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BBEJAEHMHE (anHoTauusa qucceprauuH qokropa ¢uaocodpuun (PhD))

AKTyaJIbHOCTh H BOCTpeGOBaHHOCTL Tembl AMcceprauun. B mupe
aKTHBHOE BHEApeHHe W pacluMpeHHe MYNbTHMEAMHHBIX YCHAYr BbI3bIBAlOT
CTpeMUTeNbLHOE pa3BUTHE ceTeii nepenaud NaHHBIX. YCKOPEHHBIMH TeMnamu
pactyT o6bEM cymMMmapHOro Tpaguka H CKOpPOCTb nepenaBaemoil MHGopmauun.
CoBpeMeHHEIE BLICOKOCKOPOCTHBIE CETH Nepefayl AaHHBIX ABIAIOTCS CNOKHBIMH
oGbexTamMu ¢ GONbINUM KOJIMYECTBOM 000PYIOBaHH, € KaHa/laMH CBA3H Ha OCHOBE
NpoBOAHBIX M  GeCMpOBOAHBIX  TEXHOJIOTHH, CNOXHBIM  MPOTrPaMMHLIM
obecneueHneM. B Takux paseuThix cTpaHax, kak CLUA, Kuraii, 'epmanns, Sinouns
ynensietcs Gonblioe BHHMaHue pa3paGoTke 060pynoBaHHa ceTel nepeaadn NaHHbIX
HOBOTrO TIOKOJNEHHs, MPOrpaMMHOro oGecneyeHns, BXOAALUMX B UX COCTaB, HOBBIX
NPOTOKONIOB M TeXHOJIOrHi oOMeHa AaHHBIMM, KOTOpPbIE TO3BONAIOT YBENHUHTH
Ka4yecTBO M CKOPOCTB Nepeaayut JaHHbIX, HafleXXHOCTh H DYHKLHOHANBHOCTD CETH.

B Mupe npoBoasTcs HayuHble HCCNENOBaHUA, HanpaBeHHbIe Ha pa3paboTky
3(eKTHBHLIX METOHOB M MofeJieli TOBLIEHHA HAACKHOCTH, MOZENEH H
aNropMTMOB OLIEHKH HaAEXHOCTH BBICOKOCKOPOCTHBIX CETeH nepenauyd NaHHBIX.
Bonbioce konudecTBo paboT noceauleHo pa3paGoTke Moaenel M aHATHTHYECKHX
BRIpaXXeHUi, CO30aHHIO aJITOPHTMOB H NPOrPaMMHBIX KOMILIEKCOB, MO3BOJISIOLIHX
¢ GonblIOH JOCTOBEPHOCTHIO PACCYMTATE HAIEKHOCTh JIEMEHTOB, Y3IIOB, KAHAJIOB
nepefjaud M CaMMX  BBICOKOGCKOPOCTHBIX  ceTeit  mepenadd  JaHHBIX.
PaccmaTpuBaioTCs Takke BOMpockl pa3pa0OTKM MaTeMaTHYecKoro amnnapara
pacueTa nokasartesneii HAIeXXHOCTH ceTeii nepenayy AaHHbIX. B 310i 06N1acTH oo
13 BocTpeGOBaHHBIX ARMIAETCA 3aflaua pa3paboTKH METONOB, MOZIEJIEH H aiTOPHTMOB
no obecneveHnIo HaleXXHOCTH ceTeil nepeaiuy NaHHBIX.

B PecnyGnuxe V3iGekucran npoBoautca Gonbuioe KONHYECTBO HAyYHBIX
HCCNenoBaHnui, NOCBALIEHHBIX (JOPMHUPOBAHMIO HOBHIX MPHHLMNOB pa3zpaboTku
IrOPUTMOB, METOJIOB, Mojieneli OLleHKH, ofecneueHs 1 MOBHILIEHHA HalEKHOCTH
BBICOKOCKOPOCTHBIX ceTeil nepegauu gauneix. B Crparernn paseutus Hosoro
Vibekucrana Ha 2022-2026 roasl onpenenieHbl TaKHE LENH, KaK «...0XBaT BCeX
HaceNleHHBIX MYHKTOB, COUHANIBHRIX 06EKTOB M MaruCTpanbHBIX aBTOMOOHMABHBIX
JOPOT LHPOKONMONOCHBIMH CETAMH NyTeM OanbHeifllero pasBuTHA LUpOBOi
MHOpAcTPYKTYphl ...»'. BaxHo# 3ajmaueii nNpu pellleHHU NMOCTABNEHHBIX LeNeil,
TaKyX KaK pa3BuTHe LUM(POBOii HHDpacTPyKTYphl ABNAETCS pa3paboTka METONOB,
Mojieneii 1 aNnropHTMOB, KOTOPEIE NMO3BONAIOT 00ECNEUHTD M NOBLICHTb HAIeXKHOCTD
BBICOKOCKOPOCTHBIX C€Teii nepenaun JaHHbIX.

JlaHHOE HcenenoBaHue B ONpeAeneHHON CTENEHN CITYKHT BbINOJHEHHIO 3a/1ay,
npeaycMoTpeHnbix B TloctaHosnennn [lpesnpenta Pecnybnukn Y3ibexucran
NeIT1-4699 «O mepax no IUHPOKOMY BHeApeHHI0 LUNGBPOBOH IKOHOMHKH H
3NEKTPOHHOro mpaBuTenbcTBa» ot 28 anpena 2020 r., Ykaze NoVII-6079 «O6
yreepxaeHun crparerud  «Undposoit Vibexncran-2030» u mepax no ee
a¢dexTnBHOl peanuzaunny» ot 5 oktadpa 2020 r., Ykaze NeVTI-5349 «O mepax no

Va3 Tlpesunenta Pecry6nuxu Viberncran NeVT1-60 «O cypaternn passirris Hosoro ViGexucrana Ha 2022
- 2026 roawi» ot 28 ausaps 2022 r. (https:/lex.uz/rw/docs/5841077)
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DanbHeHIeMy COBEPLIEHCTBOBAHHIO Cepbl WHPOPMALMOHHBIX TEXHONOTHA H
KoMMyHHKauui» ot 19 despans 2018 r., B Moctanosnennn Ka6unera Muunctpos
Pecnybnnku V3bekucran Ne699 «O mepax mo mansHeiimemy pa3BHUTHIO
TeNIeKOMMYHHKALMOHHON WHpacTpykTypul Pecriybnauxn Vabekucran» ot 19
HoaGps 2021 r., MocTanosnennyn Nel85 «O Mepax no fansHeiimeMy yyuieHHio
Ka4ecTBa YCIYT CBsA3M, HH)OPMATH3aLMK H TeNIEKOMMYHHKALHi» OT 7 mapra 2018
T. M B APYTHX HOPMATHBHO-NIPaBOBLIX IOKYMEHTaX, MPHHATHIX B AaHHO cepe.

CooTBeTCTBHE HCC/IEA0BAHHS NPHOPHTETHEIM HANPABIEHHAM Pa3sBUTHS
HayKH M TexHonoru# pecny6anku. MccnenoBaHus B auccepTauuonHoii paboTe
BBINOJIHEHE! B COOTBETCTBHH C NMPHOPHTETHLIM HANpaBICHHEM Pa3BUTHA HAyKW
TexHonoru#i  Pecny6nuku  ViGexucran IV. Paseutne wuHpopmaTHsaumm M
HHGOPMaLMOHHO-KOMMYHHKAIHOHHEIX TEXHOIOTHIA.

CreneHs H3yueHHoeTH npoGfieMbl. B HacToswee Bpems B cthepe
MH(OPMALIMOHHO-KOMMYHHKALIMOHHLIX  TEXHONOTHI  yAenseTcs  Gomblioe
BHHMaHHe pa3paboTke  TeNeKOMMYHWKALHOHHOTO OOOpYHOBaHMS  HOBOTO
TIOKOJIEHHAA, ceTeH mMepenavyM OAHHEIX HA WX OCHOBE, TMPOBOAWTCA GonblIoe
KOJIMMECTBO HAYYHBIX HCCIE/IOBaHMii, MOCBALIEHHBIX HTHATHOCTHKE, KOHTpOIO,
obecneyeHHIO U MOBLIIEHHIO X HANEKHOCTH.

B uacTHocTH, H3 3apy6ekHbIX yueHBIX-HCCNEA0BaTENEll B 3TOM HaNpaB/ieH!H
paboraior William Stallings (CLIIA), Amit Kumar, Mangey Ram (Muans),
Alessandro Birolini (LLIeeiiuapus), Ilya Gertsbakh, Yoseph Shpungin (M3paums),
Minoru Fujishima (SInonns), T'.I1.3axapos, A.M.ITypToB, A.B.ITyrosxun (Poccus)
H IpyrHe.

Takke H3y4yeHHIO JaHHBIX npoOneM MOCBAIIEHBI HAYUHbIE TPyAbl Y4YEHbIX
pecny6auku. Tak, wHanpumep, pabotsi P.X.Jhxypaesa, U110 Jxa66aposa,
JX.B.BantaeBa nocesieHs! paspaboTke 3(QEKTMBHBIX MeTONOB, Mmopenei,
ITOPHTMOB KOHTPOJIS M IHArHOCTHKHM ceTell rmepefayy AaHHBIX U WX J/IEMEHTOB.
Tpyast P.Hcaea, W.P.Bepranosa, H.X.I'ynstypaesa, A.d.H36ocaposa,
V.B.Amupcaunosa, C.C.TTapcuesa, H.B.YcmanoBo#, A.A.Mypanosoii nocsauieHs!
BOMpOCaM HCC/IENOBaHWA, ONTHMH3aLHH, METONaM obecrnieyeHns ¥ MOBbILEHNS
HaexkKHOCTH CeTeil nepenaun DaHHbIX.

TIpoBenexHbIi aHanu3 ucciegoBatuii B 06MaCTH KOHTPONS, AHArHOCTHKH H
HAZOKHOCTH CETell mepenayu [aHHBIX  MOKasbiBaeT, 410 B paborax
BblILIETIEPEYHUCIICHHBIX YUEHBIX B He}lOCTaTO‘lH?ﬁ CTENEHH H3YYEHBb! BOMPOCHL,
noceslleHHBe pa3paboTke METONOB, MOOENEH U ANTOPUTMOB obecneyenns
HaJIe)KHOCTH BbICOKOCKOPOCTHBLIX ceTel nepeaiH AaHHbLIX C GecnipuopuTeTHBIM H
TIPHOPUTETHLIM OGCITY>KMBaHHEM Ha OCHOBE KOHTPONA BPEMEHH M BEPOATHOCTH
CBOEBpPEMEHHO NoCTaBkH COOOIEHNH (nakeToB).

CBA3h AWCCEPTALMOHHOTO HCCJAEA0BAHMA €  MJIAHAMH  Hay4HO-
HCCIeN0BATEILCKHX paGoT Bhicmiero 06pa3oBaTeILHOTO y4pexmaeHus, rae
BLINOJIHEHA AuccepTaumsi. [launas AMCCEPTAUMOHHAA paGoTa BLinonuena B
paMKax Hay4HO-MCCIeHOBATENLCKOH paboTh! N915(16/2]cb «Monenu u meromml
NOBBILIEHHST HANEKHOCTH BBLICOKOCKOPOCTHBIX CETCH NEPENain AaHubIX» (2021-
2022), BuimonHeHHO#W B TalIKEHTCKOM YHHBEPCHTETE  MHQOPMaLIHOHHBIX
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TeXHonoruit uMenn Myxammana an-Xopasmnii.

Lennto neenenosannn arnsercs paspaborka MeToNa, MozieNeil M alFOPHTMOB
oecrieyeHHss HANEKHOCTH BbICOKOCKOPOCTHBLIX CeTell Nepenaud JaHHBIX C
GecrpHOpPHTETHEIM ¥ PHOPHTETHLIM OGCITYKHBAHHEM.

3anauu HcenegoBanun:

aHaNK3 ¥ HcenenoBaHue ocobeHHocTel oprann3anny, 6a30BLIX TONONOTHH U
THIIOBLIX CTPYKTYp NOCTPOEHHs, TOKasarteneifi M MeTONOB pacuera, BHIGOp
NapaMeTpoB KOHTpONst OfecnedeHMs HaNeKHOCTH BBICOKOCKOPOCTHBIX ceTeil
nepefayy AaHHbIX;

pa3paboTka MeTOAa, NO3BONSIOWETO ONPEEHTh NPENOTKAZHOE COCTOAHHE B
BBEICOKOCKOPOCTHBIX CETAX NepefayH NaHHbIX ¢ GeCIPHOPUTETHBIM H ITPHOPHTETHBIM
o6y xuBanieM;

paspa6oTka Mogeneii, BEIYHCIMTENBHBIX ANFOPUTMOB M MPOrpaMM pacyeTa
¢yHkuMM pacnpeneneHus BEPOSTHOCTH CBOEBPEMEHHOH NOCTaBkH cooblueHHit
(nakeToB) B BLICOKOCKOPOCTHBIX CETAX MEpEefadH NaHHBIX C GECTIPHOPHTETHLIM M
NIPHOPHTETHEIM 06 CITyKHBaHHEM;

pa3paboTka aHaNUTHYECKHX MOJeNell, BBIYMCIHTENBLHOTO aNTOPHTMA H
nporpaMMe! pacuera CPeAHEro BpeMEHH JOCTaBKHM cooliueHHit (nmakeToB) A-ro
NPHOPHTETA CETH mnepedayd NaHHLIX [UIA ClyuyacB WACanbHOH M peanbHO#H
HANEKHOCTH.

O61eKToM HcCNenoBaHMs ARAIOTCA BHICOKOCKOPOCTHBIE CETH Tiepefadn
OaHHBIX ¥ UX HANEKHOCTHLIE NOKa3aTeNH.

TipeaMeToM mnccNeNoBaHHA ABNAIOTCA MeETOL, MONENH H  ANFOPHTMBI
obecneyeHns HaneKHOCTH BBICOKOCKOPOCTHBIX CeTell nepenaun JaHHbIX.

Metoanl mccaemoBandf. [lna  [OCTIOKEHHs NOCTAaHOBNEHHOH LENH B
auccepTauMoHHoii  pafoTe  HMCMONb3OBaNMCh — METOABI  TEOPHM  MacCOBOTO
0BCITyHUBaHUsA, TeOPHH BEPOATHOCTEH, TEOPHH HANEKHOCTH, HMHTALHOHHOTO
MO[IEIHPOBaHHA, BBEAEHHA JONONHHUTENLHONO COBBLITHS.

Hay4ynan HOBH3IHA HCCIIE0BaHNA 3aKNIOYAETCA B CEAYIOEM:

paspaboTaH MeTOA, KOTOphLIi Ha OCHOBE KOHTPOJsS CPENHEr0 BpEMEHH
HOOCTaBKH H BEPOATHOCTH CBOCBPEMEHHONM HOCTaBKH COOOIICHHHA (nakeTos)
NO3BOJISET ONPEACNUTb NPENOTKa3HOE COCTOAHHE B BBICOKOCKOPOCTHBIX CETAX
nepenadn JaHHLIX ¢ 6ECNPHOPHUTETHLIM M NIPHOPHTETHBIM COCITYKHBaHHEM;

Ha OCHOBE BEPOATHOCTHO# MHTeprpeTauny npeoGpazosanuii Jlannaca-Crurseca
paspabotanel monmenu (yHKUMHM pacnpefeneHuss BEPOATHOCTH CBOEBPEMEHHOR
noctaBkn cooOweHni (nakeToB), mnossosiAlole obecnevunTb HANEKHOCTL H
3pdexTHBHOCTDL CeTeBOli MH(PPACTPYKTYPHI B BEICOKOCKOPOCTHBIX CETAX Nepenayun
NaHHBIX;

pa3paGoTaHel aHATMTHHYECKHE MOJENH CPEJHEro BPEMEHH IOCTAaBKH
cooluennii (NakeToB) CETH MepenauH AaHHLIX ¢ abCOMIOTHLIM MPHOPHTETHBIM
obcyxxnBaHueM, MO3BONAIOLINE ONPENENHTs NPOU3BOAHTENLHOCTE CETH ANA
PaINYHOTO YPOBHS NPHOPHTETA;

pa3paboTaHbl BLIYUC/IHTENLHBIE ANFOPHTMBI  (DYHKIMH pacnpeReneHus
BEPOATHOCTH CBOEBPEMEHHOM NOCTaBKH, CPEIHErO BPEMEHH NOCTAaBKH COOGLICHHHA
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(naketoB) k-ro npHopHTeTa, mo3ponsiowme obecreunTh 3 dexTHBHOE
(YHKIMOHMPOBaHHE CETH MEpPENaYH JAHHBIX.

