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Sesavali. ZiriTadi hipoTezebi

Cven ganvixilavT materialur obieqt XE "materialur obieqti" ebs, romelTa qveS gvesmis yovelgvari sxeuli, romelsac Seswavlis procesSi SeuZlia nebismierad icvalos forma da mdebareoba sivr​ce​Si. aseTebs ganekuTvnebian gazebi, siTxeebi an myari sxeu​lebi, romelTac sivrceSi garkveuli moculoba uka​viaT. dakvirvebebidan cnobilia, rom materialur obieqtebs mo​le​ku​luri agebuleba aqvT. meore mxriv, ragind mcire ar unda aviRoT sxeulis moculobis elementi, is uamrav mo​lekulas Seicavs. magaliTad, haeris kubi, romlis wibo 0,001 mm-ia, Seicavs [image: image1383.wmf][
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 molekulas. Tu vigulisxmebT, rom sxeuli dayofilia amgvar elementebad, isini SeiZleba praq​tikulad usasrulo mcireebad CavTvaloT da dava​xa​siaToT siCqaris, aCqarebis da molekulebze moqmedi Zale​bis saSualo mniSvnelobebiT. amgvarad SeiZleba miviRoT war​mod​gena uwyvet garemo XE "uwyveti garemo" ze, rogoradac Cven qvemoT gan​vixilavT sxeulebs. materialuri obieqtebis uwyvet gare​mod miReba gvaZlevs saSualebas, gamoviyenoT maTematikuri ana​li​zis meTodebi.

meqanika XE "meqanika"  aris mecniereba, romelic Seiswavlis materia​lu​ri obieqtebis moZraobasa da wonasworobas sivrcesa da dro​Si. meqanikis is nawili, romelic cnobilia Teoriuli meqa​nik XE "Teoriuli meqa​nika" is saxeliT, moicavs materialuri obieqtebis meqani​ku​ri moZraobis maTematikuri aRweris meTodebs. meqanikuri moZraoba XE "meqanikuri moZraoba"  ki ewodeba sxeulebis fardobiT gadaadgilebas.                    

materialuri obieqtebis meqanikuri moZraobis ZiriTadi kanonebia niutonis*) kanonebi XE "niutonis kanonebi" :

1. inerciis kanoni XE "inerciis kanoni" . sxeuli imyofeba mosvenebul (uZrav) mdgomareobaSi an moZraobs Tanabrad da wrfivad, Tu gare Zalebis moqmedebis Sedegad igi  ar icvlis Tavis mdgo​ma​reobas, e.i. misi siCqare (erTeuli 
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2. Zalisa da aCqarebis proporciulobis kanoni XE "Zalisa da aCqarebis proporciulobis kanoni" . moZrav sxeu​​l​​ze moqmedi [image: image4.wmf]F
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3. qmedebisa da ukuqmedebis kanoni XE "qmedebisa da ukuqmedebis kanoni" . ori sxeulis er​Tma​neT​ze zemoqmedebis Zalebi sididiT tolia da urTierT​sa​wi​naaRmdegod arian mimarTuli.

raime wertilis mimarT Zalis momenti XE "Zalis momenti"  ewodeba veqtors, ro​melic am wertilis Zalis modebis wertilTan SemaerTe​beli veqtoris (mis sawyis wertilad miRebulia wertili, rom​lis mimarTac iTvleba momenti) da Za​lis veqtoris veqtoruli namravlis tolia.

sxeulze moqmedi Zalebis, rogorc veqtorebis, geometriul jams ewodeba sxeulze moqmed ZalTa nakrebi (mTavari) veq​to​ri XE "nakrebi veq​to​ri" , xolo maTi momentebis, rogorc veqtorebis, geometriul jams - nakrebi (mTavari) mo​men​ti XE "nakrebi mo​men​ti" .Qnakrebi momenti, sazogadod, damokidebu​lia im wertilze, romlis mimarTac viRebT momentebs, xo​lo nakrebi veqtori ar aris damokidebuli imaze, Tu ro​mel wertils aviRebT mis sawyis wertilad. is Tavi​su​fa​li veqtoria (ix. $1.1).
amboben, rom absoluturad myari (e.i. iseTi myari sxeule​bi,BromelTa nebismier or wertils Soris manZili ucvlelia, miuxedavad imisa, Tu rogori Zalebi moqmedeben maTze) sxeuli wonasworobis mdgomareoba XE "wonasworobis mdgomareoba" Sia, Tu mas​ze moqmedi Zalebia wonasworobaSi, xolo ZalTa sistema wo​nasworobaSia,ETu misi nakrebi veqtori da nakrebi mo​men​ti nulis tolia.

amdenad, wonasworobaSi myof sxeulze moqmedi yvela ga​re​​ Zalis nakrebi veqtori da nakrebi momenti nulis to​lia.

dalamberis*) principi XE "dalamberis principi" s Tanaxmad moZrav sxeulze moqme​di gare Zalebi wonaswordeba inerciis ZaliT.

inerciis Zala XE "inerciis Zala"  fiqtiuri Zalaa, romelic niutonis meo​re kanonis TanaxmadQ[image: image12.wmf](
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Teoriuli meqanikis gantolebebi srulad aRweren mate​rialur wertilTa sistemebisa da absoluturad myari sxeu​​l XE "absoluturad myari sxeu​​li" ebis moZraobas. Tu myari sxeu​lis ganxilvis procesSi masze modebuli gare Za​le​bis moqmedebis Sedegad mis wertilebs Soris manZili droe​biT an mudmivad icvle​ba, maSin maT deformad myar sxeul XE "deformadi myari sxeuli" ebs, xolo sxeulis wertilTa mdebareobis (sxeulis mdgomareobis) aseT cvli​lebas de​for​macia XE "deformacia" s vuwodebT. deformadi myari sxeu​lebis an ga​ze​bis da siTxeebis moZraobis dasaxasiaTeblad Teo​riu​li me​qa​nikis gantolebebi ukve aRar gamodgeba. meqa​ni​kis im dargs, romelic deformad myar sxeulebs, gazebs da siT​xeebs Seiswavlis, ewo​de​ba uwyvet garemoTa (sxeul​Ta) meqanika XE "uwyvet garemoTa (sxeul​Ta) meqanika" .

uwyvet garemoTa meqanikaSi miRebulia e.w. gamyarebis prin​​cipi XE "gamyarebis prin​​cipi" , romelic SemdegSi mdgomareobs:

deformadi sxeulis wonasworobisaTvis masze moqmedma ga​​​​re Zalebma unda daakmayofilon imave formis abso​lu​tu​rad myari sxeulis wonasworobis pirobebi.

gamyarebis principis Tanaxmad, deformadi sxeulis wo​nas​worobis qveS Cven gvesmis is mdgomareoba, roca misi da mis​gan azrobrivad gamoyofili nebismieri nawilis formis mqo​ne absoluturad myari sxeuli wonasworobaSia defor​mad sxeulze da Sesabamisad mis nebismier nawilze mode​bu​li gare Zalebis moqmedebis pirobebSi.

uwyvet garemoTa meqanika iyofa hidroaeromeqanika XE "hidroaeromeqanika" d an, rac igivea, gazebis da siTxeebis meqanikad da deformadi myari sxeulebis meqanika XE "deformadi myari sxeulebis meqanika" d.

sxeulis Tvisebas, masze modebuli gare Zalebis mox​snis Semdeg daibrunos Tavisi pirvandeli mdgomareoba, dre​​ka​doba ewodeba XE "dre​​ka​doba ewodeba" .

sxeulis Tvisebas, gare Zalebis moqmedebis Sedegad gani​ca​dos didi plastikuri deformacia XE "plastikuri deformacia" , e.i. deformacia, ro​melic gare Zalebis moxsnis Semdeg rCeba, plastiku​ro​ba XE "plastiku​ro​ba"  ewo​deba.

zemoT CamoTvlili Tvisebebis Sesabamisad deformadi mya​​​ri sxeulebis meqanika iyofa drekadobis da plastiku​ro​bis Teori XE "plastiku​ro​bis Teoria" 

 XE "drekadobis Teoria" ebad. Cven  ZiriTadad SeviswavliT  drekado​bis Teoriis elementebs (firfitebisa da Reroebis Teorie​bis CaTvliT), Tumca ganvixilavT agreTve plastikurobis Teo​riis, siTxis moZraobisa da drekadi sxeulisa da siT​xis urTierTqmedebis modelebsac.

zemoTqmulidan gamomdinare, drekadobis Teoria meqa​ni​kis is dargia, romelic Seiswavlis moZrav an wonas​wo​ro​bis mdgomareobaSi myof deformad myar sxeulSi defor​maciebs da amasTan dakavSirebiT warmoqmnil Sinagan Zalebs, rom​​lebic gareSe fizikuri zemoqmedebis Sedegad war​moi​S​ve​bian da romlebic cdiloben, daabrunon sxeuli pir​van​del mdgomarebaSi.
aseTive amocanebi Seiswavleba meqanikis sxva dargSic _ ma​salaTa gamZleoba XE "ma​salaTa gamZleoba" Sic, magram misi uxeSi meTodebi, rom​lebic misaRebia calkeuli Reroebisagan Sedgenili sxva​da​sxva konstruqciebis Sesaswavlad, gamousadegaria firfi​te​bisa da garsebis Seswavlis dros, saerTod rom araferi vTqvaT zogad samganzomilebian amocanebze.

drekadobis Teoria mWidrod aris dakavSirebuli sam​Se​neb​lo meqanika XE "sam​Se​neb​lo meqanika" sTan, rac warmoadgens meqanikis im dargs, ro​melic Seiswavlis Reroebisagan Semdgariü siste​me​bis _ brtye​li da sivrculi fermebis, TaRebis, sayrdeni kedle​bisa da sxvaTa simtkicis, sixistisa da mdgradobis gaT​vlis Teorias.

pirveli cda im tipis amocanebis amoxsnisa, romelTac dre​​ka​dobis Teoria Seiswavlis, ekuTvnis italiel mec​niers galileo galileis (1564-1642), romelic Seecada, amoex​​sna amocana Reros Runvisa da gaWimvis Sesaxeb.

ingliselma mecnierma robert hukma (1635-1702) 1678 wels gamoqveynebuli naSromiT, romelic exeboda mis mier eqsperimentulad aRmoCenil kanons gaWimvis dros gar​kveul sazRvrebSi datvirTvasa da deformacias Soris wrfi​​vi damokidebulebis Sesaxeb, faqtobrivad safuZveli dau​do drekadi sxeulebis meqanikas (ix. $1.12).

ingliselma Tomas iungma (1773-1829) XIXüsaukunis da​saw​yisSi SemoiRo drekadobis modulis cneba. man daadgina ag​reT​ve gansxvavebaügaWimva-SekumSvisa da Zvris defor​ma​ciebs Soris. am droisaTvis J. lagranJis (1736-1813), so​fi Jer​menis (1776-1831), s. puasonis (1781-1840) da l.m. navies (1785-1836) SromebiT faqtobrivad Seiqmna firfite​bis Teo​​riis safuZvlebi.

amdenad, XVIII-XIX saukuneebis mijnaze safuZveli Caeyara drekadobis Teorias, romelmac Semdgomi arsebiTi ganviTareba hpova frangi mecnieris o. koSis (1789-1857) SromebSi. man SemoiRo deformaciisa da Zabvis cnebebi da sagrZnoblad gaamartiva ZiriTadi gantolebebis gamoyvana.

1828 wels g. lamesa (1795-1870) da b. klapeironis (1799-1864) SromebiT faqtobrivad dasrulda drekadobis maTematikuri Teoriis ZiriTadi aparatis Seqmna.

drekadobiis Teoriis ganviTarebaSi Tvisobrivad axali nabiji iqna gadadgmuli b. sen-venanis (1797-1886) mier mi​sive saxeliT cnobil principis CamoyalibebiT (ix. $ 1.20).

drekadobis Tanamedrove Teoriis SeqmnaSi ucxoel mecnierebTan erTad aRsaniSnavia qarTveli mecnierebis n. mus​xe​liSvilis (1891-1976), i. vekuas (1907-1977), v. kup​raZis (1903-1985) da maTi mowafeebis Rvawlic.

hidroaeromeqanikaSi hukis eqsperimentuli kanonis rols TamaSobs niutonis eqsperimentuli kanoni (ix. $1.13). ganixilaven siTxis or models: idealursa da blants. idealuri siTxis gantolebebi gamoiyvana l. eilerma (1707-1783), xolo blanti siTxisa ki l.m. naviem da j.g. stoqsma (1819-1903) (ix. $1.23). hidromeqanikis amoca​ne​bis SeswavlaSi didi roli Seasrules n.e. Jukov​skisa (1847-1921) da s.a. Capliginis (1869-1942) Sromebma. aRsa​niS​navia l. prandtlis (1875-1953), T. karmanis (1881-1963) da o. reinoldsis (1842-1912) damsaxureba blanti siTxis moZraobis Seswavlis saqmeSi. gasuli sauku​nis 30-ian wlebSi giotingenis hidromeqanikis institutis l. pran​dtlis laboratoriaSi unikaluri eqsperimentebi Caatara i. nikuraZem (1894-1979). TbilisSi moRvawe qarTvelma mec​nie​rebma (d. doliZe (1908-1960) da misi mowafeebi) gar​kveu​li wvlili Seitanes hidroaeromeqanikis ganviTare​baSi. 

nawili I. samganzomilebiani modelebi

Tavi I.  Zabvebis Teoria

$1.1. moculobiTi da zedapiruli Zalebi

meqanikaSi arCeven ori saxis Zalebs: moculobiT XE "moculobiTi Zala" s da ze​da​​pirul XE "ze​da​​piruli Zala" s, imisda mixedviT, Tu raze moqmedeben isini: mo​cu​​lobiT Tu zedapirul elementze (ix. mag., [2], [36], [53]). mocu​lo​biTi Zalis tipuri magaliTia simZimis da iner​​​ciis Za​le​bi, xolo zedapiruli Zalisa ki wneva.

moculobiTi Zalebi moqmedeben garemos sxvadasxva ele​men​tis moculobaze, ufro sworad, masaze. miRebulia, rom mo​culobis [image: image13.wmf]dV

usasrulod mcire elementze (ix. nax. 1.1.1) moqmed moculobiT Zalas aqvs [image: image14.wmf]r
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 raime sas​ruli veqtoria*), romlis modebis wertilad SeiZleba miRebul iqnes [image: image16.wmf]dV
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-s ewodeba moculobis er​Teul​ze gaTvlili moculobiTi Zala XE "moculobiTi Zala" . e.i. misi erTeule​bia 
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 aRniSnavs garemos simkvrive XE "simkvrive" s, e.i. moculobis er​Teul​Si moTavsebul masas, maSin masis erTeulze gaTvlili moculobiTi Zala, romelsac masobriv Zala XE "masobrivi Zala" s uwodeben, [image: image29.wmf]r
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 damokidebulia elementis mdebareo​baze garemoSi e.i. x wertilis koordinatebze, xolo dina​mikur SemTxvevaSi _ drozec. mTel V moculobaze moqmedi moculobiTi Zalebis mTavari (nakrebi) veqtori gamoisaxeba Semdegi samjeradi integ​raliTà(misi erTeulia Nïniutoni)
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xolo amave moculobiTi Zalebis mTavari (nakrebi) momenti XE "mTavari momenti"  _ integraliT (misi erTeulia [image: image32.wmf]N
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 momenti gansazRvrulia koordinatTa sistemis O saTavis mimarT. Tu moments aviRebT sivrcis raime sxva 
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 wertilis mimarT, maSin (ix. nax. 1.1.1)
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amdenad, axali centris mimarT veqtoris momenti udris Zveli centris mimarT mo​ments gamoklebuli axal centrze modebuli amave veqtoris momenti Zveli centris mi​marT.
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veqtoris momenti raime A RerZis mimarT [image: image1252.wmf]133
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ewodeba am RerZis nebismieri wertilis mi​marT veqtoris momentis gegmils amave RerZze. advili misaxvedria, rom RerZis mi​marT mo​men​ti ar aris damokidebuli RerZze zemoaRniSnuli wertilis SerCevaze. mar​Tlac (ix. nax. 1.1.2), vinaidan, veqtoruli namravlis ganmartebis Tanaxmad, 
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 wertilSi modebul 
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 veqtorebze ga​ma​va​li sibrtyis marTobulia, amitom[image: image1253.wmf]1
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veqtorebis geometriul jams am veqtorTa sistemis nakrebi (mTavari) veqtori ewodeba.

