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Xiilasa. Moaqalo yeni nasil rabito sobokolorindo manesyadavamliliq mosolalarinin tohlili vo
tadqigino hosr edilmisdir. Toklif olunan maqgalods telekommunikasiya sobokoalorinds signallarin
maneayadavamliliq problemlarina baxilir vo gobul zamani onlarin gostoricilorinin yaxsilagdirilmasi
tisullar1 genis tohlil edilir. Todgigat isinin magsadi yeni nasil rabita sabokolorinde maneayadavamliliq
masalolorinin  tohlili vo todqigindon ibaratdir. Moagsado nail olmaq igiin asagidaki vozifolor
goyulmusdur: mosslonin qoyulusunun moaqsad funksiyasi, rabito kanallarina tosir edon maneo
monbalarinin timumi tohlili, impuls manes monbalarini nozors alan rabito kanalinin riyazi modelinin
islonib hazirlanmasi va bito gora sohv ehtimalinin tadqiqi vo qiymatlondirilmasi. Problemi hall etmok
iglin asagidaki todqiqat tsullarindan istifado olunur: riyazi modellosdirma, maneayadavamliliq va
signallarin  rogomsal emali tsullart. Asagidaki noticolor oldo edilmisdir: horbi toyinatli rabito
sistemlorindo koherent vo geyri-koherent gabul algoritmlarini, modulyasiya vo maneayadayaniqli
kodlama tsullarini tadqiqi ilo keyfiyyatli gabul prosesini tomin edon effektiv yeni yanagsma toklif
olunmusdur. Tadgiq edilon yeni yanagsmanin bazasinda rabito sistemlarine manes monbalarinin tasirini
nozaro alan diskret rabito kanalinin riyazi modeli islonib hazirlanmigdir. Yekun natica: diskret rabito
kanallarinimn riyazi modelinin bazasinda maneosyodayaniqlilig: tohlil etmak tigiin verilis sisteminin fiziki
araliglarmin struktur sxemi vo malumat signallarinin etibarli 6tiiriilmasi tisulu segilmis, elektrik va optik
signallarin qobulu zamani kanallarin keyfiyyat gostoricilori todqiq olunmusdur. Riyazi modelinin
bazasinda sistemin maneayadayaniqliliq gostaricilarini qiymatlondirmok ti¢iin asagidak: analitik ifadalor
alinmigdir: ikili rabito kanallarinda amplitud, tezlik vo faza modulyasiyasindan istifado etmokls bito gora
sohv ehtimali, demodulyatorun ¢ixisinda signal-kiiy nisbati, Viterbi algoritmi ssasinda Rida-Solomona
kodundan istifads etmoklo, diskret signallarin optimal gobulu iigiin bito géro sohv ehtimali.

Agar sozlar: bito gora sohv ehtimalinin, verilis siirati, bito gora sohv ehtimali, koherent modem,
demodulyator, tosadiifi maneslor, signal-kiiy nisbati, rabits kanali.

Giris

Miiasir dovrds rogamli texnologiyalarin imkanlarindan effektiv istifado etmaklos, harbi toyinath
(HT) ¢oxxidmatli telekommunikasiya sobakalorinin NGN (Next Generation Network) vo FN (Future
Networks) arxitektura konsepsiyalar1 bazasinda siiratli inkisafi faydali vo xidmati trafiklorin malumat
sellorinin elektrik vo optik rabito kanallar1 vasitosilo maneayadavamli otiiriilmasini tolob edir [1; 2].
Maneayadavamliliq masalalari vo problemi miasir telekommunikasiyanin vo radiotexnikanin an vacib
problemlarindan biri hesab edilir [3; 4].

