
saqarTvelos teqnikuri universiteti

xelnaweris uflebiT

ani tabataZe

miwisZvrisas karkasuli Senobebis svetebSi

dartymis efeqtis gaTvaliswineba

doqtoris akademiuri xarisxis mosapoveblad

wardgenili disertaciis

a v t o r e f e r a t i

Tbilisi

2014



2

samuSao Sesrulebulia saqarTvelos teqnikuri universitetis

samSeneblo fakultetze

samecniero xelmZRvaneli: sruli profesori r.cxvedaZe

recenzentebi: sruli profesori S.baqaniZe

sruli profesori, l.qajaia (saqarTvelos agraruli

universiteti)

dacva Sedgeba 2014 wlis ...................., 15 saaTze

saqarTvelos teqnikuri univesritetis samSeneblo fakultetis

sadisertacio sabWos sxdomaze, korousi I, auditoria 507a

misamarTi: Tbilisi 0175, kostavas 72

disertaciis gacnoba SeiZleba stu-s

biblioTekasa da stu-s vebgevrdze

sadisretacio sabWos

swavluli mdivani:                           sr. profesori



3

naSromis saerTo daxasiaTeba

Temis aqtualoba.

miwisZvris buneba, iseve rogorc dedamiwis qerqSi teqtonikuri

Zabvebis dagrovebisa da maTgan gantvirTvis procesi, jer kidev

Seswavlis procesSia. seismomedegebi ikvleven, kamaToben da ganixilaven

sxvadasxva modelebs.

rac Seexeba teqtonikuri zemoqmedebis Sedegad miwiszeda

nagebobebis rRvevis  meqanizmebs, iTvleba, rom isini kargad aris

Seswavlili da Sesabamisad damuSavebulia maTgan Tavdacvis

saSualebebic, romlebic uzrunvelyofen rogorc adamianTa msxverplis,

aseve materialuri danakargebis Semcirebas.

maS ratomaa es danakargebi aseTi mniSvnelovani. pasuxi SeiZleba

iyos martivi: gatarebuli RonisZiebebi arasakmarisia, yvelgan ar aris

gatarebuli da a.S.,. magram saqme exeba yovelgvari wesebis dacviT

aSenebul `seismomdgrad~ Senobebs, romlebic unda itandnen seismur

datvirTvebs, magram mainc praqtikulad ingrevian. Senobebis ngrevis

mizezad ki amJamad ofocialurad miRebuli Teoriis Tanaxmad iTvleba

Senobis sakuTari rxevis sixSirisa da gruntis sixSiris Tanxvedra.

miuxedavad imisa, rom kargadaa cnobili am movlenis Tavidan acilebis

RonisZiebebi, romlebic gamoiyeneba msoflios mraval qveyanaSi,

dakvirvebebi gviCveneben, rom am TvalsazrisiT daculi Senobebi ziandeba

iseve, rogorc aradaculi Senobebi. mag. kobeSi (iaponia, 17 ianvari, 1995w.)

momxdari miwisZvris Sedegad myisad iqna gadaWrili mravali aTasi

Senoba, romlebis mimarTac gamoyenebuli iyo uaxlesi seismodamcavi

RonisZiebebi. gansakuTrebiT dazianda moqnili pirveli sarTulis mqone

Senobebi. maTi ngrevis intensivoba daaxloebiT eqvsjer aRemateboda

Cveulebrivi karkasuli Senobebis sixSires. es ki miuTiTebs im faqtze,

rom msoflioSi ar aris jer kidev arsad masiuri mSeneblobebi,

romlebic daculia seismousafrTxoebis TvalsazrisiT. maS raSia saqme?

Tu Teoria, romliTac xdeba am Senobebis gaangariSeba sworia, ratom

xdeba ngreva?

specialistebis mier Catarebuli iyo 1992 wlis agvistoSi

yirgizeTSi momxdari cxrabaliani miwisZvris Sedegebis analizi.

gamokvleuli iyo rkinabetonis mzid konstruqciebze am miwisZvris
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gavlena. kerZod, gamoTvlili iyo kedlebisa da svetebis namsxvrevebisa

da bzarebis zedapirebis farTobebi, rogorc maxasiaTebeli zemoqmedebis

energiis intensivobisa. kvlevis SedegebiT miRebuli suraTi

ewinaaRmdegeba gruntis rxevis koncefcias, rasac seismikebi Tvlian

katastrofis mizezad. dazianebuli konstruqciebi tovebdnen

STabeWdilebas, TiTqos maTze imoqmeda ara periodulma rxevam, aramed

Zlierma dartymam, rogorc xorcieldeba didi energiis Zalian xanmokle

impulsebis zemoqmedebis Sedegad. gamoTvlili energiis sidide aTasjer

mainc aRemateboda Senobis rxevis energias. aseTi energia ki SeiZleba

gadaeces Senobas mxolod didi aCqarebebisas, romlebic aRemateba 1000g-s.

Tumca seismikebisa da seismologebisaTvis daujerebelia aCqareba

aRematebodes 2g-s, rasac isini asabuTeben seismografebis monacemebis

safuZvelze. seismografebi ki warmoadgenen zambarian oscilatorebs, rac

arsebiTad inerciuli sistemaa da mas ar ZaluZs daafiqsiros wamis

meaTasedebSi ganxorcielebuli rxevebi. amisaTvis saWiroa gamoyenebuli

iyos membranuli an lazeruli gadamcemebi, romlebsac didi xania

iyeneben miwisqveSa afeTqebebis kvlevis dros.

maSasadame, Senobebi ziandeba ara amJamad moqmedi inerciuli

rxeviTi Teoriis Sesabamisad gamoTvlili Zalebis zemoqmedebiT, aramed

dartymis Sedegad aRZruli Zalebis zemoqmedebiT. am daskvnis

sasargeblod metyvelebs ruseTis akademiis Soreuli aRmosavleTis

filialis seismologebis mier damuSavebuli seismuri procesebis

meqanikuri koncefcia, romlis Tanaxmadac seismuri gamosxiveba

warmoadgens meqanikuri impulsis gavrcelebas. impulsis gadacema

sivrceSi xdeba dartymis meqanikis kanonebiT.

disertaciis mizani sakiTxis dasma da misi gadawyvetis gzebi.

naCvenebia, rom xSirad seismuri zemoqmedebis Sedegad miRebuli rRvevis

sqemebi ar Seesabameba amJamad momqmed inerciul-rxeviT Teorias. aseT

SemTxvevaSi iqmneba STabeWdileba, rom konstruqciaze imoqmeda xanmokle

impulsma dartymis saxiT. e.i. aucilebelia dartymis efeqtis

gaTvaliswineba. aqve aRniSnulia, rom xist-plastikuri modelis

Sesabamisad miRebuli rRvevis sqema (mag. xojis SemTxvevaSi) Seicavs

principul sirTuleebs dasmuli sakiTxis gadawyvetis dros.
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mecnieruli siaxle. ganxilulia sakiTxi miwisZvriT gamowveuli

seismuri zemoqmedebis, rogorc dartymis efeqtis, karkasuli Senobis

svetebze gavlenis Seswavlis Sesaxeb.

moyvanilia Zlieri miwisZvrebis Sedegebis analizi, romlebSic

nagebobebis dazianebis mizezad miCneulia miwisZvrisas warmoSobili

seismuri dartymebi. am SromebSi gakeTebul daskvnis, rom seismuri

dartyma iwvevs karkasuli Senobis pirveli sarTulis svetebis gadaWras,

Sesamowmeblad ganxilulia Senobis svetis rxevis amocana, roca igi

qveda boloze, romelic SeiZleba iyos Camagrebuli wertilovan

saZirkvelSi an saZirkvlis filaSi, ganicdis dartymas.

