Nnawili III. erTganzomilebiani modelebi

$3.1. Reros eiler-bernulis modeli

Zeli ewodeba sxeuls, romlis erTi zoma, sigrZe, or danar​CenTan SedarebiT Zalian didia, daaxloebiT xuTjer mainc aRemateba maT. SedarebiT grZel Zels Rero XE "Rero"  ewodeba. Ze​​li SeiZleba warmovidginoT, rogorc brtyeli figuris wrfis an wiris gaswvriv moZraobiT miRebuli sxeuli ise, rom figuris centri (geometriuli an simZimis) yovelTvis am wrfeze an Sesabamisad wirze rCebodes, xolo figuris sib​rtye misi perpendikularuli iyos. am figuras Zelis ga​nivi kveTi XE "ga​nivi kveTi"  ewodeba, xolo wirs, romlis gaswvri​vac moZ​rao​ba xdeba _ Zelis RerZi XE "Zelis RerZi" . RerZis formis mixedviT Zeli SeiZ​leba iyos swori, mrudi, brtyeli, sivrciTi da sxva. ga​nivi kveTis mixedviT ki Zeli aris mudmiv XE "mudmivkveTiani Zeli" - an cvlad​kve​Tia​ni. Zelis XE "cvlad​kve​Tia​ni Zeli"  RerZis paraleluri wiris nawils, mokveTils ori ganivi kveTiT, boWko ewodeba (ix. [3], gv. 16).

Zelis Runva XE "Zelis Runva" s iwveven ganivi Zalebi da wyvilZalebi, rom​lebic Zelis RerZze gamaval sibrtyeSi arian moTav​se​bul​ni. Zelebs, romlebic Runvas ganicdian, koWebi XE "koWebi"  ewode​baT (ix. [3], gv. 160).

Tu koWs azrobrivad gavkveTT misi RerZis raime wer​til​Si gamavali ganivkveTiT, maSin kveTaSi moqmedeben M mRu​navi momenti XE "mRu​navi momenti"  da Q ganivi (gadamWreli) Zala XE "ganivi (gadamWreli) Zala" . amasTan mRu​navi momenti ricxobrivad udris kveTis cal mxares mo​debul reaqciis, Seyursuli da uwyvetad ganawilebuli Za​lebis kveTis centris mimarT aRebuli momentebis algeb​rul jams, xolo ganivi Zala _ kveTis cal mxares mode​bu​​li Zalebis kveTis sibrtyeze gegmilebis algebrul jams.
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imisaTvis, rom kveTis mimarT marcxena da marjvena Zale​biT Sedgenili mRunavi momenti erTi da igive aRmoCndes ara marto sididiT, aramed niSniTac, SemoviRoT aseTi we​si: marcxena Zalis momenti miviCnioT dadebiTad, Tu igi kveTs uvlis saaTis isris mimarTulebiT, marjvena Zalisa ki _ sawinaaRmdegod. analogiuri wesi gveqneba ganivi Za​li​saTvis: marcxena ganivi Zala miviCnioT dadebiTad, Tu igi mimarTulia zemoT, marjvena ki _ Tu igi mimarTulia qve​moT (ix. nax 3.1.1, sadac dadebiTi mimarTulebebia naC​ve​ne​bi).

nax. 3.1.1

Runvis zogad SemTxvevas, roca ZelSi arseboben mRunavi mo​menti da ganivi Zala, ganivi Runva XE "ganivi Runva"  ewodeba, xolo kerZo Sem​Txvevas, roca ganivi Zala nulia, _ sufTa Runva XE "sufTa Runva" .

ganvixiloT koWi, romlis RerZi 

 RerZze mdebareobs, dat​virTuli uwyvetad ganawilebuli da Seyursuli Zale​biT. datvirTvis intensuroba q1 miviCnioT dadebiTad, roca is zemoTaa mimarTuli (

