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naSromis zogadi daxasiaTeba 
 

Temis aqtualoba. saqarTvelos mTagorian pirobebSi tyis 

resursebis kvlavwarmoebis ZiriTadi faqtori bunebrivi ganaxlebaa 

da amasTan dakavSirebiT pirvelxarisxovani mniSvnelobis amocanas 

warmoadgens mozardis da niadagis safaris dacva da SenarCuneba. 

aRniSnulTan dakavSirebiT dadgenilia, rom xe-tyis morTreva 

muxluxa traqtorebiT mTlianad datvirTul, naxevrad datvirTul 

da miTumetes miwis zedapirze ver akmayofilebs metyeveobis mkacr 

moTxovnebs, romlebic moqmedeben saqarTvelos mTian pirobebSi 

SerCeviTi Wrebis ganxorcielebis dros. 

viTarebidan gamomdinare mizanSewonilia mTian pirobebSi 

morTreva vawarmooT sabagiro morsaTrevi danadgarebiT, magram am 

SemTxvevaSic movliTi Wrebis warmoebis dros arsebuli sabagiro 

morsaTrevi danadgarebic mTlianad ver uzrunvelyofen xe-tyis 

morTrevas trasamde da mis CamoSvebas zeda sawyobze. 

samuSaos mizani. samuSaos erT-erT da ZiriTad mizans 

ekologiuri TvalsazrisiT warmoadgens usafrTxo morTrevis 

uzrunvelyofa, rac Tavis mxriv dakavSirebulia kompleqsuri 

meqanizaciis procesebis da warmoebis yvela saSualebebis 

gaumjobesebasTan, axali mowinave teqnologiebis danergvasTan da 

maT gansaxorcieleblad saWiro axali teqnikis SeqmnasTan – 

ganivgadasatani sabagiro morsaTrevi danadgarebis da sxva 

morsaTrevi mowyobilobebis saxiT, romlebic uzrunvelyofen 

pirveladi satransporto tvirTsazidi samuSaoebis meqanizaciis 

ganxorcielebas saqarTvelos mTagoriani tyekafebis aTvisebis 

ekologiuri teqnologiis mTliani dacviT. 

samecniero siaxle. dasabuTebulia mTagorian tyekafebze xe-

tyis morTrevis mizanSewoniloba ganivgadasatani sabagiro 

morsaTrevi danadgarebiT, romlebSic gamoyenebuli morTrevis 

xerxi iTvaliswinebs jalambris sawevi bagiriT morebis ganiv 

morTrevas naxevrad dakidul mdgomareobaSi da igive sawevi 

bagiriT maT daSvebas zeda sawyobze dakidul mdgomareobaSi. 
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damuSavebulia tyekafiTi samuSao procesebis kompleqsuri 

meqanizaciis axali teqnologiuri sqemebi da ganivgadasatani 

ormxrivi sabagiro morsaTrevi danadgarebis sqemuri da 

konstruqciuli gadawyvetilebebi: ori sawevi da erTi ukusvlis 

bagiriT da ori sawevi da ori ukusvlis bagiriT. 

sxvadasxva simaRleze  ganlagebul sayrdenebze dakiduli 

erTmaliani mzidi bagiris saangariSod, Cakidulobis mcire 

isrebiT, damuSavebuli meTodikis safuZvelze SerCeulia Runvadi 

bagiris angariSis fizikuri varianti da miRebulia gantoleba 

bagiris sigrZis gansazRvrisaTvis – masSi jamis saxiT Semavali 

integraliT, romlis mniSvnelobis gansazRvris Semdeg 

gamoyvanilia bagiris mTliani sigrZis saangariSo formula. 

damuSavebuli meTodikis safuZvelze gaangariSebulia 

erTmaliani morsaTrevi danadgaris mzidi bagiris maqsimaluri 

daWimuloba Tg muSa mdgomareobaSi da samontaJo daWimuloba T0 

kuburi gantolebis mixedviT; mzidi bagiris diametris SesarCevad  

gansazRvrulia maqsimaluri daWimuloba ATm  malis zeda anZasTan da 

mrRvevi Zalis mixedviT SerCeulia mzidi bagiris diametri – 27,5 mm. 

damuSavebulia ganivgadasatani sabagiro morsaTrevi 

danadgaris bagir-blokuri sqemebi da sawevi bagiris wevis Zalis 

gansazRvris meTodika; sawevi bagiris moZraobis sqemidan 

gamomdinare, dadgenilia winaaRmdegobis Zalebis modebis 

wertilebi da miRebulia saangariSo formulebi; winaaRmdegobis 

Zalebis TanmimdevrobiTi SejamebiT gansazRvrulia sawev bagirze 

maqsimaluri wevis Zala, romelic iTvaliswinebs yvela saxis 

winaaRmdegobis Zalebs moZraobis sawyisi wertilidan dolze 

bagiris miwydomis wertilamde. 

morsaTrevi danadgaris bagir-blokuri sqemisaTvis 

Catarebulia sawev bagirze wevis Zalis angariSi, sadac morebis 

gadaadgileba warmoebs tyis gruntze specialuri orTvala urikis 

gamoyenebiT – naxevrad datvirTul mdgomareobaSi, xolo bagirebi 

gadaadgildebian miwis zedapirze ZiriTadi urikis blokSi gavlis 

Semdeg; jamuri winaaRmdegobis Zalebis maqsimaluri mniSvnelobis 
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mixedviT gansazRvrulia jalambris el. Zravas simZlavre da sawevi 

bagiris diametri – 12,5 mm. 

damuSavebulia meTodika da samuSao ciklis eqvivalenturi 

simZlavridan gamomdinare, samuSao ciklis operaciebis Sesabamis 

periodebSi, naangariSebia bagiris moZraobis winaaRmdegobis Zalebi – 

sawyisi I wertilidan bagiris satvirTo dolze miwydomis XIII 

wertilamde; samuSao ciklis eqvivalenturi simZlavris mixedviT 

gansazRvrulia jalambris Zravas simZlavre. 

eqsperimentul nawilSi Catarebulia gamokvlevebi da 

dadgenilia ganivgadasatani sabagiro morsaTrevi danadgaris 

specialuri orTvala urikis gorvis winaaRmdegobis koeficientis 

mniSvnelobebi morebis naxevrad datvirTul mdgomareobaSi 

sxvadasxva saxeobis da mdgomareobis gruntebze morTrevis dros – 

0,11-0,35. 

kvlevis procesSi damuSavebulia ganivgadasatani sabagiro 

morsaTrevi danadgarebis meqanizmebis sruliad axali, 

originaluri sqemuri da konstruqciuli gadawyvetilebebi, 

romlebic daculia saavtoro mowmobebiT da patentebiT. 

kvlevis meTodebi. sadisertacio naSromSi gamoyenebulia 

meqanikuri sistemebis, kerZod sabagiro morsaTrevi danadgarebis 

bagir-blokuri sqemebis mzidi da sawevi bagirebis gaangariSebis, 

mecnierulad dasabuTebuli cnobili Teoriuli kvlevebis agebis 

meTodebi da meTodikebi. amasTan ganivgadasatani sabagiro 

morsaTrevi danadgaris, bagir-blokuri sqemebis Seqmnis da kvlevis 

sakiTxebi da sadisertacio naSromis sxva debulebebi 

dafuZnebulia samecniero da teqnikuri literaturis analizisa da 

ganzogadoebis principebze. 

kvlevis praqtikuli Rirebuleba da Sedegebis realizacia. 