Seswavlilia, rogorc ganivi, aseve grZivi rxevebi. orive

SemTxvevaSi gaanalizebulia arsebuli analizuri amoxsnebi da

aRniSnulia is  naklovanebebi, romlebsac isini Seicaven. orive

SemTxvevaSi amocanebi amoxsnilia ricxviTi gziT. miRebuli gamoTvlebis

Sedegebis safuZvelze agebulia gadaadgilebebis da Zalebis epiurebi.

ganivi dartymis SemTxvevaSi gakeTebulia daskvna, rom svetebis arsebuli

konstruirebis pirobebSi SesaZlebelia dartymam gamoiwvios svetebis

gadaWra simaRlis mixedviT SuaSi.

gaanalizebulia sakiTxi miwisZvriT gamowveuli seismuri

zemoqmedebis, rogorc dartymis efeqtis, karkasul Senobaze, rogorc

diskretul-kontinealur sistemaze, gavlenis Seswavlis Sesaxeb.

mocemulia nagebobaTa miwisZvraze gaangariSebisas gamoyenebuli

saangariSo modelebisa da meTodebis analizi. aRniSnulia is

winaaRmdegobebi, romlebsac isini Seicaven da gakeTebulia daskvna, rom

seismuri gaangariSebisas aucilebelia dartymis efeqtis gaTvaliswineba.

karkasuli nagebobis saangariSo sqemad miRebulia diskretul-

kontinealuri sistema, sadac diskretuli masebi dakavSirebuli arian

kelvin-foxtis modelis Sesabamisad deformirebadi grZivi ReroebiT.

ganxilulia grZivi da grexiTi rxevebi dartymiTi zemoqmedebis

pirobebSi. gamoyenebuli rxevis diferencialuri gantolebebi,

energetikuli meTodebisgan gansxvavebiT, miRebulia Reros gaswvriv

siCqareTa ganawilebis Sesaxeb raime saxis (wrfivi an raime sxva

damokidebuleba) daSvebis gareSe.
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damuSavebulia rxevis diferencialur gantolebaTa sistemis

amoxsnis algoriTmi da programa nebismieri raodenobis gantolebebis

(e.i. Senobis sarTulianobis) SemTxvevaSi. konkretuli Senobis magaliTze

gamokvleulia: Reroebis masebis inerciis gaTvaliswinebis gavlena,

siblantis koeficientisa da zogierTi diskretuli masis cvlilebis

gavlena nagebobis daZabul-deformirebul mdgomareobaze. Sedegebi

mocemulia rxevis grafikebisa da Camoyalibebuli daskvnebis saxiT.

miRebuli Sedegebis saimedooba dafuZnebulia seismomedegobis

sainJinro Teoriaze, konstruirebis logikaze, gaangariSebis Tanamedrove

programul uzrunvelyofaze, romelSic maTematikuri modeli saangariSo

sistemisa sasrul elementTa principiT aris Sesrulebuli da Teoriuli

Sedegebis eqsperimentuli kvlevebiT dasabuTebaze.

naSromis aprobacia da gamoyenebuli publikaciebi. naSromis

calkeuli Sedegebi moxsenebuli iqna sadoqtoro programiT

gaTvaliswinebul or seminarze; sadisertacio naSromis masalebis

mixedviT gamoqveynebulia 4 samecniero Sroma; gamoqveynebulia

saqarTveloSi Catarebuli saerTaSoriso konferenciebis 2 SromaTa

krebulSi; aseve moxsenebulia saqarTveloSi Catarebul studentTa

samecniero konferenciaze.

naSromis struqtura da moculoba. disertacia warmodgenilia

Sesavlis, ZiriTadi nawilis, daskvnebis da gamoyenebuli literaturis

CamonaTvalisgan. disertacia Sedgeba .... gverdebisgan da gamoyenebuli

literaturis nusxa Seicavs .... dasaxelebas.
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1. miwisZvrisas karkasuli Senobis svetebze dartymis efeqtis

gaTvaliswineba

1 sakiTxis dasma da misi gadawyvetis gzebi

mravalricxovani dakvirvebebis Sedegad dadgenilia, rom seismuri

zemoqmedebis sawyis momentSive xdeba SenobaTa udidesi nawilis ngreva.

seismuri zemoqmedeba myisierad iwvevs Senobebis svetebisa da kedlebis

gadaWras ise, rom Senoba verc ki aswrebs moZraobis dawyebas, e.i. misTvis

saSiSi inerciis Zalebis aRZvras. cnobilia, rom miwisZvrisas inerciul

Zalebs win uswrebs yovelTvis Senobis vertikalur elementebSi ganivi

Zvris talRebis warmoqmna. maSasadame, Zvris talRebi pirveladia,

inerciis Zalebi ki meoradi. amitom bunebrivia, Senobebis ngrevis erT-

erT mTavar mizezad miviRoT es talRebi. miuxedavad amisa, sadReisod

erTaderT sayovelTaod miRebul mizezad seismuri ngrevisa iTvleba

meoradi inerciuli Zalebi.

tradiciuli seismuri gaangariSeba gulisxmobs inerciuli Zalebis

eqvivalenturi statikuri sidideebis gansazRvras, romlebic modebuli

iqneba Senobis elementebze. magram am gziT miRebuli rRvevis sqemebi

xSirad winaaRmdegobaSia realur rRvevis sqemasTan da ar SeiZleba iyos

axsnili sayovelTaod miRebuli inerciuli koncefciis safuZvelze.

magaliTad nageboba, romelsac aqvs moqnili karkasi da xisti diafragma.

