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winasityvaoba 

bolo aTwleulebis ganmavlobaSi SesamCnevad 
gaizarda teqnikuri umaRlesi saswavleblebis 
studentebisaTvis gamocemuli  iseTi saxelmZRvaneloebis 
raodenoba fizikaSi, maTematikis da meqanikis, sadac 
uxvadaa ganxiluli teqnikisaTvis saintereso amocanebis 
amoxsnebi da Sesabamisi meToduri miTiTebebi. amJamindelma 
samecniero-teqnikurma progrsma da umaRlsei 
teqnologiebis swrafma zrdam moiTxova saganmanaTleblo 
dawesebulebaSi CarToT bevri axali disciplina, romelTa 
codna aucilebelia Tanamedrove specialistebisaTvis. 
Saswavlo gegmebis modernizebis vadebis SezRuduvis gamo 
Zalauneburad gamoiwvia zemoT CamoTvlili fundamenturi 
zogadsaganmanaTleblo disciplinebisaTvis gamoyofili 
saaTebis raodenobis Semcireba, romelTa ricxvs 
miekuTvneba Teoruli meqanikac. es ganapiroba im faqtma, 
rom Semcirda mocemuli disciplinebis SeswavlisTvis, 
swavlebis saaTebis raodenoba, amis gamo aucilebeli 
gaxda damoukidebeli muSaobisTvis Sesabamisi bazis Seqmna. 
amasTan, kursis Teoriuli nawili SeiZleba kidec 
dakoreqtirdes, magram praqtikuli nawili mcirdeba 
Seuqcevadad. Teoriuli meqanikis kursisi saTanadod 
moiTxovs did dros. praqtikul mecadineobebze ver 
xerxdeba amocanebis detalizaciis saTanado xarisxiT, ris 
Sedegadac, rogorc Teoriuli meqanikis mTlianad, aseve 
misi calkeuli ganyofilebebis Sewavlis dros drois 
ukmarisobis gamo ver xrxdeba masalis satanadod gaSuqeba. 

statikaSi gansaxilveli amocanebis Sinaarsis mixedviT 
Teoriuli meqanika pirobiTad sam nawilad iyofa: statikad, 
kinematikad da dinamikad. statika Teoriuli meqanikis is 
nawilia, romelic Seiswavlis absoliturad myar 
sxeulze moqmed ZalaTa sistemis wonasworobis pirobebs, 
agreTve nebismier ZalTa sistemis umartives saxeze 
dayvanas. es ukanaskneli ki farTod gamoiyeneba dinamikis 
Seswavlis procesSi. agreTve dinamikis amocanebis 
amoxsnisaTvis, romlebic ufro rTul sakiTxebadaa 
aRiarebuli da samarTlianadac. 

i.v. miSerskis amocanaTa krebuli warmoadgens yvelaze 
cnobil amocanaTa krebuls, romelic gamoica msoflios 
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sxvadasxva enaze, romlebic gamoiyeneba msoflios wamyvan 
universitetebSi da aTeulobiT xelaxal gamocemas 
gauZlo mTel msoflioSi. is dResac farTod gamoiyeneba 
belorusis teqnikuri profilis umaRles saswavleblebSi. 
pirveli saxelmZRvanelo am krebulis amocanebis 

amoxsnebiT gamoica germaniaSi 1963 wels (ნ. Neuber, Zosunger 

zur Aufgabensam- mbung Mestscherski, 1963, DVW, 465 s.). Tumca 
mogvianebiT krebuli araerTxel gamoica, amasTan, 
gzadagza is swordeboda da ivseboda. 

samwuxarod drois deficitis gamo am krebulis 
amocanebis didi nawili studentebis ZiriTadi masisaTvis 
amouxsneli da maSasadame ucnobi rCeboda. 

SemoTavazebuli saxelmZRvanelo Seicavs krebulis 
yvela amocanis amoxsnas gamonaklisis gareSe, rac 
uzrunvelyofs mravalferovnebas, xolo erTidaigive 
amocanis sxvadasxva midgomiT amoxsna warmoadgens 
garkveul interess studentebisa da pedagogebisaTvis. 
saxelmZRvanelos dasawyisSi moyvanilia statikis 
ZiriTadi Teoriuli debulebebi da sxvadasxva tipis 
amocanebis amoxsnis meToduri miTiTebebi. amocanis 
amoxsnis procesi warmodgenilia sakmaod dawvrilebiT, 
rac meTodurad sasargebloa, vinaidan, rogorc wesi, 
studentebi leqciebze aswreben amoxsnebis Caweras 
ganmartebebis gareSe, xolo SemdgomSi Znelad ixseneben 
amoxsnis miRebis gzebs. 

Teoriuli meqanika Tavisi safuZvlebidanve mWidrod 

aris dakavSirebuli teqnikasTan. igi iqmneboda da 

viTardeboda teqnikis ganviTarebasTan erTad. teqnikis 

ganviTareba sul axal-axal amocanebs ayenebda meqanikis 

winaSe, rac xels uwyobda TviT meqanikis GganviTarebas. 

Tavis mxriv, meqanikac did zegavlenas axdenda da xels 

uwyobda teqnikur progress.  

 Teoriuli meqanika aris erT-erTi is fundamenturi 

sagani, romelzec dafuZnebulia Tanamedrove teqnikis 

yvela dargi. Teoriul meqanikas erT-erTi wamyvani adgili 

ukavia da warmoadgens Teoriul bazas iseTi teqnikuri 

disciplinebisaTvis, roforicaa masalaTa gamZleoba, 

meqanizmebisa da manqanebis Teoria, drekadobisa da 
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plastikurobis Teoria, samSeneblo meqanika, 

hidroaeromeqanika da mravali sxv. 

rogorc yovel mecnerebas, Teoriul meqanikasac 

kvlevis safuZvlad udevs dakvirveba, cda, praqtika. 

Teoriul meqanikaSi farTod gamoiyeneba maTematikuri 

meTodebi, abstraqtuli (ganyenebuli) cnebebi, movlenaTa 

modelebi, logikis kanonebi. 

Teoriul meqanikaSi SemoRebuli TiTqmis yvela sawyisi 

cneba arsebiTad warmoadgens garkveul abstraqcias an 

models. maTi SemoRebisas gaTvaliswinebulia is ZiriTadi, 

ganmsazRvreli, rac arsebiTia gansaxilvel meqanikur 

moZraobaSi. Aase, magaliTad, realuri nivTieri sxeulis 

magivrad meqanikaSi ganixilaven mis iseT abstraqtul 

models, rogoricaa nivTieri wertili, absoluturad 

myari sxeuli da sxv. Mmxolod aseT modelebze agebuli 

meqanikisaTvis SeiZleba SemuSavdes is meTodebi, romlebic 

saSualebas iZlevian SeviswavloT realuri obieqtebis 

moZraoba. Semdeg miRebuli Teoriuli Sedegebi mowmdeba 

cdiT, praqtikiT. Teoriuli meqanikis sakiTxebi cnobilia 

uZvelesi droidan. 

jer kidev aristotele (ΙVs.Cv.er-de) icnobda Teoriuli 

meqanikis zogierT kanons. masve ekuTvnis sagnis 

saxelwodebis - ,,meqanikis” – SemoRebac. Mmeqanikis 

kanonebis dasadgenad maTematikuri kanonebis gamoyenebas 

yvelaze adre berZenma arqimedem (287-212 Cv. er-de) mimarTa. 

Mmeqanikis swrafi ganviTareba iwyeba aRorZinebis xanaSi. 

igi dakavSirebulia italiel leonardo da vinCis (1452-

1519), poloneli nikoloz kopernikis (1473-1543), germaneli 

iohan kepleris (1571-1630) da sxvaTa saxelebTan. am 

mecnierebis mier miRebulma Sedegebma moamzades safuZveli 

meqanikis, rogorc mecnierebis, Semdgomi winsvlisaTvis. 

dinamikis, rogorc mecnierebis, SeqmnaSi didi wvlili 

miuZRvis italiel mecniers Ggalileo galileis (1564-1642). 

klasikuri meqanikis safuZvlebi Camoayaliba da 
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sistematurad daamuSava ingliselma mecnierma isaak 

niutonma (1643-1727), romelmac Tavis wignSi ,,naturaluri 

filosofiis maTematikuri sawyisebi” mogvca klasikuri 

meqanikis ZiriTadi kanonebi. 

XVΙΙΙ s-is Teoriuli meqanikis ganviTareba xasiaTdeba 

ori ZiriTadi TvisebiT: pirvelia misi maTematizacia: 

meqanikis yvela kanoni da ZiriTadi debuleba gamohyavdaT 

maTematikuri analizis meTodiT. Jozef-lui lagranJi 

(1736-1813) imasac ki amTkicebda, rom misi meqanika 

warmoadgens maTematikuri analizis axal Tavs. Mmeorec, 

ZiriTadi debulebebi fizikurad ar zustdeboda: ra aris 

Zala – ganusazRvreli rCeboda, gverds uvlidnen am 

cnebas;Bbmebi CaTvlili iyo idealurad; sayrdeni 

zedapirebi – xaxunis gareSe; Rero da Toki – uwono. 

meqanikis sakiTxebis Seswavla analizuri meTodebis 

gamoyenebiT daiwyo Sveicarielma Lleonard eilerma (1707-

1783). meqanikis Semdgom ganviTarebaSi didi mniSvneloba 

hqonda frangi mecnierebis Jan leon dalamberis (1717-1783) 

naSroms ,,traqtati dinamikaSi” da lui lagranJis naSroms 

,,analizuri meqnika”. 

gansakuTrebiT aRsaniSnavia lagranJis naSromi 

gadmocemis originalobiTa da meTodebis erTianobiT. am 

naSromis SesavalSi lagranJi wers: ,,ukve arsebobs mravali 

traqtati meqanikaSi, magram Cemi traqtati sruliad axalia. 
me miznad davisaxe meqanikis Teoria da masTan 

dkavSirebuli amocanebis amoxsnis meTodebi miviyvano 

saerTo formulebze, romlis martivi gafarToeba iZleva 
yvela im formulas, romelic saWiroa calkeuli amocanis 

amosaxsnelad”. lagranJma Seqmna analizuri meqanikis 

mwyobri sistema. 

umaRles teqnikur saswavleblebSi Teoriuli meqanika 

teqnikuri sagnebis uSualo dasayrdenia. Aamave dros 

cnobilia, rom Tavisi specifikurobis da sirTuleebis 

gamo zogadad Teoriuli meqanikis, gansakuTrebiT ki misi 

praqtikuli nawilis Seswavla sakmaod rTulia; 
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ramdenadac am sagnis Teoremebis dazepireba SesaZlebelia, 

imdenad Znelia maTi gamoyeneba praqtikuli amocanebis 

gadasawyvetad. 

Aamas emateba umaRles saswavleblebSi saswavlo 

kursisaTvis gamoyofili saaTebis raodenobis simcire. Aam 

siZneleTa gadalaxva Sesalebelia, Tu Seiqmneba meqanikaSi 

amoxsnili amocanebiT iseTi tipis saxelmZRvanelo, 

romelic Sualeduri da damakavSirebeli iqneba sagnis 

Teoriul kurssa da amocanaTa krebuls Soris da romelic 

daexmareba  dainteresebul pirebs Teoriuli meqanikis 

amocanebis amoxsnis meTodebis gamomuSavebaSi. 

aqve unda aRiniSnos, rom winamdebare krebulSi 

dinamikis amocanebis amoxsnis procesSi intensiuradaa 

gamoyenebuli umaRlesi maTematikis iseTi fundamenturi 

sakiTxebi, rogoricaa diferencialuri da integraluri 

aRricxva, mudmiv koeficientebiani da araerTgvarovani 

wrfivi diferencialuri gantolebebi da sxv. umaRlesi 

maTematikidan am sakiTxebis codnis gareSe SeuZlebelia 

amocanebis amoxsnis procesis srulyofilad gacnobiereba. 

Teoriuli meqanikis Sesaswavlad didi mniSvneloba aqvs 

studentebis mier Teoriis sakiTxebTan erTad praqtikuli 

amocanebis damoukideblad amoxsnis  dauflebas. swored 

am amocanas emsaxureba am krebulSi Setanili meToduri 

miTiTebebi. 

winamdebare krebulSi warmodgenilia amocanebi, 

romlebic sakmaod asaxaven umaRles teqnikur 

saswavleblebSi Tanamedrove saswavlo programebiT 

gaTvaliswinebuil Tematikas. Yyovel Temaze krebulSi 

moyvanilia amocanis dawvrilebiTi amoxsna saWiro 

meToduri miTiTebebiT. 

yoveli Temis dasawyisSi mokled Camoyalibebulia 

Sesabamisi Teoriis ZiriTadi sakiTxebi da moyvanilia 

formulebi. Amocanis garCevamde da amoxsnis dawyebamde 

saWiroa studentma aucileblad Seiswavlos Teoriuli 

kursis Sesabamisi sakiTxebi, vinaidan am krebulSi 
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moyvanili mokle Teoriuli cnobebi ver Secvlian 

Teoriul saxelmZRvanelos. sasurvelia amocanebis amoxsna 

warmoebdes rekomendebuli mimdevrobiT da gaTvaliwine-

buli iqnes Sesabamisi meToduri miTiTebebi. 

ukanasknel aTwleulebSi  mniSvnelovnad  gaizarda 

amoxsnili amocanebis krebulebis gamocemaTa raodenoba 

fizikaSi, maTematikaSi da meqanikaSi umaRlesi teqnikuri 

saswavleblebis studentebisaTvis. es ganpirobebulia 

bazis Seqmnis aucileblobaze damoukidebeli muSaobisas 

grafikuli gaangariSebisa da sakontrolo samuSaoebisa-

Tvis drois Semcirebis gamo. meqanikis mravali dargis 

amocana, romelTa amoxsna moiTxovs didi drois 

daxarjvas, ar SeiZleba detaluri ganxilvis gareSe 

saWiro xarisxiT damuSavdes praqtikul mecadineobaze, 

ris Sedegadac SeuZlebeli xdeba  Teoriuli meqanikisa da 

mTlianad misi calkeuli ganyofilebebis rTuli masalis 

aTviseba.  

dinamika warmoadgens Teoriuli meqanikis yvelaze ufro 

rTul nawils. nivTieri wertilis dinamikas aqvs 

pirvelsawyisi mniSvneloba niutonis veqtoruli dinamikis 

gasagebad, vinaidan masSi TvalsaCinod ganixileba meqanikis 

ZiriTadi Teoremebis gamoyeneba. Mmyari sxeulis meqanika, 

misi modelebi, principebi, kanonebi warmoadgenen yvela 

specialobis inJinrebis momzadebis fundaments, 

gansakuTrebiT manqanaTmSeneblobis, xelsawyoTmSeneblo-

bis, samSeneblo da energetikis specialistebisaTvis. 

Mmocemuli ganyofilebis amocanebi umeteswilad 

Seesabamebian im amocanebs, romlebis amoxsnac uxdebaT 

inJinrebs maTi praqtikuli moRvaweobisas. saswavlo 

masalis aTvisebis xarisxi uSualod damokidebulia 

amoxsnili amocanebis raodenobaze da mravalsaxeobaze. 

i.v. meSCerskis amocanaTa krebuli warmoadgens sakmaod 

cnobil damxmare saswavlo saxelmZRvnelos Teoriul 

meqanikaSi, romelmac gauZlo aTeulobiT gamocemas 
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msoflios mraval qveyanaSi, romlebic dResac farTod 

gamoiyeneba teqnikuri ganxris umaRles saswavlo 

dawesebulebebSi. Aam krebulisPpirveli damxmare 

saxelmZRvanelo amoxsnili amocanebiT gamocemuli iqna 

1963 wels germaniaSi (H. Neuber, Losungen  zur  Aufgabensammlung  

Mestscherski, 1963, DVW, 465 S.). Tumca Semdgom krebuli 

mravaljer xelaxla gamoica, amasTanave is swordeboda da 

ivseboda. 

SemoTavazebul damxmare saxelmZRvaneloSi mocemulia 

yvela amocanis amoxsna i.v. meSCerskis krebulis ,,statikis” 

ganyofilebidan. agreTve qarTul enaze Targmnili: i.v. 

meSCerski, ,,Teoriuli meqanikis amocanaTa krebuli”, 

Tbilisi, 1963.  

amocanebis amoxsna moyvanilia dawvrilebiTi axsna-

ganmartebiT, rac gansakuTrebiT mniSvnelovania 

damoukidebeli muSaobisaTvis. Yyoveli paragrafis 

dasawyisSi mocemulia ZiriTadi Teoriuli debulebebi da 

meToduri miTiTebebi dawvrilebiTi axsna-ganmartebiT. 

Orogorc wesi, amoxsnas Tan sdevs naxazi, romelzec 

miTiTebulia moqmedi Zala, siCqare, aCqareba. 

aRsaniSnavia, avtorTa jgufis sxvadasxva 

universitetebSi `Teoriuli meqanikis” kursis swavlebis 

didi gamocdileba. iv. javaxiSvilis saxelobis Tbilisis 

saxelmwifo universitetSi, saqarTvelos teqnikur 

universitetSi, n. musxeliSvilis saxelobis quTaisis 

politeqnikur institutSi, a. wereTlis saxelobis 

quTaisis saxelmwifo universitetSi, i. gogebaSvili 

saxelobis Telavis saxelmwifo universitetSi, 

saqarTvelos saaviacio universitetSi, daviT aRmaSeneblis 

saxelobis saqarTvelos erovnuli Tavdacvis akademiaSi, 

saqarTvelos agrarul univesritetSi, baTumis saxelmwifo 

sazRvao akademiaSi, m. Llomonosovis saxelobis moskovis 

saxelmwifo universitetSi, leningradis samSeneblo 

sainJinro institutSi, n. baumanis saxelobis moskovis 

saxelmwifo teqnikur universitetSi, sankt-peterburgis 
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saxelmwifo arqiteqturul-samSeneblo universitetSi, 

vladimiris saxlmwifo universitetSi.  

avtorebi madlierebis grZnobiT arian gamsWvalulni 

recenzentebis: iv. javaxiSvilis saxelobis Tbilisis 

saxelmwifo universitetis meqanikis kaTedris gamges, i. 

vekuas saxelobis gamoyenebiTi maTematikis direqtors, 

fizika-maTematikis mecnierebaTa doqtors, profesor 

giorgi jains, saqarTvelos teqnikuri universitetis 

sainJinro meqanikisa da mSeneblobis teqnikuri eqspertizis 

departamentis ufross, pedagogikis mecnierebaTa doqtors, 

teqnikis mecnierebaTa doqtors profesor tariel 

kvicians, a. wereTlis saxelobis quTaisis saxelmwifo 

universitetis gamoyenebiTi meqanikis departamentis 

ufross, teqnikis mecnierebaTa doqtors, profrsor omar 

kikviZes, saqarTvelos erovnuli universitetis profesors  

teqnikis mecnierebaTa doqtors, Tamaz obgaZes. romelTa 

saqmianma SeniSvnebma da miTiTebebma srulyo wigni.  

avtorebi agreTve madlierni arian qalbaton TinaTin 

maRraZis, gamomcemloba “universali”-s direqtoris baton 

goCa xarebavas xelmZRvanelobiT, romelTa Tavdauzogavi 

Sromis Sedegad srulyofil iqna saxelmZRvanelo.  

SemoTavazebuli damxmare saxelmZRvanelo dagexmarebaT 

praqtikuli mecadineobis Catarebis meTodikis srulyofaSi. 

maswavlebels SeuZlia SesTavazos studentebs garkveul 

Temaze praqtikuli mecadineobisaTvis mzadebisas 

damoukideblad gaecnos zogierTi amocanis amoxsnas, xolo 

Semdeg mecadineobis procesSi amoxsnas analogiuri amocanebi. 

winamdebare amocanaTa krebuli avtorTa pirveli 

mokrZalebuli cdaa. Aamitom, mkiTxvelis yoveli safuZvliani 

SeniSvna da winadadeba madlierebiT iqneba gaTvaliswinebuli 

avtorebisagan. 
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statikis ZiriTadi cnebebi 

Sesavali 

meqanika aris erT-erTi uZvelesi mecniereba, romlis 
warmoSoba da ganviTareba ganpiroba praqtikulma 
moTxovnilebebma. 

Teoriuli meqanika — es aris mecniereba, romelic 
swavlobs materialuri sxeulebis moZraobis da meqanikuri 
urTierTqmedebis kanonebs maTematikuri meTodebis 
gamoyenebiT. 

amocanebis amoxsnisas Cven upiratesad visargeblebT 
iseTi cnebebiT, rogoricaa Zala, materialuri wertili da 
absoluturad myari sxeuli. 

Zala — es aris fizikuri obieqtebs Soris meqanikuri 
urTierTqmedebis raodenobrivi zoma; Zala xasiaTdeba 
moduliT, mimarTulebiT da modebis wertiliT, anu Zala 
warmoadgens veqtors. 

S e n i S v n a .  rogorc wesi, Tu Zala aRiniSneba raime 
asoTi veqtoris niSniT, maSin Zalis modulsaRniSnaven 

imave asoTi veqtoris niSnis gareSe,ase magaliTad, F⃗  Zalaa, 

xolo F Zalis  modulia, anu 𝐹 = |𝐹 |. 

მატერიალური წერტილი — aris iseTi wertili, romlis 
zomebic gansaxilvel konkretul SemTxvevebSi SegviZlia 
ugulebelvyoT (masis mqone maTematikuri wertili). 

აბსოლუტურად მყარი სხეული — aris iseTi sxeuli, 
romlis nebismier or wertils Soris manZili ucvleli 
rCeba. 

meqanikis kursi Sedgeba sami nawilisagan — 
statikis, kinematikisa da dinamikisagan. 

სტატიკა Seiswavlis ZalTa sistemebis ekvivalentur 
sistemebSi gardaqmnis meTodebs da adgens myar sxeulze 
modebuli Zalebis wonasworobis pirobebs. 

კინემატიკა ikvlevs materialuri sxeulebisa da 
materialuri wertilebis moZraobas sivrceSi 
geometriuli TvalsazrisiT ise, rom ar ganixilavs im 
Zalebs, romlebmac es moZraoba gamoiwvies.  

დინამიკა swavlobs materialuri sxeulebis moZraobas 
maTi gamomwvevi mizezebis gaTvaliswinebiT. 
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statikis aqsiomebi 
 
aqsiomebi Camoyalibebulia realur samyaroSi 

mimdinare movlenebze dakvirvebis Sedegad. galilei — 
niutonis meqanikis zogierTi ZiriTadi kanoni 
imavdroulad aris statikis aqsiomac. 

აქსიომა 1 (ინერციის აქსიომა): 
materialuri wertili (sxeuli), 

romelzec moqmedebs urTierT 
gamawonasworebeli Zalebi, imyofeba 
uZrav mdgomareobaSi an moZraobs 
wrfivad da Tanabrad. 

აქსიომა 2 (ორი ძალის 

წონასწორობის აქსიომა): 
 myar sxeulze modebuli ori Zala 

erTmaneTs awonasworebs maSin da mxolod maSin, Tu maTi 
modulebi tolia da mimarTuli arian erT wrfis gaswvriv 
urTierTsawinaaRmdego mimarTulebiT. (nax. 1). 

აქსიომა 3 (თანაწინააღმდეგი ძალების დამატების და 

გამოკლების აქსიომა):  
myar sxeulze ZalTa sistemis moqmedeba ar Seicvleba, 

Tu am sistemas davumatebT an gamovaklebT თანაწინააღმდეგ 
Zalebs.  

შედეგი: moqmedi Zala SeiZleba gadavitanoT misi 
moqmedebis wrfis nebismier wertilSi ise, rom amiT myari 
sxeulis mdgomareoba ar Seicvleba. 

amrigad, myari sxeulis meqanikaSi Zala სრიალა 
veqtoria.  

ZalTa or sistemas uwodeben eqvivalenturs, Tu erTi 
maTganis meoris saSualebiT Secvlis Sedegad myari 
sxeulis mdgomareoba ar Seicvleba. 

mocemul ZalTa sistemis eqvivalentur Zalas tolqmed 
Zalas uwodeben. 

nax. 1 
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აქსიომა 4 (ძალთა პარალელოგრამის 

აქსიომა):  
urTierTanamkveTi moqmedebis 

wrfeebis mqone ori Zalis tolqmedi 
modebulia am wrfeebis gadakveTis 
wertilSi da gamoisaxeba am Zalebze 
agebuli paralelogramis diagonalis 
saSualebiT (nax. 2). 

geometriulad tolqmedi tolia: 

1 2 .R F F
  

 

tolqmedis moduli gamoiTvleba Semdegi formuliT 

2 2

1 2 1 22 cos .R F F FF   

აქსიომა 5 (ქმედების და უკუქმედების ტოლობის აქსიომა): 
yovel qmedebas Tan axlavs toli da sawinaaRmdegod 

mimarTuli ukuqmedeba (nax. 3). 

აქსიომა 6 (დეფორმირებულ სსხეულზე 

მოდებული ძალების წონასწორობის 

აქსიომა, მის გამყარების დროს. გამყარeბის 

პრინციპი): deformirebul sxeulze 
modebuli Zalebis wonasworoba 
narCundeba am sxeulis gamyarebisas. 

nax. 3 

nax. 2 
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araTavisufali myari sxeuli. kvanZebi da 

maTi reaqciebi 
 
myar sxeuls ewodeba Tavisufali, Tu mas SeuZlia 

gadaadgildes sivrceSi nebismieri mimarTulebiT. 
sxeuls, romelic zRudavs myari sxeulis 

gadaadgilebas, am ukanasknelis ბმას uwodeben. 
myar sxeuls, romelTa gadaadgilebac SezRudulia 

ბმებით ewodeba araTavisufali myari sxeuli. 
yvela Zala, romelic araTavisufal sxeulze 

moqmedebs, Sinagan da garegan Zalebad dayofasTan erTad, 

SegviZlia davyoT mocemul (aqtiur) Zalebad da ბმების  
reaqciis Zalebad. 

mocemuli (aqtiuri) Zalebi gamosaxaven sxva sxeulebis 
myar sxeulze iseT zemoqmedebebs, romlebic mis 
kinematikur mdgomareobas cvlian. 

საყრდენი reaqcia ewodeba Zalas an ZalTa sistemas, 

romelic ბმის myar sxeulze meqanikur zemoqmedebas 
gamoxatavs. 

meqanikis erT-erTi ZiriTadi debuleba aris ბმებიდან  
gaTavisuflebis principi, romlis Tanaxmadac 
araTavisufali sxeuli SegviZlia ganvixiloT rogorc 
Tavisufali, romelzec aqtiuri Zalebis garda moqmedebs 

საყრდენი reaqciis Zalebic. vinaidan ბმების rolSi 

nebismieri sxeuli SeiZleba gamovides, amitom საყრდენი 
reaqciis mimarTulebis sworad gansazRvras didi 

mniSvneloba aqvs. „cxrili 1“-Si mocemulia ბმების ZiriTadi 
saxeebi 

cxrili 1 
kvanZebi da maTi reaqciebi 

ბმის dasaxeleba reaqciis 
mimarTuleba 

uZravi saxsruli sayrdeni  
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cilindruli saxsari 

 
Tavisufali dayrdnoba 

 
moZravi saxsruli sayrdeni  

Uuwono Rero 

 
Mmyari Camagreba  

sferuli saxsari 

 
saqusle 
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sagoravi: 
gorva xaxunis gaTvaliswinebiT _ a) 
gorva xaxunis gauTvaliswineblad _ b) 

 

 a)             b) 

 
myar sxeulze modebuli Zalebis wonasworobasTan 

dakavSirebuli yvela amocana (ix $1-8) ixsneba Semdegi 
gegmis mixedviT: 

1. gamoyofen wonasworobis obieqts, romelzec 
modebulia urTierT gamawonasworebeli  
Zalebisagan Semdgari sistema. 

2. gamosaxaven sxeulze moqmed yvela aqtiur 
(mocemul) Zalebs. 

3. ბმისგან ganTavisuflebis principis Tanaxmad ბმების 
moqmedebas cvlian kvanZebis reaqciebiT. 

4. miRebul ZalTa sistemisaTvis adgenen 
wonasworobis gantolebebs. 

5. miRebul gantolebaTa sistemidan gansazRvraven 
saZiebel sidideebs. 
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Zalis proeqcia RerZze 
Zalis proeqcia RerZze ewodeba mimarTul monakveTs, 

romelic moTavsebulia Zalis veqtoris sawyisi da bolo 
wertilebidan am RerZze daSvebul or perpendikulars 

Soris (nax. 4, ა). 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Zalis RerZze proeqciis sidide gamoiTvleba Zalis 

modulis gamravlebiT RerZis dadebiT mimarTulebasa da 
Zalis mimarTulebas Soris arsebuli kuTxis kosinusze 

(nax. 4, ბ): 

cos , cos(90 cosx yF F F F F       
 

S e n i S v n a .  Canaweris simoklisaTvis, iq sadac isedac 
cxadi iqneba konteqsti, Canaweris nacvlad — «proeqciis 
sidide», gamoviyenebT ubralod Canawers — «proeqcia». 

nax. 4 

 

a 

b 
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Zalis momentis cneba 
 

Zalis momenti wertilis mimarT 
 

 �⃗⃗�  Zalis momenti 𝐴 wertilis mimarT 
tolia: 

𝑀𝐴⃗⃗ ⃗⃗  ⃗ = 𝑟 ∙ 𝐹  

𝑀𝐴⃗⃗ ⃗⃗  ⃗   veqtori perpendikularulia im 
sibrtyisa, romelSic Zala da wertili 

mdebareoben da mimarTulia ise, rom 𝑀𝐴⃗⃗ ⃗⃗  ⃗ 
veqtoris wverodan Zala davinaxoT 
wertilis  saaTis isris moZraobis sawinaaRmdegod 
Semobrunebis mcdeli. (nax. 5). 

წertilis mimarT Zalis momentis sidide tolia Zalis 
F modulisa, romelic gamravlebulia wertilidan Zalis 
moqmedebis wrfemde umokles manZilze (A-s mxari) da  
aRebulia «+» an «−» niSniT: 

𝑀𝐴(𝐹 ) = ±𝐹ℎ 
«+» niSans iReben maSin, roca Zala cdilobs sxeuli 

Semoabrunos 𝐴 wertilis mimarT saaTis isris moZraobis 
sawinaarmdego mimarTulebiT, xolo «−» — saaTis isris 
moZraobis mimarTulebiT. 

 
Zalis momenti RerZis mimarT 

 
Zalis momenti RerZis mimarT ewodeba algebrul 

sidides, romelic tolia  RerZis perpendikularul 
sibrtyeze am Zalis proeqciis modulisa, romelic 
gamravlebulia  moqmedebis wrfidan RerZamde umokles 
manZilze da aRebulia «+» an «−» 
niSniT,. «+» niSani aiReba maSin, roca 
Zala cdilobs Semoabrunos sxeuli 
saaTis isris moZraobis sawinaarmdegod, 
xolo «−» niSani — saaTis isris 
moZraobis mimarTulebiT (Zalas unda 
vuyurebdeT Sesabamisi RerZis dadebiTi 
mimarTulebis mxridan). nax. 6 

 

nax. 5 
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amrigad, imisaTvis rom gavigoT Zalis momenti 𝑧 RerZis 
mimarT(nax. 6), aucilebelia: 

1) vipovoT F⃗  Zalis proeqcia xOy sibrtyeze — 𝐹1⃗⃗  ⃗; 
2) ganvsazRvroT Zalis proeqciis moqmedebis wrfidan 

RerZamde umoklesi ℎ1 manZili; 
3) SevadginoT algebruli namravli — 𝐹1 ∙ ℎ1 
4) ganvsazRvroT niSani — 6-e naxazze gamosaxul 

magaliTisTvis es «+» niSania: 
𝑀𝑧 = 𝐹1ℎ1. 

ganmartebidan gamomdinareobs, rom Tu Zalis 
moqmedebis wrfe RerZis paraleluria an kveTs mas, maSin 
aseTi Zalis momenti RerZis mimarT nulis tolia. 

 
varinionis Teorema tolqmedi Zalis momentis 

Sesaxeb 
 

varinionis Teorema შemdegnairad formulirdeba:  
nebismieri wertilis mimarT tolqmedi Zalis momenti 

amave wertilis mimarT mdgeneli Zalebis momentebis 
geometriuli jamis tolia, xolo tolqmedi Zalis momenti 
nebismieri RerZis mimarT amave RerZis mimarT mdgeneli 
Zalebis momentebis algebruli jamis tolia. 

magaliTi. mocemulia 𝐹  Zala da am 
Zalis modebis 𝑀 (𝑥, 𝑦, 𝑧) wertili  (nax. 7). 

vipovoT am Zalis momentebi 
koordinatTa RerZebis mimarT. 

pirveli xerxi. davSaloT Zala 

F⃗ 1 ,  F⃗ 2,   F⃗ 3 mdgenelebad xolo Semdeg 
varinionis Teoremis gamoyenebiT 
gamoviTvaloT TiToeuli proeqciis 
momentebs RerZebis mimarT. magaliTad, x 
RerZis mimarT: 

𝑀𝑥(F⃗ ) =𝑀𝑥(F⃗ x) + 𝑀𝑥(F⃗ y) + 𝑀𝑥(F⃗ z) = 𝑀𝑥(F⃗ z), 

aq gamoviyeneT is faqti, rom 𝑀𝑥(F⃗ x) = 0 (F⃗ x proeqcia 

paraleluria 𝑥 RerZisa) da 𝑀𝑥(F⃗ y) = 0 (F⃗ y proeqcia kveTs 

𝑥 RerZs). 

nax. 7 
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meore xerxi. momentebi SeiZleba Semdegi formulebiT 
gamoviTvaloT: 

𝑀𝑥(F⃗ )  = 𝑦  ∙ 𝐹𝑧  −  𝑧  ∙ 𝐹𝑦 , 

𝑀𝑦(F⃗ )  =  𝑧  ∙ 𝐹𝑥  −  𝑥  ∙ 𝐹𝑧, 

𝑀𝑧(F⃗ )  =  𝑥 ∙ 𝐹𝑦  −  𝑦  ∙ 𝐹𝑥 
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wyvilZala 

წყვილძალა ewodeba erT wrfeze 
aramdebare paraleluri, moduliT 
toli da urTierTsawinaaRmdego 
mimarTulebis mqone ori Zalisgan 
Semdgar sistemas. sibrtyes romelSic 
es Zalebia moTavsebuli wyvilZalis 
sibrtes uwodeben. ხolo  am Zalebis 
moqmedebis wrfeebs Soris h manZils 
— wyvilZalis mxars(nax. 8). wyvilZalas 
tolqmedi ar gaaCnia. 

წყვილძალის მომენტის sidide tolia erTi Zalis 
modulisa, romelic gamravlebulia  wyvilZalis mxarze 
da aRebulia «+» an «−» niSniT: 

𝑀𝑂  = ±𝐹ℎ. 
«+» niSaniNaiReba im SemTxvevaSi, roca wyvilZala 

cdilobs wyvilZalis sibrtye Semoabrunos saaTis isris 
sawinaaRmdego mimarTulebiT, xolo «−» ki — saaTis isris 
mimarTulebiT. 

wyvilZalis momenti wyvilZalis sibrtyis 
perpendikularulia da mimarTulia ise rom, Tu 𝑀𝑂 
veqtoris wverodan gadmovxedavT — davinaxavT, rom 
wyvilZala abrunebs wyvilZalis sibrtyes saaTis isris 
mimarTulebiT (sm nax. 8). 

S e n i S v n a .  Canaweris simoklisaTvis, terminebSi 
«wyvilZalis momentis sidide» da «Zalis momentis sidide 
wertilis mimarT» (ix. zemoT), SeiZleba gamovtovoT sityva 
«sidide», Tuki isedac cxadi iqneba konteqsti. 

nax. 8 

 



 

 

20 
 

wonasworobis gantolebebi ZalTa 

sxvadasxva sistemebisTvis 
ZalTa sistemis cneba 

 

𝐹 1,   𝐹 2   …     𝐹 𝑛 ZalTa erTobliobas, romlebic 

mocemul sxeulze moqmedeben , ძალთა სისტემა ewodeba. 

ZalTa sistemis mTavari �⃗� ∗ veqtori aris am Zalebis 
geometriu;i jami: 

�⃗� ∗= 𝐹 1  +   𝐹 2 +  …   +   𝐹 𝑛. 
mTavari veqtoris moduli udris: 

𝑅∗ = √(𝑅𝑥
∗)2 + (𝑅𝑦

∗)2 + (𝑅𝑧
∗)2. 

ZalTa sistemis mTavari momenti 𝑂 wertilis mimarT 
tolia:  

�⃗⃗� 𝑂 = �⃗⃗� 1𝑂  +  �⃗⃗� 2𝑂  + …+ �⃗⃗� 𝑛𝑂, 

 sadac  �⃗⃗� 𝑖𝑂 = �⃗⃗� 𝑂(𝐹 𝑖), i = 1, n̅̅ ̅̅̅. 

misi �⃗⃗� 𝑥 , �⃗⃗� 𝑦, �⃗⃗� 𝑧 proeqciebi 𝑂 wertilze gamaval 𝑥, y, z 
RerZebze tolia ZalTa sistemis mTavari momentebisa am 
RerZebis mimarT: 

𝑀𝑥 = 𝑀1𝑥 +𝑀2𝑥 +⋯+𝑀𝑛𝑥,
𝑀𝑥 = 𝑀1𝑦 +𝑀2𝑦 +⋯+𝑀𝑛𝑦 ,

𝑀𝑥 = 𝑀1𝑧 +𝑀2𝑧 +⋯+𝑀𝑛𝑧 .
 

�⃗⃗� 𝑂 mTavari momentis moduli da mimarTuleba 
ganisazRvreba Semdegi formulebiT: 

𝑀𝑂 = √𝑀𝑥
2 +𝑀𝑦

2 +𝑀𝑧
2 

𝑐𝑜𝑠(𝑀𝑂

→

, 𝑖
→

) = 𝑀𝑥/𝑀𝑂, 𝑐𝑜𝑠(𝑀𝑂

→

, 𝑗
→

) = 𝑀𝑦/𝑀𝑂 . 

𝑐𝑜𝑠(𝑀𝑂

→

, 𝑘
→

) = 𝑀𝑧/𝑀𝑂 

sadac, 𝑖 ,  j ,  k⃗  — koordinatTa sistemis bazisia. 
 

Tavmoyril ZalTa sistema 
 

თავმოყრილი ewodeba Zalebs, romelTa moqmedebis 
wrfeebi erT wertilSi gadaikveTeba. Tavmoyrili Zalebis 
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R ⃗⃗  ⃗ tolqmეdi modebulia ZalTa moqmedebis wrfeebis 
TanakveTis wertilSi da tolia am Zalebis geometriuli 
jamisa: 

�⃗�  =𝐹 1  +   𝐹 2 +  …   +   𝐹 𝑛 
wonasworobis gantolebebi Tavmoyril ZalTa brtyeli 

sistemisTvis: 

1

1

0,

0,

n

ix

i

n

iy

i

F

F




















 

wonasworobis gantolebebi Tavmoyril ZalTa 
sivrculi sistemisTvis: 

1

1

1

0,

0,

0.

n

ix

i

n

iy

i

n

iz

i

F

F

F













 












 

 

paralelur ZalTa sistema 
 
paraleluri Zalebis wonasworobis gantolebebi 

sibrtyeze. 
 
.paraleluri Zalebis wonasworobis piroba — 

sistemis mTavari veqtori da mTavari momenti (𝑂 wertilis 
mimarT) nulis tolia: 

R∗⃗⃗⃗⃗   = 0,  M⃗⃗⃗ = 0. 
am pirobebs Seesabameba gantolebaTa Semdegi sisteba: 
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a) 
1

1

0,

0.

n

iO

i

n

iy

i

M

F










 





 

aq 𝑦 RerZi Zalebis paralelurad aris aRebuli. 

arsebobs kidev sibrtyeze paralelუri Zalebis 
wonasworobis sxva gantolebaTa sistemac:  

b)
1

1

0,

0.

n

iA

i

n

iB

i

M

M










 





 

amasTan, 𝐴𝐵 wrfe ar unda iyos Zalebis 
paraleluri. 

wonasworobis gantolebebi ZalTa sivrculi 
sistemebisTvis: 

 

a) 

1

1

1

0

0,

0.

n

ix

i

n

iy

i

n

iz

i

F

M

M













 












  

b) 

1

1

1

0

0,

0.

n

i y
i

n

i x
i

n

i z
i

F

M

M




 











 












 QFmgxm yp   

(Zalebi 𝑥 RerZis paraleluria), 

(Zalebi 𝑦 RerZis paraleluria), 
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g) 

1

1

1

0

0,

0.

n

i z
i

n

i x
i

n

i y
i

F

M

M
















 












  

nebismierad mdebare ZalTa sistema 
 
nebismierad ganlagebuli Zalebis wonasworobis 

pirobaa — sistemis mTavari veqtori da mTavari momenti 
(𝑂 wertilis mimarT) nulis tolia: 

 

R∗⃗⃗⃗⃗  = 0, M⃗⃗⃗ =  0. 
 

sibrtyeSi nebismierad ganlagebuli ZalTa sistemis 
wonasworobis gantolebebs warmoadgens gantolebaTa 
Semdegi Semdegi sistemebi: 

 

1 1 1

1 1 1

1 1 1

0, 0, 0,

) 0, ) 0, ) 0,

0. 0. 0.

n n n

ix iu iA

i i i

n n n

iy iA iB

i i i

n n n

iz iB iC

i i i

F F F

a F b F c F

F F F

  

  

  

  
    

  
  

         
  
  

    
  

  

  

  

 

 
imisaTvis rom Sesruldes 𝑏) sistema, 𝑢 RerZi ar unda 

iyos 𝐴𝐵 wrfis paraleluri; 
imisaTvis rom Sesruldes 𝑐) sistema,  𝐴,  𝐵 da 𝐶 wrfeebi 

ar unda mdebareobdnen erT wrfeze; 

(Zalebi 𝑧 RerZis paraleluria), 



 

 

24 
 

sibrtyeze nebismierad ganlagebuli Zalebis 

dayvanis SesaZlo SemTxvevebi 

 

sibrtyeze nebismierad ganagebul ZalTa sistemis 
mocemul 𝑂Ocentrze dayvanis dros SeiZleba moxdes 
Semdegi SemTxvevebi:  

შემთხვევა I.     R∗⃗⃗⃗⃗  = 0, �⃗⃗� O =  0. 
Tu ZalTa sistemis mTavari veqtoric da mTavari 

momentic dayvanis centris mimarT nulis tolia, maSin 
Zalebi awonasworeben erTmaneTs; 

შემთხვევა II     R∗⃗⃗⃗⃗  = 0, �⃗⃗� O ≠  0 
Tu ZalTa sistemis mTavari veqtori udris nuls, 

xolo dayvanis centris mimarT mTavari momenti ar udris 
nuls, maSin Zalebi daiyvaneba wyvilZalamde. 

am wyvilZalis momenti udris ZalTa sistemis mTavar 
moments dayvanis centris mimarT. 

am SemTxvevaSi mocemul ZalTa sistemis mTavari 
momentebi sibrtyis nebismieri wertilis mimarT sididiT 
erTmaneTis tolia da maTi niSnebic emTxveva erTmaneTs. 

შემთხვევა III     R∗⃗⃗⃗⃗  ≠ 0, �⃗⃗� O =  0 
Tu ZalTa sistemis mTavari veqtori ar udris nuls 

xolo dayvanis centris mimarT mTavari momenti udris 

nuls, maSin Zalebi daiyvaneba R⃗⃗ = R∗⃗⃗⃗⃗  tolqmedamde. am 
tolqmedis moqmedebis wrfe gadis dayvanis wertilze.  

შემთხვევა IV     R∗⃗⃗⃗⃗  ≠ 0, �⃗⃗� O ≠  0 
vaCvenoT, rom am SemTxvevaSic mocemuli ZalTa sistema 

daiyvaneba erT Zalamde — ZalTa sistemis tolqmedamde. 

vTqvaT, magaliTad, rom ZalTa mocemuli 𝐹 1, 𝐹 2, . . . ,  𝐹 𝑛 

sistema dayvanil iqna dayvanis O wertilSi modebul �⃗� ∗= 

𝐹 1 + 𝐹 2 +... + 𝐹 𝑛 Zalamde da agreTve wyvilZalamde �⃗⃗� 𝑂 =

∑ �⃗⃗� 𝑖𝑂
𝑛
𝑖=1 .   davuSvaT, rom �⃗⃗� 𝑂 > 0 ( nax. 9). 
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avarCioT �⃗� ∗ R da �⃗�  Zalebisagan Semdgari wyvilZala. 
maSin am wyvilZalis mxari unda iRebdes Semdeg 
mniSvnelobas: 

.OM
d

R
  

wyvilZalis erT-erTi Zala, magaliTad 𝑅1
∗⃗⃗⃗⃗ , movdoT 𝑂 

wertilze da mivmarToT �⃗� ∗ Zalis sawinaaRmdego 
mimarTulebiT (nax. 10), maSin wyvilZalis meore Zala 
modebul unda iqnas iseT 𝐾 wertilSi, romelic 

mdebareobs 𝑅1
∗⃗⃗⃗⃗  Zalis moqmedebis wrfis perpendikularul 

𝑂𝐾 = 𝑑 monakveTze ise, rom 𝑅1
∗⃗⃗⃗⃗ ,�⃗�  wyvilZala cdilobdes 

naxazis sibrtyis Semobrunebas saaTis isris sawinaaRmdego 

mimarTulebiT. dayvanis 𝑂 centrSi modebuli 𝑅1
∗⃗⃗⃗⃗  da   R⃗⃗ ∗ 

Zalebi, rogorc toli da urTierTsawinaaRmdegod 
mimarTuli Zalebi, erTmaneTs awonasworeben da sistema 

daiyvaneba erT �⃗�  Zalaze, romelic Zalebis mTavari 
veqtoris tolia da modebulia 𝐾 wertilSi. es Zala 
warmoadgens mocemuli sistemis tolqmeds (nax. 11). 

dayvanis SemTxvevebis ganxilvis safuZvelze, SeiZleba 
Semdegi daskvnis gakeTeba: 

Tu sibrtyeze nebismierad ganlagebuli Zalebi ar 
awonasworeben erTmaneTs maSin isini SeiZleba dayvanil 
iqnas erT Zalamde an wyvilZalamde. 

 

nax. 9 nax. 10 nax. 11 
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sivrceSi nebismierad ganlagebuli Zalebis 

wonasworobis gantolebebi 
 

F⃗ 1,  F⃗ 2,   … ,  F⃗ n ZalTa sistemis 𝑀𝑂
⃗⃗ ⃗⃗  ⃗ mTavari momentisa da 

�⃗� ∗ 
mTvari Zalis modulebi gamoiTvleba Semdegi 

formulebiT: 

𝑀𝑂 = √𝑀𝑥
2 +𝑀𝑦

2 +𝑀𝑧
2;   𝑅∗ = √𝑀𝑥

2 +𝑀𝑦
2 +𝑀𝑧

2.  

 
maTi nulTan tolobis pirobebia: 

 
𝑀𝑥 = 0, 𝑀𝑦 = 0, 𝑀𝑧 = 0, 𝐹𝑥 = 0, 𝐹𝑦 = 0, 𝐹𝑧 = 0, 

 

romelTac Seesabameba sivrceSi nebismierad ganlagebuli 
𝑛 cali Zalis wonasworobis Semdegi eqvsi gantoleba: 

 

1 1

1 1

1 1

1) ; 1) ;

1) ; 1) ;

1) ; 1) ;

n n

ix ix

i i

n n

iy iy

i i

n n

iz iz

i i

M F

M F

M F

 

 

 

 

  

 

 

 

 

 

 

1)—3) gantolebebs uwodeben ZalTa momentebis 
gantolebebs koordinatTa RerZebis mimarT, xolo 4)—6) 
gantolebebs — Zalebis RerZebze proeqciis gantolebebs. 
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sivrceSi nebismierad ganlagebuli Zalebis 

dayvanis SesaZlo SemTxvevebi 

 

sivrceSi nebismierad ganlagebuli Zalebis mocemul O 
centrSi dayvanis dros SesaZlebelia moxdes Semdegi 
SemTxvevebi:  

შემთხვევა I.     R∗⃗⃗⃗⃗  = 0, �⃗⃗� O =  0. 
Tu sivrceSi nebismierad ganlagebul ZalTa sistemis 

mTavari veqtori da mTavari momenti dayvanis wertilis 
mimarT nulis tolia, maSin aseTi Zalebi erTmaneTs 
awonasworeben. 

შემთხვევა II.     R∗⃗⃗⃗⃗ = 0, �⃗⃗� O ≠  0. 
Tu ZalTa sistemis mTavari veqtori nulis tolia, 

xolo misi mTavari momenti dayvanis wertilis mimarT ar 
udris nuls, maSin es Zalebi daiyvaneba wyvilZalamde. am 
wyvilZalis momenti ZalTa sistemis mTavari momentis 
tolia dayvanis wertilis mimarT. am SemTxvevaSi sistemis 
mTavari momentebi sivrcis nebismieri wertilis mimarT 
geometriulad erTmaneTis tolia.  

შემთხვევა III.     R∗⃗⃗⃗⃗  ≠ 0, �⃗⃗� O =  0. 
Tu ZalTa sistemis mTavari veqtori ar udris nuls, 

xolo misi mTavari momenti dayvanis centris mimarT nuli 

tolia, maSin Zalebi daiyvaneba tolqmedamde 𝑅1
∗⃗⃗⃗⃗ = �⃗� , romlis 

moqmedebis wrfe gadis dayvanis centrze. 

შემთხვევა IV.     R∗⃗⃗⃗⃗  ≠ 0, �⃗⃗� O ≠  0, �⃗⃗� O  ⊥ R∗⃗⃗⃗⃗ . 
Tu ZalTa sistemis mTavari momenti dayvanis wertilis 

mimarT ZalTa sistemis mTavari veqtoris marTobulia, 

maSin Zalebi daiyvaneba tolqmedamde 𝑅1
∗⃗⃗⃗⃗ = �⃗� , romlis 

moqmedebis wrfe ar gadis dayvanis centrze. 
S e n i S v n a: I—IV SemTxvevebi SesaZlebelia maSin, Tu 

Zalebi erT sibrtyeSi mdebareoben. 
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შემთხვევა V.     R∗⃗⃗⃗⃗  = 0, M⃗⃗⃗ O =  0, M⃗⃗⃗ O veqtori ar aris R∗⃗⃗⃗⃗  
veqtoris marTobuli. 

Tu ZalTa sistemis mTavari momenti 
dayvanis wertilis mimarT ar aris 
ZalTa sistemis mTavari veqtoris 
marTobuli, maSin Zalebi daiyvaneba an 
or urTierTgadamkveT Zalamde an 
spiralamde (dinamamde), anu Zalisa da 
wyvilZalis iseT erTobliobamde, roca 
wyvilZalis moqmedebis sibrtye Zalis marTobulia. 

ganvixiloT SemTxveva, roca ZalTa sistema or 
acdenil Zalamde daiyvaneba (nax. 12). vTqvaT, ZalTa 

sistemis raime O centrze dayvanis Semdeg miiReba    R∗⃗⃗⃗⃗  Zala, 
romelic am centrze modebuli mTavari veqtoris tolia 

da miiReba agreTve wyvilZala, romlis �⃗⃗� = 𝑀0⃗⃗ ⃗⃗  ⃗ momenti    R∗⃗⃗⃗⃗  
veqtoris marTobulia. 

gavavloT wyvilZalis �⃗⃗�  momentis marTobuli sibrtye. 
avirCioT wyvilZalis mxari 𝑑 da 𝑄 = 𝑄′ = 𝑀/𝑑 wyvilZala. 
movaTavsoT am sibrtyeSi mierTebuli wyvilZalis 

eqvivalenturi �⃗�   𝑄′⃗⃗⃗⃗  wyvilZala,. wyvilZalis erT-erTi 𝑄′⃗⃗⃗⃗  

Zala movdoT 𝑂 wertilSi, xolo �⃗�  Zala — 𝑄′⃗⃗⃗⃗  Zalis 
perpendikularulad gavlebuli 𝑂𝐾 monakveTis meore 

boloSi. Tu 𝑂 wertilSi modebul     R∗⃗⃗⃗⃗  da 𝑄′⃗⃗⃗⃗  Zalebs 

SevkrebT, miviRebT axal �⃗�  Zalas, romelic 𝐾 wertilze 

gamaval �⃗�  ZalasTan erTad warmoadgens acdenil ZalTa 
erTobliobas. 

nax. 12 
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vaCvenoT, rom am SemTxvevaSic gansaxilveli sistema 
SeiZleba dinamamde daviyvanoT, romelic iseTi Zalisa da 
wyvilZalis erTobliobaa, roca 
wyvilZala moTavsebulia Zalis 
moqmedebis wrfis marTobul 
sibrtyeSi. 

davuSvaT, rom ZalTa 
mocemuli sistemis 𝑂 centrze 
dayvanis Sedegad miRebulia am 

centrze modebuli R∗⃗⃗⃗⃗  Zala da 

wyvilZala, romlis �⃗⃗�  momenti 
emTxveva ZalTa sistemis iseT 

mTavar 𝑀0
⃗⃗⃗⃗  ⃗ moments, romelic ar 

aris R∗⃗⃗⃗⃗  veqtoris marTobuli. (nax. 
13).  

cnobilia, rom wyvilZala 
SeiZleba Seicvalos ori 
wyvilZaliT. amisaTvis 

wyvilZalis �⃗⃗�  momenti davSaloT 

or mdgenelad: M∗⃗⃗ ⃗⃗  ⃗ mdgenelad, romelic mimarTulia R∗⃗⃗⃗⃗ -is 

mimarTulebiT da M′⃗⃗ ⃗⃗   mdgenelad, romelic mimarTulia R∗⃗⃗⃗⃗ -
is marTobulad  

�⃗⃗� = 𝑀∗⃗⃗ ⃗⃗  ⃗ + 𝑀′⃗⃗⃗⃗  ⃗ 

gamovsaxoT sibtyeze  𝑀′⃗⃗⃗⃗  ⃗ momentis mqone wyvilZala. am 

wyvilZalis Zalebis moduli aviRoT R∗⃗⃗⃗⃗ -is modulis 

tolad. wyvilZalis erT-erTi R′⃗⃗  ⃗ Zala movdoT 𝑂 centrze 
da mivmarToT mTavari veqtoris sawinaaRmdego 
mimarTulebiT. am wyvilZalis mxari iqneba: 

M
d

R


   1  

 

𝑂 wertilidan gadavdoT R∗⃗⃗⃗⃗  da 𝑀′⃗⃗⃗⃗  ⃗ veqtorebis 
marTobuli 𝑑 = 𝑂𝐶 mxari iseTi mimarTulebiT, rom Tu 

wyvilZalis 𝑀′⃗⃗⃗⃗  ⃗ momentis veqtors Semxvedri 
mimarTulebidan SevxedavT, wyvilZala davinaxoT sibrtyis 
saaTis isris sawinaaRmdegod mobrunebis mcdeli. 

nax. 13 
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𝑂 wertilze modebuli R∗⃗⃗⃗⃗  da 𝑅′⃗⃗⃗⃗  Zalebi erTmaneTs 

awonasworebs. rCeba mxolod 𝐶 wertilze modebuli R∗⃗⃗⃗⃗  

Zala da misi paraleluri 𝑀∗⃗⃗ ⃗⃗  ⃗ momentis mqone wyvilZala. R∗⃗⃗⃗⃗  
Tavisufali veqtoria da SegviZlia gadavitanoT O 
wertilidan C wertilSi. 

wrfes, romlis gaswvrivac 

mimarTulia  R∗⃗⃗⃗⃗  da 𝑀′⃗⃗⃗⃗  ⃗ ვექტორebi, 
sistemis centraluri RerZi ewodeba 
(nax. 13). 

R∗⃗⃗⃗⃗  Zalisa da am Zalis moqmedebis 

marTobul sibrtyeSi mdebare 𝑀∗⃗⃗ ⃗⃗  ⃗ 

momentis mqone �⃗� , 𝑃′⃗⃗  ⃗ wyvilZalis 
erTobliobas dinama ewodeba(nax. 14). 

 𝐶 wertilSi modebuli R∗⃗⃗⃗⃗  Zalisa 

da 𝑀∗⃗⃗ ⃗⃗  ⃗ momentiani wyilZalis miRebuli 
erToblioba SegviZlia ganvixiloT 
rogorc centraluri RerZis 𝐶 
wertilze ZalTa sistemis dayvanis 
Sedegi. aqedan gamomdinare, wyilZalis 

𝑀∗⃗⃗ ⃗⃗  ⃗ momenti mocemul ZalTa sistemis 𝐶 

wertilis mimarT mTavari 𝑀𝐶
⃗⃗ ⃗⃗  ⃗ momentis 

tolia. vinaidan centraluri RerZi amave 

dros warmoadgens R∗⃗⃗⃗⃗  moqmedebis wrfes, xolo 𝑀∗⃗⃗ ⃗⃗  ⃗ 

warmoadgens Tavisufal veqtors, amitom R∗⃗⃗⃗⃗  Zalisa da 

wyvilZalis 𝑀∗⃗⃗ ⃗⃗  ⃗ momentis erToblioba SegviZlia 
gadavitanoT centraluri RerZis nebismier wertilSi. 
aqedan davasdkvniT, rom ZalTa sistemis mTavari momentebi 
centraluri RerZis nebismieri wertilis mimarT tolia 

erTidaigive 𝑀∗⃗⃗ ⃗⃗  ⃗ veqtorisa.  
ganvixiloT sakiTxi, Tu rogor Seicvleba ZalTa 

sistemis 𝑀𝑂
⃗⃗ ⃗⃗  ⃗ mTavari momenti nebismieri O wertilis mimarT, 

roca am wertilis mdebareoba icvleba mTavar RerZTan 
mimarTebaSi. 

vinaidan 

�⃗⃗� = 𝑀𝑂
⃗⃗ ⃗⃗  ⃗ = 𝑀∗⃗⃗ ⃗⃗  ⃗ + 𝑀′⃗⃗⃗⃗  ⃗, 

sadac, (1) formulis Tanaxmad, 

nax. 14 
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𝑀′⃗⃗⃗⃗  ⃗ = 𝑅∗⃗⃗⃗⃗ ∗ 𝑑, 
amitom 𝑀𝑂

⃗⃗ ⃗⃗  ⃗ mTavari momentis moduli SegviZlia vipovoT 
Semdegi formuliT: 

2 2 2 2 ,OM M M M R d       

sadac 𝑑 aris manZili 𝑂 wertilidan mTavar RerZamde. 

𝑀𝑂
⃗⃗ ⃗⃗  ⃗ veqtoris mimarTuleba ganisazRvreba 𝑀𝑂

⃗⃗ ⃗⃗  ⃗ da 𝑅∗⃗⃗⃗⃗  
veqtorebs Soris Seqmnili kuTxiT: 

0
2 2

cos , .
O

M M
M R

M M R d

 


 

 
  

  
 

 
 

cxadia, rom, roca 𝑀∗⃗⃗ ⃗⃗  ⃗ > 0, maSin 𝑐𝑜𝑠(𝑀𝑂
⃗⃗ ⃗⃗  ⃗,  𝑅∗⃗⃗⃗⃗ ) > 0, amitom 

∠(𝑀𝑂
⃗⃗ ⃗⃗  ⃗,  𝑅∗⃗⃗⃗⃗ ) < 90∘ da 𝑀∗⃗⃗ ⃗⃗  ⃗ veqtoris mimarTuleba daemTxveva 𝑅∗⃗⃗⃗⃗  

veqtoris mimarTulebas (nax. 13). თუ 𝑐𝑜𝑠(𝑀𝑂
⃗⃗ ⃗⃗  ⃗,  𝑅∗⃗⃗⃗⃗ ) < 0, gveqneba 

𝑀∗⃗⃗ ⃗⃗  ⃗ < 0, maSin ∠(𝑀𝑂
⃗⃗ ⃗⃗  ⃗,  𝑅∗⃗⃗⃗⃗ ) > 90∘,. anu 𝑀∗⃗⃗ ⃗⃗  ⃗ da 𝑅∗⃗⃗⃗⃗  

urTierTsawinaaRmdegod iqnebian mimarTulni. 
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ZalTa sistemis invariantebi 

 

ZalTa sistemis pirvel (veqtorul) invariants 
warmoadgens ZalTa sistemis mTavari veqtori, xolo meore 
(skalaruli) invarianti aris am sistemis mTavari veqtoris 
da mTavari momentis skalaruli namravli.  

umciresi mTavari momentis gamosaTvlelad gamoiyeneba 
formula: 

.
x x y y z zR M R M R M

M
R

  





 
  

imis gamo, rom am wiladis mricxvelic da mniSvnelic 
invariantulia dayvanis centris mimarT, amitom umciresi 
mTavari momentic invariantuli iqneba dayvanis centris 
mimarT. es imas niSnavs, rom gansaxilveli sistemis 
nebismieri wertilis mimarT mTavari momentis mTavari 
veqtoris mimarTulebaze proeqciis sidide aris mudmivi da 
ar aris centris mdebareobaze damokidebuli. 

ZalTa sistemis centraluri RerZis nebismier 
wertilze dayvanis dros miiReba ori invariantuli 

veqtori 𝑀𝑂
⃗⃗ ⃗⃗  ⃗ da 𝑅∗⃗⃗⃗⃗ , romelTa erTobliobac qmnis dinamas. 

ZalTa sistemis mTavari RerZi warmoadgens sivrcis 
iseT wertilTa geometriul adgils, romelTa mimarT 

mTavari momentebs minimaluri moduli gaaCniaT 𝑀𝑚𝑖𝑛 = |𝑀∗⃗⃗ ⃗⃗  ⃗| 

da აm RerZis gaswvriv arian mimarTuli. 
centraluri RerZis gantoleba Semdegnairad iwereba: 

     
,

z z y y x z z y x

x y z z

M yR zR M zR xR M xR yR M

R R R R

      

   

     
    

sadac, 𝑅∗ — mocemul ZalTa sistemis mTavari veqtoris 
mniSvnelobaa; 𝑅𝑥

∗ , 𝑅𝑦
∗ , 𝑅𝑥

∗ —mTavari veqtoris proeqciebis 

sidideebia 𝑥 ,  𝑦 ,  𝑧 RerZebze; 𝑀𝑥 𝑀𝑦 𝑀𝑧 — koordinaTTa 

saTavis mimarT 𝑀𝑂
⃗⃗ ⃗⃗  ⃗ mTavari momentis RerZebze proeqciebis 

mniSvnelobebia; 𝑥 ,  𝑦 ,  𝑧 —centraluri RerZis wertilebis 
koordinatebis mimdinare mniSvnelobebia. 
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fermebi. daZabulobis gansazRvra fermis 

ReroebSi 
 

fermis ganmarteba 

 
ferma ewodeba geometriulad ucvlel kvanZur-Rerovan 

konstruqcias (nax. 15). 
 
 
 
 
 
 
 
 
 
 
 
Tu fermis Reroebis RerZebi erT sibrtyeSia 

moTavebuli, maSin fermas uwodeben brtyels. wertilebs, 
romelSic gadaikveTebian fermis Reroebi, fermis kvanZebs 
uwodeben, xolo im kvanZebs, romlebsac ferma eyrdnoba, 
sayrden kvanZebad moixsenieben. 

brtyli fermis zeda konturze mdebare Rero qmnis 
zeda sartyels, xolo qveda konturze mdebare — qveda 
sartyels. 

vertikalur Reroebs sayrden Reroebad movixseniebT, 
daxril Reroebs—iribanebad. 

arsebobs fermis kvanZebSi Zalvis gansazRvris ori 
meTodi: kvanZebis amoWris meTodi da kveTis 
meTodi(riteris meTodi). 

 
kvanZebis amoWris meTodi 

 
 es meTodi mdgomareobs imaSi, rom azrobrivad Wrian 

fermis kvanZebs da maT adgilze modeben Sesabamis garegan 
Zalebs da Reroebis reaqciis Zalebs da am ZalebisTvis 
adgenen wonasworobis gantolebebs yoveli kvanZisTvis. 

nax. 15 
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imis gamo, rom winaswar cnobili ar aris romeli 
Reroa SekumSuli da romeli gaWimuli, Tavidan Tvlian, 
rom yvela Rero gaWimulia, anu gulisxmoben, rom Reroebis 
reaqciis Zalebi momarTulia kvanZebidan. SemdgomSi, 
gamoTvlebis Sedegad Tu romelime ReroisTvis miiReba 
pasuxi „minus“ niSniT, Tvlian rom es Rero SekumSulia. 

 
Reroebis napovni reaqciebi moduliT ReroebSi 

arsebuli Sinagani Zalvebis tolia.  
kvanZebis ganxilvis Tanmimdevroba, rogorc wesi, 

ganisazRvreba im pirobiT, rom kvanZze modebuli ucnobi 
Zalebis raodenoba ar unda aRematebodes Zalebis 
wonasworobis gantolebaTa raodenobas. (ors — brtyeli 
fermisTvis da sams — sivrculi fermisTvis). aseT 
SemTxvevaSi, ucnobebi erTbaSad gamoiTvleba mocemul 
kvanZze moqmedi Zalebis wonasworobis gantolebebidan. 

Tu ferma brtyelia, maSin SesaZlebelia gamoTvlebis 
siswore SevamowmoT kvanZebze modebuli Zalebisgan 
Semdgari mravalkuTxedebis agebiT __ es mravalkuTxedebi 
unda warmoadgendnen Caketil mravalkuTxedebs. 

datvirTuli fermis calkeul ReroebSi Zalva 
SeiZleba nulis toli aRmoCndes. aseT Reroebs nulovan 
Reroebs uwodeben. qvemoT mocemulia lemebi, romelTa 
saSualebiTac SegviZlia vipovoT brtyeli fermis 
nulovani Reroebi gamoTvlebis Catarebis 
gareSe. 

lema 1: Tu fermis aradatvirTul 
kvanZSi ori Rero ikribeba, maSin Zalva am 
ReroebSi nulis tolia(nax.16). 

gansaxillvel kvanZSi moqmedebs  𝑆1⃗⃗  ⃗ da 

 𝑆2⃗⃗⃗⃗  ⃗ Zalebisagan Semdgari sistema. 
SevadginoT am ZalebisaTvis wonasworobis gantolebebi: 

 
2 1

1

cos 0,

cos 90 0.

S S

S





 


 

 

nax. 16 
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Sesabamisad, 𝑆1 = 𝑆2 = 0. 

ლემა 2: Tu brtyeli fermis 
dautvirTav kvanZშi Tavs iyris iseTi 
sami Rero, romelTagan ori Rero erT 
wrfeze mdebareobs, maSin Zalva mesame 
ReroSi nulis tolia. pirvel da meore 
ReroebSi Zalvebi moduliT erTmaneTis 
tolia (nax. 17). 

CavweroT kvanZze moqmedi Zalebis wonasworobis 
wonasworobis gantolebebi (Tavmoyril ZalTa brtyeli 
sistema): 

 
1 2 3

3

cos 0,

cos 90 0.

S S S

S





   


 

 

Sesabamisad, 𝑆3 = 0 ; 𝑆1 = 𝑆2 = 0 

ლემა 3: Tu brtyeli fermis kvanZSi Tavs iyris ori 
Rero da kvanZze modebulia iseTi gare 
Zala, romlis moqmedebis wrfe emTxveva 
erT-erTi Reros moqmedebis RerZs, maSin 
am Reros Zalva moduliT modebuli 
Zalis tolia, xolo Zalva meore ReroSi 
nulis tolia (nax. 18). 

marTlac, kvanZze moqmedi Zalebis 
wonasworobis gantolebebia: 

1

2 1

cos 0,

cos 0.

S

P S S







   

 

Sesabamisad, 𝑆1 = 0;  𝑆2 = −𝑃. 
 

kveTis meTodi, anu riteris meTodi 
 
kveTis meTodiT fermebis gaTvlebisas 

rekomendirebulia davicvaT moqmedebebis Semdegi 
Tanmimdevroba: 

 1. ganvixilavT fermis, rogorc myari sxeulis, 
wonasworobas, romelzec ZalTa brtyeli sistema 
moqmedebs da ganvsazRvravT sayrden reaqciebs. 

nax. 17 

 

nax. 18 
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2. azrobrivad vWriT fermas or nawilad ise, rom 
gaWrili Reroebis raodenoba ar aRematebodes sams da 
vcvliT fermis gadagdebuli nawilis zemoqmedebas 
Reroebis mosalodneli ZalvebiT, amasTan CavTliT, rom 
yvela ferma gaWimulia. 

3. vadgenT fermis darCenili nawilis wonasworobis 
gantolebas ise, rom TiToeul gantolebaSi Sediodes erTi 
saZiebeli Zalva; amisaTvis vadgenT momentebis gantolebas 
im wertilebis mimarT, sadac gadaikveTeba ori ucnobi 
Zalvis moqmedebis wrfeebi; Tu ori Rero paraleluria, 
maSin vadgenT proeqciis gantolebas am Reroebis 
marTobul RerZze, sadac aseve Seva erTi ucnobi Zalva. 

4. amovxsniT ra TiToeul Sedgenil gantolebas, Cven 
vipoviT Reroebis mosalodnel Zalvebs. Tu pasuxSi 
miviRebT „minus“ niSans, maSin CavTvliT, rom Rero 
SekumSulia da ara gaWimuli. 
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myari sxeulis simZimis centri 

mocemulia F⃗ 1 F⃗ 2, . . . , F⃗ n paraleluri Zalebis sistema 
romelic daiyvaneba tolqmedamde. CavTvaloT, rom am 
Zalebis modebis wertilebi fiqsirebulia. 

პaraleluri Zalebis centrs uwodeben tolqmedi 
Zalis modebis iseT C wertils, romlis garSemoc yvela 
paraleluri Zalis erTidaimave kuTxiT SemobrunebiT (maTi 
paralelurobis SenarCunebiT), tolqmedic Semobrundeba 
igive kuTxiT.  

paralelur ZalTa C centris koordinatebi 
gamoiTvleba Semdegi formulebiT: 

 

 

 

 

 

 

1 1 1

1 1 1

, , ,

n n n

i i i i i i

i i i
C C Cn n n

i i i

i i i

F x F y F z

x y z

F F F

  

  

  

     

  

  

  
 

sadac, 𝑥𝑖 , 𝑦𝑖𝑧𝑖 , warmoadgenen 𝐹𝑖⃗⃗  Zalis modebis wertilis 

koordinatebs, 𝐹𝑖—Zalis modulia; ±𝐹𝑖 —aris 𝐹𝑖⃗⃗  Zalis 
proeqcia Zalebis paralelur RerZze. amasTan, proeqciis 

sidide iTvleba dadebiTad, Tu 𝐹𝑖⃗⃗  Zalisa daa paraleluri 
RerZis mimarTulebebi erTmaneTs emTxveva, sxva SemTxvevaSi 
—uaryofiTad. 

Tu myari sxeuli mdebareobs dedamiwis zedapirTan 
axlos, maSin am sxeulis nebismier nawilakze modebulia 
simZimis Zala (CavTvaloT, rom materialuri nawilakebi 
myar sxeulze ganlagebulia uwyvetad.). ori iseTi 
materialuri nawilakis simZimis Zalebi, romelTa Soris 
daSoreba 31 metria, erTmaneTTan adgens erTi sekundis 
tol kuTxes. 

P⃗⃗ 1,   P⃗⃗ 2, … ,  P⃗⃗ n, paraleluri simZimis Zalebis centrs 

ewodeba myari sxeulis simZimis centri 𝐶, xolo misi yvela 

nawilakis simZimis ZalaTa jams myari sxeulis wona 

ewodeba: 

1

.
n

i

i

P P
 



  
 1  
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myari sxeulis simZimis 𝐶 centris 𝑥𝐶 , 𝑦𝐶 , 𝑧𝐶 
koordinatebi Semdegi formulebiT gamoiTvleba: 

 

1 1 1

1 1 1
, , .

n n n

C i i C i i C i i

i i i

x Px y Py z Pz
P P P  

         
 2  

es formulebi miaxloebiT formulebs warmoadgenen. 

es imitom, rom 𝑖-uri materialuri nawilakis P⃗⃗ i centris 
modebis wertilis 𝑥𝑖 , 𝑦𝑖 , 𝑧𝑖 koordinatebi gamoiTvleba am 
nawilakis zomebamde sizustiT.  

ganvixiloT iseTi erTgvarovani myari sxeulebi 
romelTa materialuri nawilakebis kuTri wona mudmivia. 

erTgvarovani sxeulis 𝐶 simZimis centris 𝑥𝐶 , 𝑦𝐶 , 𝑧𝐶   
koordinatebi miaxloebiT gamoiTvleba Semdegi 
formulebiT: 

1 1 1

1 1 1
, , ,

n n n

C i i C i i C i i

i i i

x x x x x x
V V V

  
  

            

sadac, 𝛥𝜈𝑖 aris 𝑖-uri materialuri nawilakis 
moculoba. 𝑉 aris myari sxeulis moculoba: 

1

.
n

i

i

V 


   

gamoTvlebis sizustis gasazrdelad myari sxeuli rac 

SeiZleba mcire zomis materialur nawilakebad unda 

davyoT. 

erTgvarovani zedapiris 𝐶 simZimis centris 𝑥𝐶 , 𝑦𝐶 , 𝑧𝐶   
koordinatebi miaxloebiT gamoiTvleba Semdegi 
formulebiT: 

1 1 1

1 1 1
, , , (3)

n n n

C i i C i i C i i

i i i

x x s y y s z z s
S S S  
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sadac, 𝛥𝑠𝑖 aris 𝑖-uri materialuri 
nawilakis farTobi. 𝑆 aris myari 
sxeulis farTobi 

1

n

i

i

S s


 

 𝑥𝑦 sibrtyeSi mdebare 
firfitisTvis (3) formulebi miiReben 
Semdeg saxes (nax. 19):  

 4

aq, 
1 1

,
n n

i i i i

i i

x s y s
 

    jamebs farTobis statikuri 

momentebi ewodebaT: 

1

n

i i sx

i

x s M


   erTgvarovani brtyeli farTeulis 

statikuri momenti x RerZis mimarT. 

1

n

i i sy

i

y s M


   erTgvarovani brtyeli farTeulis 

ystatikuri momenti RerZis mimarT. 

 Tu erTgvarovani brtyeli figuris simZimis centri 
𝐶 devs raime RerZze, maSin farTobis statikuri momenti 
am RerZis mimarT nulis tolia, magaliTad, Tu simZimis 
centri 𝐶 devs 𝑥 RerZze, maSin: 

1

0.
n

sx i i

i

M x s


  

erTgvarovani mrudis 𝐶 simZimis centris 
𝑥𝐶 , 𝑦𝐶 , 𝑧𝐶   koordinatebi miaxloebiT gamoiTvleba Semdegi 
formulebiT: 

1 1 1

1 1 1
, , ,

n n n

C i i C i i C i i

i i i

x x l y z l z z l
L L L  

           (5)

nax. 19 

1 1

1 1
, , 0

n n

C i i C i i C

i i

x x s y y s z
S S 
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sadac, 𝛥𝑙𝑖 aris 𝑖-uri materialuri nawilakis farTobi. 

𝐿 აris myari sxeulis sigrZe(mrudis, magaliTad — 
mavTulis): 

1

.
n

i

i

L l


   

Tu brtyeli mrudi 𝑥𝑦 sibrtyeSi devs, maSin 𝑧𝐶 = 0. 
Tu xerxdeba TiTeuli nawilakis moculobis, 

farTobis an sigrZis, agreTve maTi simZimis centrebis 
zusti gamoTvla, maSin (2) — (5) gantolebebi iZlevian 
mTeli sxeulis simZimis centris koordiatebis ara 
miaxloebiT, aramed zust mniSvnelobebs  

a) erTgvarovani sivrculi myari sxeulisTvis — 

     

1 1 1
, , ,C C C

V V V

x xdv y ydv z zdv
V V V

        

sadac, 𝑉 = ∫ 𝑑𝜈
(𝑉)

 (integreba xdeba myari sxeulis mTel 

moculobaze; 

ბ) erTgvarovani zedapirisTvis — 

     

1 1 1
, , ,C C C

S S S

x xdv y ydv z zdv
S S S

        

 

sadac, 𝑆 = ∫ 𝑑𝑠
(𝑆)

 (integreba xdeba myari sxeulis mTel 

farTobze); 

გ) 𝑥𝑦 sibrtyeSi mdebare erTgvarovani brtyeli 
zedapirosTvis— 

   

1 1
, , 0;C C C

S S

x xdv y ydv z
S S

       

დ) erTgvarovani mrudisTvis— 

     

1 1 1
, , ,C C C

L L L

x xdv y ydv z zdv
L L L

        

sadac 𝐿 = ∫ 𝑑 𝑙
(𝐿)

 (integreba xdeba myari sxeulis mTel 

sigreze). 
Tu mrudi brtyelia da 𝑥𝑦 sibrtyeSi devs, maSin 𝑧𝑐 = 0. 
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Tu erTgvarovan ssxeuls gaaCnia simetriis sibrtye, 
maSin simZimis centri am sibrtyeSi devs. Tu gaCnia 
simetriis RerZi, maSin simZimis centri am RerZze devs. 

  
umartivesi simetriuli formis mqone 

erTgvarovani myari sxeulebis simZimis centrebi: 
ა) erTgvrovani marTkuTxedis simZimis centri 

misi diagonalebis gadakveTis wertilSi 
mdebareobs; 

ბ) erTgvrovani samkuTxedis simZimis centri 
misi medianebis gadakveTis wertilSi 
mdebareobs; 

გ) erTgvarovani wris rkalis simZimis centri misi 
simetriis RerZze mdebareobs da ganisazRvreba 
koordinatebiT (nax. 20): 

sin
, 0,C Cx r y




    

sadac, 𝑟 —wris radiusia, 𝛼—centraluri kuTxis 
naxevris tolia. 

დ) erTgvarovani wris seqtoris misi simetriis 
RerZze mdebareobs da ganisazRvreba 
koordinatebiT(nax. 21):  

2 sin
, 0,

3
C Cx r y




    

sadc, 𝑟 —wris radiusia, 𝛼—centraluri 
kuTxis naxevris tolia. 

ე) erTgvarovani prizmis 𝐶 simZimis centri 
moTavsebulia prizmis zeda da qveda fuZis 𝐶1 da 
  𝐶2 simZimis centrebis SemaerTebeli monakveTis 
SuawertilSi (nax. 22), anu: 

1 2;CC CC  

nax. 20 

 

nax. 21 

 

nax. 22 
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ვ) erTgvarovani piramidis simZimis 𝐶 centri 
moTavsebulia piramidis wverosa da fuZis SemaerTebel 
monakveTze da daSorebulia am monakveTis 
meoTxedis tol manZiliT fuZis simZimis 
centridan. (nax. 23), anu.  

1
1 ;

4

OC
CC   

ზ) erTgvarovani konusis simZimis 𝐶 centri 
moTavsebulia konusis simaRleze da konusis 
fuZidan daSorebulia simaRlis meoTxedis 
toli manZiliT (nax. 24), anu,  

.
4

OA
AC   

 

im amocanebis amoxsnisas, romlebic simZimis 
centris gansazRvras exeba, arsebiT rols 
TamaSobs koordinatTa RerZebis arCeva. 

Tu myar sxeuls gaaCnia simetriis sibrtye, maSin erT-
erTi RerZi, magaliTad 𝑧, unda mivmarToT am sibrtyis 
marTobulad.  

Tu myar sxeuls gaaCnia simetriis RerZi maSin erT-
erTi sakoordinato RerZi, magaliTad 𝑥, am RerZs unda 
davamTxvioT, aseT SemTxvevaSi gamova, rom 𝑦𝐶 =  𝑧𝐶 da 
saZiebeli dagvrCeba mxolod 𝑥𝐶 . 

(2) — (5) formulebis gamoyenebis 
yvelaze gavrcelebul xerxs 
warmoadgens erTgvarovani myari 
sxeulis iseT nawilebad dayofa, 
romelTa centrebic an cnobilia an 
advilia maTi povna. 

ase magaliTad, 25-e suraTze 
erTgvarovani gamosaxuli myari bryeli 
figuris sam (1, 2 da 3) nawilad dayofisas misi simZimis 
centris mdebareoba ganisazRvreba formulebiT: 

1 1 2 2 3 3 1 1 2 2 3 3

1 2 3 1 2 3

, , 0;C C C

x s x s x s y s y s y s
x x z

s s s s s s

         
  

     
 

nax. 25 

nax. 24 

 

nax. 23 
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აქ, 𝑥1, 𝑦1 , 𝑧1 — nawili 1-is 𝐶1 simZimis centris 
koordinatebia; Δs1 — nawili 1-is 
farTobia da a.S. 

zogierT SemTxvevaSi 
mozanSewonilia myari sxeuli 
SevcvaloT ara misi Semadgeneli 
nawilebis jamiT aramed sxvaobiT. ase 
magaliTad, 26 suraTze gamosaxuli ori 
amoWrili nawilis mqone figuris 
SemTxvevaSi misi farTobi SeiZleba 
ganvixiloT rogorc 1 mTliani figuris farTobisa da misi 
2,3 amoWrili nawilebis farTobebis sxvaoba, anu 𝑆 = Δs1 −
Δs2 − Δs3  , simZimis 𝐶(𝑥𝐶 , 𝑦𝐶 , 𝑧𝐶) centris mdebareoba 
ganisazRvreba formulebiT: 

1 1 2 2 3 3 1 1 2 2 3 3

1 2 3 1 2 3

, , 0;C C

x s x s x s y s y s y s
x z

s s s s s s

         
 

     
 

sadac, 𝑥1, 𝑦1 , 𝑧1 — mTliani figuris simZimis 𝐶1 centris 

koordinatebia, romlis farTobia Δs1 . 𝑥2, 𝑦2, 𝑧2 და 

𝑥3, 𝑦3, 𝑧3,Sesabamisad, 2 da 3 amonaWrebis 𝐶2 da 𝐶3 simZimis 
centris koordinatebia, romela farTobebia,Sesabamisad, 
Δs2 da Δs3 . 

      
 

 

 

 

 

 

nax. 26 
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ZalTa brtyeli sistemebi 

1.erTi wrfis gaswvriv moqmedi 

Zalebi 
ამოცანა 1.1 

 
erT Tokze sxvadasxva adgilas Camokidebulia 110  n da 

5  n wonis ori tvirTi, amasTan didi tvirTi mcires qveS 
mdebareobs. ras udris Tokis daWimuloba, Tu misi zeda 
bolo damagrebulia uZrav 
wertilSi? 

a m o x s n a  
SevadginoT orive 

tvirTis wonasworobis 
gantoleba(ix. naxazi):  

1 0T mg Mg    

 1 10 5 15T g m M     n 

SevadginoT qveda tvirTis wonasworobis gantoleba 

2 0T Mg   

2 10T Mg  n 

p a s u x i :  10 n; 15 n. 
 

ამოცანა 1.2 
buqsiri miaTrevs erTmaneTze mimdevrobiT gadabmul 

sxvadasxva zomis sam tivs. buqsiris propelerebis gawevis 
Zala mocemuli momentisTvis aris 18 kn; wylis moZraobis 
winaaRmdegobis Zala pirveli tivisTvis aris 6 kn, 
meoresTvis — 4 kn, mesamesTvis — 2 kn. gadabmebisTvis 
gamoyenebuli bagiri usafrTxod uZlebs 2 kn gamWimav 



 
 

45 
 

Zalas. ramdeni bagiri unda gaiWimos buqsiridan pirvel 
tivamde, pirveli tividan meoremde da meoredan mesamemde, 
Tu moZraoba wrfivi da Tanabaria? 

 
a m o x s n a  
  
  
 
 
 
 
 

nax 1-ze aRvniSnoT:  F𝐹 გაწევა — 

buqsiris propelerebis gawevis Zala; 

𝐹 ბ.წ. — buqsiris winaaRmdegobis Zala; 

�⃗�  — yvela bagiris jamuri 

daWimulobis Zala; �⃗� 1 — buqsirsa da 
pirvel tivs Soris gabmuli bagirebis daWimulobis Zala; 

𝐹 წ 1 — pirveli tivis winaaRmdegobis 

Zala; �⃗� 2 — 𝐼 da 𝐼𝐼 tivs Soris 

bagirebis daWimulobis Zala; F𝐹 წ 2 —II 

tivis winaaRmdegobis Zala; 𝐹 წ 3 — III 

tivis winaaRmdegobis Zala;  �⃗� 3 — 𝐼𝐼 da 
𝐼𝐼𝐼 tivs Soris bagirebis daWimulobis 
Zala; [𝑇] — erT bagirze dasaSvebi 
datvirTva. 

SevadginoT buqsiris wonasworobis 
gantoleba (nax. 2):  

𝐹გაწევა − 𝑇1 − 𝐹ბ.წ. = 0. 
𝑇1 = 𝐹გაწევა − 𝐹ბ.წ. = 18 − 6 = 12   kn 
SevadginoT  𝐼 tivis wonasworobis 

gantoleba (nax. 3):  

𝑇1  − 𝑇2 −  𝐹წ 1 = 0 

𝑇2 = 𝑇1  −  𝐹წ 1 = 12 − 6 = 6 kn 
SevadginoT  𝐼𝐼 tivis wonasworobis 

gantoleba (nax. 4): 

nax. 2 

 

nax.5 

 

nax. 4 

 

nax. 1 

 

nax. 3 
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𝑇2  − 𝑇3 −  𝐹წ 2 = 0 

𝑇3 = 𝑇2  −  𝐹წ 2 = 6 − 4 = 2 kn 
SevadginoT  𝐼𝐼𝐼 tivis wonasworobis gantoleba (nax. 5):  

𝑇3 −  𝐹წ 3 = 0 

𝑇3 =  𝐹წ 3 = 2 kn 
buqsirsa da 𝐼 tivs Soris bagirebis aucilebeli 

raodenoba 

 
1 12

6;
2

T

T
   

I da II tivs Soris — 

 
2 6

3;
2

T

T
   

II da III tivs Soris — 

 
1 2

1.
2

T

T
   

p a s u x i :  6: 3: 1.   

 

ამოცანა 1.3 
Saxtis ZirSi imyofeba 640 n wonis adamiani; uZrav 

blokze gadakidebuli bagiris saSualebiT igi akavebs 
480 n wonis tvirTs. gansazRvreT: 

1) ra ZaliT awveba adamiani Saxtis fskers? 
2) ra maqsimaluri tvirTi SeiZleba Seakavos adamianma 

bagiris saSualebiT? 
a m o x s n a  
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vTqvaT, 𝑃1  =  640  n — adamianis wonaa; 𝑃2  =  480 n — 
tvirTis wona; N — adamianis 
dawolis Zala; 𝑇 — bagiris 
daWimulobis Zala (ix. naxazi). 
SevadginoT adamianisTvis da 
tvirTisaTvis wonasworobis 
gantolebebi: 

 

 
2

1

0, 1

0. 2

T P

T P N

  

   
 

(1)-dan da (2)-dan vpoulobT 
𝑁 = 𝑃1 − 𝑇 = 𝑃1 − 𝑃2 = 640 − 480 =

160 n. 
(2)-dan gamomdinareobs: 𝑁 = 𝑃1 −

𝑇.  
Tu 𝑁 = 0, maSin 
𝑇 = 𝑃1 = 640 n,  𝑃2𝑚𝑎𝑥 − 𝑃1 = 640 n. 
 
p a s u x i :  1 )  160 n;  2 )  640 n.  
 

ამოცანა 1.4 
 
matarebeli midis wrfiv horizontalur gzaze 

Tanabari siCqariT. matareblis wona elmavlis CauTvlelad 
aris 12 000 kn. gansazRvreT elmavlis gawevis Zala, Tu 
matareblis moZraobisadmi winaaRmdegobis Zala 
matareblis relsebze dawolis 0,005 nawilia. 

 
a m o x s n a  

naxazze aRvniSnoT: FT⃗⃗⃗⃗  — gawevis Zala; P⃗⃗  — matareblis 

wona; Fc⃗⃗⃗⃗  — matareblis moZraobis sawinaaRmdego Zala; N⃗⃗  
— relsebis reaqciis Zala. 

SevadginoT wonasworobis 
gantolebebi. vinaidan matareblis 
moZraoba wrfivi da Tanabaria, amitom 
masze modebuli Zalebi erTmaneTs 
awonasworebs: 
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0,

0,

0,005 .

