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CnocCib ®OPMYBAHHA MAPLUPYTIB NEPEAAYI AAHUX
B MOBIJIbHUX IHOOPMALLIMHUX MEPEXKAX

VY pobori 3arporoHoBaHMii criocio popMyBaHHS MAPIUIPYTIB Tiepeadi JTaHUX B MOOLTBHIX iH(OpMAaLIiiTHUX Mepe-
Kax, IKAW HaJIeXKUTh 10 Taly3i CleliabHOT TeXHIKM 3B 513Ky, 30KpeMa, 0 CUCTeM 3B’sI3KY, a caMme, 0 iH(hopMaliitHIX
MepeX CeliadbHOTO MPU3HAYEHHS i3 MOXIIMBICTIO CAMOOPraHi3allii, y SKUX 3aCTOCOBYIOThCS CHelliajibHi METONU
nepenavi gaHux. Criocid BiIpi3HSIETbCS TUM, 110 Ha eTari GopMyBaHHS MHOXMHM MapIIpyTiB nepeaadi iHpopmariii
B iH(bopMaLiiiHili Mepexi By3JlaMu a Ta b LUISIXOM Tepelnadi ciiy>xkKO00BUX TOBiZOMJIeHb B iH(opMaLiiiHiin Mepexi
3 MOKJIMBICTIO 1O CAMOOPTaHi3allil BiOyBaeThCs MPOTHO3YBAHHS CTaHY MapIIPYTiB Tepenadi iHopMmarrii 3a Kpurte-
pieM MaKCUMyMY MPOIMYCKHOIT CIIPOMOXHOCTI LLISIXOM MOPiBHSHHS OTPUMAHUX 3HAYEHb ITPOIYCKHOI CTPOMOXKHOCTI
3 PAHUYHUMU MOKa3HUKaMU Mepexi. st inpopmanilHUX Mepex € aKTyaJbHUM 3aBAAHHSIM 3a0€3MeueHHsI 3aAaH01
TIPOITYCKHOT CIIPOMOXKHOCTI, 320€3MeUeHHS 3aBaI03aXUILEHOCTi Ta CKPUTHOCTI. TeXHIYHWMIA Pe3yIbTaT Bill 3aCTOCYBaHHS
3a3HAYEHOTO CIIOCO0Y MOJISITa€ y 3MEHILIEHHI 00YMCITIOBAaIbHUX 3aTPaT, MiABUIIEHHI LIBUMAKOCTI nepenavi iHopmaltii,
320€3MeUYeHHSI MOXJIMBOCTI 3iMICHIOBATU NMPOrHO3YBAHHS CTaHY MaplIPyTiB nepenayvi iHdbopmaliii B yMoBax BUCOKOT
MOOiTEHOCTI MOOITBHUX iHDOPMAIITHIX MEpeX CTeIialbHOTO TTPU3HAYSHHSI.
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VMPOHHA MEPEXA, ATTOPUTM HABUAHHS

N. V. Sharonova, G. A. Pliekhova, S. M. Neronov, M. V. Kostikova, D. O. Pliekhov. Method of forming data
transmission routes in mobile information networks. The paper proposes a method for forming data transmission routes
in mobile information networks, which belongs to the field of special communication technology, in particular, to
communication systems, namely, to special-purpose information networks with the ability to self-organize, in which
special data transmission methods are used. The method differs in that at the stage of forming a set of information
transmission routes in the information network by nodes a and b by transmitting service messages in the information
network with the ability to self-organize, the state of information transmission routes is predicted using the maximum
throughput criterion by comparing the obtained throughput values with the network's limit indicators. For information
networks, it is an urgent task to ensure a given bandwidth, ensure interference immunity, and secrecy. The technical
result of using the specified method consists in reducing computational costs, increasing the speed of information
transmission, and providing the ability to predict the state of information transmission routes in conditions of high

mobility of special-purpose mobile information networks.
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Beryn

