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Tbilisispira raionis zedacarculi qanebis napralovani sistemebi

naSromSi ganxilulia Tbilisispira raionis ze-naSromSi ganxilulia Tbilisispira raionis ze-

dacarculi warmonaqmnebis napralovnebis sakiTxi dacarculi warmonaqmnebis napralovnebis sakiTxi 

am qanebSi ganviTarebuli napralovani sistemebis am qanebSi ganviTarebuli napralovani sistemebis 

savaraudo modelis Seqmnis mizniT. Seswavlilia savaraudo modelis Seqmnis mizniT. Seswavlilia 

zedapiruli gaSiSvlebebi aWara-TrialeTis naoWa zedapiruli gaSiSvlebebi aWara-TrialeTis naoWa 

zonis da arTvin-bolnisis beltis farglebSi, ker-zonis da arTvin-bolnisis beltis farglebSi, ker-

Zod, zedacarcul vulkanogenur-danaleq da karbo-Zod, zedacarcul vulkanogenur-danaleq da karbo-

natul wyebebSi arsebuli mikronapralebi _ maTi natul wyebebSi arsebuli mikronapralebi _ maTi 

sixSire, gavrceleba, gaxsna, morfologia, napralovne-sixSire, gavrceleba, gaxsna, morfologia, napralovne-

bis ZiriTadi parametrebis kavSiri qanebis liTolo-bis ZiriTadi parametrebis kavSiri qanebis liTolo-

giasTan, struqturasTan (marcvlebis zomebTan), Sris giasTan, struqturasTan (marcvlebis zomebTan), Sris 

sisqesTan, diastrofizmis xasiaTTan da xarisxTan. am sisqesTan, diastrofizmis xasiaTTan da xarisxTan. am 

mizniT gamoyenebulia agreTve manavis da dasavle-mizniT gamoyenebulia agreTve manavis da dasavle-

Ti rusTavis farTobebis WaburRilebidan aRebuli Ti rusTavis farTobebis WaburRilebidan aRebuli 

zedacarculi qanebis Slamebi (WaburRilebi:Mmanavi zedacarculi qanebis Slamebi (WaburRilebi:Mmanavi 

##11, 12 da kumisi #1). gakeTebulia daskvne-##11, 12 da kumisi #1). gakeTebulia daskvne-

bi Tbilisispira raionis zedacarculi naleqebis bi Tbilisispira raionis zedacarculi naleqebis 

napralovnebis kanonzomierebebis Sesaxeb.napralovnebis kanonzomierebebis Sesaxeb.

1. sakiTxis1. sakiTxis Seswavlis mokle istoriaSeswavlis mokle istoria

monacemebi TrialeTis qedis aRmosavleTi seg-

mentis mezo-kainozour naleqebSi gavrcelebuli 

napralebis Sesaxeb erTob mwiria [1-4]. Tbilisispira 

raionisa da aWara-TrialeTis zedacarculi naleqe-

bis napralovneba zedapirul gaSiSvlebebsa da ker-

nul masalaSi Seswavlili aqvT e. gamyreliZesa da 

S. kitovans [1,2,4,5]. es sakiTxi nawilobriv aris 

gaSuqebuli agreTve manavis da dasavleT rusTavis 

farTobebze gaburRuli WaburRilebis geologiur 

angariSebSi [6]. 

i. gamyreliZis mixedviT, aWara-TrialeTis naoWa 

zonisa da amierkavkasiis mTaTaSua olqis mezo-

kainozour naleqebSi ganviTarebulia Sreobriobis 

sibrtyis marTobuli planetaruli napralebi, rom-

lebic lokalur teqtonikur formebs ukavSirdebian 

da orTogonalur da diagonalur sistemebs qmnian. 

am regionebSi fiqsirdeba napralebis oTxi sistema, 

romelTa mimarTulebebis azimutebis saSualo mniS-

vnelobebi aris: 1) 3-50; 2) 275-2650; 3) 48-460; 4) 

323-3180. napralebis orientaciaSi arsebiTi gansx-

vaveba ar SeiniSneba qanebis asakTan dakavSirebiT.

S. kitovani da avtorebi aWara-TrialeTis qedis 

Crdilo bortis zedacarcul kirqvebsa da mergeleb-

Si (md. TeZmis xeoba) gamohyofen napralovan siste-

mebs, romelTa mimarTulebebia (qanebis geologiuri 

asakis mixedviT):

turonulSi: 1) 20-30− 0; 2) 40-500; 3) 90-

2700; 4)310-3200.

koniakurSi: 1) 40-50-70− 0; 2) 280-300-3300; 

3) qaoturi napralebi.

santonurSi: 1) 0-180− 0; 2) 20-40-500; 3) 300-

3400.

kampanur-maastrixtulSi: 1) 0-10− 0; 2) 30-600; 

3) 80-900; 4) 300-3400.

am monacemTa gasaSualebuli mniSvnelobebi iqne-

ba:

0-201) 0; 2) 40-500; 3) 80-900; 4) 300-3400.

napralTa sistemebSi dominirebs Crdilo-aR-

mosavleTi mimarTuleba, damorCilebul rols as-

rulebs Crdilo-dasavleTi mimarTebis napralovani 

sistema. rogorc vxedavT es mniSvnelobebi didad ar 

gansxvavdeba e. gamyreliZis monacemebisgan [1, 2]. 

 Cvens mier Catarebuli manavis ##11, 12 da 

kumisi #1 WaburRilebis Slamebis mikroskopuli 

analizis mixedviT, SeiZleba aRiniSnos, rom: 1) ze-

dacarculi kirqvebi ufro danapralebulia, vidre 

tufebi; 2) napralTa SedarebiT xSiri qselia #11 

WaburRilis mier gaWril kirqvebSi. yvelaze sus-

tadaa danapralebuli kumisi #1 WaburRilSi arse-

buli zedacarculi qanebi.

2. savele-geologiuri dakvirvebebisa 2. savele-geologiuri dakvirvebebisa 

da burRvis monacemebida burRvis monacemebi

zedapiruli geologiuri dakvirvebebi Catarda 

TrialeTis qedis aRmosavleTi daboloebis Crdilo 

ferdobze, mdinareebis TeZmis, kavTuris da winwkaris 

xeobebSi, agreTve samxreT saqarTveloSi, md. alge-

Tis Sua welis xeobaSi (ix. nax. 1). teqtonikuri 

TvalsazrisiT pirveli maTgani aWara-TrialeTis 

naoWa zonis aRmosavleTi segmentis CrdiloeT bor-

tze mdebareobs, meore ki arTvin-bolnisis beltis 

(sustad danaoWebuli zonis) ukidures CrdiloeT 

nawilSi. zedacarculi (senomanur-maastrixtuli) 

qanebis zedapirul gaSiSvlebebSi, 13 dgomis (dak-

virvebis) wertilSi, vizualurad Seswavlili iqna 

800-mde mikronaprali (sixSire, mimarTeba, morfolo-

gia, gaxsna). qanebis liTologia da napralTa miner-

aluri Semavsebeli gamorkveuli iqna vizualurad 

da mikroskopulad. qanebis zusti daTariRebis miz-

niT Segrovebuli da gansazRvruli iqna moluskebis 

ganamarxebuli nimuSebi. garda amisa, stereoskopuri 

mikroskopiT gamokvleuli iqna qanebis aTamde nimuSi 

mikronapralebis Seswavlis mizniT. gamoyenebuli iqna 

agreTve manavis ##11, 12 da kumisi #1 WaburRileb-

is SlamebSi (zedacarcul qanebSi) ganviTarebuli 

mikronapralebis kvlevis sakuTari monacemebic.

3 3 . analizi. analizi

Seswavlili raionebis zedacarcul naleqebSi 

fiqsirdeba sxvadasxva mimarTebis, sixSiris, gaxsnis 

da morfologiis mqone napralebi, romlebic xSirad 

kanonzomier dajgufebebs _ sistemebs qmnian. mik-
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ronapralTa Soris umTavresia II rigis teqtoni-

kuri napralebi. isini erT SreSia ganviTarebuli da 

metwilad Sreobriobis marTobul an subvertikalur 

sibrtyeSia orientirebuli. meore adgilzea I rigis 

napralebi, romlebic ramdenime Sres (anu dastas) 

kveTen, Sreobriobisadmi marTobulad an garkveuli 

kuTxiT arian ganlagebuli. mesame adgilzea Sreo-

briobis sibrtyis subparaleluri anu TanxmobiTi 

napralebi. rac Seexeba diagonalur da qaotur 

napralebs, isini SedarebiT iSviaTia. 

napralTa parametrebs Soris didi mniSvneloba 

aqvs (gansakuTrebiT navTobis mrewvelobaSi) Semdeg 

ZiriTad maxasiaTeblebs: mimarTulebas, sixSires, gaxs-

nas da mdgomareobas _ Riaa Tu amovsebuli. Cven maT 

mokled davaxasiaTebT amave TanamimdevrobiTB

3. 1. 3. 1. napralTa mimarTebanapralTa mimarTeba

gamokvleuli teritoriebis zedacarcul qanebSi 

ganviTarebulia mikronapralTa oTxi sistema, rom-

lebic metwilad diagonalur, SedarebiT iSviaTad ki 

orTogonalur sistemebs qmnian. napralTa sistemebis 

mimarTulebis gasaSualebuli mniSvnelobebi (qanebis 

nivTieri Semadgenlobisagan damoukideblad) Semde-

gia (ix. nax. 2, 3):

I. CrdiloeTi-Crdilo-aRmosavleTi, 10-150;

II. Crdilo-aRmosavleT-samxreT-dasavleTi, 44-

620;

III. aRmosavleT-dasavleTi, 85-900.

IV. Crdilo-dasavleT-samxreT-aRmosavleTi, 318-

3210.

amaT Soris mTavaria II da IV mimarTulebebi, 

gansakuTrebiT pirveli maTgani. aRsaniSnavia, rom 

napralTa udides nawils Sreobriobis marTobuli 

an masTan miaxloebuli orientacia aqvs.

3. 2. 3. 2. napralTa sixSirenapralTa sixSire

rogorc literaturuli wyaroebis analizi da 

Cveni gamokvlevebi adastureben, am parametris mniS-

vneloba mraval faqtorzea damokidebuli. amaTgan 

erT-erTia napralTa sixSiris kavSiri qanis struq-

turasTan da simtkicesTan. zedasenonuri pelito-

morfuli mkvrivi kirqvebis (mdinareebi winwkaris, 

kavTuris, algeTis xeobebi) II rigis makronapralebis 

xazovani sixSire ramdenjerme aRemateba mdinareebi 

TeZmisa da algeTis vulkanogenur warmonaqmnebSi 

ganviTarebul Sesabamis maCvenebels.

am mxriv sainteresoa Cvens mier Suaeocenur 

vulkanogenur-danaleqi qanebis Slamebis mikrosko-

puli Seswavlis dros SemCneuli kanonzomiereba _ 

mikronapralTa sixSire gacilebiT metia minisebr 

(vitrofirul) mtkice saxesxvaobebSi tufebis msx-

vilmarcvlovan liTotipebTan SedarebiT. amrigad, 

SeiZleba zogadad davaskvnaT: rac ufro wvrilmarcv-

lovani da mtkicea (myifea) qani, miT metia misi dan-

apralebis xarisxi.

napralebis gazrdili koncentracia SeiniSneba 

naoWebis mcire radiusis mqone gadaRunul nawilebSi 

(kliteebSi, fleqsurebSi) da maT mimdebare ubneb-

Si. aq napralebis raodenoba 1.5-2-jer metia, vidre 

struqturebis frTebze (nax. 4, a).

napralebis xazovani sixSire izrdeba teqtoni-

kuri rRvevis zonebTan uSualod mimdebare ubnebSi, 

magaliTad, md. winwkaris xeobaSi (d.w.7), nasxletis 

xasiaTis rRvevis zonasTan mimdebare qveda bagis ze-

dasenonuri kirqvebis Sris 1 grZiv metrSi ganvi-

Tarebulia erTi sistemis 60 naprali, rRvevis zoni-

dan 3 m-is dacilebiT ki, amave SreSi (1 m-Si) _ 36 

naprali.

zemoTqmulTan dakavSirebiT sainteresoa aRin-

iSnos, rom WaburRilebis burRvis procesSi, Cvens 

mier Slamebis mikroskopuli Seswavlis monacemebiT, 

teqtonikuri rRvevis zonasa da mis maxloblad gan-

lagebul intervalebSi mkveTrad matulobda qanebis 

danapralebis xarisxi, SlamSi izrdeboda kalcitisa 

da sxva mineralebis ZarRvebis fragmentebis raode-

noba (zogjer 3-5-jer da metadac aradislocirebul 

intervalebTan SedarebiT).

napralebis koncentracia ukuproporciul damok-

idebulebaSia Sris sisqesTan mimarTebaSi _ erTi da 

igive nivTieri Semadgenlobis da struqturis mqone 

nax. 2. nax. 2. 

aWara-TrialeTis naoWa zonis aRmosavluri segmentis (TeZmisa da xekorZulis SuamdinareTi) aWara-TrialeTis naoWa zonis aRmosavluri segmentis (TeZmisa da xekorZulis SuamdinareTi) 

zedacarculi qanebis napralovnebis sxivuri diagramazedacarculi qanebis napralovnebis sxivuri diagrama
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qanebSi napralovnebis xarisxi izrdeba simZlavris 

Semcirebis Sesabamisad. es kanonzomiereba SemCneuli 

gvaqvs kavTuris da algeTis xeobebis zedasenonuri 

kirqvebis SreebSi.

subhorizontaluri da mcire kuTxiT daxrili, 

saerTod ki sustad dislocirebuli qanebi naklebad 

aris danapralebuli. aq, ZiriTadad, ganviTarebulia 

Sreobriobis sibrtyeSi orientirebuli da, nawilo-

briv, diagonaluri (gamkveTi) napralebi (kavTurisa 

da algeTis xeobebi).

3. 3. napralTa gaxsna3. 3. napralTa gaxsna

makronapralTa gaxsna did diapazonSi cvaleba-

dobs, saSualod 0.2 mm-dan 1.5-2 mm-mde meryeobs, Tum-

ca iSviaTad SeiniSneba 6-8 mm da 3.5 sm-mde gaxsnili 

napralebic. saerTod, napralTa gaxsna matulobs 

qanis marcvlebis zomebis gazrdis Sesabamisad.

aseTi kanonzomiereba kargad SeiniSneba kavTuris 

xeobaSi, me-3 dgomis wertilSi gaSiSvlebul kirqvis 

breqCia-konglomeratis SreSi. aq napralTa saerTo 

raodenoba mcirea, samagierod maTi gaxsna 8 mm-mde 

izrdeba. aseve, TeZmis xeobis albsenomanur uxeSna-

texovan tufobreqCiebSi da algeTis xeobis qveda-

senonur vulkanogenebSi napralTa gaxsnis sidide 

zogjer 3-4 sm da metic aris.

saerTod, I rigis napralebi ufro metadaa gaxs-

nili, vidre II rigis napralebi. 

3. 4. napralebis Semavseblebi3. 4. napralebis Semavseblebi

makronapralebis (gansakuTrebiT II rigis 

napralebis) udidesi nawili amovsebulia mineraluri 

nivTierebebiT, danarCeni metwilad Riaa. kirqvebSi 

ganviTarebuli napralebis Semavsebeli ZiriTadad 

kalcitia, xolo tufebSi, tufoqviSaqvebsa da tu-

fobreqCiebSi _ ceoliTebi, iSviaTad kvarci da kal-

citi. zogierTi naprali (gansxvavebiT didi gaxsnis 

mqone napralebisgan) mTlianad ar aris amovsebuli 

mineraluri nivTierebiT da maTSi ganviTarebulia 

meoradi sicarieleebi. msgavsi ram SeimCneva agreTve 

manavis ##11 da 12 WaburRilebis zedacarcul 

nax. 3. nax. 3. 

arTvin-bolnisis teqtonikuri zonis CrdiloeTi segmentis (algeTis xeoba) zedacarculi qanebis arTvin-bolnisis teqtonikuri zonis CrdiloeTi segmentis (algeTis xeoba) zedacarculi qanebis 

napralovnebis sxivuri diagramanapralovnebis sxivuri diagrama

nax. 4. nax. 4. 

napralovani sistemebis ganviTarebis sqema Zlieri napralovani sistemebis ganviTarebis sqema Zlieri 

teqtonikuri dislokaciis (stresis) ubnebSi:teqtonikuri dislokaciis (stresis) ubnebSi:

 a) Sreebis mkveTri (mcireradiusiani) gadaRunvis  a) Sreebis mkveTri (mcireradiusiani) gadaRunvis 

zonaSi;zonaSi;

 b) rRveviTi dislokaciis (nasxletis) zonaSi. b) rRveviTi dislokaciis (nasxletis) zonaSi.

a

b
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kirqvebsa da ninowmindis Suaeocenur tufebSi (Sla-

mur natexebSi) ganviTarebul mikronapralebSi. aseTi 

mikroZarRvebi zogjer bitumiT aris amovsebuli. 

 4.  4. daskvnebidaskvnebi

Seswavlili raionis zedacarcul naleqebSi • 
ganviTarebulia, ZiriTadad, II rigis, SedarebiT iSvi-

aTad I rigis teqtonikuri makronapralebi, romlebic 

orTogonalur da diagonalur sistemebs qmnian da 

metwilad Sreobriobis subvertikalur sibrtyeSi 

arian orientirebuli. SeiniSneba agreTve diago-

naluri, Sreobriobis subparaleluri (TanxmobiTi) 

da qaoturi napralebi.

* savele-geologiuri dakvirvebebis safuZvelze 

irkveva, rom raionis zedacarcul qanebSi ganvi-

Tarebulia oTxi ZiriTadi mimarTulebis napralTa 

sistema:

1. CrdiloeTi-Crdilo-aRmosavleTi (submeridi-

anuli) _ 10-150;

2. Crdilo-aRmosavleT-samxreT-dasavleTi _ 44-

620;

3. aRmosavleT-dasavleTi (subganeduri) _ 85-

900;

4. Crdilo-dasavleT-samxreT-aRmosavleTi _ 318-

3210.

amaT Soris mTavaria Crdilo-dasavleT-samxreT-

aRmosavleTi, Semdeg ki Crdilo-aRmosavleT-samxreT-

dasavleTi mimarTulebebi.

teqtonikuri rRvevebis, kerZod ki nasxletis • 
tipis rRvevis mimdebare ubnebSi (gaWimvis zonaSi) 

napralTa umetesobis mimarTeba metnaklebad emTxveva 

rRvevis sibrtyis mimarTebas.

napralTa ZiriTadi mimarTulebebi metwilad • 
dakavSirebuli ar unda iyos naoWebis elementebTan;

napralTa xazovani sixSire ZiriTadad damok-• 
idebulia: qanis nivTier Semadgenlobaze, mis struq-

turaze, postdiagenezuri gardaqmnis xarisxze, sis-

qeze, diastrofizmis xasiaTze da xarisxze. kerZod, 

napralTa sixSire izrdeba: 

a) teqtonikuri zonebis uSualo siaxloves; 

b) qanebis mcireradiusiani gadaRunvis adgilebSi 

(viwro kliteebSi);

g) uSualod uTanxmoebis (eroziuli) zedapiris 

qveS ganlagebul qanebSi.

rogorc makro _ aseve mikronapralTa raode-• 
noba kirqvebSi metia, vidre vulkanogenur-danaleq 

qanebSi.

rac ufro wvrilmarcvlovani da mtkicea • 
(myifea) qani, miT metia misi danapralebis xarisxi 

(daaxloebiT erTnairi sisqis SreebSi).

erTi da igive nivTieri Semadgenlobis, marcv-• 
lebis zomis da struqturul pirobebSi arsebul 

qanebSi danapralebis xarisxi izrdeba Sris sisqis 

Semcirebis proporciulad.

II rigis napralTa sixSire aRemateba I rigis • 
napralTa sixSires.

mcired daqanebuli, saerTod ki sustad dis-• 
locirebuli qanebi naklebad arian danapralebuli; 

aq ZiriTadad ganviTarebulia Sreobriobis sibr-

tyis subparaleluri, nawilobriv ki diagonaluri 

napralebi.

makronapralTa gaxsna saSualod meryeobs 0.2 • 
mm-dan 1.5-2.0 mm-mde,  iSviaTad _ 6-8 mm da 3-5 sm-sac 

aRwevs xolme. 

napralTa gaxsnis sidide matulobs qanis • 
marcvlebis zomis gazrdis Sesabamisad.

I rigis napralebi ufro metad aris gaxs-• 
nili, vidre II rigis napralebi; samagierod isini 

metwilad Riaa.

napralebis didi nawili daxSulia. kirqvebSi • 
arsebuli napralebi ZiriTadad kalcitiT aris am-

ovsebuli, vulkanogenuri qanebis napralebi _ ceo-

liTebiT, qloritiT, kalcitiT, piritiT, kvarciT.

mikronapralTa xazovani sixSire mniSvnelovnad • 
aRemateba makronapralTa sixSires. maTi gaxsna 

zogjer 0.01 mm-ze naklebia, saSualod 0.01-0.03 mm-ia, 

iSviaTad 0.07-0.5 mm.

manavis zedacarcul kirqvebSi ganviTarebuli • 
mikronapralebi zogjer mTlianad ar aris amovsebu-

li mineraluri nivTierebebiT (kalcitiT) da amgvar-

ad warmoSobili meoradi sicarieleebi myar bitumebs 

Seicaven. manavis ##11 da 12 WaburRilebis Slame-

bis mikroskopuli analizis mixedviT zedacarcul 

kirqvebSi ganviTarebuli unda iyos mikronapralTa 

ori urTierTgadamkveTi sistema. amasTan erTad, #11 

WaburRilis mier gaWrili kirqvebi, rogorc Cans, 

teqtonikuri rRvevis zonis maxloblad mdebareoben 

da ufro metadaa danapralebuli, vidre #12 Wabur-

Rilis mier gaburRuli analogiuri qanebi. 

Slamebis analizis mixedviT, ninowmindis Suae-• 
ocenur qanebSi SeiniSneba napralTa ori urTierT-

gadamkveTi sistema, romlebic erTmaneTTan qmnian 

75-1100-ian kuTxeebs. Warbobs Crdilo-dasavleT-

samxreT-aRmosavleTi (savaraudod, 305-3220) da Cr-

dilo-dasavleT-samxreT-dasavleTi (savaraudod, 37-

550) mimarTulebebi. es monacemebi ZiriTadad emTx-

veva Tbilisispira raionis zedapirul gaSiSvlebebSi 

arsebul, erTis mxriv, Suaeocenuri da, meores mxriv, 

zedacarculi qanebis mTavari napralovani sisteme-

bis mimarTebebis mniSvnelobebs.

zemoTqmulidan gamomdinare, savsebiT dasaSvebia • 
Tbilisispira raionis zedacarcul qanebSi (zeda-

pirul gaSiSvlebebSi) dafiqsirebuli napralovani 

sistemebi ganxiluli iqnas rogorc modeli da misi 

ZiriTadi parametrebi da kanonzomierebebi SeiZleba 

gavavrceloT manavis zeda carcis napralovan siste-

mebze. saxeldobr, SeiZleba vivaraudoT, rom:

a) manavis zedacarcul qanebSi gavrcelebuli 

unda iyos napralTa ori ZiriTadi urTierTgadam-

kveTi sistema _ Crdilo-dasavleT-samxreT-aRmosav-

leTi da Crdilo-dasavleT-samxreT-dasavleTi;

b) napralTa maqsimaluri koncentraciiT unda 

xasiaTdebodes naoWis yvelaze metad gadaRunuli 

nawili (TaRi) da teqtonikuri rRvevebis mimdebare 
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zonebi;

g) yvelaze meti gaxsnis mqone napralebi naoWis 

farglebSi arsebuli nasxletis tipis rRvevis 

zonebis maxloblad unda iyos ganviTarebuli. amas-

Tan erTad, napralTa ZiriTadi nawilis azimutebis 

saSualo mniSvneloba axlos unda iyos rRvevis si-

brtyis mimarTebis azimutTan.

horizontaluri an daxril _ mimarTuli bur-• 
Rvis SemTxvevaSi WaburRilis lulis traeqtoria, 

sasurvelia, subganeduri mimarTebis (aRmosavlur-

dasavluri an piriqiT) iyos, vinaidan aseT pirobebSi 

WaburRili napralTa maqsimalur raodenobas gadah-

kveTs.
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103/78. Фонды «Грузнефть», 1980. с. 34-64.

m. SariqaZe, i. TavdumaZe, r. paataSvili. ma-6. 
navis ##11, 12 da kumisi #1 WaburRilebis geolo-

giuri angariSebi da burRvis masalebi. Sps ,,kanargo 

jorjia-s” fondebi, Tbilisi, 2004-2007.

ШАРИКАДЗЕ  M.З.,  ПААТАШВИЛИ Р.В., 
СУРАМЕЛАШВИЛИ    З.Р.,   АДАМЯН А.Э.     
ТРЕЩИНОВАТЫЕ СИСТЕМЫ ВЕРХНЕМЕ-
ЛОВЫХ  ОТЛОЖЕНИЙ ПРИТБИЛИССКО-
ГО РАЙОНА

          
В статье рассмотрен вопрос о трещиноватости 

верхнемеловых пород притбилисского района, с 
целью создания моделя развитых в ных трещино-
ватых  систем. Изучены поверхностные обнажения 
в пределах Аджара – Триалетской складчатой зоны 
и Артвино – Болнисской глыбы, в частности, су-
ществующие макротрещины в верхнемеловых вул-
каногенно – осадочных и карбонатных свитах – их 
густота, распространение, открытость, морфоло-
гия, связь основных параметров трещиноватности 
с литологией пород, структурой (с размерами зе-
рен), толщиной пород, с характером и качеством 
диастрофизма. Использованы также шламы верх-
немеловых отложений, взятие со скважин площа-
дей Манави и Зап. Рустави (Манави №№ 11,12 и 
Кумиси № 1). Сделаны выводы о закономерностях 
трещиноватости  верхнемеловых пород  притби-
лисского района.

SHARIKADZE M.,   PAATASHVILI  R.,   
SURAMELASVILI Z., ADAMYAH A.
NEAR TBILISI REGION FRACTURED SYS-
TEMS OF THE UPPER CRETACEOUS SEDI-
MENTS

The aim of the named work is to create an un-
derstanding of the fractures of the Upper Cretaceous 
rocks in order to create probable model for the frac-
tured systems generated in them.We have studied the 
surface outcrops of the Adjara-Trialeti folded area and 
Artvin-Bolnisi belt with the purpose of creating a pos-
sible model of the fracture systems developed in the 
named area. The micro-fractures of the volcanic-sedi-
mentary and carbonaceous layers of the Upper Creta-
ceous were observed through the field studies concen-
trating on their frequency, distribution, penetration, 
morphology, connection of the main fracture param-
eters with the lithology of the rocks, structure (grain 
size), layer thickness, diastrophism properties and 
quality. Microscopic analysis of the series of cuttings 
from the Upper Cretaceous sediments of Manavi and 
West Rustavi (Manavi wells M11 and M12 and Kumisi 
well no.1) were also incorporated in the study. Conclu-
sions were made in the final report on the pattern of 
fractures in the Upper Cretaceous formations of the 
near-Tbilisi area.
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uak 551.24

akad. doqtori v. nadiraZe

ganivi lineamentebis roli saqarTvelos metalogeniaSi

naSromSi ganxilulia globaluri masStabis, e.w. naSromSi ganxilulia globaluri masStabis, e.w. 

Satskis meridianuli amaRleba, romelic saqarTvelos Satskis meridianuli amaRleba, romelic saqarTvelos 

teritoriaze am sistemis ramdenime struqturiTaa teritoriaze am sistemis ramdenime struqturiTaa 

gamosaxuli. maTze xangrZlivi, mravaljeradi gad-gamosaxuli. maTze xangrZlivi, mravaljeradi gad-

aadgilebebia dafiqsirebuli. Ddadgenilia ganivi da, aadgilebebia dafiqsirebuli. Ddadgenilia ganivi da, 

maT Soris meridianuli struqturebis, mniSvnelovani maT Soris meridianuli struqturebis, mniSvnelovani 

roli magmatur, hidroTermul da seismur proces-roli magmatur, hidroTermul da seismur proces-

ebSi. sasargeblo wiaRiseulis, maT Soris navTobisa ebSi. sasargeblo wiaRiseulis, maT Soris navTobisa 

da gazis, sabadoebis ganlagebas teqtonikuri kvan-da gazis, sabadoebis ganlagebas teqtonikuri kvan-

Zebi gansazRvraven, romlebic kavkasiuri da ganivi Zebi gansazRvraven, romlebic kavkasiuri da ganivi 

mimarTebis struqturebis gadakveTiT warmoiqmnebian. mimarTebis struqturebis gadakveTiT warmoiqmnebian. 

Gganxilulia barit-polimetaluri da spilenZ-kol-Gganxilulia barit-polimetaluri da spilenZ-kol-

Cedanuri madnebis warmoSobis meqanizmebi.Cedanuri madnebis warmoSobis meqanizmebi.

lineamentebi miwis qerqis unikaluri obieqte-

bia, romlebic dedamiwis zedapirze sakmaod dama-

jereblad gadmocemen informacias sxvadasxva mas-

Stabis siRrmul araerTgvarovnebaze, rac gamoiyen-

eba rogorc geologiur TeoriaSi, aseve praqtikaSi. 

გeologiur TeoriaSi lineamentebi, rogorc miwis 

qerqis siRrmuli danawevrebis bunebrivi indikator-

ebi, warmoadgenen saimedo instruments Tanamedrove 

geodinamikis SecnobaSi. geologiur praqtikaSi lin-

eamentebs SeuZliaT gamosaxon sxvadasxva fluidebis 

momyvani arxebi da SeuZliaT iqcnen mTavar indika-

torebad sasargeblo wiaRiseulis sabadoTa prog-

nozirebasa Tu ZebnaSi.

saqarTvelos teritoriaze Catarebuli kvleve-

bis Sedegad vlindeba, rom rRveviTi struqturebi 

orTogonalur-diagonaluri sistemebis bades hqm-

nian, isini sworxazovanni arian, TiToeuli maTgani 

ramdenime (ZiriTadad 3-4) elementisagan Sedgeba 

da, rogorc wesi, dabali rangis struqtura maRa-

li rangis Semadgenel nawils warmoadgens. aRniS-

nuli sistemebidan saqarTvelos teritoriaze um-

Tavresad ganviTarebulia ganeduri da diagonaluri 

- Crdilo-dasavleTi mimarTebis lineamentebi. isini 

dominireben naoWa sistemebis SeqmnaSi da struqtu-

rul-facialuri zonebis formirebaSi. meridianuli 

da Crdilo-aRmosavleTi mimarTebis rRvevebi gamkve-

Ti, ganivi xasiaTis arian da, rogorc wesi, blokur 

struqturebs qmnian. naoWa struqturebi maTTan nak-

lebad arian dakavSirebulebi. Cveni Seswavlis sagans 

meridianuli struqturebi warmoadgenen.

kavkasia da, Sesabamisad saqarTvelos teritoria, 

globaluri masStabis, e.w. Satskis meridianuli amaR-

lebis zonaSia moqceuli [1], romelic mTel evraziis 

kontinents kveTs TeTri zRvidan xmelTaSua zRvamde 

(ix. nax. 1). am mniSvnelovani struqturis elementebi 

m. kaSkaisa da g. Tamrazianis mier [2] kavkasia-yiri-

mis regionSi arian gamoyofilebi meridianuli dis-

lokaciis zonebis saxiT, aseve mravlad arian dafiq-

sirebuli somxeTis teritoriaze [3] da kavkasionis 

nax. 1. nax. 1. 

transkavkasiuri lineamentis (Satskis amaRlebis) transkavkasiuri lineamentis (Satskis amaRlebis) 

agebuleba kosmosuri suraTebis deSifrirebiT (v. a. agebuleba kosmosuri suraTebis deSifrirebiT (v. a. 

buSis mixedviT): 1 – transkontinenturi lineamen-buSis mixedviT): 1 – transkontinenturi lineamen-

tis Semqmneli xazovani struqturebi kosmosur su-tis Semqmneli xazovani struqturebi kosmosur su-

raTebze; 2 – deSifrirebiT miRebuli sxva xazovani raTebze; 2 – deSifrirebiT miRebuli sxva xazovani 

struqturebi; 3 – 5 – rRvevebis morfologiuri struqturebi; 3 – 5 – rRvevebis morfologiuri 

Taviseburebebi geologiuri monacemebiT da deSifri-Taviseburebebi geologiuri monacemebiT da deSifri-

rebis monacemebiT: 3 – nasxletebi, 4 – Secocebebi, rebis monacemebiT: 3 – nasxletebi, 4 – Secocebebi, 

SariaJebi, 5 – nawevebiSariaJebi, 5 – nawevebi
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Crdilo ferdobze. aRniSnuli zonebi saqarTvelos 

teritoriasac moicaven, Tumca arsebul geologiur 

rukebze saTanadod ar arian asaxulebi.

saqarTvelos teritoriaze Cvens mier Catarebuli 

kvlevebiT meridianuli sistemis ramdenime mZlavri 

struqturaa gamovlenili. erTi maTgani afxazeTis 

teritoriaze, afSris midamoebSi, ramdenime elemen-

tisagan Sedgeba da am rRvevebiT gagra-javis zona 

dasavleTiT safexurisebrad iZireba carculi kar-

bonatuli qanebis qveS (ix. nax. 2). 

meridianuli mimarTebis mZlavri teqtonikuri 

zona vlindeba samegreloSi, mTa kviras teritoriaze. 

aq baiosis vulkanogenebSi fiqsirdeba 20-30 m sim-

Zlavris dislocirebuli zonebi TabaSiris ZarRvebiT, 

romlebic arTuleben kidura dislokaciebis morfo-

logias. okribis midamoebSi aseve gamoyofilia me-

ridianuli amaRlebuli bloki, romelic dasavleTi-

dan da aRmosavleTidan rRvevebiTaa SemosazRvruli. 

blokSi fundamentis qanebi erTi kilometriTaa amoz-

iduli da geofizikuri meTodebiT idevneba rogorc 

samxreTiT (quTaisis midamoebi), aseve CrdiloeTiT 

[4]. meridianuli teqtonikuri bloki fiqsirdeba 

nax. 2. nax. 2. 

afxazeTis madneuli raionis struqturul-geologiuri ruka: 1 – qvedaiuruli Tixovani da arkozuli afxazeTis madneuli raionis struqturul-geologiuri ruka: 1 – qvedaiuruli Tixovani da arkozuli 

qviSaqvebi; 2 – baiosis tufogenuri qviSaqvebi, tufobreqCiebi, tufokonglomeratebi da porfiritebi; 3 – ka-qviSaqvebi; 2 – baiosis tufogenuri qviSaqvebi, tufobreqCiebi, tufokonglomeratebi da porfiritebi; 3 – ka-

loviuri, oqsford-luzitanuri Tixebi, alevrolitebi, qviSaqvebi, dolomitizirebuli rifogenuli kirqvebi loviuri, oqsford-luzitanuri Tixebi, alevrolitebi, qviSaqvebi, dolomitizirebuli rifogenuli kirqvebi 

da qviSiani kirqvebi; 4 – kimerijis qviSaqvebi, Tixebi, mergelovani kirqvebi; 5 – titonis dolomitebi, da qviSiani kirqvebi; 4 – kimerijis qviSaqvebi, Tixebi, mergelovani kirqvebi; 5 – titonis dolomitebi, 

dolomitizirebulikirqvebi, mergelebi; 6 – neokomis kirqvebi da mergelebi; 7 – paleogenis mergelebi; dolomitizirebulikirqvebi, mergelebi; 6 – neokomis kirqvebi da mergelebi; 7 – paleogenis mergelebi; 

8 – rRvevebi: (a�- dadgenili,  b�- gamovlenili aerodeSifrirebiT); 9-12 – sabadoebi da madangamovlenebi 8 – rRvevebi: (a�- dadgenili,  b�- gamovlenili aerodeSifrirebiT); 9-12 – sabadoebi da madangamovlenebi 

(9 – baritis, 10 – barit-tyvia-cinkis, 11 – tyvia-cinkis, 12 – baritis sabado afSra)(9 – baritis, 10 – barit-tyvia-cinkis, 11 – tyvia-cinkis, 12 – baritis sabado afSra)
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raWaSi, raWa-leCxumis sinklinis midamoebSi. bloki 

geologiurad xangrZlivi drois ganmavlobaSi, zeda 

iuridan miocenamde, ganicdida klaviSisebr moZraobas, 

ZiriTadi da mZlavri aRzeveba zeda iuris win xdeba, 

ris Sedegadac mZlavri (3,5 km-mde) vulkanogenuri 

wyeba amaRlebis mimarTulebiT TiTqmis mTlianad 

isoleba. Semdgomi moZraobebebis dinamika klebu-

lobs da gadaadgilebebi aseuli metrebiT izomeba 

(ix. nax. 3). aseve mZlavri teqtonikuri zona fiq-

sirdeba kvaisis midamoebSi, romelic dasavleTidan 

sazRvravs kvaisis sabados da mkveTrad cvlis md. 

jejoris mimarTulebas. aRniSnul teqtonikuri zona, 

savaraudoT, axalqalaqis meridianuli rRvevebis 

Crdilo gagrZelebas unda warmoadgendes. am sistemis 

mZlavri teqtonikuri zona Cvens mier iyo dafiq-

sirebuli naxiCevanis raionSi (azerbaijani), romel-

sac CrdiloeTiT, somxeTis teritoriaze, vulkanuri 

aparatebis mwkrivi ukavSirdeba, xolo saqarTvelos 

teritoriaze es Rrmuli struqura, Cveni varaudiT, 

aRmosavleTidan aWara-TrialeTis zonas unda saz-

Rvravdes. mis erT erT elementTan, dakavSirebulia 

md. mtkvris dinebis mkveTri Secvla ganeduridan 

meridianulze q. Tbilisis midamoebSi. 

faqtiuri masalebis safuZvelze dgindeba ganivi 

struqturebis mniSvnelovani roli magmaturi war-

monaqmnebis formirebaSi, metalogeniaSi, hidroTermul 

procesebSi, seismurobis xasiaTSi, xSirad maTTanaa 

dakavSirebuli navTobis gamovlenebi. magmaturi war-

monaqmnebis lokalizacias da saerTod sasargeblo 

wiaRiseulis ganlagebas mniSvnelovanwilad teqton-

ikuri kvanZebi gansazRvraven, romlebic warmoqmnili 

arian ganivi da e.w. kavkasiuri mimarTebis struq-

turebis gadakveTiT.

sasargeblo wiaRiseulis sabadoTa Seswavlis 

erT-erT mniSvnelovan sakiTxs im procesebis gamov-

lena warmoadgens, romlebic miwis qerqSi madneuli 

masebis koncentracias ganapirobeben. am procesebSi 

ZiriTadi faqtori struqturul-teqtonikuria. met-

alogeniuri sakiTxebis ganxilvisas Cven vefuZnebiT 

mimarTulebas, romelic damyarebulia gamWoli mad-

anmakoncentrirebeli struqturebis cnebebze [5]. 

aRniSnuli struqturebi ekuTvnian gamWol rRvevaTa 

sistemebis klass, romelTa Soris gansakuTrebuli 

prognozul-metalogeniuri mniSvnelobiT gamoirCe-

vian is erTeulebi, romelTa simZlavrec ramdenime 

aTeul kilometrs Seadgens. am struqturebis mniS-

vnelovan Taviseburebas warmoadgens did manZilebze 

maTi faruli xasiaTi da ganviTarebis didi dro. zo-

gierTi maTgani Casaxuli iyo kambriulis wina xanaSi 

da SemdgomSi, sxvadasxva teqtonikur periodebsa da 

nax. 3. nax. 3. 

raWis madneuli raionis struqturul-geologiuri ruka: 1 – meoTxeuli naleqebi; 2 – paleogen-neoge-raWis madneuli raionis struqturul-geologiuri ruka: 1 – meoTxeuli naleqebi; 2 – paleogen-neoge-

nuri Tixebi, karbonatuli, TabaSiriani Tixebi, qviSaqvebi, konglomeratebi; 3 – carculi qviSaqvebi, mergelo-nuri Tixebi, karbonatuli, TabaSiriani Tixebi, qviSaqvebi, konglomeratebi; 3 – carculi qviSaqvebi, mergelo-

vani kirqvebi, masiuri kirqvebi, Tixebi; 4 – zedaiuruli Tixebi, Tixovani qviSaqvebi, kirqvebi da organogenuli vani kirqvebi, masiuri kirqvebi, Tixebi; 4 – zedaiuruli Tixebi, Tixovani qviSaqvebi, kirqvebi da organogenuli 

kirqvebi; 5 – Suaiuruli, baiosuri tufebi, tufobreqCiebi, lavobreqCiebi, bazaltebi da porfiritebi; 6 kirqvebi; 5 – Suaiuruli, baiosuri tufebi, tufobreqCiebi, lavobreqCiebi, bazaltebi da porfiritebi; 6 

– qvedaiuruli Tixafiqlebi da qviSaqvebi; 7 – intruziuli sxeulebi: a) Suaiuruli gabro-dioriti, b) – qvedaiuruli Tixafiqlebi da qviSaqvebi; 7 – intruziuli sxeulebi: a) Suaiuruli gabro-dioriti, b) 

neogenuri albitofiri; 8 – rRvevebi: a) dadgenili, b) deSifrirebuli aerofotomeTodiT, g) Secocebebi,  d) neogenuri albitofiri; 8 – rRvevebi: a) dadgenili, b) deSifrirebuli aerofotomeTodiT, g) Secocebebi,  d) 

amaRlebis sazRvari; 9 – sabadoebi (didi niSani), da gamovlenebi (mcire niSani): a) baritis, b) polimetalebis,  amaRlebis sazRvari; 9 – sabadoebi (didi niSani), da gamovlenebi (mcire niSani): a) baritis, b) polimetalebis,  

g) TabaSiris, d) navTobis; sabadoebi: 1 – wesi (bariti); 2 - wesi (TabaSiri); 3 - bajixevi; 4 - Cordi; 5 - g) TabaSiris, d) navTobis; sabadoebi: 1 – wesi (bariti); 2 - wesi (TabaSiri); 3 - bajixevi; 4 - Cordi; 5 - 

kvaisa; 6 - xardisarakvaisa; 6 - xardisara



13 samTo Jurnali, # 2(35), 2015

geologia - ГЕОЛОГИЯ - GEOLOGY   

reJimebSi ganicdidnen teqtono-magmatur aqtiviza-

cias, Sesabamisad akontroleben sxvadasxva tipis 

madanTa sabadoebs.

saqarTvelos teritoriis metalogenias qmnian 

sxvadasxva tipis feradi, iSviaTi da keTilSobili 

metalebis sabadoebi. sabadoebis da madangamovlenebis 

absoluturi umravlesoba ukavSirdeba diagonalur, 

Crdilo-dasavleTis lineamentTa sistemas, romelic 

iranis teritoriidan ukrainis faramde gaidevneba. 

saqarTvelos teritoriaze teqtonikuri zonis cen-

tralur, RerZul nawils barit-polimetaluri for-

maciis sabadoebi ikaveben. iSviaTi da keTilSobili 

metalebis sabadoebi ZiriTadad kavkasionis samxreT 

ferdobze arian ganlagebulebi ganeduri mimarTe-

bis rRvevebisa da ganivi struqturebis gadakveTiT 

warmoSobil rTul teqtonikur kvanZebSi. gamkveTi 

struqturebi ZiriTadad meridianuli mimarTebisaa. 

am mxriv mniSvnelovani arian stuqturebi, romlebic 

kavkasionis amaRlebul bloks sazRvraven dasav-

leTidan da aRmosavleTidan. pirveli naTlad aris 

gamoxatuli gagra-javis zonis dasavleTis kidura 

nawilSi erTeuli rRvevebisa da blokebis saxiT. es 

mZlavri struqtura akontrolebs baritis sabado 

afSras, polimetalur gamovlenebs - brZiSxa, ZiSra, 

amTxeli, spilenZ-kolCedanur gamovlena adanges da 

vercxliswylis sabadoebs - avadxara, axei. erTeuli 

meridianuli struqturebiT kontrolirdebian zemo 

svaneTis mciresulfiduri oqros gamovlenebi, rom-

lebic ganeduri struqturebis gaswvriv arian gan-

lagebulebi.

ufro mniSvnelovania meridianuli mimarTebis 

lineamentebis sistema, romelic amaRlebas aRmosav-

leTidan sazRvravs. isini akontroleben iSviaT da 

keTilSobil metalTa, polimetalTa, baritis, rkinis 

da manganumis sabadoebs da gamovlenebs. CxalTa-

lailis struqturul zonaSi ganlagebulia dariSx-

anis sabadoebi: cana, kodisZiri da luxuni (oqroTi), 

anTimoniumis zofxiTo (oqroTi), xvrelieTo, kirti-

So, kvarZaxeTi, molibdenis karobi, volframis nowara. 

samxreTiT, gagra-javis zonaSi - baritis sabadoebi 

Cordi, xardisari, kvaisa, wesi, polimetaluri kvaisa, 

skatikomi, razdarankomi da am metalTa didi raode-

nobis madangamovlenebi (onWevi, Telnari, iri, daRve-

rila, donJini, lesora, TedeleTi, mefis-sadgomi da 

sxva), TabaSiris sabadoebi bajixevi, muxli, manganumis 

sabado Sqmeri.

samxreTiT, meridianuli sistemis sferoSi, 

saqarTvelos beltzea manganumis WiaTuris sabado, 

xolo aWara-TrialeTis zonaSi rkinis sabado Zama, 

spilenZ-polimetaluri oqroTi RarTa da mravali 

gamovlena.

bolnisis jgufis sabadoebi da gamovlenebic 

rTul teqtonikur kvanZs ukavSirdebian, warmoqm-

nils erTis mxriv somxeT-yarabaxis zonis gagrZele-

baze ganviTarebul Crdilo-dasavleTi mimarTebis 

lineamentTa zoniT, agreTve diagonaluri Crdilo-

aRmosavleTi da meridianuli sistemis lineamente-

biT. isini calkeuli rRvevebiT arian gamosaxulebi.

rac Seexeba navTobisa da gazis sabadoebs da 

gamovlenebs, isini ganeduri da meridianuli struq-

turebis gadakveTiT warmoqmnil teqtonikur kvanZebs 

ukavSirdebian. pirvel rigSi es exeba Tbilisis re-

gionSi ganviTarebul navTobis sabadoTa jgufs, rom-

lebic arpa-CeCneTis meridianul rRvevaTa sistemis 

zonis gavlenis sferoSi arian ganlagebulebi [6]. 

es tendencia ufro mcire masStabSi, magram naT-

lad, aisaxeba raWis madneul raionSi. ganeduri da 

meridianuli struqturebis gadakveTis kvanZebSi 

lokalizdebian baritis, polimetalebis, TabaSiris 

sabadoebi da gamovlenebi, navTobis gamovlenebi, rac 

kidev erTxel miuTiTebs am sasargeblo wiaRiseulis 

kavSirs meridianul struqturebTan.

nax. 4. nax. 4. 

saqarTvelos teritoriaze metalebis da navTobis sabadoTa ganlagebis sqematuri ruka: 1 – metalebis saqarTvelos teritoriaze metalebis da navTobis sabadoTa ganlagebis sqematuri ruka: 1 – metalebis 

sabadoebi; 2 – navTobis sabadoebisabadoebi; 2 – navTobis sabadoebi
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arsebul metalogeniur rukebze, sabadoebi da 

madangamovlenebi metalogeniur zonebSi arian gaer-

Tianebulebi, romlebic ZiriTadad kavkasiuri mi-

marTebis struqturul-facialur zonebis konfigu-

racias imeoreben. am zonebSi sabadoTa ganawileba 

araTanabaria da kvanZur xasiaTs atarebs (ix. nax. 4), 

rac saeWvos xdis maT kavSirs xsenebul zonebTan.

saqarTveloSi barit-polimetaluri formaciis 

sabadoebis ZiriTadi raodenoba Sua iuris vulkano-

genur qanebs ukavSirdeba, Tumca maTi zeda mesameu-

li asaki mravali faqtiuri masaliTaa gamyarebuli, 

Sesabamisad am formaciis sivrculi kavSiri vul-

kanogenur zonebTan axsnas moiTxovs.

okeaneebSi spredingis zonebisa da riftebis 

Seswavlam gviCvena, rom aqtiur struqturebSi inten-

siurad mimdinareoben hidroTermul-eqsgalaciuri 

procesebi da fskerze xdeba didi raodenobiT endo-

genuri nivTierebebis modineba, maT Soris bariumisa 

da tyvia-cinkis. wiTeli zRvis centralur nawilSi 

madneuli naleqebi lokalizdebian RrmulebSi, sa-

Sualo konsistenciis koloidur masis saxiT, erT 

procentamde bariumis SemcvelobiT da mcire sim-

Zlavris (7-10 sm) baritis naleqebis saxiT, sadac 

aRiniSneba stronciumis Jangisa da cinkis maRali 

koncentracia [7].

savaraudod kavkasiaSi, Sua iurul vulkanogenur 

zonebSi, maTi riftuli ganviTarebis sawyis stadi-

aze, wiTeli zRvis riftis analogiurad, xdeboda 

bariumisa da polimetalebis waTxebisa da gabneuli 

mineralizaciis dagroveba. SemdgomSi, zeda mesameul-

Si, teqtono-magmaturi aqtivizaciis Sedegad meridi-

anul struqturebis gaswvriv moxda am nivTierebaTa 

gadamuSaveba, koncentracia, gadatana zeda horizon-

tebze da sabadoTa warmoqmna, sadac baritis masa 

ramdenime milionobiT toniT ganisazRvreba, xolo 

misi Semcveloba 90-95 %-s aRwevs.

kavkasionis samxreT ferdze iSviaTi da keTilSo-

bili metalebis, sabadoebi ganeduri mimarTebis mTa-

var Secocebasa da mis paralelur rRvevaTa gaswvr-

iv arian ganlagebulebi, maTi asaki zeda mesameulia. 

rogorc cnobilia, kavkasionis mTavari teqtonikuri 

ganviTareba paleogenidan daiwyo da es procesi mud-

mivi SekumSvis pirobebSi mimdinareobda. am pirobebSi 

gaswvrivi lineamentebi, Cvenis azriT, madanmaregeneri-

rebeli struqturebi ver iqnebodnen, ris gamoc am 

funqciis matareblebi ganivi struqturebi, kerZod 

ki meridianulebi arian. es struqturebi zeda me-

sameulSi gaWimvas ganicdian da aqtiuri magmaturi 

moqmedebebiT xasiaTdebian. maTTan intensiuri vul-

kanuri procesebia dakavSirebuli, Sesabamisad isini 

mantiuri siTburi nakadebis, metalmatarebel flu-

idebis momyvan arxebs warmoadgendnen da saqarT-

velos metalogeniaSi ZiriTad rols asrulebd-

nen. maT gaswvriv vertikalur zonalobas hqonda 

adgili, rac lateralur zonalobaSia gamoxatuli. 

CrdiloeTis azidul blokebSi spilenZ-kolCedanuri 

da iSviaT metalTa formaciis gamadnebaa warmodge-

nili, romelic samxreTiT, daZirul blokebSi, icvleba 

barit-polimetaluriT da kidev samxreTiT manganu-

mis hidroTermul-danaleqi sabadoebiT.

gansakuTrebuli ganxilvis Rirsia adangesa da 

zesxos spilenZ-kolCedanuri madangamovlenebi, rom-

lebzedac mravali wlebis ganmavlobaSi mimdinareob-

da Zebna-ZiebiTi samuSaoebi, magram dadebiTi Sedegebi 

ver iqna miRebuli. es gamovlenebi kavkasionis mTa-

var Secocebis zonas ukavSirdebian da warmodgenili 

arian gamadnebuli blokebis (zogjer kolosaluri 

sididis) saxiT. es gamovlenebic, mesameuli asakis 

gamadnebebis msgavsad, kavkasionis SekumSvis process 

ar SeiZleba davukavSiroT. spilenZ-kolCedanuri 

mineralizacia unda ukavSirdebodes im periods, 

roca kavkasionis samxreT ferdobze iuraSi gaWim-

vadi, riftismagvari procesebi viTardeboda [8], rac 

gamadnebebis asakiTac dasturdeba. SemdgomSi kavka-

sionis teqtonikuri Camoyalibebis procesma madneu-

li sxeulebis destruqcia gamoiwvia, rac mTavari 

Secocebis gaswvriv, Tanamedrove zedapirze, teqtoni-

kuri blokebis gamotaniT gamoisaxa. amave regionSi 

gvxvdeba axalgazrda spilen-kolCedanuri gamovlene-

bi, zogierTi maTgani meridianuli mimarTebis struq-

turebs ukavSirdeba, magaliTad Sou-didi. 
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doqtoranti S. gegia

okribis azevebis produqtiuli baritis mineralizaciis 
lokalizaciis faqtorebi

НАДИРАДЗЕ В.В.
РОЛЬ ПОПЕРЕЧНЫХ ЛИНЕАМЕНТОВ В 
МЕТАЛЛОГЕИИ ГРУЗИИ

Глобального масштаба т.н. Меридиональное 
поднятие Шатского на территории Грузии выра-
жен рядом структур этой системы. Устанавлена 
роль поперечных, в т.ч. меридиональных струк-
тур в магматических, гидротермальных и сейсми-
ческих процессах. Расположение месторождений 
полезных ископаемых, включая нефть и газ, оп-
ределяют тектонические узлы, образующиеся пе-
ресечением структур кавказского и поперечного 
направлений. Рассмотрен механизм образования 
барит-полиметаллических и медно-колчеданных 
руд.