T C

C

F F

N P

F N

 


 
 

 

sistemidan vpoulobT: 
30,005 0,005 12 10 60T CF F N      n 

p a s u x i :  60 n.  

ამოცანა 1.5 
samgzavro matarebeli Sedgeba elmavlisagan, 400 kn 

wonis erTi sabargo vagonisgan da TiToeuli 500 kn wonis 
mqone 10 samgzavro vagonisgan. rogoria elmavlis gawevis 
Zala, Tu matareblis moZraobisadmi winaaRmdegobis Zala 
misi wonis 0,005 nawilia? ra ZaliT gaiWimebian vagonis 
gadasabmelebi? amocanis amoxsnisas CaTvaleT, rom 
matareblis moZraobis winaaRmdegobis Zala matareblis 
Semadgenlobis gaswvriv wonis proporciulad nawildeba 
da matareblis moZraoba Tanabaria. 

a m o x s n a  
SemoviRoT aRniSvnebi (ix. naxazi): 𝑖 — vagonis nomeri, 

gadaTvlili elmavlidan, 𝑖  =  1,  11̅̅ ̅̅ ̅̅ ̅; FT — elmavlis gawevis 

Zala; F — matareblis moZraobis sawinaaRmdego Zala; P⃗⃗ i — 

i-uri vagonis wona; N⃗⃗ i — relsebis reaqcia i-ur vagonze; 
FCi — moZraobis sawinaaRmdego Zala i-ur vagonze; Ti — i-
uri vagonis gadasabmelis daWimulobis Zala.  

davweroT elmavlis wonasworobis gantoleba: 

𝐹 𝑇 −  𝐹 =  0. 
vinaidan 

𝐹 = 0,005(𝑃1, 𝑃2, … , 𝑃11), amitom 
𝐹 𝑇   = 𝐹 𝑇  =  0,005(400 + 10 − 500)  =  27 n. 
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 ganvixiloT 11-e (bolo) vagonis wonasworoba da 
CavweroT Sesabamisi gantoleba: 

11 11 0.CT F   

vinaidan moZraobis sawinaaRmdego Zala matareblis 
Semadgenlobis gaswvriv wonis proporciulad nawildeba, 
amitom 

11 110,005 .CF P  

Sesabamisad, 

𝑇 11 = 𝐹 𝐶11 = 0,005 ∙ 500 = 2,5 kn 

Semdeg ganixiloT 10-e vagonis wonasworoba: 

𝑇 10 = 𝐹 𝐶11 = 0. 

vinaidan,  

𝐹 𝐶10 = 0,005(𝑃10 + 𝑃11), 
 
amitom  

𝑇 10 = 𝐹 𝐶10 = 0,005 ∙ (500 + 500) = 2 ∙ 2,5 kn 
 

Tu Semdgom msjelobas analogiurad gavagrZelebT, 
miviRebT:  

𝑇 9 = 3 ∙ 2,5 kn; 𝑇 9 = 4 ∙ 2,5 kn; . . . ; 𝑇 2 = 10 ∙ 2,5 kn;  

dabolos, ganvixiloT pirveli (sabargo) vagonis 
Sesabamisi wonasworobis gantoleba: 

𝑇 1 = 𝐹 𝐶1 
vinaidan 

𝐹 𝐶1 = 0,005(𝑃1 + 𝑃2+. . . +𝑃11), 
amitom 
𝑇 1 = 0,005 ∙ (400 + 10 ∙ 500) = 27 kn 

 
p a s u x i :  elmavlis gawevis Zala aris 27 kn,  𝑇11  =

2,5 kn, 𝑇10 = 2 ∙ 2,5 kn, ... , 𝑇2  =  10 ∙ 2,5 kn, 𝑇1  =  27 kn (qveda 
indeqsi aRniSnavs vagonis nomers, gadaTvlils 
elmavlidan). 
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2. Zalebi, romelTa moqmedebis wrfeebi erT 

wertilSi ikveTeba 

ამოცანა 2.1 
wesieri eqvskuTxedis centrSi modebulia Zalebi:  F4  =

 1 n,  F2 = 3 n, F3 = 5 n,   F4 = 7 n, F5 = 9   n, F6 = 11 n, romlebic 
wveroebiskenaa mimarTulni. ipoveT Zalebis tolqmedisa da 
mawonasworebelis mniSvnelobebi da mimarTulebebi. 

a m o x s n a  

vipovoT Zalebis R⃗⃗  tolqmedis proeqciebi 
koordinatTa RerZebze (ix. naxazi): 

6 6

1 1

;    .x ix y iy

i i

R F R F
 

    

1 2 3 4 5cos60 cos60 cos60xR FF F F F       

6

3 5 9 11
1 7 6

2
cos60

2 2 2
F        n, 

2 3 5sin60 sin60 sin60yR F F F    

 6

3
8 20 6 3si 60

2
nF      n 

maSin, 

 

2 2 2 26 6 3 6 2 12x yR R R        n 

6
cos , 0,5.

12

xR
R x

R

 
    

 
 

amigad, tolqmedis veqtori mimarTulia F5 Zalis 
mimarTulebiT, xolo mawonasworebeli — F2 Zalis 
mimarTulebiT. 

 
p a s u x i :  12 n; mawonasworebeli F5 Zalis 

sawinaaRmdegodaa mimarTuli. 
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amocana 2.2 
8 n Zala daSaleT TiToeuli 5 n tol or  Zalad. 

SeiZleba Tu ara igive Zala daiSalos or 10 n, 20 n, da a.S,. 
100 n Zalad? 

a m o x s n a  
 

aRvniSnoT F⃗ -iT Zala, romelic unda davSaloT, xolo 

daSlis Sedegad miRebuli Zalebi —  F1⃗⃗⃗⃗  -iT da F2⃗⃗⃗⃗ -iT. 

vinaidan F1⃗⃗⃗⃗ =  F2⃗⃗⃗⃗ , amitom F⃗  veqtori SeiZleba warmovidginoT 

rogorc tolferda samkuTxedis fuZe. F1⃗⃗⃗⃗  da F2⃗⃗⃗⃗ . veqtorebi 
horizontisadmi erTnairi kuTxiT arian daxrilni, amitom 

1 2

1 2 2

cos cos cos ,
2

F F
F F F

F F F
      


 

საdaც, F = 8 n,  F1 = 5  n. 
maSin, 𝑐𝑜𝑠𝛼 = 0,8 da Sesabamisi 

kuTxis arCeviT F Zala SeiZleba 

davSaloT F1⃗⃗⃗⃗  da F2⃗⃗⃗⃗  Zalebad, F1  = F2  =
5 n. 

Tu yovel jerze gamovTvliT 
saWiro kuTxes, maSin analogiurad 
SeiZleba daiSalos Zala or 10 n, 20 n, 
da a.S,. 100 n Zalad,. 

amoxsnis es xerxi gamodgeba mxolod im SemTxvevaSi, 
Tu ar aris miTiTebuli daSlis mimarTulebebi. 

p a s u x i :  diax, Tu ar aris miTiTebuli daSlis 
mimarTulebebi. 

ამოცანა 2.3 
horizontisadmi 𝛼  =  45° kuTxiT 

daxrili kexis Zelis gaswvriv 

moqmedebs Q  =  2.5  კნ Zala. rogori S 
Zalva aRiZvreba am dros 
SemaerTebeli horizontaluri koWis 
gaswvriv? rogori N Zala moqmedebs 
kedelze Sveulis mimarTulebiT ? 

a m o x s n a  
davSaloT Q Zala x, y RerZebis mimarTulebiT (ix. 

naxazi). miviRebT: 
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2
cos45 2,5 1,77

2
xS Q Q   

kn, 

2
cos45 2,5 1,77

2
yS Q Q   

kn. 
 
p a s u x i :   S  =  N = 1,77 kn. 
 

 

ამოცანა 2.4 
wrfivi arxis napirebis gaswvriv mimavali ori 

traqtori eqaCeba tivs ori bagiris saSualebiT. bagirebis 
daWimulobis Zalebia F1 = 0,8 kn da F1 = 0,96 kn. bagirebs 

Soris kuTxe tolia — 𝛼 + 𝛽 = 60°. ipoveT tivis 
moZraobisadmi wylis P winaaRmdegoba da bagirebis mier 
napirabTan Sedgenili 𝛼 da 𝛽 kuTxeebi, Tu tivi moZraobs 
napirebis paralelurad. 

a m o x s n a  
naxazze gamovsaxoT tivze moqmedi Zalebi. vinaidan 

tivi moZraobs mudmivi siCqariT, SegviZlia davweroT 
wonasworobis Semdegi gantolebebi: 

1 2

2 1

cos cos 0,

sin sin 0.

F F P

F F P

 

 

  


  
   

sistemis meore 

gantolebidan gamomdinareobs 

1

2

sin
.

sin

F

F




  

vinaidan 𝛼 + 𝛽 = 60°. 
amitom: 

 
1

2

sin 60
.

sin

F

F






  

gadaqmnebis Sedegad miviRebT: 
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2 2

1 2 1 2

3 3 3 0,96
, 33 .

2 2 1,6 0,96

F F
tg arctg arctg

F F F F
 


    

  
 

60 60 33 27 .       

 

2 2
1 1

1 2 1 2

3 3
cos cos 60 1,53

2 2

F F
P F arctg F arctg

F F F F

   
      

    
kn 

p a s u x i :𝑃 = 1,53 kn,   𝛼 = 33°,  𝛽 = 27° 
 

ამოცანა 2.5 
sami A, B  da  𝐶 zambariani 

sasworis rgolebi uZravad aris 
damagrebuli dafaze. sasworebis 
kavebze mimagrebulia daWimuli da 
erTmaneTTan 𝐷 kvanZSi gadabmuli 
Tokebi. sasworis maCvenelebia: 8, 7 
da 13 n. gansazRvreT Tokebis 
mimarTulebebs Sors 𝛼 da 𝛽 
kuTxeebi, rogorc naxazzea 
naCvenebi. 

a m o x s n a  

გamovsaxoT naxazze amocanis monacemebi da avagoT 
RerZebi. 

ganvixiloT 𝐷 kvanZis wonasworoba da SevadginoT 
gantolebaTa sistema:  
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8sin 7sin 0,

8cos 7sin 13 0.

 

 

 


  
 

 
 
gardaqmnebis Sedegad miviRebT 
 

2 28 1 cos 7 1 cos ,

8cos 7sin 13,

 

 

   


 

 

2 264cos 49cos 15,

8cos 7sin 13,

 

 

  


 
 

8cos 7sin 13,

15
8cos 7sin .

13

 

 

 



 


 

 

 

Sesabamisad  

1 15 23 1 15 77
cos 13 , cos 13 .

16 13 26 14 13 91
 

   
         

   
 

 
maSin 𝛼  =  27,8°;  𝛽 =  32,2°°. 
p a s u x i :  𝛼  =  27,8°;  𝛽 =  32,2°. 

ამოცანა 2.6 
 AC da BC Reroebi mierTebulia 

kedelze kvanZebis saSualebiT. სახსარis 𝐶 
WanWikze moqmedebs vertikaluri Zala P =
 1000 ნ. 

gansaazRvreT სახსარis C WanWikze am 
Reroebis reaqciebi, Tu Reroebis mier 
kedelTan Sedgenili kuTxeebia 𝛼  =

 30°;  𝛽 =  60°° ? 
a m o x s n a  
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Tu gamoviyenebT im faqts, rom 𝛼 + 𝛽 = 90° da 
Sesabamisad, ∠𝐶= 90°, miviRebT wonasworobis Semdeg 
gantolebebs (proeqciebis 
gantolebebs) (ix.naxazi): 

sin 0,

cos 0.

C

C

X P

Y P





 


 
 

amitom, 

1000sin30 500CX   n, 

1000cos30 500Cy   n. 

Semdeg, Reroebis wonasworobis 
ganxilviT, SegviZlia davadginoT saxsris reaqciebi da 
maTi mimarTulebebi 𝐴 da 𝐵 kvanZebSi. 

p a s u x i :  866 n; 500 n 
 

ამოცანა 2.7 
a), b) da g) naxazebze, iseve rogorc wina amocanaSi, 

sqematurad aris gamosaxuli erTmaneTTan, WerTan da 
kedelTan saxsrebiT SeerTebuli Reroebi. saxsrebis 
B, F, K boltebze Camokidebulia Q  =  1000  n wonis tvirTebi. 
gansazRvreT Zalvebi ReroebSi, Semdegi SemTxvevebis dros:: 
a) 𝛼 =  𝛽 =  45°; b) 𝛼 =  30°, 𝛽 = 60°; g) 𝛼 =  60°, 𝛽 =  30°. 
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a m o x s n a  
a) ganvixiloT 𝐵 kvanZis wonasworoba (nax. 1):  

 
1 2

1 2

cos cos 0,

sin .

N N

N N Q

 



  


 
 

 
Sesabamisad,  

1 2 707
2sin 2sin 45

Q Q
N N


    n. 

 
b) ganvixiloT 𝐹 kvanZis wonasworoba (nax. 2): 

1 2

2

cos 0,

cos 0.

N N

N Q





  


 
 

2

1000
577

cos cos30

Q
N


     n. 

1

cos cos60
1000 1154

cos cos30
N Q




     n 

გ) ganvixiloT 𝐾 kvanZis wonasworoba (nax. 3): 

1 2 0N N Q
  

    

KQN Zaluri samkuTxedidan 
vpoulobT: 

1 577N Qtg  n, 

2 1154
cos

Q
N


  n. 

 
 

p a s u x i :  ა) N1, = N2 =  707 n,; 

 

nax. 2 
 

nax.  1 
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ბ) N1  =  −557 n,  N2 = −1154 n; 

გ) N1 = 557 n, N2 = 1154 n. 
S e n i S v n a .  aq da SemdgomSic, pasuxebi SeiZleba niSniT 

gansxvavdebodes amocanaTa krebulSi mocemuli pasuxebisgan. es 
dakavSirebulia imasTan, rom koordinatTa RerZebis an (da) 
saZebni Zalebis veqtorTa mimarTulebebis arCevani sxvadasxva 
SeiZleba iyos. 

 

ამოცანა 2.8 
quCis farani dakidebulia erT horizontalze mdebare 

𝐴 da 𝐶 kavebze mimagrebul 𝐴𝐵𝐶 trosis 
Sua 𝐵 wertilSi. gansazRvreT trosis 
𝐴𝐵 da 𝐵𝐶 nawilebSi 𝑇1 da 𝑇2 
daWimulobebi, Tu faranis wona aris 
150 n, 𝐴𝐵𝐶 trosis mTliani sigrZea 𝑙 =
 20 m da faranis dakidebis wertili 
horizontalidan Camocilebulialia 𝐵𝐷 =  ℎ =  0,1 m 
manZilze. trosis wona ugulebelyaviT. 

a m o x s n a  
gamovsaxoT naxazze 

sistemaze moqmedi Zalebi da 
bmebis reaqciebi. 

SevadginoT 𝐵 kvanZis 
wonasworobis gantolebebi: 

1 2

1 2

sin sin 0,

cos cos 0.

T T

P T T

 

 

 


  
 

sistemis pirveli gantolebidan gamomdinareobs, rom 
𝑇1 =  𝑇2. Tu am faqts meore gantolebaSi gaviTvaliswinebT, 
miviRebT 

 

12 cos .T P   

vinaidan 𝑐𝑜𝑠 𝛼  =   2ℎ 𝑙⁄  , amitom 

1

150 20
2 7500

4 4 0,1

Pl
T

h


  


n 7,5 kn 

 

p a s u x i :  𝑇1  =  𝑇2  =  7,5 kn. 
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ამოცანა 2.9 
300 n wonis quCis farani 

Camokidebulia vertikalur boZze 𝐴𝐶 =
 1,2 m gverdulisa da 𝐵𝐶 =  1,5 m iribanas 
saSualebiT. ipoveT 𝑆1 da 𝑆2 Zalvebi 𝐴𝐶 
da 𝐵𝐶, ReroebSi, Tu CavTvliT, rom 𝐴, 
𝐵 da C wertilebSi damagreba 
yumbarulia (Sarnirulia). 

a m o x s n a  

ganvsazRvroT manZili 𝐴𝐵  =  √𝐵𝐶2 − 𝐴𝐶2 = 0,9 m.  
avagoT Zaluri samkuTxedi (ix. 

naxazi). radgan C kvanZi wonasworobaSia, 

amitom 𝑄 ⃗⃗  ⃗ +  𝑆1 ⃗⃗ ⃗⃗  +  𝑆2 ⃗⃗ ⃗⃗  =  0.  

1
1

1,2
, 300 400

0,9

S AC AC
S Q

Q AB AB
     

n, 

2
1

1,5
, 300 500

0,9

S BC BC
S Q

Q AB AB
      n . 

p a s u x i :  S1  =  400 n; S2  =  500 n. 
 
 

:ამოცანა 2.10 
20 n wonis eleqtruli lampa 

dakidebul iqna Werze 𝐴𝐵 zonariT 
da Semdeg 𝐵𝐶 Tokis saSualebiT 
miweul iqna kedlisken. ipoveT 
𝑇A daWimuloba AB zonarSi da  𝑇C 
daWimuloba B𝐶 TokSi. cnobilia, 
rom kuTxe 𝛼  =  60°, xolo kuTxe 
𝛽  =  135°. zonaris wona 
uguleblelyaviT. 

a m o x s n a  
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gamovsaxoT naxazze sistemaze 
moqmedi Zalebi da bmebis reaqciebi.  

SevadginoT 𝐵 kvanZis 
wonasworobis gantoleba:  

cos60 cos45 0,

sin60 sin45 .

A C

A C

T T

T T P

  


 
 

sistemis pirveli 
gantolebidan gamomdinareobs, rom  

2
, 2 .

2 2

A
C A C

T
T T T    

aqedan ganvsazRvroT 𝑇A da CavsvaT meore gantolebaSi 

3 2
2 ,

2 2
C CT T P   

( 6 2) 2 ,CT P   

2
10,4

1 3
C

P
T  


n. 

2
14,6

1 3
A

P
T  


n 

 
p a s u x i : 𝑇A  =  14,6 n; 𝑇𝐶  =  10,4 n. 
 

ამოცანა 2.11 
anZuri amwe Sedgeba anZaze 

yumbariT (SarniriT) mimagrebuli AB 
isrisgan da 𝐶B jaWvisgan. isris B 
boloze dakidebulia P =  2 kn wonis 
tvirTi; kuTxeebi: BA𝐶 =  15°, A𝐶B =
 135°. ipoveT 𝐶B jaWvis 𝑇 daWimuloba 
da Q Zalva AB isarSi. 

a m o x s n a  
avagoT 𝑇𝑃𝑄 Zaluri samkuTxedi 

(ix.naxazi). imis gamo, rom kvanZi 
wonasworobaSia, gveqneba 
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0.Q T P
  

    

sinusebis TeoremiT vpoulobT: 

,
sin30 sin15

P T
  

sin15
1,04

sin30
T P  n, 

,
sin30 sin135

P Q
  

sin135
2,83

sin30
Q P   kn 

p a s u x i :  𝑇 = 1,04 kn;  𝑄 = 2,83 kn 
 

ამოცანა 2.12 
mTebSi gayvanili 

rkinigzis monakveTi xeobaSi 
dakidebulia ise, rogorc 
naxazzea naCvenebi. CaTvaleT, 
rom 𝐴𝐵 sakidi datvirTulia 
𝑃 =  500 kn ZaliT da 
gamoTvaleT dawola 𝐴𝐶 da 𝐴𝐷 
ReroebSi. 

a m o x s n a  
SevadginoT 𝐴 kvanZSi 

wonasworobis gantolebebi 
(ix.naxazi): 

1 2

1 2

sin sin 0,

cos cos 0.

T T

P T T

 

 

 


  
 

1 2

1

,

2 cos 0.

T T

P T 




 
 

gamovTvaloT 
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2 2

1

6,1
cos

11,65 6,1

6,1
4,6386 10

13,15





 


  

 

maSin sistemidan miviRebT 

 
1 2 539

cos

P
T T


     kn   

 

ese igi Reroebi SekumSulia. 
p a s u x i :  AC da AD Reroebi SekumSulia erTidaigive 

539 kn toli ZaliT. 

ამოცანა 2.13 
erT horizontalur 𝐴𝐵 = 𝑙 

monakveTze mdebare 𝐴 da 𝐵 
blokebze gadakidebulia 𝐶𝐴𝐸𝐵𝐷 
Toki. Tokis C da 𝐷 boloebze 
dakidebulia girebi, TiToeuli 𝑝 
wonis, xolo 𝐸 boloze — 𝑃 
wonis giri. ugulebelyaviT 
blokebis zomebi, agreTve maTze 
xaxuni da ipoveT 𝑥 manZili 𝐴𝐵 
monakveTidan 𝐸 wertilamde 
wonasworobis mdgomareobis 
dros. Tokis wona 
ugulebelyaviT.  

a m o x s n a  
gamovsaxoT naxazze 

sistemaze moqmedi Zalebi da 
bmebis reaqciebi. 

SevadginoT 𝐸 giris 
wonasworobis gantolebebi: 

1 2

1 2

sin sin 0,

cos cos 0.

T T

T T P
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:vinaidan 𝑇1 = −𝑇2  = p, amitom sistemis meore 
gatolebidan miviRebT: 

2 cos .p P   

vinaidan 
2 2

2
cos ,

4

x

l x
 


  

amitom 
2 2 2 2

4
.

4 2 4

px Pl
P x

l x p P
  

 
 

p a s u x i :
2 22 4

Pl
x

p P



.  

 
 

ამოცანა 2.14 
P =  25 n wonis tvirTs 

wonasworobis mdgomareobaSi iWers 
blokebze gadakidebuli da tvirTebiT 
daWimuli ori Toki. erTerTi tvirTis 
wonaa  P 1 =  20 ნ, romlis Sesabamisi 
Tokis mier vertikalTan Sedgenili 
kuTxis sinusi tolia 0,6-is. 
ugulebelyaviT blokebze xaxuni da 
ipoveT meore tvirTis  P1 wona da meore 
Tokis mier vertikalTan Sedggenli kuTxe. Tokis wona 
ugulebelyaviT. 

a m o x s n a  
gamovsaxoT naxazze sistemaze moqmedi Zalebi da bmebis 

reaqciebi. 
SevadgnoT 𝑂 kvanZis wonasworobis gantolebebi 

1 2

1 2

sin sin 0,

cos cos 0.

P P

P P P

 

 

 


    
vpoulobT: 

1 1

2
1 1

sin sin 4
,

cos 31 sin

P P
tg

P P P P
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Sesabamisad, sin 0,8  .  

2 2

2 1 12 cos 15P P P PP      n 

p a s u x i :   P2 =  15 n;  𝑠𝑖𝑛𝛼 = 0,8.  

 

ამოცანა 2.15 
 𝐴𝐵 Tokis erTi bolo 

damagrebulia 𝐴 wertilSi, xolo 
meore 𝐵 boloze mibmulia 𝑃 
tvirTi da blokze gadakidebuli 
𝐵𝐶𝐷 Toki, romlis 𝐷 bolozec 
mimagrebulia 100 n wonis 𝑄 giri. 
ugulebelyaviT xaxuni blokze da 
gansazRvreT 𝐴𝐵 Tokis 𝑇 
daWimuloba da 𝑃 tvirTis sidide, 
Tu wonasworobis mdgomareobaSi yofnisas Tokebis mier 𝐵𝐸 
vertikalTan Sedgenili kuTxeebia: 
𝛼  =  45°, 𝛽 =  60°. 

a m o x s n a  
gamovsaxoT naxazze sistemaze 

moqmedi Zalebi. 
SevadginoT 𝐵 kvanZSi 

wonasworobis gantolebebi 

sin sin 0,

cos cos 0.

T Q

T Q P

 

 

  


    
sin sin ,

cos cos .

T Q

T Q P

 

 




   

sin
100 1,5 122

sin
T Q




   n, 

2 1
100 137

2 2
P    n 

p a s u x i :  T =  122 n;  𝑃 =  137 n.  

ამოცანა 2.16 
BAC amwe zeviT eweva P =  20 kn tvirTs  A da D 

blokebze gadakidebuli jaWvis saSualebiT. amwe kedelze 
isea damagrebuli rom kuTxe CAD =  30°°. amwis Reroebs 
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Soris kuTxea: AB𝐶 =  60°°, A𝐶B =

 30°°.gansazRvreT Q1Q da Q2 Zalvebi AB da AC 
ReroebSi. 

a m o x s n a  
gamovsaxoT naxazze sistemaze moqmedi 

Zalebi da bmebis raqciebi. 
SevadginoT 𝐴 kvanZis wonasworobis 

gantolebebi: 

1

2

sin30 sin30 0,

2 scos30 0.

Q P P

Q P

   


    
miviRebT: 

1 20, 2 cos30 2 20cos30 34,6Q Q P     
kn.  

p a s u x i :  Q1  = 0;  Q2 =  3 4 , 6 kn.  

ამოცანა 2.17 
 ori erTnairi, TiToeuli 𝑃 

wonis, 𝐼 cilindri Camokidebulia 
Zafebze 𝑂 wertilSi. maT Soris devs 
𝑄 wonis 𝐼𝐼 cilindri. mTliani 
sistema wonasworobis 
mdgomareobaSia. 𝐼 cilindrebi 
erTmaneTs ar exebian. daadgineT 
Zafis mier vertikalTan Sedgenil 𝛼 
kuTxis damokidebuleba 𝐼 da 𝐼𝐼 
cilindrebis RerZebis SemaerTebeli 
monakveTis mier vertikalTan 
Sedgenil 𝛽 kuTxze. 

a m o x s n a  
SevadginoT II cilindris wonasworobis gantoleba 

(nax. 1) 𝑦 RerZze proeqciisTvis: 

2 cos 0,N Q    
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SevadginoT agreTve I cilindris 
wonasworobis gantolebebi (nax. 2) 𝑥 da 
𝑦 RerZze proeqciebisTvis:  

sin sin 0,

cos cos .

T N

T N P

 

 

 


 
 

Tu samive gantolebis erTdroulad 

amovxsniT, miviRebT saZiebel 

damokidebolebas: 

sin ,
2

2
cos ,

2

2
1 .

Q
T tg

P Q
T

P
tg tg

Q

 



 






 
  
 

 

p a s u x i :  

2
1 .

P
tg tg

Q
 

 
  
   

ამოცანა 2.18 
or 

urTierTperprendikularul 
gluv daxril 𝐴𝐵 da 𝐵𝐶 
sibrtyeebze devs erTgvarovani 
Q  =  60  n wonis birTvi. ipoveT 
birTvis mxridan TiToeul 
sibrtyeze moqmedi dawolebi, 
Tu cnobilia, rom 𝐵𝐶 sibrtye 
horizontTan adgens 60° kuTxes. 

a m o x s n a  

nax. 1 

 

nax. 2 
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SevadginoT birTvis 
wonasworobis gantoleba 
(ix.naxazi): 

cos 0,

cos 0,

D

E

N Q

N Q





 


 
 

sadac, 60 ; 30 .     

vpoulobT: 

cos30 52DN Q  n; 

cos60 30EN Q  n . 

p a s u x i :  ND  =  52 n; NE =
 З0 n. 

 

ამოცანა 2.19 
vertikalur gluv kedelze AC trosis 

saSualebiT Camokidebulia O birTvi. trosi 
kedelTan adgens 𝛼 kuTxes, birTvis wonaa P. 
gansazRvreT trosis 𝑇 daWimuloba da birTvis 
Q dawola kedelze. 

a m o x s n a  
visargebloT TeoremiT sami 

araparaleluri Zalis Sesaxeb, 
romelTa moqmedebis Sedegadac 
birTvi wonasworobaSia. es 

Zalebia: T⃗⃗ ,  P⃗⃗⃗  , Q⃗⃗   (nax. 1).  
birTvis wonasworobis 

gantolebas aqvs saxe 

T⃗⃗ +  P⃗⃗⃗  + Q⃗⃗ = 0. 
 QPT Zaluri samkuTxedidan 

(nax. 2) vipoviT: 

; .
cos

P
T Q Ptg


    

p a s u x i :  ; .
cos

P
T Q Ptg


    

 

nax. 2 

 
nax. 1 
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ამოცანა 2.20 
20 n wonis erTgvarovani birTvs gluv 

daxril sibrtyeze akavebs zambarian 
sasworze mibmuli trosi. saswori 
damagrebulia daxrili sibrtyis zemoT; 
sasworis Cvenebaa 10 n. sibrtyis daxra 
horizontisadmi aris 30°. gansazRvreT 
trosis mier vertikalTan Sedgenili 𝛼 
kuTxe da birTvis 𝑄 dawola 
sibrtyeze. zambariani sasworis 
wona ugulebelyaviT.  

a m o x s n a  
SevadginoT birTvis 

wonasworobis gantolebebi (ix. 
naxazi): 

cos sin 0,

sin cos 0.

T P

T P N

 

 

 


  
 

ricxviTi mniSvnelobebis 
Casmis Semdeg miviRebT: 

10cos 10 cos 1, 0, 60 .         

meore gantolebidan gvaqvs 

cos sin 20cos30 17,3N P T      n 

radgan  𝑁  =  𝑄, amitom 𝑄  =  17,3  n. 
p a s u x i :  𝛼 = 60°;  𝑄 =  17,3 n. 
 

.ამოცანა 2.21 
P wonis B burTula Camokidebulia 

uZrav A wertilze AB Zafis 
saSualebiT da devs r radiusiani 
gluvi sferos zedapirze, A 
wertilidan sferos zedapiramde 
manZili aris A𝐶 =  d, Zafis sigrZea 
AB =  l, AO wrfe vertikaluria. 
gansazRvreT Zafis 𝑇 daWimuloba da 
sferos Q reaqcia. burTulis radiusi ugulebelyaviT.  

a m o x s n a  
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visargebloT TeoremiT sami araparaleluri Zalis 

Sesaxeb. burTulaze moqmedebs Zalebi — T⃗⃗ , Q⃗⃗ , P⃗⃗  (nax. 1). 
burTulis wonasworobis 
gantolebas eqneba Semdegi saxe: 

0.T Q P
  

    
AOB samkuTxedisa da PQT 

Zaluri samkuTxedis 
msgavsebidan (nax. 2) vipoviT: 

, ;
T l l

T P
P r d r d
  

    

, .
Q r r

Q P
P r d r d
  

   

p a s u x i :  ; .
l r

T P Q P
r d r d

  
 

 

 
 

ამოცანა 2.22 
 
10 n wonis erTgvarovani 𝐴𝐵 da 𝐶𝐷 

birTvs wonasworobaSi iWers ori 
gvarli, romlebic erT vertikalur 
sibrtyeSi mdebareoben da erTmaneTTan 
adgenen 150° kuTxes. 𝐴𝐵 gvarli 
horizontisadmi daxrilia 45° kuTxiT. 
ipoveT gvarlebis daWimulobebi.  

a m o x s n a  
SevadginoT gvarlebis wonasworobis gantolebebi (ix. 

naxazi):  

cos30 sin 45 0,

sin30 cos45 0.

B C

C

T T P

T P

   


 
 

.
cos45 cos45

10 14,1
sin30 sin30

CT P    n 

nax. 1 

 

nax. 2 
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cos15 cos15
cos30 sin 45 10 19,3

sin30 sin30
B CT T P P     n 

 
 
 
 
 
 
 
 
 
p a s u x i :  𝑇B =  19,3  n;  𝑇C =  14,1 n. 

 

ამოცანა 2.23 
R  =  1  m radiusis qvabi, romlis 

P =  40   kn-is toli wona Tavisi 
sigrZis gaswvriv Tanabrad aris 
ganawilebuli, devs qvis wyobis or 
kideze. wyobebis kedlebs Soris 
manZilia 𝑙 =  1,6 m. ugulebelyaviT 
xaxuni da ipoveT qvabis dawola 
wyobis A da B wertilebze. 

a m o x s n a  
gamovsaxoT naxazze amocanisa pirobis monacemebi da 

sistemaze moqmedi Zalebi.  
ganvsazRvroT 𝛼 kuTxis kosinusi da sinusi: 

2

cos , sin 1 .
2 2

l l

R R
 

 
    

 
 

 

 

 

 

 

 

 

SevadginoT qvabis wonasworobis gantolebebi: 
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cos cos 0,

sin sin 0.

A B

A B

N N

N N P

 

 

 


  
 

 Tu gantolebaTa sistemas amovxsniT, miviRebT: 

,

2 sin .

A B

A

N N

N P





  

Sesabamisad, 

2 2

40
33,3

0,6
2 1 2 1

2 2

A B

P
N N

l

R

   

   
    
   

 n  

 

 
p a s u x i :  NA  =  NB =  33,3  kn. 
 

ამოცანა 2.24 
r  =  60 sm radiusiani erTgvarovani 

satkepni sagoravis wonaa Q =  20  kn, 
gansazRvreT iseTi horizontaluri P 
Zalva, romelic aucilebelia 
sagoravis ℎ  =  8 sm simaRlis mqone 
qvis filaze gadasagoreblad, 
suraTze gamosaxuli mdgomareobis 
SemTxvevaSi.  

a m o x s n a  
gamovsaxoT naxazze 

sagoravze  moqmedi ძalebi.  
SevadginoT sagoravis 

wonasworobis gantolebebi: 

sin 0,

cos 0.

P N

N Q





 


 
 

sistemidan vipoviT: 

.P Q tg   

geometriuli 
mosazrebebidan gamomdinare gveqneba: 
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 , 2 ,
a

tg a h r h
r h

     


 

sabolood miviRebT 

 2
11,5

h r h
P q

l

 
  kn. 

p a s u x i :  P = 11,5  kn. 
 

ამოცანა 2.25 
60 ნ wonis da 1,2 m sigrZis 

ეrTgvarovani AB Rero Camokidebulia 
C wertilSi 1 m-is toli erTnairi 
sigrZis AC da 𝐶B trosebis 
saSualebiT. gansazRvreT trosebis 
daWimuloba.  

a m o x s n a  
gamovsaxoT naxazze amocanis 

pirobis monacemebi da sistemaze 
moqmedi Zalebi. SemoviRoT aRniSvna: 
A𝐶 =  𝐶B =  b = 1 m. 

vipovoT 𝛼 kuTxe:  

2

cos ; sin 1 .
2 2

L L

b b
 

 
    

 
 

SevadginoT Reros wonasworobis 
gantoleba (𝑦 RerZze proeqciebSi): 

1 2sin sin 0.T T P     

vinaidan trosebis daWimulba erTnairia, anu, 𝑇1  = 𝑇2 =
 𝑇, amitom SegviZlia davweroT 

2T sin α =  P. 
Sesabamisad,  

2 2
100

1,2
2 1 2 1

2 2 1

P P
T

L

b

  

   
    

   

n. 
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p a s u x i :  TiToeuli gvarlis daWimuloba 100 n-is 
tolia. 

 

ამოცანა 2.26 

20 n wonis ეrTgvarovani AB Rero A 
saxsris saSualebiT mimagrebulia 
vertikalur kedelze da misdami 30° 
kuTxiT daxrili BC trosis saSualebiT 
vertikalTan 60°-ian kuTxes inarCunebs. 
gansazRvreT saxsris R reaqciis sidide da 
mimarTuleba.  

a m o x s n a  
visargebloT TeoremiT sami 

araparaleluri Zalis Sesaxeb. 
Reros wonasworobis 

pirobas aqvs Semdegi saxe 

 0.R P T
  

    

NDE  samkuTxedidan 
vipoviT: 

𝑅  =  𝑃𝑠𝑖𝑛 30° =  20𝑠𝑖𝑛 30° =
 10 n. 

saZiebeli kuTxe (R,  A𝐶) tolia  MAB kuTxisa: 

60 .MAB   

p a s u x i :  R  =  10 n;  kuTxe (R, AC) = 60° 
 

ამოცანა 2.27 
𝑙 = 2  m sigrZis da P =  50  n wonis 

erTgvarovani Zelis zeda A bolo 
dayrdnobilia gluv vertikalur kedelze, 
xolo qveda B boloze mibmulia BC trosi. ra 
AC manZilze unda mimagrdes trosi kedelze 
imisaTvis, rom Zeli iyos wonasworobaSi im 
dros, roca is kedelTan BAD  =  45° kuTxes 
adgens? ipoveT trosis 𝑇 daWimuloba da 
kedlis R reaqcia. 

a m o x s n a  
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geometriuli mosazrebebidan 
gamomdinare gvaqvs (ix. naxazi): 

.
AM

tg
AC

  

sami araparaleluri Zalis 
Sesaxeb Teroremis Tanaxmad 
Zalebi 𝑀 wertilSi gadaikveTeba. 

 vinaidan ∆OAM =  ∆OKB, 
amitom 

1
sin 45 .

2
AM KB   

maSin, 

1
sin 45 .

2
tg

AC
  

 

(1)  

meores mxriv, 
 

DB
tg

CD
 , anu sin 45

l
tg

CD
 . 

 

(2)  

 (1) da (2) tolobebidan miviRebT 

2 , cos45 1,41AC CD AC AD l    m 

1
sin 45 .

2 cos45 2

l
tg

l
    

Zeli wonasworobis piroba: 
 

0.R P T
  

    

1
25

2
R Ptg P   n, 56

cos

P
T


  n. 

 

p a s u x i :  AC  =  AD  = 1,41  m; 𝑇 = 56 n;   R =  25  n. 
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ამოცანა 2.28 
naxazze WrilSi gamosaxul 

fanjris AB CarCos SeuZlia 
brunva 𝐴 saxsris 
horizontaluri RerZis garSemo, 
xolo qveda B boloTi 
Tavisuflad eyrdnoba fosoze. 
ipoveT sayrdenebis reaqciebi, Tu 
mocemulia, rom CarCos wona 89  n-
is tolia da modebulia CarCos 
Sua C wertilSi. cnobilia aseve, rom AD  =  BD. 

a m o x s n a  
vinaidan CarCo imyofeba wonasworobaSi, amitom  

R⃗⃗ B + R⃗⃗ A  +  P⃗⃗ = 0. 
davagegmiloT es gantoleba 

x da y RerZebze (ix. naxazi): 

 cos sin45 , 1AR P    

 sin cos45 , 2A BR R P     

 SevniSnoT, rom  

1
.

2
tg   

 (1) da (2) formulebidan gveqneba 

cos45sin
,

cos sin 45

BP R

P






  

saidanac 
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1 1
sin 45 89 0,707 31,5

2 2
BR P     n  

 

(2) gantolebidan vipoviT: 

 cos45 70,4
sin

A B

l
R P R


   n . 

p a s u x i :  RA  = 70,4 n;  RB = 31,5  n. 
 

ამოცანა 2.29 
 AB koWs horizontalur 

mdgomareobaSi iWers CD 
Rero. A, C da D wertilebSi 
damagrebebi saxsrulia. 
gansazRvreT A da D 
sayrdenebis reaqciebi, Tu 
koWis B boloSi moqmedebs F =
 5 კნ vertikaluri Zala. 
zomebi mocemulia naxazze. 
wonebi ugulebelyaviT.  

a m o x s n a  
vinaidan koWi imyofeba wonasworobaSi, amitom: 

0.F R R
  

    

davagegmiloT es toloba 
𝑥 da 𝑦 RerZebze (ix. naxazi). 
miviRebT Semdeg sistemas

cos sin 45 0,

sin cos45 0.

A D

A D

R R

R F R





  


  
 

ABM samkuTxedidan 
vipoviT: 

1 3
, cos

3 10.
tg   

 
 Tu sistemis gantolebebidan gamovricxavT RA 

sidides, maSin miviRebT erT gantolebas: 
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cos45sin
.

cos sin 45

D

D

R F

R






  

am gantolebidan vipoviT RD  da RA reaqciebs: 
 

3
10,6

2sin 45
D

F
R   kn;  

sin 45 0,707
10,6 10 7,9

cos 3
A DR R


     kn. 

 
p a s u x i : RA  =  7,9 kn;  RD = 10,6 kn. 
 
 

ამოცანა 2.30 

 
 AB koWi saxsrulad aris damagrebuli A sayrdenze; B 

boloTi igi dadebulia sagoravze. koWis SuaSi, misi 
RerZisadmi 45° kuTxiT, moqmedebs P =  2 kn Zala. 

gansazRvreT sayrdenebis reaqciebi ა) da ბ) SemTxvevebSi. 
zomebi aiReT naxazebidan. koWis wona ugulebelyaviT.  
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a m o x s n a  
a) sami araparaleluri Zalis 

Sesaxeb Teoremis Tanaxmad, koWze 
moqmedi Zalebi gadaikveTebian C 
wertilSi (nax. 1). 

SevadginoT koWis 
wonasworobis gantolebebi AB: 

cos cos45 0,

sin 45 sin 0.

A

B A

R P

R R





  

    

maSin 

cos45 0,707
2 1,58

2cos

5

AR P


  
 
 
 

kn; 

sin45 sinB AR P R   
1

2 0,707 1,58 0,71
5

     kn. 

b) visargebloT TeoremiT sami 

araparaleluri Zalis Sesaxeb. 

CavweroT koWis wonasworobis 

gantoleba Semdegi saxiT 

P⃗⃗ + R⃗⃗ B  + R⃗⃗ A  = 0 (nax. 2). 
 MCN samkuTxedidan 

ganvsazRvroT   kuTxe: 

1 2
, cos .

2 5
tg     

radgan MCN  samkuTxedi marTuTxaa, 
amitom uceb vipoviT 

1
2 1

2
BR Ptg    kn, 

nax. 2 

 

nax. 1 
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5
5 2,24

cos 2
A

P
R P


    kn. 

 

p a s u x i : ა) RA  =  1,58  kn;  RB  = 0,71 kn;   ბ) RA  = 2,24 kn; 

 RB  = 1 kn; 

 

ამოცანა 2.31 
AB koWs horizontalur mdgomareobaSi amagrebs CD 

Rero. koWis 𝐵 boloSi moqmedebs horizontisadmi 60°-iT 
daxrili F  =  30 კნ Zala. naxazis (a) da (b) fragmentebze 
gamosaxulia AB koWis ReroTi damagrebis ori varianti. 
aiReT zomebi naxazidan da ipoveT orive SemTxvevaSi S 
AZalva CD ReroSi da koWis kedelze Q dawola. damagrebebi 
A, C da D wertilebSi saxsrulia. koWis da Reros wonebi 
ugulebelyaviT. 

 
 
 
 
 
 
 
 
 
 
 
 
a m o x s n a  
naxazidan vipoviT 

60 3 2
, , sin cos ,

2 7 7

tg
BC ACtg tg           

a) b) 
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koWis wonasworobis gantolebebs eqneba saxe: 

cos cos60 0,

sin sin 60 0.

Q F

S Q F





  

   

 

 

sistemis pirveli gantolebidan miviRebT 

Q
cos60 0,5 7

30 19,8
cos 2

Q F


   kn 

meoredan miviRebT — 
S  = Qsinα + 7rsin60° =  39 kn 

aSkaraa, rom orive SemTxvevaSi Zalebi erTnairia. 

p a s u x i :  ა) S =  39  kn, Q =  19,8  kn;  ბ)  S =  39  kn, Q =
 19,8  kn. 

 

ამოცანა 2.32 
 ACB eleqtruli sadeni gaWimulia 

or boZs Soris ise, rom qmnis iseT wirs, 
romelic SuaSi AB horizontaluri 
xazidan CD  = 𝑓 =  1  m-iT aris Cazneqili. 
boZebs Soris manZilia AB =  𝑙 =  40  m. 
sadenis wonaa Q  =  0,4  kn. gansazRvreT 
sadenis daWimuloba: 𝑇C — Sua 
wertilSi, 𝑇A da 𝑇B — boloebSi. 
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CaTvaleT, rom sadenis TiToeuli naxevris simZimis centri 
modebulia 𝑙/4 manZilze uaxloesi boZidan.  

a m o x s n a  
SevadginoT sadenis marjvena nawilis wonasworobis 

gantolebebi:  

cos 0,

sin 0,
2

B C

B

T T

Q
T





 



 

  

cos ,

sin .
2

B C

B

T T

Q
T










  

Sesabamisad, 

.
2 C

Q
tg

T
   

meores mxriv,  

4

/ 4

f f
tg

l l
    

maSin, 

4
, .

2 8
C

C

Q f Ql
T

T l f
    

vinaidan  

 
2

4 /
sin

1 4 /

f l

f l
 


, 

amitom, 
 

2
1 4 /

.
2sin 2 4 /

B A

f lQ Q
T T

f l


     

Tu CavsvamT ricxviT mniSvnelobebs, miviRebT 
𝑇C = 2  kn;  𝑇B  = 𝑇A  = 2,01  kn.     

p a s u x i :  TC = 2  kn;  TB  = TA  = 2,01  kn.     
 
. 

 



 
 

81 
 

ამოცანა 2.33 

 
naxazze gamosaxuli 

CarCosTvis gansazRvreT 𝑅𝐴 da 
𝑅𝐷 reaqciebi, romelic 
aRiZvreba 𝐵 wertilSi 
modebuli horizontaluri 𝑃 
Zalis moqmedebis Sedegad. 
CarCos wona ugulebelyaviT.  

a m o x s n a  
geometriuli 

mosazrebebidan gveqneba(ix. naxazi) 

25 5,AC a a   

5
sin ,

55

a

a
  

 

2 2 5 1
cos , .

5 25

a
tg

a
    

 
CavweroT CarCos wonawsworobis 

gantoleba: 

P⃗⃗ + R⃗⃗ D  + R⃗⃗ A  = 0. 
MKN Zaluri samkuTxedidan vipovoT RD reaqcia: 

2
D

P
R Ptg 

 
da RA reaqcia:  

5
.

cos 21 5 / 2
A

P P
R p


    

p a s u x i :  
5

; .
2 2

A D

P
R p R    
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ამოცანა 2.34 
Sigawvis Zravis dguSis farTobia 0,02 m

2
, barbacas sigrZea AB =  30 sm, mrudmxaras 

sigrZea B𝐶 = 6 sm. gazis wneva dguSis zeviT 
aris P1  =  1000 kpa, xolo dguSis qveviT — 
P2 =  200 kpa. ipoveT AB barbacas mxridan BC 
mrudxaraze moqmedi 𝑇 Zala, romelic 
gamowveulia wnevaTa sxvaobiT, Tu kuTxe 
𝐴B𝐶 = 90°. cilindrsa da dguSs Soris 
xaxuni ugulebelyaviT. 

a m o x s n a  
geometriuli mosazrebebidan 

gamomdinare (ix. naxazi): 

,
r

tg
l

  

 

maSin,  

2

1
cos .

1
r

l

 

 
 
 

 

gazebis wnevis Zalebi tolia 𝑃 =

𝑆(𝑃1 − 𝑃2), sadac 𝑆 aris dguSis farTobi. 
gamoviyenoT Teorema sami Zalis 

Sesaxeb da CavweroT CarCos 
wonasworobis gantoleba: 

0.P T F
  

    

Zaluri samkuTxedidan miviRebT 

 
2 2

1 21 1
cos

P r r
T P S P P

l l

   
         

   
 

 
2

6
0,02 1000 200 1 16

30

 
     

 
kn 

p a s u x i :  𝑇 =  16,3  kn. 
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S e n i S v n a .  aqac da SemdgomSic პასუხი krebulSi moyvanil 
pasuxebs SeiZleba miaxloebiT daemTxves mxolod. es gamowveulia 
damrgvalebisa da gamoTvlebis SesaZlo cdomilebebiT. 

 

ამოცანა 2.35 
G wonis sahaero burTs 

wonasworobaSi iWers BC trosi. burTze 

moqmedebs amomgdebi Q⃗⃗  Zala da qaris 

dawolis horizontaluri P⃗⃗  Zala. 
gansazRvreT trosis daWimuloba B 
wertilSi da 𝛼 kuTxe. 

a m o x s n a  
naxazze gamovsaxoT sistemaze moqmedi Zalebi. 
SevadginoT burTis 

wonasworobis gantolebebi: 

 

sin 0,

cos 0,

P T

Q G T





 


    
 
anu, 

 

sin ,

cos .

T P

T Q G








   
sistemidan vipoviT: 

sin
, , .

cos

P P P
tg arctg

Q G Q G Q G


 


    

  
 

aviyvanoT sistemis gantolebebi kvadratSi da  
SevkriboT:  

   
22 2 2 2sin cos ,T P Q G      

 
22 2 .T P Q G    

Sesabamisad, 

 
22 .T P Q G  
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p a s u x i :   
22 ; .

P
T P Q G arctg

Q G
    


 

 
ამოცანა 2.36 

cementis 𝑀 kubs kumSaven mis  oTx 
waxnagze saxsruli meqnanizmiT 
dawolis saSualebiT, sadac AB, BC da 
CD Reroebi ABCD kvadratis gverdebs 
emTxvevian. xolo 1,2,3,4 Reroebi 
erTmaneTis tolia da mimarTulni 
arian imave kvadratis diagonallebis 
gaswvriv. A  da D     wertilebSi 
modebulia erTidaigive P modulis 
mqone ori Zala, ise rogorc es naxazzea naCvenebi. 
gansazRvreT kubis mkuvmSavi N1 |, N2, N3, N4, Zalebi da 
AB, BC , CD ReroebSi aRZruli S1, S2, S3 Zalvebi, Tu A   da  D 
wertilebSi modebuli Zalebis sididea 50  kn. 

a m o x s n a  
SevadginoT A kvanZis wonasworobis gantolebebi (ix. 

naxazi): 

1

1

cos45 0,

sin 45 0.

S N

N P

  


   
Sesabamisad, 

1

50
70,7

sin 45 0,707

P
N     

kn. 

1 cos45 70,7 0,707 50S N   

kn. 
 amocanis simetriulobidan 

gamomdinare — 

1 2 3 4 70,7N N N N    kn; 

1 2 3 4 50S S S S    kn. 

p a s u x i : 1 2 3 4 70,7N N N N    kn; 
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gamWimavi Zalebiა 1 2 3 4 50S S S S    kn.  

 
ამოცანა 2.37 

tramvais ori sadeni 
Camokidebulia or-or boZze 
ganivad dakidebul mavTulis 
bagirebze. gzis gaswvriv 
boZebi ganlagebulia 
erTmaneTisgan 40 m-is 
daSorebiT. TiToeuli ganivi 
bagirisaTvis manZilebi  𝐴𝐾 =
𝐾𝐿 = 𝐿𝐵 =  5  m, KC =  LD =  0,5 m. ugulebelyaviT bagiris 
wona da ipoveT mis AC, CD , DB ubnebze T1, T2 , T3 
daWimulobebi, Tu 1  m sigrZis sadenis wonaa 7,5 n. 

a m o x s n a  

amocanis pirobis Tanaxmad,  40 7,5 300P    n 

naxazidan vipoviT: 

2

5 1
10, cos .

0,5 1
tg

tg ga
    


 

SevadginoT 𝐶 kvanZis wonasworobis gantolebebi:  

1 2

1

sin 0

cos 0

T T

T P





  


 
 

1 2 1sin , cos .T T T P      

𝑇2  =  𝑃𝑡𝑔𝑎 =  300 ∙  10 =  3000 ნ =  3 kn 

𝑇1  = 𝑃√1 + 𝑡𝑔
2𝑎  =  300√1 + 102  =  3015 𝑛 =  3,015  kn 

analogiurad SeiZleba iTqvas, rom 𝑇3  =  𝑇1  = 3,015  kn. 
p a s u x i :  𝑇3  =  𝑇1  = 3,015     kn;  𝑇2 =  3  kn; 
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ამოცანა 2.38 

ABDC saxsrul-Rerovan oTxkuTxedSi 
CD gverdi damagrebulia. A saxsarSi 
BAQ  =  45° kuTxiT modebulia Q =

 100 ნ Zala. gansazRvreT ra R⃗⃗  sididis 
Zala unda movdoT B saxsarze ABR  =  30° 
kuTxiT imisaTvis, rom ABDC oTxkuTxedi 
iyos wonasworobaSi, Tu kuTxeebi : CAQ  =
 90°, DBR  =  60°. 

 
A m o x s n a  

 
𝐼  xerxi (nax. 1). 
SevadginoT O wertilis mimarT 

momentebis gantoleba: 

2 cos30 0.Q a Ra     

2 1,414
2 100 163

cos30 1,732
R Q     n. 

𝐼𝐼  xerxi (nax. 2). 

gamoviyenoT kvanZebis amoWris 
meTodi: 

cos45 0.

cos30 0.

Q S

R S

  


 
 

cos30 ,

cos30 cos45 0

S R

Q R

 

 
 

163
cos30 cos45

Q
R  n 

 

პასუხი : R =  163  n,. 
 

 
 

n

nax. 2 
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ამოცანა 2.39 
saxsrul-Rerovani 

mravalkuTxedi Sedgeba oTxi 
sxvadasxva Rerosgan; A da E 
boloebi saxsruladaa 
damagrebuli; B, C , D kvanZebi 

datvirTulia erTnairi Q⃗⃗  
datvirTviT. wonasworobis 
mdgomareobaSi ganapira 
Reroebis horizontisadmi 
daxris kuTxea 𝛼 = 60°. 
gansazRvreT Sua Reroebis 
horizontisadmi daxris 𝛽 
kuTxe. 

a m o x s n a  
naxazze gamovsaxoT 

sistemaze moqmedi Zalebi. 
SevadginoT kvanZebis 

wonasworobis gantolebebi: 
kvanZi B: 

1 2

1 2

cos cos 0,

sin sin 0.

N N

N N Q

 

 

  

     

 

kvanZi C (𝑦 RerZze proeqciebi): 

22 sin 0.N Q  
 

Sesabamisad, Q  = −2 N2 sinβ. 
sistemidan miviRebT 

1 2

1 2

cos cos ,

sin sin ,

N N

N N Q

 

 




 
 



 

 

88 
 

2 2 2

2 2

sin sin 2 sinsin sin
3 ,

cos cos cos cos

N Q N N

N N

   

   

 
   anu 

1 1
3 , 30 .

3 3
tg tg tg tg           

p a s u x i :  𝛽 =  30°. 
 

ამოცანა 2.40 
naxazze gamosaxuli 

samsaxsriani TaRisTvis 
gansazRvreT 𝐴 da 𝐵 sayrdenebis 
reaqciebi, romelic aRiZvreba 
horizontaluri 𝑃 Zalis 
moqmedebis Sedegad. TaRis wona 
ugulebelyaviT. 

a m o x s n a  
gamoviyenoT sami Zalis Sesaxeb Teorema da CavweroT 

wonasworobis gantoleba: 

P⃗⃗ + R⃗⃗ B  + R⃗⃗ A  = 0. 
Zaluri samkuTxedidan vipoviT (ix. naxazi) 

2
cos45 .

2
A BR R P P    

p a s u x i :  
2

.
2

A BR R P   
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ამოცანა 2.41 
P wonis mqone wrfivi erTgvarovani AB Zeli da 

nebismieri moxazulobis mrudwiruli RerZis mqone uwono 
BC Rero erTmaneTTan saxsrulad arian SeerTebulni B 
wertilSi da aseve saxsrulad arian SeerTebulni A𝐶 
horizontalze mdebare A   da C sayrdenebTan. AB  da B𝐶 
wrfeebi A𝐶  wrfesTan 𝛼 =
 45° kuTxes adgenen. 
gansazRvreT A  da C 
sayrdenebis reaqciebi. 

a m o x s n a  
sami araparaleluri 

Zalis Sesaxeb Teorenis 
Tanaxmad avagoT 𝑂1 
wertili (ix nax. 1). 

ABO1 samkuTxedidan 
vipoviT 

 

1 1 2
, sin , cos .

2 5 5
tg      

 
CavweroT AB Zelis wonasworobis gantoleba:  

nax. 1 
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0.A CP R R
  

    

miRebuli veqtoruli toloba 
davagegmiloT  x, y RerZebze (nax. 2):  

cos sin 45 0,

sin cos45 0,

A

C A

R P

R R P





  


    
saidanac vipoviT: 

sin 45 10
.

cos 4
AR P P


   

2 2 2 2
sin .

2 2 4 4
C AR P R P P P      

p a s u x i :  
10 2

; .
4 4

A CR P R P    

 

ამოცანა 2.42 
 AB daxrili koWi, romlis 

B boloze moqmedebs P Zala,  B1 
Sua nawiliT eyrdnoba CD koWis 
konsols. ugulebelyaviT 
koWebis wonebi da ipoveT 
sayrdenebis reaqciebi. 

a m o x s n a  
ganvixiloT AB koWis 

wonasworoba (ix. naxazi). AB   da 
CD koWebis urTierTqmedebiT 
gamowveuli Zalvis sapovnelad SevadginoT momentebis 
gantolebebi:  

A wertilis mimarT —   

2 0 3 ;N b P b n P       

B1 wertilis mimarT —   
 

nax. 2 
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0 .A AR b P b R P       

ganvixiloT B1D koWis wonasworoba. B1D koWze 
modebuli Zalebi adgenen Tavmoyril ZalTa sistemas. am 
sistemisTvis wonasworobis pirobas aqvs Semdegi saxe: 

0.CAR N R
  

    

anu: 

sin60 sin30 0,

cos60 scos30 0.

C D

D

N R R

N R

   


 
 

 

sistemis amoxsnis Sedegad miviRebT 

1 2 4
sin60 sin30 .

3 3 3
D C D

P P
R N R N R     

 

p a s u x i :  

2 4
; .

3 3
A D C

P P
R P R R    

 

 

ამოცანა 2.43 
mocemulia TaRebiT Sedgenili sistema, romelTa 

zomebi naCvenebia naxazze. gansazRvreT horizontaluri P 
Zalis moqmedebis Sedegad aRZruli Zalvebi A, B, 𝐶 , D 
sayrdenebSi. 
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a m o x s n a  

vigulisxmoT, rom TaRebs wona ar 
gaaCniaT da ganvixiloT AA1M TaRis 
wonasworoba (nax. 1). sami araparaleluri 
Zalis Sesaxeb Teoremis gamoyenebiT avagoT 

Zaluri PNRA samkuTxedi, sadac: R⃗⃗ A — A 

saxsris reaqciaa, N⃗⃗  — 𝑀 saxsris reaqciaa 
(nax. 2). 

Tavmoyril ZalTa sistemis 
wonasworobis piroba: 

0.AR N P
  

  
 

 PNRA Zaluri samkuT xedidan 
vipoviT: 

2 2
cos45 ; cos45

2 2
AR P P N P P      

ganvixiloT MB1BN nawilis wonasworoba (nax. 3), sadac  

N⃗⃗  — MB1BN nawilize 
𝑁 saxsris reaqciaa, 

 R⃗⃗ B — B sayrdenis 
reaqciaa.  

Tavmoyril ZalTa 
sistemis wonasworobis 
piroba: 

0.BR N N
  

    

RBNN1 Zaluri 
samkuTxedidan (nax. 4) vipoviT: 

2 cos45 .BR N P   
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1

2
.

2
N N P   

ganvixiloT NC1CK nawilis wonasworoba (nax. 5). 
 Tavmoyril ZalTa sistemis wonasworobis piroba: 

1 0.CR N N
  

    

PCNN1 Zaluri samkuTxedidan 
(nax. 6) vipovniT:: 

RC  =  2N 𝑐𝑜𝑠 45° = P. 
ganvixiloT KD1D nawilis 

wonasworoba (nax. 7).  

0.DR N
 

 
 

Sesabamisad,  

2
;

2
DR P   

p a s u x i :

2 2
; ; ; .

2 2
A B C DR P P P P R P      

 
 

ამოცანა 2.44 
amwe Sedgeba AC anZisagan da 

moZravi 𝐶 saxsriani BC 
fermisagan, romelsac iWers AB 
trosi. Q  =  40  kn tvirTi kidia 
iseT jaWvze, romelic 
gadakidebulia B blokze da BC 
monakveTiT miemarTeba 
jalambarisken. sigrZe AC =  BC. 
ugulebelyaviT fermis wona da 
blokze xaxuni. ipoveT AB trosis 
daWimuloba da BC wrfis gaswvriv 
fermis mkumSavi P Zalis ACB =  φ 
kuTxeze damokidebuleba. 

a m o x s n a  
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ganvixiloT B blokis wonasworoba. blokze moqmedi 
Zalebi gamosaxulia nax. 1-ze. 

SevadginoT idealuri blokis wonasworobis 

gantolebebi (proeqciebSi) (nax. 2), sadac, RA⃗⃗⃗⃗  ⃗ —fermis 

mxridan blokze reaqciaa, T⃗⃗  — trosis daWimulobis Zalaa, 

Q⃗⃗  — wonaa (romelic jaWvis ganStoebebis daWimulobis 
tolia): 

sin sin sin 0,
2 2 2

cos 2 cos 0.
2 2

A

A

T Q Q R

R Q

  

 


    

  


 

sistemis meore gantolebidan 
vipoviT 

2 80AR Q  kn. 

pirvelidan — 

sin 80sin .
2 2

AT R
 

 
 

aqsioma 2-is Tanaxmad (ori Zalis 
wonasworobis Sesaxeb) gveqneba  

80AP R   kn. 

p a s u x i :
80sin

2
T




kn;  80P  kn,   kuTxisagan 

damoukideblad. 

 

ამოცანა 2.45 
 P =  18  n tvirTiT datvirTul C 

bloks SeuZlia iseT moqnil  ACB trosis 
gaswvriv sriali, romlis A  da B boloebi 
kedlebzea mimagrebuli. kedlebs Soris 
manZilia 4  m; trosis sigrzea 5 m. ipoveT 
trosis daWimuloba blokisa da tvirTis 
wonasworobis SemTxvevaSi. trosis wona 
da blokis trosze xaxuni ugulebelyaviT.  

a m o x s n a  
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vinaidan bloki idealuria 
da bloksa da tross Soris 
xaxuni ar arsebobs, amitom 
trosis orive mxares 
ganStoebebSi daWimuloba 
erTnairia da 𝑇 sididis tolia 

geometriuli agebebidan (ix. 
naxazi) gamomdinareobs, rom  

2 2

1 20 1

1 2

sin .
L LA A

A B L



   

Zaluri samkuTxedidan 
vipovniT: 

2 2

1 2

2

2 sin , 2 ,
L L

T P T P
L




    

saidanac, 

2

2 2

1 2

15
2

LP
T

L L
 


n. 

 p a s u x i :  15 n. (BF. simaRlisgan damoukideblad). 
 

ამოცანა 2.46 
mdinareze 

gadasasvlelad 
mowyobilia L sakidela, 
romelic C gorgolaWis 
saSualebiT 
Camokidebulia koSkebis 
foladis A da B 
wveroebze mibmuli AB 
gvarlze. C gorgolaWis 
marcxena napirisaken gadasaadgileblad gamoiyeneba A 
blokze gadakidebuli da D jalambarze daxveuli CAD 
bagiri; aseTive bagiria gamoyenebuli sakidelas marjvena 
napirisken gadasaqaCad. A    da B wertilebi erT 
horizontalze imyofebian da erTmaneTisgan AB =  100 m 
manZiliT arian daSorebulni; ACB gvarlis sigrZea 102 მ; 
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sakidelas wonaa 50 კნ. ugulebelyaviT bagirebis da 
gvarlis wonebi, aseve gorgolaWis gvarlze xaxuni da 
gansazRvreT CAD bagiris daWimuloba da ACB trosis 
daWimuloba im momentisTvis, roca AC ganStoebis sigrZea 
20  m. 

a m o x s n a  
ganvixiloT ACM da 𝑀𝐶B samkuTxedebi(nax. 1). 

SemoviRoT aRniSvnebi: AM  =  x,𝑀B =  y,𝑀𝐶 = z,  
piTagoras Teoremis Tanaxmad 

2 2 2 2 2 220 ; 82 .x z y z      

amrigad, miviRebT gantolebaTa 
sistemas 

2 2 2

2 2 2

100,

20 ,

82 .

x y

x z

y z

 


 


 

 

amovxsnaT sistema: x =  17,38 m; y =  81,82 m; z =  9,9 m. 
 nax. 2-dan gamovTvliT: 

1

9,9
sin 0,495,

20

z

AC
     

1

17,38
cos 0,869,

20

x

AC
     

2 2

9,9 81,62
sin 0,121, cos 0,995.

82 20

z

CB
        

SevadginoT wonasworobis gantolebebi 𝐶 kvanZisTvis: 

 
 

1 2 1 3 2

1 2 1 3 2

cos cos 0,

csin sin 0.

T T T

T T T P

 

 

  


   
 

aRvniSnoT 𝑇1  + 𝑇2  =  𝑇0, maSin gantolebaTa bolo 
sistema miiRebs saxes  

nax. 1 

 

nax. 2 
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0 1 3 2

0 1 3 2

cos cos ,

sin sin .

T T

T T P

 

 




   
 

amovxsnaT bolo sistema: 

1
3 0

2

cos
;

cos
T T






 

1 2
0 1 0

2

cos sin
sin ;

cos
T T P

 



 

 

 0 1 2 1sin cos ;T tg P   
 

0

1 2 2

7,5
sin cos

P
T

tg  
 


kn; 

 

 

 
1

3

2 1 2 1 2 1 2

cos
95,6

cos sin cos sin cos

P
T P

tg tg



      
  

 
 

kn. 
 
პასუხი   𝑇𝐶𝐴𝐷   = 𝑇0 = 7,5 kn; 𝑇𝐶𝐵 = 𝑇𝐶𝐴 = 𝑇3 = 95,6 kn. 
 

ამოცანა 2.47 
naxazze WrilSi gamosaxuli 

100 n wonis mqone fanjris AB CarCo 
iReba 𝐴 horizontaluri RerZis 
garSemo mobrunebis Sedegad. 𝐶    da 
D blokebze gadakidebuli BCD 
zonris saSualebiT. bloki da A 
wertili erT vertikalze 
mdebareoben. CarCos wona modebulia 
mis Sua werilSi. C blokis zomebi da 
xaxuni ugulebelyaviT. ipoveT 
zonris 𝑇 daWimulobis 
damokidebuleba 𝜑 kuTxeze, romelsac 

nax. 1 
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qmnis AB CarCo AH horizontalTan, im daSvebiT, rom AB =
 AC, ipoveT agreTve am daWimulobis udidesi da umciresi 
mniSvnelobebi. 

a m o x s n a  
nax. 1-dan Cans, rom ∠BAC  =  90° − 𝜑.  
vinaidan BAC samkuTxedi tolferdaa, amitom 

𝐴𝐷 − 𝑠  =  ∠𝐵𝐴𝐶 /2 =  45° − 𝜑/2 
fanjris CarCoze moqmedi Zalebis mier Seqmnili MLK 

Zaluri samkuTxedidan (nax. 2) vipoviT: 

45
100sin .

2
T

 
  

 
 

am damokidebulebidan SegviZlia davaskvnaT: 
roca 𝜑  =  0, maSin 
 T mах =  100 sin 45° =  70,7 n; 
roca 𝜑  =  90°, maSin 
 T min =  0. 
 
p a s u x i :  𝑇 = 100𝑠𝑖𝑛(45° − 𝜑/2) n;  
roca 𝜑 = 0 , maSin   , 𝑇 mах = 70,7. n;  
roca 𝜑  =  90°, maSin T min =  0 
 

ამოცანა 2.48 
OA =  0,1 m radiusis da 

horizontaluri RerZis mqone mrgval 
gluv cilindrze devs ori A     da B 
burTula. pirvelis wonaa 1  n, meoris 
— 2  n. burTulebi SeerTebulia 0,2  n 
sigrZis AB ZafiT. gansazRvreT OA   da 
OB radiusebis mier vertikalur O𝐶 
wrfesTan Sedgenili 𝜑1 da 𝜑2 kuTxeebi 
wonasworobis SemTxvevaSi. ipoveT 
agreTve burTulebis cilindrze N1 da 
N2 dawolebi A    da B wertilebSi. burTulebis zomebi 
ugulebelyaviT. 

nax. 2 

 



 
 

99 
 

 a m o x s n a  
gamovsaxoT naxazze sistemaze 

moqmedi Zalebi. 
SevadginoT wonasworobis 

gantolebebi A burTulisTvis: 

1 1 1

1 1

cos 0,

sin 0

N P

S P





 


   
 

da B burTulisTvis: 

2 2 2

2 2

cos 0,

sin 0.

N P

S P





 


 
 

 

Zafis sigrZe tolia OA ∙ (φ1 + φ2) = 0,1 ∙ (φ1 +φ2) = 0,2, 
Sesabamisad, 𝜑1  +  𝜑2  = 2. 

wonasworobis gantolebebidan gamomdinareobs Semdegi 
damokidebulebebi: 

1 1 1

2 2 2

cos ;

cos ;

N P

N P








 

1 1

2 2

sin ;

sin ;

S P

S P








 

bolo ori gantolebidan vipoviT: 

1 2

2 1

sin
2.

sin

P

P




   

 

Semdeg gamovTvliT: 

 2

2

2

sin 2 sin 2
2, '

sin 2 cos2
tg







  


 

 

saidanac, 

2 150 45 ,       
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𝑁1 = 𝑐𝑜𝑠𝜑1 = 0,092 n, 𝑁2 = 2𝑐𝑜𝑠𝜑2 = 1,73 n. 

 
p a s u x i :  𝜑1  =  84°45

′; 𝜑2 = 29°50
′;  𝑁1 = 0,092 n, 𝑁2 =

1,73 n. 

 

ამოცანა 2.49 
gluv A rgols SeuZlia xaxunis 

gareSe sriali iseT uZrav mavTulze, 
romelic amozneqilia vertikalur 
sibrtyeSi mdebare wrewiris gaswvriv. 
rgolze Camokidebulia P giri da 
mibmulia ABC Toki, romelic 
gadakidebulia wrewiris umaRles 
wertilSi mdebare uZrav B blokze.; 
blokis zomebs ugulebelvyofT. C wertilSi 
Camokidebulia Q giri. 

gansazRvreT AB rkalis Sesabamisi centraluri 𝜑 
kuTxe wonasworobis mdgomareobis dros da miuTiTeT 
piroba, romlis drosac SesaZlebelia wonasworoba. 
ugulebelyaviT rgolis zomebi da blokze xaxuni.  

a m o x s n a  
gamovsaxoT naxazze sistemaze 

moqmedi Zalebi. 
vinaidan bloki idealuria, 

amitom S  =  Q. 
vipovoT B wertilze moqmedi 

Zalebis proeqciebi 𝜏 mxebze da 
CavweroT wonasworobis gantoleba: 

sin cos 0,
2

P S


    

gardavqmnaT es gantoleba 

2 sin cos 0.
2 2

P S
  
  

 
 

saidanac, 
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2 sin 0, sin ,
2 2 2

cos 0, cos 0.
2 2

Q
P Q

P

 

 

 
   

 
  
  

 

sin
2 2

Q

P


  gantolebas 𝜑 =  𝜑1 amonaxseni aqvs 

mxolod maSin, Tu sruldeba Semdegi piroba 

1,
2

Q

p
  anu 1.

2

Q

p
  

cos 0
2


  gantolebas aqvs 𝜑 =  𝜑2 = 𝜋 amonaxseni P da 

Q sidideebis nebismieri mniSvnelobisTvis. Tumca es 

amonaxseni (𝜑1 = 𝜋) wina SemTxvevaSic miiReba, roca 
𝑄

2𝑝
 =1. 

p a s u x i : 𝑠𝑖𝑛
𝜑

2
=

𝑄

2𝑃
;  𝜑2 = 𝜋; wonasworobis pirveli 

mdgomareoba miiReba maSin, roca 
𝑄

2𝑝
 ≤ 1, xolo meore — Q  

da  P sidideebis nebismieri mniSvnelobisTvis.. 
 

ამოცანა 2.50 
vertikalur sibrtyeSi mdebare R 

radiusiani wrewiris formis mqone 
ABC mavTulze moTavsebulia P wonis 
mqone B rgoli. rgolis zomebi 
ugulebelyaviT. rgoli AB Zafis 
saSualebiT mierTebulia wrewiris 
umaRles A wertilTan. gansazRvreT 𝜑 
kuTxe wonasworobis mdgomareobis 
dros, Tu cnobilia, rom Zafis 
daWimuloba misi fardobiTi dagrZelebis proporciulia k 
koeficientiT. 
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 a m o x s n a  
gamovsaxoT sistemaze moqmedi 

Zalebi(ix.naxazi). 
 𝐿 da 𝑙 simboloebiT 

aRvniSnoT Zafis sigrZeebi, 
Sesabamisad, daWimul da dauWimav 
mdgomareobebSi. maSin gveqneba 

,
L l

T k
l


  anu .

l
T k

l


  

davagegmiloT T⃗⃗ , R⃗⃗   da   P⃗⃗  
Zalebi τ mxebze da davweroT 
wonasworobis gantolebebi: 

sin sin2 ,T P   

anu  sin 2 cos 0.P T     

maSin,  

sin 0,

2 cos 0.P T








 
 

 

gvaqvs 

 
cos 2

; sin .
l P

l l l x
k




 
     

 
vinaidan x =  R sin 2φ, amitom  
 

 
2

sin sin 2 ; cos 2 cos ;
P

l l R l l R
k

            

1
2cos ; cos .

2

P kl
R l l

k kR Pl
 
 

     
 

 

bolo damokidrbulebidan gamomdinareobs, rom, 𝑐𝑜𝑠𝜑  

gansazRvrulia maSin, roca 𝑘 ≤≤
2𝑃𝑙

2𝑅−𝑙
, winaaRmdeg 

SemTxvevaSi — 𝜑 = 0. 
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p a s u x i :  𝜑 =  
2𝑘𝑙

2𝑘𝑅−𝑝𝑙
, roca 

2𝑃𝑙

2𝑅−𝑙
, xolo 𝜑 = 0 

winaaRmdeg SemTxvevaSi 
 
S e n i S v n a .  krebulis pasuxSi beWvdvis Secdomaa 

utolobis niSanSi. 
 

ამოცანა 2.51 
𝑀 wertili miizideba sami uZravi 

M1(x1, y1),M2(x2, y2),M3(x3, y3) centris mier manZilis 

proporciuli F1  =  k1r1,   F2  =  k2r2,  F3  =  k3r3 Zalebis 

saSualebiT, sadac, k1, k2,  k3 — proporciulobis 
koeficientebia. gansazRvreT 𝑀 wertilis x, y koordinatebi 
wonasworobis SemTxvevaSi.  

a m o x s n a  
gamovsaxoT naxazze amocanis 

pirobis monacemebi. 
CavweroT 𝑀 wertilis 

wonasworobis gantolebebi: 

1 1 2 2 3 3

1 1 2 2 3 3

cos sin cos 0,

sin cos sin 0.

F F F

F F F

  

  

  


  
 

vipoviT: 

 1 1 1 1 1 1 1cos cos ;F k r k x x     

 2 2 2 2 2 2 2sin sin ;F k r k x x     

 3 3 3 3 3 3 3cos cos .F k r k x x     

CavsvaT es mniSvnelobebi sistemis 
pirvel gantolebaSi, miviRebT: 

     1 1 2 2 3 3 0,k x x k x x k x x        

 1 2 3 1 1 2 2 3 3.x k k k k x k x k x      

1 1 2 2 3 3

1 2 3

.
k x k x k x

x
k k k
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analogiurad gardavqmnaT sistemis meore gantoleba 
da vipovoT: 

1 1 2 2 3 3

1 2 3

.
k y k y k y

y
k k k

 


 
 

p a s u x i :  

1 1 2 2 3 3 1 1 2 2 3 3

1 2 3 1 2 3

; .
k x k x k x k y k y k y

x y
k k k k k k

   
  

   
 

 

ამოცანა 2.52 
50  n wonis erTgvarovani marTkuTxa firfita 

dakidebulia ise, rom SeuZlia brunva misi erT-erT 
gverdis gaswvriv gamavali horizontaluri RerZis 
garSemo. Tanabrad mqrolavi qari firfitas iWers 
vertikalTan 18°-iT daxril mdgomareobaSi. gansazRvreT 
qaris firfitaze dawolis tolqmedi.  

a m o x s n a  
ganvixiloT firfitaze moqmedi 

yvela Zala (ix. naxazi):  

F⃗  — qaris dawolis Zala;  

P⃗⃗   — firfitis simZimis Zala; 
x⃗ O  +  y⃗  O — O saxsris reaqciis 

Zala 
davSaloT F Zala vertikalur 

da horizontalur mdgenelebad: 

F F⃗  =  F⃗ n  +  F⃗ τ. 
dawolis saZiebeli tolqmedis 

sapovbelad SevadginoT O wertilis 
mimarT momentebis gantoleba: 

Fnl − Pl sin α = 0. 
saidanac vipoviT: 

Fn  =  Psinα = 50sin18° = 50 ∙ 0,314 = 15,7 n. 
 
p a s u x i :  50𝑠𝑖𝑛 18° =  15,7 n. 
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ამოცანა 2.53 
jaWvis xidis bolo jaWvi 

Casmulia iseTi marTkuTxa 
paralelelpipedis formis qvis 
saZirkvelSi, romlis Sua kveTa 
aris ABDC kvadrati — AB =  AC =
 5 m, im qvis wyobis, romlisganac 
aSenebulia saZirkveli, kuTri 

wonaa 25 kn / m 3
 jaWvi mdebareobs 

BC diagonalze. ipoveT 
paralelepipedis mesame gverdis 
iseTi b sigrZe, romelic 
aucilebelia imisaTvis, rom qvis 
saZirkveli D wibos garSemo ar 
gadayiravdes. jaWvis daWimulobaa 
𝑇 =  1000  kn. gruntis winaaRmdegoba ugulebelyaviT. 

a m o x s n a  
gamovsaxoT nax. 1-ze amocanis pirobis monacemebi. 
saZirkvlis gadasayiraveblad aucilebelia, rom 

reaqciis R⃗⃗  Zala gadiodes AD diagonalze. 
Sesabamisi Zaluri samkuTxedidan(nax. 2) vipoviT: 
 

2.P T  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 1 nax. 2 
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vTqvaT 𝛾 =  25 kn / m 3
 — qvis wyobis kuTri wonaa; b — 

mesame gverdis sigrZe, maSin 

2 2

2 2

2 2
, 2 , 2,26

25 5
P a b a b b

a
 



 
        

 
m 

anu 2,26 m — 𝑏 sididis iseTi zRvruli mniSvnelobaa, 
romlis drosac SesaZlebelia saZirkveli gadayiravdes. 
Sesabamisad, roca b >  2,26 m, maSin  saZirkveli ar 
gadayiravdeba. 

 
p a s u x i :  b >  2,26 m.  

 

ამოცანა 2.54 
miwayrils amagrebs AB kedeli. miwis 

kedelze dawola mimarTulia horizontalurad, 
modebulia kedlis simaRlis erT mesamedze 
mdebare wertilSi da kedlis 1 metr sigrZeze 

udris 60  kn / m; kedlis wyobis kuTri wonaa 20 

kn / m 3
 ipoveT kedlis iseTi a sisqe, romelic 

aucilebrlia imisaTvis, rom kedeli ar 
gadayiravdes A wibos garSemo. 

a m o x s n a  
ganvixiloT kedlis zRvruli wonasworoba. aseTi 

mdgomareobis dros kedelze moqmedebs Zalebi: R⃗⃗  — 
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reaqcia fundamentis mxridan; P⃗⃗   — kedlis siZimis Zala; F⃗  
— miwis kedelze dawola (nax. 1).  

 

kedlis wonasworobis pirobas eqneba saxe: 

0.R P F
  

    
𝐴𝑂𝑀 (nax. 1) da 𝑅𝑃𝐹 (nax. 2) samkuTxedebis msgavsebidan 

vipoviT: 
 

/ 2 2
, .

/ 3 3

F a F
a H

P H P
    

vinaidan, pirobis Tanaxmad, 𝑔 = 60 kn/m, 𝛾 = 20 kn/m, 
amitom SegviZlia vipovoT (nax. 3): 

; ;F g b P a H b        

2

3

gb
a H

a H b


  
 

saidanac miviRebT 

2 2 2 2 60
, 2

3 3 3 20

g g
a a

 


    


m. 
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vinaidan napovni mniSvneloba  a ≥ √2 m — es aris 

mniSvneloba zRvruli wonasworobis dros, amitom  a ≥ √2 m 
mniSvnelobebisTvisac wonasworoba SenarCundeba. 

 

p a s u x i :   a ≥ √2 m.  

ამოცანა 2.55 
wylis vardnis anZa Sedgeba 6  m 

simaRlisa da 4 m radiusis mqone 
cilindruli rezervuarisgan, romelic 
damagrebulia horizontisadmi daxril oTx 
simetriulad ganlagebul svetze; 
rezervuaris fskeri imyofeba 
sayrdenebidan 17 m simaRleze; anZis wonaa 
80  kn, qaris dawola gamoiTvleba 
rezervuaris zedapiris qaris 
mimarTulebis sibrtyeze proeqciis 
farTobis mixedviT da iTvleba, rom qaris 
kuTri dawola 1,25 kpaskalis tolia. 

ipoveT svetebis fuZeebs Soris iseTi 
aucilebeli AB manZili, rom anZa ar gadayiravdes qaris 
horizontaluri mimarTulebis SemTxvevaSi. 

a m o x s n a  
ganvixiloT rezervuaris zRvruli 

wonasworoba (nax. 1). aseTi mdgomareobis 

dros A sayrdenis reaqcia iqneba RA  =  0. 

rezervuaris wonasworobis pirobas eqneba 

Semdegi saxe 
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0.BR P F
  

    

Zaluri samkuTxedidan (nax. 

2) vipoviT: 

2

F
Ptg , sadac

1 0

/ 2
.

l
tg

H H
 


 

 

qaris dawolis Zala iqneba 

0 12 ,F P H a    

sadac, P0 — qaris kuTri 
dawolaa.  

gveqneba 

0 1

1 2

/ 2
,

l
P H a P

H H
  


 

 0
1 1 2

2 2 1,25 6 4 20
15

20

P
l H a H H

P

   
     m. 

 

p a s u x i :  𝐴𝐵 ≥ 15 m. 
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3. paraleluri Zalebi 

ამოცანა 3.1 
 

ipoveT სayrdenebis vertikaluri reaqciebi, Tu maTze 
Tavisi boloebiT Tavisuflad eyrdnoba 𝑙 sigris iseTi 
koWi, romelic mTel sigrZeze Tanabrad aris datvirTuli 
sigrZis yovel erTeulze 𝑞 n ZaliT. CaTvaleT, rom 
sakuTriv koWis wonac Sedis Tanabrad ganawilebul 
datvirTvaSi.. 

a m o x s n a  
SevcvaloT 𝑞 intensivobis Tanabrad ganawilebuli 

datvirTva (nax. 1) 𝐴𝐵 koWis 

centrSi modebuli 

eqvivalenturi 𝑄 = 𝑞𝑙 ZaliT (nax. 

2). Cven გanvTavisufldebiT 

bmebisgan 𝐴   da 𝐵 sayrdenebSi, 

Tu maT SevcvliT Sesabamisi 

bmebis 𝑅1 da 𝑅2 reaqciebiT. 

miRebul brtyel paralelur ZalTa 

sistemis moqmedebis Sedegad 𝐴𝐵 

კoWi imyofeba წonasworobaSi. 

wonasworobis aucilebeli da 

sakmarisi pirobebis rolSi 

SeiZleba aviRoT yvela Zalis 

momentebis nulTan toloba 𝐴    

da 𝐵 wertilebis mimarT: 

2

1

0,
2

0,
2

l
Q R l

l
Q R l


  

  


 

 
sistemis amoxsniT miviRebT: 
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1 2 .
2 2

Q ql
R R    

p a s u x i :  
1 2 .

2 2

Q ql
R R  

 

 

ამოცანა 3.2 

ipoveT 𝑙 sigrZis horizontaluri koWis სayrdenebis 
vertikaluri reaqciebi, Tu masze pirveli sayrdenidan 𝑥 
manZilze moTavsebulia 𝑃 tvirTi. 

a m o x s n a  
gamovsaxoT naxazze 

amocanis pirobis monacemebi.. 
 𝐴    da 𝐵 wertilebSi 

bmebis Sesabamisi �⃗� 1   da �⃗� 2 

reaqciebiT Secvlis Semdeg 
miviRebT paralelur ZalTa 

sistemas. SemoviRoT 

koordinatTa 𝑥𝐴𝑦 sistema. 

SevadginoT wonasworobis 

gantolebebi ZalTa 

momentebisaTvis 𝐴 wertilis mimarT da 𝑦 RerZze 

proeqciebisvis:  

2
2 2

1 2
1 2 1

,
0, ,

0
.

x
x R P

R l Px R P l
l

R P R l x
R P R R P

l

  
      

   
       

  

 

p a s u x i :
1 2, .

l x x
R P R P

l l
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ამოცანა 3.3 
1 m sigrZis da 20  n wonis erTgvarovani 

𝐴𝐵 Rero horizontalurad aris 
Camokidebuli ori paraleluri 𝐴𝐶 da 𝐵𝐷 
TokiT. Reros marcxena bolodan 𝐴𝐸 =

 1/4  m manZilze mdebare 𝐸 wertilSi 
Camokidebulia 𝑃 =  120 n tvirTi. ipoveT 
Tokebis 𝑇𝐶 . da 𝑇𝐷 daWimulobebi.DA 

a m o x s n a  
wonasworobis arCeul obieqtze (𝐴𝐵 Rero) moqmedebs 

mocemuli aqtiuri �⃗�  Zala da 𝐺  wona. maTi moqmedebis 

Sedegad 𝐴𝐶   da 𝐵𝐷 paralelur 

TokebSi aRiZvreba 𝑇𝐶⃗⃗⃗⃗ .  da 𝑇𝐷⃗⃗⃗⃗   

reaqtiuli Zalvebi (ix. naxazi). 𝑇𝐶⃗⃗⃗⃗ .   

da 𝑇𝐷⃗⃗⃗⃗  reaqciis Zalebis modulebis 

sapovnelad SevadginoT brtyel 

paralelur ZalTa sistemisaTvis 

wonasworobis gantolebebi (𝐴  da 

𝐵 wertilebis mimarT 

momentebisTvis): 

0,

0

D

C

P AE G AK T AB

T AB P EB G KB

      

      

 

Tu gaviTvaliswinebT, rom 
1 1

2 2
AK KB AB   m, 

miviRebT: 

3 1
90 10 100

4 2
CT P G       n 

1 1
30 10 40

4 2
DT P G       n 

p a s u x i :  100CT  n,   40DT  n. 
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ამოცანა 3.4 
erTmaneTisgan 4 m daSorebul 

or sayrdenze dadebul 

ჰorizontalur koWze 
moTavsebulia 2  kn da 1  kn wonebis 
C da 𝐷 tvirTebi, ise, rom, Tu 
koWis wonas ugulebelvyofT, 𝐴 
სayrdenis reaqcia orjer meti 
iqneba 𝐵 sayrdenis reaqciaze. 
tvirTebs Soris 𝐶𝐷 manZilia 1 m. ipoveT  𝐶 tvirTidan 𝐴 
sayrdenamde 𝑥 manZili. 

 a m o x s n a  
gamovsaxoT naxazze 

wonasworobis obieqtze 

moqmedi aqtiuri 𝑃𝐶⃗⃗⃗⃗   , 𝑃𝐷⃗⃗ ⃗⃗    Zalebi 
da 𝑅 𝐴, 𝑅 𝐵 reaqciebi (romlebic 
miiReba 𝐴   da 𝐵 wertilebSi 
bmebis maTive reaqciebiT 
Secvlis Semdeg). CavweroT paralelur ZalTa sistemis 
wonasworobis gantolebebi 𝐴   da 𝐵 wertilebis mimarT 
momentebisTvis: 

 

   

4 1 0,

4 4 3 0.

B D C

A C C

R P x P x

R P x P x

     


     

 

Tu sistemis pirvel გantolebas orze gavamravlebT da 
Semdeg mivumatebT meore gantolebas, miviRebT: 

     2 4 3 1 3 0.B A C DR R P x P x       

vinaidan amocanis pirobis Tanaxmad 𝑅 𝐴, = 𝑅 𝐵, amitom 

   
   
4 4 2 1

4 3 3 1 0 ; 1
3 3 2 1

C D
C D

C D

P P
P x P x x x

P P

  
        

 

m.  

p a s u x i :  𝑥 =  1 m. 
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ამოცანა 3.5 
 𝐴𝐵 trasnsmisiul lilvze 

Camocmulia 𝑃1  =  3  kn, 𝑃2 =  5  kn da   
𝑃3 =  2 kn    wonebis mqone sami 
borbali. zomebi naxazzea 
mocemuli. gansazRvreT 𝐵 
sakisaridan ra 𝑥 manZilze unda 
mdebareobdes 𝑃2 wonis borbali 
imisaTvis, rom 𝐴 da 𝐵 sakisrebis 
reaqciebi erTmaneTs gautoldes. lilvis wona 
ugulebelyaviT.  

 a m o x s n a  
naxazze mocemulia 𝐴𝐵 

lilvis datvirTvis sqema da 
agreTve bmebis amoWris Semdeg 
wonasworobis obieqtze moqmedi 
reaqciis Zalebi. wonasworobis 
gantolebebs Zalebis  𝐵 da 𝐴 
wertilebis mimarT 
momentebisTvis eqnebaT saxe

 
1 2 3

3 2 1

300 205 95 0,

300 205 300 95 0.