30poiiHi CUJIM CydyacHMX JepxKaB MpU BedeHHi 00iio-
BMX JIiil MalOTh BilMOBiNaTU BUCOKUM BUMOTaM TEXHOJIO-
TIYHOCTI Ta THYYKOCTI, 1110 TIepeadavyae TepUuToOpialibHUM
po3mnonil miapo3aiaiB y 60i0BOMYy MpOCTOpi W iHTerpa-
L0 IXHIX Iiil 3aBOSAKYU €AUHOMY iH(OPMALliiHO-KOMaH/I -
HOMY cepeaoBuilly. BaxkiauBolo ymMoBOO €(heKTHUBHOIO
3aCTOCYBaHHSI TakKMX 30pPOMHMX CUJ € BUKOPUCTAHHS
MEPEXELEHTPUYHUX CHUCTEM YIMPABIiHHS, 110 3a0e3me-
YYIOTh iHTETPOBAHE T4 CUHXPOHI30BaHE 3aJy4EeHHS Bili-
CbKOBUX CUJI 1 32C00iB OIHOYACHO Y PI3HUX MPOCTOPOBUX
i yacoBMX BMMipax 00iIOBUX oMepaliil y pexxuMi peayb-
Horo yacy. Lle no3Bosisie€ NinBUILNUTH €(PEKTUBHICTb Ole-
PaTUBHOIO pPearyBaHHs, CKOPOTUTU LIMKJI YXBAJIEHHS pPi-
LIEHb Ta NOCITTU MEPEBAru Hall MPOTUBHUKOM 3aBASKU
iHdopmMmalliitHii nepesasi.

OcobaMBHUI aKIIEHT Y Cy4acHUX YMOBAaX POOUThCST Ha
CTBOPEHHS MEPCNEKTUBHUX TAKTUYHUX padioMepex, sSKi

CTAIOTh SNPOM MEpPEeXELUeHTPUYHUX KoHuemiiit [1-10].
KitouoBy poJsib y IbOMY KOHTEKCTi BiflirpatoTb MOOiJIbHI
pamiomMepexi, 10 XapaKTepU3yIThCS HU3KOK TEpeBar,
cepel SIKMX BapTO BUOKPEMWTM 3MATHICTh OO CaMOOP-
radisailii, 1110 MiHiMi3ye a00 TMOBHICTIO BUKJIIOYA€E eTall
MOTIEPETHBOTO TIJTAHYBAHHS Ta 3HAYHO CIIPOILYE MaCHI-
TaOYBaHHS MEPEXKi 3aIE3KHO Bil KOHKPETHUX OTIEPATUB-
HUX 3aBIaHb. Taki Mepexi BUPI3HSIOTbCS OMEpPaTUBHIC-
TIO PO3TOPTaHHS, BUCOKOIO CTilKIiCTIO A0 MOIIKOIXEHb
a0o0 BTpaT OKPEMUX BY3JIiB, a TAKOX 3a0€3MeuyloTh 0e3-
nepepBHY Ta CTa0iAbHY poOOTY HaBiTh 32 YMOB iHTEHCUB-
HOTO MaHEBPYBaHHSI BCiX IXHiX €JIEMEHTIB.

BaxiuBum acriektoM mnipu (pOpMyBaHHI TaKUX iH-
dopmaniiiHux Mepex € 3a0e3MeYeHHsT BUCOKOI MPOITyC-
KHOT CMPOMOXHOCTI KaHa/liB Mepenadi JaHuX, iXHbOI
3aBa/lO3aXUIIEHOCTI Ta CKPUTHOCTI 3B’SI3KY. 3 IIi€I0 Me-
TOI0 AKTUBHO BUKOPHUCTOBYIOTBCA CYYaCHi TEXHOJIOTil
mudpyBaHHs, amanTUBHOTO YIMPABIiHHS YacTOTHUMU
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pecypcamu, LUM@pPOBi METOAM OOPOOKM CUTHAJIIB Ta iHIi
TIepEeOBi PillIEeHHS, 10 ITO03BOJSIOTh TaPAHTYBATH 3aXU-
LIEHIicTh iHdopMallii Ta CTabIbHICTE (QYHKIIOHYBAHHS
MEepeXi HaBiTh 32 YMOB aKTUBHOTO 3aCTOCYBAHHS MPOTHU-
BHUKOM PaJlioeNeKTPOHHOI 60POTHOU.

