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S e s a v a l i 

mokle istoriuli mimoxilva 

masalaTa gamZleobas, rogorc mecnierebas, safuZveli Cauyara didma 

italielma mecnierma da astronomma galileო galileim (1564 -1642). 1638 

welsman pirvelma gamoaqveyna Sromebi, sadac ganxiluli iyo zogierTi 

sakiTxi dinamikasa  da masalebis gamZleobaze. 

 1660 wels r. hukma Camoayaliba kanoni, romelic kavSirs amyarebda 

datvirTvasa da deformacias Soris. am kanonma didi gavlena moaxdina 

masalaTa gamZleobis ganviTarebaze. es mecniereba gansakuTrebiTXVIII 

saukuneSi ganviTarda, rodesac moRvaweobda leonard eileri. orTqlis 

manqanebis danergvam, rkinigzebis mSeneblobam, xidebis, jebirebis, didi 

gemebis agebam da sainJinro nagebobebis mSeneblobam, gamoiwvia simtkiceze 

gaangariSebis meTodebisa da gamoTvlebis xerxebis swrafi  ganviTareba. 

XIX saukunis bolosa da XX saukunis dasawyisSi masalaTa 

gamZleobaSi mniSvnelovani gamokvlevebi Caatares rusma inJinrebma da 

mecnierebma. eseni iyvnen: d. Jukovski, a. gadolini, x. golovini, f. iasinski, 

v. kirpiCevi, i. bubnovi, s. timoSenko da sxvebi. 

masalaTa gamZleobam, rogorc mecnierebam,gansakuTrebuli aRmavloba 

ganicada XX saukuneSi. esaRmavloba ganapiroba manamde arnaxuli infrast- 

ruqturebis Seqmnisa dateqnikis ganviTarebis gadaudebelma saWiroebam. am 

mimarTulebiT mniSvnelovani gamokvlevebi awarmoes didma mecnierebma. eseni 

iyvnen: a. krilovi, v. vlasovi, b. galiorkini, k. zavrievi, n. beliaevi, m. 

JemoCkini, a. uSinski, n. puzirevski, i. rabinoviCi, p. pasternaki, s. ponomarevi, 

n. bezuxovi, a. gvozdevi, n. snitko, m. filonenko-borodiCi, p. papkoviCi,s. 

serenseni, a. smirnovi, v. bolotini da sxvebi. 

qarTvel mecnierTagan gansakuTrebuli aRniSvnis Rirsia n. 

musxeliSvili  da i. vekua, agreTve g. muxaZe, S. miqelaZe, v. kupraZe, a. 

kakuSaZe, o. oniaSvili, al. losaberiZe da sxvebi.  

 

 

 SemswavlelTa sayuradRebod!  

 

masalaTa gamZleobis sagans gansakuTrebuli adgili ukavia sainJinro 

saqmeSi. specialobis sagnebis daZlevisaTvis, rogorebicaa, mag., liTonTa 

konstruqciebi, xidebi, manqanaTa nawilebi da sxva, aucilebelia masalaTa 

gamZleobis saangariSo meTodebis codna. am sagnis ugulebelyofam 

SeiZleba gaugebari gaxados specialobis saganTa Sinaarsi. garda 

amisa,diplomis dacvaze diplomantebs eZlevaT damatebiTi SekiTxvebi am 

sagnidanac. swored amitom mocemulma kiTxva-pasuxebma SeiZleba maT didi 

sargebloba moutanos. rac Seexeba inJinrebs,praqtikuli saqmianobisas, 

eWvgareSea, romam sagnis nebismieri saxelmZRvanelomaT yovelTvis karg 

samsaxurs gauwevs.  
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I T a v i 

ZiriTadi cnebebi 

1.1. masalaTa gamZleoba 

nebismieri sainJinro nagebobis an manqanis elementebma eqspluataciis 

dros unda SeinarCunos forma da zomebi.Tumca,bunebaSi ar arsebobsab-

soluturad myarisxeulebi da realuri sxeulebi gare zemoqmedebisas de-

formacias Tavs ver daaRweven. radgan elementebis verc deformacias da 

verc daZabulobas (romelic deformaciasTan sdevs)Tavidan ver avicilebT, 

saWiroa isini movaqcioT garkveul farglebSi, raTa ar Seiqmnas nagebobis 

elementis rRvevis safrTxe.  imis saSiSroeba, rom gare zemoqmede-

bagarkveul etapze safrTxis Semcveligaxdebada deformirebis procesi 

rRveviT damTavrdeba,yovelTvisarsebobs.es rom gamoiricxos, masalaTa gam-

Zleoba iZlevasaangariSo formulebs, romlebiTac afasebs sxeulis 

daZabul-deformirebul mdgomareobas.igi adgens simtkicispirobas, rom-

liTac gansazRvravs nagebobis elementis iseT optimalur zomebs, romlis 

drosac misi simtkiceuzrunvelyofiliiqneba.unda aRiniSnos, rom es xdeba-

masalis ekonomiurobis principis dacviT -simtkicis Warbi maragis datove-

bis gareSe.amrigad, gadasawyvetiamocanaerTdroulad ayenebs or moTx-

ovnas:nagebobaTa elementebiunda iyos mtkice da ekonomiuri. 

amasgarda,nagebobam SeiZleba uaresad imuSaos maSin, rodesacmisi ele-

mentebi Seicvliangaregnul saxesdidi deformaciebis ganviTarebis gamo,e.i. 

maSin, rodesac isini ar iqnebian sakmarisad xistebi.es rom ar moxdes, ma-

salaTa gamZleoba adgenssixistis pirobasac. sixiste aris masalis elemen-

tis unari –SeewinaaRmdegos deformacias,  romelic dasaSvebis farglebs 

scildeba.  

dauSvebeliaagreTve,rom konstruqciuli elementis Tavdapirveli   

forma ucebDmkveTrad Seicvalos, anu  ar unda eqnes adgiliformis mdgra- 

dobis dakargvas. 

masalaTa gamZleobis Seswavlis obieqtia calkeuli Rero anu 

Zeli.amdenad, ZiriTadad ganixileba Reros simtkicis, sixistis da mdgrado-

bis uzrunvelyofis sakiTxebi. magram misiroli mxolod amiT ar Semo-

ifargleba. mSeneblobasa da manqanaTmSeneblobaSi konstruqciebis gaan-

gariSeba ZiriTadad warmoebs im Sedegebis gamoyenebiT, romlebic masalaTa 

gamZleobaSi miiReba. ase rom,saimedo da ekonomiuri daproeqtebis saqmeSi 

igi gvevlineba, rogorc am saqmis erT-erTi safuZvelTagani. 

cxadia, konstruqcia saimedo iqnebamaSin, roca igi mtkicea, xisti da 

mdgradi.U 

konstruqcia mtkicea,niSnavs, rom eqspluataciisas misi elementebiar 

dairRveva. 

konstruqcia xistia, e.i. adgili ar eqneba mniSvnelovan deformaciebs 

(iseTs, romlebsac SeuZlia, xeli SeuSalos normalur eqspluatacias). 
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konstruqcia mdgradia, maSasadame, igi ar dakargavs misTvis miniWebul 

formas. magaliTad, sakmarisad grZelma SekumSulma Rerom SesaZlebelia 

dakargos misTvis miniWebuli sworxazovani forma da uceb gamoiburcos. 

amrigad, masalaTa gamZleobis ZiriTadi daniSnulebaa, rom awarmoos 

Reroebisa da zogierTi martivi konstruqciebis gaangariSeba simtkiceze, 

sixistesa da mdgradobaze ise, rom daculi iqnas masalis ekonomiurobis 

principi. 

masalaTa gamZleoba aris pirveli Teoriuli, teqnikuri disciplina, 

romelic umaRles teqnikur saswavlebelSi Seiswavleba. igifarTod iyenebs 

iseT Teoriul disciplinebSi miRebul Sedegebs, rogorebicaa: umaRlesi 

maTematika, fizika, Teoriuli meqanika, amavdroulad xasiaTdeba 

movlenebisadmi midgomis specifikiT, ris gamoc igi miekuTvneba rTuli te-

qnikuri disciplinebis rigs. 

 

1.2.ZalTa klasifikacia 

eqspluataciis dros nageboba an manqana garemomcveli garemos mxriv 

mravalgvar zemoqmedebas ganicdis. maTgan masalaTa gamZleoba ZiriTadad  

mxolod meqanikur zemoqmedebas gamoyofs da mas asaxavs ZalTa (dat- 

virTvaTa)meSveobiT. Zala erTi sxeulis meore sxeulze zemoqmedebis 

raodenobrivi zomaa. ZalebiSeiZleba erTmaneTisgan gansxvavdebodessxva- 

dasxva niSnis mixedviT–zemoqmedebis siZliere SeiZleba icvlebodes, mag., 

zemoqmedebis xasiaTidangamomdinare an moqmedebis periodulobis gamo,an 

sxvaniSniT, ris gamocmizanSewonilia maTi daxarisxebasxvadasxvaniSniT: 

1) unda ganvasxvavoT gare da Siga Zalebi. gare Zalebi nagebobis eqs- 

pluataciis dros elementebis an manqanaTa nawilebis erTmaneTze gadace- 

muli Zalebia, agreTve qaris, Tovlis  da sxvaTa zemoqmedebaa;Siga Zalebi 

ki sxeulis deformaciis Sedegad warmoqmnili drekadobis is Zalebia, 

romlebic cdilobsSeewinaaRmdegosam deformacias.maT agreTveZalvas 

uwodeben. 

2) gare Zalebi SeiZleba iyos aqtiuri da reaqtiuli. es ukanaskneli 

aRiZvreba, rogorc ukuqmedebis Zalebi sayrdenebSi. aqtiuri Zalebi mocemu- 

li Zalebia, romlebic winaswaraa cnobili, xolo reaqciis Zalebi maT 

mixedviTgamoiTvleba.  

3) gare Zalebi SeiZleba iyos zedapiruli da moculobiTi. pirveli 

ganawilebulia sxeulis zedapirze, magaliTad, Tovlis datirTva, meore ki 

_ mTel moculobaSi, mag., simZimis Zala, inerciis Zala da sxv. 

4) zemoqmedebis tempis mixedviT,ganasxvaveben statikur da dinamikur 

datvirTvebs.  

statikuri datvirTva droSi aRar Seicvleba,roca miaRwevs Tavis sab-

oloo mniSvnelobasanSeicvleba Zalian nela. 
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dinamikuri datvirTva drois mokle SualedSi mkveTrad icvleba, rasac 

konstruqciis elementebis aCqareba da damatebiT, inerciis Zalebis aRZvra 

mosdevs Sedegad. 

dinamikuri datvirTvis gansakuTrebuli saxea cikluri anu droSi 

periodulad cvladi datvirTva, romelic zemoqmedebs konstruqciul ele-

mentze misi eqspluataciisas. 

5) moqmedebis xangrZlivobis mixedviT, ganasxvaveben mudmivsa da 

droebiT datvirTvebs. pirvelis magaliTia Senobis sakuTari wona, meoris 

ki – matareblis moqmedeba xidze d sxv.  

masalaTa gamZleoba Tavdapirvelad Seiswavlis simtkicisa da sixistis 

sakiTxebs, datvirTvebis statikuri moqmedebisas. kursis  meore nawilSi, 

dasasrulisken,igiganixilavs datvirTvebis dinamikur moqmedebasac da gar-

da amisa, arcReros mdgradobis sakiTxebsauvlis gverds. 

 

 1.3. deformacia, Zabva, gadaadgileba 

rogorc aRiniSna, gare datvirTvis zemoqmedebiT sxeulebi (kon-

struqciis elementebi)  deformirdeba, anu icvlis formasa da 

zomebs;rogorc amboben, isinideformacias ganicdian. bunebrivia, rom 

sxeulebi deformirebisas iZabebian. 

Tu es daZabuloba ar aris didi,gantvirTvis Semdegsxeuli daubrun- 

deba sawyis mdgomareobas. sxeulis sawyis mdgomareobaSi dabrunebas uz-

runvelyofsdrekadobis Siga Zalebi,e.i. garkveul farglebSi datvirTul 

sxeulSi deformacia savsebiT gaqreba gantvirTvis Semdeg.  

deformacias, romelic mTlianad qreba, drekadi deformaciahqvia, xo-

lo sxeuls,romelSic gantvirTvis Semdegdeformacia qreba– drekadi sxeu-

li.Tu datvirTvebi gadaaWarbebs  garkveul sazRvars, maSin sxeuli 

drekadobas bolomde veRar gamoavlens da gantvirTuli veRar aRdgeba-

sawyisi formiTa da zomebiT. am drossxeulSi drekad deformaciasTan er-

Tad ganviTardeba narCeni, anu plastikuri deformacia. 

deformacias, romelic ar qreba sxeulis gantvirTvis Semdeg, plasti-

kuri anu narCeni deformacia hqvia. 

rogorc aRvniSneT,gare zemoqmedebisagan daZabul-deformirebuli 

sxeulis SigniTaRiZvreba Siga Zalebi, romelTa Seswavla masalaTa gam- 

Zleobis erT-erTi ZiriTadi amocanaa. 

fizikidan cnobilia, rom sxeuli Sedgeba atomebisagan. atomuri 

agebulebis poziciidan Siga Zalebis gaangariSebis Catareba Zalze rTuli 

amocanaa. amis gamo sxeulis realuri, diskretuli struqturis ganxilvaze 

uars ambobenda gaangariSebis gamartivebis mizniT uSveben, rom sxeuli 

mTliania da ara diskretuli (Sedgenili calkeuli nawilebisagan). aseTi 

idealizebuli, mTliani sxeulis SigniT Siga Zalebis arseboba mxolod 

kveTis meTodiT SeiZleboda gamovleniliyo. marTlac, sxeulis warmosaxvi- 

TიgakveTis Sedegad miiReba ori nawili, romlebic urTierTqmedeben da Si-

ga Zalebad swored urTierTqmedebis es Zalebia miCneuli. 
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davuSvaT,rom sxeuli 

datvirTuliagawonaswore- 

bul ZalTa 𝐹1, 𝐹2, 𝐹3, 𝐹4  da 𝐹5 

sistemiT (nax.1,a). es sxeuli 

warmosaxviT gavkveToT raime 

kveTiT da I da II nawili gan- 

vixiloT calcalke. 

vTqvaT,davtovoT qveda I na-

wili. masze moqmedebs gare 

𝐹4 da 𝐹5 Zala. imisaTvis, rom 

es nawili wonasworobaSi 

dar- Ces, saWiroa kveTis 

mTel farTobze movdoT Siga Zalebi. isini Secvlian moSorebuli II nawi-

lis gavlenas pirvelze, anu gamosaxaven II nawilis I -ze moqmedebas. 

Siga Zalebis dasaxasiaTeblad Semogvaqvs Zabvis cneba. Zabva aris Siga 

Zalebis intensivoba. simtkicis  pirobebi dgebaZabvis mixedviT. 

gatarebul kveTSi gamovyoT usasrulod mcire ∆𝐴  farTobi da masze 

moqmedi Siga Zalebis tolqmedi aRvniSnoT ∆𝑅  -iT. igi SeiZleba war-

movadginoT kveTis marTobi (normaluri) ∆𝑁 da mxebi  ∆𝑇Semdgenebis saxiT. 

Sesabamisad,𝑝𝑚=
∆𝑅

∆𝐴
,    𝜎𝑚=

∆𝑁

∆𝐴
,   𝜏𝑚 =

∆𝑇

∆𝐴
  sidideebs ewodebaT saSualo sruli, 

saSualo normaluri da saSualo mxebi Zabvebi ∆𝐴  farTobis farglebSi, 

xolo 𝑝 = = lim
∆𝐴→0

∆𝑅

∆𝐴
,   𝜎 = lim

∆𝐴→0

∆𝑁

∆𝐴
,𝜏 = lim

∆𝐴→0

∆𝑇

∆𝐴
sidideebs – sruli, normaluri da 

mxebi Zabva wertilSi, romliskenac moiWimeba ∆𝐴  farTobi. advili 

misaxvedria, rom am Zabvebs Soris arsebobs Semdegi damokidebuleba: 

𝑝 = √𝜎2 + 𝜏2. 

aRniSnulidan Cans, rom Zabva SeiZleba ganvixiloT rogorc farTobis 

erTeulze mosuli Siga Zala. Zabvis ganzomilebaa Zala/farT. magaliTad, 

n/m2=paskali,kg/sm2 da sxva. rom dagvetovebina zeda II nawili, cxadia, Zabvebi 

amave wertilSi iqneboda imave sididis, mxolod sapirispiro mimarTulebis.  

maSasadame, sxeulis romelime wertilSi daZabulobis gansaz-

RvrisaTvis masze warmodgeniTvatarebT kveTs. daZabulobas gamovsaxavT aq 

warmoqmnili  an sruli 𝑝 ,an misiSemdgeni normaluri 𝜎  da mxebi 𝜏  Zabve- 

biT. 

wertilze sxvadasxva mimarTulebiTgatarebul kveTebSi aRZruli Zab-

vebi sxvadasxvaa.kveTi, romelicumetesad masalaTa gamZleobaSiganixi- leba, 

tardeba sxeulisRerZis marTobulad da mas ganivkveTi ewodeba. 

vTqvaT, gvaqvs raime sxeuli, romlis zedapirze moqmedebs 𝐹 =5kn Zala. 

Tusxeulisromelime 𝐶  wertilSi gavatarebTam Zalis marTobul sibrtyes, 

romlis farTobia 20sm2 = 20 ∙ 10−4m2, maSin 𝜎Zabva am kveTSi iqneba: 

𝜎 =
𝐹

𝐴
=

5∙103

20∙10−4
= 2.5 ∙ 106pa = 2.5mpa. 

𝑭𝟏 

𝑭𝟏 

 

𝑭𝟐 

 

𝑭𝟓 

 

𝑭𝟑 

 

𝑭𝟒 

 

𝑭𝟓 

 

𝑭𝟒 

 

I 

II 

I 

∆𝑨 

∆𝑵 

 ∆𝑹 

 ∆𝑻 

 

nax. 1. 

𝒂) 

𝒃) 
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sagulisxmoa, romradgan aq kveTi 𝐶  wertilSi 𝐹 Zalis marTobulad 

gavatareT, Zabvis veqtoric kveTis normalis mimarTulebisiqneba; aseTi mi- 

marTulebis Zabva ki normaluri 𝜎 Zabvaa. rogorc iTqva, Tu kveTs Sevuc- 

vliT mimarTulebas, maSin, Sesabamisad, Seicvleba Zabvis veqtoric.yovel 

kveTs Tavisi Zabva eTanadeba. am ZabvaTa simravle gansazRvravs daZabul 

mdgomareobas aRebul 𝐶 wertilSi.  

sxeulis SigniT aRebuli nebismieri 𝐴𝐵  monakveTi sxeulis defor-

mirebis Sedegad gadaadgildeba da Tan Seicvlis sigrZes, anu miiRebs 

nazrds (nax. 2,a). gadaadgileba SegviZlia davSaloT gadatan-

iT(winsvliT)gadaadgilebad damobrunebad.  mobrunebis kuTxe nax. me-2,a nax-

azze 𝛼 –Tia aRniSnuli. 𝐴𝐵 monakveTis sigrZis erTeulis (magaliTad, 1 sm 

sigrZis) saSualo dagrZeleba iqneba: 

𝜀saS =
𝐴1𝐵1 − 𝐴𝐵

𝐴𝐵
 

amavdroulad 𝜀saS -s, wagrZelebis saSualo intensivobasac uwodeben. 

zRvarze gadasvliT miviRebT𝐴 wertilSi wrfiv fardobiT deformacias: 

𝜀𝐴 = lim
𝐴𝐵→0

𝐴1𝐵1 − 𝐴𝐵

𝐴𝐵
 . 

yovel wertilSi wrfiv fardobiT deformaciasTan erTad, adgili aqvs 

kuTxur deformaciasac. aviRoT 𝐶  

wertilze ori urTierTperpendiku- 

laruli usasrulod mcire monak- 

veTi (nax. 2,b). es monakveTebi gada-

taniT gadadgilebasTan erTad mo-

brundeba kidec. mobrunebis Sede- 

gad maT Soris mdebare marTi kuTxe 

Seicvleba raRac 𝛾  kuTxiT, romel- 

sac Zvris kuTxe ewodeba. 𝜀 da 𝛾 ganyenebuli ricxvebia. 

 sxeulze datvirTvis moqmedebisas Siga Zalebi da deformaciebi erT- 

droulad Cndeba da erTimeores ganapirobebs: amave dros, normalur𝜎 Zab-

vas eTanadeba wrfivi fardobiTi 𝜀 deformacia, 𝜏 mxebs ki – kuTxuri 𝛾 de-

formacia. 

1.4. Siga Zalebi (Zalvebi) 

rogorc aRvniSneT, Siga Zalebi gamosaxavs, magaliTad,  mocilebuli II 

nawilis I –ze moqmedebasda es moqmedeba gamoisaxeba Siga Zalebis iseTi 

tolfasi sistemiT, romelic Sedgeba erTi Zalisagan (mTavari 𝑅′veqtori) da 

erTi momentisagan (mTavari 𝑀𝑂
′ momenti).Tu maTgansaxilveli kveTis simZimis  

𝑂  centrSi modebulad warmovadgenT da gavatarebT koordinatTa 

𝑥𝑜𝑦𝑧sistemas, romlis saTave 𝑂 wertils daemTxveva da amis Semdeg mTavar 

𝑅′ veqtors davSliT koordinatTa RerZebis gaswvriv moqmedSemdgenebad, 

zogad SemTxvevaSi miviRebT sam Zalas. kveTis marTobi 𝑧  RerZis gaswvriv 

𝐴1 

𝐵1 

𝐴 𝐵 

𝛼 

𝐶1 

𝐶 

𝐸 

𝐷 

𝐷1 

𝐸1 

𝜋

2
− 𝛾 

a) b) 

nax. 2 
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moqmed Semdgens normaluri Zala ewodeba da 

aRiniSneba 𝑁 -iT; 𝑥  da  𝑦   RerZebis gaswvriv 

moqmed Semdgenebs ganivi Zala hqvia da, Sesabam-

isad, aRiniSneba 𝑄𝑥 da 𝑄𝑦-iT. 

sruliad analogiurad, mTavari 𝑀𝑂
′ momen-

tic SegviZlia davSaloT koordinatTa 

RerZebis garSemo moqmed Semdgenebad, romelT-

agan 𝑀𝑧  mgrexi momentia, xolo 𝑀𝑥  da 𝑀𝑦 - 

mRunavi momentebi. rogorc Cans, nebismier 

kveTSi Siga Zalebi SegviZlia warmovadginoT 6 

komponentis (Zalvis) saxiT (nax. 3). 

amave dros, sxeulis gansaxilvel nawilze 

moqmedi gare datvirTvebic daiyvaneba gatarebuli kveTis simZimis centrSi 

moqmed mTavar𝑅veqtorsa da mTavar 𝑀𝑂momentze, romlebic agreTve SeiZleba 

warmovadginoT koordinatTa RerZebis gaswvriv moqmedi sami Sem- dgenisa da 

am RerZebis mimarT moqmedi sami momentis saxiT. imis gamo, rom gare da Si-

ga Zalebi erTimeores awonasworeben da sivrceSi wonasworobis gantole-

bebis raodenobac eqvsia, yovelTvisaa SesaZlebeli erTimeoresTan da-

vakavSiroT gare da Siga Zalebis Semdgenebi. 

 

1.5. ZiriTadi hipoTezebi 

 

masalaTa gamZleobis Teoria mTeli rigi fizikuri da geometriuli 

Sinaarsis hipoTezebzea agebuli. es daSvebebi Semdegia:  

1. masala erTgvarovania: yovel elementarul moculobaSi igi erTnairi 

fizikur-meqanikuri TvisebebiTaa daxasiaTebuli. 

2. masala izotropulia – aRebul wertilidan yvela mimarTulebiT 

erTnairi fizikur-meqanikuri Tvisebisaa. magaliTad, foladi izotropiu- 

lia, xe -aniztropiuli, radgan igi boWkoebis gaswvriv da boWkoebis gani- 

vad sxvadasxva simtkicisaa. 

3. masala absoluturad drekadia datvirTvis garkveul donemde. 

4. masala hukis kanons emorCileba. am daSvebiT deformacia aRebul we-

rtilSi moqmediZabvis proporciulia. 

5. gadaadgilebebi metad mcirea konstruqciis zomebTan SedarebiT.  

6. Zelis ganivi kveTebi brtyeli rCeba deformaciis dros. 

1.6. sen-venanis principi 

daZabuli sxeulis raime wertilSi, romelic sakmaodaa daSorebuli 

datvirTvis modebis adgilidan, Zabva da deformacia umniSvnelodaa 

damokidebuli imaze, Tu, saxeldobr, rogor aris ganawilebuli datvirTva 

modebis farTobze. aq arsebiTia is, rom datvirTva vlindeba jamuri sidid-

iT –mTavari 𝑅 veqtorisa da mTavari 𝑀  momentis saxiT. 

𝑥 

𝑧 

𝑦 
𝑀𝑦 

𝑀𝑧 𝑀𝑥 

𝑄𝑥 

𝑄𝑦 

𝑁 

Nnax. 3 

𝑐 
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amiT aixsneba is, rom masalaTa gamZleobaSi SedarebiT patara 

farTobebze modebuli datvirTvis ganawilebis specifikas yuradRebas ar 

aqceven da maT tolqmediT - Seyursuli ZaliT cvlian. 

1.7. konstruqciebis elementebis formebi 

Zeli ewodeba sxeuls, romlis erTi zoma – sigrZe, mis or danarCen ga- 

niv zomas gacilebiT aRemateba (xuTjer mainc). igi SegviZlia warmovidgi- 

noTrogorc nebismieri formis brtyeli nakvTis raime sworze an mrudze 

iseTnairi moZraobiTmiRebuli  sxeuli, rom nakvTis simZimis centri yo- 

velTvis wirze rCebodes da TannakvTis sibrtye yvelgan wiris  perpendi- 

kularuli iyos (nax. 4,a). nakvTs, Zelis ganivkveTi ewodeba, xolo wirs - 

Zelis RerZi; RerZis formis mixedviT Zels swori, mrude, brtyeli, sivrci-

Ti ewodeba. ganivkveTis mixedviT, Zeli aris mudmivkveTiani an cvladkve-

Tiani. SedarebiTgrZelZelsRerosuwodeben. aqve SevniSnoT, rom Zels war-

a) 

 

b) 

 

g) 

 

d) 

nax. 4 
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𝐹 

𝐹 

𝐹 

𝐹 

a) b) 

nax. 5 

e) 

𝐹 

g) 
d) 𝑀𝑇  

𝑀𝑇  

𝑀𝑇  𝐹 

𝑀 𝑀 

𝐹 

moidgenen, rogorc uwvrilesi Zafebis anu grZivi boWkoebis konas.me-

4,bnaxazzenaCvenebiasworkuTxovanidaortesebriZelebi.  

SenobissvetidakoWi, rkinigzisrelsi, manqanislilvebi, barbacada 

sxvaZelisanuRerosmagaliTebia. iseTZelebs, rom-

lebiცkumSvasangaWimvasganicdian, ufroRerosuwodeben, 

vidreZels,RunvazemomuSaveski- koWs.  

xidis foladis ferma (wamwe) an rkinabetonis CarCo aris Reroebisagan 

Sedgenili sistema (nax. 4,g). aseTi sistemebi, cxadia, kinematikurad 

ucvleli unda iyos (ar unda imoZraos, rogorc meqanizmma). fermis (wam-

wis)saangariSo sqemaSi igulisxmeba, rom Reroebi erTmaneTTan saxsrovnadaa 

SeerTebuli, xolo CarCos sqemaSi – xistad. 

garda Zelisa, praqtikaSi gamoiyeneba sxva formis konstruqciuli ele-

mentebi. aseT formaSi ori ganivi zoma, sigrZe da sigane,  gacilebiT metia 

mesame zomasTan – sisqesTan SedarebiT. Tu aseTi sxeulis Sua, anu 

simaRlezeorad gamyofi zedapiri sibrtyea, maSin igi warmoadgensfilas, Tu 

ar aris brtyeli, maSin – garss (nax. 4,d). 

 

 1.8. deformaciaTa ZiriTadi saxeebi 

nagebobebisa da manqanebis elementebi realobaSigare Zalebis 

moqmedebis Sedegad ganicdian sxvadasxva saxisrTul deformacias. Tumca 

dadgenilia, rom es sxvadasxvagvari rTuli deformacia  war-

moadgensmartivi deformaciebisagan Semdgar ramdenime kombinacias. am mar-

tivi deformaciebis ZiriTadi tipebia:1. gaWimva (nax. 5, a);  2. kumSva (nax. 5, 

b); 3. Zvra (Wra) (nax. 5, g);  4. grexa (nax. 5,d);5. ganivi Runva (nax. 5, e).   

 

 

 

 

 

 

 

 

rTuli deformaciis (winaRobis) magaliTebia gaWimvisa da grexis an 

gaWimvisa da Runvis erTdrouli moqmedeba. rogorc drekadobis TeoriaSi, 

ise masalaTa gamZleobaSi,ZiriTadad ganixileba drekadi deformacia; Tum-

ca praqtikaSi xSirad gvxvdebaSemTxvevebi, rodesac adgili aqvs plastikur 

deformaciasac. aseT deformaciebs plastikurobis Teoria Seiswavlis. 

kiTxvebi da pasuxebi: 
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1. ra aris masalaTa gamZleobis daniSnuleba da ras ganixilavs igi? 

- masalaTa gamZleobis daniSnulebaa Seqmnas Teoriuli safuZveli realu- 

ri  deformirebadi sxeulebis gaangariSebisaTvis. igi ZiriTadad ganixi- 

lavs konstruqciebis calkeuli elementebis (Reroebis)  da martivi kon- 

struqciebis gaangariSebis meTodebs simtkiceze, sixistesa da mdgradobaze, 

igi safuZvlad udevs yvela samSeneblo da samanqanaTmSeneblo konstruqci-

is gaangariSebas. 

2. ras ewodeba sxeulis deformacia? 

- sxeulis formisa da zomis cvlilebas, romelsac gare zemoqmedeba 

(moqmedi datvirTva, temperaturis cvlileba da sxv.) iwvevs.  

3. rogor deformacias ewodeba drekadi? 

- iseT deformacias,  romelic mTlianad qreba, rodesac sxeulidan ixsneba 

gare zemoqmedeba. 

4. rogor deformacias ewodeba narCeni anu plastikuri deformacia? 

- iseT deformacias, romelic rCeba, ar qreba sxeulis gantvirTvis Semdeg. 

5. rogori ori bunebis Zalas ganixilavs masalaTa gamZleoba? 

- gare, sxeulze moqmed Zalas da Siga, sxeulis SigniT moqmed Zalas. 

6. romel niSanTa mixedviT klasificirdeba gare datvirTva ? 

-moqmedebis adgilismixedviT: zedapiruli da moculobiTi. 

- moqmedebis xasiaTis mixedviT: statikuri da dinamikuri.  

- moqmedebis xangrZlivobis mixedviT: mudmivi da droebiTi datvirTvebi. 

7. romelia is martivi deformaciebi, romelic Seiswavleba masalaTa gam-

ZleobaSi? 

- a) RerZuli gaWimva-kumSva, rodesac gare Zalebi grZivad moqmedebs Reros 

RerZis gaswvriv; b) Zvra, rodesac gare Zalebi moqmedebs Reros RerZis 

ganivad urTirTsapirispirod; g) grexa, rodesac momenti moqmedebs Reros 

RerZis marTob sibrtyeSi da d) ganivi Runva, rodesac datvirTva Reros 

RerZis marTobulad moqmedebs sibrtyeSi, romelic Reros (koWis)  RerZze 

gadis simetriis sibrtyis Tanxvdenilad.  

nebismieri rTuli deformacia am martivi deformaciaTa raRac kombi-

naciaa. 

8. raSi mdgomareobs gankveTis meTodi da risTvis gamoiyeneba igi? 

- daZabuli sxeulis warmodgeniT, orad gakveTasa da miRebuli nawilebis 

urTierTqmedebis ganxilvaSi.  
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igi gamoiyeneba sxeulis SigniT daZabulobis gasarkvevad – ur-

TierTqmedebis Zalebis jamuri sididis anu Zalvebis gansazRvrisaTvis. 

yoveli martivi deformaciisas es Zalvebi mTavari veqtorisa da mTavari 

momentis eqvsi (𝑁,  𝑄𝑥 ,  𝑄𝑦,  𝑀𝑥 ,  𝑀𝑦, 𝑀𝑧)Semdgenidan erT-erTia (pirdapiri Runvi-

sas ori: 𝑀𝑥 , 𝑄𝑦 ).  

9. raSi mdgomareobs sen-venanis principi? 

- datvirTvis modebis ubnidan sakmaod mocilebul ubnebSi ara aqvs mniSvne- 

loba datvirTvisganawilebis kanonsmodebis ubanSi da igi tolqmediT 

icvleba. 

10. ras ewodeba Zabva? ra aris Zabvis ganzomileba? 

- Zalvis intensivobas anu daZabulobis raodenobriv zomas. misi ganzomi- 

lebaa Zala/farTobze n/m2=pa, kn/m2, mpa; kg/sm2.  

11. rogor Zabvas ewodeba normaluri da rogors - mxebi? 

- Zabvas, romelic mimarTulia gatarebulikveTis marTobulad, e.i. normalis 

mimarTulebiT, normaluri "𝜎"  Zabva ewodeba. xolo, romelic kveTis 

gaswvrivaa mimarTuli, e.i. mxebis mimarTulebiT - mxebi "𝜏" Zabva. 

IITavi 

gaWimva-kumSva.  

statikurad rkvevadi daurkvevi amocanebi 

Zabva da deformacia RerZuli gaWimva-kumSvisas. simtkicis maxasi-

aTeblebi. kveTis SerCeva 

2.1. Zabva Zelis ganivkveTSi 

Reros SigniT aRebul nebismier  𝐶 wertilze Se- 

gviZlia gavataroTuamravi kveTi, romlebic RerZis 

mimarT sxvadasxvanairad iqneba daxrili. im kveTs, ro- 

melsac RerZis marTobuli mdebareoba ukavia,ewodeba 

ganivi kveTi. cxadia, Reros gaWimvas an kumSvas iwvevs 

grZivad moqmedi Zala. 

ganvixiloT umartivesi SemTxveva, roca aseTi 

Zala modebulia Zelis boloebze. erTmaneTis toli 

da sapirispiro ori 𝐹  Zalis RerZis gaswvriv moqme- 

debiT,Rero SeiZleba angaiWimos, an SeikumSos. gan- 

vixiloT gaWimuli Rero (nax. 6,a) da ganvsazRvroT Zabva Zelis ganivkveTSi. 

gavkveToT Rero raime 𝑚 − 𝑛 kveTiT ganivad  da ganvixiloT qveda I nawilis 

wonasworoba (nax. 6,b). roca Reros wona 𝐹  Zalis sididesTan SedarebiT 

umniSvneloa, mis gavlenas ugulebelyofen. darCenili 𝐹  Zalis 

gawonasworeba mxolod mis tol da sapirispiro ucnob 𝑁  Zalvas Seu-

𝐹 

𝑚 𝑛 

nax. 6 

𝑁 

𝐹 

𝐹 

𝜎 

b) a) 

𝐼 

𝐼𝐼 

𝐼 
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Zlia,e.i. gaWimva-kumSvisas Siga Zalebis eqvsi (𝑁,  𝑄𝑥 , 𝑄𝑌;  𝑀𝑥, 𝑀𝑦,   𝑀𝑧 . )komponen-

tidan rCeba erTi. Sesabamisad, statikis eqvsi gantolebidan dagvrCeba erTi: 

∑𝑍 = 𝑁 − 𝐹 = 0(1) 

saidanac  𝑁 = 𝐹.                     (2) 

normalur𝑁 Zalvas Seesabameba normaluri 𝜎 Zabvebi. 𝑁 Zalva𝜎 Zabvebis 

tolqmedia, magram 𝜎 -s ganawilebis kanoni ganivkveTSi, anu 𝜎 -s saangariSo 

formula,statikis (1) gantolebiT ver gavarkvieT. es amocana statikurad 

urkvevia iseve, rogorcZabvis gansazRvrisyvela amocana. mis gadasaWrelad-

saWiroa, ganvixiloT Reros deformaciis suraTi.EdavakvirdeT, Tu rogor 

mimdinareobs Reros deformacia. davitanoT Reros gverdiT zedapirzeori 

ganivi monakveTi erTmaneTisagan raRac manZilze. davinaxavT, rom isini er-

Timeores daSordebian formis Seucvlelad ise, romerTmaneTis parale-

luri darCebian.vinaidanTiTოeuli grZivi boWko am suraTiT erTnairad 

iWimeba,erTnair deformacias ki erTnairi Zabvis aRZvra sdevs Tan,roca 

boWkoebi erTi masalisaa, amitom normaluri 𝜎  ZabvaTanabradaa 

ganawilebuli ganivkveTSi.amrigad, Tu ganivkveTis farTobs𝐴 -Ti aRvniSnavT, 

maSin normaluri Zala 𝑁 = 𝜎 ∙ 𝐴, saidanac  

𝜎 =
𝑁

𝐴 
.                    (3) 

an roca 𝑁 = 𝐹. 

𝜎 =
𝐹

𝐴 
.  (4) 

 

2.2. Zabva daxril kveTSi 

Reros daZabulobis srulad 

daxasiaTebisTvis dagvWirdeba Zabvis 

gamoTvla raime 𝑂  wer-

tilzenebismierad gatarebul yo-

velkveTSi, radgan TiToelmaTgans 

Tavisi Zabva eTanadeba. Yyoveli 

kveTis mdebare- obasganvsazRvravTim𝛼 

kuTxiT, romelsac misi gare 𝑁  nor-

mali Seadgens Reros RerZTan (nax. 

7,a). 𝛼  kuTxe dadebiTia, Tu normali 

Reros RerZidan mobrunebulia saa-

Tis isris moZraobis sawinaaRmdego 

mimarTule- biT.  

ganvixiloT mokveTiliI nawilis wonasworoba: 

∑𝑍 =𝑝𝛼𝐴𝛼 − 𝐹 = 0, (1) 

sadac  𝐴𝛼 =
𝐴

𝑐𝑜𝑠𝛼
 daxrili kveTis farTobia.(1) -dan  

𝑝𝛼 =
𝐹
𝐴

𝑐𝑜𝑠𝛼

=
𝐹

𝐴
𝑐𝑜𝑠𝛼 = 𝜎𝑐𝑜𝑠𝛼.(2) 

𝜏𝛼 

𝛼 

𝛼 

𝑁 

𝐹 

𝐹 

a) 

𝐼𝐼 

𝐼 

𝐹 

𝐴𝛼 

𝑝𝛼 

b) 

𝜎𝛼 
𝑝𝛼 

g) 

𝐹 

nax. 7 

𝐼 𝐼 

𝛼 

𝑧 
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aq 𝜎 =
𝐹

𝐴
  ganivkveTSi moqmedi normaluri Zabvaa. sruli 𝑝𝛼 Zabva davSaloT 

normalur 𝜎𝛼 da mxeb 𝜏𝛼Semdgenebad (nax. 7,g): 

𝜎𝛼 = 𝑝𝛼𝑐𝑜𝑠𝛼, 𝜏𝛼 = 𝑝𝛼𝑠𝑖𝑛𝛼;(3) 

(3)- Si (2) –s Casmis Semdeg miviRebT: 

𝜎𝛼 = 𝜎𝑐𝑜𝑠𝛼 ∙ 𝑐𝑜𝑠𝛼 = 𝜎𝑐𝑜𝑠
2𝛼,(4) 

𝜏𝛼 = 𝜎𝑐𝑜𝑠𝛼 ∙ 𝑠𝑖𝑛𝛼 = 𝜎
𝑠𝑖𝑛2𝛼

2
=

𝜎

2
𝑠𝑖𝑛2𝛼.                    (5) 

rodesac 𝛼 = 0, normaluri 𝜎𝛼 Zabva aRweva maqsimums: 

𝑚𝑎𝑥𝜎𝛼 = 𝜎 =
𝐹

𝐴
 .(6) 

udidesi mxebi Zabva miiReba (4)_dan: 𝑠𝑖𝑛2𝛼 = 1,2𝛼 = 90°, 𝛼 = 45° e.i. Reros 

RerZis mimarT45°-iT mobrunebul kveTSi:             

𝑚𝑎𝑥𝜏𝛼 =
𝜎

2
 .                               (7) 

2.3. deformacia gaWimva-kumSvis dros 

1. grZivi deformacia. hukis kanoni. cdebiT damtkicebulia, rom daZabu- 

lobis garkveul donemde Reros ∆𝑙 wagrZeleba (an damokleba) masze moqmedi 

gamWimavi (mkumSavi) 𝐹 Zalis pirdapirproporciulia: 

∆𝑙 =
𝐹𝑙

𝐸𝐴
.                            (1) 

aq,∆𝑙 aris Reros absoluturi deformacia (dagrZeleba an damokleba); 

𝐹 - moqmedi RerZuli Zala; 

𝑙 - Reros sawyisi sigrZe; 

𝐴 - Reros ganivkveTis farTobi; 

𝐸  -masalis drekadobis moduli, romelic axasiaTebs mis unars, 

winaaRmdegoba gauwios deformacias, anu axasiaTebs mis sixistes. 𝐸 -s mniS-

vnelobebi isazRvreba eqsperimentulad da mocemulia cnobarebSi. mag., 

foladisaTvisf.3  𝐸 = 2 ∙  105  mpa.  𝐸𝐴 Reros sixistea gaWimva-kumSvisas. rac 

meti sixiste aqvs Reros, miT naklebad deformirdeba igi. 

(1) hukis kanonia, Cawerili absoluturi erTeulebiT. gadavweroT igi 

ase: 
∆𝑙

𝑙
=

1

𝐸

𝐹

𝐴
 anu 𝜀 =

1

𝐸
𝜎, 

saidanac 

𝜎 = 𝐸𝜀 .                   (2)   

(2)  hukis kanonia, Cawerili fardobiTi erTeulebiT. (2)-Si  𝜎  norma-

luri Zabvaa,𝜎 =
𝐹

𝐴
.  

𝜀 grZivi fardobiTi deformacia: 

𝜀 =
∆𝑙

𝑙
                     (3)  

da gviCvenebs Reros erTeulovani (magaliTad, 1sm) sigrZis matebas (klebas).  

𝜀  ganyenebuli (uganzomilebo) ricxvia, amitomdrekadobis  𝐸 moduls 

aqvs  𝜎Zabvis ganzomileba. sxvadasxva markis foladebisaTvis 

𝐸 = (2 ÷ 2.2) ∙ 105mpa. 



16 

 

2. ganivi deformacia. ∆𝑙  –iT wagrZelebuli Rero siganeSi viwrovde-

ba(nax. 8), xolo damoklebuli – farTovdeba. naxazze 

naC- venebia kvadratuli ganivkveTis gaWimuli Rero. 

kvad- ratis gverdi Semcirdeba ∆𝑏 = 𝑏 − 𝑏1 . Sesabamisi 

ganivi fardobiTi deformacia iqneba: 

𝜀′ =
∆𝑏

𝑏
 .(4) 

ganivi 𝜀′  da grZivi 𝜀  fardobiTi deformaciebis 

fardobas, aRebuls absoluturi mniSvnelobiT, ewodeba 

puasonis koeficienti:  

𝜇 = |
𝜀′

𝜀
|. (5) 

misi mniSvnelobebi yvela masalisaTvis Tavsdeba 

𝜇 =(0  ÷ 0.5)sazRvrebSi .igi masalis elastikurobas axasi-

aTebs, rezinisaTvis 𝜇 = 0.47 , korpisaTvis 𝜇 = 0 . 

sxvadasxva markis foladebisaTvis 𝜇 = (0.25 ÷ 0.33). 𝜇gany-

enebuli ricxvia. 

3. moculobis cvlileba.vaCvenoT, rom gaWimvisas Rero  moculobaSi 

matulobs.  

gaWimvamde misi moculobaa 𝑉 = 𝐴𝑙 , gaWimvis Semdeg, 𝑉1 = 𝐴1𝑙1.  gaWimulis 

sigrZe 𝑙1 = 𝑙(1 + 𝜀), farTobi 𝐴1 = (𝑏 − ∆𝑏)2 = 𝑏2 (1 −
∆𝑏

𝑏
)
2

= 𝐴(1 − 𝜀′)2 = 𝐴(1 − 𝜇𝜀)2.  

axali moculoba 𝑉1 = 𝐴1𝑙1 = 𝐴(1 − 𝜇𝜀)𝑙(1 + 𝜀)2 ≈ 𝑉[1 + 𝜀𝑉]. 

bolo gamosaxulebaSi Sesakrebebi, romlebic Seicavdnen 𝜀2  da 𝜀3 -s 

ukuvagdeT, rogorc maRali rigis mcireebi. 

sruli 𝑉  moculobis absoluturi nazrdi ∆𝑉 = 𝑉1 − 𝑉 = 𝑉𝜀(1 − 2𝜇) , er-

Teuli moculobis nazardi anu fardobiTi nazrdi: 

𝜃 =
∆𝑉

𝑉
= 𝜀(1 − 2𝜇), 

rogorc Cans, radgan nebismieri masalisaTvis 𝜇 < 0.5 , amitom 1 − 2𝜇 > 0 

da, maSasadame,  𝜃 > 0; e.i. gaWimvis dros Rero moculobaSi matulobs. 

analogiuri msjelobiT SegveZlo dagvemtkicebina, rom kumSvis Sem- 

TxvevaSi Rero moculobaSi iklebs. 

 

2.4. plastikuri masalis gaWimvis diagrama 

konstruqciuli elementebis simtkicis uzrunvelyofis amocanis 

gadasaWrelad, cxadia, pirvel rigSi saWiroa vicodeT fizikur-meqanikuri 

Tvisebebiim masalebisa, romlebidanac isinia damzadebuli. maTi gamovlena 

da Seswavlaxdeba meqanikur laboratoriebSi, sadac specialur wnexebze 

icdeba am masalebisagan damzadebuli nimuSebi,dawyebuli mcire deforma-

ciebidan damTavrebulirRveviT. cdebis Sedegad gamovlenili Tvisebebi 

didadaa damokidebuli gamocdis pirobebze: nimuSis formasa da zomaze, 

temperaturaze, deformaciis siCqareze da sxv. gaWimva-kumSvaze icdeba e.w. 

normaluri nimuSebi, romelTa forma da zomastandartulia. 

𝐹 

∆𝑏

2
 

 

∆𝑏

2
 

𝑏1 𝑏 

𝑙1 𝑙 

∆𝑙 

nax. 8 
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bunebriv pirobebSi masalebi iyofa 

or jgufad – plastikur da myife ma-

salebad. plastikur masalas aqvs unari 

dairRves didi deformaciebis miRebis 

Semdeg, myife masala ki irRveva umniS-

vnelo deformaciisas. plastikuri ma-

salebia: foladi, alumini, spilenZi da 

sxv. myife masalebia: Tuji, betoni, 

bunebrivi qva da sxv. 

foladi gaWimvaze gamoicdeba wriuli an marTkuTxa ganivkveTis ni-

muSebis saxiT. wriuli ganivkveTis nimuSis saxe me-9 naxazzea naCvenebi. 

saangariSo sigrZed aiReba 𝑙 = 10𝑑 , sadac 𝑑  misi diametria. nimuSi gaga-

nierebuli boloebiT magrdeba sacdeli manqanis satacebSi da mas gadaecema 

TandaTanobiT zrdadi RerZulad gamWimavi Zala. manqana aRWurvilia spe-

cialuri mowyobilobiT, romelic avtomaturad xazavs Zalasa da deforma-

cias Soris  ∆𝑙 = 𝑓(𝐹)  damokidebulebis grafiks, anu gaWimvis diagramas 

(nax.10). 𝐹 Zalis zrdisas masala erTi mdgomareobidan gadadis meoreSi, ra-

sac diagramazeramdenime ubani Seesabameba. wrfivi 𝑂𝐴 ubani hukis kanons, e.i.  

∆𝑙  -sa da 𝐹 -s Soris pirdapirproporciul damokidebulebas gamosaxavs. 

𝐴 wertilis Sesabamis Zabvas 𝜎pr =
𝐹pr

𝐴
. proporciulobiს zRvari ewodeba. 

proporciulobis zRvari aris is 

maqsimaluri Zabva, romlis qvemoT 

es proporciuli damokidebuleba 

jer kidev ZalaSia. rbili 

foladisaTvis 𝜎pr = 200 mpa. 

mrudismcire 𝐴𝐵  ubanze wrfivi 

damokidebuleba irRveva, Tumca 𝐵 

wertilSi gantvirTuli nimuSi 

savsebiT aRidgens sawyis formasa 

da zomebs. 𝐵  wertilisSesabamisZabvas 𝜎dr =
𝐹dr

𝐴 
.ewodebamasalisdrekadobiszRvari. diagramismcire  𝐵𝐶 ubaniSeesabame-

badrekadideformaciebisdamTavrebas. 𝐶wertilis Semdeg nimuSis deformacia 

izrdeba datvirTvis gauzrdelad, anu, rogorc amboben, masala ganicdis 

denadobas. 𝐶𝐶1 ubans denadobis baqani hqvia,  xolo am ubnis Sesabamis Zab-

vas 𝜎d =
𝐹d

𝐴 
 masalis denadobis zRvari. foladisaTvis f.3 𝜎d = 240mpa. am dat-

virTvis dros nimuSis zedapirze Cndeba 45° -iT daxrili xazebi, romelTac 

Lludersis xazebi ewodeba.𝐶1 wertilis Semdeg, masala iwyebs winaaRmdego-

bis gawevas.masalis ganmtkicebis mdgomareoba gamoixateba 𝐶1𝐷  mrudiT.  𝐷 

wertilamde deformacia rogorc drekadi, ise plastikuri, Tanabrad na-

wildeba nimuSis mTel saangariSo sigrZeze (mis cilindrul nawilze). 𝐷 

wertilis Sesabamisi datvirTvis dros ki adgili aqvs deformaciebis lo-

kalizebas erT, yvelaze sust ganivkveTSi, sadac nimuSs uCndeba “yeli” (nax. 

∅20 

20 20 20 25 25 10 10 

nax. 9 

𝐹 

∆𝑙 
𝑂 

𝐵 

𝐶 

𝐴 𝐶1 

𝐾 

𝐹dr 𝐹pr 𝐹d 𝐹s.z. 𝐹mrR 

nax.10 

𝐷 
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11.) es imis maCvenebelia, rom nimuSis tvirTamweoba amowurulia. 𝐷  werti-

lis Sesabamis Zabvas  𝜎s.z. =
𝐹s.z

𝐴 
 masalis simtkicis zRvari an droebiTi 

winaRoba ewodeba. foladisaTvis f.3 𝜎s.z. = 400mpa . 𝐷 wertilis Semdeg dat-

virTva mkveTrad ecema, magram ufro intensiurad 

mcirdeba nimuSis ganivkveTis farTobi “yelSi” da 𝐾  

wertilis Sesabamisi datvirTvis dros nimuSi 

dairRveva (gawydeba). 𝐾  wertilis Sesabamis 𝜎mrR Zab-

vas ewodeba WeSmariti mrRvevi Zabva da igi tolia 𝜎mrR =
𝐹mrR

𝐴1
. aq, 𝐴1  aris 

ganivkveTis farTobi yelSi, romelic gazomilia nimuSis gawyvetis Semdeg. 

gaWimvis diagramis abscisebi warmodgenas iZleva masalis unarze, mii-

Ros meti Tu naklebi deformacia, vidre dairRveva. 

es gamocda saSualebas iZleva, rom dadgindes masalis plastikurobis 

maxasiaTeblebi: 

narCeni fardobiTi dagrZeleba: 𝛿 =
𝑙1−𝑙

𝑙
100%; 

ganivkveTis narCeni fardobiTi Seviwroeba: 𝜓 =
𝐴−𝐴1

𝐴
100%. 

foladisaTvis f.3.  𝛿 = 25%,  𝜓 = 55%. 

 

2.5. Zabvis diagrama 

GgaWimvis diagrama agebulia (∆𝑙, 𝐹) 

koordinatebSi da axasiaTebs mTel ni- 

muSs. imisaTvis, rom gamoiricxos nimuSis 

zomebis gavlena da daxasiaTdes mxolod 

masala, xSirad diagramebs  ageben far- 

dobiTi erTeulebiT. aq, abscisTa RerZze 

gadazomilia  fardobiTi 𝜀 deformaciebi, 

xolo ordinatTa RerZze - 𝜎  Zabvebi. aseTnairad miRebul diagramas Zab-

vebis diagrama ewodeba (nax.12). rogorc naxazidan Cans, es diagrama war-

moadgens gaWimvis diagramis asls. igi pirobiTia, vinaidan misi ordinatebi 

miRebulia gaWimvis diagramis ordinatebis mniSvnelobaTa SefardebiT 

erTsa da imave sawyis mniSvnelobasTan. amis gamo am diagramaze ar Cans 

rRvevis momentamde Zabvebis zrdis procesi. Tu nimuSs datvirTvas gada-

vcemT safexurebad, yoveli safexuris gadacemis Semdeg gavzomavT axal 

ganikveTis farTobs da misigamoyenebiT gamovTvliT Zabvas, miviRebT e.w. 

WeSmariti Zabvebis diagramas (wyvetili gagrZeleba naxazze). 

 

 

2.6. myife masalis gaWimvisa da kumSvis diagramebi 

myife masala, rogoricaa betoni, qva, Tuji da sxva, ZiriTadad kumSvaze 

gamoicdeba, radgan kumSvaze isini gacilebiT met simtkices avlenen, vidre 

nax.11 

𝜎 

𝑂 

𝜎pr 𝜎d 𝜎s.z. 𝜎mrR 

𝜀 

Nnax.12 
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gaWimvaze. gamocdis mizania simtkicis 𝜎s.z. zRvris dadgena. betonis, qvis da 

xis nimuSebi kubis formismzaddeba, wibos zomiT 7 sm (betoni, qva) da 5 sm 

(xe), xolo  liTonebis – mokle cilindris  (mag., 

Tujis nimuSs fuZis 𝑑  diametri da ℎ  simaRle erTi 

aqvs 𝑑 = ℎ = 2sm-s). 

 diagrama warmoadgens sakmaod gaSlil mruds (me- 

13naxazze naCvenebia III meoTxedSi), romelic SeiZleba 

qordiT SevcvaloT da CavTvaloT, rom hukis kanoni 

ZalaSia simtkicis 𝜎𝑢  zRvris miRwevamde. myife masali-

saTvis rogorc gaWimvis (me-13naxazze naCvenebia I me-

oTxedSi), ise kumSvis dros damaxasiaTebelia mcire 

deformaciebi rRvevis momentamde. amasTan erTad, amave diagramidan Cans, 

rom myife masala gacilebiT ukeT muSaobs kumSvaze, vidre gaWimvaze.  

2.7. simtkicis piroba gaWimva-kumSvisas 

imisaTvis, rom gaWimul an SekumSul Reros ar daemuqros rRvevis saS-

iSroeba, e.i. ar moeqces saSiS zRvrul mdgomareobaSi,adgenen simtkicis 

pirobas. plastikuri masalebisaTvis simtkicis pirobis mixedviT zRvrulia 

mdgomareoba, roca sxeulSi daZabuloba romelime wertilSidenadobis 

𝜎dzRvris mniSvnelobas aRwevs, xolo myife masalebisaTvis, roca simtkicis 

𝜎s.z.  zRvars utoldeba. Zabvis es ori zRvruli mniSvneloba 𝜎zR -iT aRin-

iSneba. simtkicis pirobiT garantirebuli  unda iqnes Reros usafrTxoeba, 

rac gamoisaxeba imiT, rom daZabul ReroSi aRZruli faqtobrivi Zabva 

zRvrul Zabvaze naklebi unda iyos: 

𝜎 =
𝐹

𝐴
< 𝜎zR.               (1) 

praqtikaSi usafrTxoebis meti garantiisaTvis simtkices iReben 

maragiT, SemoaqvT simtkicis maragis 𝑘0  koeficienti, romelic 1-ze metia. 

misi mniSvnelobis arCeva damokidebulia sxvadasxva faqtorebis gaT-

valiswinebaze, rogorebicaa, mag., masalis saxe, konstruqciis daniSnuleba, 

datvirTvis moqmedebis xasiaTi, garemo, romelSic uxdeba muSaoba kon-

struqcias da sxv. (1) pirobaSi, nacvlad mTliani 𝜎zR–isa, aiReba misi 𝑘0-jer 

Semcirebuli nawili da is miiCneva dasaSveb Zabvad. dasaSvebi Zabva [𝜎] -Ti 

aRiniSneba: 

[𝜎] =
𝜎zR

𝑘0
. 

simtkicis piroba iqneba: 

𝜎 =
𝐹

𝐴
≤ [𝜎].                 (2) 

plastikuri da myife masalebisaTvis Sesabamisad gveqneba: 

[𝜎] =
𝜎d

𝑘d
; [𝜎] =

𝜎s.z.

𝑘s.z.
. 

𝑘d  aris maragis koeficienti denadobis zRvris mixedviT, 𝑘s.z. - 

simtkicis zRvris mixedviT; plastikuri masalebisaTvis 𝑘d = (1.5 ÷ 2) ; myife 

masalebisaTvis 𝑘s.z. = (3 ÷ 5). 

𝜎𝑢
− 

𝜎 

𝜀 

𝜎𝑢
+ 

0 

nax.13. 
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dasaSvebi [𝜎]  Zabva foladisaTvis f.3 [𝜎] =160 mpa, xisaTvis [𝜎] =10 

mpa,betonisaTvis [𝜎]=(1 ÷ 9)mpa.  

simtkicis pirobis gamoyenebiT SeiZleba gadawydes sami saxis amocana: 

1. Reros ganivkveTis zomebis gansazRvra, rodesac cnobilia moqmedi 𝐹 

Zala da masala, e. i. [𝜎] , maSin simtkicis pirobidan ganisazRvreba: 

𝐴 ≥
𝐹

[𝜎]
 . 

2. Reros tvirTamweobis gansazRvra, rodesac cnobilia ganivkveTis 𝐴 

farTobi da masala, e.i. [𝜎]. simtkicis pirobidan gveqneba: 

𝐹 ≤ [𝜎] ∙ 𝐴 . 

3. simtkicis Semowmeba, rodesac cnobilia moqmedi 𝐹 Zala, ganivkveTis 

𝐴 farTobi. ganisazRvreba faqtobrivi Zabva da Sedardeba dasaSvebs: 

𝜎 =
𝐹

𝐴
≤ [𝜎] . 

