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AHHOTaumus. Pa3paboraHa WMHUTAIIMOHHAS MOJCIHh (YHKIIMOHUPOBAHUS CHCTEMBI
CBEPXIITUPOKOIIOJIOCHON PAaJMOCBSI3U B YCJIOBHSX BO3JCHCTBHS TOMEX, OCHOBaHHAas
Ha TIPEJICTABJICHUU CUCTEMBI CBSI3M U HCTOYHUKOB PAMOIIOMEX B BUJIC COBOKYITHOCTH
KyCOUHO-JIMHEWHBIX arperatroB. [IpuBeneHa oOmias xapakTepHUCTHKa Ha3HAYCHUS,
B3aMIMOCBSI3M MOJICJICH, a TakKe OOIIMK alroOpuTM MOJCIUPOBAHUS W pacyeTa
nokazateneit  3pdextuBHOCTH. PaspaboraHHas MoOJeNb  TMO3BOJIIET  yYECTh
0COOCHHOCTH (DYHKIIMOHHUPOBAHUSI CUCTEMBI CBEPXIIMPOKOIIOIOCHOW PAIMOCBS3H B
YCTIOBHSIX BO3JICHCTBUSI TIOMEX, B MHTEpPECaxX CPaBHUTEIHHOTO aHaJHM3a Pa3IMYHBIX
BApPUAHTOB TIIOCTPOCHHS CHUCTEMBI CBSI3HM, XapaKTEPHCTHK WX OBICTPOJCHCTBUS,
OILICHKH CTETICHH HCIIOIh30BaHM BO3MOXHOCTEH 10 Tiepeade JaHHbBIX (POITY CKHOM
CIIOCOOHOCTH) C y4YeTOM MAapIIpyTHU3AlMH W aJalTalid K CHTHAIBHO-TIOMEXOBOW
00CTaHOBKE.

KiaioueBble c¢ji0Ba: HMMHUTAIOHHOE MOJICIIMPOBAHUE, CBEPXIIMPOKOIMOIOCHAS
paauoCBs3b, BO3ICHCTBHE ToMeX, Anylogic.

Abstract. An article describes results of development of simulation model of the
operation of an ultra-wideband radio communication system under the conditions of
influence of interference, based on the representation of the communication system
and sources of radio interference in the form of a set of piecewise linear units. A
general description of the purpose, the relationship of the models, as well as general
algorithm for modeling and calculating performance indicators was given. The

developed model allows take into account the peculiarities of the functioning of the
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ultra-wideband radio communication system in conditions of interference, in the
interests of a comparative analysis of various options for building a communication
system, their characteristics performance, assessing the degree of use of data
transmission capabilities (bandwidth) taking into account routing and adaptation to
the signal-interference environment.

Key words: simulation modeling, ultra-wideband, jamming, Anylogic package.

Beenenue

PazButrie uHPOPMAIMOHHBIX TEXHOJIOTHUA B HACTOSIIEE BpPEeMsS TMPUBEIO K
MOSIBJICHUIO MHO>KECTBA CTAHJIAPTOB U TEXHOJIOTUH OECIPOBOJAHOM CBSI3M, TAKUX KaK
GSM, LTE, IEEE 802.11, UWB, ZigBee u ap. moBCeMECTHO HCIOJb3YEMbIX B
Pa3IMYHBIX KOMMYHUKAIIMOHHBIX YCTPONUCTBAX JJIs MPEIOCTABICHHS YCIYT TIepeaadn
naHHbiX. OJHOM M3 OCHOBHBIX TEHACHIMM Pa3BUTHS TEJICKOMMYHUKAIIMOHHBIX
CUCTEM SIBJIICTCS] MHTETPAIlUs PA3TUYHBIX TEXHOJIOTUH B paMKax OJHOTO YCTPOMCTBa
U B3aUMOJICHCTBUE MEXIy HUMHU B peajJbHOM Maciutade BpemeHu. B xone co3ganus
NEPCIIEKTUBHBIX CHUCTEM M CPEJICTB PaIUOCBS3H, HCIOJIB3YEMBIX IUIsl OpraHU3aluu
CBSI3M B DKCTPEMAJIbHBIX U CIOKHBIX MPUPOTHO-TEOrpapruuecKux yCIoBUsAX, ITUPOKO
BHEJIPSIFOTCS. BO3MOXKHOCTH, pE€aIM3yeMble KOMMEPUYECKUMHU CHCTEMaMH CBS3H —
nepenaya pasiW4yHBIX BHUAOB HHGoOpMaluu (JaHHble, Tpaduka, MyIbTHUMEINa),
HaJIM4He JOCTyNa K o0nM 0a3aM JIaHHBIX, B3aUMHBIH 0OMEH HH(pOopMaIuen MexmIy
a0OHEHTAMHU Ppa3IMYHBIX YPOBHEH JTaHHBIMH O COCTOSIHUM oOctaHoBku [1,2]. B
HACTOAIIEE BpeMs OTYETIMBO TPOCIECKHBACTCS  Pa3BUTHE TaKUX CHCTEM
B HaIlpaBJICHUU BHEAPEHUS HOBBIX CIIOCOOOB M TEXHUYECKUX PEIICHUN M3TyUYCHUS U
npueMa cepxuupokononocHsix (CIUIT) curnaiio, CymecTBEHHO MPEBOCXOISAIINX
BO3MOKHOCTH Y3KOIOJIOCHBIX (OOBIYHBIX) CUCTEM.

K otnuuuTenbHbIM OCOOCHHOCTSIM CUCTEM CBEPXIIMPOKOMOJIOCHOW PaguOCBA3U
[0 CpPAaBHEHHUIO C TPAAUIMOHHBIMH, OOECHEUMBAIOIIMMU HUX YCTOWUHUBOE U
b dexTuBHOE (HYHKIIMOHUPOBAHUE B YCIOBHUSX BO3JCHCTBUSA MpETHAMEPEHHBIX U
HEMpeTHAMEPEHHBIX TOMEX OT PA3JIMYHBIX UCTOUHUKOB, CJIEIYET OTHECTH:

U3JIy4YEeHUE U MIPUEM CHUTHAJIOB B cBepXiupoko mojoce (ot 0,5 mo 70 I'T) c
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BBICOKOM CKOpOCThIO niepeaaun uHdopmanuu (1o 1 Tout/cex), 4yto TpeOyeT HaIuuus
OBICTPOAEHCTBYIOILIEH annapaTypbl s GOPMHUPOBAHUS U 00OpaOOTKU MPUHUMAEMBIX
Y U3Ty4aeMbIX CUTHAJIOB;

sHepreruyeckas ckpeITHOCTh CILII curnanos (ropasmao Huxe ypoBHs (DOHOBBIX
IIyMOB), OOyCJaBiIUBaOIIas HEOOXOJUMOCTh Pa3padOTKW HOBBIX aJITOPUTMOB
NEPBUYHON U BTOPUUYHON 0OpabOTKH CUTHAJIOB, 0A3UPYIOIIUXCS HE UCKIIOYUTEIHHO
Ha DHEPreTU4YecKod o0O0pabOTKE CUTHAJIOB, a4 HAa KOMOHWHAIIMM DHEPreTUYECKUX,
CTaTUCTHUYECKUX U HEHPOCETEBBIX AITOPUTMOB;

KOMIIEHCAllMsl TIOMEX 3a CYeT MCMOJIb30BAHMUS AKTUBHBIX (Pa3upOBaHHBIX
anTeHHbIX peméTok (ADAP) ¢ y3kuMHu nuarpaMmMaMy HalpaBieHHOCTH (IIMpUHA
Jydya TIOpAJIKA HECKOJIBKUX TpaayCoB) C DJIEKTPOHHBIM YIPAaBICHUEM JIYYOM,
NPUBOJAIIAS K OTCYTCTBHIO HEOOXOJMMOCTH TOYHOT'O TMO3UIIMOHUPOBAHUS AHTEHH
JUTSI CBSI3U C MOOMJIBHBIMU a0OHEHTaMU;

BO3MOXXHOCTb ~ ONEpPAaTUBHOM CMEHBI JWara3oHa pabouyuMx YacToT TMpHU
BO3JICHCTBUU TOMEX, 4YTO MO3BOJSET MOBBICUTH 3(P(HEKTUBHOCTH HCIOJIb30BAHUS
CHEKTPAJILHOTO pecypca, IMyTeM CBOEBPEMEHHOIO BbIOOpa HauOoliee MOIAXOISIIETO
YaCTOTHOTO TOJITUAIa30Ha;

OTCYTCTBUE 3apaHee OIPEACIICHHbIX Y3JI0B, OCYIIECTBISAIOMINX YIpaBIeHUE
CEeThI0O M KOMMYTalMIO Tpaduka, HCKIIOYAIONIEE BO3MOXXHOCTh OJIOKMPOBAHUS
paboThl CUCTEMBI CBSI3M B II€JIOM 3a CHUET IIeJICHANPABICHHOTO BO3JEUCTBUS TOJIBKO
Ha HUX.

