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reziume 
 

  naSromSi ganxilulia Sedgenili, SeduRebuli foladis koWebis 

ganivkveTis gaangariSebis meTodi da mocemulia arsebuli meTodis 

kritikuli analizi. SemoTavazebulia gaangariSebis axali ufro 

racionaluri wesi, romelic emyareba ganivkveTis rekomendebuli 

konstruirebis mixedviT axali sortamentis Sedgenas. 

  rogorc cnobilia Sedgenili, SeduRebuli koWebis ganivkveTis SerCevisas 

klasikuri meTodiT gamoiyeneba koWis ganivkveTis farTobis minimizaciis 

piroba, romlis Tanaxmadac koWis Taroebis farTobi unda utoldebodes 

kedlis farTobs. am pirobis gamoyenebiT isazRvreba koWis optimaluri 

simaRle, magram koWis simaRlis SerCevis Semdeg xelaxla iwyeba koWis 

ganivkveTis konstruireba da ver xdeba swored im pirobis dacva, romlis 

gamoyenebiTac SerCeul iqna kveTis simaRle. aqedan gamomdinare, 

mizanSewonilad migvaCnia winaswar iqnes konstruirebuli koWis ganivkveTi 

da mxedvelobaSi miRebuli is Tanafardobani kveTis elementebs Soris, 

romelic damaxasiaTebeli unda iyos racionaluri kveTisaTvis da romelic 

reglamentirebulia dadgenili teqnikuri pirobebiT. aseTi winaswar 

konstruirebuli ganivkveTebisaTvis Sedgenilia programa, romlis 

realizebiTac miRebulia sortamentTa cxrilis msgavsi cxrili, 

romlidanac SesaZlebelia amoRebul iqnes is konkretuli ganivkveTi, 

romelic Seesabameba koWis mocemuli malisa da datvirTvis mixedviT 

simtkicis pirobisa da sixistis pirobis mixedviT SerCeul inerciis 

momentsa da winaRobis moments. simtkicisa da sixistis pirobebis 

gaTvaliswinebiT miRebuli ganivkveTebidan SerCeuli unda iqnes udidesi. 

Aamave dros, avtomaturad dakmayofildeba Taroebisa da kedlis farTobebis 

toloba. 

  aseve mocemulia Sedgenili, SeduRebuli ortesebri koWebis ganivkveTis 

gaangariSebis klasikur TeoriaSi arsebuli meTodis kritikuli analizi, 

naCvenebia is winaaRmdegobani, romelic gvxvdeba am amocanebis gadawyvetisas 

da naCvenebia am winaaRmdegobebis acilebis gzebi. kerZod, arsebuli meTodis 

mixedviT koWis optimaluri simaRlis gansazRvrisas CaTvlilia, rom 

kedlis winaRobis momentis fardoba koWis winaRobis momentTan mudmivi 

sididea, rac ewinaaRmdegeba kveTis minimumis Sedgenis pirobas. naSromSi 

gansazRvrulia xsenebuli fardoba, rogorc cvladi sidide. 

  ganxilulia Sedgenili, SeduRebuli koWebis gaangariSebisas ganivkveTis 

optimaluri simaRlis gansazRvris amocana, romelic mocemulia sxvadasxva 

cnobili avtorebis mier. miTiTebulia, koWis gaangariSebis modelis 

dadgenisas im Seusabamobebze da winaaRmdegobebze, romelic arsebobs 

winaswari daSvebis miuxedavad da romelic arTulebs da xSirad 

SeuZlebels xdis maTematikuri aparatis sworad gamoyenebas. naSromSi 

miTiTebulia zemoTxsenebuli winaaRmdegobebis, kerZod c koeficientis 
gansazRvris, δked.  h - ze damokidebulebis da sxva acilebis gzebi, rac 

koreqtuls gaxdis koWis ganivkveTis SerCevas, rogorc maTematikuri, ise 

samSeneblo meqanikis meTodebis TvalsazrisiT. 
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Abstract 
 

  In this work it is described a calculation method of welded steel joints having 
composed cross-sections and a critical analysis of the existing method is given. 
It is proposed a new, more rational rule of calculation, which is based on a 
composition of a table of new ranges due to designing cross-section by the 
recommended method.  
  As it is known choosing the section of melting beams using classical method, 
condition of minimization of beams square, according to which the square of beam’s 
shelf must be equal to walls square. According to those preconditions, the optimal 
height of  beams is defined, but constructing of section starting again after choosing of 
height of beams and it is impossible to follow those requirements according to which 
the height of beams will be chosen. In taking into consideration all mentioned, we 
deem it desirable to construct initially section of beams and to take into consideration 
those equations between the elements of sections, which must be characterizing by 
rational sections and which are defined by the technical regulations. For such 
previously constructed section, the program is composed, by the realization of which 
the schedule like of schedule of assortments is received. From such schedule, the 
concrete slash area can be taken out from that special section that will correspond to 
the dated spine and loading of beam suitable of conditions of firmness and rough 
conditions, according to the inertia moment and resistance moment. The biggest 
section must be chosen according to firmness and rough conditions. In this case, 
equation of shelf and walls square will be satisfied automatically.        
  The research gives the analysis of the classical method of identifying optimal height 
of the cross-section of the built-up welded beam, and shows the contradictions, which 
occur in the resolution of these tasks and proposes means to eliminate these 
contradictions. In particular, while identifying the optimal height of the beam and 
assuming the relation of contradiction moments of the wall with the beam as constant 
that contradicts the composition of the minimum conditions of the cross-section area 
of the beam. The work defines the above mentioned relation as variable quantity. 
  The study discusses the task of defining the optimal height of composed welded 
beams given in the works of different prominent authors. The study points out those 
inaccuracies and inconsistencies that exist despite preliminary estimates and that make 
it difficult and often impossible to properly use a mathematical device. The study 
shows how to define the above-mentioned inconsistencies and namely the coefficient 
c , how to define the dependence of wallδ on h  as well as how to avoid them in order 
to make a correct selection of beams’ heights from the perspective of both 
mathematical and construction mechanics methods. 
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Sesavali 

 

  Sedgenili, SeduRebuli koWebis ganivkveTis SerCevisas mocemuli 

datvirTvebisa da CaRunvis reglamentirebuli mniSvnelobis dros 

miRebulia, rom ganisazRvros koWis ganivkveTis minimaluri da optimaluri 

simaRle da Semdeg simaRlis mixedviT moxdes koWis ganivkveTis 

konstruireba. koWis ganivkveTis elementebs Soris, rogoricaa koWis 

simaRle, koWis kedlis sisqe, kveTis Taros sigane da sisqe, dadgenilia 

garkveuli Tanafardobani; koWis ganivkveTi unda iyos racionaluri, 

Taroebis farTobebi sasurvelia iyos kedlis farTobis toli da sxva. 

yvela am pirobis dakmayofileba gaangariSebis arsebuli meTodiT garkveul 

obieqtur siZneleebTanaa dakavSirebuli da xSirad verc xerxdeba. 

winamdebare naSromis mizania koWebis gaangariSebis ufro moxerxebuli 

wesis SemuSaveba. 

  rogorc cnobilia, klasikuri meTodiT foladis Sedgenili ganivkveTis 

mqone SeduRebuli koWebis gaangariSebisas sixistisa da simtkicis 

pirobebis gaTvaliswinebiT isazRvreba koWis ganivkveTis simaRle h , 

romelic miiReba koWis inerciis momentis - xI ,  winaRobis momentisa - xW  

da ganivkveTis farTobis - A , gamosaxulebebs Soris 

urTierTdamokidebulebebisgan. [1]; [2]; [3] 

  h  - is SerCevis Semdeg saWiroa koWis ganivkveTis konstruireba, anu 

garkveuli Tanafardobebis dacva koWis kveTis parametrebs Soris, 

rogoricaa koWis kedlis simaRle - hked. , koWis kedlis sisqe δ ked. ; koWis 

Taroebis sigane - bTar.  da koWis Taros sisqe tTar. .  

  Sesabamisi moTxovnebis dakmayofilebis dros koWis kveTis dagegmarebisas 

xSirad ver xerxdeba an Zneldeba koWis ganivkveTis farTobis 

racionalurobis moTxovna, rac imaSi mdgomareobs, rom 2A A=Tar. ked. . 

miuxedavad imisa, rom swored am pirobis gaTvaliswinebiTaa gansazRvruli 

koWis simaRle h . e. i. Taroebis farTobi sasurvelia iyos koWis kedlis 

farTobis toli, anu koWis mTeli ganivkveTis farTobi Tanabrad unda 



 xii

iyofodes Taroebsa da kedels Soris. am siZneles SesaZlebelia gverdi 

avuaroT, Tu SevqmniT Sedgenili koWebis “sortaments”, romelSic h  - ebis 

mixedviT da yvela moTxovnili pirobis dakmayofilebiT mocemuli gveqneba 

koWis ganivkveTebi, inerciis momentebi, winaRobis momentebi da sxva 

maxasiaTeblebi, rac saSualebas mogvcems erTi romelime parametris, vTqvaT, 

inerciis momentis I  an winaRobis momentis W  - s mixedviT avirCioT 

CvenTvis saWiro kveTi yvela sxva parametrebTan erTad. aqve unda aRiniSnos, 

rom Tu raime mosazrebiT saWiro iqna kveTis parametrebis koreqtireba _ 

es ukve gacilebiT ioli saqmea. 

  samrewvelo da samoqalaqo mSeneblobaSi farTo gamoyeneba aqvs liTonis 

Sedgenil, SeduRebul, ortesebri formis ganivkveTis mqone koWebs. aseTi 

koWebis gaangariSebisas didi mniSvneloba eniWeba, simtkicisa da sixistis 

pirobebis dakmayofilebasTan erTad, ekonomiurobis sakiTxsac, rac koWis 

ganivkveTis farTobis minimalurobasTanaa dakavSirebuli. am amocanebis 

gadawyvetis arsebul meTodSi gvxvdeba garkveuli rogorc maTematikuri, 

ise logikuri winaaRmdegobani, romelTa Sesaxebac mosazrebebi mocemulia  

winamdebare naSromSi. 

  Sedgenili, SeduRebuli koWebis gaangariSeba simtkiceze da sixisteze 

ganxilulia mravali avtoris mier, romelTa Sorisac mniSvnelovnad unda 

CaiTvalos n. s. streleckis, e. i. belenias da k. k. muxanovis Sromebi. 

Sedgenili koWebis gaangariSebis erTi SexedviT samartivis miuxedavad unda 

aRiniSnos, rom masSi gasaTvaliswinebelia mravali niuansi, rogorc 

konstruirebisas, aseve gaangariSebisas samSeneblo meqanikis meTodebis 

Sesabamisad da maTematikuri modelis Sesaqmnelad. saangariSo modelis 

Seqmnisa da misi ganxorcielebis dros mniSvnelovania, rom daculi iqnas is 

winaswari debulebebi da daSvebebi, romelic safuZvlad udevs konkretul 

saangariSo models da maTi darRveva ar aris mizanSewonili gamarTlebuli 

iqnas raime praqtikuli mosazrebebiT. winamdebare naSromi Seexeba swored 

aseT gadaxrebs Sedgenili, SeduRebuli koWebis gaangariSebisas. 
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literaturis mimoxilva 

Zabvebi pirdapiri Runvis dros 
 

1. normaluri Zabvebi 

 

  pirvel rigSi ganvixiloT Runvis kerZo SemTxveva – sufTa Runva (nax. 

1.1). am SemTxvevaSi Zelis ganiv kveTSi aRiZvreba normaluri Zabvebi, mxebi 

Zabvebi ki nuli iqneba. es mosazreba emyareba Zelis mokveTili nawilis 

wonasworobis pirobebs:  

mxolod normalurma dFσ Zalebma 

SeiZleba Seadginon wyvilZala, 

romelic aqtiuri wyvilZalis 

sibrtyeSi – simetriis sibrtyeSi 

moTavsdeba da romlis momenti 

aqtiuri momentis toli  da 

Sebrunebuli mimarTulebis iqneba. 

rac Seexeba sakiTxs kveTze Zabvebis 

ganawilebis Sesaxeb, statikas pasuxis gacema ar SeuZlia – es sakiTxi 

statikurad urkvevia.  

  Zabvebis ganawilebis Sesaxeb warmodgena unda viqonioT deformaciis 

xasiaTis mixedviT. nimuSis zedapirze davniSnoT ori ganivi xazi – ori 

boWko, xolo Semdeg vawarmooT wyvilZaliT gaRunva (nax. 1.2), davinaxavT:  

1. Sezneqilobis mxares moTavsebuli AB  boWko damokldeba, amozneqilobis 

mxares     CD  ki dagrZeldeba. 

2. ganivi xazebi darCeba swori da erTimeoris mimarT daixreba. 

3. ganivi xazebi brunvis dros gaRunuli boWkoebis marTobi rCeba. 

  radganac SekumSuli 

boWkoebidan gaWimulze 

gadasvla uwyveti cvlilebiT 

moxdeba, maT Soris unda 

arsebobdes neitraluri 

boWko, romelic mxolod 

nax. 1.1.

nax. 1.2.
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gamruddeba, magram sigrZes ar Seicvlis. naxazze es boWko wyvetili 

xaziTaa naCvebebi. ABCD  sworkuTxedSi kuTxeebis ucvleloba mowmobs, rom 

koWis gverdiT sibrtyeSi Zvra ar arsebobs. 

  safuZveli gvaqvs vifiqriT, rom zedapirze arsebuli deformaciis suraTi 

marTebulia Zelis SigniTac. maSasadame, SeiZleba vTqvaT, rom Runvis dros 

ZelSi Cndeba ori zona: gaWimuli da SekumSuli, romelTa sazRvarze 

moTavsebulia neitraluri Sre. ganivi kveTebi Runvis procesSi rCeba 

brtyeli da perpendikularularuli Zelis gaRunuli RerZisa. isini, 

rogorc xisti firfitebi, erTimeoris mimarT Semobrundebian. kveTis 

Semobruneba warmoebs neitraluri RerZis (xazis) garSemo, romelic 

neitraluri Srisa da ganivi kveTis sibrtyis gadakveTas warmoadgens.∗  

  koWis da datvirTvis simetriulobis gamo deformaciac simetriulia 

ZalTa sibrtyis mimarT, ris Sedegadac neitraluri RerZi am sibrtyis 

perpendikularulad gaivlis. 

  brtyeli kveTis hipoTeza anu bernulis hipoTeza, romelic aq 

CamovayalibeT, safuZvlad udevs Runvis teqnikur Teorias. sufTa Runvis 

SemTxvevaSi is sruliad sworia, ganivisa ki – sakmaod zusti. aRsaniSnavia, 

rom Tu grexis dros am TvisebiT mxolod mrgvali Zeli xasiaTdeba, Runvis 

SemTxvevaSi is yoveli formisTvis marTebulia. 

  ori ganivi kveTiT gamovyoT usasrulod mcire sigrZis elementi (nax. 

1.3). O  boWkoebis simrudis centria, 1 2O O - neitraluri Sre, ρ  - misi 

simrudis radiusi. gaWimul zonaSi aRebuli nebismieri CD boWkos sruli 

dagrZeleba ( )CD dx y d d ydρ α ρ α αΔ = − = + − = , sadac dα  elementis 

boloebis urTierTmobrunebis kuTxea. CD  boWkos fardobiTi deformacia 

                             
y

dx
ε

ρ
Δ

= = .                        (1.1) 

                                                 
∗ aq neitraluri RerZi swori xazis saxiT warmovadginoT. sinamdvileSi gaWimvasa da 
kumSvas grZivi mimarTulebiT Tan daerTvis ganivi deformaciac _ SekumSuli zona 

gafarTovdeba, gaWimuli ki Seviwrovdeba, ris Sedegadac neitraluri Sre ganivi 
mimarTulebiTac gamruddeba, misi gadakveTa ganiv sibrtyesTan mogvcems mruds. 

Cveulebrivad amas mxedvelobaSi ar Rebuloben da neitralur xazs swor xazad miiCneven.  
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  daformaciidan Zabvebze hukis kanoniT gadavideT. sufTa Runvisas 

boWkoebi erTRerZa gaWimva-kumSvas ganicdian, amitom Eσ ε= . aq CavsvaT 

(1.1) gamosaxuleba, gveqneba 

                             
yEσ
ρ

= .                         (1.2) 

normaluri Zabva y  manZilis proporciulia, Zabvebis epiura 1.4 nax.-zea 

naCvenebi. erT naxazze epiura SekumSul da gaWimul zonaSi erTi swori 

xaziTaa warmodgenili, meoreze – oriT, kveTis erTi mxridan. 

 

. 

 

brtyeli epiuris Cveneba sakmarisia, vinaidan koWis siganeze Zabva ucvlelia. 

epiurebSi nagulisxmevia, rom moduli E  gaWimvasa da kumSvaze Tanatolia.  

 

 

 

nax. 1.3 

nax. 1.4. 
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sxvadasxva modulis SemTxvevaSi epiuris daxris kuTxe gaWimulsa da 

SekumSul zonaSi sxvadasxva iqneboda. koWis saSiS adgilebs neitraluri 

Sridan uSoresi boWkoebi warmoadgenen, sadac Zabva maqsimums aRwevs. 

  (1.2) formulaSi Sedis ori ucnobi: simrudis radiusi da neitraluri 

Sris (an RerZis) mdebareoba, saidanac y  manZili aiTvleba. es ucnobebi 

wonasworobis gantolebidan ganisazRvreba.  

  koWis mokveTil nawilze moqmedi ZalTa sistema sivrciTia (Tumca ara 

zogadi saxis) – unda dakmayofildes wonasworobis eqvsi gantoleba (nax. 

1.5) y  - iT aRniSnulia kveTis simetriis RerZi, z  - iT ki neitraluri 

RerZi. davagegmiloT Zalebi x  Rerze 

           

0
F

X dFσ∑ = =∫ . 

 

Zabvis gamosaxulebis Casmis 

Semdeg gveqneba  0
F

E ydF
ρ

=∫ .  

radganac  0E
ρ
≠ ,  amitom    

                         0.
F

ydF =∫                            (1.3) 

magram es integrali ganivi kveTis statikuri momentia z  RerZis mimarT. 

misi nulTan toloba gviCvenebs, rom neitraluri RerZi kveTis simZimis 

centrSi gadis. 

  gegmilebis ori danarCeni gantoleba 0 , 0Y Z∑ = ∑ =  igiveobis 0 0=  

saxes iRebs, radganac moqmed Zalebs y  da z  RerZebis mimarTulebiT 

mdgenelebi ara aqvT. momentebis gantoleba x  RerZis mimarT agreTve 

igivurad dakmayofildeba. y  RerZis mimarT gvaqvs  

                             0,yM dF zσ∑ = ⋅ =∫  

saidanac (1.2) gamosaxulebis Casmis Semdeg miviRebT pirobas, rom 

centridanuli momenti  

nax. 1.5. 
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                    0yz
F

I yzdF= =∫                            (1.4) 

rac dakmayofildeba, vinaidan y , pirobis Tanaxmad, simetriis RerZia. 

  meeqvse gantolebis misaRebad SevadginoT yvela Zalis momentebi 

neitraluri RerZis mimarT 

                             0z
F

M dF yσ∑ = − ⋅ =∫M    

CavsvamT ra σ - s gamosaxulebas da gaviTvaliswinebT, rom 2

F

y dF∫  

warmoadgens inerciis moments z  RerZis mimarT, xolo ,M=M  ucnobi 

simrudisTvis miviRebT 

                             
1

z

M
EIρ

=                            (1.5) 

miRebuli formula Runvis Teoriis erT-erT ZiriTad Tanafardobas 

gamosaxavs. zEI - s Zelis sixiste ewodeba Runvaze. simrude proporciulia 

mRunavi momentisa da ukuproporciuli – sixistisa. simrudis gamosaxuleba 

SevitanoT (1.2) formulaSi, miviRebT normaluri Zabvebis saangariSo 

formulas 

                             .
z

My
I

σ =                            (1.6) 

am formulis gamoyvanis dros visargeblebT ori daSvebiT: 1. Runva 

warmoebs mxolod wyvilZaliT da 2. koWi simetriulia. am SezRudvebidan 

SeiZleba ganvTavisufldeT. 

  Runvis zogad SemTxvevaSi, roca ganivi Zalac arsebobs, kveTSi aRiZvreba 

mxebi Zabvebi, romlebic iwveven Zvras koWis grZiv sibrtyeSi. maqsimalur 

Zvras adgili aqvs neitralur SresTan, Semdeg mcirdeba da ganapira 

boWkoebTan ispoba. Zvris Sedegad koWis RerZi marTobi ar rCeba ganivi 

kveTisa, TviTon kveTi ki cilindruli zedapiris formas Rebulobs, romlis 

msaxveli neitraluri RerZis paraleluria (nax. 1.6). roca aRebul ubanSi 

,Q const=  yvela kveTis gamrudeba erTnairia, ris gamoc AB  boWko mxolod 

“xist gadaadgilebas” miiRebs da Zvris Sedegad ar dagrZeldeba. cvladi 

ganivi Zalis SemTxvevaSi Tumca damatebiTi dagrZeleba Cndeba, magram metad 
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umniSvnelo, es uflebas gvaZlevs igi ukuvagdoT da Zabvebis 

gasaangariSeblad isev (1.6) formula gamoviyenoT. 

    (1.6) formula 

gamosaxavs saerTo Zabvebs, 

tvirTebis gadacemis 

zonebSi ki adgili eqneba 

saerTo kanonidan gadaxras, 

rasac sen-venanis principis 

Tanaxmad lokaluri 

xasiaTi eqneba da           SesamCnev manZilze ar gavrceldeba. 

  (1.6) formula sakmao sizustiT gvaZlevs saerTo Zabvebs, Tu koWis 

simaRlisa da malis Sefardeba 
1 1 ,
5 4

h
l
< ÷  radganac winaaRmdeg SemTxvevaSi 

ukve saqme gveqneba ara Zelis RunvasTan, aramed Tavissave sibrtyeSi 

datvirTul filasTan. 

2. koWebis kveTis SerCeva 

  simtkicis pirobis Sesadgenad pirvel rigSi unda moiZebnos koWis saSiSi 

kveTi, sadac mRunavi momenti absolituri sididiT maqsimaluria. Semdeg ki 

unda moviTxovoT, rom udidesma muSa gamWimavma da mkumSavma Zabvebma am 

kveTis ganapira boWkoebSi dasaSveb zRvrebs ar gadaaWarbon (nax. 1.7) 

 

[ ]max 1
,

max
z

M h
I

σ σ= ≤
g
 

(1.7) 

[ ]max 2
.

max
z

M h
I

σ σ= ≤
k
 

myife masalis SemTxvevaSi koWi 

orive pirobaze unda Semowmdes, 

plastikurisa ki erT pirobazec sakmarisia, vinaidan misi dasaSvebi Zabvebi 

gaWimvasa da kumSvaze Tanatolia. saxeldobr is piroba unda aviRoT, 

romelSic absoluturi sididiT udidesi muSa Zabva Sedis.  

nax. 1.6 

nax. 1.7 
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  Tu neitraluri RerZic kveTis simetriis RerZia, rogorc, magaliTad, 

sworkuTxovani an ortesebri kveTis SemTxvevaSi, maSin 

( )1 2 ,
2
hh h max minσ σ= = =  da myife masalis SemTxvevaSi Sesamowmebeli 

iqneba mxolod gaWimuli zona, plastikurisaTvis ki orive piroba miiRebs 

saxes 

                             [ ]max ,
z

M
W

σ≤                         (1.8) 

sadac Sefardebas  

                             

2

z
z

I Wh =                            (1.9)  

kveTis winaRobis RerZuli momenti ewodeba. sworkuTxovani kveTisTvis 

2

,
6z
bhW =  sadac b  kveTis siganea, xolo h - simaRle; mrgvali kveTisTvis 

3

;
32z
dW π

=  gaglinuli ortesebri da Sveleris formis profilebisaTvis 

winaRobis RerZuli momenti mocemulia naglinis sortamentis cxrilebSi.  

  (1.7) pirobebSi [ ]σ
g
 da [ ]σ

k
 dasaSvebi Zabvebia gaWimvasa da kumSvaze, 

vinaidan ganapira boWkoebi, swored, ubralo gaWimvas an kumSvas ganicdian. 

zogierTi masalisTvis maT magier aiReba e. w. dasaSvebi Zabva Runvaze - 

[ ] ,σ
R
 romelic ramdenimed metia gaWimva-kumSvis dasaSveb Zabvebze. ase, 

magaliTad, fiWvisaTvis gvaqvs  

                 [ ] 70 ,σ = ±
2

kg

sm
     xolo     [ ] 100 .σ = ±

2R

kg

sm
   

amiT mxedvelobaSi Rebuloben imas, rom koWis zRvruli mdgomareoba 

Runvisas naklebad saSiSia, vidre gaWimuli Zelisa.∗ 

pirvel SemTxvevaSi saSiSi Zabvebi mxolod ganapira boWkoebSi miiRweva, 

meoreSi ki – mTel kveTSi erTbaSad. 

                                                 
∗ aq mxedvelobaSi gvaqvs zRvruli mdgomareoba dasaSvebi Zabvebis meTodis mixedviT. 
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  magaliTi 1. SevarCioT xis koWis sworkuTxovani kveTi - b  da h , Tu 

4 0,5l q= =m, t m  (nax. 1.8). dasaSvebi Zabva gaWimvasa da kumSvaze Runvis 

dros [ ] 100σ = ± 2

R
kg sm  (fiWvi).  

  saSiSia koWis Sua kveTi, sadac  

                             
2 2

max
0,5 4 1

8 8
qlM ⋅

= = = tm.    

 

simtkicis pirobidan saWiro winaRobis momenti                   

           

[ ]
max 100000 100 .

100z
MW
σ

≥ = = 3

R

sm           

koWis simaRlisa da siganis 

Sefardeba  
3 ,
2

h
b
=   maSin  

3

9z
hW =   da  

           

33 9 9 1000 21zh W≥ = ⋅ ≈ sm,   xolo 14b ≈ sm.  

  magaliTi 2. SevarCioT gaglinuli ortesebri koWis nomeri, 

Tu max 4, 2M =M tm  da [ ] 1600 .σ = 2kg sm   

  simtkicis pirobidan saWiro winaRobis momenti 

420000 262 .
1600zW ≥ = 3sm  

Sesabamisad, sortamentis cxrilebidan vpoulobT I # b20 - s, romlis 

winaRobis momenti udris ,3250 sm  rac saWiro momentisagan 5% - iT 

gansxvavdeba. 

  magaliTi 3. ganvsazRvroT mRunavi momentis dasaSvebi sidide tesebri 

kveTis Tujis koWisTvis, Tu dasaSvebi Zabvebi Runvisas gaWimvaze 

[ ] 300 ,σ = 2

Rg
kg sm  kumSvaze [ ] 100 .σ = 2

Rk
kg sm  mRunavi momenti 

vigulisxmoT dadebiTi – gaWimulia qveda mxare (nax. 1.9) 

nax. 1.8
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  (1.7) formulebis gamosayeneblad, saidanac momenti unda viangariSoT, 

saWiroa winaswar zI  da 1 ,h  2h  manZilebi ganisazRvros. simZimis centris 

daSoreba kveTis qveda gverdidan 

1 2
8, 2 1 10,1 7 3,31 8,69

8,2 10,1
h h⋅ + ⋅
= = =

+
sm, sm.  

inerciis momenti 

                   

( ) ( )
3 3

2 28, 2 1 103,31 1,0 8,2 8,69 5 10,1 310 .
12 12zI

⋅
= + − ⋅ + + − = 4sm  

simtkicis pirobebidan gvaqvs 

 

[ ]
max

1

300 310 28 100
3,31

zI
M

h

σ ⋅
= = =Rg

kgsm.  

[ ]
max

2

1000 310 35700
8,69

zI
M

h

σ ⋅
= = =Rk

kgsm.  

momentis am ori mniSvnelobidan, cxadia, SeiZleba umciresis daSveba – igi 

gaWimvaze simtkicis pirobidan isazRvreba. davuSvebT ra aseT moments, 

SekumSul zonaSi simtkicis Warbi maragi gveqneba. 

 

  k o W i s   k v e T i s   r a c i o- 

n a l u r i   f o r m e b i.  masalis 

ekonomiis TvalsazrisiT didi mniSvneloba 

aqvs ganivi kveTis formis SerCevas. amiT 

gansxvavdeba Runva da grexva gaWimvisagan, 

sadac mniSvneloba aqvs mxolod ganivi 

kveTis farTobs. es gansxvaveba aixsneba 

Runvisa da grexis dros Zabvebis 

araTanabari ganawilebiT – masalis 

araTanabari gamoyenebiT. 

  simtkicis pirobebis Tanaxmad, Zabvebi 

mxolod ganapira boWkoebSi utoldeba 

nax. 1.9
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dasaSvebs, danarCen adgilSi ki masala simtkicis Warbi maragiT muSaobs. 

masala sustad gamoiyeneba gansakuTrebiT kveTis Sua nawilSi, sadac Zabvebi 

nuls uaxlovdeba. cxadia, mizanSewonilia kveTis Sua nawili SevamciroT, 

gare nawilebi ki, piriqiT, gavzardoT _ amiT masalis Tanabar gamoyenebas 

mivuaxlovdebiT. ase warmosdga ortesebri koWis idea, romelmac farTo 

gamoyeneba hpova foladis konstruqciebSi. patara tvirTebis SemTxvevaSi 

gamoiyeneba gaglinuli ortesebri profilebi, didi datvirTvebisas ki 

Sedgenili – moqlonvili an SenaduRi.      

 

 

 3. mxebi Zabvebi masiuri kveTis koWebSi 

 

  Runvis zogad SemTxvevaSi kveTSi normaluri ZabvebTan erTad mxebi 

Zabvebic aRiZvreba. ganivi Zala Q  swored maT tolqmeds warmoadgens. 

  ganivi kveTis nebismier A  wertilSi mxebi Zabvis veqtors mravalgvari 

mimarTuleba aqvs. maSasadame, saZiebelia misi sidide da mimarTuleba an misi 

ori mdgeneli yτ  da zτ  (nax. 1.10). koWis mokveTil nawilze modebul 

Zalebs Tu davagegmilebT y  da z  RerZebze, miviRebT 

                 0,y
F

dF Pτ = ∑ =∫    0.z
F

dFτ =∫                    (1.10) 

vertikaluri mdgenelebis jami 

kveTis cal mxares miRebul ZalTa 

jams unda awonasworebdes, rac 

ganivi Zalis tolia, xolo 

horizontaluri mdgenelebi ki 

TviT gawonasworebul sistemas 

unda warmoadgendes.  

  mxebi Zabvis mimarTuleba 

mxolod y  RerZisa da konturis 

wertilebSia cnobili. y  RerZze 

Zabvis veqtori simetriis gamo 

nax. 1.10. 
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TviT RerZs emTxveva. gamoviyenebT ra mxebi Zabvebis urTierTobis kanons, 

advilad davamtkicebT, rom konturze mxebi Zabvis veqtori mis mxebzea 

mimarTuli. davuSvaT winaaRmdegi, rom TiTqos τ  konturis raime B  

wertilSi daxrilia mxebTan. maSin misi konturis mxebsa da normalze 

daSliT vnaxavT, rom normaluri mdgeneli 0nτ = , vinaidan Zelis zedapirze 

misi toli Zabva 'nτ ar arsebobs, Zelis gverdiTi zedapiri datvirTuli 

araa. cru Zabvebi naxazze waxazulia, gvrCeba mxebze mimarTuli Zabva.  

  C  wertilidan D -ken mxebi Zabvis veqtori jer vertikals uaxlovdeba 

da Semdeg isev ixreba. y  RerZisa da konturis gadakveTis wertilebSi 

Zabva udris 0 , vinaidan is erTi mxriT y  RerZs unda daemTxves, meoreTi 

ki konturis mxebs, rac erTdroulad SeuZlebelia.  

  viciT ra ukve normaluri Zabvebis ganawileba kveTSi, elementaruli 

xerxiT SesaZlebelia mxebi Zabvebis vertikaluri mdgenelis gansazRvra. rac 

Seexeba horizontalur mdgenels, misi povna drekadobis Teoriis meTodebis 

gamoyenebas moiTxovs. arsebiTia, rom yτ  mdgeneli bevrad aRemateba zτ  

mdgenels da Cvenc kveTebSi mxolod misi gansazRvriT davkmayofildebiT. 

  Zelidan sami kveTiT gamovyoT dx  sigrZis elementi. I da II ganivi 

kveTebia, III – neitraluri Sris paraleluri kveTi (nax. 1.11). 

 

elementis vertikalur waxnagebze moqmedeben normaluri da mxebi Zabvebi. I 

da II kveTze gadasvlisas, mRunavi momentis cvlilebis gamo, normaluri 

Zabva dσ  nazrds miiRebs. elementis marcxena waxnagze moqmedi normaluri 

Zalebis tolqmedi  

nax. 1.11 
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                           1 ,
zF F

MN dF dF
I

σ η
∗ ∗

= =∫ ∫  

sadac integrireba vrceldeba waxnagis  F ∗  farTobze  –  davarqvaT mas  

m o k v e T i l i   f a r T o b i (ganivi kveTidan gamoyofilia III 

sibrtyiT, naxazze daStrixulia). miRebuli integrali mokveTili farTobis 

statikuri momentia z  RerZis mimarT. marjvena waxnagze moqmedi Zala 

analogiurad miiReba, saWiroa mxolod M , M dM+  - iT Seicvalos 

                        
( )

1 2, .zz

z z

M dM SMSN N
I I

∗ +
= =  

Tu davuSvebT, rom mRunavi momenti marjvniv izrdeba, maSin 2 1N N>  da 

warmoiSveba sxvaoba 2 1 ,N N−  romlis gasawonasworeblad elementis zeda 

gverdze unda aRiZras mxebi Zabvebi ,xτ  mimarTuli umciresi Zalisken (nax. 

1.12). davuSvaT, rom koWis siganeze mxebi Zabvebi Tanabradaa ganawilebuli, 

maSin maTi toqmedi  

                             .xdT bdxτ=  

yvela Zalis x  RerZze 

dagegmilebiT miviRebT 

                             

2 1 0 .X N N dT∑ = − − =  

Casmis Semdeg  

                             

( ) 0 ,z z
x

z z

M dM S MS bdx
I I

τ
∗ ∗+
− − =  

saidanac           

                           .z
x

z

SdM
dx I b

τ
∗

=  

magram mRunavi momentis x  - iT warmoebuli ganivi Zalaa, amitom  

                             .z
x

z

QS
I b

τ
∗

=                        (1.11) 

Tumca Cven Zabva horizontalur kveTSi ganvsazRvreT, magram urTierTobis 

Tvisebis mixedviT erTdroulad ganisazRvreba vertikaluri yτ  Zabvebic. 

nax. 1.12 
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  (1.11) formula pirvelad miRebuli iyo d. i. Juravskis mier 1855 wels. 

igi gamosadegia vertikaluri mxebi Zabvebis gasaangariSeblad nebismieri 

kveTis SemTxvevaSi. 

  kveTSi wertilidan wertilSi gadasvlisas (1.11) formulaSi mxolod 

zS
b

∗

 Seicvleba. maSasadame, yτ  mdgeneli kveTSi iseTive kanoniT icvleba, 

rogorc es Sefardeba.  

  ganvixiloT kerZo saxis kveTebi: 

1. sworkuTxedi (nax. 1.13). sigane .b const=  mokveTili farTobis 

statikuri momenti 

                   
2 2

2

1 41 .
2 2 2 8z
h h bh yS b y y y

h
∗ ⎛ ⎞⎡ ⎤⎛ ⎞ ⎛ ⎞= − + − = −⎜ ⎟⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦ ⎝ ⎠

 

CasmiT miviRebT 

                             
2

2

3 1 4
2y
Q y
F h

τ
⎛ ⎞

= −⎜ ⎟
⎝ ⎠

                (1.12) 

rogorc Cans, Zabvis vertikaluri mdgeneli kveTis simaRleze meore rigis 

parbolis kanoniT icvleba. ganapira wertilebSi Zabva nulia, xolo 

maqsimums aRwevs neitralur Sreze 

                             
3max .
2y
Q
F

τ =                     (1.13) 

  kveTis vertikalur wiboebsa 

da y  RerZze mxebi Zabvis 

veqtori vertikaluria, Siga 

wertilebSi is ixreba _ Cndeba 

horizontaluri mdgenelic. 

zusti Teoria gviCvenebs, rom 

sworkuTxovan kveTebSi es 

mdgeneli umniSvneloa da 

SeiZleba is ukuvagdoT, xolo yτ  mdgeneli ki kveTis siganeze Tanabrad 

ganawilebuli miviCnioT, rogorc es (1.11) formulis Sedgenisas miviReT. es 

ori daSveba, cxadia, miT ufro marTebulia, rac viwro da maRalia koWi. 

      nax. 1.13. 
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Tu 2 ,h
b
> Secdoma, daSvebuli maqsimalur ZabvaSi, (1.11) formuliT 

sargeblobisas, 3,3% - s ar aRemateba.  

2. mrgvali kveTi.  1.14  nax. - dan Cans, rom  

                             2 cos , sin ,b r rη ϕ η ϕ= = ⋅  

                                  cos .d r dη ϕ ϕ= ⋅  

elementaruli farTobi 2 22 cos .dF b d r dη η ϕ ϕ= =  mokveTili farTobis 

statikuri  momenti 

                        

32
3 2 322 cos sin cos .

3z
F

rS dF r d

π

α

η ϕ ϕ ϕ α
∗

∗ = = =∫ ∫  

radganac 
2

2
2cos 1 ,y
r

α = −  (1.11) formulaSi 

CasmiT miviRebT  

2

2

4 1 .
3y
Q y
F r

τ
⎛ ⎞

= −⎜ ⎟
⎝ ⎠

         (1.14)            

kveTSi udidesi Zabvis miRweva SeiZleba 

neitraluri RerZis wertilebSi,  gvaqvs.  

 4max .
3y
Q
F

τ =                         (1.15)                           

                   

 

4. mxebi Zabvebi Txelkedlian koWebSi 

 

  Txelkedlian koWebSi mxebi Zabvebis gansazRvra emyareba or daSvebas: 

a) Zabvis veqtori kveTis konturis mxebs emTxveva da b) kedlis sisqeze 

ucvlelia (nax. 1.15). 

