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mocemulia Teoriuli masala da amocanebis amoxsnis meTodika (tipi-

uri amocanebis dawvrilebiTi amoxsnis TanxlebiT), romlis aTviseba daex-

mareba studentebs Teoriuli masalis Rrmad gagebasa da aTvisebaSi.  

gankuTvnilia saqarTvelis teqnikuri universitetis bakalavriatis da 

umaRlesi teqnikuri ganaTlebis studentebisaTvis. cxadia, SeuZliaT 

gamoiyenon saqarTvelos sxva umaRlesi saswavleblis studentebmac, rom-

lebic euflebian teqnikur specialobebs. 

 

 

 
 
 
 
 
 
 
 
yvela ufleba daculia. am wignis arc erTi nawili (iqneba es teq-sti, 

foto, ilustracia Tu sxva) aranairi formiT da saSualebiT (iqneba es 

eleqtronuli Tu meqanikuri) ar SeiZleba gamoyenebul iqnas avtorebis 

werilobiTi nebarTvis gareSe.   

saavtoro uflebebis darRveva isjeba kanoniT. 
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S    e s a v a l ie s a v a l ie s a v a l ie s a v a l i    

      yvelaferi, rac moqmedebs adamianis grZnobis organoebze da iwvevs mis 

SegrZnebebs, aris materia.materia.materia.materia.  materiis yovelgvar cvlilebas moZraoba moZraoba moZraoba moZraoba ewodeba. 

moZraoba materiis ZiriTadi da ganuyofeli Tvisebaa A_ mis ga-reSe materia 

ar arsebobs. aseve ar arsebobs moZraoba materiis gareSe. materiis ZiriTadi 

obieqturi formebia dro dro dro dro da sivrce.sivrce.sivrce.sivrce.    

      materiis    moZraobis forma mravalgvaria. dReisaTvis ZiriTadad 

ganixileba moZraobis Semdegi formebi: meqanikuri, fizikuri, qimiuri, bio-

logiuri da noosferuli. Ees ukanaskneli (noosfero _ berZnulad gonebagonebagonebagoneba) 

aris bunebisa da sazogadoebis urTierTqmedebis sfero, sadac adamianis 

gonivruli moqmedeba warmoadgens ganviTarebis mTavar mamoZravebel Zalas. 

mocemul CamonaTvalSi yoveli Semdgomi moicavs mis wina formas. 

yovel formas aqvs Tavisi damaxasiaTebeli Tvisebebi, romlebic ufro 

martivi formis mqone moZraobebis kanonebiT ver aixsneba. rogorc vxe-davT, 

moZraobis yvela forma Seicavs meqanikur moZraobas, amitom igi yvelaze 

martivi saxis moZraobaa.  

meqanikuri moZraoba meqanikuri moZraoba meqanikuri moZraoba meqanikuri moZraoba ewodeba sxeulebis an erTi sxeulis nawilebis    

urTierTmdebareobis Secvlas sivrceSi drois mixedviT. 

      mecnierebas, romelic Seiswavlis meqanikur moZraobas, meqanikameqanikameqanikameqanika ewo-

deba. uZraoba moZraobis kerZo SemTxvevaa, amitom uZraobasac meqanika Se-

iswavlis.                

      meqanikis ZiriTadi kanonebi yalibdeboda mravali Taobis mecnierTa 

mier. cnobilia, rom meqanikis zogierT kanons icnobda berZeni filoso-fosi 

aristotelearistotelearistotelearistotele (384-322 ww, Cv. w-mde). igi swavlobda berketis wonas-worobas, 

wrfiv da mrudwirul moZraobebs, siCqareTa Sekrebis kanons da sxv. A  

pirvelad sityva ,,meqanika“ gamoyenebul iqna aristoteles erT-erTi 

mowafis mier Cv. w-mde III saukuneSi iseTi movlenis ganxilvisas, rodesac 

,,mcire ereva dids“ (magaliTad, berketiT tvirTis awevisas).Psityva ,,meqa-nika“ 

(mechanike mechane<ɺɺ ɺɺ ɺɺ ɺɺ - iaraRi) berZnulia da sityva-sityviT niSnavs: 

,,xriki“,,eSmakoba“,,qveSqveSoba“.    
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pirveli arsebiTi mecnieruli Sedegebi meqanikaSi gvxvdeba arqimearqimearqimearqimeddddeseseses 

(287-212 ww. Cv. w-mde) SromebSi. Mmas ekuTvnis hidrostatikis erT-erTi – ka-

noni, sxeulis simZimis centris moZebnis wesebi, berketis Teoria sxv. arqi-

mede iTvleba  meqanikis, rogorc mecnierebis, fuZemdeblad. 

      arqimedes xanidan aRorZinebis xanamde meqanikis ganviTareba Zalian 

Senelda. aRorZinebis xanaSi iwyeba meqanikis swrafi ganviTareba. gansakuT-

rebiT aRniSvnis Rirsia cnobili mxatvari, mecnieri da inJineri lenardo da lenardo da lenardo da lenardo da 

vinCivinCivinCivinCi (1452-1519), romelic ikvlevda xaxunTan dakavSirebul sakiTxebs, daxril 

sibrtyeze  sxeulis da milebSi siTxis moZraobas da sxv. 

      udidesi Rvawli meqanikis ganiviTarebaSi miuZRviT nikolainikolainikolainikolai    kopernikopernikopernikoperni---- 

ksaksaksaksa (1473-1543) da iohan keplersiohan keplersiohan keplersiohan keplers (1571-1630). Kkoperniki mzis garSemo plane-tebis 

moZraobis heliocentruli Teoriis Semqmnelia. keplermaK daadgina 

planetebis moZraobis kanonebi, romlebic SemdgomSi safuZvlad daedo 

niutonis mier msoflio mizidulobis kanonis dasabuTebas. 

      leonardo da vinCis, kopernikisa da kepleris Sromebma safuZveli Ca-

uyara dinamikis kanonebis dadgenas. Aam saqmeSi yvelaze didi wvlili miuZ-

Rvis italiel mecniers Ggalileo galileisGgalileo galileisGgalileo galileisGgalileo galileis (1564-1642). Mman daadgina meqa-

nikis pirveli kanoni _ inerciis kanoni; safuZveli Cauyara Tanamedrove ki-

nematikas; pirvelma aRmoaCina Tavisufali vardnisa da sicarieleSi ho-

rizontisadmi nebismieri kuTxiT gasrolili sxeulis moZraobis kanonebi; 

swavlobda berketis wonasworobis pirobebs da safuZveli Cauyara nage-

bobaTa simtkicis Teorias.  

      Rrma kvali datoves meqanikis ganviTarebis istoriaSi qristianqristianqristianqristian hiuhiuhiuhiu----

gensmagensmagensmagensma (1629-1695) da rene dekartmarene dekartmarene dekartmarene dekartma (1596-1650).  

      niutonis winamorbedTa genialuri aRmoCenebi, agreTve teqnikis 

sxvadasxva dargebis yoveldRiuri sasococxlo moTxovnebi, ai, is winapi-

robebi, romlebmac isaisaisaisaak niutoniak niutoniak niutoniak niutoni (1643-1727) miiyvana meqanikis zogadi ka-

nonebis (romlebic damsaxurebulad atarebs mis saxels) aRmoCenasa da im 

maTematikuri aparatis Seqmnamde, riTac SesaZlebelia meqanikis zogadi 

kanonebis da maTi Sedegebis gamoyeneba praqtikuli amocanebis amosaxsne-lad. 

Mman naSromSi _ ,,naturaluri filosofiis maTematikuri sawyisebi3 (1687) _ 

gaaerTiana, ganazogada da daasabuTa misi drois miRwevebi meqani-kaSi. Aam 
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wignSi mocemulia klasikuri meqanikis ZiriTadi debulebebi. niu-tonis 

udidesi damsaxurebaa msoflio mizidulobis kanonis dadgena. 

      Nniutonis Tanamedrove iyo gotfrid laibnicigotfrid laibnicigotfrid laibnicigotfrid laibnici (1646- 1716). Mman niu-

tonisagan damoukideblad, masTan erTdroulad, Seqmna diferencialuri da 

integraluri aRricxva.  

      niutonis SromebiT mTavrdeba axali bunebismetyvelebis pirveli pe-

riodi. Nniutonis klasikuri meqanika viTardeba XVIII_XIX saukuneebis gan-

mavlobaSi. 

      XVII saukuneSi meqanikaSi iwyeba analizuri meTodebis swrafi ganvi-

Tareba. Lleonard eiliermaLleonard eiliermaLleonard eiliermaLleonard eilierma (1707-1783) SeimuSava wertilisa da myari sxeu-lis 

dinamikis amocanis amoxsnis meTodebi Sesabamisi diferencialuri 

gantolebebis Sedgenisa da integrirebis gziT. 

      imave mizniT, Jan leron dalambermaJan leron dalambermaJan leron dalambermaJan leron dalamberma (1717-1783) wamoayena Tavisi cno-

bili principi, xolo lui lagranJmalui lagranJmalui lagranJmalui lagranJma (1736-1813) dalamberisa da SesaZlo 

gadaadgilebebis principebze dayrdnobiT SeimuSava zogadi analizuri me-

Todi. amJamad, amocanebis amoxsnis analizuri meTodebi dinamikaSi war-

moadgens ZiriTad meTodebs. 

      XVIII_XIX saukuneebSi meqanikis ganviTarebis istoriaSi Rrma kvali 

datoves: iohan bernulmaiohan bernulmaiohan bernulmaiohan bernulma (1667-1748), mixeilmixeilmixeilmixeil    lomonosovmalomonosovmalomonosovmalomonosovma (1711-1765), daniel daniel daniel daniel 

bernulmabernulmabernulmabernulma (1700-1782), karl fridrix gausmakarl fridrix gausmakarl fridrix gausmakarl fridrix gausma (1777-1855), uiliam hamiltonmauiliam hamiltonmauiliam hamiltonmauiliam hamiltonma (1805-

1865), karl iakobmakarl iakobmakarl iakobmakarl iakobma (1804-1851), mixeil ostrogradskim mixeil ostrogradskim mixeil ostrogradskim mixeil ostrogradskim (1801-1861), sofio sofio sofio sofio 

kovalevskaiamkovalevskaiamkovalevskaiamkovalevskaiam (1850-1891) da mravalma sxvam. 

      saxelmZRvanelos farglebSi SeuZlebelia XX saukunis meqanikaSi 

Tundac uZiriTadesi miRwevebisa da maTi avtorebis gvarebis CamoTvla. 

gamonaklisis saxiT moviyvanT im qarTveli meqanikosebis gvarebs, rom-lebmac 

TavianTi niWiTa da SemoqmedebiTi unariT msoflio donis mec-nieris saxeli 

daimsaxures: nikoloz musxeliSvilinikoloz musxeliSvilinikoloz musxeliSvilinikoloz musxeliSvili (1891-1976), ivane nikuraZeivane nikuraZeivane nikuraZeivane nikuraZe (1894-1979), 

viqtor kupraZeviqtor kupraZeviqtor kupraZeviqtor kupraZe (1903-1985), ilia vekuailia vekuailia vekuailia vekua (1907-1977), aleqsandrealeqsandrealeqsandrealeqsandre qarTveliSviliqarTveliSviliqarTveliSviliqarTveliSvili 

(qarTveli)(qarTveli)(qarTveli)(qarTveli) (1896-1974), giorgi beriaSviligiorgi beriaSviligiorgi beriaSviligiorgi beriaSvili (1903-1979), aleqsandre nadiraZealeqsandre nadiraZealeqsandre nadiraZealeqsandre nadiraZe (1914-

1987), samson quTaTelaZsamson quTaTelaZsamson quTaTelaZsamson quTaTelaZeeee (1914-1986) da sxv. Tanamedrove mecnierebs Soris 

TavianTiN gabeduli hipoTezebiT gamoir-Cevian gia dvaligia dvaligia dvaligia dvali da grigol grigol grigol grigol 

gabadaZegabadaZegabadaZegabadaZe.  
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I  TaviTaviTaviTavi 

    

Teoriuli meqanikis sagani. ZiriTadi cnebebiTeoriuli meqanikis sagani. ZiriTadi cnebebiTeoriuli meqanikis sagani. ZiriTadi cnebebiTeoriuli meqanikis sagani. ZiriTadi cnebebi    

 

1.1. Teoriuli meqanikis adgili1.1. Teoriuli meqanikis adgili1.1. Teoriuli meqanikis adgili1.1. Teoriuli meqanikis adgili    Tanamedrove mecnierebasa da Tanamedrove mecnierebasa da Tanamedrove mecnierebasa da Tanamedrove mecnierebasa da 

teqnikaSiteqnikaSiteqnikaSiteqnikaSi    

       

      dedamiwis pirobebSi sxeulebi ZiriTadad oTxi saxiT gvxvdeba: air-ul, 

Txevad, myar da plazmur mdgomareobaSi. es sxeulebi TvisebebiT 

erTmaneTisagan mkveTrad gansxvavdeba. rasakvirvelia, maTi moZraobis Tvi-

sebebic, aseve gansxvavdeba erTmaneTisagan. miuxedavad amisa, maT moZraobas 

axasiaTebs zogi iseTi saerTo Tviseba, romlebic ar aris damokidebuli 

TviT am sxeulis Tvisebebze. 

                        meqanikuri moZraobis im saerTo,  meqanikuri moZraobis im saerTo,  meqanikuri moZraobis im saerTo,  meqanikuri moZraobis im saerTo,  zogad Tvisebebs, romlebic ar arzogad Tvisebebs, romlebic ar arzogad Tvisebebs, romlebic ar arzogad Tvisebebs, romlebic ar aris is is is 

damokidebuli TviT moZravi sxeulebis Tvisebebzedamokidebuli TviT moZravi sxeulebis Tvisebebzedamokidebuli TviT moZravi sxeulebis Tvisebebzedamokidebuli TviT moZravi sxeulebis Tvisebebze, Seisw, Seisw, Seisw, Seiswavlis Teoriavlis Teoriavlis Teoriavlis Teoriuli uli uli uli 

meqanika.meqanika.meqanika.meqanika.    

      Teoriul meqanikaSi zemoxsenebuli moZraobis zogadi kanonebis Se-

saswavlad SemoaqvT absoluturad myariabsoluturad myariabsoluturad myariabsoluturad myari (aradeformirebadi) sxeulis cneba 

(ix. $1.2). SemdgomSi, roca gamoviyenebT gamonaTqvams _ ,,myari sxe-uli“ an 

mokled ,,sxeuli“, yovelTvis vigulisxmebT absoluturad myar sxeuls. 

      aRvniSnavT, rom meqanikuri moZraoba aris moZraobis danarCeni for-

mebis Semadgeneli nawili, amitom misi kanonebi marTebulia moZraobis yve-la 

formisaTvis. 

      Teoriuli meqanikis kanonebi, rogorc meqanikuri moZraobis zogadi 

kanonebi, meqanikis ZiriTadi kanonebia, amitom Teoriuli meqanika aris Teoriuli meqanika aris Teoriuli meqanika aris Teoriuli meqanika aris 

TanaTanaTanaTanamedrove mecnierebis safuZveli.medrove mecnierebis safuZveli.medrove mecnierebis safuZveli.medrove mecnierebis safuZveli.    

      aRsaniSnavia, rom meqanikuri moZraobis Seswavlisas mxedvelobaSi 

miiReba moZravi materiis mxolod ori ZiriTadi niSani: misi ganfeniloba 

(materialuri sxeulis geometriuli forma) da nivTieroba (masa da misi 

ganawileba geometriul moculobaSi). 
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      Teoriuli meqanika tradiciulad iyofa sam nawilad: statika, kine-

matika da dinamika. 

      statika aris meqanikis nawili, romelic Seiswavlis ZalTa sistemis 

tolfas sistemebad gardaqmnis meTodebs da adgens myar sxeulze mode-buli 

Zalebis wonasworobis pirobebs. 

      kinematika Seiswavlis myari sxeulis moZraobas geometriuli Tval-

sazrisiT anu am moZraobis mizezebis (Zalebis) gaTvaliswinebis gareSe.     

      dinamika Seiswavlis myari sxeulis moZraobas  am moZraobis mizeze-bis 

(Zalebis) gaTvaliswinebiT. 

      zogjer statikasa da dinamikas aerTianeben da kinetikas uwodeben. 

cxadia, am SeTxvevaSi Teoriuli meqanika iyofa or nawilad: kinematikad da 

kinetikad. 

      SeniSvnaSeniSvnaSeniSvnaSeniSvna    1.11.11.11.1.... sxeulis wonasworobaSi igulisxmeba sxeulis uZraoba an 

wrfivi da Tanabari moZraoba, an Tanabari brunva. 

 

1.2. ZiriTadi cnebebi1.2. ZiriTadi cnebebi1.2. ZiriTadi cnebebi1.2. ZiriTadi cnebebi    

 

absoluturad myari sxeuliabsoluturad myari sxeuliabsoluturad myari sxeuliabsoluturad myari sxeuli ewodeba sasruli zomebis moculobas, 

romelic mTlianad Sevsebulia nivTierebiT, amasTan, manZili am nivTier-ebis 

or nebismier wertils Soris ar icvleba mTeli moZraobis ganmav-lobaSi. 

nivTierinivTierinivTierinivTieri    (materialuri) wertili(materialuri) wertili(materialuri) wertili(materialuri) wertili sxeulia, romelsac aqvs masa, zomebi 

ki ara. sxva sityvebiT, es iseTi sxeulia, romlis zomebi amocanaSi mocemul 

sxva zomebTan SedarebiT, Zalian mcirea. nivTieri wertilis mde-bareoba 

sivrceSi ganisazRvreba sami koordinatiT. 

      nivTier (materialur) wertilTa sistemanivTier (materialur) wertilTa sistemanivTier (materialur) wertilTa sistemanivTier (materialur) wertilTa sistema ewodeba nivTier wertilTa 

erTobliobas, romlis wertilebze moqmedebs urTierTmizidulobis Zale-bi. 

      uwyveti uwyveti uwyveti uwyveti deformdeformdeformdeformirebadi garemoirebadi garemoirebadi garemoirebadi garemo aris sasruli moculoba an usasru-lo 

sivrce, romelic  mTlianad Sevsebulia nivTierebiT,  amasTan, am gare-mos 

wertilebs Soris manZili icvleba. 

      bunebaSi arsebobs sxeulebis urTierTqmedebis sxvadasxva formebi. 

Teoriuli meqanika Seiswavlis mxolod meqanikur urTierTqmedebas. sxe-

ulebis meqanikur urTierTqmedebasmeqanikur urTierTqmedebasmeqanikur urTierTqmedebasmeqanikur urTierTqmedebas vuwodebT iseT urTierTqmedebas, romlis 

Sedegia an sxeulebis erTi nawilis amoZraveba danarCenebis mi-marT, an maTi 

deformacia, an erTica da meorec erTdroulad. 
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      Tu erTi sxeulis meoreze moqmedebisas es ukanaskneli icvlis siC-

qares an Rebulobs deformacias, an erTsac da meoresac, maSin vambobT, rom 

pirveli sxeuli meoreze axdens meqanikur moqmedebasmeqanikur moqmedebasmeqanikur moqmedebasmeqanikur moqmedebas.  

      sxeulebis urTierTqmedebis zomas ZalaZalaZalaZala warmoadgens. aRsaniSnavia, rom 

meqanikuri urTierTqmedebis Seswavlis gaadvilebis mizniT, erTi sxeulis 

meoreze moqmedebas Zalis saSualebiT gamovsaxavT. Teoriuli meqanika 

Seiswavlis Zalis moqmedebiT gamowveul efeqts da ara mis fizi-kur bunebas.  

      cdebiT dadgenilia, rom Zala xasiaTdeba sididiT (moduliT), mi-

marTulebiTa da modebis wertiliT, e.i. Zala veqtoruli sidideaZala veqtoruli sidideaZala veqtoruli sidideaZala veqtoruli sididea. 

      Zalis modebis wertilad iTvleba sxeulis is nawili, romelzec  

uSualod modebulia Zala. unda gvaxsovdes, rom modebis wertilis cneba 

pirobiTia, vinaidan Zalis modeba erT wertilSi praqtikulad SeuZlebe-lia. 

erT wertilSi modebul ZalaSi igulisxmeba  mocemuli sxeulis ze-dapiris 

an moculobis nebismier mcire nawilze moqmedi Zalebis tolq-medi.  

      wrfes, romlis gaswvrivac mimarTulia Zala, Zalis moqmedebisZalis moqmedebisZalis moqmedebisZalis moqmedebis wrfewrfewrfewrfe an 

mokled, Zalis fuZeZalis fuZeZalis fuZeZalis fuZe ewodeba.K        

      Zalis mimarTulebad iTvleba is mimarTuleba, romlis gaswvrivac is 

aamoZravebda Tavisufal nivTier wertils. 

      Tavisufali wertiliTavisufali wertiliTavisufali wertiliTavisufali wertili iseTi wertilia, romlis gadaadgileba sivr-ceSi 

ar aris SezRuduli. winaaRmdeg SemTxvevaSi, wertils ewodeba araaraaraara----

TavisufTavisufTavisufTavisufali.ali.ali.ali.  

      ZalTa erTobliobas, romlebic modebulia nivTier wertilze an myar 

sxeulze, ZalTa sistemaZalTa sistemaZalTa sistemaZalTa sistema ewodeba.  

      Zalebs, romelTa fuZeebi erT wertilSi ar ikveTeba da arc erT 

sibrtyeSi mdebareobs, sivrciTisivrciTisivrciTisivrciTi an nebismieri ZalTa sistemanebismieri ZalTa sistemanebismieri ZalTa sistemanebismieri ZalTa sistema ewodeba.  

      or ZalTa sistemas ewodeba tolfasi,tolfasi,tolfasi,tolfasi, Tu isini cal-calke erTsa da 

imave sxeulze erTnair meqanikur moqmedebas axdenen. 

      ZalTa sistemaSi Semavali Zalebis geometriul jams, am sistemis    

nakrebinakrebinakrebinakrebi veqtori veqtori veqtori veqtori ewodeba.  

      im erTaderT Zalas, romelic mTeli ZalTa sistemis tolfasia, am 

ZalTa sistemis tolqmeditolqmeditolqmeditolqmedi ewodeba.  

      SeniSvna.SeniSvna.SeniSvna.SeniSvna. SemdegSi ganvixilavT gansxvavebas tolqmedsa da nakreb 

veqtors Soris ($4.15).  
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      Teoriul meqanikaSi miRebulia, rom Zalis moqmedeba vrceldeba myi-

sierad. Zalebis moqmedeba ornairia: axloqmedeba da Sorsqmedeba. 

      Zalebi sxvadasxva bunebisaa. magaliTad, simZimis Zala mizidulobis 

Zalis bunebisaa, xaxunis da drekadobis Zalebi ki _ eleqtromagnituri 

bunebis. 

      calke gamovyoT gravitaciuli Zala. gravitaciuli Zalagravitaciuli Zalagravitaciuli Zalagravitaciuli Zala hqvia mizi-

dulobis Zalas, romelic moqmedebs sxeulebsa da maT nawilebs Soris da ar 

aris damokidebuli am sxeulis fizikur mdgomareobaze. yvela obieqts, 

romelzec moqmedebs gravitaciuli Zalebi, nivTierinivTierinivTierinivTieri anu materialurimaterialurimaterialurimaterialuri 

ewodeba. Teoriul meqanikaSi ganixileba mxolod nivTieri sxeulebi. 

Tu Zalis moqmedebis Sedegad sxeuli icvlis mxolod siCqares, maSin 

amboben, rom gvaqvs sxeulze Zalis dinamikuri moqmedebadinamikuri moqmedebadinamikuri moqmedebadinamikuri moqmedeba. Tu Zalis 

moqmedebis Sedegad sxeuli Rebulobs deformacias da ar icvlis siC-qares, 

maSin amboben, rom saqme gvaqvs Zalis statikur gamovlinebasTanstatikur gamovlinebasTanstatikur gamovlinebasTanstatikur gamovlinebasTan....    

ganasxvaveben aqtiur da pasiur Zalebs. Zalas, romelsac SeuZlia 

sxeuli aamoZraos, aqtiuriaqtiuriaqtiuriaqtiuri ewodeba, winaaRmdeg SemTxvevaSi Zala pasipasipasipasiuriauriauriauria. 

pasiuri Zalis magaliTia xaxunis Zala. 

      nivTier wertilTa sistemis ganxilvisas xelsayrelia Zalebi davyoT 

gare da Siga Zalebad. Zala sistemisaTvis gareagareagareagarea, Tu is gamosaxavs sistemis 

gare wertilis moqmedebas sistemis wertilze. sistemis wertilebs Soris 

urTierTqmedebis Zalebs, am sistemis SigaSigaSigaSiga Zalebi ewodeba. niutonis mesame 

kanonis Tanaxmad, Siga Zalebi gvxvdeba wyvil-wyvilad.  

      or Zalas, romlebic sididiT tolia, erT fuZeze mdebareoben da 

urTierTsawinaaRmdegod arian mimarTuli, pirdapir TanawinaaRmdegipirdapir TanawinaaRmdegipirdapir TanawinaaRmdegipirdapir TanawinaaRmdegi ZalebiZalebiZalebiZalebi 

ewodeba. 

      erT sibrtyeSi moqmed Zalebs, xSirad brtyel ZalTa sistemasbrtyel ZalTa sistemasbrtyel ZalTa sistemasbrtyel ZalTa sistemas uwo-

deben.             

      Zalebs, romelTa fuZeebi erT wertilSi ikveTeba, Tavmoyrili Tavmoyrili Tavmoyrili Tavmoyrili ewo-deba, 

xolo fuZeebis gadakveTis wertils _ Tavmoyris centriTavmoyris centriTavmoyris centriTavmoyris centri. 

      Teoriuli meqanika Seiswavlis absoluturad myari sxeulis (rome-lic 

Zalebis moqmedebiT deformacias ar ganicdis) moZraobas, amitom ganixileba 

Zalis mxolod dinamikuri moqmedeba. amasTan dakavSirebiT, rogorc 

davinaxavT, Zalis sami maxasiaTeblidan arsebiTi mniSvneloba eqneba mxolod 

ors: modulsa da mimarTulebas. 
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      ZalTa sistemas, romlis modebiT an CamocilebiT sxeulis meqani-kuri 

mdgomareoba ar icvleba, wonasworobaSi myofi (an nuliswonasworobaSi myofi (an nuliswonasworobaSi myofi (an nuliswonasworobaSi myofi (an nulis toltoltoltolfasi) ZalTa fasi) ZalTa fasi) ZalTa fasi) ZalTa 

sistema ewodebasistema ewodebasistema ewodebasistema ewodeba. 

      brunvis dadebiT mimarTulebad miviRoT brunva saaTis isris brun-vis 

sawinaaRmdego mimarTulebiT, winaaRmdeg SemTxvevaSi brunvis mimarTu-leba 

uaryofiTia. 

 gavecnoT myari sxeulis zogierT martivi saxis models. 

                        Zeli. Zeli. Zeli. Zeli. myar sxeuls, romlis erT-erTi zoma danarCen orTan Sedare-biT 

Zalian didia (xuTjer mainc), Zeli ewodeba. marTobi sibrtyiT kveTa-Si 

miRebul brtyel figuras Zelis ganivi kveTaganivi kveTaganivi kveTaganivi kveTa ewodeba. ganivi kveTis mixedviT 

Zeli aris mudmiv- da cvalebadkveTiani. aseve Zeli aris wrfivi da mrude. 

Zelebis SeerTeba xdeba saxsrebis saSualebiT, romlebic, rogrc wesi, 

mdebareobs Zelis boloebze. SeerTebis adgils kvanZi kvanZi kvanZi kvanZi ewodeba. 

                        Rero.Rero.Rero.Rero. Zels, romlis wona mxedvelobaSi ar miiReba da masze moqmedi 

yvela gare Zala modebulia saxsrebSi, Rero ewodeba. yvela Zalis Sekre-bis 

Sedegad miviRebT mxolod or Zalas – yovel kvanZSi TiTos. meSvide aqsiomis 

(ix. $2.1) Tanaxmad, wonasworobis SemTxvevaSi es Zalebi pirdapir 

TanawinaaRmdegi Zalebia. amitom Zeli an iWimeba an ikumSeba. 

                        koWi.koWi.koWi.koWi. Zels, romelzec moqmedi gare Zalebi ar aris modebuli saxs-

rebSi, koWi ewodeba. 

                        berketi.berketi.berketi.berketi. myar sxeuls, romelsac uZravi RerZis garSemo SeuZlia brunva 

am RerZis marTob sibrtyeSi mdebare Zalebis moqmedebiT, berketi ewodeba. am 

sibrtyisa da brunvis RerZis gadakveTis wertils, berketis sayrdeni sayrdeni sayrdeni sayrdeni 

wertiliwertiliwertiliwertili ewodeba. 

                        wamwe.wamwe.wamwe.wamwe. xist nagebobas, romelic Sedgenilia saxsrebiT SeerTebuli 

Zelebisagan, wamwe ewodeba. xSirad ganixileba Reroebisgan Sedgenili wa-mwe. 

kvanZebze an Reroebis Tavisufal boloebze moqmedi Zalebi yovel ReroSi 

aRZravs Siga Zalas, romelic Wimavs an kumSavs Reros. am Zalas Zalva Zalva Zalva Zalva 

ewodeba. wamwes ewodeba statikuradstatikuradstatikuradstatikurad gansazRvruligansazRvruligansazRvruligansazRvruli, Tu erTi Reros 

CamoSorebiTac ki irRveva misi sixiste.    

 

         

1.3. bmis reaqciebi1.3. bmis reaqciebi1.3. bmis reaqciebi1.3. bmis reaqciebi 
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      nax. 1.1-ze mocemulia bmebi, romlebic praqtikaSi Zalian xSirad ga-

moiyeneba. naxazze bmebTan erTad mocemulia maTi reaqciebic. ganvixiloT 

TiToeuli bma cal-calke. 

      1. sxeuli eyrdnoba absoluturad myar gluv uZrav zedapirs.  

      2. sxeuli eyrdnoba uZrav wertils an xazs. xaxuni gamoricxulia. 

      3. sxeuli erTi wertiliT eyrdnoba gluv uZrav zedapirs.  

      4. bma xorcieldeba moqnili uWimari Zafis (jaWvis, an bagiris) gamo-

yenebiT. am SemTxvevaSi adgili aqvs mxolod gaWimvas, amitom Zafis reaqcia 

mimarTulia mxolod erTi mimarTulebiT 

      5. sxeuli eyrdnoba gluv uZrav zedapirs sagoravebiT.   

      6. bma xorcieldeba uZravi cilindruli saxsaris saSualebiT. 

      7. bma xorcieldeba Reros saSualebiT.  

      8. a) bma xorcieldeba saqusles saSualebiT. 

 b) bma xorcieldeba uZravi cilindruli sakisris gamoyenebiT.    

 9. bma xorcieldeba sferuli saxsris saSualebiT.    

     10. koWis Camagreba kedelSi xdeba xistad. 

 
1.                     2.                           3.                
                                                                   

  
 
  
 

                                                     

                                                                    

 

                     4.                   5.                         6.               
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7.     8. 

 

  

 

 

 

 

 

 

 

 

 

 

      9.                        10. 

 

 

 

 

 

 

 

                                 

 

 

 

 

 

nax. 1.1 
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IIIII TaviI TaviI TaviI Tavi    

statikis aqsiomebistatikis aqsiomebistatikis aqsiomebistatikis aqsiomebi 

 

2.1. aqsiomebi. 2.1. aqsiomebi. 2.1. aqsiomebi. 2.1. aqsiomebi. ZalebZalebZalebZalebis Zekreba. is Zekreba. is Zekreba. is Zekreba. srialissrialissrialissrialis    

xaxunis kanonixaxunis kanonixaxunis kanonixaxunis kanoni    

    

      statika agebulia ramdenime aqsiomaze, romelTa mixedviT dadgeni-lia 

nivTier wertilze, wertilTa sistemasa da myar sxeulze    moqmedi Za-lebis 

Tvisebebi. aRsaniSnavia, rom am aqsiomebis saSualebiT miRebuli das-kvnebi da 

Tanafardobebi marTebulia mxolod absoluturad myari sxeule-bisaTvis. 

                        pirveli aqsioma. pirveli aqsioma. pirveli aqsioma. pirveli aqsioma. yovel Zalas aqvs moduli, mimarTuleba da modebis 

wertili. 

      am aqsiomis Tanaxmad, Zala veqtoruli sididea, amitom ZalebisaTvis 

marTebulia yvela is aRniSvna  da debuleba, rac maTematikaSi miRebulia 

veqtorebisaTvis.                          

                        meore meore meore meore aqsioma (erT wertilze moqmedi Zalebis tolqmedi). aqsioma (erT wertilze moqmedi Zalebis tolqmedi). aqsioma (erT wertilze moqmedi Zalebis tolqmedi). aqsioma (erT wertilze moqmedi Zalebis tolqmedi). erT 

wertilSi modebuli ZalTa sistema erTi iseTi Zalis tolfasia, romelic 

amave wertilzea modebuli da Semdgeni Zalebis geometriuli jamis to-lia.            

      am Zalas, erT wertilze moqmedi ZalebiserT wertilze moqmedi ZalebiserT wertilze moqmedi ZalebiserT wertilze moqmedi Zalebis tolqmedi tolqmedi tolqmedi tolqmedi ewodeba.  

      ganvixiloT Zalebis Sekrebis amocana. vinaidan Zala veqtoruli si-

didea, amitom Zalebis Sekreba xdeba veqtorulad, an rac igivea – geomet-

riulad. vTqvaT, sxeulis raime A  wertilSi modebulia ori 1F
�
 da 2F

�
 Zala, 

romelTa Soris kuTxe udris γ -s (nax. 2.1). maTematikaSi cnobilia,  rom am 

Zalebis jami aris maTze, rogorc gverdebze, agebuli paralelog-ramis 

diagonali, romelic modebulia A  wertilSi. Tu Zalebis jams (am 

SemTxvevaSi tolqmeds) aRvniSnavT Ri
�
-iT, maSin ABC  samkuTxedidan kosi-

nusebisa da sinusebis Teoremebis gamoyenebiT, miviRebT:  

        2 2

1 2 1 22 cosR F F F F γ= + +i ,   1 2

sin sin sin

F F R

α β γ
= =

i

,  α β γ+ = .         (2.1.1)              
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                                nax. 2.1 
 
      (2.1.1) formulebiT SegviZlia amovxsnaT mocemuli ori mimarTulebis 

gaswvriv (e.i. roca cnobilia α  da β  kuTxeebi) F
�
 Zalis daSlis amocana. 

aRsaniSnavia, rom ABCD  paralelogramSi DB
����

= 1 2F F−
� �

. 

      ori Zalis Sekrebis ganxilul wess ori Zalis Sekrebis paraleloori Zalis Sekrebis paraleloori Zalis Sekrebis paraleloori Zalis Sekrebis paralelo----

gramis wesi gramis wesi gramis wesi gramis wesi ewodeba. 

      Zalebis Sekrebis paralelogramis wesidan gamomdinareobs: Tu 1F
�
 Zalis 

toli AB
����

 veqtoris B  boloze movdebT 2F
�
 Zalis tol BC

����

 veq-tors, an 2F
�
 

Zalis toli AD
����

 veqtoris D  boloze movdebT 1F
�
 Zalis tol DC

����

 veqtors, 

maSin 1F
�
 da 2F

�
 Zalebis jami orive SemTxvevaSi iqneba, miRe-buli texilebis 

Camketi AC
����

 veqtori. Zalebis Sekrebis am wess vuwodoT oriorioriori Zalis Sekrebis Zalis Sekrebis Zalis Sekrebis Zalis Sekrebis 

samkuTxedis wesi.samkuTxedis wesi.samkuTxedis wesi.samkuTxedis wesi.  

      davuSvaT, rom sxeulis raime wertilze modebulia 1 2, , , nF F F
� � �

⋯   Za-lebi 

(nax. 2.2). 1F
�
 da 2F

�

 Zalebis mimarT gamoviyenoT Zalebis Sekrebis samkuTxedis 

wesi; jamSi miviRebT AC
����

 veqtors; Semdeg AC
����

 SevkriboT 3F
�
 Zalis tol CD

����

 

veqtorTan; miviRebT pirveli sami Zalis jamis tol AD
����

 veqtors; Semdeg AD
����

 

SevkriboT 4F
�
 Zalis tol veqtorTan da a.S. sabolo-od, miviRebT raRac 

ABCD L⋯  texils, romlis Camketi AL
����

 veqtori iqneba mocemuli Zalebis jami. 