NADIRADZE V.
THE ROLE OF TRANSVERSE LINEAMENTS 
IN METALOGENY OF GEORGIA

 The global scale promotion of the so called Schatski 
meridian on the territory of Georgia is expressed by a 
range of structures of this system. Long-term recurrent 
relocations have been recorded on them. It has been 
asserted that transverse, including meridian, struc-
tures play an important role in magmatic, hydrother-
mal and seismic processes. Dispersion of mineral de-
posits, including oil and gas, is determined by tectonic 
knots which are formed by transecting of Caucasian 
and transverse structures. The mechanism of originat-
ing of barite-polymetallic and copper-colchedan ores 
is discussed. 

statiaSi ganxilulia okribis baritis Semcveli statiaSi ganxilulia okribis baritis Semcveli 

kvanZis, romlis SemadgenlobaSi Sedis Rvedi-kvanZis, romlis SemadgenlobaSi Sedis Rvedi-

laCepitas, xvamlis, meqvenis, JoneTis, kirovis, zubis, laCepitas, xvamlis, meqvenis, JoneTis, kirovis, zubis, 

Txmori-vaTeTras madniani velebi, geologiuri age-Txmori-vaTeTras madniani velebi, geologiuri age-

buleba da misi perspeqtiuloba. kvanZis farglebSi buleba da misi perspeqtiuloba. kvanZis farglebSi 

gamoyofilia wyvetiTi aSlilobebis da naoWa struq-gamoyofilia wyvetiTi aSlilobebis da naoWa struq-

turebis sivrculi orientacia, maTi Casaxvis da gan-turebis sivrculi orientacia, maTi Casaxvis da gan-

viTarebis sakiTxebi da am struqturebTan dakavSire-viTarebis sakiTxebi da am struqturebTan dakavSire-

buli produqtiuli baritis mineralizaciis loka-buli produqtiuli baritis mineralizaciis loka-

lizaciis faqtorebi. lizaciis faqtorebi. 

okribis baritis Semcveli kvanZis geologiuri 

agebulebis, madnis lokalizaciis faqtorebis, misi 

perspeqtiulobis da kidev mravali sakiTxis gada-

sawyvetad madniani kvanZis mTel teritoriaze or 

etapad, 1975-76 da 1986-87 wlebSi, Catarda 1:10000 

masStabis specializebuli geologiuri agegmva 

300 km2 farTobze. am samuSaoebis safuZvelze Sedga 

Sesabamisi geologiuri rukebi, rogorc madniani kvan-

Zis dasavleTi nawilisaTvis (210 km2) ise aRmosav-

leT periferiisaTvis (80 km2).

okribis baritis Semcveli kvanZi geoteqtoni-

kurad Sedis saqarTvelos mTaTaSueTis (beltis) 

okriba-xreiTis zonaSi da miekuTvneba saqarTvelos 

mTaTaSueTis metalogeniuri provinciis okriba-

leCxumis madniani raionis okriba-saCxeris mandian 

zonas.

okribis madniani kvanZis SemadgenlobaSi gamoiyo-

fa: Rvedi-laCepitas, xvamli, meqvenis, JoneTis kirovis, 

zubis, Txmori-vaTeTras madniani velebi, romlebic 

erTmaneTisagan gamoyofilia gaumadnebeli terito-

riebiT. 

geomorfologiurad kvanZi warmoadgens ori 

didi mdinaris, rionisa da cxeniswylis Suawelis 

mravalircxovani viwro da Rrma xeobebiT Zlier 

danawevrebul regions.

saqarTvelos mTaTaSueTis da kavkasiis naoWa 

(naoWa-zewruli) sistemis kontaqtma, danaoWebis 

fazebis da sxvadasxva orientaciis rRvevebis sim-

ravlem gamoiwvia okribis madniani kvanZis rTuli 

mozaikuri agebuleba.

madniani kvanZis geologiur agebulebaSi 

monawileobs iuruli asakis baiosis vulkanogen-da-

naleqi wyeba, romelic periferiul nawilebSi gada-

farulia baTuri asakis `furcela fiqlebiT~, zeda 

iuruli asakis kimerijuli e.w. `feradi wyebiT~ da 

qveda carculi asakis karbonatuli qanebiT. 

baiosis porfirituli wyeba teritoriis 85 %-s 

moicavs. es vulkanogen-danaleqi warmonaqmnebi xasi-

aTdeba xSiri facialuri gadasvlebiT, simZlavreTa 

cvalebadobiT, calkeuli fenebis gamosolviT. mTli-

anad okribis madniani kvanZis farglebSi porfir-

itul wyebaSi gamoyofilia 14 horizonti, romelTa-

gan aRmosavleT periferiebze Txmori-vaTeTras mad-

nian velze SiSvldeba VI, VII, VIII, IX, X da XI 

horizontebi.

okribis kvanZis dasavleT ubanze gamoyofilia 

mesame da ufro dabali rigis (nikiforovis mixed-

viT) 70 naoWi da 67 rRveviTi aSliloba. maTi um-

ravlesoba kargad fiqsirdeba aerofotoagegmviTac. 

maTi mdebareobis mixedviT SeiZleba gamoiyos eqvsi 

jgufi: 1. rRvevebi dasavleT _ Crdilo-dasavleTi 

mimarTebis 270-3000, cicabo daxris kuTxiT 60-

800; 2. Crdilo-dasavleTi mimarTeba 300-3300, ci-

cabo daxris kuTxiT 70-800; 3. Crdilo _ Crdilo-

dasavleTi mimarTebis 330-3600 daxris kuTxe 60-850. 

danarCeni sami 4, 5, 6 jgufis rRvevebi Crdilo _ 

Crdilo-aRmosavleTi mimarTebisaa 0-300, 30-600, 60-
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900 da xasiaTdebian SezRuduli gavrcelebiT.

naoWebis saerTo-kavkasiuri mimarTebis fonze 

raionSi gamoiyofa ori anomaluri bloki okribis 

kvanZis dasavleT nawilSi – gormaRala da namox-

vani, romelTa farglebSi naoWebi iReben Crdilo-

aRmosavleT mimarTebas, amasTan aRsaniSnavia, rom sak-

maod gamWimavi saerTo-kavkasiuri orientaciis naoWa 

formebi am blokebTan Sexebisas ramdenadme icvlian 

mimarTulebas, TiTqosda Semoedinebian am blokebs, 

rac Cveni azriT gamowveuli unda iyos am blokebis 

fundamentis azevebiT. analogiuri suraTi SeiniSneba 

aRmosavleT nawilis erT-erT blokSi, romelSic 

Cvens mier dadgenili iqna imave saerTo-kavkasiuri 

orientaciis 21 naoWi da 32 rRveviTi aSliloba.

okribis baritis Semcveli kvanZis dasavleTi 

nawilis farglebSi, romelic moicavs Rvedis, laCepi-

tas, xvamli-meqvenis, JoneTis da kirovis madnian ve-

lebs dadgenili iqna 110 madniani ubani, romlebSic 

dafiqsirebulia 300-mde didi, saSualo da mcire 

zomis baritis da kalcitis ZarRvebi. isini kveTen 

baiosis yvela horizonts meToTxmete horizontis 

garda. Tumca aqve unda aRiniSnos, rom produqtiuli 

baritis didi umravlesoba lokalizebulia zeda 

baiosis qveda horizontebSi. 

madneuli sxeulebis lokalizaciasa da sivrce-

Si ganawilebas ganapirobebs struqturuli da li-

Tologiuri faqtorebi, Tumca wamyvani roli mainc 

struqturul faqtorebs eniWeba. g. bagratiSvilma 

gamoyo baritis madnebis ZiriTadi mineraluri aso-

ciaciebi, esenia: 1. arsebiTad monomineraluri barit-

uli; 2. barit-kalcitiani; 3. barit-kvarciani; 4. 

barit-sulfiduri da 5. barit-TabaSiriani. Tumca, 

garda zemoT CamoTvlilisa, gvxvdeba sakuTriv kal-

citiani, monomineraluri kvarciani da piritizirebu-

li zonebi. amaTgan yvelaze gavrcelebulia pirveli 

ori tipi, xolo yvelaze iSviaTia barit-TabaSiri-

ani. barituli ZarRvebis sibrcobrivi ganawilebis 

Sesaxeb naTel warmodgenas iZleva cxrili 1, romel-

ic Sedgenilia calkeuli samrewvelo barituli mad-

niani sxeulebis mixedviT.

diagramebisa da cxrilis analizi saSualebas 

iZleva avRniSnoT, rom okribis baritis Semcveli 

ZarRvebis mimarTebebi fiqsirdeba Crdilo azimuteb-

Si, magram meryeobs did farglebSi dasavluridan 

aRmosavluramde. SeiZleba davaskvnaT, rom yvela mad-

niani velisTvis ZiriTadia is ZarRvebi, romelTa mi-

marTebebic Crdilo-dasavleT kvadratSi xvdeba. 

cxrilidan kargad Cans, rom okribis baritis 

Semcveli kvanZisTvis SeiZleba gamoiyos samrewvelo 

baritis ZarRvebis orientaciis xuTi jgufi: 1. 1. da-da-

savleT _ Crdilo-dasavleTi savleT _ Crdilo-dasavleTi mimarTebis azimutiT 

270-3000. am mimarTebis ZarRvebi raodenobri-

vad da samrewvelo mniSvnelobiT meore adgilzea 

(22%), cicabo vardnis kuTxiT (60-850) daxrili 

Crdilo-aRmosavleTiT, zogjer samxreT-dasavleTiT. 

2. Crdilo-dasavleTi 2. Crdilo-dasavleTi mimarTebis azimutiT 300-3300, 

mas Tavisi mniSvnelobiT wamyvani adgili uWiravs 

da xasiaTdeba cicabo daqanebiT, daqanebis azimutiT 

Crdilo-aRmosavleTiT samxreT-dasavleTiT ukanaskne-

lis upiratesobiT. aseTi orientaciis ZarRvebi gan-

viTarebulia mTeli madniani kvanZis farglebSi, maSin 

roca Crdilo-dasvleTi daqaneba fiqsirdeba JoneTis 

da meqvenis madnian velebze. 3. Crdilo _ Crdilo-3. Crdilo _ Crdilo-

dasavleTidasavleTi mimarTebis azimutiT 330-3600 Tavisi 

mniSvnelobiT mesame adgilzea (saerTo raodenobis 

18 %) gvxvdeba mTel teritoriaze JoneTis madniani 

velis garda. 4. Crdilo-aRmosavleTi4. Crdilo-aRmosavleTi mimarTeba 0-150, 

ganviTarebulia mxolod meqvenis madnian velze. 5. 5. 

aRmosavleT _ Crdilo-aRmosavleTiaRmosavleT _ Crdilo-aRmosavleTi mimarTebiT 60-

800 aRniSnuli orientaciis ZarRvebi gavrcelebis 

mxriv bolo adgilzea madniani kvanZis farglebSi da 

damaxasiaTebeli mxolod JoneTis madniani velisaT-

vis, sadac dafiqsirebulia ori aseTi samrewvelo 

mniSvnelobis ZarRvi. 

nax. 1. nax. 1. 

okribas baritis Semcveli kvanZis teqtonikuri agebulebis sqemaokribas baritis Semcveli kvanZis teqtonikuri agebulebis sqema
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baritis ZarRvebis aseTi sivrcobrivi ganawileb-

is gamomwvevi mizezebis dadgenas didi praqtikuli 

mniSvneloba gaaCnia, vinaidan yoveli madniani velisT-

vis igi saSualebas iZleva sworad warimarTos Zebna-

ZiebiTi samuSaoebi, gansakuTrebiT brma sxeulebis 

Seswavlis dros konkretuli madniani velis far-

glebSi.

aRniSnuli sivrculi orientaciis xuTi jgu-

fis baritis ZarRvebi, naoWebis RerZebTan mimarTebaSi 

Semdegnairadaa orientirebuli: 1. maxvili kuTxiT, 

romlebic qmnian madniani sxeulebis diagonalur 

sistemas da dakavSirebuli arian nawevebTan. isini 

farTodaa warmodgenili yvela velze d moicaven 

okribis kvanZis samrewvelo ZarRvebis 58 %, 2. 

naoWis RerZis jvaredinad – am jgufis ZarRvebi 

dakavSirebulia mowyvetis napralebTan da qmnian sam-

rewvelo sxeulebs xvamli-meqvenis da Rvedis madnian 

velebze. maTi wili 30 %-mdea. 3. naoWis RerZis 

paralelurad – aRniSnuli orientaciis ZarRvebis 

damorCilebuli roli akisriaT.

zemoTqmulidan SeiZleba davaskvnaT: 1. okri-

bis kvanZis mTeli teritoria agebulia ZiriTadad 

mZlavri (5km-mde) baiosuri wyebis vulkanogen-dan-

aleqi warmonaqmnebiT, romlebic iyofa 14 horizon-

tad, aqedan aRmosavleT periferiaze Txmori-vaTeTras 

madnian velze SiSvldeba VI, VII, VIII, IX, X, da XI 

horizontebi, romlebic asakobrivad Seesabameba zeda 

baioss. 2. naoWebis Casaxva da ganviTareba ukavSirdeba 

fundamentis blokebis (qveda struqturuli sarTu-

lis) diferencirebul gadaadgilebas, romelic mim-

dinareobda baTuri da larameuli orofazebis dros. 

sxvadasxva orientaciis diferencialur gadaadg-

ilebebs ukavSirdeba dasavleT nawilSi samzeuris 

samxreT-dasavleTiT erTi anomaluri blokis war-

moqmna. 3. madneuli sxeulebis sivrculi mdebareoba 

da morfologiuri Tavisebureba ganisazRvreba madan-

makontrolebeli da konkretuli madanmalokalize-

beli rRvevebis Sinagani agebulebiT, agreTve qanebis 

liTologiiT. struqturul da liTologiur faq-

torebs Soris romlebic gansazRvraven gamadnebis 

intensiurobas, wamyvan rols asrulebs pirveli. 4. 

mTeli okribis baritis Semcveli kvanZisTvis gama-

dnebis TvalsazrisiT upiratesi mniSvneloba gaaCnia 

antiklinebis TaRur nawils da maTTan SeuRlebul 

sxletis im napralebs, romlebic naoWis Sezneqil 

frTaSia ganlagebuli. rogorc Cans Zalebma, rom-

lebmac gamoiwvies naoWis RerZis gaRunva ganapi-

robes naoWTan SeuRlebuli sxletis napralebis im 

nawilis gaxsna, romelic Sezneqil frTaSi iyo gan-

lagebuli. 
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ГЕГИА Ш.А.
ФАКТОРЫ ЛОКАЛИЗАЦИИ 
МИНЕРАЛИЗАЦИИ ПРОДУКТИВНОГО 
БАРИТА ОКРИБСКОГО ПОДНЯТИЯ

 В статье рассмотрены вопросы геологического 
строения и перспективности Окрибского ба ри -
тоносного узла в состав которого входят; руд-
ные поля: Гведи-лачепита; Хвамли, Меквена, 
Жо нети,Киров, Зуби, Тхмори-Ватетра, а также 
пространственная ориентация разрывных нару-
шений и складчатых структур данного узла, воп-
росы их зарождения и развития, связанные с 
ними факторы локализации минерализации про-
дуктивного барита.

GEGIA SH.
FACTORS OF PRODUCTIVE BARITE 
MINERALIZATION OF OKRIBA RAISE

In the article the geological structure and perspec-
tives of Okriba barite bearing ore unit are considered 
covering Gvedi-Lachepita, Khvamli, Mekvena, Joneti, 
Kirov, Zubi, Tkhmori-Vatetra ore fields. The questions 
of detached within ore unit rupturing failure and 
folded structures spatial orientation, their origin and 
development, connected with these structures produc-
tive barite mineralization localization are considered 
also. 
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uak 662.013
ekon. mecn. doqtori, profesori d. ComaxiZe, m. basilaZe, 
ekon. akadem. doqtori l. bibilaSvili

samTo mrewveloba-energetikis ganviTarebis safuZveli

statiaSi, saqarTvelos sinamdvilidan gamomdin-statiaSi, saqarTvelos sinamdvilidan gamomdin-

are, dasabuTebulia samTomopovebiTi mrewvelobis are, dasabuTebulia samTomopovebiTi mrewvelobis 

roli energetikis ganviTarebaSi. daxasiaTebulia roli energetikis ganviTarebaSi. daxasiaTebulia 

energetikuli wiaRiseulis mopovebis done da di-energetikuli wiaRiseulis mopovebis done da di-

namika. Camoyalibebulia winadadebebi energetikis namika. Camoyalibebulia winadadebebi energetikis 

ganviTarebaSi samTomopovebiTi mrewvelobis rolis ganviTarebaSi samTomopovebiTi mrewvelobis rolis 

amaRlebisaTvis. am TvalsazrisiT saubaria naxSiris, amaRlebisaTvis. am TvalsazrisiT saubaria naxSiris, 

navTobis, bunebrivi gazis, Termuli wylebis mopove-navTobis, bunebrivi gazis, Termuli wylebis mopove-

bis gazrdis potencialze, agreTve energetikuli bis gazrdis potencialze, agreTve energetikuli 

resursebis racionalurad gamoyenebaze.resursebis racionalurad gamoyenebaze.

samTo mrewveloba warmoadgens samrewvelo war-

moebis grZeli jaWvis sawyis rgols, romelzec 

mTlianadaa damokidebuli ara mxolod mTliani 

mrewvelobis ganviTareba, aramed qveynis ekonomi-

kis mdgomareoba. mrewvelobis dargebidan samTo 

mrewvelobaze da mTlianad mopovebiT mrewvelobaze 

ise mWidrod arcerTi dargi ar aris damokidebuli, 

rogorc energetika. amdenad SemTxveviTi ar iyo, rom 

sabWoTa droindel statistikaSi hidroenergetika 

Sedioda mopovebiT mrewvelobaSi. aqve calke iyo 

gamoyofili saTbobi resursis mrewveloba, sadac 

gaerTianebuli iyo navTobis da naxSiris mopoveba, 

xolo energetikis sxva dargebi, Tboenergetika da 

navTobgadamuSaveba – damamuSavebel mrewvelobaSi.

amJamad saerTaSoriso statistikaSi saTbobi 

resursis mrewveloba kvlav mopovebiT mrewveloba-

Sia, xolo hidroenergetika Sedis calke seqciaSi 

– `eleqtroenergiis, gazis da wylis warmoeba-

ganawileba~.

saqarTvelos sinamdvileSi energetikis produq-

ciaSi samTomopovebiTi mrewveloba warmodgenilia 

energetikuli wiaRiseulis mopovebiTa da hidroen-

ergiis warmoebiT (ix. cxrili 1).

cxrilidan 1 Cans, rom 2012 wels saqarTvelos 

energetikaSi warmoebuli iqna 1022,3 mln laris 

produqcia, aqedan ki 126,6 mln lari, anu 12,4 % mo-

dioda energetikul wiaRiseulze – 5,0 % naxSiris 

da 7,4 % navTobis mopovebaze. energetika moixmars 

samTo mrewvelobaSi mopovebuli liTonuri wiaRi-

seulis mniSvnelovan raodenobas, kerZod, Savi li-

Tonebis 20-25 %-s da feradi liTonebis 18-20 %-s. 

garda amisa, eleqtroenergetikul seqtorSi, sadac 

warmoebul iqna 9,5 mlrd kvt.sT (770,8 mln lari) 

75,2 % ekuTvnis hidroenergias. Ees ki RirebulebiT 

gamosaxulebaSi aris 578,1 mln lari. zemoaRniSnu-

lis gaTvaliswinebiT gamodis, rom mTlianad samTo 

mopovebiT mrewvelobaze modis 704,7 mln lari, anu 

mTeli energetikuli produqciis TiTqmis 69 %. 

daaxloebiT igive tendenciaa sxva wlebSic. 

cxrili 1cxrili 1

saqarTvelos energetikis produqcia 2000-2013 wlebSisaqarTvelos energetikis produqcia 2000-2013 wlebSi

(mln lari) [1](mln lari) [1]

wlebi sul

maT Soris

energe-

tikuli

wiaRise-

uli

aqedan
navTob-

produ-

qtebis 

warmoeba

eleqtro-

energia 

da gazi

aqedan

naxSiri
navTobi 

da gazi

Eele-

qtro-

energia

gazi

2000 415,4 36,7 0,3 36,4 2,2 376,5 366,8 9,7

2001 439,6 28,9 0,2 28,7 7,1 393,6 382,7 10,9

2002 439,5 20,9 0,2 20,7 2,8 415,8 407,6 8,2

2003 488,8 43,7 0,3 43,4 6,0 439,1 430,5 8,6

2004 492,8 39,1 0,7 38,4 18,3 435,4 407,2 28,2

2005 535,3 42,3 0,6 41,8 1,3 491,7 457,1 34,6

2006 566,6 49,0 0,8 48,2 0,1 517,5 481,6 35,9

2007 691,5 87,7 2,3 85,4 - 603,8 552,7 51,1

2009 706,3 47,9 17,3 30,6 2,6 655,8 571,1 84,7

2011 765,6 107,9 40,1 67,8 2,6 655,1 570,4 84,7

2012 1022,3 126,6 51,0 75,6 0,5 895,2 770,8 124,4

2013 1077,5 120,4 42,0 78,4 1,5 955,6 811,8 143,8



20 samTo Jurnali, # 2(35), 2015 

samTo mrewvelobis problemebi - ПРОБЛЕМЫ ГОРНОЙ ПРОМЫШЛЕННОСТИ- PROBLEMS MINING INDUSTRY

cxrilis monacemebi agreTve gviCvenebs, rom 

2000-2012 wlebSi samTo energetikuli produqciis 

warmoeba gaizarda 245 %-iT, xolo mTlianad ener-

getikis zrda Seadgenda 146 %-s. maSasadame, samTo 

energetikuli produqciis warmoeba aRniSnul peri-

odSi ufro maRali tempiT xasiaTdeba. Sesabamisad 

izrdeba misi kuTri wonac. kerZod, 2000 wels mxo-

lod energetikuli wiaRiseulis wili energetikis 

mTlian warmoebaSi Seadgenda 8,8 %-s, 2012 wels ki 

aRniSnuli maCvenebeli gaizarda 12,4 %-mde.

bunebrivia momavalSi samTomopovebiTi mrewvelo-

bis jerovani ganviTareba saqarTvelos energetikis 

winsvlis myari safuZveli iqneba. pirvel rigSi, es 

exeba naxSiris, gansakuTrebiT navTobisa da bunebrivi 

gazis mopovebis masStabebis gazrdas.

rogorc cnobilia, naxSiris mopovebis SedarebiTi 

`aRorZineba~ saqarTveloSi 2009 wlidan daiwyo da 

am periodSi (2009-2013 w.w.) igi jer 3-jer da metad 

gaizarda [2], axlo momavalSi ki es zrda kidev ufro 

mniSvnelovani iqneba. Mmis safuZvelze navaraudebia 

tyibulSi axali Tboeleqtrosadguris mSenebloba. 

igi saqarTvelos energosistemas 150 aTas kvt sim-

Zlavres da wliurad erT miliardze meti kvt.sT 

eleqtroenergias Sematebs. Uunda SevZloT naxSiris 

sxva sabadoebis aTvisebac. marTalia, saqarTvelo sa-

kuTar moTxovnilebas eleqtroenergiaze ZiriTadad 

ikmayofilebs, magram mTlianobaSi qveynis energeti-

kuli balansi tradiciulad Rrmad deficituria. 

TiTqmis mTlianad garedan xdeba saWiro bunebri-

vi gazisa da navTobproduqtebis (ix. cxrili 2) 

Semotana. 

2013 wels Semotanili iqna 966,5 aTasi tona 

navTobi da navTobproduqtebi da 1537,5 aTasi tps 

(1995,6 mln m3) bunebrivi gazi. mTlianobaSi qveyanam 

moixmara (Sida miwodeba) 4145,8 tps da aqedan adgi-

lobrivi warmoebis iyo mxolod 1428,7 tona, anu 

37,1 %. Aaqedan gamomdinare navTobisa da bunebrivi 

gazis mopovebis mniSvnelovani gazrda naxSirTan er-

Tad saqarTvelosaTvis sasicocxlod aucilebelia.

Tumca saWiroebis sapirispirod CvenTan navTob-

mopovebaSi bolo wlebSi Semcirebis tendenciaa. 

2000 welTan SedarebiT, 2013 wels saqarTveloSi 

navTobis mopoveba 2-jer da metad Semcirda – 110 

aTasi tonidan 47,9 aTas tonamde. Mmiuxedavad imisa, 

rom amJamad saqarTveloSi navTobmopovebas adgilo-

briv mewarmeebTan erTad ucxouri 12 kompania axor-

cielebs, xelSesaxebi Sedegebi ar aris. qveyanaSi nav-

Tobis Ziebasa da mopovebas axorcielebn aSS-is, didi 

britaneTis, indoeTis, CineTis, israelis, avstraliis, 

rumineTis kompaniebi. Ees faqti ki garkveul imedebs 

iZleva dargis Semdgomi ganviTarebisaTvis. amasTan, 

mxedvelobaSia misaRebi is garemoeba, rom qveyanaSi 

navTobisa da gazis perspeqtiul farTobebs miekuT-

vneba mTeli teritoriis TiTqmis naxevari. Aaqedan 

26,5 aTasi m2 xmeleTzea da 6 aTasi m2 – Savi zRvis 

akvatoriis farglebSi. navTobis sawyisi jamuri 

resursebi 580 mln tonas Seadgens. aqedan 383 mln 

tona xmeleTzea, xolo TiTqmis 200 mln tona Savi 

zRvis akvatoriaSia [1].

qveynisaTvis gansakuTrebiT mniSvnelovania bune-

brivi gazis mrewvelobis ganviTareba. cnobilia, 

rom am sferoSi jer kidev bevri mosagvarebeli 

sakiTxia. Ppirvel rigSi, gafarToebas saWiroebs gaz-

momaragebis areali. Kkvlav mwvave sakiTxad rCeba 

usafrTxoebis problema da, rac yvelaze mTavaria, 

momxmareblis uzrunvelyofa adgilobrivad mopove-

buli gaziT. rogorc iTqva, amJamad saqarTveloSi 

gazi TiTqmis mTlianad importirebulia. samwuxar-

od, bunebrivi gazis samrewvelo mniSvnelobis didi 

sabado saqarTveloSi jer-jerobiT ar aRmoCenila, 

cxrili 2cxrili 2

saqarTvelos 2013 wlis energetikuli balansi [3]saqarTvelos 2013 wlis energetikuli balansi [3]

maCveneblebi aTasi tona navTobis ekvivalenti

warmoeba 1428,7

importi 2831,5

eqsporti 110,8

Sida miwodeba 4145,8

transformirebis seqtorSi Semavali 1116,8

transformirebis seqtorSi warmoeba 864,9

energetikuli seqtoris moxmareba 19,0

saboloo moxmareba 3726,3

maT Soris:

mrewveloba

transporti

sxva

araenergetikuli miznebisaTvis

654,1

963,1

1812,5

296,6
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Tumca saZiebo burRvis dros ramdenjerme iyo gazis 

gamovlenis SemTxveva. magaliTad, jer kidev 1967 

wlis TebervalSi bunebrivi gazis mZlavrma nakadma 

ifeTqa Tbilisis aRmosavleTis gazSemcvel horizon-

tze (2712 metr siRrmeze) 11 saZiebo WaburRilis 

Wavli dRe-RameSi 250 aTas kubur metramde gazs 

iZleoda, magram WaburRilma mxolod 3 dRe-Rame imo-

qmeda. Mmanamde, 1954-1963 wlebSi ki Tbilisis sam 

WaburRilSi SemCneuli iyo gazis friad intensi-

uri gamovlena. 11 WaburRilSi gazis Sadrevani ar 

SeiZleba CaiTvalos SemTxveviTad da erTeul mov-

lenad. WaburRilebiT miRebuli monacemebi, struqtu-

rebis xelsayreli aRnagoba, maTi daxuruli xasiaTi 

da mniSvnelovani forianoba mowmobs, rom Tbili sis 

maxloblad mdebare farTo raioni perspeqtiulia 

bunebrivi gazis Semcvelobis mxriv. specialistTa 

gaangariSebiT, rasac safuZvlad daedo sawyisi maCve-

neblebis minimaluri mniSvnelobebi, bunebrivi gazis 

prognozuli maragi aq aseul mlrd kuburi metris 

raodenobiT ganisazRvreba.

eqspertuli SefasebiT, gazovani fenebis aRmoCena 

mosalodnelia saqarTvelos bevr sxva raionSic. 

saqarTvelosaTvis energetikuli wiaRiseulis 

mo po vebis TvalsazrisiT perspeqtiulia Termuli 

wyle bis mopoveba. am energetikuli resursis aTvi-

seba CvenTan jer kidev XX saukunis 90-ian wlebSi 

gan  xorcielda. Mmoipoveboda daaxloebiT 10 mlrd 

m3 maRaltemperaturuli Termuli wyali. AamJamad ki 

misi mopovebis masStabebi erTob mcirea.

saqarTvelos teritoriis hidrogeologiuri 

Seswavlis Tanamedrove etapze Termuli wylebis 

saerTo prognozuli maragi (wylis temperatura 

50-110 0C) Seadgens 250 mln kubur metrs. Mmisi 

sruli gamoyenebiT, rogorc amas energetikisa da 

hidroteqnikur nagebobaTa saqarTvelos samecniero-

kvleviTi institutis monacemebi gviCvenebs, wliurad 

SeiZleba daizogos 1,5-2 mln tona pirobiTi saT-

bobi. jer kidev gasuli saukunis 90-ian wlebSi 

maragis saxelmwifo komisiis mier damtkicebuli 

iyo Termuli wylebis maragi dRe-RameSi 200 aTasi 

kuburi metris odenobiT, xolo 1990 wlis dasaw-

yisSi ki respublikis gankargulebaSi iyo 59 wy-

alSemkrebi WaburRili, romelTa saerTo simZlavre 

dRe-RameSi 60 aTasi kubur metrze meti iyo. 

sabWoTa kavSiris daSlis win saqarTveloSi 

Termuli wylebis 23 sabadodan damuSavebaSi iyo 

17, kerZod, kindRa-moqvis, reCxis, saberios, zugdidi-

caiSis, qvalonis, menjis, samtrediis, vanis, Tbilisis, 

biWvinTis, xaragaulis, alaznis, kardanaxis, Wandaris, 

yvarlisa da eniselisa.

Tboenergetikuli mizniT Termuli wylebi gam-

oiyeneboda komunalur meurneobaSi (Tbilisi, zug-

didi, saberio, reCxi, kindRa), sasaTbure kombinatebSi 

(oxurei, kindRa, anara, vani, kodori), teqnologiuri 

saWiroebisaTvis Cais mrewvelobaSi (kindRa, zugdi-

di), balneologiur kurortebze (Tbilisi, naqalaqevi, 

ujarma, menji, simoneTi, yvareli), meRoreobis fer-

mebSi (xobi, mcxeTa) da sxva.

energetikisaTvis, da Sesabamisad, samTo mrewvelo-

bisaTvis mniSvnelovani problemaa energoresursebis 

racionaluri da ekonomikuri gamoyeneba. resursebis 

ekonomia amcirebs moTxovnebs rogorc sakuTriv Tavis 

Tavze, ise momsaxure dargebSi (samTo mrewvelobaSi) 

saWiro danaxarjebze. Aamave dros, saSualebas iZl-

eva Semcirdes kapitaluri dabandebebi nedleulis 

mopovebasa da mompovebeli mrewvelobisaTvis saWiro 

mowyobilobebis warmoebaze, xolo dazogili saxs-

rebi SeiZleba gamoyenebuli iqnes saWiroebisamebr.

energodazogvis TvalsazrisiT saqarTvelo erT-

erTi CamorCenili qveyanaa msoflioSi. Mmiuxedavad 

imisa, rom Cveni energobalansi Rrmad deficituria, 

energetikuli resursebis moxmareba produqciis er-

Teulze metismetad maRalia. sakmarisia iTqvas, rom 

saqarTveloSi mTliani Siga produqtis 1 dolarze 

ixarjeba (2011 w.) 0,4 kgps, maSin, roca analoguri 

maCvenebeli saSualod msoflioSi 0,25-s, xolo aSS-

Si – 0,17 Seadgens, anu Sesabamisad CamovrCebiT 1,6-

jer da 2,3-jer [4].

energetikis arasakmarisi ganviTarebis gamo 

saqarTveloSi 1 sul mosaxleze iwarmoeba mxolod 

0,249 tps, msoflioSi ki saSualod 1,897 da aSSA-Si 

5,721 tona pirobiTi saTbobi. Ees ki Tavis pirdapir 

asaxvas poulobs qveynis ekonomikur ganviTarebaze 

da saboloo angariSSi – cxovrebis doneze. ker-

Zod, saqarTveloSi 1 sul mosaxleze aRniSnul wels 

warmoebuli iqna 1962 aSS dolari, xolo xsnebul 

qveynebSi Sesabamisad 7543 da 42387 dolari [4].

energetikac da samTo mrewvelobac ekonomikis 

erT-erTi yvelaze maRali Sromatevadi da kapitalt-

evadi dargebia. Oorive maTgani moiTxovs intensiur 

da uwyvet dafinansebas. damatebiTi investiciebis 

mozidvis saWiroeba gansakuTrebiT maSin xdeba, roca 

aucilebelia sul ufro Zviri energoresursebis aT-

viseba da mkacrdeba ekologiuri moTxovnebi.

maRalganviTarebuli samTo mrewveloba uzrun-

velyofs energetikis saWiro sicocxlisunarianobas 

makroekonomikuri garemos moTxovnaTa Sesabamisad. 
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ЧОМАХИДЗЕ Д.И., БАСИЛАДЗЕ М.А., 
БИБИЛАШВИЛИ Л.В.
ГОРНАЯ ПРОМЫШЛЕННОСТЬ – ОСНОВА 
РАЗВИТИЯ ЭНЕРГЕТИКИ

 В статье, учитывая существующая на сегодняшний 
день реальность положения в Грузии, обоснована 
роль добывающей промышленности в развитии 
энергетики. Охарактеризован уровень добываемых 
энергетических полезных ископаемых и динамика их 
развития. Разработаны предложения по повышению 
роли горнодобывающей промышленности. В этом 
отношении речь идёт о повышении потенциала добычи 
угля, нефти, природного газа, термических вод, а также 
об их экономическом и рациональном использовании. 

CHOMAKHIDZE D., BASILADZE M., 
BIBILASHVILI L.
THE MINING INDUSTRY AS A BASIS FOR 
ENERGY DEVELOPMENT

 The article, based on the reality of Georgia, substantiates 
the role of mining industry in energy development. The 
levels and dynamics of energy extraction are defined. 
On option has been expressed to refer hydropower to 
mining industry. The suggestions for the promotion 
of the mining industry in energy development have 
been formed. From this point of view, it’s spoken to 
increase production potential of coal, oil, natural gas, 
thermal waters, as well as economical and rational use 
of energy resources.

uak 622.271

akad. doqtori T.fircxalava

amonaRebis ferdos mdgradobis gaangariSeba srialis 
mrgvalcilindruli zedapiris meTodiT

naSromSi aRniSnulia, rom dReisaTvis amonaRebis naSromSi aRniSnulia, rom dReisaTvis amonaRebis 

ferdos mdgradobis gaangariSeba srialis mrgval-ferdos mdgradobis gaangariSeba srialis mrgval-

cilindruli zedapiris meTodis sxvadasxva xerxis cilindruli zedapiris meTodis sxvadasxva xerxis 

gamoyenebiT, farTod aris gavrcelebuli msoflios gamoyenebiT, farTod aris gavrcelebuli msoflios 

samSeneblo praqtikaSi. meTodis arsi mdgomareobs samSeneblo praqtikaSi. meTodis arsi mdgomareobs 

ferdos mcocavi prizmis srialis zedapiris mrud-ferdos mcocavi prizmis srialis zedapiris mrud-

wiris wiris Ominmin _ centris adgilmdebareobis grafikul- _ centris adgilmdebareobis grafikul-

analizuri wesiT gansazRvraSi, romelsac Seesabameba analizuri wesiT gansazRvraSi, romelsac Seesabameba 

ferdos mdgradobis koeficientis minimaluri mniS-ferdos mdgradobis koeficientis minimaluri mniS-

vnelobavneloba kst st = . amasTan amoxsnilia gruntebis meqan- amasTan amoxsnilia gruntebis meqan-

ikis brtyeli amocana, e. i. gaangariSebisas ganixi leikis brtyeli amocana, e. i. gaangariSebisas ganixi le

ba usasrulo ferdos 1 m siganis nawili.ba usasrulo ferdos 1 m siganis nawili. mocemulia mocemulia 

janbus grafikul-analizuri meTodis algoriTmi da janbus grafikul-analizuri meTodis algoriTmi da 

misi gamoyenebiT amoxsnilia srialis mrgvalcilin-misi gamoyenebiT amoxsnilia srialis mrgvalcilin-

druli zedapiris brunvis druli zedapiris brunvis Ominmin _ centris adgilmde- _ centris adgilmde-

bareobis gansazRvris konkretuli amocana. bareobis gansazRvris konkretuli amocana. 

Ria wesiT miwisqveSa nagebobebis mSeneblobis 

daproeqtebisas amonaRebis ferdos kedlebis mdgra-

dobis uzrunvelyofa, gruntis sruli damuSavebis 

procesSi da Semdgom periodSi, umniSvnelovanes 

amocanas warmoadgens. ferdos mdgradobis uecari 

dakargvis gamo, avariebis Sedegebis simZime mkveT-

rad matulobs.  aRniSnul  situaciaSi,  rogorc  

msof  lio  praqtika gviCvenebs, qvabulis (tranSeis) 

daproeqtebisas daSvebuli Secdomebi mniSvnelovnad 

aferxeben samTo-samSeneblo samuSaoebis warmoebas, 

qalaqis axlomdebare obieqtebis eqspluatacias. 

calkeul SemTxvevebSi SesaZloa gamoiwvion maTi 

ngreva, Tanmxlebi tramvatizmiT [1, 2, 3]. aRniSnuli 

sakiTxis gadawyveta Tbilisis mWidro ganaSenianebis 

pirobebSi gansakuTrebul aqtualurobas iZens. 
dResdReobiT arsebobs mravali meTodika,  romel-

Ta meS veobiT SeiZleba amoixsnas ferdos mdgrado-

bis amocana [4, 5]. rogorc wesi, amonaRebis ferdos 

mdgradobis gaangariSeba xdeba cnobili medodebis 

gamoyenebiT, kerZod: feleniusis, biSofis, petersonis, 

janbus, morgenSternisa da praisis, spenseris, makdiz-

isa da sidis, niumarkis. sxva meTodebis gamoyenebisas, 
proeqtis ganmartebiT baraTSi aucilebelia gaan-

gariSebis algoriTmis ganxilva, miRebuli Sedegebi 

ki Sedarebuli iqnes monacemebTan, romlebic miRebu-

lia gaangariSebis cnobili meTodebiT [6, 7].

ferdos mdgradobis gaangariSebis yvela meTodi 

efuZneba zRvruli wonasworobis Teorias, romelic 

ganixilavs gruntis masivis zRvrulad daZabul mdgo-

mareobas. zRvruli wonasworobis meTodiT ferdos 

mdgradobis Sefaseba xdeba mdgradobis koeficientiT 

kst 
[4], romelic warmoadgens ricxvs, romelzec unda 

gaiyos gruntis simtkicis amosavali maxasiaTeblebi 

tg φ  da c, raTa srialis zedapiriT Semofargluri 

mcocavi prizmis masivi movides zRvruli wonas-

worobis mdgomareobaSi. sxvagvarad, бn normaluri 

da τmax  maqsimaluri mxebi Zalvebis Tanafardoba unda 

akmayofilebdes gruntebis meqanikis kuloni-moris 

kanonis pirobas 

        τmax = бn tg ϕI + cI ,                                             (1)  

sadac ϕI = arc tg(tg ϕ)/ kst  da cI = c/ kst  - Sesabamisad 
gruntis Siga xaxunis kuTxe da kuTri SeWidulebis 

kritikuli mniSvnelobebi, romlis drosac xdeba fer-

dos SesaZlo Camoqcevis prizmis (mcocavi prizmis) 

masivis daZvra [7].

mcocavi prizmis srialis zedapiris forma 

da masivSi misi ganlagebis adgili damokidebulia 

mraval faqtorze, maT Soris Sreobriobaze, napral-

ovnebaze, teqtonikur rRvevebze da ferdoSi maTi 

ganTavsebis elementebze, qanebis meqanikur maxasiaTe-

blebze, ferdos daxris kuTxeze da simaRleze. sria-
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lis zedapirs SeiZleba gaaCndes mrgvalcilindruli  
an poligonuri  forma.

Camoqceuli ferdos da ferdobebis Seswavlis 

msoflio gamocdilebis safuZvelze dadgenilia, rom 

gruntis masivis gadaadgilebis traeqtoria erTg-

varovan SeWidebul qanebSi uaxlovdeba mrgvalcil-

indruls, fxvier qanebSi ki _ wrfivs [1, 2]. 

amonaRebis ferdos mdgradobis gaangariSeba, 

mrgvalcilindruli meTodis sxvadasxva xerxis 

gamoyenebiT, farTod gavrcelebulia msoflio samSen-

eblo praqtikaSi. aRniSnulis gamo, mas gaaCnia mrava-

li dasaxeleba: nakveTurebis Sveduri meTodi; fi-

leniusis meTodi; tercagis meTodi; tercagi-kreis 

meTodi; petersonis meTodi; vertikaluri elemente-

bis meTodi; ivanov-teiloris meTodi; sven gultenis 

meTodi da sxv. [1]. 

meTodis arsi mdgomareobs srialis zedapiris 

centris (ix. nax. 1, wertili Omin) adgilmdebareobis 

grafikul-analizuri wesiT gansazRvraSi, romelsac 

Seesabameba ferdos kst mdgradobis koeficientis min-

imaluri mniSvneloba [4]. amasTan amoixsneba grunt-

ebis meqanikis brtyeli amocana, e. i. gaangariSebisas 

ganixileba usasrulo ferdos 1 m siganis nawili. 

ABC mcocavi prizma iyofa ramdenime nakveTurad. 
nakveTurebs Soris vertikalur sibrtyeebSi urT-

ierTqmedebis Zalebi mxedvelobaSi ar miiReba. grun-

tis wona Qi  ferdos i-ur   nakveTurSi iSleba or 

mdgenelad: mxebi (Тi), mimarTuli srialis wiris 

Tanxvedrilad da normalurad (Ni)  _ mxebi Zalvebis  
Tarazulad. saWiroebis SemTxvevaSi gasaTvaliswine-

belia sxva zemoqmedebebic (filtraciuli, seismuri 

Zalebi da sxv.).

gaangariSebisas mxedvelobaSi miiReba Semdegi 

ZiriTadi parametrebi: 

gruntis fizikur-meqanikuri Tvisebebi (γ _kuTri 
wona, kn/m3 ; ϕ _ Siga xaxunis kuTxe, grad; c _ kuTri 
SeWiduloba, kpa); ferdos geometriuli parametrebi 

(H – ferdos simaRle, m; Ai – nakveTuris farTobi, m2; 
li – srialis mrudwiris i-uri   monakveTis sigrZe, m); 
Zalovani parametrebi (Qi – nakveTuris wona, kn/m; Ti 
_ Zvris Zala, kn/m; Ni – normaluri Zala, kn/m; Fi – 

xaxunis Zala, kn/m). 

praqtikuli gaTvlebisas ZiriTadi sirTule 

mdgomareobs imaSi, rom  brunvis O-centris adg-

ilmdebareoba da R  – radiusi, romelic Seesabameba 

srialis zedapiris yvelaze saSiS mdgomareobas, 

cnobili ar aris. aRniSnulis gamo, aucilebelia 

Catardes gaangariSebaTa seria, brunvis centris sxva-

dasxva adgilmdebareobis da R – radiusis sxvadasx-
va mniSvnelobisas. ferdos gadaadgilebis zedapiris 

yvelaze saxifaTo mdgomareobis dadgenis erT-erTi 

xerxi ganxilulia [4] naSromSi. 
 
gansazRvravs 

yvelaze saxifaTo gadaadgilebis zedapiris ganlage-

bas. gaangariSebisas -s mniSvneloba miiReba norma-

tiuli rekomendaciebis safuZvelze [СП 11-105-97, 
СНиП 2.02.01-83, СНиП 22-02-2003, СНиП 2.02.02-
85]. Tu , ferdobis mdgradoba uzrunve-

lyofilia.

naxazze 2 warmodgenilia grafiki brunvis Omin 
- centris adgilmdebareobis da R  – radiusis dasa-
dgenad, romelic Seesabameba ferdos srialis zeda-

piris yvelaze saSiS mdgomareobas [8]. mocemul xe-

rxSi ferdos daxris kuTxis β  da λ  - zogadi maCve-
neblis

λ=γHt γϕ/c,                                                                (2)                

mixedviT,  naxazze 2 moinaxeba brunvis Omin-centris 
fardobiTi хо da уо koordinatebi. Omin-centris х da у 
koordinatebis absoluturi mniSvnelobebi tolia

х=хоН, у=уоН.      (3)

gruntis mcocavi masivi ganixileba, rogorc 

aradeformirebadi monakveTi, romlis yvela wertili 

monawileobas iRebs saerTo moZraobaSi. mdgradobis   

 - koeficienti ganisazRreba Semdegi damokide-

nax. 2. nax. 2. 

janbus  grafiki srialis mrgvalcilindruli janbus  grafiki srialis mrgvalcilindruli 

zedapiris brunvis zedapiris brunvis O-centris adgilmdebareobis centris adgilmdebareobis 

gansasazRvradgansasazRvrad

nax. 1. nax. 1. 

ferdos mdgradobis saangariSo sqema srialis ferdos mdgradobis saangariSo sqema srialis 

mrgvalcilindruli zedapirebis meTodis mrgvalcilindruli zedapirebis meTodis 

gamoyenebis SemTxvevaSigamoyenebis SemTxvevaSi
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bulebiT

 
,                      (4)

sadac  Msr  da  Msa  - brunvis Omin- centris mimarT 
yvela ZalTa momentebi, romlebic Sesabamisad akaveben 

da gadaadgileben gruntis monakveTs [4].

konkretuli magaliTi. konkretuli magaliTi. ferdos simaRle Н=12 m, 
daxris kuTxe β=400,  grunti warmodgenilia TixebiT: 
c = 40kpa;  = 20,50 da kuTri woniT γ = 19,9 kn/m3 ; 

=1,2. saWiroa Sefasdes ferdos mdgradoba, e. i. 

dadgindes  pirobis Sesrulebis sakiTxi. 

gaangariSebis sqema warmodgenilia naxazze 3.

gaangariSebis Tanmimdevroba. gaangariSebis Tanmimdevroba. ferdos fuZisa da 

zedapiris wrfeebis gadakveTis wertilidan x abscis-
Ta RerZi mimarTulia marjvniv, y ordinatTa RerZi ki 
- vertikalurad zemoT.  formula (2)-s Tanaxmad 

λ=γHtgϕ/c = 19,9·12·0,84/40=5,01.

 naxazi 2 -is mixedviT,  хо = -0,23 da    уо  =1,64. 
maSin, formula (3)-is Tanaxmad,  brunvis Omin-centris 
х da у absoluturi mniSvnelobebi tolia: 

х = хоН= - 0,23·12 ≈ -2,8 m;   у=уоН = 1,64·12 ≈19,7.

R radiusis mniSvnelobis dasadgenad, romelic 

Seesabameba ferdos srialis zedapiris yvelaze sa-

SiS mdgomareobas, masStabSi Sesrulebul naxazze 

nax. 3. nax. 3. 

ferdos mdgradobis saangariSo sqema, janbus grafikis gamoyenebiT, srialis mrgvalcilindruli zedapiris ferdos mdgradobis saangariSo sqema, janbus grafikis gamoyenebiT, srialis mrgvalcilindruli zedapiris 

brunvis brunvis Omin min - - centris adgilmdebareobis gansasazRvradcentris adgilmdebareobis gansasazRvrad

(ix. nax. 3) gaizomeba Omin A manZili (R= 24,8 m). ra-
diusiT R= 24,8 m brunvis Omin-centridan gaivleba 

mcocavi prizmis srialis rkali, sigrZiT L = 35,6 m-s. 
prizmaSi gamoiyofa 6 nakveTuri (n = 6) da ganisaz-
Rvra srialis zedapiris li sigrZe TiToeuli i-uri   
nakveTurisaTvis, agreTve αi kuTxeTa mniSvnelobebi. Pi 
, Ni da Qi  parametrebis mixedviT, Msr  da  Msa  ZalTa mo-

mentebis mniSvnelobebi, gaangariSebuli iqna naSromSi 

[4] mocemuli meTodikiT (Msr  = 39,7 megn · m  da  Msa   
= 21,4 megn · m).  

formula (4)-is Tanaxmad  =39,7 /21,4 = 
1,86 > =1,2, e. i. ferdos mdgradobis piroba 

Sesrulebulia.
                                              

warmodgenili Sedegebi SeiZleba gaTvaliswineb-

uli iqnes saqarTvelos teritoriaze Ria wesiT mi-

wisqveSa nagebobebis mSeneblobisas amonaRebis fer-

dos daproeqtebis praqtikaSi.                              
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ПИРЦХАЛАВА Т.Г.
РАСЧЕТ УСТОЙЧИВОСТИ ОТКОСОВ 
МЕТОДОМ КРУГЛОЦИЛИНДРИЧЕСКОЙ 
ПОВЕРХНОСТИ СКОЛЬЖЕНИЯ

 
В работе показано, что в настоящее время 

расчет устойчивости откосов выемок методом 
круглоцилиндрической поверхности скольжения, 
широко распространен в мировой строительной 
практике и применяется с помощью самых 
различных методов. Суть метода заключается в 
отыскании графо-аналитическим способом точки 
Оmin - центра вращения для наиболее опасной 
поверхности скольжения призмы обрушения, 
которой  соответствует минимальное значение 
коэффициента устойчивости откоса kst = . При 
этом, рассматривается плоская задача механики 
грунтов, т. е. толщина расчетного откоса по 
направлению его протяженности принимается 1 м. 
Приведен алгоритм графо-аналитического способа 
Джанбу, с помощью которого решена конкретная 
задача отыскания положения точки  Оmin - центра 
вращения, для наиболее опасной поверхности 
скольжения призмы обрушения массива грунта 
откоса выемки. 

PIRTSKHALAVA T.
OF THE CALCULATION OF SLOPE STABIL-
ITY CIRCULAR CYLINDRICAL SLIDING 
SURFACE

It is shown that the current calculation method of 

slope stability recesses circular cylindrical sliding sur-

face, is widespread in the global building practice and 

used by a variety of techniques. The method consists 

in finding the graph-analytical method point position 

Omin - the center of rotation for the most dangerous 

sliding surface sliding wedge, which corresponds to 

the minimum value of the coefficient of slope stability. 

