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I Tavi. mosamzadebeli gvirabebis gayvana 

gvirabebis ganivkveTis unifikacia 

gvirabis ganivkveTis forma da zomebi SeirCeva 

im moTxovnebis gaTvaliswinebiT, rom man uzrun-

velyos masSi moZravi transportis usafrTxo da 

normaluri moZraoba, agreTve, uzrunvelyos masSi 

gamavali haeris maqsimaluri raodenobis dasaSve-

bi siCqare. es yvelaferi gaTvaliswinebuli unda 

iyos gvirabSi gamoyenebuli liTonis samagris 
daTmobis Semdeg miRebuli ganivkveTis farTobis 

pirobebSi. 

unifikaciis TvalsazrisiT aq ganixileba oTxi 

tipuri ganivkveTi, АП tipis samseqciani TaRuri 

damTmobi samagris gamoyenebiT, sami tipuri ganiv-

kveTi АКП-5 tipis xuTseqciani TaRuri samagris 

da ori tipuri ganivkveTis МПК tipis liTonis 

samagri sworxazovani elementebiT, marTkuTxa da 

trapeciuli formis gvirabebisaTvis (cxrili #1). 

samagris muSaobis pirobebis gasaumjobeseblad 

da misi aerodinamikuri winaaRmdegobis Semcirebis 

mizniT АКП-5 tipis specialuri kolofiseburi 

profilis Ria mxare Setrialebuli unda iyos 

qanis mimarTulebiT. 
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cxrili #1 

 

samagris 

tipi 

ganivkveTis farTobi, m2 

sinaTleSi Ssin. gayvanaSi 

Sgay. 
daTmobis 

Semdeg 
daTmobamde 

АП 
АП 
АП 
АП 

АКП-5 
АКП-5 
АКП-5 
МПК 
МПК 

7,1 
8,9 

11,2 
12,7 
7,1 
8,9 

11,2 
7,0 
8,4 

8,5 
10,4 
12,8 
14,5 
10,3 
12,5 
15,2 
7,5 
9,2 

10,6 
12,9 
15,7 
17,6 
12,7 
15,1 
18,3 
10,5 
10,9 

 

 
nax. #1. komunikaciebis ganlageba. 

a - АП tipis sam seqciano TaRuri samagris 

SemTxvevaSi, b - МПК-s samagris SemTxvevaSi, g - МП-
К-s SemTxvevaSi. 
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1_luminescenciuri naTura, 2_sadegazacio 

milsadeni ∅150mm, 3_satelefono da sasignalo 
kabelebi, 4_Zalovani kabeli ZabviT 127, 660 da 6000 

volti, 5_xanZarsawinaaRmdego milsadeni ∅100mm, 

6_kumSuli haeris milsadeni ∅200mm. 
 

 

II Tavi. gvirabgamyvani meqanizmebis SerCeva 

gvirabis mSeneblobisas gamoyenebul teqnolo-

giis saxeobas (burRva-afeTqebis xerxi, kombainiT 

gayvanis xerxi) gansazRvravs samTo-geologiuri 

da samTo teqnikuri faqtorebi. 

samTo-geologiuri faqtorebi iTvaliswinebs: 

• prof. protodiakonovis Skalis mixedviT, 

gadasakveTi qanebis simagris koeficients 

f; 
• qanis abraziulobis maCvenebels a; 
• gvirabis sangrevSi naxSiris fenis Semcve-

lobas (qanis mijris koeficienti) Кm; 

• naxSiris fenis daxris kuTxes α; 
• wylis modinebas sangrevSi υწყ. 

samTo-teqnikur faqtorebSi, ZiriTadad, gaT-

valiswinebulia: 

• gvirabis ganivkveTis forma da zomebi S; 
• gasayvani gvirabebis sigrZe L; 
• gvirabis daxris kuTxe α; 
• gvirabis gayvanis siCqare υ. 

aRniSnuli faqtorebis gaTvaliswinebiT ganas-

xvaveben gvirabis mSeneblobis or ZiriTad teqno-
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logiur sqemas - ciklur-nakadur da ciklur teq-

nologias. 

ciklur-nakadur teqnologiaSi gaTvaliswinebu-

lia ZiriTadi sagamyvano operaciebis maqsimaluri 

urTierTSeTavseba droSi, rac praqtikulad gan-

sazRvravs gvirabis sangrevis uwyvetad gadaadgi-

lebas. aseT teqnologias miekuTvneba gvirabis gay-

vanis kombainuri xerxi, roca kombainis muSaobis 

paralelurad SesaZlebelia gvirabis gamagrebis 

da sxva damxmare operaciebis warmoeba. 

cikluri teqnologiis gamoyenebis SemTxvevaSi 

sangrevidan samTo masis gamozidvis procesi mim-

dinareobs SesvenebebiT, rac gamowveulia sxva sa-

muSaoebis warmoebiT, romlebic unda Sesruldes 

ZiriTad procesTan garkveuli TanmimdevrobiT. 

ciklur teqnologias miekuTvneba, ZiriTadad, gvi-

rabis mSenebloba burRva-afeTqebiTi xerxiT da 

nawilobriv kombainiT gayvanis xerxi, roca samag-

ris amoyvanis dros saWiro xdeba kombainis gaCe-

reba. 

gvirabgamyvani kombainebis ZiriTadi teqnikuri 

maCveneblebi da maTi gamoyenebis pirobebi mocemu-

lia cxrilSi #2. 

am pirobebis gaTvaliswinebiT, teqnologiur 

sqemebSi, rekomendebulia gvirabgamyvani kombaineb-

is Semdegi tipebi: 

roca:   f≤4, km.≤0.5, a≤10mg, α≤±100,   Sgay=7÷16-m, L≥150 m, 
ПК-9P tipis amorCeviTi moqmedebis kombainebi; 
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cxrili #2 

gvirabgamyvani kombainebi 

# 
maxasiaTeble

bi 
ganz. 

ПК-
9Р 

4П
П-2 

КП-
25 

4ПП-5 
ПК-
160 

КРТ 

1 

gvirabis 

daxris 

kuTxe, α 

gra

d 
±10 ±10 ±10 ±10 ±12 ±10 

2 

gvirabis 

ganikveTis 

farTobi 

gayvanaSi, 

Sgay. 

m2 7-16 9-25 8-30 14-36 9-25 18 

3 

gvirabis 

zomebi:       

sigane 

m 3-6,3 
3,6-
6 

3,2-
6,2 

4,2-6,5 4,0-5,8 4,5 

 simaRle m 
2,2-
3,9 

2,6-
4 

2,1-
4,2 

2,6-5 2,2-5,3 4,5 

4 

qanis 

simagris 

koeficienti, 

f 

f 4 6 6-7 7 7 6-10 

5 

qanis 

abraziuloba,  

a 
mg 5 15 15 15 15 35 

6 

teqnikuri 

mwarmoeblur

oba 

m3/wT 1,2 0,41 0,3 0,6 0,48 0,65 

7 
damtvirTavi 

organos tipi 
 

x v e t i a  

T a T e b i  

roto-

ruli 

8 

kombainis 

ZiriTadi 

zomebi: 

sigane 

m 1,8 2,45 2,1 2,45 2,6  

 simaRle m 1,83 2 1,65 2,1 2,0  
 sigrZe m 7,7 9,1 9,4 13,6 11,0 22 

9 
kombainis 

masa 
t 30 38 32 75 65 130 

roca f≤4, km.≤0.6, a≤10mg, α≤+100÷250,  Sgay=4.7÷15 m, L≥150 m, 
ГПК tipis amorCeviT moqmedebis kombainebi; 
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roca f=4÷6, km.≤0.75, a≤15mg, α≤±100, Sgay=9÷18m2, L≥250 m, 
4ПП -2 tipis amorCeviTi moqmedebis kombainebi; 

roca f=6÷8, km.≤1.0, a≤35 mg, α≤±100, L≥1000 m - rotoru-
li tipis kombainebi. 

zemoT aRniSnuli pirobebisagan gansxvavebul 

SemTxvevaSi, rogorc wesi gamoiyeneba gvirabis 

mSeneblobis xerxi, burRva-afeTqebiTi samuSaoebis 

warmoebiT. saburRi danadgarebis da damtvirTavi 

manqanebis ZiriTadi teqnikuri maCveneblebi da ga-

moyenebis pirobebi mocemulia #3 da #4 cxrilSi. 

am pirobis gaTvaliswinebiT rekomendebulia sa-

burRi danadgarebis da damtvirTavi manqanebis 

Semdegi kombinaciebi: 

gvirabebSi, sadac zidva warmoebs saelmavlo 

transportiT _ БУЭ-2 tipis saburRi danadgarebi 
(roca f≤8) da  БУЭ-3, БКГ-2 (roca f≤16) saburRi da-
nadgarebi, 1ППН-5 tipis damtvirTavi manqanebi 

(pnevmaturi energiis SemTxvevaSi Sesabamisad БУР-2 
da ППМ-4П). 

imave pirobebSi gvirabis mcire ganivkveTis Sem-

TxvevaSi, roca Km≤0.3 iyeneben ППМ-4 tipis dam-

tvirTavi manqanas, aRWurvils МН-2 tipis manipu-
latoriT, aseve,  ЭБГП tipis svetian burRebs (roca 
f≤11) da xelis eleqtroburRebs (СЭР-19Р), susti 

gverdiTi qanebis (roca f≤4) gasaburRad. 
horizontalur gvirabebSi (Sსინ>6 m2), sadac zidva 

warmoebs konveierebiT, iyeneben _ 2ПНБ2Б (f≤12) da 
1ПНБ2Б (f≤6) tipis saburR-damtvirTav manqanebs. 
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amave pirobebSi, magram, gverdiTi qanebis simag-

ris koeficientis (f≤4) SemTxvevaSi (kombainis ar 

arsebobis SemTxvevaSi) _ iyeneben 1ПНБ2Б tipis 

damtvirTavi manqana da xelis СЭР19eleqtrobur-

Rebi: 

aRmavali gvirabebis gayvanis SemTxvevaSi (α≤80) - 
МН2 manipulatorebiT aRWurvili ППМ4 tipis 

damtvirTav manqanebs; roca f≤6, dasaSvebia 1ПНБ2У 

tipis damtvirTavi manqanis gamoyeneba; daRmavali 

gvirabebis gayvanis SemTxvevaSi (f≤-80), rekomende-

bulia 1ПНБ2Б da 2ПНБ2Б damtvirTavi manqanebis ga-

moyeneba. 
         cxrili #3 

saburRi danadgarebi            

maxasiaTeb

lebi 
ganz 

НБ-
1Э, 

БУЭ-
1 

НБ-
1Э, 

БУЭ-
2 

БУЭ-
3 

ЭБГП БКГ2 
СЭР 
19Р 

НБ-
1П, 

БУ 1 

НБ-
1П, 

БУ 2 

qanis 

simagris 

koeficien

ti, f 

- ≤8 ≤8 8-16 ≤11 ≤16 ≤4 8-16 8-16 

fuWi qanis 

Semcvelob

a, Km 

- ≤1,0 ≤1,0 ≤1,0 ≤0,4 ≤1,0 ≤0,3 ≤1,0 ≤1,0 

gvirabis 

kveTi 

gayvanaSi, 

Sgay 

m2, 8-11 10-20 10-20 6-16 8-22 6-12 6-14 8-25 

gvirabis 

daxris 

kuTxe, α 
grad 00 00 00 - 00 - 00 00 
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cxrili #4 

qansatvirTi manqanebi 

 

maxasiaTe-blebi 

g
an

z
o
 

П
П

Н
 -1

с 

П
П

Н
-3

э 

1П
П

Н
5 

П
П

М
-4

У
 

1П
П

Н
-5

П
 

М
П

К
З 

1П
Н

Б2
 

1П
Н

Б-
2У

 

2П
Н

Б2
 

2П
Н

Б-
2у

 

pirdapiri gantvirTvis Casma xvetia TaTebi 

qanis simagris 

koeficienti g. 

protodiokonovis 

SkaliT 

f nebismieri ≤16 ≤16 ≤16 
≤1
6 

≤1
6 

≤16 
≤1
6 

≤1
6 

gvirabis 

minimaluri kveTi 

gayvanaSi 

m2 6 7,5 6,5 6,5 6,5 8 6 6 6 6 

gvirabis zomebi m           

sigane  2,15 
2,3
5 

2,3 2,3 2,3 2,5 2,5 2,5 2,5 2,5 

simaRle  2,35 
2,4
5 

2,35 2,35 2,35 2,9 1,8 1,8 1,8 1,8 

gvirabis daxris 

kuTxe 

grad

. 
±3 ±3  18  

±1
0 

10 
8-
18 

±1
0 

8 

teqnikuri 

mwarmoebloba 
m3/wT 0,8 1,6 1,25 1,25 1,25 2,4 2,2 2,2 2,5 

1,2
5 

savali nawilis 

tipi 
 realsuri muxluxa 

CamCis tevadoba m3 0,2 
0,3
2 

0,32 0,32 0,25 1 - - - - 

ZiriTadi zomebi mm           

sigane  1250 
13
50 

1700 1800 1700 
18
00 

18
00 

800 
18
00 

27
00 

simaRle  2250 
23
50 

2250 2350 - 
22
00 

12
50 

100
0 

14
50 

13
00 

sigrZe  2250 
25
50 

7535 8200 - 
52
00 

72
80 

235
0 

78
00 

90
00 

masa t 3,5 5 0,9 10 8,1 10 7,5 3 12 27 
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ZiriTadi da damxmare transporti 

gvirabebis mSeneblobis procesSi qanis tran-

sportireba warmoebs ZiriTadi transportiT. dam-

xmare transportis daniSnulebaa sangrevis drou-

li momarageba masalebiTa da meqanizmebiT, saWi-

roebis SemTxvevaSi ki xalxis transportireba am-

ave gvirabSi. 

ZiriTad transportad gvirabebis gayvanis dros 

SeiZleba gamoyenebuli iqnes: 

• konveierebi (specialuri sagamyvano konvei-

erebi, naxevradstacionaruli da stacionaruli, 

upiratesad lenturi teleskopuri konveierebi, 

xvetia konveierebi); 

• relsuri transporti; 

• TviTmavali (saburaviani satvirTo vagone-

biT). 

damxmare transportad farTod inergeba mono-

relsuri gzebi. zemoT CamoTvlil satransporto 

saSualebebs SeuZliaT, agreTve, Seasrulon yvela 

damxmare operaciebi. 

pirveli lenturi teleskopuri konveieri gvi-

rabsagamyvano samuSaoebisaTvis 1ЛТП-80 iqna ga-

moSvebuli 1981 wels. teleskopur mowyobilobas 

SeuZlia, periodulad, daagrZelos konveieri 45m-

mde lentis daugrZeleblad, dagrZelebis biji 

2,85m-ia. lentis dagrZeleba xdeba saremonto 

cvlaSi 4-5sT-is ganmavlobaSi. 
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qvemoT moyvanilia lenturi konveierebis teqni-

kuri daxasiaTeba, romelic gamoiyeneba gvirabebis 

gayvanis dros. 
cxrili #5 

lenturi konveierebi 

maxasiaTeblebi 

1ЛТП-80  
(1ЛТП-

80у) 

2ЛТП-
80у 

1ЛТ-80 1ЛТ-100 

danadgaris tipi naxevrad stacionaruli 

maqsimaluri 

mwarmoebluroba, 

t/sT 
420 420 420 850 

maqsimaluri sigrZe, m 800 1500 600 1500(1200) 
gvirabis daxris 

kuTxeebi, gradusi 
-100 … 

+100 
-100 … 

+100 
-30 … 

+60 
-100 … +100 

lentis moZraobis 

siCqare, m/wm 
2 2 2 2 

lentis sigane, mm 800 800 800 1000 
amZravis jamuri 

simZlavre, kvt 
40(45) 110 40 220(330) 

miRebis ubani, m3/wT 8,15 8,15 8,15 16,5 

 

konveieruli transportis, rogorc ZiriTadis, 

farTod gamoyenebam gamoiwvia specialuri mowyo-

bilobebis (monorelsuri gzebi da TviTmavali va-

gonetebi) damxmare transportad gamoyenebis auc-

ilebloba. monorelsuri gza gaiyvaneba gvirabis 

mTel sigrZeze da misi saSualebiT SesaZlebelia 

sxvadasxva saxis tvirTis da xalxis transporti-

reba. maTi teqnikuri maxasiaTeblebi moyvanilia 

(cxrili #6 da #7). 
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mcire sigrZis gvirabebis (L0 < 150m) gayvanis 

dros efeqturi gamoyeneba pova TviTmavalma tran-

sportma. igi Sedgeba saburaviani savali nawili-

sagan da masze dadgmuli bunker-matareblisgan, 

romlis ZirSi damontaJebulia orjaWviani konvei-

eri. vagoni datvirTuli samTo masis transporti-

rebas axdens maqoseburi sqemiT. Zaris ukana nawi-

li mimarTulia sangrevisaken, xolo wina Ria na-

wilidan xdeba misi gantvirTva. gantvirTvis dros 

SesaZlebelia Zaris aweva 1,4m simaRleze. TviTma-

val vagonebs SeuZliaT imuSaon, agreTve, damtvir-

Tav da saburR-damtvirTav manqanebTan erTad. qve-

moT moyvanilia TviTmavali vagonebis teqnikuri 

daxasiaTeba. 
cxrili #6 

TviTmavali vagonetebi 

maxasiaTeblebi 5ВС-15 
5ВС-
15М 

ВС-15Э 

tvirTamweoba, t 15 15 15 
moZraobis siCqare, km/sT 9 9 9,7 
gantvirTvis simaRle, mm 430-1445 450-1465 0-1400 
datvirTuli vagonis mier SesaZlo 

gadalaxvis kuTxis maqsimaluri 

mniSvneloba, gradusi 

15 15 15 

moxvevis minimaluri radiusi, m 7,5 7,5 8,7 
sakabelo dolis tevadoba, m 200 200 200 
denis xasiaTi cvladi 

Zabva, v 660 660 660 
eleqtroamZravis dadgmuli 

simZlavre, kvt 
127 127 120 

masa, t 16 15,2 14,8 
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cxrili 7 

monorelsuri gzebi                                 

maxasiaTeblebi 

6Д
М

К
У

 

Д
М

К
М

 

Д
К

Н
-1

-1
 

Д
К

Н
-2

 

Д
К

Н
Л

 

Д
Н

Г 

Д
К

Н
-4

-2
 

Д
К

Н
-4

-3
 

gvirabis 

maqsimaluri 

daxris kuTxe, 

gradusi 

18 35 ±6 ±20 ±10 ±18 ±20 ±30 

transportirebis 

maqsimaluri 

manZili, m 

2000 2000 2000 2000 1000 3000 2000 4000 

gamwevi bagiris 

diametri, mm 15 16,5 51 16,5 15 
16-
18 

≥18 ≥18 

elZravis 

simZlavre, kvt 
45 90 75 90 - 45 110 220 

moZraobis 

siCqare, m/wm 
0,25-
1,26 

0,3-2 0-2 0-2 - 1,19 0,2 0-3 

samgzavro 

urikis 

raodenoba 

4 4 3 3 - - - - 

erTi urikis 

tevadoba, kac. 
8 8 8 8 - - 34 50 
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III Tavi. samagris dasayenebeli meqanizmi КПМ 

aRniSnuli meqanizmis gamoyenebiT, SesaZlebe-

lia liTonis TaRuri samagriT gvirabis gamagre-

bis operaciis meqanizacia. misi gamoyeneba SesaZ-

lebelia rogorc horizontaluri, ise daxrili 

(±180-mde) gvirabis gayvanisas, romelTa ganivkveTis 

farTobi sinaTleSi 10,4m-ze metia. samagris dasa-

yenebel meqanizmis daniSnulebaa, agreTve, sangre-

vispira sivrcis Weris gadaxurva, mongreuli sam-

To masis awmendis dros. igi gamoiyeneba, ZiriTa-

dad, gvirabis sworxazovan ubnebze da mosaxveveb-

ze, romelTa radiusi ara nakleb 20m-ia. 

samagris dasayenebeli meqanizmi КПМ (nax. #2) 

warmoadgens monorelsze gadasaadgilebel hid-

ravlikur amwes. misi ZiriTadi Semadgeneli elem-

entebia: 1-korpusi, 2-amwe meqanizmi, 3-gadaadgile-

bis meqanizmi, 4-monorelsi, 5-gadaxurva. 

 
nax. #2. samagris dasayenebeli meqanizmi КПМ. 