B cumy TOro, 4Yro COBpeMEHHBIE M  TMEPCIEKTHUBHBIE  CUCTEMBI
CBEPXIIMPOKOIIOJIOCHOW PpalOCBA3M TMPEJACTABISAIOT COOOW OpraHU3allMOHHO U
TEXHUYECKH CIIOKHBIE TPOCTPAHCTBEHHO-PACIPEIEIEHHBIE CHCTEMBI, BKIIOYAIOLINE B
CBOM cocTaB OOJbIIOE KOJHWYECTBO B3aHUMOJCHCTBYIOIUX YHUPHUIMPOBAHHBIX
CPEICTB CBSI3U, OOBEIMHEHHBIX €JIMHBIMU IpaBUIAMH B3aUMOJICHCTBHS, pELICHUE
3a]1a4 MCCIEA0BAaHUS PA3IMYHbIX ACTIEKTOB CO3/1aHusl, QYHKIMOHUPOBAHUS U OLEHKU
3¢ (HEeKTUBHOCTH, Ha YpPOBHE CHCTEMBI CBSI3M B LIEJIOM aHAJIUTHUYECKUMHU METOJAMU
BECbMA 3aTPYAHUTENIBHO, IMOCKOJIBKY MO3BOJIIET IOJYYUTh JMIIb Camble OOIIHE

Ka4YCCTBCHHBIC BBIBOJbI O XapPAKTCPEC IIPOTCKAIOMINX B CUCTCMC IIPOLICCCax. HpI/I 9TOM
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JUIsL UccienoBaHusl (YHKIIMOHUPOBAHUSI CHUCTEMBI CBSI3U B II€JIOM HEOOXOIMMO
YUYUTBIBATh MPOIECCH CUCTEMHOI'O YPOBHSI — OIIEHKH COCTOSIHUS AJIEKTPOMArHUTHOMN
OOCTaHOBKM W ajamnTallid K €€ HM3MEHECHHUIO, MapHIpyTHU3allid TMaKeTOB MAHHBIX,
00yCJIOBJIEHHBIE HEOOXOJUMOCThIO OOECICUCHHSI HENPEPHIBHOCTH YIPaBICHUS,
HaJIe)KHOCTHU CBSI3UM MIPU BHICOKOM MOOMIIBHOCTH a0OHEHTOB, 3aIIUIIIEHHOCTH KaHAJIOB
OT HECAaHKIMOHUPOBAHHOI'O JIOCTYIa U BO3JCUCTBUS SJEKTPOMATHUTHBIX MOMEX, C
KECTKUMHU  TpeOOBaHUSMU K HAJEKHOCTHBIM H  BEPOSTHOCTHO-BPEMEHHBIM
XapakTepucTUkaM JoctaBku uHpopmamuu. B 3sTtom  cimydae  pazpaboTka
AQHAJIUTUYECKUX MOJIEJEH CHUCTEM CBEPXIIUPOKOMOJIOCHOW PAJMOCBS3UM BO3MOXKHA
TOJIKO TYTEeM BBEJCHUs YIPOIICHUH, UTO MPHUBOJAUT K CHUKEHUIO TOYHOCTH H
JIOCTOBEPHOCTH MOJY4a€MbIX PE3YIbTATOB.

[ToaToMy TPUMEHHUTENBHO K CHCTEMaM CBEPXIITUPOKOTIONOCHON paauOCBsI3H,
UMEIOIINM aJIalITUBHYIO CTPYKTYPY M XapaKTEPUCTUKH, BapbUpPyEMbIE B IPOIECCE
(GYHKIIMOHUPOBAHUS B IIMPOKHUX Mpejesiax, 1eaecoo0pa3Ho MCIOJIb30BaTh METOJIbI
JTUCKPETHO-COOBITHITHOTO MMHUTAIIMOHHOTO MOJIETUPOBAHUS CETEH M CHUCTEM CBS3H
JUISL TIPOBEJCHUS HWCCIEIOBAHUM 110 aHalM3y OCOOCHHOCTEH UX TOCTPOCHHUS U
aNTOPUTMOB (DYHKIIMOHUPOBAHUSI B YCIOBUSIX BO3JACHCTBHS TOMEX OT Pa3IUUYHBIX
HCTOYHHUKOB.

C yd4eToM CKa3aHHOTO, IIEJIbI0 PabOTHI SABISETCS pa3paboTka MMHUTAITMOHHOMN
MoAenr (YHKIIMOHUPOBAHUS CHCTEMBl CBEPXIIUPOKOIIOIOCHOW PAJMOCBSI3H B
YCJIOBHSX BO3JICHCTBUS ITOMEX.

B kauecTBe OCHOBBI IJIi CO3JaHUS MOJIEIH CHCTEMBI CBEPXIITHPOKOIOJIOCHON
PaguoOCBsA3M MOXKET OBITh HCIOJb30BaHA pa3paboTaHHAs paHEe HMMHUTAIMOHHAS
MOJIeb (PYHKIIMOHUPOBAHKS KOTHUTUBHOW CHCTEMBI CBS3U B YCIOBUSX BO3JICHCTBUS
momex [3, 4], B KOTOpOH BBIITOJTHEHBI CIICTYIOITUE JOPaOOTKH:

pacyeT 4YacTOTHO-DHEPTeTUYECKUX XapaKTEPUCTUK IS OIEHKH JaJbHOCTH
CBSI3M MEXAy aOOHEHTaMH, a TakKe YpPOBHEH TMOMeX, BO3JICHUCTBYIONIMX Ha
MPUEMHBIE  YCTPOMCTBA, OCYIIECTBISETCS C TNPUMEHEHHUEM aHAIMTHYECKUX
COOTHOIIIEHUM TEOPUH PACTPOCTPAHEHUS PAJMOBOJH JJIi CBEPXKOPOTKOUMITYILCHBIX

u3iydeHui (B quamna3zone padbouux vactor 1...325 I'T'n) [5];
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ajanTanus K BO3JECHCTBUIO MIOMEX PEaTU3yeTCs MyTeM BBIMOTHEHUS OTEpaIni,
BKJTFOYAIOIINX KOPPEKTUPOBKY TJIABHOTO JICMIECTKA JHarpaMMbl HaIpPaBICHHOCTH
A®DAP npu BO3IEHCTBUM TMOMEX, CMEHY YaCTOTHOIO KaHaja W BUJA MOAYJIAIUU
CUTHAJIOB, B TOM UHCJE MCIOJb30BAaHUE HHU3KOYPOBHEBBIX MOAYJSAIUNA C
COITYTCTBYIOIIIUM CHHKEHUEM CKOPOCTH MEepPeaadn JaHHBIX;

B KA4eCTBE KPUTEPHsSI KPUTHUCCKOTO JECTAOMIM3HPYIOMIEIO0 BO3JACHCTBUS Ha
CUCTEMBI CBSI3U CO CBEPXIIUPOKOTIONOCHBIMH CHTHAJIAMU OTIPE/ICICHBI ITOJyUYCHHBIE B
[6] oTHOIICHNS TTOMEeXa/CUTrHa.

1. O0miee onucaHue UMUTALMOHHON MO/IEJIH

Jlist pa3pabOTKM WMHTAIMOHHON Mojenu (puc. 1) mpoBeaeHa aeTamu3aius
nporecca Tepeladyd JaHHBIX B CHUCTEME CBEPXIITMPOKOIIOJIOCHON paguoCBsI3H B
YCIIOBUSAX BO3JACHCTBUS TOMEX IO Pa3IMYHBIM YPOBHSM MOJICIH B3aUMOJCHCTBUS
OTKPBITBIX CHCTEM, COOTBETCTBYIOIIMX pa3JIMYHBIM 3TalaM IIpolecca Iepeaadn
JAHHBIX B CHCTEME  CBEPXIIMPOKOIOJOCHOW  CBS3W.  YacTHbIe  MOCIH
dbopManu3yroTcs B BUAE COBOKYIMHOCTH 8 B3aMMOCBA3aHHBIX MO BXOJaM U BBIXOJaM
KyCOUYHO-JIMHEWHBIX arperatos [7], BOCIPOU3BOASIIUX CJIEIYIOUIUE POIECCHI:

NaKkeTUpPOBaHUS ~ COOOIIEHHA W 0OpaOOTKM  MPHUHATHIX  MAKETOB,
UHTEPIPETUPYEMBIX B BHJI€ MHOro(a3zHON OJHOKAHAIBHOW CHUCTEMBI MacCOBOTO
oOCITy>)kKMBaHHMsI C TPYIIOBBIM OOCTY)KHBaHHMEM 3asiBOK Ha (a3ax pazOueHus
COOOIICHHS] Ha TAaKeThl, HAKOIUICHUS TPUHUMAEMBIX TaKEeTOB, OKOHYATEIHHOTO
dbopmMupoBaHus COOOIICHUIN W3 MPHUHATHIX MAaKETOB, BEIOOpPA OYEPEIHOr0 MHTEpBajIa
Ha MapIIpyTe Nepeiadu NakeToB;