2.8. masalis sisale 

sisale masalis unaria, ecados,ar daimCnios kvali zedapirze (ar SeiW-

ylitos), masze sxva ufro magari sxeulis Zlieri dawolisas. liTonebis 

sisales sxvadasxva meTodebiT ikvleven. maT Soris yvelaze gavrcelebulia 

brinelis meTodi (arsebobs, agreTve, rokvelis meTodi), romlis mixedviT, 

liTonis sisalis dasadgenad mis zedapirsnormirebuli drois ganmav-

lobaSi (mag., 10wm-is ganmavlobaSi)awvebian nawrTobi foladisagan dam-

zadebuli patara burTulaTi ( 𝑑 = 2.5 mm), romelic segmentur anabeWdeb-

stovebs. anabeWdis diametrebs mikroskopiT zomaven, gamoiTvlian ramdenime 

diametris saSualo ariTmetikulsda specialur cxrilSi moZiebuli si-

salis 𝐻𝐵 ricxvis mixedviT angariSoben simtkicis𝜎s.z.zRvars: 

𝜎s.z. = 0.36𝐻𝐵 . 

 

2.9. temperaturis gavlena masalis meqanikur Tvisebebze 

 

temperaturis zrdasTan erTad mcirdeba masalis simtkicis maxasiaTeb- 

lebi ( 𝜎s.z.  simtkicis, 𝜎ddenadobis, proporciulobis 𝜎przRvrebi) da dre- 

kadobis 𝐸 moduli; izrdeba plastikurobis 𝛿 da 𝜓 maxasiaTeblebi, agreTve 

– puasonis 𝜇  koeficienti. temperaturis SemcirebasTan erTad, piriqiT, 

izrdeba masalis simtkicis 𝜎s.z.,   𝜎d , 𝜎pr   maxasiaTeblebi da drekadobis  𝐸 

moduli; mcirdeba plastikurobis maxasiaTeblebi  𝛿  da 𝜓  da puasonis 𝜇 

koeficienti. 

foladis simtkicis zRvari temperaturis gadidebasTan erTad jer 

izrdeba da +300 ° -ze aRwevs udides mniSvnelobas 𝜎s.z
+300° = 1.2 𝜎s.z

+20° , xolo 

Semdeg swrafad mcirdeba da gvaZlevs aseT suraTs: 𝜎s.z
+400° =  𝜎s.z

+20° ;  𝜎s.z
+600° =

0.4 𝜎s.z
+20°. 

 

 



21 

 

2.10. ZabvaTa koncentraciis cneba 

davuSvaT, gvaqvsgaWimvaze momuSave Rero, 

romlis ganivkveTi xvrelebiT aris Sesustebuli 

(nax. 14). xvrelidan sakmaod mocilebul 1 − 1 

ganivkveTSi normaluri Zabvebi Tanabrad aris 

ganawilebuli. rac Seexeba 2 − 2  ganivkveTs, ro-

melic xvrelze gadis, adgili aqvs Zabvebis 

araTanabar ganawilebas. aseTi xvrelebi, 

sxvadasxva CanaWrebi, ganivkveTis mkveTri 

cvlilebis adgilebi, warmoadgens e.w. ZabvaTa 

koncentratorebs. wriuli xvrelis SemTxvevaSi, 

am ukanasknelis kideebTan aRZruli koncentraci-

is𝜎k Zabvebi daaxloebiT 3-jer aRemateba saSualo   

Zabvas.  𝑘 =
𝜎k

𝜎saS
-s ewodeba koncentraciis koeficienti da moyvanil Sem-

TxvevaSi 𝑘 = 3. 

 

2.11. sakuTari wonis gavlena gaWimva-kumSvis SemTxvevaSi 

ganvixiloT prizmuli Reros (𝐴 = 𝑐𝑜𝑛𝑠𝑡)sakuTari wonis gavlena norma- 

lur 𝜎(𝑧)  Zabvasa da absolutur ∆𝑙deformaciaze;gamoviTvaloT isini (nax. 

15). ganvixiloT zeda boloTi dakidebuli Rero. aviRoT  Tavisufali bo-

lodan 𝑧 manZilze 1 -1 ganivkveTi da ganvixiloT mokveTili qveda nawilis 

wonasworoba (nax. 15,b). gamoyofili nawilis wonaa 𝑄 . igi iseve, rogorc F 

gamWimavi Zala mimarTulia qveviT. wonasworobis pirobidan: 

∑𝑍 =  𝑁(𝑧) − 𝐹 − 𝑄(𝑧) = 0. 

𝑁(𝑧) = 𝐹 + 𝑄(𝑧) , radgan  𝑄(𝑧) = 𝛾 ∙ 𝐴𝑧 , sadac 𝛾 masalis moculobiTi wonaa, mi-

viRebT 

𝑁(𝑧) = 𝐹 + 𝛾 ∙ 𝐴𝑧,            (1) 

e.i. normaluri𝑁(𝑧) Zala 𝑧 -is wrfivi fun-

qciaa. 

 𝑁(𝑧) -is saSualebiT gamoviTvaloT 

𝜎(𝑧): 

𝜎(𝑧) =
 𝑁(𝑧)

𝐴
=
𝐹 + 𝛾 ∙ 𝐴𝑧

𝐴
=

=
𝐹

𝐴
+ 𝛾𝑧.                           (2) 

misi epiura wrfivia (nax. 14g). Tavisufal 

boloze udris 𝜎 =
𝐹

𝐴
, CamagrebaSi 𝜎 =

𝐹

𝐴
+

𝛾𝑙.  normaluri  𝜎(𝑧) Zabvis (2) formulaSi meore Sesakrebi sakuTari wonis 

gavlenas gamosaxavs.  

axla gamoviTvaloT Reros sruli ∆𝑙 wagrZeleba. hukis kanonis Tanax-

mad:∆𝑙 = ∫
𝑁(𝑧)𝑑𝑧

𝐸𝐴

𝑙

0
= ∫

𝐹+𝛾∙𝐴𝑧

𝐸𝐴
𝑑𝑧 =

𝐹

𝐸𝐴
∫ 𝑑𝑧 +

𝛾

𝐸
∫ 𝑧𝑑𝑧
𝑙

0

𝑙

0
=

𝑙

0

𝐹𝑙

𝐸𝐴
+
𝛾𝑙2

2𝐸
 e.i. 

𝐹 

1 1 

𝛾𝑙 𝐹/𝐴 

𝐹 

𝑧 

𝛾𝑧 

𝑧 

𝑁(𝑧) 

𝑄(𝑧) 

𝜎(𝑧) 

Nnax. 15 

a) b) g) 

𝜎saS 

𝐹 𝐹 𝐹 

𝐹 

2 

1 1 

𝜎k 2 

𝜎saS 

Nnax. 14 
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∆𝑙 =
𝐹𝑙

𝐸𝐴
+
𝛾𝑙2

2𝐸
, (3) 

 an Reros mTliani wonis 𝑄 = 𝛾 ∙ 𝐴𝑙  gamosaxulebidan, Tu gamoviTvliT  

𝛾 =
𝑄

𝐴𝑙
 da SevitanT II SesakrebSi, gveqneba 

∆𝑙 =
𝐹𝑙

𝐸𝐴
+

𝑄𝑙

2𝐸𝐴
. (4) 

 

2.12. kveTis SerCeva sakuTari wonis mxedvelobaSi miRebiT. 

tolwinaRobis Zeli 

 

roca daZabuloba Reros sigrZeze cvladia da ara erTnairi, maSin saS-

iS ganivkveTad CaiTvleba is ganivkveTi,sadac normaluri𝑁(𝑧) Zalis  mniS-

vneloba udidesia. wina paragrafSi ganxiluli dakidebuli RerosaTvis 

saSiSia zeda sayrdeni kveTi, dayrdnobilisaTvis ki qveda sayrdeni kveTi. 

orive maTganisTvis simtkicis piroba ase Caiwereba: 

𝜎𝑚𝑎𝑥 =
𝐹

𝐴
+ 𝛾𝑙 ≤ [𝜎](1) 

saidanac 

𝐴 ≥
𝐹

[𝜎] − 𝛾𝑙
(2) 

rogorc (2) formulidan Cans, sakuTari wonis ugulebelyofa SeiZleba 

mxolod maSin, rodesac 𝛾𝑙 namravli [𝜎]-Tan SedarebiT umniSvneloa. 

prizmuli Rero araekonomiuria. marTlac, Reros mxolod qveda an 

zeda sayrden ganivkveTSi 𝜎(𝑧) Zabva utoldeba 

[𝜎]  dasaSvebs, sxva ganiv kveTebSiki 𝜎(𝑧) < [𝜎] . 

maSasadame, ganivkveTis farTobis gamoTvlas 

am kveTisaTvis Sedgenili simtkicis pirobis 

mixedviT, mivyavarT masalis zedmet xarjamde. 

Tu RerosganivkveTi ise Seicvleba, rom 

yvela ganivkveTSi 𝜎(𝑧) = [𝜎] , miviRebT Reros 

idealur formas. aseT Reros tolwinaRobis 

Zels uwodeben. 

SevadginoT tolwinaRobis Zelis ganto- 

leba.Tavisufali bolodan nebimier 𝑧 manZilze 

gavataroT erTmaneTTan usasrulod axlos 

mdebare ori ganivkveTi. meore ganiv- kveTs 

nazrdi 𝑑𝐴(𝑧) imisaTvis sWirdeba, rom TavisTavze miiRos am ganiv-kveTebiT 

gamoyofili 𝑑𝑧 sigrZis elementis sakuTari wona. miRebuli pirobis Tanax-

mad,damatebiT aRZruli normaluri Zabvebi, toli unda iyos dasaSvebi [𝜎] 

Zabvisa, e.i. SeiZleba davweroT:  

𝛾𝐴(𝑧)𝑑𝑧

𝑑𝐴(𝑧)
= [𝜎]. 

𝐴(𝑧) 

𝑑𝑧 

𝐹 

𝑧 

𝑙 

𝐴(𝑧)

+ 𝑑𝐴(𝑧) 

nax. 16 
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es gamosaxuleba ase warmovadginoT:
𝑑𝐴(𝑧)

𝐴(𝑧)
=

𝛾

[𝜎]
𝑑𝑧 , romlis integrireba 

mogvcems 𝑙𝑛𝐴(𝑧) =
𝛾

[𝜎]
𝑧 + 𝐶, sadacD  𝐶  aris integrirebis mudmiva da ganisaz- 

Rvreba aseTi sasazRvro pirobis gamoyenebiT: rodesac 𝑧 = 0, 𝐴(𝑧) = 𝐴0 =
𝐹

[𝜎]
 . 

aq 𝐴0 aris ganivkveTis farTobi Tavisufal boloze, romelic Tavis Tavze 

Rebulobs mxolod gare 𝐹 datvirTvas. 

SevitanoT es piroba wina gamosaxulebaSi, gveqneba:  

𝑙𝑛𝐴0 = 𝐶, e.i. davwerT: 𝑙𝑛𝐴(𝑧) =
𝛾

[𝜎]
𝑧 + 𝑙𝑛𝐴0, anu 𝑙𝑛𝐴(𝑧) − 𝑙𝑛𝐴0 =

𝛾

[𝜎]
𝑧, aqedan ki mi-

viRebT:𝑙𝑛
𝐴(𝑧)

𝐴0
=

𝛾

[𝜎]
,  saidanac 

𝐴(𝑧)

𝐴0
= 𝑒

𝛾

[𝜎]
𝑧
da 

𝐴(𝑧) = 𝐴0𝑒
𝛾

[𝜎]
𝑧
 . 

am formuliT ganvsazRvravT cvladi  𝐴(𝑧) ganivkveTis farTobs Reros 

simaRlis nebismier doneze, masSi 𝑧-is saTanado mniSvnelobis SetaniT. 

 

2.13. safexurebiani Zeli 

 

zemoT ganxiluli toli winaRobis Zelis dam- 

zadeba Znelia, formis sirTulis gamo. praqtikaSi 

gavrcelebulia safexuriani Zeli, romelSic kveTi 

naxtomebiT icvleba. me-17 naxazze naCvenebia sam-

safexuriani Zeli. I safexuris farTobi gan-

isazRvreba formuliT: 

𝐴1 ≥
𝐹

[𝜎] − 𝛾𝑙1
 

II safexuris gaangariSebisas mxedvelobaSi unda mi-

viRoT, rom mis zeda boloze,𝐹 -is garda, imoqmedebs 

I safexuris 𝛾𝐴1𝑙1wonac: 

𝐴2 =
𝐹 + 𝛾𝐴1𝑙1
[𝜎] − 𝛾𝑙2

 . 

Tu aq 𝐴1-s SevcvliT misi 𝐴1 =
𝐹

[𝜎]−𝛾𝑙1
;gamosaxulebiT, miviRebT: 

𝐴2 =
𝐹 + 𝛾

𝐹

[𝜎]−𝛾𝑙1
𝑙1

([𝜎] − 𝛾𝑙2)
=

𝐹[𝜎]

([𝜎] − 𝛾𝑙1)([𝜎] − 𝛾𝑙2)
 

 

msgavsad ganisazRvrebaIII safexuris 𝐴3 farTobic. 

 

 

2.14. moqnili Zafis gaangariSeba 

 

praqtikaSisakmaodgavrcelebuliagaWimulielementebi, romlebicfaqto-

brivadsakuTariwoniTiangariSeba,e.w. moqniliZafebi: anZebzegadebu-

lieleqtronulisadenebi, sxvadasxvasaxiskabelebi, sabagirogzebisxa-

zebidasxv. vTqvaT,mocemuliamudmivikveTismoqniliZafi (Toki), romelicda-

𝐹 

𝑙1 

𝑙2 

𝑙3 

Nnax. 17^ 

𝐴1 

𝐴2 

𝐴3 
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kidebulia 𝐴 da 𝐵 sayrdenebze (nax. 18,a). sakuTariwonis-

gamo,TokiraRac𝐴𝑂𝐵mrudisformiTCamoekideba. ammrudishorizontalurigegmi- 

limalis 𝑙 sigrZeiqneba, 𝑓1 da 𝑓2 daSorebebiki - CaRunuliZafiskidura, qve-

da𝑂 wertilzegamavali𝑧RerZidan 𝐴da𝐵wertilebamde. me-18,bnaxazzenaCvenebia𝑂-

dan𝑧manZilzeamoWriliZafissigrZe. 𝑞aris Zafis sakuTari wonis intensivoba, 

 𝐻  horizontalurigamWimavi Zala, xolo 𝑇 - mxebi gamWimavi Zala 𝑂  werti-

lidan 𝑧  maZilze. SevadginoT wonasworobis gantoleba 𝑇  Zalis modebis 

wertilis mimarT, momentebis jamis nulTan tolobis saxiT: 

∑𝑀𝑐 =𝐻 ∙ 𝑦 − 𝑞𝑧 ∙
𝑧

2
= 0 ,  aqedan  𝑦 =

𝑞𝑧2

2𝐻
 . 

rogorc vxedavT, mrudi parabolaa. Tu Camokidebis 𝐴 da 𝐵 wertilebi 

erT doneze imyofeba, e.i 𝑓1 = 𝑓2 = 𝑓 , maSin amocana martivdeba da vRebu- 

lobT: roca 𝑧 =
𝑙

2
,  maSin 𝑦𝑙

2⁄
= 𝑓. aq 𝑓-s ewodeba CaRunvis isari 

 

𝑓 =
𝑞𝑙2

8𝐻
.                                                                  (1) 

xolo gambjeni 𝐻 Zala 

𝐻 =
𝑞𝑙2

8𝑓
.                                                                 (2) 

rogorc naxazidan Cans:  

∑𝑍 = −𝐻 + 𝑇𝑐𝑜𝑠𝛼 = 0,                                             (3) 

𝑇 =
𝐻

𝑐𝑜𝑠𝛼
 . (4) 

simtkicis pirobas aqvs Semdegi saxe:𝜎 =
𝐻

𝐴
≤ [𝜎].(5) 

 

 

2.15. deformaciis  potenciuri energiis cneba 

 

imisaTvis, rom sxeulma ganicados deformacia, unda daixarjos ener-

gia. am energiasdeformaciis energias uwodeben. magaliTad, Tu ganvixilavT 

Reros gaWimvas, romelsac iwvevsmasze dakidebuli sawonebi(nax. 

19,a),deformaciis energia iqneba is energia, romelic am sawonebma daxarjes, 

nax. 18 

𝑎) 

ℎ 

𝑦 
𝐵 

𝑙 
𝑎 

𝑂 𝑧 

𝑏 𝑛 

𝑓1 
𝑓2 

𝑧 

𝑏) 
𝑞 

𝑚 
𝑇 

𝑦 

𝛼 

𝑞𝑧 𝑧/2 𝑛 

𝑧 𝐻 

𝑧 



25 

 

raTa Rero wagrZelebuliyo. maT daakldaT energiis nawili,radgan qvemoT 

daiwies. energiis es Semcireba ricxobrivad maT mier Sesrulebuli mu-

Saobis tolia. am muSaobiT izomeba meqanikurienergia, daxarjuli defor-

maciaze. igi moxmarda Siga, drekadobis Zalebis winaaRmdegobis daZlevas 

da dagrovda sxeulSi.maSasadame, deformaciis potenciuri energia aris de-

formirebul sxeulSi dagrovili energia. deformacia, romelic tempera-

turis cvlilebiTaa gamowveuli, 

anu, romelic moiTxovs siTburi 

energiis danaxarjs, ganixileba 

calke. 

gamWimavi 𝐹 tvirTis mier 

Sesrulebuli mu-

SaobaaRvniSnoT𝐴m-iT; potenciuri 

energia 𝑈–Ti, maSin gveqneba: 

𝐴m = 𝑈.(1) 

amrigad,𝐹 tvirTis mier dax-

arjuli meqanikuri energia 

mTlianad gardaiqmneba defor-

maciis potenciur energiad. am pirobiT SesaZlebelia miviRoT potenciuri 

energiis formula sxvadasxva saxis deformaciisaTvis. TiToeuli Sem-

TxvevisaTvis unda ganisazRvros gare datvirTviT mier Sesrulebuli mu-

Saoba. 

davubrundeT GgaWimvis SemTxvevas (nax. 19,a). Reroze ori gare Zala 

moqmedebs: 𝐹 aqtiuri da 𝑅 reaqtiuli (reaqciis Zala).  𝑅 reaqciis Zala mu- 

Saobas ar asrulebs, radgan misi modebis wertilis gadaadgileba nulia.  𝐹 

Zala muSaobas asrulebs ∆𝑙 gadadgilebaze. ganvixiloT gaWimvis diagramis 

wrfivi 𝑂𝐾  ubani, romelic Seesabameba ∆𝑙 -is mniSvnelobas (𝑂𝐿 = ∆𝑙) . pir-

dapirproporciuli damokidebuleba gamoisaxeba 𝐹 = 𝑘∆𝑙  –iT, e.i. propoci- 

ulobis koeficientia 𝑘 =
𝐹

∆𝑙
 . elementaruli muSaoba udris daStrixuli 

zolis farTobs: 

𝑑𝐴m = 𝐹1𝑑∆𝑙1, 
sruli muSaoba 

𝐴m = ∫ 𝐹1𝑑∆𝑙1 = 𝑘 ∫ ∆𝑙1𝑑∆𝑙1 =
∆𝑙

0

∆𝑙

0
𝑘
∆𝑙2

2
=

𝐹∆𝑙

2
, 

rac 𝑂𝐾𝐿 samkuTxedis farTobs warmoadgens,e.i. 

𝐴m =
𝐹∆𝑙

2
 .  (2) 

∆𝑙 =
𝐹𝑙

𝐸𝐴
SevitanoT (2) –Si, miviRebT: 

𝐴m =
𝐹2𝑙

2𝐸𝐴
. (3) 

(3) asec SegviZlia CavweroT:  𝐴m =
𝐹2𝑙𝐴

2𝐸𝐴2
=

(
𝐹

𝐴
)
2
𝑉

2𝐸
=

𝜎2𝑉

2𝐸
 ;              (4) 

Tu SevitanT 𝐹 =
𝐸𝐴∆𝑙

𝑙
  (2) –Si, miviRebT: 

𝐹 

a) 

𝑙 

∆𝑙 

𝑅 

∆𝑙 𝑂 

𝐹 
𝐾 

𝐹 

 𝐹 1
 

∆𝑙1 𝑑∆𝑙1 

∆𝑙 

nax. 19 

𝑑
𝐹 1

 

𝐿 

b) 



26 

 

𝐴m =
𝐸𝐴∆𝑙2

2𝑙
.                   (5) 

rogorc Cans, deformaciis potenciuri 𝑈  energia 𝐹  Zalis an ∆𝑙  gada-

adgilebis kvadratuli funqciaa, amitom igi yovelTvis dadebiTi sididea.  

moculobis erTeulSi dagrovili potenciuri energia anu kuTripoten-

ciuri energia, cxadia, miiReba 𝑈-s 𝑉-ze gayofiT: 

𝑢 =
𝑈

𝑉
=

𝜎2𝑉

2𝐸

𝑉
=

𝜎2

2𝐸
.                  (6) 

(6) –Si erTi 𝜎-s SetaniT, miviRebT: 

𝑢 =
𝜎𝜀

2
                       (7) 

an (6) –Si orive 𝜎-s SetaniT, miviRebT:  

𝑢 =
𝜀2𝐸

2
.                       (8) 

es formulebi marTebulia rodesac Reros 𝐴farTobi da 𝐹  Zala mudmivi 

sidideebia. 

 

2.16. statikurad urkvevi amocanebi gaWimva-kumSvis dros 

masalaTa gamZleobis amocanebis gadawyvetisas, pirvel rigSi, saWiroa 

ReroSi moqmedi 𝑁  Zalvis gansazRvra. 𝑁  Zalvebis dasadgenad aqamde vsar- 

geblobdiT statikis gantolebiT, magram praqtikaSi SesaZlebelia, Seg- 

vxvdes iseTi sistemebi, romelTa elementebSi Zalvis dasadgenad statikis 

gantolebebi sakmarisi ar aRmoCndes da saWiro gaxdes damatebiTi ganto- 

lebebis Sedgena da amoxsna. aseT sistemebs statikurad urkvevi ewodeba. Tu 

ramdeniT metia ucnob ZalvaTa raodenoba statikis wonasworobis gantole-

baTa ricxvze, amocana imdenjer statikurad urkvevia.statikurad urkvevi 

amocanebis amoxsnisaTvis saWiroa statikis gantolebebs davamatoT imdeni 

axali gantoleba, ramdeni zedmeti ucnobi Zalva gvaqvs. es damatebiTi gan-

tolebebi miiReba ReroTa deformaciidangamomdinare. damatebiTi gantole-

bebi unda asaxavdesdeformaciis e.w. Tavsebadobis pirobebs.statikis gan-

tolebebisagan gansxvavebiT, maTSi, garda ucnobi Zalvisa, agreTveSedis 

Reros sixiste. 

ganvixiloT statikurad urkvevi martivi amocana. vTqvaT, mocemulia 

sami Rerosagan Sedgenili sistema (nax. 20, a). davuSvaT, rom 𝐴1 = 𝐴3 da 𝐸1 =

𝐸3.  pirvel rigSi SevadginoT statikis wonasworobis gantolebebi. 

amisaTvis amovkveToT kvanZi, Zalvebi davagegmiloT horizontalur da 

vertikalur RerZebze, gveqneba: 

∑𝑋 = − 𝑁1𝑠𝑖𝑛𝛼 + 𝑁3𝑠𝑖𝑛𝛼 = 0;(1) 

∑𝑌 =𝑁1𝑐𝑜𝑠𝛼 + 𝑁2 + 𝑁3𝑐𝑜𝑠𝛼 − 𝐹 = 0 .   (2) 

(1)- dan 𝑁1 = 𝑁3. am damokidebulebis (2)-Si SetaniT, miviRebT:  

2𝑁1 𝑐𝑜𝑠𝛼 + 𝑁2 = 𝐹.(3) 

deformaciis gantolebis Sesadgenad vipovoT 𝐾 kvanZis axali mdebare-

oba (nax. 20, b). warmovidginoT, rom kvanZi daSlilia da Reroebis boloebi 

–ganTavisuflebuli. Reroebi maTive mimarTulebiT wagrZeldeba ∆𝑙1 , ∆𝑙2  da 
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∆𝑙3 si- dideebiT, maTi boloebi daikavebs 𝐾1 , 𝐾2   da 𝐾3  mdebareobebs. imi-

saTvis, rom Reroebis boloebi kvlav erT wertilSi Seikras, napira Re-

roebimovabrunoT uZravi 𝐵  da 𝐷  saxsrebis garSemo. Tu simciris 

gamo,rkalebs SevcvliT perpendikularuli xazebiT, sabolood miviRebT 

kvanZis axal 𝐾2   mdebareobas. simetriis gamo,∆𝑙1 = ∆𝑙3 . napira Reroebis ax-

ali mdebareoba punqtirebiTaa naCvenebi. naxazidan cxadia, 

∆𝑙1 = ∆𝑙2𝑐𝑜𝑠𝛼.(4) 

es aris deformaciaTa Tavsebadobis piroba. 

gamoviyenoT hukiskanoni, gveqneba: 
𝐹1𝑙1

𝐸1𝐴1
=

𝐹2𝑙2

𝐸2𝐴2
𝑐𝑜𝑠𝛼.(5) 

wonasworobis (3) 

gantoleba defor- 

maciis (5) gantole- 

basTan erTad, gvaZ- 

levs amocanis amo- 

naxsns. Tu Reroe- 

bis sixisteTa
𝐸1𝐴1

𝐸2𝐴2
 

Sefardebas aRvniS- 

navT  𝑘 -Ti da gaviT-

valiswinebT, 

rom𝑙2 = 𝑙1𝑐𝑜𝑠𝛼,  am gantolebebis amoxsniT miviRebT: 

𝑁1 = 𝑁3 =
𝑘𝑐𝑜𝑠2𝛼

1 + 2𝑘𝑐𝑜𝑠2𝛼
∙ 𝐹, 

𝑁2 =
1

1 + 2𝑘𝑐𝑜𝑠2𝛼
∙ 𝐹 .  

Tu 𝐸1 = 𝐸2 = 𝐸3 da 𝐴1 = 𝐴2 = 𝐴3, maSin 𝑘 = 1 da formulebi martivdeba. 

  

2.17. temperaturis cvlilebiT gamowveuli Zabvebi 

davuSvaT, mocemulia orive boloTi xistad Camagrebuli prizmuli Re-

ro sawyisi temperaturiT 𝑡1 . davadginoT, Tu ra Zabvebi warmoiqmneba masSi, 

rodesac temperatura 𝑡2gradusamde gaizrdeba. 

amocana statikurad urkvevia, amitom mxolod statikis gantoleba 

sakmarisi ar aris da unda Sedges damatebiT deformaciis gantolebac. tem-

peraturis gazrda gamoiwvevs Reroს wagrZelebas, Rero𝐴  da 𝐵  sayrdenebs 

miawveba; sapasuxod, sayrdenebSi gaCndeba reaqciis 𝑅𝐴  da 𝑅𝐵 Zalebi, rom-

lebic ecdebagafarToebuli Reros SekumSvas.  

statikis gantolebas aqvs saxe: 

∑𝑍 =  𝑅𝐴 − 𝑅𝐵 = 0.                  (1) 

𝐴 

𝑏) 

𝐴1 𝐴2 𝐴3 

1 2 3 

𝛼 𝛼 

𝑎) 

𝐾 

𝛼 𝛼 

𝐾 

𝐹 𝐹 

𝑁1 
𝑁2 

𝑁3 

nax. 20 

𝐾 

𝐾3 
𝐾2 

𝐾1 
90° 

∆𝑙2 ∆𝑙2 

𝑐) 

𝛼 𝛼 

𝐵 𝐶 𝐷 
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aqedan,𝑅𝐴 = 𝑅𝐵 = 𝑅, e.i. reaqciebi erTmaneTis toli da sapirispiroa. maTi 

mniSvnelobis dasadgenad gamoviyenoT deformaciaTa Tavsebadobis principi. 

temperaturis zrdiTgamowveuli wagrZeleba unda udrides 𝑅  Zalebisagan 

gamowveul SekumSvas, e.i. davwerT: 

∆𝑙𝑡 = ∆𝑙𝑅.                         (2) 

∆𝑙𝑅 =
𝑅𝑙

𝐸𝐴
; ∆𝑙𝑡 = 𝛼𝑙(𝑡2 − 𝑡1) , 𝛼  xazovani gafarToebis temperatuli koeficien- 

tia. absolutur deformaciaTa gamosaxulebebiSevitanoT (2) –Si, gveqneba: 

𝛼𝑙(𝑡2 − 𝑡1) =
𝑅𝑙

𝐸𝐴
,  

saidanac                   

𝑅 = 𝛼𝐸𝐴(𝑡2 − 𝑡1).     (3) 

ganivkveTebSi Zabvis G Tanabrad ganawilebisas  𝜎 =
𝐹

𝐴
. am amocanaSi 𝐹 gare 

Zalis magivrobas 𝑅 reaqciis Zalaasrulebs, e.i.  

𝜎 =
𝑅

𝐴
= 𝛼𝐸(𝑡2 − 𝑡1).                   (4) 

Rero kumSvas ganicdis gaTbobisas, gaWimvas ki - gacivebisas. es imitom, 

rom arc gafarToebisas da arc Seviwroebisas, xisti Caმagreba mis boloebs 

ar miscems gadaadgilebis saSualebas.  

 

2.18. simtkiceze gaangariSebis meTodebi 

arsebobs simtkiceze gaangariSebis sami meTodi: 

1) gaangariSeba dasaSveb Zabvebze; 

2) gaangariSebamrRvev  datvirTvebze; 

3)gaangariSeba zRvrul mdgomareobaTa mixedviT. 

samive meTods erTi mizani aqvs dasaxuli - ganapirobos nagebobis 

simtkice da xangamZleoba. pirveli maTganis mixedviT, nagebobis elements 

iseTi zomebi unda hqondes, rom 𝜎  Zabvam arc erTi kveTis arc erT wer-

tilSi ar gadaaWarbos dasaSveb [𝜎] Zabvas. meore meTodi iTvaliswinebs im 

minimaluri datvirTvis gansazRvras, romelic daangrevda Rerovan sistemas. 

es xdeba  im mizniT, rom saSiSi datvirTva Sedardes asagebi Rerovani sis-

temisTvis sagulisxmo datvirTvas. mesame meTodis azri ZiriTadad isaa, 

rom simtkicis maragis erTi𝑘0 koeficienti daSlilia sam nawilad.  

1) gaangariSeba dasaSveb Zabvebze. simtkicis pirobas aqvs saxe: 

𝜎 =
𝐹

𝐴
≤ [𝜎]. 

 myife masalebisaTvis dasaSvebi [𝜎] =
𝜎s.z.

𝐴
 . 

 plastikur masalebSi Tu Zabva gadaaWarbebs denadobis 𝜎d  zRvars, 

ganviTardeba didi deformacia.amas SeuZlia, xeli SeuSalos konstruq- 

ciebis normalur eqspluatacias. amis gamo plastikuri masalebisTvis da-

saSvebi [𝜎] Zabva ganisazRvreba denadobis 𝜎dzRvris mixedviT, e.i.[𝜎] =
𝜎d

𝑘0
. 

rogorc cnobilia, 𝑘0  aris simtkicis maragis koeficienti, romlis 

arCeva mraval faqtorzea damokidebuli da romliTac gaTvaliswinebulia 

konstruqciis muSaobis yvela SesaZlo araxelsayreli piroba. 
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Cvens Semdgom gaangariSebebSi ZiriTadad visargeblebT dasaSvebi Zab-

vebis meTodiT. 

2) mrRvevi datvirTvis meTodi. simtkicis pirobas aqvs saxe: 

𝐹 ≤ [𝐹]. 

datvirTvis dasaSvebi [𝐹]  mniSvneloba ganisazRvreba mrRvevi 𝐹mrR  dat- 

virTvis SefardebiT simtkicis maragis koeficientTan [𝐹] =
𝐹mrR

𝑘
 . aRsaniS- 

navia, rom 𝑘 koeficientis SerCeva xdeba daaxloebiT ise, rogorc dasaSvebi 

Zabvebis SemTxvevaSi.  

plastikuri masalebisaTvis 𝐹mrR = 𝜎d ∙ 𝐴 , xolo myife masalebisaTvis 

𝐹mrR = 𝜎s.z. ∙ 𝐴. 

iseTi umartivesi Rerovani sistemebis angariSisas, romlebSic Zalvis 

gadanawileba Reroebs Soris ar aris damokidebuli maT sixisteebze da 

romlebSic Zalva moiZebneba statikis gantolebebiT (statikurad rkvevadi 

sistemebi),gaangariSebadasaSvebi Zabvisada mrRvevi datvirTvis meTo-debiT 

erTsada imave SedegsiZleva. 

statikurad urkvev sistemebSi, romlebic damzadebulia plastikuri 

masalisagan, mrRvevi datvirTvis meTodiTgaangariSebasmivyavarT SedarebiT 

ekonomiur gadawyvetamde, radgan mxedvelobaSia miRebuli, romdenado- bis 

𝜎dzRvris miRwevas yvelaze metad datvirTul elementSi Rerovani sis- tema 

jer kidev ar mihyavs rRvevamde - wonasworobis gantolebidan gamoiT- 

vlebamrRvevi 𝐹mrR datvirTva, roca gantolebaSi ucnobiZalvayovelReroSi 

𝜎d𝐴tolad aris miCneuli. 

ganvixiloT sami Rerosagan Sedgenili statikurad 

urkvevi sistema (nax. 21). 𝐹  Zalis zrdisas denadobis 

𝜎dzRvars pirvelad miaRwevs Sua Rero, magram es kidev 

არ niSnavs mTeli konstruqciis rRvevas. am dros sxva 

ReroebSi 𝜎  Zabva denadobis zRvarze naklebi iqneba. 

mTeli konstruqciis rRvevisaTvis aucilebelia 𝜎 Zabva 

denadobis 𝜎d zRvarsgautoldes yvela ReroSi. 

wonasworobis gantolebas eqneba saxe: 

∑𝑍 = 2𝑁1𝑐𝑜𝑠𝛼 + 𝑁2 − 𝐹 = 2𝜎d𝐴1𝑐𝑜𝑠𝛼 +𝜎d𝐴2 − 𝐹mrR = 0, 

saidanac  mrRvevi datirTva: 

𝐹mrR = 2𝜎d𝐴1𝑐𝑜𝑠𝛼 + 𝜎d𝐴2. 

 

3) zRvrul mdgomareobaTa meTodi. yofil sabWoTa kavSirSi damuSa-

vebuli iyo simtkicis Semowmebis zRvrul mdgomareobaTa meTodi. zRvruli 

ewodeba konstruqciis iseT mdgomareobas, romlis drosac SeuZlebelia 

misi Semdgomi eqspluatacia. vinaidan konstruqciis mwyobridan gamosvla 

SeiZleba ara raime erTma, aramed sxva mizezebmacgamoiwvios, amitom aseTi 

mdgomareobisTavidan asacileblad, saSiSroebaTa ufro srulad gaT-

valiswinebis mizniT,SemoaqvT sami koeficienti. simtkicis pirobas aqvs saxe: 

𝑁saang ≤ 𝑚𝑅saang𝐴. 

𝛼 𝛼 

𝐾 

𝐹 

𝑁1 

𝜎𝑓𝑙A2 

𝑁3 

nax. 21 

1 

2 

3 
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aq, 𝑁saang - saangariSo datvirTvaa da ase gamoiTvleba 𝑁saang = 𝑛1𝑁1
norm +

𝑛2𝑁2
norm +⋯  , sadac 𝑁1

norm ,𝑁2
norm , . . .… warmoadgens normatiul datvirTvebs 

da aiReba teqnikuri normebidan (mag., Tovlis, qaris, sxvadasxva sasargeblo 

datvirTvebi, konstruqciis sakuTari wona da a.S.); 𝑛1 , 𝑛2 , . . . - e.w. gadat- 

virTvis koeficientebs, romlebic iTvaliswinebs gadaxras normatiuli dat- 

virTvebidan, rogoricaa nagebobis sakuTari wonis gazrda normatiulTan 

SedarebiT, sasargeblo datirTvis gazrda perspeqtivaSi – mag.,  matareblis 

tvirTamweobis gadideba xidis arsebobisas da a.S.. 𝑛 metia 1 -ze da sakuTa- 

ri wonisaTvis 𝑛 = 1.1 ; zogierTi sasargeblo datvirTvisaTvis 𝑛 = 1.4 -s da 

a. S. 

𝑚  -s ewodeba muSaobis pirobebis koeficienti da igi iTvaliswinebs 

SesaZlo gadaxrebs saproeqto zomebidan - gansxvavebas saangariSo sqemasa 

da namdvil konstruqcias Soris da sxva. 𝑚 = (0.9 ÷ 1). 

𝑅saang aris masalis saangariSo winaRoba da igi tolia 𝑅saang =
𝑅norm

𝑘
, sa-

dac 𝑅norm  aris masalis normatiuli winaRoba; plastikuri masalebisaTvis 

igi denadobis 𝜎d zRvris tolia, xolo myife masalisaTvis - simtkicis  

𝜎s.z.zRvrisa;𝑘 – masalis mixedviT usafrTxoebis koeficientiა, romelic iT-

valiswinebs SesaZlo gadaxrebs masalis nimuSebis gamocdis SedegebSi da 

icvleba  𝑘 = (1 ÷ 2)  sazRvrebSi.A 𝐴  aris ganivkveTis geometriuli maxasi-

aTebeli da gaWimva-kumSvis SemTxvevaSi, igi ganivkveTis farTobs war-

moadgens. 

ganvixiloT magaliTi. vTqvaT, mocemulia mudmivi da droebiTi datvir- 

TvebiT gamowveuli Zalvebi 𝑁mudm = 20 kn; 𝑁dr = 22 kn; gadatvirTvis koefi- 

cientebi𝑛1 = 1.1.  𝑛2 = 1.5; normatiuli winaRoba𝑅norm = 𝜎d = 230mpa, muSao- bis 

pirobebis koeficienti  𝑚 = 0.9 ; usafrTxoebis koeficienti masalis mi- 

xedviT 𝑘 = 0.9. 

SevarCioT kveTi: 

 

𝐴 =
𝑁mudm𝑛1 + 𝑁dr𝑛2

𝑅norm ∙ 𝑘 ∙ 𝑚
=
(20 ∙ 1.1 + 22 ∙ 1.5)103

230 ∙ 106 ∙ 0.9 ∙ 0.9
= 3 ∙ 10−4m2 

 

anu 

𝐴 = 3 sm2. 

 

 

kiTxvebi da pasuxebi 

1. ra aris simtkicis pirobis arsi? 

- ar dauSvas daZabuli sxeulis dangrevis saSiSroeba – sxeulSi aRZruli 

Zabvebi ar unda aRematebodnen sxeulis masalisaTvis dasaSveb Zabvas. e.i. 

𝜎 ≤ [𝜎]. 

2. ras ewodeba dasaSvebi [𝜎] Zabva da rogor gamoiTvleba igi? 
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-iseT Zabvas, romlis gadaWarbeba dauSvebelia. sanam sxeulSi aRZruli Zab- 

vebi ar aWarbebs [𝜎]  Zabvas, konstruqciis elementebis simtkice da xan- 

grZlivi usafrTxo eqspluatacia uzrunvelyofilia. igi gamoiTvleba 

zRvruli𝜎0 Zabvebis (plastikuri masalisaTvis 𝜎0 = 𝜎d -s, xolo myifesaTvis 

𝜎0 = 𝜎s.z. –s) simtkicis maragis 𝑘koeficientze gayofiT, [𝜎] =
𝜎0

𝑘
. 

3. ras ewodeba proporciulobis 𝜎przRvari?  

- im zRvrul Zabvas, romlis miRwevamde 𝜎 Zabvasa da 𝜀 deformacias Soris 

pirdapirproporciuli damokidebulebaa,e.i.ZalaSiahukis kanoni. 

4. ras ewodeba drekadobis 𝜎dr zRvari? 

- im zRvrul Zabvas, romlis miRwevamde daZabuli sxeulebis deformaciebi 

ar scildeba drekadobis farglebs, e.i. sanam gantvirTuli sxeuli jer 

kidev mTlianad aRidgens sawyis formasa da zomebs. 

5. ras ewodeba denadobis 𝜎dzRvari? 

- iseT zRvrul Zabvas, romlis miRwevisas deformaciebi garkveul mniS-

vnelobamde  TavisiT izrdeba ise, rom datvirTvis gazrda arc aris saWiro. 

6. ras ewodeba simtkicis 𝜎s.z.zRvari? 

- im zRvrul Zabvas, romlis miRwevisas gamosacdeli nimuSis (Reros) tvir- 

Tamweoba amoiwureba da mas yeli gauCndeba. mas aseve droebiT winaaRmdego- 

basac uwodeben. 

7. rogor gamoisaxeba sixiste gaWimva-kumSvisas?  

- 𝐸𝐴 namravlis saxiT. 

8. raSi mdgomareobs hukis kanoni? 

- damokidebulebis damyarebaSi Zabvebsa da deformaciebs Soris. Zabva pir-

darpirproporciulia fardobiTi deformaciis 𝜎 = 𝐸𝜀 , sadac 𝐸  drekadobis 

anu iungis modulia. 

9. ras ewodeba drekadobis (iungis) moduli? 

- 𝜎 -sa da 𝜀 Soris damokidebulebis pirdapirproporciulobis koeficients. 

igi axasiaTebs masalis fizikur bunebas –drekadi deformaciisadmi winaaR- 

mdegobis unars,RerZuli gaWimva-kumSvis dros. mas Zabvis ganzomileba aqvs: 

mpa; kg/sm2. f.3 –Tvis𝐸 = 2.1 ∙ 105mpa. 

10. ra ZiriTad hipoTezebs emyareba masalaTa gamZleobis debulebebi? 

- 1) masala erTgvarovania; 2) masala izotropiulia; 3) masala absoluturad 

drekadia; 4) masala emorCileba hukis kanons; 5) gadaadgilebebi bevrad mci-

rea konstruqciis zomebTan SedarebiT;6) Zelis ganivi kveTebi brtyeli rCe-

ba  deformaciis dros. 

11. ras ewodeba absoluturi wagrZeleba? 

-mTeli Reros  𝑙  sigrZis ∆𝑙  nazrds, e.i. deformaciis Semdeg wagrZelebuli-

Reros 𝑙1sigrZes gamoklebuli sawyisi 𝑙sigrZe: ∆𝑙 = 𝑙1 − 𝑙.  

12. ras ewodeba fardobiTi deformacia? ra ganzomileba aqvs mas? 

- Reros absoluturi wagrZelebis fardobas sawyis sigrZesTan, e.i. 𝜀 =
∆𝑙

𝑙
da 

gviCvenebs Reros erTeulovani (mag., 1sm) sigrZis matebas; ganzomileba ara 

aqvs anu ganyenebuli ricxvia. 
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13. ras ewodeba puasonis 𝜇koeficienti? 

- ganivi fardobiTi 𝜀′da grZivi fardobiTi 𝜀 deformaciebis fardobas aRe- 

buls absoluturi mniSvnelobiT, e.i. 𝜇 = |
𝜀′

𝜀
| . agreTve, 𝜇  -s ewodeba ganivi 

deformaciis koeficienti. igi axasiaTebs masalis elastiკurobas, gany-

enebuli sididea da yvela masalisaTvis Tavsdeba 𝜇 = (0 ÷ 0.5) sazRvrebSi.   

14. ras ewodeba tolwinaRobis Zeli? 

-  sayrdenisken TandaTanobiT gaganierebuli formis iseT Zels, romlis 

yvela wertilSi Zabvebi Tanatolia da udris dasaSveb [𝜎] Zabvas. 

15. ras ewodeba ZabvaTa koncentracia? 

- ganivkveTSi  moxvedrili xvrelebi, sxvadasxva CanaWrebi, ganivkveTis mkve-

Tri cvlilebis adgilebi warmoadgenen ZabvaTa Tavmoyris adgilebs, e.w. 

koncentratorebs. Zabvas, romlebic  aseT adgilebSi aRiZvreba, koncentra- 

ciis Zabva ewodeba. igi, Tavisi mniSvnelobiT ramdenjerme aRemateba ZabvaTa 

saSualo mniSvnelobas.  

16. ras ewodeba deformaciis kuTri potenciuri energia 𝑢 ? 

- moculobis erTeulSi dagrovil energias 𝑢 =
𝑈

𝑉
. misi ganzomilebaa knm/m3.  

e.i. mas aqvs kuTri muSaobis ganzomileba.es xdeba imitom, romgare 

Zalebismier sxeulis deformaciaze daxarjuli energia anu, rogorc mas 

uwodeben, deformaciisenergia, ricxobrivad gareZalebis mier Sesrulebuli 

muSaobis tolia. deformaciisenergiaxmardeba drekadobis Zalebis 

winaaRmdegobis daZlevas da gardaiqmneba deformirebuli sxeulispotenci-

ur energiad  𝑈. e.i. 𝐴m = 𝑈 da 𝑢 =
𝐴m

𝑉
.  

17. rogor ipoviT𝜎ZabvasReros 𝑡 temperaturis zrdisas?  

- formuliT 𝜎 = 𝛼𝐸(𝑡1 − 𝑡0), sadac 𝑡0  sawyisi temperaturaa; 𝑡1  –saboloo;𝛼  -

wrfivi gafarToebis temperaturuli koeficienti;𝐸 - drekadobis moduli. 

18. romeli Zabva warmoiSoba gaWimuli Reros daxril kveTSi? 

- zogadad, daxril kveTSi aRiZvreba𝑝𝛼  sruli Zabva;igi iSleba or Semdge- 

nad, romelTagan erTi normaluri 𝜎𝛼 Zabvaa, xolo meore -  mxebi 𝜏𝛼 Zabva. 

19. romel kveTaSi warmoiSoba udidesi mxebi 𝜏𝛼 Zabva? 

- Reros RerZis mimarT 45°°-iT daxril kveTaSi. 

20. romel Zabvas ewodeba mTavari Zabva? 

- mTavar sibrtyeebSi moqmed normalur Zabvas; mTavari iseT sibrtyes 

ewodeba, romelSic mxebi 𝜏𝛼  Zabva nulis tolia. 

21. ras ewodeba masalis sisale? 

-masalis  Tvisebas- ar daimCnios kvali zedapirze (ar SeiWylitos), masze 

sxva ufro magari sxeuliT dawnevisas. 

22. rogor sistemas ewodeba statikurad urkvevi sistema? 

-sistemas, romlis elementebSi Zalvis dasadgenad statikis gantolebebi 

sakmarisi ar aris, saWiroa damatebiTi gantolebebis Sedgena da amox-

sna.ramdeniT metia ucnob ZalvaTa raodenoba statikis gantolebaTa 

ricxvze, imdenjer statikurad urkveviasistema. 
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23. simtkiceze gaangariSebis ramdeni meTodi arsebobs? 

-arsebobs simtkiceze gaangariSebis sami meTodi: 

1) gaangariSeba dasaSveb Zabvebze  𝜎𝑚𝑎𝑥 ≤ [𝜎]; 

2) gaangariSeba mrRvev  datvirTvebze  𝐹𝑚𝑎𝑥 ≤ [𝐹]; 

3)gaangariSeba zRvrul mdgomareobaTa mixedviT 𝑁saang ≤ 𝑚𝑅saang𝐴.  

 

III Tavi 

masalis daZabuli mdgomareobis analizi 

3.1. MmTavari kveTisa da mTavari Zabvis cneba. daZabuli mdgomareobis 

samgvari saxe 

gaWimuli Reros ganivkveTSi normaluri Zabva 𝜎 =
𝐹

𝐴
, mxebi Zabva 𝜏 = 0 . 

grZiv kveTebSi 𝜎 = 𝜏 = 0.  

kveTs, romelSic ar aRiZvreba mxebi 𝜏  Zabva, mTavari kveTi ewodeba, 

xolo aq moqmed normalur  𝜎  Zabvas - mTavari Zabva. mtkicdeba,rom datvir-

Tvis zogad SemTxvevaSi sxeulis aRebul wertilSi arsebobs sami ur-

TierTperpendikularuli mTavari kveTi da, Sesabamisad, sami mTavari Zabva. 

SemoRebulia maTi Semdegi aRniSvna𝜎1 ≤ 𝜎2 ≤ 𝜎3. 

Tu am kve- 

TebiT gamoyo- 

fili kubis 

waxnagebze moq- 

medebs samive 

mTavari𝜎1, 𝜎2 da 

𝜎3  Zabva, gvaqvs 

moculo- biTi 

daZabuli 

mdgomareoba - kubi samRerZa daZabul mdgomareobaSia –samive mimarTule- 

biT iWimeba an ikumSeba (nax. 22a). aseT mdgomareobaSia, mag., burTulsakis- 

ris garsakris masaliselementi gorgolaWis Sexebis adgilas, relsis ma-

salis elementi -  borblis Sexebis adgilas da sxv. 

rodesac samidan  mxolod ori,𝜎1 da 𝜎2  Zabva ( 𝜎3 = 0)  moqmedebs, gvaqvs 

brtyeli daZabuli mdgomareoba (nax. 22 b). aseTi mdgomareoba kon- 

struqciuli elementebisaTvis yvelaze tipuria.  

rodesac samidan  mxolod erTi 𝜎1 moqmedebs (𝜎2 = 𝜎3 = 0) , gvaqvs umar- 

tivesi, wrfivi anu erTRerZa,daZabuli mdgomareoba (nax. 22 g). es SemTxvevaa, 

Reros RerZuli gaWimva-kumSva. 

wina TavSi  gaviareT wrfividaZabuli mdgomareoba da gavarkvieT Zab- 

va, aRZruli nebismierad daxril kveTSi. ganvixiloT igive amocana moculo- 

biTi da brtyeli daZabuli mdgomareobebisaTvis. 

 

3.2. Zabva moculobiTi daZabuli mdgomareobisas 

 

𝜎1 

 

𝜎3 

 

𝜎3 

 

𝜎1 

 

nax. 22 

𝜎1 

 

𝑏) 

 

𝑐) 

 
𝜎1 

 

𝜎3 

 

𝜎3 

 

𝜎2 

 

𝜎2 

 

𝑎) 

 
𝜎1 

 

𝜎1 

 



34 

 

davuSvaT, elementarul paralelepipedis waxnagebze moqmedebs samive 

mTavari 𝜎1, 𝜎2  da 𝜎3  Zabva, unda ganvsazRvroT normaluri 𝜎𝜑  da mxebi 𝜏𝜑 

daxril kveTebSi. paralelepipedSi SegviZlia gavataroT ori tipis daxri- 

li kveTi: 

I.daxrili kveTi, romelic  paraleluria erT-erTi mTavari Zabvisa (nax. 

23);  

II. kveTi, romelic  daxrilia samive  mTavari Zabvis mimarT. 

 

a) Zabva I tipis kveTSi 
ganvixiloT I tipis kveTiT gamoyofili samkuTxa prizmis wonasworobis 

pirobebi (nax.23,b). davagegmiloT masze moqmedi Zalebi jer 𝑁 normalis da 

Semdeg 𝑇 mxebis mimarTulebaze, miviRebT: 

∑𝑁 =𝜎𝜑𝑑𝑦
𝑑𝑧

𝑐𝑜𝑠𝜑
− 𝜎1𝑑𝑦𝑑𝑧𝑐𝑜𝑠𝜑 − 𝜎3𝑑𝑦𝑑𝑧𝑡𝑔𝜑𝑠𝑖𝑛𝜑,         (1) 

∑𝑇 =𝜏𝜑𝑑𝑦
𝑑𝑧

𝑐𝑜𝑠𝜑
− 𝜎1𝑑𝑦𝑑𝑧𝑠𝑖𝑛𝜑 + 𝜎3𝑑𝑦𝑑𝑧𝑡𝑔𝜑𝑐𝑜𝑠𝜑,          (2) 

saidanac 

𝜎𝜑 = 𝜎1𝑐𝑜𝑠
2𝜑 + 𝜎3𝑠𝑖𝑛

2𝜑;   

𝜏𝜑 = (𝜎1 − 𝜎3)𝑠𝑖𝑛𝜑𝑐𝑜𝑠𝜑 . 

es gamosaxulebebi SegviZ- 

lia gadavweroT Semdegi 

saxiT: 

𝜎𝜑 =
𝜎1+𝜎3

2
+
𝜎1−𝜎3

2
𝑐𝑜𝑠2𝜑;   (3) 

𝜏𝜑 =
𝜎1 − 𝜎3
2

𝑠𝑖𝑛2𝜑. (4) 

 

 

 

 

b) Zabvis grafikuli warmodgenaI tipis kveTSi 

 

(3) da (4)formulebs aqvsmartivi geometriuli axsna.  trigonometri- 

uli funqciebis gansazRvris, kvadratSi ayvanisa da Sekrebis Semdeg, mivi- 

RebT: 

(𝜎𝜑 −
𝜎1 + 𝜎3
2

)
2

+ 𝜏𝜑
2 = (

𝜎1 − 𝜎3
2

)
2

 . 

rogorc Cans, es gantoleba wrexazis gantolebaa, 

romelSic 
𝜎1−𝜎3

2
 sidi- de radiusia; mas moris wre 

ეwodeba;igi aigeba diametrze, romelic aRebul 

masStabSi warmoadgens mTavari Zabvebis (𝜎1 −

𝜎2)sxvaobas (nax. 24). igi gamoiyeneba 𝜎𝜑  da 𝜏𝜑 Zabvebis 

grafikulad gansazRvrisaTvis: 𝑀 wertilis koordi-

𝜎𝜑 

𝜎 

0 𝐶 𝐷 

𝑀 

𝜎1 

𝐵 

𝜏𝜑 
2𝜑 

𝜏 

nax. 24 

𝜎2 

 
𝐴 

𝜑 

𝜎2 

 

𝜎1 

 

𝜎𝜑 

 
𝜏𝜑 

 

𝑁 

 

𝑇 

 

𝑦 

 

𝑑𝑧 

𝑑𝑧𝑡𝑔𝜑 

𝑑𝑦 

𝜎2 

 

𝑑𝑧

𝑐𝑜𝑠𝛼
 

 

b) 

 

𝑥 

 

𝑧 

 
𝑑𝑧 

a) 

 

𝜎1 

 

𝜎2 

 

𝜎1 

 

𝜎3 

 

𝜎2 

 

𝜑 

𝜎3 

 
nax. 23 

𝑑𝑦 

𝑑𝑥 

𝑧 

 

𝑦 

 

𝑥 

 

𝜎3 
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natebi aRebul masStabSi warmoad-gens saZiebel  Zabvebs daxril kveTeb-

Si.moris es wre agebulia kveTebisaTvis, romlebic  mTavari 𝜎2 Zabvis par-

aleluria. 

analogiurad ganიsazRvreba Zabvebi sxva mTavari𝜎1  da 𝜎3  Zabvebis par-

alelur (nax. 24) daxril kveTebSic, oRondac formulebSi aRar Sevlen 

TviTon es Zabvebi.  

maTTvis Sesabamisad gveqneba: 

(𝜎𝜑 −
𝜎2 + 𝜎3
2

)
2

+ 𝜏𝜑
2 = (

𝜎2 − 𝜎3
2

)
2

 

da   

(𝜎𝜑 −
𝜎1 + 𝜎2
2

)
2

+ 𝜏𝜑
2 = (

𝜎1 − 𝜎2
2

)
2

. 

 

g) ZabvaII tipis kveTSi 

ganvixiloT II tipis kveTebi, romlebic 

daxrilia samive mTavari  𝜎1, 𝜎2  da 𝜎3 Zabvis 

mimarT, Sesabamisad,𝜑1,𝜑2da 𝜑3 kuTxeebiT(nax. 25). 

aseT kveTebSi normaluri 𝜎𝜑 da mxebi 𝜏𝜑 Zabvebi 

moiZebneba formulebiT, romlebic gamoyvanilia 

drekadobis TeoriaSi: 

𝜎𝜑 = 𝜎1𝑐𝑜𝑠
2𝜑1 + 𝜎2𝑐𝑜𝑠

2𝜑2 + 𝜎3𝑐𝑜𝑠
2𝜑3 ; 

𝜏𝜑 = √𝜎12𝑐𝑜𝑠2𝜑1 + 𝜎22𝑐𝑜𝑠2𝜑2 + 𝜎32𝑐𝑜𝑠2𝜑3 − 𝜎𝜑2 , 

sadac, 𝜑1, 𝜑2  da 𝜑3  aris kuTxeebi, romlebsac 

daxrili kveTis gare 𝑁 normali Seadgens mTa- 

vari 𝜎1, 𝜎2  da 𝜎3  Zabvebis mimarTulebebTan. aR- 

saniSnavia, rom mxebi 𝜏𝜑  Zabvebis gamosaxuleba- 

Si, radikalis qveS pirveli sami wevris jami warmoadgens srul 𝑝𝜑  Zabvas 

daxril kveTSi. 

 

d) Zabvis grafikuli warmodgenaII tipis kveTSi 

𝜎𝜑  -sa da 𝜏𝜑 -is grafikuli warmodgenisaTvisunda avagoT moris sami 

wre, ToToeuli mTavari 𝜎1,  𝜎2  da  𝜎3  Zabvis sami SesaZlo 𝜎1 −  𝜎3, 𝜎1 −  𝜎2  da  

𝜎2 −  𝜎3  sxvaobiT miRebul diametrze (nax.26). am wreebidan TiToeuli 

Seesabameba im daxril kveTebs, romlebic paraleluria mesame mTavari Zab-

visa. 

rac Seexeba im kveTebs, romlebic ar aris 

paraleluri arc erTi mTavari Zabvisa,  

Seesabameba wreebs Soris moTavsebuli 

farTobis wertilebi.  

damtkicebis gareSe mogvyavs samive mTava-

ri 𝜎1,  𝜎2 da 𝜎3 Zabvis mimarT daxril kveTSi𝜎𝜑 

da 𝜏𝜑  Zabvebis gansazRvris grafikuli xerxi. 