Tavmoyril veqtorTa sistema ewodeba veqtorTa iseT sistemas, romelTa fuZeebi erT wertilSi ikveTeba. am wertils Tavmoyris wertili ewodeba.

Tavmoyril veqtorebis raime wer​​ti​lis mimarT momentebis geometriul jams ewodeba Tavmoyril veqtorTa am sistemis nak​re​bi (mTa​va​ri) momenti.

(1.1.1) formulis ZaliT advilad davaskvniT, rom axali 
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 centris mimarT nak​re​bi 
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 momenti udris Zveli O centris mimarT nakreb 
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 moments gamoklebuli axal cen​trze modebuli nakrebi R veqtoris momenti Zveli centris mimarT:
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aqedan cxadia, rom nakrebi momenti ar aris damokidebuli centris SerCevaze, maSin da mxolod maSin, roca nakrebi veqtori nulis tolia.

varinionis*) debuleba. Tavmoyril veqtorTa sistemis nakrebi momenti raime wer​ti​lis mimarT udris am sistemis nakrebi veqtoris moments amave wertilis mimarT, Tu vigulisxmebT, rom nakrebi veqtori Tavmoyris wertilSia modebuli.
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 normalis mqone zedapiris dS usas​ru​lod mcire elementze (ix. nax. 1.1.3) moqmed zedapirul Za​las aqvs [image: image53.wmf]r
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 raime sasruli veq​to​ria, romlis modebis wertilad SeiZleba miRebul iqnes dS ele​mentis nebismieri x Siga wertili. [image: image55.wmf]r
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nax. 1.1.3
aradeformirebul sxeulSi nawilakebis ganlageba Seesaba​meba sxeulis siTbur wonasworobas. Tu sxeulidan azrob​ri​vad gamovyofT raime moculobas, maSin yvela Zala, ro​me​lic masze moqmedebs sxeulis sxva nawilebis mxridan, ga​wo​nasworebuli iqneba; gare Zalebis moqmedebis Sedegad ki nawilakebis ganlageba sxeulSi icvleba, e.i. sxeuli ga​nic​dis deformacias, ris Sedegadac warmoiSoba Sinagani Za​lebi, romlebic cdiloben daubrunon sxeuli pirvandel mdgo​mareobas. maTi  gansazRvrisaTvis gamoiyeneba e.w. kve​Tis meTodi XE "kve​Tis meTodi" . vTqvaT, gare Zalebis moqmedebiT defor​mi​re​bu​li sxeuli wonasworobaSia. azrobrivad gavkveToT is rai​me zedapiriT  (ix. nax. 1.1.4) or A da B nawilebad. azrob​​rivad CamovaSoroT B nawili da misi moqmedeba A na​wil​ze SevcvaloT kveTis gaswvriv modebuli iseTi Zalebis moq​medebiT, romlebic ar gamoiwveven A nawilis defor​mi​re​​buli mdgomareobis Secvlas. es ukanaskneli Zalebi axla SeiZ​​leba gavigoT, rogorc A nawilze modebuli gare ze​da​​piruli Zalebi.
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$1.2. Zabvis veqtoris damokidebuleba farTis orientaciaze
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pirobebi.
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(1.3.1) da (1.3.3)-dan cxadia, rom
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am gantolebaTa sistemas wonasworobis ganto​le​​beb XE "wonasworobis ganto​le​​bebi" s uwo​de​ben.

analogiurad gardavqmnaT (1.3.2)-is meore Sesakrebi
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amrigad, Zabvis tenzori XE "Zabvis tenzori"  simetriulia.

Tu garemos raime wertilSi aviRebT masze gamaval or fa​r​​TiT elements Sesabamisad 
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marTlac, (1.2.1)-is da (1.3.6)-is Tanaxmad,
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analogiurad,
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(1.3.8) da (1.3.9) tolobebis SedarebiT, radgan maTi mar​jve​na mxareebi tolia, vrwmundebiT (1.3.7)-is samar​Tlia​no​baSi.

$1.4. koordinatTa sistemis Secvla. invariantuli kvadratuli forma

vTqvaT, axali 
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axal koordinatTa sistemaSi Zabvebi aRvniSnoT 
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es tolobebi gvaZleven kavSirs Zabvebs So​ris Zvel da axal koordinatTa sistemaSi.

Tu mocemulia raime wesi, romlis mixedviTac yovel koordinatTa sistemas (sazogadod mrudwiruls) eTanadeba, sazogadod, wertilze damokidebuli
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amitom am SemTxvevaSi kovariantuli da kontravariantuli tenzorebi erTmaneTs emTxveva.
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SemoviRoT aRniSvna


[image: image168.wmf]2

1

2

3

W

(

,

,

):

x

x

x

x

x

=

X

ij

i

j

.          (1.4.5)


[image: image169.wmf]W

(

,

,

)

x

x

x

1

2

3

 meore rigis mTeli racionaluri funqciaa 
[image: image170.wmf],

3

,

2

,

1

=

i

i

  

,

x

 cvladebis mimarT, e.i. 
[image: image171.wmf],

3

,

2

,

1

=

i

  

,

i

x

 cvladebis kvadratul formas warmoadgens.

vTqvaT,


[image: image172.wmf]r

P

=

(

,

,

)

x

x

x

1

2

3


zedapiris gan​saxilveli usasrulod mcire elementis normalis dadebiTi mimarTulebis mqo​ne veqtoria. maSin


[image: image173.wmf],

P

P

n

=

 e.i., 
[image: image174.wmf],

3

,

2

,

1

=

=

i

  

,

P

n

i

i

x

         (1.4.6)

sadac P aris 
[image: image175.wmf]r

P

 veqtoris sigrZe.

(1.4.4)-(1.4.6)-is Tanaxmad, cxadia,


[image: image176.wmf]s

x

x

x

n

P

×

=

2

1

2

3

2

W

(

,

,

)

.           (1.4.7)


[image: image177.wmf]s

n

 sidide, misi ganmartebidan gamomdinare, fizikuri si​​di​​dea da amitom ar aris damokidebuli koordinatTa sis​​temis SerCevaze. aseve veqtoris sigrZis kvadrati 
[image: image178.wmf]P

2

 ar aris damokidebuli koordinatTa sistemis SerCevaze. amde​​nad, 
[image: image179.wmf]s

n

P

×

2

 namravli ar iqneba damokidebuli koor​di​nat​Ta sistemis SerCevaze da aqedan gamomdinare 
[image: image180.wmf]2

1

2

3

W

(

,

,

)

x

x

x

 kvadratuli forma invariantulia koor​di​nat​Ta sistemis gardaqmnis mimarT. saerTod, gamosaxulebas (for​mas, integrals da sxv.), romelic Sedgeba iseTi si​di​​deebisgan, romlebic damokidebulia koordinatTa sis​te​mis SerCevaze, magram ar icvlis Tavis mniSvnelobas da struq​turas koordinatTa erTi sistemis meoreTi Sec​vlis dros, ewodeba invariantuli (invariantuli forma XE "invariantuli forma" , inva​rian​tuli integrali XE "inva​rian​tuli integrali"  da sxv.).

marTlac, Tu 
[image: image181.wmf],

3

,

2

,

1

~

=

i

i

  

x

 
[image: image182.wmf]r

P

 veqtoris komponentebia axal koordinatTa sistemaSi da 
[image: image183.wmf]~

(

~

,

~

,

~

)

W

x

x

x

1

2

3

-iT aRv​niS​navT axal koordinatTa sistemaSi (1.4.4) wesiT agebul kvad​ra​tul formas, maSin


[image: image184.wmf]~

(

~

,

~

,

~

)

(

,

,

)

W

W

x

x

x

x

x

x

1

2

3

1

2

3

=

,        (1.4.8)

radgan erTi mxriv adgili aqvs (1.4.6) tolobas, xolo meo​re mxriv


[image: image185.wmf]s

x

x

x

n

P

×

=

2

1

2

3

2

~

(

~

,

~

,

~

)

W

.

Tu (1.4.8)-s gadmovwerT cxadi saxiT:


[image: image186.wmf]j

i

ij

l

k

kl

X

X

x

x

x

x

=

~

~

~

                        (1.4.9)

da am ukanasknelSi CavsvamT analizuri geometriidan cno​bil axal da Zvel koordinatebSi veqtoris komponen​tebs So​ris kavSiris
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formulebs, kvlav miviRebT (1.4.1)-s.
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da Sesabamisad amisa
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Tu (1.5.4)-s da (1.5.5)-s CavsvamT (1.5.2)-Si:
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kuburi gantolebis fesvebi, rogorc normaluri Zabvebi, da​mokidebuli ar arian koordinatTa sistemis Secvlaze, ami​​tom (1.5.8) tolobebis Tanaxmad, maTi saSualebiT gamo​sa​xuli 
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miRebul zedapirs ewodeba mocemuli wertilis (Cvens Sem​Txve​vaSi saTavis) Zabvis zedapiri XE "Zabvis zedapiri" .
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nax. 1.5.7
Tavi II. deformaciaTa Teoria

$1.6. deformaciis cneba
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[image: image567.wmf]e

23

32

23

23

2

=

+

=

e

e

e

 .

amrigad, 
[image: image568.wmf]2

23

e

 aris 
[image: image569.wmf]2

x

 da 
[image: image570.wmf]3

x

 RerZebis paralelur veq​to​rebs Soris deformaciamde arsebuli marTi kuTxis cvli​le​ba.

[image: image1266.wmf][

]

F

r

r

,

x

ganvixiloT wminda deformacia, roca nulisagan gan​sxva​ve​​bulia mxolod 
[image: image571.wmf]e

23

, xolo deformaciis danarCeni kom​po​ne​n​tebi da brunvis komponentebi nulis tolia. vTqvaT, 
[image: image572.wmf],

OB

 
[image: image573.wmf]OC

veqtorebi gavlebulia koordinatTa sis​temis sa​Ta​vidan (simartivisaTvis) Sesabamisad 
[image: image574.wmf]x

2

 da 
[image: image575.wmf]x

3

 Rer​Zebis pa​ralelurad, xolo OBKC maTze agebuli marTkuTxedia (ix. nax. 1.8.1). deformaciis Semdeg aRniSnuli marTkuTxedi 
[image: image576.wmf]OB

K

C

'

'

'

 paralelogramad iqceva. zogadobis SeuzRudavad SegviZlia vigulisxmoT, rom 
[image: image577.wmf]O

 wertili ar gadaadgile​bu​la, radgan winaaRmdeg SemT​xve​vaSi xisti gadataniT is

    nax.1.8.1                       nax.1.8.2

SeiZleba kvlav pirvandel mdgo​ma​reobas davubrunoT. (1.8.12)-is Tanaxmad, B wertilSi mde​bare materialuri wer​tili gadava BK wrfeze mdebare 
[image: image578.wmf]B

'

 wer​tilSi, xolo C wertilSi mdebare materialuri wertili ki CK wrfe​ze mdebare 
[image: image579.wmf]C

'

 wertilSi, amasTan


[image: image580.wmf]B

B

e

OB

¢

=

=

×

dx

3

32

,

 
[image: image581.wmf]C

C

e

OC

¢

=

=

×

dx

2

23

.  (1.8.15)
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$1.9. deformaciis invariantuli kvadratuli forma, koordinatTa sistemis Secvla. deformaciis mTavari mimarTulebebi. deformaciis zedapiri 

 (1.8.13)  SeiZleba CavweroT Semdegi saxiT
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sadac 
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radgan yvela 

 erTdroulad nuli ar xdeba, amitom:
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deformaciis tenzori XE "deformaciis tenzori" s mTavari mniSvnelobebi ewodeba (1.9.5) gantolebis fesvebs. maT agreTve mTavar fardobiT wag​​rZeleb XE "fardobiT wag​​rZeleba" ebs uwodeben. (1.9.5) gantoleba Cvens mier gan​xi​lu​li iyo 1.5 paragrafSi. Zabvis Teoriis analo​giurad Seg​viZlia gavakeToT Semdegi daskvnebi: mTavari fardo​biTi wag​rZelebebis Sesabamisi mimarTulebebi ur​Tier​TmarTobia; Tu (1.9.5) gantolebis fesvebi martivia, ma​Sin gvaqvs ur​Tier​TmarTobi mimarTulebebis erTi sa​meu​li; Tu (1.9.5) gan​tolebis ori fesvi erTmaneTis tolia, maSin maTi Se​sa​ba​misi mimarTulebebi Zevs sibrtyeSi, rome​lic mesame mar​ti​vi fesvis Sesabamisi mTavari mimarTulebis perpendi​ku​la​ru​lia; am SemTxvevaSi nebismieri ori urTier​TmarTobi mi​mar​Tuleba am sibrtyidan SeiZleba miRebul iq​nes mTavari mi​marTulebad; Tu samive fesvi tolia, maSin nebis​mieri sa​mi urTierTmarTobi mimarTuleba  SeiZleba miRebul iqnes mTa​var mimarTulebad.

gadavweroT (1.9.5) kuburi gantoleba Semdegi saxiT:
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kuburi gantolebis fesvebsa da koeficientebs Soris da​mo​ki​debulebebis Tanaxmad:
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zedapirze, romelsac deformaciis zedapiri XE "deformaciis zedapiri"  ewodeba.