am SemTxvevaSi xist diafragmaze inerciuli Zalebisagan gamowveuli

mxebi Zabvebi iqneba gacilebiT meti, vidre karkasis svetebze, radganac

paralelurad momuSave elementebidan datvirTvis met nawils iRebs is

elementi, romlis sixistec metia. ase, rom inerciis Zalis raRac

mniSvnelobisaTvis jer unda daingres didi sixistis elementi. realurad

ki gvaqvs sapirispiro suraTi, ingreva moqnili elementi, mTeli

datvirTvis amRebi xisti diafragma ki rCeba dauzianebeli. meore

magaliTis saxiT SeiZleba moviyvanoT karkasuli nageboba moqnili

pirveli sarTuliT. am SemTxvevaSi, maqsimaluri mRunavi momentebi

warmoiqmneba svetebis boloebSi da datvirTvis raRac mniSvnelobisaTvis

am kveTebSi unda warmoiqmnas plastikuri saxsrebi, rac nagebobas

gadaaqcevs meqanizmad gverdiTi gadaadgilebiT. ase ingreva analogiuri

CarCoebi horizontaluri Zalis moqmedebisas. miwisZvrisas ki xdeba
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sxvanairad. aseT konstruqciebSi warmoiqmneba myife ngrevis Zvris

meqanizmi, romlis drosac xdeba svetebis gadaWra yvelaze naklebad

daZabul kveTebSi. igive movlenas aqvs adgili bolo saxsrian Reroebiani

karkasis SemTxvevaSic. aseve ver aixsneba inerciuli koncefciis

safuZvelze Riobebiani diafragmebisa da erTnairi inerciuli ZalebiT

datvirTuli sxvadasxva sisqis kedlebis erTdroulad ngrevis

SemTxvevebi. moyvanili magaliTebi miuTiTeben Tanamedrove

seismomedegobis Teoriis SigniT arsebul seriozul problemebze,

romlebic warmoSobilia mcdari daSvebidan, TiTqos Senobebs azianebs

gruntis rxeviT SenobaSi aRZruli inerciuli Zalebi [9, 10]. Catarebuli

kvlevebi miuTiTeben im faqtze, rom zemoT aRwerili dazianebebi

SeiZleba warmoSobili iyos mxolod Zalian xanmokle impulsebis

zemoqmedebiT ganxorcielebuli Zlieri dartymebis Sedegad. es daskvna

gamomdinareobs rkinabetonis mzid konstruqciebze cxra baliani

miwisZvris zemoqmedebiT miRebuli dazianebebis analizisa da im energiis

gamoTvlis Sedegad, romelsac SeeZlo gamoewvia aseTi saxisa da

masStabis dazianebebi. maSasadame sakiTxi ismis Senobis elementebze

dartymis efeqtis gaTvaliswinebis Sesaxeb. kerZod, Tu ganvixilavT

karkasuli Senobis pirveli sarTulis svetebis muSaobas seismuri

zemoqmedebis pirobebSi saWiroa gaangariSebis gziT vuCvenoT, rom

rRvevis is meqanizmi, romelic gvaqvs svetebSi miwisZvris dros, kerZod

maTi gadaWra simaRlis mixedviT SuaSi, SesaZlebelia qveda boloze

dartymis Sedegad. dasmuli amocana SeiZleba gadawydes rxevis

gantolebis amoxsniT, romlis drosac gaanalizebuli iqneba aRZruli

Zalis mniSvnelobani damrtymeli Zalis moqmedebis xangrZliobisa da

ganmeoradobis gaTvaliswinebiT. aqve unda aRiniSnos dartymis amocanis

Sesaxeb, romelic amoxsnilia xistplastikuri modelis gamoyenebiT. es

amocana pirvelad amoxsnili iyo parkisis mier. Semdeg igive amocana

ganixila xojma am amocanaSi konsoluri Reros boloebze axdens

dartymas masa G0, romelsac dartymis momentSi gaaCnia siCqare . xist

plastikuri modelis Sesabamisad Rerom SeiZleba ganicados

mniSvnelovani plastikuri deformaciebi, romlebic ganviTardeba

plastikuri saxsris warmoqmnis Sedegad. plastikuri saxsari

warmoiqmneba zRvruli momentis moqmedebis Sedegad da radgan es momenti
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amave dros iTvleba maqsimalurad, am kveTSi ganivi Zala gamodis nulis

toli. zemoT naTqvamis safuZvelze ki sakiTxis dasma iTvaliswinebs

dartymis Sedegad ganivi talRebis da maSasadame ganivi Zalis moqmedebis

Sedegad Reros gadaWris SesaZleblobis dadgenas. amave dros, Tu

gaviTvaliswinebT im cnobil faqtsac, rom dartymis Sedegad warmoiqmneba

jer rxevis maRali formebi, xist plastikuri modeli ki eyrdnoba

faqtiurad rxevis pirvel formas, cxadi gaxdeba, rom Cveni amocanis

gadasaWrelad aRniSnuli midgomis gamoyeneba dakavSirebuli iqneba

principuli xasiaTis siZneleebTan.

.2 ZiriTadi gantolebebi da maTi amoxsnis gzebi

dasmuli amocanis gadawyvetisaTvis saWiroa ganxiluli iyos Reros

rxevis gantoleba. ganivi dartymis SemTxvevaSi iZulebiTi rxevis

gantolebas aqvs saxe :
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sadac G Zvris modulia, 
F Ib

dFS
kFkk

2

2

221 ),0( , S ganivi kveTis

gansaxilveli ordinatis zemoT moTavsebuli farTobis statikuri

momenti neitraluri RerZis mimarT , b Reros siganea.  elementis sruli

mobrunebis kuTxea (nax. 2)

x

w



  ,

x
Q RerZis gaswvriv  moqmedi statikuri datvirTvaa.









A. nax. 1.1. svetis
B. saangariSo sqema

A. nax. 1.2. Rero Zvris
deformaciis gaTvaliswinebiT

jer ganvixiloT (1.) gantoleba. misi amoxsna SeiZleba miRebul iyos

rogorc analizuri, aseve ricxviTi gziT. analizuri amoxsnebis

miRebisas w warmoidgineba Semdegi saxiT:

 )()( tqxXw ii , (.3)

sadac )(xX i koWis Tavisufali rxevis normaluri harmoniuli funqciaa.

misi forma dgindeba sasazRvro pirobebis safuZvelze. rac Seexeba )(tqi -

s, igi ganisazRvreba lagranJis gantolebaSi koWis kinetikuri T da

potencialuri V energiebis mniSvnelobaTa SetaniT. ganzogadoebuli

Zala Qi tolia )()( cXtP i , sadac )(tP dartymis urTierTqmedebis Zalaa,

)(cX i ki dartymis c wertilis gadaadgileba. energiebis gamosaxulebebi
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iqneba:
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gadaadgilebebs, es piroba Caiwereba Semdegnairad:




 
t

iL

ii

i
tt

dtF

dxX

cX

F
Fdtdt

m
tV

0

0

2

2

002
0 )(sin)(

)(11





am gantolebis amoxsna SesaZlebelia mxolod ricxviTi gziT.

sakiTxis gamartivebis mizniT moviyvanoT goldsmitis mier

SemoTavazebuli miaxloebiTi meTodi, romelSic moqmedi impulsi

icvleba Sesabamisi sasazRvro pirobiT, rac saSualebas gvaZlevs

miviRoT analizuri amonaxseni. SevitanoT (3) (1)-Si, ris Semdegac gveqneba:

0
2

2

4

4
4 








t

q
X

x

X
qa i

i
i

i (4)
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aqedan i
i

ii
i q

t

q

a
X

x

X
:

1
:

2

2

4
4

4

4








 , sadac
F

EI
a


4 , i nebismieri mudmivia,

xolo
ii

a  22 -s aqvs sixSiris ganzomileba. (4)-is kargad cnobili

amonaxseni Caiwereba Semdegnairad:

 
 tHtE

xchDxshCxBxAW

iiii

iiiiiiii





cossin

cossin




(.5)

nebismieri mudmivebi Ai, Bi, Ci da Di ganisazRvrebian sasazRvro

pirobebidan, Ei, Hi - ki sawyisi pirobebidan.