Seqmnilia ganivgadasatani sabagiro morsaTrevi danadgarebi bagir-

blokuri sistemebiT da masTan dakavSirebuli meqanizmebi da 

mowyobilobebi. damuSavebulia originaluri meTodebi da 

meTodikebi aRniSnuli danadgarebis mzidi da sawevi bagirebis 

diametrebis da jalambris Zravas simZlavris dasadgenad. 
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ekologiuri da ekonomikuri TvalsazrisiT dadgenilia 

ganivgadasatani sabagiro morsaTrevi danadgarebis upiratesoba 

mTagorian tyekafebze gamoyenebuli yvela saxis sxva morsaTrevi 

manqanebisa da danadgarebTan SedarebiT. 

damuSavebulia tyekafiTi samuSao procesebis axali 

teqnologiuri sqemebi da Seqmnilia ganivgadasatani sabagiro 

morsaTrevi danadgarebi, romlebic Semowmebulia sawarmoo 

pirobebSi da miRebulia dadebiTi Sedegebi. 

samuSaos aprobacia. samuSaos ZiriTadi Sedegebi moxsenebulia 

da ganxilulia: stu-is 76-e samecniero teqnikur konferenciaze, 

Tezisebis krebuli, Tbilisi, 2008 w.; stu-is samecniero teqnikur 

konferenciaze, Tbilisi, 2009 w. da stu-is saerTaSoriso samecniero 

teqnikur konferenciaze, Tbilisi, 2012 w.  

struqtura da samuSaos moculoba. sadisertacio naSromi 

moicavs Sesavals, ZiriTadi nawils – warmodgenils literaturis 

mimoxilviT, SedegebiT da maTi gansjiT, eqsperimentuli nawiliT, 

da daskvniT. naSromi warmodgenilia nabeWdi teqstiT 142 gverdze, 

romelic Seicavs 32 naxazs da grafiks, 5 cxrils da 67 

dasaxelebis gamoyenebuli literaturis CamonaTvals.  

 
literaturis mimoxilva 

 
gaanalizebulia sakiTxebi dakavSirebuli tyis racionalur-

efeqtur gamoyenebasTan, mTiani tyekafebis aTvisebis TaviseburebebTan 

da xe-tyis morTreva-transportirebis maRal SromatevadobasTan. 

mocemulia ekologiurad gamarTlebuli teqnologiuri sqemebisa da 

ganivgadasatani sabagiro morsaTrevi danadgarebis damuSavebis da 

kvlevis mokle analizi. 

 
Sedegebi da maTi gansja 

  
damuSavebulia sabagiro morsaTrevi danadgarebis sqemebi 

ganivgadasatani ormxrivi mzidi bagirebiT: ori sawevi da erTi 

ukusvlis bagiriT da ori sawevi da ori ukusvlis bagiriT (nax. 1). 
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       nax. 1. ganivgadasatani ormxrivi sabagiro morsaTrevi danadgaris  
              sqema, ori sawevi da ori ukusvlis bagiriT: 1 – jalambari; 
   2 – mzidi bagiri; 3, 4 – sawevi bagirebi; 5 – urika;  
   6, 7 – ganivgadasatani mzidi bagirebi; 8, 9 – damxmare  
   urikebi; 10, 11 – ukusvlis bagirebi 

 

axali ganivgadasatani sabagiro morsaTrevi danadgarebis (nax. 

1) teqnikuri Sedegia ori Serwymuli fazisagan Semdgari morTreva, 

romliTac gaTvaliswinebulia morebis Tanmimdevrulad, erTdroulad 

ormxrivi uwyveti ganivi morTreva da maTi grZivi daSveba. 

ganivgadasatani sabagiro morsaTrevi danadgaris mzidi 

bagiris muSa da samontaJo daWimulobebis gansazRvris dros, 

Cakidulobebis saangariSod vsargeblobT gamosaxulebebiT: 

Hl

xlQx

H

xlqx
f x

)(

cos2

)( 






,                         (1) 

 cos4cos8 2

2

max T

Ql

T

ql
f  .                       (2) 

proeqtirebis dros bagiris Cakidulobis fx mrudis ordinatas 

gamosaTvlelad nebismier x kveTSi xelsayrelia visargebloT 

damokidebulebiT 

)( maxfff x  .                              (3) 

amisaTvis fx-is da fmax-is gamosaxulebebi (1) da (2) 

warmovadginoT Semdegi saxiT 
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l

Qq

H

xlx
f x

2

cos2

)(


.                     (4) 

roca 
2

l
x                



 

l

Qq

H

l
f

2

cos8

2

max 
,                       (5) 

vRebulobT Cakidulobebis fardobas 





 







l

x

l

x

l

xlx

l

H

H

xlx

f

f x 14
)(

4
8

2

)(
22

max

,             (6) 

saidanac, Tu profilis pirobis mixedviT mocemulia maqsimaluri 

dasaSvebi Cakidulobis maxf  mniSvneloba, SesaZlebelia gamovTvaloT 

Cakiduloba nebismier kveTSi _ 
l

x
 fardobis nebismieri mniSvne-

lobisaTvis. 

praqtikuli gamocdilebidan gamomdinare miRebulia, rom 

gadasatani sabagiro danadgarebis datvirTuli mzidi bagiris 

Cakidulobis isari ar unda aRematebodes malis qordis sigrZis 6%-s 

da rekomendebulia 06,003,0 l  farglebSi. 

amasTan, sabagiro morsaTrevi danadgarebisaTvis mizan-

Sewonilia Zlierad daiWimos mzidi bagiri, vinaidan simtkicis 

maragis 2-mde SemcirebiT misi muSaobis xangrZlivoba ar mcirdeba. 

amave dros samontaJo daWimulobis zrda anu mzidi bagiris 

Cakidulobis isris Semcireba iwvevs mzidi bagiris maqsimaluri 

muSa daWimulobis zrdas, rac dakavSirebulia meti diametris 

bagiris SerCevis aucileblobasTan. meti diametris mzidi bagiri ki 

ufro mZimea, rac montaJis dros met siZneleebs iwvevs. aRniSnulTan 

dakavSirebiT Catarebulia kvlevebi, saidanac gaangariSebis dros 

mzidi bagiris maqsimaluri Cakiduloba SeiZleba miviRoT 

l
l

f 


 045,0
2

)06,003,0(
max . 

Cvens mier damuSavebuli meTodikis safuZvelze vangariSobT 

erTmaliani ganivgadasatani sabagiro morsaTrevi danadgaris mzidi 

bagiris maqsimalur daWimulobas Tm muSa mdgomareobaSi (tvirTis 

qveS) da Semdgom ki mis samontaJo daWimulobas T0, roca cnobilia 

Semdegi sididebi:  _malis qordis daxris kuTxe horizontalTan, 
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30; l _ malis udidesi sigrZe horizontaliT, 500 m; maxf mzidi 

bagiris maqsimaluri Cakidulobis isari, roca tvirTi imyofeba 

malis Sua wertilSi 26cos045,0max  Lf  m; Q _ urikis da tvirTis 

wona – 3,0 t; q _ 1 grZ. metri bagiris wona, 2,7 kg; Ek _ bagiris 

drekadobis moduli, 1600 t/sm2; F _ bagiris metalis kveTi, 0,000275 m2; 

l malis qordis sigrZe, 577 m. 

formulaSi (1) CavsvaT maxf -is mniSvneloba  

 cos4cos8
045,0

2

2

mm T

Ql

T

ql
l  .                      (7) 

SevitanoT l-is magivrad misi mniSvneloba cosll   miviRebT 







cos4

cos

cos8

cos)(
045,0

2

22

mm T

lQ

T

lq
l





 ,                    (8) 

saidanac            21
36,0

325770027,0

36,0

20 






QqL

Tm  t.             (9) 

samontaJo daWimulobis kubur gantolebas aqvs Semdegi saxe 











20

cos

m

2
0m

2
0

3
0 T

A
TA

l

FE
TTT K 

.                 (10)  

SevitanoT kubur gantolebaSi (10) samontaJo A0 da muSa A 

daWimulobebis satvirTo faqtorebis mniSvnelobebi: 430 A  t2/m; 

A 788 t2/m da miviRebT samontaJo daWimulobis namdvil sidides 

2,100 T t, romlis mixedviTac unda daiWimos mzidi bagiri, raTa 

uzrunvelyofili iyos Cakidulobis isris maqsimaluri sidide 

malis saangariSo nawilSi. 

mzidi bagiris saWiro diametris SesarCevad vsazRvravT malis 

zeda anZasTan maqsimaluri daWimulobas A
mT .  







  qf

h
TT m

A
m max2

5,21260027,0
2

5,05770027,0
21 


  t.    (11) 

Tu mdgradobis maragis statikuri koeficienti 2n , maSin 

gamgleji daWimulobis Zala tolia 43gT  t, ris mixedviTac 

virCevT bagiris diametrs 27,5 an 30,5 mm, Sesabamisad mavTulebis 

simtkicis zRvris 180-150 kg/mm2 mixedviT. 
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disertaciaSi damuSavebulia ganivgadasatani sabagiro 

morsaTrevi danadgaris bagir-blokuri sqemisaTvis (nax. 2) sawev 

bagirSi wevis Zalis gansazRvris meTodika. 