  A  da B  wertilebSi Zabvis veqtori namdvilad konturs emTxveva – 

mxebi Zabvebis urTierTobis kanoniT es iseve damtkicdeba, rogorc masiur 

ZelebSi. kedlis sisqis simcire ki uflebas gvaZlevs Zabva konturis 

normalze ucvlelad CavTvaloT. 

nax. 1.14. 
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  aq sruli Zabva τ  imave meTodeT 

ganisazRvreba, romliTac yτ  mdgeneli masiur 

koWebSi. warmovidginoT simetriuli profili, 

datvirTuli simetriis sibrtyeSi (nax. 1.16). I, 

II da III kveTebiT gamovyoT dx  sigrZis 

elementi. masiuri Zelebisgan gansxvavebiT, 

sadac III kveTa neitraluri Sris 

paralelurad tardeboda, aq es kveTa 

konturis normalzea mimarTuli. 2N - 1N  ZalTa 

sxvaoba sigrZivad mimarTuli ZabvebiT wonaswordeba (nax. 1.16, g). 

 

 

 

nax. 1.16. 

 

SevadgenT ra gamoyofili elementisaTvis wonasworobiT gantolebas 

0,X∑ =  kvlav miviRebT cnobil formulas  

                             .z

z

QS
I

τ
δ

∗

=                          (1.16) 

  mxolod b  siganis magier formulaSi Taros sisqe dajdeba. mokveTili 

farTobi, romlis statikur momentsac zS
∗ warmoadgens, 1.16, b nax. – ze 

daStrixulia.  

 

 

nax. 1.15. 
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  ganvixiloT ortesebri kveTi. kedlisa da Taros sisqe Tanatoli 

miviCnioT. 

  a) Zabvebi kedelSi. mokveTili farTobi daStrixulia (nax. 1.17, a). misi 

statikuri momenti 

                             
2 2

21 4 .
2 8z
h h yS b

h
δδ∗ ⎛ ⎞

= + −⎜ ⎟
⎝ ⎠

 

aqedan Cans, rom kedlis gaswvriv Zabva II rigis parabolis kanoniT icvleba 

da maqsimums neitralur RerZze aRwevs. 

  b) Zabvebi TaroSi. mokveTili farTobi ormagad daStrixulia (nax. 1.17, 

a). statikuri momenti 

                             .
2 2z
b hS zδ∗ ⎛ ⎞= −⎜ ⎟

⎝ ⎠
  

Taros gaswvriv Zabvebi swori xazis kanoniT icvleba. Zabvebis epiura 1.17, b 

da g naxazzea warmodgenili. Zabvebis mimarTuleba, rac iqvea naCvenebi, qmnis 

uwyvet nakads – zeda Tarodan gamosuli ori nakadi kedelSi erTdeba, 

qveda TaroSi ki isev orad iyreba. sakmarisia nakadis mimarTuleba erT 

wertilSi vicodeT, rom misi mimarTuleba mTlianad gairkves. Tu gamovalT 

ganivkveTSi moqmedi vertikaluri Zabvebidan, unda gaviTvaliswinoT, rom 

isini ganiv Zalas adgenen da, maSasadame, kveTis cal mxares modebul ZalTa 

jams awonasworeben. SeiZleba amosavalad miviCnioT sigrZiv – III kveTSi 

moqmedi Zabvebic, romlebic udidesi 2N  Zalis sawinaaRmdegod miimarTebian. 

nax. 1.17. 
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  meore magaliTis saxiT ganvixiloT Sveleri. Tarosa da kedelSi Zabvebis 

gansasazRvravad aqac unda ganvixiloT III kveTis ori mdebareoba _ 

vertikaluri da horizontaluri. saTanado mokveTili farTobebi 1.18 nax. – 

ze daStrixulia. TarosTvis gvaqvs 

                             .
2z
hS δξ∗ =                          (a) 

kedlisTvis 

                             
2 2

21 4 .
2 8z
h th yS b

h
δ∗ ⎛ ⎞

= + −⎜ ⎟
⎝ ⎠

             (b) 

Zabvebis mimarTuleba da epiura naCvenebia 1.19 nax. – ze. 

 

            

 

SeniSvna. agebuli epiura Tarosa da kedlis SeerTebis ubanSi Zabvebis 

ganawilebis namdvil suraTs ar iZleva. aq, siganis mkveTri cvlilebis gamo, 

adgili aqvs ZabvaTa koncentracias. koncentraciis Sesarbileblad 

gaglinul profilebSi haltelebs (arSias) akeTeben. 

 

5. simtkicis Semowmeba mxeb Zabvebze 

  mxeb Zabvebze simtkicis pirobis Sesadgenad pirvel rigSi unda movZebnoT 

saSiSi kveTi, sadac ganivi Zala udidesia, da moviTxovoT, rom am kveTis 

nax. 1.18 nax. 1.19.  
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neitralur RerZze moqmedma muSa Zabvebma dasaSveb zRvars ar gadaaWarbon ∗, 

miviRebT 

                            [ ]max
max max .z

z

Q S
I b

τ τ
∗⋅

= ≤
⋅

            (1.17) 

aq b  aris koWis sigane neitralur SresTan, romelic Txelkedliani 

profilebis SemTxvevaSi kedlis sisqes warmoadgens. es meore pirobaa. 

simtkicis pirveli piroba normalur Zabvebze SevadgineT. koWis zomebi 

orive pirobas unda akmayofilebdes.  

  Cveulebriv normaluri Zabvebi mkveTrad aRematebian mxebs, magaliTad, 

boloSi P  ZaliT datvirTuli sworkuTxovani konsolis SemTxvevaSi  

                             max max2

6 3, .
2

Pl P
bh bh

σ τ= =  

Sefardeba 

                             max

max

4 l
h

σ
τ

=  

Tu aviRebT, magaliTad, 5 ,l
h
=  miviRebT max max20 .σ τ=  dasaSvebi Zabvebis 

[ ]σ  da [ ]τ  _ s Soris ki aseTi didi gansxvaveba ar arsebobs, ris gamoc 

mxebi Zabvebi naklebad saSiSia koWis simtkicisaTvis. mxolod gansakuTrebiT 

mokle, Txelkedliani da maRali koWebisaTvis, an mZime, sayrdenebTan axlos 

moTavsebuli tvirTebis SemTxvevaSi SeiZleba τ  metad saSiSi aRmoCndes. 

Cveulebriv pirobebSi ki gadamwyvet rols kveTis SerCevaSi (1.7) piroba 

asrulebs. 

  aqedan gamomdinare, praqtikaSi koWis zomebi (1.7) pirobidan isazRvreba, 

Semdeg ki, saeWvo SemTxvevaSi, xdeba maTi (1.17) pirobaze Semowmeba.  

  mxeb Zabvebs angariSi unda gaewios agreTve iseTi masalis SemTxvevaSi, 

romlebic Zvras sustad ewinaaRmdegebian. aseTia, magaliTad, xe, romelic 

xleCaze Zalian sustad muSaobs.  

                                                 
∗ praqtikaSi xmarebul sworkuTxovan, mrgval, ortesebr da sxva kveTebSi maqsimaluri Zabva 

swored neitralur RerZze moqmedebs. arsebobs gamonaklisic, roca zS
b

∗

 Sefardeba 

maqsimums neitralur RerZze ar aRwevs. 
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  magaliTi. ganvsazRvroT xidis ganivi koWis zomebi b  da h  (masala _ 

xe). orTqlmavlis borblebidan relsebs 10P = t  Zala gadaecemaT. 

[ ] [ ]2 231,5 100 . 20a σ τ= = =sm. kg sm kg sm (xleCaze), 2h
b
=     (nax. 1.20). 

naxazze naCvenebia mRunavi momentisa da ganivi Zalis epiurebi. magaliTSi 

swored is SemTxveva gvaqvs, rodesac didi tvirTi sayrdenTan axlosaa 

moTavsebuli, ris gamoc mRunavi momenti SedarebiT patara gamodis, ganivi 

Zala ki didi. imave dros xleCaze dasaSvebi Zabva mcirea. mosalodnelia, 

rom (1.17) piroba aRmoCndes gadamwyveti.    

gvaqvs max max10 31,5 315 10M P a Q= ⋅ = ⋅ = =t. sm, Q t.  (1.8) pirobidan 

 

 

[ ]
max 315000 3150 .

100z
MW
σ

≥ = = 3

R

sm  

winaRobis momentis am mniSvnelobis mixedviT, radganac 2 ,h
b
=  miviRebT 

33,6 16,8h b= =sm, sm.  

  SerCeuli zomebis SemTxvevaSi 

                 max
max 20 .Q

F
τ ⋅

= = = >
⋅ ⋅

2 23 3 10000
26,5 kg sm kg sm

2 2 16,8 33,6
 

saWiroa zomebis (1.17) pirobiT gadaangariSeba, miviRebT: 

                             
[ ]

max3 3 10000 750 ,
2 2, 20
QF
τ

⋅
≥ = = 2sm  

                             2 39h b= = sm.  

nax. 1.20 
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6.  mTavari Zabvebi Runvis dros 

 

  ganvsazRvroT mTavari Zabvebi koWis nebismier wertilSi. (1.6), (1.11) 

formulebiT isazRvreba Zabvebi koWis ganivi da neitraluri Sris 

paralelur farTobebze 

                             , .z
x x y

z z

QSMy
I I b

σ τ τ
∗

= = − =  

koWis fasadis (naxazis sibrtyis) paralelur farTobze, romelic pirveli 

ori farTobis perpendikularulia, Zabvebi 0.σ τ= =  erT-erT mTavar 

farTobs swored es farTobi warmoadgens. Sesabamisi mTavari Zabva udris 0. 

  warmovidginoT dasaxelebuli sami saxis farTobebiT gamoyofili 

elementi (paralelepipedi). 1.21, b nax. _ ze naCvenebia ori aseTi elementi: 

B  _ gaWimul zonaSi, A  _ SekumSulSi. elementi brtyel daZabul 

mdgomareobaSia. saZiebelia ori mTavari Zabva da Sesabamisi mTavari 

farTobebi, romlebic naxazis sibrtyis perpendikularulad moTavsdebian. aq 

saqme gvaqvs Sebrunebul amocanasTan. 

  gansaxilvel SemTxvevaSi erT amosaval irib farTobze _ neitraluri 

Sris paralelur farTobze, normaluri Zabva 0.yσ =  amitom miviRebT 

                            ( )2 2
1,3

1 4 .
2 x x xσ σ σ τ= ± +              (1.18) 

rogorc Cans, sadac ar unda iyos wertili, gaWimul Tu SekumSul zonaSi, 

1 0,σ >  xolo 3 0.σ <  masala Sereul daZabul mdgomareobaSia _ erTi 

mTavari mimarTulebiT iWimeba, meoreTi ki ikumSeba. mTavari Zabva 2 0σ =  

(nax. 1.21, a). 
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kuTxe, romelsac udidesi mTavari Zabva 1σ  koWis x  RerZTan Seadgens, 

moiZebneba formuliT 

                             
1

.x
xtg τα

σ
=                         (1.19) 

formulaSi Zabvebi Tavisi niSniT unda iqnes Setanili. 

  mTavari Zabvebis gansazRvra, rogorc cnobilia, grafikuladac SeiZleba _ 

moris wris agebiT. 1.21, g nax. _ ze naCvenebia ageba A  da B  

elementebisaTvis. 

  1.22, a nax. _ ze naCvenebia xuTi elementi. koWis qveda konturTan 

gamoyofili 1 elementis gverdebze mxebi Zabvebi udris _ 0. maSasadame, es 

gverdebi mTavari farTobebia, xolo xσ  _ mTavari Zabva. elementi xazobriv 

daZabul mdgomareobaSia. 

 igive iTqmis me_5 elementze; gansxvaveba mxolod Zabvis niSanSia: 1 

elementi gaWimulia, me_5 _ SekumSuli. neitralur SresTan gamoyofil me-3 

elementze, piriqiT, mxolod mxebi Zabvebi moqmedebs _ elementi sufTa 

Zvras ganicdis. mTavari Zabvebi sididiT tolia: 1 3 xσ σ τ= − =  da Zelis 

RerZTan 45o - iTaa daxrili.    

nax. 1.21. 
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me-2 da me-4 elementebze orive saxis Zabvebi moqmedebs. mTavari Zabvebis 

mimarTuleba damokidebulia xτ  da xσ -is Tanafardobisagan da kveTis 

simaRleze icvleba. 

   

1.22, b nax._ze warmodgenilia gamoyofil elementebSi moqmedi mTavari 

Zabvebis mimarTulebaTa jvari; wvrili xaziT _ gamWimavi mTavari Zabvis 

mimarTuleba, msxviliT _ mkumSavis. 1-li wertilidan me-5 gadasvlisas 

jvari 90o - iT Semobrundeba. 

  warmovidginoT, rom 

koWis fasadze yovel 

wertilSi aseTi jvaria 

dasmuli, maSin maTi 

uwyveti SeerTeba mogvcems 

wirTa or, urTierT 

orTogonalur ojaxs, 

romelnic neitralur 

Sres 45o - iani kuTxiT 

kveTen, xolo koWis zemo 

da qvemo konturs ki 

normalurad da mxebad 

uerTdebian. es wirebi 

mTavari Zabvebis traeqtoriebs warmoadgenen Runvis SemTxvevaSi. 

nax. 1.22. 

              nax. 1.23. 
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traeqtoriis mxebi aRebul wertilSi mTavari Zabvis mimarTulebas iZleva 

(nax. 1.23, a). traeqtoriis cneba praqtikul gamoyenebas rkinabetonis 

konstruqcebSi poulobs, sadac armaturas, SeZlebisdagvarad, gamWimavi 

mTavari Zabvebis mimarTulebiT alageben, radganac betoni gaWimvaze sustad 

muSaobs (nax. 1.23, b). sufTa Runvis SemTxvevaSi mTavari Zabvebis 

traeqtoriebi koWis RerZis paralelur xazebad gadagvardebian. 

 

7. koWebis simtkicis sruli Semowmeba 

 

  koWis elementi brtyel daZabul mdgomareobaSia, ris gamoc simtkicis 

pirobis Sesadgenad principulad saWiroa simtkicis Teoriebs mivmarToT. 

amiT zogadi TvalsazrisiT naTeli gaxdeba zemoT Sedgenili (1.7) da (1.17) 

pirobebis arsi, romelTa mixedviTac warmoebs koWebis praqtikuli 

gaangariSeba. 

  radganac Runvis mTavari Zabvebi gansazRvrulia _ 1σ  da 2σ  (1.18) 

formuliT gaiangariSeba, xolo 2 0σ = , dayvanil Zabvebs maTi SemowmebiT 

advilad SevadgenT. Caweris gamartivebis mizniT (1.18) formulaSi Zabvebs 

movxsnaT indeqsebi.  

  dayvanilia Zabva pirveli TeoriiT 

                    ( )2 2
1

1 4 .
2

σ σ σ σ τ= = + +day                   (1.20) 

meore TeoriiT 

           ( ) 2 2
1 2 3

1 1 4 .
2 2
μ μσ σ μ σ σ σ σ τ− +

= − + = + +day.            (1.21) 

foladis SemTxvevaSi 0,3 ,μ =  amitom 

              2 20,356 0,65 4 .σ σ σ τ= + +day.                       (1.22) 

mesame TeoriiT 

                             1 3 .σ σ σ= −day.  

mTavari Zabvebis gamosaxulebis Casmis Semdeg miviRebT 

                   2 24 .σ σ τ= +day.                              (1.23) 
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meoTxe TeoriiT, vinaidan 2 0 ,σ =  gveqneba 

                             ( )22 2
1 3 3 1

1 .
2

σ σ σ σ σ⎡ ⎤= + + −⎣ ⎦day.  

mTavari Zabvebis gamosaxulebis Casmisa da gamartivebis Semdeg 

                      2 23 .σ σ τ= +day.                          (1.24) 

simtkicis pirobis misaRebad, rogorc cnobilia dayvanili Zabva ubralo 

gaWimvis an kumSvis dasaSveb Zabvas unda gavutoloT. 

  koWisDdaZabuli mdgomareoba araerTgvarovania _ Zabvis tenzori erTi 

wertilidan meoreSi gadasvlisas icvleba. wertilidan wertilSi icvleba 

agreTve σ day. - ic. uSiSroeba uzrunvelyofili iqneba, Tu simtkicis piroba 

[ ]σ σ≤day.  yovel wertilSi daculia. amisaTvis sakmarisia, rom es piroba 

daculi iqnes yvelaze saSiS wertilSi, sadac σ day.  maqsimaluria. σ day.  ganiv 

kveTSi moqmedi normaluri da mxebi Zabvebisaganaa damokidebuli. am 

ukanasknelTa cvlileba ki kveTis simaRleze erTimeoris Sebrunebulia: σ  

ganapira boWkoebisaken izrdeba, τ  ki _ neitraluri Srisaken. es arTulebs 

saSiSi wertilis moZebnas. ricxviTi angariSebiT irkveva, rom saSiS 

wertils SeiZleba hqondes samgvari mdebareoba.  

  1. yvelaze xSirad saSiSia maqsimaluri mRunavi momentis kveTis ganapira 1 

wertili. am wertilis maxloblad gamoyofili elementi xazobriv daZabul 

mdgomareobaSia (nax. 1.24), ris gamoc yvela Teoria dayvanili Zabvis erTsa 

da imave sidides iZleva. 

. 

nax. 1.24 
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im SemTxvevaSi, rodesac neitraluri RerZi kveTis simetriis RerZia, es 

Zabva 

                             max
max .

z

M
W

σ σ= =day.  

simtkicis pirobas ki eqneba (1.8) formulis saxe an ufro zogad 

SemTxvevaSi (1.7) formulisa, roca neitraluri RerZi simetriis RerZi ar 

aris da masalac erTgvarad ar ewinaaRmdegeba gaWimvas da kumSvas.  

  2. garkveul pirobebSi saSiSi SeiZleba neitraluri Sris wertilic 2 

aRmoCndes kveTSi, sadac ganivi Zala udides mniSvnelobas aRwevs (nax. 1.23). 

am wertilis maxloblad gamoyofili elementi sufTa Zvras ganicdis. 

mTavari Zabvebi 1 3 max ,σ σ τ= − =  xolo 2 0σ = . dayvanili Zabva yoveli 

TeoriiT maxτ - iT gamoisaxeba da amitom simtkicis piroba [ ]σ σ≤day.  

SeiZleba ukve cnobili gantolebis saxiT Caiweros 

                [ ]max
max max ,z

z

Q S
I b

τ τ
∗⋅

= ≤                    (1.17) 

sadac amorCeuli Teoriis gavlena dasaSvebMmxeb ZabvebSi gamovlindeba. Tu 

σ day. - is formulebSi CavsvamT 0 ,σ =  xolo max ,τ τ=  advilad SevamowmebT, 

rom dasaSvebi mxebi Zabva I TeoriiT udris [ ] ,σ  II- Ti 0,77 [ ] ,σ  III- Ti 

0,5 [ ] ,σ  xolo IV- Ti 0,58 [ ] .σ  rogorc Cans, yvelaze ekonomiur 

angariSs I Teoria gvaZlevs, yvelaze araekonomiurs _ III. foladis 

koWebisaTvis praqtikaSi miRebulia [ ] [ ]0,6 ,τ σ= rac IV Teorias eTanxmeba. 

  3. mesame saxis Sesamowmebel wertils viRebT mxolod ortesebri tipis 

koWebSi. wertili aiReba Tarosa da kedlis SeerTebis adgilas (nax. 1.23). 

aq gamoyofil elementze moqmedeben orive saxis Zabvebi _ mxebi da 

normaluri, romlebic, rogorc maTi epiurebidan Cans, Tavis maqsimaluri 

mniSvnelobebidan bevrad ar gansxvavdebian. kveTi, cxadia, unda amovarCioT 

iseTi, romelSiac orive (rogorc mRunavi momenti ,M  ise ganivi Zala Q ) 

maqsimaluria, an yovel SemTxvevaSi sakmaod did mniSvnelobas aRweven. 
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  magaliTi.Mor sayrdenze moTavsebuli koWi datvirTulia Seyursuli 

ZaliT 34,3P = t.  SevarCioT gaglinuli ortesebri koWis nomeri, Tu 

[ ]2, 4 2 1600l a σ= = = 2m, m, kg sm . kveTis SerCevis 

Semdeg movaxdinoT simtkicis Semowmeba III 

TeoriiT. 

  udidesi Zalvebi 

max
34,3 2 0,4 11,430

2,4
M ⋅ ⋅

= = tm';   

max
34 3,2 28,6

2,4
Q ⋅

= = t.   

  saWiro winaRobis momenti 

 
1143000 715 .

1600zW = = 3sm  

naglinis sortamentis cxrilidan aviRebT I # ,a33  

721 , 11900 .z zW I= =3 4sm sm  Warbi maragi ≈ 1 %.  

  maxM  da maxQ - is kveTebi erTmaneTs emTxveva. saSiSi C  wertili, 

romelSic σ day. - s vangariSobT, am kveTSia Tarosi da kedlis sazRvarze 

(nax. 1.25). gaviangariSoT σ  da τ .  gvaqvs  

                             
1143 000 15 1 440 .

11 900
σ ⋅
= = 2kg sm  

radganac Taros statikuri momenti 13 1,5 15,75 307 ,zS = ⋅ ⋅ = 3sm  mxebi 

ZabvisTvis miviRebT  

                             
28600 307 777 .
11900 0,95

τ ⋅
= =

⋅
2kg sm   

mTavari Zabvebi amorCeul wertilSi  

                   ( )2 2
1,3

1 1440 1440 777
2

σ = ± +           

1780
340

⎧+
⎨
−⎩

2kg sm

” 

dayvanili Zabva III TeoriiT 

                   ( )1 3 1780 340 2120 1600 .σ σ σ= − = − − �2 2
day. kg sm kg sm     

SerCeuli kveTi gadidebas saWiroebs.               

nax. 1.25 
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8. drekadi wiri 
 

 ZiriTadi cnebebi 

 

  Runvisas Zelis sxvadasxva wertili da ganivi kveTebi ama Tu im 

gadaadgilebas ganicdian. gadaadgilebaTa Seswavlas aqvs ori mizani: 

sixisteze gaangariSeba da statikurad urkvevi amocanebis amoxsna. 

  winamdebare TavSi mocemulia brtyeli gaRunvis gadaadgilebebi. Zalebs 

movaTavsebT xy  mTavar sibrtyeSi, radganac neitraluri RerZebi, romelTa 

garSemoc kveTebis mobruneba warmoebs, ZalTa sibrtyis perpendikularulia, 

Zelis gaRunuli RerZi – drekadi wiri, mTlianad ZalTa sibrtyeSi 

moTavsdeba (nax. 2.1).  

  cxadia, gadaadgilebas iwvevs rogorc mRunavi momenti, ise ganivi Zala, 

magram ukanasknelis gavlena SedarebiT mcirea da ugulebelvyoT.  

  2.1 naxazze naCvenebia 

konsolis gaRunuli 

RerZi, misi nebismieri 

kveTi, sayrden kveTs 

garda, ganicdis or 

martiv gadaadgilebas: 

vertikalur gadaadgi-

lebas koWis RerZis 

perpendikularulad da mobrunebas θ  kuTxiT. brunvisas kveTi yovelTvis 

perpendikularuli rCeba koWis gaRunuli RerZisa. 
1

CC y=  gadaadgilebas, 

kveTis CaRunva ewodeba, θ -s kveTis mobrunebis kuTxe. 

  umetes konstruqciebSi koWebisgan sixiste moiTxoveba. bevr SemTxvevaSi 

CaRunva malis 1/500-1/1000 nawils ar unda aRematos. amis Sesabamisad Cven 

davkmayofildebiT mcire deformaciebis ganxilviT.∗    

  SevniSnoT, rom radgan koWis RerZis sigrZe ucvlelia (igi neitralur 

SreSi mdebareobs), kveTs vertikaluri gadaadgilebis garda unda hqondes 

                                                 
∗  2.1 nax.-ze TvalsaCinoebisaTvis CaRunvebi gadidebuli masStabiTaa naCvenebi. 

nax. 2.1 
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horizontaluri gadaadgilebac. es ukanaskneli maRali rigis mcirea y -Tan 

SedarebiT da mas ugulebelvyofT. 

  gadaadgilebaTa gansazRvris amocana amoxsnili iqneba, Tu viciT 

nebismieri kveTis CaRunva da mobrunebis kuTxe, e. i. viciT ori funqcia 

( )y x  da ( )xθ . am funqciebs Soris arsebobs garkveuli damokidebuleba. 

marTlac drekadi wiris mxebis daxris kuTxe x  RerZTan 1θ -iT aRvniSnoT, 

maSin 1
dytg
dx

θ = . kuTxis simciris gamo 1 1tgθ θ≈ , meore mxriv 1θ θ= , ise rom 

                     
dy
dx

θ =                                   (2.1) 

e. i. kveTis mobrunebis kuTxe udris CaRunvis warmoebuls x -iT. 

  miviReT ra sakoordinato RerZebis mimarTuleba, avtomaturad Semodis 

gadaadgilebaTa niSnis wesic. CaRunva 0y > , Tu gadaadgileba warmoebs 

zeviT da piriqiT. mobrunebis kuTxe ganisazRvra (2.1) formuliT, amitom 

0θ > , roca ( )y x  funqcia aRebul wertilSi zrdadia, da 0θ < , roca igi 

klebadia. 

  mTliani Zelis gaRunuli 

RerZi uwyveti da gluvi wiria, 

rac niSnavs ( )y x  funqciisa da 

misi pirveli warmoebulis ( )xθ  

uwyvetobas. x -is aRebul 

mniSvnelobas, e.i. aRebul kveTs 

CaRunvis da mobrunebis kuTxis 

TiTo mniSvneloba eTanadeba. mxolod aramTliani Zelis SemTxvevaSi 

dairRveva uwyvetoba. ase, magaliTad, Tu Zeli saxsriT SeerTebuli ori 

nawilisgan Sedgeba, maSin saxsarSi ( )xθ  funqcia wyvetas miiRebs – erT 

wertilSi ori mobrunebis kuTxe gaCndeba    (nax. 2.2).  

 

9. drekadi wiris diferencialuri gantoleba 

  CaRunva da mobrunebis kuTxe, cxadia, damokidebuli unda iqnes 

datvirTvis, masalisa da Zelis zomebisagan.  SevadginoT es damokidebuleba. 

nax. 2.2
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  neitraluri Sris da, maSasadame, Zelis RerZis simrudisTvis gvaqvs 

formula   

                     
1 ( )

( )
M x
EI xρ

=                                (2.2) 

 sadac ( )M x  mRunavi momentia, xolo ( )EI x  - Zelis sixiste. mudmivi 

sixistis SemTxvevaSi mRunavi momentis epiura imave dros Zelis gaRunuli 

RerZis simrudis epiurasac warmogvidgens. ase, magaliTad, 2.3 nax-ze 

mocemuli koWis RerZis simrude sayrdenebidan Zalis modebis wertilisaken 

swori xazis kanoniT izrdeba, xolo konsolis farglebSi, sadac ( ) 0M x = , 

ispoba. 

  meore mxriv, rogorc maTematikidan cnobilia, nebismieri brtyeli wiris 

simrude   

                    
"

'2

1
3(1 ) 2

y
yρ

= ±
+

 ,                          (2.3) 

Tu (2.2) da (2.3)-s erTimeores gavutolebT, miviRebT drekadi wiris zust 

diferencialur gantolebas   

                     
"

'2

( )
3 ( )(1 ) 2

y M x
EI xy

± =
+

 .                      (2.4)       

  es gantoleba arawrfivia da 

amdenad misi gamoyeneba garkveul 

siZneles warmoadgens. misi 

gamoyeneba aucilebelia mxolod 

moqnil ReroebSi didi 

gadaadgilebis gansazRvrisas. xisti 

konstruqciebis SemTxvevaSi ki 

deformaciis  simcire  

saSualebas gvaZlevs es gantoleba 

gavamartivoT _ gavawrfivoT. 

marTlac 'y θ=  metad mcire wesieri wiladia, romlis kvadrati 1-Tan 

SedarebiT umniSvneloa da SeiZleba ugulebelvyoT, maSin miviRebT 

miaxloebiT gantolebas  

          nax. 2.3 
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2

2( ) ( )d yEI x M x
dx

± = ,                             (2.5) 

romliTac vsargeblobT mcire 

deformaciebis gansazRvrisas∗.      

  gantolebaSi naCvenebi ±  

niSnebidan iseTi niSani unda 

amovarCioT, rom gantoleba 

niSniTac marTebuli aRmoCndes. 

rogorc cnobilia, '' 0y > , roca 

mrudis Cazneqiloba – y  RerZis dadebiT mxaresaa mimarTuli. amitom Tu y –

s zeviT mivmarTavT, rogorc es 2.4 nax.-dan Cans, dadebiT mRunav moments 

dadebiTi ''y  eTanadeba da, piriqiT, maSasadame (2.5) gantolebaSi “+” niSani 

unda aviRoT. cxadia, Tu y -s qvemoT mivmarTavT, maSin “_” niSani gamodgeba. 

 

10. drekadi wris diferencialuri gantolebis integrireba 

 

  pirvel rigSi ganvixiloT mudmivkveTiani koWis gadaadgilebebi, e. i. 

miviCnioT, rom .EI const=   

  CaRunvisa da mobrunebis misaRebad saWiroa (2.5) gantoleba orjer 

gavaintegraloT, gveqneba       ( )dyEI EI M x dx C
dx

θ= = +∫  

                             ( ) .EIy dx M x dx C x D= + ⋅ +∫ ∫  

integrirebis nebismieri mudmivebis C  da D -s gansazRvrisaTvis unda 

gavarCioT ori SemTxveva. 

  1. erTi ubnis SemTxvevaSi mRunavi momenti koWis mTel sigrZeze erTi 

funqciiT warmosdgeba. gveqneba erTi diferencialuri gantoleba da 

integrirebis  ori   mudmiva C  da D , romlebic  koWis  s a y r d e n i  

p i r o b e b i d a n  ganisazRvreba.  

                                                 
∗  deformaciis simcire uflebas gvaZlevs ( )M x - is Sedgenisas sawyisi zomebidan 

gamovideT, ise rogorc epiurebis agebisas viqceodiT. 

         
nax. 2.4 
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  konsolis SemTxvevaSi (nax. 2.5, a) marcxena bolo uZravadaa damagrebuli  

- 0x =  kveTisTvis rogorc CaRunva, ise mobrunebis kuTxe nulia. sayrdeni 

pirobebi iqneba              (0) 0y = ,      (0) 0θ = .              (2.6) 

  or sayrdenze moTavsebuli 

koWis SemTxvevaSi (nax. 2.5 b) 

orive boloze CaRunva nulia; 

sayrden pirobebs eqneba saxe         

(0) 0y = ,    ( ) 0y l =         (2.7)             

koWis boloebs saxsrovani 

damagrebis gamo mobruneba 

SeuZliaT. 

  2. ramdenime ubnis SemTxveva. 

sxvadasxva ubanSi mRunavi momenti 

sxvadasxva funqciiT warmosdgeba. 

Tu ubanTa ricxvi n -ia, gveqneba n  diferencialuri gantoleba da 

integrirebis 2n  mudmiva. maTi gansazRvrisaTvis saWiro 2n  gantolebidan, 

or gantolebas sayrdeni kveTebisTvis SevadgenT, danarCenebs ki ubnebis 

sasazRvro wertilebisTvis. isini gamosaxaven ( )y x  da ( )xθ  funqciebis 

uwyvetobas sasazRvro wertilebSi. magaliTad, ori ubnis SemTxvevaSi (nax. 

2.6) gveqneba oTxi mudmiva: 1C , 

1D  da 2C , 2D . sasazRvro C  

wertili orive ubans ekuTvnis 

– misi gadaadgilebebi y  da θ  

SeiZleba gamoisaxos rogorc I, 

ise II ubnis gantolebebiT. 

moviqceviT ra ase, Semdeg, 

uwyvetobis gamo, maT erTmaneTs 

vutolebT, gveqneba  

                             ( )1 2 ( ),y a y a=  

                             1 2( ) ( )a aθ θ=                         (2.8) 

nax. 2.5

nax. 2.6 
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or sayrden pirobasTan erTad gveqneba oTxi gantoleba, saidanac 

ganisazRvreba oTxi mudmiva. amgvarad, yovelTvis, erTi an ramdenime ubnis 

SemTxvevaSi, uwyvetobis da sayrdeni pirobebis ricxvi erTad – sasazRvro  

pirobebi – mudmivaTa ricxvis tolia. 

 

  magaliTi 1. gavaintegraloT drekadi wiris diferencialuri gantoleba 

Seyursuli ZaliT datvirTuli konsolisaTvis (nax. 2.7). 

  mRunavi momenti x  kveTSi  ( )( )M x P l x= − − . es CavsvaT (2.5) 

gantolebaSi da orjer gavaintegraloT, gveqneba  

                     

2

2
xEI P lx Cθ

⎛ ⎞
= − − +⎜ ⎟

⎝ ⎠
 

                

2 3

2 6
x xEIy P l Cx D

⎛ ⎞
= − − + +⎜ ⎟

⎝ ⎠
 

sayrdeni pirobidan ( )0 0θ = , ( )0 0y = . miviRebT 0C D= = , ise 

romOsabolood 

                        2
2
Pl xx
EI l

θ ⎛ ⎞= − −⎜ ⎟
⎝ ⎠

 

                        2 3
6
Pl xy x
EI l

⎛ ⎞= − −⎜ ⎟
⎝ ⎠

                       (2.9) 

 

maqsimalur CaRunvas – C a R u n v i s  i s a r s  da maqsimalur 

mobrunebis kuTxes adgili aqvs konsolis Tavisufal boloze 

                             
3

3B
Plf y
EI

= = −                      (2.10) 

                             
2

2B
Pl
EI

θ = −  

 

nax. 2.7 
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magaliTi 2. ganvixiloT or sayrdenze moTavsebuli koWi, romelic 

datvirTulia 

Tanabradganawilebuli ZalebiT  

(nax. 2.8). 

  mRunavi momenti ( )
2

2
qxM x Ax= − . 

Tu ( )M x -s (2.5) gantolebaSi 

CavsvamT da orjer 

gavaintegralebT, miviRebT  

                         

2 3

,
2 6
x xEI A q Cθ = − +  

                         
3 4

6 24
x xEIy A q Cx D= − + +  

 

reaqcia 
2
qlA = . vadgenT sayrden pirobebs: (0) 0y = , ( ) 0y l =  da maTi 

gamoyenebiT vRebulobT  

                         
3

,
24
qlC = −    0D =  

 

zogadi gantolebebi iqneba  

                        
3 2 3

2 31 6 4
24
ql x x
EI l l

θ
⎛ ⎞

= − − +⎜ ⎟
⎝ ⎠

 

                        
4 2 3

2 31 2
24
ql x xy x
EI l l

⎛ ⎞
= − − +⎜ ⎟

⎝ ⎠
                (2.11) 

sayrdeni kveTebis mobrunebis kuTxeebi  

                         
3

24A B
ql
EI

θ θ= − = −                       (2.12) 

 

CaRunvis isari malis SuaSi 

nax. 2.8 
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2 384
l qlf y

EI
⎛ ⎞= = − ⋅⎜ ⎟
⎝ ⎠

                 (2.13) 

 

  ganvixiloT ricxviTi magaliTi.  1q =  t/m, 8l =  m. SevarCioT ortesebri 

gaglinuli koWis kveTi, Tu [ ] 1600σ = 2kg/sm , xolo dasaSvebi CaRunva 

[ ] 1,6
500
lf = = sm . 

  simtkicis pirobidan 

                        
[ ]

2 210 800 500
8 8 1600
qlW
σ

⋅
≥ = =

⋅
3sm  

sortamentis cxrilSi vpoulobT nomers I # 27b , 509W = 3sm .  

6870I = 4sm . 

  SerCeuli kveTi SevamowmoT sixisteze 

                        
4

6

5 10 800 3,9 .
384 2 10 6870

lf ⋅
= ≈

⋅ ⋅
�sm

500
 

maSasadame, kveTi sixistis pirobidan [ ]f f≤  unda SevarCioT, miviRebT 

                       
[ ]

4 4

6

5 5 10 800 16700
384 384 2 10 1,6

qlI
E f

⋅
≥ = =

⋅ ⋅
4sm  

Sesabamisi nomeria I # 36b , 16530I = 4sm , 919W = 3sm  maqsimaluri Zabva 

iqneba 

                 max
800000 872 1600 .

919
σ = ≈ � 2

2

kg
kg/sm

sm
 

 

11. (2. 5) gantolebis integrireba ori ubnis SemTxvevaSi 

 

  2.9 naxazze mocemul SemTxvevaSi gvaqvs ori ubani AC  da CB . gveqneba 

integrirebis oTxi mudmiva. maTi gansazRvris gamartivebis mizniT 

SevTanxmdeT Semdegze: 1. orive ubnis mRunavi momenti marcxena ZalebiT 

SevadginoT da 2. ( )nx a−  saxis wverebis integrireba frCxilebis 

gauxsnelad vawarmooT. 
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  mRunavi momentebi ubnebSi 

1M Ax= , ( )2 .M Ax P x a= − −  

CasmiTa da orjer integrirebiT 

miviRebT: 

  AC   ubanSi   

                          
2

1 12
xEI A Cθ = +   

3

1 1 16
xEIy A C x D= + +   

                                    ( )0 x a≤ ≤  

CB  ubanSi   

                          
( )22

2 22 2
P x axEI A Cθ

−
= − +  

                          
( )33

2 2 26 6
P x axEIy A C x D

−
= − + +        

( )a x l≤ ≤  

 

sasazRvro pirobebi iqneba  

               ( )1 0 0y = ,         ( ) ( )1 2 ,a aθ θ=  

               ( )2 0y l = ,          ( ) ( )1 2y a y a=  

 

ukanaskneli ori pirobidan miviRebT 1 2C C=  da 1 2D D= . amiT oTx mudmivas 

orze daviyvanT. amas adgili eqneba Seyusuli Zalebis nebismieri ricxvis 

SemTxvevaSi, Tu zemoT miRebuli ori SeTanxmeba daculia. danarCeni ori 

ucnobi ganisazRvreba sayrdeni pirobebidan 

     ( )2 2
1 2 ,

6
PbC C l b
l

= = − −             1 2 0D D= = . 

sabolood miviRebT: 

  AC  ubanSi   

 

                             ( )2 2 2
1 ,

2 6
Pb PbEI x l b
l l

θ = − −  

nax. 2.9
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                      ( )3 2 2
1 ,

6 6
Pb PbEIy x l b x
l l

= − −  

  CB  ubanSi   

                    
( ) ( )

2
2 2 2

2 2 2 6
P x aPl PbEI x l b

l l
θ

−
= − − − , 

              
( ) ( )

3
3 2 2

2 .
6 6 6

P x aPb PbEIy x l b x
l l

−
= − − −             (2.14) 

 

  kerZod, koWis SuaSi modebuli Zalis SemTxvevaSi miviRebT simetriul 

drekad wirs. CaRunvis isari Zalis qveS aRmoCndeba, xolo sayrdeni 

kveTebis mobrunebis kuTxeebi sididiT Tanatoli iqneba. am kerZo 

SemTxvevaze gadasasvlelad sakmarisia zemoT miRebul formulebSi CavsvaT 

2
la b= = . kerZod sayrdeni kveTebis mobrunebis kuTxeebisa da CaRunvis 

isrisaTvis miviRebT  

                 
2

,
16A B
Pl
EI

θ θ= − = −  
3

48
Plf
EI

= −                 (2.15).         

