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CHCTEMHBIII AHATIL3, VIIPARIIEHIIE 1 OBPABOTKA HHOOPMALII

‘BeammnPLL  MoiocTs: PAC Takie BIOT HA JWaUINE AUTHOTO pac-
crosmus s ict8 Manoro paiyca aeiicraus ¢ [11TPY. Ha pucynse 3 nokasana
NATEMATHECKR MOZEIE SABHCHNOCTH SAUTHOTO paccrosums YMPJL ¢ TTIIPY or
'PaGONEI0 AKIA PATHO>EKTPONNLLX YCTPOTCTS /UTH PASIHLIX BETHINH HX MOUIOCTH.
Tlpi 5ToM CUNTaETCR, 'TO BHYTPHKAHATAGS OMeXa OTCyTCTBYeT, Te. 0% criexTpa.

ne nonsepractes soyzelicTamo nosex. Takiny 0Gpasow mponyckas crocoGuocTs
PIC e wemseres,

"I 1 I

[P e mar o]

Puicy oK 3 - JaBMEUMOCTS JAUTHORO paceTORMIS 0T paBonero wka

Sauaumnoe paccmonnue on YMPA ¢ TP

Ofisio YMPA 1o sowocrn sumrrenuo e, wew ospyaoue PIC,
sotopue oxatsaoT nowet a pagory YMPAL Hanpvep, soutoers. nepesarnsa
RFID npepito 4Br. Tlovrowy sosmaet yrposa osmmsiosernts GaoKiposki 41k
VML or nowex. Eca paGovuit wika RFID-yerpoiicr cocranaser 100%, 1o, ann
ST PACCTOAI 418 GECTPOROAILIX YCTPOIICTS MATOrO PaTNyG AGHCTHNA co-
cranaser mpiepio 24 werpa (4], Omtomenne CILI mpn 3row cocTanaaer opaaxe 33
ab.

ocKomLy AUIIINGTUILE SHSYEHIR OTHCIIEHNR CHITAT-YS, SIBHCHT OT 5e-
P TP - ————
crommne u1s YMPL. Korita yseimrnsacres paGouti ik yCTpoficrs, musumaione-
A ————————
Benio ysemRTCa SanurTOe paccrome e panoycrpoiicrs. Ha prcyike 3
. — T I ——————
crommna YMPJ{or paGosero wnkra (Monttocrs yerpoficrs cocranaer nopaaka 4 Br)
13:9]
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) 3ABMNCHMOCTH BETMHI JALITHORO PACCTORIIS B JABUCHNOCTH 0T PABOHETO K1Y

‘Takiew OGPIION, MOKHO CIEJATS BHBOZ, NTO KODAA Memouee YCTpolcrs
‘paGoraer Gonsue uew wa 70% or sumnyst OCLIL, 70 3auiTiioe paccrosme npasTy-
eckut ocTaeTca nocToswiuM i He Mewsercs. Korta paGouii Wik COCTABIRET 110~
‘paaka 15% saumoe paccTosuue dynxumompyer npu mskix OCIL

P





image7.png
(CHCTEMHBIII AHATII3, VIIPABIIEHIIE 1 OBPABOTKA HHOOPMALII

PaccOTpHM Ha TIDIMEPE METEMATHYECKOTO CHMyTHpOBAINA Cayual, KOrza
13 novex ¢ pammoycTpolicrs npu soszeiicTan wa YMPJL nex npensrcrii. Ha pu-
cymxe 4 noxasana sascuwocrs, samiyst OCHI o paGosero wicra. AHaroro o
‘coommercrau ¢ pucynkou 46 noxasanst awanorwuse ouenxi s YMPJL ¢ ITTPY.
Buiio, 4T, KOT/a PACTET Be4INa PaGONEr0 WHKTA, PACTYT M SHAUEHHS SAUTHORD
‘paccronua u OCH.
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Ha saeTHOE PACCTORHHE TAKKE AHSIOT MOWNOCTH YCTpOicTs PAC, KoTo-
piie OKasuBIOT wyMoBOe Bo3elicTae. Ha PHCYIHKe S NOKATANA SABHCHNOCTS SaT-
HOrO paceromuis or paGouero wkra. KOTA MOUNOCTS YCTPOCTS, BAIMBAIOIX
HOMEXH, PACTET, TO SATHOE PACCTOSHME TORe YBeawMBAETCH. JlIS OTMHAKOBX
smauenni paGosero k.