ZiriTadi teqnikuri maCvenebelebi: 

tvirTamweoba, kg..............................................................................800 

16 
 



gadaadgilebis siCqare, m/wm..................................................0,3 

sigrZe, mm ............................................................................................6300 

sigane (zeTis sadguris gaTvaliswinebiT), 

mm..1110 

monorelsis sigrZe, m...................................................................60 

masa (monorelsis CaTvliT), kg.....................................4400 

 

 

IV Tavi. sagamyvano procesis racionaluri 

parametrebis angariSi 

sagamyvano samuSaoebis Sromatevadobis oper-

aciobrivi ekonomikur-maTematikuri modeli 

Sromatevadobis operaciobrivi ekonomikur-maTe-

matikuri modeli saSualebas iZleva sakmao si-

zustiT viangariSoT SromiTi danaxarjebi, sagam-

yvano samuSaoTa TviTeuli operaciis Sesrulebi-

sas. amasTanave, gaTvaliswinebulia SromiTi dana-

xarjebi rogorc meqanizirebul, aseve xelis samu-

Saoebze. 

 

𝑇𝑇 = ∑ 𝑇𝑇𝑖𝑖б
𝑖𝑖=1 = ∑ �𝑇𝑇მექ + 𝑇𝑇ხელ�б

𝑖𝑖=1 ,                   (4.1) 

 

sadac: 𝑇𝑇 aris 1 м3 sinaTleSi  gvirabis gayvanis 

sruli Sromatevadobaa, kac. wT/m3; 

n - aris operaciebis raodenoba; 

𝑖𝑖 aris TviTeuli operaciis indeqsi. 

𝑇𝑇მექ, + 𝑇𝑇ხელ aris meqanizebuli da xeliT Sesasru-

lebeli samuSaoebis SromiTi danaxarjebi. 

17 
 



meqanizebuli samuSaoebis SromiTi danaxarjebi 

𝑇𝑇მექ damokidebulia gamoyenebuli meqanizmebis sa-

xeze da mwarmoeblobaze. 

                 𝑇𝑇მექ = 𝑛𝑛
𝑅𝑅∙Пк

                                       (4.2) 

sadac: 𝑅𝑅 aris meqanizmis teqnikuri mwarmo-

ebloba, e.i. meqanizmis mier mocemul operaciebze 

daxarjuli samuSaoTa moculoba, drois erTe-

ulSi, realuri sawarmoo pirobebisaTvis. 

𝑛𝑛 aris meqanizmze momuSave gamyvanTa raodenoba, 
kaci. 

 Пк aris koeficientTa sistemaa, romelic aax-

loebs meqanizmis teqnikur mwarmoeblobas faqti-

urTan. 

               Пк = 𝐾𝐾მან ∙ 𝐾𝐾მზ ∙ 𝐾𝐾გეოლ                        (4.3) 
𝐾𝐾მან aris koeficienti, romelic iTvaliswinebs 

drois danaxarjebis nawils damxmare da 

manevruli operaciebis meqanizaciaze. 

 𝐾𝐾მზ aris gamoyenebuli meqanizmis mzadyofnis 

koeficienti. 

𝐾𝐾გეოლ aris koeficienti, romelic iTvaliswinebs 

samTo geologiuri pirobebis cvalebadibas im 

pirobebTan SedarebiT, romelzedac gaTvlilia 

meqanizmis teqnikuri mwarmoebloba. 

yvela koeficientebis gaTvaliswinebiT, zemoT 

moyvanil formulas eqneba saxe: 

           𝑇𝑇მექ = 𝛽𝛽 𝑛𝑛
𝑅𝑅∙𝐾𝐾მექ∙𝐾𝐾მზ∙𝐾𝐾გეოლ

,                              (4.4) 
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sadac: 𝛽𝛽 gadayvanis koeficientia TviToeuli 

operaciis mixedviT    Sesabamisad SromiT danaxarje-

bze, mosuli 1 m3 gamonamuSevarze sinaTleSi. 

qanis datvirTvis procesisaTvis: 

                𝛽𝛽დატ =
𝑆𝑆გაყ

𝑆𝑆სინ
,                     (4.5) 

sadac, 𝑆𝑆გაყ aris gvirabis ganivkveTis farTobi 

gayvanaSi; 

 𝑆𝑆სინ aris gvirabis ganivkveTis farTobi sinaTleSi. 

burRvis procesisaTvis: 

                𝛽𝛽ბურ = 𝑙𝑙ხვ ∙
𝑆𝑆გაყ 
𝑆𝑆სინ 

                 (4.6) 

sadac, 𝑙𝑙ხვ aris Spurebis xvedriTi sigrZe 1 m3 

gamonamuSevarze sinaTleSi. 

gamagrebis procesisaTvis. 

                𝛽𝛽გამ = 𝑍𝑍
𝑆𝑆სინ

,                      (4.7) 

𝑍𝑍 aris CarCoebis raodenoba 1 grZiv metrze. 
xelis samuSaoebis SromiTi danaxarjebi 

TviToeul operaciaze iangariSeba formuliT: 

              𝑇𝑇ხელ = 𝛽𝛽 𝑁𝑁
𝐾𝐾ორგ∙𝐾𝐾გეოლ

,                 

(4.8) 

sadac, 𝑁𝑁 aris Sromis danaxarjebis saSualo 

maCvenebeli, garkveul organizaciul da samTo-

geologiuri pirobebisaTvis, kac-wT/samuSaoTa erTeul 

moculobaze. 

𝐾𝐾ორგ aris koeficienti, romelic iTvaliswinebs 

SromiTi danaxarjebis cvalebadobas, muSebis raode-

nobis mixedviT. 

mosalodneli SromiTi danaxarjebi erTi pro-

cesis Sesrulebaze iqneba: 

19 
 



      𝑇𝑇გაყ = �𝛽𝛽 𝑛𝑛
𝑅𝑅∙𝐾𝐾მან∙𝐾𝐾მზ∙𝐾𝐾გეოლ

+ 𝛽𝛽 𝑁𝑁𝑟𝑟
𝐾𝐾ორგ∙𝐾𝐾გეოლ

� ∙ 𝜇𝜇,    (4.9) 

sadac, 𝜇𝜇=1,11-1,17_koeficientia, romelic iTva-

liswinebs reglamentirebul Sesvenebis drois 

xangrZlivobas.  

SromiTi danaxarjebi 1 m3 gvirabis gayvanisas 

Seadgens TviTeuli procesis Sromatevadobis 

jams. 

    𝑇𝑇 = ∑ 𝛽𝛽𝑖𝑖𝑛𝑛
𝑖𝑖=1 � 𝑛𝑛𝑖𝑖

𝑅𝑅𝑖𝑖∙𝐾𝐾მექ 𝑖𝑖 ∙𝐾𝐾მზ 𝑖𝑖 ∙𝐾𝐾გეოლ
+ 𝑁𝑁𝑖𝑖

𝐾𝐾ორგ∙𝐾𝐾გეოლ
� ∙ 𝜇𝜇,   (4.10) 

angariSis gasamartiveblad mizanSewonilia 

visargebloT teqnologiuri sqemis mzadyofnis 

(saimedobis) saSualo mniSvnelobiT, romelic 

damokidebulia TviTeul meqanizmis mzadyofnis 

koeficientze da maTi gamoyenebis teqnologiaze 

(mimdevrobiTi an paraleluri muSaoba). 

teqnologiuri sqemebisaTvis, sadac meqanizmebi 

paralelurad muSaoben, 𝐾𝐾მზ.სქ gamoiTvleba formu-

liT: 

            𝐾𝐾მზ.სქ. = 1

1+∑
1–𝐾𝐾მზ.𝑖𝑖 .
𝐾𝐾მზ.𝑖𝑖 .

𝑁𝑁
𝑖𝑖=1

              (4.11) 

sadac, 𝑁𝑁 aris Sesasrulebeli operaciebis raodeno-

ba; 

𝐾𝐾მზ.𝑖𝑖. aris 𝑖𝑖-uri procesis (operaciis) mzadyofnis 

koeficienti. 

 

teqnologiuri sqemebis mzadyofnis koefici-

enti, sadac operaciebi mimdevrobiT sruldeba, 

gamoiTvleba: 
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            𝐾𝐾მზ.სქ. = ∑ 𝑡𝑡𝑖𝑖𝑁𝑁
𝑖𝑖=1

1+∑
𝑡𝑡𝑖𝑖

𝐾𝐾მზ.𝑖𝑖 .
𝑁𝑁
𝑖𝑖=1

                 (4.12) 

𝑖𝑖-uri procesis (operaciis)  xangrZlioba 𝑡𝑡𝑖𝑖 
gamoiTvleba rogorc Sesabamisi samuSaoTa mocu-

lobis Sefardeba, Sesabamisi samuSaos (procesis) 

Semsrulebeli meqanizmis mwarmoeblurobasTan. 

xelis samuSaoebis mzadyofnis koeficienti 

miiReba 1-is toli. gamartivebuli formula mi-

iRebs saxes: 

     𝑇𝑇 = 𝜇𝜇
𝑘𝑘
∙ ∑ 𝛽𝛽𝑖𝑖 �

𝑛𝑛𝑖𝑖
𝑅𝑅𝑖𝑖∙𝐾𝐾მექ.∙𝐾𝐾გეოლ

− 𝑁𝑁𝑖𝑖
𝐾𝐾ორგ∙𝐾𝐾გეოლ

�б
𝑖𝑖=1              (4.13) 

 

*elmavliT vagonetebis mimocvlis dros, 

samuSaoTa Sromatevadoba mimocvliT operaciaze 

iangariSeba: 

𝑇𝑇მიმოცვ. = 𝑛𝑛მიმოცვ. × 2𝐿𝐿
𝑣𝑣

× 𝑚𝑚 × 1
𝑙𝑙ციკ∙𝑆𝑆სინ

; 

sadac  𝐿𝐿 _ zidvis saSualo manZilia, m, 

𝑣𝑣_Semadgenlobis moZraobis saSualo siCqare, 

m/wT;  

𝑚𝑚_reisebis raodenoba, romelic saWiroa 

mongreuli masis transportirebisaTvis. 

gamartivebuli angariSisas 𝑇𝑇მიმოცვ. = 10 𝑚𝑚
𝑙𝑙ციკ∙𝑆𝑆სინ

. 

 

Tu  qanis datvirTvaze dakavebulia aranakleb 
oTxi kacisa, maSin meqanizirebuli operaciis ja-
muri Sromatevadoba gamoiTvleba Semdegnairad: 

        

∑𝑇𝑇1 = �
𝑇𝑇მექ.დატ.

𝑛𝑛მამანქ.
+

𝑇𝑇მიმოც.

𝑛𝑛მიმოც
� × �𝑛𝑛მექან. + 𝑛𝑛მიმოც�           (4.14) 
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vagonetebis mimocvlaze, elmavlis gamoyenebis 
SemTxvevaSi, mimocvlis operaciis Sromatevadoba 
ganisazRvreba: 

           𝑇𝑇მიმოც. = 𝑛𝑛მიმოც × 2𝐿𝐿
𝑣𝑣

× 𝑚𝑚 × 1
𝑙𝑙ციკ.∙𝑆𝑆სინ

       (4.15) 

sadac 𝐿𝐿_zidvis saSualo manZili, m; 𝑣𝑣_zidvis 
saSualo siCqare, m/wm; 𝑚𝑚_mongreuli masis transpor-
tirebisaTvis aucilebeli reisebis raodenoba. gamar-
tivebuli gaangariSebisaTvis 

         𝑇𝑇მიმოცვლ. = 10 𝑚𝑚
𝑙𝑙ციკ.∙𝑆𝑆სინ.

            (4.16) 

 

 

V Tavi. muSaobis organizaciis grafikis 

Sedgena 

mosamzadebeli gvirabebis gayvanisas muSaobis 

reJimi miiReba iseTive, rogoric sawmend sangre-

vebSia: oTxi eqvssaaTiani samuSao cvla dRe-Rame-

Si, romelTagan erTi saremontoa. 

muSaobis organizaciis ZiriTad formad miRebu-

lia kompleqsuri sagamyvano brigada, romelic as-

rulebs yvela ZiriTad da damxmare samuSaoebs 

sangrevSi. meqanizmebis profilaqtikuri samuSao-

ebi sruldeba saremonto cvlaSi. 

muSaobis organizaciis grafikis Sedgena xdeba 

Semdegi TanmimdevrobiT: 

1. dgeba saangariSo sawyisi monacemebi, romel-

Sic Sedis: 

• naxSiris da qanis simagre (𝑓𝑓ნახ. ,𝑓𝑓ქან.); 

• fuWi qanis Semcveloba sangrevSi (𝐾𝐾ქან.) _ 

(miWris koeficienti); 
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• gvirabis ganivkveTis farTobi gayvanaSi 

da sinaTleSi (𝑆𝑆გაყ.;  𝑆𝑆სინ;); 
• samagris saxeoba da CarCoebs Soris 

manZili (𝑟𝑟); 
• sagamyvano meqanizmebis saxeoba. 

2. erTiani normebisa da ganfasebebis (EHuP) 
da kmz da M–s mixedviT; 

3.  iangariSeba sagamyvano brigadis minimaluri 

(aucilebeli) da maqsimaluri (SesaZlo) Semadgen-

loba. 

minimaluri Semadgenloba iangariSeba im piro-

biT, rom am raodenobam unda uzrunvelyos teqno-

logiur sqemaSi gamoyenebuli meqanizmebis norma-

luri momsaxureba an xelis Sromatevadi operaci-

ebis normaluri Sesruleba. mag. qanis mongrevis 

da awmendis samuSaoebze gvirabis kombainiT gayva-

nis SemTxvevaSi, sadac gamoyenebulia meqanizmebis 

sistema kombaini-gadamtvirTvel-konveieri, auci-

lebelia ara nakleb sami kacisa: kombainis memanqa-

ne, misi damxmare da konveieris operatori. aseTi-

ve raodenobaa, agreTve, saWiro liTonis TaRuri 

samagri CarCos xeliT dayenebisaTvis TviToeul 

elementis mniSvnelovani wonis gamo. mcire kveTis 

gvirabebis gayvanisas, sadac gamoyenebulia ubra-

lo teqnologia, usafrTxoebis wesebis Tanaxmad 

sangrevSi unda imyofebodes ara nakleb ori kaci-

sa da a.S. 
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gamyvanaTa maqsimaluri (SesaZlo) raodenobis 

gansazRvra xdeba im principiT, rom SesaZlebelia 

sawarmoo operaciebi daiyos sam kategoriad. 

`a~ kategoriis samuSaoebi, romelTa SeTavseba 

erTmaneTTan ar xerxdeba da romelzedac muSebis 

raodenoba mkacrad reglamentirebulia. 

`b~ kategorias miekuTvneba operaciebi, romle-

bic ver uTavsdeba erTmaneTs da `a~ kategoriis 

operaciebs da romelTa Sesrulebazec muSebis 

raodenoba reglamentirebuli ar aris (magram igi 

ar unda aRematebodes sawarmoo gamocdilebiT 

dadgenil maqsimalur raodenobas). 

`g~ kategorias miekuTvneba operaciebi, romel-

Ta SeTavseba SeiZleba rogorc erTmaneTTan, ise 

`a~ da `b~ kategoriis operaciebTan. 

muSebis raodenobis wiladi mniSvnelobis miRe-

bis SemTxvevaSi misi mniSvneloba mrgvaldeba uax-

loes nakleb mTel rocxvamde. 

4. iangariSeba sagamyvano ciklis minimaluri 

xangrZlivoba gamyvanTa maqsimaluri raodenobis-

aTvis am drois xangrZlivobas gansazRvravs `a~ 

da `b~ kategoriis operaciebi. 

5. dgindeba gayvanis minimaluri da maqsimalu-

ri siCqareebi.  

kombainiT gayvanis SemTxvevaSi cvlis xangrZli-

vobas akldeba 20 wT., reglamentirebul Sesvenebe-

bisaTvis (treg); burRva-afeTqebiT gayvanis SemTxve-
vaSi reglamentirebuli Sesvenebis dro uTavsdeba 

sangrevis ganiavebis dros. 
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imisaTvis, rom cvlaSi Sesruldes sagamyvano 

ciklis sruli raodenoba, dasaSvebia operaciebis 

xangrZlivobis miRebuli mniSvnelobebis umniSvne-

lo koreqtireba (5-10%-iT), samTo-teqnikuri faq-

torebis gaTvaliswinebiT (CarCoebs Soris manZi-

li, Spurebis siRrme da a.S.). 

6. TiToeul SeTavsebul operaciaze dasaqmebu-

li muSebis raodenobaTa jami unda iyos sagamyva-

no brigadis Semadgenlobis toli. 

me-3 naxazze naCvenebia gvirabis kombainiT gayva-

nis teqnologiuri sqema 

 
 

nax. #3.  gvirabis kombainiT gayvanis teqnologiuri 

sqema. 
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nax. #4. gvirabis kombainiT gayvanis muSaobis orga-

nizaciis grafiki. 

