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B manHo#1 paboTe B KauecTBe IENH MOACIUPOBAHNS TEICKOMMYHHUKAIIMOHHOTO Tpaduka paccMaTpuBaeTcs 00pa3oBa-HHE Oue-
peneii B cucreme M/D/1 ¢ Gau3KkuMH K peajbHbIM CTATHCTHYECKMM XapakTEePHCTHUKAM IIEpPBBIX JBYX MOPsIKOB. B kauecTse
BXOJTHOTO B CHCTEMY PaCCMaTPHBACTCS IPYIIIOBOIT TOTOK C MTOCTOSHHBIM Pa3MepOM MUK U PACCTOSHHEM MEK Ty IPHOBITHSIMH,
TIOTYMHSIONIMMCS TIPUHIUITY TaMMa-pacipeefieHus. DTH MapaMeTphl OMPEIeSIOTCs ¢ TOMO-IITbI0 HEHPOHHOH CeTH, KOTopast
o0y4eHa OTpeeNaTh HapaMeTPhl TAKUX BXOTHBIX MOTOKOB IO CTATUCTHYECKHM XapaKTEPUCTHKAM OYEpPEIH TPH Pa3THIHBIX
3arpy3kax npubopa. IlodydeHsl i mpeaCcTaBIeHbI PEe3yNbTaThl, IEMOHCTPHPYIOIINE XOpolIee MPUOIIDKEHNE TIPU allPOKCHMa-
AU C UCTIONB30BAaHUEM AMMa-IIOTOKOB, TTApAMETPBI KOTOPBIX OI[EHMBAIOTCA C TIOMOIIBIO HefipoceTH. [loka3ana mpaktudaeckas
TIOJIE3HOCTh PACCMATPHBAEMOTO TIOAXO0MA W TIEPCTICKTUBBI UCIIONB30BAHMS HEHPOCETEH [UIA PEIICHUS MPAKTHYECKUX 3a7ad ¢

MIPUMEHEHUEM TEOPUU OUEPEICH.

Kntouesnle cnosa: cucmema maccosozo o0OCIyICUBAHUS, HEOPOUHAPHBIL 6XOOHOU NOMOK, MOMEHMbl 04epedll, HeUupOHHAs

cemo, zwwma—pacnpedeﬂenue

BBenenue

IIpu MonenupoBaHUU CETEH TEIEKOMMYHHUKALUI
9acTO HEOOXOJMMO WMHTHPOBATh MOBEICHUE Ouepe-
1M, CO31aBaeMO peabHbIM TPa(puKOM B y3/ax CETH.
[Ipu sTOM, COBMazEHNE CTATUCTUYECKUX XapaKTepH-
CTHK CaMOT0 MOJIENBHOTO TpaduKa ¢ pearbHBIM Mpo-
TOTHIIOM MOXKET OBITh HE TaK Ba)KHO, KaK COBIAJICHUE
CTaTHCTUYECKUX XapaKTEPUCTHK, CO3/IaBAEMbBIX STUMHU
IByMS TpauKaMu ouepesen.

[IpumepoM Takol CUTyallUM MOXKET CIIy’KUTb MO-
JIeTTMPOBAHNE TIPOXOXKAECHHUA HEKOTOPOTO MOTOKA, Ha-
3bIBA€MOTO MEUEHBIM, Yepe3 TeIEeKOMMYHUKAIMOHHBIH
y3eI1, MOACTHPYEMBIH CHCTEMO MacCOBOTO O0CITYKH-
BaHuA. Kpome MeueHHOro, depe3 3TOT y3els MPOXOIT
U JIpyrHe TIOTOKH, Ha3biBaeMble (OHOBBIMH. OHU HH-
TEpEeCyIOT Hac JIMIIb MTOCTONBKY, TOCKOIBKY CO3/IAI0T
oyepesib, B KOTOPOW y4acTBYET U MeueHblid moTok. [1o-
3TOMY OTHOCHUTENHHO (DOHOBBIX MOTOKOB (B OTIMYHE
OT MEYEHOT0) HaM BaKHbI MMEHHO XapaKTePHCTHKU
CO3/1aBa€MOM UMM OUEepe/IH, a He XapaKTePUCTHKH Tpa-
¢uKa, KaK TaKOBOTO.

