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                 r e z i u m e        

       XVII_XVIII   saukuneebSi  samSeneblo meqanika  farTod iyenebda eqsperimentebs da maTi Sedegebis statistikurad damuSavebis meTodebs.     

ufro mogvianebiT  XIX  saukuneSi SesaZlebeli gaxda konstruqciaTa gaangariSeba plastikuri deformaciebis gaTvaliswinebiT; geologiuri faqtorebis gaTvaliswineba dRes ukve aucilebeli pirobaa konstruqciebis gaangariSebisaTvis zRvruli mdgomareobis meTodiT.
 
samSeneblo meqanikis Tanamedrove done aris ori-sami saukunis ganmavlobaSi mecnierTa miRwevebis Sedegi, romelsac ukanaskneli saukunis ganmavlobaSi daemata ricxviTi kvlevis meTodebi, rac SesaZlebelia SemdegSi gaxdes mizezi mecnieruli kvlevebis mimarTulebaTa variaciebisa.
mSeneblobis da mrewvelobis ganviTarebam ukve XVIII   s-Si gamoiwvia samSeneblo meqanikis intensiuri ganviTareba. maTematikosebis: o. koSis, puasonis, lagranJis, da inJinrebis a.navies, lames, sen_venanis, SromebiT Seiqmna drekadobis Teoria,        eileris mier  XVIII saukuneSi Reroebis mdgradobis problemebis gadawyvetam paradoqsuli rezonansi gamoiwvia inJinerTa Soris; isini isev iyenebdnen bresis miaxlovebiT formulebs, romlebic zust (eileriseul)  formulebTan SedarebiT iZleodnen sakmaod did cdomilebebs!
praqtikuli realizaciis miRma rCebodnen filebis gaangariSebis sakiTxebi, damuSavebuli sen Jermen_lagranJis mier. ar gamoiyeneboda plastikurobis Teoria, romelic damuSavebuli iyo sen_venanis da levis  mier. am periodSi praqtikuli amocanebis gadasawyvetad warmatebiT gamoiyeneboda masalaTa gamZleobis elementaruli meTodebi.
 
gamWvirvale amorfuli struqturis sxeulebSi, Zabvis qveS ormavi   sxivTatexis movlenis aRmoCenam, uCveulod progresuli eqsperimentuli bazisi Seuqmna drekadobis Teorias. am movlenis gamoyenebam drekadobis Teoriis ganviTarebas or saukunovani impulsi misca. ukve XIX  saukuneSi  polarizaciul_optikuri   meTodiT  kvlevis obieqti xdeba ara mxolod brtyeli amocanebi drekadobis zRvrebSi, aramed sivrciTi amocanebi drekadobis zRvars zemoT.

     ormagi sxivTatexis movlenasTan gvaqvs saqme, roca minis (an sxva gamWvirvale masalis) firfitebi gaWimuli an SekumSuli Tavis sibrtyeSi da gaSuqebuli gamWoli sxiviT, xasiaTdeba sxivis polarizaciiT e. i. Zabvis qveS gamWvirvale masalebi iZenen bunebrivi kristalebis optikur Tvisebebs. amrigad xdeba sxivis polarizacia, xolo gantvirTvis Semdeg masala isev avlens amorful Tvisebebs. polarizaciis es movlena (ormagi sxivTatexis) devid briusterma 1816 wels aRmoaCina da londonis samefo sazogadoebas warudgina. am naSromidan gamomdinareobs, rom SekumSuli mina avlens epoderma kristalis uaryofiTi polarizaciis Tvisebebs; gaWimvisas ki – dadebiTi kristalis optikur Tvisebebs;

      myar tanTa meqanikis Semswavlel mecnierTa Soris XIX saukuneSi bare  de sen-venani pirveli iyo, vinc winamorbed mecnierTa naSromebis sistematizacia moaxdina da sakuTari fundamentaluri kvlevebis Sedegebi Seitana masalaTa gamZleobasa da drekadobis TeoriaSi.

 
eqsperimentuli laboratoriebis sistema  germaniaSi kargad ganviTarda mxolod XIX saukunis II naxevarSi. am laboratoriaTa mTavari Rirseba imaSi mdgomareobda, rom maTi samuSao programa ZiriTadad mimdinareobda sainJinro umaRlesi saswavleblebis dakveTiT da uSualo monawileobiT. samecniero _ kvleviTi samuSaoTa amgvarma warmarTvam udidesi roli iTamaSa sainJinro da samecniero kadrebis momzadebis saqmeSi. erT_erTi aseTi laboratoria daarsda miunxenSi 1871 wels, romelsac saTaveSi Caudga iohan bauSingeri, meqanikis profesori (1833 _ 1893). i. bauSingeris mier deformaciebi izomeboda sarkis tenzometriT, romlis sizuste fardobiTi deformaciebis gazomvisas aRwevda 10-6_s. bauSingerma SeimuSava proporciulobis da drekadobis zRvrebis cneba. i. bauSingerma agreTve daadgina masalaTa (kerZod liTonebis) winaRobis cvalebadoba ZabvaTa reversis dros. am movlenebs SemdegSi ,,bauSingeris efeqti” uwodes. 



d. eilerma Zelis drekadi wiris diferencialuri gantolebis misaRebad gamoiyena Zelis gaRunuli RerZis drekadi energiis gamosaxuleba. jon grinma ki potencialis cneba da moZraobis integraluri gantoleba miiRo. lames, Tavis monografiaSi klapeironis Teorema mohyavs gare Zalebis muSaobisa da Siga Zalebis mier dagrovili energiis tolobaTa Sesaxeb.

 
 fermebis gaangariSeba SesaZlo gadaadgilebaTa meTodiT, pirvelad ganaxorciela inJ. akgustonoviCma da gzaTa mTavari sammarTvelos JurnalSi 1857 wels gamoaqveyna.

      fermebis gaangariSebis sakiTxebSi agreTve didi Rvawli miuZRviT k. maqsvelis  da italiel luiji kremons.

      drekadi sistemebis ZiriTadi Teoremebis SeqmniT simon puasonma  ganaviTara SesaZlo gadaadgilebaTa meTodi, Rerovani sistemebis gaangariSebis dros. es meTodi gamoiyena agreTve gare da Siga Zalebis mier Sesrulebuli muSaobis saSualebiT Rerovani sistemebis deformaciebis gansazRvrisaTvis.

       frangi mecnieris a. diulos kvlevis Sedegebma didi gavlena moaxdina masalaTa gamZelobisa da drekadobis Teoriis ganviTarebaze: es Sedegebi iqca diskusiis Temad da, rac mTavaria, impulsi misca eqsperimentuli meqanikis ganviTarebas XIX saukunis pirvel naxevarSi. misi eqsperimentebis TematikaSi Sedioda Zelebis Runva, prizmatuli Reroebis mdgradoba, TaRebis Runva, lilvebis grexa... a. diulos kvlevis Sedegebma didi gavlena moaxdina masalaTa gamZelobisa da drekadobis Teoriis ganviTarebaze: es Sedegebi iqca diskusiis Temad da, rac mTavaria, impulsi misca eqsperimentuli meqanikis ganviTarebas XIX saukunis pirvel naxevarSi.

 
XIX saukunis meore naxevarSi, didi gavrceleba hpova liTonis fermebma (wamweebma). fermebis adrindeli gamoyeneba kacobriobis istoriaSi umTavresad gvxvdeba xidebis konstruqciebis saxiT. es xidebi warmoadgendnen xis gisosian wamweebs. xis konstruqciebTan erTad, evropaSi didi gavrceleba hpova Tujis da qvis TaRovanma xidebma.


cnobilia taunisa da gausis sistemis ferma. Ggausis sistemis fermis detaluri, Teoriuli kvleva Caatara d. Juravskim (1854w.). man daadgina faqti imis Sesaxeb, rom Tanabrad ganawilebuli datvirTvis SemTxvevaSi mxebi Zabvebis mniSvnelobebi neitralur SreSi araTanabaria: Zabvebi izrdeba sayrdenebisaken. amis Semdeg igi mimarTavs Sedgenil koWebs da adgens sogmanebis gamoangarSebis meTodikas. es meTodika man gaavrcela liTonis Sedgenil koWebze moqlonebis gaangariSebisTvis.
o. morma SemoiRo fermis gaangariSeba SesaZlo  gadaadgilebaTa meTodiT. es meTodi upriania im SemTxvevaSi, rodesac statikurad rkvevadi zogierTi fermis gaangariSeba SeuZlebelia sxva cnobili meTodebiT. fermebis kvanZTa gadaadgilebis sakiTxma Semdgomi ganviTareba hpova 1881 wels. gamoqveynebul monografiaSi  ,,xidebis Teoria”. man daamtkica, rom kvanZebis gadaadgilebaTa gansazRvra sartylebSi SeiZleba am sartyelis elementTa ganxilviT. sakiTxi ufro martivi xdeba, rodesac erT-erTi sartyeli sworia da Tarazulad aris ganlagebuli. CaRunvebi mTlianad ganisazRvreba, Tu davadgenT zeda sartylis elementTa deformaciebs da maTi mobrunebis kuTxeebs.


 imis gamo, rom liTonis didmaliani fermebi dResac farTod gamoiyeneba xidebisa da portebis mSeneblobaSi, damoqlonebuli fermebis kvanZTa muSaobis dazusteba mainc dgas inJiner-konstruqtorTa da mkvlevarTa dRis wesrigSi.

S u m m a r y

In the 18-19th centuries building mechanics widely used experiments and methods of statistical processing of their results. 

Later in the 19th century constructions calculation regarding plastic deformation became possible: today consideration of geological factors is the obligatory condition of construction calculations by means of boundary conditions method. 

Contemporary level of building mechanics is the result of scientists’ achievements during the last two-three centuries, to which within last century methods of numerical researches was added. It can become the reason of variation of directions of scientific researches in the future. 

Development of construction and industry became the reason of intensive development of building mechanics in the 18th century. The works of mathematicians: O. Caushy, Poisson, Lagrange and engineers A. Navier, Lame, Saint Venant creates the theory of elasticity, in the 18th century decision of problem of durability of a rod by Euler caused paradoxical resonance among the engineers; they still used formulas of Bress approximation, which gave enough greater error by comparison with exact Euler’s formula. 

Problems of calculations of tile elaborated by Saint-Germain-Lagrange still were beyond practical realization. Theory of plasticity was not used, which was elaborated by Saint Venant and Levi. In this period for the decision of practical problems elementary methods of materials durability was used with great success. 

In the transparent bodies with amorphous structure discovery of phenomenon of double refraction of beams under the tension created especially progressive experimental basis for theory of elasticity. Use of this phenomenon gave an impulse to the theory of elasticity for two centuries. Already in 19th century not only flat problems within the limits of elasticity, but also spatial problems beyond the limits of elasticity became the object of researches by polarization-optical methods 

We deal with phenomenon of double refraction when piles of glass (or other transparent material) which are stretched or compressed in their plane and which are shined through a beams, are characterized by beams polarization, so under the tension transparent materials obtain optical properties of natural crystals. Thus polarization of beams occurs while after unloading material acquires amorphous properties again. This polarization phenomenon (double refraction) was discovered and demonstrated to the London Royal Society by David Brewster in 1816. As it proceeds from this work compressed glass reveals the properties of negative polarization of epoderma crystals, while during the stretching it exposes positive optical properties. 

Among the scientists of 19th century investigating the solid state mechanics Barre de Saint Venant was the first who managed to systematize the works of previous scientists and to insert the results of its own fundamental studies in the theory of stability and elasticity of materials. 

System of experimental laboratories in Germany was developed well only in the second half of 19th century. The main advantage of these laboratories was that their working program was carry out under the order and with direct participation of high engineering schools. Such implementation of scientific-research works has played big role in the preparation of engineering and scientific personnel. One of such laboratories was founded in Munich in 1871, where Johan Bauschinger (1833-1893), professor of mechanics was at the head. Bauschinger measured the deformation by mirror tensometer, and the accuracy of measurement during the relative deformation was equal 10-6. Bauschinger elaborated the notions of limits of proportionality and elasticity. He also established unsteadiness of materials (particularly metals) resistance during the reverse of tension. This phenomenon later was called “Bauschinger’s Effect”. 

For obtaining of differential equation of log elastic line D. Euler used the expression of elastic energy of bent axis of a log. In its turn John Green received the notion of potential and integral equation of movement. Lame in its monograph cites the Clapeyron theorem of works done by external forces and equality of energy collected by internal forces.

Calculation of overlapping farms by the possible movings method was first accomplished by engineer Avgustinovich who published them in 1857 in the Journal of central administrative board of roads. 

K. Maxswell and Italian Luigi Kremona also had a big contribution in the decision of the problems of overlapping farms calculation. 

By the formulation of basic theorems of elactis systems Simon Poisson developed the possible movings method during the calculation of the pivoted systems. This method was also used for the determination of the deformations of pivoted systems under influence of work done by external and internal forces. 

Results received in researches by French scientist A. Deiulot had a big influence on development of materials durability as well as on the theory of elasticity. These results became the main topic of the discussion and the most important gave an impulse to the development of experimental mechanics in the first half of 19th century. Subjects of his experiments were: bending of the logs, stability of prism pivots, bending of arches, twisting of billows... 

Metal overlapping farms have been widely widespread in the second half of 19th century. Previous use of overlapping farms in the mankind history basically meets in the form of bridge constructions. These bridges represent wooden trellised overlapping farms. Along with wooden constructions cast iron and stone arched bridges have been widely widespread in Europe. 

Tawny and Gauss system overlapping farm is widely known. Detailed, theoretical research of Gauss system overlapping farm was carried out by D. Zhouravsky (1854). He established that in the case of even distribution of loading the quantities of tangent strains are uneven in the neutral layer: tension increase in the direction to the supports. After that he turns to composite reels and define a methods of dowels’ calculations. This method was widespread by him on the calculation of rivet of iron composite reels. 

O. Mor has entered overlapping farms calculation by the possible movings method. This method is suitable when the calculation of statically determined overlapping farms is not possible by other known methods. Problem of movings of overlapping farms assemblies has been further developed in the monograph “Theory of bridges” published in 1881. He established that the determination of assemblies moving in the belt is possible by considering of belt elements. The problem becomes simpler if one of the belts is straight and disposes horizontally. Sagging will be fully determined if we will establish the deformation of elements of upper belt and corner of their turn. 

Because of wide application of metal big bridge span overlapping farms in the construction of bridges and harbors, more precise definition of work of riveted overlapping farms assemblies still is on the agenda for engineer-constructors and researchers.   
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Sesavali
 
Temis aqtualuroba niutonma Tavis ,,naturaluri filosofiis maTematikuri safuZvlebiT” (1687w.) XVII saukunis meqanikaSi Seitana ricxviTi meTodebi, kerZod diferencialuri da integraluri aRricxva, rogorc operaciuli analizis safuZvlebi. am garemoebam gamoiwvia meqanikis, eleqtro da hidro-dinamikis da myari tanis fizikis erToblivi ganviTareba Tanamedrove kondensirebuli fizikis dafuZnebiT.

es mimarTuleba dRes aerTianebs zogadad mecnierebis ganviTarebis farTo spektrs, dawyebuli: zedenadi siTxeebis, myari sxeulebis meqanikiT, astrofizikiT da elementalur nawilakTa fizikiT damTavrebuli, rasac safuZvlad udevs disertaciaSi Seswavlili XVII_XIX s.s. niutoniseuli meqanika.

amdenad meqanikis ganviTarebis istoriis Seswavla dRes Zalzed aqtualuria da samoZRvroa.


amasTan erTad TavisTavad mecnierebis istoria da informaciuli mecniereba, romelic dRes warmoadgens erT samecniero mimarTulebas da kvlevis sagans ukve ar aris meTodologiurad gancalkevebuli mecniereba [51], rac aqtualuria informaciuli teqnologiebis ganviTarebaSi.

nobelis premiis laoreatis ilia prigoJinis Sromebis kvalobaze [50]  mecnierebis istoriaSi Semovida fizikuri sistemis Sida drois cneba da amasTan erTad istoriuli ganzomilebis Semotana dargSi. Tavad mecnierebis istoria, kerZod fizikis da meqanikis istoria, romelic swavlobda mxolod sazogadoebriv da kulturul movlenebs gaxda TviT dargis ganuyofeli komponenti. yvela dargSi, kerZod meqanikaSi da dinamikaSi Semoyvanilia istoriuli ganzomilebis maTematikuri operatorebi, rogoricaa drois, evoluciis entropiis da aqedan gamomdinare informaciis operatorebi. amdenad, mecnierebis istoria Tavisi istoriuli ganzomilebiT xdeba zogadad yvela dargis da kerZod teqnikuri universitetis prioritetuli mimarTulebis ganuyofeli elementic.

naSromis sagani da obieqti. XVII_XVIII   saukuneebSi  samSeneblo meqanikaSi ukve farTod iyenebdnen eqsperimentebs da maTi Sedegebis statistikurad damuSavebis meTodebs.     
       ufro mogvianebiT  XIX  saukuneSi SesaZlebeli xdeba konstruqciaTa gaangariSeba plastikuri deformaciebis gaTvaliswinebiT; geologiuri faqtorebis gaTvaliswineba dRes ukve aucilebeli pirobaa konstruqciebis gaangariSebisaTvis zRvruli mdgomareobis meTodiT.
        samSeneblo meqanikis ganviTareba xasiaTdeba pioneruli kvlevebis Semdgomi, ufro gaRrmavebuli analiziT da maT safuZvelze xarisxobrivad axali SedegebiT.
        samSeneblo meqanikis Tanamedrove done aris ori-sami saukunis ganmavlobaSi mecnierTa miRwevebis Sedegi, romelsac ukanaskneli saukunis ganmavlobaSi daemata ricxviTi kvlevis meTodebi, rac SesaZlebelia SemdegSi gaxdes mizezi mecnieruli kvlevebis mimarTulebaTa variaciebisa.
        naSromis mizani. samSeneblo meqanikis istoriis Tundac mcire retrospeqtuli codna saSualebas miscems studentobas, aspirantebs, magistrantebs da axalgazrda pedagogebs daadginon is logikuri Zafi, romelsac mohyveboda am mecnierebis ganviTareba (magaliTad, uWr koWebs l. eileris mixedviT angariSobdnen misi deformaciebis mxedvelobaSi miuReblad; asi wlis Semdeg aseTive koWebs angariSobdnen klapeironis formulebiT. Sedegebis Sedareba pirvel da meore SemTxvevaSi laparakobs  udavod klapeironis sasargeblod.)
       cxadia, rom samSeneblo meqanikis mecnierTa mier mopovebuli da danergili meTodebis gareSe SeuZlebeli iqneboda kosmosuri obieqtebis dagegmareba da ganxorcieleba, ar iqneboda giganturi lainerebi (TviTmfrinavebi, saokeano gemebi), ulamazesi kiduli xidebi, maRlivi kaSxalebi, Senobebi. davufiqrdeT im faqts, Tu sad iqneboda kacobrioba teqnikuri TvalsazrisiT am mecnierebis miRwevaTa danergvis gareSe.
       mecnieruli siaxle. meqanikis istoriuli ganviTarebis mdidari gamocdilebis Secnobisa da Seswavlis mizniT aRniSnuli istoria dayofilia calkeul periodebad. periodebad dayofa moxda qveynebisa da im gansakuTrebuli aRmoCenebis mixedviT, romlebic gansazRvraven meqanikis ganviTarebis orientirebs am periodebis mixedviT.

naSromis praqtikuli Rirebuleba. naSromSi gadmocemuli masala SeiZleba gamoyenebuli iqnes, rogorc samSeneblo meqanikis ganviTarebis istoriis erT_erTi yvelaze mniSvnelovani da saintereso periodis Rirseulad  warmosaCenad. Cveni is azriT sasargeblo iqneba, rogorc meqanikis (gansakuTrebiT sainJinro meqanikis) istoriiT dainteresebuli pirebisTvis, aseve samSeneblo, satransporto, meqanikuri, energetikuri da sxva samSeneblo specialobebis, bakalavrebis, magistrantebis da doqtoranrebisaTvis. 

2.0.0. Sedegebi da maTi gansja         2.1.0. XVI_XVIII saukuneebi.

                2.1.1.   Galileo_galilei

       samSeneblo meqanikas, rogorc mecnierebas safuZveli Caeyara 1638 wels, rodesac gamoqveynda Ggalileo_galileis mniSvnelovani monografia ,,msjeloba da maTematikuri angariSi ori axali mecnierebis Sesaxeb.” am monografiaSi romelic q. leidenSi daistamba ganxilulia Reroebis gaWimva, kumSva da Runva. miuxedavad imisa, rom daskvnebi ZiriTadad eqsperimentebs eyrdnoboda zogierT SemTxvevaSi mainc ar iyo zusti. magaliTad,  Runvis dros koWis neitraluri RerZi, man ganapira SreSi gaatara. galileis avtoritetis gavleniT es arazusti daskvna didxans WeSmaritebad iyo miCneuli, ramac uaryofiTi gavlena moaxdina msgavs amocanaTa Semdgom kvlevaze.
galileo_galilei daibada 1564 wels italiis q. pizaSi. 17 wlis asakSi igi Sedis q. pizis universitetSi, romlis damTavrebas ojaxis xelmokleobis gamo ver axerxebs da 1585 wels miemgzavreba qalaq florenciaSi, sadac im droisTvis misi mSoblebi cxovrobdnen. am qalaqSi man daiwyo kerZo gakveTilebis micema maTematikasa da meqanikaSi.
amave periods ekuTvnis misi monografia ,,patara sasworebi”, romlebic daiwera 1585 wels, magram mxolod 1595 wels gamoica. SromaSi aRwerilia galileos mier konstruirebuli hidrostatikuri saswori, romlis saSualebiTac SesaZlebeli gaxda liTonebis Senadnobebis daCqarebuli gamokvleva da fizikuri sxeulebis simZimis centrebis povna. 1584 wels man miiRo miwveva da Caibara maTematikis kaTedra q. pizaSi. 1592 wlidan igi ukve paduis universitetSi moRvaweobs. unda aRiniSnos, rom misi Semoqmedebis paduis periodi (1592_1610) yvelaze nayofieri da bednieria galileos cxovrebaSi. am periodSi awarmoebs manqanebis statikur kvlevas, sadac igi gamodis wonasworobis principidan, romelic emTxveva SesaZlo gadaadgilebaTa princips. Seiqmna misi mTavari Sromebi dinamikaSi: sxeulTa Tavisufali vardnis Sesaxeb.; sxeulTa gadaadgilebaTa Sesaxeb daxril sibrtyeze, horizontisadmi gansazRvruli kuTxiT gasrolil sxeulTa traeqtoriebis Sesaxeb. amave periods ganekuTneba misi kvlevebi masalaTa simtkicis sakiTxebSi, riTac safuZveli eyreba masalaTa gamZleobas, rogorc mecnierebas.
      aqve paduaSi galilei kopernikis Tanamoazre xdeba, Tumca iZulebulia leqciebi oficialuri programiT waikiTxos, sadac ptolemes sqemaa gabatonebuli (ar unda dagvaviwydes, rom swored am dros 1600 wels romSi koconze dawves jordano bruno.)
      1609 wels galileim sruliad damoukideblad aago teleskopi, romelic sammag gadidebas iZleoda. teleskopis demonstracia moxda q. veneciaSi wminda markozis koSkidan. mcire xnis Semdeg man daamzada teleskopi., romlis gadidebac ukve 32-s aRwevda. teleskopebis gamogonebis Sedegad galileis saxeli mTel italiaSi gaxda cnobili.
teleskopebis saSualebiT miRebulma astronomiulma aRmoCenebma eWvis qveS daayenes ptolemesa da aristoteles sqemebi. gaCaRda mravalsaxovani da uazro polemika:  galileis abralebdnen plagiats, optikur cdomilebebs da sxva. magram mTavari is iyo, rom astronomiam galileis misca saSualeba mietovebina paduis universitetSi leqciebis kiTxva. igi gaxda kozimo mediCis karis filosofosi da paduis universitetis I maTematikosi leqciebis kiTxvis gareSe. aq mediCis karze florenciaSi. igi agrZelebs astronomiul kvlevebs, ris Sedegad aRmoaCens veneras fazebs, mzis laqebsa da brunvas, swavlobs iupiteris Tanamgzavrebs, akvirdeba saturns. magram 1616 wels kongregaciam, romelSic 11 dominikaneli da iezuiti beri Sedioda, kopernikis wigni akrZalulTa siaSi Seitana, xolo galileis misma axlobelma kardinalma belarminim araoficialurad, megobrulad urCia xeli aeRo kopernikis  swavlebis dacvaze. aqedan gamomdinare papis interdiqtma faqtiurad   gza gadauketa mas, Semdgomi mecnieruli moRvaweobisaken. es mecnieruli ,,siCume“ gagrZelda 7 weliwads, vidre 1623 wels papis taxti kardinalma maTeo alberinim daikava, romelic urban VIII-is saxeliTaa cnobili. es mecnierebisa da xelovnebis mfarveli, amave dros galileis axlo megobari iyo.    