BukJjaja ocHOBHOro marepiany

Binomuii crioci6 nepepaui iHdopmauii B iHdopma-
LiAHUX MepexXax 3 MOXJIMBICTIO J0 camMOOprasisailii,
npu sIKOMy Tiepeaadya iHgopmalii Mix By3namu iHGOp-
MalliiiHoi Mepexi Ha iHpopMalliiHOMy HapSIMKY a—b
BiIOYBA€ETHCSI HACTYITHUM YMHOM:

— BY3JIOM a Ta By3710M b BigOyBaeTbcsi (popMyBaH-
HSI 3aTaJIbHOT TOTONOTIT iH(hopMaIiitHOT MEpeXi MIISIXOM
nepenayi cy>k00BUX MOBiIOMJIEHb B iHDOpMalliliHiit Me-
PeXi 3 MOXJIMBICTIO 10 CaMOOpPTraHi3allii;

— BY3JIOM a Ta By3/7loM b BigOyBa€eTbcst (hopMyBaH-
HSI MHOXMHM MapLIpyTiB mepenadi iHgopmauii B iH-
dopmaliitHiii MepexXi IUIIXOM Tepenadi cIy>KO00BUX I10-
BimomyieHb B iH(popMalliliHiii MepexXi 3 MOXKIUBICTIO 1O
caMoopraHizatiii;

— Tiepes ToYaTKoM Tmepenadi iHgopmaiiii Mix By3-
JIOM a Ta BY3JIOM b BimOyBa€ThCsl BU3HAYEHHS SIKOC-
Ti KaHaJiB UId nepenadi iHDopMalii LUIIXoM mepenadi
TECTOBUX MOBiAOMJIEHB B iHDOpMalliliHiii MepeKi 3 MOX-
JIMBICTIO 0 CAaMOOPTaHi3allii;

— Tepenada iH(opmallii MixX By3JIOM a Ta BY3JIOM b
Mo HallKpalloMy MaplIpyTy nepenadi iHgopmartiii;

— MiATBEPAXEHHS OTPUMAHHS MaKeTiB ado B pasi
HEOTPUMAHHS MAKETiB 3aMUT HA MMOBTOPHY Mepeaavy Mix
BY3JIOM a Ta By3iom b [11].

Henonikamu 3a3HadyeHOro cnocoOy mepenadi € Bii-
CYTHICTb MOXJIMBOCTI 3[iiCHEHHSI TPOTHO3YBAHHS CTaHY
KaHaiB nepenadi iHdopMallii Mix By3naMu a Ta b me-
PeX 3 MOXJIMBICTIO OO CaMOOpPTraHi3alii 3 ypaxyBaHHSM
aJIkTepHATUB MOXJIMBUX MapLIPYTiB, iHTEHCUBHOCTI Tpa-
(iKy Ta BIUIMBY HABMUCHUX 3aBa]l.

Haii6inbi 61M3bKHUM 10 CIOCO0Y, 110 MPOMOHYETHCS,
€ CIT0CiO MpOrHO3yBaHHs CTaHy KaHaJiB iHhopMaLiiHUX
MepexX 3 MOXJIMBICTIO 1O caMoopradizamii. CyTHiCTb 3a-
3HAYEHOr0 METONY MOJISITAE B TOMY, 11O BY30JI-BiAMpaB-
HUK B iHOpMaliifHiil Mepexi 3 MOXJIUBICTIO 10 caMO-
opraHizailii, mepea 3[iiCHEHHSIM Tepeaadi iHbopmartii
JI0 BY3JIa-KOPECIOHAEHTA 31MCHIOE TMOCIiI0OBHICTh Ha-
CTYMHUX MOifl MIISXOM PO3CWIKM CIY*KOO0BUX MOBiIO-
MJIEHb B MEpEXi: KOHTPOJIb 3aBAHTAXEHOCTi KaHaJIiB
3B’S13KY B iH(OpMalliliHiit Mepexi; BUSIBJICHHS MepeBaH-
TaXeHb; BUSIBJICHHSI BUXOMY 3 JIaJy MPOrPaMHOI Ta ama-
PATHOI CKJIaOBOi; BUSIBIEHHSI aKTUBHOCTI KOPUCTYBaviB
Ta MOi; BUSBIEHHSI Bpa3MBOCTel iH(popMaliitHOT Me-
pexi Ta mopylieHb B HAJAIITYBAHHSIX Ta IPOTHO3YBAHHS
craHy iHgopMauiiiHoi Mepexi. Ha migcrasi 3a3HayeHOl
MOCJTiAOBHOCTI MEPETBOPEHDb BY30JI-BiINTPABHUK BU3HA-
Yya€e palioHabHUN MapiipyT repenadi iHgopmarii o
By3J1a KOpeCIOHIeHTa B iH(opMalliliHiii MepexXi 3 MOX-
JIUBICTIO 1O camoopranizaii [12].
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HeponikoM c¢cnocoOy-npoTOTUITY € HEMOXJIUBICTh
BUKOPUCTAHHS B yMOBax BMCOKOI MOOITbHOCTI 00’€KTIB
Ta He BpaxyBaHHs BILJIMBY HaBMMCHUX 3aBaj Ha IpoLiec
nepenadi iHdopmarii Mixk Byznamu 3B’s13Ky iH(opmarriii-
HUX MepexX 3 MOXJIMBICTIO 0 caMOOpraHizaiiii.

