nawili III
samSeneblo meqanika (naSenTa statika)
3.1. samSeneblo meqanikis sagani da amocanebi

naSenTa statika samSeneblo meqanikis nawilia. samSeneblo meqanika ki farTo gagebiT mecnierebis dargia, romlis mizania nebismieri daniSnulebis konstruqciaTa gaangariSeba simtkiceze, sixisteze da mdgradobaze. samSeneblo saqmeSi mas `nagebobaTa Teoriasac~ uwodeben. arsebobs dargobrivi disciplinebic: `liTonTa konstruqciebis samSeneblo meqanika~, `safreni aparatebis samSeneblo meqanika~, `xomaldebis samSeneblo meqanika~, `manqanaTa elementebis samSeneblo meqanika~ da a.S. gamoTvliTi teqnikis ganviTarebasTan erTad kompiuterisaTvis mosaxerxebeli maTematikuri algoriTmebis danergvam gamoiwvia am disciplinaTa gaerTianeba ise, rom maT Soris gansxvaveba ZiriTadad mxolod gare zemoqmedebis specifikaSi vlindeba.

Tanamedrove eleqtrogamomTvleli manqanebis (egm) danergvam Zirfesvianad Secvala samSeneblo meqanikis sagani. amis gamo samSeneblo meqanikis Seswavla SeiZleba gaiyos or etapad: klasikuri samSeneblo meqa-nika da samSeneblo meqanika egm-is gamoyenebiT.

klasikuri samSeneblo meqanika, romelic xeliT gaangariSebazea dafuZnebuli, moiTxovs TiToeuli nagebobisadmi individualur midgomas. igi saSualebas iZleva martivi nagebobebis muSaobis Seswavlis xarjze, studenti gaerkves nagebobis muSaobis specifikur arsSi, romlis gareSec SeuZlebeli iqneboda gaangariSebis Semdgom etapze gadasvla da, Sesabamisad, maRali kvalifikaciis specialistis momzadeba.

`naSenTa statika~ exeba klasikur samSeneblo meqanikas da masSi gadmocemulia drekadi brtyeli Rerovani sistemebis statika.

umartivesi sainJinro nagebobaa Rero. Rerod miCneulia tani, romlis erTi ganzomileba sagrZnoblad aRemateba danarCen ors. Rero SeiZleba iyos: sworxazovani da mrudxazovani; mudmiv kveTiani da cvlad kveTiani. Reros ZiriTadi daniSnulebaa miiRos RerZuli (gamWimavi an mkumSavi) Zalebi da agreTve ganivi Zalebi. Reros kerZo saxes warmoadgens moqnili Toki (bagiri), romelic muSaobs mxolod gaWimvaze da ar ewinaaRmdegeba Runvisa da kumSvis deformaciebs. Rero miwasTan an sxva rame uZrav nagebobasTan dakavSirebulia sayrdenebis saSualebiT.

calkeuli Reroebis muSaobis sakiTxebs Seiswavlis masalaTa gamZleoba. 

rac Seexeba naSenTa statikas igi swavlobs Reroebis erTmaneTTan garkveu-

li wesiT dakavSirebul nagebobebs e.w. Rerovan sistemebs. Tu Rerovani sistemis Semadgeneli Reroebis RerZebs da sistemaze moqmed ZalTa fuZeebs gaaCniaT saerTo sibrtye, maSin sistema brtyelia. winaaRmdeg SemTxvevaSi ki sivrculi. am kursSi ZiriTadad ganvixilavT brtyel Rerovan sistemebs.

samSeneblo meqanikaSi Zabvebis magier iyeneben tolqmed sidideebs, Zalvebs. Tumca aseTi midgoma masalaTa gamZleobis kursSic gvxvdeboda. magaliTad, koWis Runvis Seswavlis dros moiZebneboda mRunavi momenti da ganivi Zala, romlebic Sesabamisad warmoadgendnen normalur da mxebi Zabvebis tolqmedebs garkveul kveTebSi. igeboda mRunavi momentebisa da ganivi Zalebis epiurebi  koWis mTel sigrZeze, ris Semdegac ganixileboda gaangariSebis meore etapi kveTis parametrebis SerCeva. samSeneblo meqanikaSi mxolod gaangariSebis pirvel etapzea yuradReba gamaxvilebuli, meore etapi ki, romelic kveTebis konstruirebis sakiTxs exeba, ganixileba specialuri disciplinebSi, saxeldobr xis, liTonis da rkinabetonis konstruqciaTa kursebSi.

nagebobis Semadgeneli konstruqciebi da misi elementebi qmnian rTul meqanikur sistemas, romelTa gaangariSeba dakavSirebulia garkveul maTematikur gamoTvlebTan. es procesi Tavis mxriv damokidebulia masalis meqanikur maxasiaTeblebze, gare zemoqmedebaze, konstruqciis zomebsa da sxva mraval faqtorze. yvela faqtoris maTematikuri aRwera meqanikis ZiriTad kanonebTan erTobliobaSi warmoadgens gasaangariSeblad nagebobis maTematikur models.

saWiroa aRiniSnos, rom nagebobaTa gaangariSebis procesi mWidrodaa dakavSirebuli gamovliTi teqnikis arsebul doneze, razedac TvalnaTliv metyvelebs samSeneblo meqanikis ganviTarebis istoria. XIX saukunis bolomde dominirebda grafikuli meTodi. SemdgomSi, meqanikuri saangariSoebis gamogonebasTan dakavSirebiT, ganviTareba daiwyo gaangariSebis analizurma meTodebma. Seiqmna mravali meTodi, romelsac dResac ar daukargavs Tavisi mniSvneloba. XX saukunis 50 wlebSi, mZlavri gamomTvleli manqanebis gamoyenebam dasabami misca samSeneblo meqanikis swavlebisadmi sruliad axal midgomas. dRevandel pirobebSi amocanis amoxsna mindobili aqvs manqanas (kompiuters), xolo inJiners moeTxoveba amocanis dasma da miRebuli Sedegebis analizi. rac Seexeba mesame monawiles programists, igi arCevs manqanisaTvis saWiro yvela algoriTms da ganagebs amocanis maTematikur mxares.

samSeneblo meqanikaSi nagebobaTa daZabul-deformirebuli mdgomareobis Sesaswavlad ixilaven ara TviT realur nagebobas, aramed mis gamartivebul e.w. saangariSo sqemas, sadac ugulebelyofilia meorexarisxovani faqtorebi da yuradReba gamaxvilebulia yvelaze ufro niSandobliv Tvisebebze. saangariSo sqema warmoadgens realuri nagebobis gonivrul idealizacias, romelSic asaxulia nagebobis muSaobis yvelaze ZiriTadi aspeqtebi. unda aRiniSnos, rom erTi da imave nagebobisaTvis SeiZleba SeirCes ramodenime saangariSo sqema, imis da mixedviT, Tu razea gamaxvilebuli inJinris yuradReba. 
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ganvixiloT umartivesi saxis nageboba, Tavisuflad dayrdnobili koWis saxiT (nax. 3.1 a). saangariSo sqemis mixedviT mas gamosaxaven geometriuli RerZis saSualebiT (nax. 3.1, b). 

koWis amgvari saangariSo sqema savsebiT gamarTlebulia, vinaidan misi sigrZe sagrZnoblad aRemateba ganivkveTis zomebs. amasTanave koWis Runvis teqnikuri Teoria saSualebas gvaZlevs vimsjeloT koWis nebismieri wertilis daZabul-deformirebuli mdgomareobis Sesaxeb misi gaRunuli RerZis mixedviT. pirobiTobas mivmarTavT agreTve koWze moqmedi Zalebisa da sayrdeni mowyobilobebis warmodgenis mxrivac. rogorc vxedavT iseTi martivi nagebobis ganxilvac ki rogoricaa koWi, moiTxovs ara erTi da ori daSvebis SemoRebas, amocanis Semdgomi gamartivebis mizniT.

sainJinro nagebobebi ganxorcielebulia sxvadasxva masalisagan, romlebic xasiaTdebian gansxvavebuli fizikuri TvisebebiT. maTi gaTvaliswineba sagrZnoblad cvlis gaangariSebis saboloo Sedegs. amis gamo, saWiroa winaswar Camoyalibdes masalis fizikuri qcevis amsaxveli idealizirebuli sqema, romelic cnobilia masalis fizikuri modelis saxelwodebiT. samSeneblo praqtikaSi ZiriTadad nagebobaTa gaangariSeba xdeba drekadobis farglebSi, arsebobs agreTve nagebobaTa gaangariSeba drekadobis farglebs gareT, plastikuri deformaciebis gaTvaliswinebiT. fizikuri modelis brmad da dausabuTebelma aRebam SeiZleba gamoiwvios metad arasasurveli Sedegi. magaliTad nageboba iyos metad araekonomiuri, anda agebamde an eqsploataciaSi Sesvlisas moxdes misi katastrofa.

nagebobis saangariSo sqemis SerCevisas didi yuradReba unda mieqces agreTve gare zemoqmedebis SerCevas, romelmac unda imoqmedos nagebobaze misi eqsploataciaSi Sesvlis Semdeg. gare zemoqmedebis cneba bevris momcveli cnebaTagania. igi moicavs ara marto nagebobis wonas, wylis da qaris datvirTvas, temperaturis cvlilebis gaTvaliswinebas, mosalodneli gada-adgilebiT gamowveul Zalvebs, aramed moulodnel datvirTvaTa gansazRvrasac. rogoricaa magaliTad miwisZvra, mewyeri, xanZari da sxv. CamoT-vlili Zalebi rTuli bunebisaa da warmoadgenen SemTxveviT sidideebs. amis gamoa, rom dRemde mecnierebam zemoqmedebis Sesaxeb ver miaRwia iseT dones, rom SeiZlebodes misi zusti gadmocema, ris gamoc inJineri iyenebs mxolod miaxloebiT normatiul monacemebs datvirTvis saxeobis Sesaxeb, romlebsac saangariSo datvirTvebs uwodeben da isini mocemulia moqmed normebsa da wesebSi.

unda aRiniSnos, rom nagebobaTa gaangariSeba ZiriTadad moicavs ori faqtoris, zemoqmedebisa da winaaRmdegobis gansazRvras. nagebobis winaaRmdegoba warmoadgens am nagebobis mzidi konstruqciis elementebis unars, Seqmnas geometriulad ucvleli mtkice sistema, romelic win aRud-geba masze mosul nebismier zemoqmedebas. gaangariSebis mizania am or faq-tors Soris iseTi damokidebulebebis dadgena, rodesac yovelgvar zemoqme-debas unda eTanadebodes nagebobis sruliad garkveuli winaaRmdegoba an pi-riqiT. mecniereba winaaRmdegobis Sesaxeb viTardeba sxvadasxva daSvebebisa da Teoriebis mixedviT. 

kursis Seswavlis mizniT Cven visargeblebT, iseve rogorc masalaTa gamZleobaSi, Semdegi daSvebebiT:

1. masala, romlisganac ganxorcielebulia gasaangariSebeli nageboba warmoadgens idealurad drekad uwyvet tans;

2. Zabvebsa da deformaciebs Soris damokidebulebaSi arsebobs wrfivi kanoni;

3. adgili aqvs ZalTa qmedebis damoukideblobis princips, romlis Ta-naxmadac ramdenime Zalis qmedebiT gamowveuli Zalva da deformacia Sesaba-

misad im Zalvebisa da deformaciebis jamis tolia, romelTaganac TiToeu-li gamowveuli damoukideblad moqmedi Zalisagan.

aRniSnuli daSvebebis saSuZvelze samSeneblo meqanikis ZiriTadi gantolebebi iyofa sam jgufad:

a) wonasworobis gantolebebi, romlebic warmoadgenen nagebobis gaangariSebis statikur mxares. es gantolebebi iwereba gare da Siga Zalebi-saTvis.

b) deformaciis Tavsebadobis gantolebebi (geometriuli gantolebebi), warmoadgenen gasaangariSebeli nagebobis geometriul mxares, am gantolebebSi deformaciebs ukavSireben sistemis wertilTa gadaadgilebebs.

g) fizikuri gantolebebi, romlebic akavSirebs erTmaneTTan Zalvebs deformaciebTan. bevr samSeneblo masalisaTvis fizikuri gantolebebi gamoisaxeba hukis kanonis mixedviT.