 
 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 2. a, b, g. ganivgadasatani sabagiro morsaTrevi danadgaris  
bagir-blokuri sqemebi: 

    1 – satvirTo doli; 2 – satvirTo bagiri; 3 – ZiriTad urikaze  
    dasmuli bloki; 4 – miwiszeda bloki; 5 – orTvala urika;  
   6 – orTvala urikis dasatvirTi fari; 7 – damxmare urikis bloki; 
   8 – mori; 9 – dasabrunebeli bagiri; 10 – bloki; 11 – ormagi bloki; 
   12 – dasabrunebeli doli; 13 – mTavari mzidi bagiri; 14 – damxmare 
   ganivgadasatani mzidi bagiri; 15 – damatebiTi urikis sawevi bagiris  
   bloki; 16 – ZiriTadi urika; 17 – damxmare urika; I-XIII wertilebi,  
   romlebSic ganisazRvreba winaaRmdegobis Zalebi 

 

a 

b 
9 3 

1 

16 

11 

IV 

2 

12 I 

V 

9 

XIII 

8 

VI 
4 

2 15 

9 

8 VII 

XII 

3 

 6 

5 

VIII 

2 
XI 

4 

II 

11 
III 

13 X 

IX 

g 

9 

2 

14 

9 

16 

1

8 
7 

1

Vs



Vd 
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nax. 3-ze moyvanilia tyekafze sawevi jalambariT xe-tyis 

morTrevis SesaZlo sqemebi: a – miwiszeda; b – miwiszeda naxevrad 

datvirTul mdgomareobaSi specialuri orTvliani urikiT; g – 

naxevrad dakidul mdgomareobaSi ganivgadasatan mzid bagirze 

dayenebuli damatebiTi – damxmare urikiT, romelSic satvirTo 

bagiris ukan tyekafze dabruneba warmoebs jalambaris meore 

doliT. 

(nax. 2. a, b, g) aRiZvreba winaaRmdegobebi, romlebic unda 

gadailaxos jalambaris sawevi bagiriT. 

horizontalur zedapirze tvirTis gadaadgilebis 

winaaRmdegoba: 

QW 1 ;                              (12) 
daxril sibrtyeze: 

zeviT 

)cos(sin1   QW ;                      (13) 

qveviT 

)sincos(1   QW .                      (14) 

sawevi bagiris sibrtyeze gadaadgilebis winaaRmdegoba: 

horizontalur sibrtyeze 

1112 LGW  ;                               (15) 

daxril sibrtyeze: 

zeviT 

)cos(sin 1112   LGW ,                    (16) 

qveviT 

)sincos( 1112   LGW .                     (17) 

sadac Q _ gadasaadgilebeli tvirTis wona, kg;  gadaadgilebis 

sibrtyis daxris kuTxe, 35;  _tyis gruntze xe-tyis gadaadgilebis 

winaaRmdegobis koeficienti, 0,6; 1L sawevi bagiris maqsimaluri 

Tavisufali sigrZe, m; 1 tyis gruntze bagiris gadaadgilebis 

winaaRmdegobis koeficienti, 0,2; 1G 1 grZ.m sawevi bagiris wona, 0,53 kg. 

mimmarTvel blokebze bagiris Semovlebis winaaRmdegoba: 

23 mimSW  ,                            (18) 

sadac mimS bagiris StoSi blokze mimwydomi Zala, kg; 
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       2 winaaRmdegobis koeficienti blokSi, gamowveuli bagiris 

sixistiT da xaxuniT blokis sayrdenebSi, srialis 

xaxunis dros sayrdenebSi 1,02  . 

tvirTis inerciiT gamowveuli winaaRmdegoba, aRZruli misi 

adgilidan daZvris momentSi  

t

V

g

Q
maW 4 ,                         (19) 

sadac m _ tvirTis masa, kg.wm2/m; a _ tvirTis aCqareba, m/wm2; V _ 

tvirTis moZraobis siCqare,  1.0 m/wm; t _ periodi, romlis drosac 

tvirTi miiRebs sawevi bagiris saboloo siCqares, 3-4 wm; g _ simZimis 

Zalis aCqareba, m/wm2. 

amasTan 

sawsab VVV  ,                           (20) 

sadac sabV  da sawV tvirTis saboloo da sawyisi siCqareebi. 

Tu 0sawV , maSin 

gt

QV
W sab4 .                             (21) 

Tu tvirTi waitaceba bagiris moZraobis saboloo siCqariT, 

maSin dro, romelsac tvirTi iZens SeiZleba iyos Zalze mcire; am 

SemTxvevaSi 4W -is mniSvnelobam SeiZleba miaRwios did sidides. 

sawyis mdgomareobaSi bagiris meqanikurad dabrunebis sqemebSi 

tvirTis moWimvis dros, saWiroa gadailaxos dolidan bagiris 

dasabrunebeli Stos gaSlisa da sibrtyeze misi gadaadgilebis 

winaaRmdegoba, romelic SeiZleba ganisazRvros formuliT: 

5555 WWWW  ,                           (22) 

sadac 5W dasabrunebeli bagirdaxveuli dolis brunvis winaaRm-

degoba, kg;  

       5W dasabrunebeli dolis da masze daxveuli bagiris 

inerciiT aRZruli winaaRmdegoba, kg; 

     5W dasabrunebeli bagiris gadaadgilebis winaaRmdegoba, kg. 

aRniSnuli sidideebis saangariSo formulebia: 
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d

d

d D

d
fGjW 05  ;                              (23) 

tgR

nDG
W

304

7,0 2

5
saS

ddd 
 .                            (24) 

dasabrunebeli bagiris horizontalur sibrtyeze 

gadaadgilebis winaaRmdegoba tolia: 

1225 LGW  ;                               (25) 

daxril sibrtyeze: 

zeviT 

)cos(sin 1225   LGW ;                     (26) 

qveviT 

)sincos( 1225   LGW ,                     (27) 

sadac j friqciul quroze da jalambaris muxruWze SemuxruWebis 

gamaTvaliswinebeli koeficienti; lenturi friqciuli 

quros dros _ 3,1j , konusuris _ 2,1j ; 

      dG dasabrunebeli dolis wona masze daxveuli bagiriT, 0,355 kg; 

      0f dolis sayrdenebSi xaxunis koeficienti, 0,15; 

      dd dasabrunebeli dolis RerZis diametri, 0.05 m; 

      dD dasabrunebeli dolis diametri bagiris daxvevis 

saSualo Sris mixedviT, 0,3085 m; 

      dn dasabrunebeli dolis brunTa ricxvi, br/wT;  

     saSR dasabrunebeli dolis radiusi bagiris daxvevis saSualo 

Sris mixedviT, 0,1543 m; 

      t _ dasabrunebeli dolis gaqanebis dro siCqaremde, romelic 

tolia sawevi bagiris siCqarisa, (saSualod 3-4 wm), 3 wm; 

     2G 1 grZ.m dasabrunebeli bagiris wona, 0,33 kg; 

     2L dasabrunebeli bagiris Tavisufali nawilis sigrZe, m. 

ganivgadasatani sabagiro morsaTrevi danadgaris bagir-

blokuri sqemebis (nax. 2, a, b, g) samive SemTxvevaSi sawevi da 

dasabrunebeli bagirebi ganlagebulia tyis gruntze, rogorc 
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horizontalur da daxril, aseve sayrdenis gareSe vertikalur da 

daxril sibrtyeebSi – sawevi bagiris ZiriTadi urikis blokSi 

gavlis Semdeg. jalambaris sawev bagirSi saangariSo Zalas 

gansazRvraven TanmimdevrobiT I wertilidan anu CaSvebis 

adgilidan – dasabrunebeli bagiris dolidan, muSa dolze sawevi 

bagiris miwydomis XIII wertilamde. 