 

𝜎2 

𝜎3 

𝜎3 

𝜎1 𝜎1 

𝜎2 

 

nax. 25 

𝜎 

𝑂2 𝑂3 

𝑀1 

𝐵 

 

𝜏 

𝑂1 

 

𝜎3 

𝐴 

 

𝜎1 

𝜎2 

𝑀3 
𝑅 

𝜑3 𝜑1 

nax. 26 



36 

 

davuSvaT, unda vipovoT 𝜎𝜑  da 𝜏𝜑  Zabvebi daxril kveTSi, romlis gare 𝑁 

normali mTavari 𝜎1,  𝜎2  da  𝜎3  Zabvebis mimarTulebasTan adgens 𝜑1,  𝜑2  da  𝜑3 

kuTxeebs. 𝐴 da  𝐵 wertilebSi aRmarTul vertikalebTan avagoT Sesabamisad 

 𝜑3  da 𝜑1  kuTxeebi, romelTa gverdebis yvelaze didi (𝜎1 −  𝜎3)  diametris 

wrexazTan gadakveTiT miiReba Sesabamisad 𝑀1 da 𝑀3 wertilebi. amis Semdeg, 

𝑂1  wertilidan 𝑂1𝑀3 -iT da 𝑂3  wertilidan 𝑂3𝑀1  radiusebiT SemovxazoT 

rkalebi. maTi gadakveTis  𝑅  wertilis koordinatebi, aRebul masStabSi 

mogvcems 𝜎𝜑  da 𝜏𝜑  Zabvebs 𝜑1,  𝜑2  da  𝜑3  kuTxeebiT daxasiaTebul daxril 

kveTSi. 

moris wre gviCvenebs, rom moculobiTi daZabuli mdgomareobisas udi-

desi mxebi 𝜏𝑚𝑎𝑥 Zabva grafikulad gamoisaxeba udidesi wris radiusiT, e.i. 

𝜏𝑚𝑎𝑥 =
𝜎1− 𝜎3

2
 . es udidesi mxebi 𝜏𝑚𝑎𝑥 Zabva moqmedebs mTavari  𝜎2 Zabvis parale- 

lur kveTSi, romelic mTavari 𝜎1 da 𝜎3 Zabvebis mimarT daxrilia  𝜑2 =  𝜑3 =

45° kuTxiT. 

SemoRebuli aRniSvnis Tanaxmad, 

𝑚𝑎𝑥𝜎𝜑 = 𝜎1 

da 𝑚𝑖𝑛𝜎𝜑 = 𝜎3. 

 

3.3.Zabvebi daxril kveTSi brtyeli daZabuli mdgomareobis dros 

 

a) 𝜎𝜑-isa da 𝜏𝜑-isanalizuri gamosaxuleba 

ganvixiloT masalis elementi, romelic brtyeli daZabuli mdgo-

mareobis pirobebSia (nax. 27) da gamovTvaloT  𝜎𝜑 da 𝜏𝜑 Zabvebi nebismierad 

daxril 𝐴𝐵  kveTSi, romlis gare 𝑁  normali udidesimTavari 𝜎1  Zabvis 

mimarTulebasTan Seadgens 𝜑 

kuTxes, xolo mTavari 𝜎2  Zabvis 

mimarTulebasTan - 𝜑1 = 𝜑 + 90° 

kuTxes. zogad SemTxvevaSi,  𝐴𝐵 

kveTSi aRiZvreba rogorc norma-

luri 𝜎𝜑 , ise mxebi 𝜏𝜑 Zabva. am Zab-

vebis dasadgenad, mTavari 𝜎1  da 𝜎2 

Zabvebis moqmedebas cal-calke 

ganvixilavT, gamoviyenebT wrfivi 

daZabuli mdgomareobis dros 

miRebul formulebs da ZalTa 

moqmedebis damoukideblobis prin-

cipis safuZvelze SevajamebT Sedegebs. 

maSasadame, SegviZlia davweroT: 

𝜎𝜑 = 𝜎1𝑐𝑜𝑠
2𝜑 + 𝜎2𝑐𝑜𝑠

2𝜑1 = 𝜎1𝑐𝑜𝑠
2𝜑 + 𝜎2𝑐𝑜𝑠

2(𝜑 + 90°), 

e.i.                  𝜎𝜑 = 𝜎1𝑐𝑜𝑠
2𝜑 + 𝜎2𝑠𝑖𝑛

2𝜑.                             (1)                  

𝜏𝜑 =
𝜎1

2
𝑠𝑖𝑛2𝜑 +

𝜎2

2
𝑠𝑖𝑛2𝜑1 =

𝜎1

2
𝑠𝑖𝑛2𝜑 +

𝜎2

2
𝑠𝑖𝑛2(𝜑 + 90°), 

e.i.                      𝜏𝜑 =
𝜎1−𝜎2

2
𝑠𝑖𝑛2𝜑.                                (2) 

𝜎1 

𝜎1 

𝑁 

𝑁1 

𝜑 

90° 𝜎2 

𝜎2 

𝜎𝜑 𝜏𝜑 

𝜏𝜓 

 Bnax. 27 

𝜏𝜑 
𝜏𝜑 𝜎𝜑 

𝜎𝜑 

 

𝜎𝜓 

 

𝜏𝜓 

 
𝜎𝜓 

 
𝜎𝜓 

 

𝜏𝜓 

 

𝑇 

𝐴 

𝐵 

𝐶 

𝜓 

𝜑1
= 𝜑

+ 90° 
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rogorc vxedavT, moculobiTi daZabuli mdgomareobisas  I tipis 

kveTSi da aqac,𝜎𝜑 da 𝜏𝜑iangariSeba erTi da imave formulebiT. 

Tu 𝐴𝐵  kveTSi moqmedinormaluri 𝜎𝜑  da mxebi 𝜏𝜑  Zabvebis saangariSo 

formulebi, advilad davwerT normaluri 𝜎𝜓  da mxebi 𝜏𝜓  Zabvebis saan-

gariSo formulebs 𝐴𝐵  kveTis marTobi  𝐴𝐶  kveTisaTvis, romlis gare  

𝑁1Anormali udidesi mTavari 𝜎1 Zabvis mimarTulebasTan Seadgens 𝜓 = 𝜑 + 90° 

kuTxes (faqtobrivad 𝜓kuTxe warmoadgens 𝜑 kuTxis erT-erT mniSvnelobas). 

Sesabamisad gveqneba: 

𝜎𝜓 = 𝜎1𝑐𝑜𝑠
2𝜓 + 𝜎2𝑠𝑖𝑛

2𝜓 = 𝜎1𝑐𝑜𝑠
2(𝜑 + 90°) + 𝜎2𝑠𝑖𝑛

2(𝜑 + 90°) , 

e.i.                      𝜎𝜓 = 𝜎1𝑠𝑖𝑛
2𝜑 + 𝜎2𝑐𝑜𝑠

2𝜑 .                         (3) 

da                𝜏𝜓 =
𝜎1−𝜎2

2
𝑠𝑖𝑛2𝜓 =

𝜎1−𝜎2

2
𝑠𝑖𝑛2(𝜑 + 90°),   

e.i.                        𝜏𝜓 =
𝜎1−𝜎2

2
𝑠𝑖𝑛2𝜑 .                              (4)  

miRebuli Sedegebis safuZvelze SegviZlia gavakeToT Semdegi mniSvne-

lovani daskvnebi: 

a) Tu (1) da (3) formulebs wevr-wevrad SevkrebT, miviRebT:  

𝜎𝜑+𝜎𝜓 = 𝜎1 + 𝜎2 = 𝑐𝑜𝑛𝑠𝑡 . 

maSasadame, or urTierTmarTob kveTSi moqmedi normaluri 𝜎𝜑  da 𝜎𝜓   Zab-

vebis jami mudmivi sididea da mTavari 𝜎1 da 𝜎2 Zabvebis jamis tolia; 

b) (2) da (4) gamosaxulebaTa Sedareba gviCvenebs, rom 𝜏𝜓 = −𝜏𝜑 , e.i. or 

urTierTmarTob kveTSi moqmedi mxebi 𝜏𝜑 da 𝜏𝜓  Zabvebi sididiT tolia da 

niSniT sapirispiro. 

am kanons, mxebi Zabvebis wyviladobis kanoni ewodeba da mas adgili 

aqvs yvelgan, sadac ki saqme gvaqvs mxeb 𝜏 ZabvebTan. 

rom davadginoT, Tu romel kveTebSi aRiZvreba eqstremaluri norma-

luri  𝜎𝜑 Zabvebi, unda SeviswavloT (1) gamosaxuleba eqstremumze: 

𝑑𝜎𝜑

𝑑𝜑
= −𝜎12𝑐𝑜𝑠𝜑 ∙ 𝑠𝑖𝑛𝜑 + 𝜎22𝑠𝑖𝑛 ∙ 𝑐𝑜𝑠𝜑 = 0 ,  

saidanac miviRebT: (𝜎2 − 𝜎1)𝑠𝑖𝑛2𝜑 = 0  da  𝑠𝑖𝑛2𝜑 = 0 . es ki SesaZlebelia or 

SemTxvevaSi: 

1. 2𝜑 = 0 , 𝜑 = 0  da, Sesabamisad, 𝜎𝑚𝑎𝑥 = 𝜎1; 

2. 2𝜑 = 𝜋 , 𝜑 =
𝜋

2
  da, Sesabamisad, 𝜎𝑚𝑖𝑛 = 𝜎2 . 

rogorc Cans, 𝜎1 da 𝜎2mTavari Zabvebi eqstremaluri Zabvebia. 

(2) gamosaxulebis analizi gviCvenebs, rom udi-

desimxebi  Zabva 𝜏𝜑 aRiZ- vreba im kveTebSi, rom-

lebisTvisac 𝑠𝑖𝑛2𝜑 = 1 ,  e.i. iq, sadac 2𝜑 =
𝜋

2
 da  𝜑 =

𝜋

4
= 45°, Sesabamisad, gveqneba: 

𝜏𝑚𝑎𝑥 =
𝜎1 − 𝜎2
2

 . 

b) mTavari 𝜎1  da 𝜎2  Zabvebis grafikuli gaan-

gariSeba 
0 𝐶 𝐷 

𝜎1 

nax. 28 

𝑀1 

𝜎2 
𝜏𝜓 

𝜎𝜑 

𝜎 

𝑀 

𝐵 
𝜏𝜑 

2𝜑 

𝜏 

𝐷1 

2𝜓 

𝐴 

𝜎𝜓 
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𝜎𝜑 ,   𝜏𝜑  Zabvebis grafikuli warmodgena I tipis kveTisaTvis xdeba 

agebuli moris wriT (nax. 24). 

aseve moris wris gamoyenebiT SegviZlia gadav- wyvitoT Sebrunebuli 

amocana (nax. 28), roca mocemulia 𝜎𝜑, 𝜏𝜑 , 𝜎𝜓 , 𝜏𝜓 = − 𝜏𝜑 Zabvebi ur-

TierTmarTobul, raime𝜑 da  𝜓 = 𝜑 + 90° kuTxeebiT daxril kveTSi da veZebT 

mTavar 𝜎1 da 𝜎2 Zabvebs: 

𝜎1 = 𝑂𝐵 = 𝑂𝐷1 + 𝐷1𝐶 + 𝐶𝐵 = 𝑂𝐷1 + 𝐷1𝐶 + 𝐶𝑀 = 𝑂𝐷1 + 𝐷1𝐶 +√𝐶𝐷
2 + 𝑀𝐷2 = 𝜎𝜓 +

𝜎𝜑−𝜎𝜓 

2
+

√(
𝜎𝜑−𝜎𝜓 

2
)
2

+ 𝜏𝜑2 =
𝜎𝜑+𝜎𝜓 

2
+√(

𝜎𝜑−𝜎𝜓 

2
)
2

+ 𝜏𝜑2, 

𝜎2 = 𝑂𝐴 = 𝑂𝐷1 + 𝐷1𝐶 − 𝐴𝐶 =
𝜎𝜑+𝜎𝜓 

2
−√(

𝜎𝜑−𝜎𝜓 

2
)
2

+ 𝜏𝜑2 . 

xSirad, orive mTavar 𝜎1 da  𝜎2Zabvas erTi formuliT gamosaxaven: 

𝜎1,2 =
1

2
[(𝜎𝜑 + 𝜎𝜓 ) ±√(𝜎𝜑 − 𝜎𝜓 )

2
+ 4𝜏𝜑2]. 

 

3.4. deformacia rTuli daZabuli mdgomareobisas -hukis 

ganzogadebuli kanoni 

ganvsazRvroT mTavari kveTiT gamoyofi- 

li marTkuTxa paralelepipedis  wi-

boebis 𝜀 deformacia (fardobiT wagrZelebaan 

damok- leba) (nax. 29). cxadia, TiToeuli wi-

bos de- formacia 𝜎1 , 𝜎2  da 𝜎3  samive Zabvi-

Taagamowve- uli, amitom, mag., 1 wibos defor-

maciis gamoT- vlisas, gamoviyenoT Zalebis 

moqmedebis damoukideblobis principi: 

𝜀′ = 𝜀1
′ + 𝜀2

′ + 𝜀3
′ 

mTavar 𝜎1 Zabvas Seesabameba am wibos dag- 

rZeleba 𝜀1
′ =

𝜎1

𝐸 
.  𝜎2  da  𝜎3  ZabvebisaTvis pirve- 

li wibo ganiv zomas warmoadgens da am Zab- 

vebs Seesabameba pirveli wibos damokleba 𝜀1
′′ = −𝜇

𝜎2

𝐸 
 da 𝜀1

′′′ = −𝜇
𝜎3

𝐸 
 ,  e.i. 𝜀1 =

𝜎1

𝐸 
− 𝜇

𝜎2

𝐸 
− 𝜇

𝜎3

𝐸 
=

1

𝐸
[𝜎1 − 𝜇(𝜎2 + 𝜎3)] .analogiur formulebs miviRebT 2 da 3 wi-

boebisaTvis:  

{
 
 

 
 𝜀1 =

1

𝐸
[𝜎1 − 𝜇(𝜎2 + 𝜎3)]

𝜀2 =
1

𝐸
[𝜎2 − 𝜇(𝜎3 + 𝜎1)] ,

𝜀3 =
1

𝐸
[𝜎3 − 𝜇(𝜎1 + 𝜎2)] .

(1) 

 

miRebul sam gamosaxulebas erTad, ewodeba hukis ganzogadebuli kano- 

ni. 

rodesac sami mTavari 𝜎1,  𝜎2 da 𝜎3 Zabvidan erT-erTi nulis tolia, maga- 

liTad,  𝜎2 = 0 ,  miviRebT deformacias brtyeli daZabuli mdgomareobis 

dros:  

3  

𝜎1 

𝜎1 

𝜎3 

𝜎3 

𝜎2 𝜎2 

3 

3 

3 

2 

2 

1 1 

2 

2 

1 1 

nax. 29 
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{
 
 

 
 𝜀1 =

1

𝐸
(𝜎1 − 𝜇𝜎3),

𝜀2 = −
𝜇

𝐸
(𝜎3 + 𝜎1),

𝜀3 =
1

𝐸
(𝜎3 − 𝜇𝜎1).

(2) 

 

 

3.5. moculobis cvlileba (moculobiTi deformacia) 

 

SevkriboT hukis kanonis (1) gantolebebi, miviRebT moculobis fardo- 

biTi nazrdis anu, rogorc mas uwodeben, moculobiTi deformaciis gamosa- 

xulebas: 

𝑒 = 𝜀1 + 𝜀2 + 𝜀3 =
1−2𝜇

𝐸
(𝜎1 + 𝜎2 + 𝜎3).           (1) 

SemoviRoT aRniSvna 𝑘 =
𝐸

3(1−2𝜇)
. aq 𝑘 -s, moculobiTi deformaciis modu-

li ewodeba. (1) ase Caiwereba: 

𝑒 =
𝜎1+𝜎2+𝜎3

3𝑘
.(2) 

 

3.6. deformaciis kuTri potenciuri energia 

 

ganvixiloTmTavari kveTebiT gamoyofili kubi, romliswibos zoma 1 -is 

tolia da gamoviTvaloT masSi dagrovili deformaciis potenciuri ener-

gia. 𝜎1, 𝜎2  da 𝜎3 Zabvebi aseTi kubisaTvis gare Zalebia:ganmartebis Tanaxმad, 

erTeul farTobze mosuli Siga Zala Zabvas warmoadgens, waxnagebi1-is 

toliada amitom amokveTilikubi ZabvebiT datvirTuli gamodis. vinaidan 

deformaciis dagrovili potenciuri energia ricxobrivad gare  𝜎1, 𝜎2, 𝜎3 

Zalebis mier Sesrulebuli muSaobis tolia, TiToeuli mTavari Zabva ki 

gaWimva-kumSvis muSaobas Seasrulebs erTeuli sigrZis wibos 𝜀 wagrZeleba-

ze, gveqneba: 

𝑢 =
𝜎1𝜀1
2

+
𝜎2𝜀2
2

+
𝜎3𝜀3
2

. 

hukis ganzogadebuli kanonidan SevitanoT mTavari fardobiTi 𝜀1,  𝜀2  da 𝜀3 

deformaciebis gamosaxulebebი, miviRebT: 

𝑢 =
1

2𝐸
[𝜎1

2 + 𝜎2
2 + 𝜎3

2 − 2𝜇(𝜎1𝜎2 + 𝜎2𝜎3 + 𝜎1𝜎3)]. 

zogad SemTxvevaSi,  deformirebisas icvleba daZabuli sxeulis ro- 

gorc moculoba, ise forma. moculobis cvlileba kubs ar Secvlis, igi, 

ubralოd,zomis mixedviTgaizrdeba an dapataravdeba, formis Secvla ki 

ganxilul SemTxvevaSi kubs marTkuTxa paralelepipedad gadaaqcevs,e.i. 

srulikuTri energiis miRebuli gamosaxuleba SegviZlia ori Sesakrebis 

jamad warmovadginoT: 

𝑢 = 𝑢m + 𝑢f 

mxolod moculobis cvlilebisaserTi da imave sididis 𝜎saS =
𝜎1+𝜎2+𝜎3

3
Zabvebi gamoiwveves kubis yvela wibos erTi da imave 𝜀saS =

𝜀1+𝜀2+𝜀3

3
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sididiTzomis mixedviT Secvlas. Tu gaviTvaliswinebT, rom   𝑒 = 𝜀1 + 𝜀2 +

𝜀3 =
𝜎1+𝜎2+𝜎3

3𝑘
, miviRebT: 

𝜀saS =
𝜀1 + 𝜀2 + 𝜀3

3
=

(𝜎1+𝜎2+𝜎3)

3𝑘

3
=
𝜎saS
3𝑘

 , 

sadac  𝑘 =
𝐸

3(1−2𝜇)
. e.i. moculobis cvlilebis Sesabamisi kuTri potenciuri 

energia toli iqneba: 

𝑢m = 3
𝜎saS𝜀saS

2
=

𝜎saS
2

2𝑘
=

(𝜎1+𝜎2+𝜎3)
2

18𝑘
, anu   𝑢m =

1−2𝜇

6𝐸
(𝜎1 + 𝜎2 + 𝜎3)

2. 

formis cvlilebis Sesabamisi kuTri potenciuri energia ki toli iqne-

ba: 

𝑢f = 𝑢 − 𝑢m =
1

2𝐸
[𝜎1

2 + 𝜎2
2 + 𝜎3

2 − 2𝜇(𝜎1𝜎2 + 𝜎2𝜎3 + 𝜎1𝜎3)] −
1 − 2𝜇

6𝐸
(𝜎1 + 𝜎2 + 𝜎3)

2 =

=
1 + 𝜇

3𝐸
(𝜎1

2 + 𝜎2
2 + 𝜎3

2−𝜎1𝜎2 − 𝜎2𝜎3 − 𝜎1𝜎3) 

anu𝑢f =
1+𝜇

6𝐸
[(𝜎1 − 𝜎2)

2 + (𝜎2 − 𝜎3)
2 + (𝜎3 − 𝜎1)

2] . 

kiTxvebi da pasuxebi 
1. romel kveTs ewodeba mTavari? 

kveTs, romelSic ar aRiZvreba mxebi 𝜏 Zabvebi, mTavari kveTi ewodeba. 

2. romel Zabvas ewodeba mTavari? 

mTavar kveTebSi aRZrul normalur  𝜎 Zabvas, mTavari Zabvebiewodeba. 

3.daZabuli mdgomareobis ra da ra saxeebi arsebobs? 

a) moculobiTi daZabuli mdgomareoba, rodesac mTavari kveTiT gamoyofili 

kubis waxnagebze moqmedebs samive mTavari 𝜎1, 𝜎2  da 𝜎3  Zabva. am dros kubi 

samRerZa daZabul mdgomareobaSia - samive mimarTulebiT iWimeba an ikumSe- 

ba.  

b)brtyeli daZabuli mdgomareoba, rodesac samidan  mxolod ori: 𝜎1 da 𝜎2  

Zabva (  𝜎3 = 0) moqmedebs. aseTi mdgomareoba konstruqciuli elemente-

bisaTvis yvelaze tipuria. 

g)wrfivi anu erTRerZa daZabuli mdgomareoba, rodesac samidan  mxolod 

erTi, 𝜎1  moqmedebs ( 𝜎2 = 𝜎3 = 0) . es SemTxveva Reros RerZuli gaWimva-kum- 

Svaa. 

4. ra da ra tipis kveTis gatareba SeiZleba mTavari kveTebiT gamoyofil 

elementarul kubSi? 

ori tipis: I. daxrili kveTi, romelic  paraleluria erT-erTi mTavari Zab-

visa; II. kveTi, romelic  daxrilia samive  mTavari Zabvis mimarT. 

5. rogor gamoiTvleba normaluri 𝜎𝜑 da mxebi 𝜏𝜑Zabvebi I tipis kveTSi? 

Tu ganvixilavT, magaliTad, mTavari 𝜎2  Zabvis paralelur kveTs, romlis 𝑁 

normali mTavari𝜎1  Zabvis mimarTulebasTan adgens 𝜑  kuTxes, maSin  masSi 

aRZruli normaluri 𝜎𝜑 da mxebi 𝜏𝜑Zabvebi gamoiTvleba formulebiT: 

𝜎𝜑 =
𝜎1+𝜎3

2
+
𝜎1−𝜎3

2
𝑐𝑜𝑠2𝜑;   (1) 

𝜏𝜑 =
𝜎1 − 𝜎3
2

𝑠𝑖𝑛2𝜑. (2) 

𝜎𝜑 

𝜎 

0 𝐶 𝐷 

𝑀 

𝜎1 

𝐵 
𝜏𝜑 

2𝜑 

𝜏 

𝜎3 

 
𝐴 
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6. grafikulad rogor aris warmodgenili normaluri 𝜎𝜑   da mxebi 𝜏𝜑  Zab-

vebiI tipis kveTSi? 

rogorc koordinatebi im 𝑀 wertilisa, romelic moris wreze aiReba 𝜑 

kuTxis mixedviT: 

7. rogor gamoiTvlebaa normaluri 𝜎𝜑 da mxebi 𝜏𝜑Zabvebi II tipis kveTebSi? 

normaluri 𝜎𝜑  da mxebi 𝜏𝜑  ZabvebiaseT kveTebSi gamoiTvleba formulebiT, 

romlebic gamoyvanilia drekadobis TeoriaSi: 

𝜎𝜑 = 𝜎1𝑐𝑜𝑠
2𝜑1 + 𝜎2𝑐𝑜𝑠

2𝜑2 + 𝜎3𝑐𝑜𝑠
2𝜑3 ; 

𝜏𝜑 = √𝜎12𝑐𝑜𝑠2𝜑1 + 𝜎22𝑐𝑜𝑠2𝜑2 + 𝜎32𝑐𝑜𝑠2𝜑3 − 𝜎𝜑2 , 

sadac 𝜑1, 𝜑2  da 𝜑3  kuTxeebia, romlebsac daxrili 

kveTis gare 𝑁  normali Seadgens mTavari 𝜎1, 𝜎2  da 𝜎3 

Zabvebis mimarTulebasTan. 

8.grafikulad rogor aris warmodgenili normaluri 𝜎𝜑  

da mxebi 𝜏𝜑 ZabvebiII tipis kveTSi? 

rogorc koordinatebi im 𝑅 wertilisa, romelic wreebs Soris areSi aigeba:  

𝐴 da  𝐵 wertilebSi aRimarTeba vertikalebi da aigeba 𝜑3  da 𝜑1  kuTxeebi, 

aiReba am kuTxeebis II gverdebis  moris udides wresTan gadakveTis 𝑀1 da 

𝑀3  wertilebi da Semdeg 𝑂1  da 𝑂3  centrebidan 𝑂1𝑀3  da 𝑂3𝑀1  radiusebiT 

rkalebi moixazeba; maTi gadakveTaa𝑅 wertili. 

9. rogor gamoiTvleba normaluri 𝜎𝜑  da mxebi 𝜏𝜑 Zabvebi daxril kveTSi 

brtyeli daZabuli mdgomareobis dros?  

mTavari 𝜎1 da 𝜎2Zabvebisagan cal-calke moqmedebiT gamowveuli 𝜎𝜑
′  da 𝜎𝜑

′′ 

𝜏𝜑
′  da 𝜏𝜑

′′ Zabvebis jamis saxiT: 

𝜎𝜑 = 𝜎𝜑
′ + 𝜎𝜑

′′ = 𝜎1𝑐𝑜𝑠
2𝜑 + 𝜎2𝑠𝑖𝑛

2𝜑.        (1) 

𝜏𝜑 = 𝜏𝜑
′ + 𝜏𝜑

′′ =
𝜎1−𝜎2

2
𝑠𝑖𝑛2𝜑.               (2) 

𝜎𝜑  da 𝜏𝜑  I tipis kveTebSi moculobiTi daZabuli mdgomareobisas  da aqac 

erTi da imave formulebiT iangariSeba. 

10.grafikulad rogor aris warmodgenili mTavari 𝜎1  da 

𝜎2 Zabvebi da rogor gamoviTvliT, roca mocemulia 𝜎𝜑, 𝜏𝜑, 

𝜎𝜓, 𝜏𝜓 Zabvebi or  urTierTmarTobkveTSi? 

rogorc 𝑀𝑀1 diametrze [𝑀 (𝜎𝜑, 𝜏𝜑); 𝑀1(𝜎𝜓 , 𝜏𝜓)]  agebuli 

moris wris 𝜎 RerZTan gadakveTis 𝐴 da 𝐵 wertilebis ab-

scisebi: 

𝜎1 = 𝑂𝐵 =
𝜎𝜑+𝜎𝜓 

2
+√(

𝜎𝜑−𝜎𝜓 

2
)
2

+ 𝜏𝜑2, 

𝜎3 = 𝑂𝐴 =
𝜎𝜑 + 𝜎𝜓 

2
−√(

𝜎𝜑 − 𝜎𝜓 

2
)
2

+ 𝜏𝜑2 . 

orive mTavari𝜎1 da  𝜎2Zabva,erTi formuliTac gamoisaxeba: 

𝜎1,2 =
1

2
[(𝜎𝜑 + 𝜎𝜓 ) ±√(𝜎𝜑 − 𝜎𝜓 )

2
+ 4𝜏𝜑2]. 

0 𝐶 𝐷 

𝜎1 𝑀1 

𝜎2 𝜏𝜓 

𝜎𝜑 

𝜎 

𝑀 

𝐵 
𝜏𝜑 

2𝜑 

𝜏 

𝐷1 
2𝜓 

𝐴 

𝜎𝜓 

𝜎 

𝑂2 𝑂3 

𝑀1 

𝐵 
 

𝜏 

𝑂1 

 

𝜎3 

𝐴 

 

𝜎1 

𝜎2 

𝑀3 𝑅 

𝜑3 𝜑1 
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11. rogor gamoiTvleba deformaciebi rTuli daZabuli mdgomareobis dros 

darogor gamoisaxeba hukis ganzogadebuli kanoni? 

rogorc, mTavari kveTebiT gamoyofili elementaruli kubis, mag., 1 wibos  

grZivi  fardobiTi  𝜀1
′ =

𝜎1

𝐸 
 deformaciisa da ganivi fardobiTi 𝜀1

′′ = −𝜇
𝜎2

𝐸 
 , 

𝜀1
′′′ = −𝜇

𝜎3

𝐸 
 deformaciebis jami:  𝜀1 =

𝜎1

𝐸 
− 𝜇

𝜎2

𝐸 
− 𝜇

𝜎3

𝐸 
=

1

𝐸
[𝜎1 − 𝜇(𝜎2 + 𝜎3)]; 

hukis ganzogadebuli kanoni gamoisaxeba samive mimarTulebiT  Cawerili 

𝜀1,  𝜀2,  𝜀3 deformaciebis gantolebaTa Semdegi sistemiT: 

{
 
 

 
 𝜀1 =

1

𝐸
[𝜎1 − 𝜇(𝜎2 + 𝜎3)] ,

𝜀2 =
1

𝐸
[𝜎2 − 𝜇(𝜎3 + 𝜎1)] ,

𝜀3 =
1

𝐸
[𝜎3 − 𝜇(𝜎1 + 𝜎2)] .

        (1) 

brtyeli daZabuli mdgomareobis dros:  

{
 
 

 
 𝜀1 =

1

𝐸
(𝜎1 − 𝜇𝜎3),

𝜀2 = −
𝜇

𝐸
(𝜎3 + 𝜎1),

𝜀3 =
1

𝐸
(𝜎3 − 𝜇𝜎1).

             (2) 

 

12. rogor gamoisaxeba moculobiscvlilebarTuli daZabuli mdgomare- obis 

dros? 

immoculobis fardobiTi 𝑒  nazrdiT anumoculobiTi deformaciiT, rome- 

lic mTavari 𝜀1, 𝜀2, 𝜀3 deformaciebis jamis tolia: 

𝑒 = 𝜀1 + 𝜀2 + 𝜀3 =
1−2𝜇

𝐸
(𝜎1 + 𝜎2 + 𝜎3),         (1) 

anu 

𝑒 =
𝜎1+𝜎2+𝜎3

3𝑘
,                    (2) 

sadac 𝑘 =
𝐸

3(1−2𝜇)
 moculobiTi deformaciis modulia. 

13. ra saxis jamiT aris warmodgenili deformaciis sruli kuTri potenci-

uri 𝑢 energia da ra formulebiT gamoisaxeba TiToeuli maTgani? 

𝑢mmoculobis da 𝑢fformiscvlilebaTa kuTri potenciuri energiebis ja- 

miT: 

𝑢 = 𝑢m + 𝑢f. 

sruli kuTri potenciuri 𝑢 energia:  

𝑢 =
𝜎1𝜀1

2
+
𝜎2𝜀2

2
+
𝜎3𝜀3

2
  anu  𝑢 =

1

2𝐸
[𝜎1

2 + 𝜎2
2 + 𝜎3

2 − 2𝜇(𝜎1𝜎2 + 𝜎2𝜎3 + 𝜎1𝜎3)]; 

moculobis cvlilebis kuTri potenciuri𝑢m energia: 

𝑢m =
1−2𝜇

6𝐸
(𝜎1 + 𝜎2 + 𝜎3)

2; 

formis cvlilebiskuTri potenciuri 𝑢fenergia: 

𝑢f =
1+𝜇

3𝐸
(𝜎1

2 + 𝜎2
2 + 𝜎3

2−𝜎1𝜎2 − 𝜎2𝜎3 − 𝜎1𝜎3). 
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IV Tavi 

sufTa Zvra 

 

4.1. zogadi cnebebi 

 

brtyeli daZabuli mdgomareobis im kerZo SemTxvevas, roca gamoyo- 

fili elementis waxnagebs 

mxolod mxebi 𝜏  Zabvebi 

gadaecema ( 𝜎 = 0) , sufTa 

Zvra ewodeba(nax. 30,a). 

vTqvaT, kubis formis ele-

menti furclebis Sexebis 

sibrtyeSiasufTa Zvris 

pirobebSi, rogorc, magaliTad, moqlonis Reros elementaruli 𝐴𝐵𝐶𝐷 kubi 

(nax. 30b). 

 Tu kubs qveda 𝐴𝐷  waxnagiT uZravad Cava- magrebT(nax. 31), maSin mxebi 𝜏 

Zabvebis gavleniT  elementi gadaixreba, misi zeda 𝐵𝐶  waxnagi daiZvreba 

qvedas mimarT da da- ikavebs axal  𝐵1𝐶1 

mdebareobas. ∆𝑆 = 𝐵𝐵1 = 𝐶𝐶1 sidides ewodeba ab-

soluturi Zvra. 𝛾  kuTxes, romliTac 𝐴  da 𝐶 

marTi kuTxeebi mcirdeba, xolo 𝐵 da 𝐷 izrdeba, 

Zvris kuTxeebi hqvia. rogorc naxatidan Cans, 

𝑡𝑔𝛾 =
∆𝑆

ℎ
. vinaidan saq- me gvaqvs mcire kuTxesTan, 

amitom SegviZlia davweroT:  𝛾 =
∆𝑆

ℎ
. 

𝛾  -s sxvagvarad fardobiTi Zvra hqvia da 

ricxobrivad igi gamoxatavs erTeuli manZiliT daSorebuli kveTebis er-

Timeoris mimarT paralelur gadaadgilebas. 

 

4.2. Zabva da deformacia 

a) Zabvebi daxril kveTebSi. daxril kveTebSi normaluri 𝜎𝜑 da mxebi 𝜏𝜑 

Zabvebis gansazRvrisaTvis ganivixiloT gamoyofili, usasrulod mcire sam- 

kuTxa 𝐴𝑂𝐵 prizmis (nax. 32) wonasworoba: 

∑𝑁 = 𝜎𝜑𝑑𝐴 − 𝜏1(𝑑𝐴𝑠𝑖𝑛𝜑)𝑐𝑜𝑠𝜑 − 𝜏2(𝑑𝐴𝑐𝑜𝑠𝜑) 𝑠𝑖𝑛𝜑 = 0 ,(1) 

∑𝑇 = 𝜏𝜑𝑑𝐴 + 𝜏1(𝑑𝐴𝑐𝑜𝑠𝜑)𝑐𝑜𝑠𝜑 − 𝜏1(𝑑𝐴𝑠𝑖𝑛𝜑) 𝑠𝑖𝑛𝜑 = 0 .(2) 

imis gaTvaliwinebiT, rom  𝜏1 = 𝜏2, (1) gantolebidan mi-

viRebT: 

 𝜎𝜑 = 𝜏𝑠𝑖𝑛2𝜑 .               (3) 

nax. 32 

𝜑 

𝜎𝜑 

𝑇 

𝑁 

𝐴 𝑂 

𝐵 

𝜏𝜑 𝜏1 

𝜏2 

nax. 31 

𝛾 𝛾 

𝐴 𝐷 

𝐶 𝐵 

∆𝑆 ∆𝑆 

ℎ 

𝐵1 𝐶1 

𝜏 

𝜏 

𝜏 𝜏 

nax. 30 

a) 

𝜏 

𝜏 

𝜏 

𝜏 

𝐶 𝐵 

 

𝐴 

 

 𝐷 

 

𝐹 

𝐹 

 

𝐴 
𝐵 𝐶 
𝐷 

b) 
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(2) gantolebidan ki, 

𝜏𝜑 = −𝜏𝑐𝑜𝑠2𝜑 .(4) 

b) mTavari Zabva. rogorc (3) formula gviCvenebs, eqs- tremaluri norma-

luri 𝜎𝜑  Zabva aRiZvreba kveTebSi, romlebisTvisac 𝑠𝑖𝑛2𝜑 = ±1 . ganvixiloT 

orive SemTxveva: 

1. 𝑠𝑖𝑛2𝜑 = +1 ; 2𝜑 = 90° ; 𝜑 = 45° ; 𝜎𝑚𝑎𝑥 = +𝜏 , 

2. 𝑠𝑖𝑛2𝜑 = −1 ; 2𝜑 = 270° ; 𝜑 = 135° ; 𝜎𝑚𝑖𝑛 = −𝜏 . 

rogorc (4) formula gviCvenebs, amave kveTSi 𝜏𝜑 = 0 .maSasadame, 45° -iT 

daxrili kveeTi mTavari kveTia da am kveTiT kubis formis elementis Sig- 

niT amokveTili mcire elementi erTi mimarTulebiT iWimeba 𝜎1 = 𝜎𝑚𝑎𝑥 = +𝜏,  

xolo meore mimarTulebiT ikumSeba 𝜎3 = 𝜎𝑚𝑖𝑛 = −𝜏 , erTi da imave sididis 

mTavari ZabviT (𝜎2 = 0, radgan kubis wina da ukana waxnagebi Zabvisagan Tavi- 

sufalia). 

g) mTavari deformacia.sufTa Zvra brtyeli daZabuli mdgomareobaa, 

Semdegi mTavari ZabvebiT: 𝜎1 = +𝜏 , 𝜎2 = 0 , 𝜎3 = −𝜏 . brtyeli daZabuli mdgo- 

mareobisTvis miRebuli gvqonda fardobiTi deformaciis mniSvnelobebi: 

𝜀1 =
1

𝐸
(𝜎1 − 𝜇𝜎3); 𝜀2 = −

𝜇

𝐸
(𝜎3 + 𝜎1); 𝜀3 =

1

𝐸
(𝜎3 − 𝜇𝜎1) . 

Tu am formulebSi SevitanT sufTa Zvris Sesabamisi mTavari 𝜎1, 𝜎2 da 𝜎3 

Zabvebis mniSvnelobebs, miviRebT mTavar deformaciebs sufTa Zvris dros. 

𝜀1 =
1

𝐸
[𝜏 − 𝜇(−𝜏)] =

𝜏

𝐸
(1 + 𝜇); 𝜀2 = −

𝜇

𝐸
(𝜏 − 𝜏) = 0; 𝜀3 =

1

𝐸
(−𝜏 − 𝜇𝜏) = −

𝜏

𝐸
(1 + 𝜇); 

rogorc Cans,𝜀3 = −𝜀1 . 

d) moculobis mudmivoba. davuSvaT, mTavari kveTiT amokveTilia mcire 

marTkuTxa paralelepipedi, wiboebis zomebiT 𝑎, 𝑏, da 𝑐 . cxadia, am sxeulis 

moculoba 𝑉 = 𝑎𝑏𝑐. deformaciis Semdeg, wiboebis sigrZeebi miiReben 

nazrdebs. deformaciis Semdeg paralelepipedis moculoba iqneba: 

𝑉1 = (𝑎 + ∆𝑎)(𝑏 + ∆𝑏)(𝑐 + ∆𝑐) = 𝑎 (1 +
∆𝑎

𝑎
)𝑏 (1 +

∆𝑏

𝑏
) 𝑐 (1 +

∆𝑐

𝑐
) =

= 𝑉(1 + 𝜀1)(1 + 𝜀2)(1 + 𝜀3) ; 

vinaidan  𝜀3 = −𝜀1 da 𝜀2 = 0 ,amitom 𝑉1 = 𝑉(1 + 𝜀1)(1 − 𝜀1) = 𝑉(1 − 𝜀1
2) , 

𝜀1 mcire wesieri wiladia, amitom misi kvadrati 1 -Tan SedarebiT Seg- 

viZlia ugulebelvyoT, riTac miviRebT 𝑉1 = 𝑉. maSasadame, sufTa Zvris dros 

masalis elementis moculoba praqtikulad ucvleli rCeba. 

4.3.hukis kanoni 

davadginoT damokidebuleba mxeb 𝜏 Zabvasa 

da Zvris 𝛾 kuTxes Soris. rogorc   nax. 33–dan 

Cans,𝐴𝐶  diagonali dagrZeldeba. 𝐴𝐶1  diagonal- 

ze𝐶  wertilidan davuSvaT 𝐶𝐶2 marTobi. praqti- 

kisaTvis sakmao sizustiT 𝐶1𝐶2  SeiZleba miviC- 

nioT 𝐴𝐶  diagonalis absolutur deformaciad, 

romelic ori gziT SeiZleba gamoiTvalos. 

Nnax. 33 

𝛾 𝛾 

𝐴 𝐷 

𝐶 𝐵 

∆𝑆 ∆𝑆 

ℎ 

𝐶2 

𝐶1 

𝜏 

𝜏 

𝜏 𝜏 

𝜎1 

𝜎1 = 𝜏 

𝜎3 

𝜎3 

𝐵1 
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𝐶𝐶1𝐶2 marTkuTxa samkuTxedidan gvaqvs: 

𝐶1𝐶2 = 𝐶𝐶1 ∙ 𝑐𝑜𝑠45° = ∆𝑆
√2

2
= 𝛾𝐻

√2

2
 . 

meore mxriv, 𝐴𝐶  diagonalis mimarTuleba mTavari mimarTulebaa da am 

mimarTulebiT fardobiTi deformacia tolia: 

𝜀1 =
𝜏

𝐸
(1 + 𝜇) . 

𝐴𝐶  diagonalis absoluturi deformaciis misaRebad ki saWiroa es mniS-

vneloba gamravldes diagonalis sawyis sigrZeze, e.i. gveqneba: 

𝐶1𝐶2 = 𝐴𝐶 ∙ 𝜀1 =
ℎ

𝑐𝑜𝑠𝛼

𝜏

𝐸
(1 + 𝜇) =

2ℎ

√2

𝜏

𝐸
(1 + 𝜇) = √2ℎ

𝜏

𝐸
(1 + 𝜇) . 

erTmaneTs gavutoloT 𝐶1𝐶2  deformaciis miRebuli ori mniSvneloba, mi-

viRebT: 

𝛾𝐻
√2

2
= √2ℎ

𝜏

𝐸
(1 + 𝜇) , 

saidanac𝜏 =
𝐸

2(1+𝜇)
𝛾 . 

SemoviRoT aRniSvna 𝐺 =
𝐸

2(1+𝜇)
 , maSin davwerT: 

𝜏 = 𝐺𝛾 .                  (1) 

es aris hukis kanoni sufTa Zvris dros, romelic Cawerilia fardobiTi 

sidideebiT da igi sruliad analogiuria hukis kanonisa gaWimva-kumSvis 

dros – 𝜎 = 𝐸𝜀. 

𝐺  sidides ewodeba drekadobis moduli sufTa Zvris dros, anu Zvris 

moduli. igi ramdenadme naklebia 𝐸  drekadobis modulze; magaliTad, 

foladisaTvis 𝐺 ≈ 8 ∙ 104 mpa (𝐸 = 2 ∙ 105mpa). 

masalis sami 𝐸, 𝐺  da 𝜇  fizikuri maxasiaTeblidan sakmarisia, eqsperi- 

mentuli gziT ganvsazRvroT ori, xolo mesames davadgenT 𝐺 =
𝐸

2(1+𝜇)
 damo- 

kidebulebis gamoyenebiT. 

sufTa Zvrisas hukis kanons, SeiZleba mivceT sxva saxec. Tu gaviTva-

liswinebT, rom 𝛾 =
∆𝑆

ℎ
 da kubis waxnagebze mxebi 𝜏 Zabvebis ganawilebas Ta- 

nabrad miviCnevT, e.i. CavTvliT, rom 𝜏 =
𝑄

𝐴 
-s, (1)-Si CasmiTmiviRebT: 

𝑄

𝐴 
= 𝐺

∆𝑆

ℎ
 . 

saidanac gveqneba: 

∆𝑆 =
𝑄ℎ

𝐺𝐴 
.                  (2) 

es gamosaxuleba sruliad analogiuria hukis formulisa gaWimva-

kumSvis dros ∆𝑙 =
𝐹𝑙

𝐸𝐴  
 . 

𝐺𝐴 namravls ewodeba sixiste sufTa Zvris dros. 

 

4.4. potenciuri energia 

 

 gaWimva-kumSvis analogiurad, visargebloT 𝑄  Zalis mier Sesrule- 

buli muSaobiT da gamovTvaloT deformaciis potenciuri energia, rogorc 

samkuTxedis farTobi:  
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𝐴m = 𝑈 =
1

2
𝑄 ∙ ∆𝑆 =

𝑄2ℎ

2𝐺𝐴 
.(1) 

es gamosaxuleba ase SegviZlia gardavqmnaT: 

𝐴m = 𝑈 =
𝑄2ℎ𝐴

2𝐺𝐴2
=

𝜏2𝑉

2𝐺
. (2) 

deformaciis kuTri potenciuri energia  toli iqneba: 

𝑢 =
𝑈

𝑉
=

𝜏2

2𝐺
.                   (3) 

Tu erT 𝜏 -s SevcvliT, miviRebT 

𝑢 =
𝜏𝐺𝛾

2𝐺
=

𝜏𝛾

2
. (4) 

4.5. SeerTebaTa praqtikuli gaangariSebissafuZvlebi 

konstruqciuli elementebisSeerTebebSi:  moqlonebis Reroebze, Sedu- 

Rebis zogierT nakerze, xis elementebis Wdobebze, WanWikebsa da sxvaze,gare 

datvirTva moqmedebsmaTdami ganivi mimarTulebiT, ris gamoc masa- lis ele-

mentebi Zvris pirobebSi aRmoCndeba. amitom, aseTi SeerTebebispraqtikuli 

gaangariSeba Wraze xdeba. 

a) moqlonuri SeerTeba 

moqlonur SeerTebebs vxvdebiTnivnivebSi, xidis fermebSi (wamweebSi), 

amweebSi, qvabebSi, rezervuarebsa da sxv. SesaerTebel furclebs winaswar 

daxvreten da xvre- 

lebSi Caalageben moq- 

lonebs,romelTac 

erTi Tavi aqvT, meore 

Tavs ki specialuri 

CaquCiT an hidrav- 

likuri xelsawyoTi 

adgilze akeTeben. 

SesaerTebeli furc- 

lebi cdilobsgadaadgildes, moqlonikiamis saSualebas ar 

aZlevs.furclebs swored amisTvis amoqloneben. 

ZiriTadad ganasxvaveben erTWrad da orWrad moqlonebs. Tu moqloniT 

SeerTebuli ori furcelia,moqloni erTWradia (nax. 

34,a).SesaerTebelfurclebzemoqmedi 𝐹 Zalebi,TiToeul moqlonSimxeb 𝜏  Zabva-

saRZravs furclebis Sexebis sibrtyeSi: 

𝜏 =
𝐹

𝑛𝐴
=

𝐹

𝑛
𝜋𝑑2

4

 . 

aq, aris𝑛 moqlonebis raodenoba;𝑑 - moqlonebis diametri. simtkicis piroba 

Wraze,aseTia: 

𝜏 =
𝐹

𝑛∙
𝜋𝑑2

4

≤ [𝜏]. 

Tu  moqlonebiT sami furcelia SeerTebuli,maSin moqloni orWradia. 

Sexebis sibrtyeSi moqlonis Reros ori ganivkveTi xvdeba, e.i. WraTa ricxvi 

oria (nax. 34,b). simtkicis pirobasWrazeaqvs saxe: 

𝐹 
𝑏 

𝐹 

𝐹 

𝐹 

𝛿 

𝛿 

nax. 34 

a) 

𝐹 
𝑏 

𝐹 

𝐹 

𝐹/2 

𝛿 

𝛿 

𝛿 
𝐹/2 

b) 
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𝜏 =
𝐹

𝑛∙2
𝜋𝑑2

4

≤ [𝜏]. 

moqlonis ganivkveTis 𝑑  diametri garkveuli konstruqciuli mosazrebebis 

safuZvelze SeirCeva,aqedan ki moqlonebis 𝑛  raodenoba ganisazRvreba. da-

saSvebi [𝜏] Zabva foladisaTvis f.3 [𝜏] ≈ 0.6[𝜎] = 0.6 ∙ 160mpa ≈ 100 mpa. 

𝑛 ≥
𝐹

2
𝜋𝑑2

4
[𝜏]
. 

𝑛 raodenobasmarto Wraze,simtkicis pirobidan ver gamovTliT, radgan 

SeerTeba SeiZleba furclebis samoqlone xvrelis an moqlonis Reroszeda-

pirebis daTelvis gamoc gaxdes uvargisi (nax. 35,a).rogorc naxazidan Cans,𝐹 

Zalebi naxevrad cilindrul 

zedapirebze 

araTanabradgadanawil-

deba,Tumca gaangariSebis 

gamartivebis mi-zniT, Tvlian, 

rom gadanawildeba diame-

tralur kveTSi (nax. 

35,b).simtkicis pirobas daTelvaze aqvs saxe: 

𝜎T =
𝐹

𝑛𝑑𝛿
≤ [𝜎T] . 

𝛿  aris SesaerTebeli furclebis sisqe. dasaSvebi [𝜎T]  Zabva Telvis dros 

aiReba [𝜎T] = (2 ÷ 2.5)[𝜎]. am pirobidan moqlonebis raodenoba iqneba: 

𝑛 ≥
𝐹

𝑑𝛿[𝜎T]
. 

maSasadame, moqlonur SeerTebas 

vangariSobT rogorc Wraze, ise Tel- 

vaze. moqlonebis 𝑛  raodenobad vTvliT 

Wrasa da Telvaze cal-calke gamoT-

vlili ori 𝑛–dan udidess. 

b) SeduRebiTi SeerTeba. 

romelime gamdnari liTonis saSu-

alebiT SesaerTebeli elementebis erT-

maneTze miduReba cnobilia rogorc 

slavianovis meTodi, midgmuli fur-

clebis uSualo SeduRebaairiT–rogorc 

benardosis. SeduRebis mravalgvari 

saxeobidan ganvixilavT eleqtrorkaluri SeduRebis gaangariSebis 

meTodebs. aseTi SeduRebisas awyoben  ornair nakers: 

1. pirapiri nakeri ewyoba erTsa da imave sibrtyeSi ganlagebulifur-

clebis SesaerTeblad.SeduRebis xazze kideebis winaswar CamoTla xdeba 

furclis sisqismixedviT. Tu sisqe mcirea,maSin kideebs toveben rogorc 

aris da ise aduReben (nax. 36,a), Tu ara,- awyoben V-sebr (nax. 36,b) an X-sebr 

(nax. 38,g) nakerebs.pirapirი nakeri gaWimvaze an kumSvazegaiangariSeba, 

Semdegi formuliT: 

nax. 35 

𝐹 𝐹 

a) b) 

𝛿 

𝑑 

nax. 36 

𝐹 

𝑏 

𝛿 

𝛿 

𝛿 = 8 

 𝛿 = (10 ÷ 25) 

 

𝛿 = (12 ÷ 40) 

2

mm 

2m

m 

70° 

70° 

 

𝛿 

2m

m 

a) 

b) 

g) 

𝐹 

𝐹 

𝐹 

𝐹 

𝐹 

𝐹 

𝐹 
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𝜎 =
𝐹

𝑙𝛿
≤ [𝜎]S.n. . 

sadac 𝑙 = 𝑏 − 10  mm aris nakeris saangariSo sigrZe; [𝜎]S.n. - dasaSvebi Zabva 

SeduRebis nakerisaTvis, romlis mniSvneloba aiReba cnobarebidan. 

2.lilvakisebri nakeri,Tavis mxriv, iyofa frTa nakerad da Subla na-

kerad. 

frTanakers aqvs igive mimarTuleba, rac moqmed 𝐹 datvirTvas (nax. 37). 

SeduRebis nakerი ganivkveTSi  

uswormasworo formისაა, ma-

gram iTvleba, rom mas aqvs 

tolferda samkuTxedis for-

ma. frTanakeris rRveva Wris 

gamomosalodnelia nakeris 

biseqtorul kveTSi da 

simtkicis pirobac Wraze 

iwereba: 

𝜏 =
𝐹

𝑙 ∙ 0.7𝛿
≤ [𝜏]S.n. , 

sadac 0.7𝛿  aris biseqtrisis sigrZe, romelic ase gamoiTvleba:  ℎ = 𝛿 ∙

𝑐𝑜𝑠45° ≈ 0.7𝛿 ; 𝑙 - nakerebis jamuri sigrZe, romelic simetriuli elementebis 

dros Tanabrad nawildeba orive mxares,magaliTad, zeda SesaerTebeli 

simetriuli furclis SemTxvevaSi, xolo arasimetriuli elementis dros 

ganivkveTis simZimis centridan manZilis ukuproporciulad. magaliTad, 

kuTxovanas daduRebisas, es 𝑙  sigrZe kuTxovanas yuisa da Taros mxares-

nawildeba manZilebis ukuproporciulad,anu yuis mxares nakerimeti sigr-

Zisaa. 

Subla nakers aqvs datvirTvis marTobi mimarTuleba da SeduReba xdeba 

zemodanac da qvemodanac (nax.38). aseTi nakeris rRveva mosalodnelia 

yvelaze sust 𝐴𝐵 kveTSi. rogorc naxazidan Cans, am kveTSi moqmedi sruli  

𝑝𝛼  Zabva iSleba normalur 𝜎𝛼  da mxeb 

𝜏𝛼 Semdgenebad da vinaidan SeduRebis nakeris 

masalis winaaRmdegobis unari Wraze naklebia, 

vidre gaWimvaze, amitompirobiT, Subla nakeri 

iangariSeba Wraze iseve, rogorc frTa nakeri 

𝜏 =
𝐹

2𝑙∙0.7𝛿
≤ [𝜏]S.n. 

 

4.6. simtkicis Semowmeba rTuli daZabuli mdgomareobis dros. 

simtkicis Teoria 

wrfivi daZabuli mdgomareobis anuRerZuli gaWimvis an kumSvis Sem-

TxvevaSi,Reros simtkicis pirobas aqvs saxe: 𝜎 =
𝐹

𝐴
≤ [𝜎] ,  sadac [𝜎] =

𝜎zR

𝑘0
 da 

𝜎zR simtkicis 𝜎s.z. zRvaria myife masalebisaTvis, xolo denadobis 𝜎d zRva-

Nnax. 37 

𝐹 𝐹 

𝐹 
𝐹 

𝛿 

𝛿 

ℎ 

Nnax. 38 

𝜎𝛼 
𝑝𝛼 

𝜏𝛼 

𝐹 

𝐴 
𝐵 𝐹 

𝐴 
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ri – plastikuri masalebisaTvis. am maxasiaTeblebs adgenenReros gaWimviT 

laboratoriaSi.rasakvიrvelia, zRvruli Zabva,pirvel rigSi,Reros ganiv-

kveTSi aRiZvreba. 

rTuli daZabuli mdgomareobisas,mTavari kveTiT amokveTili kubis Ti-

Toeuli waxnagi gaWimuli Reros ganivkveTis mdgomareobaSia. samidan, 

TuerTi mimarTulebiT gazrdianmTavar Zabvas (mag. 𝜎1 -s), amwaxnagSi aRZru-

li Zabvebi miaRwevs zRvruls,xolo Tu meore mimarTulebiT-meore waxanag-

Sida Tu mesame mimarTulebiT  - mesameSi (mag. 𝜎2 -s). magram samive SemTxveva-

Si sxva danarCeni ori mTavari Zabva procesSi ar monawileobs da 

TiTოeuli es SemTxveva gaWimva-kumSvis analogiuria. amasTan,ar arsebobs 

garantia, rom sworedesmdgomareobebia yvelaze saxifaTo. Tu samive mimar-

TulebiT erTdroulad gazrdianmTavar 𝜎1,  𝜎2  da  𝜎3  Zabvebs,arc am Sem-

TxvevaSi iqneba garantia, rom es mdgomareoba aRmoCndeba yvelaze saxifaTo 

da a.S. 

sinamdvileSi, saxifaTo mdgomareoba SeiZleba dadges 𝜎1,  𝜎2  da  𝜎3 -is 

sul sxvadasxva ricxviTi mniSvnelobebis dros daeqsperimentuli gziT 

mTavari Zabvis saxifaToO mniSvnelobebismosaZebnadsaWiroa uamravi raode-

nobis cdis Catareba
𝜎1

 𝜎2
, 

𝜎1

 𝜎3
  da 

𝜎2

 𝜎3
 fardobebis sul sxvadasxva mniSvnelo-

bebis dros. praqtikulad, aseTi raodenobis cdebis Catareba SeuZlebelia. 

amis gamo simtkicis pirobis Sedgenisas umjobesia,gamoiyenonwrfivi 

daZabuli mgomareobisas gamocdiT miRebulisimtkicis garantirebuli ma-

xasiaTeblebi:  simtkicis 𝜎s.z.zRvari myife masalebisaTvis da denadobis 𝜎d 

zRvari plastikuri masalebisaTvis. 

magram es mxolod iseTi daSvebis (hipoTezis) SemoRebiT SeiZleba 

gakeTdes, romlis safuZvelze  dadgindebafunqcia, romelic masalis 

simtkicesdaakavSirebs mTavari  𝜎1,  𝜎2  da  𝜎3  Zabvebis sidideebTan, mimar-

TulebebTan da dasaxeldeba mizezi, romlis gamoc iqmneba saxifaTo 

mdgomareoba. radgan rTuli daZabuli mdgomareobis dros mizezi bevria, 

SemoRebuli daSveba (hipoTeza)eqsperimentulad mowmdeba. 

1) pirveli (renkinis), yvelaze uZvelesi Teoria, e.w. udidesi normaluri 

Zabvebis TeoriiT saxifaTo mdgomareoba dadgeba maSin, rodesac sami mTa-

vari  𝜎1,  𝜎2 da  𝜎3 Zabvidan udidesi miuaxlovdebazRvrul mniSvnelobas, e.i. 

mizezad dasaxelebulia mTavari Zabva  da rogorc udidesi mTavari gamWi-

mavi 𝜎1, ise udidesi mTavari mkumSavi  𝜎3 Zabvis SemTxvevaSi, simtkicis piro-

bas aqvs saxe:  

𝜎1 ≤ [𝜎
+]  an  𝜎2 ≤ [𝜎

−]. 

2) meore (sen-venanis),udidesi deformaciebis TeoriiT saxifaTo 

mdgomareoba dadgeba maSin, rodesac mTavari 𝜀1, 𝜀2  da  𝜀3  deformaciebidan 

udidesi 𝜀1  miaRwevs zRvruls, e.i. mizezad dasaxelebulia deformacia da 

simtkicis Semowmeba xdeba udidesi 𝜀1 deformaciis mixedviT. amasTan, Senar-

Cunebulia simtkicis maragis igive 𝑘0  koeficienti, rac ubralo gaWimvis 

dros.  
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aRniSnulidan gamomdinare, simtkicis piroba meore Teoriis mixedviT 

ase Caiwereba:  𝜀1 ≤ [𝜀]. Tu gamoviyenebT hukis ganzogadebul kanons, davwerT 

D 𝜀1 =
1

𝐸
[𝜎1 − 𝜇(𝜎2 + 𝜎3)] .  wrfivi daZabuli mdgomareobis Sesabamisi dasaSvebi 

[𝜎] AZabvis mixedviT davadgenT dasaSveb deformaciasac G [𝜀] =
[𝜎]

𝐸
 , Eris 

Semdegac davwerTBUL 

1

𝐸
[𝜎1 − 𝜇(𝜎2 + 𝜎3)] ≤

[𝜎]

𝐸
 , 

saidanac, 

𝜎1 − 𝜇(𝜎2 + 𝜎3) ≤ [𝜎] . 
pirvel da meore Teoriebs iyeneben myife masalisagan damzadebuli el-

ementebis gaangariSebis dros. 