 
VI Tavi. tunelebis mSeneblobis arsebuli da 

Tanamedrove meTodebi 

tunelebis agebis arsebuli meTodebidan sayu-

radReboa: 

1. dayrdnobili TaRis xerxi; 

2. sayrdeni birTvis xerxi; 

3. mTlianad gaSlili kveTis xerxi. 

 
dayrdnobili TaRis xerxi 

dayrdnobili TaRis xerxis gamoyenebisas jer 

amuSaveben tunelis kveTis zeda nawils (kalo-

tas), Semdeg amohyavT TaRi, romelic droebiT qan-

ze eyrdnoba, da, bolos, ukve gamagrebuli Weris 

qveS, awarmoeben kveTis qveda nawilis amoRebas da 

kedlebis amoyvanas. am xerxis gamoyeneba SeiZleba 

iseT qanebSi, romlebic TaRis saimedo sayrdenad 

gamodgeba. 
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dayrdnobili TaRis xerxiT tunelis gayvana Se-

iZleba erTStoliani an orStoliani sqemiT gan-

xorcieldes. 

erTStoliani sqemis SemTxvevaSi (nax. #5a) muSa-

obas iwyeben zeda mimmarTveli Stolnis (I) gayva-

niT, mere aganiereben kalotas (II), ayeneben qargi-

lebs da qanze dayrdnobiT TaRi amohyavT; misi ga-

magrebis Semdeg amuSaveben kveTis qveda Sua na-

wils (III) da bolos awarmoeben gverdiTi nawile-

bis (IV) rigrigobiT gamoRebasa da kedlebis wyo-

bas. 

 
nax. #5 

 

orStolniani sqemis gamoyenebisas (nax. #5b) 

jer gahyavT qveda (I), xolo mere, 30-35 metrze Ca-

morCeniT, zeda (II) mimarTveli Stolnebi, ris Sem-

deg aganiereben kalotas (III) da amohyavT TaRi. 

rodesac igi sakmarisad gamagrdeba, gamoaqvT kve-

Tis qveda Sua nawili (IV) da bolos gverdiTi na-

wilebi (V) da (VI). samuSao mTavrdeba kedlebis 

amoyvaniT, rac ubnebad warmoebs. zeda da qveda 

Stolnis yoveli 6-12 metris gavlis Semdeg, maT 

erTmaneTTan aerTeben vertikaluri gvirabebiT 
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(furnelebiT), romlebiTac qans uSveben. zeda 

StolnSi zomagrZeli masalebis misawodeblad 

gahyavT daxrili SemaerTebeli gvirabebi, romel-

Ta Soris manZili 30 metrs ar unda aRematebodes. 

gayvanis sqemis arCeva xdeba teqnikur-ekonomiku-

ri analizis safuZvelze. erTStolniani sqema nak-

leb xarjebs moiTxovs, radgan Stolnis gayvana 

yvelaze ufro Srometevadi samuSaoa. zeda nawi-

lis gaangariSeba (kalotis gaSla) daurRvevel 

zonaSi xdeba da ufro usafrTxoa. gayvanis tempi 

erTStolniani xerxis gamoyenebisas SedarebiT 

naklebia. 

orStolniani sqema uzrunvelyofs ufro farTo 

samuSao fronts da, amis Semdeg, gayvanis met siC-

qares. qanis gamozidva da masalebis miwodeba qve-

da StolniT warmoebs, ris gamoc zeda nawilSi, 

sadac ZiriTadi samTo samuSaoebi mimdinareobs, 

meti Tavisuflebaa. qveda Stolni xels uwyobs 

drenaJs da, amitom, TaRis amoyvana mSral piro-

bebSi xdeba. am xerxis uaryofiTi mxarea Sedare-

biT maRali Rirebuleba. 

orStolnianma sqemam praqtikaSi farTo gavrce-

leba hpova, gansakuTrebiT grZeli tunelebis ag-

ebis dros. erTStolniani sqemis gamoyeneba ufro 

xelsayrelad iTvleba mSral qanebSi mokle tune-

lebis (300-400 m) gayvanisas. 

dayrdnobili TaRis xerxiT tunelis agebisas 

yvelaze mZime samuSaos kalotis gaSla da TaRis 

amoyvana warmoadgens. kalotis gaSla moiTxovs 
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specialuri saxis samagrebis gamoyenebas. ufro 

xSirad maraosebur samagrs xmaroben (nax. #6); mas 

aqvs 2-6m sigrZis grZivad dayenebuli uRlebi 

(longarinebi), romlebic dayrdnobilia daxril 

bigebze (Stenderebze), sust qanebSi longarinebs 

zemodan ficris mTliani xime ukeTdeba. maraoseb-

uri samagris sixiste uzrunvelyofilia ganivi da 

grZivi ganbrjenebis saSualebiT, romlebic, Sesa-

bamisad, longarinebisa da daxril bigebs Soris 

Tavsdeba. samagris elementebi erTmaneTTan saTa-

nado amonaWrebiTa da kavebiT magrdeba. Tu kalo-

tis gaSla Sreebad warmoebs, maSin saWiroa dax-

rili bigebis Secvla simaRlis zrdis Sesabami-

sad. 

 
nax. #6 
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TaRuri nawilis gaganierebas (kalotis gaSlas) 

da maraoseburi samagris dadgmas 6-12 m sigrZis 

ubnebad (rgolebad) awarmoeben (sigrZe qanis 

mdgradobis Sesabamisad aiReba). es samuSaoebi Se-

saZlebelia erTdroulad ramdenime ubanSi srul-

debodes; isini erTmaneTisagan 1-2 ubnis sigrZeze 

unda iyvnen dacilebulni. aseTive manZili aiReba 

Stolnis sangrevsa da uaxloes ubans Soris. 

kalotis gaSlis damTavrebis Semdeg amzadeben 

TaRis sayrdenebs, risTvisac saTanado adgilze 

10-15sm sisqis mWle betons ageben. amas mosdevs 

damxmare bigebze qargilebis dayeneba, romlis 

sqema naCvenebia #7-e naxazze. longarinebi qar-

gils (2) mokle bigebiT (1) eyrdnoba (punqtiriT 

naCvenebia maraoseburi samagris moxsnili bigebi). 

ganapira longarinebis qveS betonis sabrjenebi (3) 

idgmeba. qargilebis moxsnis gasaadvileblad maT 

qvemodan solebi (5) ukeTdeba. 

 
nax. #7 

 

qargilebis dayenebisTanave iwyeben TaRis wyo-

bas, rac orive sayrdenidan (nax. #8) simetrulad 

mimdinareobs. betons 20sm Sreebad aTavseben da 
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saTanadod tkepnian. TaRis amoyvanisas mokle bi-

gebi TandaTan ixsneba. TaRis wyobis damTavrebi-

dan 7 dRis gasvlis Semdeg dasaSvebia mezobel 

ubanSi kalotis gaSlis samuSaoebis dawyeba. tu-

nelis qveda nawilis gayvana-gamagrebaze warmod-

genas iZleva me-6 naxazi (1 - qveda Stolni, 2-zeda 

Stolni, 3 -kalota, 4 -kalotis qveda Sre, 5 -TaRi, 

6 - tunelis qveda nawilis Sua da napira ubnebi, 7 

- kedeli). 

 
nax. #8 

 

kedlebis amoyvana Wadrakuli ganlagebiT xdeba. 

pirvel rigSi kedlebi mezobel ubnebis Sepirapi-

rebis adgilebze Sendeba. kedlis amoyvanamde qve-

modan - gaSiSvlebuli TaRis quslebi droebiT 

qvesabrjenebiT magrdeba (nax. #8, 1 - Targi, 2 - 

qvesabrjeni, 3 - grZivi Zeli, 4 - mWle betonis sa-
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fuZveli). kedlis SeerTeba TaRis sayrdenTan rac 

SeiZleba didi simWidrovis unda iyos. amisaTvis 

kedlis zeda nawilSi (20-40 sm) mWle betons aTav-

seben da safuZvlianad tkepnian. 

Sebrunebul TaRs, Tu samagris konstruqciiT 

gaTvaliswinebulia, kedlebis dabetinebis Semdeg 

akeTeben. amisaTvis tunelis niadagSi qans mokle 

ubnebad iReben, kedlebis gaSiSvlebul Zirebs 

droebiTi qvesabrjeniT amagreben da betons ageb-

en. tunelis mTel perimetrze gamagrebis Semdeg 

samagrsa da qans Soris cementis xsnars Wirxnian. 

erTStolniani sqemiT tunelis gayvanisas gaZne-

lebulia zeda nawilSi gamoRebuli qanis gamo-

zidva da masalebis miwodeba. am mizniT tunelis 

mTel sigrZeze an qveda sangrevidan mxolod 30-40 

metris manZilze, kidul gzebs akeTeben, rac mniS-

vnelovnad uwyobs xels aRniSnuli samuSao pro-

cesebis Seuferxebel warmoebas. satransporto sa-

muSaoebis gamartivebis mizniT, SedarebiT mokle 

tunelebSi, umjobesad Tvlian jer mTel sigrZeze 

zeda nawilis gayvanas da Semdeg mTel kveTze gvi-

rabis gafarToebas. 

 

sayrdeni birTvis xerxi 

sayrdeni birTvis xerxi gamoiyeneba sust qaneb-

Si tunelebis agebis dros, rodesac mniSvnelova-

ni samTo wnevaa mosalodneli. am xerxs mimarTa-

ven, agreTve, mdgrad qanebSi, didi siganis tune-

lebis gayvanis SemTxvvaSi. 
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samTo samuSaoebi Semdegi TanmimdevrobiT war-

moebs (nax. #9) pirvel rigSi gahyavT qveda gver-

diTi Stolnebi (1) da maTSi kedlebi (2) amohyavT; 

qveda Stolnebidan Wrian vertikalur aRmavlebs 

(furnelebs), saidanac zeda gverdiT Stolnebs (3) 

gadian da Semdeg kedlebs (4) aSeneben. zeda 

Stolnebidan qanis gamotana da maTSi masalebis 

Sezidva furnelebSi gatarebiT xdeba. 

 
nax. #9 

 

rodesac betonis kedlebi sakmaris simtkices 

miiReben, iwyeben zeda Stolnis (5) gayvanas, rom-

lidanac kalots (6) Slian. amas mosdevs betonis 

TaRis (7) amoyvana, romelic gamzadebul kedlebs 

eyrdnoba. TaRis qargilebis moxsnis Semdeg iReb-

en birTvis (8) qanebs. samTo samuSaoebi, tunelis 

ZirSi (9), qanis amoWriTa da Sebrunebuli TaRis 

(10) mowyobiT mTavrdeba. 

gverdiTi Stolnebis sigane sakmarisi unda iyos 

kedlis wyobisa da erTliandagiani gzisaTvis, 
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xalxis Tavisufali gasasvlelis datovebiT. mag-

ram, sust qanebSi aseTi Stolnebis gayvana Znel-

deba da amitom maT siganes kedlis sisqis tols 

iReben (Stolnis sigane aucileblad unda akmayo-

filebdes erTliandagian zidvis pirobas). am Sem-

TxvevaSi saWiro xdeba kedlis ukusvliT amoyvana. 

kedelsa da sayrden birTvs Soris darCenil sivr-

ceSi ganbrjenebi Tavsdeba an fuWi qani iyreba, 

rac xels uwyobs birTvis qanebis mdgradobas. 

Stolnebi gayvanisas xis Cveulebrivi CarCoebiT 

magrdeba. 

kalotis gaSla da TaRis dabetoneba warmoebs 

ubnebad, romelTa sigrZe 4 m-s ar unda aRemateb-

odes. TaRis amosayvani qargilebi birTvis qanebs 

eyrdnoba (aqedanaa miRebuli saxelwodeba - sayr-

deni birTvi). samuSaoTa warmoebis teqnologia is-

eTivea, rogorc dayrdnobili TaRis SemTxvevaSi. 

sayrdeni birTvis qanebis damuSaveba gamagrebu-

li Weris qveS xorcieldeba da ramdenime gaSiS-

vlebuli sibrtyis pirobebSi warmoebs. am dros 

SesaZlebelia samuSaoTa sruli meqanizacia (sa-

burRi danadgarebiT burRva, mongreuli qanis eqs-

kavatoriT datirTva da avtoTviTmclelebiT ga-

mozidva), ris gamoc Sromis mwarmoebloba gaci-

lebiT metia, vidre Stolnebis gayvanisa da kalo-

tis gaSlis SemTxvevaSi. amitom sayrdeni birTvis 

xerxis gamoyeneba mizanSewonilia ganier tuneleb-

Si, sadac birTvis qanebis kuTri moculoba mniS-

vnelovani gamodis. 
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sayrdeni birTvis xerxis Rirsebas Seadgens 

aramdgrad qanebSi samuSaoTa warmoebis usafr-

Txoeba da saimedooba. am xerxis naklia gayvanis 

mcire tempebi da SedarebiT maRali Rirebuleba. 

 
nax. #10 

 

sayrdeni birTvis xerxis didi siganis tuneleb-

Si gamoyenebisas mizanSewonilad Tvlian qveda 

centralur Stolnis gayvanas, rac samTo samuSao-

Ta frontis gazrdis saSualebas iZleva (nax. 

#10). qveda centraluri Stolnidan (1) gahyavT ga-

nivi gamkveTebi, saidanac gverdiT Stolnebs (2) 

Wrian. qanis gamozidvasa da masalebis miwodebas 

centraluri Stolni emsaxureba (zeda gverdiT 

StolnebTan (3) da (4) igi daxrili gamkveTebiT 

erTdeba). es SesaZlebels xdis gverdiTi Stolne-

bis minimaluri siganiT gayvanas, rasac mniSvne-

loba aqvs susti qanebis SemTxvevaSi (5-zeda 

Stolni, 6-droebiTi samagri, 7-betonis TaRi). 
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mTliani gaSlili kveTis xerxi 

mTliani gaSlili kveTis xerxi gulisxmobs qa-

nis gamoRebas tunelis ganivkveTis farTobze da 

Semdeg mudmivi samagris amoyvanas. igi gamosadegia 

SedarebiT mcire ganivkveTis (30-60 m) tunelebis 

gasayvanad rbil qanebSi, sadac didi samTo wneve-

bi ar viTardebian. 

 
nax. #11 

 

pirvel rigSi gahyavT qveda mimmarTveli Stol-

ni (1) (nax. #11) misgan gaWrili aRmavlebidan (2) an 

tunelis portalidan gadian zeda Stolns (3). qve-

da da zeda Stolnebi yoveli 6-10m manZilze er-

Tdeba gamkveTebiT, romlebiTac qanis CamoSveba 

warmoebs. zeda Stolnis gayvanasTan erTad an mi-

si dasrulebis Semdeg, 6,0 metramde sigrZis ubne-

bad axdenen kalotis gaSlas, jer zeda (4) da me-

re qveda (4) nawilSi. kalotis gaSlasTan erTad 
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idgmeba mtkice maraosebri samagri. rodesac Ta-

Ruri nawilis gamoReba damTavrdeba, iwyeben qveda 

Stolnis gverdebis (6) gafarToebas, riTac mTavr-

deba sangrevis damuSaveba, tunelis ganivkveTis 

mTel farTobze. amis Semdeg ayeneben qargilebs 

da orive mxridan simetriulad betonis samagri 

amohyavT. 

zeda da qveda mimmarTveli Stolnebis kveTi mi-

nimaluri aiReba es Stolnebi yovel 50-100 metrze 

erTdeba daxrili sasvlelebiT, romlebic zeda 

nawilSi saWiro masalebis miwodebas emsaxureba. 

am xerxiT tunelis gayvanisas didi yuradReba 

unda mieqces droebiTi samagris wesier dadgmas. 

TaRur nawilSi maraosebri samagris bigebi eyr-

dnoba sqel ganiv Zelebs (5), romlebic mcire 

siRrmis TxrilebSi Tavsdeba, erTmaneTisagan 1,0-

2,0 metris daSorebiT. qveda nawilSi qanis gamoRe-

bis kvaldakval ganiv Zelebs qvemodan mtkice bi-

gebs uyeneben, romlebsac mWidrod Weqaven. gvira-

bis gverdebs amagreben qvesabrjenebiT, romlebic 

ganapira bigebs eyrdnoba. 

betonis mudmivi samagris amoyvanis dros uz-

runvelyofili unda iqnes qargilebis saWiro sim-

tkice. amisaTvis qargilsa da bigebs Soris gan-

brjenebs aTavseben. qargilebis amoficvra xdeba 

TandaTanobiT, betonis Casxmis Sesabamisad. qargi-

lebis dayenebisa da mudmivi samagris amoyvanis 

dros ixsneba droebiTi samagris ganapira elemen-

tebi. 
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mTlianad gaSlili kveTis xerxis mTavar Rir-

sebad Tvlian samTo samuSaoebis gaSlil fronts, 

rac - tunelis swrafi agebis saSualebas da ag-

reTve, mudmivi samagris monoliTurobas iZleva. 

ZiriTad nakls warmoadgens droebiTi samagris 

maRali Rirebuleba, misi dayenebis sirTule da 

mniSvnelovani daTmoba rasac aucileblad mos-

devs Weris SesamCnevi daweva. amitom, kapitaluri 

nagebobebis qveS tunelebis gayvanisas es xerxi 

rekomendebuli ar aris. 

 
nax. #12 

 

sust da darRveul qanebSi SesaZlebelia aigos 

tuneli liTonis gamosawevi koWebiT. es xerxi tu-

nelis mTliani sangreviT (an mTliani gaSlili 

kveTis) gayvanis saxesxvaobas warmoadgens (nax. 

#12). pirvel rigSi saburRi xaraCoebidan Tanda-

TanobiT amuSaveben sangrevis zeda nawils (bur-

Rva afeTqebiT an momngrevi CaquCebiT) da droebi-

Ti samagris elementebs (1) ayeneben, romlebsac 

liTonis gamosawevi koWebiT (2) ikaveben. erTi win-
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wawevis siRrme 1,0-1,5 metria. droebiTi samagris 

TaRebs Sua gambrjenebs (3) aTavseben. gamosawevi 

koWebi caluRebiT (4) magrdeba, adre dayenebuli 

droebiTi samagris TaRebze. gamosawevi koWebiT 

damagrebuli TaRi, sangrevis qveda nawilis gamo-

Rebis Semdeg, vertikalur bigebze (5) eyrdnoba. 

mudmivi samagris amoyvana sangrevidan rac SeiZle-

ba mcire daSorebiT unda xdebodes. 

gamosawevi koWebiT sangrevis damuSaveba mizan-

Sewonilia iseT qanebSi, romlebSic samTo wneva 

ar vlindeba, ramdenime cvlis ganmavlobaSi. am 

xerxs mimarTaven susti qanebis mcire ubnebis ga-

savlelad, rodesac trasa, ZiriTadad, mdgrad qa-

nebSi gadis da tunels mTliani sangrevis an zeda 

safexuris gamoyenebiT ageben. 

didi ganivkveTis tunelebis gasayvanad, susti 

qanebis ubnebSi, xmaroben, agreTve, gadasatan li-

Tonis CarCoebs, romelTa dacvis qveS xdeba qanis 

damuSaveba da samagris dadgma. CarCoebis kon-

struqcia sxvadasxvagvaria. 