3.2. Sesaswavli nagebobebis mokle daxasiaTeba

qvemoT laparaki gveqneba Sesaswavl nagebobebze maTi saangariSo sqe-mis mixedviT.

TaRi.
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TaRi warmoadgens mrude Zels, romelic boloebiT uZravadaa damagrebuli miwasTan an sxva uZrav nagebobasTan. TaRze moqmedi datvirTva cdilobs TaRis gawevas anu ganmrjenas. TaRis sayrdenebis horizontalur gadaadgilebas ewinaaRmdegebian reaqciebis horizontaluri mdgenelebi, romlebsac ganmbrjenebs uwodeben. TaRebs erTmaneTisagan ganasxvaveben masSi mowyobili saxsrebis ricxvis mixedviT. mSeneblobaSi ZiriTadad gvxvdeba: samsaxsriani (nax, 3.2), orsaxsriani (nax. 3.3), erTsaxsriani (nax. 3.4) da usaxsro (nax. 3.5) TaRebi.

   zogjer TaRis erT bolos moZrav saxsrovans akeTeben. aseT SemTxvevaSi TaRis boloebis urTierTgadaadgilebis mospobis mizniT TaRs ukeTeben SemkoWs. SemkoWi SeiZleba iyos sayrdenTa doneze (nax. 3.6), an maT maRla (nax. 3.7) da aseve kidulic (nax. 3.8).
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TaRebs xSirad ganmbrjenian sistemebs uwodeben. ganvixiloT umartivesi SemTxveva, roca samsaxsriani TaRi ganicdis erTi Seyursuli F'Zalis qmedebas (nax. 3.9). A  da B saxsrebs quslis saxsrebs uwodeben, xolo C-s klitis saxsars. manZils klitis saxsridan A da B saxsrebis SemaerTebel wrfemde TaRis aweulobis isars uwodeben da mas f-iT aRniSnaven. TaRis RerZis moxazuloba SeiZleba iyos: wriuli, paraboluri, elifsuri da sxva saxis. imis gamo rom C saxsarSi mRunavi momenti nulis tolia da TaRis BC nawili ganicdis mxolod 
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 reaqciis mimarTuleba unda gadiodes C saxsarSi. davadginoT axla 
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 reaqciis mimarTuleba. ramdenadac sami Zala 
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amitom maTi fuZeebi unda ikveTebodnen erT D wertilSi. amrigad ganisazRvra orive reaqciis mimarTuleba. Tu 
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 reaqciebs davSliT vertikalur da horizontalur mdgenelebad miviRebT 
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 e.w. koWur reaqciebs (nax. 3.9).

  wamwe 

wamwe warmoadgens nagebobas, romelic ganxorcielebulia Reroebis erTobliobiT, romlebic erTmaneTTan dakavSirebulni arian cilindruli saxsrebis saSualebiT. wamwis Reroebis Tavmoyris adgils kvanZs uwodeben.  igulisxmeba, rom wamweze moqmedi datvirTvebi kvanZebSi arian modebulni.

wamwis saangariSo sqemis aseTnairi gamartiveba saSualebas iZleva sagrZnoblad gamartivdes wamwis angariSi. kerZod kvanZuri datvirTvis SemTxvevaSi da amasTan kvanZebSi mRunavi momentebis nulTan tolobis gamo, wamwis Reroebi ganicdian mxolod kumSva-gaWimvis deformacias.

wamwis konturis gaswvriv ganlagebuli Reroebi qmnian wamwis zeda da qveda sartyels. sartyelebs Soris moTavsebuli ReroTa erToblioba adgens wamwis gisoss. gisosis daxril Reroebs iribanebs uwodebden, xolo Sveulebs ki dgarebs. manZils sartyelis mezobel kvanZTa Soris paneli ewodeba. wamweTa klasifikacia xdeba sxvadasxva niSnis mixedviT sartyelis moxazulobis mixedviT wamwe SeiZleba iyos rogorc mrudwiruli (nax. 3.10) aseve texilic (nax. 3.11).

(nax. 3.12)-ze naCvenebia paralelur sartyelebiani wamwe rTuli gisosiT. sayrdenTa  reaqciebis  mixedviT  wamwes ewodeba koWuri Tu masze 


                                                 
Sveuli Zalebis moqmedebis Sedegad aRiZvreba mxolod Sveuli reaqciis Zalebi. winaaRmdeg SemTxvevaSi wamwes gambrjeniani ewodeba (nax. 3.13).

 
wamwis ReroebSi ZalvaTa sidideebis gamoTvlebs awarmoeben masalaTa gamZleobis kursidan cnobili gankveTis meTodis gamoyenebiT, romlis Tanaxmad wamwidan unda amoikveTos misi garkveuli nawili da masze ukugdebuli nawilis magier vimoqmedoT ukuqmedebis ZalebiT. vwerT saTanado wonasworobis gantolebebs da agreTve, saWiroebis SemTxvevaSi, damatebiT gantolebebs, romlebic saSualebas mogvcems ganvsazRvroT  wamwis ReroebSi saTanado ZalvaTa sididebi.
  CarCo 

CarCo es iseTi Rerovani sistemaa, sadac yvela an nawili kvanZebisa xistia. xist kvanZs gaaCnia is Tviseba, rom deformaciis Sedegad kvanZSi Semavali Reros RerZebs Soris kuTxe iseTive rCeba, rogoric iyo deformaciamde.

CarCos vertikalur Reroebs dgarebi ewodebaT, horizontalurs ki – rigelebi. dgarica da rigelic zogjer SeiZleba daxrili iyo. arc isaa gamoricxuli, rom calkeuli rigelebis RerZebs hqondeT texili an mrudwiruli moxazuloba (nax. 3.14). CarCo SeiZleba iyos erTmaliani erTsarTuliani mravalmaliani, mravalsarTuliani.

     CarCos tipis konstruqcia mSeneblobaSi damkvidrda umTavresad rkinabetonTan erTad. CarCos elementebi ZiriTadad Runvaze muSaoben.

TiToeuli konstruqcia, misi arqiteqturuli saxe, zomebi, gamoyenebuli masalis raoba, mWidrodaa dakavSirebuli imaze, Tu rogoria mosalodneli datvirTva, rogoria mSeneblobis moda da gansakuTrebiT gaangariSebis meTodi. jer kidev 1897 wels Suxovi werda: `konstruqciaSi masalis racionalurad gamoyenebis SesaZlebloba mxolod maSin Cndeba, roca masala muSaobs an mxolod kumSvaze, an gaWimvaze, romlebic iwveven mxolod erTniSna Zabvebs~.

 naTqvamis naTelsayofad ganvixiloT martivi magaliTi. or sayrdenze mdebare bh ganivkveTis mqone koWi, romelic ganicdis mkumSavi F Zalis qmedebas (nax. 3.15, a) da igive koWi, romelic ganicdis malis SuaSi imave F Zalis qmedebas (nax. 3.15, b).
Zabva ERerZuli  F Zalis qmedebis Sedegad iqneba 
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, Tu SevadarebT Zabvebis miRebul mniSvnelobebs, davrwmundebiT, rom Runvad elementSi warmoqmnili Zabvis mniSvnelobebi erTi da igive datvirTvis SemTxvevaSi. 12-jer aRemateba kumSviT (gaWimviT) miRebul mniSvnelobebs. aqedan daskvna, rom kumSva-gaWimvis deformacia ufro racionaluria, vidre Runvis deformacia.

Runvis deformaciis acileba konstruqciisaTvis warmoadgens erT-erT aqtualur sakiTxs da Tu rogor unda ganxorcieldes es ukanaskneli damokidebulia mraval faqtorTan da gonebamaxvilur mosazrebebTan.

konstruqciis formis arCeva damokidebulia mraval faqtorze, iseTebze rogoricaa: daniSnuleba, muSaobis pirobebi, gaangariSebis meTodebi da sxv. miRebulia ganvasxvaoT konstruqciis elementebi erTmaneTisagan misi geometriuli zomebis mixedviT. roca konstruqciis erTi ganzomileba sagrZnoblad aRemateba danarCen ors, saqme gvaqvs RerosTan, `rgolTan~, TaRTan. konstruqcias, romlis ori ganzomileba sagrZnoblad aRemateba mesames (sisqes) uwodeben garsebs da filebs, xolo roca konstruqciis samive ganzomileba erTi da igive rigisaa, saqme gvaqvs sivrciT konstruqciasTan.

Tavisi arsebobis periodSi adamianma Seqmna da dResac qmnis mraval unikalur konstruqcias. maTgan dResac gancvifrebas iwvevs msoflios Svidi saocreba.    

1. xeofsis didi piramida egvipteSi; 

2. artemidas taZari efesSi (TurqeTi);

3. babilonis dakidebuli baRebi;

4. zevsis qandakeba olimpoSi;

5. halikarnasis mefe mavsolis akldama;

6. rodosis kolosi;

7. farosis Suqura. 

3.3. nagebobaTa kinematikuri analiziEHB FYFKBPB

nagebobam, rom Seasrulos Tavisi daniSnuleba e.i. miiRos gare zemoqmedeba da Semdeg igi sayrdenebis saSualebiT gadasces miwas an sxva uZrav nagebobas, is geometriulad ucvleli da uZravi sistema unda iyos, rac imas niSnavs, rom aseTi nagebobis (sistemis) geometriuli formis Secvla unda moxdes mxolod am nagebobis Semadgeneli elementebis deformaciis xarjze.

geometriulad ucvleli sistemis nimuSs warmoadgens Rerovan sax-srovani samkuTxedi (nax. 3.16). aseT samkuTxeds SeiZleba SevucvaloT forma mxolod maSin, Tu deformacias mivaniWebT mis erT-erT Reros mainc. sruliad gansxvavebul movlenasTan gvaqvs saqme Rerovan-saxsrovan marTkuTxedis SemTxvevaSi. umniSvnelo Zalac ki sakmarisia imisaTvis, rom aseTma marTkuTxedma geometriuli forma Seicvalos ise, rom ar moxdes misi Semadgeneli Reroebis deformacia (nax. 3.17). aseTi Rerovani-saxsrovani oTxkuTxedi geometriulad cvlad sistemas warmoadgens.

 msjeloba imis Sesaxeb, mocemuli nageboba geometriulad cvladia 

Tu ucvleli, xdeba Tavisuflebis xarisxis mixedviT. sistemis Tavisuflebis xarisxi ewodeba im damoukidebeli parametrebis ricxvs, romlebic gansazRvraven sistemis mdebareobas sibrtyeze (brtyeli Rerovani 


sistemebis SemTxvevaSi). imisaTvis, rom gavamartivoT Tavisuflebis xarisxis gansazRvris sakiTxi. mizanSewonilia realuri nageboba warmovadginoT diskoebis erTobliobebiT, romlebic erTmaneTTan dakavSirebulni arian idealuri cilindruli saxsrebis saSualebiT, xolo miwasTan ki – sayrdeni ReroebiT. diskoTa qveS igulisxmeba nagebobis is nawili, romlis geometriulad ucvleloba eWvs ar iwvevs.     
ganvixiloT brtyeli disko, romelic daubrkoleblad moZraobs sakuTar sibrtyeSi. misi Tavisuflebis xarisxi samis tolia. marTlac ganxiluli diskos mdebareoba ganisazRvreba sami parametriT, esenia x da y fiqsirebuli, vTqvaT A wertilis koordinatebi da kuTxe (, romelsac diskos SigniT aRebuli AB monakveTi adgens x RerZTan (nax. 3.18).


aviRoT brtyeli disko, romelic sibrtyes ukavSirdeba cilindruli saxsris saSualebiT (nax. 3.19). cxadia, amjerad diskos Tavisuflebis xarisxi erTis tolia. diskos mdebareoba sibrtyeze ganisazRvreba erTi parametriT, kerZod, mobrunebis ( kuTxiT.

axla ganvixiloT ori brtyeli disko, romlebic erTmaneTTan dakavSirebulia cilindruli saxsriT (nax. 3.20). am diskoebs, rom erTmaneTisagan damoukideblad emoZravaT, maSin maT eqnebodaT eqvsi Tavisuflebis xarisxi. saerTo saxsris arsebobis gamo Tavisuflebis xarisxi oTxis tolia, eseni arian saerTo saxsris x da y koordinatebi da mobrunebis ori kuTxe 
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 da 
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. amgvarad, rogorc uZravi, aseve moZravi cilindruli saxsari oriT amcirebs Tavisuflebis xarisxs. yovel dabrkolebas, romelic erTiT amcirebs Tavisuflebis xarisxs kinetikur bmas uwodeben.