ToMy TeXHIYHUM 3aBAAHHSM, 1110 BUPILLY€E 3asIBICHUN
crnocid (opMyBaHHSI TOIOJIOTiT Mepexi, € MOegHaHHS
nepeBar NPOTOTUILY Ta AHAJIOTY, 3 YCYHEHHSIM IXHiX He-
JOJiKiB.

Crnoci6 popMyBaHHSI MapuipyTiB mepemadi JaHWUX B
MOOITbHMX iH(OpMaLIITHUX Mepexax, MPHU SIKOMY Tepe-
nava indopmanii Mix By3namu iH(opmariitHoi Mepexi
Ha iH(popMallifHOMY HATIpSIMKY a —b , BimOyBa€ThCsl Ha-
CTYITHUM YMHOM: BY3JIOM d Ta BY3JIOM b BiIOyBa€eTbCs
dopMyBaHHSI 3arajibHO1 TOMOJIOTi iHopMmaliiitHOT Mepe-
Ki IIJIIXOM TIepefadi ciyX00B1X TOBinomMIeHb B iH(op-
MaliliHi# Mepexi 3 MOXJIMBICTIO O caMoOpraHizaillii,
TTiCJIST 9YOTO BY3JIOM @ Ta By3jioM b BinOyBaeTbcs (hopmy-
BaHHSI MHOXWHUW MapuIpyTiB nepenadi iHpopMmallii B iH-
GopmatriitHiit Mepexi HUISIXOM mepeaadi ciayX00BUX To-
BimoMJIeHb B iH(opMaliiiHiii Mepexi 3 MOXJIUBICTIO 10
CaMOOpraHisalii, micas 4oro mepea MmoyaTkom Iepegadi
iHdopMallii MixK By3JIOM @ Ta BY3JOM b BimOyBa€eThCs
BU3HAUEHHST SIKOCTI KaHAJB Uil mepeaadi iHdopmartii
LIJIIXOM Mepeaadi TeCTOBUX TOBiIOMJIEHb B iH(opMa-
LifHIM MepeXi 3 MOXJIMBICTIO O cCaMOOpraHisauii, mic-
JIst Yoro BimOyBa€eThcs nepenayda iHdopmaliii Mixk By3J10M
a Ta BY3JIOM b TO HaliKpalioMy MapuipyTy Tepenadi
iHdopmallii, micasi 4yoro BiIOYBA€ThCS MiATBEPIKEHHS
OTPUMAHHS MNAaKeTiB a00 B pa3i HEOTPUMAHHS IMAKETiB
3alUT Ha MOBTOPHY Mepeaavy MixX BY3JIOM a Ta BY3JIOM
b . Y 3amporioHoBaHOMY TOC00i Ha eTari (hopMyBaHHS
MHOXMHUM MaplIpyTiB nepenadi ingopmauii B iHdpopma-
1iitHil MepeXi By3aMu a Ta b IUISIXOM mepeaadi Cyx-
OOBHUX MOBiTOMJEHb B iHDOpMAaIlifiHill Mepexi 3 MOXKIU-
BICTIO 0 caMOOPTaHi3allii BiIOYBAEThCSA MPOTHO3YBAHHS
cTaHy MaplUpyTiB mepenadi iHdopMmauii 3a Kputepiem
MaKCHUMYyMY MPOMYCKHOT CIIPOMOKHOCTI HIUISIXOM TOpPiB-
HSIHHSI OTPMMAHUX 3HaY€Hb MPOIMYCKHOI CIIPOMOXHOCTI
3 TPAHUYHUMU MTOKA3HUKAMU MEPEXKi.

