nawili II. organzomilebiani modelebi

Tavi I. drekadobis organzomilebiani Teoria

drekadobis samganzomilebiani Teoriis amocanebis amox​sna did sirTuleebTan aris dakavSirebuli, amitom arsebi​Ti mniSvneloba eniWeba sasazRvro amocanebis kerZo klase​bi​​​saT​vis amoxsnis meTodebis SemuSavebas.

$2.1. brtyeli deformacia

vityviT, rom sxeuli ganicdis 
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 sibrtyis parale​lur brtyel deformacias XE "brtyeli deformacia" , Tu 
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aqedan, ramdenadac 
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am ukanasknelis (2.1.3) tolobebs Soris bolo tolobaSi Cas​mis Semdeg miviRebT, rom
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wonasworobis (1.15.1) gantolebebidan pirveli ori mii​Rebs Semdeg saxes


[image: image14.wmf]X

ab

b

a

a

,

,

,

+

=

=

F

0

1

2

,          (2.1.6)

xolo mesamedan gamomdinareobs, rom
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e.i., brtyeli deformaciis SemTxvevaSi sxeulze moqmedi mo​culobiTi Zalis gegmili deformaciis sibrtyis perpen​di​ku​larul mimarTulebaze nulis tolia.

(2.1.1)-(2.1.6)-is Tanaxmad deformaciis da Zabvis ten​zo​rebis komponentebi da moculobiTi Zalis 
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 komponen​te​bi damokidebulni arian mxolod 
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-ze. amrigad, arc erTi gansaxilveli sidide 
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es ukanaskneli, cxadia, (2.1.3)-is (2.1.6)-Si CasmiTac miiRe​ba.

sen-venanis (1.11.4) pirobebidan xuTi, (2.1.1)-is Tanaxmad, igivurad kmayofildeba da gvrCeba mxolod erTi 
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piroba. izotropuli erTgvarovani sxeulisaTvis (2.1.7) SeiZ​leba Semdegi saxiTac CavweroT
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marTlac, (2.1.3)-is pirvel tolobaSi (2.1.4)-is Casmisa da 
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CavsvaT es ukanaskneli (2.1.7)-Si, maSin miviRebT, rom
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Tu (2.1.6)-dan pirvels gavawarmoebT 
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-iT da miRebul Sedegebs SevkrebT, gveqneba
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Tu am ukanasknels SevitanT (2.1.10)-Si, sabolood movi​RebT (2.1.8)-s, romelsac levis gantoleba XE "levis gantoleba"  ewodeba.

brtyeli deformaciis ganmartebidan cxadia, rom is gveq​neba usasrulod grZeli wrfivi RerZis mqone priz​mu​li (cilindruli) sxeulis SemTxvevaSi, roca masze moq​me​di gare zedapiruli Zalebi da moculobiTi Zalebi de​for​​maciis sibrtyis (e.i., ganivi kveTis) paraleluria*). Tu priz​muli sxeuli sasrulia, maSin masSi brtyeli de​formacia aRiZvreba garkveuli miaxloebiT. amasTan, rac uf​​ro grZelia prizma (cilindri), miT ufro axloa sxeu​lis deformacia brtyel deformaciasTan.

Tu 
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sasazRvro pirobebs*), sadac 
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, gare Zabvis veq​toris mocemuli komponentebia, maSin (2.1.5)-is Tanaxmad priz​mis (cilindris) boloebze moqmedeben Sesabamisad 
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-is toli Zabvebi (ix. nax. 2.1.1)**). am Zabvebis mo​de​ba aucilebelia imisaTvis, rom gvqondes brtyeli de​for​​macia.

$2.2. brtyeli daZabuli mdgomareoba

daZabul mdgomareobas ewodeba 
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 sibrtyis para​le​lu​ri brtyeli daZabuli mdgomareoba XE "brtyeli daZabuli mdgomareoba" , Tu sxeulis yovel wer​tilSi
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am SemTxvevaSi, sazogadod, nulisagan gansxvavebulia Zab​vis tenzoris Semdegi sami komponenti
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Tu (2.2.1) damokidebulebas adgili aqvs mxolod moce​mul wertilSi, maSin amboben, rom mocemul wertilSi gvaqvs brtyeli daZabuli mdgomareoba XE "wertilSi brtyeli daZabuli mdgomareoba" .