In this case, consider the plane problem of soil me-

chanics, i. e. the thickness calculated slope in the di-

rection of its length is taken 1 m. An algorithm graph-

analytical method Janbu, by which solved the problem 

of finding a specific point position Omin - the center of 

rotation, for the most dangerous sliding surface of ar-

ray soil cut slope.

statiaSi mocemulia  madneulis mamdidrebeli statiaSi mocemulia  madneulis mamdidrebeli 

fabrikis spilenZis flotaciis procesis maTemati-fabrikis spilenZis flotaciis procesis maTemati-

kuri modelis analizi. Mmodeli agebulia fabrikis kuri modelis analizi. Mmodeli agebulia fabrikis 

teqnologiuri procesis Sesaxeb arsebuli statis-teqnologiuri procesis Sesaxeb arsebuli statis-

tikuri monacemebis safuZvelze.  dadgenilia flo-tikuri monacemebis safuZvelze.  dadgenilia flo-

taciis procesis optimizaciis kriteriumi, romelic taciis procesis optimizaciis kriteriumi, romelic 

iTvaliswinebs maqsimaluri raodenobis  kondiciuri iTvaliswinebs maqsimaluri raodenobis  kondiciuri 

produqtis miRebas, agreTve mmarTveli zemoqmedebe-produqtis miRebas, agreTve mmarTveli zemoqmedebe-

bis (reagentis xarjis)  dasaSvebi cvalebadobis zR-bis (reagentis xarjis)  dasaSvebi cvalebadobis zR-

vrebi. miRebuli Sedegebis safuZvelze SesaZlebelia vrebi. miRebuli Sedegebis safuZvelze SesaZlebelia 

moxdes  procesis optimizacia.moxdes  procesis optimizacia.

madneulis spilenZis mamdidrebeli fabrikis 

flotaciis procesis kvlevisa da eqsperimentuli 

monacemebis safuZvelze agebuli iqna maTematikuri 

modeli, romelic erTmaneTTan akavSirebs Sesaval da 

gamosaval sidideebs. Pprocesis marTvis mizniT Ser-

Ceulia  optimizaciis kriteriumi, romelic Sedgeba 

miznisa da SezRudvis funqciebisagan,  aseve mmarTve-

li zemoqmedebebis cvalebadobis zRvrebisagan. Sede-

gad gansazRvrulia [1, 2]:
miznis funqcia

;     (1)

SezRudvis funqcia

        (2)

reagentebis cvalebadobis zRvrebi:

   (3)
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maTi saSualo mniSvnelobebi:

q1=2158.9; q2=865.9; q3=20.1.                            (4) 

sadac _ β (%) _ sasargeblo komponentis Semcvleloba 

koncentratSi; γ (%)  _  koncentratis gamosavali;   
Q - flotaciis procesSi madnis xarji; α - sasar-
geblo komponentis Semcveloba; q1 - kiris rZe, gr/t; 
Q q2 - buTilis qsantati; q3 - T-80 (amqafebeli), ml/t; 

δ-pulpis simkvrive. 

miznis funqciis (1) analizis da q1, q2  da q3 re-

agentebis xarjebze γ gamosavlis damokidebule bebiT 

icvleboda q2  da q3. davuSviT, rom 

, aRniSnuli cvlilebebis gaTvaliswine-

biT miznis funqcia iRebs saxes

       

.           (5)

analogiuri cvlilebebi ganvaxorcielebulia kon-

cen tratis xarisxis gantolebaSic. davuSviT, rom

.                                                 (6)

am cvlilebebis gaTvaliswinebiT koncentratis 

xarisxis gantolebas aqvs Semdegi saxe

.            (7)

miRebuli (5) da (7) funqciuri damokidebule-

bebis safuZvelze agebulia teqnologiuri procesis 

maCveneblebis β, γ-s q1 reagentis xarjze damokidebu-

lebis grafikebi. (ix. nax. 1-7). rogorc am grafikebi-

dan  Cans,  q1 reagentis xarjis zrdas maCveneblebze 

sapirispiro gavlena aqvs: Tu koncentratis xarisxi 

matulobs, misi gamosavali klebulobs, maSasadame, te-

qnologiuri procesi unda warimarTos koncentra-

tis davalebuli xarisxis mixedviT.  reagenti q1 
aris

  kiris rZe (aris regulatori da piritis de-

presori), romelic gansazRvravs gasamdidrebel pul-

paSi wyalbadionebis koncentracias, anu pH-s. misi 

sidide dadgenilia procesis teqnologiuri rukiT. 

am grafikebidan erTad Tu ganvixilavT naxazze 3 mo-

cemul statikur maxasiaTebels pH-sa da β-s Soris, 
mizanSewonilia aigos pH-is stabilizaciis sistema, 

romelic SemaSfoTebeli zemoqmedebebis cvalebado-

bis gaTvaliswinebiT moaxdens misi sididis progra-

mul doneze SenarCunebas. 

roca , miznis funqcia 
iRebs saxes:

.                    (8)

koncentratis xarisxis gantolebaSi analogiuri 

cvlilebebis safuZvelze vRebulobT rom

.             (9)

naxazebze 1-7 (8) da (9) funqciuri damokidebu-

lebebis safuZvelze agebulia teqnologiuri pro-

cesis maCveneblebis q2 -s   reagentis xarjze damoki-

debulebis grafiki. q2 reagentis xarjis zrda iwve-

vs koncentratis xarisxis gazrdas. koncentratis 

gamosavali am dros iklebs q2 reagentis (buTilis 

qsantati) xarjis saSualo mniSvnelobamde, Semdeg ki 

mkveTrad matulobs q2 xarjis sididec. amitomac, q2-

is cvalebadobis ubnis dasadgenad gamoyenebulia γ _ 
q2   damokidebuleba.  naxazidan 4 Cans, rom γ _ q2 da-

mokidebuleba arawrfivia, aqvs minimumi da q2-is sak-

maod did farglebSi gamosavali rCeba minimaluri. 

amave dros  ubanze reagentis xarjis ga-

zrdiT gamosavali mcirdeba, xolo   uban-

ze _ matulobs. amdenad  virCevT q2 reagentisTvis 

misi xarjis cvalebadobis ubans _   

da bolos, vuSvebT, rom . 

maSin miznisa da SezRudvis funqcias  eqneba saxe:           

nax. 1. koncentratis gamosavlis cvalebadobis nax. 1. koncentratis gamosavlis cvalebadobis 

damokidebuleba kiris  rZis xarjisgan damokidebuleba kiris  rZis xarjisgan γ γ = = f (qf (q1)

nax. 2. koncentratis xarisxis  cvalebadobis nax. 2. koncentratis xarisxis  cvalebadobis 

damokidebuleba kiris  rZis xarjisgandamokidebuleba kiris  rZis xarjisgan β β = f(q= f(q1)  )  

nax. 3. koncentratis xarisxis damokidebuleba nax. 3. koncentratis xarisxis damokidebuleba 

wyalbadionebis koncentraciisganwyalbadionebis koncentraciisgan  β= f (PH)= f (PH) 
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                 (10)

               (11)

(10) da (11) gantolebebis safuZvelze agebulia  

teqnologiuri procesis maCveneblebis q3 reagentis 

xarjze damokidebulebis grafiki. q3 reagentis xar-

jis gazrda iwvevs β koncentratis xarisxis klebas,  

damokidebuleba ara wrfivia (ix. nax. 6), amitomac ma-

Rali xarisxis koncentratis misaRebad sasurvelia 

q3 reagentis xarjis SenarCuneba  fargle-

bSi, γ _ q3  damokidebuleba ki eqstremaluria  (ix. 

nax.7).  bunebrivia, gamosavlis maqsimaluri mniSvne-

lobis SesanarCuneblad saWiroa q3 reagentis xarji 

icvlebodes saSualo mniSvnelobis zonaSi. 

gasaTvaliswinebelia,  rom eqsperimentiT miRebu-

li wertilebis simWidrove γ _ q3 damokidebulebis 

(ix. nax. 6) maqsimumis orive mxares Tanabaria. aqedan 

gamomdinare, teqnologiuri procesis maCveneblebis 

maqsimalurad maRali mniSvnelobebis SesanarCuneblad 

saWiroa q3 reagentis xarji icvlebodes fargleb-

Si . rogorc analizidan Cans, madneulis 

mamdidrebeli fabrikis pirveli seqciis pirobebSi 

flotaciis procesis optimaluri marTvisaTvis sa-

Wiroa movaxdinoT pH-is stabilizacia kiris rZis 

xarjis regulirebiT, xolo buTilis qsantatis (re-

agenti q2) da T-80-is (reagenti q3) xarji unda icv-
lebodes ise, rom miRebuli iqnes dasaxuli xaris-

xis spilenZis koncentratis maqsimaluri raodenoba. 

amis Sesabamisad unda moxdes  miznis da SezRudvis 

funqciebis koreqtireba [2].
Tu SevitanT orive funqciaSi q1 reagentis saSu-

alo mniSvnelobas q1=2158.9 da movaxdenT Sesabamis 
gardaqmnebs, Sedegad miviRebT miznis da SezRudvis 

funqciebs:

  (12)

  (13)

maSasadame, madneulis saflotacio fabrikis pi-

robebSi flotaciis procesisaTvis sabolood dad-

genili iqna optimizaciis kriteriumi, romelic moi-

cavs  miznis  funqciis  maqsimizaciis  moTxovnas

SezRudvis tolobas

.

reagentebis dasaSvebi cvalebadobis zRvrebs:  

,    .  

nax. 4. nax. 4. 

koncentratis gamosavlis cvalebadobis  damokideb-koncentratis gamosavlis cvalebadobis  damokideb-

uleba buTilis qsantatis xarjisgan uleba buTilis qsantatis xarjisgan γ= f (q= f (q2)

nax. 5. nax. 5. 

koncentratis xarisxis cvalebadobis damokideb-koncentratis xarisxis cvalebadobis damokideb-

uleba buTilis qsantatis xarjisgan uleba buTilis qsantatis xarjisgan β β = f (q= f (q2) 

nax. 6. nax. 6. 

koncentratis gamosavlis cvalobadobis damokideb-koncentratis gamosavlis cvalobadobis damokideb-

ulebauleba T-80-T-80-is xarjisgan is xarjisgan γ= f (q= f (q3)

nax. 7. nax. 7. 

koncentratis xarisxis  cvalebadobis damokidebu-koncentratis xarisxis  cvalebadobis damokidebu-

leba buTilis qsantatis xarjisganleba buTilis qsantatis xarjisgan β β = f (q= f (q3)
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zemoaRniSnulis safuZvelze kvlevis Semdgomi 

amocana mdgomareobs gasamdidrebeli madnis α xa-
risxze da mis Q raodenobaze q2 da q3 reagentebis 

xarjebis iseTi damokidebulebis dadgenaSi, romle-

bic uzrunvelyofen procesis optimalurobas (12) 

da (13) damokidebulebis Sesabamisad.
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ЭНАГЕЛИ Р.П., ШЕКИЛАДЗЕ А.И.
АНАЛИЗ МАТЕМАТИЧЕСКОЙ МОДЕЛИ 
ПРОЦЕССА ФЛОТАЦИИ МЕДИ

В  статье деется анализ математической  модели 
процесса флотации медной руды для условий мад-
неульской  обогатительной фабрики. Модель пост-
роен на основе существующих данных. Установлен 
критерий оптимизаций процесса флотации, кото-
рый предусматрывает получение максимального 
выхода кондиционного продукта. установлены 
пределы изменений управляющих воздеиствий 
(расходы реагентов). Полученные результаты дают 
основу для оптимизации процесса.

ENAGELI  R.,  SHEKILADZE A.
THE ANALYSIS OF A MATHEMATICAL MODEL 
OF THE COPPER FLOTATION PROCESS

The article presents the analysis of a mathematical 
model of the copper flotation process at the Madneuli 
processing plant. The model is built on the basis of 
the existing statistical data concerning plant techno-
logical process. It has been established criterion for 
optimization of the flotation process, which provides 
for a maximum quantity of commercial product. The 
acceptable limits of variation of control actions (rea-
gent consumption) have been identified. Based on the 
obtained results the process will be optimized.

uak 622.625.57

akad. doqtori m. wereTeli, akad. doqtori n. maxaraSvili,
akad. doqtori m. oniani

mokled SerTuli rotoriani asinqronuli Zravas koreqtirebu-
li meqanikuri maxasiaTebeli

naSromSi ganxilulia mokled SerTuli roto-naSromSi ganxilulia mokled SerTuli roto-

riani asinqronuli Zravas meqanikuri maxasiaTeblis riani asinqronuli Zravas meqanikuri maxasiaTeblis 

aRmweri, e.w. klosis formulis ZiriTadi nakli: aRmweri, e.w. klosis formulis ZiriTadi nakli: 

Seusabamoba formuliT gamoTvlil amuSavebis momen-Seusabamoba formuliT gamoTvlil amuSavebis momen-

tis sididesa da realur, katalogSi mocemul mni-tis sididesa da realur, katalogSi mocemul mni-

Svnelobas Soris. mocemulia empiriuli formula, Svnelobas Soris. mocemulia empiriuli formula, 

romlis saSualebiTac zustad ganisazRvreba Zravas romlis saSualebiTac zustad ganisazRvreba Zravas 

katalogSi mocemuli amuSavebis momentis sidide.katalogSi mocemuli amuSavebis momentis sidide.

mokled SerTuli rotoriani asinqronuli Zravas 

meqanikuri maxasiaTeblis asagebi grafikuli da gra-

fikuli analizuri meTodebi, romlebic saxelmZRva-

neloebsa da meTodur miTiTebebSia mocemuli, Zalze 

rTuli da arasakmaod zustia. maTi gamoyeneba ki 

imitomaa aucilebeli, rom arsebuli meqanikuri maxa-

siaTeblis asagebi (e.w. klosis) formula ar asaxavs 

realur damokidebulebas Zravas momentsa da brun-

Ta ricxvebs Soris maxasiaTeblis aramdgrad Stoze. 

kerZod, amuSavebis dasawyisSi, rodesac Zrava aviTa-

rebs amuSavebis moments, es ukanaskneli ar emTxveva 

klosis formuliT gamoTvlil amuSavebis momentis 

mniSvnelobas [2].

mokled SerTuli rotoriani asinqronuli Zravas 

meqanikur maxasiaTebels, rogorc wesi, klosis for-

muliT ageben 

,     (1)

   

sadac Mkl - Zravas mier ganviTarebuli momenti, n.m; 

Mm - Zravas maqsimaluri momenti, n.m; Sm0 - maqsi-

maluri momentis Sesabamisi maqsimaluri sriali 

bunebriv meqanikur maxasiaTebelze; S=1_0 _ sria-
lis mimdinare mniSvneloba; R1 _ statoris fazis 

aqtiuri winaRoba, omi; R'2 _ statoris Zabvasa da 
sixSireze dayvanili rotoris fazis aqtiuri win-

aRoba, omi.

Tu Zravas simZlavre 10-5 kvt-s aRemateba, sta-

toris fazis aqtiur winaRobas ugulebelyofen 

misi simciris gamo da iyeneben klosis gamartivebul 

formulas, rodesac R1 0

.                               (2)

Tuki srialis mniSvneloba S=1, Zrava aviTarebs 
amuSavebis moments 
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.                                (3)

am formuliT miRebuli Ma sidide iSviaTad 

emTx veva Zravas katalogSi mocemul amuSavebis momen-

tis mniSvnelobas, xolo specialuri tipis ZravebSi 

(Rrma Rrmulebiani, ormagi ciyvis borblis, buSeros 

tipis da sxv.), sadac amuSavebisa da maqsimaluri 

momentebi daaxloebiT erTmaneTis tolia, roca 

Ma Mm ki saerTod ar emTxveva erTmaneTs.

es Seusabamoba gansakuTrebiT Tavs iCens Zravas 

gardamavali reJimebis analizisas. 

rogorc cnobilia, Rrma Rrmulebian da ormag 

ciyvis borblian mokled SerTul rotorian asin-

qronul ZravebSi, rotoris aqtiuri winaRobis xe-

lovnuri gazrdiT, Zravas amuSavebisas izrdeba maqsi-

maluri sriali da Sesabamisad amuSavebis momenti. 

Zravas gaqanebasTan erTad mcirdeba Zravas deni 

da misi sixSire, Sesabamisad rotoris aqtiuri win-

aRoba da maqsimaluri sriali im donemde mcirdeba, 

rom nominaluris toli xdeba. 

specialuri tipis mokled SerTuli rotori-

ani asinqronuli Zravebis meqanikuri maxasiaTeblis 

asagebi formulis gamoyvanisas aucilebelia im 

damatebiTi winaRobis gaTvaliswineba, romelic ze-

moT iyo aRniSnuli.

maqsimaluri srialis mniSvneloba, romelic 

uzunvelyofs Zravas amuSavebis momentis katalog-

Si mocemul sidides Ma= Makat, advilad gamoiTvleba 

damokidebulebidan (3) (Sm0= Sma), rodesac 

,                              (4)

sadac .

aseve, damokidebulebidan (2), Tu srialis mniS-

vneloba nominaluris tolia, S= Sn,  maSin Mkl= Mn, da 

maqsimaluri sriali bunebriv maxasiaTebelze toli 

iqneba

,                           (5)

sadac ,  , xolo nn da n0 - Zravas nomi-

naluri da sinqronuli brunTa ricxvebia. 

Sesabamisad, rotoris winaRobasTan damokideb-

ulebiT, amuSavebis dasawyisSi, rodesac S= 1

.                                (6)

Zravas gaqanebis damTavrebis Semdeg, rodesac 

S 0 [1] 

,                                      (7)

nax. 1. nax. 1. 

klosis (klosis (Mkl kl - - wyvetili xazi) da klosis koreqtirebuli (wyvetili xazi) da klosis koreqtirebuli (Mk k - - mTliani xazi) mTliani xazi) 

formulebiT agebuli Zravas meqanikuri maxasiaTeblebiformulebiT agebuli Zravas meqanikuri maxasiaTeblebi
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sadac Xm aris mokled SerTvis induqciuri winaRo-

ba, omi, xolo   im winaRobis sidide, omi, romelic 

katalogSi mocemul amuSavebis Makat moments uzrun-

velyofs.            

Tu gavyobT (6) gamosaxulebas (7)-ze da ganvsaz-

RvravT -s, gveqneba

                             (8)

da Tu gaviTvaliswinebT imasac, rom [2]

,                             (9)

advilad gamoiTvleba damatebiTi winaRobis sidide 

 (Un _ Zravas nominaluri xazuri Zabva (v) da Pn 

_ Zravas nominaluri simZlavre, kvt).

Tu maqsimalur srialis mimdinare mniSvnelobas 

aRvniSnavT Smk -iT da  warmovadgenT

     (10)

gamosaxulebiT, miviRebT klosis koreqtirebul for-

mulas

.                                (11)

aviRoT konkretuli SemTxvevisaTvis klosis ko -

req tirebuli formuliT agebuli meqaniku ri maxa siaTe-

beli da SevadaroT klasikurs, rode  sac: Mn=360.5n.m; 

Sm0=0.0832; ; Mm=bnMn=2.2.360.5 793
 
n.m;

; Makat=ma
.Mn=2.1.360.5 757n.m;

;    

= ;

klosis formuliT - ;    

klosis koreqtirebuli formuliT - 

.

meqanikuri maxasiaTeblebis asagebad gamoviyenoT 

daprogramebis sistema “MATLAB”-i.
rogorc naxazidan Cans, klosis koreqtirebu-

li formuliT agebuli meqanikuri maxasiaTebelis 

amuSavebis momentis mniSvneloba zustad emTxveva 

katalogSi mocemul amuSavebis moments

xolo klosis formuliT amuSavebis momentis mniS-

vneloba 

ufro meti TvalsaCinoebisaTvis, gaviangariSoT 

klosisa da klosis koreqtirebuli formulebiT 

mokled SerTuli rotoriani asinqronuli Zravas 

amuSavebis drois mniSvneloba uqm svlaze [1]:

klosis formuliT       

,  anu   

.

klosis koreqtirebuli formuliT

,   anu   

.

orive integralis amoxsniT miiReba, rom klosis 

formuliT gamoTvlili Zravas uqm svlaze amuSave-

bis drois fardobiTi mniSvneloba daaxloebiT 3- 

jer metia , vidre realuri.
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ss `madneulis~ mamdidrebeli fabrikis sadrenaJo zumpfebis 
mimdebare teritoriis myari naleqebisagan gamwmendi hidravli-
kuri sqemis srulyofa

ЦЕРЕТЕЛИ М.В., МАХАРАШВИЛИ Н.З., 
ОНИАНИ М.Ш.     
КОРРЕКТИРОВАННАЯ МЕХАНИЧЕСКАЯ 
ХАРАКТЕРИСТИКА АСИНХРОННОГО 
ДВИГАТЕЛЯ С КОРОТКОЗАМКНУТЫМ 
РОТОРОМ

           
Рассмотрена отрицательная сторона так называ-

емой формулы Клосса, описывающая механическую 
характеристику асинхронного двигателя с короткоза-
мкнутым ротором. Выявлен ее основной недостаток  
-  несоотвеетствие величины пускового момента дви-
гателя вычисленнго по формуле с данными каталога. 
Получена эмпирическая формула по которой более точ-
но можно определить значение искомого параметра. 

TSERETELI M., MAKHARASHVILI N., 
ONIANI M.
ADJUST OF MECANICAL OSCILLATION 
OF AN ASYNCHRONOUS MOTOR WITH 
SQUIRREL-CAGE ROTOR

This manuscript discusses the pros and cons of the 
Kloss equation of mechanical oscillation of an asyn-
chronous motor with squirrel-cage rotor. It points out 
that main disadvantage of the equation is a significant 
discrepancy between the value calculated from the 
formula and the value measured directly from the pa-
rameters provided by the catalog. The manuscript pro-
vides a simple empirical formula, which allows the cal-
culations of the starting torque of the motor.

naSromSi gaanalizebulia sadrenaJo zumpfebis naSromSi gaanalizebulia sadrenaJo zumpfebis 

mimdebare teritoriis myari naleqebis momrecxi da mimdebare teritoriis myari naleqebis momrecxi da 

gadamtumbi mowyobilobebis ganlagebis arsebuli gadamtumbi mowyobilobebis ganlagebis arsebuli 

sqema. Ggamovlenilia misi aradamakmayofilebeli sqema. Ggamovlenilia misi aradamakmayofilebeli 

funqcionirebis mizezebi da dasaxulia gaumjobese-funqcionirebis mizezebi da dasaxulia gaumjobese-

bis gzebi. kerZod, sakvalTebis gamoyenebiT dadge-bis gzebi. kerZod, sakvalTebis gamoyenebiT dadge-

nilia vertikaluri CayvinTuli nilia vertikaluri CayvinTuli ПВППВП 160/20   tipis 160/20   tipis 

tumbo-agregatebis da maTi Sesabamisi gare qselebis tumbo-agregatebis da maTi Sesabamisi gare qselebis 

normaluri muSaobis uzrunvelmyofi hidronarevis normaluri muSaobis uzrunvelmyofi hidronarevis 

limitirebuli xarji. gansazRvrulia myari daleq-limitirebuli xarji. gansazRvrulia myari daleq-

ili masalebis mosarecxi mowyobilobebis  ganlage-ili masalebis mosarecxi mowyobilobebis  ganlage-

bis adgilebi da gaangariSebulia nacmis optimaluri bis adgilebi da gaangariSebulia nacmis optimaluri 

zomebi. damuSavebulia sadrenaJo zumpfebSi ax-zomebi. damuSavebulia sadrenaJo zumpfebSi ax-

aldaleqili myari masalebis (ZiriTadad flotaciis aldaleqili myari masalebis (ZiriTadad flotaciis 

gamdidrebis kudebis) SesamRvrevi mowyobiloba da gamdidrebis kudebis) SesamRvrevi mowyobiloba da 

dadgenilia SemRvrevisaTvis wylis saWiro xarji. dadgenilia SemRvrevisaTvis wylis saWiro xarji. 

SemuSavebulia da rekomendebulia iatakze daleqi-SemuSavebulia da rekomendebulia iatakze daleqi-

li myari masalebis morecxvisa da zumpfebSi maTi li myari masalebis morecxvisa da zumpfebSi maTi 

SemRvrevis procesebis warmoebis swori organizebaSemRvrevis procesebis warmoebis swori organizeba.

ss `madneulis~ fabrikidan flotaciis gam-

didrebis kudebis Semcveli hidronarevis trans-

portireba da moleqva kudebsacavSi xdeba cen-

tridanuli gruntis tumboebis saSualebiT [1, 2]. 

eqspluataciis periodSi rig SemTxvevebSi, winaswar 

gauTvaliswinebeli mizezebis gamo, warmoebaSi ad-

gili aqvs eleqtroenergiis miwodebis moulodnel 

Sewyvetas, rac iwvevs fabrikis muSa danadgarebis da 

maT ricxvSi gruntis tumboebis gaCerebasac. amis 

Sedegad gamdidrebis ciklidan modinebuli da nawi-

lobriv hidrosatransporto sistemidan dabrunebu-

li hidronarevebi gadmoiRvreba mTavari zumpfidan. 

Hhidronarevis ZiriTadi nawili fabrikis iatakze 

daxrili Rarebis saSualebiT miemarTeba avariuli 

auzisaken, xolo nawili moZraobs ra sadrenaJo zump-

febisaken, gzad anagvianebs maT mimdebare teritorias 

da amasTanave axdens sadrenaJo zumpfebis dalamvas 

(amovsebas). Ggarda amisa, muSaobis Cveulebriv pi-

robebSi, mamdidrebeli fabrikis samrewvelo Camdinar 

wylebs Seadgens agreTve Semkrebebidan da Rarebidan 

gadmonadenebi, mowyobilobebze da iatakze dacvenili 

mSrali myari masalis mosarecxi da mTavari satumbi 

danadgaris zumpfis gasarecxi wylebi. aRniSnuli na-

kadebis mimarTvac xdeba sadrenaJo zumpfebisaken.

fabrikis sadrenaJo zumpfebisa da myari naleqebis 

momrecxi da gadamtumbi mowyobilobebis ganlagebis 

sqema mocemulia naxazze 1. rogorc naxazidan 1 Cans, 

sadrenaJo zumpfebidan Camdinari masebis gadatum-

bva mTavari satumbi danadgaris zumpfSi warmoebs 

sami vertikaluri CayvinTuli ПВП 160/20 tipis 

tumbos saSualebiT, xolo erTi, igive tipis tumbo 

axdens Canadenis gadatumbvas avariuli auzisaken. 

aRniSnuli sqemis analizma da adgilze dakvirvebebma 

gviCvena, rom misi muSaoba aradamakmayofilebelia 

da saWiroebs srulyofas. kerZod, mocemul (myari 

masaliT dalamul) teritriaze ar aris mowesrige-

buli wyalmomaragebis qselis da masTan mierTebuli 

mosarecxi mowyobilobebis racionaluri ganlageba; 

sadrenaJo zumpfebis moculoba da gabaritebi ar 

Seesabameba mocemuli tumbos pasportiT gaTval-

iswinebul dayenebisadmi wayenebul moTxovnebs; zump-

febSi SesamRvrevi mowyobilobebis uqonlobis gamo 

garTulebulia maTSi daleqili masalis (romelic 

Seicavs sakmao raodenobiT myari nawilakebis msx-

vil fraqciebsac) hidrotransportireba;  da bolos, 

rogorc Cvens mier tumboebis mocemul gare qselebze 

reJimebis gansazRvrisaTvis Catarebulma gaangariSe-

bebma da uSualod dakvirvebebmac gviCvena, arsebul 

pirobebSi ver xdeba tumboebis miwodebis uzrunve-

lyofa saWiro reJimuli xarjebiT [3, 4]. gaangariSe-
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biT miRebuli hidronarevis xarjebi Semdegia:

#1 

tumbosaTvis,    

roca D
m
=0,1 m, Q

reJ.
=107 m3/sT 

(hidravlikurad mqise milisaTvis) 

da Q
reJ.
=125 m3/sT (hidravlikurad 

gluvi milisaTvis); roca D
m
=0,125 m, 

Q
reJ.
=160 m3/sT (hidravlikurad mqise 

milisaTvis).

#2 

tumbosaTvis,

roca D
m
=0,1 m, Q

reJ.
=120 m3/sT 

(hidravlikurad mqise milisaTvis) 

da Q
reJ.
=140 m3/sT (hidravlikurad 

gluvi milisaTvis); roca D
m
=0,125 m, 

Q
reJ.
=180 m3/sT (hidravlikurad mqise 

milisaTvis).

#3 

tumbosaTvis,

roca D
m
=0,1 m, Q

reJ.
=150 m3/sT 

(hidravlikurad mqise milisaTvis) 

da Q
reJ.
=170 m3/sT (hidravlikurad 

gluvi milisaTvis); roca D
m
=0,125 m, 

Q
reJ.
=210 m3/sT (hidravlikurad mqise 

milisaTvis).

#4 

tumbosaTvis,

roca D
m
=0,1 m, Q

reJ.
=220 m3/sT 

(hidravlikurad mqise milisaTvis) 

da Q
reJ.
>220 m3/sT (hidravlikurad 

gluvi milisaTvis); roca D
m
=0,125 

m, Q
reJ.
>>220 m3/sT (hidravlikurad 

mqise milisaTvis).

nax. 1. nax. 1. 

fabrikis sadrenaJo zumpfebisa da myari naleqebis momrecxi da gadamtumbi mowyobilobebis ganlagebis fabrikis sadrenaJo zumpfebisa da myari naleqebis momrecxi da gadamtumbi mowyobilobebis ganlagebis 

sqema: 1, 2, 3, 4 - #1, #2, #3 da #4 vertikaluri satumbi danadgarebi Sesabamisad; 5, 6, 7, 8 - #1, #2, #3 sqema: 1, 2, 3, 4 - #1, #2, #3 da #4 vertikaluri satumbi danadgarebi Sesabamisad; 5, 6, 7, 8 - #1, #2, #3 

da #4 satumbi danadgarebis gare qselebi Sesabamisad; 9 – sakvalTebi; 10 – sadrenaJo zumpfebi; 11, 11da #4 satumbi danadgarebis gare qselebi Sesabamisad; 9 – sakvalTebi; 10 – sadrenaJo zumpfebi; 11, 11′ 
– wyalmomaragebis arsebuli da rekomendebuli sistema Sesabamisad; 12, 12– wyalmomaragebis arsebuli da rekomendebuli sistema Sesabamisad; 12, 12′ - ′ - arsebuli da rekomendebuli arsebuli da rekomendebuli 

onkanebi Sesabamisad; 13 – mTavari satumbi danadgaris zumpfi, 14 – sadrenaJo arxi; 15 – rezinis Slangebi; onkanebi Sesabamisad; 13 – mTavari satumbi danadgaris zumpfi, 14 – sadrenaJo arxi; 15 – rezinis Slangebi; 

aRniSnulidan gamomdinare, oTxive tumbos dau-

tvirTavi muSaobis gamo xdeba maTi swrafad gamos-

vla mwyobridan.

swored zemoT CamoTvlilma arsebuli sqemis 

uaryofiTma mxareebma ganapiroba winamdebare sam-

uSaos Catareba.

Cvens winaSeE mdgomi amocanebis gadasawyvetad 

upirveles yovlisa gamovediT im mosazrebidan rom, 

vinaidan mocemuli tumboebis zemoT aRniSnuli um-

etesi xarjebiT uzrunvelyofa Zalian araekonomi-

uri da zog SemTxvevebSic aramizanSewonilia (radgan 

nawilobriv #2 da #3, #4 tumboebisaTvis muSa 

reJimebi samrewvelo gamoyenebis zonis zRvrul 

mniSvnelobaze metia. ПВП 160/20 tipis tumbosaT-
vis samrewvelo gamoyenebis zonis zRvruli mwar-

moeblobebi ki Semdegia 80 m3/sT ≤ Q
nom. 

≤ 160 m3/

sT), amitom Seiqna saWiroeba imisa, rom limitireba 

gagvekeTebina mosarecxad da SesamRvrevad gamoy-

enebuli wylis xarjebisaTvis ise, rom tumboebis 

normaluri muSaobis uzrunvelsayofad gankuTvnili 

hidronarevis jamuri xarji ar yofiliyo 100 m3/

sT-ze meti S=0,15 (ρ
h.n..
=1255 kg/m3) namdvili mocu-

lobiTi koncentraciis dros. Aam mizniT tumboe-

bis damWirxn milsadenebze gaTvaliswinebuli gvaqvs 

ludlos tipis sakvalTebi. sakvalTebis gaReba-

daketvis sxvadasxva mniSvnelobebze (h/D0=1,0; 0,8; 
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0,7; 0,6; 0,5; 0,4, sadac h aris sakvalTis gaRe-

bis simaRle m-Si, xolo D0 - milis Siga diametri, 

m-Si). tumboebis gare qselebis gaangariSebam [3, 5] 

da reJimuli wertilebis gansazRvram gviCvena, rom 

hidronarevis limitirebuli xarjis (Q
reJ.
=100 m3/

sT) mniSvneloba miiRweva sakvalTebis h/D0= 0,5; 0,4 
mniSvnelobebs Soris SemTxvevebisaTvis. marTalia am 

dros tumboebis muSaobis m.q.k. SedarebiT dabalia 

η = 0,54; η = 0,6 -is nacvlad, magram angariSis gare-

Sec naTelia, rom mocemuli tumboebis gamoyenebis 

SemTxvevaSi arsebul pirobebSi es midgoma ekonomi-

kurad ufro xelsayrelia.

rogorc cnobilia, fabrikaSi flotaciis gam-

didrebis kudebis mosacilebeli satumbi sadguris 

wyliT momaragebis sistema unda iTvaliswinebdes 

wylis misawodebeli onkanebis mowyobasac, romle-

bzec unda moxdes iatakis myari naleqisagan mo-

sawmendi da sadrenaJo arxebis gasawmendi mowyobi-

lobebis (brandspoitebis) mierTeba [6]. aRniSnuli 

moTxovna arsebuli sqemisaTvis ganxorcielebulia 

mxolod #1 tumbos siaxloveSi (ix. nax. 1, 11). ami-

tom saWiroa wylis misawodebeli milebis 11′ gayvana 

da maTze #2, #3 da #4 tumboebis siaxloveSi 

onkanebis 12′  dayeneba, romlebzec miuerTdeba iat-

akze ganlagebuli naleqis mosawmendi mowyobilobebi 

(Slangebi, aRWurvili boloebSi damagrebuli nacme-

biT). gaangariSebuli nacmi mocemulia naxazze 2.

nacmis hidravlikur gaangariSebas vaxdenT 

Semdegnairad [7]. nacmidan nakadis gamodinebis siC-

qare ganisazRvreba formuliT

,                              (1)

sadac ϕ aris siCqaris koeficienti; miiReba ϕ=0,92 
- 0,96. viRebT ϕ=0,94; g - simZimis Zalis aCqareba, m/

wm2; g = 9,81 m/wm2;NH
0
 - nacmis win muSa wneva, m wy.sv. 

Cvens SemTxvevaSi  H
0
= 30 - 35 m wy.sv. viRebT H

0
= 

35 m wy.sv.      

miRebuli mniSvnelobebis SetaniT (1) formulaSi, 

gveqneba

, m/wm.

nacmidan gamodinebuli wylis xarji tolia:

. (2)

sadac  aris nacmis ganivkveTis farTobi, m2;

d
0
 - nacmis gamosasvlelis diametri, m; μ _ xar-

jis koeficienti, romelic aiReba cxrilis mixedviT 

[7]. viRebT α=13ο24′-is mniSvnelobis dros μ=0,945, 
radganac α-s am mniSvnelobis dros aris nacmSi 

yvelaze mcire hidravlikuri danakargebi. SerCeuli 

mniSvnelobebis SetaniT (2) formulaSi miviRebT:

Q
0
=0,945 · 0,000962·24,8=0,0224 m3/wm = 80,6 m3/sT.

vinaidan sadrenaJo zumpfebis siaxloveSi beto-

nis iatakze axlad dalamuli flotaciis narCen-

ebi (kudebi) morecxvis TvalsazrisiT miekuTvneba 

metad advilad mosarecx masalebs, amitom specialur 

gaangariSebebs maTi morecxvis SesaZleblobaze aRar 

vatarebT. 

myari masalisagan (ZiriTadad flotaciis gam-

didrebis kudebi) amovsebul sadrenaJo zumpfebSi 

moTavsebul tumboebis normaluri muSaobis uzrunv-

elsayofad (umTavresad gaSvebis momentSi Sewovaze) 

saWiro Seiqna danaleqis SesamRvrevi mowyobilobis 

gamoyeneba. sadrenaJo zumpfebSi Cvens mier damuSave-

buli axal daleqili myari masalebis SesamRvrevi 

mowyobilobis dadgmis sqema tumbosTan erTad mo-

cemulia naxazze 3, xolo misi konstruqciuli da-

muSaveba mocemulia samuSaoSi [3]. naxazis 3 mixedviT 

aRniSnuli mowyobiloba Sedgeba wylis manawileb-

lisagan 1, romelic damWerebiT 7 mimagrebulia tumbos 

CarCoze 9. manawilebeli zeda mxridan daduRebuli 

Stuceris 2 da Slangis 3 saSualebiT mierTebulia 

wylis magistralze dayenebul onkanTan, xolo qveda 

mxareze miduRebuli Stucerebis 4 da Slangebis 5 

daxmarebiTY uerTdeba milebs 6, romlebic sadrenaJo 

zumpfebis kuTxeebSia Camagrebuli da Seicavs Ф4 

mm - is naxvretebs (TiTo mils aqvs 6 naxvreti) 

myari naleqebis SemRvrevisaTvis. am milebis boloe-

bi, romlebic ideba zumpfebis Zirebze, daxurulia 

saxSoebiT. Mmocemuli mowyobilobis muSaobis prin-

cipi mdgomareobs SemdegSi: wylis magistralidan 

garkveuli dawnevis wyali (Cvens SemTxvevaSi 35 m 

wy.sv.) Slangis 3, Stuceris 2, wylis manawileblis 1, 

masTan miduRebuli Stucerebis 4 da maTze mimagreb-

uli Slangebis 5 daxmarebiT miedineba milebisaken 

6. Mmilebze arsebuli naxvretebidan gamodinebuli 

wyali axdens zumpfebSi arsebuli daleqili myari 

masalis SemRvrevas da amiT aadvilebs maT Sewovas 

da gadatumbvas.

SesamRvrevad gamoyenebuli, Txel kedelSi ar-

sebuli xvretidan Tavisufali CayvinTuli Wavlis 

gamodinebis xarji iangariSeba formuliT [8]

,                        (3)
Nnax. 2. nacmiNnax. 2. nacmi
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sadac μ=0,62 aris xarjis koeficienti; ω1 - naxvre-
tebis ganivkveTis farTobi, m2; H1 = (H0-H2) - sxvaoba 
sadrenaJo zumpfSi Camagrebul milebSi arsebul da 

milebze ganlagebul naxvretebamde zumpfis savse 

zedapiridan siTxis (hidronarevis) dawnevebisa, m 

wy.sv. viRebT H0=35 m wy.sv. da H
2(saS.)

 =~ 1 m wy.sv.  
e.i. H1=34 m wy.sv.  miRebuli mniSvnelobebis (3) 

formulaSi SetaniT gveqneba

Q
1
 = 0,62 · 0,0000125 ·   = 0,0002, m3/wm= 

= 0,72, m3/sT.

maSasadame, aRniSnul pirobebSi erTi Ф4 mm - 

iani naxvretidan gamodinebuli wylis xarjia 0,72 

m3/sT, maSin erTi milidan gamosuli xarji iqneba 

nax. 3. nax. 3. 

tumbo tumbo ПВП ПВП 160/20-is da zumpfSi daleqili kudebis SesamRvrevi mowyobilobis dayenebis sqema: 1 - wylis 160/20-is da zumpfSi daleqili kudebis SesamRvrevi mowyobilobis dayenebis sqema: 1 - wylis 

manawilebeli; 2 - Stuceri; 3 - wylis magistralTan misaerTebeli Slangi; 4 - Stucerebi; 5 - zumpfis manawilebeli; 2 - Stuceri; 3 - wylis magistralTan misaerTebeli Slangi; 4 - Stucerebi; 5 - zumpfis 

kuTxeebSi Camagrebul naleqis SesamRvrev milebTanYmisaerTebeli Slangebi; 6 - naleqis SesamRvrevi nax-kuTxeebSi Camagrebul naleqis SesamRvrev milebTanYmisaerTebeli Slangebi; 6 - naleqis SesamRvrevi nax-

vretebiT aRWurvili milebi; 7 - wylis manawileblis damWerebi; 8 - vertikaluri satumbi danadgari; 9 vretebiT aRWurvili milebi; 7 - wylis manawileblis damWerebi; 8 - vertikaluri satumbi danadgari; 9 

- tumbos dasadgmeli CarCo; 10 - sadrenaJo zumpfi; 11 - sadrenaJo arxi- tumbos dasadgmeli CarCo; 10 - sadrenaJo zumpfi; 11 - sadrenaJo arxi

0,72·6=4,32 m3/sT, xolo oTxi milidan (e.i. mTliani 

sistemidan) - 4,32·4=17,3, m3/sT.  
rogorc zemoT Catarebuli angariSebis safuZ-

velze Cans, Cvens mier daSvebuli piroba, rom tumbos 

mier gadatumbuli xarji ar unda aRematebodes 100 

m3/sT-s, daculia e.i. 80,6 + 17,3 = 97,9 m3/sT < 100 

m3/sT.  

sadrenaJo zumpfebis mimdebare teritoriebidan 

myari naleqebis morecxvis da TviT myari masal-

iT amovsebuli zumpfebidan maTi da Semdgom masSi 

Cadinebuli morecxili nakadebis mocilebis procesi 

SeiZleba warmoebul iqnes Semdegi TanamimdevrobiT: 

muSaobis dawyebisas upirveles yovlisa gaiReba 

wylis wnevian magistralze mierTebuli, rogorc 

mosarecxi, ise SesamRvrevi mowyobilobebis onkanebi 
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da wyali miewodeba pirveli sistemis nacms da meore 

sistemis naxvretebs. Aam dros CairTveba ra satumbi 

agregatic, SlangiT aRWurvili nacmidan gamosuli 

nakadi miemarTeba zumpfSi arsebuli myari masalis 

zedapirze tumbos irgvliv, raTa myari daleqili 

masivis Signidan SemRvrevasTan erTad moxdes misi 

zedapiridan SemRvrevac, rac SeaTxelebs tumbos mier 

Sewovili hidronarevis koncentracias da gaaadvi-

lebs mis normalur reJimze gaSvebas. zumpfSi arseb-

uli myari masalis garecxvisa da gadatumbvis Semdeg 

xdeba zumpfis marjvnidan an marcxnidan sadrenaJo 

arxebisa da iatakis morecxva. Mmorecxili myari 

naleqi wylis da arxebis saSualebiT TviTdinebiT 

Caedineba zumpfSi, saidanac SesamRvrevi sistemidan 

miwodebuli wylis damatebiTYganuwyvetliv gadai-

tumbeba daniSnulebisamebr. muSaobis bolos, roca 

damTavrdeba mocemuli tumbosaTvis gaTvaliswineb-

uli iatakis teritoriis da arxebis morecxva, 

Slangi aRWurvili nacmiT isev miemarTeba sadrenaJo 

zumpfSi, raTa moxdes masSi Casuli myari masalis 

rac SeiZleba sruli mocileba. rodesac zumpfSi wy-

lis done miaRwevs 180 mm-s tumbos Ziridan (ix. nax. 

3) unda moxdes tumbos gamorTva. Mmosalodnelia 

zumpfSi aragabarituli myari nawilakebis da sxva 

minarevebis darCena, romlebic muSaobis damTavrebi-

sTanave xeliT unda amoiwmindos.

imis gamo, rom wyalmomaragebis sistemidan ze-

moT aRniSnuli samuSaoebis sawarmoeblad amJamad 

miewodeba mxolod Q = 60 m3/sT wyali da samoma-

vlod gaTvaliswinebulia Q = 150 m3/sT wlis mi-

wodeba, gaTvaliswinebuli unda iyos tumboebis (#1, 

2, 3, 4) araerTdrouli muSaoba adgilze mosaxerx-

ebeli Tanmimdevrobis dacviT. Ddasasruls saWiroa 

aRiniSnos agreTve is, rom SeiZleboda fabrikaSi mo-

cemul ubanze hidronarevis gadasatumbad gamoyen-

ebuli yofiliyo SedarebiT naklebi mwarmoebluro-

bis (TiTqmis igive dawnevis) satumbi agregatebi, an 

eJeqtorebi, rac ekonomikurad ufro gamarTlebuli 

iqneboda.
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SILAGADZE V., JANGIDZE M., 
STERYAKOVA S.
IMPROVED HYDRAULIC CIRCUIT CLEANING 
FROM SOLID RESIDUES ADJACENT TO THE 
DRAINAGE SUMP AREA DRESSING PLANT 
JSC “MADNEULI”

The paper analyzed the existing layout of equipment 
for pumping and erosion of solid residues from the terri-
tory adjacent to the drainage sump concentrator. The causes 
of its unsatisfactory performance and ways to improve. In 
particular, with a limited fl ow valves installed vertical sub-
mersible pumps PVP 160/20, ensuring normal operation of 
pumping units and associated external network. The op-
timal placement of devices erosion of solid precipitation 
and the size of the nozzle. A device for the resuspension of 
sediments deposited in drainage sumps and set the desired 
water fl ow for resuspension. It develops and recommends 
the proper organization conducting the erosion deposited 
on the fl oor of solids and turbidity in the sump.

СИЛАГАДЗЕ В.А., ДЖАНГИДЗЕ М.В., 
СТЕРЯКОВА С.И.
УСОВЕРШЕНСТВОВАНИЕ ГИДРАВЛИ-
ЧЕСКОЙ СХЕМЫ ОЧИСТКИ ОТ ТВЕРДЫХ 
ОСАДКОВ ПРИЛЕГАЮЩЕЙ К ДРЕНАЖНЫМ 
ЗУМПФАМ ТЕРРИТОРИИ ОБОГАТИТЕЛЬНОЙ 
ФАБРИКИ АО «МАДНЕУЛИ»

В работе проанализирована существующая схема 
расположения оборудования по размыву и перекачке 
твердых осадков с территории, прилегающей к дренажным 
зумпфам обогатительной фабрики. Выявлены причины ее 
неудовлетворительного функционирования и намечены 
пути улучшения. В частности, с использованием задвижек 
установлен лимитированный расход вертикальных погружных 
насосов ПВП 160/20, обеспечивающий нормальную работу 
насосных агрегатов и соответствующей внешней сети. 
Определены оптимальные места размещения устройств 
размыва твердых осадков и размеры сопла. Разработано 
устройство для взмучивания осевших осадков в дренажных 
зумпфах и установлен требуемый для взмучивания расход 
воды. Разработана и рекомендована правильная организация 
ведения размыва осевших на полу твердых материалов и 
взмучивания в зумпфах.
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uak 66.073.3 : 62-192

teqn. mecn. doqtori, profesori l. maxaraZe, 
akad. doqtori n. xundaZe, doqtoranti v. gelaSvili

magistralur milsadenebSi transportirebuli nedli navTo-
bis fizikur-meqanikuri Tvisebebis transportirebis garemosa-
gan damokidebulebiT cvalebadobis kvleva sistemis teqnikur-
ekonomikur maCveneblebze da eqspluataciis saimedoobaze 
maTi gavlenis mizniT

statiaSi ganxilulia magistralur milsaden-statiaSi ganxilulia magistralur milsaden-

ebSi transportirebuli nedli navTobis fizikur-ebSi transportirebuli nedli navTobis fizikur-

meqanikuri Tvisebebis (siblantismeqanikuri Tvisebebis (siblantis, simkvrivis) cvale- simkvrivis) cvale-

badobis damokidebuleba temperaturisagan, radgan badobis damokidebuleba temperaturisagan, radgan 

maT SeuZliaT mniSvnelovani gavlena moaxdinon maT SeuZliaT mniSvnelovani gavlena moaxdinon 

magistraluri navTobsadenis optimaluri trasis magistraluri navTobsadenis optimaluri trasis 

SerCevaze; milsadenis hidravlikur da simtkiceze SerCevaze; milsadenis hidravlikur da simtkiceze 

gaangariSebaze; milsaden magistralSi mimdevro-gaangariSebaze; milsaden magistralSi mimdevro-

biT CarTuli tumboebis raodenobis gansazRvraze; biT CarTuli tumboebis raodenobis gansazRvraze; 

maTi milsadeni magistralis gaswvriv ganTavsebaze maTi milsadeni magistralis gaswvriv ganTavsebaze 

da muSaobis reJimis gansazRvraze, rac Tavis mxriv da muSaobis reJimis gansazRvraze, rac Tavis mxriv 

mniSvnelovan gavlenas axdens magistraluri nav-mniSvnelovan gavlenas axdens magistraluri nav-

Tobsadeni sistemis eqspluataciis saimedoobaze da Tobsadeni sistemis eqspluataciis saimedoobaze da 

teqnikur-ekoteqnikur-ekoნomikur maCveneblebze.omikur maCveneblebze.

magistraluri navTobsadenebis sistemebis 

daproeqtebisas aucilebelia maTi hidravlikuri 

gaangariSeba, romelic moicavs milsadeni magistra-

lis simtkiceze gaangariSebasac. amisaTvis saWiroa 

Semdegi monacemebis codna: navTobsadenis geometri-

uli zomebi da gamtarunarianoba; navTobis fizi-

kur-meqanikuri Tvisebebi, kerZod, misi siblantisa 

da simkvrivis cvalebadobis damokidebuleba trans-

portirebis garemos temperaturisagan; navTobis 

transportirebis hidrodinamikuri parametrebi; nav-

Tobsadeni magistralis sigrZe da trasis profili; 

gruntis temperatura im siRrmeze, ra siRrmezec 

aris magistraluri milsadeni miwaSi Cafluli (ra 

Tqma unda, Tu milsadeni Caflulia gruntis siR-

rmeSi, da, rogorc wesi, es asec aris praqtikaSi).

yvela am parameters SeuZlia mniSvnelovani gav-

lena moaxdinos magistraluri navTobsadenis opti-

maluri trasis SerCevaze; milsadenis hidravlikur 

da simtkiceze gaangariSebaze; tumboebis raodenobis 

gansazRvraze, maTi milsadenis trasis gaswvriv gan-

Tavsebaze da muSaobis reJimis gansazRvraze, rom-

lebic mniSvnelovan gavlenas axdenen magistraluri 

navTobsadeni sistemis saimedoobaze da teqnikur-

ekonomikur maCveneblebze.

aRniSnulidan gamomdinare, CamoTvlili param-

etrebis gaangariSebis racionaluri meTodikebis da-

muSavebas, maTi optimaluri mniSvnelobebis kvlevas 

da dadgenas, gavlenis analizs, didi samecniero da 

praqtikuli mniSvneloba gaaCnia.

navTobis fizikur-meqanikuri Tvisebebis navTobis fizikur-meqanikuri Tvisebebis 

cvalebadoba temperaturisagan damokide-cvalebadoba temperaturisagan damokide-

bulebiTbulebiT

magistraluri navTobsadenebis sigrZe umetes 

SemTxvevaSi ramdenime aseul da zogjer aTaseul 

kilometers aRwevs. amdenad maTi calkeuli uba-

ni xSirad mniSvnelovnad gansxvavebul klimatur, 

geografiul da teqnikur pirobebSi gadis. rogorc 

zemoT iyo aRniSnuli, magistraluri navTobsadenebi, 

rogorc wesi, miwis (gruntis) qveS arian ganlage-

buli. temperaturis cvalebadoba mniSvnelovan gav-

lenas axdens milsadenSi navTobis transportirebis 

(miwodebis) reJimze. gavlenas axdens rogorc at-

nax. 1. nax. 1. 

atmosferos temperaturis cvalebadoba baqo-Tbilisi-jeihanis magistraluri navTobsadenebis atmosferos temperaturis cvalebadoba baqo-Tbilisi-jeihanis magistraluri navTobsadenebis 

trasis profilis gaswvrivtrasis profilis gaswvriv



37 samTo Jurnali, # 2(35), 2015

samTo manqanebi da transporti - ГОРНЫЕ МАШИНЫ И ТРАНСПОРТ - MINING MACHINES END TRANSPORT

mosferos, aseve gruntis temperatura, radgan TviT 

gruntis temperatura TavisTavad damokidebulia at-

mosferos temperaturaze.

atmosferosa da gruntis temperaturebis cvale-

badoba mniSvnelovan farglebSi naTlad Cans naxa-

zebidan 1 da 2, romlebzec mocemulia atmosferosa 

da gruntis temperaturebsagan damokidebulebiT 

cvalebadobis mrudebi baqo-Tbilisi-jeihanis magis-

traluri navTobsadenis trasis profilis gaswvr-

iv.

am naxazebidan naTlad Cans, rom saSualo wliuri 

temperaturis cvalebadobis diapazoni sakmaod mniS-

vnelovania. amdenad es faqtori aucileblad unda 

iqnes gaTvaliswinebuli magistralur navTisadenebis 

gaangariSebisa da daproeqtebisas, radgan igi aseve 

mniSvnelovan gavlenas axdens navTobis fizikur-

meqanikur parametrebze.

navTobis simkvrive da siblante ganisazRvre-

ba laboratoriuli analizis Sedegad. simkvrives, 

rogorc wesi, gansazRvraven 293 0K temperaturaze, 
rac Sesabamisia 20 0C -isa.

nax. 2. nax. 2. 

gruntis temperaturis cvalebadoba baqo-Tbilisi-jeihanis magistraluri navTobsadenis gruntis temperaturis cvalebadoba baqo-Tbilisi-jeihanis magistraluri navTobsadenis 

trasis profilis gaswvrivtrasis profilis gaswvriv

Tu saWiroa am parametris sxva temperaturaze 

gansazRvra, amas axdenen empiriuli damokidebulebiT 

[1, 2]

                    (1)

sadac ρ
n
 _ navTobis simkvrive 293 0K temperatu-

raze, kg/m3; ξ
t
 _ koeficienti, romelic iTvalis-

winebs Sesworebas temperaturis mixedviT, romlis 

gansazRvrisaTvis arsebobs empiuriuli formulebi, 

romelTagan umetes SemTxvevaSi upiratesobas aniWe-

ben damokidebulebas

ξ
t
=1,825_0,00131ρ

n
.     (2)

cnobilia, rom sxvadasxva sabados nedli nav-

Tobebi gansxavdebian erTmaneTisagan, radgan isini 

erTgvarovani ar arian da sxvadasxva procentuli 

raodenobiT Seicaven sxvadasxva minarevebs, magaliTad: 

parafins, wyals, gogirdwyalbads, zogierTi metalis 

minarevebs da a.S. cxadia, maTi simkvrive da siblante 

temperaturisagan damokidebulebiT icvleba sxva-

dasxvanairad, rac naTlad Cans naxazebze 3 da 4 moce-

nax. 3. nax. 3. 

navTobis simkvrivis cvalebadobis damokidebuleba temperaturisagan: 1 - azeris (azerbaijani) navTobis simkvrivis cvalebadobis damokidebuleba temperaturisagan: 1 - azeris (azerbaijani) 

sabados navTobis narevi; 2 - azeris, giuneSlis da kaspiis sabadoebis navTobebis narevisabados navTobis narevi; 2 - azeris, giuneSlis da kaspiis sabadoebis navTobebis narevi
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muli grafikebidan. am naxazebidan Cans, rom navTobis 

simkvrivis cvalebadoba temperaturisagan damokide-

bulebiT erTnairia - kanonzomiereba wrfivia, xolo 

raodenobrivi cvalebadoba sxvadasxvagvari. navTobis 

siblantis gansazRvrisaTvis umeteswilad sargeblo-

ben cnobarebSi da literaturul wyaroebSi [1-3] 

mocemuli grafikebiT. Tu aseTi grafikebi ara gvaqvs, 

maSin navTobis kinematikuri siblantis ν
t
-is mniS-

vneloba SeiZleba ganazRvruli  iqnes formuliT

ν
t
= ν

n 
exp[-A

v
(T

n
-T

t
)],    (3)

nax. 4 . navTobis simkvrivis cvalebadobis damokidebuleba temperaturisagan: 1 - azeris, nax. 4 . navTobis simkvrivis cvalebadobis damokidebuleba temperaturisagan: 1 - azeris, 

giuneSlis da kaspiis sabadoebis navTobebis narevi; 2 - kaspiis (azeris, giuneSlis da Tengizis) giuneSlis da kaspiis sabadoebis navTobebis narevi; 2 - kaspiis (azeris, giuneSlis da Tengizis) 

sabadoebis navTobebis narevisabadoebis navTobebis narevi

nax. 5 . navTobis kinematikuri siblantis cvalebadobis damokidebuleba temperaturisagan: 1 - azeris saba-nax. 5 . navTobis kinematikuri siblantis cvalebadobis damokidebuleba temperaturisagan: 1 - azeris saba-

dos navTobis narevi; 2 - azeris, giuneSlis da kaspiis sabadoebis navTobebis narevidos navTobis narevi; 2 - azeris, giuneSlis da kaspiis sabadoebis navTobebis narevi

nax. 6 . navTobis kinematikuri siblantis cvalebadobis damokidebuleba temperaturisagan: 1 - azeris, nax. 6 . navTobis kinematikuri siblantis cvalebadobis damokidebuleba temperaturisagan: 1 - azeris, 

giuneSlis da kaspiis sabadoebis navTobebis narevi; 2 - kaspiis sabados navTobis narevigiuneSlis da kaspiis sabadoebis navTobebis narevi; 2 - kaspiis sabados navTobis narevi
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sadac ν
n 
- navTobis siblante T

n 
 temperaturis dros, 

santipuazi; A
v 
- viskozogramis daxrilobis maCven-

ebeli, misi gansazRvrisaTvis ν
n
 da T

n
 (Sesabamisad 

navTobis bunebrivi siblante da temperatura) mniS-

vnelobis garda sakmarisia siblantis mniSvnelobis 

codna erT romelime sxva temperaturaze, romelic 

gansazRvrulia viskozimetris saSualebiT.

naxazebze 5 da 6 mocemulia navTobis kinemati-

kuri siblantis cvalebadobis kanonzomierebebi tem-

peraturis cvalebadobisagan damokidebulebebi igive 

sabadoebis navTobebisaTvis, rac naxazebze 3 da 4 

aris ganxiluli.

am naxazebidan Cans, rom navTobis kinematikuri 

siblantis cvalebadobis kanonzomiereba tempera-

turisgan damokidebulebiT ufro rTulia da igi 

daaxloebiT kvadratuli parabolis saxisaa.

magistraluri navTobsadenis siTburi magistraluri navTobsadenis siTburi 
reJimireJimi

magistraluri navTobsadenebis siTburi reJimis 

gaangariSebis mTavari mizania ganisazRvros tempera-

turis ganawileba (cvalebadoba) magistralis gas-

wvriv da misi Sesabamisi danakargebi, radgan maszea 

damokidebuli magistraluri milsadenis praqtiku-

lad yvela ZiriTadi parametris mniSvnelobebi: mil-

sadeni magistralis gamtarunarianoba, anu trans-

portirebuli navTobis raodenoba (xarji); sat-

umbi sadgurebis raodenoba da maTi magistralis 

gaswvriv ganTavsebis adgili; milsadenis simtkice; 

Tboizolaciis saxeoba da misi safaris sisqe, anu 

praqtikulad mTeli sistemis saimedooba. navTob-

sadenis siTbur gaangariSebas gansakuTrebuli mniS-

vneloba eniWeba Tu milsadenebiT xdeba SemTbari an 

cxeli navTobis transportireba. aseT SemTxvevaSi, 

xSirad navTobsadenis siTburi reJimis arasworad 

gaangariSebisa da warmarTvis SemTxvevaSi, milsaden 

magistralSi mosalodnelia arastacionaruli reJi-

mis ganviTareba arasasurveli Tanmdevi SedegebiT.

navTobsadenebis siTburi reJimis gaangariSebisas 

aucilebelia vicodeT: klimaturi monacemebi (gare-

mos haeris saSualo wliuri temparetura; grun-

tis temperatura milsadenis ganTavsebis siRrmeze 

da bunebriv siTbur reJimze, mzis radiaciis done; 

Tovlis safaris mosalodneli sisqe), navTobis kuTri 

Tbotevadoba, Tbogamtarobis koeficienti, miwisqveS 

ganTavsebuli milsadeni magistralis Siga zedapiri-

dan garemosadmi Tbogadacemis koeficienti, navTo-

bisagan milsadenis Siga zedapirisadmi Tbogadacemis 

koeficienti [1-3].

naxazze 7 mocemulia magistraluri navTobsaden-

ebis siTburi reJimis gaangariSebis gamartivebuli 

xerxi (diagrama).