B [1] moxa3zaHo, kKaK TpyNmoBON IyacCOHOBCKHN
MOTOK MOKET HCIIOIb30BAThCS B TAKOTO POJIA 3a/1adax.
Ero ncmons3zoBanue yao0HO, Tak KaK MapaMeTphl MO-
TOKa, TPHOMIDKAIONINE O4epeb, UM CO3AaBaeMylo, K
peansHO Oveped, MOTYT OBITh HaWICHBI aHATUTHYE-
ckuM myTeM. OjHaKO, MPHOIMKEHHE MOXKET ObITh HE
CITUIIIKOM XOPOIIIHM.

B nanmo# paboTte MBI IpesyiaraeM HOBBIN MOAXO K
PELIEHUIO TaKoW 3aJa4n. B kauecTBe MOJIEIBHOIO Tpa-
¢uKa mpemyaraeTcst UCMOIB30BaTh TPYMIIOBON MOTOK,
B KOTOPOM MHTEPBAT MEX]y NMPUOBITHIMH TTa4eK 3as-
BOK MOMYMHSETCS TPHHIMIY TaMMa-pacrpeiesieHus..
DKCIIOHEHIHAIBHOE paciipe/iefieHne HHTepBalia MEXTY
NPUOBITUAMH, TIPH KOTOPOM TaKOH MOTOK CTAHOBHUTCS
MyaCcCOHOBCKHM, SIBJISETCS YaCTHBIM CIy4aeM TIaM-
Ma-pactpenenenus. Takum o0pa3oM, MOAENb TPYIIIO-
BOTO raMMa-TI0TOKa OKa3bIBAETCS IIUPE TI0 CBOUM BO3-
MOXKHOCTSIM, YEM IPYNIIOBON ITyaCCOHOBCKUI MOTOK.

Opmnako, Ui TaMMa-TOTOKa OTCYTCTBYIOT aHaJH-
THYeckue (OpMYJbl B OTHOIICHHH CTATUCTUYECKUX
XapaKkTepPUCTHK OYEepEar B CHCTEME MacCOBOTO 00Cy-
KMBAHUS, a BEIYHMCIICHHUE TApaMeTPOB MOTOKA, MPUOIIH-

MKAIOMINX PEaTbHYI0 04epelb, COMPSHKEHO C OOTBIITAMHE
CIIO)KHOCTSIMH, TaK KaK Ha KayK/IOM Il1are MUHAMH3AIIH
Pa3IMYHN MEKIy CTATUCTUYECKIMHU XapaKTepHCTHKA-
MU Ouepesiell TPUXOANUTCS TPOM3BOIUTH UMHUTAINOH-
HOE MOJIENTMPOBaHHE OYePEN TaMMa-MIOTOKA C Ouepe/-
HBIM TIOTOOPOMITPOOHBIX 3HAYCHUH TTapaMeTPOB.

B nmammoi#t paboTe MBI TpemimaraeM CIEAyIOIIHi
TTOZXOJT K 3TOH TpobiieMe — 00yUnTh HEHPOHHYIO CETh
OIICHWBATh TapaMeTPhl TaMMa-TIOTOKA, CO3/IAIOIIETO
odepesib, ToaBas eif Ha BXOJ JaHHBIE O 3aBUCUMOCTH
CpemHel ouepeny W TUCIIEPCHH OYepeH OT 3arpy3Ku
npubopa (kamana). [locie oOydeHUs Ha BXOJ TaKOU
HEeWpOCeTH MBI TIOJIaTUM JTAaHHBIE 00 OuepeTH, Co3/aBa-
€MOM peanbHBIM TpahHKOM, U OHA OLEHUT MTapaMeTpPh
raMMa-1oToka, Hanooee OTM3KOTO K PeaTbHOMY.

[TonsaTHO, 9TO OOyuYeHHWE HEHWPOCETH — MPOIIecC,
MO/IPa3yMEBAIOMINI BBICOKYIO CIOXHOCTh BBIYHCIIE-
Huil. Ho 3aro mocie oOydeHus, OICHKAa TapameTpoB
JUTS TIOIaBa@MBIX Ha BXOJ[ JAHHBIX TPOMCXOAUT TpaK-
THYECKH MTHOBEHHO.