Zala IS  I wertilSi (nax. 2, b) tvirTis daumyarebeli – 

araTanabari moZraobis dros tolia 

tgR

nDG

D

d
fGjWWS

304

7,0 2

055I
saS

ddd

d

d

d


 ,                (28) 

xolo VIII wertilSi tvirTis daumyarebeli moZraobis dros gvaqvs 

gt

QV
QSWWSS s VI46VIVIII . 

dasabrunebeli dolis brunTa ricxvi iangariSeba sawevi 

bagiris saSualo siCqaridan gamomdinare, dasabrunebeli 

bagirdaxveuli dolis 0n  rigisaTvis 

31
3085,014,3

5,06060










d

s.saS
d D

V
n


 br/wT, 

sadac s.saSV sawevi bagiris saSualo siCqare, 0,5 m/wm. 

dasabrunebeli bagirdaxveuli dolis saSualo diametri 

iangariSeba formuliT: 

5,3089,9151600  dd dnDD  mm, 

sadac D _dasabrunebeli dolis diametri bagiris gareSe, 

5,14816  dd dD  mm;  

       dd dasabrunebeli bagiris kveTis diametri, 9,9 mm;  

       0n dasabrunebel dolze daxveuli bagiris rigebis 

maqsimaluri raodenoba, 15. 

damyarebuli Tanabari moZraobis dros I_XIII wertilebSi 

winaaRmdegobebis Zalebi iangariSeba formulebiT: 
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,35  ,0  ),sin(        

)sincos(XIII

);1(XII

;90   ;0  ;XI

);1(X

;IX

;VIII

;VI

);1(V

);(IV

);1(III

);sincos( II

;I

1XIII-XII1

1XIIIXII1XII3.2XIIXIII

2XI2XIXI4.3XIXII

1XIX1X2.2XXI

2IX2IXIX3.3IXX

1IXVIII1VIII1.2VIIIIX

VI46VIVIII

1VIV2V3.5VVI

2IV2.3IVV

1IVIII2III2.5IIIIV

2II2IIII1.3IIIII

1III2I1.5III

05I




















LGS

LGSWSS

SSSWSS

LGSWSS

SSSWSS

LGSWSS

QSWWSS

LGSWSS

SWSS

LGSWSS

SSSWSS

LGSWSS

D

d
fGjWS

XII

d

d

d

  

sadac  IIIL , IVIIIL , VIVL , IXVIIIL , XIXL , XIIIXIIL manZilebi Sesabamis 

wertilebs Soris, m.  

Zala XIIIS  meore sqemis (nax. 2, b) mixedviT iangariSeba igive 

formulebiT. aRniSnuli sqemisaTvis gansxvaveba iqneba imaSi, rom 

VII wertilSi winaaRmdegobis Zala VIIS , xe-tyis 1Qn  masis naxevrad 

datvirTul mdgomareobaSi tyis gruntze specialuri urikis 

gamoyenebiT morTrevis dros tolia 

VII_
gt

VQn
QnSWWSS VI

s1
11.41.6VIVII   ,               (30) 

xolo urikaze datvirTuli xe-tyis 2Qn  nawilis morTrevaze VIII 

wertilSi Zala tolia 

VIII
gt

VQ

nbcD

Q
QSWWSS nn

n
s

u

 3

3
2VII2.42.6VIIVIII 86,0 ,        (31) 

sadac 1n tyis gruntze morTreuli tvirTis nawilis ganmsazRvreli 

koeficienti, 0,4; 

       2n urikaze datvirTuli xe-tyis nawilis ganmsazRvreli 

koeficienti, 0,6; 

       nQ urikis da urikaze datvirTuli tvirTis nawilis wona, 

(29) 
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           950506,015002  uGQnQn  kg;                

       uG urikis wona, 50 kg; 

       3n Tvlebis raodenoba urikaze, 2; 

       b _ urikis foladis Tvalis sigane, 10 sm; 

       c _ niadagis simyaris koeficienti, 0,2 kg/sm3; 

       uD urikis Tvalis diametri, 60 sm. 

       sV sawevi bagiris siCqare, 1,0 m/wm. 

Zala VIIIS  mesame sqemis (nax. 2, g) mixedviT iangariSeba igive 

formulebiT. gansxvaveba meore sqemisagan mdgomareobs imaSi, rom 

VIII wertilSi ganivgadasatani mzidi bagiris da damatebiTi urikis 

SemTxvevaSi Zala VIIIS  tolia: 

VIII_
gt

VQ
QSWWSS n

n
1s 


cos

coscos 13VII2.412.6VIIIVIII


 ,   (32) 

sadac nQ  ganivgadasatan mzid bagirze dadgmuli damatebiTi 

urikis da masze mosuli tvirTis nawilis wona, 

940406,015002  uGQnQn  kg; 

        3 mzid bagirze damatebiTi urikis gadaadgilebis 

winaaRmdegobis koeficienti, 1,5; 

  uG damatebiTi urikis wona, 40 kg; 

  1 bagiris daxris kuTxe ganiv sibrtyeSi, 30. 

mesame sqemis mixedviT VIS  da IXS  Zalebis mniSvnelobebi 

iangariSeba Semdegi formulebiT: 

             VI 1VIV2V1
1

VIV
2V4.2VVI sin

cos



tgLGS

L
GSWSS 

  ;  

01  ,  30max1 ;             (33) 

     IX )()sin(
cos 1IXVIII2VIII1

1

IXVIII
1VIII5.2VIIIIX 


tgLGS

L
GSWSS  

 ;  

01  ,  30max1 .             (34) 

Zala XIII wertilSi aris is maqsimaluri Zala XIIIS , romlis 

mixedviTac iangariSeba sawevi bagiris diametri da ganisazRvreba 

sabagiro danadgaris jalambris Zravas simZlavre. 
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jalambris rgolebSi danakargebis gaTvaliswinebiT (dolidan 

Zravamde) Zravas maqsimaluri simZlavre iqneba: 

max

XIII

75 
 sVS

N ,                             (35) 

sadac max dolidan Zravamde tvirTis gadacemis yvela rgolebis 

m.q.k. 0,85; 

maqsimaluri wevis Zala dasabrunebel bagirze ganisazRvreba 

uku rigiT. am SemTxvevaSi sawyiss warmoadgens satvirTo dolidan 

sawevi bagiris gaSlis winaaRmdegobis Zala XIII wertilSi. 

winaaRmdegobis Zala XIII wertilSi samive sqemis (nax. 2, a, b, g) 

mixedviT iangariSeba formuliT: 

tgR

nDG

D

d
fGjS

304

7,0 2

0XIII
saS

sss

s

s
s 




,                     (36) 

sadac sG satvirTo dolis wona masze daxveuli bagiriT, 570 kg; 

       sd satvirTo dolis RerZis diametri, 0,07 m; 

       sD satvirTo dolis diametri bagiris daxvevis saSualo 

Sris mixedviT, 0,3975 m; 

       sn satvirTo dolis brunTa ricxvi, 36 br/wT; 

       
saSR satvirTo dolis radiusi bagiris daxvevis saSualo 

Sris mixediT, 0,1987 m; 

       t _ satvirTo dolis gaqanebis dro siCqaremde, romelic 

tolia dasabrunebeli bagiris siCqarisa, 3-4 wm. 

sawevi dolis brunTa ricxvi iangariSeba dasabrunebeli 

bagiris saSualo siCqaridan gamomdinare, bagirdaxveuli sawevi 

dolis 0n  rigisaTvis 

  36
3975,014,3

75,06060











s

d.saS

s D

V
n


 br/wT. 

sawevi bagiris bagirdaxveuli dolis diametri iangariSeba 

formuliT: 

3975,05,12152100  ss dnDD  m, 

sadac D _sawevi dolis diametri bagiris gareSe, 210 mm;  

       0n sawev dolze daxveuli bagiris rigebis maqsimaluri 

raodenoba, viRebT 150 n ; 
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       sd sawevi bagiris diametri, 12,5 mm. 

