaaRmdegod). 
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nax. 21.4, g) SemTxvevaSi mocemulia karieris ganiavebis 

pirdapiri dinebiTi sqema, rodesac saventilatoro 

danadgaris muSaobis mimarTuleba Tanxvedrilia miwis 

zedapirze qaris qrolvis mimarTulebisa. 

im SemTxvevebSi, rodesac karieri Rrmaa da amave 

dros sigrZe-siganeSi mcired gavrcobili, saventilatoro 

danadgari unda ganlagdes karieris Zirze (nax.21.5). am 

SemTxvevaSi saWiroa, rom danadgaris 

mier Seqmnili Wavlis simZlavre iyos 

iseTi, rom uzrunvelyofili iyos ga-

WuWyianebuli haeris amotana miwis ze-

dapirze. gaWuWyianebuli haeris moci-

lebasTan erTad gaWuWyianebis done 

mcirdeba da sivrce maT zeviT ivseba sufTa haeriT. 

aucilebelia, rom muSa horizontebze haeris hori-

zontaluri gadaadgilebis siCqare iyos sakmarisi (maga-

liTad, 0,15-0,25 m/wm) mavneobebis gadasatanad. winaaRmdeg 

SemTxvevaSi saWiroa gamoviyenoT ganiavebis sqemebi ramde-

nime danadgaris erToblivi muSaobiT. 

ganiavebis sqemebi ramdenime danadgaris erToblivi 

muSaobiT gamoiyeneba gaWuWyianebis zonebis didi mocu-

lobebis dros, rodesac calkeuli danagari ver uzrun-

velyofs maT ganiavebas mokle drois ganmavlobaSi. 

saventilatoro danadgarebis mimdevrobiTi anu kas-

kaduri muSaoba gamoiyeneba viwro, RreCosmagvari kari-

erebisa da tranSeebis ganiavebis dros (nax. 21.6). am Sem-

nax.21.5 
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TxvevaSi danadgarebi qmnian haeris moZraobas karieris 

grZeli RerZis gaswvriv. isini, garda pirveli danad-

garisa ganlagebulni arian karieris Zirze. pirveli sa-

ventilatoro danadgari mizanSewonilia ganlagdes saven-

tilacio bermaze. karieridan mavneobebis ukeTesad gamo-

tanisaTvis kaskadSi bolo danadgari unda qmnides aRma-

val haeris Wavls. 

 

                           nax. 21.6 

ganiavebis daproeqtebis dros, pirvel rigSi mizan-

Sewonilia SevamowmoT viwro da sigrZeSi gawelili kari-

erebisa da tranSeebis ganiavebis SesaZlebloba erTi sa-

ventilatoro danadgariT, rac kargad xdeba rodesac ka-

rieris saSualo siganis fardoba mis sigrZesTan ar 

aRemateba 3,5-s. Tu Semowmebam gviCvena, rom ganiaveba erTi 

danadgariT araefeqturia, saWiroa gamoviyenoT ganiavebis 

mimdevrobiTi anu kaskaduri sqema. 
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aucilebelia gaviTvalisiwinoT, rom kaskadSi bolo 

saaventilatoro danadgaris 

mier Seqmnil aRmaval haeris 

Wavls, karieridan gamo-

svlisas unda hqondes siCqare 

aranaklebi 0,5 m/wm, raTa moxdes 

haerSi ganzavebuli mavneobebis karieris gareT 

gatyorcna, ris gamoc SesaZlebelia saWiro gaxdes kari-

eris bortze danadgarebis kaskaduri ganlageba (nax. 21.7). 

garda amisa, mxedvelobaSi unda miviRoT, rom zedapirze 

mqrolavi qaris mimarTulebis 1800-iT Secvlisas, rom ar 

moxdes karieridan gareT gamotanili mavneobebis ukan da-

bruneba karieris sivrceSi, aucilebelia, aRmavali Wav-

lis Semqmneli danadgarebi gadavitanoT karieris mopir-

dapire bortze da horizontaluri nakadebis Semqmneli 

danadgarebis muSaobis mimarTuleba SevcvaloT 1800-iT. 

     nax. 21.8-ze naCvenebia Rrma karierSi ori saventila-

toro danadgaris mimdevrobiTi muSaobis sqema. am naxazze 

a) SemTxvevaSi naCvenebia sufTa haeris miwodeba zeda-

piridan, rodesac zedapize qari ara qris, xolo danarCen 

SemTxvevebSi naCvenebia zedapirze qaris qrolvisas reci-

rkulaciis zonaSi haercvlis intensifikacia. rogorc am 

naxazidan Cans recirkulaciis zonaSi ganlagebuli da-

nadgaris mier Seqmnili Wavlis mimarTuleba Tanxved-

rilia am zonaSi haeris moZraobis mimarTulebasTan. im 

SemTxvevaSi, rodesac kariers gaaCnia mniSvnelovani zo-

nax.21.7
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mebi, saWiroa gavzardoT saventilatoro danadgarebis 

ricxvi. 