3aMeTM, 4TO MPUMEHEHHE HelpoceTel B 3amayax,
OTHOCHMBIX K TEOPHH OYepesiel, oka He O4eHb pac-
npocTpadeHo. B [2] mpuBener 0030p COBpEMEHHOTO
COCTOSIHUSI IPY IPUMEHEHUH MAIIMHHOTO 00ydeHus (B
TOM YHCIIe HEHMpOoCceTeH) IS 3a1ad TCOPUH OUepeeH,
13 KOTOPOTO BHIHO, YTO /IO CET0 BPEMEHN HEHpPOHHbIE
CETH UCTIOIB30BAIMCH TOIBKO JJISI OIIEHKH MTapaMeTPOB
CaMHUX CHCTEM MacCOBOTO OOCITYKWBAaHMUS C N3BECTHON
CTPYKTYpOH, KOTJIa UM Ha BXO/]| [TOJIaBaJICS U3BECTHBIN
Tpaduk. B mamHO# e paboTe mpemIaraeTcsl HCIoib-
30BaHUE HEHpoceTeil i OLEHKH MapamMeTpoB BXOJ-
HOTO TpadHka B CHCTEMY MacCOBOTO OOCTY)KUBaHHUS, U
TaKOW BUJI WCTIONH30BAHMUS TIPEJCTaBIAETCS HOBBIM. B
JaHHOH pa0oTe MPHBENEHBI PEe3yJbTaThl, IEMOHCTPH-
pYIOIIe BOZMOYKHOCTD TIPAMEHEHHS TAKOTO TO/IX0/1a.

MopeJib rpynmnoBoro raMmMa-noToKa.
ITocTanoBka 3aga4uu

PaccmarpuBaeTcs MOTOK 3asBOK, B KOTOPOM 3asIBKU
BCErja MPUXOAAT MaykaMu 1o B WTyK, rae B = const —
napameTp Mozenu. VHTepBanbl BpeMeHH MEXAy HpH-
OBITHSIMHM TaueK 3asBOK SIBIISIOTCS HE3aBUCUMBIMH
O/IMHAKOBO paclpe/eleHHBIMU CIyYaliHBIMH BEJIMYH-
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HaMH, MOJUUHSIOIMMUCS MPUHLUIY raMMa-pacrpe-
JeTIEHUS C INIOTHOCTBIO:

k-1 _—x/0
x"e"

0T (k) ’
0, x<0.

Sr(x) =

rae k u 6 — mapameTpsl pacrpeaenenus. B Takoli napa-
MeTpH3aliu 6 — 3To mapameTp Maciirada, ¥ B HallleM
CcIydyae ero MOXHO MpHpaBHATH K 1. Takum oOpazom,
MOTOK 3asIBOK 3a/1a€TCs IByMsI [TapaMeTpamu — k u B.
DTOT MOTOK SBJISACTCS BXOIHBIM JJIsi CHCTEMBI MAcCO-
Boro obcnyxuBanus (CMO) G/D/1. [ToctossHHOE BpeMst
00CITy)KUBaHUSI 3as1BKH 7 33/1a€TCsl TAKUM 00pa3oM, 4To-
Ob1 kO3 duIHEHT 3arpy3ku pudopa p ObUT ObI paBeH
3amanHoMy: 7 = pM(X) = pk (Tak xak M(X) = 0).
O6o3naunm yepes Q,(p) t=0 ouepenr B 1aH-
Hoit CMO ¢ koaddummeHTom 3arpy3ku npuoopa p B

MOMEHT BPEMEHU t, a yepes O(p) u DO(p) — >mnu-
pHUYECKUE MAaTeMaTU4eCKOe OXHMIAHUE U JUCIIEPCHIO
o4epeu, MOJIyYEHHBIE 110 JOCTATOYHO IPOAOIIKUTEIb-
noit peamuzanuu O, (p) .

J1st KaxK10ro 3Ha4eHUs { . }n:l,..., ~ 13 HEKOTOpPOro
Habopa, pacCMOTPHM COOTBETCTBYIOIIHME MHOXKECTBA

: Q(pn)}nzl...,N .