o é’_‘///

01 1 2 3 .
MoumocTs Mewalowsro nepsaaTi

e p—T

TR r——

Vem Oua:paysus nanpaennocmu Mewaiou paduoriexmponnsix yempoiicme

Tlpu s npensTCTBMI biyTpH TOMEMeHNA (CTEHN, NOTOTKD M 10Ra),
HYAHO PACCMATPHSETS AAPaMMY HATIPABICHHOCTH YCTPOICTS, BLIHBAIOUIX ONe-
. TIph 3TOM HEOGXOHMO PACCMITPHBATS Kak IIABHNE HATPARIEHIS, TaK f HANDIS-

et Goxowuix neniectios. Ha pcyiKe 6 mpecTaniens AWarpaNMa HANpABIEIIoO-
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Pucy oK 6 — Cxesa AMAIPAMMAL HABDARIEHHOCTH HpH cOBNECTHON paseuicun PIC
VMPJLc Py [42]

Kax nokasusaior sxcnepumenTamsise ucenexosaus [42], ec paGounii
Lk Mewatouero yerpoiicrsa cocrannser 100%, To AUUTHOE PacCTOME Mewbe,
B = —
(IH), a uepes Goxonie.

Ha picyixe 7 TIOKASaNL OLSHKI METEMATHYECKOTO CHMYTHPOBIHIS 718 Pac-
era 3P or sewumiss PLL, xora sosmuaet Grouposane YMPJL oxasano soszeit-
crame uepes Goxosuie senecrsn JIH. Ha pucyixe AeTcs SamiCHMOCTS MOWOCTH
PIC ot PIL
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Pucyiox 7 - Sauursioe pacerosuue o samucusocts or PIL Mematouero yerpoiiersa:
)~ BOMMKHOBEHHE BEPTUKAILULIX HOMEX 0T BOVICHCTIIS 13 GOKDRO AEHECTOK:
) - Etokuposaus 0T BoviclicToM A GOKOBOH A€nCCTOK.

5 PACCMOTPEIILIX PHCYHKOB BILIIHO, HTO, CHICKHHE SHaveii SALTHOT
‘paccTosuis 0Gyc10mTeNO BO3IEHCTBIEM YCTPOICTAA, CO3IAIOIETD HOMEXI! 4EPes 60~
KOBLE ICTICCTRI AMATPAMA HATPABIEHHOCTS, KOTAA NeUaIOlee YCTPOCTSO 803~
ACHCTBYT epes GOKOBe AereCTRH MaTpaNML HanpasTennocTH [7].
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Humepoosauonnas cocmassoan noexu s cemu Gecnposodnscx YMPT ¢
‘e

O BepoRTIOCT HITEpMOAY RGO COCTARTAIGH TONEX 8 KO-
cern YMPL ¢ TP, oTopss oser sosuuys. i onpeAeaenmo psocrs e
[ e ——— - ———
TIPU cxasxooGpasholtnepecrpolen sacror. B katecrse npuiepa pacciorpui Blue-
{ooth-yerpoficrsa. Coraacno cransapry mporosors Bluctoots, [2], a1a owesi no-
[uaea 3935 25 YMPI MOryT FHepAPORIT, HOMEXH TaKoro e YpoS A3 KEXIOrD
gty WA S ————————
10 G, mpuepo 35 4,3 s Gz, 3545 oLt “Reror, KOTOpUE AEAST
ke 1 i nt0ck nponyras YMPL NOKHO PACCUHTATS. aepOSTHOCT TosREHIS

novex 1o dopwyze:
Pg, = 2N

‘e Nk — 4HCAO HACTOTHIX Kat0s.

Ha picysike § NOKIANA JBHCHMOCTL BEOSTHOCTH TOTO, WTO COBIAAYT Ha-
HATeNNS FIABHOTO 7y'%a MIOMEXH 1t MATPANMIS HANDIBIEHHOCTIN TIONEX 1% YCT-
policrsa wazoro pazyca aeiicrsus ¢ [ITTPU. Otienka swHateiits BEPORTHOCTH MOKET
Sums. noaysena o Gopuy-:

Pesc = @pac/@sap

=2/79 =2,53x 1072

VIECk: @pac M Espp ~ YTON WATPANMS HATPAKTENHOCTH MEXAY TPHENHHKON
W HCTOMIKON noMex, patuii 360°.

03

025 o

02 T

A

0o /,/

1 220 3 4 s s 70 80 %

Pucyon 8 — BeposTHOCTS COBMUIEINS FIABHOTO Y%A B O YI1A AWATPANNLL
ANPARACHHOCTH HTOUNKA W HDHCNINKD
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Kak B0, NpH BOSPACTANNN BETHMIL YITa AHATPANMM HATPABIEHIOCTH
AT UCTOUNNKS BEPOSTHOCTS COBTAZENNS TTABNOT Ay4a BO3PICTaET. Bepost-
HOCTS BOSHHKHOBEHHS HONEX 3-T0 TIOPYIKa ONPEAEISETCH H3 BUPAKEHIS:

Pg3 = 1= (1= PooPracPrpac)

e P ~ beposTHOCT comnazenna spescn AcHCTBNS WpHCMINKA 1 He-
rounnka; My - eno PC, ACKALI 1 PACCTORHAN MEHSLIEN JUTHORD WITCD-