(GYHKITMOHUPOBAHMSI Y3JIOB CBSI3U, BOCIIPOU3BOJMMOTO B BHJI€ MHOTOKaHAIbHON
CUCTEMBI MACCOBOTO OOCITYKMBaHUS C OTPAaHUYCHHEM Ha BpeMs NMPeObIBAaHUS 3asIBOK
B CHCTEME C KOJMYECTBOM KAaHAJOB OOCIY)XHBaHUS, PAaBHBIM KOJHYECTBY
paguoctaHuuii Ha y3ne cBsa3u (YC), Cc yuyeroM BIUSHUS HMHTEHCUBHOCTH
MepeIaBaeMoro pasHOPOJHOTO Tpaduka HA WX 3arpy3Ky M 3aJepKKy IaKeTOB
BCJICAICTBUE OKUIAHUS JOCTYIA K KOJUIEKTUBHOMY paiOKaHaly;

nepeavy MaKkeToB M0 OJHOMHTEPBATBHBIM PAJHOIMHUAM, (DOpMaTH3yeMoil B BUIC

BCPOATHOCTHOI'O aBTOMATa, y‘-II/ITBIBaIOIHeﬁ BEPOATHOCTHO-BPCMCHHBIC XapPaKTCPHUCTUKHU
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3a7iepiKeK U cOOEB IIPHU Mepelaue MAKEeTOB B YCIOBHAX BO3ACHCTBHS IIOMEX;

OLICHKM TEKYIIEH CHUTHaJbHO-TIOMEXOBOM OOCTAHOBKHM, aJanTaldyd CHCTEMbI
CBS3M K €€ M3MEHEHMIO MO JMAMa30HYy YacToT, BUIY M (OpME CHUTHaja, CKOPOCTH
Iepefayl JaHHbIX, a TakKe JIMHAMUYECKOW MApIIPYTH3alMU MaKEeTOB IIyTEM
OpsIMOTO  MMMTAILMOHHOTO  MOJEIMPOBAHUS  aJTOPUTMOB  pabOThl  TUIMOBBIX
PAIUOdIIEKTPOHHBIX CPEICTB B COOTBETCTBUM CO CTAaHIApPTaMH COBPEMEHHBIX H
NEPCHEeKTUBHBIX cHucTeM paauocBsa3u (Hampumep crangaptsl [EEE  802.11ad,

802.11ay, u cemeiictBa ctanaaproB IEEE 802.15.3, 802.15.4).

|— Mopenb dJyHKI.Il‘IDHHpOBaHHH CUCTEMbI CBEDXI.I.II‘IDDKUHDHOCHDFI PaAMOCBA3H B YCNIOBUAX BOEAEﬁCTBHﬂ nomex

Mopenb ¢(hyHKLMOHUPOBAHNA NOACHUCTEMBI Mopenb OLEHKU COCTOSIHMUA M afanTauum
MapLpyTH3aLUK o — \ CUCTEMbI CBA3W

nany4eHua pﬂﬂMOCTﬂHLlHL?I

Mpoueaypa OLUEHKW COCTOSHWSA CUCTEMbI CBA3K U
ajanTauvu no avanasoHam paboumx yactoT u hopMam
CUrHanos

Mpoueaypa BbIGopa MHOXeCTBa
[ONYCTUMBIX MApLUPYTOB Nepeaaqm nakera|

-

Mopenb ¢pyHKUMOHUPOBAHNA MHOrOMHTEPBANbHbIX HANpPaB/IeHUi CBA3M B YC/IOBUAX BO3AEHCTBUS NOMEX

[JaHHble 0 BEPOATHOCTU Nepefaqmn
NAKETOB N0 MHTEPBaNnam CBA3WU

- Y Maket Ha nepeaayy
5 HOMED PaAVIONMHIM MporHoampyemoe Bpeng%
Mogenb nepeaayn nakeTa no 3a]epKkA NakeTos Ha

OAHOWHTEPBANbHON PaUONMHIAK |

r4

Mogenb dyHKUMOHMPOBaHKS Y3N0B
PesynsTaT nepeayn naketa ‘ CBA3N

Y

NaKeToB Ha y3nax CBA3W

% Tabnuubl MapLupyTU3aumMmu

Mogenb yHKUMOHWPOBAHMS
CurHan o Hauane(oKoHYaHWK) ‘

MHOIMOWMHTEPBANBbHONO HanpaBneHns CBSA3KN C 3 A
a.Cl,aI'\TI/IBHOﬁ MapLupy'rM3a|.||4eﬁ _ W3Ny4YeHns paguocTaHumamin YC
_I']aKET Ha nepeaa-yy

ﬁ [aHHble 0 NakeTax, NpUXOAALMX ﬁ

CoobLUeHnA B
NaKeTMPOBaHHOM BUAE

Ha y3en-aapecat coobLieHns

—2
Mogensb npoueaypbl pazbueHnsi CoobLIEHMIA Ha
nakeTbl U (hOPMUPOBAHKS COOBLLEHWIA U3

XapakTepucTUKK Many4aemMblx NOMex

BepoAaTHOCTHO-BpeMeHHbIe #

Y

NPUHATBLIX NAKETOB

Mopenb ¢hyHKUMOHWPOBAHUA UCTOUHUKOB
nomMmex

Mpoueaypa reHepaumni BEPOSITHOCTHO-BPEMEHHBIX
XapaKTEPMCTVIK U3NY4aeMblX MOMEX

COOBLUEHMIA

1
’V Mogenb reHepaumi pazHopoAHOTo Tpadmka

|
|
|
|
|
|
|
|
|
|
| =
|
|
|
|
|
|
|
|
|
|

Anpecarl, LATENLHOCTb,
BPeMS ONepaTWBHON LIEHHOCTH |

Puc. 1. CtpykrypHas cxema Mojien (PyHKITHOHUPOBAHUS CUCTEMBI
CBEPXIIUPOKOTIOJIOCHON PalOCBA3U B YCIOBUAX TOMEX.

YeTpIpexypOBHEBAs CTPYKTypa MOJECIMPOBAHUSA NEPEJAaYd JTAHHBIX B CHUCTEME
PagHOCBA3U UMEET BHUJI, ITPECTABICHHBIM HA puc. 2. Ha BepxHEM ypOBHE HAXOAUTCA

CHUCTEMA CBS3M, KOTOpAsl BKJIIOYAECT IEPEYHU HANPABIECHUN PYKOBOJACTBA, Y3JIOB
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CBSI3M U MacCUB OOBEKTOB, BOCHPOMU3BOIAIIUX (DYHKIIMOHUPOBAHWE HAMNpPABICHUN
pykoBonctBa. Kaxknoe HampaBieHue pyKOBOACTBA, BKJIIO4YaeT mnepeyeHb YC-
a0OHEHTOB, a TaKX€ MAacCUB AaKTUBHBIX OOBEKTOB, BOCIPOU3BOJSIINX
(GYHKIIMOHUPOBaHUE KaXJA0ro a0OHEHTa, BXOJAIIETO B COCTaB HalpaBIEHUS
pykoBojcTBa. st Kaxa0ro abOHEHTa 3aJat0TCsl TEKYILEee HallpaBJIEHUE, y3ell CBS3U
U aKTHUBHBIE OOBEKTHI KJIACCOB, BOCIPOU3BOISIIME TEHEPALMIO COOOIICHUM, HX
MaKeTUpOBaHUE W 00pabOTKy MNPHUHATHIX MakeToB. Pacnpenenenue QyHKUMM U
MPOIIeAYP, BOCIPOU3BOAUMBIX arperataMu — parMeHTaMu UMUTAIIMOHHOW MOJIEIIH
M0 Pa3JIMYHBIM YPOBHSIM MOJIEIU B3aMMOJICHCTBUS OTKPBITHIX CUCTEM MPUBEICHO Ha
puc. 3. @opManuzanus MOBEACHUS KAXKJIOTO U3 arperatoB OCYIIECTBISIETCS MyTeM
3a/1aHUSI MHOKECTB BXOJHBIX M BBIXOJHBIX CHUTHAJIOB, COCTOSIHUN arperatoB u

ONEPaTOPOB U3MEHEHUS UX COCTOSTHUM.