 RerZis dadebiTi mimarTu​le​biT). Seyursul Zalebs Soris datvirTvis uwyveti cvli​le​bis gamo 
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 agreTve uwyveti funqcie​bia. erT-erT aseT ubanSi gamovyoT koWis usasrulod mci​re 

 elementi (ix. nax 3.1.2) da SevadginoT misi wonas​wo​robis gantolebebi.
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nax. 3.1.2

elementze moqmedebs ganawilebuli tvirTi da koWis ukug​debuli nawilebis reaqciebi, e.i. Siga Zalebi, rom​le​bic mRunavi momentiTa da ganivi ZaliT warmodgeba. rad​ga​nac 

 usasrulod mcirea, masze mosuli datvirTva SeiZ​le​ba Tanabrad ganawilebulad CavTvaloT: 
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 wertilSi gamaval ganiv kveTSi mRunavi momenti da ga​ni​vi Zala [image: image5.wmf]M
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 wertilSi gamaval ga​niv kveTSi maTi mniSvnelobebi iqnebian 
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. Zalebis vertikaluri gegmilebis jami (ix. [3], gv. 166)
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amdenad, ganivi Zalis warmoebuli 

-iT sididiT da niS​niT udris datvirTvis intensiurobas.

O wertilis mimarT (ix. nax. 3.1.2) momentebis jami
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saidanac meore rigis usasrulod mcire sidideebis ukug​de​bis Semdeg miviRebT, rom
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amdenad, mRunavi momentis warmoebuli 

-iT sididiT da niS​niT udris ganiv Zalas.

CavsvaT (3.1.2)-iT gansazRvruli [image: image14.wmf]Q
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SevniSnoT, rom Seyursuli Zalebis da momentebis modebis wer​tilebSi 
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 funqciebis wyvetis gamo ma​Ti warmoebulebi azrs kargaven da am wertilebSi mire​bu​li diferencialuri damokidebulebebis gamoyeneba ar SeiZ​leba.

Runvis klasikur Teorias safuZvlad udevs bernulis*) (anu brtyeli kveTis) hipoTeza XE "bernulis (anu brtyeli kveTis) hipoTeza" , romelic SemdegSi mdgo​ma​reobs: Runvis dros ZelSi Cndeba ori zona: gaWimuli da Se​kumSuli, romelTa sazRvarze moTavsebulia neitraluri Sre XE "neitraluri Sre" , Semdgari iseTi boWkoebisagan, romlebic sig​rZes ar ic​vlian; ganivi kveTebi Runvis procesSi brtyeli da Ze​lis gaRunuli RerZis perpendikularulni rCebian; isi​ni, ro​gorc xisti firfitebi, Semobrundebian neit​ra​lu​ri Rer​Zi XE "neit​ra​lu​ri Rer​Zi" s (ix. nax. 3.1.3) garSemo, romelic neit-ra​lu​ri Sri​sa da ganivi [image: image932.wmf]n
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kveTis sibrtyis gadakveTas warmoadgens (ix. [3], gv. 171). 

nax. 3.1.3

ori ganivi kveTiT gamovyoT usasrulod mcire 
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 sig​rZis elementi (ix. nax. 3.1.3). O aris boWkoebis simrudis cen​​tri, 
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 neitraluri Srea, r misi simrudis radiu​sia. gaWimul zonaSi aRebuli nebismieri CD boWkos sru​li wagrZeleba
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sadac [image: image21.wmf]d
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 aris elementis boloebis urierTmobrunebis kuT​xe. cxadia, CD boWkos fardobiT deformacias aqvs
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saxe, sadac
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neitraluri Sris simrudea, xolo w misi CaRunvaa.

nax. 3.1.4

hukis


[image: image24.wmf]s

e

=

E


kanonSi CavsvaT (3.1.5), maSin
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wonasworobis moTxovnidan gamomdinare, Tu nuls ga​vu​to​lebT yvela Zalis moments neitraluri RerZis mimarT, mi​viRebT, rom
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Tu (3.1.6)-s CavsvamT (3.1.7)-Si, maSin
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sadac
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warmoadgens e.w. inerciis moment XE "inerciis momenti" s 

 RerZis mimarT.