ABCD L⋯  texils ZalTaZalTaZalTaZalTa mravalkuTxedimravalkuTxedimravalkuTxedimravalkuTxedi    ewodeba. Tu mravalkuTxedi Caiketa, 

e.i. bolo Zalis bolo wertili (Cven SemTxve-vaSi L  wertili) daemTxveva 

sawyiss A  wertils, maSin 0AL =
����

, rac imas niSnavs, rom mocemuli Zalebis 

jami aris nulis toli. 
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                               nax. 2.2 

 

      ZalTa mravalkuTxedis agebisas Zalebis aReba SeiZleba nebismieri 

TanmimdevrobiT. Zalebis Tanmimdevrobis Secvla gamoiwvevs ZalTa mra-

valkuTxedis mxolod formis Secvlas, Camketi ki igive darCeba, e.i. ar 

Seicvleba tolqmedi. 

      Zalebis Sekrebis ganxilul wess ZalZalZalZalebis Sekrebis mravalkuTxedis ebis Sekrebis mravalkuTxedis ebis Sekrebis mravalkuTxedis ebis Sekrebis mravalkuTxedis 

wesi ewodebawesi ewodebawesi ewodebawesi ewodeba.... 

      aRsaniSnavia, rom Zalebis Sesakrebad am wesis gaaaamoyeneba mosaxer-

xebelia erT sibrtyeSi mdebare ZalebisaTvis. sivrceSi Zalebis Sesakre-bad 

gamoiyeneba e.w. gegmilebis meTodi, romelsac analizur meTodsac uwo-deben 

(ix. $2.5). 

                        mesame aqsioma mesame aqsioma mesame aqsioma mesame aqsioma (Tavisufali nivTieri wertilis wonasworobis). Tavi-

sufali nivTieri wrtilis wonasworobis aucilebeli da sakmarisi piro-baa, 

rom masze modebuli Zalebis tolqmedi nulis toli iyos.        

      am aqsiomis Tanaxmad 

                         1 2 0nR F F F= + + + =i
� � � �

⋯ .                          (2.1.2) 

                        meoTxe aqsioma meoTxe aqsioma meoTxe aqsioma meoTxe aqsioma (qmedebisa da ukuqmedebis). ori nivTieri wertilis 

urTierTqmedebis Zalebi sididiT toli, mimarTulebiT sawinaaRmdego da erT 

fuZeze mdebare Zalebia. 

                        mexuTe aqsiomamexuTe aqsiomamexuTe aqsiomamexuTe aqsioma    (bmisgan ganTavisuflebis anu reaqciis). yoveli bmis 

moqmedeba wertilze SeiZleba Seicvalos ZaliT, romelic am  wertilze 

iseTsave meqanikur moqmedebas axdens, rogorsac aRniSnuli bma. aRsaniSna- 
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via, rom Camoyalibebuli aqsioma marTebulia sxeulisTvisac. 

      yovel im pirobas, romelic zRudavs wertilis (sxeulis) gadaadgi-

lebas, meqanikaSi bmabmabmabma ewodeba. 

      ganvixiloT araTavisufali M wertili (nax. 2.3). S  zedapiri am wer-

tilisTvis aris bma, vinaidan xels uSlis qveviT gadaadgilebaSi. Zalas, 

romelic gamosaxavs bmis moqmedebas wertilze, reaqciis Zala reaqciis Zala reaqciis Zala reaqciis Zala an mokled, 

reaqcia reaqcia reaqcia reaqcia ewodeba. reaqciis Zala pasiuri Zalaa, vinaidan mas ar SeuZlia 

wertilis amoZraveba. Tu wertilze ar moqmedebs aqtiuri Zala, maSin 

reaqciis Zala ar arsebobs. 

 

 

  

 

 

                                

 

 

                               nax. 2.3 

      reaqciis Zalas, rogorc wesi, aRniSnaven R
�
-iT, xolo mis Semdgenebs 

normalisa da mxebis gaswvriv, Sesabamisad N
�
-iTa da T

�
-Ti. amgvarad,  

                          R N T= +
� � �

.                                    (2.1.3) 

      N
�
 Semdgens reaqciis Zalisreaqciis Zalisreaqciis Zalisreaqciis Zalis normaluri Semdgeni normaluri Semdgeni normaluri Semdgeni normaluri Semdgeni an    mokled,    nornornornormamamama----

luri reaqcialuri reaqcialuri reaqcialuri reaqcia ewodeba, xolo T
�
 Semdgens - reaqciis Zalisreaqciis Zalisreaqciis Zalisreaqciis Zalis mxebi Semdgeni mxebi Semdgeni mxebi Semdgeni mxebi Semdgeni an 

mokled, mxebi reaqcia.mxebi reaqcia.mxebi reaqcia.mxebi reaqcia. T
�
-s xaxunis Zalasac xaxunis Zalasac xaxunis Zalasac xaxunis Zalasac uwodeben. 

      Tu araTavisufal wertils (sxeuls) movxsniT bmebs da maT moqmede-bas 

mexuTe aqsiomis Tanaxmad SevcvliT Sesabamisi reaqciis ZalebiT, mivi-RebT 

Tavisufal wertils (sxeuls). 

      aRsaniSnavia, rom statikis erT-erT ZiriTadi amocanaa reaqciis Za-

lebis gansazRvra. 

      reaqciis Zalis mimarTulebis gasagebad gamoiyeneba Semdegi wesi: 

reaqciis Zala yovelTvis mimarTulia bmis moqmedebis sawinaaRmdego mxa-res. 

      zemoT ganxiluli xuTi aqsioma Seexeba nivTier wertils. axla Ca-

movayalibebT aqsiomebs myari sxeulis Sesaxeb. 
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                        meeqvse aqsioma. meeqvse aqsioma. meeqvse aqsioma. meeqvse aqsioma. myar sxeulze modebuli ori pirdapir TanawinaaRm-degi 

Zala araviTar meqanikur moqmedebas ar axdens am sxeulze. 

      am aqsiomis Tanaxmad, Tu sxeulze moqmedebs ori pirdapir Tanawina-

aRmdegi Zala, SegviZlia isini CamovaciloT sxeuls, an piriqiT, SegviZlia 

sxeulze movdoT aseTi Zalebi. 

                        meSvide aqsioma. meSvide aqsioma. meSvide aqsioma. meSvide aqsioma. Tu myari sxeuli wonasworobaSia ori Zalis moqme-

debiT, maSin es Zalebi pirdapir TanawinaaRmdegi Zalebia. 

                        merve aqsioma merve aqsioma merve aqsioma merve aqsioma (gamyarebis). Tu wonasworobaSi myof deformad sxeuls 

gavamyarebT, misi wonasworoba ar dairRveva. 

      magaliTad, Tu wonasworobaSi myof wyals yinulad vaqcevT, yinu-lic 

wonasworobaSi iqneba. 

 

2.2. Zalis gasrialeba fuZis gaswvriv2.2. Zalis gasrialeba fuZis gaswvriv2.2. Zalis gasrialeba fuZis gaswvriv2.2. Zalis gasrialeba fuZis gaswvriv    

    

      ganvixiloT absoluturad myari sxeulis meqanikis erT-erTi ZiriTa-di 

Teorema: Teorema: Teorema: Teorema: absoluturad    myar sxeulze moqmedi Zala SegviZlia gavasri-aloT 

misi fuZis gaswvriv.  

      damtkiceba. vTqvaT, absoluturad myari sxeulis raime A  wertilze 

moqmedebs P
�
 Zala (nax. 2.4). mis fuZeze aviRoT nebismieri B  wertili da 

movdoT masze ori pirdapir TanawinaaRmdegi Zala: P P′ =
� �

 da P−
�
 (amis uf-

leba gvaqvs meeqvse aqsiomis Tanaxmad). miRebuli sami Zalidan P
�
 da P−

�
 

pirdapir TanawinaaRmdegi Zalebia, amitim isini SegviZlia sxeuls Camova-

ciloT da dagvrCeba B -Si modebuli erTaderTi P P′ =
� �

 Zala. amiT Teorema 

damtkicebulia. 

      cxadia, am Teoremas adgili ara aqvs deformadi sxeulisaTvis. amis 

TvalsaCinoebisTvis ganvixiloT Semdegi magaliTi: vTqvaT, koWis bolo-ebze 

modebulia sididiT toli 1F
�
 da 2F

�
 gamWimavi Zalebi (nax. 2.5a). gavasrialoT 

es Zalebi da koWze movdoT ise, rogorc es nax. 2.5b - zea ga-mosaxuli. 

miviReT, rom igive Zalebi cdiloben koWis SekumSvas.   
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        nax. 2.4                                           nax. 2.5 
 
                

2.3. Zalis analizuri gamosaxva. ori amocana Zalis mimarT2.3. Zalis analizuri gamosaxva. ori amocana Zalis mimarT2.3. Zalis analizuri gamosaxva. ori amocana Zalis mimarT2.3. Zalis analizuri gamosaxva. ori amocana Zalis mimarT    

    

      ganvixiloT Oxy  sibrtyeSi mdebare F
�
 Zala, romelic Ox  RerZTan 

adgens α  kuTxes (nax. 2.6). maTematikaSi cnobilia, rom F
�
-is gegmilebi Ox  da 

Oy  RerZebze gamoiTvleba Semdegi formulebiT: 

                      xF = gegm ( ) cosx F F α=
�

, 

                      yF =gegm ( ) sin .y F F α=
�

                            (2.3.1) 

      roca F
�
 Zala sivrceSia da Oxyz  marTkuTxa koordinatTa sistemis 

RerZebTan Sesabamisad adgens , ,α β γ  kuTxeebs, maSin  

               cos , cos , cosx y zF F F F F Fα β γ= = = .                    (2.3.2) 

      sivrceSi RerZebze Zalis dasagegmileblad xSirad gvixdeba Zalis 

dagegmileba jer sakoordinato sibrtyeSi, xolo Semdeg RerZebze. Segax-

senebT, rom veqtoris gegmili sibrtyeze veqtoruli sididea. 

 

 

 

 

 

 

 

nax. 2.6 
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      statikaSi Zalis mimarT ganixileba Semdegi ori amocana: 

      1. mocemulia Zalis moduli da mimarTuleba da gvinda gavigoT misi 

gegmilebi koordinatTa RerZebze. es amocana amoixsneba (2.3.1) an (2.3.2) for-

mulebiT. 

      2. viciT Zalis gegmilebi koordinatTa RerZebze da gvinda gavigoT 

Zala anu misi moduli da mimarTuleba. Tu F  Zalis gegmilebia , ,x y zF F F , 

maSin  

                  2 2 2

x y ZF F F F= + + ,                                     (2.3.4) 

              cos , cos , cos
yx z
FF F

F F F
α β γ= = = .                           (2.3.5) 

      roca Zala mdebareobs sibrtyeSi, magaliTad, Oxy  sibrtyeSi, maSin 

              2 2

x yF F F= + ,  cos , cos
yx
FF

F F
α β= = .                       (2.3.6) 

      am SemTxvevaSi mizanSewonilia gavigoT α  kuTxe  

                          y

x

F
tg

F
α =                                       (2.3.7) 

formuliT, xolo β  gavigoT 90α β+ = �  tolobidan. 

 

                    2.4. ZalTa sistemis nakrebi veqtoris analizuri ga2.4. ZalTa sistemis nakrebi veqtoris analizuri ga2.4. ZalTa sistemis nakrebi veqtoris analizuri ga2.4. ZalTa sistemis nakrebi veqtoris analizuri gamosaxvamosaxvamosaxvamosaxva    

    

      vTqvaT, myar sxeulze moqmedebs ( )1 1 1 1, ,x y zF F F F
�

, ( )2 2 2 2, ,x y zF F F F
�

,⋯ , 

( ), ,n nx ny nzF F F F
�

 Zalebi. gansazRvris Tanaxmad, ZalTa sistemis nakrebi veq-tori 

ewodeba Zalebis geometriul jams da, Tu mas aRvniSnavT F i
�
-iT, gveq-neba: 

                   1 2

1

n

n k

k

F F F F F
=

= + + + =∑i
� � � � �

⋯ .                            (2.4.1) 

      maTematikidan cnobilia, rom jamis gegmili udris gegmilTa jams, am-

tom (2.4.1)-dan miviRebT: 

                  
1 1 1

, ,
n n n

x kx y ky z kz

k k k

F F F F F F
= = =

= = =∑ ∑ ∑i i i .                     (2.4.2)   

      erT sibrtyeSi mdebare ZalebisTvis  
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1 1

, .
n n

x kx y ky

k k

F F F F
= =

= =∑ ∑i i .                             (2.4.3)   

      gavigebT ra nakrebi veqtoris gegmilebs, misi modulisa da mimarTu-

lebis gasagebad gamoviyenebT (2.3.4) da (2.3.5) an (2.3.6) da (2.3.7) formulebs.  

miviReT Zalebis Sekrebis e.w. gegmilebis meTodi, gegmilebis meTodi, gegmilebis meTodi, gegmilebis meTodi, romelic    ase SegviZlia 

CamovayaliboT:  

      1. yvela Zalas vagegmilebT koordinatTa RerZebze;  

      2. (2.4.2) an (2.4.3) formulebiT gavigebT nakrebi veqtoris gegmilebs; 

      3. (2.3.4) da (2.3.5) an (2.3.6) da (2.3.7) formulebiT gavigebT nakrebi 

veqtoris modulsa da mimarTulebas.   

      Zalebis Sekrebis gegmilebis meTods analizuri meTodicanalizuri meTodicanalizuri meTodicanalizuri meTodic    ewodeba. 

 

2.5. nivTieri wertili2.5. nivTieri wertili2.5. nivTieri wertili2.5. nivTieri wertilis wonasworobis gantolebebis wonasworobis gantolebebis wonasworobis gantolebebis wonasworobis gantolebebi    

 

      nivTieri wertilis wonasworobis piroba mocemulia mesame aqsiomiT:  

wertilze moqmedi Zalebis jami unda iyos nulis toli. veqtori nulis 

tolia, roca misi gegmilebi udris nuls. (2.4.2) da (2.4.3) tolobebis gaT-

valiswinebiT vRebulobT:  

                  
1 1 1

0, 0, 0
n n n

k ky kz

k k k

F F F
= = =

= = =∑ ∑ ∑ .                          (2.5.1) 

                       
1 1

0, 0
n n

kx ky

k k

F F
= =

= =∑ ∑ .                              (2.5.2) 

      es tolobebi warmoadgens TavisufTavisufTavisufTavisufali nivTieri wertilis wonasali nivTieri wertilis wonasali nivTieri wertilis wonasali nivTieri wertilis wonas----

woroworoworoworobis gantolebis gantolebis gantolebis gantolebebsbebsbebsbebs Sesabamisad sivrciTi da brtyeli ZalTa siste-

mebisaTvis.  

      vTqvaT, araTavisufal nivTier wertilze moqmedebs  1 2, , , nF F F
� � �

⋯  Za-lebi. 

mexuTe aqsiomis Tanaxmad bmas SevcvliT R
�
 reaqciis ZaliT da mi-viRebT 

Tavisufal wertils, romelzec modebuli Zalebis tolqmedi to-li iqneba 

1

n

k

k

F R
=

+∑
� �

-is. mesame aqsiomis Tanaxmad wertilis wonasworobis-Tvis unda 

Sesruldes piroba:  

                          
1

0
n

k

k

F R
=

+ =∑
� �

.                                  (2.5.3)     
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      am tolobis koordinatTa RerZebze dagegmilebiT miviRebT araTavi-

sufali wertilis wonasworobis gantolebebs sivrciTi da brtyeli Zal-Ta 

sistemebisTvis:          

            
1 1 1

0, 0, 0
n n n

k x ky y kz z

k k k

F R F R F R
= = =

+ = + = + =∑ ∑ ∑ .                    (2.5.4) 

                  
1 1

0, 0
n n

kx x ky y

k k

F R F R
= =

+ = + =∑ ∑ .                           (2.5.5) 

 

2.6. nivTieri wertilis wonasworobis geometriuli piroba.2.6. nivTieri wertilis wonasworobis geometriuli piroba.2.6. nivTieri wertilis wonasworobis geometriuli piroba.2.6. nivTieri wertilis wonasworobis geometriuli piroba.    

ZalTa samkuTxediZalTa samkuTxediZalTa samkuTxediZalTa samkuTxedi    

    

      nivTieri wertilis wonasworobis geometriuli piroba mdgomareobs 

SemdegSi: wertilze moqmedi ZalebiT agebuli ZalTa mravalkuTxedi unda 

iyos Caketili (ix. $ 2.1). 

      Tu wonasworobaSi myof wertilze moqmedebs mxolod sami Zala, maSin 

ZalTa mravalkuTxedis agebis Sedegad miviRebT ZalTa samkuTxeds.  

      ganvixiloT Semdegi amocana: wonasworobaSi myof wertilze moqme-debs 

sami 1 2,F F
� �

 da 3F
�
 Zala. cnobilia 1F

�
 Zalis moduli da mimarTuleba, xolo 2F

�
 

da 3F
�
 ZalebisTvis – mxolod mimarTulebebi. unda gavigoT am ukanasknelTa 

modulebi.  

      sibrtyeSi, romelSic 1 2,F F
� �

 da 3F
�
 Zalebi mdebareoben, avioRoT raime A  

wertili da movdoT masze cnobili 1F
�
 Zalis toli AB

����

 veqtori (nax. 2.7). 

vinaidan am sami ZaliT agebuli mravalkuTxedi unda Caiketos, amitom AB
����

 

veqtoris erT boloze gavataroT, magaliTad, 2F
�
 Zalis paraleluri BC  

wrfe, xolo meore boloze - 3F
�
-is paraleluri AC  wrfe. davafiq-

vafiqsiroT am wrfeebis gadakveTis C  wertili. ZalTa mravalkuTxedi agebis 

wesis Tanaxmad miRebul ABC  samkuTxedSi BC
����

 veqtori aris 2F
�
 Zalis, xolo 

CA
����

 veqtori - 3F
�
 Zalis toli. sinusebis Teoremis Tanaxmad       

                 
( ) ( ) ( )

31 2

sin 180 sin 180 sin 180

FF F

α β γ
= =

− − −� � �
 => 

          31 2

sin sin sin

FF F

α β γ
= =   =>   2 1

sin

sin
F F

β
α

= ,  3 1

sin

sin
F F

γ
α

= .            (2.6.1)  
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                                    nax. 2.7  

 

2.7. nivTier wertilTa sistemis wonasworoba2.7. nivTier wertilTa sistemis wonasworoba2.7. nivTier wertilTa sistemis wonasworoba2.7. nivTier wertilTa sistemis wonasworoba 

 

      vixilavT nivTier wertilTa sistemas. es sistema wonasworobaSi iq-neba, 

Tu misi yvela wertili iqneba wonasworobaSi. Tu sistemaSi gvaqvs n  

wertili, maSin  sivrciTi amocanisTvis  gveqneba 3 n  wonasworobis ganto-

leba, xolo brtyelisaTvis - 2n . am gantolebebSi Sedis reaqciis Zalebic, 

romelTa odenoba ar unda aRematebodes gantolebaTa ricxvs. 

    

2.8. datvirTvis saxeebi2.8. datvirTvis saxeebi2.8. datvirTvis saxeebi2.8. datvirTvis saxeebi 

 

      statikaSi ZiriTadad gvxvdeba Semdegi saxis datvirTvebi. 

      1. SeyursuliSeyursuliSeyursuliSeyursuli    Zala. Zala. Zala. Zala. aseTi Zala modebulia sxeulis raime wertlSi da 

cdilobs mis amoZravebas (nax. 2.8). 

                    2.2.2.2. wyvilZala wyvilZala wyvilZala wyvilZala Sedgeba    ori Zalisgan, romlebic sididiT tolia, 

mdebareoben paralelur fuZeebze da aqvT urTierTsawinaaRmdego mimar-

Tuleba (nax. 2.9). sibrtyes, romelSic wyvilZala mdebareobs, wyvilZalis wyvilZalis wyvilZalis wyvilZalis 

sibrtye sibrtye sibrtye sibrtye ewodeba. wyvilZala cdilobs sxeuli moabrunos Tavisi sibrtyis 

marTobuli RerZis garSemo. naxazze wyvilZalas gamosaxaven an ori Zal-iT, 

magaliTad, ( ),P Q
��

 (nax. 2.9,a) an wriuli isriT (nax. 2.9,b), romlis wvero 

gviCvenebs sxelis brunvis mimarTulebas. mtkicdeba, rom (ix. $4.9) wyvil-Zala 

savsebiT xasiaTdeba mxolod momentiT, romelic an mocemulia, an unda 

gamovTvaloT mocemuli wyvilZalis Zalebisa da mxaris saSualebiT. 
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            nax. 2.8  nax. 2.9 

 

                        3. wrfis gaswvriv Tanabrad ganawilebuli Zalebi 3. wrfis gaswvriv Tanabrad ganawilebuli Zalebi 3. wrfis gaswvriv Tanabrad ganawilebuli Zalebi 3. wrfis gaswvriv Tanabrad ganawilebuli Zalebi (marTkuTxedis 

kanoniT) (nax. 2.10). Zelis raime AB  ubanze moqmedebs Tanabrad ganawile-buli 

datvirTva nebismieri q  intensiurobiT (sigrZis erTeulze moqmedi Zalis 

sididea, romlis ganzomileba saerTaSoriso erTeulTa sistemaSi aris n/m). 

ganxiluli Zalebi paraleluri Zalebia, amitom maTi Secvla Se-iZleba erTi 

ZaliT (ix. $6.1), romelic Zalebis tolqmedis tolia da mode-bulia AB  

monakveTis Sua wertilSi. Tu am Zalas aRvniSnavT Q  asoTi, gveqneba: 

Q q AB=
�

. rogorc vxedavT, Q
�
-s modulis ricxviTi mniSvneloba tolia im 

marTkuTxedis farTobis ricxviTi mniSvnelobisa, romlis fuZea AB  

monakveTi, simaRle ki q -s tolia. 

 

 

   

                                            

 

 

             nax. 2.10                           nax. 2.11 

 

                        4. wrfis monakveTze wrfivi kanoniT ganawilebuli Z4. wrfis monakveTze wrfivi kanoniT ganawilebuli Z4. wrfis monakveTze wrfivi kanoniT ganawilebuli Z4. wrfis monakveTze wrfivi kanoniT ganawilebuli Zalebi alebi alebi alebi (sam-kuTxedis 

kanoniT) (nax. 2.11). es Zalebi SegviZlia SevcvaloT erTi Q
�
 ZaliT, romlis 

moduli 
1

2
Q AB q= ⋅
�

maq  da modebulia C  wertilze, romlis-Tvisac sruldeba 

Semdegi piroba: 
1

3
BC AB= .  

                        5. wrfis monakveTze trapeciis kanoniT ganawilebuli Zalebi 5. wrfis monakveTze trapeciis kanoniT ganawilebuli Zalebi 5. wrfis monakveTze trapeciis kanoniT ganawilebuli Zalebi 5. wrfis monakveTze trapeciis kanoniT ganawilebuli Zalebi (nax. 2.12). 

SegviZlia wavideT ori gziT: 1. trapecia davyoT marTkuTxedad da 
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samkuTxedad ( 1q  da 2 2maxq q=  intersiurobebiT). mocemuli datvirTva Seic-

vleba ori 1 1Q AB q= ⋅
�

 da 2 2

1

2
Q AB q= ⋅
�

 modulebis mqone ZaliT; 2. mTeli 

datvirTva SegviZlia SevcvaloT erTi ZaliT, romlis modulis ricxviTi 

mniSvneloba tolia trapeciis farTobis ricxviTi mniSvnelobisa da mo-

debulia trapeciis simZimis centrSi. 

                        6. uZrav blokze 6. uZrav blokze 6. uZrav blokze 6. uZrav blokze gadakidebuli Tokis erTi bolo damagrebulia myari 

sxeulis raime A  wertilSi, xolo meore boloze Camokidebulia Q  tvirTi 

(nax. 2.13). Tu blokze xaxuns ar miviRebT mxedvelobaSi, maSin To-kis 

saSualebiT sxeuls gadaecema mTeli tvirTis moqmedeba. am SemTxve-vaSi 

sxeuls movdebT Q
�
 Zalas, romelic Tokis gaswvriv mimarTulia blo-kisken. 

                        7. wriul rkalis gaswvriv ganawilebuli Zalebi 7. wriul rkalis gaswvriv ganawilebuli Zalebi 7. wriul rkalis gaswvriv ganawilebuli Zalebi 7. wriul rkalis gaswvriv ganawilebuli Zalebi (nax. 2.14). am Sem-

TxvevaSi Ox  RerZi aris simetriis RerZi, amitom 

                         
1 1

, 0
n n

kx ky

k k

Q Q Q
= =

= =∑ ∑ .  

      mtkicdeba, rom  

                              Q q h= ⋅
�

,  

sadac h AB=  rkalis momWimavi qordis sigrZea, xolo q  - intensiuroba. 

 

 

 

  

 

 

 

 

           nax. 2.12                      nax. 2.13             nax. 2.14 
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2.9. srialis xaxuni2.9. srialis xaxuni2.9. srialis xaxuni2.9. srialis xaxuni 

 

      yoveli sxeulis zedapirs met-naklebad aqvs xorklianoba, rac erTi 

sxeulis meore sxeulis zedapiris gaswvriv gadaadgilebisas warmoqmnis 

winaRobas, romelsac srialis xaxuni srialis xaxuni srialis xaxuni srialis xaxuni ewodeba. xaxuni xasiaTdeba ZaliT, 

romelsac xaxunis Zala xaxunis Zala xaxunis Zala xaxunis Zala ewodeba. es Zala yovelTvis mimarTulia moZraobis 

sawinaaRmdegod. 

      cxovreba xaxunis gareSe warmoudgenelia. gavecnoT mis zogierT ka-

nonzomierebas.  

      vTqvaT, horizontalur sibrtyeze mdebareobs G mg=  wonis sxeuli (nax. 

2.15). cxadia, G
�
 simZimis Zala, romliTac sxeuli awveba sibrtyes, ga-

wonasworebulia sibrtyis mxridan moqmedi N
�
 normaluri reaqciis ZaliT. 

davuSvaT, rom sxeuli wonasworobaSia da movdoT masze mcire sididis P
�
 

mamoZravebeli Zala. sxeuli ar amoZravdeba, rac SeiZleba aixsnas mxolod 

imiT, rom P
�
 Zala gawonasworebulia T

�
 xaxunis Za;liT. gavzardoT P

�
 Zalis 

sidide TandaTanobiT. Sedegad miviRebT, rom sxeuli mxolod maSin daiwyebs 

moZraobas, roca P
�
-s sidide miaRwevs garkveul zRvrul mniS-vnelobas. 

rogorc vxedavT, xaxunis Zala aris sibrtyis reaqcia da mi-marTulia 

sibrtyis gaswvriv. aqedan gamomdinareobs, rom xaxunis Zala sxeulis 

wonasworobaSi yofnisas icvleba nulidan garkveul Tmaq  maqsi-malur 

zRvrul mniSvnelobamde:  

                           0 T T< < maq .                                 (2.9.1) 

      rodesac T T= maq , am dros sxeuli jer kidev imyofeba wonasworobaSi da 

sakmarisia P -s odnav gazrda da sxeuli amoZravdeba. vuwodoT am mdgo-

mareobas kritikuli wonasworobis mdgomareoba.kritikuli wonasworobis mdgomareoba.kritikuli wonasworobis mdgomareoba.kritikuli wonasworobis mdgomareoba.    

      SemdgomSi Tmaq -s aRvniSnavT T -Ti. 

      frangma mecnierma kulonma kulonma kulonma kulonma  (1736-1806) 1781 wels mravali cdis sa-

fuZvelze daadgina srialis xaxunis Semdegi kanonebi: 

      1. xaxunis Zala ar aris damokidebuli moxaxune zedapirebis Sexebis 

farTobis sidideze;  
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      2. xaxunis Zalis maqsimaluri mniSvneloba proporciulia normaluri 

reaqciis modulisa;  

      3. xaxunis Zala damokidebulia moxaxune sxeulebis masalaze, maTi 

zedapirebis mdgomareobaze da rogorc TviT SezeTvaze, aseve zeTis saxeo-

baze.  

 

 

 

 

  

 

 

 

                nax. 2.15                           nax. 2.16 

 

      srialis xaxuni xasiaTdeba sxva kanonzomierebebiTac, kerZod: xaxu-nis 

Zala moZraobisas ufro naklebia, vidre uZraobisas; xaxunis Zala sve-li 

zedapiris SemTxvevaSi naklebia, vidre mSrali zedapiris SemTxvevaSi.  

      2.15 naxazidan vRebulobT:  T N tgϕ= ⋅ . SemoviRoT aRniSvna: tg fϕ =  da 

miviRebT: 

                               T f N= ⋅ .                               (2.9.2) 

      f -s ewodeba xaxunis koeficientixaxunis koeficientixaxunis koeficientixaxunis koeficienti, xolo ϕ -s – xaxunis kuTxexaxunis kuTxexaxunis kuTxexaxunis kuTxe. . . .     

      (2.9.2) aris zemoT moyvanili kulonis kanonebidan meore kanoni, ro-

melic axla ase Camoyalibdeba: xaxunis Zalis maqsimaluri mniSvneloba ud-

ris xaxunis koeficientis namravls normaluri reaqciis sidideze.  

      zogi mecnieri am kanons amontonamontonamontonamonton    ----kuloniskuloniskuloniskulonis    kanonsac kanonsac kanonsac kanonsac uwodebs. 

      vTqvaT, G mg=  wonis sxeuli mdebareobs horizontisadmi α  kuTxiT 

daxril sibrtyeze (nax. 2.16). advilad miviRebT: 2 cosN G mg α= = , amitom (2.9.2) 

gvaZlevs: 

                         cosT fmg α= .                                  (2.9.3) 

      nax. 2.16-dan vRebulobT, rom daxril sibrtyeze sxeulis Camomsria-

lebeli Zalis sidide 1 sinG mg α= . imisaTvis, rom daxril sibrtyeze sxeuli 

iyos uZravi, unda Sesruldes piroba:  
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        1G T<  <=> sinmg α < cosfmg α  => tg fα <  <=> tg tgα ϕ<  => 

                            α ϕ< .                                   (2.9.4) 

      es aris TviTdamuxruWebis TviTdamuxruWebis TviTdamuxruWebis TviTdamuxruWebis piroba.  

      daxril sibrtyes, romlis mier horizontTan Sedgenili kuTxe nak-

lebia xaxunis kuTxeze, TviTmuxruWa TviTmuxruWa TviTmuxruWa TviTmuxruWa ewodeba.     

      aRsaniSnavia, rom α ϕ=  Seesabameba kritikuli wonasworobis mdgoma-

reobas. 

                        amocana 2.1. amocana 2.1. amocana 2.1. amocana 2.1. Zafi, romlis boloebze Camokidebulia P  da Q  tvirTe-bi, 

gadakidebulia A  da B  blokebze (nax. 2.17a). blokebi erT horizon-talze 

mdebareoben. Zafis O  wertilze, romelic blokebs Sorisaa, Camo- 

kidebulia G =50 n wonis tvirTi. wonasworobisas Zafis Stoebi horizon-

talTan adgenen    60α = �     da 45β = �  kuTxeebs. blokebze xaxuni ugulebelya-viT 

da gansazRvreT P  da Q  tvirTebis wonebi. [26]  

      amoxsna. cxadia, rom O  wertilze SegviZlia movdoT sami Zala: P
�
, Q
�
 

(ix. $2.8) da mesame tvirTis G
�
 simZimis Zala (nax. 3.4b). advili misaxvedria, 

rom Tu O  wertili uZravia, maSin sxeulTa sistema, romelic Sedgeba Za-fis, 

ori blokisa da sami tvirTisagan, iqneba wonasworobaSi. amgvarad, 

wonasworobis obieqtad unda gamovyoT O  wertili. masze moqmedebs erT 

sibrtyeSi mdebare sami Tavmoyrili Zala, romelTagan oris moduli ucno-

bia. 

      amocanis amosaxsnelad gamoviyenebT samive meTodi: analizuri, geo-

metriuli da grafikuli. 

                        analizuri meTodi.analizuri meTodi.analizuri meTodi.analizuri meTodi. avirCioT Oxy  koordinatTa sistema ise, rogorc es 

nax. 3.17,b-zea mocemuli. SevadginoT (2.5.2) saxis gantolebebi. miviRebT:     

( )

( ) ( )
1

1

cos 180 cos 0,

cos 90 cos 90 0

n

kx

k

n

ky

k

F P Q

F P Q G

α β

α β

=

=


= − + = 


= − + − − =


∑

∑

�

� �

 =>
( )
cos

sin
P G

β
α β

=
+

,  
( )
cos

sin
Q G

α
α β

=
+

.  

                        geometriuli meTodi.geometriuli meTodi.geometriuli meTodi.geometriuli meTodi. avagoT ZalTa samkuTxedi (ix. $2.6) (nax. 2.17g). 

miRebuli KLM  samkuTxedidan sinusebis Teoremis gamoyenebiT miviRebT 

   
( )sin 90

P

β−�
=

( )sin 90

Q

α−�
=

( )sin

G

α β+
  =>  

( )
cos

sin
P G

β
α β

=
+

,  
( )
cos

sin
Q G

α
α β

=
+

. 
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                        grafikuli meTodigrafikuli meTodigrafikuli meTodigrafikuli meTodi        arCeuli masStabiT davxazavT vertikalur KL G=
���� �

 

veqtors da Semdeg avagebT ZalTa samkuTxeds. gavzomavT KM  da LM  

monakveTebis sigrZeebs, miRebul mniSvnelobebs gavamravlebT masS-tabze da 

miviRebT P  da Q  tvirTebis wonebs.  

 

 

 

   

 

 

 

                                 nax. 2.17                                   

 

      mocemuli ricxviTi miSvnelobebisTvis advilad gamovTvliT: P ≈  ≈ 36,60 

n da Q ≈ 25,88 n. 

      pasuxi. P ≈ 36,60 n;  Q ≈ 25,88 n. 

                        amocana 2.2. amocana 2.2. amocana 2.2. amocana 2.2. horizontisadmi α  kuTxiT daxril gluv sibrtyeze devs P  

wonis tvirTi (nax. 2.18). tvirTze mosdes Q
�
 Zala, romelic daxril sib-

rtyesTan adgens β  kuTxes. ras unda udrides Q
�
-s moduli, rom tvirTi iyos 

wonasworobaSi ( 90α β+ < � )?   

                        amoxsna. cxadia, wonasworobis obieqtia tvirTi. masze moqmedebs sami 

Zala: P
�
 - tvirTis simZimis Zala, N

�
 - daxrili sibrtyis normaluri reaq-

ciis Zala da Q
�
 Zala. aviRoT Oxy  koordinatTa sistema ise, rogorc nax. 

2.18-zea. SevadginoT tvirTis wonasworobis gantoleba: 

                 
1

cos sin 0
n

kx

k

F Q Pβ α
=

= − + =∑    => 
sin

cos
Q P

α
β

= . 

      pasuxi. 
sin

cos
Q P

α
β

=
�

. 

                        amocana 2.3. amocana 2.3. amocana 2.3. amocana 2.3. amoxseniT amocana 2.2 im daSvebiT, rom daxrili sibrtye 

aragluvia da xaxunis koeficienti f -is tolia. 

                        amoxsna.    am SemTxvevaSi    tvirTze moqmedebs oTxi Zala: P
�
 - tvirTis 

simZimis Zala, N
�
 - daxrili sibrtyis normaluri reaqciis Zala, F

�

x  - xa-
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xunis Zala da Q
�
 Zala (nax. 2.19). SevadginoT tvirTis wonasworobis 

gantolebebi: 

 

 

 

 

  

 

 

                 nax. 2.18                              nax. 2.19 

            
1

cos sin 0
n

kx

k

F Q F Pβ α
=

= − − + =∑ x ,    

            
1

sin cos 0
n

ky

k

F Q N Pβ α
=

= + − =∑ .  =>     cos sinN P Qα β= − . 