[MosicHuMO OinbIl  AOKJAAHO CYTHICTb 3asiBJIEHO-
TO CToco0y, a came TMpoIleC MPOTHO3YBaHHS. Y 3B’A3KY
3 HEMOXJIMBICTIO 300py B peXMMi peaibHOTO 4yacy iH-
¢opmartiii mpo craH MoOinbHOI iH(OpMaIIiiiHOT Mepe-
xKi (MIM), GyneMo po3risizaTv Mpolec MaplupyTu3allii
ITOTOKIB MaHUX Ha iH(opMalilfHOMy HaNpsIMKy a-—b ,
KM CKIaNa€eThes 3 KiHLIEBUX BY3JIiB a Ta b (Bimmosia-
HO BIiANIPaBHUK Ta aApecar), a TAKOX MHOXWHU BY3JIiB,
sIKi (pOpMYIOTh KaHaIU TMepenadi Mixk a T1a b .

IMpunyctumo, mo Mix By31aMu a Ta b iCHye mMapli-
pyT m, B SKOMY 3arajbHa KiJIbKiCTb BY3/iB piBHa k .
By3nu MoXyTh 3MiHIOBaTM TMOTYXHICTh MepenaBayda
P;(t) < Py - T1apameTpu By3niB: e;(f) — wLe WX, MO
KoMy iHbOpMallis NepeaeThCs Bill MOYAaTKOBOrO By3ja
[ 10 KiHLEBOro By3ia j, i=l,_N, N — 1e KiJlbKicTb



CI1OCIE dOPMYBAHHS MAPLLPYTIB MEPEAAY! IAHVX B MOBI/IbHUX IHOOPMALIIMHUX MEPEXAX

BCiX BY3J1iB, 4epe3 siKi NPOXOAUTh MAPLUPYT (BKJII0YAI0YU
BY3JIM-BIIIPABHUKU Ta BY3/M-o1epxyBadi); 7;(f) — uac
KUTTS 1 -ro By3na. Tun indopmauii — £=1-3 (MoBa,
Bimeo, mepenavya AaHMX); KibKICTh aapecaTiB MpU KOX-
Hill  cecil |b|=1 (OmHOKOPHUCTYBAJILHUIIBKA Tepeaayda).
Yac icHyBaHHs aitoyoro mapupyry 7, (f) BU3HAYAE€Thb-
Csl MIHIMQIBHUM 4YacoM <«KUTTS» i -10 By3na T(f) Ha
mapupyti m: T, (t)=min(7;(¢), T,(?), ..., T.(¢)), i=1, k.
IMapameTtpu crany mepexi: x; — tun tpadika, x, —
00’eM iHdopmallii, x; — KiTbKiCTh agpecaris, x, — po3-
Mip Yepru, X5 — 4ac iCHyBaHHs MapIUpyTy, X, — LUBUI-
KiCTb 3MiHM pO3Mipy uepru, X, — KoedilieHT BTpaTu
MaKeTiB, Xg — 3aTpUMKa Iepefadi MakeTiB B Mepexi,
Xy — TPOIYCKHA 3[aTHICTh KaHaiB.

HeoO6xinHo: cnporHo3yBatv Yac TMepeBaHTAXKEHHS
MapIIpyTiB nepenavi gaHux 8 MIM.

CyTb 3alpONOHOBAHO1 y CTOCO0i G OpMyBaHHSI MapIii-
PyTiB IPOUEAYPU MPOTHO3YBAHHS MOJSITAE Y MPUNUHSTTI
pillleHHsI 1100 TOLIYKY HOBMX MaplLIpyTiB Ha OCHOBIi
TMPOTHO30BAHOTO Yacy MepPeBaHTAXKEHHSI MapUIPYTiB Te-
penayi, 3 METOIO 3a10BOJIEHHSI BUMOT KOPUCTYBaJIbHUIIb-
KO1 onTUMi3alii.

Crtig, BpaxyBaTu Te€, 11O MPOTHO3YBAHHS € OKPEMUM
BUITAJKOM 3aBIAHHSA perpecii, TOOTO 3aJ1eXHICTh 3a-
JIeXKHOi 3MiHHOI Bill He3aJlexXXHUX 3a 3aJaHuX YMOB, TO
BapiaHTOM BUPIIIEHHS LBOTO MUTAHHS MOXE OyTH 3a-
cTocyBaHHsl HelipoHHux Mepex (HM), a came: GaraTto-
LIAPOBOrO MEPCENTPOHY, paliaibHO-0a3UCHOI Mepexi,
y3arajibHeHO-perpeciiiHol Mepexki, mepexi Boabreppi Ta
Mepexi Enpmana.