A

A

R P P x P

R P P x P

        


        
 

Tu gaviTvaliswinebT imas, rom 𝑅 𝐴  =  𝑅 𝐵 da SevkrebT 
sistemis gantolebebs, miviRebT  

     1 2 3205 95 2 300 205 95 0.P P x P       

Sesabamisad, 
 

 2 1 2

2

110 300 110 5 300
; 139

2 2 5

P P P
x x

P

      
   


sm. 

p a s u x i :  𝑥 =  139 sm. 

 

ამოცანა 3.6 
ipoveT 𝐴𝐵 xiduri amwis relsebze dawolis 

damokidebuleba iseTi C urikis mdebareobaze, romelzec 
damagrebulia jalambari da romlis mdebareobac 
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ganisazRvreba misi Suawertilis daSorebiT marcxena 
relsidan. es daSoreba gamosaxulia amwis mTliani 𝑙 
sigrZis wilad nawilebSi. amwis wonaa 𝑃 =  60  kn xolo 
urikis wona asawev tvirTTan erTad aris 𝑃1  =  40 kn. 

 

 

 

 

 

 
a m o x s n a  
gamovsaxoT naxazze amocanis pirobis monacemebi. 

SemoviRoT aRniSvnebi 𝑛 = 𝐴𝐶/𝐴𝐵 = 𝐴𝐶/𝑙. maSin 𝐴𝐶 =  𝑛𝑙, 
𝐴𝐷 =  𝐷𝐵 = 𝑙/2. ganvTavisufldeT bmebisgan 𝐴   da  𝐵 

sayrdenebSi da SevcvaloT isini maTive 𝑅 𝐴⃗⃗⃗⃗⃗⃗  da   𝑅 𝐵⃗⃗ ⃗⃗ ⃗⃗   
reaqciebiT. miviRebT paralelur ZalTa brtyel sistemas.  

 

 

 

 

 

 

𝑥𝐴𝑦 koordinatTa sistemaSi davweroT wonasworobis 
gantolebebi yvela Zalis momentebisaTvis 𝐴 wertilis 
mimarT da Zalebis 𝑦 RerZze proeqciebisTvis; 

1

1 .

0,

0

B

A B

P AC P AD R AB

R P P R

      


   
 

sistemis pirvel gantolebaSi  𝐴𝐶, 𝐴𝐷, 𝐴𝐵 sidideebi 
gamovsaxoT 𝑙 sigrZis saSualebiT. maSin miviRebT: 

 
1

2 30 40 3 4 10B

l
P nl P

R n n
l

  
      kn. 

Semdeg, sistemis meore gantolebidan miviRebT 

𝑅 𝐴  =  𝑃 +  𝑃𝑙 − 𝑅 𝐵  =  70 − 40𝑛 =  (7 − 4𝑛)10 kn. 
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p a s u x i :𝑅 𝐴 = (7 − 4𝑛)10 kn 
 𝑅 𝐵 =   (3 + 4𝑛)10 kn, sadac  𝑛 = 𝐴𝐶/𝐴𝐵. 
 

ამოცანა 3.7 
10 m sigrZis da 2  kn wonis 𝐴𝐵 

კoWi devs 𝐶   da 𝐷 sayrdenze. C 
sayrdeni 𝐴 bolodan daSorebulia 
2 m-iT, xolo 𝐷 sayrdeni 𝐵 bolodan 
— 3 m-iT. koWis 𝐴 bolo 
vertikalurad zeviT aiqaCeba 
blokze gadakidebuli iseTi 
gvarlis saSualebiT, romelzec 
3 kn wonis 𝑄 tvirTia Camokidebuli. 
𝐴 bolodan 3  m -is daSorebiT koWze Camokidebulia 8  kn 

wonis 𝑃 tvirTi. ipoveT სayrdenebis reaqciebi. blokze 
xaxuni ugulebelyaviT. 

a m o x s n a  

გanvixiloT 𝐴𝐵 

კoWis wonasworoba. 
koWze modebulia 

mocemuli �⃗� , �⃗� , 𝐺  
Zalebi da 𝐶, 𝐷 
sayrdenebis reaqciebi. 
amasTan, 𝑃   da 𝑄 
tvirTebis mxridan 
koWze Zalvebi 
gadaecema gvarlebis 
saSualebiT (ix. 
naxazi). vinaidan 
wonasworobis obieqtze moqmedi aqtiuri Zalebi 
warmoadgenen paralelur ZalTa sistemas, amitom 
sayrdenebSi aRZruli reaqciebic am Zalebis paraleluri 
iqneba. xuTi paraleluri Zalisagan Semdgari brtyeli 
sistemisTvis SevadginoT wonasworobis gantolebebi 
ZalTa momentebisaTvis 𝐷 wertilis mimarT da am Zalebis 
𝑦 RerZze proeqciebisTvis: 
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7 5 4 2 0,

0

C

C D

Q R P G

Q R P G R

        


    
 

sistemis pirveli gantolebidan vipoviT: 

4 2 7
3

5
C

P G Q
R

    
  kn,  

meoredan — 

4D CR P G Q R     kn.  

 

p a s u x i :  𝑅 𝐴 = Зkn; 𝑅 𝐷 = 4 kn.   
 

ამოცანა 3.8 
100  n wonis horizontalur 𝐴𝐵 

Reros SeuZlia 𝐴 saxsris garSemo 
brunva. Reros 𝐵 bolo zeviT 
aizideba Tokis saSualebiT, 
romelzec Camokidebulia 𝑃 =  150  n 
wonis giri. B 𝐵 bolodan 20 sm 
daSorebul wertilSi Reroze 
Camokidebulia 500 n wonis 𝑄 
tvirTi. ipoveT 𝐴𝐵 Reros sigrZe 𝑥, 
Tu Rero wonasworobis 
mdgomareobaSia. 

 a m o x s n a  
gamovsaxoT naxazze Reroze 

moqmedi Zalebi..  
𝑃 Zalva 𝐵 wertils gadaecema 

blokis saSualebiT da mimarTulia 
Tokis gaswvriv zeviT. ganvTavisuldeT 
𝐴 wertilSi bmisagan da SevcvaloT is 
reaqciis ZaliT. miviRebT paralelur 
ZalTa brtyel sistemas.. 

CavweroT wonasworobis 
gantolebebi ZalTa momentebisaTvis 𝐴 
wertilis mimarT: 
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 20 0.
2

x
Q x G P x        

ganvsazRvroT 𝑥: 

20 500 20
25

400

2

Q
x

G
Q P

 
  

 

 m. 

p a s u x i :  𝑥 = 25 sm. 
ამოცანა 3.9 

20 n wonis da 5 m sigrZis mqone 
horizontaluri 𝐴𝐵 Reros 𝐴 
bolo zeviT aizideba blokze 
gadakidebuli iseTi Tokis 
saSualebiT, romelzedac 
Camokidebulia 10 n wonis tvirTi. 
Reros 𝐵 bolo igivenairad 
aizideba 20 n wonis tvirTiT. 
erTmaneTisgan da 𝐴 , 𝐵 boloebidan 
1 m-iT daSorebul 𝐶, 𝐷, 𝐸 , 𝐹 
wertilebSi Camokidebulia 
Sesabamisad 5, 10, 15 ,20  n 
wonis tvirTebi. ra adgilas 
unda movaTavsoT Reros 𝐺 
sayrdeni wertili 
imisaTvis, rom Rero darCes 

წonasworobaSi? 
a m o x s n a  

გamovsaxoT naxazze sistemaze moqmedi Zalebi 
𝐺 wertilSi sayrdenis arseboba iwvevs am wertilSi 

Sesabamisi reaqciis Zalis «gaCenas». vinaidan paralelur 

ZalTa brtyeli sistema წonasworobaSi unda iyos, amitom 
unda Sesruldes, kerZod, am Zalebis 𝐺 wertilis mimarT 
momentebis jamis nulTan tolobis piroba, rasac mivyavarT 
Semdeg gantolebamde:

         10 5 1 10 2 15 5 2 20 5 1 20 5 0.x x x x x x             

saidanac vipoviT x  manZils: 
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5 20 45 80 100
2,5

20
x

   
  m. 

p a s u x i :  R e r o s  SuaSi. 
 

ამოცანა 3.10 
3 m   sigrZis da 6 n wonis mqone Reroze Camokidebulia 

erTmaneTisagan Tanabrad 
daSorebuli oTxi tvirTi, 
amasTan ori ganapira tvirTi 
—  Reros boloebSi. marcxena 
ganapira tvirTi iwonis 2 n-s, 
xolo yoveli Semdgomi 1 n-iT 
mZimea winaze. Reros marcxena 
bolodan ra 𝑥 manZilze unda 
aviRoT sayrdeni 𝐶  wertili, 
imisaTvis, rom Rero darCes horizontalur mdgomareobaSi? 

a m o x s n a  
gamovsaxoT amocanis 

pirobis monacemebi( nax. 1). 

avarCioT koordinatTa 

sistema, gamovsaxoT Reroze 

moqmedi aqtiuri Zalebi da 

bmis reaqciis Zala 𝑅𝑐 (nax. 2 ). 
es amocana wina amocanis 

analogiurad SeiZleba 

amoixsnas, Tu SevadgenT wonasworobis erT gantolebas 

Zalebis momentebisTvis 𝐶 wertilis mimarT. Tumca 

SesaZlebelia agreTve miRebul paralelur ZalTa 

brtyeli sistemisTvis daiweros wonasworobis sxva 

pirobebi __ kerZod, 𝑦 RerZze proeqciebisvis da 𝐴 

wertilis mimarT momentebisTvis: 

2 3 6 4 5 0,

3 1 6 1,5 4 2 5 3 0

C

C

R

R x

      


          
 

2 3 4 5 6 20CR       n ,  
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3 9 8 15
1,75

20
x

  
   n. 

p a s u x i :  𝑥 =  1,75 m 

 

ამოცანა 3.11 

ეrTgvarovani horizontaluri koWi kedelTan saxsriT 
aris mierTebuli da dayrdnobilia kedlidan 160 sm-iT 
daSorebul wertilSi. koWis sigrZea 400 sm, xolo misi 
wonaa 320 n. kedlidan 120  da 180  sm manZilebze koWze 
dadebulia Sesabamisad 160  da 240 n wonis tvirTebi. ipoveT 
sayrdenebis reaqciebi. 

a m o x s n a  
warmovadginoT pirobaSi 

moyvanili monacemebi naxazis saxiT 
(nax. 1 ) . ganvTavisufdeT bmebisgan 𝐴 
saxsarsa da C sayrdenSi da SevcvaloT 

isini maTive 𝑅 𝐴  da 𝑅𝐶 reaqciebiT, 

romlebic mocemuli 𝑃1⃗⃗  ⃗, 𝑃2⃗⃗⃗⃗ , 𝐺  (wona) 
aqtiuri Zalebis paraleluri iqnebian 
(nax. 2). SemoviRoT koordinatTa 
sistema: 𝑥 RerZi mivmarToT koWis 
gaswvriv, xolo 𝑦 RerZi — vertikalurad zeviT. 
SevadginoT wonasworobis gantolebebi (𝐴 wertilis 
mimarT ZalTa momentebisTvis da 𝑦 RerZze 
proeqciebisTvis): 

1 2

1 2

120 160 180 200 0,

0.

C

A C

P R P G

R P R P G

        


    
 

miviRebT  

160 120 240 180 320 200
790

160
CR

    
  n, 
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1 2 70A CR P P G R      n.  

niSani « − » miuTiTebs imas, rom 𝐴 

saxsarSi reaqcia naxazze gamosaxulis 

sapirispirodaa mimarTuli, anu qveviT. 

𝑅𝐶⃗⃗ ⃗⃗   reaqcia « + » niSniT miviReT, anu, 

rogorc mosalodneli iyo mimarTulia 

zeviT.  

p a s u x i :  𝑅𝑐 =  790 n  — zeviT; 

𝑅𝐴  =  70 n  — qveviT. 
 

ამოცანა 3.12 
4 m sigrZis da 5 kn wonis 

ეrTgvarovani horizontaluri koWi 
Sesmulia 0,5 m sisqis kedelSi ise, 
rom kedels eyrdnoba 𝐴   da 𝐵 
werilebSi. gansazRvreT reaqciebi 
am wertilebSi, Tu koWis Tavisufal 
boloze Camokidebulia 40 kn wonis 
𝑃 tvirTi. 

a m o x s n a  
kedlis 𝐴   da 𝐵 werrtilebSi 

koWze dadebuli bmebi SevcvaloT 
maTive 𝑅 𝐴  da 𝑅 𝐵 reaqciebiT, 
romlebic koWze moqmed 𝐺 simZimis 
Zalasa da 𝑃 datvirTvasTan erTad 
mogvcemen paralelur ZalTa 
brtyel sistemas (ix. naxazi). 
SevadginoT wonasworobis gantolebebi (ZalTa 
momentebisTvis 𝐵   da 𝐴 wertilebis mimarT): 

0,5 2 4 0,

0,5 1,5 3,5 0.

A

B

R G P

R G P

     


     
 

maSin, 

5 2 40 4
340

0,5
AR

  
  kn, 
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5 1,5 40 3,5
295

0,5
BR

  
  kn. 

amoxsnis sisworis Sesamowmeblad CavweroT 

wonasworobis gantolebebi ZalTa 𝑦 RerZze 

proeqciebisTvis: 

− 𝑅 𝐵 + 𝑅 𝐴  − 𝐺 − 𝑃 = 0 ⇒ 

−295 + 340 − 5 − 40 =  0  — toloba WeSmaritia. 

« ± » niSnebi 𝑅𝐴⃗⃗ ⃗⃗    da 𝑅𝐵⃗⃗⃗⃗  ⃗ veqtorebis ricxviT 

mniSvnelobebTan miuTiTebs imas, rom 𝑅𝐵⃗⃗⃗⃗  ⃗ mimarTulia 

qveviT, xolo 𝑅𝐴⃗⃗ ⃗⃗  — zeviT. 
 

p a s u x i :  𝑅𝐴 =  340 n — zeviT; 𝑅𝐵 =  295 n  — qveviT. 
 

ამოცანა 3.13 
erTi boloTi kedelSi 

Camagrebuli horizontaluri koWi 
iWers lilvis sakisars. koWi 
ganicdis lilvis, sakisris da 
borblebis wonebiT gamowveul 
1,2 kn-is tol 𝑄 datvirTvas, 
romelic modebulia kedlidan 𝑎 =
 0,75 m manZiliT daSorebul 
wertilSi. ugulebelyaviT koWis 
wona da gansazRvreT Camagrebis 
reaqciebi.  

a m o x s n a  
 
zogad SemTxvevaSi xistad 

Camagrebis 𝐴  wertilSi �⃗�  Zalis 

gavleniT aRiZvreba reaqciis �⃗�  𝐴 

Zala da �⃗⃗� 𝐴
𝑅 momenti (ix. naxazi). 

wonasworobis gantolebebi 
SegviZlia SevadginoT ori 
xerxiT: 

𝐼 xerxi (Zalebis proeqciebisTvis 𝑦 RerZze da 
momentebisTvis 𝐴 wertilis mimarT): 
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0,

0.

A

R

A

R Q

M Q a

 


  
 

𝐼𝐼 xerxi (ZalTa momentebisTvis 𝐴   da 𝐶 wertilebis 

mimarT): 

0,

0.

R

A

R

A A

M Q a

M R a

   


  
 

gantolebaTa am ori sistemis amoxsniT miviRebT 

erTidaigive Sedegs:   𝑅 𝐴  =  1,2 kn;  𝑀𝐴
𝑅  = 𝑄 ∙  𝑎 =  0,9 kn

/ m. 

wyvilZalebis Teoriis TvalsazrisiT, �⃗�  𝐴 Zala �⃗�  
ZalasTan erTad qmnis wyvilZalas, romlis momenti 𝑀𝐴

𝑅 
momentis sapirispirod aris mimarTuli.  

p a s u x i :  𝑅 𝐴  =  1,2 kn;  𝑀𝐴
𝑅  = 𝑄 ∙  𝑎 =  0,9 kn  m.. 

 

ამოცანა 3.14 
horizontaluri koWi, 

romelic iWers aivans, ganicdis 

𝑞 =  2  kn / m intensivobis Tanabar 
datvirTvas. koWs Tavisufal 
boloze svetidan gadaecema 𝑃 =
2 kn datvirTva. svetis RerZidan 
kedlamde manZilia 𝑙 =  1,5  m 
gansazRvreT Camagrebis 
reaqciebi. 

a m o x s n a  

SevcvaloT 𝑞 = 2 kn / m 
intensivobis Tanabrad 
ganawilebuli datvirTva 𝐴𝐵 
koWis SuawertilSi modebuli 
erTi 𝑄 =  𝑞𝑙 =  3  kn Cawertebuli 
ZaliT. gamovsaxoT svetidan 

koWze gadacemuli �⃗�  datvirTva 
(ix. naxazi). 
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xisti damagrebis 𝐴 werilSi aRiZvreba 𝑅 𝐴 reaqciis 

Zala da reaqciis 𝑀𝐴
𝑅  momenti. SemoviRoT 𝑥𝐴𝑦 koordinatTa 

sistema da SevadginoT wonasworobis gantolebebi. (𝑦 
RerZze proeqciebisvis da 𝐴 wertilis mimarT 
momentebisTvis): 

0,

1
0.

2

A

R

A

R Q P

M Q P l

  



    

 

Sesabamisad,  

𝑅 𝐴  = 𝑄 + 𝑃 =  5  kn;  𝑀𝐴
𝑅 = 2 ∙ 1,5 + 3 ∙ 0,75 =  5,25 kn 

m. 

p a s u x i :𝑅 𝐴  =  5  kn;  𝑀𝐴
𝑅 =  5,25 kn  m. 

 

ამოცანა 3.15 
horizontalur konsolur 

koWze moqmedebs 𝑀 =  6 kn  m 
momentis mqone wyvilZala, xolo 
𝐶 wertilSi — vertikaluri 
𝑃 =  2  kn datvirTva. koWis 
malis sigrZea 𝐴𝐵 = 3,5 m. 
konsolis Sverilis sigrZea 
𝐵𝐶 =  0,5 m. ipoveT 

სayrdenebis reaqciebi. 
a m o x s n a  
 naxazze gamosaxul AC 

konsolur koWSi (BC — 
konsolia) P Zalisa da 𝑀 
momentis mqone wvilZalis 
gare moqmedebis Sedegad A da 

B sayrdenebSi aRiZvreba P Zalis paraleluri �⃗�  𝐴 da    �⃗�  𝐵 
bmebis reaqciebi. CavweroT wonasworobis gantolebebi (A   
da B wertilebis mimarT momentebisTvis): 

3,5 4 0,

3,5 0,5 0.

B

A

M R P

R M P

     

     

 

Sesabamisad, 
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4 6 4 2
4

3,5 3,5
B

M P
R

  
   kn, 

0,5 6 0,5 2
2

3,5 3,5
B

M P
R

  
      kn. 

 

« ± » niSnebi imaze miuTiTeben, rom reaqcia 𝑅 𝐵 
mimarTulia ise, rogorc es naxazzea gamosaxuli, anu 
zeviT, xolo 𝑅 𝐴 — mis sapirispirod, anu qveviT. 

amoxsnis sisworis Sesamowmeblad CavweroT 
wonasworobis gantoleba vertikalur Rerze proeqciebSi: 

𝑅 𝐴  + 𝑅 𝐵  − 𝑃 =  0 ⇒ −2 +  4 − 2 = 0 — toloba 
WeSmaritia. 

p a s u x i :  𝑅 𝐴  =  −2 kn; 𝑅 𝐵  =  4 kn. 
 

ამოცანა 3.16 
orkonsolian 

horizontalur koWze moqmedebs 

(�⃗� , �⃗� ) wyvilZala. marcxena 
konsolze moqmedebs 𝑞 
intensivobis Tanabrad 
ganawilebuli datvirTva, 
xolo marjvena konsolis 𝐷 

wertilSi — vertikaluri �⃗�  datvirTva. gansazRvreT 

სayrdenebis reaqciebi, Tu 𝑃 = 1 kn;  𝑄 =  2 kn;  𝑞 =  2 kn / m; 
 𝑎 =  0,8 m. 

a m o x s n a  
SevcvaloT 𝑞 intensivobis 

Tanabari datvirTva 𝐴𝐶 marcxena 
konsolis centrSi modebuli 
𝐹 =  𝑞𝑎 Cawertebuli ZaliT (ix. 
naxazi). wyvilZala SevcvaloT 
misi eqvivalenturi iseTi 𝑀 =  𝑃𝑎 
momentiT, romelic koWs saaTis isris sawinaaRmdegod 
abrunebs. SevcvaloT bmebi maTive reaqciebiT, sabolood 
miviRebTY paralelur ZalTa brtyel sistemas.  
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SemoviRoT 𝑥𝑦 koordinatTa sistema da SevadginoT 
wonasworobis gantolebebi (𝐴 wertilis mimarT 
momentebisTvis da 𝑦 RerZze proeqciebisvis): 

2 3 0,
2

0.

B

A B

a
F M R a Q a

F R R Q


      


     

 

Sesabamisad, 
2

3 3
2 2 2,1

2 2
B

a qa
Qa Pa F Q P

R
a

   
   kn, 

1,5A B BR F Q R qa Q R       kn . 

amoxsnis sisworis Sesamowmeblad CavweroT 
wonasworobis gantoleba 𝐷 wertilis mimarT 
momentebisTvis:  

 
7

3 0; 0,8 5,6 1 4,5 2,1 0; 0 0.
2

Aqa a Pa R a             

p a s u x i :  𝑅 𝐴  =  1,5 kn; 𝑅 𝐵  =  2,1 kn. 
 

ამოცანა 3.17 
10 m sigrZis da 30 kn 

wonis 𝐴𝐵 koWze 
gadebulia gza iseTi 
amwisaTvis, romlis 
wonaa 50  kn, xolo misi 
simZimis centri 𝐶𝐷 
RerZzea moTavsebuli; 
tvirTis wonaa 𝑃 =

 10 kn. amwis Sverilis 
sigrZea 𝐾𝐿 =  4 m 
manZili 𝐴𝐶 =  3 m. ipoveT 𝐴 da 𝐵 wertilebSi sayrdenebis 
reaqciebi amwis iseTi mdgomareobisaTvis, roca amwis 𝐷𝐿 
isari 𝐴𝐵 koWTan erTad erT vertikalur sibrtyeSi 
imyofeba. 

a m o x s n a  
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gamovsaxoT naxazze koWze moqmedi datvirTva da bmebis 
reaqciebi.  

amwidan koWze datvirTva gadaecema amwis borblebis 

koWTan Sexebis wertilebSi. Tumca, vinaidan amwis 𝑆  
simZimis Zala 𝐷𝐶 
wrfeze mdebareobs, 
amitom es Zala 
SegviZlia movdoT 𝐶 
wertilSi. Tu 𝑃 
tvirTis wonasac 𝐶 
wertilSi daviyvanT, 
maSin saWiro gaxdeba 
𝑀 = 𝑃 ∙ 𝐾𝐿 =  10 − 4 =  40 kn  m mabrunebeli momentis 
damateba. Sedegad miviRebT, rom 𝐴𝐵 koWze moqmedebs 

Semdegi Zalebi: 1) 𝐶 wertilSi — �⃗�  da  𝑆⃗⃗   aqtiuri 
paraleluri Zalebi; 2) 𝐴𝐵 monakveTis 𝐸 Sua wertilSi — 

koWis 𝐺  simZimis Zala. 𝐴   da 𝐵 wertilebSi bmebis maTive 
reaqciebiT Secvlis Semdeg miviRebT paralelur ZalTa 
brtyel sistemas. CavweroT wonasworobis pirobebi(ZalTa 
𝐴   da 𝐵 wertilebis mimarT momentebisTvis): 

 
 

3 5 10 0,

10 7 5 0.

B

A

P S G M R

R P S G M

        

        

 

Sesabamisad, 

60 3 30 5 40
37

10
BR

   
  kn, 

60 7 30 5 40
53

10
AR

   
  kn 

Semowmeba (wonasworobis gantoleba 𝑦 RerZze 

proeqciebisvis): 

 𝑅 𝐴  − 𝑃 − 𝑆 − 𝐺 + 𝑅 𝐵  = 0,53 − 10 − 50 − 30 + 37 =  0 
— toloba WeSmaritia. 

 

p a s u x i :  𝑅 𝐴  =  53 kn; 𝑅 𝐵  = 37 kn. 
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ამოცანა 3.18 

𝑙 m sigrZis 𝐴𝐵 კoWi 
zidavs naxazze naCveneb 
iseT datvirTvas, romlis 
intensivoba koWis 𝐴   da 𝐵 

boloebSi aris 𝑞 n / m, 
xolo koWis Sida nawilSi  
—  2𝑞 n / m. უgulebelyaviT 
koWis wona da ipoveT 𝐷   da 

𝐵 სayrdenebis reaqciebi  
.a m o x s n a  
SevcvaloT 

ganawilebuli datvirTva 
misi eqvivalinturi 

Cawertebuli �⃗�  ZaliT. 
simetriulobis gamo es 
Zala modebuli iqneba 𝐴𝐵 
monakveTis Sua 𝐶 wertilSi 
(ix. naxazi). gamovsaxoT: 

1 2 0,Q Q Q
  

    

sadac, �⃗� 1  —  marTkuTxa datvirTvis jamuri Zalvaa, 

xolo 𝑄2⃗⃗ ⃗⃗   — samkuTxa datvirTvis. ricxobrivad isini 

Sesabamisi figuris farTobis tolia (epiura):  

1 2

3
, .

2 2

ql ql
Q ql Q Q      

SevcvaloT bmebi 𝑄 datvirTviT gamowveuli maTive 𝑅 𝐵⃗⃗ ⃗⃗ ⃗⃗   

da 𝑅 𝐷⃗⃗ ⃗⃗ ⃗⃗   reaqciebiT da CavweroT wonasworobis gantolebebi 

𝐷 da 𝐵 wertilebis mimarT ZalTa momentebisaTvis.: 

3
0,

4 2

3
0.

4 2

B

D

l
Q R l

l
R l Q
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miviRebT 

1

3 2
B

Q
R ql   n, 

2

3
BR Q ql  n. 

Semowmeba (wonasworobis gantoleba 𝑦 RerZze 
proeqciebSi): 

𝑅𝐷 − 𝑄+𝑅𝐵=0,  𝑞𝑙 − 𝑞𝑙 = 0  —  toloba sworia. 
 

p a s u x i :  𝑅 𝐵  = 𝑞𝑙/2 n; 𝑅 𝐷  = 𝑞𝑙  n. 
 

ამოცანა 3.19 
𝐵   da 𝐶   wertilebze 

dayrdnobil horizontalur 𝐴𝐶 
koWze moqmedebs 𝐵   da 𝐶 
wertilebs Soris Tanabrad 

ganawilebuli 𝑞 n / m intensivobis 
datvirTva; 𝐴𝐵 monakveTze ki 
datvirTvis intensivoba wrfivad 
mcirdeba da 𝐴 wertilSi nuldeba. 

ipoveT 𝐵   da 𝐶 სayrdenebis 
reaqciebi. koWis wona 
ugulebelyaviT. 

 a m o x s n a  
𝐵𝐶 ubanze Tanabrad 

ganawilebuli datvirTva 
SevcvaloT 𝐵𝐶 monakveTis Sua 
wertilSi Cawertebuli 𝑄2  =
 𝑞𝑏 ZaliT (ix. naxazi), xolo 
𝐴𝐵 ubanze wrfivad 
ganawilebuli datvirTva SevcvaloT eqvivalenturi 𝑄1 
ZaliT, romelic tolia Sesabamisi samkuTxedis farTobisa 
(anu. 𝑄1  =  𝑞𝑎/2) da modebulia samkuTxedis simZimis 
centrSi  —  𝐵 wertilidan 𝑎/3 manZilze. SemoviRoT 𝑥𝐴𝑦 

koordinatTa sistema, SevcvaloT bmebi �⃗�  𝐴 da �⃗�  𝐵 reaqciis 
ZalebiT da 𝐴𝐵 koWze moqmedi Zalebis brtyeli 
sistemisTvis SevadginoT wonasworobis gantolebebi 
(ZalTa momentebisaTvis 𝐵 wertilis mimarT da Zalebis 𝑦 
RerZze proeqciebissTvis): 



 

 

130 
 

1 2

1 2

0,
3 2

0.

C

B C

a b
Q Q R b

Q R Q R


     


     

 

Tu CavsvamT 𝑄1   da 𝑄2 sidideebis zemoT napovn 

mniSvnelobebs, maSin sistemidan miviRebT  

2 2

22 1
2 3 2 6 3

6
C

b a b a
Q Q q q

q a
R b

b b b

 
 

    
 

 

2 2

1 2

1 1 1
3 3 .

2 2 6 6
B C

a q a
R Q Q R qb qa qb q a b

b b

 
          

 
 

 

 

p a s u x i :  
2

3 3
6

B

q a
R a b

b

 
   

 
n,   

2

3
6

C

q a
R b

b

 
  

 
n. 

ამოცანა 3.20 
 sairigacio sistemis 𝐴𝐵 

marTkuTxa fars SeuZlia brunva 
𝑂 RerZis garSemo. Tu wylis done 
dabalia, maSin fari daketilia, 
magram roca wylis done miaRwevs 
garkveul 𝐻 niSnuls, maSin fari 
Semotrialdeba RerZis garSemo 

da xsnis arxs. უgulebelyaviT 
xaxuni da agreTve faris wona da 
gansazRvreT iseTi 𝐻 simaRle, romlis drosac fari iReba.  

a m o x s n a  
gamovsaxoT farze moqmedi Zalebi daketil (nax. 1 ) da  

gaRebul (nax. 2 ) mdgomareobaSi.  
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fari daiwyebs brunvas 𝑂 RerZis garSemo im momentidan, 

roca wylis svetis wnevis centri daemTxveva 𝑂 wertils, 
anu roca Sesruldeba Semdegi piroba  

1 1
3 sin

3 3 sin

H
AC h H h 


     (nax. 1-is SemTxvevaSi), an  

1
sin

3
H h  ( nax. 2-is SemTxvevaSi). 

 
p a s u x i :  𝐻 =  3ℎ ∙ 𝑠𝑖𝑛𝛼 
 

ამოცანა 3.21 
orTqlis qvabis 𝐴 damcavi 

sarqveli 𝐴𝐵 Reros saSualebiT 
mierTebulia 50 sm sigrZis da 10 n 
wonis iseT 𝐶𝐷 berketTan, 
romelsac SeuZlia uZravi 𝐶 
RerZis garSemo brunva; 
sarqvelis diametria 𝑑 =  6 sm, 
mxaris sigrZea 𝐵𝐶 =  7 sm. ra 𝑄 
tvirTi unda Camoikidos berketis 
𝐷 boloSi imisaTvis, rom 
sarqveli TavisiT iRebodes 
qvabSi 1100 kpa wnevis arsebobis 
SemTxvevaSi? 

a m o x s n a  

Q 
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gamovsaxoT naxazze sistemaze moqmedi Zalebi. 
 𝐶𝐷 berketis 𝐵 wertilSi sarqvelis mxridan moqmedi 

𝑞 =  1100 kpa wnevis eqvivalenturi Zalva gamovTvaloT 
Semdegi formuliT:  

2

.
4

B

d q
F


  

 

sarqvelis gaReba xdeba 𝐶𝐷 berketis saaTis isris 

sawinaaRmdgod Semobrunebisas, rac imas niSnavs, rom 𝐹 𝐵 
Zalis momenti 𝐶 saxsris mimarT ukidures SemTxvevaSi  

tolia   amave saxsris mimarT 𝐺  da �⃗�  Zalebis momentebis 
jamisa. am mosazrebas mivyavarT Semdeg gantolebamde 

𝐹𝐵 ∙ 7 = 𝐺 ∙ 25 + 𝑄 ∙ 50. 
Sesabamisad, 

225 7
. 430

50 4 50

d q
Q g


     n. 

პასუხი. 𝑄 =  430 n. 

ამოცანა 3.22 
 2𝑙 sigrZis ramodenime 

erTnairi erTgvarovani fila 
dawyobilia ise, rom yoveli zeda 
fila gamoSverilia qveda 
filidan. gansazRvreT filebis 
gamoSverili nawilis zRvruli 
sigrZeebi, romlis drosac 
filebi iqnebian wonasworobaSi. 
(amoxsnis dros, zeda filidan 
dawyebuli, TanmimdevrobiT 
SekribeT filebis wonebi.) 

a m o x s n a  
gamovsaxoT naxazze filebze moqmedi Zalebi.  
yvelaze zeda filisTvis gamoSverili nawilis sigrZe 

cxadia unda iyos 𝑥 1 =  𝑙. amasTan, pirveli filis marjvena 
da marcxena nawilebis momenti meore filis zeda marcxena 
wibos mimarT(es wibo naxazze Cans, rogorc 𝐴1 wertili) 
nulis tolia. amitom pirveli filis mTeli simZime meore 
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filas gadaecema am 𝐴1. wertilSi. am msjelobidan 
gamomdinare meore filisTvis SegviZlia davweroT: 

−𝐺1𝑥 2 + 𝐺2(𝑙 − 𝑥 2)  =  0 
vinaidan 𝐺1 = 𝐺2, amitom 𝑥2  = 𝑙/2. 
mesame filisTvis gveqneba.: 

−(𝐺1 + 𝐺2)𝑥 3 + 𝐺3(𝑙 − 𝑥 3)  =  0 
. 

 

 

 

 

 

 

 

 

vinaidan 𝐺1 = 𝐺2 = 𝐺3, amitom 𝑥 3 = 𝑙/3. 
meoTxe filisTvis gveqneba: 
−(𝐺1 + 𝐺2 + 𝐺3)𝑥 4 + 𝐺4(𝑙 − 𝑥 4)  =  0. 
vinaidan 𝐺1 = 𝐺2 = 𝐺3 = 𝐺4, amitom 𝑥 4 = 𝑙/4. 
Tu msjelobas analogiurad gavagrZelebT, gveqneba 

𝑥 𝑛 = 𝑙/𝑛, 𝑛 =  1,2,3,4. . . . 
 
p a s u x i : 𝑙;  𝑙/2;  𝑙/3;  𝑙/4… 

 

ამოცანა 3.23 
sarkinigzo amwe 

eyrdnoba iseT 
relsebs, romelTa 
Soris manZilia 1,5 m 
amwis urikis wona aris 
30 kn xolo misi 
simZimis centria 
urikis simetriis 
sibrtyisa da naxazis 
sibrtyis gadakveTis 
𝐾𝐿 wrfeze mdebare 𝐴 
wertili. amwis 𝐵 
jalambaris wonaa 10 kn, xolo misi simZimis centri 
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mdebareobs 𝐾𝐿 wrfidan 0,1 m-iT daSorebul 𝐶 wertilSi. 𝐷 
sapirwonis wonaa 20 kn, xolo misi simZimis centri 
mdebareobs 𝐾𝐿 wrfidan 1 m-iT daSorebul 𝐸 wertilSi. 𝐹𝐺 
iribulas wonaa 5 kn, xolo misi simZimis centri 
mdebareobs 𝐿 wrfidan 1 m-iT  daSorebul 𝐻 wertilSi. 
amwis Sverilis sigrZea 𝐿𝑀 =  2 m. gansazRvreT is 
maqsimaluri 𝑄 tvirTi, romelic ar gadaayiravebs amwes.  

a m o x s n a  
sarkinigzo amwis yvela elementi naxazis sibrtyeSia 

moTavsebuli, amitom 
amave sibrtyeSi 
iqneba amweze 
moqmedi yvela 
Zalac. (ix. naxazi). 
vinaidan amweze, 
rogorc myar 
sxeulze, modebuli 
paraleluri Zalebi 
SeiZleba 
gadavaadgiloT maTi moqmedebis wrfis gaswvriv, amitom 
amwis vertikalur zomebs ar aqvs mniSvneloba da aqedan 
gamomdinare, amocanis pirobebis Tanaxmad, SeiZleba 
gamoviyenoT ufro martivi modeli — wonasworobis 
obieqtad warmovadginoT paralelur ZalTa brtyeli 
sistemiT datvirTulikoWi (sadac, paralelur ZalebSi 
CarTulia bmebis reaqciebic). 

𝑄 tvirTis moqmedebam SeiZleba gamoiwvios amwis 𝐴 
sayrdenis (relsis) garSemo gadayiraveba. zRvrul 
SemTxvevaSi 𝑅 𝐵  =  0 da amwis gadamyiravebeli da 
Semakavebeli momentebi moduliT erTmaneTis toli unda 
iyos. am msjelobidan gamomdinare miviRebT gantolebas:  

. 2 2 1 1 .Q MA P HA G KA G CA P EA          

geometriuli mosazrebebidan gamomdinare miviRebT: 
𝑀𝐴 =  1,25  m, 𝐻𝐴 = 0,25 m, 𝐾𝐴 = 0,75 m, 𝐶𝐴 = 0,85 m, 𝐸𝐴 = 1,75 m. 

 
sabolood, 

30 0,75 10 0,85 20 1,75 5 0,25
51,8

1,25
Q

      
  kn. 
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SevniSnoT, rom zemoT miRebuli gantoleba yvela 
Zalis 𝐴 wertilis mimarT momentebis jamis nulTan 
tolobis pirobis eqvivalenturia. 

 
p a s u x i :  𝑄 =  51,8  kn. 
 

ამოცანა 3.24 
relsebze 

moZravi amwis 
wona sapirwonis 
gareSe 𝑃1  =

 500 kn-is tolia, 
xolo misi 
simZimis centri 
mdebareobs 
marjvena relsze 
gamavali 
vertikaluri 
sibrtyidan 1,5 
metriT daSorebul 𝐶 wertilSi. amwis urika gaTvlilia 
𝑃 =  250  kn tvirTis awevaze; amwis Sverilis sigrZea 10 m. 
gansazRvreT sapirwonis iseTi umciresi 𝑄 wona da misi 
simZimis centris iseTi maqsimaluri 𝑥 daSoreba marcxena 
𝐵 relsze gamavali vertikaluri sibrtyidan, imisaTvis, 
rom amwe ar gadayiravdes, amwis rogor datvirTul, aseve 
dautvirTavi mdgomareobebis SemTxvevaSi. urikis sakuTari 
wona ugulebelyaviT. 

 
 
a m o x s n a  
 
wina amocanis msgavsad, am 

amocanaSic amwis modelad 
SegviZlia miviCnioT koWi, rogorc 
wonasworobis obieqti, romelic 

datvirTulia �⃗� , 𝑃1⃗⃗  ⃗, 𝑃2⃗⃗⃗⃗  paralelur 
ZalTa brtyeli sistemiT. bmebisgan 
ganTavisuflebis Semdeg sistemas daemateba kidev ori 



 

 

136 
 

ucnobi — mocemuli Zalebis paraleluri sayrdenebis  

reaqciis �⃗�  𝐴 da �⃗�  𝐵 Zalebi. გanvixiloT ori SemTxveva. 
SemTxveva 1 

amwe datvirTulia �⃗� 2 ≠ 0 ZaliT. aseT dros amwe 𝐵 
sayrdenis garSemo SeiZleba gadayiravdes saaTis isris 
mimarTulebiT. miviCnioT, rom zRvrul SemTxvevaSi 𝑅 𝐴  =  0, 
maSin miviRebT Semdeg damokidebulebas (𝐵 wertilis 
mimarT ZalTa momentebisaTvis) 

  1 23 2,5 10.Q x P P       1  

SemTxveva 2 
amwe ar aris datvirTuli  anu 𝑃2  =  0. am SemTxvevaSi 

amwe SeiZleba gadayiravdes 𝐴 sayrdenis garSemo saaTis 
isris sawinaaRmdegod. vinaidan zRvrul SemTxvevaSi 𝑅𝐵  =
0, amitom miviRebT (wonasworobis gantoleba ZalTa 
momentebisaTvis 𝐴 wertilis mimarT)  

1 4,5.Qx P    2  

Tu (1) da (2) gatolebebs erTdroulad amovxsniT, 
miviRebT: 

500 1,5 250 10 500 4,5 1000
333

3 3
Q

    
   n, 

500 4,5 3
6,75

1000
x

 
  m. 

SevniSnoT, rom pirvel SemTxvevaSi 

𝑅𝐴 = 𝑃1 +  𝑃2  + 𝑄 =  1083  kn, 
xolo meore SemTxvevaSi 

𝑅𝐴 = 𝑃1  + 𝑄 =  833  kn 
 

p a s u x i :  𝑄 =  333 kn; 𝑥 =  6,75 m. 
 

ამოცანა 3.25 
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martenis RumelSi 
nedleulis CasatvirTi amwe 
Sedgeba 𝐵 moZravi xidis 
koWebze dagebul relsebze 
borblebiT mgoravi 𝐴 
jalambarisgan. jalambaris 
qveda nawilSi mimagrebulia 𝐶 
niCabis damWeri amoyiravebuli 
𝐷 sveti. rogori 𝑃 wona unda 
gaaCndes jalambars svetTan erTad imisaTvis. rom 
jalambaris 𝑂𝐴 vertikaluri RerZidan 5  metriT 
daSorebul niCabSi moTavsebulma 𝑄 =  15  kn tvirTma ar 
gadaayiravos jalambari? jalambaris simZimis centri 𝑂𝐴 
RerZzea moTavsebuli; TiToeuli borblis daSoreba 𝑂𝐴 
RerZidan aris 1 m. 

 
A m o x s n a  

 
mocemul SemTxvevaSi, 

naxazze gamosaxuli 
modelis Sesabamisad, 
gadayiraveba SeiZleba 
moxdes 𝐹 sayrdenis 
(borblebis) garSemo. 
maSin wina, 3.23 da 3.24 
amocanebis analogiurad 
SevadgenT Semdeg 
damokidebulebas: 

𝑅𝐸 = 0;   𝑀𝐹(�⃗� ) + 𝑀𝐹(�⃗� ) ≥ 0. 
Sesabamisad, 

1 ∙ 𝑃 ≥ 15 ∙ (5 − 1), 
𝑃 ≥  60 kn. 

p a s u x i :  𝑃 ≥  60 kn. 
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ამოცანა 3.26 
amwe dadgmulia qvis 

fundamentze. amwis wonaa 𝑄 =

 25  kn da modebulia amwis 
RerZidan 0,8 m-iT daSorebul 𝐴 
simZimis centrSi; amwis 
Sverilis sigrZea 𝐶𝐷 =  4 m. 
fundaments 𝐸𝐹 =  2  m gverdis 
mqone kvadratis formis Ziri 
aqvs. fundamentis qvis wyobis 

kuTri wonaa 20 kn / m 3
. 

gamoTvaleT fundamentis iseTi umciresi siRrme, romelic 
aucilebelia imisaTvis, rom fundamenti ar gadayiravdes 𝐹 
wibos garSemo, Tu amwe 
gankuTvnilia 30 kn tvirTis 
asawevad. 

a m o x s n a  
amocanaSi cvladi sididea 

fundamentis wona 𝐺, romelic 
uSualod damokidebulia 
fundamentis ℎ simaRleze (ix. naxazi). amasTan 

2 20 .
4 20

G
G EF h h    


 

amwis isari 𝐹 sayrdenidan 3 metriTaa gadmoSverili 

da mis boloSi 𝑃 =  30 კნ wonis tvirTi kidia. amitom 

tvirTis moqmedeba SeiZleba Seicvalos 𝑀 =  3 ∙ 30 =  90 kn 
m momentis mqone wyvilZaliT. Tu CavTvliT, rom 

gadayiravebis momentSi reaqciis Zala Cawertebulia 𝐹 
wertilSi, miviRebT wonasworobis gantolebas ZalTa 

momentebisTvis 𝐹 wertilis mimarT: 

1 0,2 0.G Q M      

Sesabamisad, 

G  90 25 0,2 85G     kn, 

maSin, 
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85
1,06

80
h   m 

 

p a s u x i :  ℎ =  1,06 m. 

ამოცანა 3.27 
magnituri isari Camokidebulia wvril mavTulze da 

dayenebulia horizontalurad magnitur meridianSi. 
dedamiwis velis horizontaluri mdgenelebi isris 
polusebze urTierT sawinaaRmdego mimarTulebiT 
moqmedeben, TiToeulze 0,02 mn ZaliT. polusebs Soris 
manZilia 10 sm. ra kuTxiT unda movgrixoT mavTuli 
imisaTvis, rom isarma magnitur meridianTan 30°°Seadginos, 
Tu cnobilia, rom mavTulis 1° kuTxiT mosagrexad saWiroa 
0,05 mn  sm momentis mqone wyvilZalis modeba (mgrexavi 
wyvilZalis momenti mogrexvis kuTxis proporciulia.) 

a m o x s n a  
warmovadginoT naxazze amocanis pirobis monacemebi. 
mavTulis 

mgrexavi 
wyvilZalis momenti 
grexvis kuTxis 
proporciulia, anu 
icvleba Semdegi 
kanoniT 

𝑀 = 𝑐𝜑, 
amitom, im 

pirobiT, rom 
grexva xdeba 1° 
kuTxiT, SegviZlia gamovTvaloT proporciulobis 
koeficienti: 

0,05
0,05

1
c    mn  sm / grad 

da 𝑀 sididis gamosaTvleli formula miiRebs saxes  

𝑀 =  0,05 𝜑. 
isris 30°-iT Semobrunebis Sedegad warmoqmnili 

magnituri velis momenti tolia  

10𝑠𝑖𝑛 З0° 0,02 = 0,1 mn  sm. 
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Tu am mniSvnelobas 𝑀- i s  gamosaTvlel formulaSi 

CavsvamT miviRebT «gangrexvis» kuTxes: 0,1 =  0,05𝜑 ⇒ 𝜑 =
 2°. Sedegad, grexvis jamuri kuTxe toli iqneba 30° + 2° =
 32°. 

p a s u x i :  32°. 
ამოცანა 3.28 

ori erTnairi ganivi kveTis mqone 𝐴𝐵 
da 𝐵𝐶 Rero, romelTaganac 𝐴𝐵 orjer 
moklea 𝐵𝐶-ze, boloebiT 60°-iani kuTxiT 
arian SeerTebulni erTmaneTTan da qmnian 
texil 𝐴𝐵𝐶 berkets. 𝐴 boloTi berketi 
Camokidebulia 𝐴𝐷 Zafze. gansazRvreT 𝐵𝐶 
Reros mier horizonTTan Sedgenili kuTxe 
berketis wonasworobis SemTxvevaSi; 
Reroebis ganivi zomebi ugulebelyaviT. 

a m o x s n a  
gamovsaxoT naxazze 

sistemaze moqmedi Zalebi da 
SemoviRoT aRniSvnebi: 

 �⃗� 1 —  𝐴𝐵 ubnis simZimis Zala, 

 �⃗� 2 — 𝐵𝐶 ubnis simZimis Zala.  
texili berketis erTgvarov-

nebidan gamomdinare, es Zalebi 
modebulni arian Sesabamisi 
ubnebis SuaSi. Tu am Zalebs 

SevcvliT erTi tolqmediT — �⃗�  

= �⃗� 1 + �⃗� 2, maSin, ori Zalis tolobis aqsiomidan 

gamomdinare, es tolqmedi da Zafis reaqciis �⃗� 𝐴 Zala 𝐴 
wertilze gamaval erT vertikalze iqnebian ganTavsebulni, 
Sesabamisad, ZalTa jamuri momenti 𝐴 wertilis mimarT 
nulis toli iqneba: 

   1 2

1 1
cos 60 cos cos 60 0.

2 2
P AB P BC AB  

 
      

 
 

maSin, imis gaTvaliswinebiT, rom 𝐵𝐶=2𝐴𝐵 da 𝑃1=2𝑃2, 
miviRebT 
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 4cos 5cos 60 0.     

5 5 3
4cos cos sin 0,

2 2
      

5 3 3 1 3
sin cos 3 19 5 .

2 2 5 5
tg arctg   

 
       

 
 

 

 

 

p a s u x i :  
1

3, 19 5 .
5

tg      

ამოცანა 3.29 
ori 𝐴𝐵 da 𝑂𝐶 Rero, romelTa 

erTeulis sigrZis wonaa 2𝑝, erTmaneTTan 
𝐶 wertilSi marTi kuTxiT aris 
mierTebuli. 𝑂𝐶 Reros SeuZlia brunva 𝑂 
RerZis garSemo; 𝐴𝐶 =  𝐶𝐵 = 𝑎, 𝑂𝐶 =  𝑏. 𝐴 
da 𝐵 wertilebSi Camokidebulia girebi, 
romelTa wonebia 𝑃1 da 𝑃2; 𝑃1  >  𝑃2. 
gansazRvreT 𝐴𝐵 Reros horizontosadmi 
daxris 𝛼 kuTxe wonasworobis 
mdgomareobaSi yofnisas.  

 a m o x s n a  
warmovadginoT amocanis pirobis 

monacemebi naxazze. 
am SemTxvevaSi 𝐺1  =  2𝑝 ∙ 2𝑎 =  4𝑝𝑎,

 𝐺2 =  2𝑝𝑏. ise rogorc wina amocanaSi, 
aqac sakmarisia SevadginoT erTi 
gantoleba ZalTa momentebisTvis 
mxolod 𝑂 wertilis mimarT: 

 1 cos sin 4 sinP a b pab       
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 22 sin cos sin 0.
2

b
pb P a b       

Tu am gantolebas 𝑐𝑜𝑠𝛼-ze gavyofT, miviRebT 

 
2 1

1 2

.
4

P Pa
tg

b P P p a b





  
 

SevniSnoT, rom roca 𝑃1  =  𝑃2, maSin 𝛼 = 0. 

 

p a s u x i :  
 

2 1

1 2

.
4

P Pa
tg

b P P p a b





  
 

ამოცანა 3.30 

 𝐴𝐵 asawevi xidi zeviT 
aiweva iseTi ori 𝐶𝐷 koWis 
saSualebiT, romelTagan 
TiToeulis sigrZea 8 m, 
TiToeulis wonaa 4 kn da 
romlebic ganTavsebulni arian  
xidis sxvadasxva mxares; xidis 
sigrZea 𝐴𝐵 =  𝐶𝐸 =  5 m; jaWvis 
sigrZe 𝐴𝐶 =  𝐵𝐸; xidis wonaa 
30 kn, romelic SeiZleba 
CaiTvalos, rom 𝐴𝐵-s 
centrSia modebuli. 
gamoTvaleT xidis 
gamawonasworeebeli 𝑃 
sapirwoneebis wonebi. 

a m o x s n a  
vinaidan xidis orive 

nawili gawonasworebuli 
unda iyos 𝐵(𝐸) sayrdenebis 
mimarT, amitom unda Sesruldes wonasworobis 
gantolebebi momentebisTvis 𝐸 an 𝐵 wertilis mimarT. 
sqemis Sesabamisad (ix. naxazi) gveqneba 

2 12 3cos 2,5cos 2 1 cos 0.P G G           
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aq gaTvaliswinebulia is, rom mocemulia ori 
sapirwoniani koWi. miviRebT  

2 10,5 2,5
13,83

3

G G
P

 
   kn. 

p a s u x i :  𝑃 =  13,83 kn. 
 

ამოცანა 3.31 
 diferencialuri blokis mTavar nawilebs 

warmoadgenen erTmaneTTan ucvlelad 
mierTebuli ori 𝐴 borbali, romelTa RerZic 
Camokidebulia uZrav kauWze. maTi Rarebi 
aRWurvilia kbilanebiT, romlebzec Camocmulia 
usasrulo jaWvi. jaWvi qmnis or maryuJs, 
romelTagan erT-erTSi moTavsebulia moZravi 
bloki 𝐵. moZrav blokze Camokidebulia zeviT 
asawevi 𝑄 tvirTi, xolo didi blokidan 
CamoSvebuli maryuJis ganStoebebze modebulia 
𝑃 Zalva. 𝐴 borblebis radiusebia 𝑟   da 𝑅, 
amasTan 𝑟 <  𝑅. ipoveT 𝑃 Zalvis damokidebuleba asawevi 𝑄 
tvirTis sidideze da gansazRvreT es Zalva roca: 𝑄 =
 500 sm, 𝑅 =  25 sm 𝑅 =  24 sm. xaxuni ugulebelyaviT. 

a m o x s n a  
gamovsaxoT naxazze sistemaze 

moqmedi Zalebi. 
jer ganvixiloT 𝐵 moZravi 

bloki, masze Camokidebuli �⃗�  
tvirTiT. wonasworobis pirobidan 
gamomdinare vaskvniT, rom jaWvebis 

daWimuloba aris �⃗� /2. qmedebis da 
ukuqmedebis tolobis principidan 
gamomdinare vaskvniT, rom 𝐴 

borbalze aseve moqmedebs �⃗� /2-is 
toli jaWvebis daWimulobis Zalebi. 
Sedegad miviRebT, rom 𝐴 borbali wonasworobis 

mdgomareobaSi imyofeba �⃗� /2-is tol ori Zalis — 

saZiebeli �⃗�  Zalis da reaqciis �⃗� 𝐴 Zalis moqmedebis 
Sedegad, romlebic qmnian brtyel paralelur ZalTa 
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sistemas. ZalTa am sistemis wonasworobis piroba CavweroT 
Semdegi saxiT 

0.
2 2

Qr QR
PR    

Sesabamisad, 

1
1 10

2

r
P Q

R

 
   

 
kn. 

p a s u x i :  
1

1 10
2

r
P Q

R

 
   

 
k n .  

 
 

ამოცანა 3.32 
diferencialuri berketi 

Sedgeba uZravi 𝐶 wertilSi 
sayrdeni prizmis mqone 𝐴𝐵 
berketisgan da am berketze 𝐴𝐷 da 
𝐸𝐹 saxsruli kavebiT mierTebuli 
𝐷𝐸 xarixasagan.. 𝑄 =  1 kn tvirTi 
Camokidebulia xarixaze 𝐺 wertilSi prizmis saSualebiT. 
𝐶 da 𝐺 wertilebze gamaval vertikalebs Soris manZilia 
1 mm. gansazRvreT iseTi 𝑃 giris wona, romelic unda 
Camoikidos 𝐴𝐵 berketis 𝐻 wertilSi, 𝐶𝐻 =  1 m manZilze 
imisaTvis, rom gavawonasworoT 𝑄 tvirTi. xaxuni 
ugulebelyaviT. 

 a m o x s n a  

�⃗�  Zala gadavitanoT 
moqmedebis wrfis gaswvriv da 
movdoT wonasworobis obieqtze  
— 𝐴𝐵 berketze, maSin sawyisi 
amocanis miRebuli modeli 
SeiZens umartives saxes, 
romelic naxazzea gamosaxuli. 

CavweroT wonasworobis 
gantoleba 𝐶 wertilis mimarT momentebisTvis: 𝑄 ∙ 0,001 − 𝑃 ∙
1. 
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Sesabamisad, 𝑃 = 0,001𝑄 = 1 n 
 
p a s u x i :  𝑃 =1 n. 
 

ამოცანა 3.33 
oTxrgolian saxsrul 

meqanizmSi 𝐵𝐶 rgoli uZravi 𝐴𝐷 

რgolis paraleluria, xolo 

𝐴𝐵 = ℎ  რgoli 𝐴𝐷-s 
marTobulia. 𝐴𝐵-s SuawertilSi 

modebulia horizontaluri �⃗�  
Zala. rogori horizontaluri 

�⃗�  Zala unda movdoT 𝐶𝐷 rgols 
𝐸 wertilSi (𝐶𝐸 = 𝐶𝐷/4) imisaTvis 
rom meqanizmi iyos wonasworobaSi? 
rogori iqneba 𝐷 saxsaris reaqcia? 
რgolebis wonebi ugulebelyaviT. 

a m o x s n a  
warmovadginoT naxazze 

amocanis pirobis monacemebi.  
davyoT oTxrgoliani meqanizmi 

sam rgolad: 𝐴𝐵, 𝐵𝐶, 𝐶𝐷 da 
ganvixiloT TiToeuli maTganis wonasworoba 
TanmimdevrobiT. 

რgoli 𝐴𝐵 (wonasworobis gantolebebi 𝑥 RerZze 
proeqciebSi da ZalTa momentebisTvis 𝐴 wertilis mimarT): 

0,
1

.
20

2

A B

A B

B

P R R

R R Ph
P R h

  


 
  

 

რgoli 𝐷𝐶 (wonasworobis gantolebebi ZalTa 
momentebisTvis 𝐶 da 𝐷 wertilebiss mimarT): 

0,
1 34

; .
3 4 4

0
4

D

D C

C

h
Q R h

R Q R Q

Q h R h
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რgoli 𝐵𝐶 (wonasworobis gantolebebi 𝑥 RerZze 
proeqciebSi): 

𝑅 𝐵  −  𝑅 𝐶  = 0 ⇒ 𝑅 𝐵  =  𝑅 𝐶 . 
SevniSnoT, rom bolo damokidebuleba aSkaraa, 

qmedebisa da ukuqmedebis tolobis Sesaxeb aqsiomis 
Tanaxmad.  

sabolood miviRebT: 

3 1 2
,

4 2 3
B CR R Q P Q P      

1 1 2 1
.

4 4 3 6
DR Q P P    

p a s u x i : `

2 1
;

3 6
DQ P R P    da mimarTulia 𝐴𝐷-s 

gaswvriv marjvniv. 
 

ამოცანა 3.34 
didi 𝑄 Zalvebis 

gasazomad mowyobilia 𝐶𝐷 
datvirTvis gadamcemi 
ReroTi erTmaneTTan 
SeerTebuli ori 
araTanabarmxriani 𝐴𝐵𝐶 da 
𝐸𝐷𝐹 berketebisgan 
Semdgari sistema. 𝐵 da 𝐸 
wertilebSi aris uZravi 
sayrdenebi. 𝐸𝐷𝐹 berketis 
gaswvriv moZraobs  125 n wonis   𝑃 tvirTi. roca 𝑃 tvirTi 
moTavsebulia 𝐷 wertilidan 𝑙 manZilze, maSin is  𝐴 
wertilSi modebul 𝑄 Zalas awonasworebs. wonasworobis 
SesanarCuneblad ra 𝑥 manZiliT unda gadavaadgiloT 𝑃 

tvirTi 𝑄 Zalis 10 კნ-iT gazrdis SemTxvevaSi, Tu naxazze 
gamosaxuli manZilebi Sesabamisad tolia: 𝑎 =  3,3 mm,  𝑏 =
 660 mm, 𝑐 =  50 mm. 

a m o x s n a  
gamovsaxoT naxazze sistemaze moqmedi Zalebi. 
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araTanabarmxriani berketiani sasworis sawyisi 
modeli davyoT 𝐴𝐶, 𝐶𝐷, 𝐸𝐹 nawilebad da TiToeuli 
maTganisaTvis CavweroT wonasworobis pirobebi. 

berketi 𝐴𝐵𝐶 (wonasworobis gantoleba ZalTa 
momentebisTvis 𝐵 wertilis mimarT): 

0 .C C

b
Qa bR Q R

a
      1  

𝐶𝐷 Rero (wonasworobis gantoleba 𝑦 RerZze 

proeqciebSi): 

0 .D C D CR R R R      2  

𝐸𝐷𝐹 berketi (wonasworobis gantoleba 𝐸 wertilis 
mimarT momentebisTvis): 

  0 .D D

l c
R c P l c R P

c


        3  

 (1), (2) da (3) gantolebebidan vipoviT: 

 
.C D

b c lb b
Q R R P

a a ac


    

aq vTvliT, rom 𝑎, 𝑏, 𝑐  —  𝑐𝑜𝑛𝑠𝑡. vTqvaT, 𝑄 iRebs ∆𝑄 

nazrds, xolo 𝑙  — 𝑥 nazrds. maSin bolo 

damokidebulebidan miviRebT gantolebas 

 
.

P l l x b
Q Q P

ac

 
   

anu,  

 
.

b l c Px
Q Q P b

ac ac
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Sesabamisad, 

10000 3,3 50
, 20

125 660

Px Qac
Q b x x

ac Pb

  
      


mm 2 sm. 

p a s u x i :  𝑥 = 2 s m .  

 

ამოცანა 3.35 
4 m sigrZis da 2 kn 

wonis 𝐴𝐵 კoWi 𝐵 
boloTi eyrdnoba 3 m 
sigrZis da 1,6 kn wonis 
meore koWs da SeuZlia 
brunva 𝐴 RerZis 
garSemo. meore koWi, 
Tavis mxriv, dayrdnobilia 
𝐸 wertilSi, xolo 𝐷 
saxsris saSualebiT 
mimagrebulia kedelze. M da 
𝑁 wertilebSi moTavsebulia 
tvirTebi, TiToeuli 0,8 kn wonis. manZilebi: 𝐴𝑀 = 3 m, 𝐸𝐷 =
 2 m, 𝑁𝐷 =  1 m. gansazRvreT sayrdenebis reaqciebi. 

a m o x s n a  
gamovsaxoT naxazze sistemaze moqmedi Zalebi. 
sawyisi Sedgenili AD konsruqcia ori nawilisgan 

Sedgeba: AB da CD. გanvixiloT AB კoWis wonasworoba da 
CavweroT Sesabamisi gantolebebi ZalTa momentebisTis 
A  da B wertilebis mimarT: 

1 1

1 1

2 3 4 0,

4 2 1 0.

B

A

G P R

R G P

      

        

 

Sesabamisad, 

1 1

3 1
1,6

4 2
BR P G   kn; 

1 1

1 1
1,2

4 2
AR P G   kn. 
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ganvixiloT 𝐶𝐷 koWis wonasworoba da CavweroT 
Sesabamisi gantolebebi 𝐶 wertilis mimarT momentebisTvis 
da 𝑦 RerZze proeqciebisTvis 

2 2

2 2

1 1,5 2 3 0,

0.

E D

C E D

R G P R

R R G P R

       


     
 

Tu gaviTvaliswinebT imas, rom 𝑅𝐶 = 𝑅𝐵 = 1,6 kn 
(qmerdeba udris ukuqmedebas), maSin bolo sistemidan 

miviRebT 

2 2

0,8 0,8 1,6
0; 4

2
D E C DR R R G P R

 
        kn. 

 

p a s u x i :  𝑅𝐴 = 1,2 kn; ;  𝑅𝐵 = 1,6 kn; 𝑅𝐸 = 4 kn 𝑅𝐷 = 0. 
 

ამოცანა 3.36 
konsoluri xidi 

Sedgeba sami 𝐴𝐶, 𝐶𝐷 
da 𝐷𝐹 nawilisgan, 
romelTagan ganapira 
nawilebi eyrdnoba 
or-or sayrdens. 
zomebi Sesabamisad 
tolia: 𝐴𝐶 =  𝐷𝐹 =

 70 m, 𝐶𝐷 =  20 m. 𝐴𝐵 =

 𝐸𝐹 =  50 m. xidze grZivi datvirTva aris 60 kn / m. ipoveT am 
datvirTviT gamowveuli dawola 𝐴 da 𝐵 sayrdenebze. 

 
 a m o x s n a  
amocanis pirobidan 

gamomdinare gamovsaxoT  
nax. 1-ze xidis datvirTva. 

გanvixiloT xidis Sua 
nawilis wonasworoba  — 

 𝐶𝐷 ubani (nax. 2). 
datvirTvis 
simetriulobidan gamomdinare 
advilad davadgenT, rom 
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.
2

bq
G 

 
Tu grZiv datvirTvas 

SevcvliT marezultirebeli 

�⃗�  ZaliT, maSin wonasworobis 
gantolebebs 𝐴𝐶 ubanze eqneba 
Semdegi saxe (ZalTa 
momentebisTvis 𝐴 da 𝐵 wertilebis 
mimarT): 

 
 

 

2

2 2

0,
2

0.
4

B

A

q a b
N a G a b

a b
N a q Gb

 
    


    

 

aq   gaviTvaliswineT Semdegi faqti: 

   
 2 2

1
.

2 2
B

q a b
M Q q a b a b

  
    

 
 

sistemis pirvel gantolebidan 𝐺-s gamosaTvleli 

gamosaxulebis gaTvaliswinebiT miviRebT 

 
 

  
2

2
,

2 2 2
B

q a b q a b a bbq
N a b

a a a

  
      

60 70 90
3780

100
BN

 
  kn, 

xolo meore gantolebidan miviRebT 

   2 2 2 22 3 60 1600
1020

4 2 4 100
A

q a b q a bqb
N

a a a

  
     kn 

SevniSnoT, rom simetriulobis gamo gvaqvs: 𝑁𝐸  =  𝑁𝐵 
da 𝑁𝐹  =  𝑁𝐴 .  

p a s u x i :𝑁𝐴 =  1020 kn; 𝑁𝐵  =  3780 kn. 
 

 

ამოცანა 3.37 
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konsoluri xidi 
Sedgeba 𝐴𝐵 mTavari 
fermisgan da 
gverdiTi 𝐴𝐶 da 𝐵𝐷 
fermebisgan. 𝐴𝐵 
fermis erT grZiv 
metrze 
gadanawilebuli 
sakuTari wonis 

sididea 15 kn / m, 

xolo 𝐴𝐶 da 𝐵𝐷 fermebisa — 10 kn / m. gansazRvreT 
TiToeuli sayrdenis reaqcia im momentisTvis, roca 
marjvena 𝐹𝐷 fermis mTel sigrZeze ganTavsebulia 
matarebeli, romlis wonac SeiZleba Seicvalos 𝐹𝐷 
monakveTis gaswvriv Tanabrad ganawilebuli, erT grZiv 

metrze 30  kn / m sididis toli datvirTviT. zomebi 
Sesabamisad tolia: 𝐴𝐶 =  𝐵𝐷 =  20 m, 𝐴𝐸 =  𝐵𝐹 =  15 m, 𝐸𝐹 =
 50 m.  

a m o x s n a  
pirvel rigSi ganvixiloTT xidis marcxena fermis 

wonasworoba —  ubani 𝐶𝐴 (nax. 2). datvirTvis sqemis 
Sesabamisad gveqneba: 

1 10 20
100

2 2 2

AC
C A

q ACQ
R R

 
     kn. 

 

amocanis pirobebidan gamomdinare gamovsaxoT nax. 1-ze 

mocemuli datvirTva. 
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xidis pirveli ferma — ubani 𝐵𝐷. aq gveqneba 

  40 20 800A BD FDQ q q BD     kn, 

400
2

A
B D

Q
R R   kn. 

ganvixiloT xidis mTavari ferma — ubani 𝐴𝐵. masze 
moqmedeben: 

a) zemoT napovni Zalebi �⃗� 𝐴 da �⃗� 𝐵; 
b) 𝑞𝐴𝐵 intensivobis Tanabrad ganawilebuli 

datvirTvis marezultirebeli Zala 𝑞𝐴𝐵  (𝑄2 = 𝑞𝐴𝐵 ∙
𝐴𝐹 = 15 ∙ 65 =  975 kn), romelic modebulia 𝐴𝐹 
monakveTis SuaSi; 

𝐴𝐵 ubanze moqmedi bryel paralelur ZalTa 
sistemisaTvis wonasworobis gantolebebs eqneba saxe 

2 3

2 3

15 17,5 50 57,5 65 0,

0.

A F B

A E F B

R Q R Q R

R R Q R Q R

         


      
 

saidanac miviRebT 

 

975 17,5 675 57,5 400 65 100 15
1607,5

50
FR

      
 kn, 

𝑅 𝐸  = 𝑄2  + 𝑄3  + 𝑅 𝐵  + 𝑅 𝐴  − 𝑅 𝐹  = 
= 975 + 675 + 400 + 100 − 1607,5 =  542,5 kn. 
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p a s u x i :  𝑅 𝐴 = 𝑅 𝐶  = 100 kn; 𝑅 𝐵 =  𝑅 𝐷 =  400 kn; 𝑅 𝐸 =
 542,5 kn; 𝑅 𝐹 =  1607,5 kn. 

 

ამოცანა 3.38 
 

𝐷 =  2000 kn wyalwyvis mqone 
tivis curvadobis Sesamowmeblad, 
misi fskeris wina bolo awies 
maRla 𝑃 =  750  kn tvirTamweobis 
mqone amwis saSualebiT. 
CaTvaleT, rom wylis kuTri 

wonaa 𝑦 =  10 kn / m 3
da gamoTvaleT fskeris awevis 

maqsimaluri ℎ simaRle, Tu tivs aqvs 𝐿 =  20  m sigrZisa da 
𝐵 =  10  m simaRlis mqone marTkuTxa paralelepipedis 
forma. tivis simZimis centri  𝐶 mdebareobs tivis sigrZis 
SuaSi da amwis trosis damagrebis 𝐾 wertilTan erTad 
imyofeba erTnair manZilze tivis fskeridan. (tivis 
wyalwyva ricxobrivad misi wonis tolia). 

 
a m o x s n a  
arqimedes kanonis Tanaxmad, tivze moqmedebs amomgdebi 

𝐹  Zala(ix. naxazi). tivze moqmedi paraleluri 𝑃, 𝐺, 𝐹 
ZalebisTvis davweroT wonasworobis gantolebebi 𝐾 
wertilis mimarT momentebisTvis da 𝑦 RerZze proeqciebSi: 

0,
2 2

0.

L L
G F x

P G F

  
     

 
   

 

sistemis amoxsniT miviRebT 

1250F G P   kn, 

6
2

G F L
x

F


  m. 

vinaidan gamodevnili wylis 
simZimis centri mdebareobs 
Sesabamisi samkuTxedis fuZis 
sigrZis 1/3 manZilze, amitom 
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3 12
2

L
OM x

 
   

 
m. 

𝐸𝑂𝑁 da 𝑂𝑀𝐻 samkuTxedebis msgavsebidan gamodinare, 

2 2

12
.

8

HM OM h
HM

h ON h
  


 

gamodevnili wylis moculoba iqneba 

1
.

2
V OM HM B    

xolo misi wona iqneba 𝐹, Sesabamisad, 

,V F   

anu, 

1
,

2
OM HM B F     

2

1 12
12 10 10 1250,

2 64

h

h
  


 

 2 2 2144 625 64 ,h h   

2 40 000
1,368

21
h h


  


m. 

p a s u x i :  ℎ =  1,368 m. 
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4. ZalTa Tavisufali brtyeli sistemebi 
amocana 4.1 

𝐴 saxsris garSemo mbrunav 
erTgvarovan 𝐴𝐵 Reroze 𝐵 
wertilSi TokiT Camokidebulia 
10 n wonis 𝐶 giri. Reros 𝐵 
bolodan gadaWimulia iseTi 
gvarli, romelic 𝐷 blokzea 
gadakidebuli da  20 n wonis 
tvirTs iWers. ipoveT iseTi 𝐵𝐴𝐷 =
𝛼 kuTxis sidide, romlis drosac 

Rero iqneba წonasworobis 
mdgomareobaSi, Tu cnobilia, rom 
𝐴𝐵 = 𝐴𝐷, xolo Reros wonaa 20 n. 
blokze xaxuni ugulebelyaviT. 

a m o x s n a  
gamovsaxoT naxazze mocemuli 

yvela Zala. 𝐵𝐷 gvarlis �⃗�  

დaWimuloba moduliT 𝐺 𝐷 wonis 

tolia; 𝑆  — 𝐴𝐵 ReroSi arsebuli 
Zalvaa. saqme gvaqvs ZalTa 
nebismier brtyel sistemasTan. 𝛼 
kuTxis sapovnelad, sakmarisia 
SevadginoT 𝐴 wertilis mimarT 
momentebis gantoleba:

   
180

cos 180 cos 180 sin 0.
2 2

AB C D

AB
G G AB G AB


 


      

Tu SemoviRebT aRniSvnas 𝛽 ≡ 180° − 𝛼, maSin gantoleba 
gamartivdeba da miiRebs Semdeg saxes 

cos cos 2sin 0,
2


     

da vinaidan 
1 cos

sin
2 2

 
 , amitom  bolo 

gantoleba asec SeiZleba CavweroT 
22cos cos 1,    
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amovxsnaT miRebuli kvadratuli gantoleba  

 

1,2 1 2

1 1 1 1
cos , cos 1, cos , 120 .

4 16 2 2
               

p a s u x i : 120    

 

amocana 4.2 
amwis 𝑙  sigrZis horizontaluri 

koWi   𝐴 boloTi saxsrulad aris 
damagrebuli, xolo meore 𝐵 boloTi 
kedelzea dakidebuli  horizontisadmi 𝛼 
kuTxiT daxrili 𝐵𝐶 Reros saSualebiT. 
koWis gaswvriv moZraoba SeuZlia iseT 𝑃 
tvirTs, romlis mdebareoba 
ganisazRvreba 𝐴 saxsramde cvladi 𝑥 
manZiliT. ipoveT 𝐵𝐶 Reros 𝑇 
daWimulobis damokidebuleba tvirTis 
mdebareobaze. koWis wona ugulebelyaviT. 

a m o x s n a  
gamovsaxoT naxazze moqmedi Zalebi, 

amasTn bmebi SevcvaloT maTi reaqciebiT 

(𝑅𝐴⃗⃗ ⃗⃗  = 𝑋𝐴⃗⃗ ⃗⃗ + 𝑌𝐴⃗⃗  ⃗) da ase ganvTavisufldeT am 
mbmebisgan. SevadginoT 𝐴𝐵 koWis 

წonasworobis gantoleba  ZalTa 
momentebisTvis 𝐴 wertilis mimarT: 

sin 0 .
sin

Px
Px T l T

l



       

p a s u x i :  .
sin

Px
T

l 
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amocana 4.3 

Q wonis mqone a radiusiani 
birTvi da P wonis mqone giri 
dakidebulia TokebiT O wertilSi, 
ise rogorc es naxazzea gamosaxuli. 
manZili OM = b. gansazRvreT OM 
wrfis mier vertikalTan Sedgenili 
𝜑 kuTxe წonasworobis SemTxvevaSi. 

a m o x s n a   
amocanis geometriuli 

parametrebi naxazzea miTiTebuli. 
SevadginoT wonasworobis 

gantoleba ZalTa momentebisTvis O 
wertilis mimarT: 

 sin sin 0.Qb P a b   
 

sin .
a P

b P Q
 


 

p a s u x i :  sin .
a P

b P Q
 


 

 

amocana 4.4 
80 n wonis mqone texil 

𝐴𝐵𝐶 berkets aqvs uZravi 𝐵 
RerZi; mxari 𝐴𝐵 = 0,4 m, mxari 
𝐵𝐶 = 1 m, berketis simZimis 
centri mdebareobs 𝐵𝐷 
vertikaluri wrfidan 0,212 m 

manZilze, 𝐴  da  𝐶 wertilebSi 
mibmulia Tokebi romlebic 
gadakidebulni arian 

𝐸  da  𝐹  blokebze da 
daWimulni arian 𝑃1 = 310 n da 𝑃2 = 100 n wonis mqone 
girebiT. ugulebelyaviT blokebze xaxuni da ipoveT kuTxe 

𝐵𝐶𝐹 = 𝜑 წonasworobis mdgomareobis SemTxvevaSi, Tu 
cnobilia, rom kuTxe 𝐵𝐴𝐸 = 135°. 

 
a m o x s n a  
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gamovsaxoT naxazze amocanis geometriuli 
parametrebi. 

vimsjeloT wina amocanis 
analogiurad da SevadginoT 

წonasworobis gantoleba 
ZalTa momentebisTvis 𝐵 
wertilis mimarT: 

1 2sin45 80 sin 0,T AB a T BC     

310 0,4 0,707 80 0,212
sin

100 1


   
 


 

87,668 16,96
0,707.

100


   

bolo gantolebas aqvs ori amonaxseni: 𝜑1 = 45°; 𝜑2 =

135°. 
p a s u x i :  𝜑1 = 45°;𝜑2 = 135°. 
 

amocana 4.5 
jalambari aRWurvilia 𝑑1 

diametrisa da 𝐴 saketelas mqone 
xrutuna TvaliT, Tvalze uZravad 
mimagrebul 𝑑2 diametris mqone 
doluraze daxveulia gvarli, 
romelzec 𝑄 tvirTia 
Camokidebuli. ipoveT 𝑅 dawola 𝐵 
saketelas RerZze, Tu mocemulia, 
rom:  𝑄 =  50 n,  𝑑2  =  420 mm,  𝑑3  =
 240 mm,  ℎ =  50 mm,  𝑎 =  120  mm. 
saketelas wona ugulebelyaviT. 

a m o x s n a  
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gamovsaxoT naxazze sistemaze moqmedi Zalebi. 

SevadginoT წonasworobis 
gantolebebi ZalTa 
momentebisTvis 𝑂 wertilis 
mimarT: 

2 1 2

1

0 .
2 2

d d Qd
Q X X

d
     

vinaidan 
2 2

cos ,
a

a h
 


 

amitom,  

2 2

2

1

Qd a h
R

d a


 


 

2 250 240 120 50
31

420 120

  
 


n. 

p a s u x i :  
2 2

2

1

31
Qd a h

R
d a


 


n. 

amocana 4.6 
𝑃 wonis erTgvarovani 𝐴𝐵 koWi 

eyrdnoba vertikalur sibrtyeSi 
mdebare or gluv daxril 𝐶𝐷 da 
𝐷𝐸 wrfiv sayrdenebs; pirveli 
sayrdenis daxris kuTxea 𝛼, 
meorisa — 90° − 𝛼. ipoveT 
wonasworobis mdgomareobaSi 
yofnisas koWis horizontisadmi 
daxris 𝜗 kuTxe da TiToeul sayrdenze dawola. 

a m o x s n a  
gamovsaxoT naxazze koWze moqmedi Zalebi. 

SevadginoT წonasworobis gantolebebi 𝑥 da 𝑦 
RerZebze proeqciebSi da 𝐴 wertilis mimarT 
momentebisTvis: 
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cos 0,

sin 0,

cos sin 0
2

A

B

B

N P

N P

AB
P N AB





  


  


  

   


 

SeniSvna: originalSi daSvebulia Secdoma _ aklia 

AB Tanamamravli. 

 

cos ,

sin ,

1
cos cos sin sin cos 0.

2

A

B

B

N P

N P

P N





    


 




     


 

 gantolebaTa bolo sistemis gardaqmniT miviRebT 

 

 

cos sin
2

cos sin sin cos 0,

1
sin cos sin 0,

2

P
P

tg

 

   

   

  

    

    

 

2
2

1
sin

1 2sin2

sin cos sin 2
tg





  




  


 

cos2
2 .

sin 2
ctg





   

 

p a s u x i :  

cos ; sin ; 2 , 90 2 ,A BN P N P tg ctg              

                      roca, 45 .   
 

amocana 4.7 
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600 n wonis da 4 m sigrZis 
erTgvarovani koWi erTi boloTi 
eyrdnoba gluv iataks, xolo 
Sualeduri 𝐵 wertiliT –- 3 m 
simaRlis boZs ise, rom vertikalTan 
30° kuTxes adgens. aseT mdgomareobaSi 
koWs iWers 𝐴𝐶 Toki, romelic iatakis 
gaswvri aris gaWimuli. ugulebelyaviT 

xaxuni da ipoveT Tokis 𝑇 დaWimuloba 
da agreTve boZis da iatakis 𝑅𝐵 da 𝑅𝑐 
reaqciebi. 

a m o x s n a  
gamovsaxoT naxazze koWze 

moqmedi Zalebi da agreTve 
reaqciebi. 

SevniSnoT,rom 𝐵𝐶 = 𝐴𝐵/𝑐𝑜𝑠30° 
ZalTa miRebuli brtyeli 

sistemisaTvis SevadginoT 

წonasworobis gantolebebi 𝑥 da 𝑦 
RerZebze proeqciebSi da 𝐶 
wertilis mimarT momentebisTvis): 

cos30 0,

cos60 0,

cos60 0.
cos30 2

B

B C

B

T R

R G R

AB BC
R G


  


  

  


 

Tu am sistemas amovxsniT, miviRebT: 

cos60 cos30 600 4 0,5 0,866
172,2

2 2 3
B

G BC
R

AB

     
  


n; 

cos60 600 173,2 0,5 513,4C BR G R      n; 

cos30 173,2 0,866 149,99BT R    n. 

p a s u x i :  149,99T  n; 172,2BR  n; 513,4CR  n. 

 

amocana 4.8 
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200 n wonis erTgvarovani AB koWi 

horizontalur iataks eyrdnoba B wertilSi 
60°-iani kuTxiT da kidev mas damatebiT 
amagrebs ori 𝐶 d a  𝐷 sayrdeni.  gansazRvreT 
sayrdenebis reaqciebi B, C   da D wertilebSi, 
Tu AB = 3 m, CB = 0,5 m, BD = 1 m. 

 
a m o x s n a  
gamovsaxoT naxazze mocemuli 

wona, agreTve bmebis reaqciebi da 

SevadginoT წonasworobis sami 
gantoleba (𝑥 da 𝑦 RerZebze 
proeqciebSi da 𝐵 wertilis 
mimarT momentebisTvis): 

cos30 cos30

cos60 cos60 0,

cos60 0.
2

C D

B AB D C

C AB D

R R

R G R R

AB
R BC G R BD





   


     


 

sistemis pirveli gantolebidan gamomdinareobs, rom 

C DR R ,  amitom meore gantolebidan miviRebT Semdegs:  

200B ABR G  n, 

xolo mesamedan — 

1 150
0,5 200 1,5

2 0,5
C CR R     n. 

p a s u x i :  300C DR R  n, 200BR  n. 
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amocana 4.9 

𝑃 = 100 n wonis erTgvarovani 𝐴𝐵 
fila Tavisuflad eyrdnoba 𝐴 
wertilSi da horizontisadmi 45° 
kuTxes inarCunebs 𝐵𝐶 da 𝐵𝐷 
Reroebis saSualebiT. 𝐵𝐶𝐷 — 
tolgverda samkuTxedia. 𝐶 da 𝐷 
wertilebi vertikalur 𝐶𝐷 wrfeze 
mdebaroben. ugulebelyaviT 
Reroebis wonebi, CaTvaleT, rom 
damagrebebi 𝐵, 𝐶 da 𝐷 wertilebSi saxsrulia da 
gansazRvreT 𝐴 sayrdenis reaqcia da Zalvebi ReroebSi. 

 
a m o x s n a  
gamovsaxoT naxazze moqmedi Zalebi da reaqciebi. 

SevadginoT წonasworobis gantolebebi (Zalebis 𝑥 da 𝑦 
RerZebze proeqciebisTvis da 𝐵 wertilis mimarT 
momentebisTvis): 

cos 45 cos30 30 0,

cos 45 cos60 cos60 ,

cos 45 0.
2

A C D

A C D

A

R S S

P R S S

AB
P R AB


   

   

   


 

sistemis mesame 
gantolebidan gamovTvliT: 

100 0,707
35,4

2
AR


  n. 

Tu sistemis pirvel or 
gantolebas SevkrebT, miviRebT: 

 

 

cos30 cos60

cos30 cos60 0,

C

D

P S

S
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 cos30 cos60
.

cos30 cos60

D

C

P S
S

 



 

CavsvaT CS -s es mniSvneloba sistemis pirvel gantolebaSi: 

 cos30 cos60
cos45 cos30 cos30 0.

cos30 cos60

D

A D

P S
R S

 
   


 

vipovoT DS : 

 cos45 cos30 cos60 cos30
60,6

2cos30 cos60

A

D

R P
S

 
   n. 

 100 60,6 0,866 0,5 100 60,6 0,366
89,5

0,866 0,5 1,366
CS

    
  



n. 

p a s ux i :   35,4AR  n; 89,5CS  n; 60,6DS   n; 

amocana 4.10 
100  n wonis erTgvarovani 

𝐴𝐵 Rero erTi boloTi 
eyrdnoba gluv 
horizontalur iataks, xolo 
meoreTi — horizontisadmi 
30° kuTxiT daxril gluv 
sibrtyes. 𝐵 boloze Reros 
amagrebs iseTi Toki, romelic 
gadakidebulia 𝐶 blokze da 
romelzec Camokidebulia 𝑃 tvirTi; 𝐵𝐶 Tokis erTi nawili 
daxrili sibrtyis paraleluria. gansazRvreT 𝑃 tvirTis 
sidide, agreTve iatakze da daxril sibrtyeze 𝑁𝐴 da 𝑁𝐵 
dawolebi. 

a m o x s n a  
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gamovsaxoT naxazze 
moqmedi Zalebi da 
reaqciebi. 

SevadginoT Reros 

წonasworobis gantolebebi 
(Zalebis 𝑥 da 𝑦 RerZebze 
proeqciebisTvis da 𝐵 
wertilis mimarT 
momentebis-aTvis), imis 
gaTvaliswinebiT, rom 𝑇 =
 𝑃, miviRebT: 

 

cos30 sin30 0,

sin30 cos30 0,

/ 2 cos cos 0.

B

B AB

AB A

P N

P N G

G AB N AB 

  


  


 

 

 

sistemis mesame gantlebidan gamovTvliT 

50
2

AB
A

G
N   n. 

Tu sistemis pirvel da meore gantolebas 
erTdroulad amovxsniT, miviRebT  

cos30
c 30 3,

sin30
B

P
N P tg P     

sin30 3cos30 0,A A ABP N N G     

100 50 50
25

0,5 1,5 2sin30 3cos30

AB AG N
P

 
   


n. 

25 3 43,3BN    n 

pasuxi : 25P  n; 50AN  n; 43,3BN  n. 

 

amocana 4.11 
 xidis awyobisas mouwiaT xidis fermis 𝐴𝐵𝐶 nawilis 

sami bagiris saSualebiT aweva ise, rogorc es naxazzea 
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gamosaxuli. fermis am nawilis wonaa 42 kn, misi simZimis 
centri 𝐷 wertilSia moTavsebuli. manZilebi Sesabamisad 
aris   𝐴𝐷 =  4 m, 𝐷𝐵 =  2, 𝐵𝐹 =  1 m. ipoveT bagirebis 

დaWimuloba, Tu 𝐴𝐶 wrfe horizontaluria. 
 

 

 

 

 

 

 

 

a m o x s n a  
gamovsaxoT naxazze moqmedi Zalebi da bmebis 

reaqciebi. 
 

 

 

 

 

 

 
 

SevadginoT წonasworobis gantolebebi (Zalebis 𝑥 da 
𝑦 RerZebze proeqciebisTvis da 𝐸 wertilis mimarT 
momentebisTvis): 

cos60 cos45 0,

cos30 cos45 3 0,

7 3 0.

B C

A B C AB

A AB

T T

T T T G

T G

  


    
    


 

Tu sistemas amovxsniT, miviRebT 

18AT  kn; 17,57BT  kn; 12,43CT  kn. 

p a s u x i : 18AT  kn; 17,57BT  kn; 12,43CT  kn. 

 
amocana 4.12 
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erTdaxriliani saxuravis 
nivniva Sedgeba  𝐴𝐵 Zelisagan, 
romelic zeda B𝐵 boloTi 
Tavisuflad devs gluv 
sayrdenze, xolo qveda 𝐴 boloTi 
Tavisuflad aris miyrdnobili 
kedelze. saxuravis daxra 𝑡𝑔𝑎 =
 0,5; 𝐴𝐵 Zelze moqmedebs Zelis 
centrze modebuli  9 kn toli 
vertikaluri datvirTva. 
gansazRvreT 𝐴 da 𝐵 sayrdenebis 
reaqciebi 

a m o x s n a  
gamovsaxoT naxazze moqmedi 

Zala da bmebis reaqciebi. 
SevniSnoT, rom Tu 𝑡𝑔𝛼 = 0,5, 

maSin 

 

 

2

2

1
cos 0,89,

1 0,5

1
sin 0,45.

1 0,89





 


 


 

SevadginoT Zelis 

წonasworobis gantolebebi ZalTa 
𝑥 da 𝑦 RerZebze proeqciebisTvis da ZalTa momentebisTvis 
𝐴 wertilis mimarT): 

 

sin 0,

cos 0,

/ 2 cos 0.

