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Sesavali 

 

sahaero transporti qveynis ekonomikis ganviTarebis erT-

erTi prioritetuli dargia. 

teqnikur-ekonomikuri maCveneblebis TvalsazrisiT sahaero 

transportis efeqturi gamoyenebis winapirobas, sistemis umtyuno 

da saimedo muSaobis resursi warmoadgens. 

sainJinro nebismieri nagebobisa da sistemebis daniSnulebiT 

gamoyenebis efeqturoba am sistemebis funqcionirebis saimedoobis 

xarisxzea damokidebuli. 

saimedoobis Teoria, rogorc mecniereba, sxva akademiur 

dargebTan erTad gansazRvravs sahaero transportis rTuli 

teqnikuri sistemebis marTvis saimedoobis meTodebsa da 

modulebs. 

sahaero transportis rTuli teqnikuri sistemebis marTvis 

saimedoobis uzrunvelyofisaTvis saWiro rekomendaciebi, am 

sistemebis daproeqtebis, warmoebis, mmarTveli operatoris 

(ekipaJis) kvalifikaciis gansazRvris dros unda iqnes 

SemuSavebuli. 

  sahaero transportis rTuli teqnikuri sistemebis 

saimedoobis raodenobrivi maxasiaTeblebi maTematikuri 

modelirebis formiTaa saimedoobis TeoriaSi warmodgenili. 

sahaero transportis rTuli teqnikuri sistemebis marTvis 

saimedoobisa da usafrTxoebis problema aqtualuria. amitom, 

winamdebare naSromSi kvlevis sagans sahaero transportis rTuli 

teqnikuri sistemebi warmoadgens. eqspluataciis procesSi am 

sistemebis saimedoobisa da usafrTxoebis uzrunvelyofa aramc 

Tu aqtualuria, aramed sasicocxlo mniSvnelobis amocanas 

warmoadgens. am problemis gadawyvetaSi gansakuTrebuli roli im 

organizaciebs ekuTvnis, romlebic eqspluataciis procesSi 

sahaero transportis moZraobis mowesrigebas, saimedoobis 
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usafrTxoebas uSualod uzrunvelyofen. am mimarTulebiT bevri 

problemebia mosawesrigebeli. 

erT-erT naklebad gamokvleul da jer kidev gadauwyvetel 

amocanas warmoadgens sahaero transportis rTuli teqnikuri 

sistemebis saimedoobasa da usafrTxoebaze gavlenis mqone 

faqtorebis raodenobrivi martivi formiT aRricxva, e.w. 

adamianebis faqtorebis zegavlenis aRricxva-individualuri anu 

koleqtiuri operatoris (ekipaJis) rTuli sistemis 

funqcionirebis procesze zegavlenis aRricxva. aseTi rTuli 

teqnikuri sistemis magaliTs warmoadgens Tanamedrove 

TviTmfrinavi, romlis eqspluataciis saimedoobisa da 

usafrTxoebis uzrunvelyofa didad aris damokidebuli 

operatoris (ekipaJis) momzadebis doneze [11-13]. statistikuri 

monacemebiT marcxisa da katastrofis 70% ekipaJze modis. 

amasTanave cnobilia, rom saaviacio mrewvelobis dargebi, 

romlebic amuSavebda da awarmoebda rTuli teqnikuri sistemebis 

makompleqtebel elementebs, TandaTanobiT Semcirda maTi 

warmoebis moculoba an sabWoTa kavSiris daSlis Semdeg igi didi 

raodenobiT darCa umoZraod yofili calkeuli respublikebis 

daqvemdebarebaSi. yovelive amas uSedegod ar Cauvlia. Semcirda 

aramc Tu marto saaviacio mrewvelobis tempi, aramed masTan 

erTad iklo sakonstruqtoro-teqnologiuri dokumentaciis 

xarisxmac. 

zemoaRniSnulidan gamomdinare vrwmundebiT imaSi, rom 

arsebiTad gaizarda modelirebis meTodebis, sahaero transportis 

sistemis SemadgenlobaSi Semavali da adamianis mier marTuli 

calkeuli elementebis, blokebisa da qvesistemebis saimedoobisa 

da usafrTxoebis prognozirebis roli.  

amJamad arsebobs Teoriul da praqtikul sferoSi sahaero 

transportis eqspluataciis etapze saimedoobisa da 

usafrTxoebis uzrunvelyofis Sesaxeb Sromebi [13-19]. magram 
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adamianis mier rTuli teqnikuri sistemebis marTvis faqtoris 

aRricxvis axali meTodi arasakmarisia. es faqtori yovelTvis 

yuradRebis miRma rCeboda anu xarisxobrivi aRweris donezea 

ganxiluli.  

winamdebare naSromSi SemoTavazebulia sahaero transportis 

rTuli teqnikuri sistemebis operatoris mier marTvis faqtoris 

saimedoobisa da usafrTxoebis maCveneblebze zegavlenis 

aRricxvis axali meTodi.  

winamdebare naSromSi motanili siaxle mdgomareobs iseTi 

maCveneblebis damuSavebaSi, romelic gviCvenebs operatoris 

momzadeba da misi niWis done Tu ramdenad koncentrirebulia 

misi profesiuli inteleqtis sahaero transportis rTuli 

teqnikuri sistemis marTvis amocanis Sesasruleblad. 

SemoTavazebuli midgoma gvaZlevs am maCveneblebis Sefasebis 

saSualebas trenaJorze savarjiSo da gamocdis samuSaoTa 

Sedegebis safuZvelze. agreTve, raodenobrivi formiT 

gaviTvaliswinoT maTi zegavlena rTuli teqnikuri sistemebis 

usafrTxo marTvisa da uavario muSaobis kriteriumebze.  

yovelive zemoRniSnuli adasturebs winamdebare naSromSi 

dayenebuli mecnieruli amocanis gadawyvetis aqtualobas, 

romelic mdgomareorbs sahaero transportis rTuli teqnikuri 

sistemebis eqspluataciis saimedoobisa da usafrTxoebis 

meTodebisa da modelebis damuSavebaSi, adamianis mier marTvis 

faqtoris gavlenis gaTvaliswinebiT.  

 winamdebare naSromSi SemoTavazebulia sahaero transportis 

rTuli teqnikuri sistemebis adamianiT marTvis faqtoris 

saimedoobasa da usafrTxoebaze gavlenis aRricxvisadmi axali 

midgoma. siaxle operatoris momzadebis donis maCveneblebisa da 

misi niWierebis sahaero transportis rTuli teqnikuri sistemis 

marTvis amocanis SesrulebaSi mdgomareobs. siaxle operatoris 

momzadebis donis maCveneblebisa da sahaero transportis rTuli 
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teqnikuri sistemebis marTvis amocanis SesrulebaSi misi unarisa 

da niWis donis damuSavebaSi mdgomareobs. SemoTavazebuli midgoma 

trenaJorze savarjiSo samuSaosa da gamocdis Sedegebis 

safuZvelze am maCveneblebis Sefasebis saSualebas iZleva. 

agreTve, raodenobrivi formiT gaviTvaliswinoT maTi gavlena 

sahaero transportis rTuli teqnikuri sistemebis marTvis 

usafrTxoebisa da uavario muSaobis kriteriumebze. 

 kvlevis mizani. disertaciis mizans warmoadgens sahaero 

transportis rTuli teqnikuri sistemebis saimedoobis 

prognozirebis samecniero-praqtikuli amocanebis gadawyvetis 

axali meTodebis damuSaveba marTvaSi adamianis faqtoris 

gaTvaliswinebiT.  

dasaxuli miznis misaRwevad aucilebeli iyo Semdegi 

amocanebis gadawyveta:   

1. sahaero transportis rTuli teqnikuri sistemebis 

usafrTxo marTvis operatoris (ekipaJis) swavlebis procesebis 

modelirebis meTodebisa da momzadebis donis maCveneblebis 

damuSaveba. agreTve,  marTvis amocanebis gadawyvetaSi operatoris 

niWierebis donis modelireba. 

mocemuli amocana, rogorc sakiTxis dayenebis, ise misi 

gadawyvetis TvalsazrisiT, axalia. SemoTavazebulia sahaero 

transportis rTuli teqnikuri sistemebis marTvis operatoris 

momzadebis donis maCveneblebi manZilis saxiT p(T, To) davalebis 

T matricasa da operatoris pasuxebis To matricebs Soris. amaze 

damatebiT, pirvelad aris SemoTavazebuli rTuli teqnikuri 

sistemis marTvisadmi operatoris midrekilebis (niWierebis) 

maCvenebeli r(T, To). ricxvi r(T, To) ganisazRvreba muSaobaSi, 

rogorc korelaciis (urTierTdamokidebulebis) koeficienti 

davalebis T matricasa da operatoris pasuxebis To matricebs 

Soris. mocemuli maCveneblebis gaangariSebisaTvis SemoRebulia 

matricebs Soris korelaciis koeficientis axali cneba. 



 

 

 

5

2. sahaero transportis rTuli teqnikuri sistemebis 

marTvis operatoris swavlebis procesebis informaciuli 

modelebisa da operatoris mier codnis aTvisebisa da dakargvis 

modelebis damuSaveba.  

matriculi formiT informaciul models aqvs saxe To=AoT 

da gamosaxavs urTierTkavSirs saswavlo gegmis T matricasa da 

operatoris pasuxebis To matricebs Soris, sadac Ao aris 

operatoris momzadebis matrica. es modeli pirvelad iZleva 

saswavlo gegmis Temebisa da sxvadasxva ganayofebis operatoris 

swavlebis procesSi aTvisebis xarisxze urTierTzegavlenis 

aRricxvis ganxorcielebis saSualebas. naSromSi dayenebuli da 

gadawyvetilia gamocdilebis monacemebiT operatoris momzadebis 

matricis Sefasebis amocana.  

aq pirvelad aris SemoTavazebuli da gamokvleuli 

raodenobrivi dinamikuri modeli, romelic iZleva rTuli 

teqnikuri sistemebis marTvis swavlebis procesSi operatoris 

mier codnis aTvisebisa da dakargvis procesis ganviTarebis 

prognozireba.  

3. eqspluataciis etapze sahaero transportis rTuli 

teqnikuri sistemebis usafrTxo marTvis pirobebisa da 

kriteriumebis damuSaveba, agreTve maTi Sefasebis meTodebis 

damuSaveba: 

-  sahaero transportis rTuli teqnikuri sistemebis 

saimedoobis ZiriTadi albaTuri kriteriumebi operatoris 

SesaZlo Secdomebis gaTvaliswineboT;  

- rTuli teqnikuri sistemebis usafrTxo marTvis albaTuri 

kriteriumebi operatoris (ekipaJis) monawileobis dros; 

- rTuli teqnikuri sistemebis uavario muSaobis albaTuri 

kriteriumebi drois mocemul intervalSi.  

meTodebi pirvelad iZlevian saSualebas, martiv raodenobriv 

formaSi vipovoT naCvenebi kriteriumebis mniSvnelobebi, 
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trenaJorebze anu specializirebul saswavlo kompleqsze 

operatoris swavlebis Sedegebis mixedviT. 

meTodebi iTvaliswineben woniTi koeficientebis SesaZlo  

gavlenas rTuli teqnikuri sistemebis ZiriTadi maxasiaTeblebis 

gadaxraze dasaSveb farglebidan. isini iZlevian rTuli teqnikuri 

sistemebis ZiriTadi maxasiaTeblebis dausabuTebeli Semcirebis 

amoricxvis saSualebas, sahaero transportis rTuli teqnikuri 

sistemebis kompensaciis SesaZleblobis aRricxvis xarjze. 

4. eqspluataciis etapze sahaero transportis rTuli 

teqnikuri sistemebis elementebis saimedoobis saangariSo 

ganzogadoebuli modelis damuSaveba, adamianiT marTvis 

faqtorisa da kerZo sainJinro meTodis gaTvaliswinebiT 

kuTxsazomi radionavigaciuri sistemebis magaliTze.  

modeli iyenebs „daZvelebisa“ da „ganaxlebis“ niSnebiT 

ganawilebis klasifikacias da iTvaliswinebs veibulas 

ganawilebis universalur xarisxs. 

ZiriTad sainJinro meTodis ricxvs miekuTvneba:  

1. kuTxsazomi radionavigaciuri sistemis cdomilebis - 

radiodeviaciis gaangariSebis inJinruli meTodi; 

meTodi iZleva martivi formiT “adamianis faqtoris” 

gaTvaliswinebis saSualebas kuTxsazomi sistemis cdomilebis 

gansazRvris dros. sawyisi monacemebis saxiT rekomendebulia 

saaviacio trenaJorze savarjiSo samuSaos Sedegebis gamoyeneba; 

2. saaviacio kuTxsazomi radionavagaciuri sistemis gazomvis 

cdomilebis  Sefasebis inJinruli meTodi. 

meTodi pirvelad iZleva kuTxsazomi radionavagaciuri 

sistemis ZiriTadi maxasiaTeblebis Sefasebis saSualebas. is 

gamoricxavs saimedoobis maCveneblebis SesaZlo Semcirebas 

sistemis kompensaciis aRricxvis xarjze. 

kvlevis obieqti. kvlevis obieqts warmoadgens operatoris 

mier marTuli sahaero transportis rTuli teqnikuri sistemebi. 
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kvlevis sagani. kvlevis sagans warmoadgens: 

1. sahaero transportis rTuli teqnikuri sistemebis eqspluataciis 

saimedoobisa da usafrTxoebis prognozirebis samecniero-

praqtikuli amocanebis gadawyvetis axali meTodebis damuSaveba 

marTvaSi adamianis faqtoris gaTvaliswinebiT; 

2. radionavigaciuri sistemis kuTxsazomi mowyobilobis cdomilebis 

gamomwvevi mizezebisa da misi Semcirebis sainJinro-teqnikuri 

meTodebi. 

samuSaos mecnieruli siaxle.  

1.  sahaero transportis rTuli teqnikuri sistemebis 

eqspluataciis saimedoobisa da usafrTxoebis Sefasebis axali 

meTodis damuSaveba marTvaSi adamianis faqtoris gaTvaliswinebiT; 

2. kuTxsazomi radionavigaciuri sistemis gazomvis cdomilebis 

wyaroebis  Teoriuli analizi da misi Semcirebis sainJinro-

teqnikuri meTodebi.  

samuSaos praqtikuli Rirebuleba. disertaciis praqtikuli 

Rirebuleba mdgomareobs adamianis mier marTuli sahaero 

transportis rTuli teqnikuri sistemebis saimedoobis Sefasebis 

axali meTodebis damuSavebaSi. kerZod, kuTxsazomi sistemis 

gazomvis cdomilebis Sefasebis meTodebis damuSavebaSi. 

SemoTavazebuli meTodi pirvelad da martivi formiT iZleva 

rTuli teqnikuri sistemebis adamianiT marTvis faqtoris 

gaTvaliswinebas. rac, yovelive es frenis usafrTxoebisa da 

saimedoobis obieqturi da utyuari Sefasebis saSualebas 

gvaZlevs. 

 

samuSaos aprobacia: naSromi mTlianad da misi calkeuli 

Sedegebi warmodgenili da ganxiluli iqna saqarTvelos 

teqnikuri universitetis saaviacio saswavlo-samecniero 

institutis saaviacio mowyobilobebis, safreni aparatebisa da 

Zravebis teqnikuri eqspluataciis kaTedrebis gaerTianebul 

sxdomaze. 
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Tavi I 

sahaero transportis rTuli teqnikuri 

sistemebis operatoriT usafrTxo marTvis 

maCveneblebis damuSaveba 

 

cnobilia, rom sahaero transportis rTuli teqnikuri 

sistemebis marTvisaTvis adamianis anu ekipaJis (operatoris) 

momzadebis Teoriuli da praqtikuli done arsebiTad 

gansazRvravs misi funqcionirebis usafrTxoebis saimedoobas. 

magram, jerjerobiT kidev ar aris sakmarisad martivi da 

obieqturi meTodebi gamoyenebuli adamianiT marTuli rTuli 

teqnikuri sistemebis saimedoobis raodenobrivi SefasebisaTvis. 

amasTan dakavSirebiT pirvel TavSi SemoTavazebulia am amocanis 

dasmisadmi axali midgoma da misi gadawyvetis meTodi. 

 

1.1. sakiTxis dayeneba 

rTuli teqnikuri sistemebis marTvis swavlebis sawyis 

procesSi, agreTve eqspluataciis yvela momdevno etapze 

operatoris swavleba saimedo marTvis wesebiT warmoebs. amitom, 

SemdgomSi gamovdivarT Semdegi Tezisebidan: 

sahaero transportis rTuli teqnikuri sistemebis marTvaSi 

operatoris muSaoba iwyeba swavlebidan da es procesi grZeldeba 

SemdegSiac. 

es Tezisi gvaZlevs saSualebas safuZveli CavuyaroT 

operatoris swavlebis procesis modelirebis ideas. 

amJamad, rTuli teqnikuri sistemebis marTvis, 

operatorebisaTvis swavlebis mizniT, gamoyenebulia egreT 

wodebuli inteleqtualuri swavlebis sistemebi. 

aseT sistemaTa ricxvs SeiZleba mivakuTvnoT saaviacio 

trenaJorebi, saswavlo kompiuteruli sistemebi, romlebSiac 

golografiuli da kinoteqnikis saSualebebis gamoyenebiT 

modelirdeba mdgomareobis realoba, sadac mimdinareobs rTuli 
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teqnikuri sistemebis eqspluatacia. amasTanave operatori 

moqmedebs drois realur masStabSi codnis arsebuli bazis 

moqmedebis sferoSi. 

amJamad garkveuli Sromebia miZRvnili saswavlo 

procesebisadmi raodenobrivi maTematikuri modelebis gamoyenebiT. 

swored, es mimarTuleba warmoadgens disertaciis interess. 

amitom, mokled SevCerdebiT sakiTxis ganxilvaze am 

mimarTulebiT. ramdenadac swavlebis procesi Tavisi bunebiT 

safexuriania, martividan rTulze gadasvliT, amitom miRebulia 

CavTvaloT, rom mis adekvatur maTematikur models m a r k o v i s  

diskretuli wredebis Teoria warmoadgens. swavlebis 

maTematikuri Teoriis sivrceSi fuZemdeblebi buSi da 

mostelleri gvTavazoben markovis erTgvarovani wredis Teoriis 

Sedegebis daxmarebiT swavlebis procesis aRweras [16]. avtorebi 

Tvlian, rom gamokvlevis masalebi maT mier SemoTavazebul 

agebulebas uWers mxars. 

Semdgom SromebSi [17-19] monografiis [16] zegavlena 

igrZnoba, sadac miTiTebulia markovis wredebis Teoriis 

nayofiereba swavlebis procesSi operatoris qcevis aRweris 

amocanaSi. aRvniSnoT is nakli, romelic damaxasiaTebelia am 

sivrceSi gamokvlevisaTvis: 

1. swavlebis procesis aRwera xdeba Zalian zedapirulad da 

mxolod martivi amocanisaTvis. amasTanave ar aris 

gaTvaliswinebuli codnis ganStoebuli bazis Cabmis 

SesaZlebloba, didi moculobis amocanebis ganxilva da swavlebis 

procesis parametrebis optimizacia; 

2. zemoaRniSnul SromebSi maTematikuri modeli ar aris 

orientirebuli modelirebis Tanamedrove saSualebebisa da 

operatoris swavlebisaTvis gamoyenebaze; 
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arsebul naSromebSi, zemoaRniSnuli modelebis gamoyenebis 

masStabebi mcirea: orientacia warimarTa Zalian kerZo amocanis 

ganxilvisaken. 

amrigad, swavlebis xarisxis Sefasebis meTodebis sferoSi 

ar aris Sromebi, romelic orientirebulia adamianiT marTuli 

rTuli teqnikuri sistemebis saimedoobis Sefasebis amocanebis 

gadawyvetaze. Teoriuli TvalsazrisiT sainteresoa swavlebis 

maTematikuri Teoriis gamokvleva [15] saerTo problemebis 

mixedviT. magram igi ar Seicavs raime Sedegebs romelime 

praqtikul sferoSi swavlebis Teoriis danamats. winamdebare 

disertaciaSi [15] gaTvaliswinebiT xdeba dayrdnoba swored 

sahaero transportis rTuli teqnikuri sistemebis 

eqspluataciis saimedoobis Sefasebis amocanis gadawyvetaSi 

swavlebis Teoriis danamatze. amocanis aseTi dayenebis 

realizacia pirvelad xdeba mocemul samuSaoSi. 

 

1.2. sahaero transportis rTuli teqnikuri 

sistemebis operatoris swavlebis procesSi 

informaciis gadacemis da aTvisebis modeli. 

miviRoT Semdegi daSvebebi: 

1. swavlebis sistemis yoveli ZiriTadi sainformacio bloki 

warmoadgens sainformacio sivrces, _ codnis bazis erTobliobas 

da isini Sedian meToduri da mecnieruli Sinaarsis blokebSi. 

swavlebis procesSi sainformacio sivrce transformirdeba 

(aisaxeba) da SeiZleba Teoriuli testebis T  matricis saxe 

(davalebis an pasuxebis) qondes, romelic operators 

waredgineba. agreTve testebis ∏  matricis saxe (davalebis an 

pasuxebis) praqtikuli CvevebiT. 

T  da ∏ -s davarqvaT codnisa da ostatobis testebis 

matricebi, anu saswavlo masalis (gegmis) matricebi. 
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2. navaraudevia, rom saswavlo gegmis matricebi ( )ijT τ=  da 

( )ijπ=∏  Sedgenilia uganzomilebo ricxobrivi maCveneblebidan 

ijτ  da ijπ , sadac i  aris striqonis nomeri, xolo j  matricis 

svetis nomeri, romlis gadakveTaze imyofeba ijτ  elementi 

(elementi ijπ ). aseTi moTxovnebi matricebisadmi ( )ijT τ=   da 

( )ijπ=∏  wayenebulia ganzrax im mosazrebiT, rom kargad 

gamoviyenoT Teoriuli matricis damuSavebuli aparati da rTuli 

sistemis matriculi analizi. 

zemoT ganxiluli blokis Taviseburebidan gamomdinare, T  

da ∏  matricebiT, sxvadasxva saswavlo informaciebi SeiZleba 

miviRoT. ganvixiloT saswavlo gegmis matrica: 

          ( )ij

mnmm

n

n

T τ
τττ

τττ
τττ

=
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

⋅⋅⋅
⋅⋅⋅
⋅⋅⋅

=

21

22221

11211

,                   (1) 

 

CavTvaloT, rom i  aris kursis (ganyofilebis) nomeri, 

xolo j  - Temis (amocanis) nomeri. i  da j  nomrebis wyvilebs 

( )ji,  davarqvaT saswavlo gegmis ( )ij  pozicia. 

CavTvaloT, rom T  matricaSi misi elementi ijτ  warmoadgens 

amocanis amoxsnis sirTulis Sefasebas balebSi saswavlo gegmis 

( )ji,  poziciis aTvisebis dros [10]. amasTanave, SegviZlia 

davniSnoT codnis Sefasebis saerTo skala, aTbaliani, ijτ  

mniSvnelobis povnisaTvis. 

ricxvi ijτ   Seicavs ara mxolod mocemuli amocanis 

amoxsnis sirTulis informacias, aramed mis indeqss ( )ji, , 

romelsac Seesabameba codnis gansazRvruli baza, sawyisi 

sainformacio garsidan. 

ostatobis matricis ( )ijπ=∏  formireba imave sqemiT xdeba, 

rogorc codnis ( )ijT τ=  matricis. navaraudevia, rom 
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informaciuli garsi Seicavs samecniero praqtikuli 

uzrunvelyofis ganyofilebas, instruqciis erTobliobas da 

TiToeulisaTvis davalebas ( )ij  - dan: 

ijπ  sirTulis amocana, romelic unda amoxsnas operatorma 

Teoriuli codnis praqtikulad gamoyenebis dros. 

swavlebis procesSi, yoveli davalebidan sirTuleebi ijτ  da 

ijπ , operatoridan miRebuli Sedegebi (pasuxebi) aRiniSneba 

rogorc ijT  da ijΠ . 

amrigad, swavlebis procesi informaciis gardaqmnas 

warmoadgens 

 

( ) ( )00 ,, ∏→∏ TT                              (2) 

             anu wyvili gamosaxuleba 

 

( ) ( )
ijij TTT =→= 0τ  da ( ) ( )

ijij Π=∏→=∏ 0π ,          (3) 

 

sadac 0T  da 0∏  - aris operatoris pasuxebis matricebi T  

da ∏  davalebaze. 

(3) formulaSi ijT  da ijΠ  aRniSnaven Sefasebis niSnebs 

(balebs) miRebuls pasuxebze, Tumva gaTvaliswinebulia iseTi 

masStabireba, romlis drosac: 

 

           
TT

T ijij

≤

≤

0

τ
da

,

,

0 ∏≤∏

≤Π ijij π

⎭
⎬
⎫
                    (4) 

 

sadac utoloba or matricas Soris gulisxmobs maTSi 

Semavali utolobas. 

(4) gamosaxuleba aRniSnavs, rom pasuxis dros operators 

ar SeuZlia balebis didi raodenoba miiRos, romelic amocanis 

sirTuleze miuTiTebs. 
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calkeul SemTxvevebSi matricebi 0T  da 0∏  - aris 

operatoris pasuxebis matricebi T  da ∏  davalebebze, romelic 

SesaZlebelia fardobiTi formiT gamovsaxoT: 

  ⎟
⎠
⎞

⎜
⎝
⎛=

∧

ijpT0  da ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=∏

∧
1

0 ijp ,                      (5) 

sadac 

    
ij

ijT
ijP τ=  da 

ij

ijП
ijP π=1 .                       (6) 

 

(4) utolobidan gamomdinareobs, rom sidideebi ijP  da 1
ijP  

(6) gamosaxulebaSi akmayofileben damokidebulebas 

   1≤≤
∧

ijpO ,  11 ≤≤
∧

ijpO                          (7) 

 

(7) utoloba gvaZlevs saSualebas ijp
∧

 da 
∧
1
ijp  sidideebi 

CavTvaloT statistikur sixSired – ucnobi albaTobis cdiseul 

sidided ijp
∧

 da 
∧
1
ijp  romelic operatorisaTvis aris 

damaxasiaTebeli da romelTa Sedegebi gamoyenebulia sixSiris 

povnis dros (7). 

amasTanave ijp
∧

 da 
∧
1
ijp  - aris operatoris warmatebuli 

pasuxebis albaToba T  da ∏  saswavlo gegmis (davalebis) ( )ji,  

amocanaze. albaTobis Teoriis postulatebis safuZvelze N  

ricxvis ganusazRvreli gazrdis dros aris mcdeloba Sesruldes 

T  da ∏  davaleba gadabarebis albaTobiT. 

(7) utoloba miiswrafvis Tavisi zRvruli mniSvnelobisken, 

romelic warmoadgens ijp
∧

 da 
∧
1
ijp ,  e.i. mocemul mosazrebiT: 

ijij pp →
∧

 da ijij pp →
∧
1 , rodesac ∞→N .              (8) 
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(3) gamosaxuleba ( ) 0TT ij →= τ , saerTo formiT gvixasiaTebs 

swavlebis process da mocemuli saswavlo blokis mixedviT 

saswavlo gegmis Teoriuli safuZvlebis sakuTari codnis 

demonstracias. es procesi sakmaod rTulia da igi mxolod 

daaxloebiT SeiZleba iyos aRwerili. misi Taviseburebebidan erT-

erTi maTgani dakavSirebulia bevr, zogjer ki yvela ( )ji,  

amocanasTan Siraarsis mixedviT: navaraudevia, erTi SekiTxvis 

pasuxis codna, sakmarisia sxva mravali SekiTxvis pasuxebis 

codnisaTvis. 

sahaero transportis rTuli teqnikuri sistemebis 

operatoris swavlebis procesis aRweris SemoTavazebuli 

matriculi procesis erT-erT Zlier mxares saswavlo gegmiT 

Sesaswavli disciplinis calkeuli ganyofilebebis 

urTierTkavSiris aRweris SesaZlebloba warmoadgens. 

ar arsebobs sxva maTematikuri modeli, romelic aseTi 

martivi formiT mogvcemda mocemuli amocanis amoxsnis 

saSualebas. sistemis Teoriidan cnobilia, rom wrfiuli 

gardaqmnis kompozicia gamravlebis operaciiT aRiwereba. es 

aRniSnavs, rom gamosaxuleba ( )0TT ij →= τ  SeiZleba iyos ara 

mxolod saerTo formiT aRwerili, aramed konkretulad: 

                            To=AoT                            (9) 

 

aq, rogorc zemoT, T  aris saswavlo gegmis (davalebis) 

matrica mocemuli saswavlo blokis Teoriuli safuZvlebis 

mixedviT, xolo 0T  aris operatoris pasuxebis matrica. (9) 

gamosaxulebis T  da 0T  matricebTan damatebiT Seyvanilia 

T=(τij) → 0T  gardaqmnis procesis damaxasiaTebeli matrica 0A . es 

matrica yvela operatorisaTvis specifikuria. is damokidebulia 

operatoris: Teoriul momzadebaze, garegani zemoqmedebisadmi 

reaqciis siCqareze, amocanis arsis gagebis siCqareze, Cvevebidan 

gadawyvetilebebis miRebaze da a.S. 
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ijλ  matricis elementebi 

             ( )ijA λ=0                         (10) 

 

SemoviRoT operatoris pasuxebis intensivobis cneba. 0A  - 

saTvis gamoviyenoT termini: “operatoris Teoriuli momzadebis 

matrica”. 

Tu saswavlo gegmis matricas mivcemT formas ijT τ= , maSin 

idealur SemTxvevaSi, rodesac matrica 10 =A , (9) 

gamosaxulebidan miviRebT TT =0 , e.i. operatoris yvela pasuxi 

emTxveva maqsimaluri SesaZlo balebs: 

ijijT τ= . 

 

ZiriTadi aRniSvnebis Semotanis mizniT, qvemoT SeniSvnaSi 1, 

motanilia gamravlebis matricis operaciis calkeuli 

Taviseburebani. 

S e n i S v n a  1. ori AB  matricis ( )ijaA =  da ( )ijbB =  

namravlis povnisaTvis, raTa Sesruldes maTi zomebis SeTanxmebis 

piroba saWiroa A  matricis svetebis ricxvi emTxveodes B  

matricis striqonebis raodenobas. aseTi pirobis dros 

( )ijCAB = , sadac elementebi ganisazRvrebian ikik

n

K
ij baC

1=
∑=  

damokidebulebis Sesabamisad. 

momavalSi gamoviyenoT aRniSvnebi: 

 

( ) .21
2

1

T
n

n

XXX

X

X
X

X ⋅⋅⋅=

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

⋅⋅⋅
=  

n  komponentidan matrica-svetisaTvis, Tu uwodebT X  - s 

veqtors, anu n  zomadobis veqtors. amave dros, adgilis 
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ekonomiis mizniT, viyenebT veqtoris striqonul Caweras, 

striqonebis svetebad transportireba-gardaqmnis “T ” simbolikis 

daxmarebiT. n  elementebidan matrica-striqoni xSirad aRiniSneba, 

rogorc: 

 

( )n
T YYYY ⋅⋅⋅= 21 . 

 

striqonisa da svetis namravli aris ricxvi, romelic misi 

komponentebis wyvil-wyvilad namravlis jamis tolia, e.i. 