Tu deformaciis zedapiri agebulia, maSin advilad SeiZ​le​ba gamovTvaloT nebismieri veqtoris mimarTulebiT 
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sidides martivi geometriuli Sinaarsi aqvs. Tu gan​vi​xi​lavT marTkuTxa paralelepipeds, romlis wiboebi defor​ma​ciis mTavari mimarTulebebis paralelur sakoo​r​di​nato Rer​Zebze mdebareoben da maTi sigrZeebi 
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$110. zogadi saxis deformacia
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diferencialuri aRricxvidan cnobili teiloris for​mu​lis Tanaxmad,
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(1.10.1)-dan naTelia, rom gansaxilveli elementis wrfiv ganzomilebebTan SedarebiT maRali rigis usasrulod mci​re sidideebis sizustiT, elementis deformacia xasiaTdeba afi​nuri gardaqmniT, romlis koeficientebia
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SemdgomSi Cven vigulisxmebT, rom gadaadgilebis veqtoris kom​ponentebi da maTi warmoebulebi iseTi usasrulod mci​re sidideebia, romelTa namravlebisa da kvadratebis ugul​vebelyofa dasaSvebia TviT am sidideebTan SedarebiT. am pirobebSi (1.10.1) iqneba usasrulod mcire afinuri gar​daqmna da mis mimarT SeiZleba gamoviyenoT $1.8-sa da $1.9-Si miRebuli Sedegebi. 

(1.8.11)-is, (1.8.8)-is, (1.8.9)-is da (1.10.2)-is Tanaxmad,
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sxeulis mdgomareobis Secvlis sruli suraTis misa​Re​bad (1.10.3)-iT gamoxatul sakuTriv  deformaciasa da usas​​rulod mcire xist mobrunebas unda daematos ele​men​tis xisti gadatana, romelic TviT 
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 wer​ti​lis gadaadgilebis tolia, e.i. am xisti gadatanis kom​po​nen​tebia 
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$1.7-Si ganxilul erTgvarovan deformaciasa da am pa​rag​​rafSi ganxilul deformacias Soris gansxvaveba isaa, rom aq deformaciis komponentebi damo​kidebulia gansa​xil​ve​li elementis mdebareobaze ga​re​moSi, e.i. 
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 koordinatebze. kerZod, wer​tilidan wertilze gadasvlis dros icvleba deformaciis mTavari mimarTulebebi. igive un​da iTqvas brunvis kompo​nentebze da moculobis far​do​biT gafarToebaze.

$1.11. gadaadgilebis gansazRvra deformaciis komponentebis saSualebiT. Cezaros formulebi. Tavsebadobis sen-venanis pirobebi

am paragrafis amocanaa (1.10.4) sistemis amoxsna. e.i. sa​mi uc​nobi sididis gansasazRvravad gvaqvs eqvsi gan​toleba, rac imaze miuTiTebs, rom saWiroa garkveuli damatebiTi pi​​ro​bebi daedos de​for​maciis komponentebs.

vTqvaT V are, romelic garemos ekava deformaciamde, ca​​lad​bmulia; 
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gamovTvaloT meore integrali:
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Tu (1.10.5)-s gavawarmoebT, 
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CavsvaT es ukanaskneli (1.11.2)-Si, xolo miRebuli gamosaxuleba – (1.11.1)-Si:
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ramdenadac 
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1122, 1133, 2233, 1123, 2132, 2133.

am ukanasknel pirobebs ewodebaT Tavsebadobis sen-venanis pi​robebi XE "Tavsebadobis sen-venanis pi​robebi" .

radgan (1.11.3) gamosaxulebaSi wiriTi integrali figu​ri​​rebs, Tu are mravladbmulia, gadaadgilebis veqtoris kom​ponentebi sazogadod mravalsaxa funqciebi iqnebian. Tu ga​vatarebT saWiro raodenobis Wrilebs ise, rom are ca​lad​bmulad iqces, maTi calsaxobisaTvis aucilebelia da sak​marisi, rom funqciebis mniSvnelobebi Wrilebis sxva​das​xva mxridan toli iyos. (1.11.3) formulebs Cezaros*) for​mu​lebi XE "Cezaros for​mu​lebi"  ewodebaT.

Tavi III. konstitutivuri damokidebulebebi

$1.12. drekadobis Teoriis ZiriTadi kanoni _ hukis ganzogadebuli kanoni

1.1-1.11 paragrafebSi Tqmuli marTebulia, rogorc es ukve aRniSnuli iyo, nebismieri uwyveti garemosTvis. imi​saT​vis, rom drekadi sxeulis damaxasiaTebeli gantolebebi mi​vi​RoT, damatebiT saWiroa Zabvisa da deformaciis ten​zo​re​bis komponentebis damakavSirebeli kanoni, romelic eqspe​rimentulad dgindeba.

vidre uSualod ZiriTad kanons SevexebodeT, SevniSnoT Semdegi. radganac, sazogadod, Zabvebi da deformaciebi sxeulis sxvadasxva wertilSi sxvadasxvaa, amitom maT vi​xi​lavT mocemul wertilSi. aqamdec Cven es ase gvesmoda, mag​ram roca vixilavdiT gadaadgilebis veqtoris da de​for​maciis tenzoris komponenetebs `mocemuli wertilis~ qveS, Cven gvesmoda wertili deformaciamde (e.i. wertili lag​ranJis cvladebSi (ix. qvemoT $ 1.22)), xolo Zabvebis gan​xilvis dros ki wertili deformaciis Semdeg (e.i. wer​ti​li eileris cvladebSi (ix. qvemoT $ 1.22)).

magram mcire deformaciebis ganxilvis dros (dre​ka​do​bis wrfivi Teoria emyareba mcire SeSfoTebaTa hipoTezas, rac deformaciebis simcires da amdenad, xisti gadaad​gi​le​bis sizustiT, gadaadgilebis simcires gulisxmobs) es sxvao​​ba araarsebiTia. magaliTad, 
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 wertilSi mdebare `sxeulis wertilis~ mde​ba​reo​ba deformaciis Semdeg, erTmaneTisgan gan​sxvav​deba 
[image: image696.wmf]X

ij

-sTan SedarebiT mcire sididiT, ramdenadac 
[image: image697.wmf]X

ij

 sivrciTi wer​tilis uwyveti funqciebia. amdenad dasaSvebia, 
[image: image698.wmf]X

ij

-is mniS​vneloba 
[image: image699.wmf]÷

ø

ö

ç

è

æ

3

2

1

*

*

*

,

,

x

x

x

 wertilSi am sizustiT Sev​cva​loT misi mniSvnelobiT 
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 we​r​tilebi ekuTvnian ares, romlis Caketvac ukavia sxeuls de​formaciis Semdeg.

amis Sesabamisad, SemdegSi, gveqneba ra laparaki areze, ro​melic sxeuls ukavia, yovelTvis mxedvelobaSi gveqneba are, romelic sxeuls ukavia deformaciamde, e.i. yvela si​di​des ganvixilavT lagranJis cvladeb XE "lagranJis cvladebi" Si.

hukis mier Catarebuli, SesavalSi naxsenebi eqsperi​men​tis ilustrireba movaxdinoT e.w. rbili foladis Reros (ix. qvemoT $ 3.1) gaWimvaze Catarebuli eqsperimentis Se​de​gebiT. P Zalis (e.i. Reros boloze moqmedi datvirTvis tol​qmedis) zrdis paralelurad izrdeba Reros 

 wag​rZe​lebac. 

 damokidebulebis naxazze (ix. nax. 1.12.1) mocemul grafiks gaWimvis an hukis diagrama XE "hukis diagrama"  ewodeba (ix. [3], gv 35). datvirTvis intensiobis gazrdisas masala erTi mdgomareobidan meoreSi gadadis, rasac diagramaze ramdenime ubani Seesabameba. wrfivi OA ubani hukis kanons gamosaxavs. A wertilis Sesabamis
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Zabvas, sadac F nimuSis kveTis sawyisi farTobia, masalis proporciulobis zRvari ewodeba. proporciulobis zRvari XE "proporciulobis zRvari"  aris is maqsimaluri Zabva, romlis farglebSi deformacia Za​lis proporciulia. rbili foladisaTvis 
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Zabvas masalis drekadobis zRvari XE "drekadobis zRvari"  ewodeba. AC ubanSi diag​ramis daxra mcirdeba, CD ubanSi ki is TiTqmis hori​zon​taluri xdeba, rac imas niSnavs, rom masalis sixiste Tan​daTanobiT klebulobs da bolos TiTqmis ispoba. diag​ra​mis horozontaluri ubani masalis saerTo denadobis mdgo​mareobas gamosaxavs, roca P Zala ar izrdeba, magram de​for​macia grZeldeba. saTanado


[image: image707.wmf]F

P

d

d

=

s


Zabvas masalis denadobis zRvari XE "denadobis zRvari"  ewodeba.

masalis denadoba aixsneba narCeni Zvrebis masiuri gan​vi​TarebiT. pirvelad narCeni Zvrebi Cndeba aqa-iq, calkeul kris​talur marcvlebSi, romlebic araxelsayrelad arian orien​tirebulni gamWimavi Zalis mimarT. maTi ricxvi da gan​feniloba P Zalis zrdasTan erTad izrdeba da bolos mov​lena masobriv xasiaTs iRebs. didi moculobis kris​ta​lu​ri Sreebi erTimeoreze dacocebas ganicdian, ris gareg​nul gamovlinebasac didi plastikuri (ix. Tavi VI) wag​rZe​leba warmoadgens. didi narCeni wagrZelebis miRebis Sem​deg masala kvlav iZens winaaRmdegobis unars, rac imas niS​navs, rom wagrZelebis zrda P Zalis zrdas moiTxovs. ma​salis ganmtkicebis mdgomareobas XE "ganmtkicebis mdgomareoba"  diagramaze aRmavali DE uba​ni eTanadeba. maqsimalur P Zalamde wagrZeleba Reros sig​rZeze Tanabaria, Semdeg ki lokalur xasiaTs iRebs, e.i. grZel​deba Reros mxolod patara adgili, sadac Cndeba ye​li da xdeba saboloo rRveva. yelis ganivi kveTi imdenad swra​fad viwrovdeba, rom, Tumca iq realuri Zabva zrdas bo​lomde ganagrZobs, mTlianad Zalva (Zabvis integrali ga​ni​vi kveTis farTze) mcirdeba. diagrama mTavrdeba daR​ma​va​li EH ubniT. es ubani masalis adgilobriv denadoba XE "adgilobrivi denadoba" s eTa​na​deba. maqsimaluri P Zalis Sesabamis


[image: image708.wmf]F

P

s

s

=

s


Zabvas masalis simtkicis zRvari XE "simtkicis zRvari"  ewodeba.

SevniSnoT, rom P Zalidan Zabvebze gadasvlas sawyis F far​Tobze gayofiT vaxdenT, Tumca sinamdvileSi Reros ga​Wim​visas ganivi kveTis farTobi mcirdeba. amdenad naan​ga​ri​Se​bi Zabvebi realurad SedarebiT pirobiT xasiaTs atare​ben. rbili foladisaTvis
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SevniSnoT agreTve, rom 

 Zabvasa da 

 (l Re​ros sigrZea) farTobiT wagrZelebas Soris da​mo​ki​debu​le​bis grafiki nax. 1.12.1-ze mocemuli digramis msgavsia, ami​tom iqve mivuTiTeT Sesabamisi sidideebi frCxilebSi.
zemoTqmulidan gamomdinare, eqsperimentulad damtkice​bu​lad vTvliT, rom mcire deformaciebis SemTxvevaSi adgi​li aqvs hukis Semdeg ganzogadebul kanons: sxeulis moce​mul wertilSi Zabvis tenzoris komponentebi deformaciis ten​zoris komponentebis wrfivi da erTgvarovani fun​qcie​bia da piriqiT, e.i.
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(1.12.1) tolobebs ewodebaT konstitutivuri damokide​bu​le​bebi XE "konstitutivuri damokide​bu​le​bebi" .

Zabvisa da deformaciis tenzorebis simetriulobis gamo
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Tu gadavalT axal koordinatTa 
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amrigad, izotropuli sxeulis SemTxvevaSi hukis gan​zo​ga​de​buli kanoni iRebs (1.12.9) saxes da gvaqvs mxolod 2 dre​kadi mudmivi 
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ganvixiloT iseTi drekadi wonasworoba, roca
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xolo (1.12.10) _ Semdeg saxes:
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SevitanoT (1.12.15) (1.12.14)-is pirvel tolobaSi da gan​vsaz​RvroT 
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(1.12.15) da (1.12.16)-dan cxadia:
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SemoviRoT Semdegi aRniSvnebi:
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E-s ewodeba drekadobis an iungis moduli XE "iungis moduli" 