A B

A B

B

X R

Y G R

G AB R AB







  


  

  

 

1 1
cos 9 0,89 4,02

2 2
BR G      kn; 

sin 4,02 0,45 1,8A BX R     kn; 

9 cos 9 4,02 0,89 5,4B BX R       kn. 
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p a s u x i :  𝑋 𝐴 = 1,8 kn;  𝑌𝐴  =  5,4 kn; 𝑅𝐵 =  4,02 kn. 
amocana 4.13 

gluv kedelze horizontisadmi 45° 
kuTxiT miyrdnobilia erTgvarovani 𝐴𝐵 
kibe; kibis wonaa 200  n. kibis qveda 
bolodan kibis sigrZis 1/3 manZiliT 
daSorebul 𝐷 wertilSi dgas 600   n 
wonis adamiani. ipoveT kibis dawola 𝐴 
sayrdenze da kedelze. 

a m o x s n a  
SevcvaloT bmebi maTi reaqciebiT 

da ase ganvTavisufldeT am bmebisagan da davweroT 
wonasworobis gantolebebi (𝑥 da 𝑦 RerZebze 
proeqciebisTvis da 𝐴 wertilis mimarT momentebisaTvis): 

0,

0,

1 1
cos 45 cos 45 cos 45 0.

3 2

A B

B

B

X X

Y P G

P AB G AB X AB


  


  

   


 

sistemis amoxsniT miviRebT 

600 200 800BY P G     n, 

1 1 1 1
600 200 300

3 2 3 2
BX P G       n 

 

 

 

p a s u x i :  𝑋𝐴  =  𝑋𝐵  = 300  n; 𝑌𝐵  =  800 n; 
 

 

 

 

 

 
amocana 4.14 
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 6 m sigrZis da 2,4     kn wonis 

erTgvarovan asawev kibeze, romelsac 
SeuZlia brunva 𝐴 RerZis garSemo da 
horizontisadmi daxrilia 60° kuTxiT, 𝐵 
bolodan 2 m-iT daSorebul 𝐷 wertilSi 
dgas 0,8  kn wonis adamiani. 𝐵 boloSi 
kibes amagrebs horizontisadmi 75° 
gradusi kuTxiT daxrili 𝐵𝐶 Toki. 

gansazRvreT Tokis 𝑇 დaWimuloba da 𝐴 
RerZis reaqcia. 

a m o x s n a  

წonasworobis obieqti — kibe. 
gamovsaxoT naxazze kibeze 
modebuli mocemuli Zalebi, 
agreTve bmebis reaqciebi da 

SevadginoT წonasworobis 
gantolebebi nebismierad 
ganlagebuli ZalTa brtyeli 
sistemisaTvis (𝑥 da 𝑦  RerZebze 
proeqciebSi da 𝐴 wertilis mimarT 
momentebisTvis): 

 

 

 

cos75 0,

cos15 0,

/ 2 cos60 cos60

cos15 cos60

cos75 sin 60 0.

A

A

X T

Y P G T

G AB P AD

T AB

T AB

  


   

     

   
   

 

maSin, 

 

cos60 cos60
5,22 3,35
1,55cos15 cos60 cos75 sin60

AB
G P AD

T
AB

  
  

  
kn; 
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cos75 3,35 0,2588 0,867AX T    kn; 

cos15 2,4 0,8 3,35 0,966 0,036AY G P T         kn. 

p a s u x i :  𝑇 =  3,35  kn;  𝑋𝐴  =  0,867  kn; 𝑌𝐴  =  −0,036  kn. 
 

amocana 4.15 
𝑃 = 100  n wonis erTgvarovani 

𝐴𝐵 koWi kedelze 𝐴 saxsariT aris 
mimagrebuli da horizontisadmi 
45° kuTxiT aris daWerili iseTi 
gvarlis saSualebiT, romelic 
blokzea gadakidebuli da 
romelzec Camokidebulia 𝐺 
tvirTi. gvarlis 𝐵𝐶 ganStoeba 
vertikalTan 30° kuTxes adgens. 𝐷 
wertilSi koWze Camokidebulia 
200  n wonis 𝑄 tvirTi. 
ugulebelyaviT xaxuni blokze da 
ipoveT 𝐺 tvirTis wona da 𝐴 
saxsris reaqcia, Tu 𝐵𝐷 =  𝐴 𝐵/4. 

a m o x s n a  
gamovsaxoT naxazze amocanis pirobaSi mocemuli 

sidideebi. 

SevadginoT წonasworobis gantolebebi (Zalebis 𝑥 da 
𝑦 RerZebze proeqciebisTvis da ZalTa momentebisTvis 𝐴 
wertilis mimarT): 

 

cos60 0,

cos30 0,

/ 2 cos 45 cos 45

cos30 cos 45 cos60 cos 45 0.

A

A

X G

Y Q G P

P AB Q AD

G AB G AB
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amovxsnaT miRebuli sistema: 

   

cos45 cos45
2 2

cos30 cos45 cos60 cos45 cos30 cos60

AB AB
Q AB P Q AB P

G
AB AB

   
  

 
 

 

3
200 100

2004 2 146,7
0,866 0,5 1.366

AB
AB

AB

 
  


n, 

cos60 146,7 0,5 73,35AX G    n,  

cos30 300 146 0,866 173AY Q P G       n. 

 

p a s u x i :  𝐺 = 146,7 n;  𝑋 𝐴 =  73,35 n;  𝑌𝐴 =  173 n. 
amocana 4.16 

Slupi(samaSvelo navi gemze) kidia or 
SlupkoWze(Slupis Sesanaxi da wyalSi 
CasaSvebi mowyobiloba), amasTan Slupis 
wona, romelic 9,6 is kn-is tolia, Tanabrad 
aris ganawilebuli SlupkoWebze. 𝐴𝐵𝐶 
SlupkoWi qveda naxevarsferosebri boloTi 
eyrdnoba 𝐴 saqusles da saqusledan 1,8 m 
simaRleze Tavisuflad aris gayrili 𝐵 
sakisarSi; SlupkoWis Sverilia 2,4 m. 
ugulebelyaviT SlupkoWis wona da gansazRvreT misi 
dawola 𝐴 da 𝐵 sayrdenebze. 
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a m o x s n a  
gamovsaxoT naxazze moqmedi Zalebi da 

reaqciebi. 

SevadginoT წonasworobis gantolebebi 
(RerZebze proeqciebSi da 𝐴 wertilis mimarT 
momentebisTvis): 

 

 

0,

/ 2 0,

1,8 / 2 2,4 0

A B

A

B

X X

Y G

X G

  


 


   

 

amovxsnaT sistema: 

4,8AY  kn 

2,4
6,4

2 1,8
B

G
X


 


kn 

6,4A BX X  kn 

p a s u x i :  𝑋𝐴 =  6,4 kn;  𝑌𝐴  =  4,8 kn;  𝑋𝐵  =  6,4 kn. 
 

amocana 4.17 
𝐴𝐵𝐶  samsxmelo amwes (gamoiyeneba 

metalurgiaSi) aqvs brunvis vertikaluri 
𝑀𝑁 RerZi. manZilebi: 𝑀𝑁 = 5 m, 𝐴𝐶 = 5 m. 
amwis wonaa 20 kn, xolo misi 𝐷 simZimis 
centri mdebareobs brunvis RerZidan 2 m 
manZilze; 𝐶 wertilSi Camokidebuli 
tvirTis wonaa 30  kn. ipoveT 𝑀 sakisris 
da 𝑁 saquslis reaqciebi. 

a m o x s n a  
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gamovsaxoT naxazze moqmedi Zalebi 
da reaqciebi. 

SevadginoT წonasworobis 
gantolebebi (Zalebis 𝑥 da 𝑦 RerZebze 
proeqciebisTvis da 𝑁 wertilis mimarT 
momentebisTvis): 

0,

0,

2 5 5 0.

N M

N

M

X X

Y G P

G P X

 


  
      

 

Tu am sistemas amovxsniT, miviRebT 

50NY G P    kn, 

   
1 1

2 5 40 50 18
5 5

MX G P        kn, 

SeniSvna. Secdoma originalSi. 18-is nacvlad weria 38.  

18N MX X   kn. 

p a s u x i :  𝑋𝑀 =  18  kn;  𝑋𝑁 = 18 kn;  𝑌𝑁  =  50 kn. 

amocana 4.18 
maRaros amwes, romelic 𝑃 =

 40 kn tvirTs maRla eweva, gaaCnia 𝐴 
saqusle da 𝐵 wertilSi eyrdnoba 
iseT gluv cilindrul zedapirs, 
romlis 𝐴𝑦 RerZi vertikaluria. 
kudis sigrZe  𝐴𝐵 =  2 m amwis 
Sverili  𝐷𝐸 =  5  m. amwis wona 
20  kn-is tolia da modebulia iseT 𝐶 
wertilSi, romelic 𝐴𝑦 
vertikalidan 2 m-iT aris 
daSorebuli. ipoveT 𝐴 da 𝐵 
sayrdenebis reaqciebi. 
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a m o x s n a  
gamovsaxoT naxazze 

moqmedi Zalebi da reaqciebi. 

SevadginoT წonasworobis 
gantolebebi 𝑥 da 𝑦 RerZebze 
proeqciebSi da 𝐴 wertilis 
mimarT momentebisTvis):  

0,

0,

2 2 5 0.

A B

A

B

X X

Y P G

X G P

 


  
      

 

Sesabamisad, 
2 5 40 5 20 2

120
2 2

B

G P
X

     
   n, 

60AY P G   n, 

120A BX X  n. 

p a s u x i :   𝑋𝐴 =  120 n;  𝑋𝐵 = 120 n;  𝑌𝐴  =  60 n. 
 

amocana 4.19 
 

simZimeebis asawevi amwe Sedgeba iseTi 𝐴𝐵 koWisgan, 
romlis qveda bolo 𝐴 saxsariT aris mierTebuli 
kedelTan, xolo zeda bolos amagrebs 𝐵𝐶 trosi. ipoveT 

𝐵𝐶 trosis 𝑇 დaWimuloba   da 𝐴 
sayrdenze dawola, Tu cnobilia, 
rom tvirTis wonaa 𝑃 = 2 kn,  𝐴𝐵 
koWis wonaa 1 kn da modebulia 
koWis centrSi, kuTxe 𝛼 =  45°. 

 a m o x s n a  
gamovsaxoT naxazze bmebis 

reaqciebi. SevadginoT 𝐴𝐵 koWis 

წonasworobis gantolebebi 
(Zalebis 𝑥 da 𝑦 RerZebze 
proeqciebisTvis da 𝐴 wertilis mimarT momentebisTvis): 
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0,

0,

cos 45 / 2 cos 45

cos 45 0.

A

A

X T

Y G P

P AB G AB

T AB

 


  

   
  

 

Sesabamisad, 

3AY G P    

2 0,5 2,5
2

G
T P      

2,5AX T   

p a s u x i :  𝑋𝐴  =  2,5  kn;  𝑌𝐴  =  3 
kn;  𝑇 =  2,5 kn. 

 
amocana 4.20 

amwes gaaCnia saxsrebi 
𝐴, 𝐵  da 𝐷 wertilebSi, 
amasTan, 𝐴𝐵 =  𝐴𝐷 =  𝐵𝐷 =  8 m. 
amwis fermis simZimis 𝐶 
centri mdebareobs 𝐴 
wertilSi gamavali 
vertikalidan 5 m manZilze, 
amwis Sverili  aTvlili 𝐴 
wertilidan  aris 15 m. asawevi tvirTis wonaa 200 kn; 

fermis wonaa 𝑃 = 120 kn.  იpoveT sayrdenebis reaqciebi da 

𝐵𝐷 Reros დaWimuloba, amwis miTiTebuli mdgomareobis 
SemTxvevaSi. 

a m o x s n a  
gamovsaxoT naxazze moqmedi Zalebi da reaqciebi. 
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SevadginoT fermis წonasworobis gantolebebi 𝑥 da 𝑦 
RerZebze proeqciebSi da ZalTa 
momentebisTvis 𝐴 wertilis 
mimarT): 

cos60 0,

cos30 0,

5 15 cos30 0.

A

A

X T

Y P G T

P G T AB

  


   

      

 

m a S i n ,   

5 15 120 5 200 15
520

cos30 8 0,866

P G
T

AB

     
  


kn 

1
cos60 520 260

2
AX T     kn 

320 520 0,866 770AY     kn 

p a s u x i :  𝑋𝐴  = 260  kn;  𝑌𝐴 =  770 kn;  𝑇 = 520 kn. 

 

amocana 4.21 
simetriuli nivniviani 𝐴𝐵𝐶 

ferma erTi boloTi 
damagrebulia saxsrulad 𝐴 
wertilSi, xolo meore 𝐵 
boloTi sagoravebiT eyrdnoba 
gluv horizontalur sibrtyes. 
fermis wonaa 100 kn. 𝐴𝐶 gverdze 
misdami marTobulad 
moqmedebs qaris Tanabrad ganawilebuli dawola; qaris 
dawolis Zalebis tolqmedi tolia 8 kn, sigrZe 𝐴𝐵 =  6 m. 

kuTxe 𝐶𝐴𝐵 =  30°. იpoveT 
sayrdenebis reaqciebi. 

a m o x s n a  
naxazze gamovsaxoT moqmedi 

Zalebi da reaqciebi. 
SevadginoT fermis 

წonasworobis gantolebebi 
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(Zalebis 𝑥 da 𝑦 RerZebze proeqciebisTvis da 𝐴 wertilis 
mimarT momentebisTvis): 

cos60 0,

cos30 0,

0.
2 4cos30

A

A B

B

X Q

Y R P Q

AB AB
P R AB Q


  


   

    


 

Sesabamisad, 

cos60 4AX Q    kn, 

2
50 52,6

2 4cos30 0,886
B

P Q
R      kn, 

cos30 100 8 0,886 52,3 54,6A BY P Q R        kn, 

2
50 52,3

2 4cos30 0,886
B

P QAB
R      kn. 

 

 
p a s u x i :   𝑋 𝐴 = −4 kn;  𝑌𝐴 = 54,6 kn; 𝑅𝐵  = 52,3  kn. 
 

amocana 4.22 
TaRovan fermas 𝐴 

wertilSi aqvs 
sayrdeni saxsari, xolo 
𝐵 wertilSi — iseTi 
moZravi gluvi 
sayrdeni, romlis 
sibrtye 
horizontisadmi 30°-iT 
aris daxrlili. mali 
𝐴𝐵 =  20  m. TovliT dafaruli fermis wonaa 100 kn, xolo 
misi simZimis centri moTavsebulia 𝐴𝐵 malis Suawertilis 
zemoT mdebare 𝐶 wertilSi. qaris dawolis tolqmedi 𝐹 
Zala  20 kn-is tolia, mimarTulia 𝐴𝐵-s paralelurad da 
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misi moqmedebis wrfe 4 m-iT zeviTaa 𝐴𝐵 wrfidan. იpoveT 
sayrdenebis reaqciebi. 

a m o x s n a  
gamovsaxoT naxazze moqmedi Zalebi da reaqciebi. 
 

SevadginoT fermis წonasworobis gantolebebi (𝑥 da 𝑦 

RerZebze proeqciebSi da ZalTa momentebisTvis 𝐵 

wertilis mimarT): 

cos60 0,

cos30 0,

10 20 4 0.

A B

B A

A

X R F

R P Y

P Y F

   


  
      


 

Sesabamisad,  

   
1 1

10 4 1000 80 46
20 20

AY P F       kn, 

100 46
62,4

cos30 0,866

A
B

P Y
R

 
   kn, 

1
cos60 20 62,4 11,2

2
A BX R F        kn. 

p a s u x i :   𝑋𝐴 = 11,2  kn;  𝑅𝐵  =  62,4  kn;  𝑌𝐴  =  46 kn. 
 

amocana 4.23 
 𝐴𝐵𝐶𝐷 ferma 𝐷 wertilSi eyrdnoba sagoravebs, xolo 

𝐴 da 𝐵 wertilebSi mas akaveben iseTi 𝐴𝐸 da 𝐵𝐹 
Reroebi, romlebic saxsrulad arian damagrebuli 𝐸 da 
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𝐹 wertilebSi. fermis iribanebi da 𝐸𝐹 wrfe 
horizontisadmi daxrilia 45°°kuTxiT; panelis sigrZe — 
𝐵𝐶 =  3 m. 𝐴𝐸 da 𝐵𝐹 Reroebi erTnairi sigrZisaa; 

manZilebi 𝐸𝐹 =  3√2  m, 𝐴𝐻 = 2,25√2  m. fermisa da tvirTis 
wonaa 75 kn da mimarTulia 𝐶𝐺 wrfis gaswvriv. ipoveT 
sagoravebis reaqcia 𝑅𝐷. 

 
 

 

 
 

 

 
 

 

 

 
 

 

 

a m o x s n a  
geometriuli mosazrebebidan gamomdinare (ix. naxazi) 

vipoviT:  
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2 2
3 ;

2 2
AB BL BC      

 
1 1 3 2 3 2

3 2 0,75 2;
2 2 4 4

EH EF AB
 

        
 

 

0,75 2 1
;

32,25 2

EH
tg

AH
     

2

1 1 3
cos ;

1 101
1

9

tg



  




 

      
2 9 1

sin 1 cos 1 ;
10 10

       

  
3 2 10 3 5

.
sin 2 2 2

AB
BK


     

 

gamovTvaloT: 

   
3 5

sin 45 sin 45 cos cos45 sin
2

x BK         

3 5 2 3 1 3
1,5.

2 2 210 10

 
     

 
 

SevadginoT წonasworobis gantolebabi ZalTa 
momentebisTvis 𝐾 wertilis mimarT: 

   
1,5 75 1,5

9 0 15
7,5 7,5

D D

G
G BC x R x R

 
          

kn. 

p a s u x i :  𝑅𝐷 = 15 kn.  
 
 

amocana 4.24 
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wylis wneva kaSxlis mcire 
farTze udris wylis iseTi 
svetis wonas, romlis fuZis 
farTobi aRniSnuli farTis 
farTobis tolia, xolo simaRle 
am farTsa da wylis Tavisufal 
zedapirs Soris manZils udris 
(anu wneva am manZilis 
proporciulad izrdeba). 
gansazRvreT kaSxlis sisqe 
fuZesTan or SemTxvevaSi: 

1)  roca kaSxlis ganivi 
kveTa marTkuTxedia; 

2) roca es kveTa 
samkuTxedia. 

kaSxali gaTvlili unda iyos 
ise, rom is ar gadayiravdes 𝐵 
wibos garSemo wylis wneviT da 
misi mdgradobis koeficienti 
unda iyos 2-is toli. (mdgradobis 
koeficienti ewodeba masivis 
wonis Sefardebas 
gadamyiravebeli Zalis 
momentTan). kaSxlis ℎ simaRle 
wylis siRrmes emTxveva da 5 m-is tolia. wylis kuTri 

wonaa 𝛾 = 10 kn / m 3
 xolo kaSxlis kuTri wonaa 𝛾1 = 10 kn

/ m 3
. kiloniutonebSi gamosaxuli wylis wneva kaSxlis 1 

m sigrZisa da 𝑑𝑦 simaRlis farTze tolia 𝛾 (ℎ − 𝑦)𝑑𝑦, 
sadac 𝑦 — metrebSi gamosaxuli aRniSnuli farTis 
daSorebaa fskeridan. am wnevis momenti 𝐵 wertilis 
mimarT aris 𝛾 (ℎ − 𝑦)𝑦𝑑𝑦. gadamyiravebeli momenti tolia 

∫ 𝛾 (ℎ − 𝑦)𝑦𝑑𝑦
ℎ

0
 

a m o x s n a  
gamovsaxoT naxazze kaSxalze moqmedi Zalebi. 
vTqvaT 𝑙 kaSxlis sisqea. maSin wylis dawolis momenti 

𝐵 werilis mimarT iqneba  

BM M l   



 

 

182 
 

sadac,  , .M dM dM h y ydy     

 Sesabamisad, 

 
3 3

0

.
6 6

h

B

h h l
M h y ydy M

 



      

pirveli SemTxvevisTvis (marTkuTxa kveTa) SevadginoT 

momenti  1B  wertilis mimarT: 

2

1 1 1 .
2 2 2

B

a a a hl
M G ahl     

meore SemTxvevisTvis (samkuTxa kveTa) SevadginoT momenti  

2B wertilis mimarT: 

2

2 1 1

2 1 2

3 2 3 3
B

b hl
M G b bhl b        

vinaidan mdgradobis koeficienti 2-is tolia, amitom  

2, 1,2.Bi

B

M
i

M
    

amrigad pirveli SemTxvevisTvis SegviZlia davweroT 

2 3

1

1

2 2 10
2 5 2,75

2 6 3 3 22

a hl h l
a h

 





     


 m, 

meore SemTxvevisTvis SegviZlia davweroT 

2 3

1

1

10
2 5 3,37

3 6 22

b hl h l
b h

 



     m. 

 

p a s u x i :  2,75a   m, 3,37b   m. 

 

 

 

 

 



 
 

183 
 

amocana 4.25 
gansazrvreT erTi 

Cawertebuli ZaliTa 
da wyvilZaliT 
datvirTuli koWis 𝐴 
da 𝐵 sayrdenebis 
reaqciebi. 
datvirTva da zomebi 
naxazzea naCvenebi. 

a m o x s n a  
SevadginoT koWis 

წonasworobis gantolebebi 
(𝑥 da 𝑦 RerZebze 
proeqciebSi da 𝐵 
wertilis mimarT 
momentebisTvis), amasTan, 4 
kn Zala davSaloT or 

mdgenelad: 4cos60  kn, 

4cos30  kn (ix. naxazi). 

4cos60 0,

4cos30 0,

6 3 4cos30 5 0.

A

A B

B

X

Y R

R

  


  

     

 

sistemis pirveli da mesame gantolebidan vipoviT: 

1
4 2

2
AX     kn, 

 
1

6 20 0,866 7,78
3

BR      kn, 

xolo meore gantolebidan — 

4cos30 4 0,866 7,78 4,32A BY R         kn. 

 

p a s u x i :   𝑋𝐴 = 2  kn;  𝑅𝐵  =  7,78 kn;  𝑌𝐴 = −4,32 kn. 
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amocana 4.26 
  gansazRvreT im koWis 𝐴 da 𝐵 sayrdenebis reaqciebi, 

romelzec moqmedebs ori Cawertebuli Zala da Tanabrad 
ganawilebuli datvirTva. koWis, datvirTvis intensivoba, 
Zalebis sidideebi da zomebi naCvenebia naxazze.  

a m o x s n a  
Tanabrad ganawilebuli 

datvirTva SevcvaloT 
tolqmediT, romelic tolia 
𝑄 = 𝑞 ∙  2 =  3 ∙ 2 = 6  n da 
modebulia Sesabamisi 
marTkuTxedis simZimis 
centrSi. varinionis Teoremis 
mixedviT 6 kn Zala  davSaloT 
or mdgenelad: 6𝑐𝑜𝑠45°     kn da 6𝑠𝑖𝑛45° kn (ix. naxazi). 

SevadginoT წonasworobis gantolebebi (𝑥 da 𝑦 
RerZebze proeqciebSi da 𝐴 wertilis mimarT 
momentebisTvis): 

8 6sin 45 0,

6cos45 0,

6sin 45 2 8 3 5 4 0.

B A

A

B

R X Q

Y

Q R

     


 


       

 

sistemis meore gantolebidan — 

6cos45 4,242AY   kn,  

mesamedan— 

 
1

12 0,707 24 30 15,6
4

BR       kn, 

pirvelidan— 

8 6sin45 6 8 6 0,707 15,6 2,62A BX R Q         

kn. p a s u x i :   𝑋𝐴  = 2,62  kn;  𝑌𝐴 =  4,242 kn;  𝑅𝐵 = 15,6 kn. 
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amocana 4.27 
ipoveT naxazze 

gamosaxuli Cawertebuli 
ZaliT da wyvilZaliT 
datvirTuli konsoluri 
koWis Camagrebis reaqciebi. 

a m o x s n a  
gamovsaxoT naazze 

moqmedi Zalebi da datvirTva.  
koWi Camagrebulia kedelSi, 

e.i. 𝐴 CamagrebaSi arsebobs 
bmebis reaqciebis sami 
Semadgeneli: 𝑋𝐴,  𝑌𝐴 , 𝑀(Camagrebis 
momenti, romlis 
mimarTulebasac nebismierad 
virCevT). 

SevadginoT წonasworobis gantolebebi (𝑥 da 𝑦 
RerZebze proeqciebSi da ZalTa momentebisTvis 𝐴 
wertilis mimarT): 

2cos60 0,

2cos30 0,

3 2cos30 0.

A

A

X

Y

M

  


 

   

 

 

 

Sesabamisad, 

2cos60 1AX   kn, 

2cos30 1,73AY   kn, 

3 4 0,866 0,47M     kn  m. 
p a s u x i :  𝑋𝐴 = 1  kn;  𝑌𝐴  = 1,73  kn;  𝑀 = 0,47 kn. 
 

amocana 4.28 



 

 

186 
 

ipoveT naxazze 
gamosaxuli Tanabrad 
ganawilebuli datvirTviT, 
Cawertebuli ZaliT da 
wyvilZaliT datvirTuli 
konsoluri koWis Camagrebis 
reaqciebi.  

 
a m o x s n a   
gamovsaxoT naxazze moqmedi Zalebi da datvirTva. 
AMamovxsnaTDamocana wina 

amocanis analogiurad – 
SevcvaloT Tanabrad 
ganawilebuli datvirTva 
eqvivalenturi 𝑄 ZaliT: 

4cos45 0,

4cos45 0,

15 2 4 cos45 5 0.

A

A

X

Y Q

M Q

  


  

       

 

4 0,707 2,828AX     kn 

4sin45 4,5 4 0,707 4,5 2,828 1,67AY Q         kn 

20 0,707 2 4,5 1,5 14,4 2 6,67 5,35M            kn  m 

p a s u x i :  𝑋𝐴  = 2,828 kn;  𝑌𝐴  = 1,67 kn;  𝑀 =  −5,35 kn. 
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amocana 4.29 
ipoveT naxazze gamosaxuli 

Tanabrad ganawilebuli 
datvirTviT, Cawertebuli ZaliT 
da ori wyvilZaliT datvirTuli 
konsoluri koWis Camagrebis 
reaqciebi 

 
a m o x s n a :  
 
amovxsnaT es 

amocana 4.27 da 4.28 
amocanebis 
analogiurad:  

4cos 45 0,

4cos 45 0,

4 cos 45 4 3

8,5 2 0.

A

A

X Q

Y

M

Q

   


 

     
   

 

16 0,707 1 9 8,5 11,312 1 76,5 87M          kn  m, 

9 4 0,707 11,8AX     kn, 

4cos45 2,828AY     kn. 

p a s u x i :  𝑋𝐴  =  11,8 kn;  𝑌𝐴  =  −2,828 kn; 𝑀 =  87 kn. 
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amocana 4.30 
gansazRvreT naxazze gamosaxuli 

iseTi konsoluri koWis Camagrebis 
reaqciebi, romelic datvirTulia 
wyvilZaliT da samkuTxedis wesiT 
ganawilebuli DdatvirTviT. 

a m o x s n a  
wrfivad ganawilebuli datvirTva 

SevcvvaloT tolqmediT, romelic 
sididiT tolia marTkuTxa samkuTxedis 
farTobisa (ix. naxazi) — 𝑄 = 12 ∙ 𝑞/2 =

 9  kn da modebulia am samkuTxedis 
simZimis centrSi, anu samkuTxedis 
simaRleze mdebare wertilSi, romelic fuZidan 

daSorebulia 
12

4
3
  m manZiliT. 

SevadginoT წonasworobis 
gantolebebi (𝑥 da 𝑦 RerZebze 
proeqciebSi da 𝐴 wertilis 
mimarT momentebisTvis): 

 

0,

0,

4 4 0.

A

A

X Q

Y

M Q

 



    

 

Sesabamisad, 

9AX Q     kn, 

4 4 36 4 40M Q         kn  m. 
 

p a s u x i :  𝑋𝐴  = −9 kn; 𝑌𝐴  =  0; 𝑀 =  −40 kn  m. 
 

amocana 4.31 
gansazRvreT nazazze gamosaxuli iseTi konsoluri 

koWis Camagrebis reaqciebi, romelic datvirTulia 
Cawertebuli ZaliT, wyvilZaliT da samkuTxedisa da 
trapeciis wesiT ganawilebuli datvirTviT. 
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a m o x s n a  
davSaloT figura, romelic wrfivad ganawilebul 

datvirTvas zidavs, or samkuTxedad da erT 
marTkuTxedad(ix. naxazi) da vipovoT: 

1

1
2 4,5 9

2
Q q    kn, 

2

1
3 3

2
Q q    kn, 3 3 6Q q   kn. 

 

 

 

 

 

 

 

 

 

 

 

SevadginoT წonasworobis gantolebebi (𝑥 da 𝑦 
RerZebze proeqciebSi da 𝐴 wertilis mimarT 
momentebisTvis): 

1 2 3

3 2 1

5cos30 0,

5sin30 0,

1,5 2 4,5 4 5cos30 7,5 0.

A

A

X Q Q Q

Y

M Q Q Q
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SeniSvna(mTargmnelis): originalSi daSvebulia 

Secdoma, 1Q -is nacvlad weria 3Q .  

sistemis pirveli gantolebidan vipoviT: 

1 2 3 5 0,866 13,7AX Q Q Q      kn 

meoredan — 

1
5 2,5

2
AY     kn 

mesamedan— 

3 2 11,5 2 4,5 4 5 7,5 0,866M Q Q Q           

6 1,5 3 2 9 4,5 4 5 7,5 0,866 27,0           kn  m 
 

p a s u x i :  𝑋𝐴 =  13,7 kn; 𝑌𝐴  =  2,5 kn; 𝑀 =  27,0 kn  m.  
S e n i S v n a .  kr e b ul i s  p a s u x S i  d a S v e b ul i a  

ko r e q t u r a .  
 

amocana 4.32 
horizontaluri 

gaWrili 𝐴𝐶𝐵 koWi 𝐴 
boloTi Casmulia 
kedelSi, xolo 𝐵 
boloTi eyrdnoba moZrav 
sayrdens. 𝐶 — saxsaria. 
koWi datvirTulia amwiT, 
romelzec 10 kn wonis 𝑃 
tvirTia Camokidebuli; 
amwis Sverilia 𝐾𝐿 =  4 m 
wona — 𝑄 =  50  kn, xolo misi simZimis centri 𝐶𝐷 
vertikalze devs. zomebi miTiTebulia naxazze. 
ugulebelyaviT koWis wona da gansazRvreT sayrdenebis 
reaqciebi 𝐴 da 𝐵 wertilebSi amwis im mdgomareobis dros, 
roca is 𝐴𝐵 koWTan erTad erT vertikalur sibrtyeSi 
imyofeba.  

 
a m o x s n a  
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წonasworobis pirveli obieqti — amwe (nax. 1). 
SevadginoT paralelur ZalTa brtyeli sistemisTvis 

წonasworobis gantolebebi: 
𝑦 RerZze proeqciebSi — 

1 2 0N N P Q      

1 2 50 10 50 10N Q P N        kn. 

𝐾 wertilis mimarT momentebisTvis — 

 2 2

1
1 2 5 0 5 50

2
Q N P N P Q            kn 

წonasworobis meore obieqti — koWi (ix. nax. 1). 
«gadavagdoT» amwe, SevcvliT ra 

mas �⃗⃗� 1
′ da �⃗⃗� 1

′ reaqciebiT (isini 

�⃗⃗� 1 da �⃗⃗� 2 veqtorebis 
paraleluri arian da maTdami 
sapirispirod arian 
mimarTulni), DA SevadginoT 

წonasworobis gantolebebi (𝑥 
da 𝑦 RerZebze proeqciebSi da 𝐴 
wertilis mimarT momentebisTvis): 

1 2

1 2

0,

0,

3 5 12 0.

A

A B

B

X

Y N N R

M N N R




    
         

 

წonasworobis mesame obieqti —

koWis 𝐵𝐶 nawili(nax.2). misTvis 

წonasworobis gantolebebia:  

𝑥 RerZze proeqciebSi — 

0;CX   

𝐶 wertilis mimarT momentebisTvis— 

2
2

50
1 8 0 6,25

8 8
B B

N
N R R


         kn 

 

𝑦  RerZze proeqciebSi — 

nax. 1 

 

nax. 2 
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2 20 50 6,25 43,75C B C BY R N Y N R          kn 

Tu viciT 𝑅𝐵, maSin sistemis meore gantolebidan 

vipoviT: 

1 2 10 50 6,25 53,75A BY R N N         kn 

mesame gantolebidan— 

1 212 3 5 6,25 12 10 3 50 5 205BM R N N              

kn  m 
niSani «−» mianiSnebs imas, rom CamagrebaSi momenti 

mimarTulia saaTis isris sawinaaRmdegod. 
 
p a s u x i :  𝑌𝐴 =  53,75 kn ; 𝑅𝐵 =  6,25 kn ; 𝑀 =  −205 kn  m.  

   
 

amocana 4.33 
gansazRvreT datvirTvebTan 

erTad naxazze gamosaxuli 
Sedgenili koWis reaqciebi 𝐴, 𝐵, 𝐶 
sayrdenebSi da 𝐷 saxsarSi. 

a m o x s n a  
Sualeduri saxsris mixedviT 

koWi davanawevroT or nawilad: 𝐴𝐷 da 𝐷𝐶 nawilebad (ix. 
naxazi). 

 წonasworobis pirveli obieqti — koWis 𝐷𝐶 nawili: 

1 2 2 5 10Q Q    kn. 

წonasworobis 
gantolebebi: 

 𝑥 RerZze proeqciebSi— 

0;DX   

 𝐷 wertilis mimarT momentebisTvis— 

1
1

2,5
2,5 5 0 5

5
C C

Q
Q Y Y


        kn; 

𝑦 RerZze proeqciebSi— 

1 10 5 10 5D C D CY Y Q Y Y Q          kn. 
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წonasworobis meore obieqti — koWis 𝐴𝐵𝐷 nawili. 

SevcvaloT reaqcia 𝐷 saxsarSi misi sapirispiro �⃗� 𝐷
′ 

veqtoriT(anu, �⃗� 𝐷
′  = −�⃗� 𝐷), SevadginoT წonasworobis 

gantolebebi (𝑥 da 𝑦 RerZebze proeqciebSi da 𝐴 wertilis 
mimarT momentebisTvis): 

2

2

4cos45 0,

4cos45 0,

4 cos45 8 10 12,5 15 0.

A

A B D

B D

X

Y Y Q Y

Y Q Y

  


    
          

 

sistemis mesame gantolebidan gamomdinareobs 

 
1

32 0,707 10 12,5 5 15 22,26
10

BY         kn; 

meoredan — 

24cos45 4 0,707 22,26 10 5 4,43A B DY Y Q Y            

kn; 
pirvelidan — 

4cos45 2,828AX      kn. 

p a s u x i :  𝑋𝐴  =  −2,8 kn; 𝑌𝐴  =  −4,43 kn; 𝑌𝐵  =  22,26 kn; 𝑌𝐶  =

 5 kn; 𝑋𝐷  =  0; 𝑌𝐷  =  ±5 kn. 

 

amocana 4.34 
 gansazRvreT 

datvirTvebTan erTad naxazze 
gamosaxuli Sedgenili koWis 
𝐴, 𝐵, 𝐶 sayrdenebis da 𝐷 
saxsris reaqciebi. 

 
 a m o x s n a  
 
gamovsaxoT naxazze moqmedi Zalebi da reaqciebi. 
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wonasworobis pirveli obieqti — koWis 𝐷𝐶 
nawili. wonasworobis 
gantolebebi: 

𝑥 RerZze 
proeqciebSi — 

0;DX   

𝐷 wertilis mimarT 
momentebisTvis — 

5 8
5 8 4 0 10

4
C CY Y


       kn; 

𝑦 RerZze proeqciebSi— 

 5 0 5 5D C D CY Y Y Y        kn. 

წonasworobis meore obieqti — koWis 𝐴𝐵𝐷 nawili. 

წonasworobis gantolebebi: 
𝑥 RerZze proeqciebSi— 

6cos60 0 6cos60 3A AX X     kn; 

𝐴 wertilis mimarT momentebisTvis — 

6 4cos30 8 2 12 0B DY Q Y           

 0,125 24 0,866 7 2 5 12 6,65BY          kn 

𝑦 RerZze proeqciebSi— 

6cos30 0 6cos30A B D A B DY Y Q Y Y Y Q Y             

6 0,886 6,65 7 5 13,8       kn. 

p a s u x i :  𝑋𝐴  =  3 kn; 𝑌𝐴  =  13,8 kn; 𝑌𝐵  =  −6,65 kn; 𝑌𝐶 =

 10 kn; 

𝑋𝐷 = 0;  𝑌𝐷  =  ±5 kn. 
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amocana 4.35 
xidi Sedgeba 𝐴 saxsariT 

dakavSirebuli ori iseTi 
nawilisgan, romlebic 
damagrebulia napiris sadgamebze 
𝐵 da 𝐶 saxsrebiT. xidis 
TiToeuli nawilis wonaa 40 kn, 
xolo maTi simZimis centrebi 
moTavsebulia  𝐷 da 𝐸 
wertilebSi. xidze devs 𝑃 = 20 kn 
tvirTi; zomebi naxazzea 
miTiTebuli. gansazRvreT dawola 𝐴 saxsarze da reaqciebi 
𝐵 da 𝐶 wertilebSi. 

a m o x s n a  
gamovsaxoT naxazze moqmedi 

Zalebi da reaqciebi. 
ganvixiloT xidis marcxena 

nawili da SevadginoT 

წonasworobis gantolebebi (𝑥 da 
𝑦 RerZebze proeqciebSi da 𝐵 
wertilis mimarT momentebisTvis): 

1

1

0,

0,

1 4 5 4 0.

B A

A B

A A

X X

Y Y G P

G P Y X

 


   
        

 

xidis marjvena nawilis წonasworobis gantolebebi 
(RerZebze proeqciebSi da 𝐴 wertilis mimarT 
momentebisTvis): 

2

2

0,

0,

5 4 4 0.

C A

C A

C C

X X

Y G Y

Y G X

  


  
      

 

gaviTvaliswinoT, rom 1 2, , .A A A AX X Y Y G G        

da amovxsnaT erTdroulad orive sistema, miviRebT 

 1

1
10 6 52

10
BY G P   kn;   
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8AY  kn; 48CY  kn; 20B CX X  kn; 20AX   kn. 

p a s u x i : 20AX   kn; 8AY  kn; 20B CX X  kn;. 52BY 

kn;. 48CY  kn; 

 

amocana 4.36 
gluv horizontalur 

sibrtyeze dgas 
gadasatani kibe, romelic 
Sedgeba 𝐶 saxsriTa da 𝐸𝐹 
TokiT SeerTebuli ori 
𝐴𝐶 da 𝐵𝐶 nawilebisgan. 
TiToeuli nawilis 
sigrZea 3  m, xolo wona — 
120 n; manZilebi — 𝐵𝐹 =
𝐴𝐸 =  1 m; TiToeuli nawilis simZimis centri emTxveva maT 
Suawertils. 𝐶 wertilidan 𝐶𝐷 =  0,6 m manZilze mdebare 𝐷 
wertilSi dgas 720 n wonis adamiani. gansazRvreT iatakis 
da saxsris reaqciebi, agreTve 𝐸𝐹 Tokis daWimuloba, Tu 
kuTxeebi 𝐵𝐴𝐶 =  𝐴𝐵𝐶 =  45°. 

a m o x s n a  
gamovsaxoT naxazze 

moqmedi Zalebi da 
reaqciebi. 

ganvixiloT 
marcxena 𝐴𝐶 mxare da 
SevadginoT misTvis 

წonasworobis 
gantolebebi (𝑥 da 𝑦 
RerZebze proeqciebSi da 𝐶 wertilis mimarT 
momentebisTvis): 
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1

1

0,

0,

cos 45 2cos 45 cos 45 0
2

C

A C

A

X T

R Y G

AB
G T R AC


  


  

       


 

წonasworobis analogiuri gantolebebi gveqneba kibis 
marjvena 𝐶𝐵 nawilisTvis: 

2

2

0,

0,

0,6cos 45 cos 45 cos 45 0.
2

C

B

B

X T

Y P G R

AB
P G R AC


    


    

       


 

amovxsnaT orive sistema erTdroulad, miviRebT 

408AR  n; 522BR  n; 522CX   n; 288CY   n; 

522T  n. 

N p a s u x i :  408AR  n; 522BR  n; 522CX   n; 

288CY   n; 522T  n. 

  
 

amocana 4.37 
xidi Sedgeba ori 𝑀 da 𝑁 

nawilebisgan, romlebic 
erTmaneTTan da uZrav 
sayrdenebTan SeerTebulia 
horizontisadmi 45° kuTxiT 
daxrili da saxsrebiT 
aRWurvili eqvsi ReroTi. 
zomebi gamosaxulia naxazze. 𝐺 
wertilSi devs 𝑃 wonis 
tvirTi. gansazRvreT am tvirTis moqmedebis Sedegad 
gamowveuli Zalvebi ReroebSi. 

a m o x s n a  
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SevadginoT xidis marjvena nawilis წonasworobis 
gantolebebi (𝑥 da 𝑦 RerZebze proeqciebSi da 𝐿 wertilis 
mimarT momentebisTvis) (ix. naxazi): 

0,

0,

3 2 0.

D B

A C

A

R R

R R

R

  


 

  

 

Sesabamisad, 

0, 0.D B C AR R R R       

xidis marcxena nawilis 

წonasworobis gantolebebi (RerZebze proeqciebSi da 𝐾 
wertilis mimarT momentebisTvis): 

0,
2

0,
2

3 2 2 0.

E A

F B

B

P
R R

P
R R

R P


  




  

    



 

Sesabamisad, 
2

, , .
32 3 2

E F B D

P P
R R R R P       

p a s u x i :
2 2

0, , 0, ,
3 3

A B C DR R P R R       

,
2 3 2

E F

P P
R R     

 
 

 

 

 

 

 



 
 

199 
 

amocana 4.38 
xidi Sedgeba ori iseTi 

erTnairi koWisgan, 
romlebic erTmaneTTan 𝐴 
saxsriT arian gadabmulni, 
xolo fuZesTan saxsrulad 
arian mimagrebulni 1, 2, 3, 4 
myari ReroebiT, amasTan 
ganapira Reroebi 
vertikaluria, xolo Sua 
Reroebi horizontisadmi daxrilni arian 𝛼 = 60° 
kuTxiT. Sesabamisi zomebia: 𝐵𝐶 =  6 m, 𝐴𝐵 =  8 m. gansazRvreT 
Zalvebi ReroebSi da 𝐴 
saxsris reaqcia, Tu xidze 
𝐵 wertilidan 𝑎 =  4 m 
daSorebiT moqmedebs 
vertikaluri 𝑃 =  15 kn 
datvirTva. 

a m o x s n a  
gamovsaxoT naxazze 

sistemaze moqmedi Zalebi. 
SevadginoT 

წonasworobis gantolebebi 
xidis marcxena da marjvena 
nawilebisTvis (𝑥 da 𝑦  
RerZebze proeqciebSi da 𝐴 
wertilis mimarT 
momentebisTvis): 

 

 

2

1 2

1

2

cos60 0,

cos30 0,

cos30 0.

A

A

S X

S S Y

P AB a S AB

S AB BC
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3

4 3

4 3

cos60 0,

cos30 0,

cos30 0.

A

A

S X

S S Y

S AB S AB BC

  


   

    

 

gaviTvaliswinoT, rom ,A A A AX X Y Y     da orive 

sistema erTdroulad amovxsnaT. 

p a s u x i :   𝑆1 = −6,25 kn; 𝑆2  =  𝑆3 = −5,77 kn; 𝑆4  = 1,25 kn; 
𝑋𝐴  =  ±2,89 kn; 𝑌𝐴  =  ±3,75 kn. 
 

amocana 4.39 
saxelosnos gaswvriv, romlis Senobasac amagrebs 

samsaxsriani TaRi, relsebze dadis xiduri amwe. relsebze 
moZravi ganivi koWis wonaa 12  kn; amwis wonaa 8 kn (amwe 
dautvirTavia); amwis wonis moqmedebis wrfe marcxena 
relsidan daSorebulia ganivi koWis sigrZis 0,25 nawiliT. 
TaRis TiToeuli nawilis wonaa 60 kn da modebulia 
Sesabamis 𝐴 an 𝐵 sayrdenze gamavali vertikalidan 2 m 
manZilze; xiduri amwis sayrdeni relsebi am 
vertikalebidan 1,8 m manZilze mdebareoben. Senobis 
simaRlea 12 m, sigane 16 m. qaris dawolis tolqmedia 12 kn 
da mimarTulia 𝐴𝐵-s paralelurad, misi moqmedebis 
wrfe 𝐴𝐵-dan daSorebulia 5 m-iT. gansazRvreT 𝐴 da 𝐵 
saxsrebis reaqciebi da dawola 𝐶 saxsarze. 

 

 

 

 

 

 

 

 

 

 

 

a m o x s n a  
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gamovsaxoT naxazze sistemaze moqmedi Zalebi. 

წonasworobis pirveli obieqti — amwe: 

 1 2 1 28 4N N N N     kn (ZalTa simetriis gamo). 

წonasworobis meore obieqti — koWi. SevadginoT 

misTvis paralelur ZalTa sistemis წonasworobis 
gantolebebi (𝑦 RerZze proeqciebSi da 𝐷 wertilis mimarT 
momentebisTvis): 

   
2 1

2 1

12 0,

0,25 0,25 12 0,5 0.

D E

E

R R N N

R l N l x N l x l

     


        
 

Sesabamisad, sistemis meore gantolebidan miviRebT  

2 0,5 12 0,5 0,5 4 12 0,5 8ER N         kn; 

 

 

 

 

 

 

 

 

 

 

 

 

pirvelidan miviRebT — 

2 1 12 8 8 12 12D ER R N N            kn.  

წonasworobis mesame obieqti — amwis 𝐴𝐶 nawili. 
SevadginoT misTvis gantolebebi (RerZebze proeqciebSi da 
𝐴 wertilis mimarT momentebisTvis): 

1

12,

0,

12 5 12 8 1,8 60 2 0.

A C

A C D

C C D

X X

Y Y G R

X Y R
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წonasworobis meoTxe obieqti — amwis 𝐶𝐵 nawili. 
CavweroT misTvis Sesabamisi gantolebebi (RerZebze 
proeqciebSi da 𝐵 wertilis mimarT momentebisTvis): 

2

0,

0,

8 12 1,8 60 2 0.

B C

B C E

C C E

X X

Y Y G R

Y X R

 


    
          

 

gaviTvaliswinoT, rom 

, , ,C C C C D D E EY Y X X R R R R           da amovxsnaT bolo 

ori sistema erTdroulad, miviRebT: 

2; 67,8; 14; 72,2; 14; 4,2.A A B B C CX Y X Y X Y         

 

p a s u x i :  2AX  kn; 67,8AY  kn; 14BX   kn; 

72,2BY  kn; 14CX   kn; 4,2CY  kn; 

 
amocana 4.40 

 𝑃 =  25 n tvirTi 
Camokidebulia 𝐴𝐵 
horizontaluri koWis 
boloze. koWis wonaa 𝑄 = 10 n 
da modebulia 𝐸 wertilSi. 
koWi mimagrebulia kedelze 𝐴 
saxsriT da Sexidulia 𝐶𝐷 
ReroTi, romelTanac agreTve 
saxsruladaa dakavSirebuli. 𝐶𝐷 
Reros wonas ugulebelvyofT. 
zomebi miTiTebulia naxazze. 
gansazRvreT 𝐴 da 𝐶 saxsrebis 
reaqciebi  

a m o x s n a  
gamovsaxoT naxazze moqmedi 

Zalebi da bmebis reaqciebi. 

წonasworobis gantolebebi 
(𝑥 da 𝑦 RerZebze proeqciebSi da 
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𝐴 wertilis mimarT momentebisTvis): 

cos60 0.

cos30 0,

45 90 90 cos60 .

A C

A C

C

X R

Y Q P R

Q P R

  


   

      

 

 

sistemis mesame gantolebidan gvaqvs 

45 90 10 45 25 90
60

45 45
C

Q P
R

     
     n  

pirvelidan — 

cos60 30A CX R   n 

meoredan— 

cos30 35 60 0,866 16,96A CY Q P R        n 

 

p a s u x i :  XA  = −30 n; YYA  = −16,96 n; RC  =  −60 n. 

 
amocana 4.41 

ori erTnairi sigrZis 
erTgvarovani koWi 𝐶 
wertilSi erTaneTTan 
saxsruladaa mierTebuli, 
xolo 𝐴 da 𝐵 wertilebSi 
aseve saxsrulad arian 
mimagrebuli sayrdenebze. 
TiToeuli koWis wonaa 𝑃. 𝐶 
wertilSi Camokidebulia 𝑄 
tvirTi. manZili 𝐴𝐵 =  𝑑. 𝐶 
wertili horizontalur 𝐴𝐵 
wrfidan daSorebulia 𝑏 
manZiliT. gansazRvreT 𝐴 da 𝐵 
saxsrebis reaqciebi. 

a m o x s n a  
gamovsaxoT naxazze moqmedi 

Zalebi da bmebis reaqciebi.  

SevadginoT წonasworobis 
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gantolebebi (𝑥 RerZze proeqciebSi da momentebisTvis: 1) 𝐴 
da 𝐵 wertilebis mimarT — mTeli sistemis SemTxvevaSi; 
2) 𝐶 wertilis mimarT — 𝐴𝐶 koWis SemTxvevaSi): 

 

0,

0,5 0,75 0,25 0,

0,5 0,25 0,75 0,

0,5 0,25 0.

A B

B

A

A A

X X

Y d Q d P d P d

Y d Q d P d P d

X b Y d P d

 


       

        
      

 

sistemis amoxsniT miviRebT: 

0,5 , 0,5 ,B AY Q P Y Q P        

 0,5 0,5 0,250,5 0,25A
A

Q P d P dY d P d
X

b b

        
   

 0,25
,

d P Q

b

 
  

 0,25
.B A

d P Q
X X

b

 
   

p a s u x i :

 0,25
; 0,5 .A B A B

d P Q
X X Y Y Q P

b

 
        

amocana 4.42 
ori erTnairis sigrZis 𝐴𝐶 da 𝐵𝐷 

Rero 𝐷 wertilSi saxsrulad arian 
erTmaneTTan mierTebuli, xolo 𝐴 da 
𝐵 wertilebSi mimagrebulni 
arian vertikalur kedelTan. 𝐴𝐶 
Rero horizontaluria, xolo 
𝐵𝐷 Rero vertikalur kedelTan 
60° kuTxes adgens. 𝐴𝐶 Rero 𝐸 
wertilSi datvirTulia 
vertikaluri 𝑃1  =  40 n ZaliT, 
xolo 𝐶 wertilSi —
horizontisadmi 45° gradusiT 
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daxrili 𝑄 =  100 n ZaliT. 𝐵𝐷 Rero 𝐹 wertilSi 
datvirTulia 𝑃2  =  40 n ZaliT. mocemulia: 𝐴𝐸 =  𝐸𝐶, 𝐵𝐹 =
 𝐹𝐷. gansazRvreT 𝐴 da 𝐵 saxsrebis reaqciebi. 

 
a m o x s n a  
aRvniSnoT: 

1 1
.

2 2
l AC BD   

წonasworobis pirveli obieqti — mTliani sistema (ix. 

naxazi). misTvis წonasworobis gantolebebs eqnebaT Semdegi 
saxe (𝑥  da  𝑦 RerZebze proeqciebSi da 𝐴 wertilis mimarT 
momentebisTvis): 

 

1 2

2 1

cos45 0,

cos45 0,

2 cos60 sin 60 cos45 2 0.

A B

A B

B

X X Q

Y Y P P Q

X l P l P l Q l

   


    


       

 

 

წonasworobis meore obieqti — 𝐴𝐶 koWi. misTvis 
SevadginoT momentebis gantoleba 𝐷 wertilis mimarT: 

 

   12 sin60 2 sin60 sin45 2 2 sin60 0.AY l P l l Q l l        

 

Tu am ukanasknel gantolebas amovxsniT, miviRebT 
𝑋𝐴 = −287 n, 𝑌𝐴  = 6 n, 𝑋𝐵  = 216 n, 𝑌𝐵  = 145 n. 

p a s u x i :𝑋𝐴 = —287 n; 𝑌𝐴 =  6 n; 𝑋𝐵  = 216 n; 𝑌𝐵  = 145 n. 
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amocana 4.43 

sakidi Sedgeba 𝐷 wertilSi 
erTmaneTTan saxsrulad SeerTebuli 
iseTi 𝐴𝐵 da 𝐶𝐷 koWebisagan, 
romlebic Weris 𝐴 da 𝐶 wertilebSi 
saxsrebiT arian mimagrebulni. 𝐴𝐵 
koWis wonaa 60 n da da modebulia 𝐸 
wertilSi. 𝐶𝐷 koWis wonaa 50 n da 
modebulia 𝐹 wertilSi. 𝐴𝐵 koWis 𝐵 
wertilSi modebulia 𝑃 =  200  n Zala. 
gansazRvreT reaqciebi 𝐴 da 𝐶 
saxsrebSi, Tu mocemulia Semdegi 
zomebi:   𝐴𝐵 =  1  m;  𝐴𝐸 =  0,4 m;  𝐶𝐷 =
 0,8 m;  𝐶𝐹 =  0,4 m; 𝐴𝐵 da 𝐶𝐷 koWebis 
horizontisadmi daxris kuTxeebi 
Sesabamisad aris: 𝛽 =  45° da 𝛼 =
 60°. 

a m o x s n a  
gamovsaxoT naxazze amocanis 

pirobis monacemebi. 
SevadginoT mTliani 

sistemisTvis wonasworobis 
gantolebebi 𝑥 da 𝑦 RerZebze 
proeqciebSi:  

0,

0.

A C

A C AB CD

X X

Y Y P P P

 


    
 

𝐴𝐷𝐶 samkuTxedidan sinusebis 
Teoremis ZaliT: 

sin 60 sin 45

DC AD
  

sin 45
0,65

sin60

DC
AD   m. 

SevadginoT 𝐴𝐵 koWisTvis momentebis gantoleba 𝐷 
wertilis mimarT: 
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cos60 sin60A AY AD X AD    

0,25cos60 0,35cos60 0.ABP P      

analogiurad 𝐶𝐷 koWisaTvis: 

0,8cos45 0,8cos45 0,4cos45 0.C C CDY X P       

Tu yvela gantolebas erTdroulad amovxsniT, 
miviRebT 

−𝑋𝐴  = 𝑋𝐶 =  135 n, 𝑌𝐴  = 150 n, 𝑌𝐶  = 160 n. 
 
p a s u x i :  −𝑋𝐴  = 𝑋𝐶 =  135 n, 𝑌𝐴  = 150 n, 𝑌𝐶  = 160 n. 
 
 

amocana 4.44 
 

2  m sigrZis horizontaluri 
𝐴𝐵 koWi mimagrebulia 
vertikaluri 𝐴𝐶 boZis 𝐴 
wertilSi da Sexidulia 𝐷𝐸 
iribanaTi. koWis 𝐵 boloze 
Camokidebulia 500  n wonis 𝑄 
tvirTi; 𝐴𝐶 boZi gamagrebulia 𝐹𝐺 
iribanaTi, amasTan, 𝐴𝐸 =  𝐶𝐺 =

 1 m; 𝐷𝐸 da 𝐹𝐺 iribanebi 
horizontisadmi 45° kuTxiT arian 
daxrilebi. koWis da iribanebis 
wonebi ugulebelyaviT. 
igulisxmeT, rom yvela damagreba 
saxsrulia da ipoveT 𝐷𝐸, 𝐹𝐺 
iribanebSi arsebuli 𝑆𝐸 , 𝑆𝐹 
Zalvebi da gruntis reaqcia 𝐶 
wertilSi.  

 
a m o x s n a   
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წonasworobis pirveli 
obieqti —AB koWi (ix. naxazi). 
SevadginoT misTvis gantolebebi 
(x da y RerZebze proeqciebSi da 
momentebisTvis A wertilis 
mimarT): 

cos45 0,

cos45 0,

2 cos45 1 0,

A E

A E

E

X S

Y S Q

Q S

  


  
    

 

Sesabamisad, 

2 500 2
1414,42

cos45 0,707
E

Q
S

 
     n, 

cos45 500 100 500A EY S Q      n, 

cos45 1000A EX S   n. 

წonasworobis meore obieqti — mTliani sistema. 

misTvis წonasworobis analogiuri gantolebebi iqneba: 

cos45 cos45 0,

cos45 cos45 0,

2 1 cos45 3 cos45 4 0.

A C E F

A C E F

E F C

X X S S

Y Y S S Q

Q S S X

    


    

          

 

gaviTvaliswinoT, rom 𝑆𝐸  = 𝑆𝐸
′  da amovxsnaT 

sistema, miviRebT yvela saZebn sidides. 
 

p a s u x i :  𝑆𝐸  = −1414 n; 𝑆𝐹  = −1414 n;  𝑋𝐶  =  1000 n; 𝑌𝐶  =

 −500 n. 
 

amocana 4.45 
naxazze gamosaxul 

xidis fermis 𝐶 da 𝐷 
kvanZebze moqmedebs 
erTnairi vertikaluri 𝑃 =
100 kn datvirTva; iribanebi 
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horizontTan 45° kuTxes adgenen. ipoveT aRniSnuli 
datvirTviT gamowveuli Zalvebi 1, 2, 3, 4, 5 da 6 ReroebSi. 

 
a m o x s n a  
ganvixiloT ferma mTlianobaSi (ix. naxazi) da 

CavweroT misTvis წonasworobis gantolebebi (𝑥 da 𝑦 
RerZebze proeqciebSi da 𝐴 wertilis mimarT 
momentebisTvis): 

0,

0,

2 3 0.

A

A B

B

X

Y Y P P

P a P a Y a




   
      

 

  

 

 

 

 

Sesabamisad, 

100BY P  kn 

2 100A BY P Y P    kn 

𝑆 1, 𝑆 2 Zalvebis sapovnelad amovWraT kvanZi 𝐴. 
CavweroT misTvis წonasworobis gantolebebi RerZebze 
proeqciebSi: 

1 2

1

cos45 0,

cos45 0.A

S S

Y S

  


 
 

Sesabamisad, 

1

100
141

cos45 0,707

AY
S     kn 

2 1 cos45 100S S   kn 

amovWraT kvanZi 𝐾 da CavweroT wina gantolebebis 
analogiuri gantolebebi: 
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1 4 3

1 3

cos45 cos45 0,

cos45 cos45 0.

S S S

S S

   


  

 

Sesabamisad, 

1 3 3141 141S S S       kn 

 4 1 3 cos45 200S S S   kn 

amovWraT kvanZi 𝐶, CavweroT analogiuri gantolebebi 

da vipovoT 𝑆 5, 𝑆 6:  

2 6 5 3

3 5

cos45 cos45 0,

cos45 cos45 0.

S S S S

P S S

     


   

 

5 3 cos45 100 141 0,707 0,S P S       

6 2 5 3cos45 cos45 100 141 0,707 200S S S S       kn. 

 

p a s u x i :  𝑆1  =  −141 kn; 𝑆2  =  100 kn; 𝑆3  =  141 kn; 𝑆4  =
 −200 kn; 𝑆5 =  0; 𝑆6  =  200 kn. 

amocana 4.46 
naxazze gamosaxul xidis fermis 𝐶, 𝐷 da 𝐸 kvanZebi 

datvirTulia erTnairi vertikaluri 𝑃 =  100 kn 
datvirTviT; iribanebi horizontTan 45°° kuTxes qmnian. 
ipoveT aRniSnuli datvirTviT gamowveuli Zalvebi 
1, 2,3,4,5,6,7,8 da 9 ReroebSi. 

 

 

 

 

 

 

a m o x s n a  
ganvixiloT ferma mTlianad (ix. naxazi). vipovoT 

sayrdenebis reaqciebi, amisaTvis SevadginoT წonasworobis 
gantolebebi (horizontalur da vertikalur RerZebze 
proeqciebSi da 𝐴 wertilis mimarT momentebisTvis): 
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0,

3 0,

2 3 4 0.

A

B A

b

X

R Y P

P a P a P a R a




  
        

 

 

Sesabamisad, 

6 600
150

4 4
B

P
R    kn, 

3 300 150 150A BY P R     kn. 

amovWraT kvanZi 𝐴 da SevadginoT წonasworobis 
gantolebebi (RerZebze proeqciebSi): 

2 2 2

1 1 1

0 0

0 150

A A

A A

X S S X S

Y S S Y S

      
   

       
 

 

amovWraT kvanZi 𝐾 da SevadginoT წonasworobis 
analogiuri gantolebebi: 

4 3

1 3

cos45 0,

cos45 0.

S S

S S

  

  

 

Sesabamisad, 

1
3

150
212

cos45 0,707

S
S     kn, 

4 3 cos45 150S S    kn. 
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amovWraT kvanZi 𝐶 vipovoT 𝑆 5 da 𝑆 6 Zalvebi, 
SevadginoT wonasworobis gantolebebi 

 

2 6 3

3 5

cos45 0,

cos45 0.

S S S

S P S

   


   

 

Sesabamisad, 

6 3 cos45 212 0,707 150S S    kn, 

5 3 cos45 100 212 0,707 50S P S       kn. 

amovWraT kvanZi 𝐿 da vipovoT 𝑆 8 da 𝑆 7 Zalvebi, 

SevadginoT წonasworobis gantolebebi: 

4 8 7

5 7

cos45 0,

cos45 0.

S S S

S S

   


  

 

Sesabamisad, 

5
7

50
71

cos45 0,707

S
S


    kn, 

8 4 7 cos45 150 50 200S S S       kn. 

აmovWraT kvanZi 𝑀, CavweroT wonasworobis gantoleba 

vertilalur RerZze proeqciaSi da vipovoT Zalva 9S


: 

9 0.S   

pasuxi:. 𝑆1  =  −150 kn; 𝑆2  =  0; 𝑆3  =  212 kn; 𝑆4  =  −150 kn; 
𝑆5  =  −50 kn; 𝑆6  =  150 kn; 𝑆7  =  71 kn; 𝑆8  =  −200 kn; 𝑆9  =

 0. 
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amocana 4.47 
xidis asagebad 

mowyobilia droebiTi xis 
amwe, romelsac SeuZlia 
borblebiT 𝐴 da 𝐵 
relsebze gadaadgileba. 
amwis qveda 𝐷𝐸 sartyelis 𝐶 
Sua kvanZze mimagrebulia 
bloki jaWvis saSualebiT 
simZimeebis asawevad. 
xaraCodan asawevi tvirTis 
wona aris 𝑃 =  50 kn, amasTan, 
xaraCodan tvirTis 
mocilebis momentSi jaWvi 
vertikalTan adgens 𝛼 =  20° kuTxes; tvirTis rxevis 
Tavidan asacileblad igi moiWimeba 𝐺𝐻 horizontaluri 
bagiriT. vigulisxmoT, rom WaWvis daWimulobis 
horizontaluri mdgeneli mxolod marjvena 𝐵 relss 
gadaecema. gansazRvreT 𝑆1 Zalva horizontalur 𝐶𝐹 ReroSi 
tvirTis xaraCodan mocilebis momentSi da SeadareT igi 
im 𝑆2 Zalvas, romelic aRiZvreboda 𝛼 =  0° kuTxis 
SemTxvevaSi. zomebi miTiTebulia naxazze. 

a m o x s n a  
gamovsaxoT naxazze blokze moqmedi Zalebi. 
𝐺𝐻 bagiri tvirTs qaCavs 𝑋′  =  𝑃 𝑡𝑔 20° ZalviT da 

vinaidan sxva arc erTi Zala horizontaluri 
mimarTulebiT ar moqmedebs, amitom  

20 18,2BX X P tg    kn, 

SevadginoT momentebis gantoleba 𝐴 wertilis mimarT: 

4 2 0BY h X h P h       

.
2

B

P
Y X    
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tvirTis awevis momentSi 𝑋′̅̅ ̅ Zala modebulia 𝐶 

wertilSi. 
SevadginoT momentebis gantoleba 𝑁 wertilis mimarT 

(წonasworobis obieqtis rolSi aRebulia amwis marjvena 
nawili): 

−𝑆 ∙  ℎ + 𝑌𝐵 ∙  2ℎ + 𝑋𝐵 ∙ 5ℎ =  0 ⇒  𝑆 =  104,6 kn. 
amrigad, roca 𝛼 =  20°, maSin 𝑆 =  𝑆 1 = 104,6 kn. 
Tu Sesruldeboda  𝛼 =  0° piroba, maSin 𝑋𝐵  =  𝑋

′ =  0, 
Sesabamisad, 𝑌𝐵  =  𝑃/2, amitom wina SemTxvevaSi miRebul 
gantolebas am SemTxvevaSi eqneba saxe  

−𝑆 ∙ ℎ + 𝑌𝐵 ∙ 2ℎ =  0 ⇒ 𝑆 =  2𝑌𝐵  =  𝑃 =  50kn. 
amrigad, roca 𝛼 =  0°, maSin 𝑆 =  𝑆2  = 50kn 
 
p a s u x i :  𝑆 1 = 104,6 kn; 𝑆 2 =  50 kn. 
 

amocana 4.48 
ipoveT Zalva, romelic 𝑀 sagans presSi Wirxvnis 

Semdegi pirobebis arsebobisas: Zalva 𝑃 =  0,2  kn da 
mimarTulia uZravi 𝑂 centris mqone 𝑂𝐴 berketis 
marTobulad; gansaxilvel SemTxvevaSi presis 𝐵𝐶 mqaCavi 
marTobulia 𝑂𝐵 monakveTis da ∠𝐸𝐶𝐷 kuTxes Suaze hyofs, 
amasTan, ∠𝐶𝐸𝐷 =  𝑎𝑟𝑐𝑡𝑔 0,2 =  11°20′;  𝑂𝐴 =  1 m; 𝑂𝐵 =  10 sm. 
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a m o x s n a  
 gamovsaxoT nax. 1-ze sistemaze moqmedi Zalebi.  
ganvixiloT 𝑂𝐴 berketi da SevadginoT mimentebis 

gantoleba 𝑂 wertilis mimarT: 

0 10 2
P OA

Q OB P OA Q P
OB


        kn. 

 

 

 

 

 

 

 

 

 

 

 

 𝐶 kvanZSi moqmedebs 𝑆 1, 𝑆 2, 𝑄 Zalebi (ix Zaluri 
samkuTxedi). Zaluri samkuTxedis (nax. 2) da 𝐸𝐶𝐷 
samkuTxedis msgavsebidan gamomdinare SegviZlia CavweroT 

 1 2 ; 11 20 10
11 20

Q Q
F F tg F

F tg
     


kn. 

p a s u x i : 10 kn. 
 

nax. 1 

 

nax. 2 
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amocana 4.49 
 

tvirTis amtaci meqanizmis 𝑂𝑂1 
jaWvi 𝑂 saxsris saSualebiT 
mierTebulia 𝑂𝐶 =  𝑂𝐷 =  60 sm 
sigrZis ReroebTan. Reroebi Tavis 
mxriv saxsrebiTvea mierTebuli or 
iseT texil 𝐶𝐴𝐸 da 𝐷𝐵𝐹 
berketebTan, romlebsac SeuZliaT 
brunva SemaerTebeli 𝐺𝐻 Reros 𝐴 
da 𝐵 wertilebis garSemo. 𝐸 da 𝐹 
saxsrebSi gansakuTrebuli 
xundebi iWeren tvirTs 𝑄 =  10 kn 
xaxunis ZaliT. 𝐸 wertilidan 𝐺𝐻 
Reromde manZilia 𝐸𝐿 =  50 sm, 
xolo 𝑂𝐶 Reromde manZili — 
𝐸𝑁 =  1 m. 𝐶𝑂𝐷 samkuTxedis simaRlea 𝑂𝐾 =  10 sm. 
ugulebelyaviT meqanizmis nawilebis wonebi da ipoveT 𝐺𝐻 
SemaerTebeli Reros gamWimavi Zala. 

 
A m o x s n a  

 
gamovsaxoT nax. 1-ze sistemaze moqmedi Zalebi. 
𝑄,  𝑆𝑂𝐶   da 𝑆𝑂𝐷  Zalebi Tavs iyrian erT wertilSi. avagoT 

Zaluri samkuTxedi (nax. 2) da vipovoT  𝑆𝑂𝐶 . 𝑂𝐶𝐾 samkuTxedi 
𝑂𝑃𝑀 Zaluri samkuTxedis msgavsia, amitom 

 

60 60
3 30

/ 2 10 20

OC
OC

S Q
S Q

Q


     kn. 
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𝑆𝐺𝐻 sididis sapovnelad SevadginoT წonasworobis  
gantoleba ZalTa momentebisTvis 𝐸 wertilis mimarT: 

1 0,5 0 60
0,5

OC
OC GH GH

S
S S S        kn. 

p a s u x i :  60 kn. 

 
amocana 4.50 

 
gansazRvreT naxazze 

gamosaxuli saxsruli sistemis 
𝐴, 𝐶, 𝐷, 𝐸 da 𝐻 saxsrebis reaqciebi, 
Tu 𝐶𝐸 = 𝐸𝐻 =  𝐻𝐷 da 𝐴𝐶 =  𝐶𝐵. 

a m o x s n a  

წonasworobis pirveli 
obieqti — mTliani sistema (nax. 

1). SevadginoT წonasworobis 
gantolebebi (𝑥 da 𝑦  RerZebze 
proeqciebSi da 𝐴 wertilis 
mimarT momentebisTvis): 
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0,

0,

cos45 0.

E H

D A

D E H

R R P

R R

R AD P AB R DE R DH

   


 


       

 

 

 

 

წonasworobis meore obieqti — 𝐴𝐶𝐵 Rero (nax. 2) 
(analogiuri gantolebebi): 

0,

0,

cos 45 cos 45 cos 45 0.

Cx

A Cy

Cy Cx

R P

R R

R AC R P AB

  


 

      

 

maSin, 

2 2 2 2 2 ,C CX cyR R R P P P      

.A CyR R P   

pirveli sistemidan vipoviT: 

,D AR R P     

.H ER P R   

maSin, pirveli sistemis mesame gantolebidan gveqneba 

 

nax. 1 
 

 

nax. 2 
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2

2 2 .E

AD AB DH
R P P

DH DE

 
 


 

Sesabamisad, 𝑅𝐻 =—  𝑃. 
 

pasuxi: 𝑅𝐴  = —𝑅𝐷  = —𝑅𝐻 =  𝑃;  𝑅𝐸  =  2𝑃; 𝑅𝐶  = √2𝑃; 
Rero 𝐸𝐺 gaWimulia, xolo Rero 𝐻𝐾 — SekumSuli. 

 
amocana 4.51 

𝐴𝑂2𝑂1 texili berketisa da 𝑂1 
mWimavi gorgolaWis saSualebiT 
ganxorcielebuli amZravi Rvedis 

დaWimuloba gorgolaWis orive 
mxares 𝑃-s tolia. ipoveT 𝑄 tvirTis 
sidide sistemis wonasworobis 
SemTxvevaSi, Tu mocemulia, rom:  
∠𝐴𝑂2𝑂1  = 90°,  𝐷 =  55 sm, 𝑑 =  15 sm,  
𝑙 1  =  35 sm,  𝑙 2  =  15 sm,  𝑙 3 =  45 sm,  
𝑃 =  18  n. 

a m o x s n a  
gamovsaxoT naxazze sistemaze 

moqmedi Zalebi. 
SevadginoT momentebis 

gantoleba 𝑂2 wertilis mimarT 

3 0.
2

d
Q l Px P     

𝑂2𝑀𝐾 samkuTxedidan miviRebT 

sin ,
x

y
   anu  sin ;x y   

xolo 𝑂1𝐿𝑂 samkuTxedidan— 

1

/ 2 / 2 1
sin ,

/ 2 / 2 2

D d

D d l



 

 
 

1

/ 2
.

sin 2sin

d d
O K
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momentebis gantolebidan  

3

0,15
18 0,225

2 2
12

0,45

d
P x

Q
l

   
     

      n. 

 
p a s u x i :𝑄 =  12 n. 
 

amocana 4.52 

 
 4,8  kn wonis 𝑃 tvirTs daxril sibrtyeze akavebs 𝐴𝐵𝐶 

jalambaris uZrav lilvze 
daxveuli da sibrtyis 
paraleluri Toki. 
sibrtyis horizontisadmi 
daxraa 60°. jalambaris 
wonaa 𝑄 =  2,4  n, misi 
simZimis centri mdebareobs 
𝐶𝑂 wrfeze; jalambari 𝐴 
wertilSi iataks eyrdnoba, 
xolo 𝐵 wertilSi 
WanWikiT aris mimagrebuli 
iatakze. ugulebelyaviT 
Tokis sibrtyidan 
daSoreba da ipoveT 
sayrdenebis reaqciebi. 

 
A m o x s n a  

 
gamovsaxoT naxazze sistemaze moqmedi Zalebi da 

SevadginoT წonasworobis gantolebebi (RerZebze 
proeqciebSi da 𝐵 wertilis mimarT momentebisTvis): 

 

2

sin 60 cos60 0,

sin 60 cos60 0,

sin 60 cos60 2 sin 60 sin 60 2 0.

B

A B

A

P X

P Q Y Y

P a P Y a
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sistemis mesame gantolebidan miviRebT 

3
4,8

4 2
A

Q
Y P    kn ; 

pirvelidan — 
𝑋𝐵  = 𝑃 𝑠𝑖𝑛 60°𝑐𝑜𝑠60° =  4,8 ∙ 0,86 ∙ 60,5 =  2,08 kn 

 meoredan — 
𝑌𝐵  =  𝑃𝑠𝑖𝑛

260° + 𝑄 − 𝑌𝐴  = 1,2  kn 
 
 p a s u x i : 𝑌𝐴  =  4,8 kn; 𝑋𝐵  =  2,08 kn; 𝑌𝐵 =  1,2 kn. 
 

amocana 4.53 
 2𝑙 sigrZis da 𝑃 wonis 

erTgvarovan 𝐴𝐵 Reros SeuZlia 
𝐴 boloze gamavali 
horizontaluri RerZis garSemo 
brunva. is eyrdnoba imave 2𝑙 
sigrZis iseT erTgvarovan 𝐶𝐷 
Reros, romelsac SeuZlia 
brunva Tavis Sua 𝐸 wertilze 
gamavali horizontaluri RerZis 
garSemo. 𝐴 da 𝐸 wertilebi erT 
vertikalze mdebareoben — 
erTmaneTisgan 𝐴𝐸 = 𝑙 manZilze. 𝐷 
boloze Camokidebulia 𝑄 =  2𝑃 
tvirTi. gansazRvreT wonasworobaSi yofnisas 𝐴𝐵 Reros 
mier horizontTan Seqmnili 𝜑 kuTxe. xaxuni 
ugulebelyaviT. 
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a m o x s n a  
gamovsaxoT naxazze sistemaze moqmedi Zalebi. 
SevniSnoT, rom 𝑅𝐶  ⊥  𝐴𝐵. 
ganvixiloT წonasworobis pirveli obieqti — 𝐶𝐷 

Rero. SevadginoT misTvis momentebis gantoleba 𝐸 

wertilis mimarT: 

   sin 90 sin 180 0CR l Ql       

sin
.

cos
CR Q




   

წonasworobis meore obieqti — koWi 𝐴𝐵. CavweroT 
misTvis momentebis gantoleba 𝐴 wertilis mimarT; 

sin 0.CPl R AC     

vinaidan 𝐴𝐸𝐶 samkuTxedi tolferdaa, amitom 𝐴𝐶 =  2𝑙 ∙
𝑐𝑜𝑠𝜑. amis gaTvaliswinebiT da 𝑅𝐶

′  gamosaTvleli formulis 
gaTvaliswinebiT, bolo gantoleba Semdegi saxiT SeiZleba 
CavweroT 

sin 2
sin 2 cos .

cos
Pl Q l


 


  

 

vinaidan, 𝑄 =  2𝑃, amitom 

1
cos , 82 50 .

8
      

 

p a s u x i :  
1

cos 82 .
8

arc     

 

amocana 4.54 
ori erTgvarovani 𝐴𝐵 da 𝐴𝐶 Rero 𝐴 

wertilSi gluvi vertikaluri 
sibrtyeebiT eyrdnobian erTmaneTs da 
agreTve eyrdnobian gluv 
horizontalur iataks, xolo 𝐵 da 𝐶 
wertilebSi — gluv vertikalur 
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kedlebs. gansazRvreT kedlebs Soris iseTi 𝐷𝐸 manZili, 

romlis drosac Reroebi წonasworobis mdgomareobaSi 
iqnebian, im pirobiT, rom maT Soris kuTxe 90° iqneba. 
mocemulia, rom: 𝐴𝐵-s sigrZea 𝑎, 𝐴𝐶 -s sigrZea 𝑏, xolo 𝐴𝐵-
s wonaa 𝑃1 da 𝐴𝐶-s wonaa 𝑃2. 

a m o x s n a  
gamovsaxoT naxazze 

sistemaze moqmedi Zalebi.  
SevadginoT 

წonasworobis gantolebebi 
𝑥 da 𝑦 RerZebze proeqciebSi: 

1 2

0,

0.

B C

A

R R

R P P

 


  
 

momentebis gantolebas 
𝐴 wertilis mimarT 𝐴𝐵 
RerosTvis eqneba saxe: 

1sin cos 0,
2

B

a
R a P      

xolo 𝐴𝐶 RerosTvis: 

2cos sin 0.
2

C

b
R b P    

წonasworobis yvela gantolebidan miviRebT 

;B CR R  

1 2;AR P P   

1 cos
;

2 sin
B

P
R




  

2 sin
.

2 cos
C

P
R




  

vinaidan 𝑅𝐵 = 𝑅𝐶 , amitom SegviZlia CavweroT 

21 2 1

2

cos sin
.

2 sin 2 cos

P P P
tg

P
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2 2

1
sin ; cos .

1 1

tg

tg tg


 

 
  

 
 

 

1 2

1 2

cos sin .
a P b P

DE a b
P P

 


  


 

p a s u x i :
1 2

1 2

a P b P
DE

P P





. 

 

 

amocana 4.55 
erTgvarovani 𝐴𝐵 Zeli, romelsac 

SeuZlia brunva horizontaluri 𝐴 
RerZis garSemo, eyrdnoba 𝑟 radiusiani 
iseTi cilindris gluv zedapirs, 
romelic gluv horizontalur 
zedapirze devs da daWerilia uWimavi 
𝐴𝐶 ZafiT. Zelis wonaa 16  n. sigrZeebi 
__ 𝐴𝐵 = З𝑟, 𝐴𝐶 =  2𝑟. ipoveT Zafis 𝑇 
daWimuloba da Zelis dawola 𝐴 
saxsarze. 

 
A m o x s n a  

 
geometriuli mosazrebebidan 

gamomdinare gvaqvs (nax. 1): ∠𝐶𝐴𝐾 = 30°. 

ganvixiloT წonasworobis pirveli obieqti — 
cilindri. masze modebulia 𝐶 wertilSi Tavmoyrili sami 
Zala: 𝑇′,  𝑁′1, 𝑁′. 
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am ZalebisTvis Zaluri samkuTxedi tolgverdaa (nax. 

2), amitom 
𝑇′ =  𝑁′1 = 𝑁′. 

წonasworobis meore obieqti — 𝐴𝐵 Zeli, romelzec 

moqmedeben Zalebi �⃗� , 𝑁1⃗⃗ ⃗⃗  , �⃗� . SevadginoT წonasworobis 
gantolebebi (𝑥 da 𝑦 RerZebze proeqciebSi da 𝐴 wertilis 
mimarT momentebisTvis): 

1

1

1

sin 60 0,

sin30 0,

1,5 cos60 2 cos30 .

A

A

X N

Y P N

P r N r

  


  

   

 

sistemidan miviRebT  

1

16 1,5 0,5
6,9

2 0,866
N

 
 


n; 

1 sin30 12,5AY P N   n; 

sin60 6,9 0,886 6AX N    n. 

vinaidan 𝑇 =  𝑇′,  𝑁′1  =  𝑁1  da 𝑇
′ =  𝑁′

1,  amitom  𝑇 =  𝑁1 =

6,9 n. 
 
 p a s u x i :  𝑇 = 6,9  𝑛;  𝑋𝐴  = 6  n; 𝑌𝐴  =  12,5 n. 
 
 

 

nax. 1 

 

nax. 2 
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amocana 4.56 
or gluv   daxril 𝑂𝐴 

da 𝑂𝐵 zedapirebs Soris 
moTavsebulia ori 
urTierTSemxebi gluvi 
cilindri: 1) 𝑃1  =  10 n 
wonis cilindri centriT 
𝐶1 wertilSi da 2) 𝑃2  =  30 n 
wonis cilindri centriT 
𝐶2 wertilSi. gansazRvreT 𝐶, 𝐶2 wrfiTa da horizontaluri 
𝑥𝑂𝑥1 RerZiT Sedgenili kuTxe 𝜑, cilindrebis zedapirebze 
𝑁1Nda 𝑁2N dawolebi da agreTve cilindrebis erTmaneTze 
N𝑁 dawola, Tu 𝐴𝑂𝑥1 kuTxe aris 60°, xolo 𝐵𝑂𝑥 kuTxe aris 
30°. 

a m o x s n a  

წonasworobis pirveli obieqti — mTeli sistema (ix. 
naxazi). SevadginoT misTvis Sesabamisi gantolebebi (𝑥 
RerZze proeqciebSi da momentebisTvis 𝐶1 da 𝐶2 werilebis 
mimarT): 

     

     

1 2

2 2 2

1 1 1

sin60 cos 0,

cos sin30 sin cos30 cos 0,

cos cos60 cos sin60 sin 0.

N N

P r R N r R N r R

P r R N r R N r R



  

  

  

         


       

 

 

 

 

 

 

 

 

 

 
pirveli gantolebidan miviRebT 

2 13 ;N N  

mesamedan da meoredan — 
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1 1

1 3
cos cos sin ,

2 2
P N  

 
   

 
 

2 1

3 3
cos cos sin

2 2
P N  

 
   

 
 

vipovoT: 

 

1

2

1 3
cos sin

2 2 ,
3 3

cos sin
2 2

P

P

 

 






 

anu, 

 

1 2

1 2

33
.

2

P P
tg

P P






 

aq Tu CavsvamT 𝑃1 da 𝑃2 sidideebis ricxviT 
mniSvnelobebs, miviRebT  

0, 0.tg     

maSin sistemis meore gantolebidan gveqneba 

2
2 34,6

cos30

P
N     2

1

34,6
20

1,733

N
N     

ganvixiloT 𝐶1 centris mqone cilindri da CavweroT 

misTvis წonasworobis gantoleba (𝑥 RerZze proeqciebSi): 

1
1

sin60
sin60 cos 0 .

cos

N
N N N




        

1 sin60 20 0,866 17,3N N N      

p a s u x i :  𝜑 =  0; 𝑁1 = 20  n;  𝑁2 =  34,6 n;  𝑁 =  17,3 n. 
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amocana 4.57 
ori erTgvarovani 𝐶1 da  𝐶2 

birTvi, romelTa radiusebia 𝑅1 da 
𝑅2, xolo wonebi __ 𝑃1 da 𝑃2, 
Camokidebulia 𝐴 wertilSi 𝐴𝐵 da 
𝐴𝐷 TokebiT; 𝐴𝐵 =  𝑙 1;  𝐴𝐷 =  𝑙 2;  𝑙 1  +
 𝑅 1 = 𝑙 2 + 𝑅 3; ∠𝐵𝐴𝐷 = 𝛼, 
gansazRvreT 𝜗 kuTxe, romelsac 
qmnis 𝐴𝐷 Toki horizontalur 𝐴𝐸 
sibrtyesTan, agreTve Tokebis 𝑇1,  𝑇2 
daWimulobebi da birTvebis 
erTmaneTze dawola. 

a m o x s n a  
gamovsaxoT naxazze sistemaze moqmedi Zalebi.  
SevadginoT 𝐴 wertilis mimarT momentebis jamis 

gantolebebi pirveli da meore birTvisaTvis: 

        

       

1 1 1 1 1

2 2 2 2 2

sin 90 cos cos / 2 0.

sin 90 cos cos / 2 0.

P l R N l R

P l R N l R

  

 

       

     

 

Sesabamisad, 

 
2 cos

,
cos / 2

P
N




  

maSin sistemis meore 
gantolebidan miviRebT  

   2sin 90 sin 90 .P P       

amovxsnaT trigonometriuli gantoleba 𝜃-s mimarT: 

 1 2cos cos ,P P      

   1 2cos cos sin sin cos ,P P          
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2 1
1 1 2

1

cos
sin cos ,

sin

P P
P tg P P tg

P


   




        

�⃗� 1 da �⃗� 2 sidideebis gansazRvrisaTvis ganvixiloT 

TiToeuli birTis წonasworobis gantolebebi ZalTa 𝐴𝐸 
RerZze proeqciebSi. pirveli birTvisTvis gveqneba: 

   
 
 1 1 1 1

sin / 2
cos / 2 sin / 2 0 ,

cos / 2
T P T P

 
  




      

meore birTvisTvis gveqneba: 

   
 
 2 2 2 2

sin / 2
cos / 2 sin / 2 0 ,

cos / 2
T P T P

 
  




      

 

p a s u x i :   
 
 

2 1
1 1

1

sin / 2cos
; ;

sin cos / 2

P P
tg T P

P

 


 


     

 
   

2
2 2

sin / 2 cos
,

cos / 2 cos / 2

P
T P N

  

 


    

 

 

amocana 4.58 

 
𝑃 wonebis mqone  𝑟 radiusiani ori 

erTnairi mrgvali cilindri 
horizontalur sibrtyeze devs da 
erTmaneTTan centrebiT arian gadabmulni 
2 𝑟 sigrZis uWimavi ZafiT. am or cilindrze 
myarad devs 𝑄 wonis 𝑅 radiusiani mesame 
cilindri. gansazRvreT Zafis daWimuloba, 
cilindrebis dawola sibrtyeze da 
cilindrebis erTmaneTze dawola. xaxuni 
ugulebelyaviT. 

a m o x s n a  
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ganvixiloT mTliani sistema (nax. 1) da 

SevadginoT წonasworobis gantoleba 
vertikalur RerZze proeqciebSi: 

2 2 2 0.N N Q P     

simetriis ZaliT 𝑁2  =  𝑁2
′, amitom 

2 2 .
2

Q
N N P    

geometriuli mosazrebebidan miviRebT 

sin .
r

r R
 


 

ganvixiloT didi cilindris 
wonasworoba — masze moqmedeben 

�⃗�  , 𝑁⃗⃗⃗⃗ 1  da �⃗⃗�  Tavmoyrili Zalebi. am 
ZalebisTvis avagoT Zaluri 
samkuTxedi (nax. 2), saidanac 
gamomdinareobs 

cos
2

Q

N
    

 
2 2

1
.

2cos 2 2 2
1

Q r RQ Q
N

R rRr

r R




  

 
 

 

 

Tu ganvixilavT qveda burTulebidan nebismieri erT-

erTis wonasworobas da Sesabamis Zalur samkuTxeds(nax. 

3), maSin miviRebT Semdeg gantolebas (horizontalur 

RerZze proeqciebSi): 

   
2 2

sin
sin 0 sin

2 2 2 2

Q r R Q r R
N S S N

R rR R rR


 

 
      

 
 

 

nax. 1 
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p a s u x i :  TiToeuli qveda cilindris dawola 

sibrtyeze —  .
2

Q
P  zeda cilindris dawola qvedaze 

— 
 

22 2

Q r R

R rR




, Zafis daWimuloba — 

 
22 2

Q r R

R rR




.         

  

amocana 4.59 
 𝑃 =  120 n wonis mqone sami erTnairi 

mili devs ise, rogorc es naxazzea 
gamosaxuli. gansazRvreT TiToeuli qveda 
ori milis miwaze dawola da agreTve 
dawola gverdidan Semakavebel kedlebze. 
xaxuni ugulebelyaviT. 

a m o x s n a  

ganvixiloT zeda milis წonasworoba 
(nax. 1). Tu avagebT Zalur samkuTxeds (nax. 2) da 
gamoviyenebT sinusebis Teoremas, SegviZlia davweroT 

 

1
1

sin30 120 2 120
.

sin120 sin30 cos30 2 3 3

NP P
N


    


 

ganvixiloT marcxena milis wonasworoba (nax. 3) da 
CavweroTSeabamisi gantolebebi: 𝑥 RerZze proeqciebSi  

 

2 1 2 1

1
cos60 0 cos60 69,3 34,6

2
N N N N        n; 

 

 

 

 

 

 

 

 

 

 nax. 1 

 

nax. 2 

 

nax. 3 
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𝑦 RerZze proeqciebSi  

3 cos30 0N P N     

3 cos30 120 60 180N P N     n. 