 

VII Tavi. gvirabebis mSenebloba betonis 

mravalSriani samagris amoyvaniT 

samTo wesiT gvirabebis mSeneblobis iseTi me-

Todebi, rogoricaa „dayrdnobili TaRis“, „sayr-

deni birTvis“, „sangrevis safexurebad damuSaveba“ 

da „Zveli avstriuli meTodi“, xasiaTdeba rigi 

naklovanebebiT, kerZod, qanebis mongreva-datvir-

Tvis da mudmivi samagris amoyvanis samuSaoebis 

erTi da imave ubanze warmoebis SeuZlebloba 
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(sirTule), amave dros bolo periodamde gamoyene-

buli droebiTi samagri iwvevda kveTis mniSvnelo-

van Semcirebas, rac faqtiurad SeuZlebels xdida 

maRalmwarmoebluri sagamyvano da mudmivi samag-

ris amomyvani manqana-meqanizmebis gamoyenebas. amJa-

mad farTod inergeba gvirabebis mSeneblobis axa-

li teqnologiuri sqemebi („axalavstriuli meTo-

di“, „gvirabebis gayvana droebiTi TaRovani beto-

nis samagris mowyobiT“ da „dayrdnobili TaRis 

sayrdeni birTvis axali varianti“), romlebic sa-

Sualebas iZlevian samuSao frontis srulad gaS-

lisa da iseTi droebiTi samagris gamoyenebis, 

romelic ar xergavs ganivkveTs da Sesabamisad ar 

zRudavs Tanamedrove gvirabgamyvani meqanizmebis 

gamoyenebas. 

 
axalavstriuli meTodi (NATM) 

Aaxalavstriuli meTodiT gvirabebis mSeneblo-

bisas (nax. #11 da nax. #12), Zvelisgan gansxvave-

biT, gamoiyeneba damTmobi droebiTi samagri, ro-

melic ewyoba liTonis badeebiT armirebuli naS-

xef-betonisagan. misi gaZliereba, saWiroebis Sem-

TxvevaSi, xdeba liTonis sxvadasxva profilisagan 

damzadebuli CarCoebisa da ankerebis daxmarebiT. 

imavdroulad mimdinareobs droebiTi samagris da 

garemomcveli masivis daZabuli mdgomareobis da 

deformaciebis sistemuri gazomvebi, romelTa sa-

fuZvelze xdeba droebiTi samagris konstruqciis 

koreqtireba. droebiTi samagri unda moewyos rac 
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SeiZleba swrafad, mongreuli qanis awmendis Sem-

deg, raTa efeqturad moxdes garemomcveli qanebis 

bunebrivi mdgradobis gamoyeneba. 

Ggvirabebis gayvanis teqnologia, droebiTi Ta-

Rovani betonis samagris mowyobiT, efuZneba Sez-

Ruduli daTmobis mqone droebiTi samagris gamo-

yenebas, rac samTo masivis mzidunarianobis gaZ-

lierebis saSualebas iZleva. am meTodiT gvirabe-

bis mSeneblobisas unda moxdes liTonis TaRova-

ni samagris dadgma uSualod sangrevTan, rac Se-

iZleba mcire droSi; amave dros xis ximeebi ic-

vleba mcire sisqis betonis SriT, romlis mowyo-

ba xdeba liTonis TaRovan samagrsa da qanTa ma-

sivs Soris nax. #13. aseTnairad mowyobili Sez-

Ruduli daTmobis mqone droebiTi samagri uzrun-

velyofs gvirabis mdgradobas mSeneblobis pro-

cesSi, uSualod liTonis TaRovani CarCoebis de-

formaciisa da betonis denadobis xarjze, rome-

lic mcirdeba betonis gamyarebasTan erTad.Aam pe-

riodSi unda warmoebdes droebiTi samagris de-

formaciebis gazomva. 
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nax. #13. gvirabis gayvanis axalavstriuli meTodis 

teqnologiuri sqema 

1. saburRi danadgari, 2. ankarebi, 3. liTonis bade, 4. 

naSxefbetonis Sre, 5. naSxefbetonis Sris dasatani 

danadgari, 6. gamzomi xelsawyoebiT aRWurvili uri-

ka, 7. meqanizirebuli qargili, 8. gvirabis betonis 

mudmivi samagri. 

 

 
nax. #14. gvirabebis mSeneblobis axalavstriuli me-

TodiT mravalSriani samagris mowyobis sqema. 

 
nax. #15 gvirabebis gayvanis teqnologiuri sqema 

droebiTi TaRovani betonis samagris mowyobiT: 
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1. betonis droebiTi TaRovani samagri, 2. saburRi 
agregati, 3. liTonis TaRovani samagri CarCoebi, 4. 
betonis sawyisi mopirkeTeba, 5. tumboTi aRWurvili 
betonis xsnaris Semrevi, 6. saventilacio mili, 7. 

teqnologiuri urika liTonis TaRebisaTvis, 8. meqa-
nizirebuli qargili, 9. betonis mudmivi samagri, 10. 
betonis mudmivi samagris kedlebis dabetoneba, 11. 

kedlebis amosayvani qargili, 12.Bbuldozeri. 
 

Tu deformaciebi umniSvneloa an saerTod ar 

xdeba, SesaZlebelia liTonis samagri CarCoebis 

moxsna, Semdgom monakveTebze gamoyenebis mizniT. 

am meTodiT mowyobili droebiTi samagri (liTo-

nis samagri CarCoebiT an maT gareSe) gamoiyeneba 

mudmivi mravalSriani samagris amoyvanisaTvis, 

rogorc pirveli Sre. betonis mudmivi samagris 

meore Sris sisqe ganisazRvreba mravalSriani sis-

temis saeqspluatacio periodis datvirTvebze 

(gruntis wylebis hidrostatikuri datvirTvebi, 

narCeni samTo wnevebi, seismuri zemoqmedeba da 

sxva) gaangariSebiT. 

am meTodiT gvirabis mSeneblobis teqnologiur 

procesSi Sedis Semdegi operaciebi: 

1. Spurebis burRva, afeTqeba da qanis awmenda; 

2. liTonis droebiTi samagri CarCoebis daye-

neba, qargilis mowyoba da CarCoebis ukan betonis 

Casxma; 

3. droebiTi samagaris gadaadgilebis gamzomi 

mowyobilobis montaJi, deformaciebis gazomva. 

Gazomvis Sedegebis mixedviT liTonis samagri 
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CarCoebis moxsnis an datovebis gadawyvetilebis 

miReba; 

4. betonis mudmivi samagris meore Sris amoyva-

na (dabetoneba). 

NATM upiratesad gamoiyeneba sust qanebSi, di-
di zomis arawriuli kveTis gvirabisaTvis. igi mo-

icavs Semdegi faqtorebis erTobliobas: 

• arasruli kveTiT gayvana, afeTqebiT an meqa-

nikuri saSualebebiT (faris an gvirabis saburRi 

manqanis – TMB – is gamoyenebis gareSe); 
• pirveladi samagri (initial support), romelic 

warmoadgens Sxefbetonis, ankerebis, foladis ba-

deebis an karkasebis sxvadasxva kombinacias, maT 

dayenebas sangrevis piras rac SeiZleba axlos da 

misi win wawevisTanave; 

• sangrevis piris droebiTi gamagrebas Sxef-

betonis da, SesaZloa, minaboWkos ankerebis saSu-

alebiT; 

• qanebis ganmtkiceba (tamponaJi, gayinva, gauw-

yloeba da sxva); 

• sakontrolo gazomvebi da monitoringi. 

maTi sistematuri gamoyenebas gvirabis mdgrado-

bis da konvergenciis minimizaciis uzrunvelsayo-

fad. [2] 
saboloo samagri (final lining), Cveulebrivad, war-

moadgens monoliTuri betonis an rkinabetonis 

konstruqciebs. xSirad, pirvelad da saboloo sa-

magrebs Soris Tavsdeba wyalgaumtari membrana. 
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NATM gamoiyenebs gvirabmSeneblobis faqtiurad 

yvela meTods. misTvis damaxasiaTebelia sakon-

trolo aparaturis da monitoringis farTo gamo-

yeneba, rogorc mSeneblobis aucilebeli da arse-

biTi nawili. tradiciulad, monitoringi moicavs 

Semdeg saSualebebs: konvergometrebs kedlebis da 

Weris wertilebis gadaadgilebebis registraciis-

aTvis; WaburRilis mravalpoziciur eqstenzomet-

rebs; SxefbetonSi, qanis da samagris kontaqtis 

wertilebSi, ankerebSi, badeebSi, karkasebSi dina-

mometrul mowyobilobebs. 

sakontrolo aparatura da monitoringi gamo-

iyeneba imisTvis, raTa Sefasebuli iqnes qanisa da 

pirveladi samagris mdgradoba da deformirebu-

li mdgomareoba, datvirTvebis da Siga Zalvebis 

ganviTareba samagrze da mis elementebSi. im Sem-

TxvevebSi, Tu gadaadgilebebi viTardeba aCqare-

biT, datvirTvebi aWarbeben samagris mzidunari-

anobas an aramdgradoba ukve SesamCnevia vizual-

urad (bzarebi, rRvevebi), gamoiyeneba damatebiTi 

pirveladi samagri. saboloo samagri faqtiurad 

idgmeba mxolod gadaadgilebebis Sewyvetis Sem-

deg. 

monitoringis miznebi da instrumentuli gazom-

vebis programa unda iyos kargad ganmartebuli 

da dagegmili. Tu miRebuli Sedegebis drouli da 

efeqturi interpretacia da gamoyeneba SeuZlebe-

lia, gazomvebs azri ar aqvs. ar unda Seiqmnas in-
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strumentuli gazomvebis diskretizaciis riski, 

maTi uadgilo adgilas gamoyenebiT. 

amasTanave, aRsaniSnavia sadazvervo, mosamzade-

bel da sxva gvirabebSi konvergometruli gazom-

vebis didi mniSvneloba qanebis masivis Tvisebebis 

da mdgomareobis SefasebisaTvis e.w. naturalur-

analizuri meTodiT. igi mizanSewonilia sawyisi 

parametrebis dazustebis da proeqtis drouli 

koreqtirebis mizniT. 

pirveladi samagris intensiuroba (ankerebis ra-

odenoba, Sxefbetonis sisqe da sxva) ganisazRvre-

ba dakvirvebis Sedegebis safuZvelze. ganivkveTis 

sruli zomebi gayvanis dros icvleba, kedlebis 

deformirebis gaTvaliswinebiT. ukuTaRi SeiZleba 

gayvanili iyos agreTve, zedmeti maragiT ganivi 

Zalebis didi mniSvnelobebisas. aseve, SesaZloa 

Seicvalos gayvanis Tanamimdevroba, magaliTad, 

safexurovani sistema – mravalsangrevianiT. 

NATM warmatebiT iyo gamoyenebuli Zalze sust 

qanebSi, SekumSuli haeris TanxlebiT (e.w. kesone-

bis saSualebiT), wylis modinebis da kedlebis 

gadaadgilebebis Sesamcireblad. 

NATM – is gamoyeneba moiTxovs am meTodiT gaT-

valiswinebuli samuSaoebis karg codnas, gamocdi-

lebas da maRal saSemsruleblo disciplinas. wi-

naaRmdeg SemTxvevaSi NATM ar aris dazRveuli 

warumateblobisagan. gansakuTrebiT didi raod-

enobiT avariebia aRricxuli sangrevis piras an 

mis maxloblobaSi. es xSirad xdeba sust qanebSi, 
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mcire CaRrmavebis gvirabebSi, geologiuri da 

gruntis wylebis pirobebis moulodneli cvlile-

bisas an Sxefbetonis arasakmarisi sisqis an sim-

tkicisas da sxva. 

sruli sangreviT gayvanis sqemebis modelirebi-

saTvis, Cveulebriv, iyeneben sasruli elementebis 

an sasrul sxvaobaTa meTodebs da maTi saSualeb-

iT adgenen Zabvebs drekadi an plastikuri qanebis 

masivSi da saboloo samagrSi. amasTanave, gaWimvis 

bzarebis warmoSoba araarmirebuli betonis samag-

ris kveTis SuaSi dasaSvebadaa miCneuli. 

centralur evropaSi gamoyenebuli NATM aSS-Si 
ar aris popularuli Semdegi mizezebis gamo: 

• aSS-Si qanebis mdgomareoba mniSvnelovan wi-

lad ukeTesia, vidre evropis im teritoriebze, sa-

dac NATM gamoiyeneba. bolo dros aSS-Si adgili 

hqonda misi gamoyenebis mxolod ramdenime Sem-

Txvevas; 

• aSS-Si upiratesoba eniWeba meqanizebul gvi-

rabmSeneblobas, ufro maRali siCqariTa da gamag-

rebis geologiuri pirobebis mimarT SedarebiT 

naklebad mgrZnobiare, saproeqto gadawyvetebis 

gamoyenebiT. 

es ar niSnavs, rom es meTodi ar unda iyos gaT-

valiswinebuli. mokle gvirabebi an saknebi (maga-

liTad, metros sadgurebi) sust qanebSi, romle-

bic moiTxoven myisier gamagrebas, SeiZleba gan-

xorcieldes am meTodiT. 
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 ”gayvana-gamagrebis dakvirvebiTi meTodi” 

(Observational Method). 
gayvana-gamagrebis es meTodi SeiZleba moicav-

des NATM – is ramdenime komponents, xolo in-

strumentuli kontroli da monitoringi ar gamo-

iyeneba an TamaSobs mcire rols. sanacvlod amisa, 

miRebulia gayvana-gamagrebis erTi an ramdenime 

unificirebuli procedura, gvirabis mTel sigrZe-

ze da mis calkeul ubnebze. am meTodis tipuri 

damaxasiaTebeli niSnebia: 

• geologiuri da geoteqnikuri monacemebis 

safuZvelze, gvirabis mTeli sigrZe qanebis xaris-

xis msgavsebis niSniT daiyofa ramdenime segmen-

tad, sadac gamoyenebul unda iyos Sesabamisi ga-

magrebis proeqtebi; 

• gayvanis da sawyisi gamagrebis sqemebi dap-

roeqtebulia yoveli segmentisaTvis. gayvanas 

axorcieleben mTeli kveTiT, safexurebiT an mra-

vali sangreviT. sawyisi gamagrebis specifikacia 

axasiaTebs misi sangrevidan dayenebis maqsimalur 

CamorCenas drosa da sivrceSi; 

• meTodi uSvebs gayvana-gamagrebis sqemebis 

damuSavebas, qanebis klasifikaciis gamartivebuli 

versiebis mixedviT; 

• gamagrebis yoveli sqema fasdeba cal-calke 

ganacxadSi. saboloo danaxarjebi SeiZleba gan-

sxvavdebodes gancxadebuli sawyisi fasidan imis-

damixedviT Tu realurad ra sigrZeze romeli 

sqema iqna gamoyenebuli. 
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Sxefbetoni unda xasiaTdebodes maRali sawyisi 

simtkiciT da gamonamuSevris zedapirTan kargi 

SeWidulobiT, raTa ewinaaRmdegebodes Weris da 

kedlebis lokalur (solur Tu TaRur) Camoqce-

vebs da amcirebdes gadaadgilebebs. 

Sxefbetonis samagris gaangariSeba SesaZlebe-

lia Tu cnobili iqneba Sesabamisi datvirTvebi. 

amasTanave, misi NATM – is pirobebSi gamoyenebisas 
saWiroa gaTvaliswinebuli iyos masalis simtki-

cis da deformaciis maxasiaTeblebis cvalebado-

ba droSi [3]. magram, rogorc es iqvea aRniSnuli, 

jerjerobiT arc TaRis da arc mowyvetili blo-

kebis Teorias ar ZaluZT mogvces meti, vidre 

uxeSi miaxloeba Zabvebis gansazRvrisas ”axal-

gazrda Sxefbetonis pirobebSi“ (enviroment of fresh 
shotcrete). 

kidev ufro rTulia miwisqveSa nagebobis saer-

Tod da, kerZod, Sxefbetonis pirveladi samagris 

da susti (cocvadi) qanis masivis ”erToblivi de-

formaciis reJimis“ amsaxveli analizuri aparati 

da misi ucxour literaturaSi gavrcelebuli 

analogi-”konvergencia-SezRudvis meTodi“ (Conver-
gence-Confinement metod), romelic warmoadgens gvira-

bebSi da SaxtebSi samagris muSaobis reJimis am-

saxvel Zlier konceptualur instruments [3]. am-
itom, NATM-is Seqmna da praqtikuli gamoyenebis 

doneze dayvana dRemde warmoadgens miwisqveSa na-

gebobebis meqanikis aqtualur problemas. 
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gvirabebis mSeneblobis ‘’dayrdnobili  

TaRis’’ axali varianti 

gvirabebis mSeneblobis ‘’dayrdnobili TaRis’’ 

axali varianti (nax. #16) gamoiyeneba maSin, rode-

sac qanebis simagris koeficienti profesor m.m 

protodiakonovis mixedviT Seadgens f=1:4. am teq-
nologiis Sesabamisad, Tavdapirvelad gasayvani 

gvirabis orive gverdSi (kedlis mxares) gahyavT 

mrgvali an nalisebri formis sayrdeni gvirabebi, 

erT-erTi sangrevis winswrebiT. sayrdeni gvirabe-

bis gayvanis Semdeg xdeba ZiriTadi gvirabis ked-

lebis dabetoneba. amis Semdeg gahyavT kalotis 

nawili da amagreben TaRur nawils, anakrebi an 

monoliTuri rkinaberonis samagriT. 

 
nax. #16. dayrdnobili TaRis axali variantiT gvi-

rabebis gayvanis teqnologiuri sqema: a) sayrdeni 

Stolnebis gayvana; b) betonis kedlebis amoyvana; g) 
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TaRuri nawilis gayvana; d) birTvis damuSaveba; e) uk-

uTaRis mowyoba. 1. sayrdeni Stolnebi; 2. anakrebi sa-

magri; 3. blokebis asawyobi mowyobiloba; 4. qanis dam-

tvirTavi manqana; 5. mopirkeTebis ukan betonis xsnaris 

dasaWirxni urika; 6. saventilacio milgayvaniloba; 7. 

betonis gverdiTi kedlebi; 8. betonis pnevmodamWirxni; 

9. elmavali 10. kedlebis qargili; 11. birTvi; 12. Ggvi-

rabis kaloti; 13. TaRovani nawilis mopirkeTeba rkina-

betonis anakrebi blokebiT; 14. TaRis mopirkeTebis 

momwyobi; 15. TviTmavali vagon-TviTmcleli; 16. TviTma-

vali saburRi danadgari; 17. TviTmcleli avtomatare-

beli; 18. sagvirabe eqskavatori; 19. ukuTaRi. 