Zala wertilebSi dasabrunebeli bagiris damyarebuli 

moZraobis dros tolia: 

      





































 



















).cos(sinI

);1(II

;III

);1(IV

;
22

V

);1(IX

;90   ;0  ;X

);1(XI

;0  ,35  ),sin(XII

;XIII

1III2II5.2III

2III2IIIIII4.3IIIII

1IIIIV2IV4.2IVIII

2V2VV3.3VIV

1VIX
12

IX3.2IXV

2X2XX2.3XIX

1XXI1XI2.2XIX

2XII2XIIXII1.3XIIXI

1XIIXIII1XIII1.2XIIIXII

0XIII















LGSWSS

SSSWSS

LGSWSS

SSSWSS

L
GG

SWSS

SSSWSS

LGSWSS

SSSWSS

LGSWSS

D

d
fGjS

s

s
s

    (37)            

Zalebi meore sqemis mixedviT (nax. 2, b) dasabrunebel bagirze 

wertilebSi I-XIII iangariSeba igive formulebiT im gansxvavebiT, 

rom meore sqemis dros xdeba orTvliani urikis dabruneba sawyis 

mdgomareobaSi, saidanac gamomdinare VIII, VII da V wertilebSi 

wevis Zalis saangariSo formulebi miiReben Semdeg saxes: 

  VIII 1VIIIIX1IX4.2IXVIII  LGSWSS ;                  (38) 

VII
gt

VG

nbcD

G
GSS

du

u

u

u  3

3
2VIIIVII 85,0 ;                 (39) 

V VVII2VII6.2VIIV  LGSWSS .                       (40) 

igive pirobebSi Zalebi mesame sqemis mixedviT (nax. 2, g) 

wertilebSi I-XIII iangariSeba igive formulebiT, im gansxvavebiT, 

rom urika ukusvlis dros gadaadgildeba ara gruntze, aramed 

ganivgadasatan mzid bagirze, saidanac gamomdinare VIII, VII da V 

wertilebSi wevis Zalis saangariSo formulebi, dasabrunebel 

bagirze miiReben Semdeg saxes: 

   VIII )()sin(
cos 1VIIIIX1VIII1

1

VIIIIX
1IX6.2IXVIII 


tgLGS

L
GSWSS  

 ;  

01  ,  30max1 ;                 (41) 
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 VII_
gt

VG
GSWSS

1du

u




cos
cos 13VIII1.6VIIIVII  ;                   (42)     

    V 1VVII2VII1
1

VVII
2VII7.2VIIV sin

cos



tgLGS

L
GSWSS 

  ;  

01  ,  30max1 .                (43)            

jalambris Zravas simZlavre satvirTo da dasabrunebeli 

bagirebis ukusvlis dros, margi datvirTvis gareSe tolia 

max

I

75 
 dVS

N , 

sadac dV dasabrunebeli bagiris siCqare, m/wm. 

amrigad, Cvens mier damuSavebuli meTodikis safuZvelze 

miRebulia formulebi sawev bagirSi winaaRmdegobis Zalebis 

saangariSod I wertilidan XIII wertilis CaTvliT da Sesabamisad, 

dasabrunebel bagirSi wevis Zalis saangariSod XIII wertilidan I 

wertilis CaTvliT, ris safuZvelzedac SesaZlebelia sabagiro 

morsaTrevi danadgaris bagir-blokuri sqemisaTvis viangariSoT 

sawevi da dasabrunebeli bagirebis diametrebi da ganvsazRvroT 

Zravas simZlavre. 

bagir-blokuri sqemis (nax. 2, b) mixedviT jalambris sawev 

bagirSi wevis Zalas gansazRvraven TanmimdevrobiT I wertilidan 

anu CaSvebis adgilidan – dasabrunebeli bagiris dolidan, muSa 

dolze sawevi bagiris miwydomis XIII wertilamde. 

I wertilidan satvirTo dolze sawevi bagiris miwydomis XIII 

wertilamde winaaRmdegobis Zalebia 

      2.42.61.41.63.52.32.51.31.555XIII WWWWWWWWWWWS   

        3.24.32.23.31.2 WWWWW  . 

daumyarebeli moZraobis dros I wertilidan XIII wertilis 

CaTvliT winaaRmdegobis Zalebi iangariSeba (28) da (29) formulebiT: 

I 




33081,941543,0

3114,33085,03557,0

3085,0

05,0
15,03553,1

2

55I WWS 4,15 kg. 

     II_   )sincos( 1III2I1.5III LGSWSS  

         )35sin35cos2,0(100033,04,15 8,119  kg;  
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sadac IIIL I da II wertilebs Soris manZili, 1000 m. 

      III  2IIII1.3IIIII SSWSS 8,107128,1191,08,1198,119   kg; 

      IV   1IVIII22.5IIIIV LGSWSS 2,1012,010033,08,107  kg;                

sadac IVIIIL III da IV wertilebs Soris manZili, 100 m; 

V 1,911,02,1012,101ω2IVIV2.3IVV  SSWSS kg; 

VI 8,872,05033,01,911VIV2V3.5VVI   LGSWSS  kg; 

sadac VIVL V da VI wertilebs Soris manZili, 50 m; 

VII 1.41VI1.41.6VIVII WQnSWWSS   ,  

sadac  4,20
381,9

0,14,015001
1.4 








gt

VnQ
W s  kg,  

ricxviTi mniSvnelobebis CasmiT miviRebT: 

      VII– 6,2924,203608,874,206,04,015008,87VII S  kg. 

VIII 2.42.6VIVIII WWSS  ,                              

(31) formulis mixedviT vangariSobT 2.6W  da 2.4W  sidideebs: 

      8,326
2602,010

950
95086,0 3

22.6 


W  kg; 

3,32
381,9

0,1950
2.4 





gt

VQ
W n sab  kg. 

vangariSobT winaaRmdegobis Zalas VIII wertilSi  

VIII_ 7,6513,328,3266,292VIII S kg. 

IX 6572,05053,07,6511IXVIII1VIII1.2VIIIIX   LGSWSS  kg; 

sadac IXVIIIL VIII da IX wertilebs Soris manZili, 50 m; 

X 7,722)1,01(657)1( 2IX2IXIX3.3IXX   SSSWSS kg;  

X wertilidan XI wertilamde sawevi bagiri gadaadgildeba 

sayrdenis gareSe ZiriTadi urikis blokis mimarTulebiT; am 

SemTxvevaSi 

            XI 2.2XXI WSS  ,                             

sadac  

                 )cos(sin 1XIX22.2   LGW ,  

radganac  90  da 01  , gveqneba 

                3,51053,0XIX12.2  LGW  kg, 
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sadac XIXL maqsimaluri manZili tyis gruntze ganlagebuli 

blokidan ZiriTad urikaze damagrebul blokamde 

miviRoT 10 m (gamomdinare iqidan, rom SesaZlebeli 

iyos morebis pirdapiri datvirTva tyesazid 

transportze); 

      XI _ 7283,57,7222.2XXI  WSS  kg; 

      XII 8,800)1,01(728)1( 2XI2XIXI4.3XIXII   SSSWSS  kg. 

XII wertilidan XIII wertilamde sawevi bagiri gadaadgildeba 

35-iani daxris kuTxiT 

      XIII 8,11043048,8003.2XIIXIII  WSS  kg, 

sadac 

      30457358,053035sin100053,0sinXIIIXII13.2   LGW  kg; 

sadac XIIIXIIL XII da XIII wertilebs Soris manZili, 1000 m. 