IIpakTHyecKkne pe3yabTaThl HCC/IEA0BAHHSA 3aKUTIONAI0TCA B CIEAYIOLIEM:

pa3paboTaHb! MpOrpaMMbl pacyeTa CpefHEro BpEMEHH J0CTaBKH coOOLIeHHH
(nakeToB) k-ro mpuopHTETa CETH MepefadyH AAaHHBIX JUIA Cly9aeB HMAEanbHOM H
peanbHoi HageKHOCTH,

paspaboTaHb! nporpamMMmbl pacuera (YHKLUMH pacnpefefieHus BepOSTHOCTH
CBOCBpPEMEHHO JOCTaBKH cooOlleHHii (MakeToB) A-ro MpHOPHTETAa /s Clyyaes
HICANBHOM M peaibHOi HaleXKHOCTH;

paspa6oTana nporpamMma pacyera 3aBHCHMOCTH BEPOSTHOCTH CBOEBpEMEHHOMH
ZocTaBKH coobleHnit (akeToB) ceTH nepesayy AaHHEIX OT CTapeHHS;

paspaboTaHa nporpaMma HMHTaLHOHHOTO MOAEIHPOBAHHA IHArHOCTHYECKOTO
KOHTPOJIA B BHICOKOCKOPOCTHBIX CETAX nepenaiy JaHHbIX.

JloCTOBepHOCTD Pe3yJIbTATOB HCC/Ie0BAHHA 00OCHOBRIBAETCS KOPPEKTHOH
MOCTaHOBKOH 3afaiyd W NOATBEPXKIAEHHEM TNPAKTHYECKHX HCCIENO0BaHHH,
HCIONB30BaHHEM MPOBEPEHHBIX METOAOB M ANFOPHTMOB aHaNH3a, KaYeCTBEHHOH H
KOJIHUECTBEHHOH OLIEHKOH HCCefloBaHH M MX pe3yNIbTaTOB Ha OCHOBE
OOIENPHHATEIX KPHTEPHEB.

HayuHas ¥ npaKTH4YecKasi 3HAYMMOCTD Pe3yJILTaToB.

HayuHas 3HaYMMOCTb pe3y/bTaTOB HCCIEAOBaHMI 3aKII0UaETCs B pa3paboTke
MeToda, MO3BOJISIOLIEr0 OMpENENTL NpPeXOTKa3HOe COCTOSHHE CeTH Mepefayd
JAHHBIX TpH pavjIMYHBIX €€ MapaMeTpaX, MOZENH CHCTEMBI KOHTpOJs NpH
GecnpuopHTeTHOM M aGCONMIOTHOM MPHOPHTETHOM OGCTYXMBaHHH cooGueHuH
(naKeToB), BLIMHCIHTENLHLIX AITOPUTMOB (DYHKLUHH PacnpeleeHHa BEpOATHOCTH
CBOEBpEMEHHO# JOCTABKH COOBLIEHRit, CpeAHEro BpEMEHH I0CTaBKH coobieHnH k-
ro NPHOPHTETA CETH NIEPENAYH JAHHBIX.

TpakTHueckad 3HAUMMOCTL  PE3YNBTATOB  [WCCEPTALMOHHOMH paboTe!
3aKouaeTcs B pa3paboTke KOMMjeKca NporpamMm pacticra CpEaHEero BpemeHH
JIOCTaBKM COOOLIeHNH  (nakeroB) k-ro MpHOpHTETa CETH MNEPENAYN NaHHbLIX,
$yHKUMM pacnipenelieHHs BEPOATHOCTH CBOCBPEMEHHOH NOCTaBKH CooGuieHHi
(nakeToB) k-ro NPHOPHTETA NIPH HIEANLHON H pealbHOH HAleXHOCTH, 3aBHCHMOCTH
BEPOSTHOCTH CBOEBPEMEHHOH NOCTABKM COOGLICHHH (nakeToB) ceTn mepefauu
NaHHBIX OT CTAapeHHs, MMHMTAUMOHHOrO MOJENHPOBaHNA NMArHOCTHYECKOro

KOHTpONS B BHICOKOCKOPOCTHBIX CETAX nepenain AaHHbIX.
~ BueApeHHe Ppe3yJibTaTOB HCCJIel0BaHNS. Ha ocHoBe pa3paGoTanHbIX
MeToza, Mofeneil 1 anropuTMOB ofecnedeHHs HaneXHOCTH BBICOKOCKOPOCTHBIX
cereii nepenayn JaHHBIX:

paspaboTtaHHbIi MeTON, f103BOJIAIOLN# ONpeac/IHTh NIPEAOTKAIHOE COCTOSHHE
B BBICOKOCKOPOCTHLIX CeTAX TNepefiayn J[aHHBIX C GecripuopureTHeM 1
NPHOPHTETHLIM OGCny)KMBaKHEM BHENpEH B nOABEAOMCTBCHHBIE TNpeanpUaTHa
Munucrepcrsa UMPOBLIX TEXHONOrHH Pecny6nuku Y3GEKHCTaH, B 4acTHOCTH B
00O «lleHTp HayyHO-TEXHMYECKMX M  MapKETHHIOBLIX  Mccienosaumii
«UNICON.UZ», TVII «PecnybankaHcKuii = UCHTDP  YNPaBleHWs ceTAMM
TenekoMMyHHKauuii Y3abekucrana», CIT 00O «East Telecom» B npouecc
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paspaboTku TpeGoBaHMit, NpPOBEAEHHS HAYYHO-HCCIENOBAaTENbCKHX paboT mo
ofecreyeHnio ¥ MOBLILLIEHHIO HAEXKHOCTH BBLICOKOCKOPOCTHBIX ceTeii nepenauu
naHHLIX (cipaBka MuHKcTepcTa UMGPOBLIX TeXHONOTHIT PeciyOnukn Y3bexucran
Ne33-8/7744 ot 6 wnoabGpsa 2023 r.). B pesynbraTe NOABUNIACH BO3MOXHOCTB
BBIAARJICHHS M YCTpPaHEHHWsl CHTyalMH C TNOBBLILIEHHBIM DPHCKOM BO3HHKHOBEHHS
OTKa3a, 4TO NO3BOJIMT AOCTHYL KO3(h(hHLIMEHTa TOTOBHOCTH CETH NMEpeaadyy AaHHbIX
ne menee 0,99;

paspaGoTaHHble  MOHENH,  BLIYMC/IMTENBHLIE  AIFOPHTMH  (BYHKUMH
pacnpeiefieHns BepOSTHOCTH CBOEBPEMEeHHO# NOCTaBKH cooblueHHH (makeToB) B
BBICOKOCKOPOCTHBIX CETAX repefaiiy JaHHbIX C 6eCNIpHOPUTETHBIM H IPHOPHTETHBIM
obcnyHBaHHEM BHeApEHb! B MOABENOMCTBEHHbIE NpPENNPHATHA MHHHCTEpCTBa
unpoBeIX TexHonorui PecnyGnukn Y36ekuctan, B wactHocth B OO0 «LleHTp
HayYyHO-TEXHUYECKMX W MapKeTHHroBbIX Hccaemosanuii «UNICON.UZ», I'VII
«PecnybnxkaHckHii UEHTP  YNparjeHHs  CeTAMH  TeNlEeKOMMYHHKaLHii
Vi6ekucranan, CIT OOO «East Telecom» B mpouecchl HCCAEAOBaHHA,
NPOEKTHPOBAHUS M  OSKCIUTyaTalMH ceTeli mepenayd JaHHHIX  (CrpaBka
MuunctepcTsa uuppoBbiX TexHoNorHil PecrryGnmnkn Vatbexucran Ne33-8/7744 ot 6
HosGps 2023 r.). B pesyasTaTe HaywHOrO MCCNEOBAHHSA MOABHUIACE BO3MOXHOCTD
onpenenuts (GYHKUMIO PacnpeneneHHs BEPOATHOCTH CBOEBPEMEHHOH NOCTaBKH
coo6eHuii (nakeToB) ¢ NOrpelIHOCTBIO A0 5%, YTO ABAACTCA NOCTATOUHLIM NPH
NPOBCACHUH HHXXECHEPHBIX PACUETOR;

pa3paboTaHHblE AHATMTHYECKHE MONENH, BLIYHCIIHTENBHBIH  ANTOPHTM
CpeQHero BpeMEHH IOCTaBKH cooOlueHHi (nakeToB) A-ro TNpPHOPHTETA CETH
nepenayl AaHHLIX BHEAPEHLI B MOABENOMCTBEHHbIE NPEANPHATHA MHHUCTEPCTBA
uudpossix TexHonmorni Pecnybnuku Vi6ekucran, B yactHocth B OO0 «llenTp
Hay4YHO-TEXHHYECKHX M MapKETHHroBbix Hccneposannii « UNICON.UZ», TYTI
«PecryONMKaHCKHI  UEHTP  ynpaBlieHHSs  CeTAMHM  TEJICKOMMYHHKaLuMii
V36exncranan, CIT OOO «East Telecom» B npoueccel NPOBEAECHHA Hay4yHO-
MCCe0BaTeNbCKHX paboT, MPOEKTHpOBaHMA W 3KCIUlyaTallWH ceTed nepenaun
AaHHbIX (cnpaBka MunKcTepcTa uudpoBeix TexHonornii Pecny6nukn ¥Y3bexucran
Ne33-8/7744 ot 6 HonbGpa 2023 r.). B pesynbrate mosBHIach BO3MOXHOCTb C
GoabLIOH TOYHOCTHIO MPOBOANTL HCCJEAOBAHHA BBICOKOCKOPOCTHOM CETH
nepenayy NaHHLIX NPY MOEANbHOH K peanbHOM HaIeXXHOCTH;

pa3paCoTanHble NPOrpaMMbl BHEAPEHb! B HOABEIOMCTBEHHBIE NPENNPHATHS
MunucrepcTBa ungpoBbIX TexHonornii Pecnydnukn Y3bekucral, B 4aCTHOCTH B
OCO «lleHTp Hay4YHO-TEXHMUECKMX M  MApKETHHrOBbIX  HCCleJOBaHMA
«UNICON.UZ», TVYIT «Pecnybnukanckuii LEHTp YNpaBJE€HHA  CETAMH
TeNleKOMMyHuKaumit  Vibexucrauan, CIT OOO «East Telecom» (cnpaBka
Munncrepctea undpoBbIX TexHoNorui Pecry6imkn ¥Y3bekncran Ne33-8/7744 ot 6
HoAGpa 2023 r.). B pesynpTate HayyHOro HccnefoBaHMsl BpeMs Ppacy€ToB
HaJleXKHOCTHBIX Moka3aTesneli CETH nepenaun AAHHLIX COKPATHIOCH B 1,5-2 pasa.

Anpobauna  pesyanLTaToB  HCClAedoBaHHs. Pe3ynsTaThl  JaHHOIO
HcenenoBanHs o6Cyxaanuch Ha 7 MexXAyHapOAHLIX H 3 pecnyONHKaHCKHX HayYHO-
TEXHUYECKNX H HAYWHO-TIPAKTHYECKMX KOH(EPEHUMAX, Ha HAYUHBIX CEMUHApaX.



Ony6AHKOBaHHOCTL pPe3yaLTaTOB HccieaoBanus. Ilo Teme uccieoBaHHA
omy6nuKkoBaHO Bcero 25 HaydHbIX paGoT, u3 HuX | moHorpadmus, 8 cratei B
KypHaiax, peKOMEHAOBaHHLIX Bricueii arTrecrauonHol koMuccueit Pecniybnukn
V36ekucraH, B TOM 4MciIe 3 B MHOCTPaHHBIX, 5 B pecnyGiuKkaHCKHX KypHanax, 10
TE3UCOB Ha MEXIYHAPOAHBIX, pecyO/IHKaHCKHX HAyYHO-TEXHHYECKHX M Hay4HO-
TpaKTHYECKMX KoH(epeHUMAX, TONy4deHbl 6 CBHICTENBCTE PErMCTpauUMH
MIPOrPaMMHBIX NpoAykToB Ans OBM.

CrpyKTypa ¥ 06BEM quccepraumn. JluccepTaunorHas pa6ota conepxur 118
CTPaHHI| H COCTOMT H3 BBEIEHHS, TPeX I/1aB, 3aKIIOYEHHU, CIHCKa HCTI0JIb30BaHHOM
JIMTEPaTyphl H MPUIOKEHHH.

OCHOBHOE COJAEPXAHHE JUCCEPTALIUH

Bo BBefeHHH 060CHOBaHEI aKTYanbHOCTb M BOCTPeGOBaHHOCTb TEMbl
huccepraumw, C(bopmynnponaubl LeNIM ¥ 3aAa4H, BHISBJIEHBI 0OBEeKTH! H NIPEAMETSI
HCCJICAOBAaHUH, OMpEENEHO0 COOTBETCTBHE MCCENOBaHMA  MpPHOPHTETHBIM
HaNpaBieHWAM pa3BHTHA HaykM M TexHonoruit Pecmy6nuxu Y30exucta,
H3JIOKEHBl Hay4yHass HOBH3HZa H TNpaKTHYECKHUE PE3ynbTaThl nccAe0BaHHid,
060cHOBaHa OCTOBEPHOCTD NOJYYEHHBIX PE3ybTaTOB, PACKPLITEI TEOPETHYECKAA
H NpaKkTHYeCKas 3HaYHMOCThb NMONYYEHHbIX Pe3y/bTaToOB, NpHBeAeHs! BHEAPCHHA B
NPaKTHKY Pe3y/bTATOB HCCIELOBaHNI, CBEIEHHS 110 OMy6nukoBaHHEIM paGoTam H
CTPYKTYpe AHCCEpTaLHH. .

B nepeo#i rnaBe aucceprauuu «OQ630p H aHAJIH3 OpraHH3auHM, MoaeJeit,
noKa3aTefeli HaAeKHOCTH BBICOKOCKOPOCTHBIX ceTell mepegaud NaHHLIX)
paccMOTpeHsl 0cobGeHHOCTH opraHusaumy, 6a30Bbie Tomosoruu H THIOBBIC
CTPYKTYpBl, ONpefieJieHHe, TMoOKa3aTeln M METORBI pacyeTta HaICXKHOCTH
BBICOKOCKOPOCTHBIX ceTeif mepeaauy JaHHBIX, TPOM3BeleHb! BhIGOp MapameTpoB
KOHTpO/NIA Ui TIOBBILIEHHS HANEXHOCTH CeTed Mepelayd JaHHBIX M TOCTaHOBKa
3a1auH HCCIIEOOBAHMS.