 

VIII Tavi. didganivkveTiani gvirabebis 

mSenebloba sust qanebSi 

 

სatრansporto daniSnulebis didganivkveTiani 

gvirabebis mSenebloba dakavSirebulia arsebuli 

sarkinigzo da saavtomobilo magistralebis re-

alibitacia-rekonstruqciasTan da axlis gayvanas-

Tan. aRniSnuli gvirabebi unda iyos aRWurvili 

ventilaciis, ganaTebis, transportis moZraobis 

marTvis, regulirebis da usafrTxoebis Tanamed-

rove evropuli standartebis Sesabamisi mowyobi-

lobebiT da aparaturiT. Aaxalavstriuli meTo-

diT NNATM iqna gayvanili gvirabebi Tbilisis Se-

mosavleli axal sarkinigzo magistralze. meTo-

dis Tanaxmad gamonamuSevars Tavdapirvelad amag-

reben Caketili konturis mqone liTonis armatu-

ris badeebiT, armirebuli naSxefbetonis pirvela-
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di samagriT, romlis gaZliereba, saWiroebis Sem-

TxvevaSi, xdeba TviTmburRi ankerebiT da liTo-

nis sxvadasxva (ortesebri, Sveleri da sxva) pro-

filis Zelebisgan damzadebuli CarCoebiT. samTo 

wnevis da gvirabis konturis deformaciebis sta-

bilizirebis Semdeg amohyavT betonis an rkinabe-

tonis mudmivi samagri. Ppirvelad da mudmiv sa-

magrs Soris awyoben hidrosaizolacio membranas, 

romelic gamoricxavs gvirabSi gruntis wylis Se-

modinebas. 

axalavstriulma meTodma NATM dasaxeleba mii-

Ro Zveli avstriuli meTodis sanacvlod, rome-

lic gasuli saukunis 60-an wlebamde literatu-

raSi iyo aRwerili da gamoiyeneboda gvirabebis 

gasayvanad sust aramdgrad qanebSi. mogvianebiT 

mas uwodes gvirabebis sruli kveTiT gayvanis me-

Todi. Zveli avstriuli meTodiT gvirabebis mSe-

neblobisas, iseve rogorc axali avstriuli me-

Todis gamoyenebisas, sangrevis gaxsna da qanis 

damuSaveba xdeboda etapobrivad, safexurebad, 

romelTa sangrevis TaRis da gverdebis gamagreba, 

Tavdapirvelad, xdeboda maraoseburi xis CarCoeb-

iT, xolo mogvianebiT amohyavdaT betonis mono-

liTuri samagri mTel konturze. axalavstruli 

meTodiT gvirabebis mSeneblobisas, ZvelTan gan-

sxvavebiT, gamoiyeneba damTmobi droebiTi samagri, 

romelic ewyoba liTonis badeebiT armirebuli-

naSxef-betonisagan, romlis gaZliereba saWiroeb-

isamebr xdeba liTonis sxvadasxva profilisagan 
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damzadebuli CarCoebisa da ankerebis daxmarebiT; 

imavdroulad mimdinareobs droebiTi samagris da 

garemomcveli masivis daZabuli mdgomareobis da 

deformaciebis sistematuri instrumentaluri 

dakvirvebebi, romelTa safuZvelze xdeba droebi-

Ti samagris konstruqciis koreqtireba. 

 
satransporto gvirabebis mSeneblobis norvegi-

uli meTodi 
satransporto gvirabebis mSeneblobisas naxev-

radkldovan da sust qanebSi farTo gamoyeneba 

hpova norvegiulma meTodma (NTM), romelic Tav-

dapirvelad damuSavebuli iyo gvirabebis gasayva-

nad, Zlier dabzarul magar kldovan qanebSi (4, 5, 

6). am SemTxvevaSic damTmobi droebiTi samagri ew-

yoba liTonis badeebiT armirebuli sxvadasxva 

sisqis naSxef-betonisagan. gasuli saukunis bo-

los meTodis gamoyeneba warmatebiT daiwyes gvi-

rabebis mSeneblobisas sust aramdgrad qanebSi, 

rasac didad Seuwyo xeli foladis fibriT armi-

rebuli naSxef-betonis danergvam. am ukanasknelma 

mniSvnelovnad Seamcira armirebuli pirveladi 

naSxef-betonis samagris mowyobis xangrZlivoba, 

radgan am SemTxvevaSi saWiro aRar aris foladis 

armaturis badeebis mowyoba. gvirabebis mSeneblo-

bis norvegiul xerxs safuZvlad udevs Q-testire-
bis meTodi, rac gulisxmobs asaSenebeli gvirabis 

garemomcveli qanTa masivis geologiuri da geo-

teqnikuri maxasiaTeblebis zedmiwevniT zust kla-
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sifikacias RQD (Rock Quality Determination), anu qanTa  
masivis mdgomareobis zust Sefasebas da Sesabami-

si samagri konstruqciis SerCevas. norvegiis geo-

teqnikuri institutis mecnierebis mier miwisqveSa 

nagebobebis mSeneblobis mravalricxovani monace-

mebis analizisa da statistikurad damuSavebis 

Sedegad Sedgenili iqna norvegiuli meTodis Q – 
sistemis nomograma nax. #17. RQD klasifikaciis 

Tanaxmad, qanTa masivis xarisxis Sefaseba xdeba, 

am ukanasknelSi, gaburRili kernebis gamosavalis 

raodenobis mixedviT; qanTa masivSi rac metia ker-

nis gamosavali, miT naklebia bzarebi, rRvevebi da 

sicarieleebi. qanTa masivis mdgradobis Sesafa-

seblad RQD-s garda saWiroa ganisazRvros - qane-

bis masivis bzarianobis xarisxis maCvenebeli (Jn), 
bzarebis Semavsebeli masalis maxasiaTebeli (Jr), 
qanebis masivis da samagris kontaqtze SeukavSire-

beli qanebis maxasiaTebel (Ja), qanebis masivis 

gawylovanebis da wylis wnevis maxasiaTebeli (Jw) 
da masivis sawyisi daZabuli mdgomareobis maxasi-

aTebeli (SRF). CamoTvlili maxasiaTeblebiT gani-

sazRvreba Q-s sidide Semdegi gamosaxulebiT: 

Q      Q𝑄𝑄 = 𝑅𝑅𝑅𝑅𝑅𝑅
𝐽𝐽𝐽𝐽

× 𝐽𝐽𝐽𝐽
𝐽𝐽𝐽𝐽

× 𝐽𝐽𝐽𝐽
𝑆𝑆𝑆𝑆𝑆𝑆

                 (8.1) 

Q-s mniSvneloba icvleba sakmaod did diapazon-

Si 0.001-dan (gansakuTrebiT susti qanebisaTvis) 

1000-mde (magari kldovani daubzaravi qanebisaT-

vis). 
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nax. #17. norvegiuli meTodis Q-sistemis nomograma: 

1-gamagrebis gareSe; 2-ankerebi (mcire raodenob-

iT); 3-ankerebis sistema; 4-ankerebis sistema da 

naSxefbetoni; 5-7-ankerebis sistema da foladis 

fibriT armirebuli naSxefbetoni; 8-ankerebis sis-

tema, foladis fibriT armirebuli naSxefbetoni 

da armaturisgan damzadebuli TaRovani samagri 

CarCoebi; 9-sangrevis winmswrebi samagri marRile-

bi, ankerebis sistema, foladis fibriT armirebu-

li naSxefbetoni da armaturisgan damzadebuli 

TaRovani samagri CarCoebi. 
 
gvirabis samagris konstruqciis dazustebisas 

gvirabis siganis an simaRlis koreqtireba xdeba 

ESR sidideze gayofiT. am ukanasknelis ricxviTi 

mniSvnelobis sidide damokidebulia miwisqveSa 
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nagebobis eqspluataciis usafrTxoebis doneze da 

Seadgens - miwisqveSa atomuri eleqtrosadgurebi-

saTvis, rkinigzis sadgurebisaTvis da gazis ma-

gistraluri milsadenebisaTvis – 0.5-0.8; magistra-

lur trasebze asaSenebeli sarkinigzo da saavto-

mobilo gvirabebisaTvis – 0.9-1.1 da meore xaris-

xovani gzebisaTvis da damxmare gvirabebisaTvis – 

1.2-1.3. 

norvegiuli meTodis gamoyenebisas, rogorc 

msoflio gamocdileba aCvenebs, mniSvnelovnad 

izrdeba gvirabebis mSeneblobis tempi da, Sesaba-

misad, mcirdeba finansuri xarjebi. 

 

satransporto gvirabebis mSeneblobis 

italiuri meTodi ADECO-RS 
meTodi romelic farTod gamoiyeneba italiaSi 

didganivkveTiani satransporto gvirabebis sust 

qanebSi, mSeneblobisaTvis mTliani kveTiT e.w. 

”ADECO-RS“ meTodi dafuZnebulia gvirabebis ga-

remomcveli qanebis deformaciebis da daZabulo-

bebis Teoriuli da eqsperimentuli kvlevis Sede-

gebze (7). gvirabis garemomcveli qanebis deforma-

ciebi iwyeba gvirabis sangrevis xazze, vrceldeba 

masivis siRrmeSi da moicavs eqstruzias, prekon-

vergencias da konvergencias. ixileT nax. #18. 
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nax. #18. gvirabis garemomcveli qanTa masivis de-

formacia. 

1 – eqstruzia (𝜀𝜀), 2 – prekonvergencia, (𝛿𝛿)  
3 - konvergencia (∪). 

 

gvirabis sangrevis Sua nawilis deformaciul 

maxasiaTeblebs (eqstruzia, prekonvergencia) da 

qanTa masivis deformaciul maxasiaTebels (kon-

vergencia) Soris meTodis, dammuSavebelTa azriT 

arsebobs pirdapiri kavSiri, anu ukanaskneli ax-

dens gavlenas pirvelze. aRniSnulidan gamomdina-

re garemomcveli masivis deformaciuli suraTis 

Sefaseba SesaZlebelia sangrevis xazze qanebis 

deformaciis (eqstruzia, prekonvergencia) monito-

ringis Sedegebis mixedviT. sust qanebSi gvirabe-

bis mSenebloba, romelic xasiaTdeba qanTa masi-

vis metad rTuli daZabuli mdgomareobiT, konver-

gencia warmoadgens deformaciis bolo safexurs, 
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nax. #19. gvirabis sangrevis siaxloves mimdebare 

susti qanebis gaZliereba foladis marRilebiT da an-

kerebiT. 

 

 
nax. #20. minaboWkovani ankerebi. 
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nax. #21. gvirabis sangrevis minaboWkovani ankerebiT 

gaZliereba. 

 

 
nax. #22. susti gruntebis gaZliereba Wavluri ce-

mentaciiT (Jet-grouting). 
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amdenad igi SedarebiT ukontrolo movlenaa. rac 

Seexeba eqstruzias, is axasiaTebs deformaciis 

pirvel safexurs, Sesabamisad, misi kontrolis da 

saTanado prevenciuli RonisZiebis gatarebis Sem-

TxvevaSi SesaZlebelia ganviTardes ZiriTadad 

prekonvergenciuli procesebi da ara gvirabis Ca-

moqceva. eqstruziis dros SesaZlebelia prevenci-

uli RonisZiebebis gatareba, anu ”ADECO-RS“ me-

Todis Tanaxmad sangrevis xazze qanebis gaZlier-

ebiT SesaZlebelia garemomcveli qanebis arasas-

urveli deformaciebis aRkveTa. sangrevis xazze 

qanebis gaZliereba SesaZlebelia sxvadasxva xer-

xiT, rogoricaa: foladis marRilebis an minaboW-

kovani ankerebis saSualebiT, Wavluri cementaci-

iT da sxva. nax. #18-22. didganivkveTiani gvirabe-

bis mSeneblobisas, zemoT ganxiluli meTodebi-

dan, dReisaTvis yvelaze xSirad gamoiyeneba axal-

avstriuli da norvegiuli meTodebi, romlebic 

zrdian satransporto gvirabebis sagamyvano samu-

Saoebis usafrTxoebas da mniSvnelovnad amcire-

ben mSeneblobis xangrZlivobas da gaweul dana-

xarjebs. 

 

IX Tavi. koleqtorebis gayvana tranSeis gareSe 

amJamad, msoflios mravali ganviTarebuli qvey-

nis qalaqi-megapolisebis komunaluri samsaxurebi 

sxvadasxva daniSnulebis milsadenebis, kabelebis 

da sxva sainJinro qselebis gasayvanad, metwilad, 

irCeven iseT teqnologiebs, romlebic ar saWiro-

60 
 



eben Ria tranSeis mowyobas. koleqtorebis tran-

Seis gareSe gayvanis optimaluri meTodis SerCeva 

damokidebulia gasayvani koleqtoris (milsade-

nis) geometriul zomebze, mowyobis siRrmeze, 

trasis gaswvriv arsebuli gruntebis fizikur-me-

qanikur Tvisebebze da sxv. aseT teqnologiebs mi-

ekuTvneba: horizontalurad mimarTuli burRva, 

burRva saburRi Snekebis gamoyenebiT, gaCxvletis 

meTodi, CaWyletis meTodi da mikrotunelirebis 

meTodi. ganvixiloT TiToeuli calke. 

horizontalurad mimarTuli burRvis teqnolo-

giis gamoyenebiT warmoebs komunikaciebis gayvana 

tranSeebis gareSe (nax. #23), rac gamoricxavs  

 
nax. #23. horizontalurad mimarTuli burRvis da-

nadgari. milebis Camwyobi amwe; 2. Sigawvis Zravi; 3. 

garcmis mili; 4. Sneki; 5. mimmarTveli urika; 6. frezis 

saburRi Tavi; 7. gamwevi jalambari; 8. transmisia. 
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landSaftis, arsebuli komunikaciebis da nagebo-

bebis dazianebas. WaburRilis diamettri 25-30%-iT 

unda aRematebodes masSi gasatarebeli komunika-

ciis diametrs. 800mm-mde diametris milebis gaC-

xvletis meTodiT gayvana xorcieldeba gruntis 

gamoRebis gareSe hidravlikuri domkratebis, dar-

tymiTi da vibraciuli danadgarebis gamoyenebiT 

(nax. #24) gaCxvletis procesSi qanis masivis gax-

vreta xorcieldeba konusuri bunikiT, romelic 

mdebareobs garcmis milis wina nawilSi. 

gaCxvletis meTodis gamoyenebisas garcmis mi-

lis boloze statikuri dawolasTan erTad xdeba 

milis RerZis gaswvriv mimarTuli vibraciuli im-

pulsebis zemoqmedeba. didi sigrZis mqone milebis 

gayvanisas gamoiyeneba ramodenime domkratisagan 

Sedgenili mowyobiloba, romelic anviTarebs 

10000kn-ze met datvirTvas. 

 
nax. #24. garcmis milis gayvana gaCxvletis meTodiT. 

1 – konusuri buniki (Tavaki); 2 – garcmis mili; 3 – 

gadasatani generatori; 4 – vibraciuli danadgaris 

korpusi; 5 – eleqtruli Zrava; 6 – portaluri CarCo. 
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CaWyletis meTodiT xdeba 529-1720mm diametris 

milebis gayvana I-III kategoriis gruntebSi. am teq-

nologiis gamoyenebisas xdeba garcmis milis wri-

uli daniT aRWurvili Ria bolos CaWyleta grun-

tSi. gruntis damuSaveba da gamoReba xdeba meqani-

zirebuli wesiT (nax. #25). sagamyvano samuSaoebi 

iwyeba 13m sigrZis da 3m siganis mqone tranSeis 

mowyobiT, romelSic ewyoba sayrdeni kedeli da 

hidrodomkrati. garcmis milis CaWyletisaTvis ga-

moiyeneba 500-3400t. tvirTamweobis mqone satumbe-

sadomkrate mowyobilobebi. domkratebi gasayvan 

milebs awveba ukana torsze da gadaaadgilebs 

(CaWylets) mas gruntebis masivSi domkratis Sto-

kis svlis sigrZeze (1000mm). Semdeg xdeba maqose-

buri Tavis gruntTan erTad gamoReba da gacla. 

Semdeg cikli kvlav meordeba saWiro sigrZis ko-

leqtoris mowyobamde. 

 
nax. #25. garcmis milis gayvana CaWyletis meTodiT. 

1 – hidroamZravi; 2 – sayrdeni kedeli; 3 – hidro-

domkrati; 4 – damwoli milyeli; 5 – garcmis mili; 6 – 

maqoseburi Tavi; 7 – mimmarTveli; 8 – jalambari.  
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koleqtorebis tranSeis gareSe gayvanis erT-

erT mniSvnelovani meTodia mikrotunelireba, 

romlis gamoyenebiT xdeba mcire ganikveTis mqone 

gvirabebis (tunelebis) avtomatizirebuli gayvana 

mikrofarebis gamoyenebiT, sangrevSi gvirabgamyva-

nebis muSaobis gareSe (nax. #26). am meTodiT sako-

leqtoro gvirabis gayvanis procesSi warmoebs mo-

pirkeTebuli betonis milebis samagri konstruq-

ciis Cawnexva gruntis masivSi, erTmaneTisagan 100-

120m-iT daSorebul sadgurebs Soris, specialuri 

domkratebiT. sadgurebs Soris manZilis gazrda 

SesaZlebelia Sualeduri domkratebis gamoyene-

biT. 

 

 
nax. #26. qalaqis pirobebSi koleqtoris gayvana mik-

rotunelirebis meTodis gamoyenebiT. 
 

mikrotunelirebis meTodis gamoyenebiT SesaZ-

lebelia rogorc saqalaqo komunaluri mSeneb-

lobis, aseve sxva sferoebis mravali sakiTxis ga-

dawyveta, kerZod rogoricaa: 

• qalaqebis miwisqveSa komunikaciebis (wyalmoma-

ragebis qselebi, kanalizaciis koleqtorebi, 
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gazis milsadenebi, eleqtro da optikuri kabe-

lebi da sxva) mSenebloba; 

• TviTmfrinavebis dasafren-asafreni bilikebis, 

rkinigzis da avtomagistralebis gadakveTa 

sxvadasxva komunikaciebiT, maTi funqcionireb-

is Seuwyvetad; 

• mdinareebis da wyalsatevebis gadakveTa sxva-

dasxva komunikaciebiT; 

• sapilote, mcire ganivkveTis gvirabis gasayva-

nad didi ganivkveTis mqone gvirabebis mSeneb-

lobis dawyebamde. 

CamoTvlili amocanebis gadasawyvetad mikrotu-

nelirebis meTodis gamoyenebas aqvs udao upi-

ratesoba iq, sadac Cveulebrivi meTodebiT maTi 

gadawyveta garTulebulia an saerTod SeuZlebe-

lia. 

mikrotunelirebis meTodis gamoyenebisas, Tav-

dapirvelad, mosamzadebel etapze ewyoba ori qva-

buli (sastarto da mimRebi), romelTa Soris man-

Zili Seadgens 50-500m-s. nax. #27-ze naCvenebia sas-

tarto qvabulis mimdebare moedani.  
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nax. #27. sastarto qvabulis mimdebare moedani. 

 

sadomkrate sadguri ewyoba sastarto qvabulSi 

(nax. #28). 200m-ze meti sigrZis milsadenis gayvani-

sas, ZiriTadTan, erTad gamoiyeneba Sualeduri sa-

domkrate sadguri. gegmaSi qvabulebs SesaZlebe-

lia hqondeT wriuli an marTkuTxa forma, rom-

lis gverdebis sigrZem, sagamyvano mikrofaris zo-

mebidan gamomdinare, SesaZlebelia Seadginos 6m-

mde. gruntis damuSaveba (mongreva) xorcieldeba 

sagamyvano faris mWreli organos saSualebiT. 

mongreuli qani ereva sangrevSi milsadeniT miwo-

debul wyalSi da pulpis saxiT miewodeba sas-

tarto qvabulTan mowyobil saleqarSi. mikrofari 

aRWurvilia marTvis avtomaturi sistemiT, rom-

lis saSualebiT SesaZlebelia mikrofaris gada- 
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nax. #28. sadomkrate sadguri. 