Telekommunikasiya sobokalorinds vo radiotexniki komplekslordo maneslors qarst dayanigliliq
mosalalorine miixtalif elmi nogrlords rast golinir [3; 4; 5] vo signallarin etibarli gabulu ii¢iin onlarin
keyfiyyat gostoricilori tohlil edilir. Tohlil edilon bu elmi mogalslords [6; 7; 8] isa goabul zamani signal-
kiiy nisbati, verilis siirati vo sahv ehtimallar1 verilir. Lakin baxilan adobiyyat icmallarinda miixtalif

manea moanbalarinin tasiri, fiziki araliglarin riyazi modeli vo keyfiyyat gostoricilori kompleks tohlil vo
todqiq edilmomisdir [9; 10; 11; 12].
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Mogalo HT yeni nasil rabits sabokalorinde manesyadavamliliq moasalalarinin tahlili va tadgigins
hasr edilmisdir.

Masalanin qoyulusu

[lkin olarag, toklif olunan mogalonin magsadine uygun olarag, maneayadavamliliq masalalarinin
tohlili vo tadqiqi tiglin malumatin Gtiiriilmasi zamani verilis, rabito kanali vo gobul prosesinin keyfiyyat
gostaricilori arasinda funksional asililigi nozordon kegirok. Baxilan funksional asililiq kemiyyat vo
keyfiyyat gostaricilori nazars alinmagqla asagidaki kimi ifads oluna bilar [2]:

QKG (t’ /,ii) = W[C(ﬂi)! PBER’TBBX (t,ﬂ,), SNR(PS)’ Nm(t)]’ (1)

burada,
C(A,AF,)—verici va gobuledici tigiin fiziki araligin tezlik zolaginin eni AR, vo daxil olan sellarin

intensivliyini nazars almagla sistemin buraxma gabiliyyati hesab edilir, bps;
P.er — gobuledici sistemo rabito kanalindan daxil olan faydali signallarin bito gére sehv ehtimali

hesab olunur;
Tasx (t, 4) — faydali vo xidmat trafik paketlarinin verilmis t aninda 6tiiriilmasi zamani daxil olan

malumat sellorinin intensivliyini 4 nozoro alarag, yeni nasil rabito sebokolorinin ehtimal-zaman

xususiyyatlorinin gostaricilarini nozars alan funksiya hesab olunur;
SNR(P;) -faydali signalin verilis giiclinii Py nozoro almagla, signal-kiiy nisheti hesab edilir, dB;
N, (t)—uygun t zaman aninda miixtalif manes manbalorinin signal formasinda tesir formasini
gostarir.
Toklif olunmus (1) ifadesi imumi formada yeni nosil telekommunikasiya sobokoalorinds

molumatlarin maneayadavamli Gtiirtilmasini xarakterizo edon riyazi ifads olub, kamiyyat vo keyfiyyat
kriteriyalari (gostaricilori) ilo toyin olunur.

Manea manbalarinin tahlili

Molumat miibadilesi sisteminin biitiin verilis traktinda oldugu kimi, HT rabits kanallarinda da
faydali signallarin Stiiriilmesi zamani, onlara asagidaki maneo monbolorinin N (t) tosir etmosi nazardo

tutulur [2; 7; 8; 9]. HT rabito kanallarina tosir edon manes monbalarinin timumi tosnifat1 sxemi sokil 1-
do verilmisdir.

Rabits sistemlorindo manes moanbsloarinin bazasi xarici MM, N (t) vo daxili MM, Nf;(t) ilo tayin

olunmasi sokil 1 do genis sorh edilmisdir.

Yeni nasil rabito sobokalarinin islomo xarakterino uygun olaraq, yuxarida geyd olunanlarla yanast,
cox sayda elmi mogalads [2; 5; 11] vo arasdirmalarda [10; 12] daxili va xarici manea monbalarinin rabito
kanalina genis spektrds tasirini nozars alan bir sira gatismazliglar askar edilmisdir. Bu problemlarin halli
ilo bagl genis todqigat islori va tohlillor halo do davam etdirilir.