( ) ;2211
2

1

21 nn

n

n
T XYXYXY

X

X
X

YYYXY +⋅⋅⋅++=

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

⋅⋅⋅
⋅⋅⋅=  

 

Tu ( )n
T YYYY ⋅⋅⋅= 21  - aris n  elementebis striqonebi, xolo 

( )T
mXXXX ⋅⋅⋅= 21  - aris sveti (veqtori) m  elementebidan, 

maSin namravli TXY  warmoadgens matricas (diads). 

( )
⎜⎜
⎜
⎜
⎜

⎝

⎛

=⋅⋅⋅

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

⋅⋅⋅
= n

m

T YYY

X

X
X

XY 21
2

1

1

12

11

YX

YX
YX

m

⋅⋅⋅
 

2

22

21

YX

YX
YX

m

⋅⋅⋅
 

⋅⋅⋅

⋅⋅⋅
⋅⋅⋅

nm

n

n

YX

YX
YX

⋅⋅⋅
2

1

⎟⎟
⎟
⎟
⎟

⎠

⎞

 

 

zomiT nm × . 

matricebis namravli ( ))()2()1( naaaA ⋅⋅⋅=  svetebze 

)()2()1( , naaa ⋅⋅⋅  B  matricis striqonebze T
nbbb ,,, 21 ⋅⋅⋅  SemTxvevaSi, 

rodesac p elementebis ricxvi yovel svetSi )1(a  da yovel 

striqonSi T
ib  erTnairia, gamoisaxeba, rogorc n  diadis jami 

T
i

iba , e.i.  

 



 

 

 

18

( ) ( ) ( ) ( ) T
n

nT

T
n

T

T

n bababa

b

b

b

aaaAB +⋅⋅⋅++=

⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛

⋅⋅⋅
⋅⋅⋅= Τ

2
2

1
12

1

)()2()1( , 

 

garda amisa 

⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛

⋅⋅⋅
=Χ

T
m

T

T

a

a

a

A 2

1

 

⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛

⋅⋅⋅
=

Xa

Xa

Xa

X

T
m

T

T

2

1

, sadac 

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

⋅⋅⋅
=

nX

X
X

X 2

1

, 

 

( ) ( )( ) ( ) ( ) ( )( )nTTTnTT aXaXaXaaaXAX ⋅⋅⋅=⋅⋅⋅= 2121 , 

 

( ) ( ) ( )( ) ( ) ( ) ( )( )mm AbAbAbbbbAAB ⋅⋅⋅=⋅⋅⋅= 2121 , 

 

⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛

⋅⋅⋅
=

T
m

T

T

a

a

a

AB 2

1

 

⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛

⋅⋅⋅
=

Ba

Ba

Ba

B

T
m

T

T

2

1

,  ( )( )iT
i baAB = . 

 

amrigad, A Amatricis X  svetze gamravlebis dros 

vRebulobT m  elementebidan AX  svets, romelTa komponentebi 

– ricxvi XaT
i  imyofeba wesiT T

ia  striqonis A  matricis X  

svetze gamravlebis reJimSi. TX  striqonis A  matricaze 

gamravlebiT vRebulobT ( )iT aX  ricxvis n  elementebidan 

striqonebs, sadac yoveli maTgani imyofeba striqonis svetze 

gamravlebis reJimSi. 

A  da B  matricebis gamravlebis dros, rodesac maTi 

zomebi SeTanxmebulia, saWiroa B  matricis yoveli sveti ( )ib  

gavamravloT marcxniv A  matricaze. A  da B  matricebis 

gamravlebis dros Tu maTi zomebi SeTanxmebulia, saWiroa A  
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matricis yoveli striqoni T
ia  gavamravloT marjvniv B  

matricaze. A  da B  matricebis zomebis SeTanxmebis SemTxvevaSi, 

ABC =  matricis ijC  elementebi gamoisaxebian rogorc i  - uri 

A  matricis T
ia  striqonebis da B  matricis ( )ib  svetis j  

nomriT namravli. 

 

1.3. saswavlo gegmis disciplinebis, calkeuli 

ganyofilebebisa da Temebis urTierTkavSiris 

aRricxvis modeli 

matricebis gamravlebis operaciebis Tviseba da zemoT 

SemoTavazebuli damokidebuleba TAT 00 =  gvaZlevs saSualebas 

gamovsaxoT urTierTdamokidebuleba operatoris pasuxebis 

( )ijTT =0  matricebis ijT  elementebsa da saswavlo gegmis 

(davalebis) ( )ijTT =0  elementebis τij matricebs Soris, agreTve 

operatoris pasuxebis intensivobis (Teoriuli momzadebis 

matricebi) matricebis ijλ  elementebs Soris. 

formulidan TAT 00 =  gamomdinareobs, rom mocemul 

damokidebulebas aqvs saxe 

 

ιτλτλτλ ⋅⋅⋅=+⋅⋅⋅++= 2.1;22 jKjiKiiijijijT ,        (11) 

 

sadac K  da ι  - aris Sesabamisad 0A  matricis svetebis 

ricxvi da 0T  matricis svetebis ricxvi. 

(11) gamosaxulebidan Cans, rom zemoT SemoTavazebuli 

gantoleba TAT 00 = , romelic akavSirebs davalebisa T  da 

operatoris pasuxebis 0T  matricebs, aucilebelia ijA λ=0  

matricis ijλ  elementebis conda. 

sahaero transportis rTuli teqnikuri sistemebis 

operatoris momzadebis ijA λ=0  matricis ijλ  elementebis 
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SefasebisaTvis SemoTavazebulia sakiTxisadmi axali midgoma, 

romelic iTvaliswinebs gansaxilveli amocanis sfecifikas. 

SemoTavazebuli midgoma orientirebulia testuri meTodiT 

CaTvlebisa da gamocdebis Cabarebaze saswavlo gegmis mixedviT. 

swavlebis dros operatoris erTi da igive saswavlo gegmiT 

T  gamokiTxvis dros iTvaliswineben amocanis ramodenime 

variants ( ) ( )( )v
ij

vT τ=  erTi da igive sirTulis kategoriisaTvis. 

amitom, ramodenime cikliT swavlebis dros davalebis varianti 

( )vT  gansxvavebulia ciklidan ciklamde, Tumca saswavlo gegmis 

T  sirTulis kategoria SenarCunebulia. sirTulis kategoria 

TavisTavad xasiaTdeba imiT, rom sirTulis balebis jami 

saswavli gegmis ganyofilebisa da TemebisaTvis yvela ciklSi 

ucvleli rCeba: 

jij

m

i
Δ=∑

=
τ

1
,                               (12) 

 

aq jΔ  - aris balebSi jamuri sirTule T  davalebis i  - 

uri TemisaTvis. matriculi formiT ukanaskneli gamosaxuleba 

CavweroT ase: 

 

( ) ( ) ( )n
vT Δ⋅⋅⋅ΔΔ=⋅⋅⋅ 2111,1 ; 

 

ganvixiloT gamosaxuleba TAT 00 =  da CavweroT igi gegmiT 

T  swavlebis yoveli v  - uri ciklisaTvis, ris Sedegad miviRebT 

matriculi gantolebis sistemas. 

 

( ) ( ) ,,,1,00 NvTAT vv ⋅⋅⋅==                       (13) 

 

sadac N - aris gegmiT swavlebis ciklebis saerTo 

raodenoba ( ) ( )vv TT 0→ . amasTanave, operatoris momzadebis matrica 
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0A  ucnobia da Sefaseba unda moxdes operatoris pasuxebis ( )v
oT  

matriciT. 

(13) gantolebis sistema, ucnobi 0A  matriciT, SeiZleba 

erTi matriculi gantolebis saxiT CavweroT: 

 

GAF 00 = , sadac 

( )

( )

( ) ⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛

⋅⋅⋅
=

NT

T

T

F

0

2
0

1
0

0 ,  

( )

( )

( ) ⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛

⋅⋅⋅
=

NT

T
T

G
2

1

.             (14) 

 

(14) gamosaxulebaSi F  da G  matricebi blokisebria, 

radganac maTi elementebi TavisTavad matricebs warmoadgens. 

axla amocanis zusti formulireba SeiZleba gavakeToT: 

sawyisi monacemebiT ( )vT , ( )v
oT , romelic miRebulia swavlebis 

N  ciklSi 

 

( ) ( )vv TT 0→  

 

saWiroebs (14) gantolebis matriculi sistemis amoxsnis 

safuZvelze vipovoT sahaero transportis rTuli teqnikuri 

sistemebis operatoris momzadebis 0A  matricis Sefaseba. 

am amocanis gadawyvetisaTvis gamoviyenoT umciresi 

kvadratebis meTodi. 

Tu ganvixilavT gantolebas GAF 00 =  operatoris 

momzadebis Semfasebeli 0A  matricis mimarT, maSin SesaZlebelia 

aRmoCndes, rom 0A  matricis nebismieri SerCevis dros 

gamosaxuleba GAF 00 =  ar kmayofildeba. aseT SemTxvevaSi 

matriculi sxvaoba  GAFE 00 −=  SeiZleba iyos nuli: 
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0≠E , Tumca tolobis SemTxveva ar gamoiricxeba. sxvaoba E  

ewodeba argamocxadebis gantolebis GAF 00 =  matricas, saZebni 

0A  matricis mniSvnelobis mimarT. 

es gvixasiaTebs TAT 00 =  modelis cdomilebas. ricxobrivi 

sazomiT cdomileba SeiZleba iyos kvadratuli fesvi E  matricis 

yvela elementebis kvadratebis jamidan, romelsac matricis 

e v kl idur i  norma ewodeba da aRiniSneba E . matricebis 

00 ÂA =  SerCevas gantolebaSi GAF 00 =  optimaluri mosazrebiT 

ewodeba umciresi kvadratebis meTodi, Tu igi uzrunvelyofs 

TAT 00 =  modelis minimalur cdomilebas E , e.i. Tu  

 

GFGAFE 0000 λ−≥−=  

 

sadac 0A  - aris operatoris momzadebis matricis 

nebismieri sxva mniSvneloba. 

aRvniSnoT, rom umciresi kvadratebis meTodi kargad aris 

Seswavlili da farTod gamoyenebuli gamokvlevebis sxvadasxva 

sferoSi. Tumca, Cvens SemTxvevaSi, amocanis sfecifikis gamo, 

umciresi kvadratebis meTodis gamoyeneba moiTxovs amocanis 

pirobebis Sesabamisad gadakeTebas da damuSavebas. 

umciresi kvadratebis meTodis Tanaxmad, 0A  matricis 

SerCevis saukeTeso piroba maSin iqneba uzrunvelyofili Tu 

gamoviyenebT 

 

+= GF00λ                               (15) 

 

(15) gamosaxuleba iZleva saSualebas umciresi kvadratebis 

meTodis gamoyenebiT vipovoT sahaero transportis rTuli 

teqnikuri sistemebis operatoris momzadebis Sesafasebeli 0A  
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matrica, sadac G  - saTvis fsevdoukana matrica  aRniSnulia 

+G . fsevdoukana matricis axsna SedarebiT axalia da igi 

ganmartebulia qvemoT. 

(15) Tanafardobis Sefasebis sizuste xasiaTdeba narCeni 

gadaxriT, romelic ganisazRvreba 

               GAF 00 −                           (16) 

 

Cveni amocanis Taviseburebas “Sefaseba” warmoadgens, sadac 

( )ijA λ=0  matricis elementebi ijλ  aris arauaryofiTi ricxvi. 

umciresi kvadratebis meTodebis formalurma gamoyenebam 

SesaZlebelia uaryofiTi mniSvnelobebi mogvces ( )ijA λ=0  

matricis zogierTi elementebisaTvis. amitom, amocanaSi 0A  

matricis optimaluri SerCevisaTvis saWiroa daematos 

arauaryofiTobis moTxovna. 

Cvens mier dayenebuli amocana SeiZleba aseTnairad iyos 

formulirebuli: vipovoT operatoris momzadebis 0A  matricis 

Sefaseba 0A  (17) pirobidan 

 

        
min

0>A GAFGAFo 0000 −=−> .               (17) 

 

(17) TanafardobaSi GAF 00 −  sxvaobis normis minimizacia 

ganxorcielebulia 0A  matricis simravlis arauaryofiTi 

elementebiT. 

Cvens mier dayenebuli (17) amocana SedarebiT ufro zogadi 

xasiaTisaa umciresi kvadratebis meTodebis amocanasTan 

SedarebiT, romelSiac GAF 00 −  sxvaobis minimizacia 0A  

matricis simravliT xdeba nebismieri elementis gamoyenebiT. 

winamdebare samuSaos masalebiT gamokvleviis Semdgomi 

gagrZeleba gulisxmobs (1) axali amocanis gadawyvetas, xolo 
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pirveli miaxloebisas SeiZleba gamoviyenoT umciresi kvadratebis 

meTodi – (15) gadawyveta imis gaTvaliswinebiT, rom (17) 

amocanis ganxilvis dros navaraudevia misi gamartiveba saTanado 

Casworebis gziT. 

S e n i S v n a  2: ukumatricis 1−A Acneba garkveulia mxolod 

kvadratuli matricisaTvis A , romlis ganmsazRvreli 

gansxvavebulia nulisagan. Tu A  - aris kvadratuli matrica, 

romelsac gaaCnia nulovani ganmsazRvreli, agreTve im 

SemTxvevaSi, rodesac matrica A  warmoadgens marTkuTxas, 

ukumatricis arsebobaze laparakic ki ar SeiZleba. 

ukanasknel wlebSi matricebis TeoriaSi gamoyenebulia 

meore, ufro ganzogadoebuli ukumatricebi, romlebic 

gamoyenebulia nebismieri matricebisaTvis A , da amasTanave kerZo 

SemTxvevebSi emTxveva ukumatricebs 1−A . Tanaxmad [26] nebismier 

matricisaTvis A  arsebobs erTaderTi matrica XAX =  egreT 

wodebuli fsevdoukumatrica A  - saTvis da akmayofilebs Semdeg 

oTxive moTxovnas: 

 

AAXA = , XXAX = , ( ) AXAX T = , ( ) XAXA T =          (18) 

 

am pirobebiT kmayofildeba ukumatrica 1−A , maSasadame, Tu 

ukumatrica arsebobs, maSin igi fsevdoukana matricas emTxveva. 

aqedan gamomdinare, (18) pirobis Sesrulebis uSualo 

SemowmebiT martivad mowmdeba, rom qvemoT motanili formulebi 

samarTliania fsevdouku matricebisaTvis. 

1. Tu nmEA ,∈  - aris sruli sveturi rangis nm ×  zomis 

matrica, maSin ( ) TT AAAA 1−+ =  da am SemTxvevaSi matrica +A  

warmoadgens marcxena A  - saTvis e.i. 1=+ AA . 
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2. Tu ( )mEA nm,∈  - aris nm ×  zomis sruli striqonuli 

rangis matrica, maSin ( ) 1−+ = TT AAAA  da am SemTxvevaSi matrica 

+A  warmoadgens marjvena ukanas A  - saTvis e.i. 1=+AA . 

amrigad, Cvens mier SemoTavazebulia sahaero transportis 

rTuli teqnikuri sistemis operatoris swavlebis procesSi 

informaciis nakadis gardaqmnis axali maTematikuri modeli. 

matriculi formiT modeli gamosaxavs urTierTkavSirs 

TAT 00 =  saswavlo gegmis T  matricasa da operatoris pasuxebis 

0T  matricebs Soris, sadac matrica 0A  - aris operatoris 

momzadebis matrica. es modeli pirvelad iZleva saswavlo gegmis 

sxvadasxva ganyofilebisa da Temebis swavlebis procesSi 

operatoris aTvisebis xarisxze urTierTzegavlenis aRricxvis 

saSualebas. 

mocemul samuSaoSi operatoris momzadebis matricis 

( )ijA λ=0  elementebis ijλ  Sefasebis axali midgomaa amJamad 

SemoTavazebuli gansaxilveli amocanis specifikurobis 

gaTvaliswinebiT. 

naCvenebia, rom pirveli miaxloebisas matricis 0A  

saukeTeso Sefaseba SeiZleba vipovoT formuliT += GF00λ , sadac 

G  da 0F  - aris blokuri matricebi, romelic Seicavs T  

davalebebis variantebs da pasuxebis 0T  variantebs, xolo +G  - 

aris G  - saTvis fsevdoukana matrica. 

 

1.4. sahaero transportis rTuli teqnikuri 

sistemebis marTvis dros operatoris muSaobis 

maCveneblebi 

operatoris swavlebis procesSi informaciis gardaqmnis 

zemoT SemoTavazebuli matriculi modeli, am procesis 

mravalganzomilebiani aRweras varaudobs. magaliTad, 

Tanafardobis formiT TAT 00 = . amitom, swavlebis procesis 
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xarisxis maCveneblebis damuSaveba warmoadgens sakmaod rTul, 

rogorc sakiTxis dayenebis, ise misi gadawyvetis meTodis 

mixedviT. miuxedavad amisa, winamdebare naSromSi saboloo jamSi 

vRebulobT sakmaod martiv raodenobiT Tanafardobas xsenebuli 

maCveneblebis gaangariSebisaTvis. 

 

1.5. sahaero transportis rTuli teqnikuri 

sistemebis operatoris momzadebis donis maCvenebeli 

sawyisi modelis saxiT miviRoT funqcionaluri analiziT 

damuSavebuli normirebuli veqtoruli sivrcis modeli, agreTve 

veqtorul sivrceSi skaliaruli namravliT. ganvixiloT nm ×  

zomis yvela matricebis A  erToblioba (sivrce) nmE ⋅ . am 

sivrcis elementebs (wertilebs) warmoadgenen matricebi. nmE ⋅  - 

Si SeiZleba SeviyvanoT manZilis cneba 

( ) BABAp −=,                              (19) 

or nebismier wertils A  da B  Soris nmE ⋅  - dan, e.i. or 

nebismier erTnairi nm ×  zomis A  da B  matricebs Soris. (19) 

gamosaxulebaSi gamoyenebulia aRniSvnebi BA −  ori A  da B  

elementebis nmE ⋅  - dan sxvaobis normisaTvis. amasTanave, norma 

X  elementisa nmEX ⋅∈  ganisazRvreba, rogorc funqcia 

XX → , romelic akmayofilebs pirobebs: 

1. 0=X  mxolod maSin, rodesac nmEX ⋅∈= 0 ; 

2. ||||| XX λλ =  nebismieri ricxvisaTvis λ ; 

3. YXYX +≤+  ori nebismieri elementisaTvis 

nmEYX ⋅∈1  

amrigad, manZili or matricas Soris SeiZleba gamovxatoT 

normiT e.i. nebismieri funqciis XX →  arCeviT, romelic 

akmayofilebs normebis aqsiomebs, SeiZleba vipovoT matricebs 

Soris manZili. 
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xSirad nmE ⋅  sivrcis elementebis normis davalebisaTvis 

gamoyenebulia ori nebismieri elementis nmEYX ⋅∈,  skaliaruli 

namravlis damatebiT cneba, romlis qveS igulisxmeba funqcia 

( )YXf , , romelic aRniSnulia, rogorc ( )YX ,  da akmayofilebs 

skaliaruli namravlis aqsiomebs: 

1. ( ) 0, ≥XX , Tanac ( ) 0, =xX  mxolod rodesac nmEX ⋅∈= 0 ; 

2. ( ) ( )YXYX ,,, λλ =  nebismieri λ  ricxvisaTvis; 

3. ( ) ( ) ( )ZYZXZYX ++=+ ,, . 

davuSvaT SerCeulia skaliaruli namravlis funqcia. maSin 

normis aqsiomebi sruldeba, Tu daiSveba, rom 

( )XXX ,=                            (20) 

zemoT motanili miuTiTebs, rom matricebs Soris manZilis 

gansazRvrisaTvis SeiZleba gamoviyenoT Tanafardoba 

( ) ( )XXBABAp ,, =−= ,                     (21) 

sadac BAX −= . 

(21) formulis gamoyeneba varaudobs, rom cnobilia ori 

matricis skaliaruli namravlis sapovneli Tanafardoba. 

vaCvenoT, rom Tu ( )ijaA =  da ( )ijbB =  - aris ori matrica nmE ⋅  

- dan, romelic Sedgenilia ija  da ijb  elementebisagan, maSin 

mocemuli matricebis skaliaruli namravli ( )BA,  SeiZleba 

vipovoT (22) formulidan 

( ) ijij

n

i

m

i
baBA

11
,

==
∑∑= .                        (22) 

namdvilad 

( ) 0, 2

11
≥∑∑=

==
ij

n

i

m

i
aAA , 

Tumca aq tolobis niSanis miRweva xdeba mxolod nulovani 

matricisaTvis A . garda amisa, nebismieri ricxvisaTvis λ  

sruldeba piroba  
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( ) ( )BAbabaBA ijij

n

i

m

i
ijij

n

i

m

i
,,,

1111
λλλλ =∑∑=∑∑=

====
 

amrigad, skaliaruli namravlis pirveli ori aqsioma 

sruldeba. martivad SeiZleba SevamowmoT, rom ori matricis 

skaliaruli namravlis (22) formiT SerCevis dros mesame aqsioma 

aseve sworia. 

maSasadame, or matricas Soris manZilis dadgenisaTvis 

SeiZleba gamoviyenoT (21) da (22) Tanafardoba, saidanac 

vRebulobT saangariSo formulas 

( ) ( )2

11
, ijij

n

i

m

i
baBAp −∑∑=

==
.                     (23) 

igive Tanafardobebidan (22) da (23) vRebulobT formulas 

nmEA ,∈  matricis e v kl idur i  normis sapovnelad 

2

11
ij

n

i

m

i
aA

==
∑∑= .                          (24) 

normebisa da skaliaruli namravlebis aqsiomebs SeuZliaT 

daakmayofilon normebisa da skaliaruli namravlebis sxvadasxva 

gamosaxulebebi. amitom formula (24) warmoadgens matricebs 

Soris manZilis SesaZlo gamosaxulebas. mas SegviZlia davarqvaT 

evklidis manZili, radganac, rodesac A  da B  matrica-svetebi 

(veqtorebi) – gamosaxuleba (24) emTxveva cnobil Tanafardobas 

or wertils Soris e v kl id i s  manZilis gaangariSebas n  - 

sazom sivrceSi. 

vTqvaT ( )ijT τ=  - aris davalebis matrica (saswavlo gegmis 

matrica), xolo ( )ijTT =0  - aris operatoris pasuxebis matrica. 

maSin operatoris momzadebis done SeiZleba Sefasebuli iqnes T  

da 0T  matricebs Soris manZilis ( )0,TTp  daxmarebiT. rac 

naklebia es manZili, miT metia operatoris momzadebis done, 

maSasadame, miT metia saswavlo centrSi misi swavlebis procesis 

xarisxi, Tu saswavlo gegma damuSavebulia Tanamedrove 
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moTxovnis doneze. mocemuli meToduri msvlelobis safuZvelze 

mivdivarT Semdeg daskvnamde: 

sahaero transportis rTuli teqnikuri sistemebis marTvis 

operatoris momzadebis donis erT-erTi raodenobrivi maCvenebeli 

SeiZleba iyos davalebis T  matricasa da operatoris pasuxebis 

0T  matricebs Soris manZilis funqcia: 

( ) ( )2

11
0, ijTij

n

i

m

i
TTp −∑∑=

==
π .                    (25) 

manZilis ( )0,TTp  Semcireba gvidasturebs operatoris 

momzadebis donis gadidebas. aRvniSnoT, rom manZilis funqciis 

SerCeva araerTmniSvnelovania, rac imas niSnavs, rom manZili 

( )0,TTp  SeiZleba avirCioT sxvanairad, ara mxolod (25) saxiT. 

nebismieri aseTi SerCevis dros, normis aqsioma sruldeba, rac 

manZilis Semdegi Tvisebis Sesrulebas iwvevs: 

1. ( ) ( )ABpBAp ,, = ; 

2. ( ) 0, =BAp , mxolod rodesac BA = ; 

3. ( ) ( ) ( )CBpCApBAp ,,, ≥+ . 

ibadeba kiTxva: rogor aisaxeba manZilis funqciis arCeva, 

romelic akmayofilebs pirobas 31− , (25) saxis maCveneblis 

gamoyenebis Sedegebze aTvisebis donis Sefasebisa da saswavlo 

gegmis xarisxze. pasuxi am kiTxvaze SeiZleba mogvces calkeulma 

gamokvlevebma. 

bolo wlebSi, normirebuli sivrcis TeoriaSi dadgenilia 

saintereso utolobebi [19]. 

0ε≥− BA ,                           (26) 

sadac 

( )BA ,max0 γε = , 

Tanac 
⋅

⋅∈ nmEBA,  garda amisa (28) aRniSnulia: ( )BA ,max  

- aris didi ori normidan A  da B  elementebi (veqtorebi) 
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A Ada B  ki nmE ⋅  - dan, xolo γ  - aris ricxvi, romelic (27) 

gamosaxulebis mniSvnelobis tolia. 

αγ sin2
1= ,                          (27) 

aq αsin  aris A Ada B  veqtorebs Soris kuTxis sinusi 

nmE ⋅  sivrceSi, Tanac, rogorc Cveulebrivad ( ) 212cos1sin αα −= . 

cnobilia, rom αcos  - aris A Ada B  veqtorebs Soris 

kuTxis kosinusi da gamosaxulia skaliaruli namravlis mis 

normasTan namravlis saxiT, e.i. 

            
( )

BA
BA,cos =α .                          (28) 

(26) – dan saWiroa gavakeToT mniSvnelovani daskvna: (27) 

daSorebis maCvenebeli davalebis T  matricasa da operatoris 

pasuxebis 0T  matricebs Soris, rodesac 0TT ≠  ar SeiZleba 

gakeTdes 0ε  sidideze naklebi, e.i. 

    ( ) ( ) 0
2

11
0, επ ≥−∑∑=

==
ijTij

n

i

m

i
TTp ,                (29) 

sadac 0ε  - aris daSorebis qveda sazRvari, romelic tolia 

         αε sin2
1

0 T= .                          (30) 

amasTanave 

( )
212

0

0,
1sin

⎟⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜

⎝

⎛

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
−=

TT

TT
α  

namdvilad, zemoT aRiniSna, rom sruldeba Tanafardoba 

TT ≤0 , romelic aRniSnavs, rom operatoris pasuxebi, gazomili 

balebSi, ar SeiZleba iyos meti vidre misi amocanis sirTulea. 

saidanac gamomdirareobs Tanafardoba 

( ) TTT =0,max . 

am utolobis gamoyenebiT (26) – Si, vRebulobT (29) da 

(30) Tanafardobebs, amrigad, operatoris momzadebis 
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dazustebuli maCveneblebis saxiT SeiZleba gamoyenebuli iqnes 

Semdegi 

          ( ) ( ) 000

~
,, ε−= TTpTTp .                    (31) 

( )0,TTp  maCveneblidan gansxvavebiT, minimaluri mniSvneloba 

( )0

~
,TTp , rodesac 0TT ≠  SeiZleba nulis toli iyos. 

 

1.6. sahaero transportis rTuli teqnikuri 

sistemebis marTvisadmi operatoris niWierebis 

maCveneblebi 

zemoT SemoTavazebuli operatoris momzadebis donis 

maCvenebeli ( )0,TTp  warmoadgens daSorebis sazoms davalebis T  

matricasa da operatoris pasuxebis matricebs Soris. es 

maCvenebeli dazustebuli ( )0,TTp  maCvenebelia, romelic 

dafuZnebulia codnis gadacemis, codnis aRqmisagan gansxvavebiT 

xarisxis Sefasebaze. 

ganvixiloT Sefasebis amocana romelime sxva kuTxiT ara 

gansxvavebaze, aramed msgavsebaze (korelaciaze) micemul da 

aRqmul codnas Soris. 

aseTi ganxilva ar uaryofs ( )0,TTp  kriteriumebis 

gamoyenebis aucileblobas, aramed gvTavazobs swavlebis procesis 

analizis gaZlierebas misi xarisxis kriteriumis damatebiT 

Seyvanis xarjze. 

elementarul regresiuli (ukusvlis) analizSi msgavsebis 

mizniT gamoyenebulia korelaciis koeficientis cneba, romelsac 

Cven pirvelad vanzogadoebT matricebs Soris korelaciis 

ganxilvisaTvis. 

gavixsenoT erTganzomilebiani regresiuli analizis 

ZiriTadi cnebebi. masSi iTvleba romeliRac sididis λ  

prognozirebis cnobili formula romelic meore x  sididezea 

damokidebuli. 
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navaraudevia, rom prognozis formulas wrfiuli 

damokidebulebis saxe aqvs: ( )00 xxbyy −+= , sadac x  - cvladia, 

xolo 00 ,, yxb  - aris ricxvi (parametrebi), romlebic 

eqvemdebareba Sefasebas gamocdilebis monacemebiT ii xy ,  rodesac 

,,1 ni ⋅⋅⋅=  sadac n  - aris y  - ze da x  - ze dakvirvebis ricxvi. 

0x  da 0y  parametrebis Sefaseba ar iwvevs sirTules. isini 

mxolod fasdebian amorCeviT { }1y  da { }1x  elementebis saSualo 

ariTmetikuli mniSvnelobebis gamoTvlis saSualebiT e.i. 

daaxloebiT: 

i

n

i
x

n
xx

1
0

1
=
∑== )

,   i

n

i
y

n
yy

1
0

1
=
∑== )

. 

b  koeficientis SefasebisaTvis prognozis formulaSi mas 

n  - jer Caweren yoveli dakvirvebidan. Sedegad vRebulobT 

sistemas n  gantolebidan erTi ucnobiT b : 

ii bvu = ,  sadac  ,,,1 ni ⋅⋅⋅=   yyu ii
)== ,  xxv ii

)−= , 

anu 

              bvu = ,                              (32) 

sadac 

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

⋅⋅⋅
=

nu

u
u

u 2

1

  da  

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

⋅⋅⋅
=

nv

v
v

v 2

1

, 

umciresi kvadratis meTodiT (32) gantolebis amoxsniT, 

vpoulobT saukeTeso mniSvnelobis umciresi kvadratebis meTods 

b  koeficientis Sesafaseblad uvb +=  saxiT. 

aq +v  - aris fsevdouku matrica v  svetis matricisaTvis. 

pirobis Sesrulebis SemowmebiT martivad vadgenT, rom 

Tvv
ε
1

=+ , 

sadac ricxvi 22
2

2
1 nuuu +⋅⋅⋅++=δ , agreTve ( )n

T vvvv ⋅⋅⋅= 21  - 

striqonebia da igi Sedgenilia svetis elementebiT v . maSasadame, 
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umciresi kvadratis meTodiT Sefasebuli b  koeficientisaTvis b  

ipovneba, rogorc: 

( ) rxvuvuvub nn =+⋅⋅⋅++= δ/2211 . 

aq ( ) ( ) 2122
2

2
1

2122
2

2
1 / nn uuuvvvx +⋅⋅⋅+++⋅⋅⋅++= , xolo sidide 

( ) ( ) ( ) 2122
2

2
1

2122
2

2
12211 / nnnn vvvuuuvuvuvur +⋅⋅⋅++⋅⋅⋅+++⋅⋅⋅++= . 

meore CanawerSi bolo gamosaxuleba miiRebs saxes: 

            
( )

vu
vur ,

=                             (33) 

(32) gamosaxulebidan, u  da v  veqtorebs, centrirebuli – 

centrisadmi daqvemdebarebuli ewodeba, imis gamo, rom maTi 

komponentebi Seqmnilia sxvaobebiT yyu ii −= ,  xxv ii −= , e.i.  

centrirebulia saSualo mniSvnelobebTan SefardebiT. (33) 

gamosaxulebidan sidide r  centrirebuli u  da v  veqtorebis 

skaliaruli namravlis maTi normebis namravlTan fardobis 

tolia da mas y  da x  sidideebs Soris korelaciis 

(urTierTdamokidebulebis) cdiT miRebuli koeficienti ewodeba. 

agreTve qvemoT motanili veqtorebs Soris korelaciis 

koeficienti gamoisaxeba 

( )T
nxxxx ⋅⋅⋅= 21  da ( )T

nyyyy ⋅⋅⋅= 21 . 

winamdebare naSromSi pirvelad aris gamoyenebuli matricebs 

Soris korelaciis koeficientis cneba da matricis ganxilvis 

SemTxvevisaTvis korelaciis koeficientis ganzogadoebis cneba. am 

koeficientis gamoyeneba navaraudebia, rogorc sahaero 

transportis rTuli teqnikuri sistemis marTvis operatoris 

niWis donis maCvenebeli. 

davuSvaT, mocemulia nmE ⋅  - dan ori A  da B  matrica. 

davuyenoT maT ori sxva Sesabamisi 0A  da 0B  egreT wodebuli 

centrirebuli matrica, romelic ganisazRvreba Semdegnairad: 

vTqvaT ( ) ( ) ( )( )naaaA ⋅⋅⋅= 21  - aris nm ×  zomis matrica, romelic 

Sedgenilia ( ) ( ) ( )naaa ⋅⋅⋅21 ,  svetebidan. j  - uri svetis ganxilviT 
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( )

⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛

⋅⋅⋅
=

mj

j

j

j

a

a

a

a 2

1

, 

vipoviT svetebis saSualo mniSvnelobas 

( ) naaax mjjjj /21 +⋅⋅⋅++=  

amis Semdeg centrirebis operacia ganvaxorcieloT, e.i. 

svetis yoveli elementidan gamovakloT saSualo mniSvneloba jx  

da jij xa −  ricxvis miRebiT avagebT centrirebul svets 

( )

⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛

−
⋅⋅⋅

−

−

=

jmj

jj

jj

j

xa

xa
xa

a 2

1

0 . 

aseTi n  svetebidan SevadginoT centrirebuli matrica 

 

( ) ( ) ( )( )00201
0

naaaA ⋅⋅⋅= . 

analogiurad xdeba centrirebuli matricis ageba 

( ) ( ) ( )( )002010 nbbbB ⋅⋅⋅= . 