 

p a s u x i :  miwaze dawola __ 180 n; 
TiToeul kedelze dawola__ 34,6 n. 
 

 
amocana 4.60 

 
 𝐴𝐵𝐶𝐷 ferma 𝐷 wertilSi eyrdnoba sagoravebs, xolo 

𝐴 da 𝐵 wertilebSi mas akaveben iseTi 𝐴𝐸 da 𝐵𝐹 
iribanebi, romlebic saxsrulad arian damagrebuli 𝐸 da 
𝐹 wertilebSi. iribanebi da 𝐸𝐹 wrfe horizontisadmi 
45°°kuTxes adgenen; 𝐵𝐶 panelis sigrZea 3 m;  𝐴𝐸 da 𝐵𝐹 

Reroebi erTnairi sigrZisaa; 𝐸𝐹 =  3√2  m, 𝐴𝐻 =  2,25√2  m. 
fermis wonaa 25 kn da mimarTulia 𝐶 wertilze gamavali 
vertikalis gaswvriv. datvirTvis wonaa 112,5 kn. 𝐵 
wertilidan ra 𝑥 manZilze unda movaTavsoT datvirTva 
imisaTvis, rom 𝐷 sayrdenis reaqcia gaxdes nulis toli? 
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a m o x s n a  
geometriuli 

mosazrebebidan (ix. naxazi) 
miviRebT 𝐵𝐾 1 = 𝐾 1𝐶 (ix. 4.23 
amocana). 

SevadginoT fermaze 
modebuli yvela Zalis 
momentebis jami 𝐾 
wertilis mimarT: 

 1,5 1,5 0P x G      

   1,5 112,5 25 1,5
1,16

112,5

P G
x

P

   
    

p a s u x i :  𝑥 =  1,16 m. 
S e n i S v n a .  a m o c a n a T a  k r e b ulS i  

d a S v e b ul i a  S e c d o m a  b e W d v i s  d ro s . 
 

amocana 4.61 

robot-manipulatoris 
saxsruli muxlebisgan 
Semdgari meqanizmis muxlebs 
SeuZliaT brunva 
vertikalur sibrtyeSi. 
ipoveT amZravebis iseTi 
Zalebi  𝐴 da 𝐵 saxsrebSi, romlebic aucilebelia 
meqanizmis horizontalur mdgomareobaSi gasaCereblad. 
manipulatoris obieqtis masaa 𝑚𝐶 = 15 kg. rgolebis 𝑙1 =
 0,7 m sigrZeebia:   𝑙2  =  0,5 m. rgolebi erTgvarovania da maTi 
masa Sesabamisad tolia: 𝑚1  =  35 kg, 𝑚2  =  25 kg. 

a m o x s n a  
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gamovsaxoT naxazze sistemaze moqmedi Zalebi. 

SevadginoT yvela Zalis momentebis jami 𝐴 wertilis 
mimarT da gavutoloT nuls: 

 1 20,35 0,95 1,2 0,A CM m g m g m g        

 9,8 35 0,35 25 0,95 15 1,2 0AM          

530AM  n  m. 

SevadginoT yvela gare Zalis momentebis jami 𝐵 
wertilis mimarT da gavutoloT nuls: 

   0,25 0,5 0; 9,8 25 0,25 15 0,5 0B C BM mg m g M             

 135BM  n  m 

p a s u x i :  𝑀 𝐴 =  530 n  m, 𝑀 𝐵 =  135 n  m. 
 

amocana 4.62 
ipoveT wonasworobaSi myofi robot-manipulatoris 

amZravis saxsrebSi moqmedi Zalebis momentebi, roca misi 
meore muxli horizontidan 30°-iT aris aweuli. 
manipulatoris obieqtis masaa 𝑚 𝐶 =  15 kg rgolebis 
sigrZeebia:  𝑙 1 =  0,7 m,   𝑙 2  =  0,5 m. rgolebis masaa: 𝑚1  =

 35 kg, 𝑚2  =  25 kg. 
 
 
 
 
 
 
 
 
a m o x s n a  
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gamovsaxoT naxazze sistemaze moqmedi Zalebi. 
SevadginoT yvela gare Zalis momentebis jami 𝐵 wertilis 
mimarT da gavutoloT nuls: 

    1 20,35 0,7 0,5 0,7 0,5 cos30 0;A CM m g m g m g          

    35 0,35 25 0,7 0,5 15 0,7 0,5 cos30 0AM            

511AM  n  m. 
 

 

 

 

SevadginoT yvela gare Zalis momentebis jami 𝐵 
wertilis mimarT da gavutoloT nuls: 

2
2 2cos30 cos30 0

2
B C

l
M m g m gl    

2
2

25
cos30 9,8 0,5 0,866 15

2 2
B C

m
M gl m

   
        

  
 

9,8 0,5 0,866 27,5 116,69 117       n  m. 
p a s u x i :  𝑀𝐴  = 510 n  m;  𝑀𝐵  = 117 n  m. 

 
amocana 4.63 

robot-manipulatoris 
meqanizmi wonasworobis 
mdgomareobaSia da vertikalur 
sibrtyeSia moTavsebuli. muxlebis 
sigrZeebia: 𝑙1  =  0,8 m,  𝑙2  =  0,5 m, 
𝑙3  =  0,3 m,  xolo wonebi: 𝑚1  = 40  
kg, 𝑚2 =  25 kg, 𝑚3  =  15  kg. ipoveT 
amZravis Zalebis momentebi 
saxsrebSi, Tu manipulatoris 𝐶𝐷 
xelze Camokidebulia 𝑚𝐷  =  15 kg 
masis mqone tvirTi. CaTvaleT, rom muxlebi warmoadgenen 
erTgvarovan Reroebs.  
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a m o x s n a  
TiToeuli muxlis 

wona modebulia muxlis 
SuawertilSi (simZimis 
centrSi). geometriuli 
mosazrebebidan 
gamomdinare ganvsazRvroT 
kuTxeebi (nax. 1), da Semdeg 
SevadginoT gantolebebi 
ZalTa momentebisaTvis. 

wonasworobis gantolebebi ZalTa momentebisTvis 𝐴 
wertilis mimarT (nax. 1): 

1 2
1 2 1cos45 cos45 cos15

2 2
A

l l
M m g m g l

  
    

 
 

3
3 1 2cos45 cos15 cos45

2

l
m g l l

 
    

 
 

 1 2 3cos45 cos15 cos45 0Dm g l l l    
  

 9,8 40 0,4 0,707 25 0,8 0,707 0,25 0,97AM            

 15 0,8 0,707 0,5 0,97 0,15 0,707        

 15 0,8 0,707 0,5 0,97 0,3 0,707 665        n  m. 

wonasworobis gantolebebi ZalTa momentebisTvis 𝐵 

wertilis mimarT (nax. 2): 

2
2 cos15

2
B

l
M g m


 


 

3
3 2 cos15 cos45

2

l
m l

 
   

 
 

 2 3cos15 cos45 0Dm l l   
  

nax. 1 
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9,8 25 0,25 0,97BM    

 15 0,5 0,97 0,15 0,707     

 15 0,5 0,97 0,3 0,707 248     n  m. 

wonasworobis gantolebebi ZalTa momentebisTvis 

𝐶 wertilis mimarT (nax. 3): 

3
3 3cos45 cos45 0

2
C D

l
M g m m l

 
   

 
 

 9,8 15 0,15 0,707 15 0,3 0,707 46,7CM         n  m. 
p a s u x i :  𝑀𝐴 =  665 n  m; 𝑀𝐵 = 248 n  m; 𝑀𝐶  = 46,7 n  m. 
 

amocana 4.64 
robot-manipulatoris 

xeli wonasworobaSi akavebs 
𝑚𝐷  =  15  kg masis mqone 
tvirTs. CamosatvirTi 
mowyobilobis zambara, 
romlis daniSnulebaa 
amZravze datvirTvis 
Semcireba, pirvel muxlze 
moqmedebs iseTi 𝐹 =  3000 n 
ZaliT, romelic modebulia 
𝐴 saxsridan 𝐴𝐸 =  0,2 m moSorebiT. ipoveT ZalTa momentebi 
saxsrebSi. muxlebis sigrZeebia: 𝑙1  =  0,8 m, 𝑙2  =  0,5 m, 𝑙3  =
 0,3 m, xolo muxlebis masebia: 𝑚1  =  40 kg, 𝑚2  =  25 kg, 𝑚3  =

 15 kg. CaTvaleT, rom muxlebi warmoadgenen erTgvarovan 
Reroebs.  

 
 a m o x s n a  
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vimsjeloT 4.63 amocanis analogiurad. 
wonasworobis gantoleba ZalTa momentebisTvis 𝐴 

wertilis mimarT (nax. 1): 

1 2
1 2 1cos60 cos30

2 2
A

l l
M F AE m g m g l

 
     

 
 

 3
3 1 2 1 2 3cos30 sin30 cos30 sin30 0

2
D

l
m g l l m g l l l

 
        

 

 9,8 40 0,4 25 0,8 0,25 0,866AM        

   15 0,8 0,5 0,866 0,15 0,5 15 0,8 0,5 0,866 0,3 0,5          

3000 0,2 0,5 501,64 502     n  m. 

 
wonasworobis gantoleba ZalTa momentebisTvis 𝐵 

wertilis mimarT (nax. 2): 

3
2 3 2cos30 cos30 cos60

2 2
B

ll
M m g m g l

 
    

 
 

 2 3cos30 cos60 0Dm g l l     

 

 9,8 25 0,25 0,866 15 0,5 0,866 0,15 0,5BM          

nax. 1 
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 15 0,5 0,866 0,3 0,5 214     n  m. 

 

 

 

 

 

 

 

 

 

 

wonasworobis gantoleba ZalTa momentebisTvis 𝐶 

wertilis mimarT (nax. 3): 

3
3 cos60

2
C

l
M m g   

3 cos60 0Dm gl   

3
3 3cos60 cos60

2
C D

l
M g m m l

 
   

 

 9,8 0,5 0,15 0,5 15 0,3 0,5 33       n  m. 

p a s u x i :  𝑀𝐴  =  502 n  m;  𝑀𝐵  =  214 n  m;  
𝑀𝐶  =  33 n  m.  

 
amocana 4.65 

ipoveT naxazze gamosaxuli amwis 
sayrdenebis reaqciebi da Zalvebi 
ReroebSi, 8 kn  datvirTvis SemTxvevaSi. 
Reroebis wonebi ugulebelyaviT. 

a m o x s n a  

წonasworobis pirvel obieqtis rolSi 
aviRoT amwe (nax. 1). SevadginoT 

წonasworobis gantolebebi paralelur 
ZalTa brtyeli sistemisaTvis (𝑦 RerZze proeqciebSi da 𝐵 
wertilis mimarT momentebisTvis): 

nax. 2 

 
nax. 3 
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0,

2 0.

A B

A

R R P

R P BK

  


   
 

sistemis meore 

gantolebidan miviRebT 

.
2

A

P BK
R


  

piTagoras TeoremiT  

2 2 21 3AC AL CL      

10 3,1622   

kosinusebis Teoremis 

gamoyenebiT vipoviT 𝛼 kuTxes: 
2 2 2 2 cosAC CD AD AC AD      

2 2 2 36 49 10 75
cos 0,893;

2 2 6 7 84

CD AD AC

AD CD


   
   

  
 

2sin 1 cos 0,203 0,4493; 26 42          

sinusebis Teoremis gamoyenebiT vipoviT 𝛽 da 𝛾 

kuTxeebs: 

sin 6 0,4493
sin 0,853; 30 .

sin sin 3,1622

AC CD CD

AC


 

 

 
         

𝐴𝐶𝐿 samkuTxedidan: 

3
sin 0,9487; 36

3,162

CL

AC
         

maSin, 

180 180 58 30 7136 50 ;DAK             

90 40 ;ADK DAK      

cos50 7 0,6428 4,5AK AD      

2 4,5 6,5BK BA AK      

Tu viciT 𝐵𝐾, maSin vipoviT 𝑅𝐴-s: 

nax. 3 
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8 6,5
26

2
AR


  kn. 

sistemis pirveli gantolebidan 
vipoviT 𝑅𝐵-s: 

𝑅𝐵 = 𝑃 − 𝑅𝐴 = 8—26 =—18 kn 
(reaqcia mimarTulia qveviT). 

წonasworobis meore obieqti — 
kvanZi 𝐷, romelSic Tavs iyris sami 

Zala: 𝑆1⃗⃗  ⃗, 𝑆2⃗⃗  ⃗, �⃗�  (nax. 2). SevadginoT 

წonasworobis gantolebebi (𝑥 da 𝑦 
RerZebze proeqciebSi): 

 

 
2 1

2 1

sin sin 0,

cos cos 0,

S S

S S P

  

  

   

    

 

miRebuli sistemis pirveli gantoleba gavamravloT 
𝑐𝑜𝑠(𝑎 + 𝜗)-ze, meore — 𝑠𝑖𝑛(𝑎 + 𝜗)-ze da aviRoT maTi sxvaoba: 

     

       
2 1

2 1

sin cos sin cos 0,

cos sin cos sin sin 0,

S S

S S P

      

        

     

       

 

Sesabamisad, 

     1 cos sin sin cos sin 0S P                 

 
   1

sin

cos sin sin cos

P
S

 

     

 
  

  
 

8 0,9178
16,44

0,766 0,9178 0,6428 0,4


  

  
kn; 

 2

sin 16,44 0,6428
11,53

sin 0,9178

S
S



 

 
  


kn. 

nax. 1 
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 წonasworobis mesame obieqti — kvanZi 

𝐶, romelSic Tavs iyris 𝑆2
′⃗⃗  ⃗, 𝑆3⃗⃗  ⃗, 𝑆5⃗⃗  ⃗ Zalebi (nax. 

3). am sistemisTvisac SevadginoT 

წonasworobis analogiuri gantolebebi 

(RerZebze proeqciebSi): 

5 3 2

5 3 2

cos cos cos 0,

sin sin sin 0.

S S S

S S S

  

  

   


   
 

 

   90 90 40 26 18 .          

bolo sistemis pirveli gantoleba gavamravloT 𝑠𝑖𝑛𝛾-
ze, meore — 𝑐𝑜𝑠𝛾 −ze da Semdeg SevkriboT isini: 

5 3 2

5 3 2

cos sin cos sin cos sin 0,

sin cos sin cos sin cos 0.

S S S

S S S

     

     

   


   
 

Sesabamisad, 

 5 22 cos sin cos sin sin cos 0S S          

 2

5

cos sin sin cos

2cos sin

S
S

   

 

 
  

 11,53 0,9184 0,9487 0,4 0,36
19,1

2 0,3156 0,9487

  


 
kn; 

5 2
3

cos cos 19,1 0,3156 11,53 0,9184
14,3

cos 0,3156

S S
S

 



   
  

kn. 

წonasworobis meoTxe obieqti — 

kvanZi 𝐶, romelSic Tavs iyris 𝑅𝐵, 𝑆5
′⃗⃗  ⃗, 𝑆4⃗⃗  ⃗, 

(nax. 4). ZalTa am sistemisTvis 

SevadginoT წonasworobis gantoleba 
RerZze 𝑥 proeqciebSi: 

5 4cos 0S S    

nax. 3 

 

nax. 4 
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4 5 cos 19,1 0,3156 6,028.S S        

p a s u x i :  𝑅𝐴  =  26 kn; 𝑅𝐵  =  18 kn — qveviT 

Reros № 1 2 3 4 5 

Zalva, kn -16,4 11,5 -14,3 -6 19 
 

amocana 4.66 

იpoveT nivniviani wamwis 
sayrdenebis reaqciebi da Zalvebi 
ReroebSi. wamwe masze modebul 
ZalebTan erTad naxazzea 
gamosaxuli. 

a m o x s n a  

წonasworobis pirveli 
obieqti —wamwe mTlianad (nax. 1). 
𝐴 da 𝐵 sayrdenebSi reaqciebis 
sapovnelad SevadginoT 

წonasworobis gantolebebi 
(gantolebebi 𝑦 RerZze 
proeqciebSi da ZalTa momentebisTvis 𝐴 wertilis mimarT): 

3 2 1 0,

3 3 2 5 1 7 10 0.

A B

B

R R

R

    

        

 

 Tu am sistems amovxsniT, 

miviRebT 

9 10 7
2,6

10
BR

 
   

6 6 2,6 3,4A BR R      

imisaTvis rom ganvsazRvroT 
ReroebSi arsebuli Zalvebi, unda 
vipovoT 𝛼, β da γ kuTxeebi:  

2 2 2 2

5
cos 0,78

5 4

AL AL

AD AL LD
    

 
; 

4
sin 0,625;

41

DL

AD
     

nax. 1 
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2 2 2 2

5
cos 0,98;

5 1

AL AL

AK AL KL
    

 
 

1
sin 0,196.

26

KL

AK
     

𝐶𝐴𝑀 da 𝐴𝐷𝐿 samkuTxedebis msgavebidan gamomdinare 

gveneba: 

4 3
2,4.

5

DL MC DL AM
MC

AL AM AL

 
      

4 2,4 1,6DP DL MC     m,

3 1,6 1,4PK DK DP     m. 

2 2 2 2

2 2
cos 0,81;

2,442 1,4

CP CP

CK CP PK
     

 
 

1,4
sin 0,574.

2,44

PK

CK
     

wamwis ReroebSi Zalvebi ganvsazRvroT kvanZebis 

amoWris meTodiT. 

წonasworobis meore obieqti — kvanZi 𝐴, romelzec 

moqmedebs Zalebi �⃗� 𝐴, 𝑆 1, 𝑆 2 — Tavmoyril ZalTa brtyeli 

sistema (nax. 2). SevadginoT am kvanZisaTvis წonasworobis 
gantolebebi (𝑥 da 𝑦 RerZebze proeqciebSi): 

1 2

1 2

cos cos 0,

sin sin 0.A

S S

R S S

 

 

 


  
 

2 2
1

cos 0,98
.

cos 0,78

S S
S






     

Tu am sistemas amovxsniT, miviRebT 

2
2

cos sin
sin 0

cos
A

S
R S

 



     

nax. 2 

 



 
 

245 
 

2

3,4
5,8

cos sin 0,625 0,98
sin 0,196

cos 0,78

AR
S

 




  


 

kn; 

1

0,98 5,8
7,3

0,78
S


    kn. 

წonasworobis mesame obieqti — kvanZi 
𝐶, romelSic Tavs iyris 4 Zala (nax. 3). 

SevadginoT 𝐶 kvanZisTvis წonasworobis 
gantolebebi (RerZebze proeqciebSi): 

1 4 3

1 4 3

cos cos cos 0,

sin sin sin 0.

S S S

S S S

  

  

   


   
 

miRebuli sistemis pirveli gantoleba gavamravloT 
𝑠𝑖𝑛𝛼-ze, meore — 𝑐𝑜𝑠𝛼-ze da aviRoT maTi sxvaoba: 

1 4 3

1 4 3

cos sin cos sin cos sin 0,

sin cos sin cos sin cos 3cos 0.

S S S

S S S

     

      

   


    
 

აmovxsnaT sistema: 

 3 cos sin sin cos 3cos 0S          

3

3cos 3 0,78
2,44

cos sin sin cos 0,81 0,625 0,574 0,78
S



   


     

   
 

.
1 3 3

4

cos cos 7,3 0,78 cos

cos cos

S S S
S

  

 

    
     

წonasworobis meoTxe obieqti — 

kvanZi 𝐷 masSi Tavmoyrili ZalebiT (nax. 

4). 

SevadginoT D kvanZisTvis 

წonasworobis gantolebebi (RerZebze 
proeqciebSi): 

4 5

4 2 6 5

cos cos 0,

sin sin 0.

S S

S F S S

 

 

  


    
 

აmovxsnaT sistema: 

nax. 3 

nax. 4 
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4 5 4,76S S    kn;  6 4 2 5sin sinS S F S       

 4,76 0,625 2 4,76 0,625 3,9        kn. 

wonasworobis mexuTe obieqti — kvanZi 𝐸, 

romelSic Tavs iyris 4 Zala (nax. 5). 

SevadginoT 𝐸 kvanZisTvis წonasworobis 
gantolebebi (RerZebze proeqciebSi):  

5 7 8

5 7 8 3

cos cos cos 0.

sin sin sin 0

S S S

S S S F

  

  

   

     

 

Tu am sistemas amovxsniT, miviRebT: 
𝑆7 = −0,82 kn, 

𝑆8  =  −5,59 kn. 
წonasworobis meeqvse obieqti — kvanZi 𝐾, 

romelSic Tavs iyris 5 Zala (nax. 6). 

SevadginoT am kvanZisTvis წonasworobis 
gantoleba 𝑥 RerZze proeqciebSi:  

2 9 3 7cos cos cos cos 0.S S S S           

2 9 3 7cos cos cos cos 0.S S S S           

Sesabamisad, 

2 3 7
9

cos cos cos

cos

S S S
S

  



   
  

5,8 0,98 2,44 0,81 0,81 0,81
4,45

0,98

    
  kn. 

p a s u x i :  3,4AR  kn; 2,6BR  kn. 

 

 

Reros № 1 2 3 4 5 6 7 8 9 

Zalva, kn −7,3 5,8 −2,44 −4,76 −4,76 3,9 −0,82 −5,59 4,45 

 

 

 

 

nax. 5 

 

nax. 6 
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amocana 4.67 

 იpoveT 

xerxiseburi 

wamwis 

sayrdenebis 

reaqciebi da 

Zalvebi 

ReroebSi. wamwe 

masze moqmed 

ZalebTan 

erTad naxazzea 

gamosaxuli. 

a m o x s n a  

წonasworobis pirveli obieqti — mTliani ferma (nax. 
1). ganvsazRvroT 𝑅𝐴 da 𝑅𝐵 sayrdenebis reaqciebi. amisaTvis 

SevadginoT წonasworobis gantolebebi paralelur ZalTa 
brtyeli sistemisaTvis (𝑥 RerZze proeqciebSi da ZalTa 
momentebisTvis 𝐴 wertilis mimarT): 

 

1 2 2 1 0,

2 1 2 2 1 cos60 1 4 4 0.

A B

B

R R

R

     

         

 

 

 

 

 

 
 

 

 

 

 

 

 

Sesabamisad, 
𝑅𝐵 = 11/4 =  2,75 kn; 
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𝑅𝐴 = 6 − 𝑅𝐵 = 6 − 2,75 =  3,25 kn. 

 წonasworobis meore obieqti — kvanZi 
𝐴, romelSic Tavs iyris 2-e naxazze 
gamosaxuli Zalebi. SevadginoT am 

kvanZisTvis წonasworobis gantolebebi (𝑥 da 
𝑦 RerZebze proeqciebSi): 

5 1

5 1

cos60 0,

cos30 0.A

S S

R S F

  


  
 

amovxsnaT miRebuli sistema: 

1
5 2,6

cos30

AF R
S


  kn;  

1 1 cos60 1,3S S   . 

წonasworobis mesame obieqti — kvanZi 𝐶, 
romelSic Tavs iyris 3-e naxazze 
gamosaxuli Zalebi. SevadginoT Tavmoyril 

ZalTa am sistemisaTvis წonasworobis 
gantolebebi (𝑥 da 𝑦 RerZebze proeqciebSi): 

1 6 4

1 6 4

cos60 cos60 cos30 0,

cos30 cos30 cos60 2 0.

S S S

S S S

   


    
 

Tu am sistemas amovxsniT, miviRebT: 

4 2,5S    

6 1,73S   

წonasworobis meoTxe obieqti — kvanZi 𝐸, 
romelSic Tavs iyris 4-e naxazze gamosaxuli 
Zalebi. SevadginoT Tavmoyril ZalTa am 

sistemisaTvis წonasworobis gantolebebi (𝑥 
da 𝑦 RerZebze proeqciebSi): 

1 2 6 7

6 7

cos60 cos60 0,

cos30 cos30 0.

S S S S

S S

     

  

 

sistemidan miviRebT 

6 7;S S   

nax. 2 

nax. 3 

nax. 4 
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1 2 6 6cos60 cos60 0S S S S        

2 1 62 cos60 1,3 2 1,73 0,5 3,03S S S       

7 6 1,73S S     

წonasworobis mexuTe obieqti — 
kvanZi B, romelSic Tavs iyris 5-e 
naxazze gamosaxuli Zalebi. davweroT 

am sistemisaTvis წonasworobis 
gantoleba (𝑦 RerZze proeqciebSi): 

3 cos60 1 0BS R     

3

1 1 2,75
3,5

cos60 0,5

BR
S

 
     

p a s u x i :  𝑅𝐴  =  3,25 kn;  𝑅𝐵  =  2,75 kn. 
 

 
Reros № 1 2 3 4 5 6 7 

Zalva, kn 1,3 3,03 −3,5 −2,5 −2,6 1,73 −1,73 

 

 

amocana 4.68 

იpoveT masze moqmed ZalebTan erTad naxazze 
gamosaxuli amwis fermis sayrdenebis reaqciebi da Zalvebi 
ReroebSi. 

 
 

 

 

 

 

 

 

 

 

 

nax. 5 
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a m o x s n a  
ganvsazRvroT 

sayrdenebis reaqciebi. 
amisaTvis ganvixiloT 

წonasworobis pirveli 
obieqti — mTliani ferma 
(nax. 1) da SevadginoT 

წonasworobis Sesabamisi 
gantolebebi (𝑦 RerZze 
proeqciebisTvis da 
ZalTa momentebisTvis 𝐴 
wertilis mimarT): 

1 2

2

0,

3 3 6 0.

A B

B

R R F F P

F R P

    

      

 

amovxsnaT miRebuli sistema: 

26 3
9

3
B

P F
R

  
  kn; 

1 2 5 5 2 9 3A BR F F P R         kn. 

წonasworobis meore obieqti — kvanZi 𝐴, 
romelzec moqmedebs 2-e naxazze gamosaxuli 

Zalebi. davweroT წonasworobis gantolebebi 𝐴 
kvanZisTvis (𝑥 da 𝑦 RerZebze proeqciebSi): 

8

9

0.

0.A

S

S R




 
 

Sesabamisad, 

8 90; 3AS S R      kn. 

nax. 2 
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წonasworobis mesame obieqti — kvanZi 𝐶, 

romelzec moqmedebs 3-e naxazze gamosaxuli 

Zalebi. SevadginoT წonasworobis 

gantolebebi (𝑥 da 𝑦  RerZebze proeqciebSi): 

6 7

9 1 7

cos45 0,

cos45 0.

S S

S F S

  


   

 

amovxsnaT es sistema: 

    1 9

7

5 3
2,83

cos45 0,707

F S
S

   
    kn; 

6 7 cos45 2,83 0,707 2S S     kn. 

წonasworobis meoTxe obieqti — 
kvanZi 𝐸, romelzec moqmedebs 4-e 
naxazze gamosaxuli Zalebi. davweroT 

წonasworobis gantolebebi 𝐸 
kvanZisTvis (orive RerZze 
proeqciebisTvis): 

2 1

2 1

sin sin 0,

cos cos 0,

S S

S S P

 

 

  

   

 

geometriuli mosazrebebidan gamomdinare:  
2

2 2

1 1 3
cos 0,316; sin 0,949;

3,162 103 1
      


 

2 2

3 1 2,5 3 2 4
cos ; sin .

5 2,5 52 1,5
 

 
    


 

bolo sistemis pirveli gantolebidan gamomdinareobs, 
rom  

2 1

sin
,

sin
S S




   

amitom, ganxiluli sistemis meore gantolebidan  
miviRebT 

nax. 3 

nax. 4 
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1 1

sin
cos cos 0

sin
S S P


 


      

1

2
6

sin 0,8
cos cos 0,316 0,6

sin 0,949

P
S


 



   

 

kn. 

maSin, 

2

0,8
5,99 5,1

0,949
S

 
    

 
kn. 

წonasworobis mexuTe obieqti — 

kvanZi 𝐷, romelzec moqmedebs 5-e 

naxazze gamosaxuli Zalebi. davweroT 

წonasworobis gantolebebi (𝑥 da 𝑦 

RerZebze proeqciebSi): 

6 2 3

2 5 3 2

sin sin 0,

cos cos 0.

S S S

F S S S

 

 

    


    
 

am sistemis amosaxsnelad  CavataroT aucilebeli 
geometriuli gamoTvlebi (ix. nax. 1). 

21 2,5 7,25.BK     

kosinusebis TeoremiT 𝐸𝐷𝐾 samkuTxedidan gveqneba  

 2 2 2 2 cosDK DE KE DE KE         

10 6,25 2 10 2,5 0,95 1,23 1,1DK      . 

𝐵𝐷𝐾 samkuTxedidan : 2 2 2 2 cos ;DK BD BK BD BK      

1,23 9 7,25 2 3 2,29cos ;      

15,02
cos 0,93

16,14
    

sinusebis TeoremiT 𝐵𝐷𝐾 samkuTxedidan gveqneba  

sin 2,69 0,366
sin 0,895.

sin sin 1,1

DK BK BK

DK




 

 
      

gansaxilveli sistemidan vipoviT: 

nax. 5 
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6 2
3

sin 2 5,05 0,949
3,13

sin 0,895

S S
S





   
    kn.

 5 2 3 2cos cos 5 3,13 0,45 5,05 0,316 2.S F S S               

 წonasworobis meeqvse obieqti — kvanZi 

𝐵, romelSic Tavs iyris 6-e naxazze 
gamosaxuli Zalebi. am ZalebisaTvis 
SevadginoT gantoleba:  

8 7 4cos45 sin 0.S S S       

Tu gaviTvaliswinebT, rom 𝑆𝐵
′ = 0 —vipoviT: 

7
4

cos45 2,83 0,707
5,45

sin 0,366

S
S



  
    kn. 

 

p a s u x i : 3AR  kn; 9BR  kn. 

 
Reros № 1 2 3 4 5 6 7 8 9 

Zalva, kn -6,9 5,1 −3,13 −5,45 −2,0 2,0 −2,83 0 −3,0 

 

 

 

 

amocana 4.69 
ipoveT  masze moqmed 

ZalebTan erTad naxazze 

gamosaxuli nagebobis 

ReroebSi arsebuli 

reaqciebi da Zalvebi. 

rogorc aq, aseve 
Semdgom amocanebSi, 𝑂𝑥 
RerZi mimarTulia horizontaluri 𝐴𝐵 wrfis gaswvriv 
marjvniv, xolo 𝑂𝑦 RerZi — vertikalurad zeviT. 

a m o x s n a  

nax. 6 
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 uZrav saxsrul 𝐴 sayrdenSi bmis reaqcias aqvs ori 
mdgeneli, xolo moZrav 
saxsrul 𝐵 sayrdenSi 
— erTi.  

წonasworobis 
pirveli obieqti — 
mTliani nageboba (nax. 
1). SevadginoT misTvis 

წonasworobis 
gantolebebi (𝑥 da 𝑦 
RerZebze proeqciebSi 
da ZalTa momentebisTvis 𝐴 wertilis 
mimarT): 

1

2

2 1

0,

0,

5 3 10 0.

A

A B

B

X F

Y R F

F F R

 


  
      

 

აmovxsnaT sistema: 

1 2AX F    kn; 

   1 2

1 1
3 5 2 3 4 5 2,6

10 10
BR F F           kn;  

2 4 2,6 1,4A BY F R     kn. 

წonasworobis meore obieqti — kvanZi 𝐴, 

masSi moqmedeben 2-e naxazze gamosaxuli 

Zalebi. SevadginoT ZalTa am sistemisTvis 

Sesabamisi წonasworobis gantolebebi (orive 

RerZze proeqciebSi): 

6

9

0,

0.

A

A

S X

Y S

 


 
 

Sesabamisad,  

6 2AS X   kn; 

9 1,4AS Y    kn. 

nax. 1 

nax. 2 
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 წonasworobis mesame obieqti — 
kvanZi 𝐶, romelSiac Tavs iyris nax. 3.-ze 
gamosaxuli Zalebi. am ZalTa 

sistemisaTvis SevadginoT წonasworobis 
gantolebebi (orive RerZze proeqciebSi): 

4 5

9 5 4

sin sin 0,

cos cos 0

S S

S S S

 

 

 


    
 

აmovxsnaT sistema: 𝑆 4 = −𝑆 5 ,Sesabamisad,  

9
9 5 5 5cos cos 0 .

2cos

S
S S S S 




       

2 2

1,5
cos 0,287, sin 0,958;

1,5 5

AC

CK
     


 

 
5

1,4
2,44

2 0,287
S

 
 


kn; 

4 2,44S  kn. 

წonasworobis meoTxe obieqti — 

kvanZi 𝐷, romelSic moqmedeben nax. 4.-ze 

gamosaxuli Zalebi. am ZalTa 

sistemisaTvis SevadginoT წonasworobis 

gantolebebi (RerZebze proeqciebSi): 

4 2 1

4 3 2

sin sin 0,

cos cos 0.

S S F

S S S

 

 

   


   
 

sistemis amoxsnis Sedegad miviRebT: 

 3 2,44 4,5 0,287 2S       kn. 

წonasworobis mexuTe obieqti — 
kvanZi 𝐸, romelSic moqmedeben nax. 5.-ze 
gamosaxuli Zalebi. am ZalTa 

sistemisaTvis SevadginoT წonasworobis 
gantolebebi (RerZebze proeqciebSi): 

nax. 3 

nax. 4 

nax. 5 
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2 1

2 8 1

sin sin 0,

cos cos 0.

S S

S S S

 

 

  

   

 

აmovxsnaT sistema: 

1 2 4,5S S   

 8 2 1cos cos 4,5 4,5 0,287 2,58S S S       kn. 

წonasworobis meeqvse obieqti — 
kvanZi 𝐵, romelSiac Tavs 
iyris nax. 6.-ze 

gamosaxuli Zalebi 𝑆7 sididis 

sapovnelad SevadginoT წonasworobis 
gantoleba 𝑥 RerZze proeqciebSi: 

7 0.S   

p a s u x i :  𝑋 𝐴 = −2  kn; 𝑌𝐴  =  1,4  kn;  𝑅𝐵  =  2,6 kn. 
 
 

Reros № 1 2 3 4 5 6 7 8 9 

Zalva, kn 4,5 −4,5 2 −2,44 2,44 2 0 −2,6 −1,4 
 

amocana 4.70 

იpoveT iribanebiani wamwis 
;’/sayrdenebis reaqciebi da 
Zalvebi ReroebSi. wamwe 
datvirTvebTan erTad naxazzea 
gamoaxuli.  

a m o x s n a  
gamovsaxoT naxazze 

mocemuli Zalebi da 
agreTve 𝐴 da 𝐵 
wertilebSi bmebis 
reaqciebi (nax. 1). 
CavweroT 

წonasworobis 
gantolebebi 
mTliani 
sistemisTvis 

nax. 6 

nax. 6 

nax. 1 
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(koordinatTa RerZebze proeqciebSi da ZalTa 
momentebisTvis 𝐴 wertilis mimarT): 

1 0,

4 0,

4 3 1 0.

A

A B

B

X

Y Y

a Y a a

 


  
      

 

 

Tu am sistemas amovxsniT, miviRebT: 
𝑋 𝐴 = −1  kn;  𝑌𝐴  = 3 kn;  , 𝑌𝐵 = 1 kn. 

ReroebSi arsebuli Zalvebis 
sapovnelad gamoviyenoT kvanZebis amoWris 
meTodi. amovWraT 𝐴 kvanZi, gamovsaxoT 
Zalvebi (nax. 2) da SevadginoT 

წonasworobis gantolebebi: 

1 6

6

cos45 0,
.

cos45 0

A

A

X S S

Y S

   


 
 

Tu am sistemas amovxsniT, miviRebT: 

1 2S   kn, 
6 4,24S  kn. 

 amovWraT 𝐶 kvanZi da da SevadginoT 

წonasworobis gantolebebi(nax. 3): 

1 2

7

0,

4 0.

S S

S

  


 
 

gaviTvaliswinoT rom, 𝑆 1
′ da 𝑆 1 

veqtorebi moduliT tolia da amovxsnaT 
sistema: 

2 2S   kn, 
7 4S   kn. 

აmovWraT kvanZi 𝐷 da SevadginoT 

წonasworobis gantolebebi (nax. 4): 

6 8 5

6 7 8

cos45 cos45 0,

cos45 cos45 0.

S S S

S S S

   


    
 

Semdegi damokidebulebis gaTvaliswinebiT  

nax. 2 

nax. 3 

nax. 4 
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6 6 7 7, ,S S S S
   

     

აmovxsnaT sistema da miviRebT: 

5 2S  kn, 
8 1,41S  kn. 

აmovWraT kvanZi 𝐸 da SevadginoT წonasworobis 
gantolebebi (nax. 5): 

2 3 8

8 9

cos45 0,

cos45 0.

S S S

S S

    


  

 

Semdegi damokidebulebis gaTvaliswinebiT 

-- 

2 2 8 8, ,S S S S
   

     

აmovxsnaT sistema da miviRebT: 

3 1S   kn, 
9 1S   kn. 

აmovWraT kvanZi 𝐵 (nax. 6) da SevadginoT წonasworobis 
gantoleba 𝑦 RerZze proeqciebSi: 

𝑌𝐵 −  𝑆4 𝑐𝑜𝑠 45° =  0. 
Sesabamisad, 

4 4, 1,41
cos45

BY
S S   kn. 

 
p a s u x i :  𝑋𝐴  = −1 kn;  𝑌𝐴  = З kn;  𝑌𝐵  =  1 kn. 
 
 

Reros № 1 2 3 4 5 6 7 8 9 

Zalva, kn −2 −2 −1 1,41 2 4,24 −4 1,41 −1 
 

 

 

 

 

 

nax. 5 

nax.6 
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amocana 4.71 

იpoveT xidis wamwis 
sayrdenebis reaqciebi da 
Zalvebi ReroebSi. wamwe 
masze modebul ZalebTan 
erTad naxazzea 
gamoaxuli.  

 
a m o x s n a  
gamovsaxoT mocemuli 

Zalebi da reaqciebi (nax. 1).  

SevadginoT 

წonasworobis gantolebebi 
mTliani sistemisaTvis 
(RerZebze proeqciebSi da 𝐴 
wertilis mimarT 
momentebisTvis):

2 0,

3 2 0,

3 3 2 7 10 2 3 0,

B

A B

B

X

Y Y

Y

 


   
        

 

Tu am sistemas amovxsniT, miviRebT: 
𝑋 𝐴 = −2 kn;  𝑌𝐴  = 2,1 kn;  , 𝑌𝐵 = 2,9 kn. 

amovWraT kvanZi 𝐴, gamovsaxoT Zalvebi 
gadaWril ReroebSi (nax. 2) da SevadginoT 

წonasworobis gantolebebi: 

1 2

1

cos45 0,

cos45 0.A

S S

Y S

  


 
 

Tu am sistemas amovxsniT, miviRebT: 

1 2,97S   kn, 
2 2,1S  kn. 

amovWraT kvanZi 𝐶, gamovsaxoT Zalvebi 
gadaWril ReroebSi (nax. 3) da SevadginoT 

წonasworobis gantolebebi: 

nax. 2 

nax. 3 

nax.1 
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1 4

1 3

cos45 0,

cos45 0.

S S

S S

  


  
 

gaTvaliswinოT, rom |𝑆 1
′|  =  |𝑆 1| da აmovxsnaT sistema: 

3 2,1S  kn, 
4 2,1S   kn. 

 amovWraT kvanZi 𝐷, gamovsaxoT Zalvebi 
gadaWril ReroebSi (nax. 4) da SevadginoT 

წonasworobis gantolebebi: 

2 6 5

3 5

cos45 0,

cos45 3 0.

S S S

S S

   

   

 

ganvsazRvroT αα kuTxe (ix. nax. 1 da nax. 4): 

3 3 4
sin ; cos .

5 59 16
    


 

gaviTvaliswinoT, rom  |𝑆 2
′|  =  |𝑆 2|,   |𝑆 3

′ |  =  |𝑆 3| 
da აmovxsnaT sistema: 

5 1,5S  kn, 
6 0,9S  kn. 

 amovWraT kvanZi 𝐸, gamovsaxoT Zalvebi 
gadaWril ReroebSi (nax. 5) da SevadginoT 

წonasworobis gantolebebi: 

4 5 8

5 7 8

cos 2 cos45 0,

sin 2 cos45 0.

S S S

S S S





     

    

 

gaviTvaliswinoT, rom |𝑆 4
′ |  =  |𝑆 4|, |𝑆 5

′ |  =  |𝑆 5| 
da აmovxsnaT sistema: 

7 0S  , 
8 4,1S   kn. 

amovWraT kvanZi 𝐵, gamovsaxoT Zalvebi 
gadaWril ReroebSi (nax. 6) da SevadginoT 

წonasworobis gantolebebi 𝑥 RerZze 
proeqciebSi:  

9 8 cos45 0BX S S    

9 8 cos45 .BS S X     

nax. 4 

nax. 5 

 

nax. 6 
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imis gaTvaliswinebiT, rom |𝑆 8
′|  =  |𝑆 8| sabolood 

miviRebT: 
𝑆9  = 0,9kn. 

 
p a s u x i :   𝑋𝐴  = 2,1kn;  𝑋𝐵  = −2 kn;  𝑌𝐵  =  2, 9kn. 
 
 

Reros № 1 2 3 4 5 6 7 8 9 

Zalva, kn −2,97 2,1 2,1 −2,1 1,5 0,9 0 −4,1 0,9 
 

amocana 4.72 

იpoveT sayrdenebis reaqciebi da Zalvebi konstruqciis 
ReroebSi, romelic masze modebul 
ZalebTan erTad naxazzea 
gamosaxuli. 3 da 4 Reroebi ar arian 
SeerTebuli saxsrulad maTi 
TanakveTis wertilSi. 

a m o x s n a  
SevcvaloT tvirTvebi 𝐶 da 𝐷 

wertilebSi Sesabamiad 3 kn  da 2 kn  
sididis Cawertebuli ZalebiT(nax. 1).  

 
pirvel rigSi ganvsazRvroT reaqciebi 𝐴 da 𝐵 

sayrdenebSi. Rerovan sistemaze moqmed ZalTa brtyeli 

sistemisaTvis SevadginoT წonasworobis gantolebebi (𝑥 
RerZze proeqciebSi da agreTve 𝐴 da 𝐵 wertilebis mimarT 
momentebisaTvis): 
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2 0.

3 3 2 7 2 2,5 10 0.

10 3 7 2 3 2 2,5 0.

B

B

A

X

Y

Y

 

        
        

 

Tu am sistemas amovxsniT, miviRebT: 

𝑋𝐵 = −2  kn;  𝑌𝐴 =  2,2  kn;   𝑌𝐵  = 2,8 kn. 
niSani «minusi» miuTiTebs imaze, rom 𝑋𝐵 veqtori 

mimarTulia Tavidan arCeulis sawinaaRmdegod. 

აmovWraT kvanZi 𝐴 (nax. 2) da SevadginoT 

misTvis წonasworobis gantolebebi (𝑥 da 𝑦 
RerZebze proeqciebSi): 

1 3

1 3

cos cos 0,

sin sin 0.A

S S

Y S S

 

 

 


  
 

sistemidan miviRebT: 

 
1

1 3

cos cos
, .

sin cos

AY S
S S

 

  
   


 

 AKD samkuTxedidan ganvsazRvravT(ix. nax. 1): 

 

2 2 2 2

7 14
cos ;

2217 2,5

AK AK

AD AK KD
    

 
 

2 2

2,5 5
sin .

2217 2,5

DK

AD
   


 

analogiurad 𝐴𝐸𝐶 samkuTxedidan gamovTvliT: 

2 2

2,5 5
sin ;

613 2,5

EC

AC
   


 

2 2

3 6
cos .

613 2,5

EA

AC
   


 

gamovTvaloT: 

nax. 2 
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40

sin sin cos cos sin .
221 61

         


 

ricxviTi mniSvnelobebis Casmis Semdeg vipovniT; 

1 6S   kn, 
3 4,9S  kn.  

niSani «minusi » miuTiTebs imas, rom 1 Rero 
SekumSulia. Sesabamiad 3 Rero 
SekumSulia. 

აmovWraT kvanZi 𝐵 (nax. 3) da 

SevadginoT misTvis წonasworobis 
gantolebebi:  

4 5

4 5

cos cos 0,

sin sin 0.

B

B

S S X

S S Y

 

 

   


  
 

sistemidan vipoviT: 

   4 5

sin cos sin cos
, .

sin sin

B B B BX Y X Y
S S

   

   

 
  

 
 

Tu ukanasknelSi ricxviT mniSvnelobebs SevitanT, 
maSin miviRebT: 

4 2,53S  kn, 
5 5,7S   kn. 

Sesabamiad Rero 4 gaWimulia, Rero 5 − SekumSuli. 

 ganvixiloT 𝐼— 𝐼 kveTa (იხ. nax. 1) da SevadginoT 

წonasworobis gantoleba 𝑂 wertilis mimarT 
momentebisTvis (nax. 4): 

25 3 0,AY S HO EL        

saidanac,  

2

3 5
;AEL Y

S
HO


  

 𝐴𝑂𝐿 da 𝐴𝐷𝐾 samkuTxedebi erTmaneTis 
msgavsia, Sesabamisad 

.
OL AL

DK AK
  

maSin, 

nax. 3 

nax. 4 
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5 5
1 2,5 1 .

7 7

AL
HO DK OL DK

AK

   
         

   
 

Tu 𝑆2 sididisTvis miRebul gamosaxulebaSi CavsvamT 
ricxviT mniSvnelobebs, miviRebT: 

𝑆2 =  −7 kn, 

Rero 2 SekumSuliა. 
 
p a s u x i :  𝑋𝐵 = −2  kn;   𝑌𝐴 =  2,2 kn;   𝑌𝐵  = 2,8 kn. 
 
  

Reros № 1 2 3 4 5 

Zalva, kn −6 −7 4,9 2,53 −5,7 
 

amocana 4.73 
ipoveT fardulis  fermis sayrdenebis reaqciebi da 

Zalvebi ReroebSi. ferma masze moqmed ZalebTan erTad 
naxazzea 
gamosaxuli. 

 
 
 
 
 
 
 
 
 
 

 
 
a m o x s n a  
amocanis amosaxsnelad gamoviyenoT kombinirebuli 

meTodi: riteris meTodi (kveTis meTodi) da kvanZebis 
amoWris meTodi. 
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SevadginoT წonasworobis gantolebebi mTliani 
Rerovani sistemisaTvis (𝑥 da 𝑦 RerZebze proeqciebSi da 𝐴 
wertilis mimarT momentebisTvis) (nax. 1): 

0,

1 2 2 1 0,

7,5 2 4,5 2 9 1 13,5 0.

A B

A

B

X Y

Y

X

 


    
        

 

Tu sistemas amovxsniT, miviRebT: 
𝑋𝐴  = 5,4 kn;  𝑋𝐵  = −5,4 kn;  𝑌𝐴  =  6 kn. 

niSani «minusi» mianiSnebs imas, rom 𝑋 𝐵 reaqcia 
mimarTulia naxazze gamosaxuli veqtoris saswinaaRmdegod 
(anu marcxniv). 

CavataroT winaswari gamoTvlebi saWiro 
trigonometriuli sidideebisTvis. 𝐴𝐵𝐶 samkuTxedidan (nax. 
1) gamomdinareobs: 

2 2

7,5 5
cos ;

1067,5 13,5

AB

BC
   


 

2 2

13,5 9
sin .

1067,5 13,5

AC

BC
   


 

 

nax. 1 
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𝐴𝐵𝐾 samkuTxedidan miviRebT: 

2 2

4,5 3
sin ;

347,5 4,5

AK

BK
   


 

2 2

7,5 5
cos .

347,5 4,5

AB

BK
   


 

𝐾𝐸𝐿 samkuTxedidan gveqneba: 

2 2 2 2
sin ; cos .

KL KE

KE KL KE KL
   

 
 

 

vinaidan 𝐸𝐾C da 𝐵𝐴𝐶 msgavsi samkuTxedebia, amitom 

5
KE KC AB KC

KE KE
AB AC AC


     m. 

maSin 

2 2 2 2

4,5 9 5 10
sin ; cos .

181 1814,5 5 4,5 5
     

 
 

ganvixiloT 𝐼— 𝐼 kveTa (nax. 1 da 2) da SevadginoT 

წonasworobis gantolebebi ZalTa momentebisaTvis 
𝐵, 𝐶 da 𝐾 wertileis mimarT 

nax. 2 
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1

8 8

6 6

7,5 7,5 0,

13,5 1 13,5 7,5 sin 7,5 cos 13,5 0,

4,5 1 4,5 7,5 sin 7,5 cos 4,5 0.

A

A B

A B

X S

Y X S S

Y X S S

 

 

   

          
          

 

SevniSnoT, rom 𝑆 6 da 𝑆 8 Zalebis momentebisTvis 
gantolebebis Sedgenis dros gamoviyeneT varinionis 
Teorema tolqmedis momentis Sesaxeb. Tu am sistemas 
amovxsniT, miviRebT: 

1 5,4S   kn, 
6 4,1S  kn; 

8 3,5S  kn. 

Rero 1 SekumSulia. 
ganvixiloT 𝐼𝐼— 𝐼𝐼 kveTa 

(nax. 1 da 3) da SevadginoT 

წonasworobis gantolebebi 
𝐶, 𝐸 da  𝐿 wertilebis 
mimarT momentebisTvis: 

10

2

2

2 4,5 cos 4,5 0,

2 4,5 1 9 5 0,

1 4,5 sin 0.

S

S

S LD





   

      
    

 

Tu gaviTvaliswinebT imas, rom 

2,5
LD LC

LD
AB AB

   m, 

maSin SevZlebT აmovxsnaT sistema: 

2 3,6S   kn, 
5 2,06S  kn; 

10 2,7S  kn. 

Rero 2 SekumSulia.  
danarCeni Zalvebi ReroebSi vipovoT 

kvanZebis amoWris meTodiT.  

amovWraT kvanZi 𝐴 (nax. 4) da SevadginoT წonasworobis 
gantolebebi 𝑦 RerZze proeqciebSi: 

7 70 6A AY S S Y      kn. 

Rero 7 SekumSulia. 
amovWraT kvanZi 𝐾 (nax. 5) da SevadginoT 

წonasworobis gantolebebi 𝑦 RerZze 
proeqciebSi: 

𝑆9  + 𝑆9𝑐𝑜𝑠𝛽 = 0 ⇒ 𝑆9  = −𝑆8 𝑐𝑜𝑠𝛽; 

nax. 4 

nax. 5 
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𝑆9 = −3 kn. 
Rero 9 SekumSulia. 
amovWraT kvanZi 𝐿 (nax. 6) da 

SevadginoT წonasworobis gantolebebi 𝑦 
RerZze proeqciebSi: 

𝑆11  + 𝑆10𝑐𝑜𝑠𝛾 = 0 ⇒ 𝑆11  = −𝑆10 𝑐𝑜𝑠𝛾; 
𝑆11 = −2 kn, 

Rero 11 SekumSulia. 
amovWraT kvanZi 𝐶 (nax. 7) da SevadginoT 

წonasworobis gantolebebi (𝑥 da 𝑦 RerZebze proeqciebSi): 

 

 
3 4

4

cos 90 0,

sin 90 1 0.

S S

S





   


  

 

Tu am sistemas amovxsniT, miviRebT: 

3 1,8S   kn, 
4 2,06S  kn. 

Rero 3 SekumSulia. 
p a s u x i :  𝑋𝐴 = 5,4 kn;   𝑋𝐵  =  −5,4kn;  𝑌𝐴 = 6 kn. 

Reros № 1 2 3 4 5 6 7 8 9 10 11 

Zalva, kn −5,4 −3,6 −1,8 2,06 2,06 4,1 −6 3,5 −3 2,7 −2 

 

  

 

 

amocana 4.74 
Tanabari panelebis mqone nivniviani fermis kvanZebSi 

qaris dawolis Sedegad aRiZvreba saxuravis marTobuli 
Zalebi: 𝑃1 = 𝑃4 = 312,5 n da 𝑃2 = 𝑃3 = 625 n. ipoveT qarisgan 
gamowveuli sayrdenebis reaqciebi da Zalvebi fermis 
ReroebSi, romlis zomebic naxazzea mocemuli. 

nax. 6 

nax. 7 
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a m o x s n a  
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winaswar CavataroT aucilebeli gamoTvlebi 
 

15AB  m,  15CN  m,  0,5ON  m. 

5
; 33,6901.

7,5
NAC NBC tg          

; 0,1 5,7106 .NAD NBE tg          

27,9795 .      

2,5
2,5124

cos
AL


  m,  

2,5
3,0046

cos
AK


  m, 

2 2 2 2 cos 2,0122LK AK AL AK AL       m
2 

1,4185LK  m. 

90 56,3099 ; 180 56,3099 123,6901.AKL LKF         

2 2 2 2 123,6901 15.7681LF LK KF LK KF      m
2 

3,9709LF  m. 

, sin sin56,3099 0,2972 17,2912 .
LK

KFL
LF

          

 90 39,0187 .LFD          

4,5
; 60,9454 .

2,5
ODC tg         

7,5
9,0139

cos
AC


   m. 

fermis sayrdeni reaqciebis sapovnelad SevadginoT 

წonasworobis gantolebebi mTliani sistemisaTvis (𝑥 da 𝑦 
RerZebze proeqciebSi da 𝐵 wertilis mimarT 
momentebisTvis): 

 

 
1 2 3 4

1 2 3 4

4 3 2

sin 0,

cos 0,

15 9,0139 6,0092 3,0046 0.

B

A B

A

X P P P P

Y Y P P P P

Y P P P
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Tu am sistemas amovxsniT, miviRebT: 
𝑋𝐵 = 1040 n;  𝑌𝐴 = 563 n;  𝑌𝐵 = 997 n. 

Semdeg ganvixilavT kvanZebis წonasworobas da 
SevadgenT Sesabamis gantolebebs. 

kvanZi 𝐴: 

1 7 1

1 7 1

cos cos sin 0,

sin sin cos 0.A

S S P

Y S S P

  

  

  


   
 

kvanZi 𝐾: 

1 2 2

1 19 2 2

cos cos sin 0,

sin sin cos 0.

S S P

S S S P

  

  

   

    

 

kvanZi 𝐿: 

7 8 18

7 8 18 19

cos cos sin 0,

sin sin cos 0.

S S S

S S S S

  

  

   

    

 

kvanZi 𝐹: 

2 18 3 3

2 18 17 3 3

cos sin cos sin 0,

sin cos sin cos 0.

S S S P

S S S S P

   

   

    

     

 

kvanZi 𝐷: 

8 9 16

8 17 16

cos cos 0,

sin sin 0.

S S S

S S S

 

 

   

   

 

kvanZi 𝐶: 

3 16 4 15 4

3 16 4 15 4

cos cos cos cos sin 0,

sin sin sin sin cos 0

S S S S P

S S S S P

    

    

     

     

 

 

kvanZi 𝐸: 

9 19 15

10 15 14

cos cos 0,

sin sin 0.

S S S

S S S

 

 

   

   

 

 

kvanZi 𝐺: 
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4 5 13

4 5 13 14

cos cos sin 0,

sin sin cos 0.

S S S

S S S S

  

  

   


   
 

kvanZi 𝐻: 

5 6

5 6 12

cos cos 0,

sin sin 0.

S S

S S S

 

 

  


  
 

kvanZi 𝐵: 

6 6cos cos 0.BS S X      

Tu kvanZebisTvis miRebul gantolebaTa sastemebs 
TanmimdevrobiT amovxsniT, miviRebT Zalvebs fermis 
ReroebSi:  
Reros № 1 2 3 4 5 6 7 8 9 

Zalva, kn -1525 −1940 −1560 −970 −970 −970 1100 440 −215 

 

Rero

s № 

10 11 1

2 

1

3 

1

4 

15 16 17 18 19 

Zalva, 

kn 

−230 −230 0 0 0 −26 −1340 −1130 105
0 

−750 

 

  p a s u x i :  𝑌𝐴 =  997 n; 𝑋𝐵  = 1040 n; 𝑌𝐵  =  563 n; 
𝑆1  = −1525 n; 𝑆2 = −1940 n; 𝑆3  = −1560 n; 
𝑆4 = 𝑆5  = 𝑆6 = −970 n; 𝑆7  = 1100 n; 𝑆8  = 440 n; 
𝑆9  =  −215 n; 𝑆10  = 𝑆11  =  −230 n; 𝑆12 =𝑆13 = 𝑆14=0; 
𝑆15 = −26 n; 𝑆16  = 1340 n; 𝑆17  = −1130 n; 
𝑆18  = 1050 n; 𝑆19 = 750 n. 
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5. xaxunis Zalebi 
amocana 5.1 

ipoveT WanWikis iseTi 
aucilebeli moWimva, romelic or 
foladis furcels erTmaneTze ise 
daamagrebs, rom maT 
gamosacalkeveblad saWiro iyos 𝑃 =
2 kn Zala. WanWiki Casmulia folxviT 
da ar muSaobs Wrilze. furclebs 

Soris ხaxunis koeficienti aris 0,2. 
(raki WanWiki ar muSaoms Wrilze, 
amitom is unda moiWimos im ZaliT, rom furclebs Soris 
aRZruli xaxunis Zala win aRudges furclebis erTmaneTze 
srials. Zala, romelic moqmedebs WanWikis RerZis gaswvriv, 
aris swored saZiebeli moWimva.) 

a m o x s n a  
vinaidan WanWiki Casmulia 

folxviT da ar muSaobs 
Wrilze, amitom 𝑃 sididis mqone 
ori Zala unda gawonaswordes 
furclebis erTmaneTTan Semxeb 
zedapirebsa A da agreTve, 
WanWikisa da qanCis sayrden 
zedapirebSi arsebuli xaxunis 
ZalebiT (ix. naxazi). SevadginoT 
furclebis wonasworobis gantolebebi: 

−𝐹ხახ + 𝑃 = 0, 

sadac, 𝐹ხახ. = 𝑆 ∙ 𝜇—xaxunis SesaZlo zRvruli 
mniSvnelobaa; 𝑆 — WanWikis moWimvaa; 𝜇 — xaxunis 

koeficientiა. Sedegad miviRebT 

3
10

0,2

P
S


   kn. 

p a s u x i :  10 kn. 
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amocana 5.2 

qaRaldis furclebi 
dawyobilia naxazis mixedviT da 
furclis gamotovebiT  
Tavisufali boloebiT 
erTmaneTzea dawebebuli ise, rom 
miiReba ori damoukidebeli Sekvra 
𝐴 da 𝐵. TiToeuli furclis wonaa 
𝐺 = 0,06  n.Bfurclebis saerTo 
raodenobaa 𝑍 = 200 cali, qaRaldis qaRaldze da im 
magidaze, razec qaRaldi devs, xaxunis koeficienti aris 
0,2. CaTvaleT, rom erT-erTi Sekvra uZravad aris 
damagrebuli da ipoveT umciresi horizontaluri 𝑃 Zalva, 
romelic aucilebelia meore Sekvris pirvelisgan 
gamosacalkeveblad.  

a m o x s n a  
  
gamovsaxoT (ix.nax) Sekvraze 

moqmedi Zalebi. 
vTqvaT 𝑖 aris furclis 

nomeri 𝑖 = 1,2, … ,200; 𝑃1 aris 𝐵 
Sekvridan 𝐴 Sekvris 
gamocalkevebis dros aRZruli 
Zala, xolo 𝑃2 — 𝐵 Sekvris 𝐴 Sekvrisgan gamocalkevebis 
dros aRZruli Zala. μ—xaxunis koeficientia. 

gamovTvaloT 𝑃1: 
199 199

1

1 1

.
i i

P i G G i 
 

    

 

Semdegi igiveobis gamoyenebiT — 

 
 

1

1
1 2

2

k

i

k k
k




     

vipoviT: 
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199

1

199 200
19900.

2i

i



   

maSin, 

1 19900 0,2 0,06 19900 238,8P G      n. 

analogiurad gamovTvaloT 𝑃2: 

200 200

2

1 1

200 201
0,2 0,06 20 ,2

2i i

P i G G i G  
 


           

p a s u x i :  𝐴-s gamosacalkeveblad 𝐵-dan aucilebelia 
𝑃 = 241,2 n Zala, xolo 𝐴 -dan 𝐵 -s gamosacalkeveblad — 
𝑃 = 238,8  n Zala. 

 
amocana 5.3 

vagoni eSveba daxril gzaze, romlis daxra aris 0,008, 
miaRwevs ra garkveul siCqares, vagoni ganagrZobs svlas 
Tanabari siCqariT. ipoveT winaaRmdegoba 𝑅, romelsac 
ganicdis vagoni am siCqarisas, Tu vagonis wonaa 500 kn. 
(gzis daxra ewodeba gzis horizontisadmi daxris kuTxis 
tangess; daxris simciridan gamomdinare kuTxis sinusi 
tangesis tolad SeiZleba 
CaiTvalos.) 

a m o x s n a  
ganvixiloT vagonze moqmedi 

Zalebi: �⃗�  — vagonis wonaa; �⃗�  — 

winaarmdegobis Zalaa; �⃗⃗�  — 
normaluri reaqcia (ix. naxazi). 

vinaidan vagoni moZraobs 

Tanabrad, amიtom masze moqmedi 
Zalebi erTmaneTs 
awonasworeben, anu 𝑥 da 𝑦 
RerZebze proeqciebSi SegviZlia 

davწeroT: 

sin 0,

cos 0.

P R

N P





 


 
 

pirveli gantolebidan vipoviT:  
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sin .R P   

vinaidan mcire kuTxeebisTvis 𝑠𝑖𝑛 𝛼 = 𝑡𝑔 𝛼 = 0,008, amitom 
𝑅 = 0,008 ∗ 500 = 4 kn. 

p a s u x i :  𝑅 = 4 kn. 
amocana 5.4 

matarebeli adis zeviT wrfiv  0,008 დaxris mqone gzaze 
Tanabari siCqariT; matareblis 
masa elmavlis CauTvlelad aris 
12000 kn. rogoria elmavals 
gawevis 𝐹 Zala, Tu moZraobisadmi 
winaaRmdegoba tolia matareblis 
relsebze dawolis 0,005 
nawilisa? 

a m o x s n a  
gamovsaxoT naxazze 

matarebelze moqmedi Zalebi. 
vinaidan matarebeli moZraobs wrfivad da Tanabrad, 

amitom masze moqmedi Zalebi erTmaneTs awonaworeben. 
CavweroT wonasworobis gantoleba 𝑥 RerZze proeqciebSi: 

𝐹 − 𝑃𝑠𝑖𝑛𝛼 − 𝑅 = 0. 
maSin 

𝐹 = 𝑃𝑠𝑖𝑛𝛼 + 𝑅 = 𝑃𝑠𝑖𝑛𝛼 + 0,005𝑃𝑐𝑜𝑠𝛼. 
vinaidan 𝛼 mcirea, amitom 𝑎 ≈ 𝑡𝑔𝛼;  𝑐𝑜𝑠𝛼 ≈ 1 da aqedan 

gamomdinare 
𝐹 = 𝑃(𝑡𝑔𝛼 + 0,005) = 12000(0,008 + 0,005) = 156 kn. 

p a s u x i :  F 𝐹 =  156 kn.  
amocana 5.5 

aragluvi zedapiri horizontisadmi daxrilia iseTi 
kuTxiT, rom masze mdebare mZime tvirTi moZraobs sawyisi 
mudmivi siCqariT. ipoveT xaxunis koeficienti 𝑓. 

a m o x s n a  
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vinaidan sxeuli moZraobs wrfivad da Tanabrad, 
amitom masze moqmedi Zalebi erTmaneTs awonaworeben (ix. 

naxazi). წonasworobis 
gantolebebs 𝑥 d a  𝑦 RerZebze 
proeqciebSi eqnebaT saxe:  

{
𝑚𝑔 𝑠𝑖𝑛 𝛼 − 𝐹ხახ = 0,
𝑁 −𝑚𝑔 𝑐𝑜𝑠 𝛼 = 0,

 

an, rac igivea, 

{
𝐹ხახ = 𝑚𝑔 𝑠𝑖𝑛 𝛼 ,
𝑁 = 𝑚𝑔 𝑐𝑜𝑠 𝛼 ,

 

Sesabamisad, 

𝐹ხახ / 𝑁 = 𝑡𝑔𝛼. 

Dda vinaidan 𝐹ხახ = 𝑓𝑁,  amitom .f tg  

p a s u x i :  𝑓 = 𝑡𝑔𝛼. 
amocana 5.6 

ipoveT dedamiwis 
gruntis bunebrivi daxris 
kuTxe, Tu am gruntisTvis 
xaxunis koeficienti aris 
𝑓 = 0,8. (gruntis bunebrivi 
daxris kuTxe ewodeba 
horizontisadmi iseT 
maqimalur daxris kuTxes, 
romlis drosac gruntis 
daxril zesapirze mdebare nawilaki wonsworobaSi rCeba). 

a m o x s n a  
naxazze gamovsaxoT nawilakze moqmedi Zalebi da 

SevadginoT wonasworobis gantolebebi (𝑥 da 𝑦 RerZebze 
proeqciebSi): 

 

{
𝑚𝑔 𝑠𝑖𝑛 𝛼 − 𝐹ხახ = 0,
𝑁 −𝑚𝑔 𝑐𝑜𝑠 𝛼 = 0,

 

vinaidan 

𝐹ხახ = 𝑓𝑁,   
 
amitom, sistemidan SegviZlia miviRoT Semdegi 
damokidebuleba: 𝑡𝑔𝛼 = 𝑓. ris Sedegadac gveqneba 
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0,8, 38 40 .tg      

p a s u x i :  𝛼 = 38°40′. 
 

amocana 5.7 
 𝑃 wonis mqone yuTi devs 𝑓 

xaxunis koeficientis mqone mqis 

zedapirze. ipoveT �⃗�  Zalis sidide 
da modebis 𝛽 kuTxe im pirobiT, rom 
QyuTis adgilidan dasaZravad 
sakmarisi iqneba 𝑄 sididis 
umciresi mniSvneloba. 

a m o x s n a  
naxazis mixedviT SevadginoT 

yuTis wonasworobis ganolebebi. (𝑥 
da 𝑦 RerZebze proeqcibSi) da 
davamatoT xaxunis Zalasa da 
normalur reaqcias Soris 
damakavSirebeli damokidbuleba: 

cos 0,

sin 0,

.

Q T

Q N P

T fN





 


  
 

 

sistemis meore gantolebidan gveqneba 

sin ,N P Q    

maSin mesamedan miviRebT: 

sin .T fP fQ    

Sesabamisad, sistemis pirveli gantolebis 
gaTvaliswinebiT: 

cos sinQ fP fQ    

.
cos sin

fP
Q

f 



 

𝑄 sidide Tavis maqsimalur mniSvnelobas iRebs maSin, 
roca 𝑓(𝛽) = 𝑐𝑜𝑠𝛽 + 𝑓𝑠𝑖𝑛𝛽 funqciis mniSvneloba 
maqsimaluria. 
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   sin cos . 0,f f f         roca ,tg f  anu 

.arctgf   

   min
cos sin

fP
Q

arctgf f arctgf
 


 

 

 

 

2 2

22 2

.
11 1

11 1

fP fP fP

tg arctgf f f

ftg arctgf tg arctgf

  
 
 

 

p a s u x i :

min
2

; .
1

fP
arctgf Q

f
   


 

amocana 5.8 
sami 𝐴, 𝐵, 𝐶 tvirTi, Sesabamisad 

10, 30 da 60 n woniT, 
mdebareoben horizontisadmi 𝛼 
kuTxiT daxril sibrtyeze. 
tvirTebi erTmaneTTan 
SeerTebulia gvarlebis 
saSualebiT ise, rogorc es 
naxazzea naCvenebi. tvirTebsa 
da sibtryes Soris xaxunis 
koeficientebi Sesabamisad 
tolia 𝑓𝐴 = 0,1, 𝑓𝐵 = 0,25  , 𝑓𝐶 =

0,5. ipoveT 𝛼 kuTxe, romlis drosac tvirTebi sibrtyis 
gaswvriv Tanabrad qveviT imoZraveben. ipoveT agreTve 
gvarlebis 𝑇𝐴𝐵 da 𝑇𝐵𝐶 daWimulobebi. 

a m o x s n a  
wrfivi da Tanabari moZraobis dros tvirTebze 

moqmedi Zalebi erTmaneTs awonasworeben. SevcvaloT 
gvarlebis daWimulobis Zalebi bmebis 𝑇𝐴𝐵  = 𝑇𝐵𝐴 ,  𝑇𝐵𝐶  = 𝑇𝐶𝐵 
reaqciebiT  (ix. naxazi) da SevadginoT wonasworobis 
gantolebebi TiToeuli tvirTisTvis 𝑥 RerZze 
proeqciebSi: 

sin 0,A AB AP T F     
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sin 0,B AB BC BP T T F      

sin 0,C BC CP T F     

CavweroT xaxunis Zalebis SesaZlo zRvruli 
mniSvnelobebi: 

cos ,A A AF f P   

cos ,B B BF f P   

cos .C C CF f P   

Tu pirvel sam gantolebas SevkrebT da 
gaviTvaliswinebT bolo sam gantolebas, miviRebT 

   sin cos 0.A B C A A B B C CP P P f P f P f P        

sin
0,385 0,385.

cos

A A B B C C

A B C

f P f P f P
tg arctg

P P P


 



 
    

 
 

   sin 10 sin cos sin 0,1cos 2,7AB A A A AT P F f P            

 cos sin cosBC C C C C CT f P P P f tg         

 60cos 0,5 0,385 6,5   n. 

p a s u x i :  𝛼 = 𝑎𝑟𝑐𝑡𝑔(0385); 𝑇𝐴𝐵 = 2,7 n  𝑇𝐵𝐶 = 6,5 n. 

amocana 5.9. 
  𝑃𝐵 = 200 n wonis mqone marTkuTxa 
𝐵 Zelis zeda waxnagze devs 𝑃𝐴 =
100 n wonis mqone marTkuTxa 𝐴 
Zeli. 𝐵 Zeli Tavisi qveda 
waxnagiT horizontalur 𝐶 
zedapirs eyrdnoba, amasTan, maT 
Soris xaxunis koeficienti aris 
𝑓1 = 0,2. 𝐴 da 𝐵 Zelebs Soris xaxunis koeficienti aris 
𝑓2 = 0,5. 𝐴 Zelze moqmedebs 𝑃 = 60 n sididis Zala, romelic 
horizontTan 𝛼 = 30° kuTxes adgens. imoZravebs Tu ara 𝐴 
Zeli 𝐵 Zelis mimarT? imoZravebs Tu ara 𝐵 Zeli 𝐶 
zedapiris mimarT? 

a m o x s n a  
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SevadginoT wonasworobis gantolebebi mTliani 
sistemisTvis (vertikalze da horizontalze 
proeqciebisTvis) (nax. 1): 

{
𝐹ხახ  𝐵 − 𝑃 𝑐𝑜𝑠 30° = 0,

𝑁𝐵 − 𝑃𝐴 − 𝑃𝐵 − 𝑃 𝑠𝑖𝑛 30° = 0.
 

maSin,  

𝑁𝐵 = 𝑃𝐴 + 𝑃𝐵 + 𝑃 𝑐𝑜𝑠 30° = 

= 100 + 200 + 30 = 330 n. 

𝐹ხახ 𝐵 = 𝑃 𝑐𝑜𝑠 30° = 60 ∙ 0,866 = 51,96 n. 
gamovTaloT 

𝐹ხახ 𝑚𝑎𝑥 = 𝑓2𝑁𝐵 = 0,2 ∙ 330 = 66 n . 

vinaidan, 𝐹ხახ 𝐵 < 𝐹ხახ 𝑚𝑎𝑥 amitom 𝐵 Zeli 
uZravia. 

SevadginoT 𝐴 Zelis wonasworobis 
analogiuri gantolebebi (nax. 2): 

{
𝐹ხახ  𝐴 − 𝑃 𝑐𝑜𝑠 30° = 0,
𝑁𝐴 − 𝑃𝐴 − 𝑃 𝑠𝑖𝑛 30° = 0.

 

maSin 

𝑁𝐴 = 𝑃𝐴 + 𝑃 𝑠𝑖𝑛 30° = 130 n; 

𝐹ხახ  𝐴 = 𝑃 𝑐𝑜𝑠 30° = 51,96 n. 

gamovTvaloT 

𝐹ხახ 𝑚𝑎𝑥 = 𝑓1𝑁𝐴 = 0,5 ∙ 130 = 65 n. 

vinaidan, 𝐹ხახ  𝐴 < 𝐹ხახ 𝑚𝑎𝑥 amitom 𝐴 Zeli 
𝐵 Zelis mimarT uZravia. 

p a s u x i :  𝐴 da 𝐵 Zelebi uZrav 
mdgomareobaSi rCebian. 

 
amocana 5.10 

ori 𝐴 da 𝐵 sxeuli 
ganTavsebulia 𝐶 daxril sibryeze 
ise, rogorc naxazzea naCvenebi. 𝐴 
sxeulis wonaa 100 n, 𝐵 sxeulis — 
200 n. xaxunis koeficienti 𝐴 da 𝐵-s 
Soris aris—𝑓1 − 0,6, 𝐵 da 𝐶-s Soris 
— 𝑓2 = 0,2. gamoikvlieT sistemis 
mdgomareoba 𝐴 sxeulze modebuli 

nax. 1 

 

nax. 2 
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da daxril sibrtyisadmi paraleluri 𝑃 Zalis sxvadasxva 
mniSvnelobisTvis.  

a m o x s n a  
gamovsaxoT naxazze sxeulebis wonebi da 𝐴 sxeulze 

modebuli 𝑃 Zala. ganvixiloT SemTxveva, roca 
𝐴 da 𝐵 sxeulebi iswrafvian qveviT imoZraon rogorc erTi 
mTliani sxeuli, anu roca moqmedi Zalebis 𝑥 RerZze 
proeqciebis jami uaryofiTia: 

    2sin30 cos30 0A B A BP P P P P f      

  1sin30 cos30 98A BP P P f    n. 

ganvixiloT SemTxveva, roca 𝐴 sxeuli iswrafvis 𝐵 

sxeulze qveviT იsrialos, e.i.  

1sin30 cos30 0A AP P P f    

   1sin30 cos30 100 0,5 0,6 0,886 1,96 0.AP P f          

anu, 𝐴 sxeuli 𝐵 sxeulze qveviT ver isrialebs. 
ganvixiloT SemTxveva roca 𝐴 sxeuli iswrafvis 𝐵 

sxeulis mimarT zeviT imoZraos: 

1sin30 cos30 0A AP P P f    

 1s in30 cos30 102AP P f   n. 

davadginoT moZraobs Tu ara am SemTxvevaSi 𝐵 sxeuli 
zeviT: 

  1 2cos sin cosA A BP f P P f      

 100 0,6 0.866 300 0,5 0,2 0,866 .       

vinaidan bolo utoloba samarTliania, amitom 𝐵 
sxeuli uZravia. 

roca 98 < 𝑃 < 102 n, maSin orive sxeuli uZravia. 
p a s u x i : roca 𝑃 < 98 n —orive 𝐴 da 𝐵 sxeuli qveviT 

eSveba da erTmaneTis mimarT uZravni arian.; roca 98 < 𝑃 <
102 n —sxeulebi uZravia; roca 𝑃 > 102 n — 𝐴 srialebs 𝐵 
sxeulze zeviT(𝐵 sxeuli uZravia). 
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amocana 5.11 
Ddaxril sibrtyeze devs 400 n 

wonis mqone marTkuTxa 𝐵 Zeli. masze 
gvarlis saSualebiT miabes 200 n 
wonis mqone marTkuTxa 𝐴 Zeli, 
romelic srialebs ra daxril 
sibrtyeze qveviT, Wimavs gvarls. 
daxril sibtryesTan xaxunis 
koeficientebi aris 𝑓𝐴 = 0,5 ,  𝑓𝐵 = 2/3. 

darCeba Tu ara sistema 
SemdgomSi uZrav mdgomareobaSi? 

ipoveT gvarlis 𝑇 daWimuloba da TiToeul sxeulze 
moqmedi xaxunis Zalebis sididebi. gvarlis wona 
ugulebelyaviT. 

a m o x s n a  

SemoviRoT aRniSvnebi: �⃗�  — 

gvarlis daWimulobis Zala; 𝑃𝐴⃗⃗⃗⃗  — 

𝐴 Zelis simZimis Zala; 𝑃𝐵  ⃗⃗ ⃗⃗  ⃗— 𝐵 

Zelis simZimis Zala;' 𝐹𝐴⃗⃗⃗⃗  — 𝐴 
Zelis zedapirze xaxunis Zala; 

𝐹𝐵⃗⃗⃗⃗  — 𝐵 Zelis zedapirze xaxunis 
Zala (ix. naxazi). 

amocanis pirobis Tanaxmad, 𝐴 
Zeli srialebs daxril sibrtyeze 
ise, rom ar Wimavs gvarls. es imas niSnavs, rom 

𝑃𝐴𝑠𝑖𝑛30° − 𝐹𝐴 > 0, 𝐹𝐴 < 𝑃𝐴𝑠𝑖𝑛30 = 100 n. 
imis gaTvaliswinebiT, rom 𝑁𝐴 = 𝑃𝐴𝑠𝑖𝑛30°, miviRebT 

𝐹𝐴 𝑚𝑎𝑥 = 𝑓𝐴𝑁𝐴 = 0,5 ∙ 200 ∙ 0,866 = 86,6 n. 
SevadginoT 𝐴 Zelis wonasworobis gantoleba 

Ggvarlis daWimulobis gaTvaliswinebiT: 

𝑃𝐴𝑠𝑖𝑛30° − 𝐹𝐴 𝑚𝑎𝑥 − 𝑇 = 0, 
saidanac miviRebT: 

𝑇 = 𝑃𝐴𝑠𝑖𝑛30° − 𝐹𝐴 𝑚𝑎𝑥 = 100 − 86,6 = 13,4 n. 
SevadginoT wonasworobis gantoleba 𝐵 ZelisTvis: 

𝑇 + 𝑃𝐵𝑠𝑖𝑛30° − 𝐹𝐵 = 0. 
Sesabamisad, 

𝐹𝐵 = 𝑇 + 𝑃𝐵𝑠𝑖𝑛30° = 13,4 + 200 = 213,4 n. 
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𝐹𝐵 𝑚𝑎𝑥 = 𝑓𝐵𝑁𝐵 = 𝑓𝐵𝑃𝐵𝐵𝑐𝑜𝑠𝑎 =
2
3⁄ ∙ 400 ∙ √3 2

⁄ = 230,94 

amrigad, sistema wonasworobaSia, vinaidan 𝐹𝐵 < 𝐹𝐵 𝑚𝑎𝑥 . 
p a s u x i :  sistema rCeba uZrav mdgomareobaSi;  𝐹𝐴 =

86,6 n;  𝐹𝐵 = 213,4 n;  𝑇 = 13,4 n. 
 
 

 
amocana 5.12 

 𝐶 soli Casmulia mqis 
horizontalur zedapirze 
mdebare or 𝐴  da 𝐵 sxeuls 
Soris. solis erTi gverdi 
vertikaluria, meore ki 
vertikalTan adgens 𝛼 = 𝑎𝑟𝑐𝑡𝑔(1/
3) kuTxes. 𝐴 sxeulis wonaa 
400 n, xolo 𝐵 sxeulis wonaa 
300 n; zedapirebs Soris xaxunis 
koeficientebi miTiTebulia 
naxazze. ipoveT 𝑄 Zalis sidide, romlis zemoqmedebis 
Sedegad erTe-erTi sxeuli adgilidan daiZvreba. ipoveT 
agreTve am dros uZravad 
darCenil sxeulze 
moqmedi horizontaluri 
sibrtyis mxridan moqmedi 
𝐹 xaxunis Zalis 
mniSvneloba.  

a m o x s n a  
 gamovsaxoT naxazze 

sxeulze moqmedi Zalebi. ganvixiloT 𝐶 solis, agreTve 𝐴 
da 𝐵 sxeulebis wonasworoba cal-calke. 

sxeuli 𝐴: 

{

𝐹ხახ 1 −𝑁1 = 0,
−𝐺𝐴 + 𝑅1 − 𝑃1 = 0,
𝐹ხახ 1 = 𝑓1𝑅1,
𝑃1 = 𝑓1𝑁1.
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soli 𝐶: 

1 2 2

1 2 2

2 2 2

cos sin 0,

cos sin 0,

.

N N P

P Q P N

P f N

 

 

  


   
 

 

sxeuli 𝐵: 

{

𝑁2 𝑐𝑜𝑠 𝛼 − 𝑃2 𝑠𝑖𝑛 𝛼 −𝐹ხახ 2 = 0,
−𝑁2 𝑠𝑖𝑛 𝛼 − 𝑃2 𝑐𝑜𝑠 𝛼 −𝐺𝐵 + 𝑅2 = 0,

𝐹ხახ 2 = 𝑓2𝑅2,
 

sistemis Ppirveli gantolebidan (𝐴 sxeulisTvis) 

miviRebT 

1;A AR G P   

 1 1 1;Af G P N   

1 1;P N  

Sesabamisad, 

1
1 2 2

1

0,2 400
83,33

1 1 0,2

Af G
N

f


  

 
n 

meore sistemidan (𝐶 soli): 

1
2

2

83,33 10
95,82

cos sin 3 0,25 1

N
N

f 


  

  
n, 

es imitom, rom 

 
2 2 2

1/ 3 1 1 3
sin ;cos ;

10 101 11 1/ 3

tg

tg tg


 

 
    

 
 

 

2 2 2 0,5 95,82 24P f N    n; 

1 2 2

24 3 95,82
cos sin 16,67 69,74

10 10
Q P P N 


       n

70 n. 
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da sabolood, samive sistemidan miviRebT:P  

𝐹ხახ 2 = 𝐹ხახ 1 = 𝑁1 = 83,33n. 

vinaidan, 𝐵 sxeulis adgilidan dasaZvrelad 

aucilebelia masze movdoT Zalva — 

 2 2 2 2 2sin cos 88,27Bf R f G N P     n, 

xolo 𝐴 sxeulis xaxunis Zalis daZlevisaTvis saWiroa 
Zalva —  

   1 1 1 1 0,2 400 16,67 83,33Af R f G P      n, 

amitom, 𝐴 sxeuli adgilidan daiZvreba. amasTan, 
uZravad darCenil 𝐵 sxeulze moqmedi 𝐹 xaxunis Zalis 
mniSvneloba iqneba 83,33 n. 

p a s u x i : Q 𝑄 = 70 n, amasTan 𝐴 sxeuli daiwyebss 
moZraobas; 𝐹 = 83,33 n. 

 
amocana 5.13 

𝐴 cilindri devs iseT 
𝐵 mimmarTvelSi, romlis 
ganivi kveTa warmoadgens ϑ 
kuTxiani wvetis mqone 
simetriul sols, xaxunis 
koeficienti 𝐴 cilindrsa da 𝐵 mimmarTvels Soris aris 𝑓. 
cilindris wona aris 𝑄. 𝑃 Zalis ra mniSvnelobis 
SemTxvevaSi daiwyebs cilindri horizontalur moZraobas? 

rogori unda iyos ϑ kuTxe imisaTvis, rom cilidri 
amoZravdes im SemTxvevaSi, roca 𝑃 Zalis mniSvneloba 
cilindris 𝑄 wonis toli iqneba? 

a m o x s n a  
cilindrze moqmedi Zalebis Sesabamisad (ix. naxazi) 

SevadginoT misi wonasworobis gantolebebi: 

{
𝑃 − 𝐹ხახ = 0,

2𝑁 𝑠𝑖𝑛(𝜃/2) − 𝑄 = 0.
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Tu amovxsniT sistemas, maSin miviRebT 

2 .

sin
2

Q
N


  

vinaidan 𝐹ხახ = 2𝑁𝑓, amitom  

𝐹ხახ = 2𝑛𝑓 = .

sin
2

Qf


 

Semdeg gveqneba  

𝑃 = 𝐹ხახ = .

sin
2

Qf


 

P Q  SemTxvevaSi miviRebT: 

sin , 2 sin .
2

f arc f


    

p a s u x i : ; 2arcsin .

sin
2

Qf
P f
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amocana 5.14 

𝑄 wonis mqone cilindri devs 
cilindris centrze gamavali 
vertikalis mimarT simetriulad 
ganlagebul or 𝐴 da 𝐵 sayrdenze. 

cilindrsa da sayrdenebs Soris ხaxunis 
koeficienti 𝑓 sididis tolia. 𝑇 
tangencialuri Zalis ra 
mniSvnelobisTvis daiwyebs brunvas 
cilindri? 𝜃 kuTxis ra 
mniSvnelobisTvis iqneba es mowyobiloba 
TviTmuxruWebadi? 

 
a m o x s n a  
ganvixiloT naxazze 

gamosaxuli ZalebiT 
datvirTuli cilindris 
wonasworoba da SevadginoT 
Sesabamis gantolebebi am 
ZalTa momentebisTvis:  

— 𝑂 wertilis mimarT: 

(𝐹ხახ 1 + 𝐹𝑋ხახ 2) = 𝑇𝑟; 
— 𝑂2 wertilis mimarT: 

2𝑁1𝑟 𝑠𝑖𝑛 𝜃 𝑐𝑜𝑠 𝜃 + 2𝐹ხახ 1 ∙

∙ 𝑟 𝑠𝑖𝑛 𝜃 𝑐𝑜𝑠 𝜃 = 

 sin 1 sin ;rQ T r     

— 𝑂1 wertilis mimarT. 

−2𝑁2𝑟 𝑠𝑖𝑛 𝜃 𝑐𝑜𝑠 𝜃 + 2𝐹ხახ  2 ∙

∙ 𝑟 𝑠𝑖𝑛 𝜃 𝑐𝑜𝑠 𝜃 = 

 sin 1 sin .rQ T      

𝐹ხახ 1 = 𝑁1𝑓 ⇒ 𝑁1 =
𝐹ხახ 1

𝑓
; 

𝐹ხახ 2 = 𝑁2𝑓 ⇒ 𝑁2 =
𝐹ხახ 2

𝑓
. 
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Tu gantolebebs gavamartivebT, miviRebT 

𝐹ხახ 1 = 𝐹ხახ 2 = 𝑇;                                (1) 

2
𝐹ხახ 1

𝑓
𝑠𝑖𝑛 𝜃 𝑐𝑜𝑠 𝜃   + 2𝐹ხახ 2 𝑠𝑖𝑛 𝜃 𝑐𝑜𝑠 𝜃 = 

= 𝑄 𝑠𝑖𝑛 𝜃 + 𝑇(1 + 𝑠𝑖𝑛 𝜃);      (2) 

−2
𝐹ხახ 2

𝑓
𝑠𝑖𝑛 𝜃 𝑐𝑜𝑠 𝜃   + 2𝐹ხახ 2 𝑠𝑖𝑛 𝜃 𝑐𝑜𝑠 𝜃 = 

= −𝑄 𝑠𝑖𝑛 𝜃 + 𝑇(1 − 𝑠𝑖𝑛 𝜃);  (3) 
 
(2) gantolebidan miviRebT 

𝐹ხახ 1 =
(𝑄 𝑠𝑖𝑛 𝜃 + 𝑇(1 + 𝑠𝑖𝑛 𝜃))𝑓

2 𝑠𝑖𝑛 𝜃 (𝑐𝑜𝑠 𝜃 + 𝑓 𝑠𝑖𝑛 𝜃)
. 

(3) gantolebidan 

𝐹ხახ 2 =
(𝑄 𝑠𝑖𝑛 𝜃 + 𝑇 𝑠𝑖𝑛 𝜃 − 𝑇)𝑓

2 𝑠𝑖𝑛 𝜃 (𝑐𝑜𝑠 𝜃 − 𝑓 𝑠𝑖𝑛 𝜃)
. 

Tu (1) gantolebaSi CavsvamT wina or gamosaxulebas, 
miviRebT 𝑇-s gamosaTvlel gantolebas: 

  
 

 
 

sin 1 sin sin sin
.

2sin cos sin 2sin cos sin

Q T f Q T T f
T

f f

   

     

   
 

 
 

Tu am gantolebas amovxsniT 𝑇-s mimarT, maSin gveqneba: 

 2
.