      gaxarebul galileis romSi miaqvs naSromi ,,dialogi miqcevisa da moqcevis Sesaxeb.,“ romelic saubrebis saxiTaa warmodgenili. saubari sam pirovnebas (sagredo, salviati da sipliCio)_s Soris mimdinareobs da kopernikisa da ptolemes sistemebis Sedarebasa da ganxilvaSi mdgomareobs. 1632 wels papis uzenaesi nebarTviT es dialogi wignad gamoica. ramdenime Tvis Semdeg 1633 wlis TebervalSi galilei moulodnelad romSi gamoiZaxes, sadac wauyenes braldeba papis 1616 wlis interdiqtis darRvevaSi da wminda RvTismSoblis saxelobis taZarSi muxlebze daCoqils uari aTqmevines kopernikis swavlebaze. TviT galilei kongregaciis mier gamocxadebuli iqna inkviziciis patimrad, aekrZala nebismieri saubari dedamiwis moZraobis Sesaxeb da nebismieri samecniero sakiTxis gamoqveyneba. es mdgomareoba 9 weliwads gagrZelda, am periodSi galilei cxovrobda romSi hercogis sasaxleSi., Semdgom ki florenciaSi, Tavis vilaSi. miuxedavad yvelafrisa, amave periodSi kerZod 1634 wels, holandiaSi mainc gamoica galileis naSromi ,,saubrebi da maTematikuri mtkicebani,“ romelic exeba or axal mecnierebas. Tumca galilei praqtikulad ukve brma iyo da am wignis wakiTxva veRar SeZlo. gardaicvala galilei 1644 wels Tavis vila arCerterSi (florencia) da mxolod 100 wlis Semdeg gadaasvenes misi cxedari  santakloCes eklesiaSi miqelanjelos saflavis axlos (florencia).
SeiZleba iTqvas, rom rogorc statikis istoria iwyeba arqimedidan, ise dinamikis istoria iwyeba galileidan. sayuradReboa is faqti, rom galileim mecnierebis safuZvlad eqsperimenti miiCnia. eqsperimentebis Catarebis aucilebloba miCneul iqna im qvakuTxedad, romlis safuZvelzec xdeboda mecnieruli Sromebis Sedegebis analizi da Sedareba sxva mecnierTa SedegebTan. Ees mecniereba (dinamika) Tavisi ganviTarebiT mTlianad davalebulia galileisagan. Ggalileim pirvelma Cauyara mas safuZveli (lagranJi ,,analizuri meqanika“).
Mmanamde sxeulze modebul Zalebs ixilavdnen mxolod wonasworobis mdgomareobaSi, TumcaRa myari sxeulebis aCqarebuli vardna da gasrolili sxeulebis mrudwiruli moZraoba ar SeeZloT aexsnaT sxva romelime mizeziT, Tu ara simZimis Zalis moqmedebiT. Mmiuxedavad amisa, galileimde veravin SeZlo am yoveldRiuri movlenebis kanonzomieri gansazRvra maSin, rodesac maTi warmoSobis mizezi aseTi martivia. Ggalileim pirvelma gadadga es mniSvnelovani nabiji, riTac gaxsna TvalSeudgami gza meqanikis progresisaken.
Mmisi ZiriTadi aRmoCenebis nusxa astronomiasa da meqanikaSi aseTia: 

_mis mierve gaumjobesebuli teleskopiT mTvaris zedapiris Seswavla da misi nacrisferis axsna;
_mTvaris vibraciis aRmoCena;
_veneras fazebisa da iupiteris oTxi Tanamgzavris aRmoCena;
_varskvlavTa daSorebis axsna da kopernikis sistemis brwyinvale gadmocema;
_siCqarisa da aCqarebis zusti gansazRvra;
_inerciisa da ZalTa damoukidebeli qmedebis kanonebis pirveli formulireba;
_wrfivi Tanabrcvladi moZraobis kanonebis dadgena;
_klasikuri meqanikis fardobiTobis principis formulireba;
_paraboluri traeqtoriebis kvleva simZimis Zalis erTgvarovan velSi;
_qanqaras mcire rxevebis izoqronulobis aRmoCena;
_meqanikuri energiis Senaxvis kanonis pirveli formulireba qanqaris rxevis dros;
_zRvruli siCqaris arsebobis swori axsna mudmivi Zalis moqmedebiT winaRobian garemoSi moZraobisas;
_msgavsi Teoriis amocanebis zusti formulireba;
_Rrma da swori mignebebi SesaZlo gadaadgilebaTa principis Sesaxeb da pirveli formulireba meqanikis ,,oqros wesisa.“ 
galileis gardacvalebis Semdeg ,,meqanika” frangul enaze gamosca dekartes skolis megobarma, maTematikosma, eqsperimentatorma filosofosma marsel marsenam (1588_1648). aq unda SevniSnoT da, rom aRniSnul periodSi mecnieruli naSromebi mxolod laTinur enaze iwereboda da mravali qveynis inJinerTaTvis am mxriv miuwvdomeli iyo. man gza gauxsna galileis ,,meqanikas” inJinerTa farTo sazogadoebisaken. 

samecniero kvlevebis popularizaciis saqmeSi marsenas didi Rvawli miuZRvis. igi mimoweras awarmoebda dekartesTan, fermTan, paskalTan, robelvalTan da sxvebTan. 

     m. marsenas binaSi (parizSi) Tavs iyridnen im drois gamoCenili mecnierebi, ixilavdnen axal mecnierul aRmoCenebs. misi gardacvalebis Semdegac es mecnieruli ,,klubi“ ganagrZobda funqcionirebas da 18 wlis Semdeg parizis mecnierebaTa akademiis oficialuri statusi miiRo. 1666 weli parizis mecnierebaTa akademiis daarsebis oficialur TariRad aris miCneuli. am akademiis daarsebis pirveli dRidan misi wevri iyo edmund marioti.  TiTqmis 1645 wels inglisSi q. oqsfordSi kromvelis imavdroulad naTesavi, episkoposi jon uilkinsi safuZvels uqmnis mecnierebaTa erTian jgufs. am jgufSi Sediodnen _ maTematikosebi, meqanikosebi, eqimebi: robert boili, reni, uiliam peti, robert huki, da sxvebi.
1660 wels inglisis mefis karl II_is brZanebiT, mecnierTa wrem miiRo oficialuri saxelwodeba _ ,,samefo sazogadoeba“_ faqtiurad inglisis mecnierebaTa samefo akademiis saxeli.
2.1.2.    hukis  periodi


samSeneblo meqanikis ganviTarebaSi, kerZod masalaTa gamZleobis ganviTarebaSi waruSleli kvali datova londonis samefo akademiis wevrma  da kuratorma, didma mecnierma robert hukma (1635_1703). misi Sromebi XVII saukunis mecnierebaTa yvela sferos moicavda: fizika, meqanika, biologia, astronomia, medicina da sxva.
      udidesi eqsperimentatori, mecnieri da gamomgonebeli robert huki daibada 1635 wlis 18 ivliss kunZul uaitze (lamanSis srute) eklesiis msaxuris ojaxSi. susti janmrTelobis gamo ganaTlebas ojaxSi iRebda; eSinodaT, rom intensiuri mecadineoba bavSvis janmrTelobis mdgomareobas gaauaresebda, amitom misi ganaTlebis done TanatolebTan SedarebiT saSualoze dabali iyo.
     bavSvobis wlebSi mas itacebda meqanikuri saTamaSoebis –konstruireba, akeTebda wylisa da qaris moqmed wisqvilebs. es gataceba roberts sicocxlis bolomde gahyva. 1654 wels oqsfordis saeklesio gundis 18 wlis momRerali biWi SemTxveviT gaecno oqsfordSive moRvawe cnobil qimikoss robert boils, romelsac kargad aRWurvili Tavisi qimiuri laboratoria hqonda, sadac asistentis Tanamdebobaze miiwvia huki.

Bboilma hukis daxmarebiT ganaxorciela cdebi pnevmoniis sferoSi. Bboil_mariotis cnobili kanonis aRmoCenaSi didi Rvawli miuZRvis huks, amasTan erTad is konsultaciebs uwevs Tavis ufros kolegas maTematikis sakiTxebSi. Uunda aRiniSnos, rom misi interesebi maTematikaSi ganswavlis sferos ar gascilda. Mmisi didi gatacebis sagani meqanikis sakiTxebia.

Aam periodSi huki bevrs muSaobs Tavis Tavze da usaxsrobis gamo iZulebulia fizikuradac imuSaos, amitom pirvel samecniero xarisxs xelovnebaTa magistrisa_ mogvianebiT, 1662 wels 27 wlisa iRebs. Tavisi didi niWisa da dauRalavi Sromis wyalobiT, male ixveWs popularobas oqsfordis samecniero wreebSi.

oqsfordSi boilTan muSaobis periodi robert hukisaTvis metad nayofieri aRmoCnda, aq Semzadda niadagi misi ukvdavi kanonis aRmoCenisaTvis. is dainteresda moeZebna analogia airis, siTxis da myari sxeulis Tvisebebs Soris.

60_ian wlebSi huki Zalze dainteresda saaTis meqanizmis srulyofiT, romlis detalebi gamokveTilad amJRavnebdnen drekad Tvisebebs.

Aai,Ees ori momenti erT fokusSi iyris Tavs, biZgis mimcemad iqceva eqsperimentTa mTeli seriis CatarebisaTvis liTonebze, mas Rrmad swams, rom myari sxeulis kumSvisas airisa da siTxis msgavsad, unda mcirdebodes misi moculoba.

Aam cdebis Sedegs warmoadgenda jer liTonTa, xolo Semdeg sxva sxeulebis drekadi Tvisebebis aRmoCena, rac bolos misi cnobili kanonis saxiT Camoyalibdeba drekadobis TeoriaSi.
mas unda vumadlodeT eqsperimentis safuZvelze myari tanis meqanikis ZiriTadi kanonis dadgenas (1666). am kanonis mixedviT ,,myar tanSi arsebobs pirdapir proporciuli damokidebuleba Zalebsa da maT mier gamowveul deformaciebs Soris.” robert hukis pativsacemad am kanons mogvianebiT ,,hukis kanoni” ewoda. es kanoni anagramis saxiT 1676 wels gamoqveynda da safuZveli Caeyara masalaTa gamZleobis, rogorc mecnierebis ganviTarebas.
      Tavad huki kargad grZnobda mis mier aRmoCenili simtkicis Sesaxeb kanonis mniSvnelobas  mecnierebis progresisaTvis.

Runvaze eqsperimentebis Catarebisas is SeniSnavs, rom sxeulis Runvis dros amozneqili mxaris boWkoebi iWimebian, xolo CaRunuli mxaris boWkoebi ikumSebian, rac faqtiurad neitraluri boWkos arsebobis intuiciur aRiarebas warmoadgens. es ki axali sityva iyo Runvis TeoriaSi.
mogvianebiT, evropis rig qveynebSi, am kanonis Sedegebze muSaoben, ramac Tavis mxriv TiTqmis orasi wlis Semdeg biZgi misca drekadobis Teoriis, rogorc mecnierebis Camoyalibebas.         imis gamo, rom aRmoCena anagramis saxiT gamoqveynda, mas Tanaavtorobis pretendenti ar gamosCenia.   

       msoflio mizidulobis kanons da planetebis orbitebis sakiTxs sxva bedi ewia. 

       Tavisi mosazreba imis Sesaxeb, rom planetebis mizidulobis Zala ukuproporciulia manZilebis kvadratisa, hukma kerZo werilSi isaak niutons gauziara, romelmac 15 wlis Semdeg ganacxada, rom igi icnobda am mizidulobis kanons hukze ufro adre! da mis prioritets uaryofda im sababiT, rom huks ar warmoudgenia saTanado mtkicebebi. sinamdvileSi, huks niutonisadmi gagzavnil werilSi miTiTebuli hqonda eqsperimentebis meTodika, romlebic daamtkicebdnen mis mier gamoTqmul hipotezas.
robert hukma Tavis naSromebSi gaakritika niutonis mtkiceba, rom planetebis moZraoba xorcieldeba spiralurad da planetebis elifsur orbitaze moZraobis varaudi gamoTqva, romlis erT-erT fokusSi mze iyo moTavsebuli.
 
Tavis mxriv niutonma ,,sawyisebSi” uaryo hukis mosazreba maTematikuri mtkicebebis ar arsebobis gamo. Tu huki metad TviTdajerebulia Tavis daskvnebSi da eqsperimentis SedegebSi, yvelafriT gatacebuli, magram bolomde arafris mimyvani, amitom sul mudam wvrilmanebamde pretenziuli sxvisi aRmoCenebis mimarT, gauTavebeli mokamaTe prioritetebze, bolos saSineli eWviani yvelas mimarT. niutoni_dadinjebuli mkvlevari, asjer gamzomi da erTxel gamWreli, damkvirvebeli, empiristi da yovelgvari hipotezis uarmyofeli, mSvidi atmosferos moyvaruli iyo.
amitom gaurboda es ori didi pirovneba erTmaneTs, Tumc erTmaneTis mimarT faruli pativiscemiT iyvnen gaamsWvaluli.
robert hukis gamogonebebs ekuTvnis: saaTis ankeris meqanizmi, balansis zambara, tumbos konstruqciebi, masalaTa gamocdis xelsawyoebi da meqanizmebi, sivrciTi saxsris konstruqcia e.w. ,,hukis saxsari”, manve daamuSava teleskopis marTvis saaTis meqanizmi, daamuSava msoflio mizidulobis doqtrina.
      r. hukis roli XVII  saukunis meqanikis ganviTarebaSi dRemde ar aris bolomde gamokvleuli da saTanadod dafasebuli. miuxedavad amisa, mas Tavisi mecnieruli diapazoniT meore adgili ukavia isaak niutonis Semdeg.
safrangeTis mecnierebaTa akademiis erT-erTi damaarsebeli Eedmund marioti Ndaibada 1620 wels safrangeTis q. diJonSi. misi mecnieruli moRvaweoba mravalferovnebiT gamoirCeoda. mariotis eqsperimentebma airebis + wnevebis kanonzomierebis Seswavlisas, fizikas misca e.w. boil_mariotis kanoni, romlis TanaxmaTac gazis moculobisa da wnevis namravli, ucvleli temperaturis dros mudmivi sididea. mariotma Seqmna dartymis Teoria da daadastura, rom moZraobis raodenobis mudmivobis kanoni samarTliania dartymis SemTxvevaSic.
versalis sasaxlis wyalmomaragebis proeqtirebis dros mariots mouxda koWebis simtkicis sakiTxebis ganxilva da daamtkica galileis daskvnebis uzustoba koWebis Runvis eqsperimentebis Sedegebis analizisas, kerZod, ivarauda koWis kveTis neitraluri RerZis arseboba. adgilmdebareoba, masalis fizikuri Tvisebebis gaTvaliswinebiT, Semdeg bernulim daadgina. manve eqsperimentalurad daamtkica, rom wylis milis sisqe hidrostatikuri datvirTvis SemTxvevaSi Siga wnevisa da milis diametris pirdapirproporciuli unda iyos. mariotma hukisgan damoukideblad 1689 wels parizSi daadgina, rom Zalebsa da am Zalebis mier gamowveul deformaciebs Soris arsebobs pirdapir proporciuli damokidebuleba, rac gamoiyeneba kidevac galileis amocanis analizis dros konsoluri koWis Runvis SemTxvevaSi. manve SeniSna, rom koWis Runvadi winaRoba dakavSirebulia misi grZivi boWkoebis gaWimva_kumSvaze, xolo nulovani RerZi kveTis SuaSi gadis. cxadia, es daskvna marTebulia mxolod sworkuTxa, ganivi kveTis mqone koWebisaTvis mariotma ver daadgina neitraluri RerZis WeSmariti mdebareoba. igi 1684 wels gardaicvala.
 2.1.3.   dinamikis  safuZvlebi
im mecnierTa Soris, romelTac Seiswavles dartymis problemebi, pirveli iyo qristian hiugensi. igi daibada holandiaSi 1619 wels. daxvewili ganaTleba ojaxSive miiRo. qristianis mama _ konstantine kargad iyo cnobili qveynis gareTac. man icoda yvela evropuli ena. k. hiugensis poeturi nawarmoebebi laTinur da holandiur enebze iyo dawerili, xolo maTematikis da meqanikisadmi mamis midrekileba qristians STamomavlobiT gadaeca.
qristianis msoflmxedvelobaze didi gavlena moaxdina rene dekartma, romelic hiugensebis ojaxis axlo megobari iyo. 23 wlis qristianma mecnierul SromaSi ,,sxeulTa dartymis Sesaxeb.” ganixila absoluturad drekadi dartymebi. am naSromSi man aRmoaCina meqanikuri energiis Senaxvis kanoni ,,sxeulTa nebismieri moZraobisas araferi ar ikargeba im Zalebidan, romlebic am sxeulze moqmedeben.” 

   Tavisi kvlevis Sedegebi dinamikis sakiTxebze q. hiugensma parizis mecnierebaTa akademias moaxsena 1668 wels. man didi dro dauTmo qanqariani saaTebis konstruirebas. sainteresoa, rom qanqariani saaTebis idea holandiis generalur Statebs (mTavrobas) g. galileim 1635 wels SesTavaza. am ideas qristiani icnobda mamamisis informaciidan, romlis saSualebiTac awarmoebda miwer_moweras galileisa da Statebs Soris.
   q. hiugensma maTematikuri qanqaris rxevebis periodis gamsazRvreli formula miiRo:   
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sadac  ( - qanqaris sigrZea,    g-gravitaciuli mudmiva-aCqarebaa.
       cnobilia qristian hiugensis mier saturnis Tanamgzavris_titanis aRmoCena, agreTve sakuTari teleskopis saSualebiT saturnis rkalebis Seswavla.
 2.1.4.   isaak niutoni,  iakob bernuli
 Tanamedrove klasikuri meqanikis fuZemdebeli isaak niutoni daibada inglisSi, linkolnis sagrafoSi. umaRlesi ganaTleba miiRo kembrijSi. 1695 wlidan igi dainiSna moneturi xazinis xelmZRvanelad.
        1669 wlidan man daikava maTematikis profesoris Tanamdeboba kembrijSi. 1672 wlidan arCeuli iqna samefo akademiis wevrad. 1686 wels gamovida niutonis genialuri naSromi wignis saxiT ,,naturaluri filosofiis maTematikuri sawyisebi.” 


Mmeqanikis ganviTarebis sawyis etapze bunebis fizikur movlenebze dakvirvebisa da eqsperimentebis gziT SemuSavda kanonebis garkveuli sistema, romelic dasrulebuli saxiT Camoyalibda niutonis ,,naturaluri filosofiis maTematikur sawyisebSi” (an mokled ,,sawyisebSi”). Ees kanonebi udidesi SemecnebiTi Rirebulebis matarebelni arian bunebis erTiani fizikuri suraTis dasadgenad.

Ees suraTi niutonis meqanikaSi ase gaiazreba: sxeulebi moZraoben absolutur sivrceSi da absolutur droSi. sivrce_usasrulo, samganzomilebiani ,erTgvarovani, izotro-puli ganfenilobaa, obieqturad Cvengan damoukideblad arsebuli. dro_usasrulo erTganzomilebiani Tanabrad mimdinare,  yvelafrisagan damoukidebeli xangrZlivobaa.

Nniutonis mier droisa da sivrcis, rogorc absoluturi kategoriebis, gaazreba dekartis, morisa da isaak barous Sexedulebebidan iRebs saTaves. 

traqtatma ,,naturaluri filosofiis maTematikuri sawyisebi” naTeli mohfina msoflio struqturis axsnas, romelic damyarebuli iyo niutonis axali meqanikis safuZvlebze, man Semoitana masis cneba. aqve gvxvdeba moZraobis raodenobis niutoniseuli gansazRvra, rogorc masisa da siCqaris namravlisa.
        i. niutonis mier Semotanili Zalis gansazRvra dResac ZalaSia: ,,miyenebuli Zala (vis impressa)  aris raime sxeulze moqmedi miswrafeba Secvalos misi uZraoba an sworxazovani Tanabari moZraoba.” amave monografiaSi niutoni iZleva cnobili sami kanonis formulirebas: 

1. yoveli sxeuli miiswrafis uZraobisaken an sworxazovani Tanabari moZraobisaken, sanam ar iqneba iZulebuli  Secvalos es mdgomareoba miyenebuli sxva Zalebis saSualebiT.  

2. moZraobis cvalebadoba proporciulia miyenebuli Zalisa da warmoebs am Zalis mimarTulebiT.

Ees ori kanoni erTianobaSi faqtiurad inerciis kanons warmoadgens, mxolod aq ar aris miTiTebuli piroba wrfivi da Tanabari moZraobis arsebobisa, amitom dekartis damsaxurebaa mxolod am kanonis pirveli nawilis formulireba, xolo galileis ki_fardobiTobis principis formulireba inerciuli sistemebis mimarT.
3. moqmedebas yovelTvis Tan axlavs sawinaaRmdego da toli winaaRmdegoba, anu ori sxeulis urTierTqmedeba erTmaneTis tolia da mimarTulia urTierTsawinaaRmdegod.

Aamrigad niutonis samive kanoni Zalis cnebis saboloo da amomwurav ganmartebas iZleva: Tu pirveli ori kanoni gvaZlevs Zalis Tvisobrivi da raodenobrivi gansazRvris wess, mesame kanoni misi warmoSobis mizezs Seicavs.

Ees kanonebi garkveul informacias gvawvdian im sivrcis niSanTvisebebze, romlebSic vrceldeba maTi moqmedeba saxeldobr, Tu pirveli kanoni aTvlis inerciuli sistemebis arsebobas asabuTebs, meore kanoni ki sivrcis erTgvarovnebasa da izotropulobas, mesame kanoni Seicavs yvelaze fundamentalur Tvisebas am sivrcisa_urTierTqmedebis myisier gadacemas erTi sxeulidan meoreze, damoukideblad maT Soris arsebuli manZilisa.  

centraluri Zalis niutoniseburi gansazRvra dResac udevs safuZvlad dinamikis amocanebis amoxsnas. 