Cvens SemTxvevaSi karkasuli Senobis pirveli sarTulis sveti

SeiZleba warmodgenili iyos rogorc zeda boloTi xistad Camagrebuli

Rero, romlis qveda bolo SeiZleba Camagrebuli iyos wertilovan

saZirkvelSi an saZirkvlis filaSi. Reros qveda bolo ganicdis m2 masis

dartymas, roca masis siCqare tolia V2,0. dartymis Semdeg, m2 masa

RerosTan erTad asrulebs rxevas. aseTi RerosaTvis zeda boloze nulis

toli iqneba gadaadgileba W da mobrunebis kuTxe
x

W




. qveda boloze

wertilovani saZirkvlis SemTxvevaSi, SeiZleba miviRoT, rom nulis

tolia mRunavi momenti, e.i.
2

2

x

W




, xolo saZirkvlis filis SemTxvevaSi

mobrunebis kuTxe
x

W




. orive SemTxvevaSi ganivi Zala qveda boloze

toli iqneba:
2

2

23

3

t

W
m

x

W
EI








. rac Seexeba sawyis pirobebs, gadaadgileba

koWis nebismier wertilSi, roca t=0 tolia nulis W(x,0)=0. sawyisi

siCqaris gansazRvrisaTvis ki daSvebulia, rom damrtymeli m2 masa,

romelsac gaaCnia V2,0 siCqare, amave siCqares aniWebs koWis usasrulo

mcire ubans kontaqtis wertilSi. koWis sxva wertilebSi siCqare tolia

nulis. moqmedi masis moZraobis raodenobisa da mTeli koWis moZraobis

raodenobis piroba Rebulobs saxes:

2,02
v)0,( mdmx

t

W




 .

moyvanili sawyisi da sasazRvro pirobebis (5)-Si gaTvaliswinebiT

(qveda boloze mRunavi momentis nulTan tolobis CaTvliT) miRebulia

gaRunvisa da Reros rxevis sixSireTa gamosaTvleli gamosaxulebebi,

romelTac Semdegi saxe aqvT :
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   
   

,sin
sin

sin

cos

cos

sincossin

sincoscossin12

2

22

2222

2

0,2

t
L

a

sh
L

x

L

x
sh

ch
L

x

L

x
ch

shMshch

shchshch

a

LV
W

i

ii

ii

ii

ii

iiiiii

iiiiiiii

i
















































 

(6)

ii

iiiii

sh

shch
M




cos1

)cos(sin




 .7)

sadac, M koWis masisa da moqmedi masis Sefardebaa:
2m

FL
M


 .

igive gamosaxulebebs, rodesac qveda bolo Camagrebulia

saZirkvlis filaSi, eqnebaT saxe:

   
   

2

22

2222

2

0,2

sin
sin

cos

cos

sin

coscos1

sincoscos112

L

ta

sh
L

x

L

x
ch

ch
L

x

L

x
sh

chMch

shchch

a

LV
W

i

ii

ii

ii

ii

iiii

iiiiii

i
















































 

(8)

iiii

iii

shch

ch
M




cossin

)cos1(




 (9)

ganvixiloT exla (1) gantolebis integreba ricxviTi gziT.

amisaTvis mivmarToT wrfeTa meTods, romlis Tanaxmadac

kerZowarmoebuliani diferencialuri gantolebis integrebisas erTerTi

koordinatiT warmoebulebi icvleba sxvaobiani sqemiT, ris Sedegadac

vRebulobT Cveulebriv diferencialur gantolebaTa sistemas. rxevis

amocanebSi Cveulebriv sxvaobiani sqemiT icvleba grZivi koordinatiT

warmoebulebi, ris Sedegadac miRebul Cveulebriv diferencialur

gantolebaTa sistemaSi damoukidebel cvlads warmoadgens dro. Cvens

SemTxvevaSi davyoT Rero sigrZis mixedviT sakvanZo wertilebiT,

romelTa Soris manZili iyos h (nax. 3). Tu gadavalT uganzomilebo

koordinatebze
L

x
 , maSin bijis sidide iqneba

L

h
 .
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A. nax. 1.3. Rero sakvanZo wertilebiT

gamovsaxoT W-s warmoebulebi  koordinatiT sasrul sxvaobebSi:

 

 ,2

,
2

112

2

2

2

11













mmm
m

mm
m

WWW
LW

WW
LW





(10)

 

 21124

4

4

4

21123

3

3

3

464

,22
2













mmmmm
m

mmmm
m

WWWWW
LW

WWWW
LW





(1)-Si (10)-is SetaniT miviRebT m wertilebSi gadaadgilebis

funqciis mimarT mudmivkoeficientebian Cveulebriv diferencialur

gantolebaTa sistemas:

  ,0464 21124
0

2

2





 mmmmm
m WWWWW

K

t

W



sadac
30 FL

EI
K


 .

Tu
t

Wm




-s aRvniSnavT axali cvladiT vTqvaT Vm-iT, maSin gveqneba

pirveli rigis diferencialur gantolebaTa sistema, romlis mimarTac

SeiZleba gamoviyenoT kargad aprobirebuli runge-kutas meTodi.

rac Seexeba sasazRvro pirobebs, isini SeiZleba warmodgenili iyos

odnav gansxvavebuli saxiT, aseTi warmodgena Cveni azriT ukeTesad

asaxavs Reros muSaobis pirobebs dartymis gaTvaliswinebiT. marTlac,

sawyis momentSi, roca t=0 siCqaris gansazRvrisas SeiZleba davuSvaT, rom

V2,0 siCqariT dartymisas wertilSi gveqneba maqsimaluri siCqare V0, mis

mezobel danayofis wertilSi ki nulis toli. Tu siCqaris cvlilebas

dartymis wertilidan mis mezobel wertilSi gadasvlisas miviRebT
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wrfivad, maSin moZraobis raodenobis mudmivobis pirobidan SegviZlia

davweroT:   0,22022
1

VmVmFh  , aqedan

2

20,2
0

2
1

mFh

mV
V





. Tu siCqaris

cvlilebas wrfivis nacvlad aviRebT paraboluri an sxva kanoniT
2
1
-is

nacvlad gveqneba sxva koeficienti. V0-is miRebuli gamosaxulebebidan

gamomdinareobs, rom rac ufro wvrili biji iqneba aRebuli dayofisas,

miT ufro miuaxlovdeba dartymis wertilis sawyisi siCqare damrtymeli

masis siCqares, rac realuria.