1 cos

f Q
T

f f




 
 

Sesabamisad, Tu  

 21 cos 0,f f    

an rac igivea, 

2 2
cos cos ,

1 1

f f
arc

f f
   

 
 

  

maSin es mowyobiloba TviTmuxruWebadi iqneba, 
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p a s u x i :
  22

; cos .
11 cos

f Q f
T arc

ff f





  

 
 

amocana 5.15 
ugulebelyaviT xaxuni mrudmxara 

meqanizmis 𝐴 cociasa da mimmarTvels Soris, 
agreTve xaxuni yvela saxsarsa Tu sakisarSi 
da gansazRvreT, rogori unda iyos 𝑄 
tvirTis uZravad damagrebisaTvis 
aucilebeli 𝑃 Zala meqanizmis suraTze 
gamosaxuli mdgomareobis SemTxvevaSi. 
rogori unda iyos 𝑄 tvirTis uZravad 
damagrebisaTvis aucilebeli 𝑃 Zalis 
minimaluri da maqsimaluri mniSvnelobebi, 
Tu 𝐴 cociasa da mimmarTvels Soris xaxunis koeficientia 
𝑓? 

 
 
 
 
 
 
 
 
 
 
 
 
 

a m o x s n a  
pirvel rigSi ganvixiloT SemTxveva, roca xaxuni 

cociasa da mimmarTvels Soris SegviZlia ugulebelvyoT 
(nax. 1). davaproeqcioT 𝑃 Zala 𝐴𝐵 barbacas mimarTulebaze: 

cos .
cos

P
P T T


    

 SevadginoT �⃗�  da �⃗�  Zalebis momentebis gantolebebi 

𝑂 wertilis mimarT (nax. 2): 

nax. 1 

 

nax. 2 
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 sinQa T r     

Sesabamisad, 

 
 
cos

sin , .
cos sin

P Qa
Qa r P

r


 

  
     


 

ganvixiloT axla 𝐴𝐵 muxli im 
SemTxvevaSi, roca cociasa da mimmarTvels 

Soris arsebuli 𝐹 ხახ xaxunis Zala 
mimarTulia qveviT (nax.3). 

SevadginoT wonasworobis 
gantolebebi:  

{
𝑁 − 𝑇 𝑠𝑖𝑛 𝜑 = 0,
𝑇 𝑐𝑜𝑠 𝜑 − 𝐹ხახ − 𝑃 = 0.

 

Tu gaviTvaliswinebT imas, rom 

𝐹ხახ = 𝑓 ⋅ 𝑁 
da amovxsniT sistemas, vipoviT: 

.
cos sin

P
T

f 



 

Semdeg ganvixiloT 𝑂𝐵 mrudmxara. 
SevadginoT gantoleba 𝑂 wertilis 
mimarT momentebisTvis: 

 sin 0,Qa rT      

 sin
.

cos sin

rP
Qa

f

 

 





 

saidanac, 

 
cos sin

.
sin

Qa f
P

r

 

 


 


 

ganvixiloT axla 𝐴𝐵 muxli im SemTxvevaSi, roca 

cociasa da mimmarTvels Soris arsebuli xaxunis Zala 

mimarTulia zeviT(nax.4).  

{
𝑁 − 𝑇 𝑠𝑖𝑛 𝜑 = 0,
𝑇 𝑐𝑜𝑠 𝜑 + 𝐹ხახ − 𝑃 = 0.

 

nax. 4 

 

nax. 3 

 

nax. 3 
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wina SemTxvevis analogiurad, Tu amovxsniT sistemas, 
vipoviT: 

.
cos sin

P
T

f 



 

Semdeg, Tu wina SemTxvevis analogiurad vimsjelebT 
da SevadgenT gantolebas 𝑂 wertilis mimarT 
momentebisTvis (𝑂𝐵 mrudmxarasaTvis), vipoviT: 

 
cos sin

.
sin

Qa f
P

r

 

 


 


 

amrigad, Cven vipoveT 𝑃 Zalis ori mniSvneloba: 

   min max

cos sin cos sin
, .

sin sin

Qa f Qa f
P P

r r

   

   

 
     

 
 

p a s u x i :

   min

cos sin cos sin
, ,

sin sin

Qa f Qa f
P P

r r

   

   

 
    

 
 

 max

cos sin
.

sin

Qa f
P

r

 

 


 


 

 

amocana 5.16 
𝑃 wonis mqone 𝐵 tvirTs 

wonasworobaSi iWers 𝐵𝐴𝐷 gvarli 
maSin, roca mas wriuli cilindris 
meoTxedis formis mqone mqisi 
zedapiris gaswvriv zeviT weven. 
xaxunis koeficienti zedapirsa da 
tvirTs Soris aris 𝑓 = 𝑡𝑔𝜑, sadac 
φ𝜑 xaxunis kuTxea. gansazRvreT 
gvarlis daWimuloba  rogorc 𝛼 kuTxis funqcia da ipoveT 
piroba, romelsac unda akmayofilebdes kuTxe 𝛼 imisaTvis, 
rom gvarlis daWimuloba iRebdes Tavis eqstremalur 

mniSvnelobas. tvirTis da 𝐴 ბlokis zomebi 
ugulebelyaviT. 

a m o x s n a  
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amocanis pirobis Tanaxmad φ𝜑 xaxunis kuTxea, 

Sesabamisad, roca 𝛼 ≤ 𝜑, maSin sxeuli imyofeba 
wonasworobaSi gvarlis gareSec (nax. 1). amitom 
gansaxilveli gvrCeba mxolod SemTxveva, roca 𝛼 > 𝑎𝑟𝑐𝑡𝑔𝑓 
(nax. 2). 

Ggeometriuli mosazrebebidan gamomdinare miviRebT 

45 .
2


    

SevadginoT wonasworobis gantolebeb 𝐵 tvirTisTvis:  

{
𝐹ხახ + 𝑃 𝑠𝑖𝑛 𝛼 − 𝑆 𝑠𝑖𝑛 𝛽 = 0
𝑁 + 𝑆 𝑐𝑜𝑠 𝛽 − 𝑃 𝑐𝑜𝑠 𝛼 = 0.

 

vinaidan,  

𝐹ხახ = 𝑓𝑁 
amitom sistema SeiZleba CavweroT Semdegi saxiT 

sin sin 0

cos cos 0.

fN P S

N S P

 

 

  


  
 

anu 

sin sin

cos cos .

fN S P

N P S

 

 

 


 
 

Sesabamisad, 

sin sin cos cos ,S P fP fS       

nax. 1 

 

nax. 2 
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 sin sin sin cos ,S fS P f       

sin
sin cos

sin cos cos

sinsin cos
sin cos

cos

f
S P P

f


 

  

   





  




 

 
 

sinsin cos sin cos

sin cos sin cos sin
P P

    

     


 

 
. 

da vinaidan 45 ,
2


    amitom 

 sin
.

sin 45
2

S P
 







 
  

 

 

gamovikvlioT funqcia  

 
 sin

.

sin 45
2

 






 

 
  

   
amisaTvis gamovTvaloT: 

 
   

2

1
cos sin 45 sin cos 45

2 2 2
.

sin 45
2

 
     






   
         

    
 

  
   

davuSvaT, rom Ф′(𝑎) = 0, maSin: 
 

   
1

cos sin 45 sin cos 45 0
2 2 2

 
     

   
           

   
 

 
1

45 0.
2 2

tg tg
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sabolood miviRebT, 

 
2.

45
2

tg

tg

 







 
  

 

 

amrigad, Tu Sesruldeba bolo toloba, maSin gvarlis 
𝑆 daWimuloba miiRebs Tavis eqstremalur mniSvnelobas. 

p a s u x i :
 sin

.

sin 45
2

S P
 







 
  

 

S daWimuloba iRebs 

udides mniSvnelobas, roca 
 

2.

45
2

tg

tg

 







 
  

 

 

 

amocana 5.17 

𝑃 wonis mqone 𝐵 tvirTi  
wonasworobaSia daWerili maSin, 
roca is wriuli cilindris 
meoTxedis formis mqone mqis 
zedapirze qveviT daSvebas 
cdilobs. xaxunis koeficienti 
zedapirsa da tvirTs Soris aris 
𝑓 = 𝑡𝑔𝜑, sadac, φ𝜑 xaxunis kuTxea. 
gansazRvreT gvarlis daWimuloba  
rogorc 𝛼 kuTxis funqcia. ra 
sazRvrebSi SeiZleba Seicvalos gvarlis daWimuloba 𝐵 

tvirTis wonasworobis SemTxvevaSi? tvirTisa da ბlokis 
zomebi ugulebelyaviT. 

a m o x s n a  
geometriulad vipoviT (ix. naxazi): 

45 .
2
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amocanis pirobis Tanaxmad φ𝜑 
xaxunis kuTxea, Sesabamisad, roca 
𝛼 ≤ 𝜑, maSin sxeuli imyofeba 
wonasworobaSi gvarlis gareSec. 
amitom, ganvixiloT mxolod 
SemTxveva, roca 𝛼 > 𝑎𝑟𝑐𝑡𝑔𝑓. 

SevadginoT 𝐵 tvirTis 
wonasworobis gantolebebi: 

{
−𝐹ხახ + 𝑃 𝑠𝑖𝑛 𝛼 − 𝑆 𝑠𝑖𝑛 𝛽 = 0,
𝑁 + 𝑆 𝑐𝑜𝑠 𝛽 − 𝑃 𝑐𝑜𝑠 𝛼 = 0.

 

vinaidan F𝐹ხახ = 𝑓𝑁N, amitom  

sistemა miiRebs saxes 

sin sin 0,

cos cos 0.

f N P S

N S P

 

 

    


  
 

Tu 5.16 amocanis analogiurad vimsjelebT, maSin 
vipoviT: 

 sinsin cos
.

cos cos
sin 45

2

f
S P P

f

  

 



 

  
  

 

 

amrigad, miviReT 𝑆 Zalis sididis Sefaseba qvemodan, 
maSin roca 5.16 amocanaSi Cven miviReT amave sididis 
Sefaseba zemodan. 

Sesabamisad, tvirTi iqneba wonasworobis 
mdgomareobaSi, Tu gvarlis daWimuloba Seicvleba Semdeg 
sazRvrebSi: 

min maxS S S   

sadac, 

   
min max

sin sin
, .

sin 45 sin 45
2 2

S P S P
   

 
 

 
  

   
      

   

 

da, garda amisa, roca 𝛼 < 𝜑, maSin tvirTi 
wonasworobaSi iqneba gvarlis ararsebobis drosac. 
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p a s u x i :
 sin

.

sin 45
2

S P
 







 
  

 

 tvirTi wonasworobaSia, 

roca 
   sin sin

,

sin 45 sin 45
2 2

S P S P
   

 
 

 
  

   
      

   

 

xolo roca ,  maSin tvirTi wonasworobaSi iqneba 

gvarlis ararsebobis SemTxvevaSic. 
 

amocana 5.18 
𝑄 tvirTs SeuZlia sriali 

mqisi horizontaluri 𝐶𝐷 
mimmarTvelis gaswvriv. tvirTze 
mimagrebulia iseTi gvarli, 
romelic gatarebulia 𝐴 gluv 
naxvretSi da romelzedac 
Camokidebulia 𝑃 tvirTi. xaxunis 
koeficienti tvirTsa da 
mimmarTvels Soris aris 𝑓 = 0,1. 𝑄 
tvirTis wonaa 100 n, 𝑃 tvirTisa ki 
— 50 n. manZili 𝐴 naxvretidan 
mimmarTvelis RerZamde aris 𝑂𝐴 =
15 sm. ipoveT uZraobis zonis sazRvrebi (tvirTis 
wonasworobis mdgomareobebis geometriuli adgili). 
tvirTis da naxvretis zomebi ugulebelyaviT. 

 
a m o x s n a  
naxazis mixedviT SevadginoT 𝑄 tvirTis wonasworobis 

gantolebebi: 

{
𝑃 𝑠𝑖𝑛 𝛼 − 𝐹ხახ = 0,
𝑃 𝑐𝑜𝑠 𝛼 + 𝑄 − 𝑁 = 0.

⇔ {
𝑃 𝑠𝑖𝑛 𝛼 = 𝐹ხახ ,
𝑁 = 𝑃 𝑐𝑜𝑠 𝛼 + 𝑄.

 

 
 
 



 

 

298 
 

 
 
 
 
 
 
 
 
 
 
 
 

vinaidan 𝐹ხახ < 𝑓𝑁, amitom 

 sin cos ,P f P Q    

sin cos .P fP fQ    

 sin cos , sin cos .
fQ

P f fQ f
P

         

 

Ggeometriulad vipoviT:  

2 2

2 2 2 2
, sin , cos .

a l
AB a l

a l a l
      

 
 

maSin, 

2 2 2 2
.

a ft fQ

Pa l a l
 

 
 

utolobis amoxsniT miviRebT: 

4,64 4,64.a    

p a s u x i :  sazRvrebis koordinatebia 4,64 sm. 

 

amocana 5.19 
avtomobils gzis daxril monakveTze adgilze 

amagrebs muxruWebi. samuxrWe pedalis 2 sm-iT 
gadaadgilebisas diskuri muxruWebis samuxruWe xundebi 
gadaadgildeba 0,2 mm-iT. diskis muSa nawilis diametria 
220 mm. borblis datvirTuli diametria 520 mm, 
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avtomobilis wonaa 14 kn. 
rogori ZaliT unda daawves 
mZRoli muxruWebis pedals, 
Tu gzis daxris kuTxea 20°? 
gorvis xaxuni 
ugulebelyaviT. srialis 
xaxunis koeficienti 
samuxruWe xundebsa da disks 
Soris aris 𝑓 = 0,5. yvela 
bobrblis muxruWebi muSaoben 
erTnairad. 

a m o x s n a  
ganvixiloT avtomobilis borblebis wonasworoba 

daxril gzaze (ix. naxazi). 
CavweroT yvela Zalis wonasworobis gantoleba 𝑂 

centris mimarT momentebisTvis: 

𝐹ხახ 1

𝐷

2
− 𝐹ხახ 2

𝑑

2
= 0, 

sadac, 

𝐹ხახ 1 =
1

4
𝑃 𝑠𝑖𝑛 𝛼 , 𝐹ხახ 2 =

1

4
𝑓𝑄. 

Sesabamisad, 

Q
sin

.
DP

Q
fd


  

vinaidan mZRolisgan gamomavali Zalva izrdeba 

Semdegi TanafardobiT __ 2n   sm / 2 mm 100 , amitom, 
mZRolis mier pedalze ganxorcielebuli dawola iqneba  

sin 520 14 sin 20
0,226

100 0,5 220

DP
Q

nfd

  
  

 
kn. 

p a s u x i :  0,226 kn. 
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amocana 5.20 
𝑄 tvirTs SeuZlia 

isrialos 𝐴𝐵 mqisi 
horizontaluri 
mimmarTvelis gaswvriv. 
tvirTze mimagrebulia 
gvarli, romelzedac 
dakidebulia 𝑃 tvirTi. 
daadgineT im ubnebis 
sazRvrebi, sadac 
wonasworoba SeuZlebelia, Tu tvirTis wonaa 100 n, xolo 
𝑃 tvirTisa — 24 n, srialis 
xaxunis koeficientia 𝑓 =

0,5. manZili 𝐷 ბlokis 
centridan mimmarTvelis 
RerZamde aris ℎ = 15  sm. 𝐷 

ბlokisa da 𝑄 tvirTis Q 
zomebi ugulebelyaviT. 

a m o x s n a  
naxazze gamosaxul 𝐴 

tvirTze moqmedi Zalebis 
Sesabamisad SevadginoT 
tvirTis wonasworobis gantolebebi: 

{
−𝐹ხახ + 𝑃 𝑐𝑜𝑠 𝛼 = 0,
𝑃 𝑠𝑖𝑛 𝛼 − 𝑄 − 𝑁 = 0.

 

roca 𝑓𝑁 > 𝑓ხახ, maSin wonasworoba SeuZlebelia. amitom 

sistemidan miviRebT 

cos ;P fN   sin cos 0,f Q P P     

an, rac igivea  

cos sin 0.
Q

f f
p

     

bolo utoloba gardavqmnaT Semdegi saxiT 

 
2

sin ,
1

f Q

pf
  


 

sadac,  



 
 

301 
 

1
.arctg

f
   

maSin,

2 2

1 1
arcsin rcsin .

1 1

fP fP
arctg ac arctg

f fQ f Q f
 

   
       
       

 

 

CavataroT ricxviTi gamoTvlebi: 

2

1
arcsin arcsin0,9938 83,62 , 2 63,43 .

1

fP
arctg arctg

fQ f

 
      
  

 

 

Gvaqvs        20,2 33 .   

Tu gadavalT 𝑥 koordinatze, maSin miviRebT: 

33 20,2h ctg x h ctg     

23,1sm x  40,7 sm 

simetriis ZaliT naxazidan aseve miviRebT  

40,7 sm x  23,1 sm 

p a s u x i :  ori ubani, romelTa koordinatebi 

moTavsebulia Semdeg sazRvrebSi: −40,77 sm-dan −23,1 sm-

mde da 23,1 sm-dan 40,77 sm-mde. 

 
amocana 5.21 

lilvze modebulia 𝑀 = 100 n
 m momentis mqone wyvilZala. 
lilvze aseve mimagrebulia 
samuxruWe borbali, romlis 
radiusi aris 𝑟 = 25 sm. 
daadgineT, ra 𝑄 ZaliT unda 
miaWiros samuxruWe xundebma 
borbals imisaTvis, rom 
borbali darCes uZrav 
mdgomareobaSi, Tu borbalsa 
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da xundebs Soris 𝑓 uZraobis xaxunis koeficienti aris 
0,25. 

a m o x s n a  
gamovsaxoT naxazze samuxruWe borbalze moqmedi 

Zalebi. SevadginoT lilvis wonasworobis gantoleba 
ZalTa momentebisTvis 𝑂 wertilis mimarT: 

2𝐹ხახ𝑟 − 𝑀 = 0, 
anu 

2𝐹ხახ ∙ 𝑟 = 𝑀 
vinaidan  

𝐹ხახ = 𝑓𝑁 = 𝑓𝑄, 
amitom,  

2 frQ M   

100
800

2 2 0,25 0,25

M
Q

fr
  

 
n. 

p a s u x i :  800Q  n. 

 

amocana 5.22 
tramvais kari xaxuniT 

gadaadgildeba qveda RarSi. 
xaxunis koeficienti 𝑓 ar 
aRemateba 0,5-s. ipoveT 
udidesi ℎ simaRle, 
romelzec SeiZleba 
moTavsdes karis saxeluri 
imisaTvis, rom kari gawevis 
dros ar gadabrundes. karis 
siganea 𝑙 = 0,8  mm; karis 
simZimis centri imyofeba 
misi simetriis vertikalur 
RerZze. 

a m o x s n a  
naxazis mixedviT SevadginoT karis wonasworobis 

gantolebebi (horizontalur RerZze proeqciebSi da 
momentebisTvis 𝑂 wertilis mimarT): 
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{

𝐹 − 𝐹ხახ = 0,

−𝐹ℎ +𝑚𝑔
𝑙

2
= 0.

 

vinaidan 𝐹ხახ = 𝑓𝑚𝑔, amitom, sistemis amoxsnis Semdeg, 

miviRebT               0,8.
2

l
h

f
   

p a s u x i : 0,8.
2

l
h

f
   

amocana 5.23 
𝑄 wonisa da 𝑅 radiusis mqone 

cilindruli lilvi brunviT moZraobaSi 
modis masze TokiT Camokidebuli tvirTis 
saSualebiT; tvirTis wona aris 𝑃. lilvis 
qimebis radiusia 𝑟 = 𝑅/2. xaxunis 
koeficienti sakisrebSi tolia 0,05. 𝑄 
wonis rogori Tanafardoba unda iyos 𝑃 
wonasTan imisaTvis, rom tvirTi Tanabrad 
daeSvas qveviT? 

a m o x s n a  
gamovsaxoT naxazze lilvze 

moqmedi Zalebi. imisaTvis, rom tvirTi 
Tanabrad daeSvas qveviT, unda 
Sesruldes Semdegi piroba (momentebis 
gantoleba 𝑂 wertilis mimarT): 

𝑃 ⋅ 𝑅 − 𝐹ხახ ⋅ 𝑟 = 0. 
imis gamo, rom 

𝐹ხახ = 𝑓𝑁 = 𝑓(𝑃 + 𝑄)𝑟, 
 momentebis gantoleba miiRebs saxes: 

  .P R f P Q r    

vinaidan 𝑟 = 𝑅/2 amitom, 

2 2
1 1 39.

0,05

Q

P f
      

p a s u x i : 39.
Q

P
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amocana 5.24 

 

kronSteini datvirTulia 
vertikaluri 𝑃 = 600 n ZaliT da 
mimagrebulia kedelze ori 
WanWikiT. ipoveT WanWikebis 
iseTi moWimva, romelic 
aucilbelia kronSteinis 
kedelze damagrebisaTvis. 
xaxunis koeficienti 
kronSteinsa da kedels Soris 
aris 𝑓 = 0,3. meti 
sifrTxilisaTvis gamoTvlebi 
awarmoeT im daSvebiT, rom moWimulia mxolod zeda 
WanWiki, da WanWikebi Casmulia folxviT da ar unda 
imuSaon Wrilze. mocemulia, rom 𝑏/𝑎 >> 𝑓. (moWimva ewodeba 
Zalvas, romelic moqmedebs WanWikis RerZis gaswvriv. zeda 
WanWikis sruli moWimva Sesdgeba ori nawilisgan: pirveli 
spobs kronSteinis kedlidan mowyvetis da misi qveda 
WanWikis garSemo gadatrialebis SesaZleblobas, xolo 
meore uzrunvelyofs kronSteinis zeda nawilis kedelze 
iseT normalur dawolas, romelic gamoiwvevs aucilebel 
xaxunis Zalas). 

a m o x s n a  
ganvixiloT ZalTa brtyeli 

nebissmieri sistemiT datvirTuli 
kronSteinis wonasworoba (ix. naxazi). 
vertikalze proeqciebSi wonasworobis 
gantolebas aqvs saxe: 

𝐹ხახ − 𝑃 = 0, 
vinaidan 𝐹 = 𝑓𝑁2, amitom, miviRebT 

N
2 .

P
N

f
  

momentebis gantolebas 𝑂 wertilis mimarT eqneba 
saxe(am gantolebaSi monawileobs moWimvis mxolod 
pirveli nawili) :  
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1 10 .
a

N b aP N P
b

     

jamuri (sruli) moWimva iqneba: 

1 2 .
/

P a P P
N N N P

f b f b a
       

 

vinaidan 𝑏/𝑎 >> 𝑓, amitom, ukanaskneli jamis meore 
Sesakrebi SeiZleba ugulebelvyoT, anu, 

600
2000

0,3

P
N

f
   n 2 kn. 

p a s u x i :  2 kn. 

amocana 5.25 
 𝐴𝐵 sanayi moZraobaSi moyavs 

lilvze dasmul 𝑀 TiTs. sanayis 
wonaaa 180 n. manZili 𝐶 da 𝐷 
mimmarTvelebs Soris aris 𝑏 = 1,5 m. 
sanayis RerZidan manZili TiTis 

SverilTan Sexebis წertilamde 
aris 𝑎 = 0,15 m. ipoveT iseTi 𝑃 
Zala, romelic aucilebelia 
sanayis asawvad., Tu 
gaviTvaliswinebT imas, rom 
xaxunis Zala sanaysa da 𝐶 da 𝐷 
mimmarTvelebs Soris tolia Semxeb 
nawilebs Soris arsebuli 
dawolis 0,15 nawilisa. 
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a m o x s n a  
ganvixiloT sanayis wonasworoba, 

romelzec moqmedebs ZalTa brtyeli 
nebismieri sistema (ix. naxazi) (gantolebebi 
vertikalze proeqciebSi da momentebisTvis 
𝐷 da 𝐶 wertilebis mimarT): 

1 2

1

2

,

0,

0.

P R R G

Pa N b

Pa N b

  


 
  

 

sistemidan miviRebT 

1 2 .
a

N N P
b

   

amitom 

1 1 2 20,15 0,15 , 0,15 0,15 .
a a

R N P R N P
b b

      

 

CavsvamT ra napovn 𝑅1 da 𝑅2 gamosaxulebebs sistemis 
pirvel gantolebaSi, vipoviT: 

186
2 0,15

b
P G

b a


 
n. 

p a s u x i :  𝑃 = 186 n. 

amocana 5.26 
horizontaluri 𝐴𝐵 

Reros 𝐴 boloSi aqvs 

naxvretი, romliTac is 
Camocmulia mrgval 
vertikalur 𝐶𝐷 dgarze; 
masris sigrZe aris 𝑏 = 2 sm; 
dgaris RerZidan 𝑎 
manZiliT daSorebul 𝐸 wertilSi Camokidebukia 𝑃 tvirTi. 
ugulebelyaviT 𝐴𝐵 Reros wona da ipoveT iseTi 𝑎 manZili, 
romlis drosac 𝑃 tvirTis zegavleniT Rero darCeba 
wonasworobaSi, Tu xaxunis koeficienti Rerosa da dgars 
Soris aris 𝑓 = 0,1. 
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a m o x s n a  
naxazze dayrdnobiT 

ganvixiloT N 𝐴𝐵 Reros 
wonasworoba. 

cxadia, rom 𝑁1 =

𝑁2 = 𝑁, rac imas niSnavs, 
rom (𝑁1, 𝑁2)~(𝑁,−𝑁) — 
wyvilZalaa. 

𝑁𝑏 = 𝑃𝑎,       (1) 

𝐹ხახ ≤ 2𝑓𝑁.     (2)  
garda amisa 

𝑃 = 𝐹ხახ.     (3) 
Tu (2) gamosaxulebas CavsvamT (3) tolobaSi, miviRebT 

𝑃 < 2𝑓𝑁. 
am utolobis GgaTvaliswinebiT mocemul utoloba 

gamosaxuleba (1) miiRebs saxes 
𝑁𝑏 < 2𝑓𝑁𝑎, 

saidanac  

10.
2

b
a

f
   

 

p a s u x i : 𝑎 ≥ 10 sm. 
 

amocana 5.27 
vertikalur kedelze miyudebulia 

𝐴𝐵 kibe, romelic Tavis qveda boloTi 
horizontalur iataks eyrdnoba. kibis 
kedelTan xaxunis koeficientia 𝑓1, 
xolo iatakTan — 𝑓2. kibis wona masze 
myof adamianTan erTad aris 𝑃 da 
modebulia iseT 𝐶 wertilSi, romelic 
kibis sigrZes yofs SefardebiT — 
𝑚/𝑛. ipoveT kibis mier kedelTan 
Sedgenili udidesi kuTxe 𝛼, romlis 
drosac kibe darCeba wonasworobis mdgomareobaSi da 𝛼 
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kuTxis aseTi mniSvnelobisaTvis gamoTvaleT A𝑁𝐴 kedlisa 
da 𝑁𝐵 iatakis reaqciebis normaluri mdgenelebi  

a m o x s n a  
 naxazis safuZvelze 

CavweroT kibis wonasworobis 
sami gantoleba da ori 
damatebiTi piroba: 

{
 
 
 

 
 
 
𝑁𝐴 − 𝐹ხახ 2 = 0,
𝑁𝐵 − 𝐹ხახ 1 = 0,

𝑁𝐴(𝑛 +𝑚)𝑎 𝑐𝑜𝑠 𝛼 +

+𝐹ხახ 1(𝑛 + 𝑚)𝑎 𝑠𝑖𝑛 𝛼
−𝑃𝑚𝑎 𝑠𝑖𝑛 𝛼 = 0,

𝐹ხახ  1 = 𝑓1𝑁𝐴,
𝐹ხახ  2 = 𝑓2𝑁𝐵.

 

sistemidan vipoviT: 

𝑁𝐴 =
𝑓2𝑃

1 + 𝑓1𝑓2
;   𝐹ხახ 1 =

𝑓1𝑓2𝑃

1 + 𝑓1𝑓2
;   𝑁𝐵 =

𝑃

1 + 𝑓1𝑓2
. 

 
maSin, sistemis mesame gantoleba SeiZleba gardaiqmnas 

Semdegnairad: 

𝑠𝑖𝑛 𝛼 (𝑃𝑚 − 𝐹ხახ 1(𝑛 + 𝑚)) = 𝑁𝐴(𝑛 +𝑚) 𝑐𝑜𝑠 𝛼, 

   1 2 1

1 2 1

sin cos ,
1 1

f f f P
Pm n m n m

f f f f
 
 

    
  

 

   2 21 2

1 1 2 1 2

sin cos , .
1 1

f n m f n mm f f n
tg

f f f f m f f n
  

 
  

  
 

p a s u x i :
 2 2

1 2 1 2 1 2

. ; .
1 1

A B

f n m f P P
tg N N

m f f n f f f f
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amocana 5.28 
𝑃 wonis mqone  𝐴𝐵 kibe miyudebulia 

gluv kedelze da eyrdnoba horizontalur 
aragluv iataks. kibis iatakze xaxunis 
koeficientia 𝑓. iatakisadmi rogori 𝛼 
kuTxiT unda mivadgaT kibe imisaTvis, rom 
masze bolomde asvla SeZlos 𝑝 wonis 
adamianma? 

a m o x s n a  
naxazis safuZvelze CavweroT 

piroba, romelic xaxunis Zalas da 𝐵 
wertilSi dawolas erTmaneTTan 
daakavSirebs: 

𝐹ხახ < 𝑓𝑁𝐵 .  
aRvniSnoT kibis sigrZe 𝑙 asoTi da 

SevadginoT kibis wonasworobis 
gantolebebi (𝑦 RerZze proeqciebSi da 
ZalTa momentebisTvis 𝐴 wertilis 
mimarT) 

{

𝑁𝐵 − 𝑃 − 𝑝 = 0,

𝑁𝐵 ⋅ 𝑙 𝑐𝑜𝑠 𝛼 − 𝐹ხახ𝑙 𝑠𝑖𝑛 𝛼 − 𝑃
𝑙

2
𝑐𝑜𝑠 𝛼 = 0.

 

sistemis pirveli gantolebidan gvaqvs: 

. 𝑁𝐵 = 𝑃 + 𝑝 = 𝐹ხახ ≤ 𝑓(𝑃 + 𝑝). 
maSin meore gantolebidan miviRebT 

   cos sin cos 0,
2

l
P p l P p l f P         

saidanac vipoviT:  
 

2
.

2

P p
tg

f P p






 

p a s u x i :
 

2
.

2

P p
tg

f P p
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amocana 5.29 
𝐴𝐵 kibe eyrdnoba kedels da aragluv 

iataks da am ukanasknelTan adgens 60°° 
kuTxes. kibeze moTavsebulia tvirTi 𝑃. 
ugulebelyaviT kibis wona da grafikulad 
daadgineT iseTi udidesi manZili 𝐵𝑃, 
romlis drosac kibe darCeba uZrav 
mdgomareobaSi. kedlisTvis da iatakisTvis 
xaxunis kuTxe aris 15°. 

a m o x s n a  
gamovsaxoT naxazze 

kibis wonasworobis are. 
wonasworobis aris 
dasadgenad aRvmarToT 𝐴 da 
𝐵 wertilebze Sesabamisad 
𝐴𝑃1 da 𝐵𝑃2 marTobebi. avagoT 
xaxunis kuTxeebi: ∠𝐿1𝐴𝑃1 da 
∠𝐿2𝐴𝑃1. cxadia, rom ∠𝑁1𝐵𝑃2 =
∠𝑁2𝐵𝑃2. amrigad, naxazze 
daStrixuli are iqneba 
swored wonasworobis are 
(oTxkuTxedi 𝐶𝐷𝑀𝑀1). 

 
geometriulad, 𝐵𝑃 iqneba 

udidesi, Tu 𝐴𝑃 iqneba umciresi. Tavis mxriv, 𝐴𝑃 umcires 
mniSvnelobas Rebulobs, roca 𝑃 Zalis moqmedebis wrfe 
gadis 𝐶 wertilze. ∆𝑃𝐵𝐶-dan gvaqvs 

𝐵𝑃 = 𝐶𝑃,                    (1) 
es imitom, rom ∠𝑃𝐵𝐶 − ∠𝑃𝐶𝐵 = 15°° (∠𝑃𝐶𝐵-s gverdebi 

perpendikularulni arian ∠𝑀𝐴𝐷-s gverdebisa). 
∆𝐴𝑃𝐶 dan 

𝐴𝑃 = 𝑃𝐶,                   (2) 
es imitom, rom ∠𝑃𝐴𝐶 = ∠𝑃𝐶𝐴 = 75°. 
(1) da (2) gamosaxulebebidan sabolood davadgenT 

𝐴𝑃 = 𝑃𝐵 = 𝐴𝐵/2, 
anu,. 𝐵𝑃 = 0,5𝐴𝐵. 
 
p a s u x i :  𝐵𝑃 = 0,5𝐴𝐵. 
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amocana 5.30 

MmZime erTgvarovani 𝐴𝐵 
Rero devs or, erTmaneTisgan 
𝐶𝐷 = 𝑎 manZiliT daSorebul, 𝐶 
daD𝐷 sayrdenze. cnobilia, rom 
𝐴𝐶 = 𝑏. Reros sayrdenebTan 
xaxunis koeficientia 𝑓. Reros 
horizontisadmi daxris kuTxe 
aris 𝛼. ra pirobebs unda 
akmayofilebdes Reros sigrZe 
 2𝑙 imisaTvis, rom Rero 
imyofebodes wonasworobaSi, 
Tu misi sisqe SeiZleba ugulebelvyoT? 

a m o x s n a  
naxazze gamosaxuli Reroze moqmedi ZalebisTvis 

avagoT wonasworobis gantolebebi: 

{

−𝑃 𝑠𝑖𝑛 𝛼 + 𝐹ხახ 𝐷 + 𝐹ხახ 𝐶 = 0,

−𝑅𝐷 ⋅ 𝑎 + 𝑃(𝑙 − 𝑎) 𝑐𝑜𝑠 𝛼 = 0,

𝑃(𝑙 − 𝑎 − 𝑏) 𝑐𝑜𝑠 𝛼 − 𝑅𝐶𝑎 = 0
 

 sistemis bolo ori gantolebidan vipovoT 
sayrdenebis reaqciebi: 

cos ,D

l a
R P

a





 

cos .C

l a b
R P

a


 
  

ganvixiloT 
SemTxveva, roca 𝑅𝐶 >

0 ⇒ 𝑙 − 𝑎 − Ь > 0 ⇒  𝑙 >
𝑎 + Ь. CavsvamT ra 
sistemis pirvel gantolebaSi 𝑅𝐷   da 𝑅𝐶  sidideebis 
Sesabamis gamosaxulebebs da gaviTvaliswinebT, rom 

𝐹ხახ 𝐶 ≤ 𝑅𝐶𝑓, miviRebT Sefasebas: 

2 2 1
cos cos sin , .

l a l a b l a b
f p p P tg

a a a f
   

     
    

 
 



 

 

312 
 

Tu 𝑅𝐶 < 0, maSinM cos 0,C

l a b
R P

a


 
   

Sesabamisad, 𝑙 − 𝑎 − 𝑏 < 0 ⇔ 𝑙 < 𝑎 + 𝑏. 
magram, roca samarTliania bolo utoloba, 𝐶 

sayrdenis ganlagebis mocemul SemTxvevaSi wonasworoba 
SeuZlebelia. 

 
p a s u x i :  21 > 2𝑎 + 𝑏 + 𝑦𝑡𝑔𝑎;  𝑙 > 𝑎 + 𝑏. roca 𝛼 > 𝜑, maSin 

pirveli piroba gulisxmobs meoresac,  sadac, 𝜑 = 𝑎𝑟𝑐𝑡𝑔𝑓 
— xaxunis kuTxea; xolo, Tu 𝛼 < 𝜑 maSin, sakmarisia 
Sesruldes meore piroba; roca 𝑙 < 𝑎 + 𝑏, maSin, 𝐶 sayrdenis 
naxazze gamosaxul ganlagebis SemTxvevaSi, wonasworoba 
SeuZlebelia. 

 
amocana 5.31 

EerTgvarovani Zeli eyrdnoba 𝐴 
wertilSi aragluv horizontalur 
iataks da mas 𝐵 wertilSi adgilze 
amagrebs Toki. Zelsa da iataks Soris 
xaxunis koeficienti aris 𝑓. Zelsa da 
iataks Soris Sedgenili 𝛼 kuTxe 
tolia 45°. rogori 𝜑 kuTxiT unda 
iyos daxrili Toki horizontisadmi, rom Zeli 
gasrialdes? 

a m o x s n a  
aRvniSnoT Zelis sigrZe 𝑙 asoTi 

da SevadginoT wonasworobis 
gantolebebi ZalTa brtyeli 
nebismieri sistemisaTvis, romlebic 
modebulia Zelze (ix. naxazi), 𝑥 da 
𝑦 RerZebze proeqciebSi da 
momentebisTvis 𝐵 wertilis mimarT: 

{

𝑇 cos𝜑 − 𝐹ხახ = 0,
𝑇 sin𝜑 + 𝑁 −𝑚𝑔 = 0,

𝐹ხახ 𝑙 sin 𝛼 − 𝑁𝑙 cos 𝛼 + 𝑚𝑔
𝑙

2
cos𝛼 = 0.
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vinaidan 𝐹ხახ = 𝑓𝑁, amitom, sistemis pirveli ori 
gantolebidan vipoviT: 

.
1

mg N mg
tg N

fN ftg





  


 

sistemis mesame gantolebidan SegviZlia CavweroT 

   
cos

2 cos sin 2 1

mg mg
N

f f tg



  
 

  
 

maSin 

 
,

2 1 1

mg mg

ftg ftg 


 
 

1 2 1 2 45 1
2 .

ftg ftg
tg

f f f




 
     

p a s u x i :
1

2 .tg
f

    

 
amocana 5.32 

EerTgvarovani Reros Tavisi 𝐴 
da 𝐵 boloebiT SeuZlia 𝑎 
radiusian aragluv wrewirize 
sriali. Rerodan wrewiris 
vertikalur sibrtyeSi ganTavsebul 
𝑂 centramde 𝑂𝐶 manZili aris 𝑏. 
xaxunis koeficienti Reros da 
wrewirs Soris aris 𝑓. ipoveT kuTxe 
𝜑, romelsac qmnis 𝑂𝐶 wrfe 
wrewiris vertikalur diametrTan, 
Reros wonasworobis SemTxvevaSi. 

a m o x s n a  
gamovsaxoT naxazze:  

𝑅𝐴⃗⃗ ⃗⃗   — reaqcia wrewiris mxridan;  

𝐴𝜇⃗⃗ ⃗⃗   — xaxunis Zala 𝐴 wertilSi; 

𝑅𝐵⃗⃗⃗⃗  ⃗ — normaluri reaqcia;  

𝐵𝜇⃗⃗⃗⃗  — xaxunis Zala 𝐵 wertilSi;  
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\𝑄 — wona; 
 𝑙 —Reros sigrZe. 
SevadginoT wonasworobis gantoleba 𝐵 wertilis 

mimarT momentebisTvis: 

1
cos cos sin 0.

2
Q A l Al      

Sesabamisad, Tu gaviTvaliswinebT, rom 𝐴𝜇 = 𝑓𝑅𝐴, 
miviRebT 

cos
.

2 sin cos
A

O
R

f



 



 

SevadginoT wonasworobis gantoleba Zalebis 
momentebisTvis 𝐴 wertilis mimarT. imis gaTvaliswinebiT, 
rom-𝐵𝜇 = 𝑓𝑅𝐵, gveqneba: 

1
cos cos sin 0

2
B BQ R fl R l      

cos
.

2 sin cos
B

Q
R

f



 



 

SevadginoT wonasworobis gantoleba Zalebis 
momentebisTvis 𝑂 wertilis mimarT: 

𝑓(𝐴 + 𝐵)𝑎 = 𝑄𝑏𝑠𝑖𝑛𝜑, 
saidanac vipoviT: 

1 1
cos sin ,

2 sin cos sin cos

fa
b

f f
 

   

 
  

  
 

sadac, 
2sin , cos 1 sin .

b

a
       

bolo igiveobidan miviRebT 

2 21
.

a f
ctg f

b f


 
  
 

 

cxadia, rom Reros wonasworobis mdgomareoba 
SenarCundeba 𝜑 kuTxis ufro patara mniSvnelobebisTvisac, 
amitom, imis gaTvaliswinebiT, rom kotangens funqcia 
klebadia, ASeiZleba CavweroT:  
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2 21a f
ctg f

b f


 
  
 

 

p a s u x i :  

2 21a f
ctg f

b f


 
  
 

 

amocana 5.33 
 
saglini dgani Sesdgeba ori urTierT 

sawinaarmdegod mbrunavi 𝑑 = 50 sm 
diametris mqone lilvisgan. brunvis 
mimarTulebebi naCvenebia naxazze; manZili 
lilvebs Soris aris 𝑎 = 0,5 sm. rogori 𝑏 
sisqis furclebi SeiZleba moiglinos am 
dganze, Tu nawrTobi rkinis furcelsa da 
Tujis lilvebs Soris xaxunis 
koeficientia 𝑓 = 0,1? (dganis 

asamuSaveblაd aucilebelia, rom 
brunavma lilvebma furceli waitacon, 
anu, furcelze modebuli normaluri reaqciebis da 
xaxunis Zalebis tolqmedi mimarTuli unda iyos marjvniv.) 

a m o x s n a  
dganis asamuSaveblad 

aucilebelia Sesruldes Semdegi 
piroba 𝑅𝑥 ≥ 0, sadac, 𝑅𝑥— 
furcelze moqmedi Zalebis 𝑥 
RerZze proeqciaa. am pirobas, 
naxazis Sesabamisad, aqvs saxe: 

2𝐹ხახ 𝑐𝑜𝑠𝛼 − 2𝑁𝑠𝑖𝑛𝛼 > 0. 

vinaidan 𝐹ხახ = 𝑓𝑁, amitom 
mocemuli piroba SeiZleba 
CavweroT ase: 

𝑓𝑐𝑜𝑠𝛼 ≥ 𝑠𝑖𝑛𝛼 
gamovTvaloT:  

2 2cos .

2

d b a
d a b

d d
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davuSvaT 

,
d a b

z
d

 
  

 

maSin 

2cos , sin 1 .Cz z      

Sesabamisad, bolo utoloba gadaiwereba Semdegi 
saxiT 

21 ,fz z   

2

2 2 2 2

1 1 1
, , ,

1 1 1

d a b
z z

f df f

 
    

  
 

2 2 2 2

1 1
1 0,5 50 1 0,75

1 1 0,1
b a d

f

   
         

     

sm. 

p a s u x i :  𝑏 < 0,75 sm. 

 
amocana 5.34 

𝑅 radiusiiani ბloki 
aRWurvilia misi Sua sibrtyis 
mimarT simetriulad ganlagebul 
ori 𝑟 radiusis mqone qimiT. 
qimebi eyrdnoba horizontaluri 
mdgenelis mqone 𝐴𝐵 cilindrul 

zedapirs. ბlokze gadakidebulia 
gvarli, romelzec dakidebulia 
𝑃 da 𝑃1 tvirTebi, amasTan, 𝑃 >  𝑃1. 
ipoveT 𝑃1 tvirTis umciresi 
mniSvneloba, romlis drosac 

ბloki iqneba wonasworobis 
mdgomareobaSi, Tu vigulisxmebT, 
rom, xaxunis koeficienti qimebsa 

da cilindrul 𝐴𝐵 zedapirs Soris aris 𝑓, xolo ბlokis 
wona qimebTan erTad aris 𝑄. (sistemis naxazze gamosaxuli 
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mdgomareoba ar SeiZleba 
iyos wonasworobis 
mdgomareoba, saWiroa es 
ukanaskneli winaswar iqnas 
napovni). 

a m o x s n a  
pirveli amocana romelic 

unda gadavWraT — vipovoT 

ბlokis wonasworobis 
mdgomareoba. 

aRvniSnoT, 
𝑄′ = 𝑄 + 𝑃𝑋 + 𝑃,𝑀 = 𝑅(𝑃 −

𝑃𝑋). 
naxazis safuZvelze 

CavweroT momentebis 
gantolebebi 𝑂2 da 𝑂 
wertilebis mimarT: 

pirveli amocana romelic 

unda gadavWraT — vipovoT ბlokis wonasworobis 
mdgomareoba. 

aRvniSnoT, 
𝑄′ = 𝑄 + 𝑃𝑋 + 𝑃,𝑀 = 𝑅(𝑃 − 𝑃1). 

naxazis safuZvelze CavweroT momentebis gantolebebi 
𝑂2 da 𝑂 wertilebis mimarT: 

sin 0,

0,

M Q r

M Fr

 


 
 

sadac, 𝐹 = 𝑄′ ∙ 𝑓 ∙ 𝑐𝑜𝑠𝛼. 
sistemidan miviRebT 

𝑡𝑔𝛼 = 𝑓, 
Sesabamisad, 𝛼 xaxunis kuTxea. 
wonasworobis mdgomareobaSi cilindris 𝐴𝐵 RerZsa da 

ბlokze gamavali sibrtye vertikalTan adgens xaxunis 
kuTxis tol kuTxes. 

axla SevadginoT momentebis gantoleba 𝑂1 wertilis 
mimarT: 

   1 2
Pr 0.

1

f
R P R Q P

f
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aqedan vipoviT: 

 2

1
2

1
.

1

P R f fr Qrf
P

R f fr

  


 
 

p a s u x i :  wonasworobis mdgomareobaSi cilindris 𝐴𝐵 

RerZsa da ბlokze gamavali sibrtye vertikalTan adgens 

xaxunis kuTxis tol kuTxes; 
 2

1
2

1
.

1

P R f fr Qrf
P

R f fr

  


 
 

 

amocana 5.35 
 tvirTebis qveviT 

CaSvebisTvis gamoiyeneba naxazze 
gamosaxuli muxruWiani 
jalambari. dolurze, romelzec 
jaWvia daxveuli, mimagrebulia 
koncentruli xis borbali. 𝐴𝐵 
berketi mibmulia 𝐸𝐷 samuxruWe 
berketis 𝐷 bolosTan 𝐶𝐷 
jaWviT. 𝐴𝐵 berketis 𝐴 
boloze dawolis Sdegad 
borbali muxruWdeba.. 
borblis diametria 𝑎 = 50 sm; 
doluris diametria 𝑏 =

20 sm; 𝐸𝐷 = 120  sm; 𝐹𝐸 = 60 sm; 
 𝐴𝐵 = 1 m;  𝐵𝐶 = 10 sm. ipoveT 𝑃 
Zala, romelic moZrav 

ბlokze dakidebul 𝑄 = 8 kn 
tvirTs gaawonasworebs, Tu 
xis foladze xaxunis 
koeficientia 𝑓 = 0,4; 𝐹 
xundis zomebi 
ugulebelyaviT. 

nax. 1 
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a m o x s n a  
vipovoT damuxruWebis Zala; (nax. 1), risTvisac 

SevadginoT doluris wonasworobis gantolebebi (Zalebis 
momentebisTvis 𝑂 wertilis mimarT ): 

.
2 2

a Q b
R

a
   

meores mxriv, kulonis kanonis 
ZaliT, 𝑅 = 𝑓𝑁. saidanac vipoviT 
xundze dawolis Zalas: 

.
2

R Q b
N

f f a
    

ganvixiloT 𝐸𝐷 berketis wonasworoba ( nax. 2).  
SevadginoT momentebis gantoleba 𝐸 wertilis mimarT  

𝑁1 ∙ 1,2, −𝑁 ∙ 0,6 = 0. 
saidanac 

1

0,6
.

1,2 4

Q b
N N

f a
     

ganvixiloT 𝐴𝐵 berketis wonasworoba (nax. 3). 
SevadginoT momentebis gantoleba 𝐵 wertilis mimarT  

𝑃 ∙ 1 − 𝑁1 ∙ 0,1 = 0 ⇒ 𝑃 = 𝑁1 ∙ 0,1 = 0,20kn. 
p a s u x i :  P 𝑃 =  0,2 kn. 

amocana 5.36 
 
𝐴𝐵𝐶 prizmis 𝐴𝐵 da 𝐵𝐶 

waxnagze moTavsebulia 𝑃 wonis 
mqone ori erTnairi 𝐺 da 𝐻 
tvirTi, romlebic erTmaneTze 

gadabmulia 𝐵 ბlokze 
gadakidebuli ZafiT. tvirTebsa 
da waxnagebs Soris xaxunis 
koeficienti aris 𝑓. ∠𝐵𝐴𝐶 =

∠𝐵𝐶𝐴 = 45°., ugulebelyaviT 

ბlokze xaxuni da ipoveT 
sidide 𝐴𝐶 waxnagis 
horizontisadmi daxris iseTi 𝛼 kuTxe, romelic 

nax. 2 
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aucilebelia imisaTvis, rom 𝐺 tvirTma daiwyos qveviT 
daSveba. 

a m o x s n a  

vinaidan ბloki idealuria, amitom Zafis daWimuloba 
marcxnidan da marjvnidan erTnairia. maSin, Tu davuSvebT, 
rom 𝐺 tvirTi qveviT eSveba, naxazis mixedviT miviRebT 

       sin 45 cos 45 sin 45 cos 45 ,P f P f            
   

 

2 2 2 2
cos sin cos sin

2 2 2 2
f f       

2 2 2 2
cos sin cos sin .

2 2 2 2
f f       

 

 

 

 

 

 

 

 

 

 

saidanac,  

sin cos ; .f tg f      

p asuxi :  𝑡𝑔𝛼 = 𝑓. 
amocana 5.37 

mdinareze gadebuli sarkinigzo xidis sayrdenebis 
miwaSi Casobis siRrme isea gaTvlili, rom sayrdenebis 
wona, xidze gamavali tvirTis wonasTan erTad, unda 
gaawonasworos sayrdenebis Zirze gruntis dawolis Zalam 
da gverdiTma xaxunma. amasTan, grunti, romelic 
warmoadgens wyliT gaJRenTil wvril qviSas, Txevad 
sxeulad SeiZleba miviCnioT. gamoTvaleT am sayrdenebis 
miwaSi Casobis ℎ siRrme, Tu sayrdenze datvirTva 1500 kn-
is tolia, 1 m simaRlis sayrdenis wonaa 80 kn, sayrdenis 
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simaRle mdinaris fskridan aris 9 m, xolo wylis simaRle 

fskeridan aris 6 m, sayrdenebis fuZis farTobia 3,5  m
2 .  1 m 

simaRlis sayrdenis gverdiTi zedapiris farTobia  7 m 2 ,    

wyliT gaJRenTili qviSis 1 m
3
 moculobis wonaa 18 kn,  

wylis 1 m
3
moculobis wonaa 10 kn, xolo qviSasa da im 

futliars Soris, romelSic Camagrebulia qvis sayrdeni, 
xaxunis koeficienti aris 0,18. (xaxunis gaTvlebisas 

gaviTvaliswinoT is faqti, rom 1 m
2
 farTobze saSualo 

gverdiTi dawola aris 10(6 + 0,9ℎ)kn. 
 
a m o x s n a  
naxazze gamovsaxoT:  
𝑃 — datvirTva sayrdenebze: 
 𝑃 = 150  t; 
 𝐺 — sayrdenebis wona: 
 𝐺 = (9 + ℎ) ∙ 8  t; 
 𝑇  — fskeris mxridan sayrdenebze 

reaqciis Zala: 
 𝑇 = (6 + 1,8ℎ) ∙ 3,5 = 6,3ℎ + 21 t;  
𝑅 — gruntis sayrdenebisadmi 

winaaRmdegobis Zala: 
𝑅 = 𝑁𝑓 = (6 + 0,9ℎ)𝑓 ∙ 7ℎ = 1,134ℎ + 7,56ℎ t. 

SevadginoT sayrdenis 
wonasworobis gantoleba (𝑦 RerZze proeqciebSi): 

−𝑃 − 𝐺 + 𝑇 + 𝑅 = 0. 
Sesabamisad 

𝑃 + 𝐺 = 𝑇 + 𝑅. 
CavsvaT ricxviTi mniSvnelobebi: 

150 + (9 + ℎ) ∙ 8 = 6,3ℎ + 21 + 1,134ℎ2 + 7,56ℎ. 
saidanac miviRebT gantolebas 

1,134ℎ2 + 5,86ℎ − 201 = 0. 
gantolebis amoxsniT, vipoviT: 

ℎ = 11 m. 
p a s u x i :  ℎ = 11 m. 
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amocana 5.38 
ipoveT sibrtyis horizontisadmi daxris iseTi 𝛼 

kuTxe, romlis drosac 𝑟 = 50 mm radiusis mqone rgoli 
Tanabrad igoravebs am sibrtyeze. M erTmaneTTan Semxebi 
sxeulebi foladisganaa damzadebuli, gorvis xaxunis 
koeficientia 𝑘 = 0,05 mm (𝛼 kuTxis simciris gamo SeiZleba 
CavTvaloT, rom 𝛼 = 𝑡𝑔𝛼.) 

a m o x s n a  
gamovsaxoT naxazis saxiT 

amocanis pirobaSi mocemuli 
monacemebi. 

SevadginoT momentebis 
gantoleba 𝐴 wertilis mimarT: 

𝐺 ∙ 𝑟 ∙ 𝑠𝑖𝑛𝛼 − 𝑘 ∙ 𝐺 ∙ 𝑐𝑜𝑠𝛼 = 0, 
saidanac vipoviT: 

𝑡𝑔𝛼 =
𝑘

𝑟
= 0,001,   𝛼 = 3′26".  

 
p a s u x i : 𝛼 = 3′26". 

 

 
amocana 5.39 

 
ipoveT iseTi 𝑃 Zala, romelic 

aucilebelia 𝑟 = 60 sm diametrisa da 𝑄 =
300 n wonis mqone cilindruli sagoravis 
horizontalur sibrtyeze Tanabrad 
sagoraveblad, Tu gorvis xaxunis 
koeficienti aris к = 0,5, xolo 𝑃 Zalasa 
da horizontalur sibrtyes Soris 
Sedgenili kuTxe aris 𝛼 = 30°. 

a m o x s n a  
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gamovsaxoT naxazze sagoravze 
moqmedi Zalebi. saZiebeli Zalis 
sapovnelad SevadginoT momentebis 
gantoleba 𝐴 wertilis mimarT: 

 sin PrcosQ P k     

saidanac vipoviT:  

5,72
rcos sin

Q k
P

k 


 

 
n. 

 

p a s u x i :  𝑃 =  5,72 n. 
 

amocana 5.40 
horizontalur sibrtyeze devs 𝑅 radiusis da 𝑄 wonis 

mqone birTvi. birTvis sibrtyeze srialis xaxunis 
koeficientia 𝑓, xoli gorvis xaxunis koeficientia 𝑘. ra 
pirobebia saWiro imisaTvis, rom birTvis centrSi 
modebulma horizontalurma 𝑃 Zalam Tanabrad agoravos 
birTvi? 

a m o x s n a  
gamovsaxoT naxazze birTvze moqmedi Zalebi. 
SevadginoT birTvis wonasworobis gantolebebi: 

{
𝑃 − 𝐹ხახ = 0,
𝑁 − 𝑄 = 0,
−𝑃 ⋅ 𝑅 + 𝑁 ⋅ 𝑘 = 0.

 

imisaTvis, rom sagoravi ar 
srialebdes, aucilebelia 
Sesruldes Semdegi piroba 

𝐹ხახ < 𝑓𝑁. 
sistemidan vipoviT: 

𝑃 = 𝐹ხახ;   𝑁 = 𝑄; 

,
k

P N
R

 anu 
k

P Q
R

  

 CavsvaT miRebuli 
gamosaxuleba utolobaSi: 
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,
k

Q Q f
R
   

saidanac,              .
k

f
R

  

p a s u x i :  ; .
k k

f P Q
R R

    

 
amocana 5.41 

yinulis safarTan urTierTqmedebisas yinulmWreli 
wonwsworobaSia imis gamo, rom masze moqmedebs Semdegi 
Zalebi: 1) gemis 𝐺 wona; 2) tivtivadobis 𝐷 Zala; 3) 
propelerebis 𝑅 winaRoba; 4) yinulis mxridan 
forStevenTan Sexebis 𝐾 wertilSi modebuli Zalebi – 

a) normaluri dawolis 𝑁 Zala da  
b) xaxunis maqsimaluri 𝐹 Zala. K 
forStevenis daxris kuTxea 𝜑 = 30°, xaxunis 

koeficienti aris 𝑓 = 0,2. cnobilia sidideebi:  𝐺 = 6000 kn, 
, 𝑅 = 200 kn, 𝑎 = 20 m, 𝑏 = 2 m, 𝑒 = 1 m.   

ugulebelyaviT gemis diferenti da ipoveT gemis 𝑃 
vertikaluri dawola yinulis safarze, tivtivadobis 𝐷 
Zala da am Zalidan gemis simZimis centramde 𝑙 manZili. 

 
 
 
 

a m o x s n a  
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nax. 1-ze gamosaxulia yinulis 
safarze moqmedi Zalebis sqema. 
SevadginoT safaris wonasworobis 
gantolebebi: 

{
𝑁 𝑠𝑖𝑛 𝜑 + 𝐹ხახ 𝑐𝑜𝑠 𝜑 + 𝑅 = 0,
−𝑁 𝑠𝑐𝑜𝑠 𝜑 + 𝐹ხახ 𝑠𝑖𝑛 𝜑 − 𝑃 = 0

 

vinaidan 𝐹ხახ = 𝑓𝑁,amitom, 
sistema miiRebs Semdeg saxes 

sin cos 0,

cos sin 0.

N fN R

N fN P

 

 

  

   

 

sistemidan vipoviT: 

cos sin
,

cos sin

P f

R f

 

 





 

cos sin 1
, 230

cos sin

f tg
P R P R

f f tg

  

  

 
   

 
kn. 

SevadginoT yinulmWrelis wonasworobis gantoleba 

(nax. 2): 

𝑃 + 𝑁 𝑐𝑜𝑠 𝜑 −

− 𝐹ხახ 𝑠𝑖𝑛 𝜑 − 

0,G D    

sadac, 𝐹ხახ = 𝑓𝑁. 
Sesabamisad, 

cos sin 0,P N f N G D        

  cos sin 5770D G P N N      kn. 

SevadginoT Zalebis momentebis gantoleba 𝐾 wertilis 
mimarT da vipoviT manZili 𝑙: 

    0Ga D a l R b e        

nax. 1 

 

nax. 2 
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0,83

Ga R b e
l a

D

 
   m. 

p a s u x i :  
1

230
tg

P R
f tg






 


k n ;  5770D  kn; 0,83l 

m. 

 

 
amocana 5.42 

𝑄 tvirTs SeuZlia sriali mqisi 
vertikaluri 𝐴𝐵 mimmarTvelis 
gaswvriv. tvirTze mimagrebulia 
gvarli, romelzec Camokidebulia 𝑃 

tvirTi. ugulebelyaviT 𝐷 ბlokis 
zomebi da ipoveT: 

1) piroba, romlis drosac 
SesaZlebelia uZraobis zonis (anu 
SesaZlo wonasworobis 
mdgomareobebis geometriuli 
adgilis) arseboba; 

2) piroba, romlis drosac 
uZraobis zonis zeda sazRvari moTavsebulia 𝑦 RerZis 
dadebiT nawilSi; 

3) uZraobis zonis ordinatebi, roca  
𝑄 = 5 n,  𝑃 = 10 n,  𝑓 = 0,2,  𝑂𝐷 = 10 sm; 

4) uZraobis zonis ordinatebi, roca  
𝑄 = 1,5 n,  𝑃 = 10 n,  𝑓 = 0,2,  𝑂𝐷 = 10 sm. 

 
a m o x s n a  
1) ganvixiloT 𝑄 tvirTis wonasworoba 𝑦 < 0 areSi. am 

dros SesaZlebelia ori SemTxveva: 
1. a)  𝑄 tvirTs SeuZlia zeviT moZraoba. am 

SemTxvevisaTvis tvirTze modebuli Zalebi gamosaxulia 
nax. 1.-ze. 



 
 

327 
 

SevadginoT 𝑄 tvirTis 
wonasworobis gantolebebi:  

{
𝑁 − 𝑃 𝑐𝑜𝑠 𝛼 = 0,
𝑃 𝑠𝑖𝑛 𝛼 − 𝑄 − 𝐹ხახ = 0.

 

sadac, 𝐹ხახ xaxunis Zalaa. 

aseve unda Sesruldes 
utoloba 

𝐹ხახ < 𝑓𝑁. 
sistemidan vipoviT: 

𝑁 = 𝑃 𝑐𝑜𝑠 𝛼 ;  𝐹ხახ = 𝑃 𝑠𝑖𝑛 𝛼 − 𝑄. 
CavsvaT es gamosaxulebebi 

utolobaSi da miviRebT  

sin cos ,P Q fP    

anu 

 sin cos . 1
Q

f
P

     

b) 𝑄 tvirTs SeuZlia qveviT 
moZraoba. am SemTxvevisaTvis tvirTze 
modebuli Zalebi gamosaxulia nax. 2.-
ze. 

CavweroT tvirTisUwonasworobis 

gantolebebi da erTi utoloba 𝐹ხახ 
ZalisaTvis: 

{

𝑁 − 𝑃 𝑐𝑜𝑠 𝛼 = 0,
𝑃 𝑠𝑖𝑛 𝛼 − 𝑄 + 𝐹ხახ = 0
𝐹ხახ ≤ 𝑓𝑁,

 

saidanac vipoviT: 

   sin cos . 2Q P f     

amrigad, 𝑄 Zalis sididis mniSvneloba imyofeba (1) da 
(2) utolobebiT gansazRvrul mniSvnelobebs Soris: 

     sin cos sin cos . 3P Q P f         

SemoviRoT kuTxe: 

nax. 1 

 

nax. 2 
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2 2
sin , cos .

1 1

f f

f P f
   

 
 

 

maSin utoloba (1) miiRebs saxes 

 21 sin ,
Q

f
P

     anu  
2

sin .
1

Q

P f
  


 

 

vinaidan |𝑠𝑖𝑛(𝛼 − 𝜑)| ≤ 1, amitom   

2
1,

1

Q

P f



 

 

saidanac miviRebT pirobas, romlis drosac 
SesaZlebelia uZraobis zonis arseboba: 

21 ,
Q

f
P
   anu 

2

21 .
Q

f
P

 
  

 
 

2) ganvixiloT 𝑄 tvirTis 
wonasworoba 𝑦 ≥ 0 zonaSi.  am 
SemTxvevisaTvis tvirTze modebuli 
Zalebi gamosaxulia nax. 3-ze. 

gvaqvs: 

{

𝑁 − 𝑃 𝑐𝑜𝑠 𝛼 = 0,
𝑃 𝑠𝑖𝑛 𝛼 − 𝑄 + 𝐹ხახ = 0
𝐹ხახ ≤ 𝑓𝑁,

 

sistemidan vipoviT: 

𝑄 ≤  𝑃(𝑓 𝑐𝑜𝑠 𝛼 −  𝑠𝑖𝑛 𝛼). 
vinaidan 𝛼 > 0, amitom  bolo utolobidan 

gamomdinareobs Semdegi utoloba 

cos sin cos .
Q

f f f
P

       

amitom, Tu sruldeba Semdegi utoloba 

.
Q

f
P
  

nax. 3 
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maSin uZraobis zonis zeda sazRvari imyofeba 𝑦 RerZis 
dadebiT nawilSi. 

3) ganvsazroT uZraobis zonis sazRvrebi, roca 𝑄 = 5 m, 
𝑃 = 1 n, 𝑓 = 0,2, 𝑂𝐷 = 𝑎 = 10 sm. 

Semdegi damokidebulebebis gaTvaliswinebiT (nax. 4) 

2 2 2 2
sin , cos .

y a

a y a y
   

 
 

 

(3) utoloba miviyvanoT Semdeg saxemde 
 

 
2 2 2 2

2 2 2 2

,

4

.

y fa Q

Pa y a y

y fa Q

Pa y a y


 

 


  
  

 

 

 

uZraobis zonis sazRvrebis 
dasadgenad  amovxsnaT (4) utoloba, 
risTvisac, Tavis mxriv, dagvWirdeba 
Semdegi gantolebebis amoxsna: 

 

 

 

2 2 2 2

2 2 2 2

, 5

. 6

y fa Q

Pa y a y

y fa Q

Pa y a y

  
 

  
 

 

 

nax. 4 
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(5) gantolebidan vipoviT: 

2

2

1,2 2
1 ;

1

A a Q Q
y f f

P PQ

P

 
 

     
      

 

 

(6) gantolebidan vipoviT: 

2

2

1,2 2
1 ;

1

B a Q Q
y f f

P PQ

P

 
 

      
      

 

 

vipovoT ricxviTi mniSvnelobebi: 

2 2

1 2

10
0,2 0,5 1 0,2 0,5 3,26

1 0,5

Ay       
 

sm; 

2 2

2 2

10
0,2 0,5 1 0,2 0,5 8,6

1 0,5

Ay      
 

sm; 

2 2

1 2

10
0,2 0,5 1 0,2 0,5 8,6

1 0,5

By        
 

sm; 

2 2

2 2

10
0,2 0,5 1 0,2 0,5 3,2

1 0,5

By       
 

sm 

axla SesaZlebelia (4) sistemis amonaxsnTa simravlis 
povna — es aris [𝑦1

𝐵 ;  𝑦1
𝐴] monakveTi (nax. 5). Sesabamisad, 

uZraobis zonis sazRvrebis ordinatebi iqneba : 

𝑦 1 = 𝑦1
𝐴 = −3,26 sm da  𝑦 2 = 𝑦1

𝐵 = −8,6 sm. 
4) ganvsazRvroT uZraobis zonis sazRvrebi, roca 

nax. 5 
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 𝑄 = 1,5 m, 𝑃 = 10 n, 𝑓 = 0,2, 𝑂𝐷 = 𝑎 = 10 sm. 
Tu gavimeorebT 3) punqtSi Catarebul 

proceduras, maSin vipoviT Sesabamisi 
gantolebebis fesvebs: 

2 2

1,2 2

10
0,2 0,15 1 0,2 0,15

1 0,15

Ay     
 

 

2 2

1,2 2

10
0,2 0,15 1 0,2 0,15

1 0,15

Ay      
 

 

1 0,5Ay   sm,  2 3,39Ay   sm, 

1 3,59By    sm,  0,5B

By    sm 

uZraobis sazRvrebis ordinatebi iqneba: 
𝑦 1 = 𝑦1

𝐴 = −0,5  sm da  𝑦 2 = 𝑦1
𝐵 = −3,59 sm. 

 

p a s u x i :   
2

21 1 ; 2 ;
Q Q

f f
P P

 
       
 

3  
1 3,26y  

sm, 
2 8,6y   sm 4  

1 0,5y  sm, 
2 3,59y   sm. 

 

 

 

 

 

 

 

 

 

 

 

nax. 6 
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II. ZalTa sivrculi sistemebi 

6. Zalebi, romelTa moqmedebis wrfeebic 

erT wertilSi ikveTeba 
amocana 6.1 

samkuTxa anZa Sedgeba wveroSi 

erTmaneTTan saxsariT mierTebuli 

ori erTnairad daxrili  AB da AC 

Zelisagan. kuTxe BAC =  30°. anZa 

iWers or iseT horizontalur 

mavTuls, romlebic erTmaneTTan 

marT kuTxes adgenen. TiToeuli 

mavTulis daWimulobaa 1 n. 

gansazRvreT ZelebSi arsebuli 

Zalva, Tu CavTvliT, rom 

BAC sibrtye DAE kuTxes Suaze yofs, 

xolo Zelebis wonas 

ugulebelvyofT. 

a m ox s n a  
გamovsaxoT naxazze samkuTxa 

anZis A wertilze moqmedi Zalebi da 

SemoviRoT xyz koordinatTa სistema. 

amasთაn, CavTvaloT rom zAy sibrtye 
naxazis sibrtyes emTxveva da Aamave 
sibrtyeSia ganTavebuli AB da AC 

Zelebic. bmebis S⃗ B da SC⃗⃗⃗⃗  reaqciebi 

mivmarToT A kvanძidan, riTac 
miviCnevT, rom AB da AC  Zelebi 
gaWimulia. 

miRebul ZalTa sistemisaTvis 
SevadginoT wonasworobis sami 
gantoleba x, y  da z RerZebze 
proeqciebisTvis. SevniSnoT, rom pirvel gantolebas ( x 
RerZze proeqciisaTvis) aqvs saxe 
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sin45 sin45 0,P P   

anu es gantoleba igivurad sruldeba. danarCeni ori 
gantolebisTvis miviRebT 

cos45 cos45 cos75 cos75 0,

cos15 cos15 0.

C B

C B

P P S S

S S

    


 

 

Tu am sistemas amovxsniT, gveqneba 

   
2 2

2,73
2 3 1

3 1
2

B C

P
S S   




n. 

 

niSnebi imaze metyveleben, rom 𝐴𝐵 Zeli gaWimulia, 
xolo 𝐴𝐶 — SekumSuli. gamoTvlebis dros 
gaviTvaliswineT Semdegi toloba:  

 2
cos75 3 1 .

4
   

პ ა ს უ ხ ი :  

 
2

2,73
3 1

B CS S  


n. 

 
amocana 6.2 

 horizontaluri mavTulebi, 
romlebic erTmaneTan DAE = 90° kuTxes 
adgenen, dakidebulia AC gverdula 
bijgiT gamagrebul  AB boZze. AD da 
AE mavTulebis daWimuloba 
Sesabamisad tolia 120 n da 160 n.  A 
wertilSi damagreba saxsrulia. 
ipoveT AC da AE sibrtyeebs Soris 
iseTi α kuTxe, romlis drosac boZi 
ar ganicdis gverdiT zneqvas da 
gansazRvreT gverdula bijgSi S 
Zalva, Tu is horizontsadmi 60°-iani kuTxiT aris 
dayenebuli. boZis da gverdula bijgis wonebi 
ugulebelyaviT. 
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 a m ox s n a  
iseve rogorc wina amocanaSi, aqac 

CavTvaloT rom boZi gverdula bijgTan 

erTad 𝑧Ay sibrtyeSi mdebareobs, P1 ⃗⃗⃗⃗   da  P2 ⃗⃗⃗⃗  
Zalebi ganTavsebulia 𝑥Ay sibrtyeSi  (ix. 
naxazi). bmebis SB da 𝑆𝐶 reaqciebi 
mimarTulia 𝐴  kvanZidan (anu vTvliT, rom 
𝐴𝐵 boZi da 𝐴𝐶 gverdula bijgi gaWimulia). 

Tu SemoviRebT 𝐹  gverdiT Zalvas, 
SegviZlia SevadginoT Tavmoyril ZalTa 
sistemis wonasworobis gantolebebi:

 

 
1 2

1 2

sin sin 90 0,

cos cos 90 cos60 0,

sin 60 0.

C

B C

F P P

P P S

S S

 

 

    



    

    

vinaidan  amocanis pirobis Tamaxmad  gverdiT zneqva 
da aqedan gamomdinare GgverdiTi F Zalvac nulis tolia, 
amitom sistemis pirveli gantolebidan miviRebT  

3
160sin 120cos .

4
tg      

Tu gvecodineba 𝑡𝑔𝛼, SegviZlia winaswar vipovoT: 

2 2 2 2

2 2

3
1 1 4 34cos ; sin ;

5 51 3 1 3
1 1

4 4

tg

tg tg


 

 
      

 
 

 

maSin sistemis bolo ori gantolebidan SegviZlia 
ganvsazRvroT:  

 1

2

1 4 3 2
4 160 3 120

2 5 5 5
C CS P P S           

 

400  n ( d a x r il i  S e k u m S ul i a ) ;  

1
200

2
B CS S  

n ( b o Z i  g a W i m uli a ) .  
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პ ა ს უ ხ ი : 400S   n ;  

3
.

5
arctg 

 

 

amocana 6.3 

 Q =  100   n tvirTs iWers 𝐴 
wertilSi saxsrulad 
mimagrebuli da 
horizontisadmi 45° gradusiT 
daxrili 𝐴𝑂 Zeli da agreTve 
erTnairi sigrZis ori 

horizontaluri BO da 𝐵𝐷 
jaWvebi; ∠CBO =  ∠BCO =  45°°. 
ipoveT S Zalva ZelSi da 
jaWvebis 𝑇 daWimuloba. 

a m ox s n a  
SemovitanoT koordinatTa xyz sistema da გamovsaxoT 

naxazze mocemuli Q⃗⃗  Zala, jaWvebis reaqciis T⃗⃗ 1,  T⃗⃗  ⃗2  Zalebi 

da Reros reaqcia S⃗   (ix. naxazi): 

2 1

1 2

cos45 cos45 0,

sin 45 sin 45 cos45 0,

cos45 0.

T T

T T S

Q S
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Tu gantolebaaTa sistemas amovxsniT, miviRebT: 

2 141,4S Q    n ;  

1 2 70,7
2

S
T T   n .  

პ ა ს უ ხ ი :  141,4S   n ;  
1 2 70,7T T  n .  

 
amocana 6.4 

ipoveT 𝑆1  da 𝑆2  Zalvebi 𝐴𝐵 da 𝐴𝐶 
ReroeSi da  𝑇 Zalva AD trosSi Tu 
mocemulia, rom: ∠ CBA =  ∠BCA =  60°,

∠. EAD =  30°. 𝑃 tvirTis wonaa 300 n. 𝐴𝐵𝐶 
sibtye horizontaluria. Rerobis damagreba 
A, B  da 𝐶 wertilebSi saxsrulia. 

a m ox s n a  
amocanis pirobis Sesabamisad 

naxazze gamosaxulia 
koordinatTa sistema da 𝐴 
wertilSi Tavmoyril ZalTa 
sistema. saZiebeli Zalebis 
sapovnelad SevadginoT 
wonasworobis gantolebebi: 

1 2

1 2

sin 60 sin 60 cos30 0,

cos60 cos60 0,

cos30 0.

S S T

S S

T P

   

  


 

 

 Tu sistemas amovxsniT. miviRebT:  

1 2 / 2 300S S T    
n ;  

1 2 / 2 300S S T    
n .  

SegviZlia davaskvnaT, rom 𝐴𝐵 da 𝐴𝐶 Reroebi 
SekumSlia, trosi gaWimulia.. 
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პ ა ს უ ხ ი : 600T  n ;  1 2 300S S   n .  

 
amocana 6.5 

ipoveT Zalvebi AB ReroSi da  agreTve 
AC da AD jaWvebSi, roca isini 420 n wonis 
Q tvirTs iWeren, Tu   𝐴𝐵 =  145  sm;  𝐴𝐶 =
80 sm; AD =  60 sm. CADE marTkuTxedis 

sibrtye horizontaluria, xolo 𝑉 da W 
sibrtyeebi vertikaluria. 𝐵  wertilSi 
SeerTeba saxsrulia. 

a m ox s n a  

 გamovsaxoT aqtiuri Q⃗⃗  Zala, agreTve TB⃗⃗⃗⃗ ,  TC⃗⃗⃗⃗  ⃗, TD⃗⃗⃗⃗  reaqciis 
Zalebi. miviRebT 𝐴 wertilSi Tavmoyril ZalTa sivrcul 
sistemas  (ix. naxazi). SemoviRoT koordinatTa 𝑥𝑦𝑧 sistema, 
aRvniSnoT: ∠BAE =  α, ∠DAE =  β da SevadginoT 
wonasworobis gantolebebi: 

cos cos 0,

cos sin 0,

sin 0.

D B

C B

B

T T

T T

Q T

 

 



 


 
  

 

.ACED marTkuTxedSi vipovoT 

𝐴𝐸 diagonali: 

2 2 100AE AD AC   sm. 

Sesabamisad,  

sin 0,8;
DE AC

AE AE
     

cos 0,6.
AD

AE
    

BAE(∠E =  90°) samkuTxedidan vipoviT: 

2 2100 20 105 21
cos ; sin .

145 29 145 29

AE BE AB AE

AB AB AB
 


         

Aamis Semdeg sistemidan miviRebT 
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420 29
580

21
BT


    n ;  

20 8
580 320

29 10
CT      n ;  

20 6
580 240

29 10
DT      n .  

პ ა ს უ ხ ი :  580BT   n ; 320CT  n ; 240DT  n .  

 𝐴𝐵 Rero SekumSulia, 𝐴𝐶 da 𝐴𝐷 — gaWimuli. 
 

amocana 6.6 
ipoveT Zalva AB gvarlSi da 

agreTve AC    da AD ReroebSi, roca 
isini 180 n wonis Q tvirTs iWeren. 
AB =  170 sm;  AC =  AD =  100 sm;   
CD =  120 sm; CK =  KD. CDA 
samkuTxedis sibrtye 
horizontaluria. A, C  da D 
werilebSi damagrebebi saxsrulia. 

a m ox s n a  
გamovsaxoT naxazze A 

saxsarze moqmedi Zalebi.  
SemoviRoT aRniSvnebi: 

∠BAK = β;  ∠CAK =  ∠DAK =  α 
(kuTxeebi tolia imitom, rom 
amocanis pirobiT AC = AD, CK =

 KD, maSasadame ACK da ADK 
samkuTxedebi tolia da toli 
iqneba Sesabamisi kuTxeebic. ) 

SemoviRoT xyz 
koordinatTa sistema da 
SevadginoT wonasworobis 
gantolebebi: 
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sin sin 0,

sin sin cos 0,

cos 0.

C D

C D

S S

S S T

T Q

 

  



 

   
  

 

CAK samkuTxedisdan vpoulobT: 

2
2

2
80

2

CD
AK AC   . 

gamovTvaloT: 

15 8
cos 0,8; sin ; cos .

17 17

AK KB AK

AC AB AB
           

axla amovxsnaT sistema:  

180 17
204

sin 15

Q
T




   n ;  

1 cos 204 8 10
60

2 sin 2 17 8
C DS S T




           n .  

amrigad, AB gvarli gaWimulia; AC da AD Reroebi 
SekumSulia.  

პ ა ს უ ხ ი : 204T   n ;   60C DS S    n .  

 
 

amocana 6.7 
20 kn wonis mqone Q 

gadasatani amwe   mowyobilia 
ise, rogorc es naxazzea 
gamosaxuli; AB =  AE =  AF =  2 m; 
∠EAF=90°, AC Suaze yofs 
orwaxnaga EABF kuTxes. ipoveT 
Zalva P1, romelic A dgars 
kumSavs, aseve ipoveT 𝑃2, 𝑃3, 𝑃4 
Zalebi, romlebic 𝐵C sims da 
BE , BF gvarlebs Wimaven. Kamwis 
nawilebis wonebi ugulebelyaviT 

a m ox s n a  
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pirvel rigSi ganvixiloT 
𝐶 kvanZis wonasworoba. Zaluri 
samkuTxedisa da geometriuli 
samkuTxedis msgavsebidan 
gamomdinare (ix. naxazi) 
vipovoT 𝑃2: 

2 .
P BC

Q AB
  

saidanac, 

2

5
20

2sin60

BC
P Q

AB
   

 

3
100 58

3
  kn. 

 

Semdeg ganvixiloT 𝐵 kvanZis wonasworoba : 

4 2

3 2

1 4 1 2

sin sin 60 sin 45 0,

sin sin 60 sin 45 0,

cos cos cos60 0.

P P

P P

P P P P





 

  


 

      

vinaidan amocanis pirobis Tanaxmad ABE  da ABF 
markuTxa samkuTxedebSi  AB =  AE da ∠𝐵AE =  ∠BAF =  90°, 
amitom gveqneba 𝛼 =  45° 

amovxsnaT sistema:  

3 4 2

3 3
sin60 100 50

3 2
P P P      kn; 

1 2 3cos60 2 cos45 25 50 2 42P P P      kn; 

niSani «—» imaze metyvelebs, rom Rero SekumSulia. 

პ ა ს უ ხ ი :  1 42P   kn;  2 58P  kn; 
3 4 50P P  kn. 

 
 



 
 

341 
 

amocana 6.8 
1 kn wonis Q tvirTi 

dakidebulia D wertilSi ise, 
rogorc es  naxazea 
gamosaxuli. damagrebebi 𝐴, B da 
D wertilebSi saxsrulia, 
ipoveT A, B, da C sayrdenebis 
reaqciebi. 

a m ox s n a  
D wertilSi Tavmoyril 

ZalTa sistema Sedgeba 

mocemuli aqtiuri �⃗�  Zalisgan da �⃗� 𝐴, �⃗� 𝐵, �⃗� 𝐶 bmebis 
reaqciebisagan (ix. naxazi). SevadginoT wonasworobis 
gantolebebi (koordinatTa RerZebze proeqciebisaTvis): 

cos45 cos45 0

sin 45 sin30 sin 45 cos30 cos15 0,

sin 45 sin30 sin 45 sin30 sin15 0.

B A

B A C

A B C

R R

R R R

R R R Q

  

   

    

 

sistemis pirveli 
gantolebidan gamomdinareobs, rom 

.A BR R  

sistemis meore gantolebas 

gamovakloT 3 -ze gamravlebuli 
mesame gantoleba, miviRebT 

cos15 3cos15 3 0.C CR R Q     

Semdegi damokidebulebebis gaTvaliswinebiT 

   2 2
cos15 3 1 , cos15 3 1 ,

4 4
      

 miviRebT:  

   
3 2 3 1 6

3,35
2 3 12 3 1

3 1 3 1 3
4

C

Q
R


   


   

kn. 
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2
6 3 1 2 3 1

4 2,64
2 3 2 3 1

3 1 2
2 2

A BR R
  

      


   

kn. 

niSani «−» imaze metyvelebs, rom 𝐴𝐷 da 𝐵𝐷 Reroebi 
SekumSulia 

პ ა ს უ ხ ი :  2,64A BR R   kn;  3,35CR  kn; 

 

amocana 6.9 
ori gvarliT 

damagrebuli sahaero 
burTze moqmedebs 
qari. Ggvarlebi 
erTmaneTTan marT 
kuTxes adgnen; 
sibrtye, romelSic 
isini imyofebian, 
horizontis 
sibrtyesTan 60° 
kuTxes adgens. qaris 
mimarTuleba am ori 
sibrtyis saerTo wrfis perpendikularulia da dedamiwis 
sibrtyis paraleluria. sahaero burTis wona  masSi 
moqceul gazis wonasTan erTad aris 2,5 n,BburTis 

moculobaa 215,4 m
3
,  1m

3
 moculobis haeris wonaa 13 n. 

ipoveT gvarlebis T1 da T2 daWimulobebi da qaris burTze 
dawolis tolqmedi P, CaTvaleT rom burTze moqmedi yvela 
Zalis moqmedebis wrfeebi burTis centSi ikveTeba. 

 
a m ox s n a  
garda G simZimis Zalisa, gvarlebis T1,T2 daWimulobisa 

da qaris P Zalisa, burTze moqmedebs kidev F =  215,4 ∙ 13 =
 2800,2 n amwevi Zala (ix. naxazi). SevadginoT Tavmoyril 
ZalTa sivrculi sistemis wonasworobis gantolebebi 
(koordinatTa RerZebze proeqciebisTvis): 
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1 2

1 2

1 2

sin 45 sin 45 0, 1

cos 45 cos60 cos 45 cos60 0, 2

cos 45 sin 60 cos 45 sin 60 0. 3

T T

T T P

F G T T

   

     


     

 

amovxsnaT sistema. 
(1) Ggantolebidan gvaqvs 

1 2;T T  

(3) Ggantolebidan gvaqvs 

1 2

2800,2 2500
245

2cos45 sin 60 2 3
2

2 2

F G
T T

 
   



n; 

(2) Ggantolebidan gvaqvs  

1

2
2 cos45 cos60 245 173

2
P T    n 

პ ა ს უ ხ ი : 1 2 245T T  n; 173P  n 

amocana 6.10 
naxazze gamosaxulia 

1, 2, 3, 4, 5,   6 Reroebisgan 

Semdgari sivrculi ferma. P⃗⃗  
Zala moqmedebs A kvanZze 
ABDC marTkuTxedis 
sibrtyeSi. amasTan misi 
moqmedebis wrfe CA 
vertikalTan 45° kuTxes 
adgens. EAK, FBM da NDB 
tolferda samkuTxedebis A, B da D wveroebi marTia. 
ΔEAK = ΔFBM ipoveT Zalvebi ReroebSi, Tu P =  1 kn. 
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 a m ox s n a   
 

 

 

 

 

 

 

 

 

 
Ppirvel rigSi ganvixiloT A kvanZis wonasworoba (ix. 

naxazi) da davweroT wonasworobis gantolebebi  
Sesabamisad  Ox, Oy da Oz RerZebze proeqciebSi: 

 

 

1 2

3

1 2

sin 45 sin 45 0, 1

sin 45 0, 2

cos 45 sin 45 cos 45 0.

S S

P S

P S S

  

  

      3








 

.amovxsnaT miRebuli sistema:  
1) gantolebidan gveqneba — 

1 2;S S  

(3) gantolebidan gveqneba — 

1 2 0,5
2

P
S S     kn; 

(2) gantolebidan gveqneba — 

3

2
0,707

2
S P    kn. 

Aaxla ganvixiloT 𝐵 kvanZis wonasworoba : 

 

 

 

5 4

3 6

6 4 6

cos 45 cos 45 0, 4

cos 45 0, 5

sin 45 sin 45 sin 45 0. 6

S S

S S

S S S
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amovxsnaT es ukanaskneli sistema. 
(5) gantolebidan gveqneba __ 

6 3

2
2 2 1

2
S S P P

 
        

 
kn; 

(4) da (6) gantolebebidan gveqneba __ 

6
4 5 0,5

2

S
S S    kn; 

niSani «+» imaze metyvelebs rom Reroebi gaWimulia, 
xolo «−» niSani — SekumSuli. 

 პ ა ს უ ხ ი :  1 0,5S   kn;  2 0,5S   kn;  3 0,707S   kn;  

4 0,5S  kn;  5 0,5S  kn;  6 1S   kn;   

 
amocana 6.11 

ipoveT naxazze gamosaxuli amwis 
vertikalur dgarSi da fexebSi 
arsebuli Zalvebis 𝛼 kuTxeze 
damokidbuleba Tu cnobilia, rom: 
AB =  BC =  AD =  AE. damagreba A, E da 
D wertilebSi saxsrulia. 

a m ox s n a  
gavavloT z RerZi AB-s gaswvriv, 

y — 𝐵C-s gaswvriv, xolo x — 𝐵C-s 
perpendikularulad (ix. naxazi). 

SevadginoT wonasworobis 
gantolebebi 𝐵 wertilSi Tavmoyril 
ZalebisTvis: SBD,  SBE,  SBA 
reaqciebisTvis da mocemuli P 
ZalisTvis. 

cos45 sin 45 cos45 sin 45 sin 0,

cos45 cos45 cos45 cos45 cos 0,

sin 45 sin 45 0.

BD BE

BD BE

BD BE AB

S S P

S S P

S S S





   

   

     



 

 

346 
 

sistemis pirveli ori 
gantolebis SekrebiT miviRebT 

 cos sin ;BDS P     

Tu pirvel gantolebas meores 
gamovaklebT, miviRebT 

 sin cos ;BES P     

sistemis bolo gantolebidan 
gamomdinareobs 

2 cos .ABS P  
 

პ ა ს უ ხ ი :

   2 cos ; cos sin ; sin cosAB BD BES P S P S P            
 

 

 

amocana 6.12 

kuTxovan boZs, romelic A sahaero kabels iWers, 
adgilze amagreben AC da AD saWimebi, amasTan  ∠CBD =  90°. 
ipoveT boZsa da saWimebSi arsebuli Zalvebis im 𝜑 kuTxeze 
damokidebuleba, romelic Sedgenilia kabelis ori 
ganStoebidan erT-erTsa da CBA sibrtyes Soris. Kkabelis 
ganStoebebi horizontaluri da urTierT marTobulia, 
maTSi daWimulobebi erTnairia da udris T-s. 

 
a m ox s n a  
გamovsaxoT naxazze: SAB __ Zalva boZSi, SAC, SAD __ 

daWimulobebi saWimebSi da T — kabelis daWimuloba, 
romelic cnobilia. miviRebT A wertilSi Tavmoyril 
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ZalTa sivrcul sistemas. SevadginoT wonasworobis 
gantolebebi: 

sin cos cos60 0,

cos sin cos60 0,

sin 60 sin 60 0.

AD

AC

AB AC AD

T T S

T T S

S S S

 

 

   

   

   

 

Tu am sistemas amovxsniT, 
gveqneba: 

 2 sin cos ;ADS T     

 2 sin cos ;ACS T     

2 sin .ABS T    

niSnebi imaze metyveleben, rom 

საჭიმები 𝐴𝐶 da 𝐴𝐷 daWimulia, boZi 
SekumSulia. 