IMpoBenenuit aHaniz 3actocyBaHHss HM npu Bupi-
IIEHHI 3aBJaHb MPOTHO3YBAaHHS TMOMili BKa3ye Ha [O-
LIJIBHICTh 3aCTOCOBYBAaHHSI OOYMCJIEHHSI YacCOBUX psi-
NliB B OCHOBI sIKMX Oyle MOKJIaJeHa HEWpOHHA Mepexa
Enmana, sika mpeacTaBiii€ co0OI0 OMWMH 3 BUIIB pPeKy-
peHTHOI Mepexi. Mepexa EnmaHa ckiamaetbcs 3 6ara-
TOLIAPOBOTO MEePCEeNTPOHY 3 3BOPOTHIM 3B’s13K0oM. JlaHa
(yHKIIisT T03BOJIIE BpaxOBYBAaTW TOTMEpenHi il Ta Ha-
KOMuuyBaTU iHGoOpMalilo I MiATPUMKU MPUHHSITTS
YIPaBIiHChKUX PilIEHb HA OCHOBI MPOTHO3YBAHHS 4aco-
Boro psiay. I[IporHo3yBaHHSI YaCOBOTO PsILY 3BOAMTHCS 10
3amavi iHTepnosisiiii (BU3HAYEHHS] TTPOMIKHUX 3HAYEHb
BeIMYMHU) (PYHKIIiT OaraTboX 3MiHHUX Ta BUPilIEHHS 3a-
Iadi ampoKcuMarii (IIpuBeIeHHS IO CIIPOIIEHOIO BUTIS-
ny) GaraToBUMipHOi (byHKIIii, 110 HEBil’€MHO BILJIMBA€E
Ha SIKiCTh TIPOTHO3YBAaHHSI.

V cBoro yepry mepexa EnmaHa ckiaga€eThesl 3 TPhOX
1IapiB: BXiTHOTO, MPUXOBAHOTO Ta BUxinHOro. [Tpu 1po-
My MPUXOBaHUI 1Iap Ma€ 3BOPOTHUI 3B’SI30K caM Ha
cebe, B HACIiAOK YOTO BiIOYBA€ThCS HABYAHHS HEWUPOH-
HO1 MepexXi, aHalli3 MOMAil 110 CTaJuCs Ta SIK HAaCigoK
MPOTHO3YBaHHSI MalOYyTHiX.

Ha BinmiHy Bif 3BMYaiiHOI Mepexi MpsIMOro MOLIK-
PEHHS, BXiIHUI 00pa3 peKypeHTHOI MepexXi 1ie HE OJUH
BEKTOp, a MOCHAifoBHicTh BeKTOpiB {x(1), x(2), ..., x(n)}

BXiIHOTO 00pasy, 1110 NOJAI0ThCs Ha BXiJl B 3alaHOMY I10-
DSIIKY, TIPYM LIbOMY HOBUI CTaH MPUXOBAHOIO IIApy 3a-
JIEXUTH Bl MOro momnepenHix ctaHiB. Mepexy Eimana
MOKJIMBO OMUCATH HACTYIMTHUMU CITiBBiTHOLIEHHSIMU:
ult)=fw-x(t)+z-ut-1+b,), (1)
y()=gv-u(t)+b,), (2)
ne: x(f) — BXimHUI BeKTOp HOMep f; u(f) — CTaH NpHU-
xoBaHoro mapy ast Bxony x(f), (u(0)=0); y(t) — Buxin
Mepexi uist Bxony x(f) ; z — Barosa MaTpulisi pO3MOIiib-
HOTO 111apy; v — Barosa (KBajpaTHa) MaTPUIIs 3BOPOTHOTO
3B’13KYy IIPUXOBAHOIO LIapy; b, — BEKTOP 3pyLUEHb MTPU-
XOBAHOIO LIapy; b, — BEKTOP 3pyLIEHb BUXiZAHOIO LIapy;
f — (yHKuig akTUBaLil 1pUXOBAHOTO WIApy; g — (YHKILSA
aKTUBAllii BUXiAHOTO LIApYy.

g HaBuyaHHs Mepexi EaMaHa 3acTOCOBYIOThCS Tpa-
JNiEHTHI METOAM B HACJiAOK YOro HeiipoHHa Mepexka 00-
YUCIIOETHCA 332 JOMOMOIOI0 METOMY 3BOPOTHOTO MOUIU-
DPEHHS 3 PO3rOPTAaHHSIM MEpeXi B yaci.