 

nax. 21.8 

saventilatoro danadgarebis paraleluri da marao-

seburi muSaoba  gamoiyeneba im SemTxvevaSi, rodesac ga-

WuWyianebis zonebis zomebi gegmaSi mniSvnelovnad aRema-

teba danadgaris mier Seqmnili Wavlebis ganiv zomebs. am 

dros danadgaris ganlagebisas ise unda SeirCes maTi da-

dgmis adgilebi, rom ar dauSvaT Wavlebis Serwyma an 

uzrunvelyofil iqnas Wavlebis rac SeiZleba did man-

Zilze ganviTareba maT urTierTSerwymamde. 

saventilatoro danadgarebis maraoseburi ganlage-

bisas maT mier Seqmnili Wavlebis RerZebs Soris kuTxe 

ar unda aRematebodes 400-s. saerTod, nebismer SemT-

xvevaSi, saventilatoro danadgaris mier Seqmnil Wavlsa 

da qaris nakads Soris kuTxe unda iyos 900-ze naklebi  

da aucilebelia es nakadebi mimarTuli iyos erTidaimave  

mimarTulebiT. 
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nax. 21.9-ze moyvanilia maraoseburi sqemiT ramdenime 

saventilatoro danadgaris muSaobis 

magaliTi. am naxazis mixedviT I 

meoTxedSi qaris dros muSaoben 1-li, 

me-2 da me-3 danadgarebi; II meoTxedSi 

qaris SemTxvevaSi _ 1-li, me-2 da me-5; 

III meoTxedSi qaris dros  _ me-3, me-4 

da me-5; xolo IV meoTxedSi qaris 

dros _ me-2, me-3, me-4 da me-5. 

qaris qrolvis mimarTulebis Sesabamisad, TiToeul 

meoTxedSi naCvenebi saventilatoro danadgarebidan zogi-

erTebi SesaZloa  ar vamuSaoT (magaliTad, CrdiloeTis 

mimarTulebasTan miaxloebuli qaris dros, aSkaraa, rom 

ar unda iqnas gamoyenebuli me-3 saventilatoro danad-

gari). 

saventilatoro danadgarebis kombinirebuli muSaoba 

gamoiyeneba maSin, rodesac ar aris uzrunvelyofili 

karieris efeqturi ganiaveba mxolod mimdevrobiTi an 

mxolod paraleluri muSaobis sqemebis gamoyenebis dros. 

magaliTad, SesaZlebelia mZlavri vertikaluri Wavlisa 

da ramdenime naklebad mZlavri 

horizontaluri Wavlebis kombi-

nacia (nax. 21.10). horizontaluri 

Wavlebi iqmnebian im mizniT, rom 

ufro intensiurad moxdes mavneobebis Tavmoyra 

vertikaluri Wavlis warmomqmneli danadgaris siaxloves. 

    nax.21.9

nax.21.10
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garda amisa SesaZlebelia gamoyenebul iqnas saventi-

latoro danadgarebis sxva kombinaciebic. 

im SemTxvevaSi, rodesac kariers gaaCnia miwisqveSa 

gvirabebi, SesaZlebelia maTi gamoyeneba karieris gasania-

veblad. am SemTxvevaSi ganiavebis zogierTi sqemebi moce-

mulia nax. 21.11-ze. am sqemebs Soris ufro efeqturia da-

Wirxvnaze momuSave ventilatoris gamoyeneba. 

 

nax. 21.11 

 

am SemTxvevaSi miwisqveSa gvirabidan karieris 

sivrceSi gamosuli haeris mier Seqmnil Tavisufal Wavls 

(nax. 21.11, b)), rac ufro scildeba gvirabis pirs da 

zrdis Tavis xarjs, SesaZlebloba gaaCnia SeiTvisos da 

ganazavos mniSvnelovnad meti gaWuWyianebuli haeri, vid-

re Sewovaze momuSave miwisqveSa gvirabebs (nax. 21.11 a)). 

ganiavebis am meTodebis uaryofiTi mxareebia is, rom Seu-

Zlebelia miwisqveSa gvirabebis saSualebiT haeris didi 

raodenobiT miwodeba. 
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