 

aRvniSnoT, rom veqtorebs Soris korelaciis koeficienti 

ganisazRvreba, rogorc centrirebuli Sesabamisi veqtorebs Soris 

kuTxis kosinusi. am mosazrebis ganzogadeba matricis ganxilvis 

SemTxvevisaTvis gvaZlevs Semdegi daskvnis gakeTebis saSualebas 

sidide 

( )
00

00
0 ,

BA
BAr = ,                           (34) 

 

tolia 0A  da 0B  centrirebuli matricebis skaliaruli 

namravlis fardobis maTi normebis namravlTan, romelsac A  da 

B  matricebs Soris korelaciis koeficients uwodeben. 
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koSi-buniakovskis utolobis safuZvelze sivrcis 

veqtorebis skaliaruli namravlis fardoba maTo normebis 

namravlze, [-1,1] intervalSi Rebulobs garkveul mniSvnelobas. 

amitom, matricebs Soris korelaciis koficientisaTvis sruldeba 

Tanafardoba 

11 0 ≤≤− r . 

ganwesis maCveneblebiT 

( ) ( )2

11
0, ijij

n

j

m

i
TTTp −∑∑=

==
π  

operatoris momzadebis done Cvens mier SemoTavazebuli iyo 

gamogveyenebina agreTve misi niWierebis maCveneblebTan erTad 

rTuli teqnikuri sistemebis marTvisadmi korelaciis 

koeficientis formiT, davalebis T  matricasa da operatoris 

pasuxebis 0T  matricas Soris 

( )
0

0
0

0
0

0
0 ,

TT
TT

r =                            (35) 

(35) TanafardobaSi aRniSnulia:  0T  da 0
0T  - aris 

centrirebuli matrica davalebisa da centrirebuli matrica 

operatoris pasuxebis, romelic miRebulia T  da 0T  centrirebis 

operaciebis Sesabamisad da aRwerilia zemoT. amasTanave 

 

( )jijT ππ −=0 ,  ⎟
⎠
⎞

⎜
⎝
⎛ −=

∧

jij TTT 0
0 , 

sadac jπ  da jT
∧

 - aris j  - ri svetis T  matricis da j  - 

ri svetis 0T  matricis saSualo ariTmetikuli. 

garda amisa, (35) gamosaxulebaSi aseTi saxiT 

 

( ) ( )TjTnjjij

n

i

m

i
TT −⎟

⎠
⎞

⎜
⎝
⎛ −∑∑=

∧

==
ππ

11

0
0

0 ,  
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aRniSnulia 0T  da 0
0T  centrirebuli matricebis skaliaruli 

namravli. Cvens mier SemoTavazebul yovel meore maCvenebels aqvs 

Tavisi daniSnuleba: Tu ricxvi 

( ) ( )2

11
0, ijij

n

j

m

i
TTTp −∑∑=

==
π  

gvisaxiaTebs davalebis T  matricasa da operatoris pasuxebis 0T  

matricebs Soris daSorebas, maSin koeficienti 

                  
( )

0
0

0

0
0

0
0 ,

TT
TT

r =                          (36) 

gvixasiaTebs maT msgavsebas (korelacias). 

mokle analizi mivceT 0r  maCveneblis Tvisebas. aRvniSnoT, 

rom zemoT motanili ori matricis skaliaruli namravlis 

gansazRvridan gamomdinareobs 

( ) ( )jT
i

n

j

m

i
TTT 00

11

0
0

0 , π
==

∑∑= , 

sadac 

( )jinjiji
T

i πππππππ −⋅⋅⋅−−= ,,, 21
0  

da 

( )
T

jjij
j

jnjj
TTTTTTT ⎟

⎠
⎞

⎜
⎝
⎛ −−−=

∧∧∧

,...,, 2
0  

aris striqoni nomriT i  da sveti nomriT j , xolo  0T  da 

0
0T  centrirebuli matricebia. 

radganac ricxvs 

( )

( )j
i

jT
i

ij T
Tr

00

00
0

π
π

=                           (37) 

aqvs i  - uri striqonis matricasa 0T  da j  - ri svetebis 

0
0T  matricebs Soris korelaciis koeficientis mniSvneloba, 

maSin (36) da (37) gamosaxulebebidan gamomdinareobs 

ijij

n

j

m

i
rar

11

0

==
∑∑= ,                        (38) 
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sadac        

( ) ( )

0
0

0

00

TT

T
a

ji

ij

π
= , 

Cvens mier miRebuli (38) formula gvaZlevs saSualebas 

gavakeToT daskvna 0T  da 0
0T  matricebs Soris kavSiris 

maCveneblis 0r  mimarT. 0T  da 0
0T  matricebs Soris korelaciis 

koeficienti 0r  tolia korelaciis koeficientebis 0
ijr  wrfiuli 

kombinaciebis, 0T  matricis striqonebsa da 0
0T  matricis svetebs 

Soris. 

 

1.7. sahaero transportis rTuli teqnikuri 

sistemebis operatoris swavlebis procesis 

dinamikis modeli 

SemoTavazebuli swavlebis modelis mniSvnelovan Tvisebas 

operatoris mimdinare mdgomareobis Sefasebis bazaze misi 

momzadebis SesaZlebloba warmoadgens. 

vidre operatoris mdgomareobis cnebas SemoviRebdeT, 

SemovitanoT Semdegi aRniSvnebi: 

nSSS ⋅⋅⋅21 ,  - aris mosamzadebeli operatorebis saatestacio 

kategoriebi (magaliTad, iS  - aris specialistis donis i  klasi), 

romelic niSnavs operatoris mimdinare mdgomareobas; 

i  - aris mdgomareobis nomeri 1S , ni ,,1 ⋅⋅⋅= ; 

t  - aris operatoris swavlebis mimdinare dro, romelsac 

vTvliT diskretulia, CavTvaloT nt ⋅⋅⋅= 2,1  da davarqvaT 

mecadineobis t  nomeri, romelic iwodeba bijad; 

( ) ( )tSPtP ji 2=  - aris t  drois momentSi Si mdgomareobis 

albaToba ( t  drois momentSi operatoris i  kategoriaze 

atestirebis albaToba); 

( )ttPP ijij ,1−=  - aris gadasvlis albaToba ji SS →  erTi 

nabijiT, e.i. 
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( ) ( )1,/,,1 −=−= tStSPttPP iiijij                  (39) 

t  drois momentSi operatoris j  kategoriaze atestirebis 

pirobiTi albaToba, romelic gamoiTvleba 1−t  drois momentSi i  

kategoriaze; 

( ) ( )
⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

⋅⋅⋅⋅⋅⋅⋅⋅⋅
⋅⋅⋅
⋅⋅⋅

=−==

nnnn

n

n

ij

PPP

PPP
PPP

ttAPA

,,

,
,

,1

21

22212

12111

                 (40) 

es gamosaxuleba aris ji SS →  gadasvlebis albaTobis 

matrica. 

( )

( )
( )

( )⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

⋅⋅⋅
=

tP

tP
tP

tP

n

2

1

 

t  drois momentSi operatoris i  kategoriaze atestirebis 

( )tPi  albaTobis sveti ( t  drois momentSi operatoris 

mdgomareobis iS  albaTobebis sveti); 

( )1−tP  - aris igive winamdebare sveti 1−t  drois momentSi; 

t  drois momentSi (nabijze nomriT i ) operatoris 

mdgomareobis qveS unda vigulisxmoT wyvili ( )ttt T 000 ,∏=℘  

matrica tT0  da t0∏ , sadac zemoT miRebuli aRniSvnebi tT0  da 

t0∏  aris operatoris Teoriuli codnis matrica da praqtikuli 

Cvevebis matrica naCvenebi drois momentSi t . 

rogorc zemoT aris gaTvaliswinebuli, sawyisi 

aRniSvnebisaTvis gamosaxulebebSi, swavleba xdeba seansobiT anu 

saswavlo ciklebiT, romlebic SeiZleba iwodebodes swavlebad 

],0[ 0τ  drois intervalSi, xangrZlivobiT yoveli maTgani 0τ . 

swavlebas xangrZlivobiT 0τ  ewodeba kidev biji, rogorc es 

zemoT iyo naCvenebi. t  - Ti aRniSnulia bijis nomeri, xolo n  - 

iT swavlebis ciklebis saerTo ricxvi. 
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vTqvaT t  drois momentSi, e.i. swavlebis biji nomriT t , 

imyofeba iS  mdgomareobaSi. zemoT motanili winadadebebis 

(SemoTavazebebis) gamoyenebiT, SegviZlia operatoris 

mdgomareobis ℘ Sefaseba misTvis sasurveli “mdgomareobis” 

SepirispirebiT ( )ttt T 000 ,∏=℘ . 

Tu swavlebis mocemul bijze nomriT i , mdgomareobidan iS  

daSorebis kriteriumi da korelacia akmayofileben pirobebs, 

maSin: 

( ) ( ) *
00 ,,, iTPiiiTPii ppPTTp ≤∏∏≤ ,                  (41) 

( ) ( ) *
0

0
0

0 ,,, iTPiiiTPii rTTrrTTr ≥≥                   (42) 

sadac iTPp  da *
iTPp  - aris t  momentSi kriteriumis dasaSvebi 

mniSvnelobebis daSoreba, xolo iTPr  da *
iTPr  - aris korelaciis 

kriteriumis saWiro mniSvneloba, maSin swavlebis Semdgom bijze, 

nomriT 1+t , operatori daiSveba iS  mdgomareobaSi gadasvlaze 

ii SS → . aseT situaciaSi operatori iTvleba atestirebulad i  

kategoriaze da daiSveba CaTvlis Casabareblad Semdgom 

mecadineobaze nomriT 1+t  jS  kategoriaze. 

Tu (41) da (42) moTxovnebi ar sruldeba, maSin swavlebis 

Semdgom bijze nomriT 1+t  operatori yovndeba iS  

mdgomareobaSi kategoriaze ganmeorebiT atestaciisaTvis. 

am SemTxvevaSi sruldeba gadasvla ii SS → , romelsac 

ewodeba iS  mdgomareobaSi dayovneba, xolo operatori iTvleba 

kategoriaze i  atestacia gauvlelad. 

amrigad, vdgebiT Semdegi amocanis winaSe: 

1. sawyisi sidideebi iTvleba mocemulad (rodesac 0=i ) 

( ) ( )0,,0 ni PP ⋅⋅⋅  albaTobiT ( ) ( )tPtP ni ,, ⋅⋅⋅ .  

am dros, ( )0iP  - albaToba imisa, rom drois sawyis 

momentSi (mecadineobaze nomriT 0=t ) testuri SekiTxvebis 

SedegiT operatori daiSveba i kategoriaze atestaciisaTvis. 



 

 

 

40

( )0iP  mniSvnelobis gaangariSebisaTvis SesaZlebelia 

gamoviyenoT Sefaseba 

( ) ( )
i

i
ii N

mPP =≈ 00 ,                       (43) 

aq iN  - aris davalebis iT  matricaSi amocanis sirTulis 

balebis saerTo ricxvi, romelic gaTvaliswinebulia i  

kategoriaze testuri gamokiTxvisaTvis, xolo im  - aris balebis 

saerTo ricxvi, romelic Seesabameba operatoris pasuxebis  iT  

matricas testuri gamokiTxvis dros maT mier dagrovil balebs. 

(43) gamosaxulebis Sesabamisad SesaZlebelia gamoyenebuli 

iqnes garantirebuli Sefaseba ( )0iHP . igi ganisazRvreba rogorc 

v  - qveda zRvari ucnobi albaTobisaTvis ( )0iP . es sazRvari unda 

iyos araumciresi ( )0iP , e.i. unda Sesruldes utoloba 

( ) ( )00 iii PP ≤ . am naSromSi naCvenebia, rom garantirebuli Sefaseba 

SeiZleba ganvsazRvroT formuliT 

( ) ( ) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

−=≈
γ1

1
2

100 n
N

a
N
m

PP
ii

i
iiii l               (44) 

aq a  - aris operatoris mimarT informaciis aRricxvis 

koeficienti, romelic miiReba misi swavlebis Sedegebidan. 

amasTanave ( )1,0∈a . 

(44) gamosaxulebaSi aprioruli (cdis gareSe) informaciis 

uqonlobisas SeiZleba CavTvaloT, rom 1=a . ufro xSirad 

gamodis, rom informaciis aRricxvis koeficienti tolia 5,0=a . 

garantirebuli Sefaseba (44) ( )0iP  - saTvis gamoyenebulia 

maSin, rodesac didia atestaciiT kandidatebis SerCevis konkursi 

anu saWiroa kandidaturis mkacri moTxovniT SerCeva. SevniSnoT, 

rom (43) gamosaxulebiT Sefaseba SedarebiT rbilia da 

atestaciis dros mniSvnelovan Secdomamde SeiZleba migviyvanos. 

SeiZleba CavTvaloT, rom operatori mocemul swavlebis 

bijze (mocemul mecadineobaze) atestirebuli SeiZleba iyos erT 
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kategoriaze an igzavneba ganmeorebiT atestaciaze an daiSveba 

momdevno kategoriis atestaciaze. aseT SemTxvevaSi drois 

nebismieri momentisaTvis sruldeba toloba 

( ) ( ) ( ) 121 =+⋅⋅⋅++ tPtPtP n                       (45) 

(45) gamosaxulebidan drois sawyisi momentisaTvis 0=t  

vRebulobT 

( ) ( ) ( ) 1021 =+⋅⋅⋅++ tPPtP n                       (46) 

2. CavTvaloT mocemul sidided ji SS →  gadasvlebis 

albaTobis ijP  matrica A  erT bijze (39) saxiT. amasTanave 

mxedvelobaSi unda viqonioT A  matricis Tviseba. 

ji SS →  gadasvlebis albaTobebis ijP  jami (45) matricis 

yovel svetze 

⎜⎜
⎜
⎜
⎜

⎝

⎛

⋅⋅⋅
⋅⋅⋅⋅⋅⋅⋅⋅⋅
⋅⋅⋅
⋅⋅⋅

=

nnnn

n

n

PPP

PPP
PPP

A

21

22212

12111

      

erTis tolia: 

1=+⋅⋅⋅++ ijijij PPP ,  nj ⋅⋅⋅= 2,1                  (47) 

namdvilad, A  matricis j  - uri sveti Seicavs gadasvlebis 

albaTobas. erT bijze yvela sxva jS  mdgomareobidan iS  

mdgomareobaSi, iS  CaTvliT. 

(47) gamosaxuleba aRniSnavs, rom erT bijze operatori an 

darCeba mdgomareobaSi iS  dayovnebis albaTobiT iiS  an gadava 

erT-erT sxva mdgomareobaSi ijS j ≠, . 

saerTod erT bijze ji SS →  gadasvlebis albaTobis matrica 

A  damokidebulia drois or komponentze 1−t  da t , rac 

aRiniSna zemoT (39) gamosaxulebaSi aseTi aRniSvnebis SeyvaniT 

( )ttAA ,1−= . aseT situaciaSi saWiroa yoveli bijisaTvis drois 
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yoveli intervalisaTvis ( )tt ,1−  viqonioT matricis monacemebi 

( )ttA ,1− . 

mocemuli da miRebuli sawyisi monacemebi mniSvnelovnad 

martivdeba im SemTxvevaSi, rodesac ji SS →  gadasvlebis 

albaTobis matrica A  erT bijze mudmivia da ucvlelia droSi, 

e.i. erTnairia swavlebis yvela ciklisaTvis. 

gadasvlebis albaTobebis A  matricis mudmivobis daSveba 

erT bijze, Cveni amocanisaTvis gamarTlebulia, radganac igi ara 

imdenad damokidebulia swavlebis sistemis Tvisebisagan, 

ramdenadac ganisazRvreba operatorebis momzadebis 0A  

matricebiT – gantolebebSi informaciebis gardaqmniT. 

gadasvlebis ji SS →  albaTobebis ijP  erT bijze 

SefasebisaTvis SesaZlebelia gamoviyenoT aprioruli (cdisagan 

damoukidebeli) informaciebi operatoris swavlebis procesis 

monacemebis saxiT. 

vTqvaT cnobilia, rom erT bijis intervalSi ( )tt ,1−  

operatorebis saerTo ricxvidan iM  operatorebma atestaciis 

gavliT miiRes kategoria i , xolo amaTgan, ijm  ricxvidan 

atestirebulia kategoriaze j . maSin, albaTobis Teoriis 

principebis Sesabamisad SeiZleba gamoviyenoT miaxloebiTi Sefaeba. 

i

ij
ijij M

m
PP =≈                            (48) 

(48) gamosaxulebis Sesabamisad SesaZlebelia gamoviyenoT 

garantirebuli Sefaseba 11ijP , romelic ganisazRvreba. rogorc γ  

- ucnobi albaTobisaTvis ijP  qveda zRvaris pirobidan: is unda 

iyos araumetesi ijP , e.i. unda sruldebodes utoloba 

( ) ( )00 ijijii PP ≤  winaswar mocemuli utyuari albaTobiT γ  

(Cveulebrivad γ =0,95). Sesabamisad [14] varaudobT 
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⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

−=≈
γ1

1
2

1
11 n

M
a

M
m

PP
ii

ij
ijij l , 

sadac a  - aris informaciis aRricxvis koeficienti, 

( )1,0∈a . aprioruli informaciis uqonlobis dros SeiZleba 

miviRoT 1=a . rogorc wesi aRmoCnda informaciis 

gaTvaliswinebis koeficienti 5,0=a . 

xazi gavusvaT albaTobebis gansxvavebas. 

( ) ( )1,|,,1 −=−= tStSPttPP iiiiii   da  ( ) ( )tSPtP ii ,= . 

aq iiP  - aris imis pirobiTi albaToba, rom t  drois 

momentSi operatori imyofeba iS  mdgomareobaSi. amisgan 

gansxvavebiT ( )tPi  warmoadgens imis usaTuo albaTobas, rom t  

drois momentSi operatori iS  mdgomareobaSi imyofeba. 

3. operatoris i  kategoriaze atestirebis albaTobebis 

( ) ( )tSPtP ji ,=  droSi cvlilebis prognozirebis amocana 

mdgomareobs SemdegSi: 

vvaraudobT, rom cnobilia sawyisi monacemebi: 

( ) ( ) ( ) ( )( )0000 21 n
T PPPP ⋅⋅⋅= ,  ( )ijPA = . 

aq ( )0TP  - aris ( )0iP  - is sawyisi mniSvnelobebis 

striqonebi – imis albaToba, rom drois sawyis momentSi 

(mecadineobaze nomriT 0=t ) testuri gamokiTxvis Sedegebis 

safuZvelze operatori daiSveba atestaciaze i  kategoriis 

misaRebad. matrica A  iqmneba ji SS →  gadasvlebis ijP  

albaTobebidan erT bijze. 

saWiroa operatoris i  kategoriaze atestirebis 

albaTobebis ( )tPi  droSi cvlilebis prognozirebis micema. 

( )tPi  damokidebulebiT grafikis agebiT advilad 

davrwmundebiT ( )tPi  albaTobebis cvlilebebis kanonzomierebis 

prognozirebaSi. ramdenadac ( )tPi  aqvs operatorebis swavlebaSi 

garkveuli mniSvneloba, rodesac isini t  drois momentSi 
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atestirebulia i  kategoriaze, araxelsayreli prognozis dros 

(magaliTad, maRal kategoriaze atestirebuli operatorisaTvis 

kategoriis nawilobriv Semcireba) SeiZleba winaswar miviRoT 

aucilebeli organizaciuli gadawyvetileba. 

sahaero transportis rTuli teqnikuri sistemebis 

operatoris momzadebis xarisxis dinamikis prognozirebis 

amocanis gadawyveta. 

gavixsenoT sruli albaTobis klasikuri formula nebismieri 

xdomilobisaTvis B . 

davuSvaT nHH ,,1 ⋅⋅⋅  - aris wyvil-wyvilad SeuTavsebadi 

sruli jgufis Semqmneli xdomiloba (hipoTeza), romelTa 

albaTobebis jami erTis tolia: ( ) ( ) ( ) 121 =+⋅⋅⋅++ nHPHPHP . 

maSin samarTliania fomula 

( ) ( ) ( ) ( ) ( )nn HBPHPHBPHPBP || 11 +⋅⋅⋅+= . radganac (45) 

gamosaxulebis Tanaxmad: ( ) ( ) ( ) 1111 21 =−+⋅⋅⋅+−+− tPtPtP n , anu 

( ) ( ) ( ) 11,1,1, 21 =−⋅⋅⋅+−+− tSPtSPtSP nn , maSin 1−t  drois 

momentSi SegviZlia SevirCioT xdomiloba ( )1−= tSS ii  sruli 

albaTobis formulaSi hipotezis saxiT. amis gamoyenebiT 

xdomilobaSi ( )tSi , miviRebT 

( ) ( ) ( ) ( ) ( )1,|,1,1,|,1,, 11 −−+⋅⋅⋅+−−= tStSPtSPtStSPtSPtSP iiiii , 

anu 

( ) ( ) ( ) ( ) niniii PtPPtPPtPtP 111 2211 −+⋅⋅⋅+−+−= , ni ,,1 ⋅⋅⋅= .  (49) 

(49) gamosaxulebis matriculi formiT Caweris dros, 

miviRebT prognozis saZebn formulas 

         ( ) ( ) AtPtP TT 1−= .                         (50) 

t  drois momentSi saZebni albaTobebis ( )tPi  veqtor-

striqoni ( )TtP , wina drois 1−t  momentSi, amave veqtor-

striqonebis mniSvnelobebis ji SS →  gadasvlebis albaTobebis A  

matricis marjvena namravlis tolia, erT bijze. 
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Tu matrica A  swavlebis yovel bijze mudmivia, maSin (50) 

gamosaxulebidan SegviZlia davweroT 

( ) ( ) '0 APtP TT =                           (51) 

sadac AAAA ⋅⋅⋅= 1'  - aris t  matricis xarisxi A, romelic 

Tavisi Tavis t  - ze namravlis tolia. 

magaliTi 1. ganixileba operatorebis swavlebis Semdegi 

sawyisi monacemebi. 

1. saswavlo procesi iTvaliswinebs specialistebis 

atestacias 1,2...3 kategoriaze. operatorebis jgufis testurma 

gamokiTxvam gamoavlina, rom maTi 15%, 30% da 55% aris 

saTanado kategoriis – 1,2...3 kategoriis atestirebis 

kandidatebi, e.i. operatoris i  kategoriaze atestaciis 

albaTobis ( )tPi  sawyisi mniSvnelobebi Sesabamisad tolia: 

( ) 15.001 =P , ( ) 30.002 =P , ( ) 55.003 =P ; 

2. formulis (48) daxmarebiT, statistikuri monacemebis 

damuSavebis safuZvelze, napovnia erT bijze ji SS →  gadasvlebis 

ijP  albaTobebis Sefaseba (saswavlo klasSi muSaobs erTi seansis 

dros). am albaTobebidan Sedgenilia gadasvlebis albaTobebis 

matrica A  erT bijze, romelsac aqvs saxe 

⎜
⎜
⎜

⎝

⎛
=

1,0
5,0
4,0

A  

3,0
5,0
2,0
 

⎟
⎟
⎟

⎠

⎞

7,0
2,0
1,0

 

saWiroa matrica A  CavTvaloT mudmiv elementad swavlebis 

yovel bijze, mivceT saswavlo klasSi saerTo ricxvis 4=N  

mecadineobis Catarebis dros operatorebis 1.2.3 klasis 

kategoriaze atestirebis prognozi. sxva sityvebiT: saWiroa 

mivceT operatoris i  kategoriaze, atestaciis albaTobebis ( )tPi  

droSi cvlilebis prognozi, rodesac 41 ⋅⋅⋅=i  

amoxsna: radganac amocanis pirobiT striqonebis sawyis 

mniSvnelobebis saZebni albaTobebs aqvs saxe 
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( ) ( 15.00 =TP  30.0  )55.0 , 

maSin (50) gamosaxulebis Tanaxmad swavlebis pirveli 

bijisaTvis prognozi iqneba ( )1=t  aseTi: 

( ) ( ) ( 15.001 == APP TT 30.0  )55.0
⎜
⎜
⎜

⎝

⎛

1.0
5.0
4.0

3,0
5,0
2,0

⎟
⎟
⎟

⎠

⎞

7,0
2,0
1,0

= ( 28.0 35.0 )27.0 . 

gaangariSebis gagrZelebiT rodesac 432 ⋅⋅=t , miviRebT 

( ) ( ) ( 28.012 == APP TT
 35.0  27.0 )

01
05
04

 

03
05
02

⎟
⎟
⎟

⎠

⎞

07
02
01

= ( 31.0 31.0 )38.0 ; 

( ) ( ) ( 31.023 == APP TT  31.0 )38.0  ( 32.0=A  33.0  )35.0 ; 

( ) ( ) ( 35.034 =APP TT  33.0  )35.0  ( 34.0=A  34.0  )32.0 . 

prognozis Sedegebi 

cxrili 1. 

 

 

gaangariSebis DSedegebis krebsiTi cxrili 1 gviCvenebs, rom 

operatorebis pirvel kategoriaze atestirebis prognozirebadi 

procenti meoTxe bijze Seadgens ( ) %344 =iP  da SesaZlebelia 

aRmoCndes Zalian maRali. amitom, saWiroa winaswar SevafasoT 

Teoriuli da praqtikuli Cvevebis matricebi T  da ∏ . agreTve 

gavzardoT operatoris davalebisa da pasuxebisadmi moTxovnebi, 

codnis informaciis xarisxisa da moculobis garTulebiT. 

prognozirebis formula (50) markovis diskretuli 

wredebis TeoriaSia cnobili. Tu matrica A  mudmivia, 

Tanafardoba (50) markovis [17] erTgvarovani wredebis TeoriaSi 

erT mniSvneovan Sedegs gamoxatavs. im SemTxvevaSi, rodesac 

matrica A  intervalSi ( )tt ,1−  damokidebulia mxolod drois 

T 0 1 2 3 4 

Pi(t) 0.15 0.28 0.31 0.32 0.34 

P2(t) 0.30 0.35 0.31 0.33 0.34 

P3(t) 0.55 0.37 0.38 0.35 0.32 
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or momentze 1−t  da t , laparakoben, rom markovis 

araerTgvarovani wredi ganixileba. 

(50) formuliT angariSis dros martivad davrwmundebiT, 

rom t  drois zrdasTan erTad ( )tPi  albaTobis mniSvnelobis 

prognozirebis stabilizacia xdeba. es ki zRvaris arsebobas 

niSnavs, 

( ) 0ii PtP =  

romelic droze ar aris damokidebuli. 

Tu CavTvliT, rom (50) formulaSi matrica A  prognozis 

yovel bijze erTnairia, miviRebT veqtoris sapovneli gantolebis 

( )T
nPPPP 02010 ⋅⋅⋅=  

albaTobis ( )tPi  stacionarul Pi0 mniSvnelobebs 

APP TT =  an PPAT =                       (52) 

gamosaxuleba (52) saWiroa Seivsos tolobis pirobiT (45),  

e.i. Semdegi tolobiT 

102010 =+⋅⋅⋅++ nPPP , 

romelic Caiwereba agreTve formiT 

(1 ) 111 =⋅⋅⋅ P .                          (53) 

(52) da (53) gamosaxulebebidan gamomdinareobs, rom ( )tPi  

albaTobebis saZebni veqtoris ( )T
nPPPP 02010 ⋅⋅⋅=  stacionaruli 

mniSvnelobebi 0iP , SeiZleba vipovoT gantolebidan 

Φ l=P .                             (54) 

aq matrica φ , qvemoT motanili Tanafardobis meSveobiT 

ganisazRvreba 

Φ ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

⋅⋅⋅
−

=
III
IAT

,                          (55) 

sadac I  - aris erTeuli matrica, TA  - aris 

transponirovnebuli matrica A , l  - qvemoT motanili (56) 

saxis sveti 
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⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛
⋅⋅⋅

=

1
0

0

l .                          (56) 

winamdebare naSromSi pirvelad aris SemoTavazebuli 

fsevdouku matricebis Teoriis gamoyenebis meTodi ( )tPi  

albaTobebis stacionaruli mniSvnelobebis gansazRvrisaTvis 

markovis diskretul araerTgvarovan wredis modelSi. 

Sedegad, damuSavebulia stacionaluri albaTobebis 0iP  

mniSvnelobebis prognozirebis gaangariSebis axali meTodi, 

romelsac aqvs operatorebis swavlebisa da i  kategoriaze 

atestirebis dros mniSvneloba. 

gadavideT axali meTodis ganxilvaze. zemoT moyvanili 

umciresi kvadratebis versiis Tanaxmad (ixileT SeniSvna 2) 

vaskvniT, rom Tu ( ) nn ×+1  zomis Φ  matricis sveti wrfiulad 

damoukidebelia (e.i. matricis rangi misi svetebis ricxvis 

tolia: ( ) nr =Φ ), maSin (55) gantolebas aqvs erTaderTi amoxsna 

 

                     l+Φ==

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

⋅⋅⋅
= 0

0

20

10

P

P

P
P

P

n

,           (57) 

aq Φ  - aris fsevdouku matrica Φ  - saTvis. Tu veqtors 

l+Φ=0P  

aqvs arauaryofiTi komponentebi, maSin Cvens mier miRebuli 

formula (57) iZleva amocanis saZebni gadawyvetas. 

rodesac ( ) nr <Φ  (54) gantolebas eqneba amoxsna, Tu 

Sesruldeba piroba l=0Pφ , maSin stacionaruli mniSvnelobebiT 

sapovni amocanas ar eqneba amoxsna. 