 

12. sawyis parametrTa meTodi 

 

  drekadi wiris diferencialuri gantolebis uSualo integrireba 

micemulia  10 da 11 paragrafebSi. imisda miuxedavad, rom TviTon 

gantoleba elementarulia, ubnebis ricxvis zrdasTan erTad metad 

rTuldeba. garda sayrdeni ori pirobisa unda davakmayofiloT ( )y x  da 

( )xθ  funqciebis uwyvetobis pirobebic ubnebis sazRvrebze, rac n  ubnis 

SemTxvevaSi 2n  mudmivas gansazRvras moiTxovs. 

  winamdebare paragrafSi Seyursuli ZalebisaTvis vaCveneT rogor 

daviyvanoT mudmivaTa ricxvi orze. aseTi dayvana SesaZlebelia nebismieri 

saxis datvirTvis SemTxvevaSic. SeiZleba gantoleba imgvari wesiT 

gavaintegraloT, rom uwyvetoba sazRvrebze daculi aRmoCndes. aseT 

SemTxvevaSi specialurad saWiro darCeba mxolod sayrdeni pirobebis 

dakmayofileba, rac ori mudmivas SerCeviT moxdeba. 
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  dasaxuli miznis misaRwevad sakmarisia (2.5) gantolebis amoxsnisas 

ganusazRvreli integralebi gansazRvruliT SevcvaloT. 

  kveTis abscisa, romlis CaRunvasa da mobrunebis kuTxes veZebT, x -iT 

aRvniSnoT. misi saTave Zelis marcxena boloze aviRoT. x  Cveni 

integralebis zeda sazRvari iqneba, amitom garkveulobisaTvis, integrebis 

cvladi sxva raime asoTi, magaliTad t –Ti aRvniSnoT. 

  (2.5) gantoleba ase Caiwereba 

                             .t
dyEId M dt
dt

⎛ ⎞ =⎜ ⎟
⎝ ⎠

 

gantolebis orive mxare 0 -dan x –mde gavaintegraloT 

                             ( )0
0

.
x

x tEI M dtθ θ− = ∫  

aRvniSnoT 

                  ( )
0

x

tM dt x= Φ∫                               (2.16) 

 

miviRebT 

                  ( )0xEI EI xθ θ= +Φ                           (2.17) 

 

  Tu am gantolebas xelaxla gavaintegralebT da mxedvelobaSi gveqneba, 

rom   t
dy
dt

θ = , miviRebT 

                             ( ) ( )0 0
0

.
x

xEI y y EI x t dtθ− = + Φ∫  

aRvniSnoT 

                  ( ) ( )
0

,
x

t dt xψΦ =∫                             (2.18) 

maSin 

                    ( ) ( )0 0xEIy EI y x xθ ψ= + +                   (2.19) 

  amiT yvela ubnis mobrunebis  kuTxis da CaRunvis gantolebani zogadi 

saxiTaa warmodgenili. es amoxsna mxolod or 0y  da 0θ  mudmivas Seicavs. 
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es mudmivebi warmoadgenen sawyisi kveTis CaRunvas da mobrunebis kuTxes. 

maT s a w y i s i  p a r a m e t r e b i ewodeba, xolo integrirebis 

gansaxilvel meTods – sawyis parametrTa meTodi. 

  SevniSnoT, rom rogorc ar unda icvlebodes tM  gamosaxuleba ubnidan 

ubanSi, gansazRvruli integralebi ( )xΦ  da ( )xψ , romlebic 

geometriulad farTobebiT warmosdgebian, ubnebis sazRvrebze uwyvetni 

iqnebian. 

  erTi ubnis gantolebebi meorisagan mxolod ( )xΦ  da ( )xψ –iT iqneba 

gansxvavebuli. SevadginoT es funqciebi ramdenime saxis datvirTvisaTvis. 

naxazze yvelgan naCvenebi iqneba Zalebis dadebiTi mimarTuleba. 

 

 1. Seyursuli momentis SemTxveva (nax. 2.10) I ubanSi, e. i. roca 0 ,x a≤ ≤  

mRunavi momenti 0tM = , ris gamoc am ubanSi orive Funqcia ( )xΦ  da ( )xψ   

igivurad nulia.  II ubanSi, roca x a>  gvaqvs tM =M  da  

          ( ) ( )
0 0 0

x a x

t t t
a

x M dt M dt M dt x a
=

Φ = = = −∫ ∫ ∫123
M               (2.20) 

          

( ) ( ) ( ) ( )

( ) ( )

0 0 0

21 .
2

x a x

a

x

a

x t dt t dt t dt

t a dt x a

ψ
=

= Φ = Φ + Φ =

= − = −

∫ ∫ ∫

∫

14243

M M
                (2.21) 

  2. Seyursuli Zalis SemTxveva (nax. 

2.11). ubanSi mRunavi momenti igivurad 

nulia, amitom ( ) ( ) 0x xψΦ = ≡   

  II ubanSi, sadac ,x b>   gvaqvs 

( )tM P t b= − ,  amitom nax. 2.10 
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( )

( ) ( )
0 0 0

2

2

x b x

t t t
b

x

b

x M dt M dt M dt

x b
P t b dt P

=

Φ = = + =

−
= − =

∫ ∫ ∫

∫

123
          (2.22)         

 

          

  

 

                              

( ) ( ) ( ) ( )

( ) ( )

0 0 0
2

3

2 6

x b x

b

x

b

x t dt t dt t dt

P x b Pdt x b

ψ
=

= Φ = Φ + Φ =

−
= = −

∫ ∫ ∫

∫

14243
                         (2.23) 

 

3. Tanabradganawilebuli tvirTis SemTxveva  (nax. 2.12). I ubanSi mRunavi 

momenti 0,tM ≡  amitom ( ) ( ) 0x xψΦ = ≡ . II ubanSi, sadac c x d≤ ≤ , gvaqvs   

                        
( )2

2t

q t c
M

−
=  

Sesabamisad 

           

( )

( ) ( )
0 0 0

3
2

0

.
2 6

x c x

t t t
c

x

x M dt M dt M dt

q x cq t c dt

=

Φ = = + =

−
= − =

∫ ∫ ∫

∫

123
                    (2.24) 

nax. 2.11 
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( ) ( ) ( ) ( )

( ) ( )
0 0 0

4
3 .

6 24

x c x

c

x

c

x t dt t dt t dt

q x cq t c dt

ψ
=

= Φ = Φ + Φ =

−
= − =

∫ ∫ ∫

∫

14243
            (2.25) 

 

    

 

  gadavalT ra III ubanSi, sadac x d> , gamoTvlebis gamartivebis mizniT, 

mizanSewonilia ganawilebuli datvirTva azriT gavagrZeloT da damatebuli 

tvirTis kompensirebisaTvis Sebrunebuli tvirTic davamatoT (nax. 2.13).  

 

 nax. 2.13 

 

maSin saWiro formulebis misaRebad sakmarisia II ubnis ( )xΦ  da ( )xψ  

gamosaxulebebi or-orjer gamoviyenoT, erTxel zemoT mimarTuli 

tvirTisaTvis, meored – qvemoT, Semdeg ki erTmaneTs gamovakloT, gveqneba  

                      ( ) ( ) ( )3 3

,
6 6

q x c q x c
x

− −
Φ = −   

nax. 2.12 
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              ( ) ( ) ( )4 4

.
24 24

q x c q x d
xψ

− −
= −                       (2.26) 

analogiurad Sedgeba ( )xΦ  da ( )xψ -is formulebi sxva saxis 

datvirTvebisaTvisac. 

  Tu koWze Seyursuli Zala, momenti da ganawilebuli tvirTi 

erTdroulad moqmedebs, maSin, ZalTa moqmedebis damoukideblobis principis 

Tanaxmad,  ( )xΦ  da ( )xψ  funqciebi maTi zemoT miRebul gamosaxulebaTa 

Sesaferisi SekrebiT miiReba. am gziT SeiZleba drekedi wiris da mobrunebis 

kuTxis zogadi gantolebebi SevadginoT. Tu vigulisxmebT, rom erTi saxis 

tvirTi, mag., Seyursuli Zala ramdenimea 

(nax. 2.14), maSin Sesabamisi wevrebi jamebis saxiT Seva, ise rom, zogadad 

gantolebebs eqneba saxe 

            
( ) ( )

( ) ( )

2

0

3 3

2

6

x

P x b
EI EI x a

q x c x d

θ θ
−

= +∑ − + +

⎡ ⎤+ − − −⎣ ⎦

∑

∑

M
               (2.27) 

 

            
( ) ( ) ( )

( ) ( )

2 3

0 0

4 4

2 6

.
24

x

x a P x b
EI y EI y x

q x c x d

θ
− −

= + + Σ + +

⎡ ⎤+ − − −⎣ ⎦

∑

∑

M
 

  am gantolebebis gamoyenebis kerZo SemTxvevaSi unda gvaxsovdes, rom 

TiToeuli Zala uSualod gavlenas mxolod marjvniv axdens, amitom, 

romelime kveTis CaRunvis an mobrunebis kuTxis gansazRvrisaTvis saWiroa 

(2.27) gantolebebidan 

amoiweros mxolod mis 

marcxniv modebuli Zalebis 

Sesabamisi wevrebi. 

  drekadi wiris 

diferencialuri gantolebis 

naCvenebi wesiT integrirebas 
nax. 2.14
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garkveuli geometriuli azri aqvs. warmovidginoT, rom Zels sayrdenebi 

movxseniT da maT magier movdeT reaqciis Zalebi. 0y , 0θ  parametrebi 

cnobilad miviCnioT da 0x =  kveTi Tavis axal mdebareobaSi gadavitanoT. 

maSin Zeli Tavis paralelurad 0y  manZiliT gadaadgildeba da 0θ  kuTxiT 

Semobrundeba (nax. 2.15, a). yoveli sxva kveTi Zelis gamrudebis gamo 

damatebiTi 
1
EI

 ( )xψ  gadaadgilebas iRebs (nax. 2.15,Bb). viwyebT ra 

marcxena bolodan, vajamebT – kveTis gadaadgilebas, gamowveuls Zelis 

Yyvela im elementis gamrudebiT, romelnic 0, x  SualedSi arian 

moTavsebulni.  

  sawyisi parametrebi 0y  da 0θ  

sayrdeni pirobidan 

ganisazRvrebian. imisda mixedviT, 

Tu rogor aris damagrebuli 

sawyisi kveTi, SeiZleba cnobili 

iyos erTi an orive parametri. 

  magaliTi 1. SevadginoT drekadi 

wiris gantoleba Seyursuli ZaliT 

datvirTuli konsolisTvis (nax. 2.7) 

  sawyisi kveTi uZravia: 0 0 0y θ= = . gvaqvs erTi ubani. kveTis marcxniv 

modebulia reaqciis Zalebi A P=  da A Pl= −M . CaRunvis zogadi 

gantolebis pirveli da meore jamidan unda aviRoT TiTo Sesakrebi. radgan 

A da AM –s modebis wertilebis abscisebi 0a b= = , gveqneba 

                      
2 3

2 3 ,
2 6 6x
x x Pl xEI y Pl P x

l
⎛ ⎞= − + = − −⎜ ⎟
⎝ ⎠

  

rac (2.9) gantolebas emTxveva. xθ  miiReba xy -is gawarmoebiT. 

  magaliTi 2. (nax. 2.16). SevadginoT drekadi wiris gantoleba. sawyisi 

parametrebidan cnobilia erTi 0 0y = . gasagebia 0θ . I ubanSi x  kveTis 

marcxniv modebulia erTi Zala A
l

=
M

. CaRunvis zogadi gantolebis meore 

jamidan unda aviRoT erTi Sesakrebi. radganac manZili 0b = , gveqneba  

nax. 2.15 
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3

0 6x
xEI y EI x

l
θ= +

M
            (a) 

   

  II ubanSi kveTis marcxniv 

modebulia ori Zala A  da M ; 

radganac M  uaryofiTi 

mimarTulebisaa, miviRebT  

                 

( )2 3

0 .
2 6x

x a xEI y EI x
l

θ
−

= − +
MM   (b) 

  0θ -is gasagebad SevadginoT sayrdeni piroba marjvena bolosaTvis 0ly = . 

gamoviyenebT ra (b)-s, miviRebT 

                       
( )2 2

0 0,
2 6
l a lEI lθ
−

− + =
M M

  

saidanac 

                 

2

1 3 1
6
l a
EI l

θ
⎡ ⎤⎛ ⎞= − − −⎢ ⎥⎜ ⎟

⎝ ⎠⎢ ⎥⎣ ⎦

M
                     (2.28) 

  mobrunebis kuTxis gantolebebi miiReba (a) da (b)-s gawarmoebiT. kerZo 

SemTxvevebSi, roca 0a =  an a l= , (2.28) formulidan Sesabamisad miviRebT  

                0 3
l
EI

θ =
M

 ,     0 6
l
EI

θ = −
M

                    (2.29) 

am formulebiT Semdeg visargeblebT. 

 

 

 

 

 

 

 

 

 

 

 

nax. 2.16 
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 13.  Sedgenili koWebis gaangariSebis safuZvlebi 
 

  Sedgenili koWebi gamoiyeneba rogorc liTonis, ise xis konstruqciebSi. 

ortesebri moqlonvili koWi Sedgeba foladis vertikaluri da 

horizontaluri furclebisa da oTxi kuTxovanisagan. horizontaluri 

furclebi kuTxovanebTan erTad adgenen koWis sartyelebs, xolo 
vertikaluri furclebi – kedels. nawilebis SeerTeba xdeba moqlonebiT. 

SenaduR koWSi kuTxovanebi ara gvaqvs, sartyelebi kedelTan SeerTebulia 

gverduli nakerebiT (nax. 2.17).  

  SemaerTebeli elementebis  - moqlonebis, SenaduRebis nakerebisa da sxv. 

daniSnulebaa uZravad SeaerTon koWis nawilebi 
erTimeoresTan, rac uzrunvelyofs sistemis 

rogorc mTlianobis muSaobas. 

  arsebiTia, rom daukavSirebeli nawilebis 

jamuri winaaRmdegoba igive araa, rac 

dakavSirebulisa. magaliTad, Tu xis Zelebs 
erTimeoreze davalagebT da ganivi ZaliT 

vimoqmedebT, isini erTimeoris damoukideblad 

gaiRunebian da grZivi mimarTulebiT Zvras 

ganicdian (nax. 2.18, a).  

swored Zvris Sedegad Zelebis sistema, imave 
zomebis erT mTlian ZelTan SedarebiT, 

naklebad xisti da mtkice aRmoCnda. mTlian 

ZelSi Sreebis urTierT Zvras adgili ara aqvs 

– amas masalaSi arsebuli bmebi ewinaaRmdegeba. SeiZleba mTliani Zelis 

efeqts mivaRwioT, Tu Zelebs 
weboTi SevaerTebT. SeerTeba 

SeiZleba wyvetili – adgil-

adgil dayenebuli – bmebiTac, 

magaliTad, sogmanebis 

SemweobiT (nax. 2.18, b). Tu 
sogmanebi sakmaod Zlieria, 

SeiZleba Zvra sruliad 

movspoT da amiT Sedgenili 

Zeli mTlianis eqvivalenturi 

gavxadoT. 2.18b,nax-ze naCvenebia 
sogmanebze gadacemuli Zalebi, 

romlebic maT gadaWras 

cdiloben. 

  Sedgenili koWis gaangariSeba 

Sedgeba ori nawilisagan: kveTis 

SerCevisa da SemaerTebeli elementebis gaangariSebisagan. pirveli iseve 

warmoebs, rogorc mTliani Zelis SemTxvevaSi. SevCerdeT gaangariSebis            

meore nawilze.  

ganvixiloT SenaduRi koWi (nax. 2.19). nakerebis sigrZe a - Ti aRvniSnoT, 
biji l - iT. nakerebze gadacemuli Zala Juravskis meTodiT ganisazRvreba. 

amisaTvis sakmarisia I  da II kveTebiT erTi wyvili nakeris xvedri ubani 

nax. 2.17

nax. 2.18
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gamovyoT da am kveTSi sartyelze mosuli normaluri Zalebi gaviangariSoT. 

mRunavi momentis cvlilebis gamo warmoiSveba ZalTa sxvaoba 2 1N N− , 

romelic Seecdeba sartyeli kedlis gaswvriv daZras. swored am Zvras 

swored win aRudges nakeri (nax. 2.20). 

  mZvreli Zala 

 

2 1
z

z

MST N N
I

∗Δ
= − =  , 

sadac 2 1M M MΔ = − , xolo zS
∗  - sartyelis statikuri momentia.  

  momentis nazrdi e  manZilze 

( )
0

l
M Q x dxΔ = ∫ . 

es nazrdi siWarbiT ganisazRvreba. Tu davuSvebT, rom ganivi Zala mudmivia 

da udris maxQ , maSin maxM Q eΔ = ,  xolo 

                            max z

z

Q ST e
I

∗

= .                        (1) 

 
nakers Wraze vangariSobT  
                            

[ ]
2
T
at

τ≤
el.

                       (2) 

                                    
Tu nakeris sisqe (biseqtorul 

sibrtyeSi) t - s winaswar aviRebT, am 
pirobidan e a  Sefardeba ganisazRvreba 
                            

[ ]
max

2 z

z

I te
a Q S

τ
∗≤ el.

.                    (3) 

 

  T  Zalis miRebuli (1) formula 

gamosadegia nebismieri saxis SeerTebisTvis. yovel konkretul SemTxvevaSi 

nax. 2.19 

nax. 2.20 
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unda gamoirkves SemaerTebeli elementi sistemis ra nawilebs akavSirebs 
erTmaneTTan da erT-erTi nawilTaganis statikuri momenti Caisvas 

formulaSi. ase magaliTad, moqlonvil koWSi, sartylis horizontalur A 
moqlonze gadacemuli Zalis gasagebad unda ganisazRvros sartyelis 

statikuri momenti, vinaidan gansaxilveli moqlonviT mTeli sartyeli 

magrdeba kedelze (nax. 2.21). 
 

 

 T  Zala iwvevs moqlonis 

Wras, xolo SemaerTebeli 

kuTxovenebis da vertikaluri 
furclis Telvas. Sesabamisi 

simtkicis pirobebi iqneba:  
                       

[ ]2

2
4

T
d

τ
π

≤ ,                   

[ ]T
d

σ
δ
≤

T
,               

sadac d  moqlonis diametria, 

xolo δ - koWis vertikaluri 

koWis sisqe.  

magaliTi 1. or sayrdenze moTavsebuli SenaduRi koWi datvirTulia malis 

SuaSi modebuli ZaliT 20p = t. SevarCioT kveTi da nakeris zomebi, Tu 

4,8l =  m,  

[ ] [ ] [ ]1600 , 1000 , 800σ τ τ= = =2 2

2el

kg
kg sm kg sm

sm
.   

maqsimaluri mRunavi momenti 

                         max
20 4,8 24

4
M ⋅

= =   tm. 

saWiro winaRobis momenti 

                                                
[ ]

max 2400000 1500 .
1600z

MW
σ

≥ = = 3sm  

  kveTis SerCeva xdeba sinjis xerxiT. davuSvebT zomebs da Semdeg 
SevamowmebT. proeqtirebis praqtikiT dadgenilia koWis Semadgeneli 

elementebis zomebis optimaluri Tanafardobani, romliTac 

xelmZRvaneloben zomebis saorientaciod daniSvnis SemTxvevaSi. 

  aviRoT: kedlis simaRle 50
10
lh = ≈ sm.  Taros sigane 10 .

5
hb = = sm  kedlis 

sisqe 1
50
hδ = = sm.  Taros sisqe udris 2 2δ = sm  (nax. 2.22). 

  SevamowmoT amorCeuli kveTi. inerciisa da winaRobis momentebi tolia:  

                                               
3

21 50 2 10 2 26 37440
12zI
⋅

≈ + ⋅ ⋅ ⋅ = 4sm , 

nax. 2.21 

(4) 
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                                                      37440 1387
27zW = = 3sm . 

ukanaskneli saWiro mniSvnelobidan 7,5 % - iT gansxvavdeba. winaRobis 

momentis aseT umniSvnelo gadidebas SeiZleba Taros siganis mcire 

cvlilebiT mivaRwioT. aviRoT 11b = sm , maSin  
                                               237440 2 1 2 26 40140zI = + ⋅ ⋅ ⋅ = 4sm .  

                                                       40140 1485
27zW = = 3sm  

maqsimaluri Zabva  

                                               max
2400000 1616

1485
σ = = 2kg sm  

dasaSvebisagan mxolod erTi procentiT gansxvavdeba. 

  SevamowmoT kveTi mxeb Zabvebze. naxevari kveTis statikuri momenti 

max 25 1 12,5 2 11 26 885zS
∗ = ⋅ ⋅ + ⋅ ⋅ = 3sm .  ganivi Zala 14Q =  t. miviRebT  

                                                 [ ]max
10000 885 220

40140 1
τ τ⋅

= =
⋅

� . 

 
 
nakeris gasaangariSeblad gavigoT Taros statikuri 

momenti 2 11 26 573zS
∗ = ⋅ ⋅ = 3sm . nakeris sisqe 1 sm 

aviRoT, maSin 0,7 1 0,7t ≈ ⋅ = sm  da  

                                                  2 40140 0,7 800 7,8
1000 573

e
a

⋅ ⋅ ⋅
= ≈

⋅
. 

es piroba sakmao sizustiT dakmayofildeba, Tu 

aviRebT 40 5e a= =sm, sm.   

  SeniSvna. Tu aRmoCnda 1,e
a
=  es niSnavs, rom aRebuli 

sisqis dros mTliani nakeria saWiro, xolo Tu 1,e
a
<  

maSin mTlianic araa sakmarisi. 

magaliTi 2. ortesebri moqlonvili koWi moTavsebulia or sayrdenze da 

masze moqmedebs Tanabrad ganawilebuli datvirTva 4q = t m.  gaviangariSoT 
sartylis vertikaluri da horizontaluri moqlonebis gadamWreli Zala, 

Tu maTi biji udris  

100 mm, koWis mali 8l = m,  vertikaluri kedlis zomebi 800 10X mm - ia, 
sartylis kuTxovanebisa 60 60 8X X ,  xolo sartylis horizontaluri 

furclis 170 10X mm.  
  pasuxi. 725 kg, 1455 kg. 
 magaliTi 3. ubralo koWi Sedgeba sogmanebiT SeerTebuli xis ori 

Zelisagan.  

nax. 2.22 
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 koWi datvirTulia malis SuaSi ZaliT 2p = t.  sogmanisa da Zelebis 

zomebi mocemulia 2.23 nax-ze. gaviangariSoT: 1. mxleCavi Zabvebi sogmanebSi, 

2. mxleCavi Zabvebi Zelis WdobaSi da 3. Wdobis mTelavi Zabvebi. 

  pasuxi: 9,37 , 4,68 , 15,6 .2 2 2kg sm kg sm kg sm  
 

14.   arasimetriuli koWebis brtyeli Runva 

 

  aqamde vixilavdiT simetriul koWebs, Zalebs ki vgulisxmobdiT 

simetriis sibrtyeSi moTavsebuls. am pirobebSi deformaciac simetriuli 

iyo, xolo neitraluri RerZi ZalTa sibrtyis perpendikularuli. aseTi 

xasiaTis Runvas brtyeli Runva vuwodeT. 

  brtyel Runvas SeiZleba adgili hqondes arasimetriul koWebSic. 

marTlac, nebismieri formis SemTxvevaSi SeiZleba gareSe M  wyvilZalis 

sibrtye yx  ise SevarCioT, rom Sesabamisi neitraluri RerZi z  misi 
perpendikularuli iyos (nax. 2.24). aseTi SerCeva wonasworobis 0yM∑ =  
gantolebidan moxdeba. radganac gare wyvilZalis momenti y  RerZis mimarT 
nulia, gveqneba 

                                                      0
F

dF zσ ⋅ =∫ . 

brtyeli kveTis hipotezis Tanaxmad 

.yEσ
ρ

=   CasmiT miviRebT  

                                                

0.yz
F

E EyzdF I
ρ ρ

= =∫  

magram 0,E
ρ
≠  maSasadame, saWiroa, rom 

0,yzI =  rasac mxolod maSin eqneba 

adgili, Tu y  da  z  mTavari RerZebia. 
maSasadame, nebismieri formis koWis 

brtyeli Runvis misaRebad saWiroa 

wyvilZala erT-erT mTavar sibrtyeSi 

movaTavsoT, maSin neitraluri RerZi 

nax. 2.23

nax. 2.24 
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meore mTavar centralur RerZs daemTxveva. 

  amiT ganisazRvra gare wyvilZalis sibrtyis ori SesaZlo mimarTuleba, 

magram mdebareoba ki ganusazRvreli darCa. marTlac, centridanuli momenti 

yovelTvis nuli darCeba, Tu wyvilZalis yx  sibrtyes Tavis paralelurad, 

nebismier mdebareobaSi gadavitanT (punqtiri).  

es im faqtis formaluri gamosaxvaa, rom Siga da gare wyvilZalebis 

wonasworoba ar dairRveva, Tu maT sibrtyeebs erTimeoris paralelurad 

gadavitanT. amgvarad; gare wyvilZalis sibrtyis mdebareobisaTvis 

usasrulod mravali SesaZlebloba miviReT. wonasworobis gantolebidan 

ufro garkveuli pasuxis miReba sufTa Runvis SemTxvevaSi SeuZlebelic 

iyo. es SesaZlebeli xdeba mxolod ganivi Runvis SemTxvevaSi, ris Sesaxebac 

Semdgom paragrafSi iqneba aRniSnuli. 

 

15.  Runvis centris cneba 

 

  ganvixiloT Sveleris Runva ganivi ZaliT. Zala vertikalur mTavar 

sibrtyeSi  movaTavsoT da simetriis sibrtyis perpendikularulad 

mivmarToT (nax. 2.25, a), SevniSnoT, rom Zalis gadacema kveTis gabaritis 

gareT SeiZleba, magaliTad, miduRebuli konsolis SemweobiT. cda 

gviCvenebs, rom brtyel Runvas adgili aqvs P  Zalis mxolod erT 

garkveul A  mdebareobaSi. Tu Zala A  mdebareobidan gadavitaneT da, 

magaliTad, kveTis simZimis centrSi movdeT, maSin RunvasTan erTad grexac 

gaCndeba (nax. 2.25, b). rac ufro miuaxlovdeba Zala A  wertils, grexa 

moiklebs da bolos, roca Zala A - s miaRwevs, moispoba. 
  A  wertils Runvis anu sixistis centri ewodeba. mxolod Runvis 

misaRebad saWiroa ganivi kveTis sibrtyeSi moqmedma gare Zalebis tolqmedma 

A  wertilSi gaiaros, winaaRmdeg SemTxvevaSi gaCndeba grexac. kerZod, 

brtyeli Runvis misaRebad mTavar sibrtyeSi moTavsebuli tolqmedi Runvis 

centrSi unda gadiodes.  

 

nax. 2.25 
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nax. 2.26 

 

  Runvis centris sapovnelad davuSvaT, rom Sveleri vertikalur mTavar 

sibrtyeSi ukve gaiRuna da veZeboT P  Zalis iseTi mdebareoba, romelSic 

igi gaRunul Zels gaawonasworebs.  

   
 
  Runvis normaluri Zabvebi M  wyvilZalaze daiyvaneba, mxebi Zabvebi ki 

qmnis nakads kveTis konturis gaswvriv. vertikalur kedelSi Zabvebis 

tolqmedi udris Q , TaroebSi ki adgenen wyvilZalas, romlis momenti 

udris T h⋅  (nax. 2.26, a). 
SevkriboT samive Zala (Sekreba naCvenebia nax. 2.26, b-ze). R  tolqmedi 

sididiT isev Q - s tolia, oRond misi moqmedebis xazi e  manZilze 1A  
wertilSi gadainacvlebs. cxadia, mxebi Zabvebis mTeli nakadis momenti 1A  

wertilis mimarT udris 0. gvaqvs 
                                                             0,Th Qe− + =   

saidanac 

                                                                   The
Q

=                                                        (a) 

 

  movaTavsebT ra gare P  Zalas kedlidan e  manZilze, koWis mokveTil erT 

nawilze ori Tanatoli da Sebrunebuli mimarTulebis wyvilZala 

aRmoCndeba modebuli da wonasworobac daculi iqneba (nax. 2.27). Tu Zalas 

A  wertilidan z  RerZis mimarTulebiT raime zΔ  manZiliT gadavwevT, 

wonasworoba Runvis Zabvebsa da gare Zalas 

Soris dairRveva – daculi aRar aRmoCndeba 

momentebis gantoleba 0.xM∑ =  damatebiT 
warmoSobili momenti P zΔ  grexas 

gamoiwvevs da misi ZabvebiTve 

gawonaswordeba.  

  vipovoT .T  gvaqvs  
                                                                                                                                                                  

nax. 2.27 
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0

,
b

T dτδ ξ= ∫    

 

sadac b  aris Taros sigane, xolo dF dδ ξ=  - misi elementaruli farTobi 

(nax. 2.26, g). radganac mokveTili farTobis statikuri momenti 
2z
hS δξ∗ = ⋅  

,  miviRebT 

                                                       
2

02 4

b

z z

Qh Q hbT d
I I
δ δξ ξ= =∫  . 

es mniSvneloba CavsvaT (a) formulaSi, gveqneba 

 

                                                                    
2 2

4 z

b he
I
δ

=                                                  (5) 

miRebuli formula gviCvenebs, rom Runvis centris mdebareoba mxolod 

geometriuli faqtorebisagan – kveTis formisa da zomebisagan aris 

damokidebuli. 

  Runvis centri, rogorc Sveleris SemTxvevaSi vnaxeT, warmoadgens 

wertils, romelSic gadis Runvis dros aRZruli mxebi Zabvebis tolqmedi. 

simetriis sibrtyeSi Runvisas es tolqmedi TviTon simetriis RerZs 

emTxveva (nax. 2.28), maSasadame, Runvis centri simetriis RerZze Zevs.  

  Tu kveTs simetriis ori RerZi aqvs, Runvis centrs Zebna ar sWirdeba – 

igi simZimis centrs emTxveva. simetriis erTi RerZis SemTxvevaSi saZebni 

iqneba misi erTi koordinati – ase gvaqvs magaliTad Sveleris SemTxvevaSi.  

  Txelkedlian profilebSi mxebi 

Zabvebisa da, maSasadame, Runvis centris 

miaxloebiTi gansazRvra elementaruli 

saSualebebiT xerxdeba. masiur ZelebSi 

amocanis amoxsna drekadobis Teoriis 

meTodebis gamoyenebas moiTxovs. 

  Runvis centris moZebna 

gansakuTrebul praqtikul interess 

warmoadgens swored Txelkedliani 

profilebisaTvis, romlebic grexas 

sustad ewinaaRmdegebian. grexis didi 

deformaciebis Tavidan asacileblad 

saWiroa datvirTva Runvis centrSi 

gadavceT. 

  garkveuli saxis arasimetriuli 

Txelkedliani profilebis Runvis 

centri advilad moiZebneba. aseTia, 

magaliTad, kuTxovana (nax. 2.29, a). 

Runvis mxebi Zabvebis tolqmedi 1T  
da 2T  orive TaroSi mimarTulia 

RerZebis gaswvriv, ris gamoc 

sruli tolqmedi maTi gadakveTis 

nax. 2.28 

nax. 2.29 
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A  wertilSi gaivlis. msgavsi 

SemTxveva gvaqvs tesebri 

kveTisaTvis (nax. 2.29, b). 

  imisda miuxedavad, rom Z - br 
kveTs simetriis arc erTi RerZi 

ara aqvs, Runvis centri mainc 

simZimis centrs emTxveva – es 

gamonaklisia. TaroebSi RunviT 

aRZruli mxebi Zabvebis tolqmedi 

1T  da 3T  Tanatolia da erT 

mxaresaa mimarTuli. samive 1T  , 

2T  da 3T  Zalis tolqmedi, rogorc es 2.29 naxazidan Cans, kveTis simZimis 

centrSi gadis, rac zemoaRniSnuls adasturebs. 

  imis Semdeg, rac ganivi Runvis SemTxvevaSi Runvis centris mdebareoba 

davadgineT, SeiZleba sufTa Runvas davubrundeT. erT kveTSi gadacemuli 

mRunavi momentis gavlena SeiZleba warmovidginoT rogorc ori ganivi 

Zalis gavlenis zRvari, roca maTi mxari 0,Δ→   magram samagierod P  
izrdeba ise, rom P const= Δ =M  (nax. 2.30).  
  amgvarad, M  aris ori ganivi Zalis moqmedebis jamuri efeqti da, cxadia, 

mxolod maSin gamoiwvevs Runvas, roca orive Zala Runvis centrSia 

modebuli, winaaRmdeg SemTxvevaSi RunvasTan erTad grexac gaCndeba. es 

gviCvenebs, rom grexa SeiZleba gamoiwvios ara marto ganivma Zalam, aramed 

mRunavma wyvilZalamac da es maSin moxdeba, roca misi sibrtye Runvis 

centrebis RerZze ar gadis. aseTia dasmuli sakiTxis pasuxi. 

  SevniSnoT, rom zogierT saxelmZRvaneloSi da kvleviTi xasiaTis 

statiebSic ki vxvdebiT mtkicebas, rom TiTqos Runvis centris cnebas 

sufTa Runvis SemTxvevaSi azri ara aqvs. rogorc zemoaRniSnulidan Cans, 

aseTi mtkiceba safuZvels moklebulia.  

 

16. koWebis kveTis SerCeva dasaSvebi tvirTebis meTodiT 

 

sufTa Runva. dasaSvebi Zabvebis meTodis mixedviT koWis zRvrul 

mdgomareobad unda CavTvaloT 

mdgomareoba, rodesac ganapira 

boWkoebSi Zabva saSiS mniSvnelobas 

miaRwevs: myife masalisaTvis 

simtkicis zRvars, 

plastikurisTvis – denadobas. am 

mdgomareobis saTanado mRunavi 

momentebi M s  da Md - iT 

aRvniSnoT (nax. 2.31). 

  rogorc aRniSnuli iyo, aseTi 

Sexeduleba myife masalisaTvis 

safuZvliania, vinaidan nabzaris 

gaCena marTlac rRvevis dasawyiss nax. 2.31

nax. 2.30 
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warmoadgens. plastikurisTvis da denadobis dawyeba ganapira boWkoSi 

arafriT saSiSi ar aris: tvirTis Semdgomi zrda kidev SesaZlebelia – es 

moxdeba Siga boWkoebis xarjze, romlebic jer kidev drekadobis farglebSi 

muSaoben. meore mxriv, koWis saerTo deformacia M d  momentis dros 

umniSvneloa, radganac is SezRudulia Siga boWkoebis drekadi 

deformaciiT. 

  M d  momentis zeviT, drekad-plastikur stadiaSi, denadoba Zelis 

siRrmeSi gaiwevs da Zabvebis epiura ori trapeciis formas miiRebs∗ (nax. 

2.32). bolos zeda da qveda plastikuri zonebi erTmaneTs SeuerTdeba – 

Zabvebis epiura or sworkuTxedad gardaiqmneba. amiT miiRweva namdvili 

zRvruli mdgomareoba, roca tvirTis Semdgomi gazrda SeuZlebeli xdeba. 

Zelis simrude mkveTrad gaizrdeba, rac dauSveblad did CaRunvebs 

warmoSobs. 

  vipovoT neitraluri RerZis mdebareoba kveTis zRvrul mdgomareobaSi. 

kveTi neitraluri RerZis mimarT arasimetriuli vigulisxmoT (nax. 2.33), 

normaluri Zabvebi wyvilZalas Seadgenen, amitom maTi jami 0.
F

dFσ =∫  Tu 

gaWimuli da SekumSuli zonebis farTobebs 1F  da 2F  - Ti aRvniSnavT da 
mxedvelobaSi miviRebT TiToeul maTganSi Zabvebis gaTanabrebas, gveqneba 

1 2( ) 0,F Fσ − =d  saidanac 1 2.F F=  amgvarad, zRvrul mdgomareobaSi 

neitraluri RerZi kveTs Suaze yofs. 

  axla mRunavi momentis zRvruli mniSvneloba 

 
                                                                                                                                                                

 
             

1 2

1
F F F

M ydF ydF ydFσ σ σ= = +∫ ∫ ∫zR d d  

anu 

                                                              1 2( ) .M S S Wσ σ= + =zR d d d                          (6)  
                   
aq 1S  da 2S  gaWimuli da SekumSuli zonebis farTobTa statikuri 

momentebia neitraluri RerZis mimarT. maTi jami aRniSnulia Wd - Ti, rasac 
kveTis winaRobis plastikuri momenti ewodeba. 

neitraluri RerZisadmi simetriuli kveTis SemTxvevaSi (nax. 2.32) 

plastikuri deformaciebi kveTis orive mxares erTdroulad iwyeba da 

                                                 
∗ masala, rogorc gaWimvisa da grexis SemTxvevaSi, idealurad drekad-plastikuri 
igulisxmeba.  

nax. 2.32 
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simetriulad izrdeba 1 2S S S= =  da 2 .W S=d  neitraluri RerZi drekad 

stadiaSive kveTis farTobs Suaze yofs da plastikuri zonebis 

gafarToebisas uZravia. 

  neitraluri RerZisadmi arasimetriuli kveTis SemTxvevaSi (nax. 2.33) 

drekadobis farglebSi 1 2.F F≠  pirvelad denadoba erTi mxridan _ A -dan 
iwyeba. denadobis dawyebisTanave neitraluri RerZi kveTis simZimis 

centridan daiZvreba da B  mxares gadainacvlebs imdenad, rom zRvrul 

mdgomareobaSi 1F  da 2F  
farTobebi toli aRmoCndeba. 

  SevniSnoT, rom denadoba 

namdvilad Zelis RerZs ver 

miaRwevs, vinaidan Zabvebis 

wyveta -σ d - dan  +σ d - mde 
deformaciis wyvetasac 

gamoiwvevda, sinamdvileSi 

patara drekadi guli 

yovelTvis darCeba, romelic 

aq ukugdebulia. 

  ganxiluli ori meTodis 

zRvruli momentebis 

Sefardeba  

                                                           1.
M W

k
M W

= = >zR d

d

                                        (7) 

kveTis saangariSo tvirTmzidaoba, masalis plastikuri Tvisebis 

mxedvelobaSi miRebiT, k - jer izrdeba. advilad SevamowmebT, rom 

sworkuTxovani kveTisaTvis 1,5 ,k =  wriulisaTvis – 1,7. sxvadasxva zomis 

gaglinuli ortesebri profilebisaTvis 1,17 .k ≈  aRsaniSnavia, rom rac 

ufro racionaluria kveTi drekadi muSaobis zonaSi, miT naklebia k - s 
mniSvneloba. 

  dasaSvebi tvirTebis meTodiT simtkicis piroba sufTa Runvis SemTxvevaSi 

iqneba  

                                                                [ ] ,M M≤                                                 (8) 
sadac M  aris muSa mdgomareobis momenti. dasaSvebi momenti 

                                                           [ ] [ ] [ ]
.