     N -is miRebuli mniSvneloba SevitanoT wina tolobaSi da Tu gaviT-

valiswinebT F f N=
�

x (ix. (2.9.2) formula), miviRebT: 

            ( )cos cos sin sin 0Q f P Q Pβ α β α− − − + =        => 

            ( ) ( )cos sin sin cosQ f P fβ β α α− = −    =>  
sin cos

cos sin

f
Q P

f

α α
β β
−

=
−

. 

          pasuxi.     
sin cos

cos sin

f
Q P

f

α α
β β
−

=
−

.          

                        amocana 2.4amocana 2.4amocana 2.4amocana 2.4....    Q ====50 n    wonis tvirTi    Camokidebulia D  saxsarze, rome-lic 

uZrav mdebareobaSi Sekavebulia AD  da BD  ReroebiT da CD  TokiT (nax. 

2.20). gansazRvreT Reroebis reaqciebi da Tokis daWimuloba, Tu .AD BD=  [46]   

      amoxsna.    cxadia, rom wonasworobis obieqtia D  saxsari. masze moqme-

debs oTxi Zala: vertikaluri Q
�
 Zala, Tokis T

�
 daWimulobis Zala da  Re-

roebis AR
�
 da BR

�
 reaqciis Zalebi. davuSvaT, rom Reroebi iWimeba, maSin 

reaqciis Zalebi mimarTuli iqneba Reroebis gaswvriv D  kvanZidan SigniT. 

oTxive Zala erT wertilSia modebuli. radganac Zalebis ricxvi samze metia, 

amitom amocanis amosaxsnelad unda gamoviyenoT analizuri mrTodi. 

koordinatTa saTave movaTavsoT D  wertilSi. Dz  RerZi mivmarToT ABC  

sibrtyis marTobulad. Dy  RerZi aviRoT COD  sibrtyeSi Dz -is mar-Tobulad, 

maSin Dx  RerZi iqneba moTavsebuli D  wertilze gamavali ABC  
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sibrtyis paralelur sibrtyeSi. cxadia, Q
�
 da T

�
 Zalebi vertikalur 

sibrtyeSi mdebareoben. SevadginoT wonasworobis gantolebebi, miviRebT:    

 

 

 

 

 

 

 

                              nax. 2.20  

                                  nax. 2.20 

 

 

                                nax. 2.20                           

 

      
1

cos30 cos30 0
n

kx A A

k

F R R
=

= − + =∑ � � ,                                     (a) 

      
1

cos30 cos30 cos 45 cos30 cos 45 0
n

ky A B

k

F T R R
=

= − − − =∑ � � � � � ,                 (b)  

      
1

cos 60 cos30 cos 45 cos30 cos 45 0
n

kz A B

k

F T R R Q
=

= − − − − =∑ � � � � � ,              (g)                

      b) da (g) gantolebebSi gvaqvs ormagi dagegmilebis Sedegebi, rom-lebic 

miiReba AR
�
 da BR

�
 Zalebis jer OD -ze, xolo Semdeg Sesabamisad Dx  da Dy  

RerZebze dagegmilebiT.  

      (a) gantolebidan vRebulobT:    A BR R= .                        (d) 

      (b) da (g) gantolebebidan vRebulobT:  

cos30 cos 60 0T T Q− + + =� �   => ( )cos30 cos 60T Q= −� �   => ( )2 3 1T Q= −  =>  

                       ( )3 1T Q= +                                       (e) 

 

      (b), (d) da (e) gantolebebi gvaZlevs:  

                        ( )2 3 1 2A BR R Q= = − + .                         (v) 

(e) da (v) tolobebSi SevitanoT 50Q = n, miviRebT: 96,2A BR R= ≈ − n; 136T = n. N 
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III TaviIII TaviIII TaviIII Tavi    

            Tavmoyrili ZalebiTavmoyrili ZalebiTavmoyrili ZalebiTavmoyrili Zalebi 
    

3.1. Tavmoyrili Zalebis tolqmedi. Tavmoyrili 3.1. Tavmoyrili Zalebis tolqmedi. Tavmoyrili 3.1. Tavmoyrili Zalebis tolqmedi. Tavmoyrili 3.1. Tavmoyrili Zalebis tolqmedi. Tavmoyrili     

Zalebis wonasworobaZalebis wonasworobaZalebis wonasworobaZalebis wonasworoba     

 

     ganvixiloT absoluturad myar sxeulze modebuli 1 2, , , nF F F
� � �

⋯  Tav-

moyrili Zalebi, romelTa Tavmoyris centria O  wertili (nax. 3.1,a). ga-

vasrialoT TiToeuli Zala Tavis fuZis gaswvriv da movdoT isini Tav-

moyris wertilSi (nax.3.1,b). miviRebT erT wertilSi modebul Zalebs, ro-

melTac meore aqsiomis Tanaxmad aqvT tolqmedi.  

amgvarad, Tavmoyril Zalebs aqvT tolqmedi, romlis modebis werti-lia 

Tavmoyris centri. 

 

       a) b) 

 

   

 

 

 

                                      nax. 3.1                                  

 

      mesame aqsiomis Tanaxmad Tavmoyrili Zalebis wonasworobisaTvis 

aucilebeli da sakmarisia maTi tolqmedi iyos nulis toli. 

      rasakvirvelia, Tavmoyrili Zalebis wonasworobis gantolebebi moi-

cema (2.5.1) da (2.5.2) formulebiT. 

      Tavmoyrili ZalebisTvis wonasworobis gantolebebi SeiZleba Ca-

iweros momentebis saSualebiTac (ix. $4.1). mtkicdeba, rom erT sibrtyeSi 

mdebare Tavmoyrili Zalebis wonasworobisaTvis aucilebeli da sakmari-sia 

                ( ) ( )
1 1

0, 0
n n

A k B k

k k

M F M F
= =

= =∑ ∑
� �

,                          (3.1.1) 
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sadac A  da B  nebismieri werilebia, romlebic Tavmoyris centrTan er-Tad 

erT wrfeze ar unda mdebareobdes, xolo ( )A kM F
�

 da ( )B kM F
�

 simbo-loebi 

aRniSnavs kF
�
 Zalis momentebs A  da B  wertilebis mimarT. Tu mo-mentTa 

centrs aviRebT erT-erTi ucnobi Zalis fuZeze, maSin (3.1.1) ganto-lebebidan 

yoveli maTganSi TiTo ucnobi gveqneba.  

 

3.2. sami Zalis Teorema3.2. sami Zalis Teorema3.2. sami Zalis Teorema3.2. sami Zalis Teorema 

 

                        Teorema.Teorema.Teorema.Teorema.    Tu wonasworobaSi myof myar sxeulze moqmedebs sami Zala, 

romelTagan ori Tavmoyrilia, maSin samive Zala Tavmoyrili iqneba. 

      damtkiceba. ganvixiloT myar sxeulze modebuli 1 2,F F
� �

 da 3F
�
 Zale-bi, 

romelTagan 1F
�
-isa da 2F

�
-is fuZeebi erT O  werilSi ikveTeba (nax. 3.2). 

gavasrialoT 1F
�
 da 2F

�
 Zalebi fuZeebis gaswvriv da movdoT Tavmoyris O  

wertilSi. SevkriboT es ori Zala da maTi jami aRvniSnoT F ′
�
-iT. miviReT, 

rom  wonasworobaSi myof myar sxeulze mxolod ori Zala moqmedebs, amit-

om meSvide aqsiomis Tanaxmad F ′
�
 da 3F

�
 pirdapir TanawinaaRmdegi Zalebia. es 

ki imas niSnavs, rom 3F
�
-is fuZec gadis O  werilSi. Teorema damtkice-bulia.  

analogiuri Teorema SegviZlia CamovayaliboT n  Zalis mimarTac: Tu 

wonasworobaSi myof myar sxeulze moqmedebs n  Zala, romelTagan 1n −  

Tavmoyrilia, maSin yvela Zala Tavmoyrili iqneba. sami Zalis SemTxveva 

imitom gamovyaviT calke, rom wonasworobis amocanis amoxsnisas sami Za-liT 

agebuli mravalkuTxedi iqneba samkuTxedi, romlis amoxsna kargadaa cnobli 

elementaruli maTematikidan. 

 

   3.3. statik3.3. statik3.3. statik3.3. statikis amocanis amocanis amocanis amocanebebebebis amoxsnis meTodikais amoxsnis meTodikais amoxsnis meTodikais amoxsnis meTodika    
 

      statikis erT-erT ZiriTad amocanas warmoadgens nivTieri wertilis, 

nivTier wertilTa sistemisa da myari sxeulis wonasworobis amocanis 

amoxsna. amisaTvis arsebobs amoxsnis sxvadasxva meTodebi: analizuri, 

geometriuli (anu grafikul-analizuri) da grafikuli (ix. amocana 3.1). 

     mizanSewonilad migvaCnia wonasworobis amocana CavataroT Semdegi 

TanamimdevrobiT: 
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     1. gamovyoT wonasworobis obieqti anu is wertili Tu sxeuli, rom-lis 

wonasworobasac vixilavT; 

     2. obieqtze movdoT yvela moqmedi AZala. Tu mis nebismier sigrZeze 

moqmedebs raime saxiT ganawilebuli datvirTva, maSin is unda SevcvaloT 

tolfasi umartivesi ZalTa sistemiT (ix. $2.8).  

     3. wonasworobis obieqti gavaTavislufloT bmebisgan da maT nacv-lad 

movdoT reaqciis Zalebi.  

    statikis zogierT amocanaSi winaswar cnobilia reaqciis Zalis mi-

marTuleba. am SemTsvevaSi sasurvelia mas mivaniWoT Tavisi mimarTuleba. 

magram Zalian xSirad ucnobia reaqciis Zalis (an Zalebis) rogorc sidide, 

aseve mimarTuleba. am SemTxvevaSi mizanSewonilia reaqciis Zala davSaloT 

Semdgenebad, romelTa mimarTulebebi daemTxveva koordinatTa RerZebis 

mimarTulebebs, da isini ganvixiloT rogorc damoukidebeli Zalebi. Tu 

amocanis amoxsnis Semdeg Semdgens aRmoaCndeba uaryofiTi niSani, maSin mas 

sinamdvileSi aqvs RerZis sawinaaRmdego mimarTuleba. 

     zogjer amocanaSi gasagebia wertilis an sxeulis dawola bmaze 

(dawola zedapirze, Zafis daWimuloba, Zalva ReroSi da sxv.). am SemT-xvevaSi 

gavigebT bmis reaqciis Zalas da Tu mas SevucliT mimarTulebas 

sawinaaRmdego mimarTulebiT, miviRebT saZiebel dawolas. 

      4. im SemTxvevaSi, roca Zalebis ricxvi samia, umjobesia visargeb-loT 

geometriuli an grafikuli meTodiT. Tu Zalebis odenoba samze me-tia, maSin 

unda gamoviyenoT analizuri meTodi, romelsac gegmilebis meTodsac 

vuwodebeT. analizuri meTodis gamoyenebisas koordinatTa Rer-Zebi 

SevecadoT ise SevarCioT, rom rac SeiZleba meti Zala iyos RerZebis 

paraleluri, ris Sedegad miviRebT martiv wonasworobis gantolebaTa sis-

temas. 

    aRsaniSnavia, rom ar aris aucilebeli arCeuli koordinatTa sistema 

iyos marTkuTxa. magaliTad, roca brtyeli Tavmoyrili ZalebisTvis ucno-bia 

mxolod ori Zalis moduli, maSin sasurvelia erTi RerZi aviRoT erT-erTi 

ucnobi Zalis fuZis marTobulad, xolo meore – meore Zalis fuZis 

marTobulad. Sedegad miviRebT erTucnobian or gantolebas. 

     5. amovxsniT wonasworobis gantolebaTa sistemas. Tu gantolebebi 

Sedgenilia zogadad, e.i. Cawerilia asoebiT, mizanSewonilia amonaxsnebs 

gavukeTod analizi.  
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     gvaqvs SemTxvevebi, roca amocanis amosaxsnelad gvWirdeba raime 

sididis, magaliTad, sigrZis an kuTxis codna, magram pirobis Tanaxmad isini 

ucnobebia. am dros am sidides aRvniSnavT raime asoTi da SevadgenT 

wonasworobis gantolebebs. Tu gantolebaTa sistemis amoxsnisas es sidide 

ar gamoiricxa, maSin mogviwevs misi gansazRvra mocemuli sidideebiT. 

     xSirad praqtikaSi bmas warmoadgens Rero da gvinda masSi aRZruli 

Zalvis gageba. Rero sxeulia, romlis ori ganzomileba bevrad naklebia 

mesamesTan SedarebiT, misi wona mxedvelobaSi ar miiReba da yvela dat-

virTva modis mis boloebze (kvanZebSi). ikribeba ra kvanZebze moqmedi Za-lebi, 

vRebulobT, rom Reroze moqmedebs mxolod ori pirdapir Tanawi-naaRmdegi 

Zala, romlebic mas an Wimavs an kumSavs. Reros SigniT aRZrul Zalas, 

romelic mas Wimavs an kumSavs, Zalva Zalva Zalva Zalva ewodeba. rogorc vxedavT, Zalva aris Zalva aris Zalva aris Zalva aris 

saxsris saSualebiT gsaxsris saSualebiT gsaxsris saSualebiT gsaxsris saSualebiT gadacemuli datvirTva. cxadia, Readacemuli datvirTva. cxadia, Readacemuli datvirTva. cxadia, Readacemuli datvirTva. cxadia, Rero Tavis mxriv ro Tavis mxriv ro Tavis mxriv ro Tavis mxriv 

moqmedebs saxsarze, romemoqmedebs saxsarze, romemoqmedebs saxsarze, romemoqmedebs saxsarze, romelic warmoadgens Reros reaqlic warmoadgens Reros reaqlic warmoadgens Reros reaqlic warmoadgens Reros reaqciciciciis Zalas. is Zalas. is Zalas. is Zalas.     

      aRvniSnoT kvanZebze modebuli Zalvebi S
�
 da S′

�
, xolo reaqciis Za-

lebi - R
�
 da R′

�
-iT (nax. 3.3). 

     im SemTxvevaSi, rodesac wonasworobis obieqtia kvanZi da ar viciT 

Rero iWimeba Tu ikumSeba, davuSvebT, rom Rero iWimeba, maSin Reros 

reaqciis Zalebi mimarTuli iqneba kvanZebidan SigniT (nax. 3.3a), xolo 

Zalvebi ki – gareT (romelTac amocanis amoxsnisas naxazze ar gamov-saxavT). 

amoxsnis Sedegad miRebuli reaqciis uaryofiTi niSani gviCvenebs, rom Rero 

ikumSeba. Tu davuSvebT, rom Rero ikumSeba (nax. 3.3b), maSin reaqciis 

uaryofiTi niSani gviCvenebs, rom Rero iWimeba. 

    

 

 

 

 

 

 

 

 

      nax. 3.2                                   nax.3.3 
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 Rerovani sistemis ganxilvisas winaswar ar viciT romeli Rero iWimeba da 

romeli ikumSeba. amitom mizanSewonilad migvaCnia imis daSveba, rom yvela 

Rero iWimeba da romelime Reros reaqciis uaryofiTi niSani migviTiTebs, 

rom es Rero ikumSeba. 

     im SemTxvevaSi, rodesac amocanas vxsniT grafikuli an geometriuli 

meTodiT, reaqciis Zalis mimarTulebas gvaZlevs ZalTa samkuTxedi.  

     nivTier wertilTa sistemis wonasworobis amocanis ganxilvisas 

yoveli wertilisTvis cal-calke SevadgenT wonasworobis gantolebebs da 

amovxsniT miRebul gantolebaTa sistemas. 

                amocana 3.1. amocana 3.1. amocana 3.1. amocana 3.1. AB     koWis    erTi A  bolo Camagrebulia uZravi cilindru-li 

saxsriT, xolo meore bolo eyrdnoba B  sagoravebs (nax. 3.4). koWis D  

wertilSi modebulia Q
�
 Zala, romelic horizintTan adgens α  kuTxes. ga-

igeT sayrdenebis reaqciebi ( 100Q = n, 2 3,a l=  3b l= , 60α = � ). [46]    

                 amoxsna.    koWze moqmedebs sami Zala: Q
�
 Zala da sayrdenTa AR

�
 da BR

�
 

reaqciebi. am sami ZalisTvis cnobilia: Q
�
 Zalis sidide da mimarTuleba, 

xolo BR
�
 Zalis mimarTuleba. amgvarad, gvaqvs sami ucnobi: BR

�
 Zalis sidide 

da AR
�
 Zalis sidide da mimarTuleba. wonasworobis gantolebebi ki gvaqvs 

ori (ix. (2.5.2) gantolebebi). miviReT, rom amocana statikurad urkvevia. 

magram koWi wonasworobaSia erT sibrtyeSi mdebare sami Zalis moqmedebiT, 

romelTagan oris fuZe ikveTeba. maSin sami Zalis Teoremis Tanaxmad, mesame 

AR
�
 Zalis fuZemac unda gaiaros BR

�
 da Q

�
 Zalebis fuZeeb-is gadakvrTis C  

wertilSi (nax. 3.4). amocanaSi mocemuli sidideebiT Se-gviZlia gavigoT AR
�
 

Zalis mier horizontTan Sedgenili β  kuZTxe. marT-lac, DCB△ -dan CB btgα= . 

ACB△ -dan 
CB btg

tg
AB a b

α
β = =

+
 => 

btg
arctg

a b

α
β  =  + 

. 

    amgvarad, sami Zalis Teoremis gamoyenebiT gavigeT AR
�
 Zalis mima-

rTuleba, ris Sedegadac ucnobTa ricxvi erTiT Semcirda da gaxda ori, 

amitom amocana gaxda statikurad rkvevadi.  
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                                    nax. 3.4 

    amocanis amosaxsnelad SegviZlia gamoviyenoT nebismieri cnobili 

meTodi. gamoviyenoT analizuri meTodi. SevadginoT wonasworobis ganto-

lebebi, miviRebT:  

         
1

cos cos 0
n

kx A

k

F R Qβ α
=

= − =∑ ,     
1

sin 0
n

ky A B

k

F R Q Rβ
=

= − + =∑    => 

         
cos

cos
AR Q

α
β

= ;  
cos

sin sin 0
cos

BQ Q R
α

β α
β

− + =   =>  
( )sin

cos
BR Q

α β
β
−

= . 

    roca 
2 1

, , 60
3 3

a l b l α= = = � , maSin 30β = � ,  
3

3
A BR R Q= = . 

    Tu 100Q = n, maSin 57,73A BR R= ≈ n. 

    pasuxi. 
cos

cos
AR Q

α
β

= ;   
( )sin

cos
BR Q

α β
β
−

= ;   
btg

arctg
a b

α
β  =  + 

. (roca 100Q = n, 

2 3,a l=  3b l= , 60α = � , maSin 57,73A BR R= ≈ ). 

                amocana 3.2. amocana 3.2. amocana 3.2. amocana 3.2. ipoveT nax. 3.5-ze mocemuli samsaxsrovani ACB  TaRis A , B  

da C  saxsrebisDreaqcia, rac gamowveulia 4P = kn sididis horiznta- luri 

Zalis moqmedebiT. 

      amoxsna. ACB  TaRi Sedgeba ori AC  da BC  naxevarTaRisagan. faqti-

urad gvaqvs ori sxeulisgan Semdgari sistema, Tumca amocanis amoxsna da-

iyvaneba sami Tavmoyrili Zalis mimarT wonasworobis amocanis amoxsnaze. 

ganvixiloT BC  naxevarTaRis wonasworoba. masze moqmedebs mxolod ori 
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 Zala: B  saxsris BR
�
 reaqciis Zala da C  Sualeduri saxsris CR

�
 reaqcia. 

radganac sxeuli wonasworobaSia ori Zalis moqmedebiT, amitom meSvide 

aqsiomis Tanaxmad, isini pirdapirTanawinaaRmdegi Zalebia, e.i. maTi moqmede-

bis fuZea B  da C  wertrilebze gamavali wrfe da B CR R= . 

 

 

 

 

  

 

 

 

 

 

                           nax. 3.5                                        

 

    axla ganvixiloT AC  naxevarTaRis wonasworobis amocana. masze 

moqmedebs sami Zala: P
�
 Zala, A  saxsris AR

�
 reaqciis Zala da C  saxsris 

C CR R′ = −
� �

 (meoTxe aqsiomis Tanaxmad) reaqciis Zala. amaTgan P
�
 da AR

�
 Zale-bis 

fuZeebi  ikveTeba K  werilSi. sami Zalis Teoremis Tanaxmad, AR
�
 Zal-is 

fuZemac unda gaiaros K  werilze. advilad gamovTvliT α  kuTxes. AKD△ -Si 

2 1
sin

40 10

KD

AK
α = = = , 

3
cos

10
α = . 

    amocana martivad ixsneba geometriuli meTodiT. Cven gamoviyenoT 

analizuri meTodi da SevadginoT (3.1.1) saxis gantolebebi (momentebis 

gantolebebi). momentTa centrebad aviRoT A  da B  wertilebi, miviRebT:   

( )
1

0
n

A k C

k

M F P KD R AC
=

′= − ⋅ + ⋅ =∑   => 
4 2

2 1,41
4 2

C

P KD
R

AC

⋅ ⋅
′ = = = ≈ kn; 

( )
1

sin 0
n

B k A

k

M F P KD R AB α
=

= − ⋅ − ⋅ =∑  => 
2

sin
A

P
R

AB α
= − =

2 4 10

8 1

⋅ ⋅
−

⋅
= 10 3,16− ≈ − kn. 

    pasuxi. 1, 41AR ≈ kn;  3,16B CR R= ≈ −  
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      amocana 3.3. amocana 3.3. amocana 3.3. amocana 3.3. Q  tvirTi Sekavebulia CA  da CB  ReroebiT da CD  jaW-viT 

(nax. 3.6). Reroebi urTerTmarTobulia da mdebareoben horizontalur 

sirtyeSi. gaigeT ReroebSi aRZruli Zalvebi da jaWvis daWimuloba, Tu 

CA a= , CB b= , CD d= . 

     amoxsna.    cxadia, wonasworobis obieqtad unda aviRoT C  saxsari. masze 

moqmedebs Q
�
 tvirTis simZimis Zala, Reroebis AR

�
 da BR

�
 reaqciebis Zalebi da 

T
�
 jaWvis daWimulobis Zala. davuSvaT, rom Reroebi iWimeba. 

 

 

  

 

 

 

 

 

 

 

 

 

 

                       nax. 3.6 

 

     SevadginoT wonasworobis gantolebebi: 

    cos cos 0kx BF R T α β= − − =∑ .                                         (a) 

    cos sin 0ky AF R T α β= − − =∑ ,                                         (b) 

    sin 0kzF T Qα= − =∑ .                                                (g) 

     (g) tolobidan sinT Q α= .                                       

     gamovTvaloT sinα . OACB  marTkuTxedia. OBC△ -Si 2 2OC a b= + ; DOC△ -

Si 2 2OD DC OC= − = 2 2 2d a b− −  => sin OD DCα = =OD d , cos OC dα = . maSin  

T Q d OD= ⋅ . 

     AOC△ -Si sin a OCβ = , cos b OCβ = . 
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     (b)-dan A

d OC a a
R Q Q

OD d OC OD
= − ⋅ ⋅ ⋅ = − , 

     (a)-dan B

d OC b b
R Q Q

OD d OC OD
= − ⋅ ⋅ ⋅ = − .  

     reaqciis Zalis uaryofiTi niSani imaze migviTiTebs, rom Rero ki ar 

iWimeba, aramed ikumSeba, e.i. reaqciis Zala mimarTulia kvanZidan (saxs-ridan) 

gareT. maSin qmedebisa da ukuqmedebis aqsiomis Tanaxmad, Zalva si-didiT 

reaqciis Zalis tolia da mimarTulia mis sawinaaRmdegod. Zalvas, rogorc 

wesi, S  asoTi aRvniSnavT da is Tu mkumSavia, mis ricxviT sidi-des win 

davuwerT 2−3 niSans. 

     pasuxi. A

a
S Q

OD
= − ; B

b
S Q

OD
= − ; 

d
T Q

OD
= , sadac 2 2 2OD d a b= − − . 
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IV TaviIV TaviIV TaviIV Tavi 

 

erT sibrtyeze mdebare ZalTa sistemaerT sibrtyeze mdebare ZalTa sistemaerT sibrtyeze mdebare ZalTa sistemaerT sibrtyeze mdebare ZalTa sistema 
    

      am TavSi ganvixilavT myar sxeulze modebul erT sibrtyeze mdebare 

nebismier ZalTa sistemas. aseT ZalTa sistemas brtyel ZalTa sisbrtyel ZalTa sisbrtyel ZalTa sisbrtyel ZalTa sistemasactemasactemasactemasac 

uwodeben. 

 

4.1. Zalis skalaruli momenti4.1. Zalis skalaruli momenti4.1. Zalis skalaruli momenti4.1. Zalis skalaruli momenti    
 

      ganvixiloT uZravi O  wertilis mqone myari sxeuli, romlis A  

wertilSi modebulia F
�
 Zala (nax. 4.1). davuSvaT, rom O  wertili da F

�
 Zala 

qaRaldis sibrtyeSi mdebareoben. vinaidan sxeuls aqvs uZravi wer-tili, 

amitom Zalas SeuZlia is mxolod moabrunos O  wertilze gamavali qaRaldis 

sibrtyis marTobi RerZis garSemo. O  wertilidan Zalis fuZeze davuSvaT OK  

marTobi da misi sigrZe aRvniSnoT h -iT. vuwodoT OK  mar-Tobs da mis h  

sigrZesac F
�
 Zalis mxari Zalis mxari Zalis mxari Zalis mxari O     wertilis mimarTwertilis mimarTwertilis mimarTwertilis mimarT.  

                        gansazRvra. gansazRvra. gansazRvra. gansazRvra. Zalis skalaruli momenti wertlis mimarT ewodeba Zalis 

sididisa da mxaris namravls, aRebuls 2+3 niSniT, Tu Zala cdilobs sxeuli 

moabrunos dadebiTi mimarTulebiT; winaaRmdeg SemTxvevaSi aiReba 2−3 niSniT. 

brunvis dadebiT mimarTulebad miviRoT brunva saaTis isris brunvis 

sawinaaRmdego mimarTulebiT.  

 

 

 

  

 

 

 

 

 

 
             nax. 4.1                                   nax. 4.2 
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      wertils, romlis mimarTac ganisazRvreba Zalis momenti, momentis momentis momentis momentis 

centri centri centri centri ewodeba.  

      O  wertilis mimarT F
�
 Zalis skalaruli momenti aRvniSnoT ( )oM F

�
 an 

oM  simboloTi.  

      gansazRvris Tanaxmad 

                              oM F h= ± ⋅ .                                 (4.1.1) 

      4.1 naxazidan advilad miviRebT: 

                         2oM = ± farT. AOB△ .                            (4.1.2) 

      Zalis sididisa da mxaris namravli axasiTebs Zalis meqanikuri moq-

medebis efeqts, namravlis win niSani ki gviCvenebs brunvis mimarTulebas. 

amgvarad, Zalis skalaruli momenti srulad axasiaTebs momentTa centrsa da 

Zalis fuZeze gamavali sibrtyis marTobuli RerZis garSemo sxeulis brunvas.    

      Zalis skalaruli momentis ZiriTadi Tvisebebia: 

      1. Zalis fuZeze gasrialebiT momenti ar icvleba;  

      2. Tu Zalas SevucvliT mimarTulebas sawinaaRmdegoTi, maSin moments 

Seecvleba niSani sapirispiroTi;  

      3. Tu Zalis fuZe gadis momentis centrze, maSin momenti nulis to-lia 

(am SemTxvevaSi h =0). 

 

4.2. Zalis skalaruli momentis analiz4.2. Zalis skalaruli momentis analiz4.2. Zalis skalaruli momentis analiz4.2. Zalis skalaruli momentis analizuri gamosaxvauri gamosaxvauri gamosaxvauri gamosaxva    

 

      davuSvaT, rom myari sxeulis A  wertilSi modebuli F
�
 Zala mdeba-

reobs Oxy sibrtyeSi (nax. 4.2). am sibrtyis nebismeri O′  wertili avirCioT 

momentis centrad. vTqvaT, Zalis gegmilebia ,x yF F , xolo A  da O′  werti-

lebis koordinatebia Sesabamisad ,x y  da ,a b . F
�
 Zalis mier Ox  RerZis 

dadebiT mimarTulebasTan Sedgenili kuTxe aRvniSnoT α -Ti, xolo O A r′ =
���� �

 

veqtoris mier Sedgenili kuTxe ki - β -Ti. 

      nax. 4.2-dan advilad miviRebT:  

             , cos , sin ,X yO AK F F F Fα β α α′∠ = − = =  

        ( )cos , sin , sinx yr x a r r r y b r h rβ β α β= − = = = − = = − .              (4.2.1) 
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      am tolobebis gaTvaliswinebiT (4.1.1) gvaZlevs: 

        ( ) ( )sino oM M F F h Fr α β= = ⋅ = − = ( )sin cos cos sinFr α β α β− = 

            = ( )( ) ( ) ( )cos sin sin cosr F r Fβ α β α− = ( ) ( )y xx a F y b F− − − . 

      miviReT: 

                       ( ) ( )o y xM x a F y b F= − − − .                         (4.2.2) 

      aRaniSnavia, rom (4.2.2) formulaSi ,x y  Zalis fuZis nebismieri werti-

lis koordinatebia (momentis pirveli Tvisebis Tanaxmad). 

      rodesac O′  momentis centri emTxveva koordinatTa saTaves, e.i. a b= =0, 

maSin (4.2.2) formula aseTi saxiT Caiwereba: 

                         o y xM xF y F= − .                                (4.2.3) 

 

4.3. varinionis Teorema brtyeli Tavmoyrili Zalebis 4.3. varinionis Teorema brtyeli Tavmoyrili Zalebis 4.3. varinionis Teorema brtyeli Tavmoyrili Zalebis 4.3. varinionis Teorema brtyeli Tavmoyrili Zalebis     

tolqmedis momentis Sesaxebtolqmedis momentis Sesaxebtolqmedis momentis Sesaxebtolqmedis momentis Sesaxeb 

 

                        Teorema. Teorema. Teorema. Teorema. nebismieri wertilis mimarT erT sibrtyeSi mdebare Tav-

moyrili Zalebis tolqmedis skalaruli momenti udris imave wertilis 

mimarT yvela Zalis skalaruli momentebis algebrul jams.        

                        damtkiceba. vTqvaT, myari sxeulis 1 2, , , nA A A⋯  wertilebSi modebulia 

1 2, , , nF F F
� � �

⋯  erT sibrtyeSi mdebare Tavmoyrili Zalebi, romelTa tolqmedia Ri
�
, 

xolo Tavmoyris centri - A  wertili. davuSvaT, rom Zalebi mdebareobs 

Oxy sibrtyeSi. aRvniSnoT maTi gegmilebi ( )1 1,x yF F , ( )2 2,x yF F ,⋯ , ( ),nx nyF F -iT. 

yoveli Zala gavasrialoT fuZis gaswvriv, movdoT ( ),A x y  wertilSi da 

gamovTvaloT maTi skalaruli momentebi sibrtyis raime ( ),O a b′  wertilis 

mimarT. momentebi CavweroT (4.2.2) formulis saSualebiT: 

           ( ) ( ) ( )1 1 1o y xM F x a F y b F′ = − − −
�

, 

           ( ) ( ) ( )2 2 2o y xM F x a F y b F′ = − − −
�

, 

            - - - - - - - - - - - - - - - - - 

           ( ) ( ) ( )o n ny nxM F x a F y b F′ = − − −
�

. 

      am tolobebis SekrebiT miviRebT: 
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         ( ) ( )( ) ( )( )1 2 1 2

1

n

o k x x nx y y ny

k

M F x a F F F y b F F F′
=

= − + + + − − + + +∑
�

⋯ ⋯ . 

      gavixsenoT, rom 1 2x x nx xF F F R+ + + = i
⋯ ,  1 2y y ny yF F F R+ + + = i

⋯  da miviRebT: 

                ( ) ( ) ( )
1

n

o k Y x

k

M F x a R y b R′
=

= − − −∑ i i
�

. 

      (4.2.2) formulis gaTvaliswineba gvaZlevs:  

                                                        ( ) ( )
1

n

o k o

k

M F M R′ ′
=

=∑ i
�

.             r. d. g. 

      rogorc viciT 
1

n

k

k

R F
=

=∑i
� �

, amitom varinionis Teorema ase Caiwereba: 

                ( )
1 1

n n

o k o k

k k

M F M F′ ′
= =

 
=  

 
∑ ∑

� �
 

                        miviReTmiviReTmiviReTmiviReT: momentebis jami udris jamis moments. 