Mmxolod niutonis geniis wyalobiT sxvadasxva sxeulTa moZraobis Seswavlis safuZvelze es kanonebi meqanikis universalur kanonebad Camoyalibdnen. rac unda mravalferovani iyos meqanikuri moZraobis formebi samyaroSi, yvela isini emorCilebian am kanonebs garkveuli pirobebis sazRvrebSi. saxeldobr, isini samarTliani arian moZraobis aTvlis mxolod inerciuli sistemebis mimarT, romelTac garkveuli Tvisebebis mqone sivrcisa da drois niutoniseuli gageba udevs safuZvlad. aRmoCnda, rom am kanonebis arseboba ganpirobebulia droisa da sivrcis iseTi fundamentuli TvisebebiT, rogoricaa maTi erTgvarovneba da izotropuloba.  

mziuri sistemis moZraoba niutonis meqanikis saSualebiT (kepleris kanonebze dayrdnobiT) axsnilia genialurad da warmoadgens oqros kanonebs.
iakob   bernuli  daibada  q.  bazelSi   (Sveicaria)  1654w. i. bernulim galileisa da mariotisagan gansxvavebiT (romlebic koWebis simtkices eqsperimentalurad ikvlevdnen) koWebis CaRunvebi Teoriulad Seiswavla. mis mier apriorad miRebuli varaudi, rom ganivi kveTi konsolur koWaSi mobrundeba qvemo kideze gamavali wrfis garSemo, sinamdviles ar Seesabameba, Tumca wyvilZalis momentsa da simrudes Soris damokidebuleba man sworad daadgina. es faqti l. eilerma drekadi wiris kvlevis dros da koWebis rxevebis Seswavlisas gamoiyena.
         koWis drekadi wiris pirveli mecnieruli kvleva iakob bernulim 1705 wels Caatara. am naSromSi (,,Veritable hipotese de la resistanse obes solides“)  man dauSva, rom Zelis winaRoba damokidebulia grZivi boWkoebis gaWimva_kumSvaze da miiRo koWis gaRunuli RerZis gantoleba. mkvlevaris azrs es gantoleba im daskvnisaken ubiZgebs, rom winaRoba Runvis dros wyvilZaliT gamoixateba, romlis momentic koWis RerZis simrudis pirdapir  proporciulia.
          2.1.5.  eileri da bernuli (danieli)
Zelebis drekadi wirebis kvlevis sakiTxebSi didi Rvawli miuZRvis Ddaniel berbulis (1700_1782) is daibada q. bazelSi (Sveicaria). man 1742 wlis oqtomberSi eilerisadmi gagzavnil werilSi miuTiTa, rom koWis drekadi wiris diferencialuri gantolebis miReba SeiZleba im SemTxvevaSi, Tu moxdeba koWis simrudis kvadratis integralis minimizacia, misi RerZis gaswvriv. es faqtiurad aRiarebaa, rom koWis deformaciis dros daxarjuli muSaoba proporciulia simrudis kvadratisa. es ki imis tolfasia, rom d. bernuli eilers drekadi wirebis kvlevis sakiTxebSi variaciuli aRricxvis gamoyenebas karnaxobs. d. bernulim mecnierTa Soris pirvelma miiRo prizmatuli Zelebis ganivi rxevebis diferencialuri gantoleba. am diferencialuri gantolebis integrireba d. eilerma Caatara, xolo Sedegebis Semowmeba eqsperimentis saSualebiT isev ideis avtorma Ddaniel bernulim ganaxorciela.
myari tanis meqanikaSi albad ar darCenila sakiTxi, romelsac genialuri mecnieris Lleonard eileris kalami ar Sexeboda. igi bazelSi (Sveicaria) 1707wels daibada. misi maswavleblebi iyvnen iohan bernuli da iakob germani.
oci wlis eileri s. peterburgSi (i. bernulis rekomendaciiT) profesoris Tanamdebobaze miiwvia ekaterine   II-m. am droisaTvis s. peterburgis mecnierebaTa akademia ori wlis daarsebuli iyo da imperatrica cnobili mecnierebis miwvevas cdilobda, raTa ruseTSi impulsi micemoda mecnierebaTa ganviTarebas.  d. eileri s. peterburgis akademiaSi moRvaweobda 7 wlis ganmavlobaSi, sadac 28 samecniero Sroma gamoaqveyna, aqedan 11_Si meqanikis problemebi iyo ganxiluli.
1736 wels gamovida eileris fundamentaluri ortomeuli ,,meqanika anu mecniereba analizurad gadmocemuli moZraobis Sesaxeb.“ igi permanentulad muSaobs meqanikis sxva da sxva amocanebze. 30 wlis Semdeg, berlinSi, misi Sroma ,,myari da Txevadi sxeulebis moZraobis Teoria“ gamovida.
Tavis  ,,meqanikaSi“  eileri  Zalas  ase  ganmartavs:  ,,Zala (Potent -ia  leibnicis mixedviT) aris iseTi Zala (VIS _ niutonis mixedviT), romelsac sxeuli gadahyavs uZraobis mdgomareobidan moZraobis mdgomareobaSi, an cvlis misi moZraobis xasiaTs.   Zalis mimarTulebad im wrfes miiCnevs, romlis gaswvrivac Zala cdilobs sxeulis amoyiravebas. ,,meqanikaSi“ eileri niutonis II kanons Semdegnairad ganmartavs: igi miuTiTebs, rom sxeulze Zalis moqmedeba ormagi xasiaTisaa; Zala sxeulis siCqares da moZraobis mimarTulebas cvlis. 

       leonard eileri dinamikis, rogorc mecnierebis damfuZnebelia, 1749 wels s. peterburgSi gamovida ortomeuli ,,sazRvao mecniereba“ (Scientia Navalis) man am naSromSi inerciis momentis cneba SemoiRo da aqve paraleluri RerZebis mimarT inerciis momentis cvalebadobis Sesaxeb Teoremas amtkicebs. rac literaturaSi Staineris Teoremis saxelwodebiTaa cnobili.
eileri datvirTvis qveS myofi Zelis drekadi RerZis geometriuli formiT dainteresda. man aqsiomis saxiT miiRo, rom koWis gaRunuli RerZis simrude nebismier kveTSi pirdapir proporciulia imave kveTSi mRunavi momentisa (iakob bernulis hipotezis mixedviT).
daniel bernulis winadadebiT eilerma gamoiyena da SemdgomSi ganaviTara variaciuli aRricxva Zelebis drekadi wirebis gantolebis gamosayvanad. manve gamoiyena bernulis hipoteza brtyeli kveTis Sesaxeb. rogorc Sedegi, mis mier miRebuli iqna koWis gaRunuli RerZis diferencialuri gantoleba, magram ar iqna dazustebuli koWis Runvadi sixiste, romelsac man ,,absoluturi drekadoba“ uwoda. Cveni azriT amis mizezi iyo is, rom am droisaTvis ar arsebobda drekadobis modulis cneba.
sxeulis masa eilerma ase gansazRvra: ,,sxeulis masa unda iyos dadgenili misi wonidan gamomdinare da materiis raodenoba misi wonis pirdapirproporciulad” (1736w.). ukve 1765 wels eileri sxeulis masas sazRvravs, rogorc misi inerciis sididis sazoms. manve daadgina SekumSul Reroze moqmedi kritikuli Zalis sidide, rogorc swor, ise odnav gamrudebuli grZivi RerZebis SemRxvevaSi. am Temaze naSromi eilerma 1757 wels gamoaqveyna.
udavoa, rom l. eileris damsaxureba variaciuli aRricxvis zogadi Teoriis ganviTarebaSi metad didia; is piroba rom funqcia 

y=y/(X)
aZlevs eqstremums integrals                        
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mdgomareobs imaSi, rom funqcia F(x)   unda akmayofilebdes erTgvarovan diferencialur gantolebas:                    
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romelic eileris saxels atarebs.
 eilers, agreTve ekuTvnis meqanikis integraluri principi _ umciresi qmedebis principi.; magaliTad, elementaluri SemTxvevisaTvis eileri amtkicebs ,rom                                            
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sadac MM - sxeulis masaa,   V-siCqare,   t-dro,    T-sxeulis kinetikuri energia.         


800 samecniero Sromis avtorma didi mecnierebic aRzarda s. kotelnikovi, s. gusievi, m. golovini, da sxva.
     trigonometriuli funqciebis gamosaxva maCvenebliani funqciebis saSualebiT eileris damsaxurebaa. manve aRmoaCina cilindruli funqciebi, simis rxevebis diferencialuri gantolebis integrebac eileris ekuTvnis.
     2.1.6.   J. lagranJi, S. kuloni, T. iungi da sxv.
turinis akademiis fuZemdebeli (1759w.) Jozef lagranJi (1736_1813) 19 wlisa turinis samefo artileriis skolis maTematikis profesoria. Tavis mowafeebTan erTad man iq swavlulTa sazogadoeba daarsa, romelic 1759 wels turinis akademiad gadaiqca. amave wels gamoica akademiis Sromebi; maT Soris lagranJis naSromi variaciuli aRricxvis Sesaxeb. amave 1759 wels lagranJi eileris rekomendaciiT iqna arCeuli berlinis mecnierebaTa akademiis wevrad, sadac igi 1766 wels eileris nacvlad gavida. berlinSi lagranJma Seqmna da gamoaqveyna ,,analizuri meqanika.“ am naSromSi man meqanikaSi pirvelma SemoiRo ,,ganzogadoebuli koordinatebis ganzogadoebuli Zalebis“ cneba. A,,analizur meqanikaSi“ xdeba SesaZlo gadaadgilebis principis saboloo formulireba da misi, rogorc statikis amocanebis kvlevis universaluri meTodis sistematuri gamoyeneba. 

lagranJis azriT statikis ZiriTadi meTodebi sam principze daiyvaneba: esaa berketis principi, ZalTa Sekrebis principi da virtualuri, anu SesaZlo (gaadgilebis) principi, romelsac is gansakuTrebiT gamohyofs, rogorc statikis universalur princips. Ees principi ase gamoiTqmeba: ,,Tu nebismieri sxeulebisa da wertilebisagan Sedgenili sistema nebismieri Zalebis moqmedebiT wonasworobaSi imyofeba da am sistemas mivaniWebT nebismieri mcire gadaadgilebis unars, ris Sedegadac TiToeuli wertili gaivlis usasrulod mcire manZils, misi virtualuri siCqariT, rom gamoixateba, maSin Zalebis Sesabamis gaadgilebebze namravlis jami yovelTvis nulis toli iqneba.“ 

nivTieri sxeulis an myari sxeulis iseT usasrulo mcire gaadgilebas, romelic drois nebismieri mocemuli momentisaTvis masze modebul bmebs ar arRvevs, SesaZlo gaadgileba ewodeba. Ee.i. wonasworobaSi myofi sxeuli am ,,gaadgilebis“ Semdeg isev wonasworobaSi rCeba. sxeulis nebismieri gaadgileba Tu masze dadebul bmebTan winaaRmdegobaSia da am ukanasknelTa rRveviT mTavrdeba, sxeuli wonasworobas kargavs. 

Tu klasikuri meqanikis safuZvlebis Cayra galileis saxelTanaa dakavSirebuli, misi ganviTarebis Tvisobrivad axali etapi_analizuri meqanikis Seqmna_lagranJis saxels ukavSirdeba. 

fridrix II_is gardacvalebis Semdeg lagranJi brundeba parizSi 1787 wels, miuxedavad toskanas, neapolis da sardiniis samefoebis macdunebeli miwvevebisa.
safrangeTis 1789_1794 ww. burJuaziuli revoluciis dros lagranJi, rogorc Tavisi qveynis didi patrioti, aqtiurad ebmeba frang mecnierTa saqmianobaSi axalgazrda respublikis gadasarCenad, riTac avlens Tavis mravalmxriv niWs samxedro_sainJinro sakiTxebisadmi didi dainteresebiT. 

LlagranJi uaxlovdeba lavuazies jgufs, romlis wevrebic iyvnen safrangeTis progresulad moazrovne mecnierebi: lavuazie, kondorse, lalandi, bai, laplasi, gene, vandermindi, monJi. 

Ddidia misi Rvawli da aqtiuri monawileoba politeqnikuri skolebis jer daarsebis, xolo Semdgom maTi muSaobis swored warmarTvis saqmeSi.
Ppoliteqnikuri skola farTo profilis specialistebs amzadebda. Mmis kursdamTavrebulTa Soris bevri saqveynod aRiarebuli inJineri da mecnieri dadga: ponsele, koriodisi, amperi, puasoni, puanso, furie, koSi, arago, gei_lusaki. 
 drekadi Zelebis mrudebis Teoriuli Seswavlis Sedegad man gamosca memuari ,,kolonis formis Sesaxeb.“ am memuarSi igi ikvlevs svetebis (kolonebis) mdgradobis problemebs zekritikuli mkumSavi   p _Zalis moqmedebisas da Rebulobs formulas kritikuli ZalisaTvis f_CaRunvis isris mxedvelobaSi miRebiT. sakiTxis Seswavlisas man isargebla Zelis simrudis zusti gamosaxulebiT da miiRo formula:
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 0, kritikuli Zalis sidide ganisazRvreba eileris cnobili gamosaxulebiT.  aqve unda iTqvas,  rom  f -is  mxedvelobaSi  miReba  metad  arTulebs  mkumSavi  grZivi  Zalis  gansazRvras.
         lagranJma  monawileoba  miiRo  s. Jermenis  mier parizis akademiisadmi wardgenili sakonkurso naSromis gasworebaSi filebis Teoriis Sesaxeb, romlis konkursic, parizis akademiis mier napoleon bonapartis winadadebiT 1806 wels gamocxadda.
mecnieri, romlis Sromebmac samSeneblo meqanikaSi didi kvali datova da dResac aqtiurad gamoiyeneba Tanamedrove samecniero literaturaSi _ aris Sarl kuloni. igi 1736 wels safrangeTis q. angulemSi daibada. misi mecnieruli miRwevebis vrceli nusxa 1773 wels gamoqveynda. kulonis mravalricxovani eqsperimentebi kumSvaze, Wraze, Runvaze da sayrdeni kedlebis mdgradobis sakiTxebze aqtualobas dResac ar kargavs.
koWebis daZabuli mdgomareobis Seswavlisas, kulonma kveTSi moqmedi Zabvebis dasadgenad gankveTis meTodi da statikis sami gantoleba gamoiyena. am SemTxvevisaTvis normaluri Zabvebis epiuri man mrude wiris saxiT miiRo, rac koWis zRvrul daZabul mdgomareobas Seesabameba.
prizmatuli nimuSebis centralurad kumSvis SemTxvevisaTvis eqsperimentebis Sedegebis damuSavebis Sedegad man mrRvevi mkumSavi Zalis ganmsazRvreli formula miiRo:
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s.z. _ masalis simtkicis zRvaria,  A  _ ganivi kveTis farTobi,   α _kuTxe rRvevis sibrtyis normalsa da prizmis grZiv RerZs Soris.  φ _ Siga xaxunis koeficientia. 
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kulonma eqsperimentebis safuZvelze daadgina rxevebis periodis sidide Reroebis grexis dros 
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 _ Reros sigrZea,   n   _masalis mudmiva.  manve daadgina damokidebuleba mgrex momentsa da grexis kuTxes Soris.
sayrdeni kedlebis mdgradobis problemebis kvlevisas kulonma daadgina, rom yamiris, horizontaluri reaqcia sayrden kedelze zRvruli wonasworobis pirobidan gamomdinare, SeiZleba dadgindes gamosaxulebiT:                                        
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_ yamiris moculobiTi wonaa (masaa),
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_ kedlis simaRle,
          α_ kuTxe Zvris sibrtyesa da vertikals Soris,
          μ_ xaxunis koeficientia,
          H_ Tarazuli reaqciis maqsimaluri mniSvneloba.
  eqstremumis pirobebidan dgindeba: 
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 unda aRiniSnos, rom sayrdeni kedlebis mdgradobis Teoriis problemebi dResac aqtualuria.
         Tanamedrove mecnierTa didi nawili dResac sxvadasxva konstruqciis sayrdeni kedlebis mdgradobis problemebze muSaobs. am mecnierul kvlevebSi ZiriTadad umniSvnelo variaciebiT kulonis ideebi gamoiyeneba. 

Tomas iungi 1773 wels somersetSi (inglisi) daibada. umaRlesi samedicino ganaTleba man londonis, edinburgis (Sotlandia) da getingemis universitetebSi miiRo. 23 wlisam doqtoris samecniero xarisxi daicva.
mecnieris saxeli dResac SemorCa samSeneblo meqanikas ,,iungis modulis” saxelwodebiT.
bgeris TeoriiT igi kembrijSi 1798 wels dainteresda. samecniero Sroma ,,sawyisebi da eqsperimentebi, romlebic bgerebs da sinaTles exeba” man 1799 wels londonis samefo akademias warudgina.sxivebis interferenciis movlena iungma 1801 wels aRmoaCina. 1802 wels igi samefo akademiis wevrad airCies. 

,,leqciebi naturalur filosofiaSi da meqanikaSi,” romelic 1807 wels londonSi gamoica, man ganixila prizmatuli Zelebis deformaciis ZiriTadi SemTxvevebi da pirvelma SemoiRo drekadobis modulis cneba. igi ,,modulis wonad” miiCnevda sidides, romelsac Cven vuwodebT sixistes gaWimva-kumSvis dros.
      amave monografiaSi igi koWebis simtkices da deformaciebs formulebis gamoyvanis gareSe da SekumSuli Reroebis mdgradobis dakargvis sakiTxebs ixilavs.  

monografiis II tomSi iungi ixilavs swori Zelis garecentrul gaWimva-kumSvas.
mdgradobis problemebs SekumSuli ReroebisaTvis iungi did adgils uTmobs, misi Sedegebi kargad emTxveva sxva mecnierTa mier ufro gvian gamoqveynebul Teoriul da eqsperimentul Sedegebs.
Tomas iungis Sesaxeb lord relei aRniSnavs: ,,sxvadasxva mizezebis gamo iungs ar xvda wilad bedniereba Tavis TanamedroveTa mxridan aRiarebisa.” 

Tomas iungi 1829 wels gardaicvala.
                   2.2.   XIX _ saukune
2.2.1.  masalaTa  gamZleoba  da  drekadobis  Teoria
     masalaTa gamZleobis da drekadobis Teoriis ganviTarebaSi didi Rvawli miuZRvis frang mecniers l. m. anri navies (1785_1836). is daibada diJonSi. 14 wlis asakSi, mamis gardacvalebis Semdeg, gasazrdelad aiyvana biZam, cnobilma frangma inJinerma Sarl gotiem.
1804 wels, politeqnikuri skolis damTavrebis Semdeg, swavla gaagrZela xidebis da gzebis skolaSi (faqtiurad umaRlesi teqnikuri saswavlebeli), romelic 1808 wels daamTavra. biZis gardacvalebis Semdeg (1807w.) navies mouxda S. goties mier dawyebuli traqtatis ,,xidebis da arxebis Sesaxeb” damTavreba. am traqtatSi a. naviem sakuTari kvlevebis Sedegebic Seitana masalaTa gamZleobis da drekadobis Teoriis sakiTxebSi. 1820 wels parizis mecnierebaTa akademias warudgina memuari filebis Runvis Sesaxeb. mogvianebiT, gamoaqveyna samecniero Sroma, romelmac faqtiurad klasikur maTematikur drekadobis Teorias Cauyara safuZveli.
         1821_1823 wlebSi a. navie parizis akademiis mier wargzavnil iqna q. londonSi kiduli xidebis mSeneblobis Sesaswavlad. am periodis inglisSi didi ganviTareba hpova kidulma xidebma, romelTa daproeqtebas da mSeneblobas saTaveSi lordi Telfordi (1757_1834) edga. Telfordma daaarsa samoqalaqo inJinerTa instituti da misi prezidenti gaxda.
     a. navies angariSi, londonSi mopovebuli informaciis Sesaxeb Seicavda agreTve mis axal mecnierul daskvnebs da gaangariSebis avtoriseul Teorias, rasac dResac ar daukargavs Tavisi mniSvneloba.
gamWvirvale amorfuli struqturis sxeulebSi, Zabvis qveS ormagi sxivTatexis movlenis aRmoCenam, uCveulod progresuli eqsperimentuli bazisi Seuqmna drekadobis Teorias. am movlenis gamoyenebam drekadobis Teoriis ganviTarebas or saukunovani impulsi misca. ukve XIX  saukuneSi  polarizaciul_optikuri   meTodiT  kvlevis obieqti xdeba ara mxolod brtyeli amocanebi drekadobis zRvrebSi, aramed sivrciTi amocanebi drekadobis zRvars zemoT. es meTodi farTod  gamoiyeneba rTuli  obieqtebis  daZabul_deformi-rebuli mdgomareobis optimizaciis Sesaswavlad modelirebis saSualebiT. am meTodis Semdgomma ganviTarebam da daxvewam mecnier_mkvlevarebs urTelesi obieqtebis daproeqtebisa da danergvis saSualeba misca.
ormagi sxivTatexis movlenasTan gvaqvs saqme, roca minis (an sxva gamWvirvale masalis) firfitebi gaWimuli an SekumSuli Tavis sibrtyeSi da gaSuqebuli gamWoli sxiviT, xasiaTdeba sxivis polarizaciiT e. i. Zabvis qveS gamWvirvale masalebi iZenen bunebrivi kristalebis optikur Tvisebebs. amrigad xdeba sxivis polarizacia, xolo gantvirTvis Semdeg masala isev avlens amorful Tvisebebs. sxivis polarizacia xasiaTdeba TeTri sxivis daSliT  urTierTmarTobul sibrtyeSi da mdgeneli veqtorebis rxevebis sibrtyeebi emTxveva daZabuli nimuSis mTavari Zabvebis moqmedebis sibrtyeebs. polarizaciis es movlena (ormagi sxivTatexis) devid briusterma 1816 wels aRmoaCina da londonis samefo sazogadoebas warudgina moxseneba (1816 wlis 19 noemberi). am naSromidan gamomdinareobs, rom SekumSuli mina avlens epoderma kristalis uaryofiTi polarizaciis Tvisebebs; gaWimvisas ki – dadebiTi kristalis optikur Tvisebebs;
         polarizebul sibrtyeSi talRa orive SemTxvevaSi Cveulebrivi talRaa. dadebiT kristalSi es talRa ufro didi siCqariT optikuri RerZis sibrtyeSi vrceldeba, vidre am RerZis marTobul sibrtyeSi. kumSvis SemTxvevaSi adgili aqvs sawinaaRmdego movlenas. avRniSnoT masalis sxivis gardatexis koeficientebi n0 da ne -Cveulebrivi da araCveulebrivi maxasiaTeblebi Zabvis qveS,  gveqneba 
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arsebobs gamonaklisi SemTxvebi, roca mZime flantglasSi adgili aqvs sawinaaRmdego movlenebs. (es daadgines pokelsma da dailonma) e.i. Zabva minas aqcevs droebiT xelovnur kristalad. failonma SemoiRo termini ,,Zabvis QfardobiTi optikur

koeficienti” _ с  (1902 w.)
    r -iT avRniSnoT ori polarizebul sxivTa urTierT CamorCena, anu meore talRis optikur eqvivalentur svlas minus pirveli talRis optikuri fardoba, maSin
r =(n e – n o)d
sadac  d   -nimuSis (detalis, modulis) sisqea.
          n e – n o ( T     Zabvis pirdapir proporciulia da
          ne– no=cT     sadac c - masalis mudmivaa damokidebuli agreTve sinaTlis talRis sigrZisagan e.i.  

r =cTd
sadac  c- failonis mudmivaa T  _ Zabvis optikuri koeficienti. failonma SemoiRo   c-s gansazRvris erTeuli c=10-13  sm2/dina
da uwoda mas ,,briusteri” (d. briusteris parivsacemad)  r -is ganzomileba ganisazRvreba ongstrumiT (A0) didi Teoriuli da eqsperimentuli kvlevebi Caatara noimanma, romelmac kvlevis Sedegebi berlinis akademias 1841 wels warudgina. akademiam es naSromi ori wlis dagvianebiT gamoaqveyna. Mmis mier Rrma analiziT Catarebuli didi moculobis eqsperimentuli kvlevebi, faqtiurad, safuZvels uyris Tanamedrove polarizaciul meTodebis mecnierul gamoyenebas.
       vertheimis mier Catarebuli am samuSaoTa kompleqsi Semdegma mkvlevarebma, rogorc etaloni ise gamoiyenes. 

giiom vertheimi evropis XIX saukunis mecnierTa azriT, iyo ubadlo eqsperimentatori myari sxeulebis fiziko_meqanikuri Tvisebebis SeswavlaSi. misi eqsperimentebis diapazoni imdenad mravalsaxieria, rom Cven ar gveguleba masalaTa gamZleobis TiTqmis 300 wliani arsebobis ganmavlobaSi sxva mecnieri, romlis eqsperimentuli moRvaweoba aseT did kvals daaCenda myari tanis fizikas da amave dros, romlis mecnieruli moRvaweobis dafaseba daumsaxureblad ignorirebuli iyo.
miuxedavad aseTi situaciisa g. vertheimis eqsperimentebis meTodikiT da SedegebiT sargeblobda mravali mecnieri, romelTa ,,gulmaviwyoba“ fenomenaluria, maT aviwydebodaT vertheimis saxeli!
      giiom vertheimi  (Wertheim) daibada venaSi 1815 wels mdidari bankiris ojaxSi. igi adre daoblda. man miiRo umaRlesi samedicino ganaTleba; am specialobiT ganaTlebis miReba iyo erTaderTi, romlis eflebac hqondaT avstriel ebraelebs XIX saukunis 30_ian wlebSi.
      samedicino ganaTlebis damTavrebis Semdeg vertheimi ori wlis ganmavlobaSi berlinSi ismenda leqciebs fizikaSi da maTematikaSi. misi xelmZRvanelebi iyvnen iakobi, Steineri, dirinkle.
      1839 wels vertheimi sacxovreblad gadadis parizSi, sadac politikuri skolis da kolej de fransis (College de Transe)  laboratoriebSi awarmoebs eqsperimenrul kvlevebs.
1854 wels vertheimma miiRo safrangeTis moqalaqeoba. 1854 wels iyo StatgareSe profesori monpelies fakultetze  (Fakultet de Montpelier) igi iyo parizis saerTaSoriso gamofenis Jiuris wevri 1855 wels, ris gamoc dajildovebuli iqna sapatio legionis ordeniT. 1853 wels vertheimi arCeuli iqna berlinis akademiis wevrad.
       parizSi man miatova medicina da Tavisi mecnieruli moRvaweoba warmarTa myari tanis eqsperimentuli meqanikis dargSi.
      gardaicvala vertheimi 1861 wels tragikuli SemTxvevis gamo.
      g. vertheimis eqsperimentuli miRwevebi mravalricxovania. e.w. ,,vertheimis kanoni” fotodrekadobaSi, romelic asaxavs wrfiv kavSirs optikur maxasiaTeblebsa da Zabvebs Soris, mis mier dadgenili iyo 1854 wels.
    igi iyo avtori sxvadasxva ganikveTis mqone prizmebis eqsperimentuli kvlevisa (1857 weli). unda iTqvas, rom am sakiTxSi mas hyavda winamorbedad mecnierebi: diuli (1813) da savari (1830w.).
        man gamoikvlia gaWimul mavrTulSi, romlis sigrZec aRemateboda 3 km. deformirebuli talRis gavrceleba.
       vertheimi SeiZleba CaiTvalos biomeqanikis damaarseblad (igi ikvlevda Zvlebis drekadobas, kunTebis da qsovilebis Tvisebebs.) 