 XE "drekadobis moduli" , xolo 
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vTqvaT, axla
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Tu (1.12.22) tolobebs wevr-wevrad SevkrebT, miviRebT, rom
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sidides ewodeba yovelmxriv SekumSvis moduli XE "yovelmxriv SekumSvis moduli" . eqsperi​men​tu​lad damtkicebulad vTvliT, rom roca 
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radganac 
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SeniSvna 1.12.1. uwyvet garemoSi Zabvebis warmoqmnis erT-erT mizezs warmoadgens araTanabari gaTboba. temperaturis zrdas​Tan erTad farTovdebian garemos elementebic. Cveu​leb​riv aseTi gafarToeba ar SeiZleba Tavisuflad moxdes, amde​​​nad gaTbobis Sedegad warmoiSvebian Zabvebi, romelTac, ma​Ti warmoSobis bunebidan gamomdinare, temperaturuli Zab​​vebi XE "temperaturuli Zab​​vebi"  ewodeba (ix. [35], gv. 73 da [53], gv. 92). CavTvaloT, rom tem​pe​ra​tu​ra iseT farglebSi icvleba, rom gavlenas ar axdens e.w. drekad mudmivebze. maSin, rogorc es dakvirvebebidanaa cno​bili, wagrZelebebi  temperaturis 
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damokidebulebebi. (1.12.27) damokidebulebebs diuha​mel*)-neimanis**) kanoni XE "diuha​mel-neimanis kanoni"  ewodeba.
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sadac
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(1.12.27)-dan gamovTvaloT 
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(1.12.18)-is Tanaxmad,
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Tu sxeuli Zabvebisgan Tavisufalia, maSin (1.12.27)-dan gamomdinareobs, rom
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$1.13. idealuri da blanti siTxeebi. hidromeqanikis ZiriTadi kanoni _ niutonis ganzogadebuli kanoni

rogorc es ukve SesavalSi iyo aRniSnuli, hidrome​qa​ni​ka ewo​deba meqanikis im nawils, romelic Seiswavlis bu​ne​ba​Si ar​sebuli siTxeebisa da gazebis moZraobas (ix., maga​li​Tad, [43]). SemdgomSi saerTo terminis qveS `siTxeebi~ vi​gu​lis​xmebT rogorc sakuTriv siTxeebs, aseve gazebsac. Tu siTxe ise​Tia, rom ar ewinaaRmdegeba Tavisi erTi fenis meo​reze srials, mas idealuri siTxe XE "idealuri siTxe"  ewodeba. cxadia, idea​luri siT​xis cneba iseTive abstraqtulia, rogorc abso​luturad mya​ri sxeulis cneba. Tumca garkveuli azriT wyali da hae​ri SeiZleba ganxilul iqnen rogorc idea​luri siT​xee​bi. idealuri siTxis ganmartebidan gamom​di​nareobs, rom siT​xis nawilebi erTmaneTze mxolod nor​maluri ZabviT (wne​v XE "wne​va" iT) moqmedeben, e.i. mxebi Zabvebi nulis to​lia:
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(1.13.2)-is gaTvaliswinebiT koSis (1.2.1) formulebidan ga​mom​dinareobs, rom erTi mxriv,
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meore mxriv, (1.13.1)-is 
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Tu SevadarebT (1.13.3)-sa da (1.13.4)-s*), davaskvniT, rom
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p-s idealur siTxeSi wneva XE "wneva"  ewodeba da, rogorc vxedavT, is farTis orientaciaze, e.i. normalze damokidebuli ar aris. p mxolod wertilzea damokidebuli. amrigad, idea​lur siTxeSi
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 veqtors hidrodinamikuri wnevis veqtor XE "hidrodinamikuri wnevis veqtori" s uwodeben. mi​nu​si p-s win ganpirobebulia surviliT wneva SemoviRoT, ro​gorc dadebiTi sidide, ramdenadac  iseT siTxeebze Ca​ta​rebuli eqsperimenti, romelTaTvisac misaRebia idealuri siT​xis modeli, gviCvenebs rom tipur SemTxvevaSi siTxe Se​​kumSul mdgomareobaSia, e.i. 
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 mimarTulia mo​​culobis SigniT, e.i. moculobis gare normalis sawi​naaR​mdego mimarTulebiT.

realur siTxeebSi misi erTi fenis meore fenis mimarT far​dobiTi moZraobisas fenebs Soris warmoiSoba Zalebi, rom​lebic am moZraobas ewinaaRmdegebian. aseT Zalebs xaxu​nis Zal XE "xaxu​nis Zala" ebs uwodeben da isini mxeb Zabvebs warmoadgenen. Tu xa​xunis Zalebis sidide umniSvneloa, maSin isini SeiZleba ugu​lebelvyoT da miviRebT idealuri siTxis SemTxvevas. mag​ram xSir SemTxvevaSi xaxunis Zalebis ugulebelyofa ar SeiZ​leba. Tu siTxis moZraobisas gaTvaliswinebulia xaxu​nis Zalebi, mas blanti siTxe XE "blanti siTxe"  ewodeba.

niutonis eqsperimentuli kanonis Tanaxmad, blanti siT​xis 
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 veqtoris (ix. agreTve $1.22) danarCeni komponentebi: 
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tolobiT, sadac 
[image: image850.wmf]m

-s ewodeba siblantis koeficienti XE "siblantis koeficienti" , romelic eqsperimentulad dgindeba. is mudmivi mniS​vne​lo​bis mqonea garkveuli siTxisTvis garkveuli temperaturis dros.
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nax.1.13.1

davuSvaT, rom siTxe izotropulia da zRvrul Sem​Txve​vaSi, roca siblante ar gvaqvs, sruldeba idealuri siT​xis damaxasiaTebeli (1.13.5) da (1.13.2) pirobebi. maSin, (1.13.6)-is Tanaxmad, samarTliania niutonis Semdegi gan​zo​ga​de​buli kanoni:
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sadac
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-s ewodeba siblantis meore koeficienti. (1.13.7) to​lo​bebs ewodebaT hidrodinamikis konstituciuri damo​ki​de​bulebebi. cxadia, Tu siTxe mdored moZraobs (gadaadgilebebi mcire sidideebia), 
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 warmoadgens deformaciis siCqaris ten​zors da mis argumentebad SeiZleba miviRoT deformaciamde wertilis koor​dinatebi.

siTxeebs, romelTaTvisac samarTliania (1.13.7), ewodebaT niu​toniseuli fluidebi (siTxeebi) XE "niu​toniseuli fluidebi (siTxeebi)" .

konstituciur damokidebulebebs arakumSvadi (ix. $1.23) araw​rfi​vi blanti siTxisTvis aqvs (ix. agreTve $1.22)
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saxe, sadac 
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 aris siblantis funqcia XE "siblantis funqcia" ,
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aseT siTxeebs araniutoniseuli fluidebi (siTxeebi) XE "araniutoniseuli fluidebi (siTxeebi)"  ewo​de​​ba.

Tavi IV. drekadobis Teoriis statikisa da dinamikis amocanebi

$1.14. betis*) igiveoba

vTqvaT, raime drekadi sxeulis or sxvadasxva daZabul mdgo​mareobas axasiaTeben 
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 sidideebi. ma​Sin hukis ganzogadebuli kanonis Tanaxmad:
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 CavsvaT 
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am ukanasknel tolobas betis igiveoba XE "betis igiveoba"  ewodeba. igi ga​mo​xatavs imas, rom erTi daZabuli mdgomareobis muSaoba meo​re daZabuli mdgomareobis deformaciaze, meore daZa​bu​li mdgomareobis pirveli daZabuli mdgomareobis defor​ma​cia​ze muSaobis tolia.

$1.15. drekadi sxeulis statikis ZiriTadi sasazRvro amocanebi

amrigad, drekadi wonasworobis gansasazRvravad Cven mi​vi​ReT Semdegi damokidebulebani:
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(1.15.1)-sa da  (1.15.2)-Si damoukidebel gantolebaTa ricxvi Sead​gens 9-s. Zabvis tenzoris simetriulobis gamo, amdenivea
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ucnobTa ricxvic.

(1.15.1),  (1.15.2) gantolebaTa sistemas ewodeba dre​ka​do​bis Teoriis ZiriTadi gantolebaTa sistema, ramdenadac is iZ​leva sxeulis drekadi wonasworobis gansazRvris saSua​lebas. drekadi wonasworobis gansazRvra gulisxmobs sxeu​lis yovel wertilSi gadaadgilebis veqtoris, Zabvisa da de​formaciis tenzorebis mniSvnelobaTa povnas.

SevniSnoT, rom (1.15.1),  (1.15.2) gantolebebi wrfivia 
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aqedan gamomdinareobs, rom Tu 
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funqciebi (1.15.1), (1.15.2) sistemis amonaxsnebia Sesabamisad 
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 iqneba aRniSnuli sistemis amonaxsni
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 moculobiTi Zalis SemTxvevaSi.

(1.15.4)-s ewodeba ori amonaxsnis zeddebis Sedegad miRe​bu​li amonaxsni.

am SemTxvevaSi, (1.2.1) formulebis Tanaxmad, (1.15.4) amo​nax​snis Sesabamisi zedapiruli Zalebi ganisazRvreba moce​mu​li amonaxsnebis Sesabamisi zedapiruli Zalebis jamis sa​xiT.

vigulisxmoT, rom moculobiTi Zalebi cnobilia da gan​vi​xiloT  Semdegi sasazRvro amocanebi:

I. drekadobis Teoriis pirveli ZiriTadi sasazRvro amocana XE "drekadobis Teoriis ZiriTadi sasazRvro amocanebi" : ganvsazRvroT sxeulis drekadi wonasworoba XE "sxeulis drekadi wonasworoba" , Tu mo​cemulia sxeulis zedapirze moqmedi gare Zabvebi, e.i. un​da vipovoT iseTi 
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 funqciebi, romlebic akma​yofileben (1.15.1), (1.15.2) gantolebaTa sistemas 
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sasazRvro pirobebs, sadac 
[image: image885.wmf]n

 gare normalia, xolo 
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  ze​dapirze mocemuli funqciebia. 

II. drekadobis Teoriis meore ZiriTadi sasazRvro amocana XE "drekadobis Teoriis ZiriTadi sasazRvro amocanebi" : ganvsazRvroT sxeulis drekadi wonasworoba, Tu mocemulia misi sazRvris wertilebis gadaadgilebebi. fi​zi​kurad zemoTqmuli aRniSnavs imas, rom zedapirze mode​bu​li garkveuli Zalebis moqmedebis Sedegad misi werti​le​bi iReben mocemul gadaadgilebebs, ris Semdegac xdeba saz​Rvris Camagreba. e.i. unda vipovoT iseTi 
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 fun​qciebi, romlebic akmayofileben (1.15.1),  (1.15.2) ganto​le-baTa sistemas 
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sasazRvro pirobebs, sadac 
[image: image892.wmf]g
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 zedapirze mocemuli fun​qcie​bia.

III. drekadobis Teoriis mesame ZiriTadi sasazRvro amo​cana XE "drekadobis Teoriis ZiriTadi sasazRvro amo​canebi" : ganvsazRvroT sxeulis drekadi wonasworoba, Tu misi sazRvris wertilebSi mocemulia Zabvis veqtoris nor​maluri mdgeneli da gadaadgilebis veqtoris mxebi mdge​nelebi.

IV. drekadobis Teoriis meoTxe ZiriTadi sasazRvro amo​​cana XE "drekadobis Teoriis sasazRvro amo​​canebi" : ganvsazRvroT sxeulis drekadi wonasworoba, Tu mi​si sazRvris wertilebSi mocemulia gadaadgilebis veq​to​ris normaluri mdgeneli da Zabvis veqtoris mxebi mdge​ne​lebi.

ZiriTadi Sereuli sasazRvro amocana XE "ZiriTadi Sereuli sasazRvro amocana"  mdgomareobs sxeu​lis drekadi wonasworobis ganvsazRvraSi, roca misi saz​Rvris sxvadasxva nawilSi sxvadasxva sasazRvro pirobebia mo​cemuli.

rogorc adre aRvniSneT (ix. $1.10), Tu sawinaaRmdego ar iq​na Tqmuli, vigulisxmebT, rom 
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 calsaxa funqciebia, rom​lebsac aris SigniT aqvT mesame rigamde uwyveti war​moe​bulebi. am pirobebSi Zabvisa da deformaciis tenzoris kom​ponentebi iqnebian calsaxa funqciebi, romelTa war​moe​bu​lebi meore rigamde CaTvliT aris SigniT uwyveti iqneba.
$1.16. ZiriTadi gantolebebi gadaadgilebebSi

CavsvaT  (1.15.2) gamosaxuleba (1.15.1)-Si, miviRebT:
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sadac 
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(1.16.1) sistemas ewodeba lames gantolebebi XE "lames gantolebebi" 

 XE "lames gantolebebi" . im Sem​Txve​va​Si, roca 
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vTqvaT, sxeulze moculobiTi Zalebi ar moqmedeben. ma​Sin (1.16.1)-is 
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radgan
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Tu axla davuSvebT, rom gadaadgilebis veqtoris kom​ponen​tebs meoTxe rigamde CaTvliT uwyveti warmoebulebi aqvT da (1.16.1)-ze vimoqmedebT 
[image: image903.wmf]D

 operatoriT, (1.16.2)-is gaT​valiswinebis Semdeg miviRebT, rom


[image: image904.wmf]m

l

m

q

m

D

D

D

D

D

u

u

i

i

i

+

+

=

=

(

)(

)

,

0

.

amrigad, Tu sxeulze mxolod zedapiruli Zalebi moq​me​de​ben, maSin moculobiTi gafarToeba 
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da kidev oTx msgavs tolobas.
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magram (1.15.1)-is pirveli gantolebis Tanaxmad, Tu mas 
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Tu mas davumatebT ori msgavsi 
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(1.17.5)-is (1.17.4)-Si Setanis Semdeg ki gveqneba:
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analogiurad miviRebT kidev or gantolebas:
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Tu (1.15.1)-Si meore gantolebas gavawarmoebT 
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analogiurad davamtkicebT, rom
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(1.17.6)_(1.17.10) gantolebebs ewodebaT beltra​mi-mi​Ce​lis*) Tavsebadobis pirobebi XE "beltra​mi–mi​Ce​lis Tavsebadobis pirobebi" . mokled isini SeiZleba Sem​de​gi saxiT CavweroT
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$1.18. dinamikis amocanebi. dinamikisa da statikis ZiriTadi amocanebis amonaxsnis erTaderToba

dalamberis principis Tanaxmad, dinamikis ZiriTadi gan​tole​bebis misaRebad saWiroa, statikis ZiriTad gan​to​le​beb​Si moculobiT Zalebs davamatoT inerciis Zalebi. amas​Tan gadaadgilebis veqtoris, Zabvisa da deformaciis ten​zo​rebis komponentebi ukve, garda sivrciTi wertilis koor​dinatebisa, damokidebuli iqnebian agreTve droze.
deformaciamde 
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Tu mas davamatebT moculobiT Zalas (1.15.1)-Si, miviRebT, rom
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cxadia, (1.18.1) samarTliania nebismieri uwyveti garemo​saT​vis.

am gantolebebs unda daematos hukis ganzogadoebuli ka​no​ni, romelic ucvleli rCeba, radgan igi ar Seicavs mo​cu​lobiT Zalebs. 

lames (1.16.1) gantolebebi Semdeg saxes miiReben:
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myari deformadi garemosaTvis, iseve rogorc nebismieri uwyveti garemosaTvis, masis Senaxvis kanonidan gamomdinare, adgili aqvs uwyvetobis Semdeg gantolebas (ix. qvemoT $1.23, formula (1.23.10)):
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sadac 
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dinamikis pirveli ZiriTadi amocana XE "dinamikis pirveli ZiriTadi amocana" . vipovoT 
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 funqciebi, romlebic akma​yo​fi​le​​ben (1.18.1) gantolebebs da hukis kanons) 
[image: image951.wmf]V

 areSi, ro​me​​lic sxeuls ukavia deformaciamde,


[image: image952.wmf]X

f

i

S

V

n

i

S

i

|

,

,

,

,

=

=

=

1

2

3

¶

,*)    (1.18.4)

sasazRvro pirobebs drois yovel 
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aqedan, (1.2.1)-is da (1.18.1)_is Tanaxmad,
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radganac 
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magram
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gansaxilveli sxeulis kinetikuri energiaa XE "kinetikuri energiaa" , e.i. misi cal​keu​li elementebis cocxali Zalebis jamia. marTlac, dm ma​sis cocxali Zala ganmartebis Tanaxmad
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Tu sxeuli izotropulia ((1.18.6) formulis misaRebad izo​t​ropulobis moTxovna ar iyo saWiro), maSin (1.18.7) mii​Rebs Semdeg saxes:
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SemoviRoT Semdegi aRniSvnebi:
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maSin, (1.18.9)-is Tanaxmad, cxadia,
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radganac, (1.18.10)-is gamo, 
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maSasadame, (1.18.8)-isa da (1.18.11)-is Tanaxmad, (1.18.6) miiRebs Semdeg saxes:
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vaintegroT (1.18.12)-is orive mxare [image: image982.wmf]t
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(1.18.9) formula gviCvenebs, rom W damokidebulia mxo​lod mocemul momentSi, mocemul wertilSi defor​mire​bul mdgomareobaze. amdenad, U damokidebulia sxeulis deformirebul mdgomareobaze drois mocemul t momentSi. U-s  ewodeba sxeulis deformaciis potencialuri energia XE "sxeulis deformaciis potencialuri energia" , igi im muSaobis tolia, romelic unda Seasrulon mocu​lobiTma Zalebma da gare zedapirulma Zalebma, rom ga​moiwvion deformirebuli (mocemuli) mdgomareoba XE "deformirebuli (mocemuli) mdgomareoba" . mar​Tlac, Tu sxeuli am ZalebiT zemoqmedebis Sedegad `buneb​rivi~ uZravi (mosvenebuli) mdgomareobidan gadava axal de​formirebul uZrav (mosvenebul) mdgomareobaSi, maSin, (1.18.13) formulis Tanaxmad,
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radganac uZrav (mosvenebul) mdgomareobaSi [image: image989.wmf]T
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.