 

4.4. nakrebi skalaruli momenti4.4. nakrebi skalaruli momenti4.4. nakrebi skalaruli momenti4.4. nakrebi skalaruli momenti 

    

      davuSvaT, rom sxeulis ( ) ( ) ( )1 1 1 2 2 2, , , , , ,n n nA x y A x y A x y⋯  wertilebSi mode-

bulia Oxy sibrtyeSi mdebare ( )1 1 1,x yF F F
�

, ( )2 2 2,x yF F F
�

, ,⋯ ( ),n nx nyF F F
�

 Zalebi. ama-ve 

sibrtyis nebismeri ( ),O a b′  wertilis mimarT gamovTvaloT TiToeuli Za-lis 

skalaruli momenti da SevkriboT. 

                    gansazRvra. gansazRvra. gansazRvra. gansazRvra. sibrtyis nebismieri wertilis mimarT erT sibrtyeSi mdebare 

Zalebis nakrebi skalaruli momenti nakrebi skalaruli momenti nakrebi skalaruli momenti nakrebi skalaruli momenti ewodeba amave wertilis mimarT yvela 

Zalis momentebis algebrul jams. 

      nakrebi skalaruli momenti ( ),O a b′  wertilis mimarT aRvniSnoT oM ′
i  

simboloTi da miviRebT: 

 ( )
1

n

o o k

k

M M F′ ′
=

=∑i
�

.                           (4.4.1) 

      (4.2.2) formulis gaTvaliswineba gvaZlevs: 

                    ( ) ( )
1

n

o k ky k kx

k

M x a F y b F′
=

 = − − − ∑i .                      (4.4.2) 

 



 

45 

 

      O′  wertils ZalTa sistemis momentTa centri momentTa centri momentTa centri momentTa centri ewodeba. im SemTxvevaSi, 

roca momentTaAcentri emTxveva koordinatTa saTaves, e.i. a b= =0, maSin (4.4.2) 

formula aseTi saxiT Caiwereba:  

                   
1

n

o k ky k kx

k

M x F y F′
=

 = − ∑i .                             (4.4.3) 

 

4.5. Zalis moment4.5. Zalis moment4.5. Zalis moment4.5. Zalis momentiiii    da nakrebi momentda nakrebi momentda nakrebi momentda nakrebi momentiiii    axali centris mimarTaxali centris mimarTaxali centris mimarTaxali centris mimarT        
 
 

      vTqvaT, myari sxeulis raime ( ),A x y  wertilSi modebulia ( ),x yF F F
�

 Zala 

da Oxy sibrtyis nebismieri ( )1 1 1,O a b  wertilis mimarT gamoTvlili gvaqvs misi 

1o
M skalaruli momenti (nax. 4.3). gvinda gamovTvaloT amave Za-lis 

2o
M skalaruli momenti ( )2 2 2,O a b  wertilis mimarT. vuwodoT 1O  da 2O  

wertilebs Sesabamisad Zveli da axali momentis centrebi. 

      gansazRvris Tanaxmad 
2 2oM F h= ⋅ . nax. 4.3-dan advilad miviRebT: 2h = 

1 12h h= − , amitom  

              ( )
2 2 1 12 1 12oM F h F h h F h F h= ⋅ = − = ⋅ − ⋅ .                         (4.5.1) 

 
 
 
 
 
 
 
  
 
  
 
 
  
 
                       nax. 4.3                                nax. 4.4 

 

      miRebul gamosaxulebaSi 1F h⋅  aris F
�
 Zalis skalaruli momenti 1O  

Zveli centris mimarT, xolo 12F h⋅  - imave Zalis momenti Zveli centris 

mimarT, Tu vigulisxmebT, rom Zala modebulia axal 2O  momentis centrSi. am 

ukanaskneli faqtis aRsaniSnavad SemoviRoT simbolo ( )
1

2
o

o
M F

�
, rac ase 
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waikiTxeba: 2 2O  wertilze modebuli F
�
 Zalis skalaruli momenti 1O  wer-

tilis mimarT3. am aRniSvnis gaTvaliswinebiT (4.5.1) aseT saxes miiRebs: 

                     ( ) ( ) ( )
2 2 1 1

2
o o o o

A A o
M M F M F M F= = −

� � �
,                   (4.5.2) 

an rac igivea 

                     ( )
2 1 1

2
o O O

o
M M M F= −

�
.                                 (4.5.3) 

                        miviReT:miviReT:miviReT:miviReT: Zalis skalaruli momenti axali centris mimarT tolia mo-

ments Zveli centris mimarT gamoklebuli axal centrze pirobiTad mo-

debuli Zalis momenti Zveli centris mimarT. advilad miviRebT, rom  

                  ( )
2 1 2

1
o O O

o
M M M F= +

�
.                                (4.5.4) 

      (4.2.2) formulis gaTvaliswinebiT (4.5.3) da (4.5.4) cal-calke gvaZlevs: 

                ( ) ( )
2 1 2 1 2 1o o y xM M a a F b b F= − − + − .                  (4.5.5) 

      rodesac Zveli centri emTxveva koordinatTa saTaves, e.i. 1 1 0a b= =  da  

axal centrad aRebulia ( ),O a b′  wertili, maSin bolo sami formula cal-

calke gvaZlevs:  

              ( ) ( )o o o o o o y x
o o

M M M F M M F M aF bF′ ′′
= − = + = − +

� �
.             (4.5.6) 

      gamovTvaloT erT sibrtyeSi mdebare 1 2, , , nF F F
� � �

⋯  ZalTa sistemis nak-rebi 

skalaruli momenti axali centris mimarT. davuSvaT, rom 1O  da 2O  

wertilebi Sesabamisad Zveli da axali momentTa centrebia. yoveli Zalis-

Tvis SevadginoT  (4.3.2) saxis formula da SevkriboT. miviRebT:        

( ) ( ) ( )
2 1 1

21 1 1k k

n n n

o k o k o k
A A o

k k k

M F M F M F
= = =

= −∑ ∑ ∑
� � �

  <=> ( )
2 1 1

21

n

o o o k
o

k

M M M F
=

= −∑i
�

.       (4.5.7) 

      ( )
1

2
1

n

o k o
k

M F
=
∑  gamosaxulebaSi igulisxmeba, rom yvela Zala modebulia 2O  

wertilSi, amitom varinionis Teoremis Tanaxmad  

                   ( ) ( )
1 1 1

2 21 1

n n

o k o k o
o o

k k

M F M F M F
= =

 
= = 

 
∑ ∑ i

� � �
. 

am gamosaxulebis gaTvaliswinebiT  (4.5.7)-dan  vRebulobT: 

                      ( )
2 1 1

2
o o o

o
M M M F= −i i i

�
,                               (4.5.8)  

an 

                    ( )
2 1 2

1
o o o

o
M M M F= +i i i

�
.                               (4.5.9)  
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                        miviReT:miviReT:miviReT:miviReT: brtyeli ZalTa sistemis  nakrebi skalaruli momenti axali 

centris mimarT udris Zveli centris mimarT nakreb moments gamoklebuli 

axal centrze pirobiTad modebuli ZalTa sistemis nakrebi veqtoris momenti 

Zveli centris mimarT an damatebuli Zvel centrze pirobiTad modebuli 

ZalTa sistemis nakrebi veqtoris momenti axali centris mimarT.  

im SemTxvevaSi, roca Zveli centri emTxveva koordinatTa sistemis saTaves, 

xolo axali centri sibrtyis nebismier O′  wertils, maSin bolo ori 

formula aseT saxes miiRebes:  

                ( )o o o
o

M M M F′ ′
= −i i i

�
= ( )o o

o
M M F′+ i

�
.                      (4.5.10) 

      (4.5.10) analizurad ase Caiwereba: 

                  0o y xM M xF yF′ = − +i i i i ,                               (4.5.11)                

sadac x  da y  nakrebi veqtoris fuZis nebismieri wertilis koordinatebia. 

vTqvaT, nakrebi veqtori nulis tolia, maSin bolo oTxi toloba cal-calke 

gvaZlevs:  

                              0oM M′ =
i i .                                (4.5.12) 

                        miviReTmiviReTmiviReTmiviReT: rodesac ZalTa sistemis nakrebi veqtori udris nuls, maSin 

nakrebi momentis mniSvneloba ar aris damokidebuli momentTa centris 

arCevaze. 

      ganxilul masalaSi Cven gavecaniT brtyel ZalTa sistemis nakrebi 

veqtorisa da nakrebi skalaruli momentis cnebebs, romlebic mWidro kav-

SirSi arian ZalTaAsistemis wonasworobis pirobebTan. am ukanasknelis gan-

xilvamde aucileblad unda gavecnoT erT metad mniSvnelovan meqanikur 

sidides – wyvilZalaswyvilZalaswyvilZalaswyvilZalas. 

 

4.6. wyvilZala da misi 4.6. wyvilZala da misi 4.6. wyvilZala da misi 4.6. wyvilZala da misi momentimomentimomentimomenti    
 

      $2.8-Si, wyvilZala ganvsazRvreT rogorc ori Zala, romelTa sidi-deebi 

tolia, paralelur fuZeebze mdebareoben da urTierTsawinaaRmdego 

mimarTulebebi aqvT. sibrtyes, romelSic wyvilZala mdebareobs, wyvilwyvilwyvilwyvilZaZaZaZa----lis lis lis lis 

sibrtyesibrtyesibrtyesibrtye ewodeba. xSirad wyvilZalis Zalebs P
�
Dda Q

�
DasoebiT aRniS-naven, 

xolo TviT wyvilZalas - ( ),P Q
��

 simboloTi. cxadia, rom P
�
=− Q
�
, am-itom 

wyvilZalis nakrebi veqtori 0F P Q Q Q= + = − + =i
� � �� �

. amgvarad, wyvil-Zalis 
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nakrebi momenti ar aris damokidebuli momentTa centris arCevaze (ix. $ 4.5). 

maSin, Tu momentTa centrad avirCevT wyvilZalis erT-erTi Zalis fuZis 

nebismier wertils, magaliTad, B  wertils (nax. 4.4), miviRebT: 

M = ( ),BM P Q
��

= ( ) ( )B BM P M Q+
��

.  magram ( ) 0BM Q =
�

,   amitom M = ( ),BM P Q
��

= ( )BM P
�

. 

cxadia, rom ( )AM M Q=
�

. miviReT, rom wyvilZalis nakrebi momenti udris misi 

Semadgeneli erT-erTi Zalis moments meore Zalis fuZis nebismieri wertilis 

mimarT. 

      wyvilZalis Zalebis fuZeebis marTobul monakveTs da am monakveTis 

sigrZesac vuwodoT wyvilZalis mxariwyvilZalis mxariwyvilZalis mxariwyvilZalis mxari (nax. 4.4).  Tu mxars aRvniSnavT h -iT, 

miviRebT: M P h= ⋅ . Tu wyvilZalis Zalebs SevucvliT mimarTulebebs sawi-

naaRmdegoze, maSin M P h= − ⋅ . 

                        gansazRvra.gansazRvra.gansazRvra.gansazRvra.    wyvilZalis skalaruli momenti ewodeba mis nakreb ska-

larul moments an rac igivea, misi erT-erTi Zalis sididisa da mxaris 

namravls, aRebuls „+“ niSniT, Tu wyvilZala cdilobs sxeuli moabrunos 

saaTis isris brunvis sawinaaRmdego mimarTulebiT, winaaRmdeg SemTxvevaSi 

aiReba „_“  niSani. 

      SevniSnoT, rom Tu wyvilZalis momenti nulis tolia, maSin wyvil-Zala 

ar arsebobs. marTlac, momenti nulis tilia, roca an P =0 an h =0. pirvel 

SemTxvevaSi wyvilZalis Zalebi ar arsebobs, xolo meore SemTxve-vaSi – 

Zalebi mdebareoben erT fuZeze. 

      aRsaniSnavia, rom wyvilZala damoukidebeli meqanikuri sididea. misi wyvilZala damoukidebeli meqanikuri sididea. misi wyvilZala damoukidebeli meqanikuri sididea. misi wyvilZala damoukidebeli meqanikuri sididea. misi 

gawonasworeba ZaliT SeuZlebelia.gawonasworeba ZaliT SeuZlebelia.gawonasworeba ZaliT SeuZlebelia.gawonasworeba ZaliT SeuZlebelia.    

 
 

    4.7.4.7.4.7.4.7.    tolfasi ZalTa sistemebi. elementaruli gardaqmnebitolfasi ZalTa sistemebi. elementaruli gardaqmnebitolfasi ZalTa sistemebi. elementaruli gardaqmnebitolfasi ZalTa sistemebi. elementaruli gardaqmnebi    

    

      ZiriTadi cnebebis ganxilvisas ganvmarteT tolfasi ZalTa sistemebi: 

isini erTsa da imave sxeulze cal-calke erTnair meqanikur moqmedebebs 

axdenen. naTqvamidan gamomdinareobs, rom Tu ori ZalTa sistema cal-calke 

mesame ZalTa sistemis tolfasia, maSin isini urTierTtolfasnic arian.  

      ganvixiloT Semdegi moqmedebebi: 

1. Zalis gasrialeba fuZis gaswvriv;  

2. erT wertilze modebuli Zalebis Sekreba;  

3. Zalis daSla Semdgenebad;  
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4. pirdapir TanawinaaRmdegi Zalebis damateba an CamoSoreba. 

      am moqmedebebs elementaruli gardaqmnebi elementaruli gardaqmnebi elementaruli gardaqmnebi elementaruli gardaqmnebi ewodeba. arc erTi maTgani ar 

cvlis sxeulis meqanikur mdgomareobas. 

      ori ZalTa sistemis, magaliTad, 1 2, , , nP P P
� � �

⋯  da 1 2, , , mQ Q Q
� � �

⋯  sistemebis, 

tolfasoba ase Caiwereba: 

                      { }1 2, , , nP P P
� � �

⋯ ∼  { }1 2, , , mQ Q Q
� � �

⋯ .  

    

4.8. erT 4.8. erT 4.8. erT 4.8. erT sibrtyezesibrtyezesibrtyezesibrtyeze    mdebare wyvilZalebis tolfasobamdebare wyvilZalebis tolfasobamdebare wyvilZalebis tolfasobamdebare wyvilZalebis tolfasoba 

 
      davsvaT kiTxva: ra pirobebi unda Sesruldes imisaTvis, rom erT sib-

rtyeze mdebare ori wyvilZala erTmaneTis tolfasi iyos? 

                        Teorema. Teorema. Teorema. Teorema. erT sibrtyeze mdebare ori wyvilZala tolfasia, Tu maTi 

skalaruli momentebi tolia. 

      damtkiceba. vTqvaT, sxeulze moqmedebs ( )1 1,P Q
��

 wyvilZala, romlis mo-

menti 1M -is tolia. SevecadoT ( )1 1,P Q
��

 wyvilZala missave sibrtyeSi gardavq-

mnaT ( )2 2,P Q
��

 wyvilZalad, Tu am ukanasknelis momenti 2M = 1M .  

      SesaZlebelia ori SemTxveva: 1. wyvilZalebis fuZeebi ikveTeba da 2. 

wyvilZalebis fuZeebi paraleluria.  

      daviwyoT pirveli SemTxveviT. viciT ( )1 1,P Q
��

 wyvilZala da ( )2 2,P Q
��

-is 

fuZeebi. gavagrZeloT fuZeebi gadakveTamde. miviRebT parallelograms, 

romlis wveroebi aRvniSnoT , , ,A B C D  asoebiT (nax. 4.5). gavasrialoT 1P
�
 da 1Q

�
 

Zalebi da movdoT Sesabamisad A  da C  wertilebSi. paralelogramis 

wveroebSi movdoT sididiT oTxi toli 2 ,P
�

2 ,P′
�

2Q
�
, 2Q

′
�

 Zalebi ise, rogorc nax. 

4.5-zea naCvenebi. miviRebT ( )2 2,P Q
��

 da ( )2 2,P Q ′′
��

 wyvilZalebs, romelTa momente-bi 

erTmaneTisgan gansxvavdeba mxolod niSniT. 

      SevkriboT A  wertilSi modebuli 1P
�
 da 2Q

′
�

 Zalebi da jami aRvniS-noT 

1R′
�
-iT. SevkriboT C  wertilSi modebuli 1Q

�
 da 2P

′
�
 Zalebi da jami aRvniSnoT 

2R′
�
-iT. cxadia, 1R′

�
= 2R′
�

. vaCvenoT, rom es Zalebi erT A  fuZeze mdebareoben.E 
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                    nax. 4.5                              nax. 4.6 
 
      varinionis Teoremis Tanaxmad 

        ( ) ( ) ( ) ( ) ( )1 1 2 1 1 2,C C C CM R M P M Q M P Q M Q′= + = + −i
� � �� � �

= 

               =M ( ) ( )1 2 1 2 2 1 2,CM M Q M M P Q M M− = − = −
� ��

,  

        ( ) ( ) ( ) ( ) ( )2 1 2 1 1 2,A A A AM R M Q M P M P Q M P′= + = + −i
� �� � � �

= 

                =M ( ) ( )1 2 1 2 2 1 2,AM M P M M P Q M M− = − = −
�� �

.  

      rodesac 2M = 1M , maSin ( )1 0CM R =i
�

 da ( )2 0AM R =i
�

, rac imas niSnavs, rom 

A  wertilze modebuli 1R′
�
 Zalis fuZe gadis C  wertilze, xolo C  wer-

tilze modebuli 2R′
�
 Zalis gadis A  wertilze. amgvarad, 1R′

�
 da 2R′

�
 Zalebi 

pirdapir TanawinaaRmdegi Zalebia, amitom meeqvse aqsiomis Tanaxmad SegviZ-

lia sxeuls CamovaSroT da sxeulze modebuli iqneba mxolod ( )2 2,P Q
��

 

wyvilZala. amiT Teorema pirvli SemTxvevisTvis damtkicebulia.  

      meore SemTxvevis dasamtkiceblad ganvixiloT mesame iseTi ( )3 3,P Q
��

 

wyvilZala, romlis fuZeebi kveTs mocemuli wyvilZalebis fuZeebs da misi 

momenti 3M = 2M = 1M . damtkicebuli pirveli SemTxvevis gaTvaliswinebiT 

miviRebT:  

              
( ) ( )
( ) ( )

1 1 3 3

2 2 3 3

, ,

, ,

P Q P Q

P Q P Q



=>



� �� �
∼

� �� �
∼

( )1 1,P Q
��
∼ ( )2 2,P Q

��
. 

A      amiT Teorema mTlianad damtkicebulia. 

      damtkicebuli Teoremidan gamomdinareobs metad mniSvnelovani Sedegi: 

wyvilZala Tavis sibrtyeSi SegviZlia SemovabrunoT, gadavitanoT sxva wyvilZala Tavis sibrtyeSi SegviZlia SemovabrunoT, gadavitanoT sxva wyvilZala Tavis sibrtyeSi SegviZlia SemovabrunoT, gadavitanoT sxva wyvilZala Tavis sibrtyeSi SegviZlia SemovabrunoT, gadavitanoT sxva 
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adgilas, SevcvaloT Zalis sidide an mxaris sigrZe ise, rom misiadgilas, SevcvaloT Zalis sidide an mxaris sigrZe ise, rom misiadgilas, SevcvaloT Zalis sidide an mxaris sigrZe ise, rom misiadgilas, SevcvaloT Zalis sidide an mxaris sigrZe ise, rom misi momenti ar momenti ar momenti ar momenti ar 

Seicvalos.Seicvalos.Seicvalos.Seicvalos. amgvarad, wyvilZalis sacodnelad sakmarisia vicodeT misi 

momenti. amasTan dakavSirebiT, xSirad naxazze wyvilZalas gamosaxaven wri-

uli isriT, romelic gviCvenebs Tu is ra mimarTulebiT cdilobs moab-runos 

sxeuli (nax. 4.6). 

 

4.9. erT sibrtyeze mdebare wyvilZalebis Sekreba4.9. erT sibrtyeze mdebare wyvilZalebis Sekreba4.9. erT sibrtyeze mdebare wyvilZalebis Sekreba4.9. erT sibrtyeze mdebare wyvilZalebis Sekreba 

 

      vixilavT myar sxeuls, romelzec modebulia erT sibrtyeze mdebare 

( )1 1,P Q
��

, ( )2 2,P Q
��

,⋯ , ( ),n nP Q
��

 wyvilZalebi Sesabamisad 1M , 2M ,⋯ , nM -is toli mo-

mentebiT.  

      davamtkicoT Semdegi Teorema:Teorema:Teorema:Teorema:    erT    sibrtyeze mdebare ramdenime 

wyvilZala iseTi erTi wyvilZalis tolfasia, romlis skalaruli mometi 

wyvilZalebis skalaruli momentebis jamis tolia. 

 

 

 

 

 

 

 

 

                nax. 4.7      nax. 4.8 

 

                    damtkiceba.    wyvilZalebis  sibrtyeze aviRoT  raime AB monakveTi da 

TiToeuli wyvilZala SevcvaloT Tavisi tolfasi wyvilZaliT ise, rom 

yvelas mxari iyos AB  monakveTi (nax. 4.7). miviRebT ( )1 1,P Q′ ′
��

, ( )2 2,P Q′ ′
��

,⋯ , ( ),n nP Q′ ′
��

 

wyvilZalebi, romelTa momentebi iqneba 1M , 2M ,⋯ , nM . SevkriboT A  da B  

wertilebze modebuli Zalebi da jamebi aRvniSnoT Pi
�
 da Qi

�
 asoebiT. maSin  

1 2 nP P P P′ ′ ′= + + +i
� � � �

⋯ , 1 2 nQ Q Q Q′ ′ ′= + + +i
� � � �

⋯ . cxadia, Pi
�
 da Qi

�
 Zalebi Seadge-nen 

wyvilZalas. mas mocemuli wyvilZalebis tolqmedi wyviltolqmedi wyviltolqmedi wyviltolqmedi wyvilZala ewodeba. Zala ewodeba. Zala ewodeba. Zala ewodeba. 

gamovTvaloT misi momenti:  
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       ( ) ( ) ( ) ( ) ( ) ( )1 2, A A A nM M P Q M P M Q M Q M Q M Q′ ′ ′= = + = + + +i i i i
� � � � �� �

⋯ = 

          = ( ) ( ) ( )1 1 2 2 1 2, , ,n n nM P Q M P Q M P Q M M M′ ′ ′ ′ ′ ′+ + + = + + +
� � �� � �

⋯ ⋯ .      r. d. g. 

 

4.10. er4.10. er4.10. er4.10. erT sibrtyeze mdebare wyvilZalebis wonasworobaT sibrtyeze mdebare wyvilZalebis wonasworobaT sibrtyeze mdebare wyvilZalebis wonasworobaT sibrtyeze mdebare wyvilZalebis wonasworoba 

 

      vTqvaT, myar sxeulze moqmedebs erT sibrtyeze mdebare ramdenime 

wyvilZala, romelTa momentebia 1M , 2M ,⋯ , nM . SevcvaloT es wyvilZalebi 

tolqmedi wyvilZaliT, romlis momenti 
1

n

k

k

M M
=

=∑i . Tu sxeulze mxolod 

wyvilZalebi moqmedebs, maSin misi wonasworobisaTvis saWiroa tolqmedi 

wyvilZala nulis tolfasi iyos anu misi momenti unda udrides nuls. 

amgvarad,    

                                 
1

0
n

k

k

M
=

=∑ .                          (4.10.1) 

                        miviReT:miviReT:miviReT:miviReT: erT sibrtyeze mdebare ramdenime wyvilZalis wonasworo-

bisaTvis maTi skalaruli momentebis jami unda iyos nulis toli. 

 

4.11.4.11.4.11.4.11.    Zalis paraleluri gadatZalis paraleluri gadatZalis paraleluri gadatZalis paraleluri gadatana. mikavSirebuli wyvilZalaana. mikavSirebuli wyvilZalaana. mikavSirebuli wyvilZalaana. mikavSirebuli wyvilZala 

 
                        lema. lema. lema. lema. myari sxeulis raime wertilSi modebuli nebismieri Zala tol-

fasia sami Zalis, romelTagan erTi sxva wertilSi modebuli misi toli 

Zalaa, xolo ori danarCeni Seadgens wyvilZalas, romlis momenti udris 

mocemuli Zalis moments axali modebis wertilis mimarT. 

      damtkiceba.    vixilavT myar sxeuls, romlis A  wertilSi modebulia 

F
�
Zala. sxeulis nebismier B  wertilSi movdoT F ′

�
 da F ′′

�
 pirdapir Tana-

winaaRmdegi Zalebi, romelTagan F F′ =
� �

 (nax. 4.8). miRebuli sami Zalidan F
�
 da 

F ′′
�

 Seadgenen wyvilZalas, romlis momenti ( ) ( ), BM M F F M F′′= =
� � �

. r. d. g. 

      ( ),F F ′′
� �

 wyvilZalas mikavSirebuli mikavSirebuli mikavSirebuli mikavSirebuli wyvilZalawyvilZalawyvilZalawyvilZala ewodeba. 
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4.12. erT4.12. erT4.12. erT4.12. erT sibrtyeSi mdebaresibrtyeSi mdebaresibrtyeSi mdebaresibrtyeSi mdebare    ZalTa sistemis dayvana ZalTa sistemis dayvana ZalTa sistemis dayvana ZalTa sistemis dayvana     

erT Zalamde da erT wyvilZalamdeerT Zalamde da erT wyvilZalamdeerT Zalamde da erT wyvilZalamdeerT Zalamde da erT wyvilZalamde    

 

                        Teorema. Teorema. Teorema. Teorema. myar sxeulze modebuli erT sibrtyeSi mdebare    ZalTa sistema, 

sazogadod,  tolfasia nebismier wertilze modebuli erTi Zalis da erTi 

wyvilZalis. Zala tolia ZalTa sistemis nakrebi veqtoris, xolo wyvilZalis 

momenti – ZalTa sistemis nakrebi skalaruli momentisa am wertilis mimarT.  

      damtkiceba. vixilavT myar sxeulze modebul erT sibrtyeSi mdebare    

1 2, , , nF F F
� � �

⋯     ZalTa sistemas (nax. 4.9,a). sibrtyeze aviRoT nebismieri A  wertili 

da yvela Zala gadavitanoT Tavis Tavis paralelurad am wer-tilSi (nax. 

4.9,b). miviRebT A  wertilze modebul 1 2, , , nF F F′′ ′
� � �

⋯     Zalebs, rom-lebic 

Sesabamisad tolia 1 2, , , nF F F
� � �

⋯     Zalebisa da n  odenobis mikavSirebul ( )1 1,F F ′
� �

, 

( )2 2,F F ′
� �

, ⋯    , ( ),n nF F ′
� �

 wyvilZalas. 

      SevkriboT 1 2, , , nF F F ′′ ′
� � �

⋯     Zalebi da miviRebT A  wertilze modebul Za-las, 

romelic ZalTa sistemis F i
�
 nakrebi vetoris tolia: 

                   1 2 nF F F F′ ′′= + + +i
� � � �

⋯ = 1 2 nF F F+ + +
� � �

⋯ .                   (4.12.1) 

      SevkriboT mikavSirebuli wyvilZalebic (ix. $4.10). miviRebT erT 

wyvilZalas, romlis momenti 

            ( ) ( ) ( )1 2A A A A nM M M F M F M F= = + + +i i
� � �

⋯ .   r. d. g. 

 

 

 

 

 

 

a)                      b) 

  

 

                                 nax. 4.9 
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      A  wertils ZalTa sistemis dayvanis centri dayvanis centri dayvanis centri dayvanis centri ewodeba. ZalTa sistemis 

Secvlas tolfasi sistemiT, romelic A  wertilze modebuli erTi Zalisa da 

erTi wyvilZalisgan Sedgeba, ewodeba ZalTa sistemis dayvana ZalTa sistemis dayvana ZalTa sistemis dayvana ZalTa sistemis dayvana A  centramdecentramdecentramdecentramde.  

      damtkicebul Teoremas puansos Teorema puansos Teorema puansos Teorema puansos Teorema ewodeba. 

 

4.13. erT4.13. erT4.13. erT4.13. erT sibrtyeSi mdebaresibrtyeSi mdebaresibrtyeSi mdebaresibrtyeSi mdebare    ZalTa sistemis wonasworobis ZalTa sistemis wonasworobis ZalTa sistemis wonasworobis ZalTa sistemis wonasworobis     

    piroba (statikis ZiriTadi Teorema)piroba (statikis ZiriTadi Teorema)piroba (statikis ZiriTadi Teorema)piroba (statikis ZiriTadi Teorema)    

 

                        Teorema.Teorema.Teorema.Teorema.    erT sibrtyeSi mdebare ZalTa sistemis wonasworobisaTvis 

aucilebeli da sakmarisia misi nakrebi veqtori da nakrebi skalaruli mo-

menti raime erTi wertilis mimarT iyos nulis toli. 

                        damtkiceba.    vixilavT Tavisufal myar sxeulze moqmed erT sibtyeSi 

mdebare ZalTa sistemas. daviyvanoT es ZalTa sistema A  centramde. mivi-RebT 

A  wertilze modebul F i
�
 nakreb veqtors da wyvilZalas, romlis AM i  momenti 

ZalTa sistemis nakrebi momentia A  centris mimarT. unda da-vamtkicoT, rom 

sxeulis (da masTan erTad ZalTa sistemis) wonasworo-bisaTvis aucilebeli 

da sakmarisia  

                          F i
�
=0, AM i =0                                 (4.13.1) 

      (4.13.1) pirobis aucileblobis dasamtkiceblad davuSvaT, rom sxeuli 

wonasworobaSia. rogorc viciT, Zala da wyvilZala damoukidebeli me-

qanikuri sidideebia, rac imas niSnavs, rom isini erTmaneTs ver gaawonas-

woreben. amitom (4.13.1) piroba aucileblad unda Sesruldes. winaaRmdeg 

SemTxvevaSi sxeuli imoZravebs. 

      sakmarisobis dasamtkiceblad davuSvaT, rom F i
�
=0, AM i =0. nebismierad 

avirCioT sibrtyis B  wertili da ZalTa sistema daviyvanoT am axal cen-

tramde. miviRebT: 0F =i
�

, xolo BM i = ( )A A
B

M M F−i i  (ix. $4.5). cxadia, BM i =0. 

miviReT, rom ZalTa sistemis nakrebi veqtori da nakrebi momenti sibrtyis 

yvela wertilis mimarT ( B  wertili xom nebismierad avirCieT!) nulis -, e.i. 

ZalTa sistema nulis tolfasia, amitom uZravi sxeuli ver amoZravdeba.   r. 

d. g. 
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4.14. erT sibrtyeSi mdebare ZalTa sistemis 4.14. erT sibrtyeSi mdebare ZalTa sistemis 4.14. erT sibrtyeSi mdebare ZalTa sistemis 4.14. erT sibrtyeSi mdebare ZalTa sistemis     

wonasworobiwonasworobiwonasworobiwonasworobis gantolebebis gantolebebis gantolebebis gantolebebi    

 

      statikis ZiriTadi Teoremis  Tanaxmad erT sibrtyeSi mdebare ZalTa 

sistemis wonasworobisaTvis aucilebeli da sakmarisia misi nakrebi veqto-ri 

F i
�
=0 da nakrebi momenti AM i =0 ( A  dayvanis centria) an rac igivea 0xF =i , 

0yF =i , AM i =0. am sidideebis analizuri gamosaxulebebis gaTvaliswinebiT 

miviRebT:  

                            

( )

1

1

1

0,

0,

0.

n

kx

k

n

ky

k

n

A k

k

F

F

M F

=

=

=


=




=



=


∑

∑

∑

                            (3.14.1) 

      (3.14.1) warmoadges erT sibrtyeSi mdebare ZalTa sistemis wonaswo-robis 

gantolebebs. pirvel ors ewodeba gegmilebis gantolebebi, gegmilebis gantolebebi, gegmilebis gantolebebi, gegmilebis gantolebebi, xolo mesames – 

momentebis gantoleba.momentebis gantoleba.momentebis gantoleba.momentebis gantoleba.    

      erT sibrtyeSi mdebare ZalTa sistemis wonasworobis gantolebebis sxva 

formebic arsebobs. 

      Zalis momentis gamosaTvlelad gamoviyenebT (4.1.1) an (4.2.2) (an (4.2.3)) 

formulebs imis mixedviT, Tu ra aris cnobili: Zalis mxari Tu modebis 

wertilis koordinatebi. damtkicebis gareSe mogvyavs ori forma.  

                      

( )

( )

( )

1

1

1

0,

0,

0,

n

A k

k

n

B k

k

n

C k

k

M F

M F

M F

=

=

=


=




=



=


∑

∑

∑

�

�

�

                                   (4.14.2) 

sadac A , B Dda C  wertilebi erT wrfeze ar unda mdebareobdnen. 
                 

                      ( )

( )

1

1

1

0,

0,

0,

n

x

k

n

A k

k

n

B k

k

F

M F

M F

=

=

=


=




=



=


∑

∑

∑

�

�

                                   (4.14.3) 
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sadac  x  RerZi ar unda iyos A  da B Dwertilebze gamavali wrfis mar-Tobi. 

 

             4.15. 4.15. 4.15. 4.15. erT sibrtyeSi mdebare ZalTa sistemis erT sibrtyeSi mdebare ZalTa sistemis erT sibrtyeSi mdebare ZalTa sistemis erT sibrtyeSi mdebare ZalTa sistemis tolqmeditolqmeditolqmeditolqmedi 

 

      ganvixiloT myar sxeulze modebuli erT sibrtyeze mdebare ZalTa 

sistema da daviyvanoT koordinatTa saTavis mimarT erT Zalamde, romelic 

ZalTa sistemis F i
�
 nakrebi veqtoris tolia, da erT wyvilZalamde, romlis 

momenti udris saTavis mimarT sistemis oM
i  nakreb moments. Tu dayvanis cen-

trad avirCevT sxva wertils, Seicvleba nakrebi momenti, xolo nakrebi veq-

tori igive rCeba. 

      gavixsenoT ZalTa sistemis tolqmedis ganszRvra: es aris erTad-erTi 

Zala, romelic ZalTa sistemi tolfasia. aqedan gamomdinareobs, rom Tu 

dayvanis centris mimarT ZalTa sistema daiyvaneba erT Zalamde da erT 

wyvilZalamde, maSin es Zala ar aris tolqmedi; imisaTvis, rom ZalTa sis-

temas hqondes tolqmedi, saWiroa dayvanis dros miviRoT mxolod Zala e.i. ar 

unda gvqondes wyvilZala, rac misi momentis nulTan tolobas niSnavs; 

wyvilZalis momenti ki dayvanis centris mimarT ZalTa sistemis nakrebi 

momentia. miviReT: imisaTvis, rom ZalTa sistema raime wertilis mimarT da-

iyvanebodes tolqmedze, saWiroa am wertilis mimarT misi nakrebi momenti 

iyos nulis toli. davsvaT kiTxva: arsebobs brtyeli ZalTa sistemisTvis 

sibrtyis aseTi wertili?  

                        Teorema. Teorema. Teorema. Teorema. Tu erT sibrtyeze mdebare ZalTa sistemis nakrebi veqtori ar 

udris nuls, maSin sibrtyeze arsebobs mTeli wrfe, romlis wertile-bis 

mimarT sistema tolqmedamde daiyvaneba. 

                    damtkiceba. SevecadoT vipovoT iseTi ( ),O x y′  wertli, romlis mimar-Tac 

ZalTa sistemis oM ′
i  nakrebi skalaruli momenti iqneba nulis toli. (4.5.12) 

formulis Tanaxmad A o o y xM M xF yF′ = − +i i =0  =>  

                    y o

x x

F M
y x

F F
= −

i i

i i
.                               (4.15.1) 

      (4.15.1) gamosaxuleba Oxy  sibrtyeze warmoadgens wrfis gantolebas. amiT 

Teorema damtkicebulia.  

      damtkicebulma Teoremam pasuxi gasca zemoT Cvens mier dasmul kiT-xvas.   
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      wrfes, romlis wertlebis mimarTac ZalTa sistema daiyvaneba tol-

qmedamde, centraluri RerZicentraluri RerZicentraluri RerZicentraluri RerZi ewodeba. (4.15.1) centraluri RerZis gantole-baa.  

      aRsaniSnavia, rom Oxy  sibrtyis yvela im wertilis mimarT, romelic ar 

mdebareobs centralur RerZze, ZalTa sistema daiyvaneba erT Zalamde da erT 

wyvilZalamde.  

      (4.15.1) wrfis mier Ox  RerZTan Sedgenili kuTxe aRvniSnoT α  asoTi (nax. 

4.10,a), maSin y xtg F Fα = i i . tolqmedis fuZis mier Ox  RerZTan Sedgenili kuTxe 

aRvniSnoT β  asoTi, maSin y xtg F Fβ = i i . miviReT, rom centraluri Rer-Zi 

paraleluria tolqmedis fuZis => tolqmedis veqtori mdebareobs cent-

ralur RerZze.  

      gTavazobT erT sibrtyeze mdebare ZalTa sistemis tolqmedamde 

dayvanis Tanmimdevrobas:  

      1. mocemuli ZalTa sistema koordinatTa saTavis mimarT daviyvanoT erT 

Zalamde da erT wyvilZalamde, rac faqtiurad , ,x y oF F Mi i i  sidideebis ga-gebas 

niSnavs. Tu aRmoCndeba, rom 0F ≠i
�

 da oM
i =0, maSin centraluri RerZi gadis 

koordinatdaTa saTaveze. 

                                       

                                                
 a)                                              b) 

 

 

  

 

 

 

                                nax. 4.10                            

 

      2. 0F ≠i
�

 da 0oM ≠i , maSin (4.15.1) formuliT avagebT centraluri RerZs 

da mis nebismier wertilSi movdebT tolqmeds. 

      meore SemTxvevaSi ZalTa sistema tolqmedze SegviZlia daviyvanoT sxva 

gziTac. 0M i  momentis mqone wyvilZala warmovadginoT ( )1 1,F F• •−
� �

 wyvil-Zalis 
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saxiT ise, rom 1F F• •− = −
� �

 Zala modebuli iyos O  wertilSi da mxari h OC=  

akmayofilebdes  pirobas (nax. 4.10,b): 

                   0hF M• •= =>  0h OC M F= = i i .                         (4.15.2)               

      meeqvse aqsiomis Tanaxmad, F •
�
 daD 1F

•−
�
 Zalebi SegviZlia sxeuls Camo-

vaciloT da dagvrCeba C  wertilSi modebuli erTad-erTi Zala.  

      amgvarad, O  wertilidan aRvmarTavT marTobs, masze gadavdebT h =-

=OC = 0M F• •  sigrZis monakveTs da C  wertilSi movdebT F i
�
-is tol Zalas, 

rac iqneba mocemuli ZalTa tolqmedi. C  wertili ise aiReba, rom ( )0 1M F •
�

-is 

niSani daemTxves 0M i -is niSans. 

 

4.16. varinionis Teorema brtyeli ZalTa sistemis4.16. varinionis Teorema brtyeli ZalTa sistemis4.16. varinionis Teorema brtyeli ZalTa sistemis4.16. varinionis Teorema brtyeli ZalTa sistemis    

tolqmedis momentis Sesaxebtolqmedis momentis Sesaxebtolqmedis momentis Sesaxebtolqmedis momentis Sesaxeb 

 

                        Teorema. Teorema. Teorema. Teorema. raime wertilis mimarT brtyeli ZalTa sistemis tolqme- 

dis skalaruli momenti udris imave wertilis mimarT Semdgeni Zalebis 

skalaruli momentebis algebrul jams. 