       1846 wels man aRmoaCina narCeni mikrodeformaciebi e.i. ,,drekadobis defeqti,” drekadi ukuqmedeba, mdgradobis dakargvis sakiTxebi,  vikas cocvadoba.
       misi eqsperimentebis Catarebis meTodika (pauza datvirTvis Semdeg; pauza gantvirTvis Semdeg) saSualebas iZleoda raTa gamokvleuliyo mikro plastikurobis Tvisebebi nebismieri masalebisaTvis.
       vertheimis eqsperimentebma cocxal qsovilze miipyro didi yuradReba, cnobilma fiziologebma m. vundti, a. folkmani da sxv. gaimeores vertheimis eqsperimentebis nawili. aqve unda iTqvas, rom maTi eqsperimentebis Sedegebi bevr SemTxvevaSi ar emTxveodnen vertheimis monacemebs da amaSi brals sdebdnen mas. ufro mogvianebiT gairkva, rom uzustobis Sedegi TviT vundtis eqsperimentebSi iyo.
       vertheimma daadgina, eqsperimentebis Sedegad, funqcionaluri kavSiri  ε  fardobiT    deformaciasa  da      σ normalur Zabvebs Soris.
ε2 =Aσ 2+Bσ
sadac A   da BB   eqsperimentuli mudmivebia.
aRvniSnoT, rom 1849 wels britaneTis samefo komisiam misca rekomendacia inJinrebs, raTa maT hukis kanonis magivrad esargeblaT gaWimva_kumSvis da Runvis dros paraboluri damokidebulebiT:
σ =Aε ​- Bε2
es  daskvna faqtiurad eyrdnoboda hodkinsonis 20 wliani eqs-perimentebis Sedegebs.
rogorc, erTi wlis mogvianebiT jorj Ggabriel stoqsis moxsenebidan gairkva (romelmac warmoadgina somerset koqsis monacemebi), ufro zusti iqneboda damokidebuleba:  
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didi adgili dauTmo vertheimma sxvadasxva masalisagan damzadebuli da agreTve sxvadasxva ganikveTis Reroebis grexas. igi eqsperimentalurad swavlobda Reros moculobis cvalebadobas grexis dros da agreTve Zvris modulis cvalebadobas didi grexiTi deformaciebis Seswavlisas.
vertheimma didi adgili dauTmo magnituri induqciis cvalebadobas grexis dros.
metad sayuradReboa bauSingeris mier 1881 w. Catarebuli eqsperimentebi grexaze. misi eqsperimentebis obieqtebi iyo mrgvali, elifsuri, sworkuTxa da kvadratuli ganivi kveTis Reroebi. aRmoCnda, rom mgrexi momentebis zrda iwvevs Zvris mxebi modulis Semcirebas.
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sadac, T _mgrexi momentia,   γ_ Zvris kuTxe,   μ0-sawyisi Zvris moduli,   Bb  -empiriuli koeficienti.
       bauSingerma SeamCnia, rom ganivi deformaciebi Reroebis gaWimva_kumSvis dros dakavSirebulia puasonis koeficientis cvalebadobasTan da amave dros mcirdeboda datvirTvis gazrdisas mxebi E moduli da mxebi Zvris  G  modulebi. am movlenas adgili hqonda agreTve grexis eqsperimentebSi.
myar tanTa meqanikis Semswavlel mecnierTa Soris XIX saukuneSi bare de sen-venani pirvelia, vinc winamorbed mecnierTa naSromebis sistematizacia moaxdina da sakuTari fundamentaluri kvlevebis Sedegebi Seitana masalaTa gamZleobasa da drekadobis TeoriaSi.
      Tavisi politikuri mrwamsis gamo, misi sazogadoebrivi cxovreba sakmaod mZime iyo (mas antipatriotizmi daswames napoleonis reJimis opoziciis gamo, 1814 wlis saomari moqmedebebis dros). amis gamo igi didxans iyo sazogadoebrivi obstruqciis uneblie msxverpli. mxolod mis fsiqiur mdgradobas unda vumadlodeT, rom SesZlo didi mecnieruli kvlevebis Catareba, axali problemebis dayeneba da gadawyveta, rogorc masalaTa gamZleobaSi, aseve drekadobis TeoriaSi.
       bare sen-venanis mecnierul aRiarebad unda CaiTvalos is faqti, rom todhenteris da pirsonis ,,drekadobis Teoriis istoriis” titulze aseTi miZRvnaa: ,,avtorebi Tavis Sromas uZRvnian Tanamedrove drekadobis Teoriis Semqmnels bare sen-venanis xsovnas.” igi aristokratebis ojaxSi daibada fortuazis sasaxleSi, safrangeTSi. 1813 wels, 16 wlisam sakonkurso gamocdebSi gaimarjva da politeqnikur skolaSi moxvda. 1814 wels, rodesac mokavSireTa jarebi parizs miuaxlovdnen, studentebsac ki mobilizacia gaukeTes qalaqis dasacavad, magram serJantma sen-venanma uari Tqva bonapartis reJimis dacvaze, ris gamoc igi garicxes politeqnikuri skolidan da samudamod aukrZales iq swavla. mxolod 1823 wels, mTavrobam mas neba darTo ugamocdoT Sesuliyo parizis ,,xidebis da gzebis” skolaSi, romelic 2 wlis Semdeg daamTavra da muSaoba daiwyo hidroteqnikur da melioraciul nagebobaTa mSeneblobaze.
         1837 wels, masalaTa gamZleobis kursis wasakiTxad miiwvies ,,xidebisa da gzebis” skolaSi. am droisaTvis mas ukve icnoben, rogorc mecniers, romelmac 1834 wels akademias warudgina Tavisi Sroma Teoriul meqanikaSi da hidrodinamikaSi.
        Tavis saleqcio kursSi mas Seaqvs meqanikuri Zabvis cneba. masve ekuTnis sufTa Zvris cnebac. masalaTa gamZleobaSi igi mudmivad Tvlis mxebi Zabvebis ganawilebas koWis ganivi kveTis simaRleze (mxebi Zabvebis WeSmariti ganawileba daadgina Juravskim). ganivi kveTis simtkicis uzrunvelsayofad bare de sen-venani Rebulobs maqsimaluri deformaciebis simtkicis Teorias. rogorc Semdgomma eqsperimentebma daamtkices, es simtkicis Teoria miaxloebiT Sedegebs iZleva.
       gantolebaTa sistemis Camoyalibebis istorias sen-venani frangi meqanikosi muanios wignis danarTSi aSuqebs. am wignSi _,,leqciebi analitikur meqanikaSi (statika)“ _ muanios metad saintereso da sayuradRebo epizodi mohyavs. muanios surda, misi wignis, ,,drekadi tanis statika“_ danarTSi statia romelime cnobil inglisel an germanel mecniers daewera, magram yvela moTxovnaze zrdilobian pasuxs iRebda: ,,Tqvens gverdiT moRvaweobs Seudarebeli avtoriteti _ sen_venani, mas daugdeT yuri, mimarTeT mas, gahyeviT mas.“ aqve muanio aRniSnavs: safrangeTis udidesi maTematikosi aqamde rCeba fatalurad daufasebeli, maSin, rodesac sxva qveynebSi misma popularobam umaRles mwvervals miaRwia.
       1868 wels sen_venani safrangeTis mecnierebaTa akademiis wevrad airCies, sadac igi sicocxlis bolomde moRvaweobda. am periodSi igi rxevebis TeoriiT da plastikuri deformaciebiT dainteresda. es daintereseba treskas eqsperimentalurma kvlevebma maRali wnevis gavleniT liTonebis denadobis sakiTxma gamoiwvia. es eqsperimentebi meqanikaSi pioneruli iyo, ris safuZvelzec, meqanikaSi pirvelma, plastikurobis Teoriis ZiriTadi gantolebebi Camoayaliba da maTi gamoyenebiT mravali praqtikuli amocana amoxsna. manve gamoaqveyna navies leqciebi (1864 w.) da Targmna klebSis monografia ,,myar tanTa meqanika“ (1883 w.) am monografiis sen_venaniseulma komentarebma 3-4-jer gadaaWarba avtorebis teqstebs. radgan pirad kvlevebsac Seicavda.
        1853 wels b. de sen_venanma safrangeTis akademias warudgina ,,memuari grexis Sesaxeb.“ SesavalSi igi aRniSnavs, rom rodesac apriorulad cnobilia U, V, W   gadaadgilebaTa gansazRvreli funqciebi, advili dasadgenia ZabvaTa mniSvnelobebi. am gaadgilebaTa fardobiTi deformaciebis formulaSi CasmiT, vRebulobT saSualebas hukis kanonis gamoyenebiT miRebuli iqnas σX, σY,YσZ   ZabvaTa komponentebi. wonasworobis, diferencialur da sasazRvro pirobebis gantolebaSi CasmiT miiReba Zalebi, romlebic sxeulis zedapirze moqmedeben; miiReba agreTve U, V, W     _gadaadgilebebi. amocanis amoxsnis pirdapiri gziT warmarTvis SemTxvevaSi saWiro xdeba gantolebaTa integrireba, rac SedarebiT rTulia, vidre diferencireba pirvel SemTxvevaSi.
        sen_venani gvTavazobs naxevrad Sebrunebul amocanas, romlis azri mdgomareobs imaSi, rom logikuri daskvnebidan (an masalaTa gamZleobidan) gamomdinare, cnobilad miRebuli iqnas zogierTi gadaadgilebebi da Zalebi. Semdeg saWiro parametrTa sruli sistema  drekadobis Teoriis gantolebaTa gamoyenebiT ganisazRvreba. Tavisi naxevrad Sebrunebuli meTodis gamoyenebiT sen-venanma sxvadasxva ganikveTis Reroebis grexis da Runvis Teoriebi Seqmna.
       drekadobis Teoriis nebismier kursSi es meTodi  detaluradaa gaSuqebuli da mravalricxovani amocanebia amoxsnili. magaliTad, ixilavs ra grexis amocanebs, fardobiTi grexis kuTxis  Q -s simciris gamo, ugulvebelyofs kveTebs Soris manZilis Semcirebas, e.i. Rebulobs wriuli ganikveTis ReroebisaTvis tolobas  

W=0.
  arawriuli ganikveTis ReroebisaTvis zemoT moyvanili piroba ver sruldeba, rac mravali eqsperimentidan gamomdinareobs da sen-venani grZivi RerZis gaswvriv W gadaadgilebas (ganivi kveTis damrecis gamo) Rebulobs fenqciis saxiT, romelic damokidebulia   Z  koordinatisagan     

W=νφ(x,y)
aq   φ - grexis funqciaa, romelic navies wonasworobis gantolebebs da sasazRvro pirobebs unda akmayofilebdes. magaliTad, elifsis formis ganikveTis SemTxvevaSi
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fardobiTi grexis kuTxe ganisazRvreba formuliT 
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 mxebi Zabvebi ki formuliT 
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sadac    G  - Zvris modulia,     a da    b - elifsis mTavari RerZebi.
 
sen-venanis samecniero kvlevebis diapazoni vrceldeba dinamikis amocanebze; magaliTad, grZivi dinamikuri dartymebi identoris da Zelis masebis sxvadasxva Sefardebisas. am eqsperimentebs igi flamanTan erTad atarebda.
treskas Sromis recenzirebisas, romelic didi wnevis qveS liTonebis dinebas exeboda, igi plastikurobis TeoriiT dainteresda da mogvianebiT plastikurobis Teoriis ZiriTadi gantolebebi gamoiyvana. es gantolebebi Semdeg daSvebebs eyrdnoboda: 

1.  plastikuri deformaciis procesSi masalis moculoba ar icvleba;
2.  mxebi Zabvebi myari tanis nebismier wertilSi mudmivi sididea. 

    
sen_venani ixilavs wriuli ganikveTis Reros grexas plastikur stadiaSi; Zelis Runvas plastikuri deformaciebis gaTvaliswinebiT; Rrutaniani cilindrebis plastikur deformaciebs Siga wnevis gavleniT.
     SeiZleba iTqvas, rom sen_venanma Tavisi SromebiT biZgi misca inJiner_mecnierebs gamoyenebiTi meqanikis Semdgomi kvlevis saqmeSi.
     sen_venani albaT pirveli iyo, vinc drekadobis Teoriis ZiriTadi gantolebebi Seitana masalaTa gamZleobis wignebSi (mag. a. navies wignSi ,,Resume oles lecons“) igi ixilavs ganivi dartymis Teorias da atarebs Semdeg analizs, ixilavs Reroebis grZiv rxevebs dartymisas da ganiv rxevebs sxvadasxva SemTxvevisaTvis. manve ganixila koWSi aRZruli mRunavi momentebis gansazRvris amocana moZravi datvirTvis moqmedebisas koWis sakuTari ganawilebuli masis mxedvelobaSi miRebiT:
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es amocana pirvelad kembrijSi ganixiles uielisma da stiqsma. sen_venanma daamtkica, rom bernulis brtyeli kveTis hipoteza zustad kmayofildeba sufTa Runvis SemTxvevaSi. manve daamtkica, rom Runvis dros marTkuTxa ganivi koWis zeda da qveda zedapirebi antiklasikur zedapirebs warmoqmnian.
       sainteresoa, rom sen_venani ixilavs agreTve koWebis CaRunvebis (gadaadgilebebis) did mniSvnelobas, roca koWebis masalebi ar eqvemdebareba hukis kanons. am amocanaTa ganxilvisas igi eyrdnoba bernulis hipotezas da ZabvaTa da deformaciebs Soris damokidebulebas arawrfivi kanonis saSualebiT warmoadgens 
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roca   i =1 , adgili aqvs gaWimvas;
                i =2 , adgili aqvs kumSvas;
Ai, ai, mi _ masalis mudmivebia, gaWimvisa da kumSvis SemTxvevebisaTvis,  eqspertiT dadgenili.
    y _gansaxilveli wertilidan neitralur RerZamde manZili;
roca y=0, gaWimva _ kumSvis da drekadobis modeli erTmaneTis tolia.
      ganxiluli SemTxvevisaTvis,  roca A1=A2;   m1=m2;    a1=a2
Siga Zalebis momenti sen_venanis mixedviT 
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koeficientia,  romlis cxrilebic manve Seadgina.
      sen_venans ekuTvnis agreTve principi, romlis mixedviTac: Tu Zelze modebulia urTierT gawonasworebuli ZalTa sistema, Zabvebis da deformaciebis ganawilebis kanoni am ZalTa modebis adgilidan sakmao daSorebiT, ar aris damokidebuli maTi modebis lokalur xasiaTze (e.w. ,,sen_venanis principi“).
       gardaicvala bare de sen_venani 1886 wels.
,,Lehrer von Gottes Ghaden“ ,,maswavlebeli RmerTis wyalobiT”_ ase monaTles studentebma da kolegebma Studgardis politeqnikumis profesori teqnikur meqanikaSi oto mori (1835_1918), romelic mecnieruli erudiciis garda dajildoebuli iyo udidesi pedagogiuri niWiT.
       drekadi Zafis diferencialuri gantolebebis ganxilvisas morma daadgina, rom koWis gaRunuli RerZis diferencialuri gantoleba formalurad emTxveva pirvels, Tu adgili eqneba marjvena nawilebis tolobas: 
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sadac: q _ Zafze moqmedi ganawilebuli datvirTvis intensivobaa;
         H_ gambrjeni (Tarazuli reaqcia),
         M _ koWSi moqmedi mRunavi momenti;
         EI _ koWis  sixiste Runvis dros;
       igi askvnis, rom koWis CaRunvebi SeiZleba ganisazRvros fiqtiuri datvirTviT. fiqtiur datvirTvad igi iRebs mRunavi momentebis epiuras, gamowveuli mRunavi momentebiT fiqtiuri sqemis koWSi. Tanamedrove literaturaSi es meTodi cnobilia ,,grafo_analizuri meTodis” saxelwodebiT.
       morma SemoiRo gavlenis wirebis cneba (,,influenturi wirebi”) mis mier miRebuli Sedegebi safuZvlad udevs koWebis, fermebis (wamweebi) da sxva konstruqciebis gaangariSebas moZrav datvirTvaze. daZabuli mdgomareobis Zabvis wrewirebis saSualebiT, warmodgenis Sedegad, morma metad gauadvila konstruqtorebs da inJinrebs sakiTxSi garkveva. evropis qveynebis samecniero literaturaSi dResac farTod gamoiyeneba ,,moris wreebi.” 

      myari tanis nebismier wertilSi (ix. nax.1) DdaZabuli mdgomareoba warmogvidgeba Semdegi sqemiT; 
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 _ sibrtyeze moqmedi mxebi   Zabvebia;
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 _  sibrtyeze moqmedi normaluri Zabvaa;
igive meTodiT ganisazRvreba sivrciTi daZabuli mdgomareoba.      
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 normaluri Zabvaa nebismier wertilSi.
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) mxebi Zabvebia daxril kveTaSi.
    1900 wels o. mori aqveynebs simtkicis sakuTar Teorias, romelic eyrdnoba ZabvaTa grafikuli warmodgenis sqemas. am momentisaTvis inJinrebi iyenebdnen simtkicis sen_venaniseul rRvevis kriteriums_maqsimaluri deformaciebis Teorias.
     eqsperimentuli monacemebi am periodisaTvis (bauSingeri, liudersi, Cernovi da sxv.) ar eTanxmebodnen sen_venanis simtkicis Teorias.
     o. mori amuSavebs simtkicis Teorias, romelic eyrdnoba nimuSebis gamocdebis eqsperimentalur monacemebs _ gaWimvaze, kumSvaze, Zvraze (grexaze).  ,,moris wreebiT“ asaxuli es monacemebi saSualebas iZleva aigos moris samive wris saerTo msaxveli, romlis gareSec nimuSis rRveva gardauvalia. aq rRvevis kriteriumi gamovlindeba maqsimaluri mxebis 
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    Zabvebis saSualebiT (nax. 3). moris sami mTavari wrewiris saSualebiT dgindeba mrRvevi Zabvebis mniSvneloba.
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nax. 3_ze  III wrewiri agebulia  D  (I da II wrewirebis Sexebis) wertilidan msaxvelTan Sexebamde, rac gvaZlevs maqsimaluri mxebi Zabvebis mniSvnelobebs:  
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Zvr=
sadac   σg   da  σk _ maqsimaluri normaluri Zabvebia nimuSis gamocdisas rRvevamde _ gaWimvisas da kumSvisas.
       wertilebi P1 da P2 Zvris sibrtyeSia ganlagebuli. 

       o. moris mier SemuSavebuli zRvruli Zabvebis gansazRvris Teoria dResac farTod gamoiyeneba gruntebis meqanikaSi, rkina_betonis konstruqciebSi da sxva.
ingliselma tomsonma p. teitTan erTad, 1867 wels gamosca ,,naturaluri filosofiis kursi.” igi Seicavs myari da Txevadi masalebis meqanikas da TviT tomsonis originaluri kvlevis Sedegebs drekadobis TeoriaSi. man pirvelma gadawyvita, amocana erTgvarovani usasrulo drekadi masivis daZabuli mdgomareobis Sesaxeb. am kvlevis Sedegebs igi iyenebs sferuli segmentis daZabuli mdgomareobis dasadgenad. (igive amocana amoxsnili iyo lames mier, mxolod sxva meTodiT). tomsoni ixilavs agreTve filebis Runvis Teorias da iZleva sasazRvro pirobebis interpretacias. rogorc cnobilia kirxovma filebis sakonturo pirobebis raodenoba daiyvana oramde (samis magivrad _puasonis mixedviT).
        tomsoni iZleva kirxofis ori sakonturo pirobebis fizikur interpretacias, iyenebs ra san_venanis princips, amtkicebs, rom mgrexi momentis ganawileba filis Tavisufal konturze SeiZleba Seicvalos statikurad eqvivalenturi ganivi ZalebiT.
        1866 wels sakabelo telegrafuli kavSiri damyarda inglissa da amerikas Soris. am proeqtis ganxorcielebis procesSi mecnierul da teqnikur konsultaciebs tomsoni awarmoebda, ris gamoc mas lordis tituli mieniWa (lord kilvini).
        meqanikis didma Teoretikosma da eqsperimenratorma klerk maqsvelma (1831_1879) 14 wlisam daamTavra edinburgis skola da geometriaSi warmatebisaTvis medali daimsaxura.
        1847 wels igi edinburgis universitetSi Sedis da eqsperimentebs atarebs gamWvirvale namuSebSi ZabvaTa analizisaTvis optikuri meTodiT. 1850 wels maqsveli edinburgis samefo sazogadoebaSi kiTxulobs moxsenebas ,,drekadi sxeulebis wonasworobis Sesaxeb“ am naSromSi igi eyrdnoba ori mudmivas hipotezas izotropuli masalebisaTvis. maqsveli Tavis SromebSi did yuradRebas uTmobs Teoriuli Sedegebis Semowmebas eqsperimentuli meTodiT. maqsvelis eqsperimentebi ZiriTadSi eyrdnoba polarizaciul_optikur meTods da aRwevs did warmatebebs. sayuradReboa ZabvaTa gansazRvris eqsperimentul_Teoriuli meTodika minis_samkuTxa filaSi. aseTi konstruqciis fila xasiaTdeba imiT, rom ar arsebobs zusti Teoriuli meTodi daZabuli mdgomareobis gansazRvrisaTvis. maqsveli iyenebs fotodrekadobis meTods, Rebulobs wriulad polarizebuli sxivebis izoqromebs, amis Semdeg aSuqebs filas brtylad polarizebuli sxivebiT da agebs izoklinebis sistemas. amgvarad, man miiRo ZabvaTa traeqtoriebi, romelTa saSualebiTac gamoiangariSa mTavari Zabvebi.
       maqsvelis meTodi dResac gamoiyeneba fotodrekadobis amocanebis farTo klasis  eqsperimentul ​_ Teoriuli analizisaTvis. rTuli, gamWvirvale modelebis Seswavlisas aseT Sedegebs klerk maqsvelma miaRwia jer kidev 19 wlis asakSi.
       1871 wlidan klerk maqsveli kembrijis universitetis profesoria da did dros uTmobs eqsperimentul samuSaoebs: eleqtroobaSi, siTbur movlenebSi, magnitizmSi da fotodrekadobaSi.
eqsperimentuli meTodebis pionerul damuSavebaSi didi Rvawli miuZRvis inglisel devid kirkalds, romelmac 1865 wels londonSi gaxsna eqsperimentebis Casatarebeli laboratoria. man nimuSebis gamosacdeli danadgarebis mTeli seria daamuSava da did yuradRebas uTmobda nimuSebis formebs, zomebs da maTi boloebis Camagrebis xerxebs satacebSi.
 