am SemTxvevaSi (1.2.1) formulebidan gamomdinareobs, rom

nax. 2.1.1
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es ukanaskneli imaze migviTiTebs, rom nebismierad orien​ti​re​bul farTze moqmedi Zabvis veqtori 
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(2.2.1)-is Tanaxmad, wonasworobis gantolebebs (2.1.6) sa​xe eqnebaT, mxolod gansaxilvel SemTxvevaSi Zabvebi, sa​zo​gadod, 
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Tu CavsvamT hukis (1.15.2) kanonSi, miviRebT, rom
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sadac
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hukis kanonSi 
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rogorc vxedavT, (2.2.4) imiT gansxvavdeba (2.1.3)-sagan, rom 
[image: image44.wmf]l
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Tu (2.2.4)-s CavsvamT wonasworobis (2.1.6) gan​to​lebeb​Si, romlebic, rogorc ukve aRvniSneT, samarTliania brtye​li daZabuli mdgomareobis SemTxvevaSic, miviRebT, rom
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xolo wonasworobis (1.15.1) gantolebaTa sistemis mesame gan​tolebidan, (2.2.1)-is Tanaxmad gveqneba, rom
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e.i., moculobiTi Zalac 
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unda SevniSnoT, rom brtyeli daZabuli mdgomareoba, miu​xedavad arsebiTi gamartivebisa da imisa, rom hukis ka​nonsa da lames gantolebebs Sesabamisad (2.2.4) da (2.2.6) sa​xe aqvT, rCeba samganzomilebian amocanad, ramdenadac, ro​gorc ukve avRniSneT, gansaxilveli sidideebi, sazogadod, 
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-ze arian damokidebulni. marTalia, (2.2.4)-sa da (2.2.6)-Si 
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$2.3. ganzogadebuli brtyeli daZabuli mdgomareoba
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[image: image51.wmf]X

i

i

x

h

3

3

0

1

2

3

=

±

=

=

,

,

,

,             (2.3.1)

Xn3 =0 gverdiT zedapirze da 
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sen-venanis principis Tanaxmad, or msaxvels Soris mo​Tav​sebul mcire ubanze moqmed zedapirul ZalTa sistema SeiZ​leba Seicvalos statikurad misi ekvivalenturi Za​liT, romelic aRniSnul ubanze moqmedebs da firfitis Sua sibrtyeSi mdebareobs.

moculobiTi da gare zedapiruli Zalebis Sua sib​rtyi​sadmi simetriuli ganawilebis gamo, cxadia, rom Sua sib​rtyis wertilebi deformaciis Semdegac Sua sibrtyeze dar​Cebian, e.i. gadaadgilebis 
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 komponenti Sua sibrtyeze nu​lia da firfitis sisqis simciris gamo, roca 
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(2.3.2)-is Tanaxmad, wonasworobis (1.15.1) gantolebaTa sis​temis mesame gantolebidan


[image: image61.wmf]X

j

j

3

0

,

=

.                (2.3.4)

aqedan, Tu gaviTvaliswinebT (2.3.1)-s, cxadia,
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 da misi warmoebuli sis​qis gaswvriv nulis tolia. sisqis simciris gamo didi si​zus​tiT SeiZleba CavTvaloT, rom yvelgan sxeulSi
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daZabul mdgomareobas, roca sruldeba (2.3.1), (2.3.2), (2.3.5) pirobebi da gare Zalebi firfitis Sua sibrtyis pa​raleluri da simetriulia, ewodeba ganzogadebuli brtye​li daZabuli mdgomareoba XE "ganzogadebuli brtyeli daZabuli mdgomareoba" .

wonasworobis (1.15.1) gantolebaTa sistemis pirveli ori gantolebis 
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sadac
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rac Seexeba wonasworobis (2.3.4) gantolebas, igi gasa​Sualoebis Semdeg igivurad kmayofildeba, radgan ganzo​ga​de​buli daZabuli mdgomareobis fizikuri Sinaarsidan ga​momdinare 
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 cvladis mi​marT, e.i. am ukanasknelTa saSualo mniSvnelobebi nulis to​lia.

brtyeli daZabuli mdgomareobis analogiurad, (2.3.5)-is Ta​nax​mad, Cvens SemTxvevaSic eqneba adgili (2.2.4) to​lo​bas, romelic gasaSualoebis Semdeg gvaZlevs, rom
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Tu (2.3.7)-s CavsvamT (2.3.6)-Si, miviRebT, rom
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vTqvaT, ds wiriTi elementia 
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 sibrtyeze. ganvixi​loT Sua sibrtyisadmi perpendikularuli 2h simaRlis mqo​ne marTkuTxa farTi, romelic firfitas ekuTvnis da romlis kveTa Sua sibrtyesTan gvaZlevs ds elements. aRni​S​nul farTze moqmedi Zabvis veqtoris gegmilis saSualo mniS​vneloba
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tolia, sadac n farTis dadebiTi normalia, romelic, cxa​dia, Sua sibrtyis paraleluria (e.i. 
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brtyeli deformaciisa da ganzogadebuli brtyeli da​Za​bu​li mdgomareobis ZiriTad damokidebulebaTa Sedareba advi​lad dagvarwmunebs imaSi, rom yvela formula er​Tnai​ria im gansxvavebiT, rom iq, sadac brtyeli deformaciis dros gvaqvs 
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. amrigad, SeiZleba davaskvnaT, rom brtye​li deformaciis mdgomareobisa da ganzogadebuli btyeli da​Za​buli mdgomareobis SemTxvevaSi drekadobis Teoriis amo​canebi maTematikurad identuria.

drekadobis Teoriis brtyeli sasazRvro amocanebi dais​meba samganzomilebianis analogiurad. konkretuli amoca​ne​bis amoxsnis meTodebi SeiZleba vnaxoT, magaliTad, [52]-sa da [50]-Si.

