Tavi IV

naturaluri abreSumis xarisxisa da Sromis pirobebis gaumjobesebis efeqturobis Sefasebis misaRebi saangariSo_sanaturo meTodi da optimizacia.

4. 1. maTematikuri modelebis efeqturobis Sefaseba.

maTematikuri modelis efeqtrobis Sefaseba dakavSirebulia efeqturobis kriteriumis (ek) arCevasTan, romelmac unda asaxos mravali faqtoris urTierTkavSiri, romlebic zegavlenas axdenen sistemis funqcionirebaze. sazogadod, (ek) Caiwereba parametrisgan funqcionalis saxiT, romelic axasiaTebs calkeul elementebsa da sistemas. rTuli sistemebis (rs) niSan_Tvisebebis Sesafaseblad gamoiyeneba efeqturobis Teoria. am Teoriis gansazRvrebebs da cnebebs warmoadgenen: problema, miznebi, operacia, marTva aqtualuri saSualebebi, situacia (mdgomareoba), mdgomareobis pirobebi; operaciis efeqturoba, efeqti, resurs(eb)i; efeqtianobis maCvenebeli: xarisxi, xarisxis done; Skalis gazomva: raodenobrivi da xarisxobrivi maCvenebeli; sistemis analizis meTodologiuri doneebi: gare damateba da Sesabamisi principi, kvlevis done faqtorebis ganzogadebis xarisxis mixedviT: konceptualuri, operacionaluri da momqmedi; problemuri analizi; gadawyvetilebis miReba problemuri situacia, daboloeba, Sedegi _ yvela es procedura gamoiyeneba samuSaoebis TvalsazrisiT.

efeqturobis Teoriis Sesabamisad, operacia warmoadgens cikls, romlis Sedegadac sistema misTvis SeZenili sargeblobis sanacvlod iZens resursebs. “operaciis efeqturobas axasiaTebs sargeblianoba aseTi gacvlis sistemisaTvis”. [56]

perspeqtiulad iTvleba  SesaZlo daxasiaTebebis gansazRvris kombinirebuli Sefaseba. maTi gansazRvrisas kvlevis saerTo sqema mocemulia naxazze.
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wrfiv meTodebs asaxavs Semdegi formula:
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sadac, 
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 da 
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 sistemis da misi modelis statistikuri maxasiaTeblis mniSvnelobebia; 
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_maxasiaTeblis saangariSo mniSvnelobaa, romelic miRebulia analitikur modelze;
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_koeficientebia, romelnic gansazRvruli kriteriumebis mixedviT arian amorCeulni.

modeli warmoadgens realuri obieqtis gamartivebuli asaxvas niSan_Tvisebebis adeqvaturi asaxviT, romlebic eqvemdebareba ganxilvas.

modelireba _ kvlevis mravalmxrivi strategiis mxolod erT_erTi etapia. modelebi ar unda iyvnen mudmivni, codnis momatebasTan erTad, cvlis saxiT unda movidnen axali modelebi. damaxasiaTebelia speciluri daniSnulebis programul _ sarealizacio algoriTmebis kompleqsis Seqmna [18]. es kompleqsebi warmoadgenen kvlevis sistemis funqcionalur elements. amitom, qcevis sruli matematikuri arwerisaTvis umjobesia gamoiyenos am obieqtis funqcionirebis imitaciis meTodebi kompiuterze.

modelirebis sakvanZo amocanebis rigi CamonaTvali [73]; modelis adeqvaturobis Semowmeba; algoriTmuli modelebis Seqmna da gardaqmna; Sesawavli modelebis gamartiveba da garTuleba; modelirebis Sedegebis sizustisa da daxasiaTebis miRebis uzrunvelyofa; mizanmimarTuli imitaciuri eqspe​rimentebis orga​niza​cia, agreTve modelebis struqturuli analizi SesaZleblobani.

erTianobis donis mixedviT gamoiyofa sistemebis funqcionirebis sami saxis modeli [57].

4. 2. adeqvaturi modelebis sistemuri uzrunvelyofa.

modelirebis sizustis moTxovnilebebis dasakmayofileblad iyeneben ara garTulebul gzas da kvlevis sagnis dawvrilebiT aRweras, aramed modelebis swor teqnologiur Tanmimdevrul damuSavebas, romelic iTvaliswinebs, rogorc modelirebis sistemis sizustis moTxovnilebebis etapobriv cvlilebebs, aseve qvesistemebis modelirebis sizustis moTxovnilebebis ganawilebas; es ki xels uwyobs modelebis faqtorebis mniSvne​lobis da gamartivebis xarisxis obieqtur Sefasebas.