(3.1.7) tolobis dawerisas Cven vgulisxmobdiT, rom Run​va gamowveulia mxolod wyvilZaliT. Tu ganivi Zalac ar​sebobs, maSin kveTSi aRiZvreba mxebi Zabvebi, romlebic ko​Wis grZiv sibrtyeSi Zvras iwveven. maqsimalur Zvras ad​gi​li aqvs neitralur SresTan, Semdeg mcirdeba da ga​na​pi​ra boWkoebTan ispoba. Zvris Sedegad koWis RerZi ganivi kve​Tis marTobi ar rCeba, TviTon ganivi kveTi ki ci​lin​dru​li zedapiris formas miiRebs, romlis msaxveli neit​ra​luri RerZis paraleluri iqneba (ix. nax. 3.1.5). roca aRe​bul ubanSi 
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, yvela kveTis gamrudeba erTnai​ria, ris gamoc AB boWko mxolod “xist gadaadgilebas” mii​Rebs da daikavebs 
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 mdgomareobas, amasTan Zvris Se​de​gad is ar dagrZeldeba. cvladi ganivi Zalis SemTxvevaSi Tum​ca damatebiTi wagrZeleba Cndeba, magram metad umniS​vnelo, rac imis uflebas gvaZlevs, rom is ugulebelvyoT da normaluri Zabvebis gamosaTvlelad gamoviyenoT
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formula, romelic (3.1.8)-is (3.1.6)-Si CasmiT miiReba.

nax. 3.1.5

Tu vigulisxmebT, rom 

 CaRunva da misi 
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 war​moe​bu​li, romelic deformaciis Sedegad gaRunuli Reros Rer​Zis mier 

 RerZTan Sedgenili kuTxis tangensia, mci​re sidideebia, maSin 
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 erTis tolad SeiZleba CavTvaloT. amis gaTva​lis​winebiT, (3.1.5)-is (3.1.8)-Si Casmis Semdeg davaskvniT, rom
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(3.1.9)-is (3.1.3)-Si Casma gvaZlevs cvladi ganivi kveTis mqo​ne Reros (Zelis, koWis) Runvis Semdeg gantolebas:
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Tu Reros ganivi kveTa erTeulis toli siganisa da 

 simaRlis (e.i. Reros sisqis) mqone marTkuTxedia, maSin



.

(3.1.10) gantolebas unda daematos sasazRvro pirobebi Re​ros boloebSi. aseTia Semdegi sami ZiriTadi sasazRvro pi​roba:

1) xistad Camagrebuli bolo XE "xistad Camagrebuli bolo" : am SemTxvevaSi Reros bo​los ar SeuZlia vertikalurad moZraoba da mobruneba, rac maTematikurad ase Caiwereba:
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2) saxsrulad dayrdnobili bolo XE "saxsrovnad dayrdnobili bolo" : am SemTxvevaSi Re​ros bolos ar SeuZlia vertikaluri moZraoba, magram SeuZ​​lia mobruneba, rac maTematikurad ase Caiwereba:
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3) Tavisufali bolo XE "Tavisufali bolo" : am SemTxvevaSi Reros bolos SeuZ​lia rogorc vertikaluri moZraoba, aseve Semobruneba, rac maTematikurad ase Caiwereba:
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dinamikis amocanebis ganxilvisas, dalamberis principis Tanax​mad, datvirTvas unda daematos 
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Zala, sadac 
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 Reros ga​ni​vi kveTis farTia. amdenad, Reros dinamikis gantolebas, (3.1.10)-is ZaliT, aqvs
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 (3.1.14)

saxe.

Reros dinamikis amocanebis ganxilvisas (3.1.11)-(3.1.13) ti​pis sasazRvro pirobebs unda daematos



         (3.1.15)

sawyisi pirobebi.

(3.1.11)-(3.1.15) pirobebi SeiZleba araerTgvarovanic iyos.

