uwyvet garemoTa meqanikis maTematikuri modelebi (gadamuSavebuli)

g. jaiani

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: image197.wmf]O

 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.
amboben, rom absoluturad myari (e.i. iseTi myari sxeule​bis,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 icvleba, maSin maT deformad myar sxeul XE "deformadi myari sxeuli" ebs, xolo sxeulis wertilTa mdebareobis (mdgomareobis) aseT cvli​lebas de​for​macia XE "deformacia" s vuwodebT. deformadi myari sxeu​lebis an ga​ze​bis da siTxeebis moZraobis dasaxasiaTeblad Teoriuli me​qa​nikis gantolebebi ukve aRar gamodgeba. meqa​nikis im dargs, romelic deformad myar sxeulebs, gazebs da siTxeebs 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: image26.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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SeniSvna. 
[image: image34.wmf][

]

r

r

x

,

F

 momenti gansazRvrulia koordinatTa sistemis O saTavis mimarT. Tu moments aviRebT sivrcis raime 
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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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nax 1.1.1
veqtoris momenti raime A RerZis mimarT [image: image134.wmf]1
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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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[image: image136.wmf]x

x

x

1

2

3


nax.1.1.2


[image: image43.wmf][

]

0

,

'

=

F

r

OO

A

geg

.

aqedan gamomdinare (1.1.1)-dan miviRebT, rom


[image: image44.wmf][

]

[

]

geg

geg

A

A

x

x

r

r

r

r

'

,

,

F

F

=

.

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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 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: image50.wmf]r
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xolo mTavari momenti XE "mTavari momenti"  (misi erTeulia 
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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​[image: image138.wmf]x

r

da​​piruli Zalebi.

nax. 1.1.4
Tu vigulisxmebT, rom nax. 1.1.3-ze gamosaxuli sxeuli raime sxva sxeulebidan azrobrivad gamoyofili nawilia, ma​Sin [image: image58.wmf]r

X

dS

n

-s uwodeben daZabulobis Zalas an Zabvas, xo​lo [image: image59.wmf]r

X

n

-s _ farTis erTeulze gaangariSebul Zabvas an Zab​​vis veqtors. e.i. misi erTeulia [image: image60.wmf]Pa

N

m

=

/

.

2


Cven vigulisxmebT, rom [image: image61.wmf]r

X

dS

n

 gamoxatavs im zedapi​rul Zalas, romliTac dS-is saSualebiT S zedapi​ris ga​reT mdebare garemos nawili moqmedebs mis SigniT mdebare na​wilze. maSin, niutonis mesame kanonis Tanaxmad, Siga na​wi​​li dS-is saSualebiT gare nawilze imoqmedebs [image: image62.wmf]r

r

X

dS

X

dS

n

n

-

=

-

 zedapiruli ZaliT. indeqsi n aRniSnavs, rom [image: image63.wmf]r

X

X

X

X

n

n

n

n

=

(

,

,

)

1

2

3

 Zabvis veqtori moqmedebs 
[image: image64.wmf])

,

,

(

3

2

1

n

n

n

n

=

r

 normalis mqone farTze. mis gegmils [image: image65.wmf]r

n

 no​r​​​ma​lis mimarTulebaze ewodeba Zabvis veqtoris [image: image66.wmf]s

n

 norma​lu​ri mdgeneli XE "norma​lu​ri mdgeneli" , xolo modebis wer​til​Si gamaval mxeb sib​​rtye​ze gegmils _ [image: image67.wmf]t

n

 mxebi mdgeneli XE "mxebi mdgeneli" .
Zabvis tenzoris komponentebis aRsaniSnavad gamoiyeneba sxva​da​sxva aRniSvna, romlebzec naTel warmodgenas gvaZ​le​ven Semdegi matriculi tolobebi: 

[image: image68.wmf]X

X

X

X

X

X

X

X

X

X

Y

Z

X

Y

Z

X

Y

Z

x

x

x

y

y

y

z

z

z

x

xy

xz

yx

y

yz

zx

zy

z

11

12

13

21

22

23

31

32

33

æ

è

ç

ç

ç

ö

ø

÷

÷

÷

=

æ

è

ç

ç

ç

ö

ø

÷

÷

÷

=

æ

è

ç

ç

ç

ö

ø

÷

÷

÷

s

t

t

t

s

t

t

t

s

.

$1.2. Zabvis veqtoris damokidebuleba farTis orientaciaze
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vaCvenoT, rom adgili aqvs koSis Semdeg formulebs (ix., magaliTad, [2], [36], [53])
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$1.3. wonasworobis gantolebebi
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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 Tanaxmad,
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analogiurad,

geg
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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.
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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 sami elementiT modebis wertiliT, sigrZiTa da geziT. aseT veqtors bmuli veqtori ewodeba. absoluturad myar sxeulze moqmedi Zala sriala veqtoria, romelic xasiaTdeba 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. formalu�rad, Tu � EMBED Equation.3  ��� da � EMBED Equation.3  ��� veqtorebi mocemulia dekartis marTkuTxa koordinatebiT da � EMBED Equation.3  ��� orTogo�na�lu�ria, rogorc � EMBED Equation.3  ���, aseve � EMBED Equation.3  ���veqtoris mimarT, maSin veqtoruli namravli SeiZ�leba Caiweros determinantis saxiT:


� EMBED Equation.3  ���.


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


� EMBED Equation.3  ���


tolobiT, xolo diaduri namravli – 


� EMBED Equation.3  ���


tolobiT. is asec � EMBED Equation.3  ��� aRiniSneba, radgan tenzorebis pir�da�piri namravlis kerZo SemTxvevas warmoadgens.


*) 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���.
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