 

პ ა ს უ ხ ი : SAB = −2√3Tsinφ; S AC =  2T(sinφ − cosφ);  SAD  =
 2T(sinφ + cosφ). roca 𝜋/4 < 𝜑 < З𝜋/4 maSin orive saWimi 
iqneba erTdroulad gaWimuli, xolo roca 𝜑 < 𝜋/4 an 𝜑 >
З𝜋/4 maSin erT-erTi saWimi ZeliT unda Seicvalos. 

 
amocana 6.13 

 A anZas vertikalur 
mdgomareobaSi iWers simetriulad 
ganlagebuli oTxi saWimi. yovel or 
mezobel saWims Soris kuTxe 60°–ia. 
ipoveT anZis dawola miwaze, Tu 
TiToeuli saWimis daWimulobaa 1 kn, 
xolo anZis wonaa 2 kn. 

a m ox s n a  
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radgan saWimebi simetriuladaa ganlagebuli, amitom 
maTi damagrebis wertilebiT Sedgenili 
figura  kvadrats warmoadgens(ix. 
naxazi). vTqvaT BE =  a, maSin 

2
sin30

2 2

a
KE BE AE a     

2 2
cos sin .

2 2

AE

BE
      

Tu 𝑧 RerZze yvela Zalis proeqcias 
nuls gavutolebT, miviRebT 

4 sin 0ABS G T       

Sesabamisad, 

2 2 4,83ABS G T      kn. 

𝑃 = |𝑆𝐴𝐵| = 4,83 kn — anZis dawola miwaze. 
 

პ ა ს უ ხ ი :  4,83 kn. 
 

 
 

amocana 6.14 
wesieri xuTkuTxa piramidisOoTxi 

wibo __ AB, AC, AD da 𝐴𝐸 gamosaxaven oTxi 
Zalis mimrTulebasa da sidides 
masStabiT 1 n : 1 m. cnobilia: piramidis 
simaRle — AO = 10 m da fuZeze 
Semoxazul wrewiris radiusi __ OC =
 4,5  m. ipoveT R tolqmedi da agrTve O 
wertilsa tolqmedis fuZesTan TanakveTis wertils Soris 
x manZili.  

a m ox s n a  
nax.. 1-is Sesabamisad, CavweroT: 

; ;AB AO OB AC AO OC
     

     ABA 

; ;AD AO OD AE AO OE
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maSin, 

4 .R AB AC AD AE AO OB OC OD OE
         

          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
vTqvaT, Rx, Ry, Rz, — R Zalis proeqciebia x, y, z RerZebze. 

nax. 1-idan ganvsazRvroT: 

4 40ZR AO   n; 

nax.. 2-idan vipoviT: 

   2 4,5cos36 4,5sin18 9 0,809 0,309 4,5XR       

n; 

   4,5 cos18 cos18 4,5 cos54 cos54 0.YR         

amrigad, tolqmedi mdebareobs zOx. sibrtyeSi. 
vpoulobT: 

nax. 1 

 

nax. 2 
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2 2 1620,5 40,25Z XR R R    n. 

გamovsaxoT sqematurad 𝑅𝑥⃗⃗ ⃗⃗  , 𝑅𝑧⃗⃗⃗⃗  veqtorebi da agreTve 𝑂𝐴 

da 𝑂𝑀 = 𝑥 monakveTebi, sadac 𝑀 wertili warmoadgens �⃗�  
tolqmedisa 𝑧𝑂𝑦 sibrtyis TanakveTis wertils. Zaluri da 
geometriuli samkuTxedebis msgavsebidan miviRebT: 

40 10 4,5
1,25

4,5 4
x

x
    m. 

4 40ZR OA   n. 

 

 

პ ა ს უ ხ ი :   R = 40,25 n;  x = 1,125 m. 
 

amocana 6.15 
ABCD samfexas wveroSi 

Camokidebulia E tvirTi romlis wonaa 
𝐺 = 100 n. samfexas fexebs aqvT 
erTnairi sigrZe, erTmanTTan adgenen 
erTnair kuTxes da damagrebuli arian 
horizontalur iatakze. ipoveT Zalva 
TiToeul fexSi, Tu cnobilia, rom 
isini BE vertikalTan adgenen 30° 
kuTxes. 

a m ox s n a  
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გamovsaxoT G⃗⃗  Zala da samfexas fexebis reaqciebi  (ix. 
naxazi), miviRebT 𝐵 wertilSi Tavmoyril ZalTa sivrcul 
sistemas. SevadginoT wonsworobis gantolebebi: 

sin30 cos30 sin30 cos30 0,

cos60 sin30 sin30 sin30 sin30 0,

cos30 cos30 cos30 0.

A C

D A C

A C D

S S

S S S

G S S S

  


  

    

 

Tu am sistemas amovxsniT, miviRebT 

3cos30
A C D

G
S S S      

100
38,5

3 0,866
   


n. 

niSani «−» imaze 
metyvelebs, rom fexebi 
SekumSulia. 

 

პასუხი: −38,5 n 
. 

amocana 6.16 
ipoveT S Zalvebi samfexas AD, BD 

da CD fexebSi, romlebic 
horizontalur sibrtyesTan 60° 
kuTxes adgenen, Tu Tanabrad zeviT 
moZravi P tvirTis wonaa 3 kn. amasTan 
AB =  BC = AC. 

a m ox s n a  
amocana srulad identuria 6.15 

amocanisa. es imitom, rom fexebis mier 
horizontTan Sedgenili 60° kuTxeebi 
Seesabameba vertikalTan Sedgenil 30° 
kuTxeebs  (ix. naxazi). mivaqcioT 
yuradReba imas, rom D wertilSi 
moqmedebs 𝑃 sididis toli ori Zala. 
es imitom, rom gvarli  gadakidebulia 
D blokze da gvarlis orive 
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ganStoebaSi aRiZvreba erTnairi P Zalvebi. amovxsnaT 
amocana 6.15 amocanis analogiurad da CavweroT saboloo 
pasuxi: 

2

3cos30
A B C

P
S S S


    

 

6
2,3

3 0,866
  


kn. 

პ ა ს უ ხ ი : 2,3S  kn. 

 
 

amocana 6.17 
30 kn wonis P tvirTis Saxtidan 

amosatanad dadgmulia ABCD samfexa 
da E jalambari. ipoveT Zalva 
samfexas fexebSi tvirTis Tanabrad 
amowevis SemTxvevaSi, Tu ABC 
samkuTxedi tolgverdaa da fexebisa 
DE  gvarlis mier horizinalur 
sibrtyesTan Seqmnili kuTxeebia 60°. 
jalambaris da samfexas 
urTierTmdebareoba naxazzea 
naCvenebi.  

a m ox s n a  
6.15. amocanis analogiurad SevadginoT wonasworobis 

gantolebebi. naxazidan gamomdinare, wonasworobis 
gantolebebs eqneba saxe: 

cos60 cos30 cos60 cos30 0,

cos60 cos60 cos60 cos60 cos60 cos60 0,

sin 60 sin 60 sin 60 sin 60 0.

A B

C A B

A B C

S S

S S S P

S S S P P

  


   

     

 

sistemis amoxsniT miviRebT 

31,55A BS S   kn; 1,55CS   kn. 
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პ ა ს უ ხ ი :  SA = SB  =  −31,55 kn; SC  =  −1,55 kn. niSani «−» 

imaze metyvelebs, rom samfexas fexebi SekumSulia. 
 

amocana 6.18 
Ggluv iatakze mdebareobs samfexa Stativi, romlis 

fexebis qveda boloebi TasmebiTaa Sekruli ise, rom 
Tasmebi da Stativis fexebi wesier tetraedrs adgenen. 
Stativis zeda wertilSi Camokidebulia P wonis tvirTi. 
gamosaxeT P sididis saSualebiT iatakis R reaqcia sayrden 
wertilebSi da Tasmebis T daWimulobebi.  

a m ox s n a  
naxazze gamosaxuli wesieri tetraedrisTvis 

sruldeba Semdegi damokidebulebebi: 

;AB BC CA AD DC DB l       

.ADO CDO BDO      

Sesabamisad, 

3 2
sin ; cos .

3 3
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 D wertilSi Tavmoyril ZalTa wonasworobis pirobis 
Tanaxmad, 6.15 amocanis analogiurad, miviRebT 

.
3cos 6

A B C

P P
S S S


      M 

maSin, DC fexisTvis gveqneba: 

0 cos 0iz C CF R S       

2
cos ;

3 36
C C

P P
R S     

 
DA fexisTvis gveqneba 

0 cos 0iz A AF R S       

2
cos ;

3 36
A A

P P
R S       

DB fexisTvis gveqneba 
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2
0 cos 0 cos .

3 36
iz B B B B

P P
F R S R S            

amrigad iatakis saZiebeli 𝑅 reaqcia ase gamoiTvleba 

1
.

3
A B CR R R R P     

horizontaluri HC mdgenelisTvis gveqneba 

3
sin .

36 3 2
C C

P P
H S      

 

analogiurad,  

.
3 2

B A

P
H H   

meores mxriv 

2 cos30 ,A B CH H H T    

Sesabamisad, 

,

2
2 cos30 .

3 2 6 2 3 3 6

P P P
T T


   

  

პ ა ს უ ხ ი :
1

;
3 3 6

P
R P T   . 

 

 

amocana 6.19 
AamoxseniT wina amocana im SemTxvevisaTvis, roca 

Stativis fexebi Sekrulia TasmebiT ara boloSi, aramed 
Sua wertilebSi, amasTan gaiTvaliswineT, rom Tioeuli 
fexis wona p–s tolia da modebulia maT Sua wertilSi. 

a m ox s n a  
Tu 6.18 amocanis analogiurad vimsjelebT, gveqneba 

3 3
;

3cos 6
A B C

P p P p
S S S
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3 2 1
.

36 3
A B C

P p
R R R R P p


        

iseve rogorc 6.18 amocanaSi, aqac vertikaluri 
mdgenelebi rCebian A , B, C wertilebSi, xolo 
horizontaluri mdgenelebi moxvdebian tetraedris Sua 
kveTis 𝐴1𝐵1𝐶1  sibrtyeSi da mimarTuli iqnebian Tasmebis 
gaswvriv. Aamitom maTi gansazRvrisaTvis SevadginoT 

damatebiTi gantoleba   0,D k

k

M F   romelic naxazis 

gaTvaliswinebiT ase Caiwereba: 

1
cos sin sin 0.

2 2 3
C

l l p
H p p l  

 
     

 
 

aqedan vipoviT: 

1
2 2 2,

3 3 2
C

P p p
H p tg p tg 

 
      

 
 

aq gamoviyeneT is faqti, rom 

1

sin 23
.

cos 22

3

tg
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1

1

2
2

3 22 cos30
2cos30 3

2
2

C

C

P p
H

T H T



      

 2 3 2 2 3
6.

186 3

P p P p 
   

პ ა ს უ ხ ი :
1 2 3

; 6.
3 18

P p
R P p T


     

 

amocana 6.20 
toli radiusebis mqone sami  𝐴, 𝐵 

da 𝐶 erTgvarovani birTvi devs 
horizintalur sibrtyeze. isini 
erTmaneTs exebian da Sekruli arian 
iseTi TasmiT, romelic birTvebis 
ekvatorialur sibrtyeSia 
Semovlebuli. xolo meoTxe igive 
radiusis mqone da aseve erTgvarovani 
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𝑂 birTvi sam qveda birTvze devs. 𝑂 birTvis wonaa 10 n. 
ipoveT Tasmis T daWimuloba, romelic zeda birTvis 
dawoliTaa gamowveuli. birTvebis erTmaneTTan da 
horizontalur sibrtyesTan xaxuni ugulebelyaviT.  

a m ox s n a  
 

 

 

 

 

 

 

 

 

 

 

 

 

birTvebis A, C, O centrebi adgenen 2R gverdis sigrZis 
mqone wesier tetraedrs, sadac R — birTvis radiusia. sam 

qveda birTvze meoTxis mxridan moqmedebs P⃗⃗  simZimis 

Zalisgan gamowveuli SA⃗⃗⃗⃗ , SB⃗⃗⃗⃗ , SC⃗⃗⃗⃗  Zalvebi (ix. naxazi). 
CavweroT wonasworobis gantolebebi sakoodinato 

RerZebze proeqcibisaTvis: 

sin cos30 sin cos30 0,

sin sin30 sin sin30 sin 0,

cos cos cos 0.

A C

A C C

A B C

S S

S S S

S S S P

 

  

  

  

   
    


 

sistemidan miviRebT 

;
3cos 6

A B C

P P
S S S


       

vinaidan   
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2 cos30 sinAT S  (ix. Aamocana 6.18) da 
3

sin ,
3

   

amitom: 

3
2 cos30 ,

3 6 3 2

P P
T


   

10
1,36

3 6 3 6

P
T    n. 

 

პ ა ს უ ხ ი : 1,36T  n. 

amocana 6.21 
koordinatTa RerZebze 

mdebare da koordinatTa 
saTavidan erTnairi 𝑙 
manZilebiT daSorebul 
𝐴, 𝐵, C wertilebSi 
mimagrebulia Zafebi: AD =

 BD =  CD =  L, isini 
gadakvanZulia iseT D 
wertilSi, romlis 
koordinatebia 

 2 21
3 2 '

3
x y z l L l      

am wertilSi Camokidebulia Q tvirTi. ipoveT Zafebis 
TA,TB da TC daWimulobebi, Tu vigulisxmebT, rom 

2
.

3
l L l   

a m ox s n a  
naxazis gaTvaliswinebiT SemoviRoT Zafebis 

daWimulobis veqtorebi: 
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 0 0 0 ;A A A

AD l
T T T l x i x j x k

AD L


    
       

 
 1  

 0 0 0 ;B B B

BD l
T T T x i l x j x k

BD L


    
      

 
 2  

 0 0 0 ;C A C

CD l
T T T x i x j l x k

CD L


    
      

 
 3  

 

sadac,  
22

0 02 .AD BD CD x l x L       

CavweroT veqtoruli toloba: 

            0.A A AT T T Q
   

   
         

  4  

(1)_(4) 
gamosaxulebebis 
gaTvaliswinebiT 
mivalT Semdeg 
algebrul 
gantolebaTa 
sistemamde: 

 

 

 

0 0 0

0 0 0

0 0 0

0,

0,

.

A B C

A B C

A B C

T x l T x T x

T x T x l T x

T x T x T x l QL

   


   


   

 

gamovTvaloT sistemis determinanti: 

 
0 0 0

2

0 0 0 0

0 0 0

3 .

x l x x

x x l x l x l

x x x l
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Kkrameris wesis Tanaxmad miviRebT: 

 

0 0

0 0

0 0 0

0

0

0

;
3

A

x x

x l x

QL x x l Lx
T Q

x l l




 

 
 

 

0 0

0 0

0 0 0

0

0

0

;
3

B

x l x

x x

x QL x l Lx
T Q

x l l




 

 
 

 
 

0 0

0 0

0 0 0

0

0

0

.
3

C

x l x

x x l

x x QL L l x
T Q

x l l






 

 
 

ris Sedegadac Zalebis modulebi toli iqneba: 

2 2 2 2

2 2 2 2

3 2 2 3 2
; .

3 3 2 3 3 2
A B C

l L l l L l
T T LQ T LQ

L l L l

   
   

 
 

 

პ ა ს უ ხ ი :

2 2 2 2

2 2 2 2

3 2 2 3 2
; .

3 3 2 3 3 2
A B C

l L l l L l
T T LQ T LQ

L l L l
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7. ZalTa sistemebis umartives saxemde 

dayvana 
amocana 7.1 

kubis wveroebSi wiboebis gaswvriv 
modebulia Zalebi ise, rogorc es 
naxazzea gamosaxuli. ra pirobas unda 
akmayofilebdnen 𝐹1, 𝐹2, 𝐹3, 𝐹4, 𝐹5 da 𝐹6 
Zalebis modulebi, rom isini 
wonasworobaSi imyofebodnen? 

a m ox s n a  

ganvsazRvroT �⃗�  mTavari 

veqtorisa da M⃗⃗⃗  mTavari 
mimentis proeqciebi O saTavis 
mqone arCeul koordinatTa 
sistemis RerZebze (ix. naxazi). 
ZalTa sistemis wonasworobis 
mdgomareobaSi yofnisaTvis, 
aucilebeli da sakmarisia, rom 
mTavari veqtori da mTavari 
momenti nulis toli iyos. 
amrigad, miviRebT gantolebaTa 
Semdeg sistemas 

6

3 5

1

0,x kx

i

V F F F


     

6

6 2

1

0,y ky

k

V F F F


     

6

4 1

1

0,z kz

k

V F F F


     

6

4 6

1

0,x k

k

M M F F a F a




 
      

 
  

6

1

0 0y y k

k

M M F




 
   

 
 (igivurad sruldeba), 
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6

5 6

1

.z z k

k

M M F F a F a




 
     

 
  

Aaq a— kubis gverdia. 
miviRebT, 

3 5 6 2 4 1 4 6 5 6, , , , .F F F F F F F F F F          

Sesabamisad 

1 2 3 4 5 6.F F F F F F      

პ ა ს უ ხ ი : 1 2 3 4 5 6.F F F F F F    
 

 

amocana 7.2 
marTxkuTxa paralelepiredis sam 

araTanamkveT da araparalelur 
(acdenil) wibos gaswvriv moqmedebs P 
modulis mqone sami Zala. ra 
Tanafardoba unda qondeT ab da c 
wiboebs erTmaneTTan imisaTvis, rom es 
sistema erT tolqmedamde daiyvanebodes? 

 
a m ox s n a  
ZalTa sistema, 

romlisTvisac mTavari veqtori 

R⃗⃗ ≠  0 da mTavari momenti M0
⃗⃗ ⃗⃗  ⃗  ≠  0, 

tolqmedamde daiyvaneba im 
SemTxvevaSi, roca mTavari 
veqtorisa da mTavari momentis 
skalaruli namravli nulis 

toli iqneba, anu roca R ⃗⃗  ⃗ ∙ M0
⃗⃗ ⃗⃗  ⃗ = 0. 

dayvanis centris rolSi aviRoT O wertili da 
vipovoT mTavari veqtorisa da mTavari momentis proeqciebi 
𝑂O saTavis mqone marTkuTxa sakoordinato RerZebze (ix. 
naxazi): 

;xR P  

;yR P  
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;zR P  

0;xM Pb Pc    

;yM Pa   

0.zM   

maSin 

0,x x y y z zR M R M R M R M
 

      

Aan, rac igivea  

 2 2 0 .P b c P a a b c       

პ ა ს უ ხ ი : .a b c   

 

amocana 7.3 
kubis oTx A, H, B da D wertilebSi 

modebulia moduliT toli oTxi Zala: 
P 1 = P 2 = P 3 = P 4 =  P. amasTan, P 1 
mimarTulia AC wrfis gaswvriv, P 2 — 
HF wrfis gaswvriv P 3 — BE wrfis 
gaswvriv da P 4 — DG  wrfis gaswvriv. 
daiyvaneT es sistema umartives saxemde. 

 
a m ox s n a  

 Nnaxazis mixedviT vipovoT R⃗⃗  

mTavari veqtorisa da M⃗⃗⃗  mTavari 
momentis proeqciebi koordinatTa 
RerZebze: 

1 2cos45 cos45 0;xR P P  
 

 

1 2

3 4

sin 45 sin 45

sin 45 cos45 2 ;

yR P P

P P P
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4 3sin45 cos45 2 ;zR P P P   
 

3 2cos45 sin45 0;xM P a P a    
 

3 2cos45 cos45 0;yM P a P a    
 

3 1sin45 sin45 0.zM P a P a     
 

aq 𝑎 — kubis gverdis sigrZea. 
vinaidan mTavari momenti nulis toli aRmoCnda, amitom 

sistema daiyvaneba iseT tolqmedamde, romlis modulia

2 2 2y zR R R P    da mimarTulia DG  diagonalis 

gaswvriv. 

პ ა ს უ ხ ი :  tolqmedi 2P  sididis tolia da 
mimarTulia DG diagonalis Ggaswvriv. 

amocana 7.4 
a  sigrZis wibos mqone wesier 

ABCD tetraedrze modebulia Zalebi: 
𝐹1 — AB wibos gaswvriv, 𝐹2 — CD 
wibos gasvriv, xolo 𝐹3 modebulia BD 
wibos E Sua wertilSi. 𝐹1 da 
𝐹2 Zalebis sidideebi nebismieria, 𝐹3 
Zalis proeqciebi x, y da 𝑧 RerZebze 

Sesabamisad tolia 𝐹2 ∙ 5√3/6,  −𝐹2/2,  

−𝐹2 ∙ √2/3. Ddaiyvaneba Tu ara es 
Zalebi erT tolqmedamde? Tu 
daiyvaneba, maSin ipoveT tolqmedis 
moqmedebis wrfis Oxz sibrtyesTan 
gadakveTis wertilis x da z koordinatebi. 
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a m ox s n a  
naxazis mixedviT vipovoT V 

mTavari veqtorisa da M mTavari 
momentis proeqciebi sakoordinato 
RerZebze. winaswar ganvsazRvroT: 

2 2

sin
OD CD OC

CD CD



   

 
2

2 3 2
,

3

a a

a


   

3 3 3.
cos

3

OC a

CD a
     

maSin gveqneba 
 

2 2 2

3 3
5 cos ;

6 2
xV F F F     

1 20,5 ;yV F F   

2 2

2
sin 0.

3
zV F F    

  2
3 3 3 2

2 1 2
0.

4 3 2 3 2
x x z E z E y

Fa
M M F y F z F F a

   
              

 

   2 3 2 2 3 3y y y C x C z E x E zM M F M F z F x F z F x F       

2 2 2

3 2 1 2 5 3 3 2

2 3 2 3 6 2 3
a F a F a F

  
           

  
 

2 2 2

2 5 2
2 0;

3 12 2
aF aF aF      
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   1 3 1 3 3

3

6
z z z E y E zM M F M F F a x F y F         

1 2 2

3 3 1 5 3

6 12 2 4 6

a
F a a F F

  
             

 

 1 2 1 2

3 3 3

6 6 6
F a F a a F F         

vinaidan �⃗� ∙ �⃗⃗� = 𝑉𝑥𝑀𝑥 + 𝑉𝑦𝑀𝑦 + 𝑉𝑧𝑀𝑧 = 0, amitom sistema 
daiyvaneba tolqmedamde. 

radgan 𝑀𝑧 = 𝑉𝑥 ∙ 𝑥 − 𝑉𝑦 ∙ 𝑦, amitom, roca 𝑦 = 0 (𝑂𝑥𝑧 
sibrtye), maSin 

 1 2

1 2

3
; 0

6 3

z

y

a F FM
x z

V F F


    


(vinaidan 0yV  , amitom 

tolqmedi mTavsebulia xOy sibrtyeSi). 
პ ა ს უ ხ ი : daiyvaneba, radgan mTavari veqtorisa da 

mTavari momentis proeqciebi sakoordinato RerZebze 
iReben Semdeg mniSvnelobebs: 

2 1 2

3
; 0,5 ; 0;

2
x y zV F V F F V        

             1 2

3
0; 0;

6
x y zM M M a F F         

Kkoordinatebi: 

 1 2

1 2

3
; 0.

6 3

z

y

a F FM
x z

V F F


    


 

amocana 7.5 
5 sm sigrZis wibos'mqone kubis wveroebSi  

modebulia TiToeuli 2 n modulis mqone eqvsi 
Zala ise, rogorc es naxazzea naCvenebi. 
daiyvaneT es sistema umartives saxemde. 
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a m ox s n a  

naxazis mixedviT vipovoT R⃗⃗  

mTavari veqtorisa da M⃗⃗⃗  mTavari 
momentis proeqciebi sakoordinato 
RrZebze: 

2 5 0;xR F F    

3 6 0;yR F F    

4 1 0;zR F F    

4 6 2 20xM F a F a F a       n  sm 

4 5 2 20yM F a F a F a          n  sm 

3 5 2 20zM F a F a F a        n  sm 

Sesabamisad, 

0;x y zR R R R     

aq 𝛼, 𝛽, 𝛾 sidideebi Mo
⃗⃗ ⃗⃗  ⃗ veqtoris mier Sesabamisad Ox, Oy 

da Oz RerZebTan Sedgenili kuTxeebia. 
 

პ ა ს უ ხ ი :  sistema daiyvaneba wyvilZalamde, romlis 

momenti moduliT tolia 20 3 n  m da  sakoordinato 

RerZebTan adgens kuTxeebs: 
3

cos cos cos .
2

       

 

 

amocana 7.6 

ZalTa sistema Sedgeba Oz RerZis gaswvriv mimarTuli 
P1  =  8  n Zalisa da Oy RerZis gaswvriv mimarTuli P2  =  12 n 
Zalisgan, rogorc es naxazzea gamosaxuli, sadac OA =  1,3  
m. daiyvaneT es sistema kanonikur saxemde. ipoveT yvela am 

ZalTa V mTavari veqtori da centრalur spiralur RerZze 
mdebare nebismieri wertilis mimarT M mTavari momenti. 
gansazRvreT 𝛼, 𝛽   da 𝛾 kuTxeebi romlebsac adgens 
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spiraluri RerZi sakoordinato RerZebTan, aseve am RerZis 
Oxy sibrtyesTan TanakveTis x da y koordinatebi. 

 
a m ox s n a  
 Nnaxazis mixedviT ganvsazRvroT V mTavari veqtorisa 

da M mTavari momentis  (centralur spiralur RerZze 
mdebare nebismieri 
wertilis mimarT) 
sakoordinato RerZebze 
proeqciebi. 

0;xV   

2 12yV P  n; 

1 8zV P  n. 

0;xM   

0;yM   

2 15,6xM P OA   n. 

gamovTvaloT am veqtorebis modulebi: 

2 2 2 2 212 8 14,4x y zV V V V      n; 

8 15,6
8,85

14,4

z zV MV M
M

V V

 

 
    n. 

centraluri spiraluri RerZis mier sakoordinato 

RerZebTan Sedgenili 𝛼, 𝛽  da 𝛾 kuTxeebi tolia mTavar 

veqtorsa da sakoordinato RerZebs Soris arsebuli 

kuTxeebisa. vinaidan  

cos 0 90 ,xV

V
      

Aamitom, mTavari veqtori mdebareobs zOy sibrtyis 
paralelur sibrtyeSi. 

vpoulobT: 
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2 2
,

3 3

x

y

V
tg arctg

V
      

2 2
.

3 3

yV
tg arctg

Vz
      

centraluri spiraluri RerZis gantoleba: 

     
,

x z y z y xy x z

x y z

M yV zV M xV yVM zV xV
p

V V V

    
    

sadac, 𝑝 = 𝑀/𝑉. 
Cvens SemTxvevaSi gantoleba miiRebs saxes: 

8 0,
0,

8,66
8 12 0,9.

14,4

z x

z y

M
yyV V

yV

xM x
xV V

V

       
   

      

 

amrigad saZiebeli koordinatebia:  𝑥 =  0,9 m, y =  0 (A 
wertili naxazze). 

 

პ ა ს უ ხ ი : 14,4V  n; 8,65M  n; 
2

;
3

arctg   

3
;

2
arctg   0,9x  m, 0.y   

amocana 7.7 
sakoordinato sibrtyeze 

mdebare sami Zala — 𝑃1⃗⃗  ⃗, 𝑃2⃗⃗⃗⃗  da 𝑃3⃗⃗⃗⃗  
sakoodinato RerZebis 
paralelurni arian, magram 

SeiZleba mimarTulი iyvnen 
rogorc erTi, iseve meore 
mimarTulebiT. maTi modebis A, B,C 
wertilebi mdebareoben mocemul 
a, b da c manZilebze koordinatTa 
saTavidan. ra pirobebs unda 
akmayofilebdnen am Zalebis 
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sidideebi imisaTvis, rom isini dayvanil iqnen erT 
tolqmedamde? ra pirobebs unda akmayofilebdnen am 
Zalebis sidideebi koordinatTa saTaveze gamavali 
centraluri spiraluri RerZis arsebobisaTvis? 

a m ox s n a  
Nnaxazis mixedviT vipovoT V  mTavari veqtorisa M 

mTavari momentis proeqciebi sakoordinato RerZebze: 

1 2 3, , ;x y zV P V P V P      

3 1 2, , .x y zM Pb M Pc M Pa       

imisaTvis, rom ZalTa sistema daiyvanebodes 
tolqmedamde, unda sruldebodes Semdegi piroba  

0.x x y y z zV M V M V M V M
 

      

miviRebT 

1 3 2 1 3 2 0,P Pb P Pc P Pa       

an rac igivea 

1 2 3

0.
a b c

P P P
    

Tu centraluri spiraluri RerZi gadis koordinaTTa 
saTaveze, maSin am RerZis gantolebaSi unda vigulisxmoT, 
rom: 𝑥 = 𝑦 = 𝑧 = 0. miviRebT 

,
yx z

x y z

VV V

M M M
   

an, rac igivea  

31 2

3 1 2

.
PP P

bP cP aP
   

პ ა ს უ ხ ი :

31 2

1 2 3 3 1 2

0;
PP Pa b c

P P P bP cP aP
     

,  sadac 

1 2 3, ,P P P  — Zalebis proeqciis sidideebia. 
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amocana 7.8 
a sigrZis waxnagebis mqone ABCD 

wesier tetraedrze modebulia 𝐹1 Zala 
AB wibos gaswvriv da 𝐹2 Zala CD wibos 
gaswvriv. ipoveT centraluri 
spiraluri RerZis Oxy sibrtyesTan 
gadakveTis wertilis x da y 
koordinatebi. 

a m ox s n a  
centraluri spiraluri RerZis gantolebas aqvs saxe 

     
 , 1

z z y z y xy x z

z y z

M yV zV M xV yVM zV xV
p

V V V

    
     

sadac, Vx, Vy, Vz, Mx, My, Mz —V⃗⃗  mTavari veqtorisa da M⃗⃗⃗  

mTavari momentis proeqciebia sakoordinato RerZebze; p —
spiraluri RerZis parametria. 

aRvniSnoT: 𝛼 =  ∠DCO. naxazis mixedviT gamovTvaloT: 

2
cos30

33cos ;
3

a
OC

CD a
     

 

 

 2  

2 2 2
sin .

3

OD CD OC

CD CD



    

maSin,  

2 1

3
cos , ;

3
x yV F V F       

2 2

2
sin .

3
zV F F   

2 2 2

2 2 3 2
sin ;

3 3 2 3
yM F OC F a F a          

1 1

1 3
cos30 .

3 6
zM F a F a     
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1 2

2 2 3 4 2 2

1 2

.
2

x x y y z z

x y z

V M N M N M F F aV M
p

V R R R F F

 

 
   

  
 

 

 3  

 (1) gantolebidan, (2) da (3) gamosaxulebebis 
gaTvaliswinebiT, 𝑧 = 0 SemTxvevisTvis miviRebT 

 

 

2
1 2

2 2

1 2
2

1 2
2 2 2

1 2

3

3 ;
2 2

3

2 2
.

3 3 2

z x

y z y

F
F F a

y
F FyV pV

F
M xV pV

F F a
x F F a

F F




  
   

 
  


 



 

1 2

2 2

1 2

;
2

F Fa
y

F F
  


 

2 2 2 2

1 1 2 1

2 2 2 2 2 2

1 2 1 2 1 2

3 23 3 3 3
2 .

3 2 6 6

F F F Fa a
x a

F F F F F F

  
      

   
 

პ ა ს უ ხ ი :

2 2

2 1 1 2

2 2 2 2

1 2 1 2

23
; .

6 2

F F F Fa a
x y

F F F F


    

 
 

amocana 7.9 
kubis  𝑎 sigrZis mqone wiboebis 

gaswvriv moqmedebs moduliT P-s toli 
Tormeti Zala  ise, rogorc es naxazzea 
gamosaxuli. daiyvaneT ZalTa es sistema 
kanonikur saxemde da ipoveT centraluri 
spiraluri RerZis 𝑂𝑥𝑦 sibrtyesTan 
gadakveTis wertilis 𝑥 da 𝑦 
koordinatebi. 
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a m ox s n a  

Nnaxazis mixedviT vipovoT V  

mTavari veqtorisa da M  mTavari 
momentis proeqciebi sakoordinato 
RerZebze: 

5 7 9 11 2 ;xV F F F F p       

1 4 6 10 2 ;yV F F F R p      

2 3 8 12 4 ;zV F F F F p      

3 4 6 12 2 ;xM F a F a F a F a Pa          

5 7 8 12 2 ;yM F a F a F a F a Pa           

6 7 10 11 4 ;zM F a F a F a F a Pa          

maSin,  

     
2 2 22 2 2 2 2 4 2 6.x y zV V V V P P P P         

22 2 2 2 4 4 8 2
6.

32 6 2 6

V M P Pa P Pa P Pa P a
M Pa

V P P

 

      
     

vinaidan mTavari veqtori invariantia, amitom 
spiraluri RerZis mimmarTveli kosinusebi tolia mTavari 
veqtoris mimmarTveli kosinusebisa. vipovoT es kosinusebi 
: 

2 1
cos 6;

62 6

XV P

V P
       

2 1
cos 6;

62 6

YV P

V P
     

4 1
cos 6;

32 6

ZV P

V P
     

anu, 

1 1
cos cos cos 6.

2 6
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vipovoT centraluri spiraluri RerZis xOy (z = 0) 
sibrtyesTan gadakveTis wertilis koordinatebi 
gantolebaTa Semdegi sistemidan:  

,

,

x z x

y z y

M yV V p

M xV V p

 


 
 

Aan rac igivea, 

1
2 4 2 ,

3

1
2 4 2 .

3

Pa y P P a

Pa x P P a


   


    


 

Sesabamisad, 

2
.

3
x y a   

პ ა ს უ ხ ი :

2
2 6; 6;

3
V P M Pa  

 

1 1
cos cos cos 6;

2 6
         

 

2
.

3
x y a  

 
 

amocana 7.10 
marTkuTxa paraleleripedis 10 m, 

4 m da 5 m sigrZeebis mqone woboebis 
gaswvriv moqmedebs naxazze 
gamosaxuli eqvsi Zala:  𝑃1 = 4 n, 𝑃2 =
 6 n, P3 = 3 n, P4 = 2 n, P5 = 6 n,  P6 = 8 n. 
daiyvaneT es sistema kanonikur 
saxemde da ipoveT centraluri 
spiraluri RerZis Oxy sibrtyestan gadakveTis wertilis x 
da 𝑦 koordinatebi. 

 
a m ox s n a  
 
naxazis mixedviT vipovoT mTavari veqtoris da mTavari 

momentis sakoordinato RerZebze proeqciebi:  
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2 5 0;xV P P    

1 4 2yV P P   n; 

6 3 5zV P P   n; 

1 35 10 50xM P P       n 

m 

2 35 4 42yM P P      n  m 

2 410 4 68zM P P        n  m 

ganvsazRvroT kanonikuri parametrebi: 

2 2 2 2 22 5 5,4X Y ZV V V V      n; 

   0 50 2 42 5 68
47,5

29

V M
M

V

 

      
    n  m 

vinaidan mTavari veqtori invariantia, amitom 
spiraluri RerZis kosinusebi tolia mTavari veqtoris 
mimmarTveli kosinusebisa.:  

2 5
cos 0; cos 0,37; cos 0,93.

5,4 5,4

yx z
VV V

V V V
             

centraluri spiraluri RerZis xOy (z = 0) sibrtyesTan 
gadakveTis wertilis koordinatebi vipovoT gantolebaTa 
Semdegi sistemidan : 

,

,

x z x

y z y

M yV V p

M xV V p

 


 
 

aq, p = M/V = −47,5/5,4 = −8,8 m − spiralis parametria. 
ricxviTi mniSvnelobebis Casmis Semdeg miviRebT  

 

50 5 0,
11,9

42 5 2 8,8

y
x

x

   
  

   
m,  10y   m. 
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პ ა ს უ ხ ი :   𝑉 = 5,4 n; M = −47,5 n  m; cosα = 0;  cosβ = 0,37;  
cosγ = 0,93 ;  x = −11,9  m;   y =  −10  m. 

 
amocana 7.11 

kaSxalze wylebis dawolebis  P =  8 000 kn da  𝐹 =

5 200  kn tolqmedebi modebulia kaSxlis Sua vertikaluri 
kveTis sibrtyeSi, Sesabamisi waxnagebis 
perpendikularulad da fuZidan  Sesabamisad  H = 4 m da 
ℎ =  2,4 m simaRleebze. kaSxlis marTkuTxa nawilis simZimis 
Zalaa 𝐺1 =  12 000 n  da modebulia mis centrSi, xolo 
samkuTxa nawilis simZimis Zalaa G2 = 6 000  kn da 
modebulia samkuTxa kveTis qveda fuZis erT mesamed 

manZilze am kveTis vertikaluri waxnagidan. kaSxlis 
siganeebia: fuZesTan __ b = 10 m, zeda nawilSi __ a = 5 m; 
𝑡𝑔𝛼 =  5/12. ipoveT im gruntis reaqciis ganawilebuli 
Zalebis tolqmedi, romelzec dayenebulia kaSxali  

a m ox s n a , 
გamovsaxoT naxazze kaSxalze moqmedi Zalebi. gruntis 

(romelzec kaSxalia dayenebuli) reaqciis ganawilebuli 

Zalbis R⃗⃗  tolqmedi mdebareobs xy sibrtyeSi, ricxobrivad 
tolia naxazze gamosaxul ZalTa sistemis tolqmedisa da 
mimarTulia mis sawinaaRmdegod. amis safuZvelze miviRebT 

 
2

1 12
cos 8000 5200 3200

131
xR P F P F

tg



         



kn. 

aq gaTvaliswinebul iqna is faqti, rom 
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2 2 2 2

1 1 12 12
cos .

131 5 12 5
1

12

tg



   

 


 

 
vinaidan 

2 2

2

5
512sin ,

131 5
1

12

tg

tg





  




 

amitom, miviRebT 

 1 2

5
sin 12 6000 5200 20

13
yR G G F           

kn. 

tolqmedis moqmedebis wrfis gantoleba ganvsazRvroT 
formuliT  

.y xxR yR M   

 Cven SemTxvevaSi 

1 2
2 3

a b a
M G P H G
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 cos sinF h F b a h tg        

5 5 12
12000 8000 4 6000 5200 2,4

2 3 13
          

5 5
5200 10 5 2,4

13 12

 
      

 
 

30 32 10 11 8 8      kn  m 
saboloo jamSi miviRebT wrfis gantolebas 
20 000𝑥 − 3200𝑦 + 8480 = 0, anu 125𝑥 − 20𝑦 + 53 = 0. 

პ ა ს უ ხ ი : Rx = 3200 kn  R y = 20000 kn; tolqmedis 

momedebis wrfis gantolebaa: 125𝑥 − 20𝑦 + 53 = 0. 
 

amocana 7.12 

 
radioanZis wona aris G =

140  n. anZaze modebulia F = 20 kn 
Zala da da qaris dawolis P = 50  
kn tolqmedi Zala; orive Zala 
horizontaluria da 
moTavsebulia urTierT 
marTobul sibrtyeebSi; 𝐻 = 15 m, 
h = 6  m. ipoveT im gruntis 
marezultirebeli reaqcia, 
romelSic anZis fundamentia 
Camagrebuli. 

a m ox s n a  
im gruntis marezul-

tirebeli reaqcia, romelSic 
anZis fundamentia 
Camagrebuli,  unda 
awonasworebdes anZaze 
moqmedi aqtiuri Zalebisgan 
Semdgari  sistemis mTavar 
veqtors da mTavar moments. 

Sesabamisad, Tu V⃗⃗ ′' da M⃗⃗⃗ ′' 
— anZaze moqmdi mTavari 
veqori da mTavari momentia, 
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xolo V⃗⃗  da M⃗⃗⃗  — gruntis marezultirebeli reaqciis 
mTavari veqori da mTavari momenti, maSin samarTliania: 

,V V M M
   

       

vipovoT V⃗⃗  da M⃗⃗⃗  veqtorebis koordinatTa RerZebze 
proeqciebi 

50x xV V P      kn; 

20y yV V F      kn; 

140z zV V G    kn; 

300x xM M FH    kn  m; 

300y yM M Ph      kn  m; 

0.z zM M     

Sesabamisad, 

     
2 2 22 2 2 50 20 140 150x y zV V V V         kn, 

 

     50 300 20 300
60

150

x x y y z zV M V M V M
M

V

       
   

kn  m 
vinaidan M sididis mniSvneloba uaryofiTi miviReT, 

dinama iqneba marcxena mxariani. 
centraluri spiraluri RerZis gantoleba iqneba: 

     
.

x z y z y xy x z

x y z

M yV zV M xV yVM zV xV

V V V

    
   

Tu masSi ricxviT mniSvnelobebs CavsvamT, miviRebT 

300 140 20 300 50 140 20 50
,

50 20 140

y z z x x y     
 

 
 

vipovoT spiraluri RerZis xy sibrtyesTan anu anZis 
fundamentTan gadakveTis wertili, amisaTvis bolo 
gantolebaSi vigulisxmoT, rom z = 0, maSin 
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30 14 30 14 2 5

5 2 14

y x x y    
 


. 

bolo gantolebis amoxsniT miviRebT: x = 2,2  m,  y = 2 m. 
 

პ ა ს უ ხ ი :  gruntis reaqciis Zalebi daiyvaneba marcxena 
dinamaze, romelic Sedgeba V = 150 kn Zalisagan (romelic 

mimarTulia
30 14 2 30 5 14 2 5

5 2 14

y z z y x y      
 


  

gantolebiT gansazRvruli centraluri RerZis gaswvriv 
zeviT) da wyvilZalisagan, romlis momentia M = −60 kn  m. 
dinamas RerZi fundamentis sibrtyes kveTs wertilSi, 
romlis koordinatebia: x = 2,2 m, y = 2 m, 𝑧 = 0. 
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8. ZalTa nebismieri sistemis 

wonasworoba 
amocana 8.1 

mrgval daxril farTeulze, 
romlis ACD RerZi vertikalidan 20°-iT 
aris gadaxrili, damagrebulia 400 n 
wonis sxeuli. ipoveT simZimis Zalis 
mier Seqmnili momenti AD RerZis mimarT, 
Tu CB = 3 m radiusi horizontaluria. 

a m ox s n a  
AD RerZis mimarT momentis 

gamosaTvlelad gamoviyenoT ormagi 
daproeqcirebis meTodi  (ix. naxazi). 

 

 

 

Tu P Zalas mdgenelebad davSliT, miviRebT 

1 sin20 .P P  

radgan CB radiusi horizontaluria, amitom AD 
RerZis mimarT momenti tolia:  

Mz = P1 ⋅ r = P ⋅ R sin 2 0
∘ = 400 ⋅ 3 ⋅ sin 2 0∘ = 410 n  m .  

 

პ ა ს უ ხ ი : 410 n  m   
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amocana 8.2 
Qqaris Zravs gaaCnia sami frTa, romlebic brunvis 

RerZis perpendikularuli sibrtyisadmi daxrili arian 
𝛼 = 15° = arcsin (0,259) kuTxiT; qaris TiToeul frTaze 
dawolis tolqmedi 1 n-is tolia, mimarTulia frTis 
sibtyis perpendikularis gaswriv da modebulia  brunvis 
RerZidan 3 metriT daSorebul wertilSi. ipoveT 
mabrunebeli momenti. 

a m ox s n a  
გamovsaxoT amocanis monacemebi naxazze. 

davSaloT frTaze moqmedi Zalebis F⃗  tolqmedi: 

1 2F F F
  

   

2 sin15 .F F  

erTi cali frTis mabrunebeli momenti iqneba: 

2 3 3 sin15 .M F F    

Zravis marezurtirebeli momenti iqneba  

Mბრ = 4M = 4 ∙ 3F sin 15° = 4 ∙ 3 ∙ 1 ∙ 0,259 = 3,11 kn 
m. 

 

პ ა ს უ ხ ი :  3,11 kn  m. 
S e n i S v n a .  a m o c a n a T a  k r e b ul S i  d a S v e b ul i a  

S e c d o m a  p a s u x S i .  
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amocana 8.3 
eleqtroZravi, romelic tramvais  

vagonis borblebis wyvilis O RerZzea 
damagrebuli, cdilobs RerZi 
Semoabrunos saaTis isris 

sawinaaRmdegod, amasTan, (P⃗⃗ , P⃗⃗ ) 
wyvilZalis mabrunebeli momentia 
6  kn  m, xolo borblebis radiusi 
aris 60  sm. ipoveT borblebis wyvilis Q gawev  is Zala, Tu 
vigulisxmebT, rom is dgas horizontalur re  lsebze.  

a m ox s n a  
Pპirvel rigSi vipovoT 

relsebsa da borblebs Soris 
arsebuli xaxunis Zala, 
amisaTvis ganvixiloT ZalTa 
momentebi 𝑂 RerZis mimarT.  (ix. 
naxazi): 

𝑀 − 𝐹ხახ ∙ 𝑟 = 0 ⇒ 

𝐹ხახ =
6

10
0,6

M

r
  kn. 

Semdeg, borblebis wyvilze modebuli Zalebi 

davaproeqcioT horizontalur mimarTulebaze: 

−𝐹ხახ + 𝑄 = 0 ⇒ 𝑄 = −𝐹ხახ = 10 kn. 
 

პ ა ს უ ხ ი :  Q = 10 kn. 
amocana 8.4 

15 sm radiusis mqone A diskos, 
10 sm radiusis mqone 𝐵 diskos da 5 
sm radiusis mqone 𝐶 diskos gare 

wreebze modebulia wyvilZalეbi, 
romelTa Semadgeneli Zalebia 
Sesabamisad __ P1 = 10 n, P2 = 20 n da 
P. OA, OB da OC RerZebi erT 
sibrtyeSi mdebareoben. ipoveT iseTi 
P Zalis sidide da kuTxe 𝐵OC =  α, 
rom sruliad Tavisufal 
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mdgomareobaSi myofi sistema wonasworobaSi iyos. 
a m ox s n a  
gamovsaxoT amocanis monacemebi naxazze. maSin,  

2 30A Ad r  sm; 
1 1 10 30 300AM Pd    n  sm; 

2 40B Bd r  sm; 
2 2 20 20 400BM Pd    n  sm; 

2 10C Cd r  sm; 
3 3 10.CM Pd P    

sistema imyofeba wonasworobaSi, maSasadame M1
⃗⃗ ⃗⃗  ⃗ + M2

⃗⃗ ⃗⃗  ⃗ +

M3
⃗⃗ ⃗⃗  ⃗ = 0. radgan es sami momenti erT sibrtyeSi imyofeba, 
amitom 

2 2 2

1 2 3M M M    

4 4 2

3 9 10 16 10 5 10 500M        n  sm 

Sesabamisad, 

P 3 50
10

M
P   n. 

 

 

 

 

 

 

 

 

 

 

 

 

 

gamovTvaloT 

2

1

400 4
.

300 3

M
tg

M
     

 90 90        
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1

90 0,75.tg tg ctg tg ctg
tg

    


           
 

  

 

maSin, 

 0,75 14310 .arctg     

 პ ა ს უ ხ ი : 50P  n;  0,75 14310 .arctg     

amocana 8.5 
amwe dayenebulia ABC urikaze. 

cnobilia amwis zomebi: 𝐴𝐷 = 𝐵𝐷 = 1 
m, 𝐶𝐷 = 1,5 m, 𝐾𝐿 = 4 m. amwe 
gawonasworebulia F sapirwoneTi. 
Aamwis wona sapirwonesTan 
erTad aris P = 100 kn da 
modebulia iseT G wertilSi, 
romelic LMNF sibrtyeSi 
mdebareobs  RerZidan GH =  0,5  m 
manZilze. amwe zeviT eweva 30 kn 
wonis Q tvirTs. ipoveT borblebis 
relsebze dawola, Tu LMN sibrtye AB wrfis 
paraleluria. 

a m ox s n a  
Ggvaqvs naxazze gamosaxuli 

paraleluri Zalebis sivrculi 
sistema, romlisTvisac SevadginoT 
wonaworobis gantolebebi (𝑧 RerZze 
proeqciebisTvis 𝑥 da 𝑦 RerZebis 
mimarT momentebisTvis): 

 

0,

0,

0.

A B C

A B

C A B

N N N P Q

N AD N DB

Q KL P GH

N CM N N MD

    

    

    
      
Tu am sistemas amovxsniT, miviRebT 

𝑁𝐴 = 8,33 kn; 𝑁𝐵 = 78,33 kn; 𝑁𝐶 = 43,33 kn; 
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პ ა ს უ ხ ი :𝑁𝐴 = 8,33 kn; 𝑁𝐵 = 78,33 kn; 𝑁𝐶 = 43,33 kn; 
 
 

amocana 8.6 
Rvediani amwe Sedgeba iseTi piramidisgan, romlis 

fuZea horizontaluri tolgverda ABC samkuTxedi, xolo 
misi vertikaluri waxnagi aris ADB tolferda samkuTxedi; 
O da D wertilebSi saxsrulad 
aris damagrebuli amwis 
vertikaluri RerZi, romlis 
garSemoc SeuZlia brunva iseT OE 
isars, romelzedac P tviTia 
Camokidebuli. ABC fuZe 
fundamentTan mimagrebulia A da 𝐵 
sakisrebiTa da C vertikaluri 
WanWikiT. ipoveT sayrdenebis 
reaqciebi , roca isari amwis 
simetriis sibrtyeSi 
imyofeba, Tu P =  12  kn, amwis 
wonaa 𝑄 = 6 kn, amasTan amwis S 
simZimis centris daSoreba OD RerZidan tolia ℎ = 1 m, 𝑎 =
4 m, 𝑏 = 4 m. 

a m ox s n a  
Mmocemul ZalTa sistemisaTvis da bmebis 

reaqciebisaTvis (ix. naxazi) SevadginoT wonsaworobis 
gantolebebi (x da z RerZebze proeqciebSi da x, y, z 
RerZebis mimarT momentebisTvis ) : 
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0,

0,

0,
2 2

cos30 0,

0.
2 2

A B

A B C

B A

C

A B

X X

Z Z Z P Q

a a
Z Z

Z Q h P b

a a
X X


  


    


   

      

   
  

 
 

Tu am sistemas amovxsniT, 
miviRebT 

0;A BX X   

 2
12,12

3
C

Qh pb
Z

a


  kn; 

15,06
2

C
B A

P Q Z
Z Z

 
   kn. 

პ ა ს უ ხ ი : 𝑍𝐴 = 𝑍𝐵 = 15,06 kn; 
𝑍𝐶 = −12,12  kn; 
 𝑋𝐴 = 𝑋𝐵 = 0.  
 

amocana 8.7. 
 
manqanis sasinaTlo Riobis saxuravs horizontalur 

mdgomareobaSi iWers iseTi  FG dgari, romelic 
Sebijgulia saxuravze saxuravis RerZidan EF = 1,5 m 
manZiliT daSorebul F wertilSi. saxuravis wonaa P =
180 n, misi sigrZea CD = 2,3 n, sigane CE = 0,75 m, xolo A da 
𝐵 saxsrebis daSoreba saxuravis napirebidan aris AE = BC =

0,15 m. ipoveT A da 𝐵 saxsrebis reaqciebi da S Zalva FG 
dgarSi. 
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(igivurad sruldeba), 

 a m ox s n a  
 gamovsxoT naxazze 

sistemaze moqmedi aqtiuri 

Zalebi. Bბmebis SecvliT 
maTsave reaqciebiT 

გanvTavisufldeT am bmebisgan 
da mocemul ZalTa 
sistemisaTvis SevadginoT 
wonasworobis gantolebebi 
(sakoordinato RerZebze proeqciebisaTvis da 
sakoordinato RerZebis mimarT momentebisaTvis): 

0 0

0,

0,

0,
2

0,
2

0.

A B

A B

B

B

Y Y

Z Z S P

CD
P S EF

AB
S AE Z AB P

Y AB




 

    

    


      


 

 

Tu am sistemas amovxsniT, miviRebთ 

138
2

P CD
S

EF


 


n; 

1
136

2
B

AB
Z S AE P

AB

 
     

 
n; 

94A BZ P S Z     n ;  0.A BY Y   

პ ა ს უ ხ ი : 94AZ   n ;  136BZ  n ;  138S  n; 0.A BY Y   
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amocana 8.8 
horizontalur 

mdgomareobaSi damagrebuli 
erTgvarovani marTkuTxa ABCD 
firfita eyrdnoba sam 
wertilovan sayrdens, 
romelTagan ori 
marTkuTxedis A da 𝐵 wveroebSi 
mdebareobs, xolo mesame — 
romeliRac E wertilSi. Ffirfitis wona P-s tolia. 
dawola A da 𝐵 wertilebSi Sesabamisad aris 𝑃/4 Dda 𝑃/5. 
ipoveT  E sayrdenze NE dawola da E wertilis 
koordinatebi, Tu firfitis gverdebi aris a da b. 

a m ox s n a  
გamovsaxoT naxazze firfitaze moqmedi aqtiuri Zalebi 

da bmebis reaqciebi. miRebuli paraleluri ZalebisaTvis 
SevadginoT wonasworobs gantolebebi (z RerZze 
proeqciebisTvis da momentebisTvis x da y RerZebis 
mimarT):  

0;kz

k

F 
 

 0, 1A B EN N N P    
 

  0;x k

k

M F 
 

 0, 2
2

E E

b
N y P   

 

  0;y k

k

M F 
 

 0, 3
2

E E B

a
P N x N a     

 
(1) gantolebidan gveqneba 

11
;

4 5 20
E A B

P P
N P N N P P      

 
(2 gantolebidan gveqneba 
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11 10
: ;

2 20 11
E

Pb
y P b   

 

G(3) gantolebidan gveqneba 

2
,

2 5
E E

a
N x P P

 
   

 
 

Aanu 

3 3 11 6
: .

2 5 10 20 11
E E E

a
N x P x Pa P a       

პ ა ს უ ხ ი :
11 6 10

; ; .
20 11 11

E E EN P x a y b      

 

 
 

amocana 8.9 
magida dgas sam fexze romelTa 

A,  𝐵 da C boloebi adgenen a gverdis 
mqone tolgverda samkuTxeds. 
magidis wona P-s tolia, amasTan 
misi simZimis centri mdebareobs ABC 
samkuTxedis 01 centrze gamaval 
zOO1 vertikalze. Mmagidis 
M(x, y, 0) wertilSi dadebulia p 
wonis tvirTi; Oy RerZi ABBgverdis 
paraleluria. gansazRvreT 
TiToeuli fexis dawola iatakze.  

a m ox s n a  
mocemul paralelur ZalTa sivrculi sistemisTvis  

(ix. naxazi) SevadginoT wonasworobis gantolebebi (z 
RerZze proeqciisTvis da x, y RerZebis mimarT 
momentebisTvis): 
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0,

0,
2 2

3 3 3
0.

3 6 3

A B C

B A

A B C

N N N P p

a a
N N py

a a a
N N N px


     



    


       
  

Tu am sistemas amovxsniT, 
miviRebT 

3
;

3 3
A

P p P
N x y

a

 
    

   

3
;

3 3
B

P p P
N y x

a

 
    

 
 

2 3
.

3 3
C

P p x
N p

a


   

პ ა ს უ ხ ი :  
3

;
3 3

A

P p P
N x y

a

 
     

 
 

3 2 3
; .

3 3 3 3
B C

P p P P p x
N y x N p

a a

  
       

 
 

 
amocana 8.10 

mrgvali magida dgas A1, A2 da 𝐴3 
fexebze. magidis O centrSi 
dadebulia tvirTi. ra pirobebs unda 
akmayofilebdnen 𝜑1 𝜑2 da 𝜑3 centraluri 
kuTxeebi imisaTvis rom A1, A2 da A3 
fexebze dawolebi erTmaneTs 

Seefardebodnen ise, rogorc   1: 2: √3? 
(amocanis amoxsnisas momentebi aiReT OA1, OA2 da 
OA3 radiusebidan ori maTganis mimarT.)  
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a m ox s n a  
gamovsaxoT naxazze  Ox, Oy da 

Oz RerZebi da fexebis reaqciebi 

— N 1⃗⃗ ⃗⃗  ⃗, N2⃗⃗ ⃗⃗   da N3⃗⃗ ⃗⃗  . 
S e n i S v n a .  pirobiTi niSani 

— ⨀ naxazze aRniSnavs imas, rom 
N 1, N2 da N3 Zalebi naxazis 
sibrtyis perpendikularulia da 
momarTulia Cvensken. 

vigulisxmoT, rom OA1 =

OA2 = OA3 = R da SevadginoT 
momentebis gantolebebi  Ox, Oy da 
Oz RerZebis mimarT: 

   

   

   

2 3 3 2

2 3 3 1

2 1 1 2

sin 180 sin 180 0,

sin 180 sin 180 0

sin 180 sin 180 0

N R N R

N R N R

N R N R

 

 

 

    


    

      

Yyvela gantolebis 𝑅-ze SekveciT da imis 
gaTvaliswinebiT, rom 𝑠𝑖𝑛 (180° − 𝛼) = 𝑠𝑖𝑛𝛼, miviRebT axal 
sistemas 

2 3 3 2

1 3 3 1

2 1 1 2

sin sin ,

sin sin ,

sin sin .

N N

N N

N N

 

 

 





 

 

Aamocanis pirobis Tanaxmad: 

1 2 3: : 1: 2: 3.N N N   

gaviTvaliswinoT es Tanafardobebi da ukanasknel 
sistemaSi TanmimdevrobiT gavyoT: meore gantoleba 
pirvelze, mesame — pirvelze, mesame — meoreze. MmiviRebT: 

1 1 1 1 2 1 1 2

2 2 3 3 1 3 3 1

sin sin sin sin1 1
; ; .

sin 2 sin sin sin3

N N N N

N N N N

   

   
        

vaCvenoT, rom bolo Tanafardoba ori wina 
Tanafardobis Sedegia. marTlac, Tu masSi CavsvamT 
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2 2

1 1

sin

sin

N

N




  da 1 1

3 3

sin

sin

N

N




 gamosaxulebebs, miviRebT 

igiveobas — 

2 1 2 2 2

1 3 3 1 3 3

.
qNN N N N N

N N N N N N
    

SevcvaloT sistemis mesame gantoleba Semdegi 
damokidebulebiT 

1 2 3 360      

 da sabolood CavweroT:  

1 2

1 3

1 2 3

2sin sin ,

3sin sin ,

360 .

 

 

  




 


  

 

 1  

 2  

 3  

amovxsnaT es sistema. amisaTvis (1) gantolebis 

marcxena da marjvena mxareebi gavamravloT 3cos -ze, 

xolo (2) gantolebis marcxena da marjvena mxareebi — -ze 
da SvkriboT isini. miviRebT: 

 1 3 2 2 3 3 2sin 2cos 3cos sin cos sin cos ,          

anu 

   1 3 2 2 3sin 2cos 3cos sin .        

(3)-is gaTvaliswinebiT gveqneba 

   2 3 1 1sin sin 360 sin ,         

Aamitom miviRebT gantolebas 

 1 3 2 1sin 2cos 3cos sin ,       

1 3 2sin 0 2cos 3cos 1.         4  

(2)-s Tu gavyofT (1)-ze, miviRebT 

3

2

sin 3
,

sin 2




 anu 
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2 33sin 2sin 0.     5  

gavaerTianoT (4) da (5) gantolebebi erT sistemaSi 

2 3

2 3

3cos 2cos 1,

3sin 2sin 0.

 

 

   


 

 

Tu ukanaskneli sistemis orive gantolebas kvadratSi 
aviyvanT da SevkrebT, miviRebT  

 

 

2 2

2 2 2 3

2 2

2 3 3 3

3 cos sin 4 3cos cos

4 3sin sin 4 cos sin 1,

   

   

   

   
 

Aanu 

 2 3 2 33 4 3 cos cos sin sin 4 1,         

Aan rac igivea 

 2 3

3
cos .

2
     

arsebobs amonaxsnis ori varianti: 

2 3

2 3

1) 150 ;

2) 210 .

 

 

  

  
 

pirvel variantSi 𝜑1 = 210°, anu samive fexi y 
RerZidan erTidaimave mxaresaa moTavsebuli, rac 
sinamdvileSi SeuZlebelia. Sesabamisad, dagvrCeba mxolod 

meore varianti —𝜑2 + 𝜑3 = 210° ⇒ 
𝜑1 = 150°. 

maSin (1)-dan miviRebT 𝑠𝑖𝑛𝜑2 = 1 ⇒  

𝜑2 = 90° 

(2)-dan ⇒  𝑠𝑖𝑛𝜑3 = √3/3 ⇒ 𝜑3 = 60° an 𝜑3 = 120° 
Cven avarCevT 𝜑3 = 120°, es imitom, rom 

1 2 3 150 90 120 360 .         

პ ა ს უ ხ ი :  
1 2 3150 ; 90 ; 120 .        
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amocana 8.11 
mrgvali firfita, romlis wonasac 

ugulebelvyofT, horizontalur 
mdgomareobaSi iyo gawonasworebuli, 
eyrdnoboda  ra centriT O wvets. 
firfitis gare wrewirze moaTavses 1,5 n 
wonis P1 tvirTi, 1 n wonis P2 tvirTi da 2  n 
wonis P3 tvirTi, ise rom firfitis 
wonasworoba ar darRveula. ipoveT 𝛼 d a  𝛽 
kuTxeebi.  

 a m ox s n a  
𝛼α d a 𝛽 kuTxeebis sapovnelad  (ix. 

naxazi) sakmarisia SevadginoT 
wonasworobis ori gantoleba (ZalTa 
momentebisTvis x da y RerZebis mimarT ) : 

   

   
3 2

1 3 2

cos 90 cos 90 0,

sin 90 sin 90 0.

Pr P r

Pr Pr P r

 

 

    


      

SeniSvna. pirobiTi niSani ⨁ aRniSnavs imas, rom P⃗⃗ 1, P⃗⃗ 2, P⃗⃗ 3 

Zalebi naxazis sibrtyis perpendikularilia da 

mimarTulia Cvengan. 

CavsvaT  Zalebis P1, P2, P3 mniSvnelobebi sistemaSi da 
gamartivebis Semdeg miviRebT 

2sin sin 0,

4cos 2cos 3.

 

 

  


  
 

Uukanaskneli sistemis pirveli gantolebidan gveqneba 
2 2sin 4sin ;   

xolo meoredan — 

 
2

2
3 4cos

cos .
4





  

SevkriboT es ori gantoleba. vinaidan 𝑠𝑖𝑛2𝛼 + 𝑐𝑜𝑠2𝛼 =
1, amitom miviRebT 
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2
2 9 24cos 16cos

4sin 1
4

 


 
   

2 24 16sin 9 24cos 16cos .       

 

Tu gaviTvaliswinebT, rom 16𝑠𝑖𝑛2𝛽 + 16𝑐𝑜𝑠2𝛽 = 16 da 
msgavs wevrebs daviyvanT, maSin miviRebT 

7
0 21 24cos cos 151 ;

8
         

3 4cos 1
cos , 75 30 .

2 4


 

 
     

პ ა ს უ ხ ი : 𝛼 = 75°30′; 𝛽 = 151°. 
 
 

amocana 8.12 
 dinamo-manqanis 

Rvediani CD Skivis radiusia 
10 sm; AB lilvis zomebi 
naxazzea miTiTebuli. Rvedis 
zeda wamyvani ganStoebis 
daWimulobaa T1 = 100 n, 
xolo qveda amyoli 
ganStoebis — T2 = 50 n. 
ugulebelyaviT manqanis 
nawilebis wona da ipoveT 
mabrunebeli momenti M, 

agreTve A da 𝐵 sakisrebis reaqciebi; (P⃗⃗ , P⃗⃗ ) — 
winaaRmdegobis ZalebiT Sedgenili wyvilZalaa. 

 a m ox s n a  
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igivurad sruldeba 

გamovsaxoT naxazze 
sistemaze moqmedi 
aqtiuri Zalebi. 
SevcvaloT bmebi maTi 
reaqciebiT da ase 
ganvTavisufldeT am 
bmebisgan, xolo 
Semdgom  ZalTa 
mocemuli sistemisTvis 
SevadginoT 
wonasworobis 
gantolebebi (ZalTa 
RerZebze proeqciebisTvis da RerZebis mimarT 
momentebisTvis): 

1 2

1 2

1 2

0,

0 0,

0,

0,5 0,

0,1 0,1 0,

0,5 0,1 0,1 0.

A B

A B

B

B

X X T T

Z Z

Z

T T M

X T T

   




  


 
     

      

 

Tu am sistemas amovxsniT miviRebT: 

0;A BZ Z   

   1 2 0,1 100 50 0,1 5M T T       n  m; 

 1 2 0,1 150
30

0,5 5
B

T T
X

 
   n; 

 1 2 180A BX T T X      n. 

პ ა ს უ ხ ი : . 5M  n  m; 180AX   n; 30BX  n; 

0.A BZ Z   

amocana 8.13 
A da 𝐵 sakisrebiT horizontalurad damagrebul 

lilvze moqmedebs: erTis mxriv  iseTi sxeulis 𝑄 = 250 n 
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igivurad sruldeba 

wona, romelic 20 sm 
radiusis mqone 𝐶 Skivze 
gvarlis saSualebiT aris 
mibmuli, xolo meores 
mxriv — iseTi sxeulis P =
1 kn wona, romelic  AB 
lilvze marTi kuTxiT 
uZravad mimagrebul DE 
Rerozea Camocmuli. 
mocemulia manZilebi: 𝐴𝐶 =
20 sm,  𝐶𝐷 = 70 sm,  𝐵𝐷 =
10 sm. wonasworobis 
mdgomareobaSi DE Rero 
vertikalidan 30° kuTxiT aris gadaxrili. ipoveT 𝑙 manZili 
P sxeulis simZimis centridan lilvis 𝐴𝐵 RerZamde 
da agreTve A da B sakisrebis reaqciebi. 

 a m ox s n a  
გamovsaxoT naxazze 

sistemaze moqmedi aqtiuri 
Zalebi. SevcvaloT bmebi maTi 
reaqciebiT da ase 
ganvTavisufldeT am bmebisgan. 
ZalTa mocemuli sistemisTvis 
SevadginoT lilvis 
wonasworobis gantolebebi 
(RerZebze proeqciebSi da 
momentebisTvis RerZebis mimarT): 

0,

0 0,

0,

20 90 100 0,

sin 30 0,

80 0.

A B

A B

B

B

X X

Z Z Q P

Q P Z

Q r P l

X
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Tu am sistemas amovxsniT, miviRebT:

   
1 1

20 90 250 20 1000 90 50 900 950
100 100

BZ Q P        

n; 

250 1000 950 300A BZ Q P Z       n; 

250 200
10

sin30 1000 0,5

Q r
l

P

 
  


sm; 

0,A BX X   

პ ა ს უ ხ ი : 𝑙 = 10 s m ;  𝑍𝐴 = 300 n; 𝑋𝐵 = 950 n;  𝑋𝐴 = 𝑋𝐵 = 0. 

 
amocana 8.14 

horizontalur AB 
lilvze Cajenilia 1 m 
radiusis mqone 
kbilebiani 𝐶 borbali 
da 10 sm radiusis mqone 
D kbilana. sxva zomebi 
miTiTebulia naxazze. 𝐶 
borbalze mxebis 
mimarTulebiT 
modebulia 
horizontaluri P =

100 n Zalva. aseve mxebis 
mimarTulebiT D kbilanaze modebulia vertikaluri 
Q Zala. ipoveT Q Zala, agreTve A da 𝐵 sakisrebis 
reaqciebi wonasworobis mdgomareobis SemTxvevaSi.  

a m ox s n a  
გamovsaxoT naxazze sistemaze moqmedi aqtiuri Zalebi. 

SevcvaloT bmebi maTi reaqciebiT da ase ganvTavisufldeT 
am bmebisgan. ZalTa mocemuli sistemisTvis SevadginoT 
wonasworobis gantolebebi (RerZebze proeqciebSi da 
momentebisTvis x, y, z RerZebis mimarT): 
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(igivurad sruldeba), 

0,

0 0

0,

0,

0,1 1 0,

0.

A B

A B

B

B

X X P

Z Z Q

Q AD Z AB

Q P

X AB P AC

  




   


   
    

    

 

sistemis amoxsniT 
miviRebT 

100 1
1000

0,1
Q


  n 1 kn 

 

1000 0,1
100

1
B

Q AD
Z

AB

 
     n, 

100 0,9
90

1
B

P AC
X

AB

 
     n, 

100 90 10A BX P X        n, 

1000 100 900A BZ Q Z        n, 

პ ა ს უ ხ ი :  𝑄 = 1 kn; 𝑋𝐴 = −10 n; 𝑋𝐵 = −90 n; 𝑍𝐴 = −900 n;. 
𝑍𝐵 = −100 n. 

 

amocana 8.15 
muSa iWers Q = 800 n 

tvirTs jalambaris 
saSualebiT ise, rogorc es 
sqematurad naxazzea 
gamosaxuli; doluris 
radiusia R = 5 sm; 𝐴𝐾 
saxeluris sigrZe  40  sm-is 
tolia. AC = CB = 50 sm. 
ipoveT P dawola saxelurze 
da jalambaris RerZis 
dawola A da 𝐵 sayrdenebze 
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jalambaris iseTi 
mdgomareobisas, roca AK 
saxeluri horizontaluria; P 
Zala vertikaluria. 

a m ox s n a  
გamovsaxoT naxazze 

sistemaze moqmedi aqtiuri 
Zalebi. SevcvaloT bmebi maTi 
reaqciebiT da ase 
ganvTavisufldeT am bmebisgan. 
ZalTa mocemuli sistemisTvis 
SevadginoT wonasworobis 
gantolebebi (x, z RerZebze proeqciebSi da momentebisTvis 
x, y, z RerZebis mimarT) :  

0,

0,

0,

0,

0.

A B

A B

B

B

X X Q

Z Z P

Z AB

P AK Q R

Q AC X AB

  


  


  
    

      

Sesabamisad, 

0;BZ   

800 0,05
100

0,4

Q R
P

AK

 
   n; 

800 0,5
400

1
B

Q AC
X

AB

 
      n; 

800 400 400A BX Q X        n; 

100A BZ P Z    n. 

 

 

პ ა ს უ ხ ი : 𝑃 = 100 n; 𝑋𝐴 = −400 n; 𝑍𝐴 = −100 n; 𝑋𝐵 = −400 n; 
𝑍𝐵 = 0. 
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amocana 8.16 

naxazze sqematurad gamosaxuli jalambari iWers Q =
 1 kn tvirTs. doluris radiusia R = 5 sm.  KD saxeluris 

sigrZe არის  40  sm;  AD = 30 sm;  CA = 40 sm;  C = 60 sm. Toki 
doluridan gamodis horizontisadmi 60° kuTxiT daxrili 
mxebis gaswvriv. ipoveT saxelurze P dawola da A, 𝐵B 
sayrdenebis reaqciebi  jalambaris iseTi mdgomareobis 
dros, roca KD saxeluri horizontaluria. 

 

 

 

 

 

 

 

 

 

 

a m ox s n a  
გamovsaxoT naxazze sistemaze moqmedi aqtiuri Zalebi. 

SevcvaloT bmebi maTi raaqciebiT da ase ganvTavisufldeT 
am bmebisgan. 
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ZalTa mocemuli sistemisTvis SevadginoT 
wonasworobis gantolebebi (RerZebze proeqciebSi x, z da 
momentebisTvis x, y, z RerZebis mimarT): 

cos60 0,

cos30 0,

cos30 0,

0,

cos60 0.

A B

A B

B

B

X X Q

Z Z P Q

P AD Z AB Q AC

P KD Q R

X AB Q AC



   


   


     
    

     


 

am sistemis amoxsnis Sedegad miviRebT 

1000 0,05
125

0,4

Q R
P

KD

 
   n; 

cos60 1000 0,5 0,4
200B

Q AC
X

AB AB

  
    n; 

cos60 1000 0,5 200 300A BX Q X         n; 

cos30 125 0,3 1000 0,866 0,4
384

1
B

P AD Q AC
Z

AB

      
  

n; 

cos30 125 384 866 357A BZ P Z Q        n. 

პ ა ს უ ხ ი : 125P  n; 300AX   n; 357AZ   n; 200BX   n; 

304BZ  n. 
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amocana 8.17 

jalambaris AB 
lilvze daxveul 
Tokze 
Camokidebulia Q 
tvirTi. lilvze 
uZravad 
Camocmuli  𝐶 
borblis 
radiusi 
eqvsjer 
aRemateba 
lilvis radiuss; 
danarCeni zomebi 
naxazzea miTiTebuli. 60 n wonis mqone P tvirTiT daWimuli 
da borbalze daxveuli Toki borblidan gamodis 
horizontisadmi 𝛼 = 30° kuTxiT daxrili mxebis gaswvriv. 
ipoveT Q tvirTis iseTi wona, romlis drosac jalambari 
wonasworobaSi darCeba. ipoveT agreTve A da 𝐵 sakisrebis 
reaqciebi. lilvis wona da D blokze xaxuni 
ugulebelyaviT. 

 
a m ox s n a  
გamovsaxoT naxazze sistemaze moqmedi aqtiuri Zalebi, 

amasTan SevcvaloT bmebi maTi reaqciebiT da ase 
ganvTavisufldeT am bmebisgan. ZalTa mocemuli 
sistemisTvis SevadginoT wonasworobis gantolebebi (x, z 
RerZebze proeqciebSi da x, y, z RerZebis mimarT 
momentebisTvis): 

cos30 0,

sin30 0,

1 1,5 sins30 0,5 0,

6 0,

1,5 cos30 0,5 0,

A B

A B

B

B

X X P

Z Z Q P

Q Z P

P r Q r

X P



   


   

       
    

     


 

aq 𝑟 — lilvis radiusia.  
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am sistemis amoxsnis Sedegad miviRebT  

6
60 6 360

P r
Q

r


    n; 

cos30 0,5 60 0,866 0,5
17,3

1,5 1,5
B

P
X

   
   n; 

cos30 17,3 60 0,866 69,3A BX X P        n; 

1
360 60 0,5

1 sin30 0,5 2 230
1,5 1,5

B

Q P
Z

  
  

   n;  

sin30 360 60 0,5 230 160A BZ Q P Z        n. 

პ ა ს უ ხ ი : 360Q  n;B 69,3AX   n; 160AZ  n; 17,3BX 

n; 

230BZ  n; 

amocana 8.18 
G winis mqone erTgvarivani marTkuTxa ABCD Taros 

horizontalur mdgomareobaSi iWers iseTi EH trosi, 
romelic Taros sibrtyesTan 𝛼 kuTxes adgens. ipoveT 
trosis T daWimuloba (trosis wona ugulebelyaviT) da 
agreTve A da B𝐵 anjamebis reaqciebi, Tu  AK = KB = DE = EC  
da HK monakveTi AB wrfis marTobulia. 
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 a m ox s n a  
გamovsaxoT naxazze sistemaze 

moqmedi aqtiuri Zalebi, amasTan 
SevcvaloT bmebi maTi reaqciebiT 
da ase ganvTavisufldeT am 
bmebisgan. ZalTa mocemuli 
sistemisTvis SevadginoT 
wonasworobis gantolebebi (x, z 
RerZebze proeqciebSi da 
momentebisTvis x, y, z RerZebis mimarT): 

cos 0,

sin 0,

sin 0,
2 2

sin 0,
2

cos 0.
2

A B

A B

B

B

X X T

Z Z G T

AB AB
G T Z AB

CB
G T CB

AB
X AB T













  


   


      

     


      


 

am sistemis amoxsnis Sedegad miviRebT 

;
2sin

G
T


  

cos cos
;

2 4sin 4
B

T G G ctg
X
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sin sin
;

2 2 2 2 2sin 4
B

G T G G G
z

 


    


 

cos
cos ;

2sin 4 4
A B

G G ctg G ctg
X T X

  




 
    

 

sin
sin .

4 2sin 4
A B

G G G
Z G Z T G





      

 

პ ა ს უ ხ ი : ; ; .
2sin 4 4

A B A B

G G G
T X X ctg Z Z


        

 

amocana 8.19 
 P = 400 n wonis mqone erTgvarovani 

marTkuTxa Tavsaxuri horizontisadmi 
60° kuTxiT gaRebul mdgomareobaSi 
rCeba Q sapirwonis saSualebiT.  
ugulebelyaviT D blokze xaxuni da 
ipoveT Q wona da agreTve A da 𝐵 
saxsrebis reaqciebi, Tu D bloki A 
wertilidan aRmarTul vertikalzea damagrebuli 
da AD = AC. 

a m ox s n a  
geometriuli mosazrebebidan gamomdinare gvaqvs: 

ADC samkuTxedi tolferdaa, ∠DAC = 90° − 60° = 30°, 
Sesabamisad, DC fuZeze Seqmnili kuTxeebi 75°-is toli 
iqneba.  

cos60 , sin75 .
2

AC
EF AK AC     

გamovsaxoT naxazze sistemaze moqmedi aqtiuri Zalebi, 
amasTan SevcvaloT bmebi maTi reaqciebiT da ase 
ganvTavisufldeT am bmebisgan. ZalTa mocemuli 
sistemisTvis SevadginoT wonasworobis gantolebebi (x, z 
RerZebze proeqciebSi da momentebisTvis x, y, z RerZebis 
mimarT): 
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cos15 0,

cos75 0,

0,
2

0,

0,

A B

A B

B

B

X X Q

Z Z P Q

AB
P Z AB

Q AK P EF

X AB



   


   

    

    

  

 

 

 

amovxsnaT es sistema, miviRebT: 

200
2

B

P
Z   n; 

1
400

100 1004 104
sin75 sin75 0,98

P EF
Q

AK




     n 

0;BX   

cos15 104 0,98 100A BX Q X     n; 

cos75 400 104 0,15 200 173A BZ P Q Z         n. 

 

პ ა ს უ ხ ი : 104Q  n; 100AX  n; 173AZ  n; 0;BX  200BZ 

n; 
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amocana 8.20 

 ABCD yuTis erTgvarovan 
marTkuTxa Tavsaxurs SeuZlia brunva A 
da 𝐵 anjamebze gamaval AB 
horizontaluri RerZis garSemo. Ax 
RerZis paraleluri CE horizontaluri 
Toki Tavsaxurs iWers ∠DAx = 30° 
kuTxiT. ipoveT reaqciebi anjamebSi, Tu 
Tavsaxuris wona aris 20 n. 

a m ox s n a  
გamovsaxoT naxazze sistemaze 

moqmedi aqtiuri Zalebi, amasTan 
SevcvaloT bmebi maTi reaqciebiT 
da ase ganvTavisufldeT am 
bmebisgan. ZalTa mocemuli 
sistemisTvis SevadginoT 
wonasworobis gantolebebi x, z 
RerZebze proeqciebSi da 
momentebisTvis x, y, z RerZebis 
mimarT 

0,

0,

0, .
2

sin 30 0,

0

A B

A B

B

B

X X T

Z Z P

AB
P Z AB

P KF T BC

X AB T AB

  


  


    

    

    

 

am sistemis amoxsnis Sedegad miviRebT 

10
2

B

P
Z   n; 

20 0,5 cos30 10 0,866
17,3

sin30 sin30 0,5

P KF BC
T

BC BC

    
    n; 

17,3BX T  n; 
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0;A BX T X    

20 10 10A BZ P Z     n. 

 პ ა ს უ ხ ი : 0;AX   10AZ  n. 17,3BX  n; 10BZ  n. 

 

amocana 8.21 
ABCD yuTis marTkuTxa Tavsaxuri  erTi mxridan 

gamyarebulia 𝐷𝐸 joxiT. Tavsaxuris wonaa 120 n; AD =
AE;  ∠DAE = 60°. ipoveT A da B saxsrebis reaqciebi da 
agreTve joxSi S Zalva. joxis wona ugulebelyaviT. 

a m ox s n a  
გamovsaxoT naxazze sistemaze 

moqmedi aqtiuri Zalebi, amasTan 
SevcvaloT bmebi maTi reaqciebiT da 
ase ganvTavisufldeT am bmebisgan. 
ZalTa mocemuli sistemisTvis 
SevadginoT wonasworobis gantolebebi 
(𝑥, z RerZebze proeqciebSi da x, y, z 
RerZebis mimarT momentebisTvis): 

cos60 0,

sin 60 0,

0, .
2

0,

0.

A B

A B

A

B

X X S

Z Z P S

AB
Z AB P

P KF S AL

X AB

   


   


   

    

  

 

 

geometriuli mosazrebebidan gamomdinare  vipoviT: 

cos60 ; cos30 .
2

AD
KF AL AD    

am sistemis amoxsnis Sedegad miviRebT 

60
2

B

P
Z   n; 
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(igivurad sruldeba), 

cos60 120 0,5
34,5

2cos30 2 0,866

P KF P
S

AL

 
   


n; 

0BX  ; 

cos30 17,3AX S  n; 

sin60 120 34,5 0,8666 60 30A BZ P S Z        n. 

პ ა ს უ ხ ი : 17,3AX  n; 30AZ  n; 0BX  ; 60BZ  n; 

34,5S  n. 

 

amocana 8.22 
 Q = 100 n wonis mqone ABDC 

fanjris zeda sarkmeli gaRebulia 
α𝛼 = 60° kuTxiT. mocemulia: BD =

BH;  CE = ED; 𝐸𝐹 Toki DH wrfis 
paraleluria. ipoveT sarkmlis 
wonasworobis mdgomareobaSi 
dasaWerad aucilebeli P Zalva da 
agreTve A da 𝐵 anjamebis reaqciebi. 

a m ox s n a  
გamovsaxoT naxazze sistemaze moqmedi aqtiuri Zalebi, 

amasTan SevcvaloT bmebi maTi reaqciebiT da ase 
ganvTavisufldeT am bmebisgan. ZalTa mocemuli 
sistemisTvis SevadginoT wonasworobis gantolebebi: 

cos30 0,

0 0

sin 30 0,

.sin 30 0,
2 2

cos30 cos30 0,
2

cos30 0.

A B

A B

B

B

X X P

Z Z Q P

CD CD
Q Z CD P

DB
Q P DB

P CE X AB
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SevniSnoT, rom 𝐶𝐸=𝐴𝐵/2 da 
amovxsnaT sistema 

50
2

Q
P   n; 

cos30 50 0,866
21,7

2 2
B

P
X


   n; 

cos30A BX P X  
cos30 100 50

37,5
2 2 2 4

B

Q P
Z      n; 

 

პ ა ს უ ხ ი : 𝑃 = 50  n ,  𝑋𝐴 = 𝑋𝐵 ≈ 21,7 n ;  𝑍𝐴 = 𝑍𝐵 = 37,5 n .  

 

amocana 8.23 
 ABCD xidis 15  kn wonis 

mqone asakeci nawili 
aweulia E blokze da K 
jalambarze 
gadakidebuli CE jaWvis 
saSualebiT. E wertili 
mdebareobs CBy 
vertikalur sibrtyeSi . 
ipoveT naxazze gamosaxuli 
mdgomareobisTvis CE jaWvis 
daWimuloba da agreTve 
reaqciebi A da 𝐵 
wertilebSi. asakeci 
nawilis simZimis centri 
emTxveva ABCD marTkuTxedis centrs. 
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(igivurad sruldeba), 

a m ox s n a  
gamovsaxoT naxazze sistemaze moqmedi aqtiuri Zalebi, 

amasTan SevcvaloT bmebi maTi reaqciebiT da ase 
ganvTavisufldeT am bmebisgan. ZalTa mocemuli 
sistemisTvis SevadginoT wonasworobis gantolebebi 
arCeul koordinatTa sistemaSi: 

0 0

cos30 0.

sin 30 0,

.cos60 cos30 cos30 cos60 sin 30 0,
2

0,
2

0.

A B

A B

A

A

Y Y T

Z Z P T

AD
P T AD T AD

AB
Z AB P

Y AB




  
    


     


   

  

 

 

am sistemis amoxsnis Sedegad miviRebT 

cos60
15 152 3,75
3 1cos30 cos60 4

4
4 4

P

T    
  

 
 

kn; 

15
7,5

2 2
A

P
Z    kn; 

0;AY   

cos30 3,75 0,866 0 3,25B AY T Y         kn; 

sin30 15 3,75 0,5 7,5 5,625B AZ P T Z        kn. 
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 პ ა ს უ ხ ი : 3,75T  kn; 0;AY   7,5AZ  kn; 3,25BY  kn; 

5,625BZ  kn. 

 

 
amocana 8.24 

 200 n wonis erTgvarovani 
marTkuTxa CarCo kedelze 
mimagrebulia A sferuli 
saxsriT da 𝐵 anjamiT da 
horizontalur mdgomareobaSi 
daWerilia iseTi CE TokiT, 
romelic mibmulia CarCos 𝐶 
wertilze da 𝐴 wertilidan 
aRmarTul vertikalze 
CaWedebul E lursmanze, 
amasTan, ∠ECA = ∠BAC = З0°. 
ipoveT Tokis daWimuloba da 
sayrdenebis reaqciebi. 

a m ox s n a  
გamovsaxoT naxazze CarCoze moqmedi aqtiuri Zalebi, 

amasTan SevcvaloT bmebi maTi reaqciebiT da ase 
ganvTavisufldeT am bmebisgan. ZalTa mocemuli 
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sistemisTvis SevadginoT wonasworobis gantolebebi 
arCeul koordinatTa sistemaSi: 

cos30 cos60 0,

cos30 cos30 0,

sin 60 0,

.cos60 0,
2

cos60 0,
2

0.

A B

A

A B

B

B

X X T

Y T

Z Z G T

DC
G Z DC T DC

AD
G T AD

X AB

   


 


   


     


    

  

 

 

 

 

 

 

 

 

 

 

 

 

 

am sistemis amoxsnis Sedegad miviRebT 

0;BX   

200
200

2cos60 2 0,5

G
T   


n; 

1
cos60 cos30 200 0,866 0 86,6

2
A BX T X      n; 

2 3
cos 30 200 150

4
AY T    n; 
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1 200
cos60 200 0

2 2 2
B

G
Z T        ; 

200
sin60 200 100

2
AZ G T     Nn; 

პ ა ს უ ხ ი : 200T  n; 86,6AX  n; 150AY  n; 100AZ  n; 

0.B BX Z   

 

 
amocana 8.25 

vagonis ABCD Taros, 
romelsac SeuZlia A RerZis 
garSemo brunva, horizontalur 
mdgomareobaSi amagrebs iseTi ED 
Rero, romelic mimagrebulia 
vertikalur 𝐵AE kedelze E 
saxsaris saSualebiT. Taros da 
masze dadebuli P tvirTis 
saerTo wonaa 800 n da 
modebulia ABCD marTkuTxedis 
diagonalebis gadakveTis wertilSi. cnobilia zomebi: 𝐴𝐵 =
150 sm; 𝐴𝐷 = 60 sm; 𝐴𝐾 = 𝐵𝐻 = 25 sm. Reros sigrZea ED = 75 sm. 
ugulebelyaviT  ED   Reros wona da ipoveT S Zalva  am 
ReroSi. ipoveT, agreTve K da H anjamebis reaqciebi. 

a m ox s n a  
გamovsaxoT naxazze sistemaze moqmedi aqtiuri 

Zalebi, amasTan, SevcvaloT bmebi maTi reaqciebiT da 
ase ganvTavisufldeT am bmebisagan. 

𝐴𝐷𝐸 samkuTxedidan vipoviT: 
 

2 2 3
cos ;

5

AE DE AD

DE DE



  

 

60 4
sin .

75 5

DA

DE
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E 

SevadginoT wonasworobis gantolebebi ZalTa 
mocemuli sistemisaTvis (x, z RerZebze 
proeqciebisaTvis da momentebisTvis x, y, z RerZebis 
mimarT): 

   

   

sin 0,

cos 0,

2
2 cos 0,

2

cos 0,
2

2 sin 0.

H K

H K

K

K

X X S

Z Z P S

AB BH
P Z AB AK S AB AK

AD
P S AD

X AB AK S AB AK












   


   


  
       

 


   

      
Tu miRebul sistemas amovxsniT, miviRebT: 

8000
666,7

2cos 2 0,6

P
S


  


n; 

 sin 666,7 1,25 4
666,7

2 5
K

S AB AK
X

AB AK

  
   


n. 
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2

cos
2

2
K

AB BH
P S AB AK

Z
AB AK


 

  
  

  

800 0,5 666,7 0,6 1,25
100

1

   
   n; 

cos 800 100 666,7 0,6 500H Kz P Z S         n; 

4
sin 666,7 666,7 133,3

5
H KX X S        n. 

პ ა ს უ ხ ი : 133,3 500H HX z     666,7S  n. 