3amaga COCTOUT B TOM, YTOOBI OIIECHUTH TTapaMeTPhI
k u B, nmpu koToppIX 00a 3THX MHOXXECTBA 3HAYCHHI

Obun OBl ONM3KM K 3HAYCHHAM { Q*(pn)}nzln_,N u
{DQ * (Pn)}nﬂ_,,,\, Juist ouepenu B panHoit CMO, mo-
JIy4YEHHOU IIpH [10Jja4e Ha BXOJ JOCTATOYHO JJIUHHOU
Tpacchl peaibHOro Tpaguka.

AHAIUTUUECKUX BBIPAXKEHUH AJIS THX BEHYUH B
CMO c TakuM BXOJHBIM MTOTOKOM HE CYIIECTBYET, 110-
9TOMY JUISl OIIEHKH TapaMeTpoB OyIeM HCIIOJIb30BaTh
HENPOCETh.

Onucanue MCnoJb3yeMoil HelpoceTn

Jnst meMOHCTpanuy BO3MOXXHOCTH TaKOTO MOIX0Aa
00y4nM JTOCTATOYHO TIPOCTYI0O HEHpoceTh (PHCYHOK
1), tme mpuBeneHO CTaHAApTHOE Tpadudeckoe mpea-
CTaBJICHHE HEUPOCETH, TeHepHupyeMoe OHOIMOTEKOM
Keras s351K2 Python, ncmons3oBaBimeiicst B JaHHOH pa-
6ote. [l pKcriepruMeHTa BO3bMEM 9 3HAUCHHH p, MU-
HumanbHoe - 0,1, makcumanbsHoe - 0,9, U, yuuThIBas,
9TO0, TAKIM 00pa30M, BXOAHBIX 3HAUCHUN Y HEHPOHHON
cetr moyuutcs 18 (9 MareMaTndeckuX OKUIAHWHA U
9 nucnepcuit), 0003HaUMM UX Kak {xn }n:O,,,,‘V COINIACHO
NPUHATON B 00JIaCTH HEeWpoceTel TpaJuluu HyMepa-
uu ¢ Hyas. [Tpu stom

X :Q(pn+l)_cn+l n

; ,n=0,...,8;
Sn+1
X, =—DQ(p”S’8)_C”” n=9,...,17.

n+l

e 10,0, o .alC) u{S, ), —uentpupy-
omue nu HOpMprIOLuHe 110 COOTBCTCTBy}OH.[eMy BXOI[y
BCIIMYMHBI, BBIYUCIIACMBIC I10 MHO)KGCTBy O6yanOH_II/IX
npuMepoB 06beEMOM M 110 ClIeAyIOIUM hopMyIIam:

~ 1 -
Nn :ﬁzj’vz{alxnfl,i’

1 M-1 5 2
X = —E x ., —C,
n \/)‘( i=o T n-Li

e X, — 3Ha4eHHEe Ha BXOJE N 00yYarolero mnpy-
Mepa i. Takas HOpMHPOBKa TPOW3BOAUTCS VIS TOTO,
9YTOOBI Ha BCEX BXOJaX JaHHbIE JeXKalW MPUMEPHO B
OZIMHAKOBOM JIMaIa30HE, YTO TOBBIMIAET Ka4eCTBO pa-
0OTHI HEfipoceTH.

[Tocne Bxoga uayT ABa MOJHOCBSA3aHHBIX CJIOS HEH-
pOCETH, B KaKJJOM U3 KOTOPBIX 10 16 HEHPOHOB, Y KaXkK-
Joro Ha BbIXone (GpyHKIs akTuBanuu Relu, a nanee —
JIBa BBIXOJHBIX HEWPOHA — OJIUH OIIEHMBAET MapaMeTp
k raMMa-1I0TOKa, a BTOPOif - pasmep madku B. Y BBIXO1-
HBIX HEWPOHOB (DYHKITHS aKTUBALIUHA OTCYTCTBYET. DTO
OJIHA M3 THITUYHBIX apXUTEKTYp HEHPOCETH IS perie-
HUS 33/1a4¥ PETPECCUH apaMeTPOB BXOTHBIX TAaHHBIX.