modelirebis etapobrivi dabalansebis sizustis moTxovna ganapirobebs tradiciuli Tanamimdevruli moqmedebebis cvlilebebis aucileblobas modelebis damuSavebaSi da misi dakalibrebis specialuri etapis damatebiT. sazRvargareT gacilebiT ganviTarda ara mxolod imitaciuri modelirebis dakalibrebis meTodologia, aramed CaSenebuli mikroprcesoruli sistemis programebi [86, 87].

modelirebis Tavisebureba [86] aris programaSi gauTvalis​winebeli Secdomebis arsebobis albaToba (rogorc mkacri programis gamarTvac ar unda gamoviyenoT), rac Sesabamis dacvas moiTxovs da agreTve formirebisas faqtoris gaTvaliswinebas.

rTuli sistemebis modelirebis rTuli sistemebis aRricxul Secdomebis analizi warmoadgens teqnologiurad aucilebel moqmedebas, romelic iTvaliswinebs Semowmebas:

_modelirebis Secdomebis, romelic dakavSirebulia gamartivebebTan;

_Sesafasebeli maCveneblebis angariSis Secdomebis, romelic gamowveuli iqna kompiuterze modelirebuli algoriTmis ralizaciis diskretidaciis cdomilebiT;

_ modelirebis Secdomebis, romelnic gamowveulia sawyisi monacemebis arazusti Sefasebisas;

_modelirebis SemTxveviTi Secdomebis, romlebic gamowveulia statistikis SezRudvis gamo daiSvebian modelebze statistikuri gamocdebis Catarebisas.

magaliTi: Zafi 30 mikronidan SemcirebiT 10 mikronamde.
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gamoTvlilia Zafis sigrZiT 280 metramde

30; 27,5; 25; 22,5; 20; 17,5; 12,5
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saerTo formuliT, romelsac aqvs (2) saxe, gamoiTvleba yvela danarCeni aRebuli Zafis sigrZisaTvis
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4. 3. fundamentaluri gadawyvetis sistemisa da nebismieri sigrZis SualedisaTvis kerZo amonaxsnis ageba

(matricantisa da faqtorizaciis meTodi).
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 amdros faqtorizacia SesaZlebelia. sxvagvarad rom vTqvaT, faqtorizacia SesaZlebelia 
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 (nax. 2.1). aqedan gamomdinare, iteraciuli procesis Sesrulebisas aucilebelia integralebis gamoTvla vawarmooT manam, sanam yvelaze didi mniSvnelobis absoluturi sidide naklebia 
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 kvanZs, SeiZleba ganvsazRvroT am kvanZis nomeri im pirobidan, rom Tundac absoluturi mniSvnelobiT erTi integrali aRwevs 
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es situacia migvaniSnebs, rom am wertilSi faqtorizaciis procesi SeCerdeba da Semdeg sruldeba 
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 situacia isev ganmeordeba, maSin dadgindeba axali sazRvari da faqtorizacia viwrovdeba. Semdeg analogiurad sruldeba faqtorizacia 
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 qvemonakveTebad, romlebzec Sesrulebulia faqtorizacia da agebulia gadawyvetis fundamentaluri sistema da kerZo amoxsna.

CavTvaloT, rom funqciebi, romlebic qmnian gadawyvetis fundamentalur sistemas, uwyveti funqciebia mocemul ubanze mis 
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[image: image29.wmf]1

-

n

 warmoebulobis CaTvliT. vTqvaT, 
[image: image30.wmf]]

,

1

[

1

M

k

 ubanze miRebulia gadawyvetis fundamentaluri sistema, 
[image: image31.wmf],

,...,

1

n

j

j

 xolo 
[image: image32.wmf]]

,

1

[

2

1

M

M

k

k

+

 ubanze_
[image: image33.wmf].

,...,

1

n

Q

Q

 maSin gadawyvetis fundamentaluri sistemis analizuri gagrZeleba Semdeg ubanze iqneba funqciebi:
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 kvanZSi. am gamosaxulebebSi Semavali warmoebulebi ganisazRvreba ricxviTi meTodebiT ix [2].