Tavi II. firfitebis da garsebis Teoria

$2.4. Txeli firfitebis Runvis klasikuri Teoria. kirxhof-liavis modeli
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2.4.4. gaRunuli Sua zedapiris gantoleba

azrobrivad amovWraT Sua sibrtyidan usasrulod mcire elementi 

 da 

 (ix. nax 2.4.2) gverdebiT. masze moq​medi Zalvebi mocemulia naxazze. amasTan im wiriT elemen​teb​Tan, romelTa normalebis mimarTuleba emTxveva sa​koordinato RerZebis mimarTulebebs, miTiTebulia Zal​ve​bis (sakuTriv gadamWreli Zalebisa da momentebis moq​me​de​biT gamowveuli mobrunebis kuTxeebis) dadebiTi mimar​Tu​lebebi, e.i. is mimarTulebebi, ra mimarTulebebiTac Sesaba​mi​si sidideebi dadebiT mniSvnelobebs iReben. momentebisa da maT mier gamowveuli brunvis dadebiTi mimarTulebebis gasar​kvevad gavixsenoT momentis ganmarteba. marjvena sis​te​maSi raime 

 wertilis mimarT 

 wertilSi mo​de​bu​li 

 Zalis momenti ganimarteba, rogorc 
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 veqtorebma Seqmnan marjvena sistema. amasTan mo​mentis dadebiTi mimarTulebis garSemo mis mier ga​mow​veuli brunvis dadebiT mimarTulebad (e.i. mobrunebis  kuTxis dadebiT mimarTulebad) miRebulia saaTis isris sa​wi​naaRmdego mimarTuleba. amrigad, 
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saidanac mesame rigis usasrulo mcireebis (isini xazgas​mulia) ugulebelyofiT analogiurad gamomdinareobs, rom
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Tu (2.4.15)-s CavsvamT (2.4.14)-Si, miviRebT, rom
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xolo am ukanasknelSi 
[image: image160.wmf]M
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-sa da H-is (2.4.11) da (2.4.13) mniS​vnelobebis Casma gvaZlevs
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gantolebas, romelsac sofi Jermen-lagranJis gantoleba XE "sofi Jermen-lagranJis gantoleba"  ewo​deba.

nax. 2.4.2

SevniSnoT, rom (2.4.14) da (2.4.15) formulebi SeiZleba mi​viRoT wonasworobis (1.15.1) gantolebebis integrebiTac (ix. qvemoT (2.5.3) da (2.5.4)).

(2.4.16) gantoleba gamoiyeneba cvladi sisqis firfit XE "cvladi sisqis firfita" is, romelic simetriul prizmul garss warmoadgens (ix. qve​moT $2.6.), SemTxvevaSic, Tu sisqe 2h mkveTrad ar icvleba (ix. [58], gv. 199).

Tu (2.4.11)-sa da (2.4.13)-s, romlebic aseve samarTliania aramkveTrad cvladi sisqis firfitebisaTvis (e.i. 
[image: image162.wmf](
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 funqciaa) CavsvamT (2.4.16)-Si, miviRebT cvladi sixistis, ro​melic SeiZleba drekadi mudmivebis cvalebadobiTac iyos gamowveuli, SemTxvevaSi Runvis Semdeg gantolebas:
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   (2.4.18)

Runvis dinamikis gantolebis misaRebad, dalamberis prin​cipis Tanaxmad, 
[image: image164.wmf]q

 datvirTvas unda daematos inerciis Za​lis gegmili 
[image: image165.wmf]3

x

 RerZze. es imiT aixsneba, rom erTi mxriv, moculobiTi Zalis 
[image: image166.wmf]3

x

 RerZze geg​mili rom ar ugul​​vebel​gveyo, is swored 
[image: image167.wmf]q

–s dae​ma​te​bo​da, xolo meo​re mxriv, inerciis Zala moculobiT Za​lebs gane​kuT​vneba (ix. agreTve qvemoT (2.6.4)).