                        damtkiceba. mocemulia myar sxeulze modebuli 1 2, , , nF F F
� � �

⋯     brtyeli    

ZalTa sistema, romlis nakrebi veqtori 0F ≠i . wina paragrafSi davam-tkiceT, 

rom am SemTxvevaSi ZalTa sistema daiyvneba tolqmedze. cnobilia, rom 

centraluri RerZis nebismieri B  wertilisTvis 

                       ( )
1

0
n

B k

k

M F
=

=∑
�

.                                  (4.16.1) 

      sibrtyis nebismieri A  wertilisTvis (4.5.9) formuliT gamovTvaloT 

ZalTa sistemis nakrebi skalaruli momenti. miviRebT: 

                     ( ) ( ) ( )
1 1

n n

A k B k A
B

k k

M F M F M F
= =

= +∑ ∑ i
� � �

. 

      (4.16.1) tolobis Tanaxmad  

                      ( ) ( )
1

n

A A k
B

k

M F M F
=

=∑i
� �

. 

      B  wertili aris centraluri RerZis wertili, amitom ( )
B

F R=i i => 
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                         ( ) ( )
1

n

A A k

k

M R M F
=

=∑i
� �

.     r.d.g. 

 
 

4.17. brtyel4.17. brtyel4.17. brtyel4.17. brtyeli i i i paraleluri Zalebisparaleluri Zalebisparaleluri Zalebisparaleluri Zalebis    wonasworobis gantolebebiwonasworobis gantolebebiwonasworobis gantolebebiwonasworobis gantolebebi    

    

      vixilavT myar sxeulze modebul brtyel paralelur 1 2, , , nF F F
� � �

⋯     Za-lebs. 

Oxy  sibrtyeze Oy  RerZi SevarCioT mocemuli Zalebis paralelurad, maSin 

0kxF = , ky kF F= ( )1,2, ,k n= ⋯ . am SemTxvevaSi nebismieri brtyeli ZalTa sistemis 

wonasworobis gantolebebi aseT saxes miiRebs:  

                           1 2

1 1 2 2

0,

0.

n

n n

F F F

x F x F x F

+ + + =


+ + + =

⋯

⋯
                 (4.17.1)   

      brtyeli paraleluri Zalebis wonasworobis piroba aseTi formiTac 

SegviZlia warmovadginoT:  

                            

( )

( )
1

1

0,

0,

n

A k

k

n

B k

k

M F

M F

=

=


=


 =


∑

∑
                         (4.17.2) 

sadac AB  wrfe mocemuli Zalebis paraleluri ar unda iyos. 

 

4.18. 4.18. 4.18. 4.18. erT sibrtyeSi mdebare erT sibrtyeSi mdebare erT sibrtyeSi mdebare erT sibrtyeSi mdebare ori ori ori ori ZalTa sistemisZalTa sistemisZalTa sistemisZalTa sistemis    tolfasobatolfasobatolfasobatolfasoba    

 

      vTqvaT, mocemulia erT sibrtyeze mdebare ori 1 2, , , nP P P
� � �

⋯  da 1Q
�
, 2 , , nQ Q
� �
⋯  

ZalTa sistema, romelTa nakrebi veqtorebi da raime wertilis mi-marT 

nakrebi skalaruli momentebi, aRniSnili gvaqvs 1,P Mi i
�

 da 2,Q Mi i
�

-iT.  

                    Teorema. Teorema. Teorema. Teorema. erT sibrtyeze mdebare ori ZalTa sistemis tolfasobi-saTvis 

aucilebeli da sakmarisia maT toli nakrebi veqtorebi da raime wertilis 

mimarT toli nakrebi momentebi hqondeT.  

      damtkiceba.    Teoremis pirobis Tanaxmad mocemuli ZalTa sistemebis 

tolfasobisaTvis unda Sesruldes Semdegi pirobebi:  

                     1 2,P Q M M= =i i i i
��

.                                  (4.18.1) 

      am pirobebis aucileblobis dasamtkiceblad davuSvaT, rom es sis-

temebi tolfasia da vaCvenoT, rom (4.18.1) pirobebi sruldeba. gansazRvris 
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Tanaxmad ori ZalTa sistemis wonasworoba niSnavs ($1.2): isini erTsa da imave 

sxeulze erTnair meqanikur moqmedebas  axdenen (anu erTnair moZraob-ebs 

aniWeben). es gamonaTqvami ase unda gvesmodes: vinaidan Zala da wyvil-Zala 

damoukdebeli meqanikuri sidideebia da isini sxeuls aniWeben erT-maneTisgan 

gansxvavebul moZraobebs (Zala sxeuls gadaadgilebs, wyvilZala ki abrunebs), 

amitom erTnairi saboloo moZraobis misaRebad Zalebma erTna-iri 

gadaadgileba da wyvilZalebma erTnairi brunvebi unda mianiWon erTsa da 

imave sxeuls. es ki maSin moxdeba, roca Zalebi tolia e.i. P Q=i i
��
, xolo 

wyvilZalebi tolfasi, e.i. roca 1 2M M=i i  (ix. $4.8). amiT (4.18.1)-is aucileb-

loba damtkicebulia. 

      sakmarisobis dasamtkiceblad davuSvaT, rom (4.18.1) pirobebi srul-deba 

da davamtkicoT, rom ZalTa sistemebi tolfasia. aucileblobis dam-tkicebis 

dros aRvniSneT, rom toli Zalebi erTsa da imave sxeuls aniWeben erTnair 

gadaadgilebes, xolo tolfasi wyvilZalebi – erTnair brunvebs, amitom 

mocemuli ori ZalTa sistema erTsa da imave sxeuls aniWebs erT-nair 

saboloo moZraobas, rac gansazRvris Tanaxmad am ZalTa sistemebis 

tolfasobas niSnavs. amiT Teorema mTlianad damtkicebulia. 

      miviReT metad saintereso da, rac mTavaria, mniSvnelovani Sedegi: erT 

sibrtyeSi mdebare ZalTa sistemisaTvis araviTari mniSvneloba ara aqvs 

sistemaSi Zalebis odenobas, maTi modebis wertilebisa da mimarTulebebis 

codnas, Tu viciT am ZalTa sistemis nakrebi veqtori da raime wertilis 

mimarT nakrebi skalaruli momenti. amasTan dakavSirebiT F i  nakreb veq-torsa 

da M i nakreb skalarul moments an ufro zustad, , ,x yF F Mi i i  sidi-deebs, erT erT erT erT 

sibrtyeze mdebare ZalTa sistemissibrtyeze mdebare ZalTa sistemissibrtyeze mdebare ZalTa sistemissibrtyeze mdebare ZalTa sistemis koordinakoordinakoordinakoordinatebi tebi tebi tebi ewodeba. 

 

4.19. wonasw4.19. wonasw4.19. wonasw4.19. wonasworoba xaxunis gaTvaliswinebiT oroba xaxunis gaTvaliswinebiT oroba xaxunis gaTvaliswinebiT oroba xaxunis gaTvaliswinebiT     

 

      xaxuns yoveldRiur cxovrebasa da teqnikaSi Zalian didi mniSvnelo-ba 

aqvs. Tu amocanis amoxsnisas xaxuns ar gaviTvaliswinebT, maSin miRebu-li 

Sedegi saZiebeli amoxsnis pirvel miaxloebad SeiZleba CaiTvalos. zogjer 

xaxunis ugulebelyofas mivyevarT gansaxilveli amocanisTvis ara-realur 

Sedegamde, rac gvaiZulebs sxva ZalebTan erTad mxedvelobaSi mivi-RoT es 

Zalac. am SemTxvevaSi sxeulis wonasworobis ganxilvisas mxedve-lobaSi 
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miviviRebT sxeulze moqmed rogorc aqtiur Zalebs, aseve reaqciis Zalebsac. 

am ukanasknelTa Soris iqneba xaxunis Zalebic. 

    

4.20. statikurad gansazRvruli (rkvevadi) da statikurad 4.20. statikurad gansazRvruli (rkvevadi) da statikurad 4.20. statikurad gansazRvruli (rkvevadi) da statikurad 4.20. statikurad gansazRvruli (rkvevadi) da statikurad     

ganusazRvreli (urkvevi) amocanebiganusazRvreli (urkvevi) amocanebiganusazRvreli (urkvevi) amocanebiganusazRvreli (urkvevi) amocanebi 

 
      erT sibrtyeze mdebare ZalTa sistemisTvis $4.14-Si miviReT sami wo-

nasworobis gantoleba. Tu amocanis amoxsnisas aRmoCndeba, rom ucnobTa 

ricxvi metia samze, maSin, rogorc algebridan viciT, amocanas ar eqneba 

calsaxa amonaxsni. aseT amocanas statikurad ganusazRvreli (urkvevi) statikurad ganusazRvreli (urkvevi) statikurad ganusazRvreli (urkvevi) statikurad ganusazRvreli (urkvevi) 

ewodeba. Tu ucnobTa ricxvi samis tolia, maSin amocana statikurad ganstatikurad ganstatikurad ganstatikurad gan----

sazRvrsazRvrsazRvrsazRvrulia (rkvevadia).ulia (rkvevadia).ulia (rkvevadia).ulia (rkvevadia).    

 

4.21. sxeulTa sistemis wonasworoba4.21. sxeulTa sistemis wonasworoba4.21. sxeulTa sistemis wonasworoba4.21. sxeulTa sistemis wonasworoba    
    

      praqtikaSi Zalian xSirad saqme gvaqvs sxeulTa sistemasTan, romlis 

wonasworobisaTvis sakmarisia TiToeuli sxeuli iyos wonasworobaSi. 

      amocanis amoxsnisas calke unda gamovyoT TiToeuli sxeuli. imis-aTvis, 

rom gamoyofili sxeulis wonasworoba ar dairRves, masTan uSualo kavSirSi 

myofi sxeulebis moqmedeba unda SevcvaloT Sesabamisi reaqciis ZalebiT (ix. 

mexuTe aqsioma). cxadia, gaiTvaliswineba is garemoeba, rom ori sxeulis 

dakavSirebis adgilze warmoiSoba pirdapir TanawinaaRmdegi Zale-bi, 

romelTagan erTi modebulia erT sxeulze, xolo meore – meoreze (ix. meoTxe 

aqsioma). aRsaniSnavia, rom ganxiluli Zalebi sxeulTa sistemisTvis Siga 

Zalebia. 

      wonasworobis gantolebis Sesadgenad gvaqvs ori xerxi: 

      1. TiToeuli sxeulisTvis cal-calke SevadgenT wonasworobis gan-

tolebebs;  

      2. Tu gvaqvs n  sxeuli, n -1 odenobis sxeulisaTvis cal-calke Se-

vadgenT wonasworobis gantolebebs, Semdeg sxeulTa sistemas gavamyarebT (ix. 

merve aqsioma) da wonasworobis gantolebebs davwerT erTi mTliani 

sxeulisTvis. am SemTxvevaSi ukanasknel gantolebebSi ar Seva Siga Zalebi, 

rac gantolebaTa sistemas Zalian amartivebs. 
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4.224.224.224.22. gorvis xaxuni. gorvis xaxuni. gorvis xaxuni. gorvis xaxuni    

 

      $2.1 gavecaniT srialis xaxunis kanons. ganvixiloT kidev erTi saxis 

xaxuni – gorvis xaxuni. gorvis xaxuni ewodeba winaaRmdegobas, romelic 

warmoiSoba erTi sxeulis gorvisas meore sxeulze. 

      vTqvaT, P  wonisa da R  radiusis mqone cilindruli satkepni eyrd-noba 

horizontalur sibrtyes (nax. 4.11 ). satkepnis centrze movdoT hori-

zontaluri T
�
 Zala. Tu davuSvebT, rom satkepni da sayrdeni zedapiri de-

formacias ar ganicdian, maSin maT saerTo eqnebaT mxolod erTi wertili, 

kerZod Sexebis wertili. magram raelurad rogorc satkepni, ise zedapiri, 

deformirdebian, ris gamoc maT saerTo eqnebaT ara erTi wertili, aramed 

zedapiris garkveuli nawili.  Sedegad N
�
 normaluri reaqciis Zalis C  mo-

debis wertili  raRac δ  manZiliT iqneba daSorebuli Sexebis wertilidan. 

xaxunis Zala aRvniSnoT F
�

x  da SevadginoT satkepnze moqmedi Zalebis wo-

nasworobis gantolebebi: 

                    
1

0
n

kx

k

F T F
=

= − =∑ x ,  
1

0
n

ky

k

F N P
=

= − =∑ ,       

               ( ) ( ) ( ) ( ) ( )
1

0
n

A k

k

M F M T M P M N M F
=

= + + + =∑
� � � � �

x .      => 

               F T=x ,  N P= ,   ( )AM N = −
�

( )AM T TR=
�

.                 (4.22.1) 

 
                        miviReT: miviReT: miviReT: miviReT: wonasworobisas satkepnze moqmedebs ori gawonasworebuli 

wyvilZala, romelTagan ( ),T F
� �

x  wyvilZala cdilobs satkepni aamoZravos, 

xolo ( ),P N
� �

 ki ewinaaRmdegeba moZraobas. ( ),P N
� �

 wyvilZalis moments gorgorgorgor----

visas winaaRmdegobis momenti visas winaaRmdegobis momenti visas winaaRmdegobis momenti visas winaaRmdegobis momenti ewodeba. (4.22.1)-is mesame tolobidan vRebu-

lobT, rom ( ) ( ), AM P N M N TR= =
� � �

. 

       moZraobis dawyebis momentSi winaaRmdegobis momenti aRwevs Tavis 

maqsimalur mniSvnelobas. cdebiT dadginda, rom  

                         ( )( ),M P N Nδ=
� �

maq
.                            (4.22.2) 

      δ -s gorvis xaxunis koeficienti gorvis xaxunis koeficienti gorvis xaxunis koeficienti gorvis xaxunis koeficienti ewodeba.  

      wonasworobisas winaaRmdegobis momenti ar aRemateba Tavis maqsimalur 

mniSvnelobas, amitom TR Nδ≤   => 
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                          T N
R

δ
≤ .                                   (4.22.3) 

 
      (4.22.3) aris imis piroba, rom satkepnma ar igoraos. $2.9-dan cnobilia: 

imisaTvis, rom satkepnma ar isrialos, T
�
 Zalis sidide naklebi unda iyis 

xaxunis Zalis maqsimalur mniSvnelobaze, e.i. (ix. (2.9.2)) 

                           T fN≤ . 

      Rδ fardoba, rogorc wesi, mniSvnelovnad mcirea f  srialis xaxunis 

koeficirntTan SedarebiT, amitom, satkepnis uZraobis darRvevisas satkepni 

gagordeba sayrden zedapirze srialis gareSe.  

 

 

 

 

 

 

 

 

 

                                   

 

 

 

                                    nax. 4.11                             

 

                                    4.23. meToduri miTiTebebi amocanebis amosaxsnelad4.23. meToduri miTiTebebi amocanebis amosaxsnelad4.23. meToduri miTiTebebi amocanebis amosaxsnelad4.23. meToduri miTiTebebi amocanebis amosaxsnelad 

 

      3.3 paragrafSi CamovayalibeT wonasworobaze amocanebis amoxsnis me-

Todika. brtyeli amocanebisTvis (roca sxeulze moqmedi yvela Zala erT 

sibrtyeSia) mogvyavs damatebiTi miTiTebebi. 

      Zalian mniSvnelovania momentTa centris SerCeva. cxadia, umjobesia 

centrad avirCioT iseTi wertili, romelzec gadis yvelaze meti ucnobi 

Zalis fuZe; amiT momentebis gantolebaSi mcirdeba ucnobTa ricxvi. 
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      momentis gamoTvlisas xSirad xelsayrelia Zala davSaloT iseT or 

Semdgenad, romelTagan erTis fuZe gadiodes momentTa centrze, xolo meo-re 

iyos am fuZis marTobi. varinionis Teoremis Tanaxmad tolqmedis momen-ti 

udris Semdgenebis momentebis jams. 

      gvaxsovdes, rom wyvilZalis momenti ar aris damokidebuli momentTa 

centris arCevaze da nebismier RerZze misi gegmilebis jami udris nuls, ris 

gamoc wyvilZala ar Sedis gegmilebis gantolebebSi.  

                        amocana 4.1.amocana 4.1.amocana 4.1.amocana 4.1.    ( )5;12A −     wertilSi modebulia ( )3; 4F −
�

 Zala. ipoveY Zalis 

skalaruli momenti koordinatTa saTavisa da ( )8;6B  wertilis mimarT. 

 

      amoxsna. gvaqvs: 5x = − , 12y = , a =8, 6b = m, 3xF = , 4yF = − n. am sidideebis 

gaTvaliswinebiT, (4.3.3) da (4.3.2) formulebi gvaZlevs: 

( )0 5 4 12 3 16M = − ⋅ − − ⋅ = − ;  ( )( ) ( )5 8 4 12 6 3BM = − − − − − ⋅ =34 nm.                                    

BM -s gamosaTvlelad SegviZlia gamoviyenoT (4.3.6) formula: 

0B v xM M aF bF= + − = ( )16 8 4 6 3 34− − ⋅ − + ⋅ = nm. 

      pasuxi. 16− nm;  34nm.  

 

 

    

                             

 

 

 

                             nax. 4.12 

 

 

 nax. 4.12 

                    amocana 4.2. amocana 4.2. amocana 4.2. amocana 4.2. tolfasia Tu ara ( )1 1,P Q
��

 daD ( )2 2,P Q
��

 wyvilZalebi, Tu      a) 

1 1 7P Q= = n, 1 1, 2h = m; 2 2 4,1P Q= = n, 2h =2 m (nax. 4.12,a);  b) 1 1 15P Q= = n, 1h = 3,2 m;  

2 2 10P Q= = n, 2h =4,8 m  (nax. 4.12,b).     

      amoxsna. advilad miviRebT: 
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a) 1 1 1 7 1, 2 8,4M Ph= = ⋅ = nm;  2 2 2 4,1 2 8, 4M Ph= − = − ⋅ = − nm 

b) 1 1 1 15 3, 2 48M Ph= = ⋅ = nm;  2 2 2 10 4,8 48M Ph= = ⋅ = nm 

      pasuxi. a) ara;  b) diax.    

      amocana 4.3. amocana 4.3. amocana 4.3. amocana 4.3. myari sxeulis    ,A B ,,,,C     wertilebSi modebuli ,A BF F
� �

, CF
�
 Zalebi 

qmnian samkuTxeds. risi tolfasia mocemuli ZalTa sistema (nax. 4.13,a)? [26]    

      amoxsna.    vinaidan samkuTxedi Sekruli figuraa, amitom mocemuli Za-

lebis nakrebi veqtori nulis tolia (ix. $2.1). rogorc cnobilia, am Sem-

TxvevaSi ZalTaAsistemis nakrebi momenti ar aris damokidebuli momentTa  

centris arCevaze (ix. $4.5). am Zalebis nakrebi momenti rom mudmivia, Seg-

viZlia vaCvenoT sxva, Zalian saintereso gziTac. momentTa centrad aviRoT 

sibrtyis nebismieri O  wertili. (4.1.2) formulis Tanaxmad,  

 

 

     a)                                  b) 

  

 

 

 

                                 nax. 4.13 

    

   ( ) ( ) ( )0 0 0 0A B CM M F M F M F• = + +
� � �

=M2f AOB△ -2f BOC△ +2f AOC△ = 

       =2f ABD△ +2f BOD△ -2f BOD△ -2f DOC△ +2f ADC△ +2f DOC△ = 

       =2f ABD△ +2f ADC△ =2f ABC△ . 

      radganac O  wertili arCeulia nebismierad, amitom mocemuli ZalTa 

sistemis nakrebi momenti mudmivia da 2f ABC△ -s tolia.  

                        SeniSvna. SeniSvna. SeniSvna. SeniSvna. igives gvimtkicebs Semdegi tolobebic:  

             AM • =2f ABC△ ,  BM • =2f ABC△ ,   CM
• =2f ABC△ .   

      gavasrialoT BF
�
 Zala Tavis fuZis gaswvrv da movdoT C  wertilSi da 

SevkriboT CF
�
 ZalasTan. jami aRvniSnoT CK -Ti. advilad vaCvenebT, rom 

ABC△ = KCE△  => CK AB= . sabolood miviReT: K AF F= −
� �

, e.i. AF
�
 da KF

�
 Zalebi 

Seadgenen wyvilZalas. 
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      pasuxi. mocemuli ZalTa sistema tolfasia wyvilZalis, romlis mo-menti 

udris 2f ABC△ -si. 

                        amocana 4.4. amocana 4.4. amocana 4.4. amocana 4.4. horizontaluri AC  koWi, romelic B  da C  wertilebSi 

eyrdnoba moZrav da uZrav saxsrovan sayrdenebs, am wertilebs Soris ganic-

dis Tanabar datvirTvas q  intensivnobiT, xolo AB  monakveTze itensiv-noba 

mcirdeba wrfivi kanoniT nulamde (nax. 4.14,a). gaigeT sayrdenebis re-aqciebi, 

Tu koWis wonas mxedvelobaSi ar miviRebT. [64]                            

                        amoxsna. SevcvaloT datvirTvebi 1

1 1

2 2
Q AB q a q= ⋅ = ⋅  da  2Q BC q= ⋅ = =b q⋅  

modulebis mqone vertikaluri ZalebiT. moZravi saxsaris BR
�
 reaqcia 

mimarTulia zeviT koWis marTobulad (nax. 4,14,b). amgvarad, koWze moqmedi 

oTxi Zalidan sami erTmaneTis paraleluria. cxadia, meoTxe AR
�
 Zalac maTi 

paraleluri unda iyos, winaaRmdeg SemTxvevaSi koWi ar iqneba wonaswo-

robaSi. gasgebi gvaqvs AR
�
 da BR

�
 Zalebis modulebi. gvWirdeba ori wonas-

worobis gantoleba.  

 

                                              

 

 

  

 

 

 

                              nax. 4.14 

 

      SevadginoT momentebis gatolebebi B  da C  wertilebis mimarT: 

( )

( )

1 2

1 2

1 1
0,

3 2

1 1
0

3 2

B k C

C k B

M F Q AB Q BC R BC

M F Q AB BC R BC Q BC

= − + =

 = + − + = 
 

∑

∑

�

�
          => 

1 1

2 3 2
C

b
qa qb R b− + =0,    

1 1
0

2 3 2
B

b
qa b qb R b

 + + − = 
 

  => 

2 2 2

3
6 2 6

C

q a b q a
R b

b b

   
= − + = −   

   
,   

2 2 2

3 3
6 2 2 6

B

q a ab b q b
R a b

b b

   
= + + = + +   

   
. 
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      pasuxi. 
2

3 3
6

B

q b
R a b

b

 
= + + 

 
;   

2

3
6

C

q a
R b

b

 
= − 

 
. 

                        amocana 4.5. amocana 4.5. amocana 4.5. amocana 4.5. 2 l  sigrZisa da P  wonis horizontaluri erTgvarovani koWi 

A  wertilSi damagrebulia saxsriT, xolo B  boloTi eyrdnoba ho-

rizontisadmi α  kuTxiT daxril gluv zedapirs (nax. 4.15). koWze moqmedebs 

wyvilZala, romlis momenti M -is tolia. gansazRvreT saxsrisa da zeda-piris 

reaqciebi.  [23]    

      amoxsna. wonasworobis obieqtia AB  koWi. masze moqmedebs P  simZimis 

Zala, wyvilZala M  momentiT, N
�
 zedapiris reaqcia da saxsris AR

�
 reaqcia, 

romelsac davSliT AxR
�

 da A yR
�

 Semdgenebad. SevadginoT wonasworobis gan-

tolebebi: 

         ( )cos 90 0kx AxF R N a= − − =∑ � , 

         cos 0ky AyF R P N α= − + =∑ ,  

         ( ) ( )2 sin 90 0A kM F Pl N l Mα= − + ⋅ − + =∑ �
�

.               

D      am gantolebebis amoxsna gvaZlevs: 

       
2

Ax

Pl M
R tg

l
α

−
= ,   

2
Ay

Pl M
R

l

−
= ,   .

2 cos

Pl M
N

l α
−

=                     (a) 

                        SeniSvna. SeniSvna. SeniSvna. SeniSvna. rogorc    zemoT aRvniSneT gegmilebis    gantolebebSi ar Sedis 

wyvilZalis Semadgeneli Zalebis gegmilebi, vinaidan wyvilZalis Zalebis 

gegmilebi nebismier RerZze sididiT tolia da niSniT gansxvavebuli, amit-om 

maTi jami udris nuls. 

 

 

 

 

 

  

 

 

                                                  

                     nax. 4.15                            nax. 4.16                
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      imave koWisTvis SevadginoT (4.14.2) saxis wonasworobis gantolebebi 

( ,A B  da C  wertilebi erT wrfeze ar mdebareoben): 

           ( ) 2 cos 0A kM F Pl N l Mα= − + ⋅ + =∑
�

, 

           ( ) 2 0B k AyM F Pl R l M= − ⋅ + =∑
�

, 

           ( ) 2 c 0C k AxM F Pl R l tg Mα= − + ⋅ + =∑
�

. 

      am sistemis amoxsna gvaZlevs imave (a) amonaxsnebs. 

      axla SevadginoT (4.14.3) saxis wonasworobis gantolebebi ( x  RerZi ar 

unda iyos AB  wrfis marTobi):  

          ( ) 2 cos 0A kM F Pl N l Mα= − + ⋅ + =∑
�

, 

          ( ) 2 0B k AyM F Pl R l M= − ⋅ + =∑
�

, 

          sin 0k x AxF R N α= − =∑ .  

      am sistemis amoxsniTac imave (a) amonaxsnebs vRebulobT. 

      pasuxi. 
2

Ax

Pl M
R tg

l
α

−
= ,   

2
Ay

Pl M
R

l

−
= ,   .

2 cos

Pl M
N

l α
−

=         

                        amocana 4.6. amocana 4.6. amocana 4.6. amocana 4.6. 120 n wonis    erTgvarovani AB  kibe erTi boloTi eyrdnoba 

gluv vertikalur kedels, xolo meore boloTi – aragluv horizontalur 

iataks (nax. 4.16). ras unda udrides xaxunis koeficientis umciresi mniSv-

neloba, romlis drosac 700 n wonis adamians SeeZleba asvla kibeze bolo 

safexuramde ise, rom kibe ar gasrialdes iatakis gaswvriv, Tu 20α = � ? 

                        amoxsna.amoxsna.amoxsna.amoxsna. vixilavT kibis wonasworobas. masze moqmedebs P
�
 simZimis Za-la, 

Q
�
 adamianis simZimis Zala, romelic unda movdoT kibis A  wertilSi, AR

�
 

gluvi kedlis reaqcia, N
�
 iatakis normaluri reaqcia da T

�
 iatakis xaxunis 

Zala. 

      SevadginoT wonasworobis gantolebebi: 

           0k x AF R T= − =∑ ,      0k yF Q P N= − − − =∑ , 

           ( ) sin sin cos 0
2

B k A

AB
M F Q AB P R ABα α α= ⋅ + − ⋅ =∑

�
. 

      am sistemis amoxsniT vRebulobT: 

                 
2

2
A

Q P
T R tgα

+
= = ,   N P Q= + .                          (a) 
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      cxadia, adamians mxolod maSin SeuZlia avides kibeze bolo safe-

xuramde, roca iatakis xaxunis Zalis sidide naklebi iqneba Tavis maqsi-malur 

mniSvnelobaze, e.i. T f N=maq -ze, sadac f  xaxunis koeficientia. (a) tolobebis 

gaTvaliswinebiT, gvaqvs: 

             ( )2

2

Q P
tg f P Qα

+
≤ +      =>     

( )
2

2

Q P
f tg

P Q
α

+
≥

+
. 

      roca P =120 n, Q=700 n, 20α = � , maSin fmin =0,34. 

      pasuxi. 0,34 1.f≤ ≤  

                        amocana 4.7. amocana 4.7. amocana 4.7. amocana 4.7. myari sxeulis ( )1 110, 4A x y= =  wertilze modebulia 

vertikaluri 1F =3 n modulis mqone Zala da horizontaluri 2F =4 n modulis 

mqone Zala. koordinatTa RerZebis mimarTulebebi mocemulia nax. 4.17-ze. 

sigrZe izomeba metrobiT. daiyvaneT ZalTa sistema saTavis mimarT (e.i. O  

wertilis mimarT gamoTvaleT ZalTa sistemis nakrebi veqtori da nakrebi 

momenti). ipoveT ZalTa sistemis tolqmedi. [26]   

                            

   

 

 

 

 

 

 

 

 

                               nax. 4.17        

amoxsna. ZalTa sistema Sedgeba ori ( )1 0;3F
�

 da ( )2 4;0F
�

 Zalisagan, 

romelTa modebis wertilebia: ( )1 10;4A  da ( )0 0;0 . 

      (2.4.3) formulis Tanaxmad, 

1 2x x xF F F• = + = 4+0= 4 n,  1 2y y yF F F• = + =−3+0=−3 n  => F i=5 n, arcsin 0,6α = . 

      (4.4.1) formulis Tanaxmad, 

0 1 2 0 10 3 30xM F OB F= − ⋅ + ⋅ = − ⋅ = −i nm;  0 0yM =i   =>  0 30M =i nm. 
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      centraluri RerZis gantoleba davweroT (4.15.1) formulis gamoyene-   

biT:  y o

x x

F M
y x

F F
= −

i i

i i
  =>  

3 30

4 4
y x

− −
= −    =>  3 4 30x y+ = . 

      pasuxi. xF
i=4 n, 3yF = −i n,  0 30xM = −i nm,  0 0yM =i ,   3 4 30x y+ = . 

       amocana 4.8. amocana 4.8. amocana 4.8. amocana 4.8. ipoveT    nax. 4.18-ze mocemuli ACB  TaRis , ,A B C  saxsrebis 

reaqciebis Semdgenebi, rac gamowveulia P  sididis horizontaluri Zalis 

moqmedebiT. 

 

 

 

 

 

 

 

 

 

 

                        

    

    

nax. 4.18 

    

    amoxsna.amoxsna.amoxsna.amoxsna. es amocana Cven ganvixileT me-3 TavSi (ix. amocana 3.2). im SemTxvevaSi, 

roca 2l h a= = , ganvsazRvreT ,A BR R
� �

 da CR
�
 reaqciebi. Cveni mi-zania 

ganvsazRvroT am reaqciebis gegmilebi: AX
�

, AY
�
, BX
�

, BY
�
, CX
�

, CY
�
. 

      SevadginoT wonasworobis gantolebebi mTliani TaRisTvis: 

           0k A BX X X P= + + =∑ ,  

           0k A BY Y Y= + =∑ , 

           ( ) 2 0B k AM F P a Y l= − ⋅ − ⋅ =∑
�

. 

      SevadginoT wonasworobis gantolebebi BC  naxevarTaRisTvis: 

           0k C BX Y Y= + =∑ ,  
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          0ky Cy ByF F F= + =∑ , 

           ( ) 0B k C CM F Y l X a= − ⋅ − ⋅ =∑
�

. 

      miviReT eqvsi gantoleba eqvsi ucnobiT. am sistemis amoxsniT vRebu-

lobT: 1
2

A

a
X P

h

 = − 
 

,    
2

B C

a
X X P

h
= − = − , 

2
A B C

a
Y Y Y P

l
= − = = − .      B      

                    amocana 4.9.amocana 4.9.amocana 4.9.amocana 4.9. erTgvarovani Zeli xistad aris Camagrebuli kedelSi, 

romelTanac adgens 60α = � kuTxes (nax. 4.19). Zelis im nawilis, romelic ked-

lis gareTaa, sigrZe 0,8AB b= = m, xolo wona -P =100n. DAB  kuTxeSi devs 

Q=180 n wonis cilindri, romelic Zels exeba E  wertilSi, amasTan 

AE a= =0,3m. gansazRvreT Camagrebis reaqcia.  [26; 48] 

 

 

 

 

 

 

 

 

 

a)    b)                               g) 

 

nax. 4.19 

 

      amoxsna. gvaqvs Zelisa da cilindrisgan Sedgenili sxeulTa sistema. 

misi wonasworobisaTvis orive sxeuli uZravi unda iyos.   

      kedelSi    xisti Camagrebisas Zelis Camagrebuli nawilis yovel wer-

tilze moqmedebs reaqciis Zala. es ZalTa sistema dagvyavs A  wertilis mi-

marT erT ( ),A Ax AyR R R
�

 reaqciis Zalamde da erT reaqciis wyvilZalamde AM  

momentiT. 

      vixilavT Zelis wonasworobas. masze moqmedebs P
�
 simZimis Zala, ER′

�
 - 

cilindris dawola, ,Ax A yR R
� �

 da AM  - kedlis reaqciebi.  

      davweroT Zelis wonasworobis gantolebebi: 
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          cos 0,k x Ax EF R R α′= + =∑  

 

          0k y Ay EF R P R′= − − =∑ ,                                            (a) 

          ( ) sin 0
2

A k E A

b
M F R a P Mα′= − ⋅ − ⋅ + =∑

�
.  

      am sistemaSi oTxi ucnobia. erT maTgans, kerZod ER′ -s, gavigebT ci-

lindris wonasworobidan (nax. 4.19,b):  

           sin 0ky EF Q R α= − + =∑   =>  sinER Q α= .                         (b) 

      qmedebisa da ukuqmedebis aqsiomis Tanaxmad, sinE ER R Q α′ = = .     

      (b) tolobis gaTvaliswinebiT (a) sistemidan miviRebT: 

            AxR Qctgα= − ,   A yR P Q= + ,   
sin

sin 2
A

a b
M Q P

α
α

= + . 

      SevitanoT mocemuli sidideebi, miviRebT: 

     103,93AxR ≈ n;  280A yR = n;   97AM ≈ n. 

                    amocana 4.10. amocana 4.10. amocana 4.10. amocana 4.10. gansazRvreT wamwis sayrdenebis reaqciebi da Zalva yo-vel 

ReroSi, Tu cnobilia, rom P =3 kn, Q=2 kn, F =2 kn, a =3 m, b =4 m (nax. 4.20.a). 

[64]    

 

 

 

      

 
                            

 
 
 
 
 
                                                                  B                 
 
       

 

 

                                  nax. 4.20,a 

 

 

 



 

73 

 

   amoxsna.    pirvel rigSi unda unda ganvsazRvroT sayrdenTa reaqciebi. 

wamweze moqmedebs Semdegi Zalebi: , , , AP Q F R
�� � �

 - A  sayrdenis reaqcia, B xR
�

 da 

B yR
�

- B  sayrdenis reaqciis Semdgenebi. SevadginoT wonasworobis ganto-

lebebi: 

            0kx B xF Q R= + =∑ ,  0B y A B yR R P F R= − − + =∑ , 

            ( ) ( ) ( )2 0B k AM F R a b P a b F a Q a= − ⋅ + + ⋅ + + ⋅ − ⋅ =∑
�

. 

      am sistemis amoxsna gvaZlevs: AR =2,1 kn; 2B xR = − kn; 2,9B yR = kn.  

      gadavideT ReroebSi Zalvis gansazRvraze. gamoviyenoT kvanZebis amkvanZebis amkvanZebis amkvanZebis amoWoWoWoW----

ris meTodi, ris meTodi, ris meTodi, ris meTodi, rac SemdegSi mdgomareobs: vixilavT yoveli kvanZis wonaswo-

robas. amisaTvis kvanZs CamovaSorebT Reroebs da maT magivrad movdebT Se-

sabamis reaqciis Zalebs. viwyebT im kvanZidan, romelSic mxolod ori Re-roa 

SeerTebuli (vinaidan am SemTxvevaSi ori wonasworobis gantoleba gvaqvs). 

aseTi gvaqvs ori kvanZi: A  da B . daviwyoT A  kvanZidan. davuSvaT, rom yvela 

Rero iWimeba. Reros gaWimvis dros masSi warmoSobili Zala anu Zalva Zalva Zalva Zalva 

(kvanZis moqmedebiT aRZruli Zala), mimarTulia kvanZidan gareT, xolo Reros 

reaqciis Zala    (Reros moqmedeba kvanZze)    ––––    kvanZidan SigniT (nax. 4.20,b). 

Zalvas, rogorc wesi, aRvniSnavT S  asoTi.  