 

adgilebis, Sesabamisad koleqtoris gayvanis mi-

marTulebis Secvla. mikrofari SeiZleba gadaix-

aros ramdenime gradusiT, rogorc vertikalur, 

aseve horizontaluri mimarTulebiT. koleqtoris 

gayvanis mimarTulebis zustad dacva miiRweva mik-

rofaris lazeruli sistemiT aRWurvili marTvis 

kompiuteruli kompleqsiT (nax. #29). burRvis 

process akontrolebs operatori, miwis zedapir-

ze ganlagebuli navigaciis kompleqsis saSualeb-

iT. 

mikrofariT koleqtoris gayvana sruldeba mim-

Reb qvabulSi, ris Semdeg iwyeba misi demontaJi. 

am teqnologiiT SesaZlebelia koleqtorebis mSe-

nebloba gansxvavebuli kategoriis qanebSi (wyliT 

gajerebuli qviSebidan dawyebuli kldovani qane-

bis CaTvliT) gayvanis sakmaod maRali siCqariT – 

15m-mde dRe-RameSi. 
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nax. #29. lazeruli sistemiT aRWurvili marTvis 

kompiuteruli kompleqsi. 

 

aqedan gamomdinare SesaZlebelia Semdegi saer-

To daskvnebis gakeTeba: 

• koleqtorebis gayvanisas tranSeis gareSe ar 

irRveva miwis zedapiris mTlianoba da masze 

arsebuli sainJinro nagebobebis (saavtomobi-

lo gzebi, sarkinigzo magistralebi da sxva) 

normaluri funqcionireba; 

• 60%-mde mcirddeba miwis samuSaoebi, maTi Ses-

rulebis vadebi da Rirebuleba; 

• SesaZlebelia rogorc saqalaqo komunaluri 

mSeneblobis, aseve sxva sferoebis mravali sa-

kiTxis gadawyveta; 
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• SesaZlebelia koleqtorebis mSenebloba gan-

sxvavebuli kategoriis qanebSi (wyliT gajere-

buli qviSebidan dawyebuli kldovani qanebis 

CaTvliT); 

• miiRweva gayvanis sakmaod maRali siCqareebi – 

15 m-mde dReRameSi. 

 

 

X Tavi. Ria wesiT gayvanili gvirabis  

statikuri gaangariSeba 

 

erTmaliani gvirabis statikuri gaangariSeba 

satransporto, sasawyobo da sxva daniSnulebis 

gvirabebi da nagebobebi xSirad gaiyvaneba Ria we-

siT. amgvarad gayvanili satransporto nagebobis 

Ziris maqsimaluri CaRrmaveba miwis zedapiridan, 

rogorc wesi, ar aRemateba 18-20m-s. Tumca, aris 

SemTxvevebi, roca sxva, specialuri daniSnulebis 

nagebobis CaRrmavebis sidides 30 metrisTvis da 

metisTvisac miuRwevia [8].  

ganivkveTis saWiro zomebis, CaRrmavebis da sxva 

faqtorebis Sesabamisad maTi mzidi konstruqcia, 

Cveulebrivad, SeiZleba warmoadgendes [9, 10] mo-

noliTuri an qarxnuli wesiT damzadebul erT an 

ormalian Caketili (an Ria) sivrciT CarCovan kon-

struqcias, gansazRvruli sixistis kvanZebiT da 

sworxazovani an mrudxazovani elementebiT (ix. 

nax. #30). amasTanave, gansakuTrebuli yuradRebis 

sagans warmoadgens kvanZebis sixistis konstruq-
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ciuli uzrunvelyofa, radganac es mniSvnelovna-

daa damokidebuli gayvana-gamagrebis teqnologia-

ze. SedarebiT advilia kvanZebis saWiro Tanabari 

sixistis uzrunvelyofa, magaliTad, monoliTuri 

rkinabetonis filovani CarCoebis SemTxvevebSi da 

ufro Zneli - anakrebi da winaswar daZabuli kon-

struqciebis da koWovani filebis gamoyenebisas. 

meore mxriv, sruliad cxadia xisti kvanZebis up-

iratesoba, rac gamoixateba CarCos mzidi elemen-

tebis mRunavi momentebis da CaRunvebis Semcireba-

Si da, bolos, konstruqciis ekonomikurobaSi. 

gvirabis saxuravi da kedlebi muSaobs mocemu-

li datvirTvis reJimSi zemdebare qanebis da kon-

struqciis sakuTar wonebze da ganbrjenis Zaleb-

ze, zedapirze arsebuli uZravi Tu moZravi obieq-

tebidan gamowveuli ZiriTadi datvirTvebis kombi-

naciebze da sxva bunebrivi da xelovnuri warmo-

Sobis kvazistatikur da dinamikur damatebiT 

datvirTvebze. RarsaZirkveli gaangariSebuli un-

da iqnes kedlebidan gadacemul sayrden reaqcieb-

ze da fuZis ukuwnevaze, rogorc drekad fuZeze 

mdebare fila. 

rogorc aRniSnulia aSS-s saxelmwifo gzebis 

da transportis departamentis federaluri admi-

nistraciis gzebis nacionaluri institutis 

(FHWA-NHI-10-034) saxelmZRvanelo dokumentSi [9], 

`Ria (Cut and Cover) wesiT gasayvani gvirabis kon-
struqciis struqturuli analizi rekomendebu-

lia Catardes ZalTa da gadaadgilebaTa klasiku-
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ri meTodebis gamoyenebiT. SeiZleba gamoyenebuli 

iyos agreTve sxva ricxviTi meTodebic. magram ma-

Ti gamoyenebisas xandaxan miiReba Sedegi, rome-

lic mniSvnelovnad gansxvavdeba xsenebuli kla-

sikuri meTodebis rezultatebisagan.~  

 
nax. #30. Ria wesiT agebuli miwisqveSa nagebobebis 

tipuri ganivkveTis formebi. 

 

es debuleba sruliad samarTliania ara mxo-

lod Ria wesiT, aramed sxva meTodebiT gayvanili 

gvirabebis (da ara marto maTi) gaangariSebisaTvi-

sac. amocanebi, romelTa amoxsna SesaZlebelia an-

alizurad, umjobesia amoixsnas samSeneblo meqa-

nikis klasikuri meTodebiT (ra Tqma unda kompi-

uteruli teqnikis gamoyenebiT). xolo ricxviT me-

Todebze dafuZnebuli e.w. komerciuli kompiuter-

uli programebi gamoyenebuli unda iyos samuSaos 

gasaioleblad da dasaCqareblad, specialistebis 

mier, romlebmac kargad ician klasikuri meTode-

bi. 

Ria wesiT gayvanili erTmaliani, sworxazovani 

elementebiani gvirabis statikuri gaangariSebi-
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saTvis saWiro sawyisi monacemebi mocemulia me-8 

cxrilSi. 
cxrili #8 

gvirabis saxuravis CaRrmaveba miwis zeda-

piridan 

h (m) 

gvirabis sigane (Siga) Lin (m) 
gvirabis simaRle (Siga) Hin (m) 
gruntis Siga xaxunis kuTxe j (rad) 
fuZis qanebis deformaciis moduli E (megpa) 
wyliani gruntis moculobiTi wona γgr (kn/m) 
betonis moculobiTi wona γc (kn/m) 
gadatvirTvis koeficienti gruntis datvir-

Tvaze 

m1 

gadatvirTvis koeficienti konstruqciis 

sakuTar wonaze 

m2 

armaturis normatiuli winaRoba Ra (megpa) 
kedlebis saorientacio sisqe dw (m) 
Weris saorientacio sisqe dsil (m) 
iatakis saorientacio sisqe dfl (m) 
gvirabis sigane (RerZebSi) L (m) 
gvirabis simaRle (RerZebSi) H (m) 

damcavi Sris sisqe a (sm) 

 
qvemoT mocemulia Ria wesiT agebuli miwisqveSa 

nagebobis (nax. #31) warmodgenili ganivkveTis 

formis Sesabamisi saangariSo sqema da statikuri 

gaangariSebisaTvis saWiro formulebi, romlebic 

miRebulia samSeneblo meqanikis ZalTa da gadaad-

gilebaTa meTodebis gamoyenebiT. amasTanave, Ria 

wesiT agebuli miwisqveSa nagebobis, iseve, ro-

gorc Cveulebrivi, samTo wesiT gayvanili gvira-
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bebis SemTxvevebSi, sivrciTi amocanebi, rogorc 

cnobilia, daiyvaneba brtyeli deformaciebis sqe-

mebze, radgan rogorc nagebobis geometria, aseve 

datvirTvebic gvirabis saangariSo monakveTis man-

Zilze iTvleba ucvlelad. grZivi da ganivi zome-

bis Sefardeba, rogorc wesi didia. xolo Tu ker-

Zo SemTxvevaSi es zomebi erTmaneTs uaxlovdeba 

nagebobis `brtyeli saangariSo sqema~ ganapiro-

bebs mxolod misi mzidunarianobis marags. 

 
nax. #31 CarCos saangariSo sqema. 

 

erTmaliani, rkinabetonis sworxazovan elemen-

tebiani gvirabis statikuri da zRvrul mdgomare-

obebze konstruqciuli gaangariSebisaTvis saWi-

roa Semdegi sawyisi monacemebi: 

miwis zedapiridan h siRrmeze Ria wesiT gayva-
nili erTmaliani nagebobis erTeulovani sigrZis 
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CarCos saangariSo sqema mocemulia (#31 naxazze), 

sadac J1 da J2 Sesabamisad Weris, iatakis da ked-
lebis winaswar aRebuli saorientacio kveTebis 

inerciis momentebi, xolo Ma .... Md Sesabamis kvan-
ZebSi moqmedi reaqtiuli momentebia. 

rogorc miwisqveSa nagebobaTa meqanikis safuZ-

vlebidanaa cnobili, aseTi tipis, zedapirTan ax-

los ganlagebuli nagebobis Tavze mosul verti-

kalur saangariSo datvirTvas, im SemTxvevaSi, Tu 

sxva raime statikuri Tu dinamikuri zemoqmedeba 

araa mosalodneli, gansazRvraven formuliT: 

qv1=m1hγgr+m2dsil γc                 (10.1) 
gvirabis kedlebis Tavze da Zirze moqmedi Ta-

razuli datvirTvebi ganisazRvreba Sesabamisad 

damokidebulebebiT:  

qh2= (qv1 +Hγ)(1− sinφ)/(1 + sinφ)      (10.2) 
qh2= (qv1 +Hγ)(1− sinφ)/(1 + sinφ)      (10.3) 

CarCos Ziri warmoadgens kedlebis sayrdeni re-

aqciis ZalebiT boloebze datvirTul koWs `dre-

kad fuZeze~. fuZeze moqmedi vertikaluri reaqti-

uli datvirTva, warmodgenili gasaSualebuli sa-

xiT, rac midis iatakis konstruqciis simtkicis 

maragSi, gamoisaxeba Semdegi formuliT: 

qv2 = qv1+2m2hdw γb / (L+dw)                 (10.4) 
konstruqciis gaangariSebisaTvis saWiroa elem-

entebis fardobiTi sixisteebis codna. 

k = Isil H / IwL, 
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sadac Isil da Iw _ Sesabamisad CarCos erTeulova-

ni sigrZis saxuravis da kedlebis ganivkveTis in-

erciis momentebia dayvanili Ek drekadobis modu-

lis mqone erT masalaze.  

aseTi tipis xist kvanZebiani CarCo, rogorc es 

samSeneblo meqanikidanaa cnobili, samjer stati-

kurad urkvevadi sistemaa, romlis elementebSi 

Siga Zalvebis gansazRvrisaTvis saWiro iqneba 

ZalTa da deformaciaTa meTodebis gamoyeneba, 

rac aRebuli sqemisaTvis gamoixateba SemdegSi.  

im SemTxvevaSi, roca saxuravsa da kedlebs So-

ris saxsruli kavSiria, anu, roca saxuravi war-

moadgens or sayrdenze mdebare koWs, masze moqme-

di mxolod vertikaluri datvirTvisagan maqsima-

luri CaRunva malis SuaSi da kveTis mobrunebis 

kuTxe koWis boloebSi, Sesabamisad, gamoisaxeba 

masalaTa gamZleobis [11] cnobili formulebiT:  

ycd
qv 1 = 5qv 1L3

384Ek I1
 ; (10.6)     Qcd

qv 1 = qv 1L3

24Ek I1
   (10.7) 

magram, radganac kvanZebi xistia, maTSi imoqme-

debs saZiebeli momentebi Mc da Md, romlebic im-

is gamo, rom aRebuli saangariSo sqema simetri-

ulia vertikaluri RerZis mimarT, Mc=Md. maTi 

moqmedebiT kveTis mobrunebis kuTxe koWis bolo-

ebSi iqneba: 

    Qc,d
Mc = Mc L

3Ek I1
 + 

Md L
6Ek I1

 +
Mc L

2Ek I1
          (10.8) 

Sesabamisad, saxuravis koWis boloebis jamuri 

mobruneba mxolod vertikaluri datvirTviT da 
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kvanZuri momentebiT miiReba (10.5)-is da (10.6)-is 

algebruli SekrebiT. 

QQc,d = Qcd
qv 1

- Qc,d
Mc =  qv 1L3

24Ek I1
− Mc L

2Ek I1
    (10.9) 

analogiurad CarCos saxuravis kedlebis bolo-

ebis mxolod Md kvanZuri momentebiT gamowveuli 

mobrunebis kuTxe –  

Qd,b
Md = Md H

2Ek I2
    (10.10) 

xist kvanZSi gaerTianebuli saxuravis da ked-

lis boloebis mobrunebis kuTxeebis tolobis pi-

robas ki eqneba saxe 

qv 1L3

24Ek I1
+ Mc L

2Ek I1
= Md H

2Ek I2
   (10.11) 

aqedan, mxolod saxuravze mosuli vertikaluri 

saangariSo datvirTvisa da iatakis reaqciisagan 

gamowveuli mRunavi momentebi saxuravis c da d 
kvanZebSi gamoisaxeba formuliT: 

QMc,d =
qv 1L2

12
 1
1+k

 ,     (10.12) 
sadac CarCos sixistis maCvenebeli – k = Isil H / IwL. 
analogiuri mimdevrobiT ganisazRvreba kvanZu-

ri momentebi, kedlebze moqmedi saangariSo dat-

virTvebiT. maTi SekrebiT (10.12)-Tan miiReba erTe-

ulovani sigrZis CarCos saxuravis c da d kvanZeb-
Si moqmedi mRunavi momentebis saangariSo formu-

la 

QMc,d = 1
1+k

[qv 1L2

12
+ (qh 1+qh 2)H2k

24
]   (10.13) 
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da aseve, mRunavi momentebis gamosaxulebebi 

iatakis  a da b kvanZebSi _ 

QMa,b = 1
1+k

[qv 2L2

12
+ (qh 1+qh 2)H2k

24
]   (10.14) 

 

 
nax. #32 mRunavi momentebis da ganivi Zalebis 

CarCoSi ganawilebis sqematuri suraTi. 

 

CarCoSi moqmedi Siga Zalvebis ZalTa meTodis 

gamoyenebiT miRebul gamosaxulebebs eqnebaT Sem-

degi saxe: 

_ normaluri Zalvebi CarCos kedlis TavSi da 

ZirSi, saxuravSi da iatakSi:  

QNca = 0,5Lqv1, 
QNac = 0,5Lqv1- Hdwγc , 

        QNsil = 0,5Hqh1+ H(qh2 − qh1)/6 ,              (10.14) 
Nfl = 0,5Hqh1+ H(qh2 − qh1)/3. 
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maqsimaluri mRunavi momentebi saxuravis, iatak-

is da kedelebis SuaSi: 

QMsil = QNcaL/2 - qv1L2/8 −Mc , 
           QMfl = QNac + qv2L2/8 −Ma,                 (10.15) 

QMw = -(qh1 + qh2)H2/16 +Ma. 
mRunavi momenti saxuravis c kvanZidan daSore-

bul x kveTSi –  

                     M(x) =
qv 1Lx

2
 qv 1x2

2
− Mc                       (10.16) 

Sesabamisad, koWis gaRunuli RerZis diferenci-

alur gantolebas eqneba saxe 

      EkI1
d2y
dx 2 = ±(qv 1Lx

2
 qv 1x2

2
− Mc ),        (10.17) 

saidanac sasazRvro pirobebis gaTvaliswinebiT 

koWis CaRunvis isari x kveTSi 

y(x) = ± 1
Ek I1

[− qv 1x4

24
+  qv 1Lx 3

12
− x2

2
Mc−(qv 1L3

24
− Mc L

2
 )𝑥𝑥],    (10.18) 

xolo maqsimaluri CaRunva malis SuaSi  

              y(x)=L/2 = 1
EkI1

(5qv1L4

384 − L2

8  Mc),              (10.19) 

sadac  Mc gansazRvrulia (10.13) damokidebulebiT. 

analogiurad ganisazRvreba gadaadgilebebi iat-

aksa da kedlebSi. 

mRunavi momentebi da ganivi Zalebi saxuravis, 

iatakis da kedlebis kvanZebidan aTvlil kveTeb-

Si, Sesabamisad gamoisaxeba formulebiT:  

Msil = 0.5qv1(Lx− x2) −Mc , 
 Mfl = - 0.5qv2(Lx− x2) +Ma ,                

Q    Mw = - 0.25(qh1 + qh2)(Hx− x2) +Ma ,             (10.20) 
Qsil = 0.5qv1(L − 2x) , 
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 Qfl = - 0.5qv2(L − 2x),                
Q        Qw = - 0.25(qh1 + qh2)(H − 2x). 

xolo, maTi epiurebi sqematurad mocemulia na-

xazze #32. 

amrigad, miRebulia sruli analizuri aparati 

Ria wesiT gayvanili erTmaliani gvirabis sworxa-

zovan elementabiani CarCos statikuri gaangariSe-

bisaTvis simtkiceze da gadaadgilebebze.  [12] 
 

 

 Ria wesiT gayvanili ormaliani gvirabis  

statikuri gaangariSeba 

Ria wesiT gayvanili ormaliani, sworxazovan 

elementebiani gvirabis statikuri gaangariSebi-

saTvis saWiroa Semdegi sawyisi monacemebi: 

• gvirabis saxuravis CaRrmaveba miwis zedapiri-

dan  h, m 
• gvirabis sigane (RerZebSi)   L, m  
• gvirabis simaRle (RerZebSi)  H, m  
• samagris erT masalaze dayvanili drekadobis 

moduli    Ek , megpa  
• wyliani gruntis moculobiTi wona      γgr, kn/m 

• betonis moculobiTi wona              γgr, kn/m 

• gadatvirTvis koeficienti gruntis datvir-

Tvaze       m1  

• gadatvirTvis koeficienti konstruqciis saku-

Tar wonaze    m2  

• gare kedlebis saorientacio sisqe    dac, m  
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• Siga kedlis saorientacio sisqe      def, m  

• Weris saorientacio sisqe             dcd, m  

• iatakis saorientacio sisqe           dab, m  

ormaliani CarCos saangariSo sqemas aqvs #33-e 

naxazze mocemuli saxe, sadac J1 da J2 Sesabami-
sad Weris, iatakis da kedlebis winaswar aRebuli 

erT masalaze dayvanili saorientacio kveTebis 

inerciis momentebia, xolo Ma .... Md Sesabamis 

kvanZebSi moqmedi reaqtiuli momentebia. erTmali-

ani sqemisagan is gansxvavdeba Sua kedlis arsebo-

biT, romlis sixiste da mzidunarianoba praqtiku-

lad anulebs saxuravis Sua wertilis fardobiT 

CaRunvas, gare kedlebis Tavebis mimarT. 

xisti kvanZebisas aseT CarCoSi, romelic eqv-

sjer statikurad urkvevadia, Siga Zalvebis gan-

sazRvrisaTvis statikis gantolebebi, ra Tqma un-

da, sakmarisi ar aris. saWiroa gamoyenebuli iqnes 

gadaadgilebebis da ZalTa meTodebi da maTi da-

moukidebeli moqmedebis principi, anu SesaZlebe-

lia moxdes erTmaliani CarCosaTvis gansazRvru-

li gare datvirTvebisagan gamowveuli gadaadgi-

lebebisa da Siga Zalvebis Sekreba (superpozicia) 

Siga kedlis reaqciiT gamowveul faqtorebTan 

[12]. am ukanasknelis damoukidebeli moqmedebis Se-

fasebiT da misi sididis dadgeniT, unda iqnes 

dawyebuli am amocanis amoxsna. 
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nax. #33. ormaliani CarCos saangariSo sqema. 