meore cvlileba Seexeba ganivi ZalisTvis sasazRvro pirobas. am

SemTxvevaSi Cven SegviZlia gare damrtymeli Zala, e.i. ganivi Zala

CavTvaloT cnobilad )(),0( 0 tQtQ  da Tanac gaviTvaliswinoT dartymis

xanmokle impulsis moqmedebis xangrZlioba. damrtymeli Zala SeiZleba

moqmedebdes runge-kutas meTodis Sesabamisad drois bijis garkveuli

nawilis an ufro xangrZlivi drois ganmavlobaSi. aq SegviZlia miviRoT,

rom ganivi Zala Reros boloSi nulisagan gansxvavebulia, mxolod

winaswar gansazRvruli drois monakveTis ganmavlobaSi, danarCeni drois

ganmavlobaSi ki nulis tolia, an garkveuli drois Semdeg ganmeordeba

dartyma aseve drois cnobili  monakveTis xangrZliobiT.

aq saWiroa xazi gaesvas im garemoebas, rom runge-kutas meTodis

Sesabamisad drois H bijis H1 monakveTSi Zalis moqmedebisas saWiroa es

garemoeba gaTvaliswinebuli iyos programaSi. saxeldobr, runge-kutas

meTodSi drois bijis sawyis momentSi cnobilia saZiebeli funqciis

mniSvnelobani. am meTodiT viRebT maT mniSvnelobas bijis boloSi, e.i.

vsazRvravT nazrdebs. es nazrdebi isazRvreba oTxjer funqciis

warmoebulebis bijis sidideze gadamravlebis gziT. TiTojer bijis

Tavsa da boloSi da orjer SuaSi. amave dros bijis SuaSi gansazRvrul

nazrdebSi mravldeba orze da gamoiTvleba nazrdis saSualo

mniSvneloba. Cvens SemTxvevaSi bijis farglebSi warmoebuls aqvs

safexurovani forma. amitom saWiroa nazrdi gamoiTvalos H1 bijis

farglebSi calke, H-is farglebSi calke da Semdeg Sejamdes.

radganac TiToeul sakvanZo wertilSi iwereba ori gantoleba,

amitom gantolebaTa sistemaSi Semavali ucnobebi rom iyos danomrili

mimdevrobiT, SemoviRoT axali cvladi Um, romelic, roca m=1,2,...
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aRniSnavs Semdeg sidideebs:

a.S.da
t

W
VUWU

t

W
VUWU

t

W
VUWU













3
3635

2
2423

1
1211

,

,,,,

CavweroT exla sasazRvro pirobebi sakvanZo wertilebSi funqciebis

daxmarebiT. gantolebebi iwereba wertilebSi m=1,2,...,m*.  rac Seexeba

m=0, m=-1, m=m*+1 da m=m*+2 wertilebs, isini fiqtiuri wertilebia,

romelTa arsebobac aucilebelia sxvaobiani sqemis gamoyenebis gamo. rac

Seexeba funqciebis mniSvnelobebs, am wertilebSi isini gamoisaxebian

sasazRvro pirobebis daxmarebiT da gamoTvlebSi monawileobas ar

Rebuloben.

qveda boloze mobrunebis kuTxis nulTan tolobis piroba

Caiwereba Semdegnairad   0
2

1
02 WW

h
. aqedan

320 UWW  (11)

meore warmoebulis nulTan tolobis pirobidan gveqneba:

  02
1

0122
 WWW

h
. aqedan

31210 22 UUWWW  (12)

ganivi Zalis piroba Caiwereba Semdegnairad:

  )(22
2 0102333

3

tQWWWW
h

EI

x

W
EI 



  . aqedan

5300

3

1 22
2

UUWQ
EI

h
W  (13)

Tu qveda boloze mobrunebis kuTxe nulia, maSin (13)-Si W0

Seicvleba (11)-is mixedviT da Tu momentia nulis toli, maSin (1.12)-is

mixedviT. zeda xist CamagrebaSi 01*2*  mm UW , aseve 0* 



x

Wm , e.i.

1*1*   mm WW .

rogorc moyvanili damokidebulebebidan Cans, sasazRvro pirobebis

gavlenis gamo, gansxvavebulad Caiwereba sistemis pirveli ori da bolo

ori gantoleba, e.i. roca m=1,2,m*-1 da m*. sxva  danarCen SemTxvevaSi, e.i.

roca 1*3  mm gantolebebi Caiwereba erTi formuliT.

im SemTxvevaSi, Tu qveda bolo Camagrebulia saZirkvlis filaSi,
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e.i. mobrunebis kuTxe udris nuls, gantolebaTa sistemis koeficientebis

matrica darCeba igive, Seicvleba mxolod meore da meoTxe striqonebi.

kerZod, meore striqonSi -c2, c4, -c2-is nacvlad gveqneba -c6, c8, -c2, xolo

meoTxe striqonSi +c4, -c7, c4, -c1. rac Seexeba ganivi Zalis gamosaxulebebs,

maTTvis gveqneba:

 .22
2

)2(),()1( 135730 UUUU
h

EI
QtQQ 

Zvris deformaciisa da brunvis inerciis gaTvaliswinebis

SemTxvevaSi, e.i. roca saqme gvaqvs (1.2) sistemasTan, radganac torsuli

kveTis sruli mobruneba warmoadgens Zvris deformaciisa da

geometriuli RerZis mobrunebis kuTxis jams
x

W



  , amitom xisti

Camagrebis SemTxvevaSi mobrunebis kuTxis nulTan tolobis piroba iqneba

0 . am SemTxvevaSi ganivi Zala gamoiTvleba formuliT:













x

W

k

G
Q 

2

(14)

Sesabamisad Caiwereba qveda boloze sasazRvro piroba ganivi

ZalisaTvis   )(
2

1
0021

2

tQWW
hk

G




  . Tu qveda bolo Camagrebulia

saZirkvelis filaSi, maSin 01  da 2
02

0

)(2
W

G

thQk
W  ; mRunavi momentis

nulTan tolobis piroba ki mogvcems   0
2 01 




 


h

EI

x
EIM , e.i. 20   .

zeda boloze 0,0* **  mm Umm  .