     

   

  

 

 

 

 

 

 

nax. 4.20.b   
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  A  kvanZze moqmedebs sami Zala: 1 2, , .AR R R
� � �

 am ZalebisTvis ar viciT mxo-lod 

bolo oris moduli. maTi gageba SegviZlia rogorc analizuri meTo-diT, 

aseve geometriuliT (ZalTa samkuTxedis agebiT). SevadginoT am Zale-bisTvis 

wonasworobis gantolebebi: 

          2 1 cos 45 0k xF R R= + =∑ � ,   1 sin 45 0k y AF R R= + =∑ �   => 

         1 2 2,97AR R= − ≈ − kn;   2 2,1R = kn. 

      1R -is uaryofiTi niSani niSnavs, rom Rero 1 ikumSeb 

      A  kvanZidan unda gadavieT D  kvanZze, vinaidan am kvanZze modebuli sami 

Zalidan erTi ukve viciT risi tolia. rac Seexeba C  kvanZs, masze modebuli 

oTxi Zalidan mxolod erTi viciT, amitom saqme gvaqvs statiku-rad urkvev 

amocanasTan. D  kvanZis wonasworobis amocanidan advilad vRe-bulobT: 

3 2,1R = kn; 4 2,1R = − kn.  axla SegviZlia C  kvanZze gadasvla, vinaid-an masze 

moqmedi oTxi Zalidan ukve oris sidide viciT. Semdeg SegviZlia gadasvla 

rogorc K  kvanZze, aseve - E -ze (yovel maTganze modebuli Za-lebidan molod 

oris moduliRaa ucnobi). advilad gavigebT: 5 1,5R = kn; 6 0,9R = kn; 7 0R = ; 

8 4,1R ≈ − kn; 9 0,9R = kn. rogorc vxedavT, bolo B  kvanZis wo-nasworobis 

ganxilva ar dagvWirda.  

      miRebuli Sedegebi gviCvenebs, rom 9 Rerodan 5 iWimeba, 3 ikumSeba, erTi 

ki saerTod ar ganicdis datvirTvas.   

      ReroebSi Zalvebis gansazRvris kvanZebis amoWris meTods erTi didi 

nakli aqvs: kvanZebi unda ganvixiloT TanmimdevrobiT da verc erTs ver ga-

movtovebT. roca bevri kvanZia da gvinda Sualedur ReroSi (an ramdenime 

ReroSi) Zalvis gageba, maSin gvixdeba bevri arasaWiro gamoTvlis Catareba. 

vTqvaT, gvinda Zalvebis gageba ReroebSi 4, 5 da 6. kvanZebis amoWris me-Todis 

gamoyenebisas unda daviwyoT A  kvanZidan (an B -dan), Semdeg gada-videT D  

kvanZze da a.S. 

      aseT SemTxvevaSi SegviZlia gamoviyenoT riteris meTodi riteris meTodi riteris meTodi riteris meTodi (mas gangangangan----kveTis kveTis kveTis kveTis 

meTodsac meTodsac meTodsac meTodsac uwodeben), romlis arsic mdgomarebs SemdegSi: gavigebT ra 

sayrdenebis reaqciebs, aRniSnul ReroebSi Zalvebis gasagebad vaxdenT wamwes 

I-I gankveTas da ganvixilavT wamwisDerT-erTi nawilze moqmedi Za-lebis 

wonasworobas (nax. 4.20,g). aRsaniSnavia, rom es meTodi gamoiyeneba maSin, roca 

ReroTa ricxvi samze meti ar aris, winaaRmdeg SemTxvevaSi gveqneba samze meti 
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ucnobi). cxadia, xelsayrelia wamwis im nawilis wo-nasworobis ganxilva, 

romelzec naklebi Zala moqmedebs. 

      

 

 

 

 

 

 

 

                                  nax. 4.20g 

ganvixiloT wamwis marcxena nawilis wonasworoba. marjvena nawilis 

CamoSorebis Sedegad misi wonasworoba rom ar dairRves, saWiroa CamoSo-

rebuli Reroebis nacvlad marcxena nawils movdoT  Sesabamisi Reroebis 

reaqciebi (nax. 4.20, g). amgvarad, sxeulze moqmedebs xuTi Zala, romelTagan 

samis sidide ucnobia. sasurvelia, RerZi an momentis centri ise SevarCioT, 

rom yovel gantolebaSi gvqondes TiTo ucnobi. 

      yvela Zala davagegmiloT Ay  RerZze, miviRebT: 

5 cos 0AR P R α− + = ; DCE△ -Si cos 3 5α = , maSin ( )5 cosAR P R α= − =1,5 kn. 

      momentTa centrad avirCioT C  wertili, miviRebT: 

43 3 0AR R− ⋅ − ⋅ =  => 4 2,1AR R= − = − kn.  

      momentTa centrad SevarCioT E  wertili, miviRebT: 

67 4 3 0AR P R− ⋅ + ⋅ + ⋅ =     => 6 0,9R = . 

      miviReT zemoT miRebuli Sedegebi. 

      pasuxi. AR =2,1 kn; 2B xR = − kn; 2,9B yR = kn; 1 2,97S ≈ kn; 2 2,1S = kn; 3 2,1S = kn;  

4 2,1S = − kn;  5 1,5S = kn;  6 0,9S = kn;  7 0S = ;  8 4,1S ≈ kn;  9 0,9S = kn;    
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V TaviV TaviV TaviV Tavi 

 

sivrciTi ZalTa sistemasivrciTi ZalTa sistemasivrciTi ZalTa sistemasivrciTi ZalTa sistema    
    

      myar sxeulze erT sibrtyeSi  mdebare ZalTa sistemis  moqmedebisas   

yoveli Zala cdilobs  sxeuli moabrunos erTi da imave sibrtyis marTobi 

RerZis garSemo, amitom Zalis skalaruli momenti savsebiT axasiaTebs sxe-

ulze Zalis meqanikur moqmedebas. marTlac, brunvis efeqts axasiaTebs mo-

mentis moduli, xolo brunvis mimarTulebas – momentis niSani. sivrciTi 

Zalebis SemTxvevaSi Zalebi moqmedebs sxvadasxva sibrtyeebSi, romlebsac 

skalaruli momenti ver gansazRvravs, amitom saWiroa veqtoruli sididis 

SemoReba, romelic migviTiTebs Zalis moqmedebis sibrtyeze. 

            

5.1. Zalis veqtoruli momenti5.1. Zalis veqtoruli momenti5.1. Zalis veqtoruli momenti5.1. Zalis veqtoruli momenti    

 

      vixilavT myari sxeulis A  wertilze modebul F
�
 Zalas. momentTa 

centrad avirCioT O  wertili (nax. 5.1).  

                        gansazRvra.gansazRvra.gansazRvra.gansazRvra.    wertilis mimarT Zalis veqtoruli momenti ewodeba iseT 

veqtors, romlis moduli udris Zalis sididisa da mxaris sigrZis nam-ravls, 

modebulia momentis centrze da mimarTulia Zalis fuZesa da cen-trze 

gamavali sibrtyis marTobulad ise, rom Zalis mcdeloba sxeuli moabrunos 

centris garSemo, misi bolodan moCans saaTis isris brunvis sa-winaaRmdego 

mimarTulebiT. 

 

    

    

    

    

    

 

             nax. 5.1                                 nax.5.2 

 

      F
�
 Zalis veqtoruli momenti O  wertilis mimarT aRvniSnoT ( )oM F

� �
 an 

oM
�

 simboloTi. gansazRvridan gamomdinareobs, rom 
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                     2oM F h= ⋅ = farT. AOB△ .                           (5.1.1) 

      veqtoruli da skalaruli momentebis gansazRvrebebidan gamomdina-

reobs, rom Tu raime wertilis mimarT viciT Zalis vetoruli momenti, ma-Sin 

viciT am Zalis skalaruli momentic. B 

      umaRlesi maTematikidan gavixsenoT ori veqtoris veqtoruli nam-ravlis 

gansazRvra da advilad miviRebT (nax. 5.1): 

                         oM r F= ×
� ��

.                                      (5.1.2) 

      Zalis veqtoruli momentis ZiriTadi Tvisebebia: 

      1. Zalis fuZeze gasrialebiT momenti ar icvleba; 

      2. Tu Zalas SevucvliT mimarTulebas sawinaaRmdegoTi, maSin momen-tic 

sawinaaRmdegoTi Seicvlis mimarTulebas;  

      3. momenti udris nuls, Tu Zalis fuZe gadis momentis centrze. 

    
5.2. veqtoruli momentis analizuri gamosaxva5.2. veqtoruli momentis analizuri gamosaxva5.2. veqtoruli momentis analizuri gamosaxva5.2. veqtoruli momentis analizuri gamosaxva    

    

      vTqvaT, F
�
 Zala modebulia myari sxeulis A  wertilze da momentTa 

centrad arCeulia raime O′  wertili. aviRoT dekartis marjvana Oxyz  koor-

dinatTa sistema da mis mimarT Zalis gegmilebi aRvniSnoT ,xF ,yF zF -iT, xo-lo 

A  da O′  wertilebis koordinatebi Sesabamisad - , ,x y z  da , ,a b c - Ti. ma-Sin 

saTavis mimarT Zalis A  modebis wertilis r OA=
�����

 radius-veqtoris geg-milebi 

iqneba: , ,x a y b z c= = = .  

      veqtorTa algebridan cnobilia, rom  

                  oM r F′ = ×
� ��

=

x y z

i j k

x a y b z c

F F F

− − −

�� �

  =>                      (5.2.1) 

                      ( ) ( ) ,o x z yM y b F z c F′ = − − −  

                      ( ) ( ) ,o y x zM z c F x a F′ = − − −                          (5.2.2)                 

                      ( ) ( )o z x yM x a F y b F′ = − − − . 

      rodesac momentis centri emTxveva koordinatTa saTaves, maSin a = 

=b = c=0 da (5.2.2) aseT saxes miiRebs:            
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                       ,ox z yM bF zF= −  

                       ,oy x zM zF xF= −                                     (5.2.3)               

                       oz x yM xF yF= − . 

 

5.3. Zalis veqtoruli momenti axali centris mimarTY5.3. Zalis veqtoruli momenti axali centris mimarTY5.3. Zalis veqtoruli momenti axali centris mimarTY5.3. Zalis veqtoruli momenti axali centris mimarTY    
    
 

       vTqvaT, gamoTvlili gvaqvs myari sxeulis A  wertilze modebuli 

( ), ,x y zF F F F
�

 Zalis veqtoruli momenti raime ( )1 1 1 1, ,O a b c  wertilis mimarT da 

gvinda gamovTvaloT misi veqtoruli momenti axali ( )2 2 2 2, ,O a b c     wertilis 

mimarT (nax. 5.2). gansazRvris Tanaxmad,   

                           
2 2oM r F= ×
� ��

     .                              (5.3.1) 

      nax. 5.2-dan uSualod vRebulobT, rom 2 1 1 2 1 2 1r r OO r O O= − = +
������ ������� � �

, ris gamoc 

( )
2 1 1 2oM r OO F= − ×

������� ��
= ( ) ( )1 1 2r F OO F× − ×

������� ��
. magram 

11 or F M× =
� ��

, amitom  

                   ( )
2 1 1 2o oM M OO F= − ×

������� � �
= ( )

1 2 1oM O O F+ ×
������� �

.                   (5.3.2) 

(5.3.2) SegviZlia asec CavweroT: 

                   ( )
2 1 1

2
o o o

o
M M M F= −
� � � �

= ( )
1 2

1
o o

o
M M F+
� � �

.                    (5.3.3) 

      miviReT:miviReT:miviReT:miviReT: axali centris mimarT Zalis veqtoruli momenti udris Zve-li 

centris mimarT veqtorul moments gamoklebuli axal centrze piro-biTad 

modebuli Zalis momenti Zveli centris mimarT an damatebuli Zvel centrze 

pirobiTad modebuli Zalis momenti axali centris mimarT.  

      davagegmiloT (5.3.2) koordinatTa RerZebze da miviRebT: 

                ( ) ( )
2 1 2 1 2 1o x o x z yM M b b F c c F= − − + − ,  

                ( ) ( )
2 1 2 1 2 1o y o y x zM M c c F a a F= − − + − ,                         (5.3.4) 

                ( ) ( )
2 1 2 1 2 1o z o z y xM M a a F b b F= − − + − . 

      rodesac 1O  wertili emTxveva koordinatTa saTaves, e.i. 1 1 1 0a b c= = = , 2O     

wertili ki - ( ), ,O a b c′     wertils, maSin (5.3.4) ase gadaiwereba: 
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2 1o x o x z yM M bF cF= − + ,  

                   
2 1o y o y x zM M cF aF= − + ,                                (5.3.5) 

                   
2 1o z o z y xM M aF bF= − + . 

 

5.4. ZalTa sistemis nakrebi veqtor5.4. ZalTa sistemis nakrebi veqtor5.4. ZalTa sistemis nakrebi veqtor5.4. ZalTa sistemis nakrebi veqtoruli momenti.uli momenti.uli momenti.uli momenti.    

nakrebi momenti axali centris mimarTnakrebi momenti axali centris mimarTnakrebi momenti axali centris mimarTnakrebi momenti axali centris mimarT 

 

      vixilavT myar sxeulze modebul 1 2, , , nF F F
� � �

⋯  sivrciT ZalTa sitemas. 

momentTa centrad avirCioT raime ( )1 1 1 1, ,O a b c  wertili (nax. 5.3).  

                    gansazRvra.gansazRvra.gansazRvra.gansazRvra.    raime wertilis mimarT ZalTa sistemis nakrebi veqto-ruli 

momenti ewodeba amave wertilis mimarT Semdgeni Zalebis veqtoruli 

momentebis geometriul jams.  

                    1O  wertilis mimarT ZalTa sistemis nakrebi veqoruli momenti aRvniS-

noT 
1o

M i
�

-iT. maSin gansazRvris Tanaxmad  

                     ( )
1 1

1 1

n n

o ko k k

k k

M M r F
= =

= = ×∑ ∑i
� � ��

.                      (5.4.1) 

 

 

 

 

 

 

  

                                     nax. 5.3                                

    

      gvinda gamovTvaloT mocemuli ZalTa sistemis nakrebi veqtoruli 

momenti axali ( )2 2 2 2, ,O a b c     wertilis mimarT.    Tu yoveli    ZalisTvis davwerT 

(5.3.3)-is msgavs tolobebs, SevkribavT da CavatarebT saTanado martiv gar-

daqmnebs, miviRebT:  
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                 ( )
2 1 1

2
o o o

o
M M M F= −i i i i
� � �

.                                  (5.4.2) 

 

an                ( )
2 1 2

1
O O O

O
M M M F= +i i i i
� � � �

.                                 (5.4.3) 

                        miviReT:miviReT:miviReT:miviReT: axali centris mimarT Zalis veqtoruli momenti udris Zve-li 

centris mimarT veqtorul moments gamoklebuli axal centrze pirobi-Tad 

modebuli Zalis momenti Zveli centris mimarT an damatebuli Zvel centrze 

pirobiTad modebuli Zalis momenti axali centris mimarT 

      (5.4.2) tolobis koordinatTa RerZebze dagegmilebiT gveqneba: 

             ( ) ( )
2 1 2 1 2 1o x o x z yM M b b F c c F= − − + −i i i i ,  

                ( ) ( )
2 1 2 1 2 1o y o y x zM M c c F a a F= − − + −i i i i ,                       (5.4.4) 

                ( ) ( )
2 2 2 1 2 1o z o z y xM M a a F b b F= − − + −i i i i . 

      rodesac 1O  wertili emTxveva koordinatTa saTaves, e.i. 1 0a = , 1 0b = , 

1 0c = , 2O     wertili ki - ( ), ,O a b c′     wertils, maSin (5.3.4) ase gadaiwereba: 

                      o x ox z yM M bF cF′ = − +i i i i ,  

                      o y oy x zM M cF aF′ = − +i i i i ,                             (5.4.5) 

                      o z oz y xM M aF bF′ = − +i i i i . 

      davuSvaT, rom ZalTa sistemis nakrebi veqtori udris nuls, maSin (5.4.2) 

gvaZlevs: 

                           
2 1o oM M=i i
� �

.                                  (5.4.6) 

      miviReT metad mniSvnelovani Sedegi: roca ZalTa sistemis nakrebi 

veqtori udris nuls, maSin nakrebi veqtoruli momenti ar aris damokide-

buli momentTa centris arCevaze. 

 

5.5. Zalis momenti RerZis mimarTY5.5. Zalis momenti RerZis mimarTY5.5. Zalis momenti RerZis mimarTY5.5. Zalis momenti RerZis mimarTY    

 

      vTqvaT, myari sxeulis A  wertilze modebuli F
�
 Zala  cdilobs sxe-

uli moabrunos masTan uZravad dakavSirebuli raime ∆  RerZis garSemo. A  

wertilze gavataroT ReZisadmi marTobi π     sibrtye    da Zala davSaloT or 

Semdgenad, romelTagan erTi iqneba ∆  RerZis paraleluri, xolo meore 
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mdebareobdes π     sibrtyeSi (nax. 5.4). aRvniSnoT es Semdgenebi Sesabamisad F∆

�
 

da Fπ
�
-Ti. advili misaxvedria, rom F∆

�
 cdilobs sxeuli gadaadgilos Rer-Zis 

gaswvriv, xolo Fπ
�
- moabrunos mis garSemo.  

                        gansazRvra. gansazRvra. gansazRvra. gansazRvra. Zalis momenti RerZis mimarT ewodeba am RerZis marTob 

sibrtyeSi Zalis gegmilis skalarul moments RerZisa da sibrtyis gadakve-

Tis wertilis mimarT.  

      Tu F
�
 Zalis moments ∆  RerZis mimarT aRvniSnavT M ∆ ----Ti, maSin   

                                                    ( ) ( ) 2oM M F M F F hπ π∆ ∆= = = ± ⋅ = ±
� � �

farT. Oab∆ .              (5.5.1) 

      mogvyavs RerZis mimarT Zalis momentis ZiriTadi Tvisebebi: 

      1. Zalis fuZis gaswvriv gasrialebiT momenti ar icvleba;  

      2. Tu Zalas SevucvliT mimarTulebas sawinaaRmdegoTi, maSin momenti 

Seicvlis niSans; 

      3. Tu Zala paraleluria RerZis an misi fuZe kveTs RerZs (anu Zalis 

fuZe da RerZi erT sibrtyeSi mdebareoben), maSin momenti udris nuls. 

 

5.6. damokidebuleba veqtorul momentsa da RerZis 5.6. damokidebuleba veqtorul momentsa da RerZis 5.6. damokidebuleba veqtorul momentsa da RerZis 5.6. damokidebuleba veqtorul momentsa da RerZis     

mimarT moments SmimarT moments SmimarT moments SmimarT moments Soris oris oris oris     

    

      vTqvaT, uZravi ∆  RerZis mqone myari sxeulis A  wertilze modebu-lia 

F
�
 Zala (nax. 5.5).   

                    Teorema. Teorema. Teorema. Teorema. Zalis momenti RerZis mimarT udris RerZis nebismieri wer-

tilis mimarT Zalis veqtoruli momentis gegmils amave RerZze. 

      damtkiceba. gavataroT A  wertilze RerZis marTobi π     sibrtye. Rer-Zis 

nebismieri C  wertilis mimarT gamovTvaloT Zalis momenti: 

                   ( )C CM M F CA F= = ×
����� � � �

.                        (5.6.1)         

davSaloT F
�
 da CA

����

    veqtorebi: F F Fπ∆= +
� � �

 da CA CB BA= +
���� ���� ����

. . . . SevitanoT es 

gamosaxulebebi (5.6.1)-Si da miviRebT: 

        ( ) ( )CM CB BA F F CB F CB F BA F BA Fπ π π∆ ∆ ∆= + × + = × + × + × + ×
���� ���� ���� ���� ���� ����� � � � � � �

.          (5.6.2) 
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      ori veqtoris veqtoruli namravlis gansazRvris Tanaxmad 0CB F∆× =
���� �

, 

CB Fπ×
���� �

 da BA F∆×
���� �

 veqtorebi marTobia ∆  RerZis, xolo  BA Fπ×
���� �

 - para-leluri. 

am Sedegebis gaTvaliswinebiT (5.6.2) tolobis RerZze dagegmileba gvaZlevs: 

                   gegm ( ) sinCM BA F BA Fπ π α∆ = ± × = ± ⋅ ⋅
���� ����� � �

,  

sadac α  kuTxea BA
����

 da Fπ
�
 veqtorebs Soris. ABK samkuTxedSi sinBA hα⋅ =

����

 da 

Tu gavixsenebT RerZis mimarT Zalis momentis gansazRvras, miviRebT: 

                  gegm ( ) ( ) ( )C BM F h M F M F Mπ π∆ ∆ ∆= ± ⋅ = = =
� � � �

.  

amiT Teorema damtkicebulia. 

 

 

 

 

 

 

 

   

 

 

 

                 nax. 5.4                              nax. 5.5 

 

5.7. Zalis momentebi koordinatTa RerZebis mimarT5.7. Zalis momentebi koordinatTa RerZebis mimarT5.7. Zalis momentebi koordinatTa RerZebis mimarT5.7. Zalis momentebi koordinatTa RerZebis mimarT    

    

      davuSvaT, rom myari sxeulis A  wertilze modebulia F
�
 Zala. aviR-oT 

Oxyz koordinatTa sistema da gamovTvaloT ( )o oM M F=
� � �

. O  wertili ek-uTvnis 

samive RerZs, amitom wina paragrafis Teorema gvaZlevs:  

           ( )x xM M F= =Ggegm x o ox z yM M yF zF= = − , 

        ( )y yM M F= =Ggegm y o oy x zM M zF xF= = − ,                         (5.7.1) 

        ( )z zM M F= =Ggegm z o oz y xM M xF yF= = − . 
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5.8. varinionis Teorema sivrciTi ZalebisaTvis5.8. varinionis Teorema sivrciTi ZalebisaTvis5.8. varinionis Teorema sivrciTi ZalebisaTvis5.8. varinionis Teorema sivrciTi ZalebisaTvis    

 

      4.3 da 4.16 paragrafebSi Cven davamtkiceT  varinionis Teorema Sesaba-

misad erT sibrtyeze mdebare Tavmoyrili Zalebis tolqmedis da nebismieri  

ZalTa sistemis tolqmedis momentis Sesaxeb. analogiur Teoremebs adgili 

aqvs sivrciTi ZalTa sistemis SemTxevaSic. mogvyavs es Teoremebi damtkice-

bis gareSe.  

                        Teorema. Teorema. Teorema. Teorema. nebismieri wertilis mimarT Tavmoyrili Zalebis tolqmedis 

veqtoruli momenti udris imave wertilis mimarT yvela Zalis veqtoruli 

momentebis geometriul jams.        

                        Teorema. Teorema. Teorema. Teorema. raime wertilis mimarT sivrciTi ZalTa sistemis tolqmedis 

veqtoruli momenti udris imave wertilis mimarT Semdgeni Zalebis veqto-

ruli momentebis geometriul jams.  

 

5.9. wyvilZalis veqtoruli momenti5.9. wyvilZalis veqtoruli momenti5.9. wyvilZalis veqtoruli momenti5.9. wyvilZalis veqtoruli momenti    

 

                        gansazRvra.gansazRvra.gansazRvra.gansazRvra. wyvilZalis veqtoruli momenti ewodeba iseT Tavisufal 

veqtors, romlis sigrZe udris wyvilZalis erT-erTi Zalis modulisa da 

mxaris sigrZis namravls da mimarTulia wyvilZalis sibrtyis marTobulad 

ise, rom wyvilZalis mcdeloba moabrunos sxeuli misi bolodan moCans 

saaTis isris brunvis sawinaaRmdego mimarTulebiT. 
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           5.10. wyvilZali5.10. wyvilZali5.10. wyvilZali5.10. wyvilZalis gadatana paralelur sibrtyeSis gadatana paralelur sibrtyeSis gadatana paralelur sibrtyeSis gadatana paralelur sibrtyeSi    

    

      davuSvaT, rom myar sxeulze moqmedebs α  sibrtyeSi mdebare ( ),P Q
��

 

wyvilZala, romlis mxaria AB  monakveTi (nax. 5.6). 

 

 

 

 

 

 

 

 

 

 

                                    nax. 5.6 

                        Teorema. Teorema. Teorema. Teorema. wyvilZala SegviZlia ucvlelad gadavitanoT misi sibrtyis 

paralelur sibrtyeSi. 

      damtkiceba. gavataroT α  sibrtyis paraleluri β  sibrtye da masze 

aviRoT AB  monakveTis toli da paraleluri A B′ ′  monakveTi. am monakveTis 

boloebSi movdoT ,P P′ ′′
� �

 da ,Q Q′ ′′
� �

 Zalebi ise, rom P Q P′ ′′= =
�� �

Dda P′′
�

=Q′
�
=Q
�
. 

SevkriboT toli P
�
 da Q′′

�
 Zalebi. maTi R P=

� �
+Q′′
�

 jami  modebuli iqneba AB′ 

monakveTis Sua C  wertilSi. aseve R Q P′ ′′= +
�� �

 jamic modebuli iqneba imave C  

wertilSi da mimarTuli iqneba R
�
-is sawinaaRmdegod. cxadia, rom R

�
= R′
�
, 

amitom R
�
 da R′

�
 pirdapir TanawinaaRmdegi Zalebia da meeqvse aqsi-omis 

Tanaxmad SegviZlia CamovaSoroT sxeuls. dagvrCeba mxolod β  sibr-tyeSi 

mdebare ( ),P Q
��

 wyvilZalis toli ( ),P Q′ ′
��

 wyvilZala. r. d. g. 

 

5.11. wyvilZalebis tolfasoba sivrceSi5.11. wyvilZalebis tolfasoba sivrceSi5.11. wyvilZalebis tolfasoba sivrceSi5.11. wyvilZalebis tolfasoba sivrceSi    

    

      vTqvaT, myar sxeulze moqmedebs ori ( )1 1,P Q
��

 da ( )2 2,P Q
��

 wyvilZala, 

romelTa veqtoruli momentebi Sesabamisad 1M
�
-isa da 2M

�
-is tolia. 
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      Teorema. sivrceSi mdebare  ori wyvilZala  tolfasia, Tu maT toli 

veqtoruli momentebi aqvT. 

      damtkiceba. rodesac 1M
�
= 2M
�

, maSin SesaZlebelia wyvilZalebis gan-

lagebis mxolod ori SemTxveva: 1) wyvilZalebi erT sibrtyeSia da 2) 

wyvilZalebi paralelur sibrtyeebSia.  

      veqtoruli momentebis tolobidan gamomdinareobs skalaruli mome-

ntebis toloba, amitom pirveli SemTxveva ukve damtkicebuli gvaqvs (ix. $4.8). 

      wina paragrafSi davamtkiceT, rom wyvilZala SegviZlia gadavitanoT 

Tavisi sibrtyis nebismier paralelur sibrtyeSi. gadavitanT ra erT-erT 

wyvilZalas meoris sibrtyeSi, miviRebT pirvel SemTxvevas. amiT Teorema 

damtkicebulia. 

 

5.12.5.12.5.12.5.12.    wyvilZalebiswyvilZalebiswyvilZalebiswyvilZalebis Sekreba sivrceSiSekreba sivrceSiSekreba sivrceSiSekreba sivrceSi 

 

      vTqvT, myar sxeulze moqmedebs wyvilZalebis erToblioba.  

                    Teorema. Teorema. Teorema. Teorema. sivrceSi nebismierad ganlagebuli wyvilZalebis erTob-lioba 

erTi iseTi wyvilZalis tolfasia, romlis veqtoruli momenti mo-cemuli 

wyvilZalebis veqtoruli momentebis geometriuli jamis tolia. 

                    damtkiceba.    SesaZlebelia sami SenmTxveva: 1) yvela wyvilZala erT sib-

rtyeSia; 2) wyvilZalebi paralelur sibrtyeebSia; 3) wyvilZalebi urTierT-

gadamkveT sibrtyeebSia. 

      pirveli SemTxveva ganvixileT $4.9-Si. meore SemTxveva daiyvaneba pirvel 

SemTxvevaze, gadavitanT ra yvela wyvilZalas erT sibrtyeSi. dagvr-Ca 

gansaxilveli mesame SemTxveva.  

      jer ganvixiloT ori ( )1 1,P Q
��

 da ( )2 2,P Q
��

 wyvilZala, romelTa momen-tebia 

1M
�
 da 2M

�
. vTqvaT, es wyvilZalebi, or urTierTgadamkveT sibrtye-ebSi 

mdebareoben (nax. 5.7,a). gavasrialoT wyvilZalebis Zalebi TavianTi fuZeebis 

gaswvriv da movdoT am sibrtyeebis gadakveTis wrfis wertilebSi.  
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nax. 5.7 

 

aviRoT am wrfeze raime AB  monakveTi da daviyvanoT orive wyvilZala 

saerTo AB  mxarze. miviRebT mocemuli wyvilZalebis tolfas ( )1 1,P Q′ ′
�

 da 

( )2 2,P Q′ ′
��

 wyvilZalebs, amasTan A  da B  wertilebze modebuli iqneba or-ori 

Zala (nax. 5.7,b). am Zalebis SekrebiT miRebuli 1 2P P P′ ′= +
� � �

 da 1 2Q Q Q′ ′= +
� � �

 Zalebi 

qmnian wyvilZalas. varinionis Teoremis gaTvaliswinebiT, ( ),P Q
��

 

wyvilZalisTvis miviRebT:    DA  

              ( ) ( ) ( ) ( )1 2 1 2, B B BM M P Q M P M P M P M M= = = + = +
�� � � � � � � � � � �

. 

      amiT Teorema ori wyvilZalis SemTxvevisaTvis damtkicebulia. 

      roca wyvilZalebis odenoba orze metia, maSin jer SevkribavT or 

wyvilZalas, Semdeg amaT jams mivumatebT mesames da a.S. sanam ar miviRebT 

erT wyvilZalas, romlis veqtoruli momenti toli iqneba mocemuli wyvil-

Zalebis veqtoruli momentebis geometriuli jamis.  r. d. g. 

      Sekrebis Sedegad miRebul wyvilZalas tolqmedi wyvilZala tolqmedi wyvilZala tolqmedi wyvilZala tolqmedi wyvilZala ewode-ba. 

 

5.13. sivrceSi wyv5.13. sivrceSi wyv5.13. sivrceSi wyv5.13. sivrceSi wyvilZalTailZalTailZalTailZalTa sistemissistemissistemissistemis    wonasworobawonasworobawonasworobawonasworoba    

 

      vixilavT myar sxeulze moqmed wyvilZalebs, romelTa veqtoruli 

momentebia 1M
�
, 2M
�

, , nM
�

⋯ . SevcvaloT wyvilZalebis erToblioba tolqmedi 

wyvilZaliT, romlis veqtoruli momenti 
1

n

k

k

M M
=

=∑
� �

. roca sxeulze mxolod 
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wyvilZala moqmedebs, maSin misi wonasworobisaTvis wyvilZala unda iyos  

nulis tolfasi, e.i. misi momenti unda iyos nulis toli. amgvarad, 

                              
1

n

k

k

M M
=

=∑
� �

=0. 

                        miviReT: miviReT: miviReT: miviReT: sivrceSi wyvilZalTa sistemis wonasworobisaTvis maTi veq-

toruli momentebis geometriuli jami unda iyos nulis toli. 

 

5.14. Zalis paraleluri gadatana sivrceSi5.14. Zalis paraleluri gadatana sivrceSi5.14. Zalis paraleluri gadatana sivrceSi5.14. Zalis paraleluri gadatana sivrceSi    

    

                        lema. lema. lema. lema. myari    sxeulis    raime    wertilSi modebuli yoveli Zala tol-fasia 

sami Zalisa, romelTagan erTi misi tolia, oRond modebulia sxva wertilSi, 

xolo ori danarCeni Seadgens wyvilZalas, romlis veqtoruli momenti udris 

Zalis veqtorul moments axali modebis centris mimarT. 

      lema mtkicdeba brtyeli ZalTa sistemisTvis msgavsi lemis damtki-cebis 

analogiurad, oRond erTi gansxvavebiT: skalaruli momentis nacv-lad 

gveqneba veqtoruli momenti. 

 

4.15. sivrciTi 4.15. sivrciTi 4.15. sivrciTi 4.15. sivrciTi ZalTa sistemis dayvana erT ZalamdeZalTa sistemis dayvana erT ZalamdeZalTa sistemis dayvana erT ZalamdeZalTa sistemis dayvana erT Zalamde    

da erT wyvilZalamdeda erT wyvilZalamdeda erT wyvilZalamdeda erT wyvilZalamde    

    

                        Teorema (puansos Teorema). Teorema (puansos Teorema). Teorema (puansos Teorema). Teorema (puansos Teorema). nebimieri sivrciTi ZalTa sistema SeiZ-leba 

dayvanil iqnas nebismier wertilSi modebul erT Zalamde da erT 

wyvilZalamde. Zala tolia ZalTa sistemis nakrebi veqtorisa, xolo wyvil-

Zalis veqtoruli momenti  - am wertilis mimarT sistemis nakrebi veqtoru-li 

momentisa.  

      Teorema mtkicdeba brtyeli ZalTa sistemisTvis msgavsi Teoremis dam-

tkicebis analogiurad, oRond erTi gansxvavebiT: skalaruli momentis nac-

vlad gveqneba veqtoruli momenti. 

 

5.16. sivrciTi ZalTa sistemis wonasworobis piroba5.16. sivrciTi ZalTa sistemis wonasworobis piroba5.16. sivrciTi ZalTa sistemis wonasworobis piroba5.16. sivrciTi ZalTa sistemis wonasworobis piroba    

 

                        Teorema. Teorema. Teorema. Teorema. nebimieri sivrciTi ZalTa sistemis wonasworobisaTvis 

aucilebeli da sakmarisia misi nakrebi veqtori da nakrebi veqtoruli mo-

menti erTi romelime wertilis mimarT iyos nulis toli. 
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      Teorema mtkicdeba brtyeli ZalTa sistemisTvis msgavsi Teoremis 

damtkicebis analogiurad, oRond skalaruli momentis nacvlad gveqneba 

veqtoruli momenti. 

  

5.175.175.175.17. sivrciTi Za. sivrciTi Za. sivrciTi Za. sivrciTi ZalTa sistemis wonasworobis gantolebebi. lTa sistemis wonasworobis gantolebebi. lTa sistemis wonasworobis gantolebebi. lTa sistemis wonasworobis gantolebebi.     

araTavisufali myari sxeulis wonasworobaaraTavisufali myari sxeulis wonasworobaaraTavisufali myari sxeulis wonasworobaaraTavisufali myari sxeulis wonasworoba    

 

      davuSvaT, rom  sxeulze moqmedebs ( )1 1 1 1, ,x y zF F F F
�

, ( )2 2 2 2, ,x y zF F F F
�

,⋯ , 

( ), ,n nx ny nzF F F F
�

 nebismieri Zalebi, romelTa modebis wertilebia ( )1 1 1 1, ,A x y z , 

( )2 2 2 2, ,A x y z ,⋯ , ( ), ,n n n nA x y z  wertilebi. wina paragrafidan viciT, rom nebis-mieri 

ZalTa sistemis wonasworobisTvis misi nakrebi veqtori da nakrebi 

veqtoruli momenti erTi raime wertilis mimarT unda udrides nuls. momen-

tTa centrad avirCioT koordinatTa saTave da gveqneba: 

                      0, 0oF M= =i i
� �

  =>AA                                (5.17.1) 

                 0x y z ox oy ozF F F M M M= = = = = =i i i i i i ,                          (5.17.2) 

an rac igivea 

             

( ) ( ) ( )
1 1 1

1 1 1

0, 0, 0,

0, 0, 0.

n n n

k x k y k z

k k k

n n n

x k y k z k

k k k

F F F

M F M F M F

= = =

= = =

= = =

= = =

∑ ∑ ∑

∑ ∑ ∑
� � �

                           (5.17.3)  

            (5.17.3) warmoadgens nebismieri ZalTa sistemis wonasworobis gan-

tolebebs, romelTagan pirvel sams gegmilebis, gegmilebis, gegmilebis, gegmilebis, xolo meore sams – momentebis momentebis momentebis momentebis 

gantolebebigantolebebigantolebebigantolebebi ewodeba. . . .  