Tu saxsari orze met diskos aerTebs, mas rTul anu jerad saxsars uwodeben. vTqvaT saxsari aerTianebs erTmaneTTan n diskos. am diskoebs erTmaneTisagan damoukideblad, rom emoZravaT, maSin maTi Tavisuflebis xarisxi iqneboda 3n. jeradi saxsaris arsebobis gamo igi ~n+2)-is tolia. marTlac diskoebis erTobliobebis dasadgenad sibrtyeze sakmarisia vicodeT jeradi saxsris x da y koordinatebi da 
[image: image20.wmf]n

j

j

j

,

,

,

2

1

L

 kuTxeebi, romlebsac TiToeuli diskos SigniT aRebuli 
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 monakveTebi adgenen x RerZTan. amrigad jeradma saxsarma Seamcira Tavisuflebis xarisxi ricxviT

3n_(n+2)=2(n(1).

miRebuli formulidan gamomdinareobs, rom jeradi saxsari 2(n_1) kinematikuri bmis anu rac igivea (n_1) martivi saxsris tolfasi yofila.

sistemis Tavisuflebis xarisxs amcirebs aseve sayrdeni Reroebis arsebobac. TiToeuli sayrdeni Rero gamoricxavs gadaadgilebis SesaZleblobas sakuTari RerZis gaswvriv. maSasadame TiToeuli sayrdeni Rero erTi kinematikuri bmis tolfasia. mas Semdeg rac davadgineT saxsrebisa da sayrdeni Reroebis kinematikuri Tvisebebi, SesaZlebloba gveZleva gamovTvaloT sistemis Tavisuflebis xarisxi. marTlac, davuSvaT, rom gasaangariSebeli nageboba ganxorcielebulia `d~ raodenoba diskoebisagan `s~-raodenoba saxsrebisagan da `sR~ raodenoba sayrdeni Reroebisagan. diskoebs, rom erTmaneTisagan damoukideblad emoZravaT maSin maT eqnebodaT `3(d~ Tavisuflebis xarisxi, saxsrebisa da sayrdeni Reroebis arsebobam Tavisuflebis xarisxi Seamcira 2s(sR ricxviT. amgvarad, Tu nagebobis Tavisuflebis xarisxis aRvniSnavT W-Ti, maSin misTvis gveqneba:

                                W=3d_2s_sR.                                (3.1)

(3.1) formuliT sargeblobisas unda  gvaxsovdes, rom `s~-aris martivi saxsrebis ricxvi. Tu saxsari aerTianebs n diskos, maSin aseTi saxsari (n_1) martivi saxsaris tolfasia. saxrebis daTvlisas sistemas unda moexsnas sarydeni Reroebi, xolo diskoebis daTvlisas ki mocemuli nageboba unda gavaTavisufloT saxsrebisa da sayrdeni Reroebisagan.

 roca W>0 sistema geometriulad cvladia. am SemTxvevaSi nagebobas mTlianad an nagebobis calkeul elementebs gaaCniaT garkveuli mimarTulebiT gadaadgilebis SesaZlebloba, rac uzrunvelyofs sistemis formis cvlilebas misi elementebis deformaciis gareSe.

imisaTvis, rom sistema iyos geometriulad ucvleli aucilebelia, 

rom W( 0. sakmarisobisaTvis unda Catardes nagebobis struqturuli analizi. am analizis mizania rTuli sistemis warmodgena iseTi martivi sistemebis erTobliobebiT, romelTa geometriulad cvalebadoba-ucvleloba SeiZleba ganisazRvros martivad. rogorc zemoT aRvniSneT geometriulad cvladi martivi sistemis magaliTs warmoadgens Rerovani saxsrovani oTxkuTxedi, xolo ucvlelis ki Rerovani saxsrovani samkuTxedi. gamomdinare am ukanasknelidan sistema geometriulad ucvleli iqneba Tu ki igi sqematurad SeiZleba warmovidginoT, rogorc:

1. ori disko erTmaneTTan dakavSirebuli erTi bolo-saxsrovani ReroTi da saerTo saxsriT (nax. 3.21).

2. ori disko erTmaneTTan dakavSirebuli sami iseTi ReroTi, romlebic erT wertilSi ar ikveTebian da ar arian urTierTparaleluri (nax. 3.22).

3. saxsari dakavSirebuli diskosTan ori ReroTi, romlebsac ar gaaCniaT saerTo fuZe (sami saxsari erT wrfeze ar mdebareobs) (nax. 3.23).


SevniSnoT, rom zogierT geometriulad ucvlel sistemebSi Tu SevcvliT romelime Semadgeneli Reros RerZis sigrZes an mis daxris kuTxes, maSin sistema SeiZleba myisad cvladi aRmoCndes. myisad cvlad sistemebSi mosalodnelia  usasrulod didi Zabvebis warmoqmna, rac dangrevis safrTxes uqmnis nagebobas. naTqvamis naTelsayofad ganvixiloT nax. 3.24-ze naCvenebi sistema. B saxsarSi modebuli Sveuli F 'Zala gawonasworebulia AB da BC ReroebSi aRZruli 
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 ZalebiT (ix. nax. 3.25), romelTa sidideebi saTanadod iqnebian:
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axla warmovadginoT, rom ( kuTxe TandaTanobiT mcirdeba da miiswrafis nulisaken (nax. 3.26). roca kuTxe gautoldeba nuls, maSin 
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, ris gamoc saxsari amoZravdeba. misi gadaadgileba Sewydeba, rogorc ki ( kuTxe miiRebs nulisagan gansxvavebul mniSvnelobas.

myisad cvlad sistemebs gaaCniaT garkveuli niSandoblivi Tvisebebis erT-erTi maTgani rogorc zemoTY vnaxeT isaa, rom mosalodnelia usasrulod didi Zalvebis warmoqmna. meore niSandoblivi Tviseba mdgomareobs, imaSi rom dautvirTavi myisad cvladi sistemebis elementebSi moqmedi Zalvebi ganusazRvreli rCebian (nulovani datvirTvis xerxi).
amgvarad, nagebobis saangariSo sqemis analizis dros, Tavdapirvelad formuliT (3.1) iTvlian W Tavisuflebis xarisxs, xolo Semdeg axdenen struqturul analizs da amowmeben myisad cvladobaze, zemoT CamoTvlili erT-erTi niSnis mixedviT.

geometriulad ucvlelobis dasadgenad (3.1) formula zogadia da igi gamodgeba nebismieri brtyeli Rerovani sistemebisaTvis. Tu aRmoCnda, rom  
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 maSin sistema geometriulad cvladia da igi sainJinro nagebobad ar gamodgeba. roca 
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 sistema statikurad rkvevadia, xolo Tu ki  
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 sistemas gaaCnia zedmeti bmebi da igi statikurad urkvevia. zedmeti bmebi anu statikurad urkvevobis rigi ganisazRvreba formuliT

`z~ =@
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brtyeli wamwisaTvis (3.1) piroba ufro martiv saxes iRebs. marTlac, ganvixiloT Rerovani saxsrovani samkuTxedi. igi umartives wamwes warmoadgens. aRniSnul samkuTxeds mivuerToT axali saxsari ori iseTi ReroTi, romelTac saerTo fuZe ar gaaCniaT. miRebuli nageboba kvlav geometriulad ucvleli iqneba. Tu ganvagrZobT saxsarTa mierTebas aRwerili wesiT miviRebT geometriulad ucvlel wamwes (nax. 3.27).

davadginoT raodenobrivi Tanafardoba aseTnairad miRebuli geometriulad ucvlel wamwis kvanZebsa da Reroebs Soris. aRvniSnoT Reroebis ricxvi m-iT, kvanZebisa ki^ n-iT. pirveli sami kvanZis dakavSirebas moxmarda sami Rero. rac Seexeba yovel momdevno kvanZs, misi dakavSireba winamorbed sistemasTan xorcieldeba ori Reros daxmarebiT. amgvarad  
                                   m=3+2(n(3)=2n(3             (3.2)

Tu m<2n(3 es imas niSnavs, rom wamwes ar gaaCnia ucvlelobisaTvis sakmarisi minimalur ReroTa ricxvi. aseT SemTxvevaSi wamwe geometriulad cvladia. maSasadame wamwis geometriulad ucvlelobis aucilebel pirobas warmoadgens m(2n(3. sakmarisobisTvis unda Catardes struqturuli (SedgenilobiTi) analizi. analizis erT-erTi gza mdgomareobs ReroTa wyvil-wyvilad CamocilebaSi. Camocilebas viwyebT iseTi kvanZisagan, romelSic Tavs iyris ori Rero. Tu sabolood dagvrCa Rerovan-saxsrovani samkuTxedi mocemuli wamwe geometriulad ucvleli yofila.

ReroTa Camocilebis xerxi ar gamodgeba maSin, roca uklebliv yvela 

kvanZSi Tavs iyris orze meti Rero. aseTi wamwe warmodgenilia nax. 3.28-ze. igi Sedgenilia ori geometriulad ucvleli wamwisagan, romlebic erTmaneTTan dakavSirebulia saerTo C saxsriT da AB ReroTi. aseTi sistema ki geometriulad ucvlelia. geometriulad ucvleli sistema miwasTan mimagrebulia sayrdeni ReroebiT, romlebic uzrunvelyofen mis uZraobas. minimalur bmaTa ricxvi samis tolia.

roca 
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 wamwe statikurad rkvevadia, xolo roca 
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 gaaCnia zedmeti Reroebi da igi statikurad urkvevia.

3.4. sam saxsriani TaRis angariSi B

TaRebis Teoriis Seswavla daviwyoT statikurad rkvevadi samsaxriani TaRis ganxilviT.

viangariSoT samsaxriani TaRi niSnavs avagoT mis nebismier K kveTSi aRZruli mRunav momentTa, ganiv da normalur ZalTa epiurebi.

ganvixiloT nax. 3.29-ze naCvenebi samsaxsriani TaRi, romelic ganicdis garkveul ZalTa sistemis qmedebas.

wonasworobis piroba 
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 e.i. Tu TaRi ganicdis mxolod Sveuli Zalebis qmedebas misi sayrdeni reaqciebis horizontaluri mdgnelebi, e.i. ganmbrjenebi sididiT tolni arian.