SemoviRoT uganzomilebo koordinatebi
L

x
 da

0t

t
t  .

warmoebulebi grZivi koordinatiT warmovadginoT sasruli sxvaobebis

daxmarebiT, maSin sistema (2) miiRebs saxes:

   

   ,2

,2

11541132

2

1121112

2













mmmmmm

m

mmmmm

m

UUccc
t

WWWcc
t

W





(15)

sadac
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.2,
2

,

,,,
2

346

2

2

0

5

2

2

0

4

22

2

0

322

2

0

2

2

1

2

0

1

ccc
ILk

Gt
c

Ik

Gt
c

L

Et
c

FL

t
Q

k

G
c

Lk

Gt
c

x

















Tu aqac pirvel warmoebulebs aRvniSnavT axali cvladebiT

m
m

m
m

t
W

t

W












, , miviRebT pirveli rigis gantolebaTa sistemas.

maSasadame, yovel wertilSi daiwereba oTxi gantoleba. imisaTvis, rom

ucnobebi iyos danomrili mimdevrobiT, SemoviRoT Semdegi aRniSvnebi:

82726252

41312111

,,,

,,,,

yyyWyW

yyyWyW









da a. S.

sasrulo sxvaobebSi Cawerili warmoebulebi (10) moyvanilia Sua

wertilebisaTvis. xist CamagrebaSi (15) sistemis Cawerisas saWiro iqneba

-s mniSvnelobebis codna Reros gare fiqtiur wertilebSi m=0 da

m=m*+1. es mniSvnelobebi ki mocemuli sasazRvro pirobebis mixedviT ar

gagvaCnia, amitom -s pirveli da meore warmoebulebi m=1 da m=m*

wertilebSi warmodgenili iqneba Semdegi saxiT:

   

   *1*2*22
*

2

*1*2*
*

32122
1

2

321
1

2
1

,34
2

1

,2
1

,43
2

1

mmm
m

mmm
m 




































analogiuri mdgomareobaa zeda xist CamagrebaSi gadaadgilebis

warmoebulebis Cawerisas, amitom gveqneba:

   *1*2*22
*

2

*1*2*
* 2

1
,34

2

1
mmm

m
mmm

m WWW
W

WWW
W









 

rac Seexeba qveda wertils, iq ganivi Zalis piroba saSualebas

gvaZlevs W0 gamovsaxoT W2-is da Q0(t)daxmarebiT.

Tu kvlav 10 wertils aviRebT, gveqneba 40 gantoleba).

qveda boloze mRunavi momentis nulTan tolobis SemTxvevaSi, e.i.

roca 0=2 da 10 kvlav SegviZlia gamoviyenoT (10) formulebi. am

SemTxvevaSi Seicvleba meore da meoTxe gantolebis koeficientebi.
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visufali wevrebi darCeba igive. meore gantolebaSi 4c1 da -c1-is nacvlad

gveqneba nulebi, meoTxe gantolebaSi ki -2c3-is nacvlad 2c3, c3-is nacvlad

nuli da gaCndeba koeficienti mesame svetSi c6.

rac Seexeba ganiv Zalebs, isini orive SemTxvevaSi yvela wertilSi,

garda m=m* da m=m*-1 wertilebisa, gamoiTvleba (14) formuliT. rac

Seexeba  mniSvnelobebs aRniSnul or wertilSi, maTTvis, aRebul

sakvanZoO wertilebis raodenobis Sesabamisad, gveqneba:

   .4
2

,
2 3329

2
102935

2
9 YY

Lk

G
QYY

Lk

G
Q 



yvela zemoT ganxilul SemTxvevaSi SeiZleba gaTvaliswinebuli

iyos Reros gadadgilebis Sedegad mis boloze aRZruli xaxunis Zalebi,

romlebic warmoiSveba Reros qveda torsul waxnagsa da grunts Soris.

es Zala garemos winaRobis Zalis analogiurad SeiZleba miviRoT

gadaadgilebis siCqaris proporciulad, sadac proporciulobis

koeficienti kv damokidebuli iqneba rogorc gruntis saxeobaze, aseve

Senobidan gruntze gadmocemul wnevaze. maSasadame (11) gantolebis

SemTxvevaSi sasazRvro piroba ganivi ZalisaTvis Caiwereba Semdegnairad:
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0102333
1

3

1 )(22
2

aqedan ganisazRvreba W-1. qveda boloze momentis nulTan tolobis

SemTxvevaSi W0-sTvis gveqneba (12) gamosaxuleba, mobrunebis kuTxis

nulTan tolobis SemTxvevaSi ki (11), romelTa gaTvaliswinebiTac

Seicvleba diferencialur gantolebaTa sistemis meore gantoleba.

Sesabamisad koeficientebis matricaSi meore svetis meore striqonSi

orive SemTxvevaSi gaCndeba damatebiTi koeficienti
EI

hk
cc v

k

2

2 .

Zvris deformaciis gaTvaliswinebis SemTxvevaSi ganivi Zalis

pirobas eqneba saxe: 20
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

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 . aqedan ganisazRvreba y0. misi

gaTvaliswinebiT diferencialur gantolebaTa sistemis koeficientebis

matricis meore svetSi, orive SemTxvevaSi, e.i. wertilovani da filovani

saZirkvlebisaTvis, dagvemateba meore striqonSi
G

hkkc
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k
222

1
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striqonSi ki
G
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k
252
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davubrundeT isev ganivi Zalis gamoTvlis sakiTxs. (1) gantolebis

SemTxvevaSi igulisxmeba, rom 3

3

x

W
EIQ



 , xolo .2) gantolebis

SemTxvevaSi 











x

W

k

G
Qx 

2

. pirvel SemTxvevaSi igulisxmeba, rom ganiv

sibrtyeSi Zvris moduli usasruloa da ganivi Zala gamoiTvleba drekadi

wiris simrudis cvlilebis Sesabamisad. meore SemTxvevaSi Zvris moduli

sasruli sididea da ganivi Zala gamoiTvleba Zvris kuTxis Sesabamisad.

realur ReroSi ganivi Zala SeiZleba gamoTvlili iyos rogorc erTi,

ise meore formuliT. magram ras miviRebT im SemTxvevaSi Tu

gaviTvaliswinebT orive formulas, e.i. Tu vityviT, rom ganivi Zala

ReroSi aris am ori gamosaxulebis saSualo ariTmetikuli. e.i.
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3 Sesrulebuli gamoTvlebis Sedegebi da maTi analizi

gantolebis amoxsnis Sedegad miRebuli Sedegebi svetisaTvis,

romlis bolozec mRunavi momenti nulia, mocemulia nax. 47. es Sedegebi

miRebulia RerosaTvis, romlis sigrZea 270 sm, ganivkveTis zomebia 40X40

sm. Reros sigrZe dayofilia aTi sakvanZo wertiliT cxra tol

monakveTad. drois bijad aRebulia 6101  wm. ganivi Zala moqmedebs sawyis

momentSi am bijis naxevari drois ganmavlobaSi. nax. 4-ze warmodgenilia

gadaadgilebis epiurebi drois sxvadasxva momentisaTvis, romelTa Soris

Sualedi mudmivia. drois igive momentebisaTvis (nax. 5) warmodgenilia

ganivi Zalebis epiurebi. es ganivi Zala gamowveulia Q0=1 damrtymeli

Zalis moqmedebis Sedegad. nax..6-ze warmodgenilia drois igive monakveTis

pirveli dartymidan 400 bijis Semdeg ganmeorebiTi dartymis Sedegad

miRebuli gadaadgilebebis epiurebi, xolo Sesabamisi ganivi Zalebis

epiurebi warmodgenilia nax. 7. gamoTvlebi Sesrulebulia agreTve im

SemTxvevisaTvis, roca qveda bolo Camagrebulia saZirkvlis filaSi, e.i.

mobrunebis kuTxe nulis tolia. Sesabamisi epiurebi erTjeradi

dartymisas warmodgenilia nax. 8, gadaadgilebis epiurebi da nax. 9

Sesabamisi ganivi Zalebi. ganmeorebiTi dartymisas miRebuli Sedegebi

warmodgenilia Sesabamisad nax. 10 da nax. 11-ze.

miRebuli Sedegebis analizi gviCvenebs, rom erTjeradi darymis

Sedegad Reros boloSi momentis nulTan tolobis SemTxvevaSi

gamowveuli gadaadgilebebi da aRZruli ganivi Zalebi vrceldeba Reros

gaswvriv talRis gavrcelebis siCqariT.