XIII wertilSi iqneba maqsimaluri saangariSo Zala, romlis 

mixedviTac ganisazRvreba satvirTo bagiris diametri da 

jalambris Zravas simZlavre. 

jalambris amZravis rgolebSi danakargebis gaTvaliswinebiT 

(dolidan Zravamde) Zravas maqsimaluri simZlavre iqneba: 

3,17
85,075

0,18,1104

75 max

XIII 









sVS

N  cx.Z. = 12,7 kvt, 

N-is mixedviT virCevT eleqtro Zravas 4A160S2Y3, romlis ZrN =15 

kvt, 3000n br/wT. 

satvirTo bagiris saangariSod miviRoT mdgradobis maragis 

statikuri koeficienti 2n  da gveqneba: 

6,220928,1104XIII  nSTg  kg, 

sadac gT gamgleji Zala. 

miRebuli sididis gT -is mixedviT bagiris diametri SegviZlia 

miviRoT 12,5 mm, romlis droebiTi winaaRmdegoba tolia 160 kg/mm2. 

damyarebuli moZraobis dros I wertilidan XIII wertilis 

CaTvliT winaaRmdegobis Zalebia:  

      1.22.61.63.52.32.51.31.55XIII WWWWWWWWWS   

         3.24.32.23.3 WWWW  , 
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romlebic, dolis da tvirTis inerciiT gamowveuli Zalebis 

gamoklebiT, iangariSeba Semdegi formulebiT: 

I 2,115I  WS  kg; 

II_   )sincos( 1III25551.5III LGWWWWSS  

    )35sin35cos2,0(100033,02,11 124  kg; 

III 6,1111,01241241.3IIIII  WSS  kg; 

IV 1052,010033,06,1111IVIII2III2.5IIIIV   LGSWSS  kg; 

V 5,941,01051052IVIV2.3IVV  SSWSS kg; 

VI 2,912,05033,05,941VIV2V3.5VVI   LGSWSS  kg; 

VII 8,2686,04,015002,911VI1.6VIVII  QnSWSS kg; 

VIII 6,5958,3268,2682.6VIIVIII  WSS  kg; 

IX 9,6002,05053,06,5951IXVIII1VIII1.2VIIIIX   LGSWSS  kg; 

X 661)1,01(9,600)1( 2IX2IXIX3.3IXX   SSSWSS  kg; 

XI 3,6663,56612.2XXI  WSS  kg; 

XII 9,732)1,01(3,666)1( 2XI2XIXI4.3XIXII   SSSWSS  kg; 

XIII 9,10363049,7323.2XIIXIII  WSS  kg. 

              3,16
85,075

0,19,1036

75 max

XIII 









sVS

N  cx.Z = 12,0 kvt.    

disertaciaSi aseve Catarebulia jalambris Zravis simZlavris 

angariSi sabagiro morsaTrevi danadgaris samuSao ciklis 

eqvivalenturi simZlavris mixedviT. miRebulia ZrN  8,4 kvt. 

simZlavris mixedviT virCevT eleqtro Zravas 11ZrN  kvt, 

Zravis tipi 4A132M2Y3, 3000n  br/wT. 

 

eqsperimentuli nawili 

 
tyekafze Soltebis urikiT naxevrad datvirTul mdgoma-

reobaSi morTrevis dros winaaRmdegobis Zala gadaadgilebaze 

SeiZleba viangariSoT formuliT: 

2.61.66 WWW  ,                          (44) 
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sadac 1.6W miwis zedapirze morTreuli Soltebis nawilis 

gadaadgilebis winaaRmdegobis Zala: 

11.6 QnW  ,                            (45) 

sadac Q _ Soltebis Sekrulas wona; n1 – Sekrulas miwaze 

morTreuli nawilis ganmsazRvreli koeficienti, 0,4;  _ Sekrulas 

miwis zedapirze gadaadgilebis winaaRmdegobis koeficienti, 0,6. 

2.6W urikaze datvirTuli Soltebis nawilis gadaadgilebis 

winaaRmdegobis Zala. 

Soltebis miwaze urikiT gadaadgilebis Zalebis 

wonasworobis pirobidan gamomdinare (nax. 3) sakisrebSi xaxunis Mr 

momenti ugulebelyofilia:L 

,

;        ,

nnjnnn

nnnnn

aYMrX

jmWXQY




                   (46) 

sadac Qn – datvirTva Tvlebze; Xn da Yn – gruntis reaqciebi;  Mjn – 

urikis Tvlebis inerciis Zalis winaaRmdegobis momenti; Wn – mbiZgavi 

anu moZraobis winaaRmdegobis Zala;  ncnn MaY urikis Tvlebis 

gorvis winaaRmdegobis momenti; na urikis Tvlebis xaxunis 

koeficienti; mn da j – urikis Tvalis winsvliTi moZraobis masa da 

aCqareba.  

liandis siRrmis h da mbiZgavi Zalis 2.6W  gansazRvris dros, 

Tvalis fersos niadagTan xaxunis Zalebis ugulebelyofis 

SemTxvevaSi, miRebulia, rom gruntis daZabuloba  liandis 

CaZirvis siRrmis proporciulia (nax. 4): 

  dxyhbcdbQ sn )(cos ;                (47) 

32

3

2
hDbcQn  ,                             (48) 

saidanac 

2

3

5,1






Dbc

Q
h n ,                            (49) 

sadac b _ Tvalis fersos sigane; sd fersos rkalis elementi. 

liandis siRrme h damokidebulia: Tvalis datvirTvaze, 

Tvalis ZiriTad konstruqciul zomebze da niadagis meqanikur 

Tvisebebze, romlebic xasiaTdebian proporciulobis c koeficientiT. 
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 nax. 3. morsaTrevi urikis mimmarTvel     nax. 4. liandis siRrmis da 
   Tvlebze moqmedi gare Zalebi defor-       mbiZgavi Zalis ganmsazRv- 
   mirebul gruntze gadaadgilebis            reli sqema 

    dros 

 

yvela Zalebis horizontalur RerZze daproeqtebiT miviRebT 

   3

3
2

2

0
2.6 86,0

2
)(sin

nbcD

Q
Q

bch
dyyhbcdbW n

n

h

s    ,       (50) 

sadac Qn – urikis da Soltis urikaze datvirTuli nawilis wona 

uGQnQn  2 ,                            (51) 

sadac n2 – urikaze datvirTuli Soltis nawilis ganmsazRvreli 

koeficienti, 0,6; uG urikis wona. 

mbiZgavi Zalis W6 fardobas Qn datvirTvasTan, urikis Tvalis 

horizontalze Tanabari gadaadgilebis dros ewodeba gorvis 

winaaRmdegobis koeficienti f  

3

3
2

2.6 86,0
nbcD

Q

Q

W
f n

n

 ,                         (52) 

sadac b – urikis foladis Tvalis sigane, 10 sm; c – niadagis simyaris 

koeficienti 0,2 kg/sm3; D – urikis Tvalis diametri, 60 sm; n3 _ 

urikis Tvlebis raodenoba, 2. 

tyekafze realur pirobebSi urikis gadaadgilebis dros 

deformirdeba grunti da mimdinareobs rTuli procesi, romelic 

eqvemdebareba rTul maTematikur aRweras. amitom weviTi 

angariSebis Casatareblad SeiZleba visargebloT gorvis 

winaaRmdegobis koeficientebis eqsperimentuli gansazRvris 
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SedegebiT, romlebic miRebulia tyekafebSi gavrcelebul 

damaxasiaTebel pirobebSi specialurad Seqmnili, dasatvirTi 

fariT aRWurvili, orTvala urikiT Soltebis naxevrad datvirTul 

mdgomareobaSi morTrevis dros. 