Tu dauSvebT, rom navTobsadenis sawyis kveTSi 

miewodeboda T
sawy. 

temperaturaze SemTbari navTobi, 

maSin milsadeni magistralis dasawyisidan garkveul 

x manZilze, garemosTan Tbogacvlis Sedegad, garkveu-

li drois gasvlis Semdeg igi Semcirdeba T tem-
peraturamde. misi gansazRvrisaTvis milsaden magis-

tralSi gamovyoT dx sigrZis monakveTi (ubani) da 
ganvixiloT misi siTburi balansi. Termogadacemis 

ZiriTadi kanonis Tanaxmad am monakveTSi moTavse-

buli navTobis siTbos danakargi gamoiTvleba damok-

idebulebiT

   (4)

sadac T
at
 _ garemos temperatura _ atmosferuli 

haeris temperatura, 0C; D
S
 _ navTobsadenis _ mil-

sadeni magistralis Siga diametri, m.

es danakargi (vardnili) pirdapirproporciulia 

siTbos gacvlis zedapirisa da ukuproporciulia 

garemos Termuli winaRobisa. aqedan gamomdinare, is 

temperatura, romelsac miiRebs T
at
 temperaturis 

garemo navTobsadenis ganxilul elementarul mon-

akveTSi ganTavsebul navTobidan toli iqneba

               (5)

sadac K
sr
 aris Tbogadacemis koeficienti [4].

navTobis mier dakarguli, anu garemosadmi gad-

acemuli temperaturis nawili toli iqneba

     (6)

sadac G
n
 _ magistralur navTobsadenSi transpor-

tirebuli navTobis masuri xarji (miwodeba), kg/wm; 

K
e
 _ empiruli koeficienti, romlis mniSvnelobebi 

aiReba Sesabamisi cnobarebidan.

koeficientis K
sr
 mniSvneloba SesaZlebelia gam-

Tv lili iqnes e. Suxovis formuliT [4]

     (7)

sadac L
n
 - navTobsadenis (milsadeni magistralis) 

sigrZe, m; T
b
 - navTobsadenis boloSi navTobis tem-

nax. 7 . magistraluri navTobsadenis siTburi nax. 7 . magistraluri navTobsadenis siTburi 

gaangariSebis-milsadenis sigrZis gaswvriv tempera-gaangariSebis-milsadenis sigrZis gaswvriv tempera-

turis vardnilis (Semcirebis) diagramaturis vardnilis (Semcirebis) diagrama
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peratura, 0C.
Tu vugulvebelyofT siTbos gamoyofas xaxunze, 

agreTve kristalizebuli parafinis navTobSi fazur 

gadasvlas, maSin energiis mudmivobis kanonis Tanaxmad 

dQ1 da dQ2 erTmaneTis toli unda iyos, anu

   
(8)

am gantolebis umniSvnelo gardaqmnisa da integ-

rirebis Semdeg miviRebT

   (9)

  (10)

formuliT (10) gamoiTvleba navTobis saboloo 

temperatura navTobsadenis (milsadeni magistralis) 

boloSi, Tu miviRebT, rom x = L
n
.

amave formulis Tanaxmad magistralur navTob-

sadenebis SemTxvevaSi (Tu Teoriulad davuSvebT 

rom  ) navTobis temperatura uaxlovdeba 

garemos (atmosferos) temperaturas, romelic grun-

tis temperaturis tolia, Tu milsadeni magistrali 

miwis (gruntis) qveS aris ganTavsebuli, an atmos-

feros temperaturis tolia, Tu igi ganTavsebulia 

miwis zemoT. am formuliT sakmaod didi sizustiT 

SeiZleba magistraluri navTobsadenis siTburi reJi-

mis gaangariSeba, Tu cnobilia masSi Semavali empiri-

uli koeficientebis, gansakuTrebiT K
sr
 koeficientis 

zusti mniSvnelobebi.

zemoT ganxiluli kvlevis Sedegebi aucilebelia 

magistraluri navTobsadenebis hidravlikuri gaan-

gariSebisaTvis, radgan mxolod maTi gaTvaliswinebiT 

SeiZleba navTobis Sor manZilebze transportireba 

ZiriTadi parametrebis racionaluri (optimaluri) 

mniSvnelobebiT, rac SesaZleblobas iZleva miRweu-

li iqnes analogiuri sistemebis maRali teqnikur-

ekonomikuri maCveneblebi da eqspluataciis maRali 

saimedooba.
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The article reviews the dependence of crude oil 

transported in main pipelines physical-mechanical 
characteristics (viscosity, density) unsteadiness on tem-
perature, because it can significantly impact on choos-
ing optimal route of pipeline; on calculation of pipe-
line hydraulic endurance; on defining the quantity 
of in-series pumps in the pipeline; on defining their 
location lengthwise the pipeline and working regime; 
which for its part considerably impacts on reliability 
of oil pipeline system exploitation and technical- eco-
nomical characteristics.
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ТРАН С  ПОР  ТИРОВАННЫХ ПО 
МАГИСТРАЛЬНЫМ ТРУБОПРОВОДАМ 
СЫРОЙ НЕФТИ В ЗАВИСИМОСТИ ОТ 
ТЕМПЕРАТУРЫ ПРИРОДНЫХ УСЛОВИЙ 
ТРАНСПОРТИРОВАНИЯ С ЦЕЛЬЮ ИХ 
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ПОКАЗАТЕЛИ И НАДЕЖНОСТЬ ЭТИХ СИСТЕМ

В статье рассматривается вопрос зависи-
мости изменения физико-механических свойств 
(вязкости, плотности) сырой нефти транспор-
тированных по магистральным трубопроводам в 
зависимости от температуры природных условий 
транспортирования, так как она может оказать 
серьезное влияние на выбор оптимальной трассы 
магистрального трубопровода; на гидравлический 
расчет трубопровода; на расчет на прочность; 
на выбор количества насосов, последовательно 
включенных в трубопроводной магистрали и их 
распределении вдоль трубопроводной магистрали; 
на режим их работы, так как все это, со своей 
стороны, в значительной степени влияет на 
технико-экономические показатели и надежность 
эксплуатации всей системы.
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uak 622.648.23 : 62-192

teqn. mecn. doqtori, profesori l. maxaraZe, 
doqtoranti v. gelaSvili, s. steriakova

magistraluri navTobsadenebis da navTobproduqtsadenebis 
eqspluataciis saimedoobis analizi saqarTvelos teritoriaze 
gamavali arsebuli sistemebis magaliTze

naSromSi saqarTvelos teritoriaze gamavali naSromSi saqarTvelos teritoriaze gamavali 

baqo-sufsis magistraluri navTobsadenisa da xaS-baqo-sufsis magistraluri navTobsadenisa da xaS-

uri-baTumi magistraluri navTobproduqtsadenis uri-baTumi magistraluri navTobproduqtsadenis 

magaliTze mocemulia analogiuri sistemebis eqs-magaliTze mocemulia analogiuri sistemebis eqs-

pluataciis saimedoobis analizi, romelic samar-pluataciis saimedoobis analizi, romelic samar-

Tlianad SeiZleba iqnes miCneuli zogadad yvela Tlianad SeiZleba iqnes miCneuli zogadad yvela 

analogiuri, pirvel rigSi saqarTvelos teritori-analogiuri, pirvel rigSi saqarTvelos teritori-

aze gamavali arsebuli sistemebisaTvis. aRniSnuli aze gamavali arsebuli sistemebisaTvis. aRniSnuli 

sistemebi warmoadgenen sauReltexilo obieqtebs, sistemebi warmoadgenen sauReltexilo obieqtebs, 

romlebic Zalze rTulia rogorc gaTvlebis, aseve romlebic Zalze rTulia rogorc gaTvlebis, aseve 

daproeqtebisa da eqspluataciis TvalsazrisiT. igi daproeqtebisa da eqspluataciis TvalsazrisiT. igi 

iTvaliswinebs sistemebis aRWurvilobis, funqcioni-iTvaliswinebs sistemebis aRWurvilobis, funqcioni-

rebis sqemis, klimaturi da geografiuli pirobebis rebis sqemis, klimaturi da geografiuli pirobebis 

gavlenas eqspluataciis  saimedoobaze.gavlenas eqspluataciis  saimedoobaze.

tradiciulad moTxovna energoresursebze da 

maTi miwodebis SesaZlebloba msoflios sxvadasx-

va regionis mixedviT dResdReobiT daubalansebeli 

rCeba. industriulad ganviTarebul mraval qveyanas 

ar yofnis sakuTari energoresursebi, maSin rodesac 

ganviTarebad qveynebs SeuZlia sakuTar moTxovnebze 

bevrad Warbi energoresursebis warmoeba. es disbal-

ansi TandaTan regulirebadi da ormxriv sargebliani 

gaxda energoresursebiT saerTaSoriso vaWrobis 

Sedegad, roca maTi eqsportis sanacvlad ganviTare-

badi qveynebi mowinave teqnologiebsa da damatebiT 

uxv subsidiebs iReben energoresursebze TavianTi 

moTxovnebis da saerTod ekonomikis ganviTarebisaT-

vis. aRniSnulis naTeli dadasturebaa saqarTvelos 

magaliTi. Cveni qveyana axlo momavalSi SesaZlebelia 

gaxdes navTobis msoflios erT-erTi satranzito 

qveyana. amis mizezi gaxlavT is garemoeba, rom prog-

nozis Tanaxmad uaxloes 25 weliwadSi navTobisa 

da bunebrivi airis (gazis) msoflio moxmarebis 

daaxloebiT 25 %-iT SeiZleba kavkasiisa da mimde-

bare regionSi mopovebuli Txevadi saTbobiT iqnes 

uzrunvelyofili. ZiriTad problemad mopovebuli 

saTbobi resursebis msoflio bazarze garantire-

buli miwodeba rCeba, ris gadaWraSic mniSvnelovani 

rolis Sesruleba SeuZlia saqarTvelos terito-

riaze gamaval energoresursebis kavkasiis satrans-

porto koridors, rasac aqtiuri mxardaWera aqvs  

rogorc regionis, ise dasavleTis wamyvani indus-

triulad ganviTarebuli qveynebis mxridan. saboloo 

gadawyvetilebis miReba navTobis magistralebis 

SesarCevad bevrad iqneba damokidebuli yvela dain-

teresebuli mxaris interesebis dabalansebaze.

yvelasaTvis cnobilia, rom ukve eqspluataciaSi 

Sesulia ramdenime magistraluri navTobsadeni, maT 

Soris _ e.w. dasavleTis marSrutis navTobsadeni 

azerbaijanidan saqarTvelos teritoriaze gavliT 

sufsamde da Semdeg xmelTaSua zRvis bazarze da 

azerbaijanidan saqarTvelosa da TurqeTis terito-

riaze gavliT xmelTaSua zRvis port jeihanamde. 

ukve karga xania funqcionirebs magistraluri nav-

Tobproduqtsadeni xaSuri-baTumi.

nax. 1 . baqo-sufsis azerbaijanis adreuli navTobis magistraluri navTobsadenis, nax. 1 . baqo-sufsis azerbaijanis adreuli navTobis magistraluri navTobsadenis, 

e.w. dasavleTis marSrutis milsadenis trasis grZivi profilie.w. dasavleTis marSrutis milsadenis trasis grZivi profili
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axlo momavalSi mosalodnelia, rom saqarTvelo 

sakuTari navTobis eqsportioric gaxdes. amis re-

alur safuZvels iZleva is garemoeba, rom qveynis 

teritoriidan xmeleTis 26,5 aTasi kilometri 

(mTliani teritoriis 38 %) da sazRvao Selfis 9 

aTasi kvadratuli kilometri navTobisa da bunebri-

vi airis Zebna-Ziebis perspeqtiul raionebs miekuT-

vnebian. 1997 wlis monacemebiT navTobis saprognozo 

resursebi Cvens qveyanaSi 580 mln tonas Seadgens 

(380 mln tona xmeleTze, 200 mln tona Savi zRvis 

akvatoriaSi) [1].

saqarTvelos teritoriaze gamavali yvela nav-

Tobsadeni (garda im SemTxvevisa Tu Savi zRvis ak-

vatoriaSi daiwyo navTobis mopoveba) - arsebuli 

da momavalSi aSenebuli aRmosavleTidan dasavleTi-

saken (Savi zRvisaken) aris da iqneba mimarTuli. 

amdenad yvela isini warmoadgens sauReltexilo nav-

Tobsadenebs, radgan gaivlian suramis uReltexils 

(dasavleTi mimarTulebiT) da samxreT saqarTvelos 

mTianeTs (samxreTi mimarTulebiT). aseTi navTob-

sadenebi Zalze rTulia rogorc gaTvlebis, aseve 

daproeqtebisa da eqspluataciis TvalsazrisiT. 

swored aqedan gamomdinare iqna SerCeuli saqarT-

velos teritoriaze gamavali arsebuli rogorc ma-

gistraluri navTobsadeni, aseve magistraluri nav-

Tobproduqtsadeni, rogorc saxasiaTo regionis kli-

maturi da geografiuli pirobebisaTvis da sakmaod 

rTuli yovelgvari gaangariSebebis, daproeqtebis da 

eqspluataciisaTvis. 

winamdebare statiaSi mocemulia magistraluri 

navTsadenebis (baqo-sufsis azerbaijanis adreuli 

navTobsadenis, e.w. dasavleTis marSrutis milsadenis, 

romlis trasis profili mocemulia naxazze 1) da 

magistraluri navTobproduqtsadenis (xaSuri-ba-

Tumis navTobproduqtsadenis, romlis trasis pro-

fili mocemulia naxazze 2) eqspluataciis saimedo-

bis analizi, romelic samarTlianad SeiZleba iqnes 

miCneuli zogadad yvela analigiuri, pirvel rigSi 

saqarTvelos teritoriaze gamavali, sistemebisaT-

vis.

winamdebare naSromSi ganxilulia saqarTvelos 

teritoriaze gamavali baqo-sufsis adreuli nav-

Tobis magistraluri navTobsadeni, e.w. dasavleTis 

marSrutis magistraluri milsadeni (ix. nax. 1) da 

xaSuri-baTumis magistraluri navTobproduqtsadeni 

(ix. nax. 2) ZiriTadad kaspiis, kerZodod, azerbaijan-

is sabadoebis tranzitisaTvis aris gamoyenebuli.

baqo_sufsis magistraluri navTobsadeni - baqo_sufsis magistraluri navTobsadeni - 

e.w. dasavleTis marSrutis milsadenie.w. dasavleTis marSrutis milsadeni

am navTobsadenis saerTo sigrZea 830 km. nav-

Tobsadenis muSaobis dagegmili droa 330 dRe-Rame 

weliwadSi, maqsimaluri dReRamuri miwodebaa 115000 

bareli, saSualo wliuri miwodeba _ 5,1 mln tona. 

saproeqto maqsimaluri wneva azerbaijanisa da aR-

mosavleT saqarTvelos teritoriaze, sadac milsade-

ni magistralis kedlis sisqea 7,5 mm, 60 baria (daax-

loebiT 6 megpa), dasavleT saqarTvelos teritori-

aze, sadac milsadeni magistralis kedlis sisqea 9 

mm _ 72 baria (daaxloebiT 72 megpa) [1, 2].

navTobsadens 6 saSualedo satumbi sadguri em-

saxureba, TiToeul sadgurze 3 “Sulzer”-is markis 

centridanuli, xuTsafexuriani tumboa damontaJe-

buli. normalur pirobebSi yovel sadgurSi eqsplu-

ataciaSia 2 paralelurad CarTuli tumbo (mesame 

TadarigSia), romelTa paraleluri muSaoba qselze 

uzrunvelyofs 750-800 m3/sT miwodebas da daaxloe-

biT 40 bar (40 megpa) wnevis nazards. TiToeuli 

tumbo aWurvilia daaxloebiT 920 kvt simZlavris 

amZraviT.

navTobsadenis saimedo muSaobis uzrunvelsayofad 

proeqtiT gaTvaliswinebulia ZiriTadi teqnologi-

uri mowyobilobis saimedo darezerveba.

sami satumbi sadguri azerbaijanis, sami ki sa-

qarTvelos teritoriazea ganTavsebuli, dasaxlebu-

nax. 2 . xaSuri-baTumis magistraluri navTobproduqtsadenis trasis grZivi profilinax. 2 . xaSuri-baTumis magistraluri navTobproduqtsadenis trasis grZivi profili
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li punqtebis axali samgoris (ss-11), muxranis (ss-

13) da didi flevis (ss-15) maxloblad. manZili me-

11 da me-13 satumb sadgurebs Soris daaxloebiT 76 

km-ia,  me-13 da me-15 satumb sadgurebs Soris - 80 km,  

me-15 sadguridan wnevis damwev pirvel sadguramde 

(wds - 1) - 40 km.

wnevis damwevi sadgurebi, romlebic ganlagebu-

lia dasavleT saqarTvelos teritoriaze, dasaxle-

bul punqtebTan mandaeTi (wds-1) da qveda saqara 

(wds-2), aRWurvilia 1800 m3 tevadobis samarago 

moculobebiT.

navTobis sanimuSo maxasiaTeblebia: simkvrive 850 

kg/m3, wylis Semcveloba 0,04-0,1 %, siblante 13 0C 
temperaturis dros daaxloebiT 8 %.

navTobis transportirebisaTvis gamoyenebu-

lia 51X52 markis (API standartiT) foladisagan 

damzadebuli milebi. navTobsadeni aRWurvilia 50 

mablokirebeli da 8 sasinji urdulebiT (sarqv-

lebiT). yvela satumbi da wnevis damwevi sadguri 

arWurvilia milsadenis Siga zedapiris gawmendis 

gamSvebi da mimRebi mowyobilobebiT.

navTobsadeni saTaves iRebs kaspiis zRvis sana-

piro - sangaCalis (azerbaijani) navTobmimRebis ter-

minalidan. garemosa da usafrToebis dacvis mizniT, 

milsadeni magistrali mTlianad Caflulia miwaSi 

(gruntSi). milsadenebis izolacia xmeleTze nadno-

bi epoqsidiT, mdinareebis gadakveTaze betoniT aris 

ganxorcielebuli. milebis moxetiale denebisagan 

da koroziisagan dasacavad gamoyenebulia kaToduri 

dacvis sistema.

xaSuri-baTumis magistraluri xaSuri-baTumis magistraluri 

navTobproduqtsadeninavTobproduqtsadeni

es navTobproduqtsadeni moicavs xaSuris navTob-

produqtebis mimReb (sarkinigzo cisternebidan) ter-

minalsa da satumb sadgurs, wnevis damwev sadgurebs 

argveTasa da vanSi, baTumis navTobproduqtebis ter-

minals. navTobproduqtsadeni gaTvaliswinebuli iyo 

da funqcionirebda msubuqi navTobproduqtebis (di-

zelis sawvavis, navTis, benzinis) misawodeblad sap-

roeqto moculobiT 6 mln t/w.

xaSuris navTobmimRebi terminali gaTvlilia 

erTdroulad 60 sarkinigzo vagoncisternis misaRe-

bad. terminalis saproeqto gamtarunarianoba dRe-

RameSi 12000 t-s Seadgens. cisternebidan mRebuli 

produqti gafiltvris Semdeg tumboebiT miewodeba 

rezervuarebis parks, romelic Seicavs 16 rezervuars, 

TiToeuls 5000 m3 tevadobiT.

rezervuarebidan navTobproduqti mimtumbi tum-

boebiT 14HDcH miewodeba koleqtors, romelic 

ikvebeba 2 ZiriTadi (magistraluri) 14H12X2 mar-

kis tumboTi. normalur reJimSi funqcionirebs erTi 

tumbo, meore ki rezervSia.

navTobproduqtsadenis saerTo sigrZe 232 km-ia, 

maT Soris 224 km damontaJebulia 510 mm diametris, 

xolo 8 km 377 mm diametris foladis milebisa-

gan. navTobproduqtsadeni ganlagebulia rogorc mi-

wisqveS, aseve zedapirze, sahaero gadasasvlelebiT 

kveTs ramdenime mdinaris kalapots, agreTve saavto-

mobilo da sarkinigzo gzebs rogorc miwisqveS, aseve 

zedapirze.

dasaSvebze maRali wnevebis ganviTarebis SemTx-

vevaSi wnevebis Sesamcireblad magistralis gaswvriv 

71-e da 113-e kilometrebze argveTasa da vanSi mow-

yobilia wnevis damwevi sadgurebi 1000 m3 tevadobis 

samarago rezervuarebiT, agreTve Camket - mareguli-

rebeli mowyobilobebiTa da maRali wnevebis tum-

boebiT, navTobproduqtis milsadenSi dasabruneblad.

baTumSi navTobproduqtebis miReba xdeboda cen-

traluri gadamtvirTavi navTobbazis 10 000 m3 te-

vadobis rezervuarebSi, saidanac miewodeboda tan-

kerebSi CasatvirTad.

sawyisi monacemebi magistraluri sawyisi monacemebi magistraluri 

navTobsadenebis da navTobproduqtsaden-navTobsadenebis da navTobproduqtsaden-

ebis eqspluataciis saimedoobis ebis eqspluataciis saimedoobis 

analizisaTvisanalizisaTvis

magistraluri (gansakuTrebiT mravalsafexuri-

ani) navTobsadenebi da navTobproduqtsadenebi rTuli 

teqnikuri obieqtebia (sistemebia) da maTi saimedooba 

damokidebulia rogorc Semadgeneli aRWurvilobis 

saimedoobaze, aseve funqcionirebis sqemaze. rogorc 

cnobilia, teqnikuri sistema muSaunarianad iTvleba, 

Tu yvela Semadgeneli aRWurviloba da parametris 

mniSvneloba, romelic asaxavs sistemis mier daniS-

nulebiT funqciebis Sesrulebas, Seesabameba norma-

tiul-teqnikuri da konstruqciuli dokumentaciis 

moTxovnebs. Tu mTeli sistemis an misi Semadgeneli 

calkeuli elementis aramuSaunarian mdgomareobaSi 

gadasvla iwvevs misi (maTi) mtyuneba.

navTobsadenebis mtyuneba vlindeba sxvadasxva-

nairad. igi damokidebulia Semadgeneli aRWurvi-

lobis kompleqtaciaze da agreTve maTi funqcioni-

rebis sqemaze. ase magaliTad, Tu erT milsadenTan 

navTobsadenze navTobis mimwodebel tumboebs ara 

aqvT rezervi, sistemis mtyunebas aqvs adgili yov-

elTvis, rodesac mwyobridan gamodis misi nebismieri 

Semadgeneli elementi. magram rTul navTobsadenebze, 

sadac milsadenebs da tumboebs aqvT rezervi (magal-

iTad, paraleluri CarTvebis gamoyenebiT), nawili 

tumboebisa, Tu milsadenebis mtyuneba ar gamoiwvevs 

mTlianad sistemis mtyunebas, Tu muSaunariani el-

ementebisgan SesaZlebelia uwyveti satransporto 

sistemis Seqmna.

magistraluri navTobsadenebisaTvis ZiriTad 

ganmsazRvrel parameters maTi mwarmoebluroba war-

moadgens. amdenad navTobsadenis saimedooba gulisx-

mobs mis SesaZleblobas eqspluataciis mocemul pi-

robebSi da drois garkveul monakveTSi ganaviTaros 

transportirebuli Txevadi masis dagegmili miwode-

ba. amasTan eqspluataciis mocemuli pirobebi niSnavs 

hidravlikuri parametrebis (miwodeba, wneva da sxva) 

normalur, winaswar dagegmil doneze SenarCunebas, 

arastacionaluri reJimebis warmoqmnis saSiSroebis 
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Tavidan acilebas, profilaqtikuri reJimebis regla-

ments da a.S. [3].

imisaTvis, rom navTobsadeni iyos muSaunarian 

mdgomareobaSi aucilebelia ara mxolod muSaunari-

ani aRWurvilobis arseboba, aramed unda arsebobdes 

hidravlikurad dakavSirebuli uwyveti jaWvi, rom-

lis saSualebiTac SesaZlebelia navTobproduqte-

bis transportireba winaswar gansazRvruli param-

etrebiT.

maSasadame,  navTobsadenebis saimedoobis gansazRv-

risaTvis mxedvelobaSi misaRebia rogorc muSauna  ria ni 

aRWurvilobis arseboba, aseve sistemis SesaZlebloba 

Seasrulos masze dakirebuli funqcia.

vinaidan calkeuli elementebis mtyunebebs 

SeuZliaT gamoiwvion miwodebis (xarjis) sxvadasx-

va moculobiT Semcireba, navTobsadenis saimedoobis 

gansazRvrisaTvis aucilebelia ganisazRvros misi im 

mdgomareobebis albaTobebi, romlebic xasiaTdebian 

mtyunebuli sxvadasxva raodenobisa da saxis aR-

WurvilobebiT. aseTi midgoma Tavis mxriv moiTxovs 

Semadgeneli elementebis saimedoobis maxasiaTebleb-

is gansazRvras.

navTobsadeni mtyunebuli aRWurvilobebis saxisa 

da raodenobebis mixedviT SeiZleba imyofebodes sx-

vadasxva mdgomareobaSi. erTi mdgomareobidan meoreSi 

gadasvla xorcieldeba aRWurvilobaTa mtyunebebisa 

da aRdgenebis nakadebis zemoqmedebiT.

sxvadasxva avtorebis mier Sesrulebuli gamokv-

levebis Sedegebis analizis Sedegad SeiZleba gakeTe-

buli iqnes daskvna, rom navTobsadenebis ZiriTadi aR-

WurvilobisaTvis mtyunebaTa da aRdgenaTa nakadebi 

warmoadgenen umartives nakadebs, e.i. isini xasiaTde-

bian ordinalurobiT Semdegi qmedebis gareSe da sta-

cionalurobis TvisebebiT. amdenad x(t) SemTxveviTi 
procesi, romelic aRwers navTobsadenis sxvadasxva 

mdgomareobaSi gadasvlis evolucias, aris uwyveti 

drois diskretuli markoviseuli SemTxveviTi pro-

cesi [1].

Tu -iT aRvniSnavT x(t) SemTxveviTi 
procesis sxvadasxva mdgomareobebs (navTobsadenis 

sxvadasxva mdgomareobebs), xolo -iT ki 

Sesabamisi mdgomareobebis albaTobebs, maSin

diferencialur gantolebas, romelic aRwers am 

SemTxveviT process, eqneba saxe

      (1)

amasTan unda sruldebodes manormirebeli piroba

 nebismieri t>0 SemTxvevisaTvis.    (2)

imisaTvis, rom gantolebas (1) hqondes erTad-

erTi amonaxsni, aucilebelia gvqondes albaTobebis 

sawyisi mniSvnelobebi:

   (3)

gantolebaTa sistema (1) - (3) yovelTvis SeiZleba 

amoixsnas analizurad laplasis gardaqmnebiT. Tu 

SemovitanT laplasis gardaqmnas

,    (4)

maSin am gantolebaTa sistemidan miviRebT Semdeg 

gantolebaTa sistemas

      (5)

romelic amoixsneba krameris wesiT.

rTul teqnikur sistemaTa TeoriaSi, ZiriTadad 

sainteresoa sistemis sxvadasxva mdgomareobebSi 

yof nis stacionaruli albaTobebi

                      (6)

aseTi albaTobebi ki arsebobs markoviseul 

SemTxveviTi procesebisaTvis, romlebic akmayofile-

ben ergodulobis pirobebs, romlebic yovelTvis 

Sesrulebadia iseTi SemTxveviTi procesebisaTvis, 

romelTa Sesabamis moniSnul grafSi yvela mdgo-

mareobebi dakavSirebulia erTmaneTTan dadebiTi 

albaTobebiT. ganxilul SemTxvevaSi es pirobebi 

Sesrulebadia da amdenad (1) - (3) diferencialur 

gantolebaTa sistemidan miviRebT Semdeg wrfiv gan-

tolebaTa sistemas

   (7)

romelic yovelTvis amoxsnadia.

xaSuri-baTumis magistraluri navTob-xaSuri-baTumis magistraluri navTob-

produqtsadenis eqspluataciis produqtsadenis eqspluataciis 

saimedoobis analizisaimedoobis analizi

xaSuri-baTumis navTobproduqtsadenis saTavo sa-

tumbi sadguris teqnologiuri sqema mocemulia nax-

azze 3. sqemaSi gaTvaliswinebulia rogorc ZiriTadi, 

aseve mimtumbi tumboebis urTierTCanacvleba, rode-

sac muSa tumbo, ZiriTadi an mimtumbi, Cerdeba misi 

mtyunebis an profilaqtikur-saremonto samuSaoebis 

gamo.

sadguris saimedoobis analizis pirvel etapze 

tumbo Tavis amZravianad CaTvlilia rogorc erTi 

elementi, xolo ukusarqvlebi da urdulebi-absolu-

turad saimedo.
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aRvniSnoT α da β Sesabamisad ZiriTadi da mim-
tumbi tumboebis gaCerebis intensiuroba - sixSire 

(maT or gaCerebas Soris muSaobis drois xangr-

Zlivobis Sebrunebuli sidide), xolo λ-Ti da μ-Ti 
Sesabamisad maTi aRdgenis intensiurobebi. igulisx-

meba, rom erTdroulad SeiZleba muSaobdes imdeni 

Sesabamisi saremonto erTeuli, ramdeni agregaticaa 

gaCerebuli.

naxazze 4 mocemulia satumbi sadguris sxva-

dasxva mdgomareobaSi yofnis Sesabamisi grafi. amas-

Tan mdgomareobebi erTmaneTisgan gansxvavdebian mw-

yobridan gamosuli agregatis saxisa da raodenobis 

mixedviT. mdgomareobis nomeri K aRniSnavs ramdeni 
ZiriTadi da mimtumbi tumboa gamosuli mwyobri-

dan:  K=3i+j; i=0,1,2; j=0,1,2. aq i aRniSnavs mwyobridan 
gamosul mimtumbi tumboebis raodenobas, xolo j - 
mwobridan gamosul ZiriTad tumboebis raodenobas. 

magaliTad, 0 aRniSnavs satumbo sadguris iseT mdgo-
mareobas, rodesac yvela tumbo muSaunariania, xolo 

1 da 3 ki - Sesabamisad mwyobridan gamosulia erTi 

ZiriTadi tumbo da erTi mimtumbi tumbo; mdgo-

mareobebi nomrebiT 2, 5, 6 da 7 aRniSnaven satumbi 

sadguris mtyunebas, vanaidan am SemTxvevaSi mwyobri-

dan gamosulia Sesabamisad: ori ZiriTadi tumbo; ori 

ZiriTadi tumbo da erTi mimtumbi tumbo; ori mim-

tumbi tumbo; ori mimtumbi tumbo da erTi ZiriTadi 

tumbo. isrebiT naCvenebia satumbo sadguris erTi 

mdgomareobidan sxva Sesabamis mdgomareobaSi gadasv-

lis SesaZlebloba.

Tu Pk-Ti aRvniSnavT satumbi sadguris K mdgo-
mareobaSi yofnis albaTobas t drois momentSi 

(K =0, 1, 2, 3, 4, 5, 6, 7), maSin grafis Sesabamis dife-
rencialur gantoleba sistemas eqneba Semdegi saxe.

rogorc zemoT iyo aRniSnuli, grafis sakvanZo 

rgolebis nomrebi 0, 1, 3 da 4 Seesabamebian satumbo 

sadguris muSaunarian mdgomareobebs, amitom azri 

aqvs ganisazRvros Sesabamisi albaTobebi. stacio-

naruli albaTobebis mimarT am SemTxvevaSi difer-

encialur gantolebidan miviRebT Semdeg algebrul 

gantolebaTa sistemas

(8)

           

nax. 3. nax. 3. 

xaSuri-baTumis magistraluri navTodproduqt-xaSuri-baTumis magistraluri navTodproduqt-

sadenis saTavo satumbi sadguris teqnologiuri sadenis saTavo satumbi sadguris teqnologiuri 

sqema: 1 - magistraluri milsadeni; 2 - sakvalTebi; 3 sqema: 1 - magistraluri milsadeni; 2 - sakvalTebi; 3 

- ukusarqvlebi; 4 - mimtumbi tumboebi; 5 - ZiriTadi - ukusarqvlebi; 4 - mimtumbi tumboebi; 5 - ZiriTadi 

(magistraluri) tumboebi; 6 - tumboebis amZravi(magistraluri) tumboebi; 6 - tumboebis amZravi

nax. 4.nax. 4.

xaSuri-baTumis navTobproduqtsadenis satumbi sadguris mdgomareobaTa grafixaSuri-baTumis navTobproduqtsadenis satumbi sadguris mdgomareobaTa grafi
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  (9)

am gantolebaTa sistemis amoxsniT vRebulobT

 

   (10)

satumbi sadguris mzadyofnis koeficienti toli 

iqneba

   (11)

imis gaTvaliswinebiT, rom urdulebi da uku-

sarqvlebi ar warmoadgenen absoluturad saimedo 

elementebs, miRebuli mzadyofnis koeficienti unda 

gamravlebuli iqnes Semasworebel koeficinetze. sab-

olood satumbi sadguris mzadyofnis koeficienti 

unda gamoiTvalis Semdegi damokidebulebidan

K
tm

=K
S 

. K
t
,     (12)

sadac K
S 
aris Semasworebeli koeficienti, romelic 

tolia K
S 
=0,9999 - 0,999999.

baqo-sufsis magistraluri navTobsadenis baqo-sufsis magistraluri navTobsadenis 

eqspluataciis saimedoobis analizieqspluataciis saimedoobis analizi

baqo-sufsis magistraluri navTobsadenis saSu-

aledo satumbi sadguris teqnologiuri sqema mo-

cemulia naxazze 5. igi Sedgeba ori damoukidebeli 

erTeulisgan: safiltre da satumbi kvanZebisgan. ami-

tom mTlianad satumbi sadguris mzadyofnis koe-

ficienti gamoiTvleba rogorc calkeuli kvanZebis 

mzadyofnis koeficientebis namravli. rogorc wina 

SemTxvevaSi, aqac gaTvlebis pirvel etapze nagulisx-

mevia, rom ukusarqvlebi da urdulebi absoluturad 

saimedoni arian da mwyobridan gamosuli mowyobi-

lobebis aRdgenaze muSaobs imdeni erTeuli, ramdeni 

mowyobilobac aris gamosuli mwyobridan.

safiltre kvanZebisaTvis mwyobridan gamo-

suli filtrebisa da maTi urTierT Canacvlebis 

SesaZleblobis gaTvaliswinebiT, am SemTxvevaSi 

gveqneba iseTi saxis mdgomareobaTa grafi, romelic 

mocemulia naxazze 6.

am naxazze nomrebi 0 da 1 aRniSnaven safil-

tre kvanZis muSaunarian mdgomareobebs (orive fil-

tri muSainariania, erT-erTi maTgani muSaunariania, 

xolo meore gamosulia mwyobridan). kvanZis nomeri 

2 aRniSnavs safiltre kvanZis mtyunebas, anu iseT 

mdgomareobas, roca mwyobridan gamosulia orive 

filtri. β da μ aRniSnaven Sesabamisad filtris 

mwyobridan gamosvlis da aRdgenis intensiurobebs.

naxazze 6 mocemuli grafis Sesabamis diferen-

cialur gantolebaTa sistemas eqneba Semdegi saxe

nax. 5. nax. 5. 

baqo-sufsis magistraluri navTobsadenis saSualedo satumbi sadguris teqnologiuri sqema: 1 _ magis-baqo-sufsis magistraluri navTobsadenis saSualedo satumbi sadguris teqnologiuri sqema: 1 _ magis-

traluri milsadeni; 2 _ sakvalTebi; 3 _ ukusarqvlebi; 4 _ filtrebi; 5 _ tumboebi; 6 _ tumboebis traluri milsadeni; 2 _ sakvalTebi; 3 _ ukusarqvlebi; 4 _ filtrebi; 5 _ tumboebi; 6 _ tumboebis 

amZravebiamZravebi

nax. 6. nax. 6. 

baqo-sufsis magistraluri navTobsadenis saSualedo baqo-sufsis magistraluri navTobsadenis saSualedo 

satumbi sadguris safiltre kvanZisaTvis mwyobridan satumbi sadguris safiltre kvanZisaTvis mwyobridan 

gamosuli filtrebisa da maTi urTierTCanacvlebis gamosuli filtrebisa da maTi urTierTCanacvlebis 

mdgomareobaTa moniSnuli grafimdgomareobaTa moniSnuli grafi
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 (13)

am gantolebaTa sistemidan stacionaruli P
0
, P

1 
da 

P
2 
albaTobebisTvis miviRebT Semdeg mniSvnelobebs:

   (14)

mzadyofnis koeficients ki eqneba Semdegi saxe

   (15)

Tu gaviTvaliswinebT, rom ukusarqvlebi da urd-

ulebi realurad warmoadgenen absoluturad saime-

do mowyobilobebs, gveqneba, rom

 K
mz

=K
S 

. K
1
,    (16)

sadac K
mz 
- safiltre kvanZis mzadyofnis koefici-

enti; K
S
 - Semasworebeli koeficienti, K

S 
=0,9999 

- 0,999999.

satumbi kvanZis mzadyofnis koeficintis dasa-

dgenad gaviTvaliswinoT, rom erTdroulad unda 

muSaobdes ori tumbo. mxolod erTi muSaunari-

ani tumbos SemTxvevaSi ki mcirdeba teqnologiuri 

parametrebi, magram satumbi kvanZi mainc SeiZleba 

CaiTvalos rogorc muSaunariani. am SemTxvevisaTvis 

mdgomareobaTa moniSnuli grafi miiRebs naxazze 7 

mocemul saxes.

nax. 7 . baqo-sufsis magistraluri navTobsadenis nax. 7 . baqo-sufsis magistraluri navTobsadenis 

ZiriTadi satumbo sadguris kvanZis mdgomareobaTa ZiriTadi satumbo sadguris kvanZis mdgomareobaTa 

moniSnuli grafi moniSnuli grafi 

am naxazze rgolebSi ricxvebi aRniSnaven mwyobri-

dan gamosul (aRdgenaSi myof) tumboTa raodenobas, 

xolo α da λ Sesabamisad tumbosaTvis mwyobridan 
gamosvlisa da aRdgenis intensiurobebs. Sesabamis 

diferencialur gantolebaTa sistemas eqneba saxe

  (17)

am gantolebaTa sistemidan satumbi kvanZis mu-

Saunarian mdgomareobaSi yofnis stacionaruli P
0
, P

1
,
  

P
3 
albaTobebisaTvis miviRebT Semdeg gamosaxulebebs:

         

    

(18)

Tu CavTvliT, rom satumbi kvanZi muSaunarian 

mdgomareobaSia rodesac ori tumbo mainc muSaunari-

ania, maSin mzadyofnis koeficienti 
 
gamoiTvleba 

Semdegi damokidebulebiT

  (19)

xolo Tu CavTvliT, rom satumbi kvanZi muSau-

nariania rodesac erTi tumbo mainc aris muSau-

nariani, mzadyofnis koeficienti gamoiTvleba Semdegi 

damokidebulebiT

  (20)

urdulebisa da ukusarqvlebis zegavlenis gaT-

valiswinebiT, orive SemTxvevaSi satumbi kvanZis 

mzadyofnis koeficients eqneba saxe:

,

sadac  da K
S
 Semasworebeli koeficientebia, rom-

lebic tolia  = K
S 
=0,999_0,999999.

sabolood, satumbi sadguris mzadyofnis koefi-

cienti gamoiTvleba Semdegi formulebiT:

zemoT mocemuli analizi SeiZleba samarTlianad 

iqnes miCneuli zogadad yvela analogiuri, pirvel 

rigSi saqarTvelos teritoriaze gamavali siste-

mebisaTvis, radgan isini warmoadgenen sauReltexi-

lo obieqtebs, romlebic Zalze rTulia rogorc 

gaTvlebis, aseve daproeqtebisa da eqspluataciis 

TvalsazrisiT.
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MAKHARADZE L., GELASHVLI V., 
STERIAKOVA  S.
RELIABILITY ANALYSES OF MAIN PIPELINES 
AND OIL PRODUCT PIPELINES EXPLOITATION, 
AFTER THE EXAMPLE OF EXISTING SYSTEMS 
THROUGH THE TERRITORY OF GEORGIA

The article reviews reliability analyses of the ana-
logical systems exploitation, as the example of Baku-
Supsa main oil pipeline and Khashuri-Batumi oil prod-
uct pipeline through the territory of Georgia, which 
can be accepted for all analogical systems through the 
territory of Georgia. Above-mentioned systems are 
yoke objects, which are very difficult as for calcula-
tions, also for projecting and exploitation. It considers 
the impact of system equipment, functional scheme, 
climate and geographical conditions on its reliability. 

МАХАРАДЗЕ Л.И., ГЕЛАШВИЛИ B.Д., 
СТЕРЯКОВА С.И. 
АНАЛИЗ НАДЕЖНОСТИ ЭКСПЛУАТАЦИИ 
МАГИСТРАЛЬНЫХ НЕФТЕПРОВОДОВ И 
НЕФТЕПРОДУКТОПРОВОДОВ НА ПРИМЕРЕ 
ПРОХОДЯЩИХ ПО ТЕРРИТОРИИ ГРУЗИИ 
СИСТЕМ

В  статье,  на примере проходящих  по  тер рито -
рии Грузии нефтепродуктов и нефтепродуктопро-
водов, дается анализ надежности эксплуатации, 
кото рый можно считать справедливым для всех 
анало гичных систем, в  первую очередь для систем 
про хо дящих по территории Грузии. Упомянутые 
системы являются перевальными объектами, ко-
то рые являются особенно сложными как для ра-
счета, так и для проектирования и эксплуатации. 
Он учитывает вероятность надежности влияния 
оснащения системы, схемы функционирования, а 
также климатические и географические условия 
эксплуатации.

uak 622.244.442: 323.004.2

akad. doqtori T. kunWulia, akad. doqtori v. xiTariSvili, 
doqtoranti a. maisuraZe

saburRi xsnarebis SerCeva teqnologiuri Tvisebebisa da 
usafrTxoebis teqnikis moTxovnebis gaTvaliswinebiT

naSromSi mocemulia efeqturi saburRi xsnare-naSromSi mocemulia efeqturi saburRi xsnare-

bis gamoyenebis aucilebloba raTa miRweuli iqnes bis gamoyenebis aucilebloba raTa miRweuli iqnes 

burRvis maRali teqnikur-ekonomikuri maCveneble-burRvis maRali teqnikur-ekonomikuri maCveneble-

bi. bolo wlebSi WaburRilebis zRvaze burRvisas, bi. bolo wlebSi WaburRilebis zRvaze burRvisas, 

aikrZala naxSirwyalbadebis fuZeze damzadebuli aikrZala naxSirwyalbadebis fuZeze damzadebuli 

saburRi xsnarebis gamoyeneba, rac aixsneba garemos saburRi xsnarebis gamoyeneba, rac aixsneba garemos 

damcavi regulaciebis gamkacrebiT. gaizarda moTx-damcavi regulaciebis gamkacrebiT. gaizarda moTx-

ovna wylis fuZeze damzadebul xsnarebze. maTi ovna wylis fuZeze damzadebul xsnarebze. maTi 

gamoyenebiT SesaZlebelia Tavidan acilebuli iqnas gamoyenebiT SesaZlebelia Tavidan acilebuli iqnas 

nebismieri garTuleba. maTi gamoyenebisas SeiZleba nebismieri garTuleba. maTi gamoyenebisas SeiZleba 

warmoiSvas gogirdwyalbadis warmoqmnis safrTxe. warmoiSvas gogirdwyalbadis warmoqmnis safrTxe. 

gogirdwyalbadi Zalze toqsikuri, sicocxlisaTvis gogirdwyalbadi Zalze toqsikuri, sicocxlisaTvis 

saSiSi da koroziuli mJava airia. misi warmoqmnis saSiSi da koroziuli mJava airia. misi warmoqmnis 

mimaniSnebeli mTavari faqtori saburR xsnarebSi  mimaniSnebeli mTavari faqtori saburR xsnarebSi  

pHpH maCveneblis Semcirebaa, romlis gazrdisaTvis  maCveneblis Semcirebaa, romlis gazrdisaTvis 

saWiroa xsnarSi damatebuli iqnas TuTiis Semcveli saWiroa xsnarSi damatebuli iqnas TuTiis Semcveli 

produqtebi. yovelive amiT mosalodneli uaryofiTi produqtebi. yovelive amiT mosalodneli uaryofiTi 

Sedegebis Tavidan asacileblad saWiroa gatardes Sedegebis Tavidan asacileblad saWiroa gatardes 

mTeli rigi prevenciuli RonisZiebebi.mTeli rigi prevenciuli RonisZiebebi.

WaburRilebis warmatebiT gayvanas saproeqto 

siRrmemde mniSvnelovnad xels uwyobs saburRi 

xsnaris efeqturi Sedgenilobis da parametrebis 

SerCeva, rac Tavis mxriv damokidebulia burRvis ge-

ologiur da teqnikur pirobebze.

SemuSavebuli an SerCeuli saburRi xsnarebis 

gamoyenebisas, WaburRilebis gayvanis dros miRweuli 

unda iqnas burRvis saukeTeso teqnikur-ekonomikuri 

maCveneblebi.

saburR xsnarebs da WaburRilebis recxvas aqvT 

Semdegi ZiriTadi funqciebi:

1. mongreuli qanis nawilakebis amotana da 

transportireba sangrevidan zedapirze;

2. qanis momngrevi iaraRebis da saburRi mileb-

is gagrileba;

3. burRvis procesSi fenis wnevis kontroli 

da kompensireba WaburRilTan sazRvarze;

4. mongreuli qanis nawilakebis Sekaveba 

Setivtivebul mdgomareobaSi, gansakuTrebiT maSin, 

rodesac wydeba saburRi xsnaris cirkulacia;

5. saburRi xsnaris mier saburRi milebis, sa-

texebis sayrdenebis SezeTva, maTi zedapiris dafarva 

Txeli sazeTi danamatis afskiT;

6. mosalodneli garTulebebis Tavidan acileba 

da aRmofxvra;

7. energiis gadacema turboburRsa da sasan-

grevo Zravaze;

8. garemosaTvis minimaluri zianis miyeneba.  

saburRi samuSaoebis Sesrulebis yvela operacia 

detalurad unda iqnes ganxiluli da gaanalizebuli 

geologiuri monacemebisa da teqnologiuri proces-

ebis Taviseburebebis gaTvaliswinebiT. mniSvnelovan 

prioritetad miCneulia produqtiuli intervalebis 

dabinZurebis Tavidan acileba. produqtiuli hor-

izontebi SeiZleba daabinZuros myari nawilakebis 

migraciam da fenebSi maTma SeWram, Tixovani qanebis 



49 samTo Jurnali, # 2(35), 2015

samTo manqanebi da transporti - ГОРНЫЕ МАШИНЫ И ТРАНСПОРТ - MINING MACHINES END TRANSPORT

gajirjvebam, ramac SeiZleba mniSvnelovnad Seamciros 

qanebis SeRwevadoba da gamoiwvios WaburRilis 

produqtiulobis Semcireba.

navTobisa da gazis mompovebel qveynebSi 

aTwleulebis ganmavlobaSi WaburRilebis burRvisas 

gamoiyeneboda naxSirwyalbadebis fuZeze damzade-

buli saburRi xsnarebi. isini ar amcireben fenis 

produqtiulobas, uzrunvelyofen WaburRilebis 

lulis stabilurobas. aramdgrad, gajirjvebad, 

lpobad da gafarToebad qanebSi burRvisas, aRmofx-

vrian Cobalwarmoqmnas da saburRi iaraRis CaWeras 

WaburRilsa da fens Soris wnevebis sxvaobis Sedegad, 

aqvT mkveTrad gamoxatuli sazeTi Tvisebebi, rac 

zrdis satexis muSaobis xangamZleobas. 

naxSirwyalbadebis fuZeze damzadebuli xsnare-

bis zemoT CamoTvlili upiratesobebis miuxedavad, 

maTi gamoyeneba WaburRilebis zRvaze burRvisas 

mTel rig navTobis mompovebel qveynebSi akrZalulia, 

rac aixsneba imiT, rom gamkacrda garemos dacviTi 

regulaciebi da amaRlda ekologiis moTxovnebi, nax-

Sirwyalbadebis myari fazidan gamoyofis sirTulis 

gamo damuSavebuli, gamoyenebuli saburRi xsnarebis 

gadadinebisas, rac abinZurebs garemomcvel sivrces. 

naxSirwyalbadebis fuZeze damzadebuli xsnare-

bis ZiriTad naklovanebebs miekuTvneba maTi maRa-

li Rirebuleba, damzadebis sirTule, standartuli 

eleqtrokarotaJis Catarebis SeuZlebloba, uaryofi-

Ti gavlena rezinis detalebTan kontaqtis dros, 

seleqtiur, struqturul-reologiuri Tvisebebis 

regulirebis sirTule.

siblantis da tiqsotropuli Tvisebebis arse-

biTi damokidebuleba temperaturaze da wnevaze aZne-

lebs sasangrevo pirobebSi struqturis warmoqmnis 

aucilebeli donis formirebas. zemoaRniSnulidan 

gamomdinare, ukanasknel wlebSi sagrZnoblad gaiz-

arda interesi da moTxovna wylis fuZeze damzade-

bul xsnarebze. dResdReobiT WaburRilebis zRvaze 

burRvisas yvelaze gavrcelebulia wylis fuZeze 

damzadebuli  saburRi xsnarebis gamoyeneba. maTi 

gamoyenebis ganmapirobeli faqtori, rogorc zemoT 

aRiniSna, garemos dacvis regulaciebis gamkacrebaa, 

risi obieqturi aucilebloba nakarnaxevia garemos 

dacvis da garemos ekologiuri problemebis gadaw-

yvetis aucileblobiT. 

zogadad, wylis fuZeze xsnarebis damzadeba ad-

vili da iafia. am xsnarebis qimiuri reagentebiTa da 

specialuri danamatebiT damuSavebisas SesaZlebelia 

aRmofxvrili iqnes WaburRilebis burRvisas warmo-

qmnili TiTqmis nebismieri garTuleba.

wylis fuZeze damzadebuli saburRi siTxeebi 

iyofa sam ZiriTad kategoriad:  inhibitoruli, arain-

hibitoruli da polimeruli xsnarebi (ix. nax. 1). 

arainhibitoruli saburRi xsnarebi ver aCer-

eben Tixovani qanebis gajirjvebas, isini metwilad 

Sedgebian Tixisagan, wylisagan da natriumis hidro-

qsilis an kiris danamatisagan. danamatis saxiT isini 

agreTve Seicaven iseT deflokulantebs da disper-

santebs, rogoricaa ligniti, fosfati da sxv. es 

xsnarebi umTavresad gamoiyeneba WaburRilis gayvanis 

sawyis etapze, zeda intervalebis qanebis burRvisas.

inhibitoruli saburRi xsnarebi, piriqiT, Tavidan 

icileben Tixuri qanebis gajirjvebas. inhibireba mi-

nax. 1 . wylis fuZeze damzadebuli saburRi xsnaris kategoriebinax. 1 . wylis fuZeze damzadebuli saburRi xsnaris kategoriebi
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iRweva iseTi kaTionebis meSveobiT, rogoricaa Na, Ca 
da K, gansakuTrebiT Ca  da K an maTi kombinaciiT, 
romelic uzrunvelyofs Tixuri qanebis saukeTeso 

inhibirebas.  zogadad aRniSnuli saburRi xsnarebi 

gamoiyeneba  hidratirebadi Tixovani qanebis bur-

Rvisas, an iseTi qanebis burRvis dros, romlebic 

Seicaven hidratirebad Tixebs [1-3].

polimeruli saburRi xsnarebi warmoadgenen 

makromolekulebisagan Sedgenil sistemebs. isi-

ni SeiZleba iyos arainhibitoruli an inhibitori 

kaTionebis damatebisas inhibitoruli xsnarebi. 