kirkaldi pirveli iyo, romelmac yuradReba miaqcia nimuSis diametris Semcirebas gaWimvisas da aucileblad CaTvala nimuSis yelis diametris gazomva gawyvetis Semdeg, rogorc masalis plastikurobis erT_erTi maxasiaTeblisa. igi masalis simtkices axasiaTebs ori parametriT:  pirveli _ simtkicis zRvari, gansazRvruli sawyisi ganivi kveTis farTobiT da  meore _ simtkicis zRvari gansazRvruli yelis ganivi kveTis farTobiT d. kirkaldi Tvlida, rom eqsperimentebis Sedegebis Sedareba koreqtulia mxolod im SemTxvevaSi, rodesac nimuSis zomebi da formebi identuria da eqsperimentis pirobebi erTi da igive.
2.2.2.   laboratoriebi,   konferenciebi,
               eqsperimentuli  sistema
     eqsperimentuli laboratoriebis sistema germaniaSi kargad ganviTarda mxolod XIX saukunis II naxevarSi. am laboratoriaTa mTavari Rirseba imaSi mdgomareobda, rom maTi samuSao programa ZiriTadad mimdinareobda sainJinro umaRlesi saswavleblebis dakveTiT da uSualo monawileobiT. samecniero _ kvleviTi samuSaoTa amgvarma warmarTvam udidesi roli iTamaSa sainJinro da samecniero kadrebis momzadebis saqmeSi. erT_erTi aseTi laboratoria daarsda miunxenSi 1871 wels, romelsac saTaveSi Caudga iohan bauSingeri, meqanikis profesori (1833 _ 1893). i. bauSingeris mier deformaciebi izomeboda sarkis tenzometriT, romlis sizuste fardobiTi deformaciebis gazomvisas aRwevda 10-6 . bauSingerma SeimuSava proporciulobis da drekadobis zRvrebis cneba. es parametrebi rkinisa da foladisaTvis praqtikulad daemTxva erTmaneTs. manve daadgina denadobis zRvrebis cneba da maTi sidideebi Savi liTonebisaTvis. i. bauSingeris eqsperimentebi niSancvladi datvirTvebis SemTxvevaSi dResac metad sayuradReboa daRlilobis Sesaswavlad.
        miunxenis laboratoriis Semdeg gaixsna mravali laboratoria berlinSi, venaSi, ciurixSi, SturtgardSi (martensi, jenni, l. tetmaieri, k. baxi). masalaTa gamocdis sakiTxebiT dainteresdnen agreTve SveciaSi _ mZime mrewvelobis da transportis firmebi.
        i. bauSingerma agreTve daadgina masalaTa (kerZod liTonebis) winaRobis cvalebadoba ZabvaTa reversis dros. am movlenebs SemdegSi ,,bauSingeris efeqti” uwodes.
       masalaTa meqanikuri Tvisebebis Seswavlas ruseTSi safuZveli 1824 wels Caeyara lames xelmZRvanelobiT, romelmac daaproeqta sagamocdo danadgarebi (wnexebi) romlebic daidga_ peterburgSi.  1809 wels gaixsna gzaTa mimosvlis inJinerTa instituti, romlis pirveli xelmZRvanelebi iyvnen: ogusten betankuri, bazeni, potie da sxvebi. am institutma didi gavlena moaxdina mTel evropaSi samSeneblo meqanikis ganviTarebaze.
        sainteresoa, rom bauSingeris iniciariviT 1884 wels miunxenSi moewyo saerTaSoriso konferencia, romelSic monawileobda sxvadasxva qveynis 80_mde mecnieri. es konferencia Cveni azriT, msoflioSi  pirvelia samSeneblo meqanikis istoriaSi. am konferenciis erT_erT mTavar Sedegad unda CaiTvalos eqsperimentebis erTiani meTodikis SemuSavebis da gamosacdeli nimuSebis standartizaciis aRiareba.
       specialuri komisia Seiqmna masalaTa gamocdis Catarebis teqnikuri pirobebis SemuSavebisaTvis.
       1889 wels parizSi saerTaSoriso _ samrewvelo gamofena gaixsna da amasTan dakavSirebiT meqanikis kongresi Catarda, romlis erT_erT seqciaSi masalaTa meqanikuri gamocdis problemebi ganixileboda. Seiqmna masalaTa meqanikuri gamocdis saerTaSoriso sazogadoeba. am sazogadoebis I saerTaSoriso kongresi Catarda ciurixSi prof. l. tetmaieris TavjdomareobiT.
2.2.3.  energetikuli  meTodebi,
           Zabvis  funqcia,  grafostatika
    d. eilerma Zelis drekadi wiris diferencialuri gantolebis misaRebad gamoiyena Zelis gaRunuli RerZis drekadi energiis gamosaxuleba. jon grinma ki potencialis cneba da moZraobis integraluri gantoleba miiRo. lames, Tavis monografiaSi klapeironis Teorema mohyavs gare Zalebis muSaobisa da Siga Zalebis mier dagrovili energiis tolobaTa Sesaxeb. gare Zalebis mier Sesrulebuli muSaoba man Semdegi formuliT gamosaxa:  
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myar sxeulSi deformaciis Sedegad dagrovili  drekadi 

energia: 
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 EMBED Equation.3  [image: image52.wmf]
    klapeironis Tanaxmad T=V. statikurad urkvevi fermebis (wamweebis) gaangariSebisas italielma l. menabream 1858 wels fermis ReroebSi deformaciiT dagrovili energiis formula gamoiyena., sadac igulisxmeba, rom fermis ,,zedmet” ReroebSi Zalvebis sidide unda akmayofilebdes energiis minimumis pirobebs  
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sadac xi ucnobi Zalvebia, ,,zedmet” ReroebSi. l. menabreas am pirobaTa damtkiceba moyvanili ar aqvs, rac 1879 wels italielma inJinerma alberto kastilianom SesZlo.
        alberto kastiliano (1847_1884) italiaSi (q. asti) daibada. daamTavra turinis politeqnikuri instituti 1873 wels. sainJinro wodebis mosapoveblad man Teoriulad daamtkica menabreas Teorema; SemdegSi am Teoremas ewoda ,,kastilianos Teorema.”
        klapeironis energiis Senaxvis principi fermisaTvis a. kasrilianom warmoadgina Semdegi saxiT: 
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sadac marcxena nawili fermis   kvanZebSi
moqmed gare Zalebis mier Sesrulebuli muSaobas warmoadgens. marjvena nawilSi ki fermis yvela i ReroSi energiaa dagrovili. damtkicebisas a. kastilianom gamoiyena CaRunvebiT energiis variacia. 
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da gare Zalebis variacias gautola.  
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_ es aris kastilianos pirveli Teorema. mis mierve            damtkicebuli meore Teorema mdgomareobs ZalebiT 

energgiis variaciaSi da Rebulobs Semdeg saxes: 
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_ es  aris kastilianos meore Teorema.
es Teoremebi SemdgomSi safuZvlad daedo nebismieri drekadi sxeulebis gaangariSebebs.
drekadobis Teoriis umaRlesi maTematikis da astronomiis ganviTarebas didi kvali daamCnia kembrijis trinti kolejis aRzrdilma jorj bidel eirim (1801_1892). 25 wlis j.b. eiri maTematikis profesorad airCies kembrijSi. aq man gamosca monografia ,,maTematikuri traqtatebi mTvaris, planetebis, dedamiwis figuris, precesiis, nutaciis da variaciuli aRricxvis Sesaxeb.” es Sroma safuZvlad daedo gamoyenebiTi maTematikis Seswavlas kembrijSi. amave dros SemoRebuli iqna  eqsperimentuli filosofia, romelic meqanikas, hidrostatikas da optikas aerTianebda.
 
eirim miaRwia, rom gamoyenebiTi maTematika da eqsperimentuli filosofia kembrijis saswavlo programebSi Setanili iqna, rogorc aucilebeli disciplina  1835 wels igi daniSnes grinviCSi samefo astronomis Tanamdebobaze. j.b. eiri monawileobas iRebs didi xidebis dagegmarebisa da mSeneblobis saqmeSi. man daumtkica feierbeirns modelebze Citarebuli eqsperimentis Sedegebis, xidebis daproeqtebaSi gamoyenebis SesaZlebloba. eirim Seiswavla koWebis Runva da 1862 wels londonSi samefo akademias warudgina moxseneba, sadac daamtkica, rom brtyeli amocanis ganxilvisas adgili aqvs wonasworobis diferencialur gantolebebs: 
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saidanac gamomdinareobs zogadi 
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 funqciis arseboba, romlis saSuilebiTac SeiZleba gamoisaxos 

     ZabvaTa komponentebi: 
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 funqciis ,,ZabvaTa funqcias”_s xSirad eiris funqcia ewodeba. igi amocanebs polinomebis saSualebiT xsnis da 
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 funqcias wonasworobis gantolebis dakmayofilebis pirobas uyenebs; eiris kvlevas dRevandeli TvalsazrisiT sisrule aklia, radgan sasazRvro pirobebi da uwyvetobis gantolebebic unda kmayofildebodes.
     
Zabvis funqciis gamoyenebiT sxvadasxva mecnierTa mier brtyeli drekadobis Teoriis mravali amocana amoixsna. dRes drekadobis Teoriis yvela saxelmZRvaneloSi Zabvis funqciis Teoriaa Setanili da mravali amocana am funqciis saSualebiT aris amoxsnili.
samSeneblo meqanikis grafikuli meTodebiT sawyisebi unda veZeboT Tokis mravalkuTxedis meTodebSi, romlis avtoradac, holandieli inJineri simon stevini (1548_1620) SeiZleba CaiTvalos.
       as welze meti dasWirda am meTodis Semdgom ganviTarebas, frangi mecnieris pier varinionis mier (1654_1722), 1687 da 1725 wlebSi parizSi gamocemul ortomeulSi.
       praqtikuli gamoyeneba am meTodma kiduli xidebis daproeqtebis saqmeSi hpova, romlis avtorebic s. peterburgis inJinerTa korpusis profesorebi: lame (1795_1870) da klapeironi (1799_1864) iyvnen. 

       saTanado masalebi maT mier, 1826 wels gamoqveynda. SeiZleba iTqvas, rom Tokis mravalkuTxedis dasrulebuli Teoria Sveicarielma profesorma kulmanma (1821_1881) Seqmna. kulmanma 1866 wels, ciurixSi gamoqveynebul SromaSi miuTiTa am Teoriis mravali gamoyenebis magaliTze. manve monaTla es meTodi da uwoda ,,grafostatika.”
       gavlenis wirebis gamoyenebis idea gvxvdeba d. Juravskis (1821_1891) SromaSi, romelic 1850 wels gzaTa mTavari sammarTvelos JurnalSi gamoqveynda. am Temazeve 1866 wels kulmanma ,,grafostatikis” mesame gamocemaSi gamoaqveyna Sroma. ,,gavlenis wiris” termini pirvelad i. veirauxma SemoiRo 1873 wels uWri koWebis gaangariSebisas. gavlenis wiris agebis kinematikuri meTodi profesorma h. miuler_breslaum 1887 wels daamuSava.                      

    2.2.4.  statikurad  rkvevadi  sistemebis  angariSi
      statikurad rkvevadi brtyeli fermebis zusti gaangariSebis sakiTxebSi prioriteti d. Juravskis ekuTnis. man gamoikvlia gaus sistemis fermebis muSaoba da 1850 wels ukve naxseneb JurnalSi Sedegi  gamoaqveyna.
     aseve i. Svedleris (1823_1894) mier gamoqveynebul statiebSic, sakmaod Rrmad iyo damuSavebuli statikurad rkvevadi fermebis angariSi.
      1866 wels kulmanis mier gamocemul ,,grafostatikaSi” ganxilulia fermebis gaangariSebis sakiTxebi.
      fermebis gaangariSeba SesaZlo gadaadgilebaTa meTodiT, pirvelad ganaxorciela inJ. akgustinoviCma da gzaTa mTavari sammarTvelos JurnalSi 1857 wels gamoaqveyna.
      a. riterma (1826_1879) fermis gaangariSebisaTvis daamuSava gakveTis meTodi. prof. f. iasinskim (1856_1899) SemdgomSi es meTodi gaaRrmava. es naSromi misi gardacvalebis Semdeg gamoica 1903 wels.
      fermebis gaangariSebis sakiTxebSi agreTve didi Rvawli miuZRviT k. maqsvelis (1831_1879) da italiel luiji kremons (1830_1903).
       1886 wels l. henebergma SemoiRo Reroebis Senacvlebis meTodi statikurad rkvevadi fermebis gaangariSebisaTvis.
       drekadi sistemebis ZiriTadi Teoremebis SeqmniT simon puasonma (1781_1840) ganaviTara SesaZlo gadaadgilebaTa meTodi, Rerovani sistemebis gaangariSebis dros. es meTodi gamoiyena gare da Siga Zalebis mier Sesrulebuli muSaobis saSualebiT Rerovani sistemebis deformaciebis gansazRvrisaTvis. manve Cauyara safuZveli drekadi sistemebis Teoremebis da starikurad rkvevadi sistemebis gaangariSebis zogad meTodebs.
        frangma maTematikosma anri koSim (1789_1857) muSaobaTa urTierTobis principi maTematikurad daamtkica. (drekadi sxeulebisaTvis gadaadgilebaTa urTierTobis Sesaxeb Teorema k. maqsvelma 1842 wels daamtkica.) ufro ganzogadoebulad es Teoremebi betim daamtkica (misgan damoukideblad ki releim (1842_1919).
     2.2.5.  statikurad  urkvevi  sistemebis  angariSi
     statikurad urkvev sistemaTa gaangariSeba SeuZlebelia maTi gadaadgilebis  Seswavlis gareSe. am sakiTxs pirvelad yuradReba miaqcia frangma mecnierma a. bresma (1822_1883).
     klerk maqsvelma Seqmna gadaadgilebaTa gansazRvris zogadi meTodi, masve ekuTvnis gadaadgilebaTa gansazRvris energetikuli meTodi.
     Rerovani sistemebisaTvis es sakiTxi detalurad daamuSava o. morma (1835_1918). profesorma miuler_breslaum problema ufro gaaRrmava. alberto kastilianom (1847_1893) zogadi formula gamoiyvana nebismieri drekadi sistemebis gadaadgilebaTa gaangariSebisaTvis.
     aRsaniSnavia, agreTve a.n. vereSCaginis mier moris integralis gamoTvlis xerxi e.w. ,,epiuraTa gadamravlebis” saSualebiT (1925w.)
statikurad urkvev sistemaTa gaangariSebisaTvis ZalTa meTodi faqtiurad pirvelma i. etelveinma gamoiyena 1808 wels (berlini). cota mogvianebiT es meTodi ufro srulad a. naviem gamoiyena Tavis cnobil kursSi 1833 wels.
     k. maqsvelma mogvca ,,kanonikuri” saxiT ZalTa meTodis gantolebebi 1864 w.
     am sakiTxebze muSaobdnen o. mori da miuler_breslau ruseTSi meTodis popularizacia prof. g. kirpiCevma (1845_1913) moaxdina.
a. kastilianos TeoremebSi ,,ganzogadoebuli Zala“ SeiZleba iyos Zala_veqtori Pi _ maSin saTanado gadaadgileba iqneba wrfivi gadaadgileba ri _ am veqtoris mimarTulebiT. Tu ,,ganzogadoebuli Zala“ warmoadgens wyvil Zalas Mi (moments), maSin ,,saTanado gadaadgileba iqneba mobrunebis kuTxe _ 
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       statikurad urkvev sistemaSi am Teoremis gamoyeneba dakavSirebulia ,,zedmeti ucnobis“ mimarTulebiT potenciuri energiis warmoebulis  (saTanado gadaadgilebiT) nulTan gatolebiT; 
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a. kastilianom Tavisi Teoremebi gaavrcela ara mxolod fermebze, aramed koWebze, TaRebze da nebismier konstruqciul elementebze.               

       a. kastilianos Teoriis ganzogadeba ganxorcielda f. engeserma 1889 w. am Teoriis avtoris gardacvalebis 2 wlis Semdeg.
       f. engeserma SemoiRo damatebiTi energiis cneba, riTac kasrilianos Teoria gaavrcela im sistemebze, sadac wrfiv damokidebulebas Zalebsa da gadaadgilebaTa Soris ukve aRar hqonda adgili.
       magaliTisaTvis ganvixiloT samsaxsrovani sistema, warmodgenili ori ReroTi (nax. 4a)  A   da  B  sayrdenebi uZravia, CaRunva 
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sadac   A _ Reros ganivi kveTia,
         E _ drekadobis moduli,
         l _ naxevarsigrZe.
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4b naxazze farTobi (ogbc) RerZis deformaciis energiaa
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 Tavis droze sami momentis avtorobas mondebiri da kolinioni bress miawerdnen, magram bresma avtoroba uaryo da bertozela da klapeironze miuTiTa. sainteresoa, rom am e.w. ,,sami momentis gantolebas“ kidev erTi avtori hyavs _ ingliseli mecnieri xeppeli, romelic indoeTSi muSaobda madrasis rkinigzis mTavar inJinrad. man saTanado literaturis uqonlobis gamo gaiangariSa xuTmaliani uWri xidi (1858w.) da dagegmarebis dros gamoiyvana sami momentis gantoleba. SeiZleba iTqvas: ,,roca dro modis, xili yvela baRSi erT dRes mwifdeba.“ 

     bresis meqanikis kursis mesame tomis gamocemamde (1865w.) sami wliT adre germaniaSi gamoica emil vinkleris (1835_1888) kvleva uWri xidebis gaangariSebis sakiTxebSi. am kvlevaSi sami momentis gantoleba sayrdenTa jdomis gaTvaliswinebiTaa ganxiluli, mocemulia safokuso Tanafardobebi, agreTve formulebi datvirTuli malebis sayrdeni momentebisaTvis.
      bresis mier uWri koWebis gaangariSebis Rrma kvlevebma didi gavlena moaxdina samSeneblo meqanikis ganviTarebaze XIX saukunis 60_ian wlebSi. man mravalcvladiani sistemebis gaangariSeba Seiswavla, tvirTTa araxelsayreli ganlageba uWr koWze, momcvleli epiuris ageba, formulebi da cxrilebi maqsimaluri momentebisaTvis. sami momentis gantoleba bresma ganzogadebuli saxiT mogvca: nebismieri gare datvirTvebisa da sayrdenTa jdomis erTdrouli moqmedebis gaTvaliswinebiT. sami momentis gantolebis garda bresi iZleva sami kuTxis gantolebas, romelic funqcionalur kavSirs gamosaxavs uWri koWis sam mimdebare sayrdenebze koWis ganivi kveTebis mobrunebis kuTxeebs Soris nebismieri datvirTvebisaTvis.
      kulmanis mier gamocemul monografiaSi ,,grafikuli statika“(1866 w.), didi adgili aqvs daTmobili uWr koWebs. igi eyrdnoba bresis ,,meqanikis pirvel toms“ (1859w.). saidanac Cans, rom ar icnobda bresis II da III tomebs. kulmani aRniSnavs, rom uWri koWebis gaangariSebisas SeiZleba ,,zedmet” ucnobebad miRebuli iqnas sayrdeni momentebi an sayrdenebis jdomebi, an SeiZleba zog sayrdenebze miRebuli iyos ,,zedmet” ucnobebad momentebi da zog sayrdenebze jdomebi _ gadaadgilebebi da mobrunebis kuTxeebi sayrdenebze.
       kulmanma sakmaod rTuli saxiT daamuSava samomento fokusebis Teoria.
        sainteresoa, moris levis mier Catarebuli uWri koWebis kvleva, romelic 1886 wels gamoqveynda misi ,,grafo statikis“ meore tomSi.
        yuradRebas iqcevs sami momentis gantolebis amoxsnis xerxi, romlis arsic mdgomareobs gantolebis ,,TanamimdevrobiT” amoxsnaSi, romelic TiTo ,,zedmet” ucnobs Seicaven. es xerxi eyrdnoba ,,ori momentis” Teoremas, romelic m. levim aRmoaCina.
        ,,ori momentis” Teorema amtkicebs, rom Tu pirveli malis romelime kveTSi cnobilia mRunavi momenti, SeiZleba SevadginoT erTi gantoleba erTi ucnobiT, saidanac ganisazRvreba mRunavi momenti mezobeli malis  kveTSi. Semdeg, igive midgomiT momdevno malSi da a.S. es xerxi faqtiurad eyrdnoba safokuso wertilebis Teorias.
        uWri koWebis gaangariSebis Teoria gavrcelda CarCoebis gaangariSebis Teoriaze, sadac sayrdenebi drekadad ewinaaRmdegebian, rogorc wrfiv gadaadgilebebs, ise mobrunebas momentebis gavleniT. aseTi koWebis gaangariSeba, faqtiurad CarCoebis gaangariSebaSi gadadis.
        am mimarTulebiT kvlevebi Catarebuli iqna k. pirsonis, v. riteris, e. vianelis, ostenfeldis, vlaxoxis da sxvaTa mier.
  2.2.6.   TaRebis   angariSi
XIX saukunis ocian wlebamde TaRebis gaangariSebis Teoria praqtikulad ar arsebobda. mainc aRsaniSnavia 1773 wels gamoqveynebuli avgustin kulonis Sroma, sadac mocemulia TaRebis gaangariSebis pirveli Teoria da miTiTebulia, rom gambrjenis tolqmedi or kritikul zRvars Soris unda iyos. XIX saukunis dasawyisSi kulonis am naSromma aiZula mecnier _ inJinrebs eqsperimentebi CaetarebinaT TaRebis modelebze rRvevamde.
    1826 wels a. naviem Tavisi ,,meqanikis” kursis pirvel nawilSi TaRebis gaangariSebas dauTmo 50 gverdze meti. angariSs man safuZvlad daudo TaRis masalis simtkicis kriteriumi drekadobis zRvrebSi da daadgina, rom dawnevis mrudi (TaRis nebismier kveTSi) unda gadiodes ganivi kveTis Sua mesamedSi, e.i. kveTis gulSi (dRevandeli TvalsazrisiT), rac uzrunvelyofs TaRis ganivi kveTis bzarmedegobas. 

TiTqmis 30 wlis Semdeg brusma gaaRrmava TaRebis muSaobis Teoria, amis Semdeg uamravma mecnierma mohkida xeli TaRebis gaangariSebis sxvadasxva aspeqtebs, romelTa Sromebis CamoTvla da analizi specialuri kvlevis sagania.
drekadobis Teoriis aparatis gamoyenebiT TaRebis gaangariSebis pirveli avtori aris xalmar golovini (1844 _ 1904), samSeneblo meqanikis da drekadobis Teoriis specialisti. man daamTavra e.w. ,,nikolaevis” sainJinro akademia peterburgSi 1868 wels da daiwyo muSaoba moskov _ iaroslavkis r.g. mSeneblobaze. 1875 w. igi aswavlis samSeneblo meqanikas peterburgis sainJinro akademiaSi. 1888 wlidan profesoria. 1888 wels igi aqveynebs Sromas ,,liTonis cilindrebis Siga Zalvebis Sesaxeb”. mis kalams ekuTvnis Sroma ,,umcires muSaobaTa sawyisebi, gisosiani sistemebis gaangariSebisas” 1883 weli.
praRis universitetis damaarsebeli Cexi frantiSek gerstneri daibada 1756 w. 1779 wels daamTavra praRis universiteti. 1806 wels daarsa politeqnikuri instituti. am institutis struqturisa da programis mixedviT germaniis sxvadasxva qalaqebSi gaixsna analogiuri politeqnikumebi.
inJinerma frantiSek gerstnerma 1830 wels gamosca Sroma ,,saxelmZRvanelo meqanikaSi“, romelic mocemulia samSeneblo meqanikis zogierTi amocanis avtoriseuli amoxsna. mag. kiduli xidebis mzidi jaWvebis angariSi. rbili yamiris winaaRmdegoba satransporto gadaadgilebis dros da sxva.
     mecnieri, romelmac safuZveli Cauyara drekadobis Teoriis sakontaqto amocanebs, eleqtrodinamikis mamamTavari henrix rudolf herci (1857 _ 1894) daibada germaniaSi q. hamburgi. 1878 wlidan berlinis universitetSi igi ismenda g. helmholcis da g. kirxhofis leqciebs. erTdroulad muSaobda helmholcis laboratoriaSi, sadac 1880 wels daicva sadoqtoro disertacia. 1881 wels berlinis fizikur sazogadoebas warudgina  drekadi sxeulebis urTierT SekumSvis Teoriuli da eqsperimentuli kvlevis Sedegi. gaagrZela ra Tavisi kvlevebi dinamikis amocanebze, man SemoiRo masalebis gamocdis axali meTodi sisaleze. ganixila usasrulod grZeli filis wonasworoba, rodesac igi eyrdnoba raime siTxes (wyals) da aRmoaCina, rom fila ar iZireba, fila Rebulobs talRisebul zedapirs, Cndeba SenacvlebiT uaryofiTi reaqciebi.
herci ixilavs cilindris daZabul_deformirebul mdgomareobas im SemTxvevisaTvis, roca cilindrze moqmedebs misi grZivi RerZis marTobulad ganawilebuli datvirTva.
     meqanikaSi nayofierad muSaobda frangi maTematikosi da filosofosi msoflioSi pirveli enciklopediis Tanaavtori (deni didrosTan erTad) Jan leron d’alamberi (D’Alambert) (1717_1783w.) dalamberma Tavis ,,traqtatSi dinamikis Sesaxeb) (1743w.) pirvelma Camoayaliba diferencialur gantolebaTa Sedgenis wesebi nebismieri moZravi materialuri sistemebisaTvis. man daiyvana dinamikis amocanebi statikis amocanebze (e.w. ,,dalamberis principi“).
      gaWimuli simis ganivi rxevebis meore rigis kerZo warmoebuliani diferencialuri gantolebis amoxsna sasazRvro pirobebis dakmayofilebiT ekuTnis J. dalambers. dalamberma l. eilerisagan damoukideblad pirvelma gamoiyena kompleqsuri cvladis  funqcia elifsuri tipis diferencialuri gantolebaTa amoxsnisaTvis.
          dalamberis princips dResac didi gamoyeneba aqvs dinamikis amocanaTa amoxsnisaTvis. igi iyo safrangeTis akademiis wevri. 1741 wlidan da s. peterburgis akademiis wevri 1764 wlidan. 