M
M kW

n n
σ

= =zR d                                   (9)  

Tu maragis koeficients orive meTodSi Tanatols aviRebT, maSin 
[ ] [ ]
n
σ

σ=d  

da kveTis SesarCevad gveqneba piroba 

                                                                 
[ ]

,MW
k σ

≥                                             (10) 

rogorc Cans, dasaSvebi tvirTebis meTodiT vRebulobT masalis ekonomias – 

winaRobis momenti k - jer naklebi gamodis pirvel meTodTan SedarebiT. 

nax. 2.33 
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  ganivi Runva. am SemTxvevaSi, Tu mxebi Zabvebis gavlenas ukuvagdebT, 

miviRebT iseT sufTa Runvis suraTs im gansxvavebiT, rom M - is sigrZeze 
cvlilebis gamo sxvadasxva kveTi deformaciis sxvadasxva fazaSi iqneba. 

magaliTad, 2.34 naxazze mocemul SemTxvevaSi denadoba pirvelad C  kveTSi 

daiwyeba, sadac momenti maqsimaluria, da Zalis zrdisas rogorc siRrmeSi, 

ise sigrZeze gafarTovdeba. am naxazze naCvenebia koWis zRvruli 

mdgomareoba, roca plastikuri deformacia C  kveTSi Zelis RerZamde 

gavrcelda. mRunavi momenti sayrdenebisken mcirdeba.  

Sesabamisad mcirdeba plastikuri 

zonis siRrmec da bolos B  
kveTebSi ispoba. AB  ubani sufTa 
drekadia, BB  ki  drekad-

plastikuri. mTliani denadobis 

gamo C  kveTSi simrude 

Seuferxeblad gaizrdeba da 

Zelis ori naxevari erTimeoris 

mimarT Semobrundeba, TiTqos 

isini saxsriT iyos SeerTebuli. 

C  kveTSi arsebul bmas 

plastikuri saxsari ewodeba. 

saxsris gaCenis Semdeg Zeli erT 

bmas kargavs da geometriulad 

cvladi xdeba, rac zRvars udebs 

Zalis zrdis SesaZleblobas 

(nax. 2.34, g).  

  Zalis zRvruli mniSvnelobis 

sapovnelad maqsimaluri gare 

momenti mRunavi momentis zRvrul mniSvnelobas unda gavutoloT 

                                                            ,
4
P l

k Wσ=zR

d  

saidanac 

                                                             4 .
W

P k
l

σ
= d

zR  

SeniSvna. statikurad rkvevad koWs aqvs mxolod geometriulad 

ucvlelobisTvis aucilebeli bmebi, amitom erTi saxsris gaCeniT – erTi 

bmis dakargviT is ukve cvladi xdeba. 

       

 

  

  

 

 

 

nax. 2.34 
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Sedegebi da maTi gansja 

Tavi I 
 Sedgenili koWebis gaangariSebis meTodi e. i. belenias mixedviT 

 
1.1 koWebis simaRle 

 

  koWis simaRle ganisazRvreba ekonomiuri mosazrebebiT, koWis 

maqsimalurad dasaSvebi CazneqilobiT da rig SemTxvevebSi gadaxurvis 

konstruqciis samSeneblo simaRliT, anu fenilis wveris da gadaxurvis 

qveS Senobis wveris aRniSvnebis sxvaobiT. Cveulebriv, samSeneblo simaRle 

mocemulia teqnologebis an arqiteqtorebis mier. 

  yvelaze meti simaRle hopt.  umravles SemTxvevaSi nakarnaxevia ekonomiuri 

mosazrebiT. 

  koWis masa Sedgeba misi sartyelis, kedlisa da konstruqciuli 

koeficientis mier gaTvaliswinebuli zogierTi konstruqciuli elementis 

masisagan. amasTan, koWis simaRlis zrdasTan erTad mcirdeba sartyelis 

masa, xolo kedlis masa izrdeba. (nax. 3.1). 

 

  ramdenadac kedlisa da sartyelis masis funqciebi koWis simaRlis 

cvlilebiT icvleba araerTgvarovnad erTi matulobs, meore klebulobs 

(rogorc es Cans nax. 3.1), unda arsebobdes orive funqciis jamis yvelaze 

naklebi mniSvneloba, anu simaRle, romlis drosac kedlisa da sartyelis 

jamuri wona iqneba naklebi. am 

simaRles ewodeba optimaluri 

hopt. , ramdenadac is 

gansazRvravs koWze masalis 

yvelaze nakleb xarjs. koWis 

optimaluri simaRlis 

gansazRvra SeiZleba Semdegi 

saxiT. 

 

nax. 3.1 koWis masis kveTis simaRleze damokidebulebis grafiki 
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  1 m sigrZis koWis sruli masa udris sartyelebisa da kedlis srul 

masas     2 ,cMg g g ht
hR

ψ ρ ψ ρ= + = +koW. sart. ked. sart. ked. ked.  

 

sadac c - momentis nawilia, romelic aRiqmeba koWis sartyelebiT; M - 

koWze moqmedi saangariSo momenti; R - koWis masalis saangariSo winaRoba; 

h -koWis simaRle; tked. - koWis kedlis sisqe; ψsart. -sartyelTa 

konstruqciuli koeficienti (sartyelis Teoriuli farTobidan namdvilze 

gadasvlis koeficienti); ψ ked. - kedlis konstruqciuli koeficienti;     

ρ - liTonis simkvrive.  

  koWis masis minimumis gansazRvrisas viRebT warmoebuls koWis masis 

gamosaxulebidan misi simaRlis mixedviT da mas vutolebT nuls: 

2

2 0
dg cM t
dh h R

ψ ρ ψ ρ= − + =koW.

sart. ked. ked.  , 

aqedan M R Secvlisas, viRebT 

2h c W t k W tψ ψ= =opt. sart. ked. ked. ked.  .                      (3. 1) 

 

k koeficienti damokidebulia koWis konstruqciul gaformebaze – 

sartyelebisa da kedlis konstruqciul elementebze. moqlonuri RiobebiT 

kveTis Sesustebis gamo es koeficientebi moqlonili koWebisaTvis ufro 

metia, SeduRebulebisTvis - naklebi. es koeficienti sigrZeSi cvladi 

kveTis koWebSi ufro naklebia, vidre mudmivi kveTis koWebSi, ramdenadac is 

warmoadgens saSualo koeficients, romelic ganekuTvneba koWis yvelaze 

daZabul kveTs. SeduRebuli koWebisTvis koeficientis sidided aviRoT 

1,2,....1,15 tolad, moqlonilisTvis – 1,25.....1,2.… 

  moyvanili daskvna ar warmoadgens mkacrs, ramdenadac is ar iTvaliswinebs 

Tanafardobis cvlilebebs kedlis sisqesa da simaRles Soris sxvadasxva 

simaRlis koWebSi da, maSasadame, koWis sartyelebsa da kedels Soris 

momentis ganawilebis c  koeficientis cvlilebebsac.  
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  (3.1) formulidan cxadia, rom Tanafardoba koWis simaRlesa da kedlis 

sisqes Soris did gavlenas axdens kveTis ekonomiurobaze; amasTan, rac 

ufro Txelia kedeli, miT metia simaRle da xelsayrelia koWis kveTi. 

  k. k. muxanovma gamoiyena koWis optimaluri simaRlis kedlis mocemul 

moqnilobaze damokidebuleba   3 3 / 2h Wλ=opt. ked. ……,                 (3.2)… 

sadac  h tλ =ked. ked. ked.     kedlis moqnilobaa. 

 c x r i l i  3.1. 

rekomendebuli Sefardeba hkoW.  koWis simaRlis tked.  kedlis sisqesTan  

 

,hkoW. m  1 1,5 2 3 4 5 

,tked. mm  8-10 10-12 12-14 16-18 20-22 22-24 

h tkoW. ked.  100-125 125-150 145-165 165-185 185-200 210-230 

 

SeniSvna: maRali simkvrivis foladis koWebisTvis maxasiaTebeli umciresi 

mniSvnelobebi h tkoW. ked.  dros. 

 

 Tumca, kedlis moqnilobis praqtikuli mniSvneloba Semoifargleba misi 

sixistisa da simtkicis uzrunvelyofis aucileblobiT mxebi Zabvebis 

moqmedebaze. 

  daproeqtebis praqtikiT dadginda (cxr. 3. 1) moyvanili kedlis sisqisa 

da koWis simaRlis rekomendebuli Tanafardobebi. erTganiani koWebisaTvis 

12-16 m ganiT xSirad iReben 10 12t = −ked. mm.   

  koWis miRebuli optimaluri simaRle warmoadgens yvelaze racionalurs, 

ramdenadac hopt. -gan simaRlis daSoreba gamoiwvevs koWze masalis gaxarjvis 

zrdas. 

  SeiZleba aRiniSnos, rom kedlis masa optimaluri simaRlis koWebSi 

udris koWis sartyelebis masas. koWis simaRlis arCevisas unda gvaxsovdes, 

rom koWis masis funqcia hopt.  ganmsazRvreli minimumis areSi icvleba 
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naklebad, amitomac SesaZlebelia hopt. - gan gadaxrebi. optimalurisagan 

namdvili simaRlis 20%-iT gadaxra iwvevs koWis masis cvlilebas 

daaxloebiT 4%-iT (nax. 3.1). 

  koWis yvelaze dabali rekomendebuli simaRle minh  ganisazRvreba koWis 

sixistiT – misi zRvruli CaRunviT (meore zRvruli mdgomareoba).  

  koWis minimaluri simaRlis miReba SeiZleba CaRunvis isris formulidan. 

koWis sigrZeze Tanabrad ganawilebuli datvirTvisaTvis 

( ) 45 384f p g l EI= +n n    , 

  sadac pn da gn -  droebiTi (saWiroebis SemTxvevaSi dinamikuri 

koeficientis gaTvaliswinebiT) da mudmivi normatiuli datvirTvebia koWis 

sigrZis erTeulze (gadatvirTvis koeficientis gareSe); l - koWis mali; 

EI - koWis sixiste CaRunvaze. 

  CaRunvis isris formulaSi ( ) 2 8M p g l= +n n  CasmiT, viRebT 

25 48f M l EI= .  sadac ( )p gσ +  aris Zabva p g+n n  datvirTvebisagan.  

gaTvaliswinebulia aseve, rom ( )M W p gσ= +  da ( )2I W h= , f - is 

formulaSi Casmis Semdeg viRebT 

( )
25 24p gf l Ehσ +=           an      ( )5

24
p g l lh
E f

σ + ⎛ ⎞
= ⎜ ⎟

⎝ ⎠
 

 

  Zalebis moqmedebis damoukideblobis kanoniT sargeblobisas viRebT Zabvas 

normatiuli datvirTvebisagan  

( ) п пgp g
p

p gR
p

σ +

+
=

+

n n

n n
     ,   

sadac R - koWis masalis saangariSo winaRobaa;  п p  da  пg - gadatvirTvebis 

Sesabamisi koeficientebi.  

  koWebis CaRunvis isris fardoba mis malTan [ ]f l  reglamentirebulia 

normebiT koWis daniSnulebis mixedviT.Aamis gamoyenebiT Tanabrad 

datvirTul sigrZeze koWisTvis viRebT, 
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5
24 p g

Rl l P gh
E f п P п g
⎡ ⎤ +

= ⎢ ⎥ +⎣ ⎦

n n

min. n n
                                      (3.3) 

koWebisTvis, romlebic iyeneben masalis drekad-plastikur muSaobas, 

minimaluri simaRle iqneba  

15
24 p g

c Rl l P gh
E f п P п g

⎡ ⎤ +
= ⎢ ⎥ +⎣ ⎦

n n

min. n n
                                     (3.4) 

Mmocemul  SemTxvevaSi masalis moqnili muSaobisaTvis gamoyvanili CaRunvis 

isris formulis gamoyeneba SesaZlebelia, ramdenadac CaRunva ganisazRvreba 

normatiuli datvirTvisagan, xolo koWis kveTi irCeva saangariSo 

datvirTvis moqmedebisagan, amasTan, gadatvirTvis koeficienti п  yovelTvis 

metia masalis drekad-plastikuri muSaobis gaTvaliswinebis koeficientze 

( 1c ) da, maSasadame, koWis masala normaluri eqspluataciis dros 

yovelTvis muSaobs moqnilad. 

  koWis minimaluri simaRle uzrunvelyofs aucilebel sixestes masalis 

mzidi unaris sruli gamoyenebisas. 

  koWze datvirTvis sxva saxeebis dros hmin.  SeiZleba miaxloebiT 

ganisazRvros (3.3) formuliT. 

  (3.3) formulidan Cans, rom koWis saWiro simaRle izrdeba masalis 

sixistis zrdasTan da dasaSvebi CaRunvis SemcirebasTan erTad. 

  Tu (3.3) formulis mixedviT miRebuli koWis simaRle raime mosazrebiT 

ar SeiZleba  iqnes miRebuli, CaRunvis saWiro norma SeiZleba 

dakmayofildes mxolod masalis saangariSo winaRobis Semcirebisas, viRebT 

ra naklebad mdgrad masalas an arasrulad viyenebT ra mis mzid unars. 

  koWis simaRlis arCeva. koWis simaRlis cvlilebis kanonzomierebebi 

gviCvenebs, rom yvelaze mizanSewonilia koWis simaRle aviRoT hopt.  

miaxloebad, rac gansazRvrulia ekonomiuri mosazrebebiT da aranakleb hmin. , 

romelic dadgenilia koWis (dasaSvebi CaRunvis) sixistis pirobidan 

gamomdinare. bunebrivia, rom yvela SemTxvevaSi koWis miRebuli simaRle 

fenilis sisqesTan jamSi ar unda aRematebodes gadaxurvis mocemul 

samSeneblo simaRles. koWis simaRle unda SevaTavsoT aseve sortamentze 

furclebis siganis zomebs. sasurvelia, rom simaRleSi kedeli Sesruldes 



 73

erTi furclisagan araumetes 2000-2200 mm siganiT. Tu saWiroa meti 

simaRlis kedeli, unda gavarTuloT koWis konstruqcia kedlis grZivi 

pirapiris mowyobilobiT. yvela SemTxvevaSi, Sedgenili koWis simaRle 

konstruqciebis unifikaciis mizniT racionalurad unda aviRoT mrgval 

ricxvebSi, romelic 100 mm jeradia. 

   

1.2 kedlis sisqe 

 

koWis simaRlis Semdeg kedlis sisqe warmoadgens kveTis meore ZiriTad 

parametrs, ramdenadac is Zlier gavlenas axdens Sedgenili koWis kveTis 

ekonomiurobaze. 

  kedlis yvelaze naklebi sisqis gansazRvrisaTvis misi muSaobis 

pirobebidan mxeb Zabvebze SeiZleba visargebloT n. g. Juravskis formuliT 

QS It Rτ γ= <ked. Wraze   , 

sadac Q  maqsimaluri ganivi Zalaa; S - koWis naxevarkveTis statistikuri 

momenti neitralur RerZTan mimarTebaSi; I - koWis kveTis inerciis momenti; 

tked. - kedlis sisqe; RWraze - kedlis masalis saangariSo winaRoba kveTze. 

  optimaluri kveTis koWSi, romlis sartyelis farTobi udris kedlis 

farTobs, Sida wyvilis mxari Seadgens 0,85I S h≈ . am I S Tanafardobis 

CasmiT n. g. Juravskis formulaSi da gardaqmnis meSveobiT viRebT 

                           1, 2t QS IR Q hR= ≈ked. Wraze Wraze                         (3.5) 

koWis torsze miduRebuli sayrdeni wibos meSveobiT Wrili SenaduRi 

koWis dayrdnobisas SeiZleba CaiTvalos, rom koWis sayrden kveTze mxeb 

Zabvaze muSaobs mxolod kedeli, xolo sartyelebi jerac araa CarTuli 

koWis kveTis muSaobaSi. maSin Sida wyvilis mxari 

3

2

8 2
12 3
t hI h

S t h
= =ked.

ked.

   . 

am SemTxvevaSi kedlis sisqe 

                              3
2

QS Qt
IR hR

= =ked.

Wraze Wraze

                                 (3.6) 
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simetriuli kveTis koWebSi, romlebic muSaobs plastikuri deformaciebis 

ganviTarebis gaTvaliswinebiT da ar aris datvirTuli adgilobrivi 

datvirTviT, 0σ =adg. ; pirobebis 0,9Rτ ≤ Wraze ; 0, 25A t ≥sart. ked.  da 

2, 2 6λ< ≤ked.  Sesrulebisas saWiroa Semowmdes koWis mzidi unari kedlis 

mdgradobis SesaZlo danakargis gamo, romelic muSaobs plastikuri 

deformaciebis gaTvaliswinebiT, formulis mixedviT 

( )2
0M R h t A Aγ α≤ +ked. sart. ked.    ,                    (3.7) 

sadac ( ) ( )2 230, 24 0,15 8,5 10 2, 2Rα τ λ−= − − ⋅ −Wraze  ;   Q hτ = ked.    tked. -kedelSi 

saSualo mxebiTi Zabva koWis Semowmebis adgilas; γ -konstruqciis muSaobis 

pirobebis koeficienti.  

   kedlis adgilobrivi mdgradobis uzrunvelsayofad, misi grZivi wiboTi 

damatebiTi gamagrebis gareSe, saWiroa 5,5λ <ked.  arseboba, maSin 

( ) 5,5t h R E≥ked. ked.                                    (3.8) 

  2 m-ze maRali simaRlis koWebSi konstruqciuli formis es gamartiveba 

ekonomiurad araa gamarTlebuli, ramdenadac kedlebi sakmaod sqeli xdeba, 

maRal koWebSi kedlis sisqe aris naklebi da aRwevs 1/200-1/250 simaRles, 

rac moiTxovs kedlis gamagrebas, romelsac SeuZlia misi mdgradobis 

uzrunvelyofa. 

  amgvarad, kedlis sisqis gansazRvris amocana variantulia, romelic 

gavlenas axdens koWis kveTis ekonomiurobaze da moiTxovs Zalian frTxil 

damokidebulebas. 

  1-2 m simaRlis koWebisTvis kedlis sisqis racionaluri mniSvneloba 

SeiZleba ganisazRvros empiriuli formuliT 

7 3 1000t h= +ked.  mm                      (3.9) 

kedlis sisqe unda iyos SeTavsebuli furclovani foladis glinvis 

arsebul sisqesTan. Cveulebriv, kedlis minimaluri sisqe aranakleb 8 mm -ia 

(Zalian iSviaTad 6 mm) da 12 mm –mde sisqis dros 1 mm jerads iyeneben, 12 

mm metis dros ki, 2 mm jerads. Tu (3.1) formulis mixedviT miRebuli 

kedlis sisqe gansxvavdeba (3.6) an (3.5) formuliT miRebulisagan 2 mm da 
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metiT, (3.1) formulaSi unda CavsvaT Wris pirobidan gansazRvruli kedlis 

sisqe da kvlav gamoviangariSoT hopt. . 

  

sartyelovani SeerTebebis mqone koWebis sartyelovani kuTxeebi moqlonvaze 

da myar WanWikebze 

   

aseTi koWebis sartyelis SemadgenlobaSi Sedis sartyelovani kuTxeebi, 

romlebic Cveulebriv TanabarTaroiania. kuTxeebis kalibri (maTi Taroebis 

sigane bkuT. ) dgindeba koWis simZlavris da masze datvirTvis gadacemis 

xerxis mixedviT. 

1-2 m saSualo simaRlis koWebisTvis 

( )1 10b h≈kuT.   . 

sartyelovani kuTxeebis sisqe unda aviRoT t t=kuT. ked.  kedlis sisqis 

tolad, ramdenadac es amartivebs samontaJo pirapirebis mowyobas.  

  koWis kveTis SemadgenlobaSi horizontaluri furclebis arsebobisas 

saWiroa, rom sartyelis kuTxeebma uzrunvelyos kedelze sartyelis Zalis 

saimedo gadacema. amisaTvis, sartyelis ori kuTxis kveTis farTobi ar unda 

iyos sartyelis kveTis mTeli farTobis aranakleb 30%.  

 

1.3 sartyelebis horizontaluri furclebi 

 

  SeduRebul koWebSi sartyelebs Cveulebriv iReben universaluri 

foladis calkeuli furclebisagan. ori an meti furclisgan sartyelis 

damzadeba SeduRebul koWebSi araracionaluria, ramdenadac Cven vzrdiT 

furclebis muSaobis araTanabarzomierebas kedlidan gare furclebisaken 

Zalis gadacemis sigrZis zrdis gamo (nax. 3.2). amasTan, mkveTrad izrdeba 

SeduRebuli nawiburebis ricxvic. garda amisa, gardauvalia napralebis 

warmoqmna mxolod kideebze SesaduRebel furclebs Soris.  

  SeduRebuli koWis horizontaluri sartyelis furclis sisqed 

Cveulebriv iReben kedlis araumetes 2-3 sisqes, ramdenadac sartyelis 

nawiburebSi, kedelTan sqeli sartyelis furclebis SeduRebisas viTardeba 
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mniSvnelovani Seklebis gamWimavi daZabuloba. 30 mm –ze ufro sqeli 

sartyelis furclebis gamoyeneba araracionaluria imitomac, rom sqel 

furclebs gaaCniaT denadobis zRvaris Semcirebuli mniSvnelobebi da, 

maSasadame, Semcirebuli saangariSo 

winaRoba. 

  moqlonil koWebsa da maRali 

simtkicis WanWikebze Semdgar 

koWebSi SenaduRisgan gansxvavebiT 

xSirad gamoiyeneba paketebi ori-sami 

horizontaluri furclisgan, 

ramdenadac mravalfurclian 

paketebSi, romelic gaWimulia 

mTels siganeze qlonviTa an 

WanWikebiT, furclebi muSaobs 

sakmaod Serwymulad. calkeuli horizontaluri furclebis sisqes, 

samontaJo pirapiras konstruirebis moxerxebulobis pirobidan gamomdinare, 

Cveulebriv iReben sartyelis kuTxeebis sisqis tolad. 

  horizontaluri furclebis sigane Cveulebriv aris koWis 1 2 1 5− −  

simaRlis toli, misi zogadi simyaris uzrunvelyofis pirobidan 

gamomdinare. 

  konstruqciuli mosazrebebiT sartyelis sigane ar unda iyos 180 mm 

naklebi an 10h . moqlonili koWebisaTvis an WanWikebze koWebisTvis aseve 

sasurvelia, rom horizontaluri furclebi ramdenadme scdebodes 

sartyelis kuTxeebis gare sazRvrebs 

2 10b t b≥ + +hor.fur. ked. kuT. mm  

  horizontaluri furclebis yvelaze meti sigane ganisazRvreba maTi 

adgilobrivi mdgradobisa da siganeze Tanabari muSaobiT. 

  koWebSi Sekruli sartyelis Sverilis ganis bSverili Tanafardoba tsart.  mis 

sisqesTan ar unda aRematebodes: 

  moqnilad moqmed kveTSi 

nax. 3.2 Zabvis ganawileba 

SeduRebuli koWis paketis 

furclebSi 
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0.5b t E R≤Sverili sart.                      (3.10) 

  plastikuri deformaciebis ganviTarebis gaTvaliswinebiT momuSave kveTSi 

00.11b t h t<Sverili sart. ked.  ,   magram araumetes  0.5 E R  ,  (3.11) 

sadac 0h   koWis saangariSo simaRlea; tked. - koWis kedlis sisqe. 

  koWebis gaWimuli sartyelisTvis rekomendebuli araa sartyelis sigane 

aRematebodes sartyelis 30 sisqes, zolis siganeze Zabvis Tanabari 

ganawilebis pirobidan gamomdinare.   

 

1.4 koWebis kveTis SerCeva 

 

  kveTis SerCeva mdgomareobs koWis kedlisa da sartyelis zomis 

gansazRvraSi, pirobebis teqnologiuri mocemulobidan, ekonomiurobidan, 

sixistidan, damzadebis mdgradobis da teqnologiurobidan gamomdinare. 

  magaliTi 1. saWiroa SeduRebuli mTavari koWis kveTis SerCeva, romlis 

CaRunvis isari ( )1 400f l<  , sisqe 20t ≤ mm , 230 23R Mпa= = 2kn sm   da 

135R =Wraze      13,5Mпa = 2kn sm ,  fenilis wona da fenilis koWis 

1 1,023g = 2kn m . koWis wonas saorientaciod viRebT masze datvirTvisagan 

1-2% farglebSi. gadaxurvis maqsimalurad SesaZlebeli samSeneblo 

simaRlea 1,6 m. 

  koWis saangariSo sqema moyvanilia (nax. 3.3a) ganvsazRvroT koWze 

normatiuli da saangariSo datvirTvebi: 

( )1,02 20 1,023 6 128,6q p g= + = + =n n n kn m  

( )1,02 1, 2 20 1,05 1,023 6 153p gq п p п g= + = ⋅ + ⋅ =n n kn m  
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nax. 3.3. magaliTisTvis 1. 

a) saangariSo sqema;  b) koWis kveTi 

 

  ganvsazRvravT saangariSo mRunav moments malis SuaSi 

 2 28 153 12 8 2754 275 400M ql= = ⋅ = =kn.m kn.sm  

ganiv Zalas sayrdenze 

2 153 12 2 918Q ql= = ⋅ = kn.  

mTavar koWs ganvsazRvravT plastikuri deformaciebis ganviTarebis 

gaTvaliswinebiT.  1W M c Rγ=neto maqs.  formulis mixedviT ganvsazRvravT 

koWis winaRobis saWiro moments, Tavdapirvelad viRebT ra 1 1,1c c= =  : 

1 275 400 1,1 23 1 10 885W M c Rγ= = ⋅ ⋅ = 3
saWiro maqs. sm  

ganvsazRvravT koWis optimalur simaRles (3.1) formulis mixedviT, 

winaswar vaZlevT ra mas simaRles ( )1 10 1, 2h l≈ ≈ m    da  (3.9) formuliT 

kedlis sisqis gaangariSebiT 7 3 1200 1000 10,6 .t = + ⋅ =ked.    kedlis sisqed 

viRebT 10 mm. 

1,15 10 885 1 120h k W t= = =opt. ked. sm.  

kedlis miRebuli sisqe da simaRle aris (cxr. 3. 1) rekomendebuli 

mniSvnelobebis farglebSi.  

  minimalur simaRles ganvsazRvravT (3.4) formuliT 

380X20 
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1
4

5 5 1,1 23 1200 400 128,6 103,2
24 24 2,06 10 153p g

c Rl l P gh
E f п P п g

⎡ ⎤ + ⋅ ⋅ ⋅ ⋅
= = ⋅ =⎢ ⎥ + ⋅ ⋅⎣ ⎦

n n

opt. n n
sm.  

koWis samSeneblo simaRles ganvsazRvravT gadaxurvis da misi konstruqciis 

SesaZlo maqsimaluri simaRlidan gamomdinare. 

160 30 0,8 129,2h h h t= − − = − − =samS. samS.
koW. gad. fen. fen.

koW.

sm.  

miRebuli simaRlis Sedarebisas viRebT koWis simaRles, romelic axlosaa 

optimalurTan 120h = sm.  

  vamowmebT kedlis miRebul sisqes: 

 (3.9) empiriuli formuliT 

7 3 1000 7 3 1200 1000 10,6 ;t h= + = + ⋅ =ked. mm  

  (3.6) formulis mixedviT, sayrdenze mxebZabvebze kedlis muSaobis 

pirobidan gamomdinare 

3 3 918 0,85
2 2 120 13,5
Q

t
h

⋅
= = =

⋅ ⋅
maqs.

ked.

Wraze

 , 

sadac 13,5R = 2
Wraze kn. sm .   

  sixistis grZivi wiboebis gamoyenebisTvis (3.8) formulis mixedviT 

( ) ( )45,5 120 23 2,06 10 5,5 0,73Rt h E= = ⋅ =ked. sm .  

  gaangariSebis gziT miRebuli kedlis sisqis miRebulTan (10 mm) 

Sedarebisas mivdivarT daskvnamde, rom is akmayofilebs simtkicis pirobas 

mxebi Zabvebis moqmedebaze da ar moiTxovs mis gamagrebas sixistis grZivi 

wiboTi adgilobrivi mdgradobis uzrulvelsayofad. horizontaluri 

sartyelis furclebis zomebs vRebulobT koWis saWiro mzidi unaridan 

gamomdinare. amisaTvis vangariSobT koWis kveTis inerciis saWiro moments 

42 10 885 120 2 653100 .I Wh= = ⋅ = sm  

vpoulobT koWis kedlis inerciis moments, sartyelis sisqed 2 sm aRebisas: 

2 120 2 2 116h h t= − = − ⋅ =ked. sart. sm ;  

3 3 41 116 12 130 074I t h= = ⋅ =12ked. ked. ked. sm . 

inerciis momenti, romelic modis sartyelis furclebze 

4653100 130 074 523 026I I I= − = − =sarty. ked. sm . 
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koWis sartyelis furclebis inerciis momenti mis neitralur RerZTan 

mimarTebaSi ( )2
02 2 ,I A h≈sarty. Tar.  sadac ATar.   sartyelis kveTis farTobia. 

sartyelis inerciis momenti sakuTar RerZTan mimarTebaSi, misi simciris 

gamo, ugulebelyofilia.  

  aqedan viRebT koWis sartyelis kveTis saWiro farTobs. 

2 2 2
02 2 523 026 118 75,12A I h= = ⋅ =Tar. sarty. sm  , 

sadac 0 120 2 118h h t= − = − =sarty. sm .   

  380 20X mm    universaluri foladis sartyeli, romlisTvisac 

380 1200 1 3,15b h = =sarty.  aris rekomendebuli Tanafardobis farglebSi. 

vazustebT c  plastikuri muSaobis gaTvaliswinebis adre miRebuli 

Tanafardobis Sedegidan gamomdinare   
238 2 76A b t= = ⋅ =Tar. sarty. sarty. sm ;     2116 1 116A h t= ⋅ = ⋅ =ked. ked. ked. sm  ;    

76 116 0,655A A = =Tar. ked.   . 

danarTi 5 – is mixedviT 1,104c = , romelic praqtikulad Seesabameba 

mocemul 1,1c =   . 

  vamowmebT sartyelTa miRebul siganes (kiduls) (3.11) formulis 

mixedviT, adgilobrivi mdgradobidan gamomdinare: 

038 1 1189, 25 0,11 0,11 12,98 0,5 14,96 .
2 2 1

b h E R
t t

−
= = < = = < =

⋅
kid.

sarty. ked.

 

vamowmebT koWis mzid unars (3.7) formulis mixedviT, kedlis mdgradoba 

gamomdinare koWis plastikuri deformaciebis areSi, maqsimaluri momentis 

moqmedebis momentSi, sadac Q  da 0τ =  : 

4

116 23 3,876
1 2,06 10

λ = =
⋅ked.  , 

( )2 2
0275 400 23 1 118 1 0,655 0,216 279 003AM R h t

A
γ α

⎛ ⎞
= < + = ⋅ ⋅ ⋅ + = ⋅⎜ ⎟⎜ ⎟

⎝ ⎠

Tar.
maqs. sarty. ked.

ked.

kn sm,

      

sadac 

( ) ( ) ( )
2 2 23 30, 24 0,15 8,5 10 2, 2 0, 24 8,5 10 3,876 2, 2 0, 216Rα τ λ− −= − − ⋅ − = − ⋅ − =Wraze ked.

 . 
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  koWis SerCeul kveTs vamowmebT sixisteze. amisaTvis ganvsazRvravT 

inerciis moments da koWis winaRobis moments 

( )
22 4

0
1182 2 130 074 2 38 2 659186

2
I I I I b t h= + = + = + ⋅ ⋅ =ked. sarty. ked. sarty. sarty. sarty. sm   

; 

659186 2 10 986
2 120
IW
h

⋅
= = = 3sm   . 

  koWSi yvelaze meti normaluri Zabva 1M cW Rσ γ= ≤maqs. neto
 formuliT 

2

1

275 400 22,79 23
1,1 10 986

M
R

cW
σ = = = =

⋅
maqs.

kn sm < kn sm  

  koWis SerCeuli kveTi akmayofilebs sixistis Semowmebas da ar gaaCnia 

5 % - ze meti daZabva. koWis CaRunvis Semowmeba saWiro araa, ramdenadac 

kveTis miRebuli simaRle metia minimalurze da reglamentirebuli CaRunva 

uzrunvelyofili iqneba. 

 

  rogorc ganxiluli magaliTidan Cans, igi ver akmayofilebs im 

rekomendaciebs, romlebic maT (e. i. belenia da avtorebi) mierve  iyo 

SemoTavazebuli. kerZod, Taroebis farTobebis jami unda udrides kedlis 

farTobs 2A A=T. ked. .  

  aviRoT aq ganxiluli magaliTi da SevamowmoT; gamodis, rom Taroebis 

farTobebi 2(380X20) ar aris toli kedlis farTobisa 1160X10, saidanac 

ukve koWis ganivkveTis SerCevis racionalurobis piroba dairRva. anu  

2(380X20)=1160X10, es ki aris, rom 15200≠ 11600. ((152-116)/116*100) 

aqedan Cans, rom 31%-ia gansxvaveba. 
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Tavi II 

Sedgenili koWebis gaangariSeba k. k. muxanovis mixedviT  

Sedgenili foladis koWebi 

 

 2.1 generaluri zomebi 

 

  Sedgenili koWebi aris SeduRebuli (upiratesad) da moqlonili. koWebis 

generalur zomebs niSnaven nagebobis zomebis yvelaze optimaluri 

Tanafardobidan gamomdinare. 

  samrewvelo nagebobebSi malis daniSvna damokidebulia proeqtirebadi 

obieqtis warmoebis teqnologiaze. cxr. 4. 1 an 0 1
4800 q

lnh
n

=min.  (4. 1) 

formulis mixedviT sixistis pirobidan gansazRvruli koWis minimaluri 

simaRle Cveulebriv ar warmoadgens  optimalurs masalis xarjvis 

TvalsazrisiT. koWis yvelaze xelsayreli kveTi ganisazRvreba kveTis 

minimaluri farTobiT winaRobis mocemuli momentis dros W M R=saWiro  da 

kveTis am farTobis yvelaze xelsayrel ganawilebiT kedelsa da sartyels 

(Taroebs) Soris, rac damokidebulia kedlis sisqeze da simaRleze. 

  SemoviRoT Semdegi cnebebi: kedlis moqniloba (kedlis simaRlis fardoba 

mis sisqesTan) 

                   K h δ=ked.                                  (4.2) 

da masalis koWis kveTze ganawilebis koeficienti 

                   F F h Fα δ= =ked.                             (4.3) 

  F - iT aRvniSnoT SeduRebuli ortesebri koWis kveTis farTobi (nax. 4. 

1); maSin erTi sartyelis kveTis farTobi ( )0,5F F hδ= −sarty. . 

  simciris gamo sartyelTa inerciis momentebis ugulvebelyofisas maTi 

sakuTari RerZebis mimarT, aseve kedlis simaRlis koWis simaRlesTan 

gaigivebis Sedegad, SegviZlia sakmarisi sizustiT gamovxatoT koWis 

winaRobis momenti: 
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2 3 2 22 22

2 12 6 2 3
h h h Fh hW F F h

h h
δ δ δ⎡ ⎤⎛ ⎞= + = + = −⎢ ⎥⎜ ⎟

⎝ ⎠⎢ ⎥⎣ ⎦
sarty. sarty.  ;            (4.4) 

    (4.4) formulaSiδ h kδ = ked.  mniSvnelobis Casmisas, vpoulobT 

              
22 2

3
W hF
h k

= +
ked.

;                                   (4.5) 

  viRebT ra pirvel warmoebuls simaRleze da vutolebT ra mas nuls 

(kedlis arCeuli mudmivi moqnilobis kked.  dros) 

2

2 4 0
3

dF W h
dh h k

= − + =
ked.

 

  vpoulobT koWis simetriuli kveTis optimalur 

simaRles 

       3
3
2

h k W=opt. ked. saWiro ;                (4.6) 

 

 

 

 

 

 

nax. 4.1  Sedgenili SeduRebuli ortesebri koWis kveTi 

 

  davsaxeT ra  kked.  kedlis moqniloba da mis mixedviT vipoveT ra koWis 

optimaluri simaRle, amiT vadgenT kveTis mixedviT masalis saukeTeso 

ganawilebas. simetriul ortesebr koWSi optimaluri simaRlis dros 

masala Tanabrad nawildeba kedelsa da sartylebs Soris ( )0,5α = . 

marTlac, gamomdinare (4. 4) formulidan da miviRebT F Fα=ked. ,  

vpoulobT 

⎟
⎠
⎞

⎜
⎝
⎛ −=−=

32
1

32

2 αδ FhhFhW  

an, ramdenadac h k δ= ked.  an 2h k h k Fδ α= =ked. ked. ,  vRebulobT 
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( ) ( )3 3
01 2 3 1 2 3W F k F F k W Fα α α α= − = − =ked. ked. ,        (4.7) 

sadac  

           ( )3
0 1 2 3W W F k α α= = −ked.                        (4.8) 

 

 

  nax. 4.2  gamZleobis xvedriTi momentis mrudebi  

  

  winaRobis xvedriTi momenti 0W  damokidebulia kked.  da α  - ze da 

warmoadgens ra uzomo sidides, emsaxureba CaRunuli kveTis gamosadegobis 

maxasiaTebels. nax. 4. 2 - ze naCvenebia winaRobis xvedriTi momentis 

mrudeebi kked.  kedlis moqnilobis da α  koeficientis funqciebSi; kked.  

TiToeul mniSvnelobas pasuxobs 0W   mniSvnelobis fardobiTi maqsimumi. 

viRebT ra pirvel warmoebuls α  koeficientis mixedviT da vutolebT ra 

mas nuls (mudmivi kked.  dros), viRebT fardobiT maqsimums, anu koWis 

kveTze masalis yvelaze xelsayrel ganawilebas: 

0 1 0
24

dW k
d

α
α α

⎛ ⎞
= − =⎜ ⎟⎜ ⎟

⎝ ⎠
ked. , 

saidanac 1 2α =  

  yovelgvari gadaxra 0,5α =  mniSvnelobidan (mudmivi kked.  dros) zrdis 

kveTis farTobs, xolo kked.  zrda ( 0,5α =  mudmivi koeficientis dros) 

iwvevs kveTis farTobis Semcirebas. imis gaTvaliswinebiT, rom wyobis 
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funqcias gaaCnia mcire gadaxrebi minimumTan axlos, racionaluria koWis 

simaRlis aReba optimalurTan  SedarebiT mcirediT (Tu es dasaSvebia 

CaRunvis pirobis mixedviT). Tu gadaxra optimaluri simaRlisgan  Seadgens 

10% fiqsirebuli kked.  dros, kveTis farTobi izrdeba daaxloebiT 1,5%-iT, 

optimaluri simaRlisgan 20%-iT gadaxrisas kveTis farTobi izrdeba 5% - 

6% - iT. 