VYcraHoBNEHO, YTO pacTylupe MOTPEGHOCTH B KONH4YECTBE M CKOPOCTH
nepegasaemoii MHOpMalMK BAEKYT 3a co60ii CTPEMMTENEHOE pa3BHTHE ceTtei
TnepesiauM JaHHBIX, B KOTOPBIX 06beM Tpaduka NaHHBIX PacTET OypHEIMH TEMNaMH.
CeTv nepepauu NAHHBIX ABJIAIOTCA LM(POBBIMH CETAMH, o06ecneyrBalOLHMH
TPaHCTIOPTHPOBKY JAHHEIX H NpeACTaBAAIOT cOBOH COBOKYNHOCTE y3/I0B 1 KaHaNoB
TEJEKOMMYHHKaLUH, creuManbHo CO3AaHHBIX ans opraHusaumm
TEJIEKOMMYHHKALHH MeXOy OnpeleieHHBIMH TOYKAMH C LIENLIo obecneyeHus
nepemaud aHHbIX. CeTH nmepefau JaHHbIX BCE Gonee HAYMHAIOT BLINOJHATH
3a/jau¥ YHMBEpCaNbHO# cpefbl, KoTopas oGecneyHBatoT Nepeaty NaHHbIX 1 MEKIy

YCTPONCTBAMH, H MEKIY KOHEYHBIMH NMOJIb30BATENIAMH.
Brissneno, uyto npu GONBLIOM KOJH4ECTBE cnoco608 COECAMHEHHA Y3NOB B

CeTAX mepefayn AaHHLIX BCE OHW CTPOATCA HA 6ase Tpex OCHOBHBIX (6a30BbIX)
TOMOJIOTHI: WIMHA, KONbLO M 3BE3Ja. Ha npakTHKE TNpPH NOCTPOEHHH ceTeil
6Gonbiuoro pasMepa MCIONL3YIOTCSH KOMOMHHMPOBaHHBIE TOMOJNOrMH ceTell, YTO
0BYCNOBJIEHO TEXHHYECKMMH BO3MOKHOCTAMH OpraHW3auuii nUHMIE CcBA3M W
MECTaMH OpraHH3alliH Y3/10B CETH.
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YcTaHoBNEHO, 4YTO OOHHM M3 BaKHBIX CBOWCTB, XapaKTEpH3YIOLIHX
BbICOKOCKOPOCTHbIE CETH Mepelauy NaHHbIX, ABISETCA HafexHocTh. HanexHnocrs
ceTH (CHCTeMbl) Nepeaun JaHHbIX npeacTaniseT cobol CBOACTBO ceTH (CHCTEMDI)
COXpaHATb BO BPEMEHH B YCTAHOBJECHHBIX MNpelesiaX 3HAUEHHs ONpeAceHHLIX
NapaMeTpoB, XapaKTePH3YIOLINX CIOCOGHOCTE BHINONHATL TpeOyemble GyHKUMH B
3aJIaHHBIX YCIIOBHAX MPUMEHEHHS H TEXHHYECKOTO 06CTyXHBaHHA.

Ananu3 nokasareneil HaleXKHOCTH FHOKasajl, 4TO OAHMM W3 BaXHBIX
KOMIUIEKCHBIX TOKa3aTeNeil HaleXXHOCTH BLICOKOCKOPOCTHBIX ceTel mnepegaus
NAHHBIX C KOMMYyTalueil mnakeToB sBjiieTcs ko3dduumuent rotosuoctn (Kr).
Koad¢uumeHT rotoBHOCTH BRICOKOCKOPOCTHO# CETH Nepefaiuy JaHHbIX oTipeesiieT
BEPOATHOCTH TOTO, YTO CeTh OKaXeTcAd B paboTOCnOCOGHOM COCTOSHHHM B
TPOH3BOJILHBII MOMEHT BpEMEHH:

T,
KI' = CP.BP. , ( 1 )
Teppp. +Tg

rae T¢ppp. - cpenHee BpeMs paboThl MeXAy OTKa3aMH (cpeaHss HapaGoTka Ha
otkas); Ty - cpenHee BpeMs BOCCTAHOBIIEHMSL.

Hns s¢ppexTMBHOTO ynpariieHNs ceThiO Nepefayl JaHHBIX HEOOXOAHMO MMETDH
CBEREHNS O TEXHHYECKOM COCTOSHHM JJIEMEHTOB, Y3/IOB, KaHANOB CBA3H H APYTHX
CPEACTB Mepefaiy JaHHEIX, BXOIAWMX B cocTaB ceTH. COBOKYMHOCTh 3THX CpeicCTB
nepenayuy NaHHbIX H ABAAIOTCA 06beKTOM KoHTpons. Ha ocHOBe aHanu3a npenaraercs
KOMIUIEKCHBIH  MOAXOA, T.. B KayecrBe KOHTPONHpYyeMbIX [apameTpoB
BbICOKOCKOPOCTHO# CETH NnepeNauH NaHHBIX BeIOpaHE! cpeiHee BpeMs facTaskh ( Toc)
W BEPOATHOCTh CBOEBPEMEHHOW NocTaBkH coobuwieHuii (nakertoB) (Qnoc), KOTOpBIE
HEMOCPEeACTBEHHO 3aBHCAT OT MHOXeCTBa (hakTopoB. B uKcno Takux ¢akTopoB BXOAAT
napaMeTpbl KaHajla, nporpaMMHoro obecneueHns, obopynoBaHus, MOTOKA, 3arpy3kH
CHCTEMb!, NPUHLUMNLI YNPABIEHH:A, 3KCIUTyaTallHOHHAA HaNeXHOCTb, ANNOPHTMbI
paboThl BLICOKOCKOPOCTHBIX CeTel mepefayu OaHHBIX M MHOroO Apyrux (akTopos.
TlosToMy cpedHee BpeMs HOCTABKH M BEPOATHOCTh CBOEBPEMEHHOM JGCTABKH
coobuieHni (NakeToB) MOXKHO 3anaTh GyHKLHOHANIOM:

T’/I(X"Q /lw=f[Kl'(d1C)7p(lstC3 ’”),VsY]Q (2)

rae Tyoc - cpentee Bpems DoctaBky coobuieHuii (nakeTos); Oioc - BEPOATHOCTD
CBOEBPEMEHHOI4 KOCTABKH cooB1LeHNii (nakeToB); K-— ko3 pHLMEHT roTOBHOCTH CETH
nepenayy JaHHbIX; d - MHTEHCUBHOCTb BOCCTAHOBJiEHMs CETH; C - MHTEHCHBHOCTB
ucnpaBHoit paGoThl ceTH; p - 3arpy3ka CeTH; A - MHTCHCHBHOCTb MOCTYILICHMA
coobuenns (naketa); ' - 06bem coobuenns; C - SKCIUTyaTalHOHHan TIPONYCKHas
cnocoGHOCTb CETH; 4 - WHTEHCHBHOCTh obCHyxHBaHWA cooblieHus (naxera); v —
HHTEHCHBHOCTh CTapeHHs coobluenns (nakera); ¥ — cnocob (anmropuT™) ynpasnieHus
CETBIO.

TIpuMeHUTENBHO K BBICOKOCKOPOCTHBIM CETAM TNeEpe/layl JaHHBIX H Ha
ocroBaHHW (2), 3a oTka3 Oymer npuHHMMaThcs moGoe COOLITHE, NPH KOTOpOM
MPOHCXOMT TIPEBHIICHHE ROMYCTUMOIO BpeMEHM JOCTaBKH WIH 3Ha4YeHHe
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BEPOSITHOCTH CBOEBPEMEHHON JIOCTABKH coobLieHnit (nakeToB) MEHbLUE JOMYCTHMOrO
3HAYEHHA:

Tioc > Thon v Qnoc < Quon- 3)

Takum oOpasoM, 3ajaua WCCENOBaHMA CBOAWTCA K CIEQylOLIEMY: BBOAATCA
NOMYCTHMBlE CpEfHee BpeMs AOCTAaBKH H BEPOSTHOCTD CBOEBpEMEHHOI [OCTaBKH
cooblueHHii (TTaKeTOR), KOTOPBIE MNAIOT BO3MOXKHOCTb ONPEAETHTL NpPEAOTKA3HOE
COCTOSHME BBICOKOCKOPOCTHBIX CeTeil MNepelaud JaHHBIX, MyTeM KOHTpONs HX
JOMYCTUMBIX 3HAYEHHH.

Bo sropoii rnase auccepraunyn «Paspaborka Moaesu cHcTeMbl KOHTpPOJIA H
ofecrnieyeHHsl HAMCKHOCTH CeTH TNepedauH AaHHBIX ¢ OecpHOPHTETHBIM
oGcnyXMBaHMEM»  PacCMOTPEHbI  BOTpoch  ofecrneueHus — HaAeKHOCTH
BBLICOKOCKOPOCTHBIX ~ CETell  mepenaud  JaHHBIX MNyTeM  pe3cpBHPOBaHMA,
pa3paboTaHEI METOJ ONpeaeNeHHs NPeIOTKAa3HOro COCTOAHHS BEICOKOCKOPOCTHOH
CeTH mepenayd NaHHbIX, MOLEMb W BHIMHC/IMTENbHLIA aIOPUTM  (PyHKUMH
pacrpesieNieHns: BEPOSTHOCTH CBOEBPEMEHHOI JOCTaBKH coobLieHHH (makeToB),
nposefieHa oleHKa 3(ppeKTHBHOCTH CHCTEMbI KOHTPOJIA CETH Mepenaiy NaHHBIX C
GecrpHOPHTETHBIM 0CcOTyKHBAHHEM, BBHINOJIHEHO HMHTAUMOHHOE MOIEIHPOBaHHE
AUarHOCTHYECKOTO KOHTpOS.

VCTaHOBINEHO, YTO COBpEMEHHBIE BHICOKOCKOPOCTHBIE CETH Nepefait NaHHBIX
SBJISIOTCA CJIOKHBIM 0OBEKTOM, HMEIOLIHMM B CBOEM COCTABE TEXHHUIECKHE CPENCTBA
n nporpamMmHoe obecreyeHHs. B BLICOKOCKOPOCTHBIX CeTAX NeEpe]ayn NaHHBIX
HauboBIIce PUMEHEHHNE HAXOMAT ClieyIOLIME IBa OCHOBHBIX NMYTH ofecneuenns
M TNOBLIICHHE HAJEKHOCTH: pPe3epBHPOBAHHE, OCHOBHEIE BHAAaMH KOTOpOTO
ABNIAIOTCA  CTPYKTypHOoe, HH(pOPMaLMOHHOE, BPEMEHHOE PE3EPBHPOBAHH,
TIporpaMMHast M36BITOMHOCTE H BBEJICHHE CUCTEMBI KOHTPOJIA.

Paspaboran MeTox onpeaeneHus TIPEeaoTKa3HOTO COCTOSIHHA
BHICOKOCKOPOCTHOM CceTH mepenadn JaHHeix (puc.l), rae B KauecTse
KOHTPOJIMPYEMBIX TTApaMeTPOB OTpeliesieH ! CpenHee BPeMs JIOCTABKH W BEPOATHOCTE
CBOEBPEMEHHOMN JOCTaBkH coobuienus (naketos). Peanusauns MeTona BKiIOYaeT B
ce0s ueThipe 3Tana.

I-atan. Onpedenenue Koumponupyemsix napamempos. Onpenenenst
clefylolMe KOHTPONHpYeMBle TapaMeTpel BEICOKOCKOPOCTHOH CeTH mnepenaiu
naunpix: Thoc - cpeAHee BpeMsi JOCTaBKH coobuiennii (nakeroB); Quoc -
BEPOATHOCTb CBOEBPEMEHHOM JIOCTABKH coobeHHit (naKkeToB).

Il-otan. Onpedenenue muna cemu nepedauu oannsix. Onpenensierca
OMCUMNIKHA oOchyxusauus cet: 0e3 npuopuTeTa MM C abconoTHIM
NpPUOPHUTETOM.

I11-5Tan. Onpedenenue npedomKa3Ho20 COCMORNUA (CucmemMa Konmpona).

Jlnsa cetn ¢ GecnpHOPUTETHBIM 06CTyXKHBAHHEM!

1) Onpenensiercss 3HaueHHe CpPedHEro BPEMEHH IOCTAaBKH coobweHnii
(naketoB) Tyoc=A4), s Krj» dj, 1) n CPABHUBACTCA C NONYCTUMBIM 3HaYeHUEM Tion.

3pech: A; - MHTEHCHBHOCTb MOCTYIUieHMsA j-ro coobwenus (makera); g -
3KCIUTyaTaUHOHHAs MHTEHCUBHOCTb OGCIY)KMBaHNA j-ro coowenns (nakera); Kj; -
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k03¢ pHUHEHT FOTOBHOCTH j-T0 y3Ma; dj - MHTEHCHBHOCTL BOCCTAHOBNIEHHS CETH JUIA J-
ro coobLueHus (nakera); 7 — KOTHYECTBO Y3NIOB CETH.

I. Oupenenenne o
KoHTpospycMbIc NapaMeTphb! BLICOKOCKOPOCTHOIL CETH
KORTPOIHPYEMBIX nepeaayn AaHHbIX: Tioc, Qo AKHd, C), pla. V, Ca p)v.T]
X gocs Yo SN NG YU AN
napaMerpos pe Ao Lo JIM / 4
————————————————————— r—_—..—_—_—-—_—_————
11. Onpencnenne
Huscunniza o6cmy:KHBaHHA CCTH
THNA CCTH
nepeaayit 1aHHbIX
nepeaadd AanHbIX
v
. B v
Be3 npuopHTeTa J C abcomoTHBIM NPHOPHTCTOM (NOTOKH
cooBuicHNii C HHTEHCHBHOCTBIO Ay, A2, .., 4,

H NPHOPHTETAMH i... k (i HMEET MeHblICe
3HAUCHHE, HO BBILIIE 110 MPHOPHTETY, YeM k)

Onpenenciie CPeaHEro BpeMeHH OnpenencHne CPeAHCTo BPEMCHH N0CTaBKH
nocTaBky coo0ueHMIT (1TaKeToB). coo0LeHHiT (NakeToB) A-ro NpHOPHTETa
B 7:‘({)(':_’()-;4 oy KI). ‘111 n) 1 T,{l{)('k=ﬂ)-k, M Kr.d, n k).
BuIsBICHHE NPEA0TKA30BOI0 COCTOAHHA! BIAB/ICHHE NPEAOTKA30BOI0 COCTOAHHA!
Toc> Tion T > Tron
Onpeaencune GyHKUHH pacnpeaencHHs Onpenencunte QYHKLNH pacnpeelieHns
BEPOATHOCTH CBOCBPCMEHHOI 10CTABKH BEPOATHOCTI CBOCBPEMCHHOM N0CTABKH
coobuLcHNiT (NAKeTOB). coobu1eHNil (MaKeTOB) A-ro NpHopHTeTa
Wen(t)=AA. V. Cs, K, Tpocs ) Worm(=f . . Kr, Tocw k. 0.
Buianiichne NpEAOTKA30BOr0 COCTORHNA: BriaBneHHE NPCAOTKA30BON0 COCTOAHHA:
Qe < Qion Qock < Quon-
l A 4 1 A 4
IIL Onpenenenne
Ortka3 ceTn
opefoTKasnoro OTKa3 CETH nepesay NaHHbIX.
COCTOSSHHE nepeaavyt AaHHBIX.
(cHeTeMa KoHTpOS)
Y Y
1V. lposenenne MeponpHATHA 10 06eCneUeHHIO ¥ NOBLIICHHIO HANEXKHOCTH
MeponpEATHE M0 CETH nepeiav AaHHBIX
obecnedennio
HANEKHOCTH CETH
nepefats AAHHBIX CeTb Nepesaut AAHHBIX B HCTIPABHOM COCTOAHHH J

Puc.1. Blok-cxema peanu3auui MeTola onpeneeHHs NpeaoTkasHOro COCTORHNA
BBLICOKOCKOPOCTHOI CETH nepeaain AaHHLIX
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2) OnpenenseTcs 3HaYeHHE BEPOATHOCTH COBPEMEHHOM I0CTaBKH cOO6LIEHHi
(MaKkeToB) ¥ CpaBHMBacTCA C JOMYCTHMbIM  3HAYEHHEM  BEPOATHOCTH
CBOEBPEMEHHON NOCTaBKH cooluenuit (naketos) Quon.

Ecnu XoTs Gb1 0OMH H3 nMapaMeTpoR He YIOBRNETBOPAET 3a0aHHBIM NOMYCTHMBIM
Tpe6GoBaHNAM, TOTIA CUHTAETCH, UTO B CETH Nepeady JaHHBIX MPOU30LIEN OTKa3,

Ecim 06a napameTtpa HaxofATcs B npenenax 3a0aHHBIX PAHHUHBIX YCIOBHH —
CeTh NMepefayul JaHHbIX B HCIIPABHOM COCTOSHHH.

Jnsi cetH ¢ abCOMOTHBIM NPHOPUTETHLIM 06CTYKHBAHHEM:

1) Onpepensiercs 3HauyeHHWe CcpeoHEro BpPEeMEHM HOCTAaBKH coOGLIeHHi
(naketoB) k-ro npuoputera Tyoci=fik, ui» Kr, d, n, k) u cpashmBaercs c
JOMyCTHMBIM 3HaueHueM Tyop.

2) Orpenensercs 3HaueHMe BEPOATHOCTH CBOEBPEMEHHON NOCTaBKM
coobuwennii (makeTor) k-ro mpuoputeta Qyock M CPABHHBAETCA C HOMYCTHMBIM
3HaY€HHEM BEPOATHOCTH CBOEBPEMEHHO A0CTaBKH coobuiennii (nakeror) Oyon.