Tu 
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 Reros raime wertilebSi, kerZod, bo​loeb​​Si, maSin mas wamaxvilebuli Rero ewodeba.

wamaxvilebuli Reros statikisa da dinamikis ZiriTadi amo​canebis dasmis Taviseburebebi da TviT sasazRvro da saw​yis-sasazRvro amocanebi, kerZod, arawamaxvilebuli Re​roe​bis SemTxvevaSic, gamokvleulia [23]-Si.
$3.2. Reroebis ierarqiuli modelebi

vTqvaT, Reros ukavia 
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sadac 
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 marTkuTxa ganivi kveTis mqone Reros, Se​sa​bamisad, sisqe da siganea, romelTa maqsimumebi ar​se​bi​Tad naklebia Reros L sigrZeze.

davuSvaT, rom
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 wertilSi, sadac arc sisqe da arc sigane nuli ar xde​ba, Semdegnairad ganvsazRvroT funqciisa da misi 
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sadac
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, leJandris polinomebia. cnobilia, rom (ix. da​mateba 2 an magaliTad, [4]):
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Tu erTi mainc, Reros an sisqe, an sigane nuli xdeba rai​​me 

 wertilSi, maSin am wertilSi ormagi mo​men​​ti ganisazRvreba, rogorc zRvari im wertilebidan, sa​dac 
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am paragrafis mizania agebuli iqnes i. vekuas mier priz​mu​​li garsebis SemTxvevaSi agebuli ierarqiuli modelebis ana​​lo​giuri ierarqiuli modelebi marTkuTxa kveTis mqo-
ne Re​​​roebisaTvis (es sakiTxi dawvrilebiTaa ganxiluli [21]-Si).

amisaTvis (1.6.3). (1.12.9) da (1.18.1) damokidebulebebis ori​ve mxare gavamravloT [image: image63.wmf](
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, saz​Rvreb​Si. (1.12.9)-dan uSualod miviRebT, rom
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xolo (3.2.2)-isa da (3.2.3)-is gamoyenebiT, garkveuli ga​moT​vlebis Semdeg, Tu 
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3.2.2. (0,0) miaxloeba
(0,0) miaxloebaSi (3.2.21), (3.2.22) sistema iRebs Semdeg sa​xes:
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rogorc vxedavT, sistema daiSala sam damoukidebel er​Ti da imave tipis gantolebad. advili sanaxavia, rom sta​ti​kur SemTxvevaSi (e.i., (3.2.32)-is marjvena mxareSi nu​lia)
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(3.2.26)-(3.2.31) sasazRvro pirobebi iReben
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am sistemebis upiratesoba isaa, rom maT So​ris meore gan​to​lebebi mxolod erT ucnobs Seicaven da ma​Ti amox​snis Semdeg pirveli gantolebebidan advilad daiT​vleba 
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erTi boloTi xarisxobrivad wamaxvilebuli Reros Sem​Txve​vaSi dinamikis amocanebi, roca sasazRvro pirobebi di​rix​les tipisaa, gamokvleulia [26]-Si. sxva tipis sa​saz​Rvro amocanebisa da Sesabamisi dinamikis amocanebis Ses​wav​la Semdgomi kvlevis sagania.

nawili IV. drekad da Txevad garemoTa urTierTqmedebis amocanebi
$4.1. transmisiis (sakontaqto) pirobebi

siTxisa da drekadi sxeulis urTierTqmedebis amocanebi Ta​named​rove aqtualur samecniero Tematikas ganekuTvnebian. maTi mniSvneloba ganpirobebulia, magaliTad, navTobis nav​Tob​sadenebSi, sisxlis sisxlZarRvebSi moZraobis, sanapiro ga​mag​rebis amocanebis aqtualobiT. dReisaTvis mimdinareobs amo​canebis intensiuri kvleva interfeisze (sxeulis Txe-va​di da myari nawilebis gamyof sakontaqto zedapirze) sxva​​das​xva transmisiis anu sakontaqto pirobebi XE "sakontaqto pirobebi" 

 XE "transmisiis, pirobebi" s Sem​Txve​va​Si. amasTan kvlav grZeldeba fizikuri TvalsazrisiT ga​mar​Tlebuli sakontaqto pirobebis dadgenis procesi [42], [56], [18], [7-10].