Bukopucranus Mepexi mnepeadadae, 110 MPOLEC
MPOTHO3YBaHHsI iMITYETbCSI BMXiIHWM CUTHAJOM Jesi-
KO0 HEeJIIHIMHOI AMHAMIYHOI CUCTeMM, SIKa 3aJIEXKUTh Bil
MHOXMHU (PaKTOpiB, Y TOMY UMCJIi BKIIOYAIOUM i MUHY-
JIi cTaHu cucteMu. B Mepexi BBeleHO 111ap 3BOPOTHOTO
3B’s13ky. Lleil wap oTpumye curHaau 3 BUXOJy MPUXOBa-
HOTro miapy i yepes eJleMEeHTHU 3aTPUMKU Z TIOmAa€ iX Ha
BXigHMI 1ap, 30epirarouyM TakMuM YMHOM OOpOOJIIOBaHY
iHbopmaltito 3 MomepeaHiX TaKTiB MEePeXi.

Posrnsimatou  MpOrHO3yBaHHSI  MepeBaHTAXKEHHS
MapuIpyTiB B MEPEXi 3a3BUYaii 3aCTOCOBYIOTh CTaHAPTHI
HEMPOHU 3 aKTUBALIMHUMU (PYHKUIIMM, €JIEMEHTU 3a-
TPUMKHU z Ta O70KM asudikalrii, mpu3HaJIeHi 15T TTepe-
TBOPEHHS BXiIIHUX MOPSIAKOBUX 1 HOMiHAJIbHUX 3MIHHUX,
1110 XapaKTepU3yIOTh BIUIMB MepeXi, B KiJIbKICHY (hopMmy.

Mepexa Enmana njis mporHO3yBaHHS yacy MepeBaH-
TaxXX€HHSI MapILIPYTiB 3 NEKiTbKOMa BXOAaMU, 1€ YUCIIO
HEHPOHIB y 1Iapi BBEAEHHS M 1 MPUXOBAHUM wap n i
onuH BuxigHuit 61ok. Hexait x, (i=1, 2, ..., m) nosHa-
YalOTh HA0Ip BXiIHUX BEKTOPIiB HEMPOHIB B MOMEHT 4acy

» Y41 TIO3HAYAE BUXiL MEPEeXi B MOMEHT yacy 7+1, u,

(j=1, 2, ..., n) MO3HAYAIOTh BUCHOBOK HEIPOHIB TpU-
XOBAHOroO Iapy B vaci ¢ 1a z; (j=1, 2, ..., n) nosua-
4aloTh HEHPOHN PEKYPEHTHOTO IIApY, 1e W; — Bar, sKi

3’€IHYIOTh BY30J1 V'y BXimHOMY 1uapi HEHpOHiB A0 By3/1a
J Y IPUXOBAaHOMY I1api; ¢;, v, — Bard, siki 3’€IHYIOTh
BY30J1 j B HelpOHax MPUXOBAHOTO IIapy 3 BY3JIOM B pe-

KYPEHTHOMY LIapi.
Bxonu HellpoHiB MPUXOBAHOTO 1IAPY:

NET, (k)= Zw,j X, (k— 1)+chz,,(k) (3)

e zi,(k)=uj,(k—1), l=1, 2, .. N, j—l, 2, .
Buxoan HEMpPOHIB MPUXOBAHOTO LIAPY:

(k)= fy Z W ,,(k)+z z (k) |, 4

Jle CUTMOInaabHa (I)yHKLuH B HpI/IXOBaHOMy mapi odopaHa
aK (pyHKUiA akTuBalii: [ (x) =1 /(1 +e” )
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Anroput™m mepexi EnmaHna 3i cToxacTuuHOO edek-
TUBHICTIO 4Yacy. AJITOPUTM 3BOPOTHOTO MOILUUPEHHS €
KOHTPOJIbOBAHUM JTOPUTM HABUYAHHSI, SIKUI MiHIMi3ye
MIO0ATbHY MOMWIKY £ 3 BUKOPUCTAaHHSIM METOAY rpaji-
€HTHOTO cIycKy. /11 Monesli CTOXacTUYHOI e(eKTUBHIC-
TIO yacy Mepexi Enmana, Mu npumyckaeMo, 1o oTpuma-
Ha MOMHJIKA BUXOAY &, =d, —Y, Ta MOMHIKA BUOipKH
1 BU3HAYAETHCS SIK:

E(1,)=0.5(1,)(d, -, ) . (5)

ne t, —uJac Biaryky n (n=1, 2, ..., N);d,n — (hakTyHe
3HAYeHHsI; Y, — BUXil B MOMEHT Yacy 7, ; (p(tn) — edex-
THUBHA (PYHKIIiS CTOXacTHYHOTO Yacy. EpekTuBHA (yHKITIS
yacy JaHUX PO3MISIAAETHCS SIK (DYHKILisS 3MiHHOT yacy:

<p(t,,)=%exp{ P uodrs [FowBo). ©

ne ¢(t,) — dyHKuis 3MiHHOI Yacy JaHUX Y MOMEHT 4acy
BIITYKY; B — KoeilliEHT HOPMYBAaHHSI 3arajlbHOTO PiBHSI
BeMunHU GYHKLIT yacy; u(f) — byHKIist iHTEHCUBHOCTI
TIPOLIECY Y MOMEHT CTOXaCTUYHOTO Yacy ¢ ; o(f) — pyHKIIis
BOJIATMJILHOCTi HEBU3HAYEHOCTI Mpolecy yyaci 7 ; B(t) —
LIYMOBUI MPOLIEC, IKUW BHOCUTb CTOXaCTUYHUI XapaKTep
y MOBEJIIHKY CUCTEMU.
[Momunka naHuX Mepexi BU3HAYAETHCS SIK:

E=tSE() =L S0 )-(d ’ 7
—ﬁ; (n)_ﬁ;(p(n)'( fn—y,n). (7)

OCHOBHUM 3aBIaHHSIM AJITOPUTMY HaBUYAHHS € MiHi-

Mi3allisl 3HaueHHs (pYHKIIii cTaHy Mepexi £ 10 TuX mip,
MOKW BOHO HE JOCSTHE 33JaHOTO MiHiMaJlbHE 3HAYEHHS
£ ULUISIXOM MOBTOPHOrO HaByaHHS. [lpu KoXHOMY Mo-
BTOPEHHi, BUCHOBOK PO3PaXOBYEThCS i BUXOMUTH IJIO-
OanbHa momwika. IpamieHT (yHKIil cTaHy Mepexi Bu-
3HauaeTbcsl AE =0F /oW . Jlnsg By3JliB Baru y BXiTHOMY
wapi rpajieHT 3’€IHyBaJIbHUI Baru w; 3anaerscest hop-
MYyJI010:
a’;:f)z_") =ne, 000,13 (NET, )3, (8)
Ae w; — cuia (3HaYMMICTb) 3B’I3KY MiX JIBOMa HeiipoHa-
MU; 1) — WIBUIKICTh HABYAHHS; [}, (NETI.,”) — noxigHa
GYHKIIIT aKTHUBAIIi.

Jns By3JiB Baru B PEeKypeHTHOMY 1lapi 3amaeThbCst
dopmynow:

Aw[j =-n

OE(t,) :
Ac=— = =natnvj(p(tn)fH (NETjt”)zi,n. 9)
Hns By37iB Barf/I B NPUXOBAHOMY Ilapi 3ada€ThCsl

GopMyIIoI0:

OE(1,) :

Av, =-n . =ngtnvj(p(tn)fh, (NETj,n ) . (10)

J
[TpaBuia OHOBJIEHHS M1 Bar w; , A, Ta v, 3a/aloTh-

ol SIK:
wit =W+ AW (11
K+l _ k k

¢;" =cj +Ac;, (12)

92

k+l _ _k k
v, =V +Avj.

(13)

HeiiponHa wmepexa EnmaHa mnoBuMHHA 3MiHIOBaTH
Baru, 100 MiHiMi3yBaTW MOMUJIKY MiX MepeadayeHHsIM
Mepexi Ta MeTHu mependavyeHHsI.

BucHoBkn

TexHiuHMI pe3yJibTaT Bijl 3aCTOCYBAHHSI 3a3HAYEHOTO
CTIOCO0Y MOJIATa€ y 3MEHILEHHI 00UMCTIOBAIbHUX 3aTpPar,
MiABULIEHHI IIBUAKOCTI Mepenayi iHgopmalii, 3ade3mne-
YEHHS MOXJIMBOCTI 3/1iIHCHIOBATU MPOTHO3YBAHHS CTAHy
MapuIpyTiB repenadi iHdopmailii B yMoBax BUCOKOi MO-
OibHOCTI MOOITBHUX iH(POPMALIMHUX MEpeX CreLialb-
HOT'O MPU3HAYEHHSI.
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