2.4.5. ZiriTadi amocanebi firfitisaTvis
firfitebis TeoriaSi Cven veZebT (2.4.18) (kerZod 2.4.17) gantolebis amonaxsns (e.i. 
[image: image168.wmf]u
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), romelic Sem​de​gi sami ZiriTadi sasazRvro pirobidan erT-erTs akmayo​fi​lebs:

1. sazRvarze mocemulia [image: image169.wmf]u

3

 CaRunva da Sua sibrtyis Se​mobrunebis kuTxe (dirixles amocana). es aris geomet​riu​li sasazRvro piroba. roca sasa​zRvro pirobebi erTgva​rovania (nulovania), sazRvars Camagrebuls XE "Camagrebuli sazRvari"  uwo​de​ben.

2. sazRvarze mocemulia CaRunva da mRunavi momenti. es aris fizikuri sasazRvro piroba. roca sasazRvro piro​be​bi erTgvarovania, amboben, rom sazRvari saxsruladaa day​rdno​bili XE "saxsruladaa day​rdno​bili sazRvari" .

3. sazRvarze mocemulia gadamWreli Zala, mRunavi da mgre​xavi momentebi (neimanis amocana). es sasazRvro piro​bac fizikuria. roca sasazRvro pirobebi erTgvarovania, ambo​ben, rom sazRvari Tavisufalia XE "Tavisufalia sazRvari" .

Tu sicxadisaTvis vigulisxmebT, rom sazRvris normali 
[image: image170.wmf]x
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 RerZs emTxveva, zemoT CamoTvlili erTgvarovani sasaz​Rvro pirobebi maTematikurad Sesabamisad ase Caiwereba:

1. 
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 (am SemTxvevaSi, (2.4.13)-is ZaliT 
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samganzomilebian modelSi maT (erTgvarovani pirobebis Sem​TxvevaSi) Sesabamisad eTanadeba Semdegi sasazRvro pi​ro​be​bi:

1. 

;

2. 

;

3. 
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mesame amocanis SemTxvevaSi meoTxe rigis (2.4.18) (ker​Zod, 2.4.17) elifsuri gantolebisaTvis gvaqvs sami sasaz​Rvro piroba, rac sasazRvro amocanas arakoreqtuls xdis. ami​tom garkveul mosazrebebze dayrdnobiT (ix. nax. 2.4.3), 

-sa da H-is nacvlad sazRvarze saxeldeba e.w. gan​zo​ga​de​buli gadamWreli Zala XE "gan​zo​ga​de​buli gadamWreli Zala" 



da am ukanasknel SemTxvevaSi gveqneba ori sasazRvro piro​ba.

dasasruls SevniSnavT, rom firfitebis Runvis kla​si-kur TeoriaSi ar sruldeba hukis kanoni 
[image: image175.wmf]x

3

 RerZis gas​wvriv da sasazRvro pirobebi kmayofildeba integralurad. mar​Tlac, Cvens SemTxvevaSi pirveli hipoTezis  Tanaxmad 

 da amdenad 

 RerZis gaswvriv hukis kanoni iRebs 
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 saxes. saidanac, (2.4.1)-is Tanaxmad gamom​di​na​reobs, rom 
[image: image177.wmf]0
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, rac, sazogadod, ar sruldeba, rad​gan 

 akmayofilebs (2.4.17) gantolebas da amdenad, sazo​gadod, is harmoniuli funqcia araa.

ufro detalurad firfitebis Runvis klasikur Teo-rias SeiZleba gavecnoT [55]-sa da [58]-Si.

zogad SemTxvevaSi, roca sazRvris normali 

-ia, kir​xhof-liavis modelis erTgvarovan sasazRvro pirobebs aqvT Semdegi saxe:
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romelTac samganzomilebiani modelis Semdegi sasazRvro pi​robebi Seesabameba:



; 



;
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nax. 2.4.3

kirxhof-liavis modelSi ganixilaven agreTve e.w. sriala Camagrebis 
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sasazRvro pirobebs, romlebsac samganzomilebian modelSi Seesabameba
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sasazRvro pirobebi.

ganvixiloT pirveli sasazRvro pirobebi. vTqvaT, 
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, maSin Tu gavixse​nebT imas, rom 

-iT da 

-Ti aRniSnulia gadaadgilebis veq​toris mdgenelebi (komponentebi) 

-ze gamavali ci​lindruli zedapirisadmi (sazRvrisadmi) 

 normalisa da 

 sibrtyis paraleluri 

 mxebis mimarTulebebiT, da​vaskvniT, rom erTi mxriv, (2.4.2)-is Tanaxmad,
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da, amdenad,



, 

 da 
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saidanac imis gaTvaliswinebiT, rom kirxhof-liavis mo​delSi 

 ar aris damokidebuli 

-ze, miviRebT, rom
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meore, mesame da meoTxe sasazRvro pirobebis SemTxveva na​Te​lia, radgan iqidan, rom



, 

 da 

, roca 

, 

,

Sesabamisad gamomdinareobs, rom



, 

 da 

, roca 

,

xolo, rogorc zemoT vaCveneT,



, roca 

, 

,

tolobidan gamomdinareobs, rom
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dinamikis amocanebis ganxilvisas, sasazRvro pirobebs saw​yisi pirobebic unda daematos.