 2.3.0. saamSeneblo meqanika ruseTSi  da evropaSi
2.3.1.  eqsperimentuli   meTodebi
saamSeneblo meqanikis pirveli sruli kursi rusul enaze gamoica 1885 wels profesor nikoloz belelubskis mier.
n. belelubski daibada 1845w. 1867 wels man daamTavra s.peterburgis rkinigzis inJinerTa instituti, romlis profesoric gaxda 6 wlis Semdeg. igi faqtiurad xelmZRvanelobda xidebis mSeneblobas ruseTis imperiaSi da SemdgomSi post-revoluciur periodSi gardacvalebamde 1922 wlamde.
man mravali cvlilebebi Seitana liTonis xidebis konstruqciebSi. 1890 wels, q. edinburgSi gaxsnil gamofenaze igi dajildovda oqros medliT.
 n. belelubski xelmZRvanelobda masalaTa gamocdis pirvel laboratorias. mis mier damuSavebuli masalaTa gamocdis mTeli rigi meTodika Setanil iqna saerTasoriso praqtikaSi (gamocda yinvarmedegobaze, cementis 7 dRiani gamocda da a.S.). igi iyo rkinabetonis samuSaoebis normebisa da teqnikuri pirobebis SemuSavebis avtori.
1903w. n. belelubskim gamoaqveyna Sroma cvlad datvirTvebze nagebobaTa gaangariSebis Sesaxeb.
ufro adre, 1890w. mis mier gamoqveynebul SromaSi ganxiluli iyo koWebis gaangariSebisa da xidebis rekonstruqcia-gaZlierebis sakiTxebi.
iakob bernuli (1654-1705), 1687 wlidan bazelis universitetis profesori, aris pirveli mecnieri, romelmac faqtiurad safuZveli Cauyara variatul aRricxvas. man amoxsna iohan bernulis mier wamoyenebuli amocana braxistoxronis Sesaxeb.
iakob bernulim miiRo konsoluri koWis drekadi wiris gantoleba, rodesac Tavisufal boloze moqmedebs Seyursuli Zala.
iohan bernuli, gronongenis universitetis profesori maTematikis  dargSi, daibada 1667 wels. 1705 wlidan is bazelis universitetis profesoria.
iohan bernuls ekuTvnis Rrma samecniero kvlevebi dartymis dinamikuri amocanis sferoSi.
man formulireba misca `virtualur siCqareTa princips~, laibnicTan erTad ki SemoiRo `cocxali Zalis~ cneba, romelic gansazRvreba masisa da siCqaris kvadratebis namravliT.
Ddaniel bernuli (1700-1782), iohan bernulis vaJiSvili, ZiriTadad, moRvaweobda maTematikisa da meqanikis dargSi. 1725-1733w.w. igi iyo ruseTis (s.peterburgi) akademiis wevri. 1728 wlidan 1778 wlamde akademiis gamocemebSi man gamoaqveyna 47 samecniero naSromi.
simis rxevebis gamokvlevisas (1755w) kerZowarmoebuliani diferenciakuri gantolebis amosaxsnelad, d. bernulis naSromSi pirveladaa gamoyenebuli trigonometriuli mwkrivebi. SemdgomSi igi amtkicebs, rom SesaZlebelia nebismieri funqciis warmodgena aseTi mwkrivebis saSualebiT. am mwkrivebis Teoriam (ufro mogvinebiT maT fruies mwkrivebi ewoda) didi roli iTamaSa XIX saukunis maTematikuri analizis ganviTarebaSi.
s.peterburgSi 1738 wels daweril memuarSi `hidrodinamika~ d. bernulim gamoiyvana idealuri siTxis stacionaruli moZraobis gantoleba, romelic amJamad mis saxels atarebs.
samxedro teqnikis ganviTarebis aucileblobam Tavisi moTxovnebi wauyena mecnierebs. magaliTad, saartilerio teqnikis ganviTarebam moiTxova qvemexebis simtkicis gazrda: upirveles yovlisa, dadga lulis resursis gazrdis sakiTxi.
erTferovani foladis masisagan damzadebuli qvemexebis lulebi uZlebdnen denTis airebis zewolas, 2000 atmosferomde. saartilerio qvemexebis simZlavris zrda, upirveles yovlisa, dakavSirebulia lulis simtkicis zRvaris amaRlebasTan. am amocanis gadawyveta SeZlo aqsel gadolinma (1828-1892), romelic daibada fineTSi. 1849 wels man daamTavra mixailovis saxelobis s.peterburgis saartilerio saswavlebeli, sadac datoves pedagogis Tanamdebobaze. 1878 wels man miiRo mixailovis saartilerio akademiis damsaxurebuli profesoris wodeba.
gadolinma pirvelma SesTavaza samxedro uwyebas saartilerio lulebis gamagrebis idea, romelic mdgomareobs lulaze gaxurebuli cilindris CamocmaSi. aseT lulebs ewoda `Semagrebuli lulebi~. aseTi konstruqciuli da teqnologiuri zomebis Sedegad gaizarda qvemexebis simZlavre: SesaZlebeli gaxda Wurvebis diametrisa da, agreTve, yumbarebis tyorcnis manZilis gazrda.
1861 wels gadolinma gamosca naSromi `sartylebiT gamagrebuli qvemexebis Teoria~.
ori wliT adre man gamosca monografia `denTis airebis zewolis Sedegad gasrolis dros qvemexebis kedelTa winaRobis Sesaxeb~.
gadolinis wyalobiT q. obuxovis qarxanam daiwyo msxvilkalibriani qvemexebis gamoSveba.
gadolini muSaobda liTonebis WriT damuSavebisa da kristalografiis sakiTxebze. gamagrebuli cilindrebis amocana (gadolinis amocana) dRes Setanilia drekadobis Teoriis Tanamedrove saxelmZRvaneloebSi.
eqsperimentuli danadgarebis ubadlo konstruqtrad iTvleba andro giorgis-Ze gagarini (1855-1920). 1878 wels man daamTavra s.peterburgis universiteti da Semdeg ki mixailovis saartilerio akademia. 1895-1900 w.w. gagarini muSaobda s.peterburgis saartilerio qarxanaSi, sadac man dagegma da ganaxorciela masalebis gamosacdeli wnexi. am wnexs SemdgomSi gagarinis saxeli mieniWa, wnexi am saxelwodebiT dResacaa cnobili postsabWoTa sivrcis qveynebis TiTqmis yvela umaRlesi saswavleblis masalaTa gamZleobis laboratoriebSi.
niJni novgorodis gamofenaze wnexis avtori dajildovda oqros medliT.
1912w. gagarinma masalaTa gamocdis VI saerTaSoriso kongress moaxsena Tavisi eqsperimentuli da Teoriuli kvlevebis Sedegebi, sadac is Seexo dartymiTi datvirtvebis moqmedebis dros funqciur damokidebulebebs Zalvebsa da deformaciebs Soris.
profesori meqanikis dargSi, nikoloz mixeilis-Ze gersevanovi, ximinjebis gaangariSebis Teoriis avtoria. is daibada 1879 wels. 1901 wels daamTavra s.peterburgis rkinigzis inJinerTa instituti. 1923 wels arCeul iqna profesorad. man miiRo formula ximinjebis zidvis unarianobis gansazRvrisaTvis maTi `gaCerebis~ (отказ) saSualebiT. `gaCerebis~ arsi mdgomareobs imaSi, rom ximinjis Casobis dros urnalis saSualebiT, ximinjis gadaadgileba unda iyos saproeqto gadaadgilebaze naklebi. saproeqto gadaadgilebis sidide ki ganisazRvreba n. gersevanovis formuliT.
n. gersevanovma Seqmna yamiris drekad fuZeze saZirkvelebis gaangariSebis Teoria. mis mier damuSavebuli funqcionaluri mwyvetarebis Teoria erT-erTi pirvelTagania, sadac gamoiyeneba simboluri funqciebi (analogebi cnobilia, mag.: dirakis δ funqcia,  kronekeris koeficineti).
xomaldebis samSeneblo meqanikis fuZemdebeli, ivane grigolis Ze bubnovi (1872-1919) cnobilia, rogorc pirveli wyalqveSa gemebis konstruqtori da mSenebeli ruseTSi.
man 1891w. daamTavra kronStatis sazRvao inJinerTa saswavlebeli da 1896w. sazRvao akademia. 1910 wlidan igi sazRvao akademiis profesoria.
pirvel naSromSi `xomaldis CaSveba wyalSi~ (1900w.) man ganixila xomaldis dinamika stapelidan wyalze daSvebis dros. 1902w. bebnovma ganixila xomaldis korpusSi moTavsebuli filebis daZabul-deformirebuli mdgomareoba.
naSromi `wylis zewolisagan ganviTarebuli Zabvebi xomaldis SemonakerSi~ SeiZleba CaiTvalos xomaldebis samSeneblo meqanikis, rogorc axali mecnierebis Camoyalibebis safuZvlad.
saerTod, unda aRiniSos is, rom msoflioSi iSviaTad moiZebneba iseTi mecnieri, rogoric i. bubnovi iyo, romlis samecniero naSromebma didi realizacia hpoves praqtikaSi: mis mier damuSavebuli, xomaldze moqmedi saangariSo datvirTvebis klasifikacia (mudmivi, droebiTi, SemTxveviTi) 1908w. moiwona sazRvao teqnikurma komitetma. am klasifikaciis mixedviT SemoRebul iqna dasaSvebi Zabvis erToblivi sistema, rogorc mTliani korpusisaTvis, ise adgilobrivi lokaluri elementebisaTvis.
bubnovis naSromebi farTod gamoiyeneboda linkorebis dagegmarebis dros (mag.: linkori `sevastopoli~ da sxv.). misi naSromebi safuZvlad daedo wyalqveSa navebis daproeqtebasa da mSeneblobas. misi xelmZRvanelobiT aSenda pirveli wyalqveSa navebi ruseTSi- `delfini~, `barsi~, romlebmac monawileoba miiRes pirvel msoflio omSi.
1914w. i. bubnovma gamosca `xomaldis samSeneblo meqanika~, romelSic mocemulia sworkuTxa filebis gaangariSebis Teoria. iqve man moaTavsa filis maqsimaluri CaRunvebisa da mRunavi momentebis cxrilebi zomaTa sxvadasxva TanafardobebisaTvis.
xomaldis Semonakeris gaangariSebisas i. bubnovma ganixila grZeli fila Tanabrad ganawilebuli datvirTvis dros, es amocana man daiyvana zolis gaangariSebaze, sxvadasxva sasazRvro pirobebis gaTvaliswinebiT.
misi naSromebis udavo Rirebulebaze miuTiTebs is faqtic, rom i. bubnovis Sromebi ramdenjerme iqna gmamocemuli maTi gamoqveynebidan naxevari saukunis Semdegac.
XX saukunis dasawyisSi s.p. timoSenkom ganixila wriuli filebis didi CaRunvebi, rodesac mis konturze moqmedebs Tanabrad ganawilebuli samomento datvirTvebi. manve daadgina elementaruli wrfivi Teoriis sizustis zRvari amave SemTxvevisaTvis.
ufro mogvianebiT s. veim daadgina sworkuTxa Tanabrad ganawilebuli datvirTvis SemTxveva, rodesac filis gverdebis zomebis Sefardeba (a/b) orze metia: udidesi eqstremaluri Zabvebi mcired gansxvavdebian bubnovis TeoriiT gaangariSebuli Zabvebisagan, grZeli filebis SemTxvevaSi.
filebis Teoriis zusti varianti ganaviTara jon miCelma, 1900 wels londonSi gamoqveynebul naSromSi SemdgomSi (ukve XX saukuneSi) didi kvlevis obieqtad evropis qveynebSi iqca garsebis Teoria.
Senadnobebisa da liTonebis statikuri sisalis gansazRvris meTodi SemoRebul iqna Svedi inJineris iohan brinelis (1849-1925) mier.
am meTodma didi gavrceleba hpova msoflios teqnikurad ganviTarebul qveynebSi da simartivis gamo dResac popularobiT sargeblobs.
myari tanis meqanikis ganviTarebam udidesi impulsi miiRo eqsperimentuli meqanikis fundamenturi kvlevis bazaze dayrdnobiT.
eqsperimentul kvlevebs mecnierebi da inJinrebi atarebdnen evropis TiTqmis yvela qveyanaSi. magram eqsperimentuli bazis SesaZleblobebi (danadgarebi, gamzomi xelsawyoebi, nimuSebi, eqsperimentebis Catarebis meTodika, nimuSebis damzadebis predistoria da, bolos, eqsperimentebis SedegTa damuSavebis metodika, damxmare personalis kvalifikacia da sxv.). xSirad, imdenad gansxvavdebobdnen erTmaneTisagan, rom praqtikulad SeuZlebeli xdeboda Sedegebis Rrma analizi. magaliTad, eqsperimentebSi mkvlevarTa mier miRebuli sxvadasxva Sedegi, bgeris gavlis siCqare liTonebsa da haerSi gansxvavdeboda erTmaenTisagan orjer, zog SemTxvevaSi ki-xuTjer.
polemika am parmetrebis dadgenis irgvliv grZeldeboda 40 welze met xans.
Cven gadavwyviteT, rom winamdebare mokle mimoxilvaSi gagveSuqebina mxolod im mkvlevarTa eqsperimentebis Sedegebi, romelTa Catarebis meTodika, farTo gagebiT, Seesabameba mecnierulad Rrmad gaazrebulad dagegmil eqsperimentis cikls. amave dros Cven yuradReba mivaqcieT nimuSTa raodenobas. nimuSTa sakmaod didi raodenoba uzrunvelyofs statistikurad sando Sedegebis miRebas. am kriteriumis safuZvelze Cveni arCevani SevaCereT frang mecnier alfons jan klod burJunion diuloze (1769w.).
misi eqsperimentebis TematikaSi Sedioda Zelebis Runva, prizmatuli Reroebis mdgradoba, TaRebis Runva, lilvebis grexa.
1811 wels mTavrobam a. diulos daavala md. dordonze (q. kubzakSi) rkinis xidis dagegmva. proeqtis mosamzadebeli samuSaoebi a. diulom Caatara q. bordoSi. 100-ze meti eqsperimentuli nimuSi warmoadgenda saproeqto xidis elementebs naturalur zomebSi, romelTa deformaciebi eqsperimentebSi iyo mcire, riTac uzrunvelyofil iqna maTi muSaoba drekadobis farglebSi.
eqsperimentebSi igi cvlis elementebis ganivi kveTis formas, zomebs, amowmebs eqsperimentuli Sedegebis Sesabamisobas eileris formulebisadmi.
a. diulos kvlevis Sedegebma didi gavlena moaxdina masalaTa gamZelobisa da drekadobis Teoriis ganviTarebaze: es Sedegebi iqca diskusiis Temad da, rac mTavaria, impulsi misca eqsperimentuli meqanikis ganviTarebas XIX saukunis pirvel naxevarSi. a. diulos Sedegebi pirvelad gamoqveynda memuaris saxiT 1813 wels. meore gamocema moxda 1820 wels. a. diulos Sromebi Seiswavles koSim, pusonma da Jirarma da waradgines Tavisi rekomendaciebi, raTa igi mieRoT safrangeTis akademiaSi.
a. diulom Caatara 105 eqsperimenti: 

1. konsolTa gamocdaze sxvadasxva datvirTvebis dros,  amave dros  igi cvlida ganivi kveTis formebsa da zomebs. 

2. SekumSuli Reroebis mdgradobaze.
3. sxvadasxva formis Reroebis grexaze.
4. TaRebis deformaciaze boloebis xistad Camagrebis SemTxvevaSi.
rkinisaTvis drekadobis E moduli a. diulom gansazRvra zustad damzadebul 25 nimuSze da miiRo 2,0x106kg/sm2 toli saSualo ricxviTi mniSvneloba. es sidide Zalze axlosaa am parametris dRevandel mniSvnelobasTan, XIX saukunis pirvel naxevarSi inJinrebi am sididiT xelmZRvanelobdnen saproeqto gamoangariSebisas. eqsperimentebma gamoavlina rkinis Wedvis gavlena drekadobis modulis sidideze, igi gaizarda daaxloebiT 10%-iT. amrigad, a.diulo mivida im daskvnamde, rom nimuSis damzadebis teqnologia did gavlenas axdens elementis fizikur-meqanikur Tvisebebze, rasac TiTqmis ar aqcevdnen yuradRebas misi winamorbedi eqsperimentatorebi. isini ki, romlebic aseT eqsperimentebs atarebdnen, cdebis uzustobis gamo amtkicebdnen, rom damzadebis teqnologia araviTar gavlenas ar axdens fizikur-meqanikur maxasiaTeblebze. mag.: S. kuloni, romelic atarebda msgavs eqsperimentebs rkinaze, amtkicebda, rom rkinis gamowva ar cvlis mis parametrebs. kulonis mecnieruli avtoritetis gamo es daskvna inJinrebma miiRes rogorc faqti, ramac sakmaod (aTeuli wlebiT) daamuxruWa eqsperimentuli meqanikis ganviTareba am sakiTxSi.
diulos eqsperimentebma swori Reroebis mdgradobis Seswavlisas gamoavlina sakmaod zusti damTxveva l. eileris Teoriul monacemebTan,    Fkr(cd) / Fkr(eileri)
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1,16 am gansxvavebas diulo xsnida xaxunisa da nimuSis sayrdenebSi Camagrebis gavleniT. diulos am daskvnas ar daeTaxmnen koSi da puasoni, romlebic gansxvavebis mizezs xsnidnen l. eileris miaxloebaTa Teoriis xarjze.
sinamdvileSi, es gansxvaveba, agreTve unda mieweros ganakveTis SekumSul zonaSi (mdgradobis dakargvisas) plastikuri deformaciebis warmoqmnas (engeseri, karmani, iasniski, Senli da sxv.)
diulos mier Catarebulma gamocdam grZeli, kvadrtuli da mrgvali Reroebis grexaze gamoavlina, rom ganivi kveTis daZabuli mdgomareobis gansazRvra erTi da imave formulebis saSualebiT, mcdaria. diulos daskvnis siswore brwyinvaled daamtkica o. koSma Tavisi TeoriiT 1829 w. (gamoaqveyna 1830 w), magram Zvris modulis saSualo mniSvnelobaTa korelacia, TiTqmis naxevari saukunis Semdeg (1857w.) daadgina sen-venanma, romelmac gaanaliza lulos, savarisa da vertgeimis monacemebi. man daazusta grexis zogadi Teoria.
unda aRiniSnos rom yvela eqsperimentuli monacemebi drekadobis Е modulisa da G Zvris modulis dasadgenad damyarebuli iyo dinamikuri rxevebis eqsperimentze (j. rikati, xladni, iungi, bio) maTgan gansxvavebiT, diulosa da diupenis eqsperimentebis Sedegebi miRebuli iqna statikuri datvirTvisTvis sxvadasxva ganikveTis Reroze. am eqsperimentebma safuZveli Cauyara meqanikis Teoriuli ganStoebis ganviTarebas, wrfivi drekadobis Teoriis saxiT.
1841 wels giiom vertgeimma safrangeTis akademias warudgina Tavisi naSromi, romelic Seicavda mis mier Catarebuli eqsperimentebis aRwerasa da miRebul Sedegebs. es naSromi gamoqveynda safrangeTSi 1844 wels, xolo germanul enaze ki 1848 wels. monografiaSi amomwuravad iyo gaSuqebuli drekadobis mudmivebis, rogorc temperaturis, narCeni deformaciebis, Termuli damuSavebis, eleqtro-magnituri velebis gavlenis funqciis gansazRvra dinamikuri da kvazistatikuri kvlevis safuZvelze. g. vertgeimis monacemebi eyrdnoboda mravalricxovan eqsperiments. XIX saukunis meore naxevarSi vertgeimis eqsperimentul meTodikas da mis Sedegebs eyrdnoboda mravali  qveynis mecnieri. 

sorbonis profesorma fizikuri da eqsperimentuli  meqanikis dargSi Jan viqtor ponselem 1841 wels gamoaqveyna monografia ,,Sesavali sainJinro meqanikasa da eqsperimentul  fizikaSi“, romelSic gaSuqebul iqna eqsperimentuli meqanikis mdgomareoba  XIX  saukunis ormocian wlebamde.
     aRsaniSnavia, rom ponselem ganixila sxvadasxva mecnieris eqsperimentTa Sedegebi (diulo, tredgoldi, lagerhelmi, navie, vika, ardani da sxva), nimuSTa zomebisa teqnologiuri damuSavebis monacemebis moyvaniT rac iZleoda eqsperimentTa Sedegebis Sedarebis saSualebas.
ponsele, albaT, pirveli mecnieria, romelmac eqsperimentTa Sedegebi masiurad warmoadgina grafikebis saxiT, ramac gaafarTova eqsperimentul meqanikaSi maTematikuri analizis gamoyenebis SesaZlebloba. unda aRiniSnos, rom ponseles, am TvalsazrisiT, hyavda winamorbedi jakomo rikati (1721w.), romelic eqsperimentebis damuSavebis dros iyenebda grafikebs, magram am programulma meTodma maSin ver moikida fexi, radgan ar arsebobda saTanado samecniero baza. amitom, rikatis Semdeg kidev 120 wlis ganmavlobaSi mecnierebi eqsperimentTa Sedegebs aqveynebdnen mxolod cxrilebis saxiT.
`erT-erTi eqstraordinaluri figura eqsperimentuli fizikis istoriaSi~, -ase daaxasiaTa giiom vertgeimi jon hopkinsis universitetis (baltimori, merilendi, aSS) profesorma jeims fredrik belma.
igive j. belma vertgeims uwoda `faradei maqsvelis gareSe~! amiT man maRali Sefaseba misca vertgeimis eqsperimentul monacemebs, agreTve, aRsaniSnavia is, rom aTeuli wlebis manZilze ar gamoCenila iseTi mecnieri, romelic am monacemebis safuZvelze Seqmnida ganmsazRvrel gantolebebs.
giiom vertgeimi, warmoSobiT avstrieli da ganaTlebiT eqimi, Camovida parizSi, roca mas 25 weli Seusrulda (1839w.). sam weliwadSi man Seqmna damoukidebeli eqsperimentuli baza, sadac Seiswavla 15 liTonisa da 64 Senadnobis fizikur-meqanikuri Tvisebebi. man nimuSebze Caatara yvela saxis eqsperimenti (gaWimva, kumSva, grexa, Runva da maTi kombinaciebi) rogorc dinamikur, ise  statikur datvirTvebze.
eqsperimentebis temperamentuli diapazoni moicavda +200C, +1000C, +2000C da -200C  da mizanmimarTuli iyo masalaTa mudmivebis cvalebadobis Seswavlisken am aspeqtSi. vertgeims uyuradRebod ar darCenia eleqtruli da magnituri velebis gavlena masalebis parametrebze.
man, agreTve Seiswavla sxvadasxva mineralis, minis, xis nimuSebis fizikur-meqnikuri maxasiaTeblebi. 1853w. mas mieniWa doqtoris xarisxi.
unda aRiniSnos, rom vertgeimi drekadobis zRvars gansazRvravda im momentisaTvis, rodesac eqsperimentuli narCeni fardobiTi deformacia ar aRemateboda 10-5.
vertgeimis azriT, ufro zustad Tu mivudgebiT am sakiTxs, drekadobis zRvari saerTod ar arsebobs! es azri gamomdinareobs im faqtidan, rom gantvirTvis Semdeg, rogori mcirec ar unda iyos Zabvebi, narCen deformaciebs yovelTvis aqvs adgili!
amave azrs iziarebdnen bauSingeric da hodkinsonic. Tavisi mravali eqsperimentis safuZvelze vertgeimi mivida im daskvnamde, rom narCeni deformaciebis sidide korelaciur kavSirSia datvirTvis moqmedebis xangrZlivobasTan.
vertgeimis eqsperimentTa Sedegebi gadamowmebul iqna gruenaizenis mier. man miiRo Semdegi: drekadobis E modelebis gansxvaveba Seadgens nulis Semdeg 10-4 xarisxs. magaliTisaTvis mogvyavs vertgeimis monacemebi drekadobis modulisaTvis, temperaturis cvalebadobaze damokidebulebiT  (cxrili 1.)
metad sayuradReboa puasonis koeficientis gansazRvraze Catarebuli vertgeimis eqsperimentebi.
vertgeimma eWvis qveS daayena puasonisa da koSis monokonstanturi Teoria, romelic eyrdnoboda atomistur Teorias.
jer kidev 1828 wels kanair de laturis mier Catarebulma eqsperimentma daadgina, rom puasonis koeficientis sidide 0,25-is tolia. puasonma gadawyvita, rom laturis eqsperimenti amarTlebs mis Teorias.
	momwvari liTonebi
	
	drekadobis moduli kg/mm2
	
	
	drekadobis moduli kg/mm2
	
	
	drekadobis moduli kg/mm2

	temperatura
	10 _ 150 C 
	1000 C
	2000 C

	vercxli
	
	7140
	
	
	7274
	
	6374
	

	spilenZi
	
	10519
	
	
	9827
	
	7862
	

	rkina
	
	20794
	
	
	21877
	
	17700
	

	foladi
(sxmuli)
	
	19561
	
	
	19014
	
	17926
	

	foladis
mavTuli
	
	17278
	
	
	21292
	
	19278
	

	moumwvari liTonebi
	
	
	
	
	
	
	
	

	
	100 C
	-150 C
	

	vercxli
	
	7411
	
	
	7800
	
	
	

	rkina
	
	18613
	
	
	17743
	
	
	

	foladi
	
	18045
	
	
	17690
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puasonis koeficinetis gansazRvraze Catarebuli vertgeimis eqsperimenti gamomdinareobda Reros grexiTi rxevebisa da grZivi rxevebis Sefardebidan:
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cxril 2-Si moyvanilia vertgeimis cdebis Sedegebi.
	masala
	Reros sigrZe (m)
	n ganivi rxevebis sixSire
	n/ grexiTi rxevebis sixSire
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	saSualo

	sxmuli foladi
	2,0
	2585,8
	1580,2
	1,6364
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	2,06
	2560,0
	1565,8
	1,6350
	1,6309

	TiTberi
	2,0
	1747,4
	1077,9
	1,6212
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rogorc cxrilidan Cans, [puasonis koeficienti liTonebisaTvis axlosaa 1/3-Tan.
sakuTari eqsperimentebis garda, vertgeimma Caatara kulonis mier 1784 wels rkinis, TiTbris grexaze Catarebuli eqsperimentis, diulos mier (1813) rkinis Reroebze, savoris mier (1829) Tujze, spilenZze, TiTberze Catarebuli eqsperimentebis SedegTa Rrma analizi. misi zusti analizidan gamomdinare, puasonis koeficienti udris 1/3. Cven imitom SevCerdiT am sakiTxze ufro detalurad, rom μ -s saSualebiT gamoangariSebuli wrfivi drekadobis E modulis sidide didi sizustiT emTxveva ufro mogvianebiT sxva mkvlevarebis mier miRebul eqsperimentTa Sedegebs.
aqve aRvniSnavT, rom zogierTi mkvlevari μ -s sidides ukavSirebs nimuSis zomaTa Sefardebas, rasac mivyavarT monokonstantis TeoriasTan, romlis usafuZvlobac dadgenil iqna TiTqmis 200 wlis win.
ufro metic, gamodis, rom drekadobis modulic, nimuSis zomebis Sefardebaze damokidebuli cvladi sididea.
sayuradReboa isic, rom puasonis koeficientis dadgenis eqsperimenti grZeldeboda asi wlis ganmavlobaSi. magaliTad v. Simanovski 1944 wels atarebda eqsperimentebs minis koWebze   gansasazRvrad, am mizniT iyenebs ra ultrabgeris difraqciis meTods.
Cven migvaCnia, rom μ-s gansazRvris eqsperimentuli meTodi imdenad zusti  da cxadia, rom es eqsperimenti SeiZleba SemoRebul iqnes umaRles saswavleblebSi.
eqsperimentis arsi mdgomareobs imaSi, rom sufTa Runvisas koWis simrudeebs Soris arsebobs mudmivi Tanafardoba                
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-puasonis koeficientia. antiklastikuri zedapirebis simrudeTa Sefardeba izotropuli masalebisaTvis mudmivi sididea da ar aris damokidebuli nimuSis zomebze. erT-erT pirobas warmoadgens is rom  koWis ganivi kveTis  simaRle ar unda iyos Zelze didi, am dros azri ar aqvs bernulis hipoTezis gamoyenebas. aRwerili eqsperimenti originalurad Caatara a. melokma 1879 w.