Ecnu x0T 651 0IMH M3 MapaMeTpOB He YIOBNETBOPAET 3aaHHBIM ROTYCTHMBIM
TpeGOBaHNSM, TOTIa CUHTAETCH, UTO B CETH Niepenayy JaHHBIX IPOU3OLIeN OTKa3.

Ecim o6a napametpa Haxonarcs B mpenienax 3afaHHBIX FPaHWYHBIX YCJIOBHA —
CeTh Nepeaiy IaHHLIX B HCIIPABHOM COCTOSTHHH.

1V-aran. Iposedenue meponpuamuii no obecneuenuio nadescnocmu cemu
nepedauu OanHbix. BriNonHsercs koMmnekc MeponpuaTuii no obecneuennio u
NOBBILICHHIO -HAIEXHOCTH ceTell nepefayd AAHHBIX € OECTIPHOPHTETHEIM H
NIPHOPHTETHEIM  o6CiyXkHBaHueM. Ha OCHOBaHMHM MNOCTYNHBUIMX —CHYXEOHBIX
coobuienuit (JopMHpyeTCs HOBast CTPYKTypa BBICOKOCKOPOCTHO# ceTeif nepenauu
AanubiX. CopMHpOBaHHAA CTPYKTypa CpaBHHBAETCA C CYLUECTBYIOUIEH CTPYKTYypoO#
CEeTH Nepedayu NaHHbIX, ONpeAeNsioTcs LEHTpbl KOMMYTaUMM M KaHajbl CBfA3M,
BHILLIEUINE U3 CTPOSA JIMOO BOCCTAHOB/IEHHbIE LEHTPbl KOMMYTALHH H KaHalbl CBA3H.

C uesnbio ompeneneHHs MOLENH CHCTEMBI KOHTPOJIA BLICOKOCKOPOCTHBIX ceTel
nepeflaun  NaHHBIX ¢ GecnpuopureTHLIM  OGCIYKMBAaHWEM  UCMONL30BaH
MaTeMaTWueCKHH  anmapaT Ha  OCHOBE  BEPOATHOCTHOH  MHTepnpeTaumu
npeo6pazopanuii Jlannaca-Ctuntheca. BepoaTHOCTL CBOEBPEMEHHON NOCTaBKH
coobLueHnii (MakeToB) AN NOCAENOBATENLHO COSAHHEHHBIX ABYXTIOMIOCHBIX CeTel
nepeaayuy JaHHALIX ONPEACNACTCS W3 CIIEAYHOLIEro COOTHOWEHHA:

~Vyil th -2 _
O |l G113

Y

v; >0, ;24 py 2 1Ky, 4)

rae Vv, - HHTEHCHBHOCTb CTapeHMs coobuennii  (nakeToB) j-ro yana;
Ky (1K) |
v,K;+d;

coobuieHH# (akeToB) j-ro yana;
14j - AHTEHCHBHOCTH OBCITy>KHBaHMA J-ro coofLLeHHs (nakKeTa).

1+ 3KCIUTyaTalHOHHAA  MHTEHCHBHOCTL  CTapeHMs

B
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Ha ocHoBanun (4), nomyuaercs cpefHee BpeMs ROCTaBKH coobuiennii
(makeToB) Kak nepBbii HauaNbHbIH MOMeHT O(v):

_d Cd| e -4 )|
Taoc——'d_V[Q(V)].w" dv I;!I—ﬁ(l—e'v””") - 5)

Vi -0

n 24y 4 1+/‘aj(l"Krj

A2y = 4y) d,

Ina onpeneneHns (yHKUHH pacnpenc/icHUs BEPOSTHOCTH CBOEBPEMEHHOI
npoctaeku  Wpmp(f) coobluennit  (makeroB) Heob6xoAuMo HaiiTH ofpaTHoe
npeoGpasoBaHne OT Q(v). Tlpumenennem npUOTIKEHHOrO MeTOAa MONY4EHO
COOTHOUIEHHE:

Wer () =1 _A e{”""l""}"“} : ©)

.

r

Tpunas 4, =—’—V—, nocne npeodpasoBaHui NONy4YeHa MOIENE CHCTEMBI

KOHTpOIA CETH Nepenain JaHHLIX ¢ GecnpHOpHTETHBIM 00CTy)KHBaHHEM:

v
AV '[(‘~r k}
W._()=]———_ yiaRr g 7
m =1 @

Ha ocHoBanun (7) pa3paGoran BLIUMCAMTENbHbIH anroputM QyHKUUH
pacnpenesieHHs BEPOSTHOCTH CBOEBPEMEHHON ROCTaBKH coobuienuii (nakeTos)
(puc.2).

B Tperbe#t rnase qucceptaunn «PaspaGorka MogeiH CHCTEMEI KOHTPOIA H
ofecreueHHn HANEKHOCTH CeTM MNepejayuH [JaHHLIX ¢ MNPHOPHTETHBIM
oGcayxuBaHnem» paspaloTaHbl aHaNMTHYECKHE MOMENH W BhIMHCINTENLHBINA
aNropUTM CPEAHEro BPEMEHH AOCTaBKHM coobuieHMii (NaKeToB) A-ro MpHOpHTETA,
Mozenb M BBIYHCAKTENIbHBIA aNropuTm obecneucHns HAACXKHOCTH CETH Nepeaayut
JaHHBIX IPH a6GCOMOTHOMN NPHOPHTETHOM AUCLMIUTHHE 0OCTYKHBaHHS coobmenni
(nakeToB), NMPOBENEHO HYHCICHHOE HWCCIENOBaHME NapaMETPOB CETH Mepenayu
J@HHBIX ¢ TIPUOPHTETHLIM OOCITYKHBAHHEM.

BoisiBneHo, uTo pa3HooGpazue coobuieHuii, KOTOpbIE NEPENAOTCs B CeTAX
nepeaavs JaHHBIX, MOXKHO Pa3/Ie/IuTh Ha HEKOTOPHIE NMOAMHOXKECTBA - KATErOpHH,
K KOTOpHIM CO CTOPOHBbI CHCTEMBI YTIpaBJICHUS NpPedbABISIOTCS HIOCHTHYHBIE
TpeGoBanusa. Urobbl TpeGoBaHMA cHcTeMBl ynpaBieHHS 1O COOTBETCTBYHOIHM
KaTeropusM BBLINONIHAJIHCE MCHOMNB3YeTCss  peryiupoBaHue coobumenuit  no
KaTeropusM M Kak/oW W3 KaTeropuii npucBauBaeTC OMNpENENeHHbIH paHr
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npeumyiectsa (npuoputer). INpuBenena knaccupukauys NPROPUTETOR MOTOKOB

coobmeHHik.
v
1. Beox nanskix ans pacuéTa:
A V. Co, Kr, Troc, tray,
fxun, A1 .
y

2. Pacwer 0 k03
A
C,-K,
1
3. trer = vy, tro, M

¥

A

6. Buson rpadguxa dynkunsn
Werp(t) na >xpan

Puc.2. BeruucnurensHelil anroput™ GyHKUMK pacnpeieNieHHs BEpOITHOCTH
CBOEBPEMEHHO# JIOCTAaBKH coob1eHHH (MakeToB)

VCTaHORIIEHO, YTO JUIA ONpENeNeHHs BEPOATHOCTH CBOEBPEMEHHON NOCTaBKH
coobuieHnii (naxketoB) A-ro npuopuTETa HEOOXOAHNMO OMPEACAHTEL BEPOATHOCTH
CBOEBPEMEHHO# N0CTaBKH coobLeHui (NaKeToB) ANsl CETH NepeRadyy JaHHLIX C
GecnpuopuTeTHEIM 06CITYKMBaHHEM C PEaIbHOA HAZIEXKHOCTLIO.

Beopsarcs cneayiolye orpaHH4eHHS:

A)=1-&%, Bi)=1-e*, E(f)=1-e"%", F(t) =7, (1), 8)

roe ()~ yHKuMA  pacnpeicncHus TIepHOaa 3aHATOCTH  CETH
nepenaueii coobiennii npHopuTeTa k-/ ¥ BHILE; A(t) — dyHKUMA pacnipeneneHus
BPEMEHH TOCTYIUIEHHs NoToka coobuieHmi (naxeToB) A-TO MPHOpHTETAa B CETH
nepenayH AaHHBIX; B(?) - GyHKUMA pacnipeacncHus BpEMCHH obcnykuBaHus noToka
cooBiuennii (nakeToB) k-ro MPUOPUTETA CETH MEPEAAtH AaHHBIX; E(1) — dynkuus
pacripenenesnsi BpeMEHM HCIIPaBHON paGoTBl A CETH NEpefauyd NaHHBIX C
NpHOpUTETHRIM oGChyxuBannem; F(f) — (yHKUMA pacripeienenns BpemeHH
BOCCTaHOBJICHHS /IS CETH Nepeaauy JaHHbIX ¢ NPHOPUTETHEIM 06cuy>xuaauuem; Ak
— WHTEHCHBHOCTH MOCTYTUIEHHs COOGIIEHUH A-TO NPHOPHTETA; /1y ~ HHTEHCHBHOCTH
obcnyxuBaHuA cooBLeHnH k-ro NpHOPHTETA.
16



Ha ocHOBaHMu BBeleHBIX oOMpeneNeHHs W OrpaHWdeHHit paspaGoTaHul
aHAINTHYECKNE MOJIENIM CPelHEro BpeMeHN NOCTaBKHM coobluennii (naxetos) k-ro
NPHOPUTETA CETH Mepenayun NaHHbIX:

- NpH HAEANLHON HANEKHOCTH:

24, — A

-n

k-1 A H) (9)
244 | 4y [1 - Z“’) -4

i=1 i

Tj(()(:k =

- NPpH peanbHOH HANEKHOCTH:
2u, K, — 4, ﬂ"K"(l_K"):I-ns (10)

Thocs = 7 J1+ =
2ﬂkKr|:ﬂk(Kl'_Z%)_At] [

rae A; - VHTEHCHBHOCTD NOCTYTUIEHHA COOOILENHA (NaKeTa) i-ro MPHOPUTETA; K, -
HHTEHCHBHOCTB 00CITY)KHBaHHSA COOOILEHHUS i-TO MpHOpHTETA.

Ha ocnoBanuu (9) u (10) paspaGoTaH BLIMHCAHTENBHEIH anrOPHTM CPEAHETO
BPEMEHH N0CTAaBKH coo6LIeHHii (TaKeTOB) k-rO NPHOPUTETa CeTH nepeayy AaHHbIX
(puc.3).

TlpumeHeHHemM BEPOATHOCTHOM MHTEpnperaunn npeobpasoBaHuit Jlannaca-
Crantbeca, obpatHoro npeo6pasoBaHis BEPOATHOCTH CBOEBPEMEHHON HOCTABKH
coobiennii (MaKkeToB) k-ro NPHOPHTETA CETH Mepenauk JAHHLIX H HCTIONL30BaHHA
npubNMXKeHHOro  MeToJa  paspaGoTaHa  Monens  CHCTEMBI KOHTpOJIA
BLICOKOCKOPOCTHBIX CETEH Nepefay¥ NaHHLIX ¢ aGCOMOTHBIM MPHOPHTETHBIM
obcnyxuBaHneM - GYHKUMM DacnpeneNeHHs BepOATHOCTH CBOEBpeMEHHOM
nocrasku coobLiennii (nakeToB) k-ro npuoputera:

.’:..

iMr
x
N
A
:
I~
.M,‘
\—/

. . (11
me(l)=l~2‘ exp| - T
ST

PaspaGoTan  BRIYHCAMTENbHBIH  anroputm  (GYHKUHMH  pacnipesmeneHus
BEPOATHOCTH CBOEBPEMEHHOM NOCTAaBKM coobwmiennii (MaKeToB) k-ro mpuopHTETa
(puc.4).

Ha ocnosanum (9)-(11), BEIMHCTHTENBHBIX aNrOpPHTMOB, IPUMEHEHHS NAKeTa
npuknagubix nporpamm MATLAB 6binu paspaGotaHb! mporpamMbi pacdera M
NpoBeNeHbl YHCICHHbIE HCCICAOBAHHA CPEJHEro BPEeMEHH HOCTABKHM M (pyHKUMH
pacnpenelieHNs BEPOSTHOCTH CBOEBPEMEHHON BOCTaBKH coobieHnii (nakeTos) -
rO MPHOPHTETA NPH PasNHYHBIX NapaMeTpax CeTH nepenadd nawueix. Ha puc.5,
PHC.6 NpUBENCHB] HEKOTOPEIE PE3YNETATAL YHCICHHEIX MCCHENQRAHMIE

; MUHAMMAD AL-XORAZ41'Y NOMIDA=®
TOSHKERT AX:DRON

{ ‘Exmimme.w TET!
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)

1. Booa auomax 118 pactéTa

Aoty Kok, g, tgou, A1
v

2. Yeranonxa sasataiadx yavetadi

v
1. Baoa naummix ana pacuéa; {napascTpos 214 BsicaCInG:
Aoty gt i, Ky d ey 2,20, 8,0

2. Vi HEYANBHBIX HA m
NEpRMETPOB WA BLIMICHCHI
Z=0 4=l k-1 ;

I 4. Z0= Zo+ iy, | ,,m,_.,...n VTowinrx
- J nanmc
¥ =K. Zo B=i/(p, A). B=BcAB
5. B ii np TOUHAIX T
xopinieHToD:

Y= (Kr- Zo)-h: A= Ky,
B=(2-A-4Y(2-A-Y), C=1+A-(1-KYd

N
| 6. Toa=8-Cn ]
v
/ 7. Burmoa snanenns Tgoce ;

Her
8. Oxonrasme pacteros?

7. tree = bgawes toom A1

¥y
| 8. Wemltrsx)=1-8> exp(-(A/B.Y115) I

Her
9. Buzoa rpadixa Weru(t)?

G

10. Buzoa rpaduma dyraxpen
Wprine(t) 1 2xpan

Puc.3. BeIaHcIUTENBHEIR anroputM Puc.4. BelaucAHTENBHBIH anropuT™
CpPefHEro BpeMeHH HOCTaBKH ¢$YHKUMHK pacnipeneneHus BEpOSTHOCTH
coo6eHuii (makeros) k-ro CBOEBPEMEHHOH NOCTaBKU cooBUIeHHi
TIpHOpPHTETA (nakeToB) k-ro npHopHTeTa

Hccnenosanne cpefiHero BpeMeHM AOCTaBKM cooblienuii (naxeros) ceTw
nepefayy OaHHbIX C MPHOPHTETHLIM OOCTY)KHBaHHEM F10Ka3ano, YTO MpH paBHOM
npHopuTeTe cooblLEHHI (NakeTOB) 4eM MeHblie KO3(G(OHUHEHT FOTOBHOCTH CETH,
TEM MeHblIE BEPOATHOCTh CBOEBPEMCHHOH AOCTaBKM coobulenuii (naketos);
yBEJIMYEHHE HHTEHCHMBHOCTH MNOCTYMIEHUH NaKeTOB NPHUBOAWT K YBENHUYEHHIO
CPE/IHEro BpeMeHH J0CTaBKM cOOGLIeHHH (NAKETOB), MPHYEM YEM HHXKE NPHOPUTET
coo0luennii (naketoB), TeM Gonbiue CPEAHEE BPEMEHH NOCTAaBKH; C pPOCTOM
HHTEHCHBHOCTH OOCIY)KMBaHHA YMGHLIUAETCS CPEIHEE BpPEMEHHM [OCTAaBKH

coo0reHuii (nakeToB).



@
(=]
5 07 Kp=0,1_~
g
E 06
= =03
§o //«/H/
8 955
: 04 - o ’/ 5’/;""—'/-’-‘
T K08 ]
E 03 N e K=0999
=4 k=2 ——
20
5
01
§ k=1 7 Al
© 1] 0.$ 15 K"L‘,g,;z!