Tixamcire da uTixo polimerul xsnarebs aqvT fsev-

doplastiuri xsnarebis Tvisebebi, rac sagrZnoblad 

amaRlebs maTi gamoyenebis efeqturobas. saburRi 

xsnarebis polimeruli danamatebiT damuSaveba zrdis 

xsnarebis siblantes, rac Tavis mxriv aumjobesebs am 

xsnarebis mier mongreuli qanis nawilakebis amot-

anis unars, SesaZlebels xdis ganxorcieldes am 

xsnarebis filtraciis maxasiaTeblebis kontroli. 

aqve unda aRiniSnos, rom polimeruli sistemebis 

Termuli stabiluroba aRwevs 204 
oC-mde.

miuxedavad maTi gamoyenebis mravalferovnebisa, 

polimerul saburR xsnarebs garkveuli naklovane-

bac gaaCniaT, kerZod, sxvadasxva nawilakebiT maTi 

dabinZureba warmoadgens mTavar safrTxes sistemis 

efeqturi da rentabeluri gamoyenebisaTvis. rodesac 

burRvis procesSi wylis fuZeze damzadebul saburR 

xsnarebs viyenebT, gverds ver auvliT im safrTxeebs 

da gamowvevebs, romlebic uSualod gogirdwyal-

badis warmoqmna - arsebobasTan aris dakavSirebuli. 

gogirdwyalbadi aris Zalze toqsikuri da koroz-

iuli mJava airi, romelsac letaluri potenciali 

gaaCnia SedarebiT dabali koncentraciiT arsebobis 

SemTxvevaSic. SedarebisaTvis, igi iseTive toqsikuria 

rogorc cianwyalbadi (HCN).

gogirdwyalbads gaaCnia Semdegi Tvisebebi:

• Zlier momwamlavi nivTierebaa;

• aqvs laye kvercxis suni, romlis SegrZnebac 

SeiZleba saburR xsnarSi misi dabali koncentraciis 

arsebobisas;

• Zlier aalebadia, feTqebadobis zRvaria  4,3  

-  46 %;

• haerze mZimea. nul gradusze gogirdwyal-

badis kuTri wonaa 1,36 kg/m3, maSin rodesac igive 

temperaturaze haeris kuTri wonaa 1,29 kg/m3;

• ixsneba wyalSi, da Sesabamisad wylis fuZeze 

damzadebul nebismier xsnarSi;

• uaRresad koroziulia imitom, rom rodesac 

igi xsnarSi xvdeba, gadaiqceva mJavad.

gogirdwyalbadi sxvadasxva gziT SeiZleba mox-

vdes saburR xsnarSi, es gzebia: gogirdwyalbadis 

Semcveli intervalebis burRvisas, saburRi xsnaris 

danamatebis Termuli da baqteriuli degradaciiT, 

saburRi milebis gogirdis Semcvel sapox masalebT-

an qimiuri reaqciiT. aRniSnulidan gamomdinare, maT 

droul gamovlenas sawarmoo teqnologiuri proces-

ebis usafrTxoebis teqnikis wesebis dacvis saqmeSi 

sasicocxlo mniSvneloba eniWeba. arsebobs sxvadasx-

va aprobirebuli meTodi imisaTvis, rom dadgindes 

H2S-is arseboba saburR xsnarSi da maT zedapirze:
• xsnarebSi pH maCveneblis Semcireba erT-er-

Ti mTavari faqtoria da mianiSnebs gogirdwyalbadis 

arsebobaze. rogorc ukve aRiniSna, gogirdwyalbadi 

mJava airia da pH maCveneblis Semcireba gamowveu-

lia fluidSi OH-is neitralizaciiT;

• adgili aqvs iseTi koroziuli niSnebis gam-

ovlenas, rogoricaa: Savi feris FeS-is nadebis war-
moqmna saburR milebze da saburRi xsnaris feris 

Secvla;

• gamoiyeneba sxvadasxva Semowmebis wesi 

saburR xsnarebSi H2S-is xsnadi sulfidebis saxiT 

gamosavlenad da maTi koncentraciis dasadgenad;

• xsnaris danakargis gazrdiT, rac SeiZleba  

pH  maCveneblis SemcirebiT iyos gamowveuli;

• airis amomcnobi fiqsirebuli sensorebi far-

Tod gamoiyeneba WaburRilebze imisaTvis, rom moxdes 

zedapirze gogirdwyalbadis drouli gamovlena da 

misi dabali koncentraciiT arsebobis dafiqsireba.

rogorc zemoT aRiniSna, gogirdwyalbadi aris xs-

nadi naerTi. igi iseve, rogorc CO2, romelic Zalze 

kargad xsnadi qimiuri elementia. SedarebisTvis, is 

100-jer metad xsnadia, vidre Jangbadi. kvlevebis 

monacemebis Tanaxmad H2S-is xsnadoba oTaxis tem-
peraturaze da atmosferul wnevaze, daaxloebiT 0,1 

mols an 3400 mg/l Seadgens, xolo saburR xsnarebSi 

H2S-is xsnadobis da molekuluri formiT arsebobis 

mTavari ganmsazRvreli faqtori aris pH maCvenebeli 

da wneva, rogorc wesi, mJava xsnarSi (pH<7) xde-
ba gogirdwyalbadis airis ionizeba da mJava airad 

gadaiqceva, xolo rodesac pH maCvenebeli saburR 

xsnarSi uaxlovdeba neitralur diapazons (pH=7), 
maSin mimdinareobs misi transformacia _ xsnad 

nax. 2. sulfidebis ganawileba  diapazonSinax. 2. sulfidebis ganawileba  diapazonSi
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sulfidebad gardaqmna. tute xsnarSi (pH>7) sawyis 
etapze mimdinare qimiuri reaqcia H2S-is neitral-

izaciiTa da mis bisulfidad gardaqmnaSi gamoixateba, 

xolo mis saboloo produqtad pH-is matebasTan 

erTad anoduri sulfidi warmoiqmneba (es ki swored 

is procesia, rodesac liTonis kaTionebi, rogoricaa 

Na da Ca, Sedian reaqciaSi anodur sulfidebTan). 

ufro meti TvalsaCinoebisaTvis mivmarToT pH dia-

pazonSi sulfidebis ganawilebis grafikul gamosax-

ulebas (ix. nax. 2). amasTan erTad aRsaniSnavia, rom 

pH-is matebasTan erTad xsnarebSi sulfidebis pro-

centuli Semcveloba minimumamde mcirdeba, rogorc 

es qvemoT mocemul cxrilSia naCvenebi (ix. cxr. 1).

cxrili 1cxrili 1

maCveneblebis gavlena saburR xsnarSi maCveneblebis gavlena saburR xsnarSi 

gogirdwyalbadis Semcvelobazegogirdwyalbadis Semcvelobaze

pHpH H2S, %S, %
5.0 98.000

6.0 90.000

6.5 70.000

7.0 50.000

7.5 25.000

8.0 10.000

9.0 1.000

10.0 0.100

11.0 0.010

12.0 0.001

saburR xsnarebSi gogirdwyalbadis neitral-

izacia pH-is gazrdiT TavisTavad ar niSnavs imas, 

rom safrTxe Tavidan acilebulia. xsnadi sulfidebi 

grovdebian saburR xsnarebSi da arseboben, rogorc 

potenciuri riskis matareblebi, im martivi mizeziT, 

rom pH-is klebasTan erTad neitralizaciis reaq-

cia Seqcevadi xasiaTisaa. es ki imaze mianiSnebs, rom 

Tu  pH-is sasurvel diapazonSi SenarCuneba ver 

moxerxdeba, da is Semcirdeba mJava airebis  CO2 da 

H2S saburR xsnarebSi Semodinebis gamo, maSin xsnadi 
sulfidebi daubrundeba Tavis saSiS molekulur 

formas - H2S. aRniSnulidan gamomdinare sasicocx-

lod aucilebelia, rom SenarCundes pH-is maRali 

maCvenebeli uwyvetad, raTa SeizRudos H2S-is  mavne 
gavlena saburR xsnarebSi da ar moxdes misgan mom-

dinare safrTxeebis realizeba. amasTan pH maCveneb-
lis sasurvel farglebSi SenarCuneba (pH = 11–12) 
swori gzaa H2S-is mavne zemoqmedebis SesazRudad, ma-
gram amiT ver xerxdeba safrTxis acileba fluidebi-

dan da zogadad samuSao garemodan. Sesabamisad dRis 

wesrigSi dgeba safrTxis gauvnebelyofis aucile-

bloba. aRniSnuli miznis miRweva ki SesaZlebelia 

TuTiis Semcveli produqtebis gamoyenebiT, rogori-

caa SULF-X  (ZnO), NO-SULF, BARACOR 44 da sxv. 
saburRi xsnarebis mocemuli produqtebiT damuSave-

bisas miiRweva xsnarebSi sulfidebis gancalkeveba da 

daleqva uxsnadi TuTiis sulfidis saxiT. normalur 

pirobebSi da tute garemoSi TuTiis sulfidi aRar 

gardaiqmneba gogirdwyalbadad. uxsnadi sulfidebi 

mxolod im SemTxvevaSi daubrundebian TavianT pir-

vandel mdgomareobas (xsnad sulfidebad arsebobas). 

Tuki pH maCvenebeli 1 – 3 farglebSi moeqceva.

unda iTqvas, rom saburR xsnarebSi tutianobis 

mosamateblad farTod gamoiyeneba kiri da natri-

umis hidroqsidi (NaOH). am ukanasknelis xsnarTan 

Serevis procesi ki janmrTelobisaTvis garkveul 

riskebis Seicavs. kerZod, tuteebis, iseve rogorc 

mJava xsnarebis zemoqmedebam, SeiZleba gamoiwvion sak-

maod seriozuli qimiuri damwvroba, Tuki ar moxdeba 

maTTan muSaobisas usafrTxoebis teqnikis moTxovne-

bis srulyofili dacva. mocemul SemTxvevaSi usa-

frTxoebis teqnikis erT-erTi mTavari moTxovnaa in-

dividualuri dacvis saSualebebis sworad SerCeva 

da gamoyeneba.

miuxedavad imisa, rom gogirdwyalbadi aRniSnuli 

rigi mizezebis gamo samarTlianad iTvleba saburRi 

xsnarebis damabinZureblad, misi toqsikuroba da mas-

Tan dakavSirebuli riskebis marTva erT-erTi yve-

laze aqtualuria da mTavar sazrunavs warmoadgens 

WaburRilebis burRvisas.

rogorc aRiniSna, gogirdwyalbadi did safrTxes 

warmoadgens dasaqmebulTa sicocxlisa da janmrTe-

lobisaTvis. Sesabamisad sawarmos xelmZRvanelobam 

yvelaferi unda gaakeTos imisaTvis, rom Tavidan iqnas 

acilebuli mosalodneli uaryofiTi Sedegebi. amisaT-

vis ki saWiroa, rom gatardes mTeli rigi prevenciu-

li RonisZiebebi. aucilebelia personalis momzadeba 

da intensiuri treningebi aRniSnuli safrTxisagan 

dasacavad. TiToeul muSa-mosamsaxures kargad unda 

hqondes gaTviTcnobierebuli Tu ra evaleba sagangebo 

situaciaSi mas Semdeg rac gangaSi gamocxaddeba. per-

sonali kargad unda erkveodes maizolirebeli air-

winaRis daniSnulebaSi da flobdes maTi gamoyenebis 

unar-Cvevebs. sagangebo situaciebis marTvis efeqturi 

meTodebis dasaufleblad aucilebelia samuSao adg-

ilze swavleba,  instruqtaJi da periodulad sa-

gangebo situaciebis inscenireba.
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KUNCHULIA T.,  KHITARISHVILI V.,  MAISURADZE A.
SELECTION  OF  DRILLING  FLUIDS  BASED  ON  
CONSIDERATION OF  TECHNOLOGICAL PROP-
ERTIES  AND  SAFETY  ASPECTS  OF  DRILING  
OPERATIONS

Utilizating mud solutions it`s necessary to avoid 
complicating, achieve high technical-economic indi-
ces and minimally harm the enviroment. Lately the 
usage of mud solutions have been prohibited because 
of increasing ecology demands. Requirements for 
mud solutions with water base have risen. Using them 
any complication can be prevented there might form 
sulphur-hydrogen. It might occur in the mud solution 
while drilling sulphur hydrogen containing intervals, 
through the bacteria degradation of the solution ad-
ditives. Sulphur hydrogen dangerous for life and cor-
rosive. Reduction of pH indices in the solution is the 
main indicator of its presence. For increasing pH in-
dices it`s necessary to add zink containing products. 
To avoid negative results some preventive measures 
should be taken and among them it`s obligatory to 
prepare the personnel with intensive training. 

КУНЧУЛИЯ Т.С., ХИТАРИШВИЛИ В.Э., 
МАИСУРАДЗЕ А.Г.
ВЫБОР БУРОВЫХ РАСТВОРОВ С УЧЕТОМ 
ТЕХНОЛОГИЧЕСКИХ СВОЙСТВ И ТРЕБОВА-
НИЙ ТЕХНИКИ БЕЗОПАСНОСТИ

В статье изложена необходимость применения 
эффективных буровых растворов  чтобы достичь 
высоких технико-экономических показателей. В 
последние годы при морском бурении скважин, 
запрещено применение буровых растворов на ос-
нове углеводородов, что объясняется  строгостью 
регуляции охраны окружающей среды. Вырос пот-
ребности растворов на основе воды. При их при-
менений возможно предотвращение осложнений 
всех видов. Однако, при их применении могут 
возникнуть опасности, которые связаны с образо-
ванием в них сероводородов. Сероводород очень 
токсический, опасный для жизни и корозийный 
кислотный газ. Главным фактором его образова-
ния является снижение в буровых растворах пока-
зателя рН. Для предотвращения этого необходи-
мо добавить в буровой раствор продуктов цинка. 
Из этого следует сказать, что с целью предупреж-
дения ожидаемых отрицательных результатов не-
обходимо провести ряд превенциальных мероп-
риятий.                                                                                    

uak 622.625.57

n. iaSvili

madnis gadazidvisaTvis satvirTo avtomobilebis optimaluri 
ganawilebis Sesaxeb

statiaSi ganxilulia samTomopovebiT da gadama-statiaSi ganxilulia samTomopovebiT da gadama-

muSavebel maRaroebsa da karierebSi saavtomobilo muSavebel maRaroebsa da karierebSi saavtomobilo 

satransporto saSualebebis optimaluri ganawileb-satransporto saSualebebis optimaluri ganawileb-

is amocana. is amocana. 

madnis gadasazidad satvirTo avtomobilebis op-madnis gadasazidad satvirTo avtomobilebis op-

timaluri ganawilebis amocanis arsi mdgomareobs timaluri ganawilebis amocanis arsi mdgomareobs 

madnis gadazidvis (transportirebis) organizebaSi, madnis gadazidvis (transportirebis) organizebaSi, 

satvirTo TviTmclelebis optimalur ganawilebaSi. satvirTo TviTmclelebis optimalur ganawilebaSi. 

xSir SemTxvevaSi saavtomobilo satvirTo trans-xSir SemTxvevaSi saavtomobilo satvirTo trans-

porti warmoadgens ZiriTad an zogjer erTaderT sa-porti warmoadgens ZiriTad an zogjer erTaderT sa-

transporto saSualebas madnis mopovebis adgilebi-transporto saSualebas madnis mopovebis adgilebi-

dan mis gadamuSavebis adgilebamde an momxmareblebT-dan mis gadamuSavebis adgilebamde an momxmareblebT-

an transportirebisaTvis. Cveulebriv teqnologiuri an transportirebisaTvis. Cveulebriv teqnologiuri 

saavtomobilo transporti Tavmoyrilia fabrikis saavtomobilo transporti Tavmoyrilia fabrikis 

(gaerTianebis) satransporto danayofSi (sawarmoSi), (gaerTianebis) satransporto danayofSi (sawarmoSi), 

romlis daniSnulebaa rogorc karierebisa da maRa-romlis daniSnulebaa rogorc karierebisa da maRa-

roebis, aseve mamdidrebeli fabrikebis satransporto roebis, aseve mamdidrebeli fabrikebis satransporto 

momsaxureba, gadazidvebis Rirebulebis Semcireba da momsaxureba, gadazidvebis Rirebulebis Semcireba da 

transportis riTmuli da stabiluri muSaobis uz-transportis riTmuli da stabiluri muSaobis uz-

runvelyofarunvelyofa.

satransporto amocanebis yvela zogad Tvisebas 

Seesabameba samTomompovebel da mamdidrebel sawar-

moebSi (fabrikebSi,  gaerTianebebSi) madnis gadasazi-

dad avtosatransporto saSualebaTa (avtoTviTm-

clelebis) ganawilebis amocana. saerTod  satrans-

porto amocanebi wrfivi programebis specialur 

klass miekuTvnebian da isini gamoiyenebian erTgvaro-

vani produqtebis (masalebis) warmoebis erTgvaro-

vani punqtebidan moxmarebis aseve, erTgvarovan pun-

qtebSi gadazidvebis optimaluri gegmis Sesadgenad.

madnis gadsazidad satvirTo  avtomobilebis op-

timaluri ganawilebis  amocanis arsi mdgomareobs 

magaliTad, marganecis mopovebis adgilebidan (kari-

erebidan da maRaroebidan) mamdidrebel fabrikebSi 

an momxmareblisaTvis madnis gadazidvis (trans-

portirebis) organizebaSi, anu am miznisaTvis sat-

virTo TviTmclelebis optimalur ganawilebaSi. 

cnobilia, rom xSir SemTxvevaSi saavtomobilo 

satvirTo transporti warmoadgens ZiriTad an 

zogjer erTaderT satransporto saSualebas mad-

nis mopovebis adgilebidan mis gadamuSavebisadgile-

bamde, an momxmareblebTan transportirebisaTvis. 

Cveulebriv teqnologiuri saavtomobilo transpor-

ti Tavmoyrilia fabrikis (gaerTianebis) satrans-

porto danayofSi (sawarmoSi), romlis daniSnule-

baa rogorc karierebisa da maRaroebis, aseve mamdi-

drebeli fabrikebis satransporto momsaxureba, gad-

azidvebis Rirebulebis Semcireba da transportis 

riTmuli da stabiluri muSaobis uzrunvelyofa.

saavtomobilo satvirTo transportis muSaobis 

organizebaSi mniSvnelovania satransporto saSuale-

bebis ganawileba maRaroebsa da karierebze.

am WrilSi sainteresoa ganvixiloT madnis 
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mopovebis adgilebidan mamdidrebel fabrikebamde 

mopovebuli madnis gadazidvebisaTvis satvirTo 

TviTmcleli avtomanqanebis ganawilebis konkretuli 

magaliTi, rodesac satransporto sawarmos saavto-

mobilo parki Seicavs Semdegi sami tipis (markis) 

TviTmclelebs: ЗИЛ, КРАЗ  da БелАЗ (27 da 40 to-
nis tvirTamweobiT), xolo madnis mopovebas awar-

moebs eqvsi maRaroTa sammarTvelo.

movaxdinoT dasmuli amocanis formalizebuli 

aRwera: aRvniSnoT Ai-iT transportis sawarmoSi 

TviTmcleli avtomobilebis raodenoba; Bj _ maRa-

roTa sammarTveloTa ricxvi (Cvens SemTxvevaSi 

j=1.2.3,4,5,6 da I=1,2,3,4) e. i. satransporto sawarmo 
Cvens amocanaSi gvevlineba mimwodeblad (Ai) da maRa-
roTa sammarTveloebi (Bj) momxmareblad, Sesabamisad 

ai  aris i-tipis TviTmclelTa raodenoba, xolo bj-j 
_ maRaroTa sammarTveloebSi TiToeuli tipis TviT-

mclelebis ricxvi.

garda amisa SemovitanoT aRniSvnebi:

Xij – i-uri tipis avtomobilTa raodenoba, romlebic 

gamoyofilia j-uri maRaroTa sammarTveloebze;

Qij–i-uri tipis avtomobilTa mwarmoebloba, j-uri ma-
RaroTa sammarTveloebisaTvis;

Cij–1 tona/km tvirTis gadazidvaze mosuli danax-

arjebi i-uri tipis avtomanqanebisa j-ur maRaroTa 
sammarTvelosaTvis.

mwarmoebluroba Qij SeiZleba gamoTvlili iqnes 

formuliT

Qij=  (qijxt
wT
)/t(reisi)ij ,                                      (1)

sadac qij– i-uri avtomobilis tvirTamweoba j-uri 
maRaroTa sammarTvelosTvis; t

wT 
_ muSaobis xangr-

Zlivoba wuTSi; t(reisi)ij _ reisis xangrZlivoba wuTSi 

i-uri tipis TviTmclelisa j-ur maRaroTa sammarT-
velosaTvis.

satransporto saSualebaTa ganawilebis amo-

canis ekonomikur-maTematikuri Sinaarsi samTomop-

ovebiTi sawarmos pirobebSi SeiZleba warmovidginoT,  

rogorc Xij mniSvnelobis moZieba miznobrivi fun-

qciis minimizaciaSi.

F=  ,                                                    (2)

rodesac sruldeba madnis gadazidvis gegmuri 

davalebebi

 ≥ Π3,      (3)

sadac Π
g
 – gegmuri davaleba maRaroTa sammarT-

veloebisaTvis Semdegi pirobebisaTvis:

Xij= аi(i=1, 2, 3, 4);      (4)

 = bj(j=1, 2, 3, 4, 5, 6);                    (5)

da Xij≥ 0   (i=1, 2, 3, 4;  j=1, 2, 3, 4, 5, 6).   (6)

amave dros  = ;     (7)

es niSnavs, rom aucilebelia avtotransportis 

nax. 1. satransporto amocanis amoxsnis ganzogadoebuli algoriTmis blok-sqemanax. 1. satransporto amocanis amoxsnis ganzogadoebuli algoriTmis blok-sqema
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saSualebaTa ganawilebis matricis moZieba TiToeuli 

maRaroTa sammarTvelosaTvis.

 ,   (8)

romelic daakmayofilebda (3) - (6) pirobebs.

amave dros sruldeba piroba (7)

 ,       (9)

sadac X
ats
 – avtotransportis sawarmoSi avtomo-

bilebis (TviTmclelebis) faqtiuri raodenobaa. 

amocanis amoxsnis ganzogadoebuli algoriTmis 

blok-sqema naCvenebia naxazze 1.

unda aRiniSnos, rom Tu avtotransportis gana-

wilebis amocanebis realizacia xdeba wrfivi pro-

gramebis meTodiT, ufro rTuli amocanebis amoxs-

nisaTvis gamoiyeneba sxva meTodebi. optimaluri 

marSrutebis da moZraobis grafikebis Sedgena, sx-

vadasxva tvirTis transportirebis gegmebis Sedgena 

da sxva amgvari amocanebis amoxsnisaTvis gamoiyeneba 

ganrigebis maTematikuri Teoria.
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ИАШВИЛИ Н.Г.
ОБ ОПТИМАЛЬНОМ РАСПРЕДЕЛЕНИИ 
ГРУЗОВЫХ АВТОМОБИЛЕЙ ДЛЯ ПЕРЕВОЗКИ 
РУДЫ

Оптимальное распределение транспортных 
средств для перевозки руд от рудников, карьеров до 
обогатительных фабрик явлается актуальным воп-
росом работы горных предпрятии. Часто грузовой 
автомобильный транспорт явлается основным, а 
иногда единственным видом транспорта для пере-
возки руд. При оптимальном распределении трас-
нпортных средств для перевозки руд необхадимо 
учитывать сокрашение затрат на транспортирова-
нии грузов и обеспечение ритмической и стабил-
ной работы транспортного подразделения.

В статье расмотренны вопросы оптимального 
распределения транспортных средств на примере 
конкретного предприятия.

IASHVILI  N. 
ABOUT THE OPTIMAL DISTRIBUTION 
OF TRUCKS FOR THE TRANSPORTATION 
OF ORE

In mining and processing industries there is im-
portant an optimal distribution of vehicles in mines 
and quarries. In ore transportation an optimal distri-
bution of tipper trucks is the main topic. Often motor 
road freight transport is the main and sometimes the 
only form of transportation from extraction to pro-
cessing place or to customers. Usually technological 
motor transport is gathered in a sub-unit of the fac-
tory, whose purpose is to ensure stable and rhythmic 
work of transport, reducing the cost of transportation 
and helping mines, quarries and concentrating mills 
with transportation service.

uak622.625.57

n. iaSvili

sabagiro gzis vagonetSi tvirTis masis gansazRvris 
mowyobiloba

statiaSi ganxilulia sabagiro gzis vagoneteb-statiaSi ganxilulia sabagiro gzis vagoneteb-

Si tvirTis masis gansazRvris axali mowyobiloba, Si tvirTis masis gansazRvris axali mowyobiloba, 

romelic saSualebas iZleva moZraobis SeuCereblad romelic saSualebas iZleva moZraobis SeuCereblad 

aiwonos sabagiro gzis datvirTuli vagonetebi. aiwonos sabagiro gzis datvirTuli vagonetebi. 

imisTvis rom awonvisas aviciloT bagirebis wo-imisTvis rom awonvisas aviciloT bagirebis wo-

nis gavlena, SemoTavazebulia axali, specialuri nis gavlena, SemoTavazebulia axali, specialuri 

platforma,romelzedac Sesvlisas vagonetebi aiweva platforma,romelzedac Sesvlisas vagonetebi aiweva 

da am dros moxdeba tvirTis masis gansazRvra.da am dros moxdeba tvirTis masis gansazRvra.

 

kiduli sabagiro gziT gadaziduli tvirTis 

masis gansazRvra metad mniSvnelovania, radgan Tu 

tvirTis masa zustad ar iqneba gansazRvruli, maSin 

sabagiro gziT gadazidul tvirTebis jamur masasa da 

arapirdapiri xerxiT gamoTvlil gadazidul tvirTis 

masas Soris gansxvaveba samTomopovebiT sawarmoebSi 

cvlaSi ramdenime aTeul tonas Seadgens. 

cnobilia kiduli sabagiro gzis vagonetebiT 

gadaziduli tvirTis masis gansazRvris metad mar-

tivi xerxi [1]. 

iTvleba vagonetebis mier Sesrulebuli reisebis 

raodenoba da viciT ra TiToeulis tvirTamweoba 

(vagonetebSi moTavsebuli tvirTis wona) martivi 
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gaangariSebiT ganisazRvreba drois garkveul mon-

akveTSi (saaTSi, cvlaSi, dRe-RameSi) gadaziduli 

tvirTis masa, magram cxadia rom ramdenadac martivia 

es meTodi, imdenad arazustia gamoTvlili masa, rad-

gan am dros ar xdeba vagonetebSi tvirTiT Sevsebis 

xarisxis, tvirTis (nayari tvirTis SemTxvevaSi) 

granulometriuli Sedgenilobis, nawilakebis 

formis, tvirTis tenianobis gaTvaliswineba, radgan 

am faqtorebis Sesabamisad erTi da igive tevadobis 

vagonebSi SeiZleba aRmoCndes sxvadasxva masis tvir-

Ti. e.i. vagonetebis Sevseba xdeba sxvadasxvanairad  

(araerTnairad).

cnobilia satvirTo kiduli sabagiro gzis 

vagonetebiT gadaziduli tvirTis masis gansazRvris 

mowyobiloba – saswori (ix. nax. 1) [1]. romelic gan-

Tavsebulia sabagiro gzis monakveTSi (CasatvirTav 

an/da gadmosatvirTav sadgurebze). relsis nawili, 

romelic sakmarisia masze sabagiro gzis vagonetis 

mosaTavseblad,  Camokidebulia specialur quslebis 

saSualebiT sasworis CarCoze, romelic Tavis mxriv 

eyrdnoba oTx berkets da romlebic gadascemen da-

wolas tvirTian Zels.

am meTodis mniSvnelovan uaryofiT mxares 

warmoadgens is, rom tvirTis aseTi awonvisas ver 

vTavisufldebiT bagirebis masisgan da amitomacaa 

tvirTis masis zustad gansazRvra SeuZlebeli. 

qvemoT naCvenebia vagonetis arsebuli da Semo-

Tavazebuli konstruqciebi (ix. nax. 2 da nax. 3).

SemoTavazebuli mowyobiloba gansxvavdeba ar-

sebulisgan imiT, rom mas SesaZlebloba aqvs gan-

Tavisufldes sabagiro gzis bagirebis masisagan da 

vagonetebis moZraobis SeuCereblad didi sizustiT 

ganisazRvros vagonetSi moTavsebuli tvirTi.

kiduli sabagirogzis vagonetiT gadaziduli 

tvirTis masis gansazRvris mowyobiloba mocemulia 

naxazze 4. mowyobiloba Sedgeba axali konstruqciis 

vagonetisgan da specialuri platformisgan.

specialuri platforma Sedgeba ori nawilisgan: 

zeda 8 da qveda 9 nawilebisgan. vagonets saSu-

aleba aqvs zeda platformaze Sesvlisas ganTavisu-

fldes mzidi da gamwevi bagirebis (1 da 2) masis-

gan. es xorcieldeba vagonetis specialur WrilebSi 

4kronSteinis gadaadgilebiT vertikalur sibrtye-

Si. Cveulebriv mdgomareobaSi vagoneti 3 imyofeba 

kronSteinis 4 Wrilis qveda mdgomareobaSi. zeda 8 

platformaze Sesvlisas vagoneti aiweva kronStein-

is Wrilis zeviTa mdgomareobaSi, xolo awonvis 

Sesrulebisas e.i. platformidan Camosvlis Semdeg 

is kvlav dabrundeba Cveul sawyis mdgomareobaSi da 

gaagrZelebs moZraobas.

mowyobilobis zeda 8 da qveda 9 platformebs 

Soris ganlagebulia specialuri Zalsazomi gadam-

wodebi 10, romlebisganac signalebi miewodeba ma-

Zlierebel bloks 13, Semdeg analogur kodis gar-

damqmnelis 14 mier gardaqmnili signali miewodeba 

registrs 15.

kompiuteris mier gansazRvruli masis mniS-

vneloba miewodeba sabeWd mowyobilobas (printers) 

17 da gamoisaxeba ekranze.

SemoTavazebuli mowyobiloba muSaobs Semdeg-

nax. 1. sabagiro gzis satvirTo vagonetis sasworis nax. 1. sabagiro gzis satvirTo vagonetis sasworis 

sqema: 1 _ relsis nawili; 2 _ qusli; 3 _ sas-sqema: 1 _ relsis nawili; 2 _ qusli; 3 _ sas-

woris CarCo;  4 _ moZravi berketebi;  5 _ ber-woris CarCo;  4 _ moZravi berketebi;  5 _ ber-

ketebi;  6 _ simZime;  7 _ Zeli moZravi tvirTiT;  ketebi;  6 _ simZime;  7 _ Zeli moZravi tvirTiT;  

8 _ gantvirTvis mowyobiloba;  9 _ avtomaturi 8 _ gantvirTvis mowyobiloba;  9 _ avtomaturi 

sabeWdi aparatisabeWdi aparati

nax. 2. arsebuli konstruqcia.                     nax. 3. axali konstruqcia.nax. 2. arsebuli konstruqcia.                     nax. 3. axali konstruqcia.
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nairad:  vagoneti 3,  awonvis adgilas misvlisas 

rolgangebis 7 saSualebiT Sedgeba zeda platfor-

maze 8 da am dros vagonetis kronSteini gadaadgil-

deba vagonetis specialur WrilSi 4, ris Sedegadac 

vagoni ganTavisufldeba bagirebis masis moqmedebisas 

da zeda 8 da qveda 9 platformebs Soris ganlageb-

uli specialuri Zalsazomi gadamwodebi 10 iZlevian 

mxolod vagonetis tvirTis masis Sesabamis signa-

lebs. es signalebi miewodeba maZlierebel bloks 13, 

sadac xdeba miRebuli signalis gaZliereba, romelic 

Semdeg miewodeba analoguri signalis cifrulSi 

gardamqmnel 14 bloks, am blokidan cifruli kodi 

registris 15 gavliT miewodeba kompiuters 16, sa-

dac xdeba masis gamoangariSeba da Sedegis gamosaxva 

kompiuteris ekranze (monitorze).

mowyobilobas aqvs SesaZlebloba masis gan-

sazRvris Sedegi miawodos sabeWd mowyobilobas 

(printers) 17. aRniSnuli konstruqciis vagonetiTa 

da nayari tvirTis masis gansazRvris avtomatize-

buli mowyobilobiT SesaZlebelia ganisazRvros 

iseTi nayari tvirTebis masa maTi kiduli sabagiro 

gziT transportirebisas, rogoricaa sasargeblo 

wiaRiseuli (qvanaxSiri, rkinis madani, manganumi da 

sxva), aramadneuli samSeneblo masalebi (RorRi, qviSa, 

xreSi), qimiuri nedleuli, agreTve fuWi qanebi maTi 

e.w. `kudebis~  gadazidvisas samTomopovebiT da gad-

amamuSavebel sawarmoebSi.
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ИАШВИЛИ Н.Г.
УСТРОЙСТВО ОПРЕДЕЛЕНИЯ МАССЫ ГРУЗА 
В ВАГОНЕТКЕ  ПОДВЕСНОЙ  КАНАТНОЙ 
ДОРОГИ 

В работе рассмотрено новое устройство опре-
де ления массы груза перевозимого подвесной ка-
натной дорогой, которое дает возможность взве-
сить груженные вагонетки без остановки движения 
канатной дороги. Для того чтобы избежать влия-
ние веса канатов, предложена специальная ваго-
нетка и платформа, которая при взвешивании 
приподнимает вагонетку,  тем самим освобождает 
ее  от  тяжести  канатов.

IASHVILI  N.
DEVICE DETERMINING THE MASS OF CARGO 
TROLLEY CABLEWAY

Article  is  about a new device  which  determines  
the  mass of cargo in  cableway.  It  ensures  to  weight  
loaded   trucks  with  non-stop  movement. In order 
to avoid the influence of weight of ropes, there is of-
fered a special platform, which will lift the trucks while 
weighing the cargo.



57 samTo Jurnali, # 2(35), 2015

samTo manqanebi da transporti - ГОРНЫЕ МАШИНЫ И ТРАНСПОРТ - MINING MACHINES END TRANSPORT

uak 622.647

akad. doqtori n. molodini, akad.doqtori g. maCaiZe, 
akad. doqtori r. molodini

samTo mrewvelobis sawarmoebSi uwyveti da cikluri reJimis 
transportis gamoyenebis analizi

statia exeba uwyveti da cikluri reJimis sa-statia exeba uwyveti da cikluri reJimis sa-

transporto manqanebis ZiriTadi parametrebis gaT-transporto manqanebis ZiriTadi parametrebis gaT-

valiswinebiT, upiratesi satransporto saSualebis valiswinebiT, upiratesi satransporto saSualebis 

gansazRvris meTodis SemuSavebas. dadgenilia, rom gansazRvris meTodis SemuSavebas. dadgenilia, rom 

yvela SemTxvevaSi, fxvier-natexovani tvirTebis ux-yvela SemTxvevaSi, fxvier-natexovani tvirTebis ux-

elsayreles satransporto saSualebad unda gamo-elsayreles satransporto saSualebad unda gamo-

yenebul iqnes lenturi konveieri, radgan maRal mwar-yenebul iqnes lenturi konveieri, radgan maRal mwar-

moebluria da SesaZlebelia avtomatizaciis maRali moebluria da SesaZlebelia avtomatizaciis maRali 

xarisxi.xarisxi.

gasuli saukunis 90-ian wlebSi SemuSavebuli 

iyo samrewvelo transportis Semdgomi ganvi-

Tarebis generaluri mimarTulebebi [1], romelebic 

DdResac aqtualuria. masSi gaTvaliswinebuli iyo 

samTo sawarmoebisaTvis uwyveti, cikluri, ciklur-

nakaduri moqmedebis transportisa da gardamavali 

struqturuli rgolebis ganviTarebis koncefcia. 

masSi yuradReba ZiriTadad gamaxvilebuli iyo da-

muSavebis teqnologiebSi, fxvier-natexovani tvirTe-

bis im kondiciamde dayvanaze, romelic farTo gzas 

miscemda: hidravlikuri, sakonveiero, sabagiro, axal 

specializebul (magaliTad, pnevmokonteinerul [2]) 

da sxva, maT Soris cikluri moqmedebis transpor-

tis miznobriv gamoyenebas. es ki imas niSnavs, rom 

nebismieri (sabadoTa Saxturi, Ria wesiT damuSave-

bis da sxva mravali konkretuli SemTxvevebisaTvis) 

teqnologiuri procesis Semadgeneli operacie-

bis dalageba aucileblad unda moxdes im rigiT, 

rom racionaluri satransporto teqnikis gamoyen-

eba dadebiTad aisaxos tvirTis transportirebisa 

(tona km-is Rirebulebasa) da produqciis saboloo 

TviTRirebulebaze. magaliTisaTvis, Tu tvirTebis 

mopovebisas miiReba aragabaritebi, romlebic eqvem-

debarebian aucilebel daqucmacebas, maSin es opera-

cia aucileblad unda Sesruldes transportire-

bamde, rac gansazRvravs optimaluri (miznobrivad 

gamarTlebuli) satransporto saSualebebis SerCeva-

gamoyenebis sakiTxs. koncefciis proeqtSi pirdapiraa 

miTiTebuli, rom sakonveiero transportis gamoyen-

ebisas gazrdilia moTxovnaNAiseT nomenklaturul 

mowyobilobebze, rogorebicaa: samsxvrev-saxarisxe-

beli, mkvebavi da a.S. agregatebi, romelTa sqemaSi 

CarTva, miuxedavad damatebiT finansuri xarjebisa, 

gamarTlebulia, vinaidan zrdis danadgarebis muSao-

bis saimedoobas, xangamZleobas da iZleva mniSvnelo-

van mogebas (ekonomiur efeqts).

winamdebare naSromis mizans warmoadgens, cik-

lurTan SedarebiT, uwyveti moqmedebis transpor-

tis gamoyenebiT tvirTbrunvaSi miRebuli dadebiTi 

Sedegebis asaxva da dasabuTeba, romlis Semdgomi 

gamoyeneba saSualebas iZleva sawarmoebi aRiWurvos 

perspeqtiuli satransporto sistemebiT. aRsaniSna-

via isic, rom aseTi satransporto sistemebis avtom-

atizaciis xarisxi maRalia da muSaoba saimedo.

sayovelTaod cnobili, pirdapir proporciuli 

funqciuri damokidebuleba uwyvet reJimze momuSave 

satransporto saSualebaTa qvemoT warmodgenil 

parametrebs Soris Semdegia

Q=f(q, v),       (1)

sadac Q – uwyveti reJimis satransporto manqanis 
mwarmoebluroba, t/sT;

q – uwyveti reJimis satransporto manqanis grZivi 
datvirTva, dkn/m;

v – tvirTnakadis, anu tvirTmzidi organos siCqare, 
m/wm.

Sesabamisad, uwyveti reJimis satransporto dan-

adgaris mwarmoebluroba (t/sT) toli iqneba

Q=3,6 qv.       (2)

ciklur reJimze momuSave satransporto sa-

SualebaTa warmodgenil parametrebsaGda mwarmoe-

blurobas Soris funqciur damokidebulebas eqneba 

Semdegi saxe

 
.

mwarmoeblurobasTan pirdapirproporciul fun-

qciur damokidebulebaSia ciklur reJimze momuSave 

satransporto saSualebaTa parametrebi _ (G, 
dkn) tvirTmzidi WurWlis tvirTamweoba,  (v, m/wm) 
WurWlis moZraobis siCqare, xolo ukuproporciul 

damokidebulebaSia satransporto gzis sigrZe, anu 

zidvis manZili (L, m). 
ciklur reJimze momuSave satransporto sa-

Sualebebis erTi sruli ciklis xangrZlivoba

 

( ) Sedgeba misi datvirTuli (G, dkn.-s

_ sasargeblo) da carieli (G0, dkn.-s usarge-

blo _ mkvdari wonis) mimarTulebebiT svlisa-

gan, n raodenobis WurWlebis datvirTvisa, gacli-

sa da samanevro operaciebisTvis saWiro droisa-

gan ( , wm); amitom mizanSewonilad migvaCnia,

sasargeblo tvirTbrunvis dazustebis mizniT cik-

luri reJimis transportis mwarmoebluroba war-

movadginoT sasargeblo tvirTisa da mkvdari wonis 

moZraobis cal-calke gamoTvlili jamis saxiT. A

amgvarad, mkvdari wonis tvirTis moZraobis 

mixedviT Q
c
=nG0, xolo sasargeblo tvirTis wonis 

mixedviT Q
d
=n(G+G0), Tu saaTSi ciklebis raode-
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noba iqneba, n
c
=3600v

saS
/(2L+ ,v

saS
), maSin cikluri 

reJimis transportis saaTuri mwarmoebluroba gan-

isazRvreba damokidebulebiT

Q
sT
=(Q

c 
+ Q

d
)n

c
=[nG0+n(G+G0)]nc

,

masSi zemoT mocemuli mniSvnelobebis CasmiT, mi-

viRebT

                 (4)

gamosaxulebis (4) pirveli Sesakrebi war-

moadgens cikluri reJimis transportis moZravi 

Semadgenlobis sasargeblo tvirTis wonas, xolo 

meore Sesakrebi moZravi Semadgenlobis (usargeblo 

anu mkvdar wonas, romelic moZravi meqanizmisa da 

tvirTmzidi WurWlis jamuri wonaa) taris wonas. 

Tu gaviTvaliswinebT, rom taris woniTi koeficienti 

(K
t
)

 anu G
0
=K

t
G.     (5)

maSin (4) gamosaxuleba SeiZleba warmovadginoT 

(6) gantolebis saxiT, sadac usargeblo anu mkvdari 

G
0  

wonac gamosaxuli iqneba sasargeblo tvirTis 

G wonisa da taris woniTi K
t
 koeficientis saSu-

alebiT

,                       (6)

saidanac SeiZleba sasargeblo tvirTis wonasTan 

jeraduli SefardebiT (7) gamosaxulebiT ganisazRv-

ros usargeblo, anu mkvdari tvirTis wonac

     (7)

 

cikluri reJimis satransporto saSualebis 

saxeobisa da Sesabamisad taris woniTi koeficientis 

cvalebadobis mixedviT meryeobs mkvdari tvirTis 

wonac, romlis gansazRvrac agreTve Zalian martivad 

xdeba, Cvens mier SemoTavazebuli meTodiT, mocemuli 

konkretuli taris woniTi koeficientisaTvis, (7) 

gamosaxulebisa da sawarmos mwarmeblurobis saSu-

alebiT. 

xsenebuli koncefciis proeqtisa da ganxilu-

li masalis mixedviT, SevecadeT realuri suraTi 

Segveqmna tyibulis SaxtisaTvis. Sps `saqnaxSiris~ 

(ji-ai-ji jgufis)-s wevrebTan erTad SeviswavleT 

Saxtis ZiriTadi (sasargeblo) tvirTbrunvisaT-

vis sruli konveierizaciis sakiTxi, romelic Sps 

`saqnaxSiris~ administraciis mier didi xnis winaT 

dagegmili gadauWreli problemaa.

tvirTgamtari gvirabebis naxazebis winaswari 

ganxilvisa da problemuri ubnebis CamonaTvalis 

Sedgenis Semdeg, Saxtis xelmZRvanelebTan erTad 

adgilze SeviswavleT sakiTxis yvela wvrilmani, 

romelic Semdgom ganxiluli iqna Sps `saqnaxSiris~ 

(ji-ai-ji jgufi)-s perspeqtiuli ganviTarebis sab-

Wos sxdomaze.

Cveni azriT, gvirabebis minimaluri gawmendiTi 

da mcire sarekonstruqcio samuSaoebis Sesrulebis 

Semdeg, +582 horizontis tvirTgamtari Stolnisa da 

+275 horizontis aRmosavleTis savele Strekis sru-

li konveierizacia SesaZlebeli iqneba: a) StolnaSi 

erTi sakonveiero dgariT (dgaris sigrZiT 3 000 m) 

ZiriTadi tvirTebis zidva brma Wauris mimRebi bun-

keridan dRiseul zedapiramde (sakonveiero amZravi 

ganTavsdeba dRiseul zedapirze, wiaRiseulis mimRebi 

bunkeris maxloblad); b) +275 horizontis aRmosav-

leTis savele StrekSi, #9 Surodan centralur 

kverSlagamde da SemdgomSi skipis satvirTav mimReb 

bunkeramde, specialuri proeqtis Sedgenis Semdeg, 

aseve erTdgariani konveieris saSualebiT. yovelive 

aRniSnulis miRweva SesaZlebelia maRali sakuTari 

wevis faqtoriani sakonveiero vakuumuri amZraviT, 

lentis sawyisi daWimulobis Semcirebis xarjze da 

tyibulis Saxtis sazid gvirabebSi Sesabamisi erT-

dgariani lenturi konveierebis ganTavsebiT. maRali 

da sakuTari wevis faqtoriani sakonveiero amZraviT 

[3], lentis sawyisi daWimulobis Semcirebis xarjze, 

viyenebT ra naklebad Rirebul lentebs, miaxloebiT 

SeiZleba iTqvas, rom danadgaris kapitalRirebuleba 

da saeqspluatacio momsaxurebis xarjebi TiTqmis 

naxevrdeba.
sacnobaro literaturis [4] monacemebis mixed-

viT, taris woniTi koeficienti icvleba: a) qvanaxSi-

ris mcire da didtvirTulobis WurWlebisaTvis 

(vagonetebisaTvis) Sesabamisad 0,85-dan – 0,47-mde; 

b) madnebSi momuSave WurWlebisaTvis Sesabamisad 

0.75-dan - 0.24-mde; avtotransportisaTvis 1,22-dan 
- 0.364-mde.

rac Seexeba, Sps `saqnaxSiris~ tvirTgamtar gvi-

rabebSi, sakonveiero transportis danergviT miRe-

bul efeqts igi: Saxtis wliuri mwarmoeblurobisa, 

(7) gamosaxulebisa da taris woniTi koeficientis 

mixedviT, saorientaciod minimum aseTnair Sefasebas 

imsaxurebs:

Saxtis 300 000 t/w; Saxtis 1 000 000, ტ/წ;

mkvdari tvirTi Seadgens: 300000X0,94=282 

000 t/w;1 000000X0,94=940000, t/w

300000 X 1,7 = 510 000 t/w; 1 000 000 X 

1,7=1 700 000, t/w;

analogiuri meTodiT SeiZleba mkvdari tvirTi 

ganisazRvros Ria wesiT mopovebisas, avtotrans-

portiT zidvis SemTxvevaSi, mkvdari tvirTis wli-

uri raodenoba da misi gadaadgilebiT gamowveuli 

Sesabamisi zedmeti wliuri kapitaldanaxarjebi.

karieris 300 000 t/w;karieris 1 000 000 t/w;
mkvdari tvirTi Seadgens: 
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uak 622.235.2

z. kuWuxiZe, a. afriaSvili, g. baxutaSvili, g. SatberaSvili, 
g. TxeliZe, i. samxaraZe

damcavi feTqebadi nivTierebebis antigrizutuli Tvisebebi

300000 X 0,728 = 218 400, t/w; 1 000000X 

0,728 =728 000, t/w;

300000 X2,44 = 732 000 t/w; 1 000 000 X2,44 

= 2 440 000, t/w;

ekonomiuri efeqtis gaangariSebisas, proeqtis 

mowyobilobaTa baza itvirTeba konkretuli sawar-

mos momaragebis monacemTa Rirebulebis mixedviT da 

zustdeba sawarmos samuSao teqnologiuri procesis 

Semadgeneli operaciebis rigiTobis zustad dacvis 

Sesabamisad; rigiToba zustdeba da mtkicdeba sa-

Tanado kompententuri organoebisa da pirovnebaTa 

monawileobiT da xelmoweriT da jdeba monacemTa 

bazaSi.
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МОЛОДИНИ Н.Ш., МАЧАИДЗЕ Г.Л., 
МОЛОДИНИ Р.Н. 
АНАЛИЗ ИСПОЛЬЗОВАНИЯ ТРАНСПОРТА 
НЕПРЕРИВНОГО И ЦИКЛИЧНОГО 
РЕЖИМА НА ПРЕДПРИЯТИАХ ГОРНОЙ 
ПРОМЫШЛЕННОСТИ 

Статьe рассматрывается вопрос разработкии 
методики определерия приоритетного вида транс-
порта непрерывного и цикличного режима с уче-
том их основных параметров. Установлено, что 
во всех случаях, для транспортировки рыхло - об-
ломочных грузов сдедует применить ленточный 
конвейер, так как он высоко производительный и 
позволяет высокую степень автоматизации. 

MOLODINI N., MACHAIDZE G., MOLODINI R.
ANALYSIS OF CONTINIOUS REGIME USE ON 
THE ENTEPRISES OF MINING INDUSTRY

 In the article the question of method development 
of determination of preferential transport means with 
a glance of main parameters of transport machines 
cyclic regime is considered. There is established that 
in any cases for the transportation of friable – clastic 
loads it should be used the conveyor belt as it is high 
productive and it is subjected to high degree of auto-
mation. 

The article deals with the continuous and 
cyclic modes of transport vehicles according to the 
index-productivity, the necessary parameters in the 
background, designed, the predominant method for 
determining the means of transport. Accepted that in 
all cases, if it isn’t caused by any necessities, we should 
recognize almost appropriate technological means of 
the continuous working any of the vehicles.

statiaSi ganxilulia specialuri damcavi feTqe-statiaSi ganxilulia specialuri damcavi feTqe-

badi nivTierebebi, romlebic gamoiyeneba airisa da badi nivTierebebi, romlebic gamoiyeneba airisa da 

mtvris aalebis mxriv saSiS SaxtebSi. aalebis sa-mtvris aalebis mxriv saSiS SaxtebSi. aalebis sa-

frTxis Semcireba SesaZlebelia feTqebad nivTiere-frTxis Semcireba SesaZlebelia feTqebad nivTiere-

baSi siTbos STanTqmeli komponentebis damatebiT da baSi siTbos STanTqmeli komponentebis damatebiT da 

airebis Jangvis reaqciebis qimiuri damuxruWebiT. airebis Jangvis reaqciebis qimiuri damuxruWebiT. 

Sesabamisad, mniSvnelovania, rom dasamatebel kompo-Sesabamisad, mniSvnelovania, rom dasamatebel kompo-

nentebs hqondeT ingibitoruli Tvisebebic (magali-nentebs hqondeT ingibitoruli Tvisebebic (magali-

Tad, qloridebi da ftoridebi), romelTa efeqtur-Tad, qloridebi da ftoridebi), romelTa efeqtur-

oba damokidebulia maT dispersiulobaze. statia-oba damokidebulia maT dispersiulobaze. statia-

Si mocemulia agreTve, am feTqebadi nivTierebebis Si mocemulia agreTve, am feTqebadi nivTierebebis 

gaangariSebuli da eqsperimentuli maxasiaTeblebi. gaangariSebuli da eqsperimentuli maxasiaTeblebi. 

aRniSnulia, rom damcav feTqebad nivTierebas anti-aRniSnulia, rom damcav feTqebad nivTierebas anti-

grizutulobasTan erTad unda hqondes detonaciis grizutulobasTan erTad unda hqondes detonaciis 

maRali maxasiaTeblebi, raTa gamoiricxos misi gamow-maRali maxasiaTeblebi, raTa gamoiricxos misi gamow-

va. didi simZlavris maRaldamcavi feTqebadi niv-va. didi simZlavris maRaldamcavi feTqebadi niv-

Tierebis Sesaqmnelad, dabali klasis damcav feTqe-Tierebis Sesaqmnelad, dabali klasis damcav feTqe-

bad nivTierebas aTavseben marilwyliT Sevsebul po-bad nivTierebas aTavseben marilwyliT Sevsebul po-

lieTilenis afskSi, romelic uzrunvelyofs mdgrad lieTilenis afskSi, romelic uzrunvelyofs mdgrad 

detonacias.detonacias.

tyibuli-Saoris qvanaxSiris sabados damuSavebis 

procesSi bolo wlebSi ganviTarebuli movlenebis 

(meTanisa da mtvris afeTqeba) Tavidan acilebis miz-

niT, metad aqtualuri gaxda saamfeTqeblo samuSaoe-

bisas damcavi feTqebadi nivTierebebis gamoyeneba. am 

tipis feTqebad nivTierebebs awarmoeben ZiriTadad 

ruseTis federaciaSi da maTi importi saqarTveloSi 

cnobili movlenebis gamo SeuZlebeli gaxda. amitom 

Cveni mizania gavzardoT saqarTvelos bazarze war-

modgenili feTqebadi nivTierebebis airisa da mtvris 

afeTqebiT saSiS SaxtebSi gamoyenebis usafrTxoeba. 

es problema amJamad aqtualuria,Dradgan avariebis 

didi nawili ganpirobebulia usafrTxoebis wesebis 

darRvevis gamo.
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statiaSi ganxiluli ZiriTadi debulebebi, Cveni 
rwmeniT, miipyrobs samTo sazogadoebis  yuradRebas,  
I – III jgufis f.n.-ebis zekategoriul Saxtebze gamoy-
enebis saSiSroebaze da maRali damcvelobis iafi da 

xelmisawvdomi f.n.-ebis Seqmnis aucileblobaze.

naxSirebis, gogirdis, sulfiduri madnebis, kali-

umis marilebis, ozokeritebis, navTobis  da  sxva  

sasargeblo  wiaRiseulis Saxturi meTodebiT mop-

ovebis dros, maRaros atmosferoSi xdeba aaleba-

di airebis da mtvris gamoyofa, romelic haerTan 

garkveul koncentraciaSi qmnis  advilad aalebad  da 

detonirebad narevs. amitom  aseT  SaxtebSi afeTqe-

biTi samuSaoebis warmoebisas gamoiyeneba special-

uri damcavi f.n.-ebi usafrTxoebis  gansakuTrebuli 

RonisZiebebis CatarebiT.

milaris  da  la-Sateles antigrizutulobis 

(f.n. Tviseba ar aalos maRaros airebi an mtvris 

narevebi afeTqebiTi samuSaoebis warmoebis dros) 

Teoriis  mixedviT, meTanis  da sxva airebis aaleba, 

SemdgomSi afeTqebis procesis ganviTarebiT, SeiZleba 

moxdes maTi krizisul temperaturamde gaxurebis an 

adiabaturi SekumSviT  gamowveuli dartymiTi tal-

Ris Sedegad. airis da haeris, narevis aaleba xdeba 

induqciuri Seyovnebis periodis dros, romlis xan-

grZlivoba damokidebulia temperaturaze. Tu vaznis 

temperatura sakmarisia, maSin aalebis Seyovnebis 

temperatura SeiZleba naklebi  iyos narevis  det-

onaciis ganviTarebis temperaturaze [1, 2, 3].

am  Teoriis  mixedviT f.n. miT ufro usafrTx-

oa, rac ufro dabalia misi afeTqebis temperatura 

da moklea aalebis drois xangrZlivoba. dadgenil-

ia, rom meTanis afeTqebis mxriv saSiS qvanaxSiris 

SaxtebSi, usafrTxo  f.n.-is afeTqebis temperatura 

ar unda aRematebodes 2100 oC-s. afeTqebis tem-

peraturis mixedviT afaseben damcavi f.n.-is anti-

grizutulobas. dadgenili iqna, rom usafrTxoebis 

TvalsazrisiT afeTqebis dabali temperatura da 

siTbo aris aucilebeli, magram arasakmarisi piro-

ba. unda aRiniSnos, rom afeTqebis temperatura da 

aalebis xangrZlivoba damokidebulia agreTve erT-

droulad asafeTqebeli muxtis sidideze.