  Sedgenili koWis simaRle, konstruqciebis unifikaciis mizniT, 

racionaluria aviRoT mrgval ricxvebSi, rac 100 mm - is jeradia. 

individualur proeqtebSi dasaSvebia koWis kedlis simaRle damrgvalebul 

ricxvebSi aviRoT. 

  amdenad, rac ufro metia k h δ=ked. , miT ufro xelsayrelia koWi, Tumca, 

kked.  praqtikuli mniSvneloba Semoifargleba kedlis mdgradobis 

uzrunvelyofis aucileblobiT da misi Wraze simtkiciT. arsebiTi gavlena 

kked.  arCevaze gaaCnia kedlis furclis minimalur sisqes koroziis 

pirobebisa da moZravi datvirTvisagan adgilobrivi zewolis aRqmis 

mixedviT. Cveulebriv, kedlis minimalur sisqed aiReba 8δ = mm  da zogjer 

6δ = mm . kedlis sisqis zrda xdeba 2 mm  gradaciiT. Tumca foladis didi 

partiis SekveTisas SeiZleba aRebuli iqnes kedlis sisqe kenti saxiT 

(magram araumetes 15 mm ). daproeqtebis praqtikiT dadgenilia Tanafardoba 

k h δ=ked. , romelic moyvanilia cxrilSi 4. 2. 

  kedlis sisqe SeiZleba agreTve ganisazRvros empiriuli formuliT, 

romelic kargad asaxavs kked.  zrdas koWis simaRlis zrdasTan erTad: 

                         7 3hδ = + ,                                      

(4. 9) sadac δ mm  da h m  - Si aris mocemuli. 
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c x r i l i  4. 2. 

kked.  praqtikuli mniSvnelobis cxrili  

,h m  0,8 1 1,25 1,5 1,75 

,δ mm  8-6 10-8 10-9 12-10 14-12 

kked.  100-133 100-125 125-140 125-150 125-146 

  

gagrZeleba cxr.  4. 2. 

,h m  2 2,5 3 4 5 

,δ mm  14 16-14 18-16 20 24-22 

kked.  143 156-178 166-187 200 208-227 

 

 

  didi koncentrirebuli datvirTvis dros kedlis minimaluri sisqe unda 

Semowmdes simtkicis pirobebis mixedviT Q  maqsimaluri ganivi Zalidan 

(sayrdeni reaqciis) gamomdinare: 

                         
3
2

Q
hR

δ ≥min.

Wraze

,                   (4.10) 

 sadac RWraze  foladis Wrisadmi saangariSo winaaRmdegobaa. 

  es formula miRebulia koWis kedlis mier mxolod mxebi Zabvebis aRqmis 

pirobidan gamomdinare. 

  ekonomiuri TvalsazrisiT kedlis sisqis arCevas yuradRebiT unda 

movekidoT, ramdenadac δ  sisqis aRniSvnis Semdeg optimaluri  simaRlis 

da, maSasadame, koWis minimaluri farTobis ( 0,5α =  dros) dadgenis amocana 

erTmniSvnelovnad wydeba. 

  marTlac, (4. 6) formulaSi k h δ=ked.  CasmiT kedlis sisqis mixedviT  

optimaluri simaRlis gamosaxulebas  Semdegnairad vpoulobT: 

                        1, 23h W δ=opt. saWiro                    (4.11) 
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an viRebT ra koWebis simaRles optimalurze ramdenadme naklebs, miviRebT 

                        1,15h W δ=opt. saWiro .                   (4.12) 

  cxadia, rom kedlis sisqe rac SeiZleba naklebi unda aviRoT sixistisa 

da simtkicis pirobebis dakmayofilebiT. 

  koWebisTvis, romelTa optimaluri simaRle gamodis naklebi, vidre 

saWiroa dasaSvebi CaRunvis (sixistis) pirobidan, masalis racionaluri 

ganawileba iqneba gansxvavebuli, vidre 0,5α =  dros. am SemTxvevaSi 

yvelaze xelsayreli kveTi ganisazRvreba kveTis minimaluri farTobiT 

mocemul I  inerciis momentis dros, romelic gansazRvravs mocemuli 

fardobiTi CaRunvisTvis 01 п f l=  saWiro kveTis farTobs. 

( )3

0

5 5 5 1
384 48 24p q p q

p qf Ml p q l p q
l EI EI pn qn Eh pn qn n

σ+ + +
= = = ≤

+ +
 formulidan 

gamomdinare miaxloebiT vpoulobT: 

                         ( )0 10I Mlп E=saWiro                    (4.13) 

  gamovsaxavT inerciis moments (4.4) gantolebis analogiurad da  

SemdegG F  kveTis farTobs I - s meSveobiT, viRebT ra pirvel mwarmoebels 

da vutolebT mas nuls 

                3

8 4 0
3

dF I h
dh h k

= − + =
ked.

                          (4.14) 

miviRebT  

                34 6 3 1,73h Ik Wk W δ= = =opt. ked. ked.              (4.15) 

  gadmocemulis mixedviT inerciis momenti SeiZleba gamoisaxos inerciis 

xvedriTi (uzomo) momentis meSveobiT 2
0I I F= , sadac ( )0 1 4 6I k α α= −ked.

  

   Tu 0dI dα = , viRebT 3
4α =  da 3

4F F=ked. . 

  mocemuli (araoptimaluri) simaRlis koWebisTvis kveTSi masalis 

ganawilebis koeficienti α   SeiZleba ganisazRvros  formuliT 

           
2

3

3
3

2 1

h
W kk F
h

α = =
⎛ ⎞
+⎜ ⎟

⎝ ⎠

saWiro ked.ked.

,                       (4.16) 
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  magaliTi 2. ipoveT koWis optimaluri simaRle maliT 12l = m , romelic 

datvirTulia Tanabrad ganawilebuli sasargeblo datvirTviT 

0 160q = kn m ;  sasargeblo datvirTvis gadatvirTvis koeficienti 1,3п = . 

masala - ВСт3 markis foladi. mocemuli fardobiTi CaRunva 01 1 600п = . 

  amoxsna. cxr. 4. 1 mixedviT ganvsazRvravT kveTis minimalur simaRles 

gamomdinare sixistis uzrunvelyofis pirobidan 

           
1 1 12 1,2

10 10
h l≥ = =min. m . 

  koWis sakuTar wonas viRebTY3 kn m  (analogiuri proeqtebis mixedviT). 

mTliani saangariSo datvirTva koWze 160 1,3 3 1,1 211,3q = ⋅ + ⋅ = kn m . 

    aq 1,1 gadatvirTvis koeficientia mudmivi datvirTvisas. 

    maqsimaluri saangariSo mRunavi momenti malis SuaSi 

2 2211,3 12 3800
8 8
qlM ⋅

= = = ⋅kn m  

   winaRobis saWiro momenti 380 000 21 18100W = = 3sm   

    cxr. 4. 2 – is mixedviT virCevT 125 150k =ked. an  

   roca 150k =ked. , 

3
3 150 18100 160

2
h ⋅ ⋅

= =opt. sm  

da kedlis sisqe 160 150 1,065h kδ = = =opt. ked. sm . 

    roca 125k =ked. , 

3 3
3 3 125 18 100 151
2 2

h k W ⋅ ⋅
= = =opt. ked. saWiro sm sm  

da kedlis sisqe δ 151 125 1, 2h kδ = = =opt. ked. sm sm . 

  Tu kedlis sisqed aviRebT, magaliTad 10δ = mm , maSin (4.12) formulis 

mixedviT 

1,15 1,15 18 100 1 155h W δ= = =opt. saWiro sm sm ; 

roca 12δ = mm , δ  

18 1001,15 142
1,2

h = =opt. sm sm ; 
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(4.10) formulis mixedviT ganvsazRvravT kedlis aucilebel minimalur 

sisqes koWis sayrdenze SesaZlebeli maqsimaluri mxebi Zabvebidan 

gamomdinare, roca 150h = sm ( 1270Q = kn, ix.MmagaliTi 3.); 

                     
3 3 1270 0,975
2 2 150 13

Q
hR

δ ⋅
= = =

⋅ ⋅min.

Wraze

sm sm . 

  aRvniSnoT koWis simaRle 1500h = mm  da kedlis sisqe  10δ =ked. mm . 

 

2.2 kveTis SerCeva 

 

SeduRebuli koWebi. viciT ra winaRobis saWiro momenti WsaWiro  da 

ganvsazRvreT ra kveTis optimaluri simaRle da kedlis sisqe, virCevT 

ortesebri SeduRebuli koWis racionalur kveTs. koWis neitraluri 

RerZis mimarT simetriulobis SemTxvevaSi (erTnairi zeda da qveda 

sartyeliT) kveTis SerCeva daiyvaneba sartylebis iseTi zomebis dadgenamde, 

rom koWis saerTo winaRobis momenti utoldebodes moTxovnil WsaWiro - s.  

koWis saerTo winaRobis momenti miaxloebiT gamoixateba kedlis da 

sartyelTa winaRobis momentis MmeSveobiT [ix. formula (4.4)]A. 

   aqedan gamomdinare, erTi sartylis kveTis minimaluri  saorientacio 

farTobi (roca 0,5α = ) 

                  
3

6 4
W h W

F
h h

δ
= − =saWiro ked. saWiro

sarty.               (4.17)             

        

nax. 4.3 koWis zeda sartylis simaRlis damokidebuleba Taros sisqeze 
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an umniSvnelo asimetriuli koWebisaTvis ori sartylis farTobi 

                     
32
2
W

F
h

= saWiro

sarty.                           (4.18) 

  sartylis sigane aRvniSnoT b - Ti da misi sisqe δsarty. - iT, maSin 

F bδ=sarty. sarty.F . 

  sartylis siganesa da sisqes Soris fardoba, rac uzrunvelyofs saWiro 

kveTs,  unda akmayofilebdes zogierT konstruqciul da sawarmoo 

moTxovnebs. rac ufro farToa sartyeli, miT ufro mdgradia koWi da 

agreTve ufro mosaxerxebelia transportirebisa da montaJis dros. Tumca, 

sakmaod didi siganisa da, maSasadame, mcire sisqis dros koWis SekumSulma 

sartyelma SeiZleba dakargos mdgradoba normaluri Zabvebis zemoqmedebis 

gamo (nax. 4. 3. a). sartylis  gamoSverili nawilis adgilobrivi mdgradoba 

iqneba uzrunvelyofili, Tu igi ar aRemateba δsarty.15 -s C т3 markis 

foladisaTvis (nax. 4. 3. b) da 21 Rδsarty.15  daballegirebuli 

foladisaTvis. maSasadame, sartylis mTliani sigane unda akmayofilebdes 

Tanafardobebs: foladisaTvis 3 30b δ≤sarty. sarty. ; daballegirebuli 

foladisaTvis   

                    30 21b Rδ≤sarty. sarty.                       (4.19) 

sadac  R  – foladis saangariSo winaaRmdegoba, 2kn sm . 

     

  sartylis minimaluri sigane unda uzrunvelyofdes koWis saerTo 

mdgradobas misi horizontalur sibrtyeSi Runvaze, romlis drosac saWiro 

araa ϕkoW.  koeficientis SemoReba saangariSo formulaSi. es minimaluri 

sigane ganisazRvreba l  koWis saangariSo sigrZis b  sartylis siganesTan 

fardobaSi, romelic ar unda aRematebodes cxr. 4. 3. - Si moyvanil 

mniSvnelobebs.  
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c x r i l i  4. 3. 

udidesi Sefardeba l b , romlis drosac ar saWiroebs foladis koWebis 

Semowmebas mdgradobaze 

                h δTar.  =100                    h δTar. =50 

datvirTvisaTvis 

modebuli 

 

datvirTvisas 

modebuli 

  

koWebis 

tipi 

 

z
ed
a 
sa
r
t
ye
l
z
e 

qv
ed
a 
sa
r
t
ye
l
z
e 

zeda 

sartyelze 

Sualeduri 

Camagrebebis 

arsebobis 

SemTxvevaSi 

datvirTvis 

modebis 

adgilisdami-

uxedavad 

z
ed
a 
T
ar
o
sT

an
 

qv
ed
a 
T
ar
o
sT

an
 

zeda 

sartyelze 

Sualeduri 

Camagrebebis 

arsebobis 

SemTxvevaSi 

datvirTvis 

modebis 

adgilisdami-

uxedavad 

SeduRebuli 

2 

4 

6 

16 

15 

13 

25 

23 

21 

19 

17 

16 

17 

16 

15 

26 

24 

22 

20 

18 

17 

Mmoqlonili 

2 

4 

6 

21 

18 

16 

30 

28 

25 

22 

19 

18 

30 

25 

21 

42 

35 

32 

33 

27 

24 

 

  koWis saangariSo l  sigrZe miiReba SekumSuli sartylis ganivi 

gadaadgilebebisadmi Camagrebis wertilebs Soris manZilidan. 

  cxrilSi moyvanili l b - s mniSvnelobebi moqmedeben Ст3 da 4 markis 

foladisgan damzadebuli koWebisaTvis; sxva foladisgan damzadebuli 

koWebisaTvis l b  mniSvnelobebs amravleben 21 R - ze. im SemTxvevebSi, 

roca Sefardeba l b  aRemateba cxr. 4. 3. - Si moyvanil mniSvnelobebs, 

aucilebelia koWebis Semowmeba saerTo mdgradobaze. 

  sartylis sigane, konstruqciuli mosazrebebidan gamomdinare, ar unda 

iyos 180 mm  - ze naklebi.  

  sartylis sisqes niSnaven 8 - dan 40 mm  - mde zRvrebSi, magram aranakleb 

kedlis sisqisa da araumetes sammagi sisqisa, radganac sqeli furclebis 
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miduRebisas sartyelur nakerebSi viTardeba mniSvnelovani SeklebiTi 

gamWimavi Zabvebi. sartylis sigane da sisqe rekomendebulia iyos Semdegi 

zomebis: 22 mm  - mde sisqisaTvis – yovel 2 mm - Si da a. S. : 25, 28, 30, 

32, 36 da 40 mm ; 420 mm - mde siganisTvis – yovel 20 mm - Si da a. S. : 450, 

480, 500, 530, 560 da 600 mm  da a. S. 

  kveTis SerCevis Semdeg angariSoben mis faqtobrivi winaRobis moments da 

awarmoeben koWis da kedlis simtkicis Semowmebas formulebiT 

  M W Rσ = ≤ ;   
QS R

J
τ

δ
= ≤ Wraze

koW. ked.

.                       (4.20) 

aq M  da Q  - maqsimaluri saangariSo momenti da ganivi Zalaa; 

2
J

W
h

= koW.
 - koWis winaRobis momenti (nax. 4. 4); h  – koWis mTliani 

simaRle; IkoW.  - mTliani koWis inerciis momenti  neitraluri RerZis 

X X−  mimarT; 

              

3
2

02( )
12
h

I I I I a F
δ

= + = + +ked. ked.

koW. ked. sarty. sarty.        (4.21) 

sadac I ked.  – kedlis inerciis momentia neitraluri RerZis mimarT; 

Isarty.  – sartylebis inerciis momenti  neitraluri RerZis mimarT;  I0  – 

erTi sartyelis inerciis momenti  sakuTari RerZis X X−  mimarT, 

romelsac Cveulebisamebr ugulvebelyofen; hked.  – kedlis simaRle; a  – 

manZili sartylis simZimis centridan neitralur RerZamde; 

2 4
F h

S F a= + ⋅ked. ked

sarty.  - naxevarkveTis statikuri momenti neitraluri 

RerZis mimarT. 

  mudmivi ganivkveTis saerTo mdgradobis dakargvisagan Camagrebuli 

SeduRebuli gaWrili koWebi, romlebic datvirTulia statikuri 

datvirTviT, gaiangariSeba maTSi plastikuri deformaciebis 

gaTvaliswinebiT.  

  magaliTi 3. SearCieT SeduRebuli koWis kveTi am monacemebis mixedviT; 

mali 12l = m  da datvirTva 211,3q = kn m.  
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  saangariSo momenti 3800M = kn.m . 

  maqsimaluri saangariSo ganivi Zala 

211,3 12 1270
2 2
qlQ ⋅

= = =kn kn.  

winaRobis saWiro momenti 18 100 .W = 3
saWiro sm  

2. magaliTSi koWis zomebad miRebulia: 1500h =koW. mm  da 10δ =ked. mm.  

  amoxsna. ganvsazRvravT sartylis kveTis moTxovnil farTobs (4.17) 

formulis mixedviT. miviRoT 146h h= =ked. sm  da sartylis sisqe 2sm : 

2 23 3 18 100 93
4 4 146
W

F
h

⋅
= = ≈

⋅
saWiro.

sarty.

ked.

sm sm . 

  viRebT sartylis kveTs 500 20X mm , romlisTvisac 2100F =sarty. sm   (nax. 

4. 5)  garkveuli maragiT, formulis gamoyvanisas daSvebuli gamartivebebis 

gaTvaliswinebiT. vamowmebT kveTs simtkiceze. amisaTvis winaswar 

ganvsazRvravT (4.21) formulis mixedviT koWis inerciis moments   

3 3
2 2 4 41 1462 2 74 100 1 355 000

12 12
h

I a F
δ ⋅

= + = + ⋅ ⋅ =ked. ked.

koW. sarty. sm sm  

 

 

               

 

nax. 4.4 SeduRebuli koWebis         nax. 4.5 magaliTi 3. 

         kveTis SerCeva 
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winaRobis momenti  

3 31 355 000 18 100
2 75

I
W

h
= = =koW.

sm sm ; 

Zabva             2 2380 000 18 100 21M Wσ = = =kn sm kn sm ; 

  vamowmebT sayrdenTan kedlis simtkices Wraze, risTvisac winaswar 

ganvsazRvravT naxevarkveTis statikur moments 

3 3146 146100 74 10 060
2 4 2 4
F h

S F a ⋅
= + ⋅ = ⋅ + =

⋅
ked. ked.

sarty. sm sm ; 

mxebi Zabva 

2 2 21270 10 060 9,45 13
1 355 000 1

QS
I

τ
δ

⋅
= = = <

⋅koW. ked.

kn sm kn sm kn sm ; 

  koWis kveTis sruli 

farTobi 

2200 146 346F = + = sm . im 

SemTxvevaSi , roca 

vertikaluri furclis 

sisqed miiReba 12 mm  (ix. 

magaliTi 2.), koWis kveTis 

farTobi iqneboda : 

2192 175 367F = + = sm toli           

anu 6% - iT meti. 

  koWebis arasimetriuli 

ganikveTis dros winaswar 

gansazRvraven im SerCeuli kveTis simZimis centrs, romelzec gadis 

neitraluri RerZi. simZimis centris koordinati qveda sartylis furclis 

Sua nawilidan 2a (nax. 4. 6) ganisazRvreba formuliT 

                 
1 2

2

F y F yFy
a

F F F F
+

= =
+ +

∑
∑

zeda
sarty. ked.

zeda qveda
sarty. ked. sarty.

                 (4.22) 

yvela aRniSvna naCvenebia nax. 4. 6 - ze. 

  aseTi koWis inerciis momenti udris: 

nax. 4.6 arasimetriuli SeduRebuli 

koWisTvis kveTis SerCeva 
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( )3 3 2 2
1 2 1 23

I I I I a a a F a Fδ
= + + = + + +zeda qveda zeda qveda

koW. ked. sarty. sarty. sarty. sarty. , 

xolo winaRobis momenti zeda da qveda boWkoebisaTvis: 

1 2; .W I z W I z= =zeda qveda
koW. koW.  

   Zabvebis Semowmebas kveTis ganapira boWkoebisaTvis awarmoeben 

formulebiT:    M W Rσ = ≤qveda
qveda  da M W Rσ = ≤zeda

zeda . 

  simtkiceze Semowmebis garda awarmoeben kedlis adgilobrivi mdgradobis 

da koWis mTliani mdgradobis Semowmebas. 

  Seyursuli datvirTvis modebisas koWis kedlidan im adgilas, romelic 

ar aris gamagrebuli sixistis wiboTi, koWis kedeli unda Semowmdes 

simtkiceze adgilobrivi datvirTvisas formuliT ( )M P z Rσ δ= ≤  (sadac 

Mσ - Zabvaa datvirTvisas kedelSi, P - saangariSo Seyursuli datvirTva; δ -

kedlis sisqe; 12z b h= + , sadac b  aris koWis datvirTuli nawilis sigrZe, 

sadac 1h  miRebulia rogorc manZili koWis sartylis ganapira wiboebidan 

kedlis zeda wibomde). 

 

 moqlonili koWebi 

 

  moqlonili koWis umartivesi kveTi Sedgeba vertikaluri furclisa da 

oTxi sartylis kuTxisgan (nax. 4. 7, a). did, Zlier koWebSi kveTi SeiZleba 

ganviTardes horizontaluri furclebis dayenebis gziT (nax. 4. 7, b da g). 

  moqlonili koWebis generaluri zomebi iseve aRiniSneba, rogorc 

SeduRebulis. moqlonili koWebis gaangariSebis Tavisebureba mdgomareobs 

imaSi, rom saWiroa kveTis Sesustebis gaTvaliswineba moqlonvisTvis saWiro 

xvrelebiT, rac winaswar miaxloebiT 15%  tolia: 

                            0,85W W=neto bruto .               (4.23) 

simetriuli moqlonili koWis kveTis SerCeva xdeba Semdegi wesiT.  
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nax. 4.7 moqlonili koWebis kveTi 

1. dasaxuli Cazneqis momentiT gansazRvraven netosa da brutos 

winaRobis moTxovnil momentebs:  

          0,85W M R W W= =neto bruto netoda .                (4.24) 

Wbruto  mniSvnelobisa da kked.  arCeuli moqnilobis mixedviT gansazRvraven 

kveTis generalur zomebs – kedlis optimalur simaRlesa da sisqes. 

koWis saboloo simaRlis h  (mrgval ricxvebSi) aRniSvnis Semdeg 

pouloben kveTis inerciis saWiro moments 

           
2
hI W=saWiro

bruto bruto ,                                  (4.25) 

2. aRniSnaven sartylis kuTxeebis kalibrs sortamentis mixedviT, 

Cveulebriv, iyeneben ra tolgverda kuTxeebs Taroebis siganiT 

( )1 10 1 11b h= −kuT.  da sisqiT ( )1 10 1 11 bδ = −kuT. kuT.   

  

  aqac ise, rogorc e. i. belenias da avtorebis SemTxvevaSi, ganxiluli 

magaliTidan Cans, rom igi ver akmayofilebs mocemul rekomendaciebs, 

romelic k. k. muxanovis mierve iyo mocemuli 2A A=T. ked.  

( 2 500 20 1460 10⋅ ⋅ = ⋅  anu 20000 14600≠ ), saidanac Cans, rom 36% - ia 

gansxvaveba. aqve unda aRiniSnos, rom koWebis optimaluri simaRlis 

gansazRvrisas k. k. muxanovis mixedviT kveTis minimumis piroba sworadaa 

Sedgenili, magram h -is gansazRvra Kked. - is mniSvnelobas saWiroebs, rac 

Tavis mxriv h - zea damokidebuli.  
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Tavi III 

Sedgenili koWebis gaangariSebis wesi n. s. streleckis mixedviT 

koWis ujredebi da koWebi 

 

3.1 koWebis tipebi 

  koWebi warmoadgens Runvaze momuSave konstruqciebis elements; is 

farTod gamoiyeneba yvela saxis gadaxurvaSi, samrewvelo Senobebis 

konstruqciebSi (amwesqveSa koWebi, samuSao moednebis koWebi), xidebSi, 

aseve sxva nagebobebSi. koWebi gamoiyeneba  rogorc mcire, aseve didi 

datvirTvis dros, magaliTad, 300 t tvirTamweobis amweebis qveS. mTliani 

koWebis gani SeiZleba iyos 100 m - ze meti (magaliTad, moskovSi axali 

arbatis xidis ganieri wyoba). arsebobs teqnikuri SesaZlebloba, rom 

koWebi gakeTdes meti ganis qveS. magaliTad, belgradSi aris koWebisagan 

Semdgari xidi 75+261+75 m malebiT. 

  statikuri sqemis mixedviT koWebi SeiZleba iyos gaWrili, gauWreli, 

konsoluri. erTganiani koWebisTvis, rogorc wesi, gamoiyeneba koWebi, 

romlebic Tavisuflad (damWerebis gareSe) Tavsdeba sayrdenebze.  

  liTonis danaxarjis mixedviT konsoluri da gauWreli koWebi ufro 

xelsayrelia gaWrilze, Tumca damzadebasa da montaJze Sromis danaxarjis 

mixedviT es ukanaskneli umjobesia. 

  liTonis ekonomiis miRebis nizniT, koWebis sixistis zrdisa da maTi 

kveTis gaerTmTlianebis mixedviT bolo xanebSi gamoiyeneba datvirTvis 

regulireba montaJis procesSi, winaswari datvirTva maRali simtkicis 

masalebis gamoyenebiT, aseve erToblivi muSaoba  liTonis an rkinabetonis 

fenilis koWebTan. 

  liTonis koWebi yvelaze xSirad daproeqtebulia ortesebri kveTis 

saxiT, romelic yvelaze ekonomiuria masalis danaxarjis (drekadi 

elementebisTvis) mixedviT da xelsayrelia konstruqciuli TvalsazrisiT. 

ufro iSviaTad gamoiyeneba  orkedliani koWebi, romelTac gaaCniaT ori 
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erTmaneTTan ganlagebuli kedeli. mcire koWebi zogjer Sveleris kveTis 

saxiTacaa.  

  ortesebri kveTis koWebi datvirTvisa da ganis mixedviT gamoiyeneba: 1) 

mTliani profilis daglinuli foladis (nax. 5. 1, a) an dapresili 

aluminis Senadnobisagan (nax. 5. 1, a,p); 2) Sedgenili SeduRabebuli an 

foladis furclebisagan, an aluminis Senadnobisagan (nax. 5. 1, b-d) an 

foladis grexili profilisgan (nax. 5. 1, m, n); 3) Sedgenili moqlonili 

an foladis daglinuli, an grexili profilisgan (nax. 5. 1, v-T, m,n), an 

aluminis Senadnobisagan dapresili da daglinuli profilisgan (nax. 5. 1, 

v-T, J). Sedgenili kveTis koWebi gamoiyeneba im SemTxvevebSi, roca mTliani 

profilis koWebi ar akmayofilebs simtkicis, sixistis  an mdgradobis 

pirobebs, aseve, roca mTliani kveTis koWebis gamoyeneba ukavSirdeba 

mniSvnelovan konstruqciul garTulebebs, an liTonis gadaxarjvas. 
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 rogorc wesi, Sedgenili koWebi SeduRebulia. moqlonili koWebi 

SeduRebulTan SedarebiT moiTxovs  liTonis met xarjs (daaxloebiT 15 

%-iT) da metad Sromatevadia damzadebisas (daaxloebiT 10-20 %-iT). 

Tumca, foladis koWebi didi moZravi datvirTvis qveS, romelTac gaaCniaT 

sartyelis meti kveTi, rac Znelad misaRwevia SeduRebisas, xSirad aris 

moqlonili. 

  aluminis Senadnobisagan Sedgenili kveTis koWebi upiratesad sruldeba 

AMг6, АД33Т1, АВТ1 Senadnobebisgan da sxva. moqlonili _ АД33Т1, 

АВТ1, Д16Т  Senadnobebisagan da sxva. Sveleris kveTis koWebi SeiZleba 

iyos: foladis daglinuli (nax. 5. 1, i), an gaRunuli lentebisagan (nax. 5. 

1, k, l) da aluminis Senadnobisagan (nax. 5. 1, i, o). 

 

3.2 koWebis simaRlis gansazRvra 

 

gadaxurvis samSeneblo da konstruqciuli simaRle 

koWis simaRle 

  koWis zRvruli simaRle ganisazRvreba  gadaxurvis samSeneblo simaRliT 

hsamS. , romelic udris gadaxurvis zeda fenis niSnulisa da gadaxurvis qveS 

Senobis zeda nawilis sxvaobas, romelic mTlianad dadgenilia nagebobis 

(Senobis) proeqtiT. (nax. 5. 3 da nax. 5. 4.) 

nax. 5.1 koWebis tipebi 
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  kh manZili gadaxurvis zeda fenidan qveda sazRvramde, romelic akavebs 

koWebs an gadaxurvas (magaliTad, dakiduli Weris dros), aris gadaxurvis 

konstruqciuli simaRle (nax. 5. 3). swored, am simaRleTa meSveobiT 

ganisazRvreba gadaxurvis mTeli konstruqciis simaRle da aseve koWebis 

zRvruli simaRle. 

  gadaxurvis samSeneblo da konstruqciuli simaRleebis farglebSi koWis 

simaRle ganisazRvreba Semdegi pirobebidan gamomdinare: 1) sixiste;  2) 

liTonis ekonomia;  3) gadaxurvis konstruqcia da swori Tanafardoba 

koWis elementTa zomebs Soris.  

 

3.3 koWis kveTis simaRlis  gansazRvra sixistis 

pirobidan gamomdinare 

 

  gaWrili koWis CaRunva Tanabrad ganawilebuli  datvirTvis dros                 

             
( ) 4

5
384

p q l
f

EJ

Σ +Σ
=

n n

                           (5.1) 

sadac   pn ,   qn    mudmivi da sasargeblo normatiuli datvirTvaa. 

  Tu CavsvamT mniSvnelobas 

             
( )

; ; ,
8 2

p q MhM J W
W

σ
+

= = =
∑ ∑n n

n
n n      

ganvsazRvroT koWis simaRle, romlis drosac uzrunvelyofili iqneba 

mocemuli sixiste 

             
[ ] [ ]

2 2

7

5 ,
24 10

l lh
E f f
σ σ

= ≈n n
min.                         (5.2) 

sadac [ ]f   zRvruli (dasaSvebi) CaRunvaa. 

  ramdenadac sixistis Semowmeba ganekuTvneba meore zRvruli mdgomareobis 

gaangariSebas, σ n  datvirTva naklebia saangariSo winaRobaze, romlis 

mixedviTac xdeba koWis kveTis SerCeva; is SeiZleba miRebul iqnes rogorc 

R  saangariSo winaRobis nawili, Tanafardoba proporciuli  normatiuli 

datvirTvis gamoTvlil sidisTan, anu:      

   



 101

            ,p qR
p q

σ ∑ +∑
=

∑ +∑

n n

n                               (5.3) 

sadac pp p n= n , qq q n= n  - mudmivi da sasargeblo saangariSo datvirTvebi  

miRebuli n  gadatvirTvis Sesabamis koeficientebze normatiuli datvirTvis 

gamravlebis gziT. 

  amdenad, koWis kveTis  yvelaze naklebi simaRle, romelic akmayofilebs 

sixistis pirobebs, SeiZleba ganisazRvros formuliT:  

            
[ ]
2

7 ,
10
l p qh R
f p q

Σ +Σ
=

Σ +Σmin.

n n

                (5.4) 

(5.4) formulis gamoyeneba SeiZleba sxva saxis datvirTvebis drosac, roca 

gaRunvis momentebis epiura axlosaa Tanabrad ganawilebuli datvirTvis 

epiurasTan. 

  sixistis pirobidan napovni koWis simaRle warmoadgens mis yvelaze 

nakleb, SesaZlo simaRles; naklebi simaRlis koWis dros gaRunva iqneba 

normaze meti. Tu aseTi simaRlis dros koWi scdeba gadaxurvis mocemuli 

samSeneblo simaRlis sazRvrebs, is unda SeirCes  naklebi datvirTviT, anu 

liTonis gadaxarjviT. 

 

3.4 koWis kveTis simaRlis gansazRvra 

liTonis ekonomiis pirobidan gamomdinare 

  

  koWis kveTis simaRlis zrdisas mcirdeba sartyelTa wona gsart. , xolo 

kedlis wona gked.  izrdeba (nax. 5. 2). koWis srul wonas gkoW.  minimaluri 

mniSvneloba aqvs kveTis optimaluri simaRlis dros, kveTis simaRlis 

gadaxrisas izrdeba optimaluri mniSvnelobidan erT an meore mxares. 



 102

 

 nax. 5.2       koWis wonis cvlileba misi kveTis  

                simaRlis mixedviT. 

 

  ganvsazRvroT koWis kveTis optimaluri simaRle, romlis drosac koWis 

wona iqneba minimaluri. 

  koWis wona, romelic udris ori sartyelis wonisa da kedlis wonis 

jams 1 m-ze. 

              
2Mcg g g h
hR

γψ δ γψ= + = +.koW. sart ked. sart. ked. ked.             (5.5) 

aq, M   saangariSo datvirTvisgan miRebuli Runvis momentia;  

     h  - kedlis simaRle, romelic pirobiTad utoldeba koWis simaRles; 

     
Mc
h

 - Zala erT-erT sartyelSi, sadac  1c <  - koeficientia, 

romelic miuTiTebs, Runvis momentis ra nawili aRiqmeba sartyelebis mier 

(momentis danarCeni nawili aRiqmeba kedlis mier); 

      R  - naglini foladis saangariSo winaRoba RunvasTan mimarTebaSi; 

      δ ked.  - koWis kedlis sisqe; 

      γ  - foladis kuTri wona;  

ψsart. , ψ ked.  - sartylisa da kedlis konstruqciuli koeficientebi, 

romlebic miuTiTeben, Tu ramdenjeraa faqtiuri sartyelis wona 

(zednadebisa da sxva detalebis arsebobis gamo) da faqtiuri kedlis wona 

(pirapiri zednadebebis da sixistis wiboebis arsebobis gamo) maT Teoriul 

wonaze meti. 
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  konstruqciis koeficientebi damokidebulia koWis konstruqciaze da 

maTi mniSvnelobebi moyvanilia cxr. 5. 1.   

  SeduRebul koWebSi ψsart.  koeficientis mniSvneloba miiReba erTeulze 

naklebi, ramdenadac sartyelTa kveTi sayrdenTan mcirdeba, maSin roca 

koWis Teoriuli wona iangariSeba yvelaze meti kveTis mixedviT. 

  kedlis sisqe δ ked.  xSirad aRebulia konstruqciuli mosazrebebiT an 

simaRlisagan damoukidebeli  liTonis mudmivas gaTvaliswinebiT. 

  vutolebT ra  nuls h -sgan  warmoebuls, (5.5)  gamosaxulebidan viRebT  

                 2

2 1 0 ,
dg Mc
dh R h

γψ
δ γψ= − + =koW. sart.

ked. ked.          (5.6) 

saidanac  

                
2

,
c M M Wh k k

R R
ψ
ψ δ δ δ

= = =sart.

opt.

ked. ked. ked. ked.

      (5.7) 

sadac    W    -    koWis  winaRobis momenti (bruto); 

     k  - koeficienti, romelic udris 
2cψ
ψ

sart.

ked.

           

( k  mniSvnelobebi moyvanilia cxr. 5. 1). 

  (5.6) gamosaxulebidan gamimdinareobs, rom koWis kveTis optimaluri 

simaRlis dros sartyelTa wona utoldeba kedlis wonas. es daskvna araa 

srulad zusti, randenadac is miRebulia c  koeficietis mudmivobis 

daSvebiT. sinamdvileSi c  koeficienti icvleba kedlisa da sartyelTa 

zomebis Tanafardobis mixedviT. Tu gaviTvaliswinebT am garemoebas, koWis 

optimaluri simaRle ramdenadme ufro metia. garda amisa, koWis kedlis 

sisqe ar warmoadgens mudmivs, icvleba ra kedlis simaRlis 1/80 - 1/120 -

dan  1/200 – 1/250 -mde mcire koWebisaTvis da naklebia – didisTvis. 

zogadad kedlis sisqe SeiZleba aviRoT   

                  ,thδ ν=ked.                                (5.8) 

sadac   ν    proporciulobis koeficientia. 

  maSin  
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( )

2 ,
1

t
Wh k
tν

+=
+opt.                           (5.8’) 

sadac                        2
2

.t
c

k
ψ
ψ

+= sart.

ked.

 

   

praqtikis monacemebidan gamomdinare t  aris 1 2  toli, anu                      

 

                  hνδ =ked.                             (5.9) 

 

am SemTxvevaSi  

                             
1
21 1 ,

10 13
ν ⎛ ⎞= ÷⎜ ⎟

⎝ ⎠
sm  

da      

                             5/ 2 ,
1,5
Wh k
ν

=opt.               (5.9’) 

sadac  5/ 2
2

.
c

k
ψ
ψ

= sart.

ked.

 ramdenadac 5 / 2 xarisxi sakmaod axlosaa 2 -Tan, 

(5.9’) formulaSi SeiZleba Caisvas kvadratuli fesvi da k  mniSvnelobebi 

aseve SesaZlebelia aviRoT  cxr. 5. 1  mixedviT. 

  Tu 31 , ,2 2t g g= =sart. ked.  anu koWis kveTis masala nawildeba 

sartyelebsa da kedels Soris 3: 2  TanafardobiT. 

  SeiZleba aRvniSnoT, rom mcire da saSualo simaRlis  ( )2h ≤ m  

koWebisTvis yvelaze sworia gamovideT kedlis sisqis mudmivadan da 

optimaluri simaRle ganisazRvros (5.7) formuliT, xolo maRali 

koWebisTvis – (5.9’) formuliT, anu 1
2t =  . 
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c x r i l i  5. 1. 

ψ  da k  koeficientTa mniSvnelobebi (5.7) da (5.9’) formulebSi 

mudmivi kveTi cvladi kveTi koWebis 

tipebi ψTar.  ψ ked.  k  ψTar.  ψ ked.  k  

SeduRebuli 1 1,2 1,1 0,8 1,2 1 

moqlonili 1,3 1,3 1,25 1 1,3 1,1 

 

  koWis optimaluri simaRle wonis mixedviT warmoadgens koWis yvelaze 

racionalur simaRles. koWis ufro meti simaRlis dros izrdeba misi wona 

da rTuldeba konstruqcia. koWis simaRles, Cveulebriv, yvelaze met -  

wonis mixedviT optimalursa da sixistis pirobidan napovn yvelaze naklebs 

Soris, iReben gadaxurvis konstruqciisa da samSeneblo simaRlis mixedviT. 

amasTan, aRsaniSnavia is, rom sakmaod didi gadaxrebi wonis mixedviT 

optimaluri simaRlisgan (15-20% -mde) mxolod umniSvnelod aisaxeba 

koWis wonaze, ramdenadac funqciebis raodenobrivi mniSvneloba, maT 

minimumTan miaxloebuli, Cveulebriv, sustad icvleba (nax. 5. 2).  