Rabits sistemlorindo manes manboloarinin timumi tosnifatini nazors almagla (Sokil 1), MM riyazi
modelinin tasviri hagqinda mosalays baxmag magsadouygundur. Bunun tigiin, ilk névbads nazars almaq
lazimdir Ki, manes zamanin tosadiifi funksiyasi Kimi tasavviir olunur, diskret vaxtin tosadiifi funksiyasi
— tosadiifi ardicilliq kimi tayin edilir. Bu zaman fasilosiz vaxtin tosadiifi funksiyasini — tosadiifi proses
adlandirmagqla, P[m < x, N(t)] tesadiifi funksiyalarin paylanma funksiyalar1 ilo F [x, N(t)] xarakterizo

olunur [2]:

F.Ix N@®)]=Pm<x, NI, N(t)=W[Nx(t),Ns )] . )
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Manea manbalari -MM
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Sokil 1. Rabita sistemlarindsa manes manbalarinin iitmumi tasnifat

Baxilan (2) ifadssi, hamginin rogemsal xiisusiyyatlor nozers alinmaqla, paylama funksiyalari
soklinda do istifado olunur. MM riyazi modelini hazirlamagq tigiin stasionar vo geyri stasionar tosadiifi
proseslords nazors alinir.

Tosadiifi manes moanbalorinin signallarin X paylanma funksiyasi F(x), verilmis ehtimala uygun

olarag X <x, yani
F(x)=P(X <X)

yazilir. Burada ehtimal olunur ki, tosadiifi signalin X odadi giymati . bir ¢ox giymotlorindon kigik
olacaqdir.

Qeyd edok ki, biitiin tosadiifi proseslor arasinda normal paylama prosesi — Hauss prosesi xiisusi
yer tutur. Fakt budur ki, tosadiifi proseslorin tocriibasindon elma molum olan ¢oxlu sayda tosadiifi
proseslar, mohz Hauss paylanma funksiyasi ilo ifads olunur:

_(x-a)?

F(x)= 1 ]ge 20° dx, (3)

o227

burada,
X — tosadiifi kamiyyat;
a, o — funksiyanin parametrloridir.
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Sonuncu (3) ifadssi, baxilan hal va vaziyyatlor tiglin taninmis Lyapunov teoremi ils izah olunur
[2], ona goro mistoqil tesadiifi doyisonlorin cominin paylanmasi bazon kifayst godar genis sortlorin
paylanmasinin xarakterindan asili olmayaraq, normala yaxinlasir. Hauss prosesi do riyazi (3) baximdan
miihiim xiisusiyyatlora malikdir. Bu xiisusiyyatlor ehtimal nazariyyasi va tosadiifi proseslor nazariyyasi
tizro asarlordo do — [11; 12]-do otrafli tosvir edilmisdir.

Impuls manes manbalor

HT rabito sobokoalorino tasir edon manes moanbolorindan biri do impuls maneasi hesab olunur.
Impuls maneasi fordi impulslar1 va ya fordi video vo ya radio impulslarinin miintozom, tez-tez qgeyri-
stasionar tosadiifi ardicilligini tomsil edir. Sakil 2 (a, b, ¢) do impuls maneslarinin tasir formalari, zaman
Vo tezlik diaqramasi tosvir olunmusdur. Tosvir formasi biitiin hallarda impuls maneasinin funksiyast ilo
verilmisdir: U = F(t) vo S(w)=F(w).

&1

Ut ’
Jn I B PR || P
0 \ VU'\ y
Ull ‘r 6 5'(w)_: )
Uum (/”/(1 \
0 fae - —
f w

Sokil 2. impuls manealarinin tasir formalari, zaman va tezlik diagramasi

Toklif olunmus sakil 2 (a, b, ¢) toyinatlari, zaman va tezlik diagramasi ti-i-ci impulsun yaranma
vaxtt; Ti — davamliliq; Ti — izloma intervali Vo Umaxi — i-Ci impulsu tigiin maksimum goarginliyin giymati
hesab olunur.

Sakil 2-do zaman va tezlik diaqramasina uygun olaraq, asagidaki barabarsizliklori — iimumi impuls
manes monbolori ticlin Xarakterik hesab etmok olar:

n<<T, Ti>r1,.,, 1<, (4)

burada,
Ty, —impuls manessinin tasirina moaruz galan dévranin qurulmasima sarf olunan zaman;
7, — siqnalin elementar gondarilmosi miiddatidir.