B kauectBe (GyHKIMHU TOTEPh, MHUHHUMHU3UPYEMON
npu OOy4eHWH HEHpPOCeTH, HCIOIBh30BaJIOCh Cpel-
HEKBAJ[PaTHYECKOE OTKIIOHEHHE.

Jnst TIOBBIMIEHUST TOYHOCTH BaKHBIM SIBISETCS

n=1,...18.

BOIIPOC BBIOOpA 3HAYEHHI { n}nzl...,9‘ PaBHOMEpHBIN
mar o p ot 0,1 mo 0,9 He sABIsIETCS OMTUMATBLHBIM
pELICHUEM, TaK KaK BXOJHbIC JAHHBIC MPUOJIMKAIOT-
Ci C OJIMHAKOBOM OTHOCHUTENBHOW IOIPEIIHOCTbIO,
YTO TpH OONBIIUX P, NPUBOAUT K OOJIBIION abco-

(o)} n

JIOTHOM TOTPENTHOCTH TPHOIMKEHHA

{DO(p,)},n=1,...N.

input input: | [(None, 18)]
InputLayer | output: | [(None, 18)]
dense_4 | input: (None, 18)
Dense output: | (None, 16)
dense_5 input: (None, 16)
Dense output: | (None, 16)

N

(None, 16) B out | input:

k_out input:
Dense | output:

(None, 16)
(None, 1)

(None, 1) Dense | output:

Pucynox 1. ApxuTexTypa HEHpOHHOH ceTH

3amMeTHO OOJIBIIYIO TOYHOCTH JIACT Pa3eiICHUE UH-
tepsana [0,1; 0,9] Ha 8 MHTEpPBAIOB TaK, 4TOOBI IS Ca-
MO# ObIcTpopacTymied 3aBucumoct Q(p,) |3 pac-
CMaTpUBAEMOTO CEMEUCTBA, IS KaKIOTO MHTEpBAsa

[Pn > Pt ) BBIMOJIHSIIOCH YCIIOBHUE:
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(P = £,)O() ~ O(p,))= const ¥, =1,...8 .

OnpenenuTh HYKHBIE BETHYHUHBI PN MOXK-
HO wumcnenHo, upuHIB pl=0,1, p9=0,9, u mo-
noOpaB  CHauaja Takoe 3HA4YEHHE pS5, UTO

(05 = £)(0(P) = 0(p))= (s = 5 )(0(p,) - O(p)) -

a TIOTOM aHAJIOTHYHBIM 00pa3oM HATH p3, UCTIONB3YS
n3BecTHbIE pl U p5, p7 1 u3BecTHBIE PS5 U P9 U T. 1.
Jnst oOygaromieil ¥ KOHTPOJIBHOW BBIOOPKH METO-
JIOM IMHUTAIIIOHHOTO MOJICIIUPOBAHUS OBLIO CTEHEpPH-
poBano 3000 Tpacc raMMa-TIOTOKOB CO CITyYaiHBIMH
napaMmeTpamu, JuiHa Kaxaod Tpaccel 200000. 2500
Tpacc COCTaBISUIA 00ydaromIyio BEIOOpKY, 500 Tpacc —
KOHTPOJBHYIO. J{JTsT Ka)KI0# Tpacchl OBUTH MOCYUTAHBI

BEJIMYMHBI {Q(Pn)}n:1 N {DQ(P,,)}”:L_“,N, roJaBa-
eMble Ha BXoJ] HelipoceTn. COOTBETCTBYIOIIME Kaxk 101
Tpacce mapamMeTphl MCIOIb30BANUCH A OOyYeHUs C

YUYUTCICEM U IJI1 TECTOBOI'O KOHTPOJIA.

a) i vb=15K sim
300 A — vb=15K real

gj = vb=5K sim
250 — vb=5K real
3" vb=1K sim

— vb=1Kreal

2004
150 -

100 4

b) i == vb=15K sim
— vb=15K real
100000 A _
)i vb=5K sim
= vb=5K real

] === yb=1Ksim
800001 3 __ \bo1K real

60000

40000

20000 1
//’/ :

01 0.2 03 04 05 06 07 08 09

Pucynox 2. Pe3ynbTats! auis mpUOIIKEHIS TaMMa-

MIOTOKOB C MCHOJIb30BaHNEeM HelpoceTH: a) CpenHsis

ouepe/b MAKeTOB B MOTOKe; 0) Jucnepens ouepean
MTAKETOB B TIOTOKE

HNmenno réaepanusa METOAOM UMUTAIIMOHHOI'O MO-
JIeTTMPOBAHUS BCEX MPUMEPOB 3aHMMaeT Ooixee 99%
BPEMEHH TIPOBE/ICHUSI TAKOTO IKCIIEPHMEHTA.