 

CarCos erTeulovani sigrZis monakveTis Siga 

kedlis reaqtiuli Ne da Nf Zalebi ganisazRvre-

ba, saxuravisa da iatakis malebis Sua kvanZebis, 

gare datvirTvebis moqmedebiT gamowveuli gadaad-

gilebebis kompensaciis pirobiT. 

CarCo rom saxsruli iyos, anu saxuravi da iat-

aki rom warmoadgenden or sayrdenze mdebare ko-

Webs, maTze moqmedi mxolod Nf saZiebeli Seyur-

suli, vertikaluri ZaliT gamowveuli maqsimalu-

ri CaRunva malis SuaSi da kveTis mobrunebis 

kuTxe koWis boloebSi, Sesabamisad, gamoisaxeba 

masalaTa gamZleobis cnobili formulebiT:  

ycd
N = Nf L3

48 Ek I1
 ;    Qcd

N = Nf L2

16 Ek I1
 ,       (10.20) 
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sadac Ek - konstruqciis erT-erTi masalis dre-

kadobis moduli, I1 - am masalaze dayvanili kve-

Tis inerciis momenti.  

realurad, CarCos xist kvanZebSi, misi kedlebis 

drekadobis gamo, imoqmedebs saZiebeli momentebi 

Mc=Md, romelTa moqmedebiT saxuravis koWis bo-

loebis mobrunebis kuTxeebis absoluturi sidi-

deebi iqneba: 

         Qc,d
Mc = Mc L

2Ek I1
,            (10.21) 

xolo, saxuravis koWis boloebis jamuri mob-

runebis kuTxeebi, Sua kedlis reaqciis ZaliT da 

kvanZuri momentebiT – 

QQc,d = Qcd
N - Qc,d

Mc = Nf L2

16 Ek I1
− Mc L

2Ek I1
;   (10.22) 

CarCos kedlebis boloebis, mxolod jerjero-

biT ucnobi, kvanZuri momentebiT gamowveuli mob-

runebis kuTxeebi ki iqneba: 

           Qc,a
Mc = Mc H

2Ek I2
;            (10.23) 

Sesabamisad, xist kvanZebSi gaerTianebuli saxu-

ravis da kedlis boloebis mobrunebis kuTxeebis 

tolobis pirobas eqneba saxe - 

            
Nf L2

16 Ek I1
− Mc L

2Ek I1
= Mc H

2Ek I2
;        (10.24) 

saidanac ganisazRvreba mxolod Sua kedlis Nf 

reaqciiT gamowveuli kvanZuri momentebi Mc,d da 

mRunavi momenti Mx saxuravis malis x kveTSi. 

     Mc,d =
Nf L

8
 1
1+k

 ,  (10.25).   M(x) =−
Nf
2

+ Mc  .           (10.26)   
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sadac CarCos sixistis maCvenebeli – k=I1H/I2L. 
Sesabamisad, koWis gaRunuli RerZis diferenci-

alur gantolebas eqneba saxe - 

    EkI1
d2y
dx 2 = ±M(x) = Nf

8
 ( L

1+k
− 4x);       (10.27) 

am gantolebis amoxsnisas integrirebis pirveli 

mudmivi koeficienti ganisazRvreba malis SuaSi 

kveTis mobrunebis kuTxis nulTan tolobiT, rac 

gapirobebulia ZiriTadi sqemis vertikaluri Rer-

Zis mimarT simetriulobiT, xolo meore mudmiva - 

sayrdenebze CaRunvebis ar arsebobis pirobebiT. 

amrigad miiReba, Sua kedlis ar arsebobisas, sa-

xuravis koWis malis SuaSi fardobiTi CaRunvis 

kompensaciisaTvis saWiro Nf - is toli, Seyursu-

li ZaliT gamowveuli koWis gaRunuli RerZis 

gantoleba, romelic kvanZidan aTvlili x-is fun-
qciaSi SeiZleba warmodgenili iqnes Semdegi sa-

xiT: 

y(x) = Nf
4Ek I1

[− x3

3
+  Lx 2

4(1+k) + L2

4
kx

1+k
 ];         (10.28) 

Sesabamisad, aRunvis isari malis SuaSi 

     yx=L/2
Nf  = Nf L3

192Ek I1

1+4k
1+k

 .             (10.29) 

erTmaliani gvirabis analizis Tanaxmad Sua 

kedlis ar arsebobis SemTxvevaSi igive kveTis Ca-

Runvas, ZiriTadi gare datvirTvebisagan, aqvs 

Semdegi saxe [1]: 

yx=L/2
q =  L2

384Ek I1
�5qv1L2 − 1

1+k
[4qv1L2 + 2(qh1 + qh2)H2k]� (10.30) 

am CaRunvis aRdgenisaTvis saWiro Sua kedlis 

reaqciis mniSvneloba miiReba 10.29 da 10.30-is 
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formulis urTierTgatolebiT da miRebuli gamo-

saxulebis Nf -is mimarT amoxsniT. 

Nf=
1+k

L(1+4k)
�2.5qv1L2 − 1

1+k
[2qv1L2 + (qh1 + qh2)kH2]�. (10.31) 

marTkuTxa xisti CarCos saxuravis da iatakis 

Sua malebSi moqmedi, Seyursul Nf ZalebiT gamow-

veuli kvanZuri mRunavi momentebis mniSvneloba 

mocemulia s.timoSenkos mier [3], aq miRebuli aR-

niSvnebisas eqneba Semdegi saxe - 

                  MNf = Nf L
8

+ 1
1+k

                      (10.32) 
am ukanasknelSi 10.32 formulis CasmiT da Sek-

rebiT, ZiriTadi datvirTvebisagan gamowveul er-

Tmaliani gvirabis kvanZur momentebTan [12], mivi-

RebT sayrdeni mRunavi momentebis jamur absolu-

tur mniSvnelobebs, ormaliani gvirabis saxuravis 

gare kedlebTan SeerTebis kvanZebSi, romlebsac 

eqnebaT saxe -  

Mc=−Md= 1
6(1+4k)

[2qv1L2 + (qh1 + qh2)H2k] − 5qv 1L2

16+64k
 ; (10.33) 

jamuri sayrdeni mRunavi momentebi ormaliani 

gvirabis iatakis gare kedlebTan SeerTebis kvan-

ZebSi ki iqneba: 

Ma=−Mb=
1

6(1+4k)
[2qv1L2 + (qh1 + qh2)H2k] − 5qv 2L2

16+64k
;   (10.34) 
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nax. #34. mRunavi momentebis da ganivi Zalebis gana-

wilebis grafikuli gamosaxuleba. 

 

normaluri Zalvebi CarCos gare kedlebSi (sa-

xuravTan) ganisazRvreba damokidebulebiT - 

Q             Nac = Nbd = 0.5(Lqv1 −Nf).              (10.35) 
normaluri Zalvebi CarCos saxuravSi da ZirSi 

ki, Sesabamisad: 
Q      Ncd = 0.5Hqh1+ H(qh2 − qh1)/6;     
    Q Nab = 0.5Hqh1+ H(qh2 − qh1)/3.                       (10.36) 
mRunavi momentebi da ganivi Zalebi saxuravis, 

iatakis da kedlebis kvanZebidan aTvlil kveTeb-

Si, gamoisaxeba formulebiT: 

Msil = - Nacx + 0.5qv1x2 +Ma , 
             Mw = - 0.25(qh1+qh2)(Hx− x2) +Ma ,             (10.37) 

Q       Mfl = - (Nac +hdw γb)x+0.5qv2x2 +Ma ,       
Qsil = - Nac + qv1x , Q 

           Qw = - 0.25(qh1 + qh2)(H − 2x),                (10.38) 
Qfl = - (Nac +hdw γb)+0.5qv2x. 
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xolo, maTi epiurebi sqematiuri saxiT mocemu-

lia #34-e naxazze.  amrigad, miRebulia analizu-

ri aparati Ria wesiT gayvanili ormaliani gvira-

bis sworxazovan elementebiani CarCos statikuri 

gaangariSebisaTvis simtkiceze da gadaadgilebeb-

ze. 

 

XI Tavi. Tanamedrove saSaxto ankerebi 

samTo dargis sxvadasxva danisnulebis obieqte-

bis mSeneblobisas, dReisaTvis, farTod gamoiyene-

ba bazaltis, naxSirbadis, minaplastikis da mina-

boWkosagan damzadebuli armatura, ankerebi da 

sxva konstruqciebi, romlebic xasiaTdebian mcire 

woniT, maRali simtkiciT da agresiuli garemos 

mimarT mdgradobiT. 

bolo periodSi tradiciul liTonis ankereb-

Tan erTad farTo gamoyeneba pova minaboWkovani 

masalisagan damzadebulma fiberglasurma anke-

rebma. sainteresoa minaboWkovani masalisagan dam-

zadebuli wriuli da marTkuTxa formis fiber-

glasuri ankerebis fizikur-meqanikuri maxasiaTeb-

lebi da maT gamoyenebasTan dakavSirebuli sakiT-

xebi. 

wriuli formis minaboWkovani masalisagan dam-

zadebul fiberglasur ankerebs, marTkuTxasTan 

SedarebiT, gaaCnia maRali grZivi sixiste, rac am-

artivebs WaburRilSi CamontaJebas, Tumca garTu-

lebulia maTi buxtebad daxveva. Sesabamisad, maTi 

transportireba SesaZlebelia ZiriTadad 13-14m 
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sigrZis monaWrebis saxiT. marTkuTxedis formis 

kveTis mqone bafTisebur ankerebs amzadeben 100m 

sigrZis monaWrebis saxiT. transportirebis miz-

niT maT axveven 1,5-2m diametris mqone buxtebad. 

damontaJebis win, uSualod saamSeneblo moedanze 

SesaZlebelia nebismieri sigrZis ankerebis damza-

deba, quroebis da SeduRebiT gadabmebis gareSe. 

polimeruli masaliT Semkvrivebuli minaboW-

kosgan damzadebuli wriuli da marTkuTxa for-

mis fiberglasuri ankerebi warmodgenilia #35-e 

naxazze. ankeris zedapiri dafarulia wvrili qvi-

SiT, rac aumjobesebs mis cementTan SeWidulobas. 

 

 
nax. #35. minaboWkos gamoyenebiT damzadebuli wriuli 

da marTkuTxa formis fiberglasuri ankerebi. 

minaboWkovani masalis, polimeruli Semamkvri-

veblis da fiberglasuri ankerebis maxasiaTeble-

bi, mocemulia me-9 cxrilSi. 
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cxrili #9  

# maxasiaTebeli 
ganzomi-
leba 

mina-
boWko 

po-
li-
meru-
li 
Sem-
kvre-
li 

fi-
ber-
gla-
suri 
anke-
rebi 

1 simkvrive Ggr/sm 2.55 1.15 1.9 
2 simtkice gaglejvaze mpa 2000 50 1000 
3 drekadobis moduli mpa 70 - 40000 
4 minaboWkos Semcveloba % 100 - 70 
5 simtkice ganiv Zvraze mpa - - 200 

 

ankerebis zedapiris dasafarad gamoyenebuli 

qviSis marcvlebis simsxo icvleba 0.15-0.3mm far-

glebSi. 

me-10-e cxrilSi mocemulia zRvruli datvir-

Tvebis mniSvnelobebi, marTkuTxa formis ganivi 

kveTis mqone fiberglasuri ankerebisaTvis, kveTis 

zomebze damokidebulebiT. 
cxrili #10 

# Aankeris ga-
nivi kveTis 
zomebi, mm 

gaWimvaze zRvru-
li datvirTvis 
mniSvneloba 

 
SeniSvna 

1 40×5 400  

2 40×6 480  

3 40×7 560  

4 40×8 640  

5 40×9 720  

6 40×10 800  

7 40×12 960  

8 40× 15 1200  

 

88 
 



kvlevebma aCvena, Tu zRvruli datvirTva Sead-

gens 600 niutons, fiberglasuri ankerebis masa-

las axasiaTebs mniSvnelovani cocvadoba; aseT 

SemTxvevaSi nimuSebis fardobiTma deformaciam 

SeiZleba miaRwios 6-8 %-s. 

mravalmxrivma kvlevam aCvena, rom deformacieb-

sa da Zabvebs Soris arsebobs proporciuli damo-

kidebuleba. miRebuli Sedegebis analiziT (nax. 

#36) dgindeba, rom erTi Tvis ganmavlobaSi de-

formaciis moduli Semcirda 2.5-5.0% farglebSi, 

xolo, dakvirvebis Semdegi periodis ganmavlobaSi 

modulis mniSvneloba mcirdeba 4-6%-iT. aRsaniS-

navia, rac maRalia datvirTvis done, miT ufro 

mniSvnelovania deformaciis modulis Semcireba. 

 
               gamokvlevis xangrZlivoba, dRe-Rame 

nax. #36 fiberglasuri ankerebis iungis modulis 

cvlileba droSi. 
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praqtikam aCvena, rom fibrglasuri ankerebis 

gamoyeneba SesaZlebelia rogorc droebiTi, aseve 

mudmivi samagris saxiT, iseT pirobebSi, rodesac 

dasaSvebi datvirTva ar aRemateba zRvruli dat-

virTvis 25-30%-s. 

minaboWkos marTkuTxedis formis bafTebis ga-

moyenebiT damzadebuli fiberglasuri ankerebis 

sxvadasxva konstruqcia naCvenebia nax.37-ze. 

 
nax. #37. a) erTbafTiani, b) orbafTiani da g) sam-

bafTiani fiberglasuri ankerebi. 

 

fiberglasuri ankerebis damontaJebis teqnolo-

gia, konstruqciidan gamomdinare, moicavs - saWi-

ro diametris da siRrmis WaburRilis burRvas, 

romelSic Tavsdeba SerCeuli konstruqciis fi-

berglasuri ankeri, romlis saineqcio milis sa-

SualebiT xdeba WaburRilis Sevseba cementis 

wyalxsnariT. bolo etapze warmoebs fiberglasu-

ri ankerebis daWimva specialuri domkratebiT. 

#38-e naxazze naCvenebia, zogadad, metros gvi-

rabebis mSeneblobisas, Zlier dabzaruli samTo 
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masivis fiberglasuri ankerebis saSualebiT gaZ-

lierebis magaliTi. 

 

 
nax. #38. metros gvirabebis Tavze arsebuli dabzaru-

li (daSlili)samTo masivis gaZliereba fiberglasuri 

ankerebiT. 

 

 

XII Tavi. feTqebadi nivTierebis muxtebis  

inicirebis Tanamedrove sistemebi 

sazRvargareTis praqtikaSi, saSpure da saWa-

burRile muxtebis afeTqebisas, sul ufro farTo 

gamoyenebas poulobs inicirebis axali saxis ara-

eleqtruli sistemebi, romlebic gamoirCevian us-

afrTxoebis  maRali doniT da moxmarebis simar-

tiviT. am sistemebidan yvelaze daxvewilad  „no-

neli“ moisazreba. [14] 
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inicirebis araeleqtruli sistema  „noneli“ 

Seqmnila Sveduri firmis „nitro-nobeliAAB“-s mi-
er (amJamad firmas „dino-nobeli AB“ ewodeba). 

xsenebul sistemas safuZvlad udevs plastmasis 

Rru milaki (zonari) - talRasatari, romlis Siga 

zedapiri dafarulia fn-is Txeli SriT. am ukanas-

knelis inicirebisas warmoqmnili haeris dartymi-

Ti talRa, romelic ikvebeba fn-is daSlis pro-

cesSi gamoyofili energiiT, milakSi vrceldeba 

2000m/wm siCqariT da uzrunvelyofs talRasataris 

boloSi damagrebuli specialuri kafsul-detona-

toris afeTqebas. amasTanave, fn-is masa imdagvara-

daa SerCeuli, rom dartymiTi talRa ar iwvevs mi-

lakis rRvevas. igi asrulebs mxolod signalis 

gamtaris rols. 

sadetonacio zonarTan SedarebiT, „nonel“-is 

tipis inicirebis araeleqtruli sistemebis upir-

atesobebia: fn-is naklebi xarji da milakSi dar-

tymiTi talRis gadaadgilebisas talRasataris 

garsis mier Tavdapirveli mdgomareobis SenarCu-

nebis unari, rac gamoricxavs wagrZelebuli mux-

tis nebismier wertilSi inicirebisas misi struq-

turis dazianebasa da fn-is amowvas. garda amisa, 

inicirebis araeleqtruli sistemebi amartiveben 

asafeTqebeli qselis montaJs da, amasTanave, Se-

saZlebels xdian, Seiqmnas mcireddayovnebuli 

afeTqebis sqemebi farTo diapazonis dayovnebebis 

intervalebiT. 
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sistema „nonel“-is ZiriTadi Semadgeneli eleme-

ntebia: kafsul-detonatori (kafsuli), garkveuli 

sigrZis talRasatari da rezinis milisi - mamWid-

roebeli. igi Seicavs, agreTve, jgufuri inicireb-

is mowyobilobas, romelsac gaaCnia SemaerTebeli 

bloki. am ukanasknelSi moTavsebulia №8 kafsul-

detonatoris 1/3 simZlavris mqone Sualeduri mi-

ni-detonatori. misi daniSnulebaa talRasatare-

bis inicireba. SemaerTebeli blokis konstruqcia 

imdagvaria, rom wredSi milakebis CarTvisas 

talRsataris bolo yovelTvis damcavi mowyobi-

lobiT exeba mini-detonators. amis wyalobiT mi-

iRweva standartuli xarisxisSeerTeba, rac damo-

kidebuli ar aris amfeTqeblis kvalifikaciaze. 

rodesac dartymiTi talRa zonar-talRasataris 

gavliT aRwevs SemaerTebel bloks, xdeba mini-de-

tonatoris afeTqeba (myisierad an miliwamiani da-

yovnebiT), rac iwvevs blokSi Semavali zonrebis 

inicirebas.  

sistema „noneli“ gankuTvnilia Ria da miwisqve-

Sa samuSaoebisaTvis, maT Soris meTanis mxriv sa-

SiSi SaxtebisaTvis. sapasuxisgeblo samuSaoebis 

Catarebisas saWiroa qselis dublireba. asafeTqe-

beli qselis montaJisas aucilebelia gaTvaliswi-

nebuli iqnes aramarto kafsul-detonatoris da-

yovneba, aramed zedapiruli da SigasaWaburRile 

zonrebis sigrZeTa gavlena fn-is muxtebis deto-

naciis dayovnebaze, vinaidan zonar-talRasatarSi 
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dartymiTi talRis siCqare TviTon qmnis sistema-

Si 0,55 mlwm dayovnebas. 

araeleqtruli inicirebis xsenebuli sistemis 

gamoyenebisas, asafeTqebeli qselis sqemebi damo-

kidebulia damayovneblebis ganlagebis xerxze. 

damayovneblebi SeiZleba moTavsdes rogorc Sida 

saWaburRile zonarze, aseve zedapiruli magis-

tralis xazze. ukanasknel SemTxvevaSi, e.i. rode-

sac saWaburRile muxtebis afeTqebaTa Soris sa-

Wiro intervali miiRweva, SemaerTebel blokSi 

arsebuli mcireddayovnebuli moqmedebis kafsul-

detonatoriT, WaburRilebSi aTavsebenHH seriis 

zonarebs, specialuri kafsul-detonatorebiT, 

romelTac erTi da igive dayovnebis intervali - 

500mwm aqvT. es saSualebas iZleva zedapiridan 

mcireddayovnebuli inicirebisas gamoiricxos 

calkeul muxtebSi detonaciis mtyunebis riski. 