(1.18.13) formula gamoxatavs energiis Senaxvis kanon XE "energiis Senaxvis kanoni" s: mo​culobiTi Zalebisa da gare zedapiruli Zalebis mu​Sao​ba ixarjeba T kinetikuri energiisa da U deformaciis po​tencialuri energiis Seqmnaze.

(1.18.9) formuliT gansazRvruli sidide moculobis er​Teul​ze gaTvlili deformaciis potencialuri energia XE "deformaciis potencialuri energia" a. mar​Tlac, (1.18.14) formulidan cxadia, rom dV mo​cu​lo​ba​ze gaangariSebuli potencialuri energia WdV-s tolia da aqe​dan zemoTqmuli cxadia. (1.18.9)-dan naTelia, rom is ara​gadagvarebuli kvadratuli formaa, radgan 

 da 

 (ix. $1.12).

axla ganvixiloT dinamikis ZiriTadi amocanebis amox​sni​sa da erTaderTobis sakiTxi. vTqvaT, romelime maTgani uS​vebs or amonaxsns erTi da imave moculobiTi Zalebis, saw​yis da sasazRvro pirobebSi. maSin, Tu ganvixilavT maT sxvao​bas ZiriTad gantolebaTa siwrfivisa da er​Tgva​rov​ne​bis gamo 

, 

 funqciebis mimarT, igi daakmayofilebs ima​ve gantolebebs moculobiTi Zalebis gare da erTgva​ro​van sawyis da sasazRvro pirobebs, e.i.
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ramdenadac sazRvris wertilebSi an
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radganac amonaxsnTa sxvaobisaTvis moculobiTi Zalebi da (1.18.18) namravlebi nulis tolia, amitom moculobiTi Za​le​bisa da gare zedapiruli Zalebis mier Sesrulebuli mu​Saoba
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radgan (1.18.5)-is Tanaxmad, 
[image: image995.wmf]dR

dt

=

0

 da aqedan [image: image996.wmf]R

const

=

=

0

,  vinaidan 
[image: image997.wmf]R

t

t

|

=

=

0

0

, ramdenadac `bunebrivi~ wo​nasworobis mdgomareobaSi sxeulze arc moculobiTi da arc zedapiruli Zalebi ar moqmedeben. amitom, (1.18.13) to​lobis Tanaxmad,
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es ukanaskneli ki, (1.18.8)-isa da (1.18.14)-is gamo, srul​de​ba maSin da mxolod maSin, roca 
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e.i. (1.18.8)-is, (1.18.14)-isa da (1.18.9)-is ZaliT drois yo​vel 
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tolobaTa pirveli jgufi gviCvenebs, rom gadaadgilebis veq​tori droze ar aris damokidebuli, e.i. unda gvqondes sta​tikuri SemTxveva. tolobaTa meore jgufi ki gviCvenebs, rom sxeuli SeiZleba mxolod xistad gadaadgildes. rad​gan misi zogadi amonaxsnia (ix. $1.6) 
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 xisti gadatanis veqtoria, xolo 

 ki usasrulod mcire brunvis veqtoria ([image: image1003.wmf]b
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 aris [image: image1004.wmf]x
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 RerZis garSemo Semobrunebis usasrulod mcire ku​T​xe). magram radganac sawyis momentSi gadaadgileba ar gvaqvs, amitom arc xist gadaadgilebas eqneba adgili.

amrigad, dinamikis ZiriTad amocanebs ar gaaCniaT erTze me​ti amonaxsni.

radganac statikis amocanebis SemTxvevaSi adgili aqvs (1.18.15) tolobas, gveqneba, rom mxolod 

. cxadia, Tu sasazRvro pirobebSi monawileoben gadaadgilebebi, e.i. meo​re, mesame*), meoTxe da Sereul amocanebs eqneba er​Ta​der​Ti amonaxsni, xolo pirveli ZiriTadi sasazRvro amo​ca​nis amonaxsni ganisazRvreba xisti gadaadgilebis sizus​tiT. 

SeniSvna 1.18.1. advili sanaxavia, rom temperaturuli Zab​vebis gaTvaliswinebiT, SeniSvna 1.12.1-is Tanaxmad, lames (1.18.2) gantolebebi Seicvlebian (ix. [48], gv. 47)
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  (1.18.19)

gantolebebiT, romelTac diuhamel-neimanis Termoganto-le​bebi XE "diuhamel-neimanis Termogantole​bebi"  ewodebaT.

(1.18.19) gantolebebs unda daematos siTbogamtaro​bis XE "siTbogamtaro​bis gantoleba"  (romelic miiReba siTbos nakadis gantolebebidan de​formaciis tenzoris droiT warmoebulis Sesabamisi wev​ris ukugdebiT, rac xSir SemTxvevaSi dasaSvebia, rogorc amas eqsperimenti gviCvenebs (ix. [53], gv. 92; [35], gv. 79))
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gantoleba, sadac æ æ
[image: image1008.wmf]r

c

k

=

 temperaturuli gamtarobis koeficienti XE "temperaturuli gamtarobis koeficienti" a, 
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 _ maqsvelis siTbogamtarobis koeficienti XE "maqsvelis siTbogamtarobis koeficienti"  (e.i. siTbos*) is raodenoba, romelic drois erTeulSi ga​tar​deba erTeulis tol sisqis fenaSi, roca zedapirebze tem​peraturebs Soris sxvaoba 
[image: image1010.wmf]1
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-is, xolo zedapiris far​To​bi erTeulis tolia), 
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 _ xvedriTi siTbotevadoba XE "xvedriTi siTbotevadoba"  (e.i. siTbos is raodenoba, romelic saWiroa masis erTeulis tem​peraturis 
[image: image1012.wmf]1
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-iT gazrdisaTvis), 
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 _ simkvrive, 
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elementarul moculobaSi moTavsebuli siTburi wyaros mier drois erTeulSi moculobis erTeulSi gamoyofili siTbos raodenoba.

(1.18.20) gantoleba ganixileba sxeulis mier dakavebul 
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 areze, aris 
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 sazRvarze sxva​das​xva damatebiT pirobebSi. kerZod, samecniero lite​ratu​ra​Si ZiriTadad Semdegi saxis sasazRvro pirobebi gvxvdeba:

_ drois yovel momentSi sxeulis 
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 zedapirze mocemulia
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temperatura;
_ drois yovel momentSi mocemulia siTburi nakadi, 
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sadac 
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 aris siTbos raodenoba, romelic sxeulis zedapiris farTis erTeulze gaivlis drois erTeulSi;
_ zedapirze gamavali siTburi nakadi (gare) garemos 
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 tem​pe​ra​​turisa da 
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 temperaturis sxvao​bis proporciulia, e.i.


[image: image1024.wmf](

)

0

0

*

=

-

+

T

T

H

n

T

k

 

¶

¶

,
sadac 
[image: image1025.wmf]H

 siTbos gacemis koeficientia (aseT Sem​Txve​va​Si amboben, rom xdeba zedapiridan gamosxiveba);

_ Tu sxeulis zedapiri ori sxvadasxva siTbogamtarobis (
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 da 
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garda amisa, Tu sxeulis sazRvarze mocemulia Zabvebi, ma​Sin (1.18.19) sistemisaTvis, (1.12.28)-is Tanaxmad, gveqneba Sem​degi sasazRvro pirobebi:
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sadac [image: image1032.wmf]f
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 sxeulis zedapirze drois nebismier momentSi mo​cemuli funqciebia.

sasazRvro pirobebs unda daematos agreTve
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sawyisi pirobebi, sadac 
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 mocemuli fun​​qciebia.

rogorc vxedavT, izotropuli sxeulis SemTxvevaSi saw​yis-sasazRvro amocanebi 
[image: image1037.wmf]T

 temperaturisa da [image: image1038.wmf]u
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 ga​daad​gi​​lebisaTvis ixliCeba or damoukidebel amocanad im Tval​​sazrisiT, rom jer damoukideblad vpoulobT 
[image: image1039.wmf]T

-s Sesa​ba​mi​si sawyis-sasazRvro amocanis amoxsniT, xolo Sem​deg cno​bili 
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-s saSualebiT vpoulobT [image: image1041.wmf]u
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-s im tipis sawyis-sa​sazRvro amocanis amoxsniT, romelsac im Sem​Txve​va​Si vikvlevT, roca temperaturul Zabvebs (an rac igivea, tem​pe​raturas) ar viTvaliswinebT.

drekadobis Teoriis  ZiriTadi amocanebis amonaxsnis ar​se​bobis Teoremebi damtkicebulia, magaliTad, [12], [48], [59]-Si (ix. agreTve $ 1.21).
$1.19. klapeironis Teorema
vTqvaT, drekadi sxeuli moculobiTi Zalebisa da gare  ze​da​piruli Zalebis moqmedebis Sedegad imyofeba wo​nas​wo​ro​bis mdgomareobaSi. maSin aRniSnuli Zalebis 
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    (1.19.1)

es ukanaskneli toloba gamoxatavs klapeironis Teo​re​ma XE "klapeironis Teo​re​ma" s: defor​mi​re​bu​li sxeulis potencialuri energia sxeu​l​ze statikurad modebuli moculobiTi da gare zeda​pi​ruli Zalebis gadaadgilebebze muSaobis naxevris tolia, im pirobiT, rom maT Tavidanve hqonodaT is mniSvne​lo​be​bi, ra​sac isini faqtobrivad iReben drekadi wonasworobis dam​yarebis momentisaTvis (sinamdvileSi maTi sawyisi mniS​vne​lobebi nulis tolia).
$1.20. sen-venanis principi
 XE "sen-venanis principi" 
drekadobis Teoriis amocanebis praqtikulad amoxsnas ama​r​tivebs sen-venanis principi, romelic SemdegSi mdgo​ma​reobs: Tu zedapiris mcire uban​ze moqmedi Zalebi stati​ku​rad nulis eqvivalenturia (statikurad nulis eqviva​lentur sistemis qveS gvesmis absoluturad myari sxeu​lis statikis TvalsazrisiT nulis ekvivalenturi sis​te​ma, e.i., sistema, romlis nakrebi veqtori da nakrebi momenti nulis tolia), maSin es sistema mniSvnelovan gavlenas ar axdens sxeulis im nawilis deformirebul (daZabul) mdgo​ma​reo​ba​ze, romelic aRniSnul ubanTan axlosûar mdebareobs.

sen-venanis principi SeiZleba sxvagvaradac Camo​va​ya​li​boT: Tu sxeulis zedapiris mcire ubanze moqmedi zeda​pi​ru​li Zalebis sistemas SevcvliT misi ekvivalenturi sxva sistemiT*), es garemoeba gavlenas ar moaxdens sxeulis im nawilis deformirebul (daZabul) mdgomareobaze, rome​lic aRniSnul ubanTan axlos ar mdebareobs. 

cxadia, orive formulireba erTmaneTis ekvivalenturia.