(3)_s agebiT da TanmimdevrobiTi gadawyvetiT miviRebT yoveli 
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_is gansazRvris Semdeg (2)_is saSualebiT gamoiTvleba 
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 badis kvanZebis Semdeg ubanze (nax.19). Tu gavagrZelebT am process, miviRebT gadawyvetis fundamentalur sistemas mTel ubanze badis kvanZebSi mniSvnelobaTa simravlis saxiT. TandaTanobiT “mierTebis” aseTi procesi mTlianad eqvivalenturia cnobili sawyisi elementebis meTodisa [30], romelic aigeba (2) pirobebis dakmayofilebis gaTvaliswinebiT.

avRniSnoT, rom yoveli (3) sistemis msazRvreli warmoadgens vronskis msazRvrels. radganac 
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 funqciebi wrfivad damoukidebelia, msazRvreli nulisagan gansxvavebulia da amitom yovel (3) sistemas aqvs erTaderTi amoxsna.

magaliTis saxiT ganvixiloT gadawyvetis fundamentaluri sistema 
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miRebuli funqciebis grafikebi warmoadgenen 
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avRniSnoT, rom ubnebis sigrZe, romlebisTvisac aigeba gadawyvetis fundamenturi sistema, ar unda aRematebodes 
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zogadi amoxsnis agebis aseTi algoriTmis analizuri gagrZeleba imwertilebze, sadac 
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, sakmaod rTulia da unda gamoviyenoT im SemTxvevebSi, rodesac es amoxsna mravaljer gamoiyeneba SemdgomSi. misdami alternatiulia sasazRvro sasazRvro pirobebis Sesrulebis algoriTmi elementebis TandaTanobiT SeerTebis sistemisaTvis (“meqanikuri gza”).

4.4 sasruli sigrZis abreSumis Zafis gaangariSebisas kontaqtur datvirTvaTa fiqsirebuli koeficientebis 

mimarT algebrul gantolebaTa sistemis elementebi.


[image: image75.wmf][

]

1.2;

  

1,2;

    

Tu

       

=

=

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ë

é

=

b

a

ab

,

.

.

.

.

.

.

.

.

.

.

.

.

1

1

11

dk

NN

dk

N

dk

N

dk

dk

a

a

a

a

A



[image: image76.wmf](

)

1;

  

1;

    

Tu

    

,

U

=

=

+

=

b

a

d

dk

il

i

d

kl

i

dk

il

x

x

U

L

a

2

1

8

2

,



[image: image77.wmf](

)

2;

  

1;

    

Tu

         

,

U

=

=

=

b

a

i

d

kl

i

dk

il

x

x

U

L

a

2

1

9

2

,



[image: image78.wmf](

)

1;

  

;

    

Tu

         

,

U

=

=

=

b

a

2

,

2

1

8

3

i

d

kl

i

dk

il

x

x

U

L

a



[image: image79.wmf](

)

2;

  

2;

    

Tu

    

,

U

=

=

+

=

b

a

d

dk

il

i

d

kl

i

dk

il

x

x

U

L

a

2

1

9

3

,



[image: image80.wmf][

]

3.4;

  

3,4;

    

Tu

       

=

=

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ë

é

=

b

a

ab

,

.

.

.

.

.

.

.

.

.

.

.

.

1

1

11

lk

SS

lk

S

lk

S

lk

lk

a

a

a

a

A



[image: image81.wmf](

)

3;

  

3;

    

Tu

    

,

U

=

=

+

=

b

a

d

lk

il

i

l

km

i

lk

im

x

x

U

L

a

2

1

3

1

,



[image: image82.wmf](

)

4;

  

3;

    

Tu

        

,

U

=

=

=

b

a

i

l

km

i

lk

im

x

x

U

L

a

2

1

7

1

,



[image: image83.wmf](

)

3;

  

4

    

Tu

        

,

U

=

=

=

b

a

i

l

km

i

lk

im

x

x

U

L

a

2

1

3

4

,



[image: image84.wmf](

)

4;

  

;

    

Tu

    

,

U

=

=

+

=

b

a

d

4

,

2

1

7

4

lk

il

i

l

km

i

lk

im

x

x

U

L

a



[image: image85.wmf][

]

5.6;

  

5,6;

    

Tu

       

=

=

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ë

é

=

b

a

ab

,

.

.

.

.

.

.

.

.

.

.

.

.

1

1

11

jk

mm

jk

m

jk

m

jk

jk

a

a

a

a

A



[image: image86.wmf](

)

5;

  

;

    

Tu

    

,

U

=

=

+

=

b

a

d

5

,

2

8

2

jk

me

m

lj

ke

j

jk

me

x

x

U

L

a



[image: image87.wmf](

)

6;

  

;

    

Tu

        

,

U

=

=

=

b

a

5

,

2

10

2

m

lj

ke

j

jk

me

x

x

U

L

a



[image: image88.wmf](

)

5;

  

;

    

Tu

        

,

U

=

=

=

b

a

6

,

2

8

3

m

lj

ke

j

jk

me

x

x

U

L

a



[image: image89.wmf](

)

6;

  

;

    

Tu

    

,

U

=

=

+

=

b

a

d

6

,

2

10

3

jk

me

m

lj

ke

j

jk

me

x

x

U

L

a



[image: image90.wmf][

]

,8;

  

,8;

    

Tu

       

7

7

,

.