Semdgomma kvlevebma [2] aCvena, rom saSaxto at-

mosferoSi myofi  meTanis, wyalbadis da sxva aale-

badi naxSirwyalbadebis, JangbadiT Jangvis  reaqciebs 

aqvT jaWvuri xasiaTi da maTi damuxruWeba srul 

gaCerebamde SesaZlebelia mxolod uaryofiTi katal-

izatorebis (ingibitorebis) saSualebiT, romlebsac  

SeuZliaT  reaqciis  jaWvis gawyveta.

dadgenilia, rom erTi da igive f.n.-is damca-

vi Tvisebebi  damokidebulia  afeTqebis pirobebze. 

Tu meTanis Semcvel Saxtis atmosferoSi feTqdeba 

Ria an  Tavisuflad dakidebuli muxti, afeTqebis 

produqtebi, romelTa temperatura  ufro maRa-

lia vidre meTanis, iwveven mis aalebas an afeTqe-

bas. am movlenis  arseboba damokidebulia afeTqebis 

produqtebis temperaturaze an dartymiTi   talRis 

energiaze. Tu asafeTqebeli muxtis masa zRvrulze 

naklebia, maSin dartymiTi talRiT airis  aaleba 

naklebad mosalodnelia. aq didi mniSvneloba eni-

Weba afeTqebis produqtebis Semadgenlobas da maTSi 

ingibitoruli  marilebis Semcvelobas. e.i. airebis 

aaleba SegviZlia SevamciroT ara mxolod f.n.-Si 

siTbos STanTqmeli komponentebis damatebiT, aramed 

airis Jangvis reaqciebis qimiuri damuxruWebiT. ami-

tom mniSvnelovania, rom siTbos STanTqmel kompo-

nentebs hqondeT ingibitoruli Tvisebebic. aqtiuri 

ingibotoruli Tvisebebi axasiaTebT qloridebs da 

ftoridebs, mag.: LiF, KF, NaF, LiCl, KCl, NaCl.
CamoTvlili myari ingibitorebis moqmedebis 

efeqturoba  damokidebulia maT dispersiulobaze 

(nawilakebis zomebze). amaze dayrdnobiT Seiqmna 

ioncvalebadi maRaldamcavi f.n.–is Teoria  iseTi 

marilebis wyvilebis bazaze, rogorebicaa amonium-

is qloridi da natriumis  an kaliumis gvarjila, 

romelTa urTierTqmedeba gamoisaxeba reaqciaSi

NH4Cl+ NaNO3(KNO3) → NaCl(KCl)+NH4NO3 ,

SemdgomSi afeTqebis produqtebSi natriumis an ka-

liumis qloridebis ultrawvril mdgomareobaSi ga-

dasvliT. 

gaSiSvlebuli saSpure vaznebis mcired dayovneb-

uli jgufuri afeTqebis an Ria vaznebiT specialuri 

samuSaoebis Catarebis dros, afeTqebasaSiS garemoze 

xdeba cecxlis da afeTqebis gavarvarebuli kompo-

nentebis pirdapiri zemoqmedeba. aseT pirobebSi gac-

ilebiT usafrTxoa seleqciur-detonirebadi f.n.–ebi, 

romlebic Seicaven sxvadasxva aqtiurobis feTqebad 

komponentebs.

es f.n.-ebi afeTqebis araxelsayrel pirobebSi 

nawilobriv detonireben da gamoyofen mcire ener-

gias, xolo ufro xelsayrel pirobebSi (SpurebSi 

sacobis gamoyenebiT) gamoiyofa mTliani energia, rac 

iwvevs samTo masis intensiur mongrevas.

airisa da mtveris Semcveli Saxtis atmosferos 

aalebis wyarod SeiZleba iqces Ria cecxlis xan-

grZlivi moqmedeba, romelic warmoiqmneba SpurebSi 

f.n.-is deflagraciis (f.n.-is amowvis) Sedegad. det-

onaciis procesis mimdinareoba SeiZleba  dairRves 

sxvadasxva mizezebiT an am mizezTa erTobliobiT: 

f.n.-is zedmetad  datenianeba an SemWidroeba, in-

ertuli SuaSreebis warmoqmna, sawyisi impulsis  

sisuste an arxis efeqti.
 
zog SemTxvevaSi f.n.-is 

wva SeiZleba iyos ufro saSiSi, vidre detonacia. 

afeTqebis meqanikuri muSaoba mcirea da gamonTavisu-

flebuli  energia ixarjeba mxolod airebis gaxure-

baze. am dros SeiZleba moxdes naxSiris aaleba, rac 

gamoiwvevs SaxtaSi xanZars, aseve SeiZleba Seiqmnas 

meTanis afeTqebasafrTxiani koncentracia. aqedan 

gamomdinare, usafrTxoebis TvalsazrisiT saWiroa, 
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rom f.n.–is qimiuri gardaqmna mimdinareobdes deton-

aciis reJimSi, rac utilizebuli denTebisa da myari 

saraketo sawvavis SemTxvevaSi SeiZleba miRweul 

iqnes sawvavis daqucmacebiT ise, rom 3–8 mm zomis 

nawilakebis  Semcveloba narevSi 10%-s aRemate-

bodes. agreTve, Ria cecxlis garemoSi gatyorcnis 

Tavidan asacileblad didi yuradReba unda daeTmos 

garsacmis konstruqcias.

damcavi f.n.-is Semadgenlobebis SemuSaveba iT-

valiswinebs ara mxolod  f.n.-is narevebis Seqmnis 

principebs, aramed mis gamoyenebas afeTqebis mi-

marT saSiS SaxtebSi, amasTan unda vixelmZRvaneloT 

Semdegi debulebebiT:

1. maT SemadgenlobaSi unda Sediodes an afeTqe-

bis procesSi warmoiqmnebodes inertuli komponen-

tebi, maRali siTbos STanTqmis maxasiaTeblebiT, rom-

lebic erTdroulad efeqturad amcireben afeTqebis 

produqtebis temperaturas da asruleben ingibi-

torebis rols. rogorc teqnologiurad xelmisawv-

domi da SedarebiT efeqturi cecxlCamqrobebi, gavr-

celeba hpoves NaCL-ma daKKCL-ma. maTi Semcvelobis 

sidide ganisazRvreba eqsperimentulad, eyrdnoba 

saSaxto atmosferos meTanisa da mtvris  mimarT 

saSiSroebas da saamfeTqeblo samuSaoebis efeqtur-

obis  uzrunvelyofas.

2. damcav f.n.-as antigrizutulobasTan  erTad 

unda hqondes detonaciis maRali maxasiaTeblebi, 

rac gamoricxavs afeTqebis araxelsayreli pirobe-

bis SemTxvevaSi maT gamowvas. amonitebis tipis dam-

cavi f.n.-isTvis detonaciis maRali maxasiaTeblebis 

uzrunvelsayofad maT recepturul SemadgenlobaSi 

sensibilizatorebis sakmaris raodenobasTan erTad, 

xdeba maTi teqnologiuri damuSavebis gaumjobeseba.

3. didi simZlavris maRaldamcavi f.n.-is 

cxrili 1cxrili 1

IV klasis damcavi f.n.-ebis gaangariSebuli da eqsperimentuli maxasiaTeblebiIV klasis damcavi f.n.-ebis gaangariSebuli da eqsperimentuli maxasiaTeblebi

maxasiaTeblebi amonitebi

1 2 3 4
ПЖВ-20 Т-19 АП-5ЖВ

gaTvliTi:

Jangbadis balansi, % +0,32 -2,47 -0,02

afeTqebis siTbo, kkl/kg 813 805 907

gazebis moculoba, l/kg 717 724 787

afeTqebis temperatura, gradusi oК 2493 2487 2793

afeTqebis sruli idealuri muSaoba, kkl/kg 619 612 714

Eeqsperimentuli:

muSaunarianoba, sm3 265-280 270-280 320-330

trotilis ekvivalenti:

  balistikuri qanqaras mixedviT 0,68 0,70 0,74

  sahaero talRis mixedviT 0,57 0,58 0,65

brizantuloba normirebuli minimaluri simkvrivisas, mm 14-16 15-17 15-17

moyvanili manZili Spurebis muxtebs Soris naxSircementis 

blokSi gamkvrivebaze gamocdisas, sm
9-12 7,5-9,3 ---

kritikuli diametri, mm:

1,1 gr/sm3 sikvrivisas 12-14 10-12 10-12

1,7 gr/sm3 sikvrivisas 22-24 19-21 ---

detonaciis siCqare, km/wm 3,5-4,0 3,6-4,3 3,6-4,6

detonaciis gadacema, sm:

mSral vaznebs Soris 7-10 8-12 8-10

wyalSi vaznebis 1 sT-is ganmavlobaSi   dayovnebis  Semdeg 4-7 4-8 4-7

mgrZnobiaroba:

dartymis mimarT, %

xaxunis mimarT 5% qviSis minarevisas, kgZ/sm2

wyalmedegoba hidroxelsawyoze, wyl. sv. simaRle, sm

12-24 12-24 12-32

1750 1930 1930

60-80 60-90 70-80

damcavi Tvisebebi:

uZlebs gamocdas saxelmwifo standartiT 7140-54

mtvrisa da gazis 

mixedviT

gazis 

mixedviT
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Sesaqmnelad dabali klasis damcav f.n.-s aTavseben 

marilwyalSemcvel polieTilenis afskSi, romelic  

uzrunvelyofs mdgrad  detonacias, rac icavs f.n.-s 

gawylovanebisa da deflagirebisgan. zemoaRniSnul-

Tan erTad gamoiyeneba fxvieri damcavi f.n.-ebi, rom-

lebic moTavsebulia polieTilenis  grZel  moqnil  

SlangebSi.

Tanamedrove  f.n. usafrTxoebis mixedviT iyofa 

Semdeg  klasebad [3]:

I klasi – f.n. Ria samuSaoebisaTvis;

II klasi – f.n. Ria da miwisqveSa samuSaoebisaT-

vis SaxtebSi, romlebic usafrTxoa airisa da mtvris 

mxriv;

III klasi – damcavi f.n. qanebis sangrevebisaTvis 

(romlebic saSiSia meTanis mxriv) da specialuri 

daniSnulebis f.n.;

IV klasi – damcavi f.n. naxSirisa da Saxtebis 

Sereuli sangrevebisaTvis, romlebic saSiSia airisa 

da mtvris mxriv;

V klasi – f.n. momatebuli damcvelobiT;

V - VI   klasi – f.n. damcav garsebSi.

saSualo simZlavrisa da damcvelobis f.n.-ebi – 

amonitebi ПЖВ-20 da Т-19 – gankuTvnilia saam-

feTqeblo samuSaoebisaTvis naxSiris, qanebisa da 

Sereul sangrevebSi Saxtebis mosamzadebel, damWrel 

da wmendiT gamonamuSevrebisaTvis manqanuri SeWris 

gareSe, romlebic saSiSia yvela kategoriis gazisa 

da mtvris mixedviT (gansakuTrebiT saSiSs mikuTvneb-

uli sangrevebis garda), maT Soris ryeviTi afeTqebe-

bisaTvis naxSirSi da naxSiris fenebis gaxsnisaTvis.

amonitebi ПЖВ-20 da Т-19 – Ria yviTeli 

feris wvrildispersiuli fxvnilebi TvalisaTvis 

SesamCnevi marilis msxvili nawilakebiT – mzaddeba 

ЖВ markis wyalmedegi gvarjilis, zogjer fuqsinis 

safuZvelze. amis gamo da, agreTve, davazvnamde f.n.-is 

fxvnilis 32 oC-mde gaciebisa da  vaznebis Sekvrebis 

cxrili 2cxrili 2

V klasis f.n.-ebis recepturuli Semadgenloba da normirebuli teqnikuri maCveneblebiV klasis f.n.-ebis recepturuli Semadgenloba da normirebuli teqnikuri maCveneblebi

komponentebi da maxasiaTeblebi uglenitebi (st 21983-76)

Э-6 №5

1 2 3

Semadgenloba, %

nitroeTerebi 14,0±1,0 10±1,0

amiakis gvarjila, marka ЖВ --- 14, ±1,3

natriumis gvarjila 4,6±2,0 ---

qlorovani amoniumi 29,0±1,0 ---

qlorovani natriumi (kaliumi) (7,0±0,7) 75±3,0

xis fqvili 2,5±0,3 1,0±0,3

kalciumis stearati 1,0±0,2 ---

kolodionuri bamba 0,2±0,0,05 0,15±0,05

soda  (100%-ze meti) 0,1-0,3 0,1-0,3

teqnikuri maCveneblebi:

tenianoba da aqroladi, % (ara umetesi) 0,5 0,5

qimiuri medegoba iod-saxameblis sinjis mixedviT 72oC-ze, wT (ara naklebi) 10 10

vaznebis simkvrive, gr/sm3 1,1-1,25 1,1-1,35

vaznebis diametri, mm 36-37 36-37

vaznebis masa, gr 200 150

250 200

300 250

muSaunarianoba, sm3 (ara naklebi) 130 50

brizantuloba 1,1 gr/sm3 simkvrivisas (ara naklebi) 7 4

detonaciis gadacema manZilze mSral vaznebs Soris, sm (ara naklebi) 5 3

igive, 0,5 sT-is ganmavlobaSi wyalSi dayovnebis Semdeg:

vertikalurad 3 ---

horizontalurad --- 2

damcavi Tvisebebi:

ar unda aaldes meTani da naxSiris mtveri Strekis kameraSi 

afeTqebisas Ria, Tavisuflad dakidebuli muxtis masiT, gr
200 500

Senaxvis garantirebuli vada, Tve 6 6
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polieTilenis afskSi hermentulad SefuTvis  gamo, 

amonitebi ar Seitkepneba. isini inarCuneben afeTqebis 

pirvelad maxasiaTeblebsa da wyalmedegobas vargi-

sianobis mTeli dadgenili vadis ganmavlobaSi (ix. 

cxrili 1). 

amonit Т-19-s, radganac igi Seicavs met sensi-
bilizators da teqnologiurad kargad aris da-

muSavebuli, aqvs ufro maRali detonaciuri unari. 

amonit Т-19-is Spurebis muxtebs Semkvrivebis aseT 
mdgomareobaSi aqvT amowvis ufro mcire albaToba 

da Sesabamisad, SedarebiT ufro meti usafrTxoeba 

gamoyenebisas, vidre amonit ПЖВ-20-is Spurebis 

muxtebs.

gamoyenebamde da Senaxvis dadgenili sagarantio 

vadis gasvlis Semdeg    f.n.-s unda Cautardes gareg-

nuli daTvaliereba da aucileblobis SemTxvevaSi 

unda gamoicados tenianobaze, detonaciis gadacemaze 

vaznebs Soris da sxva Tvisebebze.

V klasis f.n. gankuTvnilia naxSiris III kat-
egoriis SaxtebSi da zekategoriis wmendiT da 
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mosamzadebel sangrevebSi gamosayeneblad. ugleniti  

Э-6-sa da zogadad f.n.-ebs garsacmebSi SeuZliaT 

seleqtorulad detonireba maTi vaznebis afeTqebis 

pirobebTan damokidebulebiT. magaliTad,  am f.n.-ebis 

Ria da naxevrad Ria Spurebis muxtebSi detonireben, 

ZiriTadad, maRalmgrZnobelobis nitroeTerebi, gafan-

taven ra arareagirebad komponentebs, amdenad garemo 

sivrceSi gamoyofili energia arasakmarisia naxSiris 

mtvrisa da meTanis asaaleblad. rac Seexeba mTlian 

myar garsacms (samTo garemoTi), maTSi detonire-

ben yvela aqtiuri komponentebi energiis sruli  

gamoyofiT da masivis daSlis samuSaos SesrulebiT. 

Ria vaznebis garsacmebSi detonirebs mxolod birT-

vebi. garsacmis aqtiuri komponentebi TiTqmis ar 

Rebuloben monawileobas afeTqebis reaqciaSi. mux-

tebs xsnariT savse garsacmebSi ar SeuZliaT amowva 

detonaciis milevisas, rac amaRlebs aseTi f.n.-ebis 

gamoyenebis usafrTxoebas.

ugleniti Э-6 miekuTvneba ionogamcvlel f.n.-ebs 

(maTi sawyisi Semadgenloba ar Seicavs amoniumis ni-

cxrili 3cxrili 3

V klasis f.n.-ebis gaangariSebuli da eqsperimentuli maxasiaTeblebiV klasis f.n.-ebis gaangariSebuli da eqsperimentuli maxasiaTeblebi

maxasiaTeblebi
uglenitebi

Э-6 №5

1 2 3

gaangariSebuli:

Jangbadis balansi, % +0,53 -0,18

afeTqebis siTbo, kkal/kg 640 310

gazebis moculoba, l/kg 560 216

afeTqebis temperatura, gradusi oК 2063 1193

afeTqebis sruli idealuri muSaoba, kkl/kg 465 165

Eqsperimentuli:

muSaunarianoba, sm3 130-170 50-90

trotilis ekvivalenti:

balistikuri qanqaras mixedviT 0,58 ---

sahaero talRis mixedviT 0,39 ---

brizantuloba 1,1 gr/sm3 sikvrivisas, mm 7,5-11 5-8

kritikuli diametri nayari simkvrivisas, mm: 7-9 8-10

manZili Spurebis muxtebs Soris naxSircementis blokSi gamkvrivebaze gamocdisas, sm 13,2 ---

detonaciis siCqare, km/wm 1,9-2,2 1,7-1,9

detonaciis gadacema manZilze mSral vaznebs Soris, sm 7-12 5-10

igive, 0,5 sT-is ganmavlobaSi wyalSi dayovnebis Semdeg:

vertikalurad

horizontalurad

3-10 ---

--- 2-4

mgrZnobiaroba:

dartymis mimarT, %

xaxunis mimarT f.n.-Si qviSis minarevis gareSe, kgZ/sm2

40-70 40-60

2300 2300

muxtis maqsimaluri sidide, romelic ar aaalebs meTans StrekSi  Tavisuflad 

dakidebuli muxtis afeTqebisas, gr
300 1000
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tratsa da qlorovan natriums). isini warmoiqmnebian 

ultrawvril dispersiul mdgomareobaSi gamzadebu-

li saxiT, an calkeuli Semadgeneli nawilebis mi-

mocvlis reaqciis  saxiT amoniumis nitratisa da 

qlorovan natriumis Soris afeTqebis procesSi, rom-

lebic Seadgenen aseTi f.n.-ebis safuZvels. ugleniti 

warmoadgens TeTr araamtverebad fxvnils, cximovans 

xelis SexebiT. misi Semadgenloba, garda ionogamcv-

leli marilebis wyvilisa (NaNO3, NH4CL), Seicavs 
qlorovani kaliumis mcire raodenobas, damatebiTi 

cecxlmaqris saxiT (ix. cxrili 2).

feTqebadi narevis detonaciuri SesaZlebloba 

uzrunvelyofilia mis SemadgenlobaSi mniSvnelovani 

raodenobis nitroeTerebis SeyvaniT, xolo wyalme-

degoba - maTi kolodionuri bambiT JelatinizaciiTa 

da hidrofoburi kalciumis stearatis mofrqveviT. 

ugleniti naklebad higroskopuli da naklebad 

midrekilia Setkepnisadmi, vidre sxva damcavi f.n.-ebi, 

romlebSic Sedis amiakis gvarjila.
ugleniti Э-6 (ix. cxrili 3) rekomendebulia 

nebismieri simtkicis naxSiris, susti da saSualo 

simtkicis qanebis asafeTqeblad im SemTxvevaSi, 

rodesac sangrevSi mxolod ori Ria zedapiri 

arsebobs, xolo rbil da saSualo simtkicis 

naxSirebSi – erTi Ria zedapiris arsebobisas. 

SezRuduli masis muxtebSi igi SeiZleba gamoyenebuli 

iqnes wyalgafrqvevisaTvis. is ar gamoiyeneba iseTi 

fenebis gaxsnisas, romlebic saSiSia naxSirisa da 

gazis  uecari gamortyocnebiT.

gadazidvisa da Senaxvis pirobebiT gaTanabre-

bulia f.n.-ebis II klasTan,  Tumca,  rogorc nitro-

glicerinis f.n. mometebulad mgrZnobiarea meqanikuri 

zemoqmedebebisadmi da toqsikuria, saWiroebs ufro 

frTxil mopyrobas, vidre amonitebi. vargisia 

sxvadasxva klimatur raionebSi gamosayeneblad. 

uaryofiTi temperaturebis pirobebSi muSaobisas 

moiTxovs gansakuTrebul sifrTxiles, rogorc  

nitroglicerinis Semcveli yvela f.n. mis 

SemadgenlobaSi Semavali nitroeTerebis narevi 

iyineba minus 19,5 oC -ze, rogorc sxva f.n.-ebi aseTive 
komponentis SemcvelobiT da gayinul mdgomareobaSi 

xdebian ufro saSiSi.
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AНТИГРИЗУТНЫЕ СВОЙСТВА ПРЕДОХРАНИ-
ТЕЛЬНЫХ ВЗРЫВЧАТЫХ ВЕЩЕСТВ

В статье рассмотрены предохранительные 
взрывчатые вещества (ВВ) специального типа, 
используемые в шахтах, взрывоопасных по газу 
и угольной пыли. Уменьшение опасности вос-
пламенения ВВ возможно добавлением в них 
теплопоглащающих элементов, а также торможе-
нием газоокислительных химических реакций. 
Соответственно, необходимо, чтобы добавляемые 
компоненты содержали ингибиторные элементы 
(например, хлориды и фториды), эффективность 
которых зависит от их дисперности.

В статье представлены как экспериментальные, 
так и расчетные характеристики данных предохра-
нительных ВВ. Отмечено, что предохранительные 
ВВ вместе с антигризутностью должны обладать 
высокими детонационными характеристиками 
для предотвращения их выгорания. В связи с этим, 
для создания предохранительных ВВ высокой 
мощности, предохранительные ВВ низкого класса 
помещаются в полиэтиленовые пленки, заполнен-
ные солесодержащей водой, которая и обеспечива-
ет устойчивую  детонацию и пламегашение.

KUCHUKHIDZE Z.,  APRIASHVILI  A., BAKHUTASH-
VILI G., SHATBERASHVILI G., TKHELIDZE G., SAM-
KHARADZE I. 
ANTI-GRISONITY PROPERTIES OF SAFETY 
EXPLOSIVES

In the paper the special safety explosives have 
been considered, which are used in gas- and dust- igni-
tion hazardous mines. The ignition hazard can be re-
duced by adding heat-absorbing components in explo-
sives and chemical inhibition of gas oxidizing reaction. 
Accordingly it is significant, that additive components 
have inhibiting properties as well (for example, chlo-
rides and fluorides), which effectiveness is depended 
on their dispersity. 

In the paper the calculated and experimental char-
acteristics of the explosives are given. It is noted that 
safety explosives along with flameproofness must have 
high detonation properties to escape their burn of. 
For creation of large power high protective explosives, 
the low class explosives are placed in polyethylene film 
full of salt water, which provides stable detonation.
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a n al i z i  -  А Н А Л И З   -  A N A L Y S I S

uak 620.1 : 691

akad. doqtori a. Ciqovani, akad. doqtori d. TevzaZe

temperaturisa da tenianobis gavlena betonis simtkicis 
formirebaze

naSromSi ganxilulia temperaturisa da teniano-naSromSi ganxilulia temperaturisa da teniano-

bis gavlena betonis simtkicis formirebaze, romelic bis gavlena betonis simtkicis formirebaze, romelic 

mimdinareobs aTeuli weli. am droSi misi simtkice mimdinareobs aTeuli weli. am droSi misi simtkice 

SeiZleba gaizardos. betonis gamagreba xdeba hidrat-SeiZleba gaizardos. betonis gamagreba xdeba hidrat-

aciis procesis Sedegad, reaqciisa Tvis yvelaze op-aciis procesis Sedegad, reaqciisa Tvis yvelaze op-

timalur pirobebSi (temperatura +20 timalur pirobebSi (temperatura +20 0C, fardobi Ti , fardobi Ti 

tenianoba 90-100 %). gamagreba dabal temperaturaze tenianoba 90-100 %). gamagreba dabal temperaturaze 

anelebs siCqares, magram dadebiTad moqmedebs betonis anelebs siCqares, magram dadebiTad moqmedebs betonis 

simtkicis formirebaze gvian asakSi. aseve aucilebe-simtkicis formirebaze gvian asakSi. aseve aucilebe-

lia maRali tenianoba, raTa gamoiricxos wylis aor-lia maRali tenianoba, raTa gamoiricxos wylis aor-

Tqleba betonidan. Tu es RonisZiebebi ar Catarda, Tqleba betonidan. Tu es RonisZiebebi ar Catarda, 

betonis struqtura dairRveva da simtkicis klebam betonis struqtura dairRveva da simtkicis klebam 

saproeqto asakSi SeiZleba miaRwios 50 %-s.saproeqto asakSi SeiZleba miaRwios 50 %-s.

betonis simtkicis formireba mimdinareobs didi 

xnis ganmavlobaSi da xelsayrel pirobebSi grZel-

deba aTeuli weli. am droSi betonis simtkice 

SeiZleba orjer gaizardos. es ganpirobebulia egreT 

wodebuli `klinkeris fondiT~ _ arahidtratire-

buli cementiT. cementis qvis struqturaSi, rom-

lis hidrataciis procesebi grZeldeba difuziuri 

kontrolis qveS xangrZlivi drois ganmavlobaSi. 

`klinkeris fondis~ raodenoba  damokidebulia ce-

mentis  dafqvis siwmindeze: ufro uxeSi dafqvis 

cementebSi marcvlebis didi zomiT, cementis didi 

nawili wylisaTvis misaRwevi xdeba mxolod di-

fuziis xarjze, rac gansazRvravs simtkicis didxans 

zrdas. Tanamedrove cementebi, rogorc wesi, wmind-

adaa dafquli, ris gamoc adreul asakSi maTi zrdis 

tempi maRalia, magram grZel asakSi simtkicis matebis 

intensiuroba dabalia. es aris mizezi, rom betonis 

simtkicis aRwerisaTvis sxvadasxva formulebi gam-

oiyeneba.

betonis xarisxis ZiriTadi normirebuli maCve-

nebelia simtkicis zRvari saproeqto asakSi. port-

landcementebiani betonebisaTvis dadgenili saproeq-

to  asakia 28 dRe. betonis gamagrebis  kinetikis 

aRwerisaTvis formalurad SeiZleba gamoyenebul iq-

nes  Semdegi saxis  damokidebulebebi:

   τ > 3;  (1)

   τ > 1;    (2)

   τ > 1;    (3)

sadac Rτ, R28 _ Sesabamisad betonis simtkicis zR-

varia kontrolirebad ϕ asakSi da saproeqto asakSi, 
megpa; k=0,2 – koeficienti, swrafgamagrebadi betone-
bisaTvis (cementebi CEM 42,5R; CEM 52,5); k= 0,25 _ 
normalurad gamagrebadi betonebisaTvis (CEM 32,5R; 
CEM 42,5); k=0,38 – nela gamagrebadi betonebisaTvis 
(CEM 32,5).

betonis simtkicis formireba xdeba hidrataciis 

_ portlandcementis mineralebis wyalTan urT-

ierTmoqmedebis Sedegad. hidrataciis procesisaTvis, 

rogorc qimiuri reaqciisaTvis, yvelaze xelsayre-

lia normalur garemosTan miaxloebuli pirobebi, 

e.i. betonis gamagrebis yvelaze optimaluri tem-

peratura daaxloebiT +20 0C. gamagrebis tempera-
turis Semcireba iwvevs betonis simtkicis zrdis 

Senelebas. adreul asakSi betonis gayinvas mkveTrad 

gamoxatuli uaryofiTi gavlena aqvs: adreul asakSi 

gayinuli betonis simtkice, SemdegSi xelsayrel pi-

robebSi gamagrebis miuxedavad, Seuqcevad mcirdeba 

50 %-mde. gamagreba dabal dadebiT temperaturaze 

nax. 1. temperaturis gavlena betonis simtkicis nax. 1. temperaturis gavlena betonis simtkicis 

kinetikaze: 1-5 kinetikaze: 1-5 0C;C; 2-5  2-5 0C;C; 3-20  3-20 0C;C; 4-40  4-40 0C

nax. 2 . betonis simtkicis mateba drois mixedviT: nax. 2 . betonis simtkicis mateba drois mixedviT: 

gamagrebis temperaturis,  betonis klasisa da ce-gamagrebis temperaturis,  betonis klasisa da ce-

mentis saxeobis mixedviT: mentis saxeobis mixedviT: R, SR, S – Sesabamisad Cqara  – Sesabamisad Cqara 

da nelad gamagrebadi; da nelad gamagrebadi; T – gamagrebis temperatura,  – gamagrebis temperatura, 
0C;  25,80 – betonis kumSvis simtkice ;  25,80 – betonis kumSvis simtkice 

1-R25-T=5; 2-R80-T=5; 3-S25-T=20; 4-S80-T=20; 1-R25-T=5; 2-R80-T=5; 3-S25-T=20; 4-S80-T=20; 
5-R25-T=20; 6-R80-T=205-R25-T=20; 6-R80-T=20
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anelebs gamagrebis siCqares, magram dadebiTad moq-

medebs betonis simtkicis formirebaze gvian asakSi, 

xelsayrel pirobebSi: aseTi betonis simtkicis mate-

bam SeiZleba miaRwios 20 %-s, Tumca amis misaRwevi 

dro arsebiTad aWarbebs saproeqtos (ix. nax. 1).

betonis simtkicis mateba gamagrebis tempera-

turis gaTvaliswinebiT SeiZleba aRwerili iqnes 

Semdegi damokidebulebiT (ix. nax. 2).

  (4)

sadac Rτ, R28 _ Sesabamisad betonis simtkicis zRvari 

kontrolirebad τ droSi da saproeqto asakSi, dRe; 
T – gamagrebis temperatura, 0C; B – betonis klasi 

kumSvis simtkiceze, megpa; KC, KA – koeficientebi, iT-
valiswineben cementis saxeobis gavlenas gamagrebis 

tempis mixedviT (KC=0,85_1,15) da danamatis gavle-

nas simtkicis kinetikaze (KA=0,8_1,2).

temperaturis gazrdiT xdeba betonis simtki-

cis daCqareba adreul periodSi daaxloebiT 2-jer 

TiToeul 10 0C-ze. es gansakuTrebiT TvalsaCinoa  

betonis Tboteniani damuSavebis dros, romelic gam-

oiyeneba betonis da rkinabetonis qarxnebSi da mTel 
rig SemTxvevebSi samSeneblo obieqtebze zamTris pi-

robebSi, betonis gamagrebis dasaCqareblad (ix. nax. 

3). magram unda vicodeT, rom gamagrebam maRal ten-

peraturaze SeiZleba moaxdinos  zogierTi negati-

uri gavlena betonis simtkiceze saproeqto asakSi. 

simtkicis SesaZlo Semcireba SeiZleba iyos 5-15 %.

cxrilSi 1 mocemulia gamagrebis temperaturis 

gavlena betonis mier gasaSvebi (yalibis moxsnis) 

simtkicis miRwevis dros.

betonis simtkicis formirebisaTvis xelsayreli 

pirobebia maRali tenianoba (95 %-ze meti), romelic 

gamoricxavs mis gauwyloebas, e.i. wylis aorTqlebas 

gamagrebadi betonidan, radgan, pirvel rigSi, wyali 

aucilebelia cementis normaluri hidrataciisaTvis, 

xolo wylis aorTqleba iwvevs Seklebas, rac axdens 

betonis struqturis gauaresebas. betonis wyalSi 

didxans yofna xelsayrelia hidrataciisaTvis, magram 

SeiZleba gamoiwvios betonis simtkicis Semcirebac 

(20 %-mde), normalur pirobebTan SedarebiT, rad-

gan forebis sruli gaJRenTa axdens mis gansolvas. 

betonis gamagreba dabaltenianobis pirobebSi, gan-

sakuTrebiT adreul asakSi, Txoulobs movlas, raTa 

gamoiricxos wylis aorTqleba betonidan. Tu es 

RonisZiebebi ar Catarda, betonis struqturis dar-

Rveva iqneba Seuqcevadi da simtkicis klebam sap-

roeqto asakSi SeiZleba miaRwios 50 %-s. teniano-

cxrili 1cxrili 1

gasaSvebi simtkicis miRwevis vadebigasaSvebi simtkicis miRwevis vadebi

BB25 klasis betonis mier saproeqto markis 50 % simtkicis miRwevis saorientacio dro (dRe), 

gamagrebis temperaturaze

20 0C 5 0C

swrafad gamagrebadi nela gamagrebadi swrafad gamagrebadi nela gamagrebadi

2 6 6 12

nax. 3 . Tboteniani damuSavebuli betonis simtki-nax. 3 . Tboteniani damuSavebuli betonis simtki-

cis kinetika normalur pirobebSi gamagrebulTan cis kinetika normalur pirobebSi gamagrebulTan 

SedarebiT: 1 - normaluri pirobebi; 2 - Tboteniani SedarebiT: 1 - normaluri pirobebi; 2 - Tboteniani 

damuSavebadamuSaveba

nax. 4 . garemos tenianobis gavlena betonis nax. 4 . garemos tenianobis gavlena betonis 

simtkicis formirebaze: 1 _ normalur pirobebSi; simtkicis formirebaze: 1 _ normalur pirobebSi; 

2 _ 2 _ ϕ1 tenianobis dros; 3 _ tenianobis dros; 3 _ ϕ2 tenianobis dros tenianobis dros
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bis gavlena betonis simtkicis formirebaze warmod-

genilia naxazze 4.

betonis simtkicis formireba unda mimdinareob-

des gamagrebisaTvis xelsayrel pirobebSi (gamagreba-

di betonis movla)  im drois ganmavlobaSi, sanam is 

miaRwevs e.w. ̀ kritikul~ simtkices, romelSidac igu-

lisxmeba simtkicis is mniSvneloba, romlis miRwevis 

Semdeg gamagrebis pirobebi `arakeTilganwyobilad~ 

aRar imoqmedeben betonis simtkicis formirebaze. 

zamTris pirobebSi es Seadgens saproeqto simtkicis 

85 %-s. cnobili normatiuli mdgomareoba (piroba) 

magaliTad, aranakleb 5 megpa an saproeqto markis 

aranakleb 30-50 %-s, betonis markaze damokideb-

ulebiT, arasakmarisia.  cxel, mSral amindSi kriti-

kuli simtkicis sidide Seadgens saproeqtos 55-

85 %-s, betonis saxeobis da klimaturi pirobebis 

gaTvaliswinebiT, an magaliTad, normalur pirobebSi 

gamagrebis 7 dRes.

cxrili 2cxrili 2

monoliTuri betonis konstruqciis minimaluri simtkice Camoyalibebis drosmonoliTuri betonis konstruqciis minimaluri simtkice Camoyalibebis dros

konstruqcia betonis minimaluri simtkice, megpa

dautvirTavi monoliTuri konstruqcia: vertikaluri 

zedapiri  horizontaluri da daxrili zedapirebi malis 

sigrZiT, m:

               6-mde

               6-ze meti

0,2_0,3

saproeqtos 70 %

saproeqtos 80 %

datvirTuli konstruqciebi, maT Soris zemoTmdebare 

betonisagan:

konstruqciebi msubuq betonze:

   Tbosaizolacio

   konstruqciul-Tbosaizolacio

   armirebuli

   winaswardaZabuli

ganisazRvreba samuSaoTa mwarmoeblisagan, 

saproeqto organizaciasTan SeTanxmebiT

0,5

1,5

3,5

magram aranaklebi saproeqto simtkicis 50 %-is

14,0 magram aranaklebi 

saproeqto simtkicis 70 %-is

amJamad saqarTveloSi TiTqmis yvelaferi beto-

niT da rkinabetoniT Sendeba. amitom logikuria 

praq tikuli TvalsazrisiT moviyvanoT cxrili 2, 

ro melic gviCvenebs Tu rogori unda iyos sxvadasx-

va konstruqciis minimaluri simtkice Camoyalibebis 

dros.
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ЧИКОВАНИ А.Б., ТЕВЗАДЗЕ Д.Н.
ВЛИЯНИЕ ТЕМПЕРАТУРЫ И ВЛАЖНОСТИ НА 
ФОРМИРОВАНИЕ ПРОЧНОСТИ БЕТОНА

В статье рассматривается влияние температу-
ры и влажности на формировании прочности бе-
рега. Формирования прочности бетона протекает 
в течении десятилетий. В это время его прочность 
может увеличится в два раза. Твердение бетона 
происходит в процессе гидратации, при самых 
оптимальных условиях для реакции (температура 
+200 С, относительная влажность 90-100%). Ско-
рость твердения бетона при низких температурах 
уменьшается, но положительно влияет на форми-
рование прочности бетона в позднем возрасте. 
Также необходимо высокая влажность, чтобы ис-
ключить испарение воды из бетона. Если эти ме-
роприятия не будут выполнены, структура бетона 
нарушиться и прочность в проектном ввозрасте 
может понизится до 50%.

CHIKOVANI A.B., TEVZADZE D.N.
IMPACT OF TEMPERATURE AND MOISTURE 
ON FORMATION OF CONCRETE STRENGTH 

In the article are considered impact of temperature 
and moisture on formation of concrete strength. The 
formation of concrete strength occurs during dozen 
years. During this time its strength would be increased. 
The concrete hardening occurs as a result of hydration 
process, in most optimal condition for reactions (tem-
perature +20 oC, moisture -100%). The hardening at 
low temperatures slows down rate, but makes positive 
impact on formation of mature concrete strength. Also 
is high moisture for avoiding of water vaporization 
from concrete. Without these actions the structure of 
concrete would be failed and strength reduction at de-
sign age would reach up to 50 %.    
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Todis gamoyenebis SesaZleblobebi am mimarTulebiT, Todis gamoyenebis SesaZleblobebi am mimarTulebiT, 

mocemulia msoflioSi arsebuli gamocdilebis ana-mocemulia msoflioSi arsebuli gamocdilebis ana-

lizi.lizi.

naSromSi mocemulia SoTa rusTavelis erovnuli naSromSi mocemulia SoTa rusTavelis erovnuli 

samecniero fondis grantiT samecniero fondis grantiT № АК /43/9 - 220/ 14 № АК /43/9 - 220/ 14 gaT-gaT-

valiswinebuli kvlevis Sedegebi.valiswinebuli kvlevis Sedegebi.

soflis meurneobis produqciis srulyofili 

kvlavwarmoebis aucilebel pirobas warmoadgens misi 

uzrunvelyofa mineraluri da kompleqsuri sasuqe-

biT. maT misaRebad mniSvnelovania arsebuli miner-

aluri resursebi, rogorc mcenareTa kvebis elemen-

tebis da fiziologiurad aqtiuri nivTierebebis 

miRebis wyaro.

cnobilia, rom mcenaris normaluri zrda-gan-

viTarebisaTvis aucilebelia iseTi masazrdoebeli 

garemo, romelic Seicavs Semdeg elementebs: nax-

Sirbads, wyalbads, Jangbads, azots, fosfors, kali-

ums, natriums, kalciums da sxva. am TvalsazrisiT 

erT-erT mniSvnelovan elements warmoadgens ka-

liumi. kaliumi azotisa da fosforis msgavsad im 

ZiriTadi mineralebis elementebis ricxvs miekuT-

vneba, romelebic aucilebelia cxovelebis, mcenaree-

bisa da mikroorganizmebis arsebobisaTvis. kaliumis 

fiziologiuri roli mcenareul organizmSi sakmaod 

mravalmxrivia. igi udides gavlenas axdens proto-

plazmis koloidebis fizikur mdgomareobaze, adidebs 

hidrofilurobas da gvalvagamZlobas, aseve zrdis 

imunitets sxvadasxva daavadebis mimarT, xels uwyobs 

vitaminebis sinTezs, zrdis processa da mosavlis 

formirebas.

kaliums yvelaze meti raodenobiT Seicavs alu-

mosilikatebi. isini warmoadgenen dedamiwis qerq-

is yvelaze mravalricxovan da farTod gavrcele-

buli mineralebis jgufs. amiT aris ganpirobebuli 

am jgufis naerTebis gardaqmnis mimarT yuradReba, 

romelsac iCenen gamoCenili mecnierebi, maT Soris 

darvini, vernadski, viliamsoni da sxva. alumosi-

likatebis gardaqmnis Seswavla, kerZod, maTi daS-

la, mniSvnelovania Tavis mxriv pirveladi niadag-

warmoqmnis procesis  gasagebad.  meore mxriv ar 

SeiZleba yuradReba ar mieqces imas, rom bevri alu-

mosilikati, rogoricaa magaliTad mindviris Spatebi, 

qarsebi, traqiti Seicaven 13-20 % kaliums. aseTi 

alumosilikatebis farTo gavrcelebis gamo, kalu-

mis saSualo Semadgenloba miwis qerqSi aRwevs 2,58 
%-s, rac Seexeba niadags, misi erTi metri sigrZis 

fenaSi 1 h   farTobze kalumis maragi alumosi-

likatebis saxiT ganisazRvreba maRali niSnuliT _ 

150-350 t. am raodenobiT kulturuli mcenaree-

bis kalიumiT kveba uzrunvelyofili unda yofilyo 

aTasi wlis manZilze, magram alumosilikatebSi ka-

liumi ver SeiTviseba umravlesi mcenareebis mier. 

amis gamo maRali mosavlis misaRebad kalumi azo-

tisa da fosforis msgavsad yovelwliurad SeaqvT 

sasuqebis saxiT.

kaliumis naerTebis warmoebisaTvis kaliumis 

nedleulis msoflio maragis SezRuduloba da maTi 

maRali fasi hqmnis aucileblobas mcenareTa kvebi-

saTvis axali alternatiuli wyaroebis ZiebisaTvis. 

am TvalsazrisiT bioteqnologiuri procesebis 

gamoyeneba zrdis niadagis kaliumis  maragis xelmi-

sawvdomobas mcenareebisaTvis.

arakondiciuri kaliumiani silikatebis sawarmoo 

masStabiT damuSaveba klasikuri meTodiT ararenta-

beluria. bioteqnologiuri procesebis gamoyenebas 

SeuZlia uzrunvelyos maTi CarTva nedleulTa 

resursSi sakmaod maRali teqnikur-ekonomikuri 

maCveneblebiT.  gansakuTrebiT aqtualurobas iZens 

problema, romelic ukavSirdeba cocxali nivTiere-

bis (mikroorganizmebis) rolis axsnas silikatebis 

destruqciaSi, radganac igi pirdapir SexebaSia si-

likatebis nedleulis gadamuSavebis teqnologiis 

axali mimarTulebis ganviTarebasTan,  rac gaTv-

lilia sasargeblo komponentebis gamdidrebasa da 

amokrebasTan silikaturi baqteriebis gamoyenebiT. es 

baqteriebi Slian ra mineralebis silikatur mesers, 

mTeli rigi elementebi gadahyavT xsnad mdgomare-

obaSi. am saxeobis baqteriebis gamoyeneba warmoebaSi 

usafrTxoa. warmoebis procesis optimaluri tem-

peratura ar aRemateba 28-30 0C, xolo gamosatuti 

aris mJavianoba neitraluria. procesi ekologiurad 

usafrTxoa.

mTeli rigi avtorebis mier [1, 2], dadgenilia, 

rom silikatur baqteriebs aqvT unari daSalon si-

likatebSi siloqsanuri kavSirebi. am TvalsazrisiT 
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aqtiurobiT gamoirCeva heterotrofuli baqteria 

Bacillus mucilaginosus-i.
silikatebis daSlis dasawyisi dakavSirebulia 

ujredis fermentuli aparatis uSualo urTi-

erT qmedebaze, kerZod, ujredis lorwovani kafsu-

la Semoekvreba mineralis nawilakebs. warmoqmnil 

sistemaSi xorcieldeba silikatis eleqtronu-

li  struqturis daSlis urTulesi procesi, rac 

ganpirobebuliა am უkanasknelis sxvadasxva defeqte-

biT, pirvel rigSi aluminis Jangbadis tetraedebSi 

CanacvlebiT, rasac mivyavarT kovalneturi kavSirebis 

SesustebasTan. am dros mineralze ieriSSi erTvebian 

wyalxsnaris komponentebi, kerZod, ioni hidroliza-

torebi OH-, H+ da H2O [3]. ase magaliTad. z. norbae-

visa da v. cirenovis mier gamoyofili silikaturi 

baqteriebi xasiaTdebian didi lorwovani kafsulis 

warmoqmnis unariT, romelic polisaqaridebis bune-

bisaa. bioafskis warmoqmna warmoadgens silikaturi 

baqteriebis mier mineralis zedapiris adgeziis pro-

cess. bioafskis warmoqmnis erT-erT mniSvnelovan 

etaps warmoadgens ujredebis erTmaneTTan mierTeba, 

anu aglomeratebis warmoqmna. imisaTvis, rom si-

likatebis baqteriuli gamotutvis procesi war-

matebiT warimarTos, aucilebelia amorCeuli iqnas 

iseTi Stami, romelic xasiaTdeba aglomerantebis 

warmoqmnis didi unariT [4].

organuli nivTierebebis mierTeba silicium-

is atomTan mkveTrad cvlis siloqsanuri bmebis 

Tvisebebs. Tu ki am ukanasknelSi SeerTeba iseTi 

Zlieria, rom gacxelebiT 18000 C0-ze ar iSleba, 

masze ar moqmedebs gogirdmJava da sxva mJaveebi. baq-

teriuli damuSavebis Semdeg  poliorganosiliqsanebi 

ukve iSlebian 400 C0-ze da gogirdmJavis moqmedebiT, 

e.i. silikatur-organuli naerTebis warmoqmna mikro-

organizmebis zemoqmedebiT alumosilikatSi, SeiZleba 

CaiTvalos maTi daSlis pirvel safexurad [5].

l. iaxontovas Catarebulma eqsperimentulma 

samuSaoebma, romelic exeba silikatebis gamotutvas 

Bacillus mucilaginosus-iT, aCvena am procesis maRali 

intensiuroba. magaliTad arsebobs alumosilikate-

bis daSlis dros calkeuli elementebis moxle-

Cis garkveuli rigiToba: xsnarSi pirvelad gadadis 

tute metalebi, maT Soris kaliumi, Semdgom mag-

niumi, rkina da yvelaze bolos siliciumi da alu-

mini. miRebulia silikatebisa da alumosilikatebis 

mdgradobis Semcirebis Semdegi rigi biogenuri gamo-

tutvisas; (am rigSi indeqsi 10 axasiaTebs mineralis 

umaRles mdgradobas, xolo indeqsi 1 – umdables 

mdgradobas). mTis broli (10–9); qalcedoni (7–6); 

kvarci Al-O centrebiT (1); albiti mouwesrigebeli 

(8, 5); labradori (7); anortiti (1); disteni (10); 

andaluziti (6); silimaniti (1); talki (10); kao-

liniti (8); traqiti (8); muskoviti (8); glaukoniti 

(6); Samoziti (1). mecnierebis azriT mineralebis 

destruqcia Zlierdeba mis kristalur struqtura-

Si oTxkoordinatuli aluminis rolis gazrdiT, e.i. 

xidakebis Jangbadis kavSirebis SesustebiT Jangbad 

silicium tetraedebSi. mineralebis destruqciis 

procesis xelSemwyob pirobas warmoadgens defeqti 

centralebi, mineralebis kaTionur nawilSi  izomor-

fuli Canacvlebebi da sxva. [6].

mTel rig SromebSi naCvenebia kaliumisa da sxva 

elementebis gamotutva bioteqnologiuri meTodis 

gamoyenebiT. magaliTad, t. zakis mier Catarebuli 

iyo cdebi silikaturi baqteriebiT kaliumis ux-

snadi naerTebidan kaliumis gamonTavisuflebaze. 

eqsperimentebi Catarda niadagis alumosilikatebis 

kompleqsidan miRebul dendritebze, romelic Seicavs 

kaliumis uxsnad marilebs. Sedegebma aCvena, rom 

gamonTavisuflebuli kaliumis raodenobam Seadgina 

54 %, alumo-silikatebis wonakis momatebam uazo-

to sakveb areSi gazarda kaliumis xsnadoba, xolo 

azotis damatebis Semdeg baqterialurma titrma ki 

aiwia, magram daiwia gamonTaviseblebuli kaliumis 

raodenobam. amave avtoris mier Catarebulma cdebma 

orToklazsa da muskovitze, aCvena, rom sxvadasxva 

minerali gansxvavebuli xarisxiT eqvemdebareba baq-

teriul gamotutvas [7, 8].

unda aRiniSnos korelacia lorwos dagroveba-

sa da kaliumis gaxnas Soris. am SemTxvevaSi alu-

mosilikatebSi kaliumi Caenacvleba naxSirbadis 

radikaliT, warmoqmnis kaJmiwa-organul naerTs. am 

Tvalsazris iziareben rusi avtorebi, rogorica n. 

belkanova, e. avakiani da sxva. maTi monacemebiT si-

likatis gamotutva intensificirdeba im SemTxvevaSi, 

Tu ki kulteralur xsnarSi momatebuli iyo baq-

teriis mier gamoyofili lorwo, romlis warmoqmnis 

raodenoba damokidebulia naxSirbadisa da azotis 

Tanafardobis cvlilebebTan [9].

i. malinovskaias, l. kosenkos SromebSi naCven-

ebia Bacillus mucilaginosus mier gamoyofili lor-

wos polisaqaridebis roli silikaturi miner-

alebis destruqciaSi. dadgenili iqna, rom mxolod 

polisaqaridebi ar axdenin mineralebis destruq-

cias. Bacillus mucilaginosus-s ekzopoli-saqaridebi-

sa da dabalmolekuluri metabolitebis (mJave 

Tvisebebis) erTdrouli moqmedeba aaqtiurebs min-

eralidan SiO2-s gamotutvas. sakvlev obieqts war-

moadgenda kvarcis qviSa. destruqciis procesze 

msjeloben xsnarSi siliciumis mJavis warmoqmniT. 

ekzopolisaqaridebis SemadgenlobaSi Sedioda nei-

traluri polisaqaridebi: galaqtoza, minoza, gluko-

za da mJave komponentebi: uranis, piroyurZnis  mJava, 

glukozamini, cilebi, nukleinis mJavebi, romlebic 

Sediodnen  Bacillus mucilaginosus-is mier gamoyofil 
lorwoSi. Sedegebma gviCvenes, rom SiO2-s gamotutvam 
Seadgina 93 % 24 dReRamis ganmavlobaSi. avtore-

bi am efeqts xsnian imiT, rom  Bacillus mucilaginosus 
polisaqaridis gamdidreba xdeba organuli mJavebiT, 

rac adidebs mis sorbirebad ares. organuli mJavebis 
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sorbireba polisaqaridze Tavis mxriv xels uwyobs 

gamotutuli ionebis  lokalizacias polisaqaridze, 

ris Sedegadac xdeba ionebis gamoyofa sareaqcio 

areSi [10].

e. melnikovas, z. avakianis da sxva avtorTa mier 

Catarebulma cdebma aCvena, rom silikaturi baqterie-

bi, kerZod,  Bacillus mucilaginosus-is biomasis gamoyen-
ebiT xdeba berilSemcveli mineralebis destruqcia 

siliciumis, berilis, aluminis amowvlilvis mizniT. 

zemoT aRniSnuli mineralebi miekuTvnebian gansa-

kuTrebulad mdgrad mineralTa jgufs. Sedegebma 

gamoavlina, rom Bacillus mucilaginosus-is mier warmo-
qmnili ekzopolisaqaridebi iwveven silikaturi da 

alumosilikaturi mineralebis daSlas da Seicaven 

galaktozas, saqarozas, manozis da sxva. beriliumis 

amoRebam miaRwia 767 mg/l (BeO). avtorebis azriT 
silikatur baqteriebs pH–is farTo diapazonis 

SemTxvevaSic SeuZliaT xeli Seuwyon berilSemcveli 

mineralebis ara mxolod destruqcias, aramed cocx-

ali arsebebisTvis toqsikuri nivTierebebis amoRebas, 

magaliTad, iseTi rogoricaa beriliumi [11].

sainteresoa l. iaxontovas, l. nesterovas, t. 

lubarskais naSromi, romelSic dadgenilia, rom min-

eralebis baqteriuli destruqciis procesSi oTxk-

oordinaciuli aluminis intensifikaciuri gavlena, 

maTi kristaluri struqturis defeqtebi da aras-

rulyofa, aseve nimuSebis kristalurobis xarisxi 

axdens gavlenas ama Tu im mineralis biogenur 

de struq ciaze. silikaturi baqteriebis meSveo-

biT Ca ta rebulia mTeli rigi mineralebis daSlis 

eqsperi mentebi gamosatut neitralur areSi (pH-7). 
nimuSebis sxvadasxva seriebisTvis eqsperimentis xan-

grZlivoba Seadgenda 4–15 kviras. cdis dasrulebi-

saTvis kulteraluri xsnaris mJavianoba TandaTan 

mcirdeba pH 5,0–4,5 mde. miRebuli Sedegebi Semdegi 

daskvnebis gamotanis saSualebas iZleva: 1) yvelaze 

intensiurad ituteba kvarci minarevebis defeqtiT 

– tetraedruli aluminiT; 2) Sesaswavli nimuSebis 

baqteriuli gamotutvis intensifikaciisaTvis xel-

sayrelia nimuSebis kristalizaciis dabali xarisxi; 

3) SiO2-is amorful saxesxvaobebs baqteriebi ar 

Slian.

fenovan silikatebs Soris yvelaze advilad 

dasaSleli aRmoCnda Samoziti da glaukoniti, 

romelTa kristaluri struqtura mcired sruly-

ofilia, qimiuri Sedgeniloba cvalebadi da steq-

iometrulia.  baqteriuli destruqciisadmi yvelaze 

mdgradia talki, romlis fenovani struqtura, gan-

sakuTrebiT tetraedruli  araTixamiwovani badeebi 

ufro metad idialuria. magniumi araa Canacvlebuli 

arc aluminiT, arc rkiniT. taumasiti 4 kviriani 

baqteriuli gamotutvis Sedegad TiTqmis mTlianad 

iSleba. zemoT moyvanili monacemebis safuZvelze av-

torebi askvnian, rom silikaturi mineralebis baqte-

riuli gamotutvisaTvis gasaTvaliswinebelia miner-

alebis konstruqciis Seswavla [12].

l. iaxontovasa da k. andreevis mier Seswavlilia 

karbonatebis damatebis mniSvneloba kvarcisa da 

kaolinitis silikaturi baqteriebiT gamotutvis 

intensifikaciisaTvis. karbonatebis Tanaobisas (ka-

lciti, sideriti) maT Soris radiaciuli defeqte-

biT, gansakuTrebiT Y-kvantebiT dasxivebisas xdeba 

silikatis gamotutvis intensificireba. avtorebis 

azriT baqteriuli ujredebis pirdapiri zemoqmede-

bis Sedegad mineralis zedapirze, rodesac myardeba 

kavSiri baqteriis cxovelmyofelobasa da silikatis 

destruqciis intensiurobas Soris, SesaZlebelia 

praqtikulad gamoviyenoT es faqti da warvmar-

ToT SiO2-is baqteriuli gamotutva efeqturi gziT 

kerZod, SesaZlebelia mineralebze defeqtebis war-

moqmna da mineralebis narevebis Seqmna sxvadasxva 

struqtruli mowesrigebulobiT. radiaciuli de-

feqtebi xels uwyoben karbonatuli naxSirbadis ga-

dasvlas xsnad mdgomareobaSi da mikroorganizmebis 

mier maT swraf aTvisebas [13].   

j. rossis mier ganxilulia italiaSi arse-

buli dabali xarisxis boqsitebisa da leicitebis 

gamoyeneba kalumis naerTebis misaRebad silikaturi 

baqteriebis gamoyenebiT. klasikuri meTodebiT ase-

Ti nedleulis gadamuSaveba ararentabeluria. am 

TvalsazrisiT avtors miaCnia, rom biometalurgiis 

mimarTuleba ufro perspeqtiulia da teqnikur-

ekonomikurad gamarTlebuli [14].