PacketNetwork .
st A List<NS> Mpuknaanoit | CeHepalwa pasHOpO4HOTO
ns_I!st : A"ayL!St<Us> - — — —] Tpadwmka, hopMHpoBaHe H
gsd_. IT:)r ';':a)r" |.s ArrayList<RadioDirection> Cucmema Mpeacraenenwy COOBLUEHWIA, NOArOTOBKA
adioDirections : aylls adioDirectiol cessuy ] WX K nepefiade, |
_______  , 0 07" < | ceancossii Gnaxgmpoaauue “
PacketNetwork::RadioDirection o — _ _| obpadorka npm_imblx | |
= 5 coobLeHnin
cur_ns : NS < | TpaxcnopTHeiiA
. H U . _ . ] —1
us_abonents : Arr_ayL|st<US> HanpaeneHusi o
abonents : ArrayList<NetworkAbonent> 3 3 OnpeaeneHie MapLipyTa
[ pykosoocmea = nepenayv nakeros,
Tt Ve a oBMeH MapLUpyTHOR
RadioDirection::NetworkAbonent E Ceresoit MHopMaLIK 1
= N = nocnegoBartenbHaA
trafficGenHandler : Traff!cGenerator é Nepensya NakeTos no
mes:at%ePz:cherP:‘a;nd!e; 5 l\:ets:ag:aPacker 3 BLIGPAHHOMY MaPLIPYTY
packetRouteHandler : PacketRouter AGOHEHMb! g R _
cur_ns : NS =
cur_us : US Hanpae/ierus = focTyn aGoHeHTOoB K
NN é KaHanbHblii KaHany cesau
P ) L o e o o o e |
1o VN YacmHble &
NetworkAbonent:: TrafficGenerator modernu AganTauna cucTembl
‘Q/ N npouecca CBHA3M K BOS,D,EF‘ICTBHI‘O
NetworkAbonent::MessagePacker | nepedayu UM CKMT MOMEX, «U3nyHeHnes»
daHHBIX nomex, nepeaaqa AaHHbIX
N B panvonuHUaX
[ NetworkAbonent::PacketRouter |
Puc. 2. Uepapxuueckoe npeicTaBieHUE Puc. 3. Pacnipenenenue arperaTtoB mo

CTPYKTYPbI MOAETUPYEMON CUCTEMBI CBSI3M  YPOBHSIM MOJEIN OTKPBITHIX CUCTEM.
U €€ DJIEMEHTOB.

OOt anrOpuTM MOJCIUPOBAHUS B BHJIC OJOK-CXEMBI IPUBEICH Ha puc. 4.

AJTOPUTM TOCTPOEH B COOTBETCTBUU C MPHUHIHUIIOM «OCOOBIX» cocTosiHuil. [lox
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«0COOBIMU» TIOHMMAIOTCSI COCTOSIHUSI arperara B MOMEHThl BPEMEHH IOJIYYECHHS
BXOJHOT'0 CUTHAJIa WJIM BBIJIa4M BBIXOJHOI'O CHTHaja. B3aumonencTBue 2J€MEHTOB B
ONMCHIBAEMON arperaTMBHOM CHCTEME CBOJMTCI K OOMEHY CHrHajaMd B ONOpPHBIE
MOMEHTBl BPEMEHHM M pPEAKIMsIM arperaToB Ha MOCTYNUBLIME CHUTHAJBI (CKAaYKU
cocTosiHui). B mHTEepBasiax BpeMeHU MeXAYy OMOPHBIMM MOMEHTAMU MOJEIUpyemas
CUCTEMa «pa30MBaAETC» HA OTAENIbHbIE 3JIEMEHTHI, (DYHKIIMOHUPYIOIINE HE3aBUCUMO
IpYyr OT JIpyra, HO C YYE€TOM BIIMSHUN CHUTHAJIOB, NMOCTYNUBLIMX B IpPEAbIAYLINE
ONOPHBIE MOMEHTHI BPEMEHH.

BXogHpIMM JAaHHBIMM HMHUTALUMOHHOM MOJENM SBISIOTCA XapaKTEPUCTHUKU
CUCTEMBl CBEPXUIMPOKONOJIOCHON paAuOCBI3H, BKIIOYAIOIINE MPOCTPAHCTBEHHO-
BPEMEHHBIE XapaKTEPUCTUKUA pa3MelleHus aOOHEHTOB; IIepeyeHb, COCTaB U

OCHOBHBIC XApPaKTCPUCTUKHU HaHpaBJ’IeHI/Iﬁ PYKOBOJACTBA, XapPaAKTCPUCTUKH

©
paaAnoCTaHIIUN.
+
( Havarno ) MepecyeT BpeMEeHN MOLENUPOBAHKS K BeiGop nepsoro arperara, ua
MOMEHTY HACTYNNEHNS BAMKAALIETo NOABEPKEHHBIX BO3AEHCTBUIO BEIXOAHOMO
Baon ngqublx “0cob0ro” cocTosHMS. gurHana arperara
/ HaHHbIX / MepecyeT BpeMeH HacTynneHus
0COBbIX COCTOSHWI [Nsl BCEX arperaTos. MepecyeT cocToAHNA BbIOpaHHOTO
T arperara, M3MEeHUBLLErocs Nog,
| FenepaLns POO | TlepecieT COCTORNWA arperara, BO3[ENCTBINEM CUTHANA C
: onpeaeneHne HOMepa akTUBHOTO BLIXOAa arperara, Onpeaenexue BpeMeHi
BLIXOAa, POPMUPOBAHME BLIXOAHOMO HacTynneHus “ocoboro” cocTosHWUS

OBHyneHue BpeMeHu
MOAENUPOBaHNS £,,)=0.
OnpepeneH1e BpeMeHU HacTynneHus

CurHana

aKoHYeH nepebop

aa

“0COBOrS” COCTOAHMSA NS KAKAOrO $opMMpoBaH1e BCNoMOraTemnbHbIX
arperata. NepemMeHHBIX 1 MacCuBOB,
: XapaKTepuayioWmux KONM4YecTao, HoMepa

agpeeamos?

arperaTtoe U HOMepa BXOMOB arperaTos, Mepexop k oyepenHomy arperary,
Ha KOTOpbIEe BO3AEWCTBYET CUrHan ¢ noAesepXeHHOMY BO3LEVCTBUIO
Ecmb npepsisarue ?
BbIXOAa arperata BbIXOJHOrO CUrHana arperarta
HeT l T
¥
Onpenenenve BPEMEHWU HACTYNNEHUS Mepecuet cocTosiHKA arperata nocne PacieT aHAYGHIR BEbOTTHOCTH
- B " BblAauu BbIXOAHOMO cUrHana, P!
BrialiLuero ‘ocogoro” CocToskA 1 onpeaeneHne BpEMeHW [0 HACTYNNeHus CpbiBa Nepefayn cooblueHun B NoToke
HOMepa COOTBETCTBYIOLLErO arperarta HC
o4vepegHoro «ocoboro» CocToAHUA ANA Kax[oro

!

HeT

( KoHey

cmb go3delicmeue Ha agpeaambl?

)

Ad aKOHYUTIOCH 8PEMS
MoOeruposaHus ?

a
HeT A

Puc. 4. O0uuii anropuT™M MOJICITUPOBAHUS.

K BBIXOZHBIM JaHHBIM OTHOCSTCS 3HA4YeHHUs IoOKa3areleld 3((EKTHUBHOCTH
CHCTEMBI CBEPXIIUPOKOIOJOCHON PAJUOCBI3M M JUHAMHUKA WX HW3MEHEHHUS BO

BpEMEHH MojiesinpoBanus. B kauecTBe nmokazaresnen 3pGHeKTUBHOCTH UCTIOIb3YIOTCS
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peanu3yemasi IponycKHas ClIOCOOHOCTb CUCTEMBI CBSI3H,

MaTeMaTUYeCcKOe OXKUIaHUE KoInuecTBa A(P(PEKTUBHO (PYHKUHOHUPYIOIIUX
HAIpaBJIEHUN PYKOBOJICTBA,

BEPOSITHOCTh YCIENTHOM Mepeaul MPOU3BOIBLHOTO MAKeTa.

CoOBOKYNHOCTh YKa3aHHBIX MOKa3aTesei MO3BOJISIET OCYIIECTBUTh BCECTOPOHHEE
paccMOTpeHrne OCOOCHHOCTEH (YHKIIMOHUPOBAHUSI CHUCTEMBI CBS3U B IIEJIOM U €€
CTPYKTYPHBIX DJJIEMEHTOB B YCIOBUSX BO3JEHCTBUS TOMEX, B HHTEpecax
CPaBHUTEIBHOTO aHalii3a pa3JIMYHbIX BapUAHTOB TIOCTPOEHUSI CHUCTEMBI CBSI3U,
XapaKTePUCTUK  MX  OBICTPOJICUCTBUSA,  OIEHKHM  CTENEHU  HCIOJb30BaHUS
BO3MOXXHOCTEW MO mepegade AaHHBIX (IPOMYCKHOW CIOCOOHOCTH) € Y4YEeTOM
MapHIpyTHU3aIuy 1 aJjalTalii K CHTHAJIbHO-TIOMEXOBOM 00CTaHOBKE.