.

.

.

.

.

.

.

.

.

.

.

1

1

11

=

=

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ë

é

=

b

a

ab

jk

QQ

jk

Q

jk

Q

jk

jk

a

a

a

a

A



[image: image91.wmf](

)

7;

  

;

    

Tu

    

,

U

=

=

+

=

b

a

d

7

,

2

2

1

jk

te

t

lj

ke

j

jk

te

x

x

U

L

a



[image: image92.wmf](

)

;

  

;

    

Tu

         

,

U

8

7

,

2

6

1

=

=

=

b

a

t

lj

ke

j

jk

te

x

x

U

L

a



[image: image93.wmf](

)

;

  

;

    

Tu

         

,

U

7

8

,

2

2

4

=

=

=

b

a

t

lj

ke

j

jk

te

x

x

U

L

a



[image: image94.wmf](

)

;

  

;

    

Tu

    

,

U

8

8

,

2

6

4

=

=

+

=

b

a

d

jk

te

t

lj

ke

j

jk

te

x

x

U

L

a



[image: image95.wmf][

]

,4;

  

,2;

    

Tu

       

3

1

,

.

.

.

.

.

.

.

.

.

.

.

.

1

1

11

=

=

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ë

é

=

b

a

ab

dk

NS

dk

N

dk

S

dk

dk

a

a

a

a

A



[image: image96.wmf](

)

;

  

;

    

Tu

       

,

U

3

1

,

2

1

3

2

=

=

=

b

a

i

d

ke

i

dk

ie

x

x

U

L

a



[image: image97.wmf](

)

;

  

;

    

Tu

       

,

U

4

1

,

2

1

7

2

=

=

=

b

a

i

d

ke

i

dk

ie

x

x

U

L

a



[image: image98.wmf](

)

;

  

;

    

Tu

       

,

U

3

2

,

2

1

3

3

=

=

=

b

a

i

d

ke

i

dk

ie

x

x

U

L

a



[image: image99.wmf](

)

;

  

;

    

Tu

       

,

U

4

2

,

2

1

7

3

=

=

=

b

a

i

d

ke

i

dk

ie

x

x

U

L

a



[image: image100.wmf][

]

,6;

  

,2;

    

Tu

       

5

1

,

.

.

.

.

.

.

.

.

.

.

.

.

1

11

=

=

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ë

é

=

b

a

ab

dk

NM

dk

NM

dk

M

dk

dk

a

a

a

a

A



[image: image101.wmf](

)

;

  

;

    

Tu

       

,

U

5

1

,

2

1

8

2

=

=

=

b

a

i

d

ke

i

dk

ie

x

x

U

L

a



[image: image102.wmf](

)

;

  

;

    

Tu

       

,

U

6

1

,

2

1

10

2

=

=

=

b

a

i

d

ke

i

dk

ie

x

x

U

L

a



[image: image103.wmf](

)

;

  

;

    

Tu

       

,

U

5

2

,

2

1

8

2

=

=

=

b

a

i

d

ke

i

dk

ie

x

x

U

L

a



[image: image104.wmf](

)

;

  

;

    

Tu

       

,

U

5

2

,

2

1

10

3

=

=

=

b

a

i

d

ke

i

dk

ie

x

x

U

L

a



[image: image105.wmf][

]

,8;

  

,2;

    

Tu

       

7

1

,

.

.

.

.

.

.

.

.

.

.

.

.

1

1

11

=

=

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ë

é

=

b

a

ab

dk

NQ

dk

N

dk

Q

dk

dk

a

a

a

a

A



[image: image106.wmf](

)

;

  

;

    

Tu

       

,

U

5

4

,

2

1

8

4

=

=

=

b

a

i

l

km

i

lk

im

x

x

U

L

a



[image: image107.wmf](

)

;

  

;

    

Tu

       

,

U

6

4

,

2

1

10

4

=

=

=

b

a

i

l

km

i

lk

im

x

x

U

L

a



[image: image108.wmf][

]

,8;

  

,4;

    

Tu

       

7

3

,

.

.

.

.

.

.

.

.

.

.

.

.