2.4.6. firfitis Runva drekad fuZeze
drekadi fuZe XE "drekadi fuZe"  ewodeba drekad deformirebad sxeuls, ro​melsac mTeli Tavisi qveda piriTi zedapiriT eyrdnoba fir​fita an Rero (ix. qvemoT naw. III).

vinkleris*) eqsperimentuli hipoTez XE "vinkleris eqsperimentuli hipoTeza" is Tanaxmad drekad fu​Zeze firfitis an Reros dawoliT gamowveuli drekadi fuZis reaqciis R intensiuroba qveda fuZis CaRunvis (e.i. kir​xhof-liavis modelis SemTxvevaSi Sua sibrtyis 
[image: image188.wmf]u

3

 Ca​Run​vis, radgan is 
[image: image189.wmf]x
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-ze ar aris damokidebuli) pro​por​ciu​lia
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sadac k drekadi fuZis  XE "drekadi fuZis reaqcia" modulia, gaTvlili farTis er​Teul​​ze, roca CaRunva sigrZis erTeulis tolia. 
[image: image191.wmf]k

, rom​lis erTeulia 
[image: image192.wmf]3

sm

niutoni

, drekadi fuZis masalazea da​mo​kidebuli da dgindeba eqsperimentiT (ix. [58], gv. 290).

Tu q firfitis datvirTvis intensiurobaa, maSin, cxa​dia, drekadi fuZis reaqciis gaTvaliswinebiT firfitaze moq​medi mTliani datvirTvis intensiuroba
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tolia. amdenad drekad fuZeze mdebare firfitis Runvis gantolebis misaRebad (2.4.17) da (2.4.18) gantolebebSi q unda SevcvaloT (2.4.19)-iT:
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$2.5. raisner-mindlinis modeli

mokled SevexoT raisner*)-mindlinis model XE "raisner-mindlinis modeli" s [11], [29], [31]. kir​xhof-liavis modelisgan gansxvavebiT es modeli sa​Sua​le​bas iZleva, firfitis sazRvarze dasaxeldes samive fi​​zi​ku​ri sidide: 
[image: image196.wmf]Q

n

 gadamWreli Zala, 
[image: image197.wmf]M

n

 mRunavi mo​men​ti da 
[image: image198.wmf]M

n

t

 mgrexavi momenti. raisner-mindlinis modeli emya​​re​ba Semdeg sam ZiriTad hipoTezas:

1. wrfivi normalebis hipoTeza XE "wrfivi normalebis hipoTeza" : deformaciamde firfi​tis Sua sibrtyisadmi normaluri wrfivi elementi ar ic​vlis sigrZes da wrfivi rCeba (ix. nax. 2.5.1).
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maTematikurad es imas niSnavs, rom 
[image: image199.wmf]e
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nax. 2.5.1

2. Sua sibrtyis gauWimvadobis hipoTeza XE "Sua sibrtyis gauWimvadobis hipoTeza" : Sua sibrtye ar muSaobs gaWimva-kumSvaze, igi mxolod iRuneba, e.i. Sua sib​rtyeSi ar gvaqvs gaWimvis, kumSvis da Zvris de​for​ma​cie​bi.

maTematikurad es ase Caiwereba:



.

3. Sua sibrtyisadmi paralelur fenebs Soris wnevis ararsebobis hipoTeza XE "Sua sibrtyisadmi paralelur fenebs Soris wnevis ararsebobis hipoTeza" : aRniSnuli wnevis simciris gamo fir​fitis fenebs Soris wneva ugulebelyofilia. 

maTematikurad es imas niSnavs, rom 

.

rogorc vxedavT, gansxvaveba raisner-mindlinisa da kir​xhof-liavis hipoTezebs Soris mxolod pirvel hi​poTe​zeb​Sia da imaSi gamoixateba, rom Tu kirxhof-liavis modelis Sem​TxvevaSi deformaciamde Sua sibrtyisadmi normaluri elementi deformaciis Semdeg Sua zedapirisadmi normalu​ri rCeba, raisner-mindlinis modelSi es sazogadod ase araa, e.i. es ukanaskneli modeli uSvebs ganivi Zvris de​for​macias. amitom zogjer raisner-mindlinis models uwo​de​ben firfitas ganivi Zvris deformaci XE "firfitas ganivi Zvris deformacia" iT.

axla ise moviqceT, rogorc (2.4.2) formulis gamoyva​nis dros, imis gaTvaliswinebiT, rom axla
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sadac [image: image202.wmf]j
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 ucnobi funqciebia, romlebic Zvris kuTxeebis to​lia (ix. $1.8-is bolo nawili). maSin miviRebT, rom



,        (2.5.1)

sadac
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, sibrtyeSi Semobrunebis ku​T​xes (ro​tacias), romelic firfitis RunviTaa gamowveuli (ix. nax. 2.5.1). raisner-mindlinis modelSi 
[image: image205.wmf](
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 ro​​ta​cia, sazogadod, ar aris damokidebuli 
[image: image206.wmf]u
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 CaRunvaze. kir​xhof-liavis modelSi ki (Seadare (2.4.2)-s) 
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.