3) udidesi mxebi 𝜏𝑚𝑎𝑥  Zabvis (kulonis) Teoriis Tanaxmad, saxifaTo 

mdgomareoba dadgeba maSin, rodesac udidesi mxebi 𝜏𝑚𝑎𝑥  Zabva miaRwevs 

zRvrul mniSvnelobas,e.i. mizezad dasaxelebulia mxebi 𝜏𝑚𝑎𝑥 Zabva. Sesabami-

si simtkicis piroba ase Caiwereba: 

𝜏𝑚𝑎𝑥 ≤ [𝜏] . 

rogorc cnobilia, moculobiTi daZabuli mdgomareobis dros udidesi 

mxebi 𝜏𝑚𝑎𝑥Zabva moris udidesi wris radiusis tolia 𝜏𝑚𝑎𝑥 =
𝜎1−𝜎2

2 
 . rac Seexe-

ba dasaSveb [𝜏] Zabvas, Tu SevinarCunebT simtkicis maragis imave 𝑘0  koefi-

cients, romelic gvqonda ubralo gaWimva-kumSvis SemTxvevaSi da amasTan 

gaviTvaliswinebT, rom am dros 𝜏𝑚𝑎𝑥 =
𝜎

2
 aRiZvreba 45  ° -iT daxril kveTSi, 

SegviZlia misTvis davweroT [𝜏] =
[𝜎]

2
 . simtkicis piroba miiRebs saxes  

𝜎1−𝜎3

2 
≤

[𝜎]

2
 , 

an, rac igivea  

𝜎1 − 𝜎3 ≤ [𝜎] . 

simtkicis mesame Teoria sakmaod axlosaa plastikuri masalebis gamo-

cdis SedegebTan.  

4) meoTxe (huber-mizesis), energetikuli anu udidesi potenciuri ener-

giis Teoriis mixedviT, saxifaTo mdgomareobis dadgoma mosalodnelia 

maSin, rodesac masalis moculobis erTeulSi dagrovili anu formis 

cvlilebis kuTri potenciuri 𝑢f energiamiaRwevs zRvrul mniSvnelobas. 

Sesabamisi simtkicis piroba ase Caiwereba: 

𝑢f ≤ [𝑢f] . 

rogorc cnobilia, 

𝑢f =
1 + 𝜇

3𝐸
(𝜎1

2 + 𝜎2
2 + 𝜎3

2 − 𝜎1𝜎2 − 𝜎2𝜎3 − 𝜎3𝜎1) , 

dasaSveb energiad ki miviCnevT sidides 

[𝑢f] =
1 + 𝜇

3𝐸
[𝜎]2. 

Sesabamisad davwerT: 
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1 + 𝜇

3𝐸
(𝜎1

2 + 𝜎2
2 + 𝜎3

2 − 𝜎1𝜎2 − 𝜎2𝜎3 − 𝜎3𝜎1) ≤
1 + 𝜇

3𝐸
[𝜎]2, 

saidanac miviRebT: 

√𝜎1
2 + 𝜎2

2 + 𝜎3
2 − 𝜎1𝜎2 − 𝜎2𝜎3 − 𝜎3𝜎1 ≤ [𝜎] . 

es SegviZlia asec warmovadginoT: 

√
1

2
[(𝜎1 − 𝜎2)2 + (𝜎2 − 𝜎3)2 + (𝜎3 − 𝜎1)2] ≤ [𝜎] . 

rogorc eqsperimentebi gviCvenebs, plastikuri masalebisaTvis yvelaze 

gamosadegia meoTxe – energetikuli, xolo myife mdgomareobisaTvis – meore 

– udidesi deformaciebis, xandaxan ki pirveli – udidesi normaluri Zab-

vebis Teoriebi. 

4.7. Txelkedliani WurWlis gaangariSeba 

Tu WurWlis sisqe mis danarCen zomebTan SedarebiT gacilebiT mcirea, 

maSin aseT WurWels Txelkedliani ewodeba. Txelkedliani WurWlia: 

orTqlis qvabi, saaviacio Zravis cilindrebi, navTis, benzinis sacavebi da 

sxv.  

Txelkedliani WurWlis gaangariSebisas,mis grZiv da ganiv kveTebSi 

warmoSobili𝜎1  da 𝜎2  Zabvebi Tanabrad ganawilebulad aris miCneuli. gam-

oviyvanoT aseTi WurWlebisaTvis Zabvebis saangariSo formulebi (nax. 39). 

aRvniSnoT WurWlis kedlis sisqe  𝛿 -Ti, Siga dawneva 𝑝–Ti;kedlidan  gam-

ovyoT usasrulod mcire 𝐴𝐵𝐶𝐷 elementi da ganvixiloT misi wonasworoba. 

aRvniSnoT 𝜌1 -iT da 𝜌2 -iT simrudis radiusebi grZivi da ganivi mimar-

TulebiT,  𝑑𝑠1  da 𝑑𝑠2elementis gverdebis zomebi, 𝑑𝛼1 da 𝑑𝛼2 -  𝐴𝐵𝐶𝐷 ele-

mentis kideebs Soris moxvedrili mcire kuTxeebi grZivi da ganivi mimar-

TulebiT: 𝑑𝛼1 =
𝑑𝑠1 

𝜌1
  da 𝑑𝛼2 =

𝑑𝑠2 

𝜌2
. 

𝐴𝐵𝐶𝐷  elementze moqmedebs Semdegi 

Zalebi: 𝑑𝑁1 = 𝜎1 𝑑𝑠1 𝛿da𝑑𝑁2 == 𝜎2 𝑑𝑠2 𝛿da gare 

wnevis Zala 𝑑𝐹 = 𝑝𝑑𝑠1 ∙ 𝑑𝑠2 . SevadginoT 

wonaworobis ganto- leba 𝐴𝐵𝐶𝐷  elementis 

Siga 𝑁 normalis mimarTulebiT: 

∑𝑁 = 2𝑑𝑁1𝑠𝑖𝑛
𝑑𝛼1

2
+ 2𝑑𝑁2𝑠𝑖𝑛

𝑑𝛼2

2
− 𝑝𝑑𝑠1 ∙

𝑑𝑠2 = 0.   (1) 

simciris gamo 𝑠𝑖𝑛
𝑑𝛼1

2
=

𝑑𝛼1

2
 da 𝑠𝑖𝑛

𝑑𝛼2

2
=

𝑑𝛼2

2
,  

(1)-dan 

𝑑𝑁1𝑑𝛼1 + 𝑑𝑁2𝑑𝛼2 = 𝑑𝐹. 
an       

𝜎1 𝑑𝑠1 𝛿
𝑑𝑠1 
𝜌1

+ 𝜎2 𝑑𝑠2 𝛿
𝑑𝑠2 
𝜌2

= 𝑝𝑑𝑠1 ∙ 𝑑𝑠2. 

𝑂2 

𝜎2 𝜎2 

𝑑𝛼2 

𝑝 𝑑𝛼2
2

 

𝜌2 

𝑝 
𝑂1 

𝜌1 

𝜎1 

𝜎1 

𝑑𝛼1 

𝑑𝛼1
2

 

𝑑𝑠2 

𝑑𝑠1 

𝜎2 

𝜎1 

𝜎1 

𝜎2 

nax. 39 
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gamartivebis Semdeg miviRebT:  
𝜎1 
𝜌1
+
𝜎2 
𝜌2
=
𝑝

𝛿
 .              (2) 

am gantolebas laplasis gantoleba ewodeba.  

sferuli rezervuarisaTvis 𝜌1 = 𝜌2 =
𝐷

2
 (𝐷 sferos diametria) da𝜎1 = 𝜎2 =

𝜎. mivi- RebT: 

2
𝜎
𝐷

2

=
𝑝

𝛿
 , 

saidanac  

𝜎 =
𝑝𝐷

4𝛿
 . 

cilindrulirezervuarisTvis 𝜌1 =
𝐷

2
,   𝜌2 = ∞ .     

𝜎1 
𝐷

2

+
𝜎2 
∞
=
𝑝

𝛿
 , 

saidanac grZiv kveTebSi 

𝜎1 =
𝑝𝐷

2𝛿
 , 

ganiv rgolur kveTebSi 𝐴2 = 𝜋𝐷𝛿 farTobiT: 

𝜎2 =
𝐹

𝜋𝐷𝛿
=
𝑝
𝜋𝐷2

4

𝜋𝐷𝛿
=
𝑝𝐷

4𝛿
 . 

 

kiTxvebi da pasuxebi 

1. romel martiv deformacias ewodeba sufTa Zvra ? 

brtyeli daZabuli mdgomareobis im kerZo SemTxvevas, roca gamoyofili 

elementis waxnagebs mxolod mxebi 𝜏  Zabvebi gadaecema (𝜎 = 0) , sufTa Zvra 

ewodeba. mas maSin aqvs adgili, rodesac 𝐹  Zala Reros ganivad moqmedebs 

(ori toli, urTierTsapirispiro 𝐹  Zala moqmedebs usasrulod mcire man-

ZiliT daSorebul ganivkveTebSi). 

2. ras ewodeba ∆𝑆absoluturida 𝛾fardobiTi Zvra? 

gamoyofili elementaruli kubis zeda waxnagis qvedas mimarT paralelu- 

rad gadaadgilebis sidides ewodeba absoluturi ∆𝑆  Zvra, xolo erTeulo- 

vani manZiliT daSorebulsas – fardobiTi 𝛾 Zvra:  𝛾 =
∆𝑆

ℎ
. 

3. rogor GgamoiTvlebanormaluri 𝜎𝜑  da mxebi 𝜏𝜑 Zabvebi daxril kveTebSi 

sufTa Zvris dros? 

formulebiT:              𝜎𝜑 = 𝜏𝑠𝑖𝑛2𝜑 ,               (1) 

𝜏𝜑 = −𝜏𝑐𝑜𝑠2𝜑 .              (2) 

3. romelia MmTavari kveTi da risi tolia mTavari ZabvasufTa Zvris dros? 

Zvris sibrtyeebis mimarT 45° -iT daxrili kveTi. 𝜎1 = +𝜏 , 𝜎2 = 0 , 𝜎3 = −𝜏. 

4. ra formulebiT gamoiTvleba mTavari deformaciasufTa Zvris dros? 

𝜀1 =
𝜏

𝐸
(1 + 𝜇); 𝜀2 = 0; 𝜀3 = −

𝜏

𝐸
(1 + 𝜇) 

e.i.𝜀3 = −𝜀1 . 
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5. rogor gamoisaxeba hukis kanoni,sufTa Zvris dros? 

fardobiTi sidideebiT Cawerili hukis kanoniT: 

𝜏 = 𝐺𝛾 . (1) 

absoluturi sidideebiT Cawerili hukis kanoniT:  

∆𝑆 =
𝑄ℎ

𝐺𝐴 
. (2) 

6.rogor gamoisaxeba deformaciis potenciuri 𝑈energia? 

rogorc diagramiswrfiv ubanzeaRebulisamkuTxedis farTobi:  

𝑈 =
1

2
𝑄 ∙ ∆𝑆 =

𝑄2ℎ

2𝐺𝐴 
 

an mxebi 𝜏 ZabviT warmodgenisas: 

𝑈 = 
𝜏2𝑉

2𝐺
. 

7. rogor gamoisaxeba deformaciis kuTri potenciuri 𝑢 =
𝑈

𝑉
energia? 

𝑢 =
𝜏2

2𝐺
          an           𝑢 =

𝜏𝛾

2
. 

8. praqtikulad,SeerTebebis romeli elementebi xvdeba sufTa Zvris piro-

bebSi? 

moqlonebis Reroebi, SeduRebis zogierTi nakeri, xis elementebis Wdobebi, 

WanWikebi da sxv. 

9. rogor iangariSeba moqlonebis 𝑛 raodenoba, sami furclis SeerTebisas 

Wraze? 

Wraze simtkicis  𝜏 =
𝐹

𝑛∙2
𝜋𝑑2

4

≤ [𝜏] pirobidan,  

 saidanac 

𝑛 ≥
𝐹

2
𝜋𝑑2

4
[𝜏]
 . 

10.rogor iangariSeba moqlonebis 𝑛 raodenoba Telvaze? 

Telvaze simtkicis 𝜎T =
𝐹

𝑛𝑑𝛿
≤ [𝜎T] pirobidan,  

saidanac 

𝑛 ≥
𝐹

𝑑𝛿[𝜎T]
. 

 

11. eleqtrorkaluri SeduRebisas, rogori ori saxisnakers awyoben? 

pirapirs, rodesacmidgmul furclebs xazze aduReben da lilvakisebrs, 

rodesac erT furcelze dadebul meore furcels an, mag., kuTxovanas adu- 

Reben kideebis grZivad (frTa nakeri) an ganivad (Subla nakeri). 

12. SeduRebis xazze SesaerTebeli furclebis sisqis mixedviT, ra saxis na-

kerebs awyoben? 

Txeli furclebis SeerTebisas Cveulebrivs, xolo ufro sqelis SemTxveva-

Si, V -ebr an X –ebrs. 

13. rogor iangariSeba pirapiri nakeri? 

gaWimvaze an kumSvaze, formuliT: 

𝜎 =
𝐹

𝑙𝛿
≤ [𝜎]S.n. 
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14.rogor iangariSeba lilvakisebri nakeri? 

simtkicis pirobiT Wraze: 

𝜏 =
𝐹

𝑙 ∙ 0.7𝛿
≤ [𝜏]S.n. . 

15. simtkicis ra da ra Teoriebi arsebobs da rogor iwereba TiToeulis 

Sesabamisi simtkicis piroba? 

1. udidesi normaluri Zabvebis Teoria. simtkicis piroba dgeba rogorc 

udidesi gamWimavi𝜎1, ise udidesi mkumSavi 𝜎3 Zabvis mixedviT: 

𝜎1 ≤ [𝜎
+]  an  𝜎2 ≤ [𝜎

−]. 

2. udidesi deformaciebis Teoria. simtkicis pirobas aqvs saxe: 

𝜎1 − 𝜇(𝜎2 + 𝜎3) ≤ [𝜎]. 

3.udidesi mxebi Zabvebis Teoria. simtkicis pirobas aqvs saxe: 

𝜎1 − 𝜎3 ≤ [𝜎]. 
4. energetikuli Teoria. simtkicis pirobas aqvs saxe: 

√𝜎1
2 + 𝜎2

2 + 𝜎3
2 − 𝜎1𝜎2 − 𝜎2𝜎3 − 𝜎3𝜎1 ≤ [𝜎] , 

an 

√
1

2
[(𝜎1 − 𝜎2)2 + (𝜎2 − 𝜎3)2 + (𝜎3 − 𝜎1)2] ≤ [𝜎]. 

16. rogori daZabuli mdgomareobis pirobebSi muSaobs Txelkedliani 

WurWlis kedeli? 

brtyeli daZabuli mdgomareobis pirobebSi. 

17. ra daSvebis safuZvelze iangariSeba Txelkedliani WurWeli? 

mTavari 𝜎1  da 𝜎2  Zabvebi Tanabradaa ganawilebuli amoWrili elementis 

kideebze. 

18. rogori saxe aqvs laplasis gantolebas? 
𝜎1 

𝜌1
+
𝜎2 

𝜌2
=

𝑝

𝛿
. 

19. ra saxes iZens laplasis gantoleba sferuli rezervuarisaTvis? 

radgan 𝜌1 = 𝜌2 =
𝐷

2
 (𝐷 sferos diametria) da 𝜎1 = 𝜎2 = 𝜎, miiReba: 2

𝜎
𝐷

2

=
𝑝

𝛿
 , 

saidanac  

𝜎 =
𝑝𝐷

4𝛿
 . 

19. ra saxes iZens laplasis gantoleba cilindruli rezervuarisaTvis? 

cilindruli rezervuarisTvis  𝜌1 =
𝐷

2
,   𝜌2 = ∞.     

𝜎1 =
𝑝𝐷

2𝛿
 . 
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VTavi 

brtyeli nakvTis geometriuli maxasiaTeblebi 

5.1. zogadi cnebebi. nakvTis statikuri momenti. misi simZimis centris 

koordinatebi 

rogorc davinaxeT, RerZuli gaWimva-kum-

Svisa  da ZvrisaTvis gamoyvanilsaangariSo for-

mulebSi geometriuli maxasiaTeblebidan figu-

rirebda mxolod ganivkveTis 𝐴 farTobi. grexis, 

Runvis, agreTve, rTuli winaRobis Sem- TxvevaSi, 

romlebic SemdgomSi Seiswavleba, ga- moiyeneba 

ganivkveTis ufro rTuli geometriu- li maxasi-

aTeblebi. 

vinaidan  ganivkveTi brtyel nakvTs warmo- 

adgens, SeviswavloTbrtyeli nakvTis geomet- 

riuli maxasiaTeblebi. ganvixiloT raime brtye- 

li nakvTi, romelic mocemulia 𝑥𝑜𝑦  koordinat- 

Ta sistemaSi (nax. 40). nakvTSi gamovyoT usasrulod mcire 𝑑𝐴 farTobi 𝑥 da 

𝑦 koordinatebiT, sapoluso 𝜌 manZiliT. 

𝑆𝑥 = ∫ 𝑦 ∙ 𝑑𝐴
𝐴

           (1) 

sidides ewodeba nakvTis (farTobis) statikuri, anu pirveli xarisxis in-

erciis momenti 𝑥 RerZis mimarT.gansazRvrul integralTan 𝐴 niSnaki miuT-

iTebs, rom integrireba warmoebs mTel 𝐴 farTobze. 

analogiurad gvaqvs statikuri momenti 𝑦 RerZis mimarT: 

𝑆𝑦 = ∫ 𝑥 ∙ 𝑑𝐴 .

𝐴

 

Sedgenili nakvTis statikuri momenti raime 𝑥 RerZis mimarT moiZebneba, 

rogorc 𝑛 Semadgeneli martivi nakvTebis statikuri momentebis algebruli 

jami: 

𝑆𝑥 = ∑ 𝑦𝑖𝑐𝐴𝑖
𝑛
𝑖=1  ,(3) 

𝑦 RerZis mimarT -       𝑆𝑦 = ∑ 𝑥𝑖𝑐𝐴𝑖
𝑛
𝑖=1  . 

nakvTis simZimis centris mdebareoba gamoiTvlebaTeoriuli meqanikis 

kursidan cnobili varinionis TeoremiT: 

𝑆𝑥 = 𝑦𝑐 ∙ 𝐴 , 𝑆𝑦 = 𝑥𝑐 ∙ 𝐴 ,  (4) 

saidanac gveqneba 

𝑥𝑐 =
𝑆𝑦

𝐴
,     𝑦𝑐 =

𝑆𝑥

𝐴
 .  (5) 

aq 𝑥𝑐  da 𝑦𝑐  mTeli nakvTis simZimis centris koordinatebia. maT nakvTis 

farTobis mxarsac uwodeben. 

Sedgenili nakvTissimZimis centris koordinatebi gamoiTvleba formu- 

lebiT: 

Nnax.40

. 

 

𝑄 
𝑥 

 

𝑦 

𝜌 

𝑑𝐴 𝑥 

𝑦 
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𝑥𝑐 =
∑ 𝑦𝑖𝑐𝐴𝑖
𝑛
𝑖=1

∑ 𝐴𝑖
𝑛
𝑖=1

 , 𝑦𝑐 =
∑ 𝑥𝑖𝑐𝐴𝑖
𝑛
𝑖=1

∑ 𝐴𝑖
𝑛
𝑖=1

 ,        (6) 

sadac 𝑥𝑖𝑐  da 𝑦𝑖𝑐  Semadgeneli martivi nakvTebis simZimis centrTa koordi- 

natebia, xolo 𝐴𝑖_ maTi farTobebi. 

RerZebs, romlebic nakvTis simZimis centrze gadis, centraluri 

ewodeba.am RerZebis mimarT statikuri momentebi nulis tolia: radgan 

mxrebi nulia: 𝑥𝑐 = 0  da 𝑦𝑐 = 0 , amitom 𝑆𝑥 = 𝑆𝑦 = 0 .  statikuri momentis 

ganzomilebaa (sigrZe)3, magaliTad, sm3, m3. 

5.2. inerciis momenti 

gansazRvrul integralebs: 

𝐼𝑥 = ∫ 𝑦2 ∙ 𝑑𝐴
𝐴

,        𝐼𝑦 = ∫ 𝑥2 ∙ 𝑑𝐴 
𝐴

,      (1) 

ewodebaTnakvTis (farTobis) inerciis RerZuli anu ekvatoriuli momenti, 

Sesabamisad,𝑥 da 𝑦 RerZebis mimarT. 

gansazRvrul integrals  

𝐷𝑥𝑦 = ∫ 𝑥𝑦 ∙ 𝑑𝐴,
𝐴

                   (2) 

ewodeba centridanuli inerciis momenti  𝑥 da 𝑦 RerZebis mimarT. 

gansazRvrul integrals  

𝐼𝜌 = ∫ 𝜌2 ∙ 𝑑𝐴,
𝐴

                       (3) 

ewodeba nakvTis polaruli inerciis momenti 𝑂 saTavis mimarT. 

inerciis momentis ganzomilebaa (sigrZe)4, magaliTad, sm4, m4, mm4 da a.S. 

RerZuli 𝐼𝑥 da 𝐼𝑦 momentebi da agreTve polaruli 𝐼𝜌 momenti mxolod dade- 

biTi SeiZleba iyos (𝑥 , 𝑦 da 𝜌 koordinatebi kvadratSia), centridanuli 𝐷𝑥𝑦 

inerciis momenti ki – rogorc dadebiTi, ise uaryofiTi;  kerZo SemTxvevaSi 

- nulis tolic. 

polaruli 𝐼𝜌 inerciis momenti RerZuli 𝐼𝑥  da 𝐼𝑦  momentebis jamis to- 

lia. marTlac, nax. 42-dan gvaqvs, rom 𝜌2 = 𝑥2 + 𝑦2 , misi(3) –Si SetaniT mivi- 

RebT:  𝐼𝜌 = ∫ 𝜌2 ∙ 𝑑𝐴
𝐴

= ∫ (𝑦2 + 𝑥2) ∙ 𝑑𝐴 = ∫ 𝑦2 ∙ 𝑑𝐴
𝐴

+ ∫ 𝑥2 ∙ 𝑑𝐴 
𝐴

=
𝐴

𝐼𝑥 + 𝐼𝑦 .  Ee.i. 

𝐼𝜌 = 𝐼𝑥 + 𝐼𝑦. 

 

5.3. inerciis mTavari RerZisa da mTavari momentis cneba. 

 

RerZs, romlis mimarT centridanuli 𝐷𝑥𝑦 inerci-

is momenti nulis tolia, inerciis mTavari 𝑢  da 𝑣 

RerZi ewodeba (𝐷𝑢𝑣 = 0),xolo inerciis 𝐼𝑢 da 𝐼𝑣 momen-

tebs _ mTavari momentebi.simetriis yoveli RerZi mTa-

vari 𝑢  (an  𝑣 ) inerciis RerZia. naxazze (nax. 41)  

moyvanili simetriuli nakvTis yovel elementarul 

𝑑𝐴  farTobs, simetriis 𝑦  RerZis cal mxares 𝑥  da 𝑦 

koordinatebiT, am RerZis meore mxares Seesabameba 

simetriuli  𝑑𝐴1 farTobi, - 𝑥 da 𝑦 koordinatebiTise, 

nax. 43 

𝑂 

−𝑥 

𝑑𝐴1 𝑑𝐴 

𝑦 

𝑦 

𝑦 

𝑥 

𝑥 
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rom  𝑥𝑦 ∙ 𝑑𝐴  namravli Sekrebis dros erTmaneTs gaabaTilebs da miviRebT 

𝐷𝑥𝑦 = 0.  

sibrtyes, romelic gadis Reros ganivkveTis inerciis mTavar 𝑢  an 𝑣 

RerZze da Reros RerZze, inerciis mTavari sibrtye anu sixistis sibrtye 

hqvia.  

 

5.4. inerciis radiusis cneba. inerciis elifsi 

𝑖𝜉 = √
𝐼𝜉

𝐴
 sididesewodeba inerciis radi- 

usi raime 𝜉 RerZis mimarT, sadac  𝐼𝜉  inerciis 

momentia  𝜉  RerZis mimarT, xolo 𝐴  - nakvTis 

farTobi. umetesadgviwevs inerciis mTavari 

𝑖𝑢 = √
𝐼𝑢

𝐴
 , 𝑖𝑣 = √

𝐼𝑣

𝐴
radiusebiT sargebloba. 

Tu mTavar 𝑣  RerZze gadavzomavT 𝑖𝑢  -s, 

xolo mTavar 𝑢  RerZze - 𝑖𝑣  –s da avagebT 

elifss, miviRebT e.w. inerciis elifss (nax. 42). 

rodesac mTavari 𝑢  da 𝑣  RerZebi centraluri 

RerZebia, gveqnebainerciis centraluri elif- 

si: 

𝑢2

𝑖𝑣2
+
𝑣2

𝑖𝑢2
= 1 . 

misi saSualebiT SegviZlia grafikulad movZebnoT inerciis 𝑖𝜉radiusi 

nebismieri 𝜉  RerZis mimarT da am ukanasknelismixedviT gamoviTvaloT in-

erciis 𝐼𝜉  momenti. amisaTvis, elifsis mimarT vatarebT  𝜉  RerZis parale- 

lurmxebs. Semdeg elifsis centridan am mxebze da-

vuSvebT 𝑖𝜉marTobsdagamoviTvliT 𝐼𝜉 = 𝑖𝜉
2 ∙ 𝐴. 

nakvTebisaTvis, romelTa 𝐼𝑢 = 𝐼𝑣 ,  e.i. 𝑖𝑢 = 𝑖𝑣 =

𝑖 , elifsisgantolebis nacvlad viRebT wrewiris 𝑢2 +

𝑣2 = 𝑖2  gantolebas. esimas niSnavs, rom yvela cen-

traluri RerZiaseTinakvTebisaTvis (wrewiri, kvadrati, 

wriuli rgoli, kvadrati wriuli xvreliT da sxv,) 

mTavari RerZia. 

 

5.5. martivi nakvTis inerciis momenti 

1. marTkuTxedi. gamovTvaloT marTkuxedis iner- 

ciis 𝐼𝑥𝑐  momenti fuZis paraleluri, centraluri 𝑥𝑐  RerZis mimarT. 

amisaTvis,𝑥𝑐  RerZidan nebismier 𝑦 manZilze gamovyoT usasrulod mcire 𝑑𝑦 

siganis zoli (43-e naxazze daStrixulia). cxadia, am zolis farTobi iqneba 

𝑑𝐴 = 𝑏 ∙ 𝑑𝑦 . SevitanoT es mniSvneloba inerciis momentis zogad ∫ 𝑦2 ∙
𝐴

nax.42 

𝑣 𝑢 

𝜉 

𝑖𝜉 

𝑖𝑢 𝑖𝑣 𝑖𝑢 

nax. 43 

𝑥𝑐 

𝑦𝑐 

𝑑𝑦 

𝑦 

ℎ

2
 

 

-
ℎ

2
 

 𝑏 

𝑐 

c 

ℎ 
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𝑑𝐴 gamosaxulebaSi da movaxdinoT integrireba mTeli nakvTis farTobis 

farglebSi, risTvisac 𝑦 -s mivceT sazRvrebi −
ℎ

2 
 ,  da +

ℎ

2 
 , gveqneba: 

𝐼𝑥𝑐 = ∫ 𝑦2 ∙ 𝑑𝐴 = 𝑏 ∫𝑦2 ∙ 𝑑𝑦 = 𝑏 |
𝑦3

3
| = 𝑏 (

ℎ3

24
+
ℎ3

24
)

ℎ

2

−
ℎ

2
𝐴

=
𝑏ℎ3

12
 . 

e.i.𝐼𝑥𝑐 =
𝑏ℎ3

12
, 

analogiurad,𝐼𝑦𝑐 =
ℎ𝑏3

12
 . 

2. samkuTxedi.gamovTvaloT samkuTxedis inerci- 

is momenti misi romelime gverdis paraleluri 

centraluri 𝑥𝑐  RerZis mimarT (nax.44). elemen- 

taruli zolis farTobia 𝑑𝐴 = 𝑏(𝑦) ∙ 𝑑𝑦 . cvladi 

sigane  

𝑏(𝑦) =

2

3
ℎ − 𝑦

ℎ
𝑏. 

amitom, 

𝐼𝑥𝑐 =
𝑏

ℎ
∫ (

2

3
ℎ − 𝑦)𝑦2 ∙ 𝑑𝑦 =

𝑏ℎ3

36

2

3
ℎ

−
ℎ

3

. 

es formula samarTliania nebimieri samkuTxedisaTvis. 

3. wre. wriuli ganivkveTis Zeli muSaobs rogorc Runvis, ise grexis 

pirobebSi.Runvisas dagvWirdeba inerciis RerZuli 𝐼𝑥𝑐  momenti, xolo gre-

xisas - inerciis polaruli 𝐼𝜌  momenti. pirvel rigSi, gamovTvaloT  po-

laruli 𝐼𝜌  momenti 𝑂 Ocentris mimarT. amisaTvis 

ori erTmaneTTan usasrulod axlos mdebare kon-

centruli wrexaziT da erTmaneTTan usasrulod 

axlos mdebare ori radiusiT gamovyoT elementa-

ruli 𝑑𝐴  farTobi, romelic, rogorc me-45 nax-

azidan Cans, iqneba 𝑑𝐴 = 𝜌𝑑𝛼 ∙ 𝑑𝜌 . SevitanoT es 

mniSvneloba polaruli 𝐼𝜌  momentis gamosax-

ulebaSi, miviRebT: 

𝐼𝜌 = ∫ 𝜌2 ∙ 𝑑𝐴
𝐴

= ∫ 𝑑𝛼 ∫ 𝜌3 ∙ 𝑑𝜌
𝑟

0
=

2𝜋

0
|
𝜌4

4
|
0

𝑟

|𝛼|𝑜
2𝜋, 

saidanac  

𝐼𝜌 =
𝜋𝑟4

2
 . 

vinaidan wrisaTvis inerciis momenti yvela centraluri RerZis mimarT er-

Ti da igivea, e.i. 𝐼𝑥𝑐 = 𝐼𝑦𝑐 .  amasTan erTad, 𝐼𝑥𝑐 + 𝐼𝑦𝑐 = 𝐼𝜌 damokidebulebidan  

2𝐼𝑥𝑐 = 2𝐼𝑦𝑐 = 𝐼𝜌, amitom gveqneba: 

𝐼𝑥𝑐 = 𝐼𝑦𝑐 =
𝐼𝜌

2
=
𝜋𝑟4

4
  . 

𝑐 

𝑑𝛼 
𝑑𝐴 

𝑦𝑐 

𝑥𝑐 
𝛼 

𝑑𝜌 𝜌 

𝑟 

nax. 45 

Nnax. 44 

𝑑𝑦 
𝑦 
𝑥𝑐 

𝑦 

2

3
ℎ 

 
-
ℎ

3
 

 𝑏 

 

ℎ 𝑏(𝑦) 
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4. wriuli rgoli. wriuli rgolis SemTxvevaSiSeicvleba mxolod meo-

re integralis sazRvrebi. es sazRvrebi iqneba 𝑟2 da 𝑟1 , sadac 𝑟2   Siga wris 

radiusia, xolo 𝑟1_ gare wris radiusi (nax. 46).  aRniSnulis safuZvelze 

davwerT: 

𝐼𝜌 =
𝜋𝑟1

4

2
−
𝜋𝑟2

4

2
=
𝜋𝑟1

4

2
[1 − (

𝑟2
𝑟1
)
4

] , 

𝐼𝑥𝑐 = 𝐼𝑦𝑐 =
𝐼𝜌

2
=

𝜋𝑟1
4

4
[1 − (

𝑟2

𝑟1
)
4

]  . 

 

5. naxevari wre. ganvsazRvroT naxevari wris inerciis  

𝐼𝑥𝑐  momenti centraluri 𝑥𝑐  RerZis mimarT (nax. 47). 

naxevari wris simZimis 𝑐 centrimdebareobs  simetri-

is 𝑦𝑐 RerZze, e.i. 𝑥0 = 0 , misi 𝑦0  koordinati ase 

moiZebneba: 

𝑦0 =
𝑆𝑥

𝐴
=

∫
1

2
𝑟∙𝑟𝑑𝛼∙

2

3
𝑟𝑠𝑖𝑛𝛼

𝜋
0

𝜋𝑟2

2

=

𝑟3

3
|−𝑐𝑜𝑠𝛼|0

𝜋

𝜋𝑟2

2

=
2𝑟

3𝜋
[—1 − 1) ≈ 

≈ 0.424𝑟 . 

𝐼𝑥𝑐  momenti gamoiTvleba formuliT 𝐼𝑥𝑐 = 𝐼𝑥 − 𝑦0
2 ∙

𝐴 , sadac 𝐼𝑥 =
1

2

𝜋𝑟4

4
 naxevari wris inerciis momen- 

tia, xolo 𝐴 =
1

2
𝜋𝑟2 - farTobi.  

𝐼𝑥𝑐 =
𝜋𝑟4

8
− (0.424𝑟)2

𝜋𝑟2

2
≈ 0.035𝜋𝑟4 . 

 

 

5.6. inerciis momentebs Sorisdamokidebulebasxvadasxva RerZis 

mimarT 

 

inerciis momenti, erTi mxriv, damokidebulia brtyeli nakvTis formasa 

da zomebze, xolo, meore mxriv, RerZebismdebareobaze. erTi da imave  nak- 

vTis inerciis momentebi damokidebuliamxolod im RerZebis mdebareobaze, 

romlebic brtyeli nakvTis sibrtyeSia ganlagebuli.  

praqtikuli amocanebis gadawyvetis dros,nakvTisinerciis momentebs 

ufro advilad viangariSebT, TugamoviyenebT sxva RerZebis mimarTinerciis 

momentebis im cnobil mniSvnelobebs,romlebic winaswar gvqonda gamoT-

vlili, an romlebiccnobarebidanaviReT. cxadia, maTigamoyenebisaT- visunda 

gvqondes damokidebulebebi, romlebic akavSirebsinerciis momentebs”Zveli” 

RerZebis mimarT inerciis momentebTan “axali” RerZebis mimarT. 

Nnax. 46 

𝑥𝑐 
𝑥𝑐 

𝑦𝑐 

𝑟2 
𝑟1 

𝑐 

Nnax. 74 

𝑦 

𝑑𝛼 

𝑦 𝑦𝑐 

 

𝑥𝑐 

𝑜 

𝑐 
𝑟 
2

3
ρ 

𝑥 

Nnax. 47 

𝛼 𝑦0 
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davadginoT,rogor SeuZlia “Zvel” RerZebs sibrtyeze “axali” RerZebis 

mdebareobis dakaveba. zogad SemTxveva-

Si,koordinatTa “Zveli”  𝑥𝑜𝑦   sistemidan 

nebis- mier “axal” 𝑥1𝑜1𝑦1   sistemaze 

gadasvlis pro- cesi, ori Tanamimdevruli 

gardaqnis saxiT SeiZleba warmovadginoT: 1. 

sistemis para- leluri gadatana sibrtyeze;2. 

sistemis mobruneba axali saTavis mimarT.  

1)damokidebulebaparaleluri RerZebis 

mimarT,inerciis momentebs Soris. 

davuSvaT,cnobilia,inerciis momen-

tebi”Zveli” RerZebis mimarT: 

𝐼𝑥 = ∫ 𝑦2 ∙ 𝑑𝐴

𝐴

; 𝐼𝑦 = ∫ 𝑥2 ∙ 𝑑𝐴 

𝐴

; 

𝐷𝑥𝑦 = ∫ 𝑥𝑦 ∙ 𝑑𝐴

𝐴

; 𝐼𝜌 = ∫ 𝜌2 ∙ 𝑑𝐴

𝐴

 . 

maTi saSualebiT gamovTvaloT inerciis momentebi “Zveli”  𝑥 da 𝑦 RerZebis 

paraleluri “axali”𝑥1 da 𝑦1 RerZebis mimarT, Tu cnobilia RerZebs Soris 

𝑎 da 𝑏 manZilebi (nax. 48). 

naxazidan,elementaruli  𝑑𝐴  farTobis Zvel da axal koordinatebs 

Soris gvaqvs damokidebuleba 𝑥1 = 𝑥 + 𝑏; da  𝑦1 = 𝑦 + 𝑎 .  maSasadame, “axali” 

RerZebis mimarT davwerT: 

𝐼𝑥1 = ∫ 𝑦1
2 ∙ 𝑑𝐴 =

𝐴

∫(𝑦 + 𝑎)2 ∙ 𝑑𝐴 =

𝐴

∫ 𝑦2 ∙ 𝑑𝐴 + 2𝑎 ∫ 𝑦 ∙ 𝑑𝐴

𝐴

+ 𝑎2∫ 𝑑𝐴

𝐴

 .

𝐴

 

miRebul gamosaxulebaSi Sedis sami integrali, romelTagan pirveli 𝐼𝑥 =

∫ 𝑦2 ∙ 𝑑𝐴
𝐴

 aris nakvTis inerciis momenti “Zveli” 𝑥  RerZis mimarT; meore - 

nakvTis 𝑆𝑥 = ∫ 𝑦 ∙ 𝑑𝐴
𝐴

 statikuri momenti “Zveli”  𝑥  RerZis mimarT; mesame – 

𝐴 = ∫ 𝑑𝐴
𝐴

 - nakvTis farTobi. maSasadame, gveqneba: 

 𝐼𝑥1 = 𝐼𝑥 + 2𝑎𝑆𝑥 + 𝑎
2𝐴 .                     (1) 

analogiurad, 

𝐼𝑦1 = 𝐼𝑦 + 2𝑏𝑆𝑦 + 𝑏
2𝐴 .                     (2) 

inerciis centridanuli momenti “axali” RerZebis mimarT: 

𝐷𝑥1𝑦1 = ∫ 𝑥1𝑦1 ∙ 𝑑𝐴𝐴
= ∫ (𝑥 + 𝑏)(𝑦 + 𝑎) ∙ 𝑑𝐴 =

𝐴
∫ 𝑥𝑦 ∙ 𝑑𝐴 + 𝑎 ∫ 𝑥 ∙ 𝑑𝐴 +

𝐴
𝑏 ∫ 𝑦 ∙ 𝑑𝐴 +

𝐴𝐴

𝑎𝑏𝐴, e.i.  

𝐷𝑥1𝑦1 = 𝐷𝑥𝑦 + 𝑎𝑆𝑦 + 𝑏𝑆𝑥 + 𝑎𝑏𝐴 .           (3) 

inerciis polaruli momenti “axali” 𝑂1 saTavis mimarT: 

𝐼𝜌1 = 𝐼𝑥1 + 𝐼𝑦1 = (𝐼𝑥 + 𝐼𝑦) + 2(𝑎𝑆𝑥 + 𝑏𝑆𝑦) + (𝑎
2 + 𝑏2)𝐴 ,e.i. 

𝐼𝜌1 = 𝐼𝜌 + 2(𝑎𝑆𝑥 + 𝑏𝑆𝑦) + (𝑎
2 + 𝑏2)𝐴 .  (4) 

nax. 48 

 

𝑂 𝑥 

 

𝑦 

 

𝑑𝐴 𝑥 

𝑦 

𝑦1 

𝑦1 

𝑥1 
𝑂1 

𝑥1 

𝑏 

𝑎 
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kerZo SemTxvevaSi, rodesac “Zveli”  𝑥  da 𝑦  centraluri RerZebia, e.i. 

𝑆𝑥 = 𝑆𝑦 = 0, miviRebT: 

𝐼𝑥1 = 𝐼𝑥 + 𝑎
2𝐴 ; (1′) 

𝐼𝑦1 = 𝐼𝑦 + 𝑏
2𝐴 ;(2′) 

𝐷𝑥1𝑦1 = 𝐷𝑥𝑦 + 𝑎𝑏𝐴 ; (3
′) 

𝐼𝜌1 = 𝐼𝜌 + (𝑎
2 + 𝑏2)𝐴 . (4′) 

da piriqiT, Tu cnobilia inerciis 𝐼𝑥1  da 𝐼𝑦1  momenti nebismieri  𝑥1  da 𝑦1 

RerZebis mimarT,  maSin  (1′), . . . ,(4′) formulebidan gamoviTvliT inerciis 

momentebs centraluri 𝑥 da 𝑦 RerZebis mimarT 

𝐼𝑥 = 𝐼𝑥1 − 𝑎
2𝐴 ; (1′′) 

𝐼𝑦 = 𝐼𝑦1 − 𝑏
2𝐴 ;(2′′) 

𝐷𝑥𝑦 = 𝐷𝑥1𝑦1 − 𝑎𝑏𝐴 ;(3
′′) 

𝐼𝜌 = 𝐼𝜌1 − (𝑎
2 + 𝑏2)𝐴. (4′′) 

rogorcbolo formulebi gviCvenebs, inerciis momentebi nakvTis cent- 

raluri  𝑥  da 𝑦 RerZebis mimarTumciresia, maTi paraleluri sxva RerZebis 

mimarT inerciis momentebs Soris. 

2)damokidebulebaurTierTmobrunebuli RerZebis mimarT,inerciis momen-

tebs Soris. 

vTqvaT, inerciis momentebi cnobilia  𝑥  da 𝑦  centraluri RerZebis 

mimarT (nax. 49): 

𝐼𝑥 = ∫ 𝑦2 ∙ 𝑑𝐴

𝐴

; 𝐼𝑦 = ∫ 𝑥2 ∙ 𝑑𝐴 

𝐴

; 𝐷𝑥𝑦 = ∫ 𝑥𝑦 ∙ 𝑑𝐴

𝐴

 . 

gamovTvaloT inerciis momentebi axali 𝑥1 da 𝑦1 RerZebis mimarT, rom-

lebic Zvel  𝑥  da 𝑦  RerZebTan adgens 𝛼  kuTxes - Zveli 𝑥  da 𝑦  RerZebis 

mimarT inerciis 𝐼𝑥 da 𝐼𝑦 momentebis saSualebiT. 𝛼 kuTxis aTvlis dadebiT 

mimarTulebad miviCnioT saaTis isris moZraobis sawinaaRmdego mimarTu- 

leba. 

usasrulod mcire 𝑑𝐴 farTobis axa- 

li 𝑥1  da 𝑦1 koordinatebiZveli 𝑥  da 𝑦 

koordinatebiT gamoisaxeba formule- 

biT: 

𝑥1 = 𝑥𝑐𝑜𝑠𝛼 + 𝑦𝑠𝑖𝑛𝛼 ; 𝑦1 = 𝑦𝑐𝑜𝑠𝛼 − 𝑥𝑠𝑖𝑛𝛼 . 
am damokidebulebebis gamoyenebiT SegviZ- 

lia davweroT: 

𝐼𝑥1 = ∫ 𝑦1
2 ∙ 𝑑𝐴

𝐴
= ∫ (𝑦𝑐𝑜𝑠𝛼 − 𝑥𝑠𝑖𝑛𝛼)2 ∙ 𝑑𝐴 =

𝐴

𝑐𝑜𝑠2𝛼 ∫ 𝑦2 ∙ 𝑑𝐴
𝐴

+ 𝑠𝑖𝑛2𝛼 ∫ 𝑥2 ∙ 𝑑𝐴 −
𝐴

−𝑠𝑖𝑛2𝛼 ∫ 𝑥𝑦 ∙ 𝑑𝐴 
𝐴

, 

anu  

𝐼𝑥1 = 𝐼𝑥𝑐𝑜𝑠
2𝛼 + 𝐼𝑦𝑠𝑖𝑛

2𝛼 − 𝐷𝑥𝑦𝑠𝑖𝑛2𝛼 ,(1) 

aseve 

Nnax. 49 

𝛼 

𝑥1 
𝑥 𝑑𝐴 

𝑦 
𝑦1 

𝑐 
𝑥1 
𝑦 𝑥 
𝑦1 
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𝐼𝑦1 = ∫ 𝑥1
2 ∙ 𝑑𝐴

𝐴

= ∫(𝑥𝑐𝑜𝑠𝛼 + 𝑦𝑠𝑖𝑛𝛼)2 ∙ 𝑑𝐴

𝐴

= 𝑐𝑜𝑠2𝛼 ∫ 𝑥2 ∙ 𝑑𝐴

𝐴

+ 𝑠𝑖𝑛2𝛼 ∫ 𝑦2 ∙ 𝑑𝐴 + +𝑠𝑖𝑛2𝛼 ∫ 𝑥𝑦 ∙ 𝑑𝐴 ,

𝐴𝐴

 

anu  

𝐼𝑦1 = 𝐼𝑥𝑠𝑖𝑛
2𝛼 + 𝐼𝑦𝑐𝑜𝑠

2𝛼 + 𝐷𝑥𝑦𝑠𝑖𝑛2𝛼 (2) 

da 

𝐷𝑥1𝑦1 = ∫ 𝑥1𝑦1 ∙ 𝑑𝐴

𝐴

= ∫(𝑥𝑐𝑜𝑠𝛼 + 𝑦𝑠𝑖𝑛𝛼)(𝑦𝑐𝑜𝑠𝛼 − 𝑥𝑠𝑖𝑛𝛼) ∙ 𝑑𝐴 ,

𝐴

 

anu 

𝐷𝑥1𝑦1 =
𝐼𝑥−𝐼𝑦

2
𝑠𝑖𝑛2𝛼 + 𝐷𝑥𝑦𝑐𝑜𝑠2𝛼 .                 (3) 

5.7. inerciis mTavari RerZebi da mTavari momentebi 

inerciis  𝐼𝑥1da 𝐼𝑦1   momentebi,𝛼 kuTxis funqciebia. amaTgan pirveliga-

movikvlioT eqstremumze. 𝛼0 -iT aRvniSnoT 𝐼𝑥1  -is eqstremaluri mniSvne- 

lobebis Sesabamisi kuTxe, gveqneba:  

𝑑𝐼𝑥1
𝑑𝛼0

= −2𝐼𝑥𝑐𝑜𝑠𝛼0𝑠𝑖𝑛𝛼0 + 2𝐼𝑦𝑐𝑜𝑠𝛼0𝑠𝑖𝑛𝛼0 − 2𝑐𝑜𝑠2𝛼0 = 0 , 

saidanac 

(𝐼𝑦 − 𝐼𝑥)𝑠𝑖𝑛2𝛼0 − 2𝐷𝑥𝑦𝑐𝑜𝑠2𝛼0 = 0  

da 

𝑡𝑔2𝛼0 =
2𝐷𝑥𝑦

𝐼𝑦−𝐼𝑥
 , (1) 

am gantolebis amoxsniT miRebuli 𝛼0 = 𝛼0
′ ± 𝑛

𝜋

2
-is mniSvnelobebidan 

gvainteresebs ori:𝛼0
′ da 𝛼0

′′ = 𝛼0
′ + 90° . cxadia, maT Seesabameba ori urTierT- 

perpendikularuli RerZi, anu 𝑢 da 𝑣 RerZebi.  

im urTierTperpendikularul 𝑢 da 𝑣RerZebs, romelTa mimarT inerciis 

momenti Rebulobs eqstremalur 𝐼𝑢  da 𝐼𝑣 mniSvnelobebs, mTavari RerZebi 

ewodeba, xolo am RerZebis mimarT inerciis momentebs -  mTavari𝐼𝑢 da 𝐼𝑣 mo-

mentebi. 

(1) gantoleba SegveZlo migveRo 𝐷𝑢𝑣 = 0  pirobidanac. am pirobis sa-

fuZvelze, mTavari RerZebi ukve ganvmarteT 5.3 paragrafSi, sadac mivuT-

iTeT, rom nakvTis simetriis RerZiYda misi marTobi yoveli RerZi, mTavari 

RerZia. 

𝛼0 -is mniSvnelobis 𝐼𝑥1 -isa da 𝐼𝑦1 -is gamosaxulebebSiSetaniT, miviRebTm-

Tavari 𝐼𝑢 da 𝐼𝑣 momentebis gamosaTvlel formulebs: 
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{
𝐼𝑢 = 𝐼𝑥𝑐𝑜𝑠

2𝛼0 + 𝐼𝑦𝑠𝑖𝑛
2𝛼0 − 𝐷𝑥𝑦𝑠𝑖𝑛2𝛼0

𝐼𝑣 = 𝐼𝑥𝑠𝑖𝑛
2𝛼0 + 𝐼𝑦𝑐𝑜𝑠

2𝛼0 + 𝐷𝑥𝑦𝑠𝑖𝑛2𝛼0.
(2) 

SevkriboT isini wevr-wevrad, miviRebT: 

𝐼𝑣 + 𝐼𝑢 = 𝐼𝑥 + 𝐼𝑦 = 𝑐𝑜𝑛𝑠𝑡, 

rac gviCvenebs, rom RerZebis mobrunebisas urTierTmarTobi RerZebis 

mimarT inerciis momentebis jami anu inerciis polaruli momenti ar 

icvleba da sididiT  yovelTvis mTavari momentebis jamis toli rCeba.  

(2)-Si trigonometriidan cnobili 𝑐𝑜𝑠2𝛼0 =
1+𝑐𝑜𝑠2𝛼0

2
,   𝑠𝑖𝑛2𝛼0 =

1−𝑐𝑜𝑠2𝛼0

2
damokidebulebebis gaTvaliswineba mogvcems 

{
𝐼𝑢 =

𝐼𝑥 + 𝐼𝑦

2
+
𝐼𝑥 − 𝐼𝑦

2
𝑐𝑜𝑠2𝛼0 − 𝐷𝑥𝑦𝑠𝑖𝑛2𝛼0

𝐼𝑣 =
𝐼𝑥 + 𝐼𝑦

2
−
𝐼𝑥 − 𝐼𝑦

2
𝑐𝑜𝑠2𝛼0 + 𝐷𝑥𝑦𝑠𝑖𝑛2𝛼0.

 

rom gamovricxoT  𝑐𝑜𝑠2𝜑0  da 𝑠𝑖𝑛2𝜑0 ,viyenebT formulas 𝑡𝑔2𝛼0 =
2𝐷𝑥𝑦

𝐼𝑦−𝐼𝑥
. 

garkveuli gardaqmnebis Catarebis Semdeg, miviRebTmTavari 𝐼𝑢  da 𝐼𝑣  momen-

tebisaTvis meore saxis,praqtikulad ufro advilad gamosayenebel saan-

gariSoformulebs: 

{
 

 𝐼𝑢 =
𝐼𝑥+𝐼𝑦

2
+
1

2
√(𝐼𝑥 − 𝐼𝑦)

2
+ 4𝐷𝑥𝑦2

𝐼𝑣 =
𝐼𝑥+𝐼𝑦

2
−
1

2
√(𝐼𝑥 − 𝐼𝑦)

2
+ 4𝐷𝑥𝑦2 .

               (3) 

amrigad, Tu cnobilia inerciis RerZuli 𝐼𝑥 , 𝐼𝑦  da 𝐷𝑥𝑦  centridanuli 

momentebi raime 𝑥 da 𝑦 RerZebis mimarT, (1) formuliT davadgenT mTavari  𝑢 

da 𝑣 RerZebis mdebareobas da (3) formuliT gamoviTvliT mTavar  𝐼𝑢 da 𝐼𝑣 

momentebs. 

Zelis grexisa da Runvisas figurirebs centraluri 𝑥 da 𝑦RerZebi. 

 

5.8. wris polaruli winaRobis𝑊𝜌 momenti dawrisa da marTkuTxedis 

𝑊𝑥 da 𝑊𝑦winaRobis momentebi 

grexisas, simtkiceze wriuli ganivkveTis Zelis gaangariSebisas vsar- 

geblobT polaruli winaRobis momentiT𝑊𝜌 =
𝐼𝜌

𝑟
=

𝜋𝑟4

2

𝑟
=

𝜋𝑟3

2
 , 

anu𝑊𝜌 =
𝜋𝑑3

32
𝑑

2

=
𝜋𝑑3

16
. 

Runvisas,simtkiceze  Zelis gaangariSebisas vsargeblobT  kveTis𝑊𝑥 =
𝐼𝑥

𝑦𝑚𝑎𝑥
 maxasiaTebliT, romelsac winaRobis momenti ewodeba. aq 𝑦𝑚𝑎𝑥  nak- vTis 

centrze gamavali  𝑥 RerZidan uSores kidemde manZilia. 

marTkuTxedisaTvis  𝑊𝑥 =
𝑏ℎ3

12
ℎ

2

=
𝑏ℎ2

6
, 

wrisaTvis  𝑊𝑥 =
𝜋𝑟4

4

𝑟
=

𝜋𝑟3

4
;   anu   𝑊𝑥 =

𝜋𝑑4

64
𝑑

2

=
𝜋𝑑3

32
≈ 0.1𝑑3. 
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kiTxvebi da pasuxebi  

1. ras ewodeba brtyeli nakvTis statikuri momenti? 

gansazRvrul integrals  𝑆𝑥 = ∫ 𝑦 ∙ 𝑑𝐴
𝐴

an gamosaxulebas 𝑆𝑥 = 𝑦𝑐 ∙ 𝐴  ewodeba 

statikuri momenti 𝑥RerZis mimarT. sadac 𝑦𝑐  nakvTis simZimis centris or-

dinataa; mas nakvTis farTobis mxarsac uwodeben. 

𝑦 RerZis mimarT  𝑆𝑦 = ∫ 𝑥 ∙ 𝑑𝐴 
𝐴

 an 𝑆𝑦 = 𝑥𝑐 ∙ 𝐴 . 

2. rogor gamoiTvleba martivi nakvTebisagan Sedgenili figuris statikuri 

momentebi? 

rogorc calkeuli martivi figurebis statikuri momentebis algebruli 

jami: 

𝑆𝑥 = ∑ 𝑦𝑖𝑐𝐴𝑖
𝑛
𝑖=1  da 𝑆𝑦 = ∑ 𝑥𝑖𝑐𝐴𝑖 ,

𝑛
𝑖=1  

sadac 𝑥𝑖𝑐  da 𝑦𝑖𝑐  Semadgeneli figurebis simZimis centris koordinatebia, 

xolo 𝐴𝑖  - farTobi. 

3. ris safuZvelze da rogor iangariSeba brtyeli nakvTis simZimis centris 

koordinatebi? 

varinionis Teoremis  𝑆𝑥 = 𝑦𝑐 ∙ 𝐴   da  𝑆𝑦 = 𝑥𝑐 ∙ 𝐴  safuZvelze, formulebiT: 

𝑥𝑐 =
𝑆𝑦

𝐴
,     𝑦𝑐 =

𝑆𝑥

𝐴
 , 

4.rogor gamoiTvleba martivi nakvTebisagan Sedgenili figuris simZimis 

centris koordinatebi? 

gamosaxulebebiT:         𝑥𝑐 =
∑ 𝑦𝑖𝑐𝐴𝑖
𝑛
𝑖=1

∑ 𝐴𝑖
𝑛
𝑖=1

 , 𝑦𝑐 =
∑ 𝑥𝑖𝑐𝐴𝑖
𝑛
𝑖=1

∑ 𝐴𝑖
𝑛
𝑖=1

 . 

sadac 𝑥𝑖𝑐   da  𝑦𝑖𝑐 Semadgeneli figurebis simZimis centris koordinatebia, 

xolo 𝐴𝑖  - farTobi. 

5. romeli RerZebis mimarTaa nulis toli statikuri 𝑆𝑥  da 𝑆𝑦 momentebi da 

ra ganzomileba aqvT maT? 

centraluri RerZebis mimarT, romlebic nakvTis simZimis centrze gadis anu 

romelTa mxrebi𝑥𝑐 = 0 da 𝑦𝑐 = 0, da amitom statikuri momentebi𝑆𝑥 = 𝑦𝑐 ∙ 𝐴 ==

0   da  𝑆𝑦 = 𝑥𝑐 ∙ 𝐴 = 0 . ganzomilebaa[sm3]. 

6. ras ewodeba inerciis RerZuli momentebi? 

gansazRvruli inegralebiT gamosaxul sidideebs? 

𝐼𝑥 = ∫ 𝑦2 ∙ 𝑑𝐴
𝐴

,        𝐼𝑦 = ∫ 𝑥2 ∙ 𝑑𝐴 
𝐴

.   ganzomilebaa[sm4]. 

7. ras ewodeba inerciis centridanuli momenti? 

gansazRvruli inegraliT gamosaxul sidides 

𝐷𝑥𝑦 = ∫ 𝑥𝑦 ∙ 𝑑𝐴
𝐴

,[sm4]. 

8.ras ewodeba inerciis polarulimomenti? 

gansazRvruli inegraliT gamosaxul sidides: 

𝐼𝜌 = ∫ 𝜌2 ∙ 𝑑𝐴
𝐴

.[sm4]. 
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9. rogor gamoisaxeba inerciis polarulimomenti,inerciis RerZuli momen-

tebiT? 

maTi jamis saxiT:  

𝐼𝜌 = 𝐼𝑥 + 𝐼𝑦. 

10. romel RerZebs ewodeba inerciis mTavari𝑢 da 𝑣RerZebi? 

RerZebs, romelTa mimarT inerciis momentebi Rebulobs eqstremalur mniS-

vnelobebs ( mag., 𝐼𝑢maqsimalurs da 𝐼𝑣  minimalurs an piriqiT). 

11. inerciis romel moments ewodeba mTavari? 

inerciis moments mTavari 𝑢 da 𝑣 RerZebis mimarT. 

12.romel sibrtyes hqviainerciis mTavarianu sixistis sibrtye? 

sibrtyes, romelic gadis Reros ganivkveTis inerciis mTavar 𝑢 an 𝑣 RerZsa 

da Reros RerZze, inerciis mTavari sibrtye anu sixistis sibrtye hqvia.  

13. ras ewodeba inerciis radiusi raime  RerZis mimarT?  

𝑖𝜉 = √
𝐼𝜉

𝐴
 sidides;  ganzomilebaa[sm]. 

14.ras ewodeba inerciis centraluri elifsi da risTvis gamoiyeneba igi? 

elifss, romelic agebulia mTavar 𝑖𝑣 da 𝑖𝑢radiusebze, rogorc naxevarRer- 

Zebze:  

𝑢2

𝑖𝑣2
+
𝑣2

𝑖𝑢2
= 1 . 

igi gamoiyeneba nebismieri  𝜉  RerZis mimarT 𝑖𝜉  radiusis grafikuli gaan-

gariSebisa da misisaSualebiT inerciis 𝐼𝜉 momentis gamoTvlisaTvis. 