[IpoBenenue oreHkn A(PGHEKTUBHOCTH CHUCTEMBI  CBEPXITHPOKOIIOIOCHOM
PaauOCBsA3U TIPU BO3JACHCTBHM IMOMEX Ha €€ JJIEMEHThl COCTOUT B BBIMOJHEHUH
MOCJIEIOBATEIbBHOCTH OTePalInid:

BBOJIa/KOPPEKTUPOBKHU UCXOAHBIX JAHHBIX;

oTpeJieNIeHHs] HE00X0UMOT0 00beMa IKCIIEPUMEHTOB;

IPOBEACHUS UMUTAIIMOHHBIX SKCIIEPUMEHTOB;

cbopa u aHaim3a pe3yabTaToB.

2. Pacyer 4YacCTOTHO-IHEPreTHYeCKHMX XAPAKTEPUCTHK JIMHUH paJauoOCBA3H
Mexay a0OHeHTaMHM M YPOBHeH IOMeX, BO3ACHCTBYIOIIMX HAa INpPHEMHbIE
ycTpoiicTBa

Pacuer 4acTOTHO-3HEPreTUYECKUX XapaKTEpPUCTHK JJIsI OLEHKU JaIbHOCTH
CBA3M MEXAy aOOHEHTaMH, a TakKKe YpOBHEH IOMEX, BO3JCHUCTBYIOUIMX Ha
MPUEMHBIC YCTPOUCTBA, HEOOXOAMMO OCYIIECTBIATH C MPUMEHEHUEM aHATTUTUYECKUX
COOTHOUIEHUW TEOPUH PACTPOCTPAHECHUS PAIUOBOIH JJIsl CBEPXKOPOTKOUMITYJIBCHBIX
m3nyuenuit [5]. IlpoBedeHHnlii B pabote [5] aHamu3 moKa3al, YTO MpPUYMHA
HEBO3MOXXHOCTH ucnosib3oBanus mig CIIII curHamoB KilacCMYECKUX ypaBHEHUM
JATbHOCTH TMepeJayu-puéMa CUTHAJIOB B CBSI3HBIX M JIOKALIMOHHBIX CHCTEMax,
COCTOMT B TOM, YTO B HHX (DUTYpPHPYIOT OCHOBHBIC XapaKTEPUCTUKUA DIEMEHTOB

CUCTEMBbI, Takue, Hampumep, Kak kKodpduimeHnt HampaBieHHoro aevictBusi (KHI)
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nepenaromiet anteHHbl, 3bdextuBHas mwiomans (O1I) npuémMHON aHTEHHBI U
abdextuBHas mwiomans paccesHus (OIIP) o0bekta, onpenenéHueie (WK
M3MEPEHHBIE) TOJBKO Ha OJHOW 4acTOTEe. DTO JONYCTHMO B Cllydae y3KOMOJIOCHBIX
CUTHAJIOB, ITOCKOJBKY M3-3a MAJIOM IIMPHUHBI CIEKTPA 3TH XapAKTEPUCTUKU OCTAKOTCS
HEU3MEHHBIM M Ha JIF0OOM YacToTe B mpeaesax JaHHoro crekrtpa. Ognako s CHIIT
CUTHAJIOB U3-3a OYEHb OOJIBIION MIMPUHBI CIIEKTPA, COUBMEPUMOM C €ro UEHTPAIbHOU
4aCTOTOW, yKa3aHHOE AonylieHne Hapymaercsa. CyTh MPEIIOKEHHOTO PEIIECHUs s
CHLIIT curnanoB 3akiiouyaeTcs B IMEpPEXoJe K HHTErpajbHON QopMe omucaHus
OCHOBHBIX XapaKTEpUCTHK CHUCTEMBL. B pesynbraTte, Hapsay ¢ NapUUaIbHBIMU,
OOBIYHBIMU ISl JTaHHOM YaCTOThl XapaKTEPUCTUKAMH, WMEIOIUMU (U3HUYECKUT
CMBICJI MOILHOCTHBIX XapaKTEPUCTHUK, BBOJATCS HOBBIC, NHTETPAIBHBIE 1O CIEKTPY
XapaKTEPUCTHUKHU, UMEIOIINE CMBICI SHEPreTUYECKUX XapaKTEPHCTUK, B YACTHOCTH,
sHepretnueckuii KHJI mnepepatomeld anTeHHbl, sHepretudeckas Ol npuémuoi
aHTeHHbI, sHepreTuueckas DIIP oObekra, sHepreTnueckuii 3PHEKTUBHBIIT MOMEHT
CUCTEMBI.

Ornpenenenue BO3MOKHOCTH OPTaHU3ALMU CBSI3M MEXIY paguocTaHuusmu YC
OCYWIECTBIIIETCS I  KaXJIOM Mapbl KOPPECIOHIEHTOB, NyTEM pacuéra
HAIlpSOKEHHOCTH TMOJII CUTHAJIa B TOYKE IMpPUEMA Ha Tpacce «Iepeaaromas
paguocTaHlusa — NPUEMHAS PAaJUOCTAHLMSA» M MPOBEPKU BBIMIOJIHEHUS CIEAYIOLINX
YCJIOBUM:

COBMECTUMOCTH a0OHEHTOB 10 UX OPTaHU3AMOHHON MPUHAIIC)KHOCTH;

oOecrieueHus MPSIMOI BUAMMOCTU MEXKIY KOPPECTIOHICHTAMU;

TNPEBBIILIEHUS HANPSKEHHOCTH CUTHANIA OT TIEPENAIOIIEro Koppecnonaenra £,

B TOYKC Pa3sMCIICHUA IIPUCMHOI'O KOPPCCIIOHICHTA B 00e CTOPOHEI:

E,2E,.., (1)
rac Emin — MHHHMAJIBHOC 3HAYCHHUC HAIIPAKCHHOCTH HaA BXOJAC IIPHCMHHKA

pPaauOCTaHIIMU, IPU KOTOPOM OOECIEUNBAETCS YCTONYUBAsI CBA3b, TUIIOBOE 3HAUCHHE
KOTOporo coctasiiaeT oT -30 1o -70 nbM.

B 3aBucumocTu ot OpFaHHSaHHOHHOﬁ IMPUHAIJICKHOCTH, CTCIICHU MOOUIIBHOCTHU

10
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1 TpeOOBaHUM K JAJIbHOCTH CBSI3H, B CUCTEME CBA3U MOT'YT MPUMEHSTHCS CIEIYIOLIUE
PaANOCTaHLIUNU:

muanazona 1...10 I'T'ny ¢ mpomyckHol cmocoOHOCTRIO Topsiaka 1 MoOut/c u
BBICOTOM TOAHATUS aHTeHH 1,5 M — 1miug aOoHEHTOB, O0JIaZalONIUX BBICOKOM
MOJIBM>)KHOCTBIO M MCTIONB3YIOLIUX JIMHUU CBSI3U MPOTSXKEHHOCTBIO J10 5 KM;

nmuamnazona 18...50 IT ¢ mpomyckHoit cmocooHocThio g0 200 ['6ut/c u
BBICOTOM MOJHATHS aHTEHH mopsiaka 20 M — JJisi HU3KOMOOUJIBHBIX (CTallMOHAPHBIX )
a0OHEHTOB, UCTIOJIB3YIOIIUX ISl CBSI3U PAUOIMHUU JaTbHOCTHIO 10 100 kM.

XapakTepHbIMU NMPUMEPAMHU PATUOCTAHIINI MEPBOTO THUIIA SBIISIIOTCS MPUHSITHIC
B CIIA B 2002 roxy Ha cHabxenue cpeactBa paauocBsizy DRACO u ORION co
BCEHAIIPaBJICHHbIMM aHTEHHAMH, B OCHOBY KOTOPBIX TMOJOKE€HAa TEXHOJIOTHUS
umnynbcHoro paauo (CILII curHanbl ¢ MO3UIIMOHHO-UMITYJIBCHOM MOJYJSIITUEH).
[IpumepoM  MEpCHEKTUBHBIX  CPEJACTB  CBSI3M  BTOPOTO  TUMA  SIBJSIOTCS
paspabaTbiBaemble B pamkax mnporpammbl MIDAS (Millimeter-wave digital arrays)
1M poBbIE AHTEHHBIE PEIIETKH MILIMMETPOBOTO JHara3oHa B MHTEpecax CO3aHus
CUCTEM CBSI3M HOBOT'O TTOKOJIEHUS CO CBEPXIIMPOKONIOJIOCHBIMUA CUTHAJIAMH.