regionSi gavrcelebul – damaxasiaTebel pirobebSi xdeboda 

urikiT naxevrad datvirTuli Soltebis morTreva jalambris 

gamoyenebiT. dinamometris saSualebiT warmoebda sawev bagirze 

ganviTarebuli wevis Zalis cvalebadobis dafiqsireba da 

cxrilebSi Setana tyekafis sxvadasxva saxis gruntebze urikis 

muSaobis dros. dinamometriT miRebuli saerTo wevis Zalis 

mniSvneloba W6, iTvaliswinebs miwaze morTrevis W6.1 da urikis 

gorvis winaaRmdegobis W6.2 Zalebs. gansazRvrulia winaaRmdegoba 

datvirTuli urikis gorvaze 

4,061.662.6  QWWWW , 

rogorc Teoriuli gaangariSebebi da eqsperimentuli 

kvlevebi gviCveneben, Cvens mier damuSavebuli da Seqmnili orTvala 

urikis gorvis winaaRmdegobis koeficienti Soltebis naxevrad 

datvirTul mdgomareobaSi morTrevis dros, tyekafis sxvadasxva 

saxeobis gruntebze icvleba sakmaod intensiurad da meryeobs 

zRvrebSi 0,11-0,35-mde. 

disertaciaSi agreTve Catarebulia tyekafiTi samuSao 

procesebis ekonomikuri angariSi # 7 teqnologiuri sqemis mixedviT, 

romelSic xe-tyis damzadebis yvela operacia ganxorcielebulia 

ganivgadasatani ormxrivi sabagiro morsaTrevi danadgaris gamoyenebiT. 

1 m3 xe-tyis morTrevis jamuri TviTRirebuleba Seadgens 16,5 lars. 

 
daskvna 

 
1. saqarTvelos mTiani reliefis ekologiurad datvirTul 

tyeebSi, ferdobebze 25-dan 40-mde qanobiT daSvebulia mxolod 

nebiT-amorCeviTi Wrebi, aranakleb 0,5 sixSiris datovebiT; nebiT 

amorCeviTi Wrebis pirvelxarisxovan amocanas warmoadgens 

aRmonacenis, mozardis, zezemdgomi xeebis da, rac yvelaze mTavaria,  

niadagis safaris dacva da SenarCuneba; amasTan dakavSirebiT, 
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mTagorian tyekafebze xe-tyis morTreva yvelaze Sromatevad da 

rTul operaciaTa kategorias miekuTvneba, rac reliefis sirTulis 

da aRniSnuli specifikuri pirobebis garda kidev mraval faqtorTanaa 

dakavSirebuli; am SemTxvevaSi optimaluri teqnologiuri procesis 

da SedarebiT efeqturi morsaTrevi satransporto saSualebaTa 

SerCevis mizniT aucilebelia, samuSao pirobebis klasifikacia, rac 

ganapirobebs gamoyenebuli teqnologiuri sqemebis da teqnikis 

mravalsaxeobis da raodenobis optimizacias. 

zemoTqmulidan gamomdinare, xe-tyis damzadebis procesebis 

meqanizaciis da avtomatizaciis Tanamedrove analizis safuZvelze  

dadgenilia, mTagorian tyekafebze gamoyenebuli teqnologiebis da 

momuSave morsaTrevi teqnikis ekologiur pirobebTan 

SeuTavsebloba da dasabuTebulia xe-tyis damzadebis warmoebaSi 

tyekafze moWrili xeebis, Soltebisa da morebis morTrevis 

mizanSewoniloba sabagiro morsaTrevi danadgarebis gamoyenebiT, 

risTvisac stu-is merqnuli masalebis damzadeba-damuSavebis 

mimarTulebaze damuSavebulia, axali teqnologiuri sqemebi da 

Seqmnilia, ganivgadasatani sabagiro morsaTrevi danadgarebi, 

romlebSic gamoyenebuli morTrevis axali xerxi iTvaliswinebs, 

jalambris sawevi bagiriT Soltebis da morebis ganiv morTrevas 

naxevrad dakidul mdgomareobaSi da igive sawevi bagiriT maT 

daSvebas dakidul mdgomareobaSi. 

2. morTrevis axali originaluri xerxis gaTvaliswinebiT 

tyekafiTi samuSao procesebis kompleqsuri meqanizaciis 

teqnologiuri sqemebis ganxorcielebis mizniT Seqmnilia, 

ganivgadasatani ormxrivi sabagiro morsaTrevi danadgarebi: 

pirveli-ori sawevi da erTi ukusvlis bagiriT, sadac sawevi 

bagirebi gatarebulia ZiriTadi satvirTo urikis orRarian blokSi 

da erTmaneTTan bagiriT dakavSirebuli damxmare urikebis 

TviTxsnad blokebSi cal-calke, xolo ukusvlis bagiri mibmulia 

erT-erT damxmare urikasTan; meore – ori sawevi da ori ukusvlis 

bagiriT, sadac sawevi bagirebi gatarebulia ZiriTadi urikis ori 

ganmxoloebuli erTRariani blokisagan Semdgar satvirTo blokSi 
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da damxmare urikebis TviTxsnad blokebSi, xolo ukusvlis bagirebi 

blokebis saSualebiT cal-calke mibmulia sabagiro trasis 

sxvadasxva mxares mzid bagirebze dayenebul damxmare urikebTan. 

3. ganxilulia sxvadasxva simaRleze ganlagebul sayrdenebze 

dakiduli erTmaliani drekadi mzidi bagiri – Cakidulobis mcire 

isrebiT da xistad damagrebuli boloebiT; bagiris saangariSod 

SerCeulia fizikuri varianti, romelic adgens damokidebulebas 

masze moqmed Zalebsa da deformaciebs Soris, romlis drosac 

drekadi deformacia vrceldeba bagiris mTel sigrZeze Tanabrad; 

bagiris sigrZis gansazRvrisaTvis muSa mdgomareobaSi miRebulia 

gantoleba, romelSic Semavali integrali warmodgenilia jamis 

saxiT, sadac maqsimaluri Cakiduloba da bagiris udidesi sigrZe 

fiqsirdeba malis SuaSi tvirTis ganlagebis dros; integralis 

mniSvnelobis gansazRvris Semdeg miRebulia, datvirTuli mzidi 

bagiris mTliani sigrZis saangariSo formula. 

4. mzidi bagiris sawyisi samontaJo T0 da saboloo Tg 

daWimulobas Soris damokidebulebis gansazRvris mizniT, 

damuSavebuli meTodikis safuZvelze gamoyvanilia mzidi bagiris 

saangariSo kuburi gantoleba, sadac bagiris Cakidulobebsa da 

koWis mRunav momentebs Soris analogia gamoyenebulia maqsimaluri 

Cakidulobis (max)0f  sididis sapovnelad, roca bagiris sakuTari 

wona datvirTvis saxiT ganawilebulia qordaze q intensivobiT, 

xolo Q tvirTi ganlagebulia malis Sua wertilSi. 

5. damuSavebuli meTodikis safuZvelze sabagiro morsaTrevi 

danadgaris mzidi bagiris Cakidulobis praqtikuli gamocdilebiT 

dadgenili mniSvnelobis mixedviT, romlis sidide ar unda 

aRematebodes malis qordis sigrZis 6%-s da rekomendebulia 

l 06,003,0 -is farglebSi, gansazRvrulia mzidi bagiris maqsimaluri 

daWimuloba 21mT  t – muSa mdgomareobaSi, samontaJo T0, 

maqsimaluri daWimuloba ATm malis zeda anZasTan A wertilSi da 

gamgleji Zala 42gT  t, romlis mixedviTac cxrilebidan 

SerCeulia mzidi bagiris diametri – 5,27d  mm. 
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6. ganivgadasatani sabagiro morsaTrevi danadgaris 

jalambris sawev bagirSi maqsimaluri saangariSo wevis Zalis 

gansazRvrisaTvis Sedgenilia, sawevi bagiris moZraobis sqema da 

dadgenilia, winaaRmdegobis saxeebi da maTi aRZvris  adgilebi – 

wertilebi; damuSavebuli meTodikis safuZvelze, sawev bagirSi 

maqsimaluri saangariSo wevis Zalis gansazRvris dros, bagiris 

moZraobis sqemis da winaaRmdegobis modebis wertilebis mixedviT, 

TanmimdevrobiT Sekrebilia winaaRmdegobis Zalebi sawyisi I 

wertilidan dolze bagiris miwydomis XIII wertilamde; 

winaaRmdegobebis jamuri Zalis 8,1104XIII S  kg mixedviT 

gansazRvrulia jalambris Zravas simZlavre: daZvris momentSi _ 

7,12ZrN  kvt da damyarebuli – Tanabari moZraobis dros _ 

9,1036XIII S  kg _ 12ZrN  kvt; SerCeulia eleqtro Zrava 4A160S2УЗ _ 

15ZrN  kvt, 3000n  br/wT; maqsimaluri jamuri winaaRmdegobis 

Zalis XIIIS -is mixedviT SerCeulia sawevi bagiris diametri _ 5,12d  mm. 