samganzomilebian modelebSi Cveulebriv iyeneben
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zogierTi sakontaqto amocana (4.1.10), (4.1.11) da (4.1.10), (4.1.12) sakontaqto pirobebSi gamokvleulia [8-10]-Si.
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 (ix. $3.2) ierar​qiu​li modelebis gamoyenebis dros (4.1.1)-(4.1.5) sakon​taq​to pirobebSi 
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(0,0) miaxloebaSi (4.1.1) pirobebi Semdegi saxiT Cai​we​re​ba (ix. (3.2.12)):
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statikur SemTxvevaSi ukanaskneli sami diferencialuri to​lobis [image: image336.wmf]x
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-is mimarT integrebiT TiToeulisaTvis ori ucnobi mudmivis Semcvel integralur damokidebulebas mi​vi​RebT [image: image337.wmf]]
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amocanebi aseTi sakontaqto pirobebiT jer-jerobiT gamok​vleuli ar aris.

(4.1.1)-(4.1.5) sakontaqto pirobebi gamoiyeneba agreTve dre​kadi sxeulebis urTierTqmedebis interfeisze (ix. [56], Ta​vi 6).

$4.2. drekadi da Txevadi nawilebisagan Semdgari 

sxeulis rxeva

ganvixiloT myari drekadi nawilisa da Txevadi nawi​li​sa​gan Semdgari sxeulis (kompoziciuri garemo XE "kompoziciuri garemo" s) wertile​bis mcire gadaadgilebebi drekadobis wrfivi da siTxeebis mos​venebuli mdgomareobis mimarT gawrfivebuli Teoriis sa​fuZvelze. vTvliT, rom myari da Txevadi nawilebi siv​rceSi perioduladaa ganawilebuli (mcire periodiT). mya​ri nawili (faza XE "faza" ) SeiZleba iyos bmuli, romelic Sedgeba er​Ti myari sxeulisagan arxebiT, sadac siTxe moZraobs, an arabmuli, e.i. siTxeSi Cadebulia myari nawilakebi. davuS​vaT, rom siTxe barotropulia [56].

myar nawilSi gveqneba drekadobis wrfivi Teoriis Sem​degi damokidebulebebi (ix. Tavi IV):
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SeniSvna. cxadia (ix. $2.6 da $3.2),
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 (16)

SevcvaloT x (15)-sa da (14)-Si 

-Ti da miRebuli ga​​mosaxulebebi CavsvaT (16)-Si, maSin martivi gardaqmnebis Sem​​deg miviRebT, rom
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.
3. diferencialuri gantoleba, romelsac akmayofilebs 

 polinomi

wina paragrafSi miRebuli rekurentuli formulebis ga​moyenebiT advilad davadgenT, rom leJandris polinomebi akmayofileben Semdeg meore rigis wrfiv erTgvarovan di​fe​rencialur gantolebas, romelic leJandris gantolebis XE "leJandris gantoleba"  saxels atarebs



.          (17)

amisaTvis gadavweroT (9) formula
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saxiT. am ukanasknelis gawarmoeba mogvcems, rom


[image: image891.wmf](

)

.

0

)

(

'

)

(

'

)

(

)

(

'

2

)

(

"

1

1

2

=

-

+

+

-

-

-

x

nP

x

nxP

x

nP

x

xP

x

P

x

n

n

n

n

n

         (18)

(6) tolobis n-ze gamravlebis Semdeg yvela wevri tolo​bis marcxena mxareSi gadavitanoT



.

Tu (18) tolobas am ukanasknels gamovaklebT, miviRebT, rom



.

es ki swored imas niSnavs, rom 

 polinomi akma​yo​fi​lebs (17) gantolebas.