Cucrema cBsi3u OylneT UMETh ABYXYPOBHEBYIO CTPYKTYPY, HUKHUN YpOBEHb
KOTOpO#l 00pa30BaH JIOKAJbHBIMHU CETSIMU MOOWJIBHBIX PAJMOCTAHIMN, a BEPXHUN —
CTAIlMOHAPHBIMHU y3JIaMH, OOpPa3yIOIIMMHU OMOPHYI0 CeTh CBA3U. CBSI3b MEXIy
KOPPECHIOH/IEHTAMU OPTraHU3yeTCsd MO NPUHIUIY «KaXIbI C KaXAbIM», MpH
HEOOXOJMMOCTH CBSI3M C  YAAJEHHBIM  KOPPECMOHAEHTOM  OCYIIECTBIISIETCS
MapuIpyTU3alus Yepe3 OMOPHYIO CETh CBS3H.

OneHka cTemeHW  BO3JAEHCTBHA IMOMEX Ha  IPUEMHBIE  yCTPOMCTBA

OCYIIECTBIISIETCSI TyTeM pacu€Ta OTHOIIEHUS «IIOMEXa-CUTHAI» 10 MHUKOBOU
2

MOITHOCTH /] W CpaBHEHHS €ro C TIOpOTOBBIM 3HAaYeHHEM Kod((UIeHTa

nonasieHuss K, , TpuU TPEBBIIEHUH KOTOPOTO JIOCTUTaeTcs CpbIB Iepeaaydn

uHbopmaru Mexay abonentamu [8]:

(5%

rac En u EC 3HAYCHUA HaHpH)KéHHOCTI/I IIOJA IIOMECXHM H IIOJA CHUIrHajla B TOYKCE

11
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pasMelIeHUs NPUEMHOM PaIMOCTAHIUH.

JIns  pacdyeta HaOpsHKEHHOCTM TOJNSLT B 3aJaHHOM TOYKE HCMOJIB3YHOTCA
BBIPAKCHUS, NMPUBEACHHBICE B [5], B KaueCTBE MCXOAHBIX JAHHBIX ISl PACUETOB
HCIIOIB3YIOTCS pabouas yactota B fuana3zone 18-50 [T, mmprHa mojaockl curHana 2
I'Tu, BeixonHas MomHOCTh nepenarynka 100 MBT, BBICOTBI MOAHATUS aHTEHH JJIs
Ha3eMHbIX 00beKTOB 1,5 M (1711 Bo3aymHbIX — 70 10 kM), 1 KO3hPULMEHT ycUuneHus
anteHHsl 10 30 nb.

3. Iopsiaok aganTanuu K BO3AEeHCTBUIO K BO3/1eHCTBHIO TOMeX

N3MeHenne napaMeTpoB paguOCTaHIIMN NPOUCXOIUT aJaITUBHO B 3aBUCUMOCTH
OT TEKYIIETrO COCTOSIHUSI KaHaja CBSI3M, MPUYEM CMEHA MapaMeTpoB MHPOUCXOIUT
TaKUM 00pa3oM, YTOOBI 00ECIEeUnBaIOCh, BO-TIEPBBIX, COXPAHCHUE KaueCTBa KaHaja
CBSI3U, U BO-BTOPBIX, COXpPAaHEHHE BO3MOXXHOCTH OOMEHa JaHHBIMU C TEMH Ke
paIuOCTaHIIMAMU B CETH, C KOTOPBIMH paHee ObUIa YyCTaHOBJIEHA CBS3b.
Hcnons3yembie Mepbl peakiiid Ha MU3MEHEHHWE CUTHAIBHO-TIOMEXOBOM OOCTaHOBKHU
BKJIFOYAIOT KOPPEKTUPOBKY TJIABHOTO JIEMIECTKA JUAarpaMMbl HarpaBieHHOCTH ADAP
IpY BO3JEUCTBUU ITIOMEX, CMEHY YaCTOTHOI'O KaHaJIa U BUAA MOAYJISILIUA CUTHAJIOB.

[IpymeHeHre MPOCTPAHCTBEHHOW (UIIBTPALMK CUTHAJIOB 32 CUET MPUMEHEHHS
ADAP nmu mudpoBsix aHTeHHBIX peméTok (LIAP)) mo3Bosiser 7o0cTUUb YMEHBIICHUS
OTHOIIEHHU TmoMexa/curHasl. OCHOBHOM OCOOCHHOCTHIO aJaNTHUBHBIX AHTEHHBIX
pemérok (AAP) sBiseTcs BO3MOXKHOCTH yHpaBieHUs (OPMOH XapaKTECPUCTHUKH
HarpaBieHHocTH (XH) ¢ menpro ocitabieHus: BO3ICHCTBHUS ITOMEX BILIOTH JI0 TIOJIHOT'O
ux wuckimoueHuss. Ynpasienne XH AAP ocymectBisgercss nyTéM H3MEHEHUS
ammuTyaHO-(pazoBoro pacnpenenenus (ADPP) mons B ameprype anTeHHBL [lpum
W3BECTHOM pACHpPEACICHUH B MPOCTPAHCTBE HCTOYHUKOB CHUTHAJIIOB M IOMEX
OTIpEJICIICHHE ONTUMAIHLHOTO B HEKOTOPOM cMbiciie ADP MokeT OBITh BBITIOJHEHO
OTHOCHUTEJIbBHO TPOCTBIMH CpEACTBaMH (HAmpuMep, PElICeHUEM HM3BECTHOU 3ajauu
cunte3a XH). Onnako Bo3MokHO popmupoBanue ontumanbHoro AP u B ycmoBusax
anpPUOPHON HEOMPENeNEHHOCTH CUTHATBHO-TTIOMEX0BOM 00CTaHOBKH. B 3TOM ciydae
ynpasieHue A®P npouszBoAUTCS MNOCPEACTBOM MPOLECCOpa C HCMOIb30BaHUEM

MUHUMaIbHON MH(OpMalMu O CUTHalIax M UX uUcToyHMKax. [Ipu aBTOMaTHUYECKOM

12
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bunpTpaliid MOMEX BaXXHBIM MapaMeTPOM SIBISIETCSA BpeMsi, HEOOXOJIUMOE st
aJjanTallid K U3MEHMBIIEHCA CUTYyalluu, TaK KaK CIWIIKOM MeEJJICHHAas ajamnTaius
MOXET CJieJIaTh CUCTEMY O€CIoJie3HOi B MaciiTabe peaabHOro BpeMeHu. [lockonbky
OOJIBIIMHCTBO H3BECTHBIX QJITOPUTMOB aJanTalliid 3aKIIOYaloTCs B OOBEMHBIX U
CIOKHBIX BBIUMCICHUSX M TpeOYIOT CKOPOCTHOI'O Mpolieccopa, HUX MOXKHO
peanu3oBaTh Ha MPAKTUKE TOJBKO B IU(PPOBOIM 00JIaCTH.

HeoOxonumass mmst pabotel AAP wuHbopmamus BkjIOYaeT CBEACHUS O
MPOCTPAHCTBEHHBIX, TMOJSIPU3ALMOHHBIX, BPEMEHHBIX, YAaCTOTHBIX IapaMeTpax
curHajoB W momeX. [IOBbIIIIEHHE OTHOIIEHWS CUTHAjJa K CMECH IIyMa U TMOMEXHU
JOCTUTaeTCs MyTéM (popMHUpOBaHUSI MUHUMYMOB XH B HampaBieHUsIX Ha UCTOUHUKHU
nomex. [Ipm STOM BO3MOXKEH aBTOMATUUECKUN YYET B3aUMHOM CBSI3U MEXIY
AQHTEHHBIMU DJIEMEHTaMH, HEUJEHTUYHOCTU KaHaioB AAP, BeIXxoma u3 CTpos
OTHIECNIbHBIX D3JIEMEHTOB W T. 1. TakuM oOpa3om, dopma XH kak Obl
pUCTIOCA0IMBAETCA K KOHKPETHOW CHUTHAJIBHO-TIOMEXOBOW OOCTaHOBKE C YYETOM
Bcex (paxTopos. IlomaBnenue nomex B AAP BO3MOXXHO JIMIIb NMPU Pa3IMYHBIX yIriiax
PUXO0/a TOJE3HBIX CUTHAJIOB U MOMEX, JIMOO MPH Pa3IuuyuM UX MOISIPU3AUOHHBIX
napameTpoB. Uem Oosbilie 3T0 paznuuue, TeM Bbiie 3¢ dextuBHOCTE AAP. B
npolecce aganTaiud o0paboTKa MPUXOIAIIUX Ha aJaNTUBHYIO aHTEHHY CUTHAJIOB
IIPOU3BOUTCS HA YaCTOTE CUTHAJIA B pealbHOM MaciiTabe BpemeHu [9].