Cexi mecnierebis mier Seswavlilia kali-

traqitebidan kaliumis baqteriuli gamotutvis 

SesaZlebloba silikaturi baqteriebis saSualebiT. 

maTi azriT, imisaTvis rom intensiurad wavides kali-

umis gamotutuvis procesi, unda gaTvaliswinebuli 

iqnes mineralebSi mikroelementebis Semcveloba da 

maTi struqturuli mowesrigebuloba    [15].

amrigad, silikaturi da alumosilikaturi ned-

leu lis gadamuSavebis bioteqnologiuri mimarTuleb-

is ganviTareba gaTvlilia sasargeblo komponentebis 

gamdidrebasa da amokrebasTan bioteqnologiis gamoy-

enebiT.  

am mimarTulebiT sainteresoa saqarTveloSi ar-

sebuli aramadneuli mineralebis sabadoebi, rogori-

caa kaliumis Semcveli traqitebis, glaukonitebis, 

filifsitebis da sxva. kaliumiani (12-14 % K2O) 
mindvris Spatis Semcveli (90 %) traqitebi war-

moadgenen askanis bentonituri Tixis sabados mxurav 

qanebs. am qanebis nawili amoRebuli da dasawyoebe-

lia, nawili miwis wiaRSia da maTi maragebi Seadgens 

6,0 mln tonas.  aRniSnuli sabdos garda, guriis re-

gionSi gamovlenilia sxva sabadoebi (famfaleTi, vanis 

qedi da sxva), romelTa gaTvaliswinebiT traqitebis 

prognozuli resursebi aRemateba 10 mln tonas. 

tra qitebSi kaliumis da natriumis SemcevelobaTa 

Sefardeba Seadgens 13,3/0,7=19, rac  gamoricxavs 

miRebuli kaliumis saboloo produqtSi arasasur-
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veli natriumis SemcirebisaTvis teqnologiuri pro-

cesis garTulebas.

glukontebi rTuli da cvalebadi Sedgenilobis 

mineralia, Seicavs SiO2-ს 49-56 %; Fe2O da FeO  21% 
mde, Al2O3 - 18 %; K2O - 10 %; MgO - 7%, wyals 13 %-mde, 

miekuTvneba hidrokarsebis jgufs. gvxvdeba wvril-

marcvlovani, miwisebri masebis saxiT. warmoSobiT  

danaleqi qania, gavrcelebulia qviSebSi, qviSaqvebSi, 

TixebSi, mergelebSi, kirqvebSi. saqarTveloSi glau-

koniti bevrganaa, gansakuTrebiT quTaisis midamoebSi 

(godogani, banoja, gumbri, melauri, aseve xCeri, RoreSa,  

xoriTi, laSe da sxv.) afxazeTSi - saTanjo, tyvar-

Celi, raWaSi-nikorwminda, sxvava, Sqmeri. rac Seexeba 

kaliumis Semcvel ceolitebs, filifsitebs, cnobilia 

lanCxuTis raionSi SuxuTis filifsitebis Semcveli 

tufebi, lanCxuTis filifsitebi Seicavs:  K2O - 5,4 %; 
SiO2- 50 %; Al2O3- 18,2 %; Na2O-0,51 %.

yovelive zemoaRniSnulidan SeiZleba davaskvnaT, 

rom Tanamedrove pirobebSi, rodesac warmoiSo-

ba aucilebloba kaliumSemcveli naerTebis miRe-

bisa, SezRuduli resursuli pirobebis gaTval-

iswinebiT, bioteqnologiuri meTodis gamoyeneba qmnis 

SesaZleblobas efeqturad gamoyenebuli iqnas kali-

umSemcveli alumosilikatebis, rogorc kondiciuri, 

aseve arakondiciuri sabadoebi, saWiro kaliumiani 

sasuqebis da misi naerTebis unarCeno gamoyenebisaT-

vis.
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Для эффективного использования ресурсов мине-
рального сырья в сельском хозяйстве и в промышлен-
ности, значительные возможности открывает исполь-
зование биотехнологического метода. В этом направ-
лении особый интерес представляет, использование 
местных ресурсов агроминерального сырья, в частнос-
ти алюмосиликатов и силикатов. В статье рассмотре-
ны возможности использования биотехнологического 
метода в этом направлении, дается анализ мирового 
опыта.

KARTVELISHVILI L., KAKULIA ZH., MALASHKHIA SH., 
LOMIDZE N., KANDELAKI M., CHOCHIA L., 
CHKHOBADZE N.
POSSIBILITIES FOR USE OF TECHNOLOGY 
FOR PRODUCING  POTASSIUM COMPOUNDS 
FROM POTASSIUM-CONTAINING NONMETAL-
LIC FEED

For improved and effective using mineral resource 
in agriculture and industry, the application of biotech-
nology method offers the considerable possibilities. 
In this regard of special interest is using domestic re-
source supply of agromineral raw materials, in particu-
lar aluminosilicates and silicates. In article the possi-
bilities of using biotechnology method in the field are 
considered, the worldwide experience is analyzed.
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akad. doqtori d. bluaSvili, doqtoranti q. benaSvili, 

magistri S. janaSvili

zemo svaneTis hercinul warmonaqmnebTan dakavSirebuli oqros

madangamovlenebis geologiur-geneturi modeli

statiaSi ganxilulia zemo svaneTis hercinul statiaSi ganxilulia zemo svaneTis hercinul 

warmonaqmnebTan dakavSirebuli oqros madangamovle-warmonaqmnebTan dakavSirebuli oqros madangamovle-

nebis geologiur-geneturi modeli. uaxlesi klas-nebis geologiur-geneturi modeli. uaxlesi klas-

ifikaciis mixedviT, zemo svaneTis hercinul war-ifikaciis mixedviT, zemo svaneTis hercinul war-

monaqmnebTan dakavSirebuli oqros madangamovlen-monaqmnebTan dakavSirebuli oqros madangamovlen-

ebi miekuTvneba hidroTermul gamadnebebs, romlebic ebi miekuTvneba hidroTermul gamadnebebs, romlebic 

formirdebian regionuli teqtonikuri da magmuri formirdebian regionuli teqtonikuri da magmuri 

aqtiurobis periodSi, magram magmuri aqtiurobis aqtiurobis periodSi, magram magmuri aqtiurobis 

keridan moSorebiT. aseTi tipis  madniani mineral-keridan moSorebiT. aseTi tipis  madniani mineral-

izaciis klasikur magaliTs warmoadgens orogenuli izaciis klasikur magaliTs warmoadgens orogenuli 

gamadnebebi, romlebic formirdebian aqtiurad evol-gamadnebebi, romlebic formirdebian aqtiurad evol-

iciur orogenul sistemebSi. am tipSi madniani min-iciur orogenul sistemebSi. am tipSi madniani min-

eralizacia mimdinareobs maRali wnevis (1.5-5 kb) eralizacia mimdinareobs maRali wnevis (1.5-5 kb) 

da temperaturis (300-450 da temperaturis (300-450 0C) pirobebSi, 4-15 km ) pirobebSi, 4-15 km 

siRrmeze, gamadnebis Semcav qanebs ki warmoadgenen  siRrmeze, gamadnebis Semcav qanebs ki warmoadgenen  

metamorfitebi, migmatitebi da magmatitebi. metamorfitebi, migmatitebi da magmatitebi. 

rogorc cnobilia, sxvadasxva tipis madneuli 

sabadoebis geologiur-geneturi modeli am saba-

dos agebulebis, nivTieri Sedgenilobis, warmoSobis 

pirobebis, sivrceSi ganawilebis kanonzomierebe-

bis da madanwarmoSobis sxva sakiTxebis dasadgenad 

Catarebuli kvlevis Sedegs warmoadgens.

madneuli sabadoebis geologiur-geneturi mo-

de lis Seqmna mocemuli konkretuli obieqtis 

formirebis mTeli sistemis srul Secnobas gulisx-

mobs, dawyebuls madneuli nivTierebebis wyarodan 

misi transportirebisa da miwis qerqis ama Tu im 

nawilSi madneuli budobebis koncentraciamde.

geologiuri mecnierebebis, kerZod, madneuli saba-

doebis geologiis da momijnave mecnierebebis didma 

progresma ukanaskneli wlebis manZilze ganapiroba 

madanwarmoSobis fundamenturi problmebis ufro 

Rrma damuSaveba. 

madneuli formaciis geologiur-geneturi mod-

eli Semdeg faqtorebs da parametrebs unda Seicavdes: 

madneuli formaciebis warmomqmneli procesebis siR-

rme, madneuli nivTierebebis da madanwarmomqmneli 

xsnaris buneba, madnebis kristalizaciis garemo da 

meqanizmi, zonaloba, urTierTqmedeba Semcvel qanebT-

an, madanwarmoSobis fizikur-qimiuri parametrebi da 

sxva.

zemo svaneTis hercinul warmonaqmnebTan dakav-

Sirebul kvarc-oqro-Rarib-sulfiduri gamovlenebis 

Seswavlis Tanamedrove doneze SeuZlebelia yvela ze-

moT aRniSnul sakiTxze pasuxis gacema da, Sesabamisad, 

srulyofili modelis Seqmna. Cven SevecdebiT, aRniS-

nuli madangamovlenebis Sesaxeb arsebuli masalis 

safuZvelze movaxdinoT misi analizi da gamovTqvaT 

winaswari mosazrebebi zemo svaneTis hercinul war-

monaqmnebTan dakavSirebul kvarc-oqro-Rarib-sulfi-

duri madangamovlenebis geologiur-geneturi mod-

elis Sesaxeb.

upirveles yovlisa, ganvixiloT romel for-

maciul tips SeiZleba miekuTvnos zemo svaneTis 

oqros madangamovlenebi. zemo svaneTis oqros gam-

ovlenaTa mineralogiis ZiriTadi Taviseburebebi gan-

isazRvreba mciresulfidiani kvarc-oqros madnebis 

arsebobiT. madneuli mineralebis, ZiriTadad sulfi-

duri mineralebis, raodenoba ar aRemateba saerTo 

masis 1-2 %-s. am masaxiaTeblebis mixedviT, zemo 

svaneTis oqros Semcveli madnebi unda miekuTvnon 

Rarib-sulfidur tips. oqros madnebis es tipi far-

Todaa gavrcelebuli miwis qerqSi da zogjer unika-

luri sabadoebis saxiTac gvevlineba. am sabadoebis 

genezisis Sesaxeb ori hipoTeza arsebobs, hidro-

Termuli plutonogenuri da metamorfogenuli. es 

ukanaskneli hipoTeza gulisxmobs oqros Semcveli 

xsnarebis Casaxvas sinmetamorfuli da postmagmuri 

procesebis dros qanebis dehidrataciis da dekar-

bonatizaciis Sedegad. am hipoTezis momxreni oqros 

wyarod Tvlian madanSemcvl qanebs da uSveben xsnare-

bis mniSvnelovan lateralur migracias.

zemo svaneTis metamorful kompleqsTan dakav-

Sirebuli oqros madangamovlenebi xasiaTdeba ka-

Jmiwis mniSvnelovani roliT madneuli sxeulebis 

agebulebaSi. karbonatebi aq mcire gavrcelebiT 

xasiaTdeba. aRniSnuli madangamovlenebi xasiaTdeba 

mkveTrad gamoxatuli madanmomijne metasomatitebis 

arsebobiT, romelTa Semadgenloba Znelad asaxsne-

lia madanwarmoSobis metamorfogenuli hipoTezis 

poziciidan. zemo svaneTis hercinul warmonaqmnebT-

an dakavSirebuli oqros gamovlenebis geologiuri 

pozicia, madnebis nivTieri Sedgeniloba da formire-

bis pirobebi migvaniSnebs, rom aRniSnuli madangam-

ovlenebi SeiZleba mivakuTvnoT kvarc-oqro-Rarib-

sulfidur plutonogenur formaciul tips [5, 7]

a. kvicianis, m. gagniZis da sxvaTa [1] mier zemo 

svaneTis oqros dabalsulfiduri madnebis formire-

bis daskvniT etapze warmoqmnil anTimonitebSi go-

girdis izotopebis kvlevis Sedegebi, aRniSnuli av-

torebis mixedviT, unda miuTiTebdes mis siRrmul 

magmatogenur warmoSobaze. Tumca avtorebi frTxi-

lad ekidebian  am sakiTxs da ar gamoricxaven go-

girdis wyarod dasaxon Rrma horizontebze, savarau-

dod, arsebuli sulfiduri warmonaqmnebi da maTi 

nawilobrivi mobilizacia diaftorezis Sedegad.

zemo svaneTis hercinul warmonaqmnebTan dakav-

Sirebuli oqros madangamovlenebis mineralogi-

is ZiriTadi Taviseburebebi ganisazRvreba Rarib-

sulfiduri kvarc-oqros madnebis gavrcelebiT. 

sulfidebi, romelTa raodenoba ar aRemateba 1-2 

%-s, wamodgenilia piritiT, markazitiT, arsenopir-

itiT,  sfaleritiT, galenitiT da anTimonitiT. oqro 
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da vercxli gvxvdeba xalasi saxiT. ZarRvuli min-

eralebis kompleqsSi kvarcis garda Sedis mcire 

raodenobiT kalciti, bariti. kvarcis ZarRvebSi far-

Todaa gavrcelebuli zolisebri teqstura, romel-

ic SeiZleba warmoiqmnas kvarcis gadakristalebiT 

e. w. fsevdo plastikuri deformaciis Sedegad, 

napralebis SevsebiT, Semcveli qanebis CanacvlebiT 

an ori ukanaskneli procesis kombinaciiT. zolise-

br teqsturebTan erTad aranaklebi gavrcelebiT 

sargebloben kvarcis masiuri teqsturebi. kvarcis 

agregatebis teqsturuli suraTis fonze fiqsird-

eba Canawinwkli, ZarRvuli teqsturebi, romlebsac 

qmnian madneuli mineralebi. madanTa teqsturuli 

saxesxvaobebi, romlebic xasiaTdebian gamonayofe-

bis formebiT da mineraluri agregatebis urTierT 

damokidebulebiT, SedarebiT mcirericxovania. mad-

neul sxeulebSi Cveulebriv gvxvdeba Cawinwkluli, 

ZarRvul-budisebri teqsturebi.

madnebis formireba or etapad moxda, romelTa 

gamoxatulebas wamroadgenen kvarc-Seelituri da 

kvarc-oqro-sulfiduri asociaciebi. am ukanasknelSi 

gamoiyofa kvarc-pirit-arsenopirituli, kvarc-oqro-

poli-sulfiduri da kvarc-anTominituri da kvarc-

oqroiani paragenezisebi, romlebic mineralizaciis 

meore etapis farglebSi oTxi stadiis procesSi 

Camoyalibda.

kvarc-oqro-polisulfiduri madnebis formireba-

Si mineralizaciis etapebis arseboba da stadiuroba 

miuTiTebs, rom maTi warmoSoba pulsaciurad xdebo-

da da Sesabamisad es asociaciebi sxvadasxva tempera-

turis pirobebSi unda Camoyalibebuliyo. marTlac, 

sxvadasxva etapis da stadiis kvarcis kristalebSi 

gazur-Txevadi CanarTebis homogenezaciis meTodiT 

kvlevam aCvena, rom maTi formireba Semdeg temperatu-

rul intervalebSi xdeboda: greizenizaciis proces-

ebTan dakavSirebuli kvarc-Seelituri asociaciis 

230-220 0С-ze ( 10), kvarc-pirit-arsenopiritulis 

340-295 0С ( 10), oqros mineralizaciis, kvarc-ka-

lkopirit-sfalerit-galenitis 185 0С ( 10), oqros 

mineralizaciis 250-230 0С ( 10), kvarc-anTimonitis 

220-210 0С ( 10) [1].

zemo svaneTis hercinuli warmonaqmnebTan dakav-

Sirebuli oqros madangamovlenebis geologiuri age-

buleba maqsimalurad aris darRveuli. amis erT-erT 

mizezad, Cveni azriT, gvevlineba madanSemcveli da mas-

Tan asociaciaSi myofi SemadgenlobiT, simkvriviT da 

SeRwevadobis unariT msgavsi qanebis gakveTa magmuri 

masivebiT da daikebiT. amgvar rTul, heterogenul 

madanSemcvel garemos prioritetul elementebs, rom-

lebic arRveven garemos mTlianobas da ganapirobe-

ben mis araerTgvarovnebas, ZiriTadad napralovani 

struqturebi warmoadgenen, SedarebiT iSviaTad ki 

_ naoWa struqturebis elementebi. rac ufro gan-

sxvavdeba lokaluri ubnis agebuleba momijnave ge-

ologiuri situaciisgan, miT ufro savaraudoa masSi 

oqros mineralizaciis ganviTareba.

rogorc cnobilia, koliziur orgenebSi, iseTebSi 

rogorsac warmoadgens kavkasioni, masStaburi mad-

niani mineralizaciis procesebi, umetes SemTxvevaSi, 

dakavSirebulia magmur rezervuarebSi formirebu-

li hidroTermebis aqtiurobasTan, romlebic qmnian 

hidroTermul gamadnebebs [2, 3, 4].

uaxlesi klasifikaciis mixedviT, zemo svaneTis 

hercinul warmonaqmnebTan dakavSirebuli oqros mad-

angamovlenebi miekuTvneba hidroTermul gamadnebebs, 

romlebic formirdebian regionuli teqtonikuri da 

magmuri aqtiurobis periodSi, magram magmuri aqti-

urobis keridan moSorebiT. aseTi tipis  madniani 

mineralizaciis klasikur magaliTs warmoadgens oro-

genuli gamadnebebi, romlebic formirdebian aqtiur 

adevoliciur orogenul sistemebSi. am tipis madniani 

mineralizacia mimdinareobs maRali wnevis (1.5-5 kb) 

da temperaturis (300-450 0С) pirobebSi, 4-15 km 

siRrmeze. gamadnebis Semcav qanebs warmoadgenen meta-

morfitebi, migmatitebi da magmatitebi [7, 8, 9]
rogorc Cans, hercinuli wamonaqmnebis Sexebis 

zona (kontaqtebi) warmoadgenda hidroTermuli 

xsnarebis gantvirTvis zonas,  ramac ganapiroba kvarc-

oqro-Rarib-sulfiduri madnebis lokalizacia.
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BLUASHVILI D.,  BENASHVILI K.,  JANASHVILI SH.
GEOLOGICAL-GENETIC MODEL OF THE GOLD 
OCCURRENCES RELATED TO HERCINIAN FOR-
MATIONS OF THE UPPER SVANETI

In the present paper is discussed the geological-
genetic model of the gold occurrences related to 
Hercynian formations of the Upper Svaneti. According 
to the recent classification these occurrences are at-
tributed to hydrothermal type of mineralization gener-
ated during the regional tectonic and magmatic activ-
ity, but away from the magmatic chamber. The classical 
examples of such type of mineralization are orogenic-
mineralizations which form in the actively developing 
orogenic systems. Such type of mineralization takes 
place under the conditions of high pressure (1.5-5kb.) 
and temperature (300-450 0C) at 4-15 km. depth. The 
mineralization host-rocks are metamorphites, migma-
tites and magmatites.

БЛУАШВИЛИ Д. И., БЕНАШВИЛИ К. Г., 
ДЖАНАШВИЛИ Ш. Г.
ГЕОЛОГО-ГЕНЕТИЧЕСКАЯ МОДЕЛЬ 
РУДОПРОЯВЛЕНИЙ ЗОЛОТА ПРИУРО-
ЧЕННЫЕ К ГЕРЦИНСКИМ ОБРАЗОВАННИЯМ 
ВЕРХНЕЙ СВАНЕТИ

В статье рассмотрена геолого-генетическая 
модель рудопроявлений золота приуроченные к 
герцинским образованиям Верхней Сванетии. 
Согласно новой классификации, рудопроявления 
золота, связанные с герцинскими образованиями 
Верхней Сванетии, относится к гидротермальному 
оруденению, которое формируется в период магма-
тической и региональной тектонической активнос-
ти, но в дали от магматического очага. Классическим 
примером такого оруденения являются ороген-
ныеоруденения. Они образуются в активных разви-
вающихся орогенных системах. Рудная минерализа-
ция такого рода происходит  в условиях высокого 
давления (1.5-5 кб) и температуры (300-450 0С) на 
глубине 4-15 км. Вмещающими  породами являются 
метаморфиты, мигматиты и магматиты.

uak 549.621.9

akad. doqtori d. bluaSvili, doqtoranti q. benaSvili, 
magistri n. inanaSvili, magistri S. janaSvili

zemo svaneTis TviTnabadi oqros marcvlebis mikroskopuli 
Seswavlis da rentgenofluorescentuli kvlevis Sedegebi

statiaSi ganxilulia TviTnabadi oqros marcv-statiaSi ganxilulia TviTnabadi oqros marcv-

lebis kvlevis Sedegebi. kvlevebi ganxorcielda lebis kvlevis Sedegebi. kvlevebi ganxorcielda 

stambulis da saqarTvelos teqnikur universiteteb-stambulis da saqarTvelos teqnikur universiteteb-

Si. kerZod, stambulis teqnikur universitetSi kv-Si. kerZod, stambulis teqnikur universitetSi kv-

leva Catarda binokularuli da polarizaciuli leva Catarda binokularuli da polarizaciuli 

mikroskopiT, xolo saqarTvelos teqnikur univer-mikroskopiT, xolo saqarTvelos teqnikur univer-

sitetSi ki rentgenofluorescentuli meTodiT sitetSi ki rentgenofluorescentuli meTodiT 

(EDXRFSPE-QTROMETER, (EDXRFSPE-QTROMETER, modeli modeli EDX3600B). EDX3600B). mik-mik-

roskopuli kvlevis Sedegad aRmoCnda,  rom oqrosTan roskopuli kvlevis Sedegad aRmoCnda,  rom oqrosTan 

erTad gvxvdeba vercxlis marilebi (pirargiriti, erTad gvxvdeba vercxlis marilebi (pirargiriti, 

prustiti da silvaniti) da piriti, xolo rent-prustiti da silvaniti) da piriti, xolo rent-

genofluorescentuli meTodiT Seswavlam gviCvena, genofluorescentuli meTodiT Seswavlam gviCvena, 

rom oqrosTan erTad garda vercxlisa (1.29-3.21 %),  rom oqrosTan erTad garda vercxlisa (1.29-3.21 %),  

gvxvdeba spilenZi (0.01-0.35 %),  rkina (0.28-0.73 %) gvxvdeba spilenZi (0.01-0.35 %),  rkina (0.28-0.73 %) 

da rodiumi (0.66-0.92 %). da rodiumi (0.66-0.92 %). 

zemo svaneTis  geologiuri Seswavla gviCve-

nebs, rom rogorc ZiriTad qanebSi, ise mdinareul 

qviSrobebSi arsebobs oqros maRali Semcvelobebi. 

amasTan erTad, unda aRiniSnos, rom svaneTis mkvid-

ri mosaxleoba specialuri xis gobebisa da cxvris 

tyavebis meSveobiT dResac moipovebs oqros qviS-

robebidan.

winamdebare Sromis ZiriTad mizans warmoadgens 

TviTnabadi oqros marcvlebis kvleva. Seswavlili, 

iyo 0,1 kg zomis oqros Semcveli kvarcis ZarRvi 

da cxumaris, faris, ielis, uSba-eweris da Nnenskris 

xeobis (maSriWala) qviSrobebis TviTnabadi oqros 

marcvlebi.

stambolis teqnikur universitetSi kvlevebi 

Catarda 0,1 kg oqro-Semcveli kvarcis da oqroSem-

cveli fantelis (qerclis) formis nimuSebze.

momzadebul iyo madnis nimuSis gaprialebuli ganivi 

Wrili. inspeqtireba ganxorcielda binokularuli 

madnis mikroskopiT, miRebul iqna Semdegi Sedegebi.

inspeqtireba binokularuli inspeqtireba binokularuli 

mikroskopiTmikroskopiT

garda sinjebis  mikroskopuli inspeqtirebisa, 

ganxorcielda agreTve maTi inspeqtireba binokular-

uli mikroskopiT. binokularuli mikroskopis qveS 

SeiniSneboda qerclisebri, brtyeli kristalebismag-

vari  Tavisufali oqros nawilakebi (CanarTebi). maTi 

feri meryeobs  kaSkaSa yviTlidan muq yviTlamde 

da ganawilebulni arian erTgvarovnad. maTi dabali 

sixistis gamo calkeuli kideebi momrgvalebulia. 

zedapirze aSkarad SeimCneva wnevis zemoqmedebis niS-
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sur. 1. binokularuli mikroskopiT inspeqtirebuli nimuSis gamosaxulebasur. 1. binokularuli mikroskopiT inspeqtirebuli nimuSis gamosaxuleba
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nebi. nawilakebi (CanarTebi) savaraudod badisebri 

oqros  formisaa, sadac yvelaze didi CanarTebi 5 

mm-s aRwevs zomaSi. Bbinokularuli mikroskopiT 

inspeqtirebuli nimuSis gamosaxuleba mocemulia 1 

suraTze. es aris tipuri masiuri,  kompaqturi,  xis-

ti kvarcitis nimuSi. 

sur. 2. polarizaciuli mikroskopiT inspeqtirebuli nimuSis gamosaxulebasur. 2. polarizaciuli mikroskopiT inspeqtirebuli nimuSis gamosaxuleba

inspeqtireba polarizaciuli (madnis) inspeqtireba polarizaciuli (madnis) 

mikroskopiTmikroskopiT

struqtura warmodgenilia ori fazuri struq-

turiT. Ppirveladi  faza ZiriTadad Seicavs  didi 

zomis piritebs TviTformirebis gareSe,  maSin rode-
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sur. 3. polarizaciuli mikroskopiT inspeqtirebuli nimuSis gamosaxulebasur. 3. polarizaciuli mikroskopiT inspeqtirebuli nimuSis gamosaxuleba
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sac meoradi faza Seicavs oqros. Ppirveli fazis 

zemoT adgili aqvs nawilobriv deformacias. piri-

tis didi zomis nawilakebi (CanarTebi) damsxvreu-

lia. agreTve piritis kristalizacia asaxavs  uwyvet 

process da kristalizdeba oqrosTan  formirebis 

procesSi (ix. sur. 2). 

mineralebi _ mineralebi _ pirveladi mineralebi aris oqro, 

piriti, vercxlis marilebi, pirargiriti – prustiti 

da silvaniti. 

oqro _oqro _ mikroskopulad da makroskopulad ganm-

sazRvreli formiT da zomiT. oqros nawilakebis 

mikroskopuli gamosaxulebebi mocemulia suraTe-

bze 1, 2 da 3. is ZiriTadad myar mdgomareobaSia. 

Mmisi refleqsiuroba Zalian maRalia, nawilakebis 

(CanarTebis) zedapiri aseve sufTa da gluvia. is 

cxrili 1cxrili 1

rentgenofluorescentuli meTodiT Catarebuli analizis Sedegebi (TviTnabadi oqros marcvlebi)rentgenofluorescentuli meTodiT Catarebuli analizis Sedegebi (TviTnabadi oqros marcvlebi)

elementielementi Fe Co Ni Cu Zn Ru Rh Pd Ag Os Ir Pt Au

cxumari
0.28 0 0 0.26 0 0 0.86 0 3.21 0 0 0 95.38

0.38 0 0 0.35 0 0 0.92 0 2.98 0 0 0 95.36

fari
0.73 0 0 0 0 0 0.76 0 1.69 0 0 0 96.81

2.32 0.01 0 0 0 0 0.89 0 1.16 0 0 0 95.62

ieli
0.18 0 0 0 0 0 0.69 0 2.98 0 0 0 96.14

0.6 0 0 0.01 0 0 0.88 0 2.91 0 0 0 95.59

maSriWala
0.37 0 0 0 0 0 0.66 0 1.29 0 0 0 97.67

0 0 0 0.03 0 0 0.62 0 1.38 0 0 0 97.96

uSba-eweri
0.31 0 0 0.05 0 0 0.81 0 2.68 0 0 0 96.14

0.31 0 0 0.03 0 0 0.76 0 3.02 0.01 0 0 95.86

cxrili 2cxrili 2

cxumarisTviTnabadi oqros rentgenofluorescentuli meTodiT Catarebuli analizis SedegebicxumarisTviTnabadi oqros rentgenofluorescentuli meTodiT Catarebuli analizis Sedegebi

cxrili 3cxrili 3

faris TviTnabadi oqros rentgenofluorescentuli meTodiT Catarebuli analizis Sedegebifaris TviTnabadi oqros rentgenofluorescentuli meTodiT Catarebuli analizis Sedegebi
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cxrili 4cxrili 4

ielis TviTnabadi oqros rentgenofluorescentuli meTodiT Catarebuli analizis Sedegebiielis TviTnabadi oqros rentgenofluorescentuli meTodiT Catarebuli analizis Sedegebi

cxrili 5cxrili 5

uSba-eweris TviTnabadi oqros rentgenofluorescentuli meTodiT Catarebuli analizis SedegebiuSba-eweris TviTnabadi oqros rentgenofluorescentuli meTodiT Catarebuli analizis Sedegebi

cxrili 6cxrili 6

maSriWalas TviTnabadi oqros rentgenofluorescentuli meTodiT Catarebuli analizis SedegebimaSriWalas TviTnabadi oqros rentgenofluorescentuli meTodiT Catarebuli analizis Sedegebi

advilad gamoirCeva mis gverdiT arsebuli sxva min-

eralebisgan am TvisebiT. SeiniSneba agreTve, oqros 

cotaodeni SenaerTebi vercxliT da teluriumiT. 

mikroskopis qveS oqro Cans kaSkaSa yviTel da muq 

yviTel ferSi, Seicavs  CanarTebs TviTformaciis ga-

reSe, romlebic avseben da amrgvaleben im mineralebs 

Soris arsebul sivrceebs, romlebic masze ufro 

adre warmoiSva. kristalizacia asaxavs am sivrceebis 

formas. Ees hgavs madnebs Soris bzarebis amovsebas 

(ix. sur 3). zogierT adgilas is gvxvdeba  piritSi 

tixrebis saxiT. 

piriti _piriti _ gvxvdeba gabneuli formis saxiT 

jgufSi an jgufebSi sakuTari struqturiT,  an mis 

gareSe. Ppiritebs, romlebic miekuTvnebian pirvel 

fazas, gaaCniaT sakuTari struqtura, kideebze mom-

rgavebuli formebiT, rac dezintegraciis Sedegia, 

maSin rodesac isini garSemotymulini arian limo-

nituri garsiT. piritebi warmodgenilni arian dam-

sxvreuli nawilakebis saxiT Txeli, saSualo zomis 

CanarTebiT, romlebic gabneulni arian jgufSi an 
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ganapira zolSi, romelTa zoma meryeobs 0,01-0,8 mm-

mde. isini SeiniSneba rogorc erTeuli CanarTebi 

oqroTi. roca isini Sedian kontaqtSi oqrosTan, maTi 

feri kaSkaSaa, moTeTro (Ria) yviTeli. maTze aris 

didi raodenobiT nakawrebi da sicarieleebi, rac 

damuSavebis Sedegia. aris SemTxvevebi, sadac is en-

acvleba oqros. 

vercxlis marilis (pirargiriti-prustiti) _vercxlis marilis (pirargiriti-prustiti) _ 

gansazRvra da erTmaneTisagan gansxvaveba sirTules 

warmoadgenda, radgan maTi nawilakebi (CanarTebi) 

zedmiwevniT Txelia. isini warmodgenilni arian 

Txeli  CanarTebis saxiT kvarcis jgufis SigniT, 

rogorc tixrebi oqros SigniT. maTi zomebi meryeo-

bs 0,01 dan 0,1 mm-de. maTi feri lurji ferebis 

diapazonSi Sedis, ferTa toni erTmaneTis msgavsia, 

maSin rodesac prustiti ubralod lurji Fferisaa. 

orive vercxlis minerali amoicnoba Tavisi ani-

zotropiulobiT da ormagi arekvlis unariT. maTi 

qimiuri Semadgenloba indikatoruli raodenobisaa 

(umniSvneloa).  

silvaniti _ silvaniti _ gvxvdeba ramdenime CanarTis saxiT. 

maTi zomebi metad mcirea (0,01-0,03 mm). isini ga-

fantuli arian jgufis SigniT, an tixrebis saxiT 

oqros SigniT. maTi ferTa gama meryeobs mokremisf-

ero TeTridan – mokremisfero yavisframde Zlieri 

anizotropul ferTa TvisebebiT. isini Sedgeba 

CanarTebisgan TviTformaciis gareSe. 

saqarTvelos teqnikur universitetSi kvleva 

ganxorcielda gamoyenebiTi geologiis departamen-

tSi rentgenofluorescentuli meTodiT (EDXRF 
SPEQTROMETER, modeli EDX3600B). Seswavlili 

iyo cxumaris, faris, ielis, uSba-eweris da Nnenskris 

xeobis (maSriWala) TviTnabadi oqros marcvlebi. 

amrigad mikroskopuli kvlevis Sedegad aR-

moCnda, rom oqrosTan erTad gvxvdeba vercxlis 

marilebi (pirargiriti, prustiti da silvaniti) da 

piriti, xolo rentgenofluorescentuli meTodiT 

Seswavlam gviCvena, rom oqrosTan erTad garda ver-

cxlisa (1.29-3.21 %), gvxvdeba spilenZi (0.01-0.35 

%), rkina (0.28-0.73 %) da rodiumi (0.66-0.92 %). 
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In the paper are discussed the results of the study 
of native gold grains. The study was conducted in the 
Istanbul and Georgian Technical Universities. In par-
ticular, binocular and polarized microscope studies 
were carried out in the Istanbul Technical University, 
and the studies by X-ray fluorescence method (EDXRF 
SPEQTROMETER, model EDX3600B) were conduct-
ed in the Georgian Technical University. As a result of 
microscope studies was detected, that gold occurs in 
association with silver salts (pyrargyrite, proustite and 
sylvanite) and pyrite. According to XRF studies aside 
from silver (1.29-3.21 %) gold is associated with cop-
per (0.01-0.35 %), iron (0.28-0.73 %) and rhodium 
(0.66-0.92 %). 

БЛУАШВИЛИ Д. И., БЕНАШВИЛИ К. Г., 
ИНАНАШВИЛИ Н. М., ДЖАНАШВИЛИ Ш. Г.
РЕЗУЛТАТЫ ИЗУЧЕНИЯ МИКРОСКОПИЧЕ-
СКОГО И РЕНТГЕНО-ФЛЮОРЕС-ЦЕНТНОГО 
АНАЛИЗА САМОРОДНЫХ ЗЕРЕН ЗОЛОТА 
ВЕРХНЕЙ СВАНЕТИИ

В статье рассмотрены результаты изучения 
самородных зерен золота. Исследования про-
води лись в технических университетах Стамбула 
и Грузии. В Стамбульском Техническом Уни вер-
ситете проводились исследования биноку ляр-
ным и поляризационными микроскопами, а в 
Гру зинском Техническом университете ре нт  ге-
но-флюоресцентным методом (EDXRF SPEQT RO-
METER, модель EDX3600B). Результаты микро-
скопических исследований показали, что вместе с 
золотом встречаются соли серебра (Пи ра рги рит, 
Прустит и Сильвинит) и Пирит, а рент гено флю-
оресцентный метод вместе с золотом, кроме серебра 
(1.29-3.21 %) выявил наличие меди (0.01-0.35 %), 
железа (0.28-0.73 %) и родия (0.66-0.92 %).
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teqnikuri usafrTxoebis moTxovnebi madneuli da 
aramadneuli wiaRiseulis mamdidrebeli, maxarisxebeli da 
saaglomeracio fabrikebis transportis da eleqtroteqnikuri 
danadgarebisaTvis

naSromSi mocemulia teqnikuri usafrTxoebis naSromSi mocemulia teqnikuri usafrTxoebis 

moTxovnebi madneuli  da aramadneuli sasargeblo moTxovnebi madneuli  da aramadneuli sasargeblo 

wiaRiseulis mamdidrebel, maxarisxebel da saaglo-wiaRiseulis mamdidrebel, maxarisxebel da saaglo-

meracio fabrikebSi gamoyenebuli rkinigzisa da meracio fabrikebSi gamoyenebuli rkinigzisa da 

saavtomobilo transportis, bagirgzebis,  tvirTis saavtomobilo transportis, bagirgzebis,  tvirTis 

mimRebi, ganmtvirTavi da CamtvirTavi mowyobilobis, mimRebi, ganmtvirTavi da CamtvirTavi mowyobilobis, 

bunkerebis, agreTve konveierebisa da uwyveti trans-bunkerebis, agreTve konveierebisa da uwyveti trans-

portis sxva saxeobebisaTvis. ganxilulia fabri-portis sxva saxeobebisaTvis. ganxilulia fabri-

kebSi 1000 voltamde da 1000 voltze meti Zabvis kebSi 1000 voltamde da 1000 voltze meti Zabvis 

eleqtroteqnikuri danadgarebis eqspluataciisas eleqtroteqnikuri danadgarebis eqspluataciisas 

usafrTxoebis saerTo moTxovnebi. aRwerilia usa-usafrTxoebis saerTo moTxovnebi. aRwerilia usa-

frTxoebis damatebiTi zomebi eleqtruli ganaTebis frTxoebis damatebiTi zomebi eleqtruli ganaTebis 

da gadasatani eleqtro instrumentebis, eleqtruli da gadasatani eleqtro instrumentebis, eleqtruli 

Rumelebis, kavSiris, signalizaciisa da avtomatikis Rumelebis, kavSiris, signalizaciisa da avtomatikis 

saSualebebis gamoyenebisas.saSualebebis gamoyenebisas.

mamdidrebeli, maxarisxebeli da saaglomeracio 

fabrikebi warmoadgenen samTo sawarmos nawils da 

aRWurvili arian sxvadasxva daniSnulebis manqana-

mowyobilobiT, maT Soris satransporto manqanebiTa 

da eleqtroteqnikuri danadgarebiT. amdenad ze-

moaRniSnul fabrikebSi teqnikuri usafrTxoebis 

moTxovnebis dacva uaRresad mniSvnelovania.

mamdidrebeli fabrikis daniSnulebaa sasarge-

blo wiaRiseulis meqanikuri gadamuSaveba im mizniT, 

rom miRebuli iqnes erTi an ramdenime sasaqonlo 

produqcia sasargeblo mineralebis gazrdili an ma-

vne minarevebis Semcirebuli SemcvelobiT. maxarisx-

ebel fabrikaSi xdeba qanis damsxvreva-gacxrilva sa-

surveli granulometriuli Sedgenilobis produq-

tis miRebis mizniT, xolo saaglomeracio fabrikaSi 

– mtvrisebri wvrili madnis, koncentratebisa da 

liTonSemcveli narCenebis Termuli SecxobiT dan-

aWrovneba [1].

mamdidrebeli, maxarisxebeli da saaglomeracio 

fabrikebi, rogorc wesi, aRWurvili arian rkinigzisa 

da saavtomobilo transportiT, bagirgzebiT, rac mim-

Rebi, ganmtvirTavi da CamtvirTavi mowyobilobebis, 

agreTve bunkerebis gamarTul da usafrTxo eqsplu-

atacias moiTxovs.

mimRebi, ganmtvirTavi mowyobilobisa da bunkere-

bis samuSao baqnebi aRWurvili unda iyos xmovani 

da Suquri signalizaciiT, romlis daniSnulebaa au-

wyos momsaxure personals rkinigzis Semadgenlobis 

an sxva satransporto saSualebebis (TviTsacleli 

avtomobilebi, skipebi, bagirgza da sxva) mosvlis 

Sesaxeb. signali unda gaices Semadgenlobis mos-

vlamde, saskipe sawevelasa da bagirgzis muSaobis 

dawyebamde 1,5-2 wuTiT adre.

mimRebi mowyobilobis (bunkerebis) maxloblad 

Semadgenlobis mosvlisas gaTvaliswinebuli unda 

iyos adgilebi adamianebis usafrTxod dgomisaT-

vis. mimReb bunkerTan Semadgenlobis gantvirTvis 

mxareze adamianebis yofna akrZalulia. vagonebisa 

da TviTsacleli avtomobilebis gaclis dawyeba 

SeiZleba mxolod madnis mimRebis mier signalis ga-

cemis Semdeg.

bunkeris mimReb ZabrSi saremonto samuSaoebis 

warmoebisas mimReb mowyobilobasTan mimavali gzebi 

daketili unda iyos SlagbaumiT an sxva saSualebiT. 

matareblis Semadgenloba gayvanili unda iyos mim-

Rebi mowyobilobis raionidan. rodesac bunkerebis 

raodenoba erTze metia da saWiroa saremonto sam-

uSaoebis Catareba erT-erT maTganSi, adgilobrivi 

pirobebis gaTvaliswinebiT damuSavebuli unda iqnes 

usafrTxoebis specialuri zomebi.

vagonebis gantvirTva unda moxdes specialurad 

swavlebamiRebuli  muSebis mier meqanizaciis gamoy-

enebiT. gantvirTvis dros SemadgenlobasTan gareSe 

pirebis yofna akrZalulia. vagonebidan madnis narCe-

nebis gantvirTvisas aucilebelia vibratorebisa da 

sxva meqanikuri samarjvebis gamoyeneba. miwebebuli 

madnidan vagonebis gasufTaveba unda moxdes spe-

cialurad gamoyofil adgilebSi meqanikuri xerxiT.

mimRebi mowyobilobis samuSao baqanze ganlage-

buli vagonsayiravi SemoRobili unda iyos sul 

mcire 2 m simaRlis gisosis mqone mtkice moajiriT. 

gisoss unda hqondes aranakleb 10 mm siganis ujre-

debi. vagonsayiravis marTva unda moxdes am miznisaT-

vis specialurad mowyobili kargi xilvadobis mqone 

saTavsidan.

avtotransportiT madnis miwodebisas mimRebi 

mowyobilobebis ganmtvirTav baqanze dayenebuli 

unda iyos sabjenebi, romlebic gamoricxaven avtoman-

qanebis Cagorebas bunkerSi. TviTsacleli manqanebis 

moZraoba gantvirTvis Semdeg nebadarTulia mxolod 

daSvebuli ZariT.

zamTarSi mimReb mowyobilobasTan manqanis misasv-

leli gza sistematurad unda gaiwmindos Tovlisagan, 

xolo mrud da qanobian ubnebze unda daiyaros qviSa 

an wvrili RorRi. zafxulSi mtvris CasaxSobad gza 

unda moirwyas wyliT an sxva mWidi nivTierebiT.

bagirgziT madnis mitanisas mimRebi bunkeris 

gantvirTavi Zabri fabrikaSi daxuruli unda iyos 

araumetes 400×400 mm zomebis ujredebiani gisosiT. 

ganmtvirTavi Zabri da bagirgzis sadgurebi erTma-
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neTTan  dakavSirebuli unda iqnes pirdapiri satele-

fono kavSiriT da signalizaciiT, agreTve, uzrunve-

lyofili unda iyos bagirgzis amZravis avariuli 

gaCerebis SesaZlebloba. samuSao adgils bagirgzis 

ganmtvirTav ZabrTan sadguridan bagirebis gamosvlis 

zonaSi unda hqondes SemoRobva, romelmac unda uz-

runvelyos muSaobis usafrTxoeba cudad damagrebu-

li vagonebis dabrunebis SemTxvevaSi.

Cxreka madnis bunkerSi unda moxdes mxolod 

saCxreki Riobebidan. adamianis Casvla bunkerSi 

saCxrekad akrZalulia. Caxergvis an Cakidebis mosac-

ileblad gamoyenebuli unda iqnes specialuri sa-

marjvebi (eleqtrovibratorebi, pnevmatikuri mowyo-

biloba da sxva).

daTvalierebisa da remontis win mimRebi mowyo-

biloba da bunkerebi unda gaTavisufldes madnisagan 

da ganiavdes. metalurgiuli gadamuSa-vebis narCen-

ebi (mtveri, aglomeratis wvrili fraqciebis ganac-

eri da sxva) fabrikaSi unda miewodos specialuri 

TviTgantvirTvadi vagonebiT an TviTsacleli avto-

mobilebiT. amtverebadi produqtebis datvirTvisas 

saWiroa mtverCaxSobis zomebis miReba da mtvrisagan 

dacvis indivi-dualuri saSualebebis gamoyeneba. 

rkinigzis liandagebis gabaritebi da liandagis 

zeda nawili yovelTvis Tavisufali unda iyos mad-

nisa da gareSe sagnebisagan. kontaqturi elmavlebiT 

madnis zidvisas gantvirTvis adgilebze dakidebuli 

unda iyos mafrTxilebeli plakatebi eleqtroden-

iT dazianebis safrTxis Sesaxeb. elmavliT zid-

vis sakontaqto sadenebi aRWurvili unda iyos 

Camamiwebeldanebiani saseqcio gamTiSebiT. akrZalu-

lia vagonebis gantvirTva im SemTxvevaSi, Tu bun-

kerzeda saTavsSi sakontaqto sadenidan Zabva araa 

moxsnili. aseve akrZalulia eleqtromatareblis 

vagonSi asvla, Tu sakontaqto sadenSi Zabva araa 

gamorTuli.

sawarmos teritoriaze matareblebis moZraobis 

siCqare da wesi tvirTiT da utvirTod ganisaz-

Rvreba sawarmos mier adgilobrivi pirobebis gaT-

valiswinebiT.

saavtomobilo transportiT madnis miwodebisas 

avtomobilebis moZraoba unda daregulirdes moZ-

raobis usafrTxoebis sagzao niSnebiT. sawarmos av-

tomanqanebis moZraobis siCqare da wesi tvirTiT da 

utvirTod ganisazRvreba sawarmos mier adgilobrivi 

pirobebis gaTvaliswinebiT.

rkinigzis liandagebze adamianebis gadasvlis adg-

ilebze gaTvaliswinebuli unda iyos gadasasvleli 

bogebi an gvirabebi. Tu maTi mowyoba SeuZlebelia, 

saWiroa Suquri da bgeriTi signalizaciis mowyo-

ba moZravi Semadgenlobis moaxloebis Setyobinebis 

mizniT.

mamdidrebel, maxarisxebel da saaglomeracio 

fabrikebSi gamoyenebulia konveierebi da uwyveti 

transportis sxva saxeobebi. konveieris ganmt-

virTavi urikisaTvis gaTvaliswinebuli unda iyos 

bolo amomrTvelebi. ganmtvirTavi urika aRWurvili 

unda iyos mowyobilobiT, romelic gamoricxavs mis 

TviTnebur moZraobas.

miwisqveSa-miwiszeda sakonveiero galereis zeda-

pirze gamosvlisas gaTvaliswinebuli unda iyos 

gare Sesasvleli da unda gakeTdes konveierze gad-

asasvleli. galereidan da estakadidan saevakuacio 

gamosasvlelebs Soris manZili, agreTve, manZili kon-

veierebze gadasasvlel bogebs Soris ar unda aRe-

matebodes 100 m-s.

70-ze meti daxris sakonveiero galereis gasas-

vlelebSi mowyobili unda iyos safexurebi an xis 

trapebi. sakonveiero galereaSi, romelSic xde-

ba mtverairgamomyofi masalis transportireba, 

SenobaSi Sesvlis adgilas unda moewyos gadaRobva 

TviTiketebadi kariT. konveieris gasasvleli Riobi 

gadaRobvaSi unda iyos minimaluri. 60-ze meti daxris 

lenturi da firfitovani konveierebi aRWurvili 

unda iyos saCexi mowyobilobiT, romelic gamoricx-

avs datvirTuli Stos gadadgilebas sawinaaRmdego 

mimarTulebiT konveieris gaCerebisas.

mSrali da amtverebadi masalebis gadasatani 

elevatorebi, xvetia konveierebi da Snekebi daxu-

ruli unda iyos garsacmiT mTel sigrZeze, xolo 

CatvirTvisa da gantvirTvis adgilebi unda iyos 

hermetuli. elevatoris muSaobaze dasakvirveblad 

mis garsacmSi unda gakeTdes mWidrod iketebadkari-

ani saTvalierebeli fanjrebi.

yvela konveiers unda hqondes mowyobiloba, 

romelic saSualebas iZleva gamoirTos konveieri 

nebismieri wertilidan mTel mis sigrZeze ZiriTadi 

gasasvlelis mxridan. konveierze, romlis muSa 

Stodan SesaZlebelia masalis Camogoreba, dayeneb-

uli unda iyos mcveli bortebi. konveieris dam-

Wimi mowyobilobis tvirTi da damWimi doli unda 

iyos SemoRobili da ise ganlagebuli, rom len-

tis an bagiris gawyvetis SemTxvevaSi gamoricxuli 

iyos tvirTis an dolis dacema adamianebze an qveda 

sarTulebze ganlagebul mowyobilobaze.

lentur konveierze gaTvaliswinebuli unda 

iyos mowyobiloba, romelic gamorTavs amZravs len-

tis gawyvetisas da wabuqsavebisas, damWimi mowyobi-

lobis bagiris gawyvetisas da ganmtvirTavi Zabrisa 

da Raris gaWedvisas. lentur konveiers miwebebuli 

masalisgan lentisa da dolebis gasawmendad unda 

hqondes specialuri mowyobiloba.