TaRis reaqciaTa vertikaluri 
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 mdgenelebis gansazRvris mizniT gamoviyenoT wonasworobis pirobebi, kerZod, 
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, romlebic gaSlili saxiT mogvcemen 
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sidideebi 
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 Sesabamisad aRniSnaven TaRze moqmedi aqtiuri Zalebis momentebis algebrul jams A da B wertilebis (quslis saxsrebis) mimarT. Tu ganvixilavT koWs, romlis malis sigrZe igivea rac TaRis da moqmedebs igive ZalTa sistema rac TaRze da gamovTvliT koWis 
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 sayrden reaqciebs davrwmindebiT, rom isini igive formulebiT gamoiTvlebian, rac samsaxsriani TaRis SemTxvevaSi gvqonda. amitomaa, rom  
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 reaqciebs xSirad koWur reaqciebs uwodeben, xolo zemoT aRniSnul koWs ki TaRis Sesabamis koWs.

ganmbrjenis sididis dadgenis mizniT visargeblobT im pirobiT, rom 

klitis c saxsarSi mRunavi momenti nulia 
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, romelic gaSlili saxiT Semdegnairad Caiwereba^
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TaRis Sesabamisi koWis mRunavi momentis sididea c kveTSi (malis SuaSi).

rogorc miRebuli (3.3) formulidan Cans ganmbrjenis sidide damokidebulia mxolod klitisa da quslis saxsrebis urTierTganlagebaze. amasTan gasaTvaliswinebelia piroba, rom, roca 
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, rac damreci TaRebis uaryofiT mxared unda CaiTvalis.

sayrdeni reaqciebis dadgenis Semdeg ganvixiloT TaRis nebismieri K kveTi da ganvsazRvroT am kveTSi aRZruli mRunav momentTa, ganiv da normalur ZalTa sidideebi. 

rogorc cnobilia, mRunavi momenti warmoadgens kveTis calmxares moqmedi yvela Zalebis momentebis algebrul jams. mRunavi momentis garda TaRis nebismier K kveTSi moqmedebs Zalac. igi warmoadgens kveTis calmxares moqmedi yvela Zalis geometriul jams. es ukanaskneli SegviZlia davSaloT or mdgenelad, romelTaganac erTi RerZis normalis gaswvrivaa mimarTuli, meore ki mxebis gaswvriv. pirvels ewodeba ganivi an gadamWreli Zala, meores ki grZivi an normaluri Zala. ukanaskneli miCneulia dadebiTad, roca igi iwvevs gaWimvas. ganivi Zala dadebiTad miiCneva, Tu TaRis warmodgenili gakveTis Sedegad cdilobs moabrunos mokveTili nawili Sesabamisi sayrdenis irgvliv saaTis isris moZraobis mimarTulebiT.

naTqvamis safuZvelze, Tu ganvixilavT K kveTis marcxena nawilis wonasworobis pirobas da gavavlebT K wertilze TaRis RerZis  n-n normals da m-m mxebs (nax. 3.30), maSin ganmartebis Tanaxmad, mRunav momentTa, ganiv da^grZiv ZalTa sidideebisaTvis gveqneba: 
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sadac 
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 warmoadgens TaRis Sesabamisi koWis mRunavi momentis sidides K kveTSi, xolo 
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 ki ganivi Zalis sidides. 
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 TaRis RerZis moxazulobis ordinataa; 
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 kuTxea K kveTze gatarebul normalsa da vertikals Soris, romlis tangensic ganisazRvreba formuliT 
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rogorc mRunav momentTa gamosaTvleli (3.4) formulidan Cans gambrjenis arsebobis gamo mRunavi momenti TaRSi naklebia mis Sesabamis koWTan SedarebiT. rogorc cnobilia, Runvis Sedegad kveTis boWkoebis garkveuli nawili ganicdis gaWimvis deformacias. es ukanaskneli arasasurvel movlenad unda CaiTvalos im masalebisaTvis, romliTac Cveulebriv ageben TaRs (betonis, qvis an aguris wyoba). amasTan dakavSirebiT sasurvelia mRunavi momentis sidide yvelgan nulis toli aRmoCndes, anu adgili hqondes tolobas
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es formula faqtiurad gansazRvravs TaRis RerZis racionalur moxazulobas, anu iseT moxazulobas, romelic uzrunvelyofs nagebobis umomento mdgomareobas.

imis  mixedviT,  Tu  rogori  datvirTva moqmedebs TaRze 
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 iqneba sxvadasxvanairi. Sesabamisad miviRebT TaRis RerZis gansxvavebul moxazulobas.

im SemTxvevaSi, roca TaRis RerZi kvadratuli moxazulobisaa da ga-nicdis q intensiobis Tanabrad ganawilebuli datvirTvis qmedebas gveqneba
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vaCvenoT samsaxsriani TaRis gamoyenebis praqtikuli mxare. TaRebi anu
Caketili rgoluri sistemebi sami da meti saxsrebiT farTod gamoiyenebian
samTo saqmeSi gamomuSavebuli qanebis gasamagreblad. erT-erT yvelaze gavrcelebul konstruqcias warmoadgens gvirabis samagri samsaxsriani TaRis saxiT. samagris konstruqciuli sqema warmodgenilia (nax. 3.31,a)-ze. 
samagris zeda nawili moxazulia wrewiris rkaliT da SeuRlebulia fuZisadmi  daxril sworxazovan gverdebTan. TaRi ganicdis simetriulad ganawilebuli datvirTvebis qmedebas, romlebic aRiZvrebian samTo qanebis 

mxridan. TaRis zomebi da saangariSo sqemebi naCvenebia 3.31 b,g naxazebze. 

 TaRis sayrdeni reaqciebi simetriulobidan gamomdinare iqnebian:
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H ganmbrjenis dadgenis mizniT ganvixiloT c Sualedur klitis saxsarSi mRunavi momentis nulTan tolobis piroba marjvena nawilisaTvis (nax. 3.31, g). Sesabamisad
gveqneba
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Siga Zalvebis gansazRvris mizniT umjobesia ganvsazRvroT jer klitis saxsarSi grZivi Zala 
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 (ganivi Zala da mRunavi momenti klitis saxsarSi nulia). (nax. 3.31 g)-is mixedviT klitis saxsarSi grZivi 
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simetriulobis gamo ganvixiloT TaRis marjvena nawili da gamovTva-

loT TaRis wriuli moxazulobis nebismier I-I kveTSi, romelic xasiaTdeba 
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 kuTxiT (nax. 3.31 g), mRunavi momentis, ganivi da grZivi Zalebis sidideebi.

gveqneba:
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im kerZo SemTxvevaSi, roca 
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I-I kveTSi Siga Zalvebis mniSvnelobebi Sesabamisad iqnebian: 
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sworxazovan ubanze II-II kveTSi Siga Zalebis sidideebia:
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saTanado epiurebs eqnebaT (nax. 3.32)-ze naCvenebi saxe:
3.5. statikurad rkvevadi wamwis ReroebSi B

ZalvaTa-gansazRvris xerxebi

qvemoT mocemulia wamweebis ReroebSi ZalvaTa gansazRvris ramoden-

ime xerxi, romlebic gankveTis meTodis nairsaxeobas warmoadgens.

a) samomento wertilis xerxi

 es xerxi gamoiyeneba mxolod im SemTxvevaSi, rodesac SesaZlebelia wamwe gakveTili iqnas or nawilad ise, rom gankveTaSi moxvdes mxolod iseTi Reroebi, romelTagan saZiebeli Reros garda yvela Tavs iyris erT wertilSi. am wertilis mimarT Tu davwerT momentebis jamis nulTan tolobis pirobas wamwis erTi romelime nawilis mimarT, masSi Seva mxolod erTi ucnobi. wertils, romlis mimarTac iwereba wonasworobis gantolebebi, samomento wertili ewodeba. maSasadame, samomento wertilis xerxiT Zalvis gansazRvrisaTvis saWiroa gavataroT gamWoli kveTi, ise, rom gadaikveTos saZiebeli Reroc, xolo danarCen Reroebs unda hqondeT erTi saerTo kvanZi (samomento wertili). Semdeg ki ukuvagdoT wamwis erT-erTi nawili, romlis qmedeba danarCenze SevcvaloT (SeTanxmebiT) gamWimavi (kvanZidan gamomavali) ZalvebiT da SevadginoT piroba momentTa jamis saxiT samomento wertilis mimarT 
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 wonasworobis gantolebis amoxsnis Semdeg Tu Cven miviRebT saZiebel Zalvas dadebiTi niSniT, es niSnavs, rom ReroSi Zalva yofila marTlac gamWimavi, winaaRmdeg SemTxvevaSi igi mkumSavia. Zalvebis gamoTvlas wamweebis ReroebSi win uswrebs sayrdeni reaqciebis gamoTvla. sayrdenTa reaqciebi wamweebSi gamoiTvleba analogiurad, rogorc or sayrdenze mdebare koWSi. davnomroT wamwis kvanZebi da romelime 
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 ReroSi, romelic mezobel m da n kvanZebs aerTebs Zalvis sidide aRvniSnoT 
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 simboloTi. magaliTisaTvis ganvsazRvroT nax. 3.33-ze. warmodgenili wamwis 
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 ReroebSi aRZruli Zalvebi. amisaTvis gavataroT I-I kveTi. winaswar gamoviTvaloT 
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. ukuvagdoT wamwis marjvena nawili da ganvixiloT darCenili marcxena nawilis wonasworoba. ukugdebuli nawilis nacvlad darCenilze movdoT gamWimavi (kvanZidan gamomavali) Sinagani Zalvebi. wonasworobis gantolebebs eqnebaT saxe (nax. 3.34, a)
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gavataroT 2_2 kveTi, ukuvagdoT wamwis marjvena nawili da ganvixiloT marcxena nawilis wonasworoba (nax. 3.34, b).
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 ganisazRvrebian wamwis geometriuli zomebis mixedviTzemoTY ganxiluli  iyo  SemTxvevebi,  rodesac  kveTiT ikveTebodnen  mxolod  sami Rero.  kerZo SemTxvevebSi SesaZlebelia kveTi
ise gatardes, rom gadaikveTos samze meti Rero. aq arsebiTia is garemoeba, rom gantolebaSi gvqondes erTi ucnobi. ganvixiloT nax. 3.35, a-ze warmodgenili wamwe. sartyelSi 
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 Zabvis gamosaTvlelad gavataroT 1-1 kveTi (nax. 3.35, b) da ganvixiloT wonasworobis gantoleba 
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b) dagegmilebis xerxi 

zogjer ZalvaTa gansazRvra samomento wertilis xerxiT SeuZlebelia, saxeldobr, roca gadakveTili Reroebi paralelurni arian. aseT SemTxvevaSi gamoiyeneba dagegmilebis xerxi. wamwe ikveTeba or nawilad da ganixileba erT-erTi nawilis wonasworoba. vadgenT wonasworobis gantolebas, kerZod paraleluri Reroebis marTobuli RerZis mimarT Zalvebis gegmilebis jams vutolebT 0-s 
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. magaliTad, ganvsazRvroT nax. 3.36,a warmodgenil wamwis 5-6 da 5-7 ReroebSi Zalvebi N5-6 da N5-7.

gavataroT  I-I  kveTi, ukuvagdoT wamwes marjvena nawili da ganvixil- 

oT wamwes marcxena nawilis wonasworoba (nax. 3.36, b). 
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 Zalvis gansazRvris mizniT davweroT wonasworobis gantoleba 
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 Zalvis gansazRvris mizniT gavataroT 2_2 kveTi (nax. 3.36, g). wamwes marcxena nawilis wonasworobis gantoleba Caiwereba aseTi saxiT:
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aseTi wesiT SeiZleba ganvsazRvroT Zalvebi wamwes danarCen daxril ReroebSi (iribanebSi) da dgarebSic.