 

 

 

49

( ) nr <Φ  SemTxvevaSi (54) gantolebas eqneba amoxsna, Tu 

Sesruldeba piroba l=Φ 0P , maSin yvela amoxsna qvemoT 

motanili sobolevis [19] formuliT moxdeba. 

( )zIPP ΦΦ−+= +0 ,                       (58) 

sadac z  - aris nebismieri veqtori da SeirCeva P  svetis 

komponentis arauaryofiTobis pirobis Sesrulebidan. Tu piroba 

l=0Pφ  ar sruldeba, maSin veqtori  l+Φ=0P  SeirCeva rogorc 

miaxloebuli sidide. 

I magaliTis pirobebiT vipovoT saprognozo albaTobebis 

( )tPi  stacionaruli mniSvnelobebi 0iP . radganac magaliTSi 

mocemulia matricebi 

⎜
⎜
⎜

⎝

⎛
=

1,0
5,0
4,0

A  

3,0
5,0
2,0
 

⎟
⎟
⎟

⎠

⎞

7,0
2,0
1,0

, maSin 
⎜
⎜
⎜

⎝

⎛
=

1,0
2,0
4,0

TA  

2,0
5,0
5,0
 

⎟
⎟
⎟

⎠

⎞

7,0
3,0
1,0

, 

xolo Φ  matricas aqvs saxe 

 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

⋅⋅⋅
−

=Φ
III
IAT

=

⎜⎜
⎜
⎜
⎜

⎝

⎛−

I
1,0
2,0

6,0

 

I
2,0

5,0
5,0

−
 

⎟⎟
⎟
⎟
⎟

⎠

⎞

−
I

3,0
3,0
1,0

 

 

fsevdoukana matricis gaangariSebis meTodis [14] 

gamoyenebiT, kompiuteris daxmarebiT vRebulobT 

3
1

=Φ +

⎜
⎜
⎜

⎝

⎛−

35
5,0

0,4
 

55
35

0,2
−
−

 
⎟
⎟
⎟

⎠

⎞

I
I
I

0
0
0

, ( ) 3=Φr . 

radganac Φ  matricis rangi aRmoCnda 3, e.i. ( ) 3=Φr =n, 

maSin (54) gantolebas eqneba erTaderTi amoxsna 

⎜
⎜
⎜

⎝

⎛−
=Φ= +

35
5.0

0.4

3
10 lP   

55
35

0,2
−
−

 

0
0
0

⎟
⎟
⎟

⎠

⎞

I
I
I

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
=

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

31
31
31

0
0
0

I

, 
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maSasadame, 

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
=

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
=

31
31
31

30

20

10
0

P
P
P

P  anu 
3
1

302010 === PPP . 

amrigad, magaliTis pirobebSi ( )tPi  albaTobebis yoveli 

saprognoziro mniSvnelobebi drois zrdiT miiswrafvis erTi da 

imave zRvaramde, romelic 3
1  - is tolia. saerTo jamSi, 

stacionaruli mniSvnelobebi 0iP , sxvadasxvanairia i  - is 

sxvadasxva nomrebisaTvis. 

markovis erTgvarovani wredebis TeoriaSi cnobilia Semdegi 

faqti [17]: davuSvaT ji SS →  gadasvlebis ( )tPi  albaTobebis 

matrica A  mudmivia, xolo 

( )( )K
ij

K PA =  

- matrica warmoadgens K  - uri A  matricis xarisxs da 

aqvs ( )K
ijP  elementi. maSin ricxvi ( )K

ijP  warmoadgens sistemis iS  

mdgomareobidan  mdgomareobaSI gadasvlis albaTobas, K  bijze. 

aqedan gamomdinareobs daskvna: 

KA  matricis gansazRvriT, SeiZleba vipovoT imis albaToba, 

rom sahaero transportis rTuli teqnikuri sistemis operatori 

K  seansis muSaobis Semdeg, romelsac aqvs i  kategoria, 

atestirebuli iqneba j  kategoriaze. 

I magaliTis pirobebSi, mecadineobis Catarebamde, vipovoT im 

albaTobebis prognozireba, rom operatori, romelsac aqvs 

kategoria 3, atestirebuli iqneba I kategoriaze sami 

mecadineobis Semdeg. 

radganac 

⎜
⎜
⎜

⎝

⎛
=

1,0
5,0
4,0

A  

3,0
5,0
2,0
 

⎟
⎟
⎟

⎠

⎞

7,0
2,0
1,0

, 

maSin A  sididis 3=K  xarisxSi ayvaniT miviRebT 
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( ) ( ) ( )

⎜
⎜
⎜

⎝

⎛
=

⎟⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜

⎝

⎛

=
35.0
42.0
23.0

)3(
33

)3(
23

)3(
13

)3(
32

)3(
22

)3(
12

3
31

3
21

3
11

3

PPP

PPP

PPP

A  

41.0
38.0
21.0

 
⎟
⎟
⎟

⎠

⎞

50.0
33.0
17.0

. 

aqedan vaskvniT, rom saZebni albaToba 17.0)3(
3 =iP  da 

Seadgens 17%. amrigad, SemoTavazebuli swavlebis procesis 

dinamikis analizi aris martivi da efeqturi operatoris wili 

drois prognozirebisaTvis, gaTvaliswinebuli kategoriaze 

atestirebisa da stacionaruli mniSvnelobebis ( ∞→t  dros) 

gansazRvrisaTvis. 

 

1.8. sahaero transportis rTuli teqnikuri 

sistemebis operatoris swavlebis dros 

aTvisebis procesisa da codnis danakargis 

modelireba  

swavlebis procesis intensifikacia, maT Soris 

specializebuli saswavlo klasebis gamoyeneba varaudobs 

operatoris niWierebis mobilizacias, Sromis daZabulobis zrdas 

Teoriuli da praqtikuli codnis aTvisebisa da Cvevebis 

gasanmtkiceblad. 

amavdroulad, adamianis SesaZlebloba ar aris usazRvro. 

misi gadamettvirTvis meqanizms, gadaqancva da codnis dakargva 

mosdevs misi didi xniT gamouyeneblobis SemTxvevaSi. amitom, 

saWiroa gaviTvaliswinoT operatoris Tavisebureba, rogorc 

codnis koncentraciis obieqti. 

codnis aTviseba da dakargvis procesis aRricxva 

raodenobrivi formiT jer kidev ar aris gamokvleuli. 

winamdebare naSromSi pirvelad aris SemoTavazebuli da 

gamokvleuli raodenobrivi dinamikuri modeli, romelic codnis 

aTvisebisa da dakargvis procesis prognozirebis saSualebas 

iZleva. 
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swavlebis procesis efeqturobis uzrunvelyofa uSualod 

aris damokidebuli operatoris maCveneblebze. 

am maCveneblebidan ZiriTadia aqtiuri codnis maragi. 

aqtiuri codnis qveS nagulisxmebia t  drois momentSi 

dafiqsirebuli jamuri informaciis moculoba, romelsac flobs 

operatori da SesZlebs profesiuli amocanis gadawyvetaSi mis 

gamoyenebas. 

aqtiuri codnis maragis raodenobrivi kriteriumebad 

balebis fardobiTi jamia iy  gamoyenebuli, romelsac 

fiqsirebuli t  drois momentSi agrovebs operatori misadmi 

Teoriuli davalebis matricis T  da praqtikuli Cvevebis 

davalebis ∏  matricis wardgenis dros, Tu 0T  da 0∏  aris 

operatoris pasuxebis Sesabamisi matricebi, maSin iy  aris am 

matricebis elementebis jamis fardoba T  da ∏  matricebis 

elementebis jamTan t  drois monakveTSi. aqtiuri codnis maragis 

aseTi kriteriumis SerCevisas igi icvleba farglebSi 10 ≤≤ iy , 

rac gamomdinareobs (5) utolobidan. 

amasTanave, laparakia aqtiuri codnis maragis 

prognozirebaze gadaqancvis gamo codnis dakargvis 

gaTvaliswinebiT. rodesac operators ar SeuZlia informaciis 

miReba. 

sidide  iy  damokidebulia bevri Znelad prognozirebadi 

faqtorebze: operatoris Teoriuli da profesionaluri 

momzadebis done, agreTve misi fizikuri momzadeba da 

fsiqologiuri mdgradoba da a.S. amitom, maCvenebeli iy  unda 

CavTvaloT yoveli konkretuli operatorisaTvis SemTxveviT 

sidided. SemdgomSi es sidide ( iy ) SegviZlia CavTvaloT aqtiuri 

codnis maragis saSualo mniSvnelobad. 
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amJamad ar arsebobs dasabuTebuli midgoma prognozirebisa da iy  

maCveneblebis individualuri Sefasebebisadmi mocemul t  drois 

momentSi. 

naSromSi [14] SemoTavazebulia sistemis nebismieri 

ganviTarebis zogadi modeli, romelic Cven safuZvlad davudeT 

codnis aqtiuri maragis prognozirebis models. 

aRvniSnoT sistemis gamosavali calkeuli maxasiaTeblebi 

( )txx = . CavTvaloT, rom arsebobs x  - is warmoebuli droiT, 

amasTanave ( )txx =  SeiZleba iyos skaliaruli anu veqtoruli 

sidide. x  - is warmoebuls aqvs sistemis ganviTarebis siCqaris 

mniSvneloba. SeviyvanoT ganxilvaSi ori faqtori, romelic 

gansazRvravs sistemis ganviTarebas ( )tvv =  - sistemis 

ganviTarebis damuxruWebis siCqare, ( )tuu =  - ganviTarebaSi 

investirebis siCqare. [14] – Si dasabuTebulia, rom sistemis 

ganviTarebis siCqare, tolia u  da v  Soris siCqareTa sxvaobis, 

e.i. 

( ) ( ) ( )tvtutx −=                            (59) 

gamosaxuleba (59) aris nebismieri sistemis ganviTarebis 

zogadi diferencialuri gantoleba. gantoleba atarebs 

struqturul xasiaTs, radganac masSi ar aris naCvenebi funqciis 

saxe u  da v , romelic damokidebulia sistemis konkretul 

bunebaze da sivrceze, romelSiac es sistema funqcionirebs. 

amJamad, naSromSi (59) ganviTarebis zogadi struqturuli 

modelis safuZvelze SemoTavazebulia axali determinirebuli 

aqtiuri codnis maragis prognozirebis modeli, swavlebis 

sistemaSi vizualuri da sakontroli axali teqnikuri 

saSualebebis gamoyenebisaTvis. 

Cven SemTxvevaSi, sistemis gamosavali maxasiaTeblebi, 

romlebic prognozirebas eqvemdebarebian, warmoadgens codnis 

aqtiuri maragis ( ) ( ) iytytx ==  maCveneblebis saSualo 

mniSvnelobas. am maragis fiqsirebuli done an misi zrdis 
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SenarCunebis faqtori, codnis aRdgenisa ( )tu  da gavarToebis 

siCqares warmoadgens, e.i. aris saswavlo procesis intensivoba. 

saswavlo procesis intensivobis qveS nagulisxmebia iT  da 

i∏  davalebis sirTulis zrdis siCqare ( )tu , romelic 

wardgenilia operatorisadmi t  drois momentSi. 

saswavlo procesis intensivoba ( )tu  SeiZleba gaizomos 

procentobiT an wilobiT. mniSvneloba ( ) consttu == 3.0  niSnavs, 

rom sirTule matulobs davalebidan davalebamde mudmivi 

siCqariT 30%. saswavlo procesis intensivoba ( )tu  zogadad 

cvladi sididea. magaliTad, sakontrolo CaTvlis Cabarebis 

momentis moaxloebisas intensivoba SeiZleba gaizardos. 

gamokvlevis mocemul etapze viyenebT hipotezas imis 

Sesaxeb, rom meore faqtori – siCqare ( )tv  codnis dakargva, 

aqtiuri codnis maragis maCveneblis sididis proporciulia, e.i. 

vRebulobT damokidebulebas 

( ) ( )tbytv ='
                            (60) 

sadac b  - aris droze savaraudoT damokidebuli 

proporciulobis koeficienti. 

(59) da (60) gamosaxulebebis gamoyenebiT miviRebT codnis 

aqtiuri maragis prognozirebis models 

( ) ( ) ( )tbytutv −=                          (61) 

CavTvaloT agreTve, rom aqtiuri codnis maragis sawyisi 

mniSvneloba cnobilia da tolia 

( ) 00 yy = .                          (62) 

(61) diferencialuri gantolebis amoxsniT da (62) 

gamosaxulebis sawyisi pirobiT, vpoulobT saZebn 

damokidebulebas ( )ty  codnis aqtiuri maragis maCveneblebis 

prognozirebisaTvis. 

ganvixiloT ramodenime kerZo SemTxvevebi: 
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1. aqtiuri codnis maCveneblebis Sefaseba swavlebis gareSe 

mocemul SemTxvevaSi swavlebis procesis intensivoba 

( ) 0=tu  da (61) gantoleba Rebulobs saxes 

( ) ( )tbyty
dt
d

−=                         (63) 

(62) da (63) gamosaxulebebidan, mudmivi b  koeficientis 

dros (63) – dan vpoulobT 

( ) biyty −= l0                          (64) 

(64) Tanafardoba uCvenebs, rom swavlebis gareSe, rodesac 

constb =  dros mimdinareobs operatoris aqtiuri codnis maragis 

sawyisi 0y  eqsponencialuri Semcireba. 

(62) da (63) gamosaxulebebidan, rodesac ( )tbb =  

koeficienti cvladia, (63) – dan vpoulobT 

( )
( )dyyb

o

oyty
∫

=
−

l0 ,                         (65) 

CaviweroT (63) gamosaxuleba qvemoT motanili saxiT, 

miviRebT  

( )( ) ( )tbtyIn
dt
d

−= , 

SevniSnoT, rom b  koeficients aqvs logariTmuli siCqariT 

codnis dakargvis mniSvneloba. 

kerZo SemTxvevaSi, rodesac codnis dakargvis logariTmuli 

siCqare wrfiulad aris damokidebuli droze, igi gamoisaxeba 

aseTi saxiT 

( ) tatb β+= , 

sadac a  da β  aris mudmivi koeficientebi 

(5) gamosaxulebidan vpoulobT 

( ) ( )2/exp 2
0 ttyty βα −−=                     (66) 

2. aqtiuri codnis maragis Sefaseba mudmivi siCqarT-codnis 

Sevsebis dros 
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ganvixiloT SemTxveva, rodesac swavlebis sistemaSi codnis 

aRdgena da Sevseba ganxorcielebulia mudmivi intensivobiT 

( ) constatu == , amasTanave codnis dakargvis logariTmuli 

siCqare aseve mudmivia ( ) constbtv == . 

imave pirobiT (61) da (62) amocanis amoxsniT vRebulobT 

formulas aqtiuri codnis maragis prognozirebisaTvis 

( ) ( ){ dybyayty bibi exp0
−− += ll , 

anu 

( ) ( )bibi

b
ayty −− −+= ll 10 .                      (67) 

(67) gamosaxulebidan gamomdinareobs, rom rodesac ∞→t  

sidide ( )
b
aty → . es miuTiTebs imaze, rom Tu swavlebis 

intensivoba a  Warbobs codnis dakargvis logariTmuli siCqaris 

koeficientis b  mniSvnelobas, maSin sakmaod didi t  droisaTvis 

aqtiuri codnis maragma iy  SeiZleba mis sawyis mniSvnelobas 

gadaaWarbos 0y . amrigad, saswavlo procesis sworad 

organizaciis xarjze swarmoebs operatoris aqtiuri codnis 

dagroveba. 

maSin, rodesac sruldeba piroba ba < , mimdinareobs 

aqtiuri codnis maragis mniSvnelobis prognozirebis Semcireba 

mis sawyis mniSvnelobasTan 0y  SedarebiT. aseT situaciaSi 

saWiroa organizebuli gadawyvetilebebis damuSaveba. 

prognozirebis amocana (67) formulis mixedviT mdgomareobs 

imaSi, rom droze SevaCeroT saswavlo procesze negatiurad 

moqmedi faqtorebis zegavlena, Tuki aseTi ram arsebobs. 

 

3. aqtiuri codnis maragis Sefaseba codnis Sevsebis cvladi 

siCqaris dros. 
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ganvixiloT SemTxveva, rodesac swavlebis sistemaSi codnis 

aRdgena da Sevseba xdeba cvladi intensivobiT ( )tu , maSin 

rodesac codnis dakargvis logariTmuli siCqare mudmivia: 

( ) constbtv == . 

am pirobebSi (61) da (62) amocanebis amoxsniT vRebulobT 

prognozirebis formulas 

( ) btbtyty −− += ll0 ∫
t

o

u(y)exp(by)dy                (68) 

gamosaxuleba (68) saSualebas gvaZlevs davayenoT saswavlo 

procesis optimaluri marTvis amocana. amocana mdgomareobs 

SemdegSi: rogor SevarCioT saswavlo procesis parametrebi, raTa 

operatoris aqtiuri codnis maragis done akmayofilebdes 

garkveul moTxovnebs. 

 

4. aqtiuri codnis maragis prognozirebis ganzogadoebuli 

formulebi 

daskvnaSi SevCerdebiT ufro ganzogadebul SemTxvevaze, 

rodesac swavlebis sistemaSi codnis aRdgena da Sevseba 

ganxorcielebulia cvladi intensivobiT ( )tu , xolo codnis 

dakargvis logariTmuli siCqare, ( )tb  aseve cvladia droSi. 

(61) da (62) amocanebis amoxsniT vRebulobT aqtiuri 

codnis maragis maCveneblebis prognozirebis Semdegi 

Tanafardobas: 

( ) ( ) ( ) ( ) ( )dxxudyybdyybdyybyty
xttt

⎟
⎠
⎞⎜

⎝
⎛⎟

⎠
⎞⎜

⎝
⎛−+⎟

⎠
⎞⎜

⎝
⎛−= ∫∫∫∫ 00000 expexpexp (69) 

(69) gamosaxuleba ( )ty  maCveneblis prognozirebis gziT 

misi individualuri Sefasebis saSualebas iZleva codnis 

dakargvisa da saswavlo procesis SesarCevi ( )tu  intensivobis 

droSi logariTmuli siCqaris ( )tb  cvlilebis monacemebis 

safuZvelze. 
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(69) formulaSi meore wevri iTvaliswinebs swavlebas. igi 

nulis tolia Tu drois mocemul intervalSi ( )t,0  swavleba anu 

TviTswavleba ar aris gaTvaliswinebuli. 

sawyisi monacemebis 0y , ( )tb  da ( )tu  momzadebis meTodi, 

romelic aucilebelia prognozirebis (63) . . . (69) formulebis 

gamoyenebisaTvis, warmoadgens calke sakiTxs. 

amrigad: 

1. dadgenilia, rom amJamad ar aris swavlebis sistemaSi 

codnis aTvisebisa da dakargvis procesebis raodenobiTi aRweris 

meTodebi; 

2. damuSavebulia aqtiuri codnis maragis prognozirebis 

axali modeli, romelsac aqvs sufTa analizuri saxe; 

3. prognozirebis SemoTavazebuli formulebi iZlevian ara 

mxolod amocanis amoxsnis prognozirebis saSualebas, aramed 

swavlebis procesis intensivobis optimaluri marTvis amocanis 

dayenebis saSualebasac. 

 

I Tavis daskvna 

1. dadgenilia, rom amJamad rTuli teqnikuri sistemebis 

saimedoobis Sefasebis sivrceSi, sadac marTva ganxorcielebulia 

operatoriT, “adamianis faqtori” raodenobrivi formiT ar aris 

gaTvaliswinebuli, xolo rTuli teqnikuri sistemebi 

ganixilebian, rogorc sufTa teqnikuri obieqtebi. 

amasTanave, magaliTad, operatoris mizeziT mtyunebam 

SeiZleba Seadginos 70% misi saerTo ricxvidan. 

formulirebulia axali mecnieruli amocanis dayeneba: 

damuSavebulia operatoriT marTuli sahaero transportis 

rTuli teqnikuri sistemebis saimedoobisa da usafrTxoebis 

Sefasebis meTodebi. 

2. damuSavebulia Tanamedrove saswavlo teqnikur 

saSualebebze (saaviacio trenaJorebi) sahaero transportis 
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rTuli teqnikuri sistemebis marTvis operatorebis swavlebis 

procesis axali modeli. 

swavlebis arsebuli modelebidan gansxvavebiT, 

SemoTavazebuli meTodebi raodenobrivi formiT iTvaliswineben 

swavlebis procesSi informaciis nakadis gadraqmnis process. 

matriculi formiT modeli gamoxatavs urTierTkavSirs 

TAT 00 =  saswavlo gegmis T  matricasa da operatoris pasuxebis 

0T  matricebs Soris, sadac 0A  aris misi momzadebis matrica. 

modeli pirvelad iZleva saswavlo gegmis sxvadasxva Temebisa da 

sxvadasxva ganoyofilebebis zegavlenas swavlebis procesSi 

operatoris aTvisebis xarisxze da misi aRricxvis 

ganxorcielebis SesaZleblobaze. 

3. damuSavebulia sahaero transportis rTuli teqnikuri 

sistemebis marTvis dros operatoris muSaobis axali 

maCveneblebi. 

motanilia, rom operatoris momzadebis donis maCvenebeli 

SeiZleba iyos manZili ( )0,TTP  davalebis T  matricasa (romelic 

gaTvaliswinebulia saswavlo gegmiT) da operatoris pasuxebis 

0T  matricebs Soris. 

( )0,TTP  - Tan damatebiT pirvelad aris SemoTavazebuli 

rTuli teqnikuri sistemisadmi operatoris midrekilebis 

(niWierebis) maCvenebeli 0r . niWierebis maCvenebeli 0r  

ganisazRvreba muSaobaSi, rogorc davalebis T  matricasa da 

operatoris pasuxebis 0T  matricebs Soris korelaciis 

(urTierTdamokidebulebis) koeficienti. 

4. damuSavebulia sahaero transportis rTuli teqnikuri 

sistemebis operatoris swavlebis procesis dinamikuri modeli. 

modeli gvaZlevs kvalifikaciis kategoriaze atestirebuli 

operatorebis procentuli wilis droSi prognozirebis meTods. 

is Seicavs siaxles am wilis stacionaruli mniSvnelobebis 

Sefasebis nawilSi. 
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5. damuSavebulia sahaero transportis rTuli teqnikuri 

sistemebis marTvis operatoris swavlebis dros codnis 

aTvisebisa da dakargvis procesebis aRricxvis axali modeli. 

pirvelad aris SemoTavazebuli da gamokvleuli 

raodenobrivi dinamikuri modeli, romelic aTvisebis procesebis 

ganviTarebisa da codnis dakargvis prognozirebis saSualebas 

iZleva. agreTve pirvelad aris SemoTavazebuli saswavlo 

procesis agebis rekomendaciebi. 
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Tavi II.  

    sahaero transportis rTuli teqnikuri 

sistemebis saimedoobis ZiriTadi albaTuri 

kriteriumebis damuSaveba 

 

zemoT ganxilulidan, gavakeToT adamianis mier marTuli Ā 

rTuli teqnikuri sistemis mtyunebis formulireba.  

sahaero transportis rTuli teqnikuri sistemis mtyunebis 

qveS miviRoT misi iseTi mdgomareoba Ā, romlis drosac sahaero 

transportis rTuli teqnikuri sistema muSaobis mocemuli 

drois intervalSi [O,T] gamodis mwyobridan marTvaSi 

operatoris SecdomiT, an damtvrevisa da gaumarTaobis gamo.  

 

2.1. sahaero transportis rTuli teqnikuri 

sistemis saimedoobis ZiriTadi albaTuri 

kriteriumebi 

xdomiloba A, sapirispiroa Ā-si da ewodeba adamianis mier 

marTuli rTuli teqnikuri sistemis amocanis warmatebiT 

Sesrulebas, muSaobis mocemul intervalSi [O,T]. 

xdomiloba A gamovsaxoT:  

                                            A=A1
∩

A2                                                                (1) 

sadac A1  da A2  - aris xdomiloba, romelic Seicavs rTuli 

teqnikuri sistemis marTvis usafrTxoebasa da uavario muSaobis 

uzrunvelyofas [O,T] intervalSi.     

gamokvlevis mocemul etapze dauSvaT, rom xdomilobebi A1 

da A2  damoukideblebia, maSin 

                                          P=P(A)=P(A1)P(A2),                         (2) 

sadac P – aris damatebiTi aRniSvna A xdomilobis P(A) 

albaTobisaTvis, anu  

                                 P= БПP БаP                              (3) 
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aq P(A1)=PБП –aris rTuli teqnikuri sistemis usafrTxo 

marTvis albaToba [O,T] intervalSi, romelsac operatori 

axorcielebs, xolo P(A2)=PБa – aris rTuli teqnikuri sistemis 

uavario muSaoba [O,T] intervalSi.     

gamosaxuleba (3) aRniSnavs, rom [O,T] drois intervalSi 

adamianiT marTuli sahaero transportis rTuli teqnikuri 

sistemis amocanis warmatebiT Sesrulebis albaToba P, rTuli 

teqnikuri sistemis usafrTxo marTvis albaTobis PБП da uavario 

muSaobis albaTobis PБa namravlis tolia [O,T] drois 

intervalSi. 

(3) gamosaxulebidan, albaToba P-s ewodeba adamianiT 

marTuli sahaero transportis rTuli teqnikuri sistemis 

funqcionirebis saimedoobis ZiriTadi albaTuri kriteriumi. 

ZiriTadi kriteriumis yvela Semadgenlis gaangariSeba, e.i. 

PБП da PБa albaTobebis gaangariSeba warmoadgens sakmaod rTul 

amocanas, romelic mokled ganxilulia Semdgom aRwerilobaSi. 

amave dros, winamdebare naSromSi pirvelad aris warmodgenili 

operatoriT marTuli sahaero transportis rTuli teqnikuri 

sistemis usafrTxo marTvis albaTobis PБП gaangariSebis martivi 

meTodi. 

 

2.2. sahaero transportis rTuli teqnikuri 

sistemebis usafrTxo marTvis albaTuri 

kriteriumebi 

pirvel TavSi davadgineT, rom rTuli teqnikuri sistemis 

usafrTxo marTvis pirobis saxiT SesaZlebelia miviRoT: 

           p(T,To)≤ TPp  ,  PП=P(П, Пo)≤ ∗
TPp                          (4) 

r(T,To)≥ TPr  ,  r(П, Пo)≥ ∗
TPr  

amaTgan pirveli ori aRniSnavs, rom manZili p(T,To) da 

p(П,Пo) operatoris Teoriuli codnisa da praqtikuli Cvevebis 

T da П matricebsa da maTi saWiro mniSvnelobis  To da  Пo 
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matricebs Soris ar gadaaWarbebs am manZilebis dasaSveb TPp  da 

∗
TPp  mniSvnelobebs.  

meore ori kriteriumi aRniSnavs, rom operatoris 

Teoriuli codnisa da praqtikuli Cvevebis T da П matricebs 

Soris korelaciis koeficientebi  r(T,To) da r(П,Пo) da maTTvis 

moTxovnili saWiro mniSvnelobebis matricebi To da Пo iqnebian 

am koeficientebis araumciresi dasaSvebi mniSvnelobebi TPr  da 

∗
TPr . 

radganac operatoris pasuxebi erTi gamokiTxvis testidan 

meoreSi SeiZleba Seicvalos bevri faqtoris gamo, amotom 

saWiroa vaRiaroT, rom T da П matricis elementebs aqvs 

gafantuloba, e.i. SemTxveviT elementebs warmoadgenen. 

amitom pirvel TavSi miRebuli (4) kriteriumis operatoris 

mier warmatebiT Sesruleba metyvelebs rTuli teqnikuri 

sistemis usafrTxo marTvis uzrunvelyofaze. 

aseTi gansjis Sedegad mivdivarT rTuli teqnikuri sistemis 

usafrTxo marTvis kriteriumamde, romlis damuSaveba warmoadgens 

winamdebare ganyofilebis sagans. 

ricxvebs p(T,To) da p(П, Пo) ewodeba sahaero transportis 

rTuli teqnikuri sistemebis operatoris mier Teoriuli 

codnisa da praqtikuli Cvevebis aTvisebis donis maCveneblebi, 

rTuli teqnikuri sistemebis marTvis sferoSi. 

zemoaRniSnuli gvaZlevs saSualebas gavakeToT daskvna: 

sahaero transportis rTuli teqnikuri sistemis usafrTxo 

marTvis kriteriumis saxiT SeiZleba miviRoT albaToba. 

PБП  =P(p(T,To)≤ TPp  , p(П, Пo)≤ ∗
TPp ,   r(T,To)≥ TPr , r(П, Пo)≥ ∗

TPr  (5) 

operatoris mier (4) pirobis warmatebiT Sesasruleblad, 

rac niSnavs Teoriuli codnisa da praqtikuli Cvevebis 

garRmavebas rTuli teqnikuri sistemis marTvaSi. 

SevCerdeT PБП kriteriumze misi Taviseburebis ufro 

dawvrilebiT asaxviT: 
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1. ricxvi PБП nulidan erTamde icvleba, e.i.  0≤PБП≤1, 

Tumca rac axlosaa PБП sidide erTTan, miT metia rTuli 

teqnikuri sistemis operatoriT marTvis usafrxoeba;  

2. gamosaxulebaSi (2) To da Пo matricebi Seicavs 

Sefasebebs Tij da Пij SekiTxvis pasuxebze τij da πij saswavlo 

gegmis mixedviT, romelic ganisazRvreba T da П matricebiT. aq 

matricebi To da Пo warmoadgenen SemTxveviT sidideebs, maSin 

rodesac saswavlo gegmis matricebi T da П fiqsirebulia, 

rogorc araSemTxveviTi; 

3. matricebis To da Пo SemTxveviTi xasiaTis gamo, 

gamosaxulebaSi (2) manZili P(T,To) da P(П,Пo), agreTve 

korelaciis koeficientebi r(T,To) da r(П,Пo) warmoadgenen 

SemTxveviT sidideebs; 

4. gamosaxulebaSi (2) ricxvebi TPp  da ∗
TPp  warmoadgens 

fiqsirebul (araSemTxveviT) sidides ricxvebiT, romelsac aqvs 

operatoris mier Teoriuli da praqtikuli Cvevebis aTvisebis 

donis ganmsazRvreli mniSvnelobebi P(T,To) da P(П, Пo). ricxvebi 

TPr  da ∗
TPr aris fiqsirebuli (araSemTxveviTi) sidide, ricxvebiT, 

romelic warmoadgens saWiro mniSvnelobis donis  r(T,To) da 

r(П,Пo) niWierebis gamoyenebis rols sahaero transportis 

rTuli teqnikuri sistemis marTvaSi. 

saWiro mniSvnelobebis TPp , ∗
TPp  da TPr  , ∗

TPr  gansazRvra 

swarmoebs statistikuri monacamebis damuSavebiT.  