(1.6.3) kinematikuri formulebi, (2.5.1)-is ZaliT, mii​Re​ben Semdeg saxes:



 (2.5.2)

(2.5.2) formulebs raisner-mindlinis kinematikuri formu​le​bi XE "raisner-mindlinis kinematikuri formu​le​bi"  ewodebaT.

(1.15.1) gantolebebidan pirveli ori gavamravloT 
[image: image208.wmf]x
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-ze, vain​tegroT samive gantoleba –h-dan +h-mde 
[image: image209.wmf]x
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-is mimarT, ga​moviyenoT nawilobiTi integreba da gaviTvaliswinoT (2.4.11)-(2.4.13) aRniSvnebi, maSin miviRebT, rom
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sadac
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rogorc ukve aRvniSneT, advili misaxvedria, rom amave gziT SeiZleboda migveRo (2.4.15) da (2.4.14). marTlac, Tu 

 da 

, 

, isini gamomdinareoben Sesa​ba​mi​sad (2.5.3) da (2.5.4)-dan. piriqiT, zemoaRniSnul piro​beb​Si (2.5.3) da (2.5.4) SeiZleba miviRoT ise rogorc (2.4.15) da (2.4.14) miviReT $2.4-Si.
Tu (2.5.3)-dan ganvsazRvravT 
[image: image213.wmf]Q
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-s da CavsvamT (2.5.4)-Si, miviRebT, rom


[image: image214.wmf]M

q

q

ab

ba

a

a

,

,

+

+

=

3

0

.

Tu 2h sisqe mkveTrad ar icvleba, ukanaskneli gantoleba da (2.5.1)-(2.5.4) damokidebulebebi, roca 

 da 

, gamoyvanili $2.4-Si gamoyenebuli meTodiT, gamod​geba cvla​di sisqis firfitebisTvisac. SevniSnoT, rom cvla​di sisqis fir​fitis SemTxvevaSi (1.15.1) wonasworobis gan​tolebebi​dan integrebis meTodiT (2.5.3), (2.5.4) ar miiReba, rac cxadia i.vekuas meTodiT cvladi  sisqis fir​fi​tebisTvis age​buli ierarqiuli modelebidan (ix. qvemoT $2.6), rom​lebic samarTliania nebismierad cvladi sisqis mqone fir​fi​tebisTvis.

ramdenadac kirxhof-liavisa da raisner-mindlinis mesame hi​poTezebi erTmaneTs emTxveva, amitom raisner-mindlinis mo​delis SemTxvevaSic samarTliania (2.4.4). Tu (2.4.4)-Si Se​vi​tanT (2.5.1)-s, miviRebT, rom



,

e.i.




da



,

saidanac



.
aqedan, radganac 
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.  (2.5.5)

(2.4.4) da (2.5.2)-dan cxadia, rom



.       (2.5.6)

hukis (1.12.26) kanonidan da (2.5.2)-dan ki gamom​di​na​reobs, rom



.  (2.5.7)

Tu (2.4.11)-(2.4.13)-is ukanasknelis wina tolobebSi Se​sa​bamisad CavsvamT (2.5.5), (2.5.7), (2.5.6)-s, miviRebT, rom



, (2.5.8)



,      (2.5.9)



. (2.5.10)

zogjer (2.5.9)-is marjvena mxare gamravlebulia e.w.  Zvris ko​reqturis 
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 mamravlze. 
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-s Zvris koeficient XE "Zvris koeficienti" sac uwo​deben. am SemTxvevaSi ZiriTadad Tvlian, rom 
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amovxsnaT (2.5.9) 
[image: image222.wmf]q

a

-s mimarT



.

miRebuli sidide CavsvaT (2.5.8)-Si da (2.5.10)-Si, maSin 
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vigulisxmoT, rom D, E, [image: image226.wmf]n

 da h mudmivebia. (2.5.3)-Si CavsvaT (2.5.11), (2.5.12) da miRebuli gamosaxulebidan,  (2.5.4)-isa da 

-s gaTvaliswinebiT, ganvsaz​RvroT 
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analogiurad,
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(2.5.13)-is da (2.5.14)-is (2.5.4)-Si Casmis Semdeg miviRebT, rom
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saidanac, (1.12.18)-is Tanaxmad,
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aqedan, Tu davuSvebT, rom firfitaze moqmedebs mxolod nor​maluri, amasTan harmoniuli datvirTva, e.i. 