$1.21. drekadobis Teoriis amocanebis amoxsnis meTodebi XE "drekadobis Teoriis amocanebis amoxsnis meTodebi" . amonaxsnis arsebobis Teoremebi
drekadobis Teoriis amocanebis amoxsnis sam ZiriTad me​Tods ganasxvaveben:

1. pirdapiri meTodi gulisxmobs sasazRvro amocanebis amox​snas uSualo integrebiT;

2. Sebrunebuli meTodis SemTxvevaSiôwinaswar mo​ce​mu​lia gadaad​gilebebi da Zabvebi, romlebic akmayofileben Zi​ri​Tad gan​tolebebs da maTi saSualebiT xdeba Sesabamisi gare Za​lebis gansazRvra;

3. sen-venanis naxevradSebrunebuli meTodiT amocanebis amox​snisas wi​nas​war uSveben, rom gadaadgilebis veqtorisa da Zabvis tenzoris zogierTi komponentis saxe cnobilia, rac danarCeni komponentebis gansazRvrisas amartivebs Zi​riTad gantolebaTa sistemas.

samganzomilebiani drekadobis Teoriis konkretuli amo​canebis amoxsnebi mocemulia, magaliTad, [50], [48]-Si. ûôvTqvaT, drekad sxeuls ukavia 
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Cven veZebT (1.21.1)-(1.21.3) sasazRvro amocanis amonaxsns so​bolevis 
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(1.21.1) gantoleba gvesmis ganawilebis azriT. (1.21.3) pi​ro​ba gvesmis kvalis azriT. (1.21.2) piroba gvesmis [image: image1068.wmf]H
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grinis igiveobiT, sadac 
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samarTliania arsebobisa da erTaderTobis Semdegi (ix., ma​ga​liTad, [59], [27])

Teorema 1.21.1. Tu 
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Tavi V. hidrodinamikis stacionaruli da arastacionaruli amocanebi

$1.22. lagranJis da eileris cvladebi

uwyveti garemos moZraobis Seswavlis dros arsebobs ori midgoma. Tu uwyveti garemos nawilaks ganvixilavT, ro​​gorc moZrav materialur wertils, maSin mTeli sxeu​lis moZraobis dasaxasiaTeblad aucilebelia SemoviRoT gar​​kveuli parametrebi, romlebic sxeulis ama Tu im wer​tils daaxasiaTeben.

vTqvaT, aseTi parametrebi iyos materialuri wertilis 

, 

, koordinatebi drois raRac (vTqvaT, sawyis) mo​mentSi. maSin sxeulis moZraobis gantolebebi Semdegi sa​xiT Caiwereba:
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. cxadia, siCqaris  da aCqarebis komponentebs eqnebaT 
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saxe, Tu gaviTvaliswinebT (1.6.2)-s, sadac 
[image: image1122.wmf]x

i

-s da 

-s Sev​cvliT Sesabamisad 
[image: image1123.wmf]x

i

-T da 
[image: image1124.wmf]x

i

-T. aseT midgomas ewo​de​ba lagranJis meTodi XE "lagranJis meTodi" , xolo 

, 

, 

 parametrebs _ lag​ranJis cvladebi XE "lag​ranJis cvladebi" .Gamrigad, sxeulis moZraobis lag​ran​Jis cvladebSi Seswavla gulisxmobs misi calkeuli mate​ria​luri wertilebis moZraobis Seswavlas da aqedan gamom​di​nare mTeli sxeulis (uwyveti garemos) moZraobis Ses​wav​las.
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Tu gadaadgilebebi mcire sidideebia da gamovricxavT fluq​tuaciebs, maSin sxeulis calkeuli wertilebis siC​qaree​bic mcire sidideebi iqneba. Tu davuSvebT, rom maTi 
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$1.23. navie-stoqsis gantolebebi. stoqsis da ozeenis modelebi. eileris gantolebebi

Tu sawinaaRmdego ar iqneba Tqmuli, CavTvaloT, rom 
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rogorc viciT, (1.18.1) gantolebebi samarTliania ne​bis​mieri (gazi, siTxe, deformadi myari sxeuli) uwyveti ga​re​mosaTvis. mas, (1.22.4)-is Tanaxmad, eileris cvladebSi eq​neba Semdegi saxe:
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blanti siTxis moZraobis gantolebebis misaRebad (1.23.1)-Si SevitanoT niutonis ganzogadebuli (1.13.7) ka​no​niT gansazRvruli 
[image: image1138.wmf]X
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Tu 
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, e.i. siTxe ar aris blanti, (1.23.2)-dan mi​vi​RebT idealuri siTxis moZraobis Semdeg gantolebebs:
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romelic eileris gantolebebi XE "eileris gantolebebi" s saxels atarebs.

navie-stoqsis (1.23.2) gantolebebi XE "navie-stoqsis gantolebebi"  da, kerZod, eileris (1.23.3) gantolebebi, rogorc vxedavT, arawrfivi ganto​le​be​bia. unda SevniSnoT, rom maTi arawrfivoba gamom​dina​reobs ara fizikuri modelirebidan, aramed maTematikuri mo​saz​rebebidan (ix. (1.22.4)-is gamoyvana).

Tu, simciris mosazrebidan gamomdinare, (1.23.2) gan​to​le​bebSi 
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ozeenis*) saxiT gawrfivebis XE "ozeenis gantolebebi"  SemTxvevaSi uSveben, rom siTxis dineba mcired gansxvavdeba raime mimarTulebis mud​miv 
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hidromeqanikaSi moZraobas ewodeba stacionaruli (dam​dga​ri), Tu moZraobis damaxasiaTebeli sidideebi (siCqare, wne​va da sxv.), damokidebulni arian eileris cvladebze (rom​lebic, sazogadod, drois funqciebia), xolo uSua​lod droze damokidebulni ar arian. amis Sesabamisad (2.23.4) gantolebebi miiReben
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saxes.

niutonis meqanikis fundamentur kanons warmoadgens ma​sis Senaxvis kanoni. is samarTliania nebismieri uwyveti ga​re​mosaTvis da mdgomareobs imaSi, rom sxeulidan azrob​ri​vad gamoyofil nebismier droSi cvalebad 
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 moculo​ba​Si, romelic garemos erTi da imave nawilakebisagan Sed​ge​ba, moTavsebuli masa ar icvleba droTa ganmavlobaSi. es ka​no​ni eqsperimentulad dadgenilad unda CaiTvalos (ix., ma​galiTad, [57]). maTematikurad es imas niSnavs, rom
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warmoebulis ganmartebis Tanaxmad,
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(1.23.7)-(1.23.9)-dan, rogorc mTeli moZravi garemosaTvis, aseve misgan azrobrivad gamoyofili nebismieri nawi​lisaT​vis, gamomdinareobs, rom
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sadac 
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. (1.23.10) gantolebas ewodeba uwyvetobis gan​toleba eileris cvladebSi XE "uwyvetobis gan​toleba eileris cvladebSi" . cxadia, radgan 
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gantolebaTa sruli sistemis misaRebad (1.23.2)-s unda dae​matos uwyvetobis (1.23.10) da mdgomareobis (barot​ro​pu​li siTx XE "barot​ro​pu​li siTxe" is SemTxvevaSi)
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siTxes ewodeba arakumSvadi XE "arakumSvadi siTxe" , Tu misi nebismieri nawilis mo​culoba ucvleli rCeba (mudmivia) moZraobis dros, e.i., mo​culobiTi gafarToebis (ix. (1.9.9)) droiT warmoebuli
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e.i., ρ mudmivia siTxis moZraobis traeqtoriebis gaswvriv. aqe​dan gamomdinare, roca siTxe erTgvarovania, rac imas niSnavs, rom ρ ar aris sivrcis wertilis funqcia, da​vas​kvniT, rom ρ = const.
vTqvaT, ρ = const, maSin (1.23.11)-is Tanaxmad, sruldeba (1.23.16).
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saxes. Tu axla (1.23.18)-s gavamravlebT 
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dasmuli amocanebi gamokvleulia, magaliTad, [32]-Si (ix. ag​reTve [15]). navie-stoqsis gantolebebis susti (varia​ciu​li) formulireba XE "navie-stoqsis gantolebebis susti (varia​ciu​li) formulireba"  SemoRebuli iyo J. leres*) mier. (1.23.18) gantoleba CavweroT veqtoruli formiT:
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-s nor​miT. (1.23.20) gantoleba gavamravloT satesto
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veqtorze da miRebuli gamosaxuleba 

 areze vaintegroT. nawi​lobiTi integrebis Semdeg miviRebT, rom
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radgan 

-Si skalaruli
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namravli sivrciT cvladebze ar aris damokidebuli da, (1.23.21)-is gamo,
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SemoviRoT zogierTi cneba. vTqvaT, 

 da X raime banaxis sivrcea. mocemuli s-sTvis, 

, 

 aRniSnavs 

-ze gansazRvrul 

 integ​re​bad funqciaTa simravles mniSvnelobebiT X-Si, romelic ba​na​xis sivrcea




normiT. 

 aRniSnavs 

-ze gansazRvrul arse​biTad SemosazRvrul funqciebs




normiT, sadac 

 (arsebiTi zeda zRvari) aRniSnavs nu​li zomis simravlemde sizustiT 

-s 

-ze. sxva sit​yvebiT, 

-s ewodeba arsebiTad SemosazRvruli XE "arsebiTad SemosazRvruli" , Tu ar​sebobs iseTi 

, rom TiTqmis yvelgan 

-ze
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-sTvis, romlisTvisac (1.23.22), (1.23.13) sruldeba ga​na​wilebis azriT. SevniSnoT, rom  (1.23.19) sasazRvro pi​ro​ba gaTvaliswinebulia 
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-TeoriaSi  (1.23.21), (1.23.13) variaciuli amocanis (ix. [32], gv. 343) sust amonaxsn XE "susti amonaxsni" s vuwodebT amonaxsns, ro​me​lic ekuTvnis 
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-isTvis formulirebebi analogiuria.

dRevandlamde miRebuli Sedegebis SejamebiT SeiZleba da​vaskvnaT Semdegi (ix. [32], gv. 344):

vTqvaT, 

, maSin amocana koreqtulia adamaris*) az​riT: susti da Zlieri amonaxsnebi arseboben da erTad​er​Tni arian, Tu monacemebi sakmarisad regularulia, da Se​sa​bamis sivrceebSi uwyvetad arian damokidebulni mona​ce​meb​​ze.

vTqvaT, 

, maSin Zlieri amonaxsni arsebobs da erTad​er​Tia raime 
[image: image1214.wmf][
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T

,

 intervalze, sadac 

 damo​ki​de​bulia monacemebze (faqtobrivad Sedegi lokaluria); sus​​ti amonaxsni arsebobs 

 intervalze. susti amonax​snis erTaderTobis sakiTxi Ria problemaa, iseve, rogorc Zlie​ri amonaxsnis arsebobis sakiTxi drois nebismieri inter​valisTvis (e.i. globaluri amonaxsnis). cxadia, iseve, ro​gorc 

-Si, roca Zlieri amonaxsni arsebobs, is imde​nad gluvia, ramdenadac amis saSualebas monacemebi da aris geo​metria iZleva, 

 regularobisa da analizurobis CaT​vliT.

Tavi VI. plastikurobis Teoria

$1.24. drekad-plastikuri da plastikuri sxeulebi

drekadobis Teoriisagan gansxvavebiT plastikurobis Teo​ria XE "plastikurobis Teo​ria"  Seiswavlis iseT sxeulebs, romlebic TavianTi bu​ne​biT ar eqvemdebarebian drekadobis kanonebs. saxeldobr, Tu sxeuls mTlianad movxsniT gare datvirTvas, is ar daibrunebs Tavis sawyis formas, e.i. eqneba narCeni de​for​macia XE "narCeni de​for​macia"  (ix. $12 da agreTve [55]).

Tu sxeuls Tavidanve ar aqvs drekadi Tvisebebi (ix. nax. 1.24.1), maSin mas plastikuri sxeuli XE "plastikuri sxeuli"  ewodeba. Tu sxeuls dat​virTvis pirvel stadiaze aqvs drekadi Tvisebebi (ix. nax. 1.24.2), xolo datvirTvis Semdeg stadiaze mas uCndeba nar​Ceni deformaciebi, maSin sxeuls drekad-plastikuri sxeu​li XE "drekad-plastikuri sxeu​li"  ewodeba.

plastikurobis maTematikuri Teoria Seiswavlis sxeu​lis deformirebis mTel process, xolo plastikurobis ga​mo​yenebiTi Teoria XE "plastikurobis ga​mo​yenebiTi Teoria"  Seiswavlis sxeulis mxolod zRvrul mdgo​mareobas deformaciis saSualedo etapebis gamokvlevis ga​reSe.
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    nax. 1.24.2

$1.25. Zabvebisa da deformaciis intensiuroba

iseve rogorc drekadobis TeoriaSi, plastikurobis Teo​riaSic Φi, 

, moculobiTi Zalebisa da Xni, 

, zedapiruli Zalebis moqmedebis Sedegad ga​mow​veu​li daZabuli mdgomareoba xasiaTdeba Zabvis Xij simet​riu​li tenzoriT. isini erTmaneTTan arian da​kav​Si​re​bulni wonas​worobis (statikis amocanebis ganxilvis dros) (1.3.5) gan​tolebebiT, xolo sxeulis zedapirze (1.2.1) damo​kide​bu​lebebiT. daZabuli mdgoma​reo​bis dasa​xa​sia​Teb​lad (1.5.7) an (1.5.8) invariantebTan erTad plas​tikurobis Teo​riaSi ga​moi​yeneba agreTve Sem​de​gi inva​rian​tuli sidide
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romelsac mxebi Zabvebis intensiuroba XE "mxebi Zabvebis intensiuroba"  ewodeba.

(1.25.1)-is nacvlad xSirad iyeneben mis eqvivalentur
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sidides, romelsac Zabvebis intensiuroba ewodeba. (1.25.1)-Si koeficienti isea SerCeuli, rom martivi gaWimvis dros (ix. $ 1.12) Zabvebis intensiuroba daemTxves gamWimav Zabvas. mar​Tlac, 

 mimarTulebiT martivi gaWimvis dros

X11≥ 0,  X11≢0,  X22=X33=0;  Xij=0,  Tu 

.

Tu am sidideebs CavsvamT (1.25.1)-Si, xolo miRebuls (1.25.2)-Si, miviRebT, rom
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plastikurobis TeoriaSi ZalaSia agreTve drekadobis Teo​riis geometriuli damokidebulebebi. daZabuli sxeu​lis deformirebul mdgomareobas axasiaTebs deformaciis 

, 

, tenzori, romelic geometriulad wrfiv Sem​TxvevaSi 

, 

, gadaadgilebebTan dakavSirebulia (1.6.3) formulebiT. 

, 

, unda akmayofilebdnen sen-venanis Tavsebadobis (1.11.4) pirobebs.

(1.9.6) an (1.9.7) invariantebTan erTad plastikurobis Teo​riaSi gamoiyeneba agreTve Semdegi invariantuli sidide:
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romelsac deformaciis intensiuroba XE "deformaciis intensiuroba"  ewodeba. (1.25.3)-Si koe​ficienti isea SerCeuli, rom martivi gaWimvis dros defor​maciis intensiuroba daemTxves fardobiT wag​rZe​le​bas gaWimvis mimarTulebiT. marTlac, Tu puasonis koe​fi​cie​n​ti 

, maSin 

 mimarTulebiT martivi gaWimvis dros

e11 ≥ 0,   e11≢0,  e22 = e33 =
[image: image1219.wmf];
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.