OueHka ¢ npUMeHEeHUEeM AHAJIUTHYECKHX
BbIPa:KeHUH /151 CPABHEHUS

s Toro, 94T00BI CPAaBHUTH KAYECTBO MOTYUCHHBIX
PE3yJIBTaTOB, MOMPOOYyeM MPUOIU3UTH CTATUCTHYCCKUEC
XapaKTePUCTUKH OYepeld peabHOro Tpaduka ¢ mo-
MOIIIbIO IPYIIOBBIX MyaCCOHOBCKUX TTOTOKOB, JJISI KO-
TOPBIX MBI MOXKEM HCIIOJIb30BaTh 0000IICHHE (OPMYIT
[Nonnavyeka-XuHunna, momydeHHbXx B [3] mit CMO
G/D/1 unTepBanbHbM MeTosioM. [IprBeieM ux 371ech B
YIPOILIEHHOM BHUJIE JUIsl IOCTOSIHHOTO pa3Mepa mauku B.

o=t P (1)
Yo}

i vb=15000 real
=== yb=15000 sim B=64

2501 3 — vb=5000 real
=== yb=5000 sim B=24

) — vb=1000 real
200 - == vb=1000 sim B=10

150 4

100 A

—— vb=15000 real
=== vb=15000 sim B=64

—— vb=5000 real
=== vb=5000 sim B=24

— vb=1000 real
vb=1000 sim B=10

b) 100000 1
80000 |
60000 1
40000 4

20000

Pucynok 3. PesynbTatsl 11t TpruOIMKEeHHS
MIyacCOHOBCKUM NOTOKOM: a) CpeaHss ouepeab NaKeToB
B mIoTOKe; 0) Jlucmepceus ouepein MakeToB B IOTOKE

po(p)=LEPU=P) (g1 p2 3p 10y

4(1-p)*
p’+pB* +3p’B-3pB-3p>+2p 2
3(1-p)

e p =ATB, A — MHTEHCUBHOCTD [IOTOKA, T — [IOCTO-
SIHHOE BpeMs 00CITY)KHBaHHUSI OJTHOM 3asIBKH.
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Wmes 3HadeHUS CTaTUCTHYCCKUX XapaKTepu-

CTHK OuYepel peambHOTro Tpaduka {Q"‘(pﬂ)}n:l‘_“/V
u {DQ*( pn)}nzlu_’N, MBI MOKEM METOJIOM HAUMEHB-
MUX KBaJIpaToB MHHUMH3WPOBATh 10 Mapamerpy B
OTKJIOHCHHE aHAIUTHUYECKUX KpuBhHIX (1), (2) oT pe-
QIIBHBIX 3HAYEHUH TIPH COOTBETCTBYIOIINX HArpy3Kax,
W 3TO JacT HaM TPHOMIDKEHHE peambHOro Tpaduka
TPYNIIOBBIM YaCCOHOBCKMM TIOTOKOM B CMBICTE TIO-
poXKIacMoi odepemu. 3aMeTHM, YTO B OINHCAHHBIX
HIDKE DKCTIEPUMEHTaX MBI HCITIONB30BAIM METOJ| Hau-
MEHBIIINX B3BEIICHHBIX KBAJPATOB C BECaMH, 00paTHO
MIPOTIOPIIMOHATFHBIMU 3HAUYEHUSIM COOTBETCTBYIOIINX

{Q*(pn)}n:l...,N H {DQ*(p”)}n:l...,N 2 TaK Kak OHH
CHJIBHO pa3jinvyaroTCsd 10 BEJINYNHE. To €CThb, 110 ITapa-
METPY B MUHHUMHU3UPOBAJIACh CICAYIOIIAas BEJIMYNHA!