CvenTvis sainteresoa ganivi Zalis amplitudis gadadgileba Reros

gaswvriv da misi cvlileba drois mixedviT. ganivi Zalis amplituda

sididiT metia damrtymeli Zalis mniSvnelobaze, xolo TviT ganivi Zala

niSancvladia. analogiuri Sedegi miRebuli aqvs a. filins , romelsac

ganxiluli aqvs ganawilebuli masis mqone konsoluri Reros rxevis

amocana, roca konsolis boloze moqmedebs perioduli Zala P0 sint. (1)

gantolebis amonaxseni moZebnilia saxiT X(x)sint. X(x)--is epiurebi -s

ori sxvadasxva mniSvnelobisas mocemuli (nax. 12). rogorc am naxazidan
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A. nax. 1.5. ganivi Zalebis epiurebi
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A. nax. 1.7. ganivi Zalebis epiurebi
ganmeorebiTi dartymisas
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A. nax. 1.7. ganivi Zalebis epiurebi
ganmeorebiTi dartymisas
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A. nax. 1.8. gadaadgilebis epiurebi saZirkvlis
filis SemTxvevaSi (yoveli 5.10-5 wm-is Semdeg)

mm
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A. nax. 1.9. ganivi Zalis epiurebi
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A. nax. 1.10. gadaadgilebis epiurebi
ganmeorebiTi dartymisas



31

A. nax. 1.11. ganivi Zalebis epiurebi
ganmeorebiTi dartymisas
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A. nax. 1.12. ganivi Zalebi -s sxvadasxva
mniSvnelobisaTvis

x/L

(EI/m)(3*10-3)4
(EI/m)(23.562*10-3)4

x/L

Cans -s didi mniSvnelobisas ganivi Zala niSancvladia da misi

maqsimaluri mniSvneloba metia P0-ze. rac metad mniSvnelovania CvenTvis,

ganivi Zala Tavis maqsimums aRwevs malis SuaSi, romelic warmoadgens

yvelaze sust kveTs. es gasagebicaa amJamad moqmedi inerciul rxeviTi

Teoriis mixedviT maqsimalurad daZabul kveTebs warmoadgenen Reros

boloebi da misi mimdebare ubnebi. amitomac ganivi armatura am ubnebSi

mowyobilia minimaluri bijiT, rac orjer da zogjer metadac mcirea

malis SuaSi ganivi armaturebis bijze. miRebuli ganivi Zalebis

mniSvnelobebidan gamomdinare svetebis Sua nawili ganivi Zalebis

miRebis TvalsazrisiT unda iyos ara Tu naklebad, aramed ufro metad

armirebuli vidre danarCeni kveTebi.

daaxloebiT analogiuri mdgomareobaa qveda boloze mobrunebis

kuTxis nulTan tolobis SemTxvevaSi. aqac ganivi Zala ufro meti

sididis, vidre moqmedi datvirTva, gairbens mTel Reros. mxolod im

gansxvavebiT, rom maqsimaluri mniSvnelobebi gvaqvs Tavidanve ramdenime

wertilSi moqmedi Zalis niSniT, xolo Semdeg ganivi Zala odnav

mcirdeba, magram rCeba moqmed Zalaze meti, icvlis niSans da

gadaadgildeba Reros bolosaken. xist CamagrebaSi airekleba niSnis

Seucvlelad gadadgildeba qveda bolosaken, sadac kvlav airekleba,
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oRond ukve icvlis niSans da gadadgildeba xisti Camagrebisaken. aqac

SeiZleba gakeTdes igive daskvna Reros armirebis Sesaxeb, rac

gakeTebuli iyo wina SemTxvevaSi.

ganmeorebiTi dartymisas miRebuli Sedegebis analizi gviCvenebs,

rom am SemTxvevaSi rogorc gadadgilebebi, aseve ganivi Zalebi

ramdenjerme izrdeba da miT ufro mniSvnelovani xdeba mTeli Reros

sigrZeze armirebis sakiTxi. es gasagebicaa, radgan miwisZvrisas gvaqvs

mTeli rigi qaosuri dartymebisa.

gamoTvlebis gziT iyo mcdeloba Segvemowmebina mosazreba imis

Sesaxeb,  rom Reros gadaWra SeiZleba iyos gamowveuli pirdapiri da

areklili talRebis Sekrebis Sedegad. e.i. pirveladi dartymisas

areklili da meoradi dartymiT gamowveuli pirdapiri talRebisa. am

mizniT ganmeorebiTi dartyma ganxorcielebuli iyo daaxloebiT im dros,

roca pirveladi talRa miaRwevda xist Camagrebas, rom igi e.i. areklili

talRa Sexvedroda meorad talRas SuaSi. gamoTvlebis Sedegad miviReT,

rom ganivi Zalebis mniSvnelobani iseTivea, rogorc meoradi dartymisas,

romelic ganxorcielda pirveladi dartymidan garkveuli drois Semdeg,

roca pirvelad talRas jer ar miuRwevia CamagrebisaTvis. aqedan daskvna,

rom meoradi dartyma TavisTavad iwvevs ganivi Zalebisa da

gadaadgilebebis imdenad gazrdas, rom pirveladi mniSvnelobebis

gavlena umniSvneloa. aq, rogorc Cans, arsebiTia is faqti, rom dartyma

xorcieldeba Reroze, romelic ukve ganicdis rxevas pirveladi dartymis

Sedegad.

gamoTvlebi Sesrulebuli iyo agreTve dartymis xangrZlivobis

gavlenis Seswavlis mizniT. gaanalizebuli Sedegebi, rogorc aRniSnuli

iyo, miRebulia drois bijis naxevris ganmavlobaSi damrtymeli Zalis

moqmedebis dros. dartymis xangrZliobis cvlileba iwvevda rogorc

gadaadgilebebis, aseve ganivi Zalebis adekvatur cvlilebas.