 

1. koWebis ujredebis gamTlianeba 

      

  gadaxurvebis, moednebis, xidebisa da sxva konstruqciebis savali nawilis 

mzidi koWebis sistemas ewodeba  koWebis ujredi. sasargeblo datvirTvisa 

da sakuTari wonisgan sayrdenze datvirTvis gadamcem koWebs ewodeba 

mTavari; mTavar koWebze dayrdnobils ki – damxmare; am ukanasknels 

SeiZleba daeyrdnos mTavari koWis paralelurad ganlagebuli damxmare 

koWebis kidev erTi sistema. amrigad, damxmare koWebi mTavar koWTan 

ganlagebis mixedviT SeiZleba iyos ganivi da grZivi (nax. 5. 3).  

 

2. koWebis ujredebis tipebi 

 

  praqtikaSi gamoiyeneba koWis ujredebis Semdegi 3 tipi: gamartivebuli, 

normaluri da garTulebuli (nax. 5. 3). 
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  gamartivebuli tipis koWis ujredebSi arsebobs mxolod erTi 

mimarTulebis koWebi - mTavari koWebi. aseT ujredebSi adgili aqvs 

sasargeblo datvirTvis orsaxovan gadacemas: fenilis mier miRebuli 

datvirTva gadaecema mTavar koWebs (I safexuri) da mTavari koWebidan – 

sayrden koWebs (II safexuri).  

  normaluri tipis koWis ujredebSi aris  koWebis ori sistema – mTavari 

da damxmare (ganivi). aq saxezea sasargeblo datvirTvis samsaxovani 

gadacema: fenilidan damxmare koWebze (I safexuri), damxmare koWebidan – 

mTavarze (II safexuri)  da mTavari koWebidan – sayrdenze (III safexuri). 

  koWebis ujredebis garTulebul tipSi aris sami sistema – mTavari, 

damxmare ganivi da damxmare grZivi. aseT ujredebSi saxezea sasargeblo 

datvirTvis oTxsaxovani gadacema. 

 

3. Sedgenili kveTis koWebi 

   

a) koWebis kveTis gaerTmTlianeba da SerCeva.  

 

  Sedgenil koWebs Cveulebriv gaaCnia ortesebri kveTi, romelic Sedgeba 

kedlisa da ori sartylisagan. SeduRebul koWebSi sartyeli umjobesia 

iyos universaluri foladis calkeuli furclisagan, maTi kedelTan 

sartylis nawiburebiT mirCilviT 

(nax. 5. 1, b). sartyelis 

Sesruleba ramdenime furclisagan 

(nax. 5. 3) naklebad 

racionaluria, ramdenadac izrdeba 

damzadebis Sromatevadoba, Sinagani 

Zabva, rac mTavaria Zabva 

furclebs Soris nawildeba 

araTanabrad, rac auaresebs koWis 

muSaobas. 

  Zlier SeduRebul koWebSi 

nax. 5.3 SeduRebuli koWis sartyelis 

furclebs Soris datvirTvis 

ganawileba 
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sartyeli sruldeba 40 mm-mde sisqis calkeuli furclebisgan. ufro sqeli 

furclebis gamoyenebisas unda gaTvaliswinebuli iyos, rom naklebi 

SemoWdomis Sedegad sqel furclebs gaaCnia denadobis zRvris dabali 

mniSvnelobebi da dabali saangariSo winaRoba. 

  garda amisa, ufro sqeli furclebis gamoyeneba Znelia qarxnebSi 

arsebuli mowyobilobis meSveobiT. 

  zogjer, kedlidan sartyelze Zalis gadacemisa da am ukanasknelis 

sixistis zrdisTvis daxvevis sapirispirod, sartyeli sruldeba furclisa 

da kuTxedisagan, romelic sartyelis furcelTan mirCilulia frTiT. 

kedelTan ki qarCiT (nax. 5. 1, g), an sartyels aZliereben daqanebuli 

furclebis miduRebiT (nax. 5. 1, d). Tumca, aseTi konstruqciis dros 

koWebis damzadebis Sromatevadoba  mkveTrad izrdeba. amitom, amgvari 

gadawyvetileba unda iqnes miRebuli mxolod im SemTxvevaSi, Tu koWis 

eqspluataciis procesSi SesaZlebelia sartyelis muSaoba grexvaze 

datvirTvis eqscentruli danarTis Sedegad. 

  moqlonil koWebSi kveTi Sedgeba kedlisa da masTan mimagrebuli 

kuTxovanebisgan (nax. 5. 1, g). meti datvirTvisa da ganis dros kveTi 

viTardeba sartylis furclebis mikrobis gziT (nax. 5. 1, z). damzadebis 

Sromatevadobis Semcirebis mizniT sartylis furclebis raodenoba 

Cveulebriv samze  meti ar unda iyos.         

  umjobesia sartylis furceli iyos araumetes 600 mm. siganisa. Zlier 

moqlonil koWebSi, gansakuTrebiT adgilobrivi datvirTvis arsebobisas 

(mag. , amwesqveSa koWebSi) kedels sartyelTan axlos aZliereben grZivi 

zolebiT – lamelebiT, romelTac aTavseben  kedelsa da sartylis 

kuTxeebs Soris (nax. 5. 1, T).  

  kveTis SerCevisas saWiroa dadgindes ZiriTadi sidide – koWis simaRle, 

romelzedac damokidebulia kveTis yvela danarCeni zoma.  

  koWis simaRle unda iyos furclebis zomis Sesabamisi sortamentis 

mixedviT. furclovani foladis maqsimaluri sigane Seadgens 2000 - 2400 

mm -s, amitomac saWiroa koWis simaRle iyos aRniSnul farglebSi. 
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saWiroebis SemTxvevaSi meti simaRlis koWis miReba SesaZlebelia  kedelSi 

grZivi pirapiris gaTvaliswinebiT (nax. 5. 1, e, v). 

  koWis kveTis simaRle h  (nax. 5. 1, b, z) ganisazRvreba furclis siganiT, 

romlisganac sruldeba kedeli. moqlonil koWebSi furceli, Cveulebriv, 

Tavsdeba kuTxeebis qarCis ukan 5  mm - ze nawiburebis uTanasworobis 

dasafaravad (nax. 5. 4, a). zogjer saWiroa kedlis dasruleba zemoT erT 

doneze kuTxeebis qarCebiT adgilobrivi datvirTvis gadasacemad; am 

SemTxvevaSi kedeli zemoTaa gaSvebuli sartylis kuTxeebze 5 mm-iT da 

Semdeg xdeba maTi morandva (nax. 5. 4, b). 

  kedlis sisqe sruldeba gadanaWerze simtkicis da adgilobrivi 

mdgradobis uzrunvelyofis pirobebidan gamomdinare. 

  kedlis yvelaze naklebi sisqe gadanaWeris winaRobis pirobidan 

gamomdinare (sartylis muSaobis gaTvaliswinebis gareSe) ganisazRvreba 

formuliT: 

               1,5 .Q
R h

δ =ked.

ked. ked.

                            (5.10) 

  maRali koWebis kedlebi sakmaod Txelia da maT amagreben adgilobrivi 

mdgradobis danakargis winaaRmdeg sixistis ganivi wiboebiT, xolo 

saWiroebisas – damatebiTi grZivi wiboebiT. kedlis simaRlis zRvruli 

fardoba mis sisqesTan 0 ,h
δ ked.

 romlis drosac saWiro araa kedlis 

gamagreba wiboebiT, aRniSnulia cxrilSi 5. 3 

cxr. 5. 3 –Si miRebuli aRniSvnebia: 

0h  - kedlis saangariSo simaRle, miRebuli SeduRebul koWSi, rac udris 

srul simaRles, xolo moqlonilSi – manZils sartyelis kuTxeebis Sida 

riskebs Soris (nax. 5. 1, z), 

δked   -  kedlis sisqe. 

  foladis koWebis kedlis sisqe praqtikuli miznebisaTvis SeiZleba 

ganisazRvros (5.9) formuliT, an Semdegi formuliT              

                   7 3hδ = +ked. mm.  ,                           (5.11) 

sadac    h  - koWis simaRle m - Si, 
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        δ ked.   - kedlis sisqe mm -Si. 

aluminis Senadnobis koWebisTvis kedlis sisqe  ramdenadme metia (2-10 mm -

iT) 

           c x r i l i  5. 3. 

kedlis simaRlis yvelaze meti fardoba mis sisqesTan Sedgenili kveTis 

koWebSi, romelTa drosac saWiro araa sixistis wiboebiT gamagreba. 

 

udidesi Sefardeba 0h
δ ked.

, romlis drosac araa 

saWiro sixistis wibos dayeneba 

ganiv grZiv 

koWebSi 

 

 

 

foladis an aluminis 

Senadnobis marka 

SeduRebul moqlonur SeduRebul moqlonur

foladis 

koWebi 

Ст. 3 

Ст. 5 

14Г2, 

15ГС, 

15ХСНД 

70 

65 

60 

160 

140 

130 

 

koWebi 

aluminis 

Senadnobisgan

 

АМг 

АМг6 

АВТ1 

Д16Т 

 

60 

60 

70 

45 

 

-- 

80 

75 

55 

 

150 

115 

105 

-- 

 

-- 

125 

115 

90 

 

  koWis sartylis saWiro farTobs iReben im pirobidan, rom koWis 

winaRobis faqtiuri momenti pasuxobdes winaRobis saWiro moments.  

  winaRobis saWiro momenti udris 

                   ,MW
R

=saW.                                 (5.12) 

  sadac M  saangariSo datvirTvisagan gamowveuli Runvis momentia. 

  koWis mTeli kveTis inerciis saWiro momenti 
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               .
2 2
h MhJ W

R
≈ =saW. saW.                           (5.13) 

SeduRebul koWebSi sartylis furclebis inerciis saWiro momentia 

              

3

.
12
h

J J J J
δ

= − = − ked.

s. saW. saW. ked.                  (5.14)  

 sartylis furclebis inerciis momenti SeiZleba ganisazRvros formuliT 

(nax. 5. 1, b) 

              

2

2 .
2
hJ F ⎛ ⎞≈ ⎜ ⎟

⎝ ⎠
sart. sart.                           (5.15)  

  Tu mis mniSvnelobas  gavutolebT IsaW.farT.  sidides, miviRebT erTi 

sartyelis saWiro kveTis farTobs 

              2

2
.

I
F

h
= saW.far.

Tar.                               (5.16) 

  imisaTvis, rom koWma droze adre ar dakargos saerTo mdgradoba, 

SekumSuli sartyelis sigane unda iyos sakmarisi da unda Seesatyvisebodes 

5. 3 da 5. 4 cxrilebSi moyvanil sidideebs. 

                                                                            c x r i l i  5. 4 

l b  udidesi Sefardebebi, romlis drosac ar aris saWiro foladis Ст. 3 - 

sagan damzadebuli ortesebri koWebis Semowmeba mdgradobaze  

                2h δ  =100                    1h δ =50 

datvirTvisas 

modebuli 

 

datvirTvisas 

modebuli 

  
koWebis 

tipi 

h
b

 

z
ed
a 

sa
r
t
ye
l
z
e 

qv
ed
a 

sa
r
t
ye
l
z
e 

z
ed
a 
sa
r
t
ye
l
z
e 

S
u
al

ed
u
r
i 

Ca
ma
gr

eb
eb
is
 
ar
se
bo

bi
s 

S
em
T
x
ve
va
S
i 

d
at

vi
r
T
vi
s 
mo
d
eb
is
 

z
ed
a 

sa
r
t
ye
l
z
e  

qv
ed
a 

sa
r
t
ye
l
z
e  

z
ed
a 
sa
r
t
ye
l
z
e 

S
u
al

ed
u
r
i 

Ca
ma
gr

eb
eb
is
 
ar
se
bo

bi
s 

S
em
T
x
ve
va
S
i 

d
at

vi
r
T
vi
s 
mo
d
eb
is
 

SeduRebuli 

2 
4 
6 

18 
16 
15 

28 
26 
24 

22 
19 
18 

19 
18 
16 

30 
27 
25 

23 
21 
19 

Mmoqlonili 

2 
4 
6 

21 
18 
16 

30 
28 
25 

24 
21 
19 

30 
25 
21 

42 
35 
32 

33 
27 
24 
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S e n i S v n a.  sxva foladebisagan damzadebuli koWebisaTvis l b - s 

miTiTebuli mniSvnelobebi mravldeba 
R
1,2
, (sadac R  mocemulia 2m sm ). 

c x r i l i  5. 5 

  l b  udidesi Sefardebebi, romlis drosac ar aris saWiro aluminis 

Senadnobebisagan damzadebuli ortesebri koWebis Semowmeba mdgradobaze 

(roca 3 5l b = − ) 

datvirTvisas 

modebuli 
koWebis 

tipi 

aluminis 

Senadnobis 

marka 
zeda 

sartyelze

qveda 

sartyelze

z
ed
a 

sa
r
t
ye
l
z
e 

S
u
al

ed
u
r
i 

Ca
ma
gr

eb
eb
is
 

ar
se
bo
bi
s 

S
em
T
x
ve
va
S
i 

d
at

vi
r
T
vi
s 

mo
d
eb
is
 

SeduRebuli 

da 

dawnexili 

АМг 
АМг6 
АВТ1,  
АД33Т1 

13,0 
9,0 
11,0 

20,0 
15,0 
17,0 

16,0 
11,0 
13,0 

moqlonili 

АМг6,  
АД33Т1 
АВТ1 
Д16Т 

11,0 
10,0 
8,0 

17,0 
16,0 
12,0 

13,0 
12,0 
9,0 

 

cxr. 5. 3 da 5. 4 miRebuli aRniSvnebi: 

 

l  _ koWis SekumSuli sartylis Tavisufali sigrZe, romelic udris  

manZils misi damagrebis wertilebs Soris ganivi gadaadgilebidan (grZivi 

kavSirebis kvanZebi, xisti fenilis dayrdnobis wertilebi) an ganiv 

kavSirebs Soris, romlebic xels uSlian koWis kveTis brunvas;  

l  damagrebaTa ararsebobisas – koWis gani: 

1,b δ  _ SekumSuli sartylis sigane da sisqe: 

h  _ koWis kveTis sruli simaRle.  

  Cveulebriv sartylis siganes iReben 1/3 _ 1/5 h  farglebSi. Zabva 

sakmaod farTo sartylis dros araTanabrad nawildeba sartylis siganeze; 

Zalian viwro koWebi moiTxoven kavSirebis xSirad damagrebas da amitom 

gamousadegaria. 
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               nax. 5.4 sartylis furclebis yvelaze dasaSvebi 

       kiduli moqlonil koWebSi 

 

  mocemulia ra sartylis sigane b  pouloben mis sisqesac 

                             
F
b

δ = sart.
                   (5.17) 

foladis koWis SekumSuli sartylis kidulis sigane adgilobrivi 

simtkicis pirobebis mixedviT ar unda iyos 
2,115
R

δ  _ ze meti, sadac δ   

kidulis sisqea, R  _ saangariSo winaRoba .2t sm  SeduRebul koWebSi 

kiduli udris sartylis siganis 1
2 ; moqlonil koWebSi _ manZils 

ganapira sartylis moqlonvidan furclis kidemde (nax. 5.4) aluminis 

Senadnobebisagan miRebuli koWebisTvis kiduls iReben  cxr.  5. 2 mixedviT. 
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c x r i l i  5. 2. 

   aluminis Senadnobebisagan damzadebuli dawnexili profilebis zomebis 

zRvruli fardobebi  

zRvruli fardobebi SenadnobebisaTvis  

0,
b b h
t t δ

da
sarty. koW.

ked.

 fardoba 

АМг АМг 6 АВТ 1 Д16Т 

b
t

sarty.
 11,0 10 11,0 7,5 

b
t
koW.

 13,5 13,0 13,5 9,5 

0h
δ ked.

 80,0 60,0 70,0 45,0 

 

  aRniSnuli mosazrebebis safuZvelze adgenen sartylis furclis siganesa 

da sisqes sortamentis farglebSi. 

  moqlonil koWebSi sartylis kuTxeebi Cveulebriv tolgverdaa. sartylis 

furclebis gareSe (nax. 5. 1, v) koWebis mowyobis SemTxvevaSi sartylis 

kuTxeebi tolgverdaa da maT amagreben kedelTan viwro TaroebiT.  

  kuTxeebis sigane (kalibri) daaxloebiT saSualo koWebisaTvis ,
10
hb =kuT.  

didi koWebisTvis mas amaRleben 
20
hb =kuT.  _mde ( h  _ koWis simaRle). 

  ramdenadac kuTxeebis sigane gansazRvravs sartylis siganes, kuTxeebis 

kalibri  dgindeba sartylis siganesTan mimarTebaSi moyvanili mosazrebebis 

safuZvelze. 

  sartylis kuTxeebis sisqe unda aviRoT kedlis sisqis tolad, 

ramdenadac es aadvilebs samontaJo pirapirebis mowyobas. 

  moqlonil koWebSi sartylis furclebiT Zalis ukeTesi gadacemisas 

kedlidan sartylis furclebze da kedlebTan masalis meti 
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koncentraciisTvis sasurvelia, rom ori sartylis kuTxis kveTis farTobi 

Seadgendes aranakleb 30% mTeli sartylis kveTis farTobidan.  

  iseve rogorc SeduRebul koWebSi sartylis furclebi ganisazRvreba im 

pirobidan, rom koWis kveTs hqondes winaRobis sakmarisi momenti, rac 

moqlonil koWebSi udris 

                             
1,21,2 .MW W
R

=br.
saW. net.  

  sartylis furclebis inerciis saWiro momenti 

                             
1,2 ,

2
M hI I I
R

= ⋅ − −br. br. br.
f. saW. ked. kuT.  

  sadac 1,2 _ inerciis saWiro momentis zrdis koeficientia kveTis 

RiobebiT dasustebis xarjze; 

  ,I Ibr. br.
ked. kuT.  _ kuTxeebis da kedlis inerciis momentebi (bruto). 

  erTi sartylis furclebis saWiro farTobi Ffurc.F  ganisazrvreba (5.16) 

formuliT. 

  sartylis siganis dadgenis Semdeg gansazRvraven furclebis jamur sisqes 

F
b

εδ = furc.

furc.

furc.

 da amis Sesabamisad furclebis raodenobas. saWiroebis 

SemTxvevaSi, Tu furclebis jamuri sisqe ar emTxveva δ∑ furc.  sidides, 

ramdenadme cvlian  furclebis siganes. 

  mravalfurclian paketSi manZili sartylis furclebis kididan 

moqlonvis uaxloes riskamde, moqlonvis simkvrivis uzrunvelyofis 

pirobidan gamomdinare unda iyos ara umetes 8 δ  foladis koWebisTvis (nax. 

5.4, b, g), xolo aluminis Senadnobis koWisTvis _ araumetes 6 δ . 

sartylis furclebis yvelaze naklebi sigane dgindeba ise, rom maTi 

kiduli kuTxeebidan iyos aranakleb 10 mm TiToeuli mxridan (nax. 5.4, a). 

  koWis kveTis dadgenis Semdeg amowmeben mis simtkices Runvasa da Wraze. 

  magaliTi 4. samrewvelo saamqros moednisTvis saWiroa Ст. 3 markis  

foladisgan dasaWreli moqlonili koWis kveTis SerCeva Semdegi 

monacemebis mixedviT: koWis gani 10 ;l = m  koWis simaRle araumetes 110 sm; 

normatiuli datvirTvebi _ droebiTi 11q =nor. t m ,  konstruqciis wona _ 
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2p =nor. t m ; gadatvirTvis koeficientebi: droebiTi datvirTvis 1,3qп =  

da kuTri wonis 1,1pп  (Sesabamisad saangariSo datvirTvebi 

11 1,3 14,3qq q п= = ⋅ =n  2 1,1 2, 2pp p п= = ⋅ =n t m ); zRvruli Cazneqa 

[ ] 2,5
400
lf = = sm';  muSaobis pirobebis koeficienti 1m = . 

  1) ganvsazRvravT saangariSo mRunv moments da ganiv Zalas; 

     
( ) ( )2 22, 2 14,3 10

206,25
8 8

p q l
M

+ + ⋅
= = = mm;  

     ( ) ( )1 102,2 14,3 82,5
2 2

Q p q= + = + = m.  

  2) ganvsazRvravT winaRobis saWiro moments (5.12) formuliT 

     
20 625 000 9 820 .

2 100
MW
R

= = =net. 3
saW. sm  

  3) ganvsazRvravT koWis simaRles: 

  a) saWiro sixistis (Cazneqis) uzrunvelyofis pirobidan (5.3) da (5.2)  

formulebis mixedviT: 

     
2 112 100 1 650 ;

2, 2 14,3
p qR
p q

σ + +
= = =

+ +

n n
2

n kg sm  

     
[ ]

2 2

7 7

1 650 1 000 66
10 10 2,5

lh
f

σ ⋅
= = =

⋅
n

min. sm;  

  b) liTonis ekonomiis pirobidan (5.7) formulis mixedviT 1,1k =  da 

10δ =ked. mm  

     
9 8201,1 110

1
Wh k
δ

= = ≈opt.

ked.

sm.  

  koWis kedlis simaRles viRebT im farglebSi rac mocemulia 100h =ked. sm   

gabaritebis mixedviT da koWis simaRles kuTxeebis qarCebze 101h =koW. sm  

(nax. 5. 1, T), rac akmayofilebs mocemul gabaritebs da aseve liTonis 

sixistisa da ekonomiis pirobebs. 

  4) ganvsazRvravT kedlis yvelaze nakleb sisqes (5.10) formulis 

mixedviT 
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82 5001,5 1,5 0,95

1 300 100
Q

R h
δ = = =

⋅ked.

Wra. ked.

sm.  

     viRebT 1δ =ked. sm.  

  5) vniSnavT sartylis kuTxeebis kveTs  

     
101 10

10 10
hδ = = ≈kuT. sm;  

     1δ δ= =kuT. ked. sm  anu viRebT 100 10× mm  kuTxes.  

  6) ganvsazRvravT sartylis furclebis zomebs, risTvisac winaswar 

vangariSobT: 

  a) sruli kveTis inerciis saWiro moments 

     41011, 2 ( ) 1, 2 9 820 2 618 700 ,
2 2
h

Wδ δ ⎛ ⎞= +∑ = ⋅ + =⎜ ⎟
⎝ ⎠

koW.br.
saW. net. furc. sm  

sadac 2δ∑ =furc. sm,  koWis erTi sartylis furclebis savaraudo jamuri 

sisqea; 

  b) sartylis furclebis inerciis saWiro momenti 

     
( )

( )

3
' 2

3
2 4

4
12

1 100618 700 4 179 19, 2 47,67 360 800 ,
12

h
I I I I I F y

δ
= − − = − − + =

⋅
= − − + ⋅ =

ked. ked.br. br. br. br. br.
f.saW. saW. ked. kuT. saW. kuT. kuT.I

sm

 

sadac '
kuT.I  _ kuTxis inerciis momenti simZimis centrTan mimarTebaSi;  

      FkuT.  _ erTi kuTxis kveTis farTobi; 

      y  _ manZili koWis neitraluri RerZidan kuTxis simZimis centramde 

(nax. 5.5). 

  sartylis furclebis farTobi (5.16 formula). 

2
2 22

2 2 2 360 800 70 .
2101
22

I I
F

h
h

δ
⋅

= = = ≈
∑⎛ ⎞ ⎛ ⎞++ ⎜ ⎟⎜ ⎟ ⎝ ⎠⎝ ⎠

br. br.
f.saW. f.saW.

furc.

furc.

koW.

sm  
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                    nax. 5.5 moqlonili koWis kveTi 

                        (magaliTi 4. mimarTebaSi) 

 

  viRebT 12 mm sisqis 2 furcels; maSin furclebis saWiro siganea 

                             
70 29

2 1, 2
F

b
δ

= = ≈
∑ ⋅

furc.

furc.

sm.  

  Tu aviRebdiT 10 mm sisqis furclebs, maTi sigane iqneboda 35 sm da 

maSin manZili furclis nawiburebidan moqlonvis riskamde iqneboda 

35 12 11,5
2
−

= sm  anu imaze meti  vidre es dasaSvebia moqlonvis simkvrivis 

( )δ8  uzrunvelyofis pirobidan. 

  7) vamowmebT SerCeuli kveTis mzid unars simtkiceze. 
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  a) Semowmeba Cazneqaze. ganvsazRvravT SerCeuli kveTis (bruto) inerciis 

moments, risTvisac vangariSobT: 

     

3 3
41 100 83 300 ,

12 12
hδ ⋅

= = =ked. ked.

ked.I sm  

     ( ) ( )2 2 44 4 179 19,2 47,67 174 500 ;xI I F y= + = + ⋅ =kuT. kuT. sm  

     ( )
2

2 42 1, 2 2 2 1, 2 29 50,5 1, 2 372 000 ;
2
h

F
⎛ ⎞

= + = ⋅ ⋅ ⋅ + =⎜ ⎟
⎝ ⎠

koW.

furc. furc.I sm  

     483 300 174 500 372 000 629 800 .I I I= + + = + + =br. ked. kuT. furc.I sm  

  kedlis dasustebis gansazRvrisaTvis viRebT moqlonvis ganTavsebas, 

rogorc es naCvenebia nax. 5.5 Riobebis diametri moqlonvisTvis aris 

20d = mm  toli. maSin kedlis dasustebis inerciis momenti  

     ( )2 2 2 2 2 42 1 2 5 15 25 35 45 16 500I = ⋅ ⋅ + + + + =ked. das. sm . 

  kedlis dasustebis inerciis momentis zusti gansazRvris nacvlad viRebT 

0,15 ,I=ked.das. ked.I  rac mocemul magaliTSi Seadgens 

40,15 83 300 12 500 .= ⋅ =ked.das.I sm  

  sartyelSi dasustebas viRebT mxolod vertikaluri moqlonvidan 

(ramdenadac kuTxeebis vertikalur da horizontalur TaroebSi moqlonva 

Wadrakis wesiTaa ganxorcielebuli) 

     2 2 4
14 4 2 3,4 51,1 71000 .d yδ= ∑ = ⋅ ⋅ ⋅ =sart. das.I sm  

  aqedan vpoulobT:  

koWis dasustebuli kveTis inerciis moments 

     4629 800 16 500 71 000 542 300 ;I I I= − − = − − =net. br. ked. das. sart. das.I sm  

koWis dasustebuli kveTis winaRobis moments 

     3

2

542 300 102 400 .
52,9

I
W

y
= = =net.

net. sm  

   vamowmebT koWis mzid unars Cazneqvaze da ganvsazRvravT normalur 

Zabvas 

     2 220 625 000 2 020 2 100 ,
102 400

M
W

σ = = = <
net.

kg sm kg sm  
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anu Cazneqvaze koWis mzidi unari uzrunvelyofilia. 

  b) k e d l i s   S e m o w m e b a   W r a z e. koWs vaproeqtebT 

cvladi kveTis saxiT; amitom, sayrdeni kveTi Sedgeba kedlisa da sartylis 

kuTxeebisgan. 

  kedlis Semowmeba kveTaze xdeba sayrdenTan 
QS R
I

τ
δ

= ≤br.
Wra.

br. ked.

 am formulis 

mixedviT, risTvisac vangariSobT 

     483 300 174 500 257 800 ;I I= + = + =br. ked. kuT.I sm  

     
2

31002 1 2 19,2 47,67 1 960 .
2 4 8
h h

S F yδ= + = + ⋅ ⋅ ≈ked. ked.

br. ked. kuT. sm  

  mxebi Zabva 

     2 282 500 1 960 625 1 300 ,
257 800 1

QSτ
δ

⋅
= = = <

⋅
br.

br. ked.

kg sm kg sm
I

 

anu uzrunvelyofilia koWis mzidi unari kedlis Wraze. 

  amgvarad, orive Semowmeba ( )M Qda  gviCvenebs, rom koWis saangariSo 

pirobebi pirveli zRvruli mdgomareobis mixedviT dakmayofilebulia. 

  8) vamowmebT koWis SerCeuli kveTis sixistes.  

  aseTi Semowmeba warmoadgens gaangariSebas meore zRvruli mdgomareobis 

mixedviT. amitom, gaangariSebas vawarmoebT normatiuli datvirTvebis 

mixedviT (gadatvirTvis koeficientebis gaTvaliswinebis gareSe) 

     
( ) ( )4 4110 20 1 0005 5 1,6 2,5

384 384 0,8 2 100 000 629 800 400
p q l lf
EIα

+ +
= ⋅ = = < =

⋅ ⋅

n n

br.

sm sm,  

sadac 0,8α =  _ koeficientia, romelic iTvaliswinebs koWis kveTis 

cvlilebas. 

  amgvarad, gaangariSebis piroba meore zRvruli mdgomareobis mixedviT 

aseve dakmayofilebulia. 

  SeduRebuli koWis SerCeva xdeba iseve, rogorc moqlonilis, Tumca is 

ufro martivia, ramdenadac SeduRebul koWs ar gaaCnia sartylis kuTxeebi. 
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Tavi IV 

zemoTaRniSnuli meTodebis urTierTSedareba da maTi kritikuli 

analizi 

 

4.1 Sedgenili, SeduRebuli ganivkveTis foladis koWebis sixistis 

pirobebis zogierTi arakoreqtulobis Sesaxeb 

 

  ganvixiloT or sayrdenze mdebare Sedgenili, SeduRebuli ganivkveTis 

mqone foladis koWi, maliT ℓ, datvirTuli Tanabradganawilebuli 

normatiuli da saangariSo datvirTvebiT, intensivobiT, Sesabamisad, 

qn=pn+gn da q=npPn+nggn. am SemTxvevaSi, rogorc cnobilia, koWis CaRunvis 

isari gamoiTvleba masalaTa gamZleobidan cnobili formuliT [1] : 

               
( )5

384

n n 4+
ƒ =

lP g

EI
                          (6.1) 

sadacE E  koWis masalis drekadobis modulia, I  _ ki koWis ganivkveTis 

inerciis momenti neitraluri RerZis mimarT. koWis malis Sefardeba 

CaRunvis isris mniSvnelobasTan 
f

⎡ ⎤
⎢ ⎥
⎣ ⎦

l
 reglamentirebulia normebiT koWis 

daniSnulebis Sesabamisad. liTonis konstruqciebis mTel rig 

saxelmZRvaneloebSi [2]; [3]; [4] mocemulia (1) formulis garkveuli 

modificireba koWis ganivkveTis simaRlis h -is gansasazRvravad, kerZod, 

(6.1) formulaSi Setanilia maqsimaluri mRunavi momentis gamosaxuleba 

normatiuli datvirTvebisagan: 

                  
( )

8

P g+
Μ =

ln n 2

n                              (6.2) 

gaTvaliswinebulia agreTve, rom 
2
hI W=  da ( )P gM Wσ +=n  , ris Sedegadac 

(6.1) gamosaxuleba Rebulobs Semdeg saxes: 

     
( )

25

24

σ +=
lP gf

Eh
    saidanac   

( )5
24

σ + ⎡ ⎤
= ⎢ ⎥

⎣ ⎦

l lP gh
E f

                (6.3) 
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  ( )P gσ +  warmoadgens Zabvas gamowveuls ( )P g+n n  normatiuli 

datvirTvisagan da miznad dasaxulia, rom zemoTxsenebuli Zabva gamosaxuli 

iqnas R  _ masalis saangariSo winaRobis saSualebiT. amisaTvis 

gamoyenebulia W  _  koWis ganivkveTis winaRobis momentis orgvari 

gamosaxuleba:  

( )P g

MW
σ +

=
n

    (6.4)   da   
MW
R

=    (6.5)   maTi gatolebiT miiReba, rom: 

               ( )P g
P g

M P gR R
M n P n g

σ +

+
= =

+

n n n

n n
                    (6.6) 

(6.6) _ is gaTvaliswinebiT da 
f

⎡ ⎤
⎢ ⎥
⎣ ⎦

l
 _ dasaSvebi normatiuli sididis 

SetaniT (6.3) _Si sabolood miiReba:  

                 min
5
24

n n

n n

⎡ ⎤ +
= ⎢ ⎥ +⎣ ⎦

l l

P g

R P gh
E f n P n g

                   (6.7) 

  koWis kveTis simaRlis min  indeqsis azri is aris, rom koWis 

minimaluri simaRle, anu minimaluri inerciis momenti Seesabameba 
f

⎡ ⎤
⎢ ⎥
⎣ ⎦

l
 _ is 

dasaSveb mniSvnelobas, kveTis simaRlis ufro Semcireba gamoiwvevda 

dasaSvebze met CaRunvas.  (6.7) gamosaxuleba warmoadgens, rogorc zemoT 

avRniSneT, (6.1) formulis saxesxvaobas da mas koWis sixistis pirobas 

uwodeben. axla gavukeToT analizi miRebul formulebs. (6.4) _ is 

mixedviT Zabva ( )P gσ +  cnobilad SeiZleba CaiTvalos mxolod im SemTxvevaSi, 

Tu cnobili iqneba W  winaRobis momenti da piriqiT. (6.4) gamosaxuleba 

or ucnobs Seicavs W  _ s da ( )P gσ +  ; erTis gansasazRvrad saWiroa meoris 

codna. aqedan gamomdinare (6.3) _ dan h  _ is gansazRvra SeuZlebelia, 

radganac igi damokidebulia ( )P gσ +  _ ze, rac Tavis mxriv h  _ zea 

damokidebuli. aseve (6.5) _dan gamodis, rom Tu ganvixilavT 1R ,  2R , 3R  da 

a.S. sxvadasxva masalis saangariSo winaRobebs, miviRebT 1W , 2W , 3W  da a.S. 

winaRobis momentebs, romlebic cxadia erTmaneTisagan gansxvavebuli iqneba, 

radganac M  saangariSo mRunavi momenti Seesabameba mocemul saangariSo 
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datvirTvas da mudmivi sididea. aqedan gamomdinare, (6.4) da (6.5) 

formulebSi Semavali W - ebis gatoleba koreqtuli ar aris da aqedan 

gamomdinare arc ( )P gσ +  Zabvis gamosaxva iqneba koreqtuli 1R , 2R , … nR  

saangariSo winaRobebis saSualebiT. sabolood, cxadia, arc (6.7) 

gamosaxuleba iqneba (6.1) formulis koreqtuli modificireba. (6.7) 

formulis kritika SesaZlebelia sxva mxrivac: Sedgenili koWis ganivkveTis 

elementebis zomebs Soris, rogoricaa koWis simaRle, Taros sigane, 

kedlisa da Taros sisqeebi da sxva, arsebobs dadgenili Sesabamisobani e.i. 

kveTi unda akmayofilebdes garkveul proporciebs. aqedan gamomdinare, Tu 

(6.7) formulaSi, magaliTad, R - s gavzrdiT, Sesabamisad gaizrdeba kveTis 

simaRlec minh . gazrdil minh  ki Seesabameba W -s da I -s gazrdili 

mniSvnelobebi, maSin, roca simtkicis pirobis Tanaxmad, gazrdil R - s 

Semcirebuli W  unda Seesabamebodes. urTierTSeuTanxmeblobasTan gveqneba 

saqme R - is Semcirebis SemTxvevaSic. Tu koWis kveTi ar iqneboda 

gansazRvruli garkveuli proporciebiT, maSin R - is gazrdas (6.7) 

formulis Tanaxmad mohyveboda h - is gazrdac, magram koWis kveTis sxva 

zomebi SesaZlebelia ise SerCeuliyo, rom W  gamosuliyo winaT arsebulze 

naklebi, rac Seesabameboda simtkicis pirobidan miRebul nakleb W - s. 

aseve R - is SemcirebiTac daculi iqneboda Sesabamisoba sixistisa da 

simtkicis pirobebs Soris, Tumca kveTis zomebi ver daakmayofilebda 

wayenebul moTxovnebs. yovelive zemoTqmulidan gamomdinare, SeiZleba 

davaskvnaT, rom (6.7) gamosaxulebis Sesabamisi sixistis piroba ver 

gamosaxavs koWis muSaobis WeSmarit azrs da koWebis sixisteze gaangariSeba 

unda moxdes (6.1) formuliT. amisaTvis winaswar Sedgenili unda iqnas 

sortamentTa cxrili, romelic daakmayofilebs Sedgenili ganivkveTisaTvis 

wayenebul yvela moTxovnebs. (6.1) formulidan ganisazRvreba minI  _ 

inerciis minimaluri momenti, romelic daakmayofilebs sixistis pirobas. 

Semdeg xsenebul sortamentTa cxrilidan I - s mixedviT SeirCeva kveTi, 

romlis Wsix.  _ winaRobis momenti Semowmdeba simtkicis pirobaze mocemuli 

R -saTvis. Tu W W. .simt six= <
M
R

, maSin adgili eqneba kveTis dauZabavobas 
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da saWiro iqneba axali 1R R<  iseTi saangariSo winaRobis SerCeva, 

romelic saSualebas mogvcemda Wsimt.  miuaxlovdes Wsix. - s. Tu Wsimt.  > Wsix.  

maSin SesaZlebelia koWis zomebi SerCeuli iqnas Wsimt. - is mixedviT 

Sesabamisi cxrilidan, radganac am dros sixistis piroba avtomaturad 

kmayofildeba. SesaZlebelia agreTve SeirCes axali 1R R>  sangariSo 

winaRobis mqone masala, romlis Sesabamisi Wsimt.  winaRobis momenti 

sididiT miuaxlovdeba (6.1) formulidan SerCeul I - s mixedviT aRebul 

Wsix.  winaRobis moments. 

 

4.2 foladis Sedgenili ganivkveTis mqone SeduRebuli koWebis gaangariSebis 

axleburi xerxi 

 

  rogorc cnobilia, klasikuri meTodiT foladis Sedgenili ganivkveTis 

mqone SeduRebuli koWebis gaangariSebisas sixistisa da simtkicis 

pirobebis gaTvaliswinebiT isazRvreba koWis ganivkveTis simaRle h , 

romelic miiReba koWis inerciis momentis - xI ,  winaRobis momentisa - xW  

da ganivkveTis farTobis - A , gamosaxulebebs Soris 

urTierTdamokidebulebebisgan. [1]; [2]; [3] 

  h  - is SerCevis Semdeg saWiroa koWis ganivkveTis konstruireba, anu 

garkveuli Tanafardobebis dacva koWis kveTis parametrebs Soris,  

rogoricaa koWis kedlis simaRle - hked. , koWis kedlis sisqe δ ked. ; koWis 

Taroebis sigane - bTar.  da koWis Taros sisqe tT.  .  