SeiZleba iTqvas, rom dartymis eqsperimentuli cdebis mamamTavrad iTvleba henrix Sneebeli (Schneebeli  1871). Sneebelma gamoiyena klod serve maTe rolan puies mier (1844 w.) Catarebuli eqsperimentebi, eleqtroniT galvanometris isris gadaxris minimaluri drois gansazRvraze. sayuradReboa isic, rom puiem msoflioSi pirvelma daadgina Tofis lulaSi tyviis moZraobis siCqare.
sneebelis eqsperimentTa arsi mdgomareobs myari sxeulebis urTierTdartymis xangrZlivobis dadgenaSi. misi eqsperimentebi moicavda cilindrebis, sferoebisa da maTi kombinaciebis urTierTdartymis xanggrZlivobis Seswavlas, rodesac dasartymeli da damrtymeli sxeulebi damzadebuli iyo sxvadasxva masalisagan. sxvadasxva liTonisagan damzadebuli sferoebis urTierTdartymis xangrZlivoba (rodesac maTi wona erTnairia), e.i. kontaqtis xangrZlivoba warmoadgenda drekadobis E modulis funqcias da, kerZod, toli iyo 
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sainteresoa isic, rom sakmao sizustisas es eqsperimentebi SeiZleba gamoyenebul iqnas ara marto E da G modulebis gansasazRvrad, aramed, agreTve sxvadasxva masalaTaTvis puasonis koeficientebis dasadgenad.
Tavisi fizikuri arsiT Sneebelis eqsperimentebma aTi wliT gauswres hercis dartymis Teorias.
dartymis eqsperimentul TeoriaSi, Tavisi Sedegebis mixedviT, gadamwyveti mniSvneloba hqonda maqs hamburgeris (Hamburger 1886) eqsperimentebs. man gamoiyena Sneebelis meTodologia, magram mis mier arCeuli dasartymeli da damrtymeli wyvili warmoadgenda bifilarul sistemas  (romelsac adre bolcmani iyenebda).
moviyvanT haburgeris eqsperimentTa grafikebs, romlebic dResac warmoadgenen dartymaze Catrebul eqsperimentebis principul safuZvels.


a) grafiki asaxavs im faqts, rom dartymis siCqaris gazrda iwvevs kontaqtis drois Semcirebas.
b) grfaikze Cans, rom nimuSebis sisqis zrdasTan erTad izrdeba sakontrolo droc
g) grafikidan gmaomdinare, SeiZleba gakeTdes daskvna imis Sesaxeb, rom nimuSis sigrZis zradasTan erTad izrdeba kontaqtis droc T.
d) nimuSis sisqis zrda iwvevs kontaqtis drois zrdas.
2.3.2. saamSeneblo meqanika XIX saukunis meore naxevarSi

aRniSnul periodSi didi gavrceleba hpova liTonis fermebma (wamweebma).
fermebis adrindeli gamoyeneba kacobriobis istoriaSi umTavresad gvxvdeba xidebis konstruqciebis saxiT. magaliTad, imperator traianis xidi dunaize, paladios xidi italiaSi (q. trentis maxloblad). cnobilia, paladios sxvadasxva konstruqciis xidebi. es xidebi warmoadgendnen xis gisosian wamweebs. 

nax. 7  naCvenebia xsenebuli avtoris xidebis sqemebi. 








nax.  8-ze  naCvenebia Safhauzenis xidi, romlis avtori da mSenebeli iyo TviTnaswavli xelosani J.J. grubermani. es xidi agebul iqna reinze q. SafhauzenSi (Sveicaria) 1557 wels. xidis mali Seadgenda 50 metrs. 



oci wlis Semdeg igive gubermanma (Tavis ZmasTan erTad) aago xidi md. limatze. (q. getingenis maxloblad), romlis mali Seadgenda 119 metrs. es xidi daiwva frangebis mier 1799 wels warmoebuli sabrZolo moqmedebebis Sedegad.
fermebis konstruqciaTa Semdgomi ganviTareba mimdinareobs safrangeTSi, SveciaSi, germaniaSi da sxva, isev xidmSeneblobis sferoSi.
am periodSi amerikis SeerTebul Statebsa da ruseTSi aSenebdnen iseT xidebs, romelTa fermebic wamoadgendnen xis konstruqciebs (xe-tye sakmaod bevri iyo rogorc amerikaSi, ise ruseTSi da Tanac iafi!)


cnobili taunisa da gaus fermebi amJamadac farTod gamoiyeneba xidmSeneblobaSi. nax. 9-ze naCvenebia taunis fermis sqema. 



nax. 10-ze naCvenebia gaus sistemis ferma.
liTonis xidebi (sadac SekumSuli elementebi fermebSi damzadebuli iyo Tujisagan, xolo gaWimuli elementebi ki-rbili foladisagan) agebul iqna 1840 wels aSS-Si uiplis proeqtis mixedviT (principuli sqema igivea, rac gaus fermaSi).
inglisSi liTonis pirveli xidebi aSenda 1845 wels. fermis sqema warmoadgens taunis konstruqcias.
xidis ferma samkuTxa gisosiT uorenis sistemis saxelwodebiT gaxda cnobili 1846 wels, xolo 1850 wels ukve gamoqveynda misi gaangariSebis meTodi.
uorenis fermis eqsperimentuli kvleva Caatares bludma da doinma liTonis modelze, romlis sigrZe ℓ=3,85 m da simaRle H=30,3 sm Zalvebis gansazRvra gisosis elementebSi warmoebda dinamometrebis saSualebiT. eqperimentuli Sedegebi sakmaod kargad daemTxva Teorias.
avtorebisaTvis gaugebaria, Tu rogor iyo ganxorcielebuli gisosisa da sartyelebis damagreba kvanZebSi, e.i. rogor iyo gaTvaliswinebuli kvanZebis sixiste eqsperimentTa Sedegebis damuSavebis dros. aRvniSnavT, rom gaus sistemis fermis detaluri kvleva Caatara d. Juravskim (1854w.)
1842 wels daiwyo peterburg-moskovis rkinigzis mSenebloba da ukve 1844 wels d. Juravskis daevala saxido gadasasvlelis dagegmva da mSenebloba md. vebieze. dagegmil iqna 54 m. maliani cxra ferma, romelTa daSoreba wylis sarkidan (simaRleSi) Seadgenda 51 metrs. dagegmvis procesSi d. Juravskim daadgina, rom fermis xis elementebSi didi mniSvneloba aqvs mxebi Zabvebis gavlenas fermis muSaobaze. mas gamohyavs  mxebi Zabvebis gansazRvris formula:
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manve daadgina faqti imis Sesaxeb, rom Tanabrad ganawilebuli datvirTvis SemTxvevaSi mxebi Zabvebis mniSvnelobebi neitralur SreSi araTanabaria: Zabvebi izrdeba sayrdenebisaken.
amis Semdeg igi mimarTavs Sedgenil koWebs (nax. 11.) da adgens sogmanebis gamoangarSebis meTodikas. es meTodika man gaavrcela liTonis Sedgenil koWebze moqnolebis gaangariSebisTvis. misi naSromi am  sakiTxis Sesaxeb  gamoqveynda


frangul enaze 1856 wels. (rusulad gamoqveynda 1850-1856 wlebSi). sen-venanma dadebiTad Seafasa Juravskis naSromi da SemdegSi TviTon gamoiyena es naSromi.
statikurad  rkvevadi fermebis elementebSi Zalvebis gansasazRvrad inJinrebi iyenebdnen  uiplisa da Juravskis kvlevis Sedegebs. am miznisTvis sakmarisi iyo fermis  kvanZebis wonasworobis ganxilva.
SemdgomSi a. ritersa da Svedlers SemoaqvT gakveTis  meTodi. sakuTari kvlevis Sedegebi am sakiTxSi Seitanes maqsvelma, teilorma da kremonam. kerZod, aseTi fermebis gamoangariSeba kremonas  diagramebis saSualebiT popularuli gaxda inJinrebisaTvis. dResac ki -150 wlis Semdeg- es meTodi ar kargavs  Tavis aqtualobas.
fermebis zogadi Teoriis SeqmnaSi didi Rvawli miuZRvis laipcigis universitetis profesors a. mebiuss (1790 -1868 ). 1837 wels man gamosca saxelmZRvanelo statikaSi. ganixilavs ra Rerovani sistemis wonasworobis  sakiTxs, rodesac Reroebi erTmaneTTan SeerTebulia saxsrebiT, igi adgens, rom Tu saxsarTa raodenoba sistemaSi n -s tolia, maSin geometriulad ucvleli fermis Sesaqmnelad saWiroa 2n -3  Reroebis gamoyeneba brtyeli fermisTvis da 2n -6 Reroebis gamoyeneba sivrciTi sistemisTvis .
mebiusi  aqve ganixilavs SemTxvevas, rodesac statikurad rkvevadi sistemidan erTi Reros amoRebis SemTxvevaSi SesaZlebelia iseTi meqanizmis miReba, rodesac misi kvanZebis gadaadgileba mcirea da SezRuduli.
inJinrebisaTvis es naSromi didi xnis ganmavlobaSi SeumCnebeli iyo. (am droisaTvis fermebi naklebad gamoiyeneboda mSeneblobis praqtikaSi) da mxolod ormociode wlis Semdeg o. morma xelmeored aRmoaCina fermis konstruirebis aucilebeli pirobebi.
o. morma (sxva meTodebTan erTad) SemoiRo fermis gaangariSeba SesaZlo  gadaadgilebaTa meTodiT. es meTodi upriania im SemTxvevaSi, rodesac statikurad rkvevadi zogierTi fermis gaangariSeba SeuZlebelia sxva cnobili meTodebiT.
sainteresoa o. moris mier SemoTavazebuli aseTi amocanebis amoxsnis meTodika. igive amocanis amoxsnis meTodikas iZleva miuler-breslau.
gansxvavebul meTodikas aseTi amocanebis amoxsnisaTvis iZleva l. henebergi. Tavis  ,,masalaTa gamZleobis istoriaSi” timoSenkos moyvanili aqvs o. moris, miuler-breslaus da henebergis meTodebiT aseTi fermis gaangariSebis magaliTi. (nax. 12)  



naCvenebia sistemis gaangariSeba l. henebergis mixedviT.
naxazidan Cans, rom b) sqema a) sqemisagan gansxvavdeba FC  Reros SecvliT AE  ReroTi. es sqema ufro martivia. am sqemaSi, Zalvebi ReroebSi ufro advilad ganisazRvreba maqsvelis diagramiT.    

AE Rero mocemul sistemaSi ar gvqonda, amitom Zalva SAE=0 warmoadgens sistemis gamoangariSebis sisworis pirobas,  da  sistemebis superpoziciis Sedegad.
SI/+S SI//=0
Tu SI//=0, maSin adgili aqvs iseT sistemas, sadac SesaZlebelia kvanZebis mcire  gadaadgileba. sayuradReboa a. feplis naSromi aseTi fermebis analiziT romelic gamoica laipcigSi 1892 wels.   

           statikurad  urkvevi fermebis angariSi

fermebis Reroebis deformaciis sakiTxebi sakmaod maRal doneze iqna ganxiluli j. maqsvelis da u. teiloris mier   XIX saukunis samocian wlebSi.
am sakiTxis Semdgomma kvlevam miiyvana j. maqsveli fermebis kvanZebis CaRunvis ganxilvamde. raRac  А kvanZis CaRunva j. maqsvelis mixedviT ganisazRvreba formuliT 
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es cnobili formulaa, romliTac dRes sargebloben statikurad rkvevad fermebSi CaRunvebis gansazRvrisaTvis.
es formula gamoiyeneba agreTve statikurad urkvevi fermebis gaangariSebisaTvis.
s. timoSenkos moyvanili aqvs statikurad urkvevi fermebis gamoangariSebis magaliTi j. maqsvelis mixedviT ( nax.  13)



Tu CavTvliT ,,zedmetad” A sayrdens e.i. miviRebT ,,zedmetad” ucnobad sayrden reaqcias da avRniSnavT mas  X- iT, maSin zedmeti ucnobis gansazRvris kriteriumi iqneba CaRunvis nulTan toloba AA  kvanZSi;

[image: image85.wmf]0

1

1

1

=

-

=

+

å

å

m

i

i

i

m

i

i

i

i

EA

X

EA

S

l

l

r

r

d

d


aq  δ   CaRunvaa statikurad rkvevad sistemaSi, rodesac   


RA=0;
δ -CaRunvaa statikurad rkvevad fermaSi, rodesac sistemaze moqmedebs mxolod x. 
sainteresoa, rom maqsvelma aRmoaCina gadaadgilebaTa urTierTobis Teorema fermisaTvis.
am Teoremis  arsi SemdegSi mdgomareobs; Tu PP Zalis datvirTvas, romelsic B kvanZSi moqmedebs gadavitanT  A kvanZSi, maSin CaRunva δA, romelsac adgili hqonda pirvel SemTxvevaSi,  iqneba B  kvanZSi CaRunvis   δB –s toli .
j. maqsvelis es kvlevebi inJinerTa farTo sazogadoebisaTvis cnobili gaxda mxolod o. moris mier 1874 wels hanoverSi gamoqveynebuli naSromis Semdeg. metad saintereso da originaluria o. moris midgoma fermebis gadaadgilebis gansazRvrisadmi.
o. mori iyenebs koWis analogias,  ganixilavs ra koWis mRunavi momentebis epiuras, romlis m kvanZSi modebulia fiqtiuri datvirTva 
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-RerZuli Zalvaa ReroSi (nax. 14) gamowveuli erTeulovani ZaliT, romelic modebulia m kvanZSi.                                                              fermebis kvanZTa gadaadgilebis sakiTxma Semdgomi ganviTareba hpova 1881 wels. gamoqveynebul monografiaSi  ,,xidebis Teoria”. man daamtkica, rom kvanZebis gadaadgilebaTa gansazRvra sartylebSi SeiZleba am sartyelis elementTa ganxilviT. sakiTxi ufro martivi xdeba, rodesac erT-erTi sartyeli sworia da Tarazulad aris ganlagebuli. CaRunvebi mTlianad ganisazRvreba, Tu davadgenT zeda sartylis elementTa deformaciebs da maTi mobrunebis kuTxeebs.
vinkleri gviCvenebs, rom elementebis mobrunebis kuTxeebi advilad ganisazRvreba fermis TiToeuli samkuTxedis cvalebadobidan, rac gamowveulia elementebis deformaciiT.
ganvixiloT magaliTi (nax. 14)






davuSvaT, rom Cven ukve ganvsazRvreT  φ1, φ2, φ3  kuTxeebis cvalebadoba  m  kvanZSi. maSin maTi jami mogvcems ΔQm mcire  kuTxes zeda sartyelis or elements Soris, e.i. urTieTmobrunebis kuTxes  ( nax. 14 ).
rogorc 14 g) naxazidan Cans, ΔQi-is gansazRvris Semdeg SegviZlia gamoviangariSoT fiqtiuri koWi, romlis fiqtiuri datvirTvebi yovel kvanZSi  ΔQi iqneba,
aseTi koWis mRunavi momentebis mTliani fiqtiuri epiura migvcems CaRunvebs nebismier  i-ur kvanZSi.
fermebis  CaRunvebis grafikuli meTodi daamuSava frangma viliom 1877 wels. es meTodi vilios diagramis saxelwodebiTaa mocemuli samSeneblo meqanikis yvela kursSi. amitom misi aq moyvana zedmetad migvaCnia.
fermebis CaRunvebis gansazRvra vilios diagramis saSualebiT warmoebs Semdegi TanmimdevrobiT; yoveli Semdegi kvanZi (ori ReroTi) miemagreba winamorbed panelebs da ganisazRvreba mimagrebuli kvanZebis gadaadgileba.
saukunis dasawyisSi (1904 wels) q. kievSi gamovida v. kirpiCovis (1845-1913) monografia. ,,zedmeti ucnobebi” samSeneblo meqanikaSi; am monografiaSi igi farTod iyenebs ganzogadebuli Zalebisa da gadaadgilebebis cnebas. am wignma didi gavlena moaxdina sainJinro kadrebis momzadebaze ruseTis imperiis umaRles saswavleblebSi. 

unda aRiniSnos, rom zemoT moyvanili Teoriis elementebi eyrdnoboda fermis kvanZebSi idealuri saxsrebis hipoTezas. 

realur fermebSi kvanZebi warmoadgenen xist kostruqcias, ris Sedegadac yvela elementi met-naklebad ganicdis damatebiT Runvas. 

1880 wels miunxenis sainJinro saswavlebelma, prof. azimontis winadadebiT, gamoacxada konkursi xistkvanZebiani fermebis  gamoangariSebis meTodikis damuSavebis Sesaxeb.
imave wels inJinerma h. manderlam warmoadgina naSromi sakonkurso moTxovnilebaTa Sesabamisad. meTodika imdenad rTuli gamovida, rom misi praqtikuli gamoyeneba im droisaTvis SeuZlebeli iyo!
sakiTxis gamartiveba scada vinklerma (1829w.). man CaTvala, rom fermis sartyelebi uWria da gisosis elementebi sartylebTan saxsruladaa mierTebuli. o. maris Teoriulma kvlevam mogvca ufro martivi da SedarebiT zusti meTodi aseTi amocanebis gadasawyvetad.
igi Tvlis, rom fermis CaRunvebze kvanZis sixiste ver axdens did gavlenas da angariSobs yvela kvanZis mobrunebis kuTxes ψik yvela ik RerosaTvis (aq SeiZleba vilios diagramis gamoyenebac). ucnobad o. mari Tvlis xisti kvanZis mobrunebis  ψi  kuTxes.
mRunavi momenti i-ur kvanZSi ganisazRvreba gamosaxulebiT:
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sadac φi-ψik da φk-ψik elementis mobrunebis kuTxeebia  i da k boloebSi (ik  wrfivis mimarT).
kvanZebis wonasworobis pirobebidan
∑ 
Mik =0
vRebulobT imden gantolebas, ramdeni kvanZic gvaqvs. amocanis realizacia xdeba TandaTanobiTi miaxloebis meTodiT
Mik gansazRvris Semdeg am meTodiT dgindeba damatebiTi Zabvebi, elementebis gaRunvis gaTvaliswinebiT. am Teoriuli Sedegebis eqsperimentuli Semowmebis mizniT, v. frenkelma gamoigona specialuri tenzometri (1881-1884w.w.) fermis elementebSi deformaciebisa da Zabvebis gansazRvrisaTvis. masve ekuTvnis fermebis CaRunvis gamzomi xelsawyos gamogoneba (moZravi datvirTvebis zemoqmedebiT).
rogorc literaturuli wyaroebidan Cans, eqsperimentebis Sedegebi damakmayofilebeli aRmoCnda TeoriasTan mimarTebaSi.
imis gamo, rom liTonis didmaliani fermebi dResac farTod gamoiyeneba xidebisa da portebis mSeneblobaSi, damoqlonebuli fermebis kvanZTa muSaobis dazusteba mainc dgas inJiner-konstruqtorTa da mkvlevarTa dRis wesrigSi.

 2.3.3. mrude Zelebi, TaRebi, sayrdeni kedlebi
 
pirvel mecnierad, romelmac daiwyo mrudi Zelebis gaangariSebis Teoriis Seqmna, SeiZleba miviCnioT Jan antuan Sarl bresi (1822_1883). is daibada safrangeTSi, izeris departamentSi ( q. viena).
politeqnikuri skolis damTavrebis Semdeg man swavla gaagrZela xidebis da gzebis umaRles saswavlebelSi da 1848 wels is ukve profesor belanJes asistentia da aswavlis gamoyenebiT meqanikas.
      1854 wels bresi aqveynebs naSroms „mrudi Zelebis Runvisa da simtkicis analitikuri kvleva“.
      xuTi wlis Semdeg gamodis bresis ortomeuli masalaTa gamZleobasa da hidravlikaSi.
    
1865 wels gamodis mesame tomi, sadac detaluradaa ganxiluli uWri koWebis gaangariSebis Teoria. 

safrangeTis akademiam is daajildova ponseles premiiT da 1880 wels arCeul iqna akademikosad.
mrudi Zelebis gaangariSebis Teoria da am Teoriis gamoyeneba TaRebis gaangariSebisaTvis bresma gamoaqveyna 1848 wels. bresi pirveli mecnieria, romelmac aago ganivi kveTis inerciis elifsi da daadgina, rom ganikveTze garecentruli Zalis moqmedebis dros neitraluri Sris adgilmdebareobis gansazRvra SeiZleba inerciis elifsis rxevis saSualebiT. 

bresma samSeneblo meqanikaSi Semoitana kveTis gulis cneba. mrudi Zelis deformaciis ganxilvisas bresi mxedvelobaSi iRebs ara marto misi simrudis cvalebadobas, aramed Zelis RerZis sigrZis cvalebadobasac.  Tu ganvixilavT mrudi mn Zelis mcire elementis deformacias (nax. 15), maSin 



rogorc naxazidan Cans mn mrudis wagrZeleba      
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mrudis gadaadgileba x RerZis gaswvriv

[image: image94.wmf](

)

c

c

a

c

a

y

y

I

E

ds

M

E

A

ds

N

u

-

×

×

+

×

×

=

ò

ò


vertikaluri gadaadgileba y-is gaswvriv

[image: image95.wmf]

 EMBED Equation.3  [image: image96.wmf](

)

c

c

a

c

a

x

x

I

E

ds

M

E

A

dy

N

v

-

×

×

+

×

×

=

ò

ò


da mobrunebis kuTxe. 