‘Ha pucyixe 9 pe/ICTaBTeNa SABHCINOCTS BEPORTHOCTH HONEX OT KOTHYECTSa
POC, Bususaiomes i nowex

0,008

V

0,007

/

0,008

/

0,005

0,004

0,003

0,002

A

A

o 1 2 3 4 5 & 71 8
Pucynox 9 - Samucumocts nepouTocti owex o1 swca PIC

v

Kax sw0, BeposTHOCTS pacter ¢ ysemseinien wicia PIC, BusBaomx.
novexi B mikocern YMPJL

Jlas Cayuas «ropsueil TowkID, KOTIA Ha SIS MIOWATH PACTOTATAETES
Gomsuioe wncio PIC, sususaiouix novex 5 ceri YMPJI, MOXHO OeHiTS BeposT-

woers no opuyze [9]
Mpsc = Sy XK, =3848X 2X 1072 = 7,7

DY
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K, =2x10"2
T p—

waxciuyw seposiocrn nowex 310w [1#c =015 5 = 015 u

L —
Pyy=1-(1-253x 107 X 025 X 0,15)"7 = 7,28 X 10~

B niepBoM npUGIICKEHHH BEPOSTHOCTH NONEX GoTee BHCOKOrO HOpSIKa -
UITELHO MEHLLE, NO3TOMY A MOAHO NPEHGPe's B NepBoM npuGKenii. TaKim
‘06pasoN SaBHCHMOCTL OB BEPOSTHOCTH HoMex OT whCaa PIC, BLIHBAONE ITH
HOMEXH, MOAHO PACCHIITATL 0 opAryc:

Plmysc) = Mpac! [mpsc! (Mpac = mpac) 17" (PracPrac) ™= X (1 —

PeacPresc)* e

ey 0 sy s oo 7050 o

HCAA MUK PATHOYCTPOICTS, KOTOPHE HAHIAIOT PAGOTATS OTHOBPENEHHO &
mukocer YMPJL ¢ TITTPU 1a paccrosui, He MPeSHURIONNM BTHHMY SATHOTO

irepraza.

1

"

011

001

0,001

0,0001

N

Hucno cANoBpeMeNHO paGoTaIoWMX MewaIoWMX PIC, m(PAC)

0,00001

Pucynor 10 - Jamucumocrs sepoxToc oex of esa PIC m
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0,001 —/
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RinorwocTs cpeacts, ti.xs.

S RIANIHSS) RLANDS5S)
—omsk01 D2
—RFD(SOOMBTO0FHSS = —RFID(100uBN100%
2
N
b b

1 o 10000

e

01
001
0001
00001
MinomwocTs cpencrs, ku.xs.
——RLANI(FHSS) ——RLAN2(DSSS)
—sro1 —-sRD2
—— RFID(S00MBT)100%FHSS = = RFID(100MBT}100%
B

Pucyuox 12 - Bepostiocrs. toves b samucuvoctn ot waornoctn PIC:
)~ 1 MBr: 6) - 100 wBr.

“Taxaty OGP30M, BEPOATIOCTS TIOMEX PACTET ¢ POCTOM WC2 YCTPONCT, Bii-
SMBA0UNK NONEXH Ha ey Mo, /lwanason paGorst yerpoiicTs 2,43 Tt
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Tipu 510w pacrer u seposTocTs Cynsiapuci mowexs. Uew Gonsie MOWHOCTS Y-
poiicrs, suusarounx nosexw, Tes Gomete epowTHOCT: nowex. H e wemhue
Noutnocrs YMPJL ycrpoiicm, Test seposTiocts nowex Towe Gose. PaGowni it
TaKe OKIMBICT RANSINE 13 BEPORTHOCT. mowex. 0Ty NeHIe TABICHMOCTH COTa-

cyloTe ¢ peayaTATaM, pacevoTpeHHLL B paSoTax [3; 9]

Busoou

1. Moy ouewsn BeposTHOCTS HOTOKaQASHOR oMKW, MoK POCT
BCPOTTHOCTH ¢ ybemICHION WiCAS PATHOIEKTpONILX YCTPOIICTS H PASOSETO WK
Newatounes paoycrpoficrs

2 Tlpenroxena Neromixa paciera sauurTHoro paccrosmis 413 mkoceT
VMP1 ¢ THIPY, xoropas mpsoaut x Gaoxspovastio mpreswurkon. trout we pos-
xan0 Gaoxmponss npuesansex YMPL ¢ TITTPY npi yoeueiemn pacosero wiksa pe-
Gyeren yBemeue i OTHOCHHS CHTIAN Uiy 1 SAUITHNE PICCTOSIIS

3. Moxasao, ro saumiuis wimepsa uower Gurms ywemsen 5 3 pasa o
nyae GOKOvOro nnecTxa 1 B 5 Pa3 Npi GIOKNPOBKE AT NCUIOUUNX YETPOHCTS,
‘paloraiouunx ¢ 100% paboun wikiow.