  Sesabamisi moTxovnebis dakmayofilebis dros koWis kveTis dagegmarebisas 

xSirad ver xerxdeba an Zneldeba koWis ganivkveTis farTobis 

racionalurobis moTxovna, rac imaSi mdgomareobs, rom 2A A=T. ked. . 

miuxedavad imisa, rom swored am pirobis gaTvaliswinebiTaa gansazRvruli 

koWis simaRle h . e. i. Taroebis farTobi sasurvelia iyos koWis kedlis 

farTobis toli, anu koWis mTeli ganivkveTis farTobi Tanabrad unda 

iyofodes Taroebsa da kedels Soris. am siZneles SesaZlebelia gverdi 
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avuaroT, Tu SevqmniT Sedgenili koWebis “sortaments”, romelSic h  - ebis 

mixedviT da yvela moTxovnili pirobis dakmayofilebiT mocemuli gveqneba 

koWis ganivkveTebi, inerciis momentebi, winaRobis momentebi da sxva 

maxasiaTeblebi, rac saSualebas mogvcems erTi romelime parametris, vTqvaT, 

inerciis momentis I  an winaRobis momentis W  - s mixedviT avirCioT 

CvenTvis saWiro kveTi yvela sxva parametrebTan erTad. aqve unda aRiniSnos, 

rom Tu raime mosazrebiT saWiro iqna kveTis parametrebis koreqtireba _ 

es ukve gacilebiT ioli saqmea. dasaxuli amocanis Sesasruleblad 

mizanSewonilia koWis yvela zemoT aRniSnuli parametri gamoisaxos koWis 

simaRlis h  - is saSualebiT, amisaTvis visargebloT klasikur TeoriaSi 

mocemuli zogierTi rekomendaciiT, kerZod: [ ]7 hδ =ked mm + 3 m , Tu 

SevecdebiT gamovsaxoT erTnairi ganzomilebiT, maSin miviRebT:  

   

[ ]7 7 7 0,1
1000 1000

0,7
1000 1000

⎡ ⎤⎛ ⎞ ⎛ ⎞= = ⋅ =⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦
⎛ ⎞ ⎡ ⎤= ⎜ ⎟ ⎢ ⎥⎝ ⎠ ⎣ ⎦

h hh

h h

δked

3 mm 3 mm
mm + 3 m mm + mm = mm + sm

3 sm 700 + 3 sm
sm + sm = sm

       (7.1) 

  aseve visargebloT rekomandaciiT  
1 1
2 5

b h⎛ ⎞= ÷⎜ ⎟
⎝ ⎠

T  da mxedvelobaSi 

miviRoT piroba koWis ganivkveTis farTobis racionalurobis Sesaxeb, maSin 

kveTis parametrebis sidideebi gamosaxuli h  - iT iqneba Semdegnairi:  (nax. 

6. 1) 

 

 

 

 

 

 

 

                       

    

       nax. 6.1 foladis Sedgenili ganivkveTis mqone SeduRebuli koWi  

700 3
1000

hδ +
=ked  

700 3
500

ht +
=T  

247 700
250
hh −

=ked  

247 700
1000
hb −

=T  
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  SevadginoT koWis ganivkveTis farTobis inerciis momenti X  - RerZis 

mimarT da CavTvaloT, rom Taroebis inerciis momentebi sakuTari RerZis 

mimarT ugulebelyofilia simciris gamo:  

( )

( )

2

3

2
1000 1000

1
250 12

x

hh -700 h -700I
500

h h -700
1000

⎛ ⎞ ⎛ ⎞= ⋅ ⋅ +⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

⎛ ⎞+ ⋅⎜ ⎟
⎝ ⎠

700 + 3247 497

700 + 3 247 4sm

                             (7.2) 

koWis ganivkveTis winaRobis momenti toli iqneba:  
2 x

x
IW
h

= 4sm      (7.3) 

gamartivebis Semdeg (2) da (3) gamosaxulebebi miiRebs Semdeg saxes 

           
4 3 20,0183 4,142 25,836 56, 466

18,75x
h h h hI + − +

= sm4           (7.4) 

           
3 20,0366 8, 284 51,672 112,932

18,75x
h h hW + − +

= sm3                (7.5) 

 

 

 

 

 

koWis parametrebis gamoTvlis Sedegad Semdegi programiT:  

 

Private Sub CommandButton1_Click() 

x = Val(forma1.h) 

d = (700 + 3 * x) / 1000 

t = (700 + 3 * x) / 500 

b = (247 * x - 700) / 1000 

hk = (247 * x - 700) / 250 

a = ((247 * x - 700) / 500) * ((700 + 3 * x) / 500) + ((247 * x - 700) / 250) * ((700 + 3 

* x) / 1000) 

ix = ((247 * x - 700) / 500) * ((700 + 3 * x) / 500) * ((497 * x - 700) / 1000) ^ 2 + 

((700 + 3 * x) / 1000) * ((247 * x - 700) / 250) ^ 3 * (1# / 12) 

w = (2# / x) * ((247 * x - 700) / 500) * ((700 + 3 * x) / 500) * ((497 * x - 700) / 1000) 

^ 2 + (1# / (6 * x)) * ((700 + 3 * x) / 1000) * ((247 * x - 700) / 250) ^ 3 
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forma1.d = d 

forma1.t = t 

forma1.b = b 

forma1.hk = hk 

forma1.a = a 

forma1.i = ix 

forma1.w = w 

End Sub 

 

Private Sub CommandButton2_Click() 

Dim i As Integer 

For i = 2 To 432 

x = Worksheets("a").Cells(i, 1) 

d1 = (700 + 3 * x) / 1000 

t1 = (700 + 3 * x) / 500 

b1 = (247 * x - 700) / 1000 

hk1 = (247 * x - 700) / 250 

a1 = ((247 * x - 700) / 500) * ((700 + 3 * x) / 500) + ((247 * x - 700) / 250) * ((700 + 

3 * x) / 1000) 

ix1 = ((247 * x - 700) / 500) * ((700 + 3 * x) / 500) * ((497 * x - 700) / 1000) ^ 2 + 

((700 + 3 * x) / 1000) * ((247 * x - 700) / 250) ^ 3 * (1# / 12) 

w1 = (2# / x) * ((247 * x - 700) / 500) * ((700 + 3 * x) / 500) * ((497 * x - 700) / 

1000) ^ 2 + (1# /( 6 * x)) * ((700 + 3 * x) / 1000) * ((247 * x - 700) / 250) ^ 3 

Worksheets("a").Cells(i, 2) = d1 

Worksheets("a").Cells(i, 3) = t1 

Worksheets("a").Cells(i, 4) = b1 

Worksheets("a").Cells(i, 5) = hk1 

Worksheets("a").Cells(i, 6) = Int(a1) 

Worksheets("a").Cells(i, 7) = Int(ix1) 

Worksheets("a").Cells(i, 8) = Int(w1) 

Next i 

End Sub 

 

Private Sub CommandButton3_Click() 
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Me.Hide 

End Sub 

 

Private Sub CommandButton4_Click() 

forma1.h = Clear 

forma1.d = Clear 

forma1.t = Clear 

forma1.b = Clear 

forma1.hk = Clear 

forma1.a = Clear 

forma1.i = Clear 

forma1.w = Clear 

End Sub 
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miiReba Semdegi cxrili 6. 1.  : 

h , sm δk. , sm tT. , sm bT. , sm hk. , sm A ,sm2 xI , sm4 xW , sm3 

70 0.91 1.82 16.59 66.36 120 92338 2638 

71 0.91 1.83 16.84 67.35 122 96798 2726 

72 0.92 1.83 17.08 68.34 125 101407 2816 

73 0.92 1.84 17.33 69.32 127 106170 2908 

74 0.92 1.84 17.58 70.31 129 111088 3002 

75 0.93 1.85 17.83 71.30 131 116166 3097 

------------------------------------------------------------------------------------------------------ 
124 1.07 2.14 29.93 119.71 256 629653 10155 

125 1.08 2.15 30.18 120.70 259 647084 10353 

126 1.08 2.16 30.42 121.69 262 664862 10553 

127 1.08 2.16 30.67 122.68 265 682988 10755 

128 1.08 2.17 30.92 123.66 268 701469 10960 

129 1.09 2.17 31.16 124.65 270 720307 11167 

130 1.09 2.18 31.41 125.64 273 739508 11377 

131 1.09 2.19 31.66 126.63 276 759076 11588 

132 1.10 2.19 31.90 127.62 279 779015 11803 

133 1.10 2.20 32.15 128.60 282 799330 12020 

134 1.10 2.20 32.40 129.59 285 820024 12239 

135 1.11 2.21 32.65 130.58 288 841103 12460 

136 1.11 2.22 32.89 131.57 291 862572 12684 

137 1.11 2.22 33.14 132.56 294 884433 12911 

138 1.11 2.23 33.39 133.54 297 906692 13140 

139 1.12 2.23 33.63 134.53 300 929354 13372 

140 1.12 2.24 33.88 135.52 303 952423 13606 

141 1.12 2.25 34.13 136.51 306 975903 13842 

142 1.13 2.25 34.37 137.50 309 999800 14081 

143 1.13 2.26 34.62 138.48 312 1024118 14323 

144 1.13 2.26 34.87 139.47 315 1048861 14567 

145 1.14 2.27 35.12 140.46 318 1074034 14814 

146 1.14 2.28 35.36 141.45 321 1099642 15063 

147 1.14 2.28 35.61 142.44 325 1125689 15315 

148 1.14 2.29 35.86 143.42 328 1152181 15570 

149 1.15 2.29 36.10 144.41 331 1179123 15827 

150 1.15 2.30 36.35 145.40 334 1206518 16086 

------------------------------------------------------------------------------------------------------ 
187 1.26 2.52 45.49 181.96 458 2585181 27648 

188 1.26 2.53 45.74 182.94 462 2633608 28017 

189 1.27 2.53 45.98 183.93 466 2682693 28388 

190 1.27 2.54 46.23 184.92 469 2732444 28762 

191 1.27 2.55 46.48 185.91 473 2782866 29139 

192 1.28 2.55 46.72 186.90 476 2833963 29520 

193 1.28 2.56 46.97 187.88 480 2885743 29904 

194 1.28 2.56 47.22 188.87 484 2938211 30290 

195 1.29 2.57 47.47 189.86 487 2991372 30680 

196 1.29 2.58 47.71 190.85 491 3045234 31073 

197 1.29 2.58 47.96 191.84 495 3099801 31470 

198 1.29 2.59 48.21 192.82 499 3155079 31869 

199 1.30 2.59 48.45 193.81 502 3211075 32272 

200 1.30 2.60 48.70 194.80 506 3267794 32677 
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  rogor unda visargebloT am cxriliT, ganvixiloT magaliTi:  

  vTqvaT koWze, romlis malia  l =12 m, Edrekadobis moduli E =2 ⋅ 106 

kg./sm2, dasaSvebi CaRunva [ ] 3
400

= =
lf sm , normatiuli datvirTva 

qn =128,6kn/m=128,6 kg./sm, saangariSo datvirTva q =153 kg./sm, moqmedi 

mRunavi momenti M =27540000 kg.sm, koWis malis saangariSo winaRoba 

R =2300 kg./sm2, maSin koWis ganivkeeTis saWiro winaRobis momenti 

simtkicis pirobidan Wsimt. toli iqneba:  

 

1

27540000 10885
2300 1,1 1

= = =
⋅ ⋅ ⋅

MW
C R γsimt. sm3 , 

sortamentis cxr. 7. 1 - dan SevarCioT Wsimt. - is mixedviT W =10755 sm3, 

romlis Sesabamisi parametrebi iqneba h =127 sm;  δ k. =1,08 sm;  tT. =2,16 sm; 

bT. =30,67 sm;  hk. =122,68 sm;  A=265 sm2;   xI =682988 sm4.         . 

axla gaviangariSoT koWis ganivkveTis saWiro inerciis momenti sixistis 

pirobidan: 
45

384
qf
EI

= ⋅
ln

six.

 ;   aqedan    
4 8

6

5 128,6 12 10 578700
384 2 10 3

I ⋅ ⋅ ⋅
= =

⋅ ⋅ ⋅six. sm4      

romelsac SemoTavazebuli cxrilidan Seesabameba xI = 579387 sm4 ;  h =121 

sm; δ k. =1,06 sm;   tT. =2,13 sm; bT. =29,19 sm;  hk. =116,75 sm; A=248 sm2; 

xW =9576 sm3.        

e. i. miviReT, rom simtkicis pirobidan h =127 sm, xolo sixistis 

pirobidan   h =121 sm. Cven unda avirCioT udidesi, e. i. h =127 sm, radgan 

igi daakmayofilebs rogorc sixistis, ise simtkicis pirobas.  

 vTqvaT, W W<simt. six. , maSin SegveZlo agverCia koWis simaRle da sxva 

parametrebi,  Wsix.  - is mixedviT an SevcvlidiT saangariSo winaRobas R -s.  
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4.3 Sedgenili, SeduRebuli koWis optimaluri simaRlis gansazRvris 

kritikuli analizi 

 

  Sedgenili koWebis ganivkveTis SerCeva da misi optimaluri simaRlis 

gansazRvra ganxilulia liTonis konstruqciebis yvela saxelmZRvaneloSi, 

amasTan aRsaniSnavia, rom am amocanis gadawyvetis meTodika sxvadasxva 

avtoris mier gansxvavebulad da xSirad principulad gansxvavebuladac 

aris warmodgenili. am mosazrebis sailustraciod sakmarisia iseTi 

saxelmZRvaneloebis dasaxeleba, rogoricaa e. i. belenias redaqtorobiT, k. 

k. muxanovis da n. s. streleckis avtorobiT gamoyenebuli liTonis 

konstruqciebi. winamdebare naSromis mizania kritikulad iqnes 

gaanalizebuli TiToeul am saxelmZRvaneloSi mocemuli kveTis SerCevisa 

da koWis optimaluri simaRlis gansazRvris wesi da amis safuZvelze 

mocemuli iyos, Cveni azriT, ufro racionaluri da logikuri xerxi. amave 

dros aRvniSnavT, rom naSromSi yuradReba gamaxvilebulia kveTis SerCevis 

principul mxareebze da ara konstruirebis niuansebze, rogoricaa namzadis 

standartis gaTvaliswineba da sxva, romelTa dakmayofileba yovelTvis 

SesaZlebelia. 

 ganvixiloT jer koWis ganivkveTis SerCevis optimaluri meTodi k. k. 

muxanovis mixedviT. Semotanilia koWis kedlis moqnilobis cneba, romelic 

faqtobrivad warmoadgens koWis kedlis simaRlis Sefardebas mis sisqesTan 

              = hK
δked.                                    (8.1) 

  Semotanilia agreTve koWis kveTSi masalis ganawilebis koeficienti:  

              =
F h
F F

δα =ked.
                               (8.2) 

sadac  F  aris koWis ganivkveTis farTobi. erTi Taros ganivkveTis 

farTobi toli iqneba:  

              ( )= 0.5F F hδ−T.                             (8.3) 

koWis winaRobis momenti SeiZleba gamoisaxos, rogorc inerciis momentisa 

da 2
h - is fardoba [ ]1  : 
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                 ( )
3 22 2 22 2 12 6
h hhW F F h

h h
δ δ⎡ ⎤= + ⋅ = ⋅ +⎢ ⎥⎣ ⎦T. T.           (8.4) 

(8.3) –is gaTvaliswineba (8.4) – Si mogvcems:  

                  
2

2 3
Fh hW δ

= −                                  (8.5) 

Tu (8.5) – Si CavsvamT (8.1) – dan 
h
K

δ =
ked.

 , miviRebT:  

    
3

2 3
Fh hW

K
= −

ked.

;   saidanac   
22 2

3
W hF
h K

= +
ked.

                  (8.6) 

 

cnobilia, rom mudmivi winaRobis momentis SemTxvevaSi koWis ganivkveTis 

farTobs aqvs minimaluri mniSvneloba maSin, roca kedelsa da Taroebs 

Soris farTobi gadanawildeba Tanabrad. am pirobis gamoyenebiT (8.6) – s 

mixedviT miiReba: 

              2

2 4 0
3

dF W h
dh h K

= − + ⋅ =
ked.

                            (8.7) 

saidanac ganisazRvreba koWis kveTis optimaluri simaRle: 

            3
3
2

h K W= ⋅opt. ked.                                    (8.8)  

formula (8.8) gansazRvravs koWis simaRles, roca 0.5α = , e. i. roca 

kedlis farTobi tolia gaorkecebuli Taros farTobisa. marTlac, Tu 

CavTvliT, rom 2F hδ=  da SevitanT (8.5) gamosaxulebaSi miviRebT: 

         
2 2 2 32 2 2

2 3 3 3
h h h hW

K
δ δ δ

= − = =
ked.

                          (8.9) 

saidanac          3
3
2

h K W= ⋅ ked.                                 (8.10) 

rogorc vxedavT miRebul iqna igive (8) gamosaxuleba.  

maSasadame, (8.7) pirobis gamoyeneba gvaZlevs ganivkveTis ekonomiurad 

SerCevis saSualebas, rac imaSi mdgomareobs, rom Taroebsa da kedels 

Soris koWis ganivkveTis farTobi unda gadanawildes Tanabrad, magram, Cveni 

azriT, es piroba ver iZleva kveTis optimaluri simaRlis gansazRvris 

saSualebas. marTlac, (8.8) formulis mixedviT hopt. - is gansasazRvravad 
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saWiroa Kked. - is codna, rac, Tavis mxriv, hopt. - zea damokidebuli. axla 

ganvixiloT igive amocana e. i. belenias mixedviT. am SemTxvevaSi koWis 

ganivkveTis FfarTobi tolia:  

               
2W cF h

h
ψ

δψ
⋅

= +Tar.
ked.                          (8.11)  

sadac ψTar.  da ψ ked.  koWis Tarosa da kedlis konstruqciuli 

koeficientebia, xolo c  gviCvenebs, Tu moqmedi mRunavi momentis ra nawili 

gadaecema koWis sartyelebs.  c < 1 ; cxadia, rom c  koeficienti cvladia 

da damokidebulia masalis ganawilebaze koWis Taroebsa da kedels Soris. 

(8.11) formulis gamoyenebiT Sedgenilia ganivkveTis farTobis minimumis 

piroba mudmivi winaRobis momentis SemTxvevaSi [ ]2  : 

            2

2 0F W c
h h

δ∂ ⋅
= − + =

∂ ked.                             (8.12) 

rogorc (8.12) – dan Cans, CaTvlilia, rom c  da δked.  mudmivia da amitom 

ar monawileobs gawarmoebaSi, rac, cxadia, ar Seefereba sinamdviles. k. k. 

muxanovis mixedviT δ - s sidide Kked.  koeficientis saSualebiT 

dakavSirebuli iyo h - Tan da warmovdeboda, c  koeficientis gavlena ki 

koWis Taroebsa da kedlis farTobebis urTierTdamokidebulebiT iyo 

gaTvaliswinebuli. (8.12) gamosaxulebidan isazRvreba h - is optimaluri 

mniSvneloba:  

         
2 2W c W Wh c Kψ ψ
δψ δ ψ δ
⋅ ⋅

= = ⋅ ⋅ =T. Tar.

ked. ked. ked. ked.

              (8.13) 

ganvsazRvroT c - s gamosaxuleba: 

2
3 366 1

6 6

hWW W W K hW hc
W W W WK WK

δ−− ⋅ −
= = = = = −ked. ked.Tar.

ked. ked.

           (8.14) 

Tu SevitanT (8.14) - s (8.11) - Si ψTar.  da ψ ked.  gaTvaliwinebis gareSe 

miviRebT: 

  
3 2 2 22 2 2 2 21

6 6 3
W h W W h h W hF h
h W K h W K K h K

δ
⎛ ⎞ ⋅

= − + = − + = +⎜ ⎟⎜ ⎟⋅ ⋅⎝ ⎠ked. ked. ked. ked.

    (8.15) 



 133

rogorc Cans, (8.15) savsebiT emTxveva (8.6) gamosaxulebas. k. k. muxanovisa 

da e. i. belenias Soris is gansxvavebaa, rom k. k. muxanovi Taroebis 

winaRobis moments uSualod Taros farTobiT sazRvravs, kedlis sisqes ki 

h - sa da Kked.  koeficientis fardobiT, e. i. belenia ki h - s srulebiT ar 

akavSirebs δked. - kedlis sisqesTan da mas mudmivad miiCnevs. garda amisa, 

koeficient c - s igi cvladad ar Tvlis da gawarmoebaSic ar iyenebs. amis 

Sedegad Tu c  koeficients sxvadasxva mniSvnelobas mivaniWebT, magram 

yovel konkretul SemTxvevaSi mudmivi iqneba, maSin (8.11) da (8.15) 

formulebis Tanaxmad Taroebsa da Kkedlis farTobebs Soris tolobis 

miReba SeuZlebeli iqneba. aqedan gamomdinare, koWis kveTis 

racionalurobisaTvis aucilebelia, rom c  koeficienti cvladad CaiTvalos 

da (8.11) formulis gawarmoebisas gawarmovdes, rogorc cvladi. 

 

 

4.4 zogierTi mosazreba n. s. streleckis mixedviT Sedgenili, SeduRebuli 

koWebis optimaluri simaRlis gansazRvris Sesaxeb 

 

  ganvixiloT Sedgenili, SeduRebuli, ortesebri formis ganivkveTis mqone 

koWi, romlis simaRlea h , Taros ganivkveTis farTobi AT. , kedlis sisqe 

ki δked. . aseTi ganivkveTis winaRobis momenti SesaZlebelia warmodgenil 

iqnas, rogorc inerciis momentisa da 2
h - is fardoba [ ]1 :  

( )
3 22 2 22 2 12 6
h hhW A A h W W

h h
δ δ⎡ ⎤= + ⋅ = ⋅ + = +⎢ ⎥⎣ ⎦
ked. ked.

Tar. ked.1,T. 1,T.             (9.1) 

(9.1)- dan miiReba, rom erTi Taros farTobia: 
WA
h

=1,T.
Tar.            (9.2) 
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nax. 7.1 Sedgenili, SeduRebuli foladis koWze mosuli Zalvebi 

Tu gamovsaxavT WTar. -s  mTeli koWis winaRobis momentis W - s saSualebiT, 

SeiZleba daiweros  W c W= ⋅Tar.   (9.3), sadac c - aris winaRobis momentis 

is nawili, romelic modis orive Taroze. c< 1 ; maSasadame orive Taros 

farTobi iqneba:  

2cWA
h

=Tar.  ;  xolo kedlis farTobi ki iqneba A hδ=ked. ked.  ; Tu ATar.  da 

Aked.  gavamravlebT koWis moculobiT wonaze γ  da mxedvelobaSi miviRebT 

konstruqciul koeficientebs ψTar.  da ψ ked. , agreTve imas, rom 
MW
R

=  , 

miviRebT maTi SekrebiT koWis erTeuli sigrZis wonas [ ]2 : 

        
2M cg g g h
hR

γψ δ γψ⋅
= + = +koW. Tar. ked. Tar. ked. ked.                 (9.4) 

(9.4) gamosaxulebis miReba SesaZlebelia sxva gziTac. A1,T. - ze mosuli 

Zalva toli iqneba A R⋅1,T. , orive Taroze mosuli Zalvebi Seqmnian moments 

2 2
hA R A R h⋅ ⋅ ⋅ = ⋅ ⋅1,T. 1,T.  ; Tu CavTvliT, rom es momenti raRac c  nawilia 

mTeli M  momentisa, maSin miviRebT, rom M cM A Rh= = ⋅Tar. 1,T. , saidanac 

M cA
R h
⋅

=
⋅1,T.  ; xolo 

2M cA
Rh
⋅

=T.  - es gamosaxuleba ki rogorc Cans, 
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Seesabameba (9.4) gamosaxulebis pirvel wevrs, xolo meore wevri igive 

darCeba. n. s. streleckisa da e. i. belenias mixedviT koWis optimaluri, 

anu minimaluri wonis gansazRvrisaTvis gamoiyeneba minimumis piroba: 

             2

2 1 0
dg M c
dh R h

γψ δ γψ⋅
= − ⋅ + =koW. Tar.

ked. ked.               (9.5) 

magram gawarmoebisas CaTvlilia, rom rogorc c , ise δked.  mudmivia e. i. ar 

aris damokidebuli koWis simaRleze h -ze da amitom, cxadia ar 

monawileobs gawarmoebaSi, rac ar Seesabameba sinamdviles. (9.5)- dan 

ganisazRvreba koWis optimaluri simaRle: 

              
2 c M Wh K

R
ψ

ψ δ δ
⋅

= =Tar.
opt.

ked. ked. ked.

                   (9.6) 

sadac koeficienti  
2 cK ψ
ψ
⋅

= Tar.

ked.

                                                            (9.7) 

n. s. strelecki miuTiTebs zemoTaRniSnul Seusabamobaze da Semoaqvs 

kedlis sisqisa da koWis simaRlis damakavSirebeli gamosaxuleba:     

thδ ν=ked.            (9.8)   sadac ν  proporciulobis koeficientia. maSin 

hopt. - is gansazRvris procesi miiRebs Semdeg saxes [ ]3  : 

12 tM cg h
hR

γψ νγψ+⋅
= + ⋅koW. Tar. ked.    

( )2

2 1 0tdg M c t h
dh Rh

γψ νγψ⋅
= − + + =koW. Tar.

ked.            aqedan  

( )
2 2

1
t cWh

t
ψ

ν ψ
+ = ⋅

+
Tar.

ked.

 ; 

( ) ( )
2 22

2
1 1

t tt
cW Wh K

t t
ψ

ν ψ ν
+ ++= ⋅ =

+ +
Tar.

opt.

ked.

                        (9.9) 

n. s. streleckis mixedviT praqtikis monacemebidan gamomdinare t  SeiZleba 

aRebul iqnas 
1
2
- is toli e. i.  hδ ν=ked.   xolo  

1 1
10 13

ν ⎛ ⎞= ÷⎜ ⎟
⎝ ⎠

1

2sm  ;   

am SemTxvevaSi       

                       2,5
1,5
Wh K
ν

=opt.                        (9.10)  
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da radganac 2,5 axlosaa 2- Tan SesaZlebelia sabolood daiweros:  

               
1,5
Wh K
ν

=opt.                                 (9.11) 

rogorc vxedavT, δked. - is gamosaxulebis dadgenis dros am sakmaod 

arazusti gardaqmnebisas c koeficientis cvladobis sakiTxi kvlav 

gadauwyveteli darCa. amasTanave K  koeficientis gamosaxulebaSi c - s 

mniSvneloba Setanilia iseTi, romelic Seesabameba racionalur kveTs, 

Tumca racionaluri kveTis gansazRvra Semdeg xdeba minimumis pirobis 

gaTvaliswinebiT. zemoTaRniSnuli Seusabamobebis Tavidan asacileblad 

mizanSewonilad migvaCnia c - s, rogorc h - ze damokidebuli funqciis 

gansazRvra:  

2 2

2,5 2,5
6

66 6 1
6 6

h W h hWW WW W h hc
W W W W W W

δ ν
ν ν

− ⋅
−− −

= = = = = = −

ked.

ked.Tar.    (9.12) 

c  SeiZleba gamoisaxos koWis ganivkveTis farTobebis saSualebiTac da 

damyardes damokidebuleba c - sa da 
A
A

α = ked.
   - s Soris: 

( )
( )
( )

( )
( )

2 2

6 6
6 6

6
3 3 3 3 3

3 2 3 23

3 1 3 1
(9.13)

3 2 3 2

W A h A h Ac
hW A h h A h

A h

A h A h A A
A h A AA h h

A
A

δ δ δ

δ δ α
δ αδ δ

α α
α α

⋅ ⋅
= = = = =

⋅ ⋅ + +
⋅ +

− − − ⋅
= = = =

− − ⋅− +

− −
= =

− −

Tar. Tar. Tar. Tar.

ked. Tar. ked. Tar. ked.

Tar.

ked. ked.

ked.ked. ked.

 

Tu (9.13) gamosaxulebaSi SevitanT α - s mniSvnelobas, roca koWis 

Taroebis farTobi tolia kedlis farTobisa e. i. roca 0,5α =  , miviRebT:    

( )3 1 0,5
0,75

3 2 0,5
c

−
= =

− ⋅
   

agreTve, Tu ganvsazRvravT (9.7)- dan c - s  mniSvnelobas,  roca   1,1K =    

aRebuls   n. s. streleckis mixedviT, miviRebT:   
2 11,1
1,2
c⋅ ⋅

=  ;    aqedan    

0,75c =   
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e. i. gamodis, rom (9.5) formulaSi winaswar Setanilia c - s is 

mniSvneloba, romelic gansazRvravs kveTis racionalurobas da Semdeg xdeba 

minimumis pirobis gamoyenebiT koWis optimaluri simaRlis dadgena. 

  (9.12)- dan gansazRvruli c - s gamosaxuleba SevitanoT (9.4)- Si da 

Semdeg gamoviyenoT kveTis minimumis piroba:   

2,5
1,52 6

6
M W hg h
R Wh

νγψ ν γψ
⎛ ⎞−

= + ⋅⎜ ⎟
⎝ ⎠

koW. Tar. ked.                            (9.14) 

( )1,5 2,5
0,5

2 2

2,5 6 6 62 1,5 0
36

h Wh W W hdg M h
dh R W h

ν νγψ ν γψ
⎡ ⎤− ⋅ − −
⎢ ⎥= + =
⎢ ⎥⎣ ⎦

koW. Tar.
ked.     (9.15) 

sabolood gamartivebisa da gardaqmnebis Sedegad miviRebT:  

               
( )2,5

2
0,5

Wh ψ
ν ψ ψ

=
−
Tar.

opt.

ked. Tar.1,5
                       (9.16) 
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daskvna 

 

  naSromSi kritikulad gaanalizebulia foladis Sedgenili, SeduRebuli 

koWebis gaangariSebis arsebuli meTodi. miTiTebulia im arakoreqtulobaze, 

romelzec emyareba koWebis sixistis piroba. amave dros SemoTavazebulia 

koWebis kveTis SerCevis axleburi wesi, romelic damyarebulia ganivkveTis 

konstruirebis principebis Sesabamisad axali sortamentTa cxrilis 

Sedgenaze, romliT sargeblobac uaRresad aadvilebs da amartivebs koWebis 

gaangariSebis sakmaod Sromatevad saqmes. 

  koWebis optimaluri simaRlis gansazRvrisas muxanovis mixedviT kveTis 

minimumis piroba sworadaa Sedgenili, magram h - is gansazRvra Kked. - is 

mniSvnelobas saWiroebs, rac, Tavis mxriv, h - zea damokidebuli. e. i. 

belenias mixedviT gamoyenebuli minimumis pirobaSi c  da δ  mudmivadaa 

CaTvlili, rac ewinaaRmdegeba sinamdviles. winamdebare naSromSi 

gansazRvrulia c , rogorc koWis simaRlis funqcia, ris Sedegadac 

miRweulia identuroba k. k. muxanovisa da e. i. belenias meTodebs Soris, 

magram rCeba Kked. - is gansazRvris zemoT naCvenebi winaaRmdegoba, am 

winaaRmdegobis acilebis gzebi naCvenebia naSromSi. 

  e. i. belenias mixedviT hopt.  gamoiTvleba formuliT:  

                             
Wh K
t

=opt.

ked.

                                     

sadac K  , rogorc aRiniSna zemoT, ukve Seicavs Tavis TavSi kveTis 

racionalurobis ideas, xolo tked. - iTvleba mudmivad, miuxedavad imisa, rom 

igi damokidebulia h - ze da praqtikul angariSebSi asec gamoiyeneba. 

  k. k. muxanovis mixedviT optimaluri simaRle SeirCeva formuliT: 

                              3
3
2

h K W= ⋅opt. ked.                                      

sadac Kked.  koeficienti TviT damokidebulia h - ze.  n. s. streleckis 
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mixedviT hopt.  gamoiTvleba 
1,5
Wh K
ν

=opt.   gamosaxulebiT, sadac K  

koeficienti SerCeulia ise, rogorc 
Wh K
t

=opt.

ked.

 am  formulaSi. 

  amgvarad, hopt.  SerCevisas yvela meTods gaaCnia Tavisi nakli, romelic 

Teoriulad mocemul debulebebs ase Tu ise ewinaaRmdegeba. 

  garda amisa, kveTis optimaluri simaRlis SerCevis Semdeg saWiroa koWis 

ganivkveTis xelaxali daproeqteba, anu kveTis elementebis kedlis sisqis, 

Taroebis sisqis, siganis da sxva urTierTSesabamisobaSi moyvana da amave 

dros winaRobis momentis saWiro sididis gaTvaliswineba, inerciis saWiro 

momentis mxedvelobaSi miReba, kveTis racionalurobis miRweva, rac sakmaod 

Sromatevadia da xSirad verc miiRweva. amitom mizanSewonilad migvaCnia 

winaswar iqnes konstruirebuli kveTi, TeoriaSi mocemuli kriteriumebiT 

da Sedgenili iqnas Sesabamisi sortamenti, romelic gacilebiT gaadvilebs 

koWisaTvis ganivkveTis SerCevas. 
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cxrili 7.1 

 
h, sm 

 
δk, sm 

 
tT, sm 

 
bT, sm 

 
hk, sm 

 
A, sm2 

 
Ix, sm4 

 
Wx, sm3 

 
70 0,91 0,89 35,00 68,23 124 100142 2861 
70 0,91 1,31 23,33 67,37 122 98302 2808 
70 0,91 1,73 17,50 66,54 121 96531 2758 
70 0,91 2,14 14,00 65,73 119 94825 2709 
71 0,91 0,89 35,50 69,22 126 104882 2954 
71 0,91 1,32 23,67 68,36 124 102975 2900 
71 0,91 1,74 17,75 67,53 123 101139 2848 
71 0,91 2,14 14,20 66,71 121 99369 2799 
72 0,92 0,89 36,00 70,21 128 109779 3049 
72 0,92 1,32 24,00 69,35 127 107803 2994 
72 0,92 1,74 18,00 68,51 125 105900 2941 
72 0,92 2,15 14,40 67,69 124 104064 2890 
73 0,92 0,90 36,50 71,21 130 114836 3146 
73 0,92 1,33 24,33 70,34 129 112790 3090 
73 0,92 1,75 18,25 69,50 127 110817 3036 
73 0,92 2,16 14,60 68,68 126 108915 2983 
74 0,92 0,90 37,00 72,20 133 120056 3244 
74 0,92 1,33 24,67 71,33 131 117937 3187 
74 0,92 1,76 18,50 70,49 129 115894 3132 
74 0,92 2,17 14,80 69,66 128 113923 3079 
75 0,93 0,90 37,50 73,19 135 125441 3345 
75 0,93 1,34 25,00 72,32 133 123249 3286 
75 0,93 1,76 18,75 71,47 132 121134 3230 
75 0,93 2,18 15,00 70,64 130 119093 3175 
76 0,93 0,91 38,00 74,19 137 130996 3447 
76 0,93 1,34 25,33 73,31 136 128728 3387 
76 0,93 1,77 19,00 72,46 134 126539 3329 
76 0,93 2,19 15,20 71,63 132 124427 3274 
77 0,93 0,91 38,50 75,18 139 136723 3551 
77 0,93 1,35 25,67 74,30 138 134377 3490 
77 0,93 1,78 19,25 73,45 136 132114 3431 
77 0,93 2,19 15,40 72,61 135 129928 3374 
78 0,93 0,91 39,00 76,18 142 142625 3657 
78 0,93 1,35 26,00 75,30 140 140201 3594 
78 0,93 1,78 19,50 74,43 139 137860 3534 
78 0,93 2,20 15,60 73,59 137 135599 3476 
79 0,94 0,92 39,50 77,17 144 148706 3764 
79 0,94 1,36 26,33 76,29 142 146201 3701 
79 0,94 1,79 19,75 75,42 141 143782 3640 
79 0,94 2,21 15,80 74,58 139 141444 3580 
80 0,94 0,92 40,00 78,16 146 154969 3874 
80 0,94 1,36 26,67 77,28 145 152382 3809 
80 0,94 1,80 20,00 76,41 143 149882 3747 
80 0,94 2,22 16,00 75,56 142 147466 3686 
81 0,94 0,92 40,50 79,16 149 161417 3985 
81 0,94 1,37 27,00 78,27 147 158745 3919 
81 0,94 1,80 20,25 77,40 145 156164 3855 
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81 0,94 2,23 16,20 76,54 144 153668 3794 
82 0,95 0,92 41,00 80,15 151 168054 4098 
82 0,95 1,37 27,33 79,26 149 165296 4031 
82 0,95 1,81 20,50 78,38 148 162630 3966 
82 0,95 2,24 16,40 77,53 146 160052 3903 
83 0,95 0,93 41,50 81,14 154 174882 4214 
83 0,95 1,38 27,67 80,25 152 172037 4145 
83 0,95 1,81 20,75 79,37 150 169285 4079 
83 0,95 2,24 16,60 78,51 149 166624 4015 
84 0,95 0,93 42,00 82,14 156 181906 4331 
84 0,95 1,38 28,00 81,24 154 178970 4261 
84 0,95 1,82 21,00 80,36 153 176132 4193 
84 0,95 2,25 16,80 79,50 151 173385 4128 
85 0,96 0,93 42,50 83,13 158 189127 4450 
85 0,96 1,39 28,33 82,23 157 186101 4378 
85 0,96 1,83 21,25 81,34 155 183173 4309 
85 0,96 2,26 17,00 80,48 153 180339 4243 
86 0,96 0,94 43,00 84,13 161 196551 4570 
86 0,96 1,39 28,67 83,22 159 193431 4498 
86 0,96 1,83 21,50 82,33 157 190412 4428 
86 0,96 2,27 17,20 81,46 156 187489 4360 
87 0,96 0,94 43,50 85,12 163 204180 4693 
87 0,96 1,40 29,00 84,21 161 200965 4619 
87 0,96 1,84 21,75 83,32 160 197853 4548 
87 0,96 2,28 17,40 82,45 158 194839 4479 
88 0,96 0,94 44,00 86,11 166 212018 4818 
88 0,96 1,40 29,33 85,20 164 208706 4743 
88 0,96 1,85 22,00 84,31 162 205499 4670 
88 0,96 2,28 17,60 83,43 160 202392 4599 
89 0,97 0,95 44,50 87,11 168 220068 4945 
89 0,97 1,40 29,67 86,19 166 216657 4868 
89 0,97 1,85 22,25 85,29 164 213353 4794 
89 0,97 2,29 17,80 84,41 163 210152 4722 
90 0,97 0,95 45,00 88,10 170 228334 5074 
90 0,97 1,41 30,00 87,18 169 224821 4996 
90 0,97 1,86 22,50 86,28 167 221419 4920 
90 0,97 2,30 18,00 85,40 165 218121 4847 
91 0,97 0,95 45,50 89,09 173 236818 5204 
91 0,97 1,41 30,33 88,17 171 233203 5125 
91 0,97 1,87 22,75 87,27 169 229700 5048 
91 0,97 2,31 18,20 86,38 168 226304 4973 
92 0,98 0,96 46,00 90,09 175 245526 5337 
92 0,98 1,42 30,67 89,16 174 241805 5256 
92 0,98 1,87 23,00 88,25 172 238200 5178 
92 0,98 2,32 18,40 87,37 170 234704 5102 
93 0,98 0,96 46,50 91,08 178 254459 5472 
93 0,98 1,42 31,00 90,15 176 250632 5389 
93 0,98 1,88 23,25 89,24 174 246922 5310 
93 0,98 2,33 18,60 88,35 172 243323 5232 
94 0,98 0,96 47,00 92,08 180 263623 5609 
94 0,98 1,43 31,33 91,14 179 259686 5525 
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94 0,98 1,89 23,50 90,23 177 255869 5444 
94 0,98 2,33 18,80 89,33 175 252167 5365 
95 0,99 0,96 47,50 93,07 183 273020 5747 
95 0,99 1,43 31,67 92,13 181 268972 5662 
95 0,99 1,89 23,75 91,22 179 265046 5579 
95 0,99 2,34 19,00 90,32 177 261238 5499 
96 0,99 0,97 48,00 94,06 185 282653 5888 
96 0,99 1,44 32,00 93,12 184 278492 5801 
96 0,99 1,90 24,00 92,20 182 274456 5717 
96 0,99 2,35 19,20 91,30 180 270539 5636 
97 0,99 0,97 48,50 95,06 188 292528 6031 
97 0,99 1,44 32,33 94,12 186 288252 5943 
97 0,99 1,90 24,25 93,19 184 284102 5857 
97 0,99 2,36 19,40 92,29 182 280075 5774 
98 0,99 0,97 49,00 96,05 190 302647 6176 
98 0,99 1,45 32,67 95,11 189 298253 6086 
98 0,99 1,91 24,50 94,18 187 293989 5999 
98 0,99 2,37 19,60 93,27 185 289849 5915 
99 1,00 0,98 49,50 97,05 193 313014 6323 
99 1,00 1,45 33,00 96,10 191 308500 6232 
99 1,00 1,92 24,75 95,17 189 304119 6143 
99 1,00 2,37 19,80 94,25 187 299865 6057 