SemdgomSi iTvleba, rom ricxvebi TPp , ∗
TPp  da TPr  , ∗

TPr  

cnobilia da fiqsirebulia. 

miviRoT daSveba, rom xdomiloba 

p(T,To)≤ TPp   , p(П, Пo)≤ ∗
TPp ,  r(T,To)≥rtp , r(П, Пo)≥ ∗

TPr  

damoukidebelia. maSin rTuli teqnikuri sistemis usafrTxo 

marTvis albaToba PБП SeiZleba CavweroT namravlis saxiT. 
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PБП =P(P(T,To)≤ TPp  p(П, Пo)≤ ∗
TPp , r(T,To)≥ TPr ,  r(П, Пo)≥ ∗

TPr = 

= P(p(T,To)≤ TPp )P(p(П, Пo)≤ ∗
TPp  P(r(T,To)≥ TPr )P(r(П, Пo)≥ 

∗
TPr ); 

an  

PБП =PTPП PCTPCП 

aq PT =P(p(T,To)≤ TPp ) da PП=P(p(П, Пo)≤ ∗
TPp )  

operatoris mier Teoriuli informaciis warmatebiT 

aTvisebisa da praqtikuli Cvevebis aTvisebis albaTobebi sahaero 

transportis rTuli teqnikuri sistemebis  usafrTxo marTvas 

uzrunvelyofs.  

garda amisa, 

PCT= P(r(T,To)≥ TPr  da PCП=P(r(П, Пo)≥ ∗
TPr  

operatoris niWierebis (midrekilebis) sakmarisi donis 

albaToba, Teoriul da praqtikuli Cvevebis sivrceSi PБП =PTPП 

PCTPCП oTxive Semadgenelis gaangariSeba warmoadgens, romelic 

mniSvnelovani sirTulis, magram damoukidebeli kategoriis 

amocanis saxels atarebs. radganac winamdebare naSromSi 

problematika pirvelad aris warmodgenili, amitom erTi 

Semadgeneli elementis gaangariSebis meTodze SevCerdeT. 

ganvixiloT albaToba 

PT =P(p(T,To)≤ TPp  

sadac TPp  - aris operatoris Teoriuli momzadebis 

maCveneblis p(T,To) saWiro mniSvneloba sahaero transportis 

rTuli teqnikuri sistemis marTvis sivrceSi. 

pirveli Tavis Tanaxmad, p(T,To) maCvenebeli SeiZleba 

Semdegnairad iqnes ganszRvruli 

p(T,To)= 2

1 1

)( ij

m

i

n

j
ij τπ −∑∑

= =

 

saidanac gamomdinareobs, rom  
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(p(T,To)≤ TPp ) ⇔  (p(T,To)2≤ 2
TPp ) ⇔ ( TP

m

i

n

j
ijij p≤−∑∑

= =1 1

2)( τπ )2, 

(p(T,To)≤ TPp ) ⇔  (
mn
1

≤−∑∑
= =

m

i

n

j
ijij

1 1

2)( τπ
mn
1 2

TPp ) 

SemdgomSi viTvaliswinebT cnobil utolobas 

mn
1 p(T,To)= mn

1
≤−∑∑

= =

m

i

n

j
ijij

1 1

2)( τπ max( ijij τπ − )2 

saidanac vRebulobT 

(max( ijij τπ − )2≤
mn
1 2

TPp )⇒ (
mn
1 p(T,To) ≤

mn
1

TPp  ) 

anu           (max( ijij τπ − )2≤
mn
1 2

TPp )⇒ (p(T,To)≤ TPp ), 

 (max( ijij τπ − )≤
mn
1

TPp  ) ≤ P(p(T,To)≤ TPp  

amrigad dadgenilia, rom  

TP  =P(p(T,To)≤ TPp ≥P (max( ijij T−π )≤
mn
1

TPp ) 

anu                     TP ≥ ∗T
P  

sadac           *T
P = P (max ijij T−π ≤

mn
1  TPp ) 

e.i. miRebulia saZebni albaTobisaTvis PT garantirebuli 

Sefaseba  *T
P  qvemodan. 

SevCerdeT am Sefasebis povnis meTodis damuSavebaze. 

gaviTvaliswinoT, rom  

(max ijij τπ − ≤
mn
1  TPp ) ⇔ ( ≡≤−∀ επ ijij Tji ;,  

mn
1  TPp ), 

aqedan gamomdinareobs 

TP = ∗T
P =P(

n

j

n

i 11 ==
∩∩ { επ ≤− ijij T }) 

Tu xdomiloba { ετπ ≤− ijij }     damoukidebelia, maSin,  

TP ≥ ∗T
P =

n

j

m

i 11 ==
ΠΠ P( επ ≤− ijij T ) 

sadac, rogorc iyo aRniSnuli 
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ε=
mn
1  TPp  

meore CanawerSi  

TP ≥ ∗T
P =

n

j

m

i 11 ==
ΠΠ pij , 

sadac           

Pij= P( ετπ ≤− ijij )=P( ijπ -ε≤ Tij ≤ ε+ ijπ ). 

pirveli miaxloebisas vvaraudobT, rom sidides ijτ  

( ijπ SekiTxvis pasuxis Sefaseba) aqvs ijτ  saSualo sididisa da 

dispersiis 2
ijσ  normaluri ganawileba. maSin normaluri 

ganawilebis TvisebebiT gveqneba: 

Pij=Φ ((
T

- ijπ + ε)/ ijσ )- φ (( ε+ ijπ -
Tij

)/ ijσ ), 

sadac Φ - aris zemoT ganxiluli laplasis funqcia. 

amrigad, Tu ijτ  sidide damoukidebeli da normalurad 

ganawilebulia maSin TP  maCveneblis garantirebul Sefasebas 

eqneba saxe 

TP ≥ ∗T
P =

n

j

m

i 11 ==
ΠΠ ( Φ (( Tij - ijπ + ε)/ ijσ )- Φ (( ε+ ijπ -

Tij
)/ ijσ )),              

TP ≥ ∗T
P =

n

j

m

i 11 ==
ΠΠ Pij,     (6) 

anu           TP ≥ ∗T
P =

n

j

m

i 11 ==
ΠΠ Pij 

sadac Pij albaTobebi gansazRvrulia zemoT. 

winamdebare naSromSi [20] naCvenebia, rom garantirebuli 

Sefaseba (6) SeiZleba aRmoCndes mniSvnelovnad Semcirebuli Tu 

ar gaviTvaliswinebT, rom xdomiloba { επ ≤−Tijij } aris 

damokidebuli sidide. [20]-Si dasabuTebulia am xdomilobis 

aRricxvis SesaZlebloba Semdegi formiT: 

TP ≥ ∗T
P =

n

j

m

i 11 ==
ΠΠ  Pij+K(P* -

n

j

m

i 11 ==
ΠΠ  Pij). 
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aq ricxvi K, ijT  sidideebs Soris korelaciis koeficientebis 

saSualo mniSvnelobis tolia, xolo P* umciresia Pij 

albaTobebidan. Tu xdomiloba { επ ≤−Tijij } damoukidebelia maSin 

K=0 da ukanaskneli formulebidan vRebulobT uwindeli 

TP ≥ ∗T
P =

n

j

m

i 11 ==
ΠΠ  Pij Sedegebs. 

meore ukidures SemTxvevaSi, rodesac korelaciis yvela 

koeficienti erTis tolia K=1, miviRebT 

TP ≥ ∗T
P = P* 

amrigad, xdomilobis damokidebulebis aRuricxaobas SeuZlia 

Semdeg Secdomamde migviyvanos 

δ=( P*  -
n

j

m

i 11 ==
ΠΠ  Pij)/(1- P*) 

romelsac arcTu ise mcire mniSvneloba aqvs. 

 

2.3. sahaero transportis rTuli teqnikuri 

sistemebis uavario muSaobis albaTuri 

kriteriumebi 

vTqvaT, rTuli teqnikuri sistemis xi maxasiaTebelze 

dasaSvebi moTxovnebia mocemuli ai≤ xi≤bi [36] 

CavTvaloT, rom ai  da bi sazRvrebi _ aris mocemuli 

fiqsirebuli ricxvi, xolo xi - SemTxveviTi sididea. 

maSin, Tu aRniSnavT, rom 

PPi=P(ai≤ xi≤bi) 

- xi  maxasiaTeblis dasaSveb farglebSi (ai , bi) yofnis 

albaToba CaviweroT aseTi saxiT  

PPi=1-qi 

aq                         qi=P(xi∉[ai , bi] 

_ aris imis albaToba, rom xi ; maxasiaTeblebis mimarT 

teqnikuri dokumentaciis moTxovnebi ar sruldeba. 

xdomilobas xi∉(ai , bi) SemdegSi, rTuli teqnikuri sistemis 

gaumarTaoba ewodeba i-uri maxasiaTeblis mixedviT. zogierT 
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SemTxvevaSi am xdomilobas SeuZlia rTuli teqnikuri sistemis 

mwyobridan gamoyvana da dazianeba da Sedegad, rodesac sistemas 

funqcionirebis gagrZeleba ar SeuZlia. 

sxva mraval SemTxvevaSi aRmoCnda, rom mowyobilobis xi 

maxasiaTeblis dasaSvebi sivrcidan gamosvlis dros, e.i. rodesac 

xi∉(ai , bi), rTul teqnikuri sistemas SeuZlia masze 

ganpirobebuli funqciis Sesruleba. 

muSaobis albaToba xi maxasiaTeblis mixedviT ganvsazRvroT, 

rogorc es naCvenebia qvemoT 

PPi=1-qi ηi 

aq ricxvi ηi ganisazRvreba uSualod TanafardobiT, romelic 

motanilia qvemoT  

 ηi=P(Ā |Αi) 

igi warmoadgens Ā xdomilobis pirobiT albaTobas. 

amasTanave Ā xdomilobis albaToba gamoiTvleba im pirobiT, 

rodesac xi∉(ai , bi), e.i. xi maxasiaTeblis dadgenili (ai , bi) 

farglebs gareT gamosvlis dros. 

ηi ricxvi 0≤ηi≤1 farglebSi icvleba da ewodeba xi∉(ai , bi) 

gaumarTaobis koeficienti. 

ganvixiloT kerZo SemTxvevebi: 

1. rTuli teqnikuri sistemis xi maxasiaTebeli iseTia, rom 

dadgenili normidan misi dasaSvebze meti sididiT gadaxris dros 

igi wyvets funqcionirebas [24,25]. 

aseT SemTxvevaSi albaToba  ηi.= P(Ā | Āi)=1, maSasadame,  

PPi=1-qi ηi=1- qi 

e.i.                 Pi= P (ai≤ xi≤ bi) 

2. rTuli teqnikuri sistemis maxasiaTebeli xi iseTia, rom 

dadgenili normidan misi dasaSvebze meti sididiT gadaxris dros 

(e.i., rodesac  xi∉(ai , bi) igi asrulebs masze dakisrebul 

funqcias. 

aseT situaciaSi albaToba ηi.= P(Ā| Āi)=0 , maSasadame,  
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PPi=1-qi ηi=1 

Cven ganvixileT kerZo SemTxveva. saerTo situacia, romlis 

drosac PPi=1-qi ηi warmoadgens saSualo sidides im mosazrebiT, 

rom  

1-qi ≤Pi=1-qi ηi≤1 

vTqvaT, napovnia dadgenili normidan xi sididiT gadaxris 

moTxovnis arSesrulebis albaTobis qi mniSvneloba, romelic 

qi,=0,4 tolia. 

maSin, Tu ar gaviTvaliswinebT gaumarTaobis xi∉(ai , bi) 

mniSvnelobis koeficients ηi , gdaxris dasaSvebi moTxovnis 

Sesrulebis albaToba iqneba 

PPi=1-qi=1-0,4=0,6 

marTalia axla, rTuli teqnikuri sistemebis funqcionirebis 

procesebis modelirebiT napovnia ηi koeficientis mniSvneloba, 

romelic aRmoCnda, rom tolia ηi=0,2 maSin 

PPi=1-qi ηi=1-0,4.0,2=1-0,08=0,92 

 

motanil magaliTs mivyaverT Semdeg daskvnamde: 

sahaero transportis rTuli teqnikuri sistemis 

warmatebiTi muSaobis albaTobis gaangariSebis dros aucilebelia 

ηi koeficientebis aRricxva, radganac am koeficientis 

aRuricxaobas albaTobis PPi faqtiuri mniSvnelobis Semcirebamde 

da gaangariSebis Secdomamde mivyavarT, romelic mxolod 

PPii=P(xi∉(ai , bi) albaTobebidan erT-erTi maTganis povnis dros 

SeiZleba SevadginoT gamosaxuleba 

εi=100%(qi -qi ηi)/ q, 

anu                εi=(1 - ηi) 100% 

kerZod, magaliTis saxiT, Secdoma romelic zemoaRniSnul 

koeficientis (ηi) aRuricxaobas gamoewvia, SeiZleba yofiliyo 

sididiT 

εi=(1 - ηi) 100%=(1-0,2)100%=80% 
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vTqvaT, sahaero transportis rTuli teqnikuri sistemis xi 

maxasiaTeblebis yoveli parametrisaTvis napovnia teqnikuri 

dokumentaciis mixedviT xi∉[ai , bi] moTxovnis Sesrulebis 

albaTobis Pi mniSvneloba dadgenili normidan dasaSvebi 

gadaxrisa da mtyunebis xi∉[ai , bi] mniSvnelobis ηi koeficientis 

gaTvaliswinebiT [30]. 

maSin, rTuli teqnikuri sistemis PБa uavario muSaobis 

albaTuri kriteriumebi SeiZleba gamovTvaloTY (7) formuliT, 

Tanaxmad [15], romelsac aqvs saxe 

                PБa=Po(1—q1 η1)(1—q2 η2)... (1-- NNq η )                  (7) 

anu 

R= Po
N

i 1=
Π  Pi 

sadac 

PPi=(1-qi ηi) 

amasTanave Po - aris sistemis amocanis mTlianad Sesrulebis 

albaToba mocemuli drois intervalSi [O,T], romelic 

ganisazRvreba im pirobiT, rom rTuli teqnikuri sistemis yvela 

maxasiaTebeli dasaSveb farglebSi imyofeba. 

Po-s mniSvneloba ganisazRvreba rTuli teqnikuri sistemebis 

funqcionirebis procesis modelirebis SedegebiT [O,T] 

droisaTvis. 

winamdebare naSromSi SemoTavazebulia sahaero transportis 

rTuli teqnikuri sistemis warmatebuli muSaobis kriteriumi 

(7) mocemul drois monakveTSi [O,T]. 

 

sahaero transportis rTuli teqnikuri sistemis warmatebuli 

muSaobis albaTobis gaangariSebis meTodika 

SemoTavazebuli rTuli teqnikuri sistemis, mocemuli 

drois intervalSi [O,T] warmatebuli muSaobis kriteriumi (7) 

gvaZlevs saSualebas ganvsazRvroT saimedoobis Sefasebis 

Tanmimdevroba: 
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1. N maxasiaTeblebidan xi yoveli maTganisaTvis, 

romlisTvisac mocemulia moTxovnebi teqnikur dokumentaciaSi 

[34,40-44], moiZebneba am moTxovnebis Sesrulebis albaToba Pi 

(gaumarTaobis xi∉(ai , bi) mniSvnelobis koeficientis ηi 

gaTvaliswinebis gareSe). amisaTvis saWiroa gamoviyenoT qvemoT 

SemoTavazebuli gaangariSebis kerZo meTodika;  

2. N maxasiaTeblidan xi yoveli maTganisaTvis modelirebis 

meTodiT pouloben xi∉(ai , bi) gaumarTaobis mniSvnelobis ηi 

koeficients;  

3. N maxasiaTeblebidan xi yoveli maTganisaTvis, 

romlisTvisac mocemulia teqnikur dokumentaciaSi moTxovnebi, 

pouloben am moTxovnebis Sesrulebis albaTobas PPi , xi∉(ai,bi) 

gaumarTaobis mniSvnelobis ηi koeficientis gaTvaliswinebiT; amave 

dros gamoyenebulia formulebi: 

PPi=1-qi ηi, 

romelSiac qi =1- Pi –aris gaumarTaobis gamoCenis albaToba 

xi∉(ai , bi) 

4. N albaTobebis gansazRvris Semdeg vpoulobT sahaero 

transportis rTuli teqnikuri sistemebis uavario muSaobis PБП 

saerTo maCvenebels Pi mocemuli drois intervalSi qvemoT 

motanili formuliT 

PБП=  Po(1—q1 η1)(1—q2 η2)... (1-- NNq η ) 

 

gaangariSebis kerZo meTodebi da sacnobaro monacemebi 

upirvelesad ganvixiloT xi∉(ai , bi) moTxovnis Sesrulebis 

albaTobis ~
iP  sapovni amocana (xi∉[ai , bi] gaumarTaobis 

mniSvnelobis ηi koeficientis gauTvaliswineblad) da davamuSaoT 

mocemuli albaTobis gansazRvris kerZo meTodebi. 

gadaumeteblobis (argadacilebis) modeli 

dauSvaT, rom xi maxasiaTeblisadmi teqnikuri dokumentaciis 

moTxovna mocemulia calxmrivi daSvebis saxiT, magaliTad xi≥ai 
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saxiT. SemdgomSi indeqsi i romelic rTuli teqnikuri sistemis 

nomers gviCvenebs, Canawerebis gamartivebis TvalsazrisiT ar 

viTvaliswinebT. 

amrigad, vvaraudobT, rom rTuli teqnikuri sistemis 

romelime amocanis warmatebiT gadawyvetisTvis saWiroa, rom 

sruldebodes piroba  

x>a 

sadac x –aris SemTxveviTi sidide, xolo a – romeliRac 

fiqsirebuli ricxvi, romlis gadaWarbeba dauSvebelia rTuli 

teqnikuri sistemis warmatebiTi funqcionirebis uzrunvelyofis 

mizniT. 

aRweril situaciaSi, rTuli teqnikuri sistemis warmatebiT 

muSaobis kerZo maCveneblebs x>a pirobis Sesrulebis albaToba 

warmoadgens, e.i. albaToba  

P=p(x≥a)=1-F(a) 

 warmoadgens. 

aq SemoRebuli aRniSvna F gamoyenebulia SemTxveviTi x 

sididis funqciis danawilebisaTvis. igi ganisazRvreba, rogorc 

albaToba imisa, rom SemTxveviTi sidide x ar sWarbobs 

fiqsirebul mniSvnelobas t, e.i.  

F(t)=P(x≤t), maSasadame  P=1-F(a) 

e.i. sahaero transportis rTuli teqnikuri sistemis 

warmatebiT muSaobis kerZo maCveneblebi gamoisaxeba qvemoT 

motanili funqciis ganawilebis saSualebiT  

 P=1-F(a) 

Tu ganawilebis funqcias aqvs warmoebuli, maSin am 

warmoebuls 

f(t)=(F(t)), 

SemTxveviTi x sididis ganawilebis albaTobis simkvrivis 

funqcia ewodeba, xolo funqcias 

λ(t)=f(t)/(1-F(t)) 
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x≥0 dros, F(0)=0 ewodeba SemTxveviTi x sididis 

ganawilebis intensivobis funqcia. 

intensivobis funqcias λ(t) aqvs arsebiTi mniSvneloba 

saimedoobis TeoriaSi Semdegi mniSvnelovani mizezebis gamo: 

radganac 

 λ(t)=f(t)/(1-F(t))=-ln(1-F(t)) 

maSin ukanaskneli gamosaxulebis integrirebiT miviRebT 

P P=P(x≥a)=1-F(t)= ∫−
t

dyy
e 0

)(λ
 

amrigad, teqnikuri dokumentaciis moTxovnis Sesrulebis 

albaToba gamoisaxeba intensivobis funqciis daxmarebiT. 

 

daZvelebisa da ganaxlebis ganawileba 

sistema iwyebs daZvelebas (daberebas) x maxasiaTeblis 

mixedviT, Tu misi intensivobis funqcia x(t) izrdeba t-s gazrdiT. 

da piriqiT, sistema iwyebs ganaxlebas (gaaxalgazrdavebas) 

maxasiaTeblis mixedviT, Tu misi intensivobis funqcia x 

klebulobs x(t)-s gazrdiT [45-48]. 

sistemas ewodeba neitraluri t maxasiaTeblis mixedviT, Tu 

misi intensivobis funqcia x- ar icvleba x(t)= x=const-s gazrdiT. 

bolo SemTxvevaSi Zravas warmatebiT muSaobis maCvenebeli 

Rebulobs saxes 

P P=P(x>a)=1-F(a)= ae λ−    anu      P= ae λ−  

Zveldebadi sistemisaTvis damaxasiaTebelia droSi dazianebis 

dagroveba, balansirebis darRveva, maxasiaTeblebis sizustis 

Semcireba, mdgradobis Semcireba da a.S. [49-51]  

Zveldebadi sistemebi miekuTvnebian auRdgenadi klasis 

obieqtebs maTi funqcionirebis intervalSi. 

ganaxlebadi sistemebi, rogorc wesi miekuTvnebian aRdgenad 

obieqtebs, romlebic maTi elementebisa da blokebis gamocvliT 

funqcionirebis gaumjobesebas eqvemdebarebian. 

gamosaxulebis ganawilebis F(t) funqcia 
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P P=P(x>t)=1-F(t)=e-λt 

aris eqsponencialuri. misi daxmarebiT xdeba im sistemis 

aRwera, romlebic ar miekuTvnebian arc daZvelebisa da arc 

ganaxlebis sistemebs. 

gamosaxulebaSi F(t) ganawilebis funqcias 

P P=P(x>t)=1-F(t)= ∫−
t

dyy
e 0

)(λ
 

ewodeba ganaxlebadi (gaaxalgazrdavebadi), Tu intensivobis 

λ(t) funqcia mcirdeba t-s gazrdiT. 

 sahaero transportis rTuli teqnikuri sistemebis 

klasifikacia SeiZleba movaxdinoT intensivobis λ(t)-s funqciis 

analizis ganxilviT Semdegi niSnebis mixedviT: daZvelebadi, 

ganaxlebadi da neitraluri obieqtebi. 

 

veibulas ganawilebis Taviseburebebis gamoyeneba 

sahaero transportis rTuli teqnikuri sistemis 

saimedoobis Sefasebis amocanaSi ganawilebis modelebidan yvelaze 

ufro saerTo saxe egreT wodebul veibulas ganawilebas aqvs, 

romlis ganawilebis funqcias aseTi saxe aqvs 

F(t)= P(x≤t)=1- 
βλte− ,       t≥0 

maSin, rTuli teqnikuri sistemis warmatebiTi muSaobis 

maCveneblebi Rebulobs saxes                        

P=P(x>a)=
βλae−  

aq β da λ warmoadgens fiqsirebul ricxvebs, romelsac 

veibulas ganawilebis funqciis parametrebi ewodeba.  

vaCvenoT, rom a>1 parametris mniSvnelobis dros, veibulas 

ganawileba, ,,daZvelebis’’ ganawilebis klass miekuTvneba, xolo 

rodesac a<1 ,,ganaxlebis’’ klass. 

namdvilad, rodesac veibulas ganawilebis albaTobis 

simkvrivis funqcias aqvs saxe 
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f(t)=(F(t))' =(1-
βλte− )' = λ β 1−βt

βλte− , 

maSin aqedan gamomdinareobs, rom intensivobis funqcia 

gamoisaxeba Sermdegi formiT 

λ(t)= f(t)/(1-F(t))= λ β 1−βt
βλte− /

βλte−  

maSasadame,  

λ(t)= λ β 1−βt  ,        sadac    t>0 

radganac,  λ(t) funqciis warmoebuli tolia 

(λ(t))= λ β (β-1) 1−βt , 

maSin es miuTiTebs imaze, rom  

            (λ(t)' >0,            rodesac  β>1 

da  

            (λ(t)' <0,            rodesac  β<1 

cnobili niSniT funqciis zrdis safuZvelze, vakeTebT 

Semdeg daskvnas:  

β>1 parametris mniSvnelobis dros veibulas ganawilebis 

funqcia ekuTvnis ,,daZvelebis’’ ganawilebis klass, xolo 

rodesac β<1 ,,ganaxlebis’’ ganawilebis klass. β=1 dros 

veibulas ganawilebis funqcia gadadis neitralur mdgomareobaSi 

_ eqsponencialuri ganawilebis mdgomareobaSi, ise rogorc 

F(t)= P(x≤t)=1- 
βλte− =1- te λ−  

avRniSnoT iμ  da iσ -Ti SemTxveviTi sididis ix  saSualo 

mniSvneloba da saSualo kvadratuli gadaxra, fardobas 

iγ = iσ / iμ  

ewodeba SemTxveviTi sididis ix  variaciis cvlilebis 

koeficienti. 

veibulas ganawilebis koeficienti gamoisaxeba mxolod β 

parametris gamoyenebiT. namdvilad, veibulas ganawilebis TvisebiT 

saSualo mniSvneloba da ix  sididis dispersia ganisazRvreba, 

rogorc 
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 iμ =
i

i
βλ

β
/1

)11( +Γ
  

da 

2
iσ =

i

iiii
βλ

ββββ
2

2
2 )1(1)2(2

Γ−Γ
 

sadac 

Γ(r)= drey rr∫
∞

−

0

 

aris cnobili gama-funqcia. 

aqedan vRebulobT gamosaxulebas variaciis 

koeficientisaTvis: 

                          iγ = iσ / iμ =

)11(

))1(1)2(2( 2/12
2

+Γ

Γ−Γ

i

iiii

β

ββββ
 

rogorc vamtkicebdiT, variaciis koeficienti aRmoCnda 

mxolod ori parametridan erTze damokidebuli _ veibulas 

ganawilebis parametrze damokidebuli. 

es saSualebas gvaZlevs gamocdis Sedegebis stilistikuri 

damuSavebis Semdeg gamoviyenoT formula (8) iβ  parametris 

SefasebisaTvis. 

Catarebul analizs mivyavarT sahaero transportis rTuli 

teqnikuri sistemis warmatebuli funqcionirebis albaTobis 

gaangariSebis meTodamde. 

1. rTuli teqnikuri sistemis teqnikuri ix  maCveneblebis 

ganxilvis dros, fizikuri arsis gaTvaliswinebiT, vyofT maT sam 

jgufad: 

_ ,,daZvelebis’’ maxasiaTebeli ix , romlisTvisac 

intensivobis funqcia λ(t) warmoadgens zrdad sidides. 

,,daZvelebis’’ ganawilebis fizikur niSans warmoadgens 

Semdegi  
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Tu variaciis koeficienti 

iγ = iσ / iμ >1 

maSin sistema Zveldeba ix  maxasiaTeblis mixedviT. 

_ rTuli teqnikuri sistemis ix  maxasiaTeblis meore jgufi 

,,ganaxlebad’’ klass miekuTvneba, romlisTvisac intensivobis 

funqcia λ(t) warmoadgens klebads. 

Tu variaciis koeficienti 

iγ = iσ / iμ <1 

maSin sistema aris ,,ganaxlebadi’’ ix  maxasiaTeblis mixedviT. 

rTuli teqnikuri sistemis ix  maxasiaTeblis mesame jgufi 

ekuTvnis ,,neitralur’’ klass, romlisTvisac intensivobis 

funqcia λ(t) warmoadgens mudmiv sidides. 

Tu variaciis koeficienti 

iγ = iσ / iμ =1 

maSin ix -s aqvs neitraluri (eqsponencialuri) ganawileba. 

2. mocemuli klasifikaciis Semdeg yoveli jgufisaTvis 

virCevT cdebis monacemebiT albaTobebis Sefasebis Sesaferis 

meTods. 

3. ZiriTad formulaSi gadmocemulis safuZvelze, romelsac 

aqvs saxe  

                PБa=Po(1—q1 η1)(1—q2 η2)... (1-- NNq η )  

gaumarTaobis warmoSobis albaToba qi aqvs Semdegi 

mniSvneloba xi<a1 

 

6.1. pirveli jgufisaTvis: 

qi=P( xi<a1 )=1- iiiae βλ−  

sadac variaciis koeficienti iγ = iσ / iμ >1 

6.2. meore jgufisaTvis: 

qi=P( xi<a1 )=1- iiiae βλ−  

sadac variaciis koeficienti iγ = iσ / iμ <1 
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6.3. mesame jgufisaTvis: 

 qi=P( xi<a1 )=1- iiiae βλ−  

sadac variaciis koeficienti iγ = iσ / iμ =1, β=1 

Sedegad, sahaero transportis rTuli teqnikuri sistemebis 

warmatebuli muSaobis albaTobis saangariSo ZiriTadi formula 

miiRebs saxes  

БаP =Po
N

i 1=
Π (1-(1- iiiae βλ− ) iη ), 

Tu, rTuli teqnikuri sistemis yoveli maxasiaTeblisaTvis 

mocemulia 

xi>a1 

 

veibulas ganawilebis universaloba 

SevCerdeT, veibulas ganawilebis funqciis, rogorc misi 

universaluri ganawilebis saxiT gamoyenebis SesaZleblobis 

dasabuTebaze (samuSaos amocanis gadawyvetisaTvis gamoyenebiT). 

rogorc ukve avRniSneT, veibulas ganawilebis funqciis saxe  

F(t)= P(x≤t)=1- 
βλte− ,    t>0 

gadadis eqsponencialur ganawilebaze rodesac β=1 

parametris dros. 

rodesac β=2 vRebulobT veibulas ganawilebis finqciis 

meore kerZo SemTxvevas, romelic gadadis releias ganawilebis 

funqciaSi da aqvs saxe  

F(t)= P(x≤t)=1- 
βλte− ,    t>0 

ganawilebis es funqcia kargad aRwers SemTxveviTi sididis 

,,qcevis’’ xasiaTs, romelic dakavSirebulia gazomvis sizustesTan. 

albaTobis meore klasikuri modeli, romelic gamoyenebulia 

amocanaSi marTvis sizustis uzrunvelyofisa da marTvis 

procesebis stabilizaciisaTvis, warmoadgens cnobil normalur 

ganawilebas. normaluri ganawilebis funqciis saxea 
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F(t)=Φ (h)= ∫
∞−

−
h

y dye
2

2
1
π

 

 aq normaluri ganawilebis funqciisaTvis damatebiTi 

aRniSvnebia gamoyenebuli 

F(t)= Φ (h), 

sadac 

Φ (h)= dye
h

y∫
∞−

− 2

2
1
π

 

es aris egreT wodebuli laplasis funqcia, romlis 

mniSvneloba  

h=
σ

μ−t  

amasTanave, ricxvebi μ da σ warmoadgenen normaluri 

ganawilebis parametrebs, Tanac μ aris saSualo mniSvneloba, 

xolo σ normaluri ganawilebis kerZo SemTxvevis saSualo 

kvadratuli gadaxra. 

veibulas ganawilebis umniSvnelovanes Tvisebas warmoadgens 

is, rom igi udidesi sizustiT emTxveva normalur ganawilebas, 

e.i.  