HHTCHCHBEOCTS NOCTYINEHNY CoofmeHii (naxcr;m)

Puc.5. UccnenoBanue cpeaHero BpeMeHHN N0CTaBKH cooOLieHnii (makeros) k-ro
npuopurera (4=1; 2; 3) B 3aBMCHMOCTH OT MHTEHCHBHOCTH MOCTYIIEHHUA
coo0wieHH# (nakeToB) npH pasnHyHbIX k03¢ duuneHTax roroeHoctu (K;=0,7; 0,8;
0,999)

Il
T T . oo < L3 L

y

Puc.6. Uccnenosanne dpyHkuun pacnpeneneHusa BEPOATHOCTH CBOEBPEMEHHOH
DROCTaBKH cooOuiennii (nakeTos) k=1 npuopHTETa NPH Pa3NTHUHBIX 3HAUCHHAX
ko3ppuumenta rorossoctu (K;=0,8; K,=0,9; K;=0,95; K;=0,999)

HccnenoBatine ¢QyHKUUM pacnpeieneHus BEPOATHOCTH CBOEBPEMEHHOI
NOCTaBKH cO0B1ieHHnii (MaKkeTOB) NoKazano, YTO 4YeM Bhillle IPHOPHTET CoOOUIEH K
(naketoB), Tem Oonbille BEPOATHOCTL CBOEBPEMEHHON JOCTaBKH coobuieHui
(nakeToB); NPH OIMHAKOBOM MpHOpHTETE cOOGLUEHNi (NAKeTOB), HEM Bhllle
k03()$ULNEHT FOTOBHOCTH CETH nepenaud AAHHLIX, TeM 6onblue BEpOATHOCTH
CBOEBPEMEHHO# 0CcTaBKH cOOGLIenHii (nakeToB).
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3AKJIIOYEHHUE

To pe3ynbTaTam HCCEAOBaHUH B AMCCEpPTaLiMM fokTopa (unocoduu (PhD) Ha
Temy «Mozneny 1 aliropuTMbl oGecneueHns HajleXKHOCTH BLICOKOCKOPOCTHbIX ceTel
nepenayd JAHHBIX» NPENCTABIEHB! CNIEAYIOUIME BLIBOALI:

1. YCTaHOBAERO, YTO COBPEMEHHBbIE BLICOKOCKOPOCTHBIE CETH MNepefayuu
NaHHLIX CTPOATCS C MCONb30BAaHHEM OOMNBIIErO YHCNAa KOMMYTaTOPOB H
MapIIpyTH3aTOPOB, APYFHX CETEBBLIX YCTPOHCTB, COCTOAUMX M3 Gonbioro 4uciha
B3aMMOCBA3aHHBLIX JJIEMEHTOB M  KOMMOHeHTOB. [JokazaHa BO3MOXHOCTb
HCMONBL30BAHMA MHCTPYMEHTOB TEOPHH HANEXHOCTH IUIA  HCCNEROBAHM
HAZeXKHOCTH ceTeil nepemaun HaHHbIX. KoHTponupyeMbiMiH  napameTpamu
BLICOKOCKOPOCTHOM CeTH MepeAaid JaHHBIX BLIOpaHLI CcpelHee BpeMs NOCTAaBKH M
BEPOSTHOCTH CBOEBPEMEHHOH JOCTaBKH coobluennii (akeTos).

2. PaspaforaH MeTon, KOTOpEIH Ha OCHOBE KOHTPONA CpefHEro BpeMeHH
OOCTAaBKH M BEPOSTHOCTM CBOEBPEMEHHOH [OCTaBKM coOCIUEHHI (nakeTos)
MO3BONAET ONpelesiNTh TNPENOTKA3HOE COCTOAHHE BBICOKOCKOPOCTHON CETH
nepefaul OaHHBIX, ofmajatolee MOBBILIEHHBIM PHCKOM OTKa3a M Ha OCHOBE
NpOBOAMMBIX MEPOTIPUATHH MO3BONsAET 06ECTieunTh HANEKHOCTL CETH Mepenayin
JaHHBIX. B pesynsTaTe mMOABMAach BO3MOXKHOCTL JIOCTHYE  BENHYHHBI
ko3(pHUMEHTa FOTOBHOCTH CETH NEPERayy AaHHbIX He MeHee 0,99,

3. PazpaGoraHnt Mopenu (yHKuUMM  pacnpefeneHus  BEPOATHOCTH
CBOEBPEMEHHOW JIOCTaBKM COOOIIEHMH (MaKeTOB) CeTH nepemadydt NaHHBIX C
GecnpHOpHTETHEIM H TIPHOPUTETHBIM OOCTY)KMBaHHEM, No3BonsolMe obecneynTsb
HanexxHOCTh U 3¢deKTHBHOCTL ceTeBOl MHPPACTPYKTYpH! B BBICOKOCKOPOCTHEIX
ceTax mnepegayd OaHHBIX. PaspaboTaHHbie BBIYHCANTENBHBI anropuT™M H
nporpamMMa pacueTa No3BOJISIOT ONpPeNeNnTh 3Ha4eHHe (YHKLHMH NPH pasnudHbX
3HauYEHMAX NapaMeTpax ceTH. B pesynnTaTe norpelIHOCTb pacueToB COCTaBNAET HE
6onee 5%.

4. Pa3paGoTaHbl aHATNTHYECKHE MOJIENH, BBIYHCIHTENLHBIA anroOpUTM H
nporpamMma pacueTa CpefHero BpeMeHM AOCTaBKH cooliueHuit (nmaxetoB) k-ro
npuopuTeTa TpH abCOMOTHON NPHOPHTETHOH AMCUMIUIMHE OGCNYXHBaHMA, C
MOMOLIBIO KOTOPHIX MOXHO ONPENENuTh MpPOM3BOAMTENLHOCTh CETH Mepenatn
JNAHHLIX IUIA pasNM4YHOrO YPOBHA NpHOpUTeTa. JTO NO3BOMsieT C GoNbLIOH
TOYHOCTBIO NMPOBOANTH HCCNIENOBAHNA BBICOKOCKOPOCTHO# CETH Nepeaaym AaHHbIX.

5. Pe3ynuTatsl HCCNEROBAHHI BHEAPEHLI B MOABEAOMCTBEHHEIE NIPEANPUATHA
Munncrepcrsa undposbix TexHonornit Pecnybanku Y3bekucran, B yacTHOCTH B
000 «lleHTp Hay4yHO-TEXHHYECKHX W  MAapPKETUHIOBLIX  HCCeJOBaHNH
«UNICON.UZ», TVYTI «PecnybnukaHCKMii LEHTp ynpasleHuss CETAMH
TenekoMMyHHKaumii Yibekucradan, CIT OO0 «East Telecom». PaspaGoraHubie
MOIESIH, BLIYHCIHTENBHBIC AJITOPHTMBI K MPOTPaMMbl MO3BOHIN COKPATHUTh BPEMA
pacd&ToB HaIeXHOCTHLIX NOKa3aTenei ceT nepeaayn AaHHeIx B 1,5-2 pa3a.
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KIRISH (texnika fanlari bo‘yicha falsafa doktori (PhD) dissertatsiyasi
annotatsiyasi)

Dissertatsiya mavzusining dolzarbligi va zarurati. Jahonda multimedia
xizmatlarining faol joriy etilishi va kengayishi ma’lumotlarni uzatish tarmoglarining
jadal rivojlanishini keltirib chigarmoqda. Yig‘indi trafik hajmi va uzatiladigan
ma’lumotlar tezligi jadal sur’atlarda o‘sib bormoqda. Zamonaviy yuqori tezlikli
ma’lumotlarni uzatish tarmoglari ko‘p sonli qurilmalarga, simli va simsiz
texnologiyalar asosidagi aloga kanallariga, murakkab dasturiy ta’minotga ega
murakkab obyektlar hisoblanadi. AQSh, Xitoy, Germaniya, Yaponiya kabi
rivojlangan davlatlarda ma’lumotlarni uzatish sifati va tezligini, tarmoqning
ishonchliligi va funksionalligini oshirish imkonini beradigan yangi avlod
ma’lumotlarni uzatish tarmoqlarining qurilmalari, ularning tarkibiga kiradigan
dasturiy ta’minot, ma’lumotlarni almashish yangi protokollari va texnologiyalarini
rivojlantirishga katta e’tibor qaratilmoqda.

Jahonda yuqori tezlikli ma’lumotlarni uzatish tarmoglarining ishonchliligini
oshirish samarali usullari va modellarini, ishonchliligini baholash modellari va
algoritmlarini ishlab chiqishga garatilgan ilmiy tadgiqotlar olib borilmogqda. Ko‘plab
ishlar yuqori tezlikli ma’lumotlarni uzatish tarmogqlari elementlari, tugunlari, uzatish
kanallari va tarmoqning o‘zining ishonchliligini katta aniqlik bilan hisoblash
imkonini beradigan modellar va analitik ifodalarni ishlab chiqishga, algoritmlar va
dasturiy komplekslarni yaratishga bag‘ishlangan. Shuningdek, ma’lumotlarni
uzatish tarmogqlarining ishonchlilik ko‘rsatkichlarini hisoblash matematik apparatini
ishlab chiqish masalalari ko‘rib chigilmoqda. Bu sohadagi muhim masalalardan biri
ma’lumotlarni uzatish tarmoglarining ishonchliligini ta’minlash bo‘yicha usullar,
modellar va algoritmlarni ishlab chigish masalasi hisoblanadi.

O‘zbekiston Respublikasida yuqori tezlikli ma’lumotlarni  uzatish
tarmoglarining ishonchliligini baholash, ta’minlash va oshirish algoritmlari, usullari,
modellarini ishlab chigishning yangi tamoyillarini shakllantirishga bag‘ishlangan
ko‘plab ilmiy tadqgiqotlar olib borilmoqda. 2022-2026-yillarda Yangi O‘zbekistonni
rivojlantirish strategiyasida “...raqamli infratuzilmani yanada rivojlantirish orqali
barcha aholi maskanlarini va ijtimoiy obyektlami hamda magistral avtomobil
yo‘larini keng polosali ulanish tarmoqlari bilan qamrab olish...” kabi magsadlar
belgilab berilgan'. Raqamli infratuzilmani rivojlantirish kabi qo‘yilgan maqsadlarga
erishishdagi muhim vazifa yuqori tezlikli ma’lumotlarni uzatish tarmoglarining
ishonchliligini ta’minlash va oshirish imkonini beradigan usullar, modellar va
algoritmlarni ishlab chiqish hisoblanadi.

Mazkur tadgiqot O‘zbekiston Respublikasi Prezidentining 2020-yil 28-
apreldagi “Ragamli iqtisodiyot va elektron hukumatni keng joriy etish chora-
tadbirlari to‘g‘risida”gi PQ-4699-sonli Qarori, 2020-yil 5-oktabrdagi *“Ragamli
Oc¢zbekiston — 2030 strategiyasini tasdiglash va uni samarali amalga oshirish chora-
tadbirlari to‘g‘risida”gi PF-6079-sonli Farmoni, 2018-yil 19-fevraldagi “Axborot

'0zbekiston Respublikasi Prezidentining 2022-yil 28-yanvardagi “2022-2026-yillarga mo‘ljallangan Yangi
O*zbekistonning taraqqiyot strategiyasi to‘g‘risida”gi PF-60-son Framoni. (https:/lex.uz/ru/docs/-5841063)
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texnologiyalari va kommunikatsiyalari sohasini yanada takomillashtirish chora-
tadbirlari to‘g‘risida”gi PF-5349-sonli Farmonida, O‘zbekiston Respublikasi
Vazirlar Mahkamasining 2021-yil 19-noyabrdagi “O‘zbekiston Respublikasi
telekommunikatsiya infratuzilmasini yanada rivojlantirish chora-tadbirlari
to‘g¢risida”gi 699-sonli Qarori, 2018-yil 7-martdagi “Aloqa, axborotlashtirish va
telekommunikatsiya xizmatlari sifatini yanada yaxshilashga doir chora-tadbirlar
to‘g‘risida”gi 185-sonli Qarori hamda bu sohada qabul qgilingan boshqa me’yoriy
hujjatlar belgilangan vazifalar ijrosiga ma’lum darajada xizmat qiladi.

Tadgiqotning respublika fan va texnologiyalari rivojlanishining ustuvor
yo‘nalishlariga mosligi. Dissertatisiya ishidagi tadqiqotlar O‘zbekiston
Respublikasi fan va texnologiyalari rivojlanishining IV.“Axborotlashtirish va
axborot-kommunikatsiya texnologiyalarini rivojlantirish” ustuvor yo‘nalishi
doirasida bajarilgan.

Muammoning ofrganilganlik darajasi. Hozirgi vaqtda axborot-
kommunikatsiya texnologiyalari sohasida yangi avlod telekommunikatsiya
qurilmalari, ular asosida ma’lumotlarni uzatish tarmoglarini ishlab chigishga katta
e’tibor qaratilmoqda, ularning diagnostika, nazorat gilish, ishonchliligini ta’minlash
va oshirish bo‘yicha ko‘plab ilmiy izlanishlar olib borilmogda.

Xususan, bu yo*nalishda xorijlik tadgigotchilardan William Stallings (AQSh),
Amit Kumar, Mangey Ram (Hindiston), Alessandro Birolini (Shveysariya), Ilya
Gertsbakh, Yoseph Shpungin (Isroil), Minoru Fujishima (Yaponiya), G.P.Zaxarov,
A.M.Purtov, A.V.Pugovkin (Rossiya) va boshqalar faoliyat oib bormoqda.

Respublika olimlarining ilmiy ishlari ham shu muammolami o‘rganishga
bag‘ishlangan. Masalan, R.X.Djurayev, Sh.Yu.Jabbarov, J.B Baltayevlaming ishlari
ma’lumotlarni uzatish tarmogqlari va ularning elementlarini monitoring va
diagnostika qilishning samarali usullari, modellari, algoritmlarini ishlab chiqishga
bag‘ishlangan. R.Isayev, I.R.Berganov, N.X.Gulturayev, A.F.Izbosarov,
U.B.Amirsaidov, S.S.Parsiyev, N.B.Usmonova, A.A.Muradovalaming ishlari
ma’lumotlar uzatish tarmogqlarini tadqiq qilish, optimallashtirish masalalariga,
ishonchliligini ta’minlash va oshirish usullariga bag‘ishlangan. Ma’lumotlarni
uzatish tarmoqlarining nazorat, diagnostika va ishonchliligi sohasidagi tadqiqotlar
tahlili shuni ko‘rsatadiki, yuqorida sanab o‘tilgan olimlaming ishlarida xabarlamni
(paketlarni) o°z vaqtida yetkazib berish vaqti va ehtimolini nazorat gilish asosidagi
prioritetsizli va prioritetli xizmat ko‘rsatiladigan yuqori tezlikli ma’lumotlarni
uzatish tarmoglarining ishonchliligini ta’minlash usullari, modellari va
algoritmlarini ishlab chigishga bag‘ishlangan masalalar yetarli darajada
o‘rganilmagan.

Dissertatsiya tadqgiqotining dissertatsiya bajarilgan oliy ta’lim
muassasasining ilmiy-tadqiqot ishlari rejalari bilan bog‘ligligi. Ushbu
dissertatsiya ishi Muhammad al-Xorazmiy nomidagi Toshkent axborot
texnologiyalari universitetida olib borilgan 1506/21F-sonli “Yuqori tezlikli
ma’lumotlarni uzatish tarmogqlarining ishonchliligini oshirish model va usullari”
(2021-2022) ilmiy-tadgiqot ishi doirasida amalga oshirilgan.

Tadgqiqotning maqgsadi prioritetsizli va prioritetli xizmat ko‘rsatiladigan
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yugqori tezlikli ma’lumotlarni uzatish tarmoqlarining ishonchliligini ta’minlash usuli,
modellari va algoritmlarini ishlab chigishdan iborat.
. Tadqiqotning vazifalari quyidagilar hisoblanadi:

yuqori tezlikli ma’lumotlarni uzatish tarmogqlarining tashkil etishning
xususiyatlarini, asosiy topologiyalarini va namunaviy qurish tuzilmalarini tahlil va
tadqiq qilish, ishonchliligini ta’minlaydigan nazorat gilish parametrlarini tanlash;

prioritetsizli va prioritetli xizmat ko‘rsatiladigan yuqori tezlikli ma’lumotlarni
uzatish tarmogqlarida rad etishdan oldingi holatni aniglash imkonini beradigan usulni
ishlab chiqish;

prioritetsizli va prioritetli xizmat ko‘rsatiladigan yuqori tezlikli ma’lumotlarni
uzatish tarmoqlarida xabarlarni (paketlarni) o‘z vaqtida yetkazib berish ehtimoli
tagsimoti funksiyasi modellari, hisoblash algoritmlari va dasturlarini ishlab chiqish;

ideal va real ishonchlilik holatlari uchun ma’lumotlar uzatish tarmog‘ining k-
chi prioritetli xabarlarini (paketlarini) o‘rtacha yetkazib berish vaqti analitik
modellarini, hisoblash algoritmini va dasturini ishlab chigish.