15. romeli nakvTebisaTvis aris yvela centraluri RerZi mTavari? 

nakvTebisaTvis, romelTa 𝐼𝑢 = 𝐼𝑣 ,  e.i. 𝑖𝑢 = 𝑖𝑣 = 𝑖  anu nakvTebisaTvis, romel- 

TaTvis elifsi 𝑢2 + 𝑣2 = 𝑖2  wrewirad gadaiqceva. aseTi nakvTebisaTvis (wre, 

kvadrati, wriuli rgoli, kvadrati wriuli xvreliT da sxv.) yvela cen-

traluri RerZi, mTavari RerZia. 

16. rogor gamoiTvleba marTkuTxedis inerciis momentebi centraluri 𝑥𝑐 da 

𝑦𝑐 RerZebis mimarT? 

𝐼𝑥𝑐 = ∫ 𝑦2 ∙ 𝑑𝐴 = 𝑏 ∫ 𝑦2 ∙ 𝑑𝑦 = 𝑏 |
𝑦3

3
| = 𝑏 (

ℎ3

24
+
ℎ3

24
)

ℎ

2

−
ℎ

2
𝐴

=
𝑏ℎ3

12
. 

e.i.   𝐼𝑥𝑐 =
𝑏ℎ3

12
. 

analogiurad,                        

𝐼𝑦𝑐 =
ℎ𝑏3

12
 . 

14. rogor gamoiTvleba samTkuTxedis inerciis momenti misi romelime gver-

dis paraleluri centraluri 𝑥𝑐 RerZis mimarT? 

𝐼𝑥𝑐 = ∫ 𝑦2 ∙ 𝑑𝐴

𝐴

= ∫ 𝑦2𝑏(𝑦)

2

3
ℎ

−
1

3
ℎ

𝑑𝑦 =
𝑏

ℎ
∫ (

2

3
ℎ − 𝑦)𝑦2 ∙ 𝑑𝑦 =

𝑏ℎ3

36

2

3
ℎ

−
1

3
ℎ

 . 

15. rogor gamoiTvleba wris inerciis polaruli momenti da misi saSu-

alebiT inerciis momentebi centraluri 𝑥𝑐 da 𝑦𝑐 RerZebis mimarT? 
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𝐼𝜌 = ∫ 𝜌2 ∙ 𝑑𝐴
𝐴

= ∫ 𝜌2 ∙ 𝜌𝑑𝛼𝑑𝜌 =
𝐴

∫ 𝑑𝛼 ∫ 𝜌3 ∙ 𝑑𝜌
𝑟

0
=

2𝜋

0
|
𝜌4

4
|
0

𝑟

|𝛼|𝑜
2𝜋, 

𝐼𝑥𝑐 = 𝐼𝑦𝑐 =
𝐼𝜌

2
=

𝜋𝑟4

4
. 

16. rogor gamoiTvleba wriuli rgolisinerciis polaruli momenti da in-

erciismomentebi centraluri 𝑥𝑐 da 𝑦𝑐 RerZebis mimarT? 

𝐼𝜌 =
𝜋𝑟1

4

2
−
𝜋𝑟2

4

2
=
𝜋𝑟1

4

2
[1 − (

𝑟2
𝑟1
)
4

] , 

𝐼𝑥𝑐 = 𝐼𝑦𝑐 =
𝐼𝜌

2
=
𝜋𝑟1

4

4
[1 − (

𝑟2
𝑟1
)
4

].   

17.rogor gamoiTvleba naxevari wris simZimis centris mdebareoba da  in-

erciismomenti centraluri 𝑥𝑐RerZis mimarT? 

simZimis  𝐶 centri mdebareobs simetriis RerZze 𝐶(0, 𝑦0). 

𝑦0 =
𝑆𝑥
𝐴
=
∫

1

2
𝑟 ∙ 𝑟𝑑𝛼 ∙

2

3
𝑟𝑠𝑖𝑛𝛼

𝜋

0

𝜋𝑟2

2

=

𝑟3

3
|−𝑐𝑜𝑠𝛼|0

𝜋

𝜋𝑟2

2

=
2𝑟

3𝜋
[—1 − 1) ≈ 0.424𝑟; 

𝐼𝑥𝑐 = 𝐼𝑥 − 𝑦0
2 ∙ 𝐴 =

𝜋𝑟4

8
− (0.424𝑟)2

𝜋𝑟2

2
≈ 0.035𝜋𝑟4. 

18. rogoriadamokidebuleba paraleluri RerZebis mimarT, inerciis momen- 

tebs Soris? 

 𝐼𝑥1 = 𝐼𝑥 + 2𝑎𝑆𝑥 + 𝑎
2𝐴 ; (1) 

𝐼𝑦1 = 𝐼𝑦 + 2𝑏𝑆𝑦 + 𝑏
2𝐴 ;(2) 

𝐷𝑥1𝑦1 = 𝐷𝑥𝑦 + 𝑎𝑆𝑦 + 𝑏𝑆𝑥 + 𝑎𝑏𝐴 ;(3) 

𝐼𝜌1 = 𝐼𝜌 + 2(𝑎𝑆𝑥 + 𝑏𝑆𝑦) + (𝑎
2 + 𝑏2)𝐴 .  (4) 

19. rogor saxes iZens paraleluri RerZebis mimarT inerciis momentebs So-

risdamokidebuleba, rodesac 𝑥 da 𝑦 centraluri RerZebia? 

𝐼𝑥1 = 𝐼𝑥 + 𝑎
2𝐴 ; (1′) 

𝐼𝑦1 = 𝐼𝑦 + 𝑏
2𝐴 ; (2′) 

𝐷𝑥1𝑦1 = 𝐷𝑥𝑦 + 𝑎𝑏𝐴 ;(3
′) 

𝐼𝜌1 = 𝐼𝜌 + (𝑎
2 + 𝑏2)𝐴 (4′) 

an piriqiT: 

𝐼𝑥 = 𝐼𝑥1 − 𝑎
2𝐴 ; (1′′) 

𝐼𝑦 = 𝐼𝑦1 − 𝑏
2𝐴 ;(2′′) 

𝐷𝑥𝑦 = 𝐷𝑥1𝑦1 − 𝑎𝑏𝐴 ;(3
′′) 

𝐼𝜌 = 𝐼𝜌1 − (𝑎
2 + 𝑏2)𝐴 .       (4′′) 

amrigad, paraleluri RerZebis mimarT inerciis momentebs Soris  𝐼𝑥 , 𝐼𝑦 , 

𝐷𝑥𝑦 da 𝐼𝜌 umciresebia. 

20.rogoria damokidebuleba urTierTmobrunebuli RerZebismimarT, inerciis 

momentebs Soris? 

𝐼𝑥1 = 𝐼𝑥𝑐𝑜𝑠
2𝛼 + 𝐼𝑦𝑠𝑖𝑛

2𝛼 − 𝐷𝑥𝑦𝑠𝑖𝑛2𝛼 ,            (1) 

𝐼𝑦1 = 𝐼𝑥𝑠𝑖𝑛
2𝛼 + 𝐼𝑦𝑐𝑜𝑠

2𝛼 + 𝐷𝑥𝑦𝑠𝑖𝑛2𝛼,             (2) 

𝐷𝑥1𝑦1 =
𝐼𝑥−𝐼𝑦

2
𝑠𝑖𝑛2𝛼 + 𝐷𝑥𝑦𝑐𝑜𝑠2𝛼 .                 (3) 
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21. romeli gantolebis amonaxsnebia 𝛼0 kuTxis𝛼0
′  da 𝛼0

′′ = 𝛼0
′ + 90°mniSvnelo-

bebi, romlebic mTavari  𝑢 da 𝑣 RerZebis mdebareobas gansazRvravs? 

𝐼𝑥1  funqciis eqstremumis  
𝑑𝐼𝑥1

𝑑𝛼0
= −2𝐼𝑥𝑐𝑜𝑠𝛼0𝑠𝑖𝑛𝛼0 + 2𝐼𝑦𝑐𝑜𝑠𝛼0𝑠𝑖𝑛𝛼0 − 2𝑐𝑜𝑠2𝛼0 = 0 pi-

robidan miRebuli  𝑡𝑔2𝛼0 =
2𝐷𝑥𝑦

𝐼𝑦−𝐼𝑥
 gantolebis. amitomaa 𝐼𝑢  da 𝐼𝑣  eqstre- ma-

luri. 

22.ra niSniT ganisazRvreba inerciis mTavari centraluri 𝑢 da 𝑣 RerZebi? 

imiT, rom maT mimarT inerciis centridanuli momenti nulis tolia𝐷𝑢𝑣 = 0 . 

simetriulinakvTis SemTxvevaSi, es RerZebi simetriis RerZebia. 

23. rogor gamoisaxeba inerciis mTavari 𝐼𝑢da 𝐼𝑣 momentebi? 

Semdegi formulebiT:          

{
𝐼𝑢 = 𝐼𝑥𝑐𝑜𝑠

2𝛼0 + 𝐼𝑦𝑠𝑖𝑛
2𝛼0 − 𝐷𝑥𝑦𝑠𝑖𝑛2𝛼0

𝐼𝑣 = 𝐼𝑥𝑠𝑖𝑛
2𝛼0 + 𝐼𝑦𝑐𝑜𝑠

2𝛼0 + 𝐷𝑥𝑦𝑠𝑖𝑛2𝛼0
 

an maTi gardaqmniT miRebuli formulebiT, romlebicufro advilad gamo- 

iyeneba: 

{
 

 𝐼𝑢 =
𝐼𝑥+𝐼𝑦

2
+
1

2
√(𝐼𝑥 − 𝐼𝑦)

2
+ 4𝐷𝑥𝑦2

𝐼𝑣 =
𝐼𝑥+𝐼𝑦

2
−
1

2
√(𝐼𝑥 − 𝐼𝑦)

2
+ 4𝐷𝑥𝑦2

 .  

24. ra daskvna keTdeba RerZebis mobrunebisas mTavari 𝐼𝑢  da 𝐼𝑣 momentebis 

saangariSo formulebis  wevr-wevrad SekrebiT miRebuli Sedegis safuZ- 

velze?  

RerZebis mobrunebisas, urTierTmarTobi RerZebis mimarT inerciis momen-

tebis jami, anu inerciis polaruli momenti ar icvleba da igi sididiT  

yovelTvis mTavari momentebis jamis toli rCeba.  

25. rogor iangariSeba wris polaruli 𝑊𝜌  momenti da martivi nakvTebis: 

wrisa da marTkuTxedis,𝑊𝑥 da 𝑊𝑦 winaRobis momentebi? 

formulebiT:  𝑊𝜌 =
𝐼𝜌

𝑟
  , 𝑊𝑥 =

𝐼𝑥

𝑦𝑚𝑎𝑥
 ,  𝑊𝑦 =

𝐼𝑦

𝑥𝑚𝑎𝑥
 : 

wrisaTvis:  𝑊𝜌 =
𝜋𝑟3

2
=

𝜋𝑑3

16
, 𝑊𝑥 = 𝑊𝑦 =

𝜋𝑟3

4
=

𝜋𝑑3

32
≈ 0.1𝑑3, 

marTkuTxedisaTvis: 𝑊𝑥 =
𝑏ℎ2

6
 ,   𝑊𝑦 =

ℎ𝑏2

6
. 

 

 

 

 

VITavi 

grexa 

 

6.1.movlenis arsi da mgrexi momenti. 

 

Zeli igrixeba, roca masze moqmedebs misi RerZis marTob sibrtyeSi 

mdebare wyvilZala. umetesad igrixeba manqana-

Talilvebi (satransmisio an sxva saxis lil-

vebi), romlebsac mgrexavi momenti gadaecema am-

Nnax. 50 

 

𝐵 𝐴 
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Zravi RvedebiT, kbilana TvaliT da a. S. 50-e naxazze naCvenebia mrgvali 

lilvi SkivebiT. lilvis boloebi Casmulia burTulsakisarebSi. 𝐴 Skivi 

RvediT mierTebulia eleqtroZravasTan, 𝐵  Skivi - CarxTan. Zrava, Rvedis 

daWimvis meSveobiT  𝐴  Skivis lilvTan mierTebis adgilas qmnis mgrex mo-

ments,romelic  𝐵  Skivsgadaecemalilvis gayolebiT. es ukanaskneli  iwyebs 

brunvasda moZraobaSimohyavs samuSao Carxi. amgvarad, lilvi 𝐴𝐵  ubanze 

ganicdis grexas. 

grexas maSinac aqvs adgili, rodesac Zeli (rogorc, magaliTad sivr-

ciTi konstruqciis elementi da sxv.) cali boloTi uZravad aris Cama-

grebuli, xolo meore boloze moqmedebs wyvilZala, romelic ganlagebu-

lia Zelis RerZis marTob sibrtyeSi  (nax. 51).es wyvilZala qmnis mo-

ments 𝑀gr = 𝐹𝑎, romelic Reros dagrexs. gavarkvioT, Tu rogor igrixeba 

Zeli. 

proporciulobis farglebSi Catarebuli cdebi gviCvenebs, rom dagrex-

isas, ZelisRerZi swori da ganivkveTebi RerZis marTobuli rCeba. deforma-

cia Tavs iCens imaSi, rom swori 𝑎𝑏 msaxvelebi iqceva 𝑎𝑏′ xraxnul 

wirebad,(xraxnis Zalian didi bijiT) (nax. 51).amiTfiqsirdeba, rom ganiv-

kveTebi gaunZrevlad ar rCeba. rom gavarkvioT, Tu rogormoZraoben isini, 

RerZis ganivad davitanoT Reroszedapirze Semowerili wrewirebi, anuganiv-

kveTis kvalebiZelis zedapirze. vxedavT, rom Zelis dagrexisas es 

wrewirebiTavisi mdebareobis farglebidan ar 

gamodis;Tu vigulisxmebT, rom es wreebi arc 

ZelisSigniT gamodisTavisi mdebareobis far-

glebidan, maSin SegviZlia miviRoT daSveba 

brtyeli kveTis Sesaxeb. maSasadame, grexisas 

ganivkveTebi, rogorcxisti diskoebi, garkveuli 

kuTxeebiTmobrundebaadgilze da maTi radi-

usebi, rogorc xisti diskoebis radi-

usebi,swori darCeba- ar deformirdeba.  

ganivkveTebis mobrunebas ewinaaRmdegeba 

Siga Zalebi. maTi tolqmedi Seadgens wyvilZalas, romelmac unda gaawona- 

woros gare 𝑀gr  momenti. Siga Zalebis mier SedgenilwyvilZalis moments, 

mgrexi 𝑀𝑧momenti ewodeba. 

 

6.2.lilvze gadacemuli momentis gamoTvla simZlavrisa da brunTa 

ricxvis mixedviT. epiuris ageba 

lilvze gadacemuli momentis gamoTvlaSesaZlebelia simZlavrisa da 

brunTa ricxvis mixedviT. momenti warmovadginoT wyvilZalis saxiT, 

rogorc 52-e naxazzea naCvenebi. davuSvaT, borbali Semobrunda 𝛼  kuTxiT, 

maSin 𝐹 Zalebidan TiToeuli gaivlis 𝑅𝛼 manZils da Seasrulebs 𝐹 ∙ 𝑅𝛼 mu-

Saobas. aq, 𝑅  borblis radiusia. mTeli wyvilZalis 

mier Sesrulebuli muSaoba iqneba  

𝐴 = 2𝐹 ∙ 𝑅𝛼 = 𝐹𝐷𝛼 = 𝑀gr ∙ 𝛼 , 

A 

F 

a 

B 
a 

b 

𝑏′ 

nax.51 

𝐹 

𝐹 

nax. 52 

𝐹 𝛼 

𝑅 

𝐹 

𝐹 
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saidanac   

𝑀gr =
𝐴

𝛼
 . 

Tu drois erTeulSi lilvi asrulebs 𝑚 bruns, maSin 𝛼 = 2𝜋𝑚 . magram, 

drois erTeulSi Sesrulebuli muSaoba aris simZlavre, e.i.  𝐴 = 𝑊 , maSin 

gveqneba: 𝐴 = 𝑊 = 𝑀gr ∙ 2𝜋𝑚 , saidanac    

𝑀gr =
𝑊

2𝜋𝑚
 . 

Tu 𝑊 = 𝑁cxZ=0.7365knm/wm da 𝑚 = 𝑛 br/wT=
𝑛

60
 br/w; 

maSin miviRebT: 

𝑀gr =
𝑊

2𝜋𝑚
=

0.7365∙60

2𝜋

𝑁

𝑛
=

22.095

𝜋

𝑁

𝑛
= 7.033

𝑁

𝑛
knm. 

Tu 𝑊  simZlavre mocemulia kilovatebiT  𝑊 = 𝑁′ kvt   da  𝑚 = 𝑛 br/wT=
𝑛

60
 

br/wm –iT, maSin imis gaTvaliswinebiT, rom 1 cxZ= 0.7365kvt da aqedan gam-

omdi-  

nare,1 kvt = 1.3577cxZ = 1.3577 ∙ 0.7365knm/wm = 1 knm/wm, miviRebT: 

𝑀gr =
𝑊

2𝜋𝑚
=

𝑁′

2𝜋
𝑛

60

=
30

𝜋

𝑁′

𝑛
= 9.558 

𝑁′

𝑛
knm. 

6.3. satransmisio lilvis gaangariSeba 

ganvixiloT SemTxveva, rodesac satransmisio lilvze dasmulia ram- 

denime borbali (Skivi): erTi – wamyvani, danarCeni – mimyoli, rogorc naCve- 

nebia  53-e naxazze. yoveli borblisagan satransmisio lilvs gadaecema ga- 

rveuli sididis momenti da manqanis damyarebuli moZraobisas wamyvani bor- 

blis 𝑀1  momenti gawonaswordeba mimyoli borblebis 𝑀2,  𝑀3, 𝑀4 momentebiT. 

𝑀2, 𝑀3, 𝑀4 Skivebs Sorisgadanawildeba samuSao Carxebis winaaRmdegobis mi-

xedviT -isini mocemuli sidideebia. wonasworobis gantolebas aqvs saxe: 

∑𝑀 = −𝑀1 +𝑀2 +𝑀3 +𝑀4 = 0 . 

saidanac dadgindeba Zravidan lilvze gadacemuli mgrexi 𝑀1  momentis 

saWiro mniSvneloba. 

mgrexi 𝑀𝑧  momenti gani- 

sazRvreba, rogorc ganivkveTis 

cal mxares moqmedi momentis 

algebruli jami. ubnebis mi- 

xedviT ganisazRvreba mgrexi 

𝑀𝑧  momentis mniSvnelobebi da 

winaswar arCeuli masStabiT 

nulovani xazidan gadaizomeba 

mgrex 𝑀𝑧 momentebis ordina- 

tebi. borblebze modebuli 

mgrexi 𝑀𝑖(𝑖 = 1,2,3,4) momentebis 

𝑀2 

0 

𝑀1 𝑀3 𝑀4 

𝑀2 

𝑀1 −𝑀2 

 

𝑀4 +𝑀3 

 
𝑀4 

0 

nax. 53 
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niSnis gansazRvrisas, ase viqceviT: gansaxilveli ganivkveTidan vuyurebT 

lilvis bolos da saaTis isris moZraobis mimarTulebis 𝑀𝑖 moments mgrexi 

𝑀𝑧 momentis gamosaxulebaSi SevitanT uaryofiTi niSniT, saaTis isris moZ-

raobis sawinaaRmdegomimarTulebisas – dadebiTi niSniT (niSnis es wesi 

pirobiTia da emyareba SeTanxmebas). aRniSnuli wesebis gamoyenebiT, ubnebis 

mixedviT gamovTvliT: 

𝑀𝑧
𝐼 = −𝑀2 ; 𝑀𝑧

𝐼𝐼 = 𝑀1 −𝑀2 ; 𝑀𝑧
𝐼𝐼𝐼 = 𝑀3 +𝑀4 ; 𝑀𝑧

𝐼𝑉 = 𝑀3 . 

amis mixedviT avagebT mgrexi 𝑀𝑧  momentis Zelis sigrZeze cvlilebis 

grafiks anu epiuras, rogorc naCvenebia 53-e naxazze. am epiuras vageT imi- 

saTvis, rom udidesi ordinatis mixedviT SevarCioT lilvis diametri. 

 

6.4. cilindruli Zelis gaangariSeba 

a) wonasworobis piroba 

grexis movlenis arsis garkvevisas aRvniSneT, rom Siga Zalebis tol-

fasi sistema gamoisaxeba wyvilZalis 𝑀𝑧  momentiT, romelsac mgrexi momen-

ti ewodeba da romelic gare  moments awonasworebs. warmodgeniT Zels 

Tuornawilad gavkveTT da ganvixilavT erT-erTi nawilis wonasworobas 

(nax. 54b), gamoCndeba, rom wonasworobis eqvsi pirobidan grexisasdarCebamx-

olod erTigantoleba: 

∑𝑀𝑧 = 𝑀gr −𝑀𝑧 = 0 .            (1) 

CavweroTOigi Zelis Camagrebidan raime 𝑧  manZilze (nax. 54,b) gata-

rebuli ganivkveTis SemTxvevisaTvis. gamovyoT elementaruli 𝑑𝐴 farTobi 

simZimis  𝑂 centridan raime 𝜌 manZilze(nax. 54,b). 𝑑𝐴 -s farglebSi aRZruli 

saSualo mxebi Zabva aRvniSnoT  𝜏𝜌 -Ti. cxadia, ganivkveTs, rogorc mTlian 

diskos,mis sibrtyeSi mxebi 𝜏𝜌 Zabvebimoabrunebs (𝜎𝜌 = 0). isini Seadgenen el-

ementarul moments 𝑑𝑀𝑧 = 𝜌𝜏𝜌𝑑𝐴 ,  romelic mTeli ganivkveTis farglebSi   

Seikribeba da mogvcems 𝑀𝑧 = ∫ 𝜌𝜏𝜌𝑑𝐴𝐴
mgrexmoments:   

∑𝑀𝑧 = 𝑀gr − ∫ 𝜌𝜏𝜌𝑑𝐴𝐴
= 0.  (2) 

(2) piroba ar iZleva mxebi 𝜏𝜌  Zabvebis ganawilebis kanons. es amocana 

iseve, rogorc saerTod Zabvebis gansazRvris yvela amocana, statikurad 

urkvevia. 

 

b) deformaciis suraTi 
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am amocanis gadasawyvetad ganvixiloT Reros deformaciis suraTi.ga- 

movyoT Zelidan usasrulod mcire 𝑑𝑧  sigrZis elementi (nax. 54,g-ze naCve- 

nebia gadmobrunebuli). 𝑑𝑧  manZiliT daSorebuli 𝑂1  ganivkveTi 𝑂 ganiv- 

kveTis mimarT 𝑑𝜑  kuTxiT Semobrundeba.ori mezobeli radialuri kveTiT 

gamoyofili nebismieri samkuTxa prizma gadazneqili gamova. magaliT-

ad,samkuTxa 𝑂𝑂1𝐴𝐵𝐶𝐷  prizma daikavebs axal 𝑂𝑂1𝐴1𝐵1𝐶1𝐷1  mdebareobas (nax. 

54,d).  maSasadame, igi ganicdis sufTa Zvras. rogorc Cans, grexis amocana 

daiyva- neba sufTa Zvraze. 

ganvixiloT samkuTxa prizma calke (nax. 54,d).prizmis qveda waxnagi Ca- 

magrebulad warmovidginoT.nebismieri 𝜌  manZiliT daSorebul 𝑘  wertilSi 

absoluturi Zvra orgvarad SegviZlia gamovTvaloT. 𝑂1𝑘𝑘1 samkuTxedidan  

 

gveqneba: 

𝑘𝑘1 = 𝜌𝑑𝜑, (2) 

𝑘𝑘1𝑘2 samkuTxedidan ki, 

𝑘𝑘1 = 𝑑𝑧 ∙ 𝛾𝜌, (3) 

sadac 𝛾𝜌  aris Zvris kuTxe (udidesi Zvris 𝛾𝑚𝑎𝑥  kuTxe gveqneba konturis 𝐵 

wertilSi). 

GerTmaneTs gavutoloT (2) da (3) gamosaxulebaTa marjvena mxareebi, mi-

viRebT: 

𝑑𝑧 ∙ 𝛾𝜌 = 𝜌𝑑𝜑 , 

saidanac  

𝛾𝜌 = 𝜌
𝑑𝜑

𝑑𝑧
= 𝜌𝜃 . (4) 

𝜃 =
𝑑𝜑

𝑑𝑧
 -s ewodeba fardobiTi grexis kuTxe, anu grexis xarisxi, igi ricxo-

brivad gamoxatavs erTeuli manZiliT daSorebuli ganivkveTebis ur-

TierTmobrunebas. 

 

g) deformaciidan Zabvaze gadasvla 

nax. 54 

𝑧 
 

𝑀gr 

O 

𝜌 
𝑑𝐴 

𝜏𝜌𝑑𝐴 

b) 

a) 

𝑀gr 

l 

𝑑𝑧 

𝑑𝑧 

g) 

𝑑𝑧 
𝑂 

𝑂1 𝑑𝜑 

d) 

𝐴 

𝐷 

𝐵 

𝐶 

𝑂 

𝑂1 

𝜌 

𝑟 

𝐵1 

𝐶1 

𝑘 
𝑘1 

𝑘2 

𝑑𝜑 

𝛾𝜌 𝛾𝑚𝑎𝑥 𝜏𝜌 

𝜏𝜌 
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Tu visargeblebT hukis kanoniT sufTa Zvris dros, davwerT 

𝜏𝜌 = 𝐺𝛾𝜌 = 𝐺𝜌𝜃 .   (5) 

imisaTvis, rommxebi 𝜏𝜌  Zabvis formulas mivceT saangariSo saxe, (5) 

mniSvneloba SevitanoT wonasworobis (1) gantolebaSi, romliTac jer ar 

gvisargeblia, miviRebT 

𝑀𝑧 − 𝐺𝜃 ∫ 𝜌2𝑑𝐴 = 0 .
𝐴

                 (6) 

aq 𝐺𝜃 , rogorc mudmivi sidideebis namravli, gatanilia integralis niSnis 

gareT. 

miRebuli integrali warmoadgens ganivkveTis polaruli 𝐼𝜌  inerciis 

moments, e.i.  𝐼𝜌 = ∫ 𝜌2𝑑𝐴 ,
𝐴

 da (6) miiRebs aseT saxes: 

𝑀𝑧 −𝑀𝑧𝜃𝐼𝜌 = 0 , 

saidanac 

𝜃 =
𝑀𝑧

𝐺𝐼𝜌
 .    (7) 

Tu axla (7) mniSvnelobas SevitanT (5) gamo-

saxulebaSi, miviRebT mxebi 𝜏𝜌  Zabvis saangariSo 

formulas 

𝜏𝜌 =
𝑀𝑧∙𝜌

𝐼𝜌
 ,          (8) 

romlis saSualebiTac SegviZlia movZebnoT mxebi 

𝜏𝜌 Zabva Zelis ganivkveTis nebismier wertilSi. 

 

d) simtkicispiroba 

rogorc (8) gviCvenebs, 𝜏𝜌 mxebi Zabva izrdeba ganivkveTis simZimis 𝑂 

centridan 𝜌  manZilis pir- dapirproporciulad da maqsimalur mniSvnelo-

basaRwevs ganivkveTis konturis wertilebSi (nax. 55), romlebisTvisac  𝜌 =

𝑟.Sesabamisad, simtkicis piroba grexis dros ase Caiwereba: 

𝜏𝑚𝑎𝑥 =
𝑀𝑧∙𝑟

𝐼𝜌
 ≤ [𝜏]. (9) 

SemoviRoT aRniSvna  

𝑊𝜌 =
𝐼𝜌

𝑟
=

𝜋𝑟4

2

𝑟
=

𝜋𝑟3

2 
 .(10) 

𝑊𝜌  -s ewodeba ganivkveTis polaruli winaRobis momenti, romlis gamoyene- 

biT simtkicis piroba grexisas ase Caiwereba: 

𝜏𝑚𝑎𝑥 =
𝑀𝑧

𝑊𝜌
 ≤ [𝜏].(11) 

(11)-dan SegviZlia, movZebnoT ganivkveTis radiusis saWiro mniSvneloba: 

𝑟 ≥ √
2𝑀𝑧

𝜋[𝜏]
 .

3
(12) 

mricxvelSi Segvaqvs 𝑀𝑧 -isudidesi ordinataepiuridan (uaryofiTi mniS-

vnelobisas _ moduliT). dasaSveb [𝜏]  mxeb Zabvas kiviRebT simtkicis ener-

getikuli Teoriis mixedviT[𝜏] ≈ 0.6[𝜎]; foladisaTvis f.3 

[𝜏] = 0.6 ∙ 160mpa ≈ 100mpa. 

e) sixistis piroba 

𝑂 

Nnax. 55 

𝜏𝑚𝑎𝑥 

 

 
𝜏𝑚𝑎𝑥 

𝜏𝑚𝑎𝑥 

𝑟 
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sixistis piroba dgeba grexis maqsimaluri 𝜑𝑚𝑎𝑥kuTxis mixedviT. gamov- 

TvaloT igi. deformaciis suraTis ganxilvisas fardobiTi grexis 𝜃 kuTxi- 

saTvis gvqonda aseTi gamosaxuleba: 

𝜃 =
𝑑𝜑

𝑑𝑧
=
𝑀𝑧

𝐺𝐼𝜌
 , 

romlidanac 

𝑑𝜑 =
𝑀𝑧𝑑𝑧

𝐺𝐼𝜌
 . 

grexis kuTxis misaRebad gavaintegriroT 

𝜑 = ∫
𝑀𝑧𝑑𝑧

𝐺𝐼𝜌
=

𝑀𝑧𝑧

𝐺𝐼𝜌

𝑧

0
 .(13) 

cxadia, grexis udides 𝜑𝑚𝑎𝑥 kuTxes adgili eqneba Camagrebidan uSores 

ganivkveTSi, romlisTvisac 𝑧 = 𝑙 da, Sesabamisad, 

𝜑𝑚𝑎𝑥 =
𝑀𝑧𝑙

𝐺𝐼𝜌
 .(14) 

aq,𝐺𝐼𝜌 namravli Zelis sixistea grexis dros. 

praqtikaSi dadgenilia grexis 𝜑 kuTxeebis is mniSvnelobebi, romelTa 

gadaWarbeba gamoiwvevs normaluri eqspluataciis pirobebis darRvevas. am 

kuTxes [𝜑], dasaSvebi grexis kuTxe ewodeba da misi mniSvnelobebi cnobar-

Sia mocemuli. grexis dros sixistis piroba ase Caiwereba: 

𝜑𝑚𝑎𝑥 =
𝑀𝑧𝑙

𝐺𝐼𝜌
≤ [𝜑],  (15) 

saidanac, Tu gaviTvaliswinebT, rom 𝐼𝜌 =
𝜋𝑟4

2
 ,gamovTvliT Zelis radiuss: 

𝑟 = √
2𝑀𝑧𝑙

𝜋𝐺[𝜑]
 .

4
  (16) 

Reros ganivkveTis radiuss gamovTvliT rogorc simtkicis, ise sixistis 

pirobebidan da maTgan aviRebT udidess. 

 

6.5. grexis deformaciis potenciuri energia 

vigulisxmoT, rom Reros grexisas aRZruli 𝜏 Zabva ar aRemateba dreka- 

dobis zRvars (nax. 56), maSin ZelSi dagrovili deformaciis potenciuri 𝑈 

energia ricxobrivad mgrexi𝑀gr  momentis mier Sesrulebuli im muSaobis  

tolia, romelic samkuTxedis farTobiT gamoisaxeba diagramis wrfiv uban-

ze. samkuTxedis fuZe is 𝜑𝑚𝑎𝑥  kuTxea, romliTac 𝑀gr -ma moabruna Zelis 

Tavisufali bolo: 

𝐴m = 𝑈 =
1

2
𝑀gr ∙ 𝜑𝑚𝑎𝑥,(17) 

(17) –Si 𝜑𝑚𝑎𝑥 =
𝑀gr𝑙

𝐺𝐼𝜌
 mniSvnelobis SetaniT, miviRebT: 

𝑈 =
𝑀gr

2𝑙

2𝐺𝐼𝜌
 (18) 

an 𝑀gr =
𝜑𝑚𝑎𝑥𝐺𝐼𝜌

𝑙
 SetaniT, miviRebT: 

𝑈 =
𝜑𝑚𝑎𝑥
2 𝐺𝐼𝜌

2𝑙
. (19) 

𝑂 

𝑀gr 

𝜑𝑚𝑎𝑥 

 

𝑀gr 

𝜑𝑚𝑎𝑥 

Nnax. 56 
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(18) da (19) formulebiT SegviZlia visargebloT maSinac, rodesac mgrexi 𝑀z 

momenti ar aris Reros mTel sigrZeze mudmivi, aramed naxtomebiT icvle- 

ba (nax. 53). am SemTxvevaSi mas gamovTvliT, rogorc  calkeul ubnebze po-

tenciuri energiebis jams: 

L𝑈 = ∑ 𝑈𝑖 = ∑
𝑀i
2𝑙𝑖

2𝐺𝐼𝜌

𝑛
𝑖=1

𝑛
𝑖=1  . 

sadac 𝑛 ubnebis ricxvia;𝑀𝑖 - mrexi momentis mniSvneloba TiToeul ubanze;𝑙𝑖  

-maTi sigrZe. 

 

6.6. statikurad urkvevi amocanis amoxsnis magaliTi 

 

ganvixiloT orive boloTi uZravad Camagre- 

buli cilindruli Zeli, romelzec misi bolo- 

ebidan  𝑎 da 𝑏 manZilebze mdebare ganivkveTis sib- 

rtyeSi moqmedebs wyvilZala, romlis momentia𝑀𝑇 

(nax. 57). 

sistema erTxel statikurad urkvevia -say- 

rden kveTebSi aRZruli ori reaqciuli 𝑀𝐴  da 

𝑀𝐵 gansazRvrisaTvis gvaqvs statikis mxolod er-

Tigantoleba: 

∑𝑀𝐴 = 𝑀𝑇 −𝑀𝐴 −𝑀𝐵 = 0 .           (1) 

SevadginoT damatebiTi - deformaciis gantoleba. movxsnaTmarcxena 

sayrdeni da misigavlena SevcaloT ucnobi mgrexi  𝑀𝐴  momentiT. am axal 

sistemas mocemulis ZiriTadi sistema ewodeba. mas ganvixilavT gare mgrexi 

𝑀𝑇  da ucnobi sayrdeni mgrexi 𝑀𝐴  momentis zemoqmedebaze. igi statikurad 

rkvevadia. mocemuli da ZiriTadisistemebisSesabamisobaSi mosayvanad, Zi-

riTadi sistemismarcxena sayrden kveTSi grexis 𝜑𝐴  kuTxesnuls vuto- 

lebT: 

𝜑𝐴 = 𝜑𝐴𝑀𝑇
− 𝜑𝐴𝑀𝐴

= 0 .                 (2) 

(2) aris deformaciis gantoleba. aq, 𝜑𝐴𝑀𝑇
 aris gare mgrexi 𝑀𝑇  momentis 

moqmedebiTgamowveuligrexis kuTxe, xolo  𝜑𝐴𝑀𝐴
- ucnobisayrdeni mgrexi 𝑀𝐴 

momentis moqmedebiTgamowveulierTsa da imave  𝐴  ganivkveTSi. 𝜑𝐴𝑀𝑇
grexis  

kuTxe tolia imave kuTxis, romelsac adgili aqvs TviT gare  mgrexi 𝑀𝑇 

momentis moqmedebis kveTSi: 

𝜑𝐴𝑀𝑇
=

𝑀𝑇𝑏

𝐺𝐼𝜌
 ,                       (3) 

grexis 𝜑𝐴𝑀𝐴
kuTxe ki, tolia 

𝜑𝐴𝑀𝐴
=

𝑀𝐴𝑙

𝐺𝐼𝜌
 .                       (4) 

(3) da (4) mniSvnelobebi SevitanoT (2) gantolebaSi, gveqneba: 
𝑀𝑇𝑏

𝐺𝐼𝜌
−
𝑀𝐴𝑙

𝐺𝐼𝜌
= 0, an 

1

𝐺𝐼𝜌
(𝑀𝑇𝑏 −𝑀𝐴𝑙) = 0, saidanac 

𝑀𝐴 =
𝑀𝑇𝑏

𝑙
 .                      (5) 

𝑀𝐴 𝑀𝐵 

Nnax. 57 

𝑀𝑇  

𝑀𝑇  

𝐴 𝐵 

𝑀𝐴 

𝑎 𝑏 
𝑙 
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amrigad, deformaciis gantolebiTamovxseniT erTi ucnobi 𝑀𝐴reaqcia. dar-

Cenili meore ucnobi 𝑀𝐵 reaqciis amoxsnisaTvis wonasworobis (1) gantole-

ba ukve sakmarisia; masSi 𝑀𝐴-s mniSvnelobis SetaniT miviRebT: 

𝑀𝑇 −𝑀𝐵 −𝑀𝑇

𝑏

𝑙
= 0 , 

saidanac, 

𝑀𝐵 = 𝑀𝑇 −𝑀𝑇

𝑏

𝑙
= 𝑀𝑇

𝑙 − 𝑏

𝑙
= 𝑀𝐴

𝑎

𝑙
 . 

 

6.7. cilindruli zambaris gaangariSeba 

 

xraxnul zambarebs amortizatorebad iyeneben 

rkinigzebis moZravi Semadgelobebis saval nawileb-

Si.agreTve, manqanebSi, meqanizmebSi da sxv. igi war-

moadgensspiralur Reros mrgvali (an marTkuTxa) 

ganivkveTiT. 

zambaris gaangariSeba niSnavs mis ganivkveTSi 

Zabvebis gamoTvlas, simtkicis pirobis Sedgenas da 

mis boloebs Soris manZilis cvlilebis, anu 

jdenis gansazRvras. 

1.  gaangariSeba simtkiceze. ganvixilavT e.w. 

mcire bijis zambaras, e.i. iseTs, romlis xviaTa 

daxris kuTxe umniSvneloa (nax. 58). Sesabamisad, cilindris radialur 

kveTSi moxvedrili zambaris Reros kveTa ganivkveTad SegviZlia miviC-nioT. 

Zabvis gamoTvlis mizniT,cilindris romelime radialuri kveTiT zam-

bara or nawilad gavkveToT da ganvixiloT erT-erTi, magaliTad, qveda na-

wili. gatarebuli ganivkveTis simZimis centrSi movdoT 𝐹  Zalis toli da 

paraleluri, erTmaneTis sapirispiro ori Zala. am 

Zalebidan 𝐹∗  gamoiwvevs ubralo Zvras da, Sesabamisad, 

ganiv-kveTSi aRiZvreba Tanabrad ganawilebuli mxebi Zab-

vebi 𝜏′ =
𝐹

𝜋𝑟2
 , sadac 𝑟 aris zambaris Reros ganivkveTis ra-

diusi. 𝜏′  Zabvebis epiura naCvenebia 59-e naxazze. danarCeni 

ori Zala Seadgens wyvilZalas, 𝑅 MmxriT da 𝑀𝑧 = 𝐹 ∙ 𝑅 momentiT, romelic 

gamoiwvevs zambaris grexas. rogorc cnobilia, grexis dros mxebi Zabvis 

gamosaTvlelad ganivkveTis nebismier wertilSi gamoiyeneba formula: 

𝜏′′ = 𝜏𝜌 =
𝑀𝑧 ∙ 𝜌

𝐼𝜌
 . 

𝜏′′-is ganawileba horizontaluri 𝐴𝐵 diametris gaswvriv naC- 

venebia 60 -e naxatze. ganivkveTis nebismier wertilSi sruli 

mxebi 𝜏  Zabva gamoiTvleba, rogorc 𝜏′  da 𝜏′′ mxebi  Zabvebis 

geometriuli jami, romelsac SeiZleba nebismieri mimarTu- 

lebahqondes. gamonaklisia horizontaluri 𝐴𝐵  diametris 

wertilebi, sadac orive mxebi  𝜏′ da 𝜏′′ Zabvis mimarTuleba 

diametris marTobulia da amitom algebrulad Seikribeba. amasTan erTad, 𝐴 

Nnax. 60 

𝐴 𝐵 

Nnax. 59 

𝐴 𝐵 

Nnax. 58 

𝐹 

𝑅 

𝐹 

𝐹∗ 

𝐵 𝐴 
𝐹 

𝑅 

𝐹 
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wertilSi orive mxebi 𝜏′ =
𝐹

𝜋𝑟2
  da  𝜏′′ =

𝑀𝑧∙𝑟

𝐼𝜌
=

𝑀𝑧

𝑊𝜌
=

𝐹𝑅

𝜋𝑟3

2

  Zabvis mimarTuleba 

erTmaneTs Tanxvdeba  da ubralod Seikribeba. maTi jami mogvcems udides 

mxeb  𝜏𝑚𝑎𝑥 Zabvas: 

 𝜏𝑚𝑎𝑥 = 𝜏′ + 𝜏′′ =
𝐹

𝜋𝑟2
+

𝐹𝑅

𝜋𝑟3

2

=
𝐹

𝜋𝑟2
(1 +

2𝑅

𝑟
). 

am gamosaxulebidan naTlad Cans, rom 
2𝑅

𝑟
 sidide gacilebiT metia 

1 -ze, ris gamoc am ukanasknels, e.i. mxeb 𝜏′ =
𝐹

𝜋𝑟2
 Zabvebs, romlebic 

Zvras iwvevs, mxed- velobaSi ar vRebulobT da vTvliT, rom: 

𝜏𝑚𝑎𝑥 =
2𝐹𝑅

𝜋𝑟3
 . 

Sesabamisad, simtkicis pirobas aqvs saxe 

𝜏𝑚𝑎𝑥 =
2𝐹𝑅

𝜋𝑟3
≤ [𝜏] . 

2. zambaris jdenis gaangariSeba (nax. 61). zambaris jdenis 

formulis misaRebad visargebloT tolobiT gare 𝐹  Zalis mier 

Sesrulebul  𝐴  muSaobasa da deformaciis potenciur 𝑈  energias 

Soris: 

𝐴 = 𝑈 .                       (1) 

cxadia,  

𝐴 =
1

2
𝐹𝜆 .                      (2) 

deformaciis potenciur 𝑈  energiis gamoTvlisas mxedvelobaSi unda mi-

viRoT mxolod grexis gavlena. maSin davwerT:           

𝑈 =
𝑀𝑧
2𝑙

2𝐺𝐼𝜌
 .                     (3) 

magram 𝑀𝑧 = 𝐹𝑅  da 𝐼𝜌 =
𝜋𝑟4

2 
 . amasTan erTad CavTvaloT, rom 𝑙 = 2𝜋𝑅𝑛 , sadac 𝑛 

zambaris xviaTa raodenobaa. maSin miviRebT: 

𝑈 =
𝑀𝑧
2𝑙

2𝐺𝐼𝜌
=

𝐹2𝑅2∙2𝜋𝑅𝑛

2𝐺
𝜋𝑟4

2

 .  (4)     

(2) da (4) SevitanoT  (1) tolobaSi, gveqneba 

1

2
𝐹𝜆 =

𝐹2𝑅2 ∙ 2𝜋𝑅𝑛

𝐺𝜋𝑟4
 , 

saidanac 

𝜆 =
4𝐹𝑅3𝑛

𝐺𝑟4
 .                  (5) 

(5)  warmoadgens zambaris jdenis formulas. 

6.8. marTkuTxa ganivkveTis Zelis grexa 

aracilindruli Zelis grexis amocana gac-

ilebiT rTulia, Cven mier ukve ganxiluli 

cilindruli Zelis grexis amocanasTan SedarebiT. 

am SemTxvevaSi, brtyeli kveTis hipoTeza irRveva. 

 

nax. 61 

𝜆 

𝐹 

𝑎 

nax. 62 

𝑏 

𝐴 

𝜏𝐵 

𝜏𝐴 = 𝜏𝑚𝑎𝑥 
𝐴 

𝐵 

𝐵 
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ganivkveTis calkeuli wertilebi gadaadgildeba Zelis RerZis gaswvriv da 

mTlianobaSi ganivkveTi brtyeli aRaraa. adgili aqvs ganivkveTis e.w. de-

planacias.  

62-e naxazze naCvenebia Zeli marTkuTxa ganiv- kveTiT. aseTi ganivkveTi-

saTvis,jer kidev 1859 wels, sen-venanma daamtkica, rom maqsimaluri mxebi 

𝜏𝑚𝑎𝑥  Zabva warmoiSoba  marTkuTxedis dagrexili didi gverdebis Sua-

Si.drekadobis  Teoriis meTo- ebiT dadgenilia ganivkveTSi 𝜏E mxeb ZabvaTa 

ganawilebissuraTi (nax. 62). maqsimaluri mxeb 𝜏𝑚𝑎𝑥 Zabvebi SegviZlia vian-

gariSoT formuliT: 

𝜏𝐴 = 
𝑀gr

𝑊𝜌
 , (1) 

sadac 𝑊𝜌 = 𝛼𝑎ℎ𝑏
2. 

𝜏𝐵mxebi Zabvebi mokle gverdebis SuaSi:                

𝜏𝐵 =  𝜂𝜏𝑚𝑎𝑥 .(2) 

𝛼 da 𝜂 koeficientebi damokidebulia gverdebis 
𝑎

𝑏
fardobaze. am koeficien- 

tebis mniSvnelobebi 1-el cxrilSia mocemuli. 

kuTxuri gadaadgileba gamoiTvleba formuliT:  

𝜑 = 
𝑀gr

𝐺𝛽𝑏3𝑎
.                   (3) 

𝛽 koeficientis mniSvnelobebic  imave cxrilSia.  

c x r i l i  1 

a/b 1 1.5 1.75 2 2.5 3 4 6 8 10 ∞ 
𝛼 0.208 0.231 0.239 0.246 0.258 0.267 0.282 0.299 0.307 0.313 0.333 

𝛽 0.141 0.196 0.214 0.229 0.249 0.263 0.281 0.299 0.307 0.313 0.333 

𝜂 1.000 .859 0.820 0.795 0.766 0.753 0.745 0.743 0.742 0.742 0.742 
 

kiTxvebi da pasuxebi 

1. raSi mdgomareobs mrgvali ganivkveTis Zelis grexis, rogorc movlenis 

arsi? 

mrgvali ganivkveTis Zelis RerZis marTob sibrtyeSi mdebare gare wyvil-

Zalis moqmedebiT Zelis ganivkveTebi, rogorc erTiani diskoebi, brunavs 

Tavis sibrtyeebSi garkveuli kuTxeebiT ise, rom mrgvali Zelis RerZi 

swori rCeba da ganivkveTebi swori radiusebiT,maTi marTobulia. 

2. rogor gamoisaxeba wonasworobis pirobebi grexisas? 

mxolod erTi gantolebiT:∑𝑀𝑧 = 𝑀gr −𝑀𝑧 = 0. 

3.rogor gamoiTvleba gare mgrexi 𝑀gr momenti, Zravis simZlavrisa da brun-

vaTa rivxvis mixedviT? 

rodesac  simZlavre  mocemulia cxenis ZalebiT - 𝑊 = 𝑁cxZ=0.7365knm/wm da 

brunTa ricxvi   br/wT-iT - 𝑚 = 𝑛 br/wT=
𝑛

60
 br/wm: 

𝑀gr =
𝑊

2𝜋𝑚
=

0.7365∙60

2𝜋

𝑁

𝑛
=

22.095

𝜋

𝑁

𝑛
= 7.033

𝑁

𝑛
knm. 

xolo, rodesac 𝑊 = 𝑁′ - kilovatebiT: 

𝑀gr =
𝑊

2𝜋𝑚
=

𝑁′

2𝜋
𝑛

60

=
30

𝜋

𝑁′

𝑛
= 9.558 

𝑁′

𝑛
knm. 
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4. rogor dgeba mgrexi 𝑀𝑧  momentis gamosaxuleba TiToeul ubanze, Tu sa-

transmisio lilvze dasmulia oTxi Skivi: erTi – wamyvani, danarCeni – 

mimyoli da Tu, wamyvani borblis 𝑀1  momenti wonaswordeba mimyoli 

borblebis 𝑀2, 𝑀3, 𝑀4momentebiT? 

ubnebis mixedviT, rogorc gatarebuli ganivkveTis cal mxares Skivebze 

modebuli mgrexi momentebis algebruli jami: 

𝑀𝑧
𝐼 = −𝑀2 ; 𝑀𝑧

𝐼𝐼 = 𝑀1 −𝑀2 ; 𝑀𝑧
𝐼𝐼𝐼 = 𝑀3 +𝑀4 ; 𝑀𝑧

𝐼𝑉 = 𝑀3 . 
5. ra saxe aqvs wonasworobis pirobas? 

∑𝑀𝑧 = 𝑀gr − ∫ 𝜌𝜏𝜌𝑑𝐴

𝐴

= 0. 

6. deformaciis rogori suraTi ikveTeba Zelis dagrexisas? 

grexis amocana daiyvaneba sufTa Zvraze. 

7. rogor gamoiTvleba Zvris 𝛾𝜌 kuTxe ganivkveTis 𝑂 centridan 𝜌 manZilze? 

formuliT:                        

𝛾𝜌 = 𝜌
𝑑𝜑

𝑑𝑧
= 𝜌𝜃 . 

𝛾𝜌  –s mniSvneloba ar icvleba Reros im ubnebze, sadac 𝜃 =
𝑑𝜑

𝑑𝑧
 fardobiTi 

grexis kuTxe mudmivia.  

8. rogor xdeba 𝛾𝜌 deformaciebidan 𝜏𝜌 Zabvebze gadasvla? 

sufTa Zvrisas hukis kanonis gamoyenebiT: 𝜏𝜌 = 𝐺𝛾𝜌. 

9.razea damokidebuli fardobiTi𝜃kuTxe da romel ubnebze aris igi mudmi-

vi? 

𝜃 kuTxe gamoiTvleba formuliT: 

𝜃 =
𝑀𝑧

𝐺𝐼𝜌
 

amitom, igi mudmivia im ubnebze, romlebSic 𝑀𝑧 -ia mudmivi (mag., ganxiluli 

satransmisio lilvis oTxi ubnidan TiToeulze, radgan amaTgan yoveli 

𝑀𝑧
𝐼 = −𝑀2 ; 𝑀𝑧

𝐼𝐼 = 𝑀1 −𝑀2 ; 𝑀𝑧
𝐼𝐼𝐼 = 𝑀3 +𝑀4 ; 𝑀𝑧

𝐼𝑉 = 𝑀3  momenti mudmivia Tavis uban-

ze) 

10. rogor gamoisaxeba mxebi 𝜏𝜌Zabvebis saangariSo formula? 

𝜏𝜌 =
𝑀𝑧∙𝜌

𝐼𝜌
. 

11.. ra saxe aqvs simtkicis pirobas? 

𝜏𝑚𝑎𝑥 =
𝑀𝑧 ∙ 𝑟

𝐼𝜌
 ≤ [𝜏], 

anu 𝜏𝑚𝑎𝑥 =
𝑀𝑧

𝑊𝜌
 ≤ [𝜏]. 

𝑊𝜌 -s ewodeba ganivkveTis polaruli winaRobis momenti; wrisaTvis 𝑊𝜌 =
𝜋𝑟3

2 
 . 

12. ra formuliT gamoiTvleba lilvis saWiro 𝑟 radiusi, simtkicis pirobi- 

dan? 

𝑟 ≥ √
2𝑀𝑧

𝜋[𝜏]
 .

3
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13. rogor gamoisaxeba grexis 𝜑 kuTxe da sad aqvs mas udidesi 𝜑𝑚𝑎𝑥 mniSvne-

loba? 

formuliT 𝜑 =
𝑀𝑧𝑧

𝐺𝐼𝜌
. 

Zelis Tavisufal boloze 𝑧 = 𝑙, 𝜑𝑚𝑎𝑥 =
𝑀𝑧𝑙

𝐺𝐼𝜌
 .                 

14. ra saxe aqvs sixistis pirobas? 

𝜑𝑚𝑎𝑥 =
𝑀𝑧𝑙

𝐺𝐼𝜌
≤ [𝜑]. 

15. ra formuliT gamoiTvleba lilvis saWiro 𝑟 radiusi, sixistis pirobi-

dan? 

𝑟 = √
2𝑀𝑧𝑙

𝜋𝐺[𝜑]
 .

4

 

16. rogor gamoiTvleba deformaciis potenciuri 𝑈 energia? 

rogorc samkuTxedis farTobi diagramis wrfiv ubanze: 

𝑈 =
1

2
𝑀gr ∙ 𝜑𝑚𝑎𝑥,  anu  𝑈 =

𝑀gr
2𝑙

2𝐺𝐼𝜌
. 

17. rodesac wonasworobis erTi gantolebiT reaqciis ori 𝑀𝐴 da 𝑀𝐵 momen-

ti ver ganisazRvreba, ra saxiT vadgenT damatebiT gantolebas? 

Zelis realuri deformaciis amsaxveli gantolebis saxiT:  

𝜑𝐴 = 𝜑𝐴𝑀𝑇
− 𝜑𝐴𝑀𝐴

= 0.  

grexis 𝜑𝐴 kuTxe nulis tolia, radganac marcxena sayrdeni kveTi uZravadaa 

Camagrebuli. 

18. garda Zabvebis gamoTvlisa da simtkicis pirobis Sedgenisa, kidev raSi 

mdgomareobs cilindruli zambaris gaangariSeba? 

jdenis,anu mis boloebs Soris manZilis cvlilebis gansazRvraSi. 

19. zambaris gaangariSebisas mxebi 𝜏  Zabvebis formulaSi romeli martivi 

deformaciis - Zvris Tu grexis -Sesabamisi wilia ugulebelyofili da 

sabolood, rogor gamoiyureba igi? 

ugulebelyofilia Zvris wili. gamoiyureba saxiT:𝜏𝑚𝑎𝑥 =
2𝐹𝑅

𝜋𝑟3
 . 

20. ra saxe aqvs simtkicis pirobas: 

𝜏𝑚𝑎𝑥 =
2𝐹𝑅

𝜋𝑟3
≤ [𝜏] . 

21. ra formuliT angariSoben jdenas? 

𝜆 =
4𝐹𝑅3𝑛

𝐺𝑟4
 . 

aq,𝑅 cilindriuli zambaris radiusia, 𝑛 _ xviaTa ricxvi, 𝑟 _ zambaris Re-

ros radiusi. 

22. sad aRiZvreba Zelis marTkuTxa ganivkveTSi maqsimaluri mxebi 𝜏𝑚𝑎𝑥  Zab-

vebi da rogor iangariSeba? 

marTkuTxa ganivkveTis didi gverdebis SuaSi    
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𝜏𝐴 = 
𝑀gr

𝑊𝜌
 . 

aq  𝑊𝜌 = 𝛼𝑎ℎ𝑏
2, sadac 𝛼 koeficienti mocemulia. 

23. ra formuliT gamoiTvleba 𝜑 kuTxuri gadaadgileba? 

𝜑 =  
𝑀gr

𝐺𝛽𝑏3𝑎
. 

𝛽 koeficientis mniSvnelobebic 1 –el cxrilSiamoyvanili. 

 

VII Tavi 

swori Zelis Runva 

 

7.1. zogadi cnebebi 

rogorc aRvniSneT,swori Zelis RerZuli gaWimva–kumSvisas da grexi- 

sas,misiRerZi deformaciis Semdegac swori rCeba. maTgan gansxvave-

biT,Runvisas swori Zelis RerZi swori ar rCeba - igi iRuneba. mis gaRunvas 

iw- vevsdatvirTvebi, romelTa moqmedebis sibrtye gadis Zelis 

RerZze.Runvis sxvadasxva saxeebidan ganivi Runva gveqneba maSin, rodesac 

datvirTvis moq- medebis sibrtye Zelis erT-erT mTavar sibrtyes emTxveva 

da am sibrtyeSi moqmedebsganivi mimarTulebis datvirTva da Seyursuli wy-

vilZala. 

TudatvirTva daxrilia, maSin misi vertikaluri Semdgeni ganiv Runvas 

gamoiwvevs,horizontaluri ki _ RerZul gaWimva-kumSvas.rodesac datvir- 

Tvis moqmedebis sibrtye daxrilia mTavari sibrtyisadmi,adgili eqneba iri-

bRunvas.orive es SemTxveva rTuli winaRobaa da calke Seiswavleba. 

Zels, romelic Runvaze muSaobs, koWi ewodeba. koWi erT-erTi yvelaze 

gavrcelebuli konstruqciuli elementia, romelic sainJinro praqti-

kaSigvxvdeba. 

Tavdapirvelad ganvixilavT simetriul koWebs.simetriis sibrtyeSi 

ganlagebuli datvirTva iwvevsmaT ganiv Runvas(vinaidansimetriis sib- rtye 

maTTvis inerciis mTavari sibrtyea).koWze moqmedi gare datvirTvebi 

wonaswordeba sayrdeni reaqciebiT, romelTa sidide da mimarTuleba damo- 

kidebulia, erTi mxriv, gare datvirTvebze, xolo, meore mxriv,  - sayrdene- 

bis tipze. igulisxmeba, rom sayrdeni reaqciebic simetriisimave sibrtyeSi-

aganlagebuli, romelSic gare datvirTva. 

radgan yvela datvirTva rogorc aqtiuri, ise reaqciuli, erT 

sibrtyeSia moTavsebuli, amasTan TviTon koWic sqematurad amave sibrteSi 

mdebare marTkuTxediT an RerZiTaa gamosaxuli, SegviZlia CavTvaloT, rom 

igibrtyeli nakvTia.brtyel nakvTs ki sibrtyeze Tavisuflebis sami 

xarisxiaqvs. imisaTvis, rom koWma SeZlos Tavis Tavze datvirTvebis miReba, 

igi unda warmoadgendes geometriulad ucvlel sistemas, e.i. mas unda 

movuspoT Tavisuflebis samive xarisxi. amis miRweva SesaZlebelia 

sayrdenebis mowyobiT. 