F(t)= P(x≤t) = ∫
∞−

−
h

ye
2

2
1
π

dy≈1- 
βλte− , 

Tu magaliTad β=3,25  da  h=
σ

μ−1   (ix. [12]) 

amrigad, Cvens mier dasabuTebulia, rom mocemul drois 

intervalSi (O,T) sahaero transportis rTuli teqnikuri 

sistemebis warmatebuli funqcionirebis albaTobis Sesafaseblad 

mizanSewonilia gamoviyenoT qvemoT motanili formula 

БаP =Po
N

i 1=
Π (1-(1- 

iiiae
βλ− ) iη ), 

Tu rTuli teqnikuri sistemebis yoveli maxasiaTebeli 

warmodgenilia xi>a1 saxiT. 

dasaSvebi moTxovnebis sxva SemTxvevebi ganxilulia qvemoT. 
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SemoTavazebuli formulis gamoyenebas win uswrebs rTuli 

teqnikuri sistemebis maxasiaTeblebis ganawilebis klasifikacia 

,,daZvelebis’’, ,,ganaxlebisa’’ da ,,neitraluri’’, zemoT 

SemoTavazebuli kriteriumebiT. 

aseTi klasifikacia aucilebelia cdis monacemebiT 

saimedoobis maCveneblebis Sefasebis meTodis SemdgomSi 

SerCevisaTvis. 

zemoT ganxilulia mniSvnelovani kerZo SemTxveva, rodesac 

rTuli teqnikuri sistemebis warmatebiT funqcionirebis pirobas, 

xi>a1 saxis erTmxrivi dasaSvebi moTxovnis Sesruleba 

warmoadgens, sadac xi aris SemTxveveiTi sidide (i-uri 

maxasiaTebeli), ai ki fiqsirebuli ricxvia da xi - saTvis 

warmoadgens minimalur dasaSveb mniSvnelobas. 

iSviaT SemTxvevaSi es modeli gamoyenebulia sahaero 

transportis rTuli teqnikuri sistemebis usafrTxo muSaobis 

albaTobis SefasebisaTvis, rodesac saWiroa pirobis Sesruleba 

[52-54] 

τ>T 

sadac τ aris dro rTuli teqnikuri sistemis mwyobridan 

gamosvlamde-mtyunebamde (damtvreva, funqcionirebis Sewyveta), 

(O,T) drois intervalSi, magaliTad, (O,T)  drois intervalSi, 

sadac T aris funqcionirebis mocemuli dro. 

SemoTavazebuli midgomis Tanaxmad, sistemis mtyunebis 

albaToba gamoisaxeba 

q=q1=P(τ>T)=1- 
11 βλ Te− , 

sadac λ da β aris veibulas ganawilebis parametrebi τ 

sididisaTvis (mtyunebamde gamomuSaveba), romelic ganisazRvreba 

cdis monacemebiT. 

zemoT aRiniSna, rom sahaero transportis rTuli teqnikuri 

sistemebis teqnikuri maCveneblebisadmi wayenebuli moTxovnebi 

SeiZleba gansxvavdebodes xi>a1 pirobisagan. 



 

 

 

82

 

ganvixiloT ori SemTxveva: 

1. teqnikur dokumentaciaSi saWiroa xi<a1 pirobis Sesruleba; 

2. teqnikur dokumentaciaSi saWiroa a1≤ xi ≤bi pirobis Sesruleba; 

pirvel SemTxvevaSi, dokumentaciis moTxovnis 

Seusruleblobis albaToba gamoisaxeba TanafardobiT 

q1=P(xi> a1)=
iiiae

βλ−  

meore SemTxvevaSi, ganawilebis funqciis Tvisebis 

gamoyenebiT miviReb 

P=( ai≤ xi ≤bi)=F(bi)-F( ai) 

sadac  F aris veibulas ganawilebis funqcia, maSasadame 

P( a1≤ xi ≤bi)=F(bi)-F( a1)=(1-
iiibe

βλ− )-(1-
iiiae

βλ− ) 

anu  

P( a1≤ xi ≤bi)= 
iiae

βλ 1− - 
iibe

βλ 1−  

zemoaRniSnuli sakiTxis ganxilvis SemTxvevaSi, a1≤x≤bi 

moTxovnis Seusruleblobis albaToba qi wesiT, mopirdapire 

xdomilobis albaTobiT ipovneba da gamoisaxeba, rogorc es 

qvemoT aris naCvenebi 

q1=1- P( a1≤ xi ≤bi) 

anu                       

q1=1-
iiiae

βλ− +
iiiae

βλ−  

amrigad, mivediT Semdeg saangariSo TanafardobasTan, 

romelic zemoT SemoTavazebul ZiriTad formulaSia 

gamoyenebuli: 

P Бa,= Po(1—q1 η1)(1—q2 η2)... (1-- NNq η ) 

aq:  

1. qi=P( xi< ai )=1-
iiiae
βλ− , Tu mocemulia moTxovna xi> ai 

2.  qi=P( xi> ai )= 
iiiae

βλ− , Tu mocemulia moTxovna xi< ai 

3.  qi=P( xi∉[ ai,bi] )= 
iiiae

βλ− - 
iiibe

βλ−  , Tu mocemulia moTxovna 

ai ≤ xi ≤bi 
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meore Tavis daskvna 

1. damuSavebulia adamianis mier marTuli sahaero 

transportis rTuli teqnikuri sistemebis saimedoobis ZiriTadi 

albaTuri kriteriumebi. 

kriteriumi ewodeba operatoris mier marTuli rTuli 

teqnikuri sistemisadmi ganpirobebuli funqciis warmatebiT 

Sesrulebas muSaobis mocemuli drois monakveTSi [O,T]. 

ZiriTadi kriteriumi gamoisaxeba namravlis saxiT, aq PБП 

–aris 

P=PБП PБa 

rTuli teqnikuri sistemis usafrTxo marTvis albaToba, 

xolo PБa-mocemul drois monakveTSi [O,T] rTuli teqnikuri 

sistemis uavario muSaobis albaToba. 

2. pirvelad aris SemoTavazebuli sahaero transportis 

rTuli teqnikuri sistemebis usafrTxo marTvis PБП 

kriteriumebis albaTuri Sefasebis meTodi. 

meTodi dafuZnebulia naSromSi SemoTavazebuli rTuli 

teqnikuri sistemis marTvis operatoris momzadebis doneze, 

agreTve rTuli teqnikuri sistemis marTvisadmi misi niWierebis 

donis maCvenebelze. 

3. damuSavebulia sahaero transportis rTuli teqnikuri 

sistemebis uavario muSaobis PБa albaTuri kriteriumebis 

Sefasebis axali meTodi rTuli teqnikuri sistemebis 

maxasiaTeblebis dasaSveb sivrcidan gadaxraze woniTi 

koeficientebis zegavlenis gaTvaliswinebiT. 

naCvenebia, rom motanili meTodi saSualebas gvaZlevs 

gamovricxoT saimedoobis ZiriTadi maCveneblis dausabuTebeli 

Semcireba rTuli teqnikuri sistemis kompensaciis SesaZleblobis 

aRricxvis xarjze. 
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4. SemoTavazebulia sahaero transportis rTuli 

teqnikuri sistemebis elementebis saimedoobis ganzogadoebuli 

gaangariSebis modeli. 

modeli iyenebs ganawilebis klasifikacias ,,daZvelebisa’’ 

da ,,ganaxlebis’’ niSnis mixedviT da iTvaliswinebs veibulas 

ganawilebis universalur xarisxs. 
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Tavi III 

 saaviacio kuTxsazomi radionavigaciuri 

sistemebis gazomvis cdomilebisa da 

saimedoobis Sefasebis inJinruli meTodi 

 

adamianis mier marTuli  sahaero transportis rTuli 

teqnikuri sistemis saimedoobis Sefasebis meTodi, romelic 

damuSavebulia wina TavSi, gaaCnia gansazRvruli universaloba 

imitom, rom igi SeiZleba gamoviyenoT nebismieri sirTulis 

sistemisaTvis. winamdebare Tavs TandarTuli aqvs 1-2 Tavis 

meTodebi saaviacio kuTxsazomi radionavigaciuri sistemebis 

saimedoobis Sefasebis amocanis gadawyvetisaTvis. 

amJamad arsebobs Sromebis mniSvnelovani nawili saaviacio 

kuTxsazomi radionavigaciuri sistemebis saimedoobis [3-6] 

sivrceSi. magram, arsebul SromebSi ZiriTadi yuradReba 

gadatanilia kuTxsazomi sistemebis, rogorc sufTa teqnikur 

sistemaze ,,adamianis faqtoris’’ zemoqmedebis gavlenis 

gaTvaliswinebis gareSe. maSin, rodesac mocemuli faqtori 

TamaSobs gadamwyvet rols bevr praqtikul situaciebSi. 

adamianis mier marTuli kuTxsazomi sistemebis, rogorc  

radionavigaciuri sistemebis saimedoobis Sefasebis amocana jer 

kidev arasakmarisad aris gamokvleuli da ara aqvs martivi 

gadawyveta. 

amitom gamokvlevis mizniT, romelic tardeba winamdebare 

TavSi, moicavs kuTxsazomi radionavigaciuri sistemebis 

saimedoobis Sefasebis rig kerZo sainJinro meTods, romelic 

Teoriuli damuSavebis Sedegebis praqtikuli gamoyenebis 

SesaZleblobas gvaZlevs. 

kuTxsazomi radionavigaciuri sistemebis cdomilebis qveS 

unda gavigoT misi iseTi mdgomareoba, rodesac sistema ver 

uzrunvelyofs radionavigaciuri parametrebis saWiro sizustiT 
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gazomvas [23,26,28,29] an mwyobridan gamodis operatoris mier 

marTvaSi daSvebuli Secdomis gamo anu gaumarTaobis da 

meqanikuri dazianebis gamo. 

am ganmartebis safuZvelze 1-2 TavSi Cvens mier 

SemoTavazebulia muSaobis drois [O,T] intervalSi sistemis 

warmatebiT funqcionirebis albaTuri maCveneblebi: 

1. sistemis uavario muSaobis albaToba  PБa mocemul drois 

[O,T] monakveTSi; 

2. sistemis usafrTxo marTvis albaToba PБП muSaobis  

[O,T] drois monakveTSi; 

PБa kriteriums SeiZleba  davarqvaT sistemis saimedoobis 

teqnikuri maCvenebeli, xolo albaTobas PБП  –sistemis 

saimedoobis optimaluri maCvenebeli (optimaluri sistema). 

sistemisaTvis SeiZleba vipovoT misi saimedoobis 

ganzogadoebuli albaTuri maCvenebeli namravlis saxiT 

P=PБП PБa 

 

3.1. usafrTxo marTvis albaTobis gaangariSebis 

inJinruli meTodi 

albaToba PБП ganisazRvreba frenis an trenaJorze gamocdis 

Sedegebis mixedviT. 

amerikis presis monacemebiT [13], operatorebis Secdomebma, 

romlis Sedegad sahaero Zalebis sahaero transportma avaria 

ganicada, 70%-s Seadgens. amitom, usafrTxo marTvis albaTobis 

PБП povnis amocana aqtualuria. 

 

3.2. usafrTxo marTvis albaTobis Sefaseba 

safrenosno gamocdis Sedegebis mixedviT 

PБП SefasebisaTvis, safrenosno gamocdis didi moculobis 

statistikuri masalebis arsebobis dros, SeiZleba gamoyenebuli 

iqnes bernulis gamocdis klasikuri modeli misi bolo 

damuSavebis gaTvaliswinebiT. 
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aseT SemTxvevaSi Sefasebis PБП meTodi Zlian martivia. 

dauSvaT n aris safrenosno gamocdis saerTo ricxvi, xolo d - 

operatoris mizeziT mtyunebis ricxvi.  radionavigaciuri 

sistemebis saimedoobis ganzogadoebuli maCveneblebis povnis 

dros ricxvSi d CairTvebian mxolod is mtyunebebi, romlebic 

warmoiqmnen kuTxsazomi sistemebis gaumarTaobiT. 

maSin, ucnobi albaTobisaTvis PБП SeiZleba iqnes napovni: 

_ wertilovani Sefaseba 

^

БП
P =1-

n
d  

_ garantirebuli Sefaseba (qveda sarwmuno sazRvari) 

БПP =
^

БП
P -a

n2
)1ln( γ−−  

aq, Tanaxmad (9), ricxvi γ warmoadgens mocemul sarwmuno 

albaTobas, Tumca sxvaobas β=1- γ  aqvs damkveTis dasaSvebi riskis 

mniSvneloba. 

koeficienti a iTvaliswinebs PБП albaTobis mimarT 

aprioruli informaciis SesaZlo arsebobas. es koeficienti 

icvleba 0≤ a ≤1 farglebSi. xSirad igi miiReba, rogorc 0,5-is 

toli. Tu aprioruli informacia ar aris, maSin a=1. 

kerZod, rodesac n=10, d=1, y=0,95 da a=0,5 vRebulobT 

garantirebuli Sefasebis Semdeg mniSvnelobas 

PБП=1-
10
1 -0,5

20
05,0ln−  =0,9-0,19=0,71 

zemoT motanili ori Sefasebidan, upiratesoba qveda 

sarwmuno sazRvars aqvs, radganac misi gansazRvris dros 

garantirebulia PБП≥ P-БП 

amJamad, axali sistemis Seqmnis anu Zvelis modifikaciis 

dros upiratesoba im meTods aqvs, romelic iZleva usafrTxo 

marTvis albaTobis PБП Sefasebis saSualebas saaviacio 

trenaJorze savarjiSo samuSaos Sedegebis mixedviT. swored, 

aseTi meTodebisaTvis SeiZleba warmatebiT iqnes gamoyenebuli 
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Cvens mier wina 1-2 TavSi SemoTavazebuli, am albaTobis 

gaangariSebisadmi midgoma. 

 

3.3. sahaero transportis usafrTxo marTvis 

albaTobis Sefaseba saaviacio trenaJorze 

savarjiSo samuSaos Sedegebis mixedviT 

winamdebare naSromSi SemoTavazebuli usafrTxo marTvis 

Sefasebis meTodi SegviZlia gamoviyenoT adamianis mier marTuli 

sahaero transportis nebismieri rTuli teqnikuri sistemisaTvis. 

es saSualebas gvaZlevs SevTavazoT sahaero transportis 

usafrTxo marTvis albaTobis PБП Sefasebis qvemoT ganxiluli 

meTodi saaviacio trenaJorze savarjiSo samuSaos Sedegebis 

safuZvelze. Semdgom am kriteriumis Semadgenel elements 

ganvixilavT, romelic sistemis gaumarTaobiT aris 

ganpirobebuli. 

meore TavSi dadgenilia, rom operatoris mier Teoriuli da 

praqtikuli Cvevebis warmatebiT aTviseba, romelic sistemis 

usafrTxo marTvas uzrunvelyofs, SeiZleba miRebuli iqnes 

Semdegi utoloba: 

p(T,To)≤ TPp , p(П,По) ≤ ∗
TPp  

r(T,To)≥ TPr  ,  r(T,To)≥ ∗
TPr  

aq ricxvebs p(T,To) da p(П,По) ewodeba sahareo transportis 

rTuli teqnikuri sistemis marTvis sivrceSi operatoris 

Teoriuli da praqtikuli Cvevebis aTvisebis donis maCveneblebi. 

ricxvebs r(T,To) da r(T,To) ewodeba sahareo transportis 

marTvisadmi operatoris niWierebis donis maCveneblebi. 

(1) gamosaxulebaSi, TPp , ∗
TPp , TPr , ∗

TPr  aRniSvnebis qveS 

nagulisxmebia dasaSvebi (moTxovnili) mniSvnelobebi 

kriteriumebisaTvis 

p(T,To), p(П,По), r(T,To),  r(T,To) 
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iTvleba, rom TPp , ∗
TPp , TPr , ∗

TPr  aris fiqsirebuli ricxvebi 

da cnobilia anu gansazRvrulia statistikuri monacemebiT 

kriteriumebis miRweuli mniSvnelobebis mimarT. 

fiqsirebuli ricxvebisagan TPp , ∗
TPp , TPr , ∗

TPr  gansxvavebiT 

kriteriumebi warmoadgenen SemTxveviT sidideebs yoveli 

mocemuli drois momentSi, radganac isini damokidebulia 

operatoris pasuxebis (reaqciis) T da П matricebisagan. 

maSin, sahaero transportis usafrTxo marTvis PБП 

albaToba SeiZleba CavweroT Semdegi namravlis saxiT 

PБП=PTPПPCTPCП 

aq        

PT= P(p(T,To≤ TPp )      da    PП= P(p(П,По) ≤ ∗
TPp  

_ operatoris mier Teoriuli informaciis warmatebiT 

aTvisebis albaToba da praqtikuli Cvevebis aTvisebis albaToba, 

uzrunvelyofs saharo transportis usafrTxo marTvas. 

garda amisa, 

PCT=P( r(T,To)≥ TPr )      da  PCП=P(r(П,По )≥ ∗
TPr  

      operatoris niWierebis (midrekilebis) sakmarisi donis  

albaToba Teoriuli da praqtikuli Cvevebis sahaero 

transportis marTvis sivrceSi. 

kriteriumis oTxive Semadgeneli elementidan TiToeuli 

maTganis gaangariSeba PБП=PTPПPCTPCП warmoadgens mniSvnelovani 

sirTulis damoukidebel amocanas. amitom, SevCerdebiT mxolod 

albaTobis PБП gaangariSebis calkeuli sakiTxebis ganxilvis 

meTodze. 

3.4. usafrTxo marTvis albaTobis 

gaangariSebisaTvis sawyisi monacemebis miReba 

(moZieba) 

sahaero transportis saimedooba da frenis usafrTxoeba 

damokidebulia, rogorc sahaero transportis xarisxze, iseve 

mfrinavis xarisxze. sahaero transportis xarisxis Sepirobeba 
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mis qvesistemebTan, agreTve misi mdgradobis donesTan, 

marTvadobasTan da manevrirebasTan. mfrinavis xarisxi 

ganisazRvreba misi Teoriuli momzadebiT, romelic xasiaTdeba PT 

da PCT kriteriumebiT, agreTve praqtikuli Cvevebis doniT, 

romelic xasiaTdeba kriteriumiT PП da PCП . 

(13) Tanaxmad, trenaJoris sistemebSi ori tipis marTvaa 

gaTvaliswinebuli: funqcionaluri, romelic ganxorcielebulia 

uSualod varjiSis realizaciiT da organizaciuli, romelic 

ganxorcielebulia centraluri dispetCeris teqnikuri 

saSualebiT. 

pirvel doneze swavleba da varjiSi ,,operator-

instruqtori’’ sqemiT xdeba. aq winaswar saswavlo gegmiT 

gaTvaliswinebuli meTodikiT operators eZleva logikur-

programuli marTvis amocana. operatori da instruqtori 

dakavSirebulia erTmaneTTan maimitirebuli procesis 

maTematikuri modelis saSualebiT. 

meore doneze wydeba procesis marTvis organizaciul-

meToduri sakiTxebi. 

trenaJorze samuSaod daiSveba pirovneba, romelsac 

miRebuli aqvs marTvis Teoriul safuZvlebSi ufleba. amitom, 

swavlis dasawyisSi imtkiceben Teoriul codnas, xolo Semdgom 

muSavdeba gadawyvetilebis praqtikuli Cvevebi da 

gadawyvetilebis miRebis saStato da StatgareSe reJimebi. 

sawyisi pirobis SeyvanisaTvis instruqtori savarjiSo samuSaos 

nomers da mis Sesabamis sabazo amocanis nakrebs (Temebs) 

daanaxvebs. Temebis ricxvSi Sedian: 

_ qvesistemebis gaumarTaobis modelireba da maTi Sedegebis 

gasworebis meTodebi; 

_ qvesistemis mdgradobis diagnostika, qvesistemis 

muSaobisunarianobisa da mTlianad sistemis aRdgena; 
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sahaero transportis mdgradobaze, marTvadobaze, 

manevrirebaze da a.S. garegani faqtorebiT destabilizaciis 

gamomwvevi zegavlenis gasworeba. 

Tavis mxriv, yovel Temas aqvs gansazRvruli ganyofilebebi 

(qveamocanebi). magaliTad, sahaero transportis moZraobis 

gverdiTi ,,aRSfoTeba’’ sam nawilad iyofa (13): 

_ swrafad milevadi aperioduli (rxevebis gareSe) moZraoba 

krenis; 

_ gverdiTi rxevebi, mimorbenisa da srialis kuTxeebis 

Tanxmlebi cvlilebebiT, rac iwvevs krenis kuTxeebis cvlilebas. 

_ aperioduli spiralebi (xveuli) moZraoba. 

Teoriuli momzadebisaTvis trenaJorze varjiSis saswavlo 

gegma SeiZleba mocemuli iyos davalebis T matricis saxiT. am 

matricis yoveli striqoni konkretul Temas Seesabameba, 

romelic dayofilia m qveamocanad. iTvleba, rom m qveamocanis 

ricxvi, П amocanidan yvela maTgani erTnairia. 

davalebis T=( ijτ ) matricis elementebs ijτ  ricxvi 

warmoadgens. 

ijπ  qveS nagulisxmebia balebSi gamosaxuli i nomris Temidan 

j nomris qveamocanis sirTule. 

analogiurad, praqtikuli momzadebisaTvis trenaJorze 

varjiSis saswavlo gegma SeiZleba mocemuli iyos davalebis П 

matricis saxiT. am matricis yoveli striqoni konkretul Temas 

Seesabameba, romelic dayofilia n amocanad. iTvleba, rom m 

qveamocanis ricxvi, n amocanidan yoveli maTgani erTnairia. 

davalebis П=( ijΠ ) matricis elementebs ijΠ . ricxvi warmoadgens. 

ijΠ  qveS nagulisxmebia balebSi gamosaxuli i nomris Temidan j 

nomris praqtikuli Sinaarsis qveamocanis sirTule. 

Tanamedrove trenaJorebSi, T da П saswavlo gegmaSi 

amocanebis gadawyvetis procesebis sakontrolo sistemebia 

gamoyenebuli. trenaJorze varjiSis procesSi fiqsirdeba 
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operatoris reaqcia da saStato da StatgareSe situaciebSi 

miRebuli gadawyvetilebebis Sedegebi. amasTanave: 

_ registrirdeba operatoris moqmedeba obieqtis dinamikur 

marTvaSi; 

_ warmodgenili iqneba realur droSi daSvebuli 

Secdomebis Sedegebi da rezultatebi; 

_ daregistrirdeba garemomcveli sivrcis parametrebi; 

_ xorcieldeba operatorebis wvrTnis donis Sefaseba. 

kontrolis trenaJoruli sistemebi SeiZleba ganmartebuli 

iqnes, rogorc saswavlo gegmis T da П matricebis gardaqmna 

operatoris (pasuxebis) reaqciis To da Пo matricebad. 

operatoris, trenaJorze Teoriuli momzadebis savrjiSo 

samuSaos Sedegebi SeiZleba warmodgenili iqnes operatoris 

reaqciis (pasuxebis) To matricis saxiT. am matricis yoveli 

striqoni gansazRvrul Temas Seesabameba, romelic dayofilia m 

qveamocanad. iTvleba, rom qveamocanis ricxvi m, yoveli n 

amocanidan erTnairia. operatoris pasuxebis To=( ijT ) matricis 

elementebs ijT  ricxvi warmoadgens. ijT -is qveS nagulisxmebia 

balebSi gamosaxuli Sefaseba, romelsac miiRebs operatori i 

nomris Temidan j nomris Teoriuli qveamocanis amoxsnis dros. 

analogiurad, praqtikuli momzadebisaTvis, trenaJorze 

operatoris savarjiSo samuSaos Sedegebi, SeiZleba warmodgenili 

iqnes misi reaqciis (pasuxebis) Пo matricis saxiT. am matricis 

yoveli striqoni garkveul konkretul Temas Seesabameba, 

romelic dayofilia m qveamocanad. iTvleba, rom qveamocanis 

ricxvi m, yoveli n amocanidan erTnairia. operatoris pasuxebis 

Пo=( ijП ) matricebis elementebs ijП  ricxvebi warmoadgens. ijП -

qveS nagulisxmebia balebSi gamosaxuli Sefaseba, romelsac 

operatori miiRebs i nomris Temidan j nomris praqtikuli 

qveamocanis amoxsnis dros. 
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Cvens mier 1-2 TavSi SemoTavazebuli midgomiT, mocemuli 

savarjiSo samuSao saswavlo procesi SeiZleba warmovadginoT 

Semdegi TanafardobiT 

To=AT,   По=ВП  

sadac A da В - aris operatoris matrica, romelic 

gvixasiaTebs misi trenaJorze Teoriuli da praqtikuli 

momzadebis swavlebis ciklis intensivobas. A da В matricebi 

fasdebian mocemul operatorisaTvis anu mocemuli ekipaJisaTvis 

ramodenime savarjiSo samuSaoebiT. 

Sefasebis meTodi SemoTavazebuli da motanilia meore TavSi. 

 

3.5. usafrTxo marTvis albaTobis Sefasebis 

meTodi 

vTqvaT, saswavlo gegmiT trenaJorze operatoris Teoriuli 

cikliT swavlebis mocemuli matricisaTvis T savarjiSo 

samuSaoebis N-jer Catarebis Sedegad, operatoris reaqciis 

(pasuxebis) matricebia T 1
o , T 2

o ,... T n
o dafiqsirebuli. 

meore TavSi naCvenebia, rom warmatebuli Teoriuli 

momzadebis albaTobis  PT dros (igi warmoadgens usafrTxo 

marTvis PБП=PTPПPCTPCП  kriteriumis Semadgenel nawils) 

SegviZlia gamoviyenoT gamosaxuleba 

PT= P(p(T,To)≤ TPp  

sadac p(T,To)-aris manZili T da To matricebs Soris. 

evklidovas manZilis SerCevis SemTxveva meore TavSia ganxiluli. 

SesaZlebelia manZilis funqciis sxvagvari SerCeva, romelic 

daakmayofilebs manZilis cnobil aqsiomas, magaliTad SeiZleba 

moviyvanoT 

p(T,To)=ξ, 

sadac ξ=max ijij T−π  aris T-To matricebis elementebi. am 

sidides davarqvaT T da To matricebis daSoreba, xolo TPp  

ricxvs ki am daSorebis zRvruli dasaSvebi sidide. 
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amrigad, trenaJorze operatoris T davalebis mixedviT 

warmatebiT Teoriuli momzadebis albaToba Tp  SegviZlia 

ganvsazRvroT formuliT 

 Tp = P(ξ ≤ TPp )=F( TPp  )  
aq F-aris SemTxveviTi sididis ξ ganawilebis funqcia. 

vivaraudoT, pirvel miaxloebaSi, ξ sidides normaluri 

ganawileba gaaCnia, saSualo μ da dispersiuli σ2 . maSin 

normaluri ganawilebis TvisebiT 

Tp =Φ (h), 

sadac Φ -aris laplasis cnobili funqcia, xolo ricxvi  

h=
σ

μ−TPp  

cdebis monacemebiT T 1
o , T 2

o ,... T N
o , P albaTobis 

SefasebisaTvis vpoulobT N sxvaobas T-To matricebisaTvis T da 

To.  

yovel aseT sxvaobas Seesabameba ξ sididis ξi mniSvneloba. 

miRebuli N-is mniSvnelobis mixedviT, ξ sididis ξ1, ξ2, ... ξn  

mniSvnelobebis standartuli SefasebiT 
∧

σ  da 
∧

μ  ganvsazRvravT  

μ da  σ parametrbs, Semdegi formuliT 

∧

μ  =
n
1 ∑

=

n

i
i

1

ξ ,    
∧

σ =  2

1
)(

1
1 ∑

=

∧

−
−

n

in
μξ  

agreTve sidide 

∧

n = ∧

∧

−

σ

μTPp
 

Tp  albaTobis saZebni Sefaseba SeiZleba vipovoT formuliT 

∧

TP =Φ )(
∧

h . 

ganvixiloT modelis magaliTi. vivaraudoT, rom davalebis 

matricas aqvs saxe 
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e.i. trenaJorze Teoriuli davalebis savarjiSoSi 

mecadineoba iTvaliswinebs sami Temis amocanis amoxsnas, sadac 

yovel maTgans oTxi qveamocana gaaCnia. amocanis sirTule 

gamoiTvleba aTbaliani skaliT da naCvenebia T matricaze. 
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T davalebis mixedviT, Catarebisas operatoris pasuxebi  iqneba 

dafiqsirebuli, agreTve amocanis gadawyvetis Sefaseba aTbaliani 

sistemiT. pasuxebs warmoadgenen Sefasebis matricebi, rogorc es 
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⎜
⎜
⎜

⎝

⎛
=

7
10
5
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7
 

10
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4

⎟
⎟
⎟

⎠

⎞

6
9
9
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⎜
⎜
⎜

⎝

⎛

5
8
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5
7
5
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⎟
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⎠

⎞

5
6
6

⎜
⎜
⎜

⎝

⎛
=

2
2
2
 

1
1
2
 

1
0
2

⎟
⎟
⎟

⎠

⎞

1
3
3

, 

 T- 2
oT

⎜
⎜
⎜

⎝

⎛
=

7
10
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⎟
⎟
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⎠

⎞

6
9
9

- 
⎜
⎜
⎜

⎝

⎛

7
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8
6
2

⎟
⎟
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⎠

⎞

5
7
8

⎜
⎜
⎜

⎝

⎛
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2
2
2
 

1
1
2
 

1
0
2

⎟
⎟
⎟

⎠

⎞

1
3
3

, 

----------------------------------------------------------------- 

T- N
oT

⎜
⎜
⎜

⎝

⎛
=

7
10
5
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7
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⎟
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⎠

⎞
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⎜
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⎝

⎛
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8
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9
7
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⎟
⎟
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⎠

⎞
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8
8

⎜
⎜
⎜

⎝

⎛
=

1
2
1
 

1
1
0
 

1
0
1

⎟
⎟
⎟

⎠

⎞

0
1
1

, 

vipovoT yoveli am matricis T- i
oT  maqsimaluri elementebi, 

e.i. ricxvebi 

ξ1=3, ξ2=3, ξN=2 

marTalia 

∧

μ  =
N
1

N

n

i
i ξξξ∑

=

+⋅⋅⋅+
1

2 =  
N
1 (3+3+ . . . +2)=2.5, 
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∧

σ =  

2

1
)(

1
1 ∑

=

∧

−
−

n

iN
μξ =

1
1
−N

222 )5.22()5.23()5.23( −+⋅⋅⋅+−+− =0.20 

Tumca, operatoris davalebisa da pasuxebis matricebs 

Soris  dasaSvebi daSoriebis  mniSvneloba tolia Tp  = 3 maSin, 

Tanafardobis gansazRvravT 

∧

h = ∧

∧

−

σ

μTPP
=

20.0
5.23 −
, 

normaluri ganawilebis cxrilis daxmarebiT vpoulobT 

trenaJorze operatoris warmatebiT Teoriuli momzadebis PT 

albaTobis Sefasebas T davalebis mixedviT, romelsac aqvs Semdegi 

saxe 

∧

TP =Φ )(
∧

h =Φ )2( =0.975 

analogiurad xdeba sahaero transportis usafrTxo marTvis 

kriteriumebis PБП=PTPПPCTPCП  sxva danarCeni Semadgenlebis 

Sefaseba. 