4. rodrigis*) formula

davamtkicoT, rom leJandris 

 polinomi warmoid​gi​neba Semdegi saxiT



,         (19)

romelsac rodrigis formula XE "rodrigis formula"  ewodeba. sxvaTa Soris, aqe​dan Cans, rom Tu n luwia, 

 Seicavs x-is mxolod luw xarisxebs, xolo Tu n kentia, _ kent xarisxebs. (19) to​lobis samarTlianoba davamtkicoT (17) gantolebis gaT​valiswinebiT. saxeldobr, pirvel rigSi vaCvenoT, rom



                  (20)

funqcia, sadac 

 mudmivia, akmayofilebs (17) gantolebas. mar​Tlac, Tu



,

maSin gawarmoebis Semdeg miviRebT, rom



.

es toloba Tavis mxriv 

-jer gavawarmooT. laibnicis for​mulis gamoyenebiT gveqneba, rom
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.

rogorc vxedavT, marcxena mxareSi mxolod sami wevris ja​mi dagvrCeba, radgan 

-is 2-ze maRali rigis yvela war​moebuli nulis tolia, xolo marjvena mxareSi ori wevris jami gveqneba, vinaidan x-is erTze maRali rigis yve​la warmoebuli nulia. amdenad miviRebT, rom
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saxes. radgan es gantoleba erTgvarovania, amitom masve ak​ma​yofilebs (20) gamosaxuleba, rogoric ar unda iyos 

 mud​mivi. vinaidan (20) gamosaxuleba warmoadgens n xaris​xis polinoms, romelic imave (17) gantolebas akmayo​fi​lebs, romelsac akmayofilebs leJandris 

 polinomi, ami​tom (20) funqcia 

-sgan SeiZleba gansxvavdebodes mxo​lod mudmivi*) mamravliT. maSasadame, Cven dagvrCa 

-s ise SerCeva, rom (19) toloba samarTliani iyos. amisaTvis jer gavarkvioT, rogoria 

 polinomis ufrosi ko​e​fi​cienti. rogorc es ZiriTadi rekurentuli (3) for​mu​li​dan Cans, Tu 

 aRniSnavs 

 polinomis ufros koe​ficients da mxedvelobaSi miviRebT, rom (3) tolobaSi Se​mavali mxolod Semdegi ori wevri 

 da 

 Seicavs 

-s, maSin am wevrebis ufrosi koe​ficientebi toli unda iyos. amgvarad, gveqneba



,

saidanac



, e.i., 
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(2)-dan, cxadia, rom 

, 

. maSasadame, (21) to​lo​bis gamoyenebiT miviRebT, rom



.      (22)

Tu davubrundebiT (20) gamosaxulebas, davinaxavT, rom 
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-is koeficienti iqneba 
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.

amiT (19) tolobis samarTlianoba damtkicebulia.

5. leJandris polinomTa sistemis orTogonaloba 

 segmentze

rogorc (17) diferencialuri gantolebidan Cans, mas SeiZ​leba Semdegi saxe mieces



.          (23)

advili dasamtkicebelia, rom



.          (24)

marTlac, erTis mxriv, (23)-dan gvaqvs, rom



.

Tu am ukanasknels gavamravlebT 

-ze, miviRebT, rom



.

saidanac
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            (25)

meores mxriv, Tu m-isa da n-is urTierTSenacvlebas movaxdenT, miviRebT, rom
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nawilobiTi integreba mogvcems, rom
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.

analogiurad (an m-isa da n-is urTierTSenacvlebiT) da​va​d​genT, rom



.

Tu am integralebis mniSvnelobebs SevitanT (25)-sa da (26)-Si, miviRebT, rom



,



.

maTi sxvaoba ki mogvcems, rom




da radgan 

, amitom integrali iqneba nulis toli, riTac damtkicda (24).

axla davadginoT, rom n xarisxis 

 polinomi or​Togonaluria nebismieri polinomis, romlis xarisxi n-ze naklebia. amisTvis gaviTvaliswinoT, rom 

 warmoidgineba rogorc Semdegi wrfivi kombinacia




da, maSasadame, yoveli n-ze dabali xarisxis 
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 po​li​no​mebis wrfiv kombinacias mudmivi koeficientebiT. ami​tom, (24)-is Tanaxmad, vaskvniT, rom



.

imisaTvis, rom leJandris polinomTa sistema nor​mi​re​bu​li gavxadoT, saWiroa gamovTvaloT



.