g) kvanZTa amokveTis xerxi

am xerxis arsi mdgomareobs SemdegSi: wamwedan garkveuli TanmimdevrobiT amoikveTeba kvanZebi da ganixileba maTi wonasworoba. amokveTil kvanZze movdebT gareSe kvanZur datvirTvas (Tu aseTi gvaqvs), kvanZSi Semaval ReroebSi movdebT gamWimav (kvanZidan gamomaval) grZiv Zalvebs da vwerT wonasworobis or gantolebas 
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. radganac statikurad rkvevadi wamwis SemTxvevaSi damokidebulia wamwis Reroebsa da kvanZebs Soris mocemulia tolobiT 
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, amitom kvanZTa amokveTis meTodiT n kvanZisTvis daiwereba 2n wonasworobis gantoleba da damatebiT sayrdenTa reaqciebis gansazRvrisaTvis statikis 3 gantoleba, romelic sakmarisi aRmoCndeba yvela m ReroSi aRZruli Zalvis gansasazRvravad. kvanZis amokveTis xerxiT ZalvaTa gansazRvra sasurvelia im kvanZidan daviwyoT, romelSic Sedis ara umetes ori ucnobi Zalva. 

magaliTisaTvis ganvixiloT nax. 3.37-ze warmodgenili wamwe. 

amovkveToT 1 kvanZi (nax. 3.37, b) wamwes ukugdebuli nawilis gavlena kvanZze SevcvaloT ucnobi 
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 ZalvebiT. kvanZze moqmedi Zalvebis gegmilTa jamis nulTan toloba x da y RerZebze Caiwereba Semdegi saxiT:
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amovkveToTY 2 kvanZi (nax, 3.27, g). kvanZSi Sedis sami Rero, 1-2 ReroSi Zalva cnobilia; radgan igi mkumSavia, mimarTulia me-2 kvanZisaken. wonasworobis gantoleba Caiwereba Semdegi saxiT:
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amovkveToT 4 kvanZi (nax. 3.37, d).
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kvanZebis amokveTis meTodiT SeiZleba gansazRvrulia iqnas Zalvebi statikurad rkvevadi wamweebis nebismier ReroSi. am meTods gaaCnia Semdegi uaryofiTi mxareebi: 1) romelime ReroSi Zalvis sididis gamoTvlis dros daSvebuli Secdoma avtomaturad gadadis sxva kvanZis angariSze; 2) uSualod nebismier ReroSi SeuZlebelia am meTodiT Zalvis gansazRvra, saWiro xdeba kvanZebis garkveuli TanmimdevrobiT saZiebel Reromde misvla; 3) aq Cven vsargeblobT trigonometriuli funqciebiT, romlebic aiRebian garkveuli sizustiT da es meTodi gvaZlevs garkveul cdomilebas.

kvanZebis amokveTis meTodiT SesaZlebelia wamwes zogierT ReroSi ZalvaTa winaswari gansazRvra, kerZod: 

1. Tu kvanZSi Sedis ori Rero da kvanZi dautvirTavia, maSin Zalva orive ReroSi nulis tolia (nac. 3.38, a);          

2. Tu kvanZSi Sedis sami Rero, romelTagan ori Rero erT wrfeze Zevs da kvanZi dautvirTavia, maSin Zalva mesame ReroSi nulis tolia, xolo pirvel or ReroSi ki erTmaneTis tolia (nax. 3.38, b); 

3. Tu kvanZSi Sedis ori Rero da kvanZze moqmedi Zala mimarTulia erT-erTi Reros RerZis gaswvriv, maSin Zalva meore ReroSi nulis tolia (nax. 3.38, g). 



3.6. Rerovan sistemaTa gadaadgilebaniFYB

drekadi sistemebis gadaadgilebaTa gansazRvras didi praqtikuli da Teoriuli mniSvneloba aqvs, rkvevad sistemaSi sixistis (CaRunvebis da kveTis mobrunebis Sefasebisas), xolo urkvev sistemebSi ki zedmet bmebSi aRZruli Zalvebsa da maTgan gamowveul deformaciebs Soris urTierT damokidebulebis dasadgenad.

Rerovan sistemaTa gadaadgilebis zogadi formulis miReba SeiZleba SesaZlo gadaadgilebis principis safuZvelze.

ganvixiloT ori daZabuli mdgomareoba: pirvel SemTxvevaSi warmovidginoT, rom naSenze moqmedebs nebismieri gare datvirTva, (nax. 3.39, a),  xolo meore SemTxvevaSi, ki imave naSenis raime K wertilze erTeulis toli ganzogadebuli Zala (nax. 3.39, b).
Tu axla aviRebT meore daZabuli mdgomareobis ganzogadebuli Zalis namravls pirveli daZabuli mdgomareobis gadaadgilebaze da visargeblebT SesaZlo gadaadgilebaTa principiT, miviRebT:
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 Siga Zalebis virtualuri muSaobiT, gveqneba:
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miviReT Rerovan sistemaTa gadaadgilebis zogadi formula, romelic meqanikaSi o. moris formulis saxelwodebiTaa cnobili.
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miRebuli formula saSualebas gvaZlevs ganvsazRvroT Rerovani sistemis rogorc wrfivi, ise kuTxuri da jgufuri gadaadgilebani, radganac pirobiT erTeul Zalad Cven SegviZlia miviRoT ganzogadoebuli (jgufuri) erTeulovani Zala, xolo saZiebel gadaadgilebad – ganzogadebuli  gadaadgileba. saxeldobr, Tu gvainteresebs wrfivi gadaadgileba, maSin `1~ aRniSnavs 
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 Seyursul Zalas, modebuls saZiebel wertilze saZiebeli mimarTulebiT, xolo Tu saWiroa saZiebel wertilis kuTxuri gadaad-gilebis gansazRvra unda vamoqmedoT masze 
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 Seyursuli momentiT (formulis marjvena mxareSi muSaobis ganzomilebis Sesabamisad).

Rerovan sistemebSi rogoricaa CarCoebi da koWebi ori ukanaskneli Sesakrebis gavlena pirvelTan SedarebiT umniSvneloa da maT ugulvebelyofen, Sesabamisad mxedvelobaSi miiReba mxolod momentebis gavlena 
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esaa epiuraTa gadamravlebis a. vereSCaginis formula.

Tu orive epiura Sedgeba ramodenime ubnisagan gadamravleba 
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roca orive mdgomareobis epiurebi sworxazovani moxazulobisaa nax. 2.31, maSin gadaadgileba gamoiTvleba miuler-breslaus formuliT 
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winaswar unda SevTanxmdeT, rom epiurebi orive daZabul mdgomareobaSi aigebian TviT naSenis elementebze gaWimuli boWkoebis mxares. 
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 epiuris ordinata moqceulia elementis RerZis erTsa da imave mxares da uaryofiTi niSniT, roca ordinatebi RerZis sxvadasxva mxaresaa.

3.7. statikurad urkvevi sistemebi maTi

Taviseburebani da gaangariSebis xerxebiBB
statikurad urkvevs uwodeben iseT sistemas, romelsac gaaCnia zedmeti bmebi. zedmeti bmebis raodenobas uwodeben statikurad urkvevobis xarisxs da igi gamoiTvleba zemoT mocemuli zogadi formuliT: 
`z~ ( sR ( 2s (3•d.

nebismieri statikurad urkvevi sistema SeiZleba iyos gareganad an Sinaganad statikurad urkvevi. aseTi dayofa pirobiTia da advilad SeiZleba erTis, meored gadaiqceva.

gareganad statikurad urkvevi ewodeba iseT sistemas, romelsac zedmeti aqvs mxolod gare sayrdeni bmebi (nax. 3.42). aseTi sistemis statikurad urkveobis xarisxi advilad SeiZleba dadgindes formuliTY

`z~@( sR ( 3•d.

   nax. 3.42-ze naCvenebi erTmaliani CarCos statikurad urkveobis xarisxi tolia:

`z~ ( 5 ( 3 • 1 ( 2^

e.i. CarCo gareganad orjer statikurad urkvevia.

Sinagani statikurad urkvevi ewodeba iseT sistemas, romelic sayrdeni bmebis raodenobis mixedviT rkvevadia. zedmeti bmebi ki akavSirebs sistemis zogierT elements.

magaliTad CarCo (nax. 3.43), romelsac gaaCnia sami sayrdeni bma, xasiaTdeba Sinaganad 3-jer statikurad urkveobiT, vinaidan marcxena da marjvena dgarebi erTmaneTTan dakavSirebulia CD rigeliT da zedmeti ab Reros saxiT, romlis nebismier kveTSi aRZrul Siga M, N, Q Zalvebis gansazRvra wonasworobis gantolebebis daxmarebiT ar xerxdeba. imisaTvis, rom gadavaqcioT mocemuli CarCo statikurad rkvevad sistemad, unda gavkveTiT ab (an sxva) Rero, magram, rom ar dairRves Reros mTlianoba, kveTSi unda movdoT sami ucnobi Zalva M, N, Q, romelTa mniSvnelobebis dasadgenad saWiro iqneba damatebiT sami gantolebis Sedgena.
sistema SeiZleba iyos aseve statikurad urkvevi orive saxiT.

statikurad urkvev sistemebs, gansxvavebiT statikurad rkvevadi sistemebisagan, axasiaTebT mTeli rigi gansakuTrebuli Tvisebebi, esenia:

1. statikurad urkvev sistemebSi Siga Zalvebis sidideebi damokidebulia sistemaSi Semavali Reroebis ganivi kveTis zomebze da formaze, sxvadasxva drekadobis modulebisas, maT Tanafardobazec, aseve zedmet bmaTa raodenobaze;  

2. statikurad urkvevi sistemebis Reroebis kveTebis Secvla iwvevs Zalvebis Secvlis bmebSi da Siga Zalebis axal ganawilebas mTel sistemaSi, statikurad urkvevi sistemebis `saidumloebani~ swored ZalvaTa gadanawilebis namdvili suraTis dadgenaa, rasac didi praqtikuli mniSvneloba eniWeba;

3. `zedmeti~ bmebis gamo statikurad urkvev sistemaSi gadaadgilebebi gacilebiT naklebia, ris gamoc igi gacilebiT xistia, vidre Sesabamisi statikurad rkvevadi sistema;

4. statikurad urkvev sistemebSi statikurad rkvevad sistemebTan SedarebiT, zedmeti bmebis gamo erTi da igive datvirTebze Zalvebi gamodis naklebi, amitom isini ufro ekonomiuria;

5. statikurad urkvev sistemebSi zedmeti bmebis mocileba ar iwvevs mis geometriulad ucvlelobis darRvevas da inarCunebs muSaobis unars, rac statikurad rkvevad sistemaSi arRvevs geometriulad ucvlelobis pirobas;

6. statikurad rkvevadi sistemebisgan gansxvavebiT statikurad urkvev sistemebSi temperaturis cvlileba, sayrdenebis dajdoma, damzadebisa da awyobis uzustoba iwvevs damatebiT Zabvebs. 

statikurad urkvevi sistemebis gaangariSebis meTodebi ganirCeva im 

ZiriTadi ucnobebis mixedviT, romelTa dadgenis Semdeg advilad isazRvre-

ba yvela Zalva da gadaadgilebebi. cnobilia gaangariSebis Semdegi ZiriTadi meTodebi:

1. ZalTa meTodi am meTodis angariSisas ZiriTad ucnobebad Rebuloben sayrden reaqciis Zalvebs an Zalvebs zedmet ReroebSi;

2. gadaadgilebaTa meTodi – ZiriTad ucnobebad Rebuloben sistemis deformaciiT gamowveul gadaadgilebebs, romelTa gansazRvris Semdeg advilad gamoiTvleba Zalvebi yvela kveTSi;

3. Sereuli meTodi – ZiriTad ucnobebad miiReba nawilobriv Zalebi, nawilobriv gadaadgilebebi;

4. kombinirebuli meTodi – ZalTa da gadaadgilebaTa meTodebis erTdrouli gamoyeneba. 
garda aRniSnuli meTodebisa arsebobs gaangariSebis miaxloebiTi meTodebi, sadac mxedvelobaSi miiRema sistemis masalis muSaobis xasiaTi, vTqvaT drekadobis farglebSi, an plastikuri deformaciebis warmoqmnis daSvebiT. cxadia sistemaSi Zalvebis ganawilebis dadgenisaTvis plastikuri saxsrebis warmoqmnis SesaZleblobebs didi mniSneloba aqvs.