. Z[ ©*(p)-0(p,)’ ]+ (DQ*(p,)~DQ(p,))’
0*(p,) Do*(p,)

e O*(p,) u DO*(p,) — KOHCTaHTSI, Haii-
JICHHBIE B pe3yJIbTarTe HMMMTALMOHHOTO MOJEIUpPO-

n=1

BaHUS ouepen peanbHOro tpaduka, a O*(p,) u
DQ*(p,) Berumcnsrores no popmynam (1, 2).

3akjaoueHmne

DKcnepuMeHThl NPOBOIMINCH Ha Tpaccax BHJE-
otpaduka cranmapra H264 c¢ pasnuyHbIMH 3HAYCHH-
SAMH TIapaMeTpa KOAUpOBaHus (pa3MepoM BHIeoOy(e-
pa). Pesynbrarhl, npencTaBieHHble Ha pUCYHKaX 2 U 3,
C OYEBUAHOCTBIO JEMOHCTPUPYIOT OoJblliee MpHOIH-
’KEHUE IPU HCTIONB30BaHUM T'aMMa-TIOTOKOB, Mapame-
TPBI KOTOPBIX OLIEHUBAIOTCS C TIOMOIIBIO HEHPOCETH.

OT0 WILTIOCTPUPYET MPAKTHYECKYIO MOJIE3HOCTh
IaHHOTO TIOAXOJa, W MEPCHEKTHBBI HCIOIb30BAHUS
HelpoceTeil Ay peleHns] MpaKTHYeCKuX 3ajad, Tie
npUMeHsieTcst Teopus odepeneil. Kpome coGcTBeHHO
MMUTAMOHHOTO MOJICTUPOBAHMS, B KauecTBE IpHUMe-
pa BO3MOXXHOTO NPUMEHEHHSI TAKOTO IOAXO0Aa MOXKHO
NPeJIOKUTh, HApUMep, 00y4aTb HEHpOCeTh OLCHH-
BaTh B PEAIbHOM BPEMEHH BEPOSITHOCTD EPEIOTHEHNUS
Oydepa B TeIEKOMMYHUKALMOHHOM Yy3JI€ P OOJIBILIOH
Harpyske. Ecii ucmonb3oBath npu 00ydeHHH peajib-
HBIH TpaduK, TO €ero Hy)KHO OYeHb MHOTO, TaK KaK Ie-
pernosiHeHue Oydepa B peaibHOM 000pPYIOBAaHUU CBSI3H
TpH IITaTHOHM paboTe - 3TO TOBOJIBHO PEIKOE COOBITHE.
Ecnn sxe ucmionb30BaTh HCKYCCTBEHHO T'€HEPUPYEMBI
TpaduK, mapaMeTpsl KOTOPOTo, KOTOPbIE TAKKe Ompe-
JIeTICHBI C TIOMOIIBIO HEHPOCETH, TTO3BOJISIOT TTOMy4aTh
ONu3KKMe K PealbHBIM OYeped, TO €ro JIETKO MOKHO
NPOU3BECTH B HEOOXOMMMOM I T.H. MpenoOydeHus
HEWpOCEeTH KOJINYECTBE, a J000YUHUTh ee, B cllydae He-
00XOIMMOCTH, Ha PeasbHOM Tpaduke.
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This article considers queue formation in the M/D/1 system with statistical characteristics of the first
two orders that areclose to real, as the purpose of telecommunication traffic modeling . The input stream
to the system is considered to be a group stream with constant parameters of the package and distance
between arrivals, influenced by gamma distribution. These parameters are determined by a neural net-
work trained to determine parameters of such input streams according to statistical characteristics of
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JIMHUU CBA3U N BOTOKOHHO-OIITUYECKUE TEXHOJIOT'UHN
TEJJEKOMMYHUKAITAN