zemoT 

-iT gvqonda aRniSnuli 

 polinomis uf​ro​​si koeficienti. amis Sesabamisad 

 aRniSnavs 

-is saTanado koeficients. advili Sesamowmebelia, rom




gamosaxuleba warmoadgens n-ze naklebi xarisxis polinoms. mar​Tlac, igi ar Seicavs 

 xarisxs, radgan 

 iwye​ba 

 wevriT da 

-ze misi gamravleba mogvcems swored 

 polinomis ufros wevrs 

-s. gansaxilav sxvao​ba​Si 

 wevri gaqreba da amgvarad 

 iqneba arau​me​tes 

 xarisxis polinomi.

rogorc ukve naCvenebi iyo, 

 orTogonaluria 

-is da amgvarad



.

am ukanasknelis da Semdegi tolobis



,

gaTvaliswinebiT gveqneba, rom
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magram, rekurentuli (3) formulis Tanaxmad,



.

Tu am gamosaxulebas SevitanT wina integralis qveS da ga​vi​TvaliswinebT imas, rom 

 aris 

-is orTo​go​naluri, miviRebT, rom



.

Tu aq gamoviyenebT (21) tolobas, romelic 

 da 
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 koe​ficientebs akavSirebs, miviRebT, rom



.                (27)

Tu am tolobaSi CavsvamT 

, gamovTvliT 

-s, amis Sem​deg gamovTvliT 

-s, 

-s da, sazogadod, 

 manor​mi​re​bel mamravls, TanmimdevrobiT gveqneba, rom Tu 

,



.

Tu 

,
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amrigad, 
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, sistema warmoadgens orTo​normirebul sistemas.

6. Smidtis orTogonalizaciis meTodi

ganvixiloT 

 wrfivad damoukidebel funqciaTa mim​devroba, 

, 

, sadac 

 nebismieri Se​mo​saz​Rvruli simravlea 

-dan. avagoT Semdegi sistema:
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SevarCioT 

 mudmivebi ise, rom 
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 sistema orTo​go​na​luri iyos. amisaTvis (28)-is meore toloba skalarulad ga​vamravloT 

-ze da, orTogonalobis pirobis Tanaxmad, ga​vutoloT 0-s:



.

aqedan



.

analogiurad (28)-is mesame toloba gavamravloT 

-ze da, orTogonalobis pirobis Tanaxmad, gavutoloT nuls:






.

aqedan 

 da a.S. davadgineT, rom 

.

axla (28)-is mesame toloba gavamravloT 

-ze, ga​mo​vi​ye​noT orTogonalobis piroba da a.S. CavataroT ana​lo​giu​ri operaciebi, Semdeg igive procesi CavataroT 

-ze gam​rav​lebiT da a.S. 

-ze gamravlebiT, maSin miviRebT, rom
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e.i. Tu (28)-Si 
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 koeficientebi gansazRvrulia (29) to​lobiT, maSin 
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 sistema orTogonaluria.

cxadia, orTonormirebisaTvis sakmarisia, TiToeuli maT​ga​ni gavyoT Tavis normaze. maSasadame, miviRebT Semdeg or​To​normirebul sistemas:



.             (30)

Teorema 1. polinomTa



.              (31)

sistemis Smidtis meTodiT orTonormireba gvaZlevs 

, 

 sistemas, sadac 

 leJandris po​li​nomebia.

damtkiceba. sakmarisia, vaCvenoT, rom (31) sistemisTvis (28) sistemas aqvs



,               (32)

saxe, sadac 
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. marTlac, maSin mi​vi​Reb​diT, rom



.

cxadia, 

-sTvis (32) samarTliania, radgan 



.

davuSvaT, rom (32) samarTliania 

 da vaCvenoT, rom igi samarTliania 

-sTvis. e.i. vuSvebT, rom 

, 

, 

 da unda davamtkicoT, rom 

, 

.

ganvixiloT (ix. (28))



,          (33)

sadac
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        (34)



 warmovadginoT Semdegi saxiT:



,                (35)

sadac 

 koeficientebi Sesabamisadaa SerCeuli.



, 

 koeficientebis sapovnelad (35) to​lo​bis orive mxare skalarulad gavamravloT 

-ze, mi​vi​RebT, rom
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radgan 

 polinomTa sistema orTogonaluria.

