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XULASO

Pilotsuz ugan aparatlarm moévqge vo istigamotlorinin toyin edilmosi tigin Rusiya qlobal navigasiya sistemi
QLONASS va amerikan sistemi GPS naviqasiya sistemlarindan istifade etmonin miimkiinliiyii arasdirilmis vo
miisbot notico alinmisdir.

Acar sozlor: pilotsuz ugan aparatlar, peyk navigasiya sistemlori, QLONASS/GPS texnologiyasi, kod saati,
Bayesovun rekurrent alqoritmi, . psevdouzaqliq, psevdosiirat.

Rusiya global naviqasiya sistemi QLONASS (I'nmo6anpHasi HABUTalIMOHHAS CIIYTHHKOBast cucteMa) 1982-ci ildon
faaliyyat gostorir vo ilk ddvrlorde yalniz SSRi-nin miidafio maraqlar iiciin istifado edilirdi. 1987-ci ildon iso
miilki istehlak naviqasiya maraqlarina géro beynolxalq omokdasliga xidmot edir.
QLONASS sistemi (¢ altsistemdon (seqmentdon) ibaratdir:

e Kosmik;

e YerUstd,

e Istehlak altsistemi.
Kosmik seqment 24 peykden ibarat olub, {i¢ orbital miistovido ( her birinds 8 peyk olmaqla) yonolmisdir.
Peyklor 19100 km hiindiirliikdo dairovi orbitdo 11 saat 15 doq donmo periodu vo 64,8 meyllikds horokat edirlor.
Peyklorin bels yerlosmasi istehlak¢iya Yerin istonilon ndqtasinde geco-giindiiz peyki miigahids etmoys imkan
Verir.
Yeriistii altsistem yuxarida tosvir olunmus QLONASS-inulduzlararasi peyklsrinin arxitekyurasini tomin edir va
asagidakilardan ibaratdir:

e  Sistemin idarommorkoazi;

e  QLONASS signallarinin sinxronlagdirilmasi sistemi;

e Yeriistil 6lgmo monyagalorinin (YOM) sobokasi. YOMQLONASS peyklorini orbit parametrlorinin

6lgmasini tomin edir va onlar1 informasiya xidmati va idarsetmo signallar: tiglin borta gondorir;

e YOM-lorinkalibirlosmasi iiciin tayin olunmus kvant-optik stansiyalar sobokasi (KOS).
Istehlakg1 altsistemi uygun navigasiya aparatlarina malik istehlak¢ilar( horbi, miilki) coxlugunu &ziindo
birlogdirir.
GPS (Global Positioning System) amerikan sistemi do analoji altsistemloro vo eyni foaaliyyat prinsiplorina
malikdir.
GPS-in kosmik seqmenti do 24 peykden ibaratdir vo har birinds 4 peyk olmagla 6 mistovids qruplasdiriimigdir.
Peyklor 20180 km hiindiirliikdo orbital daira iizro 12 saat donma periodu va 55 meylliklo horakat edirlor. Bunu
asagidaki sokildaki kimi gdstormak olar:
GPS-in yeriistii seqmentinin elementlori yuxarida tasvir edildiyi kimidir. Lakin GPS-ds KOS yoxdur.
GPS-in izlomo stansiyalari sistemlorin tokca ABS orazisinda deyil, Yer kiirasinin bir ¢ox ndqtalorinds ds vardir.
Yuxarida gostorildiyi kimi QLONASS vo GPS-in iglome prinsipi eynidir. Ona gors do asagidaki bu prinsiplora
birlikds baxacagiq ve ancaq zaruri hallarda sistemlorin ayriliqda xiisusiyyaetlori iizerinds dayanacagiqQ.
Qlobal peyk navigasiya sistemlori 6z prinsiplorino géra faaliyyatlori orta orbitali masafadlgon-dopler sisteminin
passiv tipina aid olur. Sistemin togkilinin passiv dedikds istifadagilor miisahido peyklorins signallar gondormirlor
vo bu zaman naviqasiya informasiyasimin geyri-mohdud sayda istehlak¢isina xidmat gostormoyo imkan verir.
Belo sistemlords naviqasiya toyinedicilor ( koordinatin hesablanmasi) har seyden ovval peyks qodar olan
Ol¢iilmiis mosafolor asasinda formalasir. Bundan basqa peyk signallarinin strukturu tezlik dastyicist dopler
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yerdoyigmosinin Dopler yerdoyismalorinin tezliyi hom siiratin vo hom ds istifadagilor koordinatinin hesablanmasi
iiclin istifads edils bilor.

Tez-tez GPS-in i-ci peyk sistemlari torafindon siialandirilan signal fardi (ancaq verilmis peyks aid olan) 6lgiilon
koda malik olur. Bels ki, bu kod saatina osasen signalin siialanmasi (yayilmasi) peyk momentlori (anlari) ilo
gobuledicinin saatina gors istifadogi antenasinin signalin gabulu momenti arasindaki t;mivaqgeti interval
birgiymatli toyin etmoys imkan verir.

QLONASS sisteminds signallar peyklor arasindaki tezliys, GPS sistemindo iso kodlara asasan boélundrlor. Bu
Sobabdan do QLONASS peyklori signallarini har biri 6z tezliyinds siialandirir. GPS sistemindos iso tezlik dagiq
geyd olunmus olur. Ona gora do QLONASS sistemi butdv bir tezliklo diapazonlar sistemini istifads edir. (1602,
5625-1615,5000 MHSs vo 1246,4375-1256,9375MHs ).

Informasiyanm emal alqoritmlori ¢oxkanalli QLONASS/GPS- gobuledicilori torofindon verilonlorin osasinda
voziyyatin, siiratin vo istigamotin toyin olunmasi prosesi faktiki olaraq prinsipco iki miixtolif mosoloni 6ziindo
birlesdirir. Bels ki, bu kod dl¢iilmalori adlanan(psevdouzaqliglar vo psevdosiiratlor) vo qobuledicinin naviqasiya
gondorisi osasinda toyin olunan mososladir. Ikinci masals ise bu vo ya diger koordinat sistemindo UA-nin bucaq
vaziyyatinin va bucaq siiratinin toyin olunmasidir. Beko ki, faza 6lgmolorinin emali naticasinds hall edilir. Qeyd
etmok lazimdir ki, ikinci mosolonin halli birinci moasalo hall olunmazsa miimkiin deyildir.

Nozarat olunmayan (stoxastik, qeyri-miioyyan, qeyri-solis) faktorlarin miixtolifliyi, homg¢inin onlarn qarsiligh
miirokkob xarakterlori verilmis maosolonin halli d¢iin UA-nin QLONASS/GPS texnologiyasi osasinda
voziyyatinin, siliratinin v istiqamatinin doaqiq toyin olunmasinin analizi masslssinin hallina konstruktiv
yanagmani riyazi modellosdirma toskil edir.

Qeyd edok ki, UA-nin voziyyatinin, siiratinin v istiqgamatinin toyin olunmasi prosesinin modellogdirilmosi ti¢iin
asagidaki riyazi modellori vo alqoritmlori formalagdirmaq lazimdir:

o  QLONASS/GPS biirclor modeli;

o  QLONASS/GPS peyklarinin miisahide modeli;

e  UA-nin agirliq morkazinin haroakatine va bucaq harakstinin modellori;

QLONASS/GPS navigasiya gondarislarinin modeli;
UA-n1n antenalar sisteminin modeli;
UA-nin siirat Vo vaziyyatinin tayin olunma algoritmi;

e  UA-nin istigamatinin toyin olunma algoritmi.

Ovvalcadon geyd edok ki, biitiin sadalanmig model vo alqoritmlori asagidaki nozarat olunmayan faktorlart nazors
almagla formalagdirmaq lazimdir:

e QLONASS/GPS sisteminin IQU (informasiya qiitb ulduzu) (NIQU) naviqasiya efemeridlarinin tayin
olunmasi sohvlorini, bels ki, onlar yeriistii navigasiya kompleklori vasitalorinin NIQU efemeridlorinin
toyin olunmasi naticasinda vo bu peyklor sisteminin idars olunmasi zamani yaranirlar;

e Psevdouzaqliq vo psevdosiratlorin dl¢iilmasinin sistematik vo tasadiifi sshvlor. Bu sshvlor ionosfer vo
troposfer longimalori adlanir vo gobuledicinin saatma vo onun daxili kilyina Xidmot naticasinds bas
Verir.

o  Tezlik dasiyicilarinin faza forglorinin élgilmasinin sistematik vo tosadUfi sohvlor. Bu sshvlor ¢oxsiiali
effekt adlanir vo gobuledicinin saatlarina vo onun daxili kliyline xidmat neticesinds bag verir.

e Sistemin inhilizasiyasinin sistematik vo tosadifi sohvlor. Bu sohvlor harokatin baglangic sortlori
haqqinda biliyin tam olmamasi naticasinds bag verir.

e Qobuledici aparatdan daxil olan informasiyalarin emali tiglin alqoritm kimi asagidakilar istifado oluna
bilarlar:

e Bayesovun rekurrent algoritmi (Kalman filtirinin modifikasiyasi);

e Tam secimds on kigik kvadratlar metodu. Coxkanalli QLONASS/GPS gobuledicilorinin istifadssi ila
UA-nin vaziyyatinin, sirati va istigamatinin toyin olunmasi o zaman holl olun bilar ki, UA antenalar
sistemi ilo tochiz olunsunlar vo an az1 4 antena olmagla UA-nin simmetrik horizontal miistavisine
simmetrik yerlosdirilmalidirlor.

Azarbaycan Ali Texniki Moktablorinin Xabarlari
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Sokil 1. Antenalarin yerlogmos sxemi

UA-nin koordinat vo siirotinin komponent vektorunun toyin olunmasi mosalosi GLONASS/GPS sisteminin
verilmis anda goériinon NIQU-dan gebuledicinin girisina daxil olan psevdouzaqliq ve psevdosiirat asasinda hall
olunur. Bu zaman, bir qayda olaraq, gobuledicinin modelindon asili olalaraq mosslonin halli {i¢iin ya an kigik
kvadratlar metodu (OKKM), ya da UA-nin horokoatinin bort modelindon istifado edon Bayesovun rekurrent
qiymotlondirms alqoritmi istifads olunur.

Bundan sonra forz edocoyik ki, UA-nin istigamatini toyin olunmasi masolasi tam se¢ilmis OKKM asasinda hall
olunur. Belo ki, antenalar sisteminin iki osas bazasi osasinda formalasdirilmis hor bir NIQU —don tezlik
dastyicilarinin faza forqlarinin 6lgiilmasi kimi istifads edir. Bels forz etmo bu masslonin hallinds UA-nin bucaq
harakatinin riyazi modelindan istifade etmoadon vo ya bu modelin kifayat qoder sadslesdirilmis formasindan
istifads etmoya imkan verir.

Yuxarida qeyd edildiyi kimi, nozarat olunmayan miixtalif faktorlarin nozors alinmasi ilo oxsar mosalonin hallinin
doqigliyinin analizi GLONASS/GPS sisteminin ¢oxkanalli qobuledicisi asasinda UA-nin naviqasiya sisteminin
foaliyyati prosesinin imitasiya modellosdirilmasi yolu ilo bas verir. Bu zaman olgiilmalor sshvinin genis
spektrinin alqoritminin bort reallagdirilmasinin xiisusiyysti nozors alinir. Son naticads doqiqliyin xarakteristikasi
Monte-Karlo metodu asasinda UA-nin istigamatinin navigasiya toyin olunmasi prosesinin statistik analizi yolu
ilo alina biler.

Indi iso GOLNASS/GPS sisteminin NIQU horakatinin istifads olunan riyazi modelinin tosvir edilmasino kegok.
Artiq yuxarida qeyd edilmisdir ki, imitasiya modellosdirilmesindo GOLNASS/GPS sisteminin NIQU -nin
horokotinin iki ndév modelindon istifado olunur. Birinci ndév model NIQU-in * haqiqi ~ harokoatinin
modellagdirilmasi tgiin istifads edilir. Ikinci név models inteqrasiya bort navigasiya sisteminin vo manevr UA-
nin miigshidasinin riyazi program taminatinin tarkibins daxil olan *“ bort ” modeli kimi baxmagq olar.

NiQU-in imitasiya riyazi modeli bu KA-larin efemeridlorini zoruri dogiqliklo formalasdirmaga imkan verir. Belo
ki, asagidaki sapma tasvirlari nazersalmagqla:

e 8 harmonik tartiba godar va doraca daxil olmagla Yerin gravitasiya sahasinin moarkozo malik olmamasi;

e  Giinas vo Ayin gravitasiya cozb etmolori;

e  Atmosferin aerodinamik miigavimati;

e  Giinas is1ginin tazyiqi.
NiQU-in haroketinin diferensial tonliklor sisteminin inteqrallanmasi iiciin yiiksak daqiglikli Dorman-Prins
metodu togdim oluna biler. Ciinki metodda lokal xatalara vo inteqrallama addiminin uzunlugu avtomatik nozarat
etmok mimkiindiir. Formalasdirilmig efemeridlorin  sonraki istifadesi, mosolon, ¢ebesevin polinomial
aproksimasiyasiyasi yolu ils realizs oluna bilar.
NIQU —in harokatinin “ bort ” modeli asagidakilar1 nazera almagla ¢ox sade harokat modelindon istifade etmoklo
realizo oluna bilar:

e Harmonik 2 tartiba godar dagiglik va daraca daxil olmagla Yerin gravitasiya sahasinin geyr-markazs

malik olmasi;

e Giinag vo Ay gravitasiya cozb etmalari.
Bu halda NIQU-in haroketinin diferensial tonliklor sisteminin inteqrallanmast {igiin sabit inteqrallama addimina
malik Runge-Kutta(2/6 qaydasi) standart metodu taqdim oluna bilar.
NIQU - in horoketinin “bort ” modeli iigiin inteqrallamanin baslangic sortlori kimi “ hoqigi ” NIQU-in
kobudlagmis “efemeridlorindon istifado etmok vacibdir. Belo ki, onlar uygun yarim saata yaxm zaman
miiddatindo imitasiya modeli asasinda alinirlar. “ Kobudlasma ” o miilahizonin osasinda realizo olunur ki,
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kovariasiya matris ilo asagidaki xassolorlo xarakterizo olunan efemerid sohvlori normal paylanma qanununa tabe
olur:
NiQU-in KOS efemerid sohvi, orbit normallar1 vo orbit boyunca vo orbitin radiusu iizro asagidaki giymaotlorlo
miioyyan olunurlar:
o,=0;=0,=10m ; arzcrl-:o'n:0,0S% (D)
Bortunda ¢oxkanalli naviqasiya qoabuledici quruplagdiriimig UA —nin harakatinin riyazi modeli, hamg¢inin iki tip
modeli do istifads edir:

1.  UA-nm istigamat, vaziyyat va surati daxil olmagla UA-nin haqiqi trayektoriyasinin

formalagdirilmasinda istifads olunur “ haqiqi ” harokst modeli;

2. Bort integrasiya navigasiya vo miisahido sistemlorindon RPT-das istifads edon “ bort ” modeli;
“Haqiqi” harakst modeli 6ziinde UA-nin cografi koordinat sistemi ilo slagali foza harakstinin maksimal tam
diferensial tonliklor sisteminin ehtiva edir.
Bort integrasiya sisteminin riyazi proqram tominatinin formalagdirilmasinda istifado olunan QLONASS/GPS
texnologiyast UA-nin tokco voziyyat vo siiratin toyin edilmosinds deyil, hom ds istigametin toyin edilmasinda
koordinat sisteminin torkibi vo onlar arasindaki biitiin miimkiin slagolorin tosviri xiisusi yer tutur.
Analizlorlor naticesindo aydin olmusdur ki, bortun reallagdirilmasi ii¢iin on minimal y1§im asagidaki koordinat
sistemlorini 6zlinds comlosdirmalidir (Sak.2):

Ziy \ Zycr Bt
ZoeN) 4™

apsid xatti

Sokil 2.

e 2000,0 inersial koordinat sistemi (IF-2000). IF 2000- nin hesablama baslangic1 Yerin agirliq morkazindo
yerlosir.

Osas mistovi -0"00™00°orta ekvatoru( J 2000,0 zamani)gostarir.
Xir OXu yaz gece-gunduz boraboarliyi ndgtesinin ortasina yonolmisdir. Zir oxu 1900 — 1905 — ci illarin
basglangicinda Beynolxalq razilasmaya osason Yerin firlanma oxuna istigamotlonmisdir. Yie oxu koordinat
sistemini saga qodor tamamalayr.

e yer alagpalikoordinat sistemi (UGF).
UGF-in hesablama baglangic1 Yerin kiitla markazinda yerlasir. Zycr oxu uygun 1900-1905-ci illor Beynalxalq
sorti baglangicina gore Yerin firlanma oxuna istiqgamatlonmisdir. Xucr oxu uygun Beynolxalq sorti baslangica
gora Qrinvig merdianindan kegir. Yyugroxu koordinat sisteminin saga qader tamamlayir.

e  Orbital koordinat sistemi(OF).
OF-in hesablama baglangici UA —nin kiitlo markozindo yerlogir. Xor 0Xu UA-nin R oxu adlanan radius vektoruna
istigamotlonmisdir. Zor 0Xu UA-nin horokotinin migdar momenti vektoru istigamotindo yonalmisdir. Bu ox N
oxu adlanir. Yoroxu koordinat sistemini saga qodar (L oxu adlanan ) tamamlayir.

o Olagali koordinat sistemi (BF).
BF-in hesablama baglangict UA-nin kiitlo morkazinds yerlogir. BF oxlar1 (Xo, Yo,Z0) UA-nin simetriya oxlarini
toskil edir.
Antenalarin koordinatlar1 alaqali koordinat sisteminda verilir. Goriinon NIQU —in toyin olunmasi v uzagliq
vektorunun hesablanmasi vo téromo uzaqliglar {igiin inersial koordinat sistemindo hor bir antenanin siirst
vektorunun koordinat vo komponentlorinin yenidon hesablanmasi tolob olunur. Bunun iigiin istifado olunan
koordinat sistemlori arasinda kegidlori tasvir edon miinasibatlori gdstorok.
Oxlarin har birinin hor hans1 “ a ” bucagi atrafinda firlanmasinin matris-operatorlari daxil edok:
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1 0 0
R,(a)=0 cos(a) sin(a)
0 —sin(a) cos(a)

cos(a) 0 —sin (a)
R,(d= 0 1 0
sin(a) 0 cos(a)

cos(a) sin(a) O
R,(@)= —sin(a) cos(a) O
0 0 1
Onda inersial koordinat sistemindan AY%SF Qrinvig koordinat sistemina kecid matrisi asagidaki sokilda yazmag
olar:
AYSF = R,(GST) , )

Hardaki, GST-grinvi¢ ulduz vaxtidir.
Inersiyal koordinat sistemindon A% orbital koordinat sisteminoe kegid matrisi asagidaki sokildo yazilir:

A9 = Ry(u) X R, (D) X R, (@) | 3)
Hardaki, i,u- uygun olaraq UA —nin yaranan diiyiinlorin miiddatini, meyillik vo enlik arqumentini gostorir.

Inersiyal koordinat sistemindon Ag,f orbital koordinat sistemins keg¢id matrisi agsagidaki sokilds yazilir:
A5t =R, (/)R ()R, (V)R ()R (12), ()
hardaki, V,/, ¥ UA-nn istiqamotinin Eyler bucaqlaridir.

Onda inersial koordinat sisteminds antenanin koordinatlari asagldakl sskilds olar:

RIF ( FX F) Rant (5)

Hardaka, R -olagali koordinat sistemindo antenalarin koordinatlaridir, Vg-UA-nin kiitla moarkazinin sirot

ant
vektorudur.
Orbital koordinat sistemindenABFslaqali koordinat sistemino kegid matrisi asagldakl sokilda yazilir:
Hardaki, Ry olageli koordinat SIStemInde antenanin  koordinatlaridir, —UA kitlo moarkazinin
koordinatlaridir.
Inersiyal koordinat sisteminda antenanin siirat vektoru asagidaki kimi yazila biler.
T

Vihe = (ABE X A9F) R + Vi, ®)
Hardaki, Ry -olagali koordinat sisteminds antenalarin koordinatlaridir, Vg-UA-nin kiitlo merkozinin siirat
vektorudur.
Inersiyal koordinat sisteminda antenanin tam Vsziyyst Vektoru asagidaki kimi olar:
. ant (Rantvcg:lt)T ’ (7
Indi iso verilmis gayda ilo navigasiya mosalasinin hallinin istiqgamatin toyin olunmasinin reallagdiran 6lgmolorin
riyazi modellarinin tosvir olunmasina kegok. Bunu harokot modelinin formalagdirilmasina analoji olaraq aparmaq
olar. Burada da homginin iki tip modeldan istifado etmok olar: informasiyanin emali {igiin birbasa istifads olunan
“haqiqi ” 6lgmalor modelindsn va “ bort ” modelindan.
Imitasiya modellagdirilmasinds élgms kanalinin iki modelindon istifads olunur.
“Haqiqi” 6lgmalar modeli vo ya basqa sozlo, imitasiya modeli agagidaki miinasibatlorls realiza olunur.

Uzaqligin 6l¢tilmasi.

1/2
- ((Rtr - Rctmt) (Rtr - Rctmt))

+E5M + 57" + 1), ()

Hardaki,
P -UA-nin antenas1 vo NIQU arasindaki uzaqhigin “ Hoqiqi ” qiymatidir.
RY5-NIQU “ Hoqiqi ” radius vektorudur.
65’” inersial koordinat sisteminds antenalarin “ Haqiqi ” radius vektorlaridir.
6,‘;"" NIQU —in miivoqqeti skalas1 ilo qobuledici arasindaki sistematik sohvlori gostarir;
X, —siqnalin ionosfer tutumlari naticosinds yaranan sistematik sohvlori gostorir;
ne-gobuledicinin daxili kiiylari naticasinds yaranan tesadfi additiv sshvlori gostarir;
T6ramas uzaqliglar asagidaki kimi 6lgiliir.

5p" = ((V{ls — Véne) - pg") + 85° + s, ©)
Hardak, 6" UA-nin antenasi vo NIQU arasindaki toroma uzaqliglarin  haqiqi” giymatloridir;
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V5% NIQU —in siiratinin * haqiqi ” vektorudur;
Vat,rlt inersial koordinat sisteminds UA-nin antenalarinin “haqiqi ” vektorudur;
" UA-nin antenast vo NIQU arasindak1 “ haqiqi ” uzaqliq istigamatindo vahid vektordur;

65 S¥S toromo uzaqligin dlgiilmosinin sistematik sohvloridir;
Fazalar forqinin 6l¢iilmosi.
Asagidaki sokildo NIQU-in signalinin tezlik dastyicilarinin fazalar forqinin lgiilmasinin prinsipial sxemi tosvir
olunmusdur. Belo ki, NIQU UA-nin peyk navigasiya aparatlarmin hor iki antenasmin gériinmo zonasinda
yerlosir. Burada m-k-a NIQU —in siqnalinin faza forqinin tezlik dastyici dalgasmin uzunlugunun tam ododidir,
bels ki, birinci v ikinci antenalarin 9-cii bazasi qabul edilmisdir. (9 — geyri-mloyyan tam odadli parametirdir);
A@-NIQU signalinin 6l¢iilmiis faza forqidir;
19.obyektdon NIQU -» vizir xattinin vahid vektorudur.
Bu &lgmolor goriinan NIQU-lorin vizirlosdirilmo istiqgamotindo santimetr dogiqliklo antenalar bazasinin
proyeksiyalarinin qiymaotlorini toyin edir, bels ki, son notico fazada obyektin istiqgamatinin toyin olunmasi tomin
edilir.
Qabuledici proyeksiyalarin bilavasito tam olmayan qiymotlorini 6lgiir. Proyeksiyalarin tam qiymatlori isa
alqoritmik yolla miioyyen edilir.
Antenalar sisteminin asas bazalarinin fazalar forqinin 6l¢tilmils qiymati kimi agagidaki ekvivalent xotti komiyyati
goturmok olar:

= (B{", pi™) + 8y + 1y, Al = (B3, p5™%) + 8y + 1y (10)
Hardaki, ALL", AL — birinci vo 1k1n01 bazalarin fazalar forqinin “ Hoqiqi ” qiymaotloridir;
B!, BL" inersial koordinat sisteminds hesablanmuis birinci vo ikinci bazalarin “ Hagiqi > vektorudur;
PIT0 pte0 1 v 3 antenalar vo NIQU arasindaki “Hoqiqi ” uzaqliq istiqamatinds vahid vektorlardir;
8, signalin tokrar oks olunmasi goxsayl effekti ilo olagali sistematik sohvlordir.
QLONASS/GPS gobuledicisi torafindon gobul edilon signallarin ¢ox siialanmast ilo slagsli sistematik sohv §,,
korrelyasiya omsalina malik olur ki, NIQU-in yerli horizontu iizerinds yaranan bucaglar forgindon asilidir vo
6lgmolor ardicil olaraq asagidakina oSason aparilir:

Kspi = cos(@; — ¢i-1), (11)
Haradaki, @, 6lcmonin aparildigit NiQU-in yayilma bucagidir,
@;_1- ovvalki 6lcmoalarin aparildigt NIQU-in yayilma bucagidir,
1] - gobuledicinin daxili kiiylori naticesinds yaranan tesadiifi additiv sshvlardir.
¢

Informasiya emal {iciin istifads olunan bort modellari asagidaki miinasibatlorlo realizo olunurlar.
Uzaqlhigm 6lgiilmasi:

pref — ((Rref Rg%ft) (Rref RZ%’;))UZ, (12)
Haradaki
P"¢f UA-nin antenas1 vo NIQU arasindaki uzaqligin dayaq giymatidir;
R} -NiQU-in dayaq radius vektorudur;
R an’; inersial koordinat sistemlorinds antenalarin dayaq radius vektorudur.
T6rama uzaqliglarin 61(;U|mssi
ref (( ref _ ngt) pref)’ (13)
Haradaki1
85¢/-UA-nn antenalari vo NIQU arasindaki toromo uzaqliglarm dayaq qiymotloridir;
Tef -NIQU —in siiratinin dayaq vektorudur;
V;rnetf inersial koordinat sisteminds UA —nin antenalarinin siirotlorinin dayaq vektorlaridir;
Poref -UA-nin antenalar1 vo NIQU arasindaki dayaq uzaqliqlar istigamotinde vahid vektordur.

Blva B2 antenalar sisteminin osas bazalarinin fazalar farqini n 6l¢iilmis qiymotlori kimi asagidak: ekvivalent
xatti komiyyatlors baxmag olar:
ref (Bref refo), (14)
lref (Bref' refo), (15)
Hardaki, ALE", Al birinci va ikinci bazalarm dayaq fazalar forqgidir;
Bref Bref birinci va ikinci bazalarin dayaq vektorlaridir;
P" 0, Pte % - 1 vo 3 antenalar vo NIQU arasindaki dayaq uzaqliglar istiqamatindo vahid vektorlardir.
Daxil olunan informasiyanin emal1 {igiin istifade olunan gebuledicinin tipinden asili olaraq iki ndv alqoritmdan
istifads oluna bilar:
1. Kalman filtrinin modifikasiyasina osaslanan Bayesovun rekurrent algoritmi.
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2. Tam 6lcmolor seciminds isloyan anonoavi on Kicik kvadratlar metodu.
Birinci halda Kalman filtrinin “skalyar” modifikasiyasi adlanan modifikasiyasindan istifado etmok magsada
uygundur, belo Ki, asas xususiyyati 8lgmo vektorunun komponentlori névbs ilo emal olunurlar vo matrislorin
cevrilmasi amaliyyatindan istifads olunmasindan gagmaga imkan verir.

PJ- kovariasiya prognoz matrisi

P =@, P_1®f; 1 + Kuw, (16)
Hardak1 @; ;_; seansinda sistemin naviqasiya toyin olunmalarinin fundamental matrisidir.
UA-nin vaziyyatinin prognoz vektoru X;” —t; zaman middstinds UA-nin kiitlo morkazinin harakatinin
diferensial tonliklorinin inteqrallanmasidur.
I=1,..., N d6vrii, haradaki N-goriinan NIQU-lorin sayidir.
i-ci NIQU - 5 godor P/ dayaq uzaqligin hesablanmast,
H¥/ uzaqligin miisahido matrisi asagidaki kimidir:
Hpe" = (=p71011]0), a7
Hardakai,
Pi_o—i-ci NiQU-o godor uzaqlq istiqgamatinda vahid vektordur.
AX vaziyyat vektorunun dayismesinin hesablanmasi:

Ax = — i 18
 (mper TR HLE )+ (18)
Pi aposterior kovariasiya matrisinin hesablanmasi:
p P}HEEf(P;HEEf)T 19
LT (upe TRz )+ (19)
X; vaziyyot vektorunun hesablanmasi:
S;ff istigamatindo téroms uzaqliglarin hesablanmasi, H el strotlori lictin miisahide matrislori:
ref _ Vi-Vv ~0 ., =0T _ _ 0
Hpel = (((Ri_m) (52 x oY — B)|-p |0|1), (21)

Hardak1, Rj, V; inersial koordinat sistemindo i-ci NIQU voziyyat vo siiratidir. R,V- inersial koordinat sistemindo

UA-nin voziyyat va siiratidir.

Sonra ovvalkilorlo analoji olaraq AX vaziyyst vektorunun doyismosi, P matrisi vo yuxarida verilmis formula

asasan yeni X; voziyyat vektoru hesablanir.

Ikinci ndv algoritm- tam secimli on ki¢ik kvadratlara metodu trayektoriyanin 6lgiilmolarinin emalinin ononavi

metodu hesab olunur, hardaki 6lgmolor massivi kimi har bir goriinon NIQU -o qodor istigamatds uzaqgliglar va

téromo uzaqliglar kiilliyyati1 gétiiriiliir. Hor bir 6l¢mos tigiin miisahido matrislori yuxarida verilmis formullarla

hesablanir.

GLONASS/GPS sisteminin ¢coxkanalli gobuledicisin kémayi ilo UA-nin istiqgamatinin toyin olunmasi ti¢iin hom

do tam se¢imli on kig¢ik kvadratlar metodu da toqdim oluna bilor. Burada verilmis alqoritmin asagidaki

xiisusiyyatlori geyd etmoak zoruridir:

— Olgmo massivi kimi hor bir gériinon NIQU-o godor iki osas antenalar bazasmin fazalar farginin giymotlor
¢oxlugu istifads olunur;

— Hor bir 6lgmo tiglin miisahido matrislori parametrlari 6lgon va giymstlondiran minasibstlorin adadi olaraq

murakkob olmasi ils tayin olunurlar.
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XULASO

Mogqalods miilki aviasiyada informasiya texnologiyalarinin totbiqi, uguslarin toliikkesizliyi mosololori
aragdirilmis, ugus informasiyasinin statistik islonilmosi alqoritmlari, ugus informasiyasinin emal naticalarinin
verilonlor bazasi vo verilonlorin statistik emal1 ii¢lin program tominati yaradilmigdir.