Tadgqiqotning obyekti sifatida yuqori tezlikli ma’lumotlarni uzatish tarmoqlari
va ularning ishonchlilik ko‘rsatkichlari olingan.

Tadgiqotning predmetini yuqori tezlikli ma’lumotlarni  uzatish
tarmogqlarining ishonchliligini ta’minlash usuli, modellar va algoritmlari tashkil
etadi.

Tadgqiqotning usullari. Belgilangan maqsadga erishish uchun dissertatsiya
ishida ommaviy xizmat ko‘rsatish nazariyasi, ehtimollar nazariyasi, ishonchlilik
nazariyasi, imitatsion modellashtirish va qo‘shimcha hodisani kiritish usullari
qo‘llanilgan.

Tadgiqotning ilmiy yangiligi quyidagilardan iborat:

xabarlarning (paketlarning) o‘rtacha yetkazib berish vaqti va o‘z vagqtida
yetkazib berish ehtimolligini nazorat qilish asosida prioritetsizli va prioritetli xizmat
ko‘rsatiladigan yuqori tezlikli ma’lumotlarni uzatish tarmoqlarida rad etishdan
oldingi holatni aniglovchi usul ishlab chigilgan;

Laplas-Stiltes o‘zgartirishlari ehtimollik talginiga asosida yuqori tezlikli
ma’lumotlarni uzatish tarmoglarida tarmoq infratuzilmasi ishonchliligi va
samaradorligini ta’minlovchi xabarlarni (paketlarni) o‘z vaqtida yetkazib berish
ehtimollik tagsimoti funksiyasining modellari ishlab chigilgan;

turli prioritet darajalari uchun tarmoqning ishlash samaradorligini aniglovchi
mutlaq prioritetli xizmat ko‘rsatiladigan ma’lumotlarni uzatish tarmog‘i uchun
xabarlarni (paketlarni) o‘rtacha yetkazib berish vaqtining analitik modellari ishlab
chiqgilgan;

ma’lumotlarni uzatish tarmog‘ining samarali ishlashini ta’minlashga imkon
beruvchi k-chi prioritetdagi xabarlarni (paketlarni) o‘z vaqtida yetkazib berish
ehtimollik taqsimoti funksiyasining, o‘rtacha yetkazib berish vagqtining hisoblash
algoritmlari ishlab chiqilgan.

Tadqiqotning amaliy natijalari quyidagilardan iborat:

ideal va real ishonchlilik holatlari uchun ma’lumotlarni uzatish tarmog‘ining -
chi prioritetli xabarlarini (paketlarini) yetkazib berishning o‘rtacha vagqtini hisoblash
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dasturlari ishlab chiqilgan;

ideal va real ishonchlilik holatlari uchun A-chi prioritetdagi xabarlarni
(paketlarni) oz vaqtida yetkazib berish ehtimoli tagsimoti funksiyasini hisoblash
dasturlari ishlab chiqilgan;

ma’lumotlar uzatish tarmog‘ining xabarlarini (paketlarini) o‘z vaqtida etkazib
berish ehtimolining eskirishga bog‘ligligini hisoblash dasturi ishlab chigilgan;

yugqori tezlikli ma’tumotlarni uzatish tarmoqlarida diagnostikali nazorat qilish
imitatsion modellashtirish dasturi ishlab chigilgan.

Tadgqiqot natijalarining ishonchliligi muammoning to‘g‘ri qo‘yilishi va
amaliy tadqiqotlarning tasdiglanishi, tekshirilgan usullar va tahlil qilish
algoritmlarini qo‘llash, umumiy qabul gilingan mezonlar asosida tadqiqot va uning
natijalarini sifat va miqdoriy baholash bilan asoslanadi.

Tadqiqot natijalarining ilmiy va amaliy ahamiyati,

Tadgiqot natijalarining ilmiy ahamiyati ma’lumotlarni uzatish tarmog‘ining
turli parametrlari bo‘yicha rad etishdan oldingi holatini aniqlashga imkon beradigan
usulni, xabarlarga (paketlarga) prioritetsizli va mutlaq prioritetli xizmat
ko‘rsatadigan nazorat tizimining modelini, xabarlarni o‘z vaqtida yetkazib bensI!
ehtimoli tagsimoti funksiyasini, ma’lumotlarni uzatish tarmog‘ining &-chi
prioritetdagi xabarlarni yetkazib berish o‘rtacha vaqti hisoblash al goritmlarini ishlab
chigishdan iborat. ]

Dissertatsiya ishi natijalarining amaliy ahamiyati ideal va real ishonchlilikda
ma’lumotlamni uzatish tarmog‘ining 4-chi prioritetdagi xabarlarini (paketlarini)
yetkazib berishning o‘rtacha vagtini, k-chi prioritetdagi xabarlarni (paketlarni) 0‘z
vaqtida yetkazib berish ehtimoli tagsimoti funksiyasini, ma’lumotlar u7:at.lsh
tarmog‘ining xabarlarini (paketlarini) o‘z vaqtida etkazib berish ehtimohmpg
eskirishga bog‘ligligini hisoblash, yugori tezlikli ma’lumotlarni uzatlsl3
tarmogqlarida diagnostikali nazorat qilish imitatsion modellashtirish dasturlari
kompleksini ishlab chigishdan iborat. L

Tadqiqot natijalarining joriy gilinishi. Ishlab chiqilgan yugqori tezl_lkll
ma’lumotlami uzatish tarmoglarining ishonchliligini ta’minlash usuli, modellari va
algoritmlari asosida: o

ishlab chiqilgan prioritetsizli va prioritetli xizmat ko‘rsatiladigan yuqori tezlikli
ma’lumotlarni uzatish tarmoglarida rad etishdan oldingi holatni aniglovchi usul_
O‘zbekiston  Respublikasi Ragamli texnologiyalar vazirligi tasarrufidagi
korxonalarda, xususan, “UNICON.UZ” Fan-texnika va marketing tadgiqotlari
markazi” MChJda, “O‘zbekiston telekommunikatsiya tarmoglarini boshgarish
respublika markazi” DUKda, “East Telecom” QK MChJda talablarni ishlab chiqish,
Yugori tezlikli ma’lumotlarni uzatish tarmogqlarining ishonchliligini ta’minlash va
oshirish bo‘yicha ilmiy-tadqiqot ishlarini olib borish jarayonlariga joriy etilgan
(O‘zbekiston Respublikasi Raqamli texnologiyalar vazirligining 2023-yil
6-noyabrdagi 33-8/7744-sonli ma’lumotnomasi). Natijada, rad etish xavfi yuqori
bo‘lgan vaziyatlarni aniqlash va bartaraf etish imkoniyati paydo bo‘ldi, bu esa

ma’lumotlar uzatish tarmog‘ining kamida 0,99 tayyorlik koeffitsiyentiga erishish
imkonini beradi;
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ishlab chiqilgan prioritetsizli va prioritetli xizmat ko‘rsatiladigan yuqori tezlikli
ma’lumotlarni uzatish tarmogqlarida o‘z vaqtida yetkazib berish ehtimollik tagsimoti
funksiyasining modellari, hisoblash algoritmiari O‘zbekiston Respublikasi Ragamli
texnologiyalar vazirligi tasarrufidagi korxonalarda, xususan, “UNICON.UZ” Fan-
texnika va marketing tadgiqotlari markazi” MChlda, “O‘zbekiston
telekommunikatsiya tarmogqlarini boshqarish respublika markazi” DUKda, “East
Telecom” QK MChJda ma’lumotlarni uzatish tarmoglarini tadqiq qilish, loyihalash
va ishlatish jarayonlariga joriy etildi (O‘zbekiston Respublikasi Ragamli
texnologiyalar  vazirligining  2023-yil  6-noyabrdagi 33-8/7744-sonli
ma’lumotnomasi). Ilmiy tadqiqotlar natijasida xabarlami (paketlarni) oz vaqtida
yetkazib berish ehtimoli tagsimoti funksiyasini 5 foizgacha xatolik bilan aniqlash
imkoniyati yaratildi, bu muhandislik hisoblarini o‘tkazishda yetarli hisoblanadi;

ishlab chiqilgan ma’lumotlarni uzatish tarmog‘ida k-chi prioritetli xabarilarni
(paketlarni) yetkazib berish o‘rtacha vaqtining analitik modellari, hisoblash
algoritmi O‘zbekiston Respublikasi Ragamli texnologiyalar vazirligi tasarrufidagi
korxonalarda, xususan, “UNICON.UZ” Fan-texnika va marketing tadgiqotlari
markazi” MChJda, “O‘zbekiston telekommunikatsiya tarmoglarini boshqarish
respublika markazi” DUKda, “East Telecom” QK MChJlda ma’lumotlar uzatish
tarmoglarini ilmiy-tadqiqot ishlari, loyihalash va ulardan foydalanish jarayonlariga
joriy etildi (O¢zbekiston Respublikasi Ragamli texnologiyalar vazirligining 2023 -yil
6-noyabrdagi 33-8/7744-sonli ma’lumotnomasi). Natijada, ideal va real
ishonchlilikda yuqori tezlikli ma’lumotlarni uzatish tarmog‘ini katta aniglikda
tadgiq qilishni o*tkazish imkoniyati yaratildi;

ishlab chigilgan dasturlar O‘zbekiston Respublikasi Raqamli texnologiyalar
vazirligi tasarrufidagi korxonalarda, xususan, “UNICON.UZ” Fan-texnika va
marketing tadgiqotlari markazi® MChlda, “O‘zbekiston telekommunikatsiya
tarmoglarini boshqarish respublika markazi” DUKda, “East Telecom™ QK MChJda
joriy etildi (O*zbekiston Respublikasi Ragamli texnologiyalar vazirligining 2023-yil
6-noyabrdagi 33-8/7744-sonli ma’lumotnomasi). Ilmiy tadqiqotlar natijasida
ma’lumotlarni uzatish tarmog‘ining ishonchlilik ko‘rsatkichlarini hisoblash vaqti
1,5-2 barobarga gisqardi.

Tadgqiqot natijalarining aprobasiyasi. Tadgiqotning natijalari 7 ta xalqaro va
3 ta respublika ilmiy-texnik va ilmiy-amaliy konferensiyalari, ilmiy seminarlarda
muhokama gilingan.

Tadqigot natijalarining e’lon gilinganligi. Tadgiqot mavzusi bo‘yicha jami
25 ta ilmiy ishlar, shu jumladan 1 ta monografiya, O‘zbekiston Respublikasi Oliy
attestatsiya komissiyasi tomonidan tavsiya etilgan jurnallarda 8 ta maqolalar,
jumladan, 3 tasi xorijiy, 5 tasi respublika jurnallarida, 10 ta tezislar xalqaro,
respublika ilmiy-texnik va ilmiy-amaliy konferensiyalarida chop etilgan, EHM
uchun dasturiy mahsulotlarni ro‘yxatdan o‘tkazish to‘g‘risida 6 ta guvohnomalar
olingan.

Dissertatsiyaning tuzilmasi va hajmi. Dissertatsiya ishi 118 betdan iborat

bo‘lib, kirish, uchta boblar, xulosa, foydalanifgan adabiyotlar ro‘yxati va ilovalardan
tashkil topgan.
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DISSERTATSIYA ISHINING ASOSIY MAZMUNI

Kirishda dissertatsiya mavzusining dolzarbligi va zarurati asoslangan, magsad
va vazifalar shakllantirilgan, tadgiqot obyektlari va predmetlari aniqlangan,
tadgiqotning  O’zbekiston  Respublikasi  ilm-fan  va texnologiyalarni
rivojlantirishning ustuvor yo‘nalishlariga mosligi aniglashtirilgan, tadgiqotning
ilmiy yangiligi va amaliy natijalari bayon etilgan, olingan natijalarining ishonchliligi
asoslangan, olingan natijalarning nazariy va amaliy ahamiyati ochib berilgan,
amaliyotga joriy etilgan tadqiqot natijalari, nashr etilgan ishlar va dissertatsiya
ishining tuzilmasi bo‘yicha ma’lumotlar keltirilgan.

Dissertatsiyaning “Yugqori tezlikli ma’lumotlarni vzatish tarmoglarining
tashkil etilish, modellar va ishonchlilik ko*rsatkichlari sharhi va tahlili” birinchi
bobida yuqori tezlikli ma’lumotlarni uzatish tarmoglarini tashkil etishning o‘ziga
Xos xususiyatlari, asosiy topologiyalari va standart tuzilmalari, ta’rifi, ishonchliligini
hisoblash ko‘rsatkichlari va usullari ko‘rib chiqilgan, ma’lumotlarni uzatish
tarmoglarining ishonchliligini oshirish uchun nazorat qilish parametriarini tanlash
va tadqiqot muammosini shakllantirish amalga oshirilgan.

Uzatiladigan ma’lumotlarning hajmi va tezligiga ortib borayotgan ehtiyojlar
ma’lumotlar trafigining hajmi tez sur'atlarda osib borayotgan ma’lumotlami
uzatish tarmoglarining jadal rivojlantirishni tagozo etishi o‘rnatilgan. Ma’lumotlarni
uzatish tarmoglari ma’lumotlami yetkazib berishni ta’minlaydigan raqamli
tarmoglar va ma’lumotlarni uzatishni ta’minlash magsadida ma’lum nugtalar
o‘rtasida telekommunikatsiyalarni tashkil etish uchun maxsus yaratilgan tugunlar va
telekommunikatsiya kanallar to‘plami hisoblanadi. Ma’lumotlarni uzatish
tarmoglari yanada ko‘proq ham qurilmalar o‘rtasida, ham oxirgi foydalanuvchilar
ortasida ma’lumotlami uzatishni ta’minlaydigan universal vosita vazifalarini bajara
boshlaydi.

Ma’lumotlarni uzatish tarmoglarida tugunlarni ulanishining ko‘plab usullarida
ular shina, halqa va yulduz uchta topologiyalar asosida qurilishi aniglangan.
Amalda, katta o‘Ichamli tarmoqlarni qurishda aloga liniyalari tashkil etish texnik
imkoniyatlari va tarmoq tugunlarining tashkil etish joylariga bog‘liq bo‘lgan
kombinatsiyalangan tarmoq topologiyalaridan foydalaniladi.

Yugori tezlikli ma’lumotlami uzatish tarmogqlarini tavsiflaydigan muhim
xususiyatlardan biri ishonchlilik ekanligi o‘rnatilgan. Ma’lumotlarni uzatish
tarmog‘ining (tizimining) ishonchliligi tarmogning (tizimning) ma’lum bir
qo‘llanilish va texnik xizmat ko‘rsatish sharoitlarida talab gilinadigan funksiyalarni
bajarish qobiliyatini tavsiflaydigan ma’lum parametrlarning qiymatlarini o‘rnatilgan
chegaralarda vaqt o‘tishi bilan saglash xususiyati hisoblanadi.

Ishonchlilik  ko‘rsatkichlarining  tahlili  shuni ko‘rsatdiki, paketlar
kommutatsiyalanadigan yuqori tezlikli ma’lumotlarmi  uzatish tarmoglar
ishonchliligining muhim kompleks ko‘rsatkichlaridan biri tayyorlik koeffitsiyenti
(K7) hisoblanadi. Yuqori tezlikli ma’lumotlarni uzatish tarmog‘ining tayyorlik
koeffitsiyenti tarmoqning ixtiyoriy vaqt momentida ish qobiliyatiga bo‘lish
ehtimolini aniglaydi:
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bu yerda Ty - rad etishlar orasidagi o‘rtacha ish vaqti (rad etishlar orasidagi
o‘rtacha vaqt); Tor - o‘rtacha qayta tiklanish vaqti.