Tu am sidideebs CavsvamT (1.25.3)-Si, miviRebT, rom
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plastikuri deformaciis kanonebi imazea damokidebuli, iz​rdeba Tu mcirdeba datvirTva. amis Sesabamisad arsebobs ori saxis deformacia: aqtiuri da pasiuri.

martivi gaWimvis an sufTa Zvris SemTxvevaSi es cnebebi ad​vili gansas​xva​vebelia. aqtiuri XE "aqtiuri deformacia"  ewodeba deformacias, ro​ca Zabvis absoluturi sidide izrdeba, xolo pasiuri XE "pasiuri deformacia"  _ ro​ca Zabvis absoluturi sidide mcirdeba.

rTuli daZabuli mdgomareobis dros plastikuri de​for​macia SeiZleba moxdes Zabvebis sxvadasxva Tanafar​do​bis dros. aseT SemTxvevaSi sxeulis elementis defor​ma​cias drois mocemul momentSi ewodeba aqtiuri, Tu Zab​ve​bis 
[image: image1221.wmf]i

s

 inten​siurobis mniSvneloba metia yvela mis wina mniS​vne​lo​ba​ze, xolo pasiuri _ Tu Zabvebis 
[image: image1222.wmf]i

s

 inten​siu​ro​bis mniS​vne​loba naklebia erTze mainc mis wina mniS​vne​lo​bebs So​ris. aqtiuri deformaciis dros plastikuri (e.i. narCeni) de​formacia izrdeba, xolo pasiuri defor​ma​ciis dros _ mcir​deba. aqtiur deformacias ewodeba dat​vir​Tvis pro​ce​si XE "datvirTvis pro​ce​si" , xolo pasiurs _ gantvirTvis procesi XE "gantvirTvis procesi" .

plastikuri deformaciis kanonebze arsebiT gavlenas ax​dens sxeulis datvirTvis xasiaTic. amis Sesabamisad ansxva​ve​ben datvirTvis or saxes: martivs da rTuls. martivi dat​virTva XE "martivi dat​virTva"  ewodeba datvirTvis iseT process, roca gare Za​lebi maTi modebis sawyisi momentidanve ise izrdebian, rom inarCuneben mudmiv Tanafardobas erTmaneTs Soris, e.i. ic​vlebian saerTo parametris proporciulad. datvirTvis as​eTi cvlileba uzrunvelyofs nebismieri for​​​mis mqone sxeu​lis nebismier wertilSi mTavari Zab​ve​bisa da mTavari de​formaciebis RerZebis ucvlelobas ne​bis​​mieri sididisa da mimarTulebis datvirTvebis piro​beb​Si. rTuli dat​vir​Tva XE "rTuli dat​vir​Tva"  ewodeba datvirTvis iseT process, ro​ca Tundac erTi ga​re Zalis zrdis dros danarCeni Za​le​bi am Zalis proporciulad ar izrdebian.

$1.26. hukis gardaqmnili kanoni

hukis (1.12.9) kanonSi 

-s Semcveli



             (1.26.1)

tolobebis orive mxares gamovakloT 



                 (1.26.2)

saSualo mniSvneloba. maSin



.    (1.26.3)

SemoviRoT aRniSvna



.               (1.26.4)

(1.26.1) avjamoT i-s mimarT 1-dan 3-mde, miRebuli Sedegi gav​yoT 3-ze da gaviTvaliswinoT (1.26.2), (1.12.23), (1.12.24) da (1.26.4):



.  (1.26.5)

(1.12.24)-is Tanaxmad



.              (1.26.6)

CavsvaT (1.26.3)-is marjvena mxareSi (1.26.5) da (1.26.6) gamo​saxulebebi da gaviTvaliswinoT (1.26.4):
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.      (1.26.7)

am sam damokidebulebas davamatoT darCenili sami damoki​de​buleba hukis (1.12.9) kanonidan:



.        (1.26.8)

(1.26.7), (1.26.8) formulebi erTmaneTTan akavSireben Zabvis



, (1.26.9)

tenzorsa da deformaciis



,   (1.26.10)

tenzors, romelic Seesabameba (1.26.9) formulebiT mo​ce​mul Zabvis 

 tenzoris moqmedebiT gamowveul sxeulis formis cvlilebas. (1.26.10)-isa da (1.26.4)-is Tanaxmad,



.

amdenad, (1.26.7), (1.26.8) damokidebulebebiT aRwerili de​for​macia xdeba moculobis cvlilebis gareSe.

Tu (1.26.7) tolobebs i-s sxvadasxva mniSvnelo​be​bisaTvis wyvil-wyvilad erTmaneTs gamovaklebT, miviRebT, rom
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      (1.26.11)

(1.26.8) da (1.26.11)-dan cxadia, rom
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     (1.26.12)

Tu sakoordinato RerZebad mTavar mimarTulebebs aviRebT, ma​Sin (1.26.12) miiRebs



     (1.26.13)

saxes.

Tu (1.25.3)-Si CavsvamT deformaciebis mniSvnelobebs, gan​sazRvruls (1.26.12)-dan da gaviTvaliswinebT (1.25.1), (1.25.2)-s, maSin miviRebT, rom
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 (1.26.7), (1.26.8) da (1.26.13) damokidebulebebSi (1.26.14)-is Casmis Semdeg gve​qneba, rom
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$1.27. plastikurobis pirobebi
plastikurobis Teoriis amocanebis amoxsnis dros xSi​rad aucilebelia imis codna, Tu ra pirobebSi gadadis sxeu​li gansaxilvel wertilSi drekadi mdgomareobidan plas​tikur mdgomareobaSi. am pirobebs plastikurobis pi​ro​bebi XE "plastikurobis pi​ro​bebi"  ewodebaT.

wrfivi daZabuli mdgomareobis dros (ix. $ 1.12) plas​tikurobis piroba eqsperimentis saSualebiT dgindeba. am Sem​TxvevaSi, magaliTad, 

 mTavari Zabva gansxvavebulia nu​lisagan, xolo danarCeni ori 

 da plas​ti​ku​ri deformaciebi maSin warmoiSveba, roca (ix. nax. 1.24.2)


[image: image1230.wmf]d

s

s

=

1

,                  (1.27.1)

sadac 
[image: image1231.wmf]d

s

 aris denadobis zRvari XE "denadobis zRvari" , romelic masalazea da​mo​kidebuli da mudmivi sididea TiToeuli masalisaTvis.

sufTa Zvris dros (ix. $ 1.12) plastikurobis piroba kvlav eqsperimentis saSualebiT dgindeba da
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sadac 
[image: image1233.wmf]d

t

 denadobis zRvaria sufTa Zvris dros. es si​di​dec masalazea damokidebuli da mudmivi sididea TiToeuli ma​salisaTvis.

brtyeli (ix. qvemoT $2.2) da moculobiTi (e.i., roca Zab​vis tenzoris arcerTi komponenti ar aris igivurad nu​lis toli) daZabuli mdgomareobis zogad SemTxvevaSi plas​tikurobis pirobebis dadgena eqsperimentis saSuale​biT SeuZlebelia. amitom es pirobebi dgindeba hipoTetu​rad, Semdgomi eqsperimentuli SemowmebiT.

sen-venanis plastikurobis pirobis XE "sen-venanis plastikurobis pirobis"  Tanaxmad, sxeulSi plas​tikuri deformacia warmoiSoba maSin, roca maqsi​malu​ri mxebi Zabva miaRwevs sufTa Zvris dros denadobis zRvars, e.i. roca (ix. (1.5.23))
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Tu (1.27.1)-s (aq imasac viTvaliswinebT, rom am SemTxvevaSi 

) CavsvamT (1.27.2)-Si, maSin
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.              (1.27.3)

(1.27.2) da (1.27.3)-dan gamomdinareobs, rom
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.               (1.27.4)

(1.27.4) gaxlavT swored sen-venanis plastikurobis piroba, romelsac masalaTa gamZleobaSi simtkicis mesame Teo​ria​sac uwodeben.

huber*)-mizes**)-henkis***) plastikurobis pirobis XE "huber-mizes-henkis plastikurobis piroba"  Tanax​mad sxeulSi plastikuri deformacia aRiZvreba maSin, roca mxe​bi Zabvebis intensiuroba miaRwevs raRac mniS​vne​lobas, ro​me​lic sxeulis gvarobazea damokidebuli da mudmivia TiToeuli masalisaTvis:
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ganvsazRvroT es mudmivi martivi gaWimvis eqsperimentze day​rdnobiT. (1.27.1)-is Tanaxmad
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Tu am mniSvnelobebs CavsvamT (1.25.1)-Si, miviRebT mxebi da​Za​bulobebis intensiurobis Semdeg mniSvnelobas gaWimvisas plas​tikuri deformaciebis aRZvris momentSi:
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.         (1.27.6)

(1.27.5)-isa da (1.27.6)-is SedarebiT vaskvniT, rom
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.                  (1.27.7)

(1.25.1)-isa da (1.27.7)-is (1.27.5)-Si Casmis Semdeg miviRebT huber-mizes-henkis plastikurobis pirobas Semdegi saxiT:
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   (1.27.8)

(1.27.8), Tu gaviTvaliswinebT (1.25.2)-s, SeiZleba CavweroT 
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saxiTac.

masalaTa gamZleobaSi (1.27.8) plastikurobis pirobas sim​tkicis meoTxe Teoria XE "sim​tkicis meoTxe Teoria" sac uwodeben.

plastikurobis orive es piroba daaxloebiT erTnair Se​degs gvaZlevs.

$1.28. mcire drekad-plastikuri deformaciebis Teoria
dReisaTvis arsebobs sxvadasxva avtoris mier sxvadasxva dros SemoTavazebuli plastikurobis mravali Teoria. es Teo​riebi SeiZleba or jgufad daiyos.

pirvel jgufs ganekuTvnebian drekad-plastikuri Teo​rie​bi, romlebic efuZnebian Zabvebisa da deformaciebis da​ma​kavSirebel gantolebebs.

meore jgufs ganekuTvnebian plastikuri dinebis Teo​rie​bi, romlebic efuZnebian Zabvebisa da deformaciis siC​qaree​bis damakavSirebel gantolebebs.

martivi datvirTvisa da mcire deformaciebis pirobebSi plas​tikurobis yvela cnobili Teoria warmoadgens plas​tikurobis erTi zogadi Teoriis _ mcire drekad-plas​ti​ku​ri deformaciebis Teori XE "mcire drekad-plas​ti​ku​ri deformaciebis Teoria" is kerZo SemTxvevas. aRniSnuli zo​​ga​di Teoria emyareba eqsperimentebis Sedegebis ganzo​ga​de​​biT miRebul Semdeg sam kanons.

pirveli kanoni _ moculobis cvlilebis kanoni XE "moculobis cvlilebis kanoni" . myari sxeulis, rogorc aqtiuri, ise pasiuri drekad-plastikuri deformaciebis dros moculobiTi deformacia yovelTvis dre​kadia da eqvemdebareba hukis (ix. (1.26.5))



                   (1.28.1)

kanons.

plastikurobis TeoriaSi amocanebis gamartivebis mizniT uSve​ben, rom masala arakumSvadia, e.i. 

-s. radgan sa​Sua​lo Zabva 

 ar aris nuli, amitom (1.28.1)-Si unda da​vuS​vaT, rom



.

aqedan ki gamomdinareobs, rom arakumSvadi masalisaTvis



.                (1.28.2)

Tu (1.28.2)-s CavsvamT (1.12.24)-is meoreSi, maSin



.

meore kanoni _ formis cvlilebis kanoni XE "formis cvlilebis kanoni" . martivi dat​vir​Tvis pirobebSi aRZruli drekad-plastikuri defor​ma​cie​bis dros Zabvisa da deformaciis mTavari RerZebi erTma​neTs emTxvevian da samarTliania (1.26.16) Tanafar​do​be​bi. aseve samarTliania (1.26.15) damokidebulebebi. marTa​lia, es eqvsi formula srulad damoukidebelni ar arian. mar​Tlac, Tu maTgan pirvel sams wevr-wevrad SevkrebT da ga​viTvaliswinebT (1.26.2)-sa da (1.26.4)-s, miviRebT, rom 
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-s. amdenad, gvaqvs xuTi gantolebisgan Semdgari sis​te​ma eqvsi ucnobiT.

mesame kanoni _ aqtiuri deformaciis pirobebSi Zabvebis 
[image: image1244.wmf]i
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 intensiuroba mocemuli masalisaTvis aris defor​ma​ciis 
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 intensiurobis savsebiT garkveuli
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funqcia.

martivi datvirTvis pirobebSi Catarebuli mraval​ric​xo​vani eqsperimentis Sedegebis damuSavebam gviCvena, rom 
[image: image1247.wmf]i

s

-sa da 
[image: image1248.wmf]i

e

-s Soris damokidebule​be​bis diagramebi msgav​sia. (1.28.3)-is Tanaxmad es imas niSnavs, rom



.                 (1.28.4)

amrigad, (1.28.4) damokidebuleba nebismieri (wrfivi, brtye​li an moculobiTi) daZabuli mdgomareobisaTvis SeiZleba dad​gindes martivi gaWimvisaTvis Catarebuli cdebiT.

$1.29. iliuSinis Teorema gantvirTvis Sesaxeb
vTqvaT, raime sxeulisaTvis, romelzec moculobiTi da ga​re zedapiruli Zalebi moqmedeben, plastikurobis amocana amox​snilia. es imas niSnavs, rom sxeulis yovel wertilSi na​povnia Zabvebi, deformaciebi da gadaad​gilebebi. dreka​do​bis zRvars miRma sxeulis deformaciis mniSvnelovan Tavi​se​​burebas warmoadgens gantvirTvis xasiaTi.

mTeli sxeulis gantvirTva XE "mTeli sxeulis gantvirTva"  ewodeba gare Zalebis cvli​lebis iseT process, roca sxeulis yvela im nawilSi, sa​dac plastikuri deformacia moxda, Zabvis 
[image: image1249.wmf]i

s

 inten​siu​ro​ba erTdroulad iwyebs Semcirebas. es imas niSnavs, rom sxeu​li aqtiuri deformaciis stadiidan gadadis pasiuri defor​maciis stadiaSi.

iliuSinis*) Teorema gantvirTvis Sesaxeb XE "iliuSinis Teorema gantvirTvis Sesaxeb" . sxeulis wer​ti​lis gadaadgi​le​be​bi gantvirTvis stadiis raime momentSi gan​sxvavdebian maTi mniSvnelobebi​sa​gan gantvirTvis dawyebis mo​mentSi im drekadi gadaaadgilebebis sididiT, romlebic aRiZ​vrebodnen sxeulSi, Tu bunebriv mdgomareobaSi masze mo​debu​li iqneboda aRniSnul momentebSi sxeulze moqmedi ga​re Zalebis sxvao​bis toli gareSe Zalebi. igive sa​mar​Tlia​nia Zabvebisa da deformaciebisaT​vis.

aqedan rogorc Sedegi gamomdinareobs narCeni Zabvebi XE "narCeni Zabvebi" s, de​formaciebis da gadaadgilebebis Sesaxeb Teorema XE "narCeni Zabvebis, de​formaciebis da gadaadgilebebis Sesaxeb Teorema" : Tu sxeu​lisaTvis amoxsnilia plastikurobis amocana da gare Za​lebis mocemul mniSvnelobebs Seesabameba WeSmariti wonas​worobis mdgomareoba da, garda amisa, amoxsnilia dre​kadobis Teoriis amocana, e.i. imave gare Zalebs See​sa​ba​meba drekadi wonasworobis fiqtiuri mdgomareoba, maSin sxeu​lis sruli gantvirTvis Semdeg masSi darCebian Zabvebi, deformaciebi da gadaadgilebebi, romlebic WeSmarit da fiqtiur mdgomareobebSi maTi mniSvnelobebis sxvaobebis to​lia. amasTan igulisxmeba, rom gantvirTvis Semdeg nar​Ce​ni Zabvebi ar gadian drekadobis farglebidan.

am Teoremidan gamomdinareobs gantvirTvis dros Zab​ve​bis, deformaciebisa da gadaadgilebebis gansazRvris Sem​de​gi sqema:

1. plastikurobis Teoriis gantolebebidan vsazRvravT Zab​vebs, deformaciebsa da gadaadgilebebs, romlebic gan​tvir​Tvis dawyebamde udidesi datvirTviT aRiZvrebian.