Impuls maneasi, asasan, sonaye vo atmosfer manes monbolorinin tosirinden yaranir. Tosadiifi
impuls prosesinin hayata kegirilmasinin analitik ifadslori asagidaki formada ifads edilir:
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un(t):ZUni'w(t_ti'Ti)' )
i=1

Sonuncu (5) ifadasina gora baxilan proses parametrlori ham tosadiifi, hom do miintazom ola bilar.
Borabarsizliklor toplusu olan (4), impuls tasiri iist-iista diison déyiinmo — fluktuasiya miidaxilasindan
asasl1 sokilda farglonan tok bir impulsun tasiri Kimi nazardan kegirmoya imkan verir. impuls maneasinin
riyazi ifadosi, tipik eksponensial funksiya soklinds asagidaki kimi gostarilo bilar (Sokil 1):

burada,

o — manesloarin asagidiisma siiratini xarakterizo edon amsal.

Furye ¢evirmalarine uygun olarag, impuls maneassinin amplitudlarinin spektral sixligi bels toyin
edilir [1; 12]:

S(jo) = [u, (e’ *dt= U e“edt = [U,, exp(a - jeo)tdt , ©)
0 0 0
burada,

) Unm
SUe)= e ©

Axiriner (7) vo (8) ifadalori impuls maneassi, tezliklo azalan geniszolaqli spektr ilo xarakterizo
olunur.

Impuls maneasinin tosir miiddati na godor qisa olarsa, yani, a amsali no gador yiiksok olarsa, tezlik
spektri bir o godar genis va barabar6lgiilii olar vo timumi formada asagidaki kimi yazilir [2]:

1 lg?uU
WVU,,)= T2ro exp[—( 9202"”‘}], oy = lg°U,,, 9)

burada,
o —tosadiifi impuls maneasinin dispersiyas olub, bels tayin edilir:

o, = lg°U,,, =D,[X]

Lakin, uzun miiddest aparilmis todgigatlar gostorir Ki, zamana goro impulslarin paylanmasi
funksiyas1 Puasson paylanma ganununa yaxin hesab edilir va riyazi olaraq bels ifads olunur:

(9/ch,)k

F(k,@):{T

}egmp, 01T, =4t (10)

burada,
F(k,0) — vaxt orzinds k impulslarin gériinmo ehtimali hesab edilir 8; T, — impuls maneanin

izlonmasinin orta dovridiir.
Ogor, biz 8/T, = At ovozlonmesini gobul etsok, klassik ehtimal sixliq Puasson paylanma

funksiyasini almis olariq. Yani,
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(A1)
k!

P(k,t,4) = exp(-At) . (11)

Sonuncu (10) vo (11) ifadolori tosadiifi impuls maneslorinin paylanma vo ehtimal sixliq
funksiyalar1 olub, tasadiifi impuls manes manbalarinin ehtimal xarakteristikalarini hesablamaq va rabito
kanalinin riyazi modelini yaratmaq tigiin istifads oluna bilar.

Rabits kanahinin sads riyazi modeli

HT multiservisli telekommunikasiya sobokalorinds manesyadavamliligin  yiiksaldilmasi
probleminin real halli yollarindan biri verilis sistemlarina ciddi riyazi modellagdirma metodlarinin genis
totbigidir. Bunlar arasinda dominant yeri sobokalor nozoriyyasi, qobuledici sistemlarin
demodulyatorunun sintezi vs signallarin optimal gobulu nozariyyssi, koherent vo geyri-koherent gabul
tisullar1 hesab edilir [1; 4].

Sakil 3-do diskret signallarinin verilisi zamani diizgiin Gtiiriilmasi ti¢lin isloyan verilis sistemi vo
rabito kanalinin toklif edilon struktur sxemi todgigat obyekti hesab edilir vo asagidaki: kimi gostarilir.

Struktur sxem oasasan asagidaki idaroedici bloklardan ibaratdir:

— diskret vo fasilosiz kanallar, fiziki rabito kanali;

— giris-informasiya menbayi (IM), ¢ixis melumat: alan (MA), son iinvan, manes manbasi (MM).

|t Diskret kanal »-|

I
| ‘@— Fasilasizkanal — —pi
I . .