Acar sozlar: kutlovi xidmat nozariyyasi, informasiya sistemlori, sorgu- geydiyyat-sorgu sistemlori, sorgularin
emall, riyazi modellogdirma

Miiasir dovrds uguslarin tohliikasizliyinin tomin edilmasi problemi miistosna aktualliga malikdir. Tohliikssizliyin
tomin olunmasinda bort registratorlarinda qeyd olunmus ugus informasiyasinin (Ul) emah bu baximdan énomli
rol oynayir. Onun na deracads keyfiyystli olmasi, emal metod vo alqoritmlorinin miikommaollik deracasi
tohliikesizliya ciddi suratdo tosir gostorir. Emal prosesindos olan sohvlor iki kateqoriyaya ayrilir ki, bu sohvlor do
uygun olaraq birinci név vo ikinci név sohvlor kimi xarakterizo olunur. Birinci név sohvlor toyyarads hansisa
nasazligin olmasina dolalat edir, halbuki realligda bu bels deyil vo emalin 6zii sohv natica verib. Bir do els hallar
olur ki, Ul emal olundugdan sonra aviasiya texnikasinin tam ugusa yararli voziyyatds olmasi qonastino golinir.
Amma haqiqotds aviasiya texnikasinda nasazliq var. Bu tip sohvlor ikinci név sohvlordir. Birinci név sohvlor
zorurat olmadan olavo xorclora gotirib ¢ixaran texniki tomir vo xidmat islorinin aparilmasi ilo olaqodardirsa,
ikinci nov sshvlor daha ciddi hallara gatirib ¢ixarir. Belo ki, toyyarado hor hansi nasazligin olmasina baxmayaraq
gorar gobul edilir ki, toyyara ugusa tam yararhdir, ugusu yerina yetiro bilor. Bu gararla uguslarin tohliikasizliyi
sual altma qoyulur. Ona goro do Ul-nin 6ziindo olan sohvlorin maksimum doracads aradan galdirilmast vo
informasiya itkisinin minimum olmast {igiin Ul emalinin yaxs1 toskili, yeni metod vo alqoritmlarin totbiqi, yeni
program mahsullarinin yaradilmasi hoyata kegirilmolidir.
Miiasir texnologiyanin nailiyyatlori Ui-nin yenidon emali omaliyyatlarmin xeyli hissosini hava gomilorinin (HG)
bortunda yerino yetirmays imkan verir. Bu ilk ndvbads diagnostik slamatlorin vo qiymatlorin 6lgiilmasi va
hesablanmasi iizra yerino yetirilon amoliyyatlardir. Evristik elementlordon ibarat vo ekspertin istirakini tolab
edon, hamginin informasiyanin toplanmasi va analizi ils bagli smoliyyatlar adoton yeriistii diagnostik kompleks
sistemlords yerino yetirilir. Bu ciir boliinmo nazaratin naticolorinin yiikSok deracedo métoborliyini vo onun
avtomatlagdirilmig vasitolordon istifadasinin iqtisadi semaraliliyini tomin edir. Miiasir HG-do informasiyanin
rogom geydiyyat qurgular: kimi optik diskli, sort cisimli informasiya toplayicilara malik qeydiyyat qurgulardan
istifado olunur. Bu informasiya toplayicilart adaton 2 tip olurlar:

1. Yuksak temperatur vo yilksok yiklonmslardon miihafize olunmus informasiya toplayicilari: goza bort

geydiyyat qurgulari (xiisusi goruyucu konteynerds yerlosdirilir);

2. Asanlgqla sokiila bilon informasiya toplayicilari: uguslararasi nazarat bort geydiyyat qurgulari.
Birinci ndv toplayicilar asason aviasiya hadisalorinin tadqiqatlari tig¢lin nozards tutulmusdur.
Asanligla sokiils bilon toplayicilar torafindon qeyds alinan informasiya ekipajin horakatlorine nozarat vo stat iizro
olan uguslarda HG-nin sistemloarinin faaliyyat keyfiyyotino nozarat iiglin uguslar arasi rejimds istifado olunur.
Bort qeydiyyat qurgular1 ugan aparatlarin ugus parametrlorinin qeydiyyatin1 hayata kegirir. Onlarin komoyils
ucan aparatlarin todqiqi, tokmillosdirilmosi vo ¢atigmazliglarinin aradan qaldirilmast {igiin eksperimental
informasiya alinir.
Ugus informasiyasin1 emal etmok iiciin bir sira proqram tominatlart yaradilmigdir. Yaradilmig proqram
komplekslori zlorinin emal keyfiyyatlori vo funksional imkanlari ilo forglonirlor. Miiasir Ul emali programlari
ilk novbado istismargt ti¢lin ucuslarin tohliikasizlik soviyyasi barado etibarli vo aydin informasiyanin sldo
olunmasi hava gomisi parkinin effektiv istifadssini, ugus heystinin hazirliq saviyyesini va asaslanmis kadr,
texniki, marketing, maliyys gorarlarinin qabul edilmasi imkanini tomin etmalidir.
Yeriistii Ul emali program komplekslorindo hava gomisinin texniki voziyyeti, ugus heyatinin horokatlorindoki
nogsanlar qiymatlondirilir. Program kompleksi avtomatlagdirilmig emal va ekspress-analiz kimi imkanlar verir.
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Avtomatlagdirilmis emal rejiminds bort registratorunda qeyd olunmus parametrlor vasitosilo ucusu otrafli tohlil
etmok miimkiindiir. Lakin kifayst qodor ¢ox vaxt lazim olur. Ekspress-analiz rejiminds iso, cox qisa bir vaxtda
toyyarasiirmo texnikasi qaydalarindaki pozuntular, ucus heystinin horoketlorindoki ndgsanlar askarlanir vo
aragdirilir. Beloliklo, emal prosesinin noticolorindon istifado edorok yerino yetirilmis ucus qiymotlondirilir vo
lazimi todbirlor goriiliir.

Qorb dovlotlerinde vo MDB mokaninda Ul-n1 emal edon c¢oxlu sayda program komplekslori movcuddur. Bu
program komplekslorinden biri do Azorbaycanda yaradilmuis Gartal Pro sistemidir. Bu sistem Ul-nin
avtomatlagdirilmig emalini, ekspres-analizini hayata kegirmoys, tarirovka codvollorini redakto etmaya, ugusun
xarita lizarinds trayektoriyasinin qurulmasina imkan verir.

Har bir ugus icra olunduqdan sonra ndvbat ugus haqqinda gerarlarin qobul edilmasi ii¢iin obyektiv nozarat hoyat
kegirilir. Yalniz icra olunmus cari ugus molumatlari asasinda hava gomisi vo onun ugus heyatinin foaliyyot
keyfiyyati qiymatlondirilir. Lakin biz burada cari deyil, homin hava gomisinin, ugus heyatinin icra etdiyi biitiin
ucuslar1 nozors almaqla emal prosesini yerino yetirsok, daha doqiq vo keyfiyyatli naticolor almis olarig. Bunun
iiclin cari ugusdaki ndqsanlarla birlikds biitiin uygun ucus naticolorinin statistik emali lazimdir.

Butun bu deyilanlari nazars alaraq, ugus informasiyasinin statistik emalin1 hayata kegirmoak ti¢iin ugus
informasiyasinin emal naticalorinin saxlanilmasi tigiin verilonlar bazasi yaradilmalidir.

1. Ucus informasiyasinin emal naticalorinin saxlanilmasi va statistik emali.

1.1. Aviasiya sisteminds informasiya texnologiyalarinin tatbiqi

Aviasiya noqliyyat sisteminin onun biitiin elementinin vo olagolorinin tokmillogdirilmosinin baglica istiqgamoti
istehsalat vo texnoloji proseslorin avtomatlasdirilmasi vo nozarst olunmasindan ibarstdir. Bu mosalo Azorbaycan
Respublikasinin igtisadi vo sosial inkisaf proqraminda da 6z oksini tapmisdir. Bu programda xalq tosorriifatinin
gabaqcil sahosindon olan aviasiya nogliyyat sisteminin tokmillogmasi tiglin elm totbiqi miqyaslarinin yiiksok
temperaturla artirmaq vo miixtolif sahalorin foaliyyatinin avtomatlagdirilmig sistemlori genis totbiq etmok zaruri
hesab olunmusdur.

Miilki aviasiya sahasinds elmi-texniki toraqqinin siirstlonmosi, yeni aviasiya texnologiyasinin yaradilmasi, onun
istismarinin miitoroqqi metodu vo texnologiyanin islonib hazirlanmasi, miitoxassislorin bu texnikadan effektiv
istifado etmok 1ii¢lin hazirlanmasi ilo xarakterizo olunur vo burada EHM-in va mikroelektronikanin
nailiyyatlarinin totbiqins asaslanir [3].

Hesablama texnikas1 verilonlorinin avtomatlasdirilmis emali {iglin bort vo yeriistii aviasiya avadanliginin
torkibindo genis istifado olunur. Aviasiyada istifado olunan avtomatlagdirilmig emal sistemlori informasiyanin
toplanmasini, onun emalmin naticolorinin idaroetmo obyektlorino idarsedici tosirlor soklindo bilavasito
verilmasini, miioyyan gorarlarin gobulu vo digor mogsadlorlo informasiyanin operatora togdim olunmasini tomin
edir. Bu ciir sistemlor miiasir avtomatlagdirilmig texnoloji kompleks — “Hava gomisi-heyat” avtomatlagdirilmis
texnoloji kompleksi (ATK), Hava horokstinin avtomatlagdirilmis idars olunmasi xidmotinin vo uguslara
avtomatlasdirilmig nozarat sistemlorinin zoruri elementlorini togkil edir. Bu sistemlordon aviabletlorinin
bronlasdirilmasi vo satiginda, Miilki aviasiyanin istehsalat qabiliyyatinin idars olunmasinda v9 s. istifads olunur.
“Hava gomisi-heyot” avtomatlagdirilmis texnoloji kompleksi miirokkob ¢ox konturlu sistemdir ki, burada heyot
kollektiv operator miihondis yerino yetirir. Avtomatlagdirilmis texnoloji kompleksin faaliyyot keyfiyyoti onun
elementlorinin vo olagolorinin voziyystindon homginin is soraitindon asilidir. Avtomatlagdirtlmis texnoloji
kompleksin faaliyyst keyfiyystinin pislogsmasi uguslarin tohliikesizliyini asagi salir, Hava gomisindon (HG)
istifadonin iqtisadi vo digor effektivlik gdstoricilorini pislosdirir. Avtomatlagdirilmig texnoloji kompleksin
foaliyystinin keyfiyystini biitdvliikde qiymotlondirmasi iigiin hor bir konkret ugusda onu xarakterizoedsn
parametrlorin gqiymatlori barads informasiyani analiz etmok lazimdir. Bu ugus informasiyasi (Ul) adlanir. Ugus
informasiyas: bort registrasiya sistemlori torafindon toplanir vo EHM osasinda yaradilmis avtomatlagdirilmig
emal: sistemindan istifads etmoklo, adoton ugusdan sonra emal olunur. Ul-nin avtomatlasdirilmis emal1 nozarat
obyektinin xiisusiyyatlorini oks etdiron onun qoyulmus vaziyystlorinin yerino yetirmok qabiliyyatini xarakterizo
edon diaqnostika modeline (DM) uygun olaraq tortib olunmus alqoritm iizrs yerins yetirilir[2].

Diagnostika modeli avtomatlagdirilmis texnoloji kompleksin etibarliliginin, istismar texnologryaliliginin, xarici
va daxili olagalorinin strukturunu, faaliyyat sortlorini nazars alan xtsusi modellardir. Registrasiya sistemlarindon
alds olunan informasiya nazoarat olunan parametrlarin instrumental vasitalarin kémoyilo miigsahids olunan
giymatlorini xarakterizo edir. Buna gora do onlar miiayyan Xotalarla miisaiyat olunurlar. Bu Xatalarin
avtomatlagdirilmig nazarat noticslorins tasirini azaltmaq uciin 6l¢mo kanallarmin doracalonmasinin xususi
metodlarimi, enterpolyasiya vo Ul-nin statistik emali metodlarmin totbig edirlor.

1.2. Ucus informasiyasinin statistik islonilmasi alqoritmlori.

Ucus zamani noazorde olunan parametrlor onlarin hoaqiqi qiymetlorindon miisahide xatalar1 ilo forqlenirlor. Bu
Xotalar sistematik vo tosadiifi togkilediciloro malikdirlor. Sistematik togkiledicilor 6l¢ii kanallarinin deracalonmasi
zamanl nozord alina bilorlor. Tosadiifi xotalarin iso ugus nozarot noticolorino tosirini azaltmaq tiglin ugus
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informasiyasinin statistik islonilmoesinin xiisusi metodlarindan istifado edirlor. Bu metodlar asason, statistik
giymotlondirma v statistik hipotezlorin yoxlanilmasi metodlaridir. Bu metodlar1 EHM-do hoyata kecirmok tigiin
nazordos olunan parametrlorin vo onlarin nozarat xotalarmin paylanma qanunlarini bilmok zoruridir. Paylanma
qanunlarinin qiymot vo formalarmin doyigmosini ugus informasiyasinin iglonilmosi yolu ilo oldo edirlor.
Qiymaotlondirms metodlart vo hipotezlorin yoxlanilmasi metodlarinin holl edilon mosaloys uygun olaraq secirlor.
oksor hallarda bu metodlarin totbigqindo parametrlorin miisahidosi barosindo vo nazarot noticolori barosindo
kifayat gqodor ¢ox sayda vo tam molumatin yigilmasi zoruridir. Qerar qobul edilmosi iigiin zoruri olan
miisahidalorin sayin1 ardicil analiz vo alqoritmlorini totbiq etmokls azaltmaq olar. ATK-nin foaliyyst
keyfiyyatinin miisyyen istismar dovril arzinde proqnozlagdirmagq iigiin prognozlagdirma alqoritmlsrinden istifads
edirlor. Burada nazars almaq lazimdir ki, daha effektli o alqoritmdir ki, bunlar da qorar qabul edilmasi zoruri olan
zaman periodu orzinds nazarst obyektinin voziyyastinin doyismosini nozors alirlar. [4]

Buraxila bilon nozarotds obyektin voziyyatlorinin tosnifati mosolosi diagnostik slamotlorin miisahidslor fozasinda
hallor oblastina nisbaton giymatlondirme metodunun vaziyyetinin miioyyan edilmasi yolu ilo hall edilir. Emal
sistemlorindon istifado etdikdo bu mosslonin hallini avtomatlagdirilmasi {igiin qiymetlondirms vektoru oavozino
miigahido vektoru totbiq olunur, qiymotlondirmeni iso ekspert aparir. Bu ciir yaxmlasma sisteminin mohdud
hesablama imkanlar1 ilo slagadardir. Ucus informasiyasinin emalinin daha tokmillogdirilmis avtomatlagdirilmis
sistemlorinde qiymotlondirilmasi prosesinin avtomatlasdirilmasi daha magsede uygundur. Bunun ii¢lin iso
ehtimalli (Bayes) metodlarindan istifads etmok olar.

Clan A

A an

- >
< -

Sokil 1.Nozarotds obyektin voziyyatlorinin miioyyon edilmaosi.

Hollin giymatlondirilmasi masalasinin hollino Bayes yaxinlagmasi sistemin doyor itkilarinin Cj vo aprior
ehtimallarin (ehtimallarin sixlig1 ti¢iin) P; verilmoasine osaslanir [9]. Masalonin hallinin magsadi itkilorin
giymatini minimallagdiran giymatlondirmonin tapilmasindan ibarstdir. Buna goro do doyor funksiyasi elo
secilmolidir ki, istehlak¢1 kifayot godor gane olunmus olsun vo moasolo hall edilo bilon optimallagdiriima
masalasinag gatirilo bilsin. Ugusa nozarat masslslorinin genis sinfi tigiin dayarin bu ciir funksiyasi geyri hassasliq
zolag1 olan borabor funksiya gétiiriiliir. Itkilorin belo bir funksiyasinda mutlaq giymot vo £A/2 don boyik
sohvlora daimi doyar miiayyon edilir. £ A/2 don kigik olan sahvlore iso 0 doyer miioyyan edilir. Olgii
sisteminin qgeyri hossas zonasmi tosvir edon + A/2 komiyyati yuxaridan uguslarin tohliikasizliyi nogteyi-
nozarindan noazarst olunan parametrlorinin buraxila bilan giymatlori ilo mohdudlagir. ©gor dayar funksiyasi va
aprior ehtimal verilibss, risk tglin ifadsni nozarst olunan & vs 6lglilon &  kemiyyatlori Gzra itkilorin riyazi
g6zlomoasi kimi yazmaq olar:

+00 400

R = MJc,¢,€] = f f c(&,8) f(g,€) -dedé
—00 —00
Risk o zaman minimum olacaq ki, agar & —in giymati ilo se¢ilmali olsun ki, “[ ]” igarisindoki integral maxsimum
giymota malik olsun. Homin inteqral iss itkilorin doyarinin segilmis funksiyasi tigiin riskin ifadesindan almag
olar:

42

f fE/D) - de|de

+0o0

R=mMiced= [ (@ [ r¢/o-de-

—00

Bunun (gln integrallama sarhadlari f(g/g—) maksimum giymatindan har iki torafds yerlogdirilmalidir. Bu
asagidaki sokildo gostorilmisdir:
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Sakil 2. Nozarat olunan parametrlorinin buraxila bilon giymatlori.

2. Program tominatinin tasviri, i prinsipi vo ondan istifads qaydalari.

2.1. Program tominatinin strukturu

Ugus informasiyasinin emal noticolorinin verilonlor bazasinin yaradilmasi vo statistik emalinin proqram
tominati Windows omoliyyat sistemi miihitindo igloyon Microsoft Visual Studio 2010 mihitindo C#
programlagdirma dilinds yazilmigdir. Proqram tominatinin hazirlanmasinda Microsoft Visual Studio 2010
sisteminin torkibina daxil olan standart VCL (Visual Component Library) komponentlorden va proqramin isini
tomin etmoak iigiin yazilmig proseduralardan istifade olunmusdur [10]. Bu proseduralar proqramda ekspres-analiz
naticalorinin verilonlor bazasina daxil edilmasi, silinmosi, miiayyan alqoritmlorin yerino yetirilmasi, statistik
emalin yerino yetirilmoasi {iglin istifade olunmusdur. Bu proseduralarin motni slavads gdstorilmis proqram
motninin daxilindo verilmigdir. Emal naticolorinin saxlanilmasi tiglin *.mdb genislonmali verilonlor bazasindan
istifado edilmisdir. Proqramda asagidaki VCL komponentlordon istifade olunmusdur:

dateTimePicker — program tominatinda tarix vo vaxtin daxil edilmasi U¢un;

maskedTextBox — sablonlasdirilmis matnlarin daxil edilmasinds;

button — komponenti muxtalif amrlari icra etmok ti¢iin dilymolorin yaradilmasinda;

comboBox — siyahidan uygun satrin segilmosi U¢in;

dataGridView — verilonlorin daxil edilmasi vo cadvals gixarilmasi ligiin;

label — daxiletmo sahalarino ad vermok Ucin;

textBox — parametrlorin vo moalumatlarin daxil edilmasi U¢in ;

radioButton — uygun axtaris meyarmin seg¢ilmasi Ugin;

panel vo groupBox — qrup parametr vo diymolorin ayrilmasi vo qrup axtarig meyarlarinin se¢ilmasi
ucin;

Asagida programin alqoritmi, interfeysi ve proqramdan istifads qaydalar1 verilmisdir.

©CoNoGOA~LDNE

2.2. Programin alqoritmi

Ha YOX
Form1
Bave YOX YOX YOX
at; Guxig;
HS HO HS

uI uI Clos=0;
naticalari naticalari
§j, VB-na nin VB-
daxil of; den sil;

Statistik zmal()
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2.3. Programin interfeysi vo ondan istifado qaydasi
Program oasas poncarodon, molumatlarin daxil edilmasi pancarasindon vo statistik emal pancaralorindon
ibarotdir. Osas pancars asagidaki sokilds tosvir olunmusdur:

farinin V851 2 onun statistik isfemasi

S — ;

S —|
m[ 3 um-mW

O —

2 Ul emal naticak

Sokil 3. Programin asas formasi

Gorilindiiyii kimi, panel daxilinds asas formada iimumi moalumatlar, yani bort némrs, bort qeydedici qurgunun
noémrasi, pilotun adi, ugus marsrutu, ugus tarixi vo vaxti, ugusun davam etmo miiddoti kimi parametrlor
yerlosdirilmigdir. Bundan olavo osas formada 4 odod «Olava Et», «Sil», «Statistik emaly», «Cixis» ditymolori;
cari tarixdo verilonlor bazasina daxil edilmis verilonlorin gostorilmoesi t¢iin dataGridView komponenti
yerlogdirilmisdir.

«Olava Et» ditymosi tizorindo mausun sol dilymesini sixildigda, program ilkin verilonlorin tam doldurulmasini
yoxlayir. Natico miisbat oldugda verilonlorin daxil edilmasi poncorasini agir. Yoni asagidaki sokildoki kimi
pancars agilir:

FE L emal naticaarinin ¥8-51 va onun statistik isfanmasi

BotNo (21 PPOSMO 25 | Taiie [24 may 019 ¥ -
BB No (3811 '] Yad 021I1£l]
Plot |Hacye 2 Ugug miidcai (010500

Magnt [NasosripNasosny l 3 Ui emal naticalarinin dail edﬂmasl

Botrows | BOGniwe | Fiot  Magut | Tem | Yer|

Boatlo [TPFOSROZP Tk [ oy 218 7]
800t [ vait [0

Pt IHam;e’f Ugugmisdgat |15
Mgt [l

Sakil 4. Verilonlorin bazaya daxil edilmasi
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Verilonlorin daxil edilmosi pancerosindo “Hadiso” sahasindo uygun hadiso sotrini seg¢ib qarsisinda onun bas
verdiyi vaxti “Vaxt” sahasino qeyd edirik. Hor hansi saha tam dolmazsa, uygun xabordarliq ekrana ¢ixarilir. ©gor
har hansi sotri silmok istoyirikso “Sil” diiymosindon istifado olunur. Hadisslori daxil etdikdon sonra “Olaveo et”
diiymosini sixmagqla daxil edilmis molumatlar verilonlor bazasina yazilir vo idarsetms asas pancarorys Otiiriiliir.
Osas poncorado «Sil» dilymesi basildiqda, datagridView cadveolindo secilmis cari tarixdoki molumat verilonlor
bazasindan va cadvaldan silinir.

«Statistik emal» diiymasi sixildiqda, verilonlorin statistik emalin1 aparmaq iigiin statistik emal pancari agilir:
Programin “Statistik emal” pancorasindo axtarig meyarini se¢orok statistik noticolori codvals ¢ixarmaq olar. ©gor
“Pilot” segilmigso, statistik naticolor pilota vo tarixo asason ¢ixarilacaq. “Bort iizro” se¢ilmisso, 0 zaman naticolor
tarix vo bort ndmroys goro toyin olunacaq. “Hadisolor iizro” segilmisso, bu zaman statistik emal tarixi nozors
almaqla uygun hadisoyo goro aparilacaq. Ogor “Marsrut {izra” secilorss, onda naticolor verilmis marsrut {izro
daxil edilmis tarixdon indiki vaxta kimi olan miiddoti ohato edocok.

«Cix1g» diiymosi sixildiqda iso, proqram verilonlor bazasi ilo slagenui baglayir vo isini basa catdirir.

«Geri» ditlymesi sixildiqda osas formaya qayidis tomin edilir.

Program tominatindan istifads edorok ugus informasiyasinin ekspres-analzi noticolorini verilonlor bazasina daxil
etmok vo redakto etmoklo yanasi, bazada olan molumatlar osasinda ucgus heyotinin foaliyyatini, hava gomisinin
texniki voziyyetini, ugusdaki négsan vo catismazliglarin analizini aparmaq miimkiindiir. Bu da ugusun yerino
yetirilmo keyfiyyotini, hava gomisinin texniki voziyystini vo onlarin todricon doyismo xarakterlorini
qiymatlondirmays imkan verir.

Program tominatinda xiisusi verilonlor bazas1 fayli yaradilmigdir ki, bu da Microsoft ACCESS proqrami ils do
acila bilir. Program tominati daxil edilmis molumatlar1 bu fayl ilo olaqo yaradaraq ora yazir vo sonra oradan
oxuyaraq lzorindo omoliyyatlar aparir. Sistemdo modulluluq prinsipi gézlonilmisdir ki, bu da bizo golocok
programi daha rahat sokilds tokmillosdirmays imkan verir.
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GIS 9SASINDA XACMAZ RAYONUNUN TORPAQ VO MES® ORTUYUNUN
YAMACLARIN MEYLLIYINDON ASILI OLARAQ EKOLOJI
QiYMOTLONDIRILMOSI

Bodslova A.N., Valehov N.S.

Milli Aviasiya Akademiyasi.
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ABSTRACT

The article discusses the study of soil and vegetation cover of Khachmaz region through space images and
geographic information systems, environmental assessment and mapping of soils. Based on the data obtained, it
was determined that the soil and vegetation of Khachmaz region underwent various degradation processes as a
result of natural and anthropogenic factors.

Keywords: Earth cover, erosion, space pictures, evaluation, mapping

XULASO

Mogalods Xagmaz rayonunun torpag Vo bitki oOrtilyliniin kosmik soakillor va cografi informasiya sistemlori
vasitasilo 8yranilmasi, torpaglarin ekoloji qiymatlondirilmoasi va Xaritalosdirilmoasindan bahs edilir. ©lds olunan
molumatlar asasinda Xagmaz rayonunun torpaq vo bitki 6rtiyiiniin son zamanlar tabii vo antropogen amillorin
tosiri naticasinda muxtalif doracods deqradasiya proseslarino moruz qalmasi miioyyanlosdirilmisdir.

Acar sozlar: Torpaq ortiiyii, eroziya, kosmik sakillar, giymotlandirma, Xaritologdirma

Xacmaz rayonu Boyiik Qafqazin simal-gorqindo Samur-Sabran ovaliginda yerlosir. Rayon orazisi simal, sorq,
conub-gorqdon Xozor donizi, conubdan Sabran, conub-qorbdon Quba, qorbdon Qusar rayonlari, simal-qorbdon
Dagistan respublikasi ilo homsorhoddir. Xagmaz rayonu orazisinin relyefi ¢ay vo qobularla par¢alanmis, asason
mail diizenliklorden ibaratdir. ©Orazinin sahil zolagi okean saviyyesinden algaqda yerlogir. Rayon orazisinin
20.800 hektar1 mesolorls Ortiilmiisdiir. Torpaqlari gomon-meso, sabalidi vo aciq sabalididir. Coman va kolluglar
genis yayimigdir. Ststistik molumatlara osason rayonun 42232 hektar torpaq sahosi sorlagsmamis, bunlardan,
4130 hektar1 zoif, 3190 hektar1 orta, 600 hektar1 iso siddatli sorlagmaya moruz qalmigdir. Xagmaz rayonunun
108,5 min hektar sahasi va yaxud 73,8 %-i eroziyaya ugramamisgdir, 26.8 min hektar va ya 18.2 % zaif, 8.5 min
va ya 5.8 %-i orta, 3.3 min hektar1 vo ya 2.2 %-i siddatli deracads eroziyaya ugramisdir[4].

Boyiik Qafqazin simal-sarq yamacinin dag geosistemlori bir sira todiqatcilar torafindon miixtslif istiqamotlords
dyronilse do, qeyd olunan problem hazirki zamanda aktualdir. ilkin olaraq todgiqat orazisini (Xagmaz rayonu)
oks etdiren topoqrafik xaritalorden vo GIS texnologiyalarindan istifade etmaklo relyefin modellori yaradilmisdir.
Oldo olunan molumatlar asasinda verilonlor bazasi yaradilmigdir. Verilonlor bazasinda toplanmis molumatlar
tematik xaritolorin yaradilmasi ti¢iin istifado olunmusdur. Peyk sokillorinin emal olunmasi vo tosnifati asasinda
tadqiq olunan arazi izra yoni malumat bazasi yaranmigdir [2].

Xagmaz rayonu orazinin todqiqatinda Landsat 5 vo Landsat 8 kosmik sokillorindon, Cografi informasiya
sistemlori (CIS) texnologiyasindan ArcGIS vo ArcView program paketlorindon, arxiv (1987-2011-ci illor iizro
peyk tasvirlari), internet materiallarindan istifads olunmusdur. Sokil 1. Tadqiqat arazisinin peyk tosvirlori (1987-
2011-ci illar {izro) toqdim olunur.
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d)
Sokil 1. Xagmaz rayonunun peyk tosvirlori (1987-2011-ci illor {izro)

a) multispektral Ladsat 5
b) panxromatik Landsat 5
b) multispektral Ladsat 8
d) panxromatik Landsat 8

Bildiyimiz kimi, arazinin arid va semiarid landsaftlar1 miixtolif aqrokomplekslora transformasiya olunmaqla
torpaqglart xeyli deracaeds dayisilmis, ortadagliq hisselorde meso Ortilyii qirilaraq okin ve otlaq sahslorina,
miixtalif maisot va istirahat obyektlorine ¢evrilmis, yiiksok dag otlaglarinin torpaq va bitki ortiiyii ise nizamsiz
otarmalar naticasinde xeyli doracade deqradasiyaya ugramisdir. Dagatoyi hissodo miixtalif istiqamotli tosorriifat
saholorinin intensiv inkisafina alverisli sorait olsa da, srazinin miitlaq hiindiirlilyliniin artmasi, relyefin koskin
parcalanmasi veo meyilliyin ¢ox olmasi kond tasarriifati mshsullarmin istehsalini gatinlogdirir. Boyilik Qafqazin
simal-sorqinde yamaclari meyilliyi 0-100-dsk olduqda asasen okingilik {igiin 10-150-da bigenak, 150-den artiq
olan saholordon iso osason otlaq kimi istifado olunur. Umumilikdo todqiq olunan orazinin kond tosorriifatina
yararli saholori doniz saviyyasindon 200-1200 m hiindiirliikds yayilmigdir. Bu ssbabdon srazinin bu hissasi
xtisuson okingilik istiqgamatindo daha ¢ox monimsonilmoys moruz qalir. Todqigat orazisindoe mdvcud torpaq
ehtiyatlarindan asasan okingiliyikdo, baggiliqda vo heyvandarliqda istifads olunur. [1]

Isdo asasan CIS texnologiyasinin program paketlorindon istifado etmoklo todqiqat obyektinin topoqrafik
xaritosi asasinda arazinin relyefinin raqamli modeli qurulmus, meyllik xaritasi yaradilmis, tadqiqat obyektini oks
etdiron kosmik sokillor vizual vo avtomatlasdirilmig desifrlonmo proseslori vasitasilo emal olunmus, alinan biitiin
noticalor  qruplasdirilaraq  orazidoki torpaq ve bitki Ortliyliniin  veziyyati qiymotlondirilmis ve
xaritologdirilmisdir[5].

Sakil 2. Orazinin relyefinin raqemli modeli va meyllik xaritasi verilib.
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Sorit igaralor
I o 2310204242
[ 2310200243 - 4125436147
T 4125436148 - 5.775610808.
| 5775610607 - 7 425785085
7,425785086 - 9240976969
9.24087697 - 1138620377
I 1138620378 - 14.0264829.
[ 14 02648291 - 1815191905
I 10.15191906 - 420794487

Sakil 2. Xagmaz rayonunun relyefinin rogomli modeli (SRTM) va meyllik xaritsai (Slope)

Eyni zamanda 1:100000 miqyasli 10 adad topoqrafik xarito CIS texnologiyasi osasinda georeferensiya olunmus,
yoni homin xaritalor arasinda cografi bagliliq yaradilmigdir vo onlarin har biri UTM proyeksiyasina vo WGS-84
diizbucaqli koordinat sistemino gotirilmis, bir ne¢o dayaq noqtolori asasinda 10 odod xorito birlogdirilmisdir.
Georeferensiya olunmus vo birlosdirilmis 10 odod xoritolordon Xagmaz rayonunu oks etdiron hissolor ayrilib
gotliriilmiis vo (sok.3) gostorilmisdir.

Saokil 3. Xagmaz rayonunun georeferensiya olunmus topoqrafik xaritasi

Orazinin relyefinin giiclii parcalanmasi naticasindo miixtalif eroziya proseslori ilo miisayat olunan ¢ay dorslorinin
formalagdirdig1 yeni aktiv zonalar hale do dyrenilmemis ve koordinat sistemina daxil edilmamisdir. Bu magsadla
yenidon orazinin todqiq edilmamis diger hissalorine monitoring kegirilorak relyefinden, ¢aylarin gatirdiyi asili
maddolardon, meyllik deracasindon vo yagintinin diisms intensivliyindon asililigi 6yranilorok verilonlor bazasina
daxil edilmigdir. Kond tesorriifatina yararli torpaqlarin miqdari bélgenin ayri-ayri rayonlarinda ¢ox miixtalifdir.
Bolgado Quba rayonu on ¢ox kond tesarriifatina yararli torpaq sahasi olan rayondur vo onun sahasi 145,7 min ha
olmagla bdlgenin imumi torpaq fondunun 55,8%-na barabardir. Bu istiinliikk torpaqlarin 62,2%-ni toskil edon
oriis vo otlaq sahalorinin hesabina bag verir. Oslinds iso rayonda okin vo dinca qoyulmus torpaqlarin sahosi
Qusar vo Xagmaz rayonlarina nisbaton azdir. Qusar vo Xagmaz rayonlarinda bu géstaricilor 23,0% ve 71,7%-dir
(34,5 vo 44,4 min ha). Bolgads torpaq istifadagiliyinin miqyas1 genis oldugundan onun bu giinki aqroekoloji
durumu da xeyli farqlidir. Bélgonin iimumi torpaq ehtiyatlarinin eroziya durumu (ha/%) cadval 1 gostarmak olar

[2].
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Cadval 1
Bolgenin iimumi torpaq ehtiyatlarinin eroziya voziyyeti (ha/%)
B Eroziya daracasi
Rayonlar FJmuTI Eroziyasiz | Comi O ciimladan
sahosi saha eroziyah - - -
sahs Zaif Orta Siddatli
Quba 261032 133097 127935 68005 24240 35690
37,5 51,0 49,0 53,1 18,9 28,0
Qusar 149953 57128 92825 48295 24330 20200
21,5 38,1 61,9 52,0 26,3 22,8
Sabran 108821 54301 54520 14475 18345 21700
15,6 49,9 50,1 26,4 33,6 39,8
Siyazan 70341 14728 55613 17218 13180 25215
10,1 21,0 79,0 31,0 23,7 45,3
Xacmaz 106355 67865 38490 26735 8480 3275
8.1 63,8 26,2 69,5 22,0 8,5
Comi 696502 327119 369383 174728 88575 106080
8,1 47,0 53,0 47,3 24,0 28,7

Boyiik Qafgazin simal-gorq yamacinda yerloson yay otlaglarmin yerlosdiyi orazilorin geomorfoloji soraitinin
miirokkabliyi, sort yamaclarin mévcudlugu amillori insanlarin antropogen foaliyyoti ilo birlikdo intensiv sothi
axinlar hom do yarganlarin omolo golmosino sobab olur. Eroziya prosesinin yiiksok dagliq zonasinin yay
otlaglarinda genis inkisaf etmosi, giiclii sothi axinin vo sellorin bag vermosino sobab olur. Sokil 4. Xa¢cmaz
rayonunun torpaq xoritosi verilib.

y torpagq xaritesi

Serti isaraler
Gl dag-geman

[0 Uzunmaddet suvanian qehveyi- gaman torpaciar
Urunmisdot suvanian mego-5oman torpaqian
Qehveyi geman-mege torpaglar:

00-boz torpaalan

Sokil 4. Xagmaz rayonunun torpaq xoritasi

Peyk maosafodon miisahidonin osas mogsadlordon biri miisahido edilon molumatlarin interpretasiyast vo
tosnifatina asaslanir. MM (masafodon miisahido) verilonlorinin tosnifati asason iki metodla aparilir:

Supervised vo Unsupervised tosnifatlari. Bu tosnifat osasinda yer sathinin xiisusi orazilorinin statusu, faaliyyati
vo xarakteristikast haqqmda osasli molumatlar oldo edilir. Unsupervised tosnifatinda piksellor oksolunma
xiisusiyyotino gore qruplasdirilir. Bu qruplasmalar klaster adlamir. Istifadoeci klasterlorin saymi vo hansi
diapazondan istifade edocayini miisyyanlogdirir. Bu informasiyanin kémayi ils, tasvirleri tasnif edon proqram
tominatinda klasterlor yaradilir. Klasterlori yaratmaq {igiin K-means vo ISODATA kimi miixtolif tosvirlari
klasterlosmo alqoritmlori var. Istifadogi torpaq ortilyiiniin tipinin hor klasterini 6zii miioyyon edir. Bozon bir
torpaq Ortiiyll tipinin bir nec¢o klasteri olur. Bu halda, istifadogi torpaq Ortilyiiniin tiplarine uygun olararaq
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Klasterlori birlogdirir. Tosvirlorin tosnifatt metodikast kimi unsupervised tosnifati genis istifado olunur.
Supervised tosnifatinda istifado¢i roqomli tosvirdo torpaq Ortiiyliniin hor sinfi {igiin niimunalori secir. Torpaq
Ortiliyli tiplorinin bu niimunasi "training sites" adlanir. Tosvirlari tosnif edon proqram tominati biitiin tosvirlardo
torpaq Ortiiyl tiplorinds "training sites" miioyyon etmak ii¢iin istifado olunur. Torpaq ortliyiliniin tosnifati spektral
xiisusiyyotlori osasinda aparilir. Tosvirlori tosnif edon proqram tominati hor sinfo bonzoyon orazilori tapir.
Umumilikds supervised tosnifatiin maximum likelihood ve minimum-distance classification alqorimlori istifado
edilir. Sokil 5-do Xa¢maz rayonunun 1987-2011-cil illar iizrs emal olunmus xaritolori gdstorilmisdir [3,7].

Xagmaz rayonu 1987-ci il Xagmaz rayoﬂu 2011-ciil
w L W £
4 & ‘ o /i 4
N P L

’/

Sorti igaralar
Denakanan qumiu safvaiar
Bkin sahatar

I Xozar conzi
Su-buzlaq duzaniikler Sortiigaralar
[ 2

Megaar i oagar Sl ern tama chrmdy ben oy Pl -
‘.

N Ouomn. 4o v tatap comaion Yogagy marquies
Ve o
Dizan, sani vo bataglq comaniar G iy e [ O o

Dizenikiar

Saokil 5. Xagmaz rayonunun 1987-2011-cil iller {izra emal olunmus xaritolori

Aparilan aragdirmalarin noticosi gostorir ki, Xagmaz rayonunda antropogen tosir naticesinde bitki ortliyli giiclii
deqradasiyaya ugradigindan yeni tokrar bitki novlori formalagmisdir. Meso saholorinin siirotlo qirilmasiin
miixtalif sabablori vardir ki, bunlardan agaclarin tikinti materiallar1 kimi istifade olunmasi, yanacaq qithigi,
malqaranin otarilmasi, istirahot komplekslorinin tikilmasi vo digarlorini misal gdstormak olar. ©razinin osasen
palid, fisdiq volos mesolori ilo zongin olmasini nozors alsaq, bu agaclardan ganunsuz yolla istifado olunur.
Tadqiqat rayonunda aparilan miisahidslors asason sdylomoak olar ki, qirilan vo ya quruyan agaclarin yerino yeni
agac okilmir. Digor osas ekoloji problemlordon biri do qis aylarinda yanacaga olan ehtiyacdan megolordoki
¢oxillik agaclarin qirilmasidir. Todqiq olunan orazinin bir ¢ox kondlorinds tobii qaz vo digor yanacaq novlorinin
olmamasi, vaziyyati bir gadar da ¢atinlagdirarak odundan istifads edilmoasino macburiyyst yaradir[5

NOTICO

Aparilan todgigatlar naticasinds molum olmusdur ki, dag-¢comen torpaqlarinin yayildigi orazide yamaclarin
meylliyi ¢cox (20 - 45) oldugundan, bels orazilords torpaq ortuyinin 60-70%-i muxtslif dorocads eroziyaya
moruz qalmigdir. Eyni zamanda molum olmusdur ki, antropogen amillarin tosirindon messlorin yuxari sarhadi
asag1 dismiis vo eroziya proseslorinin inkisaf etmosi (¢lin olverigli gorait yaranmigdir. Bundan basqga, mesanin
asag1 sorhadinin yuxari galxmasi miisahido edilmisdir ki, buna da on ¢ox yasayis montoagolorino yaxin olan
orazilords rast golinir. Bu da onu gostorir ki, insanlarin dizgiin olmayan tosarriifat foaliyyotlori Xa¢maz
rayonunun asagl meso qursaginda vo dagotoyi hissssindo torpaq vo bitki Ortlylnin mixtalif doracods
degradasiya prosesine moruz qalmasina sobob olmusdur. Miiayyan edilmisdir ki, son onilliklorde Boylk
Qafqazin simal-gorq yamacinim dag geosistemlori torpaqlarinin okingilikds intensiv monimsanilmasi noticasinda
1987-ci illo mugayisada 2011-ci ilds okin sahalori 18,4% artaraq 81,7 min ha olmusdur. Bu dovr arzinds okin
sahasinin artmast vo homginin aqgrotexniki gaydalara riayst edilmamasi torpaq ortiyinin munbitlik
gostaricilarinin asag1 diigmasine sabab olmusdur.
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“HADOOP KLASTER”-ININ QURULMASI
Agayev Kamran
Azorbaycan Dovlot Neft vo Sonaye Universiteti

Magalo muxtalif manbslardon toplanan mslumatlarin saxlanilmasi tigiin istifads edilon vo “Big Data” miihitinin
osasini togkil edon “Hadoop klaster”-inin qurulmasi haqqindadir. Mogalada Linux smaliyyat sistemi qurulmast,
sobokasinin toyin edilmssi, 2 node Hadoop klasterinin addim-addim qurulmasi, konfiqurasiya fayllarinin
tonzimlonmasi, Hadoop Fayl Sisteminin (HDFS) istifadosi vo HDFS-do molumatlarin idars edilmasi gostorilir.

GIiRiS

Boyiik molumat bazalarin idars edilmosi {iglin molumatlar morkozlogdirilmis vo rahatliqla genislono bilon bir
fayl sistemdo saxlanilmalidir. Hor ndv melumati 6ziindo saxlayan vo hec bir molumat itkisi olmadan genislono
bilon on uygun fayl sistemi Hadoop Fayl Sistemidir (HDFS). Xiisuson internetdoki molumatlarin saxlanilib
aragdirilmast vo axtarig sistemlorinin siirotlondirilmasi ii¢iin Apache sirkoti torofindon ortaya ¢ixan HDFS ¢ox
boyiik sirkotlords genis sokildo minlorls serverlordo qurasdirilib istifado edilir. Klaster soklindo yaradilmig HDFS
rahatliqla geniglona bilinir vo molumatlar ¢oxsayl repilikasiyalar vasitasilo qorunur. Serverlorin saymdan ash
olmayaraq biitiin fayllar vahid bir morkozlosdirilmis sistemdo saxlanilir kimi gérsonir vo istonilon serverdon
istonilon molumat rahatligla vo paralel sokildo oxunub emal edils bilir.

HDFS-in osas iistiinliiklori agagidakilardir (1):
- Molumat itkisinin avtomatik toyin edib barpa etma xisusiyyati
- Sado vo dayanigli models sahib olmasi
- Molumat emalinin malumatin birbasa yerlosdiyi serverdo edilmasi
- Petabaytlarla molumatin asanligla saxlanilib emal edilmasi
- Agqiq qaynaqli koda sahib olub istays uygun olaraq doyisdirilo bilmasi
- Heg bir lisenziya 6doniginin olmamasi

HDFS Arxitekturasi

HDFS oasason Namenode va Datanode-dan ibarat bir klasterdir. Namenode asason molumatlarin tinvanlarini,
Datanode iso fayllar1 6ziindo saxlayir. Namenode-da hansi molumatin hansi Datanode-da oldugu barads
molumatlar vardir. Axtaris zamani miiraciot ilk olarag Namenode-a yonalir, vo ordan Datanode-lara yonalib
moalumat oxunur (2). Namenode vo Datanode-larin bir-biri ilo alagesi klaster adlanir. Namenode davamli sokilda
digor Datanode-larla slags saxlayib onlarin aktivliyini yoxlayir. Hor hansi bir Datanode-un aktiv olmadigi
togdirds onu klasterdon ¢ixarib onda yerlagon bloklari digar Datanode-lardan gétirib klaster boyunca replikasiya
edir.

Hadoop klasterinin qurulmasi

Bu mogalods Linux Uzorindon VirtualBox istifado etmokls iki node-dan ibarst Hadoop klaster qurulmasi
gostorilir.

Bunun c¢in ilk énca Linux amaliyyat sistemini endirmok lazimdir. Man testlorimds Oracle Enterprise Linux
(OEL) istifado edirom. Bu installation Uglin istonilon Linux distribyutoru istifado edilo bilor. OEL endirmak
uciin http://edilivery.oracle.com sohifasindan istifado eds bilorsiniz. Mon testlorimdo OEL 7.6 istifads etmisom.
Linux omoliyyat sistemi endirildikdon sonra VirtualBox endirlib quruldugdan sonra yeni virtual machine
yaradilir.
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Create Virtual Machine

v g
) g
A Name and operating system
l‘ﬂ (5] Please choose a descriptive name and destination folder for the new virtual machine and select the type of
A operating system you intend to install on it. The name you choose will be used throughout VirtualBox to identify
this machine,

)

L" Name: |Hadoop_namenode ‘
Machine Folder: | C:\Virtual Machines D l

A Type: iLinux 2 “n

s
Version: | Orade (64-bit) i
&0
3

IC:

al, 20.00 GB)

Expert Mode Cancel

Adapter 1: Intel PRO/1000 MT Desktop (Host-only Adapter, "VirtualBox Hos

Virtual Machine adi verilir vo fayllarinin yaradilmas tigiin qovluq segilir. ©moliyyat sisteminin tipi vo versiyasi
secildikdon sonra uygun RAM verilir.

€ Create Virtual Machine

Memory size
l?‘n Select the amount of memory (RAM) in megabytes to be allocated to the virtual machine.
- The recommended memory size is 1024 MB.
)
=
A = r———————— T
4MB 24576 MB
=N
&
o
B
&
(N

al, 20,00 GB)

==

Adapter 1: Intel PRO/1000 MT Desktop (Host-only Adapter, 'VirtualBox Host-

Yaddas hissasi olaraq VDI (VirtualBox Disk Image) segib Next diiymasini basiriq.
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? x |
€ Create
Create Virtual Hard Disk g
= p
Ay |
kld  Hard di .
Hard disk file type
EBRY If you wig
8 create a Please choose the type of file that you would like to use for the new virtual
| using the hard disk. If you do not need to use it with other virtualization software you
can leave this setting unchanged.
ERY If you ne
:' the chang (@ VDI (VirtualBox Disk Image)
| The recor (O VHD (Virtual Hard Disk)
(2] zezis
:‘9 O poro O VMDK (Virtual Machine Disk)
| (@ Creats
=3
Use an|
o °-
LS Hadq{ [ Y.
=
“0
-~
nal, 20.00 GB)
Expert Mode Cancel =
Cancel

Adapter 1: Intel PRO/1000 MT Desktop (Host-only Adapter, 'VirtualBox Host-O

€ Create Virtual Hard Disk [

Hard di . " .
File location and size

&) I you wi

8 create a Please type the name of the new virtual hard disk file into the box below or dick
using the| o the folder icon to select a different folder to create the fie in.
Ifyoune{ [C:\Virtual Machines\Hadoop_namenode\Hadoop_namenode.vdi | @
the chang
Select the size of the virtual hard disk in megabytes. This size s the limit on the
- The recor ‘amount of file data that a virtual machine wil be able to store on the hard disk.
o)
Oene L : 30j00 68
@ Creatg ' ! ' ! Y ¢
4.00MB 2.00T8
=
U
\.") O Usea
&

Hadd| 7

|

=)
K

nal, 20.00 GB)

e | b

Cancel

Adapter 1: Intel PRO/1000 MT Desktop (Host-only Adapter, "VirtualBox Host+

Virtual Machine yaradildigdan sonra endiryimiz Linux installation .iso faylini tanidiriq.
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W Oracle VM VirtualBox Manage
A C:} Hadoop_namenode - Settings ? X
E General Storage
E' System Storage Devices - - | Attributes — I i
@ - @ Controller: IDE Optical Drive: |IDE Secondary Master v | (&)
isplay
h © V980739-01Liso [ Live co/pvp
Stofage & Controller: SATA Information
< @ ) Type: Image
Aud &) Hadoop_namenode.vdi
(D:' e o Size: 4.26GB
@] Network Location: ~ C:\Programs\V980739-0Liso
Attached to: -
® Serial Ports
£ us
=] shared Folders
[ET] userinterface
@ e
o[ o
©F Network

Daha sonra sobokoa konfiqurasiyasini Host-only Adapter olaraq toyin edirik.

i\.’ Oracle VM VirtualBox Manager
A& Hadoop_namenode - Settings ? X
@ General | Network
E‘ System Adapter 1~ Adapter 2  Adapter 3  Adapter 4
@ Display Enable Network Adapter
Attached to: |Host-only Adapter ~ |
Storage ed to:  Host-only Adapter |
Name: | VirtualBox Host-Only Ethernet Adapter ¥ |
Audi
(Dj il P> Advanced

@l Network
@ Serial Ports
£ use

D Shared Folders

Sonra virtual machine-i agiriq. Linux omoliyyat sisteminin Software Selection bélimiindon “Minimal install”
secib sag torofdo “Compatibility Libraries”, “Development Tools” and “System Administration Tools”
seganaklarini segirik.
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6 Oracle VM VirtualBox Manager

{23 Hadoop_namenode - Settings ? X
@ General Storage ‘
@ System Storage Devices ib 3 E
W ol 4@ Controller: IDE Optical Drive: |IDE Secondary Master v | (@)
isplay ;
L [ Live cojovD
E SRR & controller: SATA Ir | |
Db Audi “[ Hadoop_namenode.vdi Type: mog
P hsic @ - Size: 4.26GB
EE] Ridtwike Location: ~ C:\Programs\V980733-01.iso
Attached to: —

@ Serial Ports
£ us

D Shared Folders

E User Interface -

Sabaka hissasina galib host-un adini tayin edirik. Daha sonra Configure dilymasini basib virtual machine {igtin ip
toyin edirik.

Hadoop_namenode [Running] - Oracle VM VirtualBox - [m] b
File Machine View Input Devices Help
NE ‘

P Ethernet (enp0Os3) — —
Intel Corporation 82540EM Gigabit Ethernet Controller { E Ethernet (enp0s3) OFF

i Disconnected

‘

‘ Hardware Address 08:00:27-AE:3F:B8

1 Speed 1000 Mb/s

|

|

|

|

|

|

|

+ ‘ = ‘ ‘ Configure...
I —_—
Host name: namenode : L Apply l Current host name:  namenode
BRI/ EEDGErtc

[P - 192.168.56.100

Netmask — 255.255.255.0
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& Hadoop_namenode [Running] - Oracle VM VirtualBox - o X

File Machine View Input Devices Help
i Editing enp0s3
Connection name:  enp0s3
I General therne ) Securit £ 1Pv4 Settings Pv6 Setting
Method Manual

Addresses

Add
Delete
DNS servers:
Search domains:
Require IPv4 addressing for this connection to complete
Routes...
L

Cancel Save

BOon#B Eil 0GB rntcy

Soboka konfiqurasiyas: bitdikson sonra installation baslayir. Installation bitdikdon sonra omaliyyat sistemina
root istifadogisi ilo daxil olurug. “nmtui” proqrami vasitasilo sabaks kart1 hissasine daxil olurug.

& Hadoop_namencde [Running] - Oracle VM VirtualBox

File Machine View Input Devices Help

NetworkManager TUI

Please select an option

Activate a connection
Set system hostname

Quit

Bon@s @H0EBRm

Burdan IP va diger parametrlori rahatligla doyise bilorik. Biz “Edit connection” hissasindon uygun soboko kartina
daxil olub “Automatically connect” se¢ib proqramdan ¢ixiriq.
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a Hadoop_namenode [Running] - Oracle VM VirtualBox — (m] X
File Machine View Input Devices Help

Profile name 3

= ETHERNET <Show>

® [Pu4 CONFIGURATION <Manual> <Hide>
Addresses [EZSTTNTISUTZZNNNNN Revove>
<hdd...>
Gateway
DNS servers <Add...>
Search domains <Add...>

Routing (No custom routes) <Edit...>
[ 1 Never use this network for default route
[ 1 Ignore automatically obtained routes
[ 1 Ignore automatically obtained DNS parameters

[ 1 Require IPuv4 addressing for this comnection

= IPu6 CONFIGURATION <Automatic>

[%] Automatically conmect
[X] Available to all users

<Cancel> <OK>

8@ =i ERntcy

Daha sonra /etc/hosts faylina uygun doyisikliyi ediirk
192.168.56.100 namenode namenode.

&4 Hadoop_namenode [Running] - Oracle VM VirtualBex - (] X

File Machine View Input Devices Help

[root@namenode ~1# ip addr show
lo: <LOOPBACK,UP,LOWER_UP> mtu 65536 gdisc noqueue state UNKNOWN group default glen 1680
link/loopback 80:00:08:808:80:80 brd 60:00:00:060 :60:80

valid_Ift forever preferred_Ift forever
Z: enpBs3: <BROADCAST,MILTICAST,UP,LOWER_UP> mtu 1588 gdisc pfifo_fast state UP group default glen 1

r B8:80:27:ae:31:b8 brd ff:ff:ff:Ff:FF:FF
168.56.186,24 brd 192.168.56 > scope global nopref ixroute enpBs3
valid_Ift forever pre d_1ft fore
inet6 feBB::42c1:6d487:b2eB:7391/64 scope link nopref ixroute
valid_Ift forever preferred_Ift forever
[root@namenode ~1# _

Omaoliyyat sistemina daxil olub “ip addr show” omrini galisdirib toyin etdiyimiz IP-ni géro bilorik
Sonra, SELinux funksionalligini1 sondiiriiriik. Bunun {i¢iin /etc/selinux/config faylini asagidaki kimi doyisirik. Bu
fayl doyisdikdon sonra sistem sondiiriiliib yandirilmalidir
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E2 root@namenode:~ - 0O X

s
¥
¥
¥
B
54
¥
3
-

Omoliyyat sisteminin konfiqurasiya islori bitdikdon sonra Java vo Hadoop program tominatlarini endiririk. Java-
n1 endirmoak ti¢ilin agagidaki sohifoys daxil olmaq lazimdir:
https://www.oracle.com/technetwork/java/javase/downloads/jdk8-downloads-2133151.html

Asagidaki fayli endiririk:

jdk-8u211-linux-i586.rpm

Hadoop-u asagidaki tinvandan endiririk

https://hadoop.apache.org/releases.html

Daha sonra hor iki fayli WinSCP proqrami vasitassilo virtual machine-s aitiriq. WinSCP proqramini endirmok
liglin asagidaki tinvandan istifado etmok olar.

https://winscp.net/eng/download.php

Program tominatini ¢alisdirib az énca toyin etdiyimiz IP vasitasilo Linux amaliyyat sistmeina qosulurug.

By Login - X

|G New Site | Session
File protocol:

SFTP v

Host name: Port number:
[192.168.56.100 \ ] »nl i

User name: Password:

irOOt ‘ ’oooaool ‘

Save v Advanced... [V

Tools v Manage v @ Login |v Close Help

V4 daha sonra fayllar1 /tmp qovluguna kogiiriirik.
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A
Local Mark Files Commands Session Options Remote Help

% B3 Synchronize Bl F [ Queue ~ Transfer Settings Default

100 G New Session

48 C: Loc B e~ RN tmp ~EE - o 0 ) & [ Find Files
i Upload ~ " Edt v 3 o) [ Properties New ~ [+ v Ne: + v
Ci\Programs\Hadeop Installstion) Nmp/
Name Size Type Changed Name Owner
. Parent directory < root
hadoop-3.1.2tar.gz 324643KB  GZFile systemd-private-5114.. root
jdk-Bu201-linux-xbdr.. 172,080K8 RPM File 1229 Uploading ? X root
root
J Fle C:\.... Hadoop Instalationthadaop-3. 1. 2.tar.gz
8:4 Target:  ftmp/
=
Time left 0:00:03 Time elapsed:
Bytes vrarsferred: 108M8  Speed:
[E—
X B - 3 D - Sunimited
tmp qovluguna kegib rpm -Uvh omrini ¢aligdirib Java-n1 qururuq
root@namenode:~ = O X

Sonra Hadoop-u yUklayirik. Man adoton hadoop-u /ust/local qovluguna yiiklayirom. Endirdyinz zip faylin1 bu
qovluga dasty1b fayl agiriq

tar xzvf hadoop-3.1.2.tar.gz

mv hadoop-3.1.2 hadoop

Yeni hadoop istifadagisi yaradib parolunu tayin edirik vo qovlugun sahibini doyisirik

useradd hadoop

passwd hadoop

chown -R hadoop hadoop

Sonra, java-nin yerlagdiyi qovlugu tapib onu hadoop-env.sh faylinda tayin edirik (3)
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readlink -f /usr/bin/java | sed "s:bin/java::"
Jusr/java/jdk1.8.0_201-amd64/jre/

Yuxaridaki naticoni hadoop-env.sh faylindaki export JAVA_HOME hissasine qoyurug:

export JAVA_HOME= /usr/java/jdk1.8.0_201-amd64/jre/

Ogar sizin virtual machine-ds internet baglanti varsa, o zaman biza lazim olaln proqramlari rahathigla yiikloys
bilorsiniz. ©gor internet baglantist yoxdursa, o zaman Linux .iso faylin1 bir daha mount edib yum-un repository-
sini doyisirik vo programlar yiiklayirik

mkdir /media/cdrom

mount /dev/cdrom /media/cdrom/

cd /etc/yum.repos.d

mkdir /tmp/old.yum.repos.d

mv * /tmp/old.yum.repos.d

cat < ol7.repo

[OL7]

name=Oracle Linux 7

baseurl=file:///media//cdrom

apgkey=file:///etc/pki/rpm-gpg/RPM-GPG-KEY

gpgcheck=1

enabled=1

EOF

Hadoop ilo galocokds ¢alismagimiz ti¢iin lazim olacaq bazi application-lar yuklonilir. Bu application-lar asasen
bazi konfiqurasiya islorinds bizo lazim ola bilor.

yum install -y wget httpd bind-utils net-tools mlocate

Daha sonra hadoop istifadagisinin parol sorusmadan digar hostlara daxil ola bilmasi tictin authorized_keys fayli
yaradilib uygun hostlarla paylasilir. Bu halda ancaq bu host-dan ssh baglantli galss, parolsuz sistems daxil
edilmasi tomin edilir.

ssh-keygen -t rsa -P " -f ~/.ssh/id_rsa

cat ~/.ssh/id_rsa.pub >> ~/.ssh/authorized_keys

chmod 0600 ~/.ssh/authorized_keys

Daha sonra firewall durdurulub sénduralar. Production muhitinds firewall-u durdurmag moslshatli deyil. aksina
orda bozi qaydalar toyin edib onu agiq saxlamaq lazimdir

systemctl stop firewalld

systemctl disable firewalld

Daha sonra hadoop istifadogisi ticin Hadoop-dan istifads etmasine gors .bashre faylinda miihit dayiskonlori tayin
edilir

su - hadoop

vi .bashrc

export HADOOP_HOME=/usr/local/hadoop

export HADOOP_CONF_DIR=/usr/local/hadoop/etc/hadoop

export HDFS_NAMENODE_USER="hadoop"

export HDFS_DATANODE_USER="hadoop"

export HADOOP_COMMON_HOME=$HADOOP_HOME

export HADOOP_HDFS_HOME=$HADOOP_HOME

export YARN_RESOURCEMANAGER_USER="hadoop"

export YARN_NODEMANAGER_USER="hadoop"

export PATH=$HADOOP_HOME/bin:$HADOOP_HOME/shin:$PATH

Sonra Hadoop-un SHADOOP_CONF_DIR qovlugunda bazi .xml konfiqurasiya fayllar1 doyisdirilir
core-site.xml

<property>

<name>fs.default.name</name>

<value>hdfs://namenode:9000</value>

</property>

Daha sonra namenode vo datanode molumatlarini 6ziinds saxlayacaq bir qovluq yaradilir va hdfs-site.xml fayli
ona uygun olaraq doyisdirilir (4):

[root@hadoop /]# mkdir /hdfs

[root@hadoop /J# chown -R hadoop hdfs

hdfs-site.xml

Azarbaycan Ali Texniki Moktablorinin Xabarlari



LN

v/ ]
!?' ISSN: 1609-1620; E-ISSN: 2674-5224
ey
VOLUMEO3 ISSUE 03 2020
PAHTEI

<configuration>
<property>
<name>dfs.replication</name>
<value>1</value>
</property>
<property>
<name>dfs.permission</name>
<value>false</value>
</property>
<property>
<name>dfs.namenode.name.dir</name>
<value>/hdfs/namenode</value>
</property>
<property>
<name>dfs.datanode.data.dir</name>
<value>/hdfs/datanode</value>
</property>
</configuration>
mapred-site.xml fayli asagidaki kimi doyisdirilir:
<configuration>
<property>
<name>mapreduce.framework.name</name>
<value>yarn</value>
</property>
</configuration>
yarn-site.xml fayli asagidaki kimi doyisdirilir:
<configuration>
<property>
<name>yarn.nodemanager.aux-services</name>
<value>mapreduce_shuffle</value>
</property>
</configuration>
Sonra namenode format edilir vo /hdfs qovlugunun altinda hdfs metadata-n1 6ziindo saxlayacaq namenode
govlugu yaradilir
[hadoop@hadoop ~]$ hdfs namenode -format
[hadoop@namenode ~]$ cd /hdfs
[hadoop@namenode hdfs]$ Is
namenode
[hadoop@namenode hdfs]$
Daha sonra namenode vo datanode proseslorini baglatmagq tiglin start-dfs.sh scripti ¢aligdirtlir:
[hadoop@namenode hdfs]$ start-dfs.sh
Starting namenodes on [namenode]
Starting datanodes
localhost: Warning: Permanently added 'localhost' (ECDSA) to the list of known hosts.
Starting secondary namenodes [namenode]
Sonra aktiv ¢alisan java proseslorinin siyahisini almaq ii¢lin jps omri ¢aligdirilir:
[hadoop@namenode hdfs]$ jps
20531 DataNode
20422 NameNode
21208 Jps
20715 SecondaryNameNode
[hadoop@namenode hdfs]$
Goriindilyli kimi namenode vo datanode proseslori aktivdir (5). HDFS sistemi barado daha detallt malumat vo
statistika oldo etmok tiglin asagidaki omri ¢alisdiririq:
[hadoop@namenode hdfs]$ hdfs dfsadmin -report
Configured Capacity: 27899465728 (25.98 GB)
Present Capacity: 24066150400 (22.41 GB)
DFS Remaining: 24066146304 (22.41 GB)
DFS Used: 4096 (4 KB)
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DFS Used%: 0.00%
Replicated Blocks:
Under replicated blocks: 0
Blocks with corrupt replicas: 0
Missing blocks: 0
Missing blocks (with replication factor 1): 0
Low redundancy blocks with highest priority to recover: 0
Pending deletion blocks: 0
Erasure Coded Block Groups:
Low redundancy block groups: 0
Block groups with corrupt internal blocks: 0
Missing block groups: 0
Low redundancy blocks with highest priority to recover: 0
Pending deletion blocks: 0

Live datanodes (1):

Name: 192.168.56.100:9866 (namenode)

Hostname: namenode

Decommission Status : Normal

Configured Capacity: 27899465728 (25.98 GB)

DFS Used: 4096 (4 KB)

Non DFS Used: 3833315328 (3.57 GB)

DFS Remaining: 24066146304 (22.41 GB)

DFS Used%: 0.00%

DFS Remaining%: 86.26%

Configured Cache Capacity: 0 (0 B)

Cache Used: 0 (0 B)

Cache Remaining: 0 (0 B)

Cache Used%: 100.00%

Cache Remaining%: 0.00%

Xceivers: 1

Last contact: Mon May 27 06:53:40 EDT 2019

Last Block Report: Mon May 27 06:46:31 EDT 2019

Num of Blocks: 0

Burdan gorinduyt kimi bizim bir aktiv node-umuz var. HDFS-in timumi hacmi 25.98G, bos yer 22.4G-dur.
HDFS (c¢un /hdfs qovlugu toyin edildiyine gore eyni raqomlori du -kh omrini ¢alisdiraraq da gors bilarik (6):
[root@namenode ~]# df -kh

Filesystem Size Used Avail Use% Mounted on

/dev/imapper/ol-root 26G 3.6G 23G 14%/

[root@namenode ~]#

HDEFS islok voziyyotdos oldugdan sonra orda istadiyimiz qovlugu yaradib istonilon fayllart ora kogiirs bilorik.
Asagidaki misalda mystorage adinda qovluq yaradib ora core-site.xml faylini kogiirdiiriik (7):
[hadoop@namenode hdfs]$ hdfs dfs -mkdir /mystorage

[hadoop@namenode hdfs]$ hdfs dfs -put /usr/local/hadoop/etc/hadoop/core-site.xml /mystorage
[hadoop@namenode hdfs]$ hdfs dfs -Is /mystorage

Found 1 items

-rw-r--r-- 1 hadoop supergroup 862 2019-05-27 06:55 /mystorage/core-site.xml

[hadoop@namenode hdfs]$

Namenode hazir oldugqdan sonra galin ikinci node-u da datanode olaraq Hadoop klasterina slave edok. Bunun
tigtin namenode hostunu sondiiriib onun niisxasini ¢ixaririrq. Bunun {igiin VirtualBox-da virtual machine
tizorindoe sag diiymoni basib Clone menusunu seco bilorik.

Clone bitdikdon sonra virtual machine agiriq. ®moliyyat sistemino daxil olub nmtui proqrami vasitosile IP-ni
192.168.56.101 olarag, host-un adin1 datanode olaraq dayisirik. Daha sonra birinci host-u (namenode) agib
/etc/hosts faylina datanode barade molumati slave edirik vo onu datanode hostuna da kdgurdurik.
root@namenode ~]# more /etc/hosts

192.168.56.100 namenode namenode

192.168.56.101 datanode datanode
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[root@namenode ~]# scp /etc/hosts datanode:/etc
hadoop istifadagisi ilo namenode-dan datanode-a ssh etdikds parolun sorusulmadigina amin olmaq lazimdir.
Sonra datanode-a kegib /hdfs qovlugunu tomizloyirik ve datanode-u basladiriq
rm -rf /hdfs/*
hadoop-daemon.sh start datanode
Vo namenode-dan sistem barade ndvbati malumati aliriq. Natics olaraq datanode-un slava edildiyini vo HDFS
yaddas hissosinin iki dofa artigini1 gérmiis olacagiq (8):
[hadoop@namenode ~]$ hdfs dfsadmin -report
Configured Capacity: 55798931456 (51.97 GB)
Present Capacity: 48102322176 (44.80 GB)
DFS Remaining: 48102301696 (44.80 GB)
DFS Used: 20480 (20 KB)
DFS Used%: 0.00%
Replicated Blocks:
Under replicated blocks: 0
Blocks with corrupt replicas: 0
Missing blocks: 0
Missing blocks (with replication factor 1): 0
Low redundancy blocks with highest priority to recover: 0
Pending deletion blocks: 0
Erasure Coded Block Groups:
Low redundancy block groups: 0
Block groups with corrupt internal blocks: 0
Missing block groups: 0
Low redundancy blocks with highest priority to recover: 0
Pending deletion blocks: 0

Live datanodes (2):

Name: 192.168.56.100:9866 (namenode)
Hostname: namenode

Decommission Status : Normal

Configured Capacity: 27899465728 (25.98 GB)
DFS Used: 16384 (16 KB)

Non DFS Used: 3833569280 (3.57 GB)

DFS Remaining: 24065880064 (22.41 GB)
DFS Used%: 0.00%

DFS Remaining%: 86.26%

Configured Cache Capacity: 0 (0 B)

Cache Used: 0 (0 B)

Cache Remaining: 0 (0 B)

Cache Used%: 100.00%

Cache Remaining%: 0.00%

Xceivers: 1

Last contact: Mon May 27 07:14:49 EDT 2019
Last Block Report: Mon May 27 07:14:17 EDT 2019
Num of Blocks: 1

Name: 192.168.56.101:9866 (datanode)
Hostname: datanode

Decommission Status : Normal

Configured Capacity: 27899465728 (25.98 GB)
DFS Used: 4096 (4 KB)

Non DFS Used: 3863040000 (3.60 GB)

DFS Remaining: 24036421632 (22.39 GB)
DFS Used%: 0.00%

DFS Remaining%: 86.15%
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Configured Cache Capacity: 0 (0 B)

Cache Used: 0 (0 B)

Cache Remaining: 0 (0 B)

Cache Used%: 100.00%

Cache Remaining%: 0.00%

Xceivers: 1

Last contact: Mon May 27 07:14:49 EDT 2019

Last Block Report: Mon May 27 07:14:14 EDT 2019
Num of Blocks: 0

[hadoop@namenode ~]$

Bu molumati daha oxunaqli formada qrafik olaraq asagidaki linkdon olds etmok miimkiindiir:
http://192.168.56.100:9870/

@ Namenode informatice x  + = L

€ C @ Notsecure | 19216856100 gtsheslth tmis: a®* Al O * XU QR

Overvew  Dulanodes  Datucode Vokane Foilures  Snapabot  Stutup Progress

QOverview ‘namenode:9000' (active)

Started: Man May 27 1514.06 +0400 2019

Version: 312, r019ddeb5bci126050i45acT 1634550d50%e5d%a

Complled: Tua Jan 25 053900 + 19 by sunilg from branch-3.12

Cluster 10 I 571-907c-c2163bTa06a

Block Pool ID: BP-789318675-192 168 56.100-1558953826127

Summary

38los and diectores, 1 blocks (1 replcated blocks, 0 erasure codad block groups) = 4 otal flesystam objecis)

Haap Mamory used 43 14 MB of 93 B5 MB Heap Memory. Max Heap Mamory s 1

Non Heap Memory used 45 09 M8 of 47 21 MB Commited Non Heap Memory. Max Non Heap Memry is <unbounded>

Configured Capacity: 519768
Configured Remote Capaciy: 08

DFS Used: 20 KB (0%)

Non DFS Used: 717 GB

DFS Remaining: 448 GB @6.21%)
Block Pool Used: 20 KB (0%)

DataNodes usages’ (MinMedianMax/stdDev) 000

Live Nodes 2 (Decommissionsd 0. in Maintsnance: 0)

0 (Decommissioned 0. in Maintenance: 0)

Decommissioning Nodes 0

Hadoop  Oveniew  Dotanodes  Datunode Volume Fauses

Datanode Information

«insevice @ Down @ Decommissionad  © Decomissioned & dead InMaintenance  / In Maintenance & dead

Datanode usage histogram

§ ) 3 %

P % z P )
Disk usage of each DataNode (%)

In operation

Show 25 v enmes Seann

Wode 1L Hop Address Lastconict || Last Block Report Capacity Blocks || Blackpoolused || Vemsion

 datanoce 5066 (142 163.96 1016085 m zsce @ o axe 0% n

/samencde 5046 (152 160.55.100:9066) it i

Showing 1152 cf 2 evries e ' K
NITICO

Hadoop ekosistemi Apache Foundation sirkatine aiddir vo ¢ox boylik hacmds molumatlarin saxlanilib emal
edilmasi Ugln istifado edilir. HDFS vasitssilo Petabaytlarla 6l¢ilon molumatlart minlarlo serverlorin va yaddas

Vo XUsusan do ucuz server vo komputerlords rahatligla ¢alisan Hadoop ekosisteminin qurulmasi v istifadosi do
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olduqca rahatdir. Miixtalif moarhaloli replikasiyaya sahib olan HDFS molumatlart qoruyub zodslonmis
molumatlart digar niisxalordan tapib avtomatik barpa edir.
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CTPATEI'SI OPTAHU3ALIUU U UHIUBUIY ATbHOU HH®OPMAIIMOHHOM
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AHHOTALMUS

B cratbe paccMaTpuBaoTCs cTpaTerny HHGOPMAaIMOHHON 0€3011aCHOCTH, KaK JINYHBIC, TAK U OPraHW3al[HOHHBIE.
B wacTHOCTH, OBUIM IPOAHATU3UPOBAHBl MEKAYHAPOIHBIC, INOJIUTHYECKHE, INPABOBBIE U OIKOHOMHYECKHUE
acIeKTHl MPoOJIeMbl. AKTyaJIbHbIC HaIIPABICHUS UCCIICIOBAHUI B 9THX 00JACTAX BBIABIISIOTCSL.

KioueBble cioBa. mapopManmonHoe odmecTBo, nHGopMamoHHas 0e30nacHOCTh, HH(POPMAIIMOHHAS BOIHA,
KrOepaTaxi.

XULASO

Mogqalodo soxsi vo toskilati baximdan informasiya tohliikesizliyi strategiyalari arasdirilmisdir. O climlodon
masalonin beynolxalg, siyasi, hiiqiqi, iqtisadi teraflori analiz edilmisdir. Homin sahalor iizro aktual elmi todqiqat
istigamatlori mioyyonlogdirilirmigdir.

Acar sozlar — informasiya comiyyati, informasiya tohliikasizliyi, informasiya miiharibasi, kiber hiicumlar.

ABSTRACT

The article discusses information security strategies, both personal and organizational. In particular, the
international, political, legal and economic aspects of the problem were analyzed. Actual areas of research in
these areas are being identified.

Keywords — information society, information security, information war, cyberattacks.

BBEJIEHUE

Ceropnst poriecc (OPMHUPOBAHUS U PA3BUTHS II100AIBHOM 1IM(POBOM Cpeabl M BUPTYAIbHBIX OTHOIMICHHH HIET
IoJl BIMAHHEM WHGPOPMAIMOHHBIX M KOMMYyHHMKanMOHHBIX TexHonoruii (MKT), ocobenno WHTepHera.
OTHoLIEHHs BO BCEX 00JaCTsIX, BKIIIOYAsi TOCYIapCTBEHHOE yIpaBiieHHe, chepbl IKOHOMHYIECKOW JeSTeIbHOCTH,
Hay4HO-00pa30BaTEIbHYIO0 CUCTEMY, HH(POPMAMOHHO-KOMMYHHKAILIMOHHYIO CpeJy, YaCTHYIO )KU3Hb M YaCTHBIN
CEKTOp, TpaHC(HOPMHUPYIOTCS U3 TPAAUIMOHHBIX B BUPTYaJIbHbIE.

[lepexon X BUPTyaJbHBIM OTHOIIEHMSM, HapsAy C MPEUMYIIECTBAMH, KOTOPHIE OH HNPUHOCHT YEJIOBEUECCTBY,
TaKkKe co3aeT paj npobiem. B 3Toit cutyanny HeoOX0JUMBI HOBBIE METO/BI M HHCTPYMEHTBI O€30I1aCHOCTH.

IMocranoBka 3amaum. [lonmThka Oe3omacHOCTH - 3TO HAaOOp NPaBWI, HPUHATHIX HPEANPUATHIMH U
OpraHU3alsiMU, KOTOPbIE MOMOTAIOT ONPEICIUTh YPOBEHb 0E301IACHOCTH, KOTOPOMY JIOJDKHBI CIIEOBAaTh BCE
COTPYIHHMKH U COBMECTHBIE yupexaeHus [1].

[MonuTrka HHPOPMAIIMOHHOHN 0€301IaCHOCTH Ha YPOBHE OpPraHM3alMy MPeJICTaBIIeT co00H HA0OP PYKOBOASIINX
NPUHLIMIOB JUIsSi OXBara W YNPaBJICHUs BCEMH MACHCTBUSIMH 10 HWH(GOPMAIMOHHOW Oe30MacHOCTH s
Oe3omacHocTH ohuca U MPEANIPUATHS U SBJISETCS JOKyMEHTOM, KOTOPOMY JIOJDKHBI CJIEJIOBAaTh BCE COTPYIHHUKH,
HMEIOIINE JIOCTYI K MCTOYHUKAaM HH(pOPMAIHH.

Xots monuTHKa HHGOPMANMOHHOI 0Ee30IacHOCTH pa3siMuHa JJIsl KaXKJ0H OpraHU3aliy, OHa OOBIYHO BKIIOYACT
o0Imue TOJIOKEHNUS], OIMMCHIBAIOIINE OOSM3aHHOCTH COTPYAHHUKOB, CPEACTBA YNPABICHHS, LEIH W 3aJaddl I
YIpaBJIEHUs, 3aIIUTY PAclpOCTPAHEHUS! OPraHW3alMOHHOW HMH(GOPMAIMM, a TaKKe INpaBHiIa W IOJIOXKEHUS,
peryJvpylomye 3aluTy KPUTHYEeCKH BaKHBIX omnepanuidl. Ha Oonee HU3KOM ypOBHE CcCllelyeT Halucarh
TIOJITHKY, €CIi Heo0XouMo OoJblie HHPOpPMAaUU O COTPYAHUKE, OOJIBIIE BOMPOCOB, TPEOYIONIMX pELICHUS,
6onee moapobHOE obcy)aeHne mpeamera. Hampumep, HabOp mpaBMil Ui CO3AaHUS M YIPABICHHUS YYETHBIMHU
3aIltuCAIMH HOHLSOBaTeJ'[eI\/’I, 3a0bITUS mnmapoJjigd, CMEHBI MMapojid u ayTeHTI/I(I)I/IKaHI/II/I HOBOT'O TIIapoJid OIIMCaH B
HaIMMCaHWH MOA-TIOJUTHKH [1].

Pemenne 3agmaun. Mbl MOXEM CChUIATBCS Ha YIIPABICHYECKUE PELICHMS BBICIIETO YPOBHS, IOJUTHKHU
3JIEKTPOHHOM IOYTHI U JPYrHUe MpaBa Ha OTIPABKY U NOJYUYEHUE IEKTPOHHOMU MOYTHI N0Jb30BaTend. [lonuruku
HIDKHETO YPOBHS M YNpaBJICHWE BEPXHEro YPOBHS MOTYT BKJIIOYATh TaKWe IMPOOJIEMBI, KaK CyO-TIOJUTHKA
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JIEKTPOHHOH MOYTHI, YTOOBI COTPYAHUKH MOTJIH NPH HEOOXOIMMOCTH YHTATh CBOU 3JIEKTPOHHBIC MICHMa, a HE
OTHPAaBJIATh KOH()DHACHIMANBHYI0 HH(MOPMAIMIO MO 3ICKTPOHHOW moure. OpraHu3anOHHBIE MHONMUTUKA
WHPOPMAMOHHONW 0E30MaCHOCTH MOTYT OBITh 0OJiee CKOHIIEHTPHUPOBAHBI HA HEKOTOPHIX KIFOUEBBIX 3JIEMEHTaxX
6e3omacHOCTH (KOH(UICHIINAIBHOCTD, IEJIOCTHOCTh, AOCTYHHOCTE M T. JI.) B morpeOHOCTSX TpeAnpusTuii.
Hampumep, KOHQHUACHIMATBHOCTP M HENPUKOCHOBEHHOCTh B BOGHHBIX YUPEXKICHUSAX U  IOJIUTHKA
nH}pOpManMOHHON 0e30MacHOCTH BBHIINLIM HA IMEpBBIH IulaH. BakHo, 4YTOOBI HMH(pOpPMALUs O BOCHHOM
uctpeduTesie IpU Tocajke He Obula M3ydyeHa (KOH(MICHIHMANTbHA) WIM W3MEHEHa NMPOTHBHUKOM. B apyrom
IpUMepe TMOJUTUKU WH(OPMALMOHHOW O€30MacHOCTH, HCIOJb3yeMble B HEKOMMEPUYECKHX KOMIIAHUSX, B
MEpBYI0 OYepelb HAXOIATCS Ha NepeJHeM Kpae JOCTYHNHOCTH. B BBICIIMX YYeOHBIX 3aBEICHUSX, IJe
OOBSIBIISIFOTCS. pe3yJIbTaThl 9K3aMEHOB, CTYACHTBI MOTYT IPOCMATpUBAaTh Pe3yJbTaThl 3K3aMeHa MPaBUIILHO (T10
KpaifHeli Mepe) mocie o0bABIeHNS pe3ynbTaToB [2]. IIpobiema, BEISBICHHAS B pe3yNbTaTe OTBETCTBEHHOCTH U
OTBETCTBCHHOCTH ITOJIb30BaTEICH, aIMIHUCTPATOPOB M TEXHUUECKOTO IIEPCOHANA 32 00HAapyKeHHEe KnbepaTak u
JPYTHX MPOOJIEM, HIIH 10 KaKUM KaHajdaM U Kak J0JTro OyIyT yIUTHIBATHCS aTakH, JOJDKHA OBITH YETKO yKa3zaHa
B MOJWTHKax Oe3omacHOCTH. CHCTEMBI NOJKHBI OBITh BKJIIOYECHBI B IIOJUTUKH, OTPaHWYMBAIOIIUE IOCTYI
MOJTb30BATENs K CHCTEME, TaKHe Kak pabodee BpeMs CHUCTEM B TCUCHHE AHS, a TAKKE YCIOBHA U1 BO3BpaTa
JTaHHBIX B ciaydae coos. [2,3].
[MonuTrka GE30MaCHOCTH ONpENeNseT CTPATETHI0 YIpaBieHHs, 00beM PECypcoB M pa3Mep MOAX0Ja, KOTOPBI
PYKOBOJCTBO CUMTAeT U BBIOMpAeT mojie3HbIM. [loymTrka 06e30macHOCTH OCHOBAaHA HA aHAIN3€ CMENOCTH (WU
CMEJIOCTH), KOTOpas CUUTAETCs pealbHOM At MH(GOPMAlMOHHOW CHCTEMBbI Npeanpustus. B stom ciyyae
AHAJIM3UPYETCSI CMEJIOCTh, OIPENENETCsl CTpaTerus 3alluThl, pa3padaThiBaeTcs MporpaMma MH(GOpMaluoOHHOI
0e30MmacHOCTH - BCE OTO TMOJUTHUKM Oe30macHOCTH. Pecypchl pacmpenensiorcsi B COOTBETCTBHH C
MOJrOTOBJICGHHOM  NpOrpaMMoOi,  BBIOMpPAIOTCS ~ OTBETCTBEHHBIE 332 OTH  PECYpChl,  ONpeIesseTcs
TIOCJIEI0BATENIFHOCTD PEAM3aIMK IPOrpaMMBl M Tak Jaiee. IlonmTnka 0e30macHOCTH HPENNpHUsTHS TOJDKHA
HUMETh KOPOTKYIO CTPYKTYPY M HOAJEP)KUBATh MOJIUTHKU BHICOKOTO YPOBHS.
[NonuTHKM BBICOKOTO YPOBHS JOJDKHBI BCETAA IEPECMAaTPHUBATHCS, U, NTOMHMO YAOBICTBOPCHUS TEKYIIHX
MOTPEOHOCTEH MPEANpPHATHA, OHM TaKke OOEeCIeunBarOT BBIOJHEHHWE 3THUX TpeboBaHmil. IIporpamMMHBIiI
JOKYMEHT JOJDKEH OBITh pa3paboTaH TakuM 00pa3oM, YTOOBI OH HE 3aBHCEN OT KOHKPETHOH TEXHOJOTHH H
‘-ITO6I>I B JOKYMCHTC HE Tpe6OBaJ'IOCI) YacThIX H3MeHeHuil. B kadectBe npuMepa, Mbl HOOJUKHBI U3YUYUTH
TUIIOTCTUYCCKYIO JIOKAJIbHYIO CCThb HCKOTOPBIX Hpe)alH)lTHﬁ, ‘-ITO6LI O3HAKOMUTHBCA C TIIOJIUTHKaAMH
6ezomacHoctu. [lonuTHku 0e30mMacHOCTH OOBIYHO JOKYMEHTHPYIOTCS ¢ OOBSCHEHHEM INpoOJeMbl, obOiacTeil
NPUMEHEHHUS], TIOJIOKECHUSI TPENNPUSITUS, paclpeAeieHuss O00sS3aHHOCTEH B YNpPABJICHUH M T. JA. DPasfeibl
BKJIIOUeHBL. MH(popManus, HupKyJIupyoomas B JOKaJIbHOM CETH, JOJDKHA pacCMaTpUBaThCsl KaK KPUTHYECKas.
JlokanpHas ceTh MO3BOJISIET MOJIB30BATENI0 MUHUMH3HPOBATh PUCKH 0€30MaCHOCTH, OOMEHHBAsICh IIPOrpaMMaMu
n naHHbIMU. [T0o3TOMYy KaskAblii TOJIB30BaTENh KOMITBIOTEPA, MOJKIIOYEHHBIH K CETH, HYXIaeTcsl B OobIIei
3amuTe. Bee 3TO CmocoOCTByeT peanu3alyii Ha BBICOKOM ypOBHE HH(MOPMAIMIOHHOW OE€30MacHOCTH B BHJIE
JOKyMEHTOB. Bce anmapaTHble, TporpaMMHbIe M HHPOPMaIMOHHBIE PECYPChI, BKIIOYEHHBIE B JIOKAJIbHYIO CETh
TIPEATIPUSATHS, CUNTAIOTCS OONacThio TeKymed mnonuTuku. [losmTrka HampaBieHa Ha paOOTHHKOB CETH,
TI0JIb30BaTele, CyOnoIpsAYMKOB, TOCTABIIUKOB 1 MHOTOE JIPyTOE.
OcHoBHast menb - O0ECHEeYHUTh IIOJNHOTY, JOCTYHHOCTh M KOH(PHICHIHAIGHOCTh JaHHBIX, a TaKkXke HX
aKTyaJIbHOCTB M TOJIHOTY. Llenu BKiitouaroT B cedsi:
e OoOecrieueHre ypoBHs 0€301aCHOCTH B COOTBETCTBUH C HOPMATHBHBIMHU JJOKYMEHTaMHU;
e [IpuBepkeHHOCTH pallMOHAILHOM YKOHOMHUH IIPU BEIOOpE Mep 3aluThI (PacXoibl Ha 000POHY He
JIOJKHBI 3aBHCETh OT HApYIICHUH HH(OPMAIIMOHHON 0€30MTaCHOCTH);
e besomacHOCTh B KaXJI0W (H)yHKIIMOHAIBLHOM 00JIACTH JIOKAJIHHOU CETH;
e  VYOenutech, 4TO BCE AECHCTBHUS IOJIL30BATENS, HCIIOIB3YIOIET0 HHPOPMALINIO B PECYPCHI, SIBIISTFOTCS
MTOIOTYETHBIMHK (ITOOBI OBITH TIOJJOTYCTHBIMH);
e OoOecrieunTh aHATHU3 YIIOMSHYTOH HH(pOPMAINY;
e [IpenocraBneHne Moab30BATENIO JOCTATOUHON HH(POPMALIMH JUIS pa3yMHOTO TOJIEPKaHUs peKUMa
06€e301acHOCTH;
e PaccMoTpeHHe KpUTHYECKNX CUTYalMi B (yHKIMOHAIBHBIX 00IaCTSIX JUIsl pa3paboTKH IU1aHa
BOCCTAHOBJICHUSI [TOCIIE aBapUU U 00ECIICYSHHUS HETPEPBHIBHOM PabOThI CETH;
e ColiofeHre TPUMEHUMBIX 3aKOHOB 0 0€301MacHOCTH 1 OPTaHU3AIMOHHBIX TOJIHUTHK [3,5].
OcHOBHasl TOJIMTHUKA 0E30MACHOCTH OMPEAENISeT, HACKOIBKO MPEINpHUITHE aHAIU3UPYET HHPOPMAIHUIO, KTO
HMeeT K Hel JOCTyn M Kak OHa jocturaercs. [ocTeneHHO yMeHblleHHass 0a30Basi MOJMTHKA O€30MacHOCTH
MO3BOJISIET TIOCIE0BATEIBHO U TOCIIEIOBATENILHO BBIMOJIHATh PA0OTY, HEOOXOAUMYIO Ul CO3/IaHHsI CHCTEMbI
6e3omacHocTy. ba3oBas moimMTHKa MO3BOJIET BaM B JIIOOOE BpEeMsI O3HAKOMUTHCS C TOJIMTUKOW 0€301acHOCTH U
N3YYHUTh TEKYLIYIO CUTYalHUIo ¢ 0€301IaCHOCTBIO HA MPEIIPHUITHH.
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CTpyKTypa u CTPYKTypa MONUTHKH 0€30IIaCHOCTH 3aBUCHT OT IIETH U cepsl NesTeNbHOCTH KoMIaHuu. OOBIHO
OCHOBHBIC TOJIUTUKH TNPEANPUATHS PEaTn3ylTcs IyTeM MpHIJIAlIeHHs KOMaHIbl ITOJUTHKOB, CIELHAIBHO
MTOJITOTOBJICHHBIX U MIPEAIPHUATHS, M peam3anuy Mep 0ezomacHoctH [4,5].
B Hacrosimee BpeMs CyLISCTBYIOT IOJHMTHKH, pa3paOOTaHHbIE CIENUAJIbHO IS HHUX, M OHH MOTYT
HCIIONB30BATHCS KaK MaJIbIM, TaK M KPYITHBIM OM3HECOM. HeKoTophIe MOIUTHKU MOTYT HCIIOIB30BAThCS KaXKIbIM
MIPEATIPUSTHEM, @ HEKOTOPbIE NIpeIHa3HaYEHbI JUISl ONIPEAEICHHbIX MPEIPHITHH.
VYuuteiBass 0COOEHHOCTH HacTpaMBaeMOM IOJUTUKU OE30MacHOCTH, 0E30IaCHOCTh MOXKHO Pa3[eNUTh Ha JIBE
TPYIIIBL:

e  [lonuTHKH, KOTOPBIE BIMSIOT Ha ONPE/EIeHHOE KOJINYECTBO M0JIb30BaTENeH;

e [lonuTHKa, CBI3aHHAsl C KOHKPETHBIMH TEXHUYECKUMH O0JIACTSIMH.
KoHKpeTHBIE OJIMTUKH, KOTOPBIE BIUSIOT Ha ONPEISNICHHOE KOJIMYECTBO II0JIb30BaTeNeH, BKIIOYAIOT B ceOs:

e lcmonb30BaHME MOMUTHK AOCTYIHOCTH;

e JlocTym K yJaJeHHBIM CETEBBIM pecypcaM IOJIUTHKY;

e JlonuTHKa 3amUTH HHYOPMALIUH;

e JlonuTHKa 3aIIUTHI APOJIEM.
KoHKpeTHBIE TeXHUYECKNE XapaKTEPUCTHKU BKIIIOYAIOT B ceOsl:

e [lonuTHKa cO37aHUs HKPaHOB OpaHaAMay3pa;

e [lonuTuku mwmdpoBanus U LM(pPOBaHNUS;

e  Virtual Security VPN Network ITonutrka 6e30macHOCTH;

e [lonuTuku 6ecnipoBoHO#t cetn u apyrue [3,4].

PE3YJIBTAT

YacTHble KOMIIAaHWH ¥ TOCYIAPCTBEHHBIC KOMIIAHWH B HACTOSAIIEE BPEMS COCPEHOTOYCHHI Ha HCIIOIB30BAHUU
HHPOPMALIUH IS IPOIOIDKSHHS CBoeH paboThl. Co BpeMeHeM EHHOCTh HH(POPMAIIUU BO3POCIa, U CIIOCOOHOCTH
0e30macHO XpaHUTh U apXUBHPOBAThH €€ HE COOTBETCTBOBAJIA TPEOOBAHMSAM H B TO KE BpeMs CTalla HEOOXOIMMOit
HEOOXOAUMOCTBIO. JTa 3aBHCHMOCTH OT WH(POPMALWHU IOJIOKWIA 3aIMUTy B 3aOIUTy WHPopManuu. B 3Tom
cMbIciIe WH(OPMAIMOHHAST OpraHM3allUs 3aHAMACT OYCHb Ba)XHOC MECTO CPEAM AaKTHBOB, KOTOPHIMH OHa
BianeeT. MHbopMaImst - 3T0 00BEKT, KOTOPBIA TaK K€ Ba)KEH JJIs OM3HEca, Kak U Jr000il Apyrod oOBEKT, U
MIO3TOMY Ba)KHO MOJJIEP>KUBATH €TI0 HAWIYYIIIUM 00Pa3oM.

JUTEPATYPA

1. http://www.securitynewspaper.com/2016/03/23/implement-network-security-enterprise-network/

S. Kalman, “Web Security Field Guide”, Cisco Press, Indianapolis, sf.36, 37, 2017.

3. http://jpis.az/uploads/article/az/2018 2/ENTROPY_ WEIGHTS AND DYNAMIC INDEX FOR NATI
ONAL CYBERSECURITY.pdf

4. bamnaeB P.A., «<MlHpopMarmonHas 6e30macHOCTY, OCHOBHBIE TIOHATHS MOJUTHKA O€30MacHOCTH, C. 283,
2016

5. A606acoB A.M., «MHpopmanmonHas 6e3omnacHocTb» OpraHu3annoHHble MeporpusiTus, ¢. 105,2018

N

STRATEGY OF ORGANIZATION AND INDIVIDUAL INFORMATION SECURITY
Hasanli X.F.

Azerbaijan State Oil and Industry University.

Email: doc.xatire.hesenli@gmail.com,

ABSTRACT

The article discusses information security strategies, both personal and organizational. In particular, the
international, political, legal and economic aspects of the problem were analyzed. Actual areas of research in

these areas are being identified.
Keywords — information society, information security, information war, cyberattacks.

Azarbaycan Ali Texniki Maktablorinin Xabarlori



LN

\ \N
Smmmmy ISSN: 1609-1620; E-ISSN: 2674-5224

]

(N

(W
VOLUMEO3 ISSUE 03 2020

PAHTEI
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ABSTRACT

In handover procedure, target cell would be prepared and UE will move on target cell based on the configuration
sent by source eNodeB to User Equipment. Cell Reselection happens only when the user equipment (or Mobile
Phone) is in Idle MODE, and the User Equipment needs to go a more appropriate cell. The main feature of CSFB
Ps handover does not interrupt data transfer when switching from Long Term Evolution to UTRAN/GSM. After
switching to 3G is already in connected mode it does not waste time to switch to connected mode. This feature
let us improve call setup time when we make call in LTE.

Key words. Long Term Evolution, circuit switched, mobile phone, packet switched, network operators,
commercial systems, voice service.

XULASO

Otiiriilmo prosesi zamani1 hadof stansiya éncoden hazirlanir vo manbe eNodeB torofindon istifadagi tochizatlarina
gondorilon konfiqurasiya oasasinda mobil telefon hodof stansiya siqnali lizorino horokat etdirilir. Servis veran
stansiyanin yenidon secilmosi yalniz istifadogi avadanligi (vo ya mobil telefon) Gozloms rejiminds olduqda vo
mobil telefon daha keyfiyyatli bir signal toyin etdikds bag verir. CSFB Ps &tiirmasinin asas xiisusiyyati, LTE-don
UTRAN / GSM texnologiyalarina kecid zamani molumat &tiiriilmosinin qirtlmamasidir. Telefon 3G-yo
kegdikdon sonra artiq molumat miibadilosinds olmus olur, buna goéro do qosulmus rejimo kegmok iiclin vaxt
itirmir. Bu xiisusiyyst LTE-do olarken zong ¢agiris miiddatini artirmaga imkan yaradir.

Acar sozlar. Long Term Evolution, sos 6tiirmo, mobil telefon, paket 6tiirmo, soboko operatorlari, kommersiya
(ticarot) sistemlori, sos xidmaoti

PE3IOME

B mpornenype mepenaun oOciy)KMBaHHA LieneBas sdeiika Oyxer moarotoBineHa, u UE mepeiiner Ha meneByio
S4YeiiKy Ha OCHOBe KOH(Hrypamum, oTmnpaBieHHOHW HcxonHbiM €NodeB monb3oBatenbckoMy 000pYIOBaHHIO.
[ToBTOpHBIH BBIOOP SYEHKHM NPOUCXOJUT TOJNBKO TOTAA, KOTZA IOJIB30BATENIbCKOe 00OpyaoBaHue (WIIN
MOOWMJIBHBIN Telne(hOH) HAXOJUTCS B PEKUME OXKHAAHHSA, U MOJIb30BATEILCKOE 000PyI0BAaHHE JIOJDKHO TIEpEeHTH
Ha Ooree MOIXOASIIylo sueiky. ['maBHas ocoOeHHOCTH Tepenaun oOciyxkuBanus CSFB Ps He mpepriBaeT
nepeiady JaHHBIX MPH HepekioueHnn ¢ goarocpounoro paszsutus Ha UTRAN / GSM. Tlocne nepexona B 3G
y’Ke B MOJKIIOYEHHOM PEXHMe HEe TPATUTCS BPEeMs Ha MEPEKIIIOUYEHIE B OAKIIOUCHHBIH PeKUM. JTa (QYHKIHS
MI03BOJISIET HAaM YJIYUIIUTh BPEMsl yCTAHOBKH BbI30Ba, KOT'JIa MbI cOBepIaeM Bbi30B B LTE.

Kuarouessie ciioBa: Long Term Evolution, komMyTanust KaHanoB, MOOHIBbHBIH Tene(OH, MaKeTHAsT KOMMYTAIHS,
OIIepPaTOPBI CeTel, KOMMEPUYECKHE CUCTEMBI, [OJIOCOBAsI CBS3b.

INTRODUCTION

Traditionally, voice services have been provided over circuit switched (CS) networks in wireless systems. But
Long Term Evolution (LTE) is a packet switched (PS) system and this requires the deployment of IMS in the
operator’s Core Network to integrate voice. Today most commercial systems do not have IMS integrated in the
Core Network. This allows the deployment of voice services over LTE (VOLTE). Since voice service is a major
source of revenue for operators, LTE network operators require an alternative path to allow early LTE
deployment with enhanced PS services without sacrificing voice quality. Circuit Switched Fallback (CSFB) is an
intermediate solution in the short term and an alternative service in the long term to support voice services in
LTE.

CSFB is the most commonly used method to support voice services over LTE networks. The key factor
impacting CSFB is call setup time. Mobile Originated/Mobile Terminated call-setup time for CSFB from LTE to
UMTS is around 2 second greater than legacy Universal Mobile Telecommunications System (UMTS).
However, the results can vary depending on the network configuration and the conditions of the measurement.
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Call setup delay definitions can vary based on the deployment, the called entity type and Radio Resource Control
(RRC) signaling handling during the call setup procedure. In most deployments, measuring RRC signaling delay
from “CM Service Request” to “ALERTING” message serves the purpose for MO CSFB calls. However, in
some deployments, the ALERTING signal message is sent to the calling party before the core network entity
establishes connection to the called party to provide an early ring back tone to the calling party. In such
deployments, the MO call setup measurements should be considered to “Call Setup” message, which is only sent
after the voice path to the called entity is established. In the latter case, the time required by the calling party to
answer the call should be discounted from the call setup statistics for a fair comparison. For MT CSFB calls, call
setup delay is usually measured from the time the mobile receives a Paging Request to the time a “ALERTING”
message is received. The breakdown for these NAS procedures is illustrated in Figure 1.

In the 4G network, CSFB from LTE to UTRAN/GSM implement as Redirection technology.

Mobile-to-Mobile CSFB Performance

M2M CSFB performance is the most challenging situation from the call setup delay perspective. In M2M CSFB
calls, after successful redirection to UMTS, the MO UE sends a CM Service Request in UMTS to the source
MSC, the MT UE receives the page for the CSFB call in LTE and inititates MT CS fallback procedures. Hence,
the time spent in the MO NAS procedure includes the end-to-end MT call setup delay caused by the required
paging and resource establishment at the MSC.

Therefore, in the M2M scenario, the amount of delay due to any suboptimal implementation is almost double
because it includes both the MO and MT procedures. Moreover, mobility conditions of both CSFB devices
introduce additional factors such as handovers and abrupt Radio Frequency (RF) variations during the CSFB call
establishment, which impact CSFB call setup delay statistics.

Figure 1 is an abstraction of the CSFB related procedures required to establish a Circuit Switched (CS) call from
LTE.

For simplicity, the Mobility Management Entity (MME) block in the figure includes the eNodeB, S-GW and P-
GW components that are part of the LTE network. Similarly, the Radio Network Controller (RNC) block
includes the NodeB and the SGSN components that are part of the 3G UMTS network.

() ‘ MO UE ‘ ‘ RNC L ‘ MSC ‘

~———Coooooooooooa Start MO call

_ RRC connection setup procedurs

»

LTE ESR

procedure _Extended service request (MO CSFB)

RRC connection release (with UARFCN)

UMTS cell

UMTS

acquisition acquisition
SN WY W <Status: UMTS cell acguired> ___
UMTS i

SIB read time 3B =zl

SR, VAR W il Gz R e

UMTS RRC

connection

procedure RRC connection
_setup procedure

UE changes RAT fthen LA update or
RA update of LAU and RAU

NAS CM sefvice request

MO CSFB call setup duration

UMTS NAS|

procedure NAS | setup

NAS call proceeding

NAS glerting

v v . NAS donnect

Figure 1. Abstraction of the CSFB related procedures required
to establish a CS call from LTE
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What is RRC Connection

In modern wireless networks such as 3G and 4G, it is important that understanding of its basic concepts, such as
those that control the call establishment and maintenance, whether it is voice (CS) or data (PS). RRC setup
procedure is the process that establishes the connection between User Equipment (UE) and RNC that is used for
signalling traffic only. The radio resource control in wireless network performs control-plane functions such as
broadcast of system information related to access stratum and non-access stratum; establishment, paging;
maintenance and release of RRC connection between a mobille phone and the network; signaling radio bearer
management; security handling; mobility management including mobile phone measurement reporting and
configuration; connected mode handover; idle mode mobility control; multimedia broadcast multicast service
notification services and radio bearer management. All signaling between the UE and the antenna performing via
the radio resource (RRC) protocol.

Between the UE and the antennas of 3G or 4G, the Radio Resource Control (RRC) protocol is used to exchange
signalling and control data to maintain, establish and release connections. Every time the UE needs to setup a
connection with the network an RRC connection needs to be established by performing the “RRC
CONNECTION ESTABLISHMENT” procedure (Figure 2).

UE RNC

RRC COMNECTION REQUEST

A O

RRC CONNECTION SETUP

B O
RRC CONNECTION SETUP COMPLETE
c Q

Figure 2. RRC Protocol. The process of UE connection to network

In establishing an RRC connection UE gets informed about the necessary information in order to know how to
receive and transmit data via the 3G or 4G radio interface. The information necessary for the UE to connect to
the network is below. Signalling - radio bearer’s characteristics, the transport channel configurations, the
physical layer settings.

So UE is instructed how to receive and transmit data on the established RRC connection via the WCDMA
interface, and the core network uses the NodeB Application Part (NBAP) protocol to inform the NodeB about the
radio interface configuration.

In the initial LTE releases the only way to order the UE to change the frequency or RAT in the RRC connected
mode was to utilize RRC connection release with redirection functionality (Figure 3).

§ -

RRC: MEASUREMENT REPORT
(A2 event triggered)

RRC: RRC CONNECTION RELEASE
(incl. info on target frequency layer)

Figure 3. RRC Protocol. The Process of UE connection release from LTE service
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The aim of RRC connection release with redirection is to avoid the risk of loosing the signaling connection with
the UE due to poor coverage (to avoid “drops).

Improvement of call setup time with CSFB PS Handover feature

When the UE is turned ON, it makes a Cell Search, then a Cell Selection and finally completes de Registration,
and stays in IDLE Mode.

What is Redirection? UE changes its state from connected to Idle mode when redirection happened. LTE Service
interrupt. That is meaning the source eNodeB release the connection of the UE and ask the UE to redirect itself
onto the target eNodeB by indicating the carrier frequency or the cell id in the RRC connection release message.
During CS Fallback, the UE is redirected from LTE RRC_CONNECTED mode to (2G/3G) idle mode). What is
Handover (HO). UE moves from one eNodeB to target eNodeB while keeping its connected state. LTE Services
don’t interrupt.

In handover procedure, target cell would be prepared and UE will move on target cell based on the configuration
sent by source eNodeB to User Equipment.

Cell Reselection happens only when the user equipment (or Mobile Phone) is in Idle MODE, and the UE needs
to go a more appropriate cell. The main feature of CSFB Ps handover does not interrupt data transfer when
switching from LTE to UTRAN/GSM. After switching to 3G is already in connected mode it does not waste
time to switch to connected mode. This feature let us improve call setup time when we make call in LTE.
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XULASO

Texnoloji proseslorin avtomatlagdirilmis idarsetms sistemi strukturunda proqramlasdirilan mantiqi kontrollerlar
programlagdirma-sazlama iglorini xeyli asanlagdirmigdir. Todqgiqatlar zaman1 quyularda gedon kegid proseslorinin
miiddatinin azaldilmasi, quyularin ¢ixisinda doylinmolorin xiisusi alqoritmlor vo proqramlagdirilan montiqi
kontrollerdon istifado edorok hamarlanmasi todqiqatlar vo qazlift neftcixarma prosesindo itkilori azaltmaga vo
somoroliliyi yiiksaltmoyo imkan verir.

Acar sozlor: eksperimental todqiqatlar, avtomatlasdirilmig idaroetmo sistemi, kecid prosesi, qazlift neft¢ixarma
prosesi, quyunun debiti, isci agent.

ABSTRACT

Programmable logic controllers greatly simplified programming and configuration operations in the structure of
an automated process control system. Reducing the time of transient processes occurring in wells during
research, smoothing out pulsations at the wells by using special algorithms and programmable logic controllers
can reduce losses and increase efficiency during research and during gas lift oil production.

Keywords experimental studies, automated control system, transient process, gaslift oil production, well flow
rate.

PE3IOME

[IporpaMmupyemble JTOTHYECKHE KOHTPOJUIEPHI 3HAUUTEIBHO YNPOCTIIIM OINEpalddl HPOTrPaMMHUPOBAHUSA U
HacCTpOHKH B CTPYKType aBTOMAaTH3HPOBAHHOW CHCTEMBl YIPaBJICHUS TEXHOJIOTHYECKUMH IPOIECCaMHU.
YMeHbIIIeHHe BPEMEHH IEPEeXOJHBIX MPOIECCOB, MMEIOIUX MECTO B CKBOKHHAX BO BPEMs HCCIICIOBAHHM,
CTTIa)KMBAHHUE ITyJIbCAIllMi Ha BBIXOJIE CKBOXUH IOCPEICTBOM HCIIOJIB30BAaHMSA CICIHAJIBHBIX aJrOPUTMOB U
MPOrpaMMHPYEMBIX JIOTHYECKUX KOHTPOJIEPOB MO3BOJISIIOT YMEHbBIIATh MIOTEPH U MOBBILIATH AP ()EKTHBHOCTH BO
BpeMsI HCCIIeIOBaHUH U B TIpoliecce ra3iuTHONH HeTe00bIuH.

KiroueBble c10Ba OKCIEPUMEHTANIBHBIE HCCIEIOBAaHUs, AaBTOMATU3UPOBAaHHAs CHCTEMA YIPABICHHS,
MIepeXOJHBIH Tpoliece, MPOouece ra3nudTHOH HeTe00bIdH, 1eOUT CKBaKUHEI.

GIRIS

Neft yataglarinin iglonilmasi prosesinds lay tozyiqinin tadricon azalmasi son noticoedo quyularin fontan isulu ilo
istismar edilmosini qgeyri-miimkiin edir. Bundan sonra yataqdaki nefti yer sothino qaldirmaq {igiin
mexaniklosdirilmis istismar {isullarindan istifade olunur. Gergoklosdirilmoasi {i¢iin az vosait tolob etmosi vo
mohsuldarligi ils farglonan qazlift {isulu fontan iisulu ilo istismardan sonra totbiq edilon iisullardan biridir. Lakin
hor bir texnoloji prosesdo oldugu kimi, qazlift {isulu ilo istismar prosesino do xeyli sayda amil tosir
gostordiyindon proses zamani quyularin mohsuldarligi azalir, miioyyan itkilor, bozen qoza vaziyyeti yaranir. Bu
amillor, prosesin qeyri-stasionarligt vo dziinamoxsus xiisusiyyatlori qazlift quyularinin optimal is rejimlorinin
vaxtagirl olaraq toyin edilmasini tolob edir. Quyularin ig¢i idarsetmo xarakteristikalar1 eksperimental tadqiqatlar
zamani alds edilon molumatlara osason identifikasiya olunur. Qeyd etmok lazimdir ki, homin todqiqatlarin
gedisinds is rejimlorinin dayisdirilmasi vo miivafiq 6lgmalorin aparilmasi qgeyri-istehsal itkilorin yaranmasina
sobob olur. Bundan olave, todqiqatlar zamami informativ, doqiq vo sshih mslumatlarin alimmasi osas
problemlardon biridir.

Masolonin qoyulusu

Qeyd edildiyi kimi, gazlift neft¢ixarma prosesi quyunun debiti Q-niin is¢i agentin sorfi V-don asililig1 asasinda
idare edilir. Homin riyazi modelin, eloco do quyuya golon neftin depressiyadan asililiginin identifikasiyast ii¢lin
zoruri olan verilonlor, yoni quyunun debiti, is¢i agentin tozyiqi vo sorfi, barodo molumatlar birinci halda
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quyularda isci agentin sabit tozyiqindo doyison hasilat metodu ilo, ikinci halda iso ig¢i agentin tozyiqinin sabit
giymetinds tozyiqin doyisdirilmesi tisulu ilo aparilan eksperimental todqiqatlarin komaoyi ilo alds edilir.

Quyuda gedan proseslorin iimumilikda geyri-stasionar oldugu nozars alinaraq gazlift quyularinda eksperimental
todqiqatlar ii¢ ayda bir dofs aparilir, quyunun texnoloji rejimi do adoton mohz hor riibde bir dofs doyisdirilir ki,
bunun da iimumi hasilata monfi tosiri ciizidir. Lakin modelin identifikasiyasi li¢iin todqiqatlar zamani 4-5 rejimdo
6lgma aparilmasi tolob olunur. Digar torafden tadqiqat rejimlori quyunun is¢i diapazonundan konara ¢ixa biler ki,
bu da is rejiminin qararlagsmasi miiddstina slave mohdudiyyastlar qoyur.

Qazlift neft¢ixarma prosesi adoton quyunun ¢ixiginda mayenin kigik ddyiinmoelori ilo miisayiot olunur. Qeyd
etmok lazimdir ki, qazlift neftgixarmanin spesifik xiisusiyyoti todqgiqatlar zamam quyularin xiisusi segilmis
rejimlords kifayat qodor - toyin edilmis rejim gorarlasana vo doyiinmalor sakitlogona gador uzun miiddat — bir
neg¢o saatdan, bir neco giinoe qodor islomosidir. Bu miiddst 6z ndvbasindo miivafiq olaraq layin, eloco do quyunun
voziyyati vo parametrlorindon asilidir. Bu zaman yaranan ddytinmolorin uzun miiddot davam etmasi bir torafdon
neft hasilatinda itkiloro, digor torofdon iso qaldirici vo nasos-kompressor borularinda vibrasiyaya vo miixtolif nov
nasazliglara sobob olur. Buna goro do osas mosolo kegid prosesinin miiddotini azatmaq vo déylinmolorini
zoiflotmokdir.

Onu da qeyd etmok lazimdir ki, neft hasilat1 prosesino, eloco do quyudak: kegid prosesino miixtolif amillor tosir
edir vo bunlarin oksoriyyati riyazi model qurularkon nozors alinmir vo sadologdirilmis model istifado edilir. Bu
hom ds todqgiqatlar zamani alinan molumatlarin geyri-miioyyanliyinden irali golir. Bunlardan an nozaragarpani
hayacanlandirict amillor — 6lgmolordoki kiiylordir ki, idaroetmo obyektinin 6tiirmo funksiyanin qeyri-xattiliyi vo
geyri-daqiqliyina [5], son noticads iso idaroetmo ganununun adekvathiginin azalmasina gotirib ¢ixarir. Konkret
halda qazlift quyusunun daqiq dinamik parametrlori molum olmayib, ancaq onlarin hansi tobiote malik olmas1 vo
arzu edilon giymatlorden miimkiin meyletmasi vo ya doyisms intervallar1 barode molumatlar malum olur. Bu isa
o demokdir ki, nozarat vo idarosetmo alqoritmlorindo homin parametrlorin qeyri-miioyyanliyi soraitinde toyin
edilmis qiymatlorindon istifads edilos bilor.

Masalanin halli

Beloliklo, baxilan halda asas mosolo idarsedici siqnallarin vo ya todqiqat rejiminin doyisdirilmasinin elo bir
ardicilliginin vo quyularin rejiminin idars edilmssinin els alqoritminin tapilmasindan ibaratdir ki, quyularda
kegid proseslori, eloca do quyularin ¢ixisinda doylinmolor minimuma endirilsin.

Adoaton qazlift quyusu ayrica bir quyu kimi deyil, quyular qrupu daxilinds isloyir. Mohz buna goro do
eksperimentlorin aparilmasi ii¢iin olavo is¢i agent tolob olundugu zaman qazm imumi hocminin biitiin quyulari
maksimum rejimindo istismar etmoys imkan vermadiyi hallarda eksperimentlor optimal paylanma masalasi hall
edildikdon (olavo is¢i agent oldo etmok mogsadilo) sonra davam etdirilo bilor. Oks toqdirdo hor hanst quyunun
rejiminin sorfiyyati daha yiiksok (adoton isgi agentin rejim ii¢lin toyin olunmus hacmindon xeyli ¢ox) olan
rejimdo todqiq edilmosi digor quyulara verilon ig¢i agentin sorfinin ixtiyari surotdo azaldilmasi ilo miisayiot
olunmalidir ki, bu da 6z ndvbaesinds yena do iimumi hasilatin azalmast ils naticolona bilar [1].

Hor hansi sababdon tomirs dayandirilmis quyu da tomirdon sonra miitloq tadqiq olunmalidir. Bu zaman onun
isoburaxilma rejimi nozoari hesablamalar - A.Krilovun toklif etdiyi diisturlar ssasinda asasinda miisyyon edilir. Bu
ifadolor quyunun konsturktiv parametrlorini, digor moadon-geoloji gostaricilori nozora alir. Lakin idarsetma
mogsadils riyazi modelin daqiqlosdirilmasi ii¢lin isoburaxma basa ¢atdiqdan sonra eksperimental todqiqatlarin
kecirilmasi planlagdirilir.

Quyularda kec¢id prosesi gorarlagdiqgdan sonra da quyularin ¢ixiginda doyiinmalorin davam etmasi tozyiqin
doyismasi vo hasilatin azalmasi ilo miisayiot olunur. Qeyd edildiyi kimi, bu proses bir torofdon tesadiifi, digor
torofdon iso kosilmoz prosesdir. Homin prosesi praktiki olaraq dayandirmaq geyri-miimkiindiir. Buna goro do
itkilorin azaldilmasina nail olmaq tigilin voziyyostdon ¢ixis homin proses zamani yaranan ddyiinmslorin
zaifladilmosi, doylinmenin baslandigi anda onun doyisms siiratindon asili olaraq quyuda tozyiqin artirilmasi va
ya azaldilmasi, tozyiqin miioyyon hiidudlarda sabitlogdirilmasi alqoritmindon istifads etmok toklif olunur. Tabii
ki, doylinmoalorin hamarlanmasi prosesi zamani da diger quyulara dolay1 tasir do nozors alinmalidir. Dolay1 tasir
iso konkret quyuda tozyiqi doyisorkon {imumi boru kemaerinds tozyiqin doyismosi naticesindo digor quyulara
verilon is¢i agentin tozyiqinin doyismosindo 6ziinii biiruzo verir. Bu mogsadlo hor bir quyuya xidmot edon
kontroller ii¢lin tozyiqin doyismasino oks-tosir alqoritmi islonmolidir ki, homin alqoritm biitiin sistemin
dayamighigimin tomin edilmosi baximindan yoxlamilmalidir. Ciinki har bir quyuda hamarlama-sabitlogdirmo
prosesi getdiyi zaman biitlin sistemde tozyiq doyismalori vo bunlarin bir-birino tosiri olduguna goéro quyularda
tozyiqin sabitlogdirilmasi prosesi dayaqnigsiz ola bilor. Buna gore do sabitlogdirms prosesi ham fordi, hom do
morkozlasdirilmis alqoritmlo yerino yetirilmoalidir. Bu zaman sabitlogdirmonin ovvalco tozyiq doyismelorinin
daha bdyik oldugu quyularda aparilmasi, sonraki idaroetmo proseslorin yuxarit soviyyado yerlogon morkozi
prosessorun miiayyen etdiyi ardicilligla yerina yetirilmasi magsadouygundur va yaxud tdvsiys oluna bilar.
Programlasdirilan montiqi kontrollerlorin (PMK) genis yayilmasi1 lokal idarsetms, yani hor bir quyunun fordi
olaraq idars edilmasi masalasinin hallini xeyli ylingiillosdirir, quyularda neft¢ixarma prosesinin xiisusiyyatlorini
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nozoro almaqla idaroetmoyo fordi yanasma totbiq etmoyo, baxilan halda geyri-mioyyonlik soraitindo fordi
idaroetmo qanununu totbiq etmoyo, doylinmolori vo kegid prosesinin miiddotini azaltmaq, quyularin todqiqi
zamani itkilori minimuma endirmok iiclin gorait yaradir. PMK-nin totbiq edilmesi onun osasinda qurulmus
sistemlorin ¢evikliyini tomin edir [3, 4]. Bu iso zoruri hallarda sistemin strukturunu doyismez saxlamagqla
programda ciizi dayisikliklor etmoayo, belaliklo do sistemin somorsliliyini yiikssltmoays imkan verir [1, 2, 6].
Beloliklo, PMK-nin totbiqi birbasa roqomsal idarsetma totbiq etmokls, qazlift quyularinda tozyiq dayismalorini
(doylinmolori) miioyyon godor azaltmaga imkan verir.

Qazlift quyularinda eksperimental tadqgiqatlara PMK vasitssilo nozarat vo idarsetms sisteminin strukturunun
miimkiin variantlarindan biri sok.1-do gdstorilmisdir.
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Sakil. 1. Qazlift quyusunda eksperimental todqiqatlara nozarat vo idaroetms sisteminin funksional strukturu

Burada PMK-nin funksiyalarima quyuya vurulan is¢i agentin tozyiqinin vo sorfinin 6lgiilmasi, eksperimental
todqiqatlar zamani rejimlorin miloyyan olunmasi va tozyiqin ddylinmolarini izloyorak onlarin azaldilmasi {iglin
is¢ci agentin tozyiginin quyunun — idaroetmo obyektinin zaman sabiti nazera alinmaqla verilmis hodlords
doyisdirilmasi, 6lgma vasitolorinin ¢ixis signallarmin siizgaclonmasi, quyunun is rejimlorinin toyin edilmosi
daxildir. Digar torafdon, toklif edilon sistemin adi is rejiminds idarasetmo sisteminin yuxari soviyyasindon quyular
qrupunun optimal iglomasi ii¢iin tapsiriqlart almaq imkanii da nazors almaq lazimdir. Bundan basqa, quyunun
maye hasilat1 vo eloca do neftin miqdar1 barade molumatlar idarsetma maqgsadlori ii¢iin kontroller torafindon emal
edilir.

Belolikla, qazlift quyularinda eksperimental todqiqatlarin semarsliliyinin yiiksaldilmasi iigiin toklif edilon
algoritmin konseptual modelina vo sistemin strukturuna miivafiq olaraq, bu sistemdo kontrollerin osas vozifasi
quyunun texniki vaziyyati va geoloji-madan gostaricilari, eloco do cari is rejimindon asili olaraq eksperimentlorin
kegirilmasinin planlagdirilmasi, yoni tadqiqatlarin kegirilmasi {igiin zoruri olan is¢i agentin hocminin mioyyan
edilmasi, buna miivafiq olaraq rejimlorin doyisdirilmasi vo kegid prosesinin, eloco do quyuda adi rejimdo bas
veran doylinmolorin tozyiqin doyigmolorini izloyorok azaldilmasini (zosiflodilmosini) tomin etmokdir. Cixis
ddytinmoloarini tam hamarlamaq miimkiin deyildir, ¢iinki bu qazlift neftgixarma prosesinin xiisusiyyatidir, lakin
hesablamalar gdstorir ki, homin doyiinmslorin toklif edilon {isulla moqbul hadds qodor zsifladilmasi tomin
olunduqda hasilatin 3-5% artmasina nail olmagq olar.

Kontrollera vericilordan galon informasiyaya osasen idarsetmo vo nozarot alqoritmine uygun olaraq icra
mexanizmlarine miivafiq siqnal gonderilir. Homin signallara uygun tapsiriq yerins yetirildikden sonra nozarat va
idaroetmo prosesi ger¢oklosdirilir. Konrollerin totbiqi quyunun neft hasilatin1 verilmis tapsiriga miivafiq olaraq
sabit saxlamaga vo vurulan qazin hocmino gora quyunu miixtolif rejimlords istismar etmoys imkan verir.

Real zaman miqyasinda kontrollerli idarsetms sisteminin alqoritmik strukturu asagidakilar1 6ziinde birlosdirir.
Quyularin texnoloji parametrlorinin 6l¢iilmosi, onlarin ¢evrilmosi vo emali, quyularm statik modellorinin
qurulmasi, quyunun texnoloji parametrlorinin eksperimental todqiqi alqoritmlori, modellorin adekvatliginin
yoxlanilmasi, quyularin is rejimlorinin optimizasiyast vo stabillogdirilmosi alqoritmlori, quyular arasinda neft
hasilatinin optimal paylanmasi vo quyularin texniki parametrlorinin prognozlasdirilmasi ve ugotu alqoritmlari.
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Sok.1-do gostorilmis struktura miivafiq olaraq, giris xottinde qoyulmus tozyiq vericilorindon P1, P, (tozyiq
diigkiisii yaratmaq mogsadilo boruda quragdirilmis diafragmadan avval vo sonra olan tozyiq) vo V (is¢i agentin
sorfi) komiyyatlori elektrik siqnalina ¢evrilorok kontrollers otiiriiliir. Bu signallar kontrollerdo emal edilir
(kontroller standart qiymoti (4-20)mA hiidudlarinda doyison sabit analoq elektrik coroyani signallari (Hart sini)
vo diskret rogomsal signallarla isloyir), parametrlorin cari vo inteqral qiymotlori hesablanir. Vericilordon
informasiyanin alinmasi {igiin miioyyon edilmis alqoritmo miivafiq olaraq dovrii olaraq sorgu yerino yetirilir.
Kontroller quyunun is rejimlorinin onun riyazi modelindon v optimallagdirma ayrisinden meyletmasini tahlil
edarak, tanzimloms va ya idarsetmoni toyin edilmis qiymatlor asasinda yerina yetirir va ya bu bilavasito miimkiin
olmadiqda, yeoni statdankenar hallarda zoruri molumatlar1 gerar qobul olunmasi {igiin yuxari saviyysli
avtomatlagdirma pilloesino otiiriir. Yekun idarosedici tosir miioyyon edildikdon sonra, voziyyat sensoru vasitasilo
isci agentin giymetinin doyisdirilmaesi iiciin miivafiq ventil homin signala uygun olaraq addimla agilir vo ya
baglanir.
Belolikls, qaz-lift quyusunun kontrollerlo idare edilmasi sayosindo bir ¢ox iistiinliiklora oldo edilir ki, bunlara
asagidakilar: daxildir:

e quyunun fasilasiz dayanigli iginin tomin olunmast;
hasilatin artirilmast;
is¢i agentin sorfinin azaldilmast;
quyuda bag veran déylnmolarin minimuma endirilmasi;
quyunun tomirlorarasi ig miiddatinin artirilmasz.
Biitiin bunlar son naticodo itkilorin azaldilmasi, hasilatin hom eksperimental todgigatlarin semaraliliyinin
yiiksaldilmasi, hamginin tadqiq olunmus quyularin optimal is rejimlorinin operativ suratds miioyyan edilmasi va
zaruri tovsiyalarin totrib olunaraq, idaroetmo moaqgsadloari igiin toqdim edilmasi sayasinds artimina nail olunmasi
hesabina sistemin imumi somorsliliyinin yiiksoldilmasins imkan verir.
Idaraetmo vo nozarot sistemi qazlift neftcixarmasinda asagidaki funksiyalari yerina yetirir vo operatorun texnoloji
prosesa tosiri hom birbasa, yoni miioyyon icra mexanizmlorinin igo salinmasi vo agilmasi vasitasilo idarasedici
parametrlorin doyisdirilmasi vo dolay1 yolla (avtomatik rejim ii¢iin tapsiriglarin verilmosi yolu ilo) bag vero bilor:

e verilonlarin toplanmasi. Texnoloji avadanliq saviyasinds alinan biitiin verilonlor prosesin gedisino

miivafiq xarakterik zamana uygun olan middatlor ti¢iin toplanir vo sistemli sokilda ¢esidlonarok
verilonlor bazasia yazilmast;

e todqiqatlar zamani idarsetmo va nozarat alqoritmlarinin gergoklosdirilmasi;

e quyular saviyyasinds zoruri molumatlarin emali va identifikasiya masalolarinin halli.
Strukturun bu ciir qurulmasi vo PROFIBUS sinindon istifado idaroetmos sisteminin texnoloji programlasdirma
dilinds programlasdirmaga vo hamin proqramlar1 kontrollers masafadon yiiklomayo, yuxari soviyyads verilonlor
bazasi serveri ilo islomoys imkan verir. Hal-hazirda avtomatlagdirma sistemlorinin oksariyyati miiasir
mikroprosessor texnikast vo kontrollerlorsa (idarsedici qurgulara) asasinda qurulur. Bu ciir qurgularm ilk totbiqi
XX osrin 80-ci illorine tosadif edir. Homin dovrds diskret sistemlorin idars edilmasi vo avtomatlagdirilmasi
asason relelor vasitosilo yerina yetirilon montiqi qurgularla mohdudlasirdi.
Son 25-30 ildo proqramlasdirilan montiqi kontrollerin meydana golmasi vo totbiqinin genis viisot almasi
proseslorin avtomatlagdirilmasini daha yiiksok soviyyoye qaldirmig, PMK-nin istifads edildiyi sahalor vo onlarin
yerina yetira bilacayi funksiyalar keyfiyystco doyismis vo artmisdir.

NOTICO

Programlagdirilan mantiqi kontrollerlarin tatbiqi har bir quyunun tadqiqins fardi yanasaraq, onun xiisusiyyatlorini
nazars almaqla hom tadqiqat aparmaq, ham rejimlorin stabilizasiya masalalorini holl etmoak, eloco do idarsetmo
keyfiyyatini vo modelin adekvatligini yliksoltmok maqgsadils yeni asililiglarin ¢ixarilmasi ii¢lin yeni tadqiqatlart
aparmaq imkani yaranir ki, bu da golocokds geyri-istehsal itkilorin azaldilmasini tomin edoacokdir.
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MANAGEMENT SYSTEM AND CONTROL FOR RESEARCH OF GAS LIFT
WELLS

Sardarova I.Z.

Azerbaijan State Oil and Industry University. (Azerbaijan)
Email: bike.serdarova@mail.ru

ABSTRACT

Programmable logic controllers greatly simplified programming and configuration operations in the structure of
an automated process control system. Reducing the time of transient processes occurring in wells during
research, smoothing out pulsations at the wells by using special algorithms and programmable logic controllers
can reduce losses and increase efficiency during research and during gas lift oil production.

Keywords experimental studies, automated control system, transient process, gaslift oil production, well flow
rate.

CUCTEMA YIPABJIEHUS U KOHTPO.IA JJIsI UCCJIEJOBAHUM
I'A3JIM®THBIX CKBAXKUH

Capnapona 1.3.

Azepoaitmkxanckuii ['ocymapctBennsrit YauBepcuter Hedru u [Ipomeimernoctr. (AzepOaiimkan)
Email: bike.serdarova@mail.ru

PE3IOME

[TporpamMmmupyeMble JIOTHYECKHE KOHTPOJUIEPHl 3HAYUTENBHO YINPOCTWIIM ONEpalud INPOrpaMMHUPOBAHUS U
HACTPOWKHM B CTPYKType aBTOMATH3UPOBAHHON CHUCTEMBbI YIPABICHUS TEXHOJOTHUECKHMMH IPOIECCaMHU.
YMeHbllIeHHEe BPEMEHH IEePEXOHBIX IPOIIECCOB, MMEIOUIMX MECTO B CKBaXXMHAX BO BpEMs HCCIEIOBAHUM,
CriaXXHBaHHE MyJbCalluii Ha BBIXOAE CKBXHH IOCPEACTBOM HCIIOJIBb30BAHUS CIICIHAJbHBIX AJITOPUTMOB M
POrpaMMHPYEMBIX JIOTHYECKUX KOHTPOJIIEPOB MO3BOJISIIOT YMEHbIIATh MOTEPU M MOBHIIIATH 3()()EKTHBHOCTH BO
BpeMsi HCCIIeIOBaHUI U B Tpoliecce ra3iuTHON HeTeJ00bIuH.

KiaroueBble cj10Ba 3KCIEPUMEHTABHBIC HCCICIOBAHUS, aBTOMATH3MPOBAaHHAs CHCTEMa YIpaBJICHHS,
HepeXoaHbIH npolece, npouecc ra3audTHONH HedTen00bIYH, TEOUT CKBaKHHBI.
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SAIUTA THOOPMAILINU B OITUYECKUX TEJJEKOMMYHUKAIIMOHHbIX
CUCTEMAX C UCHOJIb30BAHUEM KBAHTOBOM KPUIITOT'PA®UN

HWo6parumos B.I'Y., Tacanos A.I'2, Mamenos T.TC,

Kadenpa TenekoMMyHHUKALMOHHbBIE CUCTEMbI 1 MHPOPMAIMOHHAS 6€301aCHOCTh. Azepbaiinkanckuii
TeXHUYECKUil yHUBepcHuTeT. (A3epbaiimxan)

23Boennas akanemus BoopyxeHHbIX cuil Azepbaiimkanckoii Pecrrybnmku. (AzepOaiipkan)
E-mail: ti.bayram@mail.ru, 2arifhasan2828 @yandex.ru *mamedov@gmail.ru,
AHHATOIUA

[Tpoananu3upoBaHbl METOABI 3aUIUTHl MH(GOPMAIMKM U NPHUBEACH MUHUMAIbHBIN HaOOp MOHATHH KBaHTOBOTO
pacnpenesneHusl KIIo4a, HEOOXOOMMBIX JUIA TOHUMAaHUS HIACH W CPEACTB KBAaHTOBOW KpumTorpaduu.
PaccMOTpeHB! NIPHOPUTETHHIE HANpPABICHUS PA3BUTHSA CHCTEM pPACHpENeNiCHHS KIOYeH KBaHTOBOM
kpunrorpaduu, Oazupyroniuecss Ha KOAWPOBAHHUHM KBAaHTOBOTO COCTOSHMS OAMHOYHOW uacThmbl. Ha ocHoBe
UCCJIEIOBAHMSl YAaCTUYHO ONHUCAaHBbl allOPUTMBbI  pabOThIl  KBaHTOBO-KPUNTOTpPaUUECKHX CHUCTEM C
HCTIOJIb30BaHUEM BOJIOKOHHO-ONTHYECKUX JTMHUHN CBA3H U MOTYy4EHB] Ba)KHbIE aHATUTUYECKUE BBIPAKESHUS.
KaioueBble ciioBa: xpunrorpadust ,KBaHTOBBIH KIIOY, KBaHTOBAas KpunTorpadus, KBAaHTOBOE paclpeesieHue
KJIFOUEH, MPOTOKOJI, TEJICKOMMYHHUKAIIMOHHAS CETh, IH(poBaHue

BBEJIEHUE

VYcranosneno [1-3], 4To s mpemoCTaBlieHHUS MYJIbTUMEAMHHBIX YCIyT B CHUCTEME TEIECKOMMYHHKALUH C
HCIIOJIb30BAHUEM BOJIOKOHHO-oNTHYecknX JuHUH cBs3u (BOJIC) HeoOXoaumMmo oOecrmednBaTh BO3MOMXHOCTH
HETPEPEIBHOTO (DYHKITMOHMPOBAHUS MYJBTHCEPBICHON CETH OOIIETO MOJB30BAHUSA M OE30IaCHOCTH Iepenavn
HEOJHOPOJHOTO TpaduKa.

YuuTeiBas pacnpeeieHHyo apXxuTektypy cereii cnenyromiero mokonerus (NGN, Next Generation Network),
IIPH KOTOPOH aTakh MOTYT COBEpIIATHCA B Pa3NUYHBIX TOYKAX HAa TPAHUIIAX CETH, BO3HHUKAIOT TEXHUYECKHE
CJI0KHOCTH B 00eCTrieueHnH 0€30MaCHOCTH TAKHX CHCTEM.

OpHaxo, MO OIIEHKaM OTEYECTBEHHBIX U 3apyOeKHBIX CIEIMATUCTOB 3HAUUTEIbHAS YacTh UCTIONIb3yeMOU TUHUN
mo oO0menocTynHbIM KaHajloM diekTpocBsizu  sBisercss BOJIC ¢ ucnonb3oBaHUEM — CHEKTPaIbHBIX
WDM&DWDM (Wavelength Digital Multiplexing and Dense WDM) texHomoruu. 3amadud  3aimiuThl
MyJIBTUCEPBUCHOM ceTu, ucnoibiytomeil BOJIC B cucteme TelneKOMMYHUKALMU 3aHUMAIOT OJHO M3 BEAYLIMX
MECT B peIIeHHH oO0med mpoOiaeMbl WHPOPMAIHOHHOW OE30IMacHOCTH. 3/1eCh BaXKHBIM SIBIISICTCS METOJBI
3amUTHl UHPOPMAMU OT HECAHKIIMOHHPOBAHHOTO JOCTyMa-MeToAbl Kpuntorpaduu. Kpumrorpadus - 31o
HCKYCCTBO CKPBITHS WH(POPMALMU B MTOCIECIOBATEIBHOCTH OUTOB OT JFOOOTO HECAHKIIMOHHMPOBAHHOTO JOCTYIIA.
Jiis DOCTIDKEHHS STOW HENHM WCHONB3YIOT MH(poBaHUE: COOOMIEHHE C IOMOIIBI0 HEKOTOPOTO AIrOpHTMa
KOMOWHUPYETCS C JOMOJHHUTEIBHOW CEKpEeTHOH WHQOpMAaIUeid - KIIOYOM, B pe3ylbTaTe Yero IOTydacTcs
kpurnrorpamma [3, 4, 5]..

B coBpemenHbIX cucteme TeraekommyHukamu Ha 6aze NGN ucrnons3yroTes pasiuuHble crioco0bl mudpoBanus,
MaTeMaTHYeCKHe alTOPUTMBI W CETeBbIE KOJUPOBAHUS IS COXpPaHEHWs] W 3allUThl TEepeaaBaeMoro
HEOIHOPOAHOTO TpaduKa, UcTolib3ytoure 3G GeKTHBHbIE KPUIITOrpahuIecKue METO B

CnenoBarenbHO, B TIPUMEHEHHWHM K CHCTEMaM TEJIEKOMMYHUKAIMH BO3HHMKAaeT mpoldiieMa oOecTedeHust
CEKPETHOCTH BO BpeMs 0OMeHa KIIF0YaMH, IMOCKOJIBKY KIIF0U JTOJDKEH OBITh TOCTaBJICH MONYYaTeIt0 COOOIICHHS
3apaHee U C COOJIOJCHHEM CTporoi cekpernoctu [5, 6]. OpuuM U3 ee pemieHuil sBiseTcs pa3paboTaHHBIN
Yapns3om bennerom u J[xunom Bpaccapaom mpoTOKoi KBAaHTOBOTrO pacrpoctpaHenus kmoua (Quantum key
distribution). Ha ocHoBe mcciie1oBaHus METOIOB 3aIUTHI HH()OPMALIUK YCTAHOBJIEHO, YTO OJJHUM M3 Ba)XKHBIX W
MIEPCIICKTUBHBIX METOJIOB U AJITOPUTMOB KPUITOTpa(uu SBJISETCS MPUHIUIBI KBaHToBOH Kpunrorpaduu (KK),
a caMa ceTh HOCUT Ha3BaHUE KBaHTOBOM cetw [1, 7].

Crnenyet otMeTuTh, uTo KK 6a3upyercst Ha KBAaHTOBBIX CETSX, KBAHTOBasl CETh — 3TO €CTh MH(OpPMAIIMOHHAS U
TETIEKOMMYKAIlMOHHAsl CEeTh, KOTOpas 3allWIlaeT TIepefaBacMble HWHPOPMANUKW C  HCIOJb30BAHHEM
(yHIaMEHTaNbHBIX 3aKOHOB KBAaHTOBOW MeXaHWKH. [lociemHui SBIIAETCS NPAKTUIECKOW peanu3anyedl Tak
Ha3bIBa€MOW KBaHTOBOI kpunrorpadgun. bypHoe pa3BuTie KBaHTOBOH TEXHOIOTHH TSI CO3AaHuUs () (HEKTUBHOTO
CEKPETHOTO KJIF0Ya MPUBEIO K MOSBICHUIO KBAHTOBO-KpUNITOrpapuueckux cucteM. OHU SBJISIOTCS MPeneIbHbBIM
ciayyaem 3ammieHHsx BOJIC.
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VYuuTHEIBas BBIIC HW3JIOKEHHBIC, B NAHHON paboTe aHamm3upyeTrcs Kpumro3amuTsl wHpopmammu B BOJIC ¢
HCIIONB30BaHUEM KBaHTOBOI KpunTorpadum.

AHaJIM3 KBAHTOBOM KpUNTOrpaduu v MoCTaHOBKA 3aa4u

H3BecTHO [3, 7], 9TO COCTOSIHHE KBAaHTOBOTO OOBECKTa OYCHH MAJIOM MacChl M pa3MepoB, HApUMeEp, JICKTPOHA
i GoToHa MOXKET OBITH ONPEAEICHO H3MEPEHHEM.

OpHako cpa3y IOCJE BBINOJIHEHHS 3TOTO M3MEPEHHs KBAaHTOBBI OOBEKT HEM30€XHO NEPEXOAMUT B APYroe
COCTOSIHUE, TPUYEM IMIPECKa3aTh 3TO COCTOSHUE HEBO3MOXKHO.

CremoBaTeNibHO, €CIIM B Ka4eCTBE HOCHTENCH MH(OPMAIMH MCIOIb30BaTh KBAHTOBBIC YACTHIIBI, TO IOMBITKA
MepexBaTUTh COOOLICHUE MPUBEAET K M3MEHEHUIO COCTOSIHUSI YACTHUI, YTO IIO3BOJMUT OOHAPYKUTh HapyLIEHHUE
CEKpeTHOCTH mepenauyn. KpoMe Toro, HEBO3MOXKHO IMOJMYYHUThH MOJHYI0 WHPOPMALUIO O KBAHTOBOM OOBEKTE, U
CJIeJOBAaTEIFHO, HEBO3MOXKHO €r0 CKONHPOBaTh. OJTH CBOWCTBA KBAHTOBBIX OOBEKTOB JENAIOT WX
«HEYJOBUMBIMMY.

CHCTeMHO-TeXHUYECKUH aHaIH3 MoKa3ai [1, 5], 9TO B ONTHYECKUX TEICKOMMYHHUKAITMOHHBIX CHCTEMaX BayKHBIM
M MIEPCTICKTUBHBIM KOMITOHEHTOM SIBJISIETCST KBAHTOBBIX cBsi3u (Quantum Communication).

B xBanTOBBIC cBs3M B BOJIC sBNsieTcs Kak CETH Mepenavyd ONTHYECKHX CHUTHAJIOB, paboTaromue 1Mo 3aKoHaM
KBaHTOBON MEXaHHKH, MCIOJB3Ys 3(H(HEKT KBAHTOBOU CICIIICHHOCTH COCTOSIHHU C MPUMEHCHHEM KBaHTOBBIiI
o4, MccnenoBanusi KBaHTOBBIX ceTed, ucnoib3ytomue BOJIC cBs3aHbl ¢ HMCCIEAOBaHUSIMH B 00JacTH

kBaHTOBOH Kpuntorpaguun. B BOJIC ucnomssyercs na mmmax soma A, = (0,85,...,1,55) mkm nns

TeHeKOMMyHHKaHI/IOHHOfI CBA3H.

Ha puc.1 mokaszana ctpykrypHas cxema BOJIC ¢ ucmonb30BaHHEM KBaHTOBOHM KpuOTOrpaduu, TIe BaKHBIM
OJIOKOM  sBIsieTCs: mepenaroiue u  npuemubie  vacth  BOJIC, onTHYeckHe MYJIbTHIUIEKCOPBI U

aemynbtuiiekcops! (On.M u On.JIM), nasepsl ¢ ATHHON BOJHEI /11 u /12 .

I =1 55 mkm| B = I
o M=155 mkm‘ | Mg | 7 I
A Muwesi || [eweparop AHCHDHMUHATOP ‘
. JONEPR || CHRNPOMNYNLCOB | RBONC I OnIM |
| OnM | | "% [Terextop B e',,g. | Beog
| flaaap | > )2 P ;
' AMnHTY LA t>
| . | npeofipasosarens | |
| Nazep | Nagitkhbi | { |
| l'l ! ATTEHOATOD | o | | | dhoropetexrop '
|L Mymmvrmexcop, IL)Ierqmmrmexcop ha=1,31mkm

Puc.1. CtpykrypHas cxema BOJIC ¢ ncnonp30BaHHEM KBAaHTOBOW KPHUMITOTpadUH

JlanHasi uzesi MO3BOJIIET YIPOCTHTh BOJIOKOHHO-ONTHYECKYIO 4YacTh CHCTEMbl KBaHTOBOW KpunTorpaduu U
MIOJTHOCTBIO OTKAa3aThCsl OT NPHMEHEHHMs HHTepdepomeTpoB. IIpennoxeHHas cxema IO3BOJSIET peaTn30BaTh
OOJIBIIMHCTBO M3BECTHBIX MMPOTOKOJIOB KBAHTOBOW Kpunrorpaduu

OmHako, B ONTHYECKHX CHCTeMaxX KBAaHTOBOW KpUITOTpauy, OCHOBAaHHBIX HAa TNPHUMEHEHHH OOKOBBIX -
MOJIHECYIIIMX YacCTOT B pe3y/ibTaTe (ha30BO-4aCTOTHOM MOAYJISIIMY, KBAHTOBBIE CUTHAJIBI BBIHOCSITCS Ha COCETHHE
YacTOTHBIE KOMIIOHEHTHI. [Ipomecc oTmpaBku M mpuéMa ONTHYECKUX CUTHAJIOB C HCIOJIB30BAHHEM METOMOB
KBaHTOBOM  KpHunTorpaduu Bcerja BBINOJNHAECTCS (U3NYECKUMH CpEICTBaMH, HarpuMmep, IIpHU ITOMOIIN
QJNIEKTPOHOB B d3JIeKTpudeckoM curHane u (oroHoB B BOJIC. Ilpm 53TOM MOACIYNIMBAaHHE MOXKET
paccMaTpuBaThCsl Kak HM3MEHEHHE ONPE/IEJICHHBIX MapamMeTpoB (DM3MUECKHX OOBEKTOB — B JAHHOM Ciydae,
MIEpEeHOCYMKOB HH(OPMAIIHH.

B cucreme KK moutn Bce KOUIM3MM B KBaHTOBBIX KIIf0UaX. B KBaHTOBOW KpunTorpaguu KpUIITOKIIOYU
pacIpenensoTcs IBOSKO, MO0 ¢ ydacTHeM LIEHTpa paclpeeieHus KIo4eH, MO0 MpsiMbIM 0OMEHOM MEXIy
oJb30BaTe MU, [103TOMY KPHIITOKITIOUH TOJKHBI PACIPEAETATHCS WM HIMH MOXKHO OOMEHHBATHCS 110 KaHAITY
cBs3u Oe3omacHbIM criocoboM. ITpy 3TOM creKTpaibHBIN MHTEpBall MEXIy Hecymieil 1 OOKOBBIMHM YacCTOTAMH
ompeNeNAeTCs apaMeTpaMu MOIYJIMPYIONIEro curHana U cocraBiseT nopsaka (10,..., 20) mm. Cuctemsl Ha
OOKOBBIX YaCTOTaX XapaKTepPHU3YIOTCs 0oJiee BHICOKOW CKOPOCTBHIO T€HEPALMHU KIIFOUCH W HU3KOH BEPOATHOCTHIO
BO3HUKHOBEHHS OIMINOOK.
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OHaKO UX IJIAaBHBIM IIPEUMYIIECTBOM SBIISICTCS BO3MOXKHOCTB T€HEPUPOBAThH CPa3y HECKOJIBKO OOKOBBIX YaCTOT
B OKPECTHOCTH OJHOI LEHTPajbHOH, YTO MO3BOJISET pa3Melath 10 10 HEe3aBHCHMBIX KBAaHTOBBIX KaHAJIOB
BHYTPH OJHOTO OKHa MYJIbTHILUICKCOPA.

C y4eToM NOCTAHOBKH 33/1a4H, PACCMaTPUBACTCs PeIIeHHe c(OPMYITMPOBAHHOI BEIIIE 33/1a4¥ — aHAIN3 3allUTa
HH(OPMALUK B ONTHYSCKUX TEJICKOMMYHHUKAIIMOHHBIX CHCTEMax C HUCIOJIB30BAaHHEM KBaHTOBOW KpHHTOrpaduu
U HCCIICA0BaHMs KBAaHTOBBIN K03 dumueHt omubok, QBER (Quantum BER).

HccnenoBanust kayecTBa paGoThl KBAHTOBBIE CHCTEMBI CBSAI3H

[IpoBeneHHbIe UCCIEAOBaHKE IOKA3bIBAIOT [0, 7], YTO B KBAaHTOBBIM CHCTEME CBS3M OOMeH HH(OpMaluew,
HEOOX0/IMMON It 00pabOTKH PEe3yJIbTaTOB M3MEPEHHMs, BBINOJHIETCS 10 OTKPBHITOMY KaHamy. [Ipu stom -
CBIPOY KITFOY- TEHEPUPYETCS OTHOBPEMEHHO B IIEPEIArOIIeM 1 MPUHUMAOIIEM ONTHISCKIX MOIYJIIIX.

ITocie 3TOro AJis - CHIPOro KIKYa - BEIYMC/SCTCS KBAaHTOBBIN Koaddumment ommbok QBER (Quantum Bit Error
Rate), mo KkOTOpOMY JIErMTHMHBIE MOJb30BaTEIM MOTYT ONPEACIUTh, ObUIA JIM MPEANPUHITA MOMbBITKA
MPOCTYIIKH - HECAHKIIMOHUPOBAHHOTO J0CTYIa a0OHEHTCKUX JINHHH.

[pennonoxum, npocaynrka BOJIC He Ob1T0, TO OMHUOKK KOPPEKTUPYIOTCS, a B TIEPEAAONIeM H IPHHUMAIOIIEM
ONTHYECKHUX MOAYIIIX TCHEPUPYETCS CEKPETHBIN KPUMTOTPaPUISCKIHA KITFOU.

VYuuThiBass BBINICHU3JIOKEHHBIE AJITOPUTMBI Pa0OTHl KBAaHTOBBIE CHCTEMbI CBsizu, wucnonssyoonme BOJIC,
BennyrHa BeposTHOCTH QBER ompenensercs kak OTHOIICHHE KOJIMYECTBA ONIHOOYHBIX OMTOB K OOIIEMY YHCITY
MOJy4eHHBIX OMTOB, KOTOPBIE BBIPAXKAETCS CIIETYIOLIMM 00pa3oM:

M
P =— =M1+ (M,_.
QBER M + M B [ ( write

rac M wr — 9HMCJIO HCTIPABUJIbHO NIEPECIaHHbBIX OHTOBLIX COO6III€HI/II>1 WM KOJUYECTBA OIIMOOYHEIX OUTOB

IM T L)

write

NIEPEAaHHbIX 110 KBAHTOBBIM KaHaJlaM CBS3U; M — BBOJIUMBIC OUTOBBIX COO6meHHﬁ.

write
Beipakenunst (1) ompepenseT kKak BEpOSTHOCTh OWTOBBIX OIMIMOOK NpHUEMa B KBAaHTOBBHIM KaHale CBS3U U
XapaKTepu3yeT KadecTBa PabOThl KBAHTOBBIC CHCTEMBI CBA3U IpH Hcnoiab3oBannu BOJIC.

Kanaubl cBsi3H 17111 00MeHAa KBAHTOBOI'0 COCTOSIHHSA

Bersaenena [2, 4], 4To KpoMe KBaHTOBOTO KaHala CBS3H, 110 KOTOPOMY II€peZarolas ¥ MPUHUMAIOIIAS CTOPOHEI
0OMEHHUBAIOTCSI KBAaHTOBBIMH COCTOSIHHSIMH — JIHOO IO BOJIOKOHHOM ONTHYECKOW JIMHUH CBSI3H, JTHOO 4epe3
aTMocdepy, — BaXXHBIM, HeOTbeMiIeMbIM aTpuOyToM KK sBiseTcs Tak Ha3pIBaeMbIi "OTKPHITHINA" KaHAT CBS3H.
OTKpBITHIM Ha3bIBAacTCsl KaHaNl CBSI3M, €CIU IepefaBaeMas Mo HeMmy HH(GOpMalus MOXET OBITh JIOCTyIHa
JM000My YYaCTHHKY HMPOTOKOJIA, B TOM YHCJE 3JI0yMBINUIEHHUKY. [1oa MpOTOKOJIOM MOHMMAaETCsl COBOKYITHOCTh
JNeUCTBUI - TakMX KaK WMHCTPYKIMM, KOMAaHJbl, BBIUMCIICHUS, aJTOPUTMBI, BBIIOJHIEMBIX B 3aJaHHON
IIOCTIEIOBATENBHOCTH IBYMsI MM O0JIee JISTUTUMHBIME CyOBEKTaMU C HENbI0 JOCTHKEHHS HEKOETO Pe3yIbTara.
M3BeCTHO HECKOJIBKO MPOTOKOJIOB paclpenesieHus KIoueld Ha OCHOBE JUCKPETHBIX KBAHTOBBIX COCTOSIHUN. B
LIeJIOM, WX MOXHO pa3ouTh Ha nABe rpymmsl. B mepByro Bxomar mnportokonsl KK, omepupytomme c
HEOPTOTOHAJLHBIMH KBAHTOBBIMHU cOCTOSHUAMU. Hanboiree m3BectHbIe U3 HUX [5, 6]: BB84, B92, SARG.

B ocnoBe otnensHO Tpynmel npotokosoB KK sexuT xogupoBanue nHGpopManny B KBaJpaTypHbIE aMILTUTY /bl
MOJBI KBaHTOBAaHHOTO 3JIEKTpOMarHuTHoro moins [6, 7]. Ilpotoxkon BB84 sBnsercs Hanbonee MOMyISpHBIM
mpotokosiom KK (Charles Bennett u Gilles Brassard, u3 ¢pupmer IBM, BB84).

Onnaxo, B npotokosne BB84 ncrons3yercs aa (uiay, B o0IIeM cirydae, TpH) B3aMMHO HECMEICHHBIX Oaswmca,
COCTOSIIIINX U3 TIApBl OPTOTOHAIBHBIX COCTOSIHUN. Takue 6a3UChl yIOBIECTBOPSIOT YCIOBHIO, YTO KBaAPAT MOTYJIIS
CKaJISIPHOT'O TIPOM3BEJICHUSI COCTOSIHUM W3 pa3HbIX 0a3MCOB paBeH OOpaTHOW pa3MEepHOCTH T'HIBOEpPTOBA
mpocTpaHcTsa [6, 7]:

\<‘Pi|(/’j>\2=% o 1hg=l2 @

[TponsBoIBLHOE COCTOSIHUE JIO00H JBYXYPOBHEBOW KBAaHTOBO-MEXAaHMUYECKOW CHCTEMBI MOXHO MPEICTAaBUTH B

BHJI€ IMHEWHOMN CyTIEPIIO3UINU:
Wi) = a|0)+ A1) ®)

ee COOCTBEHHBIX COCTOSHUM |0> I/I|1> C KOMIUIEKCHBIMHU KO puIeHTaMn «&; U ﬂi .

U3 (2) u (3) cnemyeTt, 9TO B TO BpeMs Kak JJIS COCTOSHHHM M3 OJHOTO 0a3uca CKasIpHOE IPOM3BEIEHHE PaBHO
HYJIIO:

(w|w)=0, i,j=12 @)

Azarbaycan Ali Texniki Moktablorinin Xabarlari



ISSN: 1609-1620; E-ISSN: 2674-5224

VOLUMEO3 ISSUE 03 2020

PAHTEI

Ucnone3ys mportokonsl BB84 u3 (2) (3) u (4) BHOHO, 9TO Ba)KHBIM YCJIOBHEM HCIIONB30BAHMS OTKPHITOTO
kanana B KK sBigeTcs HEBO3MOXHOCTH M3MEHHTH IepelaBacMylo 1o HeMy HHQopMarmio. TakuM KaHaaoM
CBSI3M  MOXET  BBICTYNIaTh, HampuMmep, VHTepHET W  Opyrde  BBICOKOCKOPOCTHBIE — ONTHYCCKHUE
TENIEKOMMYHHKAIIMOHHbIE CHCTEMBI.

B BOJIC Hocuremsamu mHpopManuu B npoTokone BB84 spistorcst ¢oToHBI, momsipu3oBaHHbIe TOA yriamu 0,
45, 90, 135 rpagycoB. B cooTBeTcTBUM C 3aKOHAMH KBAHTOBOW (DM3MKH, C TIOMOIUBIO M3MEPEHHS MOXHO
Pa3JIMYUTh JIMIIb JIBa OPTOTOHAIBHBIX COCTOSIHUS: €CIM M3BECTHO, YTO ()OTOH MOJSIPH30BaH JIMOO BEPTHUKAIBHO,
7100 TOPU30HTANBHO, TO IyTEM U3MEPEHHSI, MO)KHO YCTaHOBUTb.

Ycranosneno, yto B BOJIC no xoTopoMy nepearomiast ¥ IpUHUMAIOIIAs CTOPOHBI OOMEHHBAIOTCS KBAHTOBBIMH
COCTOSTHHSIMH, HCHOJIB3YSl CBETOBBIE HWMITYJbChl. [loJ CBETOBBIM HMIYJIBCOM OyAeM IIOHUMAaTh Te
(UKCHPOBaHHBIE HHTEPBAJIBI BPEMCHH, B TCUCHUE KOTOPBIX TOJDKECH MPUITH (HOTOH.

UzBectHO [6, 7], 9TO Hamboiee MPOCTOE pPEUICHHWE MPOOIEMBI MPUTOTOBICHHS OJHO(MOTOHHBIX (POKOBCKHX
COCTOSIHMH — 3TO OCIIa0JICHUEe JIa3epHBIX MMITYJIbCOB, I10J€ KOTOPHIX HAXOMUTCS B KOTEPEHTHOM COCTOSHHH CO

CPEeOHUM 4YHCIOM (DOTOHOB E[Nf]. BepositHocTs Haiitn N ()OTOHOB B TakOM COCTOSIHHUHM OIIHCHIBACTCS

pacupenenenuem I[lyaccona:
_ENT
P{n.E[N I} = ——exp{-E[N ]} ()

Bripaxenue (5) o3HagaeT, BEpOSITHOCTh TOTO, YTO B HE IMyCTOM, T.€. C N # 0 B JJa3epHOM HUMILYJIbCE CONEPKUTCA
6osiee 0JHOTO (POTOHA, COOTBETCTBEHHO.

3AK/IIOYEHUSA

Mcnonb3oBaHne KBaHTOBOro pacnpeneneHus Knovei B cucteMe KBaHTOBOM KpunTorpadun ans
3alUTLI MHpOPMAaLMK NO3BONAET NonyyaTh pesynbTaThbl, HeOOCTMKUMbIE KaK TEXHUYECKUMMU
meToaamu 3awmTtel BOJC, Tak 1 TpaguLMOHHLIMKU MeToaamu Kpuntorpadguu.
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AHHOTALIAS

PaccmarpuBaercs 3amada  aJeKBaTHOTO MOJCIHMPOBAHUS  YHPABIAEMbBIX IIPOLECCOB, MPOTCKAONIUX B
TEJICKOMMYHHKAIIMOHHOM ~ CHCTEME TIpH  HCCIEIOBAaHMM  KOMIUIEKCHBIC IOKa3aTend 3(PPEKTUBHOCTH
MYJIBTHCEPBUCHBIX TeleKOMMYHHKannOoHHBIX cereil (MTC) . B manHOW paboTe mpemMeToM HCCIIeIOBAHHUS
SBISIETCST aHAJIW3 KOMIUIEKCHbIe mokazaTteneld s¢d¢extuBHOocTH MTC Ha 0ase apXHTEKTypHOH KOHLEIIINH
oynyumx cereit FN (FN, Future Network,) ¢ wucmonp3oBaHMEM T'€TEPOTeHHBIX CETEBBIX TEXHOJOTHH Kak
nporpamMmmHoO-KoH(GuUrypupyembix cereit (Software Defined Networking, SDN), BupTyamusamuud CeTeBBIX
oyuxuuit (Network Functions Virtualization, NFV), tak u IMS (Internet Protocol Multimedia Subsystem),uaro
JaCT BO3MOXKHOCTh OpraHW3allid ONTHUMAaJBHOTO yNpaBieHUs U 3(GQEeKTUBHON paboThl cetu. B pesynbrare
HCCIIeIOBaHMs, MPeJJIoKeHa MaTeMaTieckas Mmonens (MM) ananuza ¢pynkuuonupoBanusi MTC, yuurtsiBatomas
CaMOTOI00HBIX CBOHCTB 00CITYXKMBAaEMOTO MOJIE3HOTO U U CIIYKEeOHOT0 TpahuKOB, 0COOEHHOCTH I'eTepOTeHHBIX
CeTeBBIX TeXHONOTHH. Ha ocHOBE Momeny Nory4eHsl aHATMTHYECKHIE BEIPAYKCHNS, KOTOPBIE MO3BOJISIOT OLIEHUTh
KOMIUIEKCHBIe nokazaTenn 3¢ dexkruBHocTn QyHKmoHupoBanns MTC npu oka3aHNM MHOTOYHCIICHHBIX HOBBIX
YCIIyTH.

KiaroueBbie caoBa: NFV, momesHsnii u cimyxeOHprid Tpadpuk, SDN, kaHanmpHBII pecypc, KadecTBO
obcyxuBanus, IMS, 6ynymue cetu.

BBEJEHUE

OIHMM W3 OCHOBHBIX CTPAaTErMYeCKUX HAIpaBICHUH ISl JOCTIDKEHUS  pa3BUTHS LHU(POBOH 3KOHOMHKH
Azep0baiipKkaHCKON peciyONnKN SIBIISIETCSl TIOCTPOCHUE Pa3BUTON TEJIEKOMMYHHKAIIMOHHONW HHQPACTPYKTYpBI,
KoTopasi TpeOyeT cyliecTBeHHOTo MojaepHu3upoBanuss MTC Ha 06aze apXMTEKTYpHBIX KOHIEMIUN OyaylIux
cereit FN.

B Hacrosmiee Bpems mm¢poBas SKOHOMHKA CTAHOBHUTCS Bce Oojee Ba)XKHOW ABMXKYIIEH CHIION TI00ambHOTO
HKOHOMHYECKOTO POCTa ¥ MH(POPMAMOHHOTO 00IIeCTBa, TEXHUYECKOH OCHOBOW KOTOpOTO siBiseTcs [ mobansHas
nHpopMannoHHas MHPpacTpykrypa Ha 0aze coBpemenHor WKT mis co3maHwWst eOUHONH MHOTOOIEPTOPCKON
cpensl u cereit 5G/IMT-2020 [1-3]. Pewienus mocieaHue mnpoOiaeMbl OTKPHIBAIOT HOBBIE BO3MOXKHOCTHU IS
OKa3aHHUs LIMPOKOrO CIEKTPa OCHOBHBIX, JOMOJHUTEIBHBIX MHTEIUICKTYAIIBHBIX yciyr, a Takxe «Triple Play
services» Osaromaps COBMECTHOMY HCIOJB30BAHHIO PECYPCOB eauHOM uHppacTtpykrypsl MTC o6imero
OJIb30BAHUSI, UTO SIBJISIETCS BECbMa aKTyaJIbHOM.

W3BectHO[1-3], uTO mpobirema coO3[aHUS €OUHOW MHOTOONEPATOPCKOH WHQPPACTPYKTYPHl M €IUHOTO
nH(OKOMMYHHKaMOHHOTO TpocTpanctBa B MTC ¢ ucmonb3oBanmem konemiuun NGN (Next Generation
Network) 6e3ycioBHO BaKHBI TS PEIeHHsI MHOTHX (GyHKIHOHaNsHBIX mpobiem FCAPS (Fault, Configuration,
Accounting, Performance and Security).

Crnenyer OTMETHTBH, YTO B OOJNBIIMHCTBE Pa3BUTHIX cTpaH KoHuenuus rnoctpoeHnss MCC Ha ocHoBe NGN B
3HAUUTEIBbHOW cremeHn peanu3oBaHa. I[lostromy ITU-T  paspaboran HOBYIO apXUTEKTYPHYIO KOHIEIILIUIO
pasBuTHs TesleKoMMYHHKanuil — Oynymue cetu (bC). PaboTel mo crangapruzanuu Oyaynmx cereid FN HauaTs
ITU-T u ETSI B 2009 r. Vixe pa3paboranbl HeKOoTOpble pekomMenaanuu o FN B HOBoW cepun pexoMeHIanuii
ITU-T, Y.3000 — 3499.

Hamm wucciieoBaHue TMOCBSIICHBI PEIICHHIO 3aJa4d  IOCTPOCHHS MaTeMaTH4eCKOW MOJEIH OLEHKHU
KOMIUIEKCHBIE TI0Ka3arenu J(GQPEKTUBHOCTH MYJIbTUCEPBUCHBIX TEIEKOMMYHHKAIMOHHBIX ceTeil Ha Oase
apxuTeKTypHbIX KoHIenuii FN B Buge cucrema maccoBoro obciyxuBanus (CMO) obmiero Tuma.
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Bompocsl  MH)OKOMMYHHKaIlMOHHOTO  oOecriedeHHs  [U(POBOH  3KOHOMMKH,  CO3JAaHUS  EAWHOTO
NH()OKOMMYHHUKAIMOHHOTO TPOCTPAHCTBA U IOBBIIIEHUS MOTPEOHOCTH TapaHTHPOBAHHOTO KadecTBa
MYJBTUMEIMHHBIX YCIyr OKa3blBaeMbIX B CETSX CBs3M oOuiero mojp3oBanusi Ha 06aze NGN oOycnosuio
MOSIBJICHHE TNPHHIUIHAIBLHO HOBOM KOHULENIMH IS TOCTPOCHUS BBICOKOI(P(EKTUBHBIX MYJIbTHCEPBHCHBIX
cereil cBsizu Ha Oaze FN.

OnHako, otMeTHM, uto Mexay cetssMu NGN u FN HeT npuHIMIHMANEHON pa3HULBL, T.€ HET «KAMEHHOHW CTEHBD).
OTO OYeHb OJNIM3KUE M OCHOBATENbHBIE apXWUTEKTypHble KoHuennuu B nenoM s MCC. 31ech, uuer aHanus
9BOJIOLMOHHOTO, @ HE PEBONMIONMOHHOTO IyTH pa3Butua MCC clemyromero HOKOJICHHS C MOCTEHNEHHBIM
nepexogoM k cersim Oymymero FN. Tem He MeHee, MEXAy BBIIICYIOMSHYTHIMH CETSIMH €CTh OINPEACICHHBIC
orianums [3-5].

[puatnnuanpHOE OTIIYHE KOHIENuH Oyaymux ceteir ot cereift NGN B ToM, 9To OHH CITOCOOHBI 00OECTICYHTH
HOBBIE PEBOJIIOIIMOHHBIC HH(POKOMMYHHKAIIMOHHBIE YCIIYyTH, KOTOPBIE TPYIHO U JaKe HEBO3MOXHO PEAIN30BATh
¢ ucnonb3oBanneM MKT- texuosoruii [ 5-7].

Ha ocHoBe mpoBeaeHHOro aHain3a ycraHoBieHO [1-3], uto mnsg moctpoenus MCC Ha 0a3ze apXUTEKTypHOU
xounenuu  FN ¢  wcnonp3oBanmem MWMKT, BakHOe MeCTO 3aHUMAIOT TEXHOJIOTUM IPOTrpaMMHO-
koHpurypupyemsbix cerel (IIKC), Bupryanuzanuu cereBbix pynkuuit (BCD) n mynprumenuiinoit cszu IMS,
oOecrieunBamoNIe YIPaBICHUS pEeCypcaMd B MYJBTUCEPBHCHBIX CETSX CBSI3M OOIIEro MOJNB30BaHUS U
YIPaBJICHUsI yCIIyTaMH CETH.

AHanmu3 MeXaHU3MOB NpeocTaBleHus MynbTuMenuitHbIX yeayr B MCC Ha 6a3e apxutekTypHoH KoHuenmu FN
¢ ucnonb3oBanreM SDN/NFV u IMS texHonoruii mokasasu, 4To BOIpocaM 00ecreueH s MPOU3BOAUTEIBHOCTH
ceTH, 3aluThl HHPOPMAIIUU U TapaHTUPOBAHHOTO KadecTBa oOciyxuBanus (Quality of Service, QoS) morokos
MAaKeTOB CIIYKEeOHOTO U MOJIE3HOT0 TPa(UKOB YASICHO HeAocTaToOYHOe BHIMaHue [8-10].

Jlnst penieHns] TOCTABJICHHBIX BBIIIE 3a/1a4 U YUYUTHIBAs BAKHOCTh B3ammojeiicTBust TexHosioruun SDN/NFV,
npeanaraercs MM ananusza ¢yskuuonupoanus MTC na ocuoBe xouuemniuu FN [2, 6, 7]. MM yuuTsiBaeT
nokasatenu s¢pdextuBHocT MTC ¢ wucnosb3oBanuem ceteBbix TexHomoruit SDN/NFV u IMS, rpanununsie
NoKaszaTenu KadecTBa oOciykuBaHuss QOS TIIOTOKOB TIaKeTOB Ciy)keOHOro Tpaduka TpH OKa3aHUU
MYJIBTUMEMHHBIX YCIYT, OCOOCHHOCTH METOJIOB 3aIlUTHI Yrpo3bl MH(POPMAIIMOHHON OE30MacHOCTH, a TaKKe
CBOMCTBa CaMOMOIOOHOTO CIIyYaifHOTO Tpoliecca ¢ okazaTteneM Xepcera, H.

Jns hopmanuzanuu npoOieMbl paccMaTpUBAaeTCs PelIeHHe 3a/1a4d — HCCIIEJ0BAHUE W aHAJIN3 KOMILIEKCHBIE
nokasatenei a¢dextuBHocTH MTC 6asze apxurextyproii kouuemnimu FN ¢ ucnosnb3oBanuem SDN/NFV u IMS
JUISL yTIPaBIICHUS TOTOKaMU TpauKa IPU OKa3aHWH MYJIbTUMEIUHHBIX YCIIYT.

Cxema ¢pynknnonnpoBanuss MTC u moctpoenus MM

Jns pemieHHWss TOCTaBICHHOW 3ajadd Ha puc.l mpemmaraeTcs CTPYKTYpHas cxema (QYHKIIMOHHUPOBAHUS
uccneayemoit mojenu MTC Ha 6a3ze apxurektypHO#t koHtemniuu FN ¢ ucnonszoBanuem texuosoruit SDN/NFV
u IMS, rne BaxxHBIM y37OM sIBISeTCS MH(PPACTPYKTypHOU ypOBEHB, YPOBEHb YIPABICHUS U TPIIIOKCHHA, a
YIPABISFONIAM OJI0KaM SIBISIETCS KOMMYTAaTOpa M KOHTPOJLIepa ¢ UCMOIb30BaHueM poTokosioB Open Flow.

B cxeme (QyHKIIHOHAIBHBIM OJIOKOM siBiisieTcss Kak cetd [IKC-KOHTpOJIIEpBI, MCIONB3YIOMIME KIACTePhl IS
pacnpenenenus Harpy3ku, aboHentckue (AT), cereBrie TepmuHaibl (CT), ceTeBble CETBEpHI, MEPCOHATbHBIE
kommbioTepsl (I1K), Tak u MHOroyHKIHOHaJIbHBIE TepMHHANIBHBIE ycTpoiictBa (MTY), ATC, koropsle
MOPAXKJAIOT MOJIE3HBIE U CITy)KeOHbIe Harpy3KH.

VYcranosneno [4, 6], uto uccneayemas cxema GynkunonupoBanust MTC Ha 6asze apxutekTypHO# koHnenuu FN
¢ ucnonp3oBanuem texHonoruit SDN/NFV u IMS npencrasisier coboit CMO, kotopas no kiaccupukanuu

Barmapuua-Kennanna, cootsercTByiorT obuemy tumry CMO M /G/ Nk / Nﬁn C HEKOTOPBIMH JOIMYIICHUIMHU
[4, 6].
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Puc.1. CtpykrypHas cxema ¢pyakmuoruposanus MTC 6a3ze apxutekrypHoi koHuenwu FN ¢ ucrnoias3oBaHuEM
texnonoruit SDN/NFV u IMS

B wmccnenoBaHnsAX MaTeMaTHYECKHX MOAENEH B TEOpWH TeneTpaduKa, YIUTHIBAETCS BHZ BXOAHOTO TOTOKA
ciyxeOHbIX A, 1 monesHsIx A, TpaduKoB, CXeMa CHCTEMBI MaccoBoro obciyxkusanus (CMO) u ucuuIIMHa

obOcnyxuBanus. B maHHOM ciyyae paccMaTpUBAeTCs BXOMHOW IMOTOK C CaMOIOJOOHBIMH CBoWcTBamu. U
OIIPEEIICHO, YTO TUCLUILIMHA OOCIYKMBAaHHS [TOTOKA MAKETOB C BO3MOYKHOCTBIO OXXHMIAHUS, a NUCIUILIMHA
obCcyKuBaHMs MakeToB u3 ouepeau — mo mpawiy FIFO (First input — first output). Cxema CMO sBisietcst

MHOTOKaHaJIbHOH crcTeMoii ¢ camonono6usM tpaduxom Tuna fBM /G/N, /N, .

B CMO tuna fBM /G/N, / N, nocrynatomuit notok nakeros Ha o6ciy/k1BaHUe SBIAETCS MyacCOHOBCKHM,

¢ uHTeHcuBHOCTBIO A, 1 =1,N, mmTensHOCTs 06CITyX MBaHUS | — IO MONE3HOTO M CIy)KEGHOrO TpaUKOB

uveer  ¢ymkmmio  pacmpenenenus B(t) = P[B <t] ¢  npeobpasopanmem  Jlammaca-CTunTheca

b(s) = E[exp(—bs)] u momenramu bi o =].,_I’].

YuuteiBast BaxXHOCTh B3anmoeiicteust rexHosorur SDN/NFV u IMS, nipeiiosker MM ortienku 3G heKTHBHOCTH
MTC na ocuoBe koumemmu FN [2, 6, 7] ¢ yd4eroMm cBOMCTBa CaMOIOJOOHOTO CIIy4aiHOTO IMporecca C
mmokasaresneM Xepcta, H.

Maremarnyeckass (GOpMyJIHpOBKa 3ajaud TpearaeMoro MM Uil OIEHKM KOMIUIEKCHBIX —IOKa3areleit
s¢pdexruBHocTd  pyukiuonupoBanuss MTC Ha ocuoBe texnosioruii SDN/NFV wu IMS  onuceiBaercs
CIEeIYIOUIIMH ICTICBBIMA (YHKIIUSMHE:

Q,, =WI[Arg m?lx(Ei (4,H)], i=1n, Q)
IIPH CIEAYIOMIUX OTPaHHYEHHAX
Ti,g,np < Ti,g,np,ogn,’ Ci..max = Ci.max.()on. ! Nk < Nk.non.’ Ci.ap < Ci.ap.aon. ! i= 17—n (2)
e C; nax — MPOIYCKHAs CTOCOGHOCTL MPOrpaMMHO-armapaTHeix  cpejcts MTC mpu  okasawum | —r0
(yHKIIMOHATBHOTO TpeOOBaHUS, Ci.ap —CTOMMOCTH AaNMapaTHBIX M TpPOrpaMMHBIX cpeactB cereit MTC;
Ti.e.np. — cpenuee Bpemst pebbiBanus | —ro motoka naketos; N, — obliee YMCIO HCMIONB3YEMBIX B CHCTEME
KOMMYTaTOpOB M KOHTPOJUIEPOB Ui  OOCIYy)KMBAaHHS I[IOTOKA IAKETOB; Ci.ap. z)on.’Ti.s.np. dom.? Nk.uon. "

Ci.max.{)on. — COOTBETCTBCHHO, JOIYCTUMOC 3HAYCHUEC BCIMYUHBI CTOMMOCTH allllapaTHbIX W TMPOTrpaMMHBIX

CPEICTB, CpeHee BpeMs NpeOBIBaHMSA, YUCIO OOCITYKHBAIOIINX KOMMYTAaTOPOB-KOHTPOJUIEPOB M HPOITYCKHON

CMOCOGHOCTH CETH TIPH Tiepejiade | — ro MoToKa MakeToB MOJE3HOTO U Cily)eOHoro Tpagukos, 1 =1,N.

Breipaxxenus (1) u (2) ompemensioT CYIIHOCTh pPacCMaTpPUBAaeMOI0 HOBOTO IMMoOaXxoaa ¢ yderoM 3¢dexra
camornonobus Tpaduka, Ha OCHOBE KOTOPOTO MpeIaraercs MaTeMaTHdecKas MOJEIb — aHalH3a

Azarbaycan Ali Texniki Maktablorinin Xabarlori



ISSN: 1609-1620; E-ISSN: 2674-5224

VOLUMEO3 ISSUE 03 2020

PAHTEI

¢dyukunonnpoBanuss MTC ¢ wucronszoBanneM TtexHomoruit SDN/NFV u IMS s omeHKH moOKaszaTens
3G (EeKTUBHOCTH NPH OKa3aHHH MYJIbTHMEIUHHBIX YCIyT.

AHaJU3 U OlleHKA KOMILIeKCHasi moka3ateJs dpdextusnoctu MTC
B kauectBe moxkazarens >¢ddexkruBHoctn MTC Ha 06a3e apxuTekrypHO# KoHmemnmun FN BriOpana
MPOM3BOIUTEIBHOCTh CETH CBSI3H C UCTONb30BaHueM TexHojoruit SDN/NFV u IMS.

C y4eroM CBOMCTB caMOMOZOOUS CIYXKEOHBIX U IMOJNE3HBIX TPapMKOB, MPOM3BOIAMTENLHOCTL cetd 1] np 1)

OIIPEACIACTCA CICAYONUM o6pa30M:

1, (AH)= Zﬂ.-b—-FM) . p <1, i=1n ®)

rne b, — Bpems nepenaunmi—ro motoka makera Tpaduka M XapakTepusyeT |—ii MOMEHT BpeMeHH
o6cnyxupanus tpaduxa; F, (A1) — dysxius mrpada npu ucnons3oBaHuy 310yMBIIICHHUKOM KubepaTak Ha

xommyTatop IIKC u xontpomnep SDN ¢ ucnons3osanuem npotokonos OpenFlow; [, —kospduument

mrpada, KOTOpHIl OmpesenseT BpeMs 3aJepXkKH Npu obpabotke | —ro noroka makera, | =1,N; Pi —
ko3(unment 3arpy3kd y3moB kommyrtanmun MCC ¢ wucmonb3oBanmem TtexHonoruii SDN/NFV  npu
obcmyxkuBauu | —ro noroka tpaduka, 1 =1,N.

Beipakenne (3) xapakTepu3yeT IOKa3aTeld HpPOU3BOJUTENBHOCTH CETH C y4YeTOM MapaMeTpoB YIrpo3bl
uH(MOPMAIMOHHONW 0e30MacHOCTH B CETAX CBA3M, ¢ Hcrnonb3oBanueM Texuojoruit SDN/NFV ¢ momorisio
KOTOPBIX MOXKHO IPEJOTBPATUTh BO3MOJXKHBIE KHOEpaTaku W HECaHKIMOHHWPOBAHHBIM JOCTYIl —HENerajibHbIX
MIOJIb30BATENEH.

OmHuM W3 BakHBIX Mokasarenei sddextuBHocTH MTC ¢ ucnonb3oBanueM Ttexuoioruit SDN/NFV u IMS
sBisieTcst 3 pEeKTUBHOE UCIIONB30BAaHKUE W paclpeseleHue HHOOPMALMOHHBIX U CETEBBIX pecypcoB B ceTax FN
[4, 7, 8] npu kpuTuueckoii 3arpyske CMO, p; <1, i=1,n.

B manHOM ciydae, umenHo, 6a3oBeie TexHogorun SDN/NFV u IMS mo3Bonsior 3¢ GeKTHBHO pacmpeneanTh
pecypesl UKT TepMUHAIBHBIX, CETEBBIX M KaHANbHBIX 00opymoBanuii. Kpome toro, SDN/NFV u IMS Geuin
BBIOpaHBI B KauecTBE KIIIOYEBHIX TeHAeHIMH 3Bomonnu MTC, yerpeMuBIuit npouecc ctagaaptusanuu ceta FN
u ceteit 5SG/IMT-2020 B HOBOM HAIpaBICHUHU.

Crefyer OTMETHTh, YTO CErOJHs B CHIIy MHOTUX npuduH uMeHHO TexHosmorun SDN/NFV u IMS nonyuunnu
o0ImemMHupoBoe TPHU3HAHWE B COOOIIECTBE OIEPaTOPOB CBSI3H, IOCTaBIIMKOB YCIYr OOJAYHBIX BBIYMCIICHUH,
MeJua-yciuyr, U KoHTeHrta, pemieHuil uarepuer Bemeir (10T, Internet of Think) u mexmammuHOro 06MeHa
(M2M).

Ha ocHoBaHMM JaHHOTO MPEMIIONOKEHUs, KO3 duimeHT 3¢ dekTHBHOTrO Hcmoab3oBanus pecypcoB SDN/NFV u
IMS Texuonorun B y3ine MTC npu oOCiy)KMBaHHHM IOTOKOB ITaKETOB TpaduKa BbIpa)KaeTcs CIEAYIOINM

obpazom [7]:
P4, H) = (4 V) - L, - T(H ) [ <1 i=1n 4

rae [; —napamerp mpouecca oGcayxusanus i-ro makera tpaduka u pasno f =V /L), L, —mmua
nepenaBaemoro i-ro makera tpadmka; f(H)=2H — dysxums, yuwurssaromas csoiictBo camonono6us
HOCTYTAIOIUX TTAKETOB ITOJIE3HOTO H CIYXXeOHOro TpaukoB; Vy — CPeIHSS CKOPOCTh paboTHl KOMMYTATODA,
MapuipyTuzatopa u koHrpoiuiepa cetu SDN; H — xosdduiment Xopera mis moroka Tpaduka[6] M paBHO
H=1-054, 0< g <1.

Bripaxkenue (4) sBnsiercss HEOOXOOMMBIM M JIOCTATOYHBIM YCJIOBHEM IS CYIICCTBOBAHHUS CTalIOHAPHOTO
pesxxuma CMO tuma fBM /G / N, / N,, ccamonono6usiM tpadukom [7-9].

Tenepb, MOKHO aHAJIM3UPOBATH BEPOATHOCTHO-BPEMCHHbLIX XapPaKTECPHUCTUK CMO.

HccnenoBanus u anaau3 BepoOSITHOCTHO-BPEMEHHBIX XaPAKTePUCTHK CETH.

CorsacHo 3aKOHY COXpaHEeHHsI HAKOIUIeHHOH B ouepean paboTel MTC ¢ ucnosnbszoBanueM pecypcoB SDN/NFV u
IMS TexHONOTHH U1 NPUMEHEHNS 00JIaYHBIX, TYMaHHBIX U TPAHUYHBIX BBIYUCICHHUH, CPEHEE BPEMs OXKHIAHUS
obciTy)kKMBaHU TTaKeTOB Tpadrka onpeaesieTcs Bepaxkenuem [7, 9]:

ET, . (0., b)] = E[L,, (H,A.C)1/ 4, i=1, ®
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e E[L,, (H,A,CZ2)]— cpemmsis cymmapuas mmma ouepemu maketos tpaduka B y3ie MTC  onpenensercs

¢dopmynoii [Tomsraexa-XuHINHA CIEAYIOMIIM 00pa3oM:

A 1+C.
ELL, (H,4,C2)]= [ (H) ] L, + 25 C0) . ®

Vg 2 p)
W3 BeipakeHust (6) crieayer, 9TO MPH HCHONIB30BaHnH obopymoBanus Texunomorun SDN/NFV mmst o6madHsIX,
TyMaHHBIX W TpaHWYHBIX  BeuHcIeHHH B y3max MCC, a Ttakke mnpumeHenne CMO obmero Tuma

fBM/G/N, /N ¢ camomomoOHbIM Tpadukom, ucnoapsyomme N, 060pyIoBaHHS YBEIMYHBACTCS
k 61 p Y k 197 y

CpenHss cyMMapHas JJIMHa O4epe/id aKeTOB TpadHKa.

Bripaxenus (4),...,(6) ompenensioT BepOATHOCTHO-BPEMEHHBIE XapaKTEPUCTHKH y3i0B kommyTannu MCC c
HCIIONB30BAaHUEM TeTeporeHHbIX ceTeBbix TexHosnormn SDN/NFV u IMS, KoTopbie SBISIFOTCS TIOKa3aTeneMm
KavecTBa o0ciyxuBanus Tpaduka —QoS.

3AKJIIOYEHUA

B pesynpTaTe uccienoBaHHE KOMIUIEKCHBIE Mokazatened sddextuBHocTh MTC Ha OCHOBE apXUTEKTypHOU
koHtenuu FN C ncrmosnp3oBaHueM reteporeHHbix ceteBbix TexHomoruit SDN/NFV u IMS, Ha ocHOBe KOTOpBIit
npeanoxxeH MM, yunThIBaromas CBOICTBa C€aMoONoOmoOMs OOCIYXXHMBAaeMOTO MOJE3HOTO U  CIIy>KeOHOTO
TpaduKOB.

Ha ocHoBe MM mnomyueHbl aHAIWTHYECKHE BBIPAXKCHUS, MO3BOJIAIONINE OLCHUTh KOMIUICKCHBIE ITOKA3aTEeNN
pecypcoB, kadecTBa oocmyxuBanusa Q0S u nmpoussoautenbHOocTH MTC npn 0OKa3aHWH yCIyTd MyJIbTUMEAUITHBIX
YCIIYT Y TIPH YCTaHOBJICHUH COSINHEHHH.
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OPTIK-LIFLi RABITO XOTLORINO TOSIR EDON QEYRI-XOTTi
EFFEKTLORIN TODQIQ VO TOHLILI
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XULASO

Toqdim olunan mogqalo yiiksok verilig siiratlorindo optik-lifli rabito xotlorino tosir edon geyri-xotti effektlorin
todqiq vo tohliline hosr edilmigdir. Optik-lifli verilis sistemlorindo yaranan sémnonin vo dispersiyanin idare
olunmasi rejiminde qeyri-xatti effektlorin tosiri todqiq edilorak, onlarin bazasinda optik telekommunikasiya
sistemlorinin Gtiirmo gostaricilorinin hesablama tisulu vo bir modlu optik-lifli verilis Gsulun igloma alqoritmi
toklif olunmusdur. Verilmis is¢i dalga uzunluqlarinda toklif olunan iisulun riyazi olaraq formalizm edilmasi {igiin
OLRX-ds yaranan geyri-xatti effektlik amsali iigiin magsad funksiyasi yazilmigdir. Optik rabits sistemlarinin
otlirmo parametrlorini qiymoatlondirmok {igiin yeni hesablama ifadslori alinmigdir.

Acar sozlari: optik-lifli rabita xotlori, xromatik dispersiya, 6zii-6ziino faza modulyasiya, qeyri-xotti effekt, bito
g0ra siirat, modanin effektiv sahosi, xotti effekt.

GIRiS

Muasir optik texnologiyalarin bazasinda fiziki vo noqliyyat soviyyolori tglin optik telekommunikasiya
sistemlorinin intensiv inkisafi, optik-lifli rabito xatlori (OLRX) va optik-lifli verilis sistemlorindon (OLVS) genis
istifado etmoklo verilis sistemlorinin igloms keyfiyyatinin artirilimasi Gglin yiiksok buraxma qabilliyystino malik
olan paylanmis optik veriligli sistemlorinin yaradilmasin tolob edir [1, 2].

Optik telekommuikasiya sistemlorinin keyfiyyatli islomosi, optik-lifli verilis sistemin parametrlorindon, optik
verici vo qgobuledici modullarin gostaricilorindon, istonilon ndv mealumatin praktiki olaraq istonilon mosafoya

Lo = Lyax Yiksok siiratlo V) . Otiiriilmasi iigiin lazim olan OLRX, kanallarin dalga uzunluguna gora

boliinmasi texnologiyasindan, homginin optik-lifli kabelin (OLK) &tiiriiciiliik xarakteristikalarindan asilidir.
Qeyd olunan OLVS-in komiyyat va keyfiyyat gostaricilarino monfi tasir edon baslica faktorlardan biride OLRX-
da yiiksok verilis stiratlarunds yaranan geyri-xatti effekt hesab olunur [3].

Qeyri-xotti effekt OLRX-do sénmo amsalina, miixtalif tip dispersiyalara, optik kanalin tezlik zoladina, &tiiriilon
optik signalin giiciine, kanal mosafasing, bito goro sohv ehtimalina, optik sistemlorin tezlik vo energetik
effektivliklorino ciddi tesir edon gostoricilordon hesab olunur. Bu baximdan ~ OLRX-nin 6tlirmo
xaraktristikalarina tosir edon miixtolif tip qeyri-xotti effektlorin Oyronilmasi, tohlili va tadqiqi optik
telekommuikasiya sistemlorindo bdyiik shamiyyat kasb edir.

Yuxaridakilar1 nazoro almaqla baxilan is — spektral optik texnologiyalar1 bazasinda optik-lifli rabito xatlorino
tasir edon qeyri-xatti effektlorin manbalarinin tohlilinden va gostaricilorinin tadqiqi ii¢iin hesablama iisulunun
islonmoasindan ibaratdir.

Umumi masalonin qoyulusu va hesablama iisulunun islonmasi

Molumdur ki, optik rabito xatlori iizorinds &tiiriilon molumatlar toplusu bir diizbucaqli impulslar ardicligini
toskil edir. Bu impulslar xatt boyunca horokot edorkon tohrifs ugraya bilor vo naticods sénms prosesi yaranir.
Yayilma dovriindo isiq impulslarinin miiddsti doyisir, bu iso OLRX-do dispersiya ilo xarakterizo olunur.

Praktikada dispersiya prosesi OLRX-ds bits gors 6tiirms siiratindon V, , vo dtiiriilon tezlik zolagnin eni AF (4;)
ilo miloyyonlosdirir vo belo yazilir:
im P11 A
74 (4) =Y Lo, AF(A)] I=1ln )
Baxilan gostericilor 6z novbasinds verilis prosesi zamani qeyri-xatti effektlorin yaranmasina sabab olurlar. Uzun

miiddat aparilmis todqiqatlar gostorir ki, geyri-xoatti effektlorin baslica faktorlarlndan biri, OLRX-do spektral
texnologiyalardan istifado etmokls kanallarin saymin artirilmasi va verilis siiratinin yiiksoaldilmosi hesab olunur.

Bu baximdan tohlil edilon optik telekommunikasiya sistemlorinds bite géra verilis siirati V, , < (10,...,1,5) -10°
Mbit/s nozards tutulur va dalga uzunlugu iso 4; =(0,85,...,1,55) mkm.
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Is1q siialarinin xotti vo geyri-xotti araligin ortasinda yayilmasi zamani, impulslarin enerjisini todricon &tiiriilon
zaman azamaga baslayir. Hor hansi bir optik miihitdo siialarin yayilmasi zamani enerji azalaraq, impulsu
zaiflomoya gotirib ¢ixarir vo noticados iso sonmo prosesi bas verir. Bu iso OLRX-do itki hesab olunur va bir ne¢o
nov itkilor var:

Qarstya qoyulmus mosoloni holl etmok iiclin ilk ndvbado osas xotti vo qeyri-xotti effekti xarakterizo edon
klassifikasiyani nozordon kegirok. Bunun ii¢iin sokil 1-do xoatti vo qeyri-xatti effektinin sxemino baxaq.

OLRX-ds asas
xotti effektlorin tiplori

i ]

Osas optik itkilori Miixtolif tip optik —» Modlararasi
dispersiyalar dispersiya
‘ v |
Daxili vo xarici optik Polizarizasiya olunmusg . -
itkilori dispersiya Xromatik dispersiya
l l Dalgadétiiriici . i
dispersiya Material dispersiyast

vy v '

Sokil 1. OLRX-do asas xatti effektlorin tiplori

Sxemdon goriiniir ki, OLRX-do asas xatti effektlorin tiplori genis monada optik signallarin yayilmasindan asili
olaraq iki qrupa boliinirlor [1, 4]:
e Dalga uzunluglarina goro OLRX-ds daxili itkilor, py(4;);
e Dalga uzunluglarina géro OLRX-d» xarici itkilor, p, (4;);
Giico goro xiisusu hal kimi, dalga uzunluglari nazars almaqla OLRX-ds itkilor agagidaki kimi toyin edils bilor:
i b

Pii” (A1) = Pai (4) + P (4) + Apy (4) 2)

burada Apitb (4;) — dalga uzunluglarina goro OLRX-ds slava vo ya basqa (absorbsiya-udulan, yayilan, ayilma,

deformasiya, birlogsmo va s.) itkilor toplusu hesab edilir.
Sénmasi ilo miisayat olunan vo Z - istiqgamati boyunca enino yayilmis bir dalgali optik signallar {igiin siialanma
intensivliyi Lambert-Bouguer qanunu tasvir edilir vo bels bir diisturla ifads olunur:

I g (4) =1y exp[-z(4) - a(w)], ©)
burada (@) —optik  signallarin  miihitdo yayilmasi zamani siianin udulma omsali olub, siialanma

intensivliyindon asil1 deyil va dairovi tezliyo goro @ va dispersiya tonliyine gors asagidaki kimi toyin edilir:
(4
g (@) =2 k(@) “

burada k (@) — optik miihitds dispersiya tonliyi olub, bels ifads olunur [5]:

k(@) = (w/c)-n(o)
Alinan (3), (4) va (5) ifadoler isiq intensivliyi holalik ¢ox da boyiik olmadigi miiddstds dogrudur. Oks toqdirde
isa, OLRX-do miixtolif geyri-xatti effektlor (6zii-6ziino fokuslandirma, optik solitonlari, ikinci harmoniyalarm
hasil edilmosi, modlarin sinxronizasiyasi vo s. ) toplusu yaranar, bu iso yolverilmozdir.
Verilmis is¢i A;dalga uzunluglarinda garsiya qoyulan massloni hsll etmoak iigiin toklif olunan tisulun riyazi
olaraq formalizm edilmosi iigiin OLRX-do yaranan geyri-xotti effektlik omsalini y(4;) asagidaki mogsad
funksiyasi1 kimi ifade oluna bilor:

Eorx =argmin[y(4)] , i=1,n (5)

Toqdim olunan (1) ifadesinin mahdudiyyat sortlori bels toklif olunur:

Azarbaycan Ali Texniki Maktablorinin Xabarlori



ISSN: 1609-1620; E-ISSN: 2674-5224

VOLUMEO3 ISSUE 03 2020

PAHTEI

a5 (4) < gpur. () Vio (A1) 2Vieppur. () 70 (A1) < Tgpur. (A1) Lo 2 Linax» 1=1,0, (6)
burada L, — OLRX-do giiclondiricilersiz istifade olunan araliq mesafs; L, — OLRX-do istifado olunan
gliclondiricilor arasindaki maksimum mosafo; o (4;) — OLRX—do istifado olunan A; dalga uzunluglarina géro

s6nmo omsalidir, dB/km; V, , (4;) — bito goro optik kanalin verilis siirati, bit/s; 74 (4;) — OLRX-do A; dalga

uzunluglarma géra yaranan miixtolif tipli dispersiyalarin davam etmo miiddoti, ms, i=1,n.

Toqdim olunmus riyazi (5) va (6) ifadslori, yeni olan yanasmanin spektral texnologiyalar asasinda OLRX-2 tasir
edon geyri-xatti effektlorin todqiqi ligiin hesablama iisulunun asasini toyin edir.

Toklif olunan riyazi iisuldan istifade etmoklo, OLRX wverilis paramtrlorinin vo optik kanalin keyfiyyot
gostoricilorinin hesabatinin aparilmasi barosindo moruzado genis sorh edilmasi nozorados tututulur.

Belolikla, yiiksok siiratli optik WDM (Wavelength Division Multiplexing), DWDM (Dense WDM) va HDWDM
(High Dense WDM) texnologiyalarindan istifads edilon zaman OLRX-ds yaranan qeyri-xatti effektlorin tosirinin
minimuma endirilmasi isulunun islonmasindan ibaratdir.

Optik-lifli rabits xatlarina tasir edon geyri-xatti effektlorin todqiqi
Baxilan hal iiciin, OLRX istifado olunan verilis iisullarina vo dal§a uzunluqlarmma goro osason iki qrupa

béliiniirlar: vahid-moda rejimi A, = (1,31 +1,55) mxm vo multimod-coxmodlu verilis tisulu A, = (0,85 +1,30)

MkM. Ona gora do optik telekommunikasiya sistemlorinds verilig prosesing va istifado olunan isci dlapazona gora
OLRX-do genis totbiq olunan dalga uzunluglarimi A; vahid matris kimi tesvir etmak olar [6, 7]:

M[Lolrx’/li]:|ﬂ1'ﬂ'2""1ﬂ“n| ' ()
Fiziki mihiitdo optik signalin A; = (0,85,...,1,55) mkm dalga uzunlugunda yayilmasi optik-lifli rabito xottino
moxsusdur vo optik pancars hesab olunur.
Optik miihitdo dispersiya tonliyini nozors alaraq, optik siialarin miihitdo yayilmasi zamani dalgalarin elektrik
sahosindo gorginlik iigiin riyazi ifadoni asagidaki kimi yazmaq olar [7]:
E. = E,expli(at —kz)] , (8)
Sonuncu (8) ifadasi signalin dairavi tezliyini @ ils vo dalga vektoru arasinda olan miinasibati xarakterizo etdiyini
nazars alan bir ifado olub, siialanmanin intensivliyino miisbot tosir edon faktortorlardan biri hesab edilir. Belo
oldugu halda Lambert-Bouguer qanunu asagidak: diisturla toyin edilir [8]:
2
ls(4) = E; exp[-22(4;) -k(@/C)] ©)
Belslikla, optik signallarin mithitds yayilmasi zamani siianin udulma amsali (9) ifadssine goéra bels bir formada
qiymatlondirils bilar:

a(w)=4r k;fo) : (10)

i
burada K(w) — elektromaqnit siialarinin tosirindon xilasetmo omsali olub (ekstinksii omsali), elektromagnit

enerjisinin araligda tam vo somarali udulmasini vo ya materiala niifuz etmo doroacasini xarakteriza edir.
Bunlar 6zliiyiinde bir név material dispersiasinin yaranmasina sabab olur, sinma amsalindan vo isiq siiasinin
dairavi tezliyinden asili oaraq, bels tayin edilir:

2 242 2 2 05705
Ny (@) =L+ A, -[(0 —@°)" +40" o, (47T (11)
burada A, —omsal olub, materialn xiiusiyatlori ilo toyin edilir; @, — dalga &tiiriicii materillarda valent

elektronlarin ragslerinin moxsusi tezliyi; &, (4;) — valent elektronlarin macburi ragslorinin sénms smsalidur.

Optik liflordo istonilon her hansi bir material li¢iin, udma itkisinin minimal oldugu bazi tezlik diapazonlar
movecuddur. Belo tezlik araliklarina soffafliq pencoralori do deyilir. Lakin, maksimum udma prosesi optik

liflords dalga uzunlugu 4, <9,2 mkm oldugu hallarda bas verir. Bu zaman OLRX-do xiisusi sénma amsalinin

adadi giymati bels tayin olunur:

10
(ﬂ»)—l_dv(}b)fg[R IR (12)

burada Rg — dalga tiiriiciiniin girisinda siialandiricinin giicii; Ly, (/1i) — dalga otiiriiciiniin uzunlugu; RQ -

dalga otiiriiciiniin ¢ixiginda siialandiricinin giicii.
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OLRX-da qeyri-xatti effektlorin parametrlorinin todqiqi

Molumdur [ 2-5] ki, optik signallarin uzaq masafaya otiiriilmasinds an osas manes OLRX-ds yaranan geyri-xatti
effektlorin parametrlorinin tosiri hesab olunur. Burada todqiqat vacib olan Kerri effekti hesab edilir. Kerri
effektinin osasin1 iso 6zii-0ziino faza modulyasiyas: toskil edir. Bildiyimiz kimi 6zii-6ziino faza modulyasiya
prosesi sinma omsalinin optik slianin intensivliyindon asililigi hesabina bag verir optik signalin tezlik zolaginin
enino AF (4;), liflords dispersiyanin isarasino vo impulsun formasina ciddi tosir edir [8].

Optik signallarin verilmis polyarizasiyali optik telekommunikasiya sistemlorinds yayilmasi prosesi Sredinherin
(Sredinger tanliyi) geyri-xatti xiisusi téromali diferensial tonliyi vastasils yazilir[7, 8]:

2
%m,s[iﬁq(z)%m(z)ﬂ:i.y\EZ\E , (13)

burada ,Bq — dispersiyanin qrup siirati olub, asagidaki kimi toyin edilir:

1
B, =—D-2—'C, nc2/km
V4

D —xromatik dispersiyanin sabiti, nc/nm/km; o, (2) — optik-lifdo sonmo omsals; Ve — geyri-xotti effektivlik

omsal1 hesab olunur, optik-lifdo qeyri-xatti sinma géstericisini N, vo qeyri-xstti modanin effektiv sahosini A,

(mkm?) nozaro alarigsa, bels toyin olunur:

27 )
7qxe =—Q0 N, (Vtkm) (14)

A, A
f i
Toklif olunmus (13) va (14) ifadslorinden goriiniir ki, optik siqnallarin uzaq mesafays otiiriilmasine tosir eden
osas faktor geyri-xatti effektlor toplusu hesab edilir vo bito gora verilis siiratindenV, ,, optik signalin giiciinden

P, , OLK tipindon vo modulyasiya formatindan asilidir.
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AHHOTALIUS

B nmaHHOW paboTe paccMaTpHBAIOTCS BOIPOCHl  HCCICIOBaHHE IPOIYCKHOH CIHOCOOHOCTH  3BeHa
MYJIBTHCEPBHUCHBIX CeTel CBA3M Ha 0a3ze MHOTO(QYHKIHMOHAJBHBIX a0OHEHTCKHX U CETeBBIX TepMHHaioB. Ha
OCHOBe HcclienoBaHus d3(PPEeKTHBHOCTH (YHKIIMOHUPOBAHUS CHCTEMBI, CO3/IaHAa MAaTEMaTHIECKask MOJIeIIb 3BEHa
MYJIBTHCEPBHUCHBIX CETEH CBSI3H ¢ KOMMYyTauuel naketoB. [1oJydeHbl aHATUTHYECKUE BBIPOKCHHS JUIS OLCHKU
XapaKTEePUCTHUK IPOIYCKHBIX CIIOCOOHOCTEH TEPMHHAIBLHOTO 000PYAOBaHUS MYJIBTHCEPBUCHBIX CETEH CBS3H.
KaioueBble ciioBa: aOOHEHTCKUI W ceTeBOil TepMHUHAN, 3()(EKTHBHOCTh CHUCTEMBI, 3B€HO MYJBTHCEPBHCHON
CeTHU, HEOAHOPOHBIN TpadUK, MPOITYCKHAS CIIOCOOHOCTh, KAYECTBO YCIYT

BBEJIEHUE

BypHoe pa3BuTHe TeICKOMMYHHUKAITMOHHBIX CUCTEM Ha 0a3e COBPEMEHHBIX MH(POPMAITMOHHBIX U KOMITBIOTEPHBIX
TEXHOJIOTHI TpeOyeT co3maHUs 3BCHAa MYJBTUCEPBHUCHBIX CeTeH CBA3M Ha 0a3e MHOTO(YHKIHMOHAIBHBIX
a0OHEHTCKUX W CETEBBIX TEPMHUHAJIOB C MOBHIMIEHHOH 3(dexTuBHOCTHIO. McecnenoBana mpodireMa MOBBIIICHUS
3¢ PeKTHBHOCTH MHOTO(YHKIIMOHATFHOTO aboHeHTCKoro u ceteBoro tepmunaia (MAuCT) MymbTHCEpPBHCHBIX
ceTeil  mepemadd pa3IMYHBIX BUAOB HH(POpPMAIMA — TOBBIMICHUS MPOIYCKHOW CIIOCOOHOCTH TIepenaqn
HEOTHOPOJHOTO TpaduKa W OMpelneseHbl X HekoTopble mokasatenu QOS (Quality of Service) B [1, 2, 3].
BMmecte ¢ TeM, ele He pellicHa 3ajada OICHKH MpomyckHoM crocobHocTH MAUCT MyJIbTUCEPBUCHBIX CETEH B
cilyyae, KOTr/la COBMECTHO OOCIY)KMBAIOTCSl IIOTOKM HEoJHOpoaHOro Tpaduka (peuu, nanusle, dakcs, Internet,
Buzeo). Heo6XxoanMOCTh OLIEHKH MPOIYCKHONW CHOCOOHOCTH MYJBTHUCEPBUCHBIX CeTe OOYCIOBICHO TEM, YTO
6ypH0€ Pa3BUTHC a0OHEHTCKHUX U CETEBBIX TEPMHUHAIIOB MHOFO(byHKHI/IOHaHI)HOI‘O U HUHTCJUICKTYAaJIbHOI'O TUIIA C
BHeJIpeHHeM HoBeitmmx Texuomnoruii |P-teredonnu (Internet Protocol), DSP(Digital Signal Processing), ATM
(Asynchronous Transfer Mode), ISDN (Integrated Services Digital Network), NGN(Next Generation Network)
TpeOyeT aanpHelilero ux uccienosaunus [4, 5, 6].

B nanHOW paboTe paccMaTpuBaeTCs pemIcHHE BBIMIE CHOPMYIMPOBAHHOW 3aJa4ll — HMCCICIOBAHUSA M OICHKH
XapaKTepUCTHK TPOIYCKHOH CIIOCOOHOCTH 3BEHAa MYJIBTHCEPBUCHBIX CeTeH CBA3M, C 00pa30BaHHOM
MHOTO(YHKIIMOHATFHEIMU a0OHEHTCKAMH H CETEBBIMH TePMUHAIAMH.

OO0mast nocTaHOBKA 3a/1a4H.

C uenpio GopMmamuzalMKi OPOLEAYPHl pacdera XapaKTePUCTHK MPONyCcKHOW cmocobHoctHn MAuCT
MYJBTUCEPBUCHBIX CETEH CBSA3M, HEOOXOIMMO CO3/IaTh MaTeMaTUYEeCKYI0 MOJIeh 3BeHa CETell CBS3H, KOTOpas
HauboJiee TOUYHO OYJEeT OTpakaTh TEICKOMMYHHUKAI[HOHHBIX MPOIECCOB, MPOTEKAIOIINE B UCCICAYSMON CeTH U
TIO3BOJIMTH MOJYYUT aHATITUTUICCKUE BBIPAKCHUA JI BBIYUCICHUA UX OCHOBHBIX CKOPOCTHBIX XaPAKTECPUCTUK.
OpHako, mns co3maHWs MareMaTmdeckas monenb (MM) u anropurMa pacdera TpPOITYCKHOH CIIOCOOHOCTH
TEPMHUHAIEHOTO  OOOPYIOBaHUS  MYIBTHCEPBHUCHBIX CETEH  CBSI3M  HEOOXOAWMO TOCTPOHUTH  CXEMY
(YHKIMOHUPOBAHUS MOJCITH 3BEHA, KOTOpas HamOoiiee TOYHO OyIeT YUYHUTHIBATH TEIEKOMMYHHUKAIIOHHEBIE
MPOLIECCHl YIPABIIEHUSI MEpeJauld MOTOKOB MaKEeTOB, NPOTEKAIOLIMX B pAacCMaTpUBAEMON CETH MPH OKa3aHUHU
ycayr [4].

MartemaTryeckas (GopMyIHUpOBKa 3a/iaya OLIEHKHA XapaKTEPHCTUK IPOITyCKHBIC CIIOCOOHOCTH TPAKTOB CHCTEM

nepesiauu MpH COBMECTHOM OOCITY)KMBAaHHHM HEOJIHOPOJHOro Tpaduka Ha OCHOBE mIpemiaraemoro MM Oyner
OTIMCHIBATHCS CIIEAYIONMMH LENEeBbIMU QYHKIUSIMU [S]:

Ync = [maX (CiAmax)], I

in, )

Ipu CIACAYONIUX OTPaHUYCHUAX
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mpeo . mpeb. mpeb. § __
77i.ocn Z77i.ocn ! Ti.cp.3 STi.cp.3 ' Di.kn < Di.kn o _1’n (2)
rae Ci.max — MAaKCHMajJbHOC 3HAYCHHE ITMKOBOM HpOl’IyCKHOfI CIIOCOOHOCTH TEPMUHAJIBHOTO OGOpy,E[OBaHI/IH

MyJITUCEPBUCHBIX CETEH CBA3M MPU TEPENade i-ro MOTOKA TMAKETOB; |, — cpenHee BpeMs 3aAEpiKKH TPH

i.cp.s
nepezade i-ro NMoTOKa IAKETOB; 7); .., — OTHomeHHe curHan-nomexa (OCII) mpu mepenade i-ro moToka

naketoB; D;,, — KkodpQuuMEHT TOTEPh MPOMYCKHOH CHOCOGHOCTH TPakTOB CHCTEM  Iepejadu

MYJIBTUCEPBUCHOM CETH.

Beipakenue (1) u (2) xapaktepusyet npeaiaraemsiiit MM 3BeHa ceteii cBsi3u 1 3()(DEKTHBHBIN aJrOPUTM pacdeTa
ToKazaTeJied MPOITyCKHOW CITIOCOOHOCTH 3BE€Ha MYJIbTHCEPBUCHBIX ceTeil cBa3u Ha 6aze MAMCT u cymmocti
paccMaTpUBaEMOro IMOAXOJAA, MO3BOJLIOIICH IOdy4YaThb AHAJIUTUYECKUE BBIPAXKECHUS I OIpPEIEICHHUS HX
HEKOTOPBIX KaYECTBEHHBIX XapaKTEPUCTHK.

Cxema (pyHKIMOHMPOBAHHUS MOJIeJIH 3B€HA MYJIbTHCEPBUCHBIX ceTeil CBI3N

Hnsa peanmsanus ueneBoit ¢pyakunu (1) un (2), xapakrepmsytomerdr MM OLEHKH TPOMYCKHOM CIIOCOOHOCTH
MAuUCT MyJNbTHCEPBUCHBIX CeTei, KOTOopas cO3JaeT OCHOBY HpeiaraeMoro ajropurMa pacyera Iepenadu
MOTOKOB MAKETOB HEOAHOPOIHOrO TpadHKa.

C yd4eToM IOCTaHOBKHM 3a/1a4d MPEIUIOKEHa NPOCTeHINas CTPYKTypa TPaKkTOB CHCTeM mepenadd (puc.l),
cocrosimux M3 MA um CT Ha 0Oaze DSP-texmonmormm mpm okazaHum uHTEerpupoBaHHOro (IntServ) u
muddepennuposannoro (DiffServ) kadectBa 00ciy:KUBaHUS Pa3HOTHUIIHBIX MAKETOB IETEPOTEHHOrO Tpaduka
[4, 6]. HanHas cxema ompefensieT CTPYKTypHbIE MOJIEIH 3BE€HA CeTeil CBSI3M, KOTOpas MO3BOJISIET 0ojiee TOYHO
yUYeCTh TEIEKOMMYHHUKAIIMOHHBIE MPOIIECCHI, MPOTEKAIOIUE B MCCIENyEeMON MYJIbTHCEPBHUCHON CeTH Ha 0ase
texnosioruit NGN, ATM u IP-tenedonun.

1 2
] 3 -1 j
o bH I'pannunbIi Bupryans - | Ci.max
o BXOZIHOTO =) MapuipyTu- F=pe o o) M ] Heiii KoMMy-
A .—H nopra 3aTop TepMnHHaH amers | Dix
Vj-1 Vi
Vo

Pucynox 1. CtpykTypHas cxema TPaKkTOB CUCTEM Iepeaun MYJIbTHCEPBUCHON CETH, COCTOSIIICH M3
MHOTO(YHKIMOHAJIBHBIX a00HEHTCKHUX U CETEBBIX TEPMUHAIOB

W3 cxeMbl BHAHO, YTO MpPEACTABICHHAs CTPYKTypa TPAKTOB CHUCTEM Iepeladdl MYJIbTHCEPBHUCHBIX CETEH, B
YaCTHOM ciydae, M peanu3anuu anroputMa «End to end — oT ucTOYHMKA 1O TONMydYaTensy COHCPKHUT
crepymompe (QyHKIMOHAJIbHBIE OJIOYHO-MOJYJIbHBIE CHCTEMBI, MpelyCMaTpHUBAIOIIUE Iepefavyy M IpHeM
nH(OPMAIMOHHBIX TOTOKOB NakeToB HeoxHopoxHoro tpaduka MAuCT: OydepHblii HaKONMUTENb BXOIHOTO
nopra (aHajoro-uudpoBsle M 1M(pPO-aHAJIOroBble MNpeoOpasoBaTeNd M KOJEpbl), HHTErpalbHbIE
MYJIBTHILICKCOPBI  (MYJIBTUILUICKCOP — IEMYJBTUIUIEKCOP), IHM(POBOI mporeccop oOpabOTKH CHUTHAJIOB,
YCTPOMCTBA CXKATHUsI JaHHBIX W cOOpKa-pa3dopka MakeToB, 'PAaHUYHBbIE MaplIpyTHU3aTOPhI (IIOPT KaHAIBLHOTO
nHTepdeiica, MOJEMHBII MTPOIIECCOP) BHIXOJHOM HOPT - BUPTyasibHOT0 KoMMmyTaTopa ATM/IP u nip .

C yuerom [2, 4] cuurtaem, 4TO B MOIYJb Oy(epHOro HAKOMMTENS BXOJHOTO IOPTA MOCTYIIAIOT MapKOBCKHE

BXosiue notoku nakeros (MAP — Markov Arrival Process) ¢ mapamerpamu Ag (A o ﬂHp A . ), 00pasyemble B
pe3ynbTaTe CyNepro3HIlK N HEOTHOPOIHBIX HHYOPMAIMOHHBIX TIOTOKAX ¢ HHTEHCHBHOCTBIO A; , CO3/aBaeMbIX

Pa3IMYHBIMM THIIAMH UCTOYHHUKOB (rosioca, (akcsl, Internet, nanuele u BUIeo) Harpy3KH.
JomycTtum, 9T0 Ha 3BE€HO MYJIbTHCEpBUCHOW cetn cBsi3u, nMmeromed Nim MAUCT u xapakrepusylomeics c

OTpaHUYCHHBIM JOCTYIIOM d, nocrynaer CTaIII/IOHapHHﬁ MapKOBCKI/Iﬁ INOTOKOB HAKETOB C MapaMeTpaMu /’Li,
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i=1N a notom c BeposTHOCTBIO Pi, MOCTymaeT MakeT TPaHMYHOMY MApIIPyTH3aTOPy H KOMMYTaTopy,

TpeOyIOWMii sl TapaHTUPOBAHHOTO OOCIY)KMBAaHUS I-TO TEPMHHAIOB, KOTOPOE ONPEAEISIETCS CIICAYIOLINM
obpazom [5]:
y) n,
Pi:j, A=Y 4 ,i=Ln, n<d 3)
i=1

W3 anropurma pabGory Mmojenu (yHKIMOHHPOBAHMS 3BEHA CETH CIEIYyeT, YTO CTPYKTypa TPaKTOB CHCTEM
repefaud  ONKCHIBACTCsS  OJHOKAHAIBHOHW CHCTEMOW MacCcOBOTO  OOCIYKMBAaHHS C  IHPOU3BOJIBHBIM
pacripeseneHreM Bpemenu obcnyxkuBaHus - MAP/G/1/Ney [2] ¢ HEKOTOPHIMH JOMYHIEHHSIMH W OJHUM
TepMuHaNoM ¢ OydepubiM HakonureneMm (BH) koneunoil emxoctdt Ngy, 1< Ngu< co. BH Bxomnoro mopra
paboraer no aucimiuinHe FIFO. 3BeHbst MynbTHCEPBUCHOM ceTH, coctosiue u3 MA u CT 3anymepoBaHnsl oT 1
10 j+1, ux coemMHSOININE, 3aHYMEpOBaHbI MocienoBateabHo oT 1 1o j. Ckopocts j-ro MA u CT paBHa Vi
IlepeMeHHBIMM BenMYMHAMU OyIyT 3HAUYEHUs MHTEHCUBHOCTEHl HArpy3ok MepeAaBaeMbIX IO KaXAOMY U3

MapuIpyTOB,  3HaueHus uncia kananos V, ] =1,m.

OneHka XapaKTepUCTUKHU TPAKTOB CHCTeM Iepeayd HeOAHOPOAHOro Tpaduka

JIns OLeHKH IoKa3aTeleld TPAKTOB CUCTEM IIepefadyd Ha OCHOBE alrOpHTMa pacyeTa HeoOXOOUMO OOpaTHThH
oco0oe BHHMaHHE Ha TpeOyeMylo CKOPOCTb Iepefaud 3BeHbeB Vit MO 3aJaHHOH CKOPOCTH HOCTYIUICHUS
BXOJHOTO TIOTOKa Aj, 3arpy3ke cuCTeMbl Pi(Asx)<l, MaTpuile MapmpyToB Aj, U KOJHYECTBY aOOHCHTCKHUX H

ceTeBbIX TepmuHanos Nim, 1=1,N.

OmHMM M3 BaXKHBIX TIOKa3aTeled KadecTBa (DYHKIHMOHHPOBAHMS TPAaKTOB CHUCTEMBI MepeJadyd MOTOKOB
Pa3HOTHITHBIX TMAKETOB SBIISICTCS MAaKCHMalbHOC 3HAUCHHE IMHKOBOM mpomyckHo# croco6HocTH (Peak-raite
throughput), xapakrepusyroiieii MaKCUMAILHOE YHUCIIO MAKETOB, IPH KOTOPOM 3BEHO CETH ¢ MoMoIbio MAuCT
MOJKET IEPEAaBaTh B €AMHUILY BPEMEHH.

MakcumanbpHOe 3HA4YCHHE IHMKOBOM MPOIYyCKHOW CIOCOOHOCTH MpH MepeAave i-ro MOTOKa MaKeTOB HpH
normyctuMoM 3Ha4YeHUH OCII Niocngon B 3BEHBAX CETEH CBSI3U ONPEHEISAETCS CIEAYIOIHUM BhIPAKEHUEM:

Cimax (T]i.ocnzrli.ocnﬂon.) = z[\/i.t -N i.t.don] . Ki.co:c , | :ﬁ (4)
i=1

rae Kicx — Koadduuent cxxatus Tpaguka i-ro IMOTOKa MAaKeTOB Ha OCHOBE AU(depeHIHaNbHBIX AITOPUTMOB
JAHHBIX ¥ aJITOPUTMOB HHTEPHOIIALMY PEYEBBIX U BUICOCUTHAIIOB.

W3 anroputMa paboTHI 3B€HA CeTell CBSI3H CIIEyeT, UTO CpeaHEe BpeMs 3aIepKKH Iepelaul aKeTOB COCTOUT 3
BPEMEHHBIX XapaKTEPHCTHK TPAaKTOB CHUCTEM Iepelayn Tpaduka u 3aBUCHT OT KosimuectBa Nim. OJ04HO-
MOJyJTBHBIX CHCTEM a0OHEHTCKHX M CETEBBIX TEPMHUHAJIOB, KOTOPBIE IPUBOJAAT K BO3PACTAHUIO Ticp.s.

Ha ocHOBe CTpyKTYypHO# CX€MBI TPAKTOB CHCTEM TEpeaurl MyJIbTHUCEPBUCHON ceTH, cocTosimux u3 MAuCT npu
peanusaru anroput™a «End to end» BeisiBIICHO, YTO 3HAUCHHE CYMMapHOMH OUTOBOM CKOPOCTH TpadHKa OT BCEX
HCTOYHUKOB i-TO 3BeHa [4], mepenaronux MOTOKOB MAKETOB TI0 KaHAIAaM CBSA3H |-l BUPTYaIbHOTO KOMMYTATOPA,
onpenensercs Kak

Nij _
Vijﬁc = itzvij(n) , i=1n, ®)
ij n=1

t o
rz1e N — KOJMYECTBO UCTOYHUKOB COO6H_I€HI/I$I; NIJ — yuciao MAuCT B cucreme nepegayn MyJIbTUCCPBHUCHOU

CeTH, HAYMHAS OT BCEX UCTOYHUKOB i-# 00J1acTH /10 mosryyareneii j-it obnactamu.

KoaddumueHnT moreps MPOMYCKHOW CHOCOOHOCTH TPAaKTOB CHCTEM IIepeladyd MYJIbTHCEPBUCHON CeTH,
cocrosimux w3 MA u CT Oynem OLleHHBATh C MOMOIIBI0 MaKCUMAaJdbHOH MAaKEeTHOH CKOPOCTH Ha 3BEHE CETH
Vimaxn TPU YCJIOBHU BBITIONHEHUS 3aJaHHBIX TPEeOOBaHWI K CpeAHel BEPOSTHOCTU OIMMOKM MpHeMa Ha

OUT:Picow. < Picowoon, 1=1,N. Iog morepeil mpomyckHo# CIOCOOHOCTH Ha 3BEHE MYJbTHCEPBHCHOM CETH

MOJIPa3yMeBACTCs CTEIICHh HEPEATH30BAHHOCTH MTOTECHIMATBHO JTOCTHKHUMOM MPOITYCKHOM CITOCOOHOCTH TPAKTOB
CHCTEMBI Tiepeiaun MOTOKoB naketoB MA u CT.

YcraHoBneHo [2, 6], 4TO TpW HOPMaJIbHOM (YHKIIMOHMPOBAHWM 3BEHA CETEeH CBsI3U, KOTJA OTCYTCTBYET
HeorpaHnueHHOe Bo3pactanue odepean p(ij)<l u Her orpanmdenuii mo moctymy (i=j), KO3)DHUIHEHTHI TTOTEPH
nporryckHoit crmocobHocTn MAUCT MynbTucepBUCHBIX ceTeld Dy, JOMKHBI OBITh MEHbBIIE €IUHUIBI U
OTIpeENSIETCs CIIEAYIONMM BeIpaXkenueM [6]:
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Vi max.n
Di.kn(Pi.c.nm.—<Pi.c.0m.()0n.) :l_ - - <1 , (6)

Ci. max (ni.ocn 2 ni,ocn.()(m )

rae Vimaxn — maketHas ckopocTh mepenadrn MA u CT MyJbTHCEPBHCHBIX CETEH CBS3M TNPH Iepemade i-ro
Tpaduka u ¢ yaeToM (4) omnpenenseTcst HepaBeHCTBOM

Vimaxn 2> Viuexr Vj.BX.T! I = J ) (7)
Viucxt, Vjsxr — COOTBETCTBEHHO, CKOPOCTh IEpeNadyd HCXOZSLIEro W HpHeMa BXOJMSIIEr0 HEOTIHOPOJHOTO
Tpaduka.
Uz (4), (5), (6) u (7) cmemyer, 4TO ONpeNEICHHE CKOPOCTHBIX XapaKTEPHCTHUK TPAKTOB CHCTEMBI Mepeiadd
TI03BOJISIET OLEHUTH KO3 (UIIMEHTHI HOTEPh MPOITYCKHOM CIIOCOOHOCTH 3B€HA MYJIBTHCEPBUCHBIX CETeH CBS3H Ha
6aze MAuCT, a Takke HW)KHHE M BEPXHHE I'DaHHIBI MOTCHLIHUAIBHO JOCTI)KUMOM IPOMYCKHOI criocoOHOCTH
MAuCT MyJIbTHCEPBHUCHBIX CETEH CBSA3H.

3AK/IIOYEHNUSA

B pesynbprare uccienoBaHne XapaKTEpUCTHK MIPOIyCKHOW CIIOCOOHOCTH 3BEHA MYJIBTHCEPBUCHBIX CETEH CBSI3U C
HCTIONIb30BAaHMEM COBPEMEHHBIX TEXHOJIOTHH, mpemtoxkeH MM, yuuThBaromas 0COOCHHOCTH COBMECTHOTO
o0cCITy)KMBaHHUsl HEOHOPOTHOTO TpaduKa M IMOJYUYEeHbl aHATUTUYECKUE BBIPAKCHUS JJISl OLIEHKH XapaKTEPHCTHK
MIPOITYCKHBIX CIIOCOOHOCTEH TEPMHUHAIBLHOTO 000pY/I0BaHUSI.

Ha ocHOBe CHCTEMHO-TEXHMYECKOI'O aHAJIM3a BBIABJICHO, YTO B TPAaKTax CUCTEM IIEpeAadd IOTOKOB IAKETOB
MPOUCXOAUT TIOTEpPsl MPOMYCKHOW CImocoOHOCTH TpH peanmsanuu  amroputMa «End to end» wus-3a
NIOCJIEZIOBATEIBHO COCIMHEHHBIX TEPMUHAIBHBIX 3JIEMEHTOB U BO3IECUCTBUS PA3IIMYHBIX UICTOYHHUKOB ITIOMEX.
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