7. samuSao ciklis eqvivalenturi simZlavridan gamomdinare, 

ganivgadasatani sabagiro morsaTrevi danadgaris bagir-blokuri 

sqemisaTvis jalambris Zravas simZlavris saangariSod damuSave-

bulia meTodika da dadgenilia, jalambris samuSao ciklis drois 

mTliani xangrZlivoba wamebSi, romelic warmoadgens ciklis yvela 

operaciis Sesrulebaze daxarjuli drois periodebis jams; 

gansazRvrulia Zravas simZlavreebis mniSvnelobebi ciklis 

operaciebis Sesabamis periodebSi da jamuri simZlavris mixedviT 

gansazRvrulia jalambris Zravas simZlavre – 8,4 kvt. 

8. Catarebulia eqsperimentuli gamokvlevebi da dadgenilia, 

ganivgadasatani sabagiro morsaTrevi danadgaris specialuri 

orTvala urikis gorvis winaaRmdegobis koeficientis mniSvnelobebi 

– morebis naxevrad datvirTul mdgomareobaSi sxvadasxva saxeobis 

gruntebze morTrevis dros 0,11-0,35. 

9. # 7 teqnologiuri sqemis mixedviT Catarebulia 

ekonomikuri angariSi da miRebulia, 1 m3 xe-tyis morTrevis jamuri 

TviTRirebuleba – 16,5 lari, rac praqtikul-realur pirobebSi 



 29

moiTxovs arsebuli normebis, sataqsacio monacemebis, sawvav-sacxeb 

masalebze fasebis, axali teqnikis gamoyenebiT miRebuli ekonomiis 

da sxva maCveneblebis dazustebas. 

10. dadgenilia, ganivgadasatani sabagiro morsaTrevi danadgarebis 

upiratesoba mTagorian tyekafebze xe-tyis transportirebaze 

gamoyenebuli yvela sxva saxis morsaTrev manqanebTan da 

danadgarebTan SedarebiT, rogorc ekologiuri, aseve ekonomikuri 

TvalsazrisiT; Seqmnilia, axali teqnologiuri sqemebi da 

ganivgadasatani sabagiro morsaTrevi danadgarebi, damuSavebulia 

originaluri meTodebi da meTodikebi aRniSnuli danadgarebis 

mzidi da sawevi bagirebis diametrebis saangariSod da jalambris 

Zravas simZlavris dasadgenad; damuSavebuli da Seqmnilia, 

ganivgadasatani sabagiro morsaTrevi danadgarebis sruliad axali 

sqemebi, romlebic daculia patentebiT da saavtoro mowmobebiT. 

11. Catarebulma gamokvlevebma gviCvena, rom mTagorian 

pirobebSi xe-tyis damzadebis erT-erT efeqtur da ekologiurad 

gamarTlebul teqnologiur procesad SeiZleba miviRoT xe-tyis 

pirdapiri, usafexuro gamozidva xis waqcevis adgilidan zeda 

sawyobamde ganivgadasatani sabagiro morsaTrevi danadgarebis 

gamoyenebiT; amasTan ganivgadasatani sabagiro danadgarebis muSaoba 

axali teqnologiuri aRWurvilobiT saimedoa saqarTvelos 

mTagorian pirobebSi nebiT-amorCeviTi Wrebis gansaxorcieleblad 

da ganapirobebs warmoebaSi maTi farTod danergvis aucileblobas. 
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Abstract 

In Georgia mountainous conditions as the primary goal of shelter wood cutting is 
presented the protection of seedlings, regrowth, single trees, and that is most important, 
protection the soil cover. 

The modern logging technology is constantly being improved by implementation 
of new, advanced technologies and way to improve the all means of production. The 
development of technical solutions, such as transversal flying machines, self-loaded 
skidding aggregates and other vehicles for direct removal of logs, will promote the 
growth of forest resources and carrying out the complex mechanization of handling - 
transporting processes. 

Proceeding from existing natural factors and initial transportation conditions in 
forestry mountainous  woodcutting, the research of skidding methods impact on forestry 
environment makes clear that the skidding with caterpillar roadway tractor in fully 
loaded condition represents a step forward in forest ecology, but still, the comparison 
with transversal cable logging machine are outlined by higher ecological and technical - 
economic indicators, as in this case, the negative impact on regrowth, soil, and expenses 
of 1 m³ of logging will be decreased in several times. 

-In this regard, in mountainous woodcuttings, with slope inclination more than 
20°, at execution of selective shelterwood cutting, on the timber materials logging - 
processing department are developed complex technological schemes and transversal 
cable logging machines. in the mentioned skidding equipment the technical result is 
achieved by the fact that the timber logging is carried out by the two combined phase and 
provides by single main cable the logs consecutive, simultaneous bilateral continuous 
transversal skidding and their longitudinal lowering on upper stock. 

For the calculation of transversal cable logging machine main cable in the thesis 
is considered located on different height hanging on supports single-span elastic cable. 
Grounded on the proposed method is selected the physical variant of elastic cable 
calculation and is obtained the equation for cable length determination – presented as 
sum the integral, which the maximum deflection, maximum tension and a cable maximal 
length is obtained by load location at middle of span, where after integral value 
determination is developed the cablee whole length design formula. 

Grounded on the proposed methodology is calculated the single-span cable 
logging machine main cable maximal tension Tg in working condition and mounting 
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tension T0 - using the cubic equation; at span upper tower is defined the maximum 
tension ATm and accordingly of breaking load is selected the cable required diameter - 27.5 

mm. 
Are developed the transversal cable logging machine’s cable-pulley schemes and 

main cable traction force determination methodology; proceeding from the main cable 
movement scheme are defined points of resistance forces application and are obtained 
calculating formulas for mentioned resistance forces, due the consecutive summation of 
resistance forces is defined maximal traction force of main cable, which includes all 
types of resistance forces from initial point of motion to cable breakaway on drum. 

For cable-pulley schemes of cable logging machine is conducted the main cable 
calculation, where the logs skidding on the forest ground is carried out by special two-
wheeled carriage in semi-loaded condition, while the ropes are moving on the land 
surface after passing the cart pulley; accordingly of the maximum value of total 
resistance forces is defined  the motor power of hoist and main cable diameter - 12.5 mm. 

Proceeding from the equivalent power of operations cycle in the corresponding 
cycle operations periods is calculated cable motion resistance forces and accordingly of 
the working cycle equivalent power is defined the hoist motor power. 

In the experimental part are conducted studies and are defined values of special 
two-wheeled carriage’s rolling resistance coefficient in logs half-loaded state, with 
skidding on different types of grounds - 0,11-0,35.  

In the research process was developed fully new, original schematic and 
structural solutions of transversal cable logging machine’s mechanisms, which are 
protected by Authors Certificates and patents. 

The proposed technological process and schemes, as well as developed to it 
implementation of transversal cable logging machine represents a new stage at selective 
shelterwood cutting, timber logging technology and development of machinery and 
ensures the forest environment maximum protection and avoid at woodcutting multi 
stage logging operations that is very important at operation in extreme conditions of 
mountainous woodcutting. 
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