1

1

11

=

=

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ë

é

=

b

a

ab

lk

SQ

lk

S

lk

Q

lk

lk

a

a

a

a

A



[image: image109.wmf](

)

;

  

;

    

Tu

       

,

U

7

3

,

2

1

2

1

=

=

=

b

a

i

l

km

i

lk

im

x

x

U

L

a



[image: image110.wmf](

)

;

  

;

    

Tu

       

,

U

8

3

,

2

1

6

1

=

=

=

b

a

i

l

km

i

lk

im

x

x

U

L

a



[image: image111.wmf](

)

;

  

;

    

Tu

       

,

U

7

4

,

2

1

2

4

=

=

=

b

a

i

l

km

i

lk

im

x

x

U

L

a



[image: image112.wmf](

)

;

  

;

    

Tu

       

,

U

8

4

,

2

1

6

4

=

=

=

b

a

i

l

km

i

lk

im

x

x

U

L

a



[image: image113.wmf][

]

1,2;

  

,6;

    

Tu

       

=

=

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ë

é

=

b

a

ab

5

,

.

.

.

.

.

.

.

.

.

.

.

.

1

1

11

jk

MN

jk

M

jk

N

jk

lk

a

a

a

a

A



[image: image114.wmf](

)

;

  

;

    

Tu

       

,

U

1

5

,

2

1

8

2

=

=

=

b

a

m

j

ke

j

jk

me

x

x

U

L

a



[image: image115.wmf](

)

;

  

;

    

Tu

       

,

U

2

5

,

2

1

9

2

=

=

=

b

a

m

j

ke

j

jk

me

x

x

U

L

a



[image: image116.wmf](

)

;

  

;

    

Tu

       

,

U

1

6

,

2

1

8

3

=

=

=

b

a

m

j

ke

j

jk

me

x

x

U

L

a



[image: image117.wmf](

)

;

  

;

    

Tu

       

,

U

2

6

,

2

1

9

3

=

=

=

b

a

m

j

ke

j

jk

me

x

x

U

L

a



[image: image118.wmf][

]

,4;

  

,6;

    

Tu

       

3

5

,

.

.

.

.

.

.

.

.

.

.

.

.

1

1

11

=

=

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ë

é

=

b

a

ab

jk

MS

jk

M

jk

S

jk

jk

a

a

a

a

A



[image: image119.wmf](

)

;

  

;

    

Tu

       

,

U

3

5

,

2

1

3

2

=

=

=

b

a

m

j

km

j

jk

me

x

x

U

L

a



[image: image120.wmf](

)

;

  

;

    

Tu

       

,

U

4

5

,

2

1

7

2

=

=

=

b

a

m

j

km

j

jk

me

x

x

U

L

a



[image: image121.wmf](

)

;

  

;

    

Tu

       

,

U

3

6

,

2

1

3

3

=

=

=

b

a

m

j

km

j

jk

me

x

x

U

L

a



[image: image122.wmf](

)

;

  

;

    

Tu

       

,

U

4

6

,

2

1

7

3

=

=

=

b

a

m

j

km

j

jk

me

x

x

U

L

a



[image: image123.wmf][

]

,8;

  

,6;

    

Tu

       

7

5

,

.

.

.

.

.

.

.

.

.

.

.

.

1

1

11

=

=

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ë

é

=

b

a

ab

jk

MQ

jk

M

jk

Q

jk

jk

a

a

a

a

A



[image: image124.wmf](

)

;

  

;

    

Tu

       

,

U

7

5

,

2

1

2

2

=

=

=

b

a

m

j

ke

j

jk

me

x

x

U

L

a



[image: image125.wmf](

)

;

  

;

    

Tu

       

,

U

8

5

,

2

1

6

2

=

=

=

b

a

m

j

ke

j

jk

me

x

x

U

L

a



[image: image126.wmf](

)

;

  

;

    

Tu

       

,

U

7

6

,

2

1

2

3

=

=

=

b

a

m

j

ke

j

jk

me

x

x

U

L

a



[image: image127.wmf](

)

;

  

;

    

Tu

       

,

U

8

6

,

2

1

6

3

=

=

=

b

a

m

j

ke

j

jk

me

x

x

U

L

a



[image: image128.wmf][

]

,2;

  

,8;

    

Tu

       

1

7

,

.

.

.

.

.

.

.

.

.

.

.

.

1

1

11

=

=

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ë

é

=

b

a

ab

jk

QN

jk

Q

jk

M

jk

jk

a

a

a

a

A



[image: image129.wmf](

)

;

  

;

    

Tu

       

,

U

1

7

,

2

1

8

1

=

=

=

b

a

t

j

ke

j

jk

te

x

x

U

L

a



[image: image130.wmf](

)

;

  

;

    

Tu

       

,

U

2

7

,

2

1

9

1

=

=

=

b

a

t

j

ke

j

jk

te

x

x

U

L

a



[image: image131.wmf](

)

;

  

;

    

Tu

       

,

U

1

8

,

2

1

8

4

=

=

=

b

a

t

j

ke

j

jk

te

x

x

U

L

a



[image: image132.wmf](

)

;

  

;

    

Tu

       

,

U

2

8

,

2

1

9

4

=

=

=

b

a

t

j

ke

j

jk

te

x

x

U

L

a



[image: image133.wmf][

]

,4;

  

,8;

    

Tu

       

3

7

,

.