4. Tonyvems ouemsn seposmiocT nowex  paGoten wanajone 4actor
VMPL, xotopse sasess or wowmocteli cTowk 1 mpEMIIKa

5. Hoxasawa 3asucibiocTs cysmapisix mowex oF paGosero wnka PIC, suos-
Basouues owexH 1 YCTPOJiCTD-pHeNIKOD. BepOTTHOCTS ToNEx PACTET ¢ yheme-
e padosero wixsa PC.
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COMEPKAHIE

Boscust 1. Aprosenes BM. Crporaoes AL
OHENKA IHTHOL O PACCTORIIE L1
SCTPOICTI MATONO PAIYCA IEICTBIS

0T HOMEX PATHO>MEKTPOMML CPEICTE........10
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B padome npuaodumcs Memoduxa paciema sauumiozo paccmosuus om no-
WX paouO>IeKpOHNX YCMpOICTS, NPUSOOUL K (ROKUPOSHIND GeCnpOsOINBLY.
Yempoilcme Mat020 pacuyea eiicmeun ¢ nceadoctyainoi nepecmpoilxoil padouei
wacmoms. Tloxazano, 4mo ¢ ysemusentien pagowezo YuKia UCHONAIKG NOMEX, 015
~nedonywenus Gaokupoaxu VMPI] do1acust sozpacmams e moixo uauenus omio-
wien cuzHaT-UYM, 4O U SauumIIE paccmOsHA.

Becnposozise yCTpOICTSa NATOO paziyca AGHCTSIS, OTHOIIEHNE CHIAT-UIYM, 32~
THLIE PaceToRA, paGouli 1K YCTPOCTS,

Evaluation of the protective distance for short-range devices against
interference from electronic equipment

V.1 Volovach, doctor of technical Sciences, associate Professor,
‘head of the Department «lnformation and electronic service»,
‘State budgetary educational institution of higher education
‘Volga region state University of service, Tolyatti,
V.M. Artyushenko, doctor of Technical Sciences, Professor,
head of the Department of information technologies and control systems,
S.M. Stroganova, senior teacher of information technology
‘and management systems department,
State Budgetary Educational Institution of Higher Education of the Moscow Region
«Technological University named afer twice Hero of the Soviet Union,
pilot-cosmonaut A A. Leonov», Korolev, Moscow region

The article presents a method for calculating the protective distance from in-
terference of electronic devices, leading 1o blocking of short-range wireless devices
with pseudo-random tuning of the operating frequency. It is shown that with an in-
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crease in the operating cycle of the interference source, in order to prevent blocking of
the MRRD, not only the values of the signal-to-noise ratio, but also the protective dis-
tances should increase.

Short range wireless devices, signal-to-noise ratio, protection distances, device duty
cycle.

Sauumnoe paccmosnue YMPA ¢ IIPY

Paccaorpis cicreNy YCTPOiicTS M&IOTO paziyca AciiCTBIA, HEnOmSyIOei
exauxooGpayto nepectpoiixy wactorut (ITIIPY), mox sosaciicrane nowex oxpy-
R3O PATHOMEKTPOMIIX CPEACTD, B KOTOPHX PEATITyeTEs INAIOMIILH MTOT
ncenocnyaiinoit nepectpoiixn padoueit wacrom. B Tabmie | mpimoxTes otk
(no zamman pacoTst [3]) samurmecx paceTosmi 41 GecTpoBo X YETpoicTD MaT0-
Fo panyca AciicTHis, TpH BOTICHCTIN DAL HCTOSIKOB MOV,
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RFID, FHSS 100 Broxnposane 23

Juasennie PaGOUEro WKL HCTOUNNKOS owex, pasioe 100%, oswauaer, wTo

HCTOuNIHKH PAGOTAIH HENPEPLBHO B TexeNHe CYTOK. OHAKD, KA HOKAZANO B PACOTE
[10], paGossit o HCTOMIKa HOMeX OGM4HO COCTaBISeT OpLKa 15%.

'BEPOATHOCTS, By TPHKAHATLION HOMEXH P, MOKET GHITS PEICTARIENS CO-
Faacno pagore [10] s nue caeayioueii dopuyi:

‘e D — paGouil ik yCTpOTTEa; N, — WCI0 CKAUKOB SaCTOTH.

Ha pucyike | MoKt FPAQK JaBiICHMOCTH BepoATIOCTI Movexi o PLL Pa-
‘Gouuii ks onpeesse paGory yerpoiicTsa, cosaaiouero nowexi. Hpw yvensewi
‘paGouero wkna seposTHOCTS Hataer.
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