, 

, da 

, miviRebT s. Jermen-lagranJis (2.4.17) gantolebas.

(2.5.3), (2.5.4), (2.5.8)-(2.5.10) damokidebulebebi Seicaven Semdeg rva ucnob sidides: 
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. CavsvaT (2.5.8)-(2.5.10) gamosaxulebebi (2.5.3), (2.5.4)-Si:
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.        (2.5.16)

(2.5.15), (2.5.16) warmoadgenen 
[image: image244.wmf]w

 areSi meeqvse rigis*) elif​sur sitemas 
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 ucnobebis mimarT.

SevniSnoT, rom (2.5.3), (2.5.4), (2.5.8)-(2.5.10) da (2.5.15), (2.5.16) damokidebulebebi gamoyvanilia, sazogadod, cvla​di, e.i. 
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)

x

x

1

2

,

-ze damokidebuli D, E, [image: image249.wmf]n

 da h-sTvis.
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-is mimarT da ga​​viTvaliswinoT (2.5.2), miviRebT Semdeg konstitutivur da​mokidebulebebs:
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 (2.5.17)

(2.5.17)-is (2.5.3)-sa da (2.5.4)-Si Casmis Semdeg miviRebT, rom
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.
(1.12.18)-is ZaliT, es sistema emTxveva (2.5.15), (2.5.16) sis​temas. Tu 
[image: image258.wmf]l

, [image: image259.wmf]m

 da h mudmivebia, maSin es sistema SeiZ​le​ba Semdegi saxiT Caiweros (ix. [11], gv. 3):
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sadac [image: image261.wmf]w

 firfitis proeqciaa 
[image: image262.wmf]x

3

0

=

 sibrtyeze, A mat​ri​cu​li diferencialuri operatoria Semdegi elementebiT
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kirxhof-liavis modelisagan gansxvavebiT ukve ar aris saWiro ganzogadebuli gadamWreli Zalis xelovnuri cne​bis SemoReba da sazRvarze SeiZleba sami bunebrivi pirobis das​ma, ramdenadac (2.5.18) elifsuri sistema me-6 rigisaa.

1. xistad Camagrebuli napiri XE "xistad Camagrebuli napiri"  anu dirixles amocana. am na​pirs arc gadaadgileba da arc mobruneba ar SeuZlia:
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samganzomilebian modelSi (2.5.19) Seesabameba erTgvarovan (1.15.6) pirobebs.

2. rbilad Camagrebuli napiri XE "rbilad Camagrebuli napiri" . xistad Camagrebuli napi​ri​sagan gansxvavebiT napirs SeuZlia tangencialuri (mxebi) mimarTulebiT (e.i. normalis garSemo) mobruneba. amdenad, mgre​xavi momenti unda iRebdes nulovan mniSvnelobebs:
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samganzomilebian modelSi (2.5.20) pirobebi Seesabameba
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sasazRvro pirobebs.

3. xistad dayrdnobili napiri XE "xistad dayrdnobili napiri" . am napirs SeuZlia norma​lu​ri mimarTulebiT (e.i. mxebis garSemo) mobruneba. made​nad mRunavi momenti unda iRebdes nulovan mniSvnelobebs:
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samganzomilebian modelSi (2.5.21) pirobebi Seesabameba
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sasazRvro pirobebs.

4. rbilad dayrdnobili napiri XE "rbilad dayrdnobili napiri" . am napirs SeuZlia nebis​mierad mobruneba, magram ar SeuZlia gadaadgileba (radgan am modelSi 
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samganzomilebian modelSi (2.5.22) pirobebi Seesabameba



,

sasazRvro pirobebs.

5. Tavisufali napiri XE "Tavisufali napiri"  anu neimanis amocana:
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samganzomilebian modelSi (2.5.23) pirobebi Seesabameba



,

sasazRvro pirobebs.

ise, rogorc es vaCveneT qveparagraf 2.4.5-Si, cxadia me-4 da me-5 sasazRvro pirobebis Sesabamisoba miTiTebul sam​ganzomilebian sasazRvro pirobebTan.

iqidan, rom 

 da 

 firfitis gverdiT ci​lin​drul zedapirze, gamomdinareobs, rom cilindruli zedapiris mxeb sibrtyeSi Semobrunebas adgili ar eqneba, radgan ci​lindrul zedapirze  arc vertikalurad (

-is para​le​lu​rad) da arc mxebi mimarTulebiT cilindruli zedapi​ris wertilebi ar gadaadgildeba, e.i. 