3.8. statikurad urkvevi CarCoebis gaangariSeba

ZalTa meTodiT

statikurad urkvevi sistemebis ZalTa meTodiT gaangariSebis dedaarsi imaSi mdgomareobs, rom `zedmeti~ bmebis mocilebiT mocemuli urkvevi sistema SevcvaloT e.w.   ZiriTadi  statikurad  rkvevadi sistemiT,
romlisTvisac mocilebuli bmebis reaqciebis Zalebi warmoadgenen ZiriTad ucnobebs. 

vinaidan Camocilebuli bmebis reaqciebi warmodgenilia Zalebis saxiT, e.i. ZiriTadi ucnobebi Zalebia, gaangariSebis meTods ZalTa meTodi ewodeba.

ZalTa meTodis arss gavecnoT kerZo magaliTze. ganvixiloT nax. 3.44-ze warmodgenili CarCo, romelic ganicdis F Zalis qmedebas. aRvniSnoT dgarebisa da rigelis sixisteebi saTanadod 
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 (nax. 3.45) da CD rigeli gadaadgildeba horizontalurad (-sididiT da C da D kvanZebi mobrundebian 
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 kuTxeebiT. sayrdeni reaqciebis mixedviT mocemuli CarCo orjer statikurad urkvevi sistemaa, vinaidan ucnobTa ricxvi xuTia, xolo wonasworobis gantolebebi ki sami:
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    (3.13)                   
(3.13) sistema Tavsebadi, rom gavxadoT saWiroa igive ucnobebis mimarT SevadginoT   ori axali gantoleba. maSasadame ZiriTad ucnobebad SegviZlia avirCioT nebismieri ori maTgani, romelTaganac orive ar SeiZleba iyos `aucilebeli~ bma. am ganmartebidan gamomdinare ZiriTad ucnobebad SeiZleba miviRoT: 
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, rogorc SemdegSi davinaxavT,^ZiriTadi ucnobebis arCevas, anu rac igivea ZiriTadi sistemis SerCevas, metad didi mniSvneloba aqvs gamoTvlebis gamartivebis mizniT. am mimarTulebiT Seqmnilia mravali gonebamaxviluri meTodi, romelTac dResac ar daukargavs Tavisi gamoyenebis SesaZleblobani. Cvens SemTxvevaSi ZiriTad ucnobebad avirCioT  
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. aseT SemTxvevaSi mocemuli sistema gadaiqceva statikurad rkvevad sistemad romelsac ZiriTadad sistemas uwodeben (nax. 3.46) (Tu CavTvliT, rom X1  da X2 Zalebi jerjerobiT ucnobia, magram moqmedeben isini, rogorc gare Zalebi).

    ZalTa qmedebis damoukideblobis principis safuZvelze ZiriTadi sistemis angariSi SeiZleba daviyvanoT Semdegi sami martivi sistemis angariSze (nax. 3.47). F Zalis qmedebis Sedegad B wertili, romelic ukve Tavisufalia bmebisagan gadava B1 mdebareobaSi. gadaadgileba 
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Tu gamoviyenebT kvlav ZalTa qmedebis damoukideblobis princips SegviZlia davweroT:
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sadac zogad 
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(3.15)-is gaTvaliswinebiT (3.14) miiRebs Semdeg saxes:
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Tu sistema n-jer statikurad urkvevia, Sesabamisad gveqneba:
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(3.17) gantolebaTa sistemas ZalTa meTodis kanonikur gantolebaTa sistemas uwodeben. ZalTa meTods imis gamo, rom ucnobebad monawileoben Zalebi, xolo kanonikurs ki imis gamo, rom igi Sedgenilia garkveuli kanonis mixedviT. kerZod kanonikuri gantolebis koeficientebi warmodgenilia ori indeqsis saSualebiT. pirveli indeqsi gviCvenebs striqons, xolo meore ki svets. magaliTad 
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 ZiriTadi sistemis imave kveTSi gare ZalebiT gamowveuli Zalvebi. vinaidan ZiriTadi sistema statikurad rkvevadia, amitom 
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ganvixiloT konkretuli magaliTi. viangariSoT nax. 3.48-ze naCvenebi orjer statikurad urkvevi CarCo ZalTa meTodiT. ZiriTadi sistema SevarCioT ise, rogorc es (nax. 3.46)-zea warmodgenili. ZiriTadad sistemaze vimoqmedoT cal-calke 
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vwerT ZalTa meTodis kanonikur gantolebaTa sistemas da viTvliT mis koeficientebs vereSCaginis xerxiT:
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im kerZo SemTxvevaSi roca
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saWiroa moxdes M jam epiuris Semowmeba: 

1) statikuri meTodiT, rac imas niSnavs, rom CarCos kvanZebi wonasworobaSi unda iyos 
[image: image264.wmf]å
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;

2) kinematikuri meTodiT, romelic damyarebulia mocemuli sistemis gadaadgilebis Seswavlaze: M jam x M1 =0; M jam x M2 =0 da a.S.

mRunavi jamuri epiuris mixedviT aigeba ganivi da grZivi Zalebis epiurebi.

3.9. kanonikur gantolebaTa sistemis gamartiveba

ZalTa meTodis gamoyenebis sirTule kanonikur gantolebaTa sistemis amoxsnaSi mdgomareobs. Tumca Tanamedrove gamoTvliTi teqnikis gamoyenebiT, sirTule mTlianad ixsneba. 

gantolebaTa sistemis gamartivebisaTvis ZiriTadi sistema iseTnairad unda SeirCes, rom maqsimaluri raodenobis aramTavari gadaadgilebaTa 
[image: image265.wmf])
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 koeficientebi vaqcioT nulad. amis miRweva ki SesaZlebelia sxvadasxva gziT. ganvixiloT zogierTi maTgani:

1. simetriuli sistemebis gaangariSebisas saWiroa am faqtoris gamoyeneba da simetriuli ZiriTadi sistemis SerCeva: aseT SemTxvevaSi erTeulovani epiurebic Sesabamisad iqnebian simetriuli da ukusimetriuli. Tu Mi erTeulovani epiura simetriulia, xolo Mk – ki ukusimetriulia, maSin maTi namravli nulis tolia da Sesabamisad 
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. simetriuli sistemebis SemTxvevaSi ZalTa meTodis kanonikur gantolebaTa sistema gaiyofa or damoukidebel gantolebaTa sistemebad. sadac erTSi Seva mxolid simetriuli ucnobebi, xolo meoreSi ki ukusimetriuli ucnobebi. amocana kidev ufro gamartivdeba, Tu gare datvirTvasac warmovadgenT simetriul da ukusimetriul datvirTvebis saxiT. aseT SemTxvevaSi miiReba metad mniSvnelovani Sedegi: kerZod, roca simetriul sistemaze moqmedebs simetriuli datvirTva, maSin yvela ukusimetriuli ucnobebi nulis tolia da piriqiT, roca moqmedebs ukusimetriuli datvirTvebi, simetriuli ucnobebi nulis tolia.  gare Zalebis moqmedebis zogad SemTxvevaSi, maTi daSla simetriul da ukusimetriul datvirTvebad moyvanilia (nax. 3.50)-ze.

2. statikurad urkvevi sistemis gaangariSebis Semdgomi gamartiveba 

SeiZleba xisti konsolis SemoRebis gziT. meTodis arsi vaCvenoT kerZo magaliTze.



mocemulia ori boloTi xistad Camagrebuli samjer statikurad urkvevi CarCo (nax. 3.51, a). ukuvagdoT marjvena sayrdeni bmebi da miRebul ZiriTad sistemaze vamoqmedoT ucnobi 
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 Zalebi (nax. 3.51, b). es Zalebi SeiZleba Seicvalos erTi  R ZaliT, romelic ar gaivlis  C wertilSi (nax. 3.51, g). amis ufleba Cven gvaqvs im SemTxvevaSi, Tu miRebuli sqemis muSaobis pirobebi iqneba iseTive, rogoric mocemuli sistemis anu (3.51, b) sqemis, e.i. C wertili darCeba uZravad. amas miviRebT, Tu R Zala moqmedebs C kveTTan usasruli sixistis mqone konsolze, romelic araviTar deformacias ar ganicdis.

rogorc cnobilia R Zala SeiZleba daiSalos nebismieri mimarTulebiT'moqmed Zalad da wyvilZalad (nax. 3.51, d). aseve cnobilia, rom  R Zala daiSleba mdgenelebad, arCeuli sami mimarTulebiT (nax. 3.51, e).

faqtiurad Cven gavarCieT ZiriTadi sistemis sxvadasxva varianti, sadac ucnobebi moqmedebs an CarCos romelime kveTze, an masTan dakavSirebul usasrulo sixistis mqone konsolze. radganac Zalebis modebis wertilebi da mimarTulebani nebismierad SeiZleba avirCioT, amitom Cven SegviZlia, ganvixiloT ZiriTadi sistemis arCevis mravali varianti, romelTagan saangariSod miviRebT imas, romelic met gamartivebas iZleva.



3.10. statikurad urkvevi wamweebi

wamwis statikurad urkveoba gamowveulia zedmeti Reroebis arsebobiT. zedmeti Reroebi SeiZleba iyos sayrdeni Reroebi, an gisosis Reroebi. pirvel SemTxvevaSi wamwes SeiZleba vuwodoT gareganad statikurad urkvevi, xolo moWarbebuli gisosis Reroebis SemTxvevaSi ki Sinaganad statikurad urkvevi. gisosis Reroebis moWarbebiT wamwis zedmeti Reroebis ricxvi anu misi statikurad urkveobis rigi ganisazRreba formuliT

       z = m + sR _ 2n                              (3.18) 
sadac m aRniSnavs wamwis Reroebis ricxvs, sR – sayrdeni Reroebis rocxvs, xolo  n_ki kvanZebis ricxvs.   

statikurad urkvevi wamwis gaangariSeba ZalTa meTodiT praqtikulad arafriT gansxvavdeba statikurad urkvevi CarCos gaangariSebisagan. imis gamo, rom wamwis Reroebi ganicdian mxolod kumSva-gaWimvas, ZalTa meTodis kanonikuri gantolebebis koeficientebis gamoTvlisas vsargeblobT formuliT
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 statikurad urkvevi wamwis gaangariSebis msvleloba vaCvenoT erTxel statikurad urkvevi wamwis magaliTze.

magaliTi: ganvixiloT (nax. 3.52) mocemuli wamwe, romlis statikurad urkveoba gamowveulia gisosis zedmeti Reros arsebobiT.

saTanado ZiriTadi sistema SegviZlia miviRoT Reros CamocilebiT da mis magier ucnobi 
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 'Zalis modebiT (nax. 53).



Sesabamisi kanonikuri gantoleba iqneba:   
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gantolebaSi (3.20) 
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 aRniSnavs gadaadgilebas, romelic gamowveulia erTeulovani Zalis qmedebiT ukugdebuli  BC  Reros gaswvriv. rac Seexeba 
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 igi aRniSnavs gadaadgilebas, romelic imave BC mimarTulebiT xorcieldeba gare saangariSo Zalebis moqmedebis Sedegad.
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 Sesabamisad aRniSnaven Zalebs, romlebic aRiZvrebian fermis ReroebSi erTeuli Zalisa da saangariSo Zalebis qmedebis Sedegad.