Tu CavTvliT, rom xdomiloba, romlis albaToba am 

kriteriumSi Sedis da damoukidebelia, maSin mocemuli sqemiT 

gaangariSebis Sedegad vRebulobT PБП=PTPПPCTPCП  

gamosaxulebisaTvis Sefasebas, romelsac aqvs saxe 

∧∧∧∧∧

= СПСТПТБП РРРРР  

meore TavSi motanili gamokvlevis Sedegebis gamoyenebiT 

SegviZlia miviRoT agreTve Sefaseba, romelic motanili 

xdomilobis damokidebulebas iTvaliswinebs 

∧∧∧∧∧

= СПСТПТБП РРРРР +К(
∧

∗Р - 
∧∧∧∧

СПСТПТ РРРР  ) 

 

aq ricxvi К xdomilobaTa Soris korelaciis 

koeficientebis saSualo mniSvnelobebis tolia, xolo 
∧

∗Р - 
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∧∧∧∧

СПСТПТ РРРР sidideebidan yvelaze umciresia. К koeficientis 

gansazRvris meTodika motanilia [14] da amitom, winamdebare 

naSromSi ar ganixileba. Catarebuli gaangariSebis gamocdilebam 

gviCvena, rom rogorc wesi К=0.5-0.8. 

 

3.6. kuTxsazomi radionavigaciuri sistemis 

usafrTxo marTvis albaTobis Sefasebis meTodis 

zogierTi Taviseburebani 

zemoT, 3.1.2. .... 3.1.4. ganyofilebebSi sakmaod gasagebad iyo 

ganxiluli sahaero transportis usafrTxo marTvis kriteriumis 

Sefasebis meTodi, trenaJorze savarjiSo muSaobis Sedegebis 

safuZvelze. amasTanave saWiroa saStato da StatgareSe 

situaciis mTeli speqtris ganxilva, romelic marTvis procesSi 

warmoiqmneba. imave meTodiT SeiZleba vipovoT am kriteriumis 

Semadgeneli-Tanxmlebi, romelsac kuTxsazomi radionavigaciuri 

sistemis usafrTxo marTvis  albaTobas uwodeben. amisaTvis 

saWiroa saStato da StatgareSe situaciis speqtris is nawili 

ganvixiloT, romelic am sistemasTan aris dakavSirebuli. 

zemoaRniSnuli gaangariSebis meTodi am dros ucvleli rCeba.  

radionavigaciuri sistemis usafrTxo marTvis albaTobis 

PБП=PTPПPCTPCП  Sefasebis mizniT SeiZleba gamoyenebuli iqnes am 

sistemis funqcionirebis Sesabamisi maTematikuri modeli, 

romelic agreTve gamoyenebulia trenaJorze savarjiSo samuSaos 

Catarebis dros.  

am modelebSi iTvaliswineben ZiriTadi maxasiaTeblebis 

dasaSveb Semdeg moTxovnebs, rogoricaa: 

f                _ samuSao sixSiris diapazoni; 

D             _ moqmedebis manZili; 

rT     _ radiokompasis mimRebis mgrZnobiaroba telefonis 

reJimSi; 
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ΔP   _ radiokompasis deviacia (radiosadguris kursis kuTxis 

cdomileba); 

rп _ radiokompasis mimRebis mgrZnobiaroba pelengis mimarT; 

Tп    _ radiokompasis kvlavmomarTvis dro; 

Vc   _ radiosaduris kursis kuTxis (КУР) avtomaturi 

damuSavebis saSualo siCqare; 

TT  _ temperaturisadmi mdgradoba; 

Вв  _ haeris tenianobisadmi mdgradoba; 

Э     _ eqspluataciis resursi; 

K1 _ TviTmfrinavis grZivi RerZis mimarTulebiT meoradi anu 

ukugamosxivebis proporciulobis koeficienti; 

 K2 _ TviTmfrinavis grZivi Rerzis marTobuli 

mimarTulebiT meoradi anu ukugamosxivebis proporciulobis 

koeficienti; 

marTvis sistemis sakontrolo xelsawyoze anu trenaJoris 

displeis ekranze registrirdeba sasicocxlo marTvelobis is 

ZiriTadi parametrebi, romelzedac damokidebulia sahaero 

transportis frenis usafrTxoeba.  

kuTxsazomi radionavigaciuri sistemis maTematikuri modeli 

iTvaliswinebs misi maxasiaTeblebis kavSirs atmosferos 

parametrebTan, frenis simaRlesTan da frenis siCqaresTan [55-58]. 

isini saSualebas gvaZleven modelireba gaukeToT 

trenaJoris muSaobis pirobebSi Statian da StatgareSe 

situaciebs, SesaZlo gaumarTaobas da dasaSvebi normebidan 

kuTxsazomi radionavigaciuri sistemis parametrebis gadaxras. 

zemoaRniSnulidan SegviZlia gavakeToT daskvna, rom 

trenaJorze Catarebuli savarjiSo samuSaos Sedegebisa da Cvens 

mier SemoTavazebuli meTodiT, romelic motanilia zemoT, 

SegviZlia miviRoT sistemis usafrTxo marTvis albaTobis 

PБП=PTPПPCTPCП  Sefaseba. 
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3.7. kuTxsazomi radionavigaciuri sistemis 

umtyuno muSaobis albaTobis Sefasebis 

inJinruli meTodi 

meore Tavis Tanaxmad, am sistemis usafrTxo muSaobis 

albaTuri kriteriumiT PБП, SeiZleba vipovoT mocemuli [O,T] 

drois intervalSi sistemis umtyuno muSaobis albaTuri 

kriteriumi PБa. saboloo jamSi, kuTxsazomi radionavigaciuri 

sistemis saimedoobis ganzogadoebuli kriteriumi ganisazRvreba, 

P=PБП  PБa saxiT. 

am kriteriumis pirveli mdgeneli PБП winamdebare naSromSi 

pirvelad aris Seyvanili sistemis ganxilvaSi, xolo PБП 

gansazRvris SemoTavazebuli midgoma, dayvanilia inJinrul 

meTodamde. PБП-dan gansxvavebiT, meore PБa mdgeneli, adre, bevr 

samuSaoebSi [10-12] iyo gamokvleuli. 

winamdebare naSromSi SemoTavazebulia [O,T] drois mocemul 

intervalSi sistemis uavario muSaobis albaTobis PБa Sefasebis 

axali midgoma, romelic sistemis Sefasebis arsebul meTods 

avsebs. midgomis siaxle mdgomareobs imaSi, rom SemoTavazebulia 

woniTi koeficientis ηi Seyvana, romlis daxmarebiT 

gaTvaliswinebulia misi xi parametrebis dasaSvebze metad 

gadaxris zegavlena sistemaze.  

meore Tavis Tanaxmad, albaToba PБa gamoisaxeba Semdegi 

saxiT 

PБa,= Po(1—qi ηi)(1—q2 η2)... (1-- NNq η ) 

aq:  

1) qi=P( xi<ai )=1- iiiae βλ− ,  

Tu teqnikur dokumentaciaSi xi _saTvis mocemulia 

erTmxrivi daSvebis moTxovna xi>ai saxiT; 

2)  qi=P( xi>ai )= iiiae βλ− , Tu teqnikur dokumentaciaSi xi 

_saTvis mocemulia erTmxrivi daSvebis moTxovna xi<ai saxiT; 



 

 

 

100

3)  qi=P( xi∉[a1,bi] )= iiiae βλ− , Tu teqnikur dokumentaciaSi xi 

_saTvis mocemulia ormxrivi moTxovna ai≤ xi ≤bi 

gamosaxulebaSi PБa maCveneblisaTvis ricxvi Po warmoadgens 

[O,T] drois intervalSi sistemis uavario muSaobis albaTobas, 

romelic gamoiTvleba im pirobiT, rom xi maxasiaTeblebidan 

yoveli maTgani akmayofilebs [O,T] drois intervalSi daSvebis 

moTxovnebs. sistemis saimedoobisadmi, dRevandeli moTxovnebiT 

sidide Po ≈1  

mocemul gamosaxulebaSi ricxvi ηi=P(Ā/Āi) warmoadgens Ā 

xdomilobis albaTobas im pirobiT, rom moxda Āi xdomiloba. 

amasTanave, Ā da Āi _ aris xdomilobebi, romelic Sedgeba 

Sesabamisad im sistemisagan, romelic [O,T] drois intervalSi 

ver asrulebs masze dakisrebul  funqcias da misi 

maxasiaTeblebi xi scildebian dadgenil normebs. 

sistemis saimedoobis Sefasebisadmi arsebuli midgomis dros 

varaudoben, rom yvela koeficienti ηi=1 e.i. iTvleba, rom xi 

maxasiaTeblebis dadgenil normaze meti sididiT gadaxris dros, 

rogorc es teqnikur dokumentaciaSia daTqmuli, sistema gamodis 

mwyobridan. am dros sistemis saimedooba PБa ganisazRvreba 

formuliT 

PБa,= (1—q1)(1—q2)... (1-- Nq ) 

Cveni midgomiT rekomendebulia gaviTvaliswinoT is, rom 

koeficientebis mniSvnelobebi ηi, romlebic icvlebian 0≤ ηi ≤1 

farglebSi da ewodebaT mniSvnelobis koeficientebi anu woniTi 

koeficientebi. 

 

3.8. kuTxsazomi radionavigaciuri sistemis gazomvis 

cdomilebis gaangariSeba da misi SezRudvis 

rekomendaciebis damuSavebis inJinruli meTodi 

 am sistemis maxasiaTleblebis mimarT dasaSvebi moTxovnebia 

wayenebuli, romelic ganisazRvreba sistemis gazomvis cdomilebis 
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ZiriTadi gantolebiTa da misi normaluri funqcionirebisaTvis 

saWiro pirobebiT [59-64]. 

 kuTxsazomi radionavigaciuri sistemis gazomvis 

cdomilebis gaangariSeba da misi SezRudvis rekomendaciebis 

inJinruli meTodis damuSaveba gulisxmobs: 

- kuTxsazomi radionavigaciuri sistemis navigaciuri 

parametrebis gazomvis cdomilebis gamomwvevi mizezebisa 

wyaroebis gamokvlevas (dadgenas); 

- kuTxsazomi radionavigaciuri sistemis gazomvis cdomilebis 

SezRudvisa da SesaZlo kompensaciis inJinruli meTodis 

damuSaveba. 

 kuTxsazomi radionavigaciuri sistemis gazomvis 

cdomilebis gamomwvev ZiriTad wyarod TviTmfrinavis fiuzelaJis 

meoradi gamosxiveba warmoadgens. 

 kuTxsazomi radionavigaciuri sistema araavtonomiur 

mowyobilebas warmoadgens. amitom radionavigaciuri parametrebis 

gazomvisaTvis kuTxsazom mowyobilobas muSaoba miwiszeda mimyvani 

gadamcemi radiosadgurTan erToblivad uwevs. swored, erToblivi 

muSaobis procesi qmnis TviTmfrinavis fiuzelis meoradi 

gamosxivebis pirobebs. Tu miwiszeda mimyvani gadamcemi 

radiosadguris mier generirebuli da sivrceSi gamosxivebuli 

eleqtromagnituri energia daecemoda mxolod da mxolod 

kuTxsazomi sistemis mimarTuli moqmedebis CarCosebr antenas, 

maSin mimarTuli antena daikavebda zustad mimyvani 

radiosadgurisken pelengis mimarTulebas da gazomvis 

cdomilebasac ar eqneboda adgili meoradi gamosxivebis 

ararsebobis gamo. magram, sinamdvileSi, Cvengan damoukidebeli 

mizezebis gamo, miwiszeda mimyvani gadamcemi radiosadguris 

eleqtromagnituri energia erTdroulad ecema, rogorc 

mimarTuli moqmedebis antenas isev TviTmfrinavis fiuzelaJis 

zedapirs. swored, TviTmfrinavis fiuzelaJze zedapirze 
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dacemuli eleqtromagnituri rxevebi ainduqcirebs mis liTonis 

zedapirze mosuli talRis sizSiris emZ-s. es ukanaskneli 

aRZravs igive sixSiris denebs liTonis zedapirze da 

TviTmfrinavis fiuzeliaJi iwyebs meoradi eleqtromagnituri 

talRebis gamosxivebas. fiuzeliaJi gadaiqceva meoradi 

gamosxivebis wyarod.  

 yovelive zemoaRniSnulis gamo mimarTuli moqmedebis 

CarCosebr antenaze erTdroulad moqmedebs ori 

eleqtromagnituri veli – ZiriTadi da meoradi. amis gamo 

CarCosebr antena ver inarCunebs mimyvani gadamcemi 

radiosadgurisTan pelengis mimarTulebas da radiokompasis CarCo 

da kursis indikatoris isari Rebulobs am ori 

eleqtromagnituri velis Zalxazebis veqtorebis tolqmedis 

mimarTulebas. 

 swored, kuTxsazomi sistemis mimarTuli moqmedebis 

CarCosebr antenaze erTdroulad ori eleqtromagnituri talRis 

moqmedeba iwvevs radiosadguris kursis kuTxis (rkk) gazomvis 

cdomilebas. gamomdinare aqedan, meoradi gamosxivebiT gamowveul 

cdomilebas SegviZlia radiodeviacia davarqvaT.  

 Cveni upirvelesi mizania radiodeviaciis Semcireba dasaSveb 

2,5-30 maSin, rodesac meoradi eleqtromagnituri velis 

moqmedebiT cdomilebis mniSvneloba 220-ze metia.  

 dasaSvebze (2,5-30) meti radiodeviaciis SemTxvevaSi – 

navigaciisa da dafrenis navigaciuri parametrebis arazusti 

gazomvis Sedegad gamousworebeli Sedegi SeiZleba miviRoT. 

amitom, dafrenis radionavigaciuri sistemebis VOR, ILS da 

СП-50 rejimebSi muSaobis sizustes, TviTmprinavis dafrenis 

procesSi gadamwyveti mnisvneloba aqvs.  

 kuTxsazomi radionavigaciuri sistemis gazomvis cdomilebis 

gansazRvrisa da radiodeviaciis SemcirebisaTvis saWiro 

inJinruli meTodebis damuSavebisaTvis aucilebelia davadginoT 
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meoradi gamosxivebis eleqtromagnituri velis TviTmfrinavis 

fiuzeliaJis grZivi RerZisa da am RerZis marTobulad 

ganawilebiT kanonzomiereba. amisaTvis upriania SevadginoT 

TviTmfrinavis fiuzeliaJis mTel sivrceSi eleqtromagnituri 

velis Zalxazebis ganawilebis veqtoruli diagrama da 

ganvsazRvroT velis realuri ganawilebis suraTi. radganac, 

eleqtruli da magnituri velebis moqmedebis efeqti erTnairia, 

amitom veqtorul diagramas agebis dros gamoviyenebT mxolod 

magnituri velis Zalxazebis veqtorebs (H). 

 radiodeviaciis gansazRvrisaTvis dauSvaT, rom kuTxsazomi 

radiokompasis mimarTuli moqmedebis CarCosebri antenaze 

moqmedebs mxolod TviTmfrinavis fiuzeliaJis meoradi 

gamosxivebis eleqtromagnituri veli [38]. 

 miRebuli talRis magnituri velis veqtori H SegviZlia 

davSaloT or Semadgenel H1 da H2 nawilad. sadac veqtori H1 

aris TviTmfrinavis grZivi RerZis mimarTulebis Tanxvedrili 

veqtori, xolo veqtori H2 aris TviTmfrinavis grZivi RerZis 

marTobuli (nax.1). kuTxe H da H2 veqtorebs Soris 

radiosadguris kursis kuTxis tolia. 
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nax. 1. TviTmfrinavis fiuzelaJze magnituri velis  

ganawilebis saangariSo veqtoruli diagrama. 

 

АБО marTkuTxa samkuTxedidan radiosadguris kursis 

kuTxe rkk=α, xolo ВГО marTkuTxa samkuTxedidan radiokompasis 

aTvlis kuTxe rak=β. maSin АБО marTkuTxa samkuTxedidan 

vpoulobT 1H  da 2H  mdgenelebs 

                                                H1=Hsinα                                            (1) 

H2=Hcosα 

yvela mimarTulebiT moqmedi meoradi magnituri veli ( 1HΔ  

da 2HΔ ), romelic mosuli velis magnituri mdgenelis 

proporciulia, maTi sidide ganisazRvreba 

                                     ΔH1 = K1H1 = K1Hsinα                                 (2) 

ΔH2 = K2H2 = K2Hcosα 

 me-2 gamosaxulebaSi K1 da K2 aris meoradi gamosxivebis 

proporciulobis koeficienti. 

TviTmfrinavis fiuzelaJis grZivi RerZis mimarTulebiT 

moqmedi saerTo magnituri veli Hnp, mosuli magnituri amave 

0 

PY

PH  

B 

2HΔ  A 2H
Hn

Hnp 

Б 

H

ΔX

Г Д1

Д 

1H

ΔX

1HΔ
α

   β 

 α 

   β 
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mimarTulebiT moqmedi H1 da meoradi gamosxivebis ΔH1 magnituri 

velebis jamis tolia 

Hnp = H1 + ΔH1 = Hsinα + K1Hsinα = Hsinα(1+K1), e. i. 

                           Hnp = Hsinα(1+K1)                                  (3) 

TviTmfrinavis fiuzelaJis grZivi RerZis marTobuli 

saerTo magnituri veli Hn, H2 mdegenelisa da meoradi magnituri 

velis ΔH2 jamis tolia 

Hn = H2 + ΔH2 = Hcosα + K2Hcosα = Hcosα(1+K2),  

                         e. i. Hn = Hcosα(1+K2)                              (4) 

rogorc nax. 1-dan Cans, rezultaturi magnituri velis 

veqtori Hp aris ВГО marTkuTxa samkuTxedis hipotenuza, xolo 

Hn da Hnp - kaTetebi. Hp veqtori SegviZlia ganvsazRvroT ВГО 

marTkuTxa samkuTxedidan. 

               ( )[ ] ( )[ ]2
2

2
1

222 1cos1sin KHKHHHH nnpp +++=+= αα   

saidanac ( )[ ] ( )[ ]21 1cos1sin KKHH p +++= αα            (5). 

imave (ВГО) marTkuTxa samkuTxedidan vpoulobT 

       βsinpnp HH = , saidanac 
p

np

H
H

=βsin                       (6) 

        βcospn HH = , saidanac 
p

n

H
H

=βcos  

radiodeviaciis gansazRvrisaTvis saWiroa vipovoT 

radiosadguris kursis kuTxisa (rkk) da radiosadguris 

aTvlis (rak) kuTxeebis sxvaoba. amisaTvis SegviZlia 

gamoviyenoT ori kuTxis sxvaobis sinusebis cnobili 

formula 

( ) ( ) αββαβαβα cossincossinsinsin −=−=−  

( ) XΔ=− sinsin βα , e. i. 

p

np

p

n

H
H

H
HX αα cossinsin −=Δ                          (7)  

me-7 gamosaxulebaSi SevitanoT Hn, Hp da Hnp 

mniSvnelobebi, miviRebT 
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( )
( )[ ] ( )[ ]

( )
( )[ ] ( )[ ]2

2
2

1

1

2
2

2
1

1

1cos1sin

1sincos

1cos1sin

1cossinsin

KKH

KH
KKH

KHX

+++

+
−

−
+++

+
=Δ

αα

αα

αα

αα

      (8)  

me-8 gamosaxulebis gamartivebiT miviRebT:  

( ) ( )
( )[ ] ( )[ ]2

2
2

1

21

1cos1sin

1sincos1cossinsin
KKH

KHKHX
+++

+−+
=Δ

αα

αααα
.       (9)  

maSasadame, SegviZlia gavakeToT daskvna, rom 

kuTxsazomi radionavigaciuri sistemis gazomvis 

cdomileba, e. w. radiodeviacia, ganisazRvreba me-9 

formuliT. 

me-9 formulis analiziT SegviZlia davadginoT, 

Tu razea damokidebuli radiodeviacia sinΔX da miviRoT 

Sesabamisi inJinruli gadawyvetileba am cdomilebis 

SezRudvisa da SemcirebisaTvis. 

me-9 formulaSi Semavali K1 da K2 ukugamosxivebis, 

anu egreT wodebuli meoradi gamosxivebis 

proporciulobis koeficientebia, romlebic mocemuli 

konkretuli tipisa da konstruqciis 

TviTmfrinavebisaTvis mudmivi sidideebia. Sesabamisad, 

radiodeviacia yovel TviTmfrinavze damokidebulia 

mxolod radiosadguris kursis kuTxeze (rkk). 

radiodeviacia nulis toli xdeba maSin, rodesac 

radiosadguris kursis kuTxe rkk=00, 900, 1800 da 2700. 

radiodeviacia izrdeba da maqsimaluri xdeba maSin, 

rodesac rkk=450, 1350, 2250 da 3150. 

ukugasxivebis, anu egreT wodebuli meoradi 

gasxivebis K1 da K2 koeficientebis sidide upirvelesad 

damokidebulia amrekli zedapiris eleqtrodenis 

gamtarobaze da formaze. miaxloebiT, Tu CavTvliT, rom 

TviTmfrinavis fiuzelaJis liTonis zedapiri 

eleqtromagnitur talRas kargvebis gareSe aireklavs, 

maSin meoradi magnituri veli H2, romelic grZivi 
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RerZis marTobulia, sididiT pirveladi velis tolia. 

sxvanairad rom vTqvaT, koeficienti K2 daaxloebiT 

erTis tolia, e. i. K2≈1. 

meoradi eleqtromagnituri velis sidide da mimarTuleba 

damokidebulia TviTmfrinavis konfiguraciaze da geometriul 

zomaze, radiotalRis miRebis mimarTulebaze da radiosaguris 

talRis sigrZeze. 

radganac radiokompasebi saSualo talRis diapazonSi 

muSaobs, amitom TviTmfrinavis geometriuli zoma yovelTvis 

gacilebiT naklebia radiosadguris talRis sigrZeze. Teoriidan 

cnobilia, rom aseT SemTxvevaSi meoradi magnituri veli da 

radiosadguris magnituri veli jamdeba da izrdeba amplituda. am 

ori velis SekrebiT iqmneba rezultaturi magnituri veli Hp 

(ix. nax. 1). 

 Tu miwiszeda mimyvani gadamcemi radiosadguri ganlagebulia 

TviTmfrinavis grZivi RerZis mimarT 900-iT, maSin rezultaturi 

(Hp) magnituri velis erT-erTi Semadgeneli veqtori H1 
ganlagdeba fiuzelaJis grZivi RerZis mimarTulebiT. radganac 

fiuzeliaJis sigrZe gacilebiT metia mis ganze, amitom magnituri 

Zalxazebis H1 SemWidroeba grZivi RerZis mimarTulebiT iqneba 

umniSvnelo da Sesabamisad umniSvnelo iqneba meoradi magnituri 

velic  ΔH1 (ix. nax.1). 

 gavaanalizoT exla TviTmfrinavis fiuzelaJis meoradi 

magnituri velis zemoqmedeba radiokompasis mimarTuli moqmedebis 

CarCosebri antenaze. vTqvaT, radiokompasis CarCosebri antena 

TviTmfrinavis 0 wertilzea ganlagebuli (nax.1). umov-pointingis 

veqtoriT Yp naCvenebia miRebuli eleqtromagnituri talRis 

mimarTuleba, xolo veqtoriT H – radiosadguris magnituri 

velis mimarTuleba. veqtori H SegviZlia davSaloT or 

Semadgenel nawilad: H1, romelic mimarTulia TviTmrinavis 

grZivi RerZis gaswvriv da H2, romelic marTobulia H1 veqtoris 
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mimarTulebis anu TviTmfrinavis grZivi RerZis.  H1 magnituri 

velis mier TviTmfrinavis fiuzelaJis zedapirze 

dainduqcirebuli deni warmoqmnis aseve grZivi RerZis 

mimarTulebiT meorad magnitur vels ΔH1. Sesabamisad, meore 

Semadgeneli H2  magnituri veli warmoqmnis Tavisive mimarTulebis 

meorad magnitur vels ΔH2 sadac H1+ΔH1=Hпр aris TviTmfrinavis 

grZivi RerZis gaswvriv mimarTuli magnituri veli da misi 

mniSvneloba praqtikulad nulis tolia. imis gamo, rom 

fiuzelaJis sigrZe gacilebiT metia misi ganivkveTis diametris 

sigrZeze. 

 maSasadame, SegviZlia gavakeToT daskvna, rom TviTmfrinavis 

grZivi RerZis mimarTulebiT moqmedebs jamuri magnituri veli 

H1+ΔH1, xolo amave RerZis marTobulad ki H2+ΔH2 jamuri 

magnituri veli. saerTo magnituri veli – rezultaturi 

magnituri veli Hр, romelic moqmedebs kuTxsazomi radiokompasis 

mimarTuli moqmedebis CarCosebri antenaze, am magnituri velebis 

jamis tolia, romelic naTlad Cans nax.1-ze motanili 

veqtoruli diagramis ВГО marTkuTxa samkuTxedidan. sadac 

rezultaturi magnituri veli Hр  aris am marTkuTxa samkuTxedis 

hipotenuza – Hр
2= Hпр

2+Hп
2 =(H1+ΔH1)2 +(H2+ΔH2)2.    

 TviTmfrinavis grZivi RerZis gaswvriv mimarTuli meoradi 

magnituri veli ΔH1 gacilebiT naklebia TviTmfrinavis grZivi 

RerZis marTobulad mimarTul meoradi magnituri velze ΔH2. 

swored, meoradi magnituri velebis (ΔH 1=ΔH2) utoloba iwvevs 

rezultaturi magnituri velisa Hр da miwiszeda mimyvani 

gadamcemi radiosadguris magnituri velis H sxvadasxva 

mimarTulebiT gavrcelebas e.i. Hр da H magnituri Zalxazebis 

veqtorebi sxvadasxva mimarTulebisaa da daZrulia erTmaneTis 

mimarT ΔX cdomilebis toli gradusiT (nax.1). am SemTxvevaSi 

umov-pointingis veqtoris YP gavrcelebis mimarTuleba 
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rezultaturi magnituri veqtoris HP-is marTobuli iqneba da 

isic Semobrundeba ΔX kuTxiT. mimarTuli moqmedebis CarCosebri 

antena daikavebs araswor mdgomareobas mimyvani radiosadguris 

mimarT. 

 zemoaRniSnulis Tanaxmad, radganac fiuzeliaJis sigrZe 

gacilebiT metia misi ganivkveTis diametris sigrZeze, amitom 

TviTmfrinavis grZivi RerZis gaswvriv mTel sigrZeze meoradi 

magnituri veli Zalian sustia da praqtikulad nulis tolia, 

e.i. ΔH1=0. Sesabamisad, meoradi gasxivebis koeficientic K1=0.  

 rodesac α=180-270o, radiudeviacia dadebiTia, e.i. cdomileba 

metobiTia. xolo, rodesac  α=270-360o, radiodeviacia uaryofiTia, 

e.i. cdomileba naklebobiTia. 

 maSasadame, zemoT motanili kvlevis samarTlianobis 

dasamtkiceblad, romelic adasturebs Hп>>Hпр, me-9 gantolebaSi 

SevitanoT: К1=0o, К2=1o da α=135o. maSin  
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maSin arcsin0,316=18,80. e. i. ΔX=-18,80. 

maSasadame, radiodeviacia aris uaryofiTi, radganac α=1350 da 

igi me-2 meoTxedSia. miRebuli Sedegi imaze migviTiTebs, rom me-9 

gantoleba sworad asaxavs radiodeviaciis damokidebulebas 

TviTmfrinavis konstruqciasa da radiosadguris kursis 

kuTxesTan. 

saWiroa aRiniSnos, rom Tanamedrove TviTmfrinavebze 

radiodeviaciis maqsimaluri mniSvnelobebi Zalian axlosaa 

miRebul SedegTan ΔX=-18,80. 
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radganac K1 koeficienti yovelTvis gacilebiT naklebia 

K2 koeficientze, amitom I da III meoTxedebSi radiodeviacia 

dadebiTia, xolo II da IV meoTxedebSi ki uaryofiTi. 

rogorc me-9 gantolebidan Cans, am gantolebaSi ar Sedis 

magnituri velis daZabulobis sidide H (ix. nax. 1). es imaze 

migviTiTebs, rom radiodeviaciis sidide ΔX ar aris 

damikidebuli miwiszeda mimyvani gadamcemi radiosadguris 

simZlavreze da am sadgurTan TviTmfrinavis daSorebaze. 

amrigad, me-9 gantolebis analizi sruliad asabuTebs 

radiodeviaciis damokidebulebas TviTmfrinavis konstruqciaze, 

mimyvani radiosadguris kuTxeze da iZleva radiodeviaciis 

Semcirebis inJinruli gadawyvetilebis miRebis saSualebas. 

 radiodeviaciis Semcirebis SemoTavazebuli meTodi: 

radiodeviaciis warmoqmnis ZiriTadi mizezebisa da wyaroebis 

kvlevis dros davrwmundiT imaSi, rom radiokompasis 

pelengirebis cdomileba gamowveulia Cvengan damoukideblad 

bunebaSi mimdinare meoradi gamosxivebis procesebiT. 

radiokompasebis idealuri muSaobis pirobebi maSin arsebobs 

bunebaSi, rodesac miwiszeda mimyvani gadamcemi radiosadguris 

eleqtromagnituri talRebi ecema mxolod mimarTuli moqmedebis 

CarCosebr antenas da meorad gamosxivebas ara aqvs adgili. 

sahaero transportis eqspluataciisaTvis aseTi pirobebis Seqmna 

bunebaSi praqtikulad SeuZlebelia. CarCosebri, mimarTuli 

moqmedebis antenaze erTdroulad ori talRa ecema – ZiriTadi 

da meoradi gamosxivebis. ZiriTadi aris miwiszeda mimyvani 

gadamcemi radiosadguris mier generirebuli eleqtromagnituri 

talRa, xolo meoradi ki TviTmfrinavis fiuzelaJis mier 

gamosxivebuli. 

 agreTve, Cven davinaxeT, rom TviTmfrinavis fiuzelaJis 

grZivi RerZisa da misi ganivkveTis diametris sigrZeebi mkveTrad 

gansxvavdebian erTmaneTisagan, rac imis pirobas qmnis, rom 
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TviTmfrinavis grZivi RerZis gaswvriv magnituri Zalxazebis 

SemWidroeba sustia da Sesabamisad mcirea meoradi gamosxivebis 

magnituri velis ΔH1 daZabulobac. yovelive amis gamo mcirea 

meoradi gamosxivebis proporciulobis koeficienti K1. 

gamomdinare iqedan SegviZlia CavTvaloT rom K1=0 da ΔH1=0. 

maSasadame, eleqtruli centri gadis TviTmfrinavis grZiv RerZe, 

sadac magnituri velis daZabuloba Zalian sustia da 

praqtikulad nulis tolia. maSasadame, radiodeviaciis 

SemcirebisaTvis saWiroa: 

1.  radiokompasis mimarTuli moqmedebis CarCosebri antena 

davamontaJoT TviTmfrinavis grZivi RerZis xazze; 

2.  radiokompasis mimarTuli moqmedebis CarCosebri antena 

davamontaJoT grZivi RerZis mimarTulebiT 50 mm sizustiT; 

3.  CarCosebri antena davamontaJoT magnituri velis salokalizacio 

niSaSi, sadac antenis aqtiuri mxare dafarulia radiotalRis 

gamtari safariT, xolo niSas danarCeni mxare ki daculia 

liTonis konstrukciiT; 

4.  mimarTuli moqmedebis CarCosebri antenis aqtiuri zedapiris 

CaRrmaveba niSaSi ar unda aRematebodes 2 mm-s. antenis aqtiuri 

mxaris zedapiri zustad unda iyos SeuRlebuli fiuzelaJis 

zedapirTan; 

5.  mimarTuli moqmedebis CarCosebri antenis aqtiuri zedapiris 

CaRrmaveba niSaSi ar unda aRematebodes dasaSveb sidides. vinaidan 

igi arsebiTad moqmedebs antenis moqmed simaRleze, rac amcirebs 

antenis gamoyenebis efeqturobas; 

6.  dauSvebelia antenis efeqti, rac mimarTuli moqmedebis anteniT, 

signalis aramimarTuli miRebas nuSnavs. 