Tu SevadarebT ganiv Zalebs qveda bolos Camagrebis ganxilul

SemTxvevaSi, SeiZleba davaskvnaT, rom ganivi Zalebi metia, roca qveda

bolo Camagrebulia saZirkvlis filaSi, e.i., roca mobrunebis kuTxe

tolia nulis.
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4 Reros grZivi rxevis gantolebis amoxsna

Reros grZivi rxevis gantolebas aqvs saxe:

0
2

2

2

2

2









t

W
a

x

W

es gantoleba, rogorc misi amoxsna, cnobilia ukve didi xania da

klasikuri amoxsnebis saxiT Sesulia TiTqmis yvela umaRlesi

saswavleblis saxelmZRvaneloSi. miT ufro sayuradReboa is faqti, rom

sul ramdenime wlis win ukraineli mecnieris kozaCukis mier aRniSnuli

iyo is uzustobani, rac daSvebulia sawyisi da sasazRvro pirobebis

Camoyalibebisas da ufro metic, furies mwkrivebSi miRebuli

amonaxsnebis sruli Seusabamoba am gantolebis mier aRweril rxevis

procesTan. kozaCukis mier gamaxvilebulia yuradReba im garemoebazec,

rom SeSfoTeba drekad sxeulSi vrceldeba ara myisierad, aramed

garkveuli siCqariT, romelic warmoadgens am sxeulSi bgeris

gavrcelebis siCqares. am movlenis, rogorc faqtis konstatacia xdeba

TiTqos yovelTvis, magram sakiTxi amiT Tavdeba da is ar Rebulobs

gamoxatulebas amocanis maTematikurad Camoyalibebis dros. kozaCukis

mier gaanalizebulia klasikuri amoxsnebis winaaRmdegobrivi xasiaTis

mizezebi da mocemulia maTi daZlevis gzebi. miuxedavad amisa Jurnal

`Прикладная механика" т.41, №5, 2005 w. gamoqveynda ukraineli mecnieris

plaxtienkos statia], sadac avtors mohyavs rxevis gantolebis amonaxseni,

roca qveda boloTi xistad Camagrebuli Rero ganicdis zeda boloze

impulsis zemoqmedebas. impulsi warmodgenilia dirakis funqciis saxiT

 



)(

)0,(
lx

t

xu
, iqve, e.i. Reros boloze deformacia tolia nulis

0
),(





x

tlu
. amave dros gadaadgileba tolia nulis yvelgan sawyis

momentSi da CamagrebaSi yovelTvis. e.i.

0)0,(,0),0(  xUtU .

am pirobebis gaTvaliswinebiT miRebulia amonaxseni:
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advili SesamCnevia, rom mwkrivi niSancvladia, xolo mwkrivis



35

wevrebi warmoadgenen wiladebs kenti ricxvebiT mniSvnelSi. Reros

boloze gamosaxulebis mniSvneloba iqneba:

 
 


 12

212sin4

k
l

tak

a
U

lx






.

misi grafikuli gamosaxuleba Semdegia:

nax. 1.13. Reros bolos gadadgilebebi

e.i. Reros bolos gadadgileba icvleba -s magvari sinusiT da

maSasadame misi mdebareoba icvleba naxtomiseburad.

exla Tu SevecdebiT siCqaris an deformaciis gamoTvlas, e.i. Tu

gavadiferencialebT t-Ti an x-iT, miviRebT ganSlad mwkrivs, radgan misi

koeficientebi axlos iqneba erTTan. kidev ufro absurduli Sedegi

gveqneba aCqarebis gamoTvlisas, radgan miviRebT ganSlad mwkrivs zrdadi

koeficientebiT.

zemoT CamoTvlil winaaRmdegobebs Tavidan avicilebT, Tu

gantolebis amonaxsens avagebT ricxviTi gziT zemoT aRwerili runge-

kutas meTodis gamoyenebiT. amisaTvis wrfivi koordinatiT warmoebuli

CavweroT sxvaobiani sqemiT, maSin m -uri wertilisaTvis gveqneba:
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rac Seexeba sasazRvro pirobebs, isini SeiZleba Camoyalibdes ufro

zustad, radganac impulsi modebuli iqneba mxolod Reros boloSi da

t=0 momentisaTvis. e.i. V
t

lU



 )0,(

. Tu aviRebT m* wertilebis raodenobas,

U
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romlebSic viTvliT gadadgilebas, maSin 0
),(

* 
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m mogvcems

1*1*   mm
UU .

danarCeni ori piroba Caiwereba Semdegnairad .0)0(0)(
1


k

UtU

wina amocanebis analogiurad aqac SemoviRoT aRniSvna V
t

U





,

maSin diferencialur gantolebaTa sistema sasazRvro da sawyisi

pirobebis gaTvaliswinebiT miiRebs saxes:
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gamoTvlebi Sesrulebuli iyo, roca L=300 sm, m*=10. H=30 sm,

E=200000 kg/sm2, =-0.1. qveda Camagrebuli kveTisaTvis m=0 (nax. 14).

nax. 1.14 Rero funqciebiT sakvanZo wertilebSi

gadaadgilebis siCqarisa da aCqarebis epiurebi warmodgenilia

naxazze (nax. 15).
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gadaadgileba

aCqareba

siCqare

nax. 1.15. gadaadgilebis, siCqarisa da aCqarebis
mniSvnelobani kveTSi
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gadaadgileba

aCqareba

siCqare

nax. 1.16. gadaadgilebis, siCqarisa da aCqarebis
mniSvnelobani kveTSi
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gamoTvlebi Sesrulebuli iyo dartymis qveda Camagrebul boloze

ganxorcielebis SemTxvevaSic. am dros 



t

U )0,0(
, rac Cven aRniSvnebSi

mogvcems V2 = - . Sesabamisi epiurebi mocemulia naxazze (nax. 16).

rogorc miRebuli Sedegebi gviCveneben rxevis gantolebebis amoxsna

ricxviTi gziT gvaZlevs realur Sedegebs da saSualebas gvaZlevs Tvali

gavadevnoT dartymis Sedegad rogorc gadadgilebebis, aseve siCqarisa da

aCqarebis gavrcelebis process ReroSi droze damokidebulebiT.

daskvnebi

1. mxolod Runvis gaTvaliswinebiT ReroSi ganivi rxevis gantolebis

analizuri amonaxsnebi konsoluri Reros SemTxvevaSi [1] ar

iZlevian ganivi Zalis gansazRvris SesaZleblobas.

2. aRniSnuli gantolebis amonaxsnebi agebulia ricxviTi gziT da

miRebulia rogorc gadadgilebis, aseve ganivi Zalis mniSvnelobani.

3. konsoluri Reros boloze dartymis SemTxvevaSi ReroSi gairbens

ganivi Zalebi, romlebic niSancvladia da romlis amplituda

daaxloebiT Tanabaria Reros mTel sigrZeze.

4. ganmeorebiTi dartymis SemTxvevaSi ganivi Zalebis ganawilebis

suraTi msgavsia erTjeradi dartymisa, magram amplituda izrdeba

mniSvnelovnad.

5. Reroze impulsuri moqmedebis grZivi rxevis amonaxsnebi Cawerili

furies mwkrivebSi iZlevian gadadgilebis ararealur suraTs,

xolo siCqare da aCqareba saerTod ar isazRvreba.

6. grZivi rxevis gantoleba impulsuri zemoqmedebisas amoxsnilia

ricxviTi gziT da miRebulia gadaadgilebas, siCqarisa  da

aCqarebis realuri mniSvnelobani.

7. seismur zemoqmedebaze Senoba-nagebobebis gaangariSebisa da

konstruirebis dros mizanSewonilia dartymis efeqtis

gaTvaliswineba.
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