Giﬁﬁﬂl.» Koder f—— Modulyator —o—» Verici qurgu
| : - :
Mane el fnanbasi

Fiziki rabita kanah -

Mane a?manbasi

—-Qabuledici quriuf—] Demodulyator —‘—> Dekoder T
: Crag WA

Sokil 3. Malumat signallarimin diizgiin 6tiiriilmasi iiciin verilis sistemi
va rabits kanalinmin struktur sxemi

Sokil 3-o asason molumatlar rabito kanali vasitosilo mistaqgil simvollar ardicilligi soklinds

otiiriildiiyti zaman hesabi ifads {ai}, i = 0, 1, ..., kK — 1 olunur va takt T intervali nozoro alinmagqla
asagidaki Kimi yazilir:

k-1

St,b)=N,(t)+> a-9t-i-T), o<t=<T, (12)

i=0

Sonuncu (12) ifadasi gabuledicinin girisinds impulslar ardicilligini va riyazi modelin (RM) yekun
ifadasini xarakteriza edir.

Demodulyatorun sintez masalasini nozara almagla, RM bazasinda bazi vacib gostaricilorin toyin
olunma algoritminin tohlilino baxag.

1. ikili rabito kanalinda amplitud, tezlik vo faza modulyasiyasindan istifads etdikds, sahv ehtimali
bels tayin olunur:

Peer =1-FI(E, /2N0)0'5] =1-H[(E, + E +2E0,1)/2N0]0'5}’ (13)
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burada,
E —uygun olaraq ikili signalin enerjisi hesab olunur, Eeb, €{0,1}, E =(E,,E,);
N, —manes signalinin giiciiniin spektral sixligidir, Vt / Hs.

2. Ikili rabito kanalinda demodulyatorun ¢ixisinda signal-kiiy nisboti (SNR, Signal Noize — to
Rate) SNR(R;):

SNR(R,) =(g[(Ps /N,)-T], dB, T=1/AF , (14)

burada, AF — demodulyatorda razilasdirici siizgacin tezlik zolaginin enidir.
3. Demodulyatorun ¢ixisinda diskret signallarin gabulu ehtimali bels tayin edilir:

t . . .
Pds :1_ZCIL\I_I (1_ F)te)N_I Pttle ) (15)
i-1
burada,
P, — ikili signal melumatlarin verilis sisteminds otiiriilmesi zamani tohrif olunma ehtimals;

C.™' = N —1iizro binomial omsalin N elementi;

t — Rida-Solomona kodunun diizaldici gabiliyyati, kod ardicilliginin uzunlugu N va kod siirati
nozaro alinmagla bels toyin edilir:

t=05N-(1-R)=05k+r)1-R,) , (16)

burada,
R, —Rida-Solomona kodunun siirati olub, bels ifads edilir R, =(k/N) <1.
4. Viterbi algoritmi asasinda qurulmus gabuledicinin miirokkabliyini va Rida-Solomona kodunun

kod masafasini nazars almagla, diskret signallarin optimal gabulu tisulundan istifads edarak, bits gora
sohv ehtimalinin yekun ifadasi bels tayin olunur [12]:

E
P = Kmin ’ " 'dmin ’ 17
BER Q( ZNO ] ( )
burada,
K., — Minimum masafads yerlogan signallarin v onlarin farglondiyi simvollarin sayindan asil

olaraq tayin edilmis bir sabitdir;

d..,— kod masafasi olub, &tiiriile bilon signallar arasindaki minimum Evklid masafasinds hesab
edilir;

E, —bir bit molumatin 6tiiriilmosins sarf olunan enerji; Q(x) — Qauss funksiyasinin sohv inteqrali
hesab olunur va bels toyin edilir:

m

Q(x)=(1/27)% -Texp(—O.SuZ)du .