7.2 sayrdenis tipebi 
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ganvixiloT sxvadasxva tipis sayrdenebi, romlebic gamoiyeneba brtyel 

sistemaTa (ara marto koWebis) Casamagreblad: 

a) moZrav-saxsrovani sayrdeni (nax. 63)Rero saxsris 

saSualebiT aris mimagrebuli sayrden “baliSTan”, ro- 

melic sagoravebzea moTavsebuli. igi ar aZlevsReros 

(koWs)gorvis sibrtyis marTobi mimarTulebiT gadaad- 

gilebis saSualebas, magram ar ewinaaRmdegeba mis gada- 

adgilebasgorvis sibrtyeze da mobrunebas saxsris ga- 

rSemo.aqedan gamomdinare,  igulisxmeba, rom sayrdeni 𝑅𝐴  reaqcia saxsris 

centrSia modebuli (sadac Rero mimagrebulia “baliSTan”) da rommas aqvs 

gorvis sibrtyis marTobuli mimarTuleba (ra mimarTulebiTac uZalian-

debagadaadgilebas, anu abams koWs). sayrdeni 𝑅𝐴  reaqciismniSvneloba 

ucnobi sididea, romelsacgamoviTvliT SemdgomSi. maSasadame,aseTi 

sayrdeni erTi geometriuli bmis ekvivalenturia. 

b) uZrav-saxsrovani sayrdeni (nax. 64), rodesac koWi 

saxsris saSualebiT aris Camagrebuli uZrav sayrden 

“baliSTan”. aq dauSvebelia gadaadgileba orive mimar-

TulebiT, SesaZlebelia mxolod mobruneba (saxsris 

centris garSemo). am SemTxvevaSi, cnobilia sayrdeni 

reaqciis modebis wertili (saxsris centri), sidide da 

mimarTuleba ki ucnobia. Cveulebriv, veZebT sayrdeni 

reaqciis 𝑅𝐴  vertikalur da 𝐻𝐴  horizontalur Semdgenebs.aseTi 

sayrdeni,ori geometriuli bmis ekvivalenturia. 

g) xistiCamagreba (nax. 65), romelSic koWis bolo uZravad aris gaWedi- 

li. Zelis bolo verc gadataniT (winsvliT) gadaadgildeba da verc mo-

brundeba. maSasadame,xisti Camagrebauzrunvel- yofs 

koWis uZraobas _ misi Tavisuflebis xarisxi  nu-

lis tolia. sayrdenSiaRiZvreba ukuqmedebis Zalebi: 

reaqciisvertikaluri 𝑅𝐴 Semdgeni, rome-lic ar 

uSvebs koWs vertikalurad gadaadgildes, hori-

zontaluri 𝐻𝐴 Semdgeni, romelic gamoricxavshori-

zontalurgadaadgilebasda sayrdeni 𝑀𝐴  momen-

ti(reaqciuli momenti), romelic krZalavs mismobrunebas. maSasadame, aseT-

iCamagreba  Zels adebs sam geometriul bmas. 

 

7.3. koWis saangariSo sqema. reaqciis 

Zala 

rogorc zemoT aRvniSneT,koWma rom SeZ- 

los Tavis Tavze datvirTvis miReba, igi unda 

warmoadgendes geometriulad ucvlel siste- 

mas, e.i.  mas unda hqondes aranakleb sami say- 

rdeni bma. Sesabamisad, moyvanili sayrdenebis 

nax. 63 

𝐴 

𝑅𝐴 

nax. 64 

𝐴 

𝑅𝐴 

𝐻𝐴 

𝐴 

nax. 65 

𝐴 

𝑅𝐴 

𝐻𝐴 

𝑀𝐴 

nax. 66 

𝑀𝐴 

𝐴 

𝑅𝐴 

𝐵 

𝑙 

𝐻𝐴 

𝐻𝐴 

𝑙 

𝑅𝐴 𝑅𝐵 

𝐴 𝐵 

𝐻𝐴 

𝑙 

𝑅𝐴 𝑅𝐵 

𝐴 𝐵 
𝑎 𝑏 
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gamoyenebiT SesaZlebelia miviRoT koWebis Semdegi saangariSo sqemebi (nax. 

66): 

1. erTi boloTi xistad Camagrebuli koWi, anu konsoli. 

2. or saxsrovan sayrdenze mdebare koWi. sayrden wertilebs Sorisman-

Zils koWis m a l i  ewodeba da aRiniSneba 𝑙 -iT. 

3. saxsrovan sayrdenebze mdebare (er- 

Tmaliani) konsolebiani koWi (cxadia, 

konsoli SeiZleba arsebobdes erT an 

orive mxares). 

statikurad rkvevadi koWebis klass 

miekuTvneba agreTve mravalmaliani koWe-

bi, Sualedi saxsrebiT. aseTi koWebi 

iyofa damoukidebel (ZiriTad) da damokidebul (Sekidul) koWebad. 

magaliTad,67 –e naxazze moyvanil SemTxvevaSi, 𝐴𝐶  da 𝐷𝐿  damoukidebel 

koWebs warmo- adgens, xolo  𝐶𝐷  damokidebul (Sekidul) koWs (nax. 67,b). 

aseTi koWebi xSirad gamoiyeneba xidebis konstruqciebSi. rogorc Cans, 

damokidebuli koWi eyrdnoba ZiriTad koWebs Sualedi saxsrebis saSu-

alebiT, e.i. 𝐶  da 𝐷  damoukidebeli da damokidebuli koWebis ur-

TierTmoqmedebis wertilebia. pirvel rigSi vangariSobT damokidebul koWs, 

Semdeg ki - damoukidebel koWebs. 

aq moyvanilia e.w. statikurad rkvevadi koWebis saangariSo sqemebi. maT 

statikurad rkvevadi imitom ewodeba, rom yvela SemTxvevaSi sayrdeni reaq- 

ciebis gansazRvra yovelTvis xerxdeba sibrtyeze statikis wonasworobis 

gantolebebidan, romelTa ricxvi agreTve samia. 

 

7.4. koWze moqmedi datvirTva 

 

Sesaval nawilSi aRvniSneT, rom gare datvirTvaSeiZleba iyos zedapi- 

ruli an moculobiTi.zedapirulia farTobze ganawilebuli datvirTvebi, 

romelTa magaliTebia^Tovlis dawola Senobis saxuravze, qarisa – ked- 

lebze, Ggazis an siTxis dawola WurWlis 

kedlebze da sxv.farTobze ganawilebuli 

datvirTva erTaderTi realuri datvirTvaa, 

romelic bunebaSi gvxdeba. Tu raime 

sibrtyeze an zedapirze ganawilebul dat-

virTvas aqvs mudmivi 𝑞 intensivoba, mas 

Tanabrad ganawilebuls uwodeben. inten-

sivoba izomeba kn/ m2an n/sm2–iT.moculobiTi 

Zalebia: sakuTari wona, inerciis Zala da 

sxva. sakuTari wona da inerciis Zala 

izomeba kn ∙ m/wm2-iT. 

koWis gaangariSebisasmiiCneven, rom dat-

virTvamxolod sigrZezenawildeba, rad- gan 

koWis sigrZe siganeze gacilebiT metia. dat-

𝐷 𝐴 𝐿 𝐶 𝐵 𝐾 a) 

b) 

nax. 67 
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virTvis 𝑞  intensivobis dasadgenadfarTobze Tanabrad ganawilebuli dat-

vir-Tvis 𝑞0intensivobas amravlebenim zolis siganeze, romlidanac datvir-

Tva Tavs iyris koWze. mag., nax. 68 -ze naCvenebia Senobis ia-takis 5 koWi. 

TiToeul koWze modis 𝑏 = 1.5 metri siganis zoli im datvirTvidan, rome- 

lic mTels iatakze Tanabradaa ganawilebu- li  da romlis intensivobaa 

𝑞0 = 4
kn

m2
,(naxaz- ze daStrixulia),erT grZiv metrze mosuli datvirTvis mniS-

vneloba, anu intensivoba 𝑞 = 𝑞0𝑏 = 4 ∙ 1.5 = 6
kn

m
(naxazze daStrixulia or-

magad).  

maSasadame,farTobze ganawilebuli datvirTvadaiyvaneba sigrZeze 

ganawilebul datvirTvaze.intensivobisganzomilebaxdebakn/m, n/m.  

umetes SemTxvevaSi, koWi sqematurad Tavisi RerZis saxiT aris warmod- 

genili da datvirTvebi swored maszea modebuli. koWze SeiZleba moqme- 

debdnen: ganawilebuli datvirTvebi, Seyursuli anu RerZis romelime wer- 

tilebSi moqmedi Zalebi da Seyursuli wyvilZalis momentebi (nax.69). gana- 

wilebuli Zalis ganzomile- baa kn, n da a.S.  Seyursuli momentis ki - knm, 

nm da a.S. orive, Teoriuli meqanikisagan gansxvavebiT, aqganixileba 

rogorcdabmuli veqtori: da- uSvebelia Zalis gasrialeba Tavisive fuZeze 

da wyvilZalis Tavisufali gadatana sibrtyeze.  

rogorc 69-e naxazze Cans, koWi iangariSeba mocemuli aqtiuri datvir- 

Tvebisa  da reaqciis Zalebis erTdroul moqmedebaze.reaqciis 

ZalebsvangariSobT wonasworobis sami pirobis gamoyenebiT, romlebic 

SegviZlia SevadginoT: 

1) ZalTa gegmilebis jamis saxiT or araparalelur RerZze da 

sibrtyis nebismieri wertilis mimarT momentebis jamis saxiT∑𝑍 =0; ∑𝑌 =

0; ∑𝑀 = 0 ; 
2) nebismier RerZze Zal-

Ta gegmilebis jamis saxiT da 

sibrtyis nebismieri im wer-

tilebis mimarT momentebis 

ori jamis saxiT, romlebic 

ar mdebareobs miTiTebuli RerZis marTobze (∑𝑌 =0; ∑𝑀𝐴 = 0; ∑𝑀𝐵 = 0); 

3) momentebis sami jamis saxiT sibrtyis nebismeri wertilebis mimarT, 

romlebic ar mdebareobs erT sworze (∑𝑀𝐴 = 0; ∑𝑀𝐵 = 0;∑𝑀𝐶 =0). 

am varintebidan romelime ise unda SevarCioT, rom  Tavidan aviciloT 

gantolebaTa sistemis  erToblivi amoxsna. SemowmebisaTvis mizanSewonilia, 

miRebuli mniSvnelobebi SevitanoT adre gamouyenebel gantolebaSi.  

ganivi Runvisas, roca datvirTva mxolod RerZis ganivad moqmedebs, 

aSkaraa, rom  reaqciis horizontaluri Semdgenebi nulia 𝐻𝐴 = 𝐻𝐵 = 0  da 

TavisTavad gvexsneba ∑𝑍 =0 gantolebis Sedgenis aucilebloba. virCevT 2) 

variants (∑𝑀𝐴 = 0 ; ∑𝑀𝐵 = 0 ;∑𝑌 =0) . ∑𝑀𝐴 = 0 ; ∑𝑀𝐵 = 0  gan- 

tolebebSi,sxva Zalebisagan Sedgenili momentebis garda, 

Sedis momentebi, SedgenilisigrZeze ganawilebuli dat-

Nnax.70 

𝑞0 

𝑞 

nax. 69 

𝐻𝐴 
𝑞 𝑅𝐴 𝑅𝐵 
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virTvebisagan. maTgan momenti romgamoviTvaloT,igi tolqmediT unda 

SevcvaloT da mxari ise aviRoT.  

sigrZezeganawilebuli datvirTvis farTobs, datvir- Tvis farTobi 

ewodeba, xolo mis SemomsazRvrel wirs – datvirTvis wiri. sigrZeze 

ganawilebuli datvirTvis tolqmedi ricxobrivad datvirTvis farTobis 

tolia da modebulia datvirTvis farTobis simZimis centrSi (centroidSi). 

zogad SemTxvevaSi, datvirTvis wiri SeiZleba iyos nebismieri saxis mrudi, 

Tumca, angariSebSi ZiriTadadgvxvdeba Zelis RerZis paraleluri an mis 

mimarT daxrili wrfiT SemosazRvruli datvirTva, romelicudidesi 𝑞0 or-

dinatiT xasiaTdeba(nax. 70).pirvelis tolqmedi imoqmedebs marTkuTxedis 

fuZis SuaSi,meorisa ki  _ samkuTxedis wverodan fuZis sigrZis or 

mesamedze. e.i. faqtobrivad, koWi paraleluri Seyursuli ZalebiTa 

daSeyursul wyvilZalTa momentebiTaa datvirTuli.            

marcxena 𝐴  sayrdeni wertilis mimarT Sedgenili momentebis ∑𝑀𝐴 = 0  

gantolebiT viTvliT erT ucnob 𝑅𝐵  reaqcias, marjvena sayrdeni wertilis 

mimarT meore  ∑𝑀𝐵 = 0  gantolebiTac - erT - 𝑅𝐴 reaqcias, e.i. TiTo gan-

tolebiT _ TiTo ucnob reaqcias. ∑𝑌 =0 gantolebiT ki vamowmebT gamoT-

vlebis siswores.  

mas Semdeg, rac  reaqciis gamoTvlili Zalebic ukve mocemuli sidide- 

ebi gaxda,SegviZlia gadavideT Siga Zalis (Zalvis) gamoTvlaze.ufro 

dawvrilebiT reaqciebis gansazRvris wess vaCvenebT magaliTebiT. 

zogierT SemTxvevaSi,aseve iTvaliswineben moculobiTi Zalebis zemoq- 

medebas: sakuTari wonisasan inerciis Zalebisas. 

 

7.5.𝑀(𝑧)mRunavi momenti da 𝑄(𝑧)ganivi Q Zala 

rogorc aRvniSneT,ganivi Runvisas koWze moqmedi datirTvebi Sedgeba 

paraleluri Zalebisagan, romlebic RerZTan adgens marT kuTxeebs da gan-

lagebuliaRerZze gamaval sibrtyeSi, asevewyvilZalebisgan, romlebic 

mdebareobs amave sibrtyeSi. 

Siga Zalebis dasadgenad viyenebT ganvkveTis meTods: koWs,misi RerZis 

marTobi raime kveTiTwarmodgeniT or nawilad vkveTT da vixilavT erT-

erTi maTganis wonasworobas. 

71 -enaxazze naCvenebia koWi, romelic gakveTilia 𝐴0 sibrtyiT. brtyel 

ZalTa sistemis dayvanis wesis mixedviT, miRebul nawilebze moqmedi  para- 

leluri Zalebi da Seyursuli momentebi SegviZlia warmovadginoT koWis 

ganivkveTis simZimis 𝑂  centrSi mo- 

debuli mTavari 𝑅  veqtorisa damTa-

vari 𝑀𝑂 momentis saxiT.cxadia, mTa-

vari veqtori mimarTulia am Zalebis 

paralelurad, mTavari mo- menti 

kiganlagebulia maTive sibrtyeSi. 

ukuvagdoT koWis marcxena na- 

wili da davtovoTmarjvena. 

𝑄𝑦 
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maszemoqmedi datvirTvebi dayvanilia erT 𝑅 Zalasa da erT 𝑀𝑂 mo-

mentze.radgan mTliani koWi gakveTilia warmodgeniT da ara 

namdvilad,cxadia, gankveTiT miRebulimisi nawilebi ver amoZravdeba, 

radganrealobaSi marcxena ukugdebuli nawili akavebs marjvenas erT 

adgilze. warmodgeniT gakveTil koWSi kimisi movaleoba TavisTavze unda 

aiRosganivkveTSi aRZrulma Zalvebma. am nawils maT unda SeunarCunon 

wonasworoba. faqtobrivad, marcxena nawilis moqmedeba marjvenaze 

icvlebagatarebul ganivkveTSi aRZruli Zalvebis moqmedebiT. es Zalvebi 

mxolod maSin SeZlebs marjvena nawils wonasworobis SenarCunebas, Tu 

eqneba 𝑅 -sa da 𝑀𝑂  -is toli mniSvnelobebi da maT sapirispirod iqneba 

mimarTuli,  anu maSin, roca isini gaabaTileben maT moqmedebas. 

Siga Zalas, romelic mTavar 𝑅veqtors awonasworebs,ganivi Zala ewode-

ba da aRiniSneba 𝑄𝑦 -iT,  xolo Siga Zalebisagan Sedgenil moments, rome-

lic  mTavar 𝑀𝑂 moments awonasworebs - mRunavi 𝑀𝑥 momenti. niSnaki 𝑄 -sTan 

miuTiTebs, rom igi mimarTulia  𝑦  -is gaswvriv, xolo niSnaki𝑀 -Tan -rom 

igi 𝑥 RerZis mimarTaa aRebuli. normaluri 𝑁 Zala ganivi Runvisas nulis 

tolia, radgan 𝑜𝑧  RerZis marTob mTavar veqtors horizontaluri gegmili 

ara aqvs. maSasadame, Siga Zalebis tolfasi sistema ganivi Runvis Sem-

TxvevaSi, gamoisaxeba ganivi 𝑄𝑦 ZaliTa da mRunavi 𝑀𝑥 momentiT. radgan maTi 

mniSvnelobebi ic- vleba 𝑧  abscisTa RerZTan mimarTebiT, maT SemdgomSi 

warmovadgenT, rogorc 𝑧 -is funqciebs: 𝑀𝑥 -s  - 𝑀(𝑧) -iT da 𝑄𝑦-s -𝑄(𝑧)-iT.  

wonasworobis eqvsi gantolebidan gvrCeba ori:                                                              

∑𝑌 = 𝑅 − 𝑄(𝑧) = 0  da∑𝑀𝑥 = 𝑀𝑂 −𝑀(𝑧) = 0, (1) 

pirveligantolebidan:  

𝑄(𝑧) = 𝑅.   (2) 

am tolobiT ganivi 𝑄𝑦  Zalis mniSvneloba ricxobrivad advilad gamoiT-

vleba, radgan paralelur ZalTa mTavari 𝑅 veqtori sididiT ubralod am 

Zalebis algebruli jamis tolia. 

gantolebidan: 

𝑀(𝑧)  = 𝑀𝑂.                        (3) 

am tolobiT, mRunavi 𝑀(𝑧)  momentis mniSvneloba 

ricxobrivad gamoiTvlebaganivkveTis simZimis 

𝑂centrismimarT mTavari 𝑀𝑂 momentis mniSvnelo- 

biT, romelicerT sibrtyeSi ganlagebuli dat- 

virTvebisgan Sedgenili momentebisalgebruli 

jamis tolia. 

Tu ganvixilavT  marcxena nawils, cxadia, 

amave ganivkveTSi aRZruli Zalvebi sididiT to- 

li da mimarTulebiT sawinaaRmdego iqneba. e.i. koWis romelime ganivkveTSi-

ganivi  𝑄(𝑧)  Zalisa da mRunavi  𝑀(𝑧)  momentis gamoTvlis dros ara aqvs 

mniSvneloba, romel nawils ganvixilavT: marcxenasTu marjvenas. 

saWiroa,mxolod davicvaT niSnis wesi (nax. 72). naxazze gamosaxulia 

dadebiTi mimarTulebis Zalvebi: 𝑄(𝑧)  da  𝑀(𝑧) , romlebsac iwvevs aseve 

𝑄(𝑧) 
𝑀(𝑧) 

𝑄(𝑧) 

𝑀(𝑧) 

nax.72 

𝑅 

𝑀𝑂 𝑀𝑂 

𝑅 

𝑂 𝑂 
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dadebiTi mimarTulebis 𝑅  da 𝑀𝑂 (ganivkveTis gareT pirobiTad gatanilia 

gare datvirTvebis dadebiTi mimarTulebis TvalnaTliv gamosaCenad).  

sabolood, ganivi 𝑄𝑦  Zalisa da mRunavi 𝑀𝑥  momentisgamoTvlisaTvis 

gvaqvs Semdegi wesi: 

1. ganivi 𝑄𝑦  Zala gamoiTvleba, rogorc ganivkveTis cal mxares koWze 

moqmedi paraleluri Zalebis algebruli jami. 

2. mRunavi 𝑀𝑥  momenti gamoiTvleba, rogorcganivkveTis simZimis cen-

tris mimarT,ganivkveTis cal mxares koWze moqmedi ZalebisaganSedge-

nilimomentebisada Seyursulimomentebis algebruli jami. 

 

7.6. diferencialuri damokidebulebebi ganawilebuli datvirTvis 

𝑞(𝑧) intensivobas,𝑄(𝑧)ganiv Zalasa da 𝑀(𝑧)mRunavmoments Soris 

 

wina paragrafSi aRvniSneT, rom koWis datovebuli nawilis wonaswo- 

robisaTvis saWiroa gansaxilvel ganivkveTSi aRZruli Siga Zalebi warmo- 

vadginoT 𝑄(𝑧)ganivi Zalisa da 𝑀(𝑧)mRunavi momentis saxiT, romlebic iseve 

moqmedeben  darCenil nawilze, rogorc moSorebuli nawili moqme- debda. 

aqedan gamomdinareobs, rom,Tu nebismierad datvirTulikoWidan amovkveTT 

usasrulod mcire 𝑑𝑧  sigrZis elements (nax. 73,a) anu, sxvagavarad rom 

vTqvaT, elements CamovacilebT rogorc erT, ise meore mxares mdebarekoWis 

nawilebs, maSin maTi moqmedeba 𝑄(𝑧) ganivi Zalebisa da 𝑀(𝑧) mRunavi momen-

tebis saxiT SegviZlia warmovadginoT, rogorcmarcxena 𝑂1  ganiv- kveTSi, 

ise marjvena 𝑂2 -Si. maTmivceTdadebiTi mimarTulebaniSanTa wesis mixedviT. 

amasTan, 𝑂2  ganivkveTSi moqmed sidideebs mivceT 𝑑𝑄(𝑧)  da 𝑑𝑀(𝑧)  nazrdebi 

(nax. 73 b). 

SevadginoT amokveTili nawilis 

wonasworobis pirobebi: 

∑𝑦 = 𝑄(𝑧) − [𝑄(𝑧) + 𝑑𝑄(𝑧)] − 𝑞(𝑧) 𝑑𝑧 = 0 ; 
(1) 

∑𝑀𝑂2 = 𝑄(𝑧)𝑑𝑧 + 𝑀(𝑧) − [𝑀(𝑧) +

+𝑑𝑀(𝑧)] − 𝑞(𝑧) 𝑑𝑧
𝑑𝑧

2
= 0 ,     (2) 

aq, 𝑑𝑧  manZilis simciris gamo gan- 

saxilvel elementze moqmedi nebis- 

mieri kanoniT ganawilebuli datvir-

Tva: 𝑞(𝑧)  intensivobiTmiCneulia Ta- 

nabrad ganawilebulad anu𝑞(𝑧) = 𝑞 =

𝑐𝑜𝑛𝑠𝑡. 

wonasworobis (1) gantolebidan 

vRebulobT: 
𝑑𝑄(𝑧)

𝑑𝑧
= −𝑞(𝑧) .               (3) 

𝑅𝐵 

𝐵 

𝐹1 

 

𝑅𝐴 

𝐴 

𝐹 

𝑧 𝑑𝑧 

𝑞(𝑧) 

nax. 73 

𝑂1 𝑂2 

 𝑀(𝑧) + 𝑑𝑀(𝑧) 

𝑄(𝑧) + 𝑑𝑄(𝑧) 𝑄(𝑧) 

𝑦 𝑞(𝑧) 

𝑀(𝑧) 

a) 

b) 
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(2) gantolebidan, Tu meore rigis usasrulod mciresidideebs 

ugulebelvyofT, gveqneba: 
𝑑𝑀(𝑧)

𝑑𝑧
= 𝑄(𝑧) .(4) 

es damokidebuleba cnobilia Juravskis Teoremis saxeliT. 

Tu (4)-s gavawarmoebT 𝑧 -iT da gaviTvaliswinebT (3)-s, miviRebT: 
𝑑2𝑀(𝑧)

𝑑𝑧2
=

𝑑𝑄(𝑧)

𝑑𝑧
= −𝑞(𝑧) .                      (5) 

tolobis marjvena mxares uaryofiTi niSani miuTiTebs, rom ganawile- 

buli  𝑞(𝑧)  datvirTva mimarTulia zevidan qveviT. winaaRmdeg SemTxvevaSi, 

aiReboda dadebiTi niSani. 

 

7.7. 𝑄(𝑧)ganivi Zalisa da𝑀(𝑧)mRunavi momentis epiurebi 

 

koWis  gaangariSebas pirvel rigSi imisTvisvatarebT, romgavigoTkoWSi 

warmoqmnili udidesi mRunavimomentis sidide da im saSiSi ganiv- kveTis 

(koWis sqemaSi RerZis im wertilis)mdebareoba, romelSic is aRiZ- 

vreba.angariSis mizania aseve davadginoTudidesi ganivi 𝑄(𝑧)  Zala. garda 

amisa,koWis simtkicis sruli SemowmebisaTvis saWiroagavarkvioT𝑄(𝑧)ga- nivi 

Zalisada 𝑀(𝑧)mRunavimomentis mniSvnelobebi koWis RerZis mTel rig maxasi-

aTebeli wertilebSi. yvela am wertilis moZiebisaTvisdgeba𝑄(𝑧) -sa da 𝑀(𝑧) 

–is funqciebis Seswavlis saWiroeba koWis mTels 

sigrZeze.TvalsaCinoebisaTvis, maT grafikulad warmovaCenT _ avagebT koWis 

sigrZe- ze maTi cvlilebis grafikebs anu epiurebs. 

Tu koWi erTubniania,𝑄(𝑧)  -sa da 𝑀(𝑧)  –is gamosaTvlelad da am fun- 

qciaTa grafikebis asagebad vadgenTmaTgamosaxulebebs erT ubanze, xolo 

Tu koWi ramdenime ubniania, maSin – TiToeul ubanze cal-calke.  

ganvixiloT epiurebis agebis ramdenime martivi magaliTi. Tavdapir- 

velad ganvixiloT konsoluri koWi. vinaidan ganivi 𝑄(𝑧) Zalisa da mRunavi 

 𝑀(𝑧)  momentis gamoTvlisas ara aqvs mniSvneloba gatarebuli ganivkveTis 

romel mxares mdebare nawils ganvixilavT, gvirCevnia wamovideT koWis 

Tavisufali bolodan.  amiT saqmes gaviadvilebT, radgan sayrdeni reaqci- 

ebis gamoTvla aRar dagvWirdeba. maTi mniSvnelobebi SemdgomSi isedacgam-

oCndeba epiurebidan: ganivi Zalis epiuraSi, sayrden wertilSi gadazo- 

mili 𝑄(𝑧)  -is ordinatiT, romelicricxobrivad sayrdeni 𝑅𝐴  reaqciis to-

lia, xolo mRunavi 𝑀(𝑧) momentisepiuraSi, sayrden wertilSi 𝑀(𝑧)-is ordi-

natiT, romelic ricxobrivad reaqciuli  𝑀𝐴 

momentis tolia. 

magaliTi 1.konsoli Tavisufal boloze 

datvirTulia Seyursuli 𝐹  ZaliT (nax. 

74).ganivi 𝑄(𝑧) ZalisaTvis  gveqneba: 

𝑄(𝑧) = −𝐹 , 

e.i. 𝑄(𝑧)ganivi  Zala mudmivia koWis mTel sig- 

rZeze anu 0 ≤ 𝑧 ≤ 𝑙  sazRvrebSi.winaswar arCe- 

𝑧 

𝑙 

𝐹 

𝑜 𝑜 

𝑜 𝑜 

𝐹 

𝐹𝑙 

− 

− 

𝑄(𝑧) 

𝑀(𝑧) 

nax. 74 
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uli masStabiT nulovani xazidan gadavzomavT 𝐹 -is tol ordinatas da mis 

boloze gavata- rebT nulovani xazis paralelur wrfes (SeTan- xmebis 

Tanaxmad,𝑄(𝑧) -saTvis uaryofiTi mniS- vnelobebi gadaizomeba nulovani xa-

zis qvemoT, dadebiTi – zemoT). 

mRunavi 𝑀(𝑧) momentisaTvis davwerT: 

𝑀(𝑧) = −𝐹 ∙ 𝑧 . 

miviReT wrfis gantoleba, e.i. 𝑀(𝑧) mRunavi momentis epiurakoWis mTel si- 

grZeze anu 0 ≤ 𝑧 ≤ 𝑙  sazRvrebSi wrfiT aris SemosazRvruli. am wrfis 

asagebad sakmarisia movZebnoT misi ori mniSvneloba sasazRvro wertilebSi 

e.i. unda gamovTvaloT  𝑀(𝑧) -is mniSvneloba jer marcxena sasazRvro 𝑧 =

0 wertilSi, sadac  𝑀(𝑧) = 𝑀(0) = −𝐹 ∙ 0 = 0 ;  da mere – marjvena  𝑧 = 𝑙  wer-

til- Si, sadac  𝑀(𝑧) = 𝑀(𝑙) = −𝐹 ∙ 𝑙 , gadavzomoT SeTanxmebis Tanaxmad𝑀(𝑧) -

saTvis miRebuli ordinatebideformirebuli koWis gaWimuli boWkoebis 

mxares anu moviqceT piriqiT: ordinatebi minusi niSniT nulovani xazis 

zemoTgadavzomoT; SevaerToT wrfiT. rogorc Cans,  𝑀(𝑧) mRunavi momentis 

epiura warmoadgens samkuTxeds. 

2. konsoli mTels sigrZeze datvirTulia 

Tanabradganawilebuli datvirTviT,  𝑞 inten- 

sivobiT (nax. 75). gamovTvaloT: 

0 ≤ 𝑧 ≤ 𝑙. 

ganivi 𝑄(𝑧) ZalisaTvis gveqneba 

𝑄(𝑧) = −𝑞𝑧 ; 

rodesac 𝑧 = 0 , maSin  𝑄(𝑧) = 0 , 

rodesac 𝑧 = 𝑙 , maSin  𝑄(𝑧) = −𝑞𝑙 . 

e.i. ganivi 𝑄(𝑧)  Zalis epiura samkuTxeds war-

moadgens. 

𝑀(𝑧)mRunavimomentisaTvis gveqneba 

𝑀(𝑧) = −𝑞𝑧
𝑧

2
= −

𝑞𝑧2

2
 . 

miRebulia kvadratuli parabolas gantoleba. 

am parabolas asagebad gvWirdeba sami wer-

tili mainc (rac mets aviRebT, mrudi miT ufro zustad aigeba). dav-

kmayofildeT sami wertiliT. gamovTvaloT:  

rodesac 𝑧 = 0 , maSin  𝑀(𝑧) = 0 ; 

rodesac 𝑧 =
𝑙

2
 , maSin  𝑀(𝑧) = −

𝑞𝑙2

8
 ; 

rodesac 𝑧 = 𝑙 , maSin  𝑀(𝑧) = −
𝑞𝑙2

2
 . 

es wertilebiavagoT da SevaerToT mrudiT. miviRebT 𝑀(𝑧) mRunavi mo-

mentis epiuras. 

𝑄(𝑧) 

𝑀(𝑧) 

nax. 75 

𝑧 

 
𝑙 

𝑞 

− 

− 
0 

 

𝑞𝑙 

0 

0 0 

𝑞𝑙2

2
 

 

𝑞𝑙2

8
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3. konsoli mTel sigrZeze datvir-

Tulia samkuTxedis kanoniT ganawilebuli 

datvirTviT (nax. 76), romelic, rogorc 

cnobilia, daxasiaTebulia udidesi 𝑞0 

ordinatiT. pirvel rigSi movZebnoT nebis- 

mieri 𝑞(𝑧)  ordinatis mniSvneloba 

samkuTxedebis msgavsebidan: 
𝑞(𝑧)

𝑞0
=

𝑧

𝑙
 ,  aqedan                                            

𝑞(𝑧) = 𝑞
𝑧

𝑙
 . 

amis Semdeg gamovTvliT: 

0 ≤ 𝑧 ≤ 𝑙. 

𝑄(𝑧)ganivi ZalisaTvis gveqneba 

𝑄(𝑧) =
1

2
𝑞(𝑧) ∙ 𝑧 =

𝑞0𝑧
2

2𝑙
 ; 

rodesac 𝑧 = 0 , maSin  𝑄(𝑧) = 0 ; 

rodesac 𝑧 =
𝑙

2
 , maSin  𝑄(𝑧) =

𝑞0𝑙

8
 ; 

rodesac 𝑧 = 𝑙 , maSin  𝑄(𝑧) =
𝑞0𝑙

2
 . 

e.i. 𝑄(𝑧)ganivi  Zalis epiura SemosazRvrulia kvadratuli parabolaTi. 

𝑀(𝑧)mRunavi momentisaTvis gveqneba: 

𝑀(𝑧) = −
1

2
𝑞(𝑧)𝑧

𝑧

3
= −

𝑞0𝑧
3

6𝑙
 . 

miRebulia mesame rigis gantoleba. mis asa- gebad dagvWirdeba sami wertili 

mainc (rac mets aviRebT, mrudi miT ufro zustad ai- geba); davkmayofildeT 

sami wertiliT. gamovTvaloT:  

rodesac 𝑧 = 0 , maSin  𝑀(𝑧) = 0 ; 

rodesac 𝑧 =
𝑙

2
 , maSin  𝑀(𝑧) = −

𝑞0𝑙
2

48
 ; 

rodesac 𝑧 = 𝑙 , maSin  𝑀(𝑧) = −
𝑞0𝑙

2

6
 . 

avagoT es wertilebi da SevaerToT isini mrudiT. miviRebT 𝑀(𝑧)mRunavi 

momentis epiuras, romelic SemosazRvrulia kubikuri paraboliT. 

4. or sayrdenze mdebare koWi mTel 

sigrZeze datvirTulia Tanabrad 

ganawilebuli 𝑞 datvirTviT (nax. 77). aseTi 

koWis SemTxvevaSi, pirvel rigSi unda 

ganvsaz- RvroT sayrdeni vertikaluri 𝑅𝐴 

da 𝑅𝐵 reaqciebi da agreTve 𝐴 reaqciis hor-

izontaluri 𝐻𝐴 Semdgeni. amisTvis viyenebT 

wonasworobis gantolebebs. ∑𝑍 = 𝐻𝐴 = 0 gan-

toleba gviCvenebs, rom reaqciis horizon-

taluri 𝐻𝐴 Semdgeni nulis tolia. praqti-

kis umravles SemTxvevaSi, mag., ganivi Run-

visas, radgan ganvixilavT koWis RerZis 

− 

+ 

0 

0 0 

0 

𝑄(𝑧) 

𝑀(𝑧) 

𝑞0𝑙

8
 

𝑞0𝑙
2

6
 𝑞0𝑙

2

48
 

𝑙 

𝑧 

𝑞(𝑧) 
𝑞0 

nax. 76 

𝑞0𝑙

2
 

𝑧 

𝑅𝐴 𝑅𝐵 

𝐴 𝐵 

𝑙 

nax. 77 

0 
𝑞𝑙

2
 

 

𝑄(𝑧) 

𝑀(𝑧) 

𝑞 

0 

0 0 

− 

+ 

+ 

𝑞𝑙

2
 

 

3𝑞𝑙2

32
 3𝑞𝑙2

32
 𝑞𝑙2

8
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marTob datvirTvebs, e.i. vertikalur gare datvirTvebs, yovelTvis mi-

viRebT, rom reaqciis es 𝐻𝐴 Semdgeni nulis tolia, ris gamoc mis gamoT-

vlaze aRar SevCerdebiT. 

reaqciis vertikaluri 𝑅𝐴  da 𝑅𝐵 Semdgenebis gamosaTvlelad gamovi-

yenebT 𝐴  da 𝐵  sayrdeni wertilebis mimarT momentebis jamis nulTan 

tolobis pirobas. miviRebT TiTo gantolebas TiTo ucnobiT, saidanac 

ganvsazRvravT 𝑅𝐴 da 𝑅𝐵 sayrden  reaqciebs. ∑𝑌 = 0gantolebas gamoviyenebT 

miRebuli Sedegebis sisworis Sesamowmeblad (unda SevniSnoT, rom es uka- 

naskneli piroba aucilebelia, magram arasakmarisi), 

gveqneba: 

∑𝑀𝐵 =−𝑅𝐴𝑙 + 𝑞𝑙
𝑙

2
= 0 , saidanac 𝑅𝐴 =

𝑞𝑙

2 
 ; 

∑𝑀𝐴 =𝑅𝐵𝑙 − 𝑞𝑙
𝑙

2
= 0 , saidanac  𝑅𝐵 =

𝑞𝑙

2 
. 

SevamowmoT,∑𝑌 = 𝑅𝐴 + 𝑅𝐵 − 𝑞𝑙 = 0 ; 0 = 0 , e.i. sayrdeni vertikaluri 𝑅𝐴 da 

𝑅𝐵 reaqciebi sworad aris gamoTvlili. 

amis Semdeg,SevadgenT 𝑄(𝑧)ganivi Zalisa da 𝑀(𝑧)mRunavi  momentis gamo-

saxulebebs da gamoviTvliT am faqtorebis mniSvnelobebs maxasiaTebel 

wertilebSi: 

0 ≤ 𝑧 ≤ 𝑙. 

ganivi 𝑄(𝑧) ZalisaTvis gveqneba 

𝑄(𝑧) = 𝑅𝐴 − 𝑞𝑧 =
𝑞𝑙

2
−  𝑞𝑧; 

rodesac 𝑧 = 0 , maSin  𝑄(𝑧) =
𝑞𝑙

2
= 𝑅𝐴; 

rodesac 𝑧 = 𝑙 , maSin  𝑄(𝑧) =
𝑞𝑙

2
− 𝑞𝑙 = −

𝑞𝑙

2
= 𝑅𝐵 . 

e.i.𝑄(𝑧)ganivi  Zalis epiura SemosazRvrulia wrfiT. 

𝑀(𝑧)mRunavi momentisaTvis gveqneba 

𝑀(𝑧) = 𝑅𝐴𝑧 − 𝑞𝑧
𝑧

2
=
𝑞𝑙

2
𝑧 −

𝑞𝑧2

2
 . 

miRebulia kvadratuli gantoleba. mis asagebad dagvWirdeba sami wertili 

mainc. aviRoT xuTi wertili. gamovTvaloT:  

rodesac 𝑧 = 0 , maSin  𝑀(𝑧) = 0 ; 

rodesac 𝑧 =
𝑙

4
 , maSin  𝑀(𝑧) =

𝑞𝑙

2

𝑙

4
−
𝑞(

𝑙

4
)
2

2
=

𝑞𝑙2

8
−
𝑞𝑙2

32
=

3𝑞𝑙2

32
; 

rodesac 𝑧 =
𝑙

2
 , maSin  𝑀(𝑧) =

𝑞𝑙

2

𝑙

2
−
𝑞𝑙2

2
−
𝑞𝑙2

8
= 

𝑞𝑙2

8
; 

rodesac 𝑧 =
3

4
𝑙 , maSin  𝑀(𝑧) =

𝑞𝑙

2

3

4
𝑙 −

𝑞(
3

4
𝑙)
2

2
=

3𝑞𝑙2

8
−
9𝑞𝑙2

32
=

3𝑞𝑙2

32
; 

rodesac 𝑧 = 𝑙 , maSin  𝑀(𝑧) =
𝑞𝑙

2
𝑙 −

𝑞𝑙2

2
= 0 . 

avagoT es wertilebi da SevaerToT isini mrudiT. miviRebT 

𝑀(𝑧) mRunavimomentis epiuras, romelic SemosazRvrulia kvadratuli 

paraboliT. 

5. or sayrdenze mdebare koWi 𝑙 malis mTel sigrZeze datvirTulia sam- 

kuTxedis kanoniT  ganawilebuli datvirTviT (nax. 78). 
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veZebT sayrden reaqciebs: 

∑𝑀𝐵 =−𝑅𝐴𝑙 +
1

2
𝑞0𝑙

𝑙

3
= 0 ,  saidanac  

𝑅𝐴 =
𝑞0𝑙

6 
 ; 

∑𝑀𝐴 =𝑅𝐵𝑙 −
1

2
𝑞0𝑙

2

3
𝑙 = 0 ,  saidanac  

𝑅𝐵 =
𝑞0𝑙

3 
 . 

vamowmebT; ∑𝑌 = 𝑅𝐴 + 𝑅𝐵 −
1

2
𝑞0𝑙 = 0 ;  

𝑞0𝑙

6 
+
𝑞0𝑙

3 
−
1

2
𝑞0𝑙 , 0 = 0 ,  e.i. sayrdeni 

vertikaluri 𝑅𝐴  da 𝑅𝐵  reaqciebi 

sworad aris gamoTvlili. 

amis Semdeg vadgenT  𝑄(𝑧)ganiviZali-

sa da  𝑀(𝑧)  mRunavimomentis gamosa- 

xulebebs da gamoviTvliT am faqtore- 

bis mniSvnelobebs maxasiaTebel werti- 

lebSi: 

0 ≤ 𝑧 ≤ 𝑙. 

𝑄(𝑧) ganivi ZalisaTvis gveqneba  

𝑄(𝑧) = 𝑅𝐴 −
1

2
𝑞(𝑧)𝑧 =

𝑞0𝑙

6 
− 
𝑞0𝑧

2

2𝑙
; 

rodesac 𝑧 = 0 , maSin  𝑄(𝑧) =
𝑞0𝑙

6 
= 𝑅𝐴 ; 

rodesac 𝑧 =
𝑙

2
 , maSin  𝑄(𝑧) =

𝑞0𝑙

6
−
𝑞0(

𝑙

2
)
2

2𝑙
= 

=
𝑞0𝑙

6
−
𝑞0𝑙

2

8𝑙
=
𝑞0𝑙

24
 ; 

rodesac 𝑧 = 𝑙 , maSin  𝑄(𝑧) =
𝑞0𝑙

6 
− 

𝑞0𝑙
2

2𝑙
= −

𝑞0𝑙

3 
= −𝑅𝐵 . 

𝑀(𝑧)mRunavi momentisaTvis gveqneba 

𝑀(𝑧) = 𝑅𝐴𝑧 −
1

2
𝑞(𝑧)𝑧

𝑧

3
=
𝑞0𝑙

6 
𝑧 −

𝑞0𝑧
3

6𝑙
 . 

miRebulia mesame rigis gantoleba. mis asagebad dagvWirdeba sami wertili 

mainc (rac mets aviRebT, mrudi miT ufro zustad aigeba); davkmayofildeT 

sami wertiliT. gamovTvaloT:  

rodesac 𝑧 = 0 , maSin  𝑀(𝑧) = 0 ; 

rodesac 𝑧 =
𝑙

2
 , maSin  𝑀(𝑧) =

𝑞0𝑙

6 

𝑙

2
−
𝑞0(

𝑙

2
)
3

6𝑙
=

𝑞0𝑙
2

12
− 

𝑞0𝑙
2

48
=

𝑞0𝑙
2

16
; 

rodesac 𝑧 = 𝑙 , maSin  𝑀(𝑧) =
𝑞0𝑙

6
𝑙 −

𝑞0𝑙
3

6𝑙
= 0 . 

im ganivkveTis mosaZebnad, romelSic moqmedebs udidesi 𝑀𝑚𝑎𝑥  mRunavi  

momentimisi  𝑀(𝑧) =
𝑞0𝑙

6 
𝑧 −

𝑞0𝑧
3

6𝑙
 gamosaxuleba unda gamovikvlioT eqstremumze:  

𝑑𝑀(𝑧)

𝑑𝑧
=

𝑞0𝑙

6 
− 3

𝑞0𝑧0
2

6𝑙
= 0 ,    saidanac 𝑧0 =

𝑙

√3
≈ 0.577𝑙 , 

e.i.  

𝑞0 

𝑧 

𝑅𝐴 
𝑅𝐵 

𝐴 𝐵 

𝑙 

nax. 78 

0 

𝑞0𝑙

3
 

 

𝑄(𝑧) 

𝑀(𝑧) 

𝑞(𝑧) 

0 

0 0 

− 

+ 

+ 

𝑞0𝑙

24
 

 

𝑙/3 

𝑞0𝑙
2

15.58
 

𝑞0𝑙

6
 

 

𝑞0𝑙
2

16
 

𝑞0𝑙

2
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𝑀𝑚𝑎𝑥 =
𝑞0𝑙

6 

𝑙

√3
−
𝑞0
6𝑙
(
𝑙

√3
)
3

=
𝑞0𝑙

2

6√3
−
𝑞0𝑙

2

18√3
=
𝑞0𝑙

2

9√3
≈
𝑞0𝑙

2

15.58
 . 

maSasadame, mRunavi M(z)  momentis udidesi 𝑀𝑚𝑎𝑥 ≈
𝑞0𝑙

2

15.58
 mniSvneloba 

mcired gansxvavdeba misi 𝑀(𝑧) =
𝑞0𝑙

2

16
 mniS-

vnelobisagan malis SuaSi.  

6. or sayrdenze mdebare koWi 𝑎 da 𝑏 

manZilebiT daxasiaTebul 𝐶  ganivkveTSi 

datvirTulia Seyursuli 𝐹  ZaliT (nax. 

79).gamoviTvliT sayrden 𝑅𝐴  da 𝑅𝐵 

reaqciebs: 

∑𝑀𝐵 =−𝑅𝐴𝑙 + 𝐹𝑏 = 0 , saidanac  𝑅𝐴 =
𝐹𝑏

𝑙
 ; 

∑𝑀𝐴 =𝑅𝐵𝑙 − 𝐹𝑎 = 0 ,  saidanac  𝑅𝐵 =
𝐹𝑎

𝑙 
 

. 

SevamowoT: ∑𝑌 = 𝑅𝐴 + 𝑅𝐵 − 𝐹 = 0 ;  
𝐹𝑏

𝑙
+
𝐹𝑎

𝑙 
– 𝐹 = 0 ;

𝐹

𝑙
(𝑎 + 𝑏) − 𝐹 = 0 ; 0 = 0 ,  

e.i. sayrdeni vertikaluri 𝑅𝐴  da  

reaqciebi sworad aris gamoTvlili. 

ubnebis mixedviT vwerT 𝑄(𝑧) ganivi  

Zalisa da 𝑀(𝑧)  mRunavi  momentis gan-

tolebebs da gamoviTvliT maT mniSvnelobebs: 

I ubani: 0 ≤ 𝑧1 ≤ 𝑎 

𝑄(𝑧1)ganivi ZalisaTvis gveqneba 

𝑄(𝑧1) = 𝑅𝐴 =
𝐹𝑏

𝑙
 ; 

e.i.I ubanze 𝑄(𝑧1) mudmivia. 

𝑀(𝑧1)mRunavi momentisaTvis gveqneba 

𝑀(𝑧1) = 𝑅𝐴𝑧1; 

rodesac 𝑧1 = 0 , maSin  𝑀(𝑧1) = 0 ; 

rodesac 𝑧1 = 𝑎 , maSin  𝑀(𝑧1) =
𝐹𝑏

𝑙
 𝑎 . 

II ubani 0 ≤ 𝑧2 ≤ 𝑏 

𝑄(𝑧2)ganivi  ZalisaTvis gveqneba 

𝑄(𝑧2) = −𝑅𝐵 = −
𝐹𝑎

𝑙
 ; 

e.i.II ubanze 𝑄(𝑧2) mudmivia. 

𝑀(𝑧2)mRunavi momentisaTvis gveqneba 

𝑀(𝑧2) = 𝑅𝐵𝑧2; 

rodesac 𝑧2 = 0 , maSin  𝑀(𝑧2) = 0 ; 

rodesac 𝑧2 = 𝑎 , maSin  𝑀(𝑧2) =
𝐹𝑎

𝑙
 𝑏 . 

nax. 79 

𝑅𝐵 

𝑧1 

𝑅𝐴 

𝐴 

𝑙 

𝑎 𝑏 

𝐹 

𝑧2 
𝐶 

𝑄(𝑧) 

0 

𝐹𝑎𝑏

𝑙
 

𝐹𝑏

𝑙
 

0 
𝐹𝑎

𝑙
 

 

− 

𝑀(𝑧) 

0 0 

+ 

+ 

𝐹 

 

𝑙 

𝐴 
𝐵 

𝐹 

  𝑧1 

𝑙/2 𝑙/2 
𝑧2 

nax. 80 

𝑅𝐴 = F 2⁄  

= 𝐹 2⁄  

𝑅𝐵 = F 2⁄  

= 𝐹 2⁄  

0 
+ 

𝑄(𝑧) 

0 

𝐹𝑙

4
 

𝐹

2
 

0 𝐹

2
 

 

− 

𝑀(𝑧) 

0 

+ 

𝐹 
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miRebuli mniSvnelobebiT avagebT 𝑄(𝑧)ganivi  Zalisa da𝑀(𝑧) mRunavi momen-

tis epiurebs. im ganivkveTSi, romelSic moqmedebs Seyursuli 𝐹 

Zala,  𝑄(𝑧)ganivi Zalis epiura akeTebs “naxtoms” da “naxtomis” sidide TviT 

Seyursuli 𝐹 Zalis tolia. marTlac  

𝐹𝑏

𝑙
+
𝐹𝑎

𝑙 
=
𝐹

𝑙
(𝑎 + 𝑏) = 𝐹 . 

kerZo SemTxvevaSi, rodesac  𝑎 = 𝑏 =
𝑙

2
  

gveqneba 𝐴 = 𝐵 =
𝐹

2
. gaangariSebis gareSe 

mogvyavs  𝑄(𝑧) ganiviZalisa da  𝑀(𝑧)  mRunavi 

momentis epiurebi (nax. 80). 

7. or sayrdenze mdebare koWi 𝑎 da 𝑏 

manZilebiT daxasiaTebul ganivkveTSi 

datvirTulia Seyursuli wyvilZaliT, 

romlis momentia 𝑀 (nax. 81).gamoviTvliT 

sayrden 𝑅𝐴 da 𝑅𝐵 reaqciebs: 

∑𝑀𝐵 =−𝑅𝐴𝑙 + 𝑀 = 0 , saidanac  𝑅𝐴 =
𝑀

𝑙
 ; 

∑𝑀𝐴 =𝑅𝐵𝑙 + 𝑀 = 0 , saidanac  𝑅𝐵 = −
𝑀

𝑙 
 . 

vamowmebT; ∑𝑌 = 𝑅𝐴 + 𝑅𝐵 = 0 ;  
𝑀

𝑙
−
𝑀

𝑙 
= 0 ; 0 = 0 , 

 

maSasadame, 𝑅𝐴 da 𝑅𝐵 reaqciebi sididiT tolia da niSniT sapirispiro, 

e.i. Seadgenen wyvilZalas (asec unda yofiliyo, vinaidan gare wyvilZalis 

𝑀 momentis gawonasworeba mxolod am reaqciebisagan Sedgenili wyvilZalis 
𝑀

𝑙
∙ 𝑙 moments  SeuZlia). 

ubnebis mixedviT vwerT ganivi 𝑄(𝑧)  Zalisa da mRunavi M(z)  momentis 

gantolebebs da viTvliT maT mniSvnelobebs: 

I ubani: 0 ≤ 𝑧1 ≤ 𝑎 

𝑄(𝑧1)ganivi ZalisaTvis gveqneba 

𝑄(𝑧1) = 𝑅𝐴 =
𝑀

𝑙
 ; 

𝑀(𝑧1)mRunavi momentisaTvis ki: 

𝑀(𝑧1) = 𝑅𝐴𝑧1 ; 

rodesac 𝑧1 = 0 , maSin 𝑀(𝑧1) = 0 ; 

rodesac 𝑧1 = 𝑎 , maSin 𝑀(𝑧1) =
𝑀

𝑙
𝑎 . 

 II ubani: 0 ≤ 𝑧2 ≤ 𝑏 

𝑄(𝑧2)ganivi  ZalisaTvis gveqneba 

𝑄(𝑧2) = −𝑅𝐵 = −(−
𝑀

𝑙
) =

𝑀

𝑙
 ; 

𝑀(𝑧2)mRunavi momentisaTvis ki: 

𝑀(𝑧2) = 𝑅𝐵𝑧2 ; 

rodesac 𝑧2 = 0 , maSin 𝑀(𝑧2) = 0 ; 

𝑧1 

𝑙 

nax. 81 

 

𝑄(𝑧) 

𝑀(𝑧) 

𝑎 

0 

0 

0 

+ 

 

𝑀𝑎

𝑙
 

𝑏 

𝑧2 

− 

𝑀𝑏

𝑙
 

0 

𝑀

𝑙
 

 

+ 

𝑅𝐴 𝑅𝐵 

𝑀 
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rodesac 𝑧2 = 𝑏 , maSin 𝑀(𝑧2) =
𝑀

𝑙
𝑏 . 

romelTa mixedviT avagebT am 

faqtorebis epiurebs. 

ganivkveTSi, romelSic 

moqmedebs Seyursuli wyvil-

Zala, 𝑀(𝑧)mRunavi momentis epiura 

akeTebs “naxtoms” da “naxtomis” 

sidide TviT gare wyvilZalis 

momentis tolia. marTlac, 
𝑀

𝑙
𝑎 +

𝑀

𝑙
𝑏 =

𝑀

𝑙
(𝑎 + 𝑏) = 𝑀 . amasTan erTad 

unda SevniSnoT, rom 

𝑄(𝑧2) ganivZalaze wyvilZalis 𝑀 

momenti gavlenas ar axdens. es 

iqidan gamomdinareobs, rom wy-

vilZalis gegmili nebismier 

RerZze nulis tolia. 

8. ganvixiloT koWi Sualedi 

saxsriT (nax. 82). igi unda gavi-

angariSoT, rogorc damouki- 

debeli 𝐴𝐵  konsolisa da damo- 

kidebuli (Sekiduli)  𝐵𝐶  koWis 

erToblioba.  

gaangariSebas viwyebT am ukanasknelidan. 𝐵𝐶  koWze malis SuaSi 

moqmedebs Seyursuli 𝐹 Zala. rogorc cnobilia,aseTi koWisaTvis sayrdeni 

reaqciebi erTmaneTis tolia da 𝑅𝐵 = 𝑅𝑐 =
𝐹

2
 . es magaliTi adre gvqonda ganx-

iluli da 𝑄(𝑧)ganivi Zalisa da  𝑀(𝑧) mRunavi momentis epiurebis saxe ukve 

viciT. 

rac Seexeba 𝐴𝐵 koWs, mas ganvixilavT rogorc Tanabrad ganawilebuli 

𝑞  datvirTvis, ise 𝐵𝐶  koWidan gadmocemuli, zevidan qveviT mimarTuli 
𝐹

2
 

Zalis moqmedebis qveS. Sesabamisad davwerT: 

0 ≤ 𝑧1 ≤ 𝑙1 ; 

𝑄(𝑧) =
𝐹

2
+ 𝑞𝑧 ; 

 
𝑧1 = 0 , 𝑄(𝑧1) = 0 ; 

𝑧1 = 𝑙1 , 𝑄(𝑧1) =
𝐹

2
+ 𝑞𝑧 ; 

𝑀(𝑧) = −
𝐹

2
𝑧 + 𝑞

𝑧2

2
 ; 

𝑧1 = 0 ,𝑀(𝑧1) = 0 ; 

𝑧1 =
𝑙

2
 ,𝑀(𝑧1) = −

𝑃𝑙1
4
−
𝑞𝑙1
2

8
 ; 

𝑧1 = 𝑙 ,𝑀(𝑧1) = −
𝑃𝑙1
2
−
𝑞𝑙1
2

2
 . 

vinaidan 𝐵 wertili aris 𝐴𝐵 da 𝐵𝐶 koWebis urTierTqmedebis wertili, 

amitom aq 𝐵𝐶  koWis 
𝐹

2
 zemoqmedebisa da 𝐴𝐵  koWis reaqciis 𝑅𝐵 = 

𝐹

2
  Zalebi 

erTimeores abaTileben da 𝑄(𝑧)ganivi Zalis epiura “naxtoms” ar akeTebs. 

 

−
𝐹
𝑙 1 2
−
𝑞
𝑙 12 2

 

𝐹𝑙2
4

 

𝑙1 

𝑄(𝑧) 

𝑙2 

𝐶 

𝑞 

𝐴 𝑧 

𝐹 

𝐵 
𝐹/2 

𝐹/2 

nax. 82 

0 

𝑀(𝑧) 

0 

0 0 

− 

+ 

𝐹
/2
+
𝑞
𝑙 

 

𝐹 

 
+ 𝐹 

𝐹/2 

𝐹/2 𝐹/2 

𝐹/2 

− 

+ 

−
𝐹
𝑙 1 4
−
𝑞
𝑙 12 8

 

𝐶 

𝑞 

𝐴 𝑙2/2 

𝐹 

𝐵 



95 

 

7.8.Q𝑄(𝑧)ganivi Zalisa da𝑀(𝑧)mRunavi momentis epiurebisagebis sisworis 

Semowmeba 
 

diferencialuri damokidebuleba gan-

sazRvravs 𝑄(𝑧) ganivQZalas, 𝑀(𝑧) mRunav momentsa damaT epiurebs Soris-

damokidebulebasac. amis safuZvelze ki advilad vaxdenT grafikuli samu-

Saos kontrols, rogorc agebis procesSi, ise dasrulebis Semdeg. maT So-

ris damokidebulebidan gamomdinareobs, rom: 

1. Tu koWis romelime ubanze 𝑄(𝑧)ganiviZala dadebiTia (𝑄(𝑧) > 0), maSin 

am ubanze 𝑀(𝑧)mRunavimomenti izrdeba; 

2.Tu koWis romelime ubanze 𝑄(𝑧)ganiviZala uaryofiTia (𝑄(𝑧) < 0), maSin 

am ubanze 𝑀(𝑧)mRunavimomenti klebulobs; 

3. im ganivkveTSi anu koWis RerZis im wertilSi, sadac𝑄(𝑧) ganivi Zala 

nuli xdeba (𝑄(𝑧) = 0), mRunavi𝑀(𝑧) momenti eqstremalur (maqsimalur an min-

imalur) mniSvnelobasRebulobs; 

4.Tu koWis romelime ubanze 𝑄(𝑧) = 0, maSinamave ubanze  𝑀(𝑧) = 𝑐𝑜𝑛𝑠𝑡. 

garda amisa, gakontrolebisaTvis gamogvadgeba is, rom: 

5. koWis RerZis im wertilSi, sadac modebulia Seyursuli 𝐹 Zala, 𝑄(𝑧) 

ganiviZalis epiura akeTebs 𝐹  Zalis tol naxtoms, xolo𝑀(𝑧) mRunavimomen-

tis epiura icvlis daxris kuTxes; 

6. koWis RerZis im wertilSi, sadac modebulia Seyursuli 𝑀  momen-

ti,𝑀(𝑧)mRunavimomenti epiura akeTebs 𝑀 momentis tolnaxtoms; 

7. or saxsrovan sayrdenze dayrdnobili koWis boloebSi 𝑄(𝑧) ganivi-

Zala Sesabamisadtoliasayrdeni 𝑅𝐴da 𝑅𝐵   reaqciis (rodesac aq Seyursuli 

𝐹  Zala ar moqmedebs);xolo 𝑀(𝑧) mRunavimomenti udris nuls (rodesac aq 

Seyursuli 𝑀 momenti ar moqmedebs); 

8. konsolis sayrden wertilSi 𝑄(𝑧) ganivi Zala sayrdeni 𝑅𝐴  reaqciis 

tolia, xolo𝑀(𝑧)mRunavi momenti - reaqciuli  𝑀𝐴 momentis. 