            (5.17.3) gantolebebi analizurad ase Caiwereba: 

                    

( )

( )

( )

1 1

1 1

1 1

0, 0,

0, 0,

0, 0.

n n

k x k kz k yk

k k

n n

k y k kx k kz

k k

n n

k z k ky k kx

k k

F y F z F

F z F x F

F x F y F

= =

= =

= =

= − =

= − =

= − =

∑ ∑

∑ ∑

∑ ∑

                      (5.17.4)    

      aRsaniSnavia, rom momentebis gantolebebis Sesadgenad SegviZlia vi-

sargebloT RerZis mimarT Zalis momentis gansazRvriTac. 
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      Tu aRmoCnda, rom sivrciT amocanaSi ucnobTa ricxvi eqvsze metia, maSin 

Teoriuli meqanika aseT amocanas calsaxad ver xsnis da mas stastastastatitititi----kurad kurad kurad kurad 

ganusazRvreli (urkvevi) amocanaganusazRvreli (urkvevi) amocanaganusazRvreli (urkvevi) amocanaganusazRvreli (urkvevi) amocana ewodeba (ix. $ 4.20).     

      ganvixiloT myari sxeulis wonasworobis sami saintereso kerZo Se-

mTxveva. 

                        1. 1. 1. 1. ori Camagrebuli wertilis mqone myariori Camagrebuli wertilis mqone myariori Camagrebuli wertilis mqone myariori Camagrebuli wertilis mqone myari    sxeulis wonasworoba.sxeulis wonasworoba.sxeulis wonasworoba.sxeulis wonasworoba. 

vTqvaT, myari sxeuli Camagrebulia or A  da B  wertilSi sferuli saxs-

rebis saSualebiT (nax. 5.8,a). cxadia, sxeuls mxolod brunva SeuZlia am 

wertilebze gamavali RerZis garSemo. koordinatTa sistemis saTave aviRoT A  

wertilSi, davamTxvioT Oz  RerZi brunvis RerZs da saxsrebis moqmedeba 

SevcvaloT ( ), ,A Ax A y AzR R R R
�

 da ( ), ,B B x B y B zR R R R
�

 reaqciebiT.  

davuSvaT, rom sxeuli wonasworobaSia 1 2, , , nF F F
� � �

⋯  ZalTa sistemis moqmedebiT. 

SevadginoT wo-nasworobis gantolebebi: 

               
1

0,
n

kx Ax B x

k

F R R
=

+ + =∑            ( )
1

0
n

x k B y

k

M F R h
=

− ⋅ =∑
�

, 

               
1

0
n

k y A y B y

k

F R R
=

+ + =∑ ,          ( )
1

0
n

y k B x

k

M F R h
=

+ ⋅ =∑
�

, 

               
1

0
n

kz Az B z

k

F R R
=

+ + =∑ ,           ( )
1

0
n

z k

k

M F
=

=∑
�

. 

 

 

 

 

 

 

 

 

 

 

 

              a)                                         b) 

 

                                         nax. 5.8,a,b 
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 pirveli xuTi gantoleba Seicavs Camagrebuli wertilebis ucnob reaqciebs, 

amitom maT uwodeben wonasworobis gantolebebs. wonasworobis gantolebebs. wonasworobis gantolebebs. wonasworobis gantolebebs. meeqvse (bolo) gantoleba 

Seicavs mxolod mocemul Zalebs. mas wonasworobis pirowonasworobis pirowonasworobis pirowonasworobis piroba ba ba ba ew-odeba.  

      xuTi gantolebidan eqvs ucnobs ver ganvsazRvravT, amitom amocana 

statikurad urkvevia. kerZod, mesame gantolebidan SegviZlia gavigoT mxo-

lod Az B zR R+  jami. Tu erT-erT sferul saxsars SevcvliT cilindruli 

saxsriT, magaliTad, A  wertilSi, maSin 0AzR =  da dagvrCeba xuTi ucnobi, e.i. 

amocana gaxdeba statikurad rkvevadi. 

                        2.2.2.2.1. erTi1. erTi1. erTi1. erTi    Camagrebuli wertilis mqone myariCamagrebuli wertilis mqone myariCamagrebuli wertilis mqone myariCamagrebuli wertilis mqone myari    sxeulis wonasworoba. sxeulis wonasworoba. sxeulis wonasworoba. sxeulis wonasworoba.  

vTqvaT, myari sxeuli Camagrebulia A  wertilSi sferuli saxsris saSua-

lebiT (nax. 5.8,b). cxadia, sxeuls mxolod brunva SeuZlia am wertilis 

garSemo. koordinatTa sistemis saTave aviRoT A  wertilSi, saxsris moqme-

deba SevcvaloT ( ), ,A Ax A y AzR R R R
�

 reaqciiT. davuSvaT, rom sxeuli wonasworo-

baSia 1 2, , , nF F F
� � �

⋯  ZalTa sistemis moqmedebiT. SevadginoT wonasworobis gan-

tolebebi: 

                   
1

0,
n

kx Ax

k

F R
=

+ =∑            ( )
1

0
n

x k

k

M F
=

=∑
�

, 

                   
1

0
n

k y A y

k

F R
=

+ =∑ ,          ( )
1

0
n

y k

k

M F
=

=∑
�

, 

                   
1

0
n

kz Az

k

F R
=

+ =∑ ,           ( )
1

0
n

z k

k

M F
=

=∑
�

. 

      sami gantoleba (wonasworobis gantolebebi) Seicavs sam ucnobs, amitom 

amocana statikurad rkvevadia. danarCeni sami gantoleba aris wonasworobis 

piroba. 

                        3.3.3.3.    sxeuli eyrdnoba gluv zedapirs araerT wrfeze mdebare sam sxeuli eyrdnoba gluv zedapirs araerT wrfeze mdebare sam sxeuli eyrdnoba gluv zedapirs araerT wrfeze mdebare sam sxeuli eyrdnoba gluv zedapirs araerT wrfeze mdebare sam 

wertilSi. wertilSi. wertilSi. wertilSi. vTqvaT, sxeuli zedapirs eyrdnoba ,A B  da C  wertilebSi. ko-

ordinatTa sistemis saTave aviRoT A  wertilSi, davamTxvioT Axy  sibrtye 

ABC  sibrtyes, bmebis moqmedeba SevcvaloT Sesabamisi ,A BN N
� �

 da BN
�

 reaqci-

ebiT da SevadginoT wonasworobis gantolebebi (nax. 5.8.g): 
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                                     nax. 5.8g 

 

    
1

0
n

k x

k

F
=

=∑ ,                   (1)         
1

0
n

k y

k

F
=

=∑ ,              (2)   

   
1

0
n

k z A B C

k

F N N N
=

+ + + =∑ ,      (3)         ( )
1

0
n

Ax k C

k

M F bN
=

− =∑
�

,    (4)        

   ( )
1

0
n

A y k B C

k

M F a N c N
=

− − =∑
�

,   (5)         ( )
1

0
n

Ax k

k

M F
=

=∑
�

.          (6) 

           

 

      miRebul sistemaSi mesame, meoTxe da mexuTe gantolebebi wonaswo-robis 

gantolebebia, xolo pirveli, meore da meeqve – wonasworobis pi-roba. 

ucnobTa ricxvi samia, wonasworobis gantolebebic sami, amitom am-ocana 

statikurad rkvevadia. Tu sayrden wertilTa odenoba samze metia, maSin 

amocana statikurad urkvevia, vinaidan gaizarda ucnobTa ricxvi, xo- 

lo gantolebaTa ricxvi ki isev sami gvaqvs.   
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5.18. para5.18. para5.18. para5.18. paraleluri Zalebis wonasworoba sivrceSileluri Zalebis wonasworoba sivrceSileluri Zalebis wonasworoba sivrceSileluri Zalebis wonasworoba sivrceSi    

 

      vixilavT myar sxeulze modebul 1F
�
, 2F
�
,⋯ , nF

�

 paralelur ZalTa sis-

temas. SevarCioT Oxyz  koordinatTa sistema ise, rom erT-erTi RerZi, maga-

liTad Oz  RerZi, iyos mocemuli Zalebis paraleluri, maSin (5.17.4) wonas-

worobis gantolebebi aseT saxes miiRebs:    

                                     
1 1 1

0, 0, 0
n n n

k k k k k

k k k

F y F x F
= = =

= = =∑ ∑ ∑ .                                          (5.18.1) 

 

5.19. ori. ori. ori. ori    ZalTa sistemis tolfasoba. ZalTa ZalTa sistemis tolfasoba. ZalTa ZalTa sistemis tolfasoba. ZalTa ZalTa sistemis tolfasoba. ZalTa     

sistemis koordinatebisistemis koordinatebisistemis koordinatebisistemis koordinatebi    

    

                        Teorema. Teorema. Teorema. Teorema. ori ZalTa sistemis tolfasobisaTvis aucilebeli da sak-

marisia maT hqondeT toli nakrebi veqtorebi da toli nakrebi veqtoru-li 

momentebi. 

      Teorema mtkicdeba brtyeli ZalTa sistemisTvis msgavsi Teoremis dam-

tkicebis analogiurad, oRond skalaruli momentis nacvlad gveqneba veq-

toruli momenti. am Teoremidan gamomdinareobs, rom nebismieri ZalTaA sis-

tema savsebiT xasiaTdeba nakrebi veqtoriTa da raime wertilis mimarT nak-

rebi veqtoruli momentiT. am veqtorebis , , , , ,x y z x y zF F F M M Mi i i i i i  gegmilebs nenenene----

bismieri ZalTa sistemis bismieri ZalTa sistemis bismieri ZalTa sistemis bismieri ZalTa sistemis koordinatebi koordinatebi koordinatebi koordinatebi ewodeba. 

 

5.20. ZalTa sistemis invariantebi, ZalTxraxni5.20. ZalTa sistemis invariantebi, ZalTxraxni5.20. ZalTa sistemis invariantebi, ZalTxraxni5.20. ZalTa sistemis invariantebi, ZalTxraxni    

    

      nebismieri 1F
�
, 2F
�
,⋯ , nF

�
 ZalTa sistemis , , , , ,x y z x y zF F F M M Mi i i i i i  koordina-

tebis mniSvnelobebi damokidebulia koordinatTa sistemis arCevaze. Seveca-

doT ZalTa sistemis dasaxasiaTeblad SemovitanoT iseTi sidideebi, romel-

Ta mniSvnelobebi ar iqneba damokidebuli RerZebis arCevaze. aseT sidide-ebs 

ZalTa sistemis invariantebiZalTa sistemis invariantebiZalTa sistemis invariantebiZalTa sistemis invariantebi vuwodoT....    

       ZalTa sistemis pirvel invariantadpirvel invariantadpirvel invariantadpirvel invariantad miRebulia misi nakrebi veqto-ris 

moduli (marTalia, RerZebis SecvliT veqtoris gegmilebi am RerZebze, 

sazogadod, icvleba, magram veqtoris sigrZe igive rCeba). aRvniSnoT pirve-li  

invarianti 1I -iT da gveqneba: DA  
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                         2 2 2

1 x y zI F F F= + +i i i .                           (5.20.1) 

      ZalTa sistemis meoremeoremeoremeore    invariantadinvariantadinvariantadinvariantad miRebulia misi nakrebi veqtorisa da 

nakrebi veqtoruli momentis skalaruli namravli da, Tu mas aRvniSnavT 2I -

iT, miviRebT:  

                      ( )2 x x y y z zI F M F M F M F M= ⋅ = + +i i i i i i i i
� �

.                 (5.20.2) 

      gamovTvaloT nakrebi veqtoruli momentis gegmili nakrebi veqtoris 

fuZeze. aRvniSnoT igi l -iT da gveqneba:  

           l =gegm
( )

2

1

cos
cos

F

F MF M I
M M

IF F

α
α

⋅⋅
= ⋅ = = =i

i ii i

i i

i i

� �� �

� �

� � .          (5.20.3) 

M     miviReT, rom l -ic invariantia (rogorc ori invariantis fardoba), e.i. 

koordinatTa RerZebis cvlilebiT nakrebi veqtoruli momenti icvleba, mag-

ram misi gegmili nakrebi veqtoris fuZeze mudmivi sididea (nax. 5.9).  

      advili misaxvedria, rom nakrebi veqtoruli momentis moduli maSin 

aris l -is toli, roca nakrebi veqtori paraleluria nakrebi momentis. 

                        gansazRvra. gansazRvra. gansazRvra. gansazRvra. urTierTparaleluri nakrebi veqtorisa da nakrebi mo-

mentis erTobliobas, ZalTa sistemisZalTa sistemisZalTa sistemisZalTa sistemis ZalTxraxni ZalTxraxni ZalTxraxni ZalTxraxni ewodeba. xraxns ewodeba 

marcxenamarcxenamarcxenamarcxena, , , , Tu F i
�
 da M i

�
 veqtorebs erTnairi mimarTulebebi aqvT, winaaRmdeg 

SemTxvevaSi ZalTxraxni marjvenaa.marjvenaa.marjvenaa.marjvenaa.    

 

 

 

 

 

 

 

 

              nax. 5.9                                   nax.5.10                    

 

      Catarebuli msjelobidan gamomdinaeobs, rom nakrebi veqtoruli mo-

mentis moduls minimaluri mniSvneloba aqvs ZalTxraxnis SemTxvevaSi da 

udris l -s. 

 



 

94 

 

5.21. nebismieri ZalTa sistemis tolqmedi5.21. nebismieri ZalTa sistemis tolqmedi5.21. nebismieri ZalTa sistemis tolqmedi5.21. nebismieri ZalTa sistemis tolqmedi    

   

      sainteresoa, ra SemTxvevaSi aqvs sivrciT ZalTa sistemas tolqmedi.       

                    Teorema.Teorema.Teorema.Teorema. Tu ZalTa sistemis nakrebi veqtori ar udris nuls, xolo 

nakrebi veqtoruli momenti an udris nuls an nakrebi veqtoris marTobia, 

maSin ZalTa sistema daiyvaneba tolqmedze. 

                        damtkiceba. daviyvanoT ZalTa sistema raime O  centramde. miviRebT F i
�
 

nakrebi veqtoris tol Zalas da wyvilZalas, romlis veqtoruli momenti oM i  

nakrebi veqtoruli momentis tolia. SesaZlebelia ori SemTxveva: 

                    1. 0F ≠i
�

, M i
�
=0. am SemTxvevaSi ZalTa sistema Seicvala erTi ZaliT, am-

itom es Zala aris tolqmedi da misi fuZe gadis O  centrze. 

     2. 0F ≠i
�

, M i
�
=0, oF M⊥i i

� �
 (nax. 5.10). SevcvaloT wyvilZala misi iseTi 

tolfasi wyvilZaliT, romlis erT-erTi Semdgeni 1F
′
�
 Zala mdebareobdes F i

�
 

Zalis fuZeze, hqondes misi sawinaaRmdego mimarTuleba da 1F F′ = i
� �

. mi-viRebT, 

rom 1F
′
�
 da F i

�
 Zalebi pirdapir TanawinaaRmdegi Zalebi iqnebian da maT 

CamovaSorebT sxeuls. dagvrCeba mxolod wyvilZalis meore 1F
�
 Zala. amgvarad, 

ZalTa sistema daviyvaneT erT Zalaze, e.i. tolqmedze. amiT Teo-rema 

damtkicebulia. 

      aRsaniSnavia, rom orive SemTxvevaSi pirveli invarianti ar udris nuls, 

xolo meore invarianti nulis tolia. amasTan dakavSirebiT ganxi-luli 

Teorema SeiZleba asec CamovayaliboT: Tu ZalTa sistemis pirveli invarianti 

ar udris nuls, xolo meore invarianti nulis, tolia, maSin ZalTa sistema 

daiyvaneba tolqmedze. 

      tolqmedis fuZis OO′  daSoreba O  dayvanis centridan aRvniSnoT h -iT, 

maSin oM F h= ⋅i i   => 

                         oh M F= i i .                                     (5.21.1)  

5.22. nebismieri ZalTa sistemis dayvana ZalTxraxnze5.22. nebismieri ZalTa sistemis dayvana ZalTxraxnze5.22. nebismieri ZalTa sistemis dayvana ZalTxraxnze5.22. nebismieri ZalTa sistemis dayvana ZalTxraxnze 

 

                        Teorema. Teorema. Teorema. Teorema. Tu ZalTa sistemis nakrebi veqtori da nakrebi veqtoruli 

momenti cal-calke ar udris nuls da arc urTierTmarTobulia (e.i. meore 

invarianti ar udris nuls), maSin ZalTa sistema daiyvaneba ZalTxraxnze.  
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nax. 5.11 

 

                        damtkiceba.    myar sxeulze    modebuli    1F
�
, 2F
�
,⋯ , nF

�
 ZalTa sistema da-

viyvanoT koordinatTa saTavis mimarT F i
�
 Zalaze da oM i

�
 momentis mqone 

wyvilZalaze, amasTan F i
�
 ar aris marTobi oM i

�
 veqtorisa. miviReT, rom O  

wertilze modebulia ori F i
�
 da oM

i
�

 veqtori (nax. 5.11).    

      oM
i
�

 veqtori davSaloT or urTierTmarTob 1M
i
�
 da 2M i

�
 Semdgenebad ise, 

rom erT-erTi, kerZod 1M
i
�
, mimarTuli iyos F i

�
 veqtoris gaswvriv. advi-lad 

miviRebT:  

                      1 2cos , sino oM M M Mα α= =i i i i ,                (5.22.1)    sadac 

α  kuTxea F i
�
 da oM

i
�

 veqtorebs Soris. 

      cxadia, rom 2M i
�

 veqtori marTobia F i
�
 nakrebi veqtorisa. wina parag-

rafSi vaCveneT, rom aseTi Zala da momenti SegviZlia daviyvanoT erT 1F F=i i
� �

 

Zalaze, romlis fuZe O  dayvanis centridan daSorebulia (ix. (5.21.1) 

formula)  

                     2 sinoh M F M Fα= =i i i i                              (5.22.2) 

manZiliT. amgvarad, mocemuli ZalTa sistema Seicvala 1F F=i i
� �

 ZaliT, ro-

melic O  wertlidan daSorebulia sinoh M Fα= i i  manZiliT, da 1M
i
�
 momentis 

mqone wyvilZaliT, amasTan 1M Fi i
� �

. vinaidan wyvilZalis veqtoruli momenti 

Tavisufali veqtoria, SegviZlia is movdoT 1F
i
�
 Zalis O′  modebis wertilSi 
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da miviRebT 1F
i
�
 Zalisa da 1M

i
�
 momentisgan Sedgenil ZalTxraxns. amiT Teo-

rema damtkicebulia. 

      ZalTxraxnis elementebia: 1F F=i i
� �

 Zala da wyvilZalis 1 cosoM M α=i i  

momenti, sadac  

                     cos
x ox y oy z oz

o

F M F M F M

F M
α

+ +
=

i i i i i i

i i
.                         (5.22.3) 

 

5.23. centraluri RerZis gantoleba5.23. centraluri RerZis gantoleba5.23. centraluri RerZis gantoleba5.23. centraluri RerZis gantoleba    

 

                        gansazRvra. gansazRvra. gansazRvra. gansazRvra. wrfes, romlis gaswvrivac moqmedebs ZalTxraxnis 1F F=i i
� �

 

Zala, ZalTxraxnisZalTxraxnisZalTxraxnisZalTxraxnis    RerZi RerZi RerZi RerZi an    centraluri RerZi centraluri RerZi centraluri RerZi centraluri RerZi ewodeba. am RerZis yoveli 

wertilis mimarT mocemuli ZalTa sistema daiyvaneba erTsa da imave ZalTx-

raxnze. dayvanis centridan RerZamde manZili gamoiTvleba (5.22.2) formu-liT. 

      gamoviyvanoT centraluri RerZis gantoleba. amisaTvis  vipovoT ise-Ti 

( ), ,O x y z′  wertili, romlis mimarTac ZalTa sistemis dayvanis Sedegad 

miviRebT: ( ) ( )1 1oF F M M′= =i i i i
� � � �

. kolinearobis pirobis Tanaxmad,  

                         0 x

x

M

F

′
i

i
= 0 y

y

M

F

′
i

i
= 0 z

z

M

F

′
i

i
= p ,                           (5.23.1)               

sadac p ZalTxraxnis parametria. (5.3.5) formulebis Tanaxmad (5.23.1) aseT saxes 

miiRebs: 

             0x z y

x

M y F z F

F

− +i i i

i
= 0 y x z

y

M z F x F

F

− +i i i

i
= 0 z y x

z

M xF y F

F

− +i i i

i
= p .         (5.23.2)               

      (5.23.2) aris sivrceSi wrfis gantoleba, romlis wertilebis mimarT 

ZalTa sistema daiyvaneba erTsa da imave ZalTxraxnze. am gantolebas cencencencen----

traluri Retraluri Retraluri Retraluri RerZis gantoleba rZis gantoleba rZis gantoleba rZis gantoleba ewodeba.     

      ganvixiloT SemTxvevebi, roca nakrebi veqtoris gegmilebidan erTi an 

ori nulis tolia. vTqvaT, 0zF
• = , maSin (5.23.2) gantolebis nacvlad gveqneba:  

              0x y

x

M z F

F

+i i

i
= 0 y x

y

M z F

F

−i i

i
,  0 0z y xM xF yF− + =i i i .                (5.23.3) 

      Tu yvela Zala erT Oxy  sibrtyeSia (e.i. 0z = ), maSin gveqneba ( 0 zM = = 0M ): 

               0 0y xM xF yF− + =i i i   =>  0y

x x

F M
y x

F F
= −

i i

i i
.                     (5.23.4)                
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      roca 0, 0x yF F= =i i , maSin (5.23.2)-dan miviRebT: 

                    0 0x zM yF− =i i , 0 0y zM yF+ =i i .                         (5.23.5) 

      5.20 paragrafSi miviReT, rom ZalTxraxnis SemTxvevaSi wyvilZalis 

momenti 

                    
( )

2

1

cos
cos

o o
o

F M F MI
l M

I F F

α
α

⋅ ⋅
= = = =

i
i i

i

i i

� �

.              (5.23.6)             

     roca 0p > , maSin ZalTxraxni marcxenaa, xolo roca 0p <  - marjvena. 

      gavigoT, risi tolia ZalTxraxnis p  parametri. (5.23.1)-is Tanxmad    

, ,x o x x y o y y z o z zl M pF l M pF l M pF′ ′ ′= = = = = =i i i i i i  =>  2 2 2 2

x y zl l l l= + + = 

= ( )2 2 2 2 2 2

x y zp F F F p F+ + =i i i i     =>   p l F= i .                              (5.23.7) 

 

5.24. ZalTa sistemis umartives saxeze5.24. ZalTa sistemis umartives saxeze5.24. ZalTa sistemis umartives saxeze5.24. ZalTa sistemis umartives saxeze dayvanisdayvanisdayvanisdayvanis    

kerZokerZokerZokerZo    SemTxvevebiSemTxvevebiSemTxvevebiSemTxvevebi    

 
 
      nebismieri ZalTa sistemis erT Zalasa da erT wyvilZalaze dayvani-sas 

SesaZlebelia Semdegi kerZo SemTxvevebi: 

      1. 0, 0F M= =i i
� �

. ZalTa sistema wonasworobaSia (ix $5.16). 

      2. 0, 0F M≠ =i i
� �

. dayvanis centris mimarT ZalTa sistema daiyvaneba 

tolqmedze (ix. $5.21, pirveli SemTxveva.) 

      3. 0, 0F M= ≠i i
� �

. ZalTa sistema daiyvaneba wyvilZalaze. 

      4. 0, 0F M≠ ≠i i
� �

. a) roca ( )0, 0F F M≠ ⋅ =i i i
� � �

, maSin ZalTa sistema daiyva-

neba tolqmedze (ix. $5.21, meore SemTxveva);  b) roca ( ) 0F M⋅ ≠i i
� �

, maSin Zal-Ta 

sistema daiyvaneba ZalTxraxnze (ix. $5.22). 

 

  5.25. meToduri miTiTebebi amocanebis amosaxsnelad5.25. meToduri miTiTebebi amocanebis amosaxsnelad5.25. meToduri miTiTebebi amocanebis amosaxsnelad5.25. meToduri miTiTebebi amocanebis amosaxsnelad    

    

       3.3 da 4.22 paragrafebSi mocemulia amocanebis amoxsnis meTodika. 

damatebiT mogvyavs Semdegi miTiTebebi:  

      sivrciTi amocanebis amoxsnisas ZiriTadad gamoiyeneba analizuri 

meTodi. 
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      im SemTxvevaSi, rodesac cnobilia wyvilZalis M
�
 veqtorul momenti,  

e.i. viciT misi moduli da mis mier koordinatTa RerZebTan Sedgenili α , β , 

γ  kuTxeebi, maSin wyvilZalis veqtoruli momenti wonasworobis momentebis 

gantolebebSi Sedis RerZebze M  veqtoris  

               cos ,xM M α=  cos ,yM M β=  coszM M γ=                    (5.25.1) 

gegmilebis saxiT. 

                        amocana 5.1amocana 5.1amocana 5.1amocana 5.1. . . . gansazRvreT    filis    D     wertilSi modebuli P
�
 Zalis mo-

mentebi koordinatTa RerZebis mimarT, Tu cnobilia filis h  sisqe da α  

kuTxe (nax. 5.12).    [48]             

                    amoxsna.    gamoviyenoT varinionis Teorema. davSaloT Zala ise, rom 

1 2P P P= +
� � �

= cos sini P k Pα α− +
��

. am daSlis sikeTe imaSi mdgomareobs, rom orive 

Semdgeni romelime sakoordinato RerZis paraleluria an marTobi, rasac 

didi mniSvneloba aqvs RerZis mimarT momentis gansazRvrisas. 

      advilad miviRebT: 

( ) ( ) ( )1 2x x xM P M P M P= +
� � �

= 2P b⋅ = sinbP α       ( ( )1 0xM P =
�

, vinaidan 1 ||P Ox
�

), 

( ) ( ) ( )1 2y y yM P M P M P= +
� � �

= 1 2P h P a− ⋅ = cos sinhP aPα α− = ( )sinP hcos aα α− , 

( ) ( ) ( )1 2z z zM P M P M P= +
� � �

= 1P b⋅ = sbPco α       ( ( )2 0zM P =
�

, vinaidan 2 ||P Oz
�

). 

 

 

 

 

    

    

    

        

    

                                                                                                                                    nax. 5.12    
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      amocana 5.2. amocana 5.2. amocana 5.2. amocana 5.2. sami 1 2,P P
� �

 da 3P
�
 Zala mdebareobs sakoordinato sibrtyeebSi 

da paraleluri arian sakoordinato RerZebisa, magram SeiZleba mi-marTuli 

iyvnen rogorc erT mxares, ise meore mxares (nax. 5.13). maTi ,A B  da C  modebis 

wertilebi koordinatTa saTavidan daSorebuli arian Sesa-bamisad ,a b  da c  

manZilebiT. ra pirobebs unda akmayofilebdes mocemuli Zalebis modulebi, 

rom ZalTa sistema tolfasi iyos erTi Zalis, e.i. sis-tema daiyvanebodes 

tolqmedze? ra pirobebs unda akmayofilebdes mocemuli Zalebis modulebi, 

rom ZalTa sistema daiyvanebodes koordinatTa saTaveze gamaval 

ZalTxraxnze?  [64]   

 

 

 

 

 

 

 

 

 

 

 

 

        nax. 5.13                                 nax. 5.14 

 

     amoxsna. gamovTvaloT mocemuli ZalTa sistemis nakrebi veqtoris da 

nakrebi momentis gegmilebi koordinatTa RerZebze:  

         1,xF P• =     F 2yF P• = ,       0zF
• = ,                                  (a) 

         xM Pb• = ,   1yM P c• = ,     2zM P a• = .                                (b) 

      cnobilia, rom ZalTa sistema daiyvaneba tolqmedze, roca 0F • ≠ , 0 0M • ≠  

da meore invarianti udris nuls (ix. $5.21). am pirobis Tanaxmad,  

          ( ) x x y y z zF M F M F M F M• • • • • • •⋅ = + + =
� �

1 3 2 1 3 2 0P P b P P c P P a⋅ + ⋅ + ⋅ = . 
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      miRebuli toloba gavyoT 1 2 3P P P , miviRebT: 
1 2 3

0
a b c

P P P
+ + = . 

      davuSvaT, rom meore invarianti ar udris nuls da F •
�
 ar aris marTo-bi 

0M • -is, maSin ZalTa sistema daiyvaneba ZalTxraxnze (ix. $5.23), romlis fuZis 

(e.i. centraluri RerZis) gantoleba moicema Semdegi formuliT: 

             0x z y

x

M y F z F

F

− +i i i

i
= 0 y x z

y

M z F x F

F

− +i i i

i
= 0 z y x

z

M xF y F

F

− +i i i

i
.             (5.23.2)              

      imisaTvis, rom (5.23.2) wrfe gadiodes koordinatTa saTaveze, masSi unda 

SevitanoT 0x y z= = =  da miviRebT: 

                  3 1 2

1 2 3

P b P c P a

P P P
= =      <=>    31 2

3 1 2

PP P

bP c P a P
= = . 

DA    pasuxi. 
1 2 3

0
a b c

P P P
+ + = ;    31 2

3 1 2

PP P

bP c P a P
= = . 

                    amocana 5.3. amocana 5.3. amocana 5.3. amocana 5.3. a     sigrZis mqone kubis oTx wveroze modebulia oTxi si-

didiT toli ( 1 2 3 4P P P P P= = = = ) Zala (nax. 5.14). daiyvaneT ZalTa sistema 

umartives saxeze.  [64]       

      amoxsna. (2.4.2) da (4.4.1) an (4.4.3) formulebiT ganvsazRvroT mocemuli 

ZalTa sistemis nakrebi veqtorisa da nakrebi momentis gegmilebi koordi-

natTa RerZebze, miviRebT:  

           1 2cos 45 cos 45 2xF P P P• = − − = −� � , 

           1 2cos 45 cos 45 0YF P P• = − =� � , 

           3 4cos 45 cos 45 2zF P P P• = + =� � ,    

           0 2 4cos 45 cos 45 2xM aP aP aP• = + =� � ,                                         

           0 2 3cos 45 cos 45 0yM aP aP• = − + =� � , 

           0 2 3cos 45 cos 45 2zM aP aP aP• = + =� � . 

      advilad miviRebT:  

             2F P• = , ( )2F P i k= − +i
�� �

, 0 2M Pa=i , ( )0 2M aP i k= +i
�� �

.             (a) 

      gamovTvaloT mocemuli ZalTa sistemis meore invarianti: 

         ( )2 0 0 0x x y y z o zI F M F M F M F M= ⋅ = + +i i i i i i i i
� �

= 2 2 0 0 2 2P aP P aP− ⋅ + ⋅ + ⋅ =0. 

      miviReT, rom mocemuli ZalTa sistema daiyvaneba tolqmedze. nakrebi 

veqtori gansazRvruli gvaqvs, saWiroa vipovoT misi fuZe. 
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      (a) tolobebidanac Cans, rom F i
�
 da 0M i

�
 veqtorebi erT (Oxz ) sibrtyeSi 

mdebareoben, amitom mocemuli ZalTa sistema daiyvaneba tolqmedze.  

      advili misaxvedria, rom F i
�
 veqtori mimarTulia OD  biseqtrisis gas-

wvriv, xolo 0M i
�

 veqtori misi marTobia. tolqmedis fuZis dasadgenad (4.5.12) 

formuliT gamovTvaloT 0h M F• •= =2 2aP P a= . 

      miviReT: mocemuli ZalTa sistema daiyvaneba tolqmedze, romlis fuZe 

aris CF  biseqtrisa, moduli 2aP -s tolia da mimarTulia C -dan F -sken. 

      igive Sedegs miviRebT, Tu tolqmedis fuZes, e.i. centraluri RerZis 

gantolebas gavigebT (5.23.2) formulebiT. SevitanoT gansazRvruli sidi-deebi 

am fomulebSi ( 0p = , amitom TiToeuli mricxveli unda gavutoloT nuls) da 

miviRebT tolqmedis gantolebas. gamoTvlebi gvaZlevs: y a= , x z= , es ki CF  

wrfis gantolebaa. 

      pasuxi. ZalTa sistema daiyvaneba tolqmedze, romelic gamoisaxeba 

( )2P i k− +
��

 veqtoriT, xolo fuZis gantolebaa ,y a x z= = . 

                    amocana 5.4. amocana 5.4. amocana 5.4. amocana 5.4. marTkuTxedis formis mqone yuTis 120 n-is wonis ABCD  

saxuravi erTi mxridan Sekavebulia DE  joxiT. AD AE= ; 60DAE∠ = �  (nax. 5.15). 

gansazRvreT A  da B  saxsrebis reaqciebi, agreTve, Zalva ReroSi, rom-lis 

wonac mxedvelobaSi ar miiReba. [64]    

                        amoxsna. wonasworobis obieqtia saxuravi. masze moqmedebs Semdegi Za-

lebi: P
�
- misi simZimis Zala, DR

�
- joxis reaqcia, A  saxsris AxR

�
 da AzR

�
  da B  

saxsris B xR
�

 da B zR
�

 reaqciebi (igulisxmeba, rom saxsrebi cilindrulia). Tu 

gaviTvaliswinebT, rom samkuTxedi ADE  tolgverdaa da yvela Zala y  RerZis 

marTobia, maSin wonasworobis gantolebebi aseT saxes miiRebs:    

         cos 60 0kx Ax Bx DF R R R= + − =∑ � ,                                      (a) 

         sin 60 0kz Az Bz DF R R P R= + − + =∑ � ,                                   (b) 

         ( ) 0,5 0x k BzM F P AB R AB= − ⋅ + ⋅ =∑
�

,                                  (g)               

         ( ) 0,5 cos 60 sin 60 0y k DM F P AD R AD= ⋅ − ⋅ =∑ � �
�

,                       (d)               

         ( ) 0z k BxM F R AB= − ⋅ =∑
�

.                                            (g) 
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      am sistemis amoxsna gvaZlevs:  17,34AxR = n;     30AzR = n;     0B xR = ;  

60B zR =  n;   34,68DR = n.  

      qmedebisa da ukuqmedebis aqsiomis Tanaxmad, joxSi aRZruli Zalva si-

didiT DR
�

 reaqciis tolia da mis sawinaaRmdegod aris mimarTuli.                     

                                     

  

 

 

 

 

 

 

 

 

 

                            

                              nax. 5.15 

                        amocanaamocanaamocanaamocana    5.5. 5.5. 5.5. 5.5. marTkuTxedis formis erTgvarovani P  wonis firfita sa-mi 

fexiT eyrdnoba gluv iataks. zomebi mocemulia nax. 5.16-ze. x  da y  ko-

ordinatebis mqone wertilSi modebulia Q
�
 vertikaluri Zala. gansazRv-reT 

firfitis zedapize is are, romlis nebismier Siga wertilze modebuli Q
�
 

Zala ver gadaayiravebs firfitas. gaigeT, agreTve, P
�
 da Q

�
 Zalebis mo-

dulebis rogori Tanafardobisas firfitis mTeli zedapiri iqneba usafr-

Txo.  [21]          

                        amoxsna. SevcvaloT gluvi iatakis qmedeba firfitaze Sesabamisi ,A BN N
� �

 

da DN
�

 normaluri reaqciebiT. firfitaze moqmedebs paraluluri Zalebi da 

wonasworobis gantolebebis Sesadgenad gamoviyenoT (5.18.1) for-mulebiT: 

          
1

0
n

k A B D

k

F N N N P Q
=

= + + − − =∑ , 

          
1

0
2

n

k k D

k

a
y F P Q y N a

=

= − − + =∑ ,  
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1

0
2 2

n

k k A B

k

b b
x F N Q x N

=

= − + + =∑ . 

      miRebuli sistemis amoxsna gvaZlevs:   

        
2 4 2

A

Q Q P Q
N x y

b a
= − + + ,   

2 4 2
B

Q Q P Q
N x y

b a
= − − + + ,   

2
D

Q P
N y

a
= + . 

      imisaTvis, rom firfita ar gadayiravdes, aucileblad unda Ses-ruldes 

piroba: 0, 0A BN N≥ ≥ . 