2. drekadobis Teoriis gantolebebis saSualebiT vsaz​RvravT Zabvebs, deformaciebsa da gadaadgilebebs, romle​bic gantvirTvamde udides datvirTvasa da gantvirTvis Sem​deg darCenil datvirTvas Soris sxvaobis toli dat​vir​TviT aRiZvrebian.

3. udidesi datvirTvis pirobebSi miRebul Zabvebs, de​fo​​rmaciebsa da gadaadgilebebs vaklebT gantvirTvis si​di​dis tol (e.i. ra sididiTac Semcirda datvirTva) dat​vir​Tvis Sesabamis Zabvebs, deformaciebsa da gadaadgilebebs. swo​red es sxvaobebi iqnebian Zabvebis, deformaciebisa da ga​daadgilebebis mniSvnelobebi gantvirTvis gansaxilvel mo​mentSi.

$1.30. plastikurobis Teoriis amocanebis dasma

plastikurobis TeoriaSi veZebT sam 

, 

, 

 cvlad​ze damokidebul Semdeg 17 ucnob sidides: 

, 

, 

, 

, 

, 

 Zabvebs, 

, 

, 

, 

, 

, 

 de​formaciebs, 

, 

, 

 gadaadgilebebs da Zabvis 
[image: image1250.wmf]i

s

 da de​formaciis 
[image: image1251.wmf]i

e

 intensiurobebs. isini unda ganisazRvron 17 gantolebidan. esenia wonasworobis sami (1.3.5) gan​to​le​ba; Zabvebisa da deformaciebis damakavSirebeli eqvsi (1.26.15) fizikuri gantoleba, romelTagan xuTia damou​ki​de​beli da amitom meeqvse gantolebad viRebT (1.28.1)-s; ko​Sis eqvsi (1.6.3) geometriuli formula; (1.28.3) damokide​bu​leba Zabvisa da deformaciis intensiurobebs Soris da defor​maciis intensiurobis (1.25.3) gamosaxuleba.

garda amisa, unda dakmayofildes (1.2.1) pirobebi sxeu​lis zedapirze, sadac 

, 

, sidideebia mocemuli.

plastikurobis Teoriis amocanebis amoxsnis dros ga​moi​​yeneba igive xerxebi, rac drekadobis TeoriaSi: amoxsna Zab​​vebSi, gadaadgilebebSi da Sereuli xerxi.

drekadobis Teoriis msgavsad plastikurobis Teoriis amo​canebis amosaxsnelad gamoiyeneba pirdapiri, Sebrune​bu​li da naxevradSebrunebuli meTodebi.
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*) i. niutoni (1643-1727).


*)  metri aris sinaTlis mier vakuumSi 1/299 792 458 wamSi gavlili manZili. wami aris ceziumis (�) atomis ZiriTadi mdgomareobis or zenaz dones Soris gadasvlis Sesabamisi gamosxivebis 9 192 631 770 pe�riodis toli dro. aq da SemdgomSi miTiTebulia erTeulebi saer�Ta�So�riso erTeul�Ta SI sistemaSi. am sistemaSi ZiriTad sidideebad (erTeu�lebad) mi�Re�bulia sigrZe (L), dro (T), masa, Termodinamikuri tem�peratura, niv�Tie�rebis raodenoba, eleqtruli denis Zala da si�naT�lis Zala. warmoe�bu�li erTeuli (magaliTad, siCqaris erTeuli) gamoi�sa�xe�ba ZiriTadi erTeu�lebis saSualebiT Sesabamisi maTematikuri for�mu�liT. fizikuri si�dideebis ZiriTad sidideebad miRebul sidideebze da�mo�ki�debulebis for�mas ganzomileba ewodeba (magaliTad, � EMBED Equation.3  ���).


**)  1 niutoni aris is Zala, romelic 1 kg masis mqone sxeuls aniWebs 1 m/wm� aCqarebas.


***) 1 kg masa kilogramis saerTaSoriso prototipis masis tolia.


*) J.l. dalamberi (1717-1783).


*) Zala, rogorc veqtori, xasiaTdeba Semdegi sami elementiT: modebis wertiliT, sigrZiTa da geziT. aseT veqtors bmuli veqtori ewodeba. absoluturad myar sxeulze moqmedi Zala sriala veqtoria, romelic xasiaTdeba Semdegi sami elementiT: sigrZiT, geziT da fuZiT (veqtoris fuZe ewodeba wrfes, romelze�dac veqtoria moTavsebuli).


**) qvemoT, Tu sawinaaRmdego ar iqneba Tqmuli, Cven ganvixilavT dekartis marTkuTxa koordinatTa marjvena � sistemas, romlis bazisia  � G


*) � EMBED Equation.3  ��� da � EMBED Equation.3  ���veqtorebis veqtoruli namravli ganisazRvreba, rogorc veq�to�ri aRniSnuli � EMBED Equation.3  ��� simboloTi, romlis moduli (sigrZe) gamoiT�vle�ba 


� EMBED Equation.3  ���


formuliT, sadac � EMBED Equation.3  ��� umciresi kuTxea � EMBED Equation.3  ��� da � EMBED Equation.3  ��� veqtorebs Soris, amasTan � EMBED Equation.3  ���da � veqtorebi qmnian marjvena sameuls da � EMBED Equation.3  ��� orTogo�na�lu�ria, rogorc � EMBED Equation.3  ���, aseve � EMBED Equation.3  ���veqtoris mimarT. formalu�rad, Tu � EMBED Equation.3  ��� da � EMBED Equation.3  ��� veqtorebi mocemulia dekartis marTkuTxa koordinatebiT, maSin veqtoruli namravli SeiZ�leba Caiweros Semdegi “determinantis” saxiT:


� EMBED Equation.3  ���.


� EMBED Equation.3  ��� da � EMBED Equation.3  ��� veqtorebis skalaruli namravli ganimarteba


� EMBED Equation.3  ���


tolobiT. 





*) p. varinioni (1654 _ 1722)


*)  Tu raime indeqsi erTwevrSi mxolod orjer gvxvdeba, Cven yovelTvis vi�gu�lisxmebT, rom xdeba ajamva mis mimarT indeqsis cvlilebis sim�rav�le�ze (SemdegSi vigulisxmebT, rom laTinuri aramTavruli indeqsebi iRe�ben mniSvnelobebs 1,2,3, xolo berZnuli ki 1,2). im SemTxvevaSi, roca aseT faqts adgili aqvs, magram ajamva ar unda moxdes, erT-erT indeqss qvemodan an zemodan gavusvamT xazs. magaliTad, �EMBED Equation.3���, �EMBED Equation.3���, magram �EMBED Equation.3��� aRniSnavs sam elements: �EMBED Equation.3���, �EMBED Equation.3���, �EMBED Equation.3���-s imisda mixedviT, Tu ra mniSvnelobas iRebs i.


*),i-Ti aRvniSnavT warmoebuls �EMBED Equation.3��� cvladis mimarT, xolo ,ij-Ti _ meore ri��gis warmoebuls �EMBED Equation.3��� da �EMBED Equation.3��� cvladebis mimarT. magaliTad, �EMBED Equation.3���, �EMBED Equation.3���.


*) �EMBED Equation.3���


�EMBED Equation.3���


*) ori �EMBED Equation.3��� da �EMBED Equation.3��� tenzoris pirdapiri namravli ewodeba


�EMBED Equation.3���


tenzors. mokled is Semdegnairad Caiwereba


� EMBED Equation.3  ���


**) �EMBED Equation.3��� da �EMBED Equation.3��� niSnavs, rom Sesabamisi indeqsebi ar gvaqvs.





*) l. kronekeri (1823-1891).


*) es formulebi, cxadia, gamomdinareobs (1.4.1)*-dan.


*) �EMBED Equation.3���,


�EMBED Equation.3���;


�EMBED Equation.3���,


�EMBED Equation.3���.


*) Tu sistemis rangi 2-is tolia, maSin normalis �EMBED Equation.3��� Tvisebidan gamomdinare is calsaxad ganisazRvreba (ix. Gould Ph. L., Introduction to Linear Elasticity, Springer, 2013, gv. 32, 33).





*) � EMBED Equation.3  ��� saidanac � EMBED Equation.3  ���


*) cxadia � EMBED Equation.3 ���(ix. nax. 1.5.6) 


**) vTvliT, rom � EMBED Equation.3 ���mTavari Zabvebi viciT da isini erTmaneTisgan gansxvavebulia.





*) S.o. vandermondi (1735-1796).


*) am ori formulis marjvena mxares mimdevrobiT miviRebT damtkicebuli formulis marjvena mxridan, Tu movaxdenT indeqsebis wriul Secvlas � EMBED Equation.3 ���


*) radgan miviRebT, rom � EMBED Equation.3 ���gantoleba mogvcems erT-erTis meoriT gansazRvris saSualebas.


**) radgan gveqneba ori gantoleba � EMBED Equation.3 ��� da� EMBED Equation.3 ��� � EMBED Equation.3 ���  ori ucnobis gansasazRvravad.





*) naxevarwrewirebis � EMBED Equation.3 ��� RerZTan TanakveTis wertilebis abscisebis misaRebad (1.5.21), roca � EMBED Equation.3 ��� unda gavutoloT 0-s da amovxsnaT � EMBED Equation.3 ���is mimarT. amdenad � EMBED Equation.3 ��� naxevarwrewiris � EMBED Equation.3 ���RerZTan TanakveTis wertilebis abscisebs miviRebT, Tu misi centris � EMBED Equation.3 ��� abscisas davamatebT da gamovaklebT � EMBED Equation.3 ���is � EMBED Equation.3 ��� radiuss. Sesabamisad, miviRebT � EMBED Equation.3 ��� da � EMBED Equation.3 ���. analogiurad, vaCvenebT, rom � EMBED Equation.3 ���is TanakveTis wertilebia � EMBED Equation.3 ��� da � EMBED Equation.3 ��� , xolo � EMBED Equation.3 ���is ( � EMBED Equation.3 ��� da � EMBED Equation.3 ���


*) q.o. mori (1835-1918).


*)  xazi unda gaesvas imas, rom  (1.8.6) aRniSvna SemoRebulia mxolod im SemTxvevaSi, roca sruldeba (1.8.4).


*)  es aRniSvna, Tu sruldeba (1.8.4), emTxveva (1.8.6)-s.


*)  e. Cezaro (1859-1906).


*) Tu es pirobebi sruldeba sxeulis yovel wertilSi (an mocemul wertilSi), maSin amboben, rom sxeulSi (an mocemul wertilSi) gvaqvs � EMBED Equation.3  ��� RerZis paraleluri wrfivi daZabuli mdgomareoba.


*) J.m.k. diuhameli (1797-1872).


**) f.e. neimani (1798-1895).


*) maTi sxvaobis ganxilviT miviRebT, rom


� EMBED Equation.3 ���,


saidanac gamomdinareobs (1.13.5), radgan es sami gantoleba unda Sesruldes mocemul wertilSi gamaval nebismier � EMBED Equation.3 ��� normalian zedapiris usasrulod mcire elementisaTvis.





*) cxadia, � EMBED Equation.3 ���


� EMBED Equation.3 ���.


*) e. beti (1823_1892).


*)  vgulisxmobT, rom S gluvi zedapiria.


*) e.  beltrami (1835_1900), j.h. miCeli (1863_1940).


*)  vgulisxmobT, rom S gluvi zedapiria.


*) Tu S brunviTi zedapiri araa. Tu S brunviTi zedapiria, mesame amoca�nas gaaCnia aratrivialuri amonaxsnebi (ix. [48], gv. 88).


*) zogad SemTxvevaSi gantolebas Semdegi saxe aqvs (ix. [48], gv. 38):  


� EMBED Equation.3 ���æ� EMBED Equation.3 ���,


sadac � EMBED Equation.2 ��� sxeulis absoluturi temperaturaa bunebriv (mosvenebul) mdgomareobaSi. temperaturis � EMBED Equation.3 ���cvlileba aiTvleba � EMBED Equation.2 ���-dan. deformadi sxeulis absoluturi temperatura 


� EMBED Equation.3 ���-s tolia.


*) siTburi nakadi siTbos is raodenobaa, romelic drois erTeulSi gaivlis nebismier izoTermul zedapirs (e.i. zedapiris temperatura � EMBED Equation.2 ���-is � EMBED Equation.3 ��� tolia).


*) ix. (1.18.7):


� EMBED Equation.3 ���


� EMBED Equation.3 ���,


radgan � EMBED Equation.3 ���.


*) kerZod, is Seicvleba maTi tolqmediT ( Seyursuli ZaliT da nakrebi momentiT ( Seyursuli momentiT. cxadia, Seyursuli Zalis da momentis modebis wertilSi Zabva usasruloa. datvirTvis modebis mcire farTebs masalaTa gamZleoba ar iTvaliswinebs. adgilobriv, e.i. mcire moculobaSi, Zabvebisa da deformaciebis ganawilebas, gamowveuls mcire farTze moqmedi datvirTvebiT, Seiswavlis drekadobis Teoria.


*) p. laqsi (1926).


**) a.n. milgrami (1911-1961).


***) a. korni (1870-1945).


*) o.l. hiolderi (1859–1937).


*) k.v. ozeeni (1879-1944).


*) stacionaruli moZraobis SemTxvevaSi (1.23.13) pirobebi zedmetia, rad�gan gantolebebSi ar gveqneba droiT kerZo warmoebulebi.


*) J. lere (1906-1998).


*) J. adamari (1865-1963).


*) m. t. huberi (1872-1950).


**) r. mizesi (1883-1953).


***) h. henki (1885-1951).


*) a. a. iliuSini (1911-1998).
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