 

7.9. sufTa Runva da misi arsi. 

 

rogorc ukve aRvniSneT, ganivi Runvisas eqvsi Zalvidan mxolod ori: 

𝑄(𝑧)ganiviZala da𝑀(𝑧)mRunavi momenti _rCeba, Tumca zogjer koWze moqmedi 

gare datvirTva iseTia, rom mxolod 𝑀(𝑧) mRunavi momentisga- mowveva Seu-

Zlia. diferencialuri damokidebulebidan viciT, rom, Tu koWis romelime 

ubanze 𝑄(𝑧) = 0, maSinamave ubanze  𝑀(𝑧) = 𝑐𝑜𝑛𝑠𝑡. 

ganivi Runvis kerZo SemTxvevas, rodesac koWis MmTel sigrZeze an mis 

romelime ubanze𝑄(𝑧)ganivi Zala nulistolia, xolo 𝑀(𝑧)mRunavi momenti – 

mudmivi sidide, sufTa Runva ewodeba. sufTa Runvisas ganivkveTis cal 

mxares moqmedi datvirTva mxolod mTavar 𝑀𝑂 momentze daiyvaneba. 
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magaliTad, 83 –e naxatze moyvanilia SemTxvevebi, rodesac gare dat-

virTvas mxolod 𝑀(𝑧) –is gamowveva SeuZlia:a) da 

b) sqemebze - mTel koWze, xolo g) sqemaze – 

koWis Sua nawilze.  

 

 

msgavsi magaliTebis moyvana praqtikidan mravlad SeiZleba. 

sufTa Runvis arsis gasarkvevad, ganvixiloT koWi, romelic  sufTa 

Runvis pirobebSia (nax.83,a). vinaidan nebismier ganivkveTSi erTnairi mRunavi 

momenti aRiZvreba, amitom erTgvarovani koWis yoveli nawilis simrude 

iqneba erTnairi, rac niSnavs, rom erTgvarovani koWis gaRunuli Rer-

Ziwrewiris rkalis formisaa. 

koWis Sua 𝐴𝐴 kveTis wertilebs upiratesi gadaadgilebebismiReba ar 

SeuZlia arc marjvniv da arc marcxniv, ramdenadac  koWis erTimxarec da 

meorec simetriis gamo,zustad erTnairia. maSasadame, 𝐴𝐴 kveTi brtyeli 

darCeba.am 𝐴𝐴  kveTiT koWis gaWriT,miviRebT orjer patara or ubans(nax. 

84,b). miRebuli TiToeulinawili kidev romgavWraT orad, isev miviRebT or-

jer patara or nawils (nax. 84,g). msjelobiT, es Sua kveTebic brtyeliaR-

moCndeba. dayofis es procesi SegviZlia usasruloT gavagrZeloT. amiT 

damtkicdeba, rom winaswar mocemuli nebismieri kveTis usasrulo siax-

loves aris SeuzRudavad bevri iseTi kveTi, romlebisTvisac brteli 

kveTis piroba daculia. faqtobrivad damtkicda, rom sufTa Runvisas, erT-

gvarovanikoWissaerTod arcerTi kveTi ar gamruddeba, aramed mobrundeba. 

brtyeli ganivi kveTebi koWis gaRu- 

nuli RerZis perpendikularulidarCeba. 

es imiT mtkicdeba, rom, Tuki 𝐴𝐴  kveTi 

koWis gadaRunvis adgilzea ganlagebuli 

da, aqedan gamomdinare, RerZis marTobia, 

maSin RerZis marTobi iqneba dayofiT 

miRebuli yoveli axali nawilis Sua 

kveTic; radgan, rogorc aRvniSneT, 

dayofiT miRebuli yoveli nawili 

zustad imave pirobebSia, rogorSic 

mTeli koWi, ragind didxans unda 

gagrZeldes dayofa. 

  

𝑄(𝑧) 

𝑀 
𝐴 𝐵 

nax. 83,a  

0 0 

+ 
0 0 

𝑀(𝑧) 

𝐵 

 

𝐴 
  

𝑄(𝑧) 

𝑀 𝑀 

nax. 83,b  

0 0 
𝑀(𝑧) 

+ 
0 0 

𝑅𝐵 = 𝐹 

𝐵 

 

𝑅𝐴 = 𝐹 

𝐴 

𝑀(𝑧) 

𝑎 

0 0 

 
 

 

𝑄(𝑧) 
𝑎 

𝐹 𝐹 

0 

𝐹 

 

0  

 𝐹 

 

𝐹 

 

𝐹 

 

+ 

𝐹𝑎 𝐹𝑎 
nax. 83,g  

+ 

− 

𝑀 𝑀 

𝐴 

𝐴 

𝑀 𝑀 𝑀 𝑀 

𝑀 𝑀 𝑀 
𝑀 

𝑀 𝑀 𝑀 𝑀 

a) 

b) 

g) 

nax. 84 
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maSasadame, sufTa Runvisas koWis yoveli ganivkveTi brtyeli rCeba, 

oRondganicdis mobrunebas. gaRunuli RerZi wrewiris rkalis formisaa da 

mobrunebisasganivkveTimarTob mdebareobas inarCunebs.  

 

7.10. 𝜎normaluri Zabva sufTa Runvisa 

s 

a) wonasworobis piroba 

ganvixiloT konsoli, romelic Tavisu- 

fal boloze datvirTulia Seyursuli 𝐹 Za- 

liT, e.i. muSaobs sufTa Runvis pirobebSi 

(nax. 85). Tavisufali bolodan nebismieri 𝑧  

manZiliT daSorebuli ganivkveTiT koWi or 

nawilad gavkveToT da ganvixiloT erT-erTi  

maTganis, magaliTad, marjvena nawilis wo-

nasworobis pirobebi.  

gavixsenoT, movlenis axsnisas iTqva, 

rom eqvsi Zalvidan gatarebul ganivkveTSi 

sufTa Runvisas gvrCeba mxolod erTi – 

mRunavi  𝑀(𝑧) momenti, romelic awonasworebs 

mTavar 𝑀𝑂  moments (𝑀𝑂 momenti aq igive  𝑀 

momen- tia).gansaxilvel nawilze, erTi mxriv, 

moqmedebs  𝑀  gare mRunavi momenti koWis 

simetriis sibrtyeSi, xolo, meore mxriv, - 

gatarebul ganivkveTSi aRZruli Zab-

vebi.rogorc aRvniSneT, sufTa Runvisas 

ganivi 𝑄(𝑧) Zala nulis tolia, rac niSnavs, 

rom 𝜏mxebi Zabva an Seadgens wyvilZalas  da 

gamoiwvevs grexas, an igi ar arsebobs saerTod; e.i. ar arsebobs da dagvrCa 

mxolod normaluri 𝜎  Zabva(nax. 86), romelic garkveuli kanoniT aris 

ganawilebuli koWis gatarebul ganivkveTSi. 

wonasworobis gantolebas aqvs saxe: 

∑𝑀𝑥 = 𝑀 −𝑀(𝑧) = 0, (1)             

saidanac 

𝑀(𝑧) = 𝑀.(2) 

avirCioT ganivkveTTan dakavSirebuli koordinatTa 𝑥𝑜𝑦𝑧  sistema, ro-

melSic 𝑦 RerZi simetriis RerZia, xolo 𝑥  da 𝑧  gatarebulia 𝑦  RerZis 

marTobulad mis nebismier wertilSi. 

imis dasadgenad, Tu rogor ganawildeba gatarebul ganivkveTSi nor-

maluri Zabvebi,gamovyoT usasrulod mcire 𝑑𝐴 farTobi 𝑥  da 𝑦  koordi-

natebiT danormaluri ZabvaaRvniSnoT  𝜎 -Ti, romelic am farTobis far-

glebSi moqmedebs.𝜎 Zabvebis tolqmedi iqneba elementaruli normaluri 𝜎𝑑𝐴 

Zala. wonasworobis (1) gantoleba axla aseTi saxiT Caiwereba: 

∑𝑀𝑥 = 𝑀 − ∫ 𝜎𝑑𝐴 ∙ 𝑦
𝐴

= 0 . (3) 

𝑧 

𝑀 

nax. 85 

𝑂 

𝜎𝑑𝐴 

𝑦 

𝑦 
𝑥 

𝑀 

nax. 86 

𝑥 𝑧 

n.R 
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rogorc Cans, normaluri 𝜎  ZabvebiT Sedgenili 𝑀(𝑧) mRunavi momenti 

sididiT tolia da mimarTulebiT sawinaaRmdego gare  𝑀 momentis. (3)  gan-

tolebis meSveobiT ganivkveTSi normaluri 𝜎  Zabvebis ganawilebis kanoni 

ver gairkveva.amisaTvis saWiroa ganvixiloT koWis deformaciis suraTi. 

 

b) deformaciis suraTi 

rogorc davinaxeT, sufTa Runvisas koWis 

deformaciabrtyeli ganivi kveTebis erTmane- Ti-

sadmi mobrunebiTgamoixateba. amis kidev erT- 

xel sailustraciod koWis gverdiT zedapirze 

datanilia kvadratuli bade, romelSic ganivi 

monakveTebi ganivkveTebis kvalia, grZivi monak- 

veTebi - kvaligrZivi Sreebisa, romlebic gaWim-

vas an kumSvasgan-

icdian. yovel 

grZiv monak- veTseqneba erTmaneTisgan gan-

sxvavebuli  simrude, rogorckoncentruli 

wrewirebis rkalebs (nax. 87). 

ganvixiloT koWis marcxena kididan 𝑧 

manZilze gatarebuliori mezo- beli, erTi 

meorisagan 𝑑𝑧  manZiliTdaSoruli 

ganivkveTi(nax.88). pirobiTad, 

marcxena 𝑂1 ganivkveTi CavTvaloT 

uZravad;marjvena 𝑂2 ganivkveTi defor- maciis 

Sedegad mobrundeba 𝑑𝜑  kuTxiT. zeda 

boWkoebi gaiWimeba da qveda damokldeba. 

cxadia, maT Soris iarsebebs Sre,romelic 

arc dagrZeleba da arc damokldeba, mxolod 

gamruddeba. mas vuwodoT neitraluri Sre. 𝑂1 

da 𝑂2 kveTebis mobrunebis Sedegad neitraluri Sre gaiRuneba da winxedSi 

miiRebs wrewiris rkalis formas 𝜌 radiusiT,𝑂1𝑂2 = 𝑑𝑧 = 𝜌𝑑𝜑 . Sesabamisad, am 

rkalis simrudeiqneba:
1

𝜌
=

𝑑𝜑

𝑑𝑧
. 

rogorc vxedavT, simrude ricxobrivad gamoxatavs erTeuli manZiliT 

daSorebuli ganivkveTebis urTierTmobrunebas 

nebismierad aRebuli monakveTi 𝐴𝐵 = 𝑑𝑧 (nax. 88) miiRebs sigrZeSi 𝐵𝐵′ 

nazrds. radgan kveTi brtyeli rCeba, amitom 

𝐵𝐵′ = 𝑦𝑑𝜑, 

sadac 𝑦  manZilia gansaxilveli 𝐴𝐵  monakveTidan neitralur Sremde, rom-

lis mdebareoba jer ucnobia. 

𝐴𝐵 monakveTis fardobiTi wagrZeleba tolia: 

𝜀 =
𝐵𝐵′

𝐴𝐵
=

𝑦𝑑𝜑

𝑑𝑧
=

𝑦

𝜌
,(4) 

sadac 𝜌neitraluri Srissimrudis radiusia. 

neitraluri RerZi 

gaWimva 

kumSva 

𝐴 

𝑑𝜑 

𝜌 

𝑦 𝐵 𝐵′ 

𝑂2 

nax. 88 

𝑑𝜑 

𝑑𝑧 

𝑂1 

𝑑𝑧 

𝑧 

nax. 87 



99 

 

 

g) deformaciidan Zabvaze gadasvla 

radgan koWis grZivi Sreebi, romlebic grZivi boWkoebisagan Sedgeba, 

ganicdis gaWimva-kumSvas, visargeblebT hukis Sesabamisi kanoniT: 

𝜎 = 𝐸𝜀 = 𝐸
𝑦

𝜌
.(5) 

amrigad, sufTa Runvisas normaluri 𝜎  ZabvebiganivkveTSi icvleba 

wrfivi kanoniT;neitraluri Sreze (simrudis 𝜌 radiusiT), roca 𝑦 = 0  nor-

maluri 𝜎 Zabvebi nulis tolia. ganivkveTSi wertilTa geometriul adgils, 

romelic akmayofilebs  𝜎 = 0 pirobas, ganivkveTis neitraluri RerZiewode-

ba. neitraluri RerZi,neitraluri Sris sibrtyis ganivkveTis sibrtyesTan 

TanakveTis wrfea.  

elementaruli 𝜎𝑑𝐴 Zalebis jami gvaZlevs normalur Zalas (nax. 86), ma-

gram sufTa Runvisas  𝑁(𝑧) = 0; amitom, 

𝑁(𝑧) = ∫ 𝜎𝑑𝐴 =
𝐸

𝜌
∫ 𝑦𝑑𝐴

𝐴𝐴

. 

aq,integrali statikuri 𝑆𝑥momentia𝑥 RerZis mimarT. radgan stati- kuri 

momenti nulis tolia, e.i. 𝑆𝑥 = ∫ 𝑦𝑑𝐴
𝐴

= 0 daneitraluri RerZi gadis ganiv-

kveTis simZimis centrSi. am pirobidangamomdinareobs agreTve, romkoWis 

RerZi neitralur SreSia ganlagebuli, vinaidan ganmartebis Tanaxmad, Rer-

Zi ganivkveTTa simZimis centrebis erTobliobaa.  

𝑁(𝑧) = 0  tolobiTirkveva sxva ramec. raki cnobilia, rom ganikveTSi 

moqmedebs normaluri  𝜎 Zabvebi, maTi tolqmedi 𝑁(𝑧) ki nulis tolia, ami-

tom𝜎 Zabvebi Seadgens wyvilZalas.  

wyvilZalis 𝑀(𝑧) momenti awonasworebs moqmed gare 𝑀 moments, amitom 

datvirTvebis moqmedebis sibrtyidan ar gadis da koWis simetriis sibrtyeSi 

Tavsdeba; koWis gaRunuli RerZicam sibrtyeSi rCeba. 

axla davakonkretoT sufTa Runvisas ganivkveTTan dakavSirebuli 𝑥, 𝑧, 𝑦 

koordinatTa RerZebis sistema. koordinatTa saTave SevuTavsoT ganivkveTis 

simZimis 𝑂 centrs,𝑧da 𝑥 RerZebi gadavanacvloT 𝑂 wertilSi. 𝑦 RerZi kvlav 

iqnebakoWis gaRunuli RerZis sibrtyeSi. esaa e.w. moZrav koordinatTa 

sistema anu sistema, romlis mdebareoba icvleba kveTidan kveT-

zegadasvlisas. 

rogorc adre aRvniSneT, 𝑦 koordinataneitraluri Sridan 𝐴𝐵 monakve- 

TisdaSorebaa.neitraluri Sre koWis RerZze, datvirTvis moqmedebis (sime-

triis) sibrtyis marTobulad gadis da misgan daSoreba (Tu ganivkveTebze 

gadavalT)igivea, racneitraluri anu centraluri 𝑥RerZidandaSoreba. 𝑦aris 

im wertilis ordinata, romelic nebismierad aRebuli𝐴𝐵  monakveTis kvalia 

da romelSic 𝜎ganisazRvreba. 

SevitanoT wonasworobis (3) gantolebaSi normaluri 𝜎 Zabvis (5) gamo- 

saxuleba, miviRebT: 
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𝑀 −
𝐸

𝜌
∫ 𝑦2𝑑𝐴 = 0 .

𝐴

 

magram 𝐼𝑥 = ∫ 𝑦2𝑑𝐴 
𝐴

 warmoadgens koWis ganivkveTis inerciis moments neit- 

raluri 𝑥 RerZis mimarT, e.i. davwerT: 

𝑀 −
𝐸𝐼𝑥
𝜌
= 0 , 

aqedan ki miviRebT: 
1

𝜌
=

𝑀

𝐸𝐼𝑥
 .(6) 

Tu davubrundebiT (5) –s da SevitanT masSi (6) –s 

gveqneba: 

𝜎 = 𝐸 ∙
𝑀

𝐸𝐼𝑥
𝑦 =  

𝑀 ∙ 𝑦

𝐼𝑥
.                                    (7)  

es aris normaluri  𝜎 Zabvis formula, romlis gamoyenebiT SegviZlia 

gamovTvaloT normaluri  𝜎  Zabva koWis ganivkveTis nebismier wertilSi 

sufTa Runvis dros. 

 am formulaSi 𝑀 aris mRunavi momenti, romelic sufTa Runvis ubanze 

mudmivia; 𝑦 _ manZili gansaxilveli wertilidan neitraluri 𝑥 RerZamde;𝐼𝑥 

– ganivkveTis farTobis inerciis momenti neitraluri 𝑥 RerZis mimarT. 

(7) -is mixedviT avagebT normaluri  𝜎 Zabvebis cvlilebis grafiks, anu 

normaluri  𝜎  Zabvebis epiuras (nax. 89). neitraluri 𝑥  RerZi ganivkveTs 

yofs gaWimul da SekumSul zonebad. 

 

d)Runvis zogadi SemTxveva. simtkicis piroba 

normaluri  𝜎  Zabvis formula gamoviyvaneT sufTa Runvis dros, 

rodesac 𝑄(𝑧)ganivi Zala nulis tolia, xolo 𝑀(𝑧)mRunavi momenti – mudmi-

vi sidide.Runvis zogad SemTxvevaSi, rodesac 𝑄(𝑧)ganivi Zala ar aris  nu-

lis toli, xolo 𝑀(𝑧) mRunavi momenti ar aris mudmivi sidide, SegviZlia 

visargeblobT imave formuliT, oRondmudmivi  𝑀 -is nacvlad mricxvelSi 

SevitanoT 𝑀(𝑧) mRunavi momenti, romelic gansaxilvel ganivkveTSi  

moqmedebs: 

𝜎 =
𝑀(𝑧) ∙ 𝑦

𝐼𝑥
. 

iseve, rogorc sufTa Runvisas, maqsimaluri 

normaluri 𝜎𝑚𝑎𝑥 Zabva aRiZvreba im wertilebSi, 

romlebic neitraluri 𝑥  RerZidan yvelaze 

metadaa daSorebuli (nax. 90). simtkicis  piroba  

iwerebasaxifaTo kveTisaTvis anu im ganivkveTi-

saTvis, romelSic 𝑀(𝑧) mRunavi momenti iZens 

maqsimalur 𝑀𝑚𝑎𝑥  mniSvnelobas. igidgeba 

sxvadasxva saxiT neitralu- ri 𝑥 RerZis simetri-

uli da arasimetriuli ganiv- kveTebisaTvis 

nax. 89 

𝜎𝑚𝑖𝑛 

𝜎𝑚𝑎𝑥 

𝑀 

nax. 90 
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1) neitraluri 𝑥 RerZis simetriuli ganivkveTi- saTvis mimarTgveqneba:  

𝜎𝑚𝑎𝑥 =
𝑀𝑚𝑎𝑥 ∙ 𝑦𝑚𝑎𝑥

𝐼𝑥
≤ [𝜎] . 

SemoviRoT aRniSvna: 𝑊𝑥 =
𝐼𝑥

𝑦𝑚𝑎𝑥
 , maSin simtkicis piroba aseT saxes miiRebs: 

𝜎𝑚𝑎𝑥 =
𝑀𝑚𝑎𝑥

𝑊𝑥
≤ [𝜎] . 

𝑊𝑥 -s ewodeba ganivkveTis winaRobis momenti da marTkuTxa ganivkveTisaTvis: 

𝑊𝑥 =
𝑏ℎ3

12
ℎ

2

=
𝑏ℎ2

6
;   wriuli ganivkveTisaTvis: 𝑊𝑥 =

𝜋𝑟4

4

𝑟
=

𝜋𝑟3

4
 . gaglinuli profi- 

lebisaTvis winaRobis 𝑊𝑥 momentis mniSvnelobebi mocemulia sortamentis 

cxrilebSi. 

𝑊𝑥winaRobis momentis ganzomilebaa (sigrZ. erT.)3, magaliTad, sm3 , mm3, m3 

daa.S. 

ganivkveTis SesarCevad, gaglinuli profilebisaTvis simtkicis piro- 

bidan ganvsazRvravT 𝑊𝑥 ≥
𝑀𝑚𝑎𝑥

[𝜎]
 da sortamentis cxrilSi vipoviT profilis 

saWiro nomers (nax. 90). 

wriuli ganivkveTis SemTxvevaSi davwerT 
𝑀𝑚𝑎𝑥
𝜋𝑟3

4

≤ [𝜎] ,  saidanac vRebu- 

lobT: 

𝑟 ≥ √
4𝑀𝑚𝑎𝑥

𝜋[𝜎]

3

 . 

marTkuTxa ganivkveTis SemTxvevaSi, 

winaswar unda davuSvaT fardoba 
ℎ

𝑏
= 𝑘 ,  sai-

danac  ℎ = 𝑘𝑏 , e.i. 𝑊𝑥 =
𝑏ℎ2

6
=

𝑘2𝑏3

6
≥

𝑀𝑚𝑎𝑥

[𝜎]
;  aqedan 

miviRebT 𝑏 ≥ √
6𝑀𝑚𝑎𝑥

𝑘2[𝜎]

3
 , ris Semdegac vipoviT  ℎ =

𝑘𝑏.  

2) neitraluri 𝑥  RerZis mimarTarasimet-riuliganivkveTisaTvis, 

magaliTad, 𝑇 -sebri ganivkveTisaTvis (nax. 91) simtkice unda SevamowmoT 

rogorc udidesi normaluri gamWimavi 𝜎𝑚𝑎𝑥  Zabvis, ise udidesi normaluri 

mkumSavi 𝜎𝑚𝑖𝑛 Zabvis mixedviT. amasTan gveqneba ori winaRobis momenti: 

𝑊𝑥
′ =

𝐼𝑥
ℎ1
 ;𝑊𝑥

′′ =
𝐼𝑥
ℎ2
 . 

Sesabamisad. simtkicis pirobebi ase daiwereba: 

𝜎𝑚𝑎𝑥 =
𝑀𝑚𝑎𝑥

𝑊𝑥′
≤ [𝜎+] ; 𝜎𝑚𝑖𝑛 =

𝑀𝑚𝑎𝑥

𝑊𝑥′′
≤ [𝜎−] . 

Runvisas ganivkveTs aZleven formebs, romlebSic masalis umciresi 

danaxarjiT miiReba winaRobis 𝑊𝑥  momentis udidesi mniSvneloba. Runvaze 

momuSave koWebisaTvis es is ganikveTebia,romlebSic farTobis ZiriTadi na-

wili neitraluri RerZidanrac SeiZleba Sorsaa gatanili. yvelaze 

nax. 91 

ℎ2 

𝑥 

ℎ1 

𝑦 

 

𝑐 
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ekonomiuriastandartuliortesebri da varcliseburiprofilebi, rodesac 

isini vertikalur sibrtyeSi iRunebian (nax. 90). 

 

7.11. deformaciis potenciuri energia sufTaRunvisas 

 

drekadi deformaciebis potenciuri ener-

gia ganisazRvreba 𝑀 momentis muSaobiT ori 

mezo-beli ganivkveTis kuTxur 𝑑𝜑 ur-

TierTgadaadgi- lebaze (nax. 92): 

𝑑𝑈 =
1

2
𝑀 𝑑𝜑. 

magram neitraluri Sris simrudis
1

𝜌
=

𝑑𝜑

𝑑𝑧
gamo-

saxulebidan: 

𝑑𝜑 =
𝑑𝑧

𝜌
=
𝑀

𝐸𝐼𝑥
𝑑𝑧, 

amitom  

𝑈 = ∫
𝑀2𝑑𝑧

2𝐸𝐼𝑥
𝑙

 . 

 

7.12. Zabvebi ganivi Runvisas 

a) daZabuli mdgomareobis analizi 

ganivi Runvisas Siga Zalebis tolfasi 

sistema gamoisaxeba  𝑄(𝑧) ganivi ZaliTa da 

𝑀(𝑧) mRunavi momentiT. 𝑄(𝑧) Zalva aris 

tolqmediganawilebuli elementaruli 

𝜏𝑑𝐴 Zalebisa,romlebic ganivkveTis sibrtyeSi 

mdebareobs (nax. 93). maSasadame, ganivi Runvis 

SemTxvevaSi ganivkveTSi aRiZvreba ara marto 

normaluri 𝜎, aramed mxebi𝜏 Zabvebi. 

mxebi 𝜏  Zabvis aRZvras Tan sdevs kuTxuri 𝛾 

deformaciis warmoSoba. amitom, garda sufTa 

RunvisaTvis damaxasiaTebeli ZiriTadi gadaad- 

gilebisa, TiToeuli elementaruli 𝑑𝐴 farTobi miiRebs damatebiT kuTxur 

gadaadgilebas, romelic Zvris arsebobiT aris ganpirobebuli.  

vinaidan mxebi 𝜏  Zabvebi Tanabrad ar aris ganawilebuli ganivkveTze, 

amitom araTanabrad ganawildeba kuTxuri gada-

adgilebebic. es niSnavs, rom ganivi Runvi- sas, 

sufTa Runvisagan gansxvavebiT, ganivkveTebi 

brtyeli ar rCeba. 94-e naxazze naCvenebia koWis 

ganikveTis gamrudebis tipuri suraTi. 

Tumca, normaluri 𝜎 Zabvis sidideze ganiv- 

kveTis sibrtyis gamrudeba SesamCnev gavlenas  ar axdens; kerZod, Tu 

nax. 94 

𝐹 

𝑂 

𝜎 

𝑦 

𝑦 
𝑥 

𝑄 = ∫ 𝜏

𝐴

𝑑𝐴 nax. 93 

𝑥 𝑧 
𝜏 

𝑀 = ∫ 𝜎

𝐴

𝑑𝐴 

𝑑𝑧 

𝑀 

𝑀 

𝑑𝜑 

𝜌 

nax. 92 
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𝑄(𝑧)ganiviZala ar icvleba koWis sigrZeze, 𝜎 =
𝑀(𝑧)𝑦

𝐼𝑥
  da 𝜎𝑚𝑎𝑥 =

𝑀𝑚𝑎𝑥

𝑊𝑥
formu-

lebi mogvcems zust Sedegebs. marTlac, rodesac 𝑄 = 𝑐𝑜𝑛𝑠𝑡 yoveli ganiv-

kveTi mruddeba erTnairad (nax. 95). amitom, ori momijnave ganivkveTis ur-

TierTmobrunebisas grZivi 𝐴𝐵  boWkos dagrZeleba iqneba erTi da igive, 

imisda miuxedavad, ganivkveTi brtyeli darCa Tu ara. 

iseTi 𝑄(𝑧)ganiviZalisas, romelic koWis RerZis gaswvriv icvleba, for-

mulebi iZleva garkveul cdomilebas. martivi analiziTdadasturebu- lia, 

romam cdomilebis sidides erTTan SedarebiT aqvs  
ℎ

𝑙
 rigi, 

sadac ℎ ganivkveTis simaRlea Runvis sibrtyeSi, xolo 𝑙  - 

koWis sigrZe.vinaidan koWis ganivi zomebi bevrad mcirea mis 

sigrZeze, amitom 
ℎ

𝑙
  fardoba  mcirea da Sesabamisad mcirea 

es cdomilebac. 

yovelive zemoT Tqmuli gvaZlevs safuZvels, rom mi-

viRoT brtyeli kveTebis hipoTeza. SemdgomSi CavTvliT, rom 

im wertilTa erToblioba, romlebic gaRunvamde ganivkveTis  

sibrtyes qmnida, Seqmnis sibrtyesgaRunvis Semdegac, oRond mobrundeba 

sivrceSi.es daSvebamisaRebiaris imdenad, ramdenadac kuTxuri deformacia-

ganivkveTis gamrudebiT, arsebiTad mcirea, vidre  kuTxuri deformacia, 

ganpirobebuli koWis simrudis cvlilebiT. 

ganivi Runvisas, meore Tavisebureba gamoixatebakoWis grZiv kveTSi 

normaluri 𝜎 Zabvis anu boWkoebis erTi meoreze “dawolis“ Zabvis arsebo- 

biT. es Zabvebi aRiZvreba mxolod cvladi 𝑄(𝑧)  ganivi Zalisas da metad 

mcire mniSvnelobaaqvT.  

amrigad, miTiTebuli ugulebelyofis farglebSi,  normaluri 𝜎 Zabve- 

bis gamoyvanili 𝜎 =
𝑀(𝑧)∙𝑦

𝐼𝑥
  da 𝜎𝑚𝑎𝑥 =

𝑀(𝑧)

𝑊𝑥
 formulebigamodgeba, ara marto 

sufTa Runvis, aramed ganivi Runvis SemTxvevaSic;aseve gamodgeba
1

𝜌
=

𝑀(𝑧)

𝐸𝐼𝑥
 

formula, romelic damokidebulebasamyarebs koWis 
1

𝜌
simrudesa da 

𝑀(𝑧)mRunav moments Soris. 

 

 

 

b) mxebi Zabvebi 

miaxloebiT ganvsazRvroT mxebi 𝜏 Zabvebis sidide, ganivi Runvisas. maTi 

gamoTvla yvelaze martiviamaTTan wyvilSi myofi mxebi 𝜏ZabvebiT, romlebic 

koWis grZiv kveTSi warmoiSoba. koWidan gamovyoT elementi 𝑑𝑧 sigr-

ZiT(nax. 96,a). ganivi Runvisas elementis marcxena da marjvena ganiv- kveTSi 

aRZruli momentebi ar aris erTnairi da erTmaneTisagan gansxvavdeba 𝑑𝑀 

sididiT. grZivi horizontaluri kveTiT, romelic gatarebulia neitraluri 

Sridan 𝑦  manZilze,elementi gavWraT orad da ganvixiloT zeda nawilis 

nax. 95 

𝐴 𝐴
′ 𝐵 𝐵

′ 
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wonasworobis pirobebi (nax. 96,b). cxadia, marcxena ganivkveTSi normaluri 

𝜎𝑑𝐴 Zalebis tolqmedi daStrixuli 𝐴∗farTobis farglebSi, tolia 

𝑁∗ = ∫ 𝜎
𝐴∗

𝑑𝐴, 

an, Tanaxmad 𝜎 =
𝑀∙𝑦

𝐼𝑥
 formulisa: 

𝑁∗ =
𝑀

𝐼𝑥
∫ 𝑦1𝑑𝐴𝐴∗

, 

sadac 𝑦1  _iT 𝑦  _sgan gansxvavebiT elementaruli 𝑑𝐴  farTobis ordinataa 

aRniSnuli (nax. 96,b). miRebuli integrali warmoadgens statikur moments 𝑥 

RerZis mimarT farTobis im nawilisa, romelic mdebareobs grZivi kveTis 

zemoT (𝑦 donis zemoT). aRvniSnoT es statikuri momenti 𝑆𝑥
∗ -iT, maSin 

𝑁∗ =
𝑀𝑆𝑥

∗

𝐼𝑥
 . 

marjvena ganivkveTSi normaluri Zala iqneba 

𝑁∗ + 𝑑𝑁∗ =
(𝑀 + 𝑑𝑀)𝑆𝑥

∗

𝐼𝑥
 . 

am Zalebis sxvaoba  

𝑑𝑁∗ =
𝑑𝑀𝑆𝑥

∗

𝐼𝑥
 

unda gawonaswordes mxebi ZalebiT, romlebic elementis grZiv kveTSia 

aRZruli (nax. 96, b da g). 

Tu pirveli miaxloebiTmiviRebT, rom mxebi 𝜏 Zabvebi kveTis 𝑏 siganeze 

ganawilebulia Tanabrad, maSin 

𝑑𝑀𝑆𝑥
∗

𝐼𝑥
= 𝜏𝑏𝑑𝑧, 

saidanac  

𝜏 =
𝑑𝑀𝑆𝑥

∗

𝑑𝑧𝐼𝑥𝑏
=
𝑄𝑆𝑥

∗

𝐼𝑥𝑏
. 

miRebuli formula atarebs Juravskis saxels. am formuliTSeiZleba im 

mxebi 𝜏 Zabvebis gamoTvla, romlebic warmoiSoba koWis grZiv kveTSi. ganiv-

kveTebSi aRZruli, maTTan wyvilSi myofimxebi 𝜏 ZabvebimaTi tolia. ganiv-

kveTSimaTi 𝑦 -ze damokidebuleba ganisazRvreba statikuri 𝑆𝑥
∗ momentis meS-

veobiT. ganivkveTis zeda kidesTan miaxloebisas, daStrixuli nawilis 

farTobi mcirdeba nulamde (nax. 96,b), maSasadame, aq 𝑆𝑥
∗ = 0 . qveda kidesTan 

a) 

nax. 96 

𝑀 𝑀 + 𝑑𝑀 

𝑄 𝑄 

𝑑𝑧 𝑧 

𝑦 

𝑁∗ 

𝑏 
𝑦1 

𝑦 
𝑑𝐴 𝐴 

𝑥 𝜏 
𝜏 

𝜏 

b) 

𝜎 𝜎 + 𝑑𝜎 

𝑂 

g) 

𝑧 

𝑦 

𝑥 

𝑂 

𝑁∗ + 𝑑𝑁∗ 

𝜏 
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miaxloebisas, daStrixuli nawili moedeba mTel ganivkveTs. vinaidan 𝑥 

RerZi neitraluria, amitom aqac  𝑆𝑥
∗ = 0 da mxebi 𝜏  Zabvebi, rogorc 𝜏 =

𝑄𝑆𝑥
∗

𝐼𝑥𝑏
 

formulidan gamomdinareobs, ganivkveTis qveda wertilebSic nulis tolia. 

ganivkveTis konkretuli formebisaTvis gamovTvaloT mxebi Zabvebis 

saangariSo formulebi. 

1. marTkuTxa ganivkveTis koWisaTvis, rom- 

lisgverdebia  𝑎 da 𝑏 (nax. 97), gvaqvs: 

𝑆𝑥
∗ = 𝐴∗𝑦0 = 𝑏 (

ℎ

2
− 𝑦) ∙ (

ℎ

2
−

ℎ

2
−𝑦

2
) =

𝑏

2
(
ℎ

2
− 𝑦) (

ℎ

2
+ 𝑦) =

𝑏

2
(
ℎ2

4
− 𝑦2)e.i.𝑆𝑥

∗ =
𝑏

2
(
ℎ2

4
− 𝑦2) , 𝐼𝑥 =

𝑏ℎ3

12
, 𝑏 = 𝑏. 

maSasadame,  

𝜏 =
6𝑄

𝑏ℎ3
(
ℎ2

4
− 𝑦2). 

𝜏 mxebi Zabvebis epiura ganivkveTis simaR- leze 

gamoisaxeba kvadratuli paraboliT. udides Zabvas eqneba adgili, roca  

𝑦 = 0: 

𝜏𝑚𝑎𝑥 =
3

2

𝑄

𝑏ℎ
 . 

2. ortesebri ganivkveTis koWisaTvis (nax. 98) damaxasiaTebeli Tavise-

bureba ga-moixateba misi siganis mkveTri cvlilebiTkedlidan Taroze 

gadasvlisas. ZiriTadad 𝑄(𝑧) ganivi Zalas iTvisebs kedeli, Taroeb-ze ki 

modis misi mcire nawili. 

ganvixiloT nebismieri 𝐾 wertili(nax. 

98);gavataroT am wertilze 𝑜𝑥 RerZis par-

aleluri xazi. zeda mokveTili nawilis 

(nax.98-ze daStrixulia) statikuri momenti 

SeiZleba moiZebnos rogorc 𝐴1  da 

𝐴2farTobebis statikuri momentebis jami: 

𝑆𝑥
∗ = 𝐴1𝑦1 + 𝐴2𝑦2. 

es formula marTebulia, roca 𝐾 wertili 

vertikaluri kedlis fargleb- Sia anu 

roca 𝑦 -is mniSvneloba Tavsdeba fargleb-

Si: 

0≤ 𝑦 ≤
ℎ1

2
. 

mxebi Zabvebis epiuras vertikaluri 

kedlisaTvis aqvs naxazze naCvenebi saxe. 

TaroSi Mmxebi Zabvebis gan-

sazRvrisas unda gaviTvaliswinoT, rom 

TiToeul mis wertilSi aRiZvreba ori𝜏𝑥 

da 𝜏𝑦  mxebi Zabva .  Tu pirveli 𝜏𝑦 gan-

sazRvrisaTvis gamoviyenebT  Juravskis 

formulas,maSin mis epiuraze siganis 

ℎ 

𝑏 

𝑦 

𝑥 

𝑦 

𝜏𝑚𝑎𝑥 =
3

2

𝑄

𝑏ℎ
 

nax.97 

𝑦0 

𝜏𝑚𝑎𝑥 

nax. 98 

0 

0 

𝑥 

𝑦 

𝜏𝑦 

𝐴1 

𝛿 

𝑏 

𝜏𝑥 

𝑦1 

𝑦 

𝜏𝑦 

𝑦2 

𝐴2 

ℎ ℎ1 

𝛿1 

𝛿1 

0 

𝐾 

𝜏𝑚𝑎𝑥 

nax. 99 

𝛿1 

0 

𝑥 
𝛿 

𝜏𝑥 

𝑚 

 
0 

𝑦1 

 

𝐴∗ 
𝜏𝑦 

𝜏𝑥 𝜏𝑥 

𝜏1 

𝜏𝑦 
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mkveTri cvlilebis gamo, gveqneba naxtomi da igi wava, rogorc98 -e nax-

azzea naCvenebi punqtiriT. Taros  farglebSi 𝜏𝑦 _is gansazRvras am for- 

muliT ver SevZlebT, radgan daSveba mxebi Zabvebis Taroze Tanabari gana- 

wilebis Sesaxebarasworia. 

meore mxebi 𝜏𝑥  ZabvacSegviZlia gamoviTvaloTJuravskis zogadiformu-

liT, Tu davuSvebT, rom Taros sisqeze igi ganawilebulia 

Tanabrad.mokveTili nawilisstatikuri momenti ganisazRvreba formuliT: 

𝑆𝑥
∗ = 𝐴∗𝑦1, 

sadac Taros 𝐴∗aiTvleba Taros gverdiT kididan Suisken, xolo 𝑦1-𝑥 RerZi-

dan misi sisqis naxevramde (nax. 99). amave naxazze naCvenebiamxebi Zabvebis 

epiurebi rogorc vertikalur ke- delSi, ise horizontalur TaroebSi. aqve 

naCvenebia am Zabvebis mimarTule- bebi. 

3. mrgvali ganivkveTis koWisaTvis (nax. 100) mxebi 𝜏 Zabvis mxolod vertika- 

luri Semdgenis gamosaTvlelad visargebloT Juravskis formuliT. 𝑆𝑥
∗ isev 

mokveTili farTobis statikuri momen- 

tia da gamoiTvleba formuliT 

𝑆𝑥
∗ = ∫ 𝑦1𝑑𝐴 = ∫ 𝑦1𝑏(𝑦1)𝑑𝑦1 .

𝐴∗𝐴∗

 

statikuri 𝑆𝑥
∗  momentis gamoTvlisas, uf- 

ro mosaxerxebelia SemovitanoT axali 

cvladi – 𝜑 kuTxe. maSin gveqneba: 

𝑦 = 𝑟𝑠𝑖𝑛𝜑𝑦 ; 𝑦1 = 𝑟𝑠𝑖𝑛𝜑𝑦1 . 

𝑏(𝑦1) = 2𝑟𝑐𝑜𝑠𝜑𝑦1  ; 𝑑𝑦1 = 𝑟𝑐𝑜𝑠 𝜑𝑦1 ∙ 𝑑𝜑𝑦1  ; 𝑏(𝑦) = 2𝑟𝑐𝑜𝑠𝜑𝑦 . 

amocana SevzRudoT udidesi mxebi 𝜏𝑚𝑎𝑥 Zabvis gansazRvriT 

𝜏𝑚𝑎𝑥 =
𝑄 ∙ 𝑆𝑚𝑎𝑥

∗

𝐼𝑥 ∙ 𝑏
 , 

sadac𝑆𝑚𝑎𝑥
∗ = ∫ 𝑟𝑠𝑖𝑛𝜑𝑦1 ∙ 2𝑟𝑐𝑜𝑠𝜑𝑦1 ∙

𝜋

2
0

𝑟𝑐𝑜𝑠 𝜑𝑦1𝑑𝜑𝑦1 =
2𝑟3

3
|−𝑐𝑜𝑠3𝜑𝑦1|0

𝜋

2 =
2𝑟3

3
 . 

vinaidan 𝐼𝑥 =
𝜋𝑟4

4
 da 𝑏 = 𝑑 = 2𝑟,  miviRebT: 

𝜏𝑚𝑎𝑥 =
𝑄 ∙

2𝑟3

3

𝜋𝑟4

4
∙ 2𝑟

=
4

3

𝑄

𝜋𝑟2
 . 

erTmaneTs SevadaroTkoWis ganivkveTebSi warmoSobili  maqsimaluri 

normaluri 𝜎𝑚𝑎𝑥  da maqsimaluri mxebi 𝜏𝑚𝑎𝑥  Zabvebi,absoluturi mniSvnelo- 

bebiT; magaliTad, marTkuTxa ganivkveTis konsolisaTvis (nax. 101) gvaqvs: 

𝜎𝑚𝑎𝑥 =
𝑀𝑚𝑎𝑥

𝑊𝑥
=
𝐹𝑙
𝑏ℎ2

6

  , 𝜏𝑚𝑎𝑥 =
3

2

𝐹

𝑏ℎ
 , 

saidanac 

𝜏𝑚𝑎𝑥
𝜎𝑚𝑎𝑥

=
ℎ

4𝑙
 . 

nax. 100 

𝑟 
𝜑𝑦 𝑂 𝜑𝑦1 

𝑦 𝑦1 

𝑑𝑦1 

𝑏(𝑦1) 

𝑏(𝑦) 

𝑥 

𝜏𝑚𝑎𝑥 =
4

3

𝑄

𝜋𝑅2
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amrigad,maqsimaluri 𝜏𝑚𝑎𝑥  mxebi Zabva ise Seefardeba maqsimalur normalur 

𝜎𝑚𝑎𝑥  Zabvas, rogorc ganivkveTis  ℎ  simaR- 

le koWis 𝑙 sigrZes anu mxebi Zabvebi arse- 

biTad mcirea, normalur ZabvebTan Sedare- 

biT. 

𝜏𝑚𝑎𝑥 -is simciris gamo ganivi Runvisas, 

iseve rogorc sufTa Runvisas, simtkiceze 

gaangariSeba mimdinareobs normaluri 

𝜎𝑚𝑎𝑥 Zabvebis mixedviT, e.i. mxebi 𝜏𝑚𝑎𝑥  Zabvebi mxedvelobaSi ar miiReba. es 

bunebrivia imitomac, rom neitraluri RerZidan yvelaze daSorebul wer-

tilebSi anu yvelaze saSiS wertilebSi, mxebi 𝜏Zabvebi nulis tolia.  

Tumca, zogierT SemTxvevaSi maTi ugulebelyofa ar SeiZleba. mag., 

mokle xis koWis rRveva ganivi Runvisas SeiZleba moxdes  ara Camagrebis 

ganivkveTSi, aramed gaxleCisagan, grZiv kveTze neitralur SresTan axlos. 

rRvevas am doneze gamoiwvevsgrZiv kveTSi aRZruli 𝜏𝑚𝑎𝑥  Zabvebi, romlebic 

ganivkveTSi aRZruli 𝜏𝑚𝑎𝑥 Zabvebis wyvili Zabvebia. 

 

7.13. mTavari Zabvaganivi Runvisas 

 

koWidanamovkveToT raime wertilis maxloblobaSielementa-

ruli  𝐴𝐵𝐶𝐷 paralelepipedi (nax. 102,a). misi gverdiTi 𝐴𝐵  da 𝐶𝐷  kideebi 

mdebareobs koWis ga- 

nivkveTebSi, xolo 

𝐵𝐶  da  𝐴𝐷  kideebi 

paraleluria neit-

raluri Sris. para- 

lelepipedis simaR- 

le (naxazis marTobi 

mimarTulebiT) koWis 

siganis tolia. paralelepipedis waxnagebSi aRZruli Zabvebi naCvenebia 102,b 

naxazze.  𝐴𝐵 da 𝐶𝐷 waxnagebze moqmedebs normaluri 𝜎 da mxebi 𝜏 Zabvebi;𝐵𝐶 

da  𝐴𝐷  waxnagebze - marto mxebi  𝜏  Zabvebi. am Zabvebis mimarTulebebi 

Seesabameba SemTxvevas, rodesac koWis ganivkveTebSi moqmedebs dadebiTi 

𝑀(𝑧)mRunavi momenti da 𝑄(𝑧) ganivi Zala.  

paralelepipedis wina da ukana waxnagebi emTxveva koWis gverdiT zeda-

pirebs, romlebic datvirTvisagan Tavisufalia, amitom am waxnagebze Zabvebi 

tolia nulis. maSasadame, paralelepipedi brtyeli daZabuli mdgomareobis 

pirobebSia. 

visargebloT am mdgomareobisaTvis miRebuli  mTavari Zabvebisa da 

udidesi mxebi Zabvebis formulebiT, 

𝜎1,3 =
1

2
[(𝜎𝜑 + 𝜎𝜓 ) ±√(𝜎𝜑 − 𝜎𝜓 )

2
+ 4𝜏𝜑2], 

𝜏𝑚𝑎𝑥 =
𝜎1 − 𝜎3
2

𝑠𝑖𝑛2𝜑 = √(𝜎𝜑 − 𝜎𝜓 )
2
+ 4𝜏𝜑2. 

ℎ 

nax. 101 

𝑙 

𝑥 

 

𝑦 

 

𝑏 

𝑂 

𝐹 

𝐴 

𝐵 𝐶 

𝐷 a) b) 

nax. 102 

𝑧 

𝐴 

𝜏 

𝜏 

𝜏 

𝜏 𝜎 𝜎 

𝐵 𝐶 

𝐷 

𝑑𝑧 
𝑑𝑦 
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Tu am formulebSi SevitanT 𝜎𝜑 = 𝜎, 𝜎𝜓 = 0  da 𝜏𝜑 = 𝜏  mniSvnelobebs, mivi- 

RebT: 

𝜎1,3 =
1

2
(𝜎 ± √𝜎2 + 4𝜏2) ; 

𝜏𝑚𝑎𝑥 =
1

2
√𝜎2 + 4𝜏2. 

aq, 𝜎  da  𝜏  normaluri da mxebiZabvebia gansaxilvel wertilSi, romlebic 

moqmedebs koWis ganivkveTis Tanxvedr kveTSi, da ganisazRvreba 𝜎 =
𝑀(𝑧)

𝑊𝑥
 da 

𝜏 =
𝑄(𝑧)𝑆𝑥

∗

𝐼𝑥𝑏
 formulebiT. 

mTavari kveTis daxris kuTxe ganisazRvreba formuliT:𝑡𝑔2𝜑 =
2𝜏

𝜎
 .  

radganac ganvixilavT Sebrunebul amocanas, kuTxis niSnis dadgenis wesi 

Sebrunebulia;dadebiTad miCneulia saaTis isris moZraobis mimarTuleba. 

ganivkveTis neitraluri RerZidan yvelaze daSorebul wertilebSi 

mxebi 𝜏 Zabvebi nulis tolia, xolo normaluri  𝜎 Zabvebi 𝑎 wertilSi to-

lia −
𝑀(𝑧)

𝑊𝑥
da𝑎′  wertilSi 

𝑀(𝑧)

𝑊𝑥
(nax. 103,a). maSasadame, TiToeuli am wertili-

saTvis  erTi mTavari kveTi emTxveva ganivkveTs, xolo ori danarCeni mis-

dami perpendikularulebia( 𝜎 = 0) . 𝑎  da 𝑎′ wertilebSi gvaqvs erTRerZa 

daZabuli mdgomareoba.103,a naxazze naCvenebiaam wertilebisgarSemo agebu-

lielementaruli paralelepipedebi, romelTa gverdiTi waxnagebi parale-

luria ori mTavari kveTis (vertikaluris da horizontaluris); mesame mTa-

vari kveTi paraleluria naxazis sibrtyis. eqstremaluri mxebi Zabvebi 𝑎 d 

𝑎′ wertilebSi ganisazRvreba formulebiT: 

𝜏max
min

= ±
𝜎1 − 𝜎3
2

= ±
𝜎

2
= ±

𝑀(𝑧)

2𝑊𝑥
. 

ganivkveTis wertilebSi, romlebic ganlagebulia neitralur RerZze 

(wertili 𝑏 103,a naxazze),  normaluri  𝜎  Zabva tolia nulis, xolo mxebi 

Zabva 𝜏 =
3

2

𝑄

𝐴
 . am wertilebSi gvaqvs daZabuli mdgomareoba, romelic sufTa 

Zvraswarmoadgens eqstremaluri mTavari ZabvebiT𝜏max
min

= ±𝜏 = ±
3

2

𝑄

𝐴
. 

ganivkveTis sxva wertilebSi 𝜎 da  𝜏 Zabvebi gansxvavdeba nulisgan. nei-

traluri RerZidan sxvadasxva manZilebze
𝜏

𝜎
fardoba sxvadasxvaa da amitom, 

sxvadasxvaa mTavari kveTebis daxris kuTxeebic.am wertilebidan TiToeulSi 

45° 3

2

𝑄

𝐴
 

𝑀(𝑧)

𝑊𝑥
 

𝑀(𝑧)

𝑊𝑥
 

𝑎 

𝑎′ 

a) 

𝑏 

nax.103 

− 

+ 

+ 

− 

− 

+ 

𝑀(𝑧)

𝑊𝑥
 

𝑀(𝑧)

𝑊𝑥
 

𝑀(𝑧)

2𝑊𝑥
 

𝑀(𝑧)

2𝑊𝑥
 

𝑀(𝑧)

𝑊𝑥
 

𝑀(𝑧)

𝑊𝑥
 

𝑀(𝑧)

2𝑊𝑥
 

𝑀(𝑧)

2𝑊𝑥
 

3

2

𝑄

𝐴
 

3

2

𝑄

𝐴
 

3

2

𝑄

𝐴
 

3

2

𝑄

𝐴
 

3

2

𝑄

𝐴
 

𝜎 𝜏 𝜎1 𝜎3 𝜏𝑚𝑎𝑥 𝜏𝑚𝑖𝑛 

b) 
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nulisagan gansxvavebul mTavar Zabvebs aqvserTmaneTis sapi- rispiro 

niSnebi, anu daZabuli mdgomareoba warmoadgens erTdroul gaWim- vas da 

kumSvas ori urTierTperpendikularuli mimarTulebiT.  

mas Semdeg, rac ganisazRvreba erT ganivkveTSineitraluri RerZidan 

sxvadasxva manZilebzemdebare rig wertilebSi mTavari 𝜎1  da 𝜎3 Zabvebi, 

SeiZlebaam sidideebiT aigos mTavari Zabvebis epiurebic. es epiurebi axasi-

aTebs mTavari Zabvebis cvlilebas koWis simaRleze. 

analogiurad, SeiZleba gamoiTvalos eqstremaluri 𝜏max
min

mxebi Zabvebis 

mniSvnelobebi da aigos maTi epiurebi.103,b naxazze koWis marTkuTxa ganiv-

kveTisaTvis, romelSic moqmedebs dadebiTi 𝑀(𝑧) mRunavi momenti da  𝑄(𝑧) 

ganivi Zala, naCvenebia epiurebi  𝜎  da  𝜏  Zabvebisa, romlebic warmoiSoba 

ganivkveTebis Tanxvedr kveTebSi, agreTve mTavari 𝜎1 da 𝜎3 Zabvebisepiurebi 

da eqstremaluri 𝜏max
min

 Zabvebis epiurebi. 

koWis romelime wertilisaTvis ganvsazRvroT mTavari ZabvebidanerTi 

romelime Zabvis mimarTuleba, da Semdeg am mimarTulebaze aviRoT meore 

wertili, romelic sakmaod axlosaa pirvelTan. mas Semdeg, rac vipoviT 

meore wertilisaTvis  mTavari Zabvis mimarTulebas, analogiuri xerxiT 

movniSnoTmesame wertili da a.S. am xerxiT napovni wertilebis SeerTebiT 

miviRebT mTavari Zabvebis e.w. traeqtorias. yovel wertilze gadis erTma-

neTisadmi marTobi ori aseTi traeqtoria:erTi maTgani warmoadgens mTavari 

gamWimavi Zabvebis traeqtorias, xolo meore - mTavari mkumSavi Zabvis 

traeqtorias. mTavari gamWimaviZabvebis traeqtoriebi qmnis mrudeTa erT 

ojaxs, xolomTavari mkumSavi Zabvebis 

traeqtoriebi - meores. traeqto-

riisadmi nebismier wertilSi 

gavlebuli mxebi iZleva Sesabamisi 

mTavari Zabvis mimarTulebas am wer-

tilSi. 

104-e naxazzenaCvenebia nebismieri 

koWis fasadis nawili, masze 

datanili mTavari Zabvebis mimarTulebebiT.yvela maTgani kveTs koWis RerZs 

±45° -iT da koWis zeda an qveda kideebTanqmnis 0°  an 90°  kuTxeebs; es 

Seesabameba mTavari kveTebis (damTavari Zabvebis) mimarTulebas, romlebic 

naCvenebi iyo 103,a naxazze.  

105-e naxazze naCvenebia gamWi- 

mi mTavari 𝜎1  Zabvis traeqtoriis 

mimarTulebiT,armaturiT 

gaZlierebuli koWi (betoni 

gaWimvaze gacilebiT uaresad mu-

Saobs, vidre kumSvaze). 

 

7.14. simtkicis sruli 

Semowmeba 

nax. 104 

𝑥 

𝑞 

nax. 105 
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vinaidan gansaxilveli elementi (nax. 102,b) imyofeba rTuli daZabuli 

mdgomareobis pirobebSi, misi simtkicis Sesamowmeblad unda visargebloT 

simtkicis TeoriebiT.cnobili mTavari 𝜎1  da 𝜎3  Zabvebis mniSvnelobebiT 

SegviZlia miviRoT saangariSo pirobebi, simtkicis yvela Teoriis mixedviT.  

1. simtkicis pirveli – udidesi normaluri Zabvebis Teoriis mixedviT, 

gveqneba: 

𝜎1 ≤ [𝜎]  an  𝜎𝑟1 =
1

2
(𝜎 + √𝜎2 + 4𝜏2) ≤ [𝜎] . 

2. simtkicis meore – udidesi deformaciebis Teoriis mixedviT, gvqonda 

𝜎1 − 𝜇(𝜎2 + 𝜎3) ≤ [𝜎] . 

Tu am gamosaxulebaSi SevitanT mTavari 𝜎1  da 𝜎3  Zabvebis mniSvnelobebs 

(𝜎2 = 0) da davuSvebT, rom 𝜇 ≈ 0.3, miviRebT: 

𝜎𝑟2 = 0.35𝜎 + 0.65√𝜎
2 + 4𝜏2 ≤ [𝜎] . 

3. mesame – udidesi mxebi Zabvebis Teoriis mixedviT, 

𝜎1 − 𝜎3 ≤ [𝜎] . 

aq, mTavari 𝜎1 da 𝜎3 Zabvebis mniSvnelobebis Setanis Semdeg, miviRebT: 

𝜎𝑟3 = √𝜎2 + 4𝜏2 ≤ [𝜎] . 

4. simtkicis meoTxe – energetikuli Teoriis mixedviT: 

√𝜎1
2 + 𝜎2

2 + 𝜎3
2 − 𝜎1𝜎2 − 𝜎2𝜎3 − 𝜎3𝜎1 ≤ [𝜎] , 

romelSic mTavari 𝜎1 da 𝜎3 Zabvebis mniSvnelobebis (𝜎2 = 0) Setanis Semdeg, 

miviRebT: 

𝜎𝑟3 = √𝜎2 + 3𝜏2 ≤ [𝜎] . 

rogorc Zabvebis epiurebidan Cans (nax. 103,b), normaluri 𝜎 Zabva maqsi- 

malur mniSvnelobas iZens koWis qveda kideze 𝜎 = 𝜎1 =
𝑀(𝑧)

𝑊𝑥
da minimalur mni- 

Svnelobas - zeda kideze 𝜎 = 𝜎3 = −
𝑀(𝑧)

𝑊𝑥
. simtkicis pirobebSi maTi mniSvnelo- 

bebiaiReba saxifaTo ganivikveTisaTvis  𝜎1 =
𝑀𝑚𝑎𝑥

𝑊𝑥
 da 𝜎3 = −

𝑀𝑚𝑎𝑥

𝑊𝑥
.  

garda am wertilebisa,simtkice unda Semowmdes im savaraudo sxva ad- 

gilebSic, sadac saangariSo 𝜎𝑟 Zabvas, romelic damokidebulia 𝜎 da 𝜏  Zab-

vebze,eqneba udidesi mniSvneloba. unda moisinjosiseTi wertilebi, sa- dac 

𝜎  da 𝜏   Zabvebical-calke ar aRwevsmaqsimalurmniSvnelobebs,magram 

erTdroulad iZleva udides saangariSo 𝜎𝑟 Zabvas. es mosalodnelia: 

1. rodesac𝑀(𝑧) mRunavi momenti da 𝑄(𝑧) ganivi Zala udides mniSvnelo- 

bebs aRwevs erTsa da imave ganivkveTSi(mag., konsolebSi – savaraudod, say- 

rden kveTSi). 

2. ortesebri profilis gadasvlis wertilSi (kedlisa da Taros Seer- 

Tebis wertilSi (nax. 103a,b)), vinaidanMrogorc normaluri 𝜎, ise mxebi 𝜏(nax. 

99) ZabvasididiT sakmaod didia.am SemTxvevaSi,simtkicis Teoriebiga-

moiyenebamag., kedlis sisqis dazustebis mizniT. 
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Tu aRniSnul SemTxvevebTan ara gvaqvs saqme, unda SevarCioT ramdenime 

sxva savaraudo wertili, romlebSic mosalodnelia saangariSo 𝜎𝑟  Zabvis 

udidesi mniSvnelobebi. 