. aqedan ga​momdinareobs me-3 sasazRvro pirobebis Sesabamisoba mi​Ti​Te​bul samganzomilebian sasazRvro pirobebTan. analo​giu​rad, me-2 sasazRvro pirobebis SemTxvevaSi 

 da 

 pirobebis firfitis gverdiT cilindrul zedapir​ze Sesrulebidan ga​momdinareobs, rom 

 normalze da 

 RerZze gamavali sib​rtyiT cilindruli zedapiris kveTaze mdebare wer​ti​le​bi ar gadaadgildebian aRniSnul sib​rtye​Si. amitom am sib​rtye​Si  sazRvari ver mobrundeba, e.i. 

.

pirveli sasazRvro pirobebis SemTxvevaSi (1.15.6) sasaz​Rvro pirobebidan gamomdinareobs (ix. qveparagrafi 2.4.5), rom 

 da 

 sruldeba firfitis  cilindrul saz​Rvarze. es ki, imis gaTvaliswinebiT, rom 

 cilin​drul sazRvarze, gvaZlevs imis saSualebas, rom me-2 da me-3 sasazRvro pirobebis SemTxvevis msgavsad davaskvnaT, rom 

 da 

.

cxadia, SeiZleba ganxilul iqnes araerTgvarovani (2.5.19)-(2.5.23) sasazRvro pirobebic (e.i. sasazRvro pi​ro​beb​Si Semavali sidideebi winaswar dasaxelebul, sa​zo​ga​dod, araigivurad nulovani funqciebis mniSvnelobebs emTxve​vian).

dinamikis gantolebebis misaRebad, statikis gan​to​le​beb​Si 
[image: image277.wmf]i

q

–is, 
[image: image278.wmf]3

,
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,
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=

i

, unda daematos inerciis Zalis Sesaba​mi​si komponentebi, xolo dinamikis amocanebis ganxilvisas sa​sazRvro pirobebs sawyisi pirobebic unda daematos.

$2.6. prizmuli garsebis i.vekuas ierarqiuli modelebi

kirxhof-liavis hipoTezebze dafuZnebul firfitebis Teo​rias, rogorc es $2.4-Si vnaxeT, aqvs is Sinagani wi​naaR​​mdegoba, rom ZiriTad gantolebaTa sistema ar aris Tav​sebadi fizikur sasazRvro pirobebTan. am winaaRmde​go​bis Tavidan acilebis erTi varianti wina paragrafSi gan​vi​xi​leT. axla gavecnobiT kidev erT variants, romelic Se​mog​vTavaza i.vekuam [34], [38-40]. amasTan ganvixilavT priz​mul garsebs, romlebic cvladi sisqis firfitebs, rogorc ker​​Zo SemTxvevas, moicaven. 

sxeuls, romelic zemodan da qvemodan SemosazRvrulia 
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 zedapirebiT, xolo gver​didan _ 
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 cilindruli zedapiriT (ix. nax. 2.6.1), rom​lis msaxveli vertikaluri 
[image: image282.wmf]Ox

3

 RerZis paraleluria, ewo​deba prizmuli garsi XE "prizmuli garsi" . simetriul SemTxvevaSi, e.i. roca 
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 prizmuli garsi warmoadgens cvla​di sisqis firfitas. 
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 si​dides ewodeba prizmuli garsis sisqe.
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prizmuli garsis gegmili 
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 sibrtyeze aRvniSnoT 
[image: image286.wmf]w

-Ti, mis sazRvars garsis sazRvari XE "garsis sazRvari"  ewodeba.

jer kidev koSim gamoiyena firfitebis Seswavlis dros ga​daadgilebis, deformaciebis da Zabvebis xarisxovan mwkri​vad gaSlis meTodi. es midgoma aqvT sxva avtorebsac. erT-erTi varianti, romelic leJandris polinomebis mi​marT mwkrivad gaSlas eyrdnoba da romelzec Cven Sev​Cer​de​biT, i. vekuas ekuTvnis.

cnobilia, rom nebismieri 
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 funqcia SeiZ​leba gaiSalos mwkrivad leJandris polinomebis mi​marT (ix. damateba 2):
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leJandris polinomi XE "leJandris polinomi" a, xolo




da mas ewodeba f-is r-uri momenti leJandris polinomebis mi​marT.

roca [-1,+1]-is nacvlad gvaqvs 
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-is mimarT aqvs meore rigam​de uwyveti warmoebulebi, e.i. 
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rac warmoadgens hukis kanons, gadawerils momentebisaTvis.

analogiurad SeiZleba miviRoT wonasworobis Semdegi gantolebebi momentebisaTvis (ix. [38])
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SevniSnoT, rom am SemTxvevaSi gadaadgilebis veqtori (ix. [39])
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am miaxloebaSi (2.6.6) sistema statikis SemTxvevaSi mii​Rebs Semdeg saxes [39]
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