 

 

 

 

          a)                                                    b) 

 

 

 

 

 

                           

 

 

 

                    nax. 5.16,a 

     

 

 

  saZiebeli ares sazRvrebi davadginoT Semdegi pirobiT: 

         0
2 4 2

A

Q Q P Q
N x y

b a
= − + + = ,   0

2 4 2
B

Q Q P Q
N x y

b a
= − − + + =       => 

                 
2

2

a aP
y x a

b Q
= + + ,    

2

2

a aP
y x a

b Q
= − + + .                    (a) 

      (a)-s unda daematos pirobebi:  0,5 0,5b x b− ≤ ≤ ,  0 y a≤ ≤ .          (b) 
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               b) 

 

 

 

 

 

 

                               nax. 5.16,b 

 

      (a) ares wertilebi, Q
�
 Zalis modebis SemTxvevaSi, firfitis gadayi-

ravebis TvalsazrisiT usafrTxoa. ganvixiloT kerZo SemTxveva, roca 2Q P= , 

maSin                    

                    
2 5

4

a
y x a

b
= + ,    

2 5

4

a
y x a

b
= − + .                         (g) 

      (g) tolobebi (b) pirobebTan erTad, roca 2Q P= , gvaZlevs nax. 5.16,b-ze 

daStrixul ares.  

      ganvixiloT SemTxveva, roca 2P Q= . maSin (a) aseT saxes miiRebs: 

                   
2

2
a

y x a
b

= + ,    
2

2
a

y x a
b

= − + .                          (d) 

      2x b= −  da 2x b=  sazRvrebisTvis vRebulobT, rom y a= . miviReT, rom, 

roca 2P Q≥ , maSin firfitis zedapiris yvela wertili Q
�
 Zalis modebis 

TvalsazrisiT usafrTxoa (anu firfita ar gadayiravdeba). 

      pasuxi. 
2 4 2

A

Q Q P Q
N x y

b a
= − + + ,  

2 4 2
B

Q Q P Q
N x y

b a
= − − + + ,  

2
D

Q P
N y

a
= + ; 

        
2

2

a aP
y x a

b Q
= + + , 

2

2

a aP
y x a

b Q
= − + + , 0,5 0,5b x b− ≤ ≤ ,  0 y a≤ ≤ ;  2P Q≥ .                 
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VI TaviVI TaviVI TaviVI Tavi    

    

paralparalparalparaleluri Zalebis Sekreba. simZimis centrieluri Zalebis Sekreba. simZimis centrieluri Zalebis Sekreba. simZimis centrieluri Zalebis Sekreba. simZimis centri 

    

      vixilavT myar sxeulze modebul 1F
�
, 2F
�
,⋯ , nF

�
 paralelur ZalTa si-

stemas. SevarCioT Oxyz  koordinatTa sistema ise, rom erT-erTi RerZi, ma-

galiTad Oz  RerZi, iyos mocemuli Zalebis paraleluri, maSin 0xF =i , 0yF =i , 

0zF ≠i , 0xM ≠i , 0yM ≠i , 0zM =i  => ( )2 0I F M= =i i
� �

 =>M F M⊥i i
� �

. am SemTx-vevaSi, 

rogorc viciT, ZalTa sistema Adaiyvaneba tolqmedze (ix $5.21). 

                        miviReT: miviReT: miviReT: miviReT: Mparalelur ZalTa sistema daiyvaneba tolqmedze.M 

      sazogadod, Mparaleluri Zalebis umartives saxeze dayvanisas SeiZ-

leba gvqondes Semdegi SemTxvevebi:  

      1. 0, 0F M= ≠i i
� �

 - ZalTa sistema daiyvaneba wyvilZalaze; 

      2. 0, 0F M≠ =i i
� �

 an 0, 0F M≠ ≠i i
� �

 - sistema daiyvaneba tolqmedze; 

      3. 0, 0F M= =i i
� �

 - ZalTa sistema wonasworobaSia. 

 

6.1. paraleluri AZalebis Sekreba6.1. paraleluri AZalebis Sekreba6.1. paraleluri AZalebis Sekreba6.1. paraleluri AZalebis Sekreba    

 

      vixilavT myar sxeuls, romlis A  da B  wertilebSi modebulia erT 

mxares mimarTuli vertikaluri 1F
�
 da 2F

�
 Zalebi (nax. 6.1). amave werti-lebSi 

movdoT horizontaluri 1T
�
 da 2T

�
 Zalebi. SevkriboT A  wertilSi modebuli 

1F
�
 da 1T

�
 Zalebi da jami aRvniSnoT 1R

�
-iT. aseve SevkriboT B  wertilSi 

modebuli 2F
�
 da 2T

�
 Zalebi da jami aRvniSnoT 2R

�
-iT. gavasri-aloT 1R

�
 da 2R

�
 

Zalebi fuZeebis gaswvriv da movdoT isini Tavmoyris K  wertilSi. 

davSaloT 1R
�
 da 2R

�
 imave 1F

�
, 1T
�
 da 2F

�
, 2T
�
 Zalebad da 1T

�
 da 2T

�
, rogorc 

pirdapir TanawinaaRmdegi Zalebi, CamovaSoroT sxeuls. dagvrCeba K  

wertilSi modebuli erT mxares mimarTuli ori 1F
�
 da 2F

�
 paraleluri Zala. 

meore aqsiomis Tanaxmad es ori Zala SegvZlia SevcvaloT R
�
 tol- 
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qmediT, romelsac Zalebis mimarTuleba aqvs, xolo moduli 1 2R F F= +i . 

vinaidan absoluturad myar sxeulze modebuli Zala sriala veqtoria (ix. 

$2.3), amitom Ri
�
 SegviZlia movdoT misi fuZisa da AB  monakveTis gadakve-Tis 

C  wertilSi. 

      6.1 nax-dan vRebulobT: 

        
CA KC

AKC DKE
ED KE

=> =△ ∼△ ,      
CB KC

BKC MKN
NM KN

=> =△ ∼△ .  

      gavyoT pirveli toloba meoreze da Tu gaviTvaliswinebT ED MN= , 

KE = 1F , KN = 2F  tolobebs, miviRebT: 

                                2

1

FCA

CB F
= .                               (6.1.1)  

 

 

 

 

 

 

 

  

 

 

 

 

         nax. 6.1                                     nax. 6.2 

 

                        miviReT: miviReT: miviReT: miviReT: ori erTmxriv mimarTuli paraleluri Zala daiyvaneba 

tolqmedze, romelic Zalebis paraleluria da mimarTulia imave mxares. 

tolqmedis moduli udris Zalebis modulebis jams da misi fuZe gadis 

wertilze, romelic modebis wertilebis SemaerTebel monakveTs AZalebis 

modulebis ukuproporciul nawilebad yofs.  

      axla SevkriboT myari sxeulis A  da B  wertilebSi modebuli sxva-

dasxva mxares mimarTuli ori paraleluri 1F
�
 da 2F

�
 Zala (antiparalelu- 
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ri Zalebi) (nax. 6.2,a). davuSvaT, rom 1 2F F>  da davSaloT 1F
�
 Zala erTmxriv 

mimarTul or Zalad ise, rom erT-erTi modebuli iyos B  wertilSi da 

toli iyos 2F−
�
-is (nax 6.2,b). 2F

�
 da 2F−

�
 pirdapir TanawinaaRmgegi Zalebia, 

amitom SegviZlia CamovaSoroT sxeuls da dagvrCeba garkveul C  wertil-Si 

modebuli meore Zala, romelic aris mocemuli Zalebis tolqmedi (nax. 6.2,g). 

Tu mas aRvniSnavT Ri
�
-iT, gveqneba: 1 2R F F= +i

� � �
 da 1 2R F F= −i . dagvrCa C  

wertilis mdebareobis gageba.   

      erT sibrtyeze mdebare Zalebis tolqmedis arsebobis sakiTxis ganx-

xilvisas (ix. $4.15) vnaxeT, rom ZalTa sistema tolqmedze daiyvaneba im 

wertilis mimarT, romlis mimarTac nakrebi skalaruli momenti aris nu-lis 

toli. amgvarad, ( ) ( ) ( ) ( )1 2 1 20 0 0C C C CM R M F F M F M F= <=> + = <=> + =i
� � � � �

. da-vuSvaT, 

rom AB  monakveTi Zalebis fuZeebis marTobia da gveqneba: 1 0F AC F BC− ⋅ + ⋅ =  

=>        2

1

FCA

CB F
= .                                

M      miviReT (6.1.1) formula. gansxvaveba wina SemTxvevisagan is aris, rom 

antiparaleluri Zalebis SemTxvevaSi tolqmedis fuZis C  wertili mde-

bareobs AB  monakveTis gareT sididiT didi Zalis mxares.  

       im SemTxvevaSi, roca sxeulze moqmedebs orze meti paraleluri Zala, 

maT davyobT or jgufad: erTmxriv mimarTul da maT sawinaaRmdegod 

mimarTul Zalebad. SevkribavT ra or-orad yvela Zalas, bolos dagvrCeba 

ori antiparaleluri Zala. SesaZlebelia sami SemTxveva: a) Zalebi daiyva-neba 

tolqmedze; b) Zalebi daiyvaneba wyvilZalaze; g) Zalebi nulis tol-fasia.    

 

6.2. paraleluri Zalebis centri6.2. paraleluri Zalebis centri6.2. paraleluri Zalebis centri6.2. paraleluri Zalebis centriEB 

 

      (6.1.1) formula gviCvenebs, rom paraleluri Zalebis tolqmedis fu-Zisa 

da AB  wrfis gadakveTis C  wertilis mdebareoba damokidebulia mxo-lod 

Zalebis sidideebze da maT Soris manZilze. aqedan gamomdinareobs, rom Tu 

yvela Zalas movabrunebT Tavis modebis wertilebis garSemo erTi da imave 

kuTxiT, C  wertilis mdebareoba ar Seicvleba. cxadia, imave kuTxiT 

mobrundeba tolqmedic. 
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                        gansazRvra. gansazRvra. gansazRvra. gansazRvra. paraleluri paraleluri paraleluri paraleluri Zalebis centri Zalebis centri Zalebis centri Zalebis centri ewodeba wertils, romlis 

mdebareoba damokidebulia Zalebis sidideebze, maTi modebis wertilebze da 

ar aris damokidebuli imaze, Tu rogor movabrunebT Zalebs maTi mode-bis 

wertilebis garSemo.  

      davadginoT 1F
�
, 2F
�
,⋯ , nF

�
 paraleluri Zalebis centris koordinatebis 

ganmsazRvreli formulebi. davuSvaT, rom e
�
 erTeulovani veqtori para-

leluria mocemuli Zalebis, maSin ,k kF F e= ⋅
� �

 sadac ( )1,2, ,k kF F k n= ± =
�

⋯  da Ri
�
 

tolqmedisTvis gveqneba: 

                      
1 1

n n

k k

k k

R F F e R e
= =

 
= = ⋅ = ⋅ 

 
∑ ∑i i

� � � �
. 

      varinionis Teoremis Tanaxmad (ix. $5.8),  

                   ( ) ( )
1

n

o o k

k

M R M F
=

=∑i
� �

.                                   (6.2.1) 

magram     ( )o c c cM R r R r R e R r e= × = × ⋅ = ⋅ ×i i i i
� �� � � � �

, 

            ( )o k k k k k kM F r F r F e F r e= × = × ⋅ = ⋅ ×
� �� � � � �

, 

sadac cr
�
 da kr

�
 Sesabamisad paraleluri Zalebis C  centrisa da Zalis mo-

debis wertilis radius-veqtorebia O  koordinatTa sistemis saTavis mi-marT. 

SevitanoT es gamosaxulebebi (6.2.1) tolobaSi da miviRebT: cR r e⋅ ×i � � = 

=
1

n

k c

k

F r e
=

⋅ ×∑ � �
 =>

1

n

c k k

k

R r F r e
=

 
⋅ − ⋅ × 

 
∑i � � �

=0. vinaidan e
�
 veqtori ar aris nulis toli, 

amitom 
1

n

c k k

k

R r F r
=

⋅ − ⋅∑i � �
=0 => 

                           1

n

k k

k
c

F r

r
R

=

⋅
=
∑

i

�

�
.                                  (6.2.2) 

      am tolobis koordinatTa RerZebze dagegmilebiT miviRebT: 

           1

n

k k

k
c

F x

x
R

=

⋅
=
∑

i
,  1

n

k k

k
c

F y

y
R

=

⋅
=
∑

i
,  1

n

k k

k
c

F z

z
R

=

⋅
=
∑

i
.                    (6.2.3) 

 

      (6.2.3) formulebiT gamoiTvleba paraleluri Zalebis centris koor-

dinatebi, Tu viciT maTi modebis wertilebis , ,k k kx y z  koordinatebi. 
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1

n

k k

k

F r
=

⋅∑ �
 sidides paraleluri Zalebis statikuri momenti statikuri momenti statikuri momenti statikuri momenti ewodeba O  

saTavis mimarT, xolo  

            
1 1 1

, ,
n n n

x k k y k k z k k

k k k

S F x S F y S F z
= = =

= = =∑ ∑ ∑                       (6.2.4) 

sidideebs - statikuri momentebi statikuri momentebi statikuri momentebi statikuri momentebi koordinatTa sibrtyeebis mimarT. 

 

6.3. nivTier wertilTa sistemis simZimis centri6.3. nivTier wertilTa sistemis simZimis centri6.3. nivTier wertilTa sistemis simZimis centri6.3. nivTier wertilTa sistemis simZimis centri    

   

      Zalas, romliTac dedamiwa izidavs nivTier obieqts, am obieqtis simsimsimsim----

Zimis Zala Zimis Zala Zimis Zala Zimis Zala ewodeba. simZimis Zalis fuZe gadis dedamiwis centrze. gamoT-

vlebi gviCvenebs, rom kuTxe ori nivTieri wertilis simZimis Zalebis fuZe-

ebs Soris, romlebic dedamiwis zedapirze erTmaneTisgan daSorebulia 31 m-

iT, Seadgens 1 wams. aqedan gamomdinareobs, rom erTmaneTis axlos mdeba-re 

nivTieri werilebis simZimis Zalebi praqtikulad paraleluri Zalebia. 

      aRvniSnoT ( )1 1 1 1, ,M x y z , ( )2 2 2 2, ,M x y z ,⋯ , ( ), ,n n n nM x y z  nivTieri wertile-bis 

simZimis Zalebi Sesabamisad 1P
�
, 2P
�
,⋯ , nP
�
-iT. am Zalebis tolqmedi aRv-niSnoT 

Pi
�
-Ti da vuwodoT mas nivTier wertilTa sistemis simZimis Zala.nivTier wertilTa sistemis simZimis Zala.nivTier wertilTa sistemis simZimis Zala.nivTier wertilTa sistemis simZimis Zala. Pi

�
 Zala 

modebulia 1P
�
, 2P
�
,⋯ , nP
�
 paraleluri Zalebis centrSi, romelsac nivTier nivTier nivTier nivTier 

wertilTa sistemis simZimis centri wertilTa sistemis simZimis centri wertilTa sistemis simZimis centri wertilTa sistemis simZimis centri ewodeba. aRvniSnoT am wertilis 

koordinatebi , ,c c cx y z -Ti da (6.2.3) formulebis gaTvaliswinebiT gveqneba: 

             1

n

k k

k
c

P x

x
P

=

⋅
=
∑

i
,  1

n

k k

k
c

P y

y
P

=

⋅
=
∑

i
,  1

n

k k

k
c

P z

z
P

=

⋅
=
∑

i
.                   (6.3.1) 

      C  simZimis centris cr
�
 radius-veqtorisTvis (6.2.2) formula aseT sa-xes 

miiRebs: 

                           1

n

k k

k
c

P r

r
P

=

⋅
=
∑

i

�

�
.                                  (6.3.2) 
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6.4. myari xxeulis simZimis centri6.4. myari xxeulis simZimis centri6.4. myari xxeulis simZimis centri6.4. myari xxeulis simZimis centri    

 

      gavavloT Oxyz koordinatTa sistemis sibrtyeebis paraleluri sibr-

tyeebi ise, rom maT gadakveTon mocemuli myari sxeuli. vTqvaT, miviReT n  

odenobis paralelepipedi, romelTagan zogierTis waxnagi mrude zeda-

pirebia. davuSvaT, rom n  imdenad didi ricxvia (e.i. paralelepipedebis 

zomebi Zalian mcirea), rom paralelepipedebi SegviZlia CavTvaloT nivTier 

wertilebad, romelTa 1P
�
, 2P
�
,⋯ , nP
�
 simZimis Zalebi paraleluri Za-lebia. am 

Zalebis centrs ewodeba myari sxeulis simZimis centri myari sxeulis simZimis centri myari sxeulis simZimis centri myari sxeulis simZimis centri da misi 

koordinatebis gamosaTvlelad gamoiyeneba (6.3.1) formulebi. aRsaniSnavia, 

rom rac ufro didia n  ricxvi, miT ufro realur Sedegebs mogvcemen (6.3.1) 

formulebi. 

      k -uri nawilakis kP
�
 simZimis Zalis sidide (wona) warmovadginoT kP = 

= k kVρ  saxiT, sadac kρ  da kV  Sesabamisad nawilakis simkvrive da moculo-baa, 

da (6.3.1) formulebi aseT saxes miiRebs:  

           1

1

n

k k k

k
c n

k k

k

V x

x

V

ρ

ρ

=

=

⋅
=
∑

∑
,  1

1

n

k k k

k
c n

k k

k

V y

y

V

ρ

ρ

=

=

⋅
=
∑

∑
,  1

1

n

k k k

k
c n

k k

k

V z

z

V

ρ

ρ

=

=

⋅
=
∑

∑
.               (6.4.1) 

      Tu sxeuli erTgvarovnia da 1 2 nρ ρ ρ ρ= = = =⋯ , maSin (6.4.1) aseTi saxiT 

Caiwereba:   

            1

n

k k

k
c

V x

x
V

=

⋅
=
∑

,  1

n

k k

k
c

V y

y
V

=

⋅
=
∑

,  1

n

k k

k
c

V z

z
V

=

⋅
=
∑

,                    (6.4.2) 

sadac 
1

n

k

k

V V
=

=∑ . 

      im SemTxvevaSi, roca erTgvarovani sxeuli  Txeli brtyeli firfi-taa, 

maSin (6.4.2) formulebSi moculobis nacvlad gvqneba S  farTobi:  

                 1

n

k k

k
c

S x

x
S

=

⋅
=
∑

,   1

n

k k

k
c

S y

y
S

=

⋅
=
∑

,                            (6.4.3) 

sadac 
1

n

k

k

S S
=

=∑ da Oxy koordinatTa sibrtye emTxveva firfitis sibrtyes. 
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      roca erTgvarovani sxeuli grZeli wvrili sxeulia, maSin (6.4.2) aseT 

saxes miiRebs: 

             1

n

k k

k
c

l x

x
L

=

⋅
=
∑

,  1

n

k k

k
c

l y

y
L

=

⋅
=
∑

,  1

n

k k

k
c

l z

z
L

=

⋅
=
∑

,                    (6.4.4) 

sadac kl  sxeulis k -uri nawilis sigrZea, xolo 
1

n

k

k

L l
=

=∑ . 

      cxadia, rom (6.4.1)-(6.4.4) formulebi miaxloebiT gamosaxavs simZimis 

centris koordinatebs. rac ufro didia n  ricxvi, miT ufro realur 

Sedegebs mogvcemen es formulebi. zusti formulebis misaRebad n→∞ -ken. 

maSin moyvanil formulebSi jami Seicvleba integraliT.  

      1P
�
, 2P
�
,⋯ , nP
�
 simZimis Zalebis tolqmedi aRvniSnoT P

�
-Ti, e.i. 

1

n

k

k

P P
=

=∑
� �

. P
�
-s 

moduls sxeulissxeulissxeulissxeulis    wonawonawonawona ewodeba da  

                           
1

n

k

k

P P
=

=∑ .                                    (6.4.5) 

 

6.5. simZimis centris povnis meTodebi6.5. simZimis centris povnis meTodebi6.5. simZimis centris povnis meTodebi6.5. simZimis centris povnis meTodebi    

 

      myari sxeulis simZimis centris gansazRvris ramdenime meTodi arse-

bobs. vixilavT erTgvarovan sxeulebs. 

                    1.1.1.1. simetriis meTodi. simetriis meTodi. simetriis meTodi. simetriis meTodi. mtkicdeba, rom  

      a) Tu erTgvarovan sxeuls aqvs simetriis sibrtye, maSin simZimis 

centri mdebareobs am sibrtyeze;  

      b) Tu erTgvarovan sxeuls aqvs simetriis RerZi, maSin simZimis cen-tri 

mdebareobs am RerZze; 

      g) Tu erTgvarovan sxeuls aqvs ori simetriis RerZi, maSin simZimis 

centri mdebareobs am RerZebis gadakveTis wertilSi; 

      d) Tu erTgvarovan sxeuls aqvs simetriis centri, maSin simZimis 

centri mdebareobs am centrSi; 

      e) erTgvarovani brunviTi sxeulis simZimis centri brunvis RerZze 

mdebareobs. 

 

                        2222. nawilebad dayofis meTodi.nawilebad dayofis meTodi.nawilebad dayofis meTodi.nawilebad dayofis meTodi. roca sxeuls rTuli forma aqvs, maSin 

is daiyofa ramdenime iseT nawilad, romelTa simZimis Zalebi da simZimis 
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centrebi cnobilia an advilad ganisazRreba. mocemuli sxeulis simZimis 

centris gasagebad gamoiyeneba (6.4.1) formulebi. gamoTvlebis gaadvilebis 

mizniT, xelsayrelia danayofTa ricxvi iyos umciresi. 

      erTgvarovani sxeulis simZimis centris koordinatebis gasagebad, 

rodesac mocemulia (an gamoiTvleba) moculoba (farTobi an sigrZe), 

gamoiyeneba (6.4.2)-(6.4.4) formulebi. 

                        3. uaryofiTi masebis meTodi. 3. uaryofiTi masebis meTodi. 3. uaryofiTi masebis meTodi. 3. uaryofiTi masebis meTodi. rodesac sxeuls aqvs Rru, romelsac masa 

ara aqvs, misi simZimis centris gasagebad viqceviT Semdegnairad: mTlian 

sxeulsa da Rrus CavTvliT sxadasxva sxeulebad da maT mimarT gamoviyenebT 

nawilebad dayofis meTods, oRond Rrus moculoba unda aviRoT uaryofiTi 

niSniT. Tu mTliani sxeulis moculobas da misi sim-Zimis centris radius-

veqtors aRvniSnavT Sesabamisad 1V -iTa da 1r
�
-iT, Rrus moculobasa da 

radius-veqtors - 2V -iTa da 2r
�
-iT, mocemuli sxeulis moculobasa da simZimis 

centris radius-veqtors - V  da cr
�
-Ti da gamovi-yenebT nawilebad dayofis 

meTods, miviRebT: ( )1 2 2cr V r V r V= ⋅ + ⋅
� � �

, 1 2V V V= +  => 

                        
( )
( )

1 1 2 2

1 2

c

V r V r
r

V V

+ −
=

+ −

� �
�

.                                 (6.5.1) 

      (6.5.1)-is koordinatTa RerZebze dagegmilbiT miviRebT: 

         
( )
( )

1 1 2 2

1 2

c

V x V x
x

V V

+ −
=

+ −
,  

( )
( )

1 1 2 2

1 2

c

V y V y
y

V V

+ −
=

+ −
,  

( )
( )

1 1 2 2

1 2

c

V z V z
z

V V

+ −
=

+ −
.          (6.5.2) 

      arsebobs sxva meTodebic. araerTgvarovani didi zomis sxeulebis 

simZimis centris sapovnelad gamoiyeneba e.w. eqsperimentuli, aseve awonvis 

meTodi. 

    

                                                    6.6. zog6.6. zog6.6. zog6.6. zogierTi martivi formis erTgvarovaniierTi martivi formis erTgvarovaniierTi martivi formis erTgvarovaniierTi martivi formis erTgvarovani    

sxeulis simZimis centrisxeulis simZimis centrisxeulis simZimis centrisxeulis simZimis centri 

  

      damtkicebis gareSe mogvyavs zogierTi martivi formis erTgvarovani 

sxeulis simZimis centris mdebareobis ganmsazRvreli formulebi. 

                    1. samkuTxedis perimetris simZimis centri. 1. samkuTxedis perimetris simZimis centri. 1. samkuTxedis perimetris simZimis centri. 1. samkuTxedis perimetris simZimis centri. vixilavT ABC  samkuTxeds, 

romlis gverdebis sigrZeebia ,a b  da c . gverdebis Sua wertilebi aRvniS-noT 

,D E  da F  asoebiT. samkuTxedis perimetris simZimis centri emTxveva 
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DEF samkuTxedSi Caxazuli wrewiris centrs. simZimis centridan gverde-bamde 

ad , bd  da cd  manZilebis gasagebad gvaqvs Semdegi formulebi:DA  

             
2

a
a

h b c
d

a b c

+
=

+ +
,  

2

b
b

h a c
d

a b c

+
=

+ +
,  

2

c
c

h a b
d

a b c

+
=

+ +
,             (6.6.1) 

sadac ah , bh  da ch  Sesabamis gverdebze daSvebuli simaRleebia. 

                        2. wriuli rkalis simZimis centri.2. wriuli rkalis simZimis centri.2. wriuli rkalis simZimis centri.2. wriuli rkalis simZimis centri. rkalis C  simZimis centri mde-

bareobs O  wris centrsa  da rkalis Sua wertilze gamaval sxivze da 

centridan daSorebulia  

                            
sin

OC R
α

α
=                                 (6.6.2) 

manZiliT, sadac R  radiusia, xolo α  - rkalis Sesabamsi centruli kuT-xis 

naxevari. 

                        3. samkuTxedis farTobis simZimis centri. 3. samkuTxedis farTobis simZimis centri. 3. samkuTxedis farTobis simZimis centri. 3. samkuTxedis farTobis simZimis centri. saZiebeli wertili emTxveva 

samkuTxedis medianebis gadakveTis wertils da mdebareobs fu-Zidan medianis 

1/3 manZilze. Tu samkuTxedis wveroebis koordinatebia ( )1 1,x y , ( )2 2,x y  da 

( )3 3,x y , maSin simZimis centris cx  da cy  koordinatebi ganisazRvreba Semde-gi 

formulebiT: 

                  ( )1 2 3

1

3
cx x x x= + + ,  ( )1 2 3

1

3
cy y y y= + + .                    (6.6.3) 

                        4. wriuli seqtoris farTobis simZimis centri. 4. wriuli seqtoris farTobis simZimis centri. 4. wriuli seqtoris farTobis simZimis centri. 4. wriuli seqtoris farTobis simZimis centri. saZiebeli C  werti-li 

mdebareobs simetriis RerZze da O  centridan daSorebulia  

                          
2 sin

3
OC R

α
α

= ,                                  (6.6.4) 

manZiliT, sadac R  radiusia, xolo α  - centruli kuTxis naxevari. 

                        5. wriuli segmentis farTobis simZimis centri. 5. wriuli segmentis farTobis simZimis centri. 5. wriuli segmentis farTobis simZimis centri. 5. wriuli segmentis farTobis simZimis centri. saZiebeli C  wertili    

mdebareobs simetriis RerZze da O  centridan daSorebulia     

                     
32 sin

3 sin cos
OC R

α
α α α

=
−

                                (6.6.5) 

manZiliT, sadac R  radiusia, xolo α  - centruli kuTxis naxevari. 

                        6666....    naxevarwris farTobis simZimis centri. naxevarwris farTobis simZimis centri. naxevarwris farTobis simZimis centri. naxevarwris farTobis simZimis centri. saZiebeli C  wertili    

mdebareobs simetriis RerZze da O  centridan daSorebulia     

                          
4

3

R
OC

π
=                                        (6.6.6) 

manZiliT, sadac R  radiusia. 



 

114 

 

                        7. trapeciis farTobis simZimis centri. 7. trapeciis farTobis simZimis centri. 7. trapeciis farTobis simZimis centri. 7. trapeciis farTobis simZimis centri. saZiebeli simZimis centri 

mdebareobs fuZeebis Sua wertilebis SemaerTebel monakveTze da qveda fu-

Zidan daSorebulia  

                           
2

3

H a b
h

a b

+
=

+
                                  (6.6.7) 

manZiliT, sadac a  da b  Sesabamisad qveda da zeda fuZeebis sigrZeebia, 

xolo H - trapeciis simaRle. 

                        8.8.8.8.    nebismieri oTxkuTxedis farTobis simZimis centri. nebismieri oTxkuTxedis farTobis simZimis centri. nebismieri oTxkuTxedis farTobis simZimis centri. nebismieri oTxkuTxedis farTobis simZimis centri. vixilavT 

nebismier ABCD  oTkuTxeds. Tu ABD , BCD , ABC  da ACD  samkuTxedebis 

simZimis centrebs Sesabamisad aRvniSnavT 1C , 2C , 3C  da 4C -iT, maSin oTkuT-

xedis simZimis centri emTxveva 1 2C C  da 3 4C C  monakveTebis gadakveTis wer-

tils.  

                        9. 9. 9. 9. prizmis an cilindris mprizmis an cilindris mprizmis an cilindris mprizmis an cilindris moculobis simZimis centri. oculobis simZimis centri. oculobis simZimis centri. oculobis simZimis centri. saZiebeli    

wertili mdebareobs fuZeebis simZimis centrebis SemaerTebeli monakveTis 

SuaSi. 

                        10. 10. 10. 10. piramidis an konusis moculobis simZimis centri. piramidis an konusis moculobis simZimis centri. piramidis an konusis moculobis simZimis centri. piramidis an konusis moculobis simZimis centri. Tu 1C  fuZis 

simZimis centria, A  wveroa da C  piramidis an konusis simZimis centri, ma-

Sin  

                        1 1

1

4
C C AC= .                                     (6.6.8) 

                        11. 11. 11. 11. wakveTili    konusis moculobis simZimis centri. konusis moculobis simZimis centri. konusis moculobis simZimis centri. konusis moculobis simZimis centri. simZimis centri 

mdebareobs konusis RerZze qveda fuZidan Semdeg manZilze: 

                       
2 2

2 2

1 2 3

4

R Rr r

R Rr r

+ +
+ +

,                                  (6.6.9) 

sadac R  da r  Sesabamisad qveda da zeda fuZeebis radiusebia. 

                        12. sferuli seqtoris moculobis simZimis centri. 12. sferuli seqtoris moculobis simZimis centri. 12. sferuli seqtoris moculobis simZimis centri. 12. sferuli seqtoris moculobis simZimis centri. saZiebeli wer- tili    

mdebareobs simetriis RerZze da centridan daSorebulia     

                      ( )3
2

8
R h−                                         (6.6.10) 

manZiliT, sadac R  radiusia, xolo h  - segmentis simaRle. 

                        13. sferuli segmentis 13. sferuli segmentis 13. sferuli segmentis 13. sferuli segmentis moculobis simZimis centri.moculobis simZimis centri.moculobis simZimis centri.moculobis simZimis centri. saZiebeli wer- tili    

mdebareobs simetriis RerZze da centridan daSorebulia  
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( )2
23

4 3

R h

R h

−

−
                                      (6.6.11) 

manZiliTiT, sadac R  radiusia, xolo h  - segmentis simaRle. 

                        14. naxevarbirTvis 14. naxevarbirTvis 14. naxevarbirTvis 14. naxevarbirTvis moculobis simZimis centri.moculobis simZimis centri.moculobis simZimis centri.moculobis simZimis centri.    saZiebeli wertili    

mdebareobs simetriis RerZze da fuZidan daSorebulia 

                           3 8R                                          (6.6.12) 

manZiliT, sadac R  radiusia. 

                        amocana 6.1. amocana 6.1. amocana 6.1. amocana 6.1. gansazRvreT nax. 6.3-ze mocemuli erTgvarovani ortesebri 

profilis simZimis centris koordinatebi. 

      amoxsna. sxeuls aqvs simetriis RerZi, amitom misi simZimis centri 

mdebareobs am RerZze, ris gamoc arCeul Oxy  koordinatTa sistemis mim-arT 

0Cy = . gavigoT Cx .  

      davyoT profili sam marTkuTxedad, romelTa simZimis centrebis da 

maTTan dakavSirebuli sidideebi aRvniSnoT 1, 2 da 3 indeqsebiT. maSin (6.4.3) 

formulis Tanaxmad, 

                       1 1 2 2 3 3

1 2 3

C

x S x S x S
x

S S S

+ +
=

+ +
.                                 (a)  

 

 

 

 

 

 

 

 

 

                                    nax. 6.3 

 

      advilad miviRebT: 1 1x = sm, 2 12x = sm, 3 23x = sm, 1 40S = sm 2 , 2 40S = sm 2 , 

3 30S = sm 2 . SevitanoT es sidideebi (a) tolobaSi, miviRebT: 

                 ( ) ( )1 40 12 40 23 30 40 40 30Cx = ⋅ + ⋅ + ⋅ + + =11 sm. 

      pasuxi. 11Cx = sm;  0Cy = .   
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amocana 6.2. amocana 6.2. amocana 6.2. amocana 6.2. gansazRvreT nax. 6.4-ze mocemuli erTgvarovani rgolis meoTxedis 

simZimis centris koordinatebi. 

                        

    

    

    

    

    

    

    

    

    

nax. 6.4.    

    

    amoxsna.amoxsna.amoxsna.amoxsna. rgolis meoTxeds aqvs OA ( 45AOx∠ = � ) simetriis RerZi, am-itom misi 

simZimis centri mdebareobs am RerZze da    

                      cos 45C Cx y OC= = � .                                    (a) 

      gamovTvaloT OC -s sigrZe. gamoviyenoT uaryofiTi masebis meTodi. did 

rgolTan dakavSirebuli sidideebis indeqsebi aRvniSnoT cifriT 1, xo-lo 

patara rgolTan dakavSirebuli sidideebis indeqsebi – 2-iT. maSin  

                      
( )

( )
1 1 2 2

1 2

OC S OC S
OC

S S

⋅ + ⋅ −
=

+ −
.                              (b) 

      cnobilia, rom erTgvarovani wriuli seqtoris farTobis simZimis 

centri mdebareobs simetriis RerZze da centridan daSorebulia 
2 sin

3
R

α
α

 

manZiliT, sadac R  radiusia, xolo α  - centruli kuTxis naxevari. Cven 

SemTxvevaSi 1 3R = sm, 2 1R = sm, 45 4α π= =� . advilad miviRebT: 1OC =4 2 π  da 

2OC =4 2 3π . wriuli seqtoris farTobi gamoiTvleba 21

2
S R α=  formuliT, 

sadac α  - centruli kuTxea. Cven SemTxvevaSi gvaqvs: 1 9 4S π=  da 2 4S π= . 

miRebuli sidideebi SevitanoT (b) tolobaSi, miviRebT:  

         ( ) ( ) ( )( ) ( ) ( )4 2 9 4 4 2 3 4 9 4 4OC π π π π π π   = + − + −    =13 2 3π . 
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      maSin (a) toloba gvaZlevs: 
13 2 1 13

1,38
3 32

C Cx y
π π

= = = ≈ sm.  

      pasuxi. 1,38C Cx y= ≈ sm.       

                        amocana 6.3. amocana 6.3. amocana 6.3. amocana 6.3. gansazRvreT nax. 6.5-ze mocemuli skamis formis mqone 

sxeulis simZimis centris koordinatebi, Tu TiToeuli Reros sigrZe l =44 sm-

is tolia. 

 

 

 

 

 

 

 

 

 

 

 

nax. 6.5 

amoxsna. sxeuls aqvs simetriis sibrtye, amitom simZimis centri mde-bareobs 

am sibrtyeSi, e.i. 22Cx = − sm. 

      Cy  da Cz  koordinatebis gasagebad gamoviyenoT (6.4.4) romlebic Cven 

SemTxvevaSi aseT saxes miiReben: 

                
11 11

1 111 11

k k
C

k k

y l y
y

l= =

⋅
= =

⋅∑ ∑ ,   
11 11

1 111 11

k k
C

k k

z l z
z

l= =

⋅
= =

⋅∑ ∑ .                    (a) 

       nax. 6.5-dan advilad vRebulobT: 1 2 5y y y= = = 9 10 11 0y y y= = = , 3 4y y= = 5y = 

=44 sm, 6 8 22y y= = sm; 1 2 3 4 22z z z z= = = = − sm, 5 6 7 8 0z z z z= = = = , 9 10 22z z= = sm, 11z =44 

sm. SevitanoT es sidideebi (a)-Si, miviRebT: 16Cy = sm, 0Cz = . 

      pasuxi. 22Cx = − sm,  16Cy = sm,  0Cz = .  

 

 

 

 

 