666,7KX  n; 100KZ   n; 133,3HX   n;  500Hz  n. 

 

 

 

amocana 8.26 
a = 30 sm gverdisa da P = 5 n 

wonis mqone kvadratuli 
erTgvarovani ABCD firfita 𝐴 
wertilSi damagrebulia sferuli 
saxsris saSualebiT, xolo 𝐵 
wertilSi — cilindruli saxsris 
saSualebiT. 𝐴𝐵 gverdi 
horizontaluria. 𝐸 wertilSi 
firfita wvets eyrdnoba. 𝐻 
wertilSi firfitaze moqmedebs 𝐴𝐵 gverdis paraleluri F 
Zalva. ipoveT reaqciebi A, B da E wertilebSi Tu CE = ED, 
H = 10 sm, F = 10 n da firfita horizontalur sibrtyesTan 
𝛼 = 30°° kuTxes adgens. 
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 a m ox s n a  
გamovsaxoT naxazze 

firfitaze moqmedi aqtiuri 
Zalebi, amasTan SevcvaloT 
bmebi maTi reaqciebiT da ase 
ganvTavisufldeT am 
bmebisgan. ZalTa mocemuli 
sistemisTvis SevadginoT 
wonasworobis gantolebebi 
arCeul koordinatTa 
sistemaSi: 

0,

sin 30 0,

cos30 0,

0,5 cos30 0,

sin 30 cos30 cos30 0,
3 2 2

cos30 sin 30 0,
3 2

A

A B E

A B E

E

B E

B E

X F

Y Y R

Z Z P R

R a P a

a a a
Z a F P R

a a
Y a F R

 


  
    

     

        



     

 

am sistemis amoxsnis Sedegad miviRebT 

10AX F  n; 

cos30 0,5 5 0,866 0,5 2,17ER P       n; 

1 1 1
sin30 cos30 cos30

3 2 2
B EZ F P R     

1
10 0,5 0,5 5 0,5 0,5 2,17 0,866 3,23

3
         n; 

1 1
cos30 sin30

3 2
B EY F R       

1
10 0,866 0,5 2,17 0,5 3,43

3

 
         

 
n; 
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sin30 3,43 2,17 0,5 2,35A B EY Y R       n; 

 

cos30 5 2,17 0,866 3,23 0,11A E BZ P R Z         n; 

 

პ ა ს უ ხ ი : 10AX  n; 2,35AY  n; 0,11AZ   n, 

3,43BY    n; 3,23BZ  n; 2,17ER  n. 

 

 

amocana 8.27 
P wonisa da marTkuTxa 

paralelepipedis formis mqone 
erTgvarovani horizontaluri 
fila uZravad aris mimagrebuli 
miwaze eqvsi cali wrfivi Reros 
saSualebiT. ipoveT sayrden 
ReroebSi filis wonis gamo 
aRZruli Zalvebi, Tu Reroebi 
filasTan da uZrav sadgamebTan 
mimagrebulia saxsrebiT. 

a m ox s n a  
ReroebSi arsebuli Zalvebi 

mimarTulia Reroebis gaswvriv. 

გamovsaxoT naxazze sistemaze 
moqmedi aqtiuri Zalebi, amasTan 
SevcvaloT bmebi maTi reaqciebiT 
da ase ganvTavisufldeT am 
bmebisgan. ZalTa mocemuli 
sistemisTvis SevadginoT 
wonasworobis gantolebebi 
arCeul koordinatTa sistemaSi: 
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1 5

3

2 4 6 1 5 3

2 1

2 3

1 3

cos cos 0,

cos 0,

sin sin sin 0'

sin 0,
2

sin 0,
2

cos cos 0

S S

S

S S S S S S P

AB
S EF S EF P

BH
S GE S CF P

S GC S CF

 



  





 

  

 

       


    


     

    

 

Tu am sistemas amovxsniT, miviRebT 

1 3 5 20; ;
2

P
S S S S      

6 4 .
2

P
S S   

CavweroT wonasworobis kidev erTi gantoleba— 

ZalTa momentebisaTvis AC RerZis mimarT mimarT: 

4 0,S   

Sesabamisad, 

6 .
2

P
S   

პ ა ს უ ხ ი : 1 3 4 5 2 60; ;
2

P
S S S S S S         

 

 

 

amocana 8.28 
ipoveT Zalvebi eqvs sayrden 

ReroSi, romelTac ABCD fila 
uWiravT, Tu AD gverdis gaswvriv 

moqmedebs �⃗�  horizontaluri Zala. 
zomebi miTiTebulia naxazze.  

a m o x s n a  
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wonasworobis obieqti — fila. gamovsaxoT naxazze 
Reroebis gaswvriv mimarTuli Zalvebi da SevadginoT 
nebismierad ganlagebuli ZalTa sivrculi sistemisTvis 
eqvsi wonasworobis gantoleba arCeul koordinatTa 
sistemaSi: 

 

5 2

4

6 1 3 5

4 2

1 3 2

1 6

2

cos 45 cos 45 0,

cos 45 0,

cos 45

cos 45 cos 45 0,

cos 45 0,

0,

cos 45 0.

S S

P S

S S S S

S S

Pa S a S a S a

S a S a

Pa S a

  


 


   


  


   
  


 

 

 

am sistemis amoxsnis Sedegad miviRebT 

2 52 ; 2 ;
cos45

P
S P S P         

4 2 ;
cos45

P
S P      

3 4 cos45 ;S S P    

1 3 2 6cos45 ; .S P S S P P P P S P          

პ ა ს უ ხ ი :

1 2 3 4 5 6; 2 ; ; 2 ; 2 ;S P S P S P S P S P S P                 
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amocana 8.29 

marTkuTxa karebi, romelsac 
brunvis vertikaluri AB RerZi 
gaaCnia,  gaRebulia CAD = 60° 
gradusiT da am mdgomareobaSi 
damagrebulia ori Tokis 
saSualebiT, romelTagan erT-
erTi — CD Toki, gadakidebulia 
blokze da daWimulia P =  320 n 
tvirTiT, xolo meore EF Toki 
damagrebulia iatakis F 
wertilSi. karis wonaa 640 n. sigane — AC = AD = 1,8 m 
simaRle — AB = 2,4 m. ugulebelyaviT xaxuni blokze da 
ipoveT EF Tokis T daWimuloba, agreTve A wertilSi 
moTavsebuli cilindruli saxsrisa a da 𝐵 wertilSi 
moTavsebuli saquslis reaqciebi. 

a m ox s n a   
SevcvaloT bmebi maTi reaqciebiT da ase 

ganvTavisufldeT am bmebisgan. da im faqtis 
gaTvaliswinebiT, rom samkuTxedi ADC tolgverdaa, 
SevadginoT arCeul sistemaSi wonasworobis eqvsi 
gantoleba (ix. naxazi): 

cos30 0,

cos60 0,

0,

0,5 cos60 cos60 0,

cos30 cos30 0,
2

sin 60 cos30 0.

A B

A B

B

A

A

X X P

Y Y T P

Z G

G AC P AB Y AB

AC
X AB P AB G

T AC P AD

   


   
  

        

      


     

 

 
amovxsnaT es sistema, gveqneba 

640BZ G  n; 
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0,5 cos60
cos60A

G AC
Y P

AB

 
   

 

640 0,5 1,8 0,5
320 0,5

2,4

  
    

 

160 120 280     n; 

 

cos30 cos30
2

A

AC
X P G

AB
  

 

1,8 0,866
320 0,866 640

2 2,4


    

  

 320 240 0,866 69    n; 

cos30 0,866
320 320

sin60 0,866
T P     n 

cos60B AY T P Y   
 

1
320 320 230 440

2
     n; 

 

cos30 320.0,866 69 208B AX P X     n. 

პ ა ს უ ხ ი : 320T  n; 69AX  n; 280AY   n; 208BX  n; 

440BY  n; 640BZ  n. 
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amocana 8.30 
 𝐴𝐵 Reros daxril 

mdgomareobaSi iWers ori 
horizontaluri Toki __ AD da 

𝐵𝐶. Aაmasთan, A wertilSi Rero 
eyrdnoba vertikalur kedels, 
amave kedelze mdebareobs 𝐷 
wertili, xolo 𝐵 wertili 
iatakzea ganTavsebuli. A da 𝐶 
wertilebi erT vertkalze 
imyofebian. Reros wona aris 8 n. 
ugulebelyaviT xaxuni A da 𝐵 
wertilebSi da SeamowmeT, 
darCeba Tu ara Rero 
wonasworobis mdgomareobaSi da 
ipoveT TA  da TB  daWimulobebi, agreTve sayrdeni 

sibrtyeebis reaqciebi, Tu ∠ABC = ∠BCE = 60°. 
 

a m ox s n a  
გamovsaxoT naxazze 

sistemaze moqmedi aqtiuri 
Zalebi, amasTan SevcvaloT 
bmebi maTi reaqciebiT da ase 
ganvTavisufldeT am bmebisgan. 
ZalTa mocemuli sistemisTvis 
SevadginoT wonasworobis 
gantolebebi (x, y, z RerZebze 
proeqciebSi da y RerZis 
mimarT momentebisTvis): 

2 2 2

cos30 0,

cos60 0,

0,

cos 60 cos 60 cos 60 0.
2

A B

A B

B

B A

R T

T T

R P

AB
P R AB R AB

  


 
  

    
  
Tu am sistemas amovxsniT, miviRebT 
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8BR P  n; 

cos60 2
2

A B

P
R R

 
   
 

n; 

2,3
cos30

A
B

X
T   n; 

cos60 1,15A BT T  n. 

 

პ ა ს უ ხ ი :  TA = 1,15 n; TB = 2,3 n; RA = 2 n; RB = 8 n. 
 
 

amocana 8.31 
1,2 kn  m momentis mqone wyvilZala, 

romelic T wylis turbinas abrunebs, 
gawonasworebulia kbilaniani OB 
borblis kbilze dawoliT da 
sayrdenebis reaqciebiT. kbilze 
dawolis mimarTuleba OB = 0,6 m 
radiusis perpendikularulia da 
horizontTan adgens kuTxes __ 𝛼 =
15° = 𝑎𝑟𝑐𝑡𝑔(0,268). ipoveT C saquslisa 
da A sakisaris reaqciebi, Tu turbinis 
wona lilvTan da borbalTan erTad 
aris 12 kn da mimarTulia OC RerZis 
gaswvriv, xolo manZilebi 
AC =  3 m, AO =  1 m. 

a m ox s n a  
 

გamovsaxoT naxazze wylis 
turbinaze moqmedi aqtiuri 
Zalebi da bmebis reaqciis 
Zalebi. SemoviRoT 
koordinatTa sistema da 
miRebul ZalTa sivrculi 
sistemebisTvis SevadginoT 
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wonasworobis eqvsi gantoleba: 

cos15 0,

0,

sin15 0,

sin15 0,

cos15 0,

cos15 0.

A C

A C

C

A

A

T

X X P

Y Y

Z G P

Y AC P OB

X AC P OC

M P OB

   


 
   

    
    

   

 

Tu am sistemas amovxsniT, miviRebT: 

1,2
cos15 2

0,6

TM
P

OB
   kn; 

maSin 

sin15 cos15 15 2 0,268 0,536P P tg    kn; 

sin15 12,536CZ G P   kn; 

cos15 2 4
2,667

3
A

P OC
X

AC

 
   kn; 

cos15 0,667C AX P X   kn; 

0,107C AY Y    kn. 

პ ა ს უ ხ ი : 2,667AX  kn; 0,667CX  kn; 0,107C AY Y    kn; 

12,536CZ  kn 

amocana 8.32 
AC horizontaluri RerZis mqone qaris Zravs gaaCnia 

oTxi simetriulad ganlagebuli frTa, romelTa 
sibrtyeebic AC RerZis marTobul vertikalur sibrtyesTan 

adgens 30 kuTxes. RerZidan 2 metris daSorebiT TiToeul 
frTaze modebulia am frTis sibrtyis marTobuli qaris 
dawolis 1,2 kn tolqmedi Zala, (D frTis xy sibrtyeze 
proeqcia calkea naxazze gamosaxuli). Zravis RerZi 𝐴 
wertilSi eyrdnoba sakisars, xolo 𝐶 wertilSi — 
saqusles da wonasworobaSi rCeba  𝐵 borblis kbilze 
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kbilanis mier ganxorcielebuli vertikaluri P dawoliT, 
(kbilana naxazze ar aris gamosaxuli). 𝐵 borblis radiusi 
aris 1,2 m; manZilebi:  𝐵C = 0,5 m,  AB = 1 m,    AF = 0,5 m. 

ipoveT dawola P da sayrdenTa reaqciebi. 

 a m ox s n a  
გamovsaxoT naxazze qaris Zravze moqmedi aqtiuri 

Zalebi, SevcvaloT bmebi maT Sesabamisi reaqciis ZalebiT 
da ase ganvTavisufldeT am bmebisgan. CavweroT arCeul 
koordinatTa sistemaSi wonasworobis gantolebebi ZalTa 
nebismieri sivrculi sistemisaTvis: 

0,

4 1,2 cos30 0,

0,
.

0,

1,2 4 1,2 sin 30 2 0,

0.

A C

C

A C

C

C

X X

Y

Z Z P

Z AC P AB

P

X AC
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Tu am sistemas amovxsniT, miviRebT: 

4P  kn; 
4 1

2,667
1,5

C

P AB
Z

AC

 
   kn; 

1,333A CZ P Z   kn; 4 1,2 0,866 4,16CY       kn; 

0; 0.C AX X    

პ ა ს უ ხ ი : 4P  kn; 1,333AZ  kn; 4,16CY   kn; 

2,667CZ  kn;  

0; 0.C AX X     
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amocana 8.33 
Q  Zravi Tanabrad eweva 

zeviT Q tvirTs usasrulo 
jaWvis saSualebiT. ipoveT A da 
𝐵 sayrdenebis reaqciebi da 
jaWvis daWimuloba, Tu jaWvis 
ganStoebebi horizontisadmi 
daxrilia 30°-iani kuTxeebiT 
(O1x RerZi Ax RerZis 
paraleluria). cnobilia, rom  

 𝑟 = 10 sm, 𝑅 = 20  sm,  𝑄 = 10 
kn, daWimuloba jaWvis wamyvan 
ganStoebaSi orjer metia 
amyoli ganStoebaSi arsebul 
daWimulobaze, anu  T1 = 2 ∙ T2. 

a m ox s n a  
Q tvirTis Tanabrad da wrfivad zeviT awevis 

SemTxvevaSi, rogorc es naxazzea gamosaxuli, aqtiuri 
Zalebi da reaqciis Zalebi wonasworobaSi iqnebian. aseT 
SemTxvvevaSi wonasworobis gantolebebs eqnebaT saxe (x, z 
RerZebze proeqciebSi da x, y, z RerZebis mimarT 
momentebisTvis): 

1 2

1 2

1 2

1 2

1 2

cos30 cos30 0,

sin 30 sin 30 0,

30 sin 30 60 sin 30 60 100 0,

0,

cos30 60 cos30 60 100 0,

A B

A B

B

B

X X T T

Z Z T T Q

Q T T Z

Q r T R T R

T T X

    


    

        
      

      


 

gaviTvaliswinoT, rom 
1 22T T da amovxsnaT sistema: 

1

2
10

Q r
T

R


  kn;N

2 5T  kn;N 

 1 2 0,6 cos30 9 0,866 7,8BX T T          kn 
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 1 2 cos30 7,8 15 0,866 5,2A BX X T T         kn; 

 2 10,3 sin30 0,6 3 5 0,3 1,5BZ Q T T          kn; 

 2 1 sin30 10 2,5 1,5 6A BZ Q T T Z         kn. 

 

 

 

 

 

 

 

 

 

 

 

 

პ ა ს უ ხ ი :
1 10T  kn;N

2 5T  kn; 5,2AX   kn; 6AZ  kn;

7,8BX   kn; 1,5BZ  kn. 

 

amocana 8.34 
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P = 3 kn wonis satkepni uros asawevad gamoiyeneba iseTi 
jalambari, romlis r = 20  sm radiusis mqone lilvi qveda 
boloTi A saqusles eyrdnoba, xolo meore bolo 
Camagrebulia 𝐵 sakisarSi. lilvi brunviT moZraobaSi 
moyavs Zravs. ipoveT satkepni uros Tanabrad zeviT 
asawevad aucilebeli Zravis mabrunebeli momenti da 
agreTve reaqciebi A saquslesa da 𝐵 sakisarSi. mocemulia, 
rom: ℎ1 =  1 m, h2  =  30 sm da jalambaris mbrunavi nawilebis 
wona __ P = 1 kn. 

a m ox s n a  
გamovsaxoT naxazze wonasworobis obieqtze __ 

jalambarze moqmedi aqtiuri P⃗⃗ 1 da P⃗⃗ 2 Zalebi. 
ganvTavisufldeT bmebisgan A sakisarSi, SevcvliT ra maT 
Sesabamisi reaqciis ZalebiT. SemovitanoT koordinatTa 
sistema da miRebul ZalTa nebismieri sivrculi 
sistemisaTvis SevadginoT wonasworobis gantolebebi: 

{
 
 

 
 
𝑋𝐴 + 𝑋𝐵 = 0,
𝑌𝐴 + 𝑌𝐵 + 𝑃 = 0,
𝑍𝐴 − 𝑃1 = 0,
−𝑃 ⋅ ℎ − 𝑌𝐵 ⋅ ℎ1 = 0,
𝑋𝐵 ⋅ ℎ1 = 0,
𝑃 ⋅ 𝑟 − 𝑀ბრ = 0.

 

 

Tu am sistemas amovxsniT, miviRebT: 

𝑀ბრ = 𝑃 ⋅ 𝑟 = 3 ⋅ 0,2 = 0,6  kn  m;  𝑋𝐵 = 0; 
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1

0,3 3 0,9B

h
Y P

h
      kn;  

𝑍𝐴 = 𝑃1 = 1 kn; 

3 0,9 2,1A BY P Y        kn; 

0.A BX X    

პ ა ს უ ხ ი :  𝑀ბრ = 0,6 kn  m; 0;AX  2,1AY   kn; 𝑍𝐴 =

1 kn; 

0;BX  0,9BY   kn. 

 

amocana 8.35 

jalambari, romelsac iyeneben qanebis amosatanad 
daxrili Surfidan (mcire zomis gvirabi, gayvanili 
sasargeblo wiaRiseulis dasazverad), Sedgeba 0,25 m 
radiusis da 1,5  m sigrZis mqone lilvisgan. lilvi brunviT 
moZraobaSi moyavs Zravs (romelic naxazze ar aris 
gamosaxuli). ipoveT sayrdenTa reaqciebi da Zravis 
mabrunebeli momenti 𝑀ბრ, Tu lilvis wonaa 0,8 kn, tvirTis 
wonaa 4 kn. tvirTsa da Surfs Soris xaxunis koeficientia 
0,5, Surfis horizontisadmi daxris kuTxea 30°° da trosis 
lilvidan gamosvlis wertili 𝐵 sakisridan 50 sm 
manZiliTaa daSorebuli. CavTvaloT rom lilvis brunavs 

Tanabrad.  
a m ox s n a  
gavavloT daxrili Surfis gaswvriv 𝜉 RerZi  (ix. 

naxazi). vinaidan tvirTi moZraobs wrfivad da Tanabrad, 
amitom masze moqmedi Zalebi erTmaneTs awonasworeben. 
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kerZod, samarTliania damokidebuleba (wonasworobis 
gantoleba 𝜉 RerZze proeqciaSi): 

−𝑇 + 𝐺2 𝑠𝑖𝑛 3 0
∘ + 𝐹ხახ = 0, 

saidanac, imis gaTvaliswinebiT, rom  

𝐹ხახ = 𝑓𝑁2 = 𝑓𝐺2 𝑐𝑜𝑠 3 0
∘. 

miviRebT  

 2 sin30 cos30 0T G f    

 2

1 1 3
sin30 cos30 4 3,73

2 2 2
T G f

 
       

 
kn 

 axla wonasworobis obieqtis rolSi ganvixiloT AB 

jalambari. vinaidan is brunavs Tanabrad, amitom masze 

moqmedi Zalebi aseve urTierT gawonasworebulia, 

Sesabamisad, wonasworobis gantolebebs  x, z RerZebze 

proeqciebSi da x, y, z RerZebis mimarT momentebisTvis  

eqnebaT saxe: 

 
 

 
 
 

 

 
 
 

{
 
 

 
 
XA + XB + T cos 3 0

∘ = 0,
ZA + ZB − G1 − T sin 3 0

∘ = 0,
ZB ⋅ AB − G1 ⋅ AB/2 − T sin 3 0

∘ ⋅ AC = 0,
T ⋅ 0,25 − Mბრ = 0,
−XB ⋅ AB − T cos 3 0

∘AC = 0.

. 
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gaviTvaliswinoT, rom AC = 1 m da amovxsnaT es 
sistema 

𝑀ბრ = 𝑇𝑅 = 3,73 ⋅ 0,25 = 0,93kn; 

cos30 3,73 0,866
2,15

1,5
B

T AC
X

AB

 
      kn; 

Secdoma originlSi: 0,866-is nacvlad weria 0,5 

1

1 sin30 1 3,73 0,5
0,8 1,64

2 2 1,5
B

T AC
Z G

AB

 
      kn; 

1 sin30 0,8 3,7 0,5 1,64 1,02A BZ G T Z        kn; 

 

 cos30 3,73 0,866 2,15 1,08A BX T X          kn. 

პ ა ს უ ხ ი :  𝑀ბრ = 0,93kn; 1,08AX   kn; 1,02AZ  kn; 

2,15BX   kn; 1,64BZ  kn. 

 

amocana 8.36 
transmisiis horizontaluri lilvs, romlebzec 

Camocmulia Rveduri gadacemis 𝐶 da 𝐷 Skivebi, SeuZlia 
brunva 𝐴 da 𝐵 sakisrebSi. Skivebis radiusebia: 𝑟 𝐶 =  20 sm, 
𝑟𝐷 =  20 sm; Skivebidan sakisrebamde manZilebia: 𝑎 =  Ь =

 50 sm; Skivebs Soris manZilia 𝑐 =  100 sm. 𝐶 Skivze 
gadacmuli Rvedis ganStoebebis daWimulobebi 
horizontaluria da maTi sidideebia 𝑇1 da 𝑡1, amasTan, 𝑇1  =
2𝑡1  = 5 kn, xolo 𝐷 Skivze gadacmuli Rvedis ganStoebebis 
daWimulobebi vertikalTan α𝛼 = 30° kuTxes adgenen, 
amasTan, 𝑇2 =2𝑡2. ipoveT 𝑇2 da 𝑡2 sidideebi wonasworobis 
pirobebSi da Rvedebis daWimviT gamowveuli sakisrebis 
reaqciebi.  
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a m ox s n a  
naxazze dayrdnobiT vipovoT 𝑇2 da 𝑡2 daWimulobis 

Zalebi, risTvisac SevadginoT ZalTa momentebis 
gantoleba y RerZis mimarT:  

1 1 2 2 0,C C D Dt r T r T r t r       
 

saidanac, gardaqmnebis Catarebis Semdeg miviRebT 
 

2 1

20 5
2

25 2

C

D

r
t t

r
    kn;  2 22 2 2 4T t    kn. 

 

 

 

 

 

CavweroT ZalTa momentebis gantoleba z RerZis mimarT: 

     1 1 2 2sin30 sin30 0,Bt a aT a c T a c t X a c b         
 

vipovoT XB reaqcia: 

    1 1 2 2 sin30
41,25B

a t T T t a c
X

a c b

   
  

 
kn. 
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CavweroT ZalTa wonasworobis gantoleba 𝑥 RerZze 
proeqciebSi: 

 1 1 2 2 sin30 0,A BX t T T t X     
 

Sesabamisad, 

   1 1 2 2 sin30 6,375A BX X t T T t          kn. 

CavweroT ZalTa momentebis gantoleba 𝑥 RerZis 
mimarT: 

     2 2 cos30 0.Ba c b Z T t a c     
 

vipoviT: 

  2 2 cos30
3,9B

a c T t
Z

a c b

 
 

 
kn. 

CavweroT wonasworobis gantoleba z RerZze 
proeqciebSi: 

 2 2 cos30 0.A BZ T t Z   
 

Sesabamisad, 

 2 2 cos30 1,3A BZ T t Z    kn. 

პ ა ს უ ხ ი : 2 4T  kn; 2 2t  kn; 6,375AX   kn; 1,3AZ  kn;  

41,25BX   kn; 3,9BZ  kn 

 S e n i S v n a .  amocanaTa krebulSi pasuxSi daSvebulia 

Secdoma beWvdisas ZA sididisaTvis. 

 
amocana 8.37 

Zravis 
barbacas mxridan 
muxla lilvis 
yelis D Sua 
wertilSi 
koncentrirebuli 
dawola   P =

 20  kn-is tolia da 
mimarTulia 
horizontisadmi 
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10° kuTxiT, amasTan lilvis OO1 RerZsa da D wertilze 
gamavali ODO1 sibrtye vertikalTan adgens 30° kuTxes. 
mqnevaradan saqoqze Zalva gadaecema iseTi bagiris 
saSualebiT, romlis ganStoebebi horizontisadmi 30° 
kuTxiT arian daxrilebi. P Zalis moqmedebas 
awonasworebs bagiris ganStoebebis T, t daWimulobebi 
da A, 𝐵 sakisrebis reaqciebi. mqnevaras wonaa 13 kn, 
xolo misi diametria d = 2 m ganStoebebis daWimulobebis 
jamia T +  t =  7,5 kn, xolo naxazze naCvebebi manZilebi 
tolia: D wertilidan OO1 RerZamde −  г =  125  mm;  𝑙= 250 
mm,  m = 300 mm, n = 450  mm. 
ipoveT A, 𝐵 sakisrebis reaqciebi da t, T daWimulobebi. 

a m ox s n a  
gamovsaxoT naxazze moqmedi Zalebi da bmebis reaqciis 

Zalebi, SevadginoT wonasworobis gantolebebi ZalTa 
sivrculi sistemebisTvis ( x, z RerZebze proeqciebSi da 𝑥, 
y, z RerZebis mimarT momentebisTvis): 

 

 

       

 

     

sin10 cos30 0,

sin10 sin30 0,

sin10 sin30 0,

sin70 125 100 0,

cos30 cos10 0.

A B

A B

B

B

X X P T t

Z Z G P T t

Z n m G n m l P n T t n m l

P t T

X n m T t n m l P n
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Tu am sistemas amovxsniT, miviRebT: 

𝑇 − 𝑡=0,125𝑃𝑠𝑖𝑛70°=2,34kn, 
da vinaidan 𝑇 + 𝑡=7,5kn, amitom 𝑇=4,92 kn da 𝑡=2,58 kn.

     sin10 sin30
10,25B

G n m l P n T t n m l
Z

n m

       
 

  

   cos10 cos30
20,48B

P n T t n m l
X

n m

    
   


kn;  

 sin10 cos30 5,7A BX X P T t       kn;  

 sin10 sin30 4,47A BZ G Z P T t       kn; .  

პ ა ს უ ხ ი : 5,7AX   n;  4,47AZ   kn;  20,48BX   kn;  

 10,25BZ  kn;  2,58t   kn;  4,92T  kn.  
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amocana 8.38 
erTi lilvidan mis 

paralelur meore 
lilvze brunvis 
gadasacemad 
dayenebulia iseTi  ori 
damxmare Skivi, 
romlebSic Casolilia 
𝐾𝐿 RerZi. RerZs 
SeuZlia brunva MN 
svetze damagrebul M 
sakisarSi. am svetis 
samkuTxa fuZe A da B 
WanWikebiT aris 
miWimuli iatakze, 
xolo misi C wvero 
Tavisuflad eyrdnoba 
iataks. A wvero 
gayrilia fuZis 
mrgval naxvretSi, 
xolo B  WanWiki — AB 
xazis gaswvriv gakeTebul ganiv naxvretSi. svetis 
RerZi gadis ABC samkuTxedis centrze. 

ipoveT reaqciebi A, B da C wertilebSi, Tu manZili 
KL RerZidan iatakmde 1 m-ia, Skivis centrebidan svetis 
RerZamde manZili 0,5 m-ia, Rvedebis oTxive ganStoebis 
daWimulobebi erTnairia da 600 n-is tolia. marjvena 
Rvedis ganStoebebi horizontaluria, xolo marcxena 
Rvedis ganStoebebi daxrilni arian horizontisadmi 
30°°kuTxiT. mTliani danadgaris wonaa 3 kn da modebulia 
svetis RerZze mdebare wertilSi; mocemuliazomebi: AB =
BC =  CA =  50 sm. 

a m ox s n a  
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gamovsaxoT naxazze moqmedi aqtiuri Zalebi da bmebis 
reaqciis Zalebi, arCeul koordinatTa sistemaSi 
SevadginoT wonasworobis gantolebebi miRebul ZalTa 
sivrculi sistemebisTvis: 

{
 
 
 
 
 

 
 
 
 
 
𝑋𝐴 + 𝑋𝐵 − 2𝑇 − 2𝑇 𝑐𝑜𝑠 3 0

∘ = 0,
𝑌𝐴 = 0,
−𝐺 + 2𝑇 𝑠𝑖𝑛 3 0∘ + 𝑍𝐴 + 𝑍𝐵 + 𝑍𝐶 = 0,
−𝑍𝐴 ⋅ 0,25 + 𝑍𝐵 ⋅ 0,25 − 2𝑇 𝑠𝑖𝑛 3 0

∘ ⋅ 0,5 = 0,

−𝑍𝐴 ⋅
1

3
⋅ 0,5 𝑠𝑖𝑛 6 0∘ − 𝑍𝐵 ⋅

1

3
⋅ 0,5 𝑠𝑖𝑛 6 0∘ +

+𝑍𝐶 ⋅
2

3
⋅ 0,5 𝑠𝑖𝑛 6 0∘ − (2𝑇 + 2𝑇 𝑐𝑜𝑠 3 0∘) ⋅ 1 = 0,

2𝑇 ⋅ 0,5 − 2𝑇 ⋅ 0,5 𝑐𝑜𝑠 3 0∘ − 𝑋𝐵 ⋅ 0,25 + 𝑋𝐴 ⋅ 0,25 + 𝑌𝐴 ⋅
1

3
⋅ 0,5 𝑠𝑖𝑛 6 0∘ = 0.

 

 

Tu am sistemas amovxsniT, miviRebT 

1,04AX  kn; 2 1,2BX T  kn; 0AY  kn; 

2,39AZ   kn; 1,19BZ   kn; 5,97CZ  kn; 

პ ა ს უ ხ ი : 1,04AX  kn; 0AY  ; 2,39AZ   kn; 1,2BX 

kn; 1,19BZ   kn; 5,97CZ  kn; 

S e n i S v n a . amocanaTa krebulSi pasuxi arasworia, 
gamoTvlebSi daSvebu;li SesaZlo Secdomebis gamo. 

 
amocana 8.39 
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Rvediani Skivis D sakidi A da 
C wertilebiT mimagrebulia 
sakisaris MN gluv 
horizontalur zedapirze, xolo 𝐵 
wertiliT mibjenilia masze. es 
wertilebi mdebareoben 30 sm 
gverdis sigrZis mqone 𝐴𝐵𝐶 
tolgverda samkuTxedis wveroebSi. 
D Skivis centris mdebareobas 
gansazRvraven ABC samkuTxedis 
centridan daSvebuli EF = 40 sm 
vertikali da 𝐴𝐶 gverdis 
paraleluri FD = 50 sm 
horizontali. Skivis sibrtye FD 
wrfis marTobulia. Rvedis 
TiToeuli ganStoebis P 
daWimuloba 1200 n-is tolia da 
vertikalidan 30°° kuTxiT aris 
gadaxrili. ipoveT A,B da C 
sayrdenebis reaqciebi. nawilebis 
wonebi ugulebelyaviT. 

a m ox s n a  
გamovsaxoT naxazze moqmedi 

Zalebi, bmebis reaqciis Zalebi da 
SemoviRoT koordinatTa sistema 
𝐸𝑥𝑦𝑧. gaviTvaliswinoT, rom 
borblis mxridan Zalva 𝐷 Skivis 
sakisrebs gadaecema da SevadginoT 
Skivze moqmed sivrcul ZalTa 
sistemisaTvis wonasworobis 
gantolebebi 𝑦, 𝑧 RerZebze proeqciebSi da 𝑥, 𝑦, 𝑧 mimarT 
momentebisTvis): 
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2 sin30 0,

2 cos30 0,

1 1
30sin 60 30sin 60

3 3

2
30sin 60 2 sin30 0,

3

15 15 2 cos30 0,

15 15 2 sin30 0,

A C

A B C

A C

B

A C

C A

Y Y P

Z Z Z P

Z Z

Z P EF

Z Z P FD

Y Y P FD

   


   

      


     



     
      

 

Tu am sistemas amovxsniT, miviRebT 

1,14AY  kn; 2,6CY   kn; 

1,85AZ  kn; 1,15BZ  kn; 5,08CZ   kn. 

პ ა ს უ ხ ი : 1,14AY  kn; 1,85AZ  kn; 1,15BZ  kn; 2,6CY   kn;

5,08CZ   kn 

 
 

amocana 8.40 
 
ABCD marTkuTxa CarCos 

mqone suraTi Camokidebulia 
vertikalur kedelze K kavze 
Camocmuli EKF zonariT, ise 
rom CarCos AB gverdi 
horizontaluria; E da F 
wertilebi  Sesabamisad AD da 
𝐵C gverdebis Sua wertilebia. 
suraTi kedlis mimarT α = 
𝑎𝑟𝑐𝑡𝑔 (3/4) kuTxiT aris daxrili 
da eyrdnoba kedelze CaWedebul L da M lursmnebs, 
amasTan, AL = MB. suraTis zomebia: AB =  60 sm, AD =  75 sm; 
suraTis wonaa 200 n da modebulia ABCD marTkuTxedis 
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centrSi; zonaris sigrZea 85 sm. ipoveT zonaris T 
daWimuloba da agreTve L da M lursmnebze dawola. 

 
a m o x s n a  
gamovsaxoT suraTze moqmedi^ Zalebi (nax. 1). pirvel 

rigSi ganvsazRvroT �⃗⃗� 1 da �⃗⃗� 2 Zalebis mimarTulebebi �⃗� 1 da 
�⃗� 2 veqtorebis saSualebiT. 

 

 

 

 

 

 

 

 

 

 

 

 
gamovTvaloT  

2 2 2

3 / 4 3
sin 0,6;

51 1 3 / 4

tg

tg





   

 
 

2 2 2

1 1 4
cos 0,8;

51 1 3 / 4tg



   

 
 

1 1 1

75 45
sin 0,6

2 2
K O OO     sm; 

2 2

2 2

1 1

82 60

2 2
KO KF O F

   
       

     

 
22 2 25 5 5

17 12 12 5 12 145
2 2 2

      sm; 

nax. 1 
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2
2 2

1 1 1 1

25 45
145

4 4
KK KO K O     

 

1 5 5 5
25 145 45 45 5 29 9 9 145 81 8 20

2 2 2 2
            

sm

1 1 1 1

75
cos 0,8 20 30 20 50

2
OK OK K K OO K K         

sm; 

 

vTqvaT, (xK, yK, zK) da (xE, yE, zE) — Sesabamisad 𝐾 da 𝐸 
wertilebis koordinatebia. maSin 

1 0 30 30;x K En x x       

1 1 1

45
;

2
y K En y y O K      

1 1 20.Z K En Z Z K K     

Sekvecis Semdeg miviRebT �⃗� 1 = �⃗� 1 (-12; -9; 8). 
analogiurad vipoviT �⃗� 2 = �⃗� 2 (12; -9; 8). 

vTqvaT, 𝑐𝑜𝑠 𝛼1, 𝑐𝑜𝑠 𝛽1, 𝑐𝑜𝑠 𝛾1, — �⃗� 1 veqtoris mimmarTveli 
kosinusebia, xolo  𝑐𝑜𝑠 𝛼2, 𝑐𝑜𝑠𝛽2 , 𝑐𝑜𝑠 𝛾2, — �⃗� 2 veqtoris 
mimmarTveli kosinusebi. vinaidan 

 
22 2 2 2 2

1 2 12 9 8 17,x y zn n n n n n           

amitom 

1 2
1 2

12 12
cos ; cos ;

17 17

x xn n

n n
        

1 2 1 2

9 8
cos cos ; cos cos ;

17 17
          

SevniSnoT, rom mimmarTveli kosinusebi SeiZleba jer 
gamovTvaloT koordinatTa  x1y2z1 sistemaSi, xolo Semdeg 
movabrunoT es sistema saaTis isris sawinaaRmdegod 𝛼 
kuTxiT x = 𝑥1 RerZis garSemo da gadavideT 𝑥𝑦𝑧 sistemaze 
(nax. 2, 3). 
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n 

 

 

 

 

 

 
S e n i S v n a ,  nax. 3-ze pirobiTi niSani ⨀ aRniSnavs 

imas, rom x da x1 RerZebi naxazis sibrtyis 
perpendikularulia da momarTulia Cvensken. 

axla SevadginoT wonasworobis gantolebebi 
koordinatTa xyz sistemaSi: 

 

 

 

 

1 1 2 2

1 1 2 2

1 1 2 2

1 1 1 1 1 1

2 2 2 2

1 1 1 1

2 2 2 2

cos cos 0,

cos cos 0,

cos cos 0,

cos cos

cos cos 0,

cos cos

cos cos 0,

0,

L M

L M

E E

F F

M L E E

F F

L M

N N

N N Y Y

N N Z Z G

G K O y N z N

y N z N

Z OM Z OL z N x N

z N x N

Y OL Y OM

 

 

 

 

 

 

 

 


   

     

    

  
      

  

   


 

aq, (𝑥𝐸 , 𝑦𝐸 , 𝑧𝐸) da (𝑥𝐹 , 𝑦𝐹 , 𝑧𝐹) — Sesabamisad E da F 
wertilebis koordinatebia. 

sistemis pirveli gantolebidan vipoviT: 

1 2 1 2

12 12
0 ;

17 17
N N N N      

meeqvsedan — 

,L MY Y  

es imitom, rom 𝑂𝐿=𝑂𝑀. 

nax. 2 

 
nax. 3 
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mexuTe gantolebidan, imis gaTvaliswinebiT, rom N1 =
N2,  z1 = z2, x1 = x2, cosγ1 = cosγ2, cosα1 = cosα2, OM − OL, 
miviRebT: 

.L MZ Z
 

vinaidan, yE=yF=45/2, zE=zF=30sm, xE=−xF=30sm, amitom  
sistemis meoTxe gantolebidan miviRebT: 

 
1 1

1 2

1 12 cos cosE E

G K O
N N

y z 


  


 

45
200

50 45 172 85
45 8 9 450

2 30
2 17 17


 

  
 

   
 

n. 

xolo meoredan da mesamedan — 

1

9 9
85 45

17 17
L MY Y N      n; 

1

8 8
100 85 60

2 17 17
L M

G
Z Z N         n. 

lursmnebze dawola:  

45L M LY Y Y     n;  60L M LZ Z Z      n. 

zonaris daWimuloba: 𝑇=𝑁1=𝑁2=85 n 𝑇=𝑁1=𝑁2=85 n 

პ ა ს უ ხ ი :  85T  n; 45L MY Y    n;  60L MZ Z    n. 

  

amocana 8.41 
orZafa sakidela (bifilari) 

warmoadgens 𝐵 da 𝐵1 wertilebSi 
damagrebul 𝑙 sigrZis mqone or 
uWimav Zafze Camokidebul AA1 
erTgvarovan Reros, romlis 
sigrZea AA1 =  BB1 = 2r, xolo misi 
wonaa 𝑃. Rero Semobrunebulia 
vertikaluri RerZis garSemo 𝛼 
kuTxiT. ipoveT wyvilZalis iseTi 
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𝑀 momenti, romelic unda movdoT Reros wonasworobis 
SesanarCuneblad. ipoveT agreTve Zafebis 𝑇 daWimuloba. 

a m ox s n a  
  
amocanis pirobebidan gamomdinare 

T⃗⃗ = T⃗⃗ ′ + T"⃗⃗⃗⃗ , 
sadac, 

T′ = Tsinβ, T" = Tcosβ, 
amis Semdeg, Zalebis z RerZze proeqciebisTvis 

wonasworobis gantolebidan da O1 wertilis mimarT 
momentebis gantolebidan, T′ ∙ 2r = M pirobis 
gaTvaliswinebiT, miviRebT 

.
2

P
T    

 

maSin 

.
cos 2cos

T P
T

 


 

 
nax. 1-dan ganvsazRvravT 

sin .BC l   

meores mxriv (nax. 2), 

2 sin .
2

BC r


  

 

 

 

 

 

 

 

 

 

 

Sesabamisad, 

nax. 1 

 
nax. 2 

 
nax. 3 
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2 2 2

2

4 sin
2 2sin sin , cos 1 sin .

2

l r
r

l l




  


      

maSin, 

2 2 2

.

4 sin
2

Pl
T

l r






 

. 1 — 3 naxazebis safuZvelze miviRebT 

1 2 cos sin 2 cos
2 2

M T KK T r T r
 

        

2
2

2 2 2 2 2 2

2 sin cos
sin2 2 '

4 sin 4 sin
2 2

P r
P r

l r l r

 


 




 

 

 

პ ა ს უ ხ ი :

2

2 2 2 2 2 2

sin
; .

4 sin 4 sin
2 2

P r Pl
M T

l r l r



 


  

 

 

 

 

amocana 8.42 

wesieri piramidis formis 
mqone ABDE samfexa saxsrulad 
aris damagrebuli or konsolur 
koWze. samfexas 𝐸 wveroze 
damagrebul blokze gadakidebuli 
gvarli P tvirTs maRla eweva 
jalambaris saSualebiT. blokidan 
jalambaramde gaWimulia gvarli 
konsolebis paralelurad. 
gansazRvreT qveda konsolis 
Camagrebis reaqciebi, 
ugulebelyaviT misi da samfexas wonebi. samfexas simaRlea 
l/2. 
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a m ox s n a  
gamovsaxoT samfexze moqmedi Zalebi da qveda 

konsolis myar CamagrebaSi aRZruli Zalebi (nax. 1). 
gamoviyenoT wesieri piramidis Tviseba da winaswar 

gamovTvaloT (nax. 1, 2): 

1 ;
4sin60 2 3

l l
AO    

1 1

/ 2
3 60 ;

2

l l
tg tg

AO AO
         

1 1 1

3
cos60 ; 3 .

44 3

l l
O K AO KD O K


       

 

 

 

 

 

 

 

 

 

 

 

 
nax. 1 
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vipovoT axla 𝑆3⃗⃗  ⃗, Zala, risTvisac SevadginoT 
momentebis gantoleba y RerZis mimarT: 

3 1sin60 0,S KD P O K   
 

anu, 

3 3

3 2 3
0 ;

8 94 3

l l
S P S P


     

3 3 3 3sin60 ; cos60 .S S S S     

SevadginoT qveda konsolis 
wonasworobis gantolebebi:  

𝑥 RerZze proeqciebSi  — 

2

3
cos60 0 ;

9
O OX S X P    

 
𝑦 RerZze proeqciebSi — 

0 ;O OY P Y P     

z RerZze proeqciebSi — 

3

2
sin60 0 .

3
O O

P
Z P S Z     

 
ganvsazRvroT CamagrebaSi reaqtiuli momentebi, 

risTvisac SevadginoT x, y, z RerZebis mimarT momentebis 
gantolebebi:  

3 0;
2 10 4 4 4 4

x

l l l l l l
M P P S

     
           

     
 

1 3 3 0;
10

y

l
M P KO S KD S         

1 3 0;
4 4

z

l l
M P O K S

 
     
 

 

am gantolebebidan miviRebT: 

9
;

15
xM Pl   

nax. 2 
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1 3 3

3
;

10 90
y

l
M P KO S KD S Pl

 
        

 
 

1 3

3
.

2 36
z

l
M P O K S Pl       

პ ა ს უ ხ ი :
3 2 9

; ; ; ;
9 3 15

O O O x

P
X P Y P Z M Pl           

3 3
; .

90 36
y zM Pl M Pl      

 

amocana 8.43 
 
robot-manipulatoris 

oTxmuxliani meqanizmi moTavsebulia 
horizontalur Oxy sibtyeSi. yvela 
muxls erTidaigive 𝑙 sigrZe da 
erTidaigive 𝑚 masa aqvs. manipulaciis 
obieqtis masa aris 2m. ipoveT simZimis 
Zalebis momentebi koordinatTa 
RerZebis mimarT. CaTvaleT, rom yvela 
muxli erTgvarovani Reroa. 

 
a m o x s n a  
vinaidan yvela Zala z RerZis 

paraleluria, amitom simZimis Zalis 
momentisTvis z RerZis mimarT  
SegviZlia davweroT 

0.ZM   

S e n i S v n a .  naxazze z RerZi da 
simZimis yvela Zala naxazis sibrtyis 
perpendikularulia, amasTan, niSani ⨁ 
aRniSnavs, rom Zalebi mimarTulia 
Cvengan, xolo niSani ⨀ —z RerZi momarTulia Cvensken 
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naxazis mixedviT vipovoT simZimis Zalis momentebi 𝑥 RerZis 
mimarT:

 sin 45 sin 45 2 sin 45
2 2

X

l l
M mg mg l mg l l

  
        

  
 

4,98 ;mgl  

 y  RerZis mimarT: 

 cos45 cos45
2 2

Y

l l
M mg mg l mg l l

 
      

 
 

 2 cos45 6,98mg l l mgl     . 

 

პ ა ს უ ხ ი : 4,98 ; 6,98 ; 0.X Y ZM mgl M mgl M       
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9. simZimis centri 
amocana 9.1 

ipoveT iseTi AFBD Rerovani konturis C 
simZimis centris mdebareoba, romelic 
Sesdgeba FD =  R  radiusiani wrewiris erTi 
meoTxedi ADB rkalisagan da AB qordaze, 
rogorc diametrze, agebululi 𝐴FB 
naxevarwrisagan. yvela Reros wrfivi 
simkvriveebi erTnairia. 

a m o x s n a  
vinaidan naxazze gatarebuli 𝑥 RerZi 

warmoadgens simetriis RerZs, amitom 
Rerovani konturis 𝐶 centri mdebareobs 
am RerZze. Tu aRvniSnavT 𝑙1 da 
𝑙2 simboloebiT  Sesabamisad 𝐴𝐹𝐵 da 𝐴𝐷𝐵 
konturebis sigrZeebs, miviRebT 

 1 1 2 2

1 2

, 1C C
C

x l x l
x PC

l l

  
  


 

sadac, 𝑥𝐶1 da 𝑥𝐶2 – 𝐴𝐹𝐵 da 𝐴𝐷𝐵 
rkalebis simZimis centrebis abscisebia. 

1 1 1

sin
2 2 22 1 ,

2

2

C

r
x PC FO OC r r r R



  

 
         

 
 

sadac, 
2

.
2

r R  

2 2

sin
24 .

4

Cx PC R R



 
  

 
Tu CavsvamT, 𝑥𝐶1 da 𝑥𝐶2 sidideebisTvis miRebul 

gamosaxulebebs (1) gantolebaSi da gaviTvaliswinebT imas, 
rom 
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1 2

2
,

2 2

R R
l r l

 



    

 
miviRebT: 

2 2 2 2 2 2 21 1 2
2 2 2

2 2 1

2 2

R
R R R

PC R
R

R




   




 
      

   



 

       
22 2

2 1 2 1 2 1 3 2 2 0,5235 .
R R

R R R
 

        
 

პ ა ს უ ხ ი :    2
2 1 3 2 2 0,5235 .

R
PC R R


      

 
 

amocana 9.2 

ipoveT AD da DB 
monakveTebiT da R radiusiani 
AOB naxevarwriT SemosazRvruli 
farTeulis 𝐶 simZimis centris 
mdebareoba, Tu OD = 3R. 

a m o x s n a  
gavavloT 𝑥 simetriis RerZi 

saTaviT O wertilSi. naxazze gamosaxuli figura Sedgeba 
ori figurisagan: 1 —AOB naxevarwrisagan, simZimis 
centriT 𝐶1 wertilSi da 2 — ABD samkuTxedisgan, simZimis 
centriT 𝐶2 wertilSi. 

vTqvaT, C1, C2, C3 wertilebis abscisebia Sesabamisad 
xC1, xC2, xC3, xolo 1 da 2 figurebis farTobebia Sesabamisad 
𝑆1, 𝑆2. vipovoT: 

1 1

sin
2 42 1 ;
3 3

2

Cx OC R R R
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2 2 2

1 2 5

3 3 3
Cx OC OE EC OE ED R R R         

 

2

1

1
;

2
AODS S R   

2

1

2
ADBS S AB FD     

21
2 2 2 .

2
R R R    

Tu miRebul 
damokidebulebebs Semdeg 
formulaSi CavsvamT 

1 1 2 2

1 2

,C C
C

S x S x
x OC

S S


 


 

miviRebT 
 

2 2

2 2

1 4 5 4 201 2
3 162 3 3 2 3 11,9 .

1 4 3 12
2

2

R R R R

OC R R

R R

 


 

 
          

 


 

პ ა ს უ ხ ი :
3 16

11,9 .
3 16

OC R





 


 

  

 

 

amocana 9.3 
ipoveT AO = 30 sm radiusiani ADB 

wriuli segmentis 𝐶 simZimis centri, 
Tu ∠𝐴𝑂𝐵 = 60°. 

a m o x s n a  
warmovidginoT wriuli segmentis 

farTobi rogorc ori figuris 
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farTobebis sxvaoba: figura 1 — OADB seqtori (farTobiT 
𝑆1) da figura 2 — OAB samkuTxedi (farTobiT 𝑆2). MmaSin 
segmentis simZimis centri ganisazRvreba Semdegi 
formuliT: 

1 1 2 2

1 2

,C C
C

S x S x
x OC

S S


 


 

naxazis daxmarebiT vipoviT: 

2

1

1
,

2 3
S R


  

1 1

sin
2 26 ,
3

6

C

R
x OC R



 
    

2 2

2

1 3
sin60 ,

2 4
S R R   

2 2

2 3
cos30 .

3 3
Cx OC R R    

maSin  

2 2

2 2

2 3 3 1 1
16 4 3 3 4

3 3 2 3 3

6 4 6 4

R
R R R

OC R OA

R R
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30
27,7

2 3 3
 


sm 

 

პ ა ს უ ხ ი :  OC = 27,7 sm. 
 

amocana 9.4 
ipoveT mrgval naxvretiani 

erTgvarovani diskos simZimis 
centris mdebareoba, Tu 
vigulisxmebT, rom diskos radiusia 
r1, xolo naxvretis radiusia r2 da am 
naxvretis centri daSorebulia 
diskos centridan r1/2 manZilze. 

a m ox s n a  
SemoviRoT koordinatTa sistema, 

romlis saTavesac diskos O centri warmoadgens  (ix. 
naxazi). vinaidan Ox RerZi gadis naxvretis centrzec, 
amitom is iqneba simetriis RerZic da Sesamamisad, simZimis 
centri masze iqneba moTavsebuli. mTlian diskos naxvretis 
gareSe    davarqvaT figura 1 (S1 farTobiT da simZimis 
centriT 𝐶1 = 𝑂 wertilSi.), xolo amonaWers davarqvaT 
figura 2 (S2 farTobiT da 
simZimis centriT 𝐶2 = 𝑂1 
wertilSi.). maSin miviRebT 

2

1 1 1

2 1
2 2 2 1

, 0,

, .
2

C

C

S r x OO

r
S r x OO





   

   
 

1 1 2 2

1 2

C C
C

S x S x
x

S S


 


 

 

2 1
22

1 2

2 2 2 2
1 2 1 2

2 '
2

r
r

rr

r r r r
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პ ა ს უ ხ ი :
 

2

1 2

2 2

1 22
C

rr
X

r r



 

 
amocana 9.5 

ipoveT naxazze naCvenebi rgolis 
meoTxedis simZimis centris 
koordinatebi.. 

a m ox s n a  
rgolis meoTxedis C simZimis 

centri mdebareobs simetriis Oξ 
RerZze,  (ix. naxazi) da ganisazRvreba 
formuliT 

1 1 2 2

1 2

,
S OC S OC

OC
S S

  



 

sadac 1 indeqsiT aRniSnulia 

sidideebi, romlebic Seesabamebian 

𝑅1= 3 sm radiusiani wris meoTxeds, 

xolo indeqsiT 2 — romlebic 

Seesabamebian 𝑅2 = 1 sm radiusian 

amonaWers. gvaqvs 

 

2

1 1 1 1 1

sin
1 2 4 24, ;
4 3 3

4

S R OC R R




 

     

2

2 2 2 2 2

sin
1 2 4 24, .
4 3 3

4

S R OC R R




 

     

maSin,  
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2 2

1 1 2 2

2 2

1 2

1 4 2 1 4 2

4 3 4 3
1 1

4 4

R R R R

OC

R R

 
 

 

  

 



 

3 3 2 2

1 2 1 1 2 2

2 2

1 2 1 2

4 2 4 2
,

3 3

R R R R R R

R R R R 

  
  

 
 

2 2

1 1 2 2

1 2

4
sin

4 3
C C

R R R R
x Y OC

R R





 
    


 

2 24 3 3 1 1 13
1,38

3 3 1 3 

  
   


sm. 

 

პ ა ს უ ხ ი :  xC = yC  =  1,38 sm. 

 

amocana 9.6 
ipoveT naxazze gamosaxuli figuris 

simZimis centris koordinatebi. 
a m o x s n a  
vTqvaT figura 1 — mTliani kvadratia; 

figura 2 — wrewiris meoTxedis 
amonaWeria; xolo.S1, C1, xC1 — Sesabamisad   
1 figuris farTobi, simZimis centri da 
simZimis centris ordinataa; S2, C2, xC2 — 2 
figuris analogiuri parametrebia, xolo mocemuli 
figuris 𝐶 simZimis centris ordinataa xC  (ix. naxazi). 
MmaSin 



 

 

462 
 

2

1 1

2
, ,

2
CS a x a    

2 2

2

1
,

4 2 16

a a
S



 

  
 

 

2 2 2 2 2Cx OC OO C O    

sin
2 42
3 2

4

a
a




      

4 2 2
2 1 2 .

3 3
a a a

 

 
    

 
 

1 1 2 2

1 2

C C
C

S x S x
x OC

S S


  



2
2

2
2

2 2 21 2 8
26 32 16 3 3 2 2 0,61 .

16 48 3

16

a
a a a

a a a
a

a






  

 
         

 


 

პ ა ს უ ხ ი : 0,61 .Cx a  
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amocana 9.7 
ipoveT naxazze naCvenebi 

kaSxalis ganivi kveTis 
simZimis centri imis 
gaTvaliswinebiT, rom betonis 

kuTri wonaa 24 kn / m 3
, xolo 

miwis gruntisa ki — 16 kn / m 3

. 
 
a m ox s n a  
erT grZiv metrze mosuli simkvrivis simZimis centris 

koordinatebi gamoviTvaloT 
Semdegi formulebiT 

1 1 1 2 2 2

1 1 2 2

1 1 1 2 2 2

1 1 2 2

,

.

C

C

S x S x
x

S S

S y S y
y

S S

 

 

 

 











 

aq, y1, S1, x1, y1— 
Sesabamisad miwayrilis 
simkvrive, ganivi kveTis 
farTobi da simZimis centris 
koordinatebia, xolo γ2, S2, x2, y2 —betonis simkvrive, 
ganivi kveTis farTobi da simZimis centris koordinatebia. 

naxazidan vipovoT 

1

1
8 4 16

2
S     m

2
, 1

2 16
8

3 3
x    m, 

1

1 4
4

3 3
y   m. 

 betonis konstruqcia warmovidginoT marTkuTxa 

amonaWeris mqone trapeciis saxiT, xolo TviTon trapecia 

– marTkuTxedisa da 3 m fuZis da 5 m simaRlis mqone 

samkuTxedis erTobliobad. amis safuZveze miviRebT  

2

5 2
5 1 2 15,5

2
S


     m

2
, 
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2

1 1
2 5 1 3 5 2 3 1 2 1,5

29,52 3
8 8 9,9

1 15,5
2 5 3 5 1 2

2

x

 
          

     

     

m. 

2

1 5
2 5 2,5 3 5 1 2 1

35,52 3 2,29
1 15,5

2 5 3 5 1 2
2

y

        

  

     

m. 

sabolood gveqneba  

16
16 16 24 15,5 9,9

3 8,04
16 16 24 15,5

Cx

    

 
  

m, 

4
16 16 24 15,5 2,29

3 1,9
16 16 24 15,5

Cy

    

 
  

m. 

 

პ ა ს უ ხ ი :  xC = 8,04 m;  yC = 1,9 m. 

 

amocana 9.8 
ipoveT araTanabar waxnagiani 

iseTi kuTxovanas ganivi kveTis 
simZimis centris koordinatebi, 
romlis Taroebsac aqvT 𝑂𝐴 =  𝑎, 𝑂𝐵 =
 𝑏 siganeebi da 𝐴𝐶 =  𝐵𝐷 =  𝑑 sisqeebi. 

a m o x s n a  
warmovidginoT kuTxovana, rogorc 

Semdegi ori sxeulis erToblioba: 
sxeuli 1 — 𝑂𝐵𝐷𝐾 marTkuTxedi; 
sxeuli 2 —  𝐿𝐾𝐴𝐶 marTkuTxedi. MmaSin 
kuTxovanas simZimis centris 
koordinatebi gamoiTvleba Semdegi 
formulebiT 
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1 1 2 2 1 1 2 2

1 2 1 2

, ,
S x S x S y S y

x y
S S S S

 
  

 
 

sadac, Si — 𝑖-uri sxeulis farTobia; 𝑥𝑖 , 𝑦𝑖 — 𝑖-uri 

sxeulis simZimis centris koordinatebia. 𝑖 = 1,2̅̅ ̅̅ . 
Nnaxazidan ganvsazRvravT — 

1 1 1, , ,
2 2

d b
S db x y       

 2 ,S a d d   

2 1, ,
2 2 2

a d a d d
x d y

 
      

maSin sabolood miviRebT:

 

   

2 2

2 2 ,
2

d a d
db a d d

a bd d
x

db a d d a b d


 

 
 

   
 

 

   

2 2

2 2 .
2

b d
db a d d

b ad d
y

db a d d a b d

 
 

 
   

 

პ ა ს უ ხ ი :
   

2 2 2 2

; .
2 2

a bd d b ad d
x y

a b d a b d

   
  

   
 

 
amocana 9.9 

ipoveT manZili 𝑇-ს magvari 𝐴𝐵𝐶𝐷 
kveTis simZimis centridan mis 𝐴𝐶 
gverdamde, Tu kveTis simaRlea 𝐵𝐷 =  h, 
Taros siganea 𝐴𝐶 =  𝑎, Taros sisqea 𝑑, 
xolo kedlis sisqea 𝑏. 

a m o x s n a   
vinaidan 𝐴𝐵𝐶𝐷 kveTas gaaCnia 

simetriis RerZi, amitom koordinatTa 
sistema ise avarCioT, rom 𝑦 RerZi 
simetriis RerZs daemTxves, xolo 𝑥 
RerZi qveda fuZeze gavdoT. aseT SemTxvevaSi 𝑂(𝑥𝑂 , 𝑦𝑂) 
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simZimis centri 𝑦 RerZze aRmoCndeba, anu 𝑥𝑂 = 0. amitom  
saZiebeli 𝐵O manZili 𝑦𝑂 sididis toli iqneba. 

𝑆1, 𝑆2 simboloebiT aRvniSnoT naxazze miTiTebuli 1 da 
2 figurebis Sesabamisi farTobebi, xolo 𝑦1, 𝑦2 
simboloebiT — am figurebis simZimis centrebis 
ordinatebi. miviRebT  

a m ox s n a  
 
 

1 1 2 2

1 2

O

S y S y
BO y

S S


  



 

   

2 2 2

2 2 .
2

h d d
h d b ad

ad bh bd

h d b ad ad bh bd


 

 
 

   
 

პ ა ს უ ხ ი :
 

2 2 2

.
2

ad bh bd

ad bh bd

 

 
 

 
 
 

amocana 9.10 
 

ipoveT ormagi 𝑇-s magvari 
profilis mqone koWis simZimis 
centri, romlis zomebic 
naxazzea miTiTebuli. 

a m o x s n a  
SemoviRoT koordinatTa 

sistema ise, rom 𝑥 RerZi 
daemTxves simetriis RerZs, 
rogorc es naxazzea naCvenebi. 
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warmovidginoT koWi 
sami sxeulis erToblobad: 
sxeuli 1 — marcxena 
vetikaluri marTkuTxedi; 
sxeuli 2 — Sua 
horizontaluri 
marTkuTxedi; sxeuli 3 — 
marjvena vetikaluri 
marTkuTxedi.  

maSin miviRebT 

1 1 2 2 3 3

1 2 3

C

S x S x S x
x

S S S

 
 

 
 

 20 2 1 20 2 10 15 2 21 990
9

20 2 20 2 15 2 110

       
  

    
sm. 

პ ა ს უ ხ ი :  𝑥𝐶 =  9 sm. 

amocana 9.11 
ipoveT naxazze gamosaxuli 

erTgvarovani firfitis simZimis 
centri, Tu cnobilia,  rom 𝐴𝐻 =

2  sm, 𝐻𝐺 = 1,5  sm,  𝐴𝐵 = 3 sm, :   BC =
10 sm, EF = 4  sm, ED = 2 sm. 

 a m ox s n a  
davSaloT firfita 

sam marTkuTxedad, 
rogorc es naxazzea 
naCvenebi. 

aRvniSnoT: x, y — 
firfitis simZimis 
centris koordinatebi; Si, 
xi, yi — Sesabamisad 𝑖-uri 
marTkuTxedis farTobi 
da simZimis centris 

koordinatebi 𝑖 = 1,3̅̅ ̅̅ . MmaSin 
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1 1 2 2 3 3

1 2 3

6 1 9 5 11 9 150 10
5

26 26 13

S x S x S x
x

S S S

      
   

 
sm; 

1 1 2 2 3 3

1 2 3

6 1,5 9 0,75 11 2,75 23 10
1

26 13 13

S y S y S y
y

S S S

      
   

 
sm. 

პასუხი: 
10

5
13

x  sm; 
10

1
13

y   sm. 

 amocana 9.12 
𝐴𝐵 = 2 m gverdis mqone 𝐴𝐵𝐶𝐷 

kvadratul dafaze amoWrilia 
iseTi kvadratuli 𝐸𝐹𝐺𝐻 naxvreti, 
romlis gverdebi 𝐴𝐵𝐶𝐷 kvadratis 
gverdebis paraleluria da maTi 

sigrZeebia 0,7 m. ipoveT dafis 
darCenili nawilis simZimis 
centris 𝑥  da 𝑦 koordinatebi, Tu 
cnobilia, rom 𝑂𝐾 =  𝑂1𝐾 =  0,5 m, 
sadac, 𝑂 da 𝑂1 — kvadratebis 
centrebia, 𝑂𝐾 da 𝑂1𝐾 monakveTebi kvadratebis Sesabamisi 
gverdebis paralelurni arian. 

 a m o x s n a  
aRvniSnoT: figura 1 — kvad 

rati 𝐴𝐵𝐶𝐷; figura 2 — kvadrati 
𝐸𝐹𝐺𝐻; 𝑆𝑖  𝑆𝑖  𝑆𝑖 , — Sesabamisad 𝑖-uri 
figuris farTobi da simZimis 

centris koordinatebi 𝑖 =  1, 2̅̅ ̅̅̅  
(ix. naxazi). 

saZiebeli simZimis centris 
koordinatebi gamovTvaloT 
Semdegi formulebiT 

1 1 2 2

1 2

,
S x S x

x
S S





 

1 1 2 2

1 2

.
S y S y

y
S S





 

vinaidan 
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𝑥1 = 𝑦1 = 0, 𝑆1 = 4 m
2
, 𝑆1 = 0,49 m

2
, 

𝑥2 = 𝑂𝐾 = 0,5 m, 𝑦2 = 𝑂1𝐾 = 0,5 m. 
miviRebT 

x = y = −0,07 m. 

პ ა ს უ ხ ი :  𝑥 = 𝑦 = −0,07 m. 
  
 

amocana 9.13 
𝐴𝐵𝐶𝐷 erTgvarovani marTkuTxedis 𝐷 

wveroze gaavleT 𝐷𝐸 wrfe ise, rom am wrfis 
gaswvriv CamoWriT miRebuli 𝐴𝐵𝐸𝐷 trapeciis 𝐸 
wveroTi Camokidebis SemTxvevaSi, 𝑎 sigrZis 
mqone 𝐴𝐷 gverdi aRmoCndes horizontalur 
mdgomareobaSi. 

 

a m ox s n a  
imisaTvis, rom ABED 

trapeciis E wveroTi 
Camokidebis SemTxvevaSi AD 
gverdi aRmoCndes 
horizontalur mdgomareobaSi, 

aucilebelia ZafSi �⃗�  

daWimulobis Zala da G⃗⃗  
simZimis Zala mdebareobdnen 
erT wrfeze. Tu SemovitanT 
koordinatTa sistemas ise, 
rogorc es naxazzea naCvenebi, 
maSin unda Sesruldes piroba 
xc = 0, sadac xC —trapeciis 
simZimis centris abscisaa. aRvniSnoT: figura 1 — ABEK 
marTkuTxedi; figura 2 — EKD samkuTxedi;  Si, xi — 
Sesabamisad 𝑖-uri figuris farTobi da simZimis centris 

abscisa, 𝑖 = 1,2̅̅ ̅̅ . maSin 

1 1 2 2

1 2

0.C

S x S x
x

S S


 


 

gamovTvaloT: 
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1 2, ,
2

a b
S bh S h


    

 1 2

1
,

2 3

b
x x a b       

Sedegad miviRebT 

 
1

0,
2 2 3

b a b
b h h a b


        

anu,  
2

2 0.
2

a
b ab    

vinaidan 𝑏 — arauaryofiTi sididea, amitom vipovoT 
ukanaskneli kvadratuli gantolebis arauaryofiTi fesvi: 

 
2 2

3 1 0,366 .
2 4 2 2

a a a a
b a


       

 

 

პ ა ს უ ხ ი :  𝐵𝐸 = 0366𝑎. 
 

amocana 9.14 
Mmocemulia kvadrati ABDC, romlis 

gverdi aris 𝑎. ipoveT mis SigniT iseTi 
E wertili, rom is aRmoCndes 
kvadratidan 𝐴𝐸𝐵 tolferda samkuTxedis 
amoWriT miRebuli farTeulis simZimis 
centri. 

a m ox s n a  
vinaidan kvadratidan tolferda 

samkuTxedia amoWrili, amitom x = 𝑎/2 
wrfe simetriis RerZs warmoadgens, da maSin simZimis 
centri E(xE, yE) mdebareobs am wrfeze, anu  

.
2

E

a
x   

meore koordinatis sapovnelad gamoviyenoT formula  
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1 1 2 2

1 2

,E

S y S y
y

S S





 

sadac, 𝑆1 — ABDC kvadrtis farTobia; 𝑆2 — 𝐴𝐸𝐵 
samkuTxedis farTobia; 𝑦1, 𝑦2 — Sesabamisad miTiTebuli 
kvadratis da samkuTxedis simZimis centrebis ordinatebia. 

naxazidan vipovoT: 

2

1 1 2 2

1 1
, , , .

2 2 3
E E

a
S a y S a y y y         

Sedegad miviRebT 

2

2

1 1

2 2 3 ,
1

2

E E

E

E

a
a a y y

y

a a y

  



 

 

anu  
2 22 6 3 0.E Ey ay a    

Sesabamisad, 

3 3
.

2
Ey a


  

 



 

 

472 
 

vinaidan 𝑦𝐸 sidide ar SeiZleba aWarbebdes a  sidides, 
amitom 

3 3
0,634 .

2
Ey a a


   

პ ა ს უ ხ ი : ; 0,634 .
2

E E

a
x y a    

 
amocana 9.15 

oTx adamians moaqvs erTgvarovani samkuTxa firfita. 
ori maTgani firfitas wveroebiT iWers, xolo danarCeni 
ori— im gverdebiT, romlebic Tavisufal wveroSi 
ikveTebian. Tavisufali wverodan ra manZilze unda 
ganlagdnen bolos naxsenebi ori adamiani, rom TiToeulma 
oTxTaganma firfitis mTliani masis meoTxedi zidos? 

 
a m ox s n a  
vTqvaT, firfitis simZimis cntri 𝐶 wertilSia  (ix. 

naxazi), maSin samarTliania Semdegi gantoleba 

,A A B B D D E E

A B D E

m x m x m x m x
OC

m m m m

  


  
 

sadac, 𝑚𝐴 = 𝑚𝐵 = 𝑚𝐷 = 𝑚𝐸 =  𝐺/4 
xolo, 𝐺— firfitis wonaa. 

vinaidan, 

2
, ,

3
A B D Ex x h x x x OC h       , 

amitom gantolebidan miviRebT 

8 1
2 2 .

3 3
x h h x h     

პ ა ს უ ხ ი :  Sesabamisi gverdis 

sigrZis 1/3-is tol manZilze. 
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amocana 9.16 
ipoveT marTkuTxa paralelepipedis 

wveroebSi ganlagebuli tvirTebisagan 
Semdgari sistemis simZimis centris 
koordinatebi, Tu paralelepipedis 
waxnagebis sigrZeebia: 𝐴𝐵 = 20 sm, 𝐴𝐶 =
10 sm, 𝐴𝐷 = 5 sm. 𝐴, 𝐵, 𝐶, 𝐷, 𝐸, 𝐹, 𝐺, 𝐻 
wveroebSi ganlagebuli tvirTebis 
wonebi Sesabamisad aris 1, 2, 
3, 4, 5, 3, 4 n. 

a m o x s n a  
SemovitanoT aRniSvnebi: 

(𝑥, 𝑦, 𝑧) — saZiebeli simZimis 
centris koordinatebi, 
(xA, yA, zA), 
(xB, yB, zB), . . . , (xH, yH, zH) — 
Sesabamisad A, B, . . . , H 
wertilebis koordinatebi. 

maSin naxazis mixedviT miviRebT 

1 2 3 4 5 3 4 3

1 2 3 4 5 3 4 3

A B C D E F G Hx x x x x x x x
x

              
 

      
 

1 0 2 0 3 0 4 5 5 5 3 0 4 5 3 5
3,2

25

              
  sm. 

analogiurad 

1 2 3 4 5 3 4 3

1 2 3 4 5 3 4 3

A B C D E F G Hy y y y y y y y
y

              
 

      
 

1 0 2 20 3 0 4 0 5 0 3 20 4 20 3 20
9,6

25

              
 

sm. 

1 2 3 4 5 3 4 3

1 2 3 4 5 3 4 3

A B C D E F G Hz z z z z z z z
z

              
 

      
 

 3 5 3 4 10
6

25

   
 sm. 

პ ა ს უ ხ ი :  𝑥 = 3,6 sm, 𝑦 = 9,6 sm, 𝑧 = 6 sm. 
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amocana 9.17 

 იpoveT iseTi maრთkuTxa paralelepipedis konturis 
simZimis centris koordinatebi, romlis wiboebsac 
warmoadgenen iseTi erTgvarovani Zelebi, romelTa 

sigrძeebia: 𝑂𝐴 = 0,8 m, 𝑂𝐵 = 0,4 m, 𝑂𝐶 = 0,6 m, xolo maTi 
wonebia:  𝑂𝐴 — 250 n; 𝑂𝐵, 𝑂𝐶 da 𝐶𝐷 — TiToeuli 75 n; 𝐶𝐺 
— 200 n; 𝐴𝐹 — 125 n; 𝐴𝐺 da  𝐺𝐸 — TiToeuli 50 n; 𝐵𝐷, 𝐵𝐹, 𝐷𝐸 
da 𝐸𝐹 — TiToeuli 25 n. 

  
a m o x s n a  
gadavnomroT Zelebi: 

𝑂𝐴 —1;  𝑂𝐵 —2;  𝑂𝐶 —3;  𝐶𝐷 —4;  𝐶𝐺 —5;  
𝐴𝐹 —6;  𝐴𝐺 —7;  𝐺𝐸 —8;  𝐵𝐷 —9;  𝐵𝐹 —10;  𝐷𝐸 —11;  𝐸𝐹 —12 

(ix. naxazi) 
 maSin simZimis centris (𝑥, 𝑦, 𝑧)koordinatebi 

gamoiTvleba formulebiT  
12 12 12

1 1 1, , ,
i i i i i i

i i i

m x m y m z

x y z
M M M

  

  

    
  

 

sadac 𝑚𝑖 — 𝑖-uri Zelis wonaa, 𝑥𝑖 , 𝑦𝑖 , 𝑧𝑖 — 𝑖-uri Zelis 

simZimis centris koordinatebia, 𝑖 = 1,12̅̅ ̅̅ ̅̅ ; ∑ 𝑀𝑖
12
𝑖=1  

gamovTvaloT: 
𝑀 = 250 + 3 ∙ 75 + 200 + 125 + 2 ∙ 50 + 4 ∙ 25 = 1000 n .  

 

Tu gaviTvaliswinebT imas, rom Zelebis simZimis 
centri maT geometriul centrs emTxveva, maSin miviRebT 
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   25 75 50 25 0,3 200 75 50 25 0,6

1000
x

        
  

0,175 0,3 0,35 0,6 0,2625     m; 

   200 250 25 25 0,4 50 50 125 25 0,8

1000
y

        
   

0,5 0,4 0,25 0,8 0,4     m; 

 75 75 50 125 0,2 4 25 0,4

1000
z

      
   

0,325 0,2 0,1 0,4 0,105     m. 

პ ა ს უ ხ ი :   𝑥 = 0,2625 𝑚;  𝑦 = 0,4  m;  0,105 m. 
 
 

amocana 9.18 
ipoveT erTnairi sigrZisa da 

wonis Reroebisgan Semdgari 
skamis formis sxeulis simZimis 
centris koordinatebi. Reroebis 
sigrZeebia 44 sm. 

a m ox s n a  
 simZimis centris (𝑥, 𝑦, 𝑧) 

koordinatebi vipovoT Semdegi 
formulebidan 

11 11 11 11 11 11

1 1 1 1 1 1

11 11 11

1 1 1

, , ,
11 11 11

i i i i i i

i i i i i i

i i i

lx x ly y lz z

x y z

l l l

     

  

       
     

  
 

sadac, 𝑙 = 44— erTi Reros sigrZea; 𝑥𝑖 , 𝑦𝑖 , 𝑧𝑖 — 𝑖-uri 

Reros simZimis centris koordinatebia, 𝑖 = 1,11̅̅ ̅̅ ̅̅ . 
gaviTvaliswinoT, rom erTgvarovani Reroebis simZimis 

centrebi maT geometriul centrebSi mdebareoben da 
warmovadginoT monacemebi cxrilis saxiT:  
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Sedegad miviRebT 

5,5 5,5 44
22

11 11

l
x

  
    sm; 

4 4 44
16

11 11

l
y


   sm; 

0
0

11
z   sm. 

პ ა ს უ ხ ი :  𝑥 = −22 sm;  𝑦 = 16 sm; 𝑧 = 0; 
amocana 9.19 

ipoveT Svidi Rerosgan 
Semdgari brtyeli fermis simZimis 
centris koordinatebi. yvela 
RerosTvis 1 m sigrZis wona 
erTnairia. 

a m ox s n a  
gadavnomroT Reroebi da  (ix. 

naxazi) da CavweroT fermis 
simZimis centris (𝑥, 𝑦) koordinatebis gamosaTvleli 
formulebi Semdegi saxiT:  

7 7

1 1, ,
i i i i

i i

l x l y

x Y
L L

   
 

 

saadac li — 𝑖-uri 

Reros sigrZea, xolo 𝑥𝑖 , 𝑦𝑖 

— 𝑖 -uri Reros 

koordinatebia, 𝑖 = 1,7̅̅ ̅̅ ; 

X 

X 
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7

1

3 3 2,5 2 2 1,5 16i

i

L l


        m. 

gaviTvaliswinoT is faqti, rom erTgvarovani Reroebis 
simZimis centri maTi gverdis centrSi mdebareobs da 
warmovadginoT monacemebi cxrilis saxiT: 

 

maSin 

   2,5 2,5 2 1 2,5 2 3 23,5
1,47

16 16
x

     
   m, 

   3 1,5 2,5 2,25 0,75 1,5 2,5 0,75 15
0,94

16 16
y

      
 

m .  

 

პ ა ს უ ხ ი :   𝑥 = 1,47 m; 𝑦 = 0,94 m. 

 
amocana 9.20 

ipoveT marTkuTxa paralelepipedisgan da kvadratuli 
kveTis mqone saxelurisgan Sedgenili xis CaquCis simZimis 
centris koordinatebi..  
mocemulia:  𝑎 = 10 sm;  𝑏 = 8 sm;  𝑐 = 18 sm;  𝑑 = 40 sm; 𝑙 = 3 
sm. 

 
a m ox s n a  
warmovidginoT CaquCi rogorc ori sxeulis 

gaerTianeba: l — marTkuTxa paralelepiredi da 2— 
kvadratuli kveTis mqone saxeluri  (ix. naxazi). 
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maSin sawyis monacemebze dayrdnobiT gamovTvliT am 
sxeulebis  𝑉1  da 𝑉2 moculobebs da simZimis centrebis 
(𝑥1, 𝑦1, 𝑧1) da (𝑥2, 𝑦2, 𝑧2) koordinatebs. 

1 10 8 18 1440V abc     sm
3
 

1 10, 4
2

b
x y    sm,  

1 0;z   

2 2

2 3 40 360V l d     sm
3
 

2 20, 28
2

d
x y b     sm,  

2 0;z   

vipovoT saZiebeli koordinatebi:  

 

1 1 2 2 1 1 2 2

1 2 1 2

0, 0,
V x V x V z V z

x z
V V V V

 
     

 
 

1 1 2 2

1 2

1440 4 360 28

1440 360 1800

V y V y
y

V V

    
   

 
sm. 

პ ა ს უ ხ ი : 0; 8,8x y   s m ;  0.z   
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amocana 9.21 

 
msubuqi kreiseris wonaa 

19 000 kn. korpusis simZimis centri 
mdebareobs vertikalze — 
kilidan 𝑦1 = 6 m simaRleze. 
wyalSi CaSvebis Semdeg korpusis 
SigniT daayenes mTavari manqanebi 
da qvabebi. mTavari manqanebis 
wonaa 4500 kn xolo maTi simZimis 
centris ordinataa 𝑦2 = 3 m, 
qvabebis wonaa 5000 kn, xolo maTi 
simZimis centris ordinataa 𝑦3 = 4,6 m. ipoveT korpusis, 
manqanebis da qvabebis saerTo simZimis centri __ 𝑦𝐶 . 

 
a m ox s n a  
 
korpusis, manqanebis da qvabebis saerTo simZimis 

centri  (ix. naxazi) ricxobrivad tolia 

4500 3 5000 4,6 19000 6

4500 5000 19000
Cy

    
 

 
 

150
5,28

28


 


m. 

პ ა ს უ ხ ი : 𝑦𝐶 = 5,28 m. 
 

amocana 9.22 
 
45000 kn wyalwyvis mqone 

xomaldze 300 kn wonis mqone 
tvirTi xomaldis wina 
nakveTuridan gadaitanes ukana 
nakveTurSi 60 m manZilze. 
ramdeniT gadainacvlebs 
xomaldis da tvirTis saerTo 
simZimis centri? 

a m ox s n a  
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SemoviRoT koordinatTa sistema, rogorc es naxazzea 
naCvenebi, da gamovTvaloT Zveli C1 da axali 𝐶2 simZimis 
centrebis mdebareobebi: 

1 2
1

300 45000
,

300 45000

x x
OC

 


 
 

 1 2

2

300 60 45000

300 45000

x x
OC

  


 
, 

maSin,  

1 2 2 1C C C OC OC      

 1 2 1 2300 60 45000 300 45000 300 60
0,4

45300 45300

x x x x      
  

 
m. 

 

 

პ ა ს უ ხ ი :  0,4 m e t r i T .  
 

amocana 9.23 

erTgvarovani 𝐴𝐵𝐶𝐷𝐸𝐹 tetraedri 
wakveTilia fuZis paralelurad. 
mocemulia  (ix. naxazi): 𝐴𝐵𝐶 
samkuTxedis farTobia 𝑎, 𝐷𝐸𝐹 
samkuTxedis farTobia 𝑏, am 
samkuTxedebs Soris manZilia ℎ. ipoveT 
𝑧 manZili mocemuli wakveTlili 
tetraedris simZimis centridan 𝐴𝐵𝐶 
fuZemde. 

a m o x s n a  
elementaruli maTematikis kursidan cnobilia, rom : 

 

2

2

a H

b H h
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;

1

h a
H h

b a b

a

 




 

;
b

H h h
a b

 


 

SemoviRoT aRniSvnebi: 
sxeuli 1 — mTliani 𝐴𝐵𝐶𝐺 
tetraedri, sxeuli 2 — misi 
wakveTili 𝐷𝐸𝐹𝐺 nawili  (ix. 
naxazi). saZiebeli manZili 
gamoiTvleba formuliT 

1 1 2 2

1 2

,
V z V z

z
V V





 

aq 𝑉𝑖 —𝑖-uri sxeulis 
moculobaa;  𝑧𝑖 — 𝑖-uri 
sxeulis simZimis centris 

aplikataa, 𝑖 = 1,2.̅̅ ̅̅ ̅ 
gamovTvaloT: 

1 1

1 1
, ,

3 4
V aH z H    

   2 2

1 1 3
, .

3 4 4

H h
V b H h z H h h


        

miviRebT 
 

  
 

 
  

2 22 4 331

4 4

a b ab baH b H h H h h
z

aH b H h a b a a b b

   
  

   
 

3

4

h a a b b b a a b

a a b b
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2 3 2 3 2 3
.

4 4

a ab b a ab b a ab bh h

a b a ab b a ab b

     
 

    
 

პ ა ს უ ხ ი :
 
 

2 3
.

4

a ab bh
z

a ab b

 


 
 

 
amocana 9.24 

wyalqveSa naRmis korpuss aqvs 
cilindris forma amozneqili sferuli 
fskerebiT. cilindruli sartyelis 
radiusia 𝑟 = 0,4 m, xolo simaRle  ℎ =
2𝑟, sferuli segmentebis simaRleebi 
Sesabamisad tolia: 𝑓1 = 0,5𝑟  da 𝑓2 =
0,2𝑟. ipoveT naRmis korpusis simZimis 
centri. 

a m ox s n a  
vinaidan z RerZi warmoadgens 

simetriis GRerZs, amitom saZiebeli 
C(xC, yC, zC) simZimis centrisTvis 
samarTliania — xC = yC = 0. garda 
amisa, zedapiris simZimis centri 
emTxveva naxazze gamosaxuli 
konturis simZimis centrs. Sedegad 
miviRebT 

 2 2 2 2 2 2

2 2 1 1
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 1 1 2 1 1 1

2 2 1 1

.
2

r f h r OC

r h r



 

  

 
 

naxazis mixedviT vipoviT 

1 1 1

5
, sin 0,8, 0,927

4
r r       rad.; 

2 1 2

5
2,6 , sin , 0,395

13
r r       rad. 

2 1
2 2 2 2 2 1

2 1

sin sin
2,5 , 1,08 .O C r r O C r r

 

 
      

maSin sabolood miviRebT: 

0,395 2,6 0,1 2 2 1,2 0,927 1,25 2,53
1,2665 0,507

0,395 2,6 2 2 0,927 1,25
Cz r r

       
  

    
 

პ ა ს უ ხ ი :  𝑥𝐶 = 𝑦𝐶 = 0; 𝑧𝐶 = 0,507 m. 
 

amocana 9.25 
ipoveT cilindris zRvruli h 

simaRle, romlis drosac erTnairi 
radiusisa da erTnairi simkvrivis mqone 
cilindrisa da naxevarsferosagan 
Sedgenili sxeuli  wonasworobis 
mdgomareobaSi kargavs mdgradobas, 
roca is naxevarsferos zedapiriT gluv 
horizontalur sibrtyes eyrdnoba, 

(mTeli sxeulis simZimis centri 
unda emTxveodes naxevarsferos centrs. 
manZili erTgvarovani naxevarsferos 
simZimis centridan missave fuZemde aris 

3

8
r ) 

. 
a m ox s n a  
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mdgradobis dakargva 
moxdeba im SemTxvevaSi, Tu 𝐶 
sxeulis simZimis centri 
aRmoCndeba 𝐴𝐵 wrfeze maRla 
(ix. naxazi). zRvrul 
SemTxvevaSi simZimis centri 
emTxveva naxevarsferos centrs. 
am mosazrebis safuZvelze 
sxeulis simZimis centris 
aplikatasTvis CavweroT 
Semdegi damokidebuleba: 

1 1 2 2

1 2

C

V z V z
z

V V





 

imis gaTvaliswinebiT, rom 

3 2

1 1 2 2

2 3
, , , , 0

3 8 2
C

h
V r z r V r h z z           

miviRebT 

3 2

2 2

3 2

2 3

3 8 2
0 0

2 4 2 2.,
3

h
r r r h

r h r
h

r r h

 

 

 
          



 

პ ა ს უ ხ ი :
2

r
h  . 

 

amocana 9.26 
ipoveT konusis zRvruli ℎ simaRle, 

romlis drosac  erTnairi simkvrivis mqone 
konusisagan da 𝑟 radiusiani 
naxevarsferosgan Sedgenili sxeuli  
wonasworobis mdgomareobaSi kargavs 
mdgradobas, wina amocanis pirobebis 
gaTvaliswinebiT.  

a m o x s n a  
 

wina amocanis analogiurad gveqneba 
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1 1 2 2

1 2

V z V z
z

V V





 

sadac, 𝑧 — mTliani mTliani sxeulis simZimis 
centris aplikataa (ix. naxazi),   

3 2

1 1 2 2

2 3 1
, , , , 0,

3 8 3 4
C

h
V r z r V r h z z            

Sedegad miviRebT 

3 2

3 2

2 3

3 8 4
0,

2 1

3 3

h
r r r h

r r h

 

 

 
 

 




 

აn rac igivea 
2 2 3.h r h r    

 პ ა ს უ ხ ი : 3.h r  

 

amocana 9.27 
Txeli erTgvarovani 

furceli dakecilia 
ori samkuTxedisa da 
erTi kvadratis formiT, 
rogorc es naxazzea 
naCvenebi; 𝑂𝐴𝐵 
tolferda samkuTxdi 
mdebareobs 𝑥𝑦 sibryeSi, 
𝑂𝐷𝐸 marTkuTxa 
samkuTxedi — 𝑦𝑧 
sibrtyeSi (marTi kuTxis wveroa 𝐸  wertili), xolo 𝑂𝐵𝐾𝐸 
kvadrati — horizontalur sibryeSi. ipoveT dakecili 
furclis simZimis centris koordinatebi. 

a m o x s n a  
 
SemoviRoT aRniSvnebi: figura 1— samkuTxedi 𝑂𝐴𝐵, 

figura 2 — samkuTxedi 𝑂𝐷𝐸, figura 3 — kvadrati 𝑂B𝐾𝐸; 
𝑆𝑖 ,  𝐶𝑖 (𝑥𝑖 ,  𝑦𝑖 , 𝑧𝑖) — Sesabamisad 𝑖 -uri figuris farTobi da 



 

 

486 
 

simZimis centri, 𝑖 = 1,3̅̅ ̅̅ ; 𝐶 (𝑥𝑖 ,  𝑦𝑖 , 𝑧𝑖) — dakecili furclis 
simZimis centri  (ix. naxazi). gveqneba: 

1 1 2 2 3 3 ,C

S x S x S x
x

S

 
  

1 1 2 2 3 3 ,C

S y S y S y
y

S

 
  

1 1 2 2 3 3 ,C

S z S z S z
z

S

 
  

sadac, 𝑆 = 𝑆1+𝑆3+𝑆3. 
 

 

 

 

 

 

 

 

 

 

SevitanoT gamoTvlili monacemebi cxrilSi: 
 

 

 

 

 

 

Tu am monacemebs dakecili furclis centris 
koordinatebis formulaSi SevitanT, miviRebT:

320
3,33

96
Cx   sm, 

128
0,444

288
Cy   sm, 

1024
3,55

288
Cz   sm, 

 

პ ა ს უ ხ ი : 3,33Cx  sm, 0,444Cy  sm, 3,55Cz  sm, 
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