[15] 
radgan talRasatarSi haeris dartymiTi tal-

Ris moqmedebis mxriv SezRudvebi ar aris, asafeT-

qebeli qselis montaJis gamartivebis mizniT, ze-

dapiruli magistraluri xazi SeiZleba Sesrul-

des rgolurad ganlagebuli dabali energetiku-

li maxasiaTeblebis mqone sadetonacio zonriT, 

romelsac uerTdeba saWaburRile „nonel“-is zon-

rebi, mcireddayovnebuli moqmedebis kafsul-de-

tonatorebiT. „nonel“-is zonrebis sadetonacio 

zonarTan SeerTeba xdeba martivi momWerebiT. 
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sistema „nonel“-is gamoyenebiT miwisqveSa gvi-

rabebSi afeTqebis dayovnebaTa intervalebs iReb-

en 100mwm da mets. saSpure muxtebis inicireba war-

moebs „nonel“-is zonrebiT, romlebzec kafsul-

detonatorebia damagrebuli. zonrebi konebad ik-

ribeba. TiToeul konaSi mizanSewonilia Spurebis 

piridan gamomavali 1,5-2m sigrZis 20-mde zonris 

Tavmoyra. kona or adgilze (30sm-is dacilebiT) 

saizolacio zonriT magrdeba, ris Semdeg xdeba 

konis SemoWera im sadetonacio zonris ormagi 

maryuJiT, romelic SemaerTebeli blokis gavliT, 

„nonel“-is magistralur zonars uerTdeba. 

muxtebis inicirebis saSualebebTan SedarebiT 

afeTqebis araeleqtrul sistemebs aqvT Semdegi 

upiratesobebi: asafeTqebeli eleqtroqseli ar 

saWiroebs saTanado gaTvlas, moxetiale denebis, 

eleqtrostatikuri muxtebisa da radiosixSiris 

diapazonSi eleqtromagnituri velebis mimarT 

ugrZnobloba; afeTqebiTi samuSaoebis naklebi Ri-

rebuleba, maRali saimedooba (afeTqebis araeleq-

trul sistemebis gamoyenebisas SesaZlebelia Se-

erTebebis sisworis vizualuri Semowmeba, rac 

eleqtrodetonatorebiT muSaobis SemTxvevaSi 

rTuli gasakeTebelia). 

feTqebadi nivTierebis muxtebis inicirebis axa-

li araeleqtruli “nonel”-is sistema srulad pa-

suxobs afeTqebiTi samuSaoebis Catarebis Tanamed-

rove moTxovnilebebs. 
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rogorc samTamadno mrewvelobis gvirabebis, as-

eve satransporto tunelebis gazsacavebis da nav-

Tobsacavebis da sxva obieqtebis, mSeneblobis 

10%-ze meti, burRva-afeTqebiT warmoebs. 

”noneli”-s sistemis uamravi dadebiTi Tvisebe-

bis gamo, rac gamoixateba imaSi, rom misi gamoye-

neba sruliad usafrTxos xdis afeTqebiT samuSa-

oebs rogorc gazis (meTanis) da naxSiris mtvris 

afeTqebis mxriv saSiS SaxtebSi, aseve nebismier 

sasargeblo wiaRiseulis mompovebel samTo sa-

warmoSi. saWiroa sawarmoebi gadavidnen afeTqebis 

saSualebaTa Tanamedrove meTodebze. 

aRsaniSnavia, rom firma  „dino-nobeli AB” praq-
tikulad yvela saxis asafeTqebel saSualebas uS-

vebs kafsul-detonatoriT, romelic ar Seicavs 

pirvelad (iniciatorul) fn-s. misi ZiriTadi mux-

tia heqsogeni. detonatorebSi afeTqebis impulsi-

saTvis gamoiyeneba tenisa da piroteqnikuri nivTi-

erebebis narevi, romelic foladis xufSia Cawne-

xili (xufs ZirSi aqvs xvreli). saWaburRile (saS-

pure) muxtebis inicirebisaTvis gankuTvnil kaf-

sul-detonatorebSi ZiriTadi muxtis masa 1g-ze 

naklebi ar aiReba, xolo sistema „noneli“-s 
asamoqmedeblad gankuTvnil detonatorebSi igi 

0,6–0,7g-is tolia. kafsul-detonatorebSi damayov-

nebeli elementi Sesrulebulia aluminis sqel-

kedliani milakis saxiT, romelic piroteqnikuri 

SedgenilobiT aris Sevsebuli. dayovnebis saWiro 

dro saTanado wvis siCqaris mqone Sedgenilobisa 
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da damayovnebeli elementis sigrZis  SerCeviT 

miiReba. 

 firma „dino-nobeli AB”-s mier mdamzadebu-
li ori saxe sxvaobis talRsatari „noneli“: 3LL - 
standartuli da 3 LHD - ganmtkicebuli. orive mi-

lakis garsi Seicavs plastikis 3 Sres, romleb-

sac gansxvavebuli Tvisebebi gaaCniaT: Siga Sre 

kargi adheziuri TvisebebiT xasiaTdeba da amasTa-

nave sakmaod didi radialuri simtkice gaaCnia, 

rac gamoricxavs milakSi dartymiTi talRis 

gavrcelebisas mis dazianebas. gare Sre medegia 

abraziuli moqmedebis mimarT. 

SvedeTSi gamodis 3 jgufis araeleqtruli in-

icirebis sistema „noneli“ MS, HL da iunidenti  

(Unidet) „noneli“. MS gamoiyeneba nebismier piro-

bebSi, sadac saWiroa miliwamiani dayovneba. 

dayovnebis seriaTa ricxvia 18, dayovnebis dro-75-

dan 500mwm-mde, 25mwm-is intervaliT. „noneli“ HL 
gankuTvnilia gvirabebis gayvanisas muxtebis inic-

irebisaTvis. igi SeiZleba gamoviyenoT sxva saxis 

miwisqveSa samuSaoebzec. dayovnebis seriaTa ric-

xvia 56, dayovnebis dro 25-dan 6000mwm-mde. „none-
li“ iunideti Sedgeba saWaburRile detonatore-

bisa da zedapiruli SemaerTebeli blokisagan. sa-

WaburRile detonatorebs maRali sizustis didi 

dayovnebebi aqvT (400-dan 500mwm-mde 25mwm-is inter-

valiT). yvela WaburRilSi erTi da imave dayovne-

bis detonatorebi Tavsdeba, xolo muxtebis inic-
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irebis saWiro Tanmimdevrobis uzrunvelyofa ze-

dapiruli SemaerTebeli blokebis damayovneble-

biT xdeba. 

„noneli“-s msgavs inicirebis araeleqtrul sis-

temebs mraval qveyanaSi amzadeben (aSS, espaneTi, 

avstria, ruseTi, ukraina, CineTi da sxva). 

 

XIII Tavi. eleqtruli mcired dayovnebuli 

afeTqeba 

cecxlovani afeTqeba f.n.-is muxtebis inicire-

bis sxva xerxebTan SedarebiT sagrZnoblad saSi-

Sia da saamfeTqeblo samuSaoebis dabali maCveneb-

liT xasiaTdeba. dadgenilia isic, rom eleqtrul 

mcired dayovnebul afeTqebas, yvela danarCen 

xerxebTan SedarebiT, mniSvnelovani upiratesoba 

gaaCnia. miuxedavad amisa, mTel rig maRaroebSi mi-

wisqveSa gvirabebSi saSpure muxtebis afeTqeba 

mxolod cecxlovani xerxiT warmoebs. 

marTalia afeTqebis eleqtruli xerxi mravali 

dadebiTi mxariT xasiaTdeba, magram, mas naklova-

nebebic gaaCnia: Sesrulebis sirTule, tradiciu-

li eleqtrodetonatorebis gamoyenebisas, romel-

Ta usafrTxo deni 0,15-0,18 a-s Seadgens, moxetiale 

da sxva denebis mavne gavlenisagan maTi dacvisaT-

vis damatebiTi RonisZiebebis gatarebis aucileb-

loba da sxva. amitom, Tavdapirvelad universalu-

ri xelsawyos Ц-35-s saSualebiT saWiroa ganisaz-

Rvros rogorc potencialTa sxvaobis, ise moxe-

tiale denebis Zalebi. 
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maRaros miwisqveSa gvirabebSi moxetiale dene-

bis Zala Warbobs tradiciuli eleqtrodetonato-

rebis usafrTxo denis sidides (eleqtromavlis 

moZraobisas moxetiale denebis Zalis maqsimalu-

ri mniSvneloba 0,32 a-is tolia). es imaze mianiS-

nebs, rom aseT pirobebSi muxtebis mcired dayov-

nebuli afeTqebisaTvis ЭДКЗ-15 da ЭДКЗ-25 markis 
eleqtrodetonatorebis gamoyenebisas, saamfeTqeb-

lo samuSaoebis usafrTxo warmoeba moiTxovs da-

matebiTi RonisZiebebis Sesrulebas, rac dakavSi-

rebulia garkveul organizaciul da teqnikur 

sirTuleebTan. [16] 
amitom, saWiroa iseTi tipis eleqtrodetonato-

rebis SerCeva, romelTa gamoyenebisas, mocemul 

pirobebSi, uzrunvelyofili iqneba saamfeTqeblo 

samuSaoebis usafrTxo warmoeba, yovelgvari dama-

tebiTi RonisZiebebis gatarebis gareSe. 

eleqtruli afeTqebis zemoT xsenebuli uaryo-

fiTi mxareebis dasaZlevad, sazRvargareTis spe-

cialistebis mier bevria gakeTebuli da miRebu-

lia yuradsaRebi Sedegebi. maTi CanergviT miRwe-

ulia mniSvnelovani ekonomikuri efeqti da gazr-

dilia saamfeTqeblo samuSaoebis warmoebis us-

afrTxoeba. 

aSS, SvedeTi, inglisi da sxva qveynebi seriul-

ad uSveben sxvadasxva daniSnulebis eleqtrode-

tonatorebis farTo asortiments, maT asafeTqe-

bel xelsawyoebs da sazom–sakontrolo aparatu-

ris nairsaxeobebs. [14] 
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aSS-is sxvadasxva firmis mier mier damzadebu-

li yvela saxis eleqtrodetonatorebis gamtare-

bis boloebi moxetiale denebidan dacvis mizniT, 

aRWurvilia SuntebiT. 

kompania ”diuponi“-s Sunti warmoadgens alumin-

is afsks, romlis erTi mxare celofaniTaa dafa-

ruli. Sunti daxveulia gamtarebis gaSiSvlebul 

boloebze ise, rom aluminis afski uSualo Sexe-

baSia gamtarebis gaSiSvlebuli boloebis zeda-

pirTan. Sunti 3 mm-iT scildeba gamtarebis bolo-

ebs. aseTi ”daekranebuli“ Sunti uzrunvelyofs 

gamtarebis mTeli gaSiSvlebuli nawilis izol-

acias. Suntebs xsnian eleqtroasafeTqebel qsel-

Si eleqtrodetonatorebis CarTvis momentSi. es 

operacia martivad sruldeba da praqtikulad gav-

lenas axdens eleqtroasafeTqebeli qselis mon-

taJis xangrZlivobaze. 

eleqtroasafeTqebeli qselis montaJis gamarti-

vebisa da qselSi sxvadasxva saxis gare denebis 

moxvedrisas, maTi zemoqmedebiT muxtebis naadrevi 

afeTqebis SesaZleblobis gamoricxvis Tvalsaz-

risiT, gansakuTrebul miRwevad unda CaiTvalos 

didi britaneTis firma ”ai-si-ai – nobel iqsklu-

zivi“-s mier SemuSavebuli eleqtruli inicirebis 

sistema ”magnadeti“ (ix. nax. #39). 

gamtaris xviebi transformatoris meoreul 

gragnilebs warmoadgens, xolo pirveladi gragni-

li feritul rgolSi magistraluri an saubno 

gamtaris erTjeradi gatarebiT miiReba. ferituli 
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rgoli, romlis gare da Siga diametri Sesabami-

sad 20 da 10mm-a, meoreul gragnilTan erTad 

plastikur garsSia moTavsebuli. am ukanasknels 

magistraluri gamtaris gasatareblad aqvs cen-

traluri xvreti. dayovnebuli moqmedebis detona-

torebis dayovnebis intervalia 0,5mwm, xolo mci-

red dayovnebuli detonatorebis – 25 da 30mwm. 

”magnadenti-s“ inicireba specialuri asafeTqe-

beli manqaniT xdeba, romelic 15-25 hercis sixSi-

ris cvlad dens iZleva. amasTanave sistemis para-

metrebi imdagvarad aris SerCeuli, rom 10-ze nak-

lebi da 30-ze meti hercis sixSirisas detonato-

ris inicireba ar xdeba. 

”magnadeti“-s gamoyeneba, TiTqmis, 5-jer amci-

rebs eleqtroasafeTqebeli qselis montaJis xan-

grZlivobas, vinaidan igi ar moiTxovs didi raod-

enobis gamtarebis meqanikur SeerTebasa da maT 

izolacias. garda amisa, induqciuri kavSirisa da 

mainicirebeli denis sixSiris mcire diapazonis 

gamo, ”magnadeti“ moxetiale denebis mimarT 

mgrZnobiare ar aris. igi usafrTxoa eleqtrosta-

tikuri ganmuxtvis mimarTac, rasac arsebiTi mniS-

vneloba aqvs ag-ds-s tipis feTqebadi narevebis 

meqanizebuli damuxtvisas. 
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nax. #39. sistema ”magnadeti“-s ZiriTadi elementebi: 

a-detonatori, b-magistralur gamtarTan ”magnadeti“ 

detonatorebis SeerTeba: 1 - ferituli rgoli, 2 - de-

tonatoris gamtarebi, 3 - gamtaris ramdenime xvia (Cve-

ulebrivi sami xvia), 4 – standartuli detonatori, 5 

– magistraluri gamtari. 

 

”magnadeti“-s sistema Tavidan gvacilebs, izol-

aciis dazianebisas, detonatoris gamtaridan de-

nis gadinebiT ganpirobebul saWaburRile muxte-

bis mtyunebas, rasac xSirad adgili aqvs Cveuleb-

rivi eleqtruli sistemebiT inicirebis SemTxveva-

Si. 

amrigad, ”magnadeti“-s sistema SesaZlebels 

xdis ara marto gaizardos usafrTxoeba, aramed 

f.n.-is muxtebis mtyunebis minimumamde dayvaniT 

mniSvnelovnad Semcirdes saamfeTqeblo samuSao-

ebze gasawevi xarjebi (mtyunebuli saWaburRile 
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muxtis likvidacia safrTxilo Sesasrulebelia 

da Zvirad Rirebuli). 

amJamad, seriulad mzaddeba rogorc tradici-

ul, ise axali saxis eleqtrodetonatorebi: ЭД-1-
8-Т; ЭД-1-3-Т; ЭД-3-Н, ЭДКЗ-ОП, ЭДКЗ-35П, ЭДКЗ-ПК aq-
edan pirveli sami markis detonatorebi gankuT-

vnilia Ria samTo samuSaoebisaTvis, agreTve, airi-

sa da mtvris mxriv usafrTxo maRaroebSi gamosa-

yeneblad, xolo danarCenebi – mcveli Tvisebebis 

mqone eleqtrodetonatorebia. maTi moxmareba Se-

saZlebelia rogorc karierebze, ise airisa da 

mtvris mxriv saSiS SaxtebSi. 

myisieri (ЭД-1-8-Т) da dayovnebuli (ЭД-1-3-Т) moq-
medebis detonatorebs Semcirebuli mgrZnobiaro-

ba aqvT. maTi usafrTxo da sagarantio denis Zala 

Sesabamisad 1,0 da 5,0 amperis tolia. 

moxetiale da sxva denebis mavne gavlenisagan 

kidev ufro daculia eleqtruli inicirebis sis-

tema, romelic Seicavs damcav transformatorul 

kvanZs, maRalsixSirian safeTqebel mowyobilobas 

– YBB-1M-sa da  ПКБЭ-1 markis makontrolebel 

xelsawyos. am sistemis gamoyeneba rekomendebulia 

mxolod specialuri samuSaoebisaTvis. [17] 
saWiroa aRiniSnos, agreTve, axlad Seqmnili 

eleqtruli dayovnebis eleqtrodetonatori 

(ЭДЭЗ). igi principulad gansxvavdeba sxva saxis 

eleqtrodetonatorebisagan imiT, rom eleqtruli 

denis formireba xdeba detonatorSi ganlagebu-

li kondesatoris ganmuxtvisas. ЭДЭЗ-is imarTeba 
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garkveuli Tanmimdevrobis impulsuri signalebiT, 

rac SesaZlebels xdis davicvaT igi rogorc mud-

mivi, ise cvladi denis wyaroebisagan. am tipis de-

tonatorebiT SesaZlebelia 1km-ze meti sigrZis 

orgamtariani xaziT moxdes 200-ze meti muxtis 

jgufuri afeTqeba. dayovnebis drois diapazoni 

Seadgens 1mwm-dan 10wm-de 1mwm-s diskretulobiT. 

kompiuteruli teqnikis saSualebiT SesaZlebelia 

TiToeuli ЭДЭЗ-s individualuri amoqmedebis 

drois daprogrameba, asafeTqebeli qselisa da de-

tonatorebis gamarTulobis Semowmeba. [18] 
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