(36)-dan gamomdinareobs, rom



.          (37)

(35)-dan gamovTvaloT 

:



,

anu, (37)-is gaTvaliswinebiT,
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Tu am ukanasknels SevadarebT (34)-s, davaskvniT, rom
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radgan, rogorc ukve vaCveneT, 

 aris 

-s, 
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,  orTogonaluri, (37)-is Tanaxmad, cxadia, rom
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sadac 

  leJandris 

 polinomis ufrosi koe​fi​cien​​tia, romelic (22)-is Tanaxmad dadebiTia, e.i. 

. amiT Teorema damtkicebulia.

7. furie-leJandris mwkrivebi

gansazRvra 1. 

 

ricxvebs ewodebaT 

 funqciis furie-leJandris koe​fi​cien​tebi, xolo
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mwkrivs ewodeba 

 funqciis Sesabamiisi furie-leJan​dris mwkrivi, rac ase Caiwereba 
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Teorema 2. Tu 

 segmentze uwyveti 

 funqcia akma​yofilebs hiolderis pirobas 

 maCvenebliT (e.i. 
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), maSin furie-leJandris mwkri​vi 

-sken krebadia Tanabrad mTel 

 segmentze (es krebadobis erT-erTi sakmarisi pirobaa).

Teorema 3*). vTqvaT, 

 uwyvetia 

 segmentze gar​da, SesaZlebelia, wyvetis wertilTa sasruli rao​de​no​bi​sa, sadac funqcias sasruli naxtomi gaaCnia, da 

 fun​qcias yovel wertilSi aqvs rogorc marcxena, ise  mar​jvena warmoebuli (cxadia, sadac isini tolia, 

 war​moebadia). maSin Sesabamisi




furie-leJandris mwkrivi krebadia 

-sken uwyvetobis yo​vel Siga wertilze, xolo wyvetis yovel Siga wer​til​ze krebadia 

-sken.

jeksonis Teorema. vTqvaT, 
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 aris funqcia sasruli va​ria​ciiT 

 segmentze, romlis Sesabamis furie-le​Jan​dris mwkrivs aqvs
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Teorema 4. leJandris 

, 

, polinomebis sistema srulia 

-Si.

lema. vTqvaT, 

 da 

 areebi Semo​saz​Rvru​lia; 

, 

, funqciebis sistema orTo​nor​mi​re​buli da srulia 

-Si da yoveli j-sTvis, 

, 

, 

, sistema orTonor​mi​re​bu​li da srulia 

-Si.  maSin
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Teorema 5. 

, 

, funqciaTa sis​te​ma orTonormirebuli da srulia 

-Si.

am damatebasTan dakavSirebiT ix. agreTve [4] da [41].
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*) d. bernuli (1700-1782).


*) s.l. sobolevi (1908-1988).


*) mas uwodeben agreTve koSis utolobas.


*) evklide (daax. 340-daax. 287 Cv. w. aR.-mde).


*) d. hilberti (1862-1943).


**) s. banaxi (1892-1945).


*) i.h. grami (1850-1916).


*) i.p. Sauderi (1896-1943).


*)  f.v. beseli (1784-1846).


**) m.a. parsevali (1755-1836).





*) f. risi (1880-1956).


**) h. hani (1879-1954).


*) k.o. fridrixsi (1901-1982).


*) r.o.s. lipSici (1832-1903).


*) a.l. lebegi (1875-1941).


*) l. Svarci (1915-2002).


*) b.o. rodrigi (1794-1851).


*) radgan leJandris (17) gantolebis zogad amonaxsns aqvs (ix [45], gv. 472) 


� EMBED Equation.3  ���


saxe, sadac � EMBED Equation.3  ��� aris leJandris mikavSirebuli funqcia, romelic ar aris polinomi.


*)  saSualod krebadobisTvis (e.i. � EMBED Equation.2  ���-Si) warmoebulze piroba saWiro ar  aris (ix. Teorema 4 da [37], gv. 502). ufro metic, Tu � EMBED Equation.3  ���, Sesabamisi furie-leJandris mwkrivi krebadia f–sken, � EMBED Equation.3  ���-is normiT.
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