.

.

.

.

.

.

.

.

.

.

.

1

1

11

=

=

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ë

é

=

b

a

ab

jk

QS

jk

Q

jk

S

jk

jk

a

a

a

a

A



[image: image134.wmf](

)

;

  

;

    

Tu

       

,

U

3

7

,

2

1

3

1

=

=

=

b

a

t

j

ke

j

jk

te

x

x

U

L

a



[image: image135.wmf](

)

;

  

;

    

Tu

       

,

U

4

7

,

2

1

7

1

=

=

=

b

a

t

j

ke

j

jk

te

x

x

U

L

a



[image: image136.wmf](

)

;

  

;

    

Tu

       

,

U

3

8

,

2

1

3

4

=

=

=

b

a

t

j

ke

j

jk

te

x

x

U

L

a



[image: image137.wmf](

)

;

  

;

    

Tu

       

,

U

4

8

,

2

1

7

4

=

=

=

b

a

t

j

ke

j

jk

te

x

x

U

L

a



[image: image138.wmf][

]

,6;

  

,8;

    

Tu

       

5

7

,

.

.

.

.

.

.

.

.

.

.

.

.

1

1

11

=

=

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ë

é

=

b

a

ab

jk

QM

jk

Q

jk

M

jk

jk

a

a

a

a

A



[image: image139.wmf](

)

;

  

;

    

Tu

       

,

U

5

7

,

2

1

8

1

=

=

=

b

a

t

j

ke

j

jk

te

x

x

U

L

a



[image: image140.wmf](

)

;

  

;

    

Tu

       

,

U

3

7

,

2

1

10

1

=

=

=

b

a

t

j

ke

j

jk

te

x

x

U

L

a



[image: image141.wmf](

)

;

  

;

    

Tu

       

,

U

5

8

,

2

1

8

4

=

=

=

b

a

t

j

ke

j

jk

te

x

x

U

L

a



[image: image142.wmf](

)

;

  

;

    

Tu

       

,

U

6

8

,

2

1

10

4

=

=

=

b

a

t

j

ke

j

jk

te

x

x

U

L

a


4. 5. naturaluri abreSumis xarisxisa da Sromis pirobebis gaumjobesebis SeTanxmebiTi algoriTmi.
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4.6. naturaluri abreSumis xarisxisa da Sromis pirobebis gaumjobesebis saangariSi programa
	10.
	READ   A,   B,   HP,   BR,   HR,   MU,   E,   P

	20.
	DATA   10,  10,  0.5, 0.5,  1.5,  0.3,  1E6,1

	30.
	DIH   X(11),   A1(4)

	40.
	PI=3.1415926

	50.
	BT=PI/B

	60.
	FR=HR*BR

	70.
	SR=FR*HR/2

	80.
	 IR=BR*HR^3/12+HR^2/4*FR

	90.
	BB=E*HP/(1-MU^2)

	100.
	D=E*HP^3/(12* (1-MU^2))

	110.
	N=BT*A

	120.
	L=N

	130.
	GOSUB   1 ((((

	140.
	CHN=CHL

	150.
	SHN=SHL

	160.
	C1=(

	170.
	C2=(A* (CHN-1) *CHN/SIN-(N*SHN-2*CHN+2)/BT) 

        *2*P/D*PI*BT^3*SHN)

	180.
	C3=2*P*(1-CHN)/(D*PI*BT^3*SIN)

	190.
	C4=(

	200.
	FOR J=1 TO 11

	210.
	READ X

	220.
	DATA 0,1,2,3,4,5,6,7,8,9,10

	230.
	Z=BT*X

	240.
	L=Z

	250.
	GOSUB  1((((

	260.
	CHZ=CHL

	270.
	SRZ=SRL

	280.
	UX=(

	290.
	VX=(

	300.
	WX1=( 

	310.
	A1(1)=2

	320.
	A1(2)=4

	330.
	A1(3)=6

	340.
	A1(4)=8

	350.
	FORI=1TO 4

	360.
	Q=BT:(A-A1(I))

	370.
	L=Q

	380.
	GOSUB 1((((

	390.
	CHQ=CHL

	400.
	SHQ=SHL

	410.
	L=BT*A1(I)

	420.
	COSUB 1((((

	430.
	CHS=SHL

	440.
	SHS=SHL

	450.
	X1=(

	460.
	X2I=(A*SHQ*CHN//SHN-(Q*CHQ-SHQ)/BT)/(2*BT^2*SHN)

	470.
	X3I= - SHQ/(2*BT^2 *SHN)

	480.
	X4I=(

	490.
	WOAT=CHS* (C1+C3++A1(I))+SHS* (C2+C4*A(I)+(BT*A1(I) 

             *SHS-2* CHS+2) *2*D/(D*PI*BT^4)