(=
[image: image97.wmf]ò

×

×

c

a

I

E

ds

M



 EMBED Equation.3  [image: image98.wmf]         
[image: image99.wmf]
bresis mixedviT, gadaadgilebaTa codna saSualebas iZleva gamoviangariSoT statikurad urkvevi TaRebi da kamarebi. analogiuri amocanebis amoxsnisas bresi iyenebs superpoziciis princips, rodesac sistemaze moqmedebs ramodenime Zala. Tavis TeoriaSi is iyenebs brtyeli kveTis hipotezas. 

      bresis meir Seqmnili uWri koWebis Teoria gansxvavdeba klapeironisa da bartos Teoriebisagan imiT, rom ukanasknelni moiTxovdnen koWebis malebi yofiliyo erTnairi da datvirTva malze Tanabrad ganawilebuli. bresi uaryofs am SezRudvebs da ganixilavs zogad SemTxvevebs. is cal-calke ganixilavs ganawilebuli datvirTvebis SemTxvevas da xsnis amocanas sami momentis Teoremis saSualebiT. moZravi datvirTvisaTvis is adgens tvirTis ganlagebis araxelsayrl mdgomareobas da samomento fokusebis saSualebiT awarmoebs damatebiT angariSs, faqtiurad iyenebs gavlenis wirebs.
      mrudi Zelebis TeoriaSi Tavisi wvlili Seitana e. vinklerma (1835_1888), romelmac 1858 wels gamoaqveyna Tavisi monografia am Temaze. vinkleri muSaobda agreTve uWri koWebis gaangariSebis Teoriaze. 1860 wels mas sayrdeni kedlebis Teoriis SeqmnisaTvis mieniWa laipcigis universitetis doqtoris samecniero xarisxi. 1877 wels e. vinkleri miwveul iqna berlinis samSeneblo akademiaSi, sadac is kiTxulobda nagebobebisa da xidebis Teoriis kurss. amave dros samSeneblo akademiis ezoSi vinkleri qmnis eqsperimentul centrs. aq is eqsperimentulad Seiswavlis Zabvebs samoqlono SeerTebebSi, Seiswavlis silis zewolas sayrden modelze, ikvlevs qaris zemoqmedebas fermebze, sxvadasxva sqemis gisosebis mixedviT. mrudi Zelebis Teoriis SemuSavebisas vinklerma miiRo formulebi, romlebic dResac gamoiyeneba sainJinro praqtikaSi.
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(_ mobrunebis kuTxe ki gamoiangariSeba integraliT:
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zemoT moyvanili formulebi Setanilia masalaTa gamZleobisa da samSeneblo meqanikis saxelmZRvaneloebis Tanamedrove kursSi. 

 
1868 wels gamoqveynebul naSromSi vinkleri detalurad ikvlevs orsaxsrovan da usaxsro kamarebis daZabul-deformirebul mdgomareobas. aq igi sargeblobs gavlenis wirebiT. is umcires muSaobaTa principiT adgens dawnevis mrudis mdgomareobas kamaraSi da asabuTebs princips, romelsac SemdgomSi „vinkleris principi“ ewoda. am principis Tanaxmad mocemuli datvirTvebisaTvis agebuli Tokis mrudebis mTeli simravlidan, romelic agebulia mocemuli datvirTvebisaTvis dawnevis yvela mrudidan WeSmariti iqneba is romelic yvela mrudze ufro axlos gauvlis TaRis mrud RerZs. 

daproeqtebis dros TaRis (kamaris) mrudi RerZis moxazulobad miiCneva Tokis mravalkuTxedi mudmivi datvirTvebisaTvis.
1870 wels q. hanoverSi gamoqveynda o. moris naSromi „xidebis drekadi TaRebis gaangariSeba grafikulad“. orsaxsrovani TaRis ganxilvisas (nax.16) man dauSva, rom marjvena 


BB saxsars aqvs Tarazuli gadaadgilebis saSualeba BB/, rodesac EE wertilSi moqmedebs erTeulovani PP=1 Zala. am BB/ gadaadgilebas mori angariSobs Tokis mravalkuTxedis saSualebiT (Tokis mrudis saSualebiT) fiqtiuri datvirTvebisaTvis.
C kveTis mobrunebis kuTxe 
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da BB/ gadaadgileba tolia;  
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aq fiqtiur tvirTad miCneulia                  
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Tarazuli u gadaadgileba ganisazRvreba integraliT;
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Tu PP=1 Sveuli Zalaa, maSin u - Tarazuli gadaadgilebaa. 

Tu P=1 Tarazuli Zalaa, maSin SeiZleba gambrjeni H-is gansazRvra       
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 aqedan gamomdinareobs, rom erTeulovani PP=1 Zalis yovel ganlagebas Seesabameba saTanado (,,Tavisi”) gambrjeni da fiqtiuri AAB koWis mRunavi momentebis epiura (fiqtiuri tvirTebisaTvis) SeiZleba ganxilul iqnes rogorc gavlenis wiri HH gambrjenisaTvis. 

sayrdeni kedlebis gaangariSebis ganxilvisas Cven SevexeT MMm kulonis meTods, agreTve, kulonisa da renkinis meTods.
grafikul-analizuri meTodebis gamoyenebis saqmeSi didi damsaxureba miuZRvis avstriel mecniers g. rebxans, romelmac 1871 wels venaSi gamoaqveyna naSromi “sayrdeni kedlebis gaangariSebis zogadi meTodi grafostatikis gamoyenebiT” (g. rebxans ekuTvnis agreTve “mRunavi momentebisa da ganivi Zalvebis epiurebis ageba”. 1856 weli, q. vena) is ganixilavs SemTxvevas, rodesac sayrdeni kedlis waxnagi daxrilia, xolo yamiris Tavisufali zedapiri nebismieri simrudisaa (nax. 17)


naxazis mixedviT, BDBD – bunebrivi ferdobis sibrtyea, 

BC–yamiris gasrialebis (sxletis) sibrtye, kulonis mixedviT, β – kuTxe, romelsac qmnis sayrdeni kedlis reaqcia Tarazul sibrtyesTan.                            

R-is gansazRvra xdeba Semdegnairad: aigeba samkuTxedi KKCD, sadac  KD=CDD da am samkuTxedis farTobis namravli ( – yamiris moculobiT masaze gvaZlevs  R-is mniSvnelobas (kedlis 1 grZiv metrze, - naxazis sibrtyis marTobulad). 

saZirkvlebis saWiro CaRrmavebis formula SemoTavazebul iqna g.paukeris mier (1822_1889).
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sadac ( _ bunebrivi qanaobis kuTxea. 

es formula gamoyvanili iyo renkinis mier
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       am ori formulis tolobidan gamomdinare, paukeri Rebulobs saWiro formulas h  CaRrmavebisTvis:
h
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sadac P P_ cantraluri tvirTis dawolaa saZirkvlis erT grZiv metrze.

es formula eqsperimentulad Semowmebul iqna v. kurdiumovis mier (1853_1904) peterburgis gzaTa mimosvlis institutSi. kurdiumovi modelSi yamirad Rebulobda mSral silas. models hqonda gamWvirvale minis kedlebi.     datvirTvas v. kurdiumovi zrdida iqamde, sanam silaSi ar warmoiqmneboda gasrialebis sibrtyeebi da saZirkveli TiTqmis erTbaSad ar gadaadgildeboda vertikalurad didi sididiT.  


ufro detaluri eqsperimenti Caatara StutgartSi miuler-breslaum (1906). mis mier miRebul SedegebSi gamovlinda is, rom yamiris kedlebze zewolis kritikuli sidideebi zogjer bevrad aRemateboda kulonis mier dadgenil sidideebs. 


aq, upirveles yovlisa, mxedvelobaSi unda iqnes miRebuli eqsperimentuli yamiris (silis) datkepnisa da Cayris teqnologia da albaT, sinotivis sididec.

2.3.4.   foixti,   herci

drekadobis Teoriis specialistTa Soris didi avtoritetiT sargeblobda (A.E.H. Lowe) a. lavi (1863_1940). 1885 wels man daamTavra s. dj. koleji kembrijSi. is muSaobda oqsfordSi 1899 wlidan sicocxlis bolomde. misi mTavari naSromis ,,maTematikuri drekadobis kursi”_s ortomeuli gamovida 1892_1893 w.w. masSi mocemulia drekadobis Teoriis mokle istoriuli mimoxilva.
     is ZiriTadad muSaobda garsebis Teoriaze da eyrdnoboda kirhxofis Teorias; garsebis Runvis Seswavlisas man Sesworeba Seitana rxevebis TeoriaSi, kerZod ki, releis SedegebSi, xolo Tavis naSromTa Semdgom gamocemebSi daazusta filebis Teoria, am mizniT man gamoiyena j. mitCelis brtyeli amocanis amoxsnis Sedegebi.
     1911 wels man gamosca monografia ,,geofizikis zogierTi problema”, risTvisac mas mieniWa adamsis premia. aq is ganixilavs seismuri talRebis gavrcelebis problemebs, Sesworeba Seaqvs releis mizidulobis kanonis TeoriaSi. is agreTve amtkicebs ganivi talRebis gavrcelebis SesaZleblobebs. am talRebs SemdgomSi ewoda ,,lavis talRebi”. es talRebi  warmoiSveba mravalferovan areebSi da xasiaTdeba rxevebiT, grZivi rxevebis marTobulad da maTi gavrcelebiT gadamcemi zedapiris Tavisufal sibrtyeSi. 

       germanel mecnierTa Soris, romelTa moRvaweobamac mniSnelovani kvali datoves XIX saukunis bolo aTwleulebis samSeneblo meqanikis ganviTarebaSi, iyvnen f. noimanis mowafeebi: kirxofi, klebSi, foixti da sxv.

kirxofsa da klebSze Cven zemoT ukve visaubreT, aq Tqvens yuradRebas gavamaxvilebT v. foixtis {1850_1919) Semoqmedebaze. is daibada saqsoniaSi (q. laifcigSi). 1870 wels is gawveuli iqna jarSi; monawileobas iRebda franko_prusiis omSi 1870-1871 wlebSi. omis damTavrebis Semdeg igi amTavrebs kenigsbergis universitets noimanis klasSi, - laboratoriuli fizikis ganxriT. 1875 wels is kenigsbergis universitetis docentia. misi mecnieruli interesebis ZiriTad sferos warmoadgenen kristalebis drekadi Tvisebebi.
        1910 wels gamoica misi fundamenturi monografia ,,saxelmZRvanelo kristalografiaSi“. am naSromebma sabolood gaarkvia sadao sakiTxi or Teorias Soris: mudmivebis did da  mcire raodenobebis Sesaxeb.
       rogorc ukve iTqva, aTeuli wlebis manZilze mimdinareobda kamaTi: 


1) aRwers Tu ara drekad izotropias erTi Tu ori mudmiva. 


2) anizotropiis zogadi SemTxvevisaTvis sakmarisia Tu ara 15 an 21 mudmiva.

foixtis eqsperimentebi moicavdnen sxvadasxva kristalis prizmebs, romlebic amoWrili iyo monokristalebidan sxvadasxva mimarTulebiT. drekadobis modulebis eqsperimentebis gansazRvra mis mier warmoebul iqna prizmebis Runvisa grexis saSualebiT. manve Seiswavla kristalebis yovelmxrivi kumSvadoba, riTac daamtkica rarikonstaturi Teoriis siswore da daamtkica navie_puasonis multikonstaturi Teoriis uzustoba, romelic gamomdinareobda molekuluri Zalebis Teoriidan.

foixti did interess iCenda grZivi dartymebis eqsperimentuli QQSeswavlisadmi. aq didi gansxvavebebi damokidebulia eqsperimentis sisufTaveze. detalebze ar SevCerdebiT, oRonT mkiTxvels gavaxsenebT, rom grZivi dartymisas Znelia ganxorcieldes masebis idealuri kontaqti Sexebis zedapirze.

imisaTvis, rom mieRwia sen-venanis TeoriasTan zusti SesabamisobisaTvis, man SemoiRo termini ,,gadamsvleli fena”, romlis ,,xarjzedac” gadadis sakontaqto zedapirebis arakongruentuloba. advili misaxvedria, rom aq igulisxmeba iseTi SemTxvevebi, rodesac dartymis procesSi kontaqti xorcieldeba araerTdroulad. am TvalsazrisiT ,,gadamsvlel fenas” aqvs azri, magram gaurkvevlobas mainc aqvs adgili.
       ramzauerma 1909 wels grZivi dartymis eqsperimentebi ganaxorciela cilindrul zambarebze. am SemTxvevaSi damrtymeli talRis frontaluri da reversiuli svla faqtiurad gaorkecda da sakontaqto zedapirebis torsebis uzustobis gavlena sakmaod Semcirda.

razmaueris cdebis Sedegebi dakmayofilebuli aRmoCnda sen_venanis dinamikur TeoriasTan Sedarebis Sedegad. 


saintereso eqsperimentebi Caatara foixtma Tavis mowafeebTan erTad qvamarilis nimuSebze; man gamoavlina, rom nimuSebis simtkice didadaa damokidebuli kuTxeze kristalografiul RerZebsa da gamWimavi Zalis mimarTulebas Soris.

minis nimuSebis zedapiris mJaviT amoWmam aCvena simtkicis zrdis efeqti. Tavis eqsperimentebSi foixti amowmebda o. moris simtkicis Teorias. foixtis daskvniT, TiTqmis SeuZlebelia universaluri simtkicis Teoriis Seqmna, romlis gamoyeneba mogvcems damakmayofilebel Sedegebs yvela masalebisaTvis.

foixtma Seqmna anizotropuli masalisagan damzadebuli filebis Teoria: man miiRo aseTi filis CaRunuli zedapiris biharmoniuli gantoleba. ra Tqma unda am SemTxvevaSic Zabvis funqcia unda akmayofilebdes zRvrul pirobebs.

foixtma, SeiZleba iTqvas, pirvelma Semoitana drekadobis TeoriaSi tenzoruli algebra. misive damsaxurebaa tenzor_diadikebis SemoReba drekadobis TeoriaSi.

ar SeiZleba ar SevCerdeT iseTi mecnieris moRvaweobaze, rogoric iyo henrix rudolf herci  (1857_1894), romelmac didi kvali datova rogorc drekadobis TeoriaSi, ise eleqtroteqnikaSi. is daibada hamburgSi, advokatis ojaxSi, umaRlesi ganaTleba miiRo berlinis universitetSi, sadac am periodSi aswavlidnen g. helmholci da g. kirxhofi. aq fizikur laboratoriaSi atarebda is SesaniSnav eqsperimentebs da 1878 wlis zamTarSi is asrulebs eleqtrodinamikaSi damuSavebul sakonkurso Temas da rogorc gamarjvebuli Rebulobs universitetis oqros medals.
1880 wels is icavs sadoqtoro disertacias eleqtrodinamikaSi. samecniero sabWom es naSromi CaTvala ,,umaRlesi qebis Rirsad”.

SemdgomSi, 1881 wels is berlinis fizikur sazogadoebas warudgens samecniero Sromas, romelic Seexeboda drekadi sxeulebis kumSvis Teorias.

herci dainteresda masalaTa sisaliT. faqtiurad, hercma daamuSava sisalis gansazRvris Teoria. Cven migvaCnia, rom sisalis gansazRvris Tanamedrove meTodis avtoria, swored h. herci  (brinelis meTodi).
        Cven ukve vaxseneT hercis naSromi usasrulod didi Txeli filis wonasworobis Sesaxeb, rodesac fila eyrdnoba siTxes (wyals) da SuaSi datvirTulia Seyursuli ZaliT am SemTxvevaSi Txeli fila SuaSi CaiRuneba, magram cota moSorebiT, Zalis modebis kveTidan warmoiqmneba filis talRuri zedapiri milevadi amplitudiT.
 h. hercma ganixila mravali sakontaqto amocana da daamuSava saTanado Teoriac. sainteresoa, rom hercis ideebma Semdgomi ganviTareba hpoves ukve  XX  saukunis pirvel naxevarSi. a. dinikis (1909w.), n. beliaevis (1921w.) fromis (1927), feplis (1936w.) SromebSi. es sakiTxebi Seexeboda, rogorc statikis ise dinamikis amocanebs.
2.3.5. organzomilebiani  drekadi  sxeulebis  amocanebis     

                         Sesaxeb
ukve  XIX  saukunis bolos gamoikveTa amocanaTa klasi, romelic dRes cnobilia brtyeli drekadobis Teoriis saxelwodebiT.
 Cveni azriT, aseT klasifikacias eqvemdebareba ,,brtyeli daZabuli mdgomareoba” da ,,brtyeli deformacia”. pirvel SemTxvevaSi Zabvis tenzori ganlagebulia erT sibrtyeSi da deformaciis tenzori (εx ,εy ,εxy) ( 0 zogad SemTxvevaSi. meore SemTxvevaSi  formaciis tenzori (εx, εxz ,εyz) pirobiTad nulis toladaa miyebuli. niSandoblivia is, rom amocanaTa amoxsna orive SemTxvevaSi faqtiurad warmoebs erTi Teoriis mixedviT, magram ZabvaTa sidideebi da zRvruli pirobebi gansxvavdebian erTmaneTisagan.
          pirvel mecnierad, romelmac didi yuradReba dauTmo brtyel daZabel mdgomareobas, miCneulia a. klebSi (A. Klebsch)         is ganixilavda cilindruli Zelis mcire sigrZis elementTa daZabul_deformilebul mdgomareobas e.i. ganixilavda maT brtyel daZabul mdgomareobas (am SemTxvevaSi torsebi ar aris datvirTuli.)
  


sayuradReboa xarlamp golovinis mier (1844-1904) wriuli moxazulobis mudmivi sisqis TaRebis daZabul-deformirebuli mdgomareobis Seswavla (nax.  18). nax. 18a-s SemTxvevaSi igi Tvlis, rom ZalaSia berZnulis hipoTeza. am dros ZabvaTa ganawileba ar Seesabameba elementaruli Teoriis Sedegebs.    

     analogiuri Sedegi miiRo man nax.18b-ze mocemuli sqemis ganxilvis Sedegad. orive SemTxvevaSi is iyenebs drekadobis Teoriis brtyeli amocanebis aparats. am amocanebis ganxilva moyvanilia drekadobis Teoriis kursebSi umaRlesi teqnikuri saswavleblebisTvis. 

      brtyeli amocanebis amoxsnis eqsperimentuli meTodi gamWvirvale nimuSebis gamoyenebiT Caatara karus vilsonma 1891 wels.  rogorc  ukve  iyo  naTqvami,  maqsvelma pirvelma Seqmna Zabvebis gansazRvris eqsperimentuli meTodika, fotodrekadobis Tvisebis gamoyenebiT.
      vilsonma moaxdina maqsvelis Teoriis realizacia. misi Sedegebi ar daemTxva daZabul-deformirebul mdgomareobas, romelsac iZleoda koWebis ,,Cveulebrivi” Teoria.
      eqsperimentis (vilsoni) da Teoriis Sedegebis gansxvavebis mizezi axsna stoqsma, romelic am SemTxvevaSi daeyrdno busineskis Teoriul Sedegs.
  

    
vilsoni ganixilavda erTeuli sisqis naxevrad usasrulo filas (naxevari sibrtyis filas), datvirTuls Seyursuli P ZaliT simetriis sibrtyeSi (nax. 19.)
optikuri meTodis gamoyenebiT eqsperimentuli kvlevebi Caatara menaJem (1900). man Seiswavla radialuri Zabvebis ganawileba simetriulad datvirTul filaSi.
      ufro adre brtyeli amocanebis kvleva daiwyo, agreTve, eirim (1860), romelmac, rogorc viciT, SemoiRo Zabvis (eiris) funqcia da gamoiyena es funqcia sworkuTxa koWebis daZabul-deformirebuli mdgomareobis dadgenisas. 

      maqsvelma Sesworeba Seitana eiris TeoriaSi im moTxovniT, rom Zabvis funqcia unda daekmayofilebina uwyvetobis gantolebasac.
      brtyeli amocanebis kvlevaSi mniSvnelovani wvlili Seitana jon mitCelma (1863-1940), warmoSobiT avstralielma. man daamTavra kembrijis universiteti, miiRo xelovnebis magistris xarisxi. ramodenime wlis Semdeg dabrunda avstraliaSi da daikava profesoris Tanamdeboba melburnis universitetSi. 

        Tavisi samecniero kvlevebiT man daamtkica, rom brtyeli filebis daZabuli mdgomareoba ar aris damokidebuli masalis mudmivebze, Tu:
 a) moculobiTi Zalebi nulis tolia   da 

 b) filis konturi erTbmiania.
       Mmravalbmiani filebis SemTxvevaSi daZabuli mdgomareobis damoukidebloba mudmivebze viTardeba im SemTxvevaSi, Tu TiToeul konturze momqmedi Zalebis mTavari veqtori da mTavari momentebi nulis tolia. manve ganixila solis amocanebi datvirTvebis sxvadasxva SemTxvevebisTvis.
 naSromSi warmodgenili gamoyenebiTi meqanikis ganviTarebis istoriuli masalis Sinaarsi da gadmocemis meTodi saSualebas gvaZlevs gakeTdes Semdegi 

                         daskvnebi


1. meqanikis istoriuli ganviTarebis mdidari gamocdilebis Secnobisa da Seswavlis mizniT aRniSnuli istoria dayofilia calkeul periodebad. periodebad dayofa moxda qveynebisa da im gansakuTrebuli aRmoCenebis mixedviT, romlebic gansazRvraven meqanikis ganviTarebis orientirebs am periodebis mixedviT.


2 naSromSiPpirvel periodad  miCneulia myari tanis meqanikis Casaxvis dro, romelic ukavSirdeba Ggalileo-galileis saxels. ganxilulia  misi monografiebi ,,patara sasworebi”, ,,dialogi miqcevisa da moqcevis Sesaxeb”, ,,saubrebi da maTematikuri mtkicebebi”, ,,meqanika, da sxva.” Aaqvea gadmocemuli hukis, boilis niutonis, hiugensis, iungis, iakob bernulis, eileris, Ddaniel bernulis, lagranJis, kulonis,  da sxvaTa moRvaweoba. gansakuTrebiT sainteresoa hukisa da niutonis dava,  eileris mosazrebebi sxeulis masisa da variaciuli aRricxvis Sesaxeb.. lagranJis mier SemoRebuli iqna ,,ganzogadebuli koordinatebisa da ganzogadoebuli Zalebis ,” agreTve iungis ,,leqciebi naturalur filosofiaSi da meqanikaSi”. 


3.naSromSi calke adgili ukavia ,,masalaTa gamZleobisa da drekadobis Teorias,” rogorc mecnierebis formirebisa da ganviTarebis istorias. Ggadmocemulia navies, failonis, vertgeimis mier warmoebuli eqsperimentebis mniSvneloba, romelic swavlobda grexis deformaciebze magnituri induqciis gavlenas. gansakuTrebuli adgili ukavia bare sen-venanis mecnierul wvlils masalaTa gamZleobasa da drekadobis Teoriis ganviTarebis saqmeSi. ,,drekadi tanis statika,” monografia ,,myar tanTa meqanika”, ,,memuarebi grexis Sesaxeb” da sxva.


4. mecxramete saukunis mecniereba warmodgenilia iseTi korifeebis SromebiT, rogorebic iyvnen: sen-venani, oto mori, kirxofi, maqsveli, navie da sxva. farTod aris gaanalizebuli moris Sromebi ,,grafo-analizuri meTodis” gamoyenebiT, ,,moris wreebi” da sxva.


5. Seswavlilia eqsperimentuli laboratoriebis sistema germaniaSi da evropis sxva qveynebSi, kerZod: miunxenSi, berlinSi, venaSi, ciurixSi, StutgardSi, peterburgSi. Gganxilulia energetikuli meTodebis warmoqmnisa da ganviTarebis istoria. GaRmocemulia grinis, lames, klapeironis, kastilianos, eiris da sxvaTa damsaxureba am Teoriis irgvliv.


6. erTad aris gaSuqebuli statikurad rkvevadi da urkvevi sistemebis gaangariSebis meTodikis istoria {riteri, iasinski, maqsveli, kremona, puasoni, beti, relei, bresi, kulmani) aqvea warmodgenili TaRebis gaangariSebis istoria, agreTve samSeneblo meqanikis ganviTarebis istoria ruseTSi. Gmoyvanilia analizi belolubskis, gagarinis, gersevanovis, gadolinis, bubnovis da sxva mecnierTa mier Catarebuli eqsperimentebis, maTi Sedegebisa da Tematikis Sesaxeb.


7. gamokvleulia S. bresis mier mrude Zelebis gaangariSebis Teoria da am Teoriis gamoyeneba TaRebis gaangariSebisaTvis. Aaqvea ganxiluli vinkleris da moris moRvaweoba. 


naSromSi gadmocemuli masala Cveni azriT sasargeblo iqneba, rogorc meqanikis (gansakuTrebiT sainJinro meqanikis) istoriiT dainteresebuli pirebisaTvis, aseve samSeneblo, satransporto, meqanikuri, energetikuri, da sxva samSeneblo specialobebis, bakalavrebis, magistrantebisa da doqtorantebisaTvis.
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