VK 621.39

OIITUMM3AIUSA PACITIPOCTPAHEHUSA MO/ VIS N3JTYYATEJIA OIITUYECKHUX
BUXPEBBIX ITYYKOB HA OCHOBE MUKPOKOJIBIIEBOT'O PE3OHATOPA

baxuposa JI.U., Boponkos I.C., Jllnbonvimos B.C., Cmenanos U.B., Kymnyapos P.B.,
I'paxosa E.Il., baemanos B.X.
Yumckuii ynueepcumem nayku u mexnonoeuti, ¥Ygpa, PO
E-mail: bakirova.li@ugatu.su

CBeTOBBIC IyYKH C OPOUTAIBHBIM YIJIOBHIM MOMEHTOM, 00JIa/Ial0T YHUKAILHBIMU CBOMCTBAMH, KOTOPBIE ICNAI0T UX 1IEH-HBIMU
JUISL ICCIITOBAHUM M MPAKTHUECKOT0 MpHMeHEeHHsI. OT PEeBOMIOIMHU B TEXHOJOTHX CBA3HU A0 MEPET0BOH MUKPOCKO-ITHHU U BO3-
MO)KHOCTEHl KBAHTOBBIX BBIUMCICHHH — 3TH JIyYH MPOJOJKAIOT CTUMYAMPOBATh HHHOBAIMK U OTKPHIBAaTh HOBBIC TOPH30HTHI
B ontrke U GoToHKKe. B naHHOM paboTe McciemayeTcsi 3aBUCMMOCTh MOII[HOCTH TTOTOKA M3JTy4YEHHS ONTHYECKO-TO BUXPEBOTO
My4Ka OT FEOMETPUH M3ITydaroliel CTPYKTyphl. B kauecTBe n3my4arens ONTHYECKOro BUXPEBOTO MyyKa HCHOIb3YETCsI MUKPO-
KOJIBIIEBOM PE30HATOP C MEPHOANIECKON CTPYKTYpoil. B HameM rcciejoBaHNK ONTUMU3ALHS IUPHHBI KOJIbLEBOTO BOTHOBO-
J1a IPUBOJIUT K YBEITMYEHUIO MOIITHOCTH MOTOKa M3Ty4eHus 10 30% 1 pe30HaHCHOM IIMHBI BOJTHBI 1563 HM. UT0OBI poana-
JIM3MPOBATh, KaK MOJIBI MICTYYILEH rajJepen pacrpeaensoTcs B IONepedHOM CEUEHUH KOJIBIIEBOTO BOTHOBOA, MBI YBEIHUMIIH
mmpuny nocnensero ¢ 400 uM 10 500 aM. [TpennoskeHHbIN MOAX0] MOKET OBITH MPUMEHEH K N3TY4aIOIIUM MUKPOKOIBIIEBHIM
PE30HaTOpaM B PA3NUYHBIX MPUIOKEHUSX.

Knrouesnle cnoea: onmuueckuii 6uxpegoll ny4ox, MUKpOKoIbYe6ou pe3oHamop, Moobl wendyujel 2daiepei, opoumanbHulil
Venos8ol MoMeHnm, YOMOHHAS UHMESPATbHASA CXeMd

Beenenue

MuxpoxkonbieBbie pe3oHatopbl (MKP) sBisroTcst
OJIHMM U3 Han0oJee BAXKHBIX U HE3aMEHUMBIX DJIEMCH-
TOB TIpH pa3paboTke (HOTOHHBIX MHTETPATBHBIX CXEM
(®UC) [1]. OHM UMEOT psA MPEUMYIIECTB TI0 CPaB-
HEHUIO C JIPYTUMH YCTPOMUCTBAMH, TAKUX KaK BBICOKAS

JI0OpOTHOCTB, Majasi 3aHMMaeMasi IJIOIa b, BHICOKAs
3 (EeKTUBHOCT U TUOKOCTH MaHUITYIUPOBAHUS CBE-
TOM, a TaKX€ BO3MOXXHOCTb HCIIOJIb30BAaHHUS B CCH-
copHbIx cucremax [2—4]. MKP moxeT ObITH UCIIONb-
30BaH B KauyecTBE OMOCEHCOPOB I MEAULMHCKON
JMATHOCTHKH, SJIEKTPOONTHUECKUX MOIYISTOPOB, IS
NPUMEHEHHS B HETMHEHHOHN U KBaHTOBOW (DOTOHMKE U
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