	500.
	PSIAI=CHS* (X1I+X3I*A1(I))+SHS* (X2I+X4I* (A1(I))

	510.
	PSI2AI= CHS* (BT^2*X1I+A1(I) *BT^2*X3I+2*BT*X4I)

               +SHS+(BT^2*X2I+2*BT*X3I+A1(I) BT^2*X4I

	520.
	PAI=(PSI2AI-BT^2* (1-MU)/2*PSIAI)/BB

	530.
	KK=E*BT^3*SR

	540.
	EE=1-E*BT^2*FR*FAI

	550.
	CC=D+BT^4*E*IR*PSIAI

	560.
	DD=FAI*PSIAI

	570.
	GG=BT* (KK^2*DD+CC+EE*CC)-KK*HR*PSIAI

	580.
	NN=HR*PSIAI* (KK^2*DD+EE*CC+EE*D)+D*KK*DD*BT

	590.
	LL=KK*NN+EE*GG*D

	600.
	RI=-D*WOAI*LL/(OSIAI* (LL+GG*KK^2*DD+GG*EE*CC))

	610.
	TI=KK* (D*WOAI+RI*PSIAI)/GG

	620.
	WI=BT*TI* (1+EE)/KK

	630.
	VI=(KK*WI-TI*BT)FAI/EE

	640.
	K=BT* (X-A1 (I))

	650.
	L=K

	660.
	GOSUB 1((((

	670.
	CHK=SHL

	680.
	IFX  A1(I)  THEN   H=0

	690.
	IFX=A1(I)  THEN   H=1

	700.
	PSI=X1I*CHZ+X2I*SHZ+X3I*X*CHZ+X4I*X*SHZ+

        (K*CHK-SHK)/(2*BT^3)H

	710.
	PSI1=SHZ* (BT*X1I+Z*X3I+X4I)+CHZ* (BT*X2I+X3I+Z*X4I)

          +K *SHK/(2*BT^2) *H

	720.
	PSI2=CHZ*BT* (X1I*BT+X3I*Z+2*X4I)+SHZ*BT* 

          (X2I*BT+2*X3IX4I*Z)+(K*CHK+SHK)/2/BT*H

	730.
	F=(PSSI2-3T-2* (1-MU)/2*PSI)/B3

	740.
	FF=-(1+MU) *PSI1/(BB* (1-MU))

	750.
	UO=(BT^3*E* (FR*VI+SR*BT*WI)-BT^2*TI) *FF

	760.
	UX=UX+UO

	770.
	VO=(BT^2*E* (FR*VI+SR*BT*WI)-BT*TI) *F

	780.
	VX=VX+VO

	790.
	WOO=(BT^3*E* (ST*VI+JR*BT*WI)-RI-HR*TI) *PSI/D

	800.
	WX1=WX1+WOO

	810.
	NEXT   I

	820.
	WO=CHZ* (C1+C3*X)+SHZ*(C2+C4*X)+(BT*X*SHZ-2*CHZ+2) 

         *2*P/(D*PI*BT^4)

	830.
	WX=WO-WX1

	840.
	Y=B/2

	850.
	U=UX*SIN(BT*Y)

	860.
	V=VX*COS(BT*Y)

	870.
	W=WX*SIN (BT*Y)

	880.
	U, V, W

	890.
	NEXT  T

	900.
	END


programa  “NANA”

	10.
	INPUT a, b, b1, b2, x11, k, m

	12.
	LET bk=(pI*k)/b : LET a1=a-x11; LET S=(0.5*(exp(bk*a1)-exp(-bk  

               *a1))); LET C=(0.5*(exp(bk*a1)+exp(-bk*a1))):

	14.
	LET F1=((bk*a1*c)-S)/(2*bk*bk*bk); LET F2=((bk*a1*c)+S)/(2*bk);

               LET F4=((bk*a1*c)+(3*S))*((bk*bk)/2)

	16.
	LET b(=(b2-b1)/2-(sin(2*bk*b2)- (sin(2*bk*b1))/(4*bk);

LET b1=(sin(2*bk*b1)- (sin(2*bk*b2))/2

	18.
	LET l1=(F2-F1*bk*bk)*b(+F1*bk*b1;

LET l2=(F4-F2*bk*bk)*b(+F2*bk*b1;