C wucnonp3oBanueM AAP BO3MOXHAa MHUHUMH3ALMSA BIUSHUAS MEIIAOIINX
HENPEeIHAMEPEHHBIX HM3JIyUYeHUU (TEOPETHYECKH 10 HYJA) M IMOJABICHHE JTIOOBIX
MEMIAIONINX CUTHAJIOB, JEUCTBYIOIIMX B TOJIOCE YACTOT MOJIE3HOTO CUTHANA. DTO
OTKPBIBAET HOBBIE BO3MOKHOCTH JJIsI MOBTOPHOI'O HEMEIIAOUIErO HCIOIb30BaHUS
OJIHMX U T€X K€ Mara30HOB YaCTOT CUCTEMAMU CBSI3U Pa3HBIX OMEPATOPOB B OJHOMU
3oHe oOcmyxuBanusa. llpumenenne AAP Ha ¢u3HueckoM YpOBHE CIIOCOOHO
MPUBECTU K pocTy AP (HEKTUBHOCTH B 3HAYMUTEIHLHOW 4YacTH 0OJACTEl NMPHMEHCHUS
pPaguOCBA3U, YTO HEMOCPEJACTBEHHO CKa3bIBAETCS HA KA4eCTBE BbBIMOJIHEHUS
(GYHKIIMOHAIBHBIX 33/1a4 DJIEMEHTOB CHUCTEM CBSI3H. VICMOJNBb30BaHWE TEXHOJIOTHI
AAP B cuctemax cBsa3u ¢ CIIII curnamamu mo3BoauT co3aaBaTh KOMITakTHEIC [TAP

MUWJUTUMETPOBOTO JlMana3oHa CIOCOOHbIe o0ecneuuTh KOAI(DPUUIUEHT YCUIICHHS
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aHTeHHbI 10 30 nb, 4TO MO3BOJIUT YBENMYHUTH JAIBHOCTH CBA3U 10 100 KM, CKOPOCTH
nepenaun gaHHbix a0 200 I'6ut/c ¢ ogHOBpeMEeHHBIM (opMupoBaHueM 10 32
IIPOCTPAHCTBEHHBIX TOTOKOB.

[IpyMeHUTENBHO K pPaJUOCTAHUUSAM, YKAa3aHHBIM BBIIIE, JUISI MOOMIIBHBIX
a0OHEHTOB NPUMEHSIOTCA 16-3IeMEHTHBIE aJaNTUBHbIE AHTEHHBIE PEIIeTKH, IS
CTAallMOHAPHBIX — 64- nnu 256-31€MEHTHBIE.

[lomumMo  uCHONB30BaHUS  MPOCTPAHCTBEHHOW  (UIBTPALIMM  CUTHAJIOB
UCIIOJIB3YIOTCSI TEXHOJOTHM aJalTUBHOM CMEHBl YAaCTOTHOIO KaHala W BHJA
MOJYJISIIIUM CUTHAJIOB, B COOTBETCTBUM C YTBepxkaAeHHbIMU cTanpaptamu (IEEE
802.11ad, 802.11ay, u cemeiictBa crangaproB I[EEE 802.15.3, 802.15.4), B
3aBUCUMOCTH OT OTHOIICHMS CUTHAJI/IIYM Ha BXOJ€ TPUEMHHKA.

IIpy cMeHe 4YacTOTHOrO KaHajla MPEANOYTUTENbHBIM BApUAHTOM SIBJISIETCS
OTBICKaHHE HOBOTO, /11l KOTOPOTO MPOITYCKHAsI CIOCOOHOCTh 00ECIIeUNBAETCS HE XYKE
UCXOJHOM. [Insi 3TOr0 OLEHMBAETCS BO3MOYKHOCTh OPraHU3ALMM CBA3U C 3aJIaHHOMU
IIUPUHOM MOJIOCHI U HAIMYME MUHUMAJIBHOTO YPOBHS IIIYMOB, @ TAKXKE 3arPYKEHHOCTh
YaCTOTHBIX KaHAJIOB JIpyruMu abOoHeHTamMu. [IpumeHeHMe yKa3aHHON Mepbl
MOMEXO03AIIUThl OCYIIECTBIACTCS TMPU HAIMYMKM CBOOOJHBIX YACTOTHBIX KAaHAJIOB,
IpUYeM, B IEPBYIO OUepe/ib BEIOMPAIOTCS T€, JIi KOTOPBIX MPOITYCKHAsI CLIOCOOHOCTD
obecrieunBaeTCsl He Xye UCXOAHOU. [lepecTpoiika paarocTaHIMii HA HOBYIO YacTOTY
OKa3bIBAET CYIIECTBEHHOE BIMSHUE HA CBSI3HOCTh A0OOHEHTOB CHCTEMBI CBS3H, a TAKXKE
IPUBOJNT K 3HAYUTEIBHOMY POCTY 33JCPKKH Mepelauu TaHHbIX.

4. KpurepuajibHble YPOBHHM AeCTAOMIM3HPYIOLIEr0 BO3ACHCTBHS HA CHCTEMY
CBSA3H

B xauecTBe MCXOAHBIX JaHHBIX B MOJEIIN MCIOJB3YIOTCS MOJIyYeHHbIE B paboTe
[6] oTHOIIEHUS TIOMEXa/CHrHajd, B KOTOPOM wHccienaoBaach 3¢P(HEKTUBHOCTH
BO3JICHCTBHSI CUTHAJIOMOJOOHBIX IIOMEX pa3IMYHOTO BHJAA M Pa3IU4YHBIMU
napamerpamu Ha oOHapyxutenu CIIII curHanoB ¢ pa3iuyHOM CTPYKTYPOM.
Curnanonofgo0OHbIe MOMEXHU B JAHHOM paboTe OTOXAECTBISINCH C MEIIAIOUUMU
KBa3WJETEPMUHUPOBAHHBIMU CHTHAjJaMH, MPUCYTCTBYIOIIMMH B HaOJr01aeMOn

peanu3aiy BMECTe C M0JIe3HbIM curHajaoMm. [IpoBeeHHbIN B paboTe CpaBHUTEIbHBIN
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aHagu3 BHUJIOB W  MMapaMeTpOB  IOMEX  MO3BOJSET  OLEHUTh  CTENEHb
nectadbunusupyronx Boznaercteuili Ha npuémHuku CIUIT curnamoB ¢ paznuyHOU
CTPYKTYpOM, a TakKe TMpU HAIMUYUU KPUTEPUS KadecTBa (HYHKIIMOHUPOBAHUS
CUCTEMBl PAIUOCBSII3U OMPEACIUTh MPEAETbHO TOMYCTUMbIEC 3HAUCHHUS OTHOUICHUM
oMexa/CUrHai.

[Tockonbky kiacc CLLIT curnanoB BecbMa MIMPOK U BKIIOYAET B ceOst OOJbIIOE
KOJIMYECTBO PA3IUYHBIX MATEMAaTHUYECKUX MOJIeNIel, HCCIe0BaHUE BO3JCHCTBUS
Memarmux curHaioB Ha npuémuHuku CIHIIT curnamoB ir000r0 THMA JOBOJIBHO
3arpynnurensHo. [loaromy cpenu CHIII curnanos B pabote [6] paccMOTpeH OAUH U3
HanboJyiee TEPCHEKTUBHBIX TOJAKIACCOB TaKUX CHUTHAJIOB, CTPYKTypa KOTOPBIX
1n0/100Ha Y3KOMOJOCHBIM PaMOCUTHAIAaM, OJJHAKO YCIOBHUE Y3KOMOJIOCHOCTH ISl HUX
HE  BBINOJHsAETCS.  Takue  curHaiabl B juTreparype  HasBanel  CIIII
kBazupaguocuraiamu  (KPC) [6,10,11]. B kadecTtBe moOMex TIpU OLCHKE
s pexruBHOCTH 0O0HaApY)kuTtens CILIT KPC B pabore [6] paccMaTpuBajioch Tpu BUja
vemawmux curdanos: CIIIT KPC ¢ oTiM4HBIMM OT TOJIE3HOTO CHUTHAJIA
napaMeTpaMu (CUTHaJONo00Has ToMeXa), CHTHajl C JIMHEWHOW YacTOTHOMN
monayisinuert  (JIYM-momexa), cBepxkoporkuit ummnyiasc (CILIT Bugeocursan).
BroiOpannble  BuABl TIOMEX  MOTYT  OBITh  KaKk  NpeJHAMEpPEHHBIMH U
HENPEeIHAMEPEHHBIMHU, U TPEJCTABISIOT HAHMOOJBIINN HHTEPEC K PACCMOTPEHHIO B
c(hOpMYITHPOBAHHON MOCTAHOBKE, TOCKOJIBKY UMEIOT CXOXKYIO C MOJIE3HBIM CUTHAIOM
CTPYKTYPY U, OKa3bIBalOT HAWOOJbINEE JECTPYKTUBHOE BIHUSHUE HA KOPPEKTHBIN
IIPUEM ITI0JIE3HOTO CUTHAJIA.