 

7.15. cvladkveTiani koWebis gaangariSeba. tolwinaRobis koWi 

rogorc  cnobilia, Runvis SemTxvevaSi simtkicis pirobas aqvs saxe: 

𝜎𝑚𝑎𝑥 =
𝑀𝑚𝑎𝑥

𝑊𝑥
≤ [𝜎] . 

am pirobis gamoyenebiT dadgenili koWis ganivkveTis zomebi gamarTle- 

bulia iq, sadac moqmedebs udidesi𝑀𝑚𝑎𝑥 mRunavi momenti. rac Seexeba danar- 

Cen ganivkveTebs, sadac moqmedebs udidesze naklebi 𝑀(𝑧)mRunavi momentebi, 

zemoT moyvanili piroba masalis zedmet xarjs iZleva. 

koWis Semsubuqebis da masalis ekonomiis mizniT, agreTve saWiroebis 

SemTxvevaSi, koWisaTvis didi moqnilobis misaniWeblad agegmareben cvlad- 

ganivkveTian koWebs. amis magaliTia e.w. tolwinaRobis koWi, romlis 

nebismier ganivkveTSi aRZruli udidesi 

𝜎𝑚𝑎𝑥 normaluri Zabvebi Tanatolia da tolia 

dasaSvebi [𝜎] Zabvisa. 

tolwinaRobis koWis formis dasadgenad 

SegviZlia gamoviyenoT ori piroba: 

𝑀(𝑧)

𝑊(𝑧)
=
𝑀𝑚𝑎𝑥

𝑊0
;                     (1)   

 

𝑀𝑚𝑎𝑥

𝑊0
= [𝜎] ,                        (2) 

 

sadac 𝑀(𝑧) aris cvladi mRunavi momenti, 𝑀𝑚𝑎𝑥 

udidesi mRunavi momenti, 𝑊(𝑧)  ganivkveTis 

cvladi winaRobis momenti, 𝑊0- udidesi winaRo-

bis momenti. 

koWis ganivkveTis winaRobis  𝑊(𝑧)   momenti SeiZleba icvlebodes 

rogorc ganivkveTis siganis da simaRlis erTdrouli, ise erT-erTi maTgan-

is cvlilebis gamo. 

aviRoT konsoli, romelic datvirTulia Tavisufal boloze 𝐹 Seyur-

suli ZaliT (nax. 106, a) da davadginoT siganis cvlilebis kanoni. gansa-

xilvel SemTxvevaSi gvaqvs: 

𝑀(𝑧) =  −𝐹𝑧 ;𝑀𝑚𝑎𝑥 = −𝐹𝑙 ; 

𝑊(𝑧) =
𝑏(𝑥)ℎ2

6
 ;𝑊0 =

𝑏0ℎ
2

6
 . 

𝑏(𝑧) ganivkveTis cvladi siganea;𝑏0 - udidesi sigane. 

Tu visargeblebT (1) tolobiT, davwerT 

6𝐹𝑧

𝑏(𝑧)ℎ2
=
6𝐹𝑙

𝑏0ℎ2
 , 

nax. 106 

ℎ 

𝑏(𝑧) 

𝑧 

𝐹 

𝑏𝑚𝑖𝑛 
𝑏0 

𝑙 



112 

 

saidanac 𝑏(𝑧) = 𝑏0
𝑧

𝑙 
 . udidesi 𝑏0 sigane ganvsazRvroT (2) tolobis mixedviT 

6𝐹𝑙

𝑏0ℎ2
= [𝜎 ] , 

saidanac 

𝑏0 =
6𝐹𝑙

ℎ2[𝜎]
 . 

rogorc Cans, koWs gegmaSi eqneba samkuTxedis forma. konsolis Tavisu- 

fal boloze, sadac 𝑧 = 0, koWis ganivkveTis farTobi nulze dadis. es, nor- 

maluri 𝜎  Zabvebis mixedviT,gamarTlebulia simtkicis pirobis Tvalsazri- 

siT, magram mxedvelobidan ar unda gamogvrCes simtkice mxebi 𝜏  Zabvebis 

mimarT (simtkice axleCaze). marTkuTxa ganivkveTisaTvis gvqonda: 

𝜏𝑚𝑎𝑥 =
3

2

𝑄

𝐴
≤ [𝜏] . gansaxilvel SemTxvevaSi, 𝑄 = 𝐹  da A  𝐴 = 𝑏𝑚𝑖𝑛ℎ . (3)-Si am 

mniSvnelobaTa Setanis Semdeg ganvsazRvravT koWis ganivkveTis aucilebel 

minimalur siganes: 

𝑏𝑚𝑖𝑛 =
3

2

𝐹

ℎ[𝜏]
  . 

aseTi siganis ganivkveTi koWs Tavisufali bolodan Camagrebisaken mih- yveba 

manam, sanam samkuTxedis fuZis paralelurad gavlebuli 𝑏0FmonakveTi mis 

gverdebs wvdeba (nax. 106,b). 

 

7.16. Runvis centris cneba. arasimetriuli profilis ganivi Runva 

iseve rogorc ortesebris,Sveleris ganivkveTebSic warmoiqmneba 

Semdegi mxebi Zabvebi (nax. 107,a): 

a) mxebi  𝜏𝑥 Zabvebi, romlebic moqmedebs TaroebSi da mimarTulia hori- 

zontalurad:  

𝜏𝑥 =
𝑄𝑆∗

𝐼𝛿
, 

sadac  𝑆∗ = 𝑢𝛿 ∙
ℎ

2
. aq, 𝑢  aris Taros kididan saZiebel wertilamde manZili. 

mTliani TarosaTvis 𝑆∗ = 𝛿𝑏 ∙
ℎ

2
.  
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amrigad, rodesac 𝑢 = 𝑏 anu Taros wertilSi, romelic kedlis gaswvriv 

mdebareobs (nax. 107,a), gveqneba: 

 

𝜏𝑚𝑎𝑥 =
𝑄𝑏𝛿

ℎ

2

𝐼𝛿
=
𝑄ℎ𝑏

2𝐼
. 

elementaruli 𝜏𝑥𝑑𝐴 Zalebis 𝑇1 da 𝑇2 tolqmedebi tolia: 

𝑇1 = 𝑇2 =
1

2
𝜏𝑚𝑎𝑥𝑏𝛿 =

1

2

𝑄ℎ𝑏

2𝐼
𝑏𝛿 =

𝑄ℎ𝑏2

4𝐼
𝛿. 

maTi mimarTulebebi naCvenebia imave naxazze. 

𝑄ℎ𝑏

2𝐼
 𝜏𝑥 

𝑄ℎ𝑏

2𝐼
 

𝑎1 

𝜏𝑥 

𝑧 

𝑢 

𝛿 

𝜏𝑥 

ℎ 

𝜏𝑦 

𝑦 
𝑥 

𝑂 

𝜏𝑥 
𝑏 

𝛿1 

𝑄ℎ𝑏

2𝐼
 𝜏𝑥 

𝜏𝑦 ℎ
/2

 
ℎ
/2

 

𝑎 =
𝑏2ℎ2

4𝐼
δ 

𝑇1 =
𝑄ℎ𝑏2

4𝐼
δ 

𝑇3 = 𝑄 

𝑇1 =
𝑄ℎ𝑏2

4𝐼
δ 

𝐾 

a) b) 

𝑐 =
𝑏2ℎ2

4𝐼
δ+ 𝑎1 −

δ1

2
 

𝑦 

𝑥 

𝑄ℎ𝑏

2𝐼
 

𝜏𝑥 

𝑏 

𝑦 

𝑂 

ℎ 

𝛿1 

𝑥 

g) 

𝛿 
𝜏𝑦 

nax. 107 
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b)mxebi 𝜏𝑦  Zabvebi, romlebic moqmedebs kedelSi da mimarTuliaqveviT. 

elementaruli 𝜏𝑦𝑑𝐴 Zalebis 𝑇3 tolqmedi aRZruli kedelSi tolia 𝑄ganivi 

Zalis da misi moqmedebis xazi gadis kedlis SuaSi(nax. 107,b). 

Txelkedliani kveTebis sqematurad gamosaxvisas (mag., Sveleris tipis) 

avleben profilis elementebis mxolod RerZul xazebs da ageben mxebi  𝜏𝑥 

da 𝜏𝑦 Zabvebis epiuras am xazebis gaswvriv (nax. 107,g). 

𝑇1  da 𝑇2  qmnian wyvilZalas, momentiT 𝑇1ℎ.  es momenti da 𝑇3 = 𝑄  Zala 

SegviZlia SevcvaloT tolqmediT, romelic isev tolia 𝑄  Zalisa, oRond 

gadanacvlebulia sxva wertilSi. misi moqmedebis xazi kveTs 𝑥  RerZs 

nebismier 𝐾  wertilSi, romlis mimarTmomentebis jaminulis toli unda 

iyos: 

∑𝑀𝑘 =𝑇1ℎ − 𝑇3𝑎 = 0. 

am gantolebaSi 𝑎  –iT aRniSnulia manZili Sveleris kedlis Suidan 𝐾  

wertilamde (nax.107 b), 

𝑎 =
𝑇1ℎ

𝑇3
=

𝑄ℎ𝑏2𝛿

4𝐼
ℎ

𝑄
=
ℎ2𝑏2𝛿

4𝐼
. 

𝐾 wertils ewodeba Runvis centri.imisaTvis, rom koWi ganivi Runvis 

pirobebSi imyofebodes, gare Zalebi ar unda qmnides moments RunvaTa cen-

trebis mimarT. Tu isini aseT moments qmnian, maSin koWi, garda Runvisa gan-

icdis grexasac. 

108-e naxazze naCvenebia konsoluri gaglinuli koWebi Svelerebisagan. 

pirveli maTgani (108,a) Tavisufal boloze datvirTulia vertikaluri 𝐹 Za- 

liT, romelic gadis Runvis centrebze da ar qmnis moments mis mimarT. am 

SemTxvevaSi, koWi ganicdis pirdapir ganivRunvas. 

meore koWi (nax. 108,b) datvirTulia Tavisufal boloze vertikaluri 𝐹  

ZaliT, romelic gadis koWis 𝑧  RerZze. es Zala qmnis Runvis centrebis 

RerZis mimarT moments, romelic tolia 𝐹𝑐  . igi moqmedebs ganivi kveTis 

sibrtyeSi da mimarTulia saaTis isris moZraobis sawinaaRmdegod. mocemul 

SemTxveveaSi, koWi erTdroulad ganicdis pirdapir ganiv Runvas da grexas 

𝐹𝑐  momentiT. koWis ganivkveTebSi aRiZvreba normaluri da mxebi Zabvebi, 

gansazRvruli pirdapiri ganivi Runvisas, da mxebi Zabvebi mgrexi 𝐹𝑐 momen-

tisagan.       

mxebi Zabvebi grexisasEmiaxloebiT SegviZlia gamovTvaloT Ria profi-

lis Txelkedliani RerosaTvis miRebuli formuliT: 

𝜏𝑚𝑎𝑥 =
𝑀𝑧

𝑊𝑧
 , 

sadac 𝑊𝑧 =
𝐼𝜌

𝑏𝑚𝑎𝑥
 . aq, 𝑏𝑚𝑎𝑥- udidesi sisqis marTkuTxa elementis umcire-

si gverdis zomaa, xolo 𝐼𝑧 = ∑ 𝐼𝑧𝑖
𝑖=𝑛
𝑖=1 . am ukanasknelSi 𝐼𝜌𝑖 aris 𝐼𝑧-s mniSvnelo-

ba, yoveli elementisaTvis, romelic iangariSeba 𝐼𝑧 =
ℎ𝑏3

3
 formuliT.  udi-

desimxebi 𝜏𝑚𝑎𝑥 Zabvebi aRiZvreba im grZeli gverdis SuaSi, romelsac udi-



115 

 

desi sisqe aqvs. gaglinuli profilebisaTvis 𝐼𝑧_Tvis SemoaqvT Se-

masworebeli ko- 

ficienti, romelsac SvelerisaTvis aqvsmniSvneloba - 1.12. 

mesame koWi (nax. 108,g) datvirTulia Tavisufal bolosTan 𝐹 ZaliT, 

xolo I da II ubnis sazRvarze (𝐵wertili) - 0.5  𝐹  FZaliT. 𝐹 Zala RunvaTa 

centrebis RerZis mimarT qmnis mgrex moments 𝐹
𝑐

2
, romelic moqmedebs saaTis 

isris moZraobismimarTulebiT, xolo 0.5  𝐹 Zala - imave mniSvnelobis mgrex 

moments, oRondsaaTis isris moZraobis sawinaaRmdegod (nax. 108,d). I ubanze 

koWi erTdroulad ganicdis pirdapiri ganivi Runvisa  da grexis 

mdgomareobas; II ubani SegviZlia miaxloebiT miviCnioT, pirdapiri ganivi 

Runvis mdgomareobaSi myofad, radganacjamuri momenti  𝐹 da 0.5𝐹  Zalebisa-

gan Runvis centrebis RerZis mimarT tolia nulis. 

Tu koWis ganivkveTi simetriulia, maSin Runvis centri ganlagebulia 

simetriis RerZze. rodesac ganivkveTs ori simetriis RerZi aqvs, maSin Run- 

vis centri ganivkveTis simZimis centrs anu RerZebis gadakveTis wertils 

emTxveva. 

Runvis centrTa 

RerZi 

𝐹 

𝑥 

𝑦 

𝑐 

g) 

 

0.5𝐹 

I ubani 

𝐵 
II ubani 

nax. 108 

𝑧 
𝑐/2 

d) Runvis 

centri 𝑦 

0.5𝐹 

𝐹 

𝑐 𝑐/2 

𝑥 𝐾 

𝑧 

Runvis centrTa 

RerZi 

𝐹 

𝑥 

𝑦 

𝑐 

a) 

Runvis centrTa 

RerZi 

𝐹 

𝑥 

𝑧 

𝑦 

𝑐 

b) 
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advili dasadgenia Runvis centri Txelkedliani kveTisaTvis, romelic 

Sedgeba ramdenime iseTi marTkuTxedisagan, romlebic erT wertilSi ikve- 

Teba. mxebi 𝜏 Zabvebi TiToeul marTkuTxedSi mimarTulia grZeli gverdis 

paralelurad, xolo elementaruli mxebi  𝜏𝑑𝐴 Zalebistolqmedi Tanxvdeba 

marTkuTxedis RerZs; amitom ganivi 𝑄(𝑧) Zala, romelic maT saerTo 

tolqmeds warmoadgens, gadis maTi gadakveTis wertilze, rogorc 

Tavmoyril ZalTa sistemis tolqmedi. aqedan gamomdinare, gadakveTis 𝐾wer-

tili  Runvis centria.  

aseTi msjelobis safuZvelze miRebuli Runvis 𝐾 centrebi naCvenebia 

109-e naxazze. 

radgan Ria profilis Txelkedliani koWebi (Sveleris tipis), cudad 

ewinaaRmdegeba grexas, konstruqciis elementebad maTi gamoyenebisas, dat- 

virTva unda gadavceT Runvis centrs,raTagrexas adgili ar hqondes;kerZod, 

Svelerul koWs datvirTvas  gadavcemT masze miduRebuli mokle kuTxovan-

iT (nax. 108,a). 

 

 

kiTxvebi da pasuxebi 

1. romel sibrtyeSi moqmedi, ra mimarTulebis ra datvirTva iwvevs 

koWis ganiv Runvas? 

koWis ganivRunvas iwvevsdatvirTvebi, romelTa moqmedebis sibrtye ga-

dis koWis erT-erT mTavar sibrtyeze, am datvirTvebsaqvT koWis RerZis-

ganivi mimarTuleba; aseve- amave sibrtyeSi moqmedi Seyursul wyvilZalTa 

momentebi. 

2.ganivi Runvisas koWs rogor warmovidgenT da ra unda movuspoT mas, 

rom SeZlos Tavis Tavze datvirTvebis miReba?  

rogorc brtyel nakvTs, romelsac sibrtyeze Tavisuflebis sami 

xarisxi aqvs. masunda movuspoT Tavisuflebis samive xarisxi, rom gaxdes 

geometriulad ucvleli sistema da SeZlosTavis Tavze datvirTvebis miRe-

ba. 

3. ra saSualebiT xdeba koWi geometriulad ucvleli? 

sayrdenebis mowyobiT. 

nax. 109 

𝐾 

marTkuTxedebis 

RerZebi 

 

𝑥 

𝑦 

𝑂 

𝐾 

marTkuTxedebis 

RerZebi 

 

𝑦 

𝑥 𝑂 

𝐾 

𝑂 

𝑥 

𝑦 

marTkuTxedis 

RerZi 

3 

marTkuTxedis 

RerZi 

3 

a) b) g) 
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4. rogori tipis sayrdenebi gamoiyeneba ZiriTadad koWebSi da ramden 

bmas adebs TiToeuli maTgani mas? 

a) moZrav-saxsrovani; adebs erT bmas. 

b) uZrav-saxsrovani; adebs or bmas. 

g) xisti Camagreba; adebs sam bmas. 

5. koWebis ra saangariSo sqemebi dgeba koWze sami bmis dadebiT? 

a) erTi boloTi xistad Camagrebuli koWi, anu konsoli. 

b)or saxsrovan sayrdenze mdebare koWi. manZils sayrden wertilebs 

Soris koWis m a l i  ewodeba da aRiniSneba 𝑙 -iT. 

g) saxsrovan sayrdenebze mdebare (erTmaliani) konsolebiani koWi. 

6. koWze realurad moqmed, farTobze ganawilebul datvirTvas ra sax-

iT wamoadgenen? 

koWis gaangariSebisas miiCneven, rom datvirTva mxolod sigrZeze na- 

wildeba. datvirTvis 𝑞  intensivobis dasadgenad, farTobze Tanabrad 

ganawilebuli datvirTvis  𝑞0  intensivobas amravleben im zolis siganeze, 

romlidanac datvirTva Tavs iyris koWze. 

7. garda aqtiuri Zalebisa, koWs kidev ra Zalebs mosdeben? 

reaqciis Zalebs, romlebic gamoiTvlebian statikis gantolebebidan.  

8. ras ewodeba 𝑄𝑦ganivi Zala da 𝑀𝑥mRunavi momenti? 

𝑄𝑦ganivi Zala ewodeba Siga Zalas, romelic awonasworebs koWis dato- 

vebul nawilze modebuli Zalebis mTavar 𝑅  veqtors, xolo 𝑀𝑥 mRunavi mo- 

menti - Siga Zalebisagan Sedgenil moments, romelic  awonasworebs amave 

Zalebisagan Sedgenil 𝑀𝑂mTavar moments. 

9. ra diferencialuri damokidebuleba arsebobs ganawilebuli datvir- 

Tvis 𝑞(𝑧) intensivobas, 𝑄(𝑧)ganivZalasa da 𝑀(𝑧)mRunavmoments Soris? 

𝑑2𝑀(𝑧)

𝑑𝑧2
=
𝑑𝑄(𝑧)

𝑑𝑧
= −𝑞(𝑧) . 

10. ra saxe aqvs 𝑄(𝑧)ganivi Zalisa da 

𝑀(𝑧)mRunavi momentis epiurebs konsoli-

saTvis,rome- lic Tavisufal boloze datvir-

Tulia Seyursu- li 𝐹 ZaliT? 

0 ≤ 𝑧 ≤ 𝑙 

𝑄(𝑧) = −𝐹 ,(mudmivia) 

𝑀(𝑧) = −𝐹 ∙ 𝑧. (wrfea) 

roca𝑧 = 0, 𝑀(𝑧) = 0; 

roca𝑧 = 𝑙𝑀(𝑧) = −𝐹𝑙. 

 

11.ra saxe aqvs ganivi 𝑄(𝑧) Zalisa da mRuna-

vi 𝑀(𝑧)  momentis epiurebs, Tu konsoli mTels sigrZeze datvirTulia 

Tanabradganawilebuli datvirTviT,  𝑞 inten- sivobiT  

𝑧 

𝑙 

𝐹 

𝑜 𝑜 

𝑜 𝑜 

𝐹 

𝐹𝑙 

− 

− 

𝑄(𝑧) 

𝑀(𝑧) 
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0 ≤ 𝑧 ≤ 𝑙 

𝑄(𝑧) = −𝑞𝑧 ; (wrfea) 

rodesac 𝑧 = 0 , maSin  𝑄(𝑧) = 0 , 

rodesac 𝑧 = 𝑙 , maSin  𝑄(𝑧) = −𝑞𝑙 . 

𝑀(𝑧) = −𝑞𝑧
𝑧

2
= −

𝑞𝑧2

2
 . (parabolaa) 

rodesac 𝑧 = 0 , maSin  𝑀(𝑧) = 0 ; 

rodesac 𝑧 =
𝑙

2
 , maSin  𝑀(𝑧) = −

𝑞𝑙2

8
 ; 

rodesac 𝑧 = 𝑙 ,  maSin 

 𝑀(𝑧) = −
𝑞𝑙2

2
 . 

12.ra saxe aqvs 

𝑄(𝑧) ganivi Zalisa da 

𝑀(𝑧) mRunavi momentis 

epiurebs, Tu konsoli 

mTel sigrZeze datvirTulia samkuTxedis kanoniT 

ganawilebuli datvirTviT. 

0 ≤ 𝑧 ≤ 𝑙 

𝑄(𝑧) =
1

2
𝑞(𝑧) ∙ 𝑧 =

𝑞0𝑧
2

2𝑙
 ; 

rodesac 𝑧 = 0 , maSin  𝑄(𝑧) = 0 , 

rodesac 𝑧 =
𝑙

2
 , maSin  𝑄(𝑧) =

𝑞0𝑙

8
  , 

rodesac 𝑧 = 𝑙 , maSin  𝑄(𝑧) =
𝑞0𝑙

2
 . 

𝑀(𝑧) = −
1

2
𝑞(𝑧)𝑧

𝑧

3
= −

𝑞0𝑧
3

6𝑙
 . 

rodesac 𝑧 = 0 , maSin  𝑀(𝑧) = 0 ; 

rodesac 𝑧 =
𝑙

2
 , maSin  𝑀(𝑧) = −

𝑞0𝑙
2

48
 ; 

rodesac 𝑧 = 𝑙 , maSin  𝑀(𝑧) = −
𝑞0𝑙

2

6
 . 

12. ra saxe aqvs 𝑄(𝑧) ganivi Zalisa da 

𝑀(𝑧) mRunavi momentis epiurebs, Tuor 

sayrdenze mdebare koWi mTel sigrZeze 

datvirTulia Tanabrad ganawilebuli 𝑞 

datvirTviT 

∑𝑀𝐵 =−𝑅𝐴𝑙 + 𝑞𝑙
𝑙

2
= 0 , saidanac 𝑅𝐴 =

𝑞𝑙

2 
 ; 

∑𝑀𝐴 =𝑅𝐵𝑙 − 𝑞𝑙
𝑙

2
= 0 , saidanac  𝑅𝐵 =

𝑞𝑙

2 
. 

vamowmebT; ∑𝑌 = 𝑅𝐴 + 𝑅𝐵 − 𝑞𝑙 = 0 ; 0 = 0 , 

0 ≤ 𝑧 ≤ 𝑙 

𝑄(𝑧) = 𝑅𝐴 − 𝑞𝑧 =
𝑞𝑙

2
−  𝑞𝑧;(wrfea) 

𝑄(𝑧) 

𝑀(𝑧) 

 

𝑧 

 
𝑙 

𝑞 

− 

− 
0 

 

𝑞𝑙 

0 

0 0 

𝑞𝑙2

2
 

 

𝑞𝑙2

8
 

𝑧 

𝑅𝐴 𝑅𝐵 

𝐴 𝐵 

𝑙 

 

0 
𝑞𝑙

2
 

 

𝑄(𝑧) 

𝑀(𝑧) 

𝑞 

0 

0 0 

− 

+ 

+ 

𝑞𝑙

2
 

 

3𝑞𝑙2

32
 3𝑞𝑙2

32
 𝑞𝑙2

8
 

− 

+ 

0 

0 0 

0 

𝑄(𝑧) 

𝑀(𝑧) 

𝑞0𝑙

8
 

𝑞0𝑙
2

6
 𝑞0𝑙

2

48
 

𝑙 

𝑧 

𝑞(𝑧) 
𝑞0 

 

𝑞0𝑙

2
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rodesac 𝑧 = 0 , maSin  𝑄(𝑧) =
𝑞𝑙

2
= 𝑅𝐴, 

rodesac 𝑧 = 𝑙 , maSin  𝑄(𝑧) =
𝑞𝑙

2
− 𝑞𝑙 = −

𝑞𝑙

2
= 𝑅𝐵 . 

𝑀(𝑧) = 𝑅𝐴𝑧 − 𝑞𝑧
𝑧

2
=

𝑞𝑙

2
𝑧 −

𝑞𝑧2

2
 . (parabolaa) 

rodesac 𝑧 = 0 , maSin  𝑀(𝑧) = 0 ; 

rodesac 𝑧 =
𝑙

4
 , maSin  𝑀(𝑧) =

𝑞𝑙

2

𝑙

4
−
𝑞(

𝑙

4
)
2

2
=

𝑞𝑙2

8
−
𝑞𝑙2

32
=

3𝑞𝑙2

32
; 

rodesac 𝑧 =
𝑙

2
 , maSin  𝑀(𝑧) =

𝑞𝑙

2

𝑙

2
−
𝑞𝑙2

2
−
𝑞𝑙2

8
= 

𝑞𝑙2

8
; 

rodesac 𝑧 =
3

4
𝑙 , maSin  𝑀(𝑧) =

𝑞𝑙

2

3

4
𝑙 −

𝑞(
3

4
𝑙)
2

2
=

3𝑞𝑙2

8
−
9𝑞𝑙2

32
=

3𝑞𝑙2

32
; 

rodesac 𝑧 = 𝑙 , maSin  𝑀(𝑧) =
𝑞𝑙

2
𝑙 −

𝑞𝑙2

2
= 0 . 

12. ra saxe aqvs ganivi 𝑄(𝑧) Zalisa da mRuna- vi 𝑀(𝑧) momentis epiurebs, Tu 

or sayrdenze mdebare koWi mTel sigrZeze datvirTulia samkuTxedis wesiT 

ganawilebuli 𝑞 datvir- TviT 𝑞 

∑𝑀𝐵 =−𝑅𝐴𝑙 +
1

2
𝑞0𝑙

𝑙

3
= 0 , saidanac  𝑅𝐴 =

𝑞0𝑙

6 
 ; 

∑𝑀𝐴 =𝑅𝐵𝑙 −
1

2
𝑞0𝑙

2

3
𝑙 = 0 , saidanac  𝑅𝐵 =

𝑞0𝑙

3 
 . 

vamowmebT; ∑𝑌 = 𝑅𝐴 + 𝑅𝐵 −
1

2
𝑞0𝑙 = 0 ;  

𝑞0𝑙

6 
+
𝑞0𝑙

3 
−
1

2
𝑞0𝑙0 = 0. 

0 ≤ 𝑧 ≤ 𝑙 

𝑄(𝑧) = 𝑅𝐴 −
1

2
𝑞(𝑧)𝑧 =

𝑞0𝑙

6 
− 

𝑞0𝑧
2

2𝑙
;(parabolaa)  

rodesac 𝑧 = 0 , maSin  𝑄(𝑧) =
𝑞0𝑙

6 
= 𝑅𝐴 , 

rodesac 𝑧 =
𝑙

2
 ,  maSin  𝑄(𝑧) =

𝑞0𝑙

6
−
𝑞0(

𝑙

2
)
2

2𝑙
=

𝑞0𝑙

6
−

𝑞0𝑙
2

8𝑙
=

𝑞0𝑙

24
 , 

rodesac 𝑧 = 𝑙 ,  maSin  𝑄(𝑧) =
𝑞0𝑙

6 
− 

𝑞0𝑙
2

2𝑙
= −

𝑞0𝑙

3 
=

−𝑅𝐵 . 

𝑀(𝑧) = 𝑅𝐴𝑧 −
1

2
𝑞(𝑧)𝑧

𝑧

3
=
𝑞0𝑙

6 
𝑧 −

𝑞0𝑧
3

6𝑙
 . 

(kuburi parabolaa) 

rodesac 𝑧 = 0 , maSin  𝑀(𝑧) = 0 ; 

rodesac 𝑧 =
𝑙

2
 , maSin  𝑀(𝑧) =

𝑞0𝑙

6 

𝑙

2
−
𝑞0(

𝑙

2
)
3

6𝑙
=

𝑞0𝑙
2

12
− 

𝑞0𝑙
2

48
=

𝑞0𝑙
2

16
; 

rodesac 𝑧 = 𝑙 , maSin  𝑀(𝑧) =
𝑞0𝑙

6
𝑙 −

𝑞0𝑙
3

6𝑙
= 0 . 

im ganivkveTis mosaZebnad, romel- Sic moqmedebs udidesi 𝑀𝑚𝑎𝑥 mRunavi 

momenti,misi  𝑀(𝑧) =
𝑞0𝑙

6 
𝑧 −

𝑞0𝑧
3

6𝑙
 gamosa- xuleba unda gamovikvlioT eqstremum- 

ze:   
𝑑𝑀(𝑧)

𝑑𝑧
=

𝑞0𝑙

6 
− 3

𝑞0𝑧0
2

6𝑙
= 0 ,    saidanac 𝑧0 =

𝑙

√3
≈ 0.577𝑙 , 

𝑞0 

𝑧 

𝑅𝐴 
𝑅𝐵 

𝐴 𝐵 

𝑙 

 

0 

𝑞0𝑙

3
 

 

𝑄(𝑧) 

𝑀(𝑧) 

𝑞(𝑧) 

0 

0 0 

− 

+ 

+ 

𝑞0𝑙

24
 

 

𝑙/3 

𝑞0𝑙
2

15.58
 

𝑞0𝑙

6
 

 

𝑞0𝑙
2

16
 

𝑞0𝑙

2
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e.i. 𝑀𝑚𝑎𝑥 =
𝑞0𝑙

6 

𝑙

√3
−
𝑞0

6𝑙
(
𝑙

√3
)
3

=
𝑞0𝑙

2

6√3
−

𝑞0𝑙
2

18√3
=

𝑞0𝑙
2

9√3
≈

𝑞0𝑙
2

15.58
 . 

 

13. ra saxe aqvs 𝑄(𝑧) ganivi Zalisa da 

𝑀(𝑧) mRunavi momentis epiurebs, Tu or 

sayrdenze mdebare koWi  𝑎  da 𝑏  manZilebiT 

daxasiaTebul 𝐶  ganivkveTSi datvirTulia 

Seyursuli 𝐹 ZaliT. 

∑𝑀𝐵 =−𝑅𝐴𝑙 + 𝐹𝑏 = 0 , saidanac  𝑅𝐴 =
𝐹𝑏

𝑙
 ; 

∑𝑀𝐴 =𝑅𝐵𝑙 − 𝐹𝑎 = 0 , saidanac  𝑅𝐵 =
𝐹𝑎

𝑙 
 . 

vamowmebT; ∑𝑌 = 𝑅𝐴 + 𝑅𝐵 − 𝐹 = 0 ;  

𝐹𝑏

𝑙
+
𝐹𝑎

𝑙 
– 𝐹 = 0 ;

𝐹

𝑙
(𝑎 + 𝑏) − 𝐹 = 0 ; 0 = 0 , 

I ubani: 0 ≤ 𝑧1 ≤ 𝑎 

𝑄(𝑧1) = 𝑅𝐴 =
𝐹𝑏

𝑙
 ; (mudmivia) 

𝑀(𝑧1) = 𝑅𝐴𝑧1; (wrfea) 

rodesac 𝑧1 = 0 , maSin  𝑀(𝑧1) = 0 ; 

rodesac 𝑧1 = 𝑎 , maSin  𝑀(𝑧1) =
𝐹𝑏

𝑙
 𝑎 . 

II ubani 0 ≤ 𝑧2 ≤ 𝑏 

𝑄(𝑧2) = −𝑅𝐵 = −
𝐹𝑎

𝑙
 ; (mudmivia) 

𝑀(𝑧2) = 𝑅𝐵𝑧2;  (wrfea) 

rodesac 𝑧2 = 0 , maSin  𝑀(𝑧2) = 0 ; 

rodesac 𝑧2 = 𝑎 , maSin  𝑀(𝑧2) =
𝐹𝑎

𝑙
 𝑏 . 

kerZo SemTxvevaSi, rodesac  𝑎 = 𝑏 =
𝑙

2
,  

gveqneba 𝐴 = 𝐵 =
𝐹

2
. gaangariSebis gareSe mog-

vyavs 𝑄(𝑧)ganivi Zalisa da 𝑀(𝑧)mRunavi momentis 

epiurebi 

14. ra saxe aqvs 𝑄(𝑧)ganivi Zalisa da 𝑀(𝑧)mRuna-

vi momentis epiurebs, Tu or sayrdenze mdebare 

koWi 𝑎  da 𝑏  manZilebiT daxasiaTebul ganiv-

kveTSi datvirTulia Seyursuli wyvilZaliT, 

romlis momentia 𝑀. 

∑𝑀𝐵 =−𝑅𝐴𝑙 + 𝑀 = 0 , saidanac  𝑅𝐴 =
𝑀

𝑙
 ; 

∑𝑀𝐴 =𝑅𝐵𝑙 + 𝑀 = 0 , saidanac  𝑅𝐵 = −
𝑀

𝑙 
 . 

vamowmebT; ∑𝑌 = 𝑅𝐴 + 𝑅𝐵 = 0 ;  
𝑀

𝑙
−
𝑀

𝑙 
= 0 ; 0 = 0 , 

 

I ubani: 0 ≤ 𝑧1 ≤ 𝑎 

 

𝑅𝐵 

𝑧1 

𝑅𝐴 

𝐴 

𝑙 

𝑎 𝑏 

𝐹 

𝑧2 
𝐶 

𝑄(𝑧) 

0 

𝐹𝑎𝑏

𝑙
 

𝐹𝑏

𝑙
 

0 
𝐹𝑎

𝑙
 

 

− 

𝑀(𝑧) 

0 0 

+ 

+ 

𝐹 

 

𝑙 

𝐴 
𝐵 

𝐹 

  𝑧1 

𝑙/2 𝑙/2 
𝑧2 

 

𝑅𝐴 = F 2⁄  

= 𝐹 2⁄  

𝑅𝐵 = F 2⁄  

= 𝐹 2⁄  

0 
+ 

𝑄(𝑧) 

0 

𝐹𝑙

4
 

𝐹

2
 

0 𝐹

2
 

 

− 

𝑀(𝑧) 

0 

+ 

𝐹 
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𝑄(𝑧1) = 𝑅𝐴 =
𝑀

𝑙
 ; (mudmivia) 

𝑀(𝑧1) = 𝑅𝐴𝑧1 ; (wrfea) 

rodesac 𝑧1 = 0 , maSin 𝑀(𝑧1) = 0 ; 

rodesac 𝑧1 = 𝑎 , maSin 𝑀(𝑧1) =
𝑀

𝑙
𝑎 . 

 II ubani: 0 ≤ 𝑧2 ≤ 𝑏 

𝑄(𝑧2) = −𝑅𝐵 = −(−
𝑀

𝑙
) =

𝑀

𝑙
 ; (mudmivia) 

𝑀(𝑧2) = 𝑅𝐵𝑧2 ; (wrfea) 

rodesac 𝑧2 = 0 , maSin 𝑀(𝑧2) = 0 ; 

rodesac 𝑧2 = 𝑏 , maSin 𝑀(𝑧2) =
𝑀

𝑙
𝑏 . 

 

15. rogor mowmdeba Q 𝑄(𝑧) ganivi Zalisa 

da  𝑀(𝑧)  mRunavi momentis epiurebis 

agebis siswore? 

1. Tu koWis romelime ubanze 𝑄(𝑧)ganivi 

Zala dadebiTia (𝑄(𝑧) > 0), maSin am 

ubanze 𝑀(𝑧)mRunavi momenti izrdeba. 

2. Tu koWis romelime ubanze 𝑄(𝑧)ganivi-

Zala uaryofiTia ( 𝑄(𝑧) < 0) , maSin am 

ubanze 𝑀(𝑧)mRunavi momenti klebu- lobs. 

3. im ganivkveTSi anu koWis RerZis im wertilSi, sadac 𝑄(𝑧)ganiviZala 

nuli xdeba ( 𝑄(𝑧) = 0) , 𝑀(𝑧) mRunavi momenti Rebulobs eqstremalur 

mniSnelobas. 

4. Tu koWis romelime ubanze 𝑄(𝑧) = 0, maSin amave ubanze  𝑀(𝑧) = 𝑐𝑜𝑛𝑠𝑡. 

5. koWis RerZis im wertilSi, sadac modebulia Seyursuli 𝐹  Zala, 

ganivi 𝑄(𝑧)  Zalis epiura akeTebs 𝐹  Zalis tol naxtoms, xolo 

𝑀(𝑧)mRunavimomentis epiura icvlis daxris kuTxes. 

6. koWis RerZis im wertilSi, sadac modebulia Seyursuli 𝑀  momenti 

 𝑀(𝑧) mRunavi momenti epiura akeTebs 𝑀 momentis tol naxtoms. 

7. or saxsrovan sayrdebze dayrdnobili koWis boloebSi 𝑄(𝑧) ganivi  

Zala Sesabamisad sayrdeni 𝑅𝐴 da 𝑅𝐵  reaqciis tolia, xolo 𝑀(𝑧)mRuna-

vi momenti nuls udris.  

8. konsolis sayrden wertilSi 𝑄(𝑧) ganivi Zala sayrdeni 𝑅𝐴  reaqciis 

tolia, xolo 𝑀(𝑧)mRunavi momenti - reaqciuli  𝑀𝐴 momentis. 

16. raSi mdgomareobs sufTa Runvis movlenis arsi? 

ganivi Runvis kerZo SemTxvevas, rodesac koWis MmTel sigrZeze an mis ro-

melime ubanze𝑄(𝑧)ganivi Zala nulis tolia, xolo 𝑀(𝑧)mRunavi  momenti – 

mudmivi sidide, sufTa Runva ewodeba. 

sufTa Runvisas koWis yoveli ganivkveTi brtyeli rCeba, oRondac mobrun-

deba. gaRunuli RerZi wrewiris rkalis formisaa da ganivkveTebi mobrune-

bisas mis marTob mdebareobas inarCuneben. 

 

𝐵 

𝑅𝐵 

𝑧1 

𝑅𝐴 

𝐴 

𝑙 

 

𝑄(𝑧) 

𝑀(𝑧) 

𝑎 

0 

0 

0 

+ 

 

𝑀𝑎

𝑙
 

𝑏 

𝑀 

𝑧2 

− 

𝑀𝑏

𝑙
 

0 

𝑀

𝑙
 

 

+ 
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17. wonasworobis eqvsi gantolebidan sivrceSi, sufTa Runvisas romeli er-

Ti gantoleba rCeba? 

∑𝑀𝑥 = 𝑀 −𝑀(𝑧) = 0 

anu∑𝑀𝑥 = 𝑀 − ∫ 𝜎𝑑𝐴 ∙ 𝑦
𝐴

= 0 . 

18.koWis deformaciis rogori suraTi isaxeba gverdiT zedapirze datanili 

kvadaratuli badis deformaciis suraTismixedviT? 

grZivi boWkoebisagan Sedgenili koWis horizontaluri Sreebis nawili 

koWis simaRleze ikumSeba, xolo nawili iWimeba. maT Soris arsebobsSre, 

romelic mxolod mruddeba (arc iWimeba da arc ikumSeba) da mas neitralu- 

ri Sre ewodeba.  

19. rogor gamoiTvleba grZivi, 𝑑𝑧 sigrZis, raime 𝐴𝐵 monakveTis fardobiTi 

wagrZeleba? 

𝑑𝑧 sigrZis 𝐴𝐵 monakveTis fardobiTi wagrZeleba neitraluri Sridan raime 

𝑦 manZilzetolia: 

𝜀 =
𝐵𝐵′

𝐴𝐵
=
𝑦𝑑𝜑

𝑑𝑧
=
𝑦

𝜌
. 

sadac 𝜌 neitraluri Sris simrudis radiusia.  

19. rogor xdeba deformaciebidan Zabvebze gadasvla? 

hukis kanonis safuZvelze,gaWimva-kumSvisas: 

𝜎 = 𝐸𝜀 = 𝐸
𝑦

𝜌
. 

20. rogor dgindeba neitraluri RerZis mdebareoba?  

sufTa Runvisas  𝑁(𝑧) = 0 

𝑁(𝑧) = ∫ 𝜎𝑑𝐴 =
𝐸

𝜌
∫ 𝑦𝑑𝐴 = 0

𝐴

.

𝐴

 

radgan 𝑆𝑥 = ∫ 𝑦𝑑𝐴
𝐴

= 0 , neitraluri RerZi gadis ganivkveTis simZimis cen-

trSi. 

21.  ragamomdinareobs agreTve im pirobidan, rom normaluri Zala 𝑁(𝑧) = 0? 

am pirobidan gamomdinareobs agreTve is, romkoWis RerZi neitralur SreSia 

ganlagebuli. 

22. ra irkveva agreTve 𝑁(𝑧) = 0 tolobiT? 

irkveva, rom 𝜎 Zabvebi Seadgens wyvilZalas. 

23. romel sibrtyeSi unda moqmedebdes 𝜎 Zabvebisagan Sedgenili wyvilZalis 

𝑀(𝑧) momenti, rom gaawonasworos koWze moqmedi gare 𝑀 momenti? 

is unda moqmedebdes datvirTvebis ( 𝑀 momentis) moqmedebis anu inerciis 

mTavar sibrtyeSi. 

24. romel sibrtyeSi Tavsdeba koWis gaRunuli RerZi? 

imave, datvirTvebis  moqmedebis anu inerciis mTavar sibrtyeSi. 

25. rogor gamoiTvleba neitraluri Sris simrude koWze moqmedi 𝑀  momen-

tis meSveobiT? 
1

𝜌
=

𝑀

𝐸𝐼𝑥
. 



123 

 

26.ra saxe aqvs normaluri  𝜎 Zabvis saangariSo formulas sufTa Runvisas? 

𝜎 =  
𝑀 ∙ 𝑦

𝐼𝑥
.  

am formulaSi 𝑀 aris mRunavi momenti, romelic sufTa Runvis ubanze 

mudmivia; 𝑦 _ manZili gansaxilveli wertilidan neitraluri 𝑥 RerZamde; 𝐼𝑥 

– ganivkveTis farTobis inerciis momenti neitraluri 𝑥 RerZis mimarT. 

27. rogor iwereba simtkicis piroba ganivi Runvisas? 

𝜎𝑚𝑎𝑥 =
𝑀𝑚𝑎𝑥

𝑊𝑥
≤ [𝜎] . 

28. ras ewodeba ganivkveTis winaRobis momenti da risi tolia igi 

sxvadasxva tipis ganivkveTebisaTvis?  

ganivkveTis winaRobis momenti ewodeba𝑊𝑥 =
𝐼𝑥

𝑦𝑚𝑎𝑥
 gamosaxulebas. 

a) marTkuTxa ganivkveTisaTvis,𝑊𝑥 =
𝑏ℎ3

12
ℎ

2

=
𝑏ℎ2

6
; 

b) wriuli ganivkveTisaTvis,𝑊𝑥 =
𝜋𝑟4

4

𝑟
=

𝜋𝑟3

4
 . 

g) gaglinuli profilebisaTvis winaRobis 𝑊𝑥 momentis mniSvnelobebi moce-

mulia sortamentis cxrilebSi. 

29. rogor SeirCeva simtkicis pirobidan, ganivkveTis saWiro zomebi? 

a) marTkuTxa ganivkveTis SemTxvevaSi winaswar unda davuSvaT fardoba 
ℎ

𝑏
=

𝑘 , saidanac  ℎ = 𝑘𝑏 ,e.i. 𝑊𝑥 =
𝑏ℎ2

6
=

𝑘2𝑏3

6
≥

𝑀𝑚𝑎𝑥

[𝜎]
 , aqedan ki miviRebT 

𝑏 ≥ √
6𝑀𝑚𝑎𝑥

𝑘2[𝜎]

3

 , 

ris Semdegac vipoviT  ℎ = 𝑘𝑏.  

b)wriuli ganivkveTis SemTxvevaSi davwerT 
𝑀𝑚𝑎𝑥
𝜋𝑟3

4

≤ [𝜎] , saidanac vRebulobT: 

𝑟 ≥ √
4𝑀𝑚𝑎𝑥

𝜋[𝜎]

3

 . 

g) gaglinuli profilebisaTvis winaRobis 𝑊𝑥 momentis mniSvnelobis 

mixedviT sortamentebis  cxrilebSi vipoviT profilis saWiro nomers. 

30. rogor gamoiTvleba deformaciis potenciuri energia sufTa Runvisas? 

𝑈 = ∫
𝑀2𝑑𝑧

2𝐸𝐼𝑥
𝑙

 . 

31. ra Zabvebi aRiZvreba ganivi Runvisas? 

ganivi Runvis SemTxvevaSi, ganivkveTSi aRiZvreba ara marto normaluri 𝜎 , 

aramed mxebi 𝜏 Zabvebi. 

32. koWis ganivkveTis gamrudebis ugulebelyofis farglebSi, sufTa Runvi-

saTvis gamoyvanili romeli formulebi rCebamarTlebuli ganivi RunvisTvi-

sac? 



124 

 

𝜎 =
𝑀(𝑧)∙𝑦

𝐼𝑥
  da𝜎𝑚𝑎𝑥 =

𝑀(𝑧)

𝑊𝑥
 

1

𝜌
=
𝑀(𝑧)

𝐸𝐼𝑥
, 

sadac 𝑀(𝑧) gansaxilvel ganivkveTSi aRZruli mRunavi momentia da ara mud-

mivi 𝑀 momenti, romelic am formulebSi sufTa Runvisas Sedioda. 

33. romeli formuliT gamoiTvleba miaxloebiT, mxebi 𝜏 Zabvebi? 

𝜏 =
𝑄𝑆𝑥

∗

𝐼𝑥𝑏
. 

Juravskis formuliT. ganivkveTSi mxebi 𝜏 Zabvebis𝑦 -ze damokidebuleba gan-

isazRvreba statikuri 𝑆𝑥
∗ momentis meSveobiT. 

34. am formuliT romel wertilebSia mxebi 𝜏 Zabvebi nulis toli? 

ganivkveTis zeda da qveda kidis wertilebSi 𝜏 = 0, vinaidan aq  𝑆𝑥
∗ = 0.  

32.ramdenad mcirea sididiT mxebi 𝜏𝑚𝑎𝑥  Zabvebi normaluri 𝜎𝑚𝑎𝑥  Zabvebze, 

magaliTad, marTkuTxa ganivkveTis konsolisaTvis? 

𝜏𝑚𝑎𝑥
𝜎𝑚𝑎𝑥

=
ℎ

4𝑙
 . 

e.i. mxebi 𝜏𝑚𝑎𝑥 Zabvebi
ℎ

4𝑙
 -jer anu arsebiTadmcirea normalur 𝜎𝑚𝑎𝑥 ZabvebTan 

SedarebiT. aqℎ ganivkveTis simaRlea, xolo 𝑙- koWis sigrZe. 

35. rogor gamoiTvleba mTavari𝜎1da 𝜎3Zabvebi ganivi Runvis dros? 

𝜎1,3 =
1

2
(𝜎 ± √𝜎2 + 4𝜏2), 

sadac 𝜎 da  𝜏 ganivkveTSi aRZruli Zabvebia. 

36.rogor  gamoisaxeba ganivi Runvisas marTkuTxa ganivkveTis koWis 

simaRleze normaluri𝜎Zabvebisa da mxebi 𝜏 Zabvebisepiurebi? 

normaluri 𝜎  Zabvebis wrfis saxiT: zeda da qveda kideebze mniSvnelobeb-

iT𝜎𝑚𝑎𝑥 = ∓
𝑀

𝑊
, neitralur RerZze anu Sua simaRleze 𝜎 = 0. 

mxebi 𝜏  Zabvebi amozneqili parabolas saxiT:zeda da qveda kideebze mniS- 

vnelobebiT nulovani 𝜏 = 0,  neitralur RerZze anu Sua simaRleze𝜏 =
3𝑄

2𝐴
. 

37. rogor  gamoisaxeba ganivi Runvisas marTkuTxa ganivkveTis koWis 

simaRleze mTavari 𝜎1 da 𝜎3 Zabvebis epiurebi? 

mTavari 𝜎1 Zabvebis Cazneqili parabolas saxiT:qveda kideze 𝜎1 =
𝑀

𝑊
 mniSvne- 

lobiT, neitralur RerZze anu Sua simaRleze 𝜎1 =
3𝑄

2𝐴
da zeda kideze 𝜎1 =

0.mTavari 𝜎3 Zabvebis imave Cazneqili parabolis saxiT, oRond ukuRma. 

38. rogor  gamoisaxeba ganivi Runvisas marTkuTxa ganivkveTis koWis 

simaRleze udidesi mxebi 𝜏𝑚𝑎𝑥da umciresi mxebi 𝜏𝑚𝑖𝑛  Zabvebis epiurebi? 

udidesi mxebi 𝜏𝑚𝑎𝑥 Zabvebis Cazneqili parabolis saxiT: qveda da zeda 

kideebze 𝜏𝑚𝑎𝑥 =
𝑀

2𝑊
,  neitralur RerZze anu Sua simaRleze 𝜏𝑚𝑎𝑥 =

3𝑄

2𝐴
.umciresi 

mxebi 𝜏𝑚𝑖𝑛   Zabvebis imave Cazneqili parabolis saxiT, oRonduaryofiTi 

niSniT. 

39. rogor traeqtoriebs qmnismTavari 𝜎1 da 𝜎3 Zabvebis mimarTulebebi? 
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traeqtoriebi kveTs koWis RerZs ±45° -iT, koWis zeda an qveda kideebs0° an 

90°  kuTxeebiT. mTavari 𝜎1 Zabvebis traeqtoriebiqvemodan zemoTaamimarTuli, 

xolo 𝜎3 Zabvebis traeqtoriebi piriqiT - zemodan qvemoT.  

40. vinaidan betoni cudad muSaobs gaWimvaze, armaturiT rogor aZliereben 

betonis koWs mTavari 𝜎1 Zabvebis mimarTulebiT? 

koWis qveda nawilSi armaturas zemoTkenaRunaven 45°-iani kuTxeebiT. 

41. vinaidan ganivi Runva warmoadgens brtyel daZabul mdgomarebas mTavari 

𝜎1,3 =
1

2
(𝜎 ± √𝜎2 + 4𝜏2) ZabvebiT, rogor xdeba simtkicis sruli Semowmeba? 

simtkicis TeoriebiT: 

1. simtkicis pirveli – udidesi normaluri Zabvebis Teoriis mixedviT: 

𝜎𝑟1 =
1

2
(𝜎 + √𝜎2 + 4𝜏2) ≤ [𝜎] ; 

2. simtkicis meore – udidesi deformaciebis Teoriis mixedviT 

:𝜎𝑟2 = 0.35𝜎 + 0.65√𝜎2 + 4𝜏2 ≤ [𝜎] ; 

3. mesame – udidesi mxebi Zabvebis Teoriis mixedviT: 

𝜎𝑟3 = √𝜎2 + 4𝜏2 ≤ [𝜎] ; 

4. simtkicis meoTxe – energetikuli Teoriis mixedviT: 

𝜎𝑟3 = √𝜎2 + 3𝜏2 ≤ [𝜎]. 

42. ra saWiroa simtkicis sruli Semowmeba?  

SesaZloakoWis simaRleze aRmoCndes sxva ramdenime savaraudo wertili, 

romlebSic aRiZvrebasakmaod mniSvnelovani saangariSo 𝜎𝑟  Zabvebi: mag., 

ortesebri profilis gadasvlis wertilSi (kedlisa da Taros SeerTebis 

wertilSi) rogorcnormaluri 𝜎 Zabva, ise mxebi 𝜏 Zabva sakmaod didia. aseT 

SemTxvevaSi,simtkicis Teoriebi gamoiyeneba kedlis sisqis dazustebis miz-

niT. xis koWebSi mxebi 𝜏 Zabvebi, romlebic grZiv kveTebSi moqmedebs, Sesa-

Zloa gaxdeskoWis rRvevis mizezi da sxv. 

43.romeli ori pirobiT iangariSeba tolwinaRobis koWebi? 

𝑀(𝑧)

𝑊(𝑧)
=
𝑀𝑚𝑎𝑥

𝑊0
 ;     

𝑀𝑚𝑎𝑥

𝑊0
= [𝜎] , 

 

sadac 𝑀(𝑧)  aris cvladi mRunavi moment;𝑀𝑚𝑎𝑥  -  udidesi mRunavi momenti, 

𝑊(𝑧)– ganivkveTis cvladi winaRobis momenti;𝑊0- udidesi winaRobis momenti. 

44.rogor dadgindeba ganivkveTis siganis cvlilebis kanonicvlad-

kveTiani konsolisaTvis, romelic Tavisufal boloze datvirTulia 𝐹 Sey-

ursuli ZaliT? 
6𝐹𝑧

𝑏(𝑧)ℎ2
=

6𝐹𝑙

𝑏0ℎ2
tolobidan, saidanac ganivkveTis sigane  𝑏(𝑧) = 𝑏0

𝑧

𝑙 
, e.i. sigane 

wrfivad icvleba, samkuTxedis kanonis mixedviT. 

udidesi 𝑏0 sigane normaluri 𝜎𝑚𝑎𝑥 Zabvebis mixedviTdadgindebasimtkicis 

pirobidan: 
𝐹𝑙

𝑏0ℎ
2

6

= [𝜎]. 



126 

 

𝑏0 =
6𝐹𝑙

ℎ2[𝜎]
 . 

minimaluri 𝑏𝑚𝑖𝑛  sigane mxebi 𝜏𝑚𝑎𝑥  Zabvebis mixedviTdadgindebasimtkicis pi-

robidan:𝜏𝑚𝑎𝑥 =
3

2

𝑄

𝐴
≤ [𝜏] 

𝑏𝑚𝑖𝑛 =
3

2

𝐹

ℎ[𝜏]
  . 

45. ras ewodeba Runvis centri da rogor gamoiTvleba misi mdebareoba 

SvelerisaTvis? 

Sveleris TaroebSi elementaruli 𝜏𝑥𝑑𝐴  Zalebisagan Sedgenili 𝑇1  da 𝑇2 

tolqmedebi tolia: 

𝑇1 = 𝑇2 =
1

2
𝜏𝑚𝑎𝑥𝑏𝛿 =

1

2

𝑄ℎ𝑏

2𝐼
𝑏𝛿 =

𝑄ℎ𝑏2

4𝐼
𝛿. 

xoloelementaruli 𝜏𝑦𝑑𝐴  Zalebis 𝑇3  tolqmedi aRZruli kedelSi, tolia 

ganivi 𝑄 Zalis. 

𝑇1  da 𝑇2   qmnian wyvilZalas, momentiT 𝑇1ℎ. es momenti da 𝑇3 = 𝑄  Zala 

SegviZlia SevcvaloT tolqmediT, romelic isev tolia  𝑄  Zalisa, oRon-

dac gadanacvlebulia sxva wertilSi. misi moqmedebis xazi kveTs nei-

tralur 𝑥  RerZs nebismier 𝐾  wertilSi, romlis mimarT momentebis jami  

nulis toli unda iyos: 

∑𝑀𝑘 =𝑇1ℎ − 𝑇3𝑎 = 0. 

am gantolebaSi 𝑎  –iT aRniSnulia manZili Sveleris kedlis Suidan 𝐾  

wertilamde: 

𝑎 =
𝑇1ℎ

𝑇3
=

𝑄ℎ𝑏2𝛿

4𝐼
ℎ

𝑄
=
ℎ2𝑏2𝛿

4𝐼
. 

𝐾 wertils ewodeba Runvis centri. 

46. ra aris saWiro imisaTvis, rom koWi imyofebodes ganivi Runvis pirobeb-

Si? 

imisaTvis, rom koWi ganivi Runvis pirobebSi imyofebodes, gare Zalebi  

ar unda qmnides moments RunvaTa centrebis mimarT. Tu isini aseT moments 

qmnian, maSin koWi, garda Runvisa, ganicdis grexasac. 
47. rogor unda ganxorcieldes datvirTvis gadacema Svelerul koWze, 

rom igi grexas avaridoT? 

Svelerul koWs datvirTva Runvis centrSi unda gadavceT,masze 

miduRebuli mokle kuTxovanis meSveobiT. 

48. sad mdebareobs Runvis centri zogierT Txelkedlian kveTSi? 

ramdenimeiseTimarTkuTxedisagan Semdgar Txelkedlian kveTeb-

Si,romlebicerTwertilSiikveTeba,Runviscentri swored maTigadakveTis 

wertilia. 
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asoiTi aRniSvnebi 

aso gamoTqma ganzomileba asos mniSvneloba 

𝑅 er n; kg reaqciis Zala an tolqmedi 

𝐹 ef n; kg Seyursuli Zala 

𝜎 sigma 
n/m2=paskali; 
kg/sm2 

normaluri Zabva 

𝜀 efsiloni 
ganyenebuli 
ricxvi 

fardobiTi deformacia 

𝜇 miu 
ganyenebuli 
ricxvi 

puasonis koeficienti 



128 

 

 

 

 

 

 

 

 

 

 

 

 

 

l i t e r a t u r a 

1. bacikaZeT., gaCeCilaZeg. “masalaTa gamZleobis kursi”. I nawili. gam-ba. “te-

qnikuri universiteti”. Tbilisi. 1994. 

2. daneliad., kvaracxeliaa, mazaRuaz.“masalaTa gamZleobis safuZvlebi”. gam-

ba. “teqnikuri universiteti”. Tbilisi. 2009. 

3. namoraZen. “masalaTa gamZleobis mokle kursi”. I nawili.Tbilisi, 1982. 

4. ФеодосьевВ.И. Сопротивление материалов. М.: Гос. изд-во, Физико-математической ли-

тературы,1962. 

5. ДарковА.В.,ШпироГ.С.Сопротивление материалов. М.;изд-во, «Высшая школа»,1989. 

𝐸 e mpa (megapa) drekadobis (iungis) moduli 

𝐺 Je mpa (megapa) Zvris moduli 

𝐼 i sm4 inerciis momenti 

𝐼𝜌 i ro sm4 inerciis  polaruli momenti 

𝐷𝑥𝑦 
de iqsi-
greki 

sm4 inerciis centridanuli momenti 

𝛾 gama radiani Zvris kuTxe 

𝜃 Teta - fardobiTi grexis kuTxe 

𝜌 ro sm simrudis radiusi 

𝛼, 
𝜑, 
𝜓 

alfa, 
fi, 
psi 

radiani kuTxis gamosaxuleba 

𝑄 qu n; kg ganivi Zala 
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sigma 
tau 

n/m2; kg/sm2 
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