	20.
	LET m11=(0.5*(exp(bk*a)-exp(-bk*a));

LET m12=(bk*a)* (0.5*(exp(bk*a)+exp(-bk*a)):

LET m21=bk*bk*m11:LET m22=bk*bk*((2*m11)+m12:

	22.
	LET D=(m11*m22)-(m21*m12):

LET D1=(l1*m22)-(l2*m12):

LET D2=(m11*l2)-(m21*l1):

	24.
	LET X1=D1/D: LET X2=D2/D

	25.
	LET c1=(0.5*(exp(bk*x11)+exp(-bk*x11));

	27.
	LET F(=X1*S1+X2*bk*X11*C1

LET F(2=bk*bk*(X1*S1+X2*(2*S1+bk*X11*c1))

	29.
	LET bk2=bk*bk : LETa1=p1/a:

LET a12 = a1*a1

	30.
	LET FM=F(2-m*bk2*F(
LET M=(a12+m*bk2)*sin(a1*x11)

	32.
	LET G=M/FM

	33.
	LET F11=(2*sin(a1*x11))/((a12+bk2)*(a12*bk2))

	34.
	print k1=1/(1+G*F11)

	35.
	END: GO TO 10


4. 7. meoTxe Tavis daskvnebi.

damuSavebuli naturaluri abreSumis xarisxis da Sromis pirobebis gaumjobesebis efeqturobis Sefasebis misaRebi saangariSo meTodi da optimizacia, maTematikuri modelirebis efeqturobis Sefaseba. 

damuSavebulia fundamentaluri gadawyvetis sistemisa da nebismieri sigrZis SualedisaTvis kerZo amonaxsnis ageba matricantisa da faqtorizaciis meTodebiT.

zemoTaRniSnuli algoriTmebis safuZvelze damuSavebulia programebis sistema, romelic Sedgeba mTeli rigis tipiuri blokebisagan. isini anxorcieleben algoriTmebis calkeul etapebs. aseTi viwro specializirebuli programebi saerTod, SeiZleba gamoviyenoT sainJinro amocanebis farTo aris programul uzrunvelsayofad.

ZiriTadi daskvnebi

Mmonografiis Sinaarsis mixedviT SeiZleba gakeTdes Semdegi daskvnebi:

1. samecniero naSromis erT_erTi mniSvnelovani monapovaria cocxali parkidan abreSumis Zafis miReba garkveuli pirobebis dacviT:

1.1. Zafis rRveva SeiZleba daviwyoT parkis axvevis mesame, meoTxe dRidan.

1.2. Zafis amoxvevisaTvis parki unda momzaDddes amoxvevis dRes.

2. SemuSavebulia Zafis civad amoxvevis meTodi.

2.1. Zafis amoxvevis dawyebamde parki damu​SavdebaDspecialur suspenziaSi 10_15 wuTis xangrZliobiT.

2.2. suspenziaSi damuSavebuli parki Zafad amoexveva pirveli 4_8 saaTis ganmavlobaSi.

2.3. ovalur da Zafsaxvev abazanebSi wylis temperatura sasurvelia meryeobdes 30_360C farglebSi.

3. cocxali parkidan Zafis rRvevis eqspozicia, Wupris Cakvlis gareSe gazrdilia sul mcire 16_18 dRiT.

4. Zafis rRvevisas impulsur movlenaTa moqmedebiT warmoSobili Warbi daWimulobis aRmosafxvrelad gamoyenebuli gvaqvs srial _ xaxunis xasiaTis Tvisebebis matarebeli kompensatori friqciuli Skivis saxiT.

5. cocxali parkidan Zafis amoxveva da Zafis civad amoxvevis danergva saSualebas gvaZlevs SevamciroT Zafis TviTRirebuleba daaxloebiT 40_50%_is farglebSi.

6. am samuSaos danergviT izogeba SromiTi, energo da satransporto xarjebi. mcirdeba narCenebis raodenoba da izrdeba nedleulidan gamosavlianoba 20%_iT, aseve Semcirebulia muSaTa profesiuli daavadeba.

7. miRebuli Sedegebis Sesamowmeblad gamoviyeneT maTematikis Tanamedrove meTodebi da konkurentunarian nawarmis damzadebaze saimedoba garantirebulia.

8. SemuSavebuli maTematikuri meTodebi da algoriTmebi afarToeben saSualebis arsenals msubuqi mrewvelobis maTematikuri modelirebis sasazRvro amocanebis gadawyvetis saqmeSi. Catarebuli samuSao warmatebiT SeiZleba gamoviyenoT abreSumis fermerul da ojaxur saqmianobaSi, sadac dasaqmdeba sxvadasxva asakisa da profesiis adamianebi.
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