B pabGore [6] ycTtaHOBieHO, 4YTO (YHKIIMOHUPOBAHWE CHUCTEMBI CBS3U W
nepenaun nanubix ¢ CIUIT KPC mosxet ObITh HapyiieHO OO0 MyTEM BO3JEHCTBUS
IIOMEX M HEBO3MOXHOCTM MpHEMA TMOJIE3HOTO CHUTHaNa, Ju00 MyTEéM mpuéMa
MEIIAIONIEro CUTHaIa BMecTo nosie3Horo. CpaBHeHne 3 PEeKTUBHOCTH OOHAPYKEHUS
IpU  BO3JAEUCTBUM TPEX BHUIAOB TMOMEX I[0Ka3ajlo, 4TO OOJbIIEH CTENEHBIO
JECTPYKTUBHOTO BO3JICHCTBHS HA CUTHAIHLHOM YpOBHE 00JaJal0T CHUTHAJIOTOI00HbBIE
n JIUM-niomexu. [Ipu 3TOM H3MEHEHHE MAapaMETPOB MEMIAKOLIETO CUTHAJIA MOXKET

INPUBOANUTb K CHHUKCHHUIO BCPOATHOCTH IIPABHUIIBHOI'O HpI/IéMa IIOJIC3HOI'0O CUIrHajia Ha
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HECKOJbKO mopsakoB. Ha mnpakTuke, K Je€TEpPMUHUPOBAHHBIM  CHUTHaJaM
(curHasionogoOHBIM TIOMEXaM) BO3MOXKHO aJanTUPOBaTh MNPUEMHHUK, HO H3-3a
HAIMYUA CIIydarHOU cocTaBisionied B JIUM-niomexe 3T0 Hepeam3yeMo, U TaKoe
BO3JIelicTBHE Oy/I€T UMETh rapaHTUPOBAHHBIN 1€CTPYKTUBHBIN 3P EKT.

3aki0oueHue

Pa3paboTana W“MHMTallMOHHAs  MOJENb, MO3BOJISIONIAS  BOCHPOM3BOJUTH
(YHKIMOHUPOBAHHE CHCTEM CBEPXIIMPOKOIOJIOCHON paguoCBsA3M B YCIOBHUAX
BO3/JICHCTBUA MOMEX M OLIEHUBATh 3P(EKTUBHOCTh (PYHKIMOHUPOBAHMS HA YPOBHE
CUCTEMBI CBSI3M B 1I€JIOM U OTACJIbHBIX €€ 3JIEMEHTOB, Ha OCHOBE yuyeTa BIUSHUSA
MHTEHCUBHOCTH MEPEaBaeMOro pa3HOPOAHOro TpaduKa Ha 3arpys3Ky Y3JIOB CBS3U U
3aIepKKy — Tepefaud  BCJEACTBHE  OXHAAHMS  JOCTylna K KaHally  CBSI3H,
JUHAMUYECKYI0 MAaplIpyTH3alMI0 MAaKeTOB M aJanTUBHBIA BBIOOp MAINa30HOB
4acToT, (JOpPM CHUTHAJIOB U PEKUMOB PAOOTH PaJAMOCTAHIIMK B 3aBUCUMOCTH OT
COCTOSIHMSI ~ CHUTHAJIBHO-IOMEXOBOW  oOcTaHoBkU. Onenka  3ddexTuBHOCTH
(YHKIIMOHUPOBAHMS CHCTEMBl CBA3M B IIEJIOM U €€ CTPYKTYpPHBIX 3JIEMEHTOB B
YCIOBUSAX BO3JIECUCTBHS TOMEX MPOBOAUTCS IO TOKAa3aTelsiM «peanu3yemas
IPOIYCKHAsl CIIOCOOHOCTBY, «MaTeMaTHUeCKOe OKHUJaHue KonudecTBa 3 ()EeKTUBHO
(GYHKIIMOHUPYIOIUX HANpPaBICHUM PYKOBOJACTBA» U «BEPOSTHOCTh YCHEIIHON
nepeiayu IpOM3BOJIBHOTO TTAKETay.

NmuTtanimonHass MOJIeTTb MOXET OBITh MCIIOJIb30BaHA JIJISl MPOBEIACHUS HAYYHO-
UCCJIEIOBATEIBCKUX HKCIIEPUMEHTOB 110 CPaBHUTEIBHOMY aHANU3y pa3IuYHBIX
BApUAHTOB CHUCTEM  CBEPXIIUPOKOINOJIOCHOW  pPAaJMOCBS3H, aJITOPUTMOB  HX
(YHKIIMOHUPOBAHUS, XapaKTEPUCTUK OBICTPOACHCTBHS, OLIGHKH JOCTUTaeMOM

IIPOU3BOAUTCIIbHOCTH IIPHU UX IIPOCKTUPOBAHHNH U B XOAC 3KCINIyaTalluH.

Jlureparypa

1. PasrynseB A. IlepcrniekTuBHbiE MOOWIIbHBIE AaJaNTUBHBIE CETU IMepeaayu

uadopmarmu ais cyxonyTtHbix Bock CIIIA. 3apybescnoe soennoe obospenue.

2008. Nel. C.35-39.

16



XKYPHAN PAONOINEKTPOHUKN, ISSN 1684-1719, N1, 2021

2. Kopuarun C., Ilapmmn C. HanpaBnenuss pa3BuTusi HHOOPMAIMOHHO-
TEJIEKOMMYHUKAIIMOHHOTO 00eCIeueHus ceTeid 60€BOro yrpaBieHUsI CYXOIMyTHBIX
Botick CIIIA. 3apyb6eorcnoe 6oennoe ob6o3penue. 2019. Ne3. C.40-48.

3. 3aiiueB HM.B., Mones A.A. IlporpamMMHBI KOMIUIEKC HWMHUTAlHOHHOIO
MOJICTUPOBAHUSI KOTHUTUBHBIX CHCTEM PAJUOCBSA3U B YCJIOBHUSX BO3JCHCTBUS
nomex. Mugopmayuonno-usmepumenvrvie u ynpasiiiowue cucmemvi. 2017.
N.15. Nel10. C.42-52.

4. 3aiiues U.B., Mone A.A. OueHka NpONMyCKHOM CHOCOOHOCTH KOTHUTHMBHOMU
CHUCTEMBbI CBSI3U B YCJIOBHUSAX BO3JICHCTBUSI NOMEX Ha €€ KJIIOUYEBBIE AJIEMEHTHI.
Yenexu cospemennoii paouosnekmponuxu. 2017. No5. C.52-62.

5. Asnees B.b., Asneea JI.B. YpaBuenus paanocsssu npu ucrnoiab3zoBanuu CIITIC.
Tenexommynuxayuu. 2002. Ne9. C.2-10.

6. Kopuarun 10.D9., Turo K.JI. OOHapyxkeHHE CBEpPXIIMPOKONOJIOCHOTO
KBa3upaJuoCUTrHaia Ha (POHE MEIIAoIUX CUTHANOB. Paduomexnuxa. 2020. Ne9.
C.72-82.

7. bycnenko H.I1. Mooenuposarnue cnooicnvix cucmem. Mocksa, Hayka. 1978. 400 c.

8. OcunoB A.C. Boenno-mexuuueckas noocomoeka. Boenno-mexnuueckue ocHo8bvl
nocmpoenusi cpeocms u komniexcos POII: yuebnuk. Kpacnosipck, Cub. denep.
yH-T. 2013. 344 c.

9. I'puropreB B.A., lllecusxk C.C., I'ymomun B.JI., Pacmaes FO.A., Jlaryrenko O.1.,
Mlecusax A.C. Aoanmuenvie anmeHHble peuiemKu. YuyebHoe nocodoue 6 2-yx
yacmsax. Yacmo 1. CII6, Yausepcurer U'TMO. 2016. 179 c.

10. PagsueBckuii  B.I'., TpudonoB IL.A. Obpabomka ceepxuiupokonorocHvix
cuenanos u nomex. Mockna, Pagunorexnuka. 2009. 288 c.

11. Kopuarun 10.3., TuroB K.[. Cummez u amnanuz aneopummog obpabomixu

CBEPXUIUPOKONONOCHBIX  KeazupaouocucHanog. BopoHex, WM3naTenbckuii oM

BI'Y. 2019. 128 c.

s nuTupoBaHus:

Mones A.A., TuroB KJ. HwmurtaumonHas wmojens  (GYHKIMOHMPOBAHUS  CHCTEMBI
CBEPXIIMPOKOIIOJIOCHON PAIMOCBS3U B YCIOBUAX BO3IEHCTBUSA NToMeX. JKypHan paguo3aeKTpOHUKH
[anexTpoHHBIN xypHaT]. 2021. Nel. https://doi.org/10.30898/1684-1719.2021.1.1

17


https://doi.org/10.30898/1684-1719.2021.1.1