Ma’lumotlarni uzatish tarmog‘ini samarali boshqarish uchun tarmoqning
tarkibiga kiradigan elementlar, tugunlar, aloqa kanallari va boshqa ma’lumotlarni
uzatish vositalarining texnik holatlari to‘g‘risida ma’lumotlarga ega bo‘lish zarur.
Bu ma’lumotlarni uzatish vositalarining to‘plami nazorat obyekti hisoblanadi. Tahlil
asosida kompleks yondashuv taklif etiladi, ya’ni yuqori tezlikli ma’lumotlarni
uzatish tarmog‘ining nazorat qilinadigan parametrlari sifatida ko‘plab omillarga
to‘g‘ridan-to‘g‘ri bog‘liq bo*lgan o‘rtacha yetkazib berish vaqti (7y.s) va xabarlami
(paketlarni) o‘z vagtida yetkazib berish ehtimoli (Qr.5) tanlangan. Bunday omillar
sirasiga yugqori tezlikli ma’lumotlami uzatish tarmoglarining kanal parametrlari,
dasturiy ta’minoti, qurilmalari, oqimlari, tizimning yuklanishi, boshqaruv
tamoyillari, ekspluatatsion ishonchliligi, ishlash algoritmlari va boshqa ko‘plab
omillar kiradi. Shuning uchun, yetkazib berish vagti va xabarlarni (paketlarni) o'z
vaqtida etkazib berish ehtimoli quyidagi funksionallik bilan berilishi mumkin:

7;1-1:,Q YcB=/[KT(d’ C)’ P(/L VsCE ,,U), VvY]’ (2)

bu yerda Ty.s - xabarlami (paketlarni) o‘rtacha yetkazib berish vaqti; Ores -
xabarlarni (paketlarni) o‘z vaqtida yetkazib berish ehtimoli; Kr - ma’lumotlarni
uzatish tarmog‘ining tayyorlik koeffitsiyenti; d — tarmoqning qayta tiklanishi
intensivligi; C - tarmogning yaroqli ishlashi intensivligi; p - tarmogning yuklanishi;
2 - xabarning (paketning) tushish intensivligi; V' - xabarning hajmi; C - tarmogning
ekspluatatsion o‘tkazish qobiliyati; u# - xabarga (paketga) xizmat ko‘rsatish
intensivligi; v—xabaming (paketning) eskirish intensivligi; ¥ — tarmoqni boshqarish
usuli (algoritmi).

Yugqori tezlikli ma’lumotlarni uzatish tarmogqlariga nisbatan va (2) ifodaga
asosan rad etish sifatida xabarlami (paketlarni) ruxsat etiladigan yetkazib berish
vaqti ortish davomida o‘tadigan yoki o'z vagtida yetkazib berish ehtimoli ruxsat
etilgan giymatdan past bo‘ladigan istalgan hodisa qabul gilinadi:

Tyep> Tre va Ores < Ore- 3)

Shunday qilib, tadqiqot vazifasi quyidagilarga keltiriladi: qabul gilinadigan
yetkazib berish vaqti va xabarlarni (paketlarni) oz vaqtida yetkazib berish ehtimoli
kiritiladi, bu esa yuqori tezlikli ma’lumotlarni uzatish tarmoqlarining rad etishdan
oldingi holatini ularning ruxsat etilgan qiymatlarini nazorat qilish yo‘li bilan
aniqlash imkonini beradi.

Dissertatsiyaning “Prioritetsizli xizmat ko‘rsatiladigan ma’lumotlarni
uzatish tarmog‘ining nazorat qilish tizimi va ishonchliligini ta’minlash
modelini ishlab chiqish” deb nomlangan ikkinchi bobida zaxiralash yo‘li bilan
yuqori tezlikli ma’lumotlami. uzatish tarmoglarining ishonchliligini ta’minlash
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masalalari ko‘rib chigilgan, yuqori tezlikli ma’lumotlami uzatish tarmog‘ining rzfd
etishdan oldingi holatini aniglash usuli, xabarlarni (paketlarni) o‘z vaqtida yetkazib
berish ehtimoli tagsimoti funksiyasi modeli va hisoblash algoritmi ishlab chiqilgan,
prioritetsizli xizmat ko‘rsatiladigan ma’lumotlarni uzatish tarmog‘ini nazorat
tizimining samaradorligini baholashi o‘tkazilgan, diagnostikali nazorat qilishni
imitatsion modellashtirish bajarilgan.

Zamonaviy yugqori tezlikli ma’lumotlarni uzatish tarmoglari o‘z tarkibida
texnik vositalar va dasturiy ta’minotga ega bo‘lgan murakkab obyektligi
o‘rnatilgan. Yuqori tezlikli ma’lumotlarni uzatish tarmoqlarida ishonchlilikni
ta’minlash va oshirishning quyidagi ikkita asosiy usullari: asosiy turlari tuzilmaviy,
axborot, vaqt bo‘yicha zaxiralash, dasturiy ortiqchalik bo‘Igan zaxiralash va nazorat
tizimini kiritish eng ko‘p qo‘llaniladi.

}(uqori tezlikli ma’lumotlarni uzatish tarmog‘ining rad etishdan oldingi
holatini aniglash usuli ishlab chiqilgan (1-rasm), bu yerda nazorat qilinadigan
parametriar sifatida xabarlamni (paketlarni) o‘rtacha yetkazib berish vaqti va o'z
vaqtida yetkazib berish ehtimoli aniglangan. Usulni amalga oshirish quyidagi to‘rt
bosgichlami oz ichiga oladi. -

I bosqich. Nazorat qilinadigan parametrlarni aniglash. Yuqori tezhkl.l
ma’lumotlarni uzatish tarmog‘ining quyidagi nazorat gilinadigan parametrlari
aniglangan: Ty.s - xabarlarni (paketlarni) o‘rtacha yetkazib berish vaqti; Oyen -
xabarlarni (paketlarni) o‘z vaqtida yetkazib berish ehtimoli.

II bosqich. Ma’lumotlarni uzatish tarmog‘ining turini aniglash. Tarmoqqa
xizmat ko‘rsatish intizomi aniqlanadi: prioritetsizli yoki mutlaq prioritetli.

I bosqich. Rad etishdan oldingi holatni aniglash (nazorat qilish tizimi).

Prioritetsizli xizmat ko‘rsatiladigan tarmoq uchun:

1) Xabarlarni (paketlarni) o‘rtacha yetkazib berish vaqti Tyes=f4), tej» Ky djy 1)
aniqlanadi va ruxsat etilgan T giymat bilan solishtiriladi.

Bu yerda: J; - j-chi xabarning (paketning) tushish intensivligi; g —j-chi xabarga
(paketga xizmat ko‘rsatish ekspluatatsion intensivligi; K7, - j-chi tugunning tayyorlik
koeffitsiyenti; d; - j-chi xabar (paket) uchun tarmogni qayta tiklanishi intensivligi; n
— tarmogq tugunlari soni. ) .

2) Xabarlarni (paketlarni) o'z vagtida yetkazib berish ehtimolining qiymati
aniqlanadi va xabarlarni (paketlarni) o‘z vaqtida yetkazib berish ehtimolining Qgx:
ruxsat etilgan qiymati bilan solishtiriladi. ]

Agar parametrlardan kamida bittasi berilgan ruxsat etiladigan talablarga javob
bermasa, u holda ma’lumotlarni uzatish tarmog‘ida rad etish yuzaga kelgan deb
hisoblanadi.

Agar har ikkala parametrlar berilgan chegaraviy shartlarda bo‘lsa,
ma’lumotlarni uzatish tarmog‘i yaroqli holatda hisoblanadi.

Mutlaq prioritetli xizmat ko‘rsatiladigan tarmoq uchun: . .

1) k-chi prioritetli xabarlarini (paketlarini) o‘rtacha yetkazib berish vaqti
Tyesi=flu, ps, Kr, d, n, k) aniqlanadi va ruxsat etilgan Ty qiymat bilan solishtiriladi.
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2) k-chi prioritetli xabarlarini (paketlarini) o‘z vaqtida yetkazib berish ehtimoli
giymati aniqlanadi va xabarlarni (paketlarni) o‘z vaqtida yetkazib berish
ehtimolining Qg ruxsat etilgan qiymati bilan solishtiriladi.

Agar parametrlardan kamida bittasi berilgan ruxsat etiladigan talablarga javob
bermasa, u holda ma’lumotlami uzatish tarmog‘ida rad etlsh yuzaga kelgan
hisoblanadi.

Agar har ikkala parametrlar berilgan chegaraviy shartlarda bo‘lsa,
ma’lumotlarni uzatish tarmog'‘i yaroqli holatda hisoblanadi.

L "“:’:ﬂ:gﬂﬁﬁi““ Yugori tezlikli malumotlami uzatish tarmogining nazomat gilinadigan
P aniglash parametrlari: Tr.s, QramfIKd, O). ptd. V. Co p)r.Y]
_____________________ ===
I1. Ma'lumotiarni
uzatish tarmog'ining Tarmoqga xizmat ko*rsatish intizomi
turini aniqlosh
v
¥ [ 2
Prioritetsizli Mutlaq prioritetli (4, 43, ..., A intensivlikga
vai... k priontetlikka cga ogimlar ( / giymati
k-dan kichik, lekin prioritet bo'yicha yuqori))
————————————————————————————— 1 - em w— —————
Xabarlami (paketlarni) o*rtacha yetkazib k-chi prioritetli xabarlarni (paketlarni)
berish vaqtini aniglash: o'rtacha yetkazib berish vaqtini aniqlash:
1 Tyeg b, o, K, d), 1), 1 Tyafide, i, Kr. d, n, k).
Rad etishdan oldingi holatni aniglash: Rad etishdan oldingi holatni aniqlash:
Tre>Tre Trn> Tag
4 v
Xabarlarni (paketlami) o'z vaqgtida k-chi pnomclll xabarlarni (pakﬂlamﬂ o z
yetkazib berish ehtimoli tagsimoti vaqtida yetkazib berish ehti qs
funksiyasini aniglash: funksiyasini aniglash:
Werntt)=fd. V', Co, K, Trea, 1) Werpet)=As, e, Kr, Trem, £, 1).
Rad etishdan oldingi holatru aniqlash: Rad etishdan oldingi holatni aniqlash:
Ores < Qs Oren < Ores
i }
111 Red etishdan . i
oldingi holatni “;':f;,:“::;t‘;‘ihn Ma'lumotlami uzatish tarmog'ida
aniglash (nazorat rad etish holati. rod etish holati.
qilish tizimi)

IV. Ma'lumotlarai uzatish | || Ma'tomotiarni mntish tarimog'inkig isbaichliligini
| tmrmogtining to'minlash bo‘yicha choratadbirtar
E tiligini to h e g B
bo‘yicha chora-tadbirlarni
amalga oskirish I Ma’lumotlami uzatish tarmog'i yarogli holatda j

1-rasm. Yugqori tezlikli ma’lumotlarni uzatish tarmog‘ining rad etishdan oldingi
holatini aniglash usulini amalga oshirish blok-sxemasi

IV bosqich. Ma’lumotlarni uzatish tarmog ‘ining ishonchliligini ta’minlash
bo‘yicha chora-tadbirlarni amalga oshirish. Prioritetsizli va prioritetli xizmat
ko‘rsatiladigan ma’lumotlarni uzatish tarmoqlarining ishonchliligini ta’minlash va
yaxshilash bo‘yicha kompleks chora-tadbirlar amalga oshiriladi. Tushgan xizmat
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xabarlari asosida yuqori tezlikli ma’lumotlarni uzatish tarmogqlarining yangi
tuzilmasi shakllantiriladi. Shakllantirilgan tuzilma ma’lumotlarni uzatish
tarmog'ining mavjud tuzilmasi bilan taqqoslanadi, ishdan chigqan yoki qayta
tiklangan kommutatsiyalash markazlari va aloqa kanallari aniglanadi.

Prioritetsizli xizmat ko‘rsatiladigan yuqori tezlikli ma’lumotlarni uzatish
tarmogqlarini nazorat qilish tizimining modelini aniglash magsadida Laplas-Stiltes
o‘zgartirishlari ehtimollik talqiniga asosidagi matematik apparatidan foydalanilgan.
Ketma-ket ulangan ikki qutbli ma’lumotlami uzatish tarmoglari uchun xabarlami
(paketlarni) o°z vaqtida yetkazib berish ehtimoli quyidagi nisbatdan aniglanadi:

n e 't (1 -4 /,u,j)

oM =11 oV, >0, 4,20, o> u Ky, 4
=l ]_ﬁ(l_e-vq/p,, 4 Hy 24,5 1y 2 1Ky )
Vej

bu yerda v; - jchi tugundagi xabarlarning (paketlarning) eskirishi intensivligi;
#iKy (1-Kp)

v.=v,| 1+
g J
VjK17+dj

J- J-chi tugundagi xabarlar (paketlar) ekspluatatsion
eskirishining intensivligi;
4 - j-chi xabarga (paketga) xizmat ko‘rsatish intensivligi.

(4) ifoda asosida xabarlarni (paketlami) Q(v)ning birinchi boshlang‘ich
momenti 0‘rtacha yetkazib berish vagqti sifatida olinadi:

__d _od|ye -4 )
7;’tB - -dV [Q(V)]y=0 - dv ]I.:.’[ - fl(l _e-vql;l‘,)

V:y =

2p, -4, (1+ 4,01 —K,,J

(%)

n
=3 ‘
7= 24, (= A;)

Xabarlarni (paketlarni) Wpr(f) oz vaqtida yetkazib berish ehtimoli tagsimoti
funksiyasini aniqlash uchun Q(v) funksiyadan teskari o‘zgartirishni topish kerak.
Tagqribiy usulni qo‘llash yo‘li bilan quyidagi munosabat olindi:

d

J

A
Wy, (£)=1- ;l/l_e{l'eﬂm} . ©

C, K
pe=—="

ko‘rsatiladigan ma’lumotlarni uzatish tarmog‘ini nazorat tizimining modeli olindi:

olish bilan o‘zgartirishdan so‘ng, prioritetsizli xizmat
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iy A=)
W, t =1_ rea'hr (7)
o) =1 e

L3

(7) ifodaga asosan xabarlarni (paketlami) o°z vaqtida yetkazib berish ehtimoli
taqsimoti funksiyasini hisoblash algoritmi ishlab chiqgilgan (2-rasm).

BOSHLASH
—
1. Hisoblash uchun ma’lumotlami kiritish:
. AV, Co, Ky, T, tsosn,
trvg, At .

]
3 Masshtab kocfTilsiyentini hisoblash:
AV

"< 3. bor = taosm, trve, 4t

'

[3. Wentoy=1-2-exp-41 D) |
| ]

[ 6. Ekranga me( graﬁkm

clnqansh

Ha

TUGATISH

2-rasm. Xabarlarni (paketlarni) 0‘z vaqtida yetkazib berish ehtimoli tagsimoti
funksiyasini hisoblash algoritmi

Dissertatsiyaning “Prioritetli xizmat ko‘rsatiladigan ma’lumotlarni uzatish
tarmog‘ining nazorat qilish tizimi va ishonchliligini ta’minlash modelini ishlab
chigish” deb nomlangan uchinchi bobda k-chi prioritetli xabarlami (paketlarni)
o‘rtacha yetkazib berish vaqtining analitik modellari va hisoblash algoritmi,
xabarlarga (paketlarga) mutlaq prioritetli xizmat ko‘rsatish intizomiga ega
ma’lumotlarni uzatish tarmog‘ining ishonchliligini ta’minlash modeli va hisoblash
algoritmi ishlab chiqilgan, prioritetli xizmat ko‘rsatiladigan ma’lumotlarni uzatish
tarmog‘ining parametrlarini sonli tadqiqotlari o‘tkazilgan.

Ma’lumotlarni uzatish tarmoglarida uzatiladigan xabarlarning turliligini
boshqaruv tizimidan bir xil talablar qo‘yiladigan ma’lum kichik to‘plamlar -
toifalarga bo‘lish mumkinligi aniglandi. Tegishli toifalar bo‘yicha boshqaruv
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tizimining talablari bajarilishini ta’minlash uchun xabarlami toifalar bo‘yicha
tartibga solish ishlatiladi va toifalardan har bir bo‘yicha ma’lum bir ustunlik darajasi
(prioritet) beriladi. Xabarlar ogimlarining prioritetlari tasniflanishi keltirilgan.