7.  fiuzeliaJis gamoSverili nawilidan mimarZTuli moqmedebis 

CarCosebri antena daSorebuli unda iyos aranaklebi 1.5 metri 

manZiliT, xolo aramimarTuli antena ki – 0.5 metri manZiliT. 
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8.  dasaSvebia radiodeviaciis gazrda 1
o
-mde TviTmfrinavis 15

o
-iani 

krenis dros.  

agreTve, aucilebelia radiodeviaciis kompensacia 

sayovelTaod cnobili lekalas deformaciis meTodis gamoyenebiT. 

 

kuTxsazomi radionavigaciuri sistemis parametrebis 

klasifikacia 

am sistemis parametri xi, romlis dasaSvebi moTxovnebi 

teqnikur dokumentaciaSia daTqmuli, gavyoT sam ZiriTad jgufad:  

 

1.  kuTxsazomi radionavigaciuri sistemis kritikuli 

parametrebi 

xi parametrs _ maxasiaTebels ewodeba kritikuli, Tu 

misTvis miRebuli dadgenili normidan gadaxris gamo sistema 

gamodis mwyobridan. magaliTis saxiT SeiZleba moviyvanoT x1 

parametri _ pelengirebis mdgradobis maragi, romlisTvisac 

miiReba erTmxrivi dasaSvebi x1>1 saxis moTxovna. x1≤1 

SemTxvevaSi pelengirebis moSla xdeba [12]. 

sistemis uavario muSaobis kriteriumi PБa,= Po(1—q1 η1)(1—

q2 η2)... (1-- NNq η ) CavweroT aseTi saxiT  

PБa= Po P1 P2 ...PN  , 

sadac Pi=1-qi ηi _ kuTxsazomi sistemis warmatebuli 

funqcionirebis albaToba i -uri xi maxasiaTebelze misi woniTi 

koeficientis ηi gaTvaliswinebiT. 

Tu parametri xi kritikulia, maSin misi woniTi koeficienti 

ηi=1. amrigad, zemoT motanili xi parametrisaTvis η1 koeficienti 

1-is tolia _ η1=1. amasTanave, sistemis warmatebuli 

funqcionirebis albaToba, xi parametris mixedviT P1=1-q1.  

vTqvaT, SesaZlebelia dauSvaT x1 sididis normaluri ganawileba. 

maSin 

P1=Φ (h1) 
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sadac h1=
1

1 1
σ

−x
 xolo 1x  da σ1 _ saSualo mniSvneloba da 

x1 maragis saSualo kvadratuli gadaxra, Tanac Φ (h1) _ 

laplasis funqcia, romlis cxrili SegviZlia vixiloT [1]. 

samuSaos monacemebiT [11], n=10 gamocdiT. x1 maragis Semdegi 

mniSvnelobebia miRebuli: 1,42; 1,38; 1,36; 1,43; 1,44; 1,36; 1,37; 40; 

1,4. am monacemiT saSualo ariTmetikuli mniSvnelobis 

gansazRvriT 
∧

ix =1,40, agreTve SerCeviTi saSualo kvadratuli 

gadaxris 
∧

iσ =0,13 dros vRebulobT h1 parametrisaTvis Semdegi 

saxis Sefasebas 

∧

1h = ∧

∧

−

1

1 1

σ

x
=

13.0
14.1 −
=3.08 

∧

1h =3.08 sididiT vpoulobT cxrilidan P1 albaTobis 

Sefasebas 

P1= Φ (h1) 

xolo 
∧

1P  formiT iqneba 

∧

1P = Φ (3.08)=0.999 

vTqvaT K _ kritikuli parametris ricxvi. mocemul drois 

intervalSi (O,T) sistemis uavario muSaobis kriteriumi ase 

Caiwereba 

PБa= Po 
K

i 1=
Π (1-qi) 

I

j 1=
Π (1-qjηj)  

aq i _ kritikuli parametris nomeri; j _ arakritikuli 

parametris nomeri, xolo I _ maTi ricxvia. bolo fardobaSi 

pirobiTi albaTobebis gadamravleba xdeba, e.i. yoveli 

Tanamamravlidan TiToeuli maTgani ganisazRvrebaAim pirobiT, rom 

xdomiloba, romlis albaToba namravlSi adrindeli mocemuli 

mamravliT ganxorcielda. 
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2. pirveli jgufis kuTxsazomi sistemis arakritikuli parametrebi 

am jgufSi sistemis is parametrebi SeviyvanoT, romlis 

mniSvnelobis done sxvadasxva sqemebSi struqturuli 

darezervebiT aris SenarCunebuli. aseTi parametrebisaTvis 

gamoviyenoT yj . 

magaliTis saxiT SeiZleba moviyvanoT erT sahaero 

transportze momuSave ori kompleqti “КУРС МП-2” sistema [12]. 

mocemul sqemaSi erTi “КУРС МП-2” CarTvis da am sistemis 

muSaobisunarianobis SenarCunebis dros danadgars normaluri 

muSaobis gagrZeleba SeuZlia. saimedoobis struqturuli sqemis 

agebis TvalsazrisiT, igi niSnavs imas, rom zogierT reJimebSi 

“КУРС МП-2” danadgari paralelurad aris SeerTebuli, rogorc 

es nax. 2-zea motanili. 

                I komleqti 

 

   

                       II kompleqti 

nax. 2 “КУРС МП-2” sistemis paraleluri SeerTebis sqema 

vTqvaT y1 aris “КУРС МП-2”-is   erT-erTi is parametri, 

romelic sistemis muSaobas uzrunvelyofs, xolo [a1, b1] _ 

gadaxris is dasaSvebi sidide, romlis farglebSiac unda 

imyofebodes parametrebi teqnikuri dokumentaciis safuZvelze. 

vTqvaT, rom orive “КУРС МП-2” erTnairia da isini nax.2-ze 

naCveneb sqemaze damoukidebelia erTmaneTisagan. 

maSin, sistemis warmatebuli funqcionirebis albaToba, y1 

maxasiaTeblis mixedviT misi woniTi koeficientis η1 

gaTvaliswinebiT, iqneba 

P1=1—q1 η1= 1- 2
1q  

ukanaskneli gamosaxuleba gamomdinareobs albaTobis Teoriis 

Sekrebis formulidan da gamoyenebulia sistemis darezervebis 

sahaero trans-

porti 

“КУРС 
МП-2” 
“КУРС 
МП-2” 
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gaangariSebaSi. am momentSi woniTi koeficienti ganisazRvreba 

martiv formebSi, rogorc  

η1= q1 

vTqvaT,  q1=P(y1∉[a1, b1] = iiiae βλ− - iiiae βλ− - y1_ parametris 

dasaSvebze met sididiT gadaxris albaToba [a1, b1]. vTqvaT, rom 

cdebis monacemebiT λ1  da β1 koeficientebis Sefasebis Semdeg 

napovnia mniSvneloba q=0.1 maSin, woniTi koeficientis 

gauTvaliswineblad, sistemis warmatebuli funqcionireba y1 

maxasiaTeblis mixedviT tolia P1=1—q1 woniTi koeficientis η1 

gaTvaliswinebiT gveqneba 

P1=1—q1 η1= 1- 2
1q =1-0.12=0.99 

ufro zogad SemTxevevaSi, pirveli jgufis arakritikuli 

parametrebisaTvis 

ηj= 1−s
jq  

sadac s=sj  _ darezervebis jeradoba. 

vTqvaT I1 _ aris I jgufis  arakritikuli parametrebis 

ricxvi, maSin, sistemis muSaobis kriteriumi mocemul [O,T] 

drois intervalSi Caiwereba ase  

PБa= Po 
K

i 1=
Π (1-qi) 

'

' 1

I

j =
Π (1-qjηj)  

I

j 1=
Π (1-qjηj)  

aq i _ kritikuli parametris nomeri, j’_ pirveli jgufis 

arakritikuli parametris nomeri (I1_ maTi ricxvi), 'j
η = 1−s

jq  _ 

pirveli jgufis arakritikuli parametrisaTvis woniTi 

koeficienti, xolo j _ meore jgufis arakritikuli parametris 

nomeri (I  _ maTi ricxvi). 

 

3. meore jgufis kiTxsazomi sistemebis arakritikuli 

parametrebi 

mocemul jgufSi, sistemis is parametrebia Seyvanili, 

romelTa donis mniSvneloba sxvadasxva funqcionaluri 

darezervebis sqemebSia SenarCunebuli. aseTi parametrebisaTvis 
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Semdegi aRniSvna gamoviyenoT zj. aq funqcionaluri darezervebis 

cneba Seyvanilia Semdeg mosazrebasTan dakavSirebiT. woniTi 

koeficientis ηj gamoyeneba gamosaxulebaSi Pj=1—qjηj 

albaTobisaTvis _ sistemis warmatebuli funqcionireba j-uri 

arakritikuli parametriT zj darezervebis tolfasia. Tumca, 

misgan gansxvavebiT, mocemul SemTxvevaSi ricxvi ηi∉[0,1] 

SeiZleba gansxvavdebodes 1−s
jq  mniSvnelobisagan, sadac s-1 _ 

mTeli ricxvi. 

wiladuri meqanizmi anu funqcionaluri darezerveba agreTve 

aris sxvanairi. darezervebis dros saimedoobis gaumjobeseba 

sistemaSi axali elementis SemotaniT xdeba (struqturuli 

siWarbis uzrunvelyofiT xdeba). funqcionaluri darezervebis 

SemTxvevaSi saimedoobis gaumjobeseba xdeba sxvadasxvagvari 

konstruqciuli maragiT, romelic Cadebulia sistemis 

konsruqciul sqemaSi misi daproeqtebis procesSi 

(funqcionaluri siWarbis uzrunvelyofis gziT). amasTanave, 

SesaZlebelia gamoyenebuli iqnes sxvadasxva maragi: mdgradobiT, 

simtkiciT, marTvadobiT da a.S. 

magaliTad, Tu mimarTuli moqmedebis CarCosebri antenis 

miwiszeda mimyvani gadamcemi radiosadgurisken mimarTulebis 

pelengirebis mdgomareoba aramdgradia da CarCos momqmedi 

simaRles maragi ar gaaCnia, aucilebelia niSaSi antenis dasaSvebi 

CarRmavebis sizuste gadavamowmoT da saWiroebis SemTxvevaSi 

davareguliroT.  

 

woniTi koeficientebis gansazRvra trenaJorze muSaobis 

Sedegebis safuZvelze. 

saaviacio trenaJorze savarjiSo samuSaos didi moculobis 

statistikuri monacemebis arsebobis SemTxvevaSi, woniTi 

koeficientebis ηj SefasebisaTvis SeiZleba gamoviyenoT bernulis 
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gamocdis klasikuri modeli misi bolo damuSavebis 

gaTvaliswinebiT. 

vTqvaT n aris trenaJorze gamocdis saerTo ricxvi, 

romelSiac modelirdeba dadgenili dasaSvebi normidan [aj,bj]-yj 

parametris gadaxra. 

aRniSvnoT d-Ti im SemTxvevebis raodenoba, rodesac ekipaJma 

ver SesZlo sistemis wunis kompensirebis xarjze ,,daebrunebina’’ 

parametri dasaSveb zRvrebSi, e.i. gaesworebina defeqti yj∉[aj,bj]. 

maSin ucnobi albaTobisaTvis ηj SeiZleba vipovoT: 

_ wertilovani Sefaseba 
∧

jη =1-
n
d
; 

_ garantirebuli Sefaseba (qveda sazRvari) 

η  =
∧

jη - a
n2

)1ln( ν−−  

Tanaxmad [9], ricxvi γ warmoadgens sarwmuno albaTobas, 

sadac sxvaoba β=1- γ damkveTis dasaSvebi ricxvia. 

koeficienti a iTvaliswinebs aprioruli informaciis 

SesaZlo arsebobas ηj albaTobis mimarTebaSi. es koeficienti 

icvleba farglebSi 0≤a≤1. xSirad igi miRebulia 0,5 sididis 

tolad. Tu aprioruli informacia ar arsebobs, maSin 

gamomdinare aqedan a=1 

kerZo SemTxvevaSi, rodesac n=10, d=1, γ=0,90 da a=0,5 

vRebulobT garantirebuli Sefasebis Semdeg mniSvnelobas 

η  =1 - 
10
1
 - 0,5a

20
1,0ln− =0,90-0,17=0,73 

zemoT motanili ori Sefasebidan, upiratesoba qveda 

sarwmuno sazRvars aqvs, radganac misi gansazRvriT 

garantirebulia ηj≥η  utolobis Sesruleba aranaklebi γ 

albaTobiT. 

axali sistemis Seqmnis anu Zvelis modifikaciis dros, 

upiratesoba im meTods aqvs, romelic saaviacio trenaJorze 

savarjiSo samuSaos SedegebiT woniTi koeficientis Sefasebis 
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saSualebas gvaZlevs. swored, aseTi meTodebisaTvis warmatebiT 

aris gamoyenebuli Cvens mier SemoTavazebuli ηj koeficientis 

gaangariSebis axali meTodika. 

 

woniTi koeficientebis gansazRvra statistikuri modelirebis 

SedegebiT 

woniTi koeficientis gansazRvra ηi=P(Ā/Āi) warmoadgens Ā 

xdomilobis albaTobas im pirobiT, rom moxda xdomiloba Āi. 

amasTanave Ā da Āi _ aris xdomiloba, romelic Sedgeba 

sistemisadmi ganpirobebuli funqciis [O,T] drois intervalSi 

Seusruleblobisa da maxasiaTeblebis xi dasaSvebi normidan 

gadaxris realobisagan. 

aqedan gamomdinare, SeiZleba vipovoT ηi, Ā da Āi 

xdomilobebis statistikuri modelirebis gziT da SemdgomSi 

pirobiTi albaTobis ηi=P(Ā/Āi) gansazRvriT. woniTi koeficientis 

aseTi sqemiT Sefasebazea miZRvnili naSromi [15]. aq mokled 

ganvixilavT SemoTavazebuli meTodis mocemul amocanis 

gadawyvetas. 

Ā da Āi xdomilobebis statistikuri modelirebis procesi 

SeiZleba agebuli iqnes arsebuli maTematikuri modelebis bazaze 

sistemis Sesabamisi programuli uzrunvelyofiT. 

aseTi damuSaveba win unda uswrebdes Fi(x) funqciis 

ganawilebis dadgenis samuSaoebs da sistema xi parametrebisaTvis 

albaTobis simkvrivis fi(x)=Fi(x)’ funqcias. 

nakrebi funqciebis Fi(x) da Fj(x) safuZvelze saWiroa vipovoT 

ori tipis wakveTili ganawileba: 

1. albaTobis simkvrivis wakveTili funqcia fi(x)1= fi(x)/Ki, 

sadac Ki=Fi(bi)-Fi(ai)_ aris wakveTis koeficienti. es funqciebi xi 

im parametrebis modelirebis saSualebas gvaZleven, romlebic 

dadgenili normebis dasaSveb zRvrebSi [ai,bi] devs. 
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2. albaTobis simkvrivis wakveTili funqcia fi(x)2 romlebic 

dadgenili dasaSvebi farglebs gareT [ai,bi] mdebare xi 

parametrebis ganawilebis modelirebis saSualebas iZleva. 

gamosaxuleba fi(x)2 sxvadasxvanairia amisda mixedviT dasaSvebi 

SezRudvebi calmxrivia Tu ormxrivi. 

woniTi koeficientis ηi=P(Ā/Āi) povnisaTvis saWiroa xi 

paramtris mniSvnelobis modelireba albaTobis fi(x)2 simkvrivis 

safuZvelze. 

am dros sistemis yvela sxva xi parametrebi modelirdebian 

funqciis Sesabamisi albaTobis fi(x)1 simkvriviT. kompiuterze N 

aseTi statistikuri gamocdis dros, di SemTxvevavSi, sistemis 

mtyunebebi daregistrirdebian mTlianad. maSin ηi≈1- di /N 

 

4. sahaero transportis rTuli sistemebis teqnikuri 

mdgomareobis marTvis zogadi principi 

SemoTavazebulia sahaero transportis rTuli sistemebis 

teqnikuri mdgomareobis marTvis zogadi sqema, romelSic 

SeiZleba gamoyenebuli iqnes sxvadasxva sirTulis sistemebis 

mdgomareobis optimaluri marTvisTvis. 

sahaero transportis rTuli sistemebis 

sicocxlisunarianoba da gamoyenebis efeqturoba rig faqtorebTan 

erTad, eqspluataciis procesSi maTi funqcionirebis saimedoobis 

resursiT ganisazRvreba. 

rTuli sistemis saerTo saimedooba Semadgeneli elementebis 

saimedoobazea damokidebuli, amitom martivi sistema rTulze 

saimedoa. 

rTuli sistemis teqnikuri mdgomareobis marTva _ sistemis 

elementebis mtyunebis Semdeg sistemis funqcionirebis 

gagrZelebis SesaZleblobis albaTobis gansazRvris saSualebas 

gvaZlevs, romelsac aviaciaSi sasicocxlo mniSvnelobis 

datvirTva gaaCnia. rTuli sistemis ama Tu im Semadgeneli 

elementis mtyunebis Semdeg sistemis funqcionirebis gagrZelebis 
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unari usafrTxoebis uzrunvelyofisa da sahaero transportis 

katastrofisagan xsnis erTaderT albaTur garantias Seadgens. 

kvlevis ZiriTad sagans, rTuli sistemebis teqnikuri 

mdgomareobis marTvis principis damuSaveba warmoadgens. 

Cveni mizania SevimuSaoT rTuli sistemebis teqnikuri 

mdgomareobis marTvis zogadi sqema. vTqvaT, sistema siWarbiT N  

elementisagan Sedgeba [1]. am SemTxvevaSi erTi an ramodenime 

elementis mtyunebiT yovelTvis ar xdeba mTeli sistemis 

mtyuneba. SemoviRoT sistemis elementebis mdgomareobis 

parametri Vi(t),i= N,1 :     

                     

 

 

avRniSnoT i-iuri elementis gamomuSaveba Q(t)-Ti t momentSi. 

maSin sistemis mdgomareobis veqtori iqneba 

V(t) ={ Vi(t); Qi(t);...VN(t), QN(t)}.                              (1) 

Tu V(t) ∈ oA ⊂  A, 

sadac A A- aris sistemebis SesaZlo mdgomareobis are; 

            oA - aris mtyunebis qveare, maSin sistema iTvleba 

mtyunebulad. 

vivaraudoT, rom axali sistema eqspluataciaSi Sevida t=0 

momentSi, xolo sistemis mdgomareobaze dakvirveba ki 

xorcieldeba  ti=iΔt(i=1,2...) momentebSi. am dakvirvebis Sedegad 

cnobili xdeba V(ti) veqtori da aramtyunebuli elementebis 

gamomuSaveba. mtyunebis Semdeg, uaxloes dakvirvebis momentSi 

iwyeba sistemis aRdgena yovelTvis sawyis mdgomareobaSi. Tu 

V(ti) ∈ oA , maSin an grZeldeba dakvirveba  ti-1= ti+ Δt momentSi an ti 

momentSi V(ti) veqtori brundeba sawyis nulovan mdgomareobaSi _ 

sistema profilaqtikurad ganaxldeba. vTvliT, rom sistemis 

aRdgenis dro (an Rirebuleba) To da profilaqtikis dro (an 

Rirebuleba) T2 mudmivi sidideebia. varaudobT, rom To>T2 

Vi(t),i=  { 0, gamarTuli  i-uri elementis dros t momentSi 
1, gaumarTavi  i-uri elementis dros t momentSi 
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sistemis mdgomareobis kontrolis dro (Rirebuleba) vTvliT, 

rom nulis tolia. sistemis profilaqtikis an aRdgenis 

samuSaoebis damTavrebis momentebi, Cvens varaudebSi aris 

regeneraciis _ aRdgenis procesis regeneraciis momentebi, 

romelic axasiaTebs sistemis mdgomareobas. regeneraciis mezobel 

momentebs Soris intervals vuwodoT regeneraciis periodi. 

amitom, sistemis momsaxureobis strategias ganvsazRvravT 

regeneraciis periodisaTvis. saZiebeli strategiisaTvis SerCeva 

ganisazRvreba sistemis {V(tk);Q(tk)} mdgomareobis A ares dayofiT 

sami Ao,A1 da A2 argadamkveTi qveared. Tu veqtori {V(tk);Q(tk)} 

xvdeba A0,A1 da A2 qveareSi, maSin xorcieldeba sistemis aRdgena, 

dakvirvebis gagrZeleba an sistemis profilaqtika. radganac Ao 

qveare winaswar ganisazRvreba, amitom amocana daiyvaneba A1 da A2 

areebis optimaluri (qvemoT SemoRebuli kriteriumis) 

gansazRvraze. 

SevCerdeT optimizaciis kriteriumze. vivaraudoT, rom Cven 

mogveca romelime saxiT A1 da A2 areebis gansazRvris saSualeba. 

maSasadame, {V(t);Q(t)} procesis A1 aredan A2 areSi anu A0 areSi 

gadasvlis momentis gansazRvris saSualeba. Tu regeneraciis 

periodze A1 areSi sistemis yofnis dro aris t, maSin 

regeneraciis periodze xvedriTi xarjebi iqneba. 

y=(A0 ,A1, A2)=yt {    
 

T2/t, Tu t momentSi moxda A2 areSi gadasvla 

T0/t, Tu t momentSi moxda A0 areSi gadasvla 

 
 

     qveareSi sistemis yofnis dro t damokidebulia (A0 ,A1, A2) 

dayofisagan da warmoadgens SemTxveviT sidideebs. Cveni amocana, 

aseT areebs A1
X da A2

X gansazRvraSi mdgomareobs, romlisTvisac 

saWiroa mivaRwioT 

                   min
}{

)},({ 2

fM
TTfM ot                                                (3) 
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sadac ft(To,T2) aris regeneraciis periodze danaxarjebi. im 

SemTxvevaSi, rodesac t sididis SesaZlo cvlileba mcirea, 

SeiZleba gadavideT me-3 kriteriumidan me-4 kriteriumze. 

       
~
Y ( xx

o AAA 21 ,, )= min
~
Y ( 21 ,, AAAo )=A,A1A2                          (4) 

sadac M[yt]= 
~
Y ( 21 ,, AAAo ) 

 

[2] aris naCvenebi, rom me-4 kriteriumiT A ares optimaluri 

dayofis wesi iseTia, rom yoveli wertili, romlisTvisac 

sruldeba me-5 utoloba 

P{{V(tk),Q(tk)}∈Ao/[{ V(ti); Q(ti))},  i= ]}1, −KO ≤ '
2

2

)1)(( −− KTT
T

o

      (5) 

xA1  ares ekuTvnis. 

aRvniSneT, rom rTuli sistemis teqnikuri mdgomareobis 

optimaluri marTvis SemoTavazebuli sqema SesaZlebelia 

gamoyenebuli iqnes nebismieri sistemisaTvis, saxeldobr: 

datvrTuli da dautvirTavi rezervis SemTxvevaSi, sistemis 

elementebis paralelur-mimdevrobiTi SeerTebisas, ganStoebuli 

sqemebis gamoyenebisas, agreTve gamomuSavebis mixedviT sistemis 

Semdgeneli elementebis optimaluri momsaxureobisa da sxva 

SemTxvevaSi. 

1. dadgenilia, rom amJamad SromebSi operatoris anu 

ekipaJis mier marTuli sahaero transportis rTuli teqnikuri 

sistemis saimedoobis Sefasebis sivrceSi ,,adamianis faqtori’’ 

raodenobrivi formiT ar aris gaTvaliswinebuli da rTuli 

teqnikuri sistema ganixileba mxolod, rogorc sufTa teqnikuri 

sistema. 

amasTanave, operatoris mizeziT mtyunebam SeiZleba misi 

saerTo ricxvidan 70%-mde Seadginos. 

Camoyalibebulia axali amocanis dayenebis forma: 

operatoris mier marTuli sahaero tarnsportis rTuli 

teqnikuri sistemis saimedoobis Sefasebis meTodebis damuSaveba, 
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ZiriTadi parametris dadgenil normidan SesaZlo gadaxris 

zegavlenis gaTvaliswinebiT. 

2. damuSavebulia sahaero transportis rTuli 

teqnikuri sistemis operatoris swavlebis procesis axali 

modeli, swavlebis Tanamedrove teqnikur saSualebebze _ 

saaviacio trenaJorebze. 

swavlebis arsebuli modelisagan gansxvavebiT 

SemoTavazebuli meTodi raodenobrivi formiT iTvaliswinebs 

swavlebis procesSi informaciis nakadis gardaqmnis process. 

matricul formaSi modeli gamoxatavs urTierTkavSirs 

To=AoT saswavlo gegmis T matricasa da operatoris pasuxebis To 

matricebs Soris, sadac Ao _ aris misi momzadebis matrica. 

modeli pirvelad iZleva saswavlo gegmis calkeuli 

ganyofilebebisa da Temebis operatoris swavlebis xarisxze 

urTierTgavlenis aRricxvis saSualebas. 

2.1. damuSavebulia sahaero transportis rTuli teqnikuri sistemis 

operatoris donis axali maCvenebeli 

motanilia, rom operatoris momzadebis donisa da mis mier 

saswavlo gegmis aTvisebis maCvenebels davalebis T matricasa da 

operatoris pasuxebis To matricebs Soris P(T, To) manZili 

warmoadgens. 

P(T, To)-sTan damatebiT pirvelad aris SemoTavazebuli 

sahaero transportis rTuli teqnikuri sistemis marTvisadmi 

operatoris midrekilebis (niWierebis) maCvenebeli ro. niWierebis 

maCvenebeli muSaobaSi ganisazRvreba, rogorc korelaciis _ 

urTierTdamokidebulebis koeficienti davalebis T matricasa da 

operatoris pasuxebis To matricebs Soris. 

2.2. damuSavebulia sahaero transportis operatoris swavlebis 

procesis dinamikuri modeli 

meTodi, operatoris sakvalifikacio kategoriaze testirebis 

procentuli wilis prognozirebis saSualebas iZleva. masSi 
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Cadebulia siaxle, operatoris am wilis stacionaluri 

mniSvnelobis Sefasebis nawilSi. 

2.3. damuSavebulia sahaero transportis rTuli teqnikuri sistemis 

operatoris swavlebis dros codnis aTvisebisa da dakargvis 

procesebis aRricxvis axali modeli 

pirvelad aris SemoTavazebuli da gamokvleuli 

raodenobrivi dinamikuri modeli, romelic codnis aTvisebis, 

ganviTarebisa da dakargvis, agreTve swavlebis procesis 

organizebisa da agebis prognozirebis saSualebas iZleva. 

3. damuSavebulia operatoris mier marTuli sahaero transportis 

rTuli teqnikuri sistemis saimedoobis ZiriTadi albaTuri 

kriteriumebi 

kriteriumi warmoadgens operatoris mier marTuli rTuli 

teqnikuri sistemis masze dakisrebuli funqciis warmatebiT 

Sesrulebas muSaobis [O,T] drois intervalSi. 

ZiriTadi kriteriumi gamosaxulia namravlis saxiT Р=РБП 

РБА, aq РБП  _ aris rTuli teqnikuri sistemis usafrTxo marTvis 

albaToba, xolo PБА aris rTuli teqnikuri sistemebis uavario 

muSaobis albaToba [O,T] mocemuli drois intervalSi. 

3.1. pirvelad aris SemoTavazebuli sahaero transportis rTuli 

teqnikuri sistemis operatoris mier usafrTxo marTvis 

albaTuri kriteriumis РБП Sefasebis meTodi 

winamdebare naSromSi Cvens mier SemoTavazebuli meTodi 

dafuZnebulia operatoris momzadebis donis maCveneblisa da 

rTuli teqnikuri sistemis marTvaSi operatoris niWierebis 

donis maCveneblis gamoyenebaze. 

3.2. damuSavebulia sahaero transportis rTuli teqnikuri 

sistemis uavario muSaobis albaTuri kriteriumis Sefasebis 

axali meTodi woniTi koeficientebis gamoyenebiT, romelic 

iTvaliswinebs rTuli teqnikuri sistemis kompensaciis 

SesaZleblobas. 
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motanili meTodi saSualebas iZleva gamoricxuli iqnes 

rTuli teqnikuri sistemis saimedoobis ZiriTadi maCveneblis 

dausabuTebeli Semcireba woniTi koeficientebis 

gauTvaliswineblobis SemTxvevaSi. 

 

3.3 SemoTavazebulia sahaero transportis rTuli teqnikuri 

sistemis saimedoobis gaangariSebis ganzogadoebuli meTodi. 

modeli iyenebs ganawilebis klasifikacias ,,daberebisa’’ da 

,,ganaxlebis’’ niSniT da iTvaliswinebs veibulas ganawilebis 

universalur xarisxs. 

4. Catarebuli Teoriuli gamokvlevis safuZvelze 

kuTxsazomi radionavigaciuri sistemis gazomvis 

cdomilebis gaangariSeba da misi SezRudvis inJinruli 

meTodia damuSavebuli. 

4.1. kuTxsazomi radionavigaciuri sistemis cdomilebis 

gaangariSebis inJinruli meTodi. 

meTodi pirvelad gvaZlevs saSualebas martiv formiT 

ganvsazRroT kuTxsazomi radionavigaciuri sistemis gazomvis 

cdomileba da misi gamomwvevi mizezebi. agraTve radiodeviaciis 

gamomwvevi meoradi gamosxivebis proporciulobis koeficientebis 

K1 da K2 damokidebuleba sahaero transportis konstruqciaze. 

4.2. kuTxsazomi radionavigaciuri sistemis cdomilebis 

SezRudvis inJinruli meTodi. 

meTodi pirvelad gvaZlevs saSualebas miviRoT 

radideviaciis SezRudvis efeqturi inJinruli gadawkvetilebebi 

da amiT SesaZlo farglebSi maqsimalurad SevamciroT 

radiosadguris kursis kuTxis gazomvis cdomilebebi, romelsac 

udidesi mniSvneloba aqvs TviTmfrinavis dafrenis etapze 

saimedoobis uzrunvelyofis TvalsazrisiT. 
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 4.3. sahaero transportis navigaciisa da dafrenis 

saborto radionavigaciuri sistemebis darezervebis 

inJinruli gadawyveta. 

 dafrena, rogorc sahaero transportis eqspluataciis 

procesis yvelaze prioritetuli etapi, miTumetes maSin, 

rodesac adgili aqvs instrumentalur dafrenas rTul 

meteorologiur pirobebSi, dafrenis usafrTxoebaSi gadamwyveti 

roli dafrenis radioteqnikur mowyobilobas ekuTvnis ekipaJis 

profesionalizmTan erTad. amitom, upriania am sistemis 

darezervebis meTodis gamoyeneba (nax.2). 

 ori sistemis erTdroulad paralelurad CarTvis 

SemTxvevaSi, erTi sistemis mwyobridan gamosvlis dros muSaobas 

meore sistema iwyebs da piriqiT. miuxedavad imisa Tu romeli 

sistema iqneba dinamikur reJimSi, dafrenis procesi 

Seuferxeblad ganxorcieldeba.    
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