100 1,00 0,98 50,00 98,04 196 323632 6472 
100 1,00 1,46 33,33 97,09 194 318997 6379 
100 1,00 1,92 25,00 96,15 192 314497 6289 
100 1,00 2,38 20,00 95,24 190 310126 6202 
101 1,00 0,98 50,50 99,03 198 334506 6623 
101 1,00 1,46 33,67 98,08 196 329747 6529 
101 1,00 1,93 25,25 97,14 194 325126 6438 
101 1,00 2,39 20,20 96,22 193 320636 6349 
102 1,01 0,99 51,00 100,03 201 345640 6777 
102 1,01 1,47 34,00 99,07 199 340754 6681 
102 1,01 1,94 25,50 98,13 197 336009 6588 
102 1,01 2,40 20,40 97,21 195 331399 6498 
103 1,01 0,99 51,50 101,02 203 357036 6932 
103 1,01 1,47 34,33 100,06 201 352022 6835 
103 1,01 1,94 25,75 99,12 200 347151 6740 
103 1,01 2,40 20,60 98,19 198 342418 6648 
104 1,01 0,99 52,00 102,01 206 368699 7090 
104 1,01 1,47 34,67 101,05 204 363555 6991 
104 1,01 1,95 26,00 100,10 202 358556 6895 
104 1,01 2,41 20,80 99,17 200 353697 6801 
105 1,02 1,00 52,50 103,01 209 380633 7250 
105 1,02 1,48 35,00 102,04 207 375355 7149 
105 1,02 1,95 26,25 101,09 205 370227 7051 
105 1,02 2,42 21,00 100,16 203 365241 6956 
106 1,02 1,00 53,00 104,00 211 392842 7412 
106 1,02 1,48 35,33 103,03 209 387429 7309 
106 1,02 1,96 26,50 102,08 207 382167 7210 
106 1,02 2,43 21,20 101,14 205 377052 7114 
107 1,02 1,00 53,50 105,00 214 405329 7576 
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107 1,02 1,49 35,67 104,02 212 399778 7472 
107 1,02 1,97 26,75 103,07 210 394382 7371 
107 1,02 2,44 21,40 102,13 208 389134 7273 
108 1,02 1,00 54,00 105,99 217 418098 7742 
108 1,02 1,49 36,00 105,01 215 412407 7637 
108 1,02 1,97 27,00 104,05 213 406874 7534 
108 1,02 2,44 21,60 103,11 211 401492 7435 
109 1,03 1,01 54,50 106,98 219 431154 7911 
109 1,03 1,50 36,33 106,00 217 425320 7804 
109 1,03 1,98 27,25 105,04 215 419647 7699 
109 1,03 2,45 21,80 104,10 213 414129 7598 
110 1,03 1,01 55,00 107,98 222 444500 8081 
110 1,03 1,50 36,67 106,99 220 438521 7973 
110 1,03 1,99 27,50 106,03 218 432706 7867 
110 1,03 2,46 22,00 105,08 216 427049 7764 
111 1,03 1,01 55,50 108,97 225 458140 8254 
111 1,03 1,51 37,00 107,99 223 452014 8144 
111 1,03 1,99 27,75 107,02 221 446055 8037 
111 1,03 2,47 22,20 106,06 219 440256 7932 
112 1,04 1,02 56,00 109,97 227 472078 8429 
112 1,04 1,51 37,33 108,98 225 465803 8317 
112 1,04 2,00 28,00 108,00 223 459697 8208 
112 1,04 2,48 22,40 107,05 221 453755 8102 
113 1,04 1,02 56,50 110,96 230 486319 8607 
113 1,04 1,52 37,67 109,97 228 479891 8493 
113 1,04 2,00 28,25 108,99 226 473636 8382 
113 1,04 2,48 22,60 108,03 224 467548 8275 
114 1,04 1,02 57,00 111,95 233 500866 8787 
114 1,04 1,52 38,00 110,96 231 494283 8671 
114 1,04 2,01 28,50 109,98 229 487876 8559 
114 1,04 2,49 22,80 109,02 227 481640 8449 
115 1,05 1,03 57,50 112,95 236 515723 8969 
115 1,05 1,53 38,33 111,95 233 508983 8851 
115 1,05 2,02 28,75 110,97 231 502422 8737 
115 1,05 2,50 23,00 110,00 229 496034 8626 
116 1,05 1,03 58,00 113,94 238 530895 9153 
116 1,05 1,53 38,67 112,94 236 523995 9034 
116 1,05 2,02 29,00 111,95 234 517278 8918 
116 1,05 2,51 23,20 110,99 232 510736 8805 
117 1,05 1,03 58,50 114,94 241 546385 9339 
117 1,05 1,54 39,00 113,93 239 539323 9219 
117 1,05 2,03 29,25 112,94 237 532446 9101 
117 1,05 2,51 23,40 111,97 235 525749 8987 
118 1,05 1,04 59,00 115,93 244 562198 9528 
118 1,05 1,54 39,33 114,92 242 554971 9406 
118 1,05 2,04 29,50 113,93 240 547933 9287 
118 1,05 2,52 23,60 112,96 238 541077 9170 
119 1,06 1,04 59,50 116,92 247 578338 9719 
119 1,06 1,54 39,67 115,91 245 570943 9595 
119 1,06 2,04 29,75 114,92 242 563741 9474 
119 1,06 2,53 23,80 113,94 240 556724 9356 
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120 1,06 1,04 60,00 117,92 249 594809 9913 
120 1,06 1,55 40,00 116,90 247 587244 9787 
120 1,06 2,05 30,00 115,90 245 579874 9664 
120 1,06 2,54 24,00 114,92 243 572694 9544 
121 1,06 1,04 60,50 118,91 252 611615 10109 
121 1,06 1,55 40,33 117,89 250 603877 9981 
121 1,06 2,05 30,25 116,89 248 596338 9856 
121 1,06 2,55 24,20 115,91 246 588992 9735 
122 1,07 1,05 61,00 119,90 255 628761 10307 
122 1,07 1,56 40,67 118,88 253 620847 10177 
122 1,07 2,06 30,50 117,88 251 613136 10051 
122 1,07 2,55 24,40 116,89 249 605621 9928 
123 1,07 1,05 61,50 120,90 258 646251 10508 
123 1,07 1,56 41,00 119,87 256 638159 10376 
123 1,07 2,07 30,75 118,87 254 630273 10248 
123 1,07 2,56 24,60 117,88 252 622586 10123 
124 1,07 1,05 62,00 121,89 261 664089 10711 
124 1,07 1,57 41,33 120,87 259 655815 10577 
124 1,07 2,07 31,00 119,86 256 647752 10447 
124 1,07 2,57 24,80 118,86 254 639891 10320 
125 1,08 1,06 62,50 122,89 264 682280 10916 
125 1,08 1,57 41,67 121,86 261 673822 10781 
125 1,08 2,08 31,25 120,84 259 665578 10649 
125 1,08 2,58 25,00 119,85 257 657540 10520 
126 1,08 1,06 63,00 123,88 267 700827 11124 
126 1,08 1,58 42,00 122,85 264 692182 10987 
126 1,08 2,08 31,50 121,83 262 683755 10853 
126 1,08 2,58 25,20 120,83 260 675538 10722 
127 1,08 1,06 63,50 124,87 269 719735 11334 
127 1,08 1,58 42,33 123,84 267 710901 11195 
127 1,08 2,09 31,75 122,82 265 702288 11059 
127 1,08 2,59 25,40 121,82 263 693888 10927 
128 1,08 1,07 64,00 125,87 272 739009 11547 
128 1,08 1,59 42,67 124,83 270 729982 11405 
128 1,08 2,10 32,00 123,81 268 721180 11268 
128 1,08 2,60 25,60 122,80 266 712596 11134 
129 1,09 1,07 64,50 126,86 275 758652 11762 
129 1,09 1,59 43,00 125,82 273 749430 11619 
129 1,09 2,10 32,25 124,79 271 740437 11479 
129 1,09 2,61 25,80 123,78 269 731664 11343 
130 1,09 1,07 65,00 127,86 278 778670 11979 
130 1,09 1,59 43,33 126,81 276 769250 11834 
130 1,09 2,11 32,50 125,78 274 760063 11693 
130 1,09 2,62 26,00 124,77 271 751099 11555 
131 1,09 1,08 65,50 128,85 281 799067 12199 
131 1,09 1,60 43,67 127,80 279 789446 12052 
131 1,09 2,12 32,75 126,77 277 780061 11909 
131 1,09 2,62 26,20 125,75 274 770904 11769 
132 1,10 1,08 66,00 129,84 284 819847 12421 
132 1,10 1,60 44,00 128,79 282 810022 12273 
132 1,10 2,12 33,00 127,76 280 800437 12127 
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132 1,10 2,63 26,40 126,74 277 791083 11986 
133 1,10 1,08 66,50 130,84 287 841015 12646 
133 1,10 1,61 44,33 129,78 285 830983 12495 
133 1,10 2,13 33,25 128,74 282 821194 12348 
133 1,10 2,64 26,60 127,72 280 811642 12205 
134 1,10 1,08 67,00 131,83 290 862576 12874 
134 1,10 1,61 44,67 130,77 288 852333 12721 
134 1,10 2,13 33,50 129,73 285 842338 12572 
134 1,10 2,65 26,80 128,71 283 832583 12426 
135 1,11 1,09 67,50 132,83 293 884533 13104 
135 1,11 1,62 45,00 131,76 291 874077 12949 
135 1,11 2,14 33,75 130,72 288 863873 12798 
135 1,11 2,65 27,00 129,69 286 853913 12650 
136 1,11 1,09 68,00 133,82 296 906891 13336 
136 1,11 1,62 45,33 132,76 294 896219 13179 
136 1,11 2,15 34,00 131,71 291 885803 13026 
136 1,11 2,66 27,20 130,68 289 875635 12876 
137 1,11 1,09 68,50 134,81 299 929656 13571 
137 1,11 1,63 45,67 133,75 297 918765 13412 
137 1,11 2,15 34,25 132,70 294 908134 13257 
137 1,11 2,67 27,40 131,66 292 897754 13105 
138 1,11 1,10 69,00 135,81 302 952831 13809 
138 1,11 1,63 46,00 134,74 300 941717 13648 
138 1,11 2,16 34,50 133,68 297 930868 13490 
138 1,11 2,68 27,60 132,65 295 920274 13337 
139 1,12 1,10 69,50 136,80 305 976422 14049 
139 1,12 1,64 46,33 135,73 303 965082 13886 
139 1,12 2,16 34,75 134,67 300 954012 13726 
139 1,12 2,68 27,80 133,63 298 943201 13571 
140 1,12 1,10 70,00 137,80 308 1000432 14291 
140 1,12 1,64 46,67 136,72 306 988864 14126 
140 1,12 2,17 35,00 135,66 303 977569 13965 
140 1,12 2,69 28,00 134,62 301 966538 13807 
141 1,12 1,11 70,50 138,79 311 1024868 14537 
141 1,12 1,65 47,00 137,71 309 1013068 14369 
141 1,12 2,18 35,25 136,65 306 1001545 14206 
141 1,12 2,70 28,20 135,60 304 990290 14046 
142 1,13 1,11 71,00 139,78 314 1049732 14784 
142 1,13 1,65 47,33 138,70 312 1037697 14615 
142 1,13 2,18 35,50 137,63 309 1025943 14449 
142 1,13 2,71 28,40 136,58 307 1014462 14288 
143 1,13 1,11 71,50 140,78 317 1075031 15035 
143 1,13 1,65 47,67 139,69 315 1062757 14863 
143 1,13 2,19 35,75 138,62 313 1050770 14696 
143 1,13 2,72 28,60 137,57 310 1039059 14532 
144 1,13 1,11 72,00 141,77 320 1100769 15288 
144 1,13 1,66 48,00 140,68 318 1088253 15114 
144 1,13 2,19 36,00 139,61 316 1076029 14944 
144 1,13 2,72 28,80 138,55 313 1064084 14778 
145 1,14 1,12 72,50 142,76 324 1126950 15544 
145 1,14 1,66 48,33 141,67 321 1114190 15368 
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145 1,14 2,20 36,25 140,60 319 1101724 15196 
145 1,14 2,73 29,00 139,54 316 1089544 15028 
146 1,14 1,12 73,00 143,76 327 1153580 15802 
146 1,14 1,67 48,67 142,66 324 1140571 15624 
146 1,14 2,21 36,50 141,59 322 1127862 15450 
146 1,14 2,74 29,20 140,52 319 1115442 15280 
147 1,14 1,12 73,50 144,75 330 1180663 16063 
147 1,14 1,67 49,00 143,65 327 1167403 15883 
147 1,14 2,21 36,75 142,57 325 1154446 15706 
147 1,14 2,75 29,40 141,51 322 1141784 15534 
148 1,14 1,13 74,00 145,75 333 1208204 16327 
148 1,14 1,68 49,33 144,65 330 1194689 16144 
148 1,14 2,22 37,00 143,56 328 1181482 15965 
148 1,14 2,75 29,60 142,49 326 1168574 15791 
149 1,15 1,13 74,50 146,74 336 1236209 16593 
149 1,15 1,68 49,67 145,64 334 1222435 16408 
149 1,15 2,23 37,25 144,55 331 1208974 16227 
149 1,15 2,76 29,80 143,48 329 1195817 16051 
150 1,15 1,13 75,00 147,73 339 1264681 16862 
150 1,15 1,69 50,00 146,63 337 1250645 16675 
150 1,15 2,23 37,50 145,54 334 1236928 16492 
150 1,15 2,77 30,00 144,46 332 1223518 16313 
151 1,15 1,14 75,50 148,73 342 1293626 17134 
151 1,15 1,69 50,33 147,62 340 1279325 16944 
151 1,15 2,24 37,75 146,52 337 1265347 16759 
151 1,15 2,78 30,20 145,45 335 1251681 16578 
152 1,16 1,14 76,00 149,72 346 1323049 17408 
152 1,16 1,70 50,67 148,61 343 1308480 17216 
152 1,16 2,24 38,00 147,51 341 1294237 17029 
152 1,16 2,78 30,40 146,43 338 1280312 16846 
153 1,16 1,14 76,50 150,72 349 1352955 17685 
153 1,16 1,70 51,00 149,60 346 1338113 17491 
153 1,16 2,25 38,25 148,50 344 1323603 17302 
153 1,16 2,79 30,60 147,42 341 1309415 17116 
154 1,16 1,14 77,00 151,71 352 1383349 17965 
154 1,16 1,70 51,33 150,59 349 1368231 17769 
154 1,16 2,26 38,50 149,49 347 1353450 17577 
154 1,16 2,80 30,80 148,40 344 1338996 17389 
155 1,17 1,15 77,50 152,70 355 1414236 18248 
155 1,17 1,71 51,67 151,58 353 1398838 18049 
155 1,17 2,26 38,75 150,48 350 1383783 17855 
155 1,17 2,81 31,00 149,39 348 1369058 17665 
156 1,17 1,15 78,00 153,70 359 1445621 18533 
156 1,17 1,71 52,00 152,57 356 1429940 18332 
156 1,17 2,27 39,00 151,46 353 1414606 18135 
156 1,17 2,81 31,20 150,37 351 1399609 17943 
157 1,17 1,15 78,50 154,69 362 1477508 18821 
157 1,17 1,72 52,33 153,56 359 1461541 18618 
157 1,17 2,27 39,25 152,45 357 1445925 18419 
157 1,17 2,82 31,40 151,36 354 1430651 18224 
158 1,17 1,16 79,00 155,69 365 1509904 19112 
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158 1,17 1,72 52,67 154,55 362 1493646 18906 
158 1,17 2,28 39,50 153,44 360 1477745 18705 
158 1,17 2,83 31,60 152,34 357 1462190 18508 
159 1,18 1,16 79,50 156,68 368 1542813 19406 
159 1,18 1,73 53,00 155,55 366 1526261 19198 
159 1,18 2,29 39,75 154,43 363 1510071 18994 
159 1,18 2,84 31,80 153,33 360 1494232 18795 
160 1,18 1,16 80,00 157,67 372 1576241 19703 
160 1,18 1,73 53,33 156,54 369 1559390 19492 
160 1,18 2,29 40,00 155,42 366 1542908 19286 
160 1,18 2,85 32,00 154,31 364 1526781 19084 
161 1,18 1,17 80,50 158,67 375 1610191 20002 
161 1,18 1,74 53,67 157,53 372 1593040 19789 
161 1,18 2,30 40,25 156,40 370 1576261 19580 
161 1,18 2,85 32,20 155,29 367 1559843 19376 
162 1,19 1,17 81,00 159,66 378 1644671 20304 
162 1,19 1,74 54,00 158,52 376 1627214 20089 
162 1,19 2,30 40,50 157,39 373 1610135 19878 
162 1,19 2,86 32,40 156,28 370 1593422 19671 
163 1,19 1,17 81,50 160,66 382 1679685 20609 
163 1,19 1,75 54,33 159,51 379 1661918 20391 
163 1,19 2,31 40,75 158,38 376 1644535 20178 
163 1,19 2,87 32,60 157,26 373 1627524 19969 
164 1,19 1,17 82,00 161,65 385 1715237 20917 
164 1,19 1,75 54,67 160,50 382 1697158 20697 
164 1,19 2,32 41,00 159,37 379 1679467 20481 
164 1,19 2,88 32,80 158,25 377 1662153 20270 
165 1,20 1,18 82,50 162,64 388 1751335 21228 
165 1,20 1,75 55,00 161,49 385 1732938 21005 
165 1,20 2,32 41,25 160,35 383 1714936 20787 
165 1,20 2,88 33,00 159,23 380 1697316 20573 
166 1,20 1,18 83,00 163,64 392 1787981 21541 
166 1,20 1,76 55,33 162,48 389 1769264 21316 
166 1,20 2,33 41,50 161,34 386 1750946 21095 
166 1,20 2,89 33,20 160,22 383 1733017 20879 
167 1,20 1,18 83,50 164,63 395 1825183 21858 
167 1,20 1,76 55,67 163,47 392 1806141 21630 
167 1,20 2,33 41,75 162,33 389 1787504 21407 
167 1,20 2,90 33,40 161,20 387 1769261 21188 
168 1,20 1,19 84,00 165,63 398 1862946 22177 
168 1,20 1,77 56,00 164,46 396 1843575 21947 
168 1,20 2,34 42,00 163,32 393 1824615 21721 
168 1,20 2,91 33,60 162,19 390 1806054 21500 
169 1,21 1,19 84,50 166,62 402 1901274 22500 
169 1,21 1,77 56,33 165,45 399 1881570 22267 
169 1,21 2,35 42,25 164,31 396 1862283 22038 
169 1,21 2,91 33,80 163,17 393 1843400 21815 
170 1,21 1,19 85,00 167,61 405 1940173 22825 
170 1,21 1,78 56,67 166,45 402 1920132 22589 
170 1,21 2,35 42,50 165,29 400 1900514 22358 
170 1,21 2,92 34,00 164,16 397 1881306 22133 
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171 1,21 1,20 85,50 168,61 409 1979649 23153 
171 1,21 1,78 57,00 167,44 406 1959267 22915 
171 1,21 2,36 42,75 166,28 403 1939314 22682 
171 1,21 2,93 34,20 165,14 400 1919777 22453 
172 1,22 1,20 86,00 169,60 412 2019706 23484 
172 1,22 1,79 57,33 168,43 409 1998980 23243 
172 1,22 2,37 43,00 167,27 406 1978688 23008 
172 1,22 2,94 34,40 166,13 404 1958817 22776 
173 1,22 1,20 86,50 170,60 415 2060352 23819 
173 1,22 1,79 57,67 169,42 413 2039276 23575 
173 1,22 2,37 43,25 168,26 410 2018641 23336 
173 1,22 2,94 34,60 167,11 407 1998433 23103 
174 1,22 1,21 87,00 171,59 419 2101590 24156 
174 1,22 1,80 58,00 170,41 416 2080161 23909 
174 1,22 2,38 43,50 169,25 413 2059179 23668 
174 1,22 2,95 34,80 168,10 410 2038629 23432 
175 1,23 1,21 87,50 172,58 422 2143426 24496 
175 1,23 1,80 58,33 171,40 419 2121640 24247 
175 1,23 2,38 43,75 170,23 417 2100306 24003 
175 1,23 2,96 35,00 169,08 414 2079411 23764 
176 1,23 1,21 88,00 173,58 426 2185866 24839 
176 1,23 1,80 58,67 172,39 423 2163719 24587 
176 1,23 2,39 44,00 171,22 420 2142030 24341 
176 1,23 2,97 35,20 170,07 417 2120785 24099 
177 1,23 1,21 88,50 174,57 429 2228916 25185 
177 1,23 1,81 59,00 173,38 426 2206403 24931 
177 1,23 2,40 44,25 172,21 423 2184354 24681 
177 1,23 2,97 35,40 171,05 421 2162756 24437 
178 1,23 1,22 89,00 175,57 433 2272581 25534 
178 1,23 1,81 59,33 174,37 430 2249698 25277 
178 1,23 2,40 44,50 173,20 427 2227285 25025 
178 1,23 2,98 35,60 172,04 424 2205329 24778 

 

cxrili 7.1-is Sesabamisi programa I 

Private Sub CommandButton1_Click() 

Dim d, b, t, hk, a, ix, w As Double 

x = Val(F1.h) 

If op1.Value = True Then b = x / 2 

If op2.Value = True Then b = x / 3 

If op3.Value = True Then b = x / 4 

If op4.Value = True Then b = x / 5 

d = (700 + 3 * x) / 1000 

t = d * x / (2 * (b + d)) 

hk = x - 2 * t 

a = hk * d + 2 * b * t 
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ix = 2 * (b * t ^ 3 / 12 + b * t * x ^ 2 / 4) + d * hk ^ 3 / 12 

w = ix * 2 / x 

F1.b = b 

F1.d = d 

F1.t = t 

F1.hk = hk 

F1.a = a 

F1.i = ix 

F1.w = w 

End Sub 

 

Private Sub CommandButton2_Click() 

F1.b = Clear 

F1.d = Clear 

F1.t = Clear 

F1.hk = Clear 

F1.a = Clear 

F1.i = Clear 

F1.w = Clear 

F1.h = Clear 

End Sub 

 

Private Sub CommandButton3_Click() 

Me.Hide 

End Sub 

Private Sub CommandButton4_Click() 

Dim i, k, j As Integer 

k = 1 

For i = 2 To 272 

x = 28 + i 

d1 = (700 + 3 * x) / 1000 

For j = 2 To 5 

k = k + 1 

b1 = x / j 
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t1 = d1 * x / (2 * (b1 + d1)) 

hk1 = x - 2 * t1 

a1 = hk1 * d1 + 2 * b1 * t1 

ix1 = 2 * (b1 * t1 ^ 3 / 12 + b1 * t1 * x ^ 2 / 4) + d1 * hk1 ^ 3 / 12 

w1 = ix1 * 2 / x 

Worksheets("a").Cells(k, 1) = x 

Worksheets("a").Cells(k, 2) = d1 

Worksheets("a").Cells(k, 3) = t1 

Worksheets("a").Cells(k, 4) = b1 

Worksheets("a").Cells(k, 5) = hk1 

Worksheets("a").Cells(k, 6) = Int(a1) 

Worksheets("a").Cells(k, 7) = Int(ix1) 

Worksheets("a").Cells(k, 8) = Int(w1) 

Next j 

Next i 

End Sub 

 

cxrili 7.2 

 
h, sm 

 
wT, sm3 

 
wk, sm3 

 
wk/wT 

 
2AT, sm

2 

 
Ak, sm

2 

 
70 633,16 2005,09 0,32 60,39 60,39 
71 654,69 2072,02 0,32 61,49 61,49 
72 676,64 2140,23 0,32 62,60 62,60 
73 699,02 2209,75 0,32 63,71 63,71 
74 721,83 2280,57 0,32 64,83 64,83 
75 745,07 2352,71 0,32 65,95 65,95 
76 768,74 2426,18 0,32 67,08 67,08 
77 792,85 2500,98 0,32 68,22 68,22 
78 817,40 2577,12 0,32 69,36 69,36 
79 842,39 2654,62 0,32 70,51 70,51 
80 867,83 2733,48 0,32 71,67 71,67 
81 893,72 2813,70 0,32 72,83 72,83 
82 920,05 2895,31 0,32 73,99 73,99 
83 946,84 2978,30 0,32 75,16 75,16 
84 974,09 3062,69 0,32 76,34 76,34 
85 1001,80 3148,48 0,32 77,53 77,53 
86 1029,97 3235,69 0,32 78,72 78,72 
87 1058,60 3324,32 0,32 79,91 79,91 
88 1087,71 3414,38 0,32 81,11 81,11 
89 1117,28 3505,88 0,32 82,32 82,32 
90 1147,33 3598,82 0,32 83,54 83,54 



 154

91 1177,86 3693,23 0,32 84,76 84,76 
92 1208,87 3789,10 0,32 85,98 85,98 
93 1240,36 3886,45 0,32 87,21 87,21 
94 1272,34 3985,28 0,32 88,45 88,45 
95 1304,80 4085,60 0,32 89,69 89,69 
96 1337,76 4187,43 0,32 90,94 90,94 
97 1371,21 4290,76 0,32 92,20 92,20 
98 1405,16 4395,62 0,32 93,46 93,46 
99 1439,61 4502,00 0,32 94,73 94,73 
100 1474,56 4609,92 0,32 96,00 96,00 
101 1510,02 4719,38 0,32 97,28 97,28 
102 1545,99 4830,40 0,32 98,56 98,56 
103 1582,47 4942,98 0,32 99,85 99,85 
104 1619,46 5057,14 0,32 101,15 101,15 
105 1656,97 5172,87 0,32 102,45 102,45 
106 1695,01 5290,19 0,32 103,76 103,76 
107 1733,56 5409,11 0,32 105,08 105,08 
108 1772,64 5529,64 0,32 106,40 106,40 
109 1812,26 5651,78 0,32 107,72 107,72 
110 1852,40 5775,55 0,32 109,06 109,06 
111 1893,08 5900,95 0,32 110,39 110,39 
112 1934,30 6027,99 0,32 111,74 111,74 
113 1976,06 6156,69 0,32 113,09 113,09 
114 2018,36 6287,04 0,32 114,44 114,44 
115 2061,21 6419,06 0,32 115,81 115,81 
116 2104,61 6552,76 0,32 117,17 117,17 
117 2148,56 6688,14 0,32 118,55 118,55 
118 2193,06 6825,22 0,32 119,93 119,93 
119 2238,13 6964,00 0,32 121,31 121,31 
120 2283,75 7104,50 0,32 122,71 122,71 
121 2329,94 7246,71 0,32 124,10 124,10 
122 2376,70 7390,66 0,32 125,51 125,51 
123 2424,02 7536,34 0,32 126,92 126,92 
124 2471,92 7683,77 0,32 128,33 128,33 
125 2520,40 7832,96 0,32 129,75 129,75 
126 2569,45 7983,92 0,32 131,18 131,18 
127 2619,08 8136,64 0,32 132,61 132,61 
128 2669,30 8291,15 0,32 134,05 134,05 
129 2720,11 8447,45 0,32 135,50 135,50 
130 2771,51 8605,55 0,32 136,95 136,95 
131 2823,49 8765,46 0,32 138,40 138,40 
132 2876,08 8927,19 0,32 139,87 139,87 
133 2929,26 9090,74 0,32 141,34 141,34 
134 2983,05 9256,13 0,32 142,81 142,81 
135 3037,44 9423,36 0,32 144,29 144,29 
136 3092,43 9592,45 0,32 145,78 145,78 
137 3148,04 9763,40 0,32 147,27 147,27 
138 3204,26 9936,21 0,32 148,77 148,77 
139 3261,10 10110,91 0,32 150,27 150,27 
140 3318,55 10287,50 0,32 151,78 151,78 
141 3376,63 10465,98 0,32 153,30 153,30 
142 3435,33 10646,36 0,32 154,82 154,82 
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143 3494,66 10828,67 0,32 156,35 156,35 
144 3554,62 11012,89 0,32 157,88 157,88 
145 3615,22 11199,05 0,32 159,42 159,42 
146 3676,45 11387,14 0,32 160,97 160,97 
147 3738,32 11577,19 0,32 162,52 162,52 
148 3800,83 11769,20 0,32 164,08 164,08 
149 3863,99 11963,17 0,32 165,64 165,64 
150 3927,79 12159,12 0,32 167,21 167,21 
151 3992,25 12357,05 0,32 168,79 168,79 
152 4057,36 12556,97 0,32 170,37 170,37 
153 4123,12 12758,90 0,32 171,95 171,95 
154 4189,55 12962,84 0,32 173,55 173,55 
155 4256,64 13168,80 0,32 175,15 175,15 
156 4324,39 13376,79 0,32 176,75 176,75 
157 4392,81 13586,81 0,32 178,36 178,36 
158 4461,90 13798,88 0,32 179,98 179,98 
159 4531,67 14013,01 0,32 181,60 181,60 
160 4602,11 14229,20 0,32 183,23 183,23 
161 4673,24 14447,46 0,32 184,87 184,87 
162 4745,04 14667,80 0,32 186,51 186,51 
163 4817,53 14890,24 0,32 188,15 188,15 
164 4890,71 15114,77 0,32 189,80 189,80 
165 4964,58 15341,41 0,32 191,46 191,46 
166 5039,15 15570,16 0,32 193,13 193,13 
167 5114,41 15801,04 0,32 194,80 194,80 
168 5190,37 16034,06 0,32 196,47 196,47 
169 5267,04 16269,22 0,32 198,16 198,16 
170 5344,41 16506,53 0,32 199,84 199,84 
171 5422,49 16746,00 0,32 201,54 201,54 
172 5501,28 16987,64 0,32 203,24 203,24 
173 5580,79 17231,45 0,32 204,94 204,94 
174 5661,01 17477,46 0,32 206,65 206,65 
175 5741,95 17725,65 0,32 208,37 208,37 
176 5823,62 17976,06 0,32 210,10 210,10 
177 5906,01 18228,67 0,32 211,83 211,83 
178 5989,14 18483,51 0,32 213,56 213,56 
179 6072,99 18740,58 0,32 215,30 215,30 
180 6157,58 18999,89 0,32 217,05 217,05 
181 6242,90 19261,45 0,32 218,80 218,80 
182 6328,97 19525,26 0,32 220,56 220,56 
183 6415,78 19791,34 0,32 222,33 222,33 
184 6503,33 20059,69 0,32 224,10 224,10 
185 6591,64 20330,33 0,32 225,87 225,87 
186 6680,70 20603,26 0,32 227,66 227,66 
187 6770,51 20878,49 0,32 229,45 229,45 
188 6861,08 21156,03 0,32 231,24 231,24 
189 6952,41 21435,88 0,32 233,04 233,04 
190 7044,51 21718,07 0,32 234,85 234,85 
191 7137,37 22002,59 0,32 236,66 236,66 
192 7231,00 22289,46 0,32 238,48 238,48 
193 7325,40 22578,68 0,32 240,30 240,30 
194 7420,58 22870,26 0,32 242,13 242,13 
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195 7516,54 23164,21 0,32 243,97 243,97 
196 7613,27 23460,55 0,32 245,81 245,81 
197 7710,79 23759,27 0,32 247,66 247,66 
198 7809,10 24060,39 0,32 249,51 249,51 
199 7908,20 24363,91 0,32 251,37 251,37 
200 8008,09 24669,86 0,32 253,24 253,24 
201 8108,78 24978,22 0,32 255,11 255,11 
202 8210,26 25289,02 0,32 256,99 256,99 
203 8312,55 25602,26 0,32 258,87 258,87 
204 8415,64 25917,95 0,32 260,76 260,76 
205 8519,53 26236,10 0,32 262,66 262,66 
206 8624,24 26556,71 0,32 264,56 264,56 
207 8729,76 26879,80 0,32 266,47 266,47 
208 8836,09 27205,38 0,32 268,38 268,38 
209 8943,25 27533,46 0,32 270,30 270,30 
210 9051,22 27864,03 0,32 272,22 272,22 
211 9160,02 28197,12 0,32 274,16 274,16 
212 9269,65 28532,73 0,32 276,09 276,09 
213 9380,11 28870,86 0,32 278,04 278,04 
214 9491,40 29211,54 0,32 279,98 279,98 
215 9603,53 29554,76 0,32 281,94 281,94 
216 9716,49 29900,54 0,32 283,90 283,90 
217 9830,30 30248,88 0,32 285,87 285,87 
218 9944,95 30599,80 0,33 287,84 287,84 
219 10060,45 30953,29 0,33 289,82 289,82 
220 10176,80 31309,38 0,33 291,80 291,80 
221 10294,00 31668,07 0,33 293,79 293,79 
222 10412,06 32029,37 0,33 295,79 295,79 
223 10530,98 32393,28 0,33 297,79 297,79 
224 10650,76 32759,82 0,33 299,80 299,80 
225 10771,41 33128,99 0,33 301,81 301,81 
226 10892,92 33500,81 0,33 303,83 303,83 
227 11015,31 33875,28 0,33 305,86 305,86 
228 11138,56 34252,41 0,33 307,89 307,89 
229 11262,70 34632,21 0,33 309,93 309,93 
230 11387,71 35014,69 0,33 311,97 311,97 
231 11513,61 35399,86 0,33 314,02 314,02 
232 11640,39 35787,73 0,33 316,08 316,08 
233 11768,06 36178,29 0,33 318,14 318,14 
234 11896,62 36571,58 0,33 320,21 320,21 
235 12026,07 36967,58 0,33 322,28 322,28 
236 12156,42 37366,32 0,33 324,36 324,36 
237 12287,68 37767,79 0,33 326,44 326,44 
238 12419,83 38172,02 0,33 328,53 328,53 
239 12552,89 38579,00 0,33 330,63 330,63 
240 12686,85 38988,75 0,33 332,73 332,73 
241 12821,73 39401,28 0,33 334,84 334,84 
242 12957,52 39816,59 0,33 336,96 336,96 
243 13094,23 40234,69 0,33 339,08 339,08 
244 13231,86 40655,59 0,33 341,21 341,21 
245 13370,41 41079,31 0,33 343,34 343,34 
246 13509,89 41505,84 0,33 345,48 345,48 
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247 13650,30 41935,20 0,33 347,62 347,62 
248 13791,64 42367,40 0,33 349,77 349,77 
249 13933,91 42802,45 0,33 351,93 351,93 
250 14077,12 43240,34 0,33 354,09 354,09 

 

 

cxrili 7.2 –is Sesabamisi programa II 

Private Sub CommandButton1_Click() 

x = Val(F1.h) 

d = (700 + 3 * x) / 1000 

t = (700 + 3 * x) / 500 

b = (247 * x - 700) / 1000 

hk = (247 * x - 700) / 250 

wk1 = (0.7 + 0.003 * x) * (0.988 * x - 2.8) ^ 3# / (6 * x) 

wt1 = (0.247 * x - 0.7) * (1.4 + 0.006 * x) * (0.994 * x - 1.4) ^ 2# / x 

at1 = 2 * b * t 

ak1 = hk * d 

wkwt1 = wk1 / wt1 

F1.wk = wk1 

F1.wt = wt1 

F1.wkwt = wkwt1 

F1.at = at1 

F1.ak = ak1 

End Sub 

 

Private Sub CommandButton2_Click() 

F1.h = Clear 

F1.wk = Clear 

F1.wt = Clear 

F1.wkwt = Clear 

F1.ak = Clear 

F1.at = Clear 

End Sub 

 

Private Sub CommandButton3_Click() 
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Me.Hide 

End Sub 

 

Private Sub CommandButton4_Click() 

Dim i As Integer 

For i = 2 To 182 

x = Worksheets("a").Cells(i, 1) 

d = (700 + 3 * x) / 1000 

t = (700 + 3 * x) / 500 

b = (247 * x - 700) / 1000 

hk = (247 * x - 700) / 250 

wk1 = (0.7 + 0.003 * x) * (0.988 * x - 2.8) ^ 3 / (6 * x) 

wt1 = (0.247 * x - 0.7) * (1.4 + 0.006 * x) * (0.994 * x - 1.4) ^ 2 / x 

at1 = 2 * b * t 

ak1 = hk * d 

wkwt1 = wk1 / wt1 

Worksheets("a").Cells(i, 2) = wk1 

Worksheets("a").Cells(i, 3) = wt1 

Worksheets("a").Cells(i, 4) = wkwt1 

Worksheets("a").Cells(i, 5) = at1 

Worksheets("a").Cells(i, 6) = ak1 

Next i 

End Sub 