-chi prioritetli xabarlarni (paketlarni) o‘z vaqtida yetkazib berish ehtimolini
aniglash uchun real ishonchlilikli prioritetsizli xizmat ko‘rsatiladigan ma’lumotlarni
uzatish tarmog‘i uchun xabarlami (paketlarni) oz vagqtida yetkazib berish ehtimolini
aniqlash zarurligi o*matildi.

Quyidagi cheklovlar kiritiladi:

A =1-e™, B(t)=1-e, E@)=l-e" F(1)= 7,0, ®8)

bu yerda 7z, ,(r)- k-/ va undan yuqori prioritetli xabarlarni uzatish bilan
tarmog‘ining bandligi davri uchun tagsimot funksiyasi; 4(?) — ma’lumotlarni uzatish
tarmog‘ida k-chi prioritetli xabarlar (paketlar) oqimining tushishi vagti tagsimoti
funksiyasi; B(#) - ma’lumotlami uzatish tarmog‘ining k-chi prioritetli xabarlar
(paketlar) ogimiga xizmat ko‘rsatish vaqti taqsimoti funksiyasi; £(1) — prioritetli
Xizmat ko‘rsatiladigan ma’lumotlarni uzatish tarmog‘i uchun yaroqli ishlash vaqti
tagsimoti funksiyasi; F(1) — prioritetli xizmat ko‘rsatiladigan ma’lumotlarni uzatish
tarmog‘i uchun qayta tiklanish vaqti tagsimoti funksiyasi; A« — k-chi prioritetli
xabarlarning tushish intensivligi; u - k-chi prioritetli xabarlarga xizmat ko‘rsatish
intensivligi.

Kiritilgan ta’riflar va cheklovlar asosida ma’lumotlami uzatish tarmog‘ining
k-chi prioritetli xabarlarini (paketlarini) o‘rtacha yetkazib berish vaqti uchun
quyidagi analitik modellari ishlab chigilgan:

- ideal ishonchlilik holatida:

TY 2 luk - ﬂ‘k

Bk =y "7, 9
zﬂk[ﬂk[l Tz ;'l' -4

- real ishonchlilik holatida:
244K — A4, 1+/‘leT(1_KT)]_n’ (10)

T, = =
YeBk k-1 d
Z#kKr[#k(KT—Z%J—lk] [

i=1 ]

-
1l

bu yerda 4, - i-chi prioritetli xabarning (paketning) tushish intensivligi; #; - i-chi
prioritetli xabarga xizmat ko*rsatish intensivligi.

(9) va (10) ifodarga asosan ma’lumotlar tarmog‘ining k-chi prioritetli
xabarlarini (paketlarini) o‘rtacha yetkazib berish vaqtining hisoblash algoritmi
ishlab chiqilgan (3-rasm).

Laplas-Stiltes o‘zgartirishlari ehtimollik talqgini qo*llanishi bilan ma’.lumot.lar
tarmog‘ining k-chi prioritetli xabarlarini (paketlarini) o‘z vagtida yetl_(aZIb berish
ehtimolini teskari o‘zgartirish va taqribiy usuldan foydalanish bilan mutlag
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prioritetli xizmat ko‘rsatiladigan yuqori tezlikli ma’lumotlamni uzatish tarmog‘ini
nazorat qilish tizimining modeli - k-chi prioritetli xabarlarni (paketlarni) o‘z vaqtida
yetkazib berish ehtimoli tagsimoti funksiyasi ishlab chiqilgan:

a, [K ;ﬁ'i' ) ()
. AR R |
Werpe () =1-3% 4 il L t

2 yun exp| -
) l/—‘i(KT_Z&’) %
i M

k-chi prioritetli xabarlami (paketlarni) o‘z vaqtida yetkazib berish ehtimoli
tagsimoti funksiyasini hisoblash algoritmi ishlab chiqilgan (4-rasm).

BOSHLASH
¥

1. Hisoblash uchun ma’lumotlami kiritish:
o Hn K1, k, tsass, trug, 3.

BOSHLASH
2. Hisoblash uchun boshlang"ich parametr

1 Hisoblash uchun ma lumotlam; Liritish: javmatlarini o' matish:
/ 2 2y o iy Kyl ko n. / %0, 80

* <
2. Hisoblash uchun boshlang'ich p

qiymatlarini o*matish:

z0 SRR

T

| 4. 2= 2o+ Mt ] 6. Ornliq kocMitsiycatlar giymatlarini
— hisoblash:

i A= Ky- 25 B3, A BomBetB

5. Oraliq koeMitsiyentlar qiy matlarini —

thisoblash: [ -

Y=g, (K- Zo)-Ae A=p K 7 o = taosi trec. At
B2 A-AV(2-A-Y): C=1+ A (1-K)d > < il B:S” T > -]

' =1 o .

I =R Cn ] [ & Womttns=1-o expttaininn |
iy ]

/ 7. Trea: qiymatini chiqarish /

10. Ekranga Wpmp(#) grafikni
chiqarish

le—
11. Hisoblash tugatildimi?

Ha

3-rasm. k-chi prioritetli xabarlarni 4-rasm. k-chi prioritetli xabarlarni
(paketlarni) o‘rtacha yetkazib berish  (paketlarni) oz vaqtida yetkazib berish
vaqtini hisoblash algoritmi ehtimoli taqsimoti funksiyasini
‘ hisoblash algoritmi

TUGATISH

35



(9)-(11) ifodalar, hisoblash algoritmlari va MATLAB dasturlar paketidan
foydalanish asosida ma’lumotlar uzatish tarmog‘ining turli parametrlarida k-chi
prioritetli xabarlarni (paketlarni) o‘rtacha yetkazib berish vaqti va o‘z vagqtida
yetkazib berish ehtimoli tagsimoti funksiyasining hisoblash dasturlari ishlab
chigilgan va sonli tadgiqotlari o‘tkazilgan. 5- va 6-rasmlarda sonli tadgiqotlarning
ba’zi natijalari keltirilgan.

&

o
2

o
o

&

8

o
N

°
-

Xabarlamj (paketiami) o‘rtacha yetkazib berish vaqt

~
~
n

05 1 15
Xabariami (paketiami) tushish intensiviigi

5-rasm. Turli (K;=0,7; 0,8; 0,999) tayyorik koeffitsiyentlarida xabarlarni
(paketlarni) tushish intensivligiga bog‘liq ravishda k-chi (k=1; 2; 3) prioritetli
xabarlarni (paketlarni) o‘rtacha yetkazib berish vaqtining tadqiqi

L0

k] a L] "'d [] L] 2

6-rasm. Turli (K7=0,8; 0,9; 0,95;‘0,999) tayyorik koeffitsiyentlari qiymatlarida
k=1 prioritetli xabarlarni (paketlarni) o'z vaqtida yetkazib berish ehtimoli
tagsimoti funksiyasining tadqiqi
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Prioritetli xizmat ko‘rsatiladigan ma’lumotlarni uzatish tarmoqdagi o‘rtacha
yetkazib berish vaqgtining tadqiqoti shuni ko‘rsatdiki, xabarlar (paketlar) prioriteti
teng bo‘lganda tarmoqning tayyorlik koeffitsiyenti qanchalik past bo‘lsa, xabarlarni
(paketlarni) o‘z vagqtida yetkazib berish ehtimoli shunchalik past bo‘ladi;
paketlarning tushishi intensivligining oshishi xabarlarni (paketlarni) o‘rtacha
yetkazib berish vagqtining oshishiga olib keladi, binobarin,  xabarlarning
(paketlaming) prioriteti ganchalik past bo‘lsa, o‘rtacha yetkazib berish vaqti
shunchalik katta bo‘ladi; xizmat ko‘rsatish intensivligi oshishi bilan xabarlarni
(paketlarni) o‘rtacha yetkazib berish vaqti kamayadi.

Xabarlarni (paketlarni) o‘z vaqtida yetkazib berish ehtimoli tagsimoti
funksiyasini tadqiq qilish shuni ko‘rsatdiki, xabarlarni (paketlarni) prioriteti
qanchalik yugori bo‘Isa, xabarlamni (paketlarni) o‘z vaqtida yetkazib berish ehtimoli
shunchalik yuqori bo‘ladi; xabarlarning (paketlarning) bir xil prioritetida
ma’lumotlami uzatish tarmog‘ining tayyorlik koeffitsiyenti qanchalik yuqori bo‘lsa,
xabarlarni (paketlarni) o‘z vaqtida yetkazib berish ehtimoli shunchalik yugqori
bo‘ladi.

XULOSA

“Yuqori tezlikli ma’lumotlarni uzatish tarmogqlarining ishonchliligini
ta’minlash model va algoritmlari” mavzusidagi falsafa fanlari doktori (PhD)
dissertatsiyasining tadgiqot natijalari bo‘yicha quyidagi xulosalar keltirilgan:

1. Zamonaviy yuqori tezlikli ma’lumotlarni uzatish tarmogqlari ko‘p sonli
o‘zaro bog‘langan elementlar va komponentlardan tashkil topgan ko‘p sonli
kommutatorlar va marshrutizatorlar hamda boshqa tarmoq qurilmalaridan
foydalanish bilan qurilishi o‘rnatilgan. Ma’lumotlarni uzatish tarmoqlarining
ishonchliligini tadqiq qilishda ishonchlilik nazariyasi vositalaridan foydalanish
imkoniyati ko*rsatilgan. Yuqori tezlikli ma’lumotlarni uzatish tarmog‘ining nazorat
qilinadigan parametrlari sifatida xabarlarni (paketlarni) o‘rtacha yetkazib berish
vaqti va 0‘z vaqtida yetkazib berish ehtimoligi tanlangan.

2. Xabarlarni (paketlarni) o‘rtacha yetkazib berish vagtini va o‘z vaqtida
yetkazib berish ehtimolini nazorat qilish asosida ishlab chigilgan usul oshirilgan rad
etish xavfiga ega yuqori tezlikli ma’lumotlarni uzatish tarmog‘ining rad etishdan
oldingi holatini aniglash imkonini beradi va o‘tkazilgan choralar asosida
ma’lumotlarni uzatish tarmog‘ining ishonchliligini ta’minlash imkonini beradi.
Natijada ma’lumotlarni uzatish tarmog‘ining tayyorlik koeffitsiyenti qiymati
0,99dan kam emaslikka erishish mumkinligi aniglandi.

3. Yuqori tezlikli ma’lumotlarni wuzatish tarmogqlarida  tarmoq
infratuzilmasining ishonchliligi va samaradorligini ta’minlashga imkon beradigan
prioritetsizli va prioritetli xizmat ko‘rsatiladigan ma’lumotlarni  uzatish
tarmog‘ining xabarlarini (paketlarini) oz vaqtida yetkazib berish ehtimoli taqsimoti
funksiyasining modellari ishlab chiqgilgan. Ishlab chiqilgan hisoblash algoritmi va
hisoblash dasturi tarmoq parametrlarining turli giymatlari uchun funksiyalaming
giymatini aniglash imkonini berdi. Natijada hisoblash xatoligi 5 foizdan ortmaydi.
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4. Xabarlarga (paketlarga) xizmat ko*rsatish mutlaq prioritetli intizomiga ega
bo‘Igan ma’lumotlar uzatish tarmoqlarining k-chi prioritetli xabarlarini (paketlarini)
o‘rtacha yetkazib berish vaqtining analitik modellari, hisoblash algoritmi va dasturi
ishlab chiqilgan bo*lib, ular yordamida turli prioritet darajalari uchun ma’lumotlarni
uzatish tarmog‘ining unumdorligini aniglash mumkin. Bu yuqori tezlikli
ma’lumotlarni uzatish tarmog‘ida katta aniqlikda tadqiqot olib borish imkonini
yaratadi.

5. Tadgiqot natijalari O’zbekiston Respublikasi Ragamli texnologiyalar
vazirligi tasarrufidagi korxonalarga, Xususan, “UNICON.UZ” Fan-texnika va

marketing tadqiqotlari markazi” MChlda, “O’zbekiston telekommunikatsiya
tarmoglarini boshqarish Respublika markazi” DUKda, “East Telecom” QK MChJda
Joriy etilgan. Ishlab chigilgan modellar, hisoblash algoritmlari va dasturlari

ma’lour.notlami uzatish tarmog‘ining ishonchlilik ko‘rsatkichlarining hisoblash
vaqtini 1,5-2 barobarga gisqartirish imkonini berdi.
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INTRODUCTION (abstract of PhD dissertation)

The aim of the research work is to develop a method, models and algorithms
for ensuring the reliability of high-speed data networks with non-priority and priority
service.

The object of the research is high-speed data transmission networks and their
reliability indicators. B

The scientific novelty of the research work:

a method has been developed that, based on monitoring the average delivery
time and the probability of timely delivery of messages (packets), makes it possible
to determine the pre-failure state in high-speed data networks with non-priority and
priority service;

based on the probabilistic interpretation of the Laplace-Stieltjes
transformations, models of the probability distribution function for timely delivery
of messages (packets) have been developed to ensure the reliability and efficiency
of the network infrastructure in high-speed data networks;

analytical models of the average delivery time of messages (packets) of a data
transmission network with absolute priority service have been developed, allowing
one to determine network performance for different priority levels;

computational algorithms have been developed for the distribution function of
the probability of timely delivery, the average delivery time of messages (packets)
of k-th priority, allowing for the efficient functioning of the data transmission
network.

Implementation of research results. Based on the developed method, models
and algorithms for ensuring the reliability of high-speed data transmission networks:

a developed method that allows determining the pre-failure state in high-speed
data networks with non-priority and priority service has been implemented in
subordinate enterprises of the Ministry of Digital Technologies of the Republic of
Uzbekistan, in particular, in “UNICON.UZ” Science-Technical and Marketing
Research Center LLC, “Republican telecommunication network control center of
Uzbekistan” SUE, “East Telecom” JV LLC in the processes of developing
requirements, conducting research work to ensure and improve the reliability of
high-speed data networks (Reference of the Ministry of Digital Technologies of the
Republic of Uzbekistan Ne33-8/7744 dated November 6, 2023). As a result, it
became possible to identify and eliminate situations with an increased risk of failure,
which will make it possible to achieve a data transmission network availability factor
of at least 0,99;

developed models, computational algorithms for the probability distribution
function of timely delivery of messages (packets) in high-speed data networks with
non-priority and priority service were implemented in the subordinate enterprises of
the Ministry of Digital Technologies of the Republic of Uzbekistan, in particular, in
the “UNICON.UZ” Science-Technical and Marketing Research Center LLC,
“Republican telecommunication network control center of Uzbekistan” SUE, “East
Telecom” JV LLC in the processes of research, design and operation of data
transmission networks (Reference of the¢ Ministry of Digital Technologies of the
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Republic of Uzbekistan Ne33-8/7744 dated November 6, 2023. As a result of
scientific research, it became possible to determine the probability distribution
function for timely delivery of messages (packets) with an error of up to 5%, which
is sufficient for engineering calculations;

developed analytical models, a computational algorithm for the average
delivery time of messages (packets) of the k-th priority data transmission network
were implemented in the subordinate enterprises of the Ministry of Digital
Technologies of the Republic of Uzbekistan, in particular, in the “UNICON.UZ”
Science-Technical and Marketing Research Center LLC,
telecommunication network control center of Uzbekistan” SUE,

LLC in the processes of carrying out research work, design and operation of data
transmission networks (Reference of the

Ministry of Digital Technologies of the
Republic of Uzbekistan Ne33-8/7744 dated November 6, 2023). As a result, it
became possible to conduct studies of a high-speed data transmission network with
great accuracy with ideal and real reliability;
) .the developed programs were implemented in the subordinate enterprises of the
Ministry of Digital Technologies of the Republic of Uzbekistan in particular, in the
“UNICON.UZ” Science-Technical and Marketing Research Center LLC,
“Republican telecommunication network control center of Uzbekistan” SUE, “East
Telecom” JV LLC (Reference of the Ministry of Digital Technologies of the
Rt?public of Uzbekistan Ne33-8/7744 dated November 6, 2023). As a result of
scientific research, the time for calculating reliability indicators of a data
transmission network was reduced by 1,5-2 times.
.The structure of the dissertation. The dissertation contains 118 pages and

consists of an introduction, three chapters, a conclusion, a list of references and
appendices.

“Republican
“East Telecom” JV
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