(3.21)-is gaTvaliswinebiT (3.20) mogvcems:
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simartivisaTvis Tu CavTvliT, rom 
[image: image281.wmf]const

EA

=

 da wamweze moqmedebs mxolod erTi horizontaluri F Zala, maSin ZiriTad sistemaSi F Zalis qmedebis Sedegad wamwis ReroebSi aRZruli ZalvaTa sidideebi saTanadod iqnebian (nax. 3.54).
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 Zalisagan gamowveuli saTanado ZalvaTa sidideebisaTvis gveqneba (nax.  3.55 
aa,Bb,g) 
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mas Semdeg rac ucnobi  
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 Zala gamoTvlilia, wamwis nebismier ReroSi ZalvaTa saboloo mniSvnelobebi gamoiTvlebian formuliT
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sabolood Cvens mier ganxilul statikurad urkvevi wamwis ReroebSi aRZruli ZalvaTa sidideebia:                         
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statikurad urkvevi wamweebis gaangariSebisas gamoiyeneba yvela is gamartivebebi rac statikurad urkvevi CarCoebis SemTxvevaSi gvqonda, Tumca arsebobs wamwisaTvis damaxasiaTebeli specifikuri gansxvavebac, rac ZiriTadad gadaadgilebaTa gamoTvlebTan aris dakavSirebuli.

3.11. statikurad urkvevi TaRebi B

statikurad urkvevi TaRebis ricxvs ganekuTvnebian: orsaxsriani, erTsaxsriani da usaxsro TaRebi, romlebic Sesabamisad warmoadgenen erTjer, orjer da samjer statikurad urkvev sistemebs: ZiriTadad maTi gaangariSeba warmoebs ZalTa meTodiT da gansxvavdebian mxolod ucnobebis ricxvis mixedviT.

Cven SemovifarglebiT orsaxsriani TaRis ganxilviT igi erTjer statikurad urkvev konstruqcias warmoadgens. imis gamo, rom TaRi ZiriTadad muSaobs kumSvis deformaciaze, amitom orsaxsriani TaRis tipis konstruqciis asagebad SeiZleba gamoyenebuli iqnas qva, aguri da betoni. orsaxsriani sistemebis ZiriTad miRwevas iTvleba is, rom igi ar mgrZnobiarobs TaRis sayrdenebis vertikalurad gadaadgilebis gamo, ris gamoc maTi gamoyeneba didi malebis gadaxurvisas da aseve miwis qanebis gasamagreblad metad efeqturia.

vTqvaT mocemuli gvaqvs orsaxsriani TaRi, romelzedac moqmedebs garkveuli ZalTa sistema (nax. 3.56, a).


gansaxilvel SemTxvevaSi SeiZleba SeirCes ZiriTadi sistemis ori racionaluri varianti (nax. 3.56, b) da (nax. 3.56, g). orive SemTxvevaSi 
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 sididis gansazRvrisaTvis vadgenT ZalTa meTodis kanonikur gantolebas         
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 ganisazRvreba TaRebisaTvis Cawerili moris ganzogadebuli formulidan, romlebsac Cvens SemTxvevaSi eqnebaT saxe:
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zogadobis SeuzRudvelad ZiriTad sistemad avirCioT (nax. 3.56, b)-ze naCvenebi sistema. aseT SemTxvevaSi 
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 erTeulovani ZaliT gamowveuli mRunavi momentisa da grZivi Zalis sidideebi nebismier K kveTSi (nax. 3.57) iqnebian: 
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Siga Zalvebis sidideebi aRZruli imave K kveTSi gamomdinare zogadi formulebidan, iqnebian 
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sadac 
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 TaRis Sesabamisi koWis mRunavi momentisa da ganivi Zalis sidideebia imave  K kveTSi.

Tu SevitanT (3.25) da (3.26) tolobebs kanonikur gantolebaSi miviRebT  
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. erTaderTi sirTule, rac TaRebis gaangariSebisas gvxvdeba isaa, rom gadaadgilebaTa gamoTvla rTuldeba imis mixedviT, Tu rogoria TaRis RerZis moxazuloba da kveTis cvlilebis kanoni.

UFLFgadaadgilebis meTodiFLB

3.12. gadaadgilebaTa meTodis ZiriTadi daSvebebi

da ucnobebis SerCeva DF

gadaadgilebaTa meTodi, ise rogorc ZalTa meTodi warmoadgens statikurad urkvevi sistemebis, gaangariSebis ZiriTad meTods.

gare Zalebis moqmedebis Sedegad sistemis zedmet ReroebSi viTardeba  
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 Zalvebi da CarCos calkeuli kvanZebi da Reroebi miiRebs xazobriv da kuTxur deformaciebs. CarCos saangariSod sakmarisia vicodeT  
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 Zalebi an gadaadgilebebi. Tu ucnobebad miviRebT Zalvebs zedmet ReroebSi, maSin angariSis meTodi iqneba ZalTa meTodi da Tu gadaadgilebebs – gadaadgilebaTa meTodi.

am paragrafSi Cven SeviswavliT'amocanis gadawyvetis meore meTods, e.i. ucnobebad miviRebT gadaadgilebebs. xSirad es mniSvnelovnad amartivebs amocanas. gadaadgilebaTa meTodiT angariSis dros mxedvelobaSi ar viRebT grZivi da ganivi Zalebis gavlenas gadaadgilebebze, mxedvelobaSi viRebT mxolod mRunavi momentis gavlenas ise, rogorc ZalTa meTodis dros da ar vansxvavebT swori Reros Tavdapirvel sigrZes misi drekadi wiris momWimavi qordis sigrZidan. 

gavaanalizoT ra saxis damoukidebeli gadaadgilebebi SeiZleba warmoiqmnas CarCos deformaciis Sedegad. warmovidginoT, rom mocemul CarCoze moqmeds F gare Zala (nax. 3.58, a), romlis gavleniT CarCo miiRebs deformacias (nax. 3.58, b).

CarCos TiToeuli kvanZi (garda sayrdeni kvanZisa) miiRebs xazobriv gadaadgilebas da mobrundeba raRac kuTxiT. 

magaliTad, C da D kvanZebi miiRebs 
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 mdebareobas da mobrune-bdeba 
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 kuTxiT. xist kvanZSi Semavali Reroebi mobrundeba erTi da imave kuTxiT.


nax. 3.58
Zalvebs iwvevs ara Reros mTliani gadaadgileba, aramed misi bolo wertilebis urTierTgadaadgileba da kvanZebi mobruneba.'

marTlac,  CD Reros deformirebuli mdebareoba 
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 Cven SegviZlia miviRoT oTxi erTmaneTisagan damoukidebeli gadaadgilebis Sedegad (nax. 3.59).

pirvelad CavTvaloT, rom CD Rero gadaadgilda gadataniT Tavis paralelurad da miiRo 
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 wertili 
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 wertilis damoukideblad gadaadgilda (CD sididiT 
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 wertilSi. gadataniTi gadaadgilebis dros Rero rCeba sworxazovnad da masSi araviTari Zalvebi ar warmoiSveba. Zalvebs warmoSobs mxolod (CD. e.i. CD Reros bolo wertilebis urTierTgadaadgileba. saboloo deformirebulis misaRebad 
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 kvanZi unda movab-runoT 
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 kuTxiT. Tu gansaxilav Reroze gare Zala uSualod moqmedebs, maSin CamoTvlil deformaciebs daemateba am ZaliT gamowveuli deformacia ori boloTi xistad Camagrebul ZelSi.

Tu gveciduneba (CD, 
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, Cven SegviZlia, ganvsazRvroT Sinagani Zalvebi CarCos ReroebSi da amocanac gadawyvetili iqneba.

amgvarad, ucnobebad viRebT CarCos xisti kvanZebis mobrunebis kuTxeebs da maT urTierTxazobriv gadaadgilebebs.

zemoTYganxilul magaliTSi CarCos kvanZebma ganicades xazobrivi da kuTxuri gadaadgilebebi. maTi ricxvi toli iyo samisa. ufro rTul SemTxvevaSi ucnob gadaadgilebaTa ricxvis uSualod gansazRvra Znelia.

Tu kvanZebs ar SeuZliaT, gadaadgildnen xazobrivad, maSin ucnobebad gveqneba mxolod kvanZebis mobrunebis kuTxeebi, romelTa ricxvi tolia CarCos xisti kvanZebis ricxvisa (garda sayrdeni kvanZisa) da ganisazRvreba maTi ubralo daTvliT.

ganvixiloT iseTi sistemebi, sadac adgili aqvs xazobriv gadaadgilebebs da SeviswavloT xazobriv gadaadgilebaTa ricxvis gamoTvlis wesi.

CarCos kvanZebis xazobrivi gadaadgilebis ricxvi tolia CarCos saxsrovani^ sqemis Tavisuflebis xarisxisa da amitom xazobriv gadaadgilebaTa ricxvi gamosarkvevad mocemuli sistema unda vaqcioT geometriulad cvlad, saxsrovan sistemad da gamovTvaloT misi Tavisuflebis xarisxis formula

W= 3d _ 2s _ sR

sadac d aris CarCos Reroebis (diskoebis) ricxvi, s _ saxsrebis ricxvi da sR _ sayrdenis Reroebis ricxvi. magaliTad, ganvixiloT (nax. 60, a) naxazze moyvanili CarCo, romlis saxsrovani sqema da misi gadaadgilebuli mdgomareoba naCvenebia (nax. 3.60, b) naxazze. miviRebTY W=1 da, maSasadame, xazobrivi gadaadgilebebis ricxvi udris 1-s.

radganac ucnobebad gadaadgilebebia miRebuli,^amitom Cven SegviZlia vTqvaT, rom kinematikuri urkvevobis xarisxi tolia xisti kvanZebis (ara sayrdeni) ricxvs plus kvanZebis xazobriv gadaadgilebaTa (damoukidebelTa) ricxvi.

                             e.i.            
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3.13. gadaadgilebaTa meTodis ZiriTadi

sistemis arCevaDF

CarCos angariSs viwyebT ZiriTadi sistemis arCeviT. ZalTa meTodis ZiriTad sistemas viRebT zedmeti bmebis ukugdebis gziT, aq, ki, piriqiT, Semogvaqvs damatebiTi bmebi da mocemul statikurad urkvev sistemas vaqcevT ufro metjer urkvevad.

radganac ucnobebad virCevT CarCos kvanZebis kuTxur da xazobriv gadaadgilebebs, amitom damatebiTi bmebi iseTnairad SemovitanoT, rom mocemul CarCos kvanZebs moespos mobrunebisa da xazobrivi gadaadgilebis saSualeba. garda amisa, mocemuli CarCo unda daiyos calkeul elementarul koWebad, romelTa angariSi winaswar iqneba Sesrulebuli.

ganvixiloT magaliTi. (nax. 3.61) mocemuli datvirTvisagan C kvanZi mobrundeba 
[image: image337.wmf]1
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 kuTxiT, xazobriv gadaadgilebas ki ar eqneba adgili. amitom sakmarisia erTi^iseTi bmis Semotana, romelic C kvanZs mouspobs mobrunebis saSualebas. amas miviRebT, Tu C kvanZs CavamagrebT xistad (nax. 3.61, a). 