Almmis sonuncu (11), .., (17) ifadoalori rabito kanalinin riyazi modelinin bazasinda
maneayadavamlilig1 Xarakterizo edon analitik ifadslor toplusu hesab olunur.

Todgigatlar asasinda miiayyan edilmisdir Ki, baxilan problemin halli zaman1 asas manes verilis
sistemlorindo signallarin rogomli emali proseslorinin kifayst godor adekvat riyazi modellarinin vo
gobulun maneoyodavamlilign xarakteristikalarinin effektiv ododi analizi vo optimallasdiriimasi
metodlarinin olmamasidir [2; 4; 12].
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Natica

Aparilmis nozari tohlillor naticasinde malum olmusdur Ki, elektrik vo optik verilis sistemlarinin
HT yeni nasil rabito sabokalorinde maneayadavamliliq masalalarinin tadqiqi tigiin ilk névbads, RK-na
tasir edon MM-in, yiiksok effektivliys malik modulyasiyanin vo kodun tipi, verilis stiratlorinin nazars
alinmasi vacibdir.
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AHHoOTaNUS
HccaenoBanus U aHAIM3 321a494 IOMEX0YCTOHYHUBOCTH
B CETSAX CBSA3U MOCJIEeYIOIEro MoKoJeHUs
Baiipam Uoparnmos, Slnubin Ucaes, Acmap HaOuesa

JlaHHas cTaThs MOCBAIIECHA aHATU3Y M MCCIECIOBAHUIO BOMPOCOB MOMEXOYCTOMYUBOCTH B CETAX
CBSI3W HOBOTO TIOKOJIeHHs. B mpemaraeMoii ctaThe pacCMOTPEHBI MPOOJIEMBI TTOMEX0YCTOHYMBOCTH
IpreMa CHTHAJIOB B TEICKOMMYHHKAIMOHHBIX CETSIX CIENHaTIbHOTO Ha3HAYCHHS W MOAPOOHO
MPOAHAIM3UPOBAHBl METOJbl YIYYIICHHWs TIpU TpueMe wux Tnokazarenedd. llempro HaydHO-
HCCJIEIOBATEILCKOM paOOTHI SBIISIETCS AaHATIU3 U U3yUEHUE 3a/1a4l ITOMEX0YCTOMYUBOCTH B CETSAX CBSI3U
HOBOTO MOKOJIeHUs. [{71st focTrkeHus e ObUIH MMOCTABIICHBI CIEAYIONINE 3a1auu: 1efieBas (pyHKIUs
MOCTAHOBKH 3aJa4d, OOIIMI aHAJIN3 MCTOYHUKOB MOMEX, BIHSIONIMX HAa KaHAJbl CBS3H, pa3padoTKa
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MaTeMaTHYeCKOM MOJeNIN KaHajla CBA3M C YyY€TOM MCTOYHUKOB MMIYJIbCHBIX MOMEX, UCCIEJOBAHUE U
OLIEHKA BEPOSITHOCTH OWUTOBBIX OMMOOK. [IJis pemieHus 3aa4u MCIONIB3YIOTCS CIEIYIOIUEe METO b
UCCIICIOBaHMS: MATEMaTHUECKOE MOJEITUPOBAHHUE, METO/Ibl [IOMEXOYCTOHUYHUBOCTH M METOABI HU(DPOBOH
00paboTKM cuUrHajoB. BpumM monydeHBl clenyrolue BaKHbIE pe3ynbTaThl: IlyTem wuccienoBanus
QITOPUTMOB KOT€PEHTHOI'O U HEKOTEPEHTHOI'0 IpHUeMa, METOJ0B MOAYJISALUU U MOMEXO0YCTOHYHBOIO
KOJMPOBAaHUS B CUCTEMax CBSI3M BOGHHOI'O Ha3HAUCHUs, MPEJIOKEH HOBBIM 3()()EeKTUBHBIA MOJIXO0I K
o0ecreyeHn0 KadyeCcTBEHHOIro Iporecca mnpuema. Ha ocHoBe uccienyeMoro HOBOIO MOJIX07a
pazpaboTaHa MareMaTH4ecKas MOJENb JUCKPETHOIO KaHaja CBSI3M, YYMTHIBAIOLIAs BIIMSHUE
HCTOYHUKOB [TOMEX Ha CHCTEMBI CBsI3U. 3aKJIOYEHUs U BbIBOJbI: Ha 0CHOBEe MaTemMaTnyeckoi Mojenu
JTUCKPETHBIX KaHAJIOB CBS3M JUIsl aHalM3a ITOMEXOYCTOMYMBOCTH BBIOpDAHBI CTPYKTYpHasi cxema
(GU3UUeCKUX UHTEPBAJIOB CUCTEMBI [IEpEauy U CII0CO0 Ha/IekKHOM Nepeiauyl CUTHAJIOB JaHHBIX, a TAK)Ke
[OKa3aTeIM KauyecTBa KAHAJIOB MPU M3YYEHUU IPHUEM DJIEKTPUUECKUX M ONTHYECKUX curHaioB. Ha
OCHOBE MaTeMaTMYECKOW MOJENM IOJIyYeHbl CIEeNYIOIMEe aHATUTHYECKUE BBIPAKEHUS AJIS OLIEHKU
mokaszarejeii [MOMEXOYCTOMYMBOCTH CHCTEMBI CBSI3M: BEPOSATHOCTH OWTOBas OIMOOK TpH
UCIOJIb30BaHUM aMIUINTYAHOH, YacTOTHOM M (a30BOM MOIYISALMM B JIBOMUHBIX KaHalax CBA3H,
OTHOIIIEHHE CUTHAJI/IITYM Ha BBIXOJIE IEMOIYIISITOPA, U BEPOSITHOCTA OMTOBOM OIIMOKH OTITUMATTbHBIN
IPUEM JIMCKPETHBIX CUTHAJIOB C MCIIOJIb30BaHKeM Koja Punbi-Conomona u anroputma Butep6ou.