Camoyrili masalis awmenda lenturi konveieris 

qvemodan unda iyos meqanizebuli. masalis xeliT aw-

menda saTavo, ukana da gadamxreli dolebis qvemodan 

dasaSvebia mxolod maSin, rodesac konveieri gaCere-

bulia, amZravi gamorTulia da amamuSavebel mowyo-

bilobaze dakidebulia mafrTxilebeli plakati `ar 

CarToT-muSaoben adamianebi.~ lenturi konveieris 

saTavo da ukana dolebs unda hqondes SemoRobva, 

romelic dolebis muSaobis dros gamoricxavs 

Camoyrili masalis awmendis SesaZleblobas.

amZrav dolze kolofonis an sxva masalis dayra 

lentis wabuqsavebis Tavidan acilebis mizniT akrZa-
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lulia. wabuqsaveba acilebuli unda iyos lentis 

daWimviT. akrZalulia konveieris amuSaveba, Tu misi 

dolebi Caxergilia masaliT.

lenturi konveierebiT mSrali da aramtvrevadi 

masalebis transportirebisas, agreTve im masalebis 

transportirebisas, romelTac aqvT maRali tempera-

tura da gamoyofen orTqls, aucilebelia gaTval-

iswinebuli iqnes datvirTvis da gantvirTvis adg-

ilebis hermetizacia, aseve mtvergamoyofasTan brZo-

lis damatebiTi RonisZiebebi: aspiracia, morwyva da 

sxva. mSrali fxvnilisebri araamtverebadi masalebis 

transportirebisas lenturi konveieris muSa Sto 

unda iyos mTlianad hermetizebuli.

firfitovan konveierze gaTvaliswinebuli unda 

iyos misi orive mxridan momsaxurebis SesaZlebloba. 

konveierebs Soris Tavisufali gasasvlelis sigane 

unda iyos aranakleb 1,2 m-isa, xolo Senobis kedleb-

sa da konveierebs Soris _ sul mcire 1 m-is. daxri-

li firfitovani konveierebi aRWurvili unda iyos 

jaWvis damWeriT, romelic gamoricxavs brtyelas 

Camoqanebas konveieris wevis organos gawyvetisas.

elevatorebi, romlebsac gadaaqvT sveli 

produqtebi, pulpis gaSxefis Tavidan asacileblad 

mTel sigrZeze daxuruli unda iyos damcavi farebiT 

an garsacmiT. elevatorebs unda hqondes saavario 

amomrTvelebi, rogorc datvirTvis, ise gantvirT-

vis adgilebSi. elevatori aRWurvili unda iyos 

samuxruWe mowyobilobiT, romelic gamoricxavs 

meqanizmebis ukusvlas misi gaCerebisas, agreTve damW-

erebiT CamCis jaWvis dasaWerad jaWvis gawyvetisas.

mamdidrebeli, maxarisxebeli da saaglomeracio 

fabrikebis Senobebi da nagebobebi uzrunvelyofi-

li unda iyos mexdacviT. eleqtroteqnikuri mow-

yobilobebis remonti, gaCereba da amuSaveba unda 

moxdes sawarmos xelmZRvanelis mier damtkicebuli 

instruqciis Sesabamisad. eleqtroZravebsa da maT-

gan moZraobaSi mosayvan meqanizmebze datanili unda 

iqnes isrebi, romlebic miuTiTeben meqanizmis da 

eleqtroZravas brunvis mimarTulebas.

1000 voltamde Zabvis eleqtrodanadgarebis 

daTvalierebis dros iseTi uwesivrobis gamovleni-

sas, romlis aRmofxvra ar unda moxdes erTi piris 

mier, am ukanasknelma dauyovnebliv unda acnobos amis 

Sesaxeb Tavis uSualo ufross. aseTi uwesivrobis 

aRmofxvra unda moxdes meore piris TandaswrebiT.

eleqtrodanadgarebis damcavi saSualebebi gamoy-

enebis win guldasmiT unda daTvalierdes, gaiwmin-

dos da Semowmdes. uwesivro  an vadagasuli damcavi 

saSualebebi dauyovnebliv unda iqnes amoRebuli 

xmarebidan. gamosayenebeli instrumentebis (br-

tyeltuCa, saxraxnisi da sxva) izolaciis xarisxi 

eleqtrodanadgarebze muSaobisas sistematurad unda 

Semowmdes.

grZeli sagnebis (milebi, kibeebi da sxva) Setana 

manawilebeli mowyobilobis saTavsSi da muSaoba 

maTi gamoyenebiT eleqtrodanadgarebis maxloblad, 

Tu Zabvis qveS myofi yvela nawili araa daculi 

SemTxveviTi Sexebisagan, unda moxdes gansakuTrebuli 

sifrTxiliT.

fabrikaSi dasaSvebia iseTi mowyobilobis, 

eleqtruli Zravebis, transformatorebis, aparate-

bis, sazomi da dacvis xelsawyoebis, kabelebis da 

sadenebis gamoyeneba, romlebic pasuxoben standartis 

moTxovnebs an teqnikur pirobebs.

sanaTebi ise unda iyos ganlagebuli, rom maTi 

usafrTxo momsaxureba SesaZlebeli iyos eleqtro-

mowyobilobidan Zabvis mouxsnelad. saerTo ganaTe-

bis sanaTebis kvebisaTvis gamoyenebuli Zabva ar unda 

aRematebodes 220 v-s. saamqroebSi, sadac sanaTebi 

ganlagebulia did simaRleze, maTi momsaxurebisTvis 

dasaSvebia xiduri amweebis gamoyeneba im pirobiT, 

rom samuSaoebi Sesruldeba dieleqtrikuli xel-

TaTmanebiT da meore piris TandaswrebiT. sanaTebis 

dayeneba da wmenda, naTurebisa da dnobadi mcvelebis 

gamocvla da qselis remonti dasaSvebia, Tu Zabva 

gamorTulia.

gadasatani eleqtro instrumentebi (eleqtrobur-

Ri,  eleqtro qanCsaxraxni,  vibratori da sxva) 

unda iyos usafrTxo muSaobaSi da unda hqondes 

SemTxveviTi Sexebisagan miuwvdomeli dengamtari 

nawilebi. xelis eleqtro instrumentis an sanaTe-

bis gamoyenebisas maTi sadenebi da kabelebi unda 

Camoikidos. sadenebis da kabelebis uSualo Sexeba 

cxel, tenian da zeTian liTonis zedapirTan an sa-

ganTan dauSvebelia.

1000 v-ze meti Zabvis eleqtrodanadgarebis 

erTi piris mier daTvalierebisas akrZalulia raime 

samuSaos Catareba, agreTve, Sesvla SemoRobvis iqiT, 

manawilebeli mowyobilobis da zeTis amomrTvelebis 

afeTqebis kamerebSi. mowyobilobis da aparaturis 

daTvaliereba unda moxdes kameris zRurblidan an 

barieris win dgomiT.

eleqtrodanadgaris romelime dengamtari nawilis 

miwasTan SerTvis aRmoCenisas akrZalulia gamorT-

vamde aseTi dazianebis adgilTan miaxloeba daxurul 

manawilebel mowyobilobaSi 4-5 m-ze nakleb, xolo 

Ria qvesadgurebSi − 8-10 m-ze nakleb manZilze. ufro 

axlo manZilze miaxloeba dasaSvebia mxolod sako-

mutacio aparaturiT operaciebis Sesasruleblad, 

romelic miwasTan SerTvis likvidaciis saSualebas 

iZleva, agreTve, dazaralebulebisTvis aucilebeli 

daxmarebis aRmoCenisas. am SemTxvevaSi aucilebe-

lia dieleqtrikuli botebis, xaliCebis an miwisgan 

maizolirebeli sxva saimedo saSualebebis gamoyen-

eba. yvela operacia unda Catardes dieleqtrikuli 

xelTaTmanebiT an saizolacio Stangis daxmarebiT.

1000 v-ze meti Zabvis eleqtrodanadgarebSi 

droebiT SemoRobvaze unda daikidos mafrTxilebeli 

plakati: ̀ dadeq! maRali Zabvaa.~ samuSaos mwarmoebeli 

(damqiravebeli) zedamxedvelobis gansaxorciele-

blad mudmivad unda imyofebodes samuSao adgilze. 

1000 v-ze meti Zabvis danadgarebis saTavsSi an Ria 

qvesadgurebze saremonto brigadis Semadgenlobis 

erTi piris, maT Soris, samuSaos mwarmoeblis (dam-
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kvirveblis) darCena akrZalulia. droebiT wasvlis 

aucileblobis SemTxvevaSi samuSaos mwarmoebeli 

(damkvirvebeli) valdebulia Tavisi aryofnis peri-

odSi gamoiyvanos brigada saTavsidan da daketos 

kari.

samuSao dRis ganmavlobaSi samuSaoebis Sewyve-

tisas brigada gayvanili unda iqnes eleqtromowyo-

bilobis saTavsidan an Ria qvesadguridan. arcerT 

momuSaves ar aqvs ufleba Sesvenebis Semdeg Sevides 

1000 v-ze meti Zabvis danadgaris saTavsSi an Ria 

qvesadgurSi, Tu iq ar imyofeba samuSaos mwarmoe-

beli an damkvirvebeli.

mudmivi eleqtrosaSemduReblo samuSaoebi 

SenobaSi unda Sesruldes amisaTvis specialurad 

gamoyofil ganiavebad saTavsSi. aseT saTavsSi akrZa-

lulia advilaalebadi nivTierebebisa da masalebis 

Senaxva. fabrikis ganyofilebebsa da saamqroebSi 

SeduRebis aparatis mierTeba dasaSvebia mxolod 

specialur SeduRebis postTan, romelic yovelTvis 

daketili unda iyos klitiT.

liTonuri konstruqciebis, qvabebis, rezervuarebis 

SigniT, agreTve gare danadgarebze (wvimisa da Tovis 

Semdeg) muSaobisas SemduRebeli, garda spectansacm-

lisa, unda sargeblobdes damatebiT dieleqtrikuli 

xelTaTmanebiT, kaloSebiTa da xaliCebiT.

daxurul tevadobebSi muSaobisas aucilebelia 

agreTve polieTilenis CaCqnis gamoyeneba. liTonuri 

farebis gamoyeneba dauSvebelia. saSemduReblo sam-

uSaoebi daxurul tevadobebSi unda Seasrulos sul 

mcire orma pirma, romelTagan erTi unda idges am 

tevadobis gareT da akontrolebdes SemduReblis 

mier samuSaos usafrTxo Sesrulebas. tevadobis 

SigniT momuSave eleqtroSemduRebelma unda isarge-

blos damcavi qamriT, romlis Tokis bolo unda 

eWiros tevadobis gareT myof meore pirs. daxurul 

tevadobaSi saSemduReblo samuSaoebis Sesrulebisas 

aucilebelia tevadobis uwyveti ganiaveba.

akrZalulia saSemduReblo samuSaoebis warmoeba 

wnevis qveS myof daxurul WurWelze (qvabebi, ba-

lonebi, milsadenebi da sxva), agreTve, aalebadi an 

afeTqebasafrTxiani nivTierebebis Semcvel WurWelze. 

akrZa-lulia sawvavi da advilaalebadi siTxeebisaT-

vis, agreTve, sawvavi da afeTqebasafrTxiani gazebi-

saTvis gamoyenebuli cisternebis, avzebis, kasrebis, 

rezervuarebisa da sxva tevadobebis eleqtroSe-

duReba da Wra, sanam es tevadobebi winaswar ar iqne-

ba gulmodgined gawmendili da ganiavebuli gazis 

mocilebamde.

fabrikaSi kavSiris, signalizaciisa da avtomati-

kis mowyobilobis Zabva ar unda aRematebodes 220 

v-s da unda ikvebebodes Zaluri qselidan, akumula-

toruli batareidan an gammarTveli mowyobilobidan, 

amasTan, unda hqondes dacva maRali Zabvis xazebis 

gavlenis, mexis ganmuxtvisa da moxetiale denebisa-

gan. 
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БЕЖАНИШВИЛИ А.Г.,  ТАЛАХАДЗЕ Д.Г.,  
АБШИЛАВА А.В.
ТРЕБОВАНИЯ ТЕХНИЧЕСКОЙ БЕЗОПАСНОС-
ТИ ДЛЯ ТРАНСПОРТА И ЭЛЕКТРОТЕХНИ-
ЧЕСКИХ УСТАНОВОК ОБОГАТИТЕЛЬНЫХ, 
СОРТИРОВОЧНЫХ И АГЛОМЕРАЦИОННЫХ 
ФАБРИК  РУДНЫХ И НЕРУДНЫХ ПОЛЕЗНЫХ 
ИСКОПАЕМЫХ

В работе даны требования технической безо-
пасности для железнодорожного и автомобильно-
го транспорта, канатных дорог, бункеров, устройств  
для приема, разгрузки и загрузки груза, а также для 
конвейеров и других видов непрерывного транс-
порта, использованных на обогатительных, сорти-
ровочных и агломерационных фабриках рудных и 
нерудных полезных ископаемых. Рассмотрены об-
щие требования безопасности при эксплуатации 
на фабриках электротехнических установок с на-
пряжением до 1000 и свыще 1000 вольт. Описаны 
дополнительные меры безопасности при использо-
вании электрического освещения и передвижных 
электроустановок, электрических печей, средств 
связи, сигнализации и автоматики.

BEZHANISHVILI A., TALAKHADZE D., 
ABSHILAVA A.
REQUESTS OF TECHNICAL SAFETY FOR 
TRANSPORT AND ELECTROTECHNICAL 
INSTALLATIONS OF CONCENTRATING, 
SORTING AND SINTERING PLANTS OF ORE 
AND NON-METALLIC MINERAL 
RESOURCES

Requests of technical safety for railway and auto-
mobile transport, rope-ways, receiving, charging and 
unloading equipment, hoppers, as well as for conveyers 
and other aspects of continuous transport of concen-
trating, sorting and sintering plants of  ore and non-
metallic mineral resources are given. General requests 
of safety for exploitation at plants of electrotechnical 
installations with voltage up to 1000 and over 1000 volt  
are considered. Supplementary measures of safety for 
use of electric lighting, mobile electric devices, electric 
furnaces, means of communication, signaling and au-
tomation are described. 
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mokle saavtomobilo gvirabebSi fataluri xanZrebis analizi 
da prevenciis RonisZiebebi

ganxilulia mcire sigrZis gvirabebSi momxdari ganxilulia mcire sigrZis gvirabebSi momxdari 

xanZrebis magaliTebi. gamokveTilia xanZris saSiS-xanZrebis magaliTebi. gamokveTilia xanZris saSiS-

roeba mcire sigrZis gvirabebisaTvis, sadac meqani-roeba mcire sigrZis gvirabebisaTvis, sadac meqani-

kuri ventilaciis damontaJeba ar aris aucilebeli kuri ventilaciis damontaJeba ar aris aucilebeli 

mowinave, industriulad ganviTarebuli, qveynebis mowinave, industriulad ganviTarebuli, qveynebis 

magaliTze. dasabuTebulia mcire sigrZis gvirabeb-magaliTze. dasabuTebulia mcire sigrZis gvirabeb-

Si sagangebo ventilaciis mowyobis aucilebloba; Si sagangebo ventilaciis mowyobis aucilebloba; 

dasaxulia mokle gvirabebSi xanZris Tavidan asac-dasaxulia mokle gvirabebSi xanZris Tavidan asac-

ilebeli RonisZiebebi, romelTa Soris aRsaniSnavia: ilebeli RonisZiebebi, romelTa Soris aRsaniSnavia: 

gvirabis infrastruqturis modernizacia; misi aR-gvirabis infrastruqturis modernizacia; misi aR-

Wurva sagangebo saventilacio sistemiT da sazo-Wurva sagangebo saventilacio sistemiT da sazo-

mi xelsawyoebiT; gvirabis momsaxure personalisa mi xelsawyoebiT; gvirabis momsaxure personalisa 

da maSvelebis swavlebis organizeba;  treiningis da maSvelebis swavlebis organizeba;  treiningis 

Catareba iseTi moqmedebis dasaxvewad sagangebo Catareba iseTi moqmedebis dasaxvewad sagangebo 

situaciis SemTxvevaSi, rom moqmedeba exmarebodes an situaciis SemTxvevaSi, rom moqmedeba exmarebodes an 

evakuacias, an maSvelebs, an orives erTad, xanZris evakuacias, an maSvelebs, an orives erTad, xanZris 

CaqrobaSi xelSewyobis mxedvelobaSi miRebiT; ganri-CaqrobaSi xelSewyobis mxedvelobaSi miRebiT; ganri-

gis SemoReba didi masis mqone saxifaTo tvirTebi-gis SemoReba didi masis mqone saxifaTo tvirTebi-

saTvis; sakiTxis informaciuli mxardaWera da popu-saTvis; sakiTxis informaciuli mxardaWera da popu-

larizacia.larizacia.

samuSao Sesrulebulia SoTa rusTavelis erov-samuSao Sesrulebulia SoTa rusTavelis erov-

nuli samecniero fondis nuli samecniero fondis ARAR61/3-102/13 grantis da-61/3-102/13 grantis da-

finansebiTfinansebiT

inglisis, safrangeTis [1, 2], germaniis [3], Svede-

Tisa [4] da italiis [5] statistikuri monacemebis 

Tanaxmad, gvirabebSi sagzao avariebi ufro iSviaTia 

gaSlil trasebTan SedarebiT. aRniSnulis mizezad 

SesaZlebelia miCneuli iqnes gvirabebis aqtiuri 

kontroli, atmosferuli pirobebis naklebi gavlena, 

ufro ukeTesi ganaTeba RamiT da mZRolebis ufro 

meti yuradReba gvirabebSi gadaadgilebisas, imyofe-

bian ra uCveulo garemoSi - miwisqveS. 

amasTan erTad, aRsaniSnavia, rom miwisqveS xan-

Zars ufro mZime Sedegebi mohyveba Ria garemosTan 

SedarebiT, radgan Ria garemoSi ufro advilad xdeba 

wvis produqtebis _ siTbos, toqsikuri airebisa da 

kvamlis gabneva. gvirabebSi ki piriqiT _ procesebi 

gaZnelebulia da aucilebeli xdeba maTi marTva ven-

tilaciis meSveobiT.

statistikis Tanaxmad, gvirabis yovel kilo-

metrze gadaangariSebiT, gvirabSi moZrav saSualod 

as milion msubuq manqanaze, SesaZlebelia moxdes 1 

an 2 xanZari. analogiurad, yovel as milion mZ-

ime manqanaze _ trailerze, romlebic gaivlian gvi-

rabSi, imave pirobebSi, anu gvirabis sigrZis 1 ki-

lometrze gadaangariSebiT, saSualo statistikis 

mixedviT moxdeba 8 xanZari. aRniSnuli xanZrebidan 3 

iqneba Zlieri (100 megavati simZlavris farglebSi), 

romelTa gavlena adamianis sicocxlisa da gvirabis 

infrastruqturisaTvis iqneba fataluri.  

aRniSnuli statistikidan gamomdinare, magali-

Tad, elbis gvirabSi (germania), sadac weliwadSi ga-

dis 37 milioni satransporto erTeuli orive mi-

marTulebiT, gacilebiT ufro savaraudoa fataluri 

xanZris SemTxveva, vidre Caqvi-maxinjauris tyup gvi-

rabebSi, sadac weliwadSi maqsimum 200 aTasi manqana 

gadis erTi mimarTulebiT, magram gvirabebis jamuri 

sigrZisa da manqanebis saerTo ricxvis mxedvelobaSi 

miRebiT dResdReobiT, agreTve tvirTbrunvis zrdis 

gaTvaliswinebiT, rac aucileblad mZime manqanebis 

xarjze moxdeba qveynis Semdgomi stabilizaciisa 

da `abreSumis gzis~ popularizaciis Sedegad, fa-

taluri xanZris gaCenis riski Cvens qveyanaSic gac-

ilebiT moimatebs, romlis prevenciisaTvis mzadyofna 

aucilebelia.

Cvens qveyanaSi moqmedi normis mixedviT [6], 150 

m-ze naklebi sigrZis gvirabebis ventilacia unda 

moxdes bunebrivi weviT, 150-400 m diapazonSi _ 

bunebrivi weviT, romlis sididis sakmarisoba das-

abuTebuli unda iyos angariSiT. 400 m-ze meti sig-

rZis gvirabebSi aucileblad unda damontaJdes ven-

tilaciis meqanikuri sistema. analogiuri mdgomare-

obaa inglisSic _ 400 m-ze ufro naklebi sigrZis 

gvirabebisaTvis saWiro araa meqanikuri ventilaciis 

mowyoba, xolo germanuli RABT standartiT 350-
700 m diapazonisa da ufro naklebi sigrZis gvira-

bebi ar saWiroeben meqanikur ventilacias, romlis 

mowyoba savaldebuloa 700 m-ze ufro grZeli gvi-

rabebisaTvis.

problema aris 400 m-ze ufro mokle gvira-

bebis xanZarsawinaRo dacva, radgan maTSi, rogorc 

wesi, mowyobili ar aris meqanikuri saventilacio 

sistema. garda amisa, 700 m-mde sigrZis gvirabebSi, 

xanZris mier aRZruli wevis gavleniT, ventilaci-

is sistemis kolafsi ufro mosalodnelia grZel 

gvirabebTan SedarebiT. xanZris wevas am SemTxvevaSi 

eqneba zrdadi xasiaTi gvirabis mcire aerodinami-

kuri winaRobisa da amitom sawvavis sruli wvisaT-

vis sakmarisi haeriT advilad uzrunvelyofis gamo 

[7]. xanZris gaZlierebasTan dakavSirebiT, analogiuri 

azri aris agreTve gatarebuli naSromebSi [8, 9]. 

aRsaniSnavia, rom fataluri xanZari SesaZlebelia 

moxdes mcire sigrZis gvirabSic, romelSic stan-
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dartis Sesabamisad da eqspluataciis praqtikidan 

gamomdinare, mowyobili ar aris meqanikuri saventi-

lacio sistema. gansakuTrebiT gamaxvilebuli unda 

iqnes yuradReba mcire sigrZis gvirabSi momxdari 

xanZrebis mimarT, romlebsac mohyva msxverpli. 

niuholis gasasvleli gvirabi (Newhall Pass 
Tunnel, aSS) los-anjelessa da san-franciskos So-

ris, sigrZiT 166 m, avaria moxda 2007 wlis 12 oq-

tombers, satvirTo avtomobili Seejaxa gverdiT ke-

dels, romelsac daejaxa didi siCqariT moZravi sxva 

satvirTo manqana da meyseulad moxda didi xanZari, 

romelsac aZlierebda qaris mier aRZruli bunebrivi 

weva, 23 adamiani mZimed dazianda, gvirabis simoklis 

miuxedavad, mxolod 24 saaTis Semdeg SeZles xanZris 

kontrolze ayvana [10].

usaxelo gvirabi B 31 Soseze (germania), 200 

m sigrZisaa. avaria moxda 2005 wlis Soba dRes, 

msubuqi manqana Seejaxa Semxvedr analogiur manqa-

nas, moxda xanZari, romlis dros 18-23 wlis asakis 

oTxi axal gazrda daiwva, xolo sxva xuTi travmebma 

imsxverpla [11].

vaiamalas gvirabi (Viamala Tunnel, Sveicaria) 
700 m sigrZisaa. avaria moxda 2006 wlis 16 se-

qtembers, erTmaneTs daejaxa erTi avtobusi da ori 

msubuqi manqana, meyseulad moxda xanZari, romelSic 

gaexva agreTve ori sxva manqana, 9 adamiani daiRupa, 

xolo 5 mZimed daSavda [12].

kabin krikis hesis gvirabi (Cabin Creek Hydro 
Power Plant, aSS) 150 m sigrZisaa. 2007 wlis 2 

oqtombers moxda qimiuri nivTierebis TviTaaleba, 

romelic gamoiyeneboda wylis gawmendis mizne-

bisaTvis. 5 adamiani daiRupa toqsikuri naerTebis 

sunTqvis Sedegad [13].

miTiTebuli magaliTebi imis varaudis saSuale-

bas mainc iZleva, rom mcire sigrZis gvirabebSidac 

saWiroa sagangebo ventilaciis mowyoba, romelsac 

eqneba wvis produqtebis arinebis SesaZlebloba 

evakuaciis gansaxorcieleblad da maSvelebze dasax-

mareblad. sagangebo ventilaciis mowyobis aucile-

blobis dasabuTebis mizniT Sesrulebuli iqna spe-

nax. 1. 25 mgvt simZlavris xanZris ganviTarebis dinamikanax. 1. 25 mgvt simZlavris xanZris ganviTarebis dinamika

nax. 2. kvamlis gavrcelebis siCqaris gansazRvrisaTvis: xanZris keridan portalebamde manZili Seadgens nax. 2. kvamlis gavrcelebis siCqaris gansazRvrisaTvis: xanZris keridan portalebamde manZili Seadgens 

50 m; wnevaTa sxvaoba portalebs Soris 200 pa50 m; wnevaTa sxvaoba portalebs Soris 200 pa
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cialuri kvlevebi maTematikuri modelirebiT.

mxedvelobaSi misaRebia, rom mravali standartis, 

maT Soris RABT-is da PIARC-is mixedviT, saventi-
lacio sistemis daproeqteba unda moxdes 30 mgvt 

simZlavris xanZrisaTvis. mcire sigrZis gvirabebi-

saTvis orientirad miviReT xanZris rekomendebuli 

simZlavre. aRniSnulidan gamomdinare, advilad misax-

vedri garkveuli rezerviT, Cvens mier modelirebuli 

iqna swrafad wvadi sawvavis 25 mgvt simZlavris 

xanZari, romlis Sedegebmac aCvena, rom xanZari siT-

bos gamoyofis maqsimalur maCvenebels aRwevs daax-

loebiT 5 wm-Si (ix. nax. 1). Tu gaviTvaliswinebT 

im garemoebas, rom gvirabebSi xanZrebis umravlesoba 

ventilaciiT kontrolirebadia, rac gansakuTrebu-

lad gamokveTilad gamoavlens Tavs mcire sigrZis 

gvirabebSi, gamovTqvamT varauds, rom aRniSnuli sim-

Zlavre SenarCunebuli iqneba sawvavis praqtikulad 

srul dawvamde.

maTematikuri modelirebis analogiuri Sedegebi-

dan gamomdinare, SesaZlebelia aRvniSnoT, rom mcire 

sigrZis gvirabebisaTvis, bunebrivi ventilaciis pi-

robebSi, wvis Sedegad generirebuli kvamli da to-

qsikuri airebi portalebisaken vrceldeba 2,5 m/wm 

siCqariT, rac miuTiTebs mcire sigrZis mqone gvi-

rabebSi saxanZro saventilacio sistemis arsebobis 

aucileblobaze zemoaRniSnuli simZlavris xanZri-

saTvis (ix. nax. 2). ufro mZlavri xanZris pirobebSi 

sagangebo ventilaciis aucilebloba eWvs ar iwvevs.

saventilacio sistemis arseboba analogiur 

SemTxvevaSi SesaZlebels gaxdis ufro ukeTesi xil-

vadobis uzrunvelyofas adamianis simaRlis doneze 

mTel gvirabSi, radgan, rogorc wesi, am SemTxvevaSi 

gamoyenebuli unda iqnes grZivi sistema da Wavluri 

ventilatorebi, romlebic kvamlisa da wvis sxva 

produqtebis arinebas moaxdenen gvirabis Weris gas-

wvriv.

aRniSnuli Sedegis siaxlisa da mniSvnelobis 

demonstrirebisaTvis SedarebiT vrclad ganvixiloT 

gvirabebis xanZarusafrTxoebis yvelaze saukeTeso 

standarts dResdReobiT. ganxilvisas unda gvax-

sovdes, rom 400 m-ze naklebi sigrZis gvirabebSi 

mravali standartis, agreTve arsebuli praqtikiT, 

mowyobili ar aris meqanikuri saventilacio sistema 

da gvirabis ventilacia xdeba bunebrivi wevis xar-

jze.

aSS-is erovnuli saxanZro dacvis asociaciis 

502 standartis 11.1 punqti moiTxovs sagangebo 

saventilacio sistemisa da gvirabis eqspluataciis 

iseTnair dagegmvas, rom maqsimalurad iqnes gamoyen-

ebuli gvirabis Cveulebrivi reJimis saventilacio 

sistema, gvirabSi momxdari xanZris Sedegebis, namwvi 

da toqsikuri airebisa da kvamlis kontrolisa da 

gvirabidan arinebaze [14].

240 m-ze naklebi sigrZis gvirabis SemTxvevaSi 

aRniSnuli standartis 11.1.1 punqti iTvaliswinebs 

inJinruli analizis safuZvelze usafrTxoebis 

dagegmvas bunebrivi faqtorebis, transportis saxeo-

bis, moZraobis xasiaTisa da sxva msgavsi maCveneblebis 

mixedviT da ar iTvaliswinebs sagangebo ventilaciis 

mowyobis aucileblobas.

movitanoT zogierTi mniSvnelovani cnoba aRniS-

nul standartTan dakavSirebiT:

NEPA-502-T _ sacdeli standarti SemoRebuli 

iqna 1972 wels. 1980 wlidan NEPA-s komitetma 
gadaamuSava dokumenti, rogorc rekomendebuli praq-

tika da daamata Tavi ventilaciis Sesaxeb, romel-

ic kvlav ar iTvaliswinebs sagangebo ventilaciis 

mowyobis aucileblobas iseTi sigrZis gvirabebSi, 

romelTa Cveulebrivi ventilacia xorcieldeba 

bunebrivi weviT.

1987 wlis gamocemaSi Seitanes mcire Sesworeba 

xanZris saqrobi wyliT momaragebasTan dakavSirebiT.

1996 wlis gamocemaSi Setanilia Tavi gvirabebSi 

totaluri reviziis Sesaxeb. agreTve daemata moTx-

ovnebi gvirabebSi axali masalebis gamoyenebis re-

viziis Sesaxeb.

1998 wlis gamocema gadamuSavda saavtomobilo 

transportisa da gzatkecilebis saxanZro usafrTx-

oebis komitetTan erTad. kerZod, kritikulad da-

muSavda TiTqmis yvela Tavi da daemata axali me-7 

Tavi, romelSidac Sevida kvlevebis Sedegebi venti-

laciis saxanZro usafrTxoebis testirebasTan dakav-

SirebiT aSS-is gvirabSi „memoriali“, romelic iyo 

mitovebuli gvirabi dasavleT virjiniaSi, aRiWurva 

yvelanairi saventilacio sistemiT, gamzomi aparatu-

riT da moxda sxvadasxva simZlavris xanZrebis tes-

tireba [15, 16]. aRniSnul kvlevebSi aqcenti gakeTe-

buli iyo didi sigrZis saavtomobilo gvirabebze. 

2001 wlis gamocemaSi sagangebo ganaTebaze da 

sagangebo gasasvlelebs Soris optimaluri man-

Zilebzea yuradReba gamaxvilebuli. agreTve moxda 

redaqciuli xasiaTis mniSvnelovani Sesworebebi. 

ganmartebulia agreTve gvirabis sigrZis mixedviT 

normis gamoyeneba.

2004 wlis versiaSi aris damatebiTi moTxovnebi 

betonisa da armaturis mimarT, sagangebo ganaTeb-

is mimarT, sagangebo gasasvlelebs Soris manZilTan 

dakavSirebiT. amave gamocemis danarT A-Si mocemulia 

axali kvlevebis Sedegebi msoflio masStabiT.

2008 wlis gamocema amatebs specialur moTx-

ovnebs xanZris testebze gvirabis struqturul 

elementebTan mimarTebaSi da Seicavs ganmartebebs 

sagzao gvirabebis kategoriebad dayofasTan dakav-

SirebiT; agreTve ganixilavs sakiTxebs saTanado ven-

tilaciis, saimedo garemosa da saxifaTo tvirTe-

bis transportirebis reviziis Sesaxeb; sadiskusio 

Temebis revizia aris agreTve danarT E-Si xanZris 
saqrobi fiqsirebuli sistemebis saxiT.
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2011 wlis gamocemaSi ufro dasabuTebuli moTx-

ovnebia gvirabis usafrTxo eqspluataciis uzrun-

velsayofi sistemebis mimarT gvirabis kategoriis 

mixedviT. damatebulia me-9 Tavi wyliT xanZris 

saqrobi sistemebis Sesaxeb. dokumentSi agreTve 

damatebuli aris sistemis kontrolisa da periodu-

li testirebis Sesaxeb masala, agreTve ganaxlebulia 

danarTi gvirabis usafrTxoebis daproeqtebis faq-

torebze riskebis analizis mixedviT.

amgvarad, CvenTvis cnobili arcerTi standarti 

da arc romelime samecniero publikacia ar ganixi-

lavs mcire sigrZis gvirabebSi sagangebo ventilaci-

is mowyobis saWiroebas.

Sesrulebuli kvlevebis mixedviT, mcire sig-

rZis gvirabebSi xanZrebis ganviTarebis scenarebis 

Seswavlis safuZvelze, SegviZlia davaskvnaT, rom gvi-

rabebSi, romelTa Cveulebrivi eqspluatacia meqan-

ikuri ventilaciis gamoyenebis gareSe daSvebulia 

normebiT, saWiroa sagangebo saventilacio sistemis 

mowyoba, romelic amoqmeddeba xanZris SemTxvevaSi. 

amasTan erTad, mcire sigrZis gvirabebis saxanZ-

ro usafrTxoebis uzrunvelsayofad mizanSewonilad 

migvaCnia Semdegi rekomendaciebis ganxorcieleba:

gvirabis momsaxure personalisa da maSveleb-- 

is kvalifikaciis amaRleba. swavlebis bazisi iqneba 

sxvadasxva simZlavris xanZris scenarebi, romlebsac 

aqvT siTbos, kvamlisa da naxSirbadis monooqsidis 

generaciis droSi cvalebadi maCveneblebi. xanZris 

scenarebis SerCeva unda moxdes kompiuteruli mode-

lirebis Sedegebis mixedviT, gvirabSi gadaadgilebadi 

mosalodneli transportis saxeobebisaTvis; 

gvirabis infrastruqturis saTanadod mod-- 

ernizeba. kerZod, kvamlis gasasvlelebi WerSi, gvira-

bis gaswvriv, aris efeqturi da unda iqnes ganxiluli 

maTi mowyoba iq, sadac adgilmdebareoba aRniSnuls 

xels Seuwyobs. amasTan erTad,  gvirabi unda aRiWur-

vos wvis produqtebis sazomi gadamwodebiT, romleb-

sac eqnebaT mocimcime da  xmovani signalebi; 

treiningis Catareba gvirabis momsaxure - 

personalis iseTi moqmedebis dasaxvewad sagangebo 

situaciis SemTxvevaSi, rom maT SeZlon daxmareba an 

evakuaciaze, an maSvelebze, an oriveze;

sagzao moZraobis usafrTxoebis wesebis - 

ganuxreli dacva, unda aikrZalos gvirabSi moZrav 

manqanaze gadaswreba da realurad iqnes aRniSnuli 

miRweuli;

saxifaTo tvirTebisaTvis ganrigis daweseba, - 

maTi gatareba gvirabSi unda moxdes yvelaze naklebi 

moZraobis dros;

sakiTxis popularizacia. usafrTxoebis moTx-- 

ovnaTa gacnoba sagzao moZraobis yvela monawileze. 
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LANCHAVA O., NOZADZE G., ARUDASHVILI N.
ANALIZE OF FATAL FIRES IN ROAD TUNNELS 
AND MEASURES OF ITS PREVENTING

In this work are reviewed examples of accidents dur-
ing fire in short worldwide tunnels. There is mentioned 
that nowadays, in short tunnels it is not recommended 
construction of mechanical ventilation, in according to 
the standards of developed countries. Notwithstanding 
of these recommendations, it is shown in this work, 
that for short tunnels the risk of fire is great and results 
of fire would be unsafe. Offered the measures of fire 
prevention in the short tunnels, among which should 
be noted: modernization of infrastructure of tunnels; 
its equipment with emergency ventilation and with in-
strumentation; staff training and lifeguard; training of 
the emergency ventilation operational procedures to 
assist in the evacuation or rescue, or both, of motorists 
from the tunnel; In all cases, the desired goal shall be 
to provide an evacuation path for motorists who are 
exiting from the tunnel and to facilitate fire-fighting 
operations; entering of schedules for large and dan-
gerous cargo; Information support and popularization 
of given questions. In this work testing, training and 
education are considered as tools to improve the safety 
and security of underground short tunnels.

ЛАНЧАВА О.А., НОЗАДЗЕ Г.Ч., АРУДАШВИЛИ Н.Н.
АНАЛИЗ ФАТАЛЬНЫХ ПОЖАРОВ ДЛЯ 
КОРОТКИХ АВТОМОБИЛЬНЫХ ТОННЕЛЕЙ 
И РАЗРАБОТКА МЕРОПРИЯТИЙ ИХ 
ПРЕВЕНЦИИ

Рассмотрены примеры несчастных случаев во 
время пожара в коротких туннелях. Отмечается, 
что в настоящее время, в коротких туннелях, 
не рекомендуется строительство механической 
вентиляции в соответствии со стандартами раз-
витых стран. Несмотря на это, в данной работе 
показывается, что для коротких туннелей риск 
пожара велик и результаты огня будут опасными. 
Предлагаются меры профилактики пожаров в ко-
ротких туннелях, среди которых следует отметить: 
модернизацию инфраструктуры туннелей; его обо-
рудование с аварийной вентиляцией и приборами 
контроля продуктов горения; обучение персонала 
и спасателей; тренировка в освоении оперативных 
процедур для оказания помощи в эвакуации; ввод 
графика для больших и опасных грузов; информа-
ционная поддержка и популяризация данного воп-
роса.

naSromSi gaanalizebulia, rom zogierTi saSeni naSromSi gaanalizebulia, rom zogierTi saSeni 

masala, warmoebisa da eqsploataciis periodSi, mavne masala, warmoebisa da eqsploataciis periodSi, mavne 

gavlenas axdens garemoze da adamianze, amdenad ami-gavlenas axdens garemoze da adamianze, amdenad ami-

tom normebiT gaTvaliswinebuli sanitarul-higie-tom normebiT gaTvaliswinebuli sanitarul-higie-

nuri Sromis pirobebis dacva aucilebeli pirobaa, nuri Sromis pirobebis dacva aucilebeli pirobaa, 

rogorc warmoebis daproeqtebisas, ise eqspluat-rogorc warmoebis daproeqtebisas, ise eqspluat-

aciis dros. amasTan erTad,  ekologiuri pirobebis aciis dros. amasTan erTad,  ekologiuri pirobebis 

dacva, iZleva ekonomiur efeqtsac.dacva, iZleva ekonomiur efeqtsac.

kacobriobis xsna da ganviTareba mxolod gone-

bis prioritets ZaluZs. ekologiuri eTika zogad-

sakacobrio problemaa. is moicavs adamianisa da 

bunebis urTierTobis zneobriv normebs, biosferos 

SenarCunebis moralur principebs, rac kaciobriobis 

gadarCenisa da misi Semdgomi srulyofis aucile-

beli pirobaa. gasaWirSi gviSvelis zneobis saw-

yisebis codna. bunebasTan harmoniul urTierTobas 

ganapirobebs yoveli adamianis piradi pozicia, misi 

yoveldRiuri qceva kacobriobis saxlSi – dedami-

waze. bunebis dacva kulturis donis amaRlebiTaa 

SesaZlebeli, ara misi dapyrobiT, aramed bunebisa da 

sazogadoebis erToblivi harmoniuli ganviTarebiT. 

is unda darCes ara rogorc materialuri resurse-

bis wyaro, aramed aRtacebis, Tayvaniscemis da po-

eziis sagani. adamiani bunebis nawilia da radgan is 

dajildoebulia gansakuTrebuli TvisebiT – gonebiT, 

amitom SesaZlebelia adamianis da bunebis sruli 

harmonia. amiT aris mSvenieri dedamiwa - gonebis 

akvani. xalxSi odiTganve cocxlobs imis rwmena, rom 

codnasa da sikeTes Soris arsebobs ganuyreli kav-

Siri. bunebis Secnoba aris upirveles yovlisa ada-

mianis arsis Secnoba! _ ̀ Seican Tavi Seni~ _ Secnoba 

im saukeTeso Tvisebebisa, rac mas aRamaRlebs. si-

lamaze, maTematikuri da Teoriuli gamoTvlebiT ar 

aisaxeba. mis gadmosacemad saWiroa poeturi meta-

fora, musikaluri saxeebi da ferweruli palitra. 

buneba, xelovnebis msgavsad, adamians akeTilSobilebs, 

unviTarebs silamazis grZnobas, uRviZebs jansaR 

gatacebas da exmareba cxovrebaSi sakuTari adgi-

lis povnaSic. mecnierebis ganviTarebas TavisTavad 

moyveba gamoyeneba. praqtika mecnierebis winaSe svams 

amocanas, magram mas ar SeuZlia ukarnaxos ra gziT 

amoxsnas igi. mecnierebis ganviTareba ganisazRvreba 

mxolod faqtebis Sinagani logikiT da ara moTxov-

nileba garegani dawoliT. mecnieruli azri, rogorc 

yovelgvari azri, SeiZleba muSaobdes mxolod sruli 
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Tavisuflebis pirobebSi. 

saSeni masalebis, nakeTobisa da konstruqciis 

warmoeba udides gavlenas axdens garemoze, dawyebu-

li saSeni masalebis warmoebisaTvis nedleulis mop-

ovebidan, damTavrebuli Senoba-nagebobis eqspluat-

aciiT. saSeni masalebis sawarmo warmoadgens garemos 

dabinZurebis wyaros (haeris da wylis auzebis, miwis 

zedapiris) cementis, azbestis, bunebrivi da xelov-

nuri qvebis mtvriT, Tburi danadgarebis gamonabolq-

vi airebiT, gamdinare wylebiT, sxvadasxva zeTiT da 

emulsiiT, sawvav-sapoxi masalebiT, sawarmoo narCen-

ebiT da wundebuli nakeTobiT, specialur sawarmoSi 

(magaliTad, plastmasebis, sinTezuri boWko da sxv.) 

– ki aseve fenolis, benzolis narCenebiT da a.S.

garda amisa, zogierTi saSeni masala warmoebis 

procesSi da eqspluataciis periodSi arasasurvel 

zegavlenas axdens garemoze da adamianze (organu-

li Semkvrelebi da maT safuZvelze damzadebuli 

masalebi gamoyofen naxSirwyalbads, romelsac aqvs 

kancerogenuri Tvisebebi; zogierTi azbestis boWkos 

mtveri aseve aris Zlieri kancerogeni).

sxva masalebi, magaliTad polimerebi, laqebi da 

saRebavebi, gamoyofen mfrinav toqsikur nivTierebas; 

mineraluri bambis mtveri gamaRazianeblad moqmedebs 

adamianis sasunTq organoebze da kanze.

zogierTi saxeobis bunebriv da gamomwvar masa-

las aqvs maRali radiaciuli foni da a.S. yvelaferi 

es ganapirobebs dargis pirvel ekologiur proble-

mas.

mSeneblobis bevri sawarmo garemos abinZurebs 

cementis, azbestis, keramikis da sxva saxeobis mt-

vriT; Tburi danadgarebis gamonabolqvi airebiT; 

Camdinare wylebiT; sxvadasxva zeTiT da emulsiiT; 

sawvav-sapoxi masalebiT; sawarmoo narCenebiT da 

wundebuli nakeTobiT da a.S.

zogierTi saxeobis masala warmoebis da eqsplu-

ataciis periodSi mavne gavlenas axdens garemoze 

da adamianze. magaliTad, laqi da saRebavi gamoyofs 

aqrolad toqsikur nivTierebebs: mineraluri bambis 

mtveri gamaRizianeblad moqmedebs sasunTq organoe-

bze da kanze. bunebriv qvis da xelovnuri masalebis 

zogierT saxeobas aqvs maRali radiaciuli foni.

dargis meore da aranakleb mniSvnelovani prob-

lemaa bunebrivi resursebis (mineraluri, wylis, 

sawvav-energetikuli) racionaluri da kompleqsuri 

gamoyeneba, warmoebis sxva dargebis mravali saxeobis 

da didtonaJiani da maT Soris sakuTari warmoebis 

narCenebis utilizacia. am problemis gadawyvetis 

dros warmoiSva axali – upirveles yovlisa nake-

Tobis da kontruqciis xanmedegoba, energodamzogavi 

masalebisa da narCenebisagan. aranakleb mniSvnelo-

vania sxvadasxva warmoebis narCenisagan miRebuli 

produqciis toqsikurobis problema: misi moqmedeba 

adamianze, ekosistemaze da masTan dakavSirebul cv-

lilebaze. 

saSeni masalebis teqnologiaSi Zalze mniSvnelo-

vani ekologiuri aspeqtia sxva warmoebis narCenis 

da Tanmdevi produqtis utilizaciis problema. aq 

arsebobs realuri SesaZlebloba imisa, rom tradici-

uli bunebrivi nedleuli Seicvalos meoradi miner-

aluri resursebiT. es SeiZleba iyos metalurgiuli 

warmoebis narCeni widebi, nacrebi, merqnis gadamuSave-

bis narCenebi.

saSeni masalebis warmoebam, romelic iyenebs meo-

rad produqts, amavdroulad unda gadawyvitos mw-

vane ekologiuri problemebi, am narCenebis garemoze 

mavne zemoqmedebisa.

unarCeno samSeneblo teqnologia SeiZleba ganx-

orcieldes betonis jarTis, minis namtvrevis, aguris, 

xe-tyis warmoebis da sxva meoradi resursebis 

gamoyenebiT.

saSeni masalebis warmoebaSi garemos dacvis 

ZiriTadi mimarTulebebia:

mravali warmoebis da maT Soris energetikis, • 
metalurgiis, qimiis mravaltonaJiani meoradi mate-

rialuri resursebis gamoyeneba.

sawvav-energetikuli sawarmoTa resursebis • 
racionaluri gamoyeneba.

sawarmoTa gadayvana mcire da unarCeno war-• 
moebis teqnologiaze.

wylis racionaluri moxmareba, iseTi teq-• 
nologiebis damuSaveba da danergva, sadac wylis xar-

ji iqneba minimaluri, wyalmomaragebis Sekruli cik-

li, Camdinare wylebis gawmendis efeqturi sistema.

 dargis ekologiuri problemebi dakavSirebulia 

saerTod ekologiur mSeneblobasTan, e.i. uzrunve-

lyofili unda iyos:

masalebis, nakeTobis da konstruqciis eko-• 
logiurad sufTa teqnologia;

maTgan ekologiurad sufTa masalis, nakeTo-• 
bis da konstruqciis damzadeba;

Senoba-nagebobis ekologiuri usafrTxoeba;• 
nakeTobis da konstruqciis xanmedegoba. • 

garemos mdgomareobis gaumjobesebis da stabi-

lizaciis erTerTi mimarTulebaa samSeneblo war-

moebis ekologiuri pasportizacia. es normatiuli 

dokumenti orientirebulia oTxi ZiriTadi amocanis 

gadawyvetaze: 

warmoebis ekologiuri Sefaseba, bune-• 
brivi resursebis racionalurad gamoyenebis 

TvalsazrisiT;

garemoze warmoebis negatiuri zemoqmedebis • 
Sefaseba, narCenebis raodenobis mixedviT garkveuli 

drois ganmavlobaSi;

gamwmendi nagebobis muSaobis efeqturoba da • 
kontroli. 

cxrilSi 1 mocemulia magaliTi rkinabetonis 

sawarmoSi ZiriTadi damabinZurebeli wyaroebi da ga-
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remoze maTi gavlenis Semcirebis RonisZiebebi.

bunebadamcveli RoniZiebebis ekologiuri efeqti 

– ee, gamoixateba am RonisZiebiT gamowveuli im ekono-

mikuri zaralis – zz acilebis da wliuri damatebiTi 

Semosavlis – dd jamiT, romelsac gvaZlevs warmoebis 

procesebis gaumjobeseba

e = z + d.

Semosavlis wliuri namati, romelic mogv-

ca sawarmoo procesebis Sedegebis gaumjobesebam, 

mravalmiznobrivi bunebadamcveli RonisZiebebis ga-

tarebis Sedegad, bunebrivi resursebis racionalurma 

gamoyenebam, ekologiurad sufTa nedleuli masalebis 

SerCevam, materialuri da saTbob-energetikuli xar-

jebis Semcirebam, qarxnis narCenebis utilizaciam, 

meoradi resursebis da sxva sawarmoTa Tanmdevi 

produqtis gamoyenebam, ganisazRvreba formuliT

,

sadac -uri saxeobis (xarisxis) produqciis 

raodenoba, miRebuli gansaxorcielebeli RonisZiebe-

bis (i=1,...,m) Catarebamde; -uri sa xeobis 

(xarisxis) produqciis raodenoba, miRebuli-ganx-

orcielebuli RonisZiebebis Catarebis Semdeg; zi – 

erTeuli produqciis Sefaseba (TviTRirebulebis 

cxrili 1cxrili 1

garemos dabinZurebis ZiriTadi wyaroebi da dacvis RonisZiebebigaremos dabinZurebis ZiriTadi wyaroebi da dacvis RonisZiebebi

dabinZurebis wyaros 

adgilmdebareoba
dabinZurebis wyaro dabinZurebis saxeoba

dabinZurebis Semcirebis 

RonisZiebebi

Semvsebebis sawyobi
gantvirTva da 

transportireba
mtveri, xmauri

gantvirTva daxuruli 

saxiT

cementis sawyobi igive cementis mtveri
pnevmogantvirTva,  

mtverdamWerebis mowyoba

liTonis sawyobi igive mtveri, xmauri ventilacia, bgeraizolacia

sawvav-sapoxi masalebis 

(ssm), da namatebis, 

emulsiebis sawyobi

afeTqeba da 

xanZar-saSiSroeba
afeTqeba, xanZari 

Termomedegi, mopirkeTebis 

mowyoba

betonsarevis kvanZi betonis narevis momzadeba xmauri, mtveri ventilacia, bgeraizolacia

dayalibebis saamqro mowyobiloba,  konveieri
xmauri, vibracia, 

gamomdinari wylebi

bgerasaizolacio garsacmis 

mowyoba, siTboSTanTqavi 

qsovilis gamoyeneba

armaturis saamqro SeduRebis aparatebi siTbogamoyofa damcavi garsacmis mowyoba

satransformatoro transformatorebi xmauri bgeraizolacia

sakompresoro kompresorebi xmauri
bgeraizolaciis 

mopirkeTeba

mza produqciis sawyobi dasawyobi adgili mtveri,  gamdinare wylebi bunebrivi ventilacia

avtomanqanebis sadgomi avtotransporti gamonabolqvi airebi
gaCerebis Semcireba, swori 

organizacia

avtogzebi sawarmoos avtogzebi mtveri morwyva zafxulSi

dafqvis saamqro burTulovani wisqvili mtveri,  xmauri mtverdamWeri mowyobiloba

formirebis ganyofileba saWreli kompleqsi betonis narCenebi arakondiciis gayidva

Tboteniani damuSaveba ormos tipis kamerebi siTbo,  orTqli saimedo Tboizolacia

yalibebis dazeTvis posti, 

ssm

damuSavebuli sawvav-

sapoxi masalebi (ssm)
damuSavebuli ssm

danaleqi, damuSave bu li 

ssm-Tvis
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an sabiTumo fasi); A1 _ garemos dacvis arCeviTi 

RonisZiebebis Sedegebis wili, saerTo produqciis 

SefasebaSi.

Tu sawarmo uSvebs damatebiT produqcias saku-

Tari narCenebis utilizaciis Sedegad, an maTi war-

moqmnis acilebiT, maSin warmoebis moculobis nama-

tis Rirebulebis Sefaseba ganisazRvreba analogiuri 

produqciis im fasiT, romelic miiReba pirveladi 

nedleulidan.

ekologiuri zaralis acilebis sidide Seicavs:

dabinZurebuli wylis, niadagis, xmauris, vi-• 
braciis, haeris gawmendis saeqspluatacio xarjebs 

da sxva mimdinare danaxarjs;

zaralis Secvla – • SS, romelic ganicada ga-

remom bunebadamcveli RonisZiebebis Catarebamde da 

Catarebis Semdeg

S = e + z
1
 + z

2
 + d + x,

sadac e – gawmendis sistemis eqspluataciaze gaweu-

li xarjebi; z
1
 da z

2
 – zarali, romelic ganicada 

garemom gamonayar-gamonabolqvis gawmendis Semdeg da 

gawmendamde; d – damatebiTi resursebis safasuri, 

sistemis eqspluataciis dros; x – xarjebis cvli-

leba ZiriTad warmoebaSi.

gamonayar-gamonabolqvis gawmendis sistemaze 

erTdrouli xarjebi Seadgens

x = p + x
Z
,

sadac p – gawmendis sistemis daproeqtebaze, da-

muSavebaze da danergvaze gaweuli xarjebi; x
Z
 – 

ZiriTad warmoebaSi cvlilebebis xarjebi.

bunebadamcveli RonisZiebebis sistemebis dan-

ergvis efeqturoba – ef, romelic muSavdeba drois 

faqtoris gaTvaliswinebiT, ganisazRvreba formu-

liT

,

sadac D _ diskontis (angariSis) norma (SeiZleba 

miRebuli iqnes bankis saaRricxvo ganakveTis far-

glebSi); t _ bunebadamcveli sistemis gamoyenebis 

periodi.

 bunebadamcveli RonisZiebebis danergvis efeq-

turobisaTvis aucilebe lia yvela zemoT CamoTvlili 

RonisZiebebis gatareba.
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ТЕВЗАДЗЕ Д.Н., ТЕВЗАДЗЕ М.Н.
ЭКОЛОГИЯ И ОХРАНА ОКРУЖАЮЩЕЙ 
СРЕДЫ

В статье на основе анализа отмечается, что 
некоторые строительные материалы, во время их 
производства и эксплуатации, производят вредное 
воздействие как на окружающую среду, так и на че-
ловека. По этому, выполнение требований, предус-
мотренных санитарно-гигиеническими нормами, 
по охране труда, являются объязательными усло-
виями, как при проектировании, так и во время их 
эксплуатации. Защита требований экологических 
условий, приносит экономический эффект.

TEVZADZE D.N., TEVZADZE M.N.
ECOLOGY AND ENVIRONMENT 
PROTECTION

 Certain building materials have harmful ef-
fect on the environment and on people during the 
manufacturing process and in usage has been shown 
in the paper. Carrying out requirements of sanitary-
hygienic norms in labour protection while designing 
enterprises and their exploitation is absolutely neces-
sary. Defence of ecological conditions also provides an 
economic effect.