Semotanili  xisti  Camagreba,  sazogadod,  kvanZs  uspobs mxolod 

mobrunebis saSualebas da ar ewinaaRmdegeba mis xazobriv gadaadgilebas. amiT is gansxvavdeba Cveulebrivi Camagrebisagan. aseT bmebSi (CamagrebebSi) warmoiSveba mxolod momenti (nax. 3.61, b) naxazze warmodgenili sistema iqneba gadaadgilebaTa meTodis ZiriTadi sistemaTu Cven ganvsazRvravT C kvanZis mobrunebis 
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 kuTxes da ZiriTad sistemaze vamoqmedebT mas (C kvanZs movabrunebT 
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 kuTxiT) da mocemul Tanabrad ganawilebul tvirTs (nax. 3.61, b), maSin ZiriTadi sistema, romelSic warmoiSveba imave sididis Sinagani Zalvebi, rac mocemul sistemaSi, iqneba mocemulis eqvivalenturi. maSasadame gadaadgilebaTa meTodiT ganxiluli CarCos saangariSod sakmarisia mxolod erTi gantolebis Sedgena da gadawyveta, rac mniSvnelovnad amartivebs amocanas.
(nax. 3.62)-ze naCveneb sistemaSi mxolod kuTxur gadaadgilebebs aqvs adgili, romelTa mosaspobad saWiroa sami Camagrebis Semotana. maSasadame, Cven mogvixdeba samucnobian gantolebaTa zsistemis Sedgena da gadawyveta. ZalTa meTodiT amave CarCos saangariSod saWiroa 9-ucnobiani gantolebaTa sistemis amoxsna.

axla ganvixiloT iseTi CarCo, sadac kvanZebi kuTxur deformaciebTan 

erTad ganicdis xazobriv gadaadgilebebsac. (nax. 3.63)-ze warmodgenil Car-

CoSi kvanZebi mobrundeba 
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 da gadaadgileba  xazobrivad (-Ti. maT 
mosaspobad saWiroa oTxi bmis Semotana, sami xisti Camagrebis da erTi horizontaluri Rerosi, romelic mospobs xazobriv gadaadgilebas.

    (nax. 3.64 a)-ze moyvanil sistemaSi adgili aqvs or damoukidebel xazobriv gadaadgilebas da amitom mas mosaspobad saWiroa ori Reros (bmis) Semotana. umjobesia bmebi movawyoT Reroebis perpendikularulad. saTanado ZiriTadi sistema naCvenebia (nax. 3.64, b)-ze.


Semotanil ReroebSi, romlebic kvanZebis xazobriv gadaadgilebebs spobs, warmoiSveba mxolod grZivi Zalebi (reaqciebi).
rogorc vxedavT, gadaadgilebaTa meTodis ZiriTadi sistemis misaRebad yvela Sualedi kvanZi unda CavamagroT xistad da xazobrivi gadaadgilebebis mosaspobad SemovitanoT sayrdeni Reroebi.

ZiriTadi sistema Sedgeba calkeuli statikurad urkvevi koWebisagan, romelTa winaswari angariSi safuZvlad udevs gadaadgilebaTa meTods. SeviswavloT es koWebi.

ganvixiloT erTi boloTi xistad Camagrebuli, xolo meore boloTi saxsrulad dayrdnobili koWi (nax. 3.62, a), romelic ganicdis sxvadasxva faqtorTa zemoqmedebas, gamoviyenoT ZalTa meTodi. ZiriTadad sistemad aviRoT konsoluri koWi. zedmet ucnobad miviRoT moZravi sayrdenis reaqcia 
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 (nax. 3.65, b).

nebismieri m gare zemoqmedebis Sedegad 
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 ucnobis sidide ganisaz
Rvreba gantolebidan
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gadaadgileba, romlis sidide araa damokidebuli gare zemoqmedebaze miiReba 
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epiuris (nax. 3.65, g) Tavis Tavze gamravlebis gziT.^ 
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gadaadgilebis mosaZebnad ki ganvixiloT gare m zemoqmedebis sxvadasxva SemTxvevebi:

1. Tanabrad ganawilebuli datvirTvis SemTxveva (nax. 3.66, a) 
[image: image347.wmf]q

M

 epiuras eqneba (nax. 3.66, b)-ze naCvenebi saxe: Tu movaxdenT 
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 da 
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 epiurebis gadamravlebas, miviRebT:
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(3.27) gantolebis amoxsna mogvcems:
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reaqciis sididisaTvis gveqneba
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saboloo jamuri epiura naCvenebia (nax. 3.66, g)-ze.

2. Seyursuli P 'ZaliT moqmedebis SemTxvevaSi (nax. 3.67).

mocemulia  P datvirTviT gamowveul mRunavi momentis 
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 epiuras eqneba (nax. 3.67, b) naCvenebi saxe:^
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 da 
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 epiuraTa namravli mogvcems: 
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(3.27) gantolebis amoxsniT miviRebT:
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Sesabamisad 
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mRunavi momentis jamur epiuras eqneba (nax. 3.67) Semdegi saxe.

3. xisti Camagrebis gadaadgileba ( sididiT AB Reros RerZis perpendikularulad (nax. 3.68). mRunavi momentis epiura ZiriTad sistemaSi ( sididiT gadaadgilebis Sedegad ar warmoiqmneba. rac Seexeba gadaadgilebas 
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is mimarTulebiT igi arsebobs da tolia 
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(3.27) gantolebis amoxsna mogvcems 
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sayrdeni reaqciebi da sayrdeni momenti Sesabamisad iqnebian: 
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4. xisti Camagrebis ( kuTxiT mobrunebis SemTxvevaSi (nax. 3.69) gadaadgileba 
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X

 Zalis mimarTulebiT ZiriTad sistemaSi gamowveuli Camagrebis ( kuTxiT mobrunebis Sedegad iqneba: 
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   (3.27) gantolebidan miviRebT  
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sayrdeni reaqciebisa da sayrdeni momentebisaTvis gveqneba 
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analogiurad gamoTvlebi orive boloTi Camagrebuli koWisaTvis Catarebulia da Sedegebi mocemulia cxrilis saxiT (gv. 214).

3.14. gadaadgilebaTa meTodos kanonikur

gantolebaTa sistemaFF

 gadaadgilebaTa meTodis arsi vaCvenoT naxazze warmodgenili CarCos magaliTze (nax. 3.70). CarCoze moqmedi datvirTvis Sedegad CarCos 1 da 2 kvanZebi mobrundebian 
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 da 
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 kuTxiT da aseve 1-2 rigeli miiRebs wiriT 
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 gadaadgilebas (nax. 3.71). 

axla erTi wuTiT warmovidginoT, rom CarCos `1~ da `2~ kvanZebSi Semavali Reroebi 
	koWis sqema
	mRunavi momentebis epiura
	momentis mniSvnelobebi
	reaqciebi
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xistadaa Camagrebuli urTierTis mimarT da horizontaluri gadaadgilebis SezRudvis mimarT da horizontaluri  gadaadgilebis  SezRudvis  mizniT   Semotanilia  horizontaluri sayrdeni Rero (nax. 3.72). aseTi warmodgenis Sedegad, mocemuli CarCo gadaiqceva statikurad urkvevi koWebis erTobliobiT. kvanZebis aseTi warmodgenili Camagreba arsebiTad scvlis CarCos daZabul-deformirebul mdgomareobas. imisaTvis, rom es cvlileba moispos saWiroa `1~ da `2~ kvanZebi movabrunoT 
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 da 
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 kuTxeebiT da aseve 1-2 rigeli gadavaadgiloT marjvniv 
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 sididiT. 
[image: image409.wmf],

1

j

 
[image: image410.wmf]2

j

 da 
[image: image411.wmf]CD

D

 sidideebi ucnobi sidideebia da arsebuli tradiciis mixedviT aRvniSnoT isini 
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 axali ucnobebiCarCos, romelic miiReba mocemuli CarCosagan misi xisti kvanZebis CamagrebiT da SesaZlo xazovani gadaadgilebebis SezRudviT ewodeba mocemuli CarCos ZiriTadi sistema. rogorc aRvniSneT mocemuli ZiriTadi sistemis tolfasi iqneba mxolod maSin, Tu `1~ da `2~ kvanZebs movabrunebT ukve 
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 da 
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 sididiT da 1-2 Reros gadavaadgilebT marjvniv 
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 sididiT. 

gamoviyenoT ZalTa qmedebis Sekrebis principi da ZiriTad sistemaze vimoqmedoT TandaTanobiT 
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 EMBED Equation.3  [image: image420.wmf]3
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 da mocemuli datvirTviT.

`1~ kvanZis 
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 kuTxiT mobrunebis Sedegad `1~ kvanZSi aRiZvreba 
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 reaqciuli momenti, `2~ kvanZSi aseve 
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 reaqciuli momenti, xolo Semotanil sayrden ReroSi ki 
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 reaqciuli Zala (nax. 3.73). aseve `2~ kvanZis 
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 kuTxiT Semobrunebis Sedegad `1~ kvanZSi (CamagrebaSi) aRiZvreba 
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 reaqciuli momenti `2~ CanagrebaSi 
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 reaqciuli momenti, xolo Semotanil sayrden ReroSi 
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 reaqciis Zala (nax. 3.74). `1-2~ rigelis marjvniv 
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 sididiT gadaadgilebis Sedegad `1~ CamagrebaSi gaCndeba 
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 reaqciuli momenti `2~ CamagrebaSi 
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 xolo Semotanil sayrden ReroSi 
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 reaqciuli Zala (nax. 3.75). aseve reaqciul momentebs da reaqciul Zalebs aRZravs Semotanil bmebSi mocemuli datvirTvac. kerZod mocemuli datvirTvis Sedegad `1~ CamagrebaSi aRiZvreba 
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 reaqciuli momenti `2~ CamagrebaSi 
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, xolo Semotanil horizontalur sayrden ReroSi ki 
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 reaqciuli Zala (nax. 3.76).

`1~ CamagrebaSi jamuri reaqciuli momenti iqneba 
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`2~ CamagrebaSi 
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Semotanili horizontalur sayrden ReroSi jamuri reaqciuli Zala iqneba: 
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vinaidan sinamdvileSi mocemul CarCos SemTxvevaSi araviTari zedmeti bmebi ara gvaqvs, amitom ZiriTadi sistemisa da mocemuli CarCos ekvivalentobisaTvis adgili unda hqondes tolobebs  
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Tu axla kvlav gamoviyenebT ZalTa qmedebis Sekrebis princips SegviZlia davweroT
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sadac 
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 aris reaqciuli momenti `1~ CamagrebaSi gamowveuli am Camagrebis  
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 erTeulovani kuTxiT mobrunebis Sedegad da a.S.

aseTi Secvlis Sedegad miviRebT gadaadgilebaTa meTodis Semdeg kanonikur gantolebaTa sistemas: 


[image: image446.wmf]ï

î

ï

í

ì

=

+

+

+

=

+

+

+

=

+

+

+

.

0

0

0

3

3

33

2

32

1

31

2

3

23

2

22

1

21

1

3

13

2

12

1

11

F

F

F

R

Z

r

Z

r

Z

r

R

Z

r

Z

r

Z

r

R

Z

r

Z

r

Z

r


gadaadgilebaTa meTodis kanonikur gantolebaTa sistemis koeficientebisa da Tavisufali wevrebis (satvirTo koeficientebis) gansazRvris mizniT saWiroa winaswar aigos ZiriTad sistemaSi datvirTviT gamowveuli da saTanado erTeuli gadaadgilebiT aRZruli mRunavi momentebis epiurebi. xsenebuli epiurebis asagebad gamoiyeneba cxrili.

simartivisaTvis isev vigulisxmoT, rom 
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. ZiriTad sistemaze vimoqmedoT erTeulovani gadaadgilebiT da mocemuli datvirTviT. visargebloT cxriliT da avagoT saTanado epiurebi.
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 sididis dadgenis mizniT amovkveToT 
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 epiuridan 1-li kvanZi da ganvixiloT misi wonasworoba gveqneba:
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 sididis dadgenis mizniT amovkveToT 
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 epiuridan 2 kvanZi an 
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