KuroueBble cjioBa: BEpOSITHOCTh OMTOBAsi OLIMOOK, CKOPOCTh NEpeNaul, KOT€PEHTHBIH MOJAEM,
JNEMOAYJIATOP, BEPOSITHOCTb OUTOBOW  OIIMOKHM, HENpeAHAMEpEeHHbIe IIOMEXM, OTHOLICHMS
CHUTHAJI/TIOMEXH, KaHaJI CBSI3H.

Abstract
Research and analysis of the problem of noise immunity
in next generation networks
Bayram Ibrahimov, Yalchin Isaev, Asmar Nabiyeva

This article is devoted to the analysis and research of noise immunity issues in new generation
communication networks. This article examines the problems of noise immunity of signal reception in
special-purpose telecommunication networks and analyzes in detail methods for improving the reception
of their performance. The purpose of the research work is to analyze and study the problem of noise
immunity in new generation communication networks. To achieve the goal, the following tasks were
set: target function of the problem statement, general analysis of interference sources affecting
communication channels, development of a mathematical model of the communication channel taking
into account sources of impulse interference, research and assessment of the probability of bit errors. To
solve the problem, the following research methods are used: mathematical modeling, noise immunity
methods and digital signal processing methods. The following important results were obtained: By
studying coherent and incoherent reception algorithms, modulation methods and noise-resistant coding
in military communications systems, a new effective approach to ensuring a high-quality reception
process was proposed. Based on the new approach under study, a mathematical model of a discrete
communication channel has been developed, taking into account the influence of interference sources
on communication systems. Conclusions: Based on the mathematical model of discrete communication
channels, a structural diagram of the physical intervals of the transmission system and a method of
reliable transmission of data signals, as well as indicators of the quality of channels when studying the
reception of electrical and optical signals, were selected to analyze the noise immunity. Based on the
mathematical model, the following analytical expressions were obtained to evaluate the noise immunity
indicators of a communication system: the probability of bit errors when using amplitude, frequency and
phase modulation in binary communication channels, the signal-to-noise ratio at the demodulator output,
for the probability of a bit error, the optimal reception of discrete signals using a code Reed